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Introduction

#33 FP QEB I>KDR>DB RPBALRQI>KA CLOJ>Q TB? M>DBP >KA LQEBO JBAF> )Q FP LKB LC QE!
J>FK I>KDR>DBP LC QEB TB? GAFKFKIEF@E FP RPBA CLO PQOR@SRIBORUQ
?BESFLO

4EB M>PQ CHBF@P 8 PBBK > eROOV LC KBT #33 CB>QROBE QEBPEESBK FKPMBBLK
COLJ QEFKDEBABMBOP TBOB >I0B>AV ALFKISFB@OEMQ LO FK MOBMOL@BPPLOP TEFIB LQE
MOSFAB JBQELAP LC ALFKD QEFKDP QE>Q TBOB FIMBPRP?BE GBKY KBT CB>QROBP
>S>FI>?IB FP LKB QEFKD ?REBHOERER >@QR>I1V RPFKD QEBJ FK QEBFO MOLAR@QFLK TB? |
>MMIF@>QFLKP )Q FP QEFP NRBPQFLK TB TFIl QOV QL >KPTBO TFQE A>Q>

)K QEFP @E>NBBBB QEB A>Q> QL dKA LRQ SEEGHIBBP >@QR>IIV RPB FK MORGEBQFLK O

QE>K QEB CB>QROBP JBRAQCLRD LKEQQERELT@>PBA >Q @LKCBOBK@BP LOSBRKA FK @IE
ABJLP 7B @>K PBB TEF@E LC QEB KBT CB>QROBP >OB ?BFKD >ALMQBA TEF@E LIA QB@E!
C>IIFKD LRQ LC RPB >KA QEB IBD>@V QB@EKFNRBP QE>Q >0B PQR??LOKIV OBJ>FKFKD FK
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Stylesheets per page
Web Almanac 2022: CSS
desktop [l mobile

25 22
20
()]
g
=15 13
4]
a
i)
[
2 10 7
3
2
= 3
«n 5
: I
. — [
10 25 50 75 90
Percentile

"B@NRK BLMKB;NMBHG H? MA> GNF;>K H? LMRE>LA>>ML I>K |:@>

4EB KRJ?BO LC PQVIBPEBBQP MBO M>DB E>P OBJ>FKBA >IJLPQ FABKQF@>I QL  TFQE >K'
LKB CLO JL?FIB >Q QEB QE MBO@BKQFIB

,>PQ B>0 QEB OB@LOA T>#K2CILBI QEB KRJ?BO LC PQVIBPEBBQP> PFKEARM>DB >Q
4EFPRA0O TB CLRKA LKB PFQB IL>AFKD  PQVIBPEBBQP LK JL?FIB PQFIl > PFDKFd@>KQ >JL

2022 Web Almanac by HTTP Archive 3


https://almanac.httparchive.org/static/images/2022/css/stylesheet-count.png
https://almanac.httparchive.org/static/images/2022/css/stylesheet-count.png

Part | Chapter 1 : CSS

2,500

2,000

1,500

1,000

500

Number of rules per page

Rules per page
Web Almanac 2022: CSS
desktop [l mobile

"B@NRK BLMKB;NMBHG H? MA> MHM:E GNF;>K H? LMRE> KNE>L I>K |:@>

4>HFKD > ILLH >Q QEB KRJ?BO LC PQVIB ORIBP FK > M>DB PELTBA >K FK@OB>PB >@OLPP >|| MB(
QEB ILTBO MBO@BKQFIBP PELTFKD JLOB ORIBP CLO JL?FIB QEB EFDEBO MBO@BKQFIBP JLOB C
4EBPB FK@OB>PBP >0OB PR?PQ>KQF>I $BPHQLM ORIBP CLO QEB QE NMBO@MBRRFIB FK@OB>PB/

2,023
1,197
613
224
52
— [ |
10 25 50 75 90

Percentile

>KA QEB QE MBO@BKQFIB ?

300

100

Number of rules per page

Rules per stylesheet
Web Almanac 2022: CSS
desktop [l mobile

10

"B@NK

285
110
31
’ ]
75 90

25 50

Percentile

BLMKB;NMBHG H? MA> GNF;>K H? KNE>L I>K LMRE>LA>>M

2022 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2022/css/rules-per-page.png
https://almanac.httparchive.org/static/images/2022/css/rules-per-page.png
https://almanac.httparchive.org/static/images/2022/css/rules-per-stylesheet.png
https://almanac.httparchive.org/static/images/2022/css/rules-per-stylesheet.png

Part | Chapter 1 : CSS

7 B @>K PBB COLJ QEB QLQ>I KRJ?BO LC PQVIBPEBBQP IL>ABA QE>Q QVMF@>IIV MBLMIB >
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Selectors and the cascade

P> T>PE>BRM TFQE OBD>0A QL QEB @>F @layer 'F@RFKD FK >II BKDFKBP 4EFP KBT
>Q ORIB BK>?IBP QEB DOLRMFKD LC PBIBBQRCPHBIWMABO LC MOB@BABK@®BRGIKB I>
QEBK ?B J>K>DBA

)Q_P > IFQQIB B>OIV QL PBB TFABPMOB>A RP>DB LC QEFP KBT JBQELA LC J>K>DFKD QEB @
Q>H > ILLH >Q ELT PBIB@QLO RP>RBEAP B
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Class names

Most popular class names
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active 47%
fa 33%
fa-* 32%
wp-* 31%
button 27%
pull-right 26%
emoji 26%
disabled 26%
pull-left 25%
% title 25%
é hidden 24%
() container 23%
selected 23%
btn 22%
has-large-font-size 22%,
loading 229,
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Pseudo-classes and -elements

Most popular pseudo-classes
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hover 91%
before 77%
focus 76%
after 75%
active 73%
first-child 63%
last-child 60%
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root 45%
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disabled 29%
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oot IFBIV RPBA QL @OB>QB @RPQLJ MOLMBOQFBP

>PQ B>0 FQ T>P KLQB/ :focus-visible > TsV QL PQVIB BIBJBKQP FK CL@RMESQ T>

2BQQBO J>Q@EBP BAB@B>QFLKP >MMB>0BA FK IBPP QE>K LC M>DBP 4EB MOLMBOQV E

>S>FI>?IB FK >Il QEOBB J>GLO BKDFKBP PFK@B ->O@E  >KA FP KLT CLRKA LK  LC ABPHC
LC JL?FIB M>DBP
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Most popular unprefixed pseudo-elements
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QVMF@>11V RPBA QL PBIB@Q FKQBOC>@B @LIJMLKBKQP LO M>0OQP LC ?0OLTPBO @EOLJB >KA Tl
FKQBOBPQBA FK QEB MPBRAL BERIBMERRBOB >@QR>IIV RPFKD

AEBRPB | :before  >KA:after  E>P FK@OB>PBA PFK@EMEEPE >OB RPBA QL FKPBOQ
DBKBEDBA @LKQBKQ FKQL QEB AL@RJIBKQ "V @EB@H content  IBQUMEEEIY FP

MLPPF?IB QL PBB QE>Q QEFP FP JLPQ LCQBK ?BFKD RPBA QL FKPBOQ >K BIJMQV PQOFKD RPBA
MROMLPBP 'BKBBA @LKQBKQ FP VKB PQVIB > DOFA >0B> TFQELRQ KBBAFKD QL >AA >K BIBJBK(
MBOE>MP QEFP E>P @LKQOF?RQBA QL QEB OFPB FK RP>DB LC QEBPB MOLMBOQFBP

5PB LC QI :marker MPBRAL BIBJBKQ E>P KLT J>AB  PELTFKD QE>Q MBLMIB >OB PILTIV
PQ>0QFKD @@SHKQ>DB LC QEB >?FIFQV QL PBIB@Q >K/BRBVIB IFPQ J>OH
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Attribute selectors

Most popular attribute selectors
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type 54%
class 37%
disabled 24%
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data-type F 4%
aria-selected 4%
multiple P 3%
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Values and Units
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Most popular font-relative units of length
Web Almanac 2022: CSS (mobile)
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Web Almanac 2022: CSS (mobile)
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<length> S>IRBP BB > PMB@F>| @>PB TEBOB > IBKDQE LC WBOL ALBP KLQ OBNRFOB > RKF
ILLHBA >Q >l WBOL IBKDQE S>IRBP >IJLPQ LC QEBJ LIFQQBA QEB RKFQ QEFP FP > PJ>II A
COLJ I>P@%0.B>0IV >Il LC QELPB WBOL IBKDQEP QE>Q FK@IRABAIP RMFQ RPBA MFU

Calculations

Top properties using calc()
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Top units used in calc()
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Top operators used in calc()
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Gradients and Images
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Image formats

CSS-initiated image formats
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The aspect-ratio property
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Most popular properties used in media queries
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JFDEQ PBBJ 4l color MOLMBOQV E>P S>KFPEBA COLJ QEB 835-QEFELLKBY OBMOBPBKQP >
@E>KDBCOLJ QL )Q FP GLFKBA BBORY > OBAR@QFLK FK R background-color

CLO QL TEF@E J>HBP RP TLKABO FC PIXBTODH LO MBOE>NIPAOOBPP E>P

PQLMMBA RPFKD QEFP FK > PQVIBPEBBQ

IKLQEBO FKQBOBPQFKD MLFKQ QL KLQB F font-size >MMB>0OBA FK LC JBAF>
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?IL@HP >KA T>P dCQE LK QEB IFPQ )K FQ PELTBARMFK LC?IL@HP >MMB>OFKD >Q ¢
VB>0 FQ E>P D>FKBA DOLRKA ?>@H QL >KA PFUQE MI>@B

Feature Queries

&B>QROBP NRBOFBP RPBA CLO QBPQFKD CLO PRMMLOQ LC > #33 CB>QROB TBOB CLRKA L
M>DBP >KA LC ABPHQLM M>DBP 4EFP T>P ALTK COLJ >dDROBLC FK V BERP@>QB
QE>Q PRMMLOQ CLO @LJJLK CB>QROBP QBPQBA E>P ?B@LJB DOB>Q BKLRDE CLO MBLMIB
>?LRQ QBPQFKD CLO QEB CB>QROB ?BCLOB RPB

4EB KRJ?BO LC CB>QROB NRBOV ?IL@HP MBO M>DB FP >Q QEB QE MBO@BKQFIB >KA >Q
MBO@BKQFIB CLO ABPHQLM >KA CLBAERARIBA’LKB PFQBEBOBFQE  CB>QROB
NRBOV ?IL@HP

Most popular features queried
Web Almanac 2021: CSS
desktop [l mobile

0,
20% 36%

30%
20%

20%
11%

oo 5% 5% 5%

3% 2% 1% 1%

0%

Percent of @supports occurrences

R e 3 O oS " e ] =
FeS ‘\;\(0"‘{2' & O B C‘O\\\(\g eg(a“o oQa(\‘?’ .\eo\'“ (((o*b
2 o R S X
<@ o 8&0« ¥ %‘O“\Q
ol oV
Feature

"B@NK  )HLM IHINE:K ?>:MNK>LM>= ?HK PBMAIR>KBH

IP TFQE I>P@0QEB JLPQ MLMRI>O CB>QROB QBPQBA CLO FK CB: position:  jOFBP T>P
sticky ~ ELTBSBO QEFP E>P C>IIBKCOLJ QL LCL@@ROOBK@BP MBOE>MP SBA QL QEB
20LTPBO PRMMLOQ CLO QEFP CB>QROB

.LK PQ>KA>0A CB>QROBP PELT RM PQOLKDIV FK QE touch-callout 2 -webkit-
touch-callout >KA ime-align -ms-ime-align 4EB CLOJBO E>P DOLTK FK RP>DB COLJ
QL TEFIB ime-align E>P AOLMMBA COLJ QL
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@supports properties
Web Almanac 2021: CSS

desktop [l mobile

object-fit 27%
content 26%
background-attachment 25%
border-radius 24%
mask-size 24%
mask-image 24%
mask-repeat 24%
mask-position 24%
mask-mode 24%
2 -webkit-mask-image 24%
[
5 -webkit-mask-size 23%
* -webkit-mask-repeat 23%
-webkit-mask-position 23%
-o-object-fit 23%
display 17%
width 15%
height 13%
flex 1%
justify-content 10%
align-items 10%
0% 10% 20% 30%
Percent of pages

"B@NK ,KHI>KMB>L NL>= BGLB=>R>KRIKEH<DL ;R3S H? [:@>L

(> SFKD QBPQBA CLO PRMMLOQ TEF@E MOLMBOQFBP >0B QEBK RPBA FKPFAB QEBPB CB>QRO
4EB objectfit MOLMBOQV @>JB LRQ ( mask-* MOLMBOQFBP J>HFKD > DLLA PELTFKD

>ILKD TFQE Qf -webkit-mask-*  @LRKQBOM>OQP 4B ARBFBL QEB I>@H LC

FKQBOLMBOFQV CLO J>PHFKD RKQFI TFR@RERWIOLMBOQFBP PQFI -webkit /FKIBAU

CLO #EOLJB
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7EFIB QE display MOLMBOQV CB>QROBP FK QER BSBIQL\DL > ILKDWALTK QEB IFPQ QL
dKA >K DOFA MOLMBOGQF grid-template-columns MOLMBOQV ?BFKD CLRKA FK  LC
CB>QROB NRBOV ?IL@HP

Internationalization

%KDIFPE FP ABP@OF?BA >P > ELOFWLKQ>I QLM QL ?LQQLJ [>KDR>DB ?B@>RPB PBKQBK@!
ELOFWLKQFQHOQFKD >Q QEB QLM LC QEB M>DB 4EB P@OFMQ AFOB@FLIO @ IBCQ QL
(B?0BT >KA 50AR >0B >IPL ELOFWLKQ>! QLM QL ?LQQLJ I>KBR>IE® CRIEAFOB@QFLK LC
OFDEQ QL IBEQ4EBOB >0B >IPL I>KDR>DBP QE>Q >OBDQFGERLS QLM QL ?LQQL) PR@E
>P #EFKBPB *>M>KBPB >KA -LKDLIF>K #33 FBARL ?BQQBO @LMB TFQE QEBPB AFCCBOBK(
TOFQFKD JLABP >KA P@OFMQ AFOB@QFLKP

Direction

4EB KRJ?BO LC M>DBP RPF directon ~ MOLMBOQV QL PBQ #33 BFQE <body> )EB
<html> BIBJBKQ OBJ>FKBA RK@E>KDBA COLJ TFQE LC M>DBP PB(<html> ‘Q LK
>KA LK <body> )Q_P OB@LJIBKABA QL RPB (8QEBO QE>K #33 Q direction PL >
ILTBO KRJ?BO EBOB J>Q@EBP QE>S@BF@BIO

Logical and physical properties

,LDF@>I LO eLT OBB-RIEEMBOQFBP F border-block-start >KA S>IRBP PR@ start

CL(text-align >0OB RPBCRI CLO FKQBOK>QFLK>IFWSRHALK QB3 HE LOUQEDEBO QE>K
?BFKD QFBA QL QIFE-@E| AFJBKPFLKP LC QEB P@OBBK "OLTPBO PRMMLOQ CLO QEBPB MOI
KLT BU@BIIBKQ PL TB TLKABOBA TEBQEBO TB TLRIA PBB JLOB >ALMQFLK

AMMILPPP P HK@ %GM>KG:MBHG:E JIN>LMBHGL J: AMFE =BK
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Logical property and value usage
Web Almanac 2022: CSS (mobile)

border
4.5%
padding
11.2%

text-align
12.6%

margin
70.0%

"B@NRK  0A>=BLMKB;NMBHG HHEFH@HBE N >=

,LDF@>I MOLMBOQV RP>DB E>P FK@OB>PBA PIFDEQIV COLJ RM CGBOQEB @QEFBQ

CLO  ILLHP SBOV AFCCBOBKQ QL QEB LKB CBOTERB&®IFKDIMBLMIB >0OB RPFKD ILDF@>1
MOLMBOQFBP margin MOLMBOQFBP RMQL COLJ 4EB JLPQ MI margin

MOLMBOQFB margin-inline-start >KA margin-inline-end CLRKA LK LC QLQ>I

M>DBP 4EBPB >0B M>0OQF@RI>OIV RPBCRI CLO J>HFKD PROB QE>Q PM>@FKD ?BQTBBK > I>?BI :
dBIA CLQBJIMIB TLOHP FK QEB P>¥8FK>42 >KA 24, P@OFMQ

Ruby

/K@B >D>FK TB @ ER@HO RP>D8II2R?Y > @LIB@QFLK LC MOLMBOQFBP RPBA CLO FKQBOIFKB
>KKLQ>QFLK TEF@E >OB PELOQUQRKEKIPEAB QEB 3B QB

0.2%

"B@NK  0A>I>K>GM:@> H? FH;BE> I:@>L NLBG@ // .N;R

)QP RP>DB FP PQPIRQECP FK@OB>PBA COLJ  )KLKIV ~ ABPHQLM M>DBP >KA
JL?FIB M>DBP TBOB CLRKA QL ?B RPFKD FQ]JIBPP QE>K  LC >ll M>DBP B80VWBA 4EFP V
ABPHQLM >KA JL?FIB M>DBP]LO  LC >ll M>DBP >K>IVWBA]TBOB RPFKD FQ

AMMIL=>CEHI>RHSBEE: HK@ =Hs<I/3/9.N;R
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CSSinJS
CSS in JS libraries
Web Almanac 2022: CSS (mobile)

Styled Jsx

2.4%

Aphrodite /

5.0%

Glamor /

7.7%

Goober

10.9% Styled Components
49.4%

Emotion

22.9%

"B@NK 1L:@>H? // BG & BEBKL

4EB RPB LC #33 FK *3 E>P KLQ FK@OB>PBAEGRQMKDSQ  4EFP RP>DB FP >1JLPQ >II

COLJ IF?0OFBP QEB JLPQ MLMRI>O LC TEF@E FP 3QVIBA #LIMLKBX GPPAEDENIMEA FK
PE>OBCOLJ QL TFQE >KBT IFROV BKQBOFKD QEB JFU >Q >IJILRQBO ABP@OF?BP
FQPBIC>FBPP QE>K +" @PP FK GP PAIRQHER @BOQ>FKIV J>HFKD PLJB FKOL>AP >JLKD MBLI
TEL IFB QEFP QVMB LC QEFKD

Houdini

4EBOB FP PGRIVIFQQIB RPXDRAFKFLK QEB LMBK TBRLHFKD >Q QEB KRJ?BO LC M>DBP
RPFKD >KFJ>QBA @RPQLJ MOLMBOQFBP PELTP LKIV > PJ>ll FK@OB=#BLAEKEBB-Q 7

RP>DB LC QEB (LRAFRKQ@!0) B AL dKA FKPQ>K@BP LC QEFP FK RPB LK QEB TB? "V ILLHFKD
K>JBP LC TLOHIBQP RPBA JR@E LC QERR.GE @EB®KBRM®HIBQ FKAF@>QFKD QE>Q MBLMIB >
RPFKD FQ >P > MOLBBREPK®& BJIBKQBRFEFE>Q QEFP @>K C>Il ?>@H KF@BI border- BDRI>O
radius

AMMIL@HH;>BL HK@
AMMII=>GEHI>RHSBEE: HK@ =H<I/3/9$HN=BGB
AMMILSLL AHN=BG&EX LFHHMA <HKG>KL
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Sass

00OBMOL@BPPLEDBHFR @>K ?B PBBK >P > DLLA FKAF@>QLSBLOBBROTAEQ QL 7B >?IB QL

AL TFQE #33 ?RQ @>KKA TFQE #33 FK@OB>PFKD BKMLITBONRBPQFLK COSBIRBIBOP

FP TEBQEBO TB KBBA QL RPB 3>PB:@3KIPBB COLJ QEB OFPB FK @RPQLJ MOLMBOQFBP RP>DB
LKB @LJILK MOBMOL@BPPLO RPB]QEB >ZBFSMELEBP LO @LKPQ>KQPIKLT E>P > ?RFIQ FK
#33 BNRFS>IBKQ

Most popular Sass function calls
Web Almanac 2022: CSS

desktop [l mobile

if

(other)
darken
map-get
map-keys
percentage
nth

lighten

Function name

mix

type-of

(alpha adjustment)
unit

length

0% 5% 10% 15% 20%

Percent of function calls

"B@NK  )HLM IHINE:K /:LL ?NG<MBHG <:EE{GR BR<:EEL

, LLHFKD >Q QEB CRK@QFLK @>IIP PELTP QE>Q @LILO CRBGQALMRI>ORPBEC:3SPP
PLIJBQEFKD QE>QTBII PLLK ?B OBMI>@BAKEAGR3 @LILO CRK@JREE color-

mix() 4EBOB >OB PLJB @E>KDBP COB3O4E@ darken CRK@QFLK E>P AOLMMBA
MBO@BKQ>DB MLFKQP QL  >KA QEFOZ lighten  1EBK@QFLK E>P SHOB>FKBA >
MLFKQP

AMMILPPP P HK@ 0. <LL <HEHK

60 2022 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2022/css/sass-function-calls.png
https://almanac.httparchive.org/static/images/2022/css/sass-function-calls.png
https://www.w3.org/TR/css-color-5/

Part | Chapter 1 : CSS

Usage of control flow statements in SCSS
Web Almanac 2022: CSS

desktop [l mobile
80%

65%

0 60% 60%
S 60%
w
£
3
8 40%
[2]
©
a
k]
T 20%
g 0 7°/o
[
o

0% |

@for @each @while

Control flow statement

"B@NK BLMKB;NMBHG HEMHBMKI:M>F>GML HG / //

, LLHFKD >Q @LKQOLI eLT PQ>QBJBKQP TB PBB > PJ> @for /&t @each ELTBSBO
@while E>P FK@OB>PBA COLJ QL
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Usage of explicit nesting in SCSS
Web Almanac 2022: CSS

desktop [l mobile

Total 88%
&:pseudo-class 85%
&.class 81%
&::pseudo-element 70%
& (by itself) 65%
$[attr] 59%,

e ——— 31%

Nested selector

& descendant ——  25%,
&> 24%
&~ F 5%
&#id F 5%
0% 25% 50% 75% 100%

Percent of pages with SCSS
"B@NK 1L> H?QIEB<BM G>LMBG@ BGY¥GRI ER1:@>L NLBG@ / //

.BPQFKD FP >IPL FKQBOBBRFRED>QBFSCRQROB PMB@ CLO #33 .BPQFKD FRSEIRMBEKQIV FK AB
>KA AFP@RPPFLK >Q QEBI#BKD 'OLRM .BPQFKD FK 3#33 PEBBQBERBEK >KA @>K 7B
FABKQFABAIRLHFKD CLO & EBE@QBP TFQE 1>PBD MPBRAL @I>PPBP f :hover >

>KA @I>PPBP PR .active  J>HB RM JLPQ @>PBP LC KBPQFKD !ll RP>DB FK@OB>PBA PIFDEQIV
ELTBSBC & descendent FK@OB>PBA MBO@BKQ>DB MLFKQP COLJ QL )IMIF@FQ KBPQFKD F
KLQ JB>PROBA FK QERN PRES ALBP KLQ RPB PMBEFOB@E>0

CSS for print

"B@NK  0A> I>K>GM:@> H? =>LDMHI |:@>L PBMA IKBGM LI><B\< LMRE>L

7 B TLKABOBA TEBQEBSBBARIBOP TBOB @OB>QFKD MOFKQ PQVEHEBBQBPINBEOMOFKQBA
BUMBOFBK@B >KA LKIV LC ABPHQLM >KA LC JL?FIB PFQBP TBOB ALFKD PL
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Top print stylesheet properties
Web Almanac 2022: CSS

desktop [l mobile

display 55%
margin 48%
color 47%
width 43%
g. background 42%
§ padding 39%
text-decoration 39%
font-size 37%
text-align 36%
content 34%
0% 20% 40% 60%

Percent of pages with print stylesheets
"B@NK 0A> MHI HI>KMB>L ?HNG= BG IKBGM LMRE>L H& H{EBGNMAMREXLA>>M

/C QEB M>DBP RPFKD MOFKGEEDEHEE @E>KDBA QEB S display JMBOE>MP QL PFIMIFCV >
DOFA LOLBLRQ CLO MOFEQIAL PBB MBLMIB @E>KDFKD @LILOP QTB>HFKD J>ODFK >KA M:
>KA PBQQFKI font-size ~ !Q FP QEBcontent MOLMBORRBA QL FKPBOQ-QEBRBO

@LKQBKQ
00FKQ FPDIEKQBA JBAFRJ QEB @LKQBHIIBRQEA FKQL M>DBP >KAFB EBQ LC

CEDJIBKQ>QFLK MOLMBOQFBP QE>RPIEIB®DFGSOEO ELT QEBPB ?0B>HP E>MMIBK &
BU>JMIB ASBILMBOP RPR>IIV T>K&BA > EB>AFKD ?BFKD QEB I>PQ QEFKD LK > M>DB LO > @

?BFKD AFP@LKKB@QBA COLJ QEB dDROB FQ OBI>QBP QL
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Interesting print stylesheet properties
Web Almanac 2022: CSS

desktop [l mobile

page-break-inside

32%
age-break-after
peg 30%

>
£

13 orphans
o
a

page-break-before

break-after

0% 10% 20% 30% 40%

Percent of pages with print stylesheets
"B@NK "K@F>GM:MBHGAKMB>L NL>= BG IKBGM LMRE>LA>>ML

7 B PBB FK QEFP @E>0Q\QEBBIIMBOP >0OB RPFKD QEBIBKQEQFLK MOLMBC page- LC
break-inside page-break-after >KA page-break-before GQEBO QE>K QEB KBT
MOLMBOQFBP P break-before TEF@E EXBC/ ILT RP>DB

4EB orphans MOLMBOQV >MMB>OP FK  LC MOFKQ PQVIBPEBBQP ABPMFQB [>@HFKD PRMMLOC
4EFP MOLMBOQV ABAKBP QEB KRJ?BO LC IFKBP QE>Q PELRIA ?B IBCQ >Q QEB ?LQQLJ LC > M>DE
CEDJIBKQ>QFLK ?0B>Hwidows MOLMBOQV TEF@E PBQP QEB KRJ?BO LC IFKBP LK QEBFO LTK >C
> CEDIBKQ>QFLK ?0B>H FP PBBK TFQE >OLRKA QEB P>)IB EREFMRIES@WIBLMIB >OB

PBQQFKD QEB P>JB S>IRB CLO ?LQE

Paged media

4EBOB FP >K BKQFOB PMB@Fd@>QFLK CLeEDEBR-BRE>TPRE 33 CLO MOFK@BQDEFP
E>P ?BBK MLLOIV FIMIBJBKQBA FK ?OLLTHSOCPDLLA FIMIBIJBKQ>QFLK LC QEBPB CR>QROBP V
KBBA QL RPB > MOFKQ PMB@Fd@ RPBO >DBKQ

4EBOB FP PLJB ?0LTPBO PRMMLC @page QRB >KA FQP MPBRAL @I>PPBP >KA TB AFA dKA
ABBILMBOP RPFKD QEBPB QL PBQ AFCCBOBKQ M>DB MOLMBOQFBP CLO QEB dOPQ M>DB >KA C
M>DBP LC > PMOB>A
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Pseudo-class Desktop Mobile
first
rright
left
&FDROB .RJ?BO LC M>DBP CLRKA F @page PMOB>A MPBRAL @I>PPBP

/C MBLMIB RPFKD QEBPB MPBRAL @I>PPBP RP>DB T>P JLPQIV QL PBQ QEB M>DB J>ODFKP
PFWB LC QEB M>DB

Meta

4EFP PB@QFLK OLRKAP RM PIXIB-RBKBD-QFLK >?LRQ #33 RP>DBJGUB BLT LCQBK
AB@I>QFLKP >OB OBMB>QBA >KA @LJJIBPIFR@SH

Declaration repetition

K >KA  >K>IVPFP T>P ALKB QL ABQBOJFKB QEB >JLRKR@E-QFLK OBMBQMEFK

>FJP QL FABKQFCV ELT BCd@FBKQ > PQMIBPEBRBED QEB KRI?BO LEQIBE@P-RPFKD QEB
P>JB MOLMBOQV >KA S>IRB
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Declaration repetition
Web Almanac 2022: CSS
desktop [l mobile
80%

Q

&

a 61%

o 0,

o 60% 53%

s 45%

g 38%

T 40% 32%

el

L]

=

g

S  20%

°

€

Q

o

o) 0%

& 10 25 50 75 90
Percentile

"B@NRK BLMKB;NMBEGMBKIBHG

)K  FQ T>P OBMLOQBA QEBOB T>P > PIFDEQ AOLM FK O BMB QBB FREAPINDEQ OFPB 4EFP
JBQOF@ ALBP QEBOBCLOB PBBJ C>BOO/LIKEB:AB V

Shorthands and longhands

)K #33 > PELOQE>KA MOLMBOQV FP LKB QE>Q @>K PBQ > KRJ?BO LC ILKDE>KA MOLMBOQFBP F¥
AB@I>QFLKL® B>JMIB QEB PELOQE>KA MC background @>K ?B RPBA QL PBQ >II LC QEB
CLIILTFKD ILKDE>KA MOLMBOQFBP

b background-attachment
b background-clip

b background-color

b background-image

b background-origin

b background-position

b background-repeat

b background-size
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7EBK ABSBILMBOP JFU PELOQE>KA MOLME background  >KA ILKDE>KA MOLMBO®FBP IFH
background-size  FK > PQVIBPEBBQ FQYPPBAQ QISESEB ILKDE>KAP @LJB >CQBO QEB
PELOQE>KARB TLLHBA >Q FKPQ>K@BP LC QEFP QL PBB TEF@E ILKDE>KAP TBOB JLPQ @LJJL

Most popular longhand properties after shorthands
Web Almanac 2022: CSS

desktop [l mobile

background-size 15%

background-image 6%
font-size —— 5%,
margin-bottom  — 5%,

margin-top — 5%,

Property

border-bottom-Color | — 5%
line-height |oe— 4%
border-top-color e — 4%
margin-lefl | 4%

padding-left i — 3%,

0% 5% 10% 15% 20%

Percent of occurrences

"B@NK  OA>FHLM IHINE:K EHG@AIGKMB>L MA:M <HF> :?M>K LAHKMA:G=L

IPFK >KA background-size @>JB LRQ QLM LC QEB @E>0Q >KA QEBOB T>P IFQQIE
AFCCBOBK@B QL ?B PBBK COLJ

Unrecoverable syntax errors

IP FK MGBLRFB#OP TB RPB QEB.OHBKDFKB CLO #33 M>OPFKD 'KSBEOBEOOLO FP LKB
TEBOB QEB BOOLO FP PL ?>A QEB CRIl PQVIBPEBBQ FP RK¥ZBTROPB MPQRBA ?

LC ABPHQLM M>DBP >KA  LC JL?FIB M>DBP @LKQ>FKB&S BREIEEAEFPBAO

LC ABPHQLM >KA  LC JL?FIB M>DBP E>A PR@E4#BGBBIPBEH>0DB GRIM EEG

ARB QL PLJB @E>KDBP FK JBQELALILDV >AAFKD PFWB QEGBPEEAD HLQRR IFEIQEB
FKPQ>K@BP >0OB BEOB@BOOLOP

AMMIL@BMAN; <HHPKKELL <LL
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Nonexistent properties

IP FK MGBLRFB#OP TB @EB&ELO AB@DRLKP QE>Q E>A S>IFA PVKQ>U ?RQ OBCBOOBA QL
MOLMBOQFBP QES-@ERYIFPR 4EFP FK@IRABP PMBIIFKD BOOLOBKALIC MOBHS
>KA QEFKDBBIBMBOPB-GRPQ J>AB RM

Most popular unknown properties
Web Almanac 2022: CSS

desktop [l mobile

-archetype 1%

font-smoothing 10%

behavior 10%

tap-highlight-color 6%

moz-transition 5%

margin-center 4%

box-fleX e — 39,

webkit-transition i —— 3%,

Unknown property

url-encoded iy (9%,
border-colapse s (9,
webkit-border-radius
moz-border-radius

enable-background

0% 3% 5% 8% 10% 13%

Percent of pages

"B@NK  0A> FHLM>3KI>GMER L>>G NGDBER®G B:L

4EB QLMVPQBOV MOLME -archetype ~ TEF@E FP KLT >MMB>OFKD FK  LC @>PBP LC
PQVIBPEBBQP TFQERREBKQ MOLMBOQFBP 4EFP MOLMBOQV E>P GRBABAILOLDL I>PQ V

Q>B QEB QLM PMLQ 4EB PB@LKA M font-smoothing ~ TFQE > AOLMLC MLFKQP COLJ I>PQ
\B>O4EFP >MMB>OP QL ?B >K RBMBBEBLK -webkit-font-smoothing QE>Q ALBP KLQ
>@QR>IIVAPQ 4EB RPB LC QEB J>I( webkit-transition TEF@E PELRIA -webkit-

transition E>P AOLMMBA COLJ QL 4EFP BMRP QEFKH FQ T>P MBOE>MP DBQQFKD FKQL >
I>0DB KRJ?BO LC PQVIBPEBBQRBF-CHIM LQEBEFOA M-QEXD E>P PFK@B ?BBK RMA>QBA QL
dU QEB MOL?IBJ
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Conclusion

#33 @LKQFKRBPQSB>Q »>0IFA M>@B EBMBTB @>K PBB COLJ QEB A>Q> QE>Q KBT CB>QRO
>OB >ALMQBA NRFQB BIBRWEBK QEEE:SB ?BBK FK >I1 J>GLO BKDFKBEBGLOEBBP

4EBOB >OB > CBT EFDEIV OBNRBPQBA CB>QROBP PR@E >P @LKQ>FKBO NRBOFBP I>KAFK
QEFP TOFQFKD )Q TFIl ?B FKQBOBPQFKD QL PBB EEBQEBEEFEBIBAQROBP TFIl J>Q@E QEB
ABJ>KA CLO QEBJ

3LIBQEFKD QE>Q E>P ?BBK >MM>0OBKQ FK QEFP A>Q> FP ELT JR@E MLMRI>O MI>QCLOJP F
7 LOAOOBPP @>K FIM>@Q RP>DB PBX@FROBEBADOBPP @I>PP >KA @RPQLJ MOLMBOQV
K>JBP @IB>0IV FK QEB A>Q> ?RQ TE>Q FP E>0OABO QL PBB >0OB QEB MOLMBOQFBP >KA S>||
@I>PPBP >AABA QL QEB J>GLQEBUQEFPP PFQBROSIDBPP >ALMQP > KBT CB>QROB >P M>0(
LKB LC QEBPB PQ>KA>0OA @I>PPBP TBBE)QIAIBPBB > PRAABK RMQF@H FK RP>DB

IP KLQBA FK I>BO¥ P @LK@IRPFLK QEB A>Q> QBIIPARSLPYRAUCALMQFLK LC KBT
CB>QROBP PR@E >RIRIFAD-?BPO@QF@BP PR@E >P RPFXDHEIF @+ RRFED>|
MOLMBOQFERILLH CLOT>OA QL PBBFKD ELT QEBPB GE:NIFBCQEE-0OP QL @LJB

Author

2>@EBI 'KAOBT
X 0>@EBI>KAOBT) C-@EBI>KAOBTS EQQMP@EBI>KAOBIL RH

2>@EBI IKAOBT TLOHP CLO 'LLDIB >P > QB@EKFRSHIMIDER? ABS >KA
QEREOLJB $BSBILMBOP PF8EB FP > COLKQ >KA ?>@H BKASTBABBRQELO

>KA PMBBB>RQELO LO @L >RQELO LC ?LLHP F&BIBARKI3 > VLRQ>KA

> OBDRI>0 @LKQOF?RQLO QL > KRJ?BO LC MR?IF@>QFLKP ?LQE LK >KA LCeFKB
-BJ?BO LC QEB #33 LOHFKD 'OLRM >KA @>K ?B CLRKA MLPQFKD MELQLP LC EBC
LK TFQQBOOP@EBI>KAOBT

AMMILP>; =>0
AMMII=>GEHI>AKF> <HF
AMMIL;HHDIKM <HF IKH=N<ML MA> G>P <HNKR
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JavaScript

Written by Jeremy Wagner

>0B>P>= ;lBGIH #><A>0Q:GDC ,:KDK *BLAN #H-HNLL>BG £BK>0OBG . KKN@B5= :KKR
, HEEK

G:ERS>= ;RBLAN #H>G=">OBG:KKN@B:

1=BM>= ;R>E ):MA>P :G=.B<D 2BL<HFB

Introduction

*>$>3@OFMQ FP > MLTBOCRI CLEBAEPEIEBMEIRE>0B LC FEIBRSFQV LK QEB TBBRQ AOFS
2BESFLOP COLJ QEB PFIMIB QL QHB @XAMBI>HFKD JLOB QEFKDP MLPPF?IB LK QEB TB? QE
BSBO ?BCLOB

9BQ QEB FK@OB>PBA RPSEBACFMQ QBARIFME RPE6BEFBK@BP @LJIBP >QOLAOES &
JLIBKQ *>S>3@OFMQ FP ALTKIL>ABA M>OPBA >KA GSBONIBKBEICB@LAB@®RGBP QEB
?0LTPBO JRPQ LO@EBPOIDHFKAP LC TLOH BIEBGVQEFKD MLPPF?IB $LFKD QLL IFQQIB TFQ
*>$>3@OFMQ JB:RRINDEQ C>Il PELOQ LC CRIdIIRKOERFEBE@B >KA ?RPFKBPP DL>IP /K QEB
LQEBO E>KA PEFMMFKD QLL JIS@Ea&FEMQ JBERPTFII 7B @OB>QFKDIRFBIFBK@BP QE>Q
>OB PILT QL IL>A PIRDDFPE QL OBPMLKA>QRKITQRREBBOP

4EFPBRAOTB || LK@B >D>FK ?B ILLHFKD >Q QEBSR@QEME LK QEB TB? >P TB MOBPBKQ LRO
dKAFKDP CLO >KA LCCBOFKD >ASF@B CLO @OB>QFKIAMBEPBREGBFRPBO B
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How much JavaScript do we load?

4L ?BDFK THB >PPBPP QEB >JLRKG+Z@®FMQ TEBARIBOP PEFM LK QEB TB? ICQBO >l ?BCLOB
FIMOSBJBKQP @>K ?B J>AB >K >PPBPPJBKQ LC QEB @ROOBKQ I>KAP@>MB JRPQ ?B MBOCLOJB.

Distribution of JavaScript kilobytes per page
Web Almanac 2022: JavaScript
desktop [l mobile
2,000

1,367
1,500
1,000

461
500 209
0 | .
50

10 25

Kilobytes per page

857
5

"B@NK BLMKB;NMBHG H? MA> :FHNGABINPEREG->= I>K |:@>

7 90

Percentile

IP T>P QEB @>PB IERQOEFBY0 J>OHBY >KLQEBO FK@OB>PB FK QEB >S:bREQEM®>

PEFMMBA QL ?0LTEBOP QL >KFK@OB>PBLC CLO JL?FEF@BP T>P L?BROS

TEBOB>P ABPHQLSFEBPTPEK FK@OB>PB LC  7EFIB QEFP FK@OB>PB FP IBPP PQBBM QE>K FK
MOBFLRFB#OP FQ_P KLKBQEBIBPP QEB @LKQFKR>QFLK LC > @LK@BSH®RD QOBKA 7EFIB AB
@>M>?FIFQFBP @LKQFKREBCKLEMBOWV LKB FP ORKKFKD QEB SREBPQ@RBB C>@Q OBJ>FKP

QE>Q JLOBI>3@OFMQ BNR>QBP QL-AIOEPQSE @B OBPLRO@BP

AMMILEF:G:< AMMKRABOHK@ >G  C:@.<KBIM AHP FN<A C<KBIM =H P> EH:=
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Distribution of unused JavaScript
Web Almanac 2022: JavaScript
desktop [l mobile
800

604
600
400 342
162
200
62
° ]
0 -
%

10 25 50 75

Kilobytes of unused JavaScript

Percentile

"B@NK BLMKB;NMBHG H? MA> :FHNGM HP?<KBNIL:RM=Q

|@@LOAFKLFQEQELRPBEB JBAF>K JL?FIB M>DB IL>AP  +" LC RKREBA@OFMQ !Q QEB

QE MBO@BKQFIB  +"LG3*3@OFMQ >0OB RKRPBA 4EFP FP > PIFDEQ RBMINEBIEOL] 1>PQ V
QEB JBAF>K >KA QE MBO@BKQFIB LCRIRPBAMS® T>P  +'>KA +' OBPMBEIQRS
LC QEFP OBMOBPBKYR3OBB >JLRKQ LC RKRPBAOFMQ BPMB@F>INRTEBKRFABO QE>Q
QEFP >K>IVPFR BDQEEKBOBO PFWEBEG@OFMQ OBPLRO@BP TEF@E FC @LIMOBPPBA JB>t
QEB AB@LIJMOBPPBA MLOQFLK SE3@PBAME 38 > ILQ 1>ODBO QE>K QEB @E>0Q PRDDBPQP

7EBK @LKOPQBA TFQE QEB QLQ>! KRI?BBREL.SABA CLO JL?FIB M>DBP >Q QEB JBAF>K RKRI
*>$>3@OFMQ >@@LRKQP CLO  LC >Il IL>ABA P@OFMQP 4EFP FP AL'B¢B|FDENROBQL] 1>PC

?RQ FP PQFII > PFDKFd@>KQIV I>ODBV@BRHLPABA QE>Q DL RKRPBA 4EFP PRDDBPQP QE
J>KV M>DBP >OB IL>AFKD P@OFMORLQEZERPBA LK QEB @ROOBKQ M>DB LO 0B QOFDDBC
FKQB@QFLKP I>QBO LK FK QEB M@ BB+RABEABKBAQ COAVK>JF(import) QL OBAR@B
PQ>0QRM @LPQP

JavaScript requests per page

%BOV OBPLRO@B LK > M>DB TFIl HF@H LCC >Q IB>PQ LKB OBNRBPQ >KA MLPPF?IV JLOB F
J>HBP >AAFQFLK>I OBNRBPQP CLO JLOB OBPLRO@BP

7EBOB P@OFMQ OBNRBPQP >0B @LK@BOKBA QEB JLOB QERUR/ROBKQEESRED IIEHA

AMMILP>; =>ONGNL>= CL@KBIM
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JLOB *6>3@O0FMQ ?RQ >IPL FK@OB>PB @LKQBKQFLK ?BQTBBK P@QOFALQ ABPKRE@BP QE>Q J>
J>FK QEOB>A IB>AFKD QL PILTBO PQ>0OQRM

Distribution of JavaScript requests per page
Web Almanac 2022: JavaScript
desktop [l mobile
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60
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Requests per page

Percentile

"B@NK BLMKB;NMBHG H? MA> GNH<KBHARIND-LML I>K |:@>

YK QEB JBAF>K JL?FIB M>DB OBPMLKABA Q&>3®OFMQ OBNRBPQP TEBOB>P >Q QEB QE
MBO@BKQFIB QEBOB TBOB  #LJM>OBB-QREFRRP >K FK@OB>PB LC OBNRBPQ >Q QEB JBAF>K
>KA OBNRBPQP >Q QEB QE MBO@BKQFIB

7EBOB ABPHQLNSR@BP FK  >0B @LK@BOKBA QEBOB:3IBOPMQ OBNRBPQP >Q QEB JBAF>K
>KA >Q QEB QE MBO@BKQFIB #LIM>OBBSIQEF FP >K FK@OB>EB3@O0BFMQ OBNRBPQ
>Q QEB JBAF>K >KA >Q QEB QE MBO@BKQFIB]QEB P>JB FK@OB>PB >P SE@BPCLO JL?FIB AB

7EFIB KLQ > I>ODB FK@OB>PB FK QEB KRJ?BO LC OBNRBPQP FQ ALBP @LKQFKRB QEB QOBKA L
OBNRBP@P® $80 B>0 PFK@B QEB!I>K>@_P FK@BMQFLK FK

How is JavaScript processed?

3FK@B QEBBHGLC3>3@0OFMQ ORKQFJIBP PR@E >P .LAB GP FQ E>P ?B@LJB FK@OB>PFKDIV @L.
OBIV LK ?RFIA QLLIP FK LOABO QL ?REKBCHON @83@OFMQ 4EBPB QLLIP TEFIB RKABKF>?IV
RPBCRI @>8BBCCB@QP LK ELT JSB2E@®OFMQ FP PEFMMBA .BTEUIQHS® QEFBXD

TB_OB MOBPBKQFKD A>Q> LK QEB RP>DB LC ?R«ANBEOFKA QO
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Bundlers

*>8>3@0FMQ ?RKAIBOP >0B ?RFIA QFJB QLLIP QE>Q MOLBBEFOFMQIRO@BP@LAB >KA
QEBK >MMI¥KBGLOJ>QFLKP >KA LMQFJFW>QFLKP QL FQ 4EB LRQMRQ FP MGI@GEIIFLK OF
4>HB QEB CLIILTFKD @LAB £23MIB

function sum (a, b) {

return a + b;

1 ?RKAIBO TFINPCLOJ QEFP @LAB QL > PRQIBODB LMQFJFWBA BNRFS>IBKEPQERD Q>H
QFJB CLO QEB ?0LTPBO QL ALTKIL>A

function n(n,r){ return n+r}

'FSBK QEB LMQFJFW>QFLKP ?RKAIBOP MBSIER & ®QREF>| M>0Q LC LMQFJFWFKD PLRO@B
?BQQBO MBOCLOJ>K@B FK MOISHRERKIBKEK

4EBOB >0B > TB>IQE LC @ELF@BP TEBK FG@&I@BFIQQ 2RKAIBOP ?RQ LKB QE>Q MLMP FKQ|
LCQBK AP?M>@HSLOQRK>QBIE?M>@H_P DBRBA 'S>3@O0FMQ @LKQ>FKP > KRJ?BO LC
PFDK>QR( webpackJsonp CLOB-JMIBQE>Q J:BHFQ MLPPF?IB QL ABQB@Q F®> TB?PFQB
MOLAR@QFBK3@®OFMQ E>P ?BBK ?RKAIBA RPFKD TB?M>@H

AMMILP>;1:<D CL HK@
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Pages using webpack grouped by rank
Web Almanac 2022: JavaScript

desktop [l mobile

1,000 17%
10,000 15%

z 100,000
3]
x

1,000,000

all 5%,
0% 5% 10% 15% 20%

Percentage of pages using webpack
"B@NK ,:@>L MA:M NL> P>;1:<D ;NG=E#=KBOM ;RGD

ICQEB  JLPQ MLMRI>O TB?PFQBP  RPB TB?M>@H >P > 2R&RIBSBP PBKPB >P 35K
LC QEB QLM M>DBP (440 |B@ERS >OB IBW QL ?B EFDE MOLdIB B@LJJBO@B PFQBP QE>Q RPB
TB?M>@H QL ?RKAIB >KA LMQFJFWB PLRERP I EB %S@Q QE>Q LC QEB >Il M>DBP FK QEB

(440 10@EFB A>Q>PBQ RPB TB?M>@H FP > PFDKFd@>KQ $SBDTBRRISER AOMBEB LKIV
?RKAIBO FK RPB
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Pages using Parcel grouped by rank
Web Almanac 2022: JavaScript
desktop [l mobile

1.000 1.3%

10,000

1.9%
% 100,000
©
14
1,000,000 1.2%
al 1.3%
0.0% 0.5% 1.0% 1.5% 2.0% 2.5%

Percentage of pages using Parcel

"B@NK ,:@>L MA:M NKx=>E ;NG=E>=&KBIM ;R®D

0>0@HEP > KLQBTLUOEBOKEDE TB?M>@H >KA FQP >ALMQFLK FP BEIBBY®@>KRQMDFLK
FP @LKPFPQBKQ >@aUP >@@LRKQFKDKDBE®M QL  >@OLPP-@HFKDP

7EFIB (440 '0O@ERSFP RK>?IB QI@HQEB RP>DB LC >Il RKAIBOP FK QEB B@LPVPQBJ ?RKAIE
FP PFDKFd@>KQ ER@EBE@QROBL:G@OFMQ FK QE>QBEJER) LKIV FIMLOQ>KQ QL QEB
ABSBILMBOUBIBOFBK@B ?RGRIEBEA QE@>K @LKQOF?RQB FK QEB CLOJ LC ABMBKABK@V
J>K>DBJBKQ @LAB @>K ?B > C>@QLO FK EEFIR@EME FP PEFMMBA )Q_P TLOQE @EB@HFk
LRO SBGII MOLGB@Q PBQQFKDP >0B @LKdDROBA QL MOLAR@B QEB JLPQ BCAd@FBKQ MLF
QEB ?0LTPBQR® RPBOP RPB

Transpilers

4CG-KPMFIBOP >0OB LCQBK RPBA FK QLLI@E>FKP >@RRELOQREBE88@O0FMQ CB>QROBP
FKQL > PVKQ>U QE>Q @>K ?B ORK FK LIABO ?0LTPBEHD BFRREEEER OMFANSBO QEB
VB>OP QEBPB QLLIP >OB PQFII FK RPB BTQPRERPY>@ FP >K >K>IVPFP LC QEB RP>DB LC
">?Bl FK ABIBBFKD TFABIV @LIM>QF?IB MOLAR@QSLE@BFMO*4EB PFKDRI>O CL@RP LK
">?Bl PMB@Fd@>IIV FP ARB QL FQP TFAB REBRBBO@HEI MBKFGA >IQBOKBRFS

AMMIL:K <>ECL HK@
AMMIL:;>ECL BH
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Pages using Babel grouped by rank
Web Almanac 2022: JavaScript

desktop [l mobile

1,000 40%

10,000 40%

100,000

Rank

1,000,000 23%

all

26%
0% 10% 20% 30% 40% 50%

Percentage of pages using Babel
"B@NK ,:@>L MA:M NL> :;;:>EG@DKI? |:@>L PBMA<LHRNK

4EBPB OBPRIQP >0B KLQ > PROBBOARIBIDAEBK R @LKPFABO ELT JREEB@OFMQ E>P
BSLISBA ISBO QEBXOP )K LOABO QL J>FKQ>FK ?0L>A @LIM>QF?FIFQV CLO > @BOQ>FK PBQ LC
">?B| RPBREKPCLOJ®L LRQMRQ @LIM>QESHROFMQ @LAB

4C-KPCLOJP >OB LCQBK I>0DBO QE> & KIREFIIRK @D RKQBOM>0QP-REGKIO >OB
BUQBKMFBO ARMIF@>QBA >@OLPP > @LAB?>PB MLQBKQF>IN\SBK RERBBRSSELQFEIQ
J>V ?B PEFMMBA QL RPBOP 4EFBO@BK/SASCB@Q MBOCLOJ>K@B

#LKPFABOFKD QEBQ BLC M>DBPKHBA FK QEB QLM JFIIFLK-K@BI@IFKD QEBSG@OFMQ

PLRO@B @LAB RPFKD ">?Bl FQ_P KLQ RKOB>PLK>?IB QL >PPRJB QEMBOERE @BRHBPB B

7B PEFMMFERPIR.0JP OEE.KQ KBBA )& RPB ">?Bl FKRO MOLGB@QP @>GBBRIIV OB

">?BI_P $>FI>?|®LKIDRQFLK LMQFEKR MIRDFKP QL dKA LMMLOQRKFQFBP QL LMQFJFWB FQP LR

3FK@B ">7?BI >IPL OBIFERLIRBOPIFRQ dDROB LRQ TEBQEBO FQ KEBRELQL @BOQ>FK
CB>QROBP QL > IBD>@V PVKQ>U ?B PBOBTRAROPDUEBOPIFPQ @ HQIBRAL BKPROB QE>Q
WLRO @LAB BRECLOJBA QL TLOH FK QEB ?0LREBRIPBOP >@QR>IIV RPB

How is JavaScript requested?

4EB J>KKBO FK TEF@E3@OFMQ FP OBNRBPOBAEEB MBOCLOJ>K@B FIMIF@>QFLKP 4EBOB

AMMIL:;>ECL BH =H<L >G ;:;>E IEN@RBGHKE KNGMBFRPA
AMMIL:;>ECL BH =H<L >G HIMBHGL
AMMIL@BMAN; <HHRL>KLEBIENRLKKLEBLM
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>0OB LMQFJ>IMP VR @>K OBNRBBSB®OFMQ >KA FK PLJB @>PBP QEBOB >0OB C>O IBPP LMQ!
JBQELAP (BOB TB PBB ELT QEB TB? FP PEFNSVBEIDEEEEII >KA ELT QE>Q >IFDKP TFQE
MBOCLOJ>K@BB@Q>QFLKP

async , defer , module , and nomodule

4EB async >KA defer >QQOF?RQBP LK QEE <script>=  BIBJBKQ @LKQOLI QEBPEE:C

ELT P@OFMQP IL>/ async >QQOF?RQB TEBKI®B@OFMQP COLJ ?IL@HFKD M>OPFKD ?RQ TF
BLB@RQB >P PLLK 3\PEBALTKIL>ABA PLIPQFII ?2IL@H OBKABOI defer ' BQQOF?RQB TFII
ABI¥Y BB@RQFLK LC P@OFMQP RKQFI QEB $/- FP OB>ASBRQREEIFRA R@®FMQP COLJ ?IL@HF
2LQE M>OPFKD >KA OBKABOFKD

4EB type="module" >KA nomodule >QQOF?RQBP >0OB PMB@Fd@ QL QEB-MRIBREBRG@B

%3 JLARIBP ?BFKD PEFMMBA QL QEB 7BRBKF type="module”  FP RPBA QEB ?OLTPBO
BUMB@QP QE>Q QEB @LKQBKQ LC QELPB P@OFMQP TFIl @LKQ>FK %3 JLIREFRQFKK TFII Al
LC QELPB P@OFMQP RKQFI QEB $/- FP @VHBOSRIQQHERBLMM nomodule >QQOF?RQB
FKAF@>QBP QL QEB ?OLTPBO QE>Q QEB @ROOBKQ P@OFMQ ALBP KLQ RPB %3 JLARIBP

Feature Desktop Mobile
async
defer
async >Kadefer
module
nomodule

&FDROB 0BO@BKQ>DB LC M>DE async < defer async >KAdefer type="module"
>KA nomodule >QQOF?RQE <script> BIBJBKQP

)Q_P BK@IDWBD QE>Q LC JL?FIB M>DBP IL>A P@O async TEREE>Q PRDDBEGIEMEBOP
>0OB @LDKFW>KQ LC QEB BCCB@QP LC OBKABBCIR@HFK L [IRM-C defer PRDDBPQP
QE>Q QEBOB >0B LMMLOQRKFQFBP ?BFKD IBCQ LKSBEIBRABBRKDAIROCLOI>K@B

IP KLQBA>PQBAO RPFKD ?L async >KAdefer FP >K >KQFM>QQBOK QE>Q BEERBA2H>
QEldefer M>0Q FP FDKLOlasync Q>BP MOB@BABK@B

4EB DBKBO>?PBK@B type="module”  >KA nomodule FP KLQ PROMOFPFKD >P CBT M>DBP PBI

AMMILEF:G:< AMMIKABEHK@ >G  C:@Q.<KBIM :LRG< :G= =>?>K
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QL ?B PEFMMFEEB®OFMQ JLARIBP !P QFJB DLBP LK QE type="module”  FK M>OQF@RI>O
J>V FK@OB>PB SBIIABBOP PEFM-RRQDOJBAS>3@O0OFMQ JLARIBP QL QEB ?0LTPBO

, LLHFKD >Q QEB MBO@BKE@B®BR@OFMQP >@OLPP >l QEB PFQBP MOBPBKQP > PIFDEQIV AFCC
SFBT

Feature Desktop Mobile

async
defer

async >Kadefer
module
nomodule

&FDROB 0BO@BKQ>DB LC P@OF async Fdefer async >KA defer
type="module" >KA nomodule >QQOF?RQE <script>  BIBJBKQP

(BOB TB PBB > JR@E PJ>IIBO RPB L async :>KA defer  3LJB LC QEBPB P@OFWIZE J>
?BFKD FKPBOQBA AVK>JF@>1IV >CQBO QEB FKFQF>| OBKABIVEKDLRRMIEQMR SIPELRH.C

M>DBP >OB KLQ PBQQFKD QEBPB >QQOF?RQBP LK > ILQ LC QEBFO P@OFMQP QE>Q >OB FK@IR!/
(4-, >KA PL >OB ABI¥FKD OBKABOFKD

preload , prefetch ,and modulepreload

2BPLRO@B EFKQP F preload prefetch >KA modulepreload = >OB RPBCRI FK EFKQFKD QL

QEB ?0OLTPBO TEF@E OBPLRO@BP PELRIA ?B CB«IHBAEIBHP > AFCCBOBKQ MROMLPB TFQE
preload RPBA QL CBQ@E OBPLRO@BP KBBABA CLCSQEB@ modulepreload  QEB

BNRFS>IBKQ CLO MOBIL>AFKD P@OFMQPSIBEDENMRQLARMBR prefetch  RPBA CLO
OBPLRO@BP KBBABA FKQEEKEBQFLK

Resource hint Desktop Mobile
preload
prefetch

modulepreload

AMMIL=>CEHI>RHSBEE: HK@ =H<&:®:/<KBIM #NB=> )H=NE>L
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https://developer.mozilla.org/docs/Web/JavaScript/Guide/Modules
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&FDROB 0BO@BKQ>DB LC M>DBP RPFKD S>OFLRP OBPLRO@B EFKQP

IK>IVWFKD QEB QOBKA LC OBPLRO@B EFKQ >ALIMDALKIFBRFOFERBNQ COLI QEBJ >KA FQ_P
RKTFPB QL J:8+ ?1>KBQ OB@LJIBKA>QFLK QL RPB OBPLRO@B EFRQEBEBURPB E>P

QEBFO LTK @LKPBNRBBRMIRPF>IIV TEpreload  FP @LK@BOKBB SBOQEB OBI:FS
>?RKA>K@B preload EFKQP LK  LC JL?FIB M>DBP PRDDBPQP QEEBIAMBOP >0B

>T>0B LC QEFP MBOCLOJ>K@B LMQFJFW>QFLK >KA >0OB QOVFKD QL RPB FQ QL QEBFO >A!

prefetch  FP QOF@HV QL RPB QELRDE FQ @>K ?B ?BKBd@F>I CLO ILKD JBKQFIM>DB PBPPI
prefetch  FP BKQFOBIV PMBE)RI>GESE PL QE>Q ?0LTPBERKEOB FQ FK @BOQ>FK @LKAFQ
AEFP JB>KP PLJB M>DBN I>PQB A>Q#OBNRBPQFKD OBPLRO@BP TEF@E DL RKRPBA )Q OB:
ABMBKAPa

4EB I>@H LC RF modulepreload  J>HBP PBKPB PFK@B >ALMQF type="module"

>QQOF?RC <script>  BIBIJBKQP FP PFJFI>OI%BK PL >MMP QE>Q FER@OFMQ JLARIBP
TFQELRQRRCLOJ>QFLKP @LRIA ?BKBdQ COLJ QEFP OBPLRO@B EFKQ >P FQ TFII KLQ CBQ(
K>JBA OBPLRO@B ?RQ QEB BKQFOB JLARIB QOBB 4EFP @LRIA EBIM FK @BOQ>FK PFQR>Q

,BQ_P AFD FKQL >K >K>IVPFP LE ECBH®E OBPLRO@B EFKQ QVMB FP RPBA

Distribution of prefetch adoption for JavaScript
resources per page
Web Almanac 2022: JavaScript

desktop [l mobile
20

16
15
10 7
) o ] [ |
50 75 90

Percentile

Number of resource hints

"B@NRK BLMKB;NMB prefetch  :=HIMBHG ?HK/{KBIMKHNKL I>K |:@>

IALMQFLK | prefetch  EBOB FP PLIBTE>Q PROMOFPFKD prefetch 1BBKQP CLO
*>$>3@OFMQ OBPLRO@BP MBOIBSQERLKMI?BO LC QEBPB EFKQP >Q QEB QE >KA QE
MBO@BKQFIBP PRDDBPQP QE#QEQEBSHEI>ILRKQ LC T>PQB FK QEB CLOJ LC RKRPBA OBPLI
CLO M>DESRD>QFLKP QESBDKE @RO
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https://blog.webpagetest.org/posts/removing-unused-preloads-on-festival-foods/
https://blog.webpagetest.org/posts/removing-unused-preloads-on-festival-foods/
https://almanac.httparchive.org/static/images/2022/javascript/prefetch.png
https://almanac.httparchive.org/static/images/2022/javascript/prefetch.png
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Distribution of preload adoption for JavaScript
resources per page

Web Almanac 2022: JavaScript
desktop [l mobile

Percentile

N

N

Number of resource hints

"B@NRK BLMKB;NMB preload :=HIMBHG ?HK/€KBIMKHNEKL I>K [:@>

2BJBJ?BO]QEFP >K>|VPERARD ELT JAKOBPLRO@B EFKQP >0OB REEIGEIIEMS OBPLRO@BP LK
M>DBP QE>Q RPB LKB Lipreload EFKQP 4EB JBAF>K M>DB B®RRIFE preload EFKQP

CLO S>3@O0FMQ TEF@EFRKK FQP C>@B ?RQ FQ LCQBK ABMBKAP LK QEB PFWB LC QEB P@OF!
JR@E MOL@BPPFKD P@OFMQP L@-FEBREBQ.QEB P@OFMQ ( preload  \FBFEBK

KBBABA CLO QEB FKFQF>I M>DB IL>A

5KCLOQRK>QBBPBB dE preload EFKQP CLE»3@O0FMQ OBPLRO@BP >Q QEB QE MBO@BKQFIB
TEF@E }7?B QLL JR@E 4EFP PRDDBPQP QE>Q M>DBP >Q QEB QE MBO@BKQFIB >OB BPMB@F>
*>S>3@O0FMQ >KA >0 preload QL QOV >KBO@LJIB QEB MBOCLOJ>K@B FPPRBP QE>Q OBPRIQ
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https://almanac.httparchive.org/static/images/2022/javascript/preload.png
https://almanac.httparchive.org/static/images/2022/javascript/preload.png
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Distribution of modulepreload adoption for
JavaScript resources per page

Web Almanac 2022: JavaScript
desktop [l mobile
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"B@NK BLMKB;NMB modulepreload :=HIMBHG ?HK/€KBIMSKHN&KL I>K |:@>

7FQE modulepreload TB PBB > PQ>DDBOFKD EFKQP >Q QEB QE MBO@BKQFIB >KA >QQ
MBO@BKQFIB 4EFP PRDDBPQP QE>Q TEFIB M>DBP I modulepreload _-BBKQP >Q RMMBO
MBO@BKQFIBP >0OB PEFMKIFEDIIBAQ63 JLARIBP AFOB@QIV QL QEREBKBHROCLO PL

J>KV OBPLRO@B EFKQP PRDBBBOQBIFKK@B §K3@OFMQ >Q QEBRMBIBO O

2BPLRO@B EFKQP >0B DOB>Q QLLIP CLO LMQFJFWFKD ELT TB IL>A OBPIZRQ@BP FK QEB 7C
QEBOB LKB MFB@B LC >ABR@K EBBA TEBK RPFKD QEBJ FQ_P QL RPB QEBARMEDFKDIV
OBPLRO@BP QEARLI» 7B FKFQF>INGBGRIBLCLAUBIMIB > *$>3@OFMQ dIB FKFQF>IIV IL>ABA FI
QEB $/- QE>Q OBNRBPQP >KLQEBO LKB 2>QEBO QE>K MOBIL>AFKD IL>AP LC P@OFMQP QC
ALTK QEB >JLRKQ L&*3@OFMR OB PEFMMFKD >P QE>Q TFII IB>A QL >\TEBQBBKRPBO B
CG-QEBO QE>K MOBIL>AFKD DL?P LC FQ

JavaScriptin the  <head>

IK LIA >KA LCQBK QLRQBA ?BEQN@B CLO MBOCLOJ>K@B E>P 7BBH® @>8@AOWVMQ FK QEB
CLLQBO LC QEB AL@RJIEKRAIDBKABO ?IL@HFKD LC P@OFMQP >KA QL BKPROB QEB $/- FP
@LKPQOR@QBA ?BROCEM FMEBR-FRE>K@B QL ORK )K OB@BKQ QBOBR E:FBBBK

JLOB @LJILKMI>@B FK @BOQ>FK >O@EFQBC <script> |IBMBIHEBE®P FK QEB AL@RJIBKQ
<head>

AEFP @>K ?B > DLLY {t MOFLOFQFWB QEB ILSABEIDEME FK TB? >MMIF@: async ' ?RQ
>KA defer >QQOF?RQBP PELRIA ?B RPBA TEBOB MLFRFOBXABO ?IL@HFKD LC QEB $/-
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https://almanac.httparchive.org/static/images/2022/javascript/modulepreload.png
https://almanac.httparchive.org/static/images/2022/javascript/modulepreload.png
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2BKABO ?IL@HFKD FP TEBK QEB ?0OLTPBO JRPQ E>IQ >Il OBKABOFKD LC QEB M>DB FK LOABO QL
OBPLRO@B QE>Q QEB M>DB ABMBKAP LK 4EEFARKMB-G:KQ BCCB@QP RRE®E € QEB
RKPQVIBA @LKQBEES>3@OFMQ ORKQFJB BOOLOP QE>Q @>K L@@RO DEBB-@AEEHORPK
P@OFMQ QE>Q ABMBKAP LK $/- OB>AFKBPP

(%

"B@NK  0A> I>K>GM:@> H? FH;BE> I:@>L MAGEAK,EH<DBG@ L<KBIML BG MA> =H<NF>GM
<head>

7 BCLRKA QE>Q LCJL?FIB M>DBB &3 IB>PQ LKB OBKABO ?IL@HFKD P@OFMQ FK QEB AL@RJBK
<head> TEBOB>P LC ABPHQLM M>DBP AL QEFP 4EFP FP > @LK@BOKFKD QOBKA ?B@>RPB TI
P@OFMQP ?IL@H OBKABOFKD M>DB @LKQBKQ FP KLQ M>FKQBA >P NRF@HIV >P FQ @LRIA ?B

Pages with render-blocking JavaScript
Web Almanac 2022: JavaScript

desktop [} mobile

1,000

10,000

100,000

1,000,000 73%
all 7%
0% 20% 40% 60% 80%

Percentage of pages
"B@NK ,:@>L ;R&D MA:M A®&G=>K ;EH<DBG@ L<KBIML BG V <head> |F>GM

7EBK ILLHFKD >Q QEB MOLYEKMBA M>DBP TB PBB > PFJFI>OIV QOLR?IFKD M>QQBOK )K
M>0QF@RI+C QEB QLM  TB?PFQBP >@@BPPBA LK JLSF@®BBPEFM >Q IB>PQ LKB OBKABO
2IL@HFKD P@OFM <head> :B>KA QEB MOLMLOQFLK LC M>DBP FK@OB>PBP >P TB MOL@BBA QEOI
QEB:BHP

4EBOB >0B PLIRQFLKP QL QE defer 'FRD OBISR¥®>CB ?BQ QE>Q TFIl RK?IL@H QEB $/- COLJ

AMMIL>GPBDBI>=B: HK@ PBDB "E:LA9H?9NGLMRE>=9<HGM>GM
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https://en.wikipedia.org/wiki/Flash_of_unstyled_content
https://en.wikipedia.org/wiki/Flash_of_unstyled_content
https://almanac.httparchive.org/static/images/2022/javascript/render-blocking-scripts-rank.png
https://almanac.httparchive.org/static/images/2022/javascript/render-blocking-scripts-rank.png
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OBKABOFKD 5 async TEBK MLPPF?FP > DLLA LMQFLK >KA TFII >IILT P@OFMQP QL ORK
FJJBAF>QBIPRQ QELPB P@OFMQP JREBQ-KL OEMBKABK@FBP LK <script>  BIBJBKQP
LQEBOTFPB BOOLOP @LRIA L@@RO

7EBOB MLPPF?IB OBKABO @GSQE@FMS @>K ?B MI>@BA FK QEB CLLQBO >KA MOBIL>ABA F
?0LTPBO @>K DBQ > EB>A PQ>0Q LK OBNRBPQFKD QELPB OBPIHEFR@EP BAKEBKABO
2IL@HFKIS$8@OFMQ FK Q>KABJ TFQE ELB3R@EBFMQ TB PEFM FP KLQ DLLA >KA TB?
ABSBILMBOP PELRIABXMOB LC >K BCCLOQ QL @RO? QEBPB FPPRBP

Injected scripts

3@OFMQ FKGB@QFLK FP > M>Q HTMLScriptElement  FP @OB>QB/SER@OFMQ RPFKD
document.createElement >KA FKGB@QBA FKQL QEB $/- TFQE > $/- FKPBOQFLK JBQELA
IQBOK>@HS <script>  BIBJBKQ J>OHRM FK > PQOFKD @>K ?B FKGB@QBA FKQL QEB $/- SF>
innerdHTML  JBQELA

3@OFMQ FKGB@QFLK FP > C>FORB@BLRABA FK > KRJ?BO LC P@BK>OFLP ?RQ QEB MOL?
FQ FP QE3@BCB>QP QEB ?0LTPBO_P MOBIL®AP@FKBEEB P@OFMEREBAFPE@LQEB

FKFQF>I (4-, MAL>A FP M>OPBA 4EFP @>K >CCB@Q JESOPBWORR@EBHQERI FC

QEB FKGB@QBA P@OFMQ OBPLRO@B FP RIQFJ>QBIV OBPMLKPF?IB CLO OBKABOFKD J>OH
LCC ILKD Q>PHP QL M>OPB I>0DB @ERKHP LC J>OHRM LK QEB eV

AMMILP>; =>0IK>EH:= L<:GG>K BGC><M>= :LRG< L<KBIML
AMMILP>; =>O.KMB<E>L E<I
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https://developer.mozilla.org/docs/Web/API/HTMLScriptElement
https://developer.mozilla.org/docs/Web/API/HTMLScriptElement
https://developer.mozilla.org/docs/Web/API/Document/createElement
https://developer.mozilla.org/docs/Web/API/Document/createElement
https://developer.mozilla.org/docs/Web/API/Element/innerHTML
https://developer.mozilla.org/docs/Web/API/Element/innerHTML
https://web.dev/preload-scanner/#injected-async-scripts
https://web.dev/articles/lcp
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Distribution of percentage of injected scripts
Web Almanac 2022: JavaScript
desktop [l mobile
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"B@NRK BLMKB;NMBHGHGM@> H? BGC><M>= HKKERIBHMNKKGMBE>L

IQ QEB JBAF>K TB PBB QE>Q LC > M:AEBOFMQP >OB FKGB@QBA >PSRHILOBERIL IB>
AFP@BO?IB FK QEB FKFQF>I (4-, OBPMLKPB -LOB @LK@BOKFKD FP QE>Q QEB QE >KA QE
MBO@BKQFIBP LC M>DBP FKGB@Q >KA LC P@CEIMQP OBPMB@QFS

3@OFMQ FKGB@QEBHESBKQF>| QL E>0J MBOCIEBKKREBA QL OBKABO M>DB @LKQBKQ QEB
RPBO @LKPRJIBP >KA PELRSAFABA FK QEBPB @>PBEEEBIRE BPPAMN) P@OFMQ FKGB@QFLK
FP PL MEMBKQ FK QLA>TB? FP > @LK@BOKFKD QOBKAJENBIMPCHA QLLIFKY DBIV

LK QEFP M>QQBOK TEF@E JB>KP QE>Q PLIB LRBMBQERERBPABIV LK QEFP MLQBKQF>I
>KQF M>QQBOK §EABARK@QFLK>IFQV CLO TB?PFQBP

First-party versus third-party JavaScript
4EBOB >0B QTL @>QBDLOSBRAQOFEMQ QE>Q TB?PFQBP LCQBK PEFM

b &FOPQ M>0QV P@OFMQP QE>Q MLTBO QEB BPPRIRQFHBRKGBQRERIE V
FKQB@QFSFQV

b 4EFOA M>0QV P@OBMABAMBIQBOKBISALOP QE>Q P>QFPCV > S>OFBQV LC
OBNRFOBJBKQP PR@E >P 58 OBPB>O@E SKARKI-@EEMOEKBIKHEB >KA
BJ?BAP CLO QEFKDP PR@E >P SFABLP >KA PL@F>| JBAF> CRK@QFLKP

AMMILPPP B@OBM: <HF L<KBIM BGC><M>= :LRG< L<KBIMb=<AGEBNEK
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https://almanac.httparchive.org/static/images/2022/javascript/injected-scripts.png
https://almanac.httparchive.org/static/images/2022/javascript/injected-scripts.png
https://www.igvita.com/2014/05/20/script-injected-async-scripts-considered-harmful/
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7EFIB dOPQ M>0OQ¥3@®O0OFM¥ 28 B>PFBO QL LMQFJFWB QEFS¥S@aFWy@>K FQPBIC 7B >
PFDKFd@>KQ PLRO@B LC MBOCLOJ>K@B MOL?IBIFBKRIQEFBAMOOMFSOFQFWB QEB
LMQFJFW>QFLK LC GEBEIEMQ OBPLEB@BWEKD KBT CB>QROBB QARBQIS K>|
?RPFKBPP CRK@QFLKP CLO QEBFO @IFBKRPBRESQRESDOPBREDP >KA LQEBO KLK
QB@EKF@> MBOPLKKBI BBPFQ>KQ BIRMFSRK@QFLK>IFQV LO PLREKRBRIE>QREBPB
P@OFMQSMABL

)K QEFP PB@QFLK>KBIVWB QEB ZDBXH.C dOPQ M>0QV >KA QEFOA M>0QV @LAB >KA @LJJE
QEB @ROOBKQ PQ>QB LC ELT TBYPFQBREASVFKD RM BV TLOEBS>3@O0OFMQ]>KA TEBOB
coLJ

Requests
Distribution of JavaScript requests by host
Web Almanac 2022: JavaScript (mobile)
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"B@NRK BLMKB;NMBHG H2KKIN MABHVIR &:BKBIMKIN>LML ;R AHLM

(BOB TB PBB > PL?BOFKD MF@QROB 2BD>OAIBPP LC QEB MBO@BKQFIB BQMRBEIP QE>Q >|
>0B PBOSFKD >K BNRFS>IBKQ >JLRKQ LC dOPQ >KA QEFOA M>0QV P@OFBBP UEB JBAF>K
B>@E QVMB QEB QE MBO@BERFIBEPBEIBE QVMB >KA QEB QE MBO@BKQBM ELPQ PBOS
QEFOA M>0QV P@OFMQP

AEFP FP > MOL?IBJ>QF @ >KA TLOOVFKD QOBKA 4EFOA M>0QV P@OFMQP >0OB OBPMLKPF?
A>J>DB TEBK FQ @LJBP QL MBOCLOJ>K@B 4EFOA M>0@Y PERIPBQRJQEFKDP PR@E >P
ORKKFKDMBKFESFIBOP QE>Q LO@ERFQYQFQRABP LC Q>PHP >QQ>@ ERREBFEQBKEBOP
QE>Q >ANBOTLOH TEF@E @>K/AMSBOQFSERA PLIB SFABL >KA PL@F>I JBAF> QEFOA
M>OQFBP PERMEQ>KQ >JLRKQP LC P@OFMQP QL MLTBO GR&MEEASF@BP QEB
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https://almanac.httparchive.org/static/images/2022/javascript/requests-party.png
https://almanac.httparchive.org/static/images/2022/javascript/requests-party.png

Part | Chapter 2 : JavaScript

3QBMP CLO JFQFD>QFKD QEFOA M>0QV P@OFMQP FP-LEQBKRD QE +K >K@RIQRMBBOFKD
LKB )CLR_OB PEFMMEBFEE-QEFOA M>0QV P@OFMQP @LKAR@Q >K >RAFQ LCB>@E P@OFMQ
AL >KA MOLdIB QEBFO >@QFSFQV QL dKA LRQ TE>Q MBOCLOY>K® B K@RDBFKQER

)C VR_OB ALFKD @LKRPRAB®OBPB>0@E @LKPFABO @ILRBE@TEHBIAA>Q> FC QEB LOFDFK
PBKAP > MOL Timing-Allow-Origin EB>ABO QL JBHKCLOJBA AB@FPFISKPAQEB

MBOCLOJ>K@B MOL?IBJP QE>Q PLJB QEFOA M>0QV P @G BEINV@HE @* RER QY FRROFMQ V

>AA YR_OB KLQ GRPQ FK@ROOFKD IL>AFKD @LPQP ?RQ >IPL @LPQP AROFKEKBRRQFJB TEBOB
QL RPBO FKMRQ FP @OR@F>I

Bytes

3L TB HKLT QE>Q ELPQP >0B PEFMMFKD > ILQ LC QEFOA M>0QV P @@FRI@R PIRLCIESPOP QEB ?
SBOPRP QEFOA M>0QV P@OFMQP

Distribution of JavaScript bytes by host
Web Almanac 2022: JavaScript (mobile)
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"B@NRK BLMKB;NMBHG H2KKINV MABYVIR &:XKBIM ;RM>L ;R AHLM

1Q KB>0OIVSBOV MBO@BKQFIB QEB >JVRIBR GEFOA M>0QV P@ QEMBBRAPER® LC dOPQ

M>0QV P@OFMQP !Q QEB QE MBO@BKQFIB FQ >MMB>0P QEAQ-QERMIE\NQTF@EREEOENG M>
dOPQ M>0QV P@QOFMQP !Q QEB QE MBO@BKQFIB FQ >MMB>0OP QE>Q QEB >JLRKQ LC QEFOA N
LSBO QEB TFOB FP KB>OIV LKB@BD>?

)C R dKA VRO TB?PF@RIOPEOPRP QEFOA M>0QV P@RAVER MEJFI>0 QL-OEBDES FQ
FPBY QE>QR/PELRIA TLOH TFQEW/BKDFKBBOFKD LOD>KFW>QFLK QL QOV >KA DBQ QEFP KRJ?BC
ALTK )Q @>K LKIV EBROVRPBORRGA
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https://developer.mozilla.org/docs/Web/HTTP/Headers/Timing-Allow-Origin
https://developer.mozilla.org/docs/Web/HTTP/Headers/Timing-Allow-Origin
https://almanac.httparchive.org/static/images/2022/javascript/bytes-party.png
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Dynamic  import()

$VK>JIF import() FP > S>OF>KQ LERE import  PVKQXQRE>Q @>K ?B ORREBOB FK >
P@OFMQ TEBOB>Iimport ‘@JMOBPPFLKP JRPQ ?B ORK >Q QEESQR@QEMGIB >KA
KLTEBOB BIPB

$VK>JFCimport()  >IILTP ABBILMBOP QL BCBB@RFFQa LCC @ERISHB@OEMQ @LAB COLJ
QEBFO J>FK ?RKAIBP QL ?B IL>ABA LK ABJ>KA TEF@EREPESEIDRN. MBOCLOUHK@BRD
IBPP *$>3@O0FMQ RMCOLKQ

0.34%

"B@RK  0A> I>K>GM:@> H? FH;BE> |:@>L NLBG import() <

| PQ>DDBOFKDIV ILT  LC >Il L?PB®SL?FIB M>DBP @ROOBKQIV RPEimport() ) TEFIB

LC ABPHQLM M>DBP RPB FQ 4E>Q P>FA FQ_P @LJJLK CLO PLIBKIRELIBQFEGSL QO
AVK>JF(import)  PVKQ>U FKQL >K %3 @LIM>QF?IB sBQEDBSIFBI QE>Q QEB CB>QROB
FP FK TFABO RPB GRPQ IBPP PL FK NSSBERIBRIEL HIBP

)Q_P QOR@BW 2>1>K@B @>K ?B PQORGHISBRFSREEKD QEB RPBO_P FKQBKG /KB T>
ABCBOOFKD IL>AFKE>B@BFMQ TFQELREKAEFKQBQFLKP RAGHELL>AQE>Q $>3@O0FMQ

TEBK QEB RPBO PFDK>IP FKQBKOKIKIEIQFLK /KBBIMIB LC QEFP @LRIA ?B QL ABCBO
IL>AFKD S$»3@OFMQ CLO QEB S>IFA>QFLK LC > CLOJ >KASMEBDFNMQEK@E QEB RPBO E>P
CL@RPBA > dBIA FK QE>Q CLONVAERKREB $>3@0FMQ FP OBNRBPQBA FQ TFII >IOB>AV ?B |
?0LTPBO @>@EB

'KLQEBO T# @LRIA ?B QL RPB > PBOSROEILI0EB@>@ERFOFMQ KB@BPP>0%@QFEKRBO
TEBK QEB PBOSF@BOLERFKPQ>IIBA )KPQ>II>QFLK PELRIA L@@RO >Q > MLFKQ FK TEF@E (
CRIIV IL>ABA FK QEB fload BSBKQ4E>Q T¥ TEBK QEB KB@BPP>0V CRK@QFLK>IFQV FP OBN

FQ @>K ?B OSEJOEBLJ QEB PBOSF@EDTE@S@EB TFQELRQ PQ>0QRM @LPQP

$VK>JFCimport)  FP QOF@HV QL RPB ?RQ JLOB TFABPMOB>A >ALMQFLK LC FQ @>K EBIM
MBOCLOJ>K@B @LPQ LC IISH#FROFMQ COLJ PQ>0QRM QL > [>QBO MLFKQ@WBQEB M>DB IFC
MOBPRJ>?IV TEBK QEBOB TFII ?B IBPP KBQTLOH @LKQBKQFLK EEDBRLREE@BP 7
FK@OB>PBA >ALMQFLK LC import)  >P QEB >JLRKQ LE3@OFMQ TB PBB IL>ABA AROFKD
PQ>0QRM FP LKIV FK@OB>PFKD

AMMIL=>OEHI>RHSBEE: HK@ =H<$0)( (BGDIMRI>L IKEH:=
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https://v8.dev/features/dynamic-import
https://v8.dev/features/dynamic-import
https://developer.mozilla.org/docs/Web/JavaScript/Reference/Statements/import
https://developer.mozilla.org/docs/Web/JavaScript/Reference/Statements/import
https://developer.mozilla.org/docs/Web/HTML/Link_types/preload
https://developer.mozilla.org/docs/Web/API/Window/load_event
https://developer.mozilla.org/docs/Web/API/Window/load_event
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Web workers

7 B? TLOBOP>OB > TB? MI>QCLOJ CB>QROB QE>Q OBAR@BP J>FK DEICRKAKLGM >
PMB@F>IFWBS®OFMQ dIB TFQELRQ AFOB@Q >@@BPP QL QEB $/- LK FQP LTK QEOB>A 4EFP QE
@>K ?B RPBA QL LCeL>A Q>PHP QE>Q @LRISRQEERTEREBLI>FK QEOBLFKD QE>Q

TLOH LK > PBMSB QEOB>A >IQLDBQEBO

12%

"B@NK  0A>GNF;>K H? FH;BE> |:@>L NLBG@>K+; PHKD

YQ_P EB>OQBKFKD QL PBB QE>Q  LC JL?FIB >KA ABPHQLM M>DBP @ROOBKQIV RPB LKB LO JLOI
TLOHBOP QL OSBRBEB J>FK QEOB>A LC TLOH QE>Q @LRIA MLBREBRREOABOFBK@B
TLOPB]?RQ QEBOB ILQ LC OLLJ CLO EBMEKQ

)C YR ESB PFDKFd@>KQ TLOH QE>Q @>K ?B ALKB TFQELRQ AFOB@Q >@@BPP QL QEB $/- RPFKI
TLOHBO FP > DLLA FAB> 7ERESS QL RPEPMB@F>IFWBA @LJJRKF@>QFLRIMSHIBCBE

A>Q> QL >KA COLJ > TB? BOBA_P BKQFOBIV MLPPFER@OJHBR M>DBP JR@E JLOB

OBPMLKBRI. RPBO FKMRBPKD QEB QB@EKLILDV

(LTB SBOQE>Q @LJIRKF@>QFLK MFMBIFKB @>K ?B QOF@HV QL PBQ RM >KA RPB QELRDE QEBC
PLRO@B PLIRQFLKP QE>Q @>K PFIMIFC@QEAFRHARLEMPR@EB?QE>Q EBIMP TFQE QEFP
>KA @>K JBQEB ABILMBAUBBOFBK@B >OLRKA TERORORI@E JLOB BKGIB

7TEBQEBOLR J>K>DB TB? TLAOP LKLRO LTK LO TFQE >IBYQEB MLFKQ FP QBERE$ V
BUMBKFE$LOH QL AL D>RDB TEBQEBO LO KLQ FQ KBBAP QL E>MMBK LK QEB J>FK QEOB>A >KA |
PQOLKDIV @LKPFABO RPFKDB®? QLOBHQEB RPROVBOFBK@BRG VB?PFQBP >P DLLA >P FQ
MLPPF?IV @>K ?B

Worklets

7 LOHIBQP >OB > PMB@F>IFWBA (BOBELILNP ILTEBIIB@ @BPP QL OBKABOFKD MFMBIFKBP
CLO Q>PHP PR@E >P M>FKQFKD >KA >RAFL MOL@BPPFKD 7EFIB QEBOB >0B CLRO QVMBP LC Tl
QTL] M>FKQ TLOHIBRR>RAFL TLOHIB®PB @ROOBKQIV FIMIBJBKGBAIFRIB 20LTPBOP

/KB AFPQFK@Q MBOCLOJ>K@B >AS>KQ>DB LC TLOMIBRR ER QEBEANEBX QEOB>AP COBBFKD

RM QEB J>FK QEOB>A ORIBKEEFSSTFKD >KA >RAFL MOL@BPPFKD TLOH

AMMIL=>GEHISRHSBEE: HK@ =HIs983 >;93 HKEKLY % 1LBG@9P>;SFKIKD
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https://developer.mozilla.org/docs/Web/API/Web_Workers_API/Using_web_workers
https://developer.mozilla.org/docs/Web/API/Web_Workers_API/Using_web_workers#transferring_data_to_and_from_workers_further_details
https://www.npmjs.com/package/comlink
https://caniuse.com/mdn-api_css_paintworklet
https://caniuse.com/mdn-api_audioworklet
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0.0013%

"B@RK  0A> [>K>GM:@> H? FH;BE> |:@=t@BL:M¥K :M E>:LM HG> I:BGM PHKDE>M

7FQE TLOHIBQP ?BFKD PR@E KF@EB QB@EKLILDFBP FQ_P KM) GREMDFPARLY ®PER QEB
0>FKQ TLOHIBQP >QEBHIBKQW:C LCel >AFKIMBKFESIOL@BPPFKD CLEQMBKBQTLOH

LKQL >KLQEBO QEOB>AJKLQ QL JBKQFLK > DOB>Q QB@EKFNRB CLO >AAFKD > ?FQ LC e>FO
BUMBOFBK@B BBOV JFIIFLK TB?PFQBP LKIV LC QEBJRPB > M>FKQ TLOHIBQ

0.0004%

"B@RK  0A> I>K>GM:@> H? FH;BE> |.@=t@BA:M3K :M E>:LM HG> :N=BH PHKDE>M

IALMQFLK LC >RAFL TLOHIEBR RETBO LKIV CLRO FK > JFIIFLK TB?PFQBP RPB FQ )Q TFII 7B
FKQBOBPQFKD QL PBB ELT >ALMQFLK LC QEBPB QB@HBBOIQIFEBP QOBKAP L

How is JavaScript delivered?

IK BNR>IIV FIMLOQ>KQ >PMB@GQ@OFMQ MBOCLOJ>K@B FP ERD FEIXHRE)P QL QEB
20LTPBOEF@E FK@IRABP > CBT @LEQMIBQFJIBP JFPPBALMMLOQRKFQFBP CLO
LMQFJFW>QFLK PQ>OQFKD TFQE ELT TBI2R@UTRRP *>

Compression

#LIMOBPPFLK FP >K LCQBK RPBA QB@EKFNRB QE>Q >MMFBFPBABBRBQP GER@E >P

(4-,  #33 36'FIJ>DBP >KABP *$>3@OFMQ 4EBOB >0B > S>OFBQV LC @LIMOBPPFLK QB@E
QE>Q >OB TFABIV RPBA LK QEB TB? QE>Q @>K PMEBO\RM GEBOWMIES QL QEB ?0LTPBO
BCCB@QFBELOQBKFKD QEB OBPLRO@B IL>A ME>PB
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Compression methods of script resources
Web Almanac 2022: Javascript

desktop [l mobile

gzip 52%

br
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deflate
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Percent of requests

"B@NRK HFIK >LLBHG H?/&K®BIM ;R F>MAH=

4EBOB >0B > CBT @LIMOBPPFLK QB@EKFNRBP QE>Q @>K ?B RREZOBDTEANEAE OEIRTFMQ
TFQE QEBLQIF?0 JBQELA ?BFKD QEE) BCCB@® WEPMFQB "OLBUBBIBKQ PRMMLOQ FK

JLABOK ?0LTPBOPQ_P PQFIl @|BDWKMPQEB JLPQ MOBCBOOBA JBQELA LC @LIMOBPPFLK 4EFP
IFBIV ARB QL QEB C>@Q QEFEPPEB®P RPB FQ >P QEB ABC>RIQ

7EBK PLIBQEFKD FP QEB ABC>RIQ QE>Q ABC>RIQ PLIBQFJBP CBEBEB R EKKVIPBEKRDO

QRKBA CLO ?BQQBO MBOCLOBKKE@EBQAXKIV LC M>DBP L7BBOSB @LIJMOBPPFKD P@OFMQP
TFQE "OLQIF FQ_P @IB>0 QE>R QEADBORKFQV LK QEB Q>78 QEBIMRIEKD

MBOCLOJ>K@B LC P@OFMQ OBPLRO@BP ?RQ FQ_P >IPL TLOQE ISBQBKQ EF>Q-FQ FP >K FIMOL
WB>0_P >ALMQFLK >Q

AMMIL@BMAN; <HF @HH@EER K

AMMILPPP LF:LABG@F:@:SBG><HF  GOM @>BIBHG L>K@HFIKLLBHG PBNHMEB
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https://almanac.httparchive.org/static/images/2022/javascript/compression-methods.png
https://almanac.httparchive.org/static/images/2022/javascript/compression-methods.png
https://github.com/google/brotli
https://www.smashingmagazine.com/2016/10/next-generation-server-compression-with-brotli/
https://caniuse.com/brotli
https://caniuse.com/brotli
https://www.gzip.org/
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Compression methods of script resources by host
Web Almanac 2022: Javascript (mobile)
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"B@NRK HFIK >LLBHG F>MAH=L H?3I<HiB#M KR AHLM

4EB MOL?IBJ FP J>AB TLOPREFOA M>0QV P@EFRBOMIEF@E PQNIBBFI @LIMOBPPFLK
JLOB TFABIV QE>K "OLQIF >(BOBRP  OBPMB@IVFSSBK QE>Q QEFOA MSSEE@BFMQ FP >
PBOFLRP MBOCLOJ>K@B FPPRB LK QEREBTBEARO@B IL>A QFJB LC QEBPB OBPLRO@BP
OBAR@BAABMNFKD QEFOA M>0QV OBPLRO@BP RPFKD "OLQIF FKPQB>A

Uncompressed resources by host
Web Almanac 2022: Javascript (mobile)
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https://almanac.httparchive.org/static/images/2022/javascript/compression-by-host.png
https://almanac.httparchive.org/static/images/2022/javascript/compression-by-host.png
https://almanac.httparchive.org/static/images/2022/javascript/uncompressed.png
https://almanac.httparchive.org/static/images/2022/javascript/uncompressed.png

Part | Chapter 2 : JavaScript

4E>KHCRIVB_OB PBBFKD QE>Q FQ_P LKIV JLPQIV QEB PJ>IIBPQ OBPLRO@BP PMB@Fd@>I1V QEL
M>0QV P@OFMQEEREYQ EAP PJ>IIBO QE>K +" QE>Q >OB ?BBMBABIFRELRQ

@LIMOBPPFLK 4EFP FP ?B@>RPB @LJMOBPPFLK VFBIAP AFJFKFPEFKD OBQROKP TEBK >MMIFB
OBPLRO@BP >KA FK C>@Q GBREBABAC AVK>JF@ @LIMOBRRELRPB ABA

OBPLRO@B BBV4EBOB >0B RKCLOQRREMBIWIMLOQRKFQFBP >@O0LPP QEB PMB@QORJ QL
@LIMOBPP 1>0DBO OBPLRO@BP PR@E >P PLJB dOPQ M>0MAPERIFM@P TFQE M>

IIT> VP @EB@RE @LIMOBPPFLK PBQQFKDP QR EMPREBMEFKD QEB PJ>IIBPQ MLPPF?IB P@OFMQ
M¥IL>AP §80 QEB KBQTLOH >KA OBJBJ?BO @LIJMOBPPFLK PMBBAP REMBELRB@B ABIFS
P@OFMQP LK@ESRBIEE QEB ?0LTFHOB AB@LIMOBPPBA >KA QEBFO MOL@BPPFKD QFJB TFII KL
@E>KDB ARB QL @LIMOBPPFLK #LJMOBPPFLK FEGREE-QILMBEERDB P@OFNMOAR>

QE>Q @>K BFKQBE@QFSFQV TLOPB AROFKD PQ>0QRM

Minification

-FKFd@>QFLK IWEQ®PBQP FP > QFJB QBRQBAECLO OBAR@FKD dIB-RPQEGEHERAO

OBJLSFKD >Il LC QEB RKKB@BPP>0V PM>@BP >KA @LJJIBKQP COLJ PLRO@B @LAB FK LOABO QL
QEBFGKRLBO PFWB ! CROQEBO PQBM HKLTK >P RDIFd@>QE:R@PEMRIFEA @E OBAR@BP

>II LC QEB S>OF>?IBP @I>PP K>JBP >KA CRK@QFLK K>JBP FK >RK@BFMEP BLARERDOBO
,FDEQELRABFKFCV $>3@O0FMAFQ @EB@HP CLO RKJIBXBEDPMQ

Distribution of unminified JavaScript audit scores
Web Almanac 2022: JavaScript
desktop [ mobile
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https://web.dev/unminified-javascript/
https://almanac.httparchive.org/static/images/2022/javascript/lighthouse-unminified.png
https://almanac.httparchive.org/static/images/2022/javascript/lighthouse-unminified.png
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(BOB  OBMOBPBKQP QEB TLOPQ P@LOB TEBOB>P  OBMOBPBKQP QEB ?BPQ P@LOB
M>DBP >0B P@LOFKD ?BQTBBK >KA LK ,FDEQEKR#BAS3@OFMQ >RAFQ TEBOB>P QEB
dDROB CLO ABPHQLM M>DBP FP  4EFP JB>KP QE>Q LK JL?FIB  SECLIMMDEFQIRKFQFBP QL
PEFM JFKFdBS*3@OFMQ TEBOB>P QE>Q dDROB CLO ABPHQLM M>DBP FP

Size of unminified JavaScript
Web Almanac 2022: Third Parties (mobile)
Third-partes [l Total
80
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n 34
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Potential savings in kilobytes

Percentile

"B@NRK BLMKB;NMBHG H? MA> I[HM>GMB:E L:OBG@kKBRBGB?RBG@ &:0O

IQ QEB JBAF>K TB PBB QE>Q M>DBP >0B PEFMMFKD >OISR@OFMQG QE>Q @>K ?B JFKFdBA

"V QEB QFJB TB DBQ QL QEB QE >KA QE MBO@BISBEIBE>BIKMI?BO GRIMP NRFQB > 2FQ

COLJ +'QL>?LRQ +" 4EFOA M>OQFBP >0B MOBQQV DLLA QEOLRDELRQ RM RKQFI TB DE
QE MBO@BKQFIB SBOBEBOB QEBOB PEFMMFKD >OLRKA  +" LC RKIFERIBOEMQ
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https://almanac.httparchive.org/static/images/2022/javascript/lighthouse-unminified-bytes.png
https://almanac.httparchive.org/static/images/2022/javascript/lighthouse-unminified-bytes.png
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Average wasted bytes of unminified JavaScript
Web Almanac 2022: JavaScript (mobile)

Third-party

First-party

"B@NKRK CK@> P:LM>= ;RM>L H? NGFBGB{KB&/IO

'FSBK QEB A>Q> TB GRPQ MOBPBKQBYQBFPIIBRRIFKFIBA3® OFMQIFRKL PROMOFPFKD

TEBK YR ILLH >Q QEBODB &FOPQ M>OQFEFONEBIIFKDIV QEB ?FDDBPQ @RIMOFQP FK PEFMMFK
RKJIFKFdBA 3>3@O0OFMQ >8BAPQ4EB OBJ>FKABO >0OB GRPQ RKABO QE>Q @LRIA ?B ALFKD >
?FQ JLOB QL PEFMVERPBO QEB TFOB

-FKFd@>QFLK >AAOBPPBP LKB LC QEB dOPQ MOFK@FMIBP LC TB? MBAIRM JER@IB PEFM IBPP ?
C>FIFKD QEB ,FDEQELRPB >RAFQ CLO BX3IECEIEA *@EB@PRKAIBO_P @LKIBROQL

BKPROBRO dOPQ M>0QV @LAB FP >P PQOB>JIFKBA CLO MOLAR @@ LQFREFE-@EESR )C V
M>0QV P@OFMQ QE>Q_P RKJFKFABA FQ JFEES GESBJEFQEKEANGQL PBB TE>Y QEB

@>K AL QL dU FQ 2BCBQ@ERCREBQFEE>MQBO CLEBKKABBMBO ILLH FKQL QEB PQ>QB LC QEFOA
M>OQFBP LK QEB TB?

Source maps

3LRO@B J>MfOB > QLLI QE>Q TBBIABIBOP RPB QL J>M JFKFdBA >KA RDIFdBA MOLAR@QFLK @LAB
QL QEBFO LOFDFK>I PLRO@BP 3LRO@B J>MP >0OB RPE*8& VEVARIEBRFEKA>OB > RPBCRI
AB?RDDFKD QLLI 3LRO@B J>MP @>K ?B PMB@FdBA FK > @LJIBKQ MLFKQFKD QL > PLRO@B J>M
BKA LC > OBPLRO@B L(SourceMap (440 OBPMLKPB EB>ABO

AMMILK>?IQ LHN# =H<L FHSBEE: HK@ =>OMHHEL NL>K =>N@@>K AHBBVBOHR RBIFHENK
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https://almanac.httparchive.org/static/images/2022/javascript/lighthouse-unminified-avg.png
https://almanac.httparchive.org/static/images/2022/javascript/lighthouse-unminified-avg.png
https://firefox-source-docs.mozilla.org/devtools-user/debugger/how_to/use_a_source_map/index.html
https://developer.mozilla.org/docs/Web/HTTP/Headers/SourceMap
https://developer.mozilla.org/docs/Web/HTTP/Headers/SourceMap
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14%

"B@RK  0A> [>K>GM:@> H? FH;BE> |:@>L LI><B2RBG@HEFN&ML MH IN;EB<ER :<<>LLB;E>
LHNG F:IL

LC*> S>3@OFMQ OBPLRO@BP >@@BPPBA QESE®BE ABFBRHRO@B J>M @LJIBKQ QL
> PLRO@B J>M QE>Q FP MR?IF@IV >@@BPPF?IB TEBE@SFMQOBPLRO@BP >@@BPPBA QEF
ABPHQLMSW@BP ABGFREBJ (LTBBOQEB PQLOV FP NRFQB AFCCBOBKQ CLO M>DBP RPFKD >

0.12%

"B@NK  0A> GNF;>K H? FH;BE> |:@>L LI><B?RBEG@A:HHKL

/KIV ~ LC OBNRBPQP CLG*3@OFMQ OBPLRO@BP LKSR@HB RBBA > PLRO@B J>M (440
EB>ABOEBOB>P QEB KRJ?BO CLO ABBH@RBPAB>

&0OLJ > MBOCLOJ>K@B MBOBMIEBPRSEBEKB>K JR@E 3LRO@B J>MP SBB MBEB
BUMBOFBK@B BKE>K@BJBKQR PEQRIAS:FA ELTBBOFP QEB RPB LC FKIFKB PLRO@B J>MP
TEF@E FKPBOQ > ?>PB  OBMOBPBKQ>QFLK LC QEB LOFDFK>| PLRO@B FKS:3@GHMR @ QF
>PPBQ )KIFKFKD PLRO@B J>MP JBERPUEEKQQ/GRPQ PREXFKE>9@OFMQ OBPLRO@BP QL
RPBOP ?RQ >IPL QEBFO PLRO@B J>MP TEF@EB@RKWBSSEE OFMQ >PPBQPRIEXQEDH

QL ALTKIL>A >KA MOL@BPP

Responsiveness

*>$>3@OFMQ >CCB@QP JLOB QE>K GRPQ PQ>0QRM MBOCLOJ>ISEEQTEBT ERORELLK *>
FKQB@QFSER\PB FKEBQFLKP >OBKAFEBKQ E>KAIBOP QEB@EIBIQLEARQB

$BMBKAFKD LK QEB @URAN LC FK@BELKP >KA QEB >JLRKQ LC S@BAMIRNBESER]
RPBOP J#B/MBOFBK@B MLLO FKMRQEXBRALKPFS

Metrics

->K V JBQOF@P >0B RPBA QL >PPBPBKEFMEKRPESE QEB 1>? >KA QEB dBIA >KA QLLIP PR@E
,FDEQELRPB #EOLJB 58 2BMEOEE >KA (440 |0@ERSQERH QEBPB JBQOF@SFAB MOL
A>Q> AGRISSFBT LC QEB @ROOBKQ PQ>QBRKBPBRMLEEAS TB?PFQBP 5KIBPP LQEBOTFPB
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KLQBA >II LC QEB CLILTFKEPSBMF@Q QEB QE MBOUEBKUEIHEPELIA CLO TEF@B#LOB 7
6FQ>IP >0OB ABQBOJFKBA QL ?B]M>RPRSKDIBQOF@ >Q QEBIBEDFDFK IB

4EB dOPQ LC QEBF®PR) )KMRQ/SE)S TEF@E OB@LOAP QEB FKMRQEBISY dOPQ

FKQB@QFLK J>AB TFQE > M>DB 4EB FKNFRQ@ABIDFJIB ?BQTBBK TEF@E QEB RPBO E>P
FKQB@QBA TFQE QEB M>DB >KA TEBK@EBKAIBOP CLO QE>@BRQBEBDFK QL ORK )Q_P
@LKPFABOBA > IL>A OBEMBRPRIBQOF@ QE>Q CL@RPBP LK QEB dOPQ FIMOBPPFLK > RPBO DBQ
FKQB@QFKD TFQE > TB?PFQB

Distribution of FID by origin
Web Almanac 2022: JavaScript (Source: Chrome UX Report)
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"B@NK  0A>=BLMKB;NMBHG H? P>;LBM:=tGMBE- HENESL

4EFP @E>OQ PELTP QEB AFPQOF?RQFLK LC >l TB?PFQBP_ QE MBO@BKQFIB &)$ S>IRBP 4EB JE
TB?PFQB E>P > &)$ S>IRBLC JP CLO>Q IB>PQ LC ?LQE ABPHQLM >KANEEDRBIR®BD B

4EFP "MBOCB @@EM)BOFBK @K BQBKAP FKQL QEB QE MBO@BKQFIB LC TB?PFQBP /KIV TEBK TB
DBQ QL QEB QE MBO@BKQFIB AL TB PQ>0Q QL PBB FIMBOCB@Q &)$ S>IRBP ?RQ LKIV JP

'FSBK QE>Q QEB 'DLLAa &)$ QEOBPHEIA FAB @>K W:QE>Q >Q IB>PQ  LC TB?PFQBP JBBQ
QEFP 230 C>@Q TB HKLT COLJ QEB >K>IVPFP AABBGLOJEB@E>MQBO QE>Q LC
TB?PFQBP >@QRSB/ BbLAa &)$BVBOFBK@BP LK ABPEEEMRB-KA LK JL?FIB 8B@BP

&)$ FP >K RKRPR>IIV MBOBRIBREF @
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https://web.dev/articles/vitals#core-web-vitals
https://web.dev/articles/vitals#core-web-vitals
https://web.dev/articles/fid
https://almanac.httparchive.org/static/images/2022/javascript/fid.png
https://almanac.httparchive.org/static/images/2022/javascript/fid.png
https://web.dev/articles/fid#what-is-a-good-fid-score
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Distribution of INP by origin
Web Almanac 2022: JavaScript (Source: Chrome UX Report)
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"B@NRK  0A>=BLMKB;NMBHG H? P>;LBM=tGMBEA SRNSL

)K LOABO QL DBQ > @LIJMOBEBRPES M>DB OBPRKBPPS-@OLPP QEB BKQFOB @HDB IFCB@V
QELRDE TB KBBA QL IL)KQEM®QFLK QU@SFKQ ).0 TEF@E >PPBPPBBVSILHOA JLRPB

>KA QLR@E FK@BBLKP J>AB TFQE > M>DB >KA PBIB@QP > EFDE MBEIBKKFHDBE BRQBO
QE>Q_P FKQBKABA QL OBSBIBPBKXQH OBPMLBHERP

#LKPFABO QE>Q > 'DLLAa ).0 P@LIBBFFB@LKARO IBPP IQ QEB JBAF>K ?LQE JL?FIB >KA
ABPHQLM P@LOB ?BILT QEFP QEOBPELIA ?RQ QEB QE MBO@BKQHBERLGEQEBIEPQLOV
>KA ABPHQLM PBDJBKQP TBII TFQEFK QEB ‘KBBBRGAMMB 4EFP A>Q> NRFQBEKIFH
PRDDBPQP QE>Q QEBOR/OBALSQRKFQFBP CLO TB?PFBBQERKIBQEBK QL ORK CBTBO
ILKD Q>PHK M>DBP TEF@E >BB@EKQOF?RQLO QL IBPP QE>K DLLA ).0 P@LOBP

AMMILP>; =>OKMB<E>L BGI
AMMILP>; =>O.KMB<E>L BGI PAML: @HH= BGIEN>
AMMILP>; =>OEHG@ M:LDL =>OMHHEL

2022 Web Almanac by HTTP Archive 99
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Distribution of TBT
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"B@NK  0A>=BLMKB;NMBHG H? l:@>LX E:; ;EN=10 0 O

$L SBQ>FIFKD FKQL ILKD Q>PHPQEEEOB'IL@HFKD 4FJB 4'3BQOF@ TEF@E @>I@RI>QBP QEB
QLQ>I 2IL@HFKD QFJB LC ILKD Q>PHP AROFKD PQ>0OQRM

.LQB QE>Q RIIRMEB MOB@BAFKD PQ>QP LK &)&'41$KA@4) ?BILT >OB KLQ PLRO@BA COLJ

OB>| RPBO A>Q> )KPQB®B IJB>PROFKD PVKQEBQF@ MBCRELIRI>R@BFHQLM >KA

JL?FIB BISFOLKJIBKQP TFEEEEB >MMOLMOF>QB #05 >KA KBQTLOH QEOLQQIFKD BK>?IBA P > OB}
LC QEFP >MMOL>@E TB-@EIVELKB 4"4 >KA 44) S>IRB CLO B>@BDEBOBRB>K > AFPQOF?RQFLK

LC OB>| RPBO S>IRBP >@OLPP QEB BKQFOB TB?PFQB

#LKPFABOFKD RE@) OOBI>QBO®S TBII TFQE 4"4£Q_P OB>PLK>?IB QL >PPRJB QE>Q EFDE 4"4
P@LOBPUMOLAR@B MLLOBO ).0 P@LOBP 5PFKD LRO PVKQEBQF@ >MMOL>@E TB PBB > TFAB L
?BQTBBK ABPHQLM >KA JL?FIB PBDJBKQP FKAF@>QFKD SEEBRBFEEIABABBO MOL@BPPFKD
MLTBO >KA JBJLOV >0B LRQMBOCLOJFKD IBPP @>M>SHRRRPE RSB J>0DFK |Q QEB

QE MBO@BKQFIB >M>DB E>P KB>0IV PB@LKAP LC ?IL@HFKD QFJB TEF@E NR>IFAdBP >P > ML
BUMBOFBK@B

AMMILP>; =>OM;M
AMMIL@BMAN; <HF #HH@HEE>AIL <AKHF> AMMI $ABOG:ERLBL ;EH; F:BG GHM>;HHDL $8@\B&0 09:G=9%*BIRG;
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Distribution of TTI
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"B@NK  0A>=BLMKB;NMBHG H? MA>;BO¥BGIBG :&=GMBE>

&FK>IITB @LJB QIFJB QL )KQEDFY4) TEF@E FP @LKPFABOBA ‘DLLAa FC QEB JBQOF@ @
>Q RKABO PB@LKABKEE>Q LKIV QEB QE MBO@BKQFIB ?>0BIV PIFMP FK RKABO QEB PB(
JLPQ TB?PFQBP FK LRO PFJRISEBIXBRKQ >OB OBIVFKE»BEOFMQ QL PRABKQEE>Q
M>DBP >0OB RK>?IB QL ?B@LIBGFEERFDEFK > OB>PLK>?IB B]BEMB@F>IIV QEB QE
MBO@BKQFIB TEFR®E @SDDBOFKD PB@LKAP QL ?B@I@EFEQBO

Long tasks/blocking time

IP VLR J>V E:SB DIB>KBA COLJ QEBM®BP PB@QFLK QEB MOFK@FM>| @>RRBQELMLLO FKQBC
OBPMLKBRSPP FP ILKD Q>PEP>@FEN.KD Q>PH FPGKPH QE>Q ORKP LK QEB J>FK QEOB>A CL
ILKDBO QE>K JFIIFPB@LKAP 4EB IBKDQE LC QER\QIFHFB@LKAP FP QE>Q Q>PH_P

?IL@HFKD QFJB TEF@E @>K ?B @YI@RIS@BERFKD JFIIFPB@LKAP COLJ QEB Q>PH_P QLQ>!

, LKD Q>PHP >OB > MOL?IBJ ?B@YRPBAMEBEB J>FK QEOB>A COLJWALEKIBEKTLOH RKQFI
QE>Q Q>PH FP dKFPEBA 7EBK > M>DB E>P ILQP LC ILKD Q>PHP QEBEREQTPBURDERFBBILIFK
OBPMLKA QL RPBO FKNRQBEES@>PBP FSE@ €8BI BFOEB ?OLTPBO BRMBPMLKAFKD >Q I

AMMILP>; =>OMMB
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Distribution of number of long tasks per page
Web Almanac 2022: JavaScript
desktop [l mobile

48
50

40

32
30
19

20

10
10 5
o em =l

50 75 90

10 25

Number of long tasks

Percentile

"B@NRK  0A>=BLMKB;NMBHG H? MA> GNF;>K H? EHG@ M:LDL I>K |:@>

4EB JBAF>K M>DB BK@LRKQBOP ILKD Q>PHP LK JL?FIB >KA ILKD Q>PHBRE® BBRHEPEM AB
J>HBP PBKPB TEBKRV@LKPFABO QE>Q JLPQ ABEPH@®BFRBHOB>QBO MOL@BPPFKD MLTBO >KA
JBJLOV OBPLRO@BP QE>K JLEH@BB >KA >OBBNA@Q@EEIBA

(LTB SBOQEB MF@QROB DBQP JR@E TLOPB >Q EFDERRIMBERBIBKQFEES, QE MBO@BKQFIB
MBO M>DB >0B >KA LK JL?FIB >KA ABPHQLM GBPMB@QFS
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Distribution of long tasks time per page
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"B@NRK BLMKB;NMBHG H? EHG@ M:LDL MBF> I>K |.@>

)Q_P KLQ BKLRDE QL HKLT EMIIKB Q>PHP QEBOB >0B MBO M>DB]TB KBBA QL RKABOPQ>K/
QLQ>I QFJB QELPB Q>PHP >0OB Q>HFKD LK M>DBP 4EB JBAF>K JL?FIB M>DBE>P  PB@LKA
ABAF@>QBA QL ILKD Q>PHP TEBOB>P ABPHBIG4GIHEREPE> PB@LKAP

4EB QE MBO@BKQFIB PRDDBPQP > JR@E TLOPB MF@QROB CLSREERPB@KIAKBIBKAED
KB>OIV PB@LKAP LC MOL@BPPFKD QFJB MBO M>DB ABAF@>QBA QL E>KAIFKD ILKD Q>PF
QFJB QEB ?0LTPBO FP PMBKAFKD LK FKQBKPB TLOH QE>Q @LRSBRBILMBIFIFVBA LO B

JL SBA QL TB? TL@OP LK > AFCCBOBKQ QEOBE*PR GEBPB OBPRIQP PMBII QOLR?IB CLO QE
JL?FIB TB? >KA OBPMLBRBSP

Scheduler API

3@EBARIFKB*3@OFMQ Q>PHP E>P EFPQLOF@>11V ?BBK ABCBO@BRQR JHB RBIBOBO
JBQELAP PR@I requestldleCallback >KA queueMicrotask ?RQ QEBPB !0)P P@EBARIB
Q>PHP FK > @L>OPEKRIBPMB@F>IIV FK QEB queueMicrotask  ]@>K @>RPB
MBOCLOJ>K@B FPPRBP FC JFPRPBA

4EB 3@EBARIBO !0) E>P OB@BKQIV ?BBK OBIBBBABBKABES dKBO @LKSBOLI L
P@EBARIFKD Q>PHP ?>PBA LK MOFLOFQ¥RERDEBKQIV LKIV IFIFQBA QL #EOLJFRJ ?>PBA
20LTPBOP

AMMIL<:GBNL> <HF F=G :IBOL<A>=NE>K9IHLMM:LD
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https://almanac.httparchive.org/static/images/2022/javascript/long-tasks-time.png
https://almanac.httparchive.org/static/images/2022/javascript/long-tasks-time.png
https://developer.mozilla.org/docs/Web/API/Window/requestIdleCallback
https://developer.mozilla.org/docs/Web/API/Window/requestIdleCallback
https://developer.mozilla.org/docs/Web/API/queueMicrotask
https://developer.mozilla.org/docs/Web/API/queueMicrotask
https://caniuse.com/mdn-api_scheduler_posttask
https://caniuse.com/mdn-api_scheduler_posttask
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0.002%

"B@RK  0A> [>K>GM:@> H? FH;BE> |:@>L NLBG@ MA> /<A>=NE>K ,%

IKIV  MBO JFIIFLK JL?FIB M>DBP >0OB @ROOBKQIV PEFS#3@@FMQ QE>Q RPBP QEB
3@EBARIBO 10) TEBOB>P MBOJFIFLK  ABPHQLM M>DBP AL 4EFP FP KLQ PROMOFPFKD
@LKPFABOFKD QEB I>@H LC AL@RIBKQ:BIRLKBK QEFPROB >KA FQP IFJFQBA PRMMLOQ

(LTB SBOTB BJMB@Q QEFP KRJ?BO QL FK@OB>PB >P AL@RJIBKQ>QFLK LK QEB CB>QROB ?B@LJI
>S>FI>?IB >KA BPMB@F>IIV FC FQ FIBRPBAFKECBIFE QE>Q QEB >ALMQFLK LC QEFP
FIMLOQ>KQ KBT CB>QREBRBREIV OBPRIQ FK ?BQQBIERFEE®B LRQ@LJIBP

Synchronous XHR

| %18 ]LO RP>DB LC C( XMLHttpRequest ~ 8(2 JBQELA QL >PVK@EOLKLRPIV BBQQEB>KA
RMA>QB FKCLOJ>QFLK LK QEB M>DB TEBE:QELKICBNRBPQBG®\AMLMRI>0 JBQELA LC
@OB>QFKD AVK>JF@RBBBBK@BP )Q E>P [>ODBIV ?BBR/UEBE>@E@EOL fetch
JBQELA ?RQ 8(2 FQFII PRMMLOQBA FK >II J>GLO ?0LTPBOP

8(2 E>P > e>D QE>Q >IILTHRWQL J>B PVK@EOLKLRP OBNSRBHEEOLKLRP 8@P E>OJCRI CLO
MBOCLOJ>K@B ?B@>RRBKIER.BM >KA J>FK QEOB>A BARK®@HI QEB OBNRBPQ FP dKFPEBA
OBPRIQFKD FK QEB M>DB E>KDFKD RKQFI QEBSA#(?11 fetch FP>JR@E JLOB BCEB@QFS

>KA BCd@FBKQ >1QBARE-SPFIMIBO !0) >KA E>P KL PRMMLOQ CLO PVK@EOLKLRP CBQ@EFKD

2.5%

"B@NK  0A>I>K>GM:@> H? FH;BE> |:@>L NLBSEHNRGSAK

7EFIB PVK@EOLKLRP 8(2 FP LKIV RPBA LK LC JL?FIB M>DBP >KA  LC ABPHQLM M>DBP FQP
@LKQFKRBA RPBJKL J>QQBO ELT PJ>IIJFP PQFII > PFDK> QE>Q PLJB IBD>@V?BMMIF@>QFLKP J>
OBIVFKD LK QEFP LRQA>QBA JBQELA QE>Q E>OMBOEBR®BO B

| SLFA RPFKD PVK@EOLKLRP 8(2 >KA 8(2 FX fetch FP > JR@E JLOB BODLKLIF@
>IQBOK>RRE>Q I>@HP PVK@EOLKLRP CRR@BRFOHIGYN>DBP TFIl MBOCLOJ ?BQQBO
TFQELRQ PVK@EOLKLRP 8(2 >KA TB ELMB/RRUEBS QEFP KRJ?BO C>1l QL WBOL

AMMIL<:GBNL> <HF F=G :IB9QFEAINHIM
AMMIL=>GEHI>RHSBEE: HK@ =Hx<L98 4)($MMI.>IN>LM /RG<AIGHNLO:G=9 LRGIGHNLI.>IN>LML LRIEGHMEIN>LM
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https://developer.mozilla.org/docs/Web/API/XMLHttpRequest
https://developer.mozilla.org/docs/Web/API/XMLHttpRequest
https://developer.mozilla.org/docs/Web/API/Fetch_API
https://developer.mozilla.org/docs/Web/API/Fetch_API
https://caniuse.com/mdn-api_xmlhttprequest
https://developer.mozilla.org/docs/Web/API/XMLHttpRequest/Synchronous_and_Asynchronous_Requests#synchronous_request
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document.write

"BCLOB QEB FKQOLAR@QFLK LC $/- FKPBOQF appendChild  >KA LQEBOP CLONIB
document.write T>P RPBA QL FKPBOQ @LKQBKQ >Q QEI document.write T>P
J>AB FK QEB AL@RJBKQ

documentwrite  FPBOV MOL?IBJ>QE@LEB FQ ?IL@HP QEB (4-, M3BREP MOL?IBJ>QF@
CLO > KRJ?BO LC LQEBO OBEBL(HKP PMB@ FQPBIC T>OKP >D>FKP(XAQETRPB
@LKKB@QFLKP ?IL@HFKD AL@RJIBKQ M>OPFKD QL >MMBYK/AQREPEKNIEFELDI>K @B

MOL?IBJP QE>Q >OB BKGERSBIVIB

"B@NK  0A> GNF;>K H? FH;BE> |:@>L document.write

PQ>DDBOFKD LC M>DBP LB2BIB PQFII F document.write QL >AA @LKQBKQ QL QEB

$/- FK IFBR LC MOLMBO FKPBOQFLK JBQELAP TEBOB>P LC ABPHQLM M>DBP >0B PQFII AL
BUMI>K>QFLK CLO QEFP @LRIA ?B IBD>@V >MMIBBQPBRK QBIQEQQBK QL RPB QEB
MOBCBOOBA $/- JBQELAP QL FKPBOQ KBT KLABP FKQL QEB ABBXREBIRXQHKOBR M>0QV
P@OFMQP QE>Q PQFII RPB FQ

7 B ELMB QL PBB > AB@IFKB FK QEFP QOBKA !l J>GINMIP@ETRBIPEK >D>FKPQ RPFKD QEFP
JBQELA 7EFIB FQ FPKBMOB@>QBEGRRIBFRQBK@B FK ?0LTPBOBFBR)EB @LJB BPK
DR>EKQBBA documentwrite  @>IIP >OB BR&/TB?PFQERWELRIA MOFLOFQFBAKOBJL

QEBJ >P PLLK >P MLPPF?IB

Legacy JavaScript

*>S>3@O0FMQ S4B @LKPFAB® ISBO QEB I>PEBRPB\B>OP 4EB FKQOLAR@QFLK LC KBT
I>KDR>DB CB>QROBP E>P QRGIKEBAFMQ FKQL > JLOB @>M>?IB >KA BIBD>KQ I>KDR>DB QE>Q
ABSBILMBOP QL TOFQB JLOB @I%@@&RB-Q OBPRIQFKISFRE@BPAV IL>ABANEBA

QELPB CB>QROBRK E»?BBK RKKB@BPP>RIFCLQIBA FKQL > IBD>@V RMREEKD?>
QEKPMFIBR@E >P ">7BI

,FDEQELRPB @ROOBKQIV @EB@HPKRCLOIBIAESY 28 RKKB@BPP>0V LK QEB JLABOK TB?
PR@E >PKRLLOJFKD RF async >KA await  *>S>3@OFMQ @I>FEBPQEBO KBTBQ
TFABIV PRMMLOQBA |>KDR>DB CB>QROBP

AMMIIAMFE LIXRA:MP@ HK@ FNEMBI:@> =RG:FB< F:KDNI BGL>KMBHG RKBHE=H<NF>GM
AMMIL=>CEHI>RHSBEE: HK@ =H:<&:®/<KBIM .>?>G<> ELL>L
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https://developer.mozilla.org/docs/Web/API/Node/appendChild
https://developer.mozilla.org/docs/Web/API/Node/appendChild
https://developer.mozilla.org/docs/Web/API/Document/write
https://developer.mozilla.org/docs/Web/API/Document/write
https://html.spec.whatwg.org/multipage/dynamic-markup-insertion.html#document.write()
https://developer.mozilla.org/docs/Web/JavaScript/Reference/Statements/async_function
https://developer.mozilla.org/docs/Web/JavaScript/Reference/Statements/async_function
https://developer.mozilla.org/docs/Web/JavaScript/Reference/Statements/async_function
https://developer.mozilla.org/docs/Web/JavaScript/Reference/Classes
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6 /7%

"B@NK  0A>[>K>GM:@> H? FH;BE> [:@>L MA:M LAB/E%BI4R &:0

*RPQIBO QTL QEFOAP LC JL?FIB M>DBP >0OB SEFEIRIFMQ ©BPLRO@BP QE>Q >OB ?BFKD
QEKPCLOJBA LO LQEBOTFPB @LKQ>FK RKKB@BERS@OBIOA@V *>

4CKPCLOJ>QFLKP @>K >AA SUQDRAMBP QL MOLAR@SFR®OFMQ CLO BEB P>H
@LIM>QF?FIFRY RKIBPP QEBOB FP > KB@BPPFQV QL PRMMLOQ L\ABDGQERPBBOP J>K
QEKPCLOJP >0OB RKKB@BRZ>@¥K E>0J PQ>0QRM MBOCLOJ>K@BVAB>QBR. KK
JL?FIB]>KA  LC M>DBP LK ABPHQLM]>OB PEFMMFKD>REEEBIBFP @LK@BOKFKD

“>?BI FP ALFKD JR@E QB RIESP MOL?IBJ LRQ LCYER@E >P QEGDRBBLIMFIBO
>PPRIMQFLKP CB>(QRQB>?BI FP PQFBRKAFEPBO ABJKBA @LKADIRBP >KA @>K LKIV AL
PL JR@E FK QEB MOBPBK@B LC LRQA>SIBAL@UBIDRO

IP JBKQFLKBA >88 TB PQOLKDIV BK@IEREEILMBOP QL @>OBGRBY QBBFEBI >KA
"OLTPBOPIFR)KdDRQFLKP QL BKPROB QE>Q QEB JFKFJRJ >HMIGDQIFGOB >MMIFBA QL

@LAB FK LOABO CLO QEBJ QL TLOH FK OBNRFOBA ?0LTPBOP $LFKD PL @>K OBPRIQ FK I>0DB C
2VQBP PEFMMBA QL BKA REBOWBEEP $B>> ILQ LC TLOH QL AL FK QEFP >OB> >KA TB ELMB QL PBB
QEFP dDROB AB@BBBEJB KLT QE>Q QEB I>KPRIRBFLK E>P OEBYQPE>?FIFWBA

How is JavaScript used?

4EBOEP JLOB QE>K LKE/T3L ?RFIA > TB? M>DB 7EFIB PLYALMQ QL RPB QEB TB? MI>QCLOJ
AFOB@BMY P RKABKF>?IB QE>Q QEB QOBKA BEIQMBI BRARPQOV FP QL OB>@@ QECKPPQO
QE>Q JHLRO TLOH B>PFBO QL AL >KA OB>PLK >?LRQ !P FP QEBRERPBAIFOERICE
BUMILOFKD QEB OLIBIQUFBROKAIBILOHP >P TBII >P ELT COBNRBKQIV GEMFEASRA
CSUBTLOHP MOBPBKQ PB@ROFQWISRIEBOQE>Q @G-®EBHB? > OFPHFBO MI>@B CLO RPBOP

Libraries and frameworks

,F?00FBP >KAIBDLOHP >OB > ERDB M>0Q LERQMBAERIBOFBK@B]LKB QE>Q E>P QEB

MLQBKQF>I QL E>0J MBOCLOJ>K@B-QBULRDEBOER>A 4ELRDEBRMBOP $3-1>0DBIV
>@@BMQBA GBBR.QBKABOPQ>KAFKD TE>QABPO-KAJBILOHP >0OB @LJJLKIV RPBA LK

QEB TB? FEGOBJBIV FIMLOQ>KQ >P FQ FKCLOJP LRO RKABOPQ>KAFKD LC ELT QEB TB? FP ?RFI

AMMIL:;;>ECL BH =H<L >G :LLNFIMBHGL
AMMIL;;>ECL BH =H<L >G <HGV@N&
AMMIL@BMAN; <HFIRL>KLEBEWPLISKLEBLM
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https://babeljs.io/docs/en/assumptions
https://babeljs.io/docs/en/assumptions
https://babeljs.io/docs/en/configuration
https://github.com/browserslist/browserslist
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PB@QFLK_TBB Q>HFKD > ILLH >Q QEB PQsQEBECHKAIBDLOHP >@O0LPP QEB TB? FK
Library usage

4L RKABOPQ>KA QEB RP>DBAKBIF2BGAIBILOHP (440 'O@EBRPBP >MM>IVWBIOABQB@Q
QEB QB@EKLILDFBP RPBA LK > M>DB

Adoption of top libraries and frameworks
Web Almanac 2022: JavaScript

desktop [l mobile

jQuery 81%
core-js 1%
jQuery Migrate 34%
jQuery Ul e 23%,
Modernizr e— 13%

Lodash | 9%

LazySizes s
OWL Carouse! |mmmmm 9%
React |mmmmms

FancyBoxX |mmmmms
Slick 8%
GSAP 0,
Isotope P 780/{:
Underscore.js 6%
Lightbox

JavaScript libraries and frameworks

Ty

0% 25% 50% 75% 100%

Percent of pages
"B@NK =HIMBHG H? MHKBBIK:G=RPKPHKDL

)YQ_P PQFII KL PROMOFPB QE>¥ G:REIEBRRPQ RPBOFER QEB TB? QLA>0Q LC QE>Q FP
?B@>RPBLDAOOBPP FP RPBA LKC PFQBP ZB® BL QEB J>GLOFQV LC G1RBOV RP>DB L@@R
LRQPFAB LC QEBADOBPP MI>QCLOJ

7EFIB GLRBOV FP OBI¥@RSII >KA OB>PLK>?IV NRF@H >Q TE>Q FQ ALBP FQ PQFII OBMOBPBH
>JLRKQ LCIBOEB>A FK >MMIF@>QFLKP -LPQ LC TE>Q G1RBOWILEIBORFPHETFS
10)P  >KA J3V ?B RKKB@BPP>0V FK BB >MMIF@>QFLKP

4EB RP>DB LC @LOB GP FP >IPL KLQ PROMOFBT KD NHF @QFEKIPCROJ QEBFO @LAB TFQE

AMMILRHNFB@AMGHMG>><BBN>KR
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https://almanac.httparchive.org/static/images/2022/javascript/frameworks-libraries.png
https://almanac.httparchive.org/static/images/2022/javascript/frameworks-libraries.png
https://youmightnotneedjquery.com/
https://youmightnotneedjquery.com/
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">?Bl TEF@E LCQBK RPBP @LOB GP QL dIl FK JFPPFKD D>MP FK !0)P >@OLPP ?0LTPBOP P ?0LT
J>QROB QEFP dDROB PELRIA AOLM]>KA QE>Q TLRIA ?B > DLLA QEFKD FKABBA >P JLABOK ?0OLTF

>0B JLOB @>M>?1B QEBB>BA PEFMMFKD @LOB GP @LAB @LRIA BKA RMVZBBRD T>PQBA ?

2B>@Q RP>DB KLQ>?IV OBJ>FKBA QEB P>JBEXIL 3Q-PJEF@E B > PFDK>| QE>Q

>ALMQFLK LC QEEIVE>P MI>QB>RBA ARB QL >K FK@OB>PFKD >JLRKQ LCDEERIFBRFK QEB *>

B@LPVPQBJ

Libraries used together

)Q_P KLQ >K RK@LJILK P@BK>OFL QL PBE-JBTREMB KA |IBTFBP RPBA LK QEB P>JB M>DB
IP TFQE I>PQXOTB _II B>JFKB QEFP MEBKLJBKLK QL D>FK FKPFDEQ RKIGREIFBP-KKA
C&IBTLOHP ?BBK RPBA QLDBQEBO FK

&FDROB

Libraries Desktop Mobile

G1RBOV
G1RBO@1RBOV -FEQB

@LOB GP G1RERBOV -FEQB

@LOB GP G1RBOV

G1RBOBIRBOV 5)

@LOB GP G1RE(RBOV -FEQB G1RBOV 5)
G1RBO@1RBOV -FEQB G1RBOV 5)

310, LA>PE DIVdil 2B>@Q
-LABOKFWGI1RBOV

@LOB GP

IK>IVPFP LC IFOEBP >KAJBOLOHP RPBA QLDBQEBO LKBARBOSP

YQ_P @IB>0 QELRDE QE>Q G1RBOV E>P PLYBKBOEIBFREPLIB @LI?FK>QFLK LC FQ FQP 5)
CSUBTLOH >KA FQP JRIFDK MIRDFK L@ @ROOFKD FIBRERIQRN FEQE @LGFKD £>
MOLJFKBKQ OLIB ROFRP>DB >P TBII

Security vulnerabilities

'FSBK QEB TFAB MOMBEBOLCSS8@OFMQ LKWQBAB? >KA TFQE QHBEEASC FKPQ>II1>?I1B
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*>S>3@O0FMQ M>@H>DBP FQ_P KL PROMOFPB QE2RIFRFBRBEGK SRBEHOFMQ

57/%

"B@NK  0A> I>K>GM:@> H? FH;BE> |:@>L MA:M =HPGEHE= &ONE®N ERR HK
?KE>PHKD

7EFIB  LC JL?FIB M>DBP PBOSFKD RM >:SHEKEE>3@OFMOUN?DO-0BTLOH FP
PFDKFd@>KQ QEFP dDROB FP ALTIBSOLR ¢EMDB LC  4EFP FP BREKRCRQ QEBOB
NRFQB > ?FQ LC TLOH QL ?B ALKB QL ILTBO QEERNMBREEQ >P JLOB PB@ROSQFSRREHE0
>0OB M>Q@EBZBIABIBOP TFIl 2B FK@BKQFSFWBA QL RMA>QB QEBFOSABMBKABREFBP QL >
QEBFO RPBOP QL E>0J

Library or framework Desktop Mobile

G1RBOV
G1RBOV 5)
"LLQPQM
-LIBKQ GP
5KABOP@LOB
,L$>PE
'OBBK3L@H *3
(>KAIB?>0P
IKDRI>0*3
-RPQ>@EB

&FDROB 4EB MBO@BKQ>DB LC MSIEMEPHESL TKS>3@OFMQ SRIRBQFBP >JLKD QEB QLM
QBK JLPQ @LJJILKIV RPBABRBP >KAIBOLOHP

7FQE G1RBOV ?BFKD QEB JLPQ MLMBW-EKIRFB LK QEB TBY BAP KL PROMOFPB QE>Q FQ >K
FQP >PPL@F>QBAB)ICIH OBMOBPBKQP > C>FO >JLRKQ LC QEB PBBRQFGY SRIKBEPBOP
>OBBMLPBA QL LK QEB TBAQIESP @LRIBIFIZE QE>Q PLIBRIBMBOP >0OB PQFII RPFKD LIABO
SBOPFLKP LC QEBPB P@OFMQRJTEFENSAKKQ>DB LBRIQL HKLTK SRIKBOFQFBP

AMMILG@NE:KCL HK@
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https://angularjs.org/
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| KLQ>?IB BKQOV FP "LbQPTEF@E FP >5)BT0OH QE>Q EBINSBABIBOP QL NRF@HIV
MOLQLQVMB LO ?RFIAKRDP-TFQELRQ RBEHWFOB@®SBK QEB OBIB>PB LC KBTBO #33

I>WLRQ JLABP PR@E >P 'OFAWCL&IBB J>V PBB RP>DB LC "LLOPAB@OB>SBLQFIB LO FK

IFBR LC QE>Q PEBLMBOP RMA>QB QEBFO-MLBRERABK@FBP QL PEFM JLOB P>CB >KA PB@ROB
TB?PFQBP

2BD>OAIBPP LC TE>Q0FBP >KAJBOLOHP MR RPB ?B PROB QL OBDRI>OIVIRGA>QB V
ABMBKABK@FBP TEBBOBLPPF?IBREA BMLPFKDRO RPBOP QL E>0J 7EFIB M>@H>DB RMA>QBP
AL OBPRIQ FK PLJB >JLRKQ LC OBC>@QLOFRP COI@IQFBRQL QFJB QEB BCCLOQ FP TLOQE QEB
OBAR@QFLK FK IF>?FIFQV >KA FK@OB>PB FK RPBO P>CBQV

Web components and shadow DOM

&0 PLIB QFJB TB?@BLMJIBKQ E>P ?BBK BRORG> @LIMLKBKQFW>QFLK JLABEBIWL
KRIBOLRP:SBTLOHP 4EB TB? MI>QCLOJ E>P PFJSLISBIA BL MEEAB BK@>MPRI>QFLK LC
ILDF@ >KA PQVIFKD QEOLRDE TB? @LIMLKBKQP >KA QEBIPHEF@LT SGCBEBPR/>K>IVPFP
TB_Il ?BDFK TRQEPQLJ BIBJBKQP

2.0%

"B@NRK  0A> [>K>GM:@> H? =>LDMHI l:@>L MA:M NL>= <NLMHF >E>F>GML

4EFP dDROB FP ALTK > ?FQ CA30>P@N>IVPFP LC @RPQLJ BIBJBKQ RP>DB LK ABPHQLM M>DBP
TEF@E T>P 7FQE QEB >AS>KQ>DBP QE>Q @RPQLJ HMBABKER PEBFO OB>PLK>?IV 20L>A
PRMMLOQ FK JLABOK ?OLTPRIFPELBIFKD QE>Q QEB TB? @LIMLKBKQ JLABI TFIl @LIMBI
ABSBILMBOP Q&E8DB TB? MI>QCLOJ ?RFIQ FKP QL @OB>QBIMBQBBKPBP B

0.39%

"B@RK  0A> I>K>GM:@> H? FH;BE> |:@>L MA:M NL>= LA:=HP +)

3E>ALT$/-  >IILTP LR QL @OB>QB ABAF@>QBA KLABP FK > AL@RJIBKQ QE>Q @LKQ>FK QEBFO
P@LMB CLO PR? BIBJBKQP >KA PQVIFKD FPLI>QFKD > @LIMLKBKQ COLJ QEB J>FK $/- QOBB #LJI
QL I>P@X0_P dDROBLC  LC >Il M>DBP RPFKD PE>ALT $/- >ALMQFLK LC QEB CB>QROB E>P
OBJ>FKBA JR@E QEB P>JB TFQE  LC JL?FIB M>DBP >KA  LC ABPHQLM M>DBP RPFKD FQ

AMMIL=>CEHI>KL @HH@E> <HF P>; ?NG=:F>GM:EL P>; <HFIHG>GML <NLMHF>E>F>GML
AMMIL=>GEHI>KL @HH@E> <HF P>; ?NG=:F>GM:EL P>; <HFIHG>GML LA:=HP=HF
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https://developers.google.com/web/fundamentals/web-components/customelements
https://developers.google.com/web/fundamentals/web-components/shadowdom
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0.05%

"B@RK  0A> [>K>GM:@> H? FH;BE> |.@>L MA:M NL> M>FIE:M>L

4EB template  BIBJBKQ EBIMPSBRMBOP OBRPB J>OHRM M>QQBOKP 4EBFO @LKQBKQP OBK
TEBK OBCBOBK@B#23@0FMQVM>QBP TLOH TBII TFQE TB? @LIMLKBKQP >P QEB @LKQBKG
FP KL@® OBCBOBK@BA3@OFMQ FP QEBK >MMBKABA QL > PE>ALT OLLQ RPFKD QEB PE>A

2LRDEIV ~ LC TB? M>DBP LK ?LQE ABPHQLM >KA JL?FIB >OB @ROOBI template D QEB
BIBJBKQ 4ELRDE QBJMI>QBP >0OB TBIl PRMMLOQBA FK ?OLTPBOP QEBFO >ALMQFLK FP @R

0.08%

"B@NK  0A>I>K>GM:@> H? FH;BE> l:@>L MA:Nis _MNIKB:NM>

4EB (4, is >QQOF?RQB FP >K >IQBOKSETBABOQFKD @RPQLJ BIBJBKQP FKQL QEB M>DB
QE>K RPFKD QEB @RPQLJ BIBJBKQ P K>JB >P QEB (4-, Q>D QEB K>JBVFP@RREOL >K

(4-, BIBJBKQ TEF@E FIMIBIJBKQP QEB TB? @LIMLKBKQ ILis @QEEBF?RQB FPQTRPB

TB? @LIMLKBKQP QE>Q @>K PQFII C>Il 2>@H QL PQ>KA>0A (4SHIBIBE OFBELIMLKBKQP
C>FI QL ?B OBDFPQBOBA LK QEB M>DB

AEFP FP QEB dBRITB >OB-@BIFKD RP>DB LC QEFP >QQOF?RQB >KA IREIPROMUFRHKER/
ILTBO QE>K @RPQLJ BIBJBKQP QBBJSRESQL QEB [>@H LC PRMMLOQ FK 3>C>OF QEFP JB>KI
?0LTPBOP LK F/3 >KA 3>C>OF LK J>@(3 @BRPB LC QEB >QQOF?RQB MLPPF?IV @LKQOF?R(
QEB >QQOFFREEQBA RP>DB

Conclusion

4EB PQ>QB LE3@OFMQ FP [>0DBIV @LKQFKRFRBKESTLRISEPRDDBPQBA [BPQ V

7 B_OB PEFMMFKD JLOB LC FQ CLO PBBBIPRQOBFKD QL JFQFD>QB QEB B@BEEB®QP LC B
*>$>3@OFMQ QEOLRDE FK@OB>PBA RP>DB LC QB@EKFNRBP PR@E >P JFKFd@>QFLK OBF
@LIMOBPPFLK SBKBLTK QL QEB HORBP TB RPB

4EB PQ>QB LE3@0FMQ FP > @LKBQSRRIDMEBKLIBKLK )Q_P @IB>0 (BB-EKTB E>
FK@OB>PBA OBIF>K@B LK FQ BRIBRR@EBQ PMBIIP QOLR?IB CLO QERRBOIB@QFS
BUMBOFBK@B LC QEBEEBEA QL AL >II TB @>K]>KA JLOB]QL PQBJ QEB QFAB LC ELT JR@E
*>$>3@OFMQ TB PEFM LK MOLAR@QFLK TB?PFQBP
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IP QEB TB? MI>QCLOJ J>QROBBBTELMFKD QE>Q TB PBB FK@OB>PBA AFOB@Q >ALMQFLK LC FQP
10)P >KA CB>QROBP TEBOBB®RBKPB QL AL PD @ELPBBBOFBK@BP QE>Q OBNRFOB

CSIBTLOHP CLO > ?BQEBEN. MBOBIBOFBK @BOBBELMFKD QL PBB >AAFQFLK>| LMQFJFW>QFLKP >k
LMMLOQRKFQFBRIBIOM@O>RQELOP QL >ALMQ KBT !0)P QL EBIM @EBUKABLEE > ?BQQBO
ABBILMBAUBIBOFBK@B >KA ?BOBBEFBK@BP CLO RPBOP

, BQ_P ELMB QBE3Q®BD PFDK>IP > PEFCQ FK QEB QOBKA )K (BB FBEK®RIKRB QL AL >II TB
@>KQL J>HB QEB TB? >P C>PQ >P TB MLPPF?IV @GBBMHREIB¥BA K ?LQE? >KAdJBIA
A>Q> >ILKD QEB/T>

Author

‘}g *BOBY 7 >DKBO

J X I@E>Q> O II@E>Q> ® EQQMBIT>DKE®BQ
*BOBY 7 >DKBO FP > QB@EKF@>| TOFQBO CLO 'LLDIB LK MBOCLOBK@B >KA #LOB 7
6FQ>IP (B E>P >IPL TOFQQBK CLO ! ,FPQ IM>BE@HFR3-KA 3J>PEFKD ->D>WFKB
*BOBY TFII PLIBA¥ OBIL@>QB QL QEB OBJLQB TFIABOKBPP TEBOBBQKA E>P KLQ V

?BBK Q>RDEQ QL QEFKH 5KQFI QEBK EB @LKQFKRBP QL OBRFABHRQHBEKBPLQ>
TFQE EFP TFCB >KA PQBMA>RDEQBOP ?BJUFREBBE@BR.B PQOFM J>IIP

AMMILP>; =>0?:LM
AMMILP>; =>OE:; :G= \>E= =:M: =B?2B<>L E;; =:M:
AMMILP>; =>0E:; :G=\>E= =:M: =B?2B<>L \>E==:M:
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https://web.dev/fast/
https://web.dev/fast/
https://web.dev/lab-and-field-data-differences/#lab-data
https://web.dev/lab-and-field-data-differences/#field-data
https://x.com/malchata
https://github.com/malchata
https://jlwagner.net/
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Markup

i

/>

L
&
> £ 1@@}5!
Written by Jens Olier Meiert

>0B>P>= ;KB:G "K=>EB=/BFHG ,B>M>KL
G:ERS>=;B<D 2BL<HFB
1=BM>= ;FKKR HEEK

Introduction

IPQEB @E>MQBO P>FAFQELRQ (4-, QEBOB >OB KL TB? M>DBP KL TB? PFQBP KL TB? >MMF
9LR @>K PHE>Q TFQELRQ (AQEBOB KL B? 4E>Q J>BP (4-, LKB LC QEB JLPQ FIMLOQ>KQ
TB? PQ>KA>0AP FC KLQ QEB JLPQ FIMLOQ>KQ TB? PQ>KA>0A

1@ @LOAFKHH BESBOVRA0TB RPBA QEB JFIIFLKP LC M>DBP FK LRO A>Q> PBQ] JFIIFLK FK QE
JL?FIB PBQ  JFIIFLK FK QEB ABPHQLM PESEDHRQEBLL>IPL ILLH >Q (4-4EFP @E>MQBO
ALBPKQ @ROBSBOVQEFKDa QEBOB FP >?LAQ (@B, BMIF@FQIV BKEA ROQEIPL >K>IVWB

QEB A>Q> TB D>QEB®RB/QL PE>QRY LTK @LK@IRPFLKP]>KA TEBKLY Q>D QEBJ

EQJI>II>K>@

AMMILEF:G:< AMMKRABOHK@ >G  F:KDNI BGMKN<MBHG
AMMII=H<L @HH@E> <HEIM>ML = @DQ/2 CO* N<. - +( $F#0 L/<$NP #6N.($1  >=BM
AMMIIQ <HF A:LAM:@ AMFE:EF:G:<
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https://almanac.httparchive.org/en/2020/markup#introduction
https://docs.google.com/spreadsheets/d/1grkd2_1xSV3jvNK6ucRQ0OL1HmGTsScHuwA8GZuRLHU/edit
https://docs.google.com/spreadsheets/d/1grkd2_1xSV3jvNK6ucRQ0OL1HmGTsScHuwA8GZuRLHU/edit
https://x.com/hashtag/htmlalmanac
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Document data

4EBOEP JR@E QL ?B @ROFLRP >?LRQ TEBK FQ @LJBP QL ELT TB BABSIBXRH ILQP LC
NRBPQFLKP ?RQ TEBK FQ @LJBP QL (4-, KIBBKBEB> ILLH >Q ELT LRO (4-, FP PBKQ QL
LRO ?0LTPBOP ?BCLOSBREIBQ FKQL QEB @LKQBKQP LC QEB J>OHRM FQPBIC

Doctypes

Doctype Desktop Mobile

html

html -//w3c//dtd xhtml 1.0 transitional//en
http://www.w3.org/tr/xhtml1/dtd/
xhtml1-transitional.dtd

.LAL@QVMB

html -//w3c//dtd xhtml 1.0 strict//en
http://www.w3.org/tr/xhtml1/dtd/xhtml1-strict.dtd

html -//w3c//dtd html 4.01 transitional//en
http://www.w3.org/tr/html4/loose.dtd

html -//w3c//dtd html 4.01 transitional//en
&FDROB $L@QVMB RP>DB

, BQ_P PQ>0Q TFQE AL@QVMBP]|TEF@E LKB FP QEB JLPR N{IMRDEB $ROTBO QL QEFP LKB
)Q_P QEB PELOQ PFIMIB ?LOFKD PQ>KA>OA (4-, ALE <!DOCTYPE html>

90%

"B@NK )H;BE>NLBG@ MA> EMGEHI<MRI>

LC >Il JL?FIB M>DBP RPB FQJ>P QEB JL?FIB A>Q> PBQ FP [>0DBPQ QEFP @E>MQBO TFIl RPR>II\
TFQE QE>Q A>Q¥QBLPQ MLMRI>O FP 8(4-, G&PFQFLK>l ALTKCOLJ FK
ICQBO QE>Q FQ_P KL AL@QVMB ?BFKD PBQ >Q >I1>Q RMEDL) I>PQV

AMMILEF:G:< AMMKRABEHK@ >G  F:KDNI =H<MRI>L
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https://almanac.httparchive.org/en/2021/markup#doctypes
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Compression

HTML document content-encoding
Web Almanac 2022: Markup

br gzip [ none

desktop
(]
Q
3
[}
[a]

mobile

0% 25% 50% 75% 100%

Percent of websites

"B@NK $0)( =H<NF>GM <HGM>GM >G<H=BG@

10B (4-, AL@RJIBKQP ?BFKD @LIJMOBPPBA (LTVJ$KT LC QEBJ>OB]TFQE ALTK
PFK@B I>P@¥O 86l ?BFKD DWFM @LJMOBPPBA >KA RM  ?BFKD @LJMOBPPBA RPI
"OLQIF /8CGII PIFDEQIV JLOB AL@RJBKQP >0OB ?BFKD @LJMOBPPBA >KA @LJMOBPPBA JLOt

BCCB@QFS
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https://almanac.httparchive.org/static/images/2022/markup/content-encoding.png
https://almanac.httparchive.org/static/images/2022/markup/content-encoding.png
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Languages

Most popular regional HTML lang values
Web Almanac 2022: Markup

desktop [} mobile

en 19%
(not set)
en-us
9 ja
<1
o
S es
©
3
[=2]
& pt-br
©
5 b
g en-g
@
14
ru
de
de-de
0% 5% 10% 15% 20% 25%

Percent of pages

"B@NK )HLM IHINE:K®@BHG:E $0)( E:GENEL

7E>Q >?LRQ I>KDR>DBP )K LRO A>Q>PBQ LC M>Clang *BBQOF?RQB J>MMFKD QL
%KDIFPE  E>A KL I>KDR>DB PBQ LRKCAIOB>AV PBB QEB AFCd@RIQFBP]QEBBI¥IMIB FP IFH
?F>PBA >KA >IPL KLQ >P ?FD >P QL OBeB@Q >l LC QE lang 'HQ&OFRRQB ?BFKD RPBA FP KLQ
BNR>IFKD KL I>KDR>DB ?BFKD PBQ PQ REBUHMKD LRO A>Q> TLRIA ?B RPBCRI CLO

Conformance

$L AL@QRJIBKQP @LKCLOJ TFQE QEB (4-, PMB@Fd@>QFLKIFSEIFAOBNPERD IV TLAR QL
QBIl FRF'RPFKD > QLB BEB # J>OHRM S>IFA>QFLK PBOSF@B

7 B AFAIQ >KA TB @LRR@EB@H BEFRTE FK@IRAB QEFP PB@QFLK

4EB OB>PLK QL >Q IB>PQ JBKQFLK @LKCLOJ>KIGREARK QEBEF@N LK @LKCLOJER@B FCV

AMMILOEB=:MAKHK@
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https://almanac.httparchive.org/static/images/2022/markup/html-languages.png
https://almanac.httparchive.org/static/images/2022/markup/html-languages.png
https://validator.w3.org/

Part | Chapter 3 : Markup

ALK Q S>IFA>QB QEBORLA @E>K@BFRQFEECB@DFS @E>K@HV LR BKA RM
TOFQFKD >Q IB>PQ PLIB d@QFQFLRP >KA C>KQ>PV >KA QEBOBRQQE TFHKKM) (@ QFLK
LO C>KQ>PV]FQ_P > E>0A QB@EKF@>| PQ>KA>0A TFQE @IB>0 ORIBP LK TE>Q TLOHP >KA T

&.0 > MOLCBPPFLK>| FQ_P DLLA QL HKLT QEBPB ORIBP )Q_P DLLA TLOH QL MOLAR@B @L2
QE>Q ALBRK@LKQ>MQERKD PRMBOeRLRP QLL !KA ?LQE LC QE>Q]IB>OKFKD >KA KLQ PEFM
>KVQEFKD KLK TLOHFKD LO PRMBOeRMBIRRCIDI>K@B J>QQBOPVSBAAAEQFLK

J>QQBOP

7 B ALKQ B8 @LKCLOJ>K@B A>Q> QL PE>OBFKIEB@ BQ ?RQ QE>Q ABSB>K QEB
MLFKQ FN PP FIMLOQ>KQ HRMESBK Q CL@RPBA LK @LKCLBRIR@EOQ S>IFA>QFKD
WVLRO (4-, LRQMRQ -¥%?B LKB LC QEBREBAFQFLKP LCEJEE?K>@ TFIl S8 PLJB MLPFBFS
KBTP QL PE>OB ?B@>REB LC V

Document size

(4-, M> VIL>A >KA AL@RIBKQ PFWB >0B > PQ>MIB FK QEBRLRERZFBPIIBFP FKCLOJ>QFLK
PFK@B "RQ QEB QOBKA FP-@ABSEFIB FQ CLIILTP > @LJILK QEBJIB QE>Q LQEBO @E>MQBC
@LKdOJ QLL FQ_P KLQ > DOB>Q LKB

Median transfer size of HTML document
Web Almanac 2022: Markup
desktop [l mobile
40

30

30
26 25 27 =
20 . N
10
0

2019 2020 2021 2022

HTML transfer size (KB)

Year

"B@NRK )>=B:G M&L?>K LBS> H? $0)( =H<NF>GM

ICQBO PLJB ?0OFBC OBIFBC FK  AL@RJBKQ PFWB E>P @LKQFKRBA DOLTFKD FK = >KA >C

AMMILF>B>KM <HF >G ;Eff@-@MFE
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https://meiert.com/en/blog/valid-html-2022/
https://almanac.httparchive.org/static/images/2022/markup/html-document-transfer-size.png
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TFQE > JBAF>K Q¢XPCBO PFWB LC H"FKLRO JL?FIB A>Q> PBQ

/KB T>V QL @LRKQBO QEFP QUBKOBRAQL QEB (4-, T> V >KAKLQ QEB 8(4-, T%¥ >P
QE>Q TLRIA >IOB>AV OBPRIQ FK PJ>|IBEKRCBIDP RBEHLNEINK :NMAHK ABOMH <HF>
NI PBMA $0)( PKBMBG@ <E:LLB\<:MBHGL 1GEHNIEHRLFBGBF:E $0)(

Elements

)C VR_OB KLQ FK@IRAI svg KB math BIBJBKQP]?B@>RPBQEMW PMB@FJBA LRQPFAB LC
(4-, ]QEB @ROOBKQ (4-, PMB@FJd@>QFLK @ROOBKQIV @LKPFPQP LC BIBIBKQP

IE>F>GML GHM M:@L ;><XHIGHMXKKBG@ MHMHM HK >G= M <li> B </ins> G=
LHF> I>HIE> <HNGM $0)( >E>F>GMEGRERMFHLM BFIHKM:GM BENKI:;HNM AHINXK
<HNGMBG@

7E>Q @>K TB L?PBOS

Element diversity

Distribution of distinct elements per page
Web Almanac 2022: Markup

desktop [l mobile
50

40

45
38
32
0 27
22

20
10

0

10 25 50 75 90

Percentile

Number of types of elements per page

"B@NRK BLMKB;NMBHG H? =BLMBG<M >E>F>GML I>K |:@>

4EB dOPQ QEFKD TB @>K KLQB SRIQBQPARPE PIFDEQIV JLOB AFCCBOBKQ BIBJBKQP MBO M>DB

AMMILSLL MKB<DL <HF PKBM> AMFE MA> AMFE P:R GHM MA> QAMFE P:R
AMMILF>B>KM <HF >G ;EH@ MA> GNF;>K H? AMFE >E>F>GML
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https://css-tricks.com/write-html-the-html-way-not-the-xhtml-way/
https://meiert.com/en/blog/the-number-of-html-elements/
https://meiert.com/en/blog/the-number-of-html-elements/
https://almanac.httparchive.org/static/images/2022/markup/element-count-distribution.png
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KLT TFQE >JBAF>K LC AFCCBOBKQ BIBJBKQP MBO AL@RJBKQ

4EB JBAF>K FP RM C@IBJIBKQP FK >KA BIBIBKQP FK IP QEFP FP > QOBKA
QEOLRDELRQ KB QBKABO PFDK GERMEBP MRQ (4-, BIBJBKQP QL ?BQQBORRFEL?
JLOB LC QEBJ CLO TE>¥ @EBQEBOB CLO

II>P QEBOB >KLQEBO QOBKA TEF@E >IFDKP TFQE >K FK@OB>PFKD AL@RJBKQ PFWB >KA (
KRJ?BO LC BIBJIBKQP MBO M>DB FK QLQ>I

Distribution of distinct elements per page
Web Almanac 2022: Markup
desktop [l mobile
50

40

45
38
32
w0 27
22

20
10

0

25 50 75 90

Percentile

Number of types of elements per page

"B@NK BLMKB;NMBHG H? >E>F>GML I>K |.@>

4EB JBAF>K FP @ROOBKQIV >Q BIBJBKQP MBOM>DB RMCOLJ FK >KA FK >l
MBO QEB OBPNBRIGZFHB A>Q> PBQ $L TB MR?IFPE JLOB @LKQBKQ OBNRFOFKD JLOB BIBJBK
ELIA QEBJ PLIJBQEFKB IF:DB M>DSMEP MBMQRBILO p BIBJBKQP /O FP QEFP GRPQ >KLQEB(
PFDK LC >K RK@® div M>KABJF@ /RO A>Q> ALBPKPTBO QEFP ?RQ FQ FP MOL?>?IV ARB Q
?LQE]>KA JLOBJOB>PLKP

Top elements

4EB CLIILTFKD BIBJBKQP >0OB RPBA JLPQ COBNRBKQIV

AMMILEF:G:< AMMIKABOHK@ >G  F:KDNI >E>F>GM =BOBMR
AMMILEF:G:< AMMIABOHK@ >G  F:KDNI >E>F>GM >BOBMR
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https://almanac.httparchive.org/en/2021/markup#element-diversity
https://almanac.httparchive.org/en/2020/markup#element-diversity
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2019 2020 2021 2022

div div div div
a a a a
span span span span
li li li li
img img img img
script script script script
p p p p
option link link link
i meta i
option i meta

&FDROB -LPQ RPBA BIBJBKQP

4EB div BIBJBKQ FP)}? C>0]QEB JLPQ MLMRI>O BIBJBKIRRKA L@@ROOBK@BP
FK QEB JL?FIB A>Q> PBQ >KA LC QEBJ FK LRO ABPHQLM A>Q> PBQ

29%

"B@RK ,>K>GM:@> H? >E>F>GML*¥ div &EK>F>GML

$FSFQFP OB>I

)C VR TLKABO >?LRQ QEB LAA LKBE! i )BIBJBKQFQ PQ>KAP QL OB>PLK QE>Q QEFP FP PQFII I>ODE
ARB QELKQ ITBPLJB >KA FQP >ODR>?IB JFPRPB LC QEFP BIBJBKQ 4EB BIBJBKQ E>P >IPL > 7>A
OBMRQ>QFLK ?B@>RPB AROFKD 8(4-SBEUEB BRDDBPQBA G em FEPQB>A]?RQ QE>Q

>ASF@B T>RKPLRKA :i %BIBJBKQP B8 QEBFO RPB @>PBP

7EBK FQ @LJBP QL TE>Q BIBJBKQP >OB ?BFKD RPBA LK QEB JLPQ AL@RJBKQP QEB IFPQ ILLHP >
AFCCBOBKQ

AMMIL>GPBDMBHGIK@ PBDB =BOBMBL
AMMI?HGM:P>LHF> <HF
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Adoption of top HTML elements
Web Almanac 2022: Markup

desktop [l mobile

numl 99.4%
head 99.4%
body 99.2%
e 99.0%
meta 98.9%
div 98.5%
z @ 98.1%
UEJ: link 98.0%
script 97.8%
img 96.1%
span 94.7%
P 90.0%
ul 88.7%
l 88.6%
0.0% 25.0% 50.0% 75.0% 100.0%

Percent of pages

"B@NK =HIMBHG H? MHI $0)( >E>F>GML

)Q_P KLQ > PROMOFPB QESBRRBADBFIBKQ | html  head LCbody Q>DP]QEB>OB
SRQLI>QF@>IIV FKPBOQBA FK QEB $/- >KA QE>Q FP TE>Q FP ?BFKD @LRKQBA EBOB 4E>Q (
>OB PIFDEQIV IBPP QE>K  FP ARB QL > PJ>Il KRJ?BO LC M>DBP QE>Q ?UBSBOSFQBEMFLK °
QEB *$>3@OFMQ |0)P TB RPB]CLIMEB-LL4 LLIP LSBOOFAFKE JSON.stringify() 10)

)Q_P > ILQ JLOB PROMOFPFtltitle  |[ERP LC >l P>JMIBA AL@RJIBKQP]QEFP BIBJBKQ FP KLQ
LMQFLK>l >KA KLQ ?BFKD FKPBOQBA FK QEB $/- >KA FQP LIFPPFLK >K FKAF@>QLO CLO >
@LKCLOJ>K@B @EB@HFKD

AMMILFHHMHHEL G>M
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4EB BIBJBKQP QE>Q QEBK CLIILT >OB LIA COFBKA a 3img @K# meta E>SB ?BBK
MLMRI>O BIBIBKEECBPFK)@B (F@HPLR PBJFK>I (4-, PQRAV ?>®K

7E>Q_P QEB IB>PQ RPBA (4-, BIBJBKQ QE>Q_P M>0Q LC QEB @RURDBR BE>( samp\ V

TFQE >JBOB  dKAFKDP FK LRO JL?FIB PBQ

Custom elements

#RPQLJ BIBJBK@BIBIBKQP TB @>K ILLPBIV FABRQBEBFO FKKBO K>JB RPBMEBKE-IPL
J>AB FQ FKQL LRO P>JMIBP >D>MB¢@HFBSBOQEBIM  FP BKQFOBIV ALJFKABBAABO
2BSLIRQFLK

Custom element Desktop Mobile
rs-module-wrap
rs-module
rs-slides
rs-slide
rs-sbg-wrap
rs-sbg-px
rs-shg
rs-progress
rs-layer
rs-mask-wrap
&FDROB -LPQ RPBA @RPQLJ BIBJBKQP

4E>Q_P FIMOERPRS DFEP RP IFQQIB QL TLOH TFQE LQERKD B3I FARIREELK FP
RPBA LK OLRDEIV LC >Il P>JMIBA M>DBP

7E>Q >0OB QEBKBMLMRI>0 @RPQLJ BIBJBKQP QE>Q >0B KLQ MSORQRELBIFABO 2B

AMMILP>; :K<ABOHK@ P>; AMMI <H=> @HH@E> <HF P>LMMABEE>
AMMIIAMFE LIZRA:MP@ HK@ FNEMBI:@> <NLMHF >E>F>GML AMFE <NLMKFAGE>RMGML <HK
AMMILPPP LEB=>RHENMBHG <HF
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Custom element Desktop Mobile
pages-css
wix-image
router-outlet
wix-iframe
ss3-loader
&FDROB -LPQ RPBA @RPQLJ BIBJBKQP KLQ PQ>(rs- (D TFQE

4EFP FP JLOBB®® pages-css ~ wix-image  >KA wix-iframe @LJB COLJ QEB 7FU TB?PFQB
?RFIAB router-outlet LOFDFK>QBP FK 'KIXA: ss3-loader PBBJP QL ?B OBI>QBA QL
3J>0Q 3IFABO

Obsolete elements

0B L?PLIBQB BIBJBKQP PQFII > QEBEROQERQ KLQ S>IFA>QFKD FP PQBH > QEFKD V

Obsolete elements
Web Almanac 2022: Markup
desktop [l mobile

center 6.1%

font

marquee

Element

nobr

big

0.0% 2.0% 4.0% 6.0% 8.0%

Percent of pages

"B@NK  +LHE>M>>E>F>GML
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/K LC M>DBP LR PQFIl d center BIBJBKQP HEDIB ELIB M>DB >KALK LC
M>DBPLR dK£ font BIBIJBKQP 5PB LC ?LQE BIBJBKQP TBKQ@IAIKK FK ?LQE @>PBP
CLOQRK>QHEE¥IE marquee nobr >KAbig AFAKQ TFQKBPP PFDKFd@>KQ @E>KDBP

center >KAfont J>HB CLO QEB IPLRE>0B LC >l L?PLIBQB BIBJBKQP MBO LRO >K>IVPFP

Obsolete elements relative use
Web Almanac 2022: Markup (mobile)

frame
1.5%

big /
2.6% /
nobr

25% /
marquee

7.0%

center
43.0%

font
38.2%

"B@RK  +,LHE>M> >E>F>cUBAEL>

Attributes

)C BIBJBKQP >0OB QEB ?0B>A LEQY@EK >QQOF?RQBP >0B QEB-TR@SRJIB IB>OK EBOB

Top attributes

4EB JLPQ MLMRI>0 >QQONRB-P >KA PQF class

AMMILPPP @HH@E> <HF
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Attribute usage by page
Web Almanac 2022: Markup

desktop [l mobile

href 99%,
src 99%
content 99%
name 99%
o type 98%
2
g class 98%
el 98%
id 98%
style 96%
alt 91%
0% 25% 50% 75% 100%

Percent of pages

"B@NRK MMKB;NM> NL:@>

4EFP LOABO EP¥KAFCCBOBKQ COLJ TEB®@BBK I>PE»0?RQ QEBOB >0OB PLJB @E>KDBP

b

class href style id type
title >KA value >0B >l RPBA > IFQQIB IBPP QE>K ?BCLOB
src >KA alt >0B RPBA JLOB QE>K ?BCLOB]|QBK@tQAKBTP

CLO >@@BPPF?FIFQV

rel RP>DB E>RB @E>KDBA PFDKFd@>KQIV

I0B QEBOB >QQOF?RQBP TB dKA LKSBBY@IMGRIBKBPY
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Attribute usage by page
Web Almanac 2022: Markup

desktop [l mobile

href 99%
src 99%
content 99%,
name 99%
P 98%
2
g class 98%
rel 98%
id 98%
style 96%
alt 91%
0% 25% 50% 75% 100%

Percent of pages

"B@NRK MMKB;NM> NL:@> ;R l:@>

href src  content JBQ>A>Q> >tname JBQ>A>Q> CLOJ FABKQFABOP >OB MOBPBKQ LK
KB>OIVSBBOV AL@RJIBKQ FK LRO P>JMIB

data-*  attributes
& Cdata* >QQOF?RIBRAE >IILT >RQELOP QL BJ?BA QEBFO LTK @RPQLJ JBQ>A>Q>]TB >IPL
MRIIBA KBT FKCLOJ>QFLK

4EFP @E>KDBA LKIV IFQQIB @LIVPQBAC data-*  >QQOF?RQBP [BBEFOB PLIB
@E>KDBP QL @>II LRQ

b dataid FPPQFI QEBJLPQ Mdata* >QQOF?RQB TFQE> FK@OB>PB
@LIM>0BA QL
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b data-element_type QELRDE FQP MLPFQBAIQERP>JB D>FKBA >P TBII
b data-testid CKHBA 7?BCLOB D>FKBA  >KA GRIMBA QL

b data-widget type =~ OKHBA D>FKBA MLMRI>OFGKA >IPL D>FKBA QTL PMLQP
Q>HFKD FK

data-element_type >KA data-widget_type OBI>QB @IBIBKQLOTEFIB A>Q> QBPQFA FP
@LJFKD COIBPQFKD FRU

,BQ_P&>ILLH >Q ELT LCOBK TE data-* >QQOF?RQBP LK LRO M>DBP

Data attribute popularity
Web Almanac 2021: Markup

desktop [l mobile

data-toggle 22%,
data-src 20%
data-target 20%
data-id
2
5 data-type
=
% data-href 10%
(=]
data-fbcssmodules 10%
data-slick-index 9%
data-google-container-id 9%,
data-load-complete 9%
0% 5% 10% 15% 20% 25%
Percent of pages
"B@NRK ‘M: :MMKB;NM> [HINE:KBMR
AMMIL=>CEHI>KL >E>F>8NHK
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4EBFO MLMRI>OFQV FBERIEB @E>CE3:@LLPB @BV CLROQE AL@RJBF data-*
>QQOF?RQBP "RG@EEIBA>Q> PELT QE>Q LC AL@RJBKQP RPB >Q data* <B
>QQOF?RQB 4E>Q_P NRFQB PLIJB >ALMQFLK

Social markup

>PQ B>0_P BAFQFLK FKQOIFR@EA K LK PL@F> J5OMRHF>1 J>OHRM TEF@ERSHB>PFBO
CLO PL@F>I MI>QCLOJP QL FABKQFZQER/OBPRMBERESA>Q> (B-BQEB  RMA>QB

Social meta nodes usage
Web Almanac 2022: Markup

desktop [l mobile

og:title 57%

og:url 54%
og:type
og:description

og:site_name

twitter:card

Meta node name

og:image

og:locale

twitter:title

twitter:description

0% 20% 40% 60%

Percent of pages

"B@NK  /H<B:E F>M: GH=>L NL:@>

$L VLR KBBA >II LC QEFP JBQ>A>Q> 4E>Q ABMBKAPBMRFOBJIBKQP "RQ FC QEBPB
OBNRFOBJBKQP >OB >?LRQ PELTFKD QFQIB ABP@OFNMRALK GRBBJIMBKBBA KB>OIV >P

AMMILEF:G:< AMMKABOHK@ >G ~ F:KDNI LH<B:E F:KDNI
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JR@E BR J>V ?B >?IB QL AL Tl twitter:card og:title og:description ELLHBA
RM QL PQ>K£ description JBQ>A>Q> >logiimage 4EB>RQELO >KA V-QEBOPEB>
ABP@OF?BA LMQFURREIOPL@F>| J>OHRM

Conclusion

4EFP T>P > DI>K@B >Q (4-, FK

4EB @LK@IRPFLK FP ?0FBC 'LFEE00QIB¥TOFQ_P E>OAQLESQ FIMLOQ>KQ QOBKAP TBOB
PQ>0OQBA ISBOBBA $L@RJIBKQ PFWB PBBBRIQIOHTFKD]>Q IB>PQ COLJ QL QL

4EB KRJ?BO LC BIBJBKQP MBO M>DB DLEB®WBBO QLL 4EBOB/2B PIFDEQIV JLOB
alt >QQOF?RQBPIRJ QE>Q_P GBRIQFSPBIC >KA TEX@B{| TEBQEBO JLOB FJ>DBP KLT AL
E>SB >K >MMOLMC alt BQQOF?RQB PBQIKLO TEBQERTFPQFEEBYFKDCRI

"RQ TFQE >II LC QEFP EXEB¥K>@ TFIl EBIM B OB DLFKD QL ILLH >Q (4-, >D>Ry(x®>0
QEBBAO >CQBUOEB-KA QERU >CQBO QE>Q !HIDIBFKQL JLOB ABQ>FI >D>FKIPKAHB
?>@H >Q JLOBOP

7E>Q MBOE>MP TBIPL ?B >?IB QL AL FP QL ILLH >Q @LKCLOJ>K GBIMKB 1 B>0B
>?LRQ QEFP >Q QEFP QFJB FK LRO dBBSIRQAECBPPFLK>IP >KA FQ PBBIPS%KIBERQ OBIB
HKLT TEBQEBGROII TB MOLAR@B TLOH QE>Q @LOORHBLRAREDIVFKD PQ>KAKIED

>Il QEFP PELRRB > @E>MQBO >?LRQ C>K(B@WPHL-RIA ?B LKB >?LRQ (4-, QE>Q >@QR>IIV
TLOHP )Q_P LKB LC QEB JLPQ FIMLOQ>KQ TB? PQ>KA>0OAP

Author

*BKP /IFBO -BFBOQ

X GQ @ EQQMPI>PQLGQ % JBFBOQ @LJ ©) GQ M JBFBOQ ® EQQMBBFBOQ @LJ BK

*BKP /IFBO -BFBOQ FP >K BKDFKBBOFKD IB>A 84 SRQEDSEHIF>GM
#EHLL:KRI@K=> 5HNK $0)( TEL TLOHP >P >K BKDFKBBOFKD J>K>DBO >Q
,FBOBOPLK (B PMB@F>IFWBP FK (4-, >KA #33 JFKFIFW>QFLK >KA LMQFJFW>QFLk
OBDRI>OIV TOFQBP >?LR{CQEE@BPIBH_MJIBKQ LK EFP TB?RBEBOQ @LJ
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Part | Chapter 4
Structured Data

Written by Andrea \blIpini and Allen ONeill
>0B>P>=;HH; 0>BM>EFG=&HGH E=>KLHG
G:ERS>=;@B<D 2BL<HFB

1=BM>= ;& LFBG> KN=@> 3BEELHG

Introduction

AEFP FP QEB PB@ERYQE>Q QBB 1J>K>@ E>P FK@IRABA > @E>MQBO LK PQOR@QROBA A>Q
VB>0_P @LKQBBQ PLIFA DOLRKARKDEB @LK@BMQ LC PQOR@QROBA A>Q> LRQIFKFKD QF
BUFPQP QEB JLPQ COBNRBKQIV RPBA QVMBP >KA ELT FQ ?BKBdQP BEDFRBFW>QFLKP 4EFF
@LIM>0BA A>Q> D>QEBOBA FK  TFQESGERMOE> COLJ BRQPY TBOB >?IB QL JLKFQLO
QOBKAP QE>Q L@@ROOBA TFQEFK QE>Q MBOFLA

$BPMFQB J¥AS>K@BP FK J>@EFKB IB>OKFKD >KA FK M>OQF @RI>0IQHEBIBAC "K>QRO

MOLDOBPPR&I® PQFII KBBAP QL ?B MOBPBKQBA FK > J>@EFKB OB>A>?IB CLOJ>Q 3QOR@
SPPFPQP FK FKCLOJ>QEBOAFIF@Y. FK TB? PB>O@E A>Q> IFKH>DB >KA >O@EFS> MROMLPE
FIMIBJBKQFKD PQOR@QROBA A>Q> LK TB?PFQBP BKDFKBBOP >KA TB? @LKQBKQ @OB>Q

b J>HFKD TB?PFQB A>Q> JLOB TEABI¥2B CLO >RQLI>QBABEN@KA IFKHFKD

AMMILEF:G:< AMMIHABEOHK@ >G  LMKN<MNKM: D>R <HG<>IML
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b QEB LMBK>FI>?FIFQV LC A>Q> CLO MR?IF@ OBPB>O@E

b BKPROFKD QEB NR>IFQV LC QEB LODAKEWPRBERKQ>FKBA TEBK QESBR>Q> IB>
FQP LOFDFK

JOD>KFW>QFLKP LC >Il PFWBP >KA QVMBP T>KQ QEBFO GRERBKR QERBRFREI0@E

BKDFKBP PR@E >P 'LLDIB >KA "FKD BJME>PFWEROQS ROV @IOLILQFKD QEB RPB LC
PQOR@QROBA BbD>K8%/ MLFKQ LC SFEYFP >AS>KQ>DBLRP QL MOBPBKQ A>Q> FK >K B>PV QL d
>KA M>OPB J>KKBOB LC QEBPB >AS>KQ>DBP TFIl ?B AFP @ FHFB @5 REERY

@LK@BWMB@®QFLKP TFQEFK QEFP @E>MQBO

>PQ B>0_P FKQOLARBI(JFHEBA LRQ QE>Q ‘TEBK J>@EFKBP @YQUBFFOOB@QROBA A>Q>
>Q P@>IB TB BK>?IB KBT >KA PJ>0QBO QVMBP LC PLCQT>0B PVPQBJP PBOSHEBP >KA ?RPFKB
\B>0_P @E>MQBO FK@IRABP PBENIECEROBE BRIV MR?IFPEBA OBPB>0O@E LK PQOR@QROBA A
LMBK PLRO@BEIROHP >KA QLLIP QE>Q >PPFPQ SR REKEIDE NR>IFQV PQOR@QROBA A>Q>

4EFPBAO TB MBEAB QEB d@Q 30 B>0 @LIM>OFPLK LC JBQOF@P PR@E >P QEB MOBPBK@B LC
AFCCBOBKQ PQOR@QROBA A>Q> QVMBP >P TBII >P QEB DOLTQE LC QELPB PQOR@QROBA A>Q:
BU>JFKBP QER EBFKD ?BKBJQP LC RPFKD PQOR@QBERR ASOPBIFKB LC A>Q> COLJ

SIILTP RP QL D>FK FKPFDEQP FKQL ELT QEB RPB LC PQOR@QROBBASES EXBEESKDBA L
MBOFLA >KA L?BEI&BOBPQFKD QOBKAME QEB DOLTQE LCHFHAQEB MBOFLA

Data caveats

3QOR@QROBA A>Q> @>K >MMBSDOOR J>KA ¥57B JLOB SFPF?IB FK @BOQ>FK ALJ>FKP >KA
QEBFO @LOOBPMLKAFKD TERPEQEBARD &>IJMIB @LIM>0B > KBTP TB?PFQB TFQE >K
B@LJIBO@B TB?PFQB )K:DBKRBBTP PFQB PELTP QEB JLPQ FIMLOQ>KQ ?0B>HFKD KBTP LK FQP
ELJB M>DB QEBOBCLOB QEB PQOR@QROBA A>Q> OBI>QFKD QN QEBKEBFBKQQIKEIER J>

J>FK TB?PFQB I>KAFKD M>DB >QQ>@EBA >P A>Q> PKFMMBQP QL QEB FKAFSFAR>| >0QF@IB EB>
@LIM>OFPLK PQOR@QROBA A>Q> FK B@LJJBO@B MBOQ>FKP QL FKAFSFAR>I MOLAR@QP >KA
JLPQIV MOBPBKQ TFQEFK > FTBWRRQR@Q @>Q>ILEAGRBIKT>VP "EFAABKOLJ > EFDE

IBSBI PB>O@E LC QEB JSFRKIFLK >KA MOLILQFLK> M>OQP LC QEB TB?PFRYBESEF® FP QEB H
QE>Q TB KBBA QLT2808B LC FK OBI>QFLK QL QEB PQOR@QROBA A>Q> @E>MQBO >KA OBMLOQ

$RB QL QEB C>@Q QE>Q QEB QB@EKLILDBRRPBA@LESOSTB?PFQBP +Q® PRPADEB

PROC>@B LC PFOBP FB QEB ELJB M>DBP >KA ALBP KLQ DL FKST ABMIEE BESBRIB@O

>0B RK>?IB QL DBQ > CRIl MF@QRQBKGQ QEBBOR@QROBA A>Q> RP>DB FK PFQBP TEBOB PR@E
7V KB@BPP@RKQ>FKBA ABBM TFQEFK QEB PF(B-(RUREROIB QIBO-PHIMIB LC PFQBP

>@OLPP AFCCBOBKQ ALJ>FKP >KA DL ABBM QL OB@ QF 8\* SEFOFRERBISRFDEESFKQL

AMMILEF:G:< AMMKABOHK@ >G  LMKN<MNKM: BGMKN<MBHG
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ALJ>FK PMB@Fd@ RPB LC PQOR@QROBA A>Q>

4EB EFDESBI @B>QP COLJ I>BS0/ P @E>MQBO PQFII OBJ>FK K>JBIV

b Auto-gener ated structured data 4EFP FP TEBOB QB@EKLILDFBP PR@E >P @LKQBKQ
@OB>QFLK PVPQBJP >RGOBEBREBIR @QROBA A>Q> PKFMMBQP ?>PBA LK QBIMI>Q
QEFP @>PBGEIMI>QB ?>PBA BOOLO SFQF¥KNB MLMRI>QB >@OLPP >Il A>Q>
MOBPBKQBA

b Data format overlaps 3QOR@QROBA A>Q> @>K ?B MOBPBKQBA FK > KRJ?BO LC AF
T>VP FK@IRAFKD *3/. ,2$& BQ@ 4EFP JB>KP QE>QUIBBBSBOI>M CLO
BU>JMIB ?BQTBBK > &>@B?LLH JBQ> Q>D >KA QEB P>JB Q>D MOBPBKQBA FK > AF
J>KKBO FK QEB 2$&> PB@QFLK P >K>IVPFP FP QFDEQIV ?>PBA LK NRBOFBP @OE
7>PBIFKB FK  TB BMB@Q QEB FIM>@Q LC @IB>KFKD KLOJ>IFW>QFLK >KA A>Q>
e>QQBKFKD PELRIA @>00V QEORREEIZPERFH

Key concepts

IP PQOR@QROBA A>Q> FP > OF @B >KB®ENVFR FIMLOQHWQQR SKMIBI>FK PLIBW
@LK@BMQP LC QEB QLMF@ ?BCLOB AFSFKD EB>A dOPQ FKQL CROQEBO >K>IVPFP

Linked data

"V >AAFKD PQOR@QROBA A>Q> QL TB? M:SIBFKIKAYFKHP QL QEB BKQFQFBP QEB M>DBP
@LKQ>FK OBCBOBK@B TBERBOB:QEEFP PQOR@QROBA A>Q> FP QBAKIFKERD FRH
JLOB RPBCRI QEOLRDE PBJ>KQF@ NRBOFBP

IAAFKD IFIBA A>Q> QL ABP@OF?B TB? M>DB @LKQBKQ BK>?IBP J>@EFKBP QL QOB>Q TB? M
A>Q>?>PBP !Q > I>0DB P@>IB QEFP @LKQOBIRKBP@IBEB PBI>KQF@ TB? IFKHP A>Q>
QLDBQEBO QEOLRDH HEB> >L<KBIMBKIS>PHKD ." 4EFP FP >JBOLOH CLO
OBMOBPBKQFKD FKCLOJ>QFLK LK QEB TB? RPFKD 52)P QL ABdKB BKQFQFBP >KA QEB OBI>
2BQTBBK QEBJ

! OBI>QFLKPEFM ?BQTBBK BKQFQFBP FK QEB 2$& A>Q> JLAB FIGMIBSTH KEFRE >
PBJ>KQF@ QORMIBGRMRBIEFB @>K @LAFCV > PQ>QBJBKQ >?LRQ ABGOBEBPB® CLIILT

AMMILPBDBI>=B: HK@ PBDB />F:6MB<93
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QEB CLOJ LC PR?GB@Q\MOBAF@BQ@BLBBB®OTP *LEK

4L 7B >?IB QL OBGEDARA J>KFMRI>QB 2$& A>Q> TB @>K RPB >K 2$& 1RBOV ,>KDR>DB PR@E >P
3012 1, QEB PQ>KA>OA 2$& NRBOV I>KDR>DB

IP TFIl ?B AFP@RPPBA QEBOPBI>KQF@ TB? @OB¥QBRALQRKFQFBP CLO ?RPFKBPP >KA
QB@EKLILDV

Open data

,FKHBA A>Q> J¢>IPL ?BII>G =:M:ABP@OF?BBER- +I>G :M: /MBK A>Q> >P QEB K>JB
FIMIFBP FP A>Q> QE>Q FP LMBKIV >@ @BEPERMBYIIRRMLPB 4EFP A>Q> FP IF@BKPBA RKABO
>K LMBK IF@BKPB

IMBK A>Q> FP QEB dOPQ PQSEB LC LMBK ASQMMMIBKQ P@EBJB PRDDBRGEA ?

"BOKBOFBB !@@LOAFKD QIMBEBA>Q> E>KA?LLEL P@LOB QEB J>UFJRPAS-OP A>Q>

JRPQ "B >S>FI>?IB LK QEB7 RKABO >K LMBK IF@BKPB "B FK QEB CLOJ LC PQOR@QROBA A>Q
"B FK > KLK MOLMOFBQ>O0V dIB CLOJ>Q  5PB 52)P >P FQP FABKQFdBOP )K@IRAB IFKHP QL L

A>Q> PLRO@BRAPBS IFKHFKD

7EFIB PQOR@QROBA A>Q> FP QEB PB@LKA PQ>0 FK QEB PQ:B2\ AWBE REQRIMISRIGHKH
OBNRFOBJBKQP CLO >l PQ>OP LC LMBK A>Q>

Semantic search engines, rich results and beyond

| PBJ>KQF@ PB>O@E BKDFKB FP LKB TEF @EMBQEEPR>CEEP FP AFCCBOBKQR®LD 1B

PB>O@E TEBOB PB>0O@E BKDFKBPH@6 CDE@RLPB J>Q@EBP QL TLOAP LORDOFKDP LC QB
3BJ>KQF@ PB>0O@E >FJP QL RKABOPQ>KA QEB RPBO_P FKQBEKDQRR FEER@IEKQBOIP FK

LOABO QL FJSBODEB >@@ROLC PB>0O@E/3HNBB TLRIA 7B > PQOR@QROBA A>Q> BKQFQV LC 'IL@>
?RPFKBPP E>FOAOBEPERR % L@HP K ,>PEBPa QEB I>QQBO FP > ?RPFKBPP K>JB >KA TEFIB FQ
QBIIP QEB @@BKEMSLC QEB E>FO P>ILKB¥HEGA FQ ALBP IFQQIB QL EBIM QEB PB>O@E BKDFKB (
RKABOPQ>KA TE>Q QEB ?RPFKBPP ALBP "V RPFKD PQOR@QROBA A>Q> QEB TB?PFQB @>K ?BC
PB>0@E BKDFKB RKABOPQ>KAUQEE@IRIB(CLOJ>QFLK >KA QERP BK>?IB QEB BKDFKB QL LCCE
?BQQBO PB>0@E OBPRIQP RUQEB @GHEQRBGA IPOEB PB>0@E 'REBIB >KA "FKD >0OB
BU@BIIBKQEIMIBP LC PBJ>KQF@ PB>0O@E BKDFKBP

'LLDIB RPBP PBJ>KQF@ PB>0@E QB@EKLIIBDEBBKPRIOE. 0J>QFLK COLIMBB
+KLTIBADB 'OME TEF@E FP > HKLTIBADB ?>PB RPBE PB:RB@S OBPRIQP FK K HRER 7L

AMMILPPP P HK@ 0. LI:KIE  JN>KR

AMMILLM:K=:M: BG?H >G

AMMILHI>G=:M:A:G=;HHD HK@

AMMILPBDBI>=B: HK@ PBDB />F:GMB<9L>:K

AMMILEH@ @HH@ENHVIL L=ABGNHN<BG@ DGHPEA@HAEB@L GHM
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FKCL2LFP HKLTK >AKLTIBADB M>KB+KA @>K ?B PBBK FK BEPRIQP 4EFP HKLTIBADB 2L
@>K ?B BK>?IBA LO BKE>K@EOR@QROBA A>Q>

IKLQEBO PB>O@E OBPRIQ QE>Q FP J>ABRQBPRENIRDBA A>Q> @LI?FKEBNIRIEIFRIQEB
OF@E OBPREBPB OBPRIQP ARBM@EBO CB>QROBP FK PB>O@E OBPRIQP >KA @LJB FK QEB
%BKQP! &P (LT QLP *L? IFPQFKDPJIs#KA/ JLOB )JMIBIJBKQFKD PQOR@QROBA ABQ> QL J>H
TB? M>DBP BIFDF?IB CLO OF G @BPRKEFOB>PB @|F@HQBOLURDEISDB ?BILT

FIIRPSQBP ELT PQOR@QROBA A>Q> TFQE ?RPFKBPP ABQ>FIP CLO > (>FO 3QRAFL >IILTP QE
QL B>PFIVEI®Q >KA ARPRIKELOJ>QFLK >?LRQ QEB ?RPFKBPP EFDEIFDEQFKD FQ >KA LMQF

= g hair studio 4
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L L &
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§ 514 Anderson Awe, Cliffside Park, NJ 07010
G} Open today 3.00 am - 9:00 pm

[5] Book an appointment
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AMMILLNIIHKM @HH@E> <HF DGHPE>=@>I:G>E :GLP>K

AMMII=>GEHI>KL @HH@E> < tbHi =G <>= LMKN<MNKV: L>KA @:EE>KR
AMMII=>GEHI>KL @HH@E> <#fr 4k =@ <>= LMKN<MNKV: L>:KA @:EE>KR
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"BVLKA HKLTIBADB M>KBIP >KA TB? M>DB OF@E OBPRIQP PQOR@QROBA A>Q> @>K >IPL BK>?IB
QLC>@QR>I NRBERBIB>0@E ! C>@QR> NRBOV PB>O@E @>K DBQ JRIQFMIB PFDK>IP COLJ AFCC
PQOR@QROBA A>Q> PLRO@BP >KA PRMMLOQ JLOB MOB@FPB OBPRIQP (BOB PQOR@QROBA A
FIMIBIBKQ>QFLK >KA QEB QB@EKLILDFBP QE>Q :SEARCSFRIBMEKA JLOB OBIF>?IB >@@BPP

QL FKCLOJ>QFLK FK LOABOSBLRPRMEIBOFBK@B

4EB @LJI?FK>QFLK LC 3%/ FIMLOQ>K@B EFDEBO @BEF RRGERRPEUBBOFBK@B >KA
J>@EFKB OB>A>?IB A>Q> ?BFKD >@ @BPPF?IB CLO-SB-PAPFFEERAQID?BKBIQP QL
FIMIBJBKQFKD PQOR@QROBA A>Q> SKABOP(BKERKEBEEPBTFI| EBIM ?LQE @LKQBKQ
MOSFABOP >KA QB@EKF@>| MBOPLKKBI TEL @LKPQOR@Q PFQBP ELT QEFIRIFEIBKQA?BQQBO K:
RKABOPQ>KA QEB CRK@QFLK LC >RQLJI>QBA A>Q> @LKPRIMQFLK COLJ TB? M>DBP

Structured Data research

8.0 QEFR>0_P @E>MQBO TB TBOB FKQBSBRIFAER KR TE>QIE@ABIF@ OBPB>0O@E E>P
?BBK @>00FBA LRQ FK QEB >0OB> LC PQOR@QROBA A>Q> LO FC PQOR@QROBA A>Q> T>P AL@F
RPBA QL >PPFPGBKMEBKQ LC PQ>QB LC QEB >0Q QB@EKLILDFBP >KA PBOSF@BP

4L ILLH CLO MR?IFPEBA OBPB>0@E TB RPBA >@>ABJF@ PB>0@BG@RPRAE >P
#LKKB@QBAABOR-KA 5KFBOPFQV ?>PBA @FQ>QFLK A>@XPBRIV ILBA CLO OB@BKQ
MR?IF@>QFLKP ?RQ >IPL LIABO OBPB>0@E QE>Q @LKQFKRBP QL ?B @FQBA

4EB OBPRIQP LC LRO PB>O@E PELTBA QE>Q QEBOB FP KLQ > ILQ LC EFDEIV @FQBA OB@BKQ TL
FKQL DBKBBKD J>K>DFKD >KA ?RFIAFKD PQOR@QROBA SBOABOB>QEE LK QEB

>MMIF@>QFLK LC PQOR@QROBIEBBBA>KOF@7 |IFB HKLTIBADB EMEP

OB@LJJIBKA>QFLK BKDFKBP FKCLOJ>GSLKGEBQOEBP tHMEFK>?IB 1) E>P ?BBK

@LKAR@QBA FK QEB M:EPQ KIBS>KA @LKQFKRBP QL DOLT

7 B? PQOR@QROBA A>Q> PE>OBP > PVKBODBQF@ OBI>QFLKPEFM TFQE QEB/dBIA LC J>@EFKB |
MOSFAFKD @LKPFPQBKQ A>Q> TFQE >MMOLMOF>QB 5KFCLOJ 2BCBQEK@BIHONF@>QLO 52) S
TEF@E @>K ?B RPBA QLQBKEEFKB OB>A>?IB |>?ER® PB>0@EBP >KA ?>@HDOLRKA OB>AFKD
E>SB PELTK QE>Q PQOR@QROBA A>Q> ESF/ @BAR@BM QEB TLOH >KA QFJB FKMRUBOL DBKBO
EFDE NR>IFQV TB? A>Q>RHEXQO>@EFKB IB>OKFKD >IDLOFQEJP

/K > MO-@QF@SBIEB EFDEIFDEQ QEOBB >0OB>P QE>Q PQOR@QREBA A>Q> E>P FIMOL

b +KLTIBADB DMEP

AMMIL@H\LA=B@BM:E <HF ;EH@ :GLP>KBG@ IN>EMBHGL LMKN<MNK
AMMILL<AHE@HH@E> <HF

AMMILPPP <HGG><M>=l:I>KL <HF

AMMI>GPBDBI>=B: HK@ PBDB />F:6MB<93

AMMII=>CEHI>KL @HH@E> <HF F:<ABG> ELAGHB@>RBG@ FE M>KFBGHEH@R
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b 1RBPQFLK !KPTBOFSBCL+KLTIBADB ¥MEP

b %UMI>FK>?IB!)

Knowledge graphs

3QOR@QROBA TB? ASPARBA $£@>?RI>OFBP ?BQTBBK BKQFQFBP >KA L?GB@QP >P > ALJ>
PMB@Fd@ I>KDR>DB TEF@E >OBAUBKEEA FK > 2$& CLOJ>Q +KLTIBMER BOFKD 2$&

E>SB MQEBK QL ?B DOB>Q QLLIP CLO NRBOVFKD OBI>QFLKPEFMP ?BQTBBRBEQFQFBP P >K
7FHFA>QBA  FP SHLBFKD HKLTIBADBNMOTEF@E RPBP TB? PQOR@QROBA A>Q> QL PQLOB
7FHFMBARGBPFLK EFPQQE@LOOBPMLKAFKD M@MIB®QEOLRDE QEB MOL@BPP LC >DDOBD:
OBFPFLKP QL > M>DB >P > PBQ LC >AAFQFLKP >KA ABIBQFLKP LC QEB 2$&SBRIMBKAEB >RQE
PLRO@BA QEBFO JBQELSSWQ@EKIFMBAF> ARIMP FKQL HKLSIVEERDB/DOFBA OBPB>0O@E
@>00FBA MRE ROA>PE BKDFKBBOFKD ABQERPQIE>Q RRKKDBADB BRIEP @>K

AGJI>QF@>1IV FISEIRB>0@E MBOCLOJ>K@B

Question Answering over Knowledge Graphs

1RBPQFLK >KPTBOFKD PVPQBJP BK>?IB BKA RPBOP QL dKA >KPTBOP QL QEBFO NRBPQFLK
RMLK > HKLTIBADBED > NRBPQFLK >KPTBOFKD PVBRBQMHPPF?IB QL >@@BPP QEB OF@E
PQOR@QROBA A>Q> PQLOBA FK B#IHFBARBMOI>KDR>DBP PRI@EL:P >0OB LCQBK RPBA

QL NRBOV QEB FKCLOJ>QFLK PQLOBA >P 2$& QOFMIBEFERKLTIBADB DO

(LTB SBOTOFQFKIR30, NRBOFBP @>K ?B QBAFLRP >KA @E>IIBKDFKD CLO BKA RPBOP 4EBO

K>QROI>KDR>DB NRBPQFLKP »0B >K >0@QFBLIRQFLK QE>Q >IEFP@LIFKD QEB

KRJBOLRP @LJMMQFBP LC NRBOVFKD HKLFIBRPRIBEP TLOH MOLMLPEPBA

NRBPQFLK >KPTBOFKD PVPQBIQE>Q @LKPFPQP LC QTL J>FK ME>PBP  >K LCeFKB ME>PB
> PBJ>KQF@ M>OPFKD ME>PB

7EFIB QEB LCeFKB ME>PB >FJFBO@KKORSKDR>DB NRBPQFLKP FKQL CLOJ>I NRBOV M>QQ!
FK > PBJF >RQLJ>QBA BEB PBI>KQF@ M>OPFKISBIEDBB [B-@EFKB IB>OKFKD QL ?RFIA >
MOBAF@QFLK JLABI 4EB JLABHHEAQ® QEB LRQMRQ LC QEB dOPQ ME>PB )Q BK>?IBP MOBA
JLPQ >MMOLMOF>QB NRBOV M>QQBIONREPQFDESB>IR>QFLK 3>IW?RODBOSRRPBA

>P > M@QF@>| RPB @>PB )Q_P > OB>| TLOIA HYUETUEAQEAPCPRFIQ RPFKD QEB P@EBJ> J>OH
SL@>?RI>0V >KA FQP MOFJ>0OV CL@RP FP PQOR@QROBA A>Q> >RQLI>QFLK QE>Q ABP@O
LC QEB OBDFLK LC 3>IW?ROD 'RPQOF>

AMMILKQBIEK@ :;L
AMMII=HHKLA >G@BG>>KBG@ NG=>KLM:G=BG@ BSM>GM PBMA >NBE-K K
AMMIL>GPBDBI>=B: HK@ PBD# /,
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Explainable Al

%UMI>FK>?IB 1) CL@RPBRVIKFKFKD AB@FPFLKP LC >K 1) JLABI -LPQ 1) JLABIP >OB KLQ LMBKIV
>S>FI>?IB QL QEB MR?IF@ >KA PL /SFABSQFOK>IB CLO QEB AB@FPREKB OEEXD QL

HKLTIBADB BRIEP ?RFIQ LK QLM LC PBJ>KQF@ TB? E>OABO QL dKA OBI>QFLKPEFMP ?BQTBBK Bk
@>K ?B CLRKA 4EBPB >0B QEBK RPBA >P DQILRE®EYDRIHEQEB OBPRIQP LC QEB JLABI 4EB
JLPQ @LJILK >MMOL>@E FP QL J>M KBQTLOH FKMRQP LO KBROLKP QL @I>PPBP LC >K LKQLILD\
BKQFQFBP LC > TB? PQOR@QROBA A>Q>

S?P>RG<>L

b +KLTIBADB D®IEFTFHFA>QBA 'K %S$SFKD +KLTIBADBMIE $>Q>PBQ LC
7FHFA>QP 2BFPFLK (FPQLOV

b 1RBPQFLK IKPTBOFKBGS+KLTIBADB ¥MEPLRBPQFLK |KPTBOFKB@S
+KLTIBADB 'CGMEP ! #>PB 3QRAVIEROFPJ

b %UMI>FK>?IB !) RPFKD PQOR@QBBBKAF@B? B@EKLILDFBP CLO %UMI>FK>?IB
->@EFKBB>OKFKD -LABIP | ,FQRROB 3BBT

Open source use of Structured Data

4EOBB MOLGB@QP LC KLQB QISFVQBIPEB:RPB LC PQOR@QROBA A>Q> >0OB QEB CLIILTFKD

b Open Source Metadata Framework (OMF) 4EB /-& >FJP QL @LIIB@Q A>Q> >?LRQ
/MBK 3LRO@B AL@RJBKQ>QFLK JBQ>A>Q> TEF@E >0OB QVMF@>IIV PQLOBA FK > PQO
A>Q> CLOJ>Q QE>Q TFIl ?B RPBA QL ABP@OF?B QEB AL@RJIBKQ>QFLK 4EB FAB> FP QE
/-& TFIl >@Q >P > PLMEFPQF@>QBA @>0A @>Q>ILD QVMB LC PVPQBJ CLO QEB KRJBOL
3LRO@B AL@RJBKQ>QFLK MOLGBRQP QE>Q B

b DBpedia FP > PBQ LC A>Q>PBQP QLLIP >KA PBOSF@BP OBI>QBA QL PQOR@QROBA TB*
@LKQ>FKP JLOB QE>K  JFIIFLK COBBIV?B BKQFQFBP QL A>QB 4EB J>FK $"MBAF>
+KLTIBADB 'G-ME BK@LIM>PPBP @IB>K A>Q> COLJ 7FHFBIEAFSES0I>?IB FK
>l PRMMLOQBA 7FHFMBAF> [>KDRSBBDBRABO H dIB ALTKIL>AP MBB3D
3LJB LMBK PLRO@B QLLIP QE>Q >0B ?RFIQ LK QLM ISESBISAT> MG BPP
SBOPFLKFKD NR>IFQV @LKQOLI LKQLILDV SFPR>IFW>QfR@CREIBRBBRD FKCO

AMMILKQBEK@ :;L
AMMIIB>>QIEHB>>> HK@ -tMKH<NF>GM
AMMILPPP KL>:KA@:M> GBS ):MMAB:L ,?:?? IN;EB<:MBHG
9/>F:GMB<93 >;90><AGHEH@B>L9?HK9!QIE:BG:;E>9):<ABG>9(>:KGBGC GUMS>EDBIBBEL. =::?; : ?=<<< = = [>F:GMB<3 >
0><AGHEH@B>L ?HK IQIE:BG:;E> ):<ABG> (>:KGBGRMMNELOB>P=?
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b Wikidata PQLOBP PQOR@QROBA A>Q> COLJ 7FHFJB/AFZRHBMER@EFQFHP >
AL@RJIBKQ LOFBKQBA A>Q>?>PB TEF@E CL@RPBP LK PQLOFKD PQOR@QROBA -

Use cases

4EB FIMIBJBKQ>QFLK LC PQOR@QROBA A>Q> FP TFABIV ?BKBd@F>| FK KRIBOLRP >0B>P F
TFIl ?B CL@RPBA LK FK QEFP PB@QFLK )Q FP FIMLOQ>KQ QIQEBRB QBBORI>RB
LSBOI>MMFKD PR@E FP QEB K>BRORA ETRRI@QROBA A>Q>

Data linking

(> SFKD PQOR@QROBABAKABKHTEFIB RPFKD FABKQFABOP QL ABPFEBKQB MBIBB B
@LK@BMQP BQ@ QEB A>Q> @YK QERIF®BA-?PLRO@BP >KA QEBBREBRFB JBO>A>Q>
ABP@OFMQFLKP JLOB >@@BPPF?IB 4EFP A>Q> FP QEBK JLOB PE>OB>?IB >KA OBRP>?IB

7FQE A>Q> IFKHFKD TB @LIIB@Q FKCLOJ>QFLK COLJ AFCCBOBKQ PLRO@BP QL @OB>QB C
RPBCRI A>Q> 4EFP FP MLPPF?IB QE>KHP QL PQOR@QROBA A>Q> TELPB DIL?>I RKFNRB FA
J>@EFKBP QL OB>A >KA RKABOPQ>KA QEB OBI>QFLKPEFM ?BQTBBK AFCCBOBKQ QVMBP L
RPB LC @OB>QFKD > JLOB @LKKB@QBA TB? LC OBI>QFLKPEFMP

Search Engine Optimization & discoverability

3B>0@E BKDFKB LMQFJR#*QFEK QEB >0B> CL@RPFKD LK ?RFIAFKD QEB @LKQBKQ LC > TE
QE>Q FQ E>P ?BQQBO OBPRIQP COLJ PB>0 @HIBKIEFREFP BEIROV FIMLOQ>KQ CLO
AFP@GRO?FIFQV >P > PR@@BPPCRI FIMIBIBKQ>QRLKILT GYDI>M>DB QL >MMB>0 EFDEBO L¥
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Microdata

"B@KRK )B<Ki=:M: NL:@>;R:R FH;BE>

-LPQ LC QEB MOLMBOQFBP CLO -FE&HKIIQRBEK JR@QE @E>KDB TFQE > PIFDEQ FK@OB>PB |
LC QEB JLOB @LJJLK MOLMBOQFBI webpage ‘I sitenavigationelement >KA
wpheader >MMB>OFKD FK >KA LCJL?FIB M>DBP OBPMBI@®QFS
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"B@NK )B<Ki=:M: NL:@> ;R =>0OB<>

4EBPB FK@OB>PBP >0B @LJJLK CLO ABPHQLM >P TBIl TFQE PIFDEQ AB@OB>PBP BIPBTEBOB PF
wpsidebar DLFKD COLJ QL LKJL?FIBM>DBP >KADLFKD COLJ QL LK

ABPHQLM M>DBP OBPRIQFKD FK JFKFIEB@EERDBROW CLO ?LQE JL?FIB >KA ABPHQLM

M>DBP >P > TELIB
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JSON-LD

"B@NRK  &/+*( NL:@> ;R R>:K FH;BE>

*3/.,$ QVMBP @LKQFKRB QL ?B JLPQIV PFJFI>0O TFQE > CBT KLQ>78B G K& B DL
\B>0.>JBIV QEBPB > LocalBusiness TEF@E E>P FK@OB>PBA QL LC M>DBP FK LRO PBQ
Restaurant TEF@E E>P FK@OB>PBA QL LC M>DBP FK LRO PBQ
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"B@RK  &/+*( NL:@> ;R =>0OB<>

4EBPB FK@OB>PBP >0OB BKLRBEFL $:VMBP E>SB QEB KA ?FDDBPQ MiEFEKDB PFK@B
DLFKD COLJ >MMB>OFKD LK QL  LC JL?FIB M>DBP FK LRO PBQ >KA DLFKD COLJ
QL LK ABPHQLM M>DBP

JSON-LD Relationships

7EBK BS>IR>QFKD *3/.,$ TB @>K CL@RP LK QEB JLPQ OB@ROOFKD M>QQBOKP LC OBI>QFLKPEF
QEB AFCCBOBKQ @I>PPBP -LOB QE>K TFQBRGBB( BVHOAOBPPBP QEB S>IRB/IEP P&
PQOR@QROBA A: Article CLOB-JMIB FP COBNRBKQNO@BOBWBAIRKBA image >KA

QEB BKQFQV Person QL OBMOBPBKOMAHKRFQB PFJFISTBVILRIA PBB QE>Q

BlogPosting  FP >IPL @LKKB@QBA TFQE FJ>DB ?RQ >P > COBNRBKQ OBI>QFLKPEFM TFQE QEB
Organization QE>Q PBBS:| Publisher

3LJB QVMBP >0B MROBIV PVK® BreadcrumbList  QE>Q FP RREABFES QL @LKKB@Q
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AFCCBOBKQ F itemListElement LC > PFQBRB>QFBPVPQBJ L Question QE>Q FP

QVMF@>INBKRIHQE FQP >KF acceptedAnswer /QEBO BIBJBKQP AB>I TFQE JB>KFKDP >
LocalBusiness QVMF@>11V FPAIENH> address  >KA QL QEB LMBKFKD ELROP
openingHoursSpecification

7FQE QEFP >K>IVPFP TB T>KQ QL PE>OB*BORBE LC QEB JLPQ @LJILK QVMBP LC
OBI>QFLKPEFMP ?BQTBBK BKQFQFBP >KA QEB PR?QIB AFCCBOB Article = QKBBK IBQ_P P>
BlogPosting

(BOB ?BILT TB @>K PBB QEB @LJJLK IFKHP ?BQTBBK QEB AFCCBOBKQ QVMBP ?>PBA LK EL
QEB L@@RO TFQEFK >Il PQOR@QROB OBI>QFLKPEFM S>IRBP 3LJB LC QEBPB PQOR@QRO!
LC I>0DBO OBI>QFLKPEFM @E>FKP

tmest %

-

£

: 3 T BN 2
£

2

&

S

Jo»

"B@NK  &+* ( >GMBMREMBHGLABI ;L : #BBB: @K

4EB >K>IVPFP >|IPLSABBP >IKBOSFBT LC QEB@@>IP ?BEFKA QEBPB @LKPQOR@QP COLJ KB
JBAF> QL B @LJJIBO@B COLJ IL@>| ?RPFKBBIRBP QKABPL LK

(BOB ?BILT TB @>K PBB QEB P>JB A>Q@RERIBTFQE QEB PLRO@B >QQOF?RQB LK QEB IBCQ:
Q>0ODBQ @I>PP LK QEB OFDEQ
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"B@NRK [:GD>R A:KM

4EB J>FK IFJFQ>QFLK LC QEFP >K>IVPFP FP OEDEBEPERQEIE?>Q T ®>RB OBI>QFLKPEFM
@E>FKP >Q QEB ELJB \8DB IB

162 2022 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2022/structured-data/sankey.png
https://almanac.httparchive.org/static/images/2022/structured-data/sankey.png

Part | Chapter 4 : Structured Data

SameAs

"B@NK SameAs NL:@> ;R FH;BE>

IPT>P QEB @>PBFK  QEB JLPQ @LJJLK S>IRBF sameAs ;MOLMBOQV >OB PL@F>| JBAF>

MI>QCLOJP 4EBPB FK@IRAB C>@B?LLH @LJ >Q LK JL?FIB>KA LK ABPHQLM

FKPQsD@LJ) >Q LKJL?FIB>KA LK ABPHQLM >KA QTFQ@RO >Q LK JL?FIB

>KA LK ABPHQLM 4EB CLOJBO QTL LC TEF@BIPBBK > PIFDEQ FK@OB>PB LK JL?FIB COLJ
TFQE >Il FK@OB>PFKD LK ABPHQLM
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"B@NK SameAs NL:@> ;R =>0OB<>

4EB OBPQ LC QEB IFPQ FK@IRABP FKCLOJ>QFLK PLRO@BP PR@E >P TFHFMBAF>LOD >Q LK
>KA ABPHQLMA BIM @LJ >Q LK JL?FIB>KA LK ABPHQLM?LQE >Q >K FK@OB>PB
COLJ QEB I8BBRFB#O
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Further JSON-LD insights - relative changes

"B@NKRK SameAs KE:MBOA:G@>

)Q FP FKPFDEQCRI QL IL SameAs BKQOFBP >KA ELV @HB>KDBAO QFJB 4EH£E>P PBBK >

ERDB FK@OB>PB TFQE  PELTFKD FQR@BVBC-BFU QFJBP %PM>RBP OBIBQES RO PBQ

@LIM>0BA QL  4EFP @E>KDB FP BNR>| CLO ?LQE ABPHQLM >KA JL?FIB M>DBP OFKQBOBI

S>OFLRP ALJ>FK K>JBP FQ EEFRI#BLO LC QEB QLM 1>0DBPQ DOLTQE CLO JL?FIB M>DBP
-L?FIBL SBGII E>P PBBK > I>0DBO FK@( SameAs BEKQOFBP QE>K ABPHQLM TFQE 3MLQF

?BFKD >KIBBMQFLK TFQE FQP ABPHQLM Mx@EBPMEEKD ALR?IBA @LIM>OBA QL
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"B@NK SameAs =HF:BG :OK@>¥XE:MBOA.G@>

, LLHFKD >Q QEB ALJ>FK K>JBP SameAs BKQOFBP >KA ELV @EB-KDBEO QFJB >IPL\J>
DFB S>IR>?IB FKPFDEQ )K QEB I>0DBPQ ABPHQLM M>D ca )l .net TH® fr TFQE

QEB 1>QQBO >IPL ?BFKD RM QEBOB FK QEB QLM CLO JL?FIB M>DB FKEBOBEPBERP QEFP FP >K >
>JLRKQ LC BKQOFBP FP KLQ >@ @RRNEIEBEDD @LJ FP C>0 I>0DBO FK KRJ?BOP QE>K >Il LQEBO
BKQOFBP ?RQSBEBEB @E>KDB FP  CLO JL?FIB M>DBP >KA  CLO ABPHQLM M>DBP 4EB
#>K>AF>K >KAOBK@E ALJ>FBODBP >0B EF# ?LLPQBAGFKQBOBPQ TEF@E]>P JBKQFLKBA
>7LSB]E>P PBBK TFABPMOB>A FK@OB>PBPEAA ISPQY LRQ LC QEB SameAs

ALJ>FK DOLTBOFSESFKQBOBPQ FK QEBFO BKQOFBP PLJBQFJBP ?BFKD QEBFO LKIV BKQOV
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"B@NK  &/+* ( <HGMXQMBEEMBOA:.G@>

&.0 *3/. ,$ @LKQBUQP P@EBJ> LOD EPG QEB I>ODBPQ @LKTAFRIBOLO QFJBP >P
J>KV >MMB>K@BP CLO ABPHOLM M>3BP >KAQFJBP >P J>K >MMB>K@BP CLO JL?FIB

M>DBP QE>K QEB PB@LKA I>0DBPQ @LKQIBFRROL@L) 7FQE QE>Q P>FA DLLDIB>MFP @LJ
>MMB>R@BP JLOB QE>K ALR?IBA CLO ?LQE ABPHQLM >KA JL?FIB M>DBP @LJM>OBA QL P@
JLOB JLABPQ FK@OB>PB QL  LC Bsf) R KRJ?BOP )K QBOJP LC QLM DOLTBOP @LKQ>L LOI
OF@E PKFMMBQB BEBSHM PMLQP TFQE @LKQ>L LOD_P ABPHQLM M>DB FK@OB>PB LC
PKFMMBQPBL?FIB FK@OB>PB LC  #LKQ>LBP AE FK QLQ>I BKQOFBP TEFIB OF@E
PKFMMBQPRHP>Q QE

Conclusion

1 ILQ E>P ?BBK LRQIFKBA >?LRQ ELT PQOR@QROBA A>Q> >CCBGE)PBHIFFLR?LRA. ?
BUMBOFBK@B &SEPT® >IPL CL@RPBA LK @LIJM>OFKD ELT QEB >ALMQFLK LC PQOR@QROB,
@E>KDB&RO >B~07 B @LRIA PBB CLOMBIB QEB DBKBH@OB>PB FK PLJB @I#PPBP IFH
,L@>I"RPFKBPP M>OQF@RI>OIV CKQPBRIDERKA QEB PIFDEQ AB@OB>PB FK RP>DB CLO PL.
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QEB IBPP GBIBQ PQOR@QROBA A>Q> QVMBP QF foaf 'LIBAER.IJF@OLA>Q> PVKQ>U

IIQELRDE C>0 COLJ ?BFKD > @LIMBBEBRPFS @>K PBB PQOR@BRABA3ROFKDFKD
PEBOI >AS>KQ>DBP QL

b %@LJJBO@B M>DBP
b "RPFKBPP M>DBP

b 2BPB>O@EBOP

b 3L@F>I JBAF>PFQBP

b S5PBOP

AEOLRDE 3%FK@OB>PBA SEB@HIFQBKBOA>Q> IFKHFKD >KA OF@E OBRFEBP AOFS
>ALMQFLK )JMIBIBKQFKD PBJ>KQF@ J>OHRM TFQEFK TB? M>DBP OBPRIQP FK > JLOB @LKKB@C
>@@BPPF?IB TB?

7FQE JLOB FKCLOJ>QFLK >KA FEPFDEIB ©ES8BFQ FP BPPBKQF>I QL RKABOPQ>KA QEB
@>M>?FIFQFBP >KA IFJFQ>QFLKP LC PMB@Fd@ QB@EKFNRBP LO @ELF@BP TEBK QOVFKD QL F
QECd@ 'AAFKDECOBFBTP LO JFPIB>AFKD A>Q> FK QEB ELMSPHITFAMTL 7B ABQB@QBA
OBPRIQFKD FK CBTBO ?BKBAQP COLJ QELPB JEKSRAKREA OBO ATFEREIFQV >KA

MBOCLOJ>K@B COLJ PB>O@E BKDFKBP

IP >IOB>AV PBBK FK QEEMIBACOTEFIB 3%/ OBJ>FKP > @ OR@FOIAOFSALMQFKD PQOR@QROBA
A>Q> > DOLTFKD I>KAP@>MB LC RPB @>PBP R BPEDOIIERDFKEPFQB LTKBOP >0B
>AAFKD A>Q> FRQGIS P@BK>OFLP BRERFO PVPQBJIP FKEEBLEGIBR QEBFO @LKQBKQ
OB@LJIBKA>QFLK PVPQBJP >KA D>FK KBT FKPFDEQP COLJ TB? M>DBP

IIQELRDE QEFP FP LKIV QEB FB@IGUO\QEFP @E>MQBBFKISKEEEF TB >OBBFQBA QL PBB

ELT QEBPB QOBKAP @LKQFKRB >KA @E>KDB >ILKD TFQE QEB PQ>QB LC PQOR@QROBA A>Q> LI
7FQE >II LC QEB ?BKBJQP PQOR@QROBA A>QNMB@®B DR AR@OB>PFKD FIMIBJBKQ>QFLK LC
QEBPB QB@EKLILDFBP

168 2022 Web Almanac by HTTP Archive



Part | Chapter 4 : Structured Data

Authors

IKAOB> & IMFKF

X @Vv?BeKAV ) @V?BRAV @ EQQMPLOAIFCQ FL ?ILD BK BK@RQB>ISMFKF

IKAOB> &.IMFKF FP QEB #%/ILGA,FCQ >KA FP @ROOBKQIV CL@RPFKD LK QEB PB.
TB? 3%/ >KA >0QFd@F>| FKQBIIFDBK@B

HIBK /.BFII
X $>Q>"VQBP!) ) $>Q>"VQW!) B >IBKLKBFII & EQQMPB?A>QFLOHP FL

IIBK FP CLRKABO >KIAGED MEB $>Q30OHPABIFBOFKD !) AGKSTB? A>Q>

PLIRQFLKP QL QLM QFBO LOD>KFW>QFLKP TLOIATFAB (FP @LOB CL@RP FP ABF
FKKE>QBQB@EKLILDV PLIRQFLKP >Q P@>IB >KA EFP MOFJ>0V ?>@HDOLRKA F
BKQBOMOFPB PVPQBJP
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Fonts

Written by Bram Stein

>0B>P>= ;EE>Q * &HL&HLV /HEN>E *B>BBL:G= AKBL (BEE>R
G:ERS>= ;K:F /M>B@G=".GFB +;:L:

1=BM>= ;RA:BG: $:GMLBL

Introduction

7 B_8 @LJB > ILKD V5PFK@B QEB B>CM\LETB? CLKQB TBKQ COLJ > E>KACRI LC TB? P>CB
CLKQP QL > QWWEF@MBILPFLK LC ERKAOBAP LC QELRP>KAP TB? CLKQP 4EB QB@EKLILDV >
LC RPB FP >1JLPQ RKOB@LDKFW>?IB GQBJBRIBQMGALLLKQ IL>AFKBGERFBP TFQE

PEBGI CLKQ CLOJ>QP QL PFIMIV FK@IRAFKD > 7/&& dIB
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"B@NRK 3 >;?HGM NL:@>

4EFP MOLDOBPPFLK FK TB? CLKQBPELK®) RP>DB @LKQFKRBP)RIQEBLE LKQP

@E>MQBQC >Il ABPHQLM PFQBP RPBA TB? CLKQP )BSEB PFK@&B QEBK RP>DB E>P
FK@OB>PBA QL >?LRQ  4EB KRJ?BOP >OB PIFDEQIV ILTBO CLO JL?FIB ?RQ OBMOBPBKQP > PF.
DOLTQE

7EFIB TB 8 J>AB QOBJBKALRP MOLDOBPB RBQ NRFQB @GEBOEDB MBO@BKQ>DBP LC QEB
TLOIA_P MLMRI>QFLIQ@PB TB? CLKQP ?B@>RPB QEBFO TOFQFKD PVPQBJP >0OB BFQEBO QLL I>(
@LJIMIB QL ?B ABEEIBA >P > PJ>Il TB? CLKQGRK>QEEB # & LKQP TLOHFKD 'OLRFP

TLOHFKD E>0A LK) R@®BIBKQLKQ &KPCBAB? PQ>KA>0A QE>Q TFIl ELMBEROEFRIS

4EBOB T>P KILEQP @E>MQBO FK  ?RQ TB ELMB TB ®RMISHO QE>QRXERFBVQLLH >
PIFDEQIV AFCCBOBKQ >iEDBQEFPRKD > @ILPBO ILLH >Q TE>Q FP FKPFAB CLKQ dIBP >KA ELT CL
>OB RPBA FK #38 IC @LROPB >IPL OBQROKERISRRPEEPa PR@E >P font-display

>KA OBPLRO@B EFKQP RP>DBBERXMIRM QEB @E>MQBO TFQE QTL PMB@F> CL@RP PB@QFLKP
OKB:;E> ?HGMA<HEHK ?§¥Bid@>RPB TB QEFKGEB DOB>Q

AMMILEF:G:< AMMIHABOHK@ >G ~ ?HGML
AMMILPPP P HK@HMGML 3#
AMMILPPP P HK@ 0. %"0
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Performance

"B@NK , HINE:K P>; ?HGM )%)! MRI>L

3ROMOFPFKDWY> ILQ E>P @E>KDBA FK QEB QVMBPRA GILRTP PBOSII CLKQ dIBP >0OB
PBCEA >H/&& >?LRQ  >P 7/&& >KA QEB OBJ>FKABO >P BFQEBO L@QBQORESAS LO 4
& KQJ>KA QEBK > TELIB ?RK@EKALD-)-% QVMBP 4EFP FP C>FOIV PIJEB-OBRRIQP FK QEB
& LKQP @E>MQROQRK>QBB/>KA %/ 4 CLKQ RP>DB E>P >JLPQ AFP>MMB>0BA @LJIMIBC

IP KLQBA FK 7/&8& LCCBOP QEB ?BPQ @LJMOBPPFLK >KA PELRIA ?B QEB MOBCBOOBA
CLOJ>Q )K C>@Q TB QEFKH FQ FP >IPL QFJB QL MOL@I>FJ

1L> HGER 3+"™ :G= ?HK@>M ;;HNRNMBBG@ >EL>

4EFP TFIl PFIMIE®OW33 >KA TLOHeLT J>PBRS>KA >IPL MBBQP 3@ @FABKQ>I ALR?IB LO
FK@LOOB@Q CLKQ ALTKIL>AP 7/&&PFRMALIOQBAM/TEBOB3L RKIBPRR KBBA QL
PRMMLOQ OB>IlIV >K@FBKQ ?0OLTPBOP GRPQ EPBRZ&8@CKNWPFABO KLQ PBOBEKRD >K
CLKQP QL QELPB LIABO ?0OLTPBOP >Q >II 4EFP TFII KLQ PREMBEARPREY C>11?7>@H
PQ@BDV FK MI>@B 6FPFQLOP LK LIABO ?OLTPBOP TROREINBRY@BECVKQP

AMMILPPP P HK@ 0. 3+
AMMILEF:G:< AMMISABEHK@ >G  ?HGML ?HKF:ML :G= FBF> MRI>L
AMMIL<:GBNL> <HF PH??
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Hosting

7EBOB AL MBLMIB DBQ QEBFO CLK@PBICGERQ LO RPB > TB? CLKQ PBOSB@EP'GSH ,
ILLH >Q QEB KRJ?BOP

"B@NK $HLMBG@ MRI>

JK DBKBO FQ FP > JFUQROB  PBIC ELPQ >KA RPB > PBOSF@B /KIV  LKIV RPB PBIC ELPQFKD
BU@IRFBIS 7 B BJMB@Q QEFP KRJ?BO QL DL RM FK GEB@CIFKQ . OB>PLKP QEBOB FP KL
ILKDBO > MBOCLOJ>K@B ?BKBdQ QL RPFKD > ELPQBA PBOSF@B >CQBO@EB FKQOLAR@QFLK L
M>OQFQFLKFKE6ROLMB>K @LROQP >O0B PILTIV ?B@LIFRDIGFEEMEH6ROLMB>K ?>PBA
@LIM>KFBP RPFKD 'LLCK®R

7 B @>K CROQEBO PMIFQ QEBOSFE®RE>MP KLQ PROMOEPBHDSVKQPFP QEB JLPQ
MLMRI>O TB? CLKQ PBOSF@B TFQE KB>0OIV  LC >Il TB? M>OBR RPEXDAQLE?B>Q FKABBA

AMMI=>GEHI>KL @HH@E> <HF P>; NI=M>L  AMMI <:<A> :KMBMBHGBG@
AMMILPPP MAS@BLMHR P>;LBM>9\G>9@HH@E>9?HGMLI@=IK
AMMII?HGML @HH@E> <HF
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"B@NK 3 >;?HGM NL:@> ;R L>KOB<>

4EB KBQ ORKKBO RM BRKIEEBPLJB TB? PBOSF@B TEF@E FP RPBA LK KB>OIV LC PFQBP
4E>Q FP >K >J>WFKDSBAERG TFQE LKIV > PFKDIB CLKQ C>JFIV )K QEFOAIMB@B FP QEB

8 KQPTB? PBOSF@B TEF@E FP RPBALK LCPIFEBRCAO ?BEFKA SDEQEBLIKA
#ILRAAMLDOE PBOSF@BP ?LQE MOBPBKQ LK LC PFQBP

, LLHFKD ?>@H >GRI@BB#OP TB @>K PBB QE>Q 'LL{I® &KP>DB AB@IFKBA CLO QEB dOPQ QF
QEFMBYO )Q_P E>OAQE®POEFP FP ARB QL QEB >CLOBJBKQFLKBA @>@EB M>0OQFQFLKFKD
PLIBQEFKD BIPB BKQSEEBAB@IFKB FP LKIV PIFDEQ PL FQ TFIl 2B FKQBOBPQFKD QL PBB FC
@LKQFKRBE®>O

)K @LKERD ?LQEKD ITBPLJIB >KA QEB IAL?BKQP PBOSF@B DOBT PFDKSB@GESIMPQ
CBT B>OPL&Q ITBPLJB PBOSF@B RP>DB DOBT COLJ QL  TEFIB IAL?7EK®P
RP>DB DOBY ? FK QEB P>JB MBOFLA

.LQB QE>Q QEB PBOSF@BP A>Q> FP JB>PROBA AFCCBOBKQIV @LIM>0BA QL QEB  >KA
@E>MQBOP 4ELPB @E>MBBOO REB KRJ?BO LC OBNRBPQP QL > PBOSF@B TEBOB>P QEB
ILLHP >Q M>DBP RPFKD QEB PBOSF@BP 4ERP QEB A>Q> FK>QE-PR EQEEFEEHEX@BA ?
QEB KRJ?BO LC CLKQP IL>ABA LKLOFFQBIB QEB AOLM FK 'LLDKE)® RP>DB KLQBA FK QEB
@E>MQBO T>P JLPQBRH@>RPBAELDIB & KQP PTFQ@ERBKBOE> ?HGIMA QEBOB?
PFDKFd@>KQIV OBAR@FKD QEB KRJ?BO LC OBNRBPQP QL QEBFO PBOSF@B

AMMI?HGM:P>LHF> <HF
AMMIIPHGML :=H;> <HF

AMMILPPP ?HGML <HF

AMMILPPP MRIH@KR<HF P>;?HGML

2022 Web Almanac by HTTP Archive 175


https://almanac.httparchive.org/static/images/2022/fonts/webfont-usage-by-service.png
https://almanac.httparchive.org/static/images/2022/fonts/webfont-usage-by-service.png
https://fontawesome.com/
https://fonts.adobe.com/
https://fonts.adobe.com/
https://www.fonts.com/
https://www.typography.com/webfonts

Part | Chapter 5 : Fonts

File sizes

#LIMOBPPFLK FP > DOBSQLTOBAR@B QEB >JLRKQ LC A>Q> QE>Q KBBAP QL ?B ALTKIL>ABA ?RQ F
E>P FQP IFJAQMB@QBO RKABOPQ>KA TE>Q FKeRBK@BP CLKQ diB P RMBP QRIER JBAF>K
CLKQ PFWBP >@OLPP >Il CLKQP

"B@NRK "HGM LBS>L

4EB JBAF>K CLKQ PFWB FP >?LRYQBEILE>Q FP MOBQQV DLSBOHPTEB ESB PBBK

B>OIFBILKQ PBOSF@BP >@@LRKQ CLO KB>OIV  LC >Il CLKQ OBIBREHB SREQSF@AP IFH

IAL?B &LKQP 8 QB>JP ABAF@>QBA QL LMQFJFWFKD QEB CLKQP >P JR@E >P MLPPF?IB PL QEB
CLKQ PFWBP SDBEESFIV BTBA % QEBPB PBOSF@BP
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"B@NKRK />E? AHLM>= ?HGM LBS>L

, LLHFKD >Q PBIC ELPQBA CLKQ PFWBP M>FKQP > NRFQB AFCCBOBKQ MF@QROB 4EB JBAF
ALR?IBP QL >?LRQ HMQBP 7E>Q FP DLFKD LK EBOB SEPFRIEEB @E>0Q LC MLMRI>O TB? C
-)-% QVMBP >KA OBSB >Il OBNRBPQP @LJFKD COLJ TB? CLKQ PBOSF@BP TB DBQ PLJB FKPF
TE>Q JFDEQ ?B DLFKD LK

11LQ LC TB?PFQBP RPFKD PBIC ELPQBA CLKQP >OB PQFII RPFKD 7/&& FKPQB>A LC 7/&& )Q_
QEB CLKQP LK QEBPB PFQBSBUBRIBACE)BA PFK@B 7/8&& T>P FKQOLAR@BA LO FC KLQ BKLRI
ABSBILMBOP HKLT >?LRQ 7/&& 2BD>OAIBPP FQ_P >K B>PV LMQFIJFW>QFLK QE>Q @LRIA 7B}
PFQBP
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"B@NK , HINE:K P>; 2HGM )%)! MRI>L L>E? AHLM>=

(LTB SBOQEB AFCCBOBK@B FK JBAF>K CLKQ PFWB ?BQTBBK PBOSF@BP >KA PBIC ELPQBA FP QI
BUMI>FKBA 2 ILTBO RP>DB LC 7/&& 7EFIB 7/&& LCCBQBBIIBKQ @LIMOBPPFLK

@LIMOBPPFLK >ILKB ALBRIMLEFR QEB I>0DB AFCCBOBK@B FK JBAF>K CLKQ PFWBP 4EB TB? CL¥
PBOSF@BP JRPQ ?B MBOCLOJFKD LQEBO QVMBP LC LMQFJFABRYE KIBEERQE TRIO

PBIC ELPQBA CLKQRANQEB >KPTEB [l KBBA QL B>HLLH >Q QEB FKPFABP LC > CLKQ

OpenType table sizes

| QVMF@>1 CLKQ FP BPPEIR¥OBISQFLK> A>Q>7HRBE B>@E Q>?IB PQLOFKB BRO#EFH

PE>MBP DIVME OBI>QFLKPEFMP >KA IB@AMQB QEBOB >0B Q>?IBP QL PG@BLOEB S

"[WFBO @RPSE>Q BIRM DIVMEP]QEB @BSBOP FK QEB CLKQ 4EBOB >0B >IPL Q>?IBP CLO OBI>Q
DIVMEP QL LKB >KL@EBQ PQLOB QEBKBRKFHD >KA IFD>QROB OBI>QFLKPEFMP F B PT>M QEBPE
QTL DIVMEP TFQE QEFP LKB TEBRREBBA QLDBIFERJEB C>JLRAFD>QROB

1 OB>PLK>?IB T¥ QL JB>PROB ELT JR@E LC >K FIM>@Q > Q>38B@*BIBKPEWB FP QL
JRIQFMIV FQP JBAF>K\PRBB RRI?BO LC CLKQP QE>Q FK@IRAB QE>Q Q>?IB

AMMILLBFHG<HS>GL @BMAN; BH ?HBNIU 1@=>E\NRI> AMFE
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OpenType table Impact

glyf SB@QLO PE>MBP
CFF sB@QLO PE>MBP
GPOSMLPFQFLKFKD OBI>QFLKPEFMP
hmtx ELOFWLKQ>I JBQOF@P
post JBQ>A>Q>
name K>JB JBQ>A>Q>
cmap J>MP @E>@QBO @LABP QL DIVMEP
fpgm CLKQ MO:DO
kern HBOKFKD A>Q>
&FDROB )IM>@Q JBAF>K dIB PFWB Y KRJ?BO LC OBNRBPQP >P MBO@BKQ>DB LC QI

4EB QLM QBK EFDEBPQ FIM>@Q Q>?IBP Piglyf F CFF) GPOS >KAhmtx Q>?IBP 4EBPB
@LKQ>FK QEB A>Q> CLO QEB "BFREE>@BEEM QEB LRQIFKBP LC >Il glyf EKA CFF

/MBK4VMB MLPFQFLKFKD CE GPOSBRA ELOFWLKQ>! JB( hmtx 'P4EFP FP DOB>Q ?B@>RPB
QEBPB Q>?IBP >0B AFOB@QIV OBI>QBA QL QEB KRJ?BO LC DIVMEP FK QEB CLKQ 2BAR@B
DIVMEP FK QEB GLEBJSFKD DIVMER ALK Q KBBA >KRVFIl AQ>QF@>IIV OBAR@B FQP dIB
PFWB

&FDROFKDTR@ VR KBBA >KA TESRALKQ KBBAP QEB E>OA M>0Q QERRBBEED
>@@FABKQ>IIVSBEIVMEP LO ?0B>H /MBRACB>QROBP (FEKBBA QL OBKABQ @R O0B@QIV
)KPQB>A LC PR?PBQQFKD J>KR>IIV RPFIDBCLA@ QLLIRLR @>K RPB QLLEPRPCLKQ
LODIVMEE>KDBQL >RQLI>QF@>1IV @OB>QB > "MBOCB@Qa PR?PBQ ?>PBALROCFEE@ LKQBKC
(LTB SBO?B JFKACRI TEBQEBO QEB IF@BKPELKYMBOJFQP PR@E JLAFd@>QFLKP

)Q FP FKQBOBPQFKD QL KL(name:>RA post Q>?IBP >OB FK QEB QLM 4EBPB QTL Q>?IBP
MOFJ>OFIV @LKQ>FK JBQ>A>Q> QE>Q FP FIMLOQ>KQ CLO ABPHQLM CLKQP ?RQ KLQ KB@!
4EFP FP >K FKAF@>QFLK > ILQ LC TB? CLKQP @LKQ>FK JBQ>A>Q> QE>Q @>K ?B PQOFMMB;/
@LKPBNRBK@BP PR@E >P K>JB Q>7IB BKQOFBP DIV post >QBRIBKKQEBKF@I cmap
BKQOFBP BB@LRIA IISB QL PBB > REBB>| PBQ LC OB@LJJIBKATQFBBIR MKD@ORFEB

QLLI QE>Q @>K ?B RPBERKAOFBP >KA TERIARBOP QL ORBIESBOV |>PQ RKKB@BRRIBV ?

AMMILK:FLM>BG <HF PKBMBG@ P>; ?HGM :GMB |:MM>KGL LN;L>MMBG@ AMFE
AMMI?HGMMHHEMK>=H<L BH >G E:M>LM LNQ AMBE=>

AMMIL@BMAN; <HF )NGM>K LN;?HGM

AMMIL@BMAN; <HF S:<AE>:M @ERIAA:G@>K

AMMIUFM LHN#?HK@> BH IG@<KNLA
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COLJ > TB? CLKQ

Outline formats

9LR JFDEQ BB KLQF@BA QEB /MBRPFWBP Q>?IB @LKQ>FKP QTL B@QUEBPIMESRQIFKB
A>Q:glyf >KACFF 4EBOB >OB >@QR>IIV CLRO @LIVBQERDIS@®HLO LRQIFKBP FK

IMBK4VMB ORBUMB glyf  #LIM>@QLEQ ROJ>Q CFF  #LIM>@QLEQ ROJ>Q CFF2

>KA 3@>I>?IB@QLOMEFE SVG KLQ QL ?B @LKCRPBA TFQE QER KR GB0J>Q 4EBOB

>0B >IPL QEOBB FJ>DB ?>PBA CLOJ>QP]TB TFIl Q>IH >?LRQ QTL LC QEBJ FK QEB @LILO CLKQP PE

4EB /MBKA/MB PMB@Fd@>QFLK ER BELRIA@E>0FQ>?MaIMOLIFPBESB0| @LIMBQFKD
>MMOL>@EBP QL AL JLPQIV QEB P>JB QEFKD TBOB >AABA QL QEB PMB@FJ@>QFLK ?B@>RPB QI
@LKPBKPRPLJT ©B FKQBOBPQBA FK ELT QEFP @BBIBKI 2EOP 7V $>SFABJILK FP >

DOB>Q OB>A I PBB QEFP M>QQBOK LC @LIMBQFKD >MMOL>@EBP OBMB>QBA >D>FK >KA >D>F¥
PB@QFLKP LK S>OF>?IB >KA @LILO CLKQP QELRDE TFQE AFCCBOBKQ >@@IEBFKQ QEB BKA LC
JRIQFMIB P QL PQLB@SLO LRQIFKBP JLPQIV TLOHP ?RQ FQ ALBR MAM@BFELEBF?ROABK

LK QVMB ABPFDKBOP >KA FIMIBIBKQ>QFLKP]KLQ QL JBKQFLK FK@OB>PFKD QEB >QQ>@H PROC
BUMILFQP

4VMB ABPFDKBOP @>K @ELLPB QEB LRQIFKBICBORSHEKB >Q QEB AFPQOF?RQFLK LC LRQIFKB
CLOJ>QP FQ FP MOBQQV @IB>0 TE>Q QVSEB@BEFEK BEBBTEBIJFKD J>GLOFQV

LC CLKQP RPEglyf LRQIFKB CLOJ>Q TEFIB RP CFFBRQIFKB CLOJ>Q 4EBOB FP PLJB

SVG @LILO CLKQ RP>DB >P TBIl ?RQ IBPP QE>K  KLQ MF@QROBA

AMMILPPP [.LM>F:@:SBG> <HF =>LB@G :=H;> MA> ?HGM P:KL
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"B@RK +NMEBG> ?HKF:ML

4EB /MBKA/MB PMB@Fd@>QROEBFFRIICBOBK@BP * glyf BKA CFF

b 4EBglyf CLOJ>Q RPBP NROA@ "[WFBOB®REBEI CFF >KA CFF2 RPBP @R?F@
“[WFBO @RPSIEFP J>QQBOP QL PLJB QVMB ABPFDKBOP ?RQ KLQ QL RPBOP LC Q

b 4EBglyf CLOJ>Q E>P JLOB @LKEBIBEKQFKD]J>HFKD PJ>Il >AGRPQJBKQP PL QE
QEB DIVME LRQIFKBP PK>M QL QEBE#.SQB@QBIFRFWBP] CFFE>P JLPQ
LC FQP EFKQFKD ?RFIQ RKREFPQBBBBEBO

b 4EB CFF CLOJ>Q @I>FJP QL ?B > JLOB BCd@FBKQ CLOJ>Q OBPRIQFKD FK PJ>IIBC

4EB I>PQ @I>FJ FP FKQBOI CFFRI>)BO
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"B@KRK  "HGM HNMEBG> LBS>L

/K> SBODB CFF ALBP FKABBA MOLAR@B > PJ>1IBO Q>?IB BBWE=BR OB>IFQV FP JLOB

KR>K@BA >P FQ AQBEK@LIMOBPPFLK FKQL >@@LRKQ]QEB Q>?IB PFWBP >0B OB@LOABA >CQE
CLKQ E>P ?BBK RK@LJMOBPPBA

IP @>K ?B PBBK FK/@ZBB S>IR>QFLK OBMIQEB JBAF: glyf @LIJMOBPPFLK FP >Q
TEFIB QEB JBAF CFF @LIMOBPPFLK FP >Q  COLJ RK@LIJMOBPPBA QL @LIMOBPPBA RPFKD
7/8&

AMMILPPP P HK@ 0.  *+  0!3+™ I K HMEB :=H;> <??
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"B@NK HFIK >LL>=?HGM HNMEBG> LBS>L

IMMIVFKD @LIMOBPPFLK MBERQRECEBOBKQ MF@QROB 4EB JBAF>K dIB PFWB AFCCBOBK(
KBDIFDF?IB >KA I>ODB CLKQP >0OB JR@E PJ>IIB(glyf K RQFHIBP

)K LQEBO TLOASBHBF CFF PQ>0QP LRQ PJSB@LIMOBPPBP JR@E IE glyf EPK FQ >lI
BSBKP LRQ FK QEB BKA )K C>@Q]CLO I>0DBO dIBP]FQ >N glyf CLRFBKIMIERR@BP
PJ>IIBO PFWBP

Resource hints

2BPLRO@B EFKQP >0B PMB@F>I FKPQOR@QFLKP QL QEB ?0LTPBO QL IL>A LO OBKABO > C
KLOJ>IIV TLRIA "OLTPBOP KLOJ>IIV LKIV IL>A TB? CLKQP VEB& QEELKQ FP RPBA LK QEB
M>DB )K LOABO QL HKLT QE>Q FQ KEBBAFIPFBE?LQE QEB (4-, >KA #33 (LIEOFCLR >P

> TB? ABBILMBGIKLT QE>Q > CLKQ TFIl 7B RRER>N RPB OBPLRO@B EFKQP QL QBII QEB ?0LT
IL>A CLKQP JR@E B>OIFBO

4EBOB >OBBB| QVMBP LC OBPLRO@B EFKQP QEXQ SDEBBEL| dns-prefetch

preconnect  >KA preload JFK LOABO LC QEB ILTBPQ QL EFDEBPQ FIME@TLRMSHEBY \/
QL MOBIL>ERO JLPQ FIMLOQ>KQ CLKQP ?RQ ABMBKAFKDVLKOEE BUFBQBEB)EYE IS
>IT>VP 7B MLPPF?IB
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"B@ONK  "HGMElKINE ABGML NL:@>

4EBOB E>P® ?BBKW¥K-ODB @E>KDB FK QEI dns-prefetch EFKQP PFK@B ?RQ QEBOB
E>P ?BBK > C>FOIV PFDKFd@>KQ FK@OB> preload BIRRBLOGFK QL FK
>KA preconnect COLJ FK QL FK 4EFP FP DOB>Q

IP JBKQFLKBAFK QEB ~ @E>M(preload >KA preconnect OBPLRO@B EFKBREB
PFKDIB I>ODBPQ FIMA@Q CKKQ IL>AFKD MBOCLOJ>K@B )K JLPQ @>PBP FQ FP >P PFIMIB >P >A/
IFKH BIBJBKQ QRY EB>AL& B>JMIB FCR/RPB 'LLDIBI&KQP

<link  rel ="preconnect href =" https://fonts.gstatic.com ">

)C YR PBIC ELAQR® CLKQR\@>K DEEK CROQEBO >K3FMBEFKQP QL QEB ?0LTPBO QL MOBIL>A
WLRO JLPQ FIMLOQ>KQ CILRQAPOFJI>OV@ELKQ CLOMIB 4E>Q T5QEB ?0LTPBO @>K IL>A
FQ B>0IV >KA FQ BRII?BI$>FI>?1B TEBKWBOBKABOFKD PQ>0QP

font-display

&L0 J>K/ \B>OP JLPQ ?0OLTPBOP AFA KLQ QEXKRRQRIBB? CLKQP E>A IL>ABA /K PILT
@LKKB@QFLKP QEFP TLRIA LCQBKSBBPREEGHIAB LSFPR?IBUQERRK QELRDE QHBXB
@LKQBKQ E>A >I0B>AV IL>ABA 4SFEC?BE:@:HBAPB@>RPB FQ ?IL@HP OBKABOFKD LC QEB

AMMILEF:G:< AMMKABEHK@ >G  ?HGMEEHN# ABGML
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QBQ /QEBO ?0LTPBOP PELTBA C>I1?>@H CIKYPKEPESMMBA QEBJ TEBK QEB TB? CLKQ

IL>ABA 7EBK > C>1?>@H CLKQ FP OBMIF@BALKQ QEFP FRL@FIIBA

4L DA3 TB? ABBILMBOP JLOB @LK@BRICLKQ IL>AFKIL font-display ABP@OFMQLO T>P
FKQOLAR@BA QL QBII QEB ?0LTPBO ELT FGBPEERIB PBESLKQP >0B IL>AFKD )Q ABAKBP CLF
AFCCBOBKQ S>IRBP LC TE>Q QL AL TEFIB CLKQP >OB IL>AFKD 4EBPB S>IRBP >0OB FIJMIBJBK

AFCCBOBKQ @LJ?FK>CHHKBKALP:| ?BESFLO

b swap ?IL@H CLCBOY PELOQ MBOFLA >KR PIT>M

b block ?IL@H CLO >PELOQ MBOFLASKRATIV>

b fallback ?IL@H CLCBOY PELOQ MBOFLA >KA PT>M TFQEFK > PELOQ MBOFLA

b  optional ?IL@H CLCBOY PELOQ MBOFLA >KA KL PT>M MBOFLA

4EBOB FP >auto TEF@E I8P QEB AB@FPFLK RM QL QEB ?0LTPBO]>Il JLABOK ?OLTPBOP RI

block >P QEB ABC>RIQ S>IRB

"B@NK 1L:@> I font-display

5PB L( font-display: swap E>P DOLTK QL >K FIMGBPPESL)  FK I C>FO
@ERKH LC QEFP FK@OB>PB @MK?B PQUEF?ROBDE.&LKQP J>HFKD PT>M QEB
OB@LJJBKABA S>IRB FK  )Q FP >IPL FKQBOBPQFKD block 3SE®B S80Q>HF auto

AMMILEF:G:< AMMKABEOHK@ >G ~ ?HGMt<BG@ MH \KLM I:BGM
AMMILPPP RHNMN;> <HF P:M<A &#56 :%6D- M L
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>P QEB PB@LKA JLPQ RPBA S IREB KLQ PROBABBILMBOP >0OB FKQBKQFLK>NFKABQEB
MBOCLOJ>K@B LC QEBFO PFQB ?RQ FQ FP >K FKQBOBPQFKD FSHILQIBKQEQIV TLOOVFKD AB

/RO DRBPP FP QESRIABBOP]LO QEBFO @RPQLJIBOP]OB-PBBIFRIFHe>PE LC C>I1?>@H CLKQP
5PFKI font-display: block FP >K B>PV "dUa CLO QE>Q MOL?HROQEBOB FP > ?BQQBO

PLIRQFLK LK QEB ELOFWLK )K QEB KBRFO@RQREEB#B3 CLKQ JBEBURIIBABP QL QTHRG! V

C>11?>@H CLKQP QLUAIMIB QEB JBQOF@¥IL.TB? CLKQP 4EFP TFIl OBAR@B QEB G>OO0OFKD OBeLT
LC QBY TEBK > C>lI?>@H CLKQ FP PT>MMBA TFQE > TB? CLKQ

4EB #33 ascent-override descent-override line-gap-override >KA size-

adjust ABP@OFMQLOP DL | @font-face ORIB >KA @>K ?B RPBEIBQDEAB QEB JBQOF@P FK
>KV CLKQLR @>K RPB QEBPB ABP@OFIlocal() QEROB>QB > @RPQLIFWBA CrKQ@H
QE>Q OLRDEIV J>Q@EBFB? CLKQ]ERBIK>IIV > DLLA RPB local()

"B@NK /l 2ZHGM F>MKB<iKHB=> NL: @>

4EBPI @font-face  ABP@OFMQLOBGWOREPRQ >0OB >I0B>AV PBBFKD PLIEIRHB QEBJ
BSBK JLOB RPBCREAIBMBOP KBBA QTL QEFKDP

1 PBQ LC @LKPFPQBKQ C>117>@H CLISHFIOEBFKCHE SOLTPBOP >KA LK >II
MI>QCLOJP AEBLRISBK ?B S>OF>?IB CLKQP )J>DFKB QEB MLPPF?FIFQFBP

4LLIP QL >RQLI>QF@>I1V J>Q@E QFEHPIRKD FQP PFWB >KA JBQOF@R $LFKD QEFP ?
E>KA FBBV QFJB @LKPRIFKD PL > QLLI FP > JRPQ 4EFP FP KLQ FKQBKABA >P >
OBMI>@BJBKQ CLO QEB TB? CLKQ ?RQ JBOBIVON SSIRM@O TEFIB QEB TB?

AMMIL=>CEHISRHSBEE: HK@ =Hxl/3 ?HGM ?:<> (L<>GMKKB=> +KKB=BG@9IF>MKB<LIH?9:9?:EE;:<DI?HGM
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CLKQP >OB IL>ARKBP > PQ>KA FK FC QEB CKXQPAALE QEB ?0LTPBOVES

7 B OB PILTIV DBQQFKD QEBOB TFQE QUKPRR@IB >FQ@EBG0BOCB@Q ERD &
&>117>@H?RQ RKCLOQRKEIBRA:@H CLKQP >OBPORGE MI>QCLOJ ABMBKABKQ

Font usage

0BOCLOJ>K@B FP FIMLOQ>KQ ?RQ FQ FP >IPL FKQBOBPQFKD QL PBB ELT CLKQP >0OB ?BFk
&0 B>JMIB TE>Q >OB QEB JLPQ MLMRI>O CLKQP >KA CLRKAOFBP !0B MBIWBB RPFKD /MBK
CB>QROBBQ, P @>HILLH >Q QEB A>Q>

AMMILF>HPGB <: ?HGM LMRE> F:M<A>K
AMMILPPP BG=NLMKB:E>RkMR I>K?><M BLA ?HGM ?:EE;:<D
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Families & foundries

Family desktop mobile

2L7LQL

&LKQ ITBPLJB

LQL 3>KP

IMBK 3>KP

,>QL

OLMMFKP
-LKQPBO@
3LRO@B 3>KP 00OL
F@LJLLK

0OWFJ> .LS>
2>IBT>V

.LQL 3BOFC
5?RKQR
>KRJLQEF@
IPT>IA

04 3>KP

' 90()#/.3 (>leFKDP
2R?FH

BF@LKP
OBF@LKP

&FDROB -LPQ RPBA CLKQP

7FQE 'LLDIB &KQP_ J>PBFSM>@Q LK TB? CLKQ PBOSFKD FQ FP KL PROMOFPB QEB JLPQ RPBA C
QEB TB? FP 2L?LQL 2L?LQL T>P @OB4QBAS?>P > PVPQBJ CLKQ CLO FQP IKASIIFAD MBO

PVPQBJ 4EFP >IBMB-FKP QEB ERDB AFP@OBM>K@V ?BQPEEREALRLIQPFIB @LIM>OBA QL
ABPHQLM PFQBP /K IKAOLFA ‘LLK(EP&FIl RPB QEB PVPQBJ FKEQRHBA EKPQB>A LC
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ALTKIL>AFKD FQ >P > TB? CLKQ

&L KQ !'TBPLJB Q:BP QEB KRJ?BO QTL PMLQ TEF@E FP >BB®I@BRRFPEIBKQ CLO TE>Q FP
BPPBKQF>IIV > PFKDIB CLKQ KQIFBPLIB @LJ?FKBA TFQE )@LJILLK ''VMEF@LKP BF@LKP >
OBF@LKP JBIRM KB>OIV  LC >/l TB? CLKQP RPBA LK TB?PFQBP )@LK CLKQP >OB MOL?IBJ>
COLJ >k@@BPPF?FIFQV MLFKQALCFEFBT TLOOVFKD QL PBB QEFP ?BFKD PL MLMRI>O

18%

"B@RK  /BM>L NLBG@ B<HG P>; ?HGML
| PMB@F>| KLQB PELRIA >IPL ?B J>ABEC-QD8>>Q RP>DB )Q FP QEB LKIV @LJIBO@F>| KLK

F@LK CLKQ FK QEB QLM 4E>Q_P >K >JSRIBINEEEB 3FILKPLK 3QRAFL

IKLQEBO FKQBOBPQFKD C>@Q FP QE>Q > [>0DB MLOQFLK LC QEB QLM C>JFIFBP >OB LMBK
@OBAFQBA QL 'LLINBR TEL B8 BFQEBO @LJIFPPFLKBA QEBPB CLKQP UBFBENRABIBR
PLRO@B CLKQP FK QEBFO IF?0

Vendor desktop mobile
'LLDIB

& KQ ITBPLJB

RH>PW $WFBAWF@
)KAF>KMMB BRKAOV
*RIFBQ> 5I>BPHV

IAL?B

IP@BKABO #LOMRELK
Y@LILLK

->0OH 3FJLKPLK 3QRAFL
0>G4VMB K@

&FDROB  -LPQ MLMRI>O CLKQ CLRKAOFBP

4EB IFPQ LC JLPQ MLMRI>0 QVMB CCRRAREER@>PBP QVMB ABPFDKBOP FP BNR>IIV C>P@F

AMMIPHGM:P>LHF> <HF =H<L P>; =B@ =>>I>K :<<>LLB;BEBMR
AMMILPPP F:KDLBFHGLHG <HF
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"BPFABP |>0DB @LIJM>KBRBRIHB !AL?B !P@BKABO -LKLQVNH® FP DLLA QL FBBPB
PJ>1IBO @LIM>KFBP 88K BP8BC| FKAFSFAR>8FED PR@E > I>ODB FIM>@Q

OpenType features

IMBK4VMB CB>QROBP >0B LCQBK OBCBOOBA QL >P > CLKQ_P PRMBOMLTBOP KA LC @LROPB ¢
PRMBOMLTBOP >0OB LCQBK RKOB@LDKAIPEEBAGIRAIBP >0OB E>0/SRD AKR@EB

& OQRK>QEIFBOB >0B TB? QLLIP PREHEIPF RKARB QE>Q @IB>OIV PR TEF@E

CB>QROBP QEBOB >0OB VEQXBEELT QL RPB QEBJ

44%

"B@NRK  "HGML MA:M BG<EN=RI*2&HINK

3LJB /MBK4VMB CB>QROBP >0B CLO PQVIFPQF @ ERBMIEFOKAOB OBNRFOBA QL OBKABO
QBQ @LOOB@RVFDEQ LCQBK PBB QEBPB QTL JBKQFLKBA >P AFP@OBQFLK>0V >KA OBNRFOBA
HJLPQ LC >l CLKQP ESB BFQEBO AFP@OBQFLK>0V LO OBMRBUBX QRGP 3L OEBOB

DLLA @E>K@B QEBIGR KQR/RPFKD >IPL E>P PRMBO MLTBOP

$FP@OBQFLK>0V CB>QROBP @>K ?BIREIBHEQDENMIO®@B QTL >AG>@BKQ DIVMEP TFQE > IFD>QRO
QL FIMERB IBDF?FIFQVP >IPL @LJJILK CLO /MBIICB>QROBP QL LCCBOBIGBORLRFSC
DIVMEP CILG-BVIB ¥ >AAFKD PT>PEBP

| PFDKFd@>KQ KRJ?BO LC GIBARP @OBQFLK>0WMBICB>QROEEB JLPQ @LJILK
AFP@OBQFLK>0V CB>QROB FP KLQAPRQROBPFKERY FP CLVIETEAB £KDB LC CB>QROBP
QE>Q JLAFCV KRIBIBHCERQFLKP MOLMLOQFLKSPKR3BRI>0 KRIBOIFKFKD KRIBO

>KA LOAFK>IP 3RMBOP@OFMQP >OB >IPL PLIBTE>Q @LJILK

AMMILP:D:F:B?HG=N> <HF
AMMI?HGML @HH@E> <HF DGHRESN@BSEEMRH-BEBB@9:EM>KG:M>9@ERIAL
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"B@NRK  +I>GORI> ?>:MRKLNIIHKM BG ?HGML

)C TB ILLH >Q OBNRFOBAVMBKZB>QROBP QEBOB >OB QTL QE>Q PCSBOMPEFKDEIFB

D>-KGBSI@EH<:EBS>= ?HK@>IFWBA CLOJP >OB RPBA QL PMB@FCV >IQBOK>QB DIVMEP QE>
OBNRFOBA LO MOBGBRIOBASKDR>DBP 4EFP FIMIFBP QE>Q > DLLA >JLRKQ LC CLKQP PRMN
JRIQFMIB I>KDR>DBP TEF@E FP > DOB>Q PFDK LC MOLDOBPP CLO FKQBOK>QFLK>IFW>QF!

+BOKFKD FP QEB MOL@BPP LC PIFDEQIV FK@OB>PFKD LO AB@OB>RF&. IXERFRE@EB ?BQT
LC QTL DIVMEP QLBI&EB PM>@B ?BQTBBK QEBJ PBBIBKOBBKFKD FP BK>AB¥BT>RIQ
LK >11 ?0LTPBOP PL >P ILKD >P QEB CLKQ BRKFHIDCKP HFII 7B BK>?IBA

34%

"B@NK "HGML BG<EN=BGHEDDQ =:M:

/KIV  LC >l TB? CLKQP ESB HBOKFKD A>Q> PQLOBA >P BFQEBIMKUBBRROB LO RPFKD QEB
LIABCkern Q>?IB .B>OIV >l CLKQP KBBRAKD QL ILLH @LOOB@Q PL TESTRRIB@QBA QEFP
KRJ?BO QL ?B JR@E EFDEBO QE>K FQMBKKBME.K FP QE>Q TEBK TB? CLKQP PQ>0QBA Q>HF
20LTPBO PRMMLOGQKBEKD T>R}SOV DLLA PL J¥HB>0IV TB? CLKQP AFA KLQ FE@XRAB H
A>Q> QLIBLK PM>@B .LT>¥ >I| ?70LTPBOP PRMBIDREKD PL QEBOB FP KL OB>PLK CLKQP
PELRIA KLQEB-HBOKFKD A>Q> FK QEBJ
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"B@NK  +I>GORI> ?>:MNKIL:@> BG //

7E>Q_P$BK JLOB FKQBOBPQFKD BRKHGDMHP >IPL QEB JLPQ @LJJILK CB>QROB Q>D RPBA FK QEB
font-feature-settings MOLMBO@®Y¥OIV  LC PFQBP J>KR>IIV BK>RBTLOPB AFP>?IB

HBOKFKD 4EBOB FP KL KBBA CLO QE>Q FQABGIRIABK T>@Q QEBOB FPAGKKBBA QL
@E>KDBBKFKD PBQQFKDP ( font-feature-settings LO QEB EFDES®) font-

kerning property $FP>?IFKBOKFKD TL® J>BI\LRO PFQB C>PRBIERO QVMBPBQQFKD TFII

?B MLLOBO CLO FQ

4EB LQEBO JLPQ RPBA CB>QROBP >0B OLRDEIV FK IFKB TFQE TE>Q QVMB ABPFDKBOP >@QR>II\
IFD>QROBP >KA S>OFLRPIRR(BEP FKQBOBPQFKD palt :BMQERILOQFLK>| >IQBOK>QBP

CB>QROB FK QEFP IFPQ >P FQ FP MOFJ>OFIV RPBA CLO #*+ GEK(IFBREB@HELEEBIPBIS

?B@>RPB @E®B RPR>IIV QLL I>0DB QL ?B RPBA >P TEBKARQIP7R&& @LIMOBPPFLK

,FHB HBOKFKD (calt CB>QR@ELKQBR>| >IQBOK>QBP FP BKABEARIQ >KA PELRIA KLQ ?B
BUMIF@FQIV BK>?IBA LO AFP>?IBA 4EBOBQERDIRRBCRI /MBIBACB>QROBP PR@E >P PQVIFPQF@
PBQP @E®QBO S>OF>KQP PJ>Il @>MP >KA PT>HERF QE>DESRGEDEB MLQBKQF>I QL

OB>IIV BKE>K@BYQVMEDE /RO OB@LJIIBKA>QFLK FP QLLRILEIKQR BiKi>J>F

&LKARB >KA BIMILOB >Il QEB EFAABK PRMBOMLTBOP

AMMILP:D:F:B?HG=N> <HF
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"B@RK  1L:@> H? ?HGM 2>tMNKIBG@L OIKBH&N O

/S BOIl RP>DB LC /MBKMB CB>QROB RP>DB FP NRFQB ILT LKBJEBOEBRLKIFKD JLPQ MBLMIB
>0OB RPFKD QEB EB® font-variant MOLMBOQFBP QL BK>?I/MEBBEB>QROBP ?RQ QEBFO
RP>DB F88K ILTBO QE font-feature-settings 4EB font-feature-settings

MOLMBOQV FP RPBA LK  LC PFQBP ' font-variant MOLMBOQFBP >0OB RPBA LK LKIV
LC PFQBP

AEFP FP AFP>MMLFKQFKD .LQ LKIV >0B MBLMIB KLQ RRFKDEREIROBRMOBPBKQ FK CLKQP
QEB >0B >IPL MOFJ>OFIV RPFKD QEB B font-feature-settings MOLMBOQV FKPQB>A LC
QEB EFDESHE font-variant MOLMBO®@R KBBA QL ?BBO@>0BCRI TFQ font-

feature-settings MOLMBOSIVFIFII OBPBQ/#XIBKA/MB CB>QRIBAFAIQUEMIF@FQIV IFPQ QL
FQP ABC>RIQ S>IRB

Il LC QEB JLPQ @LJJLKIV R font-feature-settings S>IRBP BB font-variant

BNRFS>IBKQP QE>Q >0OB JLOB OB>A>?IB >KA AL KLQ RKPBIRQBBQR@BIR4A>P > PFAB BCCB@
7EFIB PRMMLOQ CLO QEBPBEEEBE(EROBP TRRBE>Q DOB>Q FK QEB MSBBIQEB
PRMMLOQRAEBPB XP|BU@BMQ CLO QEB OB@BKQIV font-variant-alternates

MOLMBOQV

AMMIUBQE:F;:<AM GE = ;HBE>= =HPG \QBG@(E> ?HGM BGA>KBM:G<>
AMMIL<:GBNL> <HE>:KA ?HGMKB:GM
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"B@RK  1L:@>H? // ?HGNMKBIGMEN>L

4EB JLPQ RPI font-variant S>IRB fsmall-caps >Q LC M>DBP 4EFP FP PROMOFPFKD
?B@>RPB PJ>Il @>MP >0OB LKIV PRMMLQQBARQP 4E>Q JB>KP QE>Q JLPQ MBLMIB RPFKD
font-variant: small-caps >KA font-variant-caps TFIl DBQ C>RU PJ>Il @>MP QE>Q >0OB
DBKBERBAV QEB ?OLTPBO FKPQB>A LC PJ>Il @>MP GEBEYQBE ABPFDKBO )K QEBRERQROB V
@>KS:FA C>RU PJ>Il @ *MFPFKD @EBQ PVKQEBPFP PJ>Il @>MP MOLMBOQV

4EB LQEBO S>IRBP OLRDEIV J>Q@E TEFQEARAQEB CLKQP QEEPBY®K QELRDE RPB LC

QEI font-variant MOLMBOQFBP ARBIBIMB@Q]LSQEBO ELMB]QE>Q QEBPB KRJ?BOP TFII DL
RM BBO QFJB >KA RF font-feature-settings ?B@LJBP OBIBD>QBA QL RPB TFQE @RPQLJ LO
MOLMOFBQ>0V MMBKEB>QROBP

Writing system and languages

4L RKABOPQ>KA TE>Q HFKA LC CLKQP >0OB ?BFKD J>AB >KA RPBA TB QELRDEQ FQ TLRIA ?B FKQ

AMMII=K?ML <LLP@ HK@ <LL ?HGML ?HGM LRGMA>LBL LF:EE <:IL
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QL ILLH >Q TE>Q I>KDR>DBP CLKQP PRNMIGIE &L MBLMIB B-H ILQ LC 'BOJ>K

6FBQK>JBPB LO 50AR CLKQP 5KCLOGRSFIBIOA QL >KPTBO QEFP NRBPQFLK ?B@>RPB > |
I>KDR>DBP PE>OB QEB P>JB TOFQFKD PVPQBJ 4B+(FIE(KPEMEE QEB P>IB@IBOPBQ

?RQ JFDEQE®BLKIV ?BBKUBIIF@FQIV ABPFDKBA CLO LKB PMB@Fd@ >KDR>DB 3L FKPQB>A L
TB_Il Q8+ ILLH >Q TOFQFKD PVPQBJP

"B@NK 3 KBMBG@ LRLM>FL LNIIHKM>= ;R ?HGML

.LQ PROMOFPFREB/,>QFK PVPQBJ FP FK QEB IB>A TFQE > TELMMFKD  LC >l CLKQP PRMM
PFDKFd@>KQ PR?PBQQEIQEBFQFKD PVREEP FK@IRABP > ILQ LC I>KDR>DBP RPBA FK QEB
TBPQBOK TLOI/BRHDIFPEPEK@E >KA 'BOJ>K (LEBOFQ >IPLSBOP I>KDR>DBP FK IPF> PR@E
>P 6FBQK>JBPB >KRALD 4EB KRJ?BO QTL >KA QEOBB PMLER 308/QFHF@ >KA 'OBBH

ID>FK QEFP FP KLQ > PRONGERB@REBLKIV RPBA >KA > OB>PLK>?IV PJ>Il >JLRKQ LC TLOH Q
>AA QL > CLKQ ARB QL QEBFO IFJFQBABBIRBIVMEPR)E>Q KBBA QL 7B >AABA +>Q>H>K> >KA
(FO-D>K> *>M>KBP®B >Q >KA OBPMB@HE¥E @LJ?FKBA  .LQB QE>Q >?LRQ

LC CLKQP C>FIBA QL JBBQ QEB JFKFJRJ QEOBPELIA LC > TOFQFKD PVPQBJ KLQ MF@QROB
CLKQP QE>Q (LM LKIV PRMMLOQ > PJ>Il KRI?BOH@@BBRLO LKBP QE>(SFB EB>
PR?PBQQBA

3>AIVLQEBO TOFQFKD PVPQBJP >0OB JREFHREPHBBIMIB (>K #EFKBPEP QBRA
JLPQ RPBA TOFQFKD PVPQBJ FK QEEDBIIA>QFK ?RQ LKIV PRMMILOGBAR? CLKQP
10>?F@ FP QEB QEFOA JLPQ RPBA TOFQFKD PVPQBJ ?RQ >D>WFK LKIVIBRIGMKQPBA ?

AMMIL>GPBDBI>=B: HK@ PBDB (BLM9H?9E:G@N:@>L9;RIPKBMBG@9LRLM>F (:MBGIL<KBIM
AMMILPPP PHKE=:ME:L <HF :KMB<E>L MA> PHKE= L FHLM IHINE:K PKBMBG@ L<KBIML AMFE

2022 Web Almanac by HTTP Archive 195


https://almanac.httparchive.org/static/images/2022/fonts/writing-systems-supported-by-fonts.png
https://almanac.httparchive.org/static/images/2022/fonts/writing-systems-supported-by-fonts.png
https://en.wikipedia.org/wiki/List_of_languages_by_writing_system#Latin_script
https://www.worldatlas.com/articles/the-world-s-most-popular-writing-scripts.html
https://www.worldatlas.com/articles/the-world-s-most-popular-writing-scripts.html

Part | Chapter 5 : Fonts

4EB OB>PLK QE>Q PLJB LCTUERFEKD PVPQBJP >0B KLQ RPBA >P FBREHQWPEBBEDV
I>ODB ARB QL QEB PEBBO KRJ?BO LC DEASEQICERMMLOQ >KA QEB AFCA@RIQV FK PR?PBQQFKE
QEBJ @LOOB@QIV

7EFIB PBOSF@BPLEBIB &LKQP >KA !AL?B.EQP PRMMLOQ QEBPB TOFQFKD PWOBBJIP QEB
RPFKD MOLMOFBQ>0V QB@EKLILDFBP QE>(SPFINIE DB REICELPQFKEBQJES 7 #

&LKQP TOHFKD 'OLRM FP TLOHFKD LK > KBT PQ>KAK@®O@EIBIDEKQ &-KPCB@E>Q

BK>?IBP TB? ABILMBOP QL PBIC ELPQ I>ODBECEKQ® QL PBB LQEBO TOFQFKD PVPQBJP @>Q@E R
TFQE ,>QFK LK@B QEFP QB@EKLILDV ?B@ SIBP-PRABIV >

Generic font families

7 B>IOB>AV QLR@EBA LK C>lI1?>@H CLKQP TEFIB font-display 3LIBQFJIBPLR

ALK Q KBBA TB? CLKQP >Q >Il QELRBDEMIR GKB5) BIBJIBKQP LO CLOJ FKMRQP /KB LC LRO
C39.OFQB VP QLS:FA RPFKD TB? CLKQP FP QL RPB QEB I system-ui F@JFIV K>JB

TEF@E J>MP QL QEB CLKQ C>JRAMJZEBRAVBRIFKD PVPQBJ $RAHKLT QEBOB >GB®B

LQEBO DBKBOF@ C>JFIFBP ui-monospace ui-sans-serif ui-serif >KA ui-

rounded >P TBIl FCR/T>KQ QL RPB >K :RBKD PVPQBJ CLKQ SBRRADEQIV JLOB PMB@Fd@
KBBAP

"B@NRK 1L:@>H? /| @>G>KB< ?HGM ?:FBER G:F>L

AMMILPPP P HK@ 0.,"! >0:EN:MBHG ?:BE EK@>
AMMILPPP P HK@ 0. %"0
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7EFIB QEBPB >0B C>FOIYEBIOB >I0B>AV PBBFKD PFDKFd@>KQ RPB 4EB | sans- PRPMB@QI
serif  monospace >KAserif L?SFLRPIV GQEB IB>A >P\DEBB ?BBK >OLRKA PFK@B QEB
dOP@®PFLK LC QEB #33 PMB@Fd@>QFLK

4EB JLPQ MLMRI>KA TBII HKLTK | system-ui  >Q CLIILTBA ?V ui-monospace >Q
>KA  ui-sans-serif >Q )QFPKQ @IB>O TE>Q QEB LC OBNR fantasy JBOB
ELMFKD C:PQE>Q DBKBOF@ FP PL RKABO PMB@FdJBABIRK @PBBBECB@QFS

7 B ELMB QL PBB JLOB RPB LC QEBPB DBKBOF@ CUFRAR#EBP:KEB DOB>Q CLO 5)
BIBJBKQP CLOJP LO OB¥QEFKD TEBOB V>KQ QISB-B > K>QBEEBBI P >K >AABA ?BKBdQ
QEB >0B >|PL DOB>Q CLO MBOCLOJMK@BFRIEPBBA QL RPB > IL@>1IV FKPQ>IIBA CLKQ

Font smoothing

"B@NRK  1L:@> H? ?HGM LFHHNABG@ HC

IKA KLT CLO > @LIMIBQB PROMOFPBIQERRELMIB OB>1IB (HHPMB@FCV QEBFO ->@/3 LKIV
CLKQ PJLLQEFKD MOBCBO®K@BRBMIB QE -webkit-font-smoothing: antialiased

S>IRB FP RPBALK  LC>Il PFQBP 4EFP FP PROMOFPFKD ?B@>RPB -mox-osx- P PF?IFKDP
font-smoothing >KA font-smoothing ]>OB KLQ 88K LCd@F>I #33 MOLMBOQFBP 4EFP JFDEC
J>HB QEBJ QEB JLPQ RPBA RKLCd@F>| #33 MOLMBOQFBP

/RO ERK@E QEFP FP > @LJ?FK>QFLKIBCIH3BREK@IRAFKD QEBPB MOLMBOQFBREKA > AFPII

AMMIL=>CEHI>RHSBEE: HK@ =Mx<l/IHGM LFHHMA
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ELT CLKQP >0OB OBKABOBA PIFDEQIV ?LIABO LK J>@/3]S>OABRECIQEBIBP@RB )Q TLRIA
2B FKQBOBPQFKD QL OBQROK QL QEBPB MOLMBOKIFB RaFk: REIBIE &P FQ FP >IPL QFJB QL
MRQ QEBPB MOLMBOQFBP LK > R@KAEBREISKA FP @IB>0IV QEBOB

Variable fonts

2:KB:;E> ?HGMLT QVMB ABPFDKBOP QL @LJ?FKB JRIQFMIB PQVIBP LC > C>JFIV FKQL > PFKDIB CLI
4EBV AL QEFR ABAKFKD LKB LO JLOB ABFERR@E >P TBFDEQ QEFK>RBDRIAQ.0
TFAQE®LKABKPBA KLOJ>| SMKABA )KPQB>A LC PQLOFKD B>@E PQVIB >P FKAFSFAR>I CLKQ ¢
S>OF>?IB CLKQ FKQBOMLI>QBP QEBJ COLJ > E>KACRI LC “J>PQBOa FKPQ>K@BP

&.0 B>JMIB BBK FC QEB QVMB ABPFDKBOMA@®EQB @OB>QB > PBJF?LIA PQVIB RPFKD > S>OF>"
CLKQ TFQE > TBFDEQ >URFQ@EXABOFKD BKDFKB TFII PFIMIV FKQBOMLI>QB > PBJF?LIA PQVIB Cl
WR >KA >X LQEBO TBFOERQI¥DEQ KBBA >PPRJFKD QEB S>0OF>?IB CLKQ_P TBFDEQ >UFP PRMMLC
QE>QKDB .LQ LKIV AL S>OF>?IB CLKQP FK@OB>RER@MIRPBRBPP QESIPL LCCBO >

J>GLO ?BKBdQ CLO TBBIABIBOP FK QBOJP LC dIESFR®B PEBKBB| CLKQ S>OF>QFLKP >0B

RPBA S0OF>?IB CLKQP TFIISBIBB I>0DBO QE>K > PFKDIB S>OF>QFLK

"B@NRK  1L:@> H?K®B:;E> ?HGML

5P>DB LC S>OF>?IB CLKQP E>P KB>OIV QOFMIBA PFK@B QEB I>PQ JB>PROBJIBKQ FK QEB 11>K>@
8LKQP @E>MQBO .B>0OIV LC TB?PFQBP RPB S>0OF>?IB CLKQP -LPQ LC QEFP SOLTQE PBBJP QL
E>MMBKBA FK QEBB>PDRQE >K >J>WFKD  DOLTQE
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Q7%

"B@NRK  2:KB:;E>?HGML NL>= MAMEX;R #HH@EHGML

4EFP FIMOBBRFSLTQE FK RP>DB @SKIREFRBX PMIFQQFKD QEB OBNRBRERROQEDIB

8LKQP >@@LRKQP CLO LC S>OF>?IB BAKIIEFFEBOIKB BIPB >@@LRKQP CLO LKIV

%BK TFQE 'LLDI®P J>PPBEEKeRBK@B LK TB? CLKQ PBOSFKD QEFP DOLTQEM@HKBKIY 7B B
OBMI>@FKD MLMFEPQEKD PQ>QF@ PQVIBP TFREFFBPIEBS QE>K QEB FKQOLAR@QFLK L(
@LIMIBQBIV KBT S>OF>?IB CLKQP

IP > OBPRIQ 'LLDIBKQP >KA QEBFO RPBOP >0B MOL?>?IV PBBFKD ERDB ?BKBdQP FK MBOCL
6>0F>?IB CLKQP >0OB RPR>IIV PJ>IIBO QE>K RPFKD JRIQFMIB PQ-EDFIEIBKPQ>K@BPFQB
RPBP JLOB QE>K QTL LO QEOBB PQVIBP COLJ QEB B>BFS3IBFRLKQ FP PJ>IIBO FK dIB PFWB
>KA LKIV QBF > PFKDIB OBNRBPQ )@AIE#PK.Q RPFKD OBDRIAO-KA IFDEQ TBFDEQP >0B
RPR>IIV PRCA@FBKQ OB>PLKP QL RPB > S>OF>?IB CLKQ P >K >AABA ?BKBJQLRFQE > S>OF
@>K >IPL QTB>H QBB U PRER(YKBBAP]PBJF ABJF ?LIALKB

2BD>OAIBPP LC > PFKDIB >@QLO ?BFKD OBPMLKPF?IB CLO QEB DOLTQEBIBKD >KAJ>WFKL
> DLLA FKAF@>QLO LC QEB RPBCRIKBPP LC S>0OF>?IB QIRQPKBAMBQELWEE@ B

6>0F>?IB CLKQP >I88 @FL @LIMBQFKD CLOJ>QP QEB BSBRPABKP L(glyf CLOJ>Q

>KA QEB #LIM>@®@ROJ>Q CFF2 CLOJ>Q 4EB J>FK AFCCBOBK@BP 7B glyf K QEB
CLOJ>Q > CFF2 >OB QEB P>JB >} CFFMOBAB@BPPLO AFCCBOBKQ QVMBPRR JMIEBO @RO:
SRQLJ>QBA EFKQFKD >KA > @I>FJ >?LRQ PJ>IIBO dIB PFWBP

99.99%

"B@NRK  2:KB:;E>?HGML NLE glyf TANMEBG> ?HKF:M

3L TEF@E CLOJ>Q PEILIRARFB BOQRK>QEINO ABILMBOP QVMB ABPFDKBOP >KA ?0LTPBO
SBKALOP QEB PFQR>QFLK FP NRFQB PFIMIB /RQ LC >Il SBAF>?IREBIIEBFBOE>7IB

glyf CLOJ>Q BSFAR RI@IRAB 'LLDIBLEQP >KA LQEBO CLKQ PBOSF@BP COLJ QEB @>I@RI
QEB KRJ?BO @E>KDBP QL > TELMMFKD  .L?LAV F CFF2 KD

/RO OB@LJIBKA>QFLK FELGE CFF2 ?>PBA S>OF>7?IB CLKQP CL@KBIPQ "OLTPBOP >KA
LMBSQFKD PVPQBJP LKIV OB@BKQIV >AABA CFF2 /@@ PLIB ?0LTPBOP PQFIDALK
PRMMLOQ FQ 4EB LKIV Q>KDF?IB ?BKE CFF2LBBE glyf ?>PBA S>OF>?IB CLKQP FP QEB
PRMMLPBA dIB PFS¥BBP ?RQ >PEFBBBK FK QEB MBOCLOJ>K@B PB@QFLK QEFP @I>FJ FP Al
?BPQ
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"B@NK  1L:@> H? ?H&B.®IBHG L>MMBG@L :Q

3L ELT >OB MBLMIB RPFKD S>OF>?IB CLKQP .LQ PROMOFPFKDIV QEB TBFDEQ >UFP FP QEB JLPC
S>IRB RPBA TFQE font-variation-settings MOLMBOGMILTBAY LMQF@>| PFWBP TFAQE
PI>KQ FQ>IF@ >KBRDO

4EFP PLIBTE>Q PROMOFPBA RP ?B@>RPB QEBOB FP KL KBBSR] font-variation-
settings MOLMBOQV QL PBQ > @RPQLJ TBFDEQ RUBPISPIRBIY RPI font-weight
MOLMBOQV TFQE > @RPQLJ SHIRBAIB font-weight: 550 CLO > TBFDEQ ?BQTBBK
SKA
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"B@NRK , HINE:K:RB:;E> ?HGM P>Bd O

%BK JLOB MRWWIFKD FP QE>Q QEB JLPQ MLMRI>O TBFDEQ >ABE:SR@BR3IMBEERQ
S>IRBP QE>@E?BBK >OLRKA PFK@B QEBE>0D/483 /KIV LC QEB TBFDEQ S>IRBP >0B
@RPQLJ S>IRBP >ILKD QEB THFDEQ O

4EB JLPQ MLMRIEIRPQAJBFDEQ S>IF 550 '>Q LKIV ~ LC RPB CLIILTBX 450 >Q

RPB 3FJFI>0 OBPRIQP @>K ?B PBBK CLO QEB LMQF@>| PFWB THRH BB F @ >KKZBHRBIKD >
RPFKD QEB EF8H# font-optical-sizing font-stretch >KA font-style MOLMBOQFBP
5PFKD QEB EFDEBONBLMBOQFBP TBINJRB #33 JLOB OB>A>?IB >84A >@ @FABKQ>IIV
AFP>?IFKD >K >UFP]> @LJJLK PLRO@B LC BOOLOP TERIBVQERBOIB/

/KB LC QEB EFDEIV MOLJLQBA ?BKBdQP LC S>OF>?IB CLKQP FP >KFJ>QF FPLEBRMFIFBOFMIE
QEB EFDE RP>DB LC S>OF>?IB@LKBF BLMIB >0B >@QR>IIV >KFJ>QFKD QEBJ QEOLRDE #3
QEKPFQFLKPRMEIBP /RQ LC QEB BKQFOB (440 IB@EFSPBQ LKIV > @LRMIB ERKAOBA
TB?PFQBP ALVSRLOQ LC >KFJ>QSLSFKD S>0F>?IB CLKQP

4L RP FQ >MMB>OP QE>Q S>OF>?IB CLKQP >0B MOFJ>OFIV RPBA CLO QEBFO MBOCLOJ>K(@
PL CLO QEBFO >?FIFQF QUMEEMEF@ >AGRPQJBKQP 7EFIB QE>Q_P DOB>Q TB AL ELMB QL F
MBLMIB RPB S>OF>?IB CLKQP QL QEBSMERBQUMIEXDF>| FK QEBERRFKD V
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Color fonts

#LILO CLKQP >0OB MOBQQV JRE@E TERA BMB@Q CLKQP TFQE ?RFIQ FK @LILOP 4ELRDE QEB
QB@EKLILDV T>P LOFDFK>IIV @OB>QBA CLO BJLGF CLKQP QEBQE+DELIKIRPBBEK
BJLGF CLKQP

"B@NRK HEHK ?HGM NL:@>

#LILO CLKQP RP>DB E>P DOLTK NRFQB > ?FQ PEK@B@EBMSIEDEK ~ 5P>DB TBKQ COLJ
LC M>DBP RPFKD @LILO CLKQP FK QL>?LRQ  FK  7EFIB QELPB KRJ?BOP >OB
PQFIBSV PJ>Il QEBOB FP > @IB>0 DOLTQE FK QEBFO RP>DB

(LTB SBO@LIM>OBA QL QEB DOLTQE FK S>OF>?IB CLKQ RP>DB GEE|EIHQB/ARKIPFP
PLIBTE>Q AFP>MMLFKQFKD 7EFIB @LILO CLKQBNHBT OBARIS K QL QEBVMBK4
PMB@Fd@>QFLK  S>OF>?IB CLKQBBIOR SIBBB@BKQ >AAFQFLK

4EB MOFJ>0V C>@QLORREBREEV EFKABOBA @LILO CLKQ >ALMQFLK >KA JFDEQ @LKQFKRB QI
PL FP QEB LKDLFKD PQ>KA>OAFCREADIBG> MKN> <HEHK ?HSM DHEEFIMAH LC PRMMLOQ FK
20LTPBOP CLO QEB #33 QE>QLRIQIFPBIB@Q >KA BAFQ @LILO CLKQ M>IBQQBP]RKQFI OB@BKQIV

4EBOB >0B @ROOBKQIV CLRO @LIMBQFKD @LILO CLKQ CLCB&IR QIRQH SVGLKS

COLR >KA QTL LK FJ>DE CBDT >KA shix ~ 4EB COLR CLOJ>Q OB RPBP QEBE-KD DIVME
LRQIFKB >KA >AAP PLIFA @LILZBORDIDL QEBJ 4EB JLPQ OB@MH® SAR?’ COLRv1
FKQOLAR@BAREKQP @LJIMLPFQFKD >KA ?IBKAFKD JLABP >P TBIl $RB QUFRBRI®RPB LC B
DIVME LRQIFKBF COLR CLOJ>Q >IPL PRMMLOQP S>OF>?IBLELEGR ERKFJ>QBA @LILO
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CLKQP4EB SVG CLOJ>Q @+ AFCCBOBKQ >MMOL>@E >KA BPPBKQF>INFBIDBAR 6K 36
B>@E DIVME FK QEB CLKQ 5KCLQE! SVGBLDJI>Q ALBP KLQ PRMMLOQ S>OF>?IB CLKQP >KA
RKIFBIV QL AL PL FK QEB CRQR CBDTORA shix BJ?BA FJ>DBP CLO B>@E DIVMEWKA QEB
LKIV AFCCBO FK QEB PRMMLOQBA FJ>DB CLOJ>QP

"B@NK HEHK ?HGM ?HKF:ML

4>HFKD > ILLH >Q RP>DB A>Q> M>FKQP >K FKQBOBPQFKD MF@QROB  LC @ SVG) CLKQ RP>
RPBP COLRVO >KA RPBF CBDT

7 B @>K P>CBIV @LK@IRAB QE>Q QEB FJ>DB ?>PBA CLOJ>QPKABIKDIQMAMBB>PLKP QEB
BJ?BAABA FJ>DBP AL P@>IB TBIl >KA QEBFO dIB PFWBP >0B KLQ >MMOLMOF>QB CLO TB?|

4EB PMIFQ ?BQTBBKEEEBLS @LILO CLKQ CLOJSEP ERTROB KR>K@BA SVGEPBBJIP

QL ESB QEB RMMBO E>KA >Q QEB . COLRPQFII E>P PFDKFd@>KQ R COLR@EBJ>Q E>P

> ILQ DLFKD CLO FQ FQ FP PRMIMPOJEBBOP FQ @>K ?B RPBA FK S>OF>?IB CLKQP >KA FQ F
FIMIBIBKQL® QELPB OB>PLKP >ILKBMB@Q FQ QL ?B@LJB QEB JLPQ MLMRI>O CLOJ>Q ! JL
@VKF@>BEMQE>Q FQ TFIl ?B@LJIB QEB JLPQ MLMRI>O CLOJ>Q ?BGBEHRFKDIIR FP
FIMIBJIBK( SVG PRMMLOQ FK #EOLJB >KA KAQRB®BPQFKINNB FP OBCRPFKD QL FIMIBJBKQ
COLRv1 ?B@>RPB > IL COLRv1 CB>QROBP >OB >I0B>AV PRMMIE SVG\GLOJ>Q
5KCLOQRK>QBEB? ABBILMBOP >0B @>RDEQ FK QEB JFAGIBILC QEFBP T>B&LMB QEFP
PFQR>QFLK FP PLLKBABRATB @>K >Il PQ>0Q RPFKD @LILO CLKQP

4EB #33 PMB@Fd@>QFLK E>P ?BBK RMA>QBA QL PRMMLOQ @GRBIBE@QRIPMASILT

AMMILPPP MRI>:KMNKHF OKB:;E> ?HGML
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@RPQLIFW>QFLK LC M>(B@EQEBP >0B @RPQLJ @LILO P@EBJBP PQLOBAJHBQEBIBLKQ ?
ABPFDKREB #33 font-palette MOLMBOQV >IILTFPQL PBIB@Q > M>IBQQB COLJ QEB CLKQ >KA
QEI @font-palette-values ORIB >IILTALR QL @OB>QB KBT M>|B(EBB®OEARAPQFKD LKBP

/KB LC QEB JLOB §FLRP RPB @>PBP LC QEFP QB@EKSRIPDE® KAA>OH JLAB M>IBQQBP
?RFIQ OFDEQ FKQL QEB @LILO CLKQ 4EBQBWECBAGMLQBRKBF>I QEBOB

"B@NK K:=E>R %GBMB:BG@ +(. O :G= FNEMBIE> |:.E>MOBE &1G:MA:G .HLL

5KCLOQRK>QBRPADB LC QEBPB #33 MOLMBOQFBP FP @QFPQBKQIN\AKERBF?IEE >RPB
PRMMLOQ CLO QEBPB MOLMBOQFBP T>P LKIV OB@BKQIV >AABA QL ?0OLTPBOP @LJ?FKBA TFQE
KRJ?BO LC @LILO CLKQP

/KB LC QEB J>FK ABIFS ?BEFKA QEBIABIIBKQ LC @LILO CLKQ QB@EKLILDV T>P BRGSF (LTB
QEBOB >O0B LKIV > @LRMIB ALWBK TB? CIS8@IQE>@ESF -LPQ @LILO CLKQP >0B CLO TOFQFKD
QBQ KLQ BJLGF 4EBOB @LRIBEPHI>K>QFLKP CLO QEFP

b %8OV /3>I0B>AV FK@IRABP QEBFO LTK @LILO BJLGF CLKQ CBERREBRKBBA QL
RPB >XQEFKD BIPB

b 4EBOB >OB > [>ODB KRJ?BO LC BJLGFBRA RQQE-BCCLOQ]>KAJQKEROB>QB
CLKQP CLO QEBJ

b %JLGF CLKQP >OB:bBBKERFQB |>0DB >KA KLQ >P PRFQ>?IB >P TB? CLKQP

AMMILSLL MKB<DL <HF <HEKO :G= <LL ?HGM :E>MMA R>; MRIH@K
AMMIIMHHEL <{KFBL< ;KkkE>R BGBMB:EL
AMMIL=CKHF
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3QFIl FQ TLRIA ?B KF@B QL PBB PLIBORFRNFK BILGF CLKQP 7FQE QEB FKQOLAR@QFLK L
#/,2S CLOJ>Q TB_OB B QL PBB JLOB BJLGF CLKQP FK QEB CRQROB

ID>FK >Il LC QEFP FP ?>PBAV.ILS RP>DB KRJ?BOP ?RQ QEBOB >MMB>0 CEBABVFIKIB AB
QOBKAPEZOB KLQ NRFQB OB>AV QL AB@I>0B>0 QEEMNILO CLKQP ?RQ FQ PBBJP @IB>0 TB
PBB PFDKFd@>KQ @LILO CLKQ DOLTQE FEQEB EPMBEFYIV >P QEB FKARPQOV PBQQIBP Lt
PFKDIB OB@LJJBKABA @LILO CLKQ CLOJ>Q >KA ?0LTPBO PRMMLOQ CEBP@LLLDIBCLKQP FIM
8LKQP E>P >IPL GRREA QEB dOPQ ?>Q@E LC @LQIOQEBRIPIBYOEF@E TFIl PROMS 8%
FIM>@Q

Conclusion

, LLHFKD ?>@880 QEFP @E>MQBO >KBRQRBB#OB FQ PQ>KAP LRQ QL RP ELT JR@E LC >K FJIN
TB? CLKQ PBOSF@BEEA]>KA IFBIV TFIl @LKQFKRBIBLES B>IMIB 'LLDIB &KQP >ILKB FP
OBPMLKPF?IB CLO JLPQ LC TB? CLKQ RP>DB JLPQ LC QEB MLMRI>O TB? CLKQP >KA JLPQ L
CLKQP RP>DB 4E>Q P >K FEMIBBRPFS

7EFIB TB PQOLKDIV HRKEE>Q PBIC ELPQFKD FP QEB CRQROB CLO TB? CLKQP FQ @>K KLQ
RPFKD > TB? CLKQ PBOSB@B [:$iLC PBKPB CLO > ISRIMBAEP AEBOB B>PV QL RPB

MOSFAB DLLA LRQ LC QEEMBOCLOJ>K@B]QELRDE KLQ QEB ?BPQJ>KA CLO QER ALPQ M>0Q
KLQ KBBA QL TLOOV >?LRQ CLKQ IF@BKPFKD>)BEEC DLLA QO

/K QEB LQEBO E>KA PBIC ELPQFKD FP KLT BSBEBRAQJESIKIFY R QEB ?BPQ MBOCLOJ>K@B
JLOB @LKQOLI >KA KL MOFS>@V EB>ARGESPQCRBIC ELPQ ?B PROB QL RPB 7/&&
OBPLRO@B EFKC font-display #LJ?FKBA QEBTFII ESB QEB ?FDDBPQ FIM>@Q LK QEB CLKC
IL>AFKD MBOCLOJ>K@RQENQB

6>0F>?IB CLK@BBBK LCC FK > PMB@Q>@RI>0O C>PEFLK FK QEB¥HQQ@:RMIB LC V

'LLDIB 7EFIB JLPQ MBLMIB PBBJ QL ?B RPFKD QEBJ CLO MBOCLOJ>K@B O83-RIBfP FB 2BIFB
@>PB TEBOB >ALMQFLK TB-FRIBHFLK B @>KQ T>FQ QL PBB TE>Q HFKA LC CRK >KA ALTKOF
@aWV QVMER TB || PBB FK QEB @LBSKIPV

7 B OB @>RQFLRPIV LMQFJFPQF@ >?LRQ @LILO CLKQP >P TBIl 5P>DB FP dK>II\V DOLTFKD -
E>P ?BBK QEBOB CLO > TEFIB ?RQ QEB AFP:SBOEBIBKIELKQ CLOJ>QP >KA QEB IFJFQBA #3:
PRMMLOGHEEFKABOBA >ALMQMELELB QEBPB TFIl 7B @GBFRLEK >KA TB PQ>0Q PBBFKD

PLJB OB>I DOLTQE

)Q FP @IB>0 QE>Q TB? CLKQ RP>DB TFIl @ LKQFKRBSBLLERM DFAB OB @ROFLRP QL PBB
TE>Q QEB CRQROB B@EXLILDFBB)IK@OBJIBKQEKQ &KPCBAFII RKIL@H TB? CLKQP CLO

AMMILF:M>KB:E BH ;EH@ <HEHK ZA3BML K
AMMILPPP P HK@ 0. %"0
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JLOB TOFQFKD PVPQBJP BK>?IFKD ?FIIFLKP LC MBLMIB QL PQ>0Q RPFKD TB? CLKQP CLO QEB d
4E>Q_RIBFQFKD

Author

"0>J 3QBFK
@ EQQMPQVML PL@FSI>J ) ?G:JPQBFK [in] ?CGJPQBFK ® EQQMTT ?CJPQBFK @LJ

"0>J 3QBFK FP SBBMBO >KA MOLAR@Q J>B-@BO0BP > ILQ >?LRQ GWIELDO

>KA FP E>MMFBPQ TLOHFKD >Q QEB FKQBOPB@QFLK ?BQTBBK ABPFPK >KA QB@EKL
QEB >RQELO LG @2BLKQ (>KA?LLFPV ! "LLH IM>0Q >KA QAKQ&>@B

/?2PBOSBO IF?60VB >IPL PMB>HP >?LRQ Q¥MED®A TB? MBOCLOJ>K@B >Q
@LKCBOBK@BP >OLRKA QEB TLOIA

AMMIL;HHDI:KM <HF IKH=N<ML P>;?HGM A:G=;HHD
AMMIPHGM?:<>H; LsKEF
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Media

Written by Eric Portis and Akshay Ranganath
>0B>P>= ;RB<HE:L $HBS3R5H:0 3>BLL
G:ERS>= ;iRKB<HKMBI= DLAR .:G@:G:MA
1=BM>= /JB<A:>E (>PBMM>L

Introduction

$BPMFQB ?BFKRIEEIOMDEB TB? FE@OBJIBIV SFPR>| )K C>@Q FJ>DBP >KA SFABLP >OB >K BPF
M>0Q LC QEB TB? RIMEDBBK @BV 4EB >IPL RKABODLFKD QOBJBKSERIFIFKKIKA QER7

11J>K>@ DFSP RP > RKFNRB LMMLOQRKFBWQDERDSE C>0 QEB SFPR>| TB? E>P @LJB]>P
>RQELOP >ALMQ KBT QB@EKLILDFBB)RR@AB-@LIA>M@ESFOQB PQOB>JFKD >KA [>WV
IL>AFKD]>KA ELT C>0 FQ PQFII E>P QL DL )_J ILRHFKEI>QBA )&

, BQ_P BRSFDEQ FK

Images

)J>DBP >@@LRKQ CLO > ERDB MLOQFLK LC QEB_ (\VMiFEB-T EBRERRBE COLJ QEBB
7 BFDEQE>MQBO QE>Q QEB JBAF>KPTBPEBQBBFDEQ FK *RKBLC  T>P  NRBRK
JL?FIB >KA LC QELPB HRIQBP TBOB FJ>DBP 4E>Q P JLOB QE>K (4-, +" #33 +"
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*>S>3@0FMQ  +" >KACLKQP +" @LJ?FKBA

99.9%

"B@KRK ,:@>L MA:M @M&=KM E>:LM HEHKM ?HK :G BEId@iie

IIJLPQ BSBOV M>DB HBORSM PLJB HFKA LC >K FISBIBFB FQ_P GRPQ > ?>@HDEH@KA LO C>

70%

"B@NRK )H;BE>|:@>L PAHLA >LIHGLB;E> >E>F>GM A.L :G BF.@>

/K QEB S>PQ J>GLOFQV LC M>DBP] LK JL?FIB >KA LK ABPHQLM]QEB JLPQ FIM>@QCRI
OBPLRO@B FP >K FJODBPQ #LKQBKQER, #0 FP > TB? MBOCLOJ>K@B JBQOF@ QE>Q
FABKQFJBP QEB I>0DBPQ BIEBREB-CLIA -LPQ LC QEB QFJB QE>Q BIBJBKQ E>P >K FJ>DB

)Q_P E>OASAPQ>QB QEB FIMLOQ>K@B LC FJ>DBP LK QEB TB? 3L \TEXRQSEBEBS
FJ>DBP

Image resources

,BQ_P PQ>0Q TFQE QEB OBPLRO@BPFIEBIPBISDBP >0B J>AB BB MEUJI>K V MBIP
AL QEB TBP FJ>DBP QVMF@HIV E>

A note on single-pixel images

Client 1x1 images
-L?FIB
$BPHQLM
&FDROB 2BPLRO@BP IL>AE <img> BIBIBKQP QE>Q @LKQ>FK GRPQBi PFKDIB MFU

| PRPMF@FLRPIV [>0DB KRJ?BO LC QEBJ >OE <img> BRB KQ @LKQ>FKEIKDB @LKQBKQ
>Q >Il )KPQB>AVQEB ?BFKD RPBA CLO QTL MROMUFEP RM>@BO &R0 >PE@HFKD

AMMILP>; =>OKMB<E>L E<I|
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https://web.dev/articles/lcp
https://en.wikipedia.org/wiki/Spacer_GIF
https://en.wikipedia.org/wiki/Web_beacon
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?B>@LKP

IK V KBTIV >RQELOBA TB?PFQB PELRIA RPBWIRICEKASER@LK 10) CLO Q®HFKDQP

LC BFPQFKD @LKQBKQ TF®RPRIOBIFUKA PM>@BO ')&FSB0eRQ FQ_P AFPEB>0QBKFKD QE>C
QEB ABPHQLM KRJ?BO EBOB FP RK@ E#KBE:-O0tKA QE>Q QEB JL?FIB KRJ?BO E>P LKIV
PEORKIN? QNK-JLRKQIA E>?FQPAFB E>0A

7EBOBSBO MLPPF?IB T@HRABA QEBPB KLQ OB>IIV >t <img> P COLJ LRO >K>IVPFP

Image dimensions

"B@NK BLMKB;NMBHG H? BFEGHNBEML

-L SFKD LK QL FJ>DBP QE>Q @LKQ>FK JLOB BEKPKBIMPEBJ >OB C>FOIV PJ>Il ?2RQ QEB
J>GLOFQV LC M>DBP >IPL @LKQ>FK >Q IB>PQ LKB ?FD FJ>DB

*-BD>MFBIPa >OB® QEB JLPQ FKBBBSFSOB LC FJ>DB PE/BEOPMEQSFS >PMB@Q
OQFL QEB JBAF>RIMFLRKQ LC -0 TLOHPLRQQL> Y FJ>DB

4E>Q J¥ PBBJ PJ>Il ?RQ QEB JBAF>K M>DB FK@IRABP : <img> *QEXB @LKQ>FKP >IJLPQ
QFJBP JLOB BRUQE>K QEB JB/ <img> BIBJBKQ

AMMIL>GPBDBI>=B: HK@ PBPB-3<HG

AMMII=>CEHI>RHSBEE: HK@ =M<L% >:<HG9 %

AMMILEF:G:< AMMIKABOHK@ >G ~ F>=B:\@
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https://en.wikipedia.org/wiki/Web_beacon
https://developer.mozilla.org/docs/Web/API/Beacon_API
https://almanac.httparchive.org/en/2021/media#fig-5
https://developers.facebook.com/docs/meta-pixel/implementation/marketing-api#intialize-img
https://spacergif.org/stats/
https://almanac.httparchive.org/static/images/2022/media/distribution-of-image-pixel-counts.png
https://almanac.httparchive.org/static/images/2022/media/distribution-of-image-pixel-counts.png
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"B@NK (:K@>LM BF:@> I>K :@> 3B BONGM
IQ QEB >PMB@FIOLC -OTLOHPLRQQL Y #LKPFABOFKD QEB JL?FISTE@O E>P

> QVMF@>! WIFAB SFBTMLOQ B REH) J¥K.C QEBPB I>ODB FJ>DBP BKA RM M>FKQBA
>@OLPP >IJLPQ QEB TELIB SFBTMLOQ >KA >Q EFDE ABKPFQFBP

YK PELOQ JLPQ FJ>DBP >0B PJ>ll ?RQ JLPQ M>DBP FK@IRAB >Q IB>PQ LKB ?FD FJ>DB

Image aspect ratios

7E>Q PLOQP LC >PMBE® OG0B @LJJILK LK QEB TB?
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https://almanac.httparchive.org/static/images/2022/media/largest-image-per-page-by-pixel-count.png
https://almanac.httparchive.org/static/images/2022/media/largest-image-per-page-by-pixel-count.png
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"B@RK %F:@> HKB>GM:MBHGL

-R@E IFBII>PB#0 JLPQ FJ>DBP >0B I>KAP@>MB LOFBKQBA >KA QEBOB FP SFOQR>IIV KL A
?BQTBBK QEB JL?FIB >KA ABPHQLM KRJ?BOP 3FJFI>O QL  QEFERBBIFAFPBA
LMMLOQRKFQI#K V >K )KPQ>BIIBO HKLTP MLOG®Q LOFBKQBA FIDBRRBO [>0DBO LK

JL?FIB P@OBBKB CRII TFAQE QE>K BFQEBO PNR>OB LO I>KAP@>MB LOFBK&BHEFJ>DBP AL
EFDEBO BKD>DBJB%BK TEBK QEB PLRO@B J>QBOF>I| FP I>KAP@>MB LOFBKQBA TB @>K >k
QOV QL Q>FILO FJ>DBP CLO JL?FIB P@SBOHIFGBEKIFLK

AMMILEF:G:< AMMI#ABEHK@ >G  F>=B: :LI><M KMBHL

AMMIIN@>LB@G << MA> IHP>K?NEIBB&=KLB@G H?.BGMHKBIKL <=>; >;
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https://almanac.httparchive.org/static/images/2022/media/image-orientations.png
https://almanac.httparchive.org/static/images/2022/media/image-orientations.png
https://almanac.httparchive.org/en/2021/media#aspect-ratios
https://uxdesign.cc/the-powerful-interaction-design-of-instagram-stories-47cdeb30e5b6
https://uxdesign.cc/the-powerful-interaction-design-of-instagram-stories-47cdeb30e5b6
https://www.dashhudson.com/blog/best-picture-format-instagram-dimensions
https://www.dashhudson.com/blog/best-picture-format-instagram-dimensions
https://web.dev/codelab-art-direction/
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Aspect ratio % of images

&FDROB ! O>KHBA IFPQ LC QEB QLM QBK FJ>DEQRIRBETF B

yJ>DBP_ >PMB@IFI® TBOB @IRPQBOBA >OLRKA ‘PQ>KA>0OAa S>IRBP PR@E >P >KA FK
M>OQF@RISENR>0B)K C>@Q  LC >Il FI>DBP E>A LKB LC QELPB QEOBEF:PMB@QEB
QLM >PMB@QRLP >@@LRKQBA CLO KB>OI <img> EC >lI

Image color spaces

)J>DBP >0B J>AB LCBIFUKA B>@EBVIELP > @LILEB 8KDB LC @LILOP QE>Q >0OB MLPPF?IB TFQEFK
> DFBK FJ>DB FP ABQBOJRKBESQ FJ>BBLILO PM>@B

4EB ABC>RIQ @LILO PM>@B LK GEB TB#BB @LILOP >OB PMB@FdBA FKARC>RIQ
>KAJRKIBPP QEBOB J>BA LQEBOTFPEILTPBOP >PPRJB QE>Q QEB @LILOP FK FI>DBP >OB P2
QLL

4EFP J>AB PBKPB FK > TLOIA TEBOBBJMQBLY >Il AFFPMKA @>MQROB E>OAT>0B AB>IQ FK
P2'|LO PLIBQEFKD @ILPB QL FQ "RQ QEB QF 38 OEFE>KKK JLPQ MELKB @>JB®P
@>MQROB FK TFABO OB>KRQP !IPL AFPMEE>OAT>0B @>M>?IB LC DRQFEB® LC P2
@LILOP FP KLT NRFQB @LJILK

%BOV JLABOK ?0LTPBO QE>Q_P M>FKQFKD QL > TFABTFRHIRDMARMM>FKRSGF?0

AMMIL>GPBDBI>=B: HK@ PBDB HEHK9LI:<>
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https://en.wikipedia.org/wiki/Color_space
https://en.wikipedia.org/wiki/SRGB
https://imageoptim.com/color-profiles.html
https://imageoptim.com/color-profiles.html
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LRQPFAB LC'R@LILOP FC TB BK@LAB LRO FJ>DBP RPFKD TFABSIREPK'RE) >OB TB
)K PELOQ L

)K LOABO QL QBII > ?0LTPBO QE>Q >K FJ>DB RPER_I RIFWRZ@B >RQELOP JRPSIDBKBO
>QQ>@B#KMOLAIB QL FQ QE>Q ABP@OF?BP @EBIHLEDBM>@B 4ELPB )## MCERIIBP E>

K>JBP 7B CLRKA >IFQQIBJLOB QE>K  RKFNRB )## MOLdIB K>JBP FK RPB LK QEB TB? (BO
>0B QEB QLM

AMMIL>GPBDBI>=B: HK@ PBDBH{ESIK
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https://en.wikipedia.org/wiki/ICC_profile
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ICC profile description sRGB-ish  Wide-gamut % of images

5KQ>DDBA
P2" )%t
@ @F
p2"
IAL?B 2"
R2"
SFPMM0
@
SFPMN
P2" ?2RFIQ FK
"-0 ?RFIQ FK P2
P2')%#  ?1>@H P@>IBA
'BKBOF@'DOLdIB
53 7B?#.>QBA 37/0 S
P2" -LW*0%'
I0QFOBLCQT>0B'R2# 00LdIB
$LQ '>FK
#L>QBA &/'2! )3/
IMMIB 7FAB #LILO 3E>OFKD 00LdIB
P2's #>KLK
s !
&FDROB ! O>KHBA IFPQ LC QEB QLM QTBKQV )## @LILO PM>@B ABP@OFMQFLKP JL?FIB

.FKB LRQ LC QBK FJ>DBP LK QEB TB? >0OB RKQ>DDBA JB>KFKDLRE>BHAZQEFQ TFII
7B FKQBOMOBQBA >EP2LC QEB OBJ>FKFKD >OBMIF@FQIV Q>DDBA'TEDE P2
PLIBQEFKD PFJFI>0 @L@BR2'a >KA®@ a >OB >II'P8>0F>KQRBPFDKBA QL ?B JFKFJ>| >KA

214 2022 Web Almanac by HTTP Archive


https://github.com/saucecontrol/Compact-ICC-Profiles

Part | Chapter 6 : Media

IFDEQTBFDE@PQ > IFQQIB JLOB QE>K  LC >Il LC PHRI¥BBPSB?BBK Q>DDBA TFQE >
TFABO QE>K'PR>JRQ -LOB PR@@FK@@M8 D>JRQ FJ>DBP >0B @ROOBKQIV >?LRQ >P MLMRI
LK QEB TB? >P-DP@>IB FI>DEEF@E >@@LRKQ CLO  LC QEBABDBP

/KB @SB>Q 6)& >KA 0.' >IILT Q>DDFKD FJ>DBP TFQE TFAB D>JRQ @LILO PM>@BP RPFKD CLC
PMB@Fd@ PELOQE>KAP TFQELRQ RPFKD BPRISDABR ALTK QEB M>QE LC QOVFKD QL ABQ
TFAB D>JRQA)&P >KA 0.'P QE>Q ALK RPB )## MOLJIBP ?RQ >@@LRKQFKD CLO QEB S>OFLRF
QEB >0B BK@LABAJ>KA QB T:RO QLLIFKD OBMLOQBA LK GBBIMEQ QLL @LUM)B

Q>@HIB QBFR¥ V2B KBQRAO

Encoding

LT QE>Q TBS DIB>KBA > ?FQ >?LRQ QEBFBDB @LKQBKQ TE>Q @AKZIRE:ELT QE>Q
@LKQBKQ FP BK@LABA BOU ABIFS

Format adoption

Y& *0%' >KA0.'E> SB?BBK QEB PQ>KA>0A ?FQJ>M FJ>DB dIB CLOJ>QP LK QEB TB? CLO AB
4E>Q PQ>0QBA QL @E>KDB TEBK #EOLJB PEFMMBA BRMMLOQELBAG QEB M>PQ @LRMIB
LC B>0OP QE>Q @E>KDB E>P-0B/8BHEDOF >KA JFESEKLT PEFMMBA70 PRMMLOQ >KA

>Il QEOBB J>GLO ?0LTPERPESMMBA >Q IR}ECEIBKQ>I PRMMLGYZECLO !

"/ CLOJ>Q EB®EBOV FJ>DB OBPLRO@BTIEB BFO

AMMIL@BMAN; <HF L:N<>+HIGNIK:<M % ,KH\E>L
AMMII=H<L @HH@E> <HEIM>ML = 0 H22F<$ L) . 3P$ DLK C"M,AN(4L B44H ;!>=BMIEB @B= K G@>,
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https://github.com/saucecontrol/Compact-ICC-Profiles
https://docs.google.com/spreadsheets/d/1T5oVAVmcH3sM6R-WwH4ksr2jFtPhuLXs3-iXXoABb3E/edit?pli=1#gid=560546690&range=P5
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"B@NRK %F:@> ?HKF:M :=HIMBHG

IQ ! 6)&_PPIF@BLC QE>Q MFB FP PL PEBKA?BIBAQIBQEB @E>0Q !KA TEFIB
J>V KLQ PLRKABBHLQ @LJM>OBA QLB>PEQYOBMOBPBKQP NRFQB > ?FQ LC MOLDOBPP

"B@NRK  %F:@> ?HKF:M :=HIMBHGI®K R:K <A:G@>

3ILTIV QEB LIA CLOJ>QP >0B J>HVKILO=QEB KBT LKBP ¥ REERIA 4EB KBT CLOJ>QP
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https://almanac.httparchive.org/static/images/2022/media/image-format-adoption.png
https://almanac.httparchive.org/static/images/2022/media/image-format-adoption.png
https://almanac.httparchive.org/static/images/2022/media/image-format-adoption-year-over-year-change.png
https://almanac.httparchive.org/static/images/2022/media/image-format-adoption-year-over-year-change.png
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LRQMBOCLOJ QEB LIA MBPFDKFd@>KQ J>CBRIDBQ > PBKPB LC QE>Q PELOQIV

Bytesizes

(LT EB>SV FP QEB QVMF@>| FJ>DB LK QEB TB?

"B@NK BLMKB;NMBHG H? BF:@> ;RM> LBS>L

1 JBAF>K LC  +" JFDEQ IB>A LKB QL QEFKH “%E KLQBYE-@REBSRPQ >P TEBK TBALL®!
MFBI @LRKQP TEFIB QEBOB ¥®B:4+KJ>DBP JLPQ M>DEB ES IB>PQ LKB I>0DB LKB
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https://almanac.httparchive.org/static/images/2022/media/distribution-of-image-byte-sizes.png
https://almanac.httparchive.org/static/images/2022/media/distribution-of-image-byte-sizes.png
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"B@NK (:K@>LM BF:@> I>K I:@> ;R DBEH;RM>L

-LPQ M>DBP 8>Q IB>PQ LKB FI:@8BBL +" >KA QEB QLM LC M>DBPEB>Q IB>PQ LKB
FJ>DB QE>Q TBFDEP >IJLPQ -"LO JLOB

Bits per pixel

“VQBP >KA BF@LRKQP >0B FKQBOBPQFKD LK QEBFO LTK ?RQ QL DBQ > PBKPB LC ELT @LJMOBI
TB?_P FJ>DB A>Q> FP TB KBBA QDBIRSKA BIPWDLDBQEBO QL @>I@RI>QB BFGEAUBO MFU

QEFP >IILTP RP QIBI>MMIBP QL >MMIBP @LIJM>OFPLKP LC QEB FKCLOJ>QFLK ABBRFQV LC FJ>DB|
FC QELPB FJ>DBB EFCCBOBKQ OBPLIRQFLKP

)K DBKBO ?FQJ>MP LK QEB TB? AB@LAB QL BFDEQ ?FQP LC FKCLOJ>QFLK BIBEL@E>KKBI MBO M
TB E3SB >K 2' FJ>DB TFQE KL OKPM>OBKE/@>KBIB@Q > AB@LABA RK@LIMOBPPBA FJ>DB QL
TBFDE FK >@-QP MBO BIFU DLLA ORIB LC QERJ? CLO ILPPIBPP @LJMOBPPFLK FP QE>Q FQ PELRIA
OBAR@B dIB PFWBP @>QFL TEF@E TLRIA TLOH LRQ QL ?FQE! KIBO MR ?FQ 2
FJ>DB 4EB ORIB LC QERJ? CLO PBM®PV @LIMOBPPFLK P@EBJBP]*0%' >KA -0 [T>P >

O >QFL  ?FQP MBBIMRYPELRIA ?B KLQBA QE>Q ABMBKAFKD LK FJ>DB @LKQBKQ >KA BK@L,
PBQQFKDP QEBPBROS>0V TFARA/JLABOK *0%' BK@LABGRURAHO%' QVMF@>1IV
LRQMBOCLOJ QEFP  Q>0ODBQ >Q QEBFO ABC>RRIPEIFYEDP 4

AMMI>GPBDBI>=B: HK@ PBDB HEHKQN>BANEBHKY ;BM
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https://almanac.httparchive.org/static/images/2022/media/largest-image-per-page-by-kilobytes.png
https://almanac.httparchive.org/static/images/2022/media/largest-image-per-page-by-kilobytes.png
https://en.wikipedia.org/wiki/Color_depth#True_color_(24-bit)
https://github.com/mozilla/mozjpeg
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Type of bitmap data Expected compression ratio Bits per pixel

5K@LIJMOBPPBA 2 2FQP MU

, LPPIBPPIV @LIJMOBPPBA2 X ?FQP MW
PBO >ILPPV'2 X ?2FQP MBU

&FDROB 4VMF@>1 @LIMOBPRHIOKA OBPRIQFKDEIRGRIRBMP CLO ?FQI>AM-0>

3L TFQE >l LC QE>Q >FUQLEBBBELT QEB TB?FJ>DBP PQ>@H RM

"B@NK BLMKB;NMBHG H? BF:@>EBML IBQ

IQ ?FQP MBOBIFQEB JBAF <img> LK JL?FIB >IJLPQ EFQP QE>Q  @LJMOBRFHELK O
Q>0ODBQ LK QEB KLPBSAGEOLRKA QE>Q JBAF>K QEBOB FP > QOBJBKABRP PRIOBSHA |,
QEFKDP ALTK CLOJ>Q FK LOABO QL IB>OK > ?FQ JLOB
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https://almanac.httparchive.org/static/images/2022/media/distribution-of-image-bits-pixel.png
https://almanac.httparchive.org/static/images/2022/media/distribution-of-image-bits-pixel.png
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Bits per pixel, by format

"B@NRK  )>=B:G ;BML I>KHEQR ?HKF:M

-LPQ LC QEBPB KRJ?BOP >0OB BPPBKQF>IIV RK@ERPKIBEA COLJ

7 B @>K >D>FK PBB QE>Q TEFIB 0.' QB@EKF@RIN.BBMIRPa @LIMOBPPFLK QB@EKFNRBP TEF@E
TLRIAIB>ARP QUMB@Q  ?FQP MBBIMMBMBKAFKD LK TEBQEBO LO®BQ@BBIFKD TFQE >K

>IME> @E>KKBI FQP BK@LABOP-HUBLPBMEBG/ OBAR@B @LILO M>IBQQBP >KA FKQOLAR@B
AFQEBOFKD M>QQBOKP ?BCLOB "ILPPIBPPIVa @LIJMOBPPFKD FJ>DBP FK LOABQRMP?LLPQ @LJIM

IKA TB >D>FK PBB QE>Q QEB QBWFEP>LKB QEFOA IFDBORGFDE>K QEB QVMF@>! *0%'
4EFP FP >?LRQ TE>Q TB TILRIS@Q0J> PQRAFBPEF@E SFQRPB>Q@EBA NR>IFQFBP
E>SB BPQFJ>QBA QEBTD LTRQMBOCLOJP *0%5?LRQ QE>Q P>JB J>ODFK

4EB LKIV ?FD SBOTEBK @LJM>OBA QL IBPQFP 6)& 4EB CLOJ>Q AOLMMBA COLJ  ?FQP MBO
MFBI 1>PB¥O]IBPP @LIMOBPPBA QEXKIOB>AV |>Il QEBVALTK QL 4EFP FP > ERDB
OBAR@QFLK ?RQ FQ BKEK-OBIVVBE® QB3)& FP >EDVIRKD CLOJ>Q TELPB BK@LAROP E>
?BBK NRF@HN\*BBRD >KA TELPB >ALMQFLK FP PFDKFd@>KQIV 7B @ RIESED)EER
JBAF>K B)& TFIl 7B 88K JLOB @LIMOBPPBA

7FQELRQ ILLHFKD >Q QEB NR>IFQV PFAB LC QEB ILPPV @LIM@EREEX RREQIPPF?(B
QL @LK@IRAB COLJ QEBPB OBPRIQP )& KEGQESR QEB “?BPQa @LIMOBPPFLK LC >Il LC QEB TB?

AMMILEF:G:< AMMKRABOHK@ >G  F>=B: ;BML I>K IBE ;R ?HKF:M
AMMIL=>GEHI>KL @HH@E> <HF LI>>= P>;l =H<L P>;I9LMN=R
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https://almanac.httparchive.org/static/images/2022/media/median-bits-per-pixel-by-format.png
https://almanac.httparchive.org/static/images/2022/media/median-bits-per-pixel-by-format.png
https://almanac.httparchive.org/en/2021/media#bits-per-pixel-by-format
https://developers.google.com/speed/webp/docs/webp_study
https://kornel.ski/en/faircomparison
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@LIM>QF?IB CLOJ>QP "RBEEFB @>K @LK@IRAB QE>Q FK OB>| TLOWERFEQB JEBBLPQ
@LIMOBPPFL{O QE>Q @LK@IRPFKQERE? OBPRITEF@E PRDDBPQ FQ >IPL ALBP > DLLA G
LC MOBPBOSFKD NRKARQEB MF@QROB PQ>0QP ILLHFKD MOBQQV DLLAJMRK FKQBKABA

! 6)&_P ?0LTPBO PRMMIRLQLLH > ERDB 1B>M BEFRLC QEFP FP QIEBBR_OB PBKAFKD
2FQJ>M FJ>DBP >@OLPP QEB TER}3PAOB@>I LC M>DBP AL]V LR PELRIA >Q IB>PQ
@LKPFABO PBKAFED !

GIFs, animated and not

IQ QEB LQEBO BKA LC QEB @LIMOBPPFLK @E>0Q FP LROALABRDEBRAL)EFKD M>0QF@RI>C
?>A ?RQ FQ_P KLQ >Il QEB CLOJ>Q_P C>RIQ /KB LC QEB BESRIKEQERR) RP PQFII FK
@LJILK RPB FP FQP >?FIFQV QL AL >KFJ>QFLEB KK SEEBLRKQBA CLO QEB KRJEBO LC CO
TEBK @>I@RI>QFKD QEB KRJ?BIP LAEMFEPBP > CBT FKQBOBPQFKD NRBPQFLKP %FOPQ ELT

29%

"B@NK , >K>GM:@> H? #%"L MA@ BB#/1>= HG FH;BE>

) CLRKA QEFP PROMOFPEKBIYREK@ B @EFBSBA RKEDP> PRMMLOQ FK QEB@E-PKQ
2BBK > DLLA OB>PLK QL PEFM > KLK >KFJ>QEB T&OA)&a E>P ?B@LIB PVKLX RP TFQE

FQP LKIV GRPQFd>?IB RPB @>PB "BFKD > MOPOPCIBORKFELO PELOQ PFIBKEKBRQLMI>
ILLMFKD >KFJ>QFLK /KB TLKABOP TEBQEBO >II LC QEBPB KLK >KFJ>QBA &P >OB IBD>@V @
TEBQEBO QEBOB >0B > PFDKFd@>KQ KRERZEC-KEIBBA &P ?BFKD @OB>QBA >KA MR?IFPE!
QL QEB TB?]) ELMB KLQ

LT QE>Q TBS PBM>QBA LRQ QEB >KFJ>QBA &P COLJ QEB KLK >KFJ>QBA LKBP TB @>K >IP
7E>Q >OB QEB @LJMOBPPFR:®@EEPQF@P LC KLK >KFJ>QBA SP >KFJ>QBA &P

AMMILG>MIBQM><A;EH@ <HF :00M7@K®@BBHG BF:@> <H=BG@ ;= 7>
AMMIL<:GBNL> <HF :0B?
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https://netflixtechblog.com/avif-for-next-generation-image-coding-b1d75675fe4
https://caniuse.com/avif
https://caniuse.com/?search=png
https://en.wikipedia.org/wiki/Portable_Network_Graphics#Compared_to_GIF
https://en.wikipedia.org/wiki/Portable_Network_Graphics#Compared_to_GIF
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"B@NK  #%";BML I>KNBQGBF:M>= OL GHG :GBF:M>=

/K@B TB OBJEB >KFJ>QBA )&P COLJ QEB BNR>QFLK QEB CLOJ>Q ILLHP{R@BABSQBO

LC ?FQP MBCBVIFEP >OB PJ>IIBMI CLO MAUQE>K 0.P 4EFP BIM OBeB@QP QEB HFKAP LC
@LKQBKQ QE>Q B>@E CLABAQERBMOBPP &MBPFDK @>K LKIV @LKQ>FK ~ @LILOP >KA
2FK>0VsBEM>0BK@W @>K @LKQ>FK  JFIIFLK @LILOP MIRP > CRII >IME> @E>KKBI

“BCLOB TB JBB LK COLJ ')&P ) AL BB LKB JLOB NRBPQFLK >?LRQ QEBJ (. G€}8P AL
>KFJ>QBA )&P QVMF@SBV E>
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"B@NK  BLMKB:NMBHG H? :GBF:MB= ¢pHNG@KIL
1 I>GLOFQV LC >KFJ>QBA )&P @LJB FK >Q >MMBKIBOP )K@FABKIEBIVLPQ-UBP TB

CLRKAFK>)&T>P  IQ &03 QE>Q TLRIA TLOH LRQ QL >K BFDEQ >KA > E>IC JFKRQB )&
4EB JFKA OBBIP

Embedding

LTQE>QTB > PBKPB LC ELT QEB PE3>DB OBPLROGBPHBK BK@LABA TE>Q @>K TB
P> >?LRQ ELT QEBOB BJ?BAABA LK TB? M>DBP
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Lazy-loading

"B@NRK =HIMBHG loading=lazy HC <img>

4EB ?FDDBPQ PQLOB*EP-P QEMMBA >ALMQFLK LC I>WV IL>AFKD 7EFIB QEB M>@B LC >ALMQFLK
E>P PILTBA FQ_P PQFI MOL@BBAFKD >Q >QBJ>PE3REBE LC M>DBP TBOB RPFKD I>WV
IL>AFKD 4EFB>OTB PS> UFK@OB>PB .LT LC M>DBP >0OB RPFKD I>WV IL>AFKD

'FSBK QEB S>PQ >JLRKQ LC IBD>@V @LKQBKQ LK QEB TB? DLFKD COLJ WBOL >ALMQFLK QL GRF
LKB NR>OQBO EUEM>DBP TFQEFK BFOR/FP > OBJ>OH>?IB CB>Q >KA PELTP GRPQ ELT JR@E
ABJ>KA QEBOB T>P CLOBK®RBIL>AFKD

9.8%

"B@NRK ,>K>GM:@> H? <img> L MA:M NL> GEER EH:=BG@ HG FH;BE>

IKA FKABBA GRARIHRAIB¥OFQ PBBJP M>DBP >0OB RPFKD I>WV ILMABR@E ?FQ

SWV IL>AFKBQ BIBJBKQP J>BP #0 P@LOBP JR@E TLOPB )Q_P >K >KQF M>Q@BOK QE>Q J>H
M>DBP PILTBBBFKD QE>Q LKB FKQ@| <img> P >OB I>WV IL>ABA FP AFPEB>0QBKFKD 3BBFKD QE>(
QEFP >KQF M>QQBOK E>P DLQQBK PIFDEQIV JLOB @ EROHEEK @EIBRQ V
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alt text

)J>DBP BJ?BAABA TF <img> BIBJBKQP >OB PRMMLPBA QL ?B @LKQBKQCRV 4ER) BBQL P>
KLQ GRPQ AB@ES>KA QEEPELRIA @LKQ>FK PLIBQEFKD JB>KFKDCRI !@@LBAFKD QL ?LQE
OBNRFOBJBKSIAQEB (4-, PMB@ >Il @LKQBKQCRI FJ>DBP SRPMBOKEBBQ >KA QE>Q
>IQBOK>BEBQ PELRIA RPR>IIV 7B PRMMTE alt  >QQOF?RQB

54%

"B@RK ,>K>GM:@> H? BF-@>L MAIM A:=: Calt EMBIKB;NM>

4EFP OBPRIQ JB>KP QE>Q >IJLPQ | <img> P>HOB ISFLRPIV FK>@ @BPREBFKABMQE
>K>IVPFP COLJ GERP P >@@BPPF?FIFQSP@EFNAB®>QFLK > [>0DB @EI <img> FEB
QE>Q ALSBKLK ?I>Klalt  >QQOF?RQBP GOHIQE>Q >@@BPPF?IB BFQEBO

7 B @>K >KA JRPQ AL ?BQQBO
srcset

0OFLO QL I>WV IL>AFKD QEB ?FDDBPQ QEFK <img> PMME}QITB? T>P > PRFQB LC CB>QROB
CLO "OBPMLEFESDB#TEF@E >IILTBA FI>DBP QL Q>FILO BERIRBISTFQEFK OBBMVLKPFS
ABPFDKP &FOPQ PEFMMBA Flsrcset 3>QQOF?Isizes >QQOF?RQB >k <picture>

BIBJBKQ BB >IILTBA >RQELOP QL J>OH RM >A>MQ>?I1B OBPLRO@BP CLO >IJLRQ > AB@>AB K
JR@E >KA ELT TBII >OB TB RPFKD QEBPB CB>QROBP

,BQ_P PQ>0Q TFsrcset >QQOF?RQB TEF@E >IILTP >RQELOPERMABBO > JBKR LC
OBPLRO@BP QL @ELLPB COLJ ABMBKABKD LK @LKQB

34%

"B@NK ,>K>GM:@> H? l:@>L NL srcset 3IMMKB;NM>

/KB QEFOA LC M>DBlsrcset  ?RQ QTL QEFOAPQ@'RBK QEB MBSEBK@B LC eRFA DOFAP
TFQEFK OBPMBKABISFDKP FK ) PRPMB@Q QEBOB >O0B > ILQ LC M>@BPE srcset  )BK
QE>Q PELRIA 7B

AMMILPPP P HK@ 3% 3 # 1G=>KLM:G=BG@ GHBMHGM>GM
AMMIIAMFE LIRA:MP@ HK@ FNEMBI:@> BF:@>L AMFE :EM
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4EBsrcset  >QQOF?RQB >IILTP >RQELOP QL ABP@OF?B OBPLRO@BP RPFKD L x 3 LC QTL ABP@O
ABP@OFMQLOP QE>Q PMB@FCV TEF@E P@OBBK ABKPFQV > OBPKF w @BF® OMMQLOOF>QB CL
TEF@E FKPQB:B\QEB?0LTPBO QEB OBFLROADE FIBMFEPBA FK @LKGRK@QFLK TFQE QEB

sizes >QQOF?f wBBP@OFMQLOP >IILT 20LTPBOP QL PBIB@Q > OBPLRO@B >MMOLMOF>QB CL(
ISVLRQ TFAQEP >KA S>OF>?IB P@OBBK ABKPFQFBP

"B@NK srcset  =>L<KBIMHK NL:@>

4EB x ABP@OFMQLO @>JB dOPQ >KA FP PFIMIBO QLLOBSFDR FL RRGELOB
MLMRI>OFQV QE>K QEB JLOB I w EBP@OFMQLT>0JP ¥ EB>0Q QE>Q KB>0IV > AB@>AB FK QEB
TLOIA E>P @LJB >OLRK w QBP@OFMQLOP

sizes

) JIBKQFLKBA B>OIFB(w AE&BR@OFMQLOP PELRIA ?B RPBA FK @LK sizes RQ®AFTHOBP
(LT TBII >OB TB RPFlsizes )K QTL TLOAP .L(B®V

4EBsizes >QQOF?RQB FP PRMMLPBA QL ?B > EFKQ QL QEB ?O85RGR>¥:RQ PEBBLC

QEB FJ>DB RPR>IIV OBI9QEEB SFBTMLOQ TFAQE 4EBOBSSIB-3¥BP QE>Q @>K >CCB@Q >K
FJ>DBP M.RQ TFAQE Zsizes >QQOF?RQBWE@FQIV PRMMLPBA QL ?B > EFKQ >KA PL > IFQQIB
FK>@@@U FP /+ >KSEK BMB@QBA "RQ Isizes >QQOF?RQB FP JLOB QE>K > IFQQIB

FK>@@@B FQ @>K >CCB@Q OBPLRO@B PBIB@QFLK @>RPFKD QEB ?0LTPBO QL IL>A >K FJ>DB
sizes TFAQE TEBK QEB >@WERQIFFAQE LC QEB FJ>DB FP PFDKFd@>KQIV AFCCBOBKQ
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3LELT >@@RB >OB L sizes

"B@KRK BLMKB;NMB <img sizes> >KHKL

7EFIB J>KV sizes >QQOF?RQBP >OB BKQFSBB/ OGEIRAI sizes >QQOF?RQBFP  QLL
I>ODB LK JL?FIB >KA  QLL I>ODB LK ABPHQLM 4E>Q JFDEQEBQEBESK® KHOROB LC
QEB CB>QROB ?RQ @ PBB QEBM >KAM KRJ?BOPQOEMQQV >KA IB>A QL ?2>A

19%

"B@NK sizes :MMKB;NM>L MABE>KNK >GHN@A MH srcset  L>E><MBHG HG
=>LDMHI +G FH;BE> BMXL

/K ABPHQLM TEBOB QEB AFCCBOBK@B ?BQTBE sizes SBIRB 100w >KA QEB >@QR>
ILRQ TFAQE LC QEB FJ>IB\FELFMB >0DBO QE>K LK JL?FIB LB sizes >QQOF?RQBP FP
FK>@@@BBKLRDE QL @>RPB ?0LTPBOP QL MF@H > PR?LMQFJ>| (srcset  @EBFR.J QEB
BOOLOP >AA RM
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"B@NRK  !Q<>LL DBEH;RM>L EH:=>= I>K |:@> =N>MH sizes NK

7 B BPQFJ>QB QE>Q LKB NR>0QBO LC ABPHQLM M>DBP >OB IL>AFKD U@HFBHHK +"LC B
A>Q> ?>PBA MROBIV L sizes >QQOF?RQBP 4E>Q\FP TRCRBRN>IIBO OBPLRO@B FP QEBOB
CLO QEB MF@HFK srcset  B?RQ ?B@>RPE sizes >QQOF?RQB FP PL BOOLKBLRP QEB ?0LTPBO
ALBPKQ MF@H FQ 'AAFQFLESABPHQLM M>DBP QE>Q RPB PFWBP IL>A JLOB QE>K > E>IC
JBD>VQB LL@BPP FJ>DB A>Q> ?B@>RP sizes -AQQOF?RQBP

*HM> +NK:RE>KL =B€@ :<MN:EER EH:= MAWKHRIEL LH MA> GNF;>KL:KESKLMBF:M>L ;:L>=
BG I:KM HG MA> ;RM> LBS>L H2<WrkEHBEEHIRMB<A MAREHKL :<MN:EER =B= EH:=

YK QEB PELOQ QBOJ FKAFSBARMBAB @>K >KA PELRZBRRE>DB,FK@L >RAFQ >KA dU
QEBFO ?>AlV BK sizes >QQOF?RQBP >KBRQUBEFP HFKA LC T>PQB

YK QEB JBAFRJ QBOJ TEBOB MLPPF?IB QEB TB? MI>QCLOSFBRABQLRBOBRLLUEKD &
J>KV ABBILMBOP >RQELOFKD]>KA J>FKQ>FKFKRQI sizes SQQOF?RQBP ESBKMIL?B
QLL E>OA ! MOLMLP>I QE>Q TLRIARQLI>QF@ PFWBP CLO I>WV IL>ABR EXQBB Q>?IB
, BQ_P ELMB FQ MOLDOBPPBP FK

4EBI>WVPFWBP GBVFREP >I0B>AV BENL.QEB >MMBQFQB CLO QEFP PLOQLC PLIRQFLK
sizes >QQOF?RQBP @ROGBKER E>IRIRQ: ?BCLOBI>3@O0FMQ BKFOB [>QBO

OBTOFQQBK QL MBOCBEQB\S>@RBRBOWVPFWBP GP ?BCLOB FQ I>WV IL>AP QEB FJ>DB .LQB QE>!
?B@>RPB FQ OBIFBP LK I>WV IL>AFKD QEFP M>QQBOK FP KQ@ISNBRILIAGH <img> LO ,

AMMILNLB @BMAN:IBBFK@>EBGM
AMMIL@BMAN; <HF PA:MP@ AMFE INEE
AMMIL@BMAN; <HFKDL E:SRLBS>L
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BIBJBKQP QE>Q >O8>QEB CLIAGQEBPB FJ>DBP QEB DKL DI>0A CLO MBOCLOJ>KQ
OBPMLKBHRB>AFKD FP > TBII >RQE sizes >QQOF?RQB

<picture>

4EB I1>PQ OBPMIBKPE®B CB>QROB QL I>KA FK  T> <picture>  BIBJBKQ 7EFIB
srcset  E>KAP ?0LTPBOP > JBKR LC OBPLRO@BP QL @EL <picture>  HEBJBKQ >IILTP
>RQELOP QIB@H>0DB DFSFKD ?0LTRBAP@EREG PBQ LC FKPQOR@QFLKP >?LRQ TEF@E @E
<source> BIBJBKQ QL IL>A > OBPLRO@B COLJ

4EB <picture> BIBJBKQ FP RPBA C>0 IBlsrcset <

[.1%

"B@NK ,>K>GM:@> H? FH;BE> l:@>L MA: <picture>  >E>F>GM

4EFP FP RM > @LRMIB QF@HPBSORRQRER/ C>@Q QE>Q QEBOB >8B/>DBPQIS-Q RPB
srcset  CLOSBOV LKB M>DB QE>( <picture> PRDDBPQP QE>Q <picture> _P RPB
@>PBP >0OB JLOB KF@EB LO FQ_P JLOB AFGGI@RQQE- ABMIL

7E>Q >0OB MBLMIB R <picture>  CLO

4EB <picture>  BIBJBKQ DBB >RQELOP QTYA®L PTFQ@E ?BQTBBK OBPURB@BERO®EFKD
>IILTP >RQELOP QISFKB.@RQQFKD BADB FJ>DB CLOJ>QP QL ?0LTPBOP QE>Q PRMMLOQ QE
C>117>@H CLOJ>QFSBDEKS BIPB -BAF> PTFQ@EFKD C>@ERIFAEQEBE QALK FKD >RQELOP

QL PTFQ@E ?BQTBBK S <source> P ?>PBA LK JBAF> @LKAFQFLKP

AMMILPPP P HK@ 0. KLIBF@ NL><:L>L :KM-<BIBHG
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"B@NK <picture>  ?>:MNKL:@>

5P>DB FP PMIFQ OB>PLIBKINIBQBOBPQFRDINB PTFQ@EFKD E>P @ILPBA QEEFI>M PFK@B
\B>O 4EFP J¥ 7B OBI>QBA QL QEB FK@OB>PFKD MLMEIBBRBUFLE KB>DB CLOJ>BP IFH
| 6)& >KA 7B?20

Layout

0>0Q LC TE>Q BFHOBPMLKPFS-DBP AFCA@RIQ FP QE>Q FQ >PHP RP QL <img> PTHRQ ELT
7B I>FA LRQ TEFIB TOFQFKD/@F@E IB>AP RP QL > ?>PF@ NRBPQFI <img> FOBFA LRQ

7 B>IOB>AVPELT QEB TBP FJ>DB OBPLRO@BP FRQ/BERNMOB QEB-K ?B PELTK QL > RPBO
BJ?BAABA FJ>DBP JRPQ ?B MI>@BA TFQERK>KA MLQBKQF>1IV PNRFPEBA LO PQOBQ@EBA QL dQ

4EOLRDELRQ QEFP >K>IVPFP FQ TFIl ?BERW®BERFRA @EFIBOP_ SFBTMLAEEPABPHQLM
@gIBOT>P M UTFAB TFQE >$02 LC U QEB JL?FIBB®T>P MU TFAB TFQE >$02 LC
U

Layout widths

4EB PFIMIBPQ NRBPQFLK EBOB JFDEQ ?B (LT TFAB RLFRQEBBMBBKA RM TEBK M>FKQBA QL
QEB M>DB

AMMILEF:G:< AMMKRABOHK@ >G  F>=B:\@
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"B@NRK BLMKB;NMB <img> E:RINM PB=MAL

*RPQ IBIQEB OBPLRO@BP EBDREBLPQ LC QEB TBEI>DBP BKA RM MOBQQV PJ>Il TFQEFK
I>\LRQP 3FJFI>0LPQ M>DBPSE:>Q IB>PQ LKB C>FOIV [>0DB FJ>DB

"B@NRK  3B=>Ll<img> I>K|.@> EHRNM PB=MA

-LOB QE>K  LC JL?FIB M>DBP$B>>Q IB>PQ LKB FJ>DB QBRROMH.OB QE>K ST TLOQE LC
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SFBTMLOQ@LE QEBOB QEFKDP JLOB LO IBPP QLM LRQ OFPFKD PILTIV RKQFI > PFDKFd@>KQ KRJ'
PLJBTEBOB ?BQTBBK  LC M>DBP BB >K FJ>DB QE>Q BKAP RM TFABO QE>K QEB SFBTMLOQ
4E>Q_PBMA?B@>RPB QEB >RQELO E>P KLQ SRERABS IBQ> OKA QEB ABPHQLM PFWBA

M>DB FP ?BFKD P@>IBA ALTK QL dQ TFQEFK QEB JL?FIB P@OBBK

YQ_P FKQBOBPQFKD-0Q @ERROFQE QEB ABPRQLIFAQEP TEF@EWQKM LRQ >Q M 4EB

GRP@BM DOLTFKD ) dKA FQ PROMOFPFKD QE>Q JLOB QE>K  LC M>DBP LK ABPHQLM FK@IRAB/
QE>Q T>P TFABO QE>K-DE®@O MU SFBTMLOQ MOBPRJ>?IV QOFDDBOFKD ELOFWLKQ>|
P@OLII?>0P

Intrinsic vs extrinsic sizing

7E V AL QEB TBP FJ>DBP BKA RM >Q QEBRBAFWBP 4EBOB >OH ¥R QL P@>1B >K FJ>DB
TFQE #33 "RQ ELT JAKFJ>DBP >0OB ?BFKD P@>IBAVFRIE

)J>DBP IB+>IIOBMI>@BA BIBJBK@EB >KFKQOFKPF@ RFNEL>RIQ]FK QEB >?PBK@B LC >
srcset  @LKQOLIIFKD QEBFO ABKPREGY QRIBR @LKQOLIIFKDWQRBFWTAQE]FJ>DBP LK
QEB TB? AFP¥IB9 > ABKPFQVLC U OILM> Y FJ>DBFK<imgsrc> >KA ¥ ABC>RIQ
QE> <img> TFII ?B I>FA LRQ TFQE > TFAQELC /8B MFU

IRQELOP ¥ >MMINUROFKPF@ PFWFKD QIPSRBFDEB TFAQE LO ?LQE )C >K FJ>DB E>P ?BBK
BUQOFKPF@>1IV PFWBA FK LKB BEJBRRP width: 100%;  ORIB?RQ IBCQ QL FQP FKQOFKPF@
PFWB FK QEB L height: auto; LOKL ORIB >Q >l FQ TFIl P@>IB MOLNREFRBLKORV

FKQOFKPF@ >PEE®@Q O

#LIMIF@>QFKD QEFKDP ERIEYEBMRIBP >lil <img> P QL >MMB>0 >Q QEBFO FKQOFKPF@
AFJBKPFLKP RKIBPY SEB>QB PLIB @LHRQDEO FKPQ>K@ <img> BIBJBKQ TFQI max-

width: 100%;  ORIB TFIl 7B FKQOFKPF@>IIV PFWBA RKIBPP QE>Q FKQOFKPF@ PFWB FP I>0DBO
QEl<img> BIBJBKQ_P @LKQ¥KBEF@E @>PB FQ URIDRKBF@>IIV P@>IBA ALTK QL dQ

7FQE >Il LC QEM@IBK>QFLK LRQ LC YEBD® ELT QEB TH <img> BIBJBKQP >0OB PFWBA CLO
I>\LRQ

AMMIL=>GEHI>RHSBEE: HK@ =H<$0( 2B>PIHKMIF>M:9M:@
AMMIL=>GEHI>RHSBEE: HK@ =H<l/3>IE:<>=9>E>F>GM
AMMIL=>GEHI>RHSBEE: HK@ =H<L #EHEMKBGLB<9/BS>
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"BONK  %GMKBGLBMKBSLB< BF:@> LBSBG@

4EB J>GLOFQV LC FJ>BBREIOFKPF@ TFAQEP QEB J>GLOFQ\®R EKRQEFBPE® EBFDEQP 4EB
*?LQE @>QBDLOV CLO TFAQEJOBMOBPBKQFKD FJ>DI max-width QE min-width

PFWFKD @:RRQIBP >IPL C>FOIV MI.BHSEKD FJ>DBP QL QEBFO FKQOFKPF@ TFAQEP FP C>O0 |
MLMRI>O]>KA PIFDEQIV IBPP MLMRI>O QERP@EEDT>P

height , width , and Cumulative Layout Shifts

IK V <img> TELPB INLRQ PFWB FP ABMBKABKQ LK FQP FKQOFKPF@ TFAGRIQERMESQOFDDB(
>VLRQ 3EFCJK BPPBK@B PR@E FJ>DBP OFPH ?BFKD I>FA LRQ QTF@B /K@ -TEEK QEB M>[
#33 E>SB ?BBK MOL@BPPBA >KA QEBK > PB@LKA QRIEKFERKIRIERE IL>AFKD >KA QEBFO
FKQOFKPF@ AFJBKPFLKP >0B HKLTK

IP TB_8 GRPQ PBBR@KPF@>IIV P@>IFKD FJ>DBP QL dQ > @BOQ:FHKIDFAEE HEFIEDR>

>KA >PMB@QREKQOFKPFE@ ¥RES.JILK L4IDEQ QEB OBPRIQFKD MIMDR8 BEFEQP >

@LRMIB LESOP >DL ?0LTPBOP AB@@IBADB QER RE>Q Cheight  >KA width

>QQOF?RQE <img> TLOH4EBPB A*# @LKPFPQBKQIV PB(height A width

>QQOF?RQBP QL OBeB@Q QEF-:RIKED OBPLRO@BEP>IRKBB@LJIBKABA ?BPQ
MO@QF@B TEF@E >IILTP >RQELOP QL QBII QEB ?0LTPBO QEB FKQOFKPF@ AFJBKPFLKP L(
?BCLOB FQ IL>AP

AMMILEF:G:< AMMKABEOHK@ >G ~ F>=B: BGMKBGLBIMKBGLB< LBSBG@
AMMILP>; =>O.KMB<E>L <EL
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28%

"B@RK ,>K>GM:@: <img> >E>F>GML HG FH;BE> MA#M height :G= width
:MMKB;NM>L L>M

S5KCLOQRK>QBBESSB > ILKD T¥ QL DL ?BCLOB TB DBQ BDRKERALMQFLK
Delivery

&FK>IINBQ_P @3HLLH >Q ELT FJ>DBP >OERBABAIB0 QEB KBQTLOH
Cross-domain image hosts

(LT J>K V FJ>DBP >OB ?BFKDBGBASCOLJ > AFCCBOBKQ ALJ>FK QE>K QEB AL@BJIBKQ QEB
BJ?BAABA LK ! J>GLOFQV LC QEBJ FK@IRBEK®BKQ>DB MLFKQP JLOB QB>RI>PQ V

"B@RK  %F:@> AHLMILIKL L:F>=HF:BG

4EB C>@Q QE>Q > DOLTFKD J>GLOFQV LC FJ>DBMBSBR MFRDMBALI>FKP RKABOP@LOBP
ELT E>OA FJ>DBP >0B QL DBQ:3#DEEB ?BKBAQP LC BKIFFQFEB#& QL E>KAIBRO

AMMILEF:G:< AMMKABOHK@ >G  F>=B: <KiLL HKB@BG BF:@> AHLML
AMMIISLL MKB<DL <HF BF:@AlKK
AMMILP>; =>OBF:@> <=GL
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JBAF> CLQN

IKA KLT IBQ_P QROK LRO >QQE <img> . ®IMRKDBO >KA JLOB AVK>JF@ F <video>

Video

4EB <video> BIBJBKQ PEFMMBA FK  >KA E>P ?BBK QEB ?BPQ >KA]PFK@B QEB ABJFPB LC
MIRDFKPERH>PE >KA 3B@EFDEQ]LKIVIQL BJ?BA SFABL @LKQBKQ LK TB?PFQBP

/S BO QEB I>PQ GBS0V ) BB E>A QEB PBKPB QE>Q TB? @LKQBKQ FP PEFCQFKD 7EBOB>P PQ
&IF@HRPQ>BDLK@B ORIBA )_J FK@OB>PFKDIV BBREKEBP 4EHAALIFK>QB )P QEFP
PBKPB ?LOKB LRQ FK BEBIZK>@ P A>Q>PBQ (LT >OB TB <video> LK QEB TB?

Video adoption

5P>DB LC Q <video> BIBJBKQ @LKQFKRBP QL OFPB

"B@NRK =HIMBHG <video> HOK MBF>

/KJL?FIB <video> RP>DBE>P OFPBK COLJ LCM>DBP FK*RKB QL LC M>DBP FK *RKB

/KB FK M>DBP KLT FK@IRAB <video> BIBJBKQ OBMOBPBKQFKD >K FK@OBBPB LC V
LSBO B>0) ALK QEMB@Q QEB TB? QL @LKQ>W <video> P >f<img> P >KQFJB PLLK ?RQ
QEBOB >0B >K FK@OB>PFKD <video> EEBBOVRSO
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Video durations

(LT ILKD >OB QELPB SFABLP BQ\S

"B@NK  2B=>H =NKBHGL
.FKB LRQ LC QBK SFABLP >0OB IBPP QE>K QTL JFKRQBP ILKD KA JLOB QE>K E>IC >OB RKABO

PB@LKAP !IJLPQ > NR>0QBO LC SFABLP >0OB RKABMBOEB@RKHBPB >OB ' <video>
@ILQEFKD

Format adoption

7E>Q CLOJ>QP >OB PFQBOARBEFSK -0 TFQE FQEKFSOP> PRMMLOQ PERBNVKD

AMMIL<:GBNL> <HF FI>@
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"B@NK  OHI >QM>GLBHGL H? \E>L PBMA : OB=>H )%)! MRI>

"RQ -0 _P KRJ?BOP >0B > @LRMIB QF@HP ALPRBEIL J>KA TB @LKQFKRB QL PBB dIBP TFQE
21>KH BQBKPFL ts dIBP >K..m4s dIBP D>FKFKD DOLRKA 4EBPB dIBPBUEAEIES >
<video> BIMILVP >A>MBFFQQB PQOB>JFKD RPFKE,BFQEBO%' $  13(

)Q_P BK@IDWKD QL PBB OBPBISFRES. ABBES/ RPFKD >ASMRIFIB>JFKD LK QEB OFPB |Q QEB
P>JB QFJB TB ILLH CLOT>OA QL QEB TB? MI>QCLOAFRICED RED BESPLIRQFLK QL
>A>MQESFABLR)E>Q ALBRKOBIV LIS*3@OFMQ

Embedding

4EB <video> BIBJBKQ LCCBOP > KRJ?BO LC >QQOF?RQBP QE>Q >IILT >RQELOP QL @LKQOL
SFABL TFII 2B IL>ABA >KA MOBPBKQBA LK QEB M>DBOBSEHE)E® RP>DB

AMMILEF:G:< AMMIHABEHK@ >G  F>=B:\@
AMMIL>GPBDBI>=B: HK@ PBDB $0QA®EBG@
AMMIL>GPBDBI>=B: HK@ PBDB RG:FB<$&/MKFBG@3H®$00,
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"B@NK <video> :MMKB;NM>NL:@>

4EBOB >0OB > KRJ?BO LC QEFKDP QL RKM>@H EBOB

&FOF autoplay LSBOQLL preload QL ?B@LJB QEB JLPQ MLMRI>O >QQOB>RQBQHERP V
PBE playsinline muted >KAloop FK@OB>PFKD FK MLMIBIGEHQN >K FK@OB>PFKD KRJ?BO
LC MBLMIB RE-KD ( <video> BIBJBKQ QL OBMI>@B >KFJ>QB& P&PDLLA

4EB C>@Q QE>Q LKIV <video> P ESB width >QQOF?RQBP >KA GRPQ SB height

>QQOF?RQBP JB>KP QE <video> BIBJBKQP >OB PRP@BMQF?IB QL QEB P#JB HFKAP LC
MOL?IBJP TB FSTFQI <img> BIBJBKQP TEF@E I>@H QEBPB >QQOF?RQBP (BIM QEBRROLTPBO EBINM
>KA >AA QEBPB >QQOF?RQBP

IAAFQFLK>IIYEB C>@Q QE>Q CBTBO QE>K <video> )BKBIBKQP E>I controls
>QQOF?RQB PRDDBPQP > PFDKFd@>KQ KRJ?BO LC MEBROFEQDRBMEEQEBFO LTK RPBO
FKQBOC>@B CLGERNEMEDTFQE QEB SFABL

AMMILP>; =>O.KMB<E>L <EL
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5P>DB L preload ABPB®® PLJB JLOB BBPQFD>QFLK

preload

4EB preload  >QQOF?RQB E>P PBBK AB@IFKSBD GEBDE-PQ @LRBHDEC V

"B@NK <video preload> ‘MMKB;NNENS NL: @>

7E V ) IFB QL QEFKH FQ FP >RQELOP DBQQFKD LRQ LC\QEB ?0LTPBO_P T>

$FCCBOBKQ ?0OLTPBOP AL AFCCBOBKQ QEFKDP TEBK FQ @LJBP QL AB@FAFKD TEBK QL IL>
preload  >QQOF?RQB FPGII> >RQELOP QL PQBM SKHOBERLKQEHEQ QE>Q MOL@BPP

4E>Q @LRIA FK@IBME@FQIV >PHFKD QEB ?0LTPBO KLQ\@EWRBIL none  >PHFKD QEB
20LTPBO QL MOBIL>A G| metadata  LO >PHFKD QEB ?0LTPBO QL MOBIL>A RPFKD BFQEBO C
auto LO BJMQV S>IRBP )Q_P FKQBOBPQFKD >KA MBOE>MP EB>OQBKEEQ IBRFPBB >RQELC
@LKQOISBO SFABL IL>AFKD AROFKD QEB MBPQROEMABBOP HKLT QEB JLPQ >?LRQ QEBFO
RPBOP_ @URBBKLQ FK@IRAF preload  >QQOF?RQB >Q >Il IBQP QEBJ AN TEERKEER ?BPQ

src and <source>

4EB src  >QQOF?RQB FP LKIV MOBPBKQ <video> BIBJBKQP ->K LC QEB OBPQ RPB
JRIQFM <source> @EFIAOBK >IILTFKD >RQELOP QL FKPQB>A PRMMIV JRIQFMIB >IQBOK>QE
OBPLRO@BP FK >IQBOK>QB CLOJ>QP
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"B@NK *NF;>K H% <source> L I>K <video>

(LT J>K V <source> @EFIAOBEK <video> BIBJBKQP BB -LPQ E8B GRPQ LKB >B@\SCBT
RPB JRIQFMIB

Conclusion

3L QEBOBR/ESB FQ > PK>MPELQ LC QEB PQ>QB LC JBAF> LK QEBBE® FBBK GRPQ ELT
MBOS>PBHSI>DBP >KA \ FK@OB>PFKDIV \ SFABLP >0OB LK QEBBTBsFKRA E:JB FKPFDEQ FKQL
ELT QEB TBP FJ>DBP >KA SFABLP >0OB BK@LABA >KA BJ?BAABAJAER BKBBNBVIIBKQP
QEFmBYO >0B QEB >@Q@BBC>ALMQFLB)&RGKA QEEBO FK@OB>PFKD >ALMQFLK LC ?LQE I>WV
IL>AFKD >KA >A>RQFSQB PQOB>JFKD

4EBOB TBOB ELSEOPLJB CORPQEKD >PMB@QP FK@IRAFKD QEB >IJLPQ @LIMIBQB I>@H LC TFAE
D>JRQ @LILO PM>@BP QEB RKAVFKD WLJ?FB CLOJ>Q QE>Q FP )& FK ?LQE FQP >KFJ>QBA >KA
PROMOFPFKOK\>KFJ>QBA CLOJP >KA QERE>Q ?LQE sizes >QQOF?RQB >KA I>WV IL>AFKD

\ QTL CB>QROBP ABPFDKBA CLO MBOCLOJ>K@B \ >0B QEOL FEFORFKOLINBOMRPE>K@B LK

> PFDKFd@>KQ KRJ?BO LC M>DBP

(BOB P QL JLOB BCCB@RPFE>| @LJIRKF@>QFLK LK QEB TB? FK
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%OF @JQFP

X BQMLOQFPY BOF@MLOQFP @BBBMP & EQQMBOF@MLOQFP @LJ

%OF@IQFP FPB2DI>QCLOJ AT >QB#HORAFK>0V

IHPEV 2>KD>K>QE
X O>HPEY () >HPE¥ GKD>K>QE [ >HPE¥OKD>K>QE & EQQMPHPE¥OKD>K>QE DFQER? FL

IHPE 2>KD>K>QE FP SI3QQFLK !0@EFQBIERAFR>OWKA IFBP QL TLOH LK
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WebAssembly

Written by Colin Eberhadit

>0B>P>= ;RG /[FBMAG=%G@&OM>I:RG
G:ERS>= ;R:FB>):<=HG:E=

1=BM>= ;FKKR HEEK

Introduction

7 B?!PPBJ?IVILO 7 >PJJFP > OBI>@ASBT@LJIBO QL QEB C>JFIV LC TB? QB@EKLILDFBP
*>S>3@O0FMQ (4#33 ?B@LJIFKD >K LCd@F>IIV OB@LDKFWBA 7 # PQ>KA>0A FK $B@BJ?BO

7 B?IPPBJ?IV FKQOLAR@BP > KBT ORKQFJB FKQL QKB ABE@BTLOHP >ILKDPFAB >KA FK
@ILPB @LII>QBLK TFQE QEB3@OFMQ ORKQFJB )QBF? BBEQFBFDEQ FK @LIM>OFPLK TFQ
> PJ>Il FKPQOR@QFLK PBQ >KA > PQOF@Q FPRPRFBREINABIPKL/)? V ABC>RIQ /KB LC

QEB MOFJ>0V JLQFS>QLCSBICMFRBB?'PPBJ?IV T>P QL MEHAB > @LIMFI>QFLK Q>0DBQ CLO
TFAB $KDB LC MOLDEKD I>KDR>DBP 2RPQ 'L BQ@ >IILTFKDSRBB.MBOP QL TOFQB KBT

TB? >MMIF@>QFLKP LQFRQEKB >MMIF@>QFLKP TFQE > TFABO QLLIPBQ

(FDE MOLdIBBJIMIBP LCB?!PPBJ?IV FK@IRABRFBPTFQEFK 'LLDIB %>0@BOB QEB #
ABPHQLM >MMIF@>QFLKSBRIKRIBSTFQEFK QEB ?Q&FPBO > ?0OLTPBO ?>PBA ABPFDK QLLI

AMMILEH@ <ARBNF HK@ P>;LL>F;ER ;KBG@L @HH@E> >:KMAMHFEHK
AMMILPPP \@F: <HF ;EH@ P>;.LL>F;ER <NM\@F:L EH:= MBF> R Q
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QE>Q BKBA PFDKFd@>KQ MBOCLOJ>KRBROMIRPFKD QEFP QB@HHA IP) OB@BKQIV
OELQLPELMIEF@E RPBB7IPPBJ?IV CLO PFJFI>O OB>PLKP

Methodology

7 B?IPPBJ?IV FP > @LIMFI>QFLK Q>0ODBQ AFPQOF?RQBA >P POIQERPIOBRMK &B C>@B >
KRJ?BO LC @E>IIBKDBP TEBK >K>IVWFKD FQP RP>DB LK QEB EZ?I488>@ TTEF@E FP

QEB dOPQ BAFQFLK QE>Q FR@PRBBAV FK@IRABMBO>FIBA PB@QFLK LK QEB JBQELALILDV

RPBA >KA OBI>QBSE@OP 4EB dKAFKDP EBOB FK QEB  BAFQFLK CLIILTBA QEB P>JB
JBQELALILDVEB LKIV BKE>K@BJBKQ >AABA FP > JB@E>KFPJ CLO ABQBOJFKFKD QEB I>KDR>DB |
QL >RQEL@?!PPBJ?IV JLARIBP 4EB >@@ROLC QE>Q >K>IVPHOEA®K JLOB ABQ>FI FK QEB
OBPMB@PERD QFLK

How widely is WebAssembly being used?

7 BCLRKA  @LKdOJBA B?!PPBJ?IV OBNRBPQP LK ABPHQLM >KA LK JL?FIB 4ELPB
JLARIBP >OB RPBA >@OLPP  ALJ>FKP LK ABPHQLM >KA  ALJ>FKP LK JL?FIB TEF@E
OBMOBPBKQP  >KA  LC >Il ALJI>FKP LK ABPHQLM >KA JL?FIB @LOOBPMLKAFKDIV

4EFP OBMOBPBKQP > JLABPQ AOLM FK QEB KRJ?BO LC JISBRIBR A8 QEB@O
OBAR@QFLKLC CLO ABPHQLM >KA JL?FIB OBNRBPQP_@BfBR@BBPKOFIV JB>K
7 B?IPPBJ?IV FP FK AB@IFKB TEBK FKQBOMOBQFKD QEFP @E>KDB FQ FP TLOQE KLQFKD QEB C

b 7EFIB\LR @>K RPEB?!IPPBJ?IV QL @OB>QB >Il PLOQP LC TB? ?>PBA @LKQBKQ FQP J>F¥
?BKBdQ FP CLRKA FK JLOB @LEKBR.C ?RPFKBPP >MMIF@>QFLKP TFQE I>ODB @LAB?>P
QE>Q >0B LCQBY \B#OP LIB D 'LLDIB %>0QE OELQLPELM !RQI4EBPB TB?
>MMP_ >0B KLQ >P KRIBOLRP >P QEB TB?PFQBP >K/R:S)BIKRE:DT-QEB
11>K>@ @0 TEF@E FP MOFJ>OFIV ?>PBA LK ELJB M>DEF?TEEDIBIV J>V
2B IBPP MEDBBKQ

b P TB PE>Il PBB FK > I>QBO PB@QFLK JR@R!PeRIEB//RP>DB TB PBB @LJBP
COLJ > OBI>BINSJ>II KRJ?BO LC QEFOA M>&OFBHE?0 > OBPRIQ > PJ>Il @E>KDB FK
>KV LKB LC QELPB-BEBP TFIEB>» PFDKFd@>KQ FIM>@Q LK QEB KRJ?BO LC JLARIBP
TB dKA

7 B CLRKA PIFDEQIV CBTBO B?WPPBJ?IV JLARIBP PBEYSQL JL?FIB ?0LTPBOP 4ERP+PK
OBeB@QFLK LK @BPPBJ?IV @>M>?FIFQFBP LC JL?FIB ?0LTPBOP PHV@EEDBEBIBKQ

AMMILP>; =>OIL HG MA> P>;
AMMILEF:G:< AMMKRABEHK®@ >G  P>;:LL>F;ER F>MAH=HEH@R
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PRMMLOQ 2>QEBEMBIFHARB QL QEB PQ>KA@AR@RQCDOBEPBSE>K@BJBKPEBOB FK
QEBPB @>PBP QEB JLOB >AS>K@BA CB>QROBPEMRRBIBNMRBEBII.Q PRMMLOQBA CLO
JL?FIB RPBOP

"B@NRK *NF;>K H? 3LF K>LIHGL>L

"V E>PEFKD QEB7PPBJ?IV JLARIBP TB @>K ABQBOJFKB EMLISIQEBPB

JLARIBP]LK ABPHQLM]>OB RKFNRB "V AB ARMIF@>QFKD JLARIBP QEB QLQ>I KRJ?BO OBAR
OLRDEIV >C>@QLOLC TFQE RKFNRB JLARBRIPEBSHQLM ?0OLTPBOP >KA QL

JL?FIB 4EFP FKAF@>QBP > PFDKFd@>KQ >JLRKQ LC OB RPBJAFCCBOBKQ TB?PFQBP J>HFK
P>JB 7 B?!PPBJ?IV @LAB JLP(BIMQEOLRDE PE>OBA JLARIBP

| PFDKFd@>KQ MOLMLOQFLK LC T>PJ OBNRBPQP >0B @OLPP LOFDFK CROQEBO OBFKCLO
QEB >OB OB RPBA .LQ>?IV QEFP E>P FK@OB>PBA PFDKFd@3>®QIV S®LJ I>PQ V

AMMII=>GEHI>RHSBEE: HK@ =H<L #EKHIGHR BO!GA:G<>F>GM
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https://developer.mozilla.org/docs/Glossary/Progressive_Enhancement
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"B@NRK KHLL HKB@BG&I3>F;ER NL:@>

4EBPB TB?!PPBJ?IV JLARIBP AFCCBO @ PFAR®FWB TFQE QEB PJ>IIBPQ ?BFKD GRPQ > CBT
HFILYQBP >KA QEB I>ODBPQ TBFDEFKD FK ¥QBPIREIFKD FK JLOB ABQ>FI >Q QEB
RK@LIJMOBPPBA PFWB TB PBB QE>Q QEB JBAF>K  (EEMBIRE BROFIEBP

4EB PJ>IIBPQ L®B?!PPBJ?IV JLARIBP >OBBRH?BFKD RPBA CLO NRFQB PMB@Fd@ CIRK@QFLK>IFQV
BU>JMIB MLIVAIIFKD ?0LTPBO @>M>?FIFQFBP LO PFIMIB BK@OVMQFLK Q>PHP 4EB I>0ODBO JLAF
IFBIV BKQFOB >MMIF@>QFLKP QE>Q >OB EPIRREIBA/QL 7
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"B@NRK 1G<HFIKLL>=KIHGL> LBS>L

#IB>OIV B?!PPBJ?IV FPKQ TFABIV RPBA >REBD QE>K PBBFKD > DOLTQE FK RP>DB TB >OB P!
> JLABPQ @LK@QFLK
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What is WebAssembly being used for?

"B@NK , HINEK 3; LL>F;ER EBKB>L

b 1J>WLK)63 1J>WLK )KQB® (E6FABL 3BOSF@BOB 7 B?!IPPBJ?IV FP BIY
?BFKD RPBA >P > SFABL @LAB@ >IILTFKD @LKPFPQBKQ SFABL AB@LAFKD FKABMBKA
@LAB@ PRMMLOQ LC QEB RPBO_P ?0OLTPBO

b (VMEBKLMLIV 4EFP FK >K KMJ JLARIB QE-8FNER.> MLIVdIl CLO ¥88EBK>QFLK
4EB @LOB >IDLOFQEJ FP PEFMNBBRPPBI?TV JLARIB DFSFKD > PJ>Il CLLQMOFKQ
>KA @LKPFPQBKQ MBOCLOJ>K@B

b “I>WLO -F@OLPLCQ "I>WLO FP > MI>QCLOJJORKQFJBOKIQE+E?PRMMLOQP QEB
ABBILMJIBKQ LC TB? >MMIF@>QFLKP RPFKD QEB .%4 MI>QCLOJ >KA #

b 10@)3 ! @LIMOBEBKBASRFQB LC QLLIP CLO ?RFIABBERIBBKD
>MMIF@>QFIBATDOJI>K@B FP > MOFJ>0V @LK@BOK CLO QEB !0@¥)3 QB>J >KA QEB
BJMILV S>OFLRP QB@EKLILDFBP FR@EL-P@ESB QEFP 3MB@Fd@>IIV
7 B?IPPBJ?IV FP RPBA QL BK>?IB C>PQ @IFBKQ PFAB MOLGB@QFLKP

b #>KS>P+FQ 4EFP IF20V MSEABP JLOB >AS>K@BA @>M>?FIFQFBP QE>K QEB PQ>KA>OA
#>KS>P $10) )Q FP FIMIBJBKQBA SF> 3HFMEFEP HOAOTOFQQBK FK # TEF@E FP

AMMILPL :F:SHG <HF BOL

AMMILFG:M>@BMAN; BH $RIA>GHIHER

AMMII=HMG>M FR#M <HF >G NL :IIL :LIG>M P>; :lIL ;E:SHK
AMMIL=>GEHI>KL<@BL <HF:C<BBIM E:M>LM
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@LJIMFIBA QB?!PPBJ?IV >IILTFKDLB@RQFLK FK QEB ?OLTPBO

b 4>?I1B>R ! MLMRI>O QLLI CLO ?RFIAFK@EESBEOR>IFW>QFLKP )Q FP KLQ @IB>0
TEBQEBOB?!PPBJ?IV FP RPBA >P M>0Q LC QEBFO @LOB MOLAR@Q LO TEBQEBO
?BFKD RPBA CLO QEB PMB@Fd@ A>PE?L>0AP QE>Q TBOB CLRKA >P M>0Q LC QE

b $C-@L !IF?0-0V CLO @LIMOBPPFKD >KA AB@LIMOBPPFKD $ DBLIBQOF@ JBPEF
MLFKQ @ILRAP )Q FP TOFQQBK FK # HERERJIPB 7RFIAFKD >IILTFKD FQP RPB
TFQEFK QEB ?0LTPBO

b 8>Q !PL@F>IJBAF>PFQB )Q FP RK@IBAC-TIS-RRFEBZIPPBJ?IV CLO

b (BTIBQQ 8@H>0A %KQBOMQFAFBRK@IB>0 TE¥YQQERPFKBZIPPBJ?IV CLO

8OLJ ILLHFKD >Q QEB MLMBRPFPBJ?IV IF2€DFBP TB @>K PBB QE>Q FQP RP>DB FP NRFQB Q>
LCQBK ?BFKD RPBA CLO PMB@Fd@ KRJ?BO @ORKEBEENIXD+RBIPBLAIBI>QROB #
@LAB?>PBP ?0FKDFKD QEBFO @>M>?FIFQFBP QL QEB TB? TFQELRS-QEEHBEA QL MLOQ Q

What languages are people using?

7 B?IPPBJ?IV FP > ?FK>0V CLOJ>Q >KA >P > OBPRIQ JR@E LC QEB FKCLOJ>QFLK FK QEB
PLRO@B]MOLDIBKD I>KDR>DB >MMIF@>QFLK PQOR@QROB S>OF>?IB K>JBP]FP L?CRP@>C
BKQFOBIV ILPQ FK QEB @LIMFI>QFLK MOL@BPP

(LTB SBOJLARIBP LCQBKSBRIMLOQP >KA FIMLOQP TEF@E K>JB CRK@QFLKP TFQEFK QEB E
BKSFOLKJBKQ]QEBSS8@OFMQ ORKQFJB TFQEFK QEB ?0LTPBO]QE>Q ABP@OF?B QEB JLARII
-LPQ 7 B?!PPBJ?IV QLLI@E>FKP @OB>QB > PJ>Il >JLRKEAFMQ @LAB CLO QEB MROMLPBP|
_?FKAFKIDHFKD FQ B>PFBO Q:GEQBARIBP FKGE>3@OFMQ >MMIF@>QFLKP 4EBPB ?FKAFKD
LCQBK 85 OB@LDKFW>?IB CRK@QFLK K>JBP TEF@E >0B MOBPBKWYERQEBOIFIRIBO@P

DFSFKD > OBIF>?IB JB@E>KFPJ CLO FABKQFCVFKD QEB I>KDR>DB QE>Q T>P RPBA QL >RQE

7 B BKE>K@BA DEB) PQ>QMVOLGB@Q TEFGRABPRB?!PPBJ?IV PMB@FdA@ >K>IVPFP QL QEB
@ETIBO>AAFKD @LAB TEF@E FKEMB@QP BIMLOQP QL FABKQFCV @LJILK M>EFREKP QE>
>K FKAF@>QFLK LC QEB I>KDR>DB RPBA QBK-RQMERIB #DASB>IMIB FC > JLARIB FIMLOQP

> JLARIB K>JBF whindgen QEFP FP > OBCBOBK@B QL EBBIIBRBOFKADBK>KA >

@IB>0 FKAF@>QLO QE>Q QEB JLARIB T>P TOFQQBK FK 2RPQ

)K PLJB @>PBP QEBLEQ FIMLOQ K>JBP >0B JFKFdBA J>HFKD FQ E>OABO QL FABKQFCV Q

AMMILPPP M:;E>:N <HF
AMMIL@HH@E> @BMARK BH =K
AMMIIQM <HF

AMMILPPP Al> <HF NL >G AHF> AMFE
AMMIL@BMAN; <HF $00<ABECP:LF LM:ML
AMMIL<KM>L BHMEKL P:LF ;BG=@>G
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I>KDR>DB (LTBBO%JP@OFMQBK ># QLLI@E>FK E>P >BRAGBK@QRSCLO JFKFdBA
K>JBP JB>KFKD QE>Q TB @>K ?BEDBIERRSABKQ QE>Q JLAREBRM)FKD QEFP M>QQBOK TBOB
DBKBEDBA RPFKD %JP@OFMQBK

"B@KRK 3 >;LL>F,ER E:G@N:@> NL:@>

, LLHFKD >Q QEB OBPRIQP TB CLRKA QE>Q LK ABPHOLM  LC JRARIEBMTEQBSQBA
RPFKD %JP@OFMQBK >KA >P > OBPRIBIYOBAFUBIKIFK # UB JLPQ MLMRI>O FP 2RPQ >Q
QEBK"I>WLO# >Q 7 B >IPL CLRKA > PJ>Il KRJ?BO LC JLARIBP TOFQOBK FK 'L

LQ>?IlV  LCJLARIBP AFAK Q BB >K FABKQFd>?IB I>KDIRFBB?IV3@OFN@ > MLMRI>O

7 B?IPPBJ?IV PMB@Fd@ I>KDR>DB TEF @ MERRE 3KLSFLRP @IRBP FK QEB JLARIBP FQ
MOLAR@BMB RKLT QE>Q (VMBEKLMLIV]TEF@E OBMOBPBKQP  LC >l JLARIBP]RPBP
IPPBJ?IV3@OFMQ >KA FQ >@@LRKQP CLO >IJLPQ E>IC LC QEBPB _RKFABKQFABA_JLARIBP

)Q FP FKQBOBPQFKD>RQ @ERB®OBPRIQP THREBERB?IPPBI?IV  PROSBV TEBOB
2RPQ T>P QEB JLPQ COBNRBKQIV RPBA I>KDSBDEP AOKFd@>KQ KRI?BO LC OBPMLKABKQP QL
QE>Q PROSBOB RPFKB7IPPBJ?IV CLO KLK ?0LTPBO ?>PBA >MMIF@>QFLKP

What features are being used?

4EB FKFQF>| OBIB>FB?RPBJ?IV T>P @LKPFABOBA >KN6®@LJILK TFQE LQEBO TB?

AMMILPPP :LL>F;ERL<KBIM HK@
AMMILEH@ L<HMMEH@B< <HF LM:M>H? P.LF  AMFE
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PQ>KA>OAP FQ FP @LKQHBRED\REABO QEBAN>K@B LC QEBIA 7FAB B? #LKPLOQFRJ
7# A4EFP VB>O FSQEB >KKLRK@BJBKQ LT BEBPBJ?IV S ASGCQ >AAFKD > KRJ?BO LC
KBT CB>QROBP

"B@NK , HLM)2, >QM>GLBHGL NL:@>

7 B ILLHBA >Q QEBRI -60 CB>QROBP QE>Q >0OB ?BFKD RPBA tR&FGE<IEL-HHTBI>HS

PFJIMIB BKE>K@BJBKQ >AAFKQLOIBQE>Q >ILF QL BQBKA FKQBDBO S>IRBP QL > DOB>QBO ?
ABMQE T>R'Z>0 QEB JLPQ COBNRBKQIV RPBA_{EGBMUBERBKQ > PFRRESBESR @B QL

QEB OBPRIQ CLRKA FCBPRIK>IVPFP

.LQ>?IV TEFIB TB? ABILMBOP >OB C>@BA TFQE QEB @ELF@B LC TER@OEMQ*>#33
CB>QROBP QL RPB BREPBJ?IV QEFP FP LCQBK > AB@FPFL.AER AR DI@E>ERIXBBOP
IP > OBPRIQ TB TFBIVRBBLIPQ -60 CB>QROB >ALMQFLK GRIM TEBKGLDRBE>FK
ABQBOJFKBP QE>Q FQ FP KLT > SF>?IB LMQFLK

Conclusions

7 B?IPPBJ?IV FP RKABKF>?IV > KF@EB QB@EKLILDV TEBK FQ @LJBP QL QEB THBIV>KA QEBO
DLLA @E>K@B QE>QVRFHI?B 7EFIBB?!PPBJ?IV E>P ?0LRDEQ > TFABELC I>KDR>DBP
QLQEB TB?# 2RPQ 'L !PPBJ?IV3@OFMQ # >KA JLOB]QEBPB @BXRE@NBA
FKQBO@E>KDB>?IV FEQBOFMO QEB S>PQ J>GLOFQV LC TB?PFQBP TEBOB QEB @LKQBKQ

AMMILPPP P HK@ 0. P:LF <HK
AMMILEF:G:< AMMIKABEHK@ >G  P>;:LL>F,ER PA:ML MA> NL:@> H? IKMIM@EM>GLBHGL
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OBI>(#S PQ>QF@ OBKABOBA FK (4-, TFQE #33 TFQE > JLABPQ >JbRXQASEENQED-
*>S>3@O0FMQ QEBOB PEIMN@IEIBIIFKD OB>PLK B2RFBI?IV >Q QEB JLIBKQ

4EBOB >0OB PLJB PFDKFd@>KQ MOLMLP>IP TEF@QE @LRIA @E>KDB QEFP FIFH-B CRQROB )KFQF
TEF@E T>P PRMBOPBABRBOC>@MBP TEF@E E>P LK@B >D>FK ?BBK PRWVQBEBBABA ?
#LIMLKBKQ -LABI PMB@Fd@>QFLK 4EEFEPRIQ FK > CRQROB TEBOB FQ FP MLPPF?IB QL B>PFIV
FKQBO@E>KSEB®OFMQ GLGRHB0O MOUDEKD I>KDR>DB ?RQ CLOQERP PFIMIVERIEB

@>PB

$BPMFQB ?BFKD > KF@EB QB@BRIREBY?IV FP >I0B>AV >AAFKD S>IRB QL QEB TB? 4EBOB >0OB >
KRJ?BO LC TB? >MMIF@>QFLKP QE>Q ?BKBdQ DOB>QIV COL{IJBFSBOB@EKLILDV
>MMIF@>QFLKP >OB LCQBK KLQ SK&?IBIEE@ERCLOJP QEB ?>PFP LC QEFP PQRAV

&FK>INDEB @LOB CB>QROBP RARFER7IV ORKQFJBJJRIQF I>KDR>DB IFDEQTBFDEQ

PB@ROB]>0B J>HFKD FQ > MLMRI>O @ELF@EKOB1E KEABEDOTPBO >MMIF@>QRQKOBAEB

LC 7B?'PPBJ?IV  PROSBV P:T > PFDKFd@>KQ FK@OB>PB FK QEB KRJ?BO LC MBLMIB RPFKD QE
QB@EKLILDV CLBPEPP @LKQ>FKBOFW>QFLK >KA MIRD FK >MMIF@>QFLKP 4EB CRQROB LC

7 B?IPPBJ?IV @LRIA ?B >P > KF@EB TB? QB@RQEDYK BKQFOBIV J>FKPQOB>J ORKQFJB LK >
TFAB £KDB LC LQEBO MI>QCLOJP

Author

#LIFK %?BOE>0AQ

X #LIFK%?BOE>0AQ) #LIFK%?BOE>0A® EQQMPILD P@LQQILDF@ @LJ @B?BOE>0AQ

#LIFK FP #4Q 3@LQODF@KA FP > MOLIFd@ QB@EKF@HIDBEELRA PNEE>H
LK > OKDB LC QB@EKLILDFBP (B FP > ?L>0A J8AB0 LTEF@E FP BKEIFD
LMBK PLRO@B @LHOPLE FK QEB dK>K@F>(BERQIEIEDV >@RES FQ(R?
@LKQOF?RQFKD QL > KRJ?BO LC AFCCBOBKQ MOLGB@QP

AMMILEH@ L<HMMEH@B< <HF LM:M>H? P.LF  AMFE
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Third Parties

Written by Jevgenija Zigisoa

.>0B>P>= ;RKKR HEEK>OBG:KKN@B3= EXQ * &HL>
G:ERS>= ;ROBG:KKN@B:

1=BM>=;R:BG: $:GMLBL

Introduction

4EFOA M>OQFBP >0B 3K FKQBOQ JLPQ TB?PFQBP 4EFP @E>MQBO PELTP QE>Q KB>O0IV >I|
RPB >Q IB>PQ LKB QEFOAMIEIDIV E>IC LC >l OBNRBPQP >0B QEFOA M>0QV OBNRBPQP

7 B?PFQB LTKBOP RPB QEFOA M>OQFBP QL ABIBD*QERKA@RELKIMARY PR@E >P >K>IVQF@F
>SABOQFPFKB @=>QP @LKPBKQ J>K>DBJBKQ >KA LQEBOP !|QELRSHITABOPQBKAR
AFOB@QIV @LKQOLI QEFOA M>U@QEILEE KIE&RBK@B QEFOA M>OQFBP_ FIM>@Q LK QEB
4>HFKD FKQL >@@LRKQ ELT TFABIV QEFOA M>0O Q¥ BB CRIPIBE FPEBIM>@Q LK TB?
MBOCLOJ>K@B )Q FP NRFQB @LJINMCREHDNPHES OBKABOFKD BPMB@F>IIV SR@IEAEIB AB
&.0 FKPQ>K@B SBBBB JBAF>K ?IL@HFKD QFJB CLO QEB QLM  JLPQ MLMRI>O QEFOA M>0Q
PB@LKAP "B@>RPB LC QEFP QEFOA MEOQWBPE@XECCGROB 18R 6FQ>IPKA LQEBO
FIMLOQ>KQ MBOCLOJ>K@B JBREBEPAEKQBKOBRDO

AMMILP>; =>O.KMB<E>L OBM:EL
AMMILP>; =>O:KMB<E>L ?<I
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->K V OB@LJIIBKA>QFLKP @>K EBIM QL BIFJFK>QEBFEBIKB>QFELRIA 7B PFIMIB
QB@EKFNRBRIFKFCVFKD OBPLRO@BP LO JLOBKBRIGIED>BMIB B>IR>QFKD >KA
@ELLPFKD QEFOA M>0QV P@OFRIGENEDS@\VE3@0FMQ LO IL>AFKBERQBEKD QEFOA
M>0QV P@OFMQP RPFKBDE? TLOH

4EFP @E>MQBO CL@RPBP LK QEB QLMF@ LC ELT TB?PFQB LTKBGRIEMBQEEDAM>0QV AB
OBAR@B KBIB-QEEOA M>0QV FIM>@Q >KA FC QEE @BRMAB CLIILFBO0Q TFQE >

OBFBT LC QEFOA M>G3IBM@B >KA PLIB TB? MBOCLOJ>K@B OBI>QBA JBQOF@P OBKABO ?IL@H
QFJB >KA FIM>@Q LK QEB J>FK QEOB>A 4EB PB@LKA E>IC FP >K >KI@RGP@BREB ?BPQ MO
OBD>0AFKD JFKFCVFKD >KA @LIMOBPPFKD OBPLRO@BP 'async M defer @E@EBMMQ
>QQOF?RQBP IBBs@@OFMQ >KA LQEBO LMQFIFW>QFLK LMMLOQRKFQFBP

Definitions

| QEFOA M>0QV FP >K BKQFQV LRQPFAB QEB MOFJ>0V PFQB SIPEEP QEBOPMEREEN 0 FK
QEB PFQB KLQ AFOB@QIV TFQEFK QEB @LKQOLI LC QEB PFQB LTRBDAERDARPEOQEBFO >MMOL
OBPLRO@BP >0B

b (LPQBA LK >PE>0OBA >KA MR?IF@ LOFDFK
b 7FABIV RPBA/?> S>OFBQV LC PFQBP

b 5KFKeRBK@BA=K FKAFSFAR>| PFQB LTKBO

3LJB BU>JMIBP LC QEFOA M>OQFBP FK@IRKB R LOHB & 1RBODNPBBYSISBO MR?IF@
LOFDFK >KA BJ?BAABXR?B SFABLP

4L J>Q@E QEB ABJKFQFLK LKIV QEFOA M>0QFBP LOFDFK>QFKD COLJ > ALJ>FK TELPB OBPLROG
CLRKA LK >Q IB>PQ RKFNRB M>DBP FK QEB (B48-Q@EESTBOB FK@IRABA

YK QEB @>PB TEBOB QEFOA M>0QV @ BAQEHQ BRIPBQIM>0QV ALI>FK FQ FP @LRKQBA >P dOPQ
M>0QV @LKQBR@=®MIB PBIC ELPQFKD 'LLINBR LO ?LLORO@PP FP @LRK&BI ¥RMR
<HGM>GRIFI>ONOPQ M>0QV @LKQBATPROS QEFOA M>0QV ALI>FK FP @LRKQBA >P QEFOA M>
@LKQBKQJ>PPRJFKD FQ M>PPBP QEB "JLOB QE>K M>DBP @OFQBOF>

Third-party categories

7 B >OB OBIVFKD LQBEBA M>0QV TERMLPFQLOV CEROF@H (RIGIBEBIM RP FABKQFCV >KA
@>QBDLOFWB QEFOA M>OQFBP 4EFP OBMLPFQLOV ?0B>MREBTRLOEFEKOME SQEBECFBP

AMMIL@BMAN; <HF :MKB<DANEKKINRBK; MABKKMB>L ;R <:M>@HKR
AMMILQ <HF I:MKB<DANE<>
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https://x.com/patrickhulce

Part | Chapter 8 : Third Parties

b Ad 4EBPB P@OFMQP >0OB MBOQEREKSKBQTLOHP BFQEBO PBOSFKD LO JB>PRC

b Analytics 4EBPB P@OFMQP JB>PRG@RHRRBOP >KA QEBFO >@QHRR K B&BOB
CGKDB FK FIM>@Q EBOB ABMBKAFKD LK TE>@BRA?BFKD QO

b CDN 4EBPB >0B > JFUQROB LC MR?IF@IV ELPQBA LMEK-BBRID @ERBAY
PBCEBA ISBO AFCCBOBKQ MR?IF@ #$.P >KA MOFS>QB #$. RP>DB

b Content 4EBPBP@OFMQP >OB COLJ @EREBERIMIMR?IFPEFKD PMB@Fd@ >CdIF>
QB@HFKD

b Customer Success 4EBPB P@OFMQP >0OB COLJ @RPQLIBO BRIVNDIRDASTIP
QE>Q LCCBO @E>Q >KA @LKQ>@Q PLIRQFLKP 4EBPSIF @BSREQFFKOMBBBEBO

b Hosting 4EBPBP@OFMQP >0B COLJ TB? ELPQFKD MDADCIBRIP 7FU
3NR>0OBPM>@B BQ@

b Marketing 4EBPB P@OFMQP >OB CBQFKEDBLLIP QE>Q >AA MLMRMP KBTPIBQQBO
BQ@

b Social 4EBPB P@OFMQP BK>?IB PL@F>| CB>QROBP

b Tag Manager 4EBPB P@OFMQP QBKA QL IL>A ILQP LC LQEBO P@OFMQP >KA FKFQ
Q>PHP

b Utiity 4EBPBP@OFMQPSBNBASE RQFIFQFBP 10) @IFBKQP PFQBIRKFQLOFKD CC
ABQB@QFLK BQ@

b Video 4EBPBP@OFMQP BK>?IB SBEBEHWPQOB>IFKD CRK@QFLK>IFQV

b Consent provider 4EBPB P@OFMQP >IILT PFQBP QL J>K>DB QEB BBBCL@ QEEBKQ
'BKBO>| $>Q> 00LQB@QFLK 2BDRBQAUIE>K @EB/ >OB >IPL HKLTK >P QEB
#LLHFB #LKPBKQ_MLMRMP >KA >OB RPR>IIV IL>ABA LK QEB @OFQF@> M>QE

b Other 4EBPB >OB JFP@BII>KBLRP P@ FOEPPSABIFPE>OBA LOFDFK TFQE KL
MOB@FPB @>QBDLOV LO >QQOF?RQFLK

LQB 4EB #$. @>QBDLOV EBOB FK@|FSFBORDE>SMBLIOBPLRO@BP LK MR?IF@ #S.
ALJ>FKPB D ?LLQPOIERAK @L) @AKGP @ILRAe>0OB @LJ BQ@ >KA ALBP KLQ FK@IRAB OBP
>OB PFIMIV FBOISBO > #$. &.0 B>IJMIB MRQQFKD #ILRAe>0B FK COLKQ LC > M>DB TLRIA KL
FKeRBK@B FQP dOPQ M>0QV ABPFDK>QFLK >@@LOAFKD QL LRO @OFQBOF>

b 4EB P>JB >P FK QEBSMOBB¥OQEB (LPQFKD @>QBDLOVSBR 081l LRO

AMMIL>GPBDBI>=B: HK@ PBDBES>®#8 KHM><MBHG9.>@NE:MBHG
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Caveats

>K>IVPFR.@B>JMIB FCR/E>MMBK QL RRBAOOBPP @LJ CROWILD LO 3ELMFCV

CLOLRO B @LJJBO@B MI>QCLOJ QEBDIEKD QL FDKLOB LQEBO OBNRBPQP CLO QELP
ALJ>FKP ¥ QE>Q PFQB >P KLQ QORIV "QEFOAWBOR) VK IRKIEE M>0Q LC

ELPQFKD LK QELPB MI>QCLOJP

1l A>Q> MOBPBKQBA EBOB FP ?>PBA LK >@@SRQBOL>A 4EBPB S>IRBP @LRIA
PQ>0Q QL ILLH NRFQB AFCCBOBKQ >S@BBLRPBO FKQBO

4EB M>DBP >OB QBPQBA CBOPRFBOBEB 5FQE KL @LLHFBP PBQ PL QEFOA M>OQFBP
OBNRBPQBA >CQBO LMQ FK >0OB KLQ FK@IRABA 4EFP TFIl BPMB@F>IIV >CCB@Q M>DE
MOBALJFK>KQIV BEQE @LRKQOFBP FK P@IBKBOS §=B> 00LQB@QFLK

2BDRI>QFLK.O LQEBO PFJFI>O IBDFPI>QFLK

/KIV QEB ELJB M>DBP >0B QBPQBA /QEBOWESBRESCBOBKQ QEFOA M>0QV
OBNRFOBJBKQP

3LJB LC QEB IBPPBO RPBA QEFOA M>0QV ALJ>FKP >OB DNGRIGBREKQL QEB
@>QBDLOV

7 B >OB SBGDFKD AFCCBEBRQELRPB >RARDSB LC QEBJ B8 IFJFQBA
@BBGDB .>JBIV FQ FP KLQ CB>PFAB@EIGEPQFKD C>@>AB FIMIBIJBKQ>QFLKP FK
QEBEFOA M>0QV C>@>ABP >RAFQ

, B>OK JLOB >?LRQ HRUELALILDV

Prevalence

94%

"B@KRK , >K>GM H? FH;BE> I:@>L MA:M NL> :M E=LKMFRG> MABK

4EB MGBIBK@B LC QEFOA M>OQFBP OBJ>FKBA >Q GEFPRBEBBEIRFB#0 LC
TB?PFQBP RPB >Q IB>PQ LKB QEFOA M>0QV

AMMIL>GPBDBI>=B: HK@ PBDBES>®4:8 KHM><MBHG9.>@NE:MBHG
AMMIL@BMAN; <HF #HH@HF>AKB @ AMAHNE FIM>K <HIN=BML

N; <HF #Ht MAHNL> ;EH; F:LMAK=8ML MABMR ?:<:=>L CL
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"B@NK )>=B:G GNF;>K H? MABKIR =HF:BGL I>K |:@>GDK

4EB dDROB >3 PELTP QEB KRJ?BO LC QEFOA M>0QV ALJ>FKP CLO QEB JLPQIRPBA TB?PFQI
BU>JMIB LKSBGDB QEB QLM MLMRI>O TB?PFQBP RPB QEFOA M>0QV ALJ>FKP LK JL?FIE
LK ABPHQLM SB@BP -LOB MLMRI>0O TB?PFQBP PEB3J RDEBO KRJ?BO LC QEFOA M>0QV
ALJ>FKP FB QEB QLM PFQEBREF@B JLOB QEFOA M>0QFBP QE>K QEB JBAF>K KRJ?BO L
M>OQFBP CLO >ll TB?PFQBP 4EFP I>ODBMRFREXNFER C>@Q QE>Q PLIB QEFOA M>0QV
MOSFABOP JFDESBERLKQBKQ ELPQBA LK JRIQFMIB ALIJLBYNIBLSEBL PBB® QEBFO
@LKQBKQ C mempf.yahoo.co.jp yjtag.yahoo.co.jp BQ@ 4ELRDE QBB KRJ?BO LC
QEFOA M>0QSHAABOP FP PQFII > PR?GB@Q CLO CROQEBO OBPB>0@E QEB @ROOBKQ A>Q:
ALJ>FKP DBB >K8BOSFBT LC ELT JR@EQEBEQ >CCB@Q QFJB PMBKQ LK KBQTLOH OBNRBP!
BSBOV OBNRBPQ QL > KBT ALIJBPKQB3BICLO $.3 ILLHRM >KA BPQ>?IFPEFKD >K FKFQF>|
@LKKB@QFLK QEB JLOB QEFOA M>0QV ALJ>FKP >0B RPBA QEB JLOB FQ JFDEQ >CCB@Q N
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"B@NK )>=B:G GNF;>K H? MABKIR =HF:BGL I>K I:@> ;R <M>@HK®:G= K

7EBK ILLHFKD >Q QEB AFPQOF?RQFLK LC QERD/AQRDOQ¥BREKH FQ ?B@LIBP @IB>0 QE>Q
QEB FK@OB>PB FK QEB KRJ?BO LC QEFOA M>OQFBP LK JLOB MLMRI>O TB?PFQBP FP JLPQIV J>A
>A >KA RKHKLTK FB RK@I>PPFdBA QEFOA M>0QV @>QBDLOFBP 4E>Q JB>KP QEB QEFOA
M>OQFBP]BPMB@F>IIV SBRJ@OR@F>| FIM>@Q LK QEB RPBOR 2B1®3ROB REBA LK

TB?PFQBP TFQE > [>ODBO KRJ?BO LC RPBOP
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"B@NK OHI MABKI:KMB>L ;R GNF;>K H? l:@>L MAER=KIG

'LLDIB PBOSF@BP CLKQP >K>IVQF@P >@@LRKQ BREPRAKID>KAI>D J>K>DBJIBKQ >OB
QEB JLPQ MLMRI>0O QEFOA M>OQFBP >@OLPP QEB BKQFOB TB?  LC >LHQPBER®B RRDIB
LSBO JFIIFLK M>DBP LRQ LC QEB  JFIIFLK JL?FIB M>DBP FK LRO A>Q>PBQ

34%

"B@NK ,>K>GM:@> H? L<KBIML HP:KRERMNBK_ML

4EFOA M>0QV OBNRBPQP >@@LRKQ CLO  LC >Il OBNBPEEBPARKA LC QELPB QEFOA
M>OQV OBNRBPQRUFIH#QBLY LKB QEFOA >0B P@OFMQP 4EFP PROEBREFKEQ/RFFRIDQE
P@OFMQP FK JLOB ABEE-FBRG BQF@BP PB@QFLK
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Performance impact

3LJB QEFOA M>OQFBP JEFER AKRIL@H M>DB OBKABOFKD B0 KBOB@XSQEB TB? M>DB
IL>AFKDUBBOFBK@B ,FDEQELRPBEABG ?IL@HFKD OBPLRO@BE>RABRABP A>Q>
>?LRQ OBKABO ?IL@HFKD QFJB

"B@NK )>=B:G KG=>K ;EH<DBG@ MBF> ?HK MHI FHLM-IHKVBKIMABK

4EB dDROB >8& PELTP QEB JBAF>K OBKABO ?IL@HFKD QFJB CLO QEB QLM  JLPQ MLMRI>O QEFO
M>OQFBP 'LLDIB J>MBBEEB JLPQ PFDKFd@>KQ FIM>@Q LK OBKABOFKD QFJB )Q >@@LRKQP Cl
QE>K PB@LKAP CLO QEB JBAF>K TB?PFQB 4E>Q FP > PFDKFd@>KQ FIM>@Q Q>HFKD FKQL >@
OB@LJJBKABA QFJIBEHAPQ #LKQBKOBR(S M>DB IL>A PMBBA JBQOF@]FP PB@LKAP

I TB?PFQB @>ISP> ILQ LC IL>AFKD QFBBFIFK>QFKD OBKABO ?IL@HFKD OBPLRO@BP 4EBOB >0OB

AMMIL@BMAN; <HF #HHGH>B@AMAHNL> ;EH; F:LM-K-BHIL ;RM> >?\<B@RK ;EH<DBGENKL CL
AMMILP>; =>OKMB<E>L ?<I
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J>KV JBQELAP BU?BA QEFOA M>OQFBP FK > KLK ?IN@HFRBFMIB FK QEB @>PB LC
'LLDIB ->MP QEB>MP 3Q>QF@ !@LRIA ?B RPBA QL FIMIBJBKQ > QEFOA M>0QV C>@>AB !IPL
QEFOA M>OQIBFG@>K ?B I>WV IL>ABA

IAAFQFLK>IIPEFOA M>0QV P@OFMQP @LIMBQB CLO QEB J>FK QEOB>A OBPLRA@BP TFQE
M>0QV @LAB )C > QEFOA M>0QV E>P > ILEEBARMHFBISPH QE>Q ORKP LK QEB J>FK QEOB:
JLOB QE>K JP FQ FP @LKPFABOBA QL ?B “?IL@HFKD QERVEHGEDBFE@>KQIV FKeRBK@|
RPBOB/IBOFBK@B TEBK-EXQBE® TFQE > M>DB >P QEB J>FK QEOB>A FP OBPMLKPF?IB CLO M
RPBOSBKQP >P TBII >P OBKABOFKD QEB M>DB 7EBAFDRPEILERCCBOP COLJ > KLK
OBPMLKBR&>DB

7 B FKPMB@QB@EEEA M>0QV PRJJ>OV ORBERI>QB J>FK QEOB>A ?IL@HFKD QFJB @>RPBA
QEFOA M>0OQFBP

"B@NRK OHI MABKI:KMB>L ;EH<DBG@ MA>EBG MAK

4EB dDROB >3 MOBPBKQP QEB QLM JLPQ RPBA QEFOA M>OQFBP >KA QEBFO FIM>@Q LK
QEOB>A LK JL?FIBBE®BP .LQB QE>Q CLO ABSF@BW AEB FIM>@Q FP JRE.D IFFBIIB
9LRAR?B ?IL@HP QEB J>FK QEOB>A CLO  LC QEB JL?FIB TB?PFQBP TEFIB ?IL@HFKD LKIV

AMMILP>; =>O>F;>= ;>LM IK<MB<>L
AMMIL=>GEHI>KL @HH@E> <HF F:IL =H<NF>GM:MBHG F#KOBMB< HO
A N; <HF #HF MAHNL> ;EH; FILMK=8Hk MABWR LNFFKBL
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ABPHQLM TB?PFQBP FQ FP BJ?BAABA LK 4EFP FP ILDF@>| Q>HFKD FKQL >8F@BRKEDBE>Q ABPH(
JR@E JLOB MLTBOCRI (ISBBKLT>AXP JL?FIB RPBAMBOFBK@BEY RIMLOQ>KQ

>KA]>@@LOAFKD QILZHB 7 B? @E>MQBO] LC TB?PFQB SFPFQP >0OB @LJFKD COLJ JL?FIB
ABSF@BP

4L BU>JFKB FK JLOB ABQ>FI ELT QEB TB?PFQB RPBOP @LRI¥ QEBOSB@QEDE>A ?IL@HFKD
QEFOA M>OR®>K SBBT QEB JBAF>K J>FK QEOB>A ?IL@HFKD QFJB

"B@NRK )>=B:G F:BG MAK ;EH<DBG@ MBF> BG FL ?HK MHI FHLM IHINB:H.MABK

9LRAR?B FP QEB JLPQ ?IL@HFKD QEFOA M>0QV >JLKD QEB QLM JLPQ RPBA QEFOA M>OQFBP )(
J>FK QEOB>A CLO JLOB QE>K PB@LKAP CLO QEB JBAF>K TB?PERRTE>Q IL>AP 9
SFABLP]?>PBA LK QEB JL?FBFEB TB BJRI>QB >P M>0Q bTILAEBG®FP > KLQ>?IB D>M

2BQTBBK ABPHQLM >KA JL?FIB TB?PFQBP >P QEB ABPHQLM TB?PFQBP >OB >IJLPQ @LIMIBQBIV
RK>CCB@QBA

.LQB QE>Q ,FDEQELRPB JFDEQ J>OH PLJB QEFOA M>OQFBP >P MLQBKQF>IIV OBKABO ?IL@HFKD
PFWB FP PL PJ>Il QEAALBEBSS >K/ Q>KDF?IB BCCB@Q LK QEB OBKABO ?IL@HFKD QFJB 4EFP FP
@>PB CLO QEFOA MEOQEBR &KQP LO 'LLDIB $LR?IB@IF@H !AP TELPB JBAF>K OBKABO
2IL@HFKD QFJB FP JFIIFPB@LKAP

[ 2IL@HBA J>FK QEOB>A E>P > ?FD FIM>@GQR@EMRQSR)S >KAKQB@QFLK QU
0>FKQ ).0 MBOCLOJ>K@B JBQDN@EFAB DLLA TB? M>DB OBPEKRBPPS&)$ PELRIA 7B

AMMILP>; =>O.KMB<E>L \=
AMMILP>; =>O.KMB<E>L BGI
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JP LO IBPP >KA).0 ?BILT JP 4EBOB FP OBPB>O@KKFB 3RIIFS>K?LRQ QEB
@LOOBI>QFLK ?BQIBBK'L @HFKD 4FJB >KANGIER K QUMSFKQ LK JL?FIBSFHBBRAQ
PELTP QE>Q QEB PJ>IIBO QEB J>FK QEOB>A ?IL@HFKD QRIS QEEBREQBRRIBBQ DLLA ).0
>KA &)$ QEOBPELIAP 4E>Q IB>AP QL QEB @LK@IRPFLK QE>Q FQ ?B@ISBR E*@ABB QL >@E
TB? MBOCLOJ>K@B JBQOF@P FC QEFOA M>0OQFBP >0B ?IL@HFKD QEB J>FK QEOB>A CLO F
QEBIRAR?B B>IMIB -LOBISBOLQEBO QEFOA M>0QV >KA dOPQ M>0QV >PPBQP JFDEQ >IPL ¢
QL QEB OBKABO ?IL@HFKD BCCB@Q $BPMFQB QEARVOEROBKBE-I¥E QEB OBKABO
2IL@HFKD BCCB@Q LC QEFOA M>OQFBP 4ERAVIEOBE ERQEEBER QFLK

Web performance best practices

4EB MGEFLRP PB@QFLK @LKdOJBA QE>Q QEB QEFOA M>OQFBP >0OB MLQBKQF>IIV @>RPFKI
MBOCLOJ>K@B FIM>@Q QE>Q @>K >CCB@Q QEMMBUFEIEIHB IEFAIBBPFQB >KA QEFOA
M>0QVSEBLMBOP @>K CLIILTVI2BPQ M@QF@BP QL JFKFJFWB QEFOA M>0QV MBOCLOJ>K@B
COLJ JFKFCVFKD OBPLRO@BP QL RPFKD QEFOA BIDIA CR@FREBIBKQ QEFOA M>0QV RF
QOBKAP QL RKABOPQ>KA ELT QERTBR@ERCGOB CLIILTBA

Minifying resources

-FKFCVFK5:3@O0FMQ >KA #33 dIBP FP LKB LC QEB dOPQ OB@LJIBKA>QFLKP TEBK PMB>HFI
TB? MBOCLOJ>K@BEEB@H ELT QEFOA M>0QV OBPLRO@BP >0OB JFKFdBA TB >OB J>HFKD R
CLIILTFKD ,FDEQELRPB >RAFBFdBA *$>3@OFMRASKIFKFABA #33

-FKFCVFKD P@OFMQP BELRIHODSE MLAFRR%>@Q >P/QEB QEB JLPQ MLMRI>O QEFOA M>0Q\
@LKQBKQ QVMB $EIF®LIM>0BA QL LQEBO @LKQBKBEIEME® TFMQP QBKA QL 7B > ILQ JLOI
SBO?LPB TFQE @LJJBKQP >KA I>0DB S>0F>?IB K>JBP QE>Q >CCB@Q QEB dIB PFWB

AMMIIQ <HF :GGB>LNEEB>

AMMIL@BMAN; <HF #HH@HB>RIL <AKHF> AMMI $0BO.G:ERLBL ;EH; F:BG GHM>;HHDL $6®\B®0 09:G=9%"*BIRG;
AMMILP>; =>ONGFBGB\>= (L.€KBIM

AMMILP>; =>ONGFBGB\>= <LL
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"B@NRK ,>K>GM:@> H? MK@BOIHM>GMB:EERRND>L H? NGFBGBVA<KBIM ;R \KLM :G=
MABKKMR

IIQELRDE PLJB 5>3@O0FMQEP @LRIA ZBR/ JFKFCVFKD QEFOA M>0QV OBPLRO@BP QEB dOPQ
M>0QV P@OFMQP >0B PQFII OBPMLKPF?IB CLO QEB I>ODBPQ S3IBRIIFMDRIKIGKBIBA *>
TB?PFQBP FB LC QEBODB QLQ> MLOBKQSBMVARIBP 4EB AFPQOF?RQFLK LC RKIJFKFABA
*>S>3@OFMQ PELTP QE>Q CLO  LC TB?PFQBP QLQSFNDDEKJHA SBEFB" LC

P:SFKDP TEFIBPDP COLJ QEFOA M>OQFBP >OB LKIV ~ +"

4EB KBQ dDROB ARAMDEB PFWB LC MLQBRRBRIBQEFOA M3Q@P FIMLOQ>KQ QL KLQB QE>Q
QEB JBQELALILDV RPBA LKIV FK@IRABP QEFOA M>0OQFBPUJIBTQKEILABISEKE BKA ALBP

KLQ @LRKQ QEFOA M>0QV @LKQBKQEPPQBACEIE-IMIB IF20FBP FIMLOQBA >P KLAB
JLARIBP
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"B@NK C-K@> IHM>GMB:EERDBEH;RM>L H? NGFBGBKBI:ZHK MHI =MKBAR L<KBIM
IKHOB=>KL

4EB code jquery.com  #$. IF?0>0V CLO G1RBOV FP QEB JLPQ BEB@DEME QEFOA M>0QV
IF?60V ?BFKD RPBA LK LC >l TB?PFQBP LK ABPHQLM KLQB QE>Q GCRBOVGB RPBA LK
TB?PFQBFRQ KLQ >Il RPBP >OBRPBOIS) QEFP #$. /KSBOGDB +" LC A>Q> MBO M>DB QE>Q

E>P RKJFKFJBA G1RBOV @LRIBAB/MPFKD QEB JFKFBBRM K LC FQP OBPLRO@BP TEF@E >(

>S>FI>?IB LK QEFP #$.
17%

"B@NK ,>K>GM H? =>LDMHI |:@>L PBMA NGFBGB¥=EEN&RL?HLBG@ C-N>KR MABK
I:KMR

LC QEB TB?PFQBP QE>Q RPB G1RBOV ELPQBA LK > QEFOA M>O(RDEQEHRFB-FRAED
CLO RKJIFKFdBS>3@OFMBDDFKD ABBMBO FKQL EL T-QEB-FEFOMLOQBA PELTP QE>Q J>K
TB?PFQBP >0B RPFKD QEB RKEG@HEEPS C G1IRBOV QE>Q PELRIA LKIV ?EREBIAEHQ AB
MROMLPBP ! PFJFI>0 QBKABK@V @>K ?B CLRKA FK QEB RP>DB LC PLJB LQEBO IBPP MLMRI
P@OFMQP

4EFP PELRIA FBSS > OBJFKABO CLO EBALABOP QL @EB@H FC QEB QEFOA M>0QV P@OFMQ
LK QEBFO TB?PFQBP >OB LMQFJFWBA CLOSFOLARBXQR K BK

AMMILP>; =>ONGFBGB\>= @:€KBIM
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"B@RK ,>K>GM:@> HX@> IHM>GMB:EERRND>L H? NGFBGB\>= // ;R \KLM SHWABK

4EB RKJFKFABA #33 >RAFQ PELTP QE>Q QEFOA MBQMIRRPBOP-EBO FIM>@Q BPMB@F>IIV
TEBK @LIJM>OBA TFQE QEB dOPGBGEENCMLQBKQFSBY REQBP LC #33 @LAB TEF@E FP

LC QEB QLQ>EBGDB MLQBKQF>8/PY¥QBP 4EFP A>Q> ABJ:RBRQE>Q QEFOA M>0QV #33
@LKQBKQ FP TBII JFKFdBA >KA E>P > JR@E ILTBO FIM>@Q QE>K dOPQ M>0QV #33

'LLDIB CLKQP >0B QEB JLPQ MLMRI>O QEFOA M>OCQSAGER ZEBKABRPBA RC >I|

TB?PFQBP 4EB #33\)EBRFAB FP KLQ JFKFABA 4EB A>Q> PESSGMER>DB TEF@E E>P

'LLDIB &.KQP @LRIS®P> +" COLJ JFKFCVFKD FQ 4EFP TLRIA PBBX IEMMLOQRKFQV CLO
FIMOSBJBKQ (LTBSBOQEBFO #33 @LKQ>FKP > KRBBQ PEJS font-face  ABIKFQFLKP

QE>Q >O0B >lJLPQ FABKQF@>IIV OBMB>QBA FK QEBK@FPBIL(#488B| @LIMOBPPFLK TFII

TLOH OB>IIV TBII EBOB >KA PFDKFd@>KQIV OBAR @SBREE- QBLIRWE KFd@>QFLK 4EFP

J>HBP QEB ?BKBdQP LC JFKFIWKI@LIM>0BA QL QEB @LAB OB>A>?FIFQV CLO QELPB T>KQFKL
PBB QEB #33 QL MLQBKQF>IIV OBMIF@EBIIEEFDA M>0QFBP TFQE JLOB @LIMIF@>QBA >KA
I>ODBO #33 ¥?BKBdQ COLJ JFKFd@>QFLK GUKREQBO

Compressing resources

#LIMOBPPFKD dIBP FP >KLQEBO NRF@H TFK QE>GRERBARNEDR\ALER EMLPFRFS

FIM>@Q LK TB? MBOCLOJ>K@B -SR@EESBKQ QVBIBBIGAMQP >KA 8831 LA
@LIMOBPPFL8B@DB /KIV LC P@OFMQP >KA  LC #33 dIBP LC QLQ>I QEFOA M>0QV OBNRBPQP
>OB KLQ @LIJMOBPPBA
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"B@NKRK HGM>GM >G<H=BG@ |IKMRBKIGM>GM MRI> HG FH;BE> l:@>L

7 B?PFQB @LKQBKQ BK@LAFKD ABAFKFEESBLdDROBEBIBA >K FKQBOBPQFKD C>@Q >7Li
FJ>DB @LIMOBPPFIBK @ELRDE FJ>DB CLOJEYRYFH).' 7 B?0 ! 6)& >KA LQEBOP

MOSFAB @LJMOBPPFLK RKABO QEB ELLA >P M>0Q LC QEBFO CLOJ>QP  LC FJ>DB @LKQE
@LIMOBPPBA >D>FK RPFKD 'WFM LO "OLQIF @LIMOBPPFLK |AVEE® LAGIQMBBPPFLK LK
QLM LC QEB PQ>KA>0A FJ>DB @LIJMOBPPFLK CLOJ>QP FP RPR>IIV RHEB@EPP>0V >KA J>
FK@OB>PBA dIB PFWB >K@SIAABLK QEB #05 TEBK RK@LIMOBPPFKD QEB FJ>DB

"WFM FP PQFII QEB JLPQ MLMRI>O @LIMOBPPFLK QVMB FB  LC P@OFMQP >KA LC #33 >
@LIMOBPPBA TFQE 'WFMSRC'BLQIF @LIMOBPPFLK FP JLOBBIEEB@IBISAP >JLKD dOPQ

>KA QEFOA M>OQFBP PELT QE>Q RP>DB LC "OLQIF @LIMOBPPFLK E>BSQR TREFKBQEB M>PC
@LIMOBPPFLK >KA "WSBVOEHBK
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"B@NK ,>K>GM:@> H? \KLM [:KMR-UKKBMLKR <HGM>GM >G<H=BG@ MRIMG=;R R
FH;BE> P>;LBM>L

4EB 6QB LC dOPQ M>0QV P@OFMQP @LIJMOBPPBA SF> ?0LQIF >IJLPQ QOFMIBA FK@OB>PFKD C

"B@RK ,>K>GM:@> HZMKBIR L<KBINKLML ;R <HGM>GM >G<H=BG@ MRI> :G= ;R R

(LTB SBO"OLQIF >ALMQFLK >JLKD QEFOA WE2QEBBRQHBPP >Q QEB FBIB@E>KDFKD
COLJ QL $BPMFQB QEB PIFDEQ MBRFR}ABK@KEBOB FP PQFII OLLJ CISBIRKADLC
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"OLQIF >ALMQFLK CLO QEFOA M>0OQFBP

Usage of third-party facades

4EBOB >0B JRIQFMIB QB@EKFNRBP QL BIFJFK>0QB OBKABO ?IL@HFKD OBRMERIABP /KB LC
M>0QV C>@>BBPQ >0OB RPBCRI CLO SFPR>| Bl REBMEFABLP LO F@EESFADBQMBIFH

> IFB @E>Q AEBBIM QUBIRAB QEFOA M>OQFBP COLJ QEB @OFQF@>! IL>AFKD PBNRBK@B >
QEBJ ,FDEQELRPB E>P FKQOLAR@BAWN HRAFQEFOA M>0QV OBPLRO@BP TREBGB@>ABP
>0B JRIQFMIB QEFOA M>0QV C>@>AB PUIRIYFBHRBNTDR?B BJ?BA IFQBLRQR?B LO

PLJB @RPOLJ >MMOL>@EBP >KA LKIV > PJ>Il KRJ?BO LCQEBIFRIBLEKQEFOA M>0QFBP
@EB@MAROFKD QEB >RAFQ 4EFP IFJFERGELE I3MIF@>QBA QL >PPBPP QEFOA M>0QV C>€
RP>DB >@OLPP QEB TB? >Q QEFP QFJB

Usage of async and defer

5PFKlasync >KA defer FP >KLQEBO QB@EKFNRB QE>Q @LRIPB7BREBIEA_MBOP QL
LMQFJFWB QEB IL>AFKD LC OBKABO ?IL@HFKD QEFOA M>0QV P@OFMQP

"B@NK , >K>GM:@> H? :EHMWNBRL<KBIINKLML async :G= defer :MMKB;NM>L

AMMILP>; =>OMABKKMR ?:<:=>L

BMAN; <HF #H}F @AMAHNL> ;EH; F:LMK=8HK. MABYVR ?:<:=>L CL
AMMIL@BMAN; <HF |:NEBKBLANBBNI> RF;>=
MAN; <HF CNLMB( >

AMMIL@BMAN; <HF I:MKB<DANEKKMRB; ;EH; F:.LM>K =:M: >GMBMB>L CL
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https://web.dev/third-party-facades/
https://web.dev/third-party-facades/
https://github.com/GoogleChrome/lighthouse/blob/master/core/audits/third-party-facades.js
https://github.com/paulirish/lite-youtube-embed
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4EB async >QQOF?RQB FP @MPBAGB MLMRI>O (defer )Q FP RPBACLO LC QLQ>I

QEFOA M>0QV P@OFMQP LER@BRB5REDB L async  >QQOF?RQB @>K PQFII OBPRIQ FK > OBKABO
?IL@HFKD P@OFMQB@RQPLE. @>K PQ>0Q AROFKD (4-, M> async )>@EBOF?RQB FP RPBCRI

CLO @OFQF@>| OBPLRO@BP QE>Q >0B FIMLOQ>KQ AROFKD QEB M>DB IL>AFKD >KA @>K FKQB

4EB C>@Q (async FP JLOB RPBA ABJLK®BO QE>Q QEFOA M>0QV P@OFMQP >0B JLPQIV QOB>QI
@OFQF@>| OBPLRO@BP !IQELRDE QEFP FP QORB CVQPECR\R@OBRER AR B SFABL

MI¥BO FP IBPP @OFQF@>! $BCBOOBA P@OFBQP?BQQBKIRMYES LK M>DB OBKABOFKD QFJB
TEF@E FP OBeB@QBA FK @LOB TB? MBOCLOJ:K@IIERIDA@E BRGERD7 B?PFQB

ABBILMBOP PELRIA @LKPFAE defer KO QEFOA M>0OQV >PPBQP QE>Q >0B KLQ FIMLOQ>KQ CLC
@OFQF@>| OBKABOFKD M>QE

7EF@E OBPLRO@BP >0B @OFQF@>| >KA TEF@E @LRIA ?B ABCBOOBA JFDEQ ?B > QOF@HV NRE
@LKPFABPMB@F>IIV TEBK @LKPHESEHD):G:@>F>QEFOA M>0QFBP QE>Q BK>?IB LQEBO QEFO/
M>OQFBP QL ?B RRBE>AMIB >K>IVQF@P P@OFMQP >0B RPR>IIV @LKPFABOBA FIMLOQ>KQ CLO
LTKBOP ?RQ @RB RPBA TFQELRQ QEB RPBO_P @LKPBKQ F&G@LRKQTHBIFIFEQE

IBDFPI>QFLK J>HFKD RPBO @LKPBKQ QEFOA MAGRD @ORFFE@>QEFOA M>0QV OBPLRO@BP FK
@OFQF@>1 MVQ@BPRIQ FK > ?>A RREBDBBK@B @>RPFKD #RJRERFSEFCQP >KA &FOPQ

YKMRQ $BI-4EBOBCLOBSBBMBOP PELRIA B@DES> ?>1>K@B ?BQTBBK QBEFSA M>OQFBP

>0B IL>ABA >KA > DLLA RPEBGFBK@B

Legacy JavaScript

$BPMFQBS=>3@OFMMPABKBIBKQ QEB M8IBK@B LC IBD>@V @LAB FP PQFII FF-B&Bd@>KQ 7
RPFKD LKB LC QEB ,FDEQELRPB >RAFQP QL @QEQEHORINIFIORFIBOSPRD IBD>@V
*>S5>3@O0FMQ QL JLABOK ?OLTPBOP

59%

"B@NRK ,>K>GM H? E>@:¥RBM (B@AMAHNL> :N=B§MNLBENK MABKMR

)K DBKBO QEFOA M>OQFBP >@@LRKQ CLO  LC ,FDEQE:f3BOBMSBNRAFQ C>FIROBP | @ILPBO
ILLH FKQL QEB >RAFQ OBPRIQP EFDEIFDEQP QEB QLM QESFABUPQEYQ @CENRBMBD>@V
*>S>3@OFMQ

AMMILP>; =>O.KMB<E>L E<I
AMMI>GPBDBI>=B: HK@ PBDBES>®#8 KHM><MBHG9.>@NE:MBHG
N; <HF #Ht MAHNL> ;EH; F:LMAK=EH ;RM> >?\<BES@RR Q:€KBIM CL
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https://web.dev/articles/lcp
https://en.wikipedia.org/wiki/General_Data_Protection_Regulation
https://github.com/GoogleChrome/lighthouse/blob/master/core/audits/byte-efficiency/legacy-javascript.js
https://github.com/GoogleChrome/lighthouse/blob/master/core/audits/byte-efficiency/legacy-javascript.js
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"B@ANK ,>K>GM:@> H? P>;LBM>L NLBRGBMABIK: M A£8D <R 2<KBIM

&>@B?LLH FP > QEFOA M>0QV TFGEMISEBNGDE>Q >CCB@QP QEB JLPQ M>DBP )Q FKQOL/
IBD>@V @LAB QL >OLRKA LC QEB QLQ>I KRJ?BO LC TB? M>DBP LK JL?FIBSK@BBPHQLM A
@LOOBPMLKAFKDIV TEBK ILLHFK facebook.net  >KAfbcdn.net  COLJ QEB >8R

DOME .LT>AP TEBK LIA ?0LTPBCP)KBIBOKBQ %UMILBEQ 1:KDBO KBBA QL 7B
PRMMLOQBA QEB KB@BBBRIBQ1@B*3@O0OFMQ ?B@LJIBP $BMMFQB QEFP C>@Q QEB QOBK
LC RPFKD &>@B?LLH OBPLRO @BARIE@\B=3@O0FMQ FK QEB BAGRSHE:| QE>Q QEB

KRJ?BOP >@QR>IIV FK@OB>PBAJCOLJ >OLRKA FK QL FK facebook.net

>ILKB 4EFP FP ARB QL QEB FK@OB>PFKD KRJ?BO LC TB?PFQBP QE>Q BJ?BA QEFP QEFOA |

3BOSFKD IBD>@%3®0FMQ QL JLABOK ?OLTPBOP OBPRIQP FK > [>ODBO >JLRKQ LC OBARKA
PILTBO @LABB7@>K ILLH FKQL QEFPVE®BIVWFKD QEB PFWB LC RKR®BANQ
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"B@NK  /BS>H? NGNL>= MABR &:xKBIM

4EB JBAF>K >JLRKQ LC RKRPBA QEFO/SMS@Q¥NME FPURIMORIV  +' &LO LC
TB?PFQBP QE>Q RPB QEFOA M>0QV P@OFMQP FQ FP JLOB QE>K  +"

5KCLOQRK>QBBPPFQB LTKBOP AL KL(YPIESB QEB MLPPF?FIFQV QL @E>KIFEEER M>0QV
*>S>3@OFMQ FP ?RKAIBSBQFE QEB QEFOA M>0QV ABMBKABK@FBP >OB @B+€ FBPQBA QEB
LMQFJFWBA AROERDMEBKQW>ALMQFKBBOK P@OFMQ ?RKAIFKD >MMUE>@ERRIA

EBIM QL OBAR@B QEB >JLRKQ LC RKRPBA @LAB

Other optimization technologies

/KB LC QEB QEFOA M>0QV OBPLRO@B J>K>DBJBKQ MOL?IBJP FP QE>Q PLIBQFJBP FQ @>K PHFA
ABSBILMJIBKQ QB>J >KA ?B >AABA RPFKD Q>D J>K>DBJBKQ QLLIP TFQELRQ MOLMBO TB? MBOCLC
BS>IR>QFLK P > OBPRIQ QEFOA M>0QV P@OFMQP @>K RK@LKQOLII>?IV >CCB@Q QEB M>DB IL
OBPMLKBRSPPUBBOFBK@B

3LJB JLABOK QEFOA M>0QV IL>AFKB@ROELK PLIRQFEKPNEMB>0BA FK OB BIRQY
BU>JMIBO>OQVQLTRP > IFR0V QE>Q OBIL@>QBP QEFOA M>0QV P@OFMQBFKQICQEB TB? TLOH
RM QEB J>FK QEOB>A CLO dOPQ M>0QV @LABBARIIVEKDIK QEB B>OIV >ALMQFLK PQ>DB >KA
FQP RP>DEBER/SLT/KIV TB?PFQBP COLJ QEB TELIB A>Q>PBQ >0B RPFKD FQ ERO (LTB

QEBB UQ GRIEILOH E>P PQ>0QBA QL FKQOLAR@B QBEP QIERBFA KK @ CBERELTK

AMMILP>; =>0IN;EBLA FH=>KG:C<®BIM
AMMIL:KMRMHPG ;NBEH>K
AMMILGQMCL HK@ =H<L ;:LB=Pt4MiM H?? EH:=BG@ L<KBIML MEKRIRBRDGM:E
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https://almanac.httparchive.org/static/images/2022/third-parties/size-of-unused-javascript.png
https://almanac.httparchive.org/static/images/2022/third-parties/size-of-unused-javascript.png
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MLMRI>OFQV

4EB MGHFLRP PB@QFLKP PELTBA QE>Q QEB OBPMLKPF?FIFQV CLB REFSBMFPGM IKBD>QF S
?BQTBBK dOPQ >KA QEFOA EBI0RBQB (LTEBO?OLTPBOP >0B >IPL PELTFKD FKQBOBPQ FK
LMQFJFWFKD QEB IL>AFKD LC QEFOA M>0OQEEIBOLRIBEP FK@IRAB ?BQQBO OB>I RPBO
JLKFQLOFKD >KSBNBVIBO QLLIFKISFARKD JLOB A>Q> >?LRQ QEB FIM>@Q LC QEFOA M>OQFE

25%

"B@RK , >K>GM H? MABURKIN>LML PBMA OBFBG@ EEHP +KB@BG A>:=>K A>:=>K

4E>Q JFDEQ ?B @E>IIBKDFKDSBLDRBEERIV  LC QLQ>l QEFOA M>0OQV OBNSBFERREEOL
AFJFKD !IILT JOFDFK !4 EB>ABOQE>Q FP FIMLOQ>KQ CLO QEFOA M>0OQV TB? MBOCLOJ>K@
QEKPM>OBK@V

4>HFKD FKQL >@@LRKQAEEGQED MOBIBK@B E>P KLQ FSBATIK @LIM>OFPLK QL QEB
MOSFLRFB#OP TB TLRIA BK@LAIB QEFOA M>0OQFABOP QL RPB FQ JLBBAGROAET dOPQ
M>OQFBP QL DBQ JLOSQBFERMEQP FKQL QEB MBOCLOJ>K@B LC QEBPB OBPLRO@BP

Conclusion

4EFOA M>OQFBP >0B LCQBK >PPL@F>QBA FENE@RRETEPFQB MBOCLOJ>K@B )KABBA Pl
>@@LRKQ CLO KLQ>?IB OBKABOFKD >KA J>FK QEOB>A ?IL@HFKD QFJB BSR@EPF>IIV LK JL-
TEF@E >0B FK@OB>PFKDIV QEB JLOB MLMBF@BPREEBAGEB J>FK DL>| LC QEFP @E>MQBC
FP QL PELT QE>Q QEB OBPMLKPF?FIFQV CLO QEFOA M>0QV FIM>@Q LK TB? MBOCLOJ>K@
QEFOA M>0QSFABOP >KA TB?PFQB LTKBOP 4EBOB >OB ILQP LC LMMLOQRKFQFBP CLO TB?
ABSBILMBOP QL ILTBO QEB QEFOA M>0QV FIM>@Q LK QEBFO TB?PFQBP )K QEB CRQROB 7!
ILLH QL >RQLI>QF@>IIV >MMIV QEFOA M>0QV OBPLRO@B LMQFJFW>QFLKP

7 B ESB >K>IVWBA A>Q> OBI>QBA QL AFCCBOBKQ TB? MBOCLOJ>K@B OB@LJJBKA>QFLKP
@LIMOBPPBA >KA JFKFdBA OBPLRO@BP IBD>@V !SFBRKRNEABQ@ ">PBA LK QEB dKAFKD
TB E>SB @LKAR@QBA QEB CLIILTFKD >@QFLK MLFKQP QE>Q @LRIA ?B EBIMCRI CLO TB?PFC
ABBILMBOP QL FBBQEB RPERMVBOFBK@B

b ,L>A QEFOA M>0QV OBPLRO@BP PRFQ>?IB CLSFRICKJBK@PHESBIB QEB >PPBQP

AMMIL=>CEHI>KAKF> <HF ;EH@ MABIMR L<KBIMHIKL>= :[IKH:<A
AMMII=>GEHI>RHSBEE: HK@ =M<$M®, $>:=>KL OBFBG@ EEHP +KB@BG
AMMILEF:G:< AMMIHABEHK@ >G ~ MABKKMB>L MBFBG@ :EEHP HKB@BGE=G=3K IK
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https://developer.chrome.com/blog/third-party-scripts#proposed-approach
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https://developer.mozilla.org/docs/Web/HTTP/Headers/Timing-Allow-Origin
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>0OB JFKFdBA >KA @LIMOBPPBA

b ,BSBODB AFCCBOBKQ QEFOA M>0QV C>@>AB QB@EKFNREYBENMEQEHEMELO ‘EB>
SFABLP J>MP >KBIEBE>QP QE>Q @>K ?IL@H OBIBBO@RRE@F>| FIM>@Q LK &FOPQ
#LKQBKQCRFKQ

b 7EFIB B>IR>QFKD QEFOA M>0QV @>KAFA>QBP BKRIRIBLQEEDSERD IBD>@V
10)P BU@BMQ TEBOB KB@BPP>0V

b #LKPFABO ELT @OFQF@>| QEFOA M>0QV @LKQBKQ FP CLO QEB M>DB >KA IL>A QEB K
OBPLRO@BP RPF defer 3>QQOF?RQB TEBK FQ FP KLQ OBKABO ?IL@HFKD

b %UMILOB JLABOK QEFOA M>0OQV IB@REALEDBDFBP

b #ELLPB "OLQIF @LIMOBPSBEQKOMWFM

4EBOB >0B J¥KLOB LMQFJFW>QFLK LMMLOQRKFQF BFBLIRGBQEREB B 5? ASBILMBOP QL
Q>H QEBJ PL QE>Q CRK@QFLISARBMRIEFOA M>OQFBP TLRIABTBESBP TFQELRQ E>0JFKD
QEB RPBOMBOFBK@B

Author

*BSDBKFG> :FBFPL

X GBSDBKF>WK) FIBRDBKF> [l FIBRDBKF>

%RDBKF> FP > COLKQBKA BKDFKBBSBKQ:RYEEEEEL FP M>PPFLK>QB >?LRQ

TB? MBOCLOJ>K@B >KA PQ>QB J>@EFKBENEEBABHRES TLOHFKD FK C>PQ DOLTFKD
"BOIFK ?>PBA PQ>0QRBMP-IEAI'LOFII>P >KA KLT PEB E>P GLEKBIRA!O)

3EB 6K > 'LLDIB $BSBILMBO 'OLRM FK ,>QSF>SB(30 \E8-OP

AMMILKIB=:IB <HF
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https://github.com/imeugenia
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Part | Chapter 9
Interoperability

Written by Brian Kadell

>0B>P>= ;KB< )>R-KG=,ABEBI &U@>GLM>=M
G:ERS>= ;@B<D 2BL<HEBE'>OBG:KKN@B:
1=BM>= ;RKKR HEEK

Introduction

)K  QEB -LWFII> $BSBILMBO .BQTLOH_P -$. 0OLAR@Q !ASFPLOV "L>0A MRQ QLDBQEBO >
PFDKFd@>K@PROSBO  AB SBILMBOP >KA ABPFDKBOP COL] @LRKQOFBP &FKAFKDP (
QEFP TBOB MR?IFPEBA >P QER $BSRLMBO .BBAP |PPBPPJBKQB? $.! 4EFP PQRAV
FABKQFdBA]>JLKD LQEBO QEFKDP]QE>Q PLEVICDERERHAKP >KA M>FK MLFKQP JLPQ LCQBK
FISLISBA AFCCBOBK@BP ?BQTBBK ?0LTPBOP )K  QEFP IBA QL > CLIILTR8LHKLTK >P QEB
"OLTPBO #LIM>QF?FIFQV 2BMLOQ

(FPQLOF@FMIBIBKQBO MOFLOFQFBP >KA CL@RP >0B FKABMBKABKSHODFRs QEARLTB
KBT A>Q> ?0LTPBO J>KRC>@QROBP @>JB QLDBQEBO CLO >KLQEBO dOPQ LC FQP HFKA B(
HFI:M TEF@E FABKQFdBA PMB@Fd@ >OB>P LC GLFKQ CL@RP QLT>0A >IFDKJBKQ >/
QELRP>KAP LB70I>QCLOBRQP !Q QEB ?BDFKKFKD LC #LIM>Q  >Il BKDFKBP P@LOBA LKI\
@LIM>QF?FIFQV FK QEB 86B>P FK PQ>?IB PEFMMFKD 1@LVRBAR OEBJ >CBO

AMMIIBGLB@AMEFHERHSBEE: HKEKIKML 1=?) *3 >; * >HKM  1=?
AMMIBGLB@AMEFHERHSBEE: HKEKIIL F=GHPL>K <HFI:MB;BEBMIRWK  AMFE
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https://insights.developer.mozilla.org/reports/pdf/MDN-Web-DNA-Report-2019.pdf
https://insights.developer.mozilla.org/reports/mdn-browser-compatibility-report-2020.html
https://insights.developer.mozilla.org/reports/mdn-browser-compatibility-report-2020.html
https://web.dev/compat2021/
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)K  QEFP BCCLOQ T>RB>KABA]J>KA OBK>JBA]GAGMEHK

“LQE LC QEBPB BCCLOQP LCCBO PLJB AFCCBOBKQ QEFKDP CLO QEFP @E>MQBO QL ILLH >Q )Q.
\VB>0 PFK@B JLPQ EBVEKQP COLJ#LIM>Q PEFMMBA >KA TEFIB QEEKDP FK )KQBOLM

>0B >I0B>AV ABMIBA FK PEFMMFKD ?0LTPBOP QEBOB FP JLOB QL @LJB ?BCLOB QEB BKA LC
\B>0

IK FKQBOBPQFKD NRBPQFLK FK QEBPB BCCLOQP FP "ELT AL TB HKLO GEAK FEBBBRRBII
PFDKFd@>KQ P@LCIBIBKIQR FP RPBCRI ?RQ FKPRCJ@FBISBILMBELRQMBFLK 3L QEFP
\B>0 CLO QEB dOPQ QFJB?QEE®@ TFII >IPL FK@IRAB > KBT )KQBBIEQBGRE>MQBO QL
?BDFK TOBPQIFKD TFQE QEBPB NRBP(HHRAR PKIBMIBH GRCLOJ>QFLK GBIAEBOP >?LRQ
TE>Q P @E>KDBA >KA TE>Q_P TLOQE >KLQEBO ILLH

4EFP @E>MQBO TFIl PRIJ>OFWB QEB TLOH ALKB FK #LIJM>Q  >KA JB>PROB TE>Q TB @>K >P TE
>P ILLH FKQL TE>Q_P ESMMBKFKD FK )KQBOLM  >KA @LKPFABO TEBQEBO QEBOB >OB >IPL ML(
S>IR>?IB JBQOF@P TB @BKSBO QFJB "LQE LC QEBPB BCCLOQP @LKQ>FK > TFAB JFU LC @>PBP (
PQ>?IB >I0B>AV RPBCRI CB>QROBP TFQE S>0VFKD ABDOBBP LC FK@FEIM-QBERBIFQV LO CORPQ
KBT QEFKDP TB QOFBA QL PBQ LCC OFDEQ COLJ QEB PQ>0Q

Compat 2021

#LIM>Q E>A J>GLO CL@RP >0OB>P

b 'OFA

b &IBJIW

b 3QF@H\PEQFLK
b 40-KPCLOJP

b IPMB@Q 2>QFL

YK *>KR>0V >l PQ>?IB PEFMMFKD ?0LTPBOP P@LOBA  @LIM>QF?FIFQV FK QEBPB >OB>P :
FQ T>PK KB@BPP>OFIV QEBP>JB  LC QBPQP QE>Q TBOB C>FIFKD FK B>@E ?0LTPBO
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https://hacks.mozilla.org/2022/03/interop-2022/
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"B@NRK HFEM =LAHK =
/HNK>3 >; . E:M?HKPOML

4LAN \LR @>K PBB QE>Q PFDKEB@-CRBVEBIBKQ ESB ?BBK J>AB #EOLJB >KA %ADB
>0B>Q &FOBCEQ >KA 3>C>OF >Q

Grid

#33 'OFA FP LKB LC QEB JLPQ MLMRI>O CB>QREBOREB-KA0 0@ERSA>QPELTP B>0

LSBO B>0 ALR?IFKD LC >ALMQFLK PFK@B FQP >00FS>| TFQE > PIBDBEQLRIVTALTK QEFP V
FK@OB>PFKD E>IC >D>FK FKPQB>A LC ALR?IFKD 'OFA >IOB>AV E>A NRFQB > EFDE ABDOBB
FKQBOLMBOFQARQ QEBOB TBOB PQFII > KRJ?BO LC JFKLO AFCCBOBK @EBP FKFPRMELOQ 7

AMMILPIM ?RB <HFI:M
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QEOLRDELRQ >KA QL FIM@B >IFDKJBKQ LC GBBL QBPQP FI8? 0I>QCLOBRQP
QE>Q QBPQ CB>QROBP LIROBAEM>PQ EB>A>@EBP QOVFKD QL AL PLIBQEBKEDFK 'OFA DFS
>KLQEBO QOV]|QEB PFQRAQESR ®E>KDBA CLO QEB ?BQQBO

I DLLA BU>JMIB LC QEFP FP QEB >?FIFQV QL >KF@HFDaFA@OIP >KA @LIRIKP]TEF@E >P LC
JFA  T>P LKIV PRMMLOQBX &FORCILTB SBO>P QEFP @E>MQBO T>P ?BFKD TOFQQBK DOFA
QB@H >KFJ>QFLK T>P >AABA QL BREED>KA#EOLIFRJ JB>KFKD >l QEOBB J>GLO BKDFKBP
PELRIA ?B >KFJ>QFKD D@HARIQEB QFIEROB>A QEFP

Flexbox

&IBJ?LU FPSBK LIABO >KA JLOB TFABIV RPBABAEFPQP RPB E>P DOLTHKED>RKMVB>OFKD
LK LCJL?FIB M>DBP >KA LC ABPHQLM M>QEE>P > PFJFI>0 KRJ?BO LC QBPQP QL 'OFA >KA
ABPMF@BX TFAB >ALMQFLK PQ>0OQBA FK JR@E TLOPB PE>MB %KQBOFKD  TB E>A > @LJ?FK>
LC EDDBA ?RDP >KA PR? CB>QROBP QE>Q OBJ>FKBA RKABOLEI BIEIBIRYBRRRDFLK>|
>IFDKJBK@WTLOA S>IRBFTEF@E @>K ?B >MMIFBA QL GRPQFCV @LKQBKQ >KA >IFDK @LKQBKQ >
QL GRPQFCV PBIC >KA >|FDKABIB/APRMMLOQ SREPEKQBOLMET-QV FPPRBP &

>?PLIRQB MLPFQFLKBRGRIP QEFP B8R BLOPB 4EBPB FPPRBPEBK OBPBIS

112,323

"B@NRK >LDMHI l:@>L NL flex-basis: content BG MA>BK LMRE>LA>>ML

IKLQEBO ?FQ LC CL@RP T>P flex-basis: content TEF@E FP RPBA QL >RQLI>QF@>IIV PFWB
?>PBA LK QEBEBQBP @LKQBKQ 4EFP T>P FKFQF>IIV FIMIBJBKQBREKRABBBKQ>QFLKP

FK 7B?+FQ >KA #EOLJFRJ TBOB RKABER> 4 LA QEBPB QBPQP M>PP RKFCLOJIV FK >I|
?0LTPBOP > flex-basis: content >MMB>OP LK M>DBP LK ABPHQLM >KA

JL?FIB OLRDEIV LC M>DBP 4E>Q_P KLQ > ?>A PQ>0Q CLO > CBBORQE RERE®FIJOPQ V
PRMMLOQ >KA >?LRQ ALR?IB TE>Q F(BFER IBRIBBM >K\B LK QEFP JBQOF@ FK QEB CRQROB

AMMILP>DBM HK@ ;EH@  P>DBM ?>NBGKL:?:KB
AMMIL@KNIL @HH@E> <HFHRBMF HK@ @ ;EBGDEZO@B)D FE3*$=M- &
AMMI=>GEHI>RHSBEE: HK@ =Hi<l/3/9H Q9 EB@GF>GM IHLBMBHG:E9:ER@IGOEENIAD
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https://webkit.org/blog/13152/webkit-features-in-safari-16-0/
https://groups.google.com/a/chromium.org/g/blink-dev/c/Ll7br0giMk8/m/l4WNHdatBQAJ
https://developer.mozilla.org/docs/Web/CSS/CSS_Box_Alignment#positional_alignment_keyword_values
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Sticky positioning

5.9%

"B@RK >LDMHI Il:@>L NL position: sticky BG MA>BK LMRE>LA>>ML

3QF@HV MLPFQFLKFKD E>P ?BBK >OLRKA CLO > TEFIB )K C>@Q FQ_P TLRJE KLQFKD QE>(
MLMRI>0O CB>QROB NRBOV\FK REEBJ>0DREK@ @LRKQFKISENO LLC CB>QROB NRBOFBP )Q
E>A PSBGI FKQBOLMEBIFQV FPPRBRIEIMIB QEB FK>?FIFQV QL PQF@H EB>ABOP FK Q>?IBP F
#EOLJB position: sticky FP >@BNRPBA FK >OLRKA LC ABPHQLM M>DBP >KA LC
JL?FIB M>DBP FK 7B Il BBM >K\B LK QEFP JBQOF@ CLO PLJB QFJB QL @LJB QL PBB ELT
>AAOBPPFKD QELPB FKSIIRMWMBEPPRBP >CCB@QPBELWIBME K L

CSS transforms

"B@NRK //0 KGL?HKFL3;, :@>8LML =:LA;H:KLM:;E>
/HNK>3 >; .E:M?HKPEOML

#33 4G-KPCLOJP >0OB MLMRI>0 SEK2HBK >OLRKA CLO > ILKD QFJBBQDEBOB TBOB ¥>K

AMMILEF:G:< AMMKABOHK@ >G  <LL ?>:MNKIN>KB>L
AMMILPIM ?RB <HFI:M  ?>:MNH&<LL M&L?HKFL LM:;E>
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https://almanac.httparchive.org/en/2022/css#feature-queries
https://almanac.httparchive.org/en/2022/css#feature-queries
https://almanac.httparchive.org/static/images/2022/interoperability/css-transforms-wpt-dashboard-stable.png
https://almanac.httparchive.org/static/images/2022/interoperability/css-transforms-wpt-dashboard-stable.png
https://wpt.fyi/compat2021?feature=css-transforms&stable
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FKQBOLMBOFQV FPPRBP >Q QEB PQ>0Q M>OQ perspective:none >KA transform-
style: preserve-3d 4EFP JB>KQ QE>QUI>KFJI>QFLKP TBRRBLVFKDIV FK@LKPFPQBKQ

"B@NK //0 KGL?HKFL3;, :@>8LML =:LA;H:KQI>KBF>GM:E
/HNK>3 >; E:M?HKPEOML

| OB@BKQ @LIM>Q ME PELTFKD QEB P>JB #38REDOJP FRKEMBOFJBKQ>I ?20LTPBOP >P
>7LSB PELTP >Il ?0LTPBOP >0B P@LOFKD LO ?BQQBUIBRIBEEBEBFLKP TEF@E PELT
CRQROEXPFLKP LC QEB ?0LTPBOP 4EFP T>P LKB LC QEB >0B>P TFQERMEKGFRR?IB FIMOL
PQ>?IB ?0LTPBOP TEF@E @LKQFKSB OP MM LC )KQBOLMSLISE® @LKQFKRFKD

#LIM>Q TLOH

aspect-ratio

aspectratio  T>P >KBT CB>QRCEBABIBA FK  'FSBK FQP MLQBKQF>I TFABPMOB>A
RPBCRIKBPP TB @ELPB QL >FJ CLO EFDEFIRQBAMBEB PQ>0Q

AMMILP>; =>O<HFI:M  <LL MK :GL?HKFL
AMMILPIM ?RB <HFI:M  ?>:MNK<LL M&L?HKFL
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https://almanac.httparchive.org/static/images/2022/interoperability/css-transforms-wpt-dashboard-experimental.png
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"B@NRK LI><M WMBH NL:@>KiIKBF>
/HNK> AKHF> /M:MNL

K aspect-ratio FP >I0B>AV >MMB>OFKEBBK.QERC 52,P FK QEB >O® KBSI

.LQB QE>Q ALBRXIB>K QE>Q LC QEBPB M>DBP > aspect-ratio QEBJPBEP ORIBP

J>V ?B IL>ABA CLO RPB FK LQEBO M>DBP LK QEB PFQB 7EF@E ORIBP >0OB >MMIFBA FK QEL
AFCCBOBKQ NRBPQFLK >KA FQ PELTP > JLOB JLABPQ LC M>DB SFBTP LK ABPHQLM >KA
JL?FIB 3QFIl QEB DOLTQE @E>0Q PELTP PQB>AV >KA FK@OB>PFKD >ALMQFLK 4EFP TFIl ?
JBQOF@ Qi@p>P TB 8 CLOT>0A

Interop 2022

,FHB QEB{FI:M BCCLOQ ?BCLOB FQ QEB%GBMHEICLOQ CL@RPBP LK > JFU LC QEFKDP COLJ
@LIIB@QFLKP LC ?RDP QL I>KAFKD DLLA dK>| FIMIBJBKQ:EDFIKET QRQBIRGESH Y PEFMMFKC
CB>QROBRATEB QL PBQ LCC FK DLLA PQBRAPKED>0Q TFQE QEB ?RDPc

Bugs

)K J>KV @>PBP TESB+QEBOTFPB J>QROB CB>QROBBBEAQEIP OBMLOQBA FK AFCCBOBKQ
20LTPBOP 2>DDBA ?RDP JB>K QE>Q QEB >BQBEOBBK@®B FP MLQBKQF>IIV > ILQ TLOPB QE>K
FKAFSFAR>| M>@BROJFDEQ FJRL® B>IJMIB FC >l 20LTPBOP OBMLOSDBMKPPRBOFBP LC

AMMILAKF>LM:MNL <HF F>MKB<L <LL MBF>EBG> IHINE:KBMR
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https://chromestatus.com/metrics/css/timeline/popularity/657
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QBPQP LC  ?RQ >l ?0LTPBOP C>FI LK > AFCCBOBKQ >?HRKQBCHART @B TLRIA ?B NRFQB
ILT ! PFDKFd@>KQ MLOQFLK LC LRO CL@RP FK )KQBOLM  FP >OLRKA >IFDKFKD FIMIBIBKQ>QF
@ILPFKD ?RDP LK CB>CBRQBBRBH

Forms

8.0 JLPQ LC QEB TBEFPQIADDJIP B8 MI¥BA > MOBQQV FIMLOQ>KQ OLIBSBO LC

ABPHQLM M>DBP FK( <form> BIBJBKQIER/_B E>A > ILQ LGBRQJIBKQ ?RQ ABPMFQB QE>Q
QEB_OB PQFIl QEB PLRO@B LC > ILQ LC ?0L TEROMERDIP ¢HAA® >PBP TEBOB QEFKDP AFCCBO
COLJ QEB PMB@P LO AFCCBO COLJ LQEBO FIMIBJBKQ>QFLKP FK PRIBE)FABKORGEAS T>
PBQLC QBPQK TEF@E QEB MEBPTOPEDV-DDBA )KAFSFAR>I P@KDBR OOLJ X

3>C>OF QL X #EOLJB ?RQ >D>FK B>@E ?0LTPBO E>A AFCCBOBKQ D>MP FK PRMMLOQ

7 B ESB J>AB PLIJB MOBQEAF@>| MOLDOBPP QLT>0A @ILPFKD QEBB®BIBHEK B

OBIB>PBP >KA TB ELMB QE>Q >P TB @ILPBARQEBEBFII I>KA FK PQ>?IB 20LTPBOP 4EBOB FP
MOL?>?IV IFQQIB QE>Q @@BREEBOB RPFKD QEB (440 |B@EBS FK QBOJP LC RPB LO

>ALMQFLK ?RQ ELMBCSBIVMBOR/BIBOFBK@B IBPP M>FK SKQFCRRRAOBNRFOB CBTBO
TLOH>OLRKAP CLO FKAFSFAR>| 20LTPBOP

AMMILPIM ?RB
KLNEME:;>E F:LM>K E:;>E QI>KBF>GM:EHHN<M <AR> IK H=N<M WK IKH=N<M L:?:KB :EB@G>= OB>AIRGE>E BGM>KHI  ?HKFL
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https://docs.google.com/spreadsheets/d/1grkd2_1xSV3jvNK6ucRQ0OL1HmGTsScHuwA8GZuRLHU/edit#gid=2057119066
https://docs.google.com/spreadsheets/d/1grkd2_1xSV3jvNK6ucRQ0OL1HmGTsScHuwA8GZuRLHU/edit#gid=2057119066
https://docs.google.com/spreadsheets/d/1grkd2_1xSV3jvNK6ucRQ0OL1HmGTsScHuwA8GZuRLHU/edit#gid=2057119066
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Part | Chapter 9 : Interoperability

"B@NK "HKFL 3,0 =:LA;H:K= >QI>KBF>GM:E
/HNK>3 >; [E:M?HKPEOML

Scrolling

/S BO QEBXOP TEB >AABA KBT M>QQBOKP SIAMBA KBT >?FIFQFBP >OLRKA P@OLII
BUMBOFBK@B scroll-snap scroll-behavior >K£ overscroll-behavior 4EB

ABPFOB CLO QEBPB PLOQP LC MLTBOP >0B @IB>0O]JFK  QEB KRJ?BO LC #33 PQVIBPEBBQF
PLJB LC QEBAB/HIOLMBOQFBBALBBQEFP

AMMILPIM ?RB BEM>K?>:MNK > BGMBK  ?HKFL LM:E>
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"B@NRK /<KHEEHKSKMR :=HIMBHG

5KCLOQRK>QBEFP FP >K >0B> TEBOB > KRJ?BO LC FK@LJIJM>QF?FIFQFBP OBJ>FK >KA AB>IFKD T
FK@LIM>QF?FIFQFBP FK P@OLIIFRN. @BEPBRIABLC MEARABKQFABA  B? 01>QCLOJ
4BPQP>OLRKA P@OLIIFKD Q QEB ?BDFKKFKD LC QEB MOL@BPP PQ>RIBEABIBMEB P@LOBP O

X &FOBCIU >KA 3>C>0OF QL >?LR@EOLJB 'D>FK BBM FK JFKA QE>Q QEBEBGDB L
P@LOBP]?B@>RPB QEB D>MP AFCCBOBA QEB-OBHQRMGBQIBIFB@QFLK T>P ILVBO QE>K >K

LC QEBPB

AMMILPIM ?REBINEML
<LL E:;>E FiLM>K E:;;>E¥>KBF>GM:EHHN<M <AR> IKH=N<M ¥R IKH=N<M L:?:KB :EB@G>= OB>PIBE@#>E BGM>KHI L<K HEEBG@
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https://almanac.httparchive.org/static/images/2022/interoperability/scroll-property-adoption.png
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"B@NK /<HEEBG@ 3,0 =:LA;H:K
/HNK>3 >; [E:M?HKPEOML

)Q FBBBV AFCA@RIQ QL BPQFJ>QB TE>Q BCCBEBIBREBPEFRIBAK >ALMQFISBO QFJB
?RQ TBIl BBM >KVB LK QEBPB JBQOF@P )K QEB JB>KRFBRMBOFBK@BA PLIB
FKQBOLMBAOFQV M>FKP TFQE P@OLIIFKD RBFRROMFQERJ >KLQEBO ILLA FLMB QE>Q
>P QEBPB FJBBIBKQP @LKQFKRB >KA OB>@E PQ>?IB ?0LTPBO QBE>PBRGEFEER DBQ >
ILQ ?BQQBO

Typography and Encodings

2BKABOFKD LE@EP PLOQ LC QEBJIBIQH EHOJP J3K?>PF@ FABSB EBBK >OLRKA
CLOEBO?RQ QEBOB OBJ>FK > KRJ?BO LC D>MP >KA FK@LKPFPQBK@FBP >OLRHAEPRMMLOQ
>KA BK@LAFKDP

AMMILPIM ?RB BEM>K?>:MNK > BGMHK L<K HEEBG@ LM:;E>
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https://almanac.httparchive.org/static/images/2022/interoperability/scrolling-wpt-dashboard.png
https://almanac.httparchive.org/static/images/2022/interoperability/scrolling-wpt-dashboard.png
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JKQBOLM  QLLH RM > DBXBSD LC FPPRBP >( font-variant-alternates font-
variant-position QElic RKFQ >KA #*+@BBK@LAFKEPFABKQFAdBABPQP FK B?
01>QCLO.BPQFOBMOBPBKQFKD AFCCBOBKQ PLOQP LC D>MP

"B@NK ORIH@RK R :G=>G<H=BG@L 3,0 =:.LAH:K
/HNK>3 >; E:M?HKPOML

#EOLJB E>P OB@BKQIV ?BDRK QL @ILPB D>MP TFQE 3>C>0OF ?R@?:DE BSEHIBNRFDB
PLJB >QQBKQFLK QL @>Q@E RM QL QEB @LJIMIBQBKBFEREC-ERIBCL

Completing Implementations

IIFDKFKD FIJMIBJBKQ>QFLKP FP M>OQF@RI>OIV AFCd@RIQ 4EBOB FP > ABIF@>QB ?>I>K@B ?BQ’
CLOWBVIBOFJBKQ>QFLK >KA FKFQF>I FIMIBUBISDHREK @& B >BAKE>BKLRDE >DOBBJBKQ QL

AMMILPIM ?REBINEME:;>E F:LM>K E:;>E QI>KBF>GM:EHHN<M <AR> IKH=N<M W IKH=N<M L:?:KB :EB@G>= OB>RIBE}>E BGM>KHI M> QM
AMMILPIM ?RB BEM>K?>:MNK >BGMs#K M> QM LM:;E>
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https://wpt.fyi/results/?label=master&label=experimental&product=chrome&product=firefox&product=safari&aligned&view=interop&q=label%3Ainterop-2022-text
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https://almanac.httparchive.org/static/images/2022/interoperability/typography-and-encodings-wpt-dashboard.png
https://wpt.fyi/interop-2022?feature=interop-2022-text&stable
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BKPROB QE>Q QEB TLOH FP TBII RKABOBQVIBIQLB>@E QEB PQ>QRP LC PEFMMFKD
FIMIBJBKQ>QFLK FK >Il 20LTPBOP 3LJBQFJBP QEFP >IFCKIBKIPGHEERIMTES

CL@RPBA LK QEOBB FQBJP TEF@E E>A >K FIMIBJBKQ>QFLK >KA >Q IB>PQ PLJB >DOBBJBK(
OB>AV 4E <dialog> BIBJBKQ #33 #LKQ>FKJBKQ >KA 3R?BQFRILLH >Q B>@E

<dialog>

! AF>ILD BIBJBKQ T>P dOPQ PEFMMBA FK #EOLJB FK IRDRPQ  )KQOLAR@FKD > AF>ILD Ol
FKQOLAR@FKD >KA ABJKFKD > KRJ?BO LC PRMMLOGFKR @LB@BMGP FRIBOQKBPP
>IPL OBNRFOBP >KPTBORKKBISK@ @BPPF?FIFQV >KA 58 NRBPQFLKP

I KRJ?BO LC QEFKDP @>RPBA TLOH LK AF>ILDP QL PQ>Il CLO SEXQEBYBF?RQ EBMF@H
2>@H RM )Q I>KABA FKLRFOBQLY 7?BEFKA >e>D FK IMOFI  3FK@B QEBK > ILQ LC TLOH E:
DLKB FKQL >KPTBOFKD >l LC QELPB NRBPQFLKP &FK>| ABQ>FIP TBOB PLOQBA LRQ >KA TL
MOFLOFQFWBA >P M>0Q LC )JKQBOLM QL BKPROB BEIEQNKIBODMBOBFABKQFIBA

4 BPQP )Q T>P PEFMMEBC2RIQ FK PQ>?IB 0L TPBOSHGBRIQE >KA3>C>0F  FK
>O@E TFQE >l 20LTPBOP P@LOFKD X LO ?BQQBO

AMMII=>GEHI>RHSBEE: HK@ =H<L )HSBEE: *BK:L>L
AMMII=>GEHI>KE> <HF =H<NF>GM:MBHG L*EXB K GHM>L L:?:KB $EK.L> GHM>L
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https://developer.mozilla.org/docs/Mozilla/Firefox/Releases/98
https://developer.apple.com/documentation/safari-release-notes/safari-15_4-release-notes
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"B@NK B:EH@ >E>F>GM 3,0 =:.LAsH:K
/HNK>3 >; E:M?HKEOML

YQ_P E>OA QL MOBAF@Q/EIT Q&8 M>DBP QEBB-@@IEFE-Il OBNRF( <dialog>  ?RQ

QE@HFKD FQP DOLTQE TFIl 7B FESKAFIFBOBPQFKBERKIV LKB PEFMMFKD ?0LTPBO
PRMMLOC <dialog>  >KA FQ >MMB>OBA LK X  LC M>DBP FK QEB JL?FIB A>Q> PBQ !Q QEB QFJB
LC QEBX@JB RPBA CLO QEFP @ EEMEYR(PBBK PEFMMABDFRKFSCLO >?LRQ  JLKQEP >KA

TB CLRKA FQ >MMB>OFKD FK X 3QFIl PJ>Il KRJ?BOP ?RQ QE>Q P X LC TE>Q FQ T>P QEFP
QFJB I>PE307 B TFIl @LKQFKRB-@HITEFP JBQOB@H®K QEB JB>KQFJBLIRESES >

KBBA CL(<dialog> QEBOB DLLA KBTP )Q_P KL BRRES\S>FI>?IB CLO RPB

CSS containment

#33 @LKQ>FKJIBKQ FKQOLAR@BP > @LK@BMQ CLO FPLI>QFKD > PR?QOBB LC QEB M>DB COLJ Q

AMMILPIM ?RB BEM>K?>:MNK > BGMH#K =B:EH@ LM:;E>
AMMII=H<L @HH@E> <HELM>ML = @@Q/2 CO* N<. -+($F#0  L/<SNP #6N.(31 >=BM @B=
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https://almanac.httparchive.org/static/images/2022/interoperability/dialog-element-wpt-dashboard.png
https://almanac.httparchive.org/static/images/2022/interoperability/dialog-element-wpt-dashboard.png
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M>DB FK QBOJP LC ELT #33 PELRIA MOL@BPP >KA OBKABO FQ )Q T>P FKQRTLER@BA >P > M
@LRIA ?B RPBA QL FFBAM@BOCLOJ>K@B >KA QL LMBK QEB ALLO CLGHIRRLHHEDLRQ
1RBOFBP

"B@NRK HGM:BGF>GM 3,0 =:LA;HK
/HNK>3 >; [E:M?HKEQOML

)Q dOPQ PEFMMBA FK #EOLJB PQ>?IB FK *RIVU PRIAGEBA QEB PB@LKA FIMIBJBKQ>QFLK FK
3BMQBJ?BO  4EFPRAO FQ T>PEISRM?)KQBOLM QL >IFDK >KA BKPROB QE>Q >P FQ
?B@LJIBP RMFIP>ING>FI>?IB TB PQ>0Q LRQ FK DLLA BEABRQFIBABPQP 3>C>OF

PEFMMBA @LKQ>FKJBKQ PRMMLOQ FK PQ>?IEOBIB®B  4EOLRDELRQ QEBOB>@E
20LTPBO FIMBBA PRMMLOQ >KA FQ FP ROPRIKESFI>?IB

AMMIL=>CEHI>RHSBEE: HK@ =H<l/3/9 HGM:BG>K9-N>KB>L

AMMILPIM ?RB BEM>K?>:MNK > BGMBIK  <HGM:BG LM:;E>

AMMILPIM ?RBINEML <LL <LL

<HGM:BG E:;>E F:LM>K E: QE-KBF>GM:EHHN<M <AR> IKH=N<M WK IKH=N<M L:?:KB :EB@G>= OB>FABREt>K BGM>KHI <HGM:BG
AMMII=>GEHI>KE> <HF =H<NF>GM:MBHG L*EXB K GHM>L L:?:KB $EK.L> GHM>L
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https://developer.mozilla.org/docs/Web/CSS/CSS_Container_Queries
https://developer.mozilla.org/docs/Web/CSS/CSS_Container_Queries
https://almanac.httparchive.org/static/images/2022/interoperability/containment-wpt-dashboard.png
https://almanac.httparchive.org/static/images/2022/interoperability/containment-wpt-dashboard.png
https://wpt.fyi/interop-2022?feature=interop-2022-contain&stable
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3.7%

"B@NK  *NF;>K H? FH;BE> |:@>L NLBG@ <HGM:BGF>GM BG MA>BK LMRE>LA>>ML

K QEB  A>Q> @LKQ>FKJIBKQ >MMB>OP FK PQVIBPEBBQP LK LC M>DBP LK JL?FIB>KA LC
M>DBP LK ABPHQLM

"B@NK contain  IKHI>KMR NL:@>

4EB dDROB >3 PELTP QEB OBB-QWSIB>K@B LC S>IRBP FK QELPB layout |
@LKQ>FKJIBKQ ?BFKD CISWIREB JLPQ MLMRI>O RP>DB >@@LRKQFt contain  LC
S>IRBP

7EFIB FQ FP RPBCRI LK FQP LTK >ASFIORIK@®ILKQ>FKIBKQ PRMMLOQ >0B > MOBOBNRFPFQB QL
PRMMLOQFKD @LKQ>FKBO NRBOFBP PL QEFP TFIl 7B >K FKQBOBPQFKIRHEBORE I @LKQFKRE
>P @LKQ>FKBO NRBOFBBLFR)Q@EBRRBPQBA #33 CB>@RORBI>K \B>OP LT QE>Q

@LKQ>FKJIBKQ FBARFBSE>FI>?IB FQ_P > DOB>Q QRIBCEB W ILLH >KA C>JFIF>0FWB

AMMIL LM:M>H?<LL <HF >G 1/ HIBGBHGL ~BMERIFBLLBE@BEPBGL
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VLROPBIC TFQE QEB ?>PF@ @LK@BMQP

.LQB QE>Q PLJB ABDOBB LC @LKQ>FKBO NRBOFBP PRMBMERQ B IFk HIBHIAIB>KA 3>C>0F
>KA MLIVdIIP >CGB-FI>?IB PL TB >IPL AB@FABA QL ILLH >Q/BRQVIBREBBQP >I0B>AV @LKQ>FK
@container ORIBPBQ TLKABOFKD ELT JR@E QEFP TLRIA >@@LRKQ CLOXQEB RPB TB P>

0.002%

"B@NK , >K>GM:@> H? FH;BE> I:@>L <HC @container KNE>L>M

LQ JR@E BQ FQ TLRIA PBBJ !JBOB M>DBP LRQ LC QEB KB>OIV JFIIFLK MHBBFRB @O
LRO JL?FIB A>Q> PBQ RPB @LKQ>FKBO BREESRFGSAXBT >KA KLOY @LIMIBQBIV
PEFMMFKD QERPHRRBMOFPFKD )(BARBB RF@B ?>PBIFKB QL-EIpHHD OBLMQFLK COLJ FK
QEB CRQROB QELRDE

Subgrid

7EFIB #33 DOFALRQ E>P >IILTBA > @LKQ>FKBIOBPBURQ LC FQP @EFIAOBK FK QBOJP LC OL
@LIRIKP >KA@HP]QEBOB E>PWPr2BBK PLIBQEFKD LC > IFJFQ EBOB 4EBOB FP COBNRBKOQI
KBBA CLO ABP@BKA>KQP QE>Q >0B KLQ @EFIAOBK QL M>0QF @AMRBR FBAFHEP>JB DOFA
QEB PLIRQFLK CLO MOLBEJEAPH)Q T>P dOPQ PRMMLOQBA FK > PQ>?IB OFFE>PB FK &FOBCL
$B@BJ?BO  ?RQ LQEBO FIMIBJBKQ>QFLKE REMAF>QBIV CLIILT

#LLOAFK>QFKD TLOH LK QEAPRGEA-CB>QROB >KA BKPROFKD DLLA?FKQROLANBEXLQEBO
DL>I FK )KQBOLM B J>OIBA 4 BPQP FK8? 01>QCLOBRQP

AMMII=>OEHI>RHSBEE: HK@ =H<l/3/9%#KB=9(:R HNM /N;@KB=
AMMILPIM ?REBIKNEML <LL <LL @KB=
LN;@KB= E:;>E F:.LM>K E:;QBKBF>GM:EHHN<M <HR> IK H=N<M ¥R IKH=N<M L:?:KB :EB@G>= OB>PIRKE#>KE BGM>KHI LN;@KB=
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"B@NK  /N;@KB= 3,0 =:LA;HK
/HNK>3 >; E:M?HKEOML

IP LC QEB QFJB LC QEFP TOFQFKD QEBBB\EBRIZBBIOSDOBPP 3>C>OF FP KLT QEB JLPQ

@LIMIBQEKA QEBOB >0B >Q IB>PQ FIMIBIBKQ>QFLKP 3>03 GFKARQ-@RDBEEMMFKD
20LTPBOP BELMB QL PBBIEA FIMEBIBKQ FK #EOLJB ?BCLOB QEB BKARSIQEB V

0.002%

"B@RK ,>K>GM:@> H? FH;BE> l:@>L <HGM:BC subgrid .BEMA>BK LMRE>LA>>M

7EFIB QEFP FRICRISEFI>?IB FK >1I PQ>?I1B ?0LTBRBQER A>Q>PBQ AFA FK@IRAB PLJB PJ>II
>JLRKQ LC RPB >IOB>AV

AMMILPIM ?RB BEM>K?>:MNK >BGMsK  LN;@KB= LM:;E>
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New Features

4EFPRAC>1I LC QEB KBT CB>QROBP QE>Q C>Il RKABO QEB @>QBDLOV LC #33 >KA JLPQ LC G
QEBJ TFII ?B @IOBA FK @88 @E>MQ@BD®B TBIl J>FKIV CL@RP LK PLIB EFDEIFDEQP

Color Spaces and Functions

#LILO LK QEB TB? E>P A\I'P>?BBK CRII LC C>P@FK>QFKD @ BBORXEBYOFS TERB DAK
>RQELOP J¥K>VP QUBIOBPP TE>Q >OB]FK QEB BKA]QERZ'P>JELILOP 4E>Q FP LKB @>K
TOFQB >P > @LILOtred 3FJMIB BKLRDE

(LTB SBOTB @LRIA >IPL RPB ROBNEEFS>| (#FF0000)  (RJ>KP ALK Q DBKBY QEFKH FK
EBJ>AB@FJ>I PL TB >AAB/rgb() @LILO CRK@ rgh(255,0,0) LOQB QE>Q ?LQE LC

QELPB >0B GRPQ RPFKD QTL AFCCBOBKQ ?RQ BNRFS>IBKQ KRJ?EBFKBIPYRERIP 4EB
BUMOBPPFKD QEFKDP FK QBOJP LC JFUFKD QEB FKQBKPFQV LC FKAFSFAR>! IFDEQP QE>Q
@>QELAB/@R?B AFRMI>

4EB 2" JBQELA LC @LKPQOR@QFKD @LILBO@WEKAB SLO ERJ>KP QL SFPR>IFWB PL TB
ABBILMBA LQEBO @LLOAFK>QB PVROBIBRREKB@RILOP FK > MBOE>MP B>PFBO QL
RKABOPQ>K/B hsl(0, 100%, 50%)  LC hwh(0, 0%, 0%)  (LTB SBO>D>FK QEBPB >OB P2
@LLOAFK>QB PVPQBJP

"B@NK | <HEHK LI:<> <HFI#¢ MH .

3L TE>Q E>MMBKP TEBK LROVAFPMEQFB®EBA QEBFO IFJFQP 4EFP FP FK C>@© XFEB @>PE
@>K ?B PBBK TFQE TFAB D>JRQRAFPMI>

)K 3>C>OF OBIB>PBAFK  IMMIB >AABA PRMMLOQ CLO 0 @LILO FJslab() EH&KKBT
Ich) @LLOAFK>QB PVPQBJP TBOB >AABA QL #33 FK LOABO QL PRWMM2EDSERTRII >

AMMIL>GPBDBI>=B: HK@ PBDB /.
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PM>@B ?>PBA LK#3&B JLABI 4EB/ >0B MBO@BMQR>IV RKFCLOJ >IILTHUOBHPQL B
@LILOP TB @LRIA KISFMIBY >KA ABAKFKD TE>Q QL AL FC PRMMLOQ FP I>@HFKD 3RMMLOQ CL!
dOPQ PEFMMBA FK 3>C>0OF FK 3BMQBJ?BO

4EB CRIIBO D>JRQ PM>@B >KA ?BQQBO MBO@BMQ lab() S@®&Ich() LEPL >IILT RP QL
JLOB B>PFIV CL@RP LK KBT @LILO CRE color-mix() TEF@E GFHQTL @LILOP >KA
OBQROKP QEB OBPRIQ LC JFUFKD QEBJ FK > PMB@RIBRME@QIBN>@RRQ

)KQBOLM  QLLH RMQBPQP >OLRKA QEBPB FQBJP TFQE > DL>| LC MOFLOFQFWFKD DLLA
FKQBOLMBAOF@#C>0F ?BD>K MOBQQV TBII LRQ >EB>A >KA EXBARMIEIRIBDRCEKA

#EOLJB ESB J>AB PQB>AV FJBEIBKQP ?RQ QEBB PQFII NRFQB > ?FQ ?BEFKA FK QEFP >0B> /KB
@E>IIBKDB $R@>?IFP QE>Q JR@E ILTHEED FRMMLATEOLRDELRQ QEB RKABGIMER@®BO
IF?80VOBKABOFKD MFMBIFKE BE@?RFIQ QL AB>I'FRIPSAAFKD PRMMLOQ FP KLQ B>PV

AMMIL>GPBDBI>=B: HK@ PBDB %!( 9<HEHK9LI:<> REBG=KB<:E9FH=>E

AMMILPIM ?RBINEML <LL <LL

<HEHK E:;>E F:.LM>K E:;SE>KBF>GM:EHHN<M <AR> IKH=N<M WK IKH=N<M L:?:KB :EB@G>= OB>RIBdE+>E BGM>KHI <HEHK
AMMILRANMN ;> >$62$'3 == M
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"B@NK HEHK LI:<>L :G=?NG<MBHGL 3,0 =£A;H:K
/HNK>3 >; [E:M?HKPEOML

Viewport Units

)JKQEB  -$."OLTPBO #LIM>QF?FIFQV 2BMIQEB >?FIFQV QL TLOH TFQE QEB OBMLOQBA PF
QEB SFBTMLOQ THRFEXEKD SE ST RKFQP T>P > @LJJILK (FEEIETPBORIBIBOFIBKQ TFQE
AFCCBOBKQ FKQBOC>@B @ELF@BP SKAFBCBEBER BBPFDK KBBAP (IBEFKD 'OLRM
ABJKBA FBGI KBT @I>PPBP LC SFBTMLOQIRKFRFPROFKD QEB I: Iv* 3RRFQP PJ>IIBPQ

sv* RKFQP >KA AVK>dv* RKFQP SFBTMLOQ JB>PROBP !ll SFBTMLOQ OBI>QBA JB>PROBI
FK@IRABP PFJFI>0 RKFQP

b LCQEB TFAQvw Ivw svw dvw

AMMILPIM ?RB BBM>K?>:MNK >BGMHK <HEHK LM:;E>
AMMIIBGLB@AMEFHERHSBEE: HKEKIML F=GIPL>K <HFI:MB;BEBNIRMK AMFE \G=BG@L OB>PIHKM
AMMIL=K?ML <LLP@ HK@EN:LO OB>PIHKMKB:GML
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b LCQEBEBFDEvh Ivh svh dvh

b LCQEBPFWBFKQEBFKIFvi >lvi svi dvi

b LC QEB PFWB LC QEB FKFQF>I @LKQ: vb FlIvb ’lsvb | dvb
b 4EB PJ>IIBO LC QTL AFJBKP vmin Ivmin ~ svmin  dvmin

b 4EBI|>0ODBO LC QTL AFJBK vmax > lvmax svmax dvmax

"B@NRK  2B>PIHKM NGBML 3,0 =:LA;HE>KBF>GM:E
/HNK>3 >; [E:M?HKPEQML

)KQBOLM  FABKQFdBA QBPBPEC\SS>OFLRP >PMB@QP LC QELPB RKFQP 3>C>OF PEFMMBA Q
PRMMLOQ CLO QEBPB RKFQP FK ->0@E  \C&RUBED:Q QEB BKA L 1P LC QEB QFJB LC
QEFP TOFQFKD FQ FP PRMJMEBIFEIS KRB ?RFIAP LC #EOLJFRJ

AMMILPIM ?RB BEM>K?>:MNK >BGMsK  OB>PIHKM
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IP LC QEB QFJB LC QEFP TOFQFKD QEB BESPE@EROKBA RNRPRB LC QEBPB RKFQP FK QEB
TFIA BQ ?RQ FEOYKBT B || @LKQFKRB-@HIALMQFLK LK QEFP DLFKD CLOT>0A

Cascade Layers

#>P@>AB VBOP >0OB >K FKQBOBPQFKD KBT CB>QROB LC #33 ?RFIQ LK > CRKA>JBKQ>| FAB>
BUFPQBA FK #33 >II >ILKD !P >RQELOP LRO MOFJ>@WIBBRIPAKDE)EB FIMLOQ>K@B LC ORIBI
E>P ?BBK PMB@FA@FOVLOHP TBII CLO > ILQ LC QEFKDP ?RQ FQ @>KERR@RIVEDBQ\RK

QL FK@LOIQIBIFAB>P CLO ABPFDK PVPQBJP LO @LIMLKBKQP "OLTPBOP >IPL RPB #33 FKQB
TE>Q FP @>IBA OEBBIBPEBBQ (LEBOWR JFDEQ KLQB QER@AMKQ QVMF@:9B/ E>
PMB@FJ@FQV OBI>QBA ?>QQIBPOMEPEEBG 4E>Q_P ?B@>RPB QEBOB&DB ORIBP ?RFIQ
OFDEQ FKQL ELT #33 TLOHP #>P@SFBVSHRABP > V>CLO >RQELOP QL MIRD FKQL QE>Q P>JB
JB@E>KFPJ >KA J>K>DB QEBFO #33 >KA PMB@Fd@FQV @E>|IBKBIBFRROHE BROBEKES
TOLQB CRIIBORBI>K>QFLK >KA DRFAB

AMMIIQ <HF 6KKB;E>)B:
AMMIL<LL MKB<DL <HF <LL <:L<=4E:R
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"B@NK ‘L<:=> E:R>KL 3,0 =:LA;H:K= >QI>KBF>GM:E
/HNK>3 >; [E:M?HKPEQML

4L PBQ QEFP LCC TBIl )KQBOLM  ABQEBAP FKB? 0I>QCLOBRQP 3RMMLOQ FK PQ>?IB

?0LTPBOP >Q QEB ?BDFKKFKBx@ BV KUEBPQBKQ ?RQ PFK@B IMOFI F@BPKIM RKFS
FIMIBIJBKQBA >JLKD PQ>?IB OBIB>PBP FK QEB BKDFREPQEBBBRMJIBKQ ILIBA |FBi

0.003%

"B@NK , >K>GM:@> H? FH;BE> |:@>L <HC @layer ;NE>L>M

IP LC QEB QFJB LC QEB A>Q>PB@BSOVGBFFLY® @ROOBMBIY/PI>1 KRI?BO LC PFQBP FK QEB
TFIA

AMMILPIM ?RB BEM>K?>:MNK >BGM#K <iL<:=>
AMMILPIM ?RBINEML <LL <LL
<:L<i=> E;;>E RQI>KBF>GM:E E:;>E F:LM>H4K<M <AR> IKH=N<M WR IKH=N<M L:?:KB :EB@G>= OB>AIRE#>E BGM>KHI <L<i=>
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4EB I>0DBPQ KRJ?BO/BOP-ABJKBA T>PR@ROB BAFQFLKP LBEBR>@ TFIl @LKQFKRB
QL Q@H >ALMQFLK >KA QOBKAP LK #¥B@>ABMBCRIIV >IFDKBA TLOH @ILPB OBIB>PBP >KA
B>0OIV CL@RP LK DLLA FKOBOEMBEBIM FQ OB>@E FQP MLQBKQF* CORBBBE®B >K

'FSBK QE>Q FQ_P PEFBUIFRBEDB KLT TLRIA ?B > DOB>Q QFJB QL IB>OK JLOB >?LRQ ELT
#>P@>ABVBOP @>K EBIRIWOKDIB @LKQOLLROW33

Conclusion

YKQBOLMBBIFQV FP QEB DL>| LC PQ>KA>OAP >K/BRIQIFISQEBA®>IB >ALMQFISBQEKB
MO@QF@B OB>@EFKD FREIBQUMBQEB @RIJFK>QFLKLEK@BIERBABKQ TLOH CL@RP
2RADBQFKD >KA MOFLOFQFBP (FPQLOF@>IIV QEFP E>P L@@>PFLK>IIV ?BBK @E>IIBKDFKE
PLIBQFJBP J>K\B>OP ?BQTBBK FIMIBIBKQ>QFLKP I>KAFKD >KA QEBK S>OFLRP FK@LIM>QI
"OLTPBOBKALOP BB EB>0OA QEFP CBBA?>@H >KA ?BDRK QL MRQ BCCLOQP QLT>0A FK@OB
@LLOAFK>QBA BCCLOQP GRP@RHIB B>MP >KA QL QFDEQBKIBEESBIBER-ELO KBT
FIMIBIBKQ>QFLKP QLB-TRIFS:BSY EFDE ABDOBB LC FKQBIBINBO

7 B ELMB QE>Q QEFBDEC QEB TLOH QE>Q E>P ?BBK ARKG PEERBEL FKCLOIBBMBOP
>KA MOLIMQ >ALMQFLK LC >KA >QQBKQFLK QL QEBPE T BHMIFERE@HITELPB

JBQOF@P QE>Q TB @>K >KA ILLH QLT>OA ELT TB @>K RPB A>Q> QL FKCLOJ LR8 PBKPB LC |
ALFKD >KA FKeRBK@B TEBOB >KA BIBTAIE®RPFKD

Author

"OF>K +>0ABII

X ?0F>KH>OABII@ EQQMPQLLQ @>eB>0ABII () ?H>0ABII & EQQMPH>0ABII @LJ

"OF>K +>OABII FPSBAB/BO >A®>QB >KA 7 # IASFPLOV #LJJFQQBB
2BMOBPBKQBGBEB>IF> > PQ>KA>OAP @LKQCHABNBO (B T>P > CLRKABO LC
QEB %UQBKPFBBHLIIRKFQV 'OLRM >KA @L >RQEIEBIGUQBKPF?ER7
->KFCBPQL

AMMIB@:EB: <HF
AMMILD:K=>EE <HF
AMMILQM>GLB;E>P>;F:GB?>LMH HK@
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Written by Sophie Bannon, ltamar Blauer, andMordy Oberstein

>0B>P>= ;RMKB<D QMINLA:K HEH;>>G EB:0 > /F:KM:G=&HAG )N¥A
G:ERS>= ;RHEM /EB&. +:D>L :G= >K>D >KDBGL

1=BM>= /JB<A:>E (>PBMM>L

Introduction

3B>0@E BKDFKB LMQFJFW>QR i BPBFQ>| QB@EKFNRB RPEA QTHZRFAQB LO MPDB
SFPF?FIFQV PL QE>Q FQ LORHRFEBBIEBO FK PB>0O@E BKDFKB OBPRIQP )Q LCQBK @LJ?FKB
@LKADRQFLK @LKQBKQ @OB>QFLK >KA IFKH >@NRFPFQFLK TERKIEBHNE@HE CLIIMOL
PB>0O@EBO_P NRBOV >KA FKQBKQ 3%/ E>P @LKQFKRBA QL DOLT FK MLMRI>OFQV >KA ?B@
JLPQ MLMRI>O AFDFQHEQBERB @E>KKBIP
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"B@NRK #HH@B%G=L <HFI:KBG@<MBBHG:E<4IKINE:KBMR H? MHIB<LX{ENt CR I>K
<EB<D LH<B:E F>=B:MBGQ@ :G=>F:BEMBO@

7FQE @RPQLJ JBQOF@PIQEBELIB KBKESBO ?BCLOB PBBK FKPFDEGB SIB-EAVBA

JLOB QE>K BFDEQ JFIIFLK ELJB M>DBP >@OLPP QEB TB? @LJIM>OFKD LRO dKAFKDP QL QELPB C
>KA FK PLIB FKPQ>K@BP COLILQB /RO A>Q> M>OQF@RI>OIV COLJ ,FDEQELRPB >KA

QEB (440 !0@EBSFP IFJFQBA QL GRPQ TB?PFQBP_ ELJB M>DBP KL PBSBKIHABR®O

>?LRQ QEBPB IFJFQ>QFLKBGELAILDV

2B>A LK CLO JLOB >?LRQ ELT PB>O@E BKDFKB COFBKAIV QEB TB? FP

Crawlability and indexability

#O-TIFKD >KA )KBBKD >0OB QEB ?>@H?LKB LC TE>Q 'LLDIB >KA LQEBO PB>0@E BKDFKBP RIQFJ>G
AFPMSLK QEBFO PB>O@E OBPRIQP M>DBP 7FGEFKD @EBVIQ @>KKLQ E>MMBK

4EB dOPQ PQBM FK QEB MOL @EBTHRDAEP@1>DBP SRFKMO7EFIB KRIBOLRP M>DBP >0OB
@€TIBA CBTBO LC QEBJ >0OB >@QRBN FER@®E FP BPPBKQF>IIV PQLOBA >KA @>QBDLOFWBA FK:
PB>O@E BKDFKRBQ>?>PB ">PBA LK > PB>0@EB@>Q@&@RBKL RRAB>DBP >0OB QEBRABOS

4EFP PB@QFLK AB>IP TFQE QEB PQ>QB LC QEB TB? >P FQGMBRI>RAAEREKIDP @O

AMMILEF:G:< AMMKRABEHK@ >G  L>H
AMMILEF:G:< AMMKABOHK@ >G  L>H
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TB?PFQBP 7E>Q AFGRGQBSPFQBP DFSFKD PB>O@E BKDFKBP ?LQP 7E>Q >OB PFQBP ALFK
'‘LLDIB PBOBP QEB OFDEQ M>DB >KA KLQ > KB>0O ARMIF@>QB FK PB>O@E OBPRIQP

,BQ_RJBIILOB QEB TB? >KA PLJB LC FQP C>@BQP GESQRAQMBRAFBAREIFQV

Robots.txt

4EB OL?LQP QUQ dIB FKPQOR@QP ?LQP FK@IRAFKE BB GFE@KDEBBREEEK >KA
@>KKLQ DL JB>KFKD TEXQ@EBLO @>KKiI) @O

Robots.txt status codes

"B@KRK  .H;HML MQM LM:MNL <H=>L

4EBOB E>P ?BBK > KLIFK>| FK@OB>PB FK QEB MBO@BKQ>DB LC PFQBP TELPB OL?LQP QU
PQ>QRP @LABFK @LIJM>OBAQL )K LC OL?LQP QUQ dIBP CLO ABPHQLM PFQBP
OBQROKBA > PQ>QRP @LABTEFIB  LC JL?FIB PFQBP OBQROKBA QEB P>JB 4EFP PQ>K/
@LIM>OFPLK QL >KA  LC OL?LQP QUQ dIBP LK ABPHQLM >KA JL?FIB PFBBP OBPMB@QF
OBQROKFKD > PQ>QRP @LAB FK

#LK@ROOBKQEBOB T>P GRPQ > PJ>Il OBAR@QFLK FK QEB MBO@BKQ>DB LC OL?LQP QUQ d

PQ>QRP @LABFK @LIJM>OBAQL ,>F»® LC OL?LQP QUQ dIBP CLO ABPHQLM PFQB
OBQROKBA> TEFIB  LC JL?FIB PFQBP_ OL?LQP QUQ dIBP OBQROKBA QE>Q PQ>QRP @L
FQ PGRPQ CLOABPHQLM>KA  CLO JL?FIB PFQBP_ OL?LQP QUQ dIBP QE>Q >0OB OBQF
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PQ>QRP @LAB

FHBFK  QEB OBJ>FKFKD PQ>QRP @LABP >0B >PPL@F>QBA TFQE > JFKFJ>I KRJ?BO LC OL?LQF
diBpP

LQB 4EB >?18 A>Q> ALBP KLQ FKAF@>QB ELT TBIl LMQFJFWBA > OL?BEP-@LE) dIB FP %S
OBQROKFKD > PQ>QRP @LAB @>K @LKEP-BEAGCB®OEDE>MP KLQ FK QEB ?BPQ FKQBOBPQ L
PFQB S80I EB>IQE

Robots.txt size

"B@NK  .H:HML MQM LBS> <H=>L

IP BUMB@QBA @BBTEBIJFKD J>GLOFQV LC OL?LQP QUQ dIBP TBOB NRFQB PJ>Il TBFDEFKD ?BQ

4

'LLDIB_P J>U IFJFQ CLO > OL?LQP QUQ dIB FPV AFOB@BOIRKA >CQBO QEB dIB OB>@EBP

QE>Q IFJFQ >0B FDKLQBB PB>0@E BKDEKB/ PS>l KRJ?BO LC OL?LQP QUQ dIBP C>Il FKQL QE>Q
@>QBDLEMB@FJ@SRPQ  LC ?LQE ABPHQLM >KA JL?FIB PFQBP @LKQ>FK > OL?LQP QUQ dIB Q
FP >78 'LLDIB_P J>U IFJFQ TEF@E FP @LKPFPQBKQ TFQE P A>Q> )K @>PBP TEBOB QEB dIB f
BU@BBAP IFJAQPIB OB@LJIBKAP@LKPLIFA>QFKD ABBB@QFS

AMMII=>CEHI>KL @HH@E> <t =@ <>= K;HMLHKHMLOMQM
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Robots.txt user-agent usage

"B@XRK  .H;HML MOQM NL>K :@>GM NL:@>

-LPQ TB?PFQBP QLA> ABPHQLM >KA  JL?FIB AL KLQ FKAF@>QB > PMB@Fd@ RPBO >DBI
TFQEFK QEB OL?LQP QUQ dIB JB>KFKD BEBKEBB@BGESIMIV QL >Il RPBO >DBKQP 4EFP FP
@LKPFPQBKQ TFQE QEB A>Q>COLJ TEBK LC ABPHQLM OL?LQP QUQdIBP >KA  LC JL
OL?LQP QUQ dIBP AFA KLQ PMB@FCV > M>0QF@RI>0 RPBO >DBKQ

YKQBOBPQFKEND?LQ AFA KLQ C>Il FKQL QEB QLM  JLPQ PMB@FdJBA RPBO >DBKQP P CLO 2
JR@E IBFK  ?LQE ->GBPQF@_P >KA IEOBCP_ ?LQP TBOB FK QEB QLM JLPQ PMB@FdBA F
>DBKQP TEFIB 3BJORPEQ OLRKABA LRQ QEB QLM JLPQ PMB@Fd@ RPBO >DBKQP

)K QBOJP LC PB>O@E BKDFKBP ‘LLDIB?LQ IB>AP QEB M>@H TFQE  LC OL?LQP QUQ dIBP P
RPBO >DBKQ TEFIB "FKD?LQ @LJBP FK >Q  )KQEUERIBKERKB>0IV > CRIl MBO@BKQ>DB
MLFKQ AFCCBOBK@B FK  ?BQTBBK JL?FIB PFQB OL?LQP QUQ dIBP >KA ABPHQLM dIBP PMI
"FKD?LQ 3R@E FP KLQ QEB @>PB FK TEBOB QEB A>Q> FP BPPBKQF>IIV RKFCLOJ

/C KLQB SKABI?LQ T>P PMB@FdBA FK GRPQ LC OL?LQP QUQdIBPFK "V QEBOB T>P
PFU CLIA FK@OB>PB TFQE LC dIBP PMR@BENMEGKD 9
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IndexIfEmbedded  tag

)K*>KR>0V  ‘LLDIB FKQOLAR@BA > KBT OL?LQP QBG@BRBRA;>==>4EB Q>D LCCBOP
@LKQOBO FKNBQFLK TEBK @LKQBKQ FP BJ?BAABAIBK ki RCOBSBK TEBK > KLFKAB
Q>D E>P ?BBK >MMIFBA

, BQ_P PQ3OSB®BOJFKFKD QEB MBO@BKQ>DB LC M>DBP CLO TEF@E QEB KBT Q>D FP MLPPF?IV

"B@MNK , .@>L PB <iframe>

I'IFQQIB JLOB QE>K LC M>DBP @LK <iframe> BIBJBKQ /C QEB LC M>DBP @LKQ>FKFKD
QE>Q BIBJBKQ LC QEBJ E>A QEBIEKABA J>HFKD QEBJ > MLQBKQF>I RPB @>PB CLO QEB
KBT indexifembedded Q>D

(LTB SBO> JFKRP@RIB MBO@BKQ>DB I1SB PRQBREA (indexifembedded OL?LQP Q>D
4EB Q>D @>K ?B CLRKA LK GRPQ LC M>BEAPROS

/C QEB M>DBP QESR:4.MQBA (indexifembedded ~ Q>D  LC QEBJ FIMIBJBKQBA FQ FK
QEB EB>ABO TEFIB  >OB RPFKD QEB (4-,
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"B@NRK Indexifembedded NL>K :@>GML

Invalid head elements

4EB <head> BIBJBKQ PBBFS>P QEB @LKQ>FKBO CL®IBR>BBQOLA >K 3%/ MLFKQ LC
SFBT> M>DP QFQIB Q>D >KA JBQ> ABP@OFMQFLK Of <head> BMEMBKQEBP AL OL?LQP
JBQ> Q>DP

LQ >II BIBJBKQP ELBBO?BILKD FK C <head> 3ELRIA 'LLDIB @LJB >@OLPPSHAA
BIBJBKQ FK QEB M <head> FQ >PPRJBP QE>Q FQ E>P OB>@EBA G <head> b&AJEH
KLQ AFPSBO QEB OBPQ LC FQP @LKQBKQP

/RO A>Q>COLJ PELTP LCABPHQLM M>DBP >KA  LC JL?FIB M>DBP @LKQ>FK >K
FIS>IFA BIBJBKQ FK <head>

AMMII=>CEHI>KL @HH@E> <k tbkK :=@<>= @NB=>EBBBE OMFE
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"B@NRK  %GEB: <head> >E>F>GML

4EB JLPQ JFP>MMIFBA BIBJBKQ <head> ?V C>0O FP <img> BIBJBKQ )Q FP FK@LOOB@QIV
MI>@BA TFQEF <head> LK LCJL?FIB M>DBP >KA LC ABPHQLM M>DBP

4EB <div> BIBJBKQ FP QEB LKIV LQEBO JFP>MMIFBA BIBJBKQ QL >MI <head> “EFK QEB
JLOB QE>K LC QEB M>DBP TFQEFK QEB  A>Q>PBQ )Q FP FK@LOOB( <head> IMKFBA QL QEB
LC ABPHQLM M>DBP >KA  LC JL?FIB M>DBP

Canonical tags

#>KLKF@>| Q>DP >@BQR.K>IIV RPBA TEBK ABJKFKD ARMIF@>QB @LKQBKQ M>DBP >KA QL EBIM|
BKDFKBP MOFLOFQFABB4EBKFMMBQ LC (4-, € rel="canonical" QE>Q >IILTP

TB?J>PQBOP QL ABdKB QL QEB PB>O@E BKDFKB TEF@E M>DB FFOPERKMEBOBOQEAA S
AFOB@BBFSKA FKPQB>A >@Q >R 4EBEBRQLOB PB>0@E BKDFKBP PR@E >P 'LLDIB ABQBOJFKB QE
LTK @>KLKF@DBFLK LC QEB M>DB ?>PBA LK ELT RPERIRBIEEB M>DB FP CLO QEB RPBO
#>KLKF@>| Q>DP @>K >IPL ?B RPBA QL @LKPLIFA>QB LQEBO PFDK>IP PR@E >P IFKHP >P TBII >P
QE@HFKD JBQOF@P >KA ?BQQBO J>K>DB PVKAF@>QBA @LKQBKQ
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"B@NRK :GHGB<:E NL:@>

7 B PBB COLJ QEB A>Q> QE>Q @>KLKF@>| Q>DP RP>DEE>PEREWBIRBAL LC
JL?FIB M>DBP RPBA @>KLKF@>IP )K QEFPDOBTQL )K QEFBROBRDBEBO QL
IKAFK  FQ_P FK@OB>PBA QL

-L?FIB E>P > EFDEBO MBO@BKQ>DB LC @>KLKF@> >QQOF?RQFLK QE>K ABPHQLM  SP
FP IBH/ > AFOB@Q OBPRIQ LC PFKDIB RPB 52,P LK JL?FIB 3FK@B QEB A>Q> PBQ FK QEFP @|
QL ELJB M>DBP FQ_P C>FO QL >PPRJB QE>Q QEFP FP QEB OB>PLK CLO QEB EFDEBO @>KL
JL?FIB |@@LOAFKDLDIB _P DRFABIFKBSSFKD > PBMIB JL?FIB PFQB FP KLQ OB@LJJBKABA

HTML vs. HTTP canonical usage

4EBOB >0B QTLVP-LC FIMIBJIBKQFKD @>KLKF@>1 Q>DP

7FQEFK QEB (4- <head>
7FQEFK QEB (440 EB>AI Link (440 EB>ABO

AMMII=>GEHI>KL @HH@E> <&k fEbLRE> LBM>L FH;BE> L>VIENIKEL
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"B@NRK  $0)( O >KLNL $00, :GHGB<:E NL:@>

4EB JLPQ @LJILK RP>DB >@OLPP ?LQE ABPHQLM >KA JL?FIB FP QEOLRDE (4-,>Q  >KA
OBPMB@QHEFP FFERHARB QL QEB B>PB LC FIMIBIBKQ>QFLK 7EFIB LKB OBNRFOBP ?>PF@ (4-,
HKLTIBADB QEB LQEBO JBQELA QEOLRDE (440 EB>ABOP OBNRFOBP > JLOB QB@EKF@>I PHFIIP
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Raw vs. rendered usage

"B@NRK P OL KG=>K= <:GHGB<:E

#LIM>OBAQL TEBOBE @>KLKF@>I RP>DB T>P  >KA OBKABOBA @>KLKF@>| RP>DB T>
FK  QEBOB T>P PLJB DOLTQE TFQET@>KLKF@>| RP>DB OB>@EFKD >KA OBKABOB;
@>KLKF@>I RP>DB OFPFKD QL 4EFP @LOOBI>QBP TFQEBEHB@<MLIKFHAEK RPB

Page experience

)K QEFP PB@QFLK LC QEBr@BBVQBO-KD >Q AFCCBOBKQ BIBJBKINBOHRAKGHEBB-KA ELT
QEFP E>X® BBA PFK@B QEB  B? II1>K>@

HTTPS

)K  QEBOB T>P >K FK@OB>PBA CL@RP LK PFQB PMBBABGRBWEBE. | ILTFKD_'ELDIB

FKQOLAR@QFLK LC QEB#E681P RMA>QB TEF@E E>A ?BBK MR?IF@FWBA >KA MRPEBA QE
7EFIBB SFABK@B LC (4403 ?BFKBHRXD C>@QQ6P ?>@H QL QEBIBOII CL@RP

LK M>DBBIBOFBK@B PFK@B QHB#ARIB-IP >KKLRK@BJIBBIY EH\ >K FIM>@Q LK QEB

>ALMQFLK LC (4403 >@OLPP QEB TB?

AMMIL=>CEHI>KL @HH@E> <+ EHIQ AMMIL :L K:GDBG@ LB@G:E

2022 Web Almanac by HTTP Archive 311


https://almanac.httparchive.org/static/images/2022/seo/raw-vs-rendered-canonical.png
https://almanac.httparchive.org/static/images/2022/seo/raw-vs-rendered-canonical.png
https://developers.google.com/search/blog/2014/08/https-as-ranking-signal

Part Il Chapter 10 : SEO

"B@NRK , >K>GM:@> H? P>;LBM>L LNIIHKMBG@ $00,/

7 B PBB COLJ QEB A>Q> ELT JLOB PFQBP >0B RPFKD > PB@ROB @BOQFJ@>QB (4403 >Q QEB QI
@& Q>HFKD FKQL >@ @MBQFBKP LC QEBPB @BOQFd@>QBP K LC ABPHQLM M>DBP
RPBA (440P >KAFQ TBKQRMQL  FK /K JL?FIB QEFP FK@OB>PBACOLJ FK QL

FK  3FK@B QEB >KKLRK@BJBKQ LC QEB #LBB6FQ>IP RMA>QB FK QL QEB MOBPBKQ
QEBOB ?BBK >K FK@OB>PB LC KB>OIV LK JL?FIB>KA LK ABPHQLM

Mobile friendliness
-L?FIB COFBKAIFKBPP @>K ?B ABQBQIEKBKD >Q OBPNA_KBFBEDK FIMIBJBKQ>QFLK SP
AVK>JF@ PBOSEKBABKQFCV QEFP BB BWQHDEB RPB LC QEB SFBTMLOQ JBQ> Q>D TEF@E FP

@LJILKIV RPBA FK OBPMBWBIPFDK SP QEB S>0V 5PBO !DBKQ EB>ABO QL ABQBOJFKB FC > TB?P!
FP RPFKD AVK>JF@ PBOSFKD

Viewport meta tag

92%

"B@NK /BM>L LNIIHKMBG@ : OB>PIHKM F>M: M:@

7 B EXSB PBBK QEB RPB LC QEB SFBTMLOQ JBQ> Q>D DOLT COLJ LC JL?FIB M>DBP RPFKD
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SFBTMLOQ JBQ>Q>D FK QLKLT )K FQ T>P >Q

Vary header usage

4EB S>0V EB>ABO FP > (440 EB>ABO QE>Q BK>?IBP AFCCBOBKQ @A KBTI QROBRBEBBOP
LK AFCCBOBKB@BP 4EFP FP HKLTK >P AVK>JF@ PBOSFKD >KA FP QEB LMBIABPEBIQL OBP
TEF@E PBORERB@Q P>JB @LKQBKQ ?RQ QL ASEGHEPBKQ AB

"B@NK 2:KR A>:=>K NL>=

6>0V EB>ABO RP>DB E>P OBJ>FKBAOBK@QESKDBA CLO QEB MBPQREBR V LC
ABPHQLM >KA  LC JL?FIB M>DBP RPBA QEFP CLLQMOFKQ )K  QEB A>Q> FP KB>OIV FABI
TFQE CLO ABPHQLM >KA CLO JL?FIB

Legible font sizes

K LC JL?FIB M>DBP TBOB KLQ RPFKD > IBDF?IB CLKQ PFWB 4E>KHP QL@RPBK
RPBOB/IBOFBK@B >@OLBP@BRBILOB M>DBP §E>KIBI RPB > IBDF?IB CLKQ PFWB /KIV
LC JL?FIB M>DBP >0B PQFII KLQ RPFKD > IBDF?IB CLKQ PFWB
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11%

"B@NRK /BM>L GHM NLBG@ : E>@B;E> ?HGM LBS>

Core Web Vitals (CWV)

#LOB 7B? 6FQ>IP T>P > ELQ QLMF@ FK 3%/ QEOLRDELRQ  CLILTFKD 'LLDIB >KKLRK@FKD QEB C
LRQ LC FOPB %UMBOFBK@B RMA>QB QE-BSRRBBK > @LKQFKRBA FKQBBBRTFQEFP V
JLOB PFQBR/M&D >QQBKQFLK QL QEBFO #76 MBOCLOJ>K@B

#LOB 7B? 6FQ>IP >OB > PBOFBP LC PQ>KA>OAFWBA JBQOF GBI QEBQREKA BBHKP AR.
2BQQBO RKABOPQ>KA ELT > BRBOFEXERFKD > M>DB 4EB J>FK JBQOF@P >OB

b ,>ODBPQ #LKQBKQERED JB>PROBP ELT NRF@HIV > TB? RISEK @LKQBKQ
IL>AP

b &FOPQ )KMRQ/SE)$ JB>PROBP ELT ILKD FBRSALJ TEBK > RPBOFEQBAFQE >
TB? M>DB FB @IF@HP > ?RQQLK QL TEBK QEB ?0LTPBO FP >?IB QL OBPMLKA

b #RJIRI>QMS,>WLRQ 3EFEX JB>PROBP QEB SFPR>I PQ>?FIFQV >KA TEBQEBO > M>DB
PEFCQP TFQEFK QEB SFBTMLOQ

Il QEOBB LC QEBPB JBQOF@P >0B @ OEMEDABKNGE BKAEQEB PQ>?FIFQV LC > TB? M>DB

4EB A>Q> CLO #LAR® BFQ>IP FP PLRO@BA COLJ QEB #EOLJB 5PBO %UMBBPFEK @BE2BMLOQ
OBMLOQ @LJBP COLJ > MR?IF@ A>Q-RBQBACKBBRPBOP >KA FP PLRO@BA COLJ JFIIFLKP LC
TB?PFQBP >P LMMLPBA QL I>? A>Q> TEF@E FP PFJRI>QBA
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"B@NRK , >K>GM H? @HH= @2=KB>G<>L HG FH;BE>
/KJL?FIB  LC PFQBP KLT M>PP #76EF@E FPRM COLJ FK >KAGRPQ FK

IKATEFIB  LC PFQBP @ROOBKQIV MHFFEHFQB LTKBOP >OB PQORDDHEKIEFEEE>P
> M>PP-QB LC

"B@NK , >K>GM H? @HH= @2KB>G<>L HG =>LDMHI
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/K ABPHQLM TB PBB >K >PQLRKAFKD LC PFQBP M>QEERDRJHJFI>OIV PQORDDIFKD QL M>PP
,#0 >KA #,3 .LOBTLOQ¥ JLOB PFQBP >0OB M>PPFKD #76 LK ABPHQLM QE>K LK JL?FIB

lazy loading vs. eager loading iframes

>WV IL>AFKD FP > QB@EKFNRB QE>Q ABCBOP QEB IL>AFKD LC KLK @OFQF@>! BIBJBKQP LK > TI
QEB MLFKQ FK TEF@EIBHBBABA 4EFP @>K EBIM TFQE QEB OBAR@QFLK LC M>DB TBFDEQ >P T
@LKPB®S>KATFAQE >KA PVPQBJ OBPLRO@BP %>DBO IL>AFKD FP TEBK OBI>QBA BKQFQFBP >0
PFJRIQ>KBLRPIV IL>ABA >KA CBQ@EBA >l >Q LK@B

"B@NK iframe EH:=BG@IKKMR NL:@>

7EBK ILLHFKD PLIBIV >BE0rB PBB I>WV IL>AFKD FP MOBCBOOBA C>0 JLOB QL B>DBO IL>AFKD
LC FCC>JBP ?BFKD I>WV IL>ABAPRP LC FE@BP ?BFKD B>DBO IL>ABA

4EFP FP M>OQF@RI>OIV FKQBCBRJQPRD BEK@BY IL>AFKD CLIBPESP ?B@LJIB
PQ>KA>OAFWBA FK #EGEBPQ>KA>0AFW>QFL loading :>QQOF?RQB TFQELRQ PMB@FCVFKD
I>WV LO B>OBOBI TR/ A>Q> PELTP  LC >QQOF?RQBP AL KLQ @LKQ>FK I>WV LO B>DBO

AMMILP>; =>0B?R> E:SR EH:=BG@
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On page
7EBK ILLHFKD CLO 83#&)V PFDK>IP PB>O@E BKDFKBP ILLH >Q QEB @LKQBKQ LK > TB? M>D

>0B S>OFLRP LK M>DB 3%/ BIBJBKQP QE>Q EKHFEKDEBGEA 0D >MMB®LK QEB 3%20P
3B>0@E %KDFKB 2BPREP 0

Meta data

"B@NK 0BME> M:@ :G= )>M: =>L.<KBIMBHGL

& .0 QEB PB@IBFOWK > OLT LC ABPHQLM >KA JL?FIB M>DBP <title> BIBJBKQP !IPL
FK LC ABPHQLM >KA JL?FIB ELJB M>DBP | <meta name="description"> Q>DP >
AB@OB>PB COLJ I>B3¥

<title> element

4EB <title>  BIBJBKQ FP >K LK M>BBIEKD C>@QLO (EBABMOIPQOLKD EFKQ OBD>OAFKD M>
OBIB>K@B >KAV:>MMB>0 LK QEB 3%28DRPQ  'LLDIB PQ>0OQBA OBTOFQFKD JLOB
TB?PFQBP_ QFQIBP FK QEBFO PB>O@E OBPRIQP

AMMII=>GEHI>KL @HH@E> <# EH® NI=:M> MH @>G:¥MBG@ |:@> MBME>L
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"B@NRK O0BME> PHIR I>K>GMBE>

"B@NK OBME> <AMSKL ;R =KGMBE>

K

b 4EB JBAF>K M> <title> @LKQ>FKBA TLOAP

b 4EB JBAF>K M> <title> @LKQ>FKBA >KA @=@QBOP LK ABPHQLM >KA JL?FIB
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OBPMB@QOFS
b LCM>DBP E>/<tile> BIBJBKQP @LKQ>FKFKD TLOAP

b LC ABPHQLM >KA JL?FIB M>DBF <title> BIBJBKQP @LKQ>FKFKD >KA
@E>@QBOP OBPBIB@QFS

4EBPB PQ>QP OBJ>FK RK@E>KDBA 8SDLRP@EBPB QFQIBP LK ELJB M>DBP QBKA QL ?B
PELOQBO QE>K QELPB RPBA LK ABBMBO M>DBP

Meta description tag

4EB <meta name="description> Q>D ALBP KLQ AFOB@QI\SKHEK@R Q. TBOFQ J¥
>MMB>0 >P QEB M>DB ABP@OFMQFLKAKAGEBB#REKeRBK@B @IF@+-QBEOLRDE O

"B@NRK )>M: =>L<KBIMBHGIP{R{>K>GMBE>
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Part Il Chapter 10 : SEO

"B@MNK )>M: =>L<KBIMBHG<MAKL ;R I=KGMBE>
K
b 4EB JBAF>K ABPHQLM >KA JL?FIE <meta name="description> Q>D
@LKQ>FKBA TLOAP

b 4EB JBAF>K ABPHQLM >KA JL?FIE <meta name="description> Q>D
@LKQ>FKBA >KA @E>@QBOP OBPBIRK@QFS

b LC ABPHQLM >KA JL?FIB M>DBF <meta name="description> Q>DP
@LKQ>FKFKD TLOAP

b LC ABPHQLM >KA JL?FIB M>DBF <meta name="description> Q>DP
@LKQ>FKFKD @®@QBOP

8.0 QEB JLPQ M>0Q QEBPB PQ>QB IWIK@E>RESA COLIB>RQ V

Header tags

(B>AFKD BIBJBK( <h1> <h2> ¢ >OB FIMLOQ>KQ M>OQP LE PRISRE QROB RFEEIHE QEB
LOD>KFWB QEB @LKQBKQ LK QEB M>DB (B>AFKD BIBJBKQP>KPEKDT > BFBQEBO
@>K EBIM 'LLDIB ?BQQBO RKABOPQ>KA QEB @LKQBKQ CLRKA LK QEB M>DB
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Part Il Chapter 10 : SEO

"B@NK K>L>G<> H? $ >E>F>GML

4EB QOBKAP >OLRKA FIMIBJBKQ>QFLK LC\ERYMHEKBR ? @ILPBIV J>Q@E QELPB COLJ
TFQE GRPQ > CBT PJ>I| AFCCROBBI@BIB& LC JL?FIB M>DBP RQFIFWBA >K E FK
TEFIB AFA FK

IKLQEBO QOBKA QE>Q E>P @BOGPEJEB AFP@OBM>K@V FK RP>DB ?BQTBBK QEB E >KA E
LC ABPHQLM M>DBP FIMIBJBKQ >KE LKIV ~RPB>KE TFQE PFJFI>0O KRJ?BOP OBeB@!
LK JL?FIB

IIQELRDE QEBOB FP KL ABJKRQFR>QFLK CLO QEFP LKB MLPPF?IB OB>PLK FP QE>Q QEBE |
MI>@BA >3 >K/ @LKQBKQ )Q_P KLQ BPPBKQF>I ELEL DEB REBRDLKQBKQ RIB
TFQELRQ QEB E QEBOB @LRIA ?B > ILKD eLT LC RKPQOR@QROBA @LKQBKQ
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"B@NRK ,K>L>G<>H? GHG >FIMR $ >E>F>GML

/S BGIl JR@E IBH _P PQ>QP QEBOB >0OB BBISBFBIMQV ( BIBJBKQP CLRKA LK M>DBP
IAAFQFLK>I[PEBOB FP IFQQIB AFP@OBM>K@V ?BQTBBK QEB ABPHQLM >KA JL?FIB A>Q>

4EBOB FPBEBBK@B ESBBTFQE QEBE 7EFIB  LC M>DBP @LKQ>FKBA >K E BIBJBKQ
@LKQ>FKBA > KLK BIMQV E BIBJBKQ 4E>Q P> MBO@BKQ>DB MLFKQ ARBCBOBK@B #LKQ(

QE>Q TFQE QEBE TEF@E E>P GRPQ > MBO@BKQ>DB MLFKQ AFCCBOBK@B?'P KLQBA FK QEB

I1J>K>@ QEFP V2B > OBPRIQ LC QEBTBRPFQBP QE>® TIDL FJ>DBP FK QEB E BIBJBKQ LK

ELJB M>DBP

Image attributes

4EB MOFJ>OV MROMLPB LC QEB >IQ >QQ <img> BIBIBES FP >@ @BPPRIFEQOF?RQBP
>IPL >PPFPQ PB>O@E BHOFRBB@FJ@ >PPBQP FK FJ>DB PB>0O@E
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Part Il Chapter 10 : SEO

"B@NRK ,>K>GM:@:>img alt :MMKB;NM>L3&M

"B@NK , >K>GM:@: img PBMA ;E:(alt
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"B@NK  ,>K>GM:@:img FBLLB(alt
7E>Q TB CLRKA

b /K QEB JBAF>K ABPHQLM M>DB  <img> Q>DP EB QEB >IQ >QQOF?RQB 4EFP FP >
KBDIFDF?IB AB@OB>PB LC GRPQ > NR>0QBO LC > MBO@BKQ>DB MLFKQ COLJ _P

b /K QEBJBAF>K JL?FIBM>DB L <img> Q>DP EB QEB >IQ >QQOF?RQB 4EFP FP >
J>ODFK>| FK@OB>PB COLJQEB  LC Q>DP TFQE QEB >IQ >QQOF?RQB FK

b 4EBOB FP > KLQF@B>?I1B @E>KDB FK QEB JBAF>K ABPHQLM >KA JL?FIB M>DBP @LKQ>|
<img> Q>DP QE>@BE2>KH >IQ >QQOF?RQBP @LJM>0OBA QLB>0QEB JBAF>K
ABPHQLM >KA JL?FIB M>DBP OBPWVB@QFS>KA <img> Q>DP TFQE
?I>KFalt >QQOF?RQBP )K  QEFP dDROBOLPBQL >KA  LKABPHQLM >KA
JL?FIB OBPMB@IYFS

b 4EB QOBKA QLT>OAP LC JBAF>K ABPHQLM >KA JL?FIB M>DB <img> J»ABFEKD
JFPPFKD QEB >IQ >QQOF?RQB @LKQFKRBP /K QEB JBAF>K ABPHQLM M>DB FK LC
QEl<img> Q>DP E>A ?I>KH >QQOF?RQBP )Q CBII QL FK

Image loading property usage

(LT RPBO >DBKQP MOFLOFQFWB QEB OBKABIFH(DLKAXERERAISP >CCB@EEBRASAFKD
>QQOF?RQB >MM <img> IBIBJBKQP 4EFP FIMIBJBKQ>QFLK @>K FINUNBQRBRE B>KA
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MBOCLOJ>K@B QFJB TFQE MLPPF?IB BCCB@QP LK ?LQE 3%B0REI&BPP >KA @LK

"B@NK %F:@ loading  IKHI>KMR NL:@>

7E>Q TB CLRKA

b 4EBOB E>P ?BBK > PFDKFd@>KQ OBAR@QFLK FK QEB KRJ?BO LC M>DBP QE>Q AL

FJ>DB IL>AFKD MOLMBOQV LC ABPHQLM M>DBP >KA  LC JL?FIB M>DBP

AFAKQ RQFIFWBJSOB IL>AFKD MOLMBOQV >Q >l )JQ_PKLT  LC ABPHQLM M>DBF

LC JL?FIB M>DBP FK

b #LKSBOPBIQEB FIMIBIJBKQ>QFLK LC IL>AFKD al>WVa E>P FK@OB>PBA )K

LC ABPHQLM >KA JL?FIB M>DBP FIMIBJBKQBA IL>AFKBEFPVER FK@OB>PBA

QL ABPHQLRKKA JL?FIB  FK

b 4EB KRJ?BO LC M>DBP ABC>RIQFKD QL QEB ?OLTBO_P IL>AFKD JBQELA E>P C>IIB

/K ABPHQLM LC M>DBP RPB IL>AFRQEE>KA LK JL?FIB )K LC
M>DBP RQFIFWBA IL>A&FMD a

Word count

7EFIB @LKQBKQ IBKDQE FPRHRKD C>@QLEP PQFII S>IR>?IB QL >PPBPP ELIARK M>DB

@LKQ>FKP SBGDB
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Part Il Chapter 10 : SEO

Rendered word count

, BQ_P ?BDFK TFQE QEB KRJ?BO LC TLOAP CLRKA LK QEB M>DB LK@B FQ E>P ?BBK OBKABOBA

"B@NK 2BLB;E> PHKG=>K ;R I>K>GMBE>

4EB JBAF>K ABPHQLM M>DB FK ~ @LKQ>FKP TLOAP 4EFP FP NRFQB @ILPB QL QEB  TLOAP
CLRKAFK  (LTB SBOQEFP FP PQFII > ?FD IB>M MBO@BKQ>DB TFPB COLJ TE>Q TB CLRKA ?>@H
TEBK TLOAP TBOB CLRKA LK QEB JBAF>K ABPHQLM M>DESSE@QEB @>RPB T>P FK
CLO QEB RMQF@H FK OBKABOBA TLOA @LRKQ FEB-OBIBFRBARESLRDE

3FJFI>0IQEB JBAF>K KRJ?BO LC OBKABOBA TLOAP LK JL?FIB FK ~ @LKQ>FKP TLOAP TEF@E
FP >IPL PFJFI>0 MBO@BKQ>DB TFPB QL QEB ASQB IHQB ABPHQLM M>DBP @LKQ>FK JLOB
TLOAP QE>K JL?FIB M>DBP 4EB JBAF>K ABPHQLM M>DB @LKQ>FKP JLOB TLOAP QE>K JL?FIB
M>DBP TFQEFK QEB QE MBO@BKQFIB 4EFP FP PFDKFd@>K(BPER@BILEBIRRIEKS X/

JL?FIB dOPQ FKABKA @LKQBKQ KLQ CLRKA LK QEBORPEIBLE > M>DB ORKP QEB OFPH LC KLQ
?BFKD FK&R ¥ QEB PB>O@E BKDFKB

Raw word count

,BQ_P KLTDBJFKB QEB KRJ?BO LC TLOAP @LKQ>FKBAPHRLRUIEEB@LAB MOFLO QL QEB ?OLTPBO
BLB@RQFKM *&6>3@0OFMQ @LAB LO LQEBO JLAFd@>QFLKP FK QEB $/- LO #33/-
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Part Il Chapter 10 : SEO

"B@NK 2BLB;E> PHKP ;R I>K<>GMBE>

-R@E IBIQEB OBKABOBA TLOA @LRKQ QEBOB FP > JFKFJ>| AFCCBOBK@B ?BQTBBK QEB A:>
SBOPRP TE>Q T>P CLRKA FK LO 8>JMIB QEB JBAF>K ABPHQLMPKI>DBOA @LRKQ T>P

FK  @LIJM>0OBAQL FK >KAJBAF>KJL?FIB M>DB PXJ TLOA @LRKQ T>P
TEF@E FP PIFDEQIV IBPP QE>K  TEF@EIAP >P QEB JBAF>K

(BOB QLL JL?FIB M>DBP @LKQ>FK CBTBO TLOAP QE>K ABPHQLM M>DBP >@OLPP QEB ?L>C
JL?FIB M>DB @LKQ>ERFTL0A @LRKQ QE>Q FP  IBPP QE>K ABPHQLM !P RBQBERFEP
PFDKFd@>KQ ?B@>RPB LC'ILRFB dOPQ ERAD

Structured Data

)IMIBIBKQFKD 3QOR@QROBA $>Q> E>P @LJB FKQL FK@OB>PBA CL@RP >P OF@E OBPRIQF
3%20 E:SB ?B@LJB JLOB MOLJFKBKQ
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"B@NRK .\P O >KLNEG&=>¥K LMKN<MNKV:

4EB FIMIBJBKQ>QFLK LC PQOR@QROBA A>Q> FK QEB (4-, LC > M>DB E>P @LKQFKR>IIV FK@OB>
LC ABPHQLM M>DBP >KA  LC JL?FIB M>DBP RPBA PQOR@QROBA A>Q> )K  FQ_P OFPBK
QL LC ABPHQLM M>DBP >KA LC JL?FIB M>DBP SEPQER@QROBA A>Q> TFQEFK QEBFO (4-,

4EFP OBeB@QP MBO@BKQ>DB MLFKQ FK@OB>PBP LK ?LQE ABPHQILMRRBRTEIB M>DBP 4
BUMI>K>QFLKP CLO DOB>QBO >ALMQFLK @LRIA ?B QE>Q > KRJ?BO LC #LKQBKQ ->K>DBJBKQ 3VF
E>SB >AABA >RQLJ>QF@ PQOR@QROBA A>Q> J>OHRM QL QEBFO M>DBP >P TBII >P QEB >CLOBJI
MOLJFKBK@B QE>Q PQOR@QROBARBRGK E+PIBIS%20P

4EBOB E>P >IPL ?BBK > DOB>Q OBAR@QFLK FK ?LQE JL?FIB >KA ABPERPRIORGERQBAQ E>
A>Q> >AABA SFS¥3@O0OFMQ TEBOB FQ T>P KLQ @LKQ>FKBA TFQEFK QEB FKFQF>I (4-, OBPMLKPB

LC JL?FIB M>DBP >KA  LC ABPHQLM M>DBP E>A PQOR@QROBA A>Q> >AABA SF>
*>S>3@OFMQ TEBOB FQ T>P KLQ @LKQ>FKBA TFQEFK QEB FKFQF>| (4-, OBPMLKPB )Q_P KLT GRI
ABPHQLM >KA LK JL?FIB
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Part Il Chapter 10 : SEO

Most popular Structured Data formats

"B@NKRK IMKN<M~NKM: ?HKF:ML

3Q0R@QROBA A>Q> @>K ?B FIMIBJBKQBA QEOLRPEIS>OBISRA-DS (LTEBO*3/. ,$
TEF@E >IFDKP TFQE 'LEDNBK OB@LJJBKA>QFLK CLO FIMIBIBKQYQ@RIK EB2ILPQ MLMRI>O
CLOJ>Q

#LIJM>OBAQL P dDROBP P A>Q> PELTP > KLIFK>| FK@OB>PB FK FIMIBJBKQ>QFLK SF:
*3/. $ >KA > PIFDEQ AB@OB>PB TEBK FIMIBJBKQFKD PQOR@QROBA A>Q> TFQE JF@OLA>Q:
KRJ?BOP ?B>0 LRQ FK M>OQF@RI>0 LK JL?FIB )K LC JL?FIB M>DBP RPBA *3/. ,$ QL
FIMIBIBKQ PQOR@QROBA A>Q> 4EB KRJ?BO LC JL?FIB M>DBP FK  RPFKD *3/. ,$ CLO >AAF
PQOR@QROBA A>Q>FPRM QL SB@RBIV LCJL?FIB M>DBP FK  RQFIFWBA
PQOR@QROBA A>Q> TFQE JF@OLA>Q> 4E>Q KRJ?BOCBIl FK QL
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Part Il Chapter 10 : SEO

Most popular schema types

"B@NK JHLM IHINE:K L<A>F: MRI>L

4EBOB FP PQOLKD @LOOBI>QFLK ?BQTBBK QEB JLPQ MLMRI>O QVMBP LC P@EBJ> CLRKA LK EL!
>KA

IP KLQBA FK I86BRP BAFQFLKP LBRHEB>K>@ WebSite = SearchAction WebPage
SearchAction  FP TE>Q MLTBOP3GEBIFKHP 3B>0O@B’RB @E>OEBRL

7EBK @LIM>OFKD QL QEBOB E>P ?BBK > PFDKFd@>KQ FK@OB>PB FK QEB >ALMQFLK LC Q!
JLPQ MLMRI>0 P@EBJ>P >@OLPP QEB ?L>ER0)KKLBA A EBJ> QVMBVBGHFABK@BA >K
FK@OB>PB FK >ALMQFLK FK  1JLKD QEB JLPQ KLQ>?IB >0OB QEB P@EBJ> CLO "OB>A@ORJ?P,FF
TEF@E E>P OFPBK PFK@B >KA )J>DB/?GB@Q TEF@E FP RM

YK QBOJP LC FIMIBJBKQFKD QEB JLPQ MLMRI>O P@EBJ>P (HEBQEHGE OBOREGBP
?BQTBBK QEB MBO@BKQ>DBP LBOPRFABBPHQLM M>DBP

AMMII=>QEHI>KL @HH@E> <t :=@<>= LMKN<MINKM: LBM>EBGDAHK
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Part Il Chapter 10 : SEO

9LR @>K OB>A JLOB >?LRQ PQOR@QROBA A>Q> FK LRO ABAF@>QBA @E>MQBO

Links

3B>0O@E BKDFKBP RQFIFWB IFRBIP KB TARPERP >KA QL MBBRPXKH TEF@E EBIMP ABQBOJFKB
QEB FIMLOQ>K@B LC M>DBP ,FKHP >IPL >@Q >P > OBCBOBK@B COLJ LKB M>DB QL >KLQEE
OBIB>KQ M>DB

Non-descriptive link text

IK@ELO QB TEF@E FP QEB @IF@HRPBAJEC > IFKH EBIMP PB>O@E BKDFKBP QL RKABOPQ>
@LKQBKQ LC QERAIMSBB ,FDEQELRPB E>P > QBPQ QL @EB@H BQ QPBAR@REBTH >KA
LO @LKQBER>! LO FC FQ_P DBKBOF@ >KA LO I RR@E @O HBIHSILOB IF@H EBEB

>KA LC QEB QBPQBA IFKHP LK JL?FIB >KA ABPHQLM OBBMBEQRSQE>
ABP@OFBISIK@ELQQB> JFPPBA LMMLOQRKFQV COLJ >K 3%/BISGPMB@ROS
>@@BPPF?FIFQV

Outgoing links

"B@RK )>=B:G EBGDL MH L:F> LBM>

)KQBOK>| IFKHP >0OB IFKHP QL LQEBO M>DBP LK QEB P>JB BB?PER¥D -R@EIROBP
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PRDDBPQ M>DBP E>A CBTBO IFKHP LK QBBREUKPRER.SM>0BA QL QEBFO ABPHQLM
@LRKQBOM>0QP

4EB JBAF>K KRJ?BO LC FKQBOK>| IFKHP FP KLT EFDEBO LK ABPHQLM QE>K JL?FIB>Q >KA
OBPMB@ (@18 )Q_P BHYi> OBPRIQ ISBABIBOP JFKFJFWFKDSHER-®FLK JBKRP >KA CLLQBOP
LK JL?FIB CLO B>PB LC RPB LK PJ>IIBO P@OBBKP

I@@LOAFKD QL #058 A>Q> QEB  JLPQ MLMRI>O TBBREQBA RODLFKD FKQBOK>! IFKHP
QE>K IBPP MLMRI>O PFQBP >QLQ>ILC IFKHPRRREPHQKMIS?FIB 4E>Q_P JLOB QE>K

QTL QFJBP EFDEBO QE>K QEB JBAF>Y #EFRQOF?RQBA QL QEB RPB LC JBD> JBKRP LK I>0DBO
PFQBP QE>Q BIBKBSB JLOB M>DBP

"B@NK )>=B:G QM>KG:E EBGDL

%UQBOK>I IFKHP >0B IFKHP QL LQEBO M>DBP LK > AFCCBOBKQ TB?PFQB 4EB A>Q> TEF@E E>P
@LKPFPQBKQ CLO QEB 8>P® GHTFKQP QL QEBOB ?BFHDEBREBIAKHP LK QEB JL?FIB

SBOPFLKP LC M>DBP @LJIM>0BA QL QEEORFRKELSBBMFQB 'LLDIB OLIIFKD LRQ JL?FIB dOPQ
FKABFKD > CB®0OP >DL TB?PFQEPHL:Q ?0LRDEQ QEBFO BOFMR EP QL M>OFQV TFQE QEBFO
ABPHQLM @LRKQBOM>0QP

Anchor rel attribute use

)K3BMQBJ?BO LC  'LLDIBFKQOLAR@BA >QQOGERQBHLT MR?IFPEBOP QL @I>PPFCV IFKHP >P

AMMILP>F.LM>KL @HH@E>EH@ <HF HBOBG@ GH?HEEHP G>P P:RL MMEE>GMB?R
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?2BFKDIHGLEELONL>K @>Gi <HGMAGBPB >QQOF?RQBP >OB FK = rel=nofollow
TEF@E T>P I8BERPRKQOLAR@BA FK 4EB KBTBO >QQOF’ relzugc  >KA
rel=sponsored  >AA >AAFQFLK>| FKCLOJ>QFLK QL QEB IFKHP

"B@NRK <AHkrel :MMKB;NM>NL:@>

LQ JR@E E>P @E>KDBA FK QBOJP LC QEB >ALMQFLK LC QEB KBTE rel=ugc  “?RQBP TFQE
>MMB>OFKD LK LC ABPHQLM >KA JL?FIB M= rel=sponsored ~ >MMB>OFKD LK  LC
ABPHQLM >KA  LC JL?FIB M>DBP FK

rel="dofollow" LK@B >D>FK >MMB>0OBA LK JLOB M= rel="ugc" >KA

rel="sponsored" 7EFIB QEFP FP QB@EKF@>11V KLQ > MOL?IBJ 'L rel="follow"

>KA rel="dofollow" ?B@>RPB ABPMFQB QEBFO FK@RBRKKQGREBOR>IIV LCd@F>I
>QQOF?RQBP

rel="nofollow" TEF@E FP > OB>l >QQOF?RQB T>P CLRKAFK LK LC JL?FIB M>DBP

TEF@E FP  IBPP QE>K IBPQLLDIB QOB> nofollow  >P > EFKQ JB>KFKD QEB PB>0O@E BKDF¥
@>K @ELLPB TEBQEBO LOKDBRMB@Q QEB >QQOF?RQB

AMP

1-0 E>P ?BBK > @LKQE&IOPF>| QLMF@ PFK@B FQP I>RK@E FK  TFQE 3%/P AB?>QFKD TEBQ

AMMII@HH@E>;EH@ ;EH@LIHM <HF >0-BMBG@ <HFF>GM LI:F AMFE
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Part Il Chapter 10 : SEO

FQ E>A > AFOB@Q FIMKEEKXIXFOLLDIB [>QBO OBIB>PBA QEFP PQ>QBJBKQ ?BILT FK FQP
AL@RJIBKQ>QFLK CLO >AAFQFLK>| @I>0OFd@>QFLK

3ABE> ), BML>E2BLEBDBG@ ?:<M#H BL :BDBG@ ?:<MHK ?HK #HH@E>
[>K<A #HH@E> £AKIIEB>L MA> L:F> LMGEMHK :EE |:@>@ KE>LL H?
MA> M><AGHEH@R NL>= MH ;NBE= MA> |.@>

WHHH@E> /=K >GNK

4EB CRQROB LC -0 >MMB>0P QL 7B @ BBRFHK@EB QEB I>RK@E L8#6E@P ! J>FK
OB>PLK CLOSWORPIV FIMIBJBKQFKD »BFAB COLJ FIJSFXD M>DB PMBBA T>P QE>Q FQ T>P
KB@BPP>0V CLO FK@IRMREHOERRBBIP )K  'LLDIB RMA>QBA FQP OBNRFOBJBKQP >KA
LRQIFKBA QEXQWHKDB FP KLT BIFDF?IB QL >MMB#SMHIRPBIP TFQE LO TFQELRQ !-0

"B@NK ), F:KDNI MRI>L

$BPHQLM RP>DB E>P AFMMBAFK COLJ QL @LIJM>0OBAQL TEFIBJL?FIB RP>DB
FPALTKCOLJ QL L SBOQEBP>JBQFJB MBOFLA

AMMII=>CEHI>KL @HH@E> <t =@ <>= RI>KB>G<> ;;HNM :FI
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Internationalization

)KQBOK>QFLK>IFW>QFLK FK 3%/ FP QEB MOL@BPP LC LMQFJFWFKD > TBIRREBTREPIFKB TFC
TEBK Q>0ODBQFKD JRIQFMIB @LRKQOFBP >KA JRIQFMIB I>KDR>DBP QL BKPROB QE>Q FQ @
@€TIBA >KA FKABA ¥ PB>0O@E BKDFKBP

Hreflang usage

(OBe>KD Q>DP EBIM 'LLDIB >KA LQEBO PB>O@E BKDFKBP PREMARP FHABHA KA TE>Q
QEB J>FK I>KDR>DB FP LRk FBB )Q FP MOFJ>OFIV RPBA FK FKQBOK>QFLK>| 3%/ @>JM>FD
PEBG| AFCCBOBKQ I>KDR>DBP >0OB RPBA >@OBPPRARICBOBRQ P FQB

"B@NK $K>]:G@ NL:@>

#ROOBKQIVLC PFQBP RPB EOBe>KD Q>DP LK ABPHQLM TEFIB RPB QEBJ LK JL?FIB 4EFP F
PIFDEQ FK@OB>PB COLJ TEBK LC PFQBP RPBA EOBe>KDP Q>DP LK ABPHQLM >KA
FIMIBJBKQBA QEBJ LK JL?FIB
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https://almanac.httparchive.org/static/images/2022/seo/hreflang-usage.png
https://almanac.httparchive.org/static/images/2022/seo/hreflang-usage.png
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4EB JLPQ MLMRI>O EOBe>KD Q>D F en ;BKDIFPE< TEF@E >@@LRKQP CLO  RP>DB LK
ABPHQLM >KA LK JL?FIB 4ELPB MBO@BKQ>DBPYRE-ORM@MER P>JB >PEREBABCLOB

ICQBO U ABC>RIQ TEF@E FP QEB BOPPE@HEASQEB PB@LKA JLPQ @LJJILK QL ?B >ALMQBA
QEB EOBe>KD Q>DPBK@& 'BOJ>K >KA 3M>KFPE >OBQHEBR@BCOBNRBKQIV RPBA

4EB QEOBB AFCCBOBKQLTBIMIBIJBKQ EOBe>KD Q>DP >( <head> )HBKH EB>ABOP LO 8-,

PFQBJ>MP .LQB !P QEFP A>Q> FP ILLHFKD PLIBIV >Q ELJB M>DBP 8-, PFQBJ>MP >0OB KLQ FK@IR/

Content language usage

7EFIB 'LLDIB QBKAP QL RPB EOBe>KD Q>DP LQEBO PB>O@E BKDFKBP PR@E >P "FKD MOBCBO Q
contentlanguage  >QQOF?REBP @>K ?B FIMIBIJBKQBA RPFKD QTL JBQELAP

(4-,
(440 (B>ABO

"B@NK ((G@N:@> NL:@> $0)(:G=$00, A>:=>K
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https://developer.mozilla.org/docs/Web/HTTP/Headers/Content-Language
https://developer.mozilla.org/docs/Web/HTTP/Headers/Content-Language
https://almanac.httparchive.org/static/images/2022/seo/content-language.png
https://almanac.httparchive.org/static/images/2022/seo/content-language.png
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YK (440 PBOS BO OBPMLKPB FP QEB JLPQ MLMRI>O FIMIBJBKQ>QFLK JBQELA LC @LKQBI
I>KDR>DB TFQE  LC JL?FIB PFQBP RPFKD QEFP >KA  LC ABPHQLNSPEQEFERLTEH

PBBK > AB@IFKB FK >ALMQFLK LK JL?FIB @LJM>0BAQL TEBK LC JL?FIB PFQBP RPBA F(
#LKSBOPBIXBPHQLM E>P PBBK > PIFDEQ FK@OB>PB @LIM>0OBAQL TEBK LC PFQBP RP

(4-, LK QEBLQEBOE>KA E>P  >ALMQFLK LK ABPHQLMFK >KA  >ALMQFLK LK
JL?FIB "RQ >D>FK QEBORB@IFKB FK JL?FIB RP>DB @LIM>OBAQL TEBK  LC JL?FIB PFQ
RPBA QEB (4-, Q>D

Conclusion

-R@E IBBIM>QQBOKP FK LRO A>Q> COLJ >KA QEB J>GLOFQV LC PFQBP >K>IVWBA
>0OB PELTFKD PI>BQV@LKPFPQBKQSEIB@. TEBK FQ @LJIBP QL S>OFLRP CRKA>JBKQ>IP LC 3
FK@IRAFKBRKD FKARIB >KA @0C-?IB M>DBP

7 B ESB >IPL PBBK >K FK@OB>PFKD CL@RP LK MBOCLOJ>K@B BIBJBHIRBPREE FPGEOB 7

LC PFOQBP KLT BSFKD M>PPFKD P@LOBP @LIJM>0OBA QL GRPQ FK  TEBK QEB RMA>QB T
dOPQ >KKLRK@BA 4EFP PBBJP QL FKAF@>QB PFQBP >OB RLIRFAK@ELLIB QL EB>0Q
3QFIl JLOB TLOH KBBAP QL ?B ALKB >@OLPP QEB TB?

.BTBO FKQOLAR@QFLKP PR@E *FQBB’BAABA Q>D >OB PBBFKD PILT MF@H RM 4EFP
RKABOP@LOBP QEB @LKQFKRLRP KBBA CLO >ANGIPEE BE 2RREMAR@E LMMLOQRKFQV (
DOLTQE QEBOB FP FRE3%Q@E BKDFKB COFBKAIFKBPP >KA QEB PQ>QB L&l QEB TB? FK DBKB

Authors

3LMEFB *KKLK

X 3LMEFB"OKKLK ) 3LMEFB*&XKLK

3LMEFB FP QEB #IFBKQ 3BOSF@BP $FOBRBALDBRE@Y ?PLIRQB $FDFQ>| -BAF>
>KA PMB@F>IFWBP FIC8BIRQOKA @LKQBKBQFRB FK EFDEIV @LBIBQFQFS
FKARPQOFBP PR@E >P EB>IQE >KA dK>K@B 3LMEFB FP >B@ LK@OBHIRR GWIB>+
?ILDDBGKA E>P MEBK RIMBOFBK @B FRBHFWFKD >KBABKZ>0A TFKKFKD
@>IJM>FDKP LK > IL@>I K>QFLK>| >KA FKQBOK>QFLK>I P@>IB

AMMILEF:G:< AMMKRABOHK@ >G  L>H
AMMILEF:G:< AMMKABEHK@ >G  L>H
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)Q>J>0 "I>RBO
X )@>3>0"1>RBO ) FQ>J>0?I>RBCY EQQMPTT FQ>J>0?I>RBDQJ

YQ>J>0 "I>RBO FP >K 3uMBOQ ?>PBARKLK (B E>P > M&IK Q@H OB@LOA LC
FK@OB>PBEKERKDP TFQE 3%/ QE>@ERSEPBA A>Q>BAGHA @OBBQFS

-LOAV /?BOPQBFK

@) JLOAV L?BOPQBFK

-LOAV /?BOPQBFK FP QEB (B>A LC 38AFBD >Q 7FU (B >IPL BBGB >
@LKPRIQ>KQ CLO 3%-ORPE >KA PFQP ?BEFKA QEB JF@ LC JRIQFMIB 3%/ MLA@>PQP
FK@IRAFKD QEB 3%20_P 5M MLA@>PQ
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https://github.com/mordy-oberstein

Part I Chapter 11 : Accessibility

Part Il Chapter 11

Accessibility

Written by Saptak Senguptarhibaud ColasandScott Davis
>0B>P>= ;RA:BG: $:GMLBL

G:ERS>= ;BAB;:N= HE:L

1=BM>= ;BKLMR /BFFHG=L

Introduction

LC QEB DIL?>| LKIFKB MLMRI>QREFRR.E@B PB>0O@E LK JL?FIEC &>@B?LLH SFABLP
>0B T>Q@HBQE @ILPBA @>MQFLKP LK >KA PZREK MR>PHLF@B >PPFPQ>EQFOFH
1B U> >KA #LOQ>K> > NRBPQRLR\QEED>IIV OB>A QEBFO >KPTBO COLJ > TB? M>DB RPFKD P
OB>ABO QB@EKLILDV QE>Q E>P ?BBKO-SRRKYD >P MBOPLK>| @LIVEBIBOPEEA

7EBK ALBP > PLCQT>0B CB>QROB @B>PB@EFBEPHRFIFQVLBYQREBIIV ?B@LIB >
*CB>QROBE>Q TB >l RPB |PROPBIC QE>Q QEBGRIBRMRQNO PJ>OQMELKB FK PFIBKQ
SF?€DB JLAB \ BPMB@F>IDNRFOR/ KLQ > JBJ?BO LC QEB $B>C (>0OA LC (B>OFKD @LJIJRKFQV

'LLA >@@BPPF?FIFQV ?BSBUHBEKLQ GRPQ QELPB TFQE AFP>?FIFQFBP 4EFP FP LKB LC QE
MOFK@FMIBRAKOP>| $BPFDKFJ "BOKBOMBB P>FA “4EB MLTBO LC BEBH FK FQP

AMMILPPP @PB <HF AN;?L HPGEHHB2> />%¥A KIHKM I=?
AMMIIB=>K<BM:GBF:MBHG <HF  ?:<>;HHD OB=>H <:IMBHGL

AMMILPPP MASE@> <HF L<K >>GK=>KL ABLMHKR ;EBG= A>G/MKABKK
AMMILPBDBI>=B: HK@ PBDKLEBE>LB@G
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https://www.gwi.com/hubfs/Downloads/Voice-Search-report.pdf
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RKFBOP>|F® @BPF BBOMKB OBD>OAIBPP LC AFP>?FIFQV FP >K BPREXQEOIQERIB@Q
# 6)$ M>KABJF@ PQ>OQBA JLOB >KA JLOB MEBVIBHEK-OBIF>KQ LK QEB FKQBOKBQ
FHBTFPB >@@BPPF?FIFQV KBB/AB SR FBMIQIO TB OFPH >IFBK>QFKD > ILQ LC MBLMIB

4EB JBAF>K$BGII PFQB P@LOB CLO >Il ,FDEQELRPB !@ @BPPF?FIFQV >RAFQ A>Q> OLPB COL) F
QL FK QEBK FK 7 B ELMB QE>Q QEFP FK@OB>PB OBMOBPBKQP > PEFCQ FK QEB C
AFOB@QFLK

IIQELRDE QEB PQ>QB LC TB? >@@BPPFEBFOVLEQPL 1B>ABPFOBA TB AFASBBE >K L
FIMOSBJBKQ FK PFQBP_ >@@BPPMRFIAGE (ENPYSBOI!I PFQB P@LOB CLO >l ,FDEQELRPB
I@@BPPF?FIFQV >RAFQ A>Q>OLPB COLJ FK QL FK QEBK FK LLHFKD >Q
,FDEQELRPB OBPRIQP ¥RARRAFQ BPRP > PBKPB LC TE>Q PMB @58 BRORES ?BBK

J>AB

"B@NRK  (B@AMAHNL> :N=BMBFBMI>K HOK R:K

, LLHFKD >Q ,FDEQELRPB >RAFQP OBMLOQFKD OBPRIQP LRQ LC >RQLJ>QBA @EB@HP M>PP
PR@@BPPCRIIV LK JLOB PFQBP FK ~ @LJM>OBA QL >RAFQP SEBKRMVBDB>QBO

QE>K TFQI aria-required-children aria-tooltip-name definition-list

html-has-lang >KA object-alt PELTFKD QEB JLPQ KLQBVIEX@OB>PHBPELMB QE>Q

QEFP FK@OB>PB OBMOBPBKQP > PEFCQ FK QEB OFDEQ AFOB@QFLK

)K QEB ELMB LC FSBUBKQ QLT>0AP >@@BPPF?FIFQV FK QBB OBFBBE:> TOFQB QEB @E>MQBO
TFQE PLJIB >@QFLK>?IB IFKHP >KA PLIRQFLKP QE>Q MBRMEERKRFROEB@ELPB QL

RPB QEB MBOPLK dOPQ QBOJ "MBLMIB TFQE AFP>?FIFQFBPa QEOQRDRDEJT BEFP @E>MQBO
>@HKLTIBADB QE>Q QEB FABKQFQ\ASBPTE)BIIBIARE >IPL RPBA /RO @ELF@B FK
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https://almanac.httparchive.org/static/images/2022/accessibility/lighthouse-audit-improvements-yoy.png
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https://web.dev/object-alt/

Part I Chapter 11 : Accessibility

QBOJFKLILDV FP FKXIMDBP @ MQFEF@E QBOJ FP JLPQ >MMOLMOF>QB

Ease of reading

2B>A>?FIFQV LC FKCLOJ>QFLK >KA @LKQBKQ LK QEB TB? FP @OR@F>| 4EBOB >OB > KRJ?E
TB?PFQB QE>Q @LKQOF?RQB QL QEB @LKQBEBHBUB@SPEAP@KPROBMMKE] K QEB
FKQBOKBQ @>K KLQ LKIV @LKPRJB @LKQBKQ ?RQ >IPL*OR/KEVBE@PRL DEB @LKQBKQ

Color contrast

#LILO @LKE® OBCBOP QL ELT B>PFIV QEB CLOBDOLRKA]TEF @BQRARSDIEDIRAB QB
F@LKLENME LO LQEBO MFB@BP LC FKCLOJ>QFLK]PQ>KAP LRQ COLJ QEB ?>@HDOLRKA LC
EFDEBO @LILO @ARPR>IIV JB>KP FQ_P B>PFBO CLO MBLMIB QL AFPQFKDRFPE QEB @LKQ

4EB JFKFJRJ @LKERQ OBNRFOBJIBKQ ABIKEZBB? #LKQBKQ !|@ @BPPF?FIFQV 'RFABIFKBP
7# ' CLO KLOJ>| PFWBA®MBM QL IMFP  CLO !l @LKCLOJ>K@B >KA CLO !
@LKCLOJ>K@B (ISB®CLO I>0DBO CLKQ PFWBP>REBBNREEBIBKQ FP LKIV  >P I3QDBO QB
E>P FK@OB>PBA IBDEBREQ\SBLTBO @:RQO

"B@NK  /BM>L PBMA LN?\<B>GM <HEHK <HGMK

7 BCLRKAQE>Q  LCJL?FIB PFQEPHRCA@FBKQ @R.ILO @IRQOEF@E FP IBPP QE>K >

AMMILPPP P HK@ 3% LM:G=:{. @NB=>EBG>L P<:@
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https://www.w3.org/WAI/standards-guidelines/wcag/
https://almanac.httparchive.org/static/images/2022/accessibility/color-contrast-2019-2020-2021-2022.png
https://almanac.httparchive.org/static/images/2022/accessibility/color-contrast-2019-2020-2021-2022.png
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FK@OB>PB COLIB>®KV TB >IPL E> SB A>Q> CLO ABPHQLM PFQBP TFQE  M>PPFKD
>RQLI>QBAB @LKPQ @EB@HP 4EB @LIEPQERRRIE]>Q IB>PQ CLOWMERPBA @LILO
@LKOPQP QE>Q TB QBPQBAJFP MEBEQEIRIIOOA QL S>IES3k-QBM®E OBR/PQ>0Q ?RFIAFKD

QEB TB?PFQB 4EBOB >0B JRIQFMIB QLLIP QE:S3I@#BEBHABBPFDKBOP QL @EB@H @LILO
@LKOPQ LCUB>KA EMEF@>I BIBJBKQP PR@E >P

b 7 B?#LILO #LK@EQ #EB@®I V¥ 7 B?!)-

b &FDJ> O0IRDFK/3Q>0H

)Q_P > DLLA FAB> QL PBIB@Q > @LILO P@EBJB QE>Q M#RPBBNRADBBKIQPC-Q QEB

?BDFKKFKD LC > MOLGB@Q LO TEFIB >AAOBPPFKD QEB FPPRBP >KA RPB FQIGE@ERDELRQ QEB
>IPL MGIEAB LQEBO @LILO JLABP PR@E >P A>OH JLAB IFDEQ JLAR) EEAEP@ILK8Q QEB

RPBO @ELLPB

Zooming and scaling

: LLJFKD FP >KLQEBO CB>QROB QE>Q RPBOP TFQE ILT SFPFLK LCQB® RRB TRFFEIBQEB QB
?BQQBIEBOB >0OB PVPQBJ PBQQFKDP FK QEBTRILFPBOJB J>DKFCVFKD QLLIP QE>Q >IILT >
RPBO QL WLLJ >KA P@>IB > TBRPFQB2LPBIID>IHP FK ABQ>FI >?L RECUEBBKQ OBRKP V
PELRIA KLQ AFP>?IB WLLJ

AMMILP>;:BF HK@KHNKL <HGMU<A>=R

AMMILPPP \@F: <HF <HFFNGBMIRI@BG

AMMILQ <HF ::K=KB:G

AMMIL=KB:G#L>EEB <HF =HGM =BL:;E> SHHF AMFE
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https://webaim.org/resources/contrastchecker/
https://www.figma.com/community/plugin/733159460536249875
https://x.com/aardrian
https://adrianroselli.com/2015/10/dont-disable-zoom.html
https://adrianroselli.com/2015/10/dont-disable-zoom.html
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"B@NRK ,:@>L PBMA SHHFBG@ :G=L<:EBG@ =BL:;E>=

7# ' OBNRFOBP QEYQ BB> TB?PFQB @>K ?B OBPFWBA RM QL >@IBSBCLRKA QE>Q
LC ABPHQLM ELJB M>DBP >KA  LC JL?FIB ELJB M>DBP >QQBJMQ QL AFP>?IB WLLJ

4EB JBQELAV TEF@E >388 MBO AFP>?IBA WLL FRAFKL <meta name="viewport" >

Q>D TFQE > S>IRE maximum-scale, minimum-scale, user-scalable=no, or user-

scalable=0 FK QEcontent >QQOF?RQB 3RRESE > TB?PFQB QE>Q E>P LKB LC QEBPB S>IRBF
MIB>PB ABIBQB QELPB M>0OQF@RI>O S> content .$QEBF?RQB QL BK>?IB WLLJ
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https://almanac.httparchive.org/static/images/2022/accessibility/pages-zooming-scaling-disabled.png
https://almanac.httparchive.org/static/images/2022/accessibility/pages-zooming-scaling-disabled.png
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"B@NRK ,:@>L PBMA SHHFBG@ :G=L<:EBG@:6BL:;E>=;R K

/ICQEBQLM  JLPQ SFPFQBA PFQBP  LC ABPHQLM PFQBP >KA LC JL?FIB PFQBP >OB ?RFIQ R
@LAB QE>Q >QQBJIMQP QL AFP>?IB RPBO WLLJFKD LO P@>IFKD 4EFP JB>KP QE>Q QEB MBO@B!
TFQE WLLJFKD AFP>?IBA FP >IJLPQ ALR?IB LK JL?FIB @LIM>OBA QL ABPHQLM )Q_P OB>IIV FIMLC
KLQ AFP>?IB WLLIFKD VB @B @LJ?>Q QEFP ?0LTPBBREDRK QEROOFAB

ABSBILMBOP_ >QQBJIMQP QL AFP>2BRBLEIQRWBF TOLQB >K >0QF@IB Q>IHFKD >?LRQ QEB
@LK@BOKP TFQE AFP>?IFKD WLLJ >KA RPBO PBQQFKDP FK ?0OLTPBOP

AMMILQ <HF FF:MNSH
AMMILPPP F:MNSH :M ;EH@  IE>:L> LMHI =BL:;;EBG@ SHHF
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https://almanac.httparchive.org/static/images/2022/accessibility/pages-zooming-scaling-disabled-by-rank.png
https://almanac.httparchive.org/static/images/2022/accessibility/pages-zooming-scaling-disabled-by-rank.png
https://x.com/mmatuzo
https://www.matuzo.at/blog/2022/please-stop-disabling-zoom/
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"B@RK  "HGM NGBM NL:@>

IKLQEBO QEFKDBBIMHFK JFKA FP QEBLRK®ENM.PB CLO CLKQ BFWBKA QE>Q  LC M>DBP

FK ABPHQLM px B>KALKIV >KA RPB em >KA rem OBPMB@QOFS QEB MBO@BKQ>DB LC

px RP>DB FK ABPHQLM E>P FK@ORBRBASDBA QL [>B3WTEFIE em RP>DB E>P

AB@OB>PBA ?)Q_P @LKPFABOBA TFPB QL RBEIRRBGRPR( em+AFC rem TEBK FQ @LJBP
Qlfontsize  ?B@>RPBERRP px FQ TFIl KLQ P@EEEB RREGIB@FQIV @ELPBP > ?FDDBO L
PJ>IIBO ABC>RIQ CLKQ PFWB FK QEB ?0LTPBO PBQQFKDP

Language identification

,>KDR>DB FABKQFd@>QFLK F lang YXQEBOF?RQB FP FIMLOQ>8RAEKD WEBRQBO P@OBBK
OB>ABO PRMMLOQ >KA >IPL EBIMP CLO >RQLJ>SKR>TBILKRPBAOERO FP >KLQEBO DLLA
BU>JMIB LC > CB>QROB QE>CHRIKIP BK@IRAFKD MBLMIB TFQE AFP>?FIFQFBlang JELRQ QE
>QQOF?RQB QEB >RQLJI>QF @3UFRBOKFK #EOLIB @>K XKPBHIBMEBQ@BK@LOOB@QIV
->KRBI ->QRWEF DBP LKB PRE&EJIMIB LC >K >RQ:KPO-QB JFPE>ARB QL QEB I>@H LC >

lang >QQOF?RQB

AMMIL=KB:GHKL>EEB <HF K>LIHGLB®RI> :G= SHHF AMFE 1I=:M>
AMMILPPP F:MNSH :M ;EH@ E:G@ :MMKB;NM>
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https://almanac.httparchive.org/static/images/2022/accessibility/font-unit-usage.png
https://almanac.httparchive.org/static/images/2022/accessibility/font-unit-usage.png
https://adrianroselli.com/2019/12/responsive-type-and-zoom.html#Update02
https://www.matuzo.at/blog/lang-attribute/
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83%

"B@KRK  )H;BE>LBM>L>A:0EB:lang :MMKB;NM>

)Q_P BK@IDFHD QL PBB QE>Q LC JL?FIB TB?PFQEP> lang >QQOF?RQB >KA TFQEFK QE>Q
DOLRMSBO E> SB > S>IFA S>IRB 4EBGE)FII OLLJ CLO E33BBQ DBK QEFP FBSB| !

@LKCLOJ>K@B FPPRB RKABO Z#!L JBBQ QEFP PR@@BPP @OFQBOF> Llang >K MRQ QEB
>QQOF?RQB F <html> Q>D TFQHKLTK MOFJ>0OV I>KDR>DB4EH lang >QQOF?RBB

DIL?>I >QQOF?RQB >KA @>K ?B PBQ LK LQEBO Q>DP >P TBIl FK @>PB QEB TB? M>DB E>P @LKQBI
QE>K LKB I>KDR>DB )Q_P FIMLOQ>KQ QL ABdKB QEB @LOOB@Q I>KDR>DB CLO > TB?PFQB )K @
MBLMIB @LMQBJIMI>QB QL @OB>QB > TB?PFQB QEBOB FP PLIBQFJBP > AFP@OBM>K@V ?BQTBE
I>KDR>DB RPBA FK QEB TB?BH@®BKQ >Klang="en" >QQOF?RQB RPBA FK QEB @LAB

User preference

4EBOB >0OB @BOQ>FK 5PBO 00BCBOBK@B -BAF> 1RBGFBRISCIRBYEB BB

PMB@FJ@>QFEXKQ @>K ?B RPBA CLO S>OFLRP >@@BPPF?FIFQ\KDB-CIRORPELEBPRID>

@LILO P@EBJB LO @AKQAB QE>Q TLOHP ?BQQBO CLO QEB RPBO QL OBAR@FKD >KFJ>QFLKP L
M>DB TEF@E FP EBIMCRI QL MBIBRGFFRQESAFPLOABOP

AMMILPPP P HK@ 3% LM:G=:{. @NB=>EBG>L :<M KNE>L ;? : DGHPG IKBF:KR E:G@N:@> M:@
AMMILPPP P HK@ 0. F>=B:IN>KB>L
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https://www.w3.org/WAI/standards-guidelines/act/rules/bf051a/#known-primary-language-tag
https://developer.mozilla.org/docs/Web/HTML/Global_attributes/lang
https://developer.mozilla.org/docs/Web/HTML/Global_attributes/lang
https://www.w3.org/TR/mediaqueries-5
https://www.w3.org/TR/mediaqueries-5
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"B@NK  1L>K IK?>KG<> F>=B: IN>KB>L

7 BCLRKA QE>Q LC JL?FIB TB?PFQI prefers-reduced-motion 7 B?PFQBP QE>Q OBIV

LK JLQFLK @>K @>RPB FPPRBP CLO MBERIFPREQEA-PLOABOP PL FQ FP FIMLOQ>KQ QL >A:
OBJLSB QELPB >KFJ>QFLKP TF prefers-reduced-motion JBAF> NRBCGNEBOB >0B MK
DOB>QBPLRO@BBI>QBAARPFDKFKD >@ @BPPF?IB >KFJ>QFLK

LC ABPHQLM >KA JL?FIB TB?PFQBP R! prefers-color-scheme JBAF> NRBONEFIB
LC ABPHQLM >KA JL?FIB PFQ prefers-contrast "LQE LC QEBPB JBAF> NRBOFEB FIMOL
@LKQBKQ OB>A>WIHQVRPQFKBEMBI>ILAB ?>PBA LK QEB RPBO_P MOB prefers- 3
color-scheme  >IILTP QEB ?0OLTPBO QL ABQB@Q QEB RPBO_PPFRDREER EKCLOJ>QFLK
QEB TB? ABILMBO @>K QEBBR#BL IFDEQ LO A>OH JLAB >@ ( prefer-contrast FP
RPBCRI CLO RPBOP TFQE ILT SFPFLK LO MELQLPBRPFRKEHRQCOELBFDE #AKQBBP

Forced colors mode

& O@BA @LILOP JLAB FP >K >@@BPPF?FIFQV CB>QROB FKQBKABA QL FK@QB>PB QEB OB>
QEOLRDE @LILO #@XPOCLO@BA @LILOP JLAB QEB RPERDFPMABBBREB0O @LKQOLI LC
JLPQ @LILO OBI>QBA PQVIBP #LJILK M>QQBOKP PR@E >P ?>@HDOLRKA FJ>DBP >0B @LJIV
AFP>?IBA PIUQBOL ?>@HDOLRKA@QKEBILOB MOBAF@Q>?IB )QP ?BPQ HKLTK FIMIBIBKQ>(
QEBB@A HEMK)H=>FK 7FKALTP OBK>JBAGMKM 0A>F>EK 7FKALTP  4ELPB QEBJBP

MOSFAB >IQBOKS-QFS-KA EFDE @RQ@LILO M>IBQQBP >P TBII >P QEB >?FIFQV QL @RPQLJ

AMMILEBLM:I:KM <HF :KMB<E> =>LB@GBG@ L:?>K P>; :GBF:MBHG ?HK FHMBHG L>GLBMBOBMR
AMMILPPP : RIK HC><M <HF IHLML =>LB@G :<<>LLB;E> :GBF:MBHG
AMMILPPP : RIK HC><M <HF IHLMLMB&@ LRLM>F :@RLKK :<<>LLB;BEBMR =BLIE:R FH=>L
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https://almanac.httparchive.org/static/images/2022/accessibility/userpreference-media-queries.png
https://almanac.httparchive.org/static/images/2022/accessibility/userpreference-media-queries.png
https://alistapart.com/article/designing-safer-web-animation-for-motion-sensitivity/
https://www.a11yproject.com/posts/design-accessible-animation/
https://www.a11yproject.com/posts/operating-system-and-browser-accessibility-display-modes/
https://support.microsoft.com/en-us/topic/fedc744c-90ac-69df-aed5-c8a90125e696

Part Il Chapter 11 : Accessibility

LC QEB>FI>?IBVPQBJ @LILOP

"B@NK  "HK>= <HEHKL FH=>

,FHB LQEBO RPBO MOBCBOBK@B JBAF> NRBOFBP TB PBB > ILQ LC TB?PFQBP J>HFKD >AGRPQJB
LK CLO@BA @LILOP JLAB  LC JL?FIB PFQBP >KA LC ABPHQLM forced-colors 3

JBAF> NRBOV QL >IQBO QEBFO PQVIBP TEFIB RP>DB LC QE -ms-high-contrast

JBAF> NRBOV FPSB?L CLO ?LQE JL?FIB >KA ABPHQLM 4EFP GIGRKRP QL THSBIRQ PFQBP

AL PRMMLOQ CLO@BA @LILOP JLAB ?RQ QEB ADEXIFRINEQEBBPP @LKPFABOFKD QEB
forced-colors  JBAF> NRBOV E>P LKIV ?BBK PRMMLOQBA FK J>GREKEDRTPBORA
PRMMLOQBIRD>QFk forced-colors  JLAB LK ABF@BP LQEBO QE>K 7FKALTP SPALKAB>
PFK@BBOR>0V

Navigation

7EBK Q>IHFKD >?LREAD>QFKD QEOLRDE TB?PFQBP LKB QEFKD QE>Q FP FIMLOQ>KQ QL
OBJBJ?BOJ>KA ?B @>RQFLRP LC]FP QE>Q\RRBBP $>0FBQV LC JBQELAP >K/SFIQBRQ AB

3LJB MBLMIB RPB > JLRPB QL P@OLII QEOLRDE > M>DB LQEBGE-RRE. QEEFTFY@E @LKQOLI
ABSF@B >KA PLIBJRPB > P@OBBK OB>ABO QL ?OLTPB QEOLRDE QEB AFSEIBOBKQ EB>AFKD IB
7EBK J>HFKD > TB?PFQB FQ_P FIMLOQ>KQ QL BKPROB QE>Q QEB $BOFKBB TLOHP CLO B
FOOBPMEBAQRIEBIEDB LO >PEFOBEEKLILDV QE>Q > MBOPLK @ELLPBP QL RPB

AMMIL=>GEHI>RHSBEE: HK@ =M</ ZHEHKO@EN> LRLM>FI<HERIKGR.
AMMIL<:GBNL> <HF F=G <LL9:M KNE>L9R==B:G7HHKL
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https://developer.mozilla.org/docs/Web/CSS/color_value/system_color_keywords
https://almanac.httparchive.org/static/images/2022/accessibility/forced-colors-mode.png
https://almanac.httparchive.org/static/images/2022/accessibility/forced-colors-mode.png
https://caniuse.com/mdn-css_at-rules_media_forced-colors
https://developer.chrome.com/docs/devtools/rendering/emulate-css
https://developer.chrome.com/docs/devtools/rendering/emulate-css
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Focus indication

8L @RP FKAF@>QFLK FP OB>IIV FIMLOQ>KQ CLO MBLMIB TEBVRFDOISNIDRIFLKKLID
PTFQ@E @LKQER@EP 4EBPB QLLIP >OB LCOBNRESIB TFQE IFJFQBA JLQLO @ERS®FQV
>0B J>K AFCCBOBKQ PTFQ@E GE@BOLCARFKDIB PTFQ@EPFM >KA MRCEFGS

6FPF?IB CL@RP PQVIBP >KA MOLMBO CL@RP LOABOP >0OB BPPBKQF>| CLO PR@E RPBOP Q
FKAF@>QFLK LC TERCEGER > M>DB

Focus styles

4EB 7# ' OBNRFOBP > SFPF?IB CL@RP FKAF@>CQl@E LHIGRQABQL EBIM MBLMIB HKLT
TEF@E BIBJBKQ E>P BER+DA CL@RP >P QBBOPB QEOLRDE > M>DB )K BE#@Q CLO

TEF@E RPMBB@QBA QL ?B MR?IFPEBA FK $B@BJ?BO FRIERATHBKCOLJ !! QBSBI
!

"B@RK ,:@>L HBKB=BG@ ?H<NL LMRE>L

7 BCLRKA QE>Q LC TB?PFQB :focus {outline: 0} AEFP OBSBP QEB ABC>RIQ
LRQIFKB QE>Q ?0LTPBOP RPB CLO QEB S@@RBBYBKQB® PLIB @>PBW XIHB
LSBOOFAABK RPFKD PLIB @RPQLJ PQVIFKD VAR@EKER)ISR-FQ FIMLPPF?IB CLO RPBOP QL
ABQBOJFKB TEF@E BIBJBKQ E>P CL@RP TEF@E FK SRIDIQEEKAEDRBBA>KESP >

AMMIIPPP : R <HF B NL>=:LPBM<A <HGMECHK : =:R

AMMIL<<>LLB;E>P>; <HF :LLBLMBOAGHEH@B>L>IMBKMBBEH@R ?H<NL LBI :G= IN?? =>0B<>L
AMMILP < @BMAN; BH P<:@ @NB=>EBG>L

AMMILP < @BMAN; BH P<:@ @NB=>EBG>L ?H<NL OBLB;E>

AMMILQ <HF /:K/HN>B=:G
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https://www.24a11y.com/2018/i-used-a-switch-control-for-a-day/
https://accessibleweb.com/assistive-technologies/assistive-technology-focus-sip-and-puff-devices/
https://w3c.github.io/wcag/guidelines/22/
https://w3c.github.io/wcag/guidelines/22/#focus-visible
https://w3c.github.io/wcag/guidelines/22/#focus-visible
https://almanac.httparchive.org/static/images/2022/accessibility/pages-overriding-focus-styles.png
https://almanac.httparchive.org/static/images/2022/accessibility/pages-overriding-focus-styles.png
https://x.com/SaraSoueidan
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DOB>Q >0QF@IB LKABFRK 7# @LIMIF>KQ CL@RP FKAF@:TBGBOFQ_B@FQFKD QL PBB
QE>Q LC TB?PFQBSB :focus-visible @LIM>0BA QL LKIV  I>FE>@4EFP FP ABAKFQBIV
> PQBM FK QEB OFDEQ AFOB@QFLK

tabindex

tabindex FP >K >QQOF?RQB QE>Q @>K ?B >AABA QL BIBJBKQP QL @UKRHN DEBBERO QEB
CL@RP $BMBKAFKD LK FQP S>IRB QEB BIBJBKQ @>K >IPL ?B LODENPIHDMTEQERR Q8B H
*Q>2 LOABO

7 BCLRKA QE>Q LC JL?FIB TB?PFQBP >KA LC ABPHQLM TB% tabindex 'BIEB
tabindex >QQOF?RQB @>K ?B RPBA CLO > CBT AFCCBOBKQ MRUMLFBR 7 ER@E B>
>@@BPPF?FIFQV FPPRBP

b !AAFKEL tabindex="0" >AAP >K BIBJBKQ FK QEB PBNRBRQFON-CL@RP LOABO

#RPQLJ BIBJBKQP >KA TFADBQP QE>Q >0OB FKQBKARA (Bt KHBAKEBIIF@ FQIV
>PPFDK tabindex="0"

b tabindex="-1"  JB>KP QE>Q QEB BIBJBKQ FP KLG\FH.SES EL@RP LORBO
@>K ?B MOLDIOQF@>IIV CL@RPBA REFE@BFMQ

b ! MLPFQBS>IRB C tabindex FP RPBA GBOOFAB QEFPH>OA CL@RP LOABO >KA
JLPQ LC QEB QFJB IB>APXOL'> & L@RP /OABO>FIROB

YQ_P FIMLOQ>KQ QL OBJBJ?BO QE>Q MI>@FEIRRIBFEKBP FK @ERLFOA CL@RP LOABO
@>K ?B @LKCRPFKD CLO ILT SFPFLK RPBOP >KA PERFIARZBK@B 7B >

AMMILPPP L:KLHN>B=:G <HF ;EH@ ?H<NL BG=B<:MHKL
AMMILPPP P HK@ 0. 1* /0 * %*#3 # G:OB@:MBHG F><A:GBLFL ?H=NAMRE
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https://www.sarasoueidan.com/blog/focus-indicators/
https://www.w3.org/TR/UNDERSTANDING-WCAG20/navigation-mechanisms-focus-order.html
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"B@NK tabindex NL:@>

/RQ LC >Il TB?PFQBP tabindex >QQOF?RQB SH tabindex TFQE > MLPBGBE&RB 5PFKD
MLPF@FS>IRBP ( tabindex FP DBKBIY ?>A M@®QF@B PFK@B FQ AFPORMQFSBEBQEIEI>| K>
+>01'OLSBP E>P :POB>Q >OQR@RLRMI>FKP QEFP @LK@BMQ CROQEBO

Landmarks

,>KAJ>OHP EBIM AFSFAB > TB? M>DB FKQL QEBJ>QF @ OHEPRERMBSESRIISHO RPBOP LC
>PPFPBEB@EKLILDFBP QL RKABOPQ>KA QEB M>DB POER@BRIES HYREDE>AMIB
>0LQLO JBKR®>K ?B RPBA (BAD>QB ?BQTBBK AFCCBOBKQ M>DB I>KABHBMAFKESHK

2B RPBA QL Q>ODBQ I>KAJ>OHP |<main> FIIKAJ>OHP @>K ?B @OB>QBA RPFKD S>OFLRP
(4-, BIBJBKQP LO BUMIF@FQIV >ABFISEAJ>OH OLIBP (LTB SBOCLIILTFKD QEB dOPQ ORIB LC
12)! LKB PELRIA DESMOBCBOBK@B (@ (H=@#8JBKQP TEBKBSBO MLPPF?IB

AMMILQ <HF IKE@BL

AMMIIDKE@®L <HF PA  RNLBG@ M:BGEN>L @KI>K MA:G BL ;=

AMMILPPP :?; HK@ ;EBG=G>LL :G= EHP OBLBHG NLBG@BEHMEHEH@E>ML FH;BE> :IIE> BHL BIAHG> :G= Bl:=
AMMILP>;:BF HK@ M><AGBJIN>L LDBIG:O

AMMIPPP P HK@0.3 # 0!'$/ % AMFE
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https://almanac.httparchive.org/static/images/2022/accessibility/tabindex-usage-and-values.png
https://almanac.httparchive.org/static/images/2022/accessibility/tabindex-usage-and-values.png
https://x.com/karlgroves
https://karlgroves.com/2018/11/13/why-using-tabindex-values-greater-than-0-is-bad
https://www.afb.org/blindness-and-low-vision/using-technology/cell-phones-tablets-mobile/apple-ios-iphone-and-ipad-2
https://webaim.org/techniques/skipnav/
https://www.w3.org/TR/WCAG20-TECHS/ARIA11.html
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HTML5 ARIA role Pages with Pages with Pages with
element equivalent element role element or role
<main> role="main"

<header>  role="banner"
<nav> role="pavigation"
<footer> role="contentinfo"
&FDROB ,>KAJ>OH BIBJBKQ >KA OLIB RRAHMBIQLM

4EB JLPQ @LJILKIMBAB@QBA I>KAJ>OHP QE>Q QEB J>GLOFQV LC TB? ¥DBB PELRIA E>
<main> <header> <nav> >KA <footer> 7 B CLRKA QE>Q LKIV LC ABPHQLM >KA JL?FIB
M>DBP BB > K>QB#-, <main> BIBJBKQ TEFIB LC ABPHQLM M>[EBP-KBIBJBKQ TFQE

> role="main" >KA LC M>DBP EB BFQE <main> LC role="main" )Q_P DLLA QL PBB

QEB RPB LC K&-RESBKQP FK@OBERRQ (>C _POQF@IB LK I>KAJ>@HBBOP >l QEB

ABQ>FIP QE>Q LKB PBBRAK JFKA QL BKPROB ?BQQBO >@@BPPF?FIFQV

Heading hierarchy

(B>AFKDP EBIM >Il RPBOP FK@IRAFKD QELPB REB@EXRAAPKESSPDKOB QEOLRDE QEB
TB?PFQB 5PBOP TFQE P RERIES.|LDFBP GFEHCB QL QEREE) PB@QFLKP YEaBQEB
FKQBOBPQBA FK P JBKQREKEB\FBRQQLR-OQF@IB LK EB>AFKDP >KA PBJ>KQF@ PQOR@QROB
EB>AFKDP @>K ?B QELRDEQ LC >P > Q>?IB LC @LKQBK@FREIB QEBE@RIEIQL DL QL >

M>OQF@RI>0 @LKQBKQ >0OB>

"B@NK )JH;BE> LBM>L l:.LLBG@ MA> (B@AMAHNI>KIEBRIRHKHCBGC@L

LC TB?PFQBP M>PP QEB QBPQ CLO MOLMBOIV LOABOBA EB>AFKDSBPETGR@ KIKD FHEEV |B
P>JB >P I>P@XO(LMBCRIIV QEFP KRJ?BO TFIl FK@UB¥PB RBK @BXQERIBKQ LRQIFKB
BU>JMIB FK 7(! 47' PQ>KA>OAP B ?BBK RMA>QBAS BOV FIMLOQ>KQ QEFKD QL OBJBJ?BO FP
QE>Q EB>AFISBIBBALKQ BB QL OBMOBPBKQ QEB >@QRARQOB>K@E M>0QF@RI>0
BIBJBKQ (B>AFKDP >OB QL ?B RPBA MOFJ>COGEMRERROBP TEFIB #33 @>K ?B RPBA CLO

AMMILQ <HF L<HMMHA:K

AMMILPPP L<HMMHAKEH@ E:G=F:KDL AMFE

AMMIIQ <HF F:KkRLNMMHG

AMMILF:K<RLNMMHG <HF AHP B :N=BM : P>;LBM> ?HK :<<>LLB;BEBMR $>:=BG@L :G=/>F:GMB< /MKN<MNK>
AMMIL@BMAN; <HF PA:MP@ AMFE INEE
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https://x.com/scottohara
https://www.scottohara.me/blog/2018/03/03/landmarks.html
https://x.com/marcysutton
https://marcysutton.com/how-i-audit-a-website-for-accessibility#Headings-and-Semantic-Structure
https://github.com/whatwg/html/pull/7829
https://github.com/whatwg/html/pull/7829
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QEB PQVIFKD LC QEB BIBIBRQDIS.A >0OQF@IB LK ELT QL PQOR@ QROBREBMAERDNVPFK V
3088 &>RIHKBQFQIBAT QL J>OH RM PR?EB>AFKDP PR?QFQIBP B-IFRIBP SRS
Q>DIFKBPa

Secondary navigation

7# ' OBNRFOBP TB?PFQBBENFESFMIB VP QL ISFD>QB ?BQTBBK QEB AFCCBOBKQ M>DBP >\
COLJ QEB MOFJ>GFBSQFLK JBKR FK QEB EB>ABRERBBPP #OFQBOFLK  -RIQWRIB 7

&0 B>JMIB J>K/ MBLMIB FK@IRAFKD QELPB TFGHRIEQKGRES® MOBCBO QL RPB PB>O@E
CB>QROBP QL dKA > M>DB TEBK QEBOB >OB > PR?PQ>KQF>I KRJ?BO LC M>DBP FK > TB?PF(

4EBOB>0B LC TB?PFQBP LK JL?FIB BB AB>0@E FKMRQ >KA LK ABPHQOLM 'KLQEBO
OB@LJJBKABA JBQELA CLO PB@LKSEMAQREK FP QL FK@IRAB > PFQBJ>M CLO > TB?PFQB !I(C
TB AL KLQ BB >R/ A>Q> >?LRQ QEB MOBPBK@B LC PFQB@EHFEBEPRFAB COLJ QEB 7 #
BUMI>FKP TE>QWQEBB FK ABQ>FI >KA ELT QL FIMIBJBKQ LKB\BCCB@QFS

Skip links

3HFM IFKHP >IIBVH>0A LO PTFQ@E @LKE@B RBBOP QL PHFM QEOLRDE AFCCBOBKQ PB@(
M>DBP TFQELRSFED QL M>8BOR/ CL@RP>?IB FQBJ /KB LC QEB JLPQ @LJILK PB@QFLKP QL P
QEB MOFJ>0OSRD>QFLK QL DL ( <main> PB@QFLK BPMB@F>IIV FC > TB?PFQB E>P > OB>IIV I:
KRJ?BO LC FKEB@EQBJIP FK QEBFO MOBEEBREK

21%

"B@NRK )H;BE> :G==>LDMHI |.@>L PABER BBDLDBI EBGD

7 BCLRKA LC ABPHQLM >KA JL?FIB M>BBFESBI> PHFM IFKH >IILTFKD RPBRPRBLV>0Q

LC QEB M>DB @LKQBKQ 4EFP dDROB @LRIA 2@BFEBCFKRIABQB@QFLK LKIV @EB@HP
MOBPBK@B LC PHFM IFKHP B>OIV FK QEBWIBIE. EHEMHO>QFLK 3HFM IFKHP @>K >IPL 7B
RPBA QL PHFM M>OQP LC QEB M>DB

Document titles

$BP@OFBQEDB QFQIBP >OB RPBCRSFEBRMD ?BQTBBK M>DBP Q>?P >KA TFKALTP >P QEE

AMMIIQ <HF LM>@NEDG>K

AMMILLM=O:NEDG@BMAN; BH KMB<E>L $HP MH F:KD NI LN;A>=BG@L LN;MBME>L :EM>KGWBBE>L :G= M:@EBG>L AMFE
AMMILPPP P HK@ 3% 3 # 1G=>KLM:G=BG@ FNEMBIE> P:RL AMFE

AMMILPPP P HK@ 3% 3 # 0 ><AGBJIN>L @BG>K
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https://x.com/stevefaulkner
https://stevefaulkner.github.io/Articles/How%20to%20mark%20up%20subheadings,%20subtitles,%20alternative%20titles%20and%20taglines.html
https://stevefaulkner.github.io/Articles/How%20to%20mark%20up%20subheadings,%20subtitles,%20alternative%20titles%20and%20taglines.html
https://www.w3.org/WAI/WCAG21/Understanding/multiple-ways.html
https://www.w3.org/WAI/WCAG21/Techniques/general/G63
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KBT M>DB E>P FQP QFQN3 MR8 @EKLILDFBP QL EBIMBBNBR® H LC TEBOB/GQE

"B@NK 0BME> >E>F>GM LM:MBLMB<L

4ELRDE QEBOB >0OB  LC JL?FIB TB?PFQBP TEEF@EBRIBKQ QFQIB LKIVSBE>QFQIB

QE>Q FP ILKDBO QE>K CLRO TLOAP 3FK@B TB LKIV P@>K ELJB M>DBP LC TB?PFQBP FQ P KLQ |
RP QL ABQBOJFKB FC QEB FKKBO M>DBP LC QEB TB?PFQB RRBPRKC <title>  IBADB

QE>Q ABP@OF?BP QEB M>DB ! QFQIB PESRI2LOEBOEB BXFQIB LC QEB TB?PFQB >P TBII >P > QFQIB
DFSFKD @UKQ®LRQ QEB M>DB FK QEB TB?PFQB GED2868Q80 K>

Tables

4>7I1BP EBIM FK OBMOBPBKQFKD A>Q> >KA QEB OBI>QFLKPEFMP ?BQTBBR®BBIBPQ> RPFKD QTL
PELRIA BB > TBIl CLOJ>QQBA PQOR@QROB TFQE QEB >MMOLMOF>QB BIBJBKQP >KA J>OHRMP G
>PPFPBEB@EKLILDV RPBOP QL B>PFIV @LIMOBEBKA QEB A>Q> OBMOBPBKQBA FK QEB Q>?IB >
K>SFD>QB QEOLRDE QEB-QIR@>MQFLK >MMOLMOF>QB EB>ABOP >KA >MMOLMOF>QB EB>ABO (
BSBOV OLT >0B >P PR@E FIMLOQ>KQ BIBJBKQP QE>Q EBINBRFRDPHLILERPEBJIFEKPB

LC QEB A>Q>
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https://almanac.httparchive.org/static/images/2022/accessibility/page_title-information.png
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Table sites All sites

Desktop Mobile Desktop Mobile

#>MQFLKBA Q>?IBP
0OBPBKQ>QFLK>I Q>?IB

&FDROB @@BPPF?IB Q>?IB RP>DB

7EBK MOSFAFKD > @>MQFLK CLO QEE <caption> BIBIBKQ FP QEB @LOOB@Q PBI>KQF@ @

QL MGEAB QEB JLPQ @IXQB > P@OBBK OB>ABO RPBOEBEIREES >IQBBR>QPFSC

[>?BIIFKD > Q>?18>?1B @>MQFLKP >@Q >P > EB>AFKD PRJJ>OFWFKD QEB FKCLOJ>QFLK LC G
LC ABPHQLM >KA JL?FIB PFQBP TFQE Q>7?IB BIBJBKQP MC <caption> 3A >

4>?|BP >OB >IPL PLIBQFJBP RPBYXRKIDLURQ M>DBP QELRDE TFQE QEB TRUFSKA OEM
MOLMBOQFBP FK #33 LKB PELRIA ABdk&QBNBP CLNDSHPR>| CLOJ>QQFKISEOHE QEBOB
FP KL LQEBO LMQFLK Q>?IBP role="presentation" 7 BL?PB®S LC Q>?IBP RPFKD
QEFP TLOH>OLRKA

Forms

&.0JP >OB LKB LC QEB JLPQ @LJNR QE>Q RPBOP PR?JFQ FKCLOJ>QFLK-@QRAFEKQBO
TB?PFQBP 7EBQEBO FQ ?B ILDDFKD FKQL > PFQB @OB>QFKD > MLPQ LK PL@F>| JBAF> LO
MRO@E>PB >Q >K B@LJJBO@B PFQB >/l LC QEMFBTRREQ GLBBRB>DB OBNRFOB > CLOJ
7FQELRQ MOLMBO CLOJ >@ @ BFERRBIFEYE AFP>?FIFQBBR@B@ TFQE QEBJ MOLMBOIV
TEF@E FK QROK PQLMP QEBJ COLJ @LIMIBQFKD QEBSBKD RRA FKEL@ERELK >KA CB>QRC
M>OFQV TFQE KLK AFP>?|BA RPBOP

4EBOB >0OB PMB@Fd@ QEFKDP QE>@BKBARELIFNA HEBK FQ @LJBP QL >@@BPPF?FIFQV FK C

<label> element

4EB <label> BIBJBKQ FP QEB JLPQ BECE®LQESISEAFKD >@@BPPF?IB K>JBP QL FKMRQ dBIZ
LOCLOJ @LKQOLFK > CLOJ /KB @>K IF <label> QL > CLOJ @LKQOLIMODR@>IIV

RPFKD Cfor >QQOF?RQB for ;>QQOF?RQB PELRIA @LKQ>FK QEB id RBQOBEBE)B LC

QEB CLOJ @LKQOLI BIBJBKQRIESKIMOL IFKH FQ TEE>EMIB

AMMILPPP P HK@ 3% MNMHKB:EL M:;E>L <:IMBHG LNFF:KR
AMMIL=>CEHI>RHSBEE: HK@ =H<L (M@ ":LB<9G:MBTHKFI<HEMK
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<label for ="emailaddress ">Email </ label >

<input type ="email " id ="emailaddress ">

4EBfor >QQOF?RQB FP FIMLOQ>KQ ?B@>RPB <label> HE_QEM MOLDOQF@>IIV
IFKBA QL > @LOOBPMLKAFKD CLOJ @LKQOLI 4EFP >CCB@QP QEB RP>?FEFQQESM@EB CLOJ >P F(
dBIA ALBP KLQIB> PBJ>KQF@>I\BIKK2BI RKIBPP >KLQEBO JBQELA FP RPBA

"B@NRK 3A>K> BGINML @>M MA>BK :<<>LLBJE> G:F>L ?K

LC FKMRQP BB KL >@@BPPF?IB K>JBP TEFIB LKIV <label>  7FQELRQ > MOLMBO
>@@BPPF?IB K>JB > P@OBBK OB>ABORGFBQIUEBRPBO TIX?B >?IB QL FABKQFCV TE>Q A>Q>
>K FKMRQ FP QOVFKD QL @LIB@Q /CQBK QEBOB >0OB FKMRQRLESTBRFSEIBPBE>Q ALK
I>?BIP TEF@E @>RPBP FPPRBP CLO >Il RPBOP LO QEB FKMRB-OMNREIKBB PPRE SFPR>IIV
>KA MOLBD>QF@>11)K PBIB@Q @>PBP TEBOB > I>?B| @>K MBHRRBAIRFEAE >P > PB>0@E
dBIA LKB JRPQ PQFII >AA > P@OBBK Ot <label> (9L MGEAB QEB >@@BPPF?IB K>JB
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placeholder  attribute

4EB MROMLPB placeholder  >QQOF?RQB FK > CLOJ @LKQGHHAR JUBIGIE LC QEB A>Q>

LO CLOJ>Q QE>Q QEB CLOJ @LKQOLIC-@@BM <input type="text" id="credit-
card" placeholder="1234-5678-9999-0000"> IBQP QEB RPBO HKLT QE>Q > @>0A KRJ?BO

PELRIA ?B BKQBOBA TFQE A>PEBP FK SBQVBBRH-QP

(LTB SBORKIFB <label> BIBJBKQP Qplaceholder  >QQOF?RQB AFP>MMB>0OP QEB JLIBKQ
PLIBLKB PQ>0QP QVMFKD LO BKQBOFKD A>Q> 4EFP @>K @>R PEARPBORAGEEP@LIBEQFS
AFPLOFBKQBA >?LRQ QEBWIBORBBVFKD QL FKMRQ !IPL KLQ >Il P@OBBK OB>ABOP PRMN
placeholder  >QQOF?RQB CLO >@@BPPF?IB K>JBP TEF@E FP >IPL MOL?IBJ>QF@ (BK@B F
placeholder  >QQOF?RQB CLO >@@BPPF?IB K>JBP @*KAINERERBHQV FRRRERRIA

?B 5 FABA

"B@NRK 1L> H? IE:<>AHE=>KL HG BGINML

LC QEB TB?PFQBP PE®3\ ESB FKMRQP TFQE | placeholder  >QQOF?RQB >KA KL
<label> BIBJBKQ IFEE QL FQ TEF@EJYFBEBIV MOL?IBJ>QF @-APBB@Fd@>QFLK
@IB>0IV PQ>QBP “4EB MI>@BELIABO >QQOF?RQB PELRIA KLQ ?B BRRAP28)0IFBOK>QFS
FIMLOQ>KQ QISKKR <label> QL FIMGRB >@@BPPF?FIFQV CLO >l

AMMILPPP LF:LABG@F:@:SBG> <HF |E:<>AHE=>K :MMKB;NM>
AMMIIAMFE LIRAMP@ HK@ MA> IE:<>AHE=>K :MMKB;NM>
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1L> H? MA> IE:<>AHE=>K :MMKBIEM>F>G ?HK : E;;>E><Bt MA>
:<<>LLB;BEBMR :G= NL:;BEBMRHE MACGIRISMRNL>KL BGKEN=BG@ HE=>K
NL>KL :G= NL>KL PBMA xH@I(BEHBEER FHMHK LDBEE HK OBLBHG
BFI:BKF>GML

WOA> 3 XL ,E:<>AHE=>K .>L&=K

Requiring information

7EBK TB?PFQBP D>QEBO FKMRQ COLJ QEBFREEHBORIBEE Tt FKAF@>QB TE>Q
FKCLOJ>QFLK FP LMQFLK>l >KA TE>Q FKCLOJ>QFLK FP OBNRABEMEB. PR2IEQOE >K

BJ>FI >AAOBPP JFDEQ ?B > OBNRFOBA dBIA ?RQ > JFAAIB K>JB @>K ?B >K LMQFLK>| dBIA "BCLO!
(4-, FKQOLAR@BA QEB OBNRFOBA >QQ <input> HEDAP FK > @LJILK @L8BKQFLK

T>P QL MRQ >K >PQBOFPH  FK QEB [>?BI CLO OBNRFOBA SBOGERPIBRFEKDTEK >PQBOFPH FP
LKIV > SFPR>| FKAF@KOEQ I86ABP KL S>IFA>QFLK LO PRCA@FBKQ FKCLOJBQFLK QL >PPFPQFS
OQB@EKLILDFBP QE>Q > dBIA FP OBNRFOBA

AMMILPPP P HK@ 3% #( EHP OBLBHG : R M? PBDB ,E:<>AHE=8K9.>L>:K
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"B@NRK $HP KINB# BGINME IH><B\>=

4EB required  >KA aria-required >QQOF?RQBP >OBYHLTRBIIFKD >K >BPFPQFS
QB@EKLILDV QE>Q >K FKMRQ dBIA FP KLQ required A@BO0OF?RQB >IFBKIMBCLOJ
PR?JFPPFLK TFQELRQ >K FKM] aria-required LKIV @I1S8VP QEB FKCLOJ>QFLK QLB-PPFPQFS
QB@EKLILDV >KA ALBBI%IFA>QB QEB FIBMRRKA QE>Q LC QEB PFQBP required

>QQOF?RQB >KA | aria-required (LTB SBOQEBOB >0OB PQFIl TB?PFQBP TEF@E LKIV RP
>K >PQBOFPH QL FKAF@>QB > dBIA FP OBNRFOBA 4E>Q PELRAMBABRIKBEOBINQBPR >IPL
>@@LIM>KFBA "required  >KA aria-required

Captchas

7 B?PFQBP LCQBK T>BQRI\SQE>Q QEB SFPFQLO FP > ERJ>K >KA KLQ > ?LQJTEGEEE FP > M(
@€TIP QEOLRDE TB?PFQBP GLARSEBOBKQ MROMLBBBMEB 4EB B? 1J>K>@ FP

@OB>QBA BB®E ¥ PBKAFKD LRQ > PFJFI>0 HFKAZIBBRI@MDQEBO FKCLOJ>QFLK COLJ
TB?PFQBP 4EBPB QVMBP LC "ERJ>K LKIVa QBPQP >OBt@wIIBALIMEBQBIV IRQLI>QBA
OR?IFGROFKBRQ QBH#LIMRQBOP >KA (RJ>KP IM>0Qa
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19%

"B@NRK )H;BE>LBM>L NLBG@$ ,0

LC JL?FIB TB?PFQBP EB LKB LC QTL @>MQ@E> FIMIBJBKQ>QFLKP TEF@E TB @>K ABQB@Q 4E
QVMB LC QBPQ @>K ?B AFCd®RITEHORKIS PBBIO4 #(IP (> SB>K &>FIROB 2>QB
?RQ TLRIA IBW ?B JLOB AFCd@RIQ CLO MBLMIB TFQE ILT SFPFLK >KA LQEBO SFPFLK LO OB>AFKE
AFP>?FIFQFBP !IPL PR@E QBPQP JFDE® C>FI RRGRPPF?IB 'IRQEBKQF@>QRESB
7# ' FP OBIB>PBA 7 #>@QR>IIV EMPMBO LK >IQBOBRQESFPR>I QROFKIEBOGP
ABAJKFQBIV OB@LJJIBKABA

Media on the web

|@@BPPF?FIFQV GEPRMBCB@LEDSY @OR@F> TEBK FQ @LJBP QL JBAF> @LKPRIMQFLK LK QEE
TB? ! ILQ LC JBAF> FP LCQBK ABPFDKBAJECTPMBLMIB TFQE AFP>?FIF@HBEPEIKRKIBPP
>IQBOK>BBBQELAP >0B SFABALD B>IMIB > ?2IFKA MBOPLK LO > MBOPLK TFQE > SFPFLK
FIM>FOJBKQ KBBAP >K >RAFL ABP@OFMQFLK CLO >K FJ>DB LOW@FKRKABQPSSKEBEB

JBAF> | P@OBBK OB>ABO @>K LKIV @OB>QB >K >RAFL ABP@OFMQELKBRIBERIDRDKEDSE QB
FJ>DB LO QEB SFABL FP MOBPBKQCBEIMBOWIB TFQE EB>OFKD AFP>?FIFQFBP @>MQFLKP LK SF/
LO QE) §@HP CLO >RAFL >0OB BPPBKQF>I QL >@@BPPFKD QEB J>QBOF>!

Images

59%

"B@NK )H;BE> l:@>L I:.LLBG@ MA> (B@AMAHNL> BF:@> :EM :N=BM ?HX\BF:@>L PBMA :EM

yJ>DBP LK QEB TB? @>88BEK alt >QQOF?RQB TEFGHABPLEK >IQBOKHQBABB@OFMQFLK LC

QEB FJ>DB ! P@OBBK OB>ABO @>K QEBK RPB QEFP FKCLOJ>QFLK QL @OB>QB >K >RAFL ABP@(
FJ>DB CLO MBLMIB TFQE > SFPR>| FIM:#OIRKA GE>Q LC PFQBP M>PP QEB QBPQ CLO FJ>DBP
TFQE >IQUEBTEF@E FP > PJ>Il FK@OB>PB COLJ

AMMIL:RFK = <HF JEH@ <:IM<A'L BG 4ANND
AMMILP < @BMAN; BH P<:@ NG=>KLM:G=BG@ :<<>LLB;E> :NMA>GMB<:MBHG AMFE
AMMILPPP P HK@ 0. MNKBG@M>LM
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https://baymard.com/blog/captchas-in-checkout
https://w3c.github.io/wcag/understanding/accessible-authentication.html
https://www.w3.org/TR/turingtest/
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"B@NRK ,:@>L <HGM:BGE alt :®BIMKB;NM> PBMANESEBHG

4EB QBQ FK Calt >QQOF?RQB ABMBKAP LK QEB J@IGEBFI>DB FP-OERIA ALBPR

MOSFAB 3KJB>KFKDCRI FKCLOJ>QFL alt="" .FP FAB>| (L'BBOFC QEB FJ>DB FP @OR@F>I QL
QEB @LKQB.C QEB M>DB QEBK > M@} MBR@BFMQFLK FP BPPBKQF>I )C QEB FJ>DB FP > @E
IFKH QEBK FAB>Il alt BQQOF?RQB PELRIA ?B RPBA QL >?BI QEB IFKH PL QEB RPBO HKLTP
QEB IFKH BREBJ B CLRKA QE>Q LC JL?FIB TB? M>DBP >KA  LC ABPHQLM M>DBP TFQE
>Kalt >QQOF?R(B ExdIB BQBKPFLK >PPFDKBA alt 1ESQOF?RQB 4EFP MOL?>?1V JB>KP
QE>Q Calt >QQOF?RQB GRPQ @LKQ>FKP QEB FJ>DB dIBKBIBKLEFEBEFIREHD >Il >KA
PELRIA ?BS:FABA FIGEOV @>PB
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"B@NRK JHLM <HFFHG \EQM>GLBH alt ®IQM

4EB QLM 831B BQBKPFLKIVEF@FQIV FK@IRABA FKIQEE IR QRO PFQBP TFQE FJ>DBP QE>Q

E>SB KLK BJMQV >IQ S>IRBP >0B GMD MKD F@L GMBDB{K/AOBSB@EGPRIEB RPB LC #-3 LO

LQEBO @LKQBKQ J>K>DBJBKQ JBQELAP TEF@ E-SFBQH QBBRESQIBS) CLO FJ>DBP LO >PH QEB
@LKQBKQ BAFQLOP CLO FJ>DB ABP@OFMQFI(KPEGRIDARIBIEERN3 GRPQ MRQP QEB FJ>DB
dIBK>JB FK Qlalt >QQOF?RQB QEFP LERBEMQIS>IRB QL QEB RPBOP PL FQ_P FIMLOQ>KQ QE>!
JB>KFKDCRUQBABP@OFMQFLKSESBAVOL
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"B@NRK alt :MMKB;NM>E>G@MAL

7 BCLRKAQE>Q LC >IQ@BOQOF?RQBP FK ABPHQLM >KA JL?FIB TB?PFQBFEIBMIB/BIMQV
at >QQOF?RQB FP PRMMLPBA QL ?B RPBA LKIV TEBK QEB FJ>DB FP MOBPBKQ>QFLK>! >K,
ABP@OF?BA@OBBK OB>ABOP LO LQEB@EERQESFBP G8BLPQ FJ>DBP LK QEB TB?

AL >AA S>IRB QL QEB @LKQBKQ FK QEBSKBPRBKIBB PELREBE>MOLMBO@EBP@OFMQFLK

7 B CLRKA QE>Q LO CBTBO @EEMBOP TEF@E TLRIA EBERQOELOQ
ABP@OFMQFLK CLO JLPQ FJ>DBP FKAF@>QFKD QE>Q FKCLOJ>QFLK MBOMEVEDE RQQ ?BB
FP MLPPF?IB QE>Q PLJB LC QEBJ JFDEQ ?B KPERISPBVKD CLO > IFKH FK TEF@E @>PB FQ_|

Audio and video

<track>  >IILTP MGBFAFKD QFJBAQEE| @LKQBK <audio> >KA <video> BIBJBKQP 4EFP
@>K ?B CLO PR?QFQIBP @>MQFLKP ABP@OFMQFLKP LO @E>MQBOP #>MQFLKP >IILT MBI
LO QBJIMEOV EB>OFKD ILPP QL ?B >?IB QL @LKPRJB QEB >RAFL @LKQBKQ $BP@OFMQFLKP
P@OBBK OB>ABO RPBOP QL RKABOPQ>KA TE>Q FP E>MMBKFKD FK QEB SFABL

AMMILPPP LF:LABG@F:@:SBG> <HF BF@ :EM :MMKB;NM> :EM>KG:M> =>LMBMBHG =><HK
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0.06%

"B@NK >LDMHI P>;LBM>L PB <audio> >E>F>GM A:M E>.LM HG> :<<HRBG@
<track> >E>F>GM

<track> IL>AP LKB LO JLOBB7644 dIBP TEF@E >IILTRQEILKQBKQ QL ?B PVYK@EOLKFWBA TFQE
QEB >RAFL FQ FP ABP@OF?FKD 7EBK ILLHFKD >Q LKIV PFQB <audio> BHBJBQDIHB

CLRKA QE>Q LKIV  LC >l M>DBP LK ABPHQLM >KA  LC >l M>DBP LK JL?FIB TFQE E>A >Q IB>P(
LKB >@@LJIMHK <track> BIBJBKQ LLHFKD >Q <audio> BIBJBKQP TB PBB LKIV

>KA  OBPMB@@@8 FK@IR# <track>

0.71%

"B@NRK >LDMH <video> >E>F>GML PBMA :G :<<RBE <track> >E>F>GM

4EB <track>  BIBJBKQ T>P FK@IRABA TFQE > @LOO <video> ‘RIBJBKQ IBPP QE>K LC

QEBQFJB] CLOABPHQLM PFQBP >KA  CLO JL?FIB PFQBP 4EBPB A>Q> MLFKQP AL KLQ FKE@
SRAFL LO SFABL BJ?BAABA ¢ <iframe> BIBJBKQ TEF@E FP @LJJLK CLO @LKQBKQ IFH
MLA@>PQPILRMR?B SFABLP )Q PELRIA >IPL 2B KLQBA QE>Q JLPQ MLMRI>0O QEFOA M>0QV >RAFL
SFABL BJ?BAAFKD PBOSF@BP FK@IRAB QEB >?FIFQV QL >NOBXRESEIBKRNBA QB

Assistive technology with ARIA

|@@BPPF?IB 2F@E )KQBOKBQ MMIF@>QRBIKEP 32PBQ LC >QQOF?RQBP CLO (4-, BIBJBKQP
QE>Q @>K ?B RPBA BLTBH@LKQBKQ JLOB >@@BPPF?IB CLO MBLMIB TFQE ABBO?FIFQFBP (LTB
LSBORPB LC 12)! @>K @>RPB JLOB FPPRBP GBIRKQNQL >@ @BPPEPFEONP

OB@LJJIBKABA QL RPB 12)! >QQOF?RQBP LKIV TEBK RPFKD (4-, FP KLQ PRCA@FBKQ QL @OB>QB
>@@BPPFIIBEBOFBK@B )Q PELRIA KLQ ?B RPBA >P > OBMI>@ B4BHIRIBKORASO

LSBORPBA RKKB@BPP>OFIV

ARIA roles

7EBK >K >PPFPBES@EKLILDV BK@LRKQBOP >K BIBJBKQ QEB BIBJBKQ_P OLIB @LJIRKF@>QBP
FKCLOJ>QFLK >?LRQ ELT PLIBLKB JFDEQGKGBBE FQP @LKQBKQ

AMMILPPP P HK@ 0. NLBG@ :KB:
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https://www.w3.org/TR/using-aria/
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&0 B>JMIB4>??BA FKQBOC>@IBPLKB LC QEB JLPQ @LJILKIV RPBA 5) BIBIBKQP QE>Q KBBA
S>OFLRP 12)! OLIBP QL ?B ABJKBWERDFQIV GB\@EKB PQOR@QROB LC QEB 5) MOLMBOIV
@LJIILK FIMIBIJBKQ>QFLK CLO >K >@@BPPF?IB Q>??BA FKQBOC>@BFB IBKQFLKBA FK QEB
IRQELOFKD:@QF @BP $BPEIIBOKPEBK @OB>QFKD > Q>?IFPQ tablist  OLIB @>K ?B
>PPFDKBA QL QEB @LKQ>FKBO BIBJBKQ PFK@B BEBENRERLIRKQFS

(4-, FKQOLAR@BA J>¥ KBT K>QE8IBJBKQP TEF@BEIMIF@FQ PBI>KQF@P FK@IRAFKD OLI
&LO B>JMIB QE<nav BIBJBKQ E>P >K FIMI role="navigation" >KA ALBP KLQ KBBA QL
E>SB QEFP OLIB >AABMB@FQIV SF> 12)!

"B@RK *NF;>K H? .% KIE>L NL>=;R4>&MBE>

#ROOBKQIV  LC ABPHQLM M>SBPEB>PQ LKB FKPQ>K@B LC >K 12)! OLIB >QQOF?RQB 4EB
JBAF>K PFQB E>P CLRO FKPQ>K role  LEQEF?RQB

AMMIIBG<ENtBBFIHG>GML =>LB@G M:;;>= BGM>K?:<>L
AMMILPPP P HK@ 0. P:B :KB: IKMB<>L  M:;l:G>E
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"B@NRK OHlI FHLM <HFFHG .% KE>L

7 BCLRKAQE>Q RMCOL] FK >KA FK LCABPHQLM >KA JL?FIB PFQBP E>A

ELJB M>DBP TFQE >Q IB>PQ LKB BIBJBKQUWIBEHQB/ >PF role="button" AEFP

FK@OB>PB FK MBO@BKEI¥I&. GFDIELA PFK@B QEFP FKAF@>QBP QE>Q TB?PFQBP >0OB BFQEBO @
@RPQLJ ?RQQLKP <div> LC<span> LO >OB >AAFKD > OBARKA>K <button>

BIBJBKQP "LQE LC QEBPB >OB@@R@BP >KA DL >D>HRPQ QEBB LC 12)BLILTFKD QEFP

ORIB LKB PELRIA MP:RPB > K>®@ES, BIBJBKQ]FK QEFP @> <button> ]TEBK MLPPF?IB

21%

"B@NRK >LDMHI P>,LBM>>ANDE>:LM HG> EBG| button  :KHE>

IAAFKD >K 12)! OLIB QBIIP >PPERBEBEKLILDV TE>Q QEB BIBJBKQ FP_TRUSHAPKK

AMMILPPP P HK@ 0. NLBG@ :KB: KNE>
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LQEBO CRK@QFLK>IF@®/BIRIB#OQP ?B8>IFBI QEBFO KB@IRKQBOMEO@RMIB TB

CLRKA QE>Q LC TB?PFQBP E>A >Q IB>PQ LKB role="button" AEFP HFKA LC M>QQBOK
@>K @>RPB FPPRBBTRODA ISFD>QFLK >P IFKHP >KA ?REEARCEBOBK Q- EXQREP
4ELRDE ?LQE IFKHP >KA ?RQQLKP >@EB- 8RB >OB KLQ >@QFS>QBA TFQBQEB PM>@B H
TEBOB>P ?RQQLKP >0B

Using the presentation role

7EBK >K BIBJBKQ E: role="presentation" AB@I>OBA LK FQ FQP PBJ>KQF@P >DB/PQOFMMI
>P TBIl QEB PBJ>KQF@W LC FRP @EFIA BIBJBKQP FC QELPB @EFIA BIBJBKQP >OB OBNRFOE
BIBJBKQP PR@ li KBPQBA RKALul >BIBJBKQ LO OLTP >KA @BIIP FK &@>BIBIMIB

AB@I>OF role="presentation” LK > M>0BKQ Q>?IB LO IFPQ BIBJBKQ TFIl @>P@>AB QEB OL
QEBFO OBNRFOBA @EFIA BIBJBKQP >KA KLKB ISB QERBTRIIEPQ PBJ>KQF@P

24%

"B@NK )H;BE> P>;LBM>L3AK E>:LM HG> >E>F>( role=presentation

2BJL SFKD >K BIBJBKQ_P PBJ>KQF@P @>RPBP >K BIBJBKQ SHLNOZBQR HEELKIV

SFPR>IIV MOBPBKQ >KABRHE®@BKSLDFBP C>FI QL RKABOPQ>KA QEB PQOR@QROB LC QEB
@>KKLQ GRKQE>Q JBPP>DB QL QERRABLIMIB > IFPQ TF role="presentation"

TFII KL ILKDBO @LJIRKF@XJBEK OJ>QFLK QL > P@OBBK OB>ABO >?LRQ QEB B-PQ PQOR@C
CLRKA QE>Q LC ABPHQLM M>DBP >KA LC JL?FIB I88DBRAE>PQ LKB BIBJBKQ TFQE

11%

"B@NK )JH;BE> P>;LBM>LA:K E>:LM HG> >E>F>( role=none

4EB P>JB BCCB@Q LC PBI>KES@EQIBIMI>@B T role="none” 7 B CLRKA QE>Q GEEP V

QEB MBO@BKQ role="none"  E>P >IPL FK@OB>PBA QL >KAFP LKBLC QEB QLM JLPQ
@LJJLK 12)! OLIBP 4EBOB >OBCS/ CBT RPB @>PBP TEBOB QEFP FP M>0OQF@RI>ONBEBIMCRI
QB@EKLILDV RPBORIIMIERFC QEBO <table>  BIBIBKQ ?BFKD RPBA LKIMECRQ I*RQ FQ

@>K LQEBOTFPB ?B E>0JCRI >KA PELRIA ?B RPBA PM>OFKDIV

-LPQ ?OLTPBOP FD¥ role="presentation” >KA role="none" LK CL@RP>?IB BIBJBKQP
FK@IRAFKD IFKHP >KA FKMRQIEFKD FK(tabindex >QQOF?RQB PBQ "OLTPBOP >IPL FDKLOB
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FK@IRPFLK LC QEB OVIBI-QEE& BIBIBKQ @LKQ#ENP?>>K!2)! PQ>QBP >KA MOLMBOQFBP PR@E
>P aria-describedby

Labeling elements with ARIA

0>01IBI QL QEB $/- QEBOB FP > PFJFI>0 ?0LTPBO PQOR@QROB @>IIBA QEB >@@BPPF?FIFQV QO
FKCLOJ>QFLK >?LRQ (4-, BIBJBKQP FK@IRAFKD >@@BPPF?IB K>JBP ABP@OFMQFLKP OLIBP >K/
4EFP FKCLOJ>QFLK SREDLABL >PPFBQB®EKLILDFBP QEOLRDE >@@BPPF?FIFQV 10)P

4EB >@@BPPF?IB K>JB @>K BB ABDESK BIBJBKQ_P @LKQBKQ PR@E b®?RRQLK QB
>QQOF?RQB PR@E >P:alt >QROF?RQB SkRBK >PPL@F>QBA BIBJBKQ PR@E >P >
MOLDM>QF@>11V >PPL@F>QBA [>?BI CLO > CLOJ @LKQOLI 4EBOBKIFFKPNEEGEHR RPBO

OL ABQBOJFKB TEBOB QEB BIBJBKQ DBQP FQP >@@BPPF?IB K>JB COLJ FC QEBOB >OB JRIQFMIE
PLRO@BRKFB 7>QPLK P >OQF@X) FP >K >@@BPPF?IB IkRIB DOB>Q PLRO@B QL IB>OK JLOB
>7LRQ >@@BPPF?IB K>JBP

"B@NRK OHI  .% :MMKB;NM>L

AMMILQ <HF (>HGB>4LHG
AMMII=>CEHI>K<B>EEHE®K<HF ;EH@ PA:M BL :G :<<>LLB;E> G:F>
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4EBOB >0B QTL 12)! >QQOF?RQBP QE>Q EBRFFE BIBIBKQP TFQE >K >@@BPI aria- <>JB
label  >KA aria-labelledby 4EBPB >QQOF?RQBP TFII 7B MGBORIKBIARYNS0BS
>@@BPPF?IB K>JB RLREERIA ?B RPEOS @>OBCRIIV >KA LKIV TEBK KB@BPPIB\S

DLLA FAB> QL QBPQ QEB >@@BPPF?IB K>JBP L?Q>FKBA TFQEAFRSBBASOBIRBEQE
AFP>?FIFQFBP QL @LKdOJ QE>Q FQ FP >@QR>IIV EBIMEREK®AKBBKQ JLOB FK>@ @BPPF?

7 BCLRKAQE>Q LC ABPHQLM M>DBP >KA  LC JL?FIB ELJB M>DBP E>A >Q IB>PQ LKB BIBJ
TFQE Q aria-label  >QQOF?RQB J>HFKD FQ QEB JLPQ MLMRI>O !2)! >Q@BAFRQB CLO MOL
>@@BPPF?IB K>JBFCZRKA QE>Q LC ABPHQLM M>DBP >KA  LC JL?FIB M>DBP E>A >Q IB>P
LKB BIBJBKQ TFQE aria-labelledby >QQOF?RQB 4EFP @LRIA JB>K QE>Q JLOB BIBJBKQP k
E>SB >@@BPPF?IB K>JBP ?RGHELRE FKAF@-QIES) JLOB BIBJBKQP KLT I>@H > SFPR>| [>?BI
TEF@E @>K ?B MOL?IBJ>QF@ CLO MBLMIB BREP@EFKFERSS@BUQIRPBOP PBB

<label> BIBJBKQ

"B@NRK NMMHG :<<>LLB;E> G:RLHNK

"RQQLKP QVMF@>IIV DBQ QEBFO >@@BPPF?IB K>JBP COLJ QEBFO @LKQBEXDQBBK 12)! >QC
dOPQ ORIB LC 12)! FC >K BIBJBKQ @>R@BO@EI@BPPF?IB K>JB TFQELRQ QEB RPB LC 12)! QEF
MOBCENB 4EBOBCLC <button> PELRIA DBQ FQP >@@BPPF?IB K>JBIQO@LRQBIQBBO

QE>K >K 12)! >SQQOF?RQB FC MLPPF?IB

7 BCLRKAQE>Q LC ?RQQLKP LK ABPHQLM >KA  FK JL?FIB PFQBP DBQ QEBFO >@ @BPPF

2022 Web Almanac by HTTP Archive 369


https://almanac.httparchive.org/static/images/2022/accessibility/button-name-sources.png
https://almanac.httparchive.org/static/images/2022/accessibility/button-name-sources.png

Part Il Chapter 11 : Accessibility

COLJ @LKQBKQ TEF@E FPEDEIPA CLRKA QE>Q  LC ?RQQLKP LK ABPHQLM PFQBP >KA LC
?RQQLKP LK JL?FIB PFQBP DBQ QEBFO >@@BPPF?| aria-label ~ >QBEBF?RQB

4EBOB >0OB > CBT @>PBP Tt aria-label  @>K EBIM@&B>JMIB FC QEB M>DB E>P JRIQFMIB
?RQQLKP TFQE QEB P>JB @LKQBKQ ?RQ AFCCBOBKQ aria-label  @ESK?ERPBA QL
MOSFAB > ?BQQBO >@@BPPF?IB K>JB 3LIBQRBORABIPL aria-label  TEBK QEB

?2RQQLK E>P LKIV >K FJ>DB LO F@LK TEF@E JFDEQ 2BJt OBIPRRIBEPFQBP RPB QEB
aria-label GQEBO QE>K QEB @LKQBKQ QL ABJKB >@@BPPF?IB K>JBP

Hiding content

3LIBQFJBP QEB SFPR> FKQBOC>@B @>K @LKQ>FK PLIB OBARKA>KQ BIBJBKQP QE>Q >OB RKEE
RPBOP LC >PRFOBEEKLILDFBP )K PR aria-hidden="true" @>K ?B RPBA QL EFAB QEB
BIBJBKQ COLJ P@OBBK OB>ABSBOQIEB PELRIA ISBO ?B RPBA FC LIFQQFKD PR@E >K BIBJBKQ
TLRIA MCBFAB > P@OBBK OB>ABO RPBO TFQE IBPP FKCLOJ>QFLK QE>K QEB SFPR>I FKQBOC>@E
@LKQBKQ COLJ >FPEB@FEKLILDFBP PELSEA RB RPBA QL PSBM®@LKQBKQ QE>Q FP

@E>IIBKDFKD QBJ>@@BPPF?IB

58%

"B@NK >LDMHI P>;LBM>L A:OBG@ :M E>:LM HG> B aria-hidden  |A#MKB;NM>

7 BCLRKAQE>Q LC ABPHQLM M>DBP >KA LC JL?FIB M>DBP E>A >Q IB>PQ LKB FKPQ>K@B LC
BIBJBKQ TFQE (aria-hidden  >QQOF?RQB (FAFKD >KA PELTFKD @LKSHRRFRI>QUEOK
FK JLABOK FKQBOC>@BP >KA FQ @>K ?B EBIMCRI QL ABEIRRKIBO QEB 5) CLO B

YQ_P FIMLOQ>KQ QL RPB QEB MOLMBO >OF>SEY(EE’ LB QB @QKBRRE-BEINIB

AFP@ILPROB TFADBQP PELRIA ?B J>HFKI aria-expanded  >QQOF?RQB QL FKAF@>QB QL
>PPFPBEIB@EKLILDV QE>Q PLIBQEBIBAFXIBM>KAFKD TEBK QEB @LKQOLI FP >@QFS>QBA >KA
EFAABK TEBK >@QFS>QBA #0GERKA QE>Q LC ABPHQLM M>DBP >KA  LC JL?FIB M>DBP

E>A >Q IB>PQ LKB BIBJBKQ TF aria-expanded  >QQOF?RQB

Screen reader-only text

| @LIILK QB@EKFNRB QESBILAMBOP BIMIQL PRMMIV >AAFQFLK>| FKCLOJ>QFLK CLO P@OBBK
OB>ABO RPBOP FP QL RPB #33 QL SFPR>IIV EFABUQVRHRE IBEFQOABEED? B % > P@OBBK
OB>ABGEFR33 @LABFP RPBA PR@E QE>Q FQ_P MOBPBKQ FK QEB >@@BPPF?FIFQV QOBB ?RQ E

AMMILSLL MKB<DL <HF BEERMIEBG>G
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15%

"B@NRK >LDMHI P>,LBM>L PIsr-only  HEF visually-hidden <E:LL

sronly  >KA visually-hidden >0B QEB JLPQ @LJILK @I>PP K>JBPVRFERIIMBOP >KA
7V 5) CEIBTLOHP QL >@BAE@OBBK OB>ABO UQUEB>IMIB "LLQPEND>KASFITFKA RPB
sronly @I>PPBP CLO PR@E BIBJBKQRKA QE>Q LC ABPHQLM M>DBP >KA  LC JL?FIB
M>DBP E>A LKB LO ?LQE LC QEBPB #33 @I>PP K>JBP )Q FIBBIWER(BKQTED KLQ >II
P@OBBK OB>ABO RPBOP >OB CRIIV SFPR>IIV FIM>FOBA >KA DERFHIHERELRIRGE RPB
LC P@OBBK OB>ABO LKIV PLIRQFLKP

Dynamically-rendered content

4EB MOBPBK@B LC KBT LO RMA>QBA @LKQBKQ FK QEB $/- PLIBQFJBP KBBAP QL ?B @LJJRK
P@OBBK OB>ABOB&IMIB CLOJ S>IFA>QFLK BOOLOP KBBSEUBRBEBOG>P > [>WV IL>ABA
FJ>DB J¥ KLQ 5MA>QBP QL QEB $/- >IPL KBBA QL ?B ALKB BE>QFP KLQ AFBORMQFS

23%

"B@NRK >LDMHI I:@>L PBMABEBBHGL N aria-live

12)! IFS B OBDFLKP >IILT RP QL IFPQBK CLO @E>KDBP FK QEB $/- PR@E QE>Q QEB RMA>QBA
2B >KKLRK@BWA 2 P@OBBK OB?ABCLRKA QE>Q LC ABPHQLM M>DBP RM COLJ  FK
FK >KA LCJL?FIBM>DBP RMCOLJ FK FK  E> SB IF8 OBDFLKP
RPFK aria-live )K >AAFQFLK M>DBP >IFISRFEDFLK !2)! OLIBPFQE FIMIF aria-
live S>IRBP

AMMILPPP P HK@ 0. P:B :KB: EBOIK@BHBEKL
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Role Implicit aria-live value Desktop Mobile
status polite
alert assertive
timer off
log polite

marquee  off
&FDROB 0>DBP TFQEBEBDFLK !2)! OLIBP >KA QEBFO | aria-live S>IRB

4EB <output>  BIBJBKQIPL ABPBERS>K ELKE@IB JBKQFLK >P QEB LKIV (4-, BIBJBKQ TFQE

>K FIMIF@FRROBBFLK OLIB QE>Q TFIl >KKLRK@B FQP @LKQBKQP FRESK® RPBOP 7

QFJBP >@O0LPP LRO A>Q>PBQ CLO JL?FIB PFQBP >KA  QFJBP LK ABPHQLM LO>OLRKA  LC
BIBJBKQP RP>DB

&.0 JLOB FKCLOJ>QFLK >?BRUBIBELK S>OF>KQP >KA RP>DB @ ES@F5LBIBEELK
AL@RJIBKQ>QFL& M TFQE QEFPABJIL % $BNRB

Accessibility apps and overlays

|@@BPPF?FISEIM¥P >0B QLLIP @I>FJFKD QL >RQLJI>QF@>IIV dU TB?PFQBP_ >@ @BPPF?FIFQV FP

4EB/S BOIY &>@Q 3EBBBIKBP QEBJ 3P?0L>A QBOJ CLO QB@EKLILDFBP QE>Q SEJ QL FIMOL
QEB >@@BPPF?FIFQV LC > TBVIQB/ EFOA M>0QV PLRO@B @LAB>Q@0F@SI Q>
>RQLJ>QB FIMBIBKQP QL QEB COLKQ BKA @LAB LC QEB TB?PFQB

AEBFCBEALOP DBKBOMOLJIFPB > NRF@H >KA B>PV PLIRQFLK QL LKIFKB >@ &EPPRBFIFQV FKQBL
*>$>3@OFMQ PKFMMBQ LKQL QEB FERB QIMIFHE? @ @BPPF?FIFQV FP PFIMIV KLQ MLPPF?IB QI
>@EBB TFQE >K LRQ LC QEBI2ZRQFLIBIREFP IRQLI>QBA QLLIP @>K LKIV@BQR@Q
>@@BPPF?FIFQV BRFRBMQ TFQESBKABO FPPRBP QE>Q @>K ?B ABQB@QBA >RQLJ>QBA
OBJBAF>QFLK SF:SB@IF @>KKLQ >VI»OBIF>?IV dU QELPB FPPRBP

AMMII=>GEHI>RHSBEE: HK@ =H<k8>LLB;BEB¥R.% 9(BO >9.>@BHGL
AMMIL=>IN>NGBQBH#HF EB:KRKB: EB& @BHG IEIR@<C
AMMIIHOKE:R?:<MLA>>M <HF PA:M BL : P>; :<<>LLB:REBMR HO
AMMILEIA:@H@BMAN; BH :<<>LLB;BEBMR MHHE :N=BM
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"B@NRK ,:@>L NLBG@ :<<>LLB;BEBMR :lIL

7 BCLRKAQE>Q LCABPHQLM TB?PFQBP RPB LKBLC PMB@Fd@ >@@BPPF?FIFQV >MMI
ABQB@Q FK  4EFP FP > @IB>0O OFPB @LJM>0OBA GRPQ RKABO FK

LQ >Il LC QELPB MOLAR@QP >0B >@ GFERPFEIFBEQ QEB PMB@BO&E TB @>K ABQB@Q
PELT > PFJFI>0O OFPB
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"B@NRK <<>LLB;BEBMR :I NL:@3LR K

5PBO7>V FP QEB JLPQ MLM&B&DAFK LRO A>Q>PBQ FK RPBC?ABPHQLM TB?PFQBP >KA
LKJL?FIB @LIM>OBAQL >KA  OBPMB@QFRRV FK

"B@NK ,:@>L NLBG@ :<<>LLB;BEBNMRDIIL ;R K

5P>DB LCBOI¥P >KA >@@BPPF?FIFQV >NIMFPBKBBOB CLO EFDEQ® TB?PFQBP &
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PFQBFKEBA FK QEB QLM V2SFPFQP LKIV  \LO TB?PFQBP \ RFEBGHWL

Concerns with overlays

4EBOB FP > ILQ LC MRPE?>@HSHDIFRRQL) >@ @BPPF?FIEQ¥QBBKARPBOPIFB 4EB
>QFLK>I RABEQFLK LC QEB "FA RK@B QEEIF@BP LC >@ GBPREEBF @RBIAIMIK
HKLTK CLO QEBFO ABRRBIO@ES-KEK @ IRAFKBO8FBTP

7[8 MA> H¥K>EB>DOMA:M :<<>LLB >QIKEKR >G@:@>L BG ;>A:0BHK MA:M BL
A:KF?NE MH MAS<XF>GM H? ;EBG= I>HIE> BG/[3H&BAMRFL MA:M

:<<>LLB > ?:BEL MH :<DGHPE>=@> QKM EBSBNE : KSb>BK=>K

NL>KL DGHP PA:M BL :<<>LLB;E> :G= PA:M BL GKM;ERG-CPBBHGHM ;>
IE:<:M>= :NEEB>= HK ;HN@AM H??

W*MBHG:E=>KMBHG ?HK MA> EBG=

>@@BPPBEBRBAK >AAFQFLK>l -FK >KA FP LKB LC @BBI¥P PELTFKD > @I1B>0O OFPB FK
RP>DBB£O QLBAOCOLJ LC ABPHQLM PFQBP >KA  LCJL?FIBPFQBP FK QL
>KA  FK

IAOF>K 2LPBIIF-@@BPPF'B 7FIl 'BRBRBA FP >KUBBIIBKQ OBPLRO@B LKAXEB@OD
FIMIF@>QFLKP LC RPFKD SRBERK@IRAFKD IBD>| OFPHP >KA MOFS>@V FPPRBP

Conclusion

/RO >K>IVPFP PELTP QE>Q QEBQERBBRKIR@E LC > PR?PQ>KQF>I @E>KDB FK QEB >@ @BPPF
FPPRBP PBBK >@OLPP TB?PFQBP 4ELRBERREBPBIBJME8IBKQP]CLOBIMIB

>ALMQFLK :focus-visible E>P FK@OB>RBAJRPQ QEFMB¥ORO >K>IVPFP PELTP QE>Q
QEBOB >0B PQFI| > IPDEQQ@MT>BRIPR@E >P @LILORQRKROFI> alt >QQOF?RQBP

QE>Q @LRIA @>RPB EFDE FIM>@QP FC >AAOBPPBA

7 B PBB QE>Q QEBOB >0B LCQBK > ILQ LC JFPRPB LC CBABRRBRRFELR LE QEFKDP ?BFKD
JLOB >@@BPPF?IB ?RQ FK OB>IFQV FERFQBRBBDEBK@B B>IMIB TB PBB  LC
TB?PFQBPSB>K >K@ELO Q>Drole=button  !IPL TBPBBQE>Q Lalt >QQOF?RQBP
>@OLPP TB?PFEP-EHB BQBKPFLK FK QEBJ TEF@E >IJLPQ @BOQOMEBWAERTBIHKD

QEB JB>KFKD LC QEB FJ>DB

AMMIIHGKE:R?:<MLA>>M <HF

AMMILPPP OB<> <HF >G :KMB<E> F :S I>HIE> PBMA =BL:;BEBMB>L L:R MABL :B MHHE BL F:DBG@ MA> P>; PHKL> ?HK MA>F
AMMILG?; HK@ :;HNM NLIKKHF G:MBHG:EGHBMBHG LIHGLHKLABI LM:M@REB@K <<>LLB;>

AMMILPPP CH>=HELHG <HF :<<>LLB;> MA>?HMKIK>LL IEN@ BGB>PL

AMMILG?; HK@ :;HNM NLIKKHF G:MBHG:EGHBHBHG LIHGLHKLABI LM:M@REB@EK <<>LLB;>

AMMILPPP @>>DMBF> <HF :<<>LEB»K F

AMMIL=KB:GHL>EEB <HF :<<>LLB;> PBEE @M.R>= AMFE
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1ILQ LC QEB >@@BPPF?FIFQV FPPRBP QE>Q TB PBB FK LRGABAINCABEEDKEDP >KA
ABBILMBOP PQ>0Q QEFKHFKD >?LRQ TB? >@ @BPPECMPEDRIMEKDEKS KLQ >P >K
BKE>K@BJBKQ >Q QEB BXKKFM6 #LLH LK@B P>FPEBOB "KL -60 TFQELRQ >@@BPPF?FIFQVa

4EB TB? @LJIRKFQV KBBAP QL OB>IFWB QE>Q > TB?PFQB LKIV E>P > DOB>Q 5PBO %UMBOFBK@|
5PBO %UMBOFBK@B TLBPIH® BOOBPMB@QBEBIEDB >KA >PHFOBEEKLILDV RPBA

7 B EXSB QOFBA QL CL@RPIBQOF@P QE>Q @>K ?B B>PFIV >AAOBPPBA FK QEB ELMB QE>Q FK
PBB QEB KRJ?BOP FI®IOL

Authors

3>MQ>H 3BKDRMQ>
X 3>MQ>H © 3>MQ>H3 & EQQMP>MQ>FB?PFQB

3>MQ>H 3 FP > ERJ>K OFDEQP @BKQEBBAMBEILE&RPFKD LK RP>RBEROFQV
MOFS>@V >KA >@@BPPF?FIFQV QLIBA@BEKIEB AB > @LKQOF?RQLO >KA
J>FKQ>FKBO LC S>OFLRP AFCCBOBKQ LMBK PLRERBB IIO0GE@@L IFH
IKFLK3E>OB>KA7 >DQ>FIOLR @>K dKA EFJ ?ILDDFRBMQ>HP ?ILD

4EF?>RA #LI>P
X QEF?>RA=@LI>R0) QEF?>RA@LI>® EQQMREF? JB

AEF?>RA #LI>P FP > TBSBABMBO >KA LMBK PLRO@B @LKQOF?RQLO CL@RPFKD LK
>@@BPPF?FIFQV QLMF@P (B FP > @LOB @ KQQSFRGLOQL-WEI?BO
LC QEB >@@BPPF?FIFQ$@8DICLO

3@LQQSFP

X POLQQEFP O PE@LQGEARP & EQQMIEFOPQVEB>A @LJ

3@LQQSBP FP >K >RQELO >KA $FDFQ>| @ @ BPERSTBFHERSDEQTLOHP

TEBOB EB CL@RPBP LK IB>AFKD BADBBESKEKIBODFKD  KLISQRDFLK>

>PMB@QP LC TBBIABIBKQ “$FDFQ>I |@@BPPF?FIFQV FP PL JR@E JLOB QE>K >
@LIMIF>K@B @EB@@®BPPF?FIFQV FP > PMOFKD?B>QRIBLO FKKL

AMMILQ <HF :GG:><HHD LM:MNL
AMMILPPP : RIK HC><M <HF
AMMIIHGBHGLAKK@
AMMILP:@M:BE HK@
AMMILL:IM:DL ;EH@
AMMILP:@M:BE HK@

AMMILPPP =C:G@HI&><M <HF
AMMILPPP MAHN@AMPHKDL <HF
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Written by Melissa Adaand Rick Viscomi

>0B>P>= ;RKKR HEEK :MKB<D )>>G;&MA:F>LA ..L:F ILM>EE>REG="GFB +;:L:
G:ERS>= ;B<D 2BL<HFMBMA:F>LA ..L:F /B:"K :F:E>@HLG="GFB +;.L:

1=BM>= ;FKKR HEEK

Introduction

7 B? MBOCLOJ>K@B FP @OR@FNGDREBABS >l ?LRK@BA COLJ > PFQB ARB QL PILT IL>A
QFJBP LO TLOPBBELQ ?BBK >?IB QL >@@BPP FIMLOQ>KQ FKCLOJ>QFKRJBBERIFLK>I1V
@>PB PQRAESEB ABJLKPQQBA QE>Q >K FIBIBKQ FK TB? MBOCLOJ>K@B OBPRIQP FK >K
FIMOSBJIBKQ FK @BIOPFLK >KA BKD>DBJBKQ CLO ?RPFKBPPBP GEBWRARPKIIV PMLQIFDEQ
FP NRFQB BERBES TB? MBOCLOJ>K@BFFEQEFP 3LJBJBY TB? MBOCLOJ>K@B FP QLRDE QL
ABdKB >KASBK JLOB @E>IIBKDFKD QL JB>PROB

(LT AL TB JB>PROB PLJBQEFKD QE>Q FP E>OA QL ABJKB FK QEBIBIIBHERORPES
@O0B>QL6AZMQROBPYP 0A> ;>LM P:R MH F>: B ?HKF:G<> BL MH ;> >F;>==>= BGMH MA>
NL>KXLBE MH NG=>KLIQ:GAER PA:M MAMBBGDBG@ L MA>R NL? BI@OMKA

PELRIAKQ FK @>PB QE>Q T>P RK@IB>O]AL QEFP PL TE>Q >OB LRO LMQFLKP

AMMILPIHLM:ML <HF
AMMILQ <HF L>K@AR
AMMIL@BMAN; <HF NQ <#NINK<:IMNK
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4E>KHCRIIYEBOB > T¥ QL JB>PROB PLJB >PMB@QP LC MBOCLOJ>K@B >RBHKIQFE@ESIV 7
20LTPBO FP FK @E>0DB LC IL>AFKD > M>DB >KA FQ DLBP QEOLRDE > @EB@HIFPQ LC PQBMP B:
$BMBKAFKD LK TEF@E PQBM QEB ?0LTPBO FP LK TB @>K QBII ELT C>0 >ILKD QEB PFQB FP FK Q
MOL@BPP SBKFBKQBKRJI?BO LC MBOCLOJ>K@B QFJBIFKBBIFPBA QL dOB LCC QFIBPQ>IMP
TEBK QEB ?0LTPBO DBQP QL @BOQ>FK M>DB IL>A PQBMP

YQ_P FIMLOQ>KQ QL KLQB QE>Q QEBPB JBQOF@P >OB LKIV LRO ?BPQ DRBPP >Q ELT QL D>RDB |
BUMBOFBK@G E>JMIB GRPQ ?B@>RPB QEB ?0LTPBSE}UBAEKEB>K BIBIJBKQ E>P ?BBK

M>FKQBA LKQL QEB P@OBBK ALBPRIBSECADST>P SFPF?IB QL QEB RPBO >Q QE>Q QFJB
IAAFQFLK>IBP QEB FKARPQOVIDOBFKA JLOB JBQOF@P PELTBA RM TEFIB PLIB ?B@>JB
ABMOB@>QBA )Q @>K ?B @LIMIF@>QBA QL HKLT TEBOB QL PQ>0Q >KA RKABOPQ>KA TE>Q MB:
JBQOF@P >OB QBIIFKD RP >?LRQ LRO RPBOP BPMB@F>IIV CLO CLIHP KBTBO QL QEB dBIA

4EFP @E>MQBO CL@RPBP LR RIIBIBFLK QL QEB MBLRBJIB? 6FQ>IP#76 TB?
MBOCLOJ>K@B JBQOF@P FKQOLAR@BA FK > PROKHHAR PBSK@EEKIAROFKD

%>@E LC QEB QEOBB JERUR@R @IMLOQ>KQ >0OB> LI/RPEBRA@B |L>AFKBDEBIEEDYV
>KA SFPR>| PQ>?FEEQMR?|F@OLIB 58 2BMLOQ#058 A>Q>PBQ FP #EORJEFBT LC ELT
TB?PFQBP >0B MBOCLOJFKD UEBOE WBOL PBQRM LKBERIBB_P M>0Q #EOLJB
>RQLI>QF@>IIV @LIB@QP >KA MR?IFPEBRFBFQIBIBRPFQBEO RPBOP TEIBEMQBA FK
5PFKD QEFP A>Q>PEIB $8IB QL DBQ FKPFDEQP FKOIMBEELB?>KB6 QFJB

IIQELRDE QEB PMLQIFDEQ LC QEFREESIMQEM>KQ QL KLQB QE>Q #76B{0EBBROOEB

dBIA >KA KLQ QEB LKV @t JB>PROB TB? MBOCLOJ>R@FEIZPB QL CL@RP LK QEBPB JBQOF@P
?B@>RPB QEB PB>RKEFKD FKeRBK@B T>P ECSBI@QMEE@QIV LKB-U >DL >KA QBSPVP

A>Q> DB RP FKPFDEQP LK ELT QEB TB? FP >AGRPQFKD QL QEFP J>GLO PEFCQ FK QEB FKARPQ(
OLLJ CLO LMMLOQRKFQV JFREPOQHIEE-0B > @LJILK ?>PBIFKB QE>Q >IILTP MBOCLOJ>K@B QL
7B ILLPBIV @LIM9@ >@OLPP PFQBP ?RQ FQ_P RM QL PFQB LTKBOP QL ABQBOJFKB TEF@E JBQ(
PQE@)BDFBP >0B ?BPQ CLO QEBFO PFQBP P JR@E >P TB TFPPLQEBOJERS QEBBRQFOB
EFPQLOV LC QEB FKARPQOV LO >l QEBRELSBABRS MBOCLOJ>K@B FK LKB @E>MQBO

4EB #76 MOLDS) PRDDBPQP > @IB>0IV ABdKBA >MMOL>@E QL JB>PROFKD ELT RPBOP >@QR>IIV
BUMBOFBK@B MBOCLOJ>K@B]> dOPQ CLO!QBBFKAREBQ®PTBO QL EBIMFKD QEB TB?

?B@LJIB JLOB MBOCLOJ>KQ 4EFP @E>M®BD BEBOB QEB TB? FP @ROOBKQIV TFQE #76 >KA
Q>BP > ILLH FKQL QEB CRQROB

BL<EHINBABL <A:IM>K BL <HNNRHK>FIEHR H? #HH@E> PABK&A=<KIA> HEK>; 2BM:EL
IKH@K OABL <A:IM>K :G= BML NG=>KERBG @ &ERtBt-P&K IHO= ;R HMA>KL GHM :2\EB:M>=
PBMA #HH@E>

AMMII=>GEHI>RHSBEE: HK@ =H<L98, >K?HKF:G<>

AMMILP>; =>OKMB<E>L OBM:EL

AMMII=>GEHI>KL @HH@E> <¢i EHI® MBFBG@ ?HK |:@>KB>G<>
AMMIL=>CEHI>KAKF> <HF =H<L <KNQ

AMMIL=>CEHI>KAKF> <HF =H<L <KNQ F>MAH=HEH@R >EB@B;BEBMR
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Core Web Vitals

.LT QE>Q FQ_P ?BBB>O\PFK@B #76 TBOB >AABASKHFKD PFDK>| FK 'LLDIB 3B>0O@E 1BQ_P PBI
ELT QEB MOED@®> V ESB FKeRBK@BA RBBIBBFBK@BP LK QEB TB?

"B@NRK  0A>[>K>GM H? P>,LBM>L A:OBG@ @HB+>82M>= ;R =>0OB<>IG=R

K LC TB?PFQBP TBOB >PPBPPBA >8HKD DLLA #76 CLO JL?FIB RPBOP 4EFP T>P >
PFDKFd@>KQ PQBM RM COLJ OBMOBPBKQFKD > MBO@BKQ>DB MIBGBQEBK@OB>PB (LT!
MOLDOBPP FK  T>P >8K ?FDDBO IB>M CLOT>0A KLT TFQE LC TBSHQ@BPLEA #76

LK JL?FIBJOBMOBPBKQFKD > CROQEBO MLFKQ FK@OB>PB

LC TB?PFQBP ESB DLLA #76 LK ABPHQLM 7EFIB QEFP FP ?BQQBO QE>K-QBEIE QEB O
FIMOEBJIBKQ CLO ABPHQMBBFBK@BP FP KMBAPRIL?FIB PL QEB D>M FP @ILPFKD

4EBOB >0B > CBT MLPRAMBEQFLKP CMICEFIB BMBOFBK@BP QBKA QL ?B TLOPB QE>K
ABPHQLM 7EFIB QEB MLOQ>?FIFQEQ EFWRAGLIMRQBO FP > SEBEER @R KFQESE

>ABOPB BCCB@QP LK QEBIRPEBKI@B P ABP@OF?RAMR DE? @E>MQBEB PJ>IIBO

CLOJ C>@QLO E>P >K FIM>@Q LK QEB >JLRKQ LC MOL@BPPFKD MLEBGIQEES@E-RPB M>@
CROQEBO @tREEIPQEB EFDE @LPQ QL LTK JLOB MLTBOCRI SfERBBFTRBE MLLOBO
MOL@BPPFKD @>M>?FEAQRBB@SH MBOCLOJ QEB @LIMRQ>QFLKP KBBABA QL OBKABO > T
4EB MLOQ>?FIFQV LC GER®BRBIPL JB>KP QE¥@QEBB BKHFKQL >OB>P TFQE MLLO
@LKKB@QFEER@E EFKABOP TB?PFQBP_ IL>AFKD PMBBAP /KB-Q{EtIKGAEKOEREE>Q
ABSBILMBOP AB@FAB ELT QL ?RFIA TB?PFQBP 2>QEBO QE>K @OB>QF KIDPBLKALE QEBBKAIV
M>DB PLJB TB?PFQBP 98 PBOSFKD ABPHQLM PFWBA FJ>DBP LO RKKB@BPP>0V >JLRKQP L
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CRK@QFLK3}HA®W/QEBPB QEFKDP MRQ JL?FIB RPBOP >Q > AFP>AS>KQ>DB @LJM>0BA QL ABPHQL
>KA J>V EBIM QUBI>FK MEQEBFO #76 MBOCLOJ>K@B FP ILTBO

->K V JLOB TB?PFQBP TBOB >PPBPPSRAKIPEA A #76 FK  OBI>QB®L  "RQELT
BSBKIV AFPQOF?RQBA T>P QEBJBKIIC@OLPP QEB TB?

"B@NK  0A>I>K>GM H? P>,LBM>L A:OBG@ @HBEE2M>=FKG= RK

7 B PBDJBKQBA PFQEFEBFO OBAQIHSRI>OFSKHO-KARSOTFQELRQ AFPQFKDRFPEFKD
?BQTBBK ABPHQLM >KA JL?FIB 7E>Q_P FKQBOBPQFKD FP QE>Q@RBBIOHB ?RFQBRP
DBKBOIV DLQ JLOB MBOCLOJ>KGSEFFD#OAIBPP LC QEBFO MUERIOQOMQV JLPQ

MLMRI>0O TB?PFQBP SBMALPQ PFDKFd@>KMMBO@BKQ>DB MLFKQ FK@OB>PB QL  TFQE >l|
C-KHP FIMBEKD\? MLFKQP LO JLOB 4EB JLPQ MLMRI>O TB?PFQBP > FBQES\BPE>

#76 B UMBOFBK@B TEF@E FP KLQ QLL PROMOFPFKD FCV B:SBPRDBBE SR QEEBBOFKD
QB>JP >KA ?RADBQP

4L ?BQQBO RKABOPQYKIATHEB BMBOFBK@BP BEQQBK PL JR@E ?BQQBSWEPPPVBFS
ABBMBO FKQL B>@E FKAFSFAR>| #76 JBQOF@

Largest Contentful Paint (LCP)

,>ODBPQ #LKQBKQER, #0 FP QEB QFJB COLJ QEB PQ>0OGEDQER KRKQFI QEB I>0DBPQ

AMMILP>; =>O.KMB<E>L E<I
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?IL@H LC @LKQBKQ FP SFPF?IB FK QEB SFBTMLOQ 4EFP JBQOF@ OBMOBPBKQP ELT NRF@
PBB TE>Q FIBIFHDEB JLPQ JB>KFKDCRI @LKQBKQ

7 B PY¥ QE>Q > TB?PFQB E>PMILEG >Q IB>PQ MBO@BKQ LC >Il M>DB SFBTP >0B C>PQBO QF
JP /C QEB QEOBB #76 JBQOR@M>PP-QBP >0B QEB ILTBPQ LCQBK J>HFKD FQ QEB ?LQQIBK
>@EBBKD DLLA #76 >PPBPPJBKQP

"B@NRK  0A> [>K>GM H? P>,LBM>L A:OBG@ I@@H=>GM>= ;R =>0OB<>IG=R

AEFPBAO LC TB?PFQBP BB DLLA#0 BUMBOFBK@BP LK JL?FIB >KA LK ABPHDLM |,
>MMB>OP QL ?B LKB LC QEB J>GLO OBFBRRFQEP_ JL?EIBBOFBK@BP EEQQBK PL JR@E
?BQQBOFK BFKD> MBO@BKQ>DB MLFER)BKUIQEMR>Q

7E V AFA#0 FIMOBB PL JR@E QEBFO/ 4 EBIM >KPTBO QE>Q BOLPB > @LRMIB LC IL>AFKD
MBOCLOJ>K@B AF>DKLPQF@ JBQOF@P 44&" >KA &#0

Time to First Byte (TTFB)

4FJB QL &FOPQ "V@R" FP QEB QFJB COLJ QEB PQ>OGSEDGER KL QEBUIRLA>Q>
OBQROKBA QL QEB @IFBKQ )Q_P LRO dOPQ PQBM FK QEB TB? MBOCLOJ>K@B @EB@HIFPC
?2>@BKA @LIMLKBKQ#TMBOCLOJ>K@B M>0QF@RI>OIV KBQTLOH @LKKB@QMFBR PMBBAP >
OBPMLKPB QFJBP

AMMILP>; =>O.KMB<E>L MM?;
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"B@NK  0A>I>K>GM H? P>LBM>L A:OBG@ @HH= 00" L>@F>GM>=>:R =>0B<>:G=R

IP >K >PFAB KLQB QE>Q B>OIEB0 @ECPM®E>KDBAEB QEOBPELIA CLO "DLLAa 44&" COLJ
JPQL JP )K QEB @E>0Q >%B >l EFPQLOF@> A>Q> FP RPFKD QEFP KBT QEOBPELIA CLO
@LIM>OFPLK MROMLPBP

7FQE QE>Q FK JFKA QEB MBO@BKQ>DB LSARIPEQBRAES: E>P KLQ >@QR>|ISBAIEIOV

JR@E )K QEB MER@WB?PFQBP_ ABPHQLM >KA LINMBIBABK @BPB BQQBK LKB MBO@BKQ>DB
MLFKQ ?BQUEBR@E FP KF@B ?ROALERELRKQ CLO QEB D>BKRLEPBIEFIB QEFP ALBRPK

ORIB LRQ FISEIBKQP QL QEB ‘KBBAP SBIBBIQa >KA "MLLOa BKAP LC QEB 448" AFPQOF?RQFLK
QEB 'DLLAa BKA FP TE>Q J>QQBOP JLPQ

IKLQEBO @LIMIF@>QFLK FP QE>Q 44&" FP PQFII @LKBFMBOBABHQIBOEF@ FK #058
@@LOAFKD QL QEB #058 AL@RJIBKQ>GFLH. GARI@QLO FK JLOB >AS>SBBAQELK QVMBP

IFB MOB OBKABOBA >KA ?>@H CLERDERACKP 4EFP FP PLIBTE>Q LC > ?IFKA PMLQ PL FC QEBOB
TBOB FIMSBJBKQP FK QEBPB >OB¥FLEEKQ KB@BPP>OFIV >CCB@Q QEB 44&" OBPRIQP

First Contentful Paint (FCP)

&FOPQ #LKQBKOBRDEH#0 FP QEB QFJB COLJ QEB PQ>0Q LC QEB OBNRBPQ QL QEB dOPQ JB>KFK
@LKQBKQ M>FKQBA QL QEB P@OBBK )K >AAFQFLK QL 44&" QEFP JBQOBEA\BOK ?B >CCB@QBA -
2IL@HFKD @LKQBKQ 4EB QEOBPELIA CLO DLLAa&#0FP  JP

AMMIL=>CEHI>KAKF> <HF =H<L <KN@EKL> GHM>L
AMMIL=>CEHI>AKF> <HF =H<L <KNQ F>MAH=HEHE®BF>GM:E F>MKB<L
AMMILP>; =>O.KMB<E>L ?<|
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"B@NRK  0A>I>K>GM H? P>;LBM>L A:OBG@ @@F=>GM>= ;R =>OB<>IG=R

&#0 FIMOSBA ARJ>QF@>11V QBFPNWFQE  LC TB?PFQBFRSEKD DLLA JL?FIBBBOFBK@BP >KA
CLO ABPHQLM 4EFP OBMOBPBKQP >K >KA MBO@BKQ>DB MLFKQ FK@OB>PB CLO JL?F!
ABPHQLM OBPMB®QFS

)K QEB >?PBK@B LC 44&" A>Q> QL QERGHIRIXAF@>QBP QE>Q QEBOB TBCEBJIB&Q® FIMOL
QL COLKQBKA LMQFJIFWBBLKIFKEEFKD OBKABO ?IL@HFKD OBPLRO@BP LO ?BQQBO OBPL
MOFLOFQFW>QFLSBQPETBII PBB FK QEB CLIILTFKD PB@QFLKPBRIEBBEBNESS ?BBK
PLIBQEFKD BIPB BKQFOBIV QL QE>KH EINMIBEBEKQP QEERY

LCP metadata and best practices

4EBPB MBOCLOJ>K@BIBIBEDP J¥ KLQ >@QR>IIV ?B ARB QL @E>KDBP QL QEB TB?PFQBP
QEBJPBEP #E>KDBP QL KBQTLCFEROR® QROBQRKELPVPQBJIP LO ?0LTPBOP @LRIA >IPL
FIM>@@0 MBOCLOJ>K@B >Q TB? P@SERPHPL IBQ_P AFD FKQL PLJB EBROFPQF@P

Render-blocking resources

! M>DB FP @LKPFABOBZB@BKABO ?IL@HFKD OBPLRO@BP FC OBPLRO@BP ELIAIRM QEB FKI
OBKABO LC QEB M>DB 4EFP FP M>BOF@RI@OFBR@> P@OFMQP >KA PQVIBREE>Q >OB IL
QEB KBQTLOH ,FDEQELRPB FKGRFEREKQ @EB@HP CLO QEBPB OBPLRO@BPRRKAKAE TB

AMMILP>; =>OK>G=>K ;EH<DBGEN#L
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QEB ELJB M>DB LC B>@E TB?PFQB AKR4@5& B>0OK JLOB >?LRQ ELT TB QBPQ QEBPB M>DBP FK
LROBQELALILDV

"B@NK  0A> I>K>GM H? I:@>L MA:M |:I3GvAK EH<DBG@ (B@AMAHNL> :N=BM L>@F>GM>= ;R
=>0B<> :G=R

3ROMOFPFKIEBOB T>P KEAMQF@ FINBIBKQ FK QEB MBO@BKQ LC M>BB P BIARIE>
?IL@HFKD OBPLRO@BP /KIV  LC JL?FIB M>DBP M>PP QEB >RAFQ TEF@E FP >JBOB MBO@BKQ
MLFKQ FK@OBBRE*PBXO0

FP QEB dOP@YO FK TEF@E TSBESDEQELRPB A>Q> CLO ABPHQLM 3LOEERISSPEB QL
@LIM>0B FQ >D>FKSFRRFBBOP FQ_P PQFII FKQBOBPQFKD QL GIBEBQEEPHBLM M>DBP

M>PP QEB >RAFQ BE}:QEZIB FK PMFQB LC QEB QOBKA LC ABPHQLM M>EBFBQEHAFKD QL E>
, #0 >KA &#0 MBOCLOJ>K@B

LCP content types

4EB #0 BIBJBKQ @>K ?B > KRJ?BO LC AFCCBOBKQ QVMBFBELEK@IKDBKEBSAFKD LO >
M>SDOME LC QB
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"B@NK  0A>I>K>GM H? l:@>L MAXM @BG >E>F>GM :L BML (

)Q_P @IB>0 QE>Q FJ>DBP >0OB QEB JLPQ @LMLIGQNYBKE TFQ img BIBIJBKQ
OBMOBPBKQFKBWIES , LC JL?FIB M>DBP -L?FIB M>DBP >OB PIFDEQIVEIMIELIE8

EB>AFKD >KA M>EME BIBJBKQP ?B GIBQE>K ABPHQLM M>DBP TEFIB ABPHQLM M>DBP >OB .
IFBIV QL BB FJ>DB BIBJBKQP >P @EBKB MLPPF?IRIBII>K>QFLK FP QEBE>Q JL?FIB
I>VLRQP]BPMB@F>IIV FK-MRQQOBKQ>QFLE]FIHDBP QE>QGHBBPMLKBESIMB>0
PJ>IIBODFSFKDVSL 1>0DB ?IL@HRIIBHEB>AFKDP >K/ABSBEP QL ?B@LJIB @BB ,

BIBJBKQP

4EB PB@LKA JLPQ MLMRIEIBIBKQ QVMIdiv  4EFP FP > DBKBOF@ (4-, @LKQ>FKBO QE>Q
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@LRIA 7B RPBA OUQ QB PQVIFKD ?>@HDOLRKA EBINBRFR>J?FDR>QB ELT LCQBK QEBPB
BIBJBKQP @LKQ>FK FJ>DRR)LOR)@>8BR>QB Curl  MOLMBOQV LCHQER
|@@LOAFKD QPRIB®FJ@>QFERK QEFP MOLMBOQV FP#RER®LREBKQ JRPQ ?B >K FJ>DB

"B@NK  0A> I>K>GM H? I:@>L MA:M NL> >:<A MRIGM2GM

7 BPBBQE>Q LC JL?FIB M>DBP >KA LC ABPHQLM \SBFBPEEP >P QEBFQLO

BU>JMIB QEBPB FJ>DBP 2B G@FQFLIimg BIBJBKQP LO #33 ?>@HDOLRKA FJ>DBP 4EFP
PRDDBPQP QE>Q QEB S>PQ J>Gl div )BIBIBBER PBBK FK QEEMBEIDROB >0OB FJ>DBP >P
TBIl LCJL?FIB M>DBP >KA LC ABPHQLM M>DEP@EBQ ?>PBA @LKQBKQ >R/QEBFO ,

LC M>DBP >@QR>IIV RPB FKIFKB FJ>DBRG-BQESBRQ 4EFP FP >IJLR® >I7>A FAB> CLO
> KRJ?BO LC OB>PLKP JLPQIV >OLRKA @>@EFKDB&X @LIMIB

LCP prioritization

ICQBO QEB (4-, AL@RJIBKQ FP IL>ABA QEBOB >OB QTL J>GLO C>@QLOP QE>Q >CCB@Q ELT NRF(
,#0 OBPLRO@B FQPBIC @>K ?B ISP AFR@ KA MOFLOFQFBVH GMIKOB0
AFPGBO?FIFQ¥QBORQ dOPQ IBQ_P ILLH >0 EUFDBP >OB MOFLOFQFWBA

)J>DBP >0B KLQ IL>ABA >Q EFDE MOSBOFRIQ??RQ QE>KHP QL UER RBDV (FKOP
ABBILMBOP @YKIF@FQIV PBQYQEBFDBP QL IL>A >Q EFDE MOFL(FUOBE@BABKBE L

AMMII=>GEHI>RHSBEE: HK@ =H<L98 ((K@>LM HGM>GNBTE,
AMMILPPP P HK@ 0. E:K@>LM <HGM>GM?NE I:BGM =HF E:K@>LM<HGM>GM?NEI:BGM NKE
AMMILP>; =>O.KMB<E>L ?>M<A IKBHKBMR
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KLK BPPBKQF>I OBPLRO@BP

0.03%

"B@NRK  0A> I>K>GM H? l:@>L MA fetchpriority=high HG MA>BKE>F>GM

LC M>DBP RPE fetchpriority=high LK QEBFRE BIBJBKQP #LRKQBOMOLBR@QFS
E>KACRI LC M>DBP >@BIR>@¥B MOFLCBEIVQEBBOFJ>DBP  M>DBP LK JL?FIB >KA
LK ABPHQLM

fetchpriority FP PQEOY KBT >KA KLQ PRMMLSBORABBOB ?RQ QEPBEBQIB QL KL OB>PLK
TEV FQ PELRIGK?B FEEBV ABILMBO_P QLUIBEQOF@H -BBK>KEL EBIMBA SBILM QEB [0)
ABP@OF?BBRFQ@EB>Q @LBHEK ELT B>PV FQ FP QL FIMIBJBKB QBOBEBMLQBKQF>|
FIMOSBJIBKQP

LCP static discoverability

%KPROFKD#XFJ>DB FP AFSEDIBA B>OIVEWPQL QEB ?0LTPBO IL>AFKD FQ >P PLLK >P MLPPF?|
%BK QEBOFLOFQFWIIBERIBKQP QE>Q TB AFP@RPEBA>NKLQ EBIM FC QEB ?0LTPBO ALB
KLQ HKLT FQ KBBAP QL IL>A QEB OBPLRO@B RKQFI [>QBO

IK , #0 FJ>DB FP @LKPFABOBAN)MBR:EER SBIEHIE FQP PLRO@B 52, @>K ?B M>OPBA AFOB(
COLJ QEB J>OHRM PBIQEB PEBUBEFP ABJKFQFLK FK@IRABP PLRO@BP A picture  =QEFK
LCimg BIBJBKQP >P TBIl >P PLRO@BP QEMFEIEB/ MOBIL>ABA

/KB @$B>Q FP QEXQABPBA) @LKQBKQ FPITRQ>QF@>I\SBBR@®(?>PBA LK QEFP
ABJKFQFLK (LSBOQBQ ?>PBA @LKQBN@UIBQFJIBP ABMBKA LK @IFBKQ PFAB OBKABOFKD L
TB? CLKQP PL @LKPFABO QEBPB OBPRIQP >P ILTBO ?LRKAP

<img data-src =" kitten.jpg class ="lazyload ">

#RPQLJ I>WV IL>AFKD QB@EKENEBREFIMIB >?68 >0OB LKB T-QE>Q FJ>DBP >CHBKIQBA
COLJ ?BFKD PQ>QF @>BB@HB@IFK @B\QEBIV LK $>3@O0OFMQ QL RMA src 98BOF?RQB
#IFBKQ PFAB OBKABOFKIPLL?P@ROB GE@®|KQBKQ

AMMILQ <HF I:MF>>G:G
AMMIIQ <HF :MF>>G:G LM:MNL

2022 Web Almanac by HTTP Archive 387


https://x.com/patmeenan
https://x.com/patmeenan/status/1460276602479251457

Part Il Chapter 12 : Performance

39%

"B@NRK 0A> I>K>GM H? FH;BE> I:@>L HG PAB=ENASM P:.L GHM LM:MB<:EER
=BL<HRE>

LC JL?FIB M>DBP ESB #0 BIBJBKQP QE>Q >0OB KLQ PQ>QFEBSINBABEER. dDROEER B
TLOPB LK ABPHQLM >Q LC M>DBP MLQBKQF>IIV >P > @LKPBNSBKFBREQIFHE KOB
dKAFKD QE#Q @LKQBKQ FP JLBB/IEH ?B >K FJ>DB LK ABPHQLM M>DBP

4EFP FP QEB dBRIOE>Q TB ILLHFKD >Q QEFP JBQOF@ @EBERPRLOF@>I A>Q> CLO
@LIM>OFPLK ?RQ QEBPB OBPRIQP EFKQ >Q > ?FD LM\BOIER{ESN ARIFIMOL
OBPLRO@BP

LCP preloading

7EBK QEB#0 FJ>DB FP KLQ PQ>QF @>SBOSHP @BOBIL>AFK®>K ?B >K BCCB@&FSL

JFKFIJFWB QEB IL>AME:@LROPB FQ TLRIA ?B ?BQQBO FC QEB OBPLRO@B TSBRFNE-QF@>11V AFP
OL ?BDFK TFQE ?RQ >AAOBPPFKIDBERFOS > @ LIGES-0@EFQB@QROBLCHEEBSDS

IL>AP 0OBIL>AFKD FP PLIBTE>Q LC > NRERSMEOFPLK >P FQ @>K ?B FIMIBJBKQBA TFQE >
PFKDIB (440 EB>ABC meta Q>D

0.56%

"B@NRK 0A> I>K>GM H? FH;BE> |:@>L Mk IMA>BBR: @>L

/KIV>?LRQ FK JL?FIB M>DBP MOBIL>A QEBFDDBP 4EFP dDROB C>IIP QL >?LRQ FK
TEBK TB LKIV @LKPFABO M>DBP TERB-J>DBP >0OB KLQ PQ>QF @ SBOARP @L

0OBIL>AFKD PQ>QF @>88@HB®&1L>DBP JFDEQ ?B @LKPFSBOIBRAIIL>P QEB ?OLTPBO PELRIA
>|OB>AV HKLT >?LRQ QEB FJ>DB QE>KHPEILAJRY >KKRDB SBOFQ @>K EBIM IL>A @OFQF@>I
FJ>DBP B>OIFBEERIQEBO PQ>QF @>B@HB@I1>DBP QE>Y 2B B>OIFBO FK QEFT-Q

BU>JMIB EB>ABO FJ>DBP LO JBD> JBKR FJ>DBP 4EFP FP BPMB@EHARBOQBREESQAL KLQ
PRMML fetchpriority

4EBPB OBPRIQP PELT QESR@HEHBILIFKD J>GLOFQV LC QEB TB? @LRIA ?BKBdQ COLJ J>HFKD QEBF
,#0 FI>DBP JLOB AFBER?IB | >AFKD#0 FI>DBP PLLKERFQEBO 2-HFKD QEBJ PQ>QF@>IIV

AMMILP>; =>0IK>EH:= <KBMB<:E :LL>ML
AMMILP>; =>0IK>EH:= L<:GG>K
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AFP@RG?IB LO MOBIL>AFKD QEBJ @>K DL ¥ IQKIFIMEEK D0 MBOCLOJ>K@B "RQ >P TFQE
>Il QEFKDP OBI>QBA QL MBOCLOJR @RBIFIBKQ QL RKABOPQ>KA TE>Q _IFRFBPQ CLO V
PMB@Fd@ PFQB

LCP initiator

7EBK >K #0 OBPLRO@B FP KLQ PQ>QFEBSINBAEREBOB JRPQ ?B PLIB LDERD
@LRLIRQBA MOL@BFER@E FQ DBQEBTBAL

"B@NK 0A> I>K>GM H? :@>L PAHBE GHM LM:MB<:EERISB: <GHOBGBMB:MP= ?K
@BG KLHNK

LC JL?FIB M>DBP ESB ,#0 FJ>DBP QE>Q >0OB S#PRBN FK QEB (4:?M>®EB MOBIL>A
P@>KKBO E>P >I0B>AV ORK QVMF@>1IV ARB QL P@OFMQ ?>PBA I>WV IL>AFKD LO @IFBKQ

LC JL?FIB M>DBP ABMBKA LKU®RHOK>| PQVIBPEBBQ CEO QBEBERQ@B O:GMBB RPFKD
QEl background-image =~ MOLMBO4ABFP >AAP > IFKH FK QEB OBRERE@B2>I OBNRBPQ @E>FK >
J>V CROQEBO @LIMIE@MBBCLOJ>K@B FC QEB PQVIBPEBBQ FP IL>ABA @OLPP LOFDFK

LC JL?FIB M>DBP BB >K RKAFFEE®?IB #0 FKFQF>QLO TELPB QVMBRIB>?IB QL ABQB@Q
4EBPB J¥ ?B > @LJ?FK>QFLK LC (4-, >KA #33 FKFQF>QLOP

"LQE P@OFMQ >KA PQVIB ?>EBOAFIF@Y FPPRBP >0OB ?>A CLO MBOCLOJ>K@B ?RQ QEBFO
@>K ?B JFQFD>QBA TFQE MOBIL>AFKD
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LCP lazy-loading

>WV IL>AFKD FP >K BECB@QEDJ>K@B QB@EKFNREEBKABLK @OFQF@>1 OBPLRO@BP PQ>0Q
IL>AFKD RPR>IIV RKQFIGEEEK LO KB>0 QEB SFBTMLOQ 7FQE MOB@FLRP ?>KATFAQE >KA OBKAE
MLTBO COBBA RM QEB ?0LTPBO @>K IL>A @OFQF@>| @LKQBKQ B>OIFBO FK QEB M>DB IL>A | M
TEBK I>WV IL>AFKD FP >MMIFBAQEBB FQPBE@>RPB QE>8KMQB QEB ?0LTPBO COLJ

IL>AFKD FQ RKQFI JR@E I>QBO

9.8%

"B@NRK 0A> I>K>GM H? FH;BE> |:@>L A:OBG@ BF:@#A:M-EX loading=lazy HG BM

B>0IV FK LCM>DBP T img ?>PBA#0>0B RPFKD QEBE loading=lazy  >QQOF?RQB
AB@EKF@9BBPB FJ>DBP >0B PQ>QF @3BV IBFPRY QEB ?0LTPBO TFII KBBA QL T>FQ QL PQ>0Q
IL>AFKD QEBJ RKQFI FQ_P I>FA LRQ QEB M>DB QL HKLTFTEEJESQEESFBTMNOQ |

FJ>DBP >0B >MP FK QEB SFBTMY@BJXFQFLK PL FK OB>IFQV KLKB LC QEBPB FJSBBP PELRIA E>
?BBK I>WV IL>ABACSM>DBP TEL®® S>OFBR/ BFBTMLOQ PFWB LO FKFQF>I P@OLII MLPFQFLK COLJ
ABBM IFBA KSFD>QFLKP FQ_P TLOQE QBPQFKD TEBQEBO B>DB@# KARKKQBEIEBPRIQP FK
?BQQBESEOGII MBOCLOJ>K@B

.LQB QE>Q QEB MBO@BKQ>DBP FK QEFP PB@QFLK >OB LRQ LC LKIV Cimg BMIBERFK TEF@E QF
FP QEBQ KLQ >Il M>DBEO&BCBOBK@B OB@>Il QE>Q QEFP >@@LRKQP CLO  LC M>DBP

8.8%

"B@MNK 0A> I>K>GM H? FH;BE> I:@>L A:OBG@ BF:@#A:M-NI(> <NLMHF E:SR EH:=BG@ HG
BM

IP TB PELTBA B>OIFBKB TV QE>Q PFQBP JFDEQ MLIVdIIREBWAQHSFKD ?BH-0O FP QL

>PPFDK QEB FJ>DB PLRC data-src  >QQOF?RQB >KA FK@IRAB >K FABl lazyload FK

QEB @I>PP IFPQ 4EBK >P@OFMQ TFIl T>Q@E QEB MLPFQFLKP LC FJ>DBP TB@E QEFP @I>PP K>
QEB SFBTMLOQ >KA PT:data-src  S>IRB CLO QEB R:src 3S>IRB QL QOFDDBO QEB FJ>DB QL
PQ>0Q IL>AFKD

B>0IV >P J>K M>DBP >0B RPFKD QEFP HFKA LC @RPQLJ I>\SNLUOAFEKBIBEY IL>AFKD
>Q LCM>DBP TFimg ?>PBA#0

"BWLKA QEB >BSPB MBOCLOJ>K@B BCCB@QP LC KWRIHDBIFKD BHSI>DB I>WV IL>ABA
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FIPRMMLOQBX >11 3>GLO ?OLTPBOP PL @RPQLJ PLIRGIELKRAEKD RKKB @ BRBEIEBEA

)K LRO LMFKFLK TEFIB PLIB @RPQLJ PLIRQFEFAB-ILOBBMRI>0 @LKQEROLTEBK

FJ>DBP IL>A 8BILMBOP PELRIA GBIREBPB&SXBLRP MLIVdIIP >KA ABCBO QL QEB RPBO >DBK
K>QBI>WYV IL>AFKD EBROFPQF@P

IKLQEBO ?BKBdQ QL RPFKB IK¥QFE>AFKD FP QE>Q ?OLBREORJIBEOBJMBOFJIBKQFKD
TFQE RPFKD EBROFPQF@P QL FDKLOB QEB >QQQf?REARAAQBPERBFEP LKIV MLPPF?IB
TFQE K>@ASWV IL>AFKD PL @RPQLJ PLIRQFLKP TLRIA KLQ ?BKBIQGBIBKE&P FK QEFP

18%

"B@NK 0A> |>K>GM H? FH;BE> |:@>L A:OBG@ BF:@%#A:M-NI(> G:MBIB <NLMHF E:SR
EH:=BG@ HG BM

, LLHFKD >Q M>DBP QE>Q RPB BFQEBO QB@EKFNRB img N>PBRAFSES
RKKB@BPP>OFIVRERQEB IL>A LC QEBFO JLPQ FIMLOQ>KQ FJ>DBP

,>WV IL>AFKD FP > DLLA QEFKD TEBK RPBARQUIHR®B RQ>QP PQOLKDIV PRDDBIPGQE>Q QI
J>GLO LMMLOQRKFQV @BMBIOCLOJ>K@BBJIISFKD QEFP CRK@ QFLK>HQNIEDRP FK
M>0QF@RI>O

7 LOAOOBPP T>P LKB LC QEB MFLKBBBR-MIKIEOREKD >ALMQFLK >KA ?ERIR¥RKKS
>KA  FQ AFAR >@QR>IIV LIFQ QEB >QQORAR@BICAHA>QBP 3L IBRIIIFCHE QEEBKQ QL
TEF@E ZOAOOBPP FP PQFIl @LKQOF?RQFKD QL QEFP >KQF M>QQBOK

2%

"B@NK 0A> [>K>GM H? FH;BE> |:@>L NLB&EHBE FBEBG@ HG,BR:@K MA:M :ELH NL>
3 HK,K>LL

|@@LOAFKD Qi-QERE>MQBQOAOOBPP FP RPBALZ M>DBP3L FQ_P PROMOFPFKD QL PBB Qf
LC M>DBP QE>Q RPB IB-9R&/ IL>AFKD LK QEBF®>DB >0B RPFKIDAOOBPP EKSE>Q >

dU E>P ?BBIS>FI>?IB PFK@B *>KR>0V BEWSLK /KB QEBLOV QE>Q KBBAP JLOB

FISBPQFD>QFLK FP QE>Q MIRBFREFOEIKFKD QEB P>CBDR>0AP ?RIAFIERF7@LOB ?

FKGB@QAKEJ>DBP LKQL QEB M>DB TFQE QEB I>WV ILSRE®D ?BE>

AMMIL<:GBNL> <HF EH:=BG@ E:SR :MMK
AMMILN@L <MKBNF HK@ | #FBNF BLLN>L =>M:BE B=
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54%

"B@NK 0A> |>K>GM H? FH;BE> I:@>L NLBG@ <NLMHF E:SR EHBBG@® M&:MAEBBK (
NL> 3HK,K>LL

3FJFI>01¥ AFPMOLMLOQFLK>QBIV EFDE MBO@BKQ>DB LC M>DBP QE>Q RPB @RPQLJ I>WV IL>AF
TFQE 1.OAOOBPP >Q  4EFP EFKQP >Q > TFABO FPRRE\BREFBE@LPVPQBJ >?LRQ I>WV
IL>AFKDSBORPB 2>QEBO QE>K ?BFKD > dU>?IB ?RD IL@SIRVIIBRRIGN OB QEBRB J>

ERKAOBAP LO QELRP>KAP QBEMEEIBP >KA MIRDFKP @LKQOF?RQFKD QL QEFP >KQF M>QQBOK

LCP size

1 J>GLO C>@QLO FK QEB QBBEQIRAQEB OBPLRO@B FP FCSBPRYEBITFOB ,>ODBO
OBPLRO@BP TFIIHBQBSHILKDBO QL IL>A 3L CLO FJ>DB 2SREBPLRO@BP ELT I>0ODB >OB
QEB

"B@NRK BLMKB;NMBHG H? MA> LBS> H? BRK@H Nkt (

4EB JBAF>K#0 FJ>DB LK JL?FIB FP +" B4?B ELKBPQ TBBB@QBA JR@E TLOPB

$BPHQLM M>DBP QBKARI>EBDBED, FI>DBP >@OLPP QEB AFPQOF?RQFLK TFQE > JBAF>K PFWB LC
e
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114,285 KB

"B@NRK 0A> LBS> H? MA> E:KBF@M (

7 B >IPL ILLBA >Q QEB I>OD&FEI>DB PFWBP >KA CLRKA>  +" FJ>DB LK ABPHQLM >KA
+'FJ>DB LK JL?FIB 7EFIB FQ @>K ?B CRK QL ILLH >Q ELT L?P@BKBIV I>0DB QEBPB LRQI

>0B IBQBBM FK JFKA QEB RKCLOQRK>QB OB>IFQV QE>G DEEFEISFESHRRIEERP

RPBOP $>Q> EPKT#P COBB >KA MBOCLOJ>K@B M@ QBBPEAPR>0Q QL 2B@@EPPF?FIFQV

MOL?IBJP CLO RPBOP LK JBQBOBA JL?FIB A>Q> MI>KP 4ERPR>EXS-2HIEDVIBIP

@LKPFABOFKD ELT JR@E BKBODV FP T>PQBA IL>AEROPRYBA G DBREBPB

"B@NK $BLMHEH? BF:@> ;:L>=(LBS>L

, LLHFKD >Q FQ > AFCCROBKE)JDROB SBIPELTP QEB AFPQOF?RQFLK >PIKFP@LDO
FK@OBJBKQP 4EFP SFBF BSH@IB>0OBO QL PBB ELIDB PFWBP C>Il MOBALJFK>KQIV FK QEB
PR? +'O >KDB 7B >IPL PBB QE>Q W0 FJ>DBP LK JL?FIB >OB DOB>QBO QE>K  +"FK
PFWB

(LT I>ODB >K#0 FJ>DB PELRIAIMBF:EERABMBKAP LK M#IC>@QLOP "RQ QEB C>@Q QE>Q FK
TB?PFQBP >OB PBOSFKNQBIPRWBA FJ>DBP QMLROTFABL?FIB SFBTMLOQP @I1B>0IV
EFDEIFDEQP QEB KBBA CLO PFQB LTKEIPEPMBRKEIS>DBP &.0 JLOB >K>IVPFP LK QEFP
QLMF@ OBCBO-BAREEBA-L?FIB7 B?@E>MQBOP

AMMIL=>CEHI>RHSBEE: HK@ =H<L (>:KG $0)( )NEMBF>=B:9:G=9>F,>==BG@9BEI@GILBO
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LCP format

#ELF@B L,FJ>DB CLOJ>Q @>8BPFDKFd@>KQ BCKB@R®B PFWB >KA RIQFJ>QBIV FQP
IL>AFKD MBOCLOJ>K@M KA 6)& >OB QTL OBIBQFEBTBO CLOJ>QP QE>Q >0OB CLRKA QL ?B
JLOB BCA@FBKQ QEMKQBOK>| CLOJ>RFOIFHLO *0%' >KA 0.’

"B@NK 0A> I>K>GM H? l:@>L MA:M NtG ?@g0oM ?HK MABBEEL

|@@LOAFKD QLERES @E>MQBEB *0' CLOJ>Q J8# RM >?LRQ  LC >/l FJ>DBP IL>ABA LK

JL?FIB M>DBP (LTEBO*0'J>H BPRM  LC >l #0 FJ>DBP LK JL?FIB TEF@E FP U JLOB

@LJILK QE>K 0.'>Q  4EBPB OBPRIQPVEFKQ >Q > QBKABK@V CLO M>DBP QEREB@IELQLDO
NR>IFQV FJ>DBP >P @HEBPLROG@BEBO QE>K AFDFQ>l >0QTLOH S\ARREDBKAQL

@LIMOBPP ?BQQBO >P *0' @LIM>0BA QL 0.' ?RQ QEFP FP GRPQ PMB@RI>QFLK

LC M>DBP TFQE FJ>DB ?>RB/RPB 78?0 4EFP FP DLLA KBTP CLO FJ>DB BEI@EHMY
IBPP QE>K >OB RPFRKR 7EFIB 16)& J>V @LIMOBMBR ?BQQBO QEBRI7FQ_P KLQ
PRMMLOQBA FK >II JLABOK ?0LTPBOBMIEFGFEFRP ILT >ALMQFLK /K QEB LQEBQUBKA 7
PRMMLOQBA FK >Il JLABOK ?OLTPBOP PL FQP ILT >ALMQFLK OBMOBPBKQP > J>GLO LMMLOQRKE
LMQFJFWB FJ>DBP >KA QEBFO MBOCLOJ>K@B

LCP image optimization

4EB MGEFLRP PB@QFLRAL+® QEB MLMRI>OFQV LC S>OFLRP FJ>DB GLB0-UBPRRBAIBP
IKLQEBO T¥ QE>QZBLMBOP @>KB:5EBRE OBPLRO@BP PJ>IIBO >KA IL>A JLOB NRF@HIV FP QL
RQFIFWB BCd@FBKQ @LIMOBPPFLK PBQQFKDP 4EB *0' CLOJ>Q @>K ?B IIBPPR(Y @LIJMOBPPBA Q
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RKKB@BPP>0YBP TFQELRQ ILPFKD QLL JR@E FJ>DBIBRSEERMB *0' FJ>DBP J>V KLQ
?B @LIJMOBPPBA BKLRDE

,FDEQELRPB FK@IRABABRDE>Q TFIl JB>PROB Q@B BFKDP COLJ PBQQFKD *0'P QL
@LIMOBPPFISBIB )C QEB FJ>DB FP JLOB QE>K +" PJ>IIBO >P > OBPRIQ QEB >RAFQ C>FIP >|
@LKPFABOBA >K LMMLOQRKFQV CLO LMQFJFW>QFLK

"B@NRK $BLMHEH? ;RM> L:OBG@L ?HK &# ,;BF=@>L

/C QEB M>DBP TELRBFJ>DBP >OB *0’' ?>PBA >KA e>DDBADEQELRPB  LC QEBJ AL KLQ
E>SB LMMLOQRKFQFBP (3B BB FJ>DB SF> ILPPV @LIMOBPPFLK >ILKB 4EBPB OBPRIQP >C
PLIJBTE>Q PROMOFPFKD >KA PRDDBPQ QE>Q QEB k&L BEPBEPREBOMMOLMOF>QB
NR>IFQV PBQQFKDP 4E>Q P>FA  LC QEBPB MSBBP B@ESP> +">KA @>K FB

+'LO JLOB 2B@>Il QE>Q QEB J>GLORQWIDBP >0B RKABO +" PL QEFP FP PLJB
PBOFLRFSPKDP

LCP host

YK >AAFQFLK QL QEB PFWB >KA BCd@RBK@DBCEQERIEB PEISCOLJ TEF@E FQ IL>AP @>K
>IPL ESB >K FIM>@Q LK FQP MBOCLOJ&RI@EQ FJ>DBP COLJ QEB P>JB LOFDFK >P QEB (4-,
AL@RJBKQ QBKAP QL ?B C>PQBO ?B@>RPB QEB LMBK @LKKB@QFLK @>K ?B OBRPBA

(LTB SBO,#0 FI>DBP J¥ ?B IL>ABA COLJ LQEBO LOFBBRPBEHALI>FKP >KA FJ>DB #$.P

AMMILP>; =>ONL>L HIMBFBS>= BF:@>L
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7EBK QEFP E>SMMBKP PBQQFKD RM QEB >AAFQFLK>| @RIG$EGQBLGRIBH/CTOL) QEB
,#0 >IILT>K@B

"B@NK KHLL AHLM>3BF:@>L

/KB FK dB JL?FIB M>DBP @OLPP ELPG@EBEBP 4EB QFJB QL PBQ RM QEB @LKKB@QFLK QL
QEBPB QEFOA M>0QV ELPQP @LRIA >AA RKKP@RFFED\DREE>)Q P ?BER@KQBE@B QL PBIC
ELPQ#0 FJ>DBP LK QEB P>JB LOFDFK >P QEB AL@RJBBQ MIEEKEREPLRO@B EFI@IMRIA

?B RPBA QL MOB@LKKB@@WIOFEEK]LO ?BQ@EDNOBIL>A QEB FJ>DB FQPBIC]?RQ QEBPB
QB@EKFNRBP >OB®YQFABIV >ALMQBA

LCP conclusions

,#0 MBOCLOJ>K@B E>P EBMEEDKFd@>KQN\BOEBPMB@F>I1V CLO JL?FIB RPBOP 7EFIB TB
ALK Q B8 > ABdKFEF&PTBO CLO/TEE>Q E>MMBKBA QEB A>Q> MOBSBKLERACERP >
CBT @IRBP

7E>Q TB 8 PBBK PL C>0 FP QE>Q OBKABO ?IL@HFKD OBPLRO@ BP IBBRBRVI OBRRIDBPB

>0B RPFKD >AS>K@BA MOFLOFQFW>QFLK QB@EKFNRBP >K/AQIFOBIFP-KOBQERDA LC
PQ>QF@>IIV S®@R 7FQELRQ @LK@OBQB A>Q> QL PRDDBPQ QE>Q PFQB LTKBOP LO I>ODB MR’
MI>QCLOJP >0OB @LK@BOQBAIV LMQFJFWFKD QEBPBO-REBAIN:K@ERKIEBO MI>@BP QL

ILLH >OB LMQFJFW>QFLKP >Q QEB /3 LOSEDLTPBO IB

AMMILEF:G:< AMMIKABEHK@ >G  KLHN& ABGML
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|@@LOAFKD #ECLIFRJ ?ILD MLPEK ->0@E  IL>AFKD MBOCLOJ>K@B LK IKAOLFA
FIMOSBA¥ 4EB MLPQ ALBPK) DL FKQL QLL JR@E ABQ>FI ?RQ FQ @OBRRXOQEB FIMOL
*IKBHKBMBSBG@ <KBMB<:E G:0B@:MBHBRIEHRAGIMIK G MAKSKa MEZRH I EBIMUBVI>FK

TEV JL?FIB MBOCLOJ>K@B LRQM>@BA ABPHQLM MBOCLOJ>K@B FK

4EB PFU MBO@BKQ>DB MLERIBRIMQIE) QEFFBYO @>K LKIV E>MMBK TEBK ERKAOBAP LC
QELRP>KAP LC TB?PFQBP_ MBOCLOJSBROBREIVELD >PFAB QEB Q>KQ>IFWFKD NRBPQFLK L(
QE>Q E>MMBKBA 1BB>RIQIBKQ QL >MMOB@F>QB QEMBRIFBE@BP LK QBESDBDQFKD
?BQQBQ_P E>0OA TLOH ?RQBIEKQP IBHYEBPB JBHYEB B@LPVPQBJ EB>IQEFBO >KA >0B TLC
@BIB2QFKD

Cumulative Layout Shift (CLS)

#RJIRI>QMS,>WLRQ 3EFCA3 FP > INLRQ PQ>?FIFQV JBQOF@ QE>Q OBMOBPBKQP QEB >JLRKG
@LKQBKQ BMB@QBAIEER >OLRKA LK QEB P@BBK GE>Q > TB?PFQB E>P DLLA #,3 FC >Q
IB>PQ  LC >l KSFD>QFLKP >@OLPP QEB PIR@LDSB LC  LO IBPP

"B@NRK #HH= (/ ;R =>0B<>

4EFPRA0QEB MBO@BKQ>DB LC TB?PFQBP TFQE "DLEBRA #BBEYNIE®>KQIV LK ILSH@BB
DLFKD COLJ QL #3LKABPHQLM FIMSBA ¥ MBO@BKQ>DB MLFKQP QL

AMMILEH@ <ARBNF HK@ : G>P LI>>= FBE>LMHG> ?HK
<AKF> AMFE T@M AKF> <HGMBGN>L MH @>M ?:LM>K HG G=K HB= :L P>EE (H:=BG@ : I:@> GHP M:D >L E>LL MBF> MA:GD
AMMILP>; =>O.KMB<E>L <EL
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7EFIB #0 FP QEB ?LQQIBKB@H CLO JLPQ PFQBP QL ?BSHEIBPPBA#TSERCII QEBOB
KL ALR?Q QE>Q QEB J>GLGEIBAKQIP QL JL?FIB #,3 QESRVESB E>A > MLPBESCB@Q LK QEB
#76 M>PP OQBP

7E>Q E>MMBKBA QL FBIQL?FIB #,3 2/ PR@E > PFDKFd@>KQ J>ODEHV/EBIBK>QFLK FP
#EOLJB P KBT >KA FINSBA?>@H CLOT>0A @>@EB>@EEF@E T>P OBIB>PBBORFSEK

FK JFA .LSBJ?BO  4EFP @E>KDB BK>?IBA BIFDF?IB M>DBP QL ?B MOFPQFKBIV OBPQLOBA COLJ
JBJILOV AROFKD ?>@H >KA CLOSFOAGBLISDEBO QE>REKD QL "PQSBQe\? CBQ@EFKD
OBPLRO@BP COLJ QEB (440 @>@EB]LGBOQRE KBQTLOH]>KA OB@LKPQOR@QFKD QEB M>DB

"B@NK JHGMAER MBF>L>KB>L H2GMH2R>;LBM>L A:OBG@ @HHGFHK,BE> (

4EFP @E>0Q PEIPKA #,3 MBOCLOJ>K@BQ QFJB >Q JLKQEMRISOF(S/BO > QTL JLKQE
MBOFLA PQ>0QFKD FK *>KR>0OV  >CQBO #EOLJB OBIB>PBA QEB ?C@>@EB RMA>QB QEB MBO
TB?PFQBPSEKD DLLA #,3 PQ>0QBA QL @IFJ? JR@E JLOB NRF@HIV QE>K ?BCLOB

"RQ ELT AFA ?C@>@EBIBIMOPL JR@E $RB QL QER/BEOLIB FKPQ>KQIV OBPQLOBP QEB M>DB
COLJ JBILOVFQPMERQ FP PBQQIBA >KA RK>CCB@QBAEB FKFQF>1 FKPQ>?FIFQV QE>Q QVMF@>II
L@@ROP AROFKD IL>AFKD

/KB QEBLOV TE#0 BUMBOFBK@BP QFAKIEL>P AQ>QF@>1IV FP QE>Q ?>@H CLOT>0A
K>SFD>QFLKP TBOB >I0B>AV MOBQQV C>PQ QE>KHP QL PQ>KA>OA (440@EB@EFKD 2BJBJ?BO
QEOBPELIA CLO 'DEAP, PB@LKAP TEF@E FP MOBQQV DBKBOLRY GRIFIFED K

OBPLRO@BP TLRIA >I0B>AV ?B FK @>@EB >KA QEBOB >0OB KL ?LKRP MLFKQP CLO J>HFKD "DLL/

AMMILP>; =>0;?2<:<A>
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BUMBOFBK@BR B>PQBO

CLS metadata and best practices

,BQ_RJBIILOB ELT JR@E LC QEB TB? FP >AEBOFKD QL#&&FEPRPMO
Explicit dimensions

4EB JLPQ PERDEQCLOT>0OAQESLFA IM.RQ PEFCQP FP QB OEREIISCLO @ LKGEQFKD
AFJBKPFLKP CUSJBIIB RPF height >KAwidth >QQOF?RQBP LK FJ>DBP

2%

"B@NK 0A> I>K>GM H? FH;BE> I:@>L MA:M ?@EBABM-#BF>GLBHGL HG :M E>:LM HG> BF

LC JL?FIB M>DBP ESB RKPFWBA FJ>DBP 4EFP PQ>Q >ILXBIRGEBICRII MF@QROB ?B@>RPE
RKPFWBA FJ>DBP@EKP OBPRIQ FK RPBO BIBO@BEFPEFCQPUSIGIB FC QEB>A
LRQPFAB LC QEB SFBTMLOQ 3QFIl FQ_P > PFDK QEQ8RBEALRBOPXIEBOFKD QL #,3 2BPQ
MO@QF@BP

"B@NRK BLMKB;NMBHG H? MA> GNF;>K H? NGLBS>= BF:@>L I>K I:@>
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4EB JBAF>K TB? M>DB E>P RKPFWBA FJ>DBP >KA LC JL?FIBIE>OBBEQ RKPFWBA
FJ>DBP

(> SFKD SKRKPFWBA FJ>DBP LK QEB M>DB @>K ?B > IF>?FIFQV CLO #,3 ?RQ MBOE>MP > JLOB FJ}
C>@QLO FP QEB PFWB LC QEB FJ>DB ,>0DB FJ>DBP @LKQGE’REEIQP?FEBBE& B-H
TLOPB

"B@NRK BLMKB;NMBHG H? MA> A>SB@AML H? NGLBS>= BF:@>L

4EB JBAF>K RKPFWBA FJ>DB LK JL?FIB E>P > EBADERRI QF>Q LBEPQ SBEEFSS >
JL?FIB SFBTMLOQ EBFDEQ LCQEAQ P >?LRQ LC QEB SFBTMLOQ >0B> QE>Q TLRIA PEFCQ ALTK
>PPRJFKD CRII TFAQE @LKQBKQ $BMBKAFKD LK TEBOB QE>Q FJ>DB FP FK QEB SFBTMLOQ TEBK
@LRIA @>RPBLRQ PEFCQ P@COR JLPQ TEF@E JLOB QERRBAP QEB  QEOBPELIA CLO

‘DLLAa #,3

$BPHQLM M>DBP QBKA®IE>EDBO RKPFWBA FJ>DBP 4EB JBAF>K RKPFWBA FJ>DB LK ABPHQLM FF
M U Q>Il >KA QEB QE MBO@BKQFIB E>P > EBEDEQLC M

4,048,234,137,947,990,000px
"B@NK  0A> A>B@AM H? MA> E:K@>LM NGLBS>= BF:@>

)K TE>Q TB @>K LKIV ELMB FP BFQEBO > JB>PROBJBKQ BOOLO LO BRBBFABBIMIBRQ>H
QEB I>0DBPQ RKPFWBA FJ>DB QE>Q TB CLRKA FP >K FK@OB/HRID>NRESQMFFFIBEMFPL
?FD FQ @LRIA PQOBQ@E COLJ QEB %>0QE QL QEB JLLKc QEGREIFOEQERIBRIBUSFKA LC

AMMILP>; =>O.KMB<E>L <EHENRLAB?ML<HK
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LKB LCC JFP@>EEB KR ?FDDBPQ RKPFWBA FJ>DB FP PQFIl BIP QWFWFQEBME>Q P >
?FD M_.RQ PEFCQ

Animations

3LIB KLK @LIMLPFQBA3 >KFJ>QFLKP @>K >CCBRM®QEE IOEB M>DB >KA @LKQOF?RQB QL #
4EB?BPQ M@QF@B QL Rtransform  >KFJ>QFLKP FKPQB>A

38%

"B@NRK 0A> I>K>GM H? FH;BE> |:@>L MAGHG:Q@HFIHLBM>= :GBF:MBHGL
LC JL?FIB M>DBP RPB QEBRERS >IQBOFKD #33 >KFJ>QFLKP >KA OFPH J>HFKD QEBFO #,3

3FJFI>0 QL QEB RKRPBA FJ>DBP FPPRB TE>Q J>QQBOP JLPQ CLO #,3 FP QEB ABDOBB QL Tt
>KFJ>QFLKP >CCB@Q@ REEIBI>REE QEB SFBTMLOQ

"B@NRK BLMKB;NMBHG H? MA> GNF;>K H? GHG <HFIHLBM>= :GBF:MBHGL I>K |:@

4EB AFPQOF?RQFSEPELTP QE>Q JLPQ M>DBR RES QEBPB QVMBP LC >KFJ>QFLKP >KA QEB
QE>Q AL LKIV RPB FQ PMDBEBIVQE MBO@BKQFIB M>DBP RPB QEBJ QTF@B

AMMILP>; =>0OGHG <HFIHLBM>= :GBF:MBHGL
AMMILP>; =>OKMB<E>L HIMBFBS> <EL :GBF:MBHGL " " " ! ! "
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Fonts

YK QEB M>DB IL>A MOL@BPP BP@BKQBIB CLO QEB ?0LTPBO SHOSENGRBPQ ALTKIL>A

>KA >MMIV > TB? CLKQ 7EFIB QEFP FP >Il E>SMMBKFKD FQ \BQVEFPEIIBOE QREK

OBKABOBA LK > M>DB )C QEB TB? QBRGHPIK?IB QEB ?20LTPBO @>K ABC>RIQ QL OBKABOFKD QB
FK > PVPQBJ CLKQR® PEFCQP E>MMBK TEBK QEB TB? CLKSSHENBBRABPQFKO®B

OBKABOBA FK > PVPQBJ CLKQ PTFQ@EBP QL QEB TB? CLKQLREBPHERR@RPBA ABMBKAP

LK ELT AFCCBOBKQ QEB CLKQP >0B COLJ B>@E LQEBO

82%

"B@NRK 0A> I>K>GM H? FH;BE> |:@>L MA:M NL> P>; ?HGML

LC M>DBP RPB TB? CLKQP PL QEFP PB@QFLK SPHEFRQEINLOBIBFQB LTKBOP

"B@NRK =HIMBHG font-display QEN>L

/KB T>V QLSLFA CLKQ FKAR@BRQ-PEFCQP FP font-display: optional TEF@E TFII
KBSBO PT>M FK > TB? CLKQ >CQBO QERB\EEEIQB>AV ?BBK PELTK SBUBP KLQBA/?
QEBLKQR@E>MQEPP QE>K LC M>DBP >0OB Q>HFKD >AS>KQ>DB LB QEFP AFOB@QFS

%®BK QELRI optional  FP DLLA CLO #,3 QEBOB >OBME QOP 3FQB LTKBOP JFDEQ ?B TFIIFKD QL
E>B PLJIB IM.RQ FKPQ>?FIFQV LO > KLQF@B>?IB e>PE UQ RYPOVIBR@BB>KP QE>Q QEBFO
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MOBCBOOBA CLKQ @>KVHAAPIPRIPBOP

2>QEBO QE>K EFAFKD QEB TB? CLKQP >GBDEED PRFD>QB #,3 FP QL IL>A QEBJ >P NRF@HI
MLPPF?IB $LFKD PL TLRIA FC >Il DLBP TBIQEBPI&? CLKQ ?BCLOB QEB RMPEBJ QB
OBKABOBA

"B@NK =HIMBHG HR2HNtt ABGML ?HICRPHEHRLK

1@ @LOAFKD QRIGEB®E>MQBQC JL?FIB M>DBP >0OB MOBIL>AFKD QEBFO TB? CLKQP /KB
@E>IIBKDB TFQE MOBIL>AFKD QEB CLKQFRQER) HEA B ?B HKLTK RMCOLKQ>QMIBB

FC RPFKD > PBOSF@BIBIALKQP 00B@LKKB@QFKD QL QEB CLKQUERPBEP IQEBAE CLO
MBOCLOJ>K@B ?RQ LKIV LC M>DBP >OB RPFKD QE>Q TEF@HFPEFIQERURRB QEB
IBPP MBOCLOJ>KQ LMQFLK QL MOBCBQ@E QEB $.3

bfcache eligibility

7 B_8 PELTK ELT FIM>@QCRI ?C@>@EB @>K ?B CLO #,3 PL FQ_P TLOQE @LKPFABOFKD BIf
PLIBTE>Q FKAFOB@Q SBRIFIAE

4EB ?BPQ WQL QBIl FCBKOMSDB FP BIFDF?IB CLO ?C @ 8@ B5-EPSa$Er

5KCLOQRK>QBEBOB >GBQ BIFDF?FIFQV @OF@BRWP:+.C TEF@E >0B E>0A LO FIMLPPE?IB QL
JB>PROB FK QEB I>2>@EBO QE>K ILLHFKD >Q ?C@>@EB BIFDF?FIFQV >P > TELIB IBQ_P ILLH
@OFQBOF> QE>Q >OB JLOB B>PHIB QBFRY> PBKPB CLO QEB ILTBO ?LRKA LC BIFDF?FIFQV

AMMILP>; =>0;?<:<A> M>LM MH >SENKK |:@>L 3<:<A>;;E>
AMMIL=H<L @HH@E> <HELM>ML = EB IH®®R;I:/4 K39E1* NI-A5 M$ 1. 1,M >=BM NLI LAKBG@
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"B@NRK 1L:@> F unload ;R LBM:SK

4EB unload BSBKQ FP > AFP@BRAY QL AL TLOH TEBK QEB M>DB FP FK QEB MOL@BPP LC DLFKD
>T>V RKIL>AFKD "BPFABP QEBOBBIBBROVE QL AL QE>Q FQ_P >IPLM.QB T>B \LRO
M>DB FKBIFDF?IB CLO ?C@>@EB

LC >11 JL?FIB M>DBP PBQ QEBRBE>KAIEDTBSBO QEB PFQR>QFLK TLOPBKP QEB JLOB MLMRI>O
QEB TB?PFQB FP )K QEB QLM H LC JL?FIB M>DBP >0OB FKBIFDF?IB CLO ?C@>@EB CLO QEFP O

AMMILP>; =>0;7<:<A> G>GK NL> MA> NGEH:SNO
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https://almanac.httparchive.org/static/images/2022/performance/bfcache-unload.png
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"B@NK 1L:@> F Cache-Control: no-store ;R LBMGR

4EB Cache-Control: no-store EB>ABO QBIIP RPBO >DBBQRKRE)>@EBKQEFPLRO@B
7EBK PBQ LK QEB J>FK (4-, AL@RJIBKQ QEMBEPIIHB BKQFOB M>DB FKBIFDF?IB CLO ?C@>@EE

LC >I1 JL?FIB M>DBP PBQ QEFP EBKABOLC JL?FIB M>DBP FK QEB QLM H 4EFP >KA QEB
unload @OFQBOF> >0B KLQ JRQMRAEBL @LI?FKBA TB @>K LKIQE>Q >Q IB>PQ LC
JL?FIB M>DBP >OB FKBIFDF?IB CLO ?C@>@EB

4L OBFQBB FQ_P KLQ QE>Q QEBPB QEFKDP @>RPB SBJeRFRBFROESBIX>HS M>DBP
BIFDF?IB CLO ?C@>@EB TBR®BKBELTK QL ?B >K FKABIB@JBOCRI QLLI CLCSFRBOL
ISVLRQ PQ>?FIFQV

CLS conclusions

#,3 FP QEB #76 JBQOF@ QE>QEBAMUHB JLPQ FK  >KA FQ >MMB>CB@>A> PFDKFd@>KQ
FIM>@Q LK QEB KRJ?BO LC TB?PFQB® QELQ:EBOII #76

4EB @>RPB LC QEFPSBJBICQ PBBJP QL @LJIB ALTK QL #EMLBRK@E LC ?C@>@EB TEF@E FP
OBeB@QBA FK QEB *>KR>0V  #058 A>Q>PBROAFEB>PQ > dCQE LC PFQBP >0OB FKBIFDF?IB
QEFP CB>QROB ARB QL H no-store  @>@EFKD MLIF@FBP LEDBRFRPERQ unload

BSBKQ IFPQBKBOOB@QFKD QEBPB >KQF M>QQBRRA BP@/SJOF@Ha (@BFIMOL
MBOCLOJ>K@B

4EBOB >OB LQEBUB AFOB@QPTPFQB LTKBOP @>KSBIDEBEO #,3 3BQ height  >KA
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width >QQOF?RQBP LK FJ>DBP FP QEEDEXTPQT>OA LKB /MQFJFWFKD ELT >KFJ>QFLKP >0B
PQVIBA >KA ELT CLKQP IL>A >0OB QTL LQEBO]>AJFQQBAIVULOBIOLIABBP QL @LKPFABO

First Input Delay (FID)

&FOPQ )KMRQ/$BEE$ JB>PROBP QEB QFJB COLJ QEB dOP QR FXEHBOF @H LO Q>M QL
QEB QFJB >Q TEF@E QEB ?0OLTPBO ?BDFKP MOL@BPPFKD GBE@ESIOBRUPKAMBIPBQB
E>P 'DLLAa &)$ FC >Q IB>PQ MBO@BISFDEQHLKP >@OLPP QEB PFQB >0OB C>PQBO QE>K  JP

"B@NK #HH="% ;R =>0B<>

%CCB@MFSI TB?PFQBEEEDLLAA &)$ CLO ABPHQLM RPBOP >KA QEFP QOBK/SESROEBIA dOJ L
VB>OP -L?FIB &)$ MBOCLOJ>K@B RIBBRIQBLK>IIV C>PQ TFQE LC TB?SFIBMERA
&)$ > PIFDEQ FISBOBKQ EBO I>P@30

7EFIB FQ_P DOB>Q QE>§ PB2PRQBFEEDLLA &)$ BMBOFBK @EBIIABBOP KBBA QL 7B

@>0BCRI KLQ QL ?B@LJB QLL @LIMI>@BKQ 'LLBEBNBORENQFKD TFQE > KBT

OBPMLKBRSPP JBQOBE>Q @LRIA BKA RM OBMI>@ER@E)SP BPMB@F>IIV FIMLOQ>KQ ?B@>RPB
PFQBP QBKA QL MBOCLOJ JR@EQERPRRKJBQUER &)$

AMMILP>; =>O.KMB<E>L \=
AMMILP>; =>0;>MM>KIHHGLBG>LL F>MKB<
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FID metadata and best practices

,BQ_P AFD ABBMBO FKQIPQEB-Q>OBPMRKBFB @>K ?B FSRIOE@OLPP QEB TB?
Disabling double-tap to zoom

3LJB JL?FIB ?0LTPBOP FK@IRAFKD #EOLJB T>FQ >Q IB>PQ  JP ?BCLOB E>KAIFKD Q>M FKN
J>HB PROB RPBOP_$DEQBJIMQRKIRQIB Q>M QL WLLFSBK QE>Q QEB QEOBPELIA CLO "DLLAA
&$FP JP QEFP ?BBFLO JsBP FQ FIMLPPF?IB QL M>PP QEB >PPBPPJBKQ

<meta name="viewport " content ="width=device-width, initial-

scale=1 ">

4EBOEP >K B>PV dU QELRDE )K@ meta (BEBTMLOQ Q>D FK QEB AL @RJBHRIIEB-LKBH
>?LSB TFIl MOLIMQ QEB ?0LTPBO QL OBKABO QEB M>DB >BREASTFRQEFEB@P J>H
QBQ @LKQBKQ JLOB IBDF?IB >KA BIFJFK>QBP QEB KBBA CLO ALR?IB Q>M QL WLLJ

4EFP FP LKB LC QEEBRRF@HPFBPQ >KA IB>PEFKYORRRB>KFKDCRIIV BEVOL
OBPMLKBRSPP >KA >I| JL?FIB M>DBP PELRIA ?B PBQQFKD FQ

7.3%

"B@NK 0A> |>K>GM H? FH;BE> I:@>L MA:M =H GHM L: meta B&A@HKM

LC JL?FIB M>DBP C>FI QL PB meta SFBTMLOQ AFGB@EESII QE>Q >?LRQ LC JL?FIB
TB?PFQBP C>FI QL JBBQ QEB QEOBPELIA CLEEFR ER28)$DKFd@>KQ MOLMLOQFLK LC QEB T
QE>Q FP KBBAIBPPIV PILTFKD ALTK QEBFO PFERIEEPFOBEMDR @RI K D\QBIR/JEBI JB>K
QEB AFCCBOBK@B ?BQTBBK C>FIFKD >KA M>PPFKD QEB &)$ >PPBPPJBKQ

Total Blocking Time (TBT)

4LQ>1 "IL@HFKD 4F¥B4 FP QEB QFJB ?BQTBBREERQ #LKQBKOBRDEH0 >KA4FIB QL
KQB@®@FS44) OBMOBPBKQFKD QEB QLQ>I >JLRKQ LC QFJB QE>Q QEB J>FRAEOB>A T>P 7
RK>?IB QL OBPMLKA QL RPBO FKMRQP

AMMII=>CEHI>KAKF> <HF ;EH@ FL M:I =>E:R @HG> :P:R
AMMILP>; =>OM;M

AMMILP>; =>O.KMB<E>L ?<I

AMMILP>; =>OMMB

2022 Web Almanac by HTTP Archive 407


https://developer.chrome.com/blog/300ms-tap-delay-gone-away
https://web.dev/tbt/
https://web.dev/articles/fcp
https://web.dev/tti/
https://web.dev/tti/

Part Il Chapter 12 : Performance

4"4 FP LCQBK RPBA >P > [>? ?>FBA G1Q) &)8RB QL QEB @E>IIBKDBP LC OB>IFPQF@>I1V PFIRI>QFKI
RPBO FKEBQFLKP FK PVKQEBQF@ QBPQP

"B@NRK BLMKB;NMBHG H? E:; ;:L>=00 I>K l.@>

.LQB QE>Q QEBPB OBPRIQP >0B PLRO@BA COLJ QEB I>? ?>PBA 4"4 MBOCLOJ>K@B LC M>DBP FK
I0O@EBSA>Q>PBQ 4EFP FP >K FIMLOQ>KQ AFPQFK@QFLK ?B@>RPB BBEER UHFRIM>0Q TB
>Q OB>I RPBO MBOCLOJ>K@B A>Q> COLJ QEB #058 A>Q>PBQ

7FQE QE>Q FK JFKA TB PBB QE>Q JL?FIEBIPBBREH@>KQIV TLOPB 4"4 QE>K ABPHQLM M>DBP
4EFP FRBE PROMOFPBKIDEFS LRDEQELRPE?FIB BISFOLKIBKQ FP FKQBKQFLK>IIV @LKJIDROBA QL
ORK TFQE > QEOLQQIBA #05FREST>BIRI>QBP > ILT BKA JL?SB@B ®OQEBIBPP QEB

OBPRIQP PELT QE>Q QEB JBAF>K JL?FIB M>DB E>P >4"4LC PB@LKAP JB>KFKD QE>Q FC QEFP
OB>| RPBOMBOFBK@B KL Q>MP TFQEFK PB@LKAP LC &#0 TLRIR 78 QEBMKEPFS
MBO@BKQFIB > RPBO BERIAE>FQ PB@LKAP ?BCLOB QEB M>DB ?B@>8 OBPMLKPFS

$BPMFQB QEB C>@Q QE>Q QEBPB OBPRIQP @LJB COLJ PVKQBZOP@AQERUIEKDGIHES>|
*>S>3@OFMQERBT®B>| TB?PFQBP )C > OB> RPBO LK PFJFI>0 E>OAT>0B QOFBA QL >@@BPP LK
QEBPB PFQBP QEBFO 4"4 JFDEQ KLQ ?B QLL AFCCBOBIEY AESCGEOEX@TEERQTBBK 4"4 >KA

&)$ FP QE>Q QEB I>QQBO OBIFBP LK QEB RPBMFRAIFOEKQEDM>DB TEGGKE QAER
>KV QFJB ?BCLOB AROFKD LO >CQBO QEB #AMIBSKAKD QL S>PQIV AFCCBOBKQ &)$ S>IRBP
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Long tasks

, LKD Q>PHPOB MBOFLAP LC P@OFMQ FKAR@BA #05 >@QFSFQV >Q IB>BEKQIQEKD QE>Q M
J>FK QEOB>A COLJ OBPMLKAFKD QWAKKIRQ>FH FP IF>?IB QL @>RPBEXEPWLHIFFESP FC >
RPBO >QQBJMQP Q+@RJEBQE QEB M>DB >Q QE>Q QFJB

.LQB QE>Q BFREB 4"4 >K>IVPFPSRIQEFP PB@QFIKEAL] 1>? ?>PBA A>Q> !P > OBPROB TB
LKIV >?IB QL JB>PROB ILKD Q>PHP AROFKD QEB M>DB IL>A L?PBOSF@H RPFRGETTEBK

QEB M>DB FP OBNRBPQBA >KA BKAP >CQBO PB@LKAP LO PB@LKAP LTHERSROH FK>@Q
@LJIBP dOPQ ! OB>| RPBAIMBOFBK@B ILKD Q>PHP QEOLRDELRQ QEB BKQFOB IFCBQFJB LC

"B@NKRK BLMKB;NMBHG H? E:; ;:.L>= EHG@ M:LDL I>K l:@>

4EB JBAF>K JL?FIB TB? M>DB E>P  PB@LKAP TLOQE LC ILKD Q>PHP @LJM>OBA QL LKIV
PB@LKAP CLO ABPHQLM M>DBP ID>FK QEFP PELTP QEB LRQPFWBA BCCB@QP LC #05 PMB
OBPMLKBRS8PP EBROFPQF@P !Q QEB QE MBO@BKQFIB SB 2FIBEWPRBPFB@LKAP LC

ILKD Q>PHP

)Q_P >IPL TLOQE KLQFKD QE>Q QEBPB OBPRIQP >0OB PFDKFd@>KQIV EFDEBO QE>K QEB AF
QFJBP 2BJBJ?BO QE>Q 4"4 FP ?LRRAB#O>KA 44) >KA &)$ FP ABMBKABKQ LK ?LQE ELT ?RPV
QEB #05 FP >KA TEBK QEB RPBO >QQBIMS® QILFEDBEB M>DB 4EBPB MLPQ 44) ILKD Q>PHP
>IPL @OB>QB CQRRQBPMBKBPRBIBOFBK@BP ?RQ RKIBRP@RB AROFKD QEB dOPQ
FKQB@QFLK QEERIAKQ ?B OBMOBPBKG@BRZEFP FP LKB OB>PVKTBEKBBA > dBIA JBQOF@
QE>Q JLOB @LIMOBEBKRFBMOBPBKQP RIBBPFEK @BP QEOLRDELRQ QEB BKQFOB M>DB IF

AMMILP>; =>0EHG@ M:LDL =>OMHHEL
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Interaction to Next Paint (INP)

YKQBE@QFLK QU@SFKQ).0 JB>PROBP QEB >JLRKQ LC QFJBPELSKEB ?0LTPBO QL

@LIMIBQB QEBEBI>FKQ FK OBPMLKPB QL {@BELRKEP JBQOF@ T>P @OB>QBA >CQBO 'LLDIB
OBNRBPQBA CBBAZK@HIOLMLP>| QL FSMIBLT TB JB>PROB OBPMIEKEFS ->K OB>ABOP

J>V ?B EB>OFKD >?LRQ QEFP JBQOF@ CLO QEB dOPQ QFJB PL FQ_P TLOQE DLFKD FKQL > ?FQ .
>?LRQ ELT FQ TLOHP

IK BGM=MBHE& QEFP GURQBCBOP QL QEBNMBBEEK @B ISEMMD >K FKMRQ QL > TB?
>MMIF@>QFLK >KA T>FQFKD UQ@GIEEEKSFPR> CBBA?>@H QL ?B M>FKQBA LK QEB P@OBBK 4EB
LKIV FKMRQP QE>Q >0B @LKPFABOBA CLO ).0 >OB @\ @BBPEBRREBAGS>IRB FQPBIC FP

Q>BK COLJ LKB LC QEB TLOPS@®EBO>QBK@FBP LK QEB M>DB 2BCBO QL QEB
AL@RJIBKQ>QFCKO JLOB FKCL LK ELT FQ_P @>I@RI>QBA

5KIFIB &)$ ).0 FP > JB>PROB LC >l B@IBRLKP LK QEB M>DB KLQ GRPQ QEB dOPQ LKB )Q >IPL
JB>PROBP QEB BKQFOB QFJB RKIQFE[EEEFB>FKQBA REISTEF@E LKIV JB>PROBP QEB
QFJB RKQFI BBE@ E>KAIBO PQ>0QP MOL@BPPFKBP)H.QEBREIRG@E JLOB
OBMOBPBKGXIBEEF@ LC QEB ELIFPQIMBEPBIOE®S LK QEB M>DB

| TB?PFQB E>P 'DLLAa).0 FC LC FQP)IRMBOFBK@BP >0B C>PQBO QE>K JP ! TB?PFQB E>P
"MLLOa).0 FC QEB QE MBO@BKQFIB FP DOB>QBO QE>K LO BNR>I QL  JP /QEBOTFPB FQ _P).0F
>PPBPPBA >P "KBBAP EBIEKQa

AMMILP>; =>OKMB<E>L BGI
AMMILP>; =>OK>LIHGLBG>LL
AMMILP>; =>O.KMB<E>L BGI PA:M BL BGI
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"B@NK BLMKB;NMBHG H? %*, I>K?HKF:G<> ;R =>0B<>

LC TB?PFQBP ESB 'DLLAa).0 LK JL?FIB  >OB GQBA 'KBBAP FISBOBKQaKA E>SB
*MLLOa ).04EB ABPHQLM PQLOV LC ).0 FP JLOB PFJFI>O QL &)$ FK QE>Q  LCSIEBRFQBP >0B
‘DLLAa >OB CG-QBA KBBAP FJSBOBKQaKA >OB 'MLLOa

4EB BKLOJLRP AFPM>OFQV ?BQTBBK ABPHQLM >KA JL?FIEVEREEK @BBFP JR@E TFABO
QE>K TFQE &JEFP FIIRRQEP QEB@EBKQ QL TEF@E JL7HEEP >0OB PQORDBBKORHL FFQE
QEBSBOTEBIJFKD >JLRKQ LC TLOH TB?PFQBP AL >KA >Il PFDKP MLFKQ QL QEB FK@OB>PFk
*>S>3@OFMP> J>GLO C>@QLO

INP by rank

4L PBB ELT RKBKIV AFPQOF?RQBA ).0 MBOCLOJ>K@B FP >@OLPP QEB TB? FQ_P RPBCRI QL
TB?PFQBN QEBFO MLMRISGHBKD

AMMIIAMMIFABOHK @IKKML LM:M> HR<BBIM LM:KM >:KEB>LM >G= E:M>LM OB>P @KB= ;RM>L&L
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"B@NK )H;BE> %*, I>K?HKF:G<>:®K

LC QEB QLM H JLPQ MLMRI>O TB?PRBHER.EA JL?FIB ).0!P QEB PFQB MLMRI>OFQV
AB@OB>PBP QEB MBGEHRBQIEA JL?FIB ).0 ALBP PLIBQEFKN ERKKLOPBKP >Q ?FQ >Q QEB
QLM HeKHQL QEBKFQFJSEFLQL >QQEBQLM H >Q QEB QLM JFIIFLK >KA FQ

RIQFJ>QBIV I>KAP >Q CLO >l TB?PR@BRQ4LO QEB QLM H FQ PBBJP QE>Q ).0 MBOCLOJ>K@B |
FISBOPBIV MOLMLOQFLK>I QL PFQB MLMRI>OFQV
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"B@NRK )>=B:G :FHNGM H? #&<RBIM EH:=>= |>K |:@>:GPDK

7EBK TB ILLH >Q QEB >JLRKQ EE3@0FMQ QE>Q QEB JBAF>K JL?FIB M>DB IL>AP CLO B>@E L
OKHP FQ CLIILTP QEB P>J8 IRRRBOK 4EB JBAF>K JL?FIB M>DB FK QEB QLM H IL>AP  +" L
*>S>3@O0FMQ QEBK FQ FK@OB>PBP QL  +"CLO QEB QLM H ?BCLOBA@LVKIGKD >Il QEB T>
+'L SBO >Il TB?PFQBP 4EBPB OBPRIQRSRIGE>Q IL>AFKD]>KA RPFKD]ILESB@OFMQ
KB@BPP>OFIV @>RPBP MRMAD ABIKFQBIV PRDDBPQP > @IFPQBI>QFLK B

INP as a hypothetical CWV metric

).0 FP KLQ >K LCd@F>| #76 JBQOREKRPBRQRIIFS>KTEL FP QEB@EB>A CLO QEB #76
MOLDBO>Q 'LLDIB E>RLJIBKQBA>?LRQ FQP FKQBKABA CRERDE, Bt LMBEKBF>GM:E
*HM : Hik 3>; 2BM:ERI ;NM P> AHI> BMKEGK"%a

AEFPBPBP >K FKQBOBPQFKD NRBEQEBRFEZ=SI)/0 TBOB QL ?B > #76 JBQOF@ GLA>
AFCCBOBKQ TLRIA QEBQBHPPED

AMMIIQ <HF :GGB>LNEEB>
AMMIIQ <HF :GGB>LNEEB> LM:MNL
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"B@NRK HFI:KBLHG H? MAx#&M H? P>;LBM>L A:OBG@ @HH= 32 PBMAR&>0BL%*,

& .0 ABPHQUWBOFBK@BP QEB PFQR>QFRKIEFBRB JR@QE LC TB?PFQBP THRIA E>
DLLA #76 TFQE ).0 @LIM>OBA QL TFQE &)$

(LTB SBOQEB AFPM>OFQV FP JR@EJH@ENSILKD TB?PFQBP_ JUNMEDBBK@BP TEF@E
TLRIAC>IQL E3SFKD DLLA #76 TFQE ).GOLJ TFQE &)$
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"B@NK HFI:KBLHG H? MAx<#&M H? FH;BE> P>;LBM>L A:OBG@ @HH= FH;BE> 32 PBMA "
%*, ;R KGD

4EB PFQR>QFLK BBRQPG>BBI TEBK TB ILLH >Q JL?RIMBOFBK @EFFDEBI 2>QEBO QE>K

LC QEB QLM H TB?PFQBBHKD DLLA #76 TFQE &IV  LC QEBJ TLRIA ESB DLLA
#76 TFQE).0 >AB@OB>PBLC MBO@BKQ>DB MIBHKQELBDE QEB JLPQ MLMRI>O TB?PFQBP
LSBOMBOCLOJ TFQE &)$ @LIM>0BA QL >l TB?PBQBRP S QEB >@QRMB=>KI>K?HKF
TFQE).0 S BOPRP

4EB PQLOV FP PFJFI>O CLO QEB QLM H TB?PFQBP TEF@E VLRVBAEBRB>PB MLFKQP
TFQE ).0 >P > #76 7 B?PFQBP FK OEAFCRIA ESB QEB ILTBPDB LC DLLA #76 TFQE )1

TB P5T FK QEB MBBRP PB@QFLK QEFP FREHPLEBQEB EFDEBPQ RPSEERCRMQ 4EB
O-QB LC DLLA #76 @IBODBP TFQE &)$ >KA ).0 >P SEPCPB@LJB IBPP MLMRIOE QEB
AFCCBOBK@B C>IIFKDQL  >KA MBO@BKQ>DB MIBIKQP OBPMB@QFS

4EBPB OBPRIQP PELT QE>Q QEB JLPQ MLMRI>GEBEERDRBOE: OH QL AL QL DBQ QEBFO ).0
FKQL PE>MB
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"B@KRK , >K>GM <A:G@> H? P>,LBM>L A:OBG@ K#Htt= N8 IR M><AGHEH@R

)K QEFP @E>OQBTBLHFKD >Q QEB MBO@ BKIIRBHRES DV_P TB?PFQBP QE>Q TLRIA KL ILKDBO
7B @LKPFABOBASPKD> DLLAa #76 PELRIA &)$ ?B OBMI>@BA TFQE ).0

4TL QEFKDP GRJIM LRQ FK QEFP'EESBQ>KA OFUKBQ TEF@E >OB #-3P >KAFERIA E>
BKLOJLRP MOLMLOQFLK LC QEBFO TB?PFQBP @B>PFKD QL M>PP QEB #76 6PBRBRJIBKQ TFQE ).0
PQ>KAP QLILPB LC FQP TB?PFQBP ALTK COL] QL 4EB M>RBREIOCFQOFU TLRIA

C>IICOL] QL >AFCCBOBK@B LC

LC TB?PFQBP RPFKD QEB 2B=3@Q 0B TLRIA KL ILKDBO M>PP #f8J) TEF@E FP KIEB
PB@LKA JLPQ MLMRI>ORFBP 2B>@Q LC FQP TB?PFQBP TLRES KDIQ Ea #76
0OLMLOQFLK>IIV QELRDE QEBOB TLRIA PQFII ?B JLOB 7FU TB?PFQBP M>PPFKD #76 QE>K 2B>@C
TB?PFQBBEAGSI >Q >KA OBPMB@QES ?RQ).0 TLRIA K>O0LT QE>Q D>M
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7 LOAOOBPP FP QEB JLPQ MLMRI>O QB@EKLILDV FK QEB IFPQ >KA LC FQP  JFIIFLK TB?PF
KL ILKDBO 8 'DLLAa #76 )QP M>PPEKIBALRIA C>II COLJ QL

3NR>OBPM>@B TLRI& BEB IB>PQ >JLRKQ SBIBKQ ARB QL QERR.EEBQF@>| @E>KDB LKIV
ILPFKD LC FQP TB?PFQBP_ DLLAEFFPRDDBPQP QE>Q 3NR>0OBPM>@B TB?PFSBBP KLQ LKI
C>PQ dOPQ FEQBOK ?RQ >IPL @LKPFPQBKQHAQMREFKEBDRDELRQ QERBCEEERB

)KABBA QEB6 4 B@EKLILDV 2BMLPELTP 3NR>OBPM>@B PFDKFd@>KQIV LRQMBOCLOJFKD L
#3P>Q).0 ESSFKDIBO LC QEBFO TB?PFQBP M>PPFKD QEB ).0 QEOBPELIA

INP and TBT

7TE>Q >@QR>IIV BfH).0 > ?2BQQBO OBPMBKBISIBQOF@ QE>K &)$ /MEYL>KPTBO QE>Q
NRBPQFLK FP QL ILLH >Q QEB @LOOBI>QFLK ?BQTBBK dBIA ?>PBA ).0 >KA &)$ MBOCLOJ>K@
?>PBA 4"4 MBOCLOJ>K@B 4"4 FP > AFOB@Q JB>PROB LC ELB RKISBBMERRPASQ FQ @>K
KBSBO ?B > #76 FQPBIC ?B@>RPB FQ A@BRR>IIV JB>PREBBREBBO@BRBIBOFBK@B

4EFP PB@QFEKPATIDLJ] 'KKFB 3RIIFSEBPB>0@PFKD QEBV> A>Q>PBQ

"B@NK [<:MM>KIEHM OBLN:EBSB&HMBAS<HUR>>G "% :GHINK>

4EFP @E>0Q PELTP QEB OBI>QFLKPEFM ?BQTBBK M>DBP_ &)$ BKBRPAABEPRILKRFS
ELOFWLKQ>I IFKB>Q JP OBMOBPBKQP QEB QEOBPELIAGLQILBIQ A-REP C>I|
@LJICLOQ>?IV RKABO QEFP QEOBPELIA

4EB JLPQ KLQ>?IB >QQOF?RQB LC QEFP @E>0Q FP QEB ABKPB >0B> FKTEERVE.QQLJ IBCQ ¢

AMMIL=:M:LMN=BH @HH@E> <HF L L) !1CQ1

AMMILP>; =>ONL>K <>GMKB< I>K?HKF:G<> F>MKB<L

AMMII<HE:; L:G=;@ @HH@E> <HF #K&O @R2C:1;F30K;SC DDOQP :R
AMMIILHE:; L:G=;@ @HH@E> <HF k&0 @R2C:1;F30K;SC DDOQP :R
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>MMB>OP QL ?B PJB>0OBA LRQ >@OLPP QEB 4"4 >UFP 4EB IBKDQE LC QEFP PJB>0O OBMOBPBKQP
E>SFKD EFDE 4"4 >KA ILT &JEF@E FIIRPBE QEB ILT ABDOBB LC @LOOBI>QFLK ?BQTBBK &)$ >KA
44

4EBOPRP >IPL > M>Q@E LC M>DBSBQEFP@'E>KA > &)$ LC >?LRQ JP 4EFP >0OB> OBMOBPBKQP
M>DBP QE>&BE}>M ABI>FPPRBP ARB QL JFP <meta name=viewport> Q>D 4EBPB >0OB
LRQIFBOP QE>Q @>K ?B P>CBIV FDKLOBA CLO QEFP >K>IVPFP_P MROMLPBP

4EB+BKA>Il >KA3SMB>0J>K@LBCd@FBKQP LC @LOOBI>QFLK CLO QEFP AFPQOF?RQFLK >OB >
OBPMB@QOFS

"B@NK /<:MM>KIEHM OBLN:EBSB&HMAASHUR>>G %*, :GFHINK>

4EFP FP QEB P>JB @E>0Q ?RQ TFQE ).0 FKPAEB-RLIEAUEE OFWLKQ>I IFKB EBOB OBMOBPBKQP QE
JP QEOBPELIA CLO "DLLAa ¥0JM>0OBA QL &)®EBOB >0B VXK OB M>DBP $BLQEFP IFKB
>KA KLQ >PPBPPBA >P "DLLAa

0>DBP FK QEFP @E>0Q >0B JLOB ABRFBI\DEB @IDQLJ IBCQ @EPBEXPFDKFIBP QEB EFDEBO
ABDOBB LC @LOOBI>QFLK ?BQTBBK &)$EB®@BR'BQFII > PIBRQ FQ_P KLQ >P MOLKLRK@BA

4EB +BKA>Il >KA 3MB>0J>K @LBCd@FBKQP LC @LOOBI>QFLK CLO QEFP AFPQOF?RQFLK >0B >
OBPMB@QFS

AMMII=>GEHI>AHKF> <HF ;EH@ FL M:I =>E:R @HG> :P:R
AMMILPBDBI>=B: HK@ PBDB >GBE&IKKMBHGI<H>?\<B>GM
AMMILPBDBI>=B: HK@ PBDB /I>:KF:G :GBR<HKKMBHG9<H>?\<B>GM
AMMIISHE:; L:G=;@ @HH@E> <HF &80 @R2C:1;F30K;SC DDOQP R
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"BKLM BL %*>&:MK= PBMA @4l BM *KKKE:M>= PBMA 0 0 MA:G "%
5L :G=R

NM MA>R [KIMA <BEKM>= PBMA BI0 %*, <:M<ABG@IRHE>FL PBMA
F:BG MAK ;EH<DBG@<KBIM 3> <:G ;i&:D =HPG MA><4>KM H? LBM>L
F>>MBG@ MA> Y @HIAHERRBM BL

WGGB> /NEEBO®PBMM>K

IP IKKFB KLQBP ?LQE JBQOF@P >0OB @LOOBI>QRA FHEBE@IK@IRABP QE>Q ).0 FP JLOB
PQOLKDIV @LOOBI>QBA J>HFKD FQ > ?BEXBP OBBYDREFS

FID conclusions

4EBPB OBPRIQP PELT QE>Q PFQBP >?PISBOBRMIKBRBPP FPPRBP ABPMFQB QEB OLPV MFE
M>FKQBY &)$ 2BD>OAIBPP LC TEBQEBO ).0 ?B@LJBP > #76 JBROR®BOP TFIl QERFO/
WLR PQ>0Q LMQFJFWFKD FQ KLT

.B>0IV LKB FK QBK JL?FIB PFQBRSFRB (B3BB MBOCLOJ>K@B LK QEB-GIFNB QL AFP>?IB
ALR?IB Q>M QL WLLJ 4EFP FP PLIBQEFKD >Il PFQBP PELRIA ?B ALFKD FQ_P LKIV LKB IFKB L
?BKBdQP ?LQE &)$ >KA PBK ,FDEQELRPB LR M>DB >KA ILLH CLEFREBLOSRAFQ QL ?B

PROB

"V Q>HFKD ¥MLQEBQF@>! ILLH >Q ).0 >P TB7®>K PBB GRPQ ELT JR@E TLOH QEBOB FP QL ?I
ALKB GRPQ QL DBQ ?>@H GUEBRFEEB JLPQ MLMRI>O JL?FIB TB?PFQBP TLRIA ?B BPMB@F>
>CCB@QBRR@E > @E>KDB >P > @LKPBNRBKIEBOQRPEBEESS@OFMQ 3LJB #-3P >KA
*>S>3@OFMQBTIOOHP TLRIA ?B EFQ E>OABO QE>K LQEBOPBSKAB@LRPGBJ TFAB BCCLOQ
QL @LIB@MFSBFK FK QEB >JLRKQ LC @IFBKQ PFAB VIZDH QE>Q QEB

Conclusion

IP QEB FKARPQOV @LKQFKRBP QL IB>0OK JLOB B20B@BBFKD PQB>AGKIBAGL ?LQE FK
QBOJP LC FIMIBIJBKQ>QFLK >KA >@OLFBHIBQUOF® S>IRBP QEBRPEES JLPQ SFPF?IB
MBOCLOJ>K@B LMQFJFW>QFLK PQOFABP >OB ‘SBIQHEHE MAQELONE 2C@>@EB
FIMOSBJBKQP BSQE>Q QEBFO FIM>@Q @>K ?B CBWPR@BEPRLK@B "RQ IBQ_P ILLH >Q
JLPQ BIRPESIFB@B LC QEB MBOCLOJ>K@B MRWWIB FKAFSFAR>| PFQB LTKBOP

AMMIIQ <HF :GGB>LNEEB> LM:MNL
AMMILP>; =>00B>PIHKM
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'LLDIB_P AB@FPFLK @ ##6M>0Q LC PB>OEEFRED @>Q>MRIQBA MBOCLOJ>K@B QL QEB QLM LC
J>KV @LIM>KFBP_ OL>AJ>MP BPMB@ RV FHABRPBYMAFSFAR>I PFQB LTKBOP >0B @BOQ>FKIV
TLOHFKD E>0A QL FEBVZEBFO MBOCLOJ>K@BBAA BHSLO OLIB FK QEB #76 ISBIBKQP

LSBO QEB I>BGESBK FC QELPB FKAFSFAR>| BCCLOQP >0OB JR@E E>0ABO QL PMLQ >Q QEFP P@>

4E>Q P>FA QEB®BFII JLOB TLOH QL ?B ALKB /RO OBPB>O@E PELTP LMMLOSRKPQFBP QL FIMOI
OBPLRO@BP_ MOFLOFQFW>QFLK SE&PRISQFIO\AFP@RP >0B PQFII C>FIFKD QL AFP>?IB ALR?IB
Q>M QL WLLJ QLFA >OQFd@F>+@WEBFQWRBET OBPB>0@E FKQL ).0 E>EERIBAL

OBPMLKBRSPP MOL?IBJP QE>Q TBOB BSEMIQIHTFQE &8D>0AIBPP LC TEBQEBO ).0

?B@LJBP > #76 TB PELRIA >T#P PQBKE. ABES C>PQ >KA OBPBIBYKMBOFBK@BP >KA QEB

A>Q> PELTP QE>Q TB @>K ?B ALFKD ?BQQBO

IQ QEB BKA LC QEBQ@EBOB TFIl VP>?B JLOB TLOH QL AL TEF@E BEBELPQ FIM>@QCRI
QEFKD TB @>K AL FP QL @LKQFKRB J>HFKD TB? MBOCLOJ>K@B JLOB >MBAOB-@E>?IB )K QEB V
@LJB IBQ_P BJME>PFWB DBQQFKD TB? MBOCLOJ>K@B HKLTIBADB RFEES LRG@IRB

Authors

-BIFPP> IA>
X JBI=IBIFd@BKQ © JBI>A> M JIBI>A>

-BI 1A> FP > PLCQT>0B BKDFKBBO LETIBBTLOJ>K@B QB>J >QBE@ROOBKQ
FISLISBIBKQ FK QEB @LJJRKFQV FK@IRABP @L LOD>KFRFIEDQEBISN@B
-BBQRM >KA PMB>HFKD >?LRQ OB@BKQ TLOHP

2F@H 6FP@LJF

X OF@H=SFP@LEM OSFP@LIFD EQQMPSFP@LISAB

2F@H 6FP@LJF FB283BKDFKBBO >Q 'LLDIB CL@RPFKD LK TB? MBOCLOJ>K@B (B FP
QEB @L >RQEIZPERD B?0>DBBPQ > ?LLH >?LRQ TB? MBOCLOJ>K@B QBPQFKD (B
>IPL @L J>FKQ>FKP (440 |OBEKS FP QEB %AFQLO FK #EFBBLTIOKEE
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Part I Chapter 13 : Privacy

Part Il Chapter 13
Privacy

Written by Tom Van Goethenand Nurullah Demir
>0B>P>= ;RLB=>K /:G<A>S .HE:
G:ERS>=;RQ +LM:I>GH:G=5:G: BFHQO
1=BM>= ;R>E ):MA>P

Introduction

7EBQEBO FQ FBBIM RM QL A>QB TFQE QEB I>QBPY RRTR.R@E TFQE COFBKAP SF> LKIFKB P!
JBAF> LO ILLH CLO > KF@B AOBPP LO PTBISIBOLQLRIRGBIV LK QEB TB? SFAB®P TFQE
QEBPB PBOSF@BP >KA FKCLOJ>QFLK TFQE GRPQ > @LRMIB LC @VRRAPKIPAABFECCB@Q L
ELROP MBO&YAK QEB FKQBOKEB®RE FP QE>Q > ILQ LC LRO ?OLTPFKD >@QFSFQFBP >KA Q
FKAFOB@QIV LRO MBOPLK>I FKQBOBPQP >KA A>Q> FP @>MQROBALCREHMBATEQE > MIB
PBOSF@BP >KA @LIM>KFBP

IP >ASBOQFPBOP QO\BEAB/RRBOP TFQE >AP QE>Q >OBXOM@OBIBBJ >P QEBPB >0OB QEB
LKBP QEB-OB JLPQBRHQL FKEBQ TFQE \QER)BK OBPLOQ QL QEFCAIMIFEQ\OQEBKCBO QEB
RPBO_P FKQBOBPQ )K BPPBK@B > RPBO_P LKIFK@B@RFENPREEN (HOAEK D-@BOP

FK M>OQF@RI>0 QELPB QE>Q S3HBH®QKIES TB? TFQE > EB>M LC FKCLOJ>QFLK JLPQ LC
TEF@E FP MOL?>?IVEBKDBE-KQ QL FKCBO QEB RPBO_P FKQBOBPQP /K QLM LC QE>Q RPB

AMMIL=:M:KIHKM:E <HFIKKML =B@BM:E ~ @EH:HTBOPIKKM
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DBKBOIV KLQ ¥S>K >ABNR>QB @ELF@B QL LMQ LRQ LC QEFP

)K QEFP @E>NIBBIMILOB QEB @ROOBKQ PQ>QB LC QEB TB? FK (BB IBML UIQES-(EB
R?FNRFQLRPKBPP LC QEFCAAMRNDVQEB AFCCBOBKQ PBOSB@BFUEERBBHPVPQBJ >KA

ELT @BOQ>FK M>0QFBP >0OB QOVEBRNQEBAI@RBBSFSOBP QE>Q RPBOP >OBHRIMIL

OL MOLQB@Q QEBFO MOBSH@IB GIL@BIFPQ ?>PBA >@BPRMOQEBOILOB TB >IPL ILLH

FKQL ELT TB?PFQBP >0B QOVFKD QL BKE>K@B QEB MOFS>@V LC\QERBAEHEFQLOP BFQEBO ?
CB>QROBP QE>Q IFJFQ QEB FKCLOJ>QFLK PE>OBA TFQE/IZBERO @ORQFBERQOFRQE

MOFS>@V OBDRI>QFLKROR@EKR##0 |

Online tracking

82%

"B@NRK  0A> [>K>GM:@> H? P>;LBM>L MA:M BG<EN=> : M [EMRINEKEK MEBH>LDMHI

40-@HFKD FP LKB LC QEB JLPQBVERISIBEEKLILDFBP LK QEB TB?]TB dKA QE>Q LC

ABPHQLM TB?PFQBP  CLO JLRRIBIRAB >Q IB>PQ LKB QEFCAABEOQULQDTFKD RPBOP_

?BESFLO LKIFKB QEBEEHPRD @LIM>KFBP @>K @OB>QB MOLJIBP LC QEBJ TEF@E @>K ?B RPB2
MBOPLK>IFWBBOSEPFKB BRSFDEQP QL TB?PFQB LTKBOP LK TEL SFPFQP QEBFO TB?PFQBP LO
QEFP FKCLOJ>QFLK QL AFPQFKDRFPE IBDFQFJ>RKRBBOR.QBLK RIEFP PB@QFLK TB

BUMILOB QEB AFCCBOBKQ QB@EKFNRBP QE:@+QBRPERQESKIIFBP LC RPBOP LKIFKB >KA ILLH >
ELT Q9@BOP >FJ QL @FERRRNEB S>OFLRP MOFS>@V CB>QROBP QE>Q >FJ QL MOLQB@Q RPBO|
?BFKD S@BA

Third-party tracking

/KB LC QEB JLPQ @LJJLK CLOJP LC LKH@BRKD FP QEOLRDE QEFOA M>0OQV PBOSF@BP TEBOB >
TB?PFQB LTKBO QVMF@>IIV FK@IRABP >@BEPRAREQE)Y @ OFMEF QER ORQEL>K>IVQF@P LO
PELTP >ABOQFPBJBKQP QL SFPFQLOP 4EFP P@OFMQ @>K QEBK PBQ > QEFOA M>0QV @LLHFB
TB?PFQB QEB RPBO SFPFQBBOEEERPBO SFPFQP >KLQEBO TB?PFQB QE>Q FK@IRABP QEB P>J
QEFOA M>0QV PBOSF@B QEB @LLHFB TFI 7B PEX@BEEKITOKEERINL OB FABKQFCV QEB
RPBO >KA IFKH ?LQE TB?PFQB SFPFQP QL QEB P>JB MOLdIB

4EB QVMBP LC QEFOA M>0QV PBOSF@BP QE>Q >URER@ RABAIBKAINIF @HQDEBFS
@>M>?FIFQFBR@BRKD TB?PFQB SFPFQLOP]PLIBTERGHONPQ @LIILK @>QBDEBFBP

AMMIL@=IKN
AMMIH:@ <: @HB&R<<I:
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ABJKBAY 7EL4AC-@HP JB LC PR@E@BOP >0OB PFQB >K>IVQF@P P@OFMQP LK JL?FIB LK
ABPHQLMKA >ABOQFPFKD LK JL?FIB LK ABPHQUEBPB QTL >OB CLIILT®A €BT

LQEBO @>QBDLOFBP PLJB LC TEF@E SDEQK-QEKH-@HFED @RPQLIBOFROBO
PBOSF@BP QE>Q >IILT @RPQLJIBOP QL B>PFIV PBKA JBPP>DBP QL QEB TB?PFQB LTKBO >I
MIXBOP CLOSBMIB 8RAR?B BJ?BAABA SFABLP >KA PL@FSHIMG B>@B?LLHBIFH

?2RQQLKP

"B@NRK  )HLM <HFFHG:¥BeKL

8.0 > G@BO QL PR@@BPPCRIIV MOLABBHEEROL 7B FK@IRABA FK >@QBBICKT

TB?PFQBP FK LOABO QL ?B 32830t RRDKFd @@ QRL& LC RPBOP_ LKIFKB >@QFSFQFBP 7EBK
ILLH >Q QEB JLPQ @LJJKEPOP QEBPB >OB JLPQIV QEB "RPR>| RREEBQ@QPa JLPQ

@LIILK QE@BOP d5>0B >CdIF>QBA TFQE 'LLDIB !IPL FK@IRABA FK QEFP IFPQ >0B MLMRI>O
KBQTLOHP PR@E >P &>@B?LLFQGBG

AMMILPAHNHOL F> EH@4D¢K9<:M>@HKB>L AMFE
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"B@NRK  *NF;>K H? MID>KL I>K P>;LBM>

7 B?PFQBP JFDEQ T>KQ BIRPBHLC JRIQFMIB QEFOA M>0QV PBOSF@BPK@IRAERP J>
JRIQFMIBX@BOP FK QEBFO TB?PFQB ?B PROB QL GEB@MOREEEBMQBO CLO > ABBM AFS
FKQL TEF@E QEFOA M>0QFBP >0OB FK@IRABBIKOEEFO>MIFGLQBIV  LC ABPHQLM
PFQBP >KA LC JL?FIB PFQBP FK@IRAB *GRERBIK®E QQRK>QBEFP JB>KP QE>Q FQ FP FK
C>@Q JLOB @LJILK CLO TB?PFQBP QL FK@IRABBRIDFBIBBEACLRKA LKB TB?PFQB QE>Q
FK@IRABA AFCCBOB@BTR
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(Re)targeting

"B@RK  )HLM <HFFHGM:K@>MBG@ L>KOB<>L

7EBK ?0LTPFKD QEB TB? TB LCQBK BK@LRCGUBPBABKQP CLO MOLAR@QP QE>Q TB OB@BK
ILLHBA RM 4EB OB>PLK CLO QE>Q FP >A OBQ>ODBQFKD 7EBK > TB?PFQB ABQB@QP QE>Q
FKQBOBPQBA FK > PMB@Fd@ MOBAR@Q QB Qt@HEB-Q® LO >BGQFPEEL TFII >QBO

LK TEBK QEB RPBO FP SFPFQRKIDBQEEA TB?PFQBP PHEAGABIBKQP CLO QEB MOLAR@Q
QE>Q QEB RPBO FP PRMMLPBAIV FKQBOBPQBA FK FK >K >QQBJMQ QL KRADB QEBJ FKQL N

4EB QEBBO LCCBOFKD JLPQ LC QEB MROBIV OBQ>0ODBQFKD PBOSF @GBERHEQBL TFQE >
LK ABPHQLM >KA LK JL?FIB )Q FP CLILTBA/B>ELL IASBOQFPFKD >KA IA2LII TEF@E
@LIIB@EIFS>H RM IBPP QE>K E>IC LC FOBSQBR PE>0OB 4EB JLPQ TFABIV RPBA OBQ>ODBQF¥
PBOSF@B-PQBAO 'LLDIB 4>D ->K>DBOALBP KLQ PELT FK QEBPB OBPRIQP >P FQ FP KLT @I>P
RKABO QEB "Q>D J>K>DBOR43TVWBO @>QBDECRDE QEFP PBOSF@B FP RPBA CLO OBQ>0DE
ALBP PL FKAFOB®QEEB FK@IRPFLK LC OBQ>ODBQFKD Q>DP TEF@E >QBIXBQB@QBA PBM>(

AMMILEF:G:< AMMISABEHK@ >G  IKBRR
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Third-party cookies

IP JBKQFLKBA ?BCLOB QEB JLPQ BPQ>?\FREEG@ RPBOP >@O0LPP AFCCBOBKQ/TB?PFQBP FP ?
JB>KP LC QEFOA M>0QV @LLHFBP 7FQE OB@BKQ @E>KDBP FK ?0LTPBO MLIF@FBP @LLHFBP T
FK@IRABA FK @OLPP PFQB OBERBRIUP K QB@EKF@> QBOJP QEFP JB>KP QE>Q JLPQ ?0OLTPBOF
QEI SameSite  >QQOF?RQB LC @LLHFBP QL QEB / Lax RIGSSHEBP @HOOFAB QEFP ?
BUMIF@FQIV PBQQFKD QEB S>IRB @EBBRBIB ?BBK E>MMBKFKD LK > [>0DB P@>IB LC QEB QEFOA
M>0QV @LLHFBP QE>( SameSite ;@LLHFBP  LC QEBJ PBQ FQ QL Q None IRBLTFKD

QEBJ QL ?B FK@IRABA FK @OLPP PFQROBERBAQB SYEBHFLK QFJB LC QEB @LLHFB >IPL
ABQBOJFKBP ELT ILKD FQ OBJ>FKP S>IFA TB dKA QE>Q QEB JBAF>K IFCBQFJBVE > @LLHFB FP
8.0 > ABBMBBNASOL @LLHFBP >KA @LLHFB >QQOF?RQBP MIBBEEROEIBEMUIBOER

"B@NK OHI HKB@BGL H? <HHDB>I<ID>MLR MK

&0 > [>0DB M>0Q QEB QEFOARSO@ESQ PBQ @LLHFBP I>0DBIV @LFK@FAB TFQE QEB QEFOA |
QE>Q >0OB FK@IRABA LK TB?PF@BPQEBRILPQ MLMRI>0 QEFOAI@BIIV QI IK>IVQF@P

FP KLQ >P SI0BKQ EBOB 4EFP @>K ?B >QQOF?RQBA QL QEB C>@Q QE>Q 'LLDIB IK>IVQF@P PBQF
M>0QV @LL _ga TEF@E >@@LOABEBRD ABIKFQFERRKFNRB QL QEB PMB@Fd@MOLMBOQV

FQ @>KKLQ ?B RPBAGH BKSRPBO LO ?0LTPBO >@OLPP RKOBI>QBB SEBOREBERP QEB

JLPQ @LJILK @@HFKD ALI>FK QE>Q PBQP QEFOA M: doubleclick.net FP PQFII

'LLDIB >CdIF>QBA 4EB LQEBO ALJ>FKP LK QEB IFPQ >OB >PPL@F>QBA TFQE PL@F> JBAF> >KA

AMMIUHEB<B>L @HH@E> <HF M><AGHEH@B>L <HHDB>L AE >G 1/
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>ABOQFPFKD

"B@NK OHI <HHDB>L L>M ;RIMKL

7EBK ILLHFKD >Q QEB JLPQ @LJILK QEFOA M>0OQV @LLHFBP S EEHIB®RE.J>FKP
IB>A ¥ QE test_cookie ~ COL. doubleclick.net > @LLHFB TFQE > IFCBPM>K LC  JFKRQBP
QE>Q FP RPBA CLO CRK@QFLK>IFQV MROM FREP ARP@IMEERE LLHFB FP CLINTBA ?
QElfr @LLHFB PBlfacebook.com ]> @LLHFB 'RPBA QL BBIFES-PROB >KA FJFDQEB
OBIB>K@V LC >AP TFQE > IFCBPM>¥PaC> @@L OAFKIPQBIKFQFES OBPQ LC QEB  JLPQ
MOS>IBKQ QEFOA M>0QV @LLHFBFLRBR PBEKA SKAB

AMMILNLBG>LL L:?@HH@E> :=L<HHDB>L
AMMILPPP ?:<>;HHD <HF IHEBKRDB>L
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Evasion technique: fingerprinting

"B@RK "BG@>KIKBGMBG@ L>KOB<>L NL:@>

IP JLOB >KA JLOB ?0LTPBOEBNBM @LRKQBOJB>PROBP CLO @LLHF@HERBAGA DFSFKD
RPBOP JLOB @LKQOLI QL ?IL@H QEFOA M>00QV E@BRFBFPQIS@FREERQ DEBPB

MOLQB@QFLKP /KB PR@E QB@EKFNRB FP dkDBOMOFKQFKD TEBOB ?0LTPBO PMB@Fd@ CB>Q
BU>JMIB FKPQ>IIBA ?20LTBGBKPFLKP /3 PMB@Fd@ CB>QHSBHBCERM>IIBA CLKQP >KA
E>OAT>0B PMB@FdJ@ CB>QRIBRIEIAFBCBOBK@BP FK OBKABOREDIELPMEFLK ?>PBA

LK TEF@E '05 FP RPBA >OB RPBA QL @OB>QB > RKFNRB dKDBOAHFIXDEQEB RRBQEBK

SIILTP QEB:@BO QL OB FABKQFCV QEB P>JB RPBO >@OLPP AFCCBOBKQ RKOBI>QBA TB?PFQBP

)JK LRO >K>IVPFP TBBALELO BRFCCBOBKQ HKLTK dKDBOMORKEHRKEKETB dKA QE>Q QEB
JLPQ M@BIBKQ IBTY RPBA LK QEB TB? QL MBOCLOJ dKDBXR¥&BBQMIFREF @E TB

dKALK LC>II TB?PFQBP -LPQBEM QEFP FP ?B@>RPB-QEE-FF20IBK PLRO@B >KA E>P >
COBBSPFLK #LIM>OBARD JB>PROBJBKQP IBPQ B dKA QE>Q QEB RPB LC dKDBOMOFKQFKD
E>P >MMJRI>QBIV RBA QEB P>JB

Evasion technique: CNAME tracking

IP JLPQ LC QEB-@BIFKD @LRKQBOJB>PROBP CL@RP LK ?IL@HFKD LO AFP>?IFKD QEFOA M>0QV |
>KLQEBO V:QL @FO@BRO QEBPB MOLQB@QFLKP FP QL RPB dOPQ M>0QV @LLHFBP FKPQB>A (B(

AMMIL@BMAN; <HF \G@>KIKBGMCL \G@>KIKBGMCL
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QB@BO FP @BAIRPFKD > #.1-96 OB@LOA LK > PR?ALJ>FK LC QEB TB?PFQB FQ FP BJ?BAABA F
7EBK QEB ©@BO QEBK PBQP > @LLHFB FQ TFIl ?B @LKPFABOBA > dOPQ M>0QV @LLHFB ! Ii
#1-% ?2>PBA QO>@HFKD FP QE>Q FQ @>K LKIV 2HERPBREBME >@QFSFQFBP TFQEFK > PMB
TB?PFQB >IQELRDE SEBQ@LRIA PQFI OBIMHEB PVK@BKD>Q@E SFPFQP >@OLPP JRIQFMI
PFQBP QLDBQEBO

"B@RK OHI *)IMK :<DBG@ L>KOB<>L

"V >K>IVWFKD QEB S>OFLRP #.-@EIP TB dKA QE>Q QEBQ-REFOB FP J>FKIV

@LK@BKXQBA >OLRKA QTL J>FK PBOSF@BP 'AL?B %UMBOFBK@B #ILRA LK ABPHQLM >K;
LKJL?FIB  >KAGOALQ LK ABPHQLM >KA LK JL?FIB )KQBOBPQFRER/

>ALMQFLK LC #.1-% @@HFKD FP PFDKFd@>KQIV EFDEBO LK TB?PFQBP SFPFQBA TFQE > ABF

@LIM>OBA QL QELPB SFPFQBA LK JL?FIB 00BPRJ>?IV QEFP FP ?B@>RPB QEBOB >OB CBTB

MOBPBOSFKD JB@E>KFPJP LK JL?FIB ?20LTRBORIBLALBQ LC QEB MLMRI>O ?0LTPBOP LK

JL?FIB AL KLQ PRMMLOQBRPFLKP

AMMIL=M></QIE:BG>= <HF <HHDB> LRQKBBG>>
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"B@NK *)I' MK :<DBG@ NL:@> I>K P>GBMBHI

IIQELRDE QEBAOII MGB-IBK@B LC #.-% ?>PBASG@HFKD JFDEQ KLQ BBRIEFDE LK

ABPHOLM TB?PFQBP LK JL?FIB PFOBP FQP >ALMQFLK FP JGRN.EBE@BKQOMRI>O
TB?PFQBP 7FQEFK QEB QLM  JLPQ SFPFQBA TB?PFQBP  LC ABPHQLM PFQBP >KA  LC JL?F!
PFQBP BJ?BA > #.1-% Q@BO4EFP JB>KP QE>Q RPBOP >OBNREDBK@LRKQBO PREERO

TEBK ?0LTPFKD QEB TB?

Access to (sensitive) data from the browser

“OLTPBOP BB >K >?RKA>KQ KRJ?BO LC !10)P TEFGFRABI@EBILMBOP TFQE RPBCRI JB@E>KFPJP

QL FKQEID TFQE AFCCBOBKQ @LIMLKBKSFOFKVTEEEIEKQ 3BOI LC QEBPB I0)P @>K

>IPL ?B RPBA QICEBRQ FKCLOJ>QFLK COLJ PBKPLOP LO LQEB@UBKEEIDBA QL QEB RPBO_P
ABSF@B 7EFIB JLPQ I0)PSFBB > IFJFQBA >JLRKQ LC FKCLOJ>QFLK PR@E >P QEB LOFBKQ>QFLK |
P@OBBK LQEBGFAREDV ABQ>FIBA FKCLOJ>QRIKINGIBO@EB >@@BIBOLIBQBO >KA
DVOLP@LMBF@E @LRIA 7B RPBASH@B\BDBOMOFK QEBOFKOCBOOFKD TEF@E M>PPTLOA >
RPBO QVMBP ?>PBA LK GEBBEQP QZB>HB TFQE QEBFO JL?MB@B
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Sensor events

"B@NRK OHI =>0OB<> L>GLHBMDNL>=

7 B dKA QE>Q QEB JLPQ MOLJFKBKCEBRRFRRE>® TB?PFQBP IFPQBK CLO FP QEB
deviceOrientation BSBKQ TEF@E dOBP TEBK SE@BB)E>KDBP COLFILQOOKAP@>MB
JLAB LO SF@B®> )Q FP RPBALK  LC ABPHQLM TB?PFQBP >KA  LC JL?FIB TB?PFQBP 4El
RP>DB FRBIFHQEFP EFDE (BQB®>RPB TB?PFQBP JFDEQ T>KQ QL RMA>QB BIBJBKQP LC Q
I>VLRQ TEBK QEB LOFBKQ>QF LK SE@E B)EBKDBP

Media devices

0.59%

"B@NRK 0A> I>K>GM:@> H? =>LDMHI |:@>L MA-M>>BNB:K>0B<>L

5PFKD QEBAF>$BSF@BP !0)TB? AEBILMBOP @>K RP enumerateDevices()  JBQELA QL

DBQ > IFPQ LC >Il JBSF@EP @LKKB@QBA QL QESFR@PBUEFEBQEFP CB>QROB FP RPBCRI QL
ABQBOJFKB TEBQEBO > RPBO E>P bGRIFIBOLMELKB @LKKB@QBA QL FKFQF>QB > SFABL @:
>IPL 7B RPBA QL D>QEBO FKCLOJ>QFLK >?L RQREBEGMRIBED CLO dKDBOMOFKQFKD MROML
7 BAKAQE>Q  LC ABPHQLM TB?PFQBP >KA  LC JL?FIB PFQBP QOV QL >@@BPP QEB IFF

AMMII=>GEHI>RHSBEE: HK@ =H<198 )>=B: >OB<>L

2022 Web Almanac by HTTP Archive 431


https://almanac.httparchive.org/static/images/2022/privacy/sensor-events.png
https://almanac.httparchive.org/static/images/2022/privacy/sensor-events.png
https://developer.mozilla.org/docs/Web/API/MediaDevices

Part Il Chapter 13 : Privacy

@LKKB@QBA JBASF@BP]KLQB QE>Q *RBIGNLBP KLQ FK@BOTFQE QEB PFQB KLO @®IF@H LK >K
?RQQLKP )KQBOBPQEBHXYDB LC QEFP 10) E>P PFDKFd@>KQIV OBAR@BA PFEEREIERQ V
MOB>IBK@B LC PFQBP >@@BPPFKD QEB ISP@RR JBRF-QFBBP EFRPROFBIV QEFP FP

ARB QL > MLMRI>SQR?QE>Q KL ILKDBO @>IIP QEB !0)

Geolocation

"B@NKRK JHLM <HFFHG @>HEH<:MBHG L>KOB<>L

1ILQ LC QEB @LKQBKQ QE:EARRFBURP IL@>IFWBA ?>PBA LK QEB IL@>QBISEREQEKIB

TB?PFQBP COLD&B? ASBILMBOP QL ABQBOJFKB TEBOB > SFPFQL® @B ICRPB QEBOA

M>OQV DBLIL@>QFLK PBOSF@B 4EBPB TFIl ABQBOJFKB > RPBO_P IL@>QFLK ?>PBA LK QEBFO )
IIQELRDE QEFP DBLIL@>QFLK FP QVMF@>IIV RPBA LK QEB ?>@H BKA TB AL dKA PLJB RP>DB >IP!
COLKQBKA  LC ABPHQLM PFQBP >KA  LC JL?FIB PFQBP @LKQ>@Q FMFCV QL ABQBOJFKB (

0.65%

"B@NRK 0A> I>K>GM:@> H? =>LDMHI I:@>L MA:M MKR M#Pl4KL I@*xHEH<:MBHG

IP QEB )0 ?>PBA DBLIL@>QFLK PBOSF@B @>K ?BNRF-GBVE@B@RTEBK RPBOP OBIV LK >

AMMILEF:G:< AMMKRABOHK@ >G  IKBRR F>=B: =>0B<>L
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60. QL EFAB QEBFO LOFDFK>I )0 >AAOBPP TB?PFQBP JFDEQ OBIRREP(Q @ HIFBIOQEOLRDE
QEBBLIL@>QFLK !0) /C @LROPB >@@BPP QL QEFP MOFS@RFARQIERPRSOABA ?
MBOJFPPFLK QE>Q RPBOP J>KR>IIV KBBABEMDE dKA QE>Q  LC ABPHQLM PFQBP >KA

LC JL?FIB PFQBP QOV QL >@@BPP QEB RPBO_P @ROOBKQ IL@>QFLK RMLK > SFPFQ QL
TFQELRQWRPBO FK@BQFLK )KQBOBPTFRDMI dKA ABPHQLM PFQBPJALTK COLJ  1>PQ
VB>O]QE>Q QOV QL >@@BPP QEB CB>QROB TEFIB QEB SBDIKTFRAB@RBAR @LKKB@QFLK
$RB QL QEB PBKBROEROB LC QEB A>Q> QE>Q QEFBEABRROBQMERL TPBOP OBPQOF@Q FQF
QL PB@ROB LOFDFKP

Established controls to improve visitorOs privacy

IP TB?PFQBP FK@IRAB > ILQ LC @LKQBKQ P@OFMQP MIRDFKP BQ@ COUFQEFEAM>0OQF
BKQFOBIV QORPQFRER T>KQ QL MOLQB@Q QEBFO RPBOP_ MOFS>@V COLJ QEBFB QEFOA
BUMILOB QEB S>OFLRP @LKQOLIP QE>Q @>K ?B RPBA QL OBPQOF@Q QEB CB>QROBP LO A
E>SB >@@BPP QL LO QBfIBHF@FQIV @IB>0 TEF@E FKCLOJ>QFLK > TB?PFQB T>KQP QL L
>RPBO

Permissions Policy

"B@NK , >KFBLLBHBEB<R NL:@> ;R ,% MRI>

AMMIL=>CEHI>RHSBEE: HK@ =MxL%8 #>HEH<:MBHG9 ,%
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"V ABC>RIQ WREFOA M>0QV P@OFMQ @>K >@@BPP QEB P>JB ?0LTPBO CB>YROBP >P QEB TB?
BJ?BAABA FK )K LOABO QL IFJFQ QEB CB>QROBP QE>Q TFII ?B BK>?IBA CLO QEB TB?PFQB QEB T
J>HB RPB LC @E®JIFPPFLKRA@VAEOLRDE >K (440 OBPMLKPB EB>ABO QEB TB?PFQB @>K
FKAF@>QB TEF@E CB>QROBP FQ TEKQFKRQ#K®B microphone CB>QROB FP KLQ

FK@IRABA FK QEFP IFPQ KLKB LC QEB P@OFMQP BJ?BAABA FK QEB TB? M>DB @>K RPB FQ !IQE
MLIF@V FP C>FOTBKEIB PBBFKD >K >ALMQFLK LC LK ABPHQLM PFQBP >KA LK JL?FIB
PFQBP

4EB (BOJFPPFLKRF@V PRMBOPBARB-QEDRIE@VTEF@E @>K PQFII ?B CLRKALK  LC
ABPHQLM PFQBP >KA  LC JL?FIB PFQBP "V ABC>RIQ JLPQ LC QEB CB>YRIEEP OBDRI>QBA ?
0BOJFPPFLKRAI@V >OB AFP>?IBA FK @OLPPIBBFRER @GR ?BIBIF@FQIV BK>?IBA QEOLRDE
QElallow >QQOF?RQBIRA QE>Q  LC ABPHQLM PFQBP >KA  LC JL?FIB PF@BP J>H

RPB LC QEFP CB>QROBLEB ABQ>FIBA >K>IVPFP LK QEB allow IEBOF?RQB :BBFCO

MIB>PB OBCBO GBQ@ERDEESMQBO

"B@NRK JHLM <HFFHG>KFBLLBHBEB<R ?>:NBNR>L

7EBK TB ILLH >Q QEB AFCERGUEES) >0OB RPBA FBCJEBRFLKRR@VB PBB > PFIFI>0 RP>DB
@LIM>OBAIOPQBAO TFQE QEE@BMQFLK LC QEB LKB QE>Q_P JLPQ TFABIV RPBAFK  K>JBIV

AMMIL=>GEHI>KAKF> <HF >G =H<L IK8OL:G=;HQ I>KFBLLBHGL IHEB<R
AMMIL=>CEHI>RHSBEE: HK@ =M<, $>:=>KL ">:MNK, HEB<R
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interest-cohort AEFP AFOBE@FK ?B RPBA QL IFJFQ QEB >@@BPP QL QEB KT ABCRK@G
10) 00BPRJ>?IVQEFP FK@OB>PB @>K ?B >QQOF?RQBA QL QEB S>OFLRBPEX@Q@+BERDP L
dKDBOMOFKQFKD PREES@BLOBKQF>I1V PBRREIES>QFLK >?LRQ RPBOP BQ@ TEBOB
TB?PFQB LTKBOPSHGROP >KAJSBFBP QLLH >K B®QBS! FK QOVFKD QL MOLQB@Q QEB MOFS:
QEBFO RPBOP

Referrer Policy

12%

"B@NRK 0A> I>K>GM:@> H? =>LDMHI LBM>L MA:M L>ML : =H<NBPKGNEBBR> .>?>KK

"V ABC>RIQ JLPQ RPBO >DBKQP TFIl Referer 3EB>ABQK PELOQ QESB>PEOL QEFOA
M>OQFBP COLJ TEF@E TB? PSE}BMEDB]> OBNRBPQ T>P FKFQF>QBA 4EFP FP QEB @>PB CL(
OBPLRO@B QE>Q T>P BJ?BAABA FK QEB TB? M>DB >P TBII >P CLO QEB OBNRBPQ QE>Q T>F
> RPBO @BA@K > IFKH /C @LROPB QEFP E>P QREBFRFNEPECCB@Q QE>Q QEBPB QEFOA M>C
IB>OK TEF@E TB?PFUEBKOEF@E TB? M>DB > PMB@FJ@ RPBO T>P SFPFQFKD "V J>HFKD RF
2BCBOORBIF@VTB?PFQBP @>K IFJFQ QEB FKPQ>K@BI Referrer EBRHEBO FP FK@IRABA FK
OBNRBPQP >KA QERMSERRBD MOFS>EAKA QE>Q LC QEB ABPHQLM PFQBP >KA  LC QEB
JL?FIB PFQBP PBQ PR@E > AL@RJIBKQ TRAEMLER@ WK (440 OBPMLKPB EB>ABO

AMMIL=>OEHI>RHSBEE: HK@ =H:$®, $>:=>KL .>?>Ki HEB<R
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"B@NRK JHLM <HFFHG .>?>KKHEB<B>L

7 B dKA QE>Q QEB JLPQ @LJJLK RP>DB LC QEBRBE@BOBOLOKLQ FK@ Referer 3

EB>ABO LK ALTKIAB OBNRBPQP QE>Q FP (440 OBNRBPQP FKFQF>QBA LK >K (4403 BK>?IBA M>DE
5KCLOQRK>QBEFP PQFII IB>HP QEB M>DB QE>Q QEB RPBO FP SFPFQFKD FK JLPQ P@BK>OFLP]F
BK>?IBA OBNRBP@PAL PBB QE>Q  LC ABPHQLM PFQBP >KA  LC JL?FIB PFQBP >FJ QL EFAB QE!
PMB@Fd@ TB? M>DB QE>Q > RPBO FP SFPFC strict-origin-when-cross-origin

MLIF@NEF@E FP KLT JLPQ ?0OLTPBOP ABC>RIQ TEBK > MLIF@V FP KLQ PMB@FdBA

User-Agent Client Hints

)K >K BCCLOQ QL OBAR@B QEB FKCLOJ>SRIBAQEA@REOFYER ?0LTREDRKIBKQ >KA

JLOB PMB@Fd@>Il User-Agent  PQOFKD SFERD |DBKQ #IFBKQ (FKB@E>KFPJ T>P

FKQOLAR@BA 4EOLRDE QEFP CB>QROB TB?PFQBP QE>Q T>KQ QL >@@BPP @BOQ>FK FKCLOJ:
RPBO_P ?0LTPFRB@HKJIBKQ ?0LTPBOPFLK LMBEKD PVPQBJ BQ@ $8DEPBQ >

EB>AB( Accept-CH FK QEB dOPQ OBPMLKPB RMLK TEF@E QEB ?0OLTPBO TFIl PBKA QEB OBNRBP
A>Q> FK PR?PBNRBKQ OBNRBPQP !JLKD LQEBO ?BKBdQP QEFP CB>QROB OBAR@BP QEB dKDB(
PROC>@B >KA >IILTP ?0LTPBOP BKE-RQBBEAFKD @BOQ>FK B>(MIEISFB QEE-S>@V

AMMILPB<@ @BMAN; BH N: <EB>GM ABGML
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"RADBQMOLMLP>|

"B@NRK *NF;>K H? P>;LBM>L PBMA EB>GM:GBGHIR K

7EBK TB ILLH >Q QEB >ALMQFLK LC PFQBP QE>Q OBF Accept-CH EBSBBO FK
@LIM>OFPLK TFQE QEB OBPRIPOEMOLDLM H QLM H TBPBB >

PFDKFd@>KQ FK@OB>PB FK >ALMQFLK >IJLPQ U CLO QEB JLPQ MLMRGEFPFYEPOBESBBRJ>
FK >ALMQFLK FP OBI>QBA QL QEB C>@Q #EOLJFRJ E>P ?BBK OBAR@FKD QEB FKCLOJ>QFLI
QEl User-Agent PQOFKD QEOLRBEEIEBBKQ 2BAR@QFLK MI>K

7 B dKA QE>Q QEB PFQBP BRRBLEI5PBO |DBKQ #IFBKQ EFKSIF/ DBKEBBPQ >@@BPP QL >
OBI>@#¥ 1>0DB KRJ?BO LC MOLMBOQFBP IFJFQFKD QEB ?BKBdQ LC TE>Q ?8.TPBOP >FJ QI
QEOLRDE BCCLOQP PR@E >P 5PBO IDBKQ 2BAR@QFLK )Q TFIl ?B FKQBOBPQFKD QL PBB F¥
ELT TEBQEBO ?0OLTPBOP TFII IFIFO@EB®BP LC >@NRFOFKD > ILQ LC FKCLOJ>QFLK >?LRQ
20LTPFKD S8ROLKJIBKQ

New efforts to improve privacy by the browser

/S BO QEB I>PQ GSDF QEBSDB TB? RPBO E>P ?B@LJIB FK@OB>PFKDIV @LKP@FLRP >?LRQ
LKIFKB MOFSH@DEB LKB E>KA QEBVAGQ> ?0B>@EBP TEF@E GRPMEMBE GEMMBKFKD
>KA DBQQFKD ?FDDBO >KA EEBIBO@SV CBT RK>CCB@QBA /K QEB LQEBO E>KA QEB C>@(

AMMIL@BMAN; <HF FBELM IKB& ;N=@>M
AMMILEF:G:< AMMISABEHK@ >G  IKBBR

AMMILPPP <AKFBNF HK@ NI=:M>LNNCMBHG

AMMILPPP BG?HKF:MBHGBL;>NMB?NE G>M OBLN:EBS:MBHGL PHKE=L B@@>LM =:M: ;K
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R?FNRFQLRRARHEKD LC RPBOP QEOLRDE QEFOA M>0QV @LLHFBP FP ?B@LJFKD FK@OB>PFKDIV
TFQEFK QEB DEKEWMRI>QFLK P > OBPRIQ JLOB >KA JLOB RPBOP >OBRBEUQBEBRYL B

?0LTPBO QL MOLQB@Q QEBBRADEREBY JLOB @LKQSROLQEB-@BIFKD LC LKIFKB

?BESFLOP "OLTPBBSLOP LKIFKB MR?IFPEBOP >KA >A QB@E @GBEBI7BRESP ABJ>KA

CLO FIVERA MOFS>@% ESB MOLMLPBA QEB 00FS>@VUBHKAREQFEJBS ¥ 'LLDIB

#EOLJB

Privacy Sandbox Origin Trial

IQ QEB QFJB LC MR?IFPEFIRDQEFPNII>K>@ 00FS>@V 3>KATR>QROBP >0B&LQ V

>S>FI>?IB CLO DBKBRB B?PFQBP >KA TB? PBOSF@BP]PR@E >P >AP TEF@E >0B QVMF@>IIV PEL
FCOBP]@>K ELTBBO M>0QF@FM>QB FK B>OIV QBPQFKD LC QEEBSORBR SHRADL

RPB LC QBEBDFKAF>! .LQB QE>Q QEFP FP LKIV CLO RPBOP TELPB ?0LTPBO PRMMLOQP QEB
CB>QROB]0OFS>@V 33I3EQROBP >0B LKIV FIMIBJBKQBA FK #EOLJB >KA >0B PQFII AFP>?IBA ?
ABC>RIQ >Q QEB QFJB LC QEFP TOFBFIQERIEBRP PBSSF@BP >@@BPP QL QEOBBUOOFS>@V 3>KA’
OBI>QBA I0)ALMF@R.%$% >KAQQOF?RQFLK 2BMLOQFKD

Origin requesting feature Desktop Mobile

EQQMPTT DLLDIBQ>DJI>K>0BD)
EQQMBLLDIBQ>DPBOSF@BP @LJ
EQQMALR?IB@IF@H KBQ
EQQMBLLDIBPVKAF@>QFLK @LJ
EQQMBLLDIB>APBOSF@BP @LJ
EQQMP MFKFJD @LJ
EQQM@OFQBL KBQ
EQQM@OFQBL @LJ
EQQMPJ>PAH DLLDIB>MFP @LJ
EQQMR®B>AP QS
&FDROB 00B>IBK@B LC LOFDFKP OBNRBPQFKD >@ @BPP QL QEB)JOFBHERIF3+KA?L

4EB JLPQ MBBBKQ PBOSF@BP LK QEB TB? QE>Q TFIl QBPQ AROFKILQERFTSTEY 2HKA?L

AMMIL=>GEHI>AHKF> <HF >G ;EH@ tKBQ.:G=;HQ NGB\>= HKB@BG MKB:E
AMMIL=>CEHI>KAKF> <HF =H<L IKBR L:G MHIB<L
AMMIL=>CEHI>AKF> <HF =H<L IKBR L:G=;HQ ]>=@>
AMMIL=>CEHI>KAKF> <HF =H<L IKBR L:G=;HQ :MMKB;NMBHEMBG @
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https://developer.chrome.com/en/blog/privacy-sandbox-unified-origin-trial/
https://developer.chrome.com/docs/privacy-sandbox/topics
https://developer.chrome.com/docs/privacy-sandbox/fledge
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>0B 'LLDIB #D ->K>DBGLR?IB@IF@H 'LLDIB 3VKAF@>QFLK >KA 'LLDIB !A 3BBIH@BEB>H
QLM dBLK ?LQE ABPHQLM >KA JL?FIB PFQBP 4EBPB >OBQEBIFIEAR>| JBAF> PFQB OFKQBOBF
>KA LQEBG@BOP >KA SBGQQFPBOP #OFQBL 'LLDIB !AP 3$B3A® 4

Privacy Sandbox experiments

4EB 00FS>@V 3>KINPKFQR@HKPFPQP LE ARCCBOBKQ CB>QROBP QE>Q B>@E QLR@E RML
AFCCBOBKQ >PMB@QP >KA >FJ QL PQFII PRMMLOQ QEB @ROOBKQ @LJJILK >@QFLKP QE>(
QEB TB? TEBK QEFOA M>0QV @LLHFBP >0B ME>PBA LRQ !P JLPQ CB>QROBP >0OB PQFII RK/
ABSBILMJIBKQ TB?PFQEBEK:Q >ALMQBA QBRI YFQE QEBBMQFLK LC PBOSF@BP LMQFKD FK
QELl PrivacySandboxAdsAPIs /OFDFKCF>1

& 0 PLIB QFJB QEB /OFOFKI€LO S>OFLRP 00FS>@\CB#QROBP T>P AFSFABA FKQRB PBM>0
QOF>IP LKB CLO B>@E CB>QROB !lQELRDE QEBPBRYSH-BEEE BIGHE-ILABOK ?0LTPFKD
BKSFOLKJBKQP PLJB TB? PBOSF@BP AFA LMQ FK QL QEBJ >K/SEQE Origin-Trial

OBPMLKPB EB>ABO

& .0 B>JMIB TB dKA QE>Q LK PFQBP > TB? PBOSF@B LMQP FK QL QEB
ConversionMeasurement /OFDFKQF>l TEF@E >Q LKB MEFKREB>>@ @BPP QL QEB
IQQOF?RQFLK 2BMLOQFWIDBIFLRPIV @>11BA QESBARFLK -B>PROBJBKQ !0) 4EFP !0) FP
RPBA QL@ QEB 8BIOPFLK LC > RPBO @IF@HFKD >K >A QL > MRIM@E>PB CLO B

& 0 QEEORPOMBKP /OFDFKGF>l TEF@E E>P HIMEBGBA TB >OB PQFII PBBFKD  PFQBP TEBOE
TB? PBOSF@B LMQP FK QL FQ 4EFP JB@E>KFPJ >FJP QL >IILT TB?BRABP BK>@EKD-Q CO
LKB ?0LTPFKD @URQQBLOBEIMIB PF@R @ISRV > IFJFQBA >JLRKQ LC FKCLOJ>QFLK QL >KLQEB

)KQBOBPQFKRILOB QE>K  TB?PFQBP > TB? PBOSF@B FP PQFII LMQFKD FK QL QEB
InterestCohort LOFDFK QOF>I TEF@E TRRIBEIRES® @BPP QL QEB FKQBOBPQ DOLRM LC QE
LC &.# (LTB SBOARB QL MOFS>@V @LK@BOKP TFQE QEB 10) FQ T>P KL ILKDBO MROPRBA >
ABSBILMJIBKQ T>P AFP@LKQFKRBA )Q FP PRAZEEFBABAI0) TEF@E >FJP QLGB

‘LK ABSF@B >A >R@QFLKFEIEIBAEDFKD >KA @RPQLJ >RAFBK @BRFE@R ) TEF@E

>FJP QL >IILT >BOQFPBOP QB PBPS>PBA LK QEB FKQBOBPQP LC QEB RPBO TFQELRQ QEB K
@OLPP PFEBIQRKD

Compliance with privacy regulations
4EB A>Q> MOFS>@V OBDRI>QLOV PM>@ BUMHKHQFKRBERKBTBPQ COLKQFBO LC IBDFPI>QFL

AMMIL=>CEHI>AKF> <HF >G =H<L IK&OL:G=;H) :MMKB;NMBHEMBG @
AMMIL=>OEHI>AKF> <HF >G =H<L IK&OL. MKNLM-BHD
AMMII=>GEHI>AKF> <HF =H<L IKBR L:G=;HQ ]>=@>
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https://developer.chrome.com/en/docs/privacy-sandbox/attribution-reporting/
https://developer.chrome.com/en/docs/privacy-sandbox/trust-tokens/
https://developer.chrome.com/docs/privacy-sandbox/fledge
https://developer.chrome.com/docs/privacy-sandbox/topics
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4EBPB OBDRI>QFLKP OBNRFOB LOD>KFW>QF LKEPQL-GBEIDBRISOAFKD QEBFO RPBOP_ A>Q>
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'BKBO>| $>Q> 00LQB@QFLK 2BDRSQFLK>KA)!" 4 G-KPM>OBK@V >KA #LKPRHJIIOH

4#& S TB?PFQB ISBABOP QLLH >@QFLK QL FKCLOJ QEB RPBOP >?LRQ MOL@BPPBA A>Q> AF
SFPFQ >K/B@HKPBKQ COLJ QEBPB RPBOP QL MOL@BPP QEBFO A>Q> >IPL CLO KLK CRK@QFLK>
MROMLPBP]CLBBMIB Q@HFKD >KA >AP 4EFP E>P IBA QL RP PBBFKD @LLHFB ?>KKBOP LK TB?PF
JLOB LCQBK ?B@>RPB TB?PSEEROBLKLQFCY QEBFO RPBOP LO >PH CLO @LKPBKQ J>FKIV QEOLR
@LLHF@LKPBKQ ?>KKBOP

)K JLPQ @>PBP RPBOP @s@GRBBE PR@E @LKPBKQ ?>KKBOP >KA PBQ TEF@E A>Q> PELRIA 7B
MOL@BPPBA (SBBJ>K>DFKD PR@E Q>PHP FP KLQ B>PV LK LRO JLABOK PLMEFPQF@>QBA TB?
FP >IPL DBQQFKD JLOB @LIMIERSEBR GB>PLK TB?PPSBLOFBQOV QL EEGAQEFP Q>PH QL
QEFOA M>0OQFBP]PL @>1IBA #LKPBKQ ->K>DBJBK®@-0I>50PBXKPROB QE>Q QEB @LLHFBP

>0B RPBA LK QEB OBMVERRPRSBY QEB T>)K QEB CLIILTFKD TB AFP@RPP QEB RPB LC #-0P

>KA KLQFd@>QFLK LC MOFS>@V MLIF@V

Consent Management Platforms

IP TB E>SB >I0B>AV AFP@RPPBA RPFKD QEB @LKPBKQ J>K>DBJBKQ MI>QCLOJ PELRIA BKPROB ¢
TB?PFQB FK M>OQF@RI>GREBBEE @LLHFBP PELRIA ORK FK > IBD>1IV @LIMIF>KQ J>KKBO

IQ QEFP MLFKQ TB TLRIA BRLIRHQB QE>Q QEB-ERQRBDO #-0 PBOSF@BP ALBP KIRQ >IT>
BKPROB QE>Q QEB TB?PFQBP OBJ>FK IBD>IIV @LIMIF>KQ >P QEB PQRAFBRISKMIBFP dBIA PELT
3>KQLP BQ 31KAELR>A BQ >
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ABPHQLM]>IQELRDE QEB AFCCBOBK@B FPIPKIREB DE>Q QBBAEDP #LLHEBY
/KB4ORPQ  >KA#LLHFB?LQ E$B FK@OB>PBA QEBBQ REMOB PFK@BHPQ V

IAB consent frameworks

#LIM>OBA QL '$02 QEB' %ROLMB@KPM>OBK@V >KA #LKPBIEJWOH 4& FP >K

FKARPQOV PQ>KA>OADTEBOBKALOP>OB EKISBA 4EB DL>| FP QL BPQ>?IFPE @LJJRKF@>QFL
?BQTBBK RPBO @LKPBKQ BRQFRB@R BKPROBP QE>Q QEB TB?PFQBP FK %ROLMB >0OB '$02
@LIMIF>KQ )'B4GE ,>? 53 ABBILMBREB B 00FS>@@EKF@>| SMB@Fd@>QFLKHP 530
ABPFDKBA CLO QEB 5KFQBA 3Q>QBP RPFKD QEB P#8B @LK@BMQ LC 4
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RO >K>IVPFP PELTP QE>Q QEB JLPQ @LJJLK MR?IFPEBOP TB FABKQFJBASQBEER.J 'BOJ>K
>KA QEB %5

Privacy policy

LQFd@>QFLKP OBD>0AFKD A>Q> MOL@BPPY¥RIDEHE@E BF> > @LKPBKQ 4EBKEUB

>IPL RPR>IIV ABP@OF?BA FK JLOB ABQ>ERKIPBBP@LIM>0BA QL PR@E ?>KKBOP /K PR@E
M>DBPLR TFIl dKA FKCLOJ>QFLK LK-FBEBREFOA M>OQFBP TEF@E A>Q> FP MOL@BPPBA CLO TE
MROMLPB BREABKQFCV PR@E PFQBP TB RPBA QEB3QFSSE\:QREBF PORAV

5PFKD QEFP JBQELA TB @LRIA ABQBOJFKB QE>Q LC ABPHQLM TB?PFQBP LK JL?FIB
@LKQ>FKBA > IFKH LK QEBFO ELJB M>DB QL > MOFS>@V OBI>QBA M>DB 4EB dDROB ?BILT PELTF
AFPQOF?RQFLK LC QEB QLM MBFE-@W IFKH H
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Conclusion

)K QEFP @E>NIBBAMILOBA JYKAFCCBOBKQ >PMB@QP OBI>QBA QL LRO LKIFKB MOFS>@V LK
FP @I1B>0 QE>Q FK QBEBO/>EKPFABC-JLRKQ LC QEFKEP@E>KDBA QE>Q >CCB@Q LRO
MOFS>@KA QEFP MOLDOBPP GME@RBA QL @LKQFKRB FK QEBSDALIFRENOQ QEBOB >OB
PLJB BU@FQFKD QFJBP >EB>A LC RP /K QEB LKB E>KA TB CLRKA PLJESRRQEDRRK>QB B
TEF@E ELMBCRIIV LKBBSFII 7B >?IB QL OBCBO QL >P GHBIE@SFOA M>00@EEKD

J>FKIV CRBIBX @EFOA M>0QV @LLHFBP FP PQFII R?ERRFQLEFBFRIIBP @LKQ>FKFKD >Q
IB>PQ > PFKDBBIOSROQEBOJLOB QEBOB PQFII FP > KLK KBDIFDF?IB KRJ?BO LC TB?PFQBP |
PBOSF@BP QE>QVESMAESQB@EKFNRBP QL 8RQ@RQE@BFKD JB>PROBP

/K > JLOB MLPF@FBIOFS>@V MOBPBO@FKIBMKA QE>Q CBTBO PFQBP >0B QOVFKD QL >@@
MLQBKQF>IIV PBEFRQESJ>QFLK COLJ ?0LTPBO 10)P (LMERERIMBJI>FKP QEB @>PB TFQE QEE
KBT 10)P QE>Q >OB FKQOLAR@BA FK ?0OLTPBOP LK > OBDRI>O ?>PFP

'BKBC-IIV FQ PBBJP QE>Q TB?PFQBP >0B PQ>0QFKD QL EB>0 QEB @>I1 LC RPBOP QL OBPMI
MOFS>@V]> @>Il QE>Q FP DBQQFKD ILRABMEKAKN RUBBPFQBP >0B PTFQ@EFKD QL
BJMILVFKD ?0LTPBO CB>QROBP QE>Q OBPQOF@Q QEB FKCLOJ>QFLK QE>Q FP PBKQ QL QE
SROQEBOJLOB J>FKIV JLQFS#QEXS>@V OBDRI>QFLKP PR@E >P '$0ZTBKANBIBBBFKD

> @IB>0 FK@OB>PB |>IJLPQ JFK QEB >ALMQFLK LC @LKPBKQ J>K>DBJBKP MI>QCLOJP
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>ABOQFPFKD >KRF SQQOF?RQFLK LC MRO@EFRIRGQEB KBC>OFLRP PFAB BCCB@QP LC
@OLPP PFEB®IFEXD !IQELRDE (SBEABBKQ FP PQFII FK C>FOIV B>OIV PQ>DBP TB PBB QE>Q TB?
PBOSF@BP LK > PR?PQ>KQF>I KRJ?BO LC TB?PFQBP >0B >I0B>AV LMQ@FKD FKRR@FEB /OFDFK 4
QEB CB>QROBRISEKEHS ?BFKD QBPQBA >KABFDBIFMB@LJIB > MBOPFPQBKQ M>0Q LC QEB TB?

7EFIB FQ 3 PQFII 83H@LRMIB BSOP QL dK>IIV DBQ QEBOB FRPIFFQKFKD QLT>0AP > TB?
QE>Q BFSRPBOP JLOB @LKSBOLTE>Q QEB>KQ QL PE>OB TFQE TEF@E M>-@ORBIBE QEFP
@LBBODBK@B LK ?LQE PFABP LC QEB PMB@QORJ LK QEB LKB @ERA BRFEGBQBMALK

QEB LQEBO E>KA BKCLO@ER\ZOLTPBB @>K ?B ELMBCRI QE>Q FK QEB KLQ PL AFPQ>KQ CRQROB
QEB A>Q> TB PE>OB FP QEB A>Q> QE>Q TB FKQBKA QL PEADEK @BJES GERQKEB Q>H

LK > A¥ QL AY ?>PFP KL ILKDBO KBBAP QL 7B @LIIB@QBA PE>OBASREEKRIBBARP

QS@BOP QE>Q TB @ROOBKQIV BK@LRKQBO]FK QEB ELMB LC OBPMB@QCRIIV QLILOOLT CLO >lI
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Introduction

IP MBLMIEP MBOPLK>| ABQ>FIP @LKQFKRB QL ?B@LJB JLOB AFDFQ> PB@ROFQV >KA MOFS
?B@LIFKIUROBJIBIV @OR@F>I >@OLPP QEB FKQBOKBQ )Q_P QEB TB?PFQB LTKB®_P OBPNM
@>K PB@ROB QEB A*@OREBHFKD COLJ QHBREBOFQ FP BPPBKQF>I CLO QEBJ QL >ALMQ >|
PB@ROFQV ?B@DM@BP QL BKPROB MOLQB@QFLK LC QEB RPB(FOBBPKPE>SRIKBOOBP
@>KUMILFQ QL DBQ PBHREIDES>QFLK

FHBMOBFLRFB#OP TB E:SB >K>IVWBA QEB >ALMQFLK >KA RP>DB LC PB@ROFQV JBQELAP >k
MO@QF@BPEB TB? @LJIRKFOB EB >K>IVWBA JBQOF@P OBI>QBA QL QEB ?>0B BPPBKQF>
PB@ROFQV JB>PROBSBQESTBBPFQB PELRIA >ALMQ @B@EIERQ PB@RGMDLMBO

@LLHFB J>K>DBJBK® E:SB >IPL AFP@RPPBA QEB A>Q> OBI>QBA QL QEB >ALMQFLK LC AFCC
PB@ROFQV EB>ABOP >KA/MEBIQEBLKQBKQ FK@RPFMBEBKQFKD S>OFLRP J>IF@FLRP
>QQ>@HP
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IMMIF@>QFLK 3B@RARFKD 'OLRMPQ>KA>OAP SHZQRO

Transport security

4C-KPMLOQ/BO 3B@ROFQV BKPROBP PB@ROB @LJIRKF@>QFLK LC A>Q> >KA OBPLRO@BP ?BQ]
RPBO >KA QEB TB?REQEP RPBR,3 QL BK@OVMQ >l @LIIRKF@>QFLK ?BQTBBK QEB @IFBKQ >|

94%

"B@KRK  .>IN>LML MA:M NL> $00,/ HG =>LDMHI

LC QLQ>I OBNRBPQP FK ABPHQLM >KA  LC QLQ>I OBNRBPQP FK JISHOR44DB JHAB L
J>GLO ?0LTPBOP KLSEESK(4403 LKIV JLAB QL PELT T>OKFKD FC > TB?PFQB RPBP (440
FKPQB>A LC (4403
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QEB QLQ>I OBNRBPQP ?B@>RPB > ILQ LC QEB OBNRBPQP QL > TBYRFEDA0B0QNK>QBA ?
PBOSF@HEPTEKQP #$. BQ@ TEF@E-EEFDEBO (4403 >ALMQFBKAL PBB > PIFDEQ FK@OB>PB
COLJ I>P®%0 FK QEB MBO@BKQ>DB  LC ELJB M>DBP >CBAEB®BES3 LK ABPHQLM
@LIM>0BA QL  I>P@YOBFJIFI>OIFK LRO JL?FIB A>Q>PBQ  LC ELJB M>DBP >B8 PBOS
LSBO (4403 @LIM>OBA QL I>P@¥0O

Protocol versions

)Q_P FIMLOQ>KQ KLQ LKIV QL RPB (4403 ?RQ >IPL QL RPB >K RBDBEIAQ@EB,3 S
TLOHFKD DOLEMP ABMOB@>QBA 4,3S >KAS PFR@BQERIQFMIB TB>HKBPPBP 3FK@B
QEB I>PBD_P @E>M@BBCE>KLT RMA>QBA FQ_PI6) QEB LMQFLK QL BK>?IB 4,3 >KA
E>P ?BBK OBJEBA COLJ QEB BOOLO M>DB BKERFRB®BL #EOLJB E>P >FRLMMBA
>IILTFKD?M>PPFKQEB BOOLO M>DB TEF@E FP PELTK CLO 4,3 >KBOFFK@B S

43S FP QEB I>QBPQ >KA T>P OBIB>PBA FK RDRR@48@ JR@E C>PQBO >KA FP JLOB
PB@ROBE>K 4,3S ->KV LC QEB J>GLO SRAFEEDFBP FK 4,3S E>A QL AL TFQE LIABO
@OVMQINEF@ >IDLOFQEJP TEF@E 4,3 SSBOBJL
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)K QEB >®B DeME TB PBB QE>Q LC ELJB M>DBP FKJL?FIB >KA LC ELJB M>DBP FK

ABPHOLM >OBBB(EB0 4,3S TEF@E FP >MMOtOBIV JLOB QE>K I>BSGBL TB >OB
PBBFKD PLJB @LKPQ>KQ PEFCQ COLJRPBLC4,3S QL4,3S

Cipher suites

| @FMEBO PRFRQBPBQ LC @ OMNER@CIDLOFQEJIP QE>Q QEB @ |FRKIRAG\HEIES LK
?BCLOB QE®>K ?BDFK @LJIRKF@>QFKD PB@ROBIV RPFKD 4,3
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-LABOK'>ILFP #LRKQBO -LAB%-  @FMEBO JLABP >0B @LKPFABOBA QL ?B JR@E JLOB PB(
PFK@B QBEBB KLQ SRHAEDQM>AAFKD >QQ>@8S  LKIV PRMMLOQP '#- >KA LQEBO

JLABOK ?IL@H @FMEBO JIABPKD FQ JLOB PB@ROB )Q 8BP QBELQOLR?@EMEBO PRFQB
LOABOFKIKLQEBO C>@QLO QE>Q ABQBOJFKBP QEB RP>DB LC > @WNFEBBRRIDBED QEB H
BK@OVMQFLK >KA AB@OB\NRQIFLKPBB  ?FEVHPFWB ?BFKD TFABIV RPBA (BK@BYTBALK
JR@E AFCCBOBK@B COBID>IPEME TF( AES_128 GCM@LKQFKRFKD QL ?B QEB JLPQ RPBA
@FMEBO PRFQB TFQE  RP>DB
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43S >IPL J>HBPCLOT>0A PB@OBE@WIRIPLOVB PBB LC OBNRBPQP FK ?LQE JL?FIB >KA
ABPHQLM RPFKD CLOT>0A PB@OB@V

Certificate Authority

| #BOQFd@>QB |RQELQFAWVP > @LIM#KO LOD>KFW>QFLK QE>Q FPPRBP QEB 4,3 @BOQFd@>QB
QEB TB?PFQBP QE>Q @>K ?B OB@POKHYBER?>KA QEBK BPQ>?IFPE > PB@ROB @LJIRKF@>QFLK
@E>KKBI TFQE QEB TB?PFQB

AMMIL>GPBDBI>=B: HK@ RBOBRIL><KR
AMMILPPP LLE <HF ?:JL PA:M BL : <>KMB\<:M> :NMAHKBMR
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Issuer Desktop Mobile

#ILRAe>OB K@ Y## #!
3B@QFDL 23! $LI>FKIEA>QFLK 3B@ROBBBOS
@OKBI )K@ #BOQFI@>QFLK IRQELOFQV
13>WLK
'L $>AAV 3B@ROB #BOQFd@>QB IRQELOFQV
$FDF#BOQ 3(! 3B@ROB BEGS
2>MFA33,4,3% 23! -FU BA3(I  #
%
&FDROB 4.M @BOQFd@>QB FPPRBOP CLO TB?PFQBP

,BQ_P %K@OV®IQ @LKQFKRBP QL IB>A QEB @E>OQP TFQE  LC TB?PFQBP FK ABPHQLM >
TB?PFQBP FK JL?FIB RPFKD @BOQFd@+QEBFBERBAGK @OVMQ ?BFKD > KLK MOLAQ
LOD>KFW>QFLK EvBAMIE FIMLOQ>KQ OLIB FK QEB >ALMQFLK LC (M@LKQ@FRRB QL FPPRB
>KFK@OB>PFKD KRJ?BO LC @BOQBI@RYBPIPL IBI)L QBk JLIBKQ QL OB@LDKFWB LKB LC
FQP CLRKABBBBO 9B@FIV TEL RKCLOQRK>QBIV MSPREBB@BKQIV

#ILRAe>OB @LKQFKRBP QL ?B FK PB@LKA MLPFQFLK TFQE FQP PFJFI>OIV COBB @BOQFd@
@RPQLJIBOP #ILRAe>0OB #$.P FK@OB>PB QEBIFMQBAEROSMQLIME %b##

@BOQFd@>QBP TEF@E >0B PJ>IIBO >KA JLOB BCA@FBKQ QE>K 23! @BOQFd@>QBP ?RQ >C
ABMIV ARB QL QEB KBBA QL >IPL @LKQFERE. QIVPREBBOQFI@>QBP QL LIABB@BBKQP 7
>P BQ_P %K@OVMQ >KA #ILRABO@BKQ>DB @LKQFKRBP QL FK@OB>PB QEB MBO@BKQ>L
LQEBO #!P >OB AB@OB>PFKD > IFQQIB

HTTP Strict Transport Security

(440 3QOF@QKPMLOQ 3B@ROFQV K843 OBPMLKPB EB>ABO QE>Q FKCLOJP QEB ?0LTPBO Q
>RQLI>QF@>INSBLR >l >QQBIMQP QL >@@BPP > PFQB RPFKD (440 QL (4403 OBNRBPQP FK

AMMIIEE>ML>G<KRIM HK@

AMMILE>ML>G<KRIM HK@ LM:ML =:BER BLLN:G<>
AMMIIHFFNGBBRVIL>G<KRIM HK@ M*KUBKR-ER ABL F>FHKR ;> : ;E>LLBG@
AMMIL=>GEHI>KL <EHN=KKF LLE LLE MEL <>KMB\<:M> :NMAHKBMB>L
AMMILPPP =B@B<>KM <HF ?:] ><< AMF

AMMIL=>CEHI>RHSBEE: HK@ =H:<8M®, $>:=>KL /MKBHBQIHKM /><NKBMR
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https://letsencrypt.org/
https://letsencrypt.org/stats/#daily-issuance
https://community.letsencrypt.org/t/peter-eckersley-may-his-memory-be-a-blessing/183854
https://developers.cloudflare.com/ssl/ssl-tls/certificate-authorities/
https://www.digicert.com/faq/ecc.htm
https://developer.mozilla.org/docs/Web/HTTP/Headers/Strict-Transport-Security
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25%

"B@NK  )H;BE>XIN>LML MA:M ABCH/0/ A>:=>K

LC QEB JL?FIB OBPMLKPBP >KA LC ABPHQLM OBPMBKRE8EBE3>EB>ABO

(343 FP PBQ RPFKI Strict-Transport-Security EB>ABO QE>Q @8EK@E=0OBB AFCCBOBKQ
AFOB@BP! max-age includeSubDomains >KA preload max-age EBIMP ABKLQB QEB

QFJB FK PB@LKAP QE>Q QEB ?OLTPBO PELRIA OBJBJ?BO QL >@@BPP QEB max-: LKIV RPFKD (4

age FP> @LIJMRIPLOV ARDBIEPEB EB>ABO

"B@NK  1L:@> H? =B2G*K$/0/ =BKMBO

7 BPBB LCPFQBP FKABPHQLM >KA LC PFQBP FRRIEAKIB B¥BOL KLK BJI max-

age

LC OBNRBPQ OBPMLKPBP CLO JL?FIB >KA CLO ABPHC includeSubdomain  FK QEB
(343 PBQQFKDP 4EB KRJ?BO LC OBPMLKPE preload )EBOB@QFEF@EKER) M>0Q LC QEB
(343 PMB@FdJ@>QFPHLTB(Q KBBAP > JFKFJ max-age LC PB@LKAP LO \B>O
>KA >IPL QlincludeSubdomain  AFOB@QBS?B MOBPBKQ

AMMIL=>GEHI>RHSBEE: HK@ =M<, $>:=>KL /MKBHGOIHKM /><NKBMEHK=BG@9L MEBKAKME ><NKBMR
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https://almanac.httparchive.org/static/images/2022/security/hsts-directives-usage.png
https://almanac.httparchive.org/static/images/2022/security/hsts-directives-usage.png
https://developer.mozilla.org/docs/Web/HTTP/Headers/Strict-Transport-Security#preloading_strict_transport_security
https://developer.mozilla.org/docs/Web/HTTP/Headers/Strict-Transport-Security#preloading_strict_transport_security
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"B@NK  $/0/ max-age QEN>L ?HK>EHNK.ML BG =:RL

4EB JBAF>K S>IRB max-age >QQOF?RQB FK (343 EB>ZEEDAILOBNRBPQP FPVP/AK ?LQE
JL?FIB >KA ABPHQERIQMEPQPMOBIL>A (GBBLIIBKAF max-age LC \B>OP LK@B QEB
(343 EB>ABO FP PBQ RM MOLMBBOFHRA SL KLQ @>RFBPRBP

Cookies

IK (440 @LLHFBFP > PBQ LC A>Q> >?LRQ QEB RPBO (#-PRYEP FRASEB ?0L GIRGIFB
@>K ?B RPBA CLO QEBHBPHFLK J>K>DBJBKQ MBOPLK>IFH@EFKD SIG\ LQEBO PQ>QBCRI
FKCLOJ>QFLK OBI>QBA QL QERRWEITBOBKQ OBNRBPQP

)C > @LLHFB FP KLQ PBQ MQLEIEOMN PRP@BMQFNBABCGBOBKQ CLOJP LC >QQ>@HP PR@E
PBPPFLK EFG>@#PKPP 3FQB 2BNRBPQBOX32&  #OLPP 3FQB 3@OFMQ )K@IRPHIMA 833)
S>OFLRP LQEBOPP 3FQB>H SRIKBEPFIFQFBP

Cookie attributes

4L ABCBKA >D>FKPQ QEBIBNQFLKBA QEOB>ERLMBOP @>K RPB AFCCBOBKQ >QQOF?RQBF

AMMIL=>CEHI>RHSBEE: HK@ =M:80®, HHDB>L

AMMILHP:LI HK@ PPP <HFFNGBW\R <DL />LLBHG9ABC:<DBG@9:MM:<D

AMMILHP:LI HK@ PPP <HFFNGBWNR <DL <LK?

AMMIIHP:LI HK@ PPP IHC><M P>; L><NKBMR M>LMBG@ @NBHEBX:MBHGI/><NKBMRBEQ EB>GMH#BMED@
C>LMBG@9HHKIBM>9/<KBIMI%G<ENLBHG

AMMIIQLE>:DL =>0
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https://almanac.httparchive.org/static/images/2022/security/hsts-max-age-values-in-days.png
https://almanac.httparchive.org/static/images/2022/security/hsts-max-age-values-in-days.png
https://hstspreload.org/
https://developer.mozilla.org/docs/Web/HTTP/Cookies
https://owasp.org/www-community/attacks/Session_hijacking_attack
https://owasp.org/www-community/attacks/csrf
https://owasp.org/www-project-web-security-testing-guide/v41/4-Web_Application_Security_Testing/11-Client_Side_Testing/13-Testing_for_Cross_Site_Script_Inclusion
https://xsleaks.dev/
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@LLHF HttpOnly Secure >KA SameSite 4EB Secure >QQOF?RQB FP PFJFI: HSTS QEB
EB>ABO >P FQ >IPL BKPROBP QE>Q QEB @LVPIPBRQAB (4763 MOBKQFKEKFMRI>QLO
FK QEB -FAAIB >QQ> HittpOnly BKPROBP QE>Q > @LLHFB FP KLQ >@ @BPEEIERCHMGK
@LAB VEBBBEQFKOLPP 3FQB 3@OFMIIEK®HP

"B@NRK HHDB> :MMKB; KMEMHI

4EBOB >0B AFCCBOBKQ HFKAP LC @LLHFBP dOPQ M>O&RORQEFQW @:OGRBP >0OB

RPR>IIV PBOQEB AFOB@BPBESRF0B SFPFQFKD 4EFOA M>0QV @LLHFBP OBRAROB>QBA ?
M>0QV PBOSF@BP >KA >0B LCQBKGRFBLOCHAGA PBOSFKD  LC QEB dOPQ M>0QV @LLHFBP LK
QEB ABPHQLBBI Secure >KA LC QEBJ E3SB HitpOnly  (LTB SBOFK QEB QEFOA M>0QV

@LLHFBP TB PBB QE>Q LC @LLSE Secure >KA LC @LLHFBP B HitpOnly  4EB

MBO@BKQ>I HttpOnly  FP IBPP FK QEFOA M>0QV @LLHFBR JERDYRAB DHE) QL >IILT

>@@BPP QL QEBS?»3@0OFMQ @LAB

AMMIHP:LI HK@ PPP <HFFNGBWIR <DL ):GBINE:MHK BG MA> FB==E>9:MM:<D
AMMILHP:LI HK@ PPP <HFFNGBWNR <DL QLL
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https://owasp.org/www-community/attacks/Manipulator-in-the-middle_attack
https://owasp.org/www-community/attacks/Manipulator-in-the-middle_attack
https://owasp.org/www-community/attacks/xss/
https://almanac.httparchive.org/static/images/2022/security/httponly-secure-samesite-cookie-usage.png
https://almanac.httparchive.org/static/images/2022/security/httponly-secure-samesite-cookie-usage.png
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"B@NRK [:F> LBM> <HHDB> :MMKB;NM>L

4EB SameSite  >QQOF?RQB @>K ?B RPEBKIL#308 >QQ>@HPBIFKD QEB ?0LTPBO TEBQEBO
QL PBKA QEB @LLHFB QL @OLPP PF Strict  BBRRBP>IILTP QEB @LLHFB QL ?B PBKQ LKIV QL
QEB PFQB TEBOB FQ LOFDFK Lax /SPEFES-IILTP @LLHFBP QL ?B PBKQ QL @OLPP PFQB OBNR
LKIV FC > RPBOSHDEEFKD QL QEB LOFDIMH RETFER > IFKIE None S>IRB @LLHFBP >0OB PBKQ
QL ?LQE LOFDFK>QFKD >KA @OLPP PF( SameSite=None EP PBQ QEB @I Secure

>QQOF?RQB JRPQ >IPLIZB ©BB @LLHFB TFIl ?BAL@BIPBB QE>Q LC dOPQ M>0QV @LLHFBF
TFQE Q SameSite >QQOF?R(@B BEB S>l(Lax -LPQ ?0LTPBOP ABC>F SameSite=Lax

FC K SameSite  >QQOF?RQB FP MOBPBKQ CLO QEB @LLHFB EBK@B TB PBB QE>Q FQ @LKQF
QEB @E>OQP )K QEFOA M>O SameSite=None PQFIl @LKQFKRBP QL ?B PRMBO EFDE TFQE
@LLHFBP FK ABPHQLM ?B@>RPB QEFOA M>0OQV @LLHFBP AL T>KQ QL ?B PBKQ >@OLPP @

Cookie age

4EBOB >0B QTL AFCCBUBK® PBQ QEB QFJB TEBK > @LLHFB Max-Age JBKA
Expires  Expires RPBP >PMB@FJ@ A>QB QBREE®IFBKQ QL ABQBOJFKB TEBK QEB @LL
FP ABIBQBA TEB(Max-Age RPBP > ARQUFLK FK PB@LKAP
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https://almanac.httparchive.org/static/images/2022/security/samesite-cookie-attributes.png
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"B@NK HHDB> :@> NL:@> BG=tRIMHI

5KIFIB I>PB¥OTEBOB TB FQE>Q QEB JBAF>I Max-Age T>P A> VP ?RQ QEB JBAF>K CLO
Expires T>P A> VP QEMBR>® FQ_P >OLRKA VRAELO ?LQE (BK@B QEB JBAF>K CLO OB>|
J>UFJRJ >DB E>P DLKB RM COLJ VRQL A>P QEAP>D%8K QELRDE (Max-Age FP

A> VP >K,Expires FP A>VPFKQEB QE MBO@BKQFIB #EOLJB E>P ?BBK MI>KKFKD QL MRQ
@>MLC A¥P CLO ?L(Max-Age >KA Expires

% Expires
“4ER - *>K -4a
"&OF IRD -4a
LK >0 -4a
4ER - *>K -4a
“4ER K -4a

&FDROB  -LPQ @LJILK @LLHFBMFOV S>IRBP LK ABPHQLM

AMMILAKF>LM:MNL <HF ?MNK
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https://almanac.httparchive.org/static/images/2022/security/cookie-age-usage-by-site-in-desktop-in-days.png
https://almanac.httparchive.org/static/images/2022/security/cookie-age-usage-by-site-in-desktop-in-days.png
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% Expires
‘80F IRD -4a
4ER K “4a
LK ->0 -da
4ER K “4a
4ER  $B@ -4a

&FDROB  -LPQ @LJILK @LLHFBMFOV S>IRBP LK JL?FIB

4EB JLPQ MEBBK Expires E>P PLIB FKQBOBPQFKD SBIRBB @GE>Q QEB JLPQ RPBA
Expires  S>IRB FK $BPHQL January 1, 1970 00:00:00 GMT 7EBK @LLHF Expires
S>IRB FP PBQ QL > M>PQ XU ABBQBA COLJ QEB ?0:KRBOV -4 FP

QEB 5KFU BML@E QFJB >KA EBK@B FQ_P LCQBK @LIUNMROBRRBARIBGB > @LLHFB

Content inclusion

| TB?PFQEP @LKQBKQ LCBBKISKRHPE>MBP >KA OBNRFOBP OBPLRO@BP PR@E® OFMES 1*©
LQEBO JBAF> >PPERELRBP >KA FJ>DBP 4EBPB >0B COBNRBKQIV LLOBBKSITEESF@B
MOSFABOP LC QBB LRHOBJILQB PRB®BOSF@BP LC @ILRAKSPFSR@QROB LO COLJ @LKQBF
ABIFBOV KBQTLOMPP TFQE QEB >FJ LC OBAR@FKD TLOIATFAB KBQTLOHFKD OLRKA QOFMP
PBABSQEB @LKQBKQ

(LTB SBOBKPROFKD QE>Q QEB @LKQBKQ TB FK@IRAB LK QERBBRREQIBIBEEA TFQE FP LC
EFDE P@FH>KA QEB FIM>@Q LC TEFQESBPRSBRAE #LKQBKQ FK@IRBBKIEFPEB®
FIMLOQ>K@B QERPEDER QEB OB@BKQ ORRBAKBPP QL PRMMIV @E>FK FEAGRDAGKD
FK@FABKGQPDE®>0Q >QQ>@EH) Q>0DBQ TB?PFQB @LKQBKQ PVPQBJIP QL FKGB@Q MBOP
J>IT>0B QEOLRDE JB>KP LC @OLPP PFQB P@OFMQFKIF @B FSRIHLAMEBOP

Content Security Policy

/KB BCCB@RS>-PROBR @>K ABMIQL JFQFD>QB PB@ROFQV OFPHP >OLRKA @LKOBKQ FK@
BJIMILVFKD > #LKQBKQ 3B@REEX30 )Q FP > PB@ROFQV PQ>KA>0A QE>Q >AAP > ABCBKPB
ABMQEVBO FK LOABO QL JFQFD>QB >QQ>@HP PR@E >P @LAB FKGB@QFLK SF> @OLPP PF(
@IF@HG>@HFKD QL K>JB > CBT

AMMILPPP BFI>KO<HF E>:KG :IIEB<:MBHG L>&NEBMRM
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https://www.imperva.com/learn/application-security/magecart/
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)Q TLOHR/BKPROFKD QE>Q > MOBABJKBA QORPQBA PBQ LC @LKQBKQ\ORIEIBIRQREBIA >KA >K
QL YM>PP LO FK@IRAB OBPQOF@QBA @LKQBKQ BOBIBGRAERBKY PB@ROFQV MLIF@V QE>Q
TLRIA >IILT *8>3@0OFMQ @LAB QL ORK FK QEB ?OLTPBO LKIV COLJ QEB P>JBA.ORBFK FQ T>P PBC(
COLJ QE>Q LC'LLDIB 'IK>IVQF@P TLRIA ?B Al script-src 'self' www.google-

analytics.com; KV >QQBJIMQP LC @OLPP PFQB P@OFMQFKD FKGB @ GB3@APEAQ >AA FKIFKB
@LAB PR@ <a img=x onError=alert(1)> TLRIA ?B OBGB@YBYEB ?OLTPBO BKCLO@FKD

+14%

"B@NK SE:MB@G=K> BG :=HIMBHG ?HK HGM>GMHEBRBMR=HIK ?K

7 B OB PBBFKD > OBIBER®OB>PB FK >ALM( Content-Security-Policy EB>ABO
COLJ PA>Q>LC QL _PA>Q>LC TEF@E ABJLKPQ@BP > DOLTFKD QOBKA LC
>ALMQFLK >@OLSELMBOP >KA QEB TB? PB@ROFQV @ERRRPOLBFQESRDE FQ_P PQFII >
JFKLOFQV LC PFQBP RPFKD QEFP JLOB >AS>K@BA CB>QROB

#30 FP JLPQ RPBCRI TEBKBRABSQEB (4-, OBPMLKPB FQPBIC >KA EBBRBBFKD @LKPFPQBKQ
DOLTFKD >ALMQFLK FK JL?FIB OBNRBPQP PBOSFKD > #30 EB>ABBSTHQEDL QTL>RQ
\B>O>KA QEAPSD > QLQ>ILC  LC JL?FIB ELJB M>DBP

"B@NK JHLM <HFFHG =BKIBIONL>= BG /,

4EB QLM QEOBB #30 AFBB@EBXRS TBB PBBFKD PBOSFKD JLOB QE>K > NR>OQBO LC QEB (440
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OBNRBPQP CLO ?LQE ABPHQLM >KA upgrade-insecure-requests >Q > frame-
ancestors >Q  >KA QEE block-all-mixed-content MLIF@V >Q &FIFKD MLIF@FBP >0OB
default-src script-src style-src >KAimg-src QL K>JB > CBT

4EB upgrade-insecure-requests MLIF@V_P EFDE >ALMIF-@LRIA MBOE>MP ?B >QQOF?RQB.
QL QEB EFDE >ALMQFLK LC 4,3 OBNRBPQP >P > AB C>@ QEIRUABEME block-all-

mixed-content  ?BFKD @LKPFABOBA ABMOB@>QBA >P LC QEFP A>QB FQ_P PEBTIKD > EFD
AEFP MBOE>MP PMB>HP QL SIEB S3FERBE QEB #30 PMB@Fd@>QFLK FP >AS>K@FKD >KA R|
E>SFKD > E>OA QBIBWIKD RM QL A>QB

-LOB QL AL TFQE JFQFD>QFKD @OLPP PFQB P@OFMQFKP PRQRAFR\FEKEHBRIFQOBA
4VMBP TEF@E OBNRFOBB ROQH3BO !0) PRMMLOQ QL\BIIQB@EKFNRB TEF@E EHBIKI® MOB

$/- FKGB@QFLK @I>PP LC SFIKEW-BP )Q FBIV@E&3>QBA 1.LDIB BKDFKBBBR WP PQFII FK
AGCQ MOLMLP>1JLEBBO QEB 7 # .LKBQEBIBPP TB OB@LOA FQP #30 OBI>QBA PB@ROFQV EB
require-trusted-types-for >KA trusted-types >Q LC OBNRBPQP TEF@E FP KLQ > ILQ
?RQ MBOE>MP PMB>HP QL > DOLTFKD QOBKA LC >ALMQFLK

4L >PPBPP TEBQEBO > #30 SFLI>QFLK COLJ QEB MOB ABJdKBA PBQ LC ORIBP FP L@ @ROOFK
PBQ Q report-uri  AFOB@BJP5>Q QEB ?0LTPBO TFII PBKA *3/. CLOJ>QQBA A>Q> >P >K (440
0/34 OBNRBPQ !IQELFreport-uri  OBNRBPQP >@@LRKQ CLO  LC >l ABRMEDLNIEO

#30 EB>ABFQ FP QL A>QB > ABMOB@>@BAAFDIRAOBR OBMI>@E report-to  TEF@E
>@@LRKQP CLO  LC ABPHQLM OBNRBPQP

/KB LC QEB ?FDDBPQ @LKQOF?RQLOP QL QEB @E>IIBKDB LC FIMIBJBKQFKD > QFDEQ @LKC
FP QEBBPQBK@B LC FISFE®OGFMQ @LAB QE>Q_P @LJILEBKRERKRIBOP LO >Q LQEBO
M>0OQP LC QEB $/t AIILT QB>JP > MOLDOBPESQFLK LC QEB #30 PB@ROFQV PQ>KA>0A > N
J>V PB unsafe-inline LC unsafe-eval >P BVTLOA S>IRBP CL script-src AFOB@RFS
$LFKD PL C>FIP QEBMQBPLIB @OLPP PFQB P@ OFMBROQLAFOsH@HFB @LRKQBOBIQLAR@QFS
QEB M&KQ>@IB>PROB LC > MLIF@V

4B>JP @>K RQFIFWB > JLOB PB@ROB MLPQRSSB@OFKBKBIBBIKFKD QEBJ TFQE > KLK@B
LO>3(! E>PE 4EFP TLRIA ILLH IBPLIBQEFKD >ILKD QEB IFKBP LC

Content-Security-Policy: script-src 'nonce-4891cc7b20c’

IKA QEBK OBCBOBK@FKD QE>Q FK QEB (4-,

AMMII=>GEHI>RHSBEE: HK@ =B<$®, $>:=>KL HGM>GM /><NKEBEMKNLM>= MRI>L
AMMILP < @BMAN; BH MKNLM>= MRI>L =BLM LI><
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https://developer.mozilla.org/docs/Web/HTTP/Headers/Content-Security-Policy/trusted-types
https://developer.mozilla.org/docs/Web/HTTP/Headers/Content-Security-Policy/trusted-types
https://w3c.github.io/trusted-types/dist/spec/
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<script nonce ="nonce-4891cc7b20c" >
E

</ script >

"B@NK /,  script-src ‘MMKB;NM> NL:@>

4EB PQ>QFPQF@P @LIIB@QBA CLO >Il ABPHQLM (440 Ol unsafe-inline FERQOBPBKQ
LK CLO >KA unsafe-eval LK LC>Il script-src S>IRBP 4EFP ABJLKRBO QEB OB>I|
@E>IIBKDBP FK IL@HFKD ALTK > PBNRAPED >QFLK @HLABR GKIFKB33@OFMQ @LAB
&ROQEBOJLOB /KIV  LC >Il >5B8 ABP@OF?BA OBNRBPQ@P> nonce- AFOB@BIFF-@E
>PPFPQP FK PB@ROFKD QEB RPB LC RKB@DBFMU- &R AB

0BOE>MP PMB>HFKD QL QEB ERIEQ@ILBMBAIKFKD > @LKQBKQ PB@ROFQV MLIF@V FP QEB PQ>C
L?PBOBCLO #30 EB>ABO IBKDQE
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"B@NK /, A>=>K E>=G@MA

1Q > JBAF>KXBHFKD LC OBNRBPQP >0OB LKIV RMQBP PK PFWB CLO ABPHQLM OBNRBPQP -
FP > PIFDEQ AOLM COB>BPROBMLOQ TEF@E PELTBA ?LQE ABPHQLM >KA JL?FIB OBNRBPQ
?VQBP FK PFWB 4EB QE MBO@BKQFIB LC OBSRRBPR)BOKRSCDLI I'B2QW  YQBP

CLO ABPHQLM OBNRBPQPVQBP QEBEPMEFP ABJLKPQBP > PIFDEQ MOLDOBPP QLT>0OAP JLO
@LIMIB >KA @LIMIBQB PB@ROFQV MLIF@FBP

/?PBOSFKD QEB @LIMIBQB ABIKFQFLKP CLO > @LKQBKUFP@E@RPBR QELFFEFKDIB
AFOB@BPFEDFI BRM > 1>0DB MOLMLOQFLK LC >Il OBNRBPQP  LC >l ABPHQLM OBNRBPQF

LKIV Q upgrade-insecure-requests LC >Il ABPHQLM OBNRBPQP >C frame- QL
ancestors 'self' >KA LC >l ABPHQLM OBNRBPQP >0OB PBQ QL (block-all- C
mixed-content; frame-ancestors 'none'; upgrade-insecure-requests; TEF@E

JFUBP QLDBQEBO QEB QLM JLPQ @LJJILK #3BRFOB@QFS

4EB @LKOBKQ PB@ROFQV MLIF@V LCOQBK E>P QL >IILT @LKQBKQ COLJ LOEBO LOFDFKP QE
QL PRMMLOQ IL>AFKD LC JBAF> PR@E >P CLKQP >A OBI>QBARE@GEIBED BRIWBBKBO
KBQTLOH RP>DB P PR@E QEB QLM LOFDFKP >@OLPP OBNRBPQP >0B >P CLIILTP
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Origin Desktop Mobile

EQQMPTT DLLDIB >K>IVQF@P @LJ
EQQMPTT DLLDIBQ>DI>K>0B0Y
EQQMELKQP DPQ>QF@ @LJ
EQQMELKQP DLLDIB>MFP @LJ
EQQMPTT DLLDIB @LJ

EQQMPTT WLRQR?B @LJ
EQQMPQ>QP D ALR?IB@IF@H KBQ
EQQMRBLKKB@Q C>@B?LLH KBQ
EQQMPTT DPQ>QF@ @LJ
EQQMRAKGP @ILRAe>OB @LJ

&FDROB  -LPQ COBNRBKQIV >IILTBA ELPQP FK #30 MLIF@FBP

4EB >?ISB ELPQP >@@LRKQ CLO OLRDEIV QEB P>JB MiKHFF IKPKDELOQB/ABEPTRY
QEB RP>DB FP RM PIFDEQIV

4EB #30 PB@ROFQV PQ>KA>0A FP TFABIV PRMVTBRBALTIREOP >P TBIl >P @LKQBKQ
ABIFBOV KBQTLOHP >KA @LKQBKQ J>K>DBJBKQ PVPQBJP >KA FP > EFDEIV OB@LJJBKABA QLLI C
TB?PFQBP >KA TB? >MMIF@>QFLKP FK ABCBKPB LC TB>PB@REF®V SRIKBO

Subresource Integrity

IKLQEBO ABCBKPB FK ABMQE QLLI FP 3R?0BPLRO@B )K GHHERQN TESFRBENMOEQV

ABCBKRFS\/BO >D>FKPQ @LKQBKQ Q>JMBOFKD 7EBOB>P > #LKQBIEY FRIREF QEFQ E

QVMBP >KA PLRO@B LC @LKQBKQ >OB >IILTBA > 3R?0BPLRO@B )KQBDOFQV JB@E>KFPJ BKPR(
@LKQBKQ EXPRBBK JLAFdBA CLO J>IF@FLRP FKQBKQP

1 OBCBOBK@B RPB @>PB CLO RPFKD 3R?OBPLRO@B )KQBDOBI¥@ P FEBKAILKAPBI € OLJ
QEFOA M>0QV M>@H>DB J>K>DBOP TEF@E >IPL >@Q UPIVHBP 3IJBBBPB >0OB RKMHD @LJ
LO @AKGP @LJ ?LQE LC TEB@EPRRENKQBKQ PLRO @BQOF R CFERP

)C > QEFOA M>OSIMRRORIA ?B @LIMOLIFPBA ARB QL > ELPQRBEERRPRERFABOO ¥
LKB LC QEB MOLGB@Q_P @LKQOF?RQLOP LO L KQBMNECIEIEESAVKD PLIBLKB BFPB
@LAB FKQR® TB?PFQB
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3FJFI>0 QL #30_P RPinonce- 3R?0BPLRO@B )KQBDOFQV >IPL HKLTK >P 32) >IILTP ?0LTPB
S>IFA>QB QEB @LKQBKQ QBAQFO@ESS > @OWMEERED IV PFDKBA E>PE SB®QROB
Q>JMBOFKD TFQE QEB @LKQBKQSBERIEBTHOB LO >Q FQP PLRO@B

20%

"B@NRK >LDMHI LBM>L NLBG@ /.%

*RPQ >?LRQ LKBEEI® dCQE TB?PFQB  >ALMQP > PR?0OBPLRO@B FKQBDOFQV FK LKB LC F
M>DB BIBJBKQP LK ABPHQLM /RQ LC QEBPB  TBOB PMB@F <script>  BAVMB
BIBJBKQP LK ABPHQLM >KA TBOBRI<link> QVMB BIBJBKQP FK ABPHQLM OBNRBPQP

IQ > MBO M>DBE®IDB >ALMQF:RECLO QEB 32) PB@ROFQV CB>QROB FPWPQHI, @XPFABO
VB>OQEB JBAF>K MBO@BKQ>DB CLO ?LQE JL?FIB >KA ABPHQLM T>B>0 FRAABEFBBAPBA
2V QL

3R?0OBPLRO@B FKQBDOFQV FP PMB@FdBA >P > ?>PB PQOFKD LC > @LIMRQBA E>PE LC LK
3(! LO3(! @OVMQLDO >MEF@ CRK@QFLRPER@>PB OBCBOBKEBB.MBOP @>K
FIMIBJBKQ QEBJ >P CLIILTP

<script src =" https://example.com/example-framework.js
integrity =" sha384-0qVuAfXRKap7fdgcCY5uykM6+R9GqQ8K/
uxy9rx7HNQIGYI11kPzQholwx4JwY8wC "

crossorigin - ="anonymous " ></ script >

AMMIL=>CEHI>RHSBEE: HK@ =Hxi>8NKBMRK>LHN9%GM>@KBMR
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https://developer.mozilla.org/docs/Web/Security/Subresource_Integrity

Part Il Chapter 14 : Security

"B@NK 1.% A:LA ?NG<MBHGL

#LKPFPQBKQ TFQEE>BQPVOBMLOQ 3(! @LKQFKRBP QL ABJBKPEEI>GLOFQV LC 32) E>PE
QVMBP L?PB®SBQTBBK >83FI>7IB E>PE CRK@QFLKP

#$.P >OB KL PGRDBOP QL 3R?OBPLRO@B )KQBDGFAB PRAROB ABC>RIQP QL QEBFO @LKPRJIBO
?V FK@IRAFKD > 3R?0OBPLRO@B )KQBDOFQV S>IRB >P M>0Q LC QEBFO 52, OBCBOBK@BP CLO @
PBCEA LK QEB M>DB

Host Desktop Mobile

TTT DPQ>QF@ @LJ

@AK PELMELY

@AKGP @ILRAe>0B @LJ

@LAB GNREDY

PQ>QF@ @ILRAe>OBFKPFDEQP @LJ
@AK GPABKBED

Q A>RI@AK KBQ

PQ>@HM>QE 21080 @LJ

J>U@AK ?LLQPR@AK @LJ
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&FDROB  -LPQ @LJJLK ELPQP COLJ TEF@E 32) MOLQB@QBA P@OFMQP >0OB FK@IR

4EB >?ISB IFPQ PELTP QEB QLM JLPQ @LJJILK ELPQP CLO TEF@E > PR?OBPLRO@B FKQBDC
E>P ?BBK L?PH3S.LQ>?IB @E>KDBP COLJB>PQ>¥WB QEB #|LRAe>0OB ELPQP GRIJMFKD COLJ
MLPFQFLK QL MLPFQFLK >KA GP$BIFSO GRIMFKD COLJ MLPFQFEKHEX M ERENF:RP RKBD
"LLQPGM™ P ELPGIKBFKDP

Permissions Policy

"OLTPBOP >OB ?B@LJFKD JLOB >KA JLOB MLTBOCRI TFQE QFJB >AAFKIPIRDB@@ESP

>KA @LKQOLI AFCCBOBKQ PLOQP LC E>OAT>0B >KA CB>QROBPEOPIRELJ BOB-DRAB >
4EBPB >IPL FKQOLAR@B MLQBKQF>I PB@ROFQV OFPHP QL RPBOP QEOLRDE JFPRPB LC P>
J>IF@FLRP P@OFMQP QROKFKD LK > JF@OLMELKB >KA @LIB@QFKD A>Q> LO dKDBOMOFk
ABSF@B QL @LIIB@Q IL@>QFLK FKCLOJ>QFLK

OOBFLRPIV HKLTK Feature-Policy >KA KLT K>JB/ Permissions-Policy QEFP FP >K
BUMBOFJBKQ>I ?0LTPBO !0) QE>Q BK>?IBP @LKQOLI QL >K >IIMIFRQ EA FRERATOD
@>M>?FIFQFBP > ?0LTPBO FP >?IB QL >@@BPP

7 B 8 KLQF@BA > EFDE @LOOBI>QFLK LC Permissions-Policy TFQE (4403 BK>?IBA
@LKKB@QFLKP TIX-Content-Type-Options >KA  X-Frame-Options

Il @LOOBI>QFLKP >0B >@OLPP ABPHQLM OBNRBPQP KLQEBO EFDE @LOOBI>QFLK FP TFC
QB@EKLILDV FKQBOPB@QBAJALTPROBIB -V "RPFKBPP JL?FIB M>DBP >KA QEB KB

@ILPBPQ FP |@RRERA 0I>QCLOJ Il @LOOBI>QFLKP >0B >@OLPP JL?FIB OBNRBPQP
"B@NRK SE:MBM@G=K> BG :=HIMBF Permissions-Policy ?KF

7 B OB PBBFKD >K OBBBGR&OB>PB FK >ALM(Permissions-Policy coLy _P

A>Q> QL _PA>Q> CLO JL?FIB OBNRBPQP >KA PFJFI>0O QOBKA CLO ABPHQLM OBNRI
QLL 4EB ABMOB@ Feature-Policy PELTP > JFKRP@RIB FK@OB>PB LC MBO@BKQ>DB MLFI
?BQTBBK I>PB>0O_P A>Q> >KA BEPPR/TEF@E ABIHKIBPAE>Q RPBOBBNIEKB M>@B TFQE

TB? ?0LTPBOP_ PMB@Fd@>QFLK @E>KDBP

"BPFABP ?BFKD RPBA >P >K (440 ERHBUOCB>QROB @>K ?B RF <iframe> KIBIJBKQP >P
CLILTP
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<iframe src =" https://example.com " allow ="geolocation 'src'

https://example.com’; camera * "></ iframe >

LC  JFIIFLK CO >JBP FK JL?FIB @LKQ>FKE allow >QQOF?RQB QL BK>?I1B MBOJFPPFLK LO
CB>QROB MLIF@FBP

G >:KEB>XKKDBHG H? MABL <AHKIM&KBG=MEN>L ?HK MA> MHM:E GNFtK G2 MIA>
I>k<>GM:@> H2RKPBMA N allow  :MMKB;NM>>)B&?HKF:MBHG <:G ;> ?HNGBBIGNABL

4EB CLIILTFKD FP > IFPQ LC QE allow AFOB@BPRSE>Q TBOB ABQB@SIBPFK CO

Directive Desktop Mobile

encrypted-media
autoplay
picture-in-picture
accelerometer
gyroscope
clipboard-write
microphone
fullscreen
camera
geolocation
&FDROB  0OB>IBK@B allow AFOB@PHIK FOBP

)KQBOBPQFKD QL MLFKQ LRQ >OB MI>@BP QE QE >KA QEBP-CLDAECBBRQESQ AFAK
J>HB FQ FKQL QEEBIFPQ >KAWYEB vi TFQE  payment TFQE >KA web-share TFQE

4EB V MBOE>MP PMB>H LC DOLTFKD QUBRBBHKD FK QEB FKARPQOV >OLRKA SFOQR>| OB>IFC
>KA QEB JBEBOPB HRVFIl LKIFKBWBKQP >KA QEB dKQB@E FKARPIFFD/PBBJIP QL
FKAF@>QB ?BQQBO PRMMLOQ CLO TB? ?>PBA PE>OFKD TEF@E FP MOBPRJ>?IV ARB QL QEB OF#¥
COLJ ELJB E>?FQP FK QEB I>PQ @BRMB LC V

AMMIL@BMAN; <HF $00<ABOEF:G:< AMMIABOHK@ INEE
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Iframe Sandbox

5PFKD FGBBIBJBKQP FK TB?PFQBP E>P ?BBK > ILKD@EF@ERCIRILMBOP FK LOABO QL
B>PFIV BJ?BA QEFOA M>0QV @LKQBKQ PR@E >P OF@E JBAF> @OLPP >MMBB&>QFLK @LJ)
>AP 3LJB J3V BBK >PPRJB QE>QIBEIBIBKQP CLOJ > PB@ROFQV ?LRKA>0V ?BQTBBK QEB
TB?PFQB BJ?BAAFKD QEBJ QL QEB PLRO@BA TEBEFQBE>EL FBYE@BIV QEB @>PB

(4-, <iframe> BIBJBKQPWABC>RIEB>@@BPP QL @BMMBDB @>M>?FIFQFBP PR@E >P MLN
RMP LO AFOB@REFRRBOTFQE QEB QLM M>DB ?SEDPRPLKOEB>IMIB QEB CLIILTFKD @LAB
@LRIA ?B BJ?BAABA FK QEB PLRO@BIBBHIBEQ TEF@E BHRPB LC >@RIFBO DBPQROBP
>KA OBPRIQP FK QEB ELPQFKD TB?PEQ@B QC KEBEFQB QL > KBT 52, >Q

https://example.com

function clickToGo () {

window . open ('https://example.com' )

4EFP FP I>0ODBIV HKLTK >P > @IF@HG>@HFKD >QQ>@HLHEBEPRE@ROBOK OFPHP QE>Q >0
BJ?BAABA TFQEFKJEFOMRK FKQBKABA

4L JFQFD>QB QEBPB @LK@BOKP QEB (4-, PMBEIRIRKQMKQOLAR@ sandbox

>QQOF?RQB QEAZBIMMIFBA GUBBIBIBKQP )Q >@QP >P >K >IILTIFFEMEKBRIV FQ
BPPBKQF>IIV ALBP KLQ BK¢@B-Ms?FIFQFBP TFQERB@HERIBEQ 4EFP OBPRIQP FK KL >@@BP
QL M>DB FK@BQFSFEWEM RMP KL MBOJFPPFLKP S:IREEMQ @LAB >KA KL >@@BPP QL
@LLHFBP
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"B@NK ,K>CE>G<> H? L:G;HBKMBIOHG :FixL

4EB >?I1SB @E>0Q LC QEB  A>Q> PELTP QE>Q JLOB QE>K LC TB?PIsandbox )E >
>QQOF?RQB BK>? allow-scripts >KA allow-same-origin MBOJFPPFLKP

&0 >l FJBP CLRKA LK ABPHQLM TB?PFQBP FK@Il sandbox >QQOF?RQB

G >:KEB>KKDBHG H? MABL <AHKIMEKMA> BE&IHKIGM: @> H>RKHPBMA N sandbox
:MMKB;NM>>B&?HKF:MBHG <:G ;> ?HNG*BBSNIABL

7 B dKA QE: Content-Security-Policy EB>ABOP TEF@E FK(¢ sandbox AFOB@BRF3IB >Q

>JBOB RP>DB CLO JL?FIBBPHQLM FP PFJFI>O0>Q TEM@®MB>H QL QEB C>@Q QE>Q QEFP
>QQOF?RQB FP LKIV >MMIFBA LK > MBO @>P B3@RFaR. D0 HER RARRKDFAGMBKQ TFQEFK
M>DBP>QEBO QE>K >EB>A LC QFJB MI>KKFKD QEOLRDE > @LKQBKQ PB@ROFQV MLIF@V ABdKF(

Attack preventions

4EBOB >0B JMHAFCCBOBKQ >QQ>@HFUMLEQ@>KBBPFQB >KA FQ_PSBO RAEF?IB QL
CRIIV PB@REBEVB?PFQB (LSBOQEBOB >OB V:RQBMP QE>Q > THIABBO @>KERH
MOSBKQ JLPQ LC QEBPB >QQ>@HP LO QL IFJFQ QEB BCCB@QP LC QEBJ LK QEB RPBOP

AMMIL@BMAN; <HF $00<ABOEF:G:< AMMIABOHK@ INEE
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Security header adoptions

3B@ROFQV EB>ABOP >0B LKB LC QEB JLPY/RBILONVEBESFKD >QQ\@bBFPROF@QFKD QEB
HFKA LC-Qa@ >KA A>Q> ¢RD JLPQ LC QEBPB PB@ROFQV BBSABIBIPBL J>KR>WIV ?

TB?PFQB ZWLMBOP 4ERP QEB MOBPBK@B LC PB@ROFQV EB>ABOP >0OB LCQBK > DLLA FKA
PB@ROF(DFBKB QE>Q EEBLABOP LC QEB TB?PFQB CLIILT

"B@NK =HIMBHG H? L><NKBMR A>:=>KINHKMIBBS RH;BE> |:@>L

4EB JLPQ TFABIV RPBA PB@ROFQV JB@E>KFPJHER OBKDAEB AIQFLKP EB>ABE@E FP
RPBALK LC QEB TB?PFQBP FBEPOAK JL?FIB QL MOLQB@Q >D>FKPQ -)-% PKFCAKD >QQ>@
AEFP EB>ABO FP CLIINTB¥EB &3-JB IMQFLKP EB>ABBF@E FP BK>?IBALK  LC >Il PFQBP

7 B ALKQ PBB JR@E AFCCBOBK@B BELIRRQ@Y TFQRRBIFK@O0B>PB FK >ALMQFLK LC >I1 Q
PB@ROFQV EB>ABOP 2RARERLC PB@ROFQV EBMBE@BKQ>DB RP>DB FP QEB P>JB

Preventing attacks using CSP

4EB J>FK RPB LC #LKQBKQ 3B@FE@¥30 (FP QL ABQBOJFKB QEB QORPQBA PLRO@BP COLJ T
@LKQBKQ @>K ?B IL>ABASEREBIVBP #30 > OB>IIV RPBCRI PB@ROFQV EBBKBBHE MOB
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S>OFLRP HFKAP LC >QQ>@HP PR@E >P @IF@HG>@HFKD @OLPBRRQBRIBREMQFKD >QQ>@HF

FK@IRPFLK >KAJ3KOB
53%

"B@MNK 0A> |>K>GM:@> H? P>;LBM> HG FH;BE> PBMA>/?A:13 A:OMHKL=BKBO

/KB LC QEB @LJJILK P QL MBBBEQ @IF@HG>@HFKD >QQ:88KP GERPOIDBBO COLJ IL>AFKD

QEB TB?PFQB FXIB QKB @>K RPB ( frame-ancestors AFOB@HHS> #30 (B>ABO QL

OBPQOF@Q LQEBO ALJ>FKP COLJ FK@IRAFKD QEB M3BB7@B ROBK® FKC QBB

TB?PFQBP FK JL?FIB QEB@ID-E>SB > frame-ancestor AFOB@RQJKZ P QEB PB@LKA JLPQ

RPBA #30 AFOBBRQES@E FP DLLA CEBK@BBK LC @IF@HG>@HFKD >QQ>@HP 3BQQFKD QEB S>IR
frame-ancestors AFOB@XPI none LCself FP QEB P>Cnone ALBPKQ >IILT XKALJ>FK

QL GOB QEB @LKQBKQ 'self >IILTP LKIV QEB LOFDFK ALJ>BREXQER@LKQBK@P 7

CLRKA QE>Q LC TB?PFQBP FK JL?FIB BBE@BEEB>ABO $B>LKI\ frame-ancestors

‘self' >KA FP QEB QEFOA JLPQ @LJJLK S>IRB LC #30 EB>ABO

Keyword Desktop Mobile
strict-dynamic
nonce-
unsafe-inline
unsafe-eval

&FDROB  00B>IBK@B LC #3/HALOAP ?>PBA LK MLIF@FBP QE> default-src LO
script-src AFOB@RQFS

/KB LC QEB JB@E>KFPJP QL ABCBKA >D>FKPQ 833.EPRRO@HIDEPOBH script-src

AFOB@BYHSO QEB TB?PFQB 4EFP BKPRGBB@EBFN®FP IL>ABA LKIV COLJ > QORPQBA PLRO@B >K
QEB >QQB@@®>KKLQ FKGB@Q PLJB J>IF@ strict-dynamic FP D@AR>IIV D>FKFKD JLOB

>ALMQFLK >@OLPP TB?PFQBP TFQE TB?PFQBP FK ABPHQLM RPFKD FQ @LJM>0OBA QL LC TB?
\B>C strict-dynamic FP EBIMCRLRE¥B > OLLQ P@OFMRDHK-VQE>Q AVK>JF@>I11V

IL>AP LO FKGB@QP LQEBO P@OFBR REEPLIKIH@B LO E>PE LK QEB OLLQ P@OFMQ >KA FDKLOE
LQEBO >IILTIFP@ unsafe-inline LO FKAFSFAR>I| IFKHP )Q_P PRMMLOQBA FK > JLABOK ?0OLTPB
>M>0Q COLJ )% !IPL TB PBI unsafe-inline >KA unsafe-eval RP>DB E>P AB@OBXPBA ?
>MMQ@IFJ>QBIV COLJ I>PBAEFP FP > PQBM FK QEB OFDEQ AFOB@QFLK
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Preventing attacks using Cross-Origin policies

#OLPP /OFDFK MLIF@FBP >OB LKB LC QEB J>FK JB@E>KFPJP RPBA QL ABCBKA >D>FKPQ JF(
>0@EFQB@RY>@HP#REH PP 3FQB IB>HPB8BIP >OB HFKA LC PFJFI>0 QL #OLPP 3FQB 2BNRBF
& ODBOMLTBSBO QEB-KCBO PJ>Il MFB@BP LC FKCLOJ>QFLK >?LRQ QEBRRBRBFEF@E >0OB B
AROFKD Fk@EWLKP ?BQTBBK TB?PFQBP

"B@NRK , >K>GM:@> HILK+KB@BG A>:=>KL

Cross-Origin-Resource-Policy FP MOBPBKQ LK TB?PFQBP FK JL?FIB >KA FP

QEB JLPQ RPBA @OLPP LOFDEXARLRR8X QL FKAF@>QB QL QEB ?OLTPBO TEBQEBO > OBPLF
PELRIA ?B FK@IRABA COLJ @OLPP LOI Cross-Origin-Embedder-Policy FP KLT

MOBPBKQ FK  TB?PFQBP @LJM>0OBA QL TB?PFBBDB7IBRBB > PFJFI>0 DOLTQE FK QEB
>ALMQFLK Cross-Origin-Opener-Policy >P TBII TFQE TB?PFQBP FK JL?FIB KLT

E>SFKD QEB EB>ABO @LJM>0OBA QL PF@BOBERQEBOB FP > PQB>AV DOLTQE FK QEB
>ALMQFLK LC >Il QEB @OLPP LOFDFK MLIF@FBP TEF@E NMRAXGB2B)BE YRFBNIER FK
MOSBKQFKD 8B>H >QQ>@HP

Preventing attacks using Clear-Site-Data

#IB>0 3FQB $>QMOSFABP TB? 8BLMBOP JLOB @LKGBRI@IB>0OFKD LC RPBO A>Q> OBI>QBA Q
QEBFO TB?PRABBSIMIB > TB? ABILMBO @>K KLT BAB@FPFLKP PR@E QE>Q TEBK > RPBO
PFDKP LRQ LC QEBFO TB? PFQB QEBK >Il OBI>QBA @DBIFRQECEEELRQIZDRQ QEB RPBO

AMMIL=>CEHI>RHSBEE: HK@ =H:<8®, $>:=>KL E>K/BM> :M:
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@>K ?B OBIBA 4EFP EBIMP FK IFJFQFKD QEB @LKPBNRBK @ BFELSFKR >(UBRDOF@QBA
>JLRKQ LC A>Q> PQLOBA FK QEB ?0LTPBO TEBK KLQ KBBABA ADFBVRBTERMAED
TEF@E FP OBPQOF@QBA LKIV BOISFQBREBSSA LKIV PLIB LC QEB CB>QROBP >0OB
PRMMLOQB/2@LTPBORIEBOB TBOB LKIV PFQBP FK JL?FIB TE Clear-Site-Data

EB>ABOFK  >KA FQ E>P FK@OB>PBA QLB>QEFPPTLOQE KLQFKD QE>Q LCQBK QFJBP
TB?PFQBP RPB QEFP EB>ABO LKIV FK QEBFO ILDLRQ M>DEfGBEFE®DECH EROIQH>@
A>Q>

CSD Header Desktop Mobile

@>@EB

‘@>0&B

@LLHFBP

‘PQLDB

@>@EB @LLHFBDBQLO
‘@>@EPQLOR

-

‘@>@&EBLLHFBPa

"@LLHFBPa
&FDROB  0OB>IBK@B Clear-Site-Data EB>ABOP

cache FP QEB JLPQSAEKQ AFOR@QFB?PFQBP FK JL?FIBLO #IB>O 3FQB $>Q> TEF@E

@LRIA JB>K QE>QVASBILMBOP >0B RPFKD QEFP PB@ROFQV EB>ABO JLOB CLO @IB>OFKD @>(
MOL?>?IV IL>A KBTBO PQ>QF@ dIBP QE>K CLO MOFS>@V >KA PRQ REEB@PIFQEB RPBO
PRMMLPBA QL CINRLQBA PQOFKIDED >KA EBK@B QEFP ABGTB@RIFS )Q FP DOB>Q QL PBB

QE>Q LC JL?FIB TB?PFQBP RPFKD QEFP EB>ABO RPB ' a TEF@E FEAREODEEES

20LTPBO QL @IB>0 >Il RPBO A>Q> PQLOBA 4EFOA JLBGRPBE "cache” JPRQ RPBA

MOLMBOIV QEFP QFJB

Preventing attacks using <meta>

I Content-Security-Policy >KA Referrer-Policy @>K ?B PBQ RP <meta> Q>D FK

AMMII=>GEHI>RHSBEE: HK@ =H<$§®, $>:=>KL E>K/BM> :M: ;KPL>K9<HFI:MB;BEBMR
AMMIL=:M:MKD>KB>MK @ =H< AMFE K?<  L><MBHG
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https://developer.mozilla.org/docs/Web/HTTP/Headers/Clear-Site-Data#browser_compatibility
https://datatracker.ietf.org/doc/html/rfc7230#section-3.2.6
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QEB (4-, @LAB FQPBIC CLO > TB®RFRBIMIB LKB @>K Content-Security-Policy
RPFKD QEB @ <meta http-equiv="Content-Security-Policy" content="default-

src 'self"> 7 B CLRKA QE>Q >KA LC QEB TB?PFQBP FK JL?FIB BK>?IBA #30 >KA
2BCBOOBOR@YV QEFP T>
Meta tag values Desktop Mobile

FK@IRAB 2BCBOOB@Y)
FK@IRAB #30
FK@IRAB KLQB >IILTBA EB>ABOP

&FDROB 3B@ROFQV EB>ABOP <meta> Q>DP

4EB FPPRB TFQEBKQEKD >QQ>@H <meta> XQ>D FP ER RBQ YK QEBO PB@ROFQV EB>ABOP
RPFKD FQ QEBK QEB ?0LTPBO TFIl FDKLOB QE>Q BEGHRSIMS EB:RFEIBP E> X-
Frame-Options  FK QE <meta> Q>D 3L QEESBRMBO JFDEQ BRIB@QFKD QEB TB?PFQB QL ?B
PB@ROB >D>FKPQ @BOQ>FK >QQv @MFBRRE <meta> ;Q>D TEBK FK OBXEYQ PB@ROFQV
EB>ABO DBQP >AABA (BBBQEFP KRJ?BO E>P DLKB ALTK COLJ  PFQEPORQ V
J>V?B TB?PFQBP >0OB dUFKD QEFP JFF <meta> QEB

Web Cryptography API

7 B? #OVMQLEME 10) FP >'$>3@0OFMQ !0) CLO MBOCLOJFKD ?>Pi\E EDVMEHLE® LK >
TB?PFQB PR@EKRLO KRJ?BO DBKBQFLK E>PEFKD PFDKFKD BK@OVMQFLK >KA AB@OVMQ

AMMILPPP P HK@ 0. 3>; KRIMH ,%

2022 Web Almanac by HTTP Archive 475


https://www.w3.org/TR/WebCryptoAPI/
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Feature Desktop Mobile

CryptoGetRandomValues
SubtleCryptoDigest
CryptoAlgorithmSha256
SubtleCryptolmportKey
SubtleCryptoGenerateKey
SubtleCryptoEncrypt
SubtleCryptoExportKey
CryptoAlgorithmAesGem
SubtleCryptoSign
CryptoAlgorithmAesCtr
&FDROB  4LM RPBA @OVMREDO)P

4EBOB FP KLQ JR@E @E>KDB FK QEB A>®>C CryptoGetRandomValues =~ @LKQFKRBP QL
?B QEB JLPQ >ALMQBA CBBfBRUELRDE FQP RP>DB E>P ADBMIMBXE2>QBIV PFK@B I>PQ
VB>0 ?B@>RPB LC FQP RPB-RIKKBRRDLKD MPEBAL®RJI?BOP )QP EFDE RP>DB FP
>QQOF?RQ>7?IB QL ?BFKD RPBA FK @LJJLK PBOSF@BP PR@E >P 'LLDIB K>IVQF@P

Bot protection services

4EB FKQBOKBQWFRHIIBA TFQE ?LQP >KA EBK@B QEBOB FP > @LKPQ>KQ OFPB FK ?>A ?LQ >QQ>

I@@LOAFKD QBA "LQ 2BMLOQ ?V)IMBOS>  LC >/l FKQBOKBQA@T>R/ 2>A 2LQP

“>A ?LQP >OB QEB LKBP TEF@E QGO A:E@MUNELFQ FQ '@@LOAFKD QL QEB OBMLOQ QEB BKA
P> T>PRODB FK ?>A ?LQ >QQ>@HP MOL?>?IV ?B@>RPB LCQEBQD TEE@KEO

BUMILFQ>?12 2LQP

AMMILPPP BFI>KO<HF KoLHN#L KIHKML  %FI>KO := HM .>IHKM 1=?
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https://www.imperva.com/resources/reports/2022-Imperva-Bad-Bot-Report.pdf
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"B@NK 1L:@> H? ;HMIM><MBHG L>KOB4OB:#2#K

/RO >K>IVPFP PELTP QE>Q LC ABPHQLM TB?PFQBP >KA LC JL?FIB TB?PFQBP RPB > JB@!
QL dDEQ J>IF@FLRP ?LQP TEF@E FP > PFDKFd@>KQ FIREDB>PRCONEPRB @ QBE/

4EFP FK@OB>PB @LRIA ?B ?B@.FRRB0B "LQ ->K>DBJBKJEF@E FP > @>MQ@E> COBB
PLIRQFLK CLO MOLQB@QFLK >D>FKPQ BARIRR-GPQBAKQ OH QEFP ?RQ FABKQFCVFKE
QEFP T>P >AABA @BEPAKA TB PBB  LC TB?PFQBP LK JL?FIB RPFKD FQ 5P>DB LC OB#>MQ@|
>IPL FK@OB>PBA COLBHEPLKV?LQE ABPHQLM >KA JV2RBVIDEJ>QBIV

Drivers of security mechanism adoption

4EBOB >0B JRIQFMIB AOFSFKD C>@QLOP CLO > TB?PFQB QL >A@QREGE REGREEEE MO
MOFJ>OV LKBP >OBP

b 3L@FBQ>l JLOB PB@ROFQV LOFBKQBA BAR@>QFLK FK @ BTREKEERRKQOFBP |
JLOB MRKFBBB>PROBP FK @>PB LC > A>Q> ?0B>@E

b 4B@EKLILDF@>| FQ JFDEQ ?B B>PFBO QL >ALMQ PB@ROFQV CB>QROBP FK @BO
PQ>@HP LO @BBIQMFEIPSIFDEQ BK>?IB PB@ROFQWIEBQROBP ?

b OLMRI>OFQV TFABIV MLMRI>O TBAPESQ@MB I+ OB Q>0DBQBA >QQ>@HP QE>K > TB?
QE>Q FP IFQQIB HKLTK

AMMILPPP <EHN=]K<HF >G @; M=N<ML ;HM F:G:@>F>GM
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https://almanac.httparchive.org/static/images/2022/security/bot-protection-service-usage.png
https://almanac.httparchive.org/static/images/2022/security/bot-protection-service-usage.png
https://www.cloudflare.com/en-gb/products/bot-management/
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Location of website

, L@>QFLK LC QEB TB?PFQB TEBOB QEESBRAFERQBABB ?>PBA LO TEBOB QEB TB?PFQB FP
ELPQBA @>K LCQEBKFEM>@QP LK >ALMQFLK LC PB@ROFQV CB>QROBP 4EFP @>K ?B ?B@>RPB L
>T>OBKBPP >JLKDSEB_MBOP ?BFKD AFCCBOBKQ ?RQ @>K >IPL ?B ?B@:RPEBC QEB I>
@LRKQOV J>KA>QFKD >ALMQFLK LC @BOQ>@QFBBROFQV MO

"B@NK =HIMBHG H? $00,/ I>K <HNGMKR

7 BPBB > ILQ LC KBT @LRK@OFBBOH+ .LOV>KA $BKJ>OH NRF@HIV OFPB QL QEB QLM FK QEB
>ALMQFLK LC (4403 )Q_P > DLLA PFDK QL PBB KBT @LRKQOFBP >IPL >ALMQFKD TFABPMOB>A PB
MO@QF@BP ?B@>RPB QE>Q @>K ?B >K FKAF@>QBKERBEORAEEDS !IPL QEB

AFCCBOBK@B ?BQTBBK QEB IB>PQ >ALMQFLK >KA JLPQ >ALMQFLK LC (4403 FP OBAR@FKD TEF(
QE>Q >IJLPQ >l @LRKQOFBP >QBE}PESP@AFS? V ABC>RIQ LK QEBFO TB?PFQBP
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https://almanac.httparchive.org/static/images/2022/security/adoption-of-https-per-country.png
https://almanac.httparchive.org/static/images/2022/security/adoption-of-https-per-country.png
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"B@NK =HIMBHG H? /, :G= 4"+ I>K <HNGMKR

4EB >ALMQFLK LC #30 X-Frame-Options ~ 8& FPBOV PFJFI>0 QL BsRBROMOFPFKBIV

PBB TB?PFQBP FK )KALKBBPEESOQBA >ALMQFKD #38BHIQEERDE QEBFO >ALMQFLK LC

(4403 @LKQFKRBP QL ?B4EB >ALMQFLK LC #30 PQFII PBBJBQY. 88GFBA >@OLPP @LRKQOFB
?RQ QEB D>M ?BQTBBK >ALMQFLK LG-8RAHAR BB@OB>PFKD -LOB @LRKQOFBP KBBA QL FK@
QEB >ALMQFLK LC #30 PFK@BFQRFMMESQ>KQ PB@ROFQV CB>QROB QE>Q MOLQB@QP >D>|
KRJ?BO LC >QQ>@HP

Technology stack

IKLQEBO C>@QLO QE>Q @>K PQOLKDIV FKeRBK@B QEB >ALMQFLK LC @BOQ>FK PB@ROFC
QB@EKLILDV PQ>@H QE>Q_P ?BFKD RPBA QL ?RFIA > TB?PFQB )K PLIB @>PBPBB@ROFQ\
BK>?IBAY ABC>RIQ QLEIRIB FK @LKQBKQ J>K>DBJBKQ PVPQBJP
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https://almanac.httparchive.org/static/images/2022/security/adoption-of-csp-and-xfo-per-country.png
https://almanac.httparchive.org/static/images/2022/security/adoption-of-csp-and-xfo-per-country.png
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Technology Security features

Content-Security-Policy

X-Content-Type-Options
“ILDDBO y_p P

X-Frame-Options

X-XSS-Protection

760 Strict-Transport-Security
X-Content-Type-Options

X-Content-Type-Options
$ORM>| X
X-Frame-Options

Strict-Transport-Security
3NR>OBPM>@B .
X-Content-Type-Options

Content-Security-Policy
Cross-Origin-Opener-Policy
Referrer-Policy

'LLDIB 3FQBP .
X-Content-Type-Options
X-Frame-Options
X-XSS-Protection

OILKB X-Frame-Options

X-Content-Type-Options
7 >DQ>FI .
X-Frame-Options

Content-Security-Policy
Expect-CT
Strict-Transport-Security

-BAFRJ

X-Content-Type-Options
&FDROB 3B@ROFQV CB>QROBP SAISMQFLRP QB@EKLILDV

17L SB TB PBB PLJB LC QEB @LJJLK #-3 >KA ?ILDDFKD PFQBP ! @LJJLK M>QQBOK QE>Q TB PBB
TFQE PFQBP QESENBERDV IFQQIB @RPQLIFW>QFLK >KA CL@RP JLOB LK @BREBKQ BAFQFKD IFH
3NR>OBPM>@B >KA -BAFRJ \FEGEB-PF@ PB@ROFQV CBABREBPR( Strict-

Transport-Security #LKQBKQ J>K>DBJIBKQ PVPQBJIP3BR>FI 0ILKB >KA $ORNMSBI E>

SBOV ?>0B JFKFJRJ PB@ROFQV CB>QROBPCEAKEBR RRBXEEILMBOP QL PBQ RM QEB

TB?PFQB >KA EBK@B QEB OBPMLKPF?FIFQV QL >AA PB@ROFQV CEBQRBBP BOEPILOB LK AB
PBB QE>Q TB?PFQBP RPFKD 'LLDIBBRESBPEB@ROFQV CBADREBFRIQ
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Website popularity

7 B?PFQBP QESB EKV SFPFQLOP 28 JLOB MOLKB QL Q>ODBQBA >BRSE@HP QEBOB >OB

JLOB RPBOP TFQE MLQBKQF>|IB RERPKRESEID>Q@S@HIEBOBCLOB FQ @MR@RBA
QE>Q TFABIV SFPFQBA TBSBPQBR®E FK PB@ROFQV FK LOABO QL P>CBDR>0A QEBFO RPB(

"B@NRK ,K>CE>G<> H? L><NKBMR A>:=>KL L>M BG : \KQM |RBIR <HGM>

7 B CLRKA QI Strict-Transport-Security X-Frame-Options >KA X-Content-

Type-Options  >IT>VP ESB JLOB >ALMQFLK CLO TB?PFQBP TEF@E >0OB JLOR®Q¥ERI>O

QLM  TB?PFQBP FK JL?FIEBE3QOF@XRMLOQ 3B@REHFR@E JB>KP QEBPB TB?PFQBP @>0B
JLOB >?LRQ PBOSFKD QEBFO @LKQBKQ >KA A>Q> LKIV SF> (4403 4EB IBPP MLMRI>O TB?PF
E>SB (4403 BK>?IBA ?RQ LCQBK PBBJ QL KL Strict-Transport-Security EB>ABO QL
BKPROB QE>Q QEBFO TB?PREBABBATSBO (4403 4EB KRJ?BOP QH:ROV>-0B MOBQQV
@LKPFPQBKQ TFQE-OPR dKAFKDP

Malpractices on the web

#OVMQL@ROOBK@FBP @LKQFKRBA QL DOLT FIBMDNMRGD FONEIRFRSR=2(B CLO

S>OFLRP RPB @>PBP 7FQE QE>Q @LKQFKRBAPQERQB@EILKEIF@ BK@BREBEOFJFK>IP
E>SB @LKPFPQBKSBI®IBA QEFP QL QEBFO >AS> D IBIRS>@ UARDSBO QEB RPB LC
@OVMQL JFKBOFSESH QOBKABA ATHOA PFK@B IBRQAE>Q PBBJP QL L@ @RO FP @BOQ>FK

AMMIL>GPBDBI>=B: HK@ PBDB KRIMHC:<DBG@
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https://almanac.httparchive.org/static/images/2022/security/prevalence-of-headers-in-sites-by-rank.png
https://almanac.httparchive.org/static/images/2022/security/prevalence-of-headers-in-sites-by-rank.png
https://en.wikipedia.org/wiki/Cryptojacking
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SRIKBEFIFQEEKQP QE>Q BK>?IB BUP-@HKGB@Q @OVMQL JFKBOP FKQL PVPQBJP LK ?LQE ABF
>KA JL?FIB QOFDDBORBFR\FEBFO RP>DB

"B@NK KRIMHFBG>K NL:@>

IP >K BJ>JMIB >OLRKA *RIV >KA IRDRPQ LC  QEBOB TBOB OBERO@QINGLG>@HFKD
@>IM>FDKP >KA SRMBEQFBP TEF@E @LRIA ?B QEB @>RPBER BKQEBPMBHIFKBOP
CLRKA FK TB?PFQBP >OLRKA QE>Q QFJB -LOBEOBGBKQIV E>@EP >QQBIMQBA QL
IBSBGDB QEIMOFKD3EBII SRIRBOQV QL PBQ RM >KA ORK @OVMQL JFKBOP

'BQQFKD FKQL QEB PMB@Fd@P LC QEB @OVMQLJIFKBOP CLRKA FK RPB >JLKD TB?PFQBP LK ?LG
>KA JL?FIB TB CLRKA QE>Q QEB PE>0OB >JLKD JFKBOP E>P PMBsEICDBESIMAB V
#LFKFIMP PE>OB E>P PEORKH PFR&BI>PQRQ TEFIB -FKBOL @@ E>P DOLFRLRQ

AMMILKLM><AGB<: <HF BG?HKF:MBHG M><AGHEH@RKL A:FF>K LIKBG@LA>EE; BEEGRIBG :MM>FIM MH BGLM:EE <KRIMHFBG>KL
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https://almanac.httparchive.org/static/images/2022/security/cryptominer-usage.png
https://almanac.httparchive.org/static/images/2022/security/cryptominer-usage.png
https://arstechnica.com/information-technology/2022/04/hackers-hammer-springshell-vulnerability-in-attempt-to-install-cryptominers/
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"B@NRK KRIMHFBG>K FEKDLAKFH;BE>

4EBPB OBPRIQP PRDDBPQ QE>Q @OVMQLG>@HFKD @LKQFKREP@QIZB BHBOMREEQQ>@
RP>DB PIBPIP>PBA LK KBTIV BJBODBA SRIKBQFBP QE>Q BK>?IB QEBJ 4EBOBCLOB MOLMBO
AFIFDBK@B FP PQFII OBNRFOBA FK LOABO QL JFQFD>QB OFPHP FK QEFP PM>@B

LQB QE>Q KLQ >/l LC QEBPB TB?PFQBP >OEBPREB@QBBUDP J&>IPL ABMILQEFP
QB@EKFNRB FKPQB>A LC PELTFKD >AP QL dK>K@B QEBFO TB?PFQB "RQ QEB RPB LC QEF
EB:SFIV AFP@RPPBA QB@BRS@&KA BQEF@>IIV

0IB>PB >IPL KLOB QE>Q LRO OBPRIQFPELT QEB >@QR> PQ>QB LC QEB TB?PFQBP FKCB@Q!
@OVMQLG>@HFKD 3FK@B TBTBRKILROBBAILKQE KLQ >Il TB?PFQBP QE>Q ORK > @OVMQL.
@>K 7B AFEETIBA 4EFP FP QEB @-PRINIBORL > TB?PFQB OBJ>FKP FKCB@QBAVELO LKIV 8 A>
>KA KLQ LK QEB/ARO &IBO 5K

Well-known URIs

7 Bl HKLTK 52)P >0OB RPBA QL ABPFDK>QB PMB@Fd@ IL@>QFLKP QL A>Q> LO PBOSF@BP C
LSBOII TB?PFQB ! TBII HKLTK 52) 52y TELPB M>QE @LJMLKBKQ ?BDFKP TFQE@E@BT@PE>0
/.well-known/

AMMIL=:M:MKD>KB>MK@ =H< AMFE K?<
AMMIL=:M:MKD>KB>MK @ =H< AMFE K?<
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https://almanac.httparchive.org/static/images/2022/security/cryptominer-market-share.png
https://almanac.httparchive.org/static/images/2022/security/cryptominer-market-share.png
https://datatracker.ietf.org/doc/html/rfc8615
https://datatracker.ietf.org/doc/html/rfc3986
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security.txt

security.txt FP > dIB CLOJ>Q CLO TB?PFQBPAEMI>KA>0A CLO-SRIKBOOBMLOQFKD

7 B?PFQB I8BABOP @>ISHAE. @LKQ>@Q ABQ>MP NIAFEKA LQEBO FKCLOJ>QFLK FK QEFP

diB 7EFQB E>Q EB@R>KA MBKEFOK QBPQBOP @>K RPB QEFP FKCLOJ>QFLK QL @LKAR@Q PB@!
>K>IVPBP LK QEBPB TB?PFQBP >KA OBMEREIEGBRIKBO

"B@NK  1L> H? L><NKBDMRIEKMB>L

4EB MBO@BKQ> security.txt 52)P TFQE Q expires MOLMBOQV E>P FK@OB>PBA COLJ

QL QEFP B>OERB expires MOLMBOQV FP > OBNRFOBA MOLMBOQV ?>PBA LK QEB PQ>KA>0A F
DLLA QL PBB JLOB TB?PFQBP >AEBOFKD QL Q policy (@HBRFKRBP QL ?B QEB JLPQ

MLMRI>O MOLMBO security.txt 52) policy FPBOV BPPBKQF:> security.txt 52)

PFK@B FQ ABP@OF?BP QEB PQBMP QL*BE@RIBA? OBPB>0@EBO QL OBNHLEXD/> SRIKBO

change-password

4EB change-password  TBII HKLTK 52) FP > PMB@Fd@>QFLK RKABIMDEB@>QFLK 3B@ROFQV

7 LOHFKD 'OLRM LC QEB 7 # TEF@E FP FK BARDPQ>PBOFDEGRR PMB@Fd@ TBII HKLTK

52) T>P PRDDBPQBA >P\wQE0 RPBOP >KA PLCQT>OBP QL B>PFIV FABKQFCV QEB IFKH QL ?B RPB/
@E>KDFKD M>PPTLOAP
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https://datatracker.ietf.org/doc/html/draft-foudil-securitytxt-12
https://datatracker.ietf.org/doc/html/draft-foudil-securitytxt-12
https://almanac.httparchive.org/static/images/2022/security/usage-of-properties-in-well-known-security.png
https://almanac.httparchive.org/static/images/2022/security/usage-of-properties-in-well-known-security.png
https://w3c.github.io/webappsec-change-password-url/
https://w3c.github.io/webappsec-change-password-url/
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"B@NK 1L> H? <A:G@> |:LLPHK=IHBGM

4EB >ALMQFLK LC QEFP TBII HKLTK 52) FP PQFII ARBERMB@ET@>QFLK FP PQFII TLOH FK
MOLDOBPP PL FQ_P RKABOPQ>KA>?IB \DEBCPRQBISEPQ>0QBA >ALMQFKD FQ !IPL KLQ >II
TB?PFQBP TFISE> @E>KDB M>PPTLOA CLOJ BPMB@FALK BEBEEPFDK FK PVPQBJ CLO
QEBFO TB?PFQB

Detecting Status Code Reliability

4EFP M>OQF@RI>0 TBII HKLTK 52) ABQBOJFKBP QEB OBIF>?FF@MQLOBPNBERFBBQ>QRP
@LAB 4EFP 52) FP >IPL BBaFQEQD_FORPQ>QB >KAU@E>KDB FK QEB CRQROB 4EB FAB> ?BEF
QEFP TBII HKLTK 52) FP QE>Q FQ PEHIRBFRB FK JB?PFQB 3L QEFP TBII HKLTK 52) PELRIA
KESBO OBPMLKA TFQE FIQ>QRFC FQ OBAFOB@QP >KA OBORPKPREE>Q JB>KP QEB
TB?PFQB PQ>QRP @LABP >0B KLQ OBIF>?IB

AMMILP < @BMAN; BH P>;IIL>< <A:G@> I:Lt RIHISKIHGL> <H=>E8:; BEBMIFE
AMMIL2>M<A LIPA:MP@ HK@ HD LM:MNL
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https://almanac.httparchive.org/static/images/2022/security/usage-of-change-password.png
https://almanac.httparchive.org/static/images/2022/security/usage-of-change-password.png
https://w3c.github.io/webappsec-change-password-url/response-code-reliability.html
https://fetch.spec.whatwg.org/#ok-status
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"B@NRK /M:MNL>L H? MAN& MA:M LAHNE= GBMWPAHL> LM:MNL <H=> LAHNE= GHM ;>
>G=IHBGM

7 BCLRKAQE>Q LC TB?PFQBP FK ?LQE JL?FIB >KA ABPHQLM OBPMLKA TFQE > KLQ LH PQ>QRF
QEFP TBII HKLTK 52) 4EB DLLA QEFKD >?LRQ QEFP PMB@FdJ@>QFLK FP FC TB?PFQBP >0B @LOO
@LKJDROBA QEFP PMB@Fd@>QFLK PELRIA >RQLI>QF @S KBRAOTBIRAGBKABOP QL

J>HB >K/ PMB@Fd@ @E>KDBP

Conclusion

/RO >K>IVPFP QBSPWELTP QE>Q TB?PFQBP >0OB @LKQFERIMOBBIEKEP FK QEBFO

PB@ROFQV CB>@RUBEIBHPBBKIBO QEB M>BPEDP )Q_P SUAFFKD QL PBB QE>Q J>K
@LRKQOFBP TEL TBOB ?BEFKA LK TB? PB@ROFQV >ALMQFLKP >0B FK@OB>PFKD QEBFO RP>DE
JB>K QE>@>0BKBPP >OLRKA TB? PB@ROFQM FR BB@EIB>PFKD

7 B CLRKA QE>Q TESBABIBOP >OB >IPL PILTIV >ALMQFKD KBT PQ>KA>OAP >KA OBMI>@FKD QEB L
LKBP 4EFP FP ABdKFQBIV > PQBM FK QEB OFDEQ AFOB@QFLK 4EB FIMLOQ>K@B LC PB@ROFQ\
QEB FKQBOKBQ FP DSRORIDAEB TB? BBMP ?B@LJIFKD >K EKQBD® LC IFCB CYO J>K

MBLMIB >KA EBK@B TBBIABBOP PELRIA @LKQFKRB QL FK@OB>PB QEB RP>DB LC TB? PB@ROFQ
CB>QROBP

4EBOEP PQFII > ILQ LC MOLDOBPP QE>Q TB KBBA QL AL FK PBQQFKD PQOE®@BO #LKQBKQ 3B@F
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#OLPP PFQB P@OFMQFKD @LKQFKRBB QLB FK4EBOB KBBAP QL ?B TFABO >ALMQFLK LC
PQOFE scriptsrc  AFOB@SPRSL MBBBQ PR@E >QQ>@HP !IPL SBIOBBBP @>K ILLH FKQL
Q>HFKD >AS>KQ>DBRETVMQLME 10) 3FJFI>0 BCCLOQP KBBA QL ?B J>AB FK >ALMQFKD TB
HKLTK 52)P IFHPB@RAFQY .LQ LKIV ALBP BEFA®: T»CLO PB@ROFQV MOLCBPPFLK>IP QL OF
SRIKBEPFIFQFBP FK QEB TB?PFQB ?RQ FQ >IPL PESBR JBESE GE®RB-?LRQ QEB PB?PFQB
PB@ROFQV >KA >0OB LMBK QL J>HBIBHQMOL

)Q_P BK@IDWED QL L?ABQEB @LKQFKRLRP MOLDOBPP FK RP>DB LCBEXJERARGEDV L
VB>OP ?RQ QEB TB? @LJJRKFQV KBBAP QL @LKQFKRB OBPB>O@EFKD >KA >ALMQFKD JLO|
CB>QROBP PFK@B QEB TB? @LKQFKRBP QL DOLT >KA PB@ROFQV ?B@LJBP JLOB @OR@F:

Authors

3>MQ>H 3BKDRMQ>
X 3>MQ>H © 3>MQ>H3 ® EQQMP>MQ>HB?PFQB

3>MQ>H 3 FP > ERJ>K OFDEQP @BKQEBBRAMBEELAMRPFKD LK RP>RBERDFQV
MOFS>@V >KA >@@BPPF?FIFQV QLIBAG@REKIEB AB > @LKQOF?RQLO >KA
J>FKQ>FKBO LC S>OFLRP AFCCBOBKQ LMBK PLROZBB [MO0GEEQP IFH
IKFLK3E>OB>KA7 >DQ>FIOLR @>K dKA EFJ ?ILDDFRBMQ>HP ?2ILD

,FOK &4l
X IFOK=Q>I ©) IFEKQ>I

+KLTK CLO EFP LMBK PLRO@B>3@0GFMQ PB@ROF@P QS QHS>K
>T>0A TFKKFKD PLCQT>SBEAMB®B@ROFQV OBPB>@BIEK PLRO@B

@E>IMFLK FK QBB3®O0FMQ @LJIRBF®WK FKQBOK>QFLK>IIV OBEQRFWBA
3Q>0 >@HKLTIBADBA CLO EFP LMBK PILRIM@BKAS>P OB@BKEB /MBK*3

&L RKA>QFLR>QEJKABO CLO 3B@ROB@¥P TLOH LK .LAB GP PREROFQV
@LKQOF?RQFLKEBILMERD PB@ROFQV BAR@>QFLK FK@IRAB MBSLER@ QP
?RFIAFKD PRMMIV @E>FK PB@ROFQV QLLIP M>OQF@FM>QFLK FK #.#& >KA /MBI
FKFQFBOFSKA >RQELOFKD ?LLHP PREEEHF /P 3BOISPP 3B@REABYAP QEB
ABBILMBO >B@>@V QB>J S(H3KL >KA FP LK > JFPPFLK QL BIVEHIBUBEP

TFQE ?BQQBO >MMIF@>QFLK PB@ROFQV PHFIIP

AMMILHP:LI HK@H

AMMILPPP : RIK HC><M <HF

AMMIHGBHGLAKK@

AMMILP:@M:BE HK@

AMMILL:IM:DL ;EH@

AMMILPPP EBBM:E <HF

AMMILLM:KL @BMAN; <HEH EBM:E

AMMIIHI>GCHK@ :GGHNG<>F>GM \KLM 6K C:0<KBIME:G=B: :RU>E>M> <HFFNGBMR E>:=>KL
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"OF>K #I>0OH

X =@I1>0HFL ) @I>0OHFL® EQQMPTT @I>OHFL @LJ

"OF>K FP > TB?SBB.MBO TFQE FK ABM(ECEBK@B FK >MMIF@>QF (K EE@ROFQV
ABSBILMBOP ?RFIA PB@ROB TB? >MMIF@>QFLKP QEOLRDEEEHREMOH >P > $B
IASL@>QB >(¥BIKEL 7EFIB EB EXAMVBOFBK@B TLOHFKD >@OLPP CRIl PQ>@H MOLGB@
EFP CL@RP FP LERA@BOSF@BP !0)_P SEAMBO QLLIP "OFSBRIQL QB>@E

ABSBILMBOP TE>Q EEB>0KBA COLJ QEB PR@@BPPBP >K& E>RREBR EBELRQ

EFP @>0BBR@>K dKA EFJ ALFKD GRPQ QEBBHWEE®PQOB>JRO FK LKB LC
EFPIRGIPFDEQ @LROPBP

AMMIL<E:KDBH-EBO
AMMILPPP IENfELB@AM <HF :NMAHKL ;KB:G <E:KD
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Part Il Chapter 15

Mobile Web

Written by Cindy Krum

>0B>P>= ;RO > /F:KM :0B="H) :G=$>F:GMA $)
G:ERS>=;m: "K :F:E>@HIG=.B<D 2BL<HFB
I=BM>= ;<D 2BL<HFB

Introduction

-L?FIB >@@BPP QL TB? @LKQBKQ FP > @OFQF@>| >PMB@Q LC FKQBOKBQ >@@BPP >P > TI
PFQR>QFLKP >KA OBDFLKRABCQ-RAQEE-KP LC >@@BPPFKD QEBEFROBOHETQBK QEB
2>@H?LKB LC @LJIRKF@>QELQ E>MMBKP PB>JIBPPIV LK MI>QCLOJP QE>Q RPEBABPHQLM |
>MM >KA TB? >MMP QL C>@FIFQ>SB@EOMBEAB>KA >|ILTP @LKPRJIBOP QL RPB QEBFO
MOBCBOOBA JBQELA LC >@@BPP PFIMIFCVFKD >KAERFRBFKSBUIETFLK >KA
@LIIRKF@>QFLK LKIFKB

4EFP @E>MQBO TFII LRQIFKB QEB PQ>QB LC QEB TB? FK  TEBK FQ FP >@ @ EfFBa COLJ >,
)K PLIB @>PBP JL?FIB A>Q> FP @LIM>OBA QL ABPHQLM A¥MBIEEGOB-K OB C>JFIF>0
TFQE 4EFP @LIM>OFPLK FP FIMLOQ>KQ ?B@>RPBRIELRDRR:K ABPHQLM A>Q> QEBOB FP
KLT JLOB JL?FIB TB? Q0d@ >OLRKA QEB TLOIA QE>K QEBOB FP ABPHQLM >KA QEFP E>P 7B
PFK@B>?LRQ LO ABMBKAFKD LK QEB PLRO@B

AMMILPPP @LF: <HF FH;BE>><HBPIFKHGM>GM NIEH:=L 0A>)H;BE> I<HGHEF  I1=?
AMMILPPP BG>LMHI>=B: <HF BL A:OBG@ : LF:KMIAHSB{KKGM BG
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Worldwide connectivity

IP PBBJP QL >IT¥P ?B QEB @>PB TB >OB IFSFKD FK > JLOB @LKKB@B82 GESKATER-P V/
TLOIA E>PIBO BMBOFBK@BA GHR®FLK LC JL?FIB QB@EKLILDV >KA JL?FIB TB? E>P ?BBK
CRBIBA KLQ LKWIROB QE>K QTB>OP LGHK JLOB AFDFQ>I CL@RPBA @LJIBO@B @ERPBA ?

# 6)$ M>KABJF@ ?RQ >IPL QEB DOLTQEHROELK LC ' @LIIRKF@>QFLK KBQTLOHP @ILRA
>KA E/?0FA @ILRA @LIMRGKIOLEEBKQP >KA QEB DOLTFKD >ALMQFLK LAREBQ>| >KA S
>PPFPQ>K@PPQFKDa QB@EKKA IV

BT DBKBOQFLKP >0OB DBQGHEEATK PL@F>| JBAF> SSBME9IFBO >@@BPP QL JL?FIB
QB@EKLILBKA FQ FP JLOB OB>AFIV PL@F>IIV >@ @BODBELOB>RIB QEB DOLTQE LC
@LKKB@QFSFQV J>O@EBP LK TFQE KL BKA FK PFDEQ >KA @EHBCBIRIQBRKP >KA V
QLAY]@LIILNRF>1IV OBCBOOBZB@BN.E S-NED>RPB YHBOB ?LOK FKQL QEB AFDFQ>IIV
@LKKB@QBA TLOIA]>0B PROB QL MRIRDEHESBIEC JL?FIB QB@EKILREIS TB? >KA
@LKKB@QFSFQV QL KBT EFDEP Il QEFP BROQEBBRBABPO QB@EKLILDV LI ALA>
CLRKA>QFLK>| >KA CRKA>JBKQ>| CLO QB@EKLILDFBP LC QEB CRQROB

Traffic from mobile versus desktop

YK HBBMFKD TFQEBEBLALILDVQEB MOFJ>OV A>Q> PLRO@B CLO QEFP OBMLOQ BP QEB (440 |0@E
>KA QEB #EOLJB 58 2BMLIBS )K @>PBP TEBOB Q>?IBQ A>Q> T>P FK@IRABABP > PBM>0
JB>PROBJBKQ COLY:A¢Q> PLRO@B FQ T>P LIFQQBA PFK@B FQ ALBP KLQ KB>QIV dQ FK QEB MC
JL?FIB LO ABPHQLM @I>PPFd@>QFLKP >KA @>K >AA @LKQCRRF KERIA FXQBOBIOBQFKD LO
@LKOPQFKD JL?FIB >KA ABPHQLM FKCLOJ>QFLK QE>Q FP JLOB KB>QIV PBDJBKQBA LRQ 2BCBO
#058 AL@RJIBKQ>QFCKO JLOB FKCLOJ>QFLK >?LRQ BIFDF?IB JL?FIB MI>QCLOJP

AMMIL=>CEHI>KAKF> <HF =H<L <KNQ F>MAH=HEH@R NL>K >EB@B;BEBMR
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"B@NRK GGN:E <HFI:KBLHG H? M&GIMKH? P>;LBM>>¥BIFKK FH;BE>RIK MA:G
=>LDMHI L>@F>GM>= ;R IHINEBBGI® K

I@OLPP QEB JLPQ MLMKIHP QEB MBO@BKQ>DB LC PFQBP TFQE JCO® DEFHBABPHQLM
QECd@ E>P FK@OB>PBA QBHFQPE0 )K LCQEBQLM  JLPQ MLMRI>O PFQBP
OB@EFS OB QCd@ COLJ JL?FIBA@BP QE>K ABPHQLM RM COLJ>?LRQ FK  'KA>JLKD
QEBQLM  JLPQ MLMRI>O PFQBP  LC QEBJ BBI@HEFSOJ@ COLJ JL?FIBA@BP >KA
QE>QFPRMCOLJ>?LRQ FK  PLOLRDEIV> FK@OB>PB FK PFQBRIQEEQLOBI®BFS
QBCd@ QE>K ABPHQLM FK ?LQE LC QELPB QL QbNHWKDRISDRON O

I@@LOAFKD QL /?BOIL >?LRQLC TB? @0d@ FK  FP COLJ JL?FIBSR@®BP 4EB @LKPFPQBKQ
DOLTQE >KA MBOSKBPP LC QEBPB PQ>QFPQF@P FP > @IB>0 FRRERP>EHEIOBS PHEEDL?
FIMLOQ>K@B FKIBBR ES>IR>QFLK LC JL?FIB TB? >@ @BPP >@QFKRBO

Communication from the mobile web

4EB S>IRB LC QEB JL?FIB TB? FP I>0DBIV FK FQP >?FIFQV QL PB>JIBPPIV @LKKB@Q MBLMIB
>KA QL FKCLOJ>QFLK FK >K LKDLFKD MLOQ>%® RKIPIFOEPES 0ELKBP B >ITVP

?BBK MOFJ>OFIV CLO @LJIRKF@>QFLK ?RQ QEB >AAFQFLK LC QEB JL?FIB TB? QL QEB JL?F
CRKA>JBKQ>IIV @E>KDBA ELT MELKBP >0OB PBBK SREBAQBRAEFP PB@QFLK LC QEB OBMLO
TFII DL QEOLRDE ELT TB @>K NEBQEBEESQ FIMLOQ>KQ >PMB@QP LC @LJJRKF@>QFLK COL
JL?FIB TB? >KA ELT MLQBKQF>I CLO @LJJRKF@>QFLK FP OBeB@QBA FK JL?FIB TB?PFQBP

AMMILEF:G:< AMMIKABEHK@ >G  FH;BE> P>; MR< NL> ;R IHINE:KBMR
AMMILPPP H;>KEH <HF LM:MBLMB<L FH;BE>B&M>KG>M MK
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Alternative protocol links

"BFKD QE>Q JL?FIBR®BP >OB PL @OFQF@:PR¢MBI@IBIRKF@>QFLK FQ @>K ?B FKQBOBPQFKD
BS>IR>QB QEB JLPQ @LJJLK QVMBP LC IFKH CLOJ>QQFKD QE>Q FP MOBPBKQ FK QEB JL?FIB TB?
PLIBQEFKD @>EBA-KG:MBOMH<HE EBGIRBO QE>K IFKHFKD LKB M>DB LK > TB?PFQB QL >KLQEBC
M>DB LK > TB?PFQB QEBPB >IBRIAFBLIP IFKH QL > QVMB LC >@QFSFQV LQEBO QE>K TB?
20LTPFKD

"B@NRK =HIMBHG H? :EM>KGHMBO<HEL NL>= HG FH;BE> P>; l:@>L

4EB dDROB >8& LRQIFKBP ELT QEB AFCCBOBK@-MUBRQKENFFKHP >OB ?BFKD RPBA LK QEB

TB? FK  4EB JLPQ MLMRI>O LMQFLK mailto CLO BJ>ltel QL J>HB > @>sms QL

PBKA > QB JBPP>DB >KA LQEBO >MMIF@>QFLK PMB@Fd@ MOLQL@LIP CLO AFCCBOBKQ JBPP>L
IFB 7E>QP!MM 3HVMB >KA 6F?BO

4EB mailto MOLQL@LI FP CLRKA LK LC JL?FIB M>DBP #ILPB ?Bitel .MPQEEALI

CLRKALK LC M>DBP 4E>Q QEBPB MOLQL@LIP >OB CLRKA JLOB LK JL?FIB M>DBP FP MLQBKQF:
FKAF@EUP5>Q TB?PFQBP >0B ?BFKD JLAFdBA TFQE CRK@QFL:RE PQUQR. BN@ERO\>|
BUMBOFBK@B LK JL?BBAIF@FKD > @>Il TEF@E TLRIA ?B JLOB@IBIARQB LK ABPHQLM

0.27%

"B@NRK ,>K>GM H? FH;BE> l:@>L MA:N sms -B&&EHKMH<HE
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IALMQFLK LC (sms MOLQL@LI LK JL?FIB TB?PFQBP FP JR@EJERBFK >Q  4EFP FP
FKQBOBPQFKD ?B@>RPB IFKHFKD PLJBLKB QL > MOB CLOJ>QQBA 3-3 JBPP>BB@>K 7B >K E
QL BK@LAB MBLMIB QL PFDK RM CLO ¥%I§¥ MO:RDQE>Q @>B8M RPBOP JR@E JLOB
BKD>DBA TFQE>KZ0OFK QEB ILKD QBOJ ?RQ FQ BBBQEHHABPFDKEBRMEOP LO

J>OHBQBOP AL KLQ @LKPFABO QERP-{EBRRIEAFKD > PFQB

-BPP>DFKD >MMIF@>QFLK IFKHP BOB@BBAB@LIM>0OFPLK >Q IBPP QE>K >ALMQFLK 4EFP
@LRIA MLQBKQF>IIMWIBEKBA ®EB DOLTQE+:S EBGDBG@EB JL?FIB TB? TEBUBK >MM
@>K ?B AFOB@QIV LMBKBZFSKAQRA QL > ABBM PB@QFLK TFQEFK QEB >MM

Input fields

%KD>DBJIBKQ >KA E@BESFQV >0B @OFQF@>! CLO > DLUMBCFEKEE? BRE-CLROIVK
ABSBILMBOP$-LSBOILLBA PBQQFKD PMB@Fd@ Q\DFR KB @LSIL?FIB RPBOP QL BKPROB QE>
QEB @LOOB@QHDA >MMB>0P FJIBAFFEBR/QEB RPBO dK>I1V AB@FABP@Q HHEBBO
@LOOB@Q PBQQFKD TFIl OBQRBW?2 KBAZEEBK > RPBO FP BKQBOFKD > MELKBARI?BO
HBV?L>0A QE>Q FK@IR @P\AKLI TEBK QEB>0OB BKQBOFKD >K BJ>FI >AAOBPP /QEBO QVMBP
FKMRQ dBIAP FK@IRAB PR?JFQ CRK@QFLKP PBERGEEFPBERGEMRFD?RQQLKP

LOEBO ?RQQLKP LO >P EFAABK BIBJBKQP

"B@NRK =HIMBHG H? BGINM MRI>L

3FK@B JLARI>QMKDIOAP TFQE FKMRQ dBIAP FP JR@E JLOB FIMLOQ>KQ LK JL?FIB QE>K F
ABPHQLM TB@E QEB JLPQ MLMRI>O JL?FIB FKMRQ QVMBP >@ GLEP THEBFQBRGEFS
text T>P PQFII QEB JLPQ MLMRI>O FKMRQ QVMB RPBA LK LC M>DBP TEF@E FP AL’
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COLI>PQBAO>Q  hidden T>P QEB KB JLPQ @LJILK FKMRQ QVMB >Q LC M>DBP QEBK

submit  >Q

ICQBO QEB JLPQ @LJILK FKMRQ QVMBP QEBOB FP > @IRPQBO LC FKMRQ QVMBP QE>Q L@@RC
NR>0QBO LC QEB M>DBP 4EBF email '|RABKMRQ dB N/A >KA checkbox >Q
CLILTBAY search >Q

#LIM>OBA QL I>MB>€ checkbox email >KAsearch E>SB FK@OB>PBA > ?FQHRBI@B
4EFP MLPPF?IV FKAF@>QBP JLOB >QQBKQFLK QL QEB JL?FIB R¥B RFERBREFEBKK MOB
JLOB FKMRQ dBIAR E£B ?BBK IBPP FKAFP@OFJFK>QBIV IRJIMBA QLDB(text >P PFIMIV

Advanced input types

IAS>SK@BA FKMRQ QVMBP color /date datetime-local email month number

range reset search tel time url week datalist 4EB/ >OB @LKPFABOBA
=0:G<>=?B@>RPB YHBOB FKQOLAR@BA FK QEB (4-, PMB@Fd@>QFLK QL >IQBO QEB FKMRQ JBC
FK QEB ?OLTHEEXBAV @E>KDFKD QEB MOBPBKQ>QFLK LC LMQFLKP QE=@Q RFBBL&>K FKQBO

47%

"B@NK |, >K>GM H? FH;BE> |:@>L MA:NGNE=:BGINM MRI>L

/C M>DBP TFQE >Q IB>PQ LKB FKMRQ LC QEBJ RPB LKB LO JLOB >AS>K@BA FKMRQ QVMBP TE
RMCOLJ TEBKLKIV LCJL?FIB PFQBP RPBA >K >AS>K@BA FKMRQ QVMB

)K DBKBO QEB RPB LC PMB@F>IFWBA FKMRQ dBIAP >KA MOLQBGEFFQ@LE EQMIDHP

JLOB BKD>DFKD RPBCRI >KA BCd@FBKQ )Q FP RKCLOQRK>QB QE>Q FQ FP PQFII NRFQB @LJJLI
>KA OBI>QBA CRK@QFLK>IFQV QL EBOILLBORK DEB JL?FIB TB? ?RQ FQ FP KLQ BKQFOBIV
AFPEB>0QBKFKD 4EBPB QVMBP LC JL?FIE@BE)OLM RKA CLOMBCOP ?RQ QEBY

7B DOLTFKD LRQA>QBALRLI>?B BB@RQBY PB? >MM CRK@QFLK>IF(P# 3@OFEMQEBO

QE>KW QEBFQFLK>I JBQELAP LC @LAFKD QEB@SEREFK QEFP QVMB LC >K>IVPFP

3FJFI>OIVFQE QER.BRQFLK LC ABBM IFKHP TEF@E @>K LMBK >&SRABFQB QIQNABBM

P@OBBK TFQEFK B kMM $MB@F>IFWBA FKMRQ dBIAP JFDEQ KLQ R PRISE@SHBR-0V

2G-KAP J¥% QOV QL MRPE SFPFQLOP COLJ > TB?PFQB QL?BIESBIYEFQ BEB FSRABLRPBOP

TFQE > ?BQQBROEDFBK @B SDBYQBEBBI @LIBOPFLK PQ>QFPQF@P QE>K QEB TB?PFQB 4EFP FF
BPMB@F>IIV QORB TEBK >MMP >OB QEB J>FK CL@RPL TEEK @EBMMP >0OB ?BFKD JLOB

AMMILEF:G:< AMMKRABOHK@ >G  FH;BE> P>; MRI> =><BMBHGL
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>@@Y RMA>QBA >KA J>FKQ>FKBA QE>K QEB TB?PIVAEBE@ERKD >V KBEBRBBOV
2LQE TB?PFQBP >KA >MMP @>K ?>PF@>IIV @LIMIBQB >II LC QEB KB@BPP>OV Q>PHP PL FC
QEB 2®A_P MOBCBOBK@B LO QEBFO LTK FKQBOK>I PR@@BPP JBQOF@P

4EB S>OF>QFLKP LK FKMRQ dBIAP-HUEREXBABA QIBJFBR FKQB®QFLK JLOB MOLAQ>?IB

CLO QEB @LMWI>KA JLOB BCd@FBKQ CLO @EB/RREELCQBK >PPL@F>QBA TFQE AFFQ> @E!
MOL@BPPBP >KA QERP @>K AFOB@QIV FIM>@ QLOEHE IBOXAFFRERFIMLOQ>K@B LC
QEB CRK@QFLK>WFQM-BFQ JLOBBRHQE>QSBH.MBOP MRPE RPBOP QB >MMJBIS

@LIMIBQB > MRO@E>PB FK LOABO QL PQOB>JIFKB (SBBNID EEBBAFFBO/ME)Y

FKCLOJ>QFLK LO PMBBA RM QEB @LJIMIBORPK GREES QEFP MBO@BMQFIBCOEAR) ICRFS
?BQQBO CLO QEFP HFKAQQFHQEEBJIP JFPDRFABA QELRDIPQ®LKPRIBORB@Q QL

E>SB > PILLQE >KA PB>JIBRVBOFBK@B TERDBEERBDFK QEBFO BK@ CRIEEDQE>K ?BFKD
CLO@BA GKPEDFLK COLJ TB? QL >MM IBDSF@BBIBO MLPPF?IB M>OFQV ?BQTBBK >MM >K.
TB? CRK@QFLK>IFQV PELRIA ?B > QLM MOFLOFQV >KA >AS>K@BA FKMRQ JBQELAP @>K EB
BPMB@F>IIV CLO QEFKDP QE>Q FIM>@Q QEB @R RKBLEBEPPBP

YQ FP MLPPF?IB QEFQEXK>I FKMRQ dBIAP]TEBQEBORJERH MOLQL@LIP FKMRQ QVMBP LO
>AS>K@BA FKMRQ QVMNBBREQ ?B E>KABABBM IFKHP QL >MMP >KA QEBPB >OB E>KAIBA
AFCCBOBHKEB/MOLQL@LIP CLO IFKHFKD QL >MP® QEME @FKD PLIB TB? CRK@QFLK>IFQV Fi
20L>AIV @>1IBA ABBM IFKHFMEENICE (BGIBLF/3 >KAG=KHB= |l (BGDLK !KAOLFA )K @LAB
QEBPB IFKHP ILLH @GRPQEEMRI>O TB? IFKH >KA QEB I>RK@EFKD LC QEB SWHMTE? BMWAIBA ?
J>KFCBPQ dIB ELPQBA /well-known  AFOB@QLOV >Q QEB OLLQ LC QEB TB?PFQB 4E>Q P>F
E>OA QL JB+PPRIMQFLKP >?LRQ TE>Q @E>KDBP >KA S>OF>QFLKP FK QEBPB KRJ?BOP JB>
MO@QF@> FKQBOMOBQ>QFLK ?B@>RRBITBALRPBP >KA D>FKP >OB >?PLIRQB LO FC QEB
GRPQ >KRFQFLKFKD LC QB@EKLILDV >KA KLOJP FK QEBPB >PMB@QP LC QEB JL?FIB TB?

, LLHFKD >Q QEFP QLMF@ FK >KLQEBCIFDER QiQ EFDE LOMB@Q>QFLK (BHMEDP
PMB@Fd@>IIV @LAB QEB FKMRQ QVMBP >KASBEVRERKIXEICQEEFO PFQB YREPF?IB

CLO JL?FIB ?0LTPBOP QL AL JLOB LCSYHB®EBSKD FK ABQBOJFKFKD TE>Q QEB OFDEQ >@QF
HBV?L>0A .RQ FP CLO > M>OQF@RI>0 IFKH LO FKMRQ 8BLRR:@BRBEKIOL) QEB @LAB LO
MOSFLRP RPBO B{@IBRLKP "OLTPBOFEBK 7B >?IB QLSB3DB QEFFCY OBPB>0O@E QL
LMQFIFWBVBBOFBK @BREFD

8.0 B>JMIB FGEOV RPBO QE>Q @IF@HP LK > M>OQF@RI>0 FKMRQ dBIA PTFQ@EBP QL QEE
HBV?L>0A LO PR?JFQP LKIV KRJ?BOMB QEB ?0LTPBO @LRIA dRAGLTRPB QE>Q HFKA LC
FKQB@QFLK >KA JBQ>A>Q> QL EBROFPQF@>IIV BK>?IB/QEBRIEBEER OBELMB

QE>Q ?0OLTPBOP TFIl @LKQFKRB QEB QOBKA LC PFIMIFSEERP Q:-OF® E-CBBK @LIMIB
>KA FKBCd@FBKQ CLO PFQB LTKBOP §EK® &EBLIIBIPB LC QEB ?ROABK 7EBK ?0LTPBOP
>PPRJB JLOB OBPMLKPF?FIFQV CLO >PMB@QFSEQRIOBOQEBJ] QB M QL QEBFO

K>JBP>I8 OLIB >P QEBK :@>GIPEBO QE>K MRPEFKD >Il QEB OBPMLKPF?FIFQV CLO DLLA RPI
BUMBOFBK@BP LK QEB PFQB LTKBOP 4EBPB EBROFPQF@ ABC>RIQP CLO TB? LKIV PFQBP -
IFKHP QL >MMP TEBK QEBFO BKE>K@BA MLQBKQF>I CLOSI@GFER BIFTYE®BAB>|

2022 Web Almanac by HTTP Archive 495



Part Il Chapter 15 : Mobile Web

M>QE CLOT>0A

Accessibility on the mobile web

-L?FIB ABSF@BP >OB @EBSMBIBRA JLOB MLOQ>?IB QE>K @LIMRQBOELRPBERLQ LC
MLQBKQF>I QL EBIM MLMRI>QF SFEBPSRES@>11V ?BBK FDKLOBA LO J>UMFB@EMBLOY
LCQBK TFQE LKIV JFKLO QTB>HP QL>@RBEBBPREF@QVAFKD QL 'LLDEORB >@@BPPF?FIFQV LK
QEB TB? JB>KP QE>Q QER RFLE)BKSHP2IB >KA FQP CRK@QFLK>IFQ\>@BKWPB LMBO
IFQBOV >KLKBa )K > JLOB ABQ>FIBMIBK>QFLK ‘LLDIB LCCBOP QE>Q

<<>LLB;BERMRG XKL MH IQRsKB>G<> H? NL>KL PAH FB@AM ;> HNMLB=> MA>
G:KKP KG@> H? MA> YMRIB<HAHNIB®AM :<<>LL HKNBBBMK MABG@L
=B??>BMER MAR &><M /I><B\<:HER <HG<>KGL NL>K: BAHKB>G<BGC@

LHF> MRI> H? BFI:BKF>GM HK =BL:;BEBMR :G=;>:K BG @BEBBMAM MA:M >
FB@AM ;> GHBLUB<:E HK M=>RRIK

7 B? >@@BPPF?FIFQV >KA JL?FIB TB? >@ @BBHSFRBEY SEBEO FIMLOQ>K @BIBK@B OB

FK QEB GBRP>QFLKP >KA DBEB®P@FLRPKBPP LC QEB TB? >P > TELIB "RFIAFKD JLOB >@@BPPF
PFQBP THILT QEB JL?FIB TB? QL OB>@E JLOB RREGR.QBKQF>I @RPQLJIBOP CLO ?RPFKBPPBP
LKIFKB )Q TFII >IPL EBIM MLPFQFLK FKCLOJ>QFLK >KAK/FPL@FKQERFRS FK QLR@E

TFQE QEB KBBABEGILXEDEBO QE>K MBOMBQR>QFKD FKPBKPFQFSFQV >KA CROQEBO J>ODFK>|
LKIV @LKPFABOFKD-@EE> NL>K

|@@BPPF?FIFQV @LK@BOKP BXKLTK KL QEOBB QVMBP PFQR>QBIMWAKABIMLO

MBOJ>KBKQ )K JLPQ @>PBP FQ FP MLPPF?IB QL FJ>DFKB @FO@RJIPQ>K@BP FK TEF@E >K >PM|
>@@BPPF?FIFQV FP @OFQF@>1 CLO PLIBLKB TFQE > MBOJ>KBKQ FIM>FOJBKQ TEFIB >IPL ?BFK|
RPBCRI CLO MBLMIB TFQE PFQR>QFLKEV BIYERILBKQP KA TEFIB FQURRA@O@V

OBT>0OAFKD >PMB@QP LC >@ @BPPRRFIRQRY TBBERKD TB? >@@BPPF?FIFQV PQ>KA>0AP LCQBK
QEB PFAB ?BKBAQMOEFKD LOD>KK@RKDFK 'LLDIB PB>O@E OBPRIQP

4EB7# PRJJ>OFWBP QEB ?>PF@ QBKBQP LC >@@BPPF?FIFQV FK CLRO DOLREP LC @LK@BO
QEB TB?PFQB<>B(E> PLIBQEFKDR @>K PBB LO EBBECE> ?RQQLKP >KA DBPQROBPN
RPBNG=>KLM:G=:;B¥LRQ >KA MOBPBKQ>QFLK @LK@BDIKR:2FHRQV QL BKQBO >KA PR?JFQ
CLOJP >KA FKCLOJ>QFLK 4EB BIBJBKQP QE>Q TB CL@RP LK EBOB C>IMKPQF:RKABO QEB
>KAHI>KE>DOLRMP FK@IRAFKD @LEQ @HOQ>0DBQP >KA WLLIFKD >KA P@>IFKD

YQ FP MLPPF?IB QE>Q QEB FK@OB>PBA CL@RP LK JL?FIB >@)@ BEEFCRIKQQFEK SIREO
FIMLOQ>K@B LC JL?FIB >KA AFDFQ>| @LJIRKF@>QFLK BPMB@F>IIV FC FQ EBIMP RP QL OB>PPE

AMMILP>; =>0:<<>LLB;BEBWI BL :<<>LLB;BEBMR

AMMILFHS <HF ;EH@ L>H :G= :<<>LLB;BEBMRNBEHK
AMMILL>:KA>G@BG>E:G= <HF L>H :<<>LLB;BEBMR MBIL =>:? =BL;;E>=
AMMILPPP P HK@ 0. FH;BE> :<<>LLB;BEBMR F:IIBG@

496 2022 Web Almanac by HTTP Archive


https://web.dev/accessibility/#what-is-accessibility
https://moz.com/blog/seo-and-accessibility-introduction
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ERJ>KFQV LC AFDFQ>I QB@EKLILDV >KA @LJIRKF@>QFLK 4EFP FP M>0QF@RI>OIV FIMLO
TEBOB QEB FK@OB>PBA AFDFQ>| @ LKKBR@QREIRQYBIMBOMBQR>QFKD FPLI>QFLK >KA > [>@
OB>I| TLOIA @LKKB@GFSFKIY QEB JL?FIB TB? JLOB >@@BPPF?IB BELRIREB@Q >KA
FKAFOB@Q M3.PRQF@Q LK JL?FIB QB@EKLILDV >KA PL@FBQV >Q I>0DB

Color contrast

#LILO @LK®Q FP >K FIMLOQ>KQ >PMB@Q LC JL?FIB TB? >@@BPPF?FIFQV CLO > I>0DB S>C
>KA FQ FP LKB LC QEB B>PFBPQ >@@BPPF?FIFQV KBBAP QL PNIEB FRAIRMASGHE THRKEOB
/K JL?FIB ABSF@BP TEBOB P@OBBKPHOBISIT>KA CLKQR 2B PJ>IIBO QE>K KLOJ>I

E>SFKD DLLA @LILO BRE@DK BH ?FD AFCCBOBK@B FK QEB IBDF?FIFQV LC QEB/@LKQBKQ
HFKA LC SFPFLK FIM>FOJBKQ FP MOBPBKQ FK@IRAFKD @BI@IKLCCeF@MGRERP IFH
DI>R@LJ> LO @>@€IP SFBTFKD TB? @LKQBKQ LK > JL?FIB MELKB @>K ?B AFCd@RIQ LO FJI

%BK MBLMIB TFQE MBOCB@Q SFPFLK @>K PLIBQFJBP PQORDDIB QL @LKPRJB JL?FIB TB? |
P@OBBK TEBK QEB P@OBBEFP ARQQ\C DI>OB LO QEB RPBO FP FK ?0FDEQ PRKIFDEQ ! EF
@LKOPQ-QFL ?BQTBBK QEB @LILOP LC > JL?FIB PFQB EF® BERABOHOL RPB >KA >MMOB@F>
BSBK FK ?>A @LKAFQFLKSBKKALE MBLMIB TFQE MBOCB@Q SFPFLK

4E>Q P>FA MHVBLMIB AL S8 MBOCB@Q SFPFLK >KA RPB DI>PPBP LO @LKQ>@Q IBKPBP Q|
PBB BLMIB TFQE MBOCB@Q SFEMBG@@-REBFO SFEEKRREIE ABBB >P QEBDB >Q IB>PQ
QL PLIB ABDOBB PL QEFP >@@BPPF?FIFQV PQ>KA>0A EME@QELC INERDIKE

23%

"B@NK ,>K>GM H? FH;BE> |:@>L PBMA LN?\<B>GMKHEHK <HGMK

'FSBK QEB P@PHFQ FP P>A QE>Q LKIV  LC JL?FIB PFRBP EBERYSBEABNR>QB @LILO
@LKOPQ 4EFP FP LKIV LKB CRIl MBO@BKQ>DB MLFKQ RM COLJQEB  PQ>QFPQF@  PL|
FIMOSBJBKQ ?RQ KLQ > PR?PQ>KQFSIJBRIDIEBK TB ILLH ?>@H CRAEFBPQ>QFPQF@ E>P
>@QR>IIV?BBK PFK@B PL QEBOB E>P ?BBK >IJLPQ SRIBRQRK BAOP

$FP>MMLFKQFKD CLO PLIBQEFKD QE>Q FP TFABIV @LKPFABOBA QEB JLPQ FIM>@QCRI >@
PQ>KA>0A LK QEB TB?

@@LOAFKD QEZBRBC> 3BOSF@BP |AJFKEFQOPFQB LTKBOP PELRIAS PROB QEB
@LKORQ ?BQTBBK QEBRGEA ?>@HDOLRKA FP DOB>QBO QE>K LO BNR>I QLUQ SH® PJ>Il QB
CLO I>ODBQB4ER #  ?>@HP QERIFO >KA >IPL >AAP >K BKE>K@BA DRFABIFKB QE>Q @>

AMMIL<<>LLB;BEB@BM:EOBHOE =>LB@G <HEHK :GM<HGMK
AMMILPPP P HK@ 0. FH;BE> :<<>LLB;BEBMR F:IIBG@:IA/KHGMK
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> @LKERD LC >Q IB>PQO  CLO I>0DB P@>IBQR SFLRPIV QEBOB >0B JLOB JL?FIB PFQBP
QE>Q JFPP QEB J>OGBLG<>= :<<>LLB;BERFIKD QE>Q PQ>QBPOEEDIFAILT QEB  QE>Q
JBBQ QEB ?>PF@ OBNRFOBJBKQP CLOR@LLKI@EEPFQBP

)C BKE>K@FKD QEB MBO@BFS>?FIRGUNBFREQER @LILO@OKE® J>HFKD FQ >@QR>11V
RP>?IB FP KLQ BKLRDE LC >K BKESKQ@FS JFKFJRISBI LC @LKPQ ?BQTBBKIQBKA
?2>@HDOLRKA @LILOP E>P ILKD ?BBK >K FIMLOQ>KGRHBIEKXEXCLOXB PB>0@EBP >P TBII

)Q PQ>0OQBA >P > JB>KFSBEQFRX® PM>JJBOP COLJ FK@IRAFKDJEFAABEPBQBP TEF@E

T>P LCQBK TEFQEXK > TEFQB ?>@HDOLRKALBEBD. SBA FEBO QL ?B M>0Q LC QEB
LOFDFKLPFIB &OFBKAINDRFABIFKBP >KA KLT FP PFIMIV FK@IRABA >P M>06) LC QEBFO DBKBO
DRFABIFKBP CLO ABPFDKFKD TB?PFQBP QE>Q >OB DLLA CLO RPBOP

#LILO @LKERQ FP PLIBQEFKD QE>Q TB BLRIBK@ERE TB?J>PQBOP QL CL@RP LK BPMB@F>IIV
FK IFDEQ LC KBT @LILO @>M>?FIFQFBP M dark-mode ' JENR >OB J>HFKD PFQB RMA>QBP QL
FIMOSB \LRO PFQBP @LIM>QF dark-mode LR PELRIA FAB>IIV >IPB QEB QFJB QL

FIMOSB LSBGIl @LILO @ERQCO-P M>0Q LC QE>Q MOLGB@Q 4EFP CB>QROB FP LCQBK B>PFBO CLC
MBLMIB QL RPB LR @>K @LRKQ QEFP @LJ?FKBA BCCLOQ >P > ALR?IB ?BKBdQ

Tap targets

4>M Q>0ODBQP >0B EICREREBF@H>?IB BIBJBKQP LK > M>DBVIBREBKBRP >KA

ABBILMBOP PQFII QEFKH >?LRQ TB?PFQBP >P ?BFKD ABPFDKBA LK >K@® QEOSKEBBI)LM FKQBO
QE>kH;BE> \KLWQ @>K ?B @LJILKSBOLLLH BFKD I1>0DB BKLRDE PM>@BP CLO QLR@EP@OBBK
FKQB@QFLKP LK TEF@DKOFLK >KA @IF@HFKD TFQE > dKDBO FP PL JR@E IBPP MOB@FPB /K JL
ABSF@BP TEBK QEFKDP >OB OBPFWBLDHM@BHPQEB PJ>IIBO P@OBBK FQ FP @LJJLK CLO
IFKBA BIBJBKQP QL ?B @ILPB QLBBRE@DK ?B@LJB > MOL?IBJ FC JRIQFMIB @IF@H>?IB BIBJBKQP
>0B @IRPQBOBA QLBBQERIFDEQ >MMB>0 FEEDKOFLK JBKR LO CLLQBO

(> SFKD >MMOLMOF>QBIV PFWBA Q>BRFQIBRBNERE>Q > RPBO TFK@U@IF@H LK QEB

TOLKD ?RQQLK LO IFKH SK®ESFD>QB ?>@H QL QOV QEB @IF@H >D>FK )Q FP >IPL KLQ FAB>I Q
BUMB@Q RPBOP QL WLLJ FK LK QEB JL?FIB P@OBBKP PFIMIV QL @IF@H §B OFDEQ ?RQQLK &
>@@BPPF?FIFQV PQ>KSFKBKMMOLMOF>QBIV PFWBA Q>M Q>0DBQP FP >IPL FIMLOQ>KQ CLO R
E>SB >K/ HFKA 10QLO FIM>FOJBKID AFCAd@RIQV TFQE dKB JLQLO PHFIIP

42%

"B@NK ,>K>GM H? FH;BE> l:@>L PBMA LN?\<B>GM M:| M:K@>ML

AMMII=>GEHI>KL @HH@E> <&k fEBLRE> LBM>L @>M LM:KM>=
AMMILPPP P HK@ 3% 3 # 1G=>KLM:G=BG@ M:K@>M LBS> AMFE ;>G>\ML
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4EB JFKFJRJ PFWB CLO > Q>M Q>ODBIVR® DEBBOBA QL ?B KL PJ>IIBO QBHKY MFU

MFBIP TEF@E FP > OLRDE BPQFJ>QFLK LC QEB PFWB LC > dKDBO ?BFKD RPBA LK > QLR@E!
Q>ODBQP >0B UMB®QBA QL ?B > JFKFJRJ LEIPMMSOQ COLJ B>@E LQEBO FK LOABO QL M>F
LC 'LLDIB P 8>IR>QFLKP )K LRO OBPB>O@E  LC JL?FIB PFQBP E>A PRCA@FBKQ Q>M Q>0D
AFP>MMLFKQFKD >P IBPP QE>K E>IC LC QEB PFQEDPHIMEBOMRKESMOF>QBIV PFWBA Q>M
Q>ODBQP

"B@NRK BLMKB;NMBHG H? MA> GNF;>K H? M:bMIK@RE 2:BENK

0>DBP QE>Q C>FI QEB >RAHY ESBBIODB QE>K LKB C>FIFKD IFKH 4EB JBAF>K KRJ?BO LC C>F
Q>M Q>0DBQB FIR(SFK PLJB @>PBP TEBK PFQBP C>FI QEB KRJ?BO LC C>FIFKD Q>M Q>0D
NRFQB EFDB FBB QE>Q QEB TLOPQ MBO@BKSBC ORRERE>C>FIFKD Q>M Q>0DBQP

Zooming and scaling

-L?FIB ABSF@BPEBB@LJB > ?FD M>0Q LC A>FIV IFCB CLO JLPQ MBIMEO<QBEB BP QE>Q
FKQB@QFLK TFQE JL?FIB TB? @LKQBKQ PELRIA ?B NRE@HBRARBR/E>KAIB WLLIFKD

>KA P@>IFKD @>K DL > /KR FIMSEKD FKQBQFLKP LK JL?FIB 4EBOB >0OB AFEBOB8KQ Q>H
QEFP >KA TEFIB JLPQ TFIl >DOBRRGBEA QL PBQ > MOLMBO FKFQF>I P@>IB FK QEB SFBTMLC
JL?FIB RPBC &lt;meta name="viewport" content="width=device-width,

initial-scale=1"> QEBOB FP KL@BRRFE>DOBBJIBKQ >?LRQ QEB PB@LKA M>0Q LC > SFBT!
PBQQFKD TEF@E @LKFORER.RA\LO PELRRWKFP>?IB P@>IFKD >KA V Euser- )

scalable=no"> LO MBOE: Euser-scalable=yes"> -LPQ >RQELOF@KHEPIRAFKD QEB
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7# PRDDBPQ QE>Q OBPQOF@QFKD P@>IFKD >KA WLLJFKD @QUMB@EBKQ@B>RAA RPBO B
>ABOPBIV FIM>@Q >@ @BPPFZFREDRIA SB-ABA 3BQQFKL minimum-scale  >KA
maximum-scale @>K >IPL ?B PBQ >KA QEBPB >0OB LCQBK P>CESBIIFMBQF? B¥BE

IFJFQP >0OB KBBABA

. LLJFKD @>K ?B > DLLA TLOH>OLRKA CLO > RPBO TEL FP SFPR>IIWEKBISEDEREQ >K

ALBPKQ BB QEBFO OB>AFKD DI>PPBP E>KAV KBBA QEBJ /K QEB LQEBO E>KA FQ @>K ?B

E>OA QL ?RFIA PFQBP GESESRKS@>IB TBII LK JL?FIB 4EBOB Y@FCSBOBKQ CLKQ PFWB
PBQQFKDP QE>Q TLRIA KBBA QL ?B >@@LJILA>QBA >KA DBQQFKB EGH PERB @R@B>H

E>OABO QL FK@BJFQE 4EFPVAPLTB ABPFDKBOP MOBCHEBKR R@EFKD >KA WLLIFKD QL
BKPROB QE>Q QEB M>DB OBKABOP FK > EFDEIWNIEEAH@G TEFIMS@REBAIRPKD >KA

WLLJFKD 7EFIB QEFP FP QORB AFP>?IFKD WLLJFKD >KA P@>IFKD FIMBABP QEB RP>?FIFQV LC
>KA QERP PELRIAREABA CLO QEB P6H@ @BPPF?FIFQV

"B@NK GGN:E <HFI:KBLHG H? M&GMKH? P>;LBM>L MA:M =BL:;E> SHHFBG@ :G= L<:EBG@
L>@F>GM>= ;R IHINE: KEDEFGIQ

/C QEB JL?FIB TB?PFQBP FK QEB QLMKH OLC QEBJ E>A AFP>?IBA WLLIFKD >KA P@>IFKD

ALTK COLJ>?LRQ FK  7EBKV LR ILLH>Q QEB QLM LC JL?FIB PFQBP E>A

AFP>?IBA P@>IFKD >KA WLLIFKD >KA QEFP FP ALTK COLJ >?LRIQ HAHO >Q QEB LQEBO

BKA LC QEB P@>IB QEB FRABRQ DOLRM TEF@E FK@IRABP >Il QEB PFQBP FK QEB A>Q>PBQ L
PFQBP BEMEBA WLLIFKD >KA P@>IFKD ALTK COLJ>?LRQ FKBOII/TE>Q TB @>K PBB

EBOB FP QE>Q QEBBKES LC QEFP >@@BPPF?FIFQV IFJFQFKD PBQQFKD FP LK QEB AB@IFKB BF

AMMILPPP P HK@ 3% LM:G=#H @NB=>EBG>L :<M KNE>L HMHL$
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QEB JLPQ MLMRI>0 PFQBP TEF@E FP DLLA KBTP ?RQ QEB C>@Q QE>Q JLOB QE>K E>IC LC
RPFKD QEFP QVMB LC IFJFQFKD PBQQFKD FP AFP>MMLFKQFKD

IP > TELIB TB HKLT QE>Q >@@BPPF?FIFQV @LK@BOKP >0 KU A BRIQBIDL >
MOLDOBPPBP JBBQFKD >@@BPPF?FIFQV PQ>KA>OAP THMBEQLIB LSRR @F>11V LK
JL?FIB ABF@BP !P FP LCQBK QEB @>PB QEB RPB @>PBP@UFIECRE-BRUBOB ?0L>A
OKDFKD @LIM>OBA QL ABPHQLM PIMBRBOFOMR KP >OBIEBRERD RDE QESBABIIBKQ
@LKPEFKQP CLO TB? JL?FIB @LKQBHQIHOB AFCI@RIQ QL >@ Q5> |IF'SEOEEBIBPP
>@@BPPF?FIFQV FP ?B@LJIFKD > @OFQF@>| @LIMLKBKQ LC DLLA TB? ABPEIBA KA PELRI/
@OB>QB > JLOB FKEIRFHB TB? )Q FP DLLA QL PBB QE>Q QEBOB FP FK@OB>PFKD >AEBOB
>@@BPPF?FIFQV DRFABIFKBP ?RQ QEBOBHB OQHICRORISEBKQ

8.0 J>K/ \B>OP 'LLDIB E>P @OB>QBA >BVERFS®S LK QEB VBIBT>0AFKD TB?PFQBP QE>Q
JBBQ @BOQ>FK ?>PF@ OBNRFOBJBKQPKABKIBQREBSENLKB FQ CLO IL>A QFJB
MBOCLOJ>K@B PB@ROFQV >KA JL?FIB COFBKABRERMD GRFPHEIBIBYBP TOFQB

>KA PRMMLOQ > ILQ LC >AS>K@BJBKQP CLO TB? >@@BPPF?FIFQV FK QEBFO LCd@F>I @LJ.
QEBOB FP >K LMMLOQRKFQV QL AL JLOB ?EREBBPRF?FIFQV RMA>QBRMAESSORO
MLPF@ASIM>@Q LK TB?PFQE-RDP Fg 28 QFJB CLO 'LLDIB QUIB@FQIV FK@BKQFSFWB PLJB
IBSBI LC @LIMIF>K@B QL ?>PF@ >@ @BPPF?FIFQV PQ>KAHFADPFQE TERRIBCE® 3RPB QEB
@>K BKE>K@B QEB PBJ>KQF@ RKABOPQ>KAFKD LC > TB?PFQB YREF Y JEEREPB QEB
TB? > ?BQQBO MI>@BBIKB

Mobile performance

/KB LC QEB JLPQ @LIMMBOL?IBJP QE>Q PFQB LTRBQP EAAOBPP LK QEB JL?FIB TB? FP
MBOCLOJ>K@B TEF@¥HRPFBK@BA >P QEBEBQRPBOP FK@RO VEENEBRQ LO:RAQBO
TFQE TB?PFQBP LK PJ>|BR@¥P 4ELRDE/GEB BLISBA NRFQB > ILQ JL?FSBE@BP PQFII
DBKB®IV ESB IBPP MLTBOCRI MOL@BPPLOP QESF@BPBRAABOB LCQBK DBQ@BRD A>Q> L
PILTBO >KA IBPP OBIF>?IB FKQBOKBQ @LKKB@QFLKP )K >AAFQFLK QEB MOER@RIBGV QE>
@LPQ CLO JL?FIB A>Q> OBNRBPQP BPMEIMBIY FMBPEBFIFQ BRIBCI@FBK@V FIMLOQ>KQ
>P > M@QF@> @LK@BRK GBPQ FQP FIM>@QUKROBBKEDB >KA PMBBA

Core Web Vitals

#LOB 7B? 6FQ>IFEP > @LIIB@QFLK LC MBOCLOJ>K@B JBQOF@P QE>Q 'LEEIB>@BJIMFIBP QL B
AFCCBOBKQ TB?PFQBP >KA PMB@EEQOB#RB DOLRMR TB?PFQBP QL ABP@OF?B/ELT QEB
MBOCLOJ FK ?LQE JL?FIB >KA ABPHQLM M>DB PBQQFKDP 4EB BIBIEIFQR IEFK@IRAB
IL>AFKD FKEBQFSFRA IMLRQ PQ>?FIFQV

AMMILP>; =>O.KMB<E>L OBM:EL
AMMILLNIIHKM @HH@E> <HF P>;F:LM>KL :GLP>K |: @H@K
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Il QEOBB >0B >PMB@QP LC ELT RPEOQEEIORIERDJ>K@B LC > M>DB QE>Q @>K EBIM LO EFKABC
QEB IL>AFKDMBOFBK@B CLO RPBOP 4ESBIRQYRIBLKC?BD>K FKLE  >KA QEBPB

JBQOF@P >OBKEH#DL >@@LRKQ FK R¥EHE-KD >IDLOFQEJ PMB@Fd@>11V >P >K >PMB@Q LC QEB
M>DBIBMBOFBK @S IR>QFLK >KA QERP QEB JBQOF@P >OB LOD>KFWBA >OLRKA QEOBPELIAP LC
MBOCLOJ>K@B QE>Q >OB BFQEBO @LKPRERIMBPA-INFBNBKQA O "MLL@RO > PFQB QL ?B
@LKPFABOBA ‘DLLIB@ SFPFQP JRPQ JBBQ QEB MOBP@OF?BA QEOBPELIAP CLO BR@E LC QEB #L(
6FQ>IP JBQOF@P

"B@NK GGN:E <HFI:KBLHG H? M&GIMKH? P>;LBM>L A:OBG@ @HRBNHEL HG FH;BE>

4EB dDROB >3 PELTP ELT QEBAGII MBOCLOJ>K@B LC QEB TB? E>P @E>KDBA AFK@B #LOB 7
6FQ>IP dOPQ I>RK@EBA FKR @>K PBB QEBQIL JL?FIB TB?PFQBP >OB @LKPFPQBKQIV
FIMOSFKDBA0 S0 B>0)K LC TB?PFQBP E>SB DLLA #LOB B? 6FQ>IRIBIBOFBK@BP LK
JL?FIB ABF@BP 3BBABEECLOJ>K@B>MQBO CLO > ABBMBO ILLH X\FFE-@3IRPBA PR@E >
PFDKFd@>KQ @E>KBBQEFP V

Loading performance metrics

, L>A QFJB LK QEB JL?FIB TB? FP JB>PROBA FK QEB®E3IB FS FP JB>PROBAGEB®

@LKQ® >KA ABPMFQB QEB JLOB AFCd@RIQ ?ROABKSEESE (98B AEBRFIDIE>0ABO

CLO QEBJ QL IL>A > PFQB RRPEHO@EELTP QE>Q JL?FIB SFPFQLOP >OB JLOB FIM>QFBKQ >KA
>@QR>IIVNEIB@Q >KA T>KQUMEBEBK@B LK > MELKB QL ?B C>PQBO QE>K FCBF@IE > [>0DBO AB

AMMIL=>CEHI>KL @HH@E> <#rtbki =@ <>= RI>KB>G<> |: @A>KB>G<>
AMMIING;HNG<> <HF 1:@> LI>>¢HKM T I@M BING@ ?HEDL A:0 HG : <>EEIAHG>
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Time to First Byte (TTFB)

4FJB QL &FOPQ "VUEF@E FP LCQBKSR90BA >P 44&" FP QEB JB>PROBJBKQ LC QEB >JLRKQ L
QFJB QE>Q BI>MPBP COLJ QEB PQ>SKDEQRESEQEBIPC?A>Q> OB@BFOBPMLKPB

QL QEB OBNRBPQ 44&" ABP@OF?BP QEKBBPMCKFEFBORA LQEBO KBQTLOH OBPLRO@BP
QE>Q >0B KBBABA QL ?BDFK ?RFIAFKD > M>DB

448" FP KLQ > #LOMB? 6FQ>IP JBQOF@ FRIPBITE>P > AFOB@Q FIM>@Q LK >II IL>AFKD MBOCL
JBQOF@P >KA QERP FP LCOBK AFP@RPPBA >P M>00Q LC QEB LMGRBR@>GFRIBLIBKORLOB ]
>KA DBKBLPFQB MBOCLOJ>K@B BPMB@F>IIV ,>ODBPEKIKQBKQCRI 0

"B@NK GGN:E <HFI:KBLHG H? M#&&IMH? P>;LBM>L A:OBG@ @HH= 00" HG FH;BE>

IP VLR @>K PBB SBLQEBOB >OB LKIV JFKLO eR@QR>QFLKP FK QEB MBO@BKQ LC JL?FIB PF(
@LKPFABOBA 'DLLAaCOL) QL DLFKDCOLJ FK ALTKQL FK QEBK?>@H
RMQL FK

Largest Contentful Paint (LCP)

>ODBPQ #LKQBKQERIDLO #0 FP > JBQOF@ QE>Q ABP@OF?BP EBPICKO FQEPRFQB QL
IL>A QEB I>0DBPQ MLOQFLK LC QEB M>DB @LKQBKQ\BE: FrRIECDTAIMIB>KFKDCRI
@LKQBKQ FQ FP LCQBK > CRK@QFLK LC QEB PFWB >KA MBOCLOJ>K@B LC > EB3ABO FJ>DI

AMMILP>; =>OKMB<E>L MM?;
AMMILP>; =>O.KMB<E>L E<I
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FP FIMLOQ>KQ ?B@>RPB FQ PFDK>IP QL > RPBO TEBK QEB M>DB FP OB>AV QL PQ>0Q @LKPRJF

"B@RK GGN:E <HFI:KBLHG H? M#&GMKH? P>;LBM>L A:OBG @& @FHHBE>

,#0 MBOCLOJ>K@B FP §BMDLK LC JL?FIB PFQBP E>A #Q >PPBPPBA >P "DL)K\a

QEFP KRJ?BO FIMGBA QL  LC JL?FIB PFQBP 4EBOB T>P > PFDKFd@>KQ GRIJM FK  FK
TEF@E LCJL?FIB PFQBP E>A D0 MBOCLOJ>K@B @GEBCLOJ>K@B>MQBMB.OBP PLJB
MLPPF?IBRI>K>QFLKP CMIDHEP V>E£:58 E>MMBKBA

Images

)J>DBP @>K @LKQOF?RQB > BEABKMODLLA JL?EIBIBOFBK@B ?RQEERB-IPL @LKQOF?RQB

> ILQ QL PILT MBOCLOJ>K@B >KA ?>A UMBERBIBR@BP\FSOBER.Q PBQ RM @LAEB@QIV
PB@QFLHBLOBP ELT PFQB LTKBOP >OB E>KAIFKD]LO KLQ E>KAIFKD]QEB MBOCLOJ>K@B FIM>@
FJ>DBP

Appropriately sized images

5PFKD FJ>DBP QE>Q >OB PFWBA MOLMBOIV GE@S ESFIBKB ?BBK LKB LC QEB BAPFBPQ T>
QE>Q YKKB @LRIA FIBIL?FIB IL>A QFJB )K QEB B>OMLEQEB JL?FIB TB? PFQB LTKBOP

TLRIA LCQBK PFIMIV PBKA QEB P>JB FJ>DBP QL ABPHQLVI RFBORLE DEBIB RPBOP

?B@>RPB RIQFJ>QEINB ?0LTPBOP TLRIA P@>IB >KA OBPFWB QEB FJ>DBP QL dQ FK QEB JL?FIB
OBKABOFKD LC QEB M>DB 5KCLQERRABBEIN'LOH TBIl ?B@>RPB FQ BKABA RM OBNRFOFKD > ILQ
LC BQOA>Q> QL PBKA OF@E EFDE NR>IFQV FJ>DBP QE>Q TBOB ?BQQBO PRFQBA CLO > ABPHQL
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BUMBOFBK@B

"B@NRK GGN:E <HFI:KBLHG H? M#&=GIMKH? P>;LBM>L MAIMKAIBB:M>ER LBS>= BF:@>L

'FSBK 'LLDIB P FK@OB>PBA CL@RP LK OBT>OAFKD DLLA MBOCLOJ>K@BTEOG:EBFO #LOB
MOLDO VLR TLRIA BMB@Q QE>Q JLOB PFQBP TLRIA ?B LMQFJFWFKD QESFUFEUFDBP (LTB
FKQBOBPQFKD QL PBB QE>Q PFQBP SEED-@RIREIMEIFJFWBA EBSDBPIB 4EB dDROB

>?LSB PELTP QE>Q QEBOB FP > AB@OB>PB FK QEB MBO@BKQ>DB LC M>DBP TFQE MOLMBO
PFK@B  TEBK LC PFQBP E>A MOLMBOIV PFWBA FJ>DBP "RQ FK  QE>Q KRJ?BO FP AL
LKIV

Responsive images

#OB>QFKD FJ>DBP QE>Q @>K ?BBBEMECPEDBKQ P@OBBK PFWBP FP QIGE-JHILKET>

JL?FIB FJ>DB PFWFKD 5PFKD OBAMJ:EBFPSP > DOB¥QIO TB?PFQBP QL ESRKIBES

JLPQ RKFNRB MOBPBKQ>QFLK P @B8SBHERDISHB?PFQB LK > TFAB P GSPEEKKB >

TB?PFQB LK > @LKKB@QBA AFDFQ>| >BBRR@KEY+I0IB>QROB MELKB LO E>KAEBIA D>JFKD
PVPQBJ

4EBOB >0B QTL J>FK JBQELAP CLO BJ?BAAFKD FJ>DBP LK : img GEEIBIIEBKA QEB
JLOB BUM>KAE picture  BIBJBKQ 4E picture  BIBJBKQ LCCBOP > CBT JLOB MLPPF?FIFQFBP (
FK@IRAB FJ>DBP ?>PBA LK @BOQ>FK (srcset  ZFOQIEB?RQS5AP=2IB LK ?LQE BIBJBKQP

>KA BK>?IBP FJ>DBP QL ?B @LKAFQFLK>IIV FK@IRABA ?>HBR@IOBERRBRVEEHKX AFPMI>

AMMILEF:G:< AMMIKABEHK@ >G  FH;BE> P>; BF:@>L
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ABKPFQ@UJB ?OLTPBOP ¥5>IPL QBHP>KATFAQE FKQL >@@LRKQ TEBK @ELLPFKD >K >MMOLMOF>C
FJ>DB

4EB picture  BIBJBKQ CROQERGBAP LK QEBPB @>M>?FIFQFBP SD.Q WFOBI@HLE

BU>JMIB PMB@FCVFKD-QFLEJ>DB CLO JL?FIBNAQR@OBBKP >KA> CLO ABPHQLM LO
I>KAP@>MB SFBTP ! CROQEBO RPB FP ?BFKD >?IB QL PMB@FCV AFCCBUBBQIBEB CLOJ>QP C
20LTPBO @>K IL>A6)& FJ>DB TEBOB PRMMLOQBA LQEBOTFPB FQ TFIl CBA0%L@0H QL > 7

FJ>DB NILTFKD QEB ?0LTPBO @.QEB PBKPF?IB @ELF@B ?>PBA LK QEB @LKAFQIFKRP FQ_P LMBC
FK RPR>IIV JB>KP ?BQQBO MBOCLOJ>K@B >KA QERFUMIBIFBE@RPBO B

"B@NRK =HIMBHG H? picture >E>F>GM : srcset  :MMKB;NM>

4EB >ALMQFLK LC picture  BIBJBKQ FP >Q LKIV LC JL?FIB M>DBP RM COLJBISPQRQ
srcset FP>Q )K  QEBRPBL(srcset T>P>OLRKA PL TB ESB PBBK > DOLTQE LC
>?LRQ MBO@BKQ>DB MLFKQP

/S BOIl FQ FP DOB>Q QL PBB >K FK@OB>PB FK QEEBRRB DB QBEMKIKRIRBP 4EBOBI>QFS

PJ>Il RMQBHCL picture ABPMFQB LCCBOFKDUE@BERY FK >0Q AFOB@QFLK >KA CLOJ>Q C>1?>(
PRMMLOQ @LRIA ?B ALTK QL QEB C>@Q QE>Q FQ @>K OBNRFOB JLOB TLOHRW ROLAR@B >KA
?B PRMMLOQBABC>RIQ FK MLMRI>O #-3 PVP@BIPO/RBOBPP TEF@E PQF@BKBERBB S

img Q>DCLO KLT

AMMIL=>GEHI>RHSBEE: HK@ =H<L (>:KG $0)( )NEMBF>=B:9:G=9>F;>==BG @3BEl@ILRAMS=BIBHG
AMMIL@BMAN; <HF&,K>LL [>K?HKF:G<> BLLN>L
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Lazy-loading

>WV IL>AFKD FP QEB MOL@BPP LC >PPFDKFKD AFCCBOBSE)RLO A BIE) BIITR QEGVTIB?

M>DB ?>PBA LK TEBOB QEE®RO LK > M>DB 7FQELRQ I>WV IL>AFKD >II LC QEB BIBJBKQP >K,
LK > M>DB TFSEKQR>IIV 2B IL>ABA ?RQ I>WV IL>AFKD >IILTP FJ>DBP QL ?B ABCBOOBA RKQF
QE>Q QEEFII ?B KBBABA ?>PBA LK TEBOB QEB RPBO E>P P@OLIIBA QL LK QEB M>DB ,>WV Il
BPMB@F>IIVSYBIB LK JL?FIBSB@BP ?B@>RPB @LJILK OBPKBRPB& M>QQBOKP TFII >IJLPQ
>IT>VP PQ>@H @LKQBKQ CLO > JL?FIB OBKABOFKD 4EB K>OOLT K>QROB LC JL?FIB P@OBE
J>KV PQ>@BIBJBKQP LC QEB M>DB >0B MRPEBA C>0 ALTK ?BILT QEEKCQAB>KA J>
FJIBAF>QBIV KB@BPP>0OV]BPMB@F>IIV FC >Il QEB RPBO T>KQP QL AL FP @FEHQFLRKH FK
>WV IL>AFKD BIFJFK>QBP QE>Q RKKB@BPRPOBRCDOE®IL>A QFJB >PPL@F>QBA TFQE FQ

25%

"B@NRK , >K>GM H? FH;BE> |:@>L MA:M <HGM:BG>= loading="lazy"

>QF8 I>WV IL>AFKB>P ?BBKS>FI>?IB PFK@B  TEF@E >IILTP ?0LTPBOP QL AL QEB @LJMIB
@>I@RI>QFLKP FK QEB JLPQ BEI@FBHQIB>>KA LKIV OBNRFOBP QE>Q PFQB LTKBOP Q>D FJ
TFQEBFQ lazy LCeager 4EFP PFIMIB Q>DDFKD @>K ?B > DOB>Q ?LLK CLO M>DB >KA PFQE
MBOCLOJ>K@B >KA @>KSBIPLLKPLC QFIB >KA BCCLOQ >PPL@F>QBA TFQRD-ERRQ>FKFKD V
I>WV IL>AFKD @LAB P ILKDRARLK @K>ABOQBKQIV I>WV ILR@ ¥0 FI>DB >Q QEB QLM LC

QEB M>DB FQ FP >K B>PV TFK ?RQ TB CLRKA QE>Q LKIV LC PFQBP >0B @ROOBKQIV RPFI
loading=lazy >QQOF?RQB CLO QEBFO FJ>DBP

Layout stability

>VLRQ PQ>?FIFQV FP >K FIMLOQ>KQ M>0Q LC MBOCLOJ>K@B QE>Q E>P OB@BKQIV ?BBK |
TFQE 'LLDIBP FKQOLAR@QFLK LB#IBBBFIP %IBJBKQP LC #B@BFQ>IP >OB ABPFDKBA QL
JB>PROB >KA >PPBPP QEB ILUMBAFBK@B LC > M>DELRRAPID>?FIFQV LC > M>DB FP >K
FIMLOQ>KQ M>0Q LC QE>Q )C > M>DB FPSBKRPSAKQBWNEFKQFKD TEFIB FQ FP ?BFKD IL>AB
QEFP JBP FQ PBBBIEMEB M>DB FP Q>HFKD JR@E ILKDBO QL IL>A QE>K FQ LQEBOTFPB @LRI
BUMBOFBK@B TBOB JLOB MOBAF@Q>?IB >KA LK@B\QEBASIB@QDEBK QEB MI>@B TEBOB
QEB ESB IL>ABA

3FK@B QEB IL>AFKD LOABO LC @LKQBKQ @>K ?B AFCCBOBKQ RKABO AFCCBOBKQ @LKAF(
20LTPBOP ?RFIAFKD >KA MI>KKFKDWERIRRASFIFQV FP > DLOA BKPROB > PJLLQE
IL>AFKDUBBOFBK @B OBD>0AIBPP LC QEB @FO@RJIPQ>KBER JEBOERPSSIE BFKD

AMMILP>; =>O,KHPL>K E>©BF:@> E:SR EH:=BG@
AMMILP>; =>OKMB<E>L E<I E:SR EH:=BG@
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I>VLRQ PQ>?FIFQV FP #RBR¥ORS 3EFEQ ?RQ LQEBO >PMB@QP LC MBOCBJII0@B IFH
PFWFKD >KA I>WV IL>AFKD @>K >IRILRIVMB@QAIFQV

Cumulative Layout Shift (CLS)

#RIRI>QMS,>VLRQ 3EFCTEF@E FP LCQBKSPS0QRA >P #,3 FP > OBMOBPBKQ>QFLK LC QEB PQ>?FIF
LC > M>DB TEFIB FQ FP FK RPB

LILT #,3 OBMOBPBKQP > SFPR>IIV PQRDBTEF@E BHQERBIBOFBK@B IBPP-QERPQQ
RPBOP>DBP TFQE > EFDE #,3 LOMBOEBK@SBIBKQ TEBK FJ>DBP ?BDFK QL IL>AUKA QB

JRPQ ?B OBKABOBA QL d@MOUIRKA QEB FJ>DB 4EFP @>K >IPL E>MMBK TEBK CLKQ dIBP IL>A
>KA QEB M>DB E>P QL 7B M>FKQBA QL >@@LJILA>OB AFCCBQER@RR® PRFEPFIBP
ABP@OF?BA >P OBELTEBK > I>0DB EB>ABO FJ>DB IL>ABBRAUIQEB @LKQBKQ LK QEB
M>DB]L@@ROOBK@BP QE>Q E>A ?BBK @LIILNRF>I0/@BP@OF?BA >P

4EB P@OBBK PFWB LSKEB BBNRBPQFKD QEB MSBB BFEKKER@>KQ FIM>@Q VK QEB T>
BIBJBKQP >O0B I>FA LRQ >KA ELT JR@ESBEEBK PEFCQ @>RPFKD BIBJBKQP >OB IL>ABA

#,3 FP JB>PROBA >P > P@LOB >KA QEB EFDEBPQ FERQKKR@R HEPHPPFLK TFKALT AROFKD

QEB M>DB IFCBPM>K FP TE>Q FP JB>@ROBMBEKP TEBK #,3 T>P MOBSFLRPIV

JB>PROBA >P QEB PRJ LC >l FKAFSFAR>| PEFCQ P@LOBP LK > M>DB 'LLDIB @LKPFABOP P@LOB
IBPP >P "DLLAa >KA P@SBBP LQL ?B "MLLOa

AMMILP>; =>OKMB<E>L <EL
AMMILP>; =>OKMB<E>L <EL P>; MHHEBG@

508 2022 Web Almanac by HTTP Archive


https://web.dev/articles/cls
https://web.dev/articles/cls-web-tooling

Part Il Chapter 15 : Mobile Web

"B@NRK GGN:E <HFI:KBLHG H? M&GIMKH? P>;LBM>L A:OBG@ @HH= (/ HG FH;BE>

4EB MBO@BKQ>DB LC TB?PFQBP TFQE 'DLLAa #,3 LK JL?BEARFDRRI@LKQIV QL RM
COLJ I>PQ\B>O

Responsiveness

2BPMLKPB&BPP FP >VP>DLLA FK > JL?FIB P@BK>OFL ?R(EES I@B@ER JB>KFKD )K

DBKB9 QB@EKLILDV QE>Q FP CBPRICKPAS>KA FP OB>@QFKD QL @REBFKFESEKFQ FP DFS
BCA@FBKQ >KA JB>KFKNOREIBKTB Q>IH >?LRQ JL?FIB OBPNKEFFSFK QBOJP LC ABPFDK TB
>OB ABP@OF?FKD @LKQBKQ QE>Q TFIl OBPMLKIRQ\CASERILBQRRSOB QEB AFCCBOBKQ
P@OBBK PFWBP LSEEBRBE>Q OBNRBPQ FQ )K > JLOB ?0L>A PBKPB (EEERIDE OBPMLKPFS
FKAF@>QBP ELT NRF@HIV >KA BCA@FBKQIV > M>DB OBPARRIRRIPL RPEIEFRUBMB LC
OBPMLKBRSPP FP IBPP >?MRRQ>>KA JLOB >?LRQ NRF@H@EB&EFKD > PFQB QEBQWP S
OBPMLKBF® DLLA ?B@>RPB FQ @OB>QBP >K BCd@ @)L RABOTEF@IORPBOP CBBI
FJJBAF>QBIV >@HKLTIBADBA TEBHEREB®Q TFQE QEB PFQB 4EB JBQOFEHRRCIBAJEFB
HFKA LC OBPMBKBP® >OB &FOPQ )KMR®)$BHKA )KQB@QFLK QUMSFKQ ).0 >KA

QELPB TFIl ?BS@0BA FK QEFP PB@QFLK

First Input Delay (FID)

&FOPQ )KMRQ/$B83$ ABP@OF?BP QEB OBBKBIKPES > PFQB BPMB@F>1IV OBI>QBA QL ELT ILI

AMMILP>; =>O.KMB<E>L \=
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Q>BP CLO > PFQB QL OBPMLKA >CQBO > RPBO dOPQ @IF@HP LK > M>DB BHBIBKQ ! ILT &)$ FP ABI
BPMB@F>IIV LK JL?FIB TB2f@QBOXP TEBOB QEB OEKBPRARS> JL?FIB PFQB PELRIA FAB>IIV
OFS>| QEB OBPNAKEFFSLC > @LIHDK>QBESMM QL JBHDEB FKSBQFLKP CBBI BNR>IIV eRFA

>KA P>QFPCVFKD 'LLDIB @LKPFABOPSBPBQB\@REFC >Q IB>PQ  WKBOFBK@BP >0B

RKABO JP

"B@NRK GGN:E <HFI:KBLHG H? M#&&IMKH? P>;LBM>L A:OBG@ @HH="% HG FH;BE>

4EBOB E>P ?BBK > @LKPFPQBKQ DOLTQE FK QEB MBO@BKQ LGBLREIRARRIBPIQEED E>
M>PQ QEOBEOP DLFKD COLJLKIV FK QL FK >KAOB>@EFKD FK

Interaction to Next Paint (INP)

)KQB@QFLK QU@SFKQ).0 FP >K BIMBOFJBKQ>| JBQOF@ COLJ 'LLDIB QE>Q FP RPBA QL JB>PROE
OBPMLKBRSPP >KA OBPMLKPB QFJB LK > M>DB TEBK >@®FBOTFREED ! ILT ).0 FP

ABPBQIB ?B@>RPB FQ JB>KP QE>Q QEB M>DB T>P >?IB QL OBPMLKA NRREGEMMKBL RPBO FKQBO
TFQELRQ PR?PQ>KQNF REFOFKD CLO @LKQBKQ QL M>FKQ >CQBO FQ FP OBNRBPQBA ! ‘DLLAa)
JPLO IBPP >KA>MLLO LKE/BEBKSAO JP %SBKQR>II)0 @LRIA ?B >AABA QL QEB LCA@F>I

#LOB 7B? 6FQ>IP JBQOF@P ?RQ CLO KLT FQ FP PQFII ?BEXBRUEPQBAIEQFR > OBIF>?IB >KA
@LKPFPQBKQ JBQOF@ QE>Q PFQB LTKBOP TFIl dKA RPBCRI

AMMILP>; =>O.KMB<E>L BGI
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"B@NRK , >K>GM H? P>,LBM>L MA@HAO %*, HG FH;BE>

AEFP FP QEB d®RDQE>Q ).0 A>Q:SEPI>?IB QL RP PL TB ALKS >K/ EFPQLOF@>I@LRRB
TE>QTB PBB FP QE>Q LC TB?PFSEBBLEA ).0 LK JL?FIB 4EFP FP BPMB@F>IIV FKQBOBPQFKL
?B@>RPB LC ELT JR@E TLOPB QEB JL?FIB TB? MBOCLOJP LK ).0 @LINSOBAQBREKA

RM OBMI>@FKD &)$ >P > BTE0> OBPMIBKBTP TFIl ?B@LJB > JR@E JLCB-B&B FPPRB

Conclusion

)K > @LIM>OFPLK LC A>Q>COLJ  >KA QL QEBOB E>P ?BBK > 8.(REFBK FK ?LQE

QEB RPB >KMMB@Q>QFLKP LC QEB JL?FIB TB? PMB@QP LC MBBLRWFPKEHIFAY RPBA QL
7B @LKPFABOBA LMQBEBR# QB@EKF@>| LO KB®EBB@LJIB J>FKPQOB>J @LK@BOKP CLO
PFQB LTKBOP QE>Q CL@RP LK JL?FIB >KA BBFERENAEAKD LIVFRV LC SFAEKD > DLLA
RPBOB/IBOFBK@B E>P @LJB FKQL EFDEBO OBIFEBEF@RPJIERBRBQ FP @LKCLRKAFKDIV JLC
BUMB@QBA ?RQ >IPL JR@E E>0ABO

4EB DLLA KBTP CLO QELPB TEL @>0B >?LRQ QEB JL?FIB TB? UK/BEEBR®BE BP QE>Q JR@E
LC QEB E>OA TLOH LC ?RFIAFKD PFQBP QE>Q TLOH TBIl >@iR@BR APGBBERBKOABABA
COLJ FKAFSFAR>| PFQB >KASBIBMEBKQ QB>JP QL ?0LTPEOPBB QEFP E>MMBKFKD TFQE [>W!
IL>AFKD Qsrcset  BIBJBKQ CLO OBPMBRBFSBP >KA PLJB LQEBO >PMB@QP LC MBOCLOJ>K
?RQ TB ELMB QE>Q QEFP QVMB BJ FIKBFE-TEF@KLK ¥ QEB ?0LTPBOP QL EBIM PFIMIFCV
TLOH FK LQEBOF>P TBIl 4EBOB >OB PQFILNHLOQRKFQFBP (3B BIVIOB TB?
>@@BPPF?FHUB@QFSFQV >@OLPP AFCCBOBKQ QVMBP LC MEKK BERYRD-QVLMRBFQV

BSBK FKQBOMIFQE @LKKB@ GBAER CLO QERK@PREHKD PE>OFKD >KA LQEBO @LKKB@QB
ELJB >KA )L4 P@BK>OFLP 'LLDIB >KA LQEBO PB>0O@E BKDFKBP @>KUWIEGIFQUYB QL B
FK@BKQFSFWB >QQBKQFLK QL JL?FIB >@@BPPF?FIFQV @LK@BOKP QL @EBASBS TFAB P!
LK QEB TB?

46-Cd@ >KA MLMRI>OFQV PQ>QFPQF@P FK QEFP OBMLOQ >OB @IB>0 QE>Q JL?FIB TB? FP "
PVKLKJILRP TFQE>; 4EB BMB@Q>QFLK LC JL?FIB TB?PF@BFKIQBELRIA ?B > ABC>RIQ FK
>1JLPQ BBOV P@BK>OFL 4EFP JB>KP QEBQI@THOA PFQB LTKBOP >KA QEB TB? @LJJIRKFQV
TFIl KBBA QL @LKQFKREPBLA KP@FLRPKBPP LC QEFP OB>IFQV TFQE QEB IBPP QB@EKF@>
AFSFPFLKP >KA DOLRMP QE>Q TB TLOH TFQE )Q FP KLQ BRLRDEPBOBF@B\QUOEB
@LK@BMQ LC JL?FIB dOPQ ABPEBK MKBWB QEBPB @LK@BMQP KBBA QL @LKQFKRB QL ?B
BJ?C>@BA >KA MRPEBA TEBK KB@EEIRL KBBA QINBBOFBK@B QEBFO LTK
DOLTQE]LRQPFAB LC QEB TB? P@BK>OFL QL [>0DBO BIBJBKQP LC ?RPRERIMI>KKFKD J>
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PQEYBDWKA @LIIRKF@>QFLK

Author

#FKAV +ORJ

X PRWWF@HE) 3RWWF@HK® EQQMBL?FIBJLUFB @LJ

#FKAV +ORJ FP QEB #%/ >IKRK&BO LC -L?FIBAIFB 3EB PMB@F>IFWBP FK JL?FIB
3%/ >MM 3%/ 13/ >KA>KQF@FM>QFKIMEKFKBKD @E>KDBP FK'LLDIB ?BCLOB
QEB >0B >KKLRK@BA
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Part Il Chapter 16

Capabilities

Written by Michael Solati
>0B>P>= ;BAHF:L /IM>BG&& AKBLMB:G (B>;>E
G:ERS>=:G=>=BM>KKR HEEK

Introduction

#LIMBIIFKD TB?WEMBOFBK@BP QOBKQBA QL ?>PF@ ?OLTPBO @>Mr@HHKUESR QEB
>AS>KQ>DB LC QEBFO RKABOKPREILMEIDBEE?MI>QCLOJ [0)PHLPB QEBPB @>M>?FIFQFBP
QE>Q >OB QEB CLRKA>QELOCBEBFSB? IMMP 07! |TB? >MMIF@>QFLKP @>M>?IB LC
MOSFAFKD EFDE NRYMBPOBBK@BMBRCLOJ PMB@Fd@ >MMP

)K >AAFQFLK PLJB CRK@QFLK>IFQV LK QEB TBBRIQ@ERPIPSILEBO0B>QROBP PR@E >P
>@@BPP QUIBEB/PQBJIDBLIL@>QFLK@@BPP QI@UEB?L>0AKA BBK QEB >?FIFQV QL ABQB@Q
D>JBM>AP

AMMIL=>GEHI>RHSBEE: HK@ =<9 "BE>9/RLM>F9 <<>LL9 %
AMMIL=>GEHISRHSBEE: HK@ =bi<1,98 #>HEH<:MBHG9 %
AMMI=>GEHISRHSBEE: HK@ =H<1,9%8 EBI;H:K=9 %
AMMIL=>GEHI>RHSBEE: HK@ =H<L98 #:F>1:=9 %
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Methodology

4EFP @E>MQBO RPBA QEB (448 1P@ERF@ A>Q>PBQ LC JFIIFLKP LC M>DBP 4EBPB M>DBP TBOB
>O@HE7S>P FC QEBOB SFPFQBA LK ?LQE ABPHQLM >KA JL?FIB >P PLJB BRBEEBBIBRBOS
@LKQBKQ ?>PBA LK TESF@HEBFP OBNRBPQFKD QEB M>DB

4EB (440 0@EFSP @BO QEBK M>OPBA QEB PLRO@B @LAB CLO >Il LC QEBPB M>DBP QL ABQBO
TEF@E 10)P TBOB MLQBKQF>IIV RPBA LK QEB MPOPK@B OBDRBEBFPFLKP PR@E >P
Inavigator\.share\s*\(/g QBPQ M>DBP QL PBB FC FK QEB @LK@BBQE-@5FB)QEB

FP CLRKA FK FQP PLRO@B @LAB

4EFP JBQELA ALBBESTL PFDKFd@>KQ FPPRBP &FRIABGQBMLOQ PLIB 10)P RPBA >P FQ @>K
KLQ ABQB@Q L?CRP@>QBA @MABEFY@RSB QL JFKFd@>QBEKMIBOTEBI navigator

T>P JFKFABA (n . IAAFQFLK>IRQ J¥ LISBOOBMLOQ L@ @ROOBK@BP LC !0)P ?B@>RPB FQ ALBP KLQ
BLB@RQB @LAB QL PBB FC >K 10) FP >@QR>IIV RPBA 2BD>OAIBPP LC QEBFEB [BEFO>QFLKP TB ?B
JBQELALILDV PELRIA SFAB > PRCA@FBKQI\SBDSART LC TE>Q @>M>?FIFQFBP >OB RPBA LK QEB
TB?

3BBKQV d5QLQ>I OBDRUANIIBPPFLKP CLO PRMMLOQBA @ARSPISFEFRIEBD@B diBL
PBB >Il QEBNSOBPPFLKP RPBA

4EB RP>DB A>Q> FK QEFP @E>MQBOHFEKERKE @ LR @>K SFBT QHBAOQ> FK QEB
#>M>?FIFQFBP  2BPRIQP 3EBBQ

4EFP @E>MQBO TFII >IPL @LJM>0OB !0) RP>BBIMPIRPADMR @>K SFBT QGHEBASQ> COLJ
QEB MBH_RPB¥O FK GEBI>?FIFQFBP  2BPRIQP 3EBBQ

Async Clipboard API

/RO dOPQ !0) QHBRG< EBI;H&K ,% >IILTP OB>A TOFQB >@@BPP QL QEPRHV¥NQRBIOA
.LQB QE>Q QEB 'PVK@ #IFM?L>0A '0) OBMI>@BP QEI| document.execCommand()  !0)

QL >@@BPP QEB @IFM?L>0A

Write access

JK LOABO QL TOFQB A>Q> FKQL QEB @IFM?L>0O writeText()  »®® write()  JBQELAP
4EB writeText()  JBQELA QB8R > 3QOFKD >ODRJBKQ >KA OBQROKP > 0Cwrite()  EFIB

AMMII=>CEHI>RHSBEE: HK@ =H<L% 3 >;9/A:K>9 %

AMMIL@BMAN; <HF $00SABOSNLMHF F>MKB<L [EH; =? ?;=< > =:==:= ?<: ;:=BLM?N@N :IBL CL
AMMII=H<L @HH@E> <HELLA>ML = /".C +,.MH),; C'A|*S EY/ RSM%:HK65 > >=BM NLILAKBG@
AMMIL=H<L @HH@E> <HEILA>ML = ; FHM> 1BED$ (G AMGL ! * 1- N:R3RM " P >=BM @B=
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https://developer.mozilla.org/docs/Web/API/Web_Share_API
https://github.com/HTTPArchive/custom-metrics/blob/5d2f74fbdc580e76da5d1dad738fca8381429b9a/dist/fugu-apis.js
https://docs.google.com/spreadsheets/d/13S9FRj8OPRtoMPb94jFh6pPNz3lNS9yztIaorZYe288/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1b4moteB9EiLYkH1Ln9qfi1tnU-E4N2UQ87uayWytDKw/edit#gid=2077755325
https://developer.mozilla.org/docs/Web/API/Clipboard_API
https://developer.mozilla.org/docs/Web/API/Clipboard/writeText
https://developer.mozilla.org/docs/Web/API/Clipboard/writeText
https://developer.mozilla.org/docs/Web/API/Clipboard/write
https://developer.mozilla.org/docs/Web/API/Clipboard/write
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Q>BP >K >00L( Clipboarditem L?GB@QP >KA >IPL OBQROKP : Clipboarditem
L?GB@QP @>K ELIAY?AQQY> PR@E >P FJ>DBP

I IFPQ LC QEB J>KA>QLOV A>Q> QVMBP > ?0LTPBO JREEBRMMROSDAP 10) PMB@FJ@>QFLK
BUFPQP PBBIBEGPQEB 7# SKCLOQRK>QALQ >IIBKALOP PRMMLOQ QEB @LIMIBQB IFPQ @!
?0LTPBO PMB@Fd@ AL@RJIBKQ>QFLK TEBK MLPPF?IB

await navigator.clipboard. writeText  ( "hello world" );
const blob = new Blob ([ "hello world" ], { type: "text/plain” HE
await navigator.clipboard. write ([

new Clipboarditem  ({
[blob.type]: blob,
W
D

Read access

JK LOABO QL OB>A A>Q> COLJ QEB @IFM?L>0A readText() A read() JIBQELAP
"LQE JBQELAP OBQROK > 00OLJFPB TEF@EBRFQBREHQ> COLJ QEB @IFM?L>0A 4EB
readText() JBQELA OBPBS>P > 3QOFKD read() OBPLEP >P >K 30QC
Clipboarditem L?GB@QP

const item = await navigator.clipboard. readText ();
const items = await navigator.clipboard. read ();
4L HBBM RPBO A>Q> P>( "clipboard-read" MBOJFPPFLK LOBEBB-PPFLKP |QJRPQ ?B

DOKQBA QL OB>A A>Q> COLJ QEB @IFM?L>0A

"LQE OB>A >KA TOFQB >@@BPP QL QEB @FM?1B0KR ARMBOBCIPFLKP LC #EOLJB %ADB
>KA 3>C>0F &ROBQV PRMML write Text()

AMMILPPP P HK@ 0. <EBI;HKIBL F:G=:MHKR =:M: MRI>L Q
AMMIL=>OCEHI>RHSBEE: HK@ =MxL%, >KFBLLBHGL9 %
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https://developer.mozilla.org/docs/Web/API/ClipboardItem
https://developer.mozilla.org/docs/Web/API/ClipboardItem
https://www.w3.org/TR/clipboard-apis/#mandatory-data-types-x
https://developer.mozilla.org/docs/Web/API/Clipboard/readText
https://developer.mozilla.org/docs/Web/API/Clipboard/readText
https://developer.mozilla.org/docs/Web/API/Clipboard/read
https://developer.mozilla.org/docs/Web/API/Clipboard/read
https://developer.mozilla.org/docs/Web/API/Permissions_API
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Growth of the Async Clipboard API

"B@KRK 1L:@>H? MA> LRG< EBI;4<PKF MH HG =>LDMHI :G= FH;BE>

4EB IPVK@ #IFM?L>0A I0 POLTQE FKRP>DBCOL)  FK QL FK LK

ABPHQLM /K JL?FIB QEBOB T>P>IPLDOLTQECOL) FK QL FK !P>OBPRIQ
QEFMBYOQEB IPVK@ #IFM?L>0A 10) T>P QEB JLPQ RPBA !0) LK ?LQE ABPHQLM >KA JL?FIB ?B>QFKI
QEB B? 3E>0B |0) [>P@X0_P JLPQ RPBA 10)

Web Share API

4EB3 >; /AK> \%FISLHBP QEB MI>QCLOJ PMB@Fd@ PE>OFKD JB@ESfK®PB LI QEKBBR>Q>
PR@E >RJQB> 52, LO dIBP COLJ > TB? >MMIF@>QFLK QL ?B PEXQEEBREMMIF@>QFLK PR@E
>P J>F| @IFBKQP JBPP>DFKD >MMIF@>QFLKP >KA JLOB

4EB JBQELA @>IIBA QL PE>OB navigator.share() 4EB navigator.share() JBQELA

>@@BMQP >K L?GB@Q @LKQ>FKFKD QEB A>Q> QL PE>0B >KA OBRIROH#IB QUUIBIEPK 2R B
PE>OBA QELRDE >K navigator.canShare() JBQELA @>K QBPQ > A>Q> L?GB@Q QL PBB FC QEB
?0LTPBO @>K PE>QERK@>8 PBB PR LC PE>0OB>?IB dIB QKMBP

ICQBO @>ll navigator.share() QEB ?0LTPBO TFII LMBK > MI>QCLOJ PMB@Fd@ PEBBQ TEBOB
RPBOP PBIB@Q TEF@E >MMIF@>QFLK QL PE>OB QEB A>Q> TFQE

AMMIL=>CEHI>RHSBEE: HK@ =HxL98 *:0B@:MHK LAKA:K>: E>9\E>9MRI>L
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https://almanac.httparchive.org/static/images/2022/capabilities/Async-Clipboard-API-Usage.png
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https://developer.mozilla.org/docs/Web/API/Navigator/share
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IAAFQFLK>IIVEB B? 3E>0B 10) @>K LKIV ?B QOFDUBGEB®_P BH@®E. K TFQE QEB M>DB
PR@E >P > ?RQQLK @IF@R 3BEBE 10) @>KKLQ 7B @>1IBASORKEB@ROBA @LAB

const data = {

url:  "https://almanac.httparchive.org/en/2022/capabilities"” ,

if  (navigator. canShare (data)) {

try {
await navigator. share (data);
catch (err){

console. error (err.name, err.message);

4EB 7 B? 3E>0B !0) FB>FI>?IB LK JLABOBCIPFLKP LC #EOLJB %ADB >KA BSGHEIN 4B
QELRDE FQ FP LKIV PRMMLOQBA LK 7FKALTP >KA #EOLJB/3

Growth of the Web Share API

"B@NRK 1L:@>H? MA>BAK> % MF MH HG =>LDMHI :G= FH;BE>
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4EB 7B? 3E>0B !0) PEORKH FK RP>DB COLJ FK QL FK LKABPHQLM /K

JL?FIB RP>DB PEORKH COLJ FK QL FK IP>OBPRIQ QER>QQEB B?

3E>0B !0) T>P QEB PB@LKA JLPQ RPBA !0) LK ?LQE ABPHQLM >KA JL?FIB C>IIFKD ?BEFKA QEB !P\
#IFM?L>0A 10)]I>PB¥O_P PB@LKA JLPQ RPBA !0)

/K J>K V PFQBERV@>K dKA QEBZ73E>0B !0) FK RPBO&>IJMIB PL@F>| JBAF> MI>QCLOJP
AL@RJIBKQ>QFLK PFQBP >KA LQEBOP RPB FQGQP BIBUIB-@ MQBKQ (BLIBIBP TEBOB
VLR @>K dKA QEB !0) FK RPB FKBPIREBB >KAQTFQQBDJ

"B@RK /A:KBG@ PBMM>K\E NLBG@ MAAK> %

Add to Home Screen

4EB >?FIFQV QL >AA > TB? >MMIF@>GEEBERIRE @OBBK FP > CB>QROR TH ARAKFK
I>PQBAO_P #>M>?FIFQFBP QERHIGIRI4QB ELTUFKQBREQEFP CRK@QF MSIBBVIBOB

QBPQBA QL PBBFEXQEBIFPQBKBO C beforeinstallprompt BBKQ
.LQB QE>Q ( beforeinstallprompt BSBKQ FP > #EOLJFRJ LKIV 10) >KA FP @ROOBKQIV

FK@R?>QFKD TFQEFK QEB 7)#

4EB beforeinstallprompt BBKQ QOFDDBOP OFDEQ ?BCLOB > RPBO FP >?LRQ QL ?B MOLIJMQBA
'FKPQ>lla>TB? >MM 4EB RP>DEBKQK-BQBKBO C beforeinstallprompt BSBKQ FP KLQ

OBNRFOBA CLO TB? >MMP QL ?B >ASBQB.ELMBP@OBBK PL FQ FP P>CB QL >PPRJB QE>Q QEB

AMMILP>; =>0
AMMILQ <HF
AMMILPB<@ @BMAN; BH F:GB?>LM BG<NQ MRS BBGM:EE: MBHE 1K
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https://web.dev/
https://x.com/
https://almanac.httparchive.org/static/images/2022/capabilities/Web-Share-API.webp
https://almanac.httparchive.org/static/images/2022/capabilities/Web-Share-API.webp
https://developer.mozilla.org/docs/Web/API/Window/beforeinstallprompt_event
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>@QR>| RP>DB FP JR@E (EFBEBOQEFP JBQELALILDV TFII >IILT RP QL DBQ >K FAB> LC ELT
MLMRI>O LC > CB>QROB FQ FP

4EB >?FIFQV QL >AA >K >MMIF@>QFLK QL QEB ELJB P@OBBK FP > @ORE@PEB QERPROB LC 0
CB>QROB TB? >MMIF@>QFLKP JRPQLIBBEKIE® OFQBOF>

b 4EBTB? >MM JRPQ KLQ >IOB>AV ?B FKPQ>IIBA

b 4EB RPBO JRPGEPMBKQ >Q IB>PQ PB@LKAP SFBTFKD QEBQAIBB >Q >K
b 4EB RPBO JRPGE®IFEH.0 Q>MMBA >Q IB>PQ LK@B LK QEB JIFIB >Q >K
b 4EB TB? >MM JRPQ ?B BRASBO (4403

b 4EB TB? >MM JRPQ FK@IRBB>MM J>KFCBRFQQE

b short_name LCname
b icons JRPQFK@IRAB> Y MI>KA> Y M UF@LK
b start_url

b display JRPQ ?B LKB fullscreen standalone LC minimal-

ui

b  prefer_related_applications JRPQ KLQ ?B MOBPB be LO
false

b 4EB TB? >MM JRPQ OBDFPQBO > PBBSF@RI fetch E>KAIBO

YKPQ>IIBA >MMIF@>QFLKP @>K >MMB>0 FK 3Q>0Q JBKRP ABPHQLMP ELJB P@OBBKP QEE
CLIABOEBK PB>0O@EFKD CLO >MMIF@>CSH@B L@ KEEBKQ PE>OFKD PEBBQP >KA JLOB

4EB >?FIFQV QL >AA QL QEB ELJB P@OBBK-EPIEKIK ILABOBCRPFLKP LC #EOLJB %ADB >KA
3>C>0F LK F/3 >KAA7B

Usage of Add to Home Screen

7.71%

"B@NK  1L:@>H? == MH $HF>s® HG FH;BE>

AMMILP>; =>OBGLM:EE <KBM>KB: <KBM>KB:
AMMIL=>CEHI>RHSBEE: HK@ =Hx<L:GB?>LM

2022 Web Almanac by HTTP Archive 519


https://web.dev/install-criteria/#criteria
https://developer.mozilla.org/docs/Web/Manifest

Part Il Chapter 16 : Capabilities

IP JBKQFLKBA QEB >AA QL ELJB P@OBBK @>M>?FIFQV T>P KLBIEXPRDEROSPQ V
MLPQBOFQV >KA ABQ>FIBA OBN beforeinstallprompt BSBKQ T>P RPBALK LC

ABPHQLM M>DBP >KA  LC JL?FIB M>DBP J>HFKD FQ QEB QEFOA JLPQ RPBA @>M>?FIFQV LK Al
>KA JL?FIB

"V Q>HFKD >AS>KQ>DB beforeinstallprompt BBKQ ABILMBOP @>KSHER >
@RPQLIJFWBMBOFBK@B FK ELT RPBOP FKPQ>II QEBFO TB? >NUMIIMIB D IBKR KB 46
TEF@E$KQBP RPBOP QL FKPQ>Il QEBFO >MMIF@>QFLK QL >@@BPP FQ JLOB NRF@HIV >KA B>P¥

"B@NK  %GLM:EBBE>502 ?KF :G BG :Il IKHFIM IHP>¥= ;R MA>
beforeinstallprompt >0GGM

Media Session API

4EB)>=B: />LLBHG ,%ILTP ABBILMBOP QL @OB>QB @RPQLJ JBAF> KLQFd@>QFLKP CLO >RAFL LO
@LKQBKQ LK QEB TB? 4EB !10) FK@IRABP >@QFLK E>KAIBOP QE>Q ?0LTPBOP @>K RPB QL >@@!
@LKQOLI [BVRL>0AP EB>APBQP >KA QEB PLCQT>OB @LSB@BKLRBHE>QFLK >0OB> >KA

IL@H P@OBBKP 4EB -BAF> 3BPPFLK !0) BIMLTBOP RPBOP QL HKLT >KA @YRIIDLKEE>Q P MI>
TB? M>DB TFQELRQ KBBAFKD QLB SEBIFED P>FA M>DB

7EBK > M>DB MIP >RAFL LO SFABL @LKQBKQ RPBOP DBQ > JBAF> KLQFd@>QFLK QE>Q >MMB>O
JL?FIB ABF@B KLQFd@>QRLK@IK QEBFO ABAMIBRAF> ER? "OLTPBOP TFIIl QOV QL PELT >

QFQIB >KA >K F@LK ?RQ QEB -BAF> 3BPPFLK !0) >IILTP QEB KLQFd@>QFLK QL ?B @RPQLJFWBA 1
JBAF>JBQ>A>Q> PR@E >P QEB QFQIB >0OQFPQ K>JB >I?RJ K>JB >KA >I?RJ >OQTLOH
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navigator.mediaSession.metadata = new MediaMetadata ({
title: "Creep" ,
artist: "Radiohead" ,

album: "Pablo Honey"

artwork: [

{
src:  "https://via.placeholder.com/96" )
sizes: "96x96"

type: "image/png"

src:  "https://via.placeholder.com/128" ,
sizes:  "128x128"

type: "image/png"

src:  "https://via.placeholder.com/192" ,
sizes:  "192x192"

type: "image/png"

src:  "https://via.placeholder.com/256" ,
sizes:  "256x256" ,
type: "image/png"

src:  "https://via.placeholder.com/384" ,
sizes:  "384x384"
type: ‘"image/png"

src:  "https://via.placeholder.com/512" ,
sizes: "512x512" ,
type: ‘"image/png"
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»;
4EB -BAF> 3BPPFLK !0) E25I>?IB LK JLABOBGPPFLKP LC #EOLJB %ADBWFRBGEC>0F

Usage of the Media Session API

7.41%

"B@NK  1L:@>H?)>=B:/>LLBHG ,% HG FH;BE>

4EB -BAF> 3BPPFLK !0) T>P KLQ JB>PROB&H®HR FQP dOBEDM C@HFKD QEB 10) T>P RPBA
LK  LCABPHQLM M>DBP >KA  LC JL?FIB M>DBP J>HFKD FQ QEB CLROQE JLPQ RPBA
@>M>?FIFQV LK ABPHQLM >KA JL?FIB

7 B? >MMIF@>QFLKP PR@R?P ©RAR?B -RPF@ 3MLOHKEV.QEBOPBXAS>KQ>DB LC QEB
-BAF> 3BPPFLK !0) >KA I8BAB OF@E @LKQOLIP CLO QEB SFABBAO >RAFL MI>

"B@NK <<>LLBG@ <HEIMK= BG?HKF:MBHE®EHKNLB< OB: MA> 3BG=HEXIKO

&0 > ABBMBCBARSQL SFABL RP>DB LK QEB TB? @EB®MN-RQEIERBO
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Device Memory API

| ABSF@B @>M>?FIFQFBP ABMBKA LK > CEH QEBFKBRTEBH QEB #05 @LOB @LRKQ >KA QEB
>JLRKQ LC JBJLO\S>FI>?IB 4EBOB<>)>FHKR ,%O8FABP FKPFDEQ FKQL QEBSBELO\B>

?V MGRFAFKD QEB OB>A LKIV M(deviceMemory LK QE Navigator FKQBOC>@B 4EB
MOLMBOQV OBQROKP BRISQROILRKQ LESRA®B JBILOV FK DFRBPR >P > eL>QFKD MLFKQ
KRJ?BO

4EB S>IRB OBQROKBA FP FIMOB@FPB MOLQB@QFKD)QEB @FHDR PABMREA®ND ALTK
QL QEB KB>OBPQ MLTBO LC QEBK AFSFAFKD QE>QIERIBIPBO FP >IPL @I>JMBA
TFQEFK >K RMMBO >KA ILTBO ?LRRAGBIUBIB@Q QEBKRJ 0.25 05 1 2 4 >KA

8 DFD>?QBP

const memory = navigator.deviceMemory;

console. log ( 'This device has at least ' , memory, 'GiB of RAM. );

4EB $BSF@B -BJLOV !0) FP LKBAFI>?IB LK JLABOBCGPPFLKP LC #EOLJB >KA %ADB

Usage of the Device Memory API

5./6%

"B@RK 1L:@>H? >0OB<>)>FHKR ,% HG FH;BE>

4EB $BSF@B -BJLOV !0) T>P KLQ JB>PROBABRJKWFQP dOBRDM.CX@HFKD QEB !0) T>P
RPBALK  LC ABPHQLM M>DBP >KA  LC JL?FIB M>DBP J>HFKD FQ QEB dCQE JLPQ RPBA
@>M>?FIFQV LK ABPHQLM >KA JL?FIB

&0 QEB OBIB>PB LC &>@B?LLH_P OBABPFDK>® GPEBKQBDRBA >A>MBESAFKD

FKQL QEFP KBIRF-LK 4AEBFA QENP-A>MQFKD ?>PBA LK RPBOP_ >@QR>| E>OAT>0OB @E>KDF
IL>ABA >KA TE>@KO?>PBA LK TE>Q RPBOP TBOB RPBKIDMIB LK QEB ABPHQLM &>@B?LLH
ABdKBA ?RE®P LC RPBOP ?>PBA LK #05 navigator.hardwareConcurrency >KA

ABSF@B JBJLQ navigator.deviceMemory >S>FI>?1B

#EB@H LREFP SFABIOLJ #EOLJB $8 3RJJFQ  PQ>OQFKD >Q  TEBOB .>QB 3@EILPP
PE>OBP ELT & @B?LLH E>KAIBP BARMPK® RPFKD CB>QROBP PR@IEGBQEH SR/ 10)

AMMILPPP RHNMN;> <HF P:M<A O IN1,R% DM L
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Service Worker API

/>KOB<> PHKBOB LKB LC QEB @LOB @LIMLKBKQP LBIBDOBRAPREB>@Q >P > @IFBKQ

PFAB MOLQE>Q MRGBIXBBOP FK @LKQOLI LC QEB @R@BB >KA ELT QL OBPMLKA QL OBPLRO@B
OBNRBPQP "V MOB @>@EFKD BPPBKQF>SBIBFIERP@BHK BE-JFK>QB QEB ABMBKABK@B LK QEB
KBQTLOH BKPROFKD FKPQ>KQ >KAMIBIFENEBP

YK >AAFQFLK QL @>@EFKD OBPLRO@BBGBASK@BALQB >PPBQP COBDDHEBRETS
MRPE KLQFd@>QFLKP >KA >IILT >@@BPP QL QEB ?>@HDOLRKA >KA MBOFLAF@ ?>@HDOLRKA F

7EFIB PBOSF@B BOPHSB ?B@LJB TFABIV >ALMQBA >KA PRMMUSRBA 20LTPBOP KLQ >II
CB>QROBP LC PBOSHE®PR FAB:H-1>?1B LK >|| 20LTPBOPUNKIBIIB LC > @ROOBKQIV

RKPRMMLOQBA CB>QROB FP QE>Q LC QEB ORPE !0) LK 3>C>0F 3>C>OF TFll PRMMLOQ QEB ORPE
RM@LJFKD OBIB>BB@B 6 BKQROFK  >KA F/3 >KA FEA/3  FK

4EB 3BOSF@IBOBO !0) FPS=>FI>?1B LK JLABOBGPFLKP LC #EOLJB %ADB&FRBGEC>0OF

Growth of the Service Worker API

"B@NK  1L:@>H? MA> />KOBKBX3 ,% ME MH  HG =>LDMHI :G= FH;BE>

4EB 3BOSF@BOBO !0) T>P KLQ JB>PROBA FKB>RQ K/ #>M>?FIFQFBP @HEBVERBRPFKD

AMMILPPP :lIE> <HF F:<HL F:<HL GGMNK >0OB>P>:MNK
AMMILPPP :lIE> <HF BHL BHL ?>:MNK
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A>Q> COLJ QEBIWCFB#O_P 07T@E>MQRIEB 10) DOBT FK RP>DB COLJ QL LK
ABPHQLM>KA QL LK JL?FIB M>DBP J>HFKD FQ QEB PFUQE JLPQ RPBA @>M>?FIFQV L|
ABPHQLM >KA QEBKEEE JLPQ RPBA JL?FIB

.LQB QE>Q ELT QEB PBOSF®B RESHEB FK QEE@E>MQBO FP JB>PROBA AFCCBOP COLJELT Q
#>M>?FIFQFBP @E>MQBO JB>PROBP FQ>ARBFHK REB/A>Q> MFMBIFKEBSOORHQ V
@E>MQBO T>P CLRKA OBPRIQFKD FK >K RKABO@LRKQBKIRFE>BBOSF@B TLOH

&.0 > ABBMBCBARSOL PBOSF@BUIRPEDB LK QEB TB? @EB@WIR@EEBQBO QEB
7 B?UIK>@

Gamepad API

AEB#F>l:= % FP ELT TB? >MMIF@>QFLKP OBPMLKA QL FKMRQ COLJ D>JBM>AP >KA LQEBC
@LKQOLIIBOP 4EFP 10) E>P QEOBB FKQBOC>@BP LKB QE>Q OBMOBPBKQP QEB @LKQOLIIE
ABSF@B LKB QE>Q OBMOBPBKQP ?RQQLKP LK QEB @ L KKEAUBEBAGIKQBLQEE CLO

BSBKQP dOBA TEBK > D>JBM>A FP @LKKB@QBA LO AFP@LKKB@QBA

window . addEventListener ("gamepadconnected” , (e) = {
const gp = navigator. getGamepads ()[e.gamepad.index];
console. log (‘Controller connected at index ${gp.index}’);

»

4EB ">JBM>A 10) FP $>FI>?IB LK JLABOBCGIPFLKP LC #EOLJB %ADBU&FRBGEC>0OF
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Growth of the Gamepad API

"B@NRK 1L:@> H? MA> #F>1:= %4 MH  HG =>LDMHI :G= FH;BE>

4EB ">JBM>A 10) PEORKH FK RP>DB COLJ FK QL FK LKABPHQLM /K
JL?FIB RPB PEORKH COLJ FK QL FK IP>OBPRIQ QEFBXOQEB >JBM>A
10) T>P QEB FBKQE JLPQ RPBA @>M>?FIFQV LK ABPHQLM >KA QEB PFUQE JLPQ RPBA JL?FIB

7 B? >MMIF@>QFLKP PR@E >P BQDIF-> .6)$)P 'B&O@B .LT>KA -F@OLPLCQ B &RIRA

'>JFKD MOSFAB D>JFKDMBOFBK@BP QE>Q ORK LK QEB @{2RAE DEBMBOFBK@B LC
ORKKFKD D>JBP LK IL@F@BP LO > D>JFKD @LKPLIB 4E>KHP QL QEB '>JBM>A 10) QEBPB TB?
>MMIF@>QFLKP >IILT RPBOP-AERPESO@LKPLIB D>JB @LKQQHERIDOEK GRRQL>EA

>KA JLRPB
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"B@NK HGG><MBG@ :Q 4HGABE>K MH #HH@E> /M:=B: B> MEPLAK

Push API

4EB,NLA ,%>IILTP TB? >MMIF@>QFLKP QB CER®BESP COLJ > BBASBD>0AIBPP LC TEBQEBO
QEB >MMIF@>QFLK T>P FK QEB CLOSIIOMBRR @EK PBKA >PVK@EOLKLRP KLQFd@>QFLKP >
RMA>QBP QL RPBOP TEL LMQ FK DFSFKD QEBJ JB>KFKDCRI RMA>QBP >KA > KRADB QL OBE
SMMIF@>QFLK

7 B? >MMIF@>QFLKP JRP(EBIPIPBE®SF@B BOp. OB BRFFE KLQFd@>QFLKP CAO > PBOS
&0OLJ TFQEFK QEB PBOSF@BMIRPHKLQFd@>QFLKP @>K ?B PR?P@OF?BA QL RPFKD QEB
PushManager.subscribe() JBQELA

4EB ORPE !0) FFS>FI>?IB LK JLABOBGPPFLKP LC #EOLJB %ADB >KAN&FOBCL

Usage of the Push API

1.86%

"B@NK 1L:@> H? NLA ,% HG FH;BE>

4EB ORPE !0) T>P KLQ JB>PROBA BRQR/FQP dOBR{DM-CX@HFKD QEB !0) T>P RPBA LK
LC ABPHQLM M>DBP >KA  LC JL?FIB M>DBP J>HFKD FQ QEB BFDEQE JLPQ RPBA @>M>7?FI|
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ABPHQLM >KA JL?FIB

Project Fugu

->K V CB>QROBP REBERGE) QL ?BILKD QL MI>QCLOJ PMB@FJ@ >MMFRE@HPFQER FIB?. B

(LTB SBOQE>KHP QL QEB #>M>?FIFQFBP 00LGB@®MR TRI2GBRIREQEBPB CB>QROBP

BUFPQ LK QEB TB? 0OLRIBRGFP& @OLPP @YBOH OQ QL ?0FKD CB>QROB M>OFQV QL TB?
>MMIF@>QFLKP @LKPFABOFKD TE>Q F/3 IKAOLFA LO ABPHQLM >NRDR @L0HR LEOLGB@Q &
BUMLPFKD MI>QCLOJ PMB@Fd@ @>M>?FIFQFBP QL QEB TB? TEFIB J>FHQBF&FEY RPBO PB@ROF
QORPQ >KA QEBFTBREBO @LOB QBKBQP

0OLGB@RDR @LIMOFPBP -F@OLPLCQ )KQBI 3>JPRKD 'LLMBQHEBOIBIOLRMP >KA
FKAFSFAR>IP

#EB@H LREFP MLRR QEB #EOLJB $BILMBOP ?ILD QL IB>OK JLOB >?LRQ QEB #>M>?FIFQFBP
00LGB@Q

Conclusion

#>M>?FIFQFBP RKIL@H KBT MLPPF?FIFQFBP >KA CRREIQMRERI EQINSAM-KB>DB LC LK

QEB TB? 4EFP @E>MQBO PE>OBA BFDEQ LC QEB JLPQ MLMRI>O TB? MI>QCLOJ 10)P @ROOBKQIV
LK QEB TB? )Q >IPL PELT@>PBA PLJB LC QEBPB @>M>?FIFQFBP RPBA FK AFCCBOBKQ TB? >MMIF
?B>RQV LC QEB TB? FP QE>Q FQ @>K RPB QEBPB MI>QCLOJ ?>PBA CRK@QFLK>IFQFBP TFQELRC
KB@BPP>OFIV ?B FKPQ>IIBA SRQ@IBLOB>AAFQFLKSFBROKA MIRDFKP

3LJB BUBFQFKIMBOFBK@BP QE>Q RQFIF\WFRREE TREQFBP FE@IRAR #>K $L

AAN TTH$ 4 >KASFP@LROPBI#$ 4 TEF@E RPBP LC QEB @>M>?FIFG®BEP TB QO
PELT@>PBP J¥K B? I0)P TFQE > FSBJL LC B>@E !0) $FP@LROSBABBL@LIIRKFQFBP TFQE

TB? CLORJP >KARPBP LC QEB @>M>?FIS@HBFPFEAE>-P QEB ">ADFKD 10) PL RPBOP @>K PBB
QEB KRJ?BO LC RKOB>A KLQFd@XJEEEP QEB

4EB #>M>?FIFQFBP 00LGB@ QRUR GB@R SMMIF@>QFLKP-QB {ADQEB TB? KD

PLJB ?>00FBOP >PPL@F>QBA TFQE MI>QCLOJ PMB@Fd@ >MMIF@>QFLKEa @KBBAQL TOFQB “K:
KBBA QL TLOOV >?LRQ RFBGM®E® @BPP QL QEB I>QBPQ RMA>QBP >KA KL KBBA QL DBQ RPBOP
PB>0@E CLO >KA ALTKIL>AIGE 3MMIF@>QFLK FK >MM PQLOBP 4EB TB? >KA FQP @>M>?FIFQFE
RM >Il KBT MLPPF?FIFQFBP FK ?RFIAFKDU®IBINERIKEBB CLO RPBOP

AMMIL=>CEHI>KAKF> <HF ;EH@ ?N@N LM:MNL
AMMILPA:MP>;<:G=H MH=:R
AMMILPPP =BL<HNKL> HK@
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https://developer.chrome.com/blog/fugu-status
https://whatwebcando.today/
https://whatwebcando.today/
https://www.discourse.org/
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Author

-F@E>BI 3LI>QF
X -F@E>BI3LI>QF () -F@E>BI3LI>QF® EQQMBF@E>BIPLI>QF @LJ

-F@E>BI FP >$8LMBO !AS9>QB >Q !JMIF@>QFLK CL@RPFKD LEBHBIBERD AB
?RFIA 10)P >KA AOFKP JAAFQFLK>IIEB FP >B? '$% >KA E>P CLRKA EBB HK
@OB>QFKD @LIJMBIMRDEBK@BP LK QEB TB? >KAQEBSP LC QEB TB?
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Part Il Chapter 17

PWA

Written by Diego Gonzalez

>0B>P>= ;RK HG #NLM:?LH&B:G: & K ):QBF /.EGBBO':B $HEE;>K@= >MA ;G
G:ERS>= ;RMA ;G

1=BM>= ;BPBG (6= :KKR HEEK

Introduction

YK QEB B>OIWR+.C 00LDOEPPBES 'MMP QEBOB TBOB BTCBHFQROBP QE>Q E>OKBPPBA QEB
MOLJFPB LC >K >AS>K@BA JLABOK TB? >MMIF@>QFLK LCeFKB PRMMLOQ >KA > AFOB@Q F
P@OBBK LC QEB@B

4EBPB QTL @LK@BMQP TBOB BK>?IBA >CQBO FKPQIIERBPRDE>Q:DRIERD>K\?
Q>MMFKD LK33RFBKQ ?>ABBE>Q TLRIA >MMB>0 LK QEB ?0LTPBO 4EER, 25&DB TLRIA
MOLJIMQ QEB RPBO QL FKPQ>Il QEB TB?PFQB -L?FIB ?0LTPBOP PR@E >P 3>JPRKD )KQBOKE
&FOBGLTBOB >JLKD QEB dOPQ LKBRIG@EQIV PRMMLOQSFERR REEKIV HKLTK SPAA

QL ELJB P@OBBK3

&FB8 \B>OP >DL QEFP T>RE@>| FAB> | TB?PFQB TLRIA ?B >?IB QL I>RK@E AFOB@QIV COLJ Q
P@OBBK IFPQBA >ILKDPFAB LQEBO >MMIF@>QFLKP > RPBO E>3H@®&BQHEBATKQHE-O AB

AMMIL=>CEHI>RHSBEE: HK@ =H<KH@KLBOP>;9:IIL ==9MHIAHF>9L=G
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PQ>0Q LC MOLDOBPP J>AB QLT>OAP OBAR@FKD QEB D>M ?BQTBBK @>M>?FIFQFBP LC TB? >MMN
PMB@FAd@BOFBK@BP

4EB ! (3 P@BK>OFL E>REBA FKQL TB? >MMP QE>Q @>K ?B CRIIV FKPQ>IIBA >KQBBBMIV FKQBDO
FKQL QEB ELPQ /3 FK ?LQE JL?FIB >KA ABPHM @BREAV>PQ  JLKQEP EBBK

20LTPBOP @¥HMLOQ>KQ PQBMP QLT>OAP J>HFKD PRIB-SE>QBDEQ FKQBDIOTFQE

ABPHQLM MI>QCLOJP >KA C-®EB KBT >AAFQFLKP BEQEFFIISK>@ OBeB@Q QEBPB @E>KDBP
4EFP FP QEB PQ>QEFLEKD7

LQB P> PBQ LC TB? QB@EKLILDMBPAH KLQ FPLI>QBA COLJ QEB OBPQ LC QEB TB? MI>QCLOJ
7EFIB QEBOB FP > @E>MQBO ABAF@>TFHRQEBEFBY0 TB BB FEBPQFD>QBA QEB
FKQBOPB@QFLK LC PLIB LC QEBPB KBT >AS>K@BA @>M>?FIFQFBP TEBK RPBA FKPFAB > 07

Service workers

3BOSF@B TBOPFP LKB LC QEB @LOB QB@EKLILFFERALQGEB BK>?IBO LC LCeFKB >MMP
DBQQFKD MRPE KLQFd@>QFLKP >KA ALFKD ?>@HDOLRKRMBEE BEBFRIPBERO JLPQ LC
QEB >AS>K@BNBOFBK@BR/MBBQ COLJ >MMIF@>QF:RB AR ?BFKD RPBA QL ABdKB A>Q>
RMA>QBP >KA CLO RM@LJFKD JLABOK CRK BTHABBGR)YSFBA LK QB@EKLILDFBP

7EFIB QEBOB RPKI>OFQV ?BQTBBK J>GLO ?0LTPBOP TEBK FQ @LJBPBILEBOSEES TLOH
PRMMLO@7HFQ >AAFKD PRMMMBOEKOQFd@>QF:RP ERDB JFIBPQLKB %>OIFBSQDEFP V

FQ T>P >KKLRK@BAIQEHEE>A J>AB @E>KDBE QEBFO ABPHQLM MI>QCLOJ QL PRMMLOQ QEB
OBIB>KQ M>0QP LORPEB0) .LQFd@>QFLKP |8KA QERBOSF@B BARTLRIA BK>?IB

7 B? ORPE 4BB>IPL >KKLRK@BA QEB CB>QROB TLRIA ?B @LJFKD QL QEBFO JL?FIB MI>QCLOJP F

Service worker usage

8.0 @LIM>OFPLK OB>PLKFBBR QEB P>JB NRBOFBP BPOFEB@E >IILTP RP QL QOV QL
J>HB PBKPB LC QEBRE)FLK LC PBOSF@ITRPHDB ,>BOY P @E>MGBQEBBI>K>QFLK
LCTEV FQ FRKQOFSF>I QL dKA LRQ >@QR>I RP>DB LE(PBRSRIEE JIFPHGRPQ >P (BXRB QEFP V

, LLHFKD >Q QTL LC QEB JB>PROBP

AMMIL=>OCEHI>RHSBEE: HK@ =Hx<L98 />KOB<>93KEK9 ,%
AMMIL@BMAN; <HFH&@NLM:?LHG IP: PB=@>ML KB<A PB=@>ML
AMMIL<:GBNL> <HF INLA :IB

AMMILP>DBM HK@ ;EH@ F>>M P>; INLA
AMMIL=>GEHISRHSBEE: HK@ =Hx1% ,NLA9 %
AMMIL=>CEHI>RHSBEE: HK@ =HxL% *HMB\<:MBHGL9 ,%
AMMIL=>GEHI>RHSBEE: HK@ =H<L9% />KOB<>%3KEK9 ,%
AMMILEF:G:< AMMKRABOHK@ >G  IP: L>KOB<> PHKKL NL:@>

532 2022 Web Almanac by HTTP Archive
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b ,FDEQELRPBABQB@QP> JL9K/S  ABPHQLM >Il TB?PFQBP BYMIL
PBOSF@B BAHB RIMB@Q QEFP FP ILTBO QE>K QEB OB>I TLOIA MBO@BKQ>DB AF
>AAFQFLK>| @EBEE4D ,FDEQELRAEPGKOL @LKPENER

b &LILTFKD QEB P>JBQOF@P FKQOLAR@B/OISREPDB LC > 3BOSE@BU FK
TB?PFQBP @LJBPRM QL LK ABPHQLM >KA LK JL?FIB

"B@NK  />KOB<> PHKRBHGME>= |:@>L:®XK

4EBOB E>P® ?BBK > KLQF@B>?IB @E>KDB CLO PED®EQBOILI®A M>DBP FK QEB QLM

PFQBP >P TBIl TFQE LKIV > PIFDEQ AB@OB>PB FEBXGPHUB FK@®B>PB FK JL?FIB
MOLMBOQFBP "RQ QEBOB T>P >K FK@OB>PB FK >Il LQEBO @>QBMEDFRKAKITBOLILT QEB
I>PQBAO]TEBOB TB MLPQRI>QBA QE>Q ?FDDBO TB?PFQBP >ALMQBA QEB >AS>K@BA QB@E
C>PQBOJQEBK PBBFKD JLOB DOLTQE FK LQEBO @RFEENRE-3O T:RIA PBBJ PJ>IIBO
@LIM>KFBP >KSBBMBOP $IB>0KBA >KA >ALMQBA QEB QB@EKLILDV PE>OBA COLJ @>PB |
>KA B>JMIBP COLJ QEB @LIM>KFBP TFQECH@B QO

Service worker events

| PBOSF@B TBOK-@QP >P BWIPEBS QE>Q PFQP ?BQTBBK QEB TB? >MM QEB ?0LTPBO >KA G
KBQTLOH. #KPQ>Il > PBOSF@ROTEQHRPQ ?B CBQ@EBA >KA OBDFPQBOBA )C QEFP FP PR@

AMMILP>; =>0L>KOB<> PHKD
AMMIL@BMAN; <HF $00<ABOE>@: #RIMIKKABOHK @ ;EH; F:LM>K <NLMHF9F>MKB<L IP: CL
AMMILEF:G:< AMMIKABEHK@ >G  IP:\@
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https://web.dev/service-worker
https://github.com/HTTPArchive/legacy.httparchive.org/blob/master/custom_metrics/pwa.js
https://almanac.httparchive.org/static/images/2022/pwa/sw-controlled-pages-rank.png
https://almanac.httparchive.org/static/images/2022/pwa/sw-controlled-pages-rank.png
https://almanac.httparchive.org/en/2021/pwa#fig-2
https://almanac.httparchive.org/en/2021/pwa#fig-2

Part Il Chapter 17 : PWA

PBOSF@B BOFRBORQBA PHB@F>| TROKBLKQ>FKEE>Q ORKP LCC QEB J>FK QEOB>A >KA E>P
KL $/- >@@BPP 4EFP FP TEBKGP @>K ?B MOL@BPPBA

"B@NK JHLM NL>= L>KOB<>REHKBML

4EB MGEFLRP @E>0Q XPAMISLOJ>QFLK LK QEB JLPQ RPBA PBESEEEPL O @E LKB LC
QEBPESBKQP @>K ?B @>QBDLOFWBA FKQL

b ,FCB@IBIBKQP
b .LQFd@>QFLK OBI>GOB

b ">@HDOLRKA MOL@BBBR&P B

Lifecycle events

install  >KAactivate  >OB IFCEGBSBKQP )Q FP @LJIH@MF@B QL @OB>QB > @>@EB LC
>PPBQP QE>Q TFII >IILT ORKKFKD QEB >MM LCeFKB TEBK FKPQ>IIFKD-II@RFBAQELK FP DBKBO
@IB>K RM LIA @>@EBP >PPL@F>QBASH(HP GBBSKBBOLOH

AMMIL=>GEHI>RHSBEE: HK@ =Hx198 />KOB<>BIKEK#EH;:E/<HI>
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https://developer.mozilla.org/docs/Web/API/ServiceWorkerGlobalScope
https://almanac.httparchive.org/static/images/2022/pwa/most-used-sw-events.png
https://almanac.httparchive.org/static/images/2022/pwa/most-used-sw-events.png
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61%

"B@NRK  />KOB<> PHKB&IEML MA install >GGML HG FH;BE>

4EB PBOSF@B BOOKBBAP QL 7B B@RESABO QL GBEHIP BFEBQ@E >KA MRPE 4BFP J>H
QEBJ QEB @LOKBOPQLKB LC PBBSP@HKALEBK@B QEB RP>DB LK ABPHQLM >KA LK
JL?FIB CL install >KA QEB P>JB ( activate

4EB OBJ>FKFKD X LC PFQBP TFQE PBOSP@BOEQKLQ ?B B@®PEKD QEBBEGP >P
QEB @>K ?B RPFKD PBOSHEIBCLEKLQFJ@>QFLKP LO RQFIFWFKD QB@EKFNRBP QL @>@E|
J>AB LKIV TEBK QEB PFQB FP ORKKFKD >IPORKQFEB-@>@EFKD

7EFIB QEBPB >OB PQFII QEB JLFBIRPBAEB FK@OB>PB LC LQEBSBRYMBBEKIBRPBA
IB>AP RP QL PMB@RI>QB QE>Q QEBOB FP >K FK@OB>PBA KRBEBCKLQHBCPHF@B REGA
CLO MOB @>@EFKD >P QEBFO J>FK Q>PH

Notification-related events

57/%

"B@NRK  />KOB<> PHKB&IEML MA notificationclick >OGGML HG =>LDMHI

ORPE KLQFd@>@BKQP @LIBWB FK JLPQ RPBA PBOSHEIBJBIQEH AP

b notificationclick @LJIBP RM QL LSBO I>P@XO_P A>Q> LK ABPHQLM
>KA LK JL?FIB

b push LK ABPHQLM >KA LK JL?FIB

b notificationclose FP KLT >Q LK ABPHQLM >KA LK
JL?FIB

! @LRMIB LC 85F+VP EBOB FP QE>Q JLIBKQRJ @LKQFKRBP QBSOCL QERR K/

ABPHQLM >KA MRPE KLQFd@>QF LKEGBMQELKK F>DB LC OBBKIBAGLO KLQFd@>QFLKP E>F
DLKB RM >OLRKA  ->K/ QTB>HP >KABRIESB ?BBK TL@A LK FK AFCCBOBKQ MI>QCLOJP QL
J>HB PROB QE>Q QEBPB MFB@BP LC 58 CBBI @L3QBOQBF)EKIEDEL PQERIMB@Q

QEBPB KRJ?BOP QL @LKQFKRB DOLTFKD CLIILTFKD QEB KBRMMKRRBEBERPE LK

AMMILP>; =>OKNGMBF> <:<ABG@ PBMAPHKD;H
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https://web.dev/runtime-caching-with-workbox/
https://webkit.org/blog/12945/meet-web-push/

Part Il Chapter 17 : PWA

7 B?HFQ4EFP FP > CB>QROB QE>Q E>P ?BFKDVUBKRBEBEABOP CLO > ILKD QFJB >KA
dK>1IV ESFKD PRMMLOQ LK J>@/3]>KA ELMBCRIIV PLISK@BRED>K BKENRABILMBOP
QL RPB QEB !0)

Background processing events

49%

"B@RK  />KOB<> PHKBDEEML MAX fetch  >CG-GML HG =>LDMHI

4EB OBJ>FKFKIBRQP FK QEB @E>0Q OBMOBPBKQ ?>@HDOLSHQFAOL@BPPFKD B

b

fetch TEF@E L@@ROP TEBK > OBNRBPQ FP PEGESK QERPBARL FKQBO@BMQ
P>FA OBNRBPQ >KA OBPMLKA TFQE @RPQLJ LO @>@EBA >PPBQP BK>?IFKD LCeFKB F
LRO 07IP &BQ@E RP>DBFP LK ABPHQLM >KA LK JL?FIB

sync TEF@E dOBP TEBK QEBIEEBP QEB RPBO E>P @LKKEBRFSRMDB LC
LK ABPHQLM >KA LK JL?FIB

periodicsync  TEF@E >IILTP TB? >MMIF@>QFLKP QL MBOFLAF@>1IV PVK@EOLKFWB /
QEB ?>@HDOLRKA FP @ROOBKQIV >Q LK ?LQE ABPHQLM >KA JL?FIB MI>QCLOJP )G
PELRIA ?B KLQBA ( periodicsync  FP IFJFQBA QL > J>U LC BR@B EELROP

4EFP @>K ?B >0QFd@F>IIV PRMMOBPPFKD RP>DB LC QEB CB>QROB

AMMILP>DBM HK@ ;EH@  F>>M P>; INLA
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https://webkit.org/blog/12945/meet-web-push/

Part Il Chapter 17 : PWA

Other popular SW features

"B@NK  1L:@> F skipWaiting() F>MAH=

3FJFI>0 QL @EB-QP LC IBPQ \QE! skipWaiting JBQELA QE>Q FP RPBA QL FJJBAF>QBIV
>@QFS>QB QEB PBOSE@BPTREINSMLMRI>0 >JLKESBABIBOP ?BFKD MOBPBKQ LK LC
ABPHQLM >KA LC JL?FIB TB? >MMP

4EBPB >0B QEB QLM JLPQ RPBA PBE@SF @6 BI@ipP

AMMILEF:G:< AMMIKABEOHK@ >G  IP: HMA>K IHINE:K L>KOB<>3{KEMANK
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https://almanac.httparchive.org/static/images/2022/pwa/usage-skip-waiting.png
https://almanac.httparchive.org/static/images/2022/pwa/usage-skip-waiting.png
https://almanac.httparchive.org/en/2021/pwa#other-popular-service-worker-features
https://developer.mozilla.org/docs/Web/API/ServiceWorkerGlobalScope/skipWaiting
https://developer.mozilla.org/docs/Web/API/ServiceWorkerGlobalScope/skipWaiting
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"B@NK  )HLM NL>= L>KOB<>RHKD><ML

IKA QEBPB >0B QEB JLPQ RPBA JBQELAP

"B@NK  )HLM NL>= L>KOB<>RHKD><M F>MAH=L
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https://almanac.httparchive.org/static/images/2022/pwa/most-used-sw-objects.png
https://almanac.httparchive.org/static/images/2022/pwa/most-used-sw-objects.png
https://almanac.httparchive.org/static/images/2022/pwa/most-used-sw-objects-methods.png
https://almanac.httparchive.org/static/images/2022/pwa/most-used-sw-objects-methods.png
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Web App Manifest

4EB3 >; 11):GB?>LMdIB FP > *3/. dIB QE>Q @LKQ>FKP FKCLOJ>QFLK >?LRQ QEB >MMIF@>QFL
4EB J>KFCBPQ dIB FP QEB LQEBO J>FK @LOB QB@EKLILDVRB@BBIHBRAT> QE>Q FP
MOBPBKQ FK BESHRB M>FOP FP FKCLOJ>FK® QBIBFFMSLILQB >KA FKEBBQEB >MM

FKQL QEB ELPQ /3

+BBMFKD QEB TB? PMMKFCBPQ CRIIV >RQELOBA FP BPEBKAFSHQEOB-LC >AS>K@BA
AFP@RO?FIFQV QEOLRDE LKIFKB OBMLPFQLOFBP PR?JFPPFLKP QL >MMIF@>QFLK PQLOBF
OB@BKQIV>V QL Q>M FKQL >AS>K@BA @>MBHFHEFQBEP-EBBQ >KA dIB E>KALRM>BLD V
#RQQFKD BADB TLBKXQIB 7FADBQP ?>PBA LKQB@EKLILD¥P >IPL ?BFKD OLLQBA FK QEB
J>KFCBPQ BRXD QHBP>QFIFQV LC QEB dIB FQPBIC CLO >AS>K @ BAQALKEK CREXEHETID

95%

"B@RK ,>K>GM H? F:GB?>LM \E>L I:KL:;E> HG =>LDMHI

&0 JLPQ @>PBP] FK ABPHQLM >KA FK JL?FIB]QEB J>KFCBPQP TB CLRKA >OB *3/.
M>OP>?IB 4EFP FKAF@>QBP QE>Q >IJLPQ >l TB? >MMP QE>Q RPB QEB J>KFCBPQ >0OB @LC

4EFP ALBP KLQ FKAF@>QB @LJMIBQBKBPP SSRIFRIFAFRILC @BOQ>FK dBIAP QE>Q TLRIA
@LKQOF?RQB QL QEB FKPQ>II>QFLK LC QEB TB? >MM P > J>QQBO LC C>@Q QEBOB FP @F
MOLMBOQFBP CLO QEB ->KFCBPQ dIB 'J BIMQV dIB QB@EKF@>IIV FP > S>IFA ->KFCBPQ dIB

4EB J>KFCBPQ dIB/MI>BY M>0Q FK PFDK>IFKD QL QEB ?0LTPBO QL MOLIMQ CLO FKPQ>II>Qf
QEB T¥ QEB MOLIJMQ FP QOEBDBBBAFQE AFCCBOBKQ ?QEBRIBORTYP > PR?PBQ LC QEB
J>KFCBPQ dIBLFEBA

"BILT >OB QEB RP>DB KRJ?BOP LC J>KFCBPQ dIB >ILKDPFABPBESFRBTLLRIPBA FK
@LKGRK@QFLK-DBKBMIV FKPQ>II>?FIFQV

AMMIL@BMAN; <HFH&@NLM:?LHG IP: PB=@>ML AHP PB¥@keNIG>= BG MA>L> :IBL
AMMILP>; =>OBGLM:EE:;;E> F:GB?>LM BG HRIAHL ;K
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https://github.com/aarongustafson/pwa-widgets#how-widgets-are-represented-in-these-apis
https://web.dev/installable-manifest/#in-other-browsers

Part Il Chapter 17 : PWA

"B@NK />KOB<>HKEK :G=):GB?>LM NL:@>

4EB A>Q> QBIIP RP QE>Q TB? >MMIF@>QFLKP >0OB >OLRKEIVIFUES . OKFEBPQ dIB
QE>K > PBOSF@BUL@HKQOF?RQFKD C>@QLO FIMDERGLDI® PR@E >P #LKQBKQ
->K>DBJBKQ 3VPQBJIR3P >RQL DBKB@B J>KFCBPQ dIBP CLO TB?PFQBP

IKIV > PJ>Il MBO@BKQ>DB LC TB?PFQBP] LK ?LQE ABPHQLM >KA JL?FIB]FIMIBJBKQ ?LQE
PBOSF@B BMHKA J>KFCBPQ dIBP TEF@E JB>KP IBPP QE>K LC TB?PFQBP @>K ?B FKPQ>IIBA Lk
ABSF@BFBIAFQFLK> >MMP

8.0 QEFP @E>MQBO TB >OB JLPQIV FKQBOBPQBZBFN EQEFBQSF@IEBTLA >
J>KFCBPQ PL\RKIBPP LQEBOTFPB KLQBAJQEB J>KFCBPQ A>Q> MOBPBKQ FK QEFP @E>MQBO >0
PFQBP
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https://almanac.httparchive.org/static/images/2022/pwa/sw-manifest-usage.png
https://almanac.httparchive.org/static/images/2022/pwa/sw-manifest-usage.png

Part Il Chapter 17 : PWA

Manifest properties

"B@NK OHI,3 F:GB?>LMH{>KMB>L

, LLHFKD >Q QLM MOLMBOQFBP RPBA FK J>KFEEPORI@PIYERBY QLE>BQEBOB FP KL
PFDKFd@>KQ @E>KDB

LQB QE>Q Cgcm_sender_id  FP KLQ > PQ>KA>OAFWBA WOERBBGAJES 'LLDIB
$BSBILMBO #LKPLIB QL FABKQFCV >K >MM >KA BKBDBRIKRECFEOLIB QL FIMIBIBKQ TB?
MRPE TEF@E OBIFBA LK QEB '#- PBOSF@B

-LPQO7 !P CLOABPHQLM>KA CLO JL?FIB AL KLQ ABdKB > MOBCBOOBA LOFBKQ>QFLK
PBQ QEB JLPQ COBNRBKQIV RPBA S>HERFFQELOQOABPHQLM >KA LK JL?FIB TB?
PFQBP ABdKFKD QE>Q S>IRB LK QEBFO J>KFCBPQ

display  property

$FDDFKD FKQIl display MOLMBOQV JLOB TB PBB QEB CLIILTFKD S>IRBP
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https://almanac.httparchive.org/static/images/2022/pwa/top-pwa-manifest-props.png
https://almanac.httparchive.org/static/images/2022/pwa/top-pwa-manifest-props.png
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"B@NK ,3 F:GB?>LM =BLIEERNSL

display: standalone JLAB FP QEB JLPQ @LJILK ARRMAB RPBAWZ>IJLPQ LC
TB?PFQBP QE>Q ABdKB WAERRBIYQ P >IPL LKB LC QEB/AERBP-QE>Q BK>?IBP >K >MM QL ?B
FKPQ>II>?IB
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https://almanac.httparchive.org/static/images/2022/pwa/display-values.png
https://almanac.httparchive.org/static/images/2022/pwa/display-values.png
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icons property

"B@NK OHI ,3 F:GB?>LM B<HG LBS>L

07 P KBBA QL DBIEB AFCCBOBKQ F@LK PFWBP QL >@ @KDBACPRIES-@BP TEBOB QEB
>MM @>K ?B BASFPBA >KA MI>@BAQEKPUEPQ QL DBRBMEB MIBOECTF@LKP KBBABA CLO
AFCCBOBKQ ABPHQLM >KA SETAIEIBKQP 4EB JLPQ @LJILK F@LK PFWBP MOBPBKQ FK J>K
dIBP >C 192x192 >KA512x512 "LQE PFWBP >MMB>0 FK >OLRKA LC QEB J>KFCBPQ dIBP
SK>IVWBA

Installation and discoverability properties

1 TB? >MM J>KFCBPQ dIB @>K @LKQ>FK A>Q> QE>Q FP RPBCRI FK ABP@OF?FKD LC QEB >MI
MOLMBOQFBP @>K ?B RPBOBP LO LQEBO AFPQOF?RQFLK JB@E>KFPJP QL MOLJILQB QEB >
IK FK@OB>PBA DOLTQE@E ?0LTPBO ?>PBA FKPQ>II>QFIHR AFBLLROFIFWFKD QEBPB dBIAP
JLOB MOLJFKBKQRIES>KQ dBIAP TEF@E @>K ?B CLRKA >P M>0Q LC QEB IMMIF@>QFLK )KClI
PRMMIBJBKQ QL QEB ->KFCBPQ dIB >OB IFPQBA ?BILT

b description AEFP MOLMBOBR@P FK LC ABPHQLM >KA  LC JL?FIB TB? >MM
J>KFCBPQP 4EB ABP@OFMQFLK FP FIMLOGHKEXPFKERE BEB >MMIF@>QFLK ALBF
)Q_P @LJILKIV RPBA QBRABIEKCLOJ>QFLK >?LRQ QEB >MM CLO > PQLOB #ROOBK
>OLRKA > QEFOA LC FKPQ>IBTIBRIA LCCBO QEFP FKCLOJ>QFLK

AMMIL=>CEHI>AKF> <HF ;EH@ KB<A>K IP: BGLM:EE:MBHG

2022 Web Almanac by HTTP Archive 543


https://almanac.httparchive.org/static/images/2022/pwa/top-icon-sizes.png
https://almanac.httparchive.org/static/images/2022/pwa/top-icon-sizes.png
https://developer.chrome.com/blog/richer-pwa-installation
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4EFP MOLMBOGFAER.QEB 52,P LC LKB LO JLOB P@OBBKPELQP CLO

b  screenshots
RPB FK >MM PQLOBP >KA FK ?0LTPBO FKPQ>IIIVIIQEIGKPZBPQP QB>Q Q>H
CLO ABPHQLM >KA  CEB@BHIBP AB

>AS>KQ>DB LC QEFP CB>QROB QLQ>!
5PBA >P EFKQP CLO @>Q>ILD LOD>KFW>QFLK
b iarc_rating_id )Q_P > PQOFKD QE>Q OBM(QIBRBEGP QES@>QF LKL@ (B

LC ABPHQLM >KA JL?FIB >MMP RQFIFWB QEFBQIBHP BIGEED

TB? >MM
LC QEBFO >MM LO D>JB

b  categories

Manifest categories

,BQ_P AFD FKQL QEB @>QBDLOFBP IFQQIB JLOB

"B@KRK OHI,3 F:GB?>LM <:M>@HKB>L

IKA TB TFII >IPL PELT QEB P>JB A>Q> CLO >l TBSBE@BROE>K GRPQ QELPB TFQE > PBOSF@B
TLOHBO TEF@E TB >OB RPFKD >P LRO ABJKF@HERR: 07

AMMILPPP @EH;:BHG@L <HF AHR BHKDL :Q
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https://www.globalratings.com/how-iarc-works.aspx
https://almanac.httparchive.org/static/images/2022/pwa/top-pwa-manifest-cats.png
https://almanac.httparchive.org/static/images/2022/pwa/top-pwa-manifest-cats.png
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"B@KRK OHI F:GB?>LM <:M>@HKB>L

4EB QLM @>QBDLOFBP CLO ?LQE TB?PRQBBIHKK Q@EB P>JBQ/B>@E FP PIFDEQIV AFCCBOBK
4.M @>QBDLOFBP >0OB PELMMFKD KBTP >KA ?RPFKBPP

Advanced capabilities

4EB J>KFCBPQ dIB >IPL >IILTP CLO QEB >@QFS>QFLK LC JLABOK MI>QCLOJ @>M>?FIFQFBP
@>M>?FIFQFBP @>K >IILT CLO >AS>K@BA TFKALTFKD @>M>QFIHQEGPBE-ORIKPQES

ELPQ /3 ->KV LC QEBPB @>M>?FISREBRABAEDV OB@BKQIV FKQL QEB MI>QCLOJ >KA QEBOE
TB ELMB QEFP A>Q> OBDFPQBO >K FK @BMQEIEBES K&K 10)P

IP QEBPB >0B IBPPBO RPB JLOB >AS>K@BA @>MAPHEQFEELDERO MSBLRP 8I0E LC
QEB QLM J>KFCBPQ MOLRBYEOBBRLOQE ILLHFKD >Q QL PBB QEBFO RP>DB QLL

b shortcuts LC ABPHQLM >KA  LC JL?FIB 07P >OB RPFKD PELOQ@RQP QL
ABBM IFKH FKQL QEB >MM

b file_handlers >|ILTP >K FKPQ>IIBA QL. OBDFPQBO FQPBIC >P > E>KAIBO CLO >
PMB@Fd@ UBHXPFLK /KIV ~ LC ABPHQLM >KA  LC JL?FIB >OB RPFKD
file_handlers

b protocol_handlers 07 'P @>K OBDFPQBO QL ?B E>KAIBOP CLO MOBABAKBA LO
MOLQL@LIP #ROOBKQ RP>DB PQ>KAP >Q LK ABPHQLM>KA  CLO JL?FIB TB? P
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https://almanac.httparchive.org/static/images/2022/pwa/top-manifest-cats.png
https://almanac.httparchive.org/static/images/2022/pwa/top-manifest-cats.png

Part Il Chapter 17 : PWA

b share_target LC ABPHQLM >KA  LC JL?FIB 07P E>SB QEB >?FIFQV QL
OBDFPQBO QERRPBISOB@BHES-OBA A>Q>

b 7FKALT #LKQOLIP /BOI¥ 4EB >?FIFQV QL COBB QEB >SIB |1 B0/ FBAED
QFQIB ?>0 FP > ABPHQLM LKIV CB>QROB 4EFP CB>QROB E>P OB@BKQIV [>RK@EBA F¥
>KA  LC J>KFCBPQP LC ABPHQLMBZ0B RQFIFWFKD FQ

b note_taking LC ABPHQLM >KA  LC JL?FIB PFQBP >0B RPFKD QEB >?FIFQV QL
E>SB PMB@F>| FKQBOO>P > GAMEBKQ V:+C Q>HFKD > NRF@H KLQB

Manifest preferring native

2.0%

"B@NRK ):GB?>LM \E>L PBMB:M%=9:IIEB<:MBHGL \>E= HG FH;BE>

4EBOB FP > MOLMBOQV FK QEB J>KFCBPQ QE>Q PMB@FdBP FC >MMIF@>QFLKP IFPQBA FK QEB
related_applications dBIA PELRIA 7B MOBCBSBIBOEB TB? >MMIF@>QFLK 4EFPBFDEQ J>H

QEB RPBO >DBKQ PRDDBPQ QEB FKPQ>II>QFLK LC QEB OBI>QBA >MM FXPQE-QHE QEB TB? >MM
J>KFCBPQ dIBP >K>IVWBA LKIV LK ABPHQLM >KA LK JL?FIB J>KFCBPQP PBQ QEFP MOLMBOX

Fugu APIs

07 P DL E>KA FK E>KA TFQE >AS>K@BA TB? @>M>?FIFQFBP 4EBPB @>MHYMVEQKBPC-OB DBKBO
MOLGB@DRTEF@E FP QEB @LABK>JB CLO > @LIIB@QFLK LC KBT TB? MI>QCLOJ CB>QROBP FK(
TFQEFK QEB #EOLJFRJ MOLGB@Q

8.8%

"B@NRK JHLM NL>:N@N ,%>LDMHI

&0OLJ QEB DOLTFKD IFPQ LC CB>QRSBPBBEQEBA QL QEB TB? MI>QCLOJ QEBPB >0B QEB QLM
10)P ?BFKD RPBA LK QEB TB? QE>Q >OB RPEERIFQITH?

AMMILPB<@ @BMAN; BH PBG=HHEL HHEVK
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https://wicg.github.io/window-controls-overlay/
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Api Desktop Mobile

7 B? 3E>0B

IAA QL (LJB 3@0BBK
3BOSF@B TROH
ORPE

&FDROB  -LPQ RPBARDR !0)P

7 B TLK Q ABSKQL QEBPB JR@E JLOB >EETS EBM>QR:>M>?FIFQEER>-MQBO QESQmL
QEBJ

PWA insights from Lighthouse

,FDEQELRPBP >K LMBK PLRO@B >RQLJ>QBA QLLISEKD IEEONR>IFQV LC TB? M>DBP )Q @>K
RPBA QL ORK > KRJ?BO LC >RAFQP LK > TB?PFQB >KA E>P > ABAF@>QB/REEQBEEBV CLO 0
>S>FI>?I1B A>Q> PEBAP PLJB IFDEQ LK FKQBOBPQFKD C>@QP >7ERUEGEB FIOPQB LC 07
JLKQEP

AMMIL=>CEHI>KAKF> <HF =H<L EB@AMAHNL>
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https://developer.chrome.com/docs/lighthouse

Part Il Chapter 17 : PWA

Lighthouse audits

"B@NRK (B@AMAHNL>N8-BML ?HK =>LDMHI

)YQ FP KLQ PROMOFPFKD (RFREPOM>PPFKD QERAFQP JR@E JLOB COBNRBKQIV QE>K QEB
DBKBOTB? QELRDE PLJB >RAFQP PR@E >P QEB MGEBBMEELIBS> OKB QESMMIB
QLR@E F@IBQ> Q>D >0B >IPL LCQBK >MMIF@>?IB>KKRPBPAPFQBP

AMMILP>; =>00B>PIHKM AHP MH :==: OB>PIHKM F>M: M:@
AMMILP>; =>OIE> MHN<A B<HG AHP MA> EB@AMAHNL> :IIE> MHN<A B<HG :N=BM ?:BEL
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https://almanac.httparchive.org/static/images/2022/pwa/lighthouse-pwa-audits-desktop.png
https://almanac.httparchive.org/static/images/2022/pwa/lighthouse-pwa-audits-desktop.png
https://web.dev/viewport/#how-to-add-a-viewport-meta-tag
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"B@NK  (B@AMAHNL>N=BML ?HK FH;BE>

, LLHFKD >Q QEB ,FDEQELRPB A>Q> LK JL?FIB PFQBP TB PBB PFJFI>0 PQ>QP ?RQ QEB JL?FI
@LKQBKQ TFAQE JBQPELTP EBOB >KA FP MIB>PFKDIVWHEDPBA ?

4EB MOBPBK@B LC > SFBTMLOQ JBQSS0) FR@ERPB FGEMBIL  JP ABI> V QE>Q

T>FQP CLO > ALR?IB Q>M ?>@H TEBK QE>QUIOP WEBJITEK )Q E>P QEB >AAFQFLK>| ?BKBAQ Lk
JL?FIB ABF@BP LC LMQFJFWFKD QEB >\ @BP@EBBEK PFWB )Q FP KLQ PROMOFPFKD QE>
> TB?PFQBP DZO KLQ FK@IRAB QEFP

YKPQ>11>?1B J>KFCBPQ >IPL >MMB>0P FK ?LQE QUMBIERIER |QE-PEOW EEDE S>IRB CLO
07 | PFQBP 7LQE LK ABPHQLM  >KA JL?FIB TFQEBOY ILT @LRKQBOM>0Q CLO >lI
TB?PFQBP MOBPRJ>?IV ?B@SEEBIBEBP ALKFKQBKA CLO QEBPB QL ?B FKPQ>IIBA

&FK>II" apple-touch-icon FP QEFOA LK (BI>QBA ,FDEQELRPB >RAFQP 3FK@BF/3  3>C>
CLO F/3 E>P PRMMLOQBACLT>SBILMBOP QL PMB@FCV >K FJ>DB QE>Q TFII ?B RPBA QL OBMC
QEB TB? PFQB LO >MM LK QEB ELJB P@OBBK 4EFFSFRQLEM\ CHIBRAGBP

Lighthouse scores

4L @LK@IRAB QEB ,FDEQELRPB FKPFDEQP FB@QMH kT BEBEII ,FDEQELRPB 07
P@LOBP CLORFQBP ?>PBA LK QEB >RAFQP

AMMIL=>CEHI>AKF> <HF =H<L EB@AMAHNL> IP: <HGM>GM PB=MA
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"B@NRK (B@AMAHNL>L2HK =>LDMHI

"B@NK (B@AMAHNL>LZHK FH;BE>

IP BUMB@QBA ! PFQBP QBKA GB BLKPFABU EFDEBO DYRAFQ P@LOBP 4EBPB >RAFQP ILLH
FKQL PMBBA OBIFERFEDV>?FIFQV >KA LQEEENRFOBJIBKQP >P ABQ>FIBA FK QEBFO
AL@RJIBKQ>QFLK

AMMIL=>CEHI>KAKF> <HF =H<L EB@AMAHNL> IP:
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7E>Q_P >IPL KLQ>?IB FP-RBB OC >RAFQ P@LOBPFRBR OBMOBPBKQFKD QEB
AFCCBOBK@B IPKLEQ QEBOB )K @PRQIEB OBPQ LC QEB TB? E>P > C>FOIVKMEKREPQBKQ O
P@LOBP  OBeB@QFKD QEB QTL J>FK >F&RQRIDBIBLPQ PFQBP AFP@RERBA/MOB
SFBTMLOQ >KA F@LKP

Service worker libraries

3BOSF@B TROPI>0B OB>IIV MLTBOCRI QLLIP QEBFO B3I:MEBREL @OB>QB >MM
BUMBOFBK@BP QE>Q TBOB FIMLPPF?B@BEQEKBHQEBFO LTKUMBERBIB@B LO @>@EFKD
>PPBQP QL FE®MBOCLOJ>K@B ERDBOB>QFKD @LAB QE>Q E>KAIBP QEB OBI>QFLKPEFM ?
VLRO TB? >MM >KA QEB KBQTLOH @LJBP TRQEQ@RIMIEBERP (BOB FP TEBOEIFBO

@>K J>BI IFCB ?BQQBO SRIOMEBOR/ MCBFAFKD EFDERD¥BPO@QFLKP >OLRKA QEB 3BOSF@B
7 LOBO 10)

Workbox usage

7 LOH?U FP >PBQ LCOEPBP QE>Q T>P ?LOK QL B>PB QEB RP>DB LBPBAIR@B TLOH
ABSBILMBOP )Q FK@IRABP > PEIFBE [BESQ DL COLJ QEB ?>PF@P QE>Q >0OB OBRPBA FK LQE
7 LOH?U IF2€FBP THQRBH?U @LORL JLOB PMB@Fd@ QB @HIGIEAKD@RFBP

?>@HDOLRKA PW@B@>@EFKBI>KV JLOB

AMMIL=>CGEHI>KAKF> <HF PHKD®!

AMMIL=>CEHI>AKF> <HF =H<L PHKRQFH=NE>L PHKQ#HK
AMMIL=>CEHI>¥AKF> <HF =H<L PHKRQHFH=NE>L PHKQ;HMW{>@B>L
AMMIL=>OEHI>AKF> <HF =H<L PHKQFH=NE>L PHKQ;:kD@HNG= LRG<
AMMII=>GEHI>AKF> <HF =H<L PHK@QFH=NE>L PHKQ#£<:<ABG@
AMMII=>CEHI>AKF> <HF =H<L PHKHH=NE>L
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"B@NRK 1L>H? 3KD;@ HG ,3 :@>L

#LIJM>OBA TFQE I>BQO/TB PBB > ?FDBPMEHLOH?U RP>DB ,>F8»® FQP RP>DB LK JL?FIB T>P
@LIM>0OBA QL QEFPB>O>KA>IJLPQ LC ABPHQLM 7RPB 7LOH?U FK PLJB
@>M>@FQV

3FK@B QEB DOLTQE QEFEREBESB KRJ?BO LC M>DBP @LKQPBIBA®B BOPH >P KLQ FK

QEBQLM  TB?PFQBP ?RQ FK JEERIBO @>QBDLOFBP >KA QEFP DUDFQE RRSDB TB

@>K FKCBO QE>Q >ALMQEHCUGP E>MMBKFKD FKPFAB QEB @LIJM>KFBP >KA TB?PFQBP QE>Q JF
E>SB T>FQBA CLO QEB QB@EKLILDV QL ?8 SEBIQE PB?PFQBP LO QE>Q JABEQERLQ E>

KBBA CLO > @LIMIBQBIV @RPQLJ FIMIBIJBKQ>QFLK LBOBORA@BJIQEB JLPQ LRQ LC

7 LOH?U_P QBPQBA M>QQBOKP

Workbox packages

7 LOH?U FP PQOR@QROB BIE>JSBLMBOP @>K @ELLPB TEF@E M>0OQP QL >AA QL QEBFO MOLC
ABMBKAFKD LK QEBFPIBEE 4EB RP>DB PELTK ?BILT EBIMP RP AL@RJBKQ TEF@E 07
CB>QROBP >GBIMBBOP FIMIBIBKQFKD >Q QEB JLIBKQ
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"B@NK OHI 3 HKD;®| I:<D@>L

(BOB TB >IPL PBB >830I1l FK@OB>PB FK | workbox-core 4EB ?>PB IEX0V A>>K

FK@OB>PB LC FK RF workbox-core QLDBQEBO " workbox-routing >KA workbox-

strategies FP RPBA QL @OB>QB > @>@HFKRPIPTLOHP GLAFBGBOBKQ >OQFC>@QP FK C
TB? >MM QL FINBMBOCLOJ>K@B )BRIPBKPB §EBB >Il >Q QEB QLMA-BIQERB > @LOB
?BKBdQ LC PBOSF@BOR.OH

4EBOB FP >IPL > @LKPMB\BRIM FK RP>C workbox-precaching 00B @>@EFKD @>K ?B RPBA
QL BJRI>QB QEB JLABI QE>Q M>@H>DBA >MN workbox-precaching LR @>K @ELLPB
>PPBQP QE>Q TFIl ?B @>@EBA >Q QEB QFJB BOABTSE@EJALBHBIQELPB >PPBQP IL>A
C>PQBO FK PR?PBNRBKQP SFPFQP

7E>Q FP PROMOFPFKD FP (workbox-sw RP>DB ?B@>RPB PQ>OQFKIDHFRE QEB

7 LOH?U QB>J E>P BK@iIM83 ARBILMBOP QL @OB>QB @RPQLJ ?RKAIBBHRQHEKQFJIB
FKPQB>A LC R importScripts() QL IL>s workbox-sw ~ QEB ORKQFA4BB 7LOH?U QB>J

TFIl @LKQFKRB PRMMIQFRD P ?RQ QEB KBT QB@EKFNRB FP KLT QEB OB@LJIBKABA
>MMOL>@E )K C>@Q QEB ABC>RIQP CLO QHBPRFQEHBRAE>MOBCBO QE>Q JBQELA

)Q FP MLPPF?IB QEB FK@OB>PB FP @ XIPRBFOQEIQFREB BABOLKP LOCOH?U IFBI
create-react-app SBOPFLK

N; <HF #Ht KD KE>:L>L M:@ O
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Web Push Notifications

LQFd@>QFLKP >0B > MLTBOQRIOE BKD>DB TFQE RPBOP )Q FP >H.QEBPBR® QE>Q TB
BUMB@Q COLJ MI>QCLOJ PMB@Fd@ >MMIF@>QFLKP .LQFd@>QRLKR BEREERWBOCB@Q T>
OBIB>KQ >KA MOB@FPB FKCLOJ>QFLK >KA F§ EXEBIBPRIRBAE 20)

Web Push notification acceptance rates

7 B @>K >@HKLTIBADB QE>Q QEB FIMIBJBKQ>QFLK CLO TB? KLQFd@>QFLKP E>P KLQ ?BBK QEB
PJLLQEBPQ CLEBNBVBOP LO RPBOP ?RQ FQ FP FIMLOQ>KQ QL >IPL KLQB ELT\RRBERI LC > QLLI C
FHB @>IBKA>0 KLQFd@>QFLKP PR?P@OFMQFLK RMA>QBP LO D>JBP QEB FIMLOQ>KQ QEFKD |
QL @ELLPB TEBK QL QROK QEBJ LK

)YQ ?B>0OP OBMB>QFKD QE>Q CLO > KLQFd@>QFLK QL ?BRFBGFOBQEPB OK SEN®)B

IQ QEB JLIBKQ LC PELTFKD QEB MOLIMQ QL OBNRBPQ MBOJFPPFLK QEB RPBO KBBAP QL RKAB(
S>IRB LC QEB PBOSEBIBMIBOP $8-QEB @E>K@B QL LK?L>0A QEB RPBOP FKQL KLQFd@>QFLKP 7E
QEB PELT QEB ?0LTPBO MBOJFPPFLKR RE>DBKD QEB >AS>KQ>DBP QEB RPERP TFII DBQ V
PMB@Fd@ KLQFd@>QFLKP

"B@RK *HMB\<:MBHG :<<>IM:@ksk K

7FQE QEB DOLTQE LC KLQFd@>QFLK PRMMLOQ >/68 IBRB)BSHKIMEICBOBKQ MI>QCLOJP QEBOB
E>PKQ ?BBKW¥K>GLO @E>KDBP FK QEB >@@BMQ>K@B LC KLQFd@>QFLKF/ E28@B B>0IV  QEB

AMMII=>QEHI>KL @HH@E> <HF P>; ?NG=:F>GM:EL INLA GHMB\<:MBHGL
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?BBK >OLRKA QEB >@@BMOB@R AMBPHQLM >KA LK JL?FIB

$BPHQLM >KA JL?FIB KLQFd@>QFLK >@@B\NRE>K®B @LJILK C>PEFLK >KA FQ FP QEB QOB
FDKLOB KLQFd@>QFLKP 4EB PRJ4ESPIMIEBRM COL)  FBPOR>0V >l QEB TRM

QL FK*RKB & LOJL?FIBMI>QCLOJP COLJ MBR®R>0V QL > PQ>DDBOFKD

CLO *RKB QERON QFd@>QFLK C>QFDRB @LRMIBA TFQE FK@OB>PFKD KRJ?BO LC MOLIMQ
MOFS>@KA >AS>K@BA @>M>?FIFQFBP >0B M>0QF>IIV OBPMLKPF?IB >KA TLOH FP ?BFKD
>AAOBPP QEFP >KA MOBPBKQ ?BQQBO RKFdBA 58 >@OLPP AFCCBOBKQ MI>QCLOJP

Conclusion

E>P ?BBK > PQBII>®YO0 CLO 07 4EB FK@OB>PFKD CB>QROBP QE>QORLKEKQBDO

FKPQ>I1>?IB TB? >MMIF@>QFLKP TFQE ABPHQLM MI:BECIADMNIEKACKIEB QB@BKLILDV ?

?FD K>JBP FK QEB FKARBFOM>MEYU >AS>K@BA @>M>?FEFRIEBPLRBILI E>KAIBOP TFKALT

@LKQOLBBOI¥ ORK LK /3 ILDFK >KA JLOBEEPQ>0OQBA QL MLPF@FER 878V QB@EKLILDV

CLO >MMIF@>QERIKMIBKQ 7EFIPQ BKERRM QEFP FP KLQ OBMBGRRBREBQER>IFQV LC QEB

TB? MI>QCLOJ PBOSF@BOTREFDB MBO@BKQ>DB CBIl QL >@LRHAGBAL QEB A>Q> COLJ
?RQ QEB OFPB LC ?FD >MMIF@>QFLKP @LKPQORIB@EEKRREXDALPB

->KFCBPQ dIBP @LKQFKRB QL ?B FKPERBQH-QE > PIFDEQ F8EDOBBERBMQ QL > LK
ABPHQLM 4EB @LOOB@QKBPP LC QEBPB dIBP FP PRMBO? ?RQ QEBERPQRIWEBUBKBPP PQ
ABPFOBA #ROOBKQDNAOLRKA  LC >l TB?PFQBP NR>IFCV >P FKPQXI>RB>K@BA
@>M>?FIFQHRE shortcuts >KA share_target >0B ?BDFKKFKD QL BE@rRIFQK >MMB>0OFKD FK
>OLRKA LC07!P /QEBO @>M>?FIFQE protocol_handlers >KA TFKALTP @LKQOLIP

LSBOI¥ >0OB QLL KBT Q8E>K FIM>@Q LK QEB A>QB4EBFP\/ MBFABP >K FKFQF>I PK>MPELQ
CLO J>K LC QEBHEDR '0)P

LQFd@>QFLK C>QFDRB FP RKABGRFHKASS@RQURPBOP >IPL OBNRBPQ >KA >MMOB@F>QB
IBDFQFJ>QB KLQFd@>QFLK RPB @>PBRAICDFPEEMBOFIBKQFKD TFQE IBPBFKQORPFS
MBOJFPPFLK OBNRBPQP >KA TB? MRPE KL(ERIGERFARPKE>DB ISEMEND > @LKPFPQBKQ
BUMBOFBK@B >@OLPP MI>QCLOJP DFSFKD QEB RREBIBNRBPRRABESEBBKABKQIV LC QEB
ABSF@B @E®B RPFKD

7 B ELMB QEFP FKCLOJ>QFLK PEBAP PLIRBDAGERVKB>KA EBIMPSBE.MBOP
RKABOPQ>KA QEB @ROOBKQ QB@EKLILDV QOBKAP FK 10) >ALMQFLK
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Author

$FBDL 'LKW>IBW

X AFBHRP ) AFBHRP & EQQMRFBH RP

$FBDL 'LKW>IBW FP > @LIJIMRQBO BKDFKBBO COLJ #LPQ> 2F@> TLOHFKD >P QEB 0- C
07 ! MI>QCLOJ CB>QROBP CLO QEB -F@OLPLCQ %ADB ?0OLTPBO
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Part 1ll Chapter 18

CMS

Written by Jonathan Wold

>0B>P>= ;EEXQ >GGBGHEMG 'H<A;: :G=:G 'G:NLL
G:ERS>= ;RHEM /EBO

1=BM>=;RG 'G:NLL

Introduction

)K QEFP @E>NIBBOOH QL RKABOPQ>KA QEB @ROOBKQ PQ>QB LC #LKQBKQ ->K>DBJBKQ 3V
#-3 B@LPVPQBJP >KA QEB DOLTFKD QIMBAFEEPE>MFKD RPBOP_ MBO@BMQFLK LC ELT @L¥
@>K ?BBIBOFBK@BA LK QEB TB? /RO DIWAFOBLEEB #-3 I>KAP@>MB FKIDBKBIEB
@E>@QBOFPQF@P LC TB? M>DBP @BREIBADBIP

7 B ?BIFSB QE>Q QEB #-3 WM BV OLIB FK QEB PR@@BPP LC LRB@CLBEGRES ?RFIA > C>PQ
>KA OBPFIFBKQ TB? SKABOPQ>KAFKD QEB @ROOBKQ PQ>QB >PHFKD NRBPQFLKP >KA ML
CLO CRQROB TLOH FP LRO M>GEKQLORFERE >|

IP > QB>J TBS >MMOL>@EBA BEBPR/A>Q> TFQE @ROAPBRV@LI?FKBA QE>Q @ROFLPFQV
TFQE MBOPLK#MBOQFPB TFRBBPEC QEB JLPQ MLMRI>O #-BPOB@LJIBKA QELR UB>A
LRO >K>IVPFP FK IFDEQ LC QEB S>OF>?FIFQV ?BQTBBK #-3P >KA QVMBP LC @LKQBKQ LK Q
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What is a CMS?

4EB QBOJ #LKQBKQ ->K>DBJBKQ 3VRP@BIBCBOP QL PVPQBJP BK>?IFKD FKAFSFAR>IP >KA
LOD>KFW>QFLKP QL @OB>QB J>K>DB >KA MR?IFPE @LKQBKQ ! #-3 CLO TB? @RQBKQ PMB@F
PVPQBJ >FJBA >Q @OB>QFKD J>K>DFKD >KA MR?IFPEFKDBBEEBKGEIN 28@EB TB?

%>@E #-3 FIMIBJBKQPKDB LC @LKQBKQ J>K>DBJIBKQ @>M>?FIFQFBP >KA @LOOBPMLKAFKD
JB@E>KFPJP CLO RPBOP QL ?RFIA TB?PFQBP >OLRKA QEBFO @ LISFBBG ASBREIFESOL
@>M>?FIFQFBP QL C>@FIFQ>QB QEB >AAFQFLK >KA J>K>DBJBKQ LC @LKQBKQ

#-3P AFCCBO TFABIV FK QEB >MMOL @EEFOQEIRD ?RFIAFKD PFQBBFABBBIOLY QL RPB
QBJMI>QBP TEF@E >0B PRMMIBJBKQBA TFQE RPBO @LKQBKQ >KA LRESKIBKIBISREOB RPBO FK
ABPFDKFKD >KA @LKPQOR@QFKD QEB PFQB PQOR@QROB

YK QEFP @E>MQBO LE?QEBK>@ TB QOFBA QL >@@LRKQ CLO >Il QEB QEFKDP QE>Q CLOJ >K
B@LPVPQBJ >OLRKA > #-3 MI>QCLOJ FK@IRAFKDSEABIREEBKPELKSBEMBOP

ABSBILMJBKQ >DBK@FBP PFQB ?RFIABAFEB®@BEPLK TEBK TB OBCBO QL > #-3 TB RPR>IIV
FKQBKA ?LQE QEB MI>QCLOJ FQPBIC >KA FQP PROOLRKAFKD B@LPVPQBJ

/RO A>Q>PBQ ?>PBA bKIM>IVWBO_P ABIKEQPBLK3 FABKQFIEBD FKAFSFAR>| #-3P
+KLT >#-3 QE>Q_P JFPPRHBQOF?RQB QMK>IVWBO

3LJB #-3P FK QEB A>Q>PBQ >OB LMBK BIIRO@BAOOBPP >KA *LLJI> >KA PLJB LC QEBJ >0OB
MOLMOFB@-DV7FU >KA 3NR>OBPMt@B#-3P @>K ?B RPBA LK "GOBBQBA LO PBIC

ELPQBA MI>KP >KA QEBOB >0B >IPL LMQFLKP CLO RPFKD QEBPB MI>QCLOJP LK EFDEBO QFBO |
BKQBOMOFEES 1B

4EB #-3 PM>@B >P > TELIB FP > @LJVBRBQBA RKFIPB LC AFP@OBQB ?RQ >IPL FKQBOOBI>QBA
#-3 B@LPVPQBJIP

CMS adoption

/RO >K>IVPFP QEOLRDELRQ QEFP TLOH FK@IRABA ABPHQLM >KA JL?FIB TB?PFQBP 4EB S>PQ J>
52,P TB ILLHBA >Q >OB FK ?LQE A>Q>PBQP ?RQ PLJB 52,P >OB LKWARPEGERBO IL?FIB

ABSF@BP 4EFP @>K @BRPBRESBP FK QEB A>Q> PL TB @LKPFABOBA ABPHQLM >KA JL?FIB OBPR
PBM3>@BIV

AMMILPPP P:II:ERS>K<HF M><AGHEH@B>L <FL
AMMIL@BMAN; <HF P:IILERS>K P:LERS>K ;EH; i< < <; = 1= ? =;21=<0 << +*0.% 10%*# F=
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https://www.wappalyzer.com/technologies/cms
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"B@NK ) :=HIMBHG

IP LC *RKB LC QEB TB?PFQBP FK QERII>K>@_P ABPHQLM A>Q>PBQ TBOB MLTBOBA ?
> #-3 FKAF@>QFKD PFJFI>QRP>DB 4EB JL?FIB A>Q>PBQ PELTP >K FK@OB>PBFBOLJ

QL EBOBFK , LLHFKD @ILPBO >Q QEB ABP$IROBB TB >@QR>IIV PBB > PIFDEQ
AOLM FK ?LQE >?PLIRQB >KA MBO@BKQ>DB QBOJP ?RQ QBB/AGLMNRFFILGBQRIC JFKLO
S>OF>K@BP FK >QQOF?RQFLK QE>K >K FKAFEDQQOBR AR 3 RP>DB )Q PELRIA ?B KLQBA
QE>Q QEB KRJ?BO LC ABPHQLM@BRUBRAA0 !I0@EMAS >KA QEB PLRO@B #058 A>Q>PBQ E>P
C>lIBK @LKPFABGCOL)  JFIIFLK PFQBP QL JFIIFLK PFQBP TEFIB QEB KRJ?BO LC JL?FIB PF
E>P DOLTK/»?LRQ  PFQBP COLJ JFIIFLK QL JFIIFLK PFQBR:SBIQEFP FK@OB>PB QL
OBeB@Q @LKQFKRBA DOLTQE FRREG@HRPXBB >QUYEKBB LC QEB ABPHQLM

)Q FP FKPQER@@SIM>0B QEBPB KRJ?BOP TFQE >KLQEBO @LJILKIV RPBA A>Q>PBQ PR@|
74 B@EP74 B@EP OBMLOQBA QE>Q >P LC *RKB LC TB?PFQBP >0B @OB>QBA RPFK|
#3 AEFPFPRMCOL) FK*RKB \>K FK@OB>PBSBDL

4EB ABF>QFLK ?BQTBBK LRO >K>IVPFPBER 4>K>IVPFP @3MI2BHEBN AFCCBOBK@BP FK
OBPB>O@E JBQELALILDFBP >KA ABAKFQFLKP LC > #-3

74 B@EP_ ABJKFQFLK FP >P GBIGNFBM ):G:@>F>GM /RLM>HIEB<:MBHGL 2HWBB@ :G=
F:G:@BG@ MA> <HGM>GM H? ::PBEBEMN=3 :EE LN<A LRLM>FL BG MABH kRUMBIFHKKRA:M :K
H?M>G <E:LLB\>=:L PBDBL ;EH@ >G@BG>L=£BLMNBBHBNEMBKGHS;LBM> >=BMHKL HK :G
MRI> H? LH?MRIK: MHOB=>L P>;LBM> <ldGM>GM

AMMILEF:G:< AMMKRBOHK@ >G  <FL <FL :=HIMBHG
AMMILEF:G:< AMMKABEOHK@ >G  <FL <FL :=HIMBHG
AMMILP M><AL <HF M><AGHEH@B>L AROBHRRIEGMEGMIF:G:@>F>GM :EE
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Part Il Chapter 18 : CMS

IP TB JBKQFLKBA NEBBRPIY >MM>IVWBO E>P > PQOF@QBO ABIKFQFLK LC > #-3 QE>K TB AL
7 >MM>IVWR@ERABP PLIB J>GLO #-3P QE>Q >MMB>8@ER OBMLOKRBSK OB>A JLOB
>?LRQ LRO ABAKFQFLK LC > #-3 LEQEEBLILDW>DB

CMS adoption by geography

#-3P >OB RPBA >OLRKA QEB TLOIA TFQE PLJB S¥@RIQEOY

"B@NRK )/ :=HIMBHG ;R @>HAR

IJLKD QEB @LRKQOFBP TFQE QEB EFDEBPQ KRJ?BO LC TB?PFQBP #-3 >ALMQFLK FP EFDEBPQ F
3M>FK TEBOB \ LC JL?FIB PFQBP >OB ?RFIQ TFQE > #/8FIGKA *>M>KEQEB ILTBPQ
SALMQFLK TFQE LKIV >KA OBPMBEDDFS

/C M>OQF@RI>0 FKQBOBPQ FP QEB AB@OB>PB >@OLPP QEB ?LASG:@®BIMIEBK QL LRO
FKAFSFAR>| @LRKQOFBP >0B @LKPFABOBA@SBO-BFRITMO JL?FIB OBPRIQP >l @LRKQOFBP

AMMILEF:G:< AMMKRABOHK@ >G  <FL <FL :=HIMBHG ;R @>HA@K
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BU@BMQ )KAF> >MMB>0 QL PELTFKBEKIMOOL) > AB@OB>PB CLO QEB 5+ >KX BOIKK

AB@OB>PB CLO QEB 53 >KAFSBR/QEB @LKPFPQBK@V LC QEB AB@OB>PBREBOLPE DBLD
PBBJP JLOB MI>RPF?IB QL ?B > S>OF>K@B FK >QQOF?RQFLK QE>K > TELIBP>IB AOLM FK #-3
7 B OB@LJJIBKASBIR>QFKD QEFP CROQEBEMEK RBK>IVPFP

CMS adoption by rank

7 B BJ>JFKBA #-3 >ALMQFLK QEB BPQFJ>QRE OC QEB PFQBP FK@IRABA TFQEFK QEB A>Q>P|

"B@NK )/ :=HIMBHG ;R IGD

I@@LOAFKD QL QEB A>Q>PBQ #-3P SOBERBBAJE>K LC QEBQLM  TB?PFQBP CLO ?LQE
ABPHQLM >KA JL?FBKBQELRDE  LC >Il JL?FIB PFQBP FK QEB A>Q>PBQ RPB > #-3 | MLPPF?IE
BUMI>K>QFLK CLO QEFP >MM>0BKQ ARRA@EBNIKB@B LCCBOBABEFO QE>Q PJ>IIBO
2RPFKBPPBP TFQE TB?PFQBP QBKA QL RPB > MLMRI>O #-3 CLO QEBFO B>PB LC RPB >KA Q!
B>PFIV FABKQFdBA SBDB-ODBO ?RPFKBPPBP TFQEERIPEEEPPFQBP QBKAIBLE@RPQLJ

?RFIQ #-3 PLIRQFLKP QE>Q T8 EABKQFCV

IKLQEBOWMI>K>QFLK FP QE>Q ERBERD FFQBP TFQE JLOB OBPLRO@BP >IIL@>QBA QL QEBF
ABSBILMJIBKQ >OB JLOBI¥I)L L?CRP@>QB QEB FABKQFQV LC QEBFO #-3 CLO PB@ROFQV OF
FIMOL?>?IB QE>Q JLOB QE>K LC QEBQLM  TLRIA CLODL > #-3 BKQFOBIV B JLOB IFH
QE>Q QEBRPQ AQKPELT RM FK LRO A>Q>PBQ

I MLOBKQF>IIV @LOOBI>QBA QOBKA FP QEB >ALMQFLK LC ‘EB>AIBRBOL- BBNEGBOER JL
@LKQBKQ]>KA QEB #-3 QE>Q MLTBOP FQ]COLJ QEBUMBGHI@MBLCCBOBA QL BKA RPBOP
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7EFIB LRO @LKJABK@B FRBEEBA>Q>PBQ OBJ>FKP EFDB FBQBOBPQEBFRNEQFKD QEB
>ALMQFLK/KH A>Q>PBQ CROQEBO FK CRQROB BAFQFLKP LC QEFP OBMLOQ QL PBB FC JLOB @
ABQB@Q >KA FABKQFCV > DOB>QBO KRJ?BO LGB-GEEB&IM@ @RIV LC LRO OBPRIQP

Most popular CMSs

IJLKD >Il TB?PFQBP QE>Q RPB >K FABKQFd>LBATOBPP PFQBP >@@LRKQ CLO QEB J>GLOFQV LC
QEB OBISBFOBQ PE>OB|]TF@EBO  >ALMQFLK LK JL?FIBJCLILTBAZFU  *LLJI>
$ORM>| >KA 3NR>OBPM>@B

"B@NK  OHI\O> )/LR >:KHEK R:K

#LIM>OFKDB#O BBO B>C6ORM>| >KA *LLJI> @LKQFKRB QL AB@IFEB PEISOBHTEFIB
3NR>0OBPM>@B OBJ>FKP PQB>AV >KA 7FUMXDIOBPF @LKQFKRBP FQP >P@BKQ FK@OB>PFKD
LSBO LKJL?FIB >KA L SBO LKABPHQLM
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"B@RK 3 HK,K>LL I:@> ;NBE=>K :=HIMBHG

7FQEFK ZOAOOBPP RPBOP LCEBRREHC > ‘M>DB ?RFIABOa SEABRMELFKQBOC>@B CLO
@LKQBKQ J>K>DBJBKQ BEEFRQE »MM>IVWBO_P ABQB@QFLK JBQEEKD ABDEA >Q

M>DB ?RFIABO >ALMQBIUAER@IOBA QE>Q LC QERIOBPP PFQBP >QQOF?RQBA QL > M>DB ?RI
>SMMQIFJ>QBIV  LC >Il 7LOAOOBPP PFQBP FK LRO A>Q>PBQ %IBJBKQEDYKAOROES

@IB>0 TFKKBOP TFQE $FSF 3FQB/OFDFK HAFKIYDBRRK®.

IP TB PBB FQ QUA%>DB ?RFIABE®OR PFDKFd@>KQ FKeRBK@B LK QEB MBOCLOJ>K@B LC > P
(FPQLOF@MIDB ?RFIABCEB EBBK >KB@ALQ>I FKAF@>QLOP LC MLLO MBOCLOJ>K@B !P LKB
BU>JMIB LRO A>Q>PBQ FKAF@>QBP QE>Q FQ_P KLQ RK@LJJLISEIRIDERRBQBMBL E>
2RFIABOP FKPQ>IIBA >AAFKD > PFDKFd@>KQ FK@OB>PB QL Q¥ OBOBRO@BP IL>ABA ?

LT QE>Q TBOBX@HFKD M>DB ?RFIABO AH@SBTBEB LMMLOQRKFQV FK CRQROB BAFQFLKP C
BS>IR>QMBYO EBO B>0 @E>KDBP FK M>DB ?RFIABO >ALMQFLK >KA ILLH CLO @LOOBI>QFLKF
@E>KDBP QL GEBILMBOCLOJ>K@BLETADOBPP >P > #-3

CMS user experience

IK FIMLOQ>KQ CB>QROB LC #-3P FP QIMBRIFBE®B JEE-FAB CLO RPBOP SFPFQFKD PFQBP 7F
LK QEBPB MI>QCLOBP-@QBJIMQ QrJEKB QEBREBVBBOFBK@BP QEOLRDE 2B>| 5PBO
-B>PROBJBKQP52 SF> QEBEOLJIB 5PBO %UMBOFBK@B 2BOBHQKA PVKQEBQF@ QBPQFKD

AMMIL=>GEHI>KL @HH@E> <HF P>; MHHNL=ARI>KB>G<sHHIKM
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RPFKBDEQELRPB

Core Web Vitals

4EB#LOB 7B? 6FQ>IB&EKLILDV 2BML@RK ?B RPBA QL AOFII ALTK FISSEIQHEB A>Q> >KA
SFBT QEB MOLDOBBPIRE@BA MI>QCLOJP RMA>QBA LK > JLKQEIV ?>PFP

YK QEFP PB@QFLK TB CL@RP LK A>Q> COLJ *RKFABQL@ABIPFPQBKOIBRIBCA>Q>

MOBPBKQBA >@OLPBREBR>@ 7B BJ>JFKB QEOBB FIMLOQ>KQ JBGORERIQEE

#EOLJB 5PBO %UMBOFBK@B ZERR@D@>K PEBA IFDEQ LK LRO RKABOPQ>KAFKD LC ELT RPBOP >
BUMBOFBK@FKD #-3 MLTBOBA TB? M>DBP FK QEB TFIA

b ,>ODBPQ #LKQBKQERI, #0
b &FOPQ )KMRQSBS

b #RJIRI>QMS,>WLRQ 3EFCA3

4EBPB JBQOF@P >FJB0 @EB QB@EKF@>| CRKA>JBKQ>IP LC > DOBMBUBBIR@BOIEB
0BOCLOJ>K@B>MQBSB@P QEBPB JBQOF@P FK DOB>QBO ABQ>FI ?RQ EBOB TB >0OB FKQBOBPQ!
ILLHFKD >Q QEBJ PMB@Fd@>IIV FK QBOJP LC #-3P

YKFQF>IBQ_PSFBT QEB  #-3 MI>QCLOJP TFQE QEB EFDEBPQ KRJ?BO LC USIFIEQEEA B
MBO@BKQ>DB LC PFQBP LK B>@E MI>ECt OFRFREBABQ M>PPFKDABDIB>KP QE>Q
B>@E LC QEBBABQOF@P JRPQ ?B FK QEB "DLLAaKDBRRIO B>@E PFEBLEK

PB@LKAP LO IBPP >&$LC JPLOIBPP >KA>#3LC LOIBPP

AMMILAMMISKABEHK @IKKML <PO M><A

AMMILEF:G:< AMMKRABEHK@ >G ~ F>MAH=HEH@RRAKQXHKM
AMMILP>; =>OKMB<E>L E<I

AMMILP>; =>O.KMB<E>L \=

AMMILP>; =>O.KMB<E>L <EL
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"B@NRK HK> P>; OBM:EL I>K?HKF:G<> ;R )/

7 B @>K PBB QE>Q ABPHQLM SFPFIDLO@DBEBBQQBO QE>K JL?FIB 4AEEM@FKEB B
OBPLRO@B IFJFQ>QFLKP LK SEXPEPABKA MLLOBO @LKKB@QFLKP 4EB I>0DB AFCCBOBK@E
JL?FIB >KA ABPHQLM MBOCLOJ>K@B LK PLJB MI>QCLOJP >IPL BRODERQBQEKQ §1>DBP >OF
PBCEA QL RPBOP ABMBKAFKD LEREHS QBB

)K *RKB CLO JL?FIBR@BP $RA> E>A QEB I>0DBPQ MBO@BKQ>DB LC M>PPFKD PFQBP TFQ!
JL?FIB PFQBP M>PPFKD >/l QE@BREM00BPEEBA C>0QEBPQ ?BEFKA TFQE LC FQP PFQBF
M>PPFKD SBOQEBIBPP QEFP FKAF@>QBP > PFDKFEBOKREK @OBXPEEBOB LKIV

LC 7LOAOOBPP PFQBP M>PPBA

$BPHQLM S8B@B/BIBOFBK@B T>P ?BQQBO CLO JLPQ #-3P $RA> E>A QEB I>ODBPMS76 M>PPF
>Q 7 LOAOOBPP E>A QEB ILFBFQ OC M>PPFKD PFQBP

7 B @>K >IP§:BR>QB QEB MOLDOBPP LC QEBPB #-3 MI>QCLOJP_ MBOCLOJSK@BRR JL?FIB A
ILLHFKD >Q I>B€DV P A>Q>
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"B@NRK HK> P>; OBM:EL FH;BECHREK R:K

Il LC QEBPB #-3P PELTBA >K FISBOBKQ FK QEB MBO@BKQ>DB LC LOFDFKP TFQEHI®IBA #76
*RKB

, BQ_P AOFII FKQL QEB QEOBB&EQHF QL PBB TEBOB B>@E MI>QCLOJ E>P OHR.FKA FIMOL
TEF@E JBQOF@PSIMQEB JLPQ PFK@BIeQ V

Largest Contentful Paint (LCP)

,>ODBPQ #LKQBKQERII) JB>PROBP QEB MLFKQ FK QFJB TEBK PEBAM-@BKQBKQ E>P
IFBIV IL>ABA >KA QERP QEB M>DB FP RPBCRI, £ KFEEPRBBOBAIB>PROFKD QEB OBKABO
QFJB LC QEB I>0ODBPQ FJ>0B 2D@B SFPF?IB TFQEFK QEB SFBTMLOQ

| 'DLLAa ,#0 FP OBD>OABA >P ?BFKD RKABO PB@LKAP
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"B@NK ,>K>GM:@> H? LBM>L PBMR @HH= (

490/ >KA $RA> E>A QEB ?BPED,P@LOBP TFQE LC LOFDBRRIE> DLLA#,BUMBOFBK@B
7 LOAOOBPP >KA 3NR>OBPMB@EBEYLORQ P@LOBP TFQE >KA LC LOFDFISFED
DLLA #0 P@LOBP OBPNB@QFS
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"B@RK  (, FH;BE> RIK HOK RiK

#LIM>OBA QL QEB  A>Q>PBQ >Il #-3P PELTBA FSBIBKQP FKQ *LLJI> FIMOSBA ¥
$ORM>I 3NR>OBPM>@B >KA 490/ FISBMY 7 LOAOOBPP FJSBALN

4EBPB FIMERIBKQP >0B > MLBRFESSBK QELRDE QEB KRJ?BOP PQFII >OB ILT CLO JLPQ #-3P
4EB AFCA@RIQV FISFGEFBLLA) P@LOB MOL?>?1V OBI>QBP QL QEB C@GRE>Q QEB,
ABMBKABKQ LK QEB ALTKIL>A LC FJ>DB CLKQ #33 >KA QERK AEBMMMOLMOF>QB (4-,

BIBJBKQP !@FKD QEFP FK RKABO PB@LKASE@B-NABEP >KA @LKKB@QFLK PMBBAP @>K ?2E
@E>IIBKDFKD )JBFBDH0 P@LOBP RPR>8M$BP QEB @LOOB@Q RPB LC @>@EFKD MOB IL>AFKD
OBPLRO@B MOFLOFQFW>QFLK >KA I>WV IL>AFKD LC LQEBO @LIMBQFKD OBPLRO@BP

First Input Delay (FID)

&FOPQ )KMRQ/S$B)$ JB>PROBP QEB QFJB COLJ TEBK > RPBO®P® FRQBQEB M>DB F B
TEBK QEB@IF@H > IFKH Q>M LK > ?2RQQLK LO RPB33@RFRIQIMETBOBA @LKQOLI QL QEB QFJB
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TEBK QEB ?0LTPBO FP >?IB QL MOL@BPRETFSIZK FKQBPQa &)$ COLJ > RPBO_P BIBOPMB@QF:!
TLRIA 2B >1JLPQ FJJBAF>QB CBBA?>@H COLJ QEBFQEEDUFEKR OPQLINREF-BK @B

IKV ABI¥ FP > M>FK MLFKQ >KA @LRIA @LOOBI>QB TFQE FKQBOCBOBK@B COLJ LQEBO M>(
IL>AFKD TEFIB QEB RPBO QOFBRQLTHQEBYEB PFQB ! "DLLAa &)$ FP OBD>OABA >P ?BFKD RK
JFIIFPB@LKAP

)X _P OBMLOQ QEB C>@Q QE>Q >IJLPQ >Il MI>QCLOJP B®:>0IBL QA AREBBA
NRBPQFLKP >?LRQ QEB PQOF@QKBPP LC QEFP JBQOFI@R2ER EBA XIS IREIEHB T>P
RMA>QBA FK(:C QL FK@IRAB > OBCBOBK@B QL > KERQUBGEIFEK QUBSFKQ ).0

'FSBK FQP ?BQ> K>QROB >Q QEB QFJB LC QEBPB TEIFQIFKD FBP FK@IRPFLK QL QEFP OBCBC
>KQF@FM>QFLK LC > MURPRPIELE FKBB>0_P OBMLOQ

"B@NKRK "% FH;BE>R HOK R:K

AMMILP>; =>OK>LIHGLBG>LL
AMMILP>; =>O.KMB<E>L BGI

2022 Web Almanac by HTTP Archive 569


https://web.dev/responsiveness/
https://web.dev/articles/inp
https://almanac.httparchive.org/static/images/2022/cms/fid-cwv-yoy.png
https://almanac.httparchive.org/static/images/2022/cms/fid-cwv-yoy.png

Part Il Chapter 18 : CMS

9B>0IV A>Q> PELTP QE>Q JLPQ #-3P J>K>DBA GB BEBBD &BD QEB M>BPEDYFU >KA
7 BB?IV ?LQE OBDOBRPBEEB| MBO@BKQ>DB MEBRQEB IBBERFB#0_P A>Q>

Cumulative Layout Shift (CLS)

#RIRI>QFS,>VLRQ 3EFEQR JB>PROBP QEB SFPR>| PQ>?FIFQV LC @LKQBKQ LK > TB? M>DB
JB>PROFKD QEB |>0DBPQ ?RIFQREASQ P@LOBFOVLRKBIB@QBARQ PEFCQ QE>Q L@@ROP
AROFKD QEB BKQFOB IFCBPM>K LC > M>DB QE>QTAPGRQ @RRBBEROBT

I 1> \LRQ PEFCQ L@ @RIFBB-¥ SFPF?IB BIBJBKQ @E>KDBP FQP MLPFQFLK COLXJBKBLOBKABOBA C(
QEB KE) 4EB3 JBQOF@IBBA FK J>FKIV FKQOLAR@FKD QEB @LK@BMQ LC 3BPPFLK
7FKALTP QL ?B C>FOBO QL BKMIIBP >KA 3FKEIBOMMP 3B

IP@LOBLC LO ?BILT FP JB>PROBA >R IBBOA >P "MLL@ >KA >YQEFKD FK ?BQTBBK
"KBBAP FIMEAIBKQ

AMMILP>; =>O>(HEOBG@ <EL
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"B@NRK (/ FH;BE> R:K HOK R:K

#LIM>OFKB¥OIV A>Q> TB @>K PBB QE>Q >II #-3P J>AB MALMUEMPF 3NR>0OBPM>@B
$RA> >KA !AL?B %UMBOFBK@B ->K>DBO FK M>0QF@RI>O PELT PFDKFd@>KQ D>FKP

Lighthouse

,FDEQELRPBP >K LMBK PLRO@B >RQLJ>QBA QLLISEKD RIEEONR>IFQV LC TB? M>DBP /KB H
>PMB@Q LC QEB QLLI FP GEABIFQ REIR LC >RAFQP QL >PPBPP QEB PQ>QRP LC > TB?PFQB F
MBOCLOJ>K@B >@ @BRPH?FERIYMOQF@BP >KA JLOB ,FDEQELRPB CHBRMBOSIPAMOL

> T>V ABBILMBOP @>K DBQ PRDDBPQFLKP LK EB TR?PH@BIMBOCLOJ>K@B ?RQ QEB
FDEQELRPB P@LOB E>P KL AFOB@Q FIMIF@>QFLKP LK QEB >@ QR 0BE\ AAG-@HHIB@QB/
OB>A JLOB LK ,FDEQELRPB >KA QEB @LOOBI>QFLIi? B@IREPRR®A dBIA A>Q>

AMMIL=>CGEHI>KL @HH@E> <HF P>, MHHEL EB@AMAHNL>
AMMII=>GEHI>KL @HH@E> <HF P>; MHEHNL=ARI>KB>G <HIKKM
AMMILP>; =>0E:; :G= \>E= =:M: =B?25B<>L
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(440 'O@EFB ORKP ,FDEQELRPB LK FQP JL?FIB TB? M>DBP TEREH SUBBARQL BJRI>QB >
PILT ' @LKKB@QFLK TFQE > #05 PILTARK >IPL QEBPY QE¥BPQ>0QBA ORKKFKD LK $BPHQLM
>P TBII

7 B @>K >K>IVWB QEFP A>GFAR MQOEBO MBOBMB@QASBOCLOJ>K@B RPFKD QEB
OBPRIQP LC QEBPB PVKQEBQF@ QBPQP TEF@E >IPL FK@IRAB GEPCHEGOGE>Q >0B KLQ QO

Performance score

4EB ,FDEQELR¥®BOCLOJ>K@B P@ROB'BFDEQE2GDB LC BBG| P@LOBA JBQOF@P

"B@NK )>=B:G EB@AMAHNL> |>K?HKFG<> L<HK

7 B @>K PBB QE>Q QEB JBAF>K MBOCLOJ>K@B P@LOBP CLO JLPQ MI>QCLOJP LK JL?FIB >OB ILT
OKDBCOLJ>?LRQ QL $RA>>Q FP QEBBIQFLK !P OEFHIRLK KLQBA FK QEFP

AMMILP>; =>0I>K?HKF:G<> L<HKBG@
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ALBP KLQ AFOB@QIV FIMIV ?>ARKBRRIDB dBIA A>Q> ?RQ FQ ALBP FIMIV QE>Q >Il MI>QCLOJI
E>SB OLLJ CLO FIMBIBKQ BPMB@F>IIV LK ILT BXA@EP TFQE KBQTLOH @LKKB@QFLKP PFJFI
QELPB ,FDEQELRPB >QQBJMQP QL BJRI>QB

7 LOAOOBPP *LLJI> $ORM>| >KAQOFU PELTBA KL @E>KDB CCBIT>PPDBPRIQP 7FU
AOLMMBA COLJ QL TEFIB QEB OBPQ PELTBABIHERKQ

$BPHQLM P@LOBP TBOB DLLA >@OLPP QEB ?L>0A TFQE >Il #-3P PBBFKDSBJBM®RQ FIMOL
4EFP FRY PROMOFPRKOQBEBE>PQBO #05P >KA KBGEHOHRE-QL QEB ABPHQLM

SEO score

3B>0@E %KDFKB /MQFJFIN>GFLKP QEBI@MF@B LC BAUDL> TB?PFQB QB FRHILOB

B>PFIV CLRKA FK PB>O@E BKDFKESB@BRREPEGK ABMQE Bl RIE>MQBRQ FQ OBI>QBP

QL #-3P >P TBII ! #-3 >KA @LKQBKQ LK FQ FPIDERBORM QLEPBOISR@E FKCLOJ>QFLK QL
PB>0@E BKDFRBE@P >P MLPPF?IB QB BEH-P B>PV >P MLPPF?IB CLO QEEIRMBREARQBKQ
>MMOLMOF>QBIV FK PB>O@E BKDFKB OBPRIQP #LIJM>0BA QL > @RPQLJ ?REMBIBRPFQB L
#-3 QL MOBFAB DLLA 3%/ @>M>?FIFQFBP >KA QEB ,FDEQELRPB P@LOBP FK QEFP @>QBDL(
>MMOLMOF>QBIV EFDE
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"B@NRK )>=B:G EB@AMAHNL> /*lL<HK

4EB JBAF>K 3%/ P@LOBP FK >II LC QEB QLM MIKQBICDEIO > PIFDEQ OBAR@QFLK COLJ
FK $BPHQLM P@LOBP >0B PFJFI>O]PIFDEQIV ?BQQBO FK PLJB @>PBP PIFDEQIV TLOI
LQEBOP

Accessibility score

IK>@@BPPF?IB TB?PFQB FP > PFQB ABFRHIKBBA-RA AB>Q MBLMIB TFQE AFP>?FIFQFBP @>K RPB
QEBJ 7B? >@@BPPF?FIFQV >IPL ?BKBdQP MBLMIB TFQELRQ AFP>?FIFQFBP PR@E >P QELPB LK |
@LKKB@QFLKP 2B>A JLOB®QBRPF?FHEMNIQBO

,FDEQELRPB SFABP > PBQ LC >@@BPPF?FIFQV >RAFQP >KA FQ GBQRBKE >TREDEQBA >
QEBJ 3BB@LOFKD $BQXHIP > CRII IFPQ LC ELT B>@E >RAFQ FP TBFDEQBA

AMMILEF:G:< AMMKRABEHK@ >G  <FL L>H L<BK
AMMILP>; =>0:<<>LLB;BEBMR L<HKBG@
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%>@E >@@BPPF?FIFQV >RAFQ FP BFQEBO > M>BR QBB FEEPELRREFFRAFQP > M>DB
ALBPKQ DBQ MLFKQP CLO M>0QF>IIV M>PPFKD >K >@@ BPENIBIFRQ\P:RBEBIBKQP

E>SB P@OBBK OB>ABO COFBKAIV K>JBP ?RQQ @EBQPWEB DBQP > WBOL CLO QEB P@OBB}
OB>ABO COFBKAIV K>JBP >RAFQ

"B@NK  )>=B: (B@AMAHNL> :<<>LLB;BEBMR L<HK
4EB JBAF>K ,FDEQELRPB >@@BPPF?FIFQV P@LOB CLO:SEBBIABQEEBKO >KA
3NR>OBPM>@B E>A QEB EFDEBPQ P@LOB L'EQOFEFB-4 QEB ILTBPQ >@@BPPF?FIFQV P@L

4EB ABPHQLM P@LOBP >0B >IJLPQ FABKQF@>1 QL JL?FIB MBOE>MP OBeB@QFKD QE>Q QE
ABIFBOBA QL ?LQE ABPHQLM >KA JSHEBRB

Best practices

4EB ,FDEQELRAPQ M@QF@BPV QL BKPROB QE>Q TB? M>DBP >0OB CLIItBFBB@BPEMD

AMMILP>; =>OEB@AMAHNL> ;>\UBKSL
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QEB TB? CLO > S>OFBQV LC AFCCBOBKQ JBQOF@P PR@E >P PRMMLOQFKD (4403 KL BOOLORP ILI
@LKPLIB >KA JLOB

"B@NK )>=B: (B@AMAHNL> ;>xMBK>L 1>4HK

7FU E>A QEB EFDEBPQ JBAF>K2BRE@BP P@LOB LC  TE¥IBIJSKEB LQEBO QLM
MI>QCLOJP PE>OB QEB ILTBPQ P@LOB LC  ID>FK ABPHQBU\OBRFASR SEBBDE 1>0DBO FK
PLJB @>PBP 4EFN DBeB@Q FK@LOOB@Q FI=HEF:PNME@CPAB M>DBP PFK@B JLPQ LC QEB
LQEBO >RAFQP FK QEFP @>QBDLOV >0B MI>QCLOJ ?>PBA

Resource weights

7 B >IPL RPBA (440 |0@BFSQ> QL >K>IVWB QEB TBFDEQ LC OBPLRO@BP RPBA >@OLPP AFCCBO
MI>QCLOJPB/AFA QEFP QL EFDEIFDEQ MLPPF?IB LMMLOQRKFQFBP CLSBMBQCEOB>K@B FIMOL
IL>AFKD MBOCLOJ>K@B ALBP KLQUBIRBES BK QEB KRJ?BO LC ALTKIL>¥BBRP ?RQ

CBTBOVQBP KB@BPP>0OV QL IL>A > M>DB OBPRIQP FK OBAR@BA @LPQP CBTBO @>0O?LK BJFPPF
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MLQBKQF>IIV C>PQBO MBOCLOJ>K@B]BPMB@F>IIV CLO PILTBO @LKKB@QFLKP

"B@RK )>=B: KELHN# P>B@AML ;R )/

-LPQ LC QEB QLR #S3P ABIFBO > JBAF>K M>DB TBFDEQ LC >OLRKA®BMB 3NR>0OBPM>@B
TEF@E ABBE® > I>0ODBO X -" llB@BMQ *LLJI> PELTBA@OB>PBP FK M>DB BBEDEQ L
A>Q>

AMMILEF:G:< AMMISABEHK@ >G  <FL |:@> P>B@AM:BEHPG
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"B@NRK )H;BE> l:@> P>B@AM =BLMKB;NMBHG ;R )/

4EB AFPQOF?RQFLK LC M>DB TBFDEQ FK BB @EMBRCREBP FP PR2FIB-KBFDEQ FP
MOL?>?IV OBI>QBA QL QEB AFCCBOBK@BP FK RPBO @LKQBKQ >@OLPP TB? M>DBP QEB KRJ?B(
RPBA MIRDFKP FKPQ>IIBA BQ@ 4EB PJ>|IBFEDEADEEOARISSCLOJ @LIB COAJTBPP >
J>OHBA FIMGBJIBKQ BBO I>PGX0_P A>Q> 4BFBALOAOOBPP LKIV PBKAP  +" CLO QEBFO

QE MBO@BKQFIB LC SFPFQP 4EB I>0DBPQ M>DBP @LJB COLJ 3NR>OBPM>@BBAFQE X -" ABIF
CLO QEBFO QE MBO@BKQFIB LC SFPFQP > XSBOAK@IE> FBA>Q>

Page weight breakdown

0>DB TBFDEQ FP QEB PRJ FRBFILE OBPLRO@BP RPBA LKB-@>PBOQBIMGEOREQB
QEBPB AFCCBOBKQ OBPLRO@B PFWBP >@OLPP AFCCBOBKQ #-3P

Images

)J>DBP TEF@E >0OB RPR>IIV QEBEBOBPLRO@B IL>ABA LK > TB? M>DB >@@LRKQ CLO > |>0DB
MLOQFLK LC QEB OBPLRO@B TBFDEQ
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"B@NRK )>=B:G BF:@> LBS>;R )/

7FU ABIFESOP PR?PQ>KQF>IIV CBTBOYEBMBRQE LKIV  +" ABEGBA CLO QEB JBAF>K LC
JL?FIB SFBTP 4EFP PRDDBPQP DLLA RPB LC FJ>DB @LIJMOBPPFLK >KA I>WV FJ>DB IL>AFKD
LQEBO QLN d8>QCLOJP ABIFSBO -"LC FJ>DBP TFQE 3NR>OBPM>@BRERIEB I>0DBPQ
.

IAS>K@BA FJ>DB CLOJ>QFFBE @LKPFABEGIMGBJIBKQ FK @LIMOBPPFLK BK>?IFKD
OBPLRO@&HARDP >KA C>PQBO PFQB IB2BRDA@LJIILKIV PRMMLOQBA FK >11 J>GLO ?0OLTPBOP
QLAY TFQEIBO PRMMLOQ )K >AAFQFLK QEBOESBOBKHEBO FJ>DB CLOJ>QP D>FKFKD
MLMRI>OFQV >KA >ALMQFLK! BRIBI¥KA0%' 8,

7 B @>KB-JFKB QEB RP>DB LC QEB AFCCBOBKQ FJ>DB CLOJ>QP >@OLPP QEB QLM #-3P

AMMIL<:GBNL> <HF P>
AMMIL<:GBNL> <HF :0B?
AMMIICI>@QE BG?H
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"B@NK %F:@> ?HKF:M IHINE:KBMR ;R )/

7FU >KA $RA> J>B QEB JLPQ RPB IB?0 >Q X >KA >ALMQFLK OBPMB®WHREFIB QEB
OBPQ PELT JFKLO FK@OB>PBP

7FQE QHBOLTFKD PRMMLO®E 7FQ PBBJP >l MI>QCLEBFTESH QL AL QL OBAR@B QEB RP>DB
LC QEB LIABO *0%' >KA 0.' CLOJ>QP TFQELRQ @LIMOLJFPFKD LK FJ>DB NR>IFQV

7 LOAOOBPP FKQOLAR@BA PRMBROEKCLOAOOBPP  TEF@E T>P OBIB>PBA FK *RKB LC
7  B?0 PRMMLOQ MHFKKBA QL ?B FK@IRABBC>RIEK 7LOACOBPP  (LTBBOQEFP

AB@FPFLK E>P ?BBYBABIHIKQR>IIVB BJMB@Q > PFDKFd@>KQ FK@RB>RBWEBFLK SF>

7 LOAOOBPP TEF@EZB>MM>0BKQ FK QEB  OBPRIQP

AMMIL<:GBNL> <HF P>;|
AMMILF:D>PHKIK>LL HK@>HK  |E:G ?HK :==BG@ P>;| FNEMBIE> FBF> LNIIHKM ?HK BF:@>L

580 2022 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2022/cms/image-format-popularity.png
https://almanac.httparchive.org/static/images/2022/cms/image-format-popularity.png
https://caniuse.com/webp
https://make.wordpress.org/core/2022/06/30/plan-for-adding-webp-multiple-mime-support-for-images/

Part Il Chapter 18 : CMS

JavaScript

"B@NK )>=B:G &:Q<KBIMKHNKL ;R )/

4EB QLM 8S+-3P >Il ABIFBO M>DBP QE>Q OBBAB@OFMQ TFQE $ORBSIFKEIRIEB CBTBPQ
*>S>3@OFMQBP  +" LK JL?FIB 7FU ABIB®P QEB JLPS¥3@OFMQBP]ISB0 -
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HTML document

"B@NK  )>=B:G $0)(LBS> R )/

%U>JFKFKD QEB (4-, AL@RIBKQ PFWBP TB @>K PBB QE>Q JLPQ LC QEEIQLIBABPKABIFS
(4- PFWBLCX +\ +' 4EBLKIVB U@BMQFLK FP 7FU TEF@BRERIFS" > JFKLO
FIMOSBJBKQ BBO _P OBPRIQP 4EFY PRDDBRMBKAFRPB LC FKIFKBA OBPLRO@BP >KA
PELTP >K >0B> QE>Q @>K ?B CROGERO FIMOL

582 2022 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2022/cms/median-size-html.png
https://almanac.httparchive.org/static/images/2022/cms/median-size-html.png

Part Il Chapter 18 : CMS

CSs

"B@NK  )>=B:G //LBS>:R )/

.B UQ TBWB>JFKB QEB RPBUIGIB@FQ #33 OBPLRO@BP QE>Q >OB ALTKIL>ABA (BOB TB @>K P
AFCCBOBKQ AFPQOF?RQFLK ?BQTBBK MI>QCLOJP QE>Q PQOBKDQEBKP QEB @>PB CLO FK
ABIFBOP QEB CBTBPQ #33 OBPLRO@BP TFQE LKIV X +" PBKQ LK JLOREHFTRBES
QEBJLPQ TFQEX +"
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Fonts

"B@NK  )>=B:G ?HGM LBS> R )/

4L AFPMEQBQ TB? ABILMBOP LCQBK @ELLPB QL RPB > S>OFBQV LC CLRQP QHBI> ABIFS
CBTBPQ CLKQBP TFQE +"LKJL?FIB SFBTP 3NR>OBPM:BO®B SEBSLPQ TFQE +"

WordPress in 2022

7 LOAOOBPP FP QEB JLPQ @LJJILKIV RPBA #-3IQIXQ QEOBB LRQ LC CLRO PFQBP ?RFIQ TFQE >
#-3 >0OB RPFKD ZOAOOBPP TEF@E JBOFQP CROQEBO AFP@RPPFLK

7 LOAOOBPP FP >K LMBK PLRO@B MOLGB@Q TEF@E E>P ?BBK >OLRRAR@BR@BFIQ KK
7 LOAOOBPP RPB > S>0OFBQV LC QEBJBP >KA MIRDFKP PLJBQFJBP QEOLRDE M>DB ?RFIABOP PR
%IBIBKQL®0 ">H BOM.O $FSF

4EB 7 LOAOOBPP B@LPVPQBJ J>FKQ>FKP QEB #-3 >KA PBOSF@BP OBNRFOBA CLO >AAFQFLK>!
CRK@QFLK>IFQV QEOLRDE @RPQLJ PBOSF@BP >KA MOLAR@QP QEBJBP >KA MIRDFKP 4EFP €
>K LRQPFWBA FIM>@Q TFQBIY BBsHQEEI?BO LC MBLMIB J>FKQ>FKFKD ?LQE QEB #-3 FQPBIC
>KA MG@FAFKD QEB >AAFQFLK>I CRK@QFLK>|BOV TEA@BPAPRCI@FBKQIV MLTBOCRI >KA
eBUF?IB QE>Q FQ @BKIEBDEFKAP LC TB?PFQBP UEFRRBY FP FIMLOQ>KQMIEBKAKD QEB

J>OHBQ PE>OB ?RQ FQ >IPL @LIMIF@>QBP QEB AFP@RRBEIBPFCILRIA PFOB

MBOCLOJ>K@B
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)K  @LKQOF?RQLOP COLJ QEBIOBPP @LJIJRKFQV >@HKLTIBADBA QEB @ROOBKQ PQ>QE
MBOCLOJ>K@B FKIQEWEP>QL @OB>QB > MBOCLOJ>K@B ABAF@>QBA @LOB QB>J TEF@E T
TFIl FIMGB QEB MBOCLOJ>K@B ISB®EBB 3_OA00BPP PFQB

4EFPBRA>0TB @LIJM>0OBA LRO OBPRIQP >D>BxRPQUERPY¥KD LK >ALMOPBKDRME >KA
M>PPFKD #LOB?776FQ>IR/DBLDME >ILKD TFQE > ILLHSB®PB OBPLRO@B RP>DB

Adoption by geography

&FOPQ TBBFKBA T.OAOOBPP >ALMQFDBRDME >@OLPP >Il PFQBP FK LRO A>Q>PBQ FK
@LIM>0OFPLK QLLRO  OBPRIQP

"B@NK 3 HE,K>LL :=HIMBHG ;R @AHRGKK HOK R:K HG FH;BE>

AMMILF:D>PHKIK>LL HK@>xHK 1K HIHL:E ?HK : I>K?HKF:G<> M>:F
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1@@LOAFKD QL LRO A>QXPEIDBPP >ALMQFLK FP DOLTFKD PFDKFd@>KQIV FK >Il QEB QLM
DBLDEMEFBP

Passing CWVs by geography

.B UQ TB ILIBA >Q QEB KRJ?BO LOAOOBPP LOFDFKP TFQE M>PPFKD P@LBBRBRDRLIRLOB 7
?RQ QEFP QFJB TBB?QEBJ ALTK\? DBLD®™E JL?FIB ABF@B RP>DB >KA FK @LIJM>OFPLK TFQE
LRO OBPRIQP

"B@NRK 3 HEK,K>LL <Be>; OBM:EL ;R @AHRAEKK HOK R:K

Il DBLDOMEFBP PELTBA FBBIBKQP>BDFKD COLJ > SBOII D>FK FKBFI QL FK *>M>K
IIPL TLOQE KLQFKD FP QEB I>0DB AFPM>OF QMEPBRPFFQEMED>Q  QLQ>l @LIM>OBA
QL*>M>K>Q "OWFI LK QEB ILT BKA FP DOLTFKD QELBBEDFIJMOB>O 830 B>0P

TB BS>IR>QB KBRS0_P A>Q>PBQVAB T+ OQEBRQFD>QFKD QEB ILT BKA MBOCLOJBOP CROQEBO
OL FABKQFCV MLOBKQF>l @>RPBP >KA LMMLOGREBRGBP CLO FIMOL
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Plugins

7 B BJMILOBA ELTIXOAOOBPP PFQBRIRBBR>| OBPLRO@BP >K@BBWEB] FKQL OBPLRO@BP
QE>Q >0OB FK@IRABA FK MIRDFKP QEBJBP >KAGEFMFBPAFKOB TM FK@IRABP TFQE
@LIM>OFPLK QL LRO  OBPRIQP

"B@NK 3 HK,KSLLK HNEL RK HOK R:K

7 B @>K PBB KL KLQF@B>?IB @E>KDB FK QEB KRJ?BO LC GBRLRBEBFPRPBEPFQ
>D>FK K B>OMBOE>MP ILLHFKD JLOB @ILPBIV >Q QEB FIMIFBA MBOCLOJ>K@B FIM>@Q LC
QEBJBP >KA MIRDFKP

Conclusion

#-3 MI>QCLOJP @LKQFKRB QL DOLT >KA >0B ?B@LJFKD JLOBRORNRFQLEE ¥OB
BPPBKQF>I CLO @OB>QFKD >KA @LKPRJFKD @LKQBKQ LK QEB FKQBOKBQ BPMB@F>IIV >F
?RPFKBPPBP BPQ>?IFPE >K LKIFKB MOBPBK@B

4EB FKQOLAR@QFLK LCBR.GBJXIP >ILKD TFQE QEB >AS>K@BJBKQP FK MBOCLOJ>K@B A>Q
SFPF?FIEQW J>AB TB? MBOCLOJ>K@B > MGBDUFEB®B #-3P >OB RPEBELMB QEB

FKPFDEQP FK QEFP @E>MQBO TFII EBIM RP >Il CLOJ > ?BQQBO RKABOPQ>KAFKD LC QEB @
TB? RIQFJ>QBIV J>HFKD QEB TB? > ?BQQBO MI>@B

#-3P >OB ALFKD DOB>Q TLOH SEAMMLOQRKFQV QL CROIBERPBIMEIBOFBK@BP LK QEB
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TB? >Q P@>MBRPQOFSFKD QL BKE>K @ B-QERFGFRRGBBFIBKQ >KA FKQBDEQE KBT
PQ>KA>OAP >R/@EESB >KA CLIILT ?BPQ@IQF@BP

/K QEB LQEBO E>KA #L®3 BFQ>IP >P PQ>KA>OAPSB®EIEBLISFKD QL ALBZIBKQFLKBA
PLJB FAB>P CLZBOQBO OBPMEKBIFB JBQOF@SB )K >AAFQFLISHO>QFLK ?BQTBBK M>DBP FK

> PFQB PELRIA ?B ?BO@ERB QA QBHFKOL >@ @LRKQ QEB >OC@AFQEEIBR@BP ?BQTBBK
3FKDIB%DB IMMIF@>QFLKP :80A -RIQF ¢DB IMMIF@>QFLKIP -0>0@EFQB@QROBP

7 BILLH CLOT>OA QIQ@>0_P OBPRIQP >KA ELMB QM3KQE RO A>Q>PBQP >KSEFFIRIDL
JBQELALILDFBP )K QEB JB>KQFIBORK-KA RMT>0A BB B+HFKD QEB TB? ?BQQBO

Author

*LK>QE>K LIA
X PFOGLK>QE>K) PFOGLK>QE® EQQMBLK>QEFKIA @LJ

*LK>QE>K ZIA FP >K /MBKB? >A8@>QB TFQE JLOB QE>B>0OP CL@RPBA LK QEB

7 LOAOOBPP B@LPVPQBKAEFP3B CLO LZOAOOBPP EB BR@B>AFKD TFABIV

MIXFKD PQBDV D>JBP >@QFKD OL@H @IFJ?FKD >KA L@@>PFLK>IIV TOFQFKD FK G
MBOPLK
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Part 1ll Chapter 19
Jamstack

Written by Laurie \bssand Salma Alam-Naylor
>0B>P>= ;RKKR HEEK

G:ERS>= ;RNKB>RLLG= :KKR HEEK
1=BM>= ;R>E ):MA>P

Introduction

/KB LC QEB ?FDDBPQ MOL?IBJP FK TOFQFKD >?LRQ *>JPQ>@H FP-GRIBERDSTRS @H FP
(BOB >0OB QEOBB AFCCBOBKQ ABAKFEIFBBIREFBEWBA PLIB TLOAP

&>PQ >KA PB@ROB PFQBP >KABOGBARPARNBSOBKABOFKD dIBP >KA PBOSFKD QEBJ
AFOB@QIV COLJ > #$. GB&D QEB OBNRFOBJBKQ QL J>K>DB LO OBBFB? PBOS

*>JPQ>@H FRreKitecture ABPFDKBA QL BXpEB TBfaster JLOB PB@ROB >KA
B>PFBO QL P@>IB )Q ?RFIAPUEQER QLLIP >KA TLOHeLTP TEB@MBBPER
>KA TEF@E ?0OFKD J>UFJRJ MOLAR@QFSFQV

*>JPQ>@H FRiwrditectur al approach QE>Qecouples QEB TB?WBVIBOFBK @B0O>
COLJ A>Q> >KA ?RPFKBPP ILDFEPKRIMIBRFIFR® >I>?FIpe¥ormance >KA
J>FKQ>FK>?FIFQV
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Il QEOBB LC QEBSBABIKFQFLKP @LJB'CIRQ>@H LOBK SKA
OBPMB@QH®_P E>OA QL QEFKH LC > JLOB >RJEIRIF®BARSD QEB ABIKFQFLK LC *>JPQ>@H PL
FQ_P C>FO/@EB-ABJKFQFLK FP PLIBQEFIFKD ©30DDBQ

"RQ >P QEB BIME>PFWBA TLOAP ABJIBKREBPEDIB>OIV PLIB @LKQFKRFQV QEB PFQBP PELRIA 7E
C>PQ QHEELRIA ?B MOB OBKABOBA VRE(JEB RPB >K >0@EFQBE@MIRO@E QE>Q

AB@LRMIBP ‘"TEBOBDBQRO A>@E0LJ ‘ELTIR OBKABLRD A>@%8K FC > MOB@FPB

AF@QFLK>0V ABAKFQFLK FP E>QASIP@:@HPEBLMBOP HKLT TE:@ VB>K TEBK MR

P *>JPQ>@HBRVB DLQ > PFQB QE>Q IL>AP OB>|UBKRDRIY ILQ LC FQP RPBCRI @LKQBKQ
LK@B >Q ?RFIA QFJB >K/AEBSUFRFLK> A>Q> FC FQ BB E®OFMQ

BL<EHINKIA> MPH :NMAHKL HAIKMBE>K>MEB?R >FHEHR>MEBZR@®>= MA> M>KF &:FLM:<D
:G=HPGL &:FLM:<D HK@>0ABM KG= MA> NG=>KERBG @ :SEBPRBPR>IG= IHO= ;R HMA>KL
GHM :?\EB:M>= PBMA *>MEB?R

Quantifying the Jamstack: what counts?

"RQ QEB MOL?IBJ DBQP JLOB QOF@LHR/ DBEYOXFKD QL MRQ QLDBQEBBRDERK>®
7EBK VLR_OB AB>IFKD TFQE JFIIFLKP LC TB?PFQBP ) HKLT FQ TEBKRFBB ABEKEORLK

(LT AL TB NR>KQFCV QEB *>JPQ>@H (LT AL TB MOB@FPBIV FABKQFCV FQ PL TB @>K IB>OK >?LR
PQ>0OQBASPHFKD LRGHBISPBOFBP LC NRBPQFLKP

Is every static site a Jamstack site?

4E>Q PBBJP BFFQ PELRIA ?B >BALRP BPa FC QEB M>DB FP e>Q (4-, QE>Q OBKABOP >Il >Q LK@B
QEBK FQ @BOQ>FKIV FR RRAFEIFRIA 7B *>JPQ>@H "RQ TE>Q >?LRQ >l QELPB M>DBP MBLMIB ?RF!
FK QEB P ?BCLOB*3@OFMQ T>P MLMRI>O >KA JLPQ PFQBP TBOBWPEO0EE@HBQEBIQ

IFB QEBTBOBK) KLGEDV PQ>QF@ PFQB FP > *>JPQ>@H PFQB 3L TB QUFBA QL QEFKH LC TE

7 B I>KABA LK QEB.2 >PMB@Q LC QEB B>OIV ABAKFQFLK LC *>JPQ(RES ki) ABBRK

PMB@Fd@ #$. BPABGRQ M>0Q LC QEB ABIKFQFLK FP ABdKFQBIV QEB "MOB OBKABOFKDa M>0Q
FIMIFBPLR_OB OBKABOFKD PLIJBQEFKD >KA QEBK @>@EFKD FQ 3L >*>JPQ>@H PFQB PELRIA 7|
QELRDE TEBQEBR ®>@EBLRDVBID RPB > #$. ALBPR J>QQBO

4E>Q MOLAR@BP >KLQEBO BADB @>PB ILQP LC PFQBR GQBNISQHBAKSIF@ PFQBP LCQBK
@>@EB QEFKDP CLO > CBT JFRFABE-APMPH>KA ILQP LC PFQBP BBRPELS QEBPB

AP TEF@E >0B FKQOFKPF@>BBK >@IEFaB@EFQB@QROB LTBP KLQEFKD QL *>JPQ>@H
M>QQBOKP 3L TE>Q_P QEB AFCCBOBK@B ?BQTBBK > KLOJ>l @>@EBA PFQB >KA > *>JPQ>@H PF

AMMIIC:FLM:<D HK@

AMMILP>; :K<ABOHK@ P>; AMMIL C:FLM:<D HK@

AMMILP>; :K<ABOHK@ P>; AMMIL C:FLM:<D HK@ PA:M BL C:FLM:<D
AMMILP>; :K<ABEHK@ P>; AMMIL C:FLM:<D HK@
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#>@EB>?FIFQV FP LKB M>0Q ?RQ TE>Q BIPB

Does a Jamstack site have to use JavaScript?

7 BAB@FABA > *>JPQ>@H PFQB KB@MPP>OF\SRE®GFMQP, LC *>JPQ>@H PFQBP AL LC
@LROPB QEB “*a FK *>JPQ>@H RPBA QL BS3@DEMIABO >l "BBKBQEB B>OIFBPQ
ABAKFQFLKP LC *>JPQ>@H J>AB FQ @IB>0 RB@TFMED>P LMQFLK>I\ > CRIIV PQ>QF@ PFQ
KL *s5>3@O0OFMQ E>R/PITBBK *>JPQ>@H

Does using the Jamstack mean a specific framework?

4EBOB >OB ABJKFQBIV PUBICOHP QE>Q MBLMIB QEFKH LCTBERIQEB?LRQ QEB
*>JPQ>@H PLJR@E PLQE>Q QEB  >KABOBFLKP LC QBB!TI>K>@ABJKBA QEB
*>JPQ>@HIBIRFES ¥ QEBXIBTLOHP RPBACL@RPFKD LK 3Q>QF @ 3FQIEDBKEXP
4E>Q_P ILDF@>| BKLRDE ?RQ TB QELRDEQ QEFP MOBPBKQBA PLJB MOL?IBJP

&FOPQ TE>Q >?LRETLOHP MR @>K) B>PFIV ABQB@QUPIKEIBBKQV > DOLTFKD >KA
MLMRI>0 @ELF@B FK QEB *>JEEP@HO®B FK QEB DENBO(4-, FQ_P SRPF?IB QL QEB BKA
RPBOPABC>RIQ QELRREDAK SADBKBEDLO Q>ECHR T>KQ QLLQ @LRKQFKIEROHP
QE>Q MLIFQBIV DBQ LRQ MPBBBPTFOLKD

3B@LKAIV QEBOB >0B > #.JBTO0EP 4EBOB >0B ALWBKP LC ?FD LKBP >KA QELRP>KAP LC P.
LKBP 98K CLO QEB LKBP QE>Q @>K ?B ABQB@QBAWPESEKS DLLA T¥ QL ABQB@Q QEBJ

OIRP TB >DOBBA QE>Q FQ FP ABdKFQBIV MLPPF?IB QL ?RFIA > PFQB QE>Q CBBIP “*>JPQ>@}
> CEIBTLOH >Q >l 0I>FK (4-, @>K ABAKFQBIV ?B *>JPQ>@H

4EFOAIV RPFKBJIBTOOH QE>Q_P MLMRI>O TFQE *>JSRIAG@BOREKL JB>KP DRSOQBBP

QE>Q QEB PERBRFIA TFIl 7B > *>JPQ>@H PFQB )C CLO+O@HREB@QROOB>IIV PILT QL
OBKABDD AVK>JF@>11V OBKSBOY B>DB FQ_P KLQ DLFKD QL ?B > *>JEp-RIHRPEBB B

RPFKD QEB P>33ENOH >P J>K *>JPQ>@H PFQBPSBQWBPFQB E>P QL ?B *>JPQ>@H >KA QE>(
LH

3L TB AB@FABA QL FDKUBBLOBIP >P M>0Q LC QEB ABAKFQFLK QEFP QFJB >OLRKA >IQELRD
VLR _Il PBB I>QPEB €IBTLOHP MRA BJMB@Q QL dKA QROKBA RM FK QEBI®BPRIQP >K

Does a Jamstack site have to be performant?

4EB LKIV CB>QROB @LJJLK QL >Il QEOBB ABAKFQFLKP LOSKIPEF@REP C>PQa FP HFKA

AMMILEF:G:< AMMIKABOHK@ >G =~ C:FLM:<D
AMMILPPP MR=>0
AMMILPPP MR=>C=H<L =:M: >E>GMR LNIIEB>= >BMRKB:E>
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LC > CRWWV TLOA TEBK FQ @LJBP QL TRRPBEBIBRQWRFJIB OB>AFKD @EBII>K>@
WLR_II HKLT QEBOB >0B ALWBKP LCLIBB@OR@PE® QL JB>PROB QEB MBOCLOJ>K@B LC > TB?PFQB
>KA ILQP LC DLLA >ODRJBKQP CLO >II LC QEBJ

3L TB QELRDEQ E>0A >?LRQ TE>Q > *>JPQ>@H BFQBABBP-FRE>Q > *>IPQ>@H PFQB OBKABOP
FQP FKFQF>| @ LBMBKRRS@BIVI QEB JBQOF@P TB @LRIA RPB TB AB@FABA QEB LKB QE>Q JLPQ
@1B>0IV @>MQROBA QE>QOEBPI>RLKQBKQERIDLO #0 4EFP FP > JB>PROB LC QEB QFJB FQ
Q>BP CLO QEB I>ODBPQ FQBJ LK QEB M>BRREORIEIBREBALKQBKQ SF> 10)P LO KLQ

>KA PQFII 7B *>JPQ>@H.RAEES® QL OBKABO PLIBQEFKD PR?PQ>KQF>I NRF@HIV

Defining the metrics

)C VR >OB KLQ FKQBOBPQBA FK QEB KRQP >KA ?LIQBAG FIOBI@RFB@BIKFQFLK LC *>JPQ>@H
QE>Q TB @LRIA OBMOBPBKQ >P NRBOFBP FK GER.R4®3R@EEBIV PHFMUQEBTHB

PB@QFLKP >KA EB>A AQEEMOLTQE LC QEB *>JBRAGBPQ>KAFKD LRO JBQELALILDV FP KLQ
@OFQF@ERMBOQFKD >@QFLK>?IB FKPFDEQP EBOB

7 B HKBT TB T>KQBA QL JB>PROB PFQBP QE>Q IL>A JLPQ LC GEBRIREBEHDBIE>K 7B
@>@EBA !CQBO > IURIBOBIBKQ>QFLK TFQE AFCZBOBKRBSPROFKD QEBPB QEFKDP TB @>JB
RM TFQE PLJB PMB@Fd@ JBQOF@P

Largest Contentful Paint (LCP) TB DLQ QEB AFPQOF?RQRHKQEIBIP,>@OLPP >/l M>DBRA MF@H
QEB JBAF>K LC OB>| TLOIA RPBO A>Q>#EOLIRES 2BMLOQ>KA AB@FABA QESPFE8

BNR>| LO IBPP QL QEB JBAF>K @LRKQBA >P "IL>ABA JLPQ @ 4&PBKGNRRBEIVEAP LK
JL?FIB ABF@BP >KA PB@LKAP LK ABPSR@BRB

Cumulativ e Layout Shift (CLS) TB T>KQBA QBLFA PFQBP CESQSRF@HIV IL>BIB@IEK ?RQ

QEBK GBH ILKD QFJB QL IL>A OB>l @LKQBKQ 4EB @ILPBPQ TB @LRIABERIOQRE>Q FP QEB
>VLRQ 3EFC®JB>PROB LC ELT JR@E QEB MxR® GRIMP >OLRKA TEFIB IL>AFKD 7EFIB QEBOB
>OB TYP QL 'D>284,3 TB PQFII ?B38B-Q_P > OB>PLK>2® 1200 TE>Q TB QOVFKD QL

JB>PROB B IFBIA QEFP JB>PROB ?B@>RPB TB CBIQ QErPFOESRI CBIQ IBPP *>JPO>@H Va
TLOA TB TBOB DLFKD QL BKA RM RPFKD > ILQ !DBRAKQEB NEAFHK LC #EOLJIB 58 2BMLOQ

A>Q>

AKHF> 14 IHKM =:M4KG=L (/ =:M: MH MA>$iMK PAB<ABL : LA:F> ;><:NL> MABZYK
F>=B:G L>>FL MH ;BING= LH HG FH;BE> BANK=L =HPG MH £&KHG =>LDMHHBGEK
NIMH  /BG<> &EN=>L AN@> GNF;>KL H? :@>L P>=><B=>=MHNL> :BBE>;>LM:0
MAHAHE= ?HK ;HMA FH;BE> :G==>LDMHI

AMMILP>; =>O.KMB<E>L E<I
AMMIL=>CEHI>KAKF> <HF =H<L <KNQ
AMMILP>; =>O.KMB<E>L <EL
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Caching QEFP T>P M>0OQF@RI>0IV QOF @ HRFR@BRERQMEIVB M>BBR LK *>JPQ>@H
PFQBP OBNRBBFAOBFIIBR FC QESOB FKAM@MF@B @>@EBA CLO > ILRDBHQE FQE >
@LJI?FK>QFLK LC (440 (B>ABOP FKE Age F Cache-Control >KA Expires QE>Q TB CLRKA
TBOB @LJJLK FK M>DBP QE>Q @LRIA ?B @>@EBA CLO > ILKD QFJB

7 B FKFQF>IIV QELRPEKBBR >KLQEBO JB>PRQEB(RAB "YERFQBP \ PFQBP QEBQWL>A S
NRF@HIV ?B@>RWE-QEBRPQIFKD PLAKO “(BIIL TLOIAa M>DB QE>Q KL?LAV TLRIA SFPFQ Fk
OB>! IFCB \ ?RQ QEB (440 |B@ERS FP ABIKBAEBNOMRI>OFQV >@@LOAFKD QRPBOLIB
SFPFQP >B@\BCBT LC QELPB PFQBP >0OB SFPFQBA BHGREIEILQEB P>IMIB >IQELRDE
BU>JMIB @LJ FP FK QEBOB

| DLLA NRBPQFLK FR KEQ RRBOB 7B? 6FQ>IP#76 KRJ?BOP CLO QEBPB JBQAKEGHD &

LRO KRJ?BOP >OB KB>OIV QEB P>JB 8FG##3 QEB #76 QB>J BMIF@BEMBA QEB
OBNRFOBJBKQ@EBFO QEOBPELIA FP JLOB QE>K ALR?IB QEB JBAF>K TEF@E TB QELRDEQ T>
OBMOBPBK@H@FS*>JPQ>@MBOFBK@B 3L TB AB@FABA FQ T>P C>FOBO QL MF@H QEB JBA
7LQE KA #76 ALBP KLQ EB > JBQOF@@b@EB>?FIFQVa

OJamstack-yO: a disclaimer

7 BT>KQ QL ?B @IB>0 QEBEVEBG\BCRWWV ABAKFQFLK LC “KPQ@@HEB PQ>0QBA RPFKD
QEB TLOA “*>JPQ>@H Va TEBK ALFKD QEFP TLOH GRPQ QL ?B @IB>0

4EB ?FDDBPQ PLRO@B LC BOOLO FP CRKA>JBKQ>I QEB ABAKFQFLKHK\BNPSHERDFP >?LRC
>O@EFQB@QROB FP KLQ RIREDHEABQBOJIRKB®IFKD QEB DBKBEA (4-, BI@BMQ FK

SBOV ?0L>A P@BLEEBOB FP PFIMIVKIQTALLH >Q > MFIB LC (4-, >KA QBIl TEBQEBO QEB COLK
BKA >KA QEB ?>@H BKA TBOB AB@LRMIBA 3L LRO JB>PROBJBKQP TEFIB > ?BPQ BCCLOQ >
BPQFJ>QB >KA TB ALK>KQ QL JFPOBMOBPBKQ QE>Q

AEFP JBQELALILDV ?LQE RKABO @LRISBO @URKQP *>JPQ>@H PFQBP
b )C VRO PFQB FP PQ>QF@ ?RQ KLQ AB@LRMIBNFCIUBBKP@E@BU PFQBP
>0B @IB>0IV QFDEQIV @LRMIBA QL QEBFO ?>@H BKAP ?RQI BBO@IGURIBO TB

b )C VRO *>JPQ>@H PFQB FP AB@LRIRIBMARQBRO @LKQBEQVSCOBNRBKQIV
WLRO @>@EFKDBROJIFDEQ ?B AFCCBOBKQ QE>K TE>CPLETBLUHREABO @LRKQ
FQ

b )CVRO *>JPQ>@H PFQB OBG\BRPRHEBK QELRDE FQ_P AB@LUEMIBA V

AMMIL=>OEHI>AKF> <HF =H<L <KNQ F>MAH=HEH@R IHINE:KBMR >EB@B;BEBMR
AMMILP>; =>O.KMB<E>L OBM:EL

AMMILP>; =>0=>\GBG@ =H¢; OBM:EL MAKIE=L :<ABBEBMR

AMMILPPP LIN:KLI:<> <HF

AMMILPPP PBQ <HF
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KRJ?BO TFIl ?B EFDE >KA TB TFIl RKABO @LRKQ FQ

b #LKSBOPBIFCLRO KLK *>JPQ>@H AVK>JF@ PFQB FP OB>IIV C>PQ BERIFDEQ JFPQ>H
*>JPQ>@H >KZBO @LRKQ FQ

$BPMFQB >l QEBSB-@F TB QEFKH BEGPR/BPQFJ>QB LC *>JPQ>@H Va PFQEBJBKEK FIMOL
LSBO > PQOF@QIV 33' CL@RPBA ABJIKFBIFIK?BQOBESPBKPB LC TEBOB QEB TB? OB>IIV FP QLA>
TEF@E FP >CQBO >Il QEB DL>I LC QEB 1J>K>@

The growth of the Jamstack

IMMIVFKD LRO KBT @OFQBOF> TB JB>PROBA TE>Q MBO@BKQ>DB LC PFGBHBHFQEB (440 |O@EF
>P *>JPQ>@HB@>RPB QEB JB>PROBP TB RPBAFK  >KA TBORAFCCBOBKQ TB >IPL
TBKQ ?>@H >KA OB JB>PROBA QELPB P>JMIBP RPFKD QEB  ABdKFQFLKP

"B@NK  &FLM:<D LBM>L

/RO EB>AIFKB dKAFKD FP QE>Q  LC JL?FIB TB?PFQBP FK  PBBJ “*>JPQ>@H Va >KA QE>Q QEFP
E>P DOLTK JLOB QE>K PFK@B /K ABPHQLM  LC PFQBP >OB *>JPQ>@H V >KA QE>Q
KRJ?BO FP >IPL DOLTFKD QEB AFCCBOBK@B ?BQTBBK QEB QTIBEGAERIPOBRKD AOFS
AFCCBOBKQ KRJ?BOP LC PFQBP JBBQFKD QEB #,3 QEOBPELIA VENEFES-CHBPRABQC

I>\LRQ AFCCBOBK@BP !D>FKSIPBBG-QEB JA-@SB>QP >?LRQ ELT >MMDIQB QEFP FP
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4EB EFPQLOF@ dDROBP TFQE QEFP KBT ABUKFE®RE EBBEBO QE>K JB>PROEBSOPQ V
TEBK TB ?>PBA QEB >ALMQFLK MROBIV LK QB@EKLILDFBP RPBA 4EFP FP MBOE>MP KLQ PR
TB @LKPFABO QEB IFJFQP LC ABQB@QFKD @BOQ>FK QB@EKLILDFBP @LRMIBA TFQE QEB
QB@EKLILDFBP QE>Q TBOBRLRPWOBLKPFABOBA >P *>JPQ>@H

7EBK TB >P ERJ>KP-®ALJIV P>JMIBA QEB PFQBP FK QEB PBQ TB FABKQFABA TB TBOB JLPQI
P>QFPJBA QE>Q TB TBOB dKAFKD PFQBP QE>Q QL QEB ?BPQ LC LROBRFHQEBREIEIERADB
*>JPQ>@H PFQBP >0B PRMMLPBA QL ILLH >KA CBBI

4L GRADB CLROPBKKA BBM RP ELKBPQ EBOB >0B “*>JPQ>@H Va PFQBP COLJ LRO P>JMIB
PBIB@QBA BKQFOBIXIXQTEQELRQ @FFDK LOBKFKA

b TTT @>W=>ALO ABIPLI AB

b PKM?LLHP LOD

b BFEHRKL¥RJF GM

b OL@EBPQBOLKIFKB MOB@LH#BPBMDLDO
b PRGCLO@RPQLJIBOP @LJ

b TTT PELMJ>QBBR

b AL@P P>IBEHO

b TTT TFIABB?OBTFKD @>

b FKPRO-K@BDOLRM @LJ

b LKQEBEFII @L RH

7EBQEBO LOKILGZ@QIV LO LK ABPHQLMC QEB TB? FP *>JPQ>@H \ TEF@E ?B@>RPB QF
ABAKFQFLK LC *>JPQ>@H OBIFBP LK >O@EFBEFOFIESIECNB @>KKLQ ABIKIFQPS

\TE>Q TB @>K ?B PROB LC FP QE>Q *>JPQ>@H FP DOLTFKD 4EB MBO@BKQ>DB LC PFQBP (
LRO @OFQBOF> E>P ?BBK DBQQFKD P@SSAKRSBIEBTR? FP DBQQFKD JLOB “*>JPQ>@H Va

/C @LROPB PFK@B LRO ABAKFQFLK FP QTL MBOCLOJ>K@B JBQOF@P >KA ¥ @ @EFKD JBQ
@LRIA ?B TOLKD FP FC QEB TB? FP GRPQ DBQQFKD JLOB MEOL (@EBEHFIEDEKED PMIFQ
QEB JBQOF@P ?>@H RM QEFP FP JL?FIB A>Q> ABPHQLM A>Q> T>P KLQ PFDKFd@>KQIV AF

AMMILEF:G:< AMMISABEHK@ >G  C:FLM:<D :=HIMBHG H? LL@L
AMMILLGI;HHDL HK@

AMMIL>BBNGH:RNFB CI

AMMILH<A>LNHBEBG>4KEE>@@RL HK@
AMMILLNKER?HKLMHF>KL <HF

AMMIL=H<L L:E>BI

AMMIL BGLNKG<>@I <HF

AMMIL HGMA>ABEE <H ND
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"B@NK A:G@>L BG &:FLM:<D F>MKBHIBFO HG FH;BE>

IP VLR @>K PBB QEBOB E>P ?BBK PLJB JSAJBRAQOEK LRO JBQOF@P COLJ QL

(LTB SBOBSBK QEB PJ>IIBPQ KRJ?BO EBOB \ QEB MBO@BKQ>DB LC PFQBP QE>Q JBBQ LRO @>@E
@OFQBOF>\FP  LC QEB TB? ABMBKAFKBLK QKR VEBQEBR 0B ILLHFKD >Q JL?FIB LO
ABPHQLM /RO PBQ LC *>JPQ>@H PFQBP FP QEB FKQBOPB@QFLK LC QEBPB DOLRMP QEB PBQ L
>l LC QEBPB @OFQBOF> >Q QEB P>JB QFJB FP > ILE PC-QB6 BEAKSFAR>I DOLRMP

3L TB OB>IIV >OB ILLHFKD >Q > AFPQFK@Q PR?PBQ LC PFQBP >KA QEB PBQ FP DOLTFKD > ILQ C:
MBOCLOJ>K@B LC QEB TB? >P > TELIBSFRBJBISOBIQ GRPQ JB>PROFKD "EL TIPK PFQBP
>0OB QEBOB

Jamstack-y frameworks

(> SFKD P>QFPJBA LBOREESQ *>JPQ>@H V PFQBP >0OB OB>| >KA FABKQFd>?IB TB @>K KLT >PH P
NRBPQFLKP >?LRQ QEBJ 4EFP FP TEBOB FQ DBQP CRK ?B@>RPB LRO ABJKFQRLK LC *>JPQ>@H
FK@IRAB >JBOLOH TB @>K ILLH >Q LRO PFQBP >KA PBBTEMFORELT RM JLPQ LCQBK FK

QEB *>JPQ>@H

7 B RPBAXIBTLOH FABKQFd@>QFBKRBFOCLO RF 2MM>IVWBBEF@E JB>KP >P TB
JBKQFLKBA B>0OIFBO PLSBPFRIEQOBTLOHP IB#6IBBKQV @%¥K?B @LRKQBA LO >K>IVWBA

7 SMM>IVWBO E>P > PLIBTE>GSUFOFK@QFLK ?BQTBBEBTBRKRA >KA $>3@O0OFMQ
CSIBTLOHPZBOB >0B QEB QLMS>¥3@OFMIBIOOHP CLO QEB TB? >P > TELIB
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"B@NKRK

&:0/<KBIM ‘A£PHKDL NL>= ;R :EE LBM>L

IKA EBOBP QEB QLM  FK *>JPQ>@H PFQBP
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"B@NK  &:O/<KBIMA£PHKDL NL>= ;R &:FLM:<D LBM>L

9LR @>K PBB QE>Q 2B>@Q FP JLOB MLMRI>O FK QEB *>JPQ>@ FRIE>K AEBAFBKRO?
LTIBQ_P ILLH >Q "TB2IEITLOHP2D>FK >P PLIBTE>Q >S0F(YABIKBA?>MM>IVWBO
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"B@NRK 3 >; ?KF>PHKDL NL>= ;R :EE LBM>L

1 DOB>Q NRBPQFLK EBOB FBBTBIQ GP >KA .RUQ GP @LKPFABRBYIBRECRM®E GP
>KA 2B>@Q @LKPFABB@BFMIBIOOHP "RQ IBFKD QE>Q >PERED¥K PBB QE>Q
-F@OLPLCQ_P.ED CEIBTLOH FRUOBJBIV MLMRI>O >@OLPP QEB TB? >P > TELIB >KA PL FP
PQ>IT>0Q 2REK 2>FIP 7E>Q ALBP FQ IIB.AKFPEB *>JPQ>@H
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"B@RK 3 >; ?KF>PHKDL NL>= ;R &:FLM:<D LBM>L

IP VLR @>K PBB TEFIB PQFII QEB KRJ?BO bHBTIERCG0 .BQ FP C>0 IBPP MLMRI>O FK
*>JPQ>@H >KA PL FR 2R2>FIP )KPQB>A *>JPQS@RQE B) GP @IFJ?P COLJ dCQE QL QEFOA
MI>@B >KA .RUQ GP CERKFBQL dCQE ! PROMOFPFKD >AAFQVFLKEFEEYJERRBP QEB @RQ
CLO DBKBEFQBP FQ_P KRJ?BO ?RQ @IFJ?PVIDOEB@LKA MI>@B FK LRO *>JPQ>@H PBQ

3FK@B 1BQ GP >KA .RUQ GP >0B QTL LC QERIBIDDBPFKQEB *>JPQ>@H @ LJIRKFORP
KLQ > ERDB PROMOFPB ?RQ FQ T>P >D>FK KF@BTQDHRBBKRPQF® ABIKFQFLK @LOOB@QIV
FABKQFCVFKD “*>JPQ>@H Va PFQBP

IQ dOPQ DI>K@B FQ JFDEQ ?B PROMOFRRKBRYESBII3FK QEB *>JPQ>@H V DOBBN >KA B
JLOB QL PBB 0(0 ?>PBA 3VJGLEFQ "RQ QEBPEL OB>PILR\@>K) ?RFIA > MBOCLOJ>KQ

JLABOK PFQB RPFKI#20.0 0(0 *>JPQ>@H FP >K >0@EFQR@IORSGE KMPMB@FI@ IFPQ

LC QB@EKLILDFBP PL TB ELMB QELPB TLOHFKD FK IBPP QOBKAV QB@E PQ>@HP TFIl dKA QEFP
BK@LRDFKD

7E>Q >?LRQ QEB 33'P SMM>IVWBO E>P QEBJ >P >@B@QBDLOV EBOB >0B QEBFO KRJ?BOP CLO
7LQE *>JPQ>@H V >KA DBRBOBP KLQB TB >AABA .RUQ GEQIGR.B>KR>IIV QL QEFP IFPQ
7 >MM>IVWBO ALBP KLQ @LKPFABO QEBJ 33'P ?RQ ?LQE @>K\?BIRFBOEIRQE>FQ T>P
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RPBCRI QL @LKPFABO QEBJ \BGEBQUER >|l PFQBP

"B@NRK >M><M:;E> //#L NL>= ;R :EE LBM>L

IKA EBOB Q¥BOB CLO *>JPQ>@H PFQBP
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"B@NRK >M><M:;E> //#L NL>= ;R & FLM:<D LBM>L

IP VLR @>K PBB FEDY JR@E QEB P>JB IFPQ FK >lJLPQ QEB PHQELRBBCRUQ AOLMP > CBT
PMLQP 4EFPBPHFKQRBGBEPB PFK@B BIMB@Q PFQBP-DBRER33'P QL NR>IFCV >P
*>JPQ>@H YQELRDE @E®B @IB>0IV KLQ QEBVQY I@EBRE>Q >0@EFSIE@EIR0O

4EB 33'P >IPL J>HB RM > JR@E 1>0DBO MBO@BKQ>DB LC >Il *>JPQ>@WMEQE P (FEERPEEK
DBKB® FKAF@>QFKD QE>Q >K 33' FP > MOBOQVIRQAFKD > *>IPQ>@H PERBREARD

>K 33' ALBPK Q DRSKWBELR |l J>B > *>JPQ>@H PEGB ~ILLH >Q QEB QLQ>I KRJ?BOP LC PLJB
LC QEB-GBTLOHP FK LRO P>JMIB
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SSG  All sites Jamstack sites Jamstack %

BUQGP
.RUQ GP
>QPNV
(RDL
*BHVII

&FDROB 33'P >P > MBO@BKQ>DB LC *>JPQ>@EBPPRQBP

8.0 >l QEB 33'P QEB MBO@BKQ>DB LC PFQBP QE>Q NR>IFdBA RP #%BEKS@H K/ T>P IBPP
QE>K QEB QLQ>I KRJ?BO LC PFQBRIBRLQEHFGEEYII ALBP ?BPQ TFQE JLOB QE>K > QEFOA LC |
FK *BHVII >IPL JBBQFKD LRO @OBQBEA>RBQIBM>0QF@RI>OIV ILT MBO@BKQ>DBP TEF@E
2B BIMB@QBA PRERBELRDE QEB>K ?B RPBA >P 33'R/QEB >IPL COBNRBKQIV RPER QL J>H
AVK>JF@ PFQBP >KA TR)/ASK> T LC ABQBOJFKFKD TEF@E NABGEYES

Jamstack-y hosting

7 B TBOB >IPL FKQBOBPQBA FK TEBOB MBLMIB ELPQ QEBFO *+REQEBOBPFRBRISQQBOK
/K@B >D>FK TB RPBAVIM>IVWBO_P A>Q> QL FABKQFCV QB@EKLILDFBP QEFP QFJB RPFKD
>P > 3BOSF@B30@>QBDLOV

2022 Web Almanac by HTTP Archive 603



Part Il Chapter 19 : Jamstack

"B@NRK , i/ NL>= ;R :EE LBM>L

IKA EBOB CLO *>JPQ>@H PFQBP
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"B@NK , i/ NL>= ;R & FLM:<D LBM>L

7 B? DF>KQ IJ>WLKBR? 3BOSF@BP FP RKPROMOFPFKDIV ALJFK>KQ FK ?LQE PBQP ?RQ QEBC
PFDKFd@>KQ AFCCBOBK@BP ?BQTBBK QEB DIL?> MOBCBOBK@BP >KAR)EUBBEC *>JPQ>@

70 %KDFKB IWROB >KAOAOOBPP @LJ ERDBIV MLMRI>O LK QEB TB? >P > TELIB AOLM
PFDKFd@>KQIV FK MLMRI>OFQV FK QEB *>JPQ>@H @OLTA 'FQ(R? M>DBP TEF@EFP LK C
FP FK QEB *>JPQ>@H PBQUEBHK.BQIFCV >H0@BI A>OIFKDP LC *>JPSBHBIBOR

L@@RIPEB >KA PMLQP TEFIB FK QEB I>ODBO TB? .BQIFCV FIBE@BHKR 6 KLQ

PELTK G-KQEBLK >KA I@NRF> #ILRA 0I>QCLOJ KBFQEBO FKSBEB GIRMM PFDKFd@>KQIV
COLJ QL >KACOL] QL OBPMB@G®GRS

4EB @E>KDB FK OBIMRMRI>OFQV LC PLJB LC QEBPB EIB*QP QBB>T}ABO TB? FP MBOE>MP
PROMOFPFIBE QIESQ ¥YEBB KLQ >l ELRPBELIA K>JBP PL TB QELRDEQ FQ T>P TLOQE ILLHFK
ELT MI>QCLOJ MOBCBOBK@BP @E>KDBA COLJ QL FKLRO PBQP 5PFKD JLRPFIB A>Q> E
ELT QEB MBO@BKQ>DB LC *>JPQ>@H PFQBP RPFKD S>OFLRP MI>QCLOJP @E>KDBA COLJ
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PaaS 2021 2022 Change

13>WLK 7 B? 3BOSF@BP
'FQ(R? 0>DBP
0>KQEBLK
BQIFCV
I@NRF> #ILRA 01>QCLOJ
6BO@BI
#ILRAT>VP o
IWROB 1
01>QCLOJ PE
(BOLHR
&FDROB 33'P >P > MBO@BKQ>DB LC *>JPQ>@&BPPEQBP

'FQ(R? 0>DBP #KQEBLK !@NRF> #ILRA 01>QCLOJ >KA (BOLHR >Il >SMMB>0 QL ?B AB@IFKFKD FK
MLMRI>OFQV >P > *>JPQ>@H ELPQFKD @E8F@@FEREI@B! >KA 01>QCLOJ PE >OB DBQQFKD
JLOB MLMRI>DQB QE>Q #ILRATP LO 'WROB >0B KLQ FK QEB>3 A>Q> PL TB @K

@LIM>0B QEBJB7@>KMLQEBPFWB @B>BQIFCY >KABD@BI >OB DOLTFKD FK MLMRI>OFQV
?2B@>RPB YEBB KLQ GRPQ ELPQFKDIEB> PRFQB LC QLLISBILMBOSHE OHel T

1?PBKQ COLJ >l QEB MI>QCLOJ IFPQP FP TB? DF>KQ #ILRAMHOBI\VIEB@B?QBDLOFWBP >P >
#$. 0 >QEBO QE>K> IQELRDE #ILRAe>OB E>P38Q0.CCBOFKD QEBQFR 3 Q>@ @¥IIBA
#ILRAe>OBXDBP BMM>IVWBO A>Q> ALBP KLQ AFPQFKDRFPE ?BQTBBK 'ELPQBA LK > #$.a >KA “EL
PLJB >PPBQP LK QE>Q #$.a PL TB @LRIA KLQ FK@IRAB FQ FK QEFP >K>IVEBP @EBQRQELO ?BIFB
#ILRAe>OB FPB(S/ MLMRI>O *>JPQ>@H ELPQFKD LMQFLK ?REBTBLAA KEQEROGECY

QEFP

Conclusion

/RO JLPQ FIMLOQ>K®XJ>M COLJ QEER®_P >K>IVPFP FP QE>Q QEB *>JPQ>@H FP E>OA QL JB>PR(
GRP® ALLHFKD >Q (440 IO@ERSQ> .BBOQEBIBPP LRO >?FIFQV QL RPB > JB>PROBJBKQ >MMOL>@
QE>Q T>P >DKLPQF@ QL ?LQE MI>QOBILOKAEA dKA FK QEB OBPRIQFKD A>Q> PQOLKD
@LOOBI>QFLKP QL HKUIPQ>@H MI>QCLOJIP-SRALCDIP T>P >K BK@IDWBD PFDK QE>Q TB

E>SB J>AB MOLDOBPP FK OBIF>?IV FABKQFCVFKD *>JPQ>@HBFQBP FK QEB |O@EFS
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IIQELRDE TB @ @I>FJ QL HKIF@QIV TE>Q MBO@BKQ>DB LC QEB TB? FP *>JP@>@H TB @>
QE>Q >OLRKA LC QEB TB? FP *>JPQK@BE>Q QEFP DOLRM E>P ?BBK DOLTFKD PQOLKDIV C
I>PQ B>OP]> DOB>Q PFDK CLO QEB *>JPQ>@H @LJJRKFQV

7 B >IPL CLRKA PLIBIBJILOHP >KA ELPQFKD MI>QCLOJP >OB JLOB MLMRI>O FK QEB *>JPQ>(
QEB >0B FK QEB TFABO TB? 4EFP JFDEQ ?B 28 @0REBQEEF@>IIV ?BQQBOKNLRDEFB
@OFQBOF> LO FQ JFDEQ GRPQ ?B ?B@>SRBVBIREBEDLAIRKFQV MOBCBOBK@BP CLO
PMB@FJ@ PQ>@HP

/C @LROPB FC QEB *>JPQ>@H @LJIRKFQV MOBCBOP @BOQ:IBI MHPCQBEID SHAGLIBP

> PBIC OBFKCLO@FKD QOBKA QEBOB TFII ?B JLOB AL@RJIBKQ>QFLK >KA QRSBLOF>IP LK EL
*>JPQ>@H PFQBP RPFKD QELPB QLLIP TEF@E BFRERFHRBR BIH?RFIA *>IPQ>@H PFQBP RP
QELPB QLLIP 3L TEFIB TBIBIFRA QEB A>Q> ABILKDR® QE+® \@>K >@BFEJPQ>@H V
OBPRIQP TFQEQHGE PQ>@H TBIERKMBAQEFP A>Q> RPBCRI FK FABKQFCVFKD QLLIP >KA MI:
QE>Q JFDEQ B#FQ B>PFBO QISB@EFEPQ>@H PFQB

7 B >IPL ?BIEB QE>Q QEB dK>I RPBERPR-EOLI QEEBB@FPB FK NR>KQFCVFKD "TE>Q @LRKC
*>JPQ>@Ha FP QE>QRETASBILMBOLR E$B > dOJBO Q>0DBQ QL >FJ CLO TEBK ?RFIAFKD >
*>JPQ>@H PFQB )Q A BBPKLR MF@H > PMBERI@A@O>KA CLODBQ >?LRQ FQ FQ_P >?LRQ QI
OBPRIQP "V >K>IVIRKDHY >KA #,3 QFJBPLR @>K NR>KQFCRFBECLOQP >OB “*>JPQ>@H Va
TEF@E FP > RPBCRI QEFKD QL ?B >?IB QL >RQLJ>QB

Authors

,>ROFBL&PP

Q) PBIAL @ EQQMPBIAL @LJ

>ROFB E>P ?BBK > TBSBABVBO PFK@B  TFQE L@@>PFLK>| 20B>HP QL CLRKA
@LIM>KFBFEFFB PJ SKA  KMJ (B @ROOBKQIV TLOHP >P > $>Q>
%S>KDBIFP@OEFCV (B ILSBP J>HFKD QEB TB? ?FDDBO >KABEIEPEEP LKB

LC QEB ?BPOYF:OL AL QE>Q FP QLHIERILRB MBLMIB QL AL TBBIABIJBKQ

2V QB>@EFKD QEBPBFKD QB@EKFNRBIRFKAFKD QLLIP >KA PBOSF@BP QE>Q J>
TB? ABBILMJIBKQ B>PRBOQERALKQ BB QL IB>OK PL JR@E

AMMILPPP <KNG<A;:L> <HF HK@:GBS:MBHG LGHP;:EE ?:<MHKR
AMMILGIFCL <HF
AMMIIG>ME&IR
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3>J>11>J.> VILO
X TEFQBM KQE O ) TEFQBM KQE 08 EQQMPEFQBM KQE@LJ

3>1J> TOFQBP @LABIROBKQBOQ>FKIBK® SHEPQOB>JBRCQT>0B BKDFKBBO

>KA ABBILMBO BAR@:®ULASBP EBIMFKD MBLMIB DBQ FKQL QB@E !CQBO > @>0BBO >
JRPF@ QB>@EBO >KA @LIBAF>K-I8PROREBA QL QB@EKLILDV FK

PMB@F>IFWFKD FK COERRBEBKAB>KA QB@E IB>ABOPEFM CLO PQ>0OQRMP >DBK@F!
>KA DIL?>I B @LJJBO@B 3EB @ROOBKQIV THEIHRE 3BI>QFRKRA 3>1J>

LK TFQ@®L PBB TE>Q PEBROOBKQIV ?RFIAFKD

AMMIIMPBM<AMBM>I GMA K
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Part 1ll Chapter 20

Sustainability

Written by Laurent Dewernay Satygraha, Gerry McGoern, andTim Fick
>0B>P>= ;RAKBL =:FL :E>; -N>>KG:G=!=FHG= => BINKG:=K
G:ERS>= ;R>KLA:= %IB :F>K HG :LA>KG= KBD /FBMA

1=BM>= ;RKKR HEEK

Introduction

"S@HFK 'OBBK)4CO BPQFJ>QBA QE>Q QEBOB TBOB ?FIIFLK MFB@BP LC BNRFMJBKQ >
?FIIFLK FKQBOKBQ RPB®@E QEB AFDFQ>| TLOIA_P @LKQOF?RQFLK QL ERJ>KFQV_P @>07
J>V OBMOBPBKQ OLRDEIV LC MOFJ>0V BKBODV @LKPRIMQFLK >KA DOBBKELRPB D>P BJ
TBI>P LC T>QBO @LKPRIMQFLK >KA LC BIB@QOF@FQV @LKPRIMQFLK

IKLQEBO PFDKFd@>KQ FKAF@>QLO FP FQP @LKQOF?RQFLK QL QEB ABMIBQFLKEAC >?FLQF
OBPLRO@BP PR@E >P JBQ>IP SFQ@BB AB RPB KBBA J>QBOF>IP FK LOABO QL ?B MOLAR@B
PR@E QEB J>KRC>@QROB LC RPBO BNRFMJBKQ FP @LKPFABOBA QEB JLPQ FIMLOQ>KQ F
BKSFOLKJIBKQ>I FIM>@Q 4EFP FP GLQEEBBKA LC IFCB LC BNRFMJIBKQ >P JLPQ LC QEBJ KLQ
?BFKD OR@BA >Q >l )Q FRISB FIM>@QCRI QE>K A>Q> @BKQBOP QEBKEIFR RPHIBB

LC RPBO BNRFMJBKQ $BPMFQB QEB BCCLOQP COLJ PLJB J>KRBHEIGROBBO AQ@PBARH
QEB @LJIFKB»OP ?B@>RPB LC QEB ABMIBQFLK LC PLJB OBNRFOBA J>QBOFSIBIAKAFR] @LN

AMMILPPP @4GBM ?RBH&F>GM:E ?HHMIKBGM H? MA> =B@BM:E PHKE=
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BQ@

4EB MGEFLRPIV JBKQFLKBA PQRAV COLJ @BBRMQBP QESBOEBIM>@Q LC AFDFQ>|
PBOSF@BP E>P ?BBK PQB>AFIV FK @OBFPFKD @LAIX ALR?IB LO QOFMIB ?BQTBBK  >KA

)C TB T>KQ QL :SLFAJLO >Q IB>PQ JFQFD>QB\QEFP TB PELRIA OBAR@B QEB KRJ?BO LC @LKKE
ABSF@BP QE>Q TB LTKBBM B>@E LC QEBJ CLO >P ILKD >P MLPPF?|BQEBO-FBHKRRYFKD
4EFP JFDEQ PLRKA QLRDE ?B@>RPBR@EPABPMB@F>IIV PJ>OQMELKBP PBBJ QL ?B >DFKD
NRF@HIV QEB ILKDBO TB?PFQBP >KA >MNHEI® HORL KFEBHBPP > ?>QQBOV TFII I>PQ

7E>Q TB @>K AL >?LRQ QE>Q FP QL OBAR@B QEB FIM>@Q LC AFDFQ>| PBOSA@®BP >KA @E>KDB
QEFKH >?LRQ AFDFQ>| PBOSF@BP >P ?BFKD FEPQBUBKOKINBBOFBKABCHRIQ

#LKPFABOFKD >Il QEB A>Q> D>QEBBBAJSIERT PLRKAPBRHDOB>Q MI>@B QL >PPBPP QEB
BKSFOLKJBKQ>I FIM>@QP LC TB?PFQBP >P > TELIB /K/JBFFEGERQKIBB ELT OL OBAR@B
QEBJ QEOLRDE ?BP@OE@BP >KA ELT TFABIV QEBPB >0B >I0B>AV >ALMQBA

&.0 QEFP TB TFIl AFCCBOBKQF>QB

b -LABO>QFLK FIMIBIBKQFKD PLIBQEFKD LKIV TEBK KBBABA )Q @LRIA ?B AFDFQ>| >P >
TELIB AL \LR OB>IIV KBBA @LKKB@QBA AF>MBOP PLJB CRK@QFLK>IFQV >0B QEBPB
JBAF> CBBAP RPBCRIR® KLJB M>DB LO @LKA@B&RQMESFI>DBP SFABLP BQ@

!PH \LROPBIC 88B/QEFKD LR¥ TB?PFQB FP RPBCRI RPBA RP>?IB >KA OBRP>?IB

b %Cd@FBK@V ERTOBAR@B QEB PFWB >KA LO FIM>@Q LC TEAROBIBARFQK V
>CQBO @LKPFABOFKD BLOOBBRNVQBP QEFP FP JLPQIV ALKB QEOLRDE QB@EKF@>I
LMQFIFW>QFLKP PR@E >P JFKFd@>QFLK @LJMOBPPFLK @>@EFKD BQ@

3LJIB LKIFKB >@QFSFQFBP QL DBQ PQ>0QBA

b 0B \LR >K B@L OBPMLKPF?IB )KQBOKBQ RPBO
b 7E>Q FP QEB FIM>@®ROGKQBOKBQ ?OLTPFKD

b 7 BFDEQ @LJM>OFPLK LC S>OFLRP BIBJBKQP @LIJMLPFKD >TB? M>DB

4L DRFAB RP LK QEFP GOBG#HBK OBIV LK PLJIB OBPLRO@BP FK@IRAFKD

b 2BMLPFQLOFBP LC 2BPQRE@BRKKBP MO-QFNRBR>KA?LLH LC PRPQ>FK>?IB
AFDFQ>| PBOSF@BP

AMMIIE>KGBG@E:; @BME:;::@>L BGKB: 7K FHH< BFI:<ML GNF FHHxBFINKIL.GMBK <MBOBM>L :ILM@E#B> 9 9 @BK1MBEBL:MAMEEMHKR
AMMIIE>KGBG@E:; @BME:;:@>L BGKB: ?K FHH< BFI:<ML GNF FHH<BRFINKIL GMBK <MBOBM>L :ILMEAB> 9 9)>LNK LMHKRFE
AMMIIE>KGBG@E:; @BME:;::@>L BGKB: ?K FHH< BFI:<ML GNF FHHxLBFINAIL GMBK <MBOBM>L :ILNEAB> 9 9)>LMK BGEIG AMFE
AMMIL@BMAN; <HF <GNFK ;>EMB¢>L

AMMIL@K BLBM HIKHK@ >G
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b "LLHP >KA TB?PFQERPQ>FK>?IB? $BPFDK

b /KIFKB @LROPBP 3RPQ>FK>?IB )4%ISFOLKIBKQ>I FIM>@Q LC AFDFQ>| PBOSF@BF
0OFK@FMIBP LC 3RPQ>FK>?IB 3LCQT>0B %KDFKBBOFKD

Limitations and hypothesis

7 B TLK Q ?B @OFKD >I| ?BRGENB@BP SKAI>?IB JBQOF@ @O >Il LC QEBJ -BQOF@P
@>KQ QBII RP FBk DBSPFQB E>P RKKB@BPP>0V CRK@QFLK>IFQV LO FC PLJB FJ>DBP >OB |
AB@LQPES %BK FC PR@E @LKOFARDDLREA QEB P@LMB LC QEFP @EBOEBOPQFII > ILQ
QE>Q @>K ?B ALKB KA TFQE ,FDEQERKNOLOB >KA JLOB QVMBP LC >RAFQMB@@>K B
KBT JBQOF@P QL ?B@=B>918

#>07?LK BJFPPFLKP >0B QEB SROLEBEBKQ>| FKAF@>QLO EBOB ?RQ LQEBOP]PR@E >P T>QBC
@LKPRIMQFLK 1>KA RPB >?FLQF@ OBPLRO@BP @LKPRIMQFLK]PELRE RS I@LLIKRFABOBA C
QEKPCBOP 4EFB:F@@IV QEB MLRAKQHECB #V@IB |PPBPPJBKQLTB SBOPR@E >K LMBELK
OBNRFOBRIBOQFPB ILQP LC FKCLOJ>QFLK >KA QRIBLFELPINREQROBP >0OB OB>@EFKD ClI
@LIMOLJFPB RPFKD IBPP JBQOF@P >KA FKCLOJ>QFLK @#)7FRBABISEBKQLOV

AEFP EBIMP BBEBBIR>QFLK LEGBBLKJIBKQ>! FIM>@QP JLOB >CCLOA>?IB >KA >@@BPPF?IE
OBMB>Q>?IB CLOMIB FK #) #$ LO JLKFQLOFKD TEBMAKD RKABO @LKQOLI QEB >PPRIMQFLF
WLR KBBA QL JBH

7 B TFII LKIV RPB JBQOF@P @LIIB@QBA LK M>DBP ?RQ FK LOABRDQK IBHBHA-(QMB@BRP LC
PLJIB AFDFQ>| PBOSF@BP FQ JFDEQ ?BQBQR. @ @HROQ JBQOF@P LK > TELIBREIBD GLROKB
BU>JMIB LK >K B@LJIBO@B TB?PFQB FQ TLRIA ?B ?BQQBO QL @LKPFABO > RPBO MRO@E:>
>KA M¥FKD CLO FQ

Intersectional environmental issues

3RPQ>FK>?FIFQ\SESBBPFDKFA@>KQIV PFK@B FQP FKFQF>| ABUKFEBFLBAKAQISKA
#LJIJFPPFLK )Q KLT FK@LEMBED> S>OFBQV LC FKQBOPB@QFLK SBRIKBR@BIRPRBP QEB
"3a >KA'a FK "%3'a >ILKDPFAB FQP @RIR RBBKQ>I CL@RP ! JLOB OBPMLKPF?IB >KA
PRPQ>FK>?IB FKQBOKBQ PELRIA OBeB@Q QEFP

JKLQEBO TLOAP AFDFQ>| PRPQ>FK>?FIFQV @>KKLQ CL@RP LKIV LK BJFPPFLKP 7EFIB @IF
ERDB AGEFQ @>KKLQ ?B RREAPQECYV FKBNRFQ>?IB PLORRBLKRBNR>IFIPp&< FK 3K

AMMILLNLM:BG:;E>P>=>LB@G HK@

AMMILPPP BLBM :<:=RAK@

AMMIIE>:KGBG@E:; BGKB: ?K >G FHH< BIGE>FEGM:NQ =N GNF>KBJIN>

AMMIL=H<L FBHKH?M <HF >G NL E>:KG FH=NE>L LNLM:BG>ES@BGI:KBE@B+0

AMMIIE>:KGBG@E:; @BME:;|:@>L BGKB: ?K FHH< BFI:<ML GNF FHH=LBRFNKIL>GNKMB> "B<A>L HG<>IM " 2 L>KOB<>LGNF>KBJN>L
)HH<%FI:<M*NF AMFE E:G@ >G

AMMILIS <HF K >G>P:;E>>G>K@R ANF:G KB@AML OBHE:MBHGL

AMMILPPP BBL= HK@ LRLM>F \E>L IN;EB=MBHSE| BV FEEH?
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https://sustainablewebdesign.org/
https://www.isit-academy.org/
https://learninglab.inria.fr/en/mooc-impacts-environnementaux-du-numerique/
https://docs.microsoft.com/en-us/learn/modules/sustainable-software-engineering-overview/
https://learninglab.gitlabpages.inria.fr/mooc-impacts-num/mooc-impacts-num-ressources/en/Partie3/FichesConcept/FC3.3.1-ACVservicesnumeriques-MoocImpactNum.html?lang=en
https://qz.com/845206/renewable-energy-human-rights-violations/
https://www.iisd.org/system/files/publications/green-conflict-minerals.pdf
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T>V )Q JRPQ ?B DOLRKABA FK @NUMBB>

4L QEFP BKA TEBK ABPFDKFKD AFDFQ>| MOLAR@ @BNKQEBOSR@BRDHFKQBOPB@QFLK>I
FPPRBP FK JFKA

b Accessibility: "V OBJLSFKD ?>O0FBOP QL @LRQBIBQP¥QB ?B@LJBP JLOB RP>?IB
>KA >@@BPPF?IB 4EFP >IEBFRQPHRHOLKIBKQ>I FIM>@Q ?B@>RPB RPBOP
BPMB@F>IIV QELPB TFQE AFP>?HIFESBER. AKK TLOH>OLRKAP QL >@@LJMIFPE
Q>PHP

b Privacy: ! IBPP FKQORPFERPFQB FP ?BQQBO CLO RPBOP DFSFKISREREER®QOLI L
A>Q> >KA TE>QQEFELLPB QL PE>OB 00FS>@V CL@RPBA TB?PFQBP >OB >IPL LCQBK J
BKSFOLKJBKQ>IIV COFBKAIV FK\QBERHYPBLOB >KA J>FKQ>FK IBPP A>Q>

b Mis/disinformation: OBLMIB QROK QL QEB FKQBOKBQ QL >KPTBO NRBPQFLKP #LKQBKQ
FK@IRABP JFPFKCLOJ>QFLK RKFKQBKQFLK>I >KA AFPFKCLOJ>QFLK FKQBKQFLK>I
RKABOJFKBP RPBOP_ >?FIFQV QL AL QEFP FK >K BCd@FBKQ J>KKBO

b Attention econom y: ! SLFAFKAB@BMBNS-QQBOKEBMP RPBOP CL@RPBA OBAR@FKD
MLFKQIBPP ?0OLTPFKBOMAKRS QEBJ COLJ QEBFO FKFQF>I MROMLPB

b Security: IFJFKD CLO PRPQ>FK>?FIFQV @>K >IPL ERM PB@RQBABAR@FKD FQP
>QQ>@H PROC>@BQBPRB OBPLRO@BP IBPP CRBQ@FLK>IFQV

4EBPB >0OB >l M>0Q LC > ?0L>ABO LOD>KFW>QFL &LOMMIH ABH-Qk| OBPMLKRFEFFQV
>|FDKP TFQE AFDFQ>I PRPQ>FK>?FIFQV MOFK@FMIBP

Understanding the environmental impact of the web

4EB FKQBOKBQ FP QEB DOB>QBPQ JLPQ BKBODV FKQBKPEBED BFFEBBUBESE BKA

J>FKQ>FK QEB FKQBOKBQ OBNREJBREOPPHKMRQ /KBOEDSK @>RPB LKB QLK LO JLOB LC

#/ AROFKD J>KRC>@QROB ! I>MQLM @>K @>RPB HD LC # QL J>KRC>@QROB >KA OBPRIQ FK
JFKFKDLC  HD LGDJ>QBOF>IP 4EBOB FP KL PR@E QEFKD >P PRPQ>FK>?IB JFKFKD

7EFIB JLPQ LC QEB BKBODV >KA T>PQB LC QEB FKQBOKBQ FP BSTi22B0ERPBPEVES
BKBODV OBNRFOBA QL ORK QEB FKQBOKBQ FP KLQ FKPFDKFd@>KQ 7EFERBA DB @LKPQ>KQI\
>?LRQ ELT A>Q> FP BPPBKQF>IIV COBB QL PQLOB >P JR@E >P SBET>K®MGIQ® BRREKD

E>SB OB>| >KAJBILKBKQF>IIV DOLTFKD BKBODV ABJ>KAP )KU>JEILE® B>Q> @BKQBOP FK

YOBI>KA TBOB @LKPRJFKD LC BIB@YOF@ESIYE>A DOLTK QL ]ILOB QE>K QEB

ABJ>KA LC >Il QEB ELRPBP >KA ?RFIAFKDOBK-RRO

AMMILEH@ FHSBEE: HK@ >G BGM>(HHOBENBRBICL =><>IMBOB@G I:MM>KGL
AMMILPPP FB@AMR;RM>L <HF ;EH@ PA:M BI><H@HE#LEHIGLB;BEBMR
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https://blog.mozilla.org/en/internet-culture/mozilla-explains/deceptive-design-patterns/
https://www.mightybytes.com/blog/what-is-corporate-digital-responsibility/
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7 B @>K ABPFDK >KBI@ JLOB PRPQ>FK>?FIFQV CLOWQEBR@RPFKD LK ?BQQBO J>K>DFKD LR
ABSF@BP >KAPBBHFKD QL MRQ >P IFQQIB PQOBPP >P MISFREBBQE-EBIEBRPBA@QFKQBO
TFQE LRO TB?PFQBP LO >MMP )K OBI>QFLK SE@RE LTKIPQ CL@RFAGBECB >KA

BKBODV @LKPRIMQFLK 4EB ILKDBO QEB TLOHFKD IFCREB 3@BIVMRQBR >JLOQFWB QEB
E>0J QE>Q T>P @>RPBA AROFKD FQP J>KRC>@QROB 4EB MFKK>@IB LC QEFP QEFKHFKD |
>KA RPFKD >K LMIFRD PVPQHM FiKRU QUBBKA QEB IFCB ISE@BB/MBK PLRO@B FP QEB
LOFDFK>| AFDFQ>I PRPQ>FK>?FIFQWNEBIERRKD LK OBRPFKD >KA PE>OFKD .LKBQEBIBPP
PELRIA KLQ B0 QEB FIMIBIJBKQ>QFLK LC PRPQ>FK>EFIFNGEPQ MO

4EB IBPP BKBODV @LKPRJBA AROFKD QEB ASBIEDKBH® MBL@BPP QEB)PBEXBOK

OBRPB @LAB LO @LKQBKQ QEBK QE>Q P > DOB>Q FAB> 5PB QEB IB>PQ >JLRKQ LC T>QQ>
?B JR@E JLOB BKBODV BCd@FBKQ QE>K > ABPHQLM ,>ODBIMEEOBEKRIARRBABA

>P QBEB@>K @LKPRJB >P JR@E BKBODV BEBIPBISMQLWQEFKD QE>Q OBAR@BP BKBODV
@LKPRJIMQFLK FP > DLLA QEFKD

8.0 MLMRIEBDE ABJ>KA TB?PFQBP LO >MMP RM QL  LC QEB BKBODV >KA T>PQB @LKPBN
TFII L@@RO LK QEB PJ>OQMELKBP LO I>MQLMP LC QEFRDB@P>RBs#PED AFCCBOBK@B
$>KKV S>K £ELQBK /ABILMBA > ->FI@EFJM MIRDFKLOKDGBPP QE>Q FP\REBAJFIIFLK
TB?PFQEB J>AB > +' OBAR@QFLK FK @LAB >KA BPQFJ>QBA QE>Q QE>Q OBPRIQBA FK > JL
OBAR@QFLKLC  HDPLC#

Evaluating the environmental impact of websites

7 B AB@QFABAQKB JBQELALILDV >IOB>AV PE£BOBB?S>FI>?IB QLLIP PR@E >P-#&LDO
7 B?PFQB #>07?LK %@LMFKD #/ GP >KA 4RHEEPQL QEFP TB BPQFJ>QB QEB 'OBBKELRPB >
BJFPPFLKP ?>PBA PLIBIV LK QEB >JLRKQ :RRPCEDABA CLO FKPQ>K@B EBOB QEB M>DB TBF

4EB @LJIJRKFQ\PEFEI PQORDDIFKD LK OB>@EFKD > @LKPBKPRPIBKIEE JBQIH@D P
>S>FI>?IB EBOB QEFP PLRKABA >P QEB ?BPQ MLPPF?IB@IB/REEPB OE>Q KLQ
BSBOV?LAV TFIl >DOBB LK QEFP >KA QE>Q QEFP JBQELALILDV PELRIA >HASBRKMIER>?IV B
@LJIFKD JLKQEP BSQP

3L TB TFIl PQ>0Q TFQSBSSEBT LC M>DB TBFDEQ QEBK MOL@BBA TFQE > @>I@RI>QFLK LC
BJFPPFLKP

Page weight

0>DB TBFDEQ OBMOBPBKQP QEB >JLRKEPCEGQBAQL >@@BPP QEB TB? M>DB ?>PBA LKIV

AMMILKB=;H>L BH >G ;EH@=REHKL PHHI>LL IEN@BG <H
AMMILLNLM:BG:E>P>;=>LB@G HK@ <:E<NE:MBG@ =B@BM:E >FBLLBHGL
AMMILF:KF>E;; <HF [EH@ @K >>G?R> <HFI:K > AMFE
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https://raidboxes.io/en/blog/wordpress/wordpress-plugin-co2/
https://raidboxes.io/en/blog/wordpress/wordpress-plugin-co2/
https://sustainablewebdesign.org/calculating-digital-emissions/
https://sustainablewebdesign.org/calculating-digital-emissions/
https://marmelab.com/blog/2022/04/05/greenframe-compare.html
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(440 OBNRBPQP PJRII>FKBA ?BCLOB FQ FP EBOB RPB/AQtR@MORI>QB 'OBBKELRPB '>P
%JFPPFLKP

)Q FP OB@LJJBKABBBMIDEFP JBQOF@ >P ILT >P MLPPF?IB  -" PELRIA ?B > J>URIRJ TEBK V
DBQ PQ>0QBA PREELRIA ?B VLRO RIQFJ>QB QEOBPELIA

8.0 JLOB LK QEFP PBB-QBEBFDEQE>MQBO

"B@NK  *NF;>K H? DBEH;RM>L <RGMBE>

#LIM>OFKD M>DB TBFDEQP LK JL?FIB >KA ABPHQLM TB KLQF@B QE>Q QEB AFCCBOBK@B ?BQT
PJ>Il TEF@E PBBJP PROMOFPFKD -BAF> PELBAARB-RBOSB/IOLMOF>QB PFWB >KA CLOJ>Q
ABMBKAFKD LK QEB PFWB LC QEB P@OBBK 4EFP JFDEQ KLQ ?B QEB @>PB EBOB

IQ QEB QE MBO@BKQFIB ABPHQLM MSBBP TB®A [IL?FIB M>DBFBO - 7 B >0B C>0

COLJ QEB OB@LJJBKABA QEOBPELIA LCL dKA M>DBP RKABO QEFP QEOBPEBIQLTBEY

QL QEB QE MBO@BKQFIB )C TB CBBI DBKBOLRP >KA >FJ CLO -" QEFP @>K ?B CLRKA >OLRKA G
MBO@BKQFIB 4EBOB FP PQRIIGLULKE T>

Carbon emissions

*HM> OA> GHMBR&HGY>FBLLBHGLZ BL : LBFIEB\<:MBHG EBGLBP>KRS@ AHNL> #:L
IFBLLBHGL GHM HGER <:K;HG >FBLLBHGL

AMMIBG28N>GMER® MA> I>K?HKF:G<> BG>IN:EBMR @:|
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https://infrequently.org/2021/03/the-performance-inequality-gap/
https://almanac.httparchive.org/static/images/2022/sustainability/kilobytes-number-by-percentile.png
https://almanac.httparchive.org/static/images/2022/sustainability/kilobytes-number-by-percentile.png
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"B@NK ‘K;HG >FBLLBHGL @ ®GKBE>

4EB @>0?LK BJFPPFLKP CLO TB?PBQBRE/0OBESLK JL?FIB >KA ABPHQLRBBEBIRFQB ILT

LK QEB QE MBO@BKQFIB >OLRKA D BN# TEF@E TLRIA ?B BNRFSQBIBQBFP QE>K
JBQBO TFQE > QEBOJ>| GB® OB>@E >P JR@E>P D BN# LK QEB QE MBO@BKQFIB > IFQ
JLOB QE>K JBQBOP TFQE > QEBOJ>| @>0

AEFP ALBP® PBBJ BFBR@E ?RQR/PELRIABBM FK JFKA QE>Q B>@E TB?PFQB DBQP QELRP>KAF
BSBK JFIIFLKP LC SFPFQLOP B>@E JLKQE PESBQEOBPHA TE>QLR PBB FK QEBVEFP
BJFPPFLKP CLO > PFKDIB M>DB SFPFQB/ASERERIBESBRIM>@Q B>@E JLKQE CLO >Il TB?PFC
>AAP RM

.LT CLO >K >AAFQFLK>MVEBOBJFPPFLKP MBO MBO@BXOBRC @LKQBKQ

AMMIL=:M: @B#eF> 2K :lIL FHG BFI:<M MBLIHKM
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https://almanac.httparchive.org/static/images/2022/sustainability/carbon-emissions-by-percentile.png
https://almanac.httparchive.org/static/images/2022/sustainability/carbon-emissions-by-percentile.png
https://datagir.ademe.fr/apps/mon-impact-transport/
https://datagir.ademe.fr/apps/mon-impact-transport/
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"B@RK ,>K>GM H? MHM:E >FBLLB&#GMBESKR MRI> FH;BE>

)J>DBP >KA *$>3@O0OFMQ PBBJ QL ?B QEB JLOB FIM>@QCRI ?FSBIF J:DBFEDBS@QCRI >P

WLR DL QL RMMBO MBO@BKQEBBHEBMBFK JFKA QE>Q TB LIBVASSOHS®CBO FKQL >@@LRKQ

QL @>I@RI>QB @>07?LK BJFPPFLKP 0G@BPPM@FEP RPR>IIV JLOB FIM>@QCRI QE>K FJ>DBP
IK@B \R E:$B ALTKIL>ABA QEESS3@O0FMQ dIBFPYFII KBBA QL MOL@BPP QEBJ PLIBQFJBP
IB>AFKD QL OBIL>AFRDM>DB LO CBQ@EFKD LQEBO OBPLRO@BP .L KREEBIZHEDIGKBP DO

QEB KB@BPPFQV QL OBAR@B QEBPB FIM>@QP )Q @>K ?B NRFQB B>PV CLO FJ>DBP >P TB TFIl
@E>MQEDDBQP JLOB QOF@HSTHQPEFEMBKE)ELRDE QEBOB >0B PLJB B>PFBO QB@EKF@>!
LMQFJFW>QFLKP PR@E >P JFKFCVFKD @LJMOBPPFKD LO OBAR@FKD QEB KBBA CLO FQ -LOB L

Number of requests

2BNRBPQP >0OB FPPRBASBEBK&B FP KBBABA QL IL>A QEB M>DB P PR@E FQ EBIMP OBMOBPBKQ
FIM>@Q LC QEB M>DB LK QEB KBQTLBERKIEFBESRPHE FP PLIBQFJBP RPBA QL @>I@RI>QB
BKSFOLKJBKQ>I FIM>@Q 'K>IVWFKD QEB OBNRBPQP EBIMP dKA MLPPF?IB LMQFJFW>QFLKP TEF
@LKPFABO TEBK AFP@RPPFKD QEB S>OFLRP QVMBPEAK>PPBURBRAB

4EB KRJ?BO LC OBNRBPQP PELRVQBLH> JFKFIRBBMFKD >K RMMBO IFJFQ LC KL JLOB QE>K
FP > C>FOIV DLLA PQ>0Q@RQREKA PR@E LCQBIQEH) Q>0DBQ AFCI@RIQ QL OB>@E
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https://almanac.httparchive.org/static/images/2022/sustainability/percent-of-total-emissions-by-type-mobile.png
https://almanac.httparchive.org/static/images/2022/sustainability/percent-of-total-emissions-by-type-mobile.png
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"B@NK  *NF;>K H?*KIN>LML ;R ¥iGMBE>

#LIM>OFKD QEB KRJ?BO LC OBNRBPQP LC JL?FIB >KA ABPHQLM TB LK@B >D>FK dKA LKIV >

AFCCBOBK@B TEF@E REPRIDKB @:REAM>DBP RKABO QEB QEOBPELIALC (440 OBNRBPC
TB KBBA QL DBQ QL QEB QE MBO@BKQFIB >D>FK

3L TEF@E @LKQBKQ QVMB FP QL ?I>JB CLO QEFP
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https://almanac.httparchive.org/static/images/2022/sustainability/number-of-requests-by-percentile.png
https://almanac.httparchive.org/static/images/2022/sustainability/number-of-requests-by-percentile.png
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"B@NRK  *NF;>K H?KIN>LML ;R £GMBE> ;R MRI> HG FH;BE>

IP RPR>I FJ>DBP >0OB QEB J>FK LCCBKABERPBEMS FP @ILPB ?BEFKA

4EBOB >0B >IJLPQ >PKI0 OBNRBPQP CLO JL?FIB >KA ABBOIRFEMB TEF@E PEIRPBK

QEB @>PB P TFQE M>DB TBFDEQ JL?FIB M>DBBMELFRAFEEY >P MLPPFEERQIQ>H

>@@LRKQ >DFSE@EP BIFD @LKKB@QF SPRIBKARIB?FIB A>Q> 3FK@B/IBKAFSFAR>IP

PQFII RPB QEB TB? FK PR@E PR?LMQFJ>| @LKAFQFLKP JL?FIB TB? PELRIA >@@LRKQ CLO QEFP
BSBOVQEFKD MLPPF?IB QL ?B >@@BPPF?IB CLO >l
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https://almanac.httparchive.org/static/images/2022/sustainability/number-of-requests-by-percentile-by-type-mobile.png
https://almanac.httparchive.org/static/images/2022/sustainability/number-of-requests-by-percentile-by-type-mobile.png
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"B@NRK  *NF;>KH? ;RM>L ;R #GMBE> ;R MRI> HG FH;BE>

4EBOB >0B >1JLPQ >PWg4d0 OBNRBPQP CLO FJ>DBPSSiB&OFMQ ?REEEBTIBFDEQ FP

JR@E EFDEBO CLO FJ>BSBROOFMQ ?BFKDDBEBSFBO QL MOL@BPP QE>K FI>DBP QEFP FP F
?>A KBTP /K@B >D>FK QEB OBPRIQP >0OB OB>IIV @ILPB CLO JL?MFBRG ABHHRIAPBBJI

QL J>HB PBKPB QL LCCBO IRIMBBEBE@BP LK JL?FIB

More sustainable hosting

*HM> $3K:G=>EL>PA>KHN LAHNE=\G= F>GMBHS-BBWKBGARL BL DBG= H? : LAHKM<NM LB(
GH AHLMBG@ PBEE »>MKNERI@&>NMK HMA>K LN<A MABBEE “H<NMHGKHP MH NL>
FHK LNLM:BG:;E> AHLMBG@

8.0 QEB J>GLOFQV LC QEFFT@EL@BBQK ELT @E>KDBP FK QEB NR>KQFQV [EC OBPLRO@BF
KBQTLOH @LIMRQB >KAIBEQICCB@Q GEBBKIBKQ> FIM>@Q LC AFDFQ>| PROSBEIBP]V
QEFKH LC QEFP >P FK @BGULREMBHG> IBBO CLO PRPQ>FK¥RFE-GS0 QEBOB >OB LQEBO
IBSBOP QLILR @>K) BCd@FBKRIVTY QL WBOL >KA QEB P>JB @LAB ORK LK QEB P>JB HFKA L
PBOED?RQ ORKKFKD LK DOBBKBO BKBSBY THBE-BEOLKIBKQ>I FIM>@Q QE>K LQEBOTFPB
7 B @>K QEFKH LC SEFPBBM>GLBMR

(BOB QEBOB FP PLJB DLLA KBTP !@OLPP QEB TLOIA BIB@QOF@FQV DOFAP TB OBIV LK >OE
LSBO QFJB ABN-¥ QEB C>IIFKD @LPQP LC OBKBT>?IBPB-KALRQURD BIB@QOF@FQV @>JB
COLJ @I1B>K PLRO@BP FRU>JMIBP FK QEB BJ?BO @IFJ>QBEHA@E>0Q

AMMIL>F;>K <EBF:M> HK@ B H;:E >E>
AMMILUN;EB< JHNKBLA LMN=BH LMHKRNMFQLHNKLAHP< L> NMF9< FI:B@G LMHKR
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https://almanac.httparchive.org/static/images/2022/sustainability/number-of-bytes-by-percentile-by-type-mobile.png
https://almanac.httparchive.org/static/images/2022/sustainability/number-of-bytes-by-percentile-by-type-mobile.png
https://ember-climate.org/insights/research/global-electricity-review-2022/
https://public.flourish.studio/story/1176231/?utm_source=showcase&utm_campaign=story/1176231
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(LTB SBOKLQ 0OV DOFA >KA BBQ\BOBDFLK SMERO LMBBP FP BNR>I1V D@BBKK_P

7 B? 3BOSE®@BRPQLIBO @>0?LK CLLOM®EKQ BILTIORKKFKD PBOSF@BP FK LKIBOBDFLK L
>KLQEBO @>KSHAER > JB>PRIB AFCCBOBK@B FK @>0?LK BJFPPFLKPMBKARBROGHB

@ILRA @>0O7?LK CLLQMEDEKQDOLTFKD KRJ?BO SEABOP %IPBTEBOBEBKB/ B?

&8 RKA>QFLEKIPL MGIFABP >K 10) CLO ILLHFKD\RM.3KFK CLO >K BPQFJ>QB LC ELT JR@E QEB
DOFA FK QE>Q OBDFLK FP MICIEPBACGRBIP

9LR PELRIA ELEBO BBM FK JFKA QE>Q RPFKD OBKBT>?IB BEBEDRIFPRISHAR QORIV
PRPQ>FK>?IB ELPQRKPERRIA >IPL @EB@H QER.UB® SP>DB %CCBEEFFS 75% 7>QBO

5P>DB %CCBEKBPS ELT BNRFMJBKQ FP E>KAIBACRQ@EBBFRFD>QB QEE@LRIA

@EB@K >0QF@IB COLJ 7ELMBIEFDFQKAQEB %ROLMB>K $>Q> #BKQOBP #LAB LC #LKAR@Q
-LOB DBKB®IV ?BT>0B LC @LIM>KFBP @I>FJFKD QL ?B @>0RRRBRBEDER COBK@E
FKPQFQRQB !$%-BPMB@F>1IV PFK@B JLPQ LC QEBI@LRAB 3@LMB BJFPPFLKP !IPL >P
PQ>QBA SB. @LIMBKP>QRIIDV@>0?LK BJFPPFLKP FP KLQIBKPEDEIA/OBAR@B QEBJ QLL

How many of the sites listed in the HTTP Archive run on green hosting?

IK FK@OB>PFKD KRJ?BO LC QB@EKLILDV dOJP >OB >IPL Q>HFKDGEBBIB@QDOEHQV QEB
2RV QL MLTBO QEBSOGRE@QROB #LIM>BFE@BLEPLCQ >KA 3>IBPCLO@B >I0B>AV ?RV >P
JR@E DOBBK BKBODV >P QEEFORBIPRPB LK >K >KKR>| ?>PFP 3PLRQEB® @LIM>KFBP

7 B RPBA QEBBK 7 B? & RKA>QFLK $>Q>RBIQPBB ELT J3KLOD>KFW>QREFDOBBK
ELPQRA>HFKD PFJFI>0 POBMPEBOB GEBSB PE>OBSBABK@B LC MLTBOFKD >/l QEB BKBODV
QEB RPB LK DOBBK BKBOS@NBYO

AMMILPL :F:SHG <HF :PL <HLM F:G:@>F>GM :PL <NLMHF>K <:K;HG ?HHMIKBGM MHHE

AMMILPPP <EHN=<:K;HG?HHMIKBGM HK@

AMMILPPP MA>®IGP>;?HNG="MBHG HK@

AMMILPPP PAHE>B&=B@BM:E <HF ;EH@ <AHHEP>@¥ILM

AMMIL> | CK >< >MH: >N <HFFNGBMB>L =:M; =b@MK> <HG=N<M

AMMIUK>LL> :=>F> 2K E:=>F> IN;EB> NG :0BL @1>KML LNK ENMBEBL:MBHG => E:K @EBANBM A IBBNMIGL E>L <HFFNGB<:MBHGL AMFE
AMMILPPP MA>E4GP>;?HNG=:MBHG HKEP@H:M:L>ML

AMMILPPP MA>@4GP>;?HNG=:MBHG HK@ PAM P> :<<>IM :L >OB=>GH##HK@K
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https://aws.amazon.com/aws-cost-management/aws-customer-carbon-footprint-tool/
https://aws.amazon.com/aws-cost-management/aws-customer-carbon-footprint-tool/
https://www.cloudcarbonfootprint.org/
https://www.cloudcarbonfootprint.org/
https://www.thegreenwebfoundation.org/
https://www.thegreenwebfoundation.org/
https://www.wholegraindigital.com/blog/choose-a-green-web-host/
https://e3p.jrc.ec.europa.eu/communities/data-centres-code-conduct
https://presse.ademe.fr/2022/02/lademe-publie-un-avis-dexperts-sur-lutilisation-de-largument-de-neutralite-carbone-dans-les-communications.html
https://presse.ademe.fr/2022/02/lademe-publie-un-avis-dexperts-sur-lutilisation-de-largument-de-neutralite-carbone-dans-les-communications.html
https://www.thegreenwebfoundation.org/green-web-datasets/
https://www.thegreenwebfoundation.org/what-we-accept-as-evidence-of-green-power/
https://www.thegreenwebfoundation.org/what-we-accept-as-evidence-of-green-power/
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"B@NRK #K>>G AHLMBG@

/S BOIlI LKIV MBO@BKQ LC QEB JB>PROBA TB?PFQBP OBIV LK DOBBK ELPQFKD 4EFP EFDE
ILQ @LRIA >KA PELRIA ?B ALKB LK ?LQE PFABP TB?PFQBP LMQFKD CLO DOBBK ELPQFKD >P
@LIM>KFBP >FJFKD CLO JLOB PRPQ>FK>?FIFQV

*HM> MA>L> W RKKS@B =HF:BGL>:KL>= HG MA> BG?HKF:MBHG MA:M Bi==BMMER RBMA
0A> #K>G 3>; "HNG=:MBHG HK IE:<>= BG MA> IN;EB< =HBMBBLHEARKD ,%¢KIHGL>L ?HK MA>BK
EHHDNI L>KOB<MA>BRBIE:BG>K |:@2HK FA: LBM> FB@AM LAHP NI :&X@& RK-GHN MABGD BM
LAHNE=

Reducing the environmental impact of websites

"BPQ M@QF@BP @>KKLQ TLOH TFQELRQ JB>PROBJBEF>>KA SE@B TBEB> ?BQQBO
OBMOBPBKQ>QFLK LSFIEEKBBKQ>| FIM>@QP LC TB?PFQBP 1BQ_P PBB ELT QL JFQFD>QB Q!

Avoiding waste

/KB LC QEB JLPQSPLRP ¥ QL OBAR@B QEB FIM>@Q LC TBEFABMA BESQ FP
RKKB@BPP>0V

b 2BAR@B @LKQBKQ >KA @LAB T>PQB !'DOB2RFRREBP >KA >MSBPREKKB@BPP>0V

AMMILPPP MA>@IGP>;?HNG=:MBHG HK@ LNRHMIPR P>LBM> LAHP NI :@RG MA>X@P>; <A><K
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https://almanac.httparchive.org/static/images/2022/sustainability/green-hosting-percentages.png
https://almanac.httparchive.org/static/images/2022/sustainability/green-hosting-percentages.png
https://www.thegreenwebfoundation.org/support/why-does-my-website-show-up-as-grey-in-the-green-web-checker/
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@LKQBKQ >KA CB>QROBPLFEBEBEQ >PHP TEBQEBO TB KBBA QEFP M>DB LO QE>Q
CB>QROB #IF@E[ PQL@H FJ>DBP >AA KLQEFKD QIARIAQ WEEBES 388D
FJ>DBP FP LKB LC QEB 7BPQI®BAR@B M>DB TBFDEQ 5KRPBA @LAB PELRIA DL QLL

b 2BAR@B MOL@BPPFKD "W@BCEE83@OFMQ E>P > JR@E ?FDDBO FIM>@Q QE>K (4-,
#33 FJ>DBP LOWB ?B@>RPB FQ @>RPBP BKBADMBK@BRPFED QL L@@RO LK QEB
RPBO_PSARBOY >KA @ELLPB QEB IB>PQ BKBODV FKQBKPB FIMIBYBIE?>QFLK ->K
M>DBP ALQIBK KBBA $>3@O0OFMQ VPX@ELLPB QEB IFDEQBPQ @LAFKD LMQFLK

b #ELLPB QEB IFDEQBPQ @LJIRKF@>QRBIQMRFLKO QEB JLPEFEH KIBKQ>IIV
COFBKAIWTSL @LJJRKF@>GBABL FR'T>0 QEB JLPQ BKBODV FKQBKPB >KA
RKPRPQ>FK>?IB P PR@E FQ PELRIA ?B RPBA LKI\-R@BESRT>ON QEB KBBAP LC
RPBOP )K QEBPB @>PBP SFABL PELRIGBB FRGBO@FBKQIV >P MLPPF?IB

b $BPFDK CLO ILKD IFCB $BPFDK PL QE>Q QELPB RPFKD LIABO J>@ERNBED>KA LIABO LM
PVPQBJP @>K PQFLRPBB?PFQB >MM $BPFDK RIRFERIQMLOQ MBLMIB FK
ELIAFKD LKQL QEESEEEP >P ILKD >P MLPBEPIBAEDFQ>I MBOPB BEEES
KLQEFKD ?BQOB@VRIA AL CLO QERRKJIBKQ

Loading unused assets

9LR PELRIA LKIV IL>A >PPBQP QE>Q >0OB KBBABOER MFPRI>KA JLOB M>OQF@RI>OIV QEB
MLOQFLK LC QEB M>DB QE>Q FP SFPF?IB 4EFP @LRIA ?B ALKB QEOLRDE I>WV IL>AFKD @OFQF(
M>QQBOKP PRGHEHRM HG %GIBHEAY%FIHKM HG 2BLBSEBMRA >IPL B IL>AFKD

FJ>DBP >Q QEB OFDEQ PFWB CLOSFRBEEIFBKQLARIV CL@RP EBGBQRAWBA CLKQP >KA

RKRPBA @LAB

Fonts

8.0 PRPQ>FK>?FIFEN OB@LJIBKABORE@H QL PVPQBJ QCKRMB>IIV KBBA QL RPB PLIB
@RPQLJ CLKQP QEBOB >0OB PLJB QEFKDP QIS@AKPREED-AEKD > CLKQ PLIBQFJBP
FISLISBP IL>AFKD ILQP LG-@BBOP >KA PVJ?LIP (FEFEDEQ KLQ KBBO B>IMIB KLQ >II
TB?PFQBP KBBA #VOFIIF@@OR?RQ PLIB CLKQP PQFII FK@IRRIF QEBERENFERP V
@>K RPB QLLIP PR@E>P-FCLKARBA. OBAR@B QEB PRVRBLCLKQ dIBR FELRIA >FJ CLO
> 7/&& CLOJ>Q >KARPFKD S>OF>?IB CIKRRBLRIA >IPL RRZPBQEO RPB > QLLI PR@E >P
PR?CLKGIEB 'LLDIB & KQP !0) LCCBOP PLJBR®IBMQFLKP CLO >IIZBES®AFKD 'LLDIB

AMMILPPP @HH@E> <HF NKE J MENMIGHK @: LHNK> =H<L NLM NL@ +02P 'O F44F!>) H# >=Q J
AMMILPPP LF:LABG@F.@:SBG> <HF NLBG@ LRLM>F NB 2@MIEI@NB=>

AMMILP:D:F:B?HG=N> <HF

AMMIIMA> LNLM:BG:;ExK==0<> MA> P>B@ANMNKMRIH@R PBMAKB:;E> ?HGML

AMMIL>CKRMABG@?HGML <HF LN;L>MM>K

AMMIL@BMAN; <HF )NGM>K LN;?HGM

AMMILP>; =>0!IB ?HK ?:LM ;>:NMB?NE P>; ?HGML
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https://www.google.com/url?q=https://text.npr.org/&sa=D&source=docs&ust=1662467318246688&usg=AOvVaw2K1v83mXXmEePMRoG6edxq
https://www.google.com/url?q=https://text.npr.org/&sa=D&source=docs&ust=1662467318246688&usg=AOvVaw2K1v83mXXmEePMRoG6edxq
https://www.patterns.dev/posts/import-on-interaction/
https://www.patterns.dev/posts/import-on-visibility/
https://www.smashingmagazine.com/2015/11/using-system-ui-fonts-practical-guide/
https://wakamaifondue.com/
https://the-sustainable.dev/reduce-the-weight-of-your-typography-with-variable-fonts/
https://everythingfonts.com/subsetter
https://github.com/Munter/subfont
https://web.dev/api-for-fast-beautiful-web-fonts/
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& KQRALR PELRIA PQBBM '$02 FK JFKA

&.0 JLOB LK QEFP QLMF@ &PRBREEMQE® @>K >IPL dKA PLIB AL@RJIBKQ>QFLK LK
TB? ABS

Unused CSS

5KRPBA #33 FP BPMB@F>IIV CLRKA TEBK RPFBTLESICQLQPEMD>KA LQEBOP 7EBK

ALFKD PLLR PELRIABBM FK JFKA QL GBJRKRPBA #33 AROERID\PRFIA MEHEB®LIB $BS

4ALLIP LCCBO SBBDB QLLI QL @EB@H LKBEFOBCRI LK VSKB?PFQBP >I1 #33 >KA
*>S>3@OFMQ >OB IL>ABA LK QEB dOPQ SFPFQ FK LOABO QL @>@EB QEBMILEEROQEBO S
LC QEB TB?PFQB 4EFP FP KLQ KB@BPP>OFIV > ?>A QEFKD ?RQ RKRPBABE@MPFROENS LC Q
VLR PELRIABBM FK JFKA BPMB@F>IIV ?B@>RPB FQ JFDEQ PILT ALTK CROQEBO @LAB MOL@

"B@NK  1GNL>= //;RM>L

4EB DLLAKBTP FP QEB MBO@BKQFIB TB?PFQBP IL>A KL RKKB@BPP>0V #33 GRRBEP QRK>C
PQB>AFIV LK QEMEDOB>@EFKD JLOB QE>K H"LK QEB QE MBO@BKQFIB 7EBQEBO QEFP
B>0IV @>@EFKD OB>PLKP LO LQEBOTFPB QEFFBRE&RIA RP @HBE@HFIHQVC #33 FP >

?FD AB>|

AMMILPBL BH NKM>BE> NKM>BE EAF H
AMMILP>; =>0K>=N<> P>;?HGM LBS>
AMMIL=>GEHI>AKF> <HF =H<L =>OMHHEBK@HO
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https://rewis.io/urteile/urteil/lhm-20-01-2022-3-o-1749320/
https://web.dev/reduce-webfont-size/
https://developer.chrome.com/docs/devtools/coverage
https://developer.chrome.com/docs/devtools/coverage
https://almanac.httparchive.org/static/images/2022/sustainability/unused-css-bytes.png
https://almanac.httparchive.org/static/images/2022/sustainability/unused-css-bytes.png
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Unused JavaScript

4EB >JLRKQ LC RKRPE»3@OFMQ @>K DOLT NRF@HIV TEBK >AAFKD ABMBKABK@FBP LO RPFKD
IF?80FBP PR@E >P GARB@NBGDB QLLI COLJ #EOLIBSSBLIP FP > DLLA T5QL @EB@H LK

QEFP IP CLO #33 QEFP FP PLJBQFJBP MSBOVQt BR@EB/MEFKD KBBABA CLO CROQEBO
?0LTPFKD 4EFP PELRIA ?B ?>I>K@BR C>@Q QE>Q RISRBEXEMQ QBKAP QL OBPRIQ FK ILKDBO
MOL@BPPFKD 7EBK MLPPF?IB RUEHBILSIQBOKBRAFQE LKIV QEB CRK@QFLK>IERV QE>Q V
KBBA FKPQB>A LC IL>AFKD QEB TEIUBERMFND FQ TFII NKBIEB RPBCRI /K@B RMLK >

QFJB GIRBOV T>P QEB >Il FK LKB PLIRQR KIFESDIK >|ILPEBBY TB?PFPE.C QLAS>

ILQ LC QEFKDP @>K ?B E>KAIBA TFQESHZ@OKMEB@H RO0- ABMBKABK@FBP >KA ELT

QEB J>HB \LRO ?RKAIB ?FDDBO

"B@KRK  1GNL>= &BKBIM ;RM>L

/KB >D>FK QEB QE MBO@BKQFIB ILLHP DOB>Q TFQBEXi@RBRRBAESBQEFP DBEEKB
TLOPB QE>K #33 CLO QEB RMMBO MBO@BKQFIBP OB>@EFKD JLOB QE>K H"LK QEB QE MBOG
4EFP FP >IOB>AV JLOB QE>K QEB FAB>| QLQ>| VRFEIRFDER) CLO

Sustainable UX

3RPQ>FK>?IB @ELF@BP >KA LMQFIJFW>QFLKP @>K ?B J>AB CLO > TBBRIMJBRBCLOB QEB AB

AMMIL=>CEHI>XAKF> <HF =H<L =>OMHHEBK@HO
AMMIFB<KCL <HF
AMMILRHNFB@AMGHMG>><BBN>KR
AMMILNG=E>IAH;B: <HF
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https://developer.chrome.com/docs/devtools/coverage
http://microjs.com/
https://youmightnotneedjquery.com/
https://youmightnotneedjquery.com/
https://bundlephobia.com/
https://bundlephobia.com/
https://almanac.httparchive.org/static/images/2022/sustainability/unused-javascript-bytes.png
https://almanac.httparchive.org/static/images/2022/sustainability/unused-javascript-bytes.png
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MOL@BPP AROFKD QEB B>0IV PQ>DBP LC ABPFDK >KA MOLQLQVMFKD )Q FP MLPPF?IB QL ,
BUMBOFBK@BP QE>Q MOFLOFQFWB BCAd@FBKQ @LKQBRBKCTHE B ERVEBIIFHIFKD B
BUMBOFBK@BP QE>Q BKD>DB RFABUIPCOB@FSKQP FK PRPQ>EIQREIBRVHBEOL

PLJB ?BIFBCP >II LC QEFP @>K ?B >@@LJIMIFPEBATERB PRFRQBORI MI>KBQ @BKQOF@ TE
BUMBOFBK@BP

7EFIB BJFPPFLKP >PPL@F>QBA TFQE PMB@FOEBREEDE-PHP >0B AFCd@RIBLOB NR>KQFCV
PQRAFBRSEBPQFJ>QBA QE>Q @LKPEEEEB RPB @LIMOFPBP >P JR@EMPLAR@Q P

LSBGII AFDFQ>I CLLOQMEEBEBCLOB FQ PQ>KAP QL OB>PLK QE>Q LMQFJFWFKD 58 CLO PRPC
@>K PFDKFd@>KQIV OBAR@B > SBOAR@RCP>BKIM>@Q

Designing for stakeholders

4EB JLPQ PRPQ>FK>?IB MOLAR@QP >OB QELPB QE>Q OBQ>FK > @|BE).MB@®ROB LC TEL P
FK@IRAFKD QEB KLK ERJ>K LKBP )K ALFKBPPMOUBAR@QP QB>P. QB ERJ>K @BKQBOBA
>KAMI>KBQ @BKQBSBINOL>@E AROFKD QEB ABPFDK MOL@BPP

%KD>DFKD FK PQOB>JIFERF@BP PRRQEBERIABO J>MMFKP EBIMCRI FK FABKQFCVFKD >K
B@LPVPQBJ LCBELAMBOP >KA QEBFO KBBAP QL PBQ > M>QEQKD OK FIGARGPFS
BUMBOFBK@BIBOMES FELISBA 4R_II 7B >?IB QL RPB QEFP OBPB>0O@E QL J>M LRQ LMMLOQF
CLO ABPFDKFKD > MOLAR @53 KEP @ KFBEBKABA @LKPBNRBK@BP COLJ FDKLOFKD QEB KBE
PQBELIABOPEKBA ERJ>K >KA KLK ERJ>K 4EFP @>K BE @8H CROQEBUEBODFKD
FKQBOPB@QFKD QLR@EMLFKQP QL ?RFIA MISKBELE BKIBFEPRKRPP JLAEE>Q

>IFDKP TFQE RPBOP_ DL>IP

Optimizing user journeys

#0O-CQFKD-@BDF@ RPBO BPRIEKE) MOFLOFQFWB EBIMFKSBRFERFOIREFEK QEB IB>PQ
>JLRKQ LC PQBMP FP LKB JBQELA CLO @OB>QFKD > @>0O MRIINEN@ B @BIRFQB 4EB

IBPP QFJB > RPBO PMEMAPRFKR® MOLAR@EBR@LIFKD L?PQ>@IBP >KA @LIMIBQFKD QEBI
Q>PHP]QEB IBPP BKBOQY >KA OBPLRO@BP >OB RPBA AROFKD-QEERB SFRF FIDPL
LCQBK FK@IRAB ?BFKD JFKACRI FK QEB RPB LC FJ>DBP SFABLP >KA SFARRPETPBQP QL EE
BKD>DBJBKQ >KA AFOB@QFLK

4EFP >IPLIEKSBP > 'IBPP FP JAOBIMOL>@BKD>DFKD FK T>PQBIBPP AEREBORP QE>Q LKIV
PELT @LKQBKQ QE>Q FP KB@BPP>0V QLBKRIEB >R/ BRVE>PFWFKD >PPBQ @ELF@BP QE>
ABIFBO QEB P>JB S>IRB 4EBPB >0B >Il QEFKDP QE>Q >FA QEB RPBO\FK EEBQQFRDBIESQ QE!

AMMILPPP FB@AMR;RM>L <HF ;EH@RAB@BM:E >FBLLBHGHRHF> 7K
AMMILE:G>M<>GMKB<=>LB@G <HF

AMMILPPP FB@AMR;RM>L <HF ;ERHEHEWHK F:IIBG@

AMMILPPP FB@AMR;RM>L <HF ;EH@ AHP MH =>LB@G :G BFI:<M ;NLBG>LL FH=>E
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https://www.mightybytes.com/blog/where-do-digital-emissions-come-from/
https://www.mightybytes.com/blog/where-do-digital-emissions-come-from/
https://planetcentricdesign.com/
https://www.mightybytes.com/blog/stakeholder-mapping/
https://www.mightybytes.com/blog/how-to-design-an-impact-business-model/
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>SLFAFKD QEB >I0B>AV PRUDBKOFLK B@LKLK LRO AF-@BP CLO B>@E M*>BBRPEB
#LKQFKRB QL QBPQ >KA D>QEBO RPBO CBBA?>@H QEOLRDE MOLQLQVMFKD >KA LQEBO JBQEL/
MLQBKQF>| M>FK MLFKQP QE:R RMPRUIBYQFKD QEB JLPQUWETHBKED BLRIGDRPBOP

Empowering sustainable behavior

4EBOB E>P ?BBK > OFPFKD MLMRI>OF Q¥YFRKEK@REMI@B >0@EFQB@QROB FKQL MOLAR@Q CB:
QL KRADB RPBOP FKQL J>HFKD PRPQ>FK>?IB @E)F@EFSBOLIQEE Q> QLR@EMLFKQ LC QE>Q
MOLAR@Q %U>JMIBP LG @EFREMIOB >KTEBOB COLJ IMBAFKD RPBOP JLOB PRPQ>FK>?IB
M>@H>DFKD LMQFLKP bREEB@KD QEB JLPQ @>07?LK COFBKAIV MOLAR@EBKIQFLKP >KA B
?RFIAFKD OBT>0A PVPQBJP LO A>PE?L>0OAP QE>Q SFPR>IFWB >KA FK@BKQFSFWB QEBPB @ELF

IFAFKD FK QEFP AB@FPFLK J>HFKD >KA LCCBOFKD QEBPB QVMBP LC @ELF@B @>K KLQ LKIV EB
FKQB@Q TFQR® TB?PFQB FK JLOB PRPQ>FKB?PRT>>IPL EBIM GB.J>OOFBOP LC BKQOV QE>Q
EBIM LMQFJFWB RPBEEFRERB® -LOB OB@BKIQRI>O LMQFLKP @>K FK@IRAB >@ @BPPF?FIFQV
CB>QROBP I>KDR>DB @ESF@BRMBFIFW>QFLKSBO GIEBIBI>0 A>OH JLAB QE>Q RQFIFWBP

ILT BKBODV @LILOP TEFIB MOLJLQFKD MC{RMBO @LKQO

4EBPB QVMBP LC LMQFLKP EBIM JFKFJFWB MLQBKQF>I M>FK MLFKQP LC RPBOP TEFIB BK>?IFKD
BUMBOFBK@B QEBROJEIB BKBOBY MGBKQP CORBEIK FK > REBEMLTBO LC @ELF@B @>K

DOLT ABBMBO FKQL MLMRI>O LMQ LRQ CB>QROBP PR@E >P QEB BK>?IFKD >KA COBNRBK@V LC
KLQFd@>QFLKP]>!l @ELF@BBRIETVEREDBPLRO@BP TEBK RQFIFWBA QERP >IILTFKD RPBOP QL
@RPQLIFWB ?LQE QEERIFBK@B >KA FIM>@Q MBO SFPFQ

Designing for circularity and end-of-Life

IK>IVWFKD >KA RKABOPQ>KAFKD QEB BR(EFAB3REBEY> MOLAR@Q LEBPBOSF@B OB
LMMLOQRKFQFBP QL OBAR@B T>P@B BISKGIMIBKQ>| FIM:SBQ QFJB $BAKFKD >KA
QS@HFKD @B>*PRS?IB PR@@BPP FKAF@>QLOP @>K EBIM DRFAB QEFP MOL@BPP

b Circularity: $BPFDKFKD JLARB%PFIV OBMI>@B>?IB LO RMA>Q>?IB @LIMLKBKQP >KA
CL@RPFKD LK @LKQFKRLERBEQ@>K EBIRUBAR@B QB@EKF@>KAB?Q
MOLILKD QEB IFCB LC > AFDFQ>l MOLAR@Q LO PESBSF@FBBIERR SBPAMRS BP
OBPLRO@B RPB

b End-of-Life: #0B>QFKD > @IB>0 OBQFOBJBKIRGIARDEQ MOLAR@Q LO PBOSF@B TFII
OBAR@B QEB BKBODV OBNRFOBA QL FRILRBAQ@BRAMERKRPBA A>Q> 0IRP DLLA
A>Q> AFPMLP>@@F@BP >IPL >IFDK TFQE BJBODFKD AR ORSFSEBMB@Q
RPBOP_OFDEQ QL ?B GLODLQQBK

AMMIL><HGIOB>PKDE>R=N :RBG@ :MM>GMBHG MA> :MM>GMBHG ><HGHF
AMMILPPP FB@AMR;RM>L <HF ;EH@ M><AGB<:E =>;M :@BE> :G= LNLM:BG:;BEBMR
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https://econreview.berkeley.edu/paying-attention-the-attention-economy/
https://www.mightybytes.com/blog/technical-debt-agile-and-sustainability/
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Optimizing your content

,BQ_P\PYR ESB LMQFJFWBR®TB?PFQB J>HFKD PROB RKKBBABA @LKQBKQ >KA CRK@QFL
TBOB OBMBA 4EFP T>P QEB JLABRK M>0Q >KA RPR>IIV QEB QLRBE#OQ TALLH FKQL
QEB BCd@FBK@V M>0Q J>HEMDWRFBER ¥BM FP >P PRPQ>FK>?IB >P MLPPF?IB

)K QEFP PB@QFLK TB TFII ILLH FKQL FJ>DBP SFABLP >KA >KFJ>QFLKP -LOB FXGL>LK QEBPE
@E>MQBO

Image optimization

)J>DBP OBMOBPBKQ > ERDB M>0Q LC OBNRBPQP >BQVPPBBEEDEX B @>K AL QL JFQFD>Q
QEFPJFK >AAFQFLELEARKD PQL@H FJ>DBP QE+@ ROBHBRQFLK>I FKCLOJ>QFLK P >IOB>AV
JBKQFLKBALR PELRIA 58 >/0B>AV OEBA RKKB@BPP>0V FJ>DBP

& .0 > @ILPBO ILLH LK QEBEYEBKBHQRK @>KUBIB@Q COLJ MLPPF?IB QB@EKF@>| LMQFJFW>
QEBOBHHMLPQ LK QEB (440 |O@EFSQ @LIM>0OBP QEEKI@BR/ @>K JLOB >KA JLOB B>PFIV
OBIV LK K>BF&, >KA PLIBQFJIBP #33 CLO QEER RELRIA FIMIBIBKQ >II LC QEBJ

Format (WebP/AVIF)

7 B?0FP >I0OB>AV TFABIV PRMMERQBAB LC QEB ?BPQ CLOB-@BK/JKA CLR(YYFJI>DBP
YQP @LIMOBPPFLK FP FBABPEBBRIQP FK IBPP A>Q>RBERDQBA >KA MOL@BPPBA )K
>AAFQFLK QL QEFPVIRYBKBPRMMLE)Q PELRIA ?BBK ?BQQBO ?RQ FQ JFDEQ ?B TFPB QL T>F
RKQFI FQ E>P OB>@HB0 >ALMQFLK COLJ ?0OL TS QEBK GRFEPRERN RPB QEB

7 B?0 CLOJ>Q CLAY FJ>DBR.RO F@LKP PELRIAINBGRIFWBA 36-KA VR @LRISBK

FK@IRAB QEBJ AFOB@QIV FK QEBI(FA SRAFQFLK>I OBNRBPQP

AMMIL=BL<NLL AMMBOHK@ M LM:M> H? MA> P>; MHI BF:@> HIMBNBEIBBHG LMK
AMMIL<:GBNL> <HF P>

AMMIL<:GBNL> <HF :0B?

AMMIIC:D:K<AB;:E= @BMAN; BH LO@HF@
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"B@NK %F:@> ?HKF:ML BG NL>

IPLC QLABLKIV LC QEB TB?PFQBP RBBITEF@E FP >I0B>AV ?BQQERNBESK?RQ C>0
COLJ FAB>| 4EFP @LRIA ?B > ERDB LMMLOQRKFQV >KA ESB®DBRRIER) QEF1>DER: !

FP 88K CROQEBO ?BEFKA LKIV RBOEQRQ. TB @>K ELMB QEFP dDROB TFIl OFPB FK QEB @LJFKD
\B>OP

Responsiveness, size, and quality

IP > DOLTFKD MOLMLOQFLK LC RPBOP ?0LTPB QEB TBBEQ@SBFOALRBIABI>0QMELKBP ?RQ
>IPL D>JB @LKPLIBP PJ>0Q T>Q@EBP Q>ABWEIFE>R) QL ABIFEJ>DBP LC QEB OFDEQ
PFWB]>KA TBFDEQ]CLO B>@E LC QEBJ !CQBO >l QEFP FP LKB LC QEB J>GLEARRFE@P LC OBPM
>KA ABBILMBOPSB-ILQP LC QLLIP QL >RQLJ>QB QEFP

IIPL OBJBJ?BO QE>LRLCQBK AIGKKBBA > NR>IFQV LC JLOB QE>K PFK@B QEBHRISK B
ABQB@Q > AFCCBOBR@BRRPL2BAR@FKD NR>IFQV QL TFIl EBIM OBAR@B QEB PFWB LC FJ>DBP

AMMILEF:G:< AMMKRABOHK@ >G  F>=B: ?HKF:M :=HIMBHG
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"B@NRK >LIHGLBGBF:@> MRI>L

IOLRKA LC QEB TB?PFQBP RPIsrcset  >QQOF?RQB TEF@E FP S\DUBSKIEDD
OBPMLKBRS>DBP 4f <picture>  BIBJBKQ TLOHP DOB>Q QLL >KA FP >lOB>AV CLRKA LK LC
TB?PFQBP "BFKD LMQFJFPQF@ TB @LRIA CL@RP LK QEB BH@%DBEQBBRPFKKRES
DOLRKA B>@B0BBK FC FQ_P KLQ RPBA LK > J>GLOFQV LC TEBREBBRI(KBERSBPFDK

E>P ?BBK >OLRKA CLO NRFQB PLJB QFJB >KA QEFP PELRIA ?B JLOB TFABIV PMOB>A

Lazy-loading

IK B>PV T QL DBQ > C>PQBO dOPQ IL>A FP QL IL>A FJ>BBP MOVNOBPRESR/KBBA
TEBK R KBBA FQ 4EFP FP ALKB QBOURDBFKRAILPQ ?0LTPBOP KLT PRMMLOQ QEFP
K>QESV .LQ >l RPBOP TFIl PABOIM>DB FK FQP BKQRMBEFELRLARFA IL>AFKD FJ>DBP

QE>Q JFDEGB®?B PBBK @EB @ROOBKIFRHBOE QEFP FP > NRF@H TFK CLO PRPQ>FK>?FIF
VLRO RPBOP

AMMIL<:GBNL> <HF EH:=BG@ E:SR :MMK
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"B@NRK *MBOE:SR EH:=BG@ NL:@>

/K QEFP BRIE TB PBB QE>Q B+ IL>AFKD E>P ?BBK JLOB >KA JLOB TFABIV >ALMQBA PFK@B FQ
FIMIBJBKQ>QFLK !OLRKA LKB LRO LC CLRO TB?PFQBP RPB FQ 3LJB JFDSSBEIFHANE RPFKD *>
IF?80FBP QL FIMIBJBKQ QESPLIBEKA AL KLQ >MMB>0 LKERTEQ@EFKD QB KMDES

IL>AFKD @LRIA ?B > DOB>Q LMMLOQRKFQV CLO QEBJ QL PIFDEQIV GBAREBBEBNRBPQP >KA >
*>3>3@O0OFMQ MOL@BPPFKD

I NRF@H KLQB LKIBEA>WV IL>AFKD @LRIA >IPL 7BIX>QREFBA GUBECIQELRDE CLO
PRPQ>FK>?FIFQV OB:R IR RIA @LKPFSEAFKDFEBP >IQLDBQERPQ LC QEB QFJB

C>@>ABP QEB DLLA M>QQBOR CEBQEBOR/T>KQ CLO:BMIB QL FK@IRAB BJ?BAABA

SFABLP LO FK@BBFS>MP $FOB@QIV FK@UREEE-B @LKQBHROKMWADB E>P > 2>A E>?FQ LC
FK@OB>PFKD QEB TBFDEQ >KA OBNRBPQP LC QEB M>DB >KA LCQBK @>RPBP >@@BPPF?FIFQV

Video

6FABLP >OB PLJB LC QEB JLPQ FIM>@QCRI UBPERE@RM@IRAB LK > TB?PFQB -LOB FKCL LK
QEBPB FK (%> @E>MQAFKQBEIB QEFOA M>0QV SFRBEPRIA REB@>ABPK QLM LC
QEFALR PELRIRBQ QEBJ RM TFPBID FKPQ>K@FAMOBIL>AFKD >KA >ROLRIGLRIA

>IPL IB>CELT QL NRF@HIV OBAR@B QEBRRFSBABL W

AMMILP>; =>OMABKKMR ?:<:=>L

AMMIIMA>LABPMIK<M HK@ >G :KMB<E> NGLNLM:BG:;E> NL> HGEBG> OB=>H
AMMILP>; =>OMABKKMR ?:<:=>L

AMMILPPP LF:LABG@F:@:SBG> <HF HIMBFBSBG@ OB=>H LBS> JN:EBMR
AMMIIMA>LABPMIK<M HK@ >G @MNB=>¢B@AM OB=>H FBGNM>L
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Preload

IRQLI>QF@>11V MOBIL>AFKD BEABAFL dIBPSFEBP OBQERHD A>Q> QE>Q JFDEQ KLQ ?B RPBC
CLO >Il RPBOP /K > M>DB FK@IRAFKD PR@E @EKDBEKE SRRELOP FQ @>K NRF@HIV >AA RI
P PR@E MOBIL>AFKD PELBIAABA >KA LKIV ALKB LK RPBO@REBO

"B@NKRK 2B=>H HEH:= NL.@>

, LLHFKD >Q QEAREOKB PELRBB# FK JFKA QE>(preload >QQOF?RQB LKIV E>P MLPPF?IB
S>IRBFnone auto >KAmetadata ABC>RIQ 5PFKL preload >QQOF?RQB TFQE KL S>IRB LO
TFQE >K BOOLKBLRP S>IRB JFDEQ ?B QEB P>JB : metadata @BHRB )Q PQBLISEP

IL>AFKD >P JR@E >P LC QEB SFABL QL DBQ QEBPB JBQ>A>Q> >KA @>K QERP ?B NRFQB FJ
none FP PQFII QEB ?BPQLTBL CLO PRPQ>FKREBEZR ¥ SB QL BBM FK JFKA QE>Q QEFP FP LKIV
> EFKQ CLO QEB ?0)REHEB BKA QEB ?0OLTPBO E>P FQALLCTESKAIFKD QEB MOBIL>AFKD LC QE
SFABL >KA FQ JFDEQ KLQ dQ TFQE HE&GQR/IFKA

& 0 JLOB LK QERER FELRIA @ER@BI>OQF@I|B CGBIRRBABOP >KA>KLQEBO LKB
COLJTB? AB %8BK FOR @>K @LKdDR@B\OLTPBO LOA@B QEPA>Q> SFABL
MOBIL>A FP PLIBQEFKD QE>Q ?OLTPBOP PELRIA E>KAIB JLOBABRPRIOK>?IB ?

AMMILPPP LM3QHN=>KL <HF ;EH@ AMFE OB=>HHEH:=
AMMILP>; =>0?:LM IE:R;:<D PBMABH:=
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Autoplay

-LPQ LC QEB @LKPRFBEP TB J>AB LK MOBIL>A >IPL >MMIV TFQE)KRAARGFLK QL QEB C>@Q
QE>Q FRFBP IL>AFKD A>Q> >KA NFRRI®LKQBKQ QL RPBOP TEL JFDEQ KLQ ?B FKQBOBPQBA FQ
@>RPB >@@BPPF?FIFQMAPERERPEOP RKPLIF@EBRR MF@QROBP >KA LO PLRKA JFDEQ ?B
2LQEBOPLJB >KA EFKABO QEBFO ?OMETHEKE B

IIPL QEFP >QQOF?RGIB@CRAERE preload  PBQQFKD PFK@B ¥RRRIDBNRFOBP IL>AFKD
L?SFLRPIV

"B@NK 2B=>H :NMHIE:R NL:@>

-LOB QE>K E>IC LC QEB TB?PFQBRRBRQUNIEF@E FP DOB>Q "RQ QEFP FP > "LLIB>K >QQOF?RQ
PL ESFKD FEBR TFQE >K BIMQV S:BBOLKD S>IRBOFDDBOP >RQILIAI>I QEB OB>PLKP
JBKQFLKBA >88 QEFP PELRIAREABA CLO ?LQE PRPQ>FK>?FIFQV >KA >@ @BPPF?FIFQV

Animations

8.0 >@@BPPFIEISEXD >KA ?IFKHFKD M>OQP PELRABABRKIBPP RPESFPEIB @LKQOLI

LK QEBJ 2BD>OAFKD PRPQ>FKKPEIRIRLKP >OB @LPQIYBRER)L FK@OB>PB QEB ?>QQBOV
AFP@E>ODB PMBBA >KA #05 @LKPRIMQFLK]TEF@E JFDEQ FK QEB BKA OBAR®B QEB >RQLKLJ
PJ>OQMELKB AEHPL EKISB OBQSFRD >KA ORKKFKD PLJB @LAB TEF@EKIEKABBRKD

4EB FKC>JLRP @>PB LC @>OLRPBI FP AL@RJBKQBA LK QEBPB M>DBP
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b 7E VLR PELRIAK) RPB QEBJ

b 7E>Q @>K ?B ALKB FKPQB>A

)C YR JRPQ RPB >KFJ>QALRPELRIA >IPEFA)E  LO >Q IB>PQIBOR QEBJ QL LMQFIFWBA
SFABLP PFK@B >KFJ>QBA ')&P @>K DBG@DB>IIV EB>

Favicon and error pages

"V ABC>RIQ.RO ?0OLTPBO TFII ILLH CSP@O% RMLK >OOFSFKD LK > TB?PFQB )C FQ_P JFPPFKI
PBCBOP TFIl OBQROK > BOOLO >KA QEB (4-, CLOQEB M>DB LC P>FA TB?PFQB 3L PLJIBC
QL @LKPFABO

b $LK_Q CLODERDMSF@LK]>KA @>@EB FQ

b $LK_Q CLODBQ QL LMQFJFWB QERR®, L&NMDB QL J>BIFQ >P IFDEQ >P MLPPF?IB
LOBBK ?BQQREILKIDRARY PBBS QL J3BHPROB FQ LKIV PBKAP RIGEIEBO
QE>K QEB (4-, LCARO  M>DB

&.0 JLOB ABQ>FIP LK >Il QEBEFPBE)QF@IB COLJ ->QQ (L??7P

Optimizing external content

/KB LC QEB DOB>Q QEFKDP >?LRBIIBPBRQ FP QERY@>K B>PFIV OBIVQEEK>l @LKQBKQ
CSIBTLOHP >KA ISTIFBP ?RQ >IPL @LKQBKEBQGRPQ ?B@>RPB FQ FP B>PV QL FIMIBJBKQ
ALBPKQ J>B FQ RPBCRI VOBR® FIM>@QARBE@BBBOK>| BIBJBKQ QERQHQ QL >AA QOV

QL MLKABO TEBQEBO FQ FP OB>IV ®BBABBOP )C PL QEBK QOMIBLFKSBBOd@FBKQIV >P
MLPPF?IB IKA >IFBBM FK JFKA QE>Q B>@E MFB@B LC @LKQBKQ @LJIBP >Q > @LPQJOBNRBF
>AAFQFLK>l @LAB ?RQ >IPL PLIBQFJIBFFSRIRBP LO >Q IB>PQ FK@OB>PFKD QEB >QQ>@H P!

Third parties

4EFOA M>0OQV OBNRBPQP >@@LRKQ CLO  LC >Il OBNRBPQP TFQE LC SENDB-TB?PFQBP
IB>PQ LKB FABKQFd>?IB QEFOA M>0OQV OBPLRO@B 4EFP [BKKUE>BRIBFORRAKOCF@LAB FF
LCQBK RPBA QL BBIES.JMIECRK@QFLK>IFQV LK TB? M>DBP EPSIPLREFEH dU CLO
FK@IRAFKD @OLPP MI>QCLOJ @LKQBKQ LKQL > TB?PFQB

AMMILLAHNE=BNLHNK>E <HF

AMMILPPP LF:LABG@F:@:SBG> <HF =>LB@GBG@ ;>MMbKENQ

AMMILP>; =>0>?\<B>GM :GBF:M>= <HGM>GM

AMMILGHHLAN <HF ;EH@ R HN LAHNE= ;> M>LMBE@ R@>L P>; I>K?HKF:G<>
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https://shouldiuseacarousel.com/
https://www.smashingmagazine.com/2022/04/designing-better-carousel-ux/
https://web.dev/efficient-animated-content/
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91%

"B@NRK , >K>GM H? MABURXIN>LML HG FH;BE> |:@>LMAKSIKRIMF @G AHLMBG@

7FQE QEFOA M>0QV OBNRBPQP J>HFKD RM PR@E > [>0DB MLOQFLK LC OBNRBPQP LK QEB TB?
OB>PPROFKD QL PBB QE>Q QEB S>PQ J>GLOFQV LC QEBPB OBRRERQMSBBRELRDPRDS
MOSFABOP

"B@NK , >K>GML H2>@HABKMRKIN>LML

4EB @E>0QSPPELTP QEB MBO@BKQ>DB LC QEFOA M>0QBA0BNREFRQBEREEIS QFKD

MOSFABOP )Q_P FKQBOBPQFKD QL KLQB QE>Q QEB QOBKA EBOB FP LMMLPFQB QL DOBBK TB?F
JFDEQUMMB@Q QEFP QL ?B QEB @BPRAK@B QEB (& M 8§ OBNRBPQBA QEFOA M>0QFBP >OB >I|
'LLDIB BKQFQFBP CLKQP >K>IVQF@P >@ @LRKGRAQMPISPBPPL@F>QBA TFQE QEBPB
BKQFQFBP >0B >IJLPQ BKQFOBIV |ERQBALIFDREBK ELPQFKD

Making third-party requests more sustainable

IP TB E>SB PBBK JLPQ QEFOA M>0QV OBNRBPQP BISCXBEKDFERISEL PQFK CEROTB
QEBOB FP PQFII OLLJ CISBJSKIDIBPMB@F>IIV CLO EREBEERFQBP LI MOB FKQBOBPQBA FK
QEB PRPQ>FK>?FIFQV LC QEFOA M>0QV PRGEFEIZP RBEBAINKGEFOA M>0QFBP BBBBK

AMMILK>FRMABKMB>@& <HF
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>K LKIFKB QBPQFKD QLLI ARGR@DQE*Q @>K EBRDBQ PQ>OGBAVA> £:B?
MIGLI:K>G<RBM LAHNE= ;> GHM>= MA:M MABLMAH EE IRG><H? MA> <A:IM>K :NMAHKL

"BWVLKA ELPQFKD TB PELRIA >IPL ?B @LKPFABOFKD QEB FHHMP@EILCLO-QERIA M>0OQFBP
7EFIB MCGBFABOP LC QEFOA M>0QV PEDSE@BEDHB>PY QL FKEEDOEBFO @LKQBKQ LK
>KLQEBO TB?PFQB QE>QQAIBPKFQ FPWMQFIFWBA QL OBAR@B QEB >JLRKQ LC A>Q> 7B
QEKPCBOORBA 8>IMIB QEEFOAMQFEE>MQBO LC QEB  11>K>@ BB@RA QE>Q

#HH@E> ?HGNUAK FHLM IHINE: K MABR HG FH;BE> =>0B<>L ;>BG@ NL>= ;R
H? :EE P>,LBM>L OA> // MA>R@8=> BL GHM FBGB\>= 0A> =:M: LAHPL MA>
:0>K@> |:@> PAB<A A:L #HHEHM '<HNE= L:0 ?K HF FBGB?RBG@ BM

)K QEB @>PB LC CLKQP PBIC ELPQFKD >KA PR?PBQQFKD >OB QTL QB@EKFNRBP QE>Q TEI
EBIM OBAR@B QEFP T>P@BQIIBQ QEFOA M>0OQFBP @LJB FK QEB CLOJ LC P@OFMQP 4EBF
@LPQ TEBKKRTBOOFKD ABQ-QEB KBQTLOH ?RQ >IPL RQFIFWB MOL@BPPFKD MLTBO LK QI
RPBO_PSA@HE @ QEBPB TB @>K OBAR@B QEBVRILFAMK@QEBJ ‘GRPQ BK QFJB

AEFP M>QQBOK FP HKLFKIKR HG %GIBHEEF@E PBBP PQ>QF@ C>@>ABP RPBA FK MI>@B LC
FKQB@ @ ®LKQBKQ TEBK QEB M>DB dOPQ IL>AP 4EB @LKQBKQ QEBK DBQP OBNRBPQBA >
2BCLOB QEB RPBCG@QIBTFQE >K BIBJBKQ 4EFP @>K OBPRIQ FK |BRRPERDOBFRRRQE>IIV
>KA >IPL OBAR@BP QEB MOL@BPPFKD OBNRFOBA TEBK SFBTFKD QEB M>DB]BPMB@F>IIV F
KBSBO OBNRBPQBA

Implementing technical optimizations

7 B E:B GRPQ PBBK > ILQ >?LRQ QEB PRPQ>FK>?FIFQV LC QEB @L88}BRIQBCKB?PFQBP]|B
@LKQBKQ 4EFBIBRP TFQE >/l QEB LQEBO QB@EKF@>! LMQFJFW>QFLKP 4EBOB FP > ILQ Q!
QLL >KA JLPQ LC QEFP @LRIA >KA PELRIA ?B >RQLJ>QBA /K@B >D>FK QEFP JFDEQ FKQBOX
LQEBO @E>MQBOP CORPUEEKE@ ?RQ QEB FAB> FP QLRGCHDIE @E>MQBO >?LRQ
PRPQ>FK>?FIFQV >KA ELTEQIBRRFQBP JLOB PRPQ>FK>?IB

4EB TB? MBOCLOJ>K@BEDQREALKB > ILQ FK QEB dBIA LC QB@EKF@>| LMQFJFW>QFLKP PL
ILQ QL IB>OK COLJ QEBJ BBRIFK JFKA QE>Q PLJB LC QEBF@TBROBER@ IMB@BPP>OFIV

J>HB \LRO TB?PFQBP JLOB PRPQ>FK>?8BQLIBFKD QEFKDP IFDEQBO >KA PFIMIBO FP DOB>(
PRPQ>FK>?FIFQV .$ MBOCLOJ>K@B]KLQ QL JBKQFLK >@@BPPF?FIFQV

JavaScript

4EBOB FP > ILQ QL ?B P>FA SHF@OPMQ >KA ELT FQ EBIMBA QEB TB? DOLT >KA ELT FQ
PLIBQFJBP PILTP FQ ALBQ P PQF@H QL PLJB NRF@H TFKP B>PV QL FIMIBJBKQ >KA DOB>(
PRPQ>FK>?HIEQR T>KQ QL IB>OK JLOB >?LRQ >ILREERRIA @EB@H-QER@ ORE>MQBO
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https://www.patterns.dev/posts/import-on-interaction/
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Minification

-FKFCVFKI5:3@OFNII P OBJSFKD RKKB@BPP>CG\G@BSP CLO QEB ?0HAPRDNRO
dIBP IFDEQBO

"B@NK 1GFBGB\>= &€KBIM L:OBG@L

/K QEFP BRIE TB KLQF@B QE>Q JLPQ TB?PFQBP >I0B>AV AL > DOB>Q Gb3EDHMFEKAKD *>
QE>Q ?BKBdQP COLJ JFKFCVFKD >OB KLQ SECPFEY {ITB AL FQ PFK@B FQ_P B>PV QL FIMIBJBKQ
>KA >ITYP ?BKBI@F>

Including as little as possible directly in HTML

)KIFKFKD @LAB FP S&QW@BKBILOB CLO PRPQ>FK>SRAFKIVVRO (4-, EB> SFBO QL IL>A
>KA MOL@BPP FP KLQ PLIBREBKQ JKIFKFKE>8@OFMQ JFDEQ >BPEQPLIBQFJIBP JLOB
AFCA@RIQ QL LMQFJFWB >KA J>FKQ>FK
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"B@NK /<KBIM NL:@>

IIJLPQ LKB QEFOA LC TB?PFQBP BEKERBFMQ 4EFP FP >IPL PLIBGHEKDIVQ TFQE #-3

CSS

#33 @LRIA ?B > DOBSBOELO PRPQ>FKBRNEYF>IIVFETAKQ QL IFJFQ QEB KRJ?BO LC FJ>DBP
LK \LRO TB?PFQB LO @OB>QB PLJB >KFJ>QFLKP >P JBKQFLKBA B>OIF8 BCRERR@E>MQB
AL@RJIBKQ>QFLK LK ELT QL TOFQB BCAd@FBKQ #33]>KA PELRIA ABAKFQBIV ILLH CLO QEFP]?
PQF@H QL PQ>KA>0OA LMQFJFW>QFLKP QE>Q PELRI/SBB VIEEDBHEGREREQ QL IB>OK

JLOB >?LRQ >Il QEFP PBBREE>MQBO

Minification

P TFQE #33 JFKFCVFKB3®OFMDI P OBJSFKD RKKB@BPP>CNG@BEP CLO QEB ?OLTPBO
J>HFKDDMRO dIBP IFDEQBO
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"B@NK 1GFBGB\>= // L:OBG@L

5KJFKFdBA #33 FP >?PBKQ COLJ JLPQ LC QEB TB?PFQBP >KA QEB MLQBKQF>| D>FKP >MMB>0 OB
(LTB SBOFQ FP PQFII ?BKBd@F>I QL JFKFCV #33 >KA QEFP PELRIA ?B FIMIBJBKQBA LK >Il TB?PFQ

Including as little as possible directly in HTML

IP TFQE *$>3@O0FMQ FKIFKFKD #33 @LREQEIBKQ>I CLO QEB ERW/@4,dI% >KA CLO
QEB MBOCLOJ>K@ROCTB?PFQB 4EFP FP LCQBK CLRKA LK TB?PFQBP ?RFIQ TFQE #- >KA QELPB
OBIVFKD LK @BBQF@>| #33 JBQELA

AMMILP>; =>0>QNHM <KBMB<:E <LL
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"B@NRK IMRE> NL:@>

/K QEFP BRIE FQ >MMB>OP QE>Q > NR>OQBO LC TB?PFQBP PQID FRRBEEHIRKBHEQ\&
OB>PLKP QEFP PELREAFEBA

CDN

)JIMIBIBKQFKD > #$. @>K EBIMBXERO TB?PFQB JLOB PRPQ>FK>?IB )Q ERDMPHHEBRY >P
@ILPB QLRO RPBOP >P MLPPF?IB >KA PLIBQFJBP >RQLJ>QF@>IIV EBIMP LMQFJFWB QEBJ
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SEO and sustainability
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Popular frameworks, platforms, and CMSs
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Conclusion

4EFP FP QEB d@PQIF>K>@ @E>MQEEDR K PRPQ>FK>?FIFQV >KA NRFQB B:RY QLM@Y

TFQE >Il QEB AOLRDEQP EBPGKA LQEBO @IFISENGP BISBO QEB TLOIA 4EBOBIKFQBIV
PLIJBQEFKD TOLKD >KA FQ_P DBQQFKD E>0OABO >KA E>0ABO MLAEBTEEBIMBERGSDQ

FK QEFP >KA FQ_P > MOFLOEBUMIBEBIMEDPQ>KA BEPBKIBKQ> FIM>@@K HBQEB
>@@BPPF?IB A>Q> COLJ (440 BO@EFFS@E>MQBO FP > RKFNRB L@@>PFLK QL D>QEBO JBQOF@P
>PQBM ?>@H QL ILLH >Q QEB PQ>QB LC QEB TB? OBD>0AFKD PRPQ>FK>?FIFQV

“>PBA LK $>FI>?IB JBQOF@P TB PBB QE>Q PLIBTBR@ENG OB >I0B>AV ?BFKD >ALMQBA >KA
PILTIV PMOB>AFKD (888QEBOB FP PQFII > ILQ QL ?B ALKB 3LJB LC QEBPB >@QFLKP >0OB B>PV QL
FIMIBJBKQ ?RQ @LRIA PGBIOBSILY ?BKBA@F>1 !IPL ?LQE SERIF@BP >KA

JB>PROBP]MOBEB® LK OB>| 8B@BP]>0B BPPBKQF>I CLO @LKQFKRLRP PRPQ>FK>?FIFQV
FIMOSBJIBKQ

)Q_P RM GRA/KB QL D>FR-OBKBPP >?LRQ PRPQ>FK=FEBIVQEB ?BPSAIF@BP >KA
FIMIBJBKQ QEBJ )Q_P BPPBKQF>I QL PMOB>A QEB TLOA >?L RQ=DB)EFR@RRIRKBE B
TFQE >@@BPPFRIEFR@LK@BOKP >II LC RP SKEBBY¥OEFKD TB KBBA B QEB TB? JLOB
PRPQ>FK>?IB

-LPQ LC TE>Q TB 55 PBBK EBOB PELTP TESBIABBOP @>K AL QB TB2PFQBP JLOB
PRPQ>FK>?IB "RQ TB @>K >KA JRPQ DI BREEEEBIOOB>@E CLO PL?0OFBQV QEOLRDE ABPFDK
00LGB@Q J>K>DBOP KBBABFRPGHFFK>?FIFQV > MOFLOBRRIBQEHQ QEFP FP KLQ
PLIBQEFKD QE>Q @>WP-PB-E>KAIBA I>@BIM>KFBP KBBA QL QEFKH >?LRQ J>HFKD QEBFO
?RPFKBPP JLABIP JLOB PRPQ>FK>?IB

7FQE QEFP @E>MEBIOMB QL JBHLR JLOB $>0B >?LRQ TB? PRPQ>FK-ZBIFQR
RKABOPQ>KA ELT PRPQ>FK>?IB TB?PFQBPKOBERIR PLIB QLLIP >KA @IRBP QL E>KAIB
QEFP QLMF@ >KA PMOB>A QEB TLOA

Actions you can take

4EB PRPQ>FK>?FIFQV LC TB?PFQBP KBBKFFRQRB@@LRKQ P VGXEB®S FP PQFII > ILQ QL
7B ALKB )C KBBABR PELRIA PQ>0Q TFQE PLJB LC QEB OBPLRO@BP OB@BLQUEKABA >?7L
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Introduction

7 B PE>Il PELT QESBQ QEB [>PQ BB&R/ JL?FIB M>DB TBFDEQ E>P FK@OB>PBA  )K QEFP QF
TB_8 PBBK MBOCLOJ>K@B BKE>K@FKD QB@EKLILDFBP BJBODB QL ?RCCBO QEB FIM>@Q
MBOCLOJ>K@B JB>PROFKD JBQELAIBLREERPBM6FQ>IP BP@EBT M>DB TBFDEQ >P > C>@QL(

7EFIB QEB 'LLDIB AGFKS#LOB B? 6FQ>IP FKFGFPERSQP QEB MBO@BMQFLK LC MBOCLOJ>K@!
ELT NRF@HIV SBIQEB CLIA @LKQBKQ ?B@>RPB SFPF?IB >KA RP>?IB QEB HDOPKEBTLOH M
PQFIl @LOOBI>QBA QL ILKD IL>A QFJBP

->K V ?RFIAFKD TB?PF@BRJEB IRUROV LC EFDE PMBBA ABPHQLM @LKKB@QFLKP >KA ALK
BUMBOFBK@B QEB IFJFQBA >KNBEEBSLBFIB KBQTLOH >@@BPP

1@@LOAFKD Q)KQUEDK>QFLEIB@LIIRKF@>QFLK SIFILIR>| #LKKB@QFSFQV 2BMLOQ
LC DIL?>| ELRPBELIABEEEKQBOKBQ >@@BPP )K ILT FK@LJB @LRKQOEBP GH@BPFE>

AMMILPPP BMN BGM BNHIKMK LM:MBLMB<L @<K <AlIM>K
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@LIJM>OBA QL FKEFDE FK@LJB @LRKQOFBP M QBRFIKIORER MFKD @LRKQOFBP LKIV
'FP >S>FI>?1B ABPMFQB ' ?BFKD QEB JFKFJ>l @LKKB@QFLK CLO JB>KFKDCRI @LKKB@QFSFQV

)KJLOB QE>K E>IC LC QEB TLOIA_P ILT >KA JFAAIB FK@LJB @LRKQO¥BROBEPEABKQP M>
LC QEBBBGDB JLKQEIV FK@LJB CLO ™ LC JL?FIB ?0L>A?>KA A>Q>

0>DB TBFDEQ PQFII J>QQBOP 7ERQERBIBOFBK@FKD > TB>H KBQTLOH @LKKB@QFLK >Q >K
FKLMMLOQRKB JLIBKQBBHKESI>@E TEBOB >@@BPP QL QEB FKQBOKBOGER@E>0ODBA ?
JBD>WQB FKe>QBA M>DB TBFDEQ AB@ CBsfRBRF(FER/.C FKCLOJ>QFLK

What is page weight?

0>DB TBFDEQ OBCBOP QQBEBWB LC > TB? M>DB P FQ_P KL ILKDBO > TBDHRDB FP O
LKIV QEB (4-, LC QEB 52, SFBTBA FK > 20LTPBO_P >AADEPEBB-TB? M>DB >P SFBTBA >KA
OBKABOBA FK > ?0LTPBO RPBP PMB@Fd@ BIBJBKQP >KA >PPBQP

4EFP FP VY®M>DB TBFDEQ FP FE@IRFESPBQP RPBA QL @OB>QB QEB M>DB 4EBPB FK@IRAB

b 4EB@-, QE>Q JBP RM QEB M>DB FQPBIC

b )J>DBP >KA LQEBO JBAF> SFABL >RARI?PEB@®A FKQL QEB M>DB
b #>P@>AFKD 3QVIB 3BEBQRPBA CLO PQVIFKD QEB M>DB

b *>S>3@ORMMGEAB FKEBQFSFQV

b 4EFOAXOQUBPLRO@B @LKQ>FKFKD LKB LO JLOSBLC QEB >?L

%>@E OBPLRO@B >AAPVQBQEBJEB M>DB >P TBIl >P @LIMRQ>QFLK>ISDBBARB@EB FK
QEKPJFPPFLK MOL@BPPFKD >KA OBKABOFKD LC QEB M>DB BRI® ORRGRESFRK>|
LSBOEB>A FK QEB CLOJ LC #05 RP>DB >P B>@E JRPQ ?B ALTKIL>ABA M>OPBA @LJIMFIBA >KA
BLB@RQBA

IP M>DB TBFDEQ ?>IILLKP S>IF>KQ BCCLOQP >KARIBREK AFOEMLPBA QL JFQFD>QB QEB
FIM>@Q 3QFIl QEB J>@EFK>QFLKP LC M>DB TBRIESQPL@PEAN QL OBPLRO@B >IIL@>QFLK FP
FISFPF?IB QL JLPQ RPBOP

,BQ_P FKPMB@Q @ILPBO QEB QEOBB FIM>@QP LC M>DB TBFHIR) GRRIGBPEROGRR PQLO
OBKABOFKD

AMMIL=B@BM:E PHKE= BMN B MA> <t AHK <<>EM& =B @ BMIERHKF:MBHG
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Storage

51QFJ>QBN\EBOV OBPLRO@B QE>Q DLBRRL>J?B? M>DB KBBAP QL ?B PQLOBA PLIBDEBOB &
>TB?PFQB QE>Q LCQBK JB>KP JRIQFMIB MI>@BP >II LC TEF@E ?0FKD QEBEBSAK @LPQP:

3QLEDB LK QEB TB? FBDSBKAP QL 7B CEMQAS@LPQ TEBK LK AFPHDBQLKA OBIBDFS
P@>I>?IB )Q_P MBOE>MP > IFQUMBKEBSBQEB TB? BEJ® PBOSFKD COLJ JRHRPB
OBPLRO@BP JFDEQ >IPL ?B ARMIF@>QBA LK FKQBOJBAF>QB @>@EBP >KA #$.P

4E>Q_P GRPQ QEB PLRO@B RIQFJ>QBIV QEB OBPLRO@BP TFII KBBA QL ?B PQLOBA FK PLJE
PFAB QLL TEBOBBE.EP MLQBKQF>IIV JLOB IFJFQBA BPMB@F>|I8FREBRBLIBESKBD ERDB
?IL>QBA dIBP ¥5TBII dll QEB RPBO_P @>@EB MRPEFKD LRQ LQEBO RPBCRI OBPLRO@BP

5KLMQFJFWBA FJ>DBP >Q OBPLIRQFLKP ?BQQBO PRFQBA QL MOFKQ JBRBP SXARIQFMIB JE
ERDB SFABL dIBP @>K PQFII 2B OLRQFKBIV CLRKA

11LQ LC QEFP @>K ?B JFQRDMB@HFKD QEB OFDEQ CLOJ>QP >KA @LAB@P CLO JBAF> >KA ?
JFKACRI LC PFWB >P TBII >P BROBRG/EPINRLLPE >0B DOB>Q CLO DBQQFKD QEB JLPQ LRQ L
VLRO FJ>DBP >Q QEB PJ>IIBPQ MLPPF?IB PFWB >KA QEBREDBBRNBQE-F@cK

>RQLJ>QB JR@E LC QEFP

-BAF> >IQELRDE OBDRI>OIV QEB TBFDEQFBPQ BIBJBKQP >OB KLORBER|@EBKNME@B P>
J>AB]QBUQ OBPLRO@BP @>K ?B @LIMOBPPBA >KA JFKFdBA QLL

ORQQFKIR® OBPLRO@BP LK > AFBBE&?BBIBB>PFBO

Transmission

7EBK VLR SFPFQ > TB? M>DB CLO QEB dOPQ QFJB >Il QEB OBPLRO@BP QE>Q QEB M>DB OB
QEKPJFQQBA >@OLPP QEB FKQBOKBQ BO QWS ASFGES

4E>Q @>K ?B >@OLPP > PRMBOC>PQ EFDE JLKQEIV RP>DB ?0L>A?>KA @LKKB@QFLK ?RQ
> PILT BJMBKFES@>MMBA JL?FIB @LKKB@ BIKPLQE IFQB

4EB I1>0DBO QEB M>DB TBFDEQ QEB ILKDBB QRP>K-HIRE:HB JLOBEKFESLO QELPB
RPBOP TFQE ILTBO @>MMBA A>Q> MI>KP

4EBOB >0B LMQFJFW>QFLKP TFQE preconnect | preload >KAOOFLOFQV (FKIERQ @>K
J>K>DB QEB LOABO QEFKDP >OB IL>ABA >KA BRIM.MBQ@EBPS?RQ RIQFJ>QBIV QEB OBPLRO(
PQFII KBBA QL 2RRIBQQBA >KA OB&BR3 QEB ?BPQ LMQFJFW>QFLK LC >Il FP PBOSFKD PJ>II

AMMILLINHHLA :Il
AMMILP>; =>0BF:@> <=GL
AMMILP>; =>O.KMB<E>L ?>M<A IKBHKBMR

2022 Web Almanac by HTTP Archive 653


https://squoosh.app/
https://web.dev/image-cdns/
https://web.dev/uses-rel-preconnect/
https://web.dev/uses-rel-preconnect/
https://web.dev/preload-critical-assets/
https://web.dev/preload-critical-assets/
https://web.dev/articles/fetch-priority

Part IV Chapter 21 : Page Weight

OBPLRO@BP

Rendering

4EB CBQ@EFKD LC OBPLRO@BP FP GRPQ QEB dOPQ PQBM LC DBQQFKD > TB?PFQB M>FKQBA Lk
SFBT>?IBWQEB RPEOAL QE>Q > TB? ?20LTPBO KBBAP QL OBKABO QEB M>DB RRHD >Il QEB OBIB
OBPLRO@BP

0>DB TBFDEQWA>K FIMLOQ>KQ OLIB EBOBJFK > KRIYPO&KOPQ FC-REBRPOFLK FP
PILT]?B@>RPB QEB dIBP >0B I>ODB]QEB ILKDBO FQ FP RKQFI QEB ?0LTPBOSBEQP QEB @E>K@B
PQ>0Q TLOHFKD LK QEBPB QL OBKABO

,>ODB dIBP 88 >K BCCB@® BCQBO\QHBE OB@BRS30 QEB KBQTLOH ,>0ODBO HIBFOB>H
MOL@BPPFKD MLTBO >KA JBJLOV QL ?B OB>A MOL@BPPBA >KA OBKABOBA 4EFP FK QROK IB>2
ABI¥P COLJ PLIB]LOSBK >II]LC QEB @LKQBKQ COLJ ?BFKBAGPIRER RREB ILKDBO QEB

ABI¥ QEB JLOB BiM > RPBO FP QL >?>KALK QEB M>DB >KA PBBH QEB FKCLOJ>QFLK COLJ > JLOB
OBPMLKBFS-QB

*>S>3@OFMQ FP LC PMB@F>1 @LK@BOK EBOB >P FQ KLQ LKIV KBBAP QL ?B ALTKIL>ABA FQ >IPl
M>OPBA >KBBRQBA

(RDB dIBP @>K3B>>K LKDLFKD MBOCLOJ>K@B BBK-FQRO RPBO ALBP T>FQ CLO QEBJ QL ?B
FKFQF>IIV ALTKIL>ABA/ @K B>Q RM >l @IFBKQ PFAB GBPLRIBABFEB ?OLTBRB-KD
QL PILT MBOCLOJ>K@BBKG@BEFKD QEB ?OLTPBO BKQFOBIV

-LABOK EFDE BKA PJ>OQMELKBP I>MQLMP >KA Q>?ISROEBDEJES QL E>KAIB QEBPB
I>0DB dIBP TFQELRQ KLQF@B>?IB MBOCLOJ>K@B FPPRBP ?RQ LIABOSK@BFBLTBLTBOBA AB
PQORDDIB 4EBPB >OB >|PL LCQBK QEEFBEERBE PILT >KA MLQBKIQBKAF & 2FIB
@LKKB@QFLKP]IB>AFKALERIB MBK>IQV_ CLO MBLMIB TEL MLQBKQF>IIV KBBA PFIMIB OBIF>?IB
>@@BPP QEB JLPQ

What are we shipping?

0OFLO QL QEB FKQOLAR@QFLK LC (4-, FK  M>DB TBFDEQP TBOB MOBAF@Q>?IB >KA J>K>DB:
4EB LKIV >PPBQ QL TBFDE T>P QER&4, FKQOLAR@B: <img> Q>D ¥DB TBFDEQ
AGJI>QF@>IIV FK@OB>PBA LK@B FJ>DBP @LRIA ?B FK@IRABA LK TB? M>DBP

SROQEBBCRFLKP LC QEB (4-, PMB@ >SBRAIBDB CB>QROBP QE>Q @LRIA >AA BBFDEQ]IFH
BUQBOK>I #33 >IILTFKD @LKPFPQBKQ PQVIFKD >@OLPP M>DBP

AMMILPPP K?< >=BMK& K?< K?<
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P> T QEB dOPQ BJBODBK@BB@OFMQ ?0LRDEQ 8(2 >KA PHEB ?FOQE LC
IF?E0FBPBRBILRBOSLIILTBA ¥ CSIBTLOHP IBHKDRI>@B>@QR6 >KA J>K JLOB CRIIV
RKIB>PEFKD QBB*BE>K FK T>FOREB@OFMQ

4EB PTBII LC M>DB TBFDEQ ?0OLRDEQS(QWIKIECEB QVMBP FKQBKABSRUBOCO0I>K@B
TEFIB OBQ>FKFKD CRK@QFLK>IFQFBP %4 3PRECDIMEES PFIl EFDEIFDES QEBRQO

Images

)J>DBP >0B QEB MLPQBO @EFIA CLO ?>I>K@B ?BQTBBK MBOCLOJ>K@B BKE>K@FKD QB@E
>PPBQVQB PFWB 4EBPB PQ>QF @ EBPBRIT @BP QL ?RFIA LRQ >KA OBKABO TB? M>DBP 4
FK@OB>PFKDIV SFPR>| K>QROB LC QEB TB? BKPROBP QEB JBAF> QVMB TFIl OBQ>FK FQP Q
R?FNRFQLRP >PPBQ

/IABO CLOJ>QPBRH *0%' >KA & BKGL V QEBFO IBD>@V LC ?0L>ABO 'EFPQLOF@>la ?0LTPB
PRMMLOBOTLOJ>K@B CL@RPBA dIBBQUMB>FKBA PFDKFd@>KQ ?0OLTPBO PRMMLOQ >KA FP
>S>FI>?I1B QLLC DIL?>| RPBOP

4L ABIB FKQL QEB dKAFKDP >KA FIMIF@>QFLKP LC FJ>DB RPB LK QEEBIE? @BSBQED QEB

JavaScript

*>$>3@OFMQ FP QEB JLPQ MLMRI>O @IFBKQ PFAB P@OFMQFKDB-REIROBBQE QEB TB? 7
TB?PFQEPB FQ QL @OB>0BEEBRIFKB @LKQBKQLS@B0 PLRO@BP >DOBB FQ_P QE>Q EFDE
7EFIB J>DKFd@BKQ TEBK RPBA FK-QRBOQEB BR@>QFKD >IIRCB-B@BFMQ @>K >IPL IB>A
QL PBOFLRP MBOCLOJ>K@B PB>0O@E BKDFKB LMQFJEMBQHABK GARPRE B

2BCBO ®iS>3@ORMEXMQBO CLO ABQ>FIBA FKPFDEQP FKQLSDEB@BQERWB® P C>

Third-party services

I M>DB P TBFDEQ FP KLQ IFJFQBA QL QEB >PPBQP ELPQBA LK QEB LOFDFK 4EFOA M>0QV O
OBNRBPQRAJEB M>DB MFIB LKQL QEB TBFDEQ FK QEB CLOJ LC >K>IVQF@P @E>Q?LQP CL
>K>IVQF@P ! " QBPQFKD QLLIP >KA A>Q> @LIIB@QFLK

1@ @LOAFKD QUEFEBAMQFEFE>MQBQC >Il TB?PFQBP LK JL?FIBSFE@BP RPB >Q IB>PQ LKB
QEFOA M>0QV OBPLRO@B %>@E LC QEBPB @ LKQBPFRGAEQL-QBSBFDEQ

AMMII=>GEHI>KL @HH@E> <HF LI>>= P>;|
AMMIL<:GBNL> <HF P>l
AMMILP M><AL <HF M><AGHEH@B>L =>N:BEBKd C:O
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Other assets

4EB ?>PF@ ?RFIAFKD ?IL@HP LC GBEDEB2E<BA OBBYFK@E>KDBA 6RO LVB>0P P
QEB OF@EKBPP LOUVBODBBK@BP FK@OB>PBP PL ALBP QEB RPB LC CLKQP >KA SFABLP

4EBPB FK@OB>PBP >0OB FK PQBM TFQE QEB LQEBO dIB TBFDEQ FK@IB@ER»-TFQK OKLQ>?IB B

110 MB

"B@NRK  0A> E:K@>LM ?HGM NL> HG FH;BE> l:@>

)X QEB QE MBO@BKQFIB LC JL?FIB PFQBP RPBA VOB®LEC CLKQdIBP )K  QEBPB
LRQIFBOP PTBIIBAQL JBUSBP 4EFP DOLTQE T>P KLQ PBBK FB-QHEB® B>0
@LIM>OFPLK CLO ABPHQLM TEF@E P>Q >@QBPHHL? >KA  FK

(LTB SBOQEB QE MBO@BKQFIB]TEFIB CSBPQEBKQB]TFII \fPPELT QEB TLOPQ LC QEB
TB? !Q QEB QE MBO@BKQFIB QEB JL?FIB CLKQ TBFRERDBIB]BEERDE PQFIl >ODB]
HFILYQBP

-LOB FKPFDEQP FKQL QEBMSMEBIK>QROB LC QEB TB? @>K ?B GLRKMFEK-QEBO

Page weight by the numbers

LT TB HKLT TE>Q TB >OB MOFJ>OFIV FKQBOBPQBA FK TEBK @LKPFABOFKD M>BBQIBFDEQ IBQ _|
QEB ABQ>FIP

Requests volume

)Q_P KLQ LKIV QEB QLQ>I KRIABBALOBNRBPQBA]QEB KRJ?BO LC OBNRBPQP J>AB QL @OB>QB >
M>DB @>K >CCB@Q QEB MBOCLOJ>K @B QEBGBCIEOE @LKPFABO QEFP >P M>0Q LC M>DB TBFD
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"B@NRK BLMKB;NMBHEGN#2ML

4EB JBAF>K M>DB QE MBO@BKRBB OBNRBPQP CLO ABPHQLM M>DB IL>AP >KA LK JL?FI
M>DB IL>AP !Q >l MBO@BKQFIBP QEB AFCCBOBK@B ?BQTBBK ABPHQLM >KA JL?FIB FP JFK

,>PQ B>0_P JBAF>K ABPHQLM OBNRBPQ T>P  PL KL PFDKFd@$RQ HREDEDBK@B L

"B@NK )>=B:G GNF;>K H2IN>LML ;R <HGM>GM MRI>
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"OB>HFKD ALTK OBNRBPQPMB PELTP QE>Q FJ>DBP >0OB QEB IB>AFKD OBPLRO@B OBNRBPQP TF
JBAF>K M>DB OBNRBPQFKD FJ>DBP CLO ABPHQLM M>DB IL>AP  CLO JL?FIB 4EFP FP KB>OIV F
QLI>P@X¥O_P CLOABPHQLM CLO JL?FIB

*>S>3@OFMQ FPIQEB-RBBPQ FK OBNRBPQ @LRKQ OBNRBPQP CLO ABPHQLM M>DB IL>AP  CL
JL?FIB >D>FK BGV @ILPB J>Q@E QL  TEBOB QEBOB TBOB CLO ABPHQLM >KA CLO JL?FIB

YK DBKBO QEBOBIFQQIB AFCCBOBK@B ?BQTBBK ABPHQLM >KA JL?FIB LQEBO QE>K FJ>DBP ?BF!
PIFDEQIV ILTBO LK JL?FIBJMBOE>MP >QQOF?RQ>?IB QL I>WV IL>AFKD KLQ dOFKD LK PJ>IIBO FKF(
SFBTMLOQP

"B@RK ,:@>P>B@AM =BLMKB;NMBEMBE}>K

IQ QEB QE MBO@BKQFIB ABPHQLM MSBBP TBIBAIB M>DBP GRPQ RKABO QE>Q "V QEB
QE MBO@BKQFIB QEFP E>P DOLTK QL > KB>OIV  -" CLO ABPHQLM >KA KB>OIV  -" CLO JL?FIB

/S BGIIl M>DB TBFDEQ FP OBJ>OH>?IV @ILPB TEBK ILLHFKD B2 ABRRIQEERRP JL?FIB
RPBO >DBKQP >IQELRDE QEB D>M DOLTP PIFDEQIV FK QEB EFDEBO MBO@BKQEH) I>ODBO M>D
JL?FIB ABF@BP QBKASL.EBTBO IL@>| OBPLRO@BP >KA JPBEANKBQO.OH @>M>?FIFQFBP

QEFP FP @LK@BOKFKD

"B@NRK  0A>P>B@AM H? MA> E:K@>LM =>LDMHI |.@>
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IQ QEB QE MBO@BKQFIB QEB I>ODBPQ M>DBP TB ABQB@QBA ABPHQLM RIBBOP TBOB C>
T>QBOFKD - M>DBP >KA JL?FIB RPBOP -

,BQ_P AFD > IFQQIB ABBMBO FKQL TE>Q FP J>HFKD RM QEBPB [>ODB PFWBP

Request bytes

"B@NK  )>=B:G l:@> P>B@AMHUBF>

, LLHFKD >Q QEB JBAF>K M>DB TBEDERIB FQ OBJ>FKP @IB>0 QE>Q QEB QOBKA OBJ>FKP
AFP>MMLFKQFKDIV @LKPFPQBKQ TFQE QEB JBAF>K TBFSEQRIE DOLTFKD L

594%

"B@NK  #KHPMA BG FH;BE> |.@> P>BI@ARF HO

JKQEB \B>O MBOFLA ?BQTBBK*RKB  QL*RKB  QEB JBAF>K M>DB TBFDEQ RK@OB>PB/
LO -" CLO ABPHQLM M>DB IL>AP LO -"CLO JL?FIB M>DB IL>AP

9B>0 LKBAO*RKB S BOPRP*RKB  ABPHQLM FK@OB>PBACOLJ +"'QL  +'LK
ABPHQLM  +"'QL  +"LKJL?FIB
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Content type and file formats

"B@NRK )>=B:G l:@>P>B@AM ;R <HGM>GM MRI>

I ILLH >Q QEB JBAF>K TBFDEQ LC QEB JLPQ @LJJLK OBPLRO@B @LKQBKQ QVMBP J>HFKD RM QF
LC M>DBP PELTP FJ>DBP >0B QEB I>0DBPQ @l KQOFCRQUBPHQLM M>DBP  +" CLO
JL?FIB *$>3@OFMQ FPQEB-RBBPQ @LKQOF?RQLO CLO ?LQE ABPHQLM >KA JL?FIB M>DB IL>AP
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"B@NRK BLMKB;NMBHEGIHGK> LBS>L ;R <HGM>GM MRI>

7EFIPQ FJ>DBP >GBaII QEB ?FDDBPQ @LKQOF?RQLOP QL M>DB TBFDEQ >@OLPP QEB FKQE
?FDDBPQ @LKQOF?RQLOP FK PEBBO PFWB MBO OBNRBPQ >0B SFABL >RAFL >KA CLKQP !
MBO@BKQFIB SFABL OBNRBPQP TBFDE FK>Q  +" CLRO QFJBP I>0DBO QE>K >/l QEB LQE
MBO@BKQFIB QVMBP @LJ?FKBA

,FHB FJ>DBP QEBOB >OB > KRJ?BO LC LMMLOQRKFQFBP TFQE JLOB JLABOK CLOJ>QP >KA °
BK@LAFKD PFWFKD >KA @LIMOBPPFLK QE>Q @LRIA EBIM PIFJ QEFP ALTK "RQ FQ_P TLOC
SFABLWFQP K>QROB QBKAP QL ?B TBFDEREES> ?>1>K@B ?BQTBBK PFWB >KA >@ @BMQ>7IE
NR>IFQV QE>Q KBBAP QL ?BIRDOR@FKELOI>QFLK PBBABEEPB@QFLK LC QEB -BAF>
@E>MQBO
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"B@NK )>=B:G KLIHGL> LBS> ;R <HGM>GM MRI>

, LLHFKD >Q QEB JBAF>K OBPMLKPB PFWB CLO B>@E @LKQBKQ QVMB FQ_P MBOE>MP PROMOF
SFABL @LKQBKQ FP >0DBO >Q  +" LK JL?FIB M>DB IL>AP QE>K ABPHQLM LKBP >Q +" )Q_P NR
PROMOFPFKD QE>Q QEB JBAF>K TBFDEQ LC CLKQP FP EEBERQRIES6J>DEDERP

+' LK JL?FIB

"B@NK )>=B:G KLIHGL> LBS> ;R ?HKF:M
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& @RPFKD LK dIB CLOJ>QP FQ_P AFP>MMLFKEHKD K88 ¥ABFKD PFDKFd@>KQ TBFDEQ C
M>DBP QEB e>PHBAIMIRDFK T>P AFP@LKQFKRBA FKOBJLSRA COLJ J>GLO ?OLTPBBP IFH
#EOLJB JB>KFKD QEBRRBP >OB JLPBIFBKQFOBIV T>PQBA

Image bytes

3FK@B QEB FK@BMQFLIBRCIDEE @ FJ>DBP S5 OBMOBPBKQBA QEB I>0DBPQ MBO@BKQ>DB
M>DB TBFDEQXQBP PL FQ_P TLOQE PBBFKD TE>Q CLOJ>QP TB >OB RPFKD CLO QEBJ

"B@NK BLMKB;NMBHG H? BF:@> LBS>L ;R ?HKF:M

$FPQOF?RQFLK LC FJ>DE RIRUBFRJIP PELTP RP QE>QBO0ZKA 0.' dIB CLOJ>QP OBQ>FK
QEBFO  PQ>QRP >P QLM PLRO@BP LC FJ>DB TBFDEQ

AMMILLNIIHKM @HH@E> HH><BKP>K
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"B@NK %F:@> LBS>=BLMKB;NMBHG

4EB JBAF>K ABPHQLM FJ>DB TBFDEQ CLO T>P \HpHF? >JBOB HFUQ@B FK@OB>PB
COLJ  -L?FIB ?>0OBIV PEFCQBA>Q H¥DBP

4EB \B>0 BBO B>0 @LKPFPQBK@V FP LKIV AFREREUBRIFQFBP LC QEB QE MBO@BKQFIB
4EB [>ODBPQ ABPHQLM M>DB @LKQ>FKBA -"LC FJ>DBP > PFDKFd@>KQ FK@OB>PB COLJ QEB |
LC -"FK 3FRJFI>0OlIV QEBJL?FIB QE MBO@BKQFB PEK@OB>PB QL -"

Video bytes

I@@LOAFKD QL QEB JBAF> @E>MQBO LC QEB JL?FIB TB? LC JL?FIB M video ‘K@IRAB QEB
BIBJBKQ 4EFP FKCLOJ>QFLK >IFDKP TFQE QEB QE MBO@BKQFIB LGBQERDS O QVMB FK L
TBFDEQ >P SFABL dIBP >OB DOLRMBA FKOBEBRE®DEKD SBMBOEBK @ BPLESH
@LOOBPMLKAFKD FK@OB>PB FK TBFDEQ

-0 P TEF@E OBMOBPBKKEL SFABLP LK QEB TB? >IPL OBMOBPBKQ QEB @>M>@FQV CLO I>ODBPQ
OBPMLKPB PFWB !Q QEB QE MBO@BKQFIB JM OBPMLKPB PFWBP\@IEBB FK >Q HFIL?
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"B@NRK %F:@> LBS>=BLMKB;NMBHG

Adoption rates of byte-saving technologies

3L TE>Q @>K TB AL >?LRQ >/l QZQBP TBB PBKAFKBIMLSFLRPIV TB @LRIA GRPQ PQLM
PBKAFKD QEBJ ?REFLRPIV QESOB ?BFKD PBKQ CLO > OBRRIEKMB 3L IBQ_P ILLH >Q ELT
QL BBM QEB @LKQBKQ ?RQ PBKA FQ FK JLOBMBQEGHBROJPQRCIIBREIKA HFIDBP
ALTK QEB MFMBP

Facades for videos & other embeds

6FABLP >KA LQEBO FEQBBI?BAP @>K J>PBINS-K@OB>PBSEBITBFDEQ LC > M>DB
6FABLPY QEBFO K>QROB @>K ?B I>0DB FQBEFOIRQLQEBO @LKGFNGIFH JBAF>
BJ?BAP RPBA QL BJ?BA > QTBBUELB@>K ?0FKD FK > PR?PQ>KQF>| >JSREKQQEME)
>KA LQEBO A>Q> QL BK>?IB QEBPB QL ?B@IBFKQBO

| DLLA ABPFDK M>QQBOK FP QEB RPB LC C>@>ABP > CLOJ LC I>WV IL>AFKD 4EFP FP ?>PF(
DOMEF@>| OBMOBPBKQ>QFLK LC QEB BIBJBKQ >KA KLQ IL>AFKD QEB CRIl QEFKD FK RKQF
BU>JMIB CLO BERR?B SFABL QEB FKFQF>! IL>A @LRIA ?B GRPQ QEB MLPQBO FJ>DB CLO QE|
>MMOL>@EBE-M QEBILMRI>O IFQRQR?B BJ?BAIF?S0VIEF@E @E>KDBP QL QEB >@QR>| CRIl
9LRAR?B BJ?BA LK @IF@H |QBBKARIF@SBR ?BESB JLOB IBHQOAFQFLK>I FJ>DB I>WV

AMMIL@BMAN; <HF I:NEBKBLANIBNt> RF;>=
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IL>AFKD >KA @E>KDB TEBK FK LO KB>0O QEB SFBTMLOQ

7EFIPQ QEBOB >SEA@HP QL QEFP >MMOL>@E >P ABJSRIBEFKITEED|B LK QEFOA M>0QV
C>@>ABBEB ?BKBJQP QL QEB RPBO FK QBOJP LEB&-QEPBRQR >0B GHBEIV KBBA QL
M¥ QE>Q @LPQFTEERQL T>Q@E QEB SFABL>@FRABEOQBRIESQ >MM

JKME@QF@B >ALMQFLK EBOB FP@POARQEQ@ELRPB LCCBOP > QBPQ TEBOB FQ ILLHP >Q QEB RPE
IFJFQBA PBQ LC QEFOA M>0QV OBPLRO@BP >KA FC QEBPB >0OB OBNRBPQBA MLFKQP LRQ QEB
C>@>AB>FI>?I1B

)C > PFQB FP PR@@BPPCRIIV RPFKD > C>@>AB QEBPB OBPLRO@BP TLRIA KLQ ?B OBNRBPQBA
FPKQ PLIBQEFKD IFDEQELRPB @LRIA QBPQ CLO

4EB C>@>AB M>QQBOKQKBBK QL ?B IFJFQBA QL QEFOA M>0QV OBPLRO@BP BFQEBO]>IQELRDE
AL @LJB TFQE QEB >AAFQFLK>I ALTKPFAB LC >AAFQFLK>I ILLHRMP >KA @LKKB@QFLKP] QEB >M|
@>K TLOH TBII CLO I>ODB PBIC ELPQBA OBPLRO@BP QLL

IK>IVPFP PELTBA QE>Q QEBOB >0OB > KRJ?BO LC PFQBP TEBOB ,FDEQELRPB T>P >?IB QL ABQB@
C>@>AB JFDEQ ?B ?BKBd@F>I

"B@NRK OABKI:KMR ?:<:=>L

LC ABPHQLM M>DBP QBPQBA @BRBKIBdQBA COLJ FIMIBJBKQFKD > C>@>AB > PIFDEQIV
?BQQBO  CLO JL?FIB SFPFQP

AMMILP>; =>OMABKKMR 2:<:=>L
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Compression

#LIMOBPPFKD OBPLRO@BP ?BCLOB PBOSFKD QEBJ QLSBRBBF-BIEQEBEX PB PBKQ
>@OLPP QEB KBQTLOH >KA TFQEXBETBOZEBERN RPR>IIV FK@QF@B QEBP LD
C>PQBO IL>AP

& 0 QBY KLK JBAF> dIBB(BH  #33 *>S>3@O0OFNQ LO 36 ' >P TBII >P CLO QQC >KA F@L

diBP (440 @LIJMOBPPFLK FP > MLTBOCRI QLLI RPFKD DWFM LO "OLQIF @LIJMOBPPFLK QL P!
diB PFWB -BAFBIFE-DBP >KA SFABL QBKA KLQ QLTEBIBUR >P YEBB >|0OB>AV

@LIMOBPPBA

"B@NK 0QM <HEKLBHGHEKK NL:@>

7 BABQB@QBA QE>Q LC M>DB IL>AP LK $BPHQLM IL>AP >KA > PIFDEQIV ILTBO LC -L?FIE
IL>AP

4EB PIFDEQIV ILTBO MOLMLOQFLK LC JL?FIB RP>DB FP > AFP>MMLFKQRKBAEBRRIB ?B@>RP
IFBIV QL BB PILTBO >KA JLOBMBKFREF8BQTLOH @LKKB@QFLKP

5I1QFJ>QBIV @LIMOBPPFLK @LBBKR@B QEB TELIB FIM>@Q LC M>DB TBFDEQ ?B@>RPB QEB
OBPLRO@BBB}Y. ?B AB@LIJMOBPPBA LK QEB @IFBKY 2BBLRIFBAEB

)Q_P KLQ >K BKQFOBIV COBB MOL@BRHB BFOERGRBEPEEBA LK QEB BBUS.
@LIMOBPP]>IQELRDE QEFP JFDEQ ?B @>@EB>?IB CLO PQ>QF @ TPBRLROGREP K QEBH
@IFBKQ PFAB QL AB@LIJMOBPP QEBPB OBPLRO@BP ?BCLOB RPB
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)Q_P >?LRSABOCCP >KA Q>@HIFKD QEB TLOPQ ?LQQIBKB@H TEF@E FP LCQBK QEB KBQTLOH #
QB@EKFNRBP >0B OBJ>0OH>?IV BCd@FBKQ >KA QEB KBQ ?BKBdQ FP RPR>IIV TLOQE FQ
Minification

-FKFd@>QFLEBIMP QL OBAR@ EREBRFWB LO@B>PBA OBPLRO@ERIBFKD RKKB@BPP>0V
@E>@QBOM IFEFQBPM>@B @LAB @LJIBKQP >KA LQEBO QERKM>QERKMLT >
20LTPBO FKQBOMOBQP >KA RPBP QEBPB OBPLRO@BP

#33 >KA *$>3@O0FMQ >0OB DOB>Q @>KAFA>QBP CLO JFKFd@BAQRQIRLENA RBHK
,FDEQELRABQBPQ CLO QEBPB OBPLRO@BP

"B@NK )BGB\>= // IKHI>K NL:@>

LC $BPHQLM M>DB IL>AP @LOOB@QIV JFKFdBA @2B#RA8 PBOSIIBO LC JL?FIB M>DB
IL>AP

AMMILPBDBI>=B: HK@ PBDB )BGB\<H(ERFBEGI®
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"B@NK )BGB\>= &:B<KBIM KI>K NL: @>

LC $BPHQLM M>DB IL>AP @LOOB@QIV JFKREaQEBIQ OBPLROBPBPKIBOBJI>IIBO
LC JL?FIB M>DB IL>AP

7EFIPQ JFKFd@>QFLK CLO ?LQE #S33@OEMQ FP QE>KHCRIIVRQBGERI>GLOFQV LC PFQBP
DBQQFKD FQ OFDE®GREBOBO FJSBIBKQ PQFII

)Q_P AFP>MMLFKQFKB RIE@). IMOBPPFLK JFKFd@>QFLK CLO JL?FIB RPBOP I>DP ?BEFKA AE
,FHB @LIMOBPPFLBFRBVOBP FP BPMB@F>IIV EBIMCRI LISBIZPBFB AB

5KIFIB @LIMOBPPFLK QEBOSBOEB>A LK QEB @IFBKQ PFAB QL JFKFd@>QFLK @RBBRO@BP
QL ?B_RKJFKFdBA QL ?B RPBA 4EBOSB@EE:7BIK QEB BBOHAB FC QEB JFKFd@>QFLK FP
ALKB LK QEB eV >Q PBOSFKD QFJB ?RQ £33@@FMQ BB @H?B PQ>QF@ dIBP >KA
JFKFd@>QFLK PELRIA ?B ALKB >Q ?RFIA QFJB LO ?BCLOB MR?IFPEFKD QEB OBPLRO@B JB:
KL CROQEBBQAEB>A

Caching and CDNs

#>@EFKD >IILTP > OBPLRO@B QL ?B OBRPBA RKQRVFQMB@#Fe@/&BP >OB RPBA FK ?0LTPBO
>KA LK PBBSP

#$.P >0B > MLMRI>0:8MIB 4EBPB FKQBO@LKKB@GORAPRIBINEF@>11V AFPQOF?RQBA FK
LOABO QL PBKA @>@EBA @LKQBKQ COLJ > KBQTLOH IL@>QF L ERRBROMOKEREPBO
M>DB TBFDEQ ?REBO OBAR@B QEBABBAR@FKD QEB AFPQ>K@B ?BQTBBK OBNRBPQLO >t
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OBPLRO@B

IP PR@E TB AFA KISBARBFD>QB QEFP FK QEFFRQBERB@E>MQBSB@P QEFP FK JLOB
ABQ>FI >KA I>BEDE @EFKIDE>MQBBPBEOB ABQ>FI LK QE>Q

Conclusion

| EBCQV M>DB TBFDEQ OBPRIQP FK ILKDBO RRBBKFEQSEEBAKe>QFKD TB? M>DBP FP M>FA
FK @LPQ LC A>Q> >@@BPPSEERP (L ABBQ QEB QB@EKF@>| OBNRFOBJBKQP >KA QFJB

7EFIB FJ>DBP >KAS>3@O0FMQ OBJ>FK QEB I>0DBPQ @LKUB-PRMEOP (@B IBA
PROMOFPFKD FK@OB>PBP PR@E >B:>EXGBEQBQBVEESY SFABLP LK JL?FIB >KA QEB
JBAF>K CLK@B PFWB ?BFKD EFDEBO QE>K QE>Q LC FQP FJ>DB @LRKQBOM>0Q

7EFIB QEBQE>KHCRIIV @FOBJB @LIM>0BA QL JLPQ LC QEB TB? QEB >?PROA LRQIFBOP PBBK Fi
QE MBO@BKQFIB PELT QEB MLQBKQF>| GECPRK@EB®BT dIB QVMBP >KA CRK@QFLK>IFQFBP
>0OB FKQOLAR@BA QL QEB/NBOFBK@B

"VQB PSFKD QB@EKLILDEBRIESF>QBA PLJB LC QEB MOBPPROB ?RQ TFQE EFDEBP >ALMQFLK O
LK ABPHQLM ABPMFQB QEBFO RPB ?BFKD JLOB FIM>@QCRI QL JIBA&IRRPB GR_I& EXRBRAH
FKe>QFLK TFIl CROQEBO QEB D>M LC AFDFQ>| FKBNR>IFQV

Authors

*>JFB )KAFDL

W KLQ>O0L?LQ @LJ ©) CBILTERI>K M G>JFB FKAFDE® EQQMRLQ > OL?LQ @LJ

*>JFB )KAFDL FBX> OL?LQ ?RQ PMB>HP ?LQ P > QB@EXBEMSTS >QER
PQRAV ELT PB>O@E BKDAKEFBEABEKA FKABQEB TB? 4EBLSB QL Q>JB TFIA
*>S>3@OFMQ >KA LMQFJFWB OBKABOFB® PEEK KLQ TLOHFKD *B#FB IFH
ELOOLO SFBP EMEF@SBIP >KA $RKDBLKP $OLKP

AMMILEF:G:< AMMKRABEHK@ >G  <=G
AMMILPPP =>>|<KPE <HF
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$>3B 3J>0Q
% Q>JBQEB?LQP @LIC) ATPJ>0Q M A>SBTPI>0Q ® EQQM®>IBQEB?LQP @LJ

$>SB 3J>0Q FP :SBRMBO >KA QB@EKF@>| PB>0O@E BKDFKBHEBKPEBQ>KQ >Q
“LQP 4EB/ ILSB ?RFIAFKD QLLIP BKIBBFIBKQFKD TFQE QEB JLABOK TB? >KA @>F
LCQBK ?B CLRKA >Q QEB COLKQ FK > DFD LO QTL

AMMIIM:F>MA>;HML <HF
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Part IV Chapter 22

CDN

Written by Haren Bhandariand Joe Viggiano
.>0B>P>=;BNM:D+D:

G:ERS>= ;R:K>G A:G=:KE5=&H>2B@@B:GH
1=BM>= ;RKKR HEEK

Introduction

AEFP @E>MQBSFMBR FKPFDEQP OBD>OAFKD QEB @ROOBKQ PQ>QB LC #$ \FAREDEK#$.P >OB
FK@OB>PFKDIV FIMLOQ>KQ CRIFRR ABIKRBKQ QL RPBOP >OLRKASEKEIDDFEISIBO

PFQBW €>@FIFQ>QFKD GBR ABIPR>QF@ >KA QEFOA M>0QV @LESBRO PREEFEP*>

&LKQP >KA LQEBO @LKQBKQ !RUGEBB®Q LC QEB #$.P QE>Q TB TFIl AFP@RPP FK QEFP @E
QEB OLIB #$.P MIsFK >ALMQFLK LC KBT PQ>KA>OAP PR@E >P 4,BORRIK40 S

7 B QEFKH QE>Q #$.P TFIl @LKQWKREFAQI OLIB FK QEB CRQROB KLQ GRPQ EAV@RRQBKQ A
CLO @LKQBKQ PB@ROFQBFB@LITBKA QE>Q RPBOP ILLH >Q #$.P COLJ ?LQE > MBOCLOJ>+
>KA > PB@ROFQV SFBTMLFKQ

What is a CDN?

! HGM>GM =H8O>MPHK® FP > DBLDEIMEF@>IIV AFPQOF?RQBA KBQUMRBBORGEB
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DL>I LC > #$. FP QL I8BAB EFCEFI>?FIFQV >KA MBOCLOJ>K@B CLO TB? @LKQBKQ )Q ALBP QEFP
AFPQOF?RQFKD @LKQBKQ @ILPBO QL QEB BKA RPBOP >P TBII >P PRMMLOQFKD >AS>K@BA QB(
ABIFBOV @LKQBKQ LMQFJ>IIV

$RB QL QEBRILPFLK LC TB? @LKQBKQ PR@E >P SFABLP >KA FJ>DBP #$. E>P ?BBK > SFQ>| M>0Q
J>KV TB?PFQBP QISHER > PJLLQE RABOEOFBK@BQU#/6)$ QEB KBBA CLO #3$. E>P

LKIV FK@OB>PBA ARB RreH@H >KA JLOQ>0 ?RPFKBPRBRHKIFKB FK@OB>PB FK TB?
@LKCBOBK@FKD LKIFKB D>JFKD >KA SFABL PQOB>JFKD

$ROFKD QEB B>QIW¥ A>#$. T>P > PFJMIB KBQTLOH LOWRBBOSP TEF@E TLRIA

#>@EB @LKQBKEX4FH FJ>DBP PQVIBPEBERB@OFMQ SFABLP BQ@

2BAR@B KBQTLOH ELMP CLO BKA RPBOP QL >@@BPP @LKQBKQ

ICeL>A 4#0 @LKKB@QFLK QBOJFRSQOFCRL) QEB A>Q> @BKQBOP ELPQFKD QEB TB?
MOLMBOQFBP

4EBV MOFJ>OFIV EBIMBA TB? LTKBOP & @BBOL>DB IL>A QFJBP >KA QL LSi@ACTn.J
QEB FKEQOR@QROB ELPQFKD QEBPB TB? MOLMBOQFBP

/S BO QFJB QEB PBOSF@BP\ EEBOBSFABOPEELISBA ?BLKA @>@EFKD >KA LCeL>AFKD
?2>KATFAQE @LKKB@QFLKP $RB QL FQP AFPQOF?RQBA K>QROB >KA 1>0DB AFPQOF?RQBA KBQ'
#$.P E> SB MGEBA QL ?BUROBJBIV BCA@FBKQ >Q E>KAIFKD$FPQBIPTREIBA $BKF>I LC

3BOSF@B $$L3QQ>@HP %ADB @LIJMRQFKD FP >KLQEBO PBOSF@B QE>Q E>P D>FKBA MLMRI>(
OB@BKE»OP ->K #$. S BKALOP MSFAB @LIMRQB PBOSF@BP >Q QEB BADB QE>Q >IILTP QEB TB?
LTKBOP QL ORK PFIMIB @LAB >Q QEB BADB

/QEBO PBOSF@BP LCCBEBA!3. BKALOP FK@IRAB

b #LRAELPQBAB? IMMIF@>QFLK &FOBT&IP 7
b "LQ ->K>DBJBKQ PLIRQFLKP
b #B>K MFMB PLIRQFLKP 3@OR??FKD $>Q> @BKQBOP

b )J>DB >KA SFABL J>K>DBJBKQ PLIRQFLKP

4EBOB >0B ?BKBdQP QL TB? LTKBOP FK MRPEFKD TB? >MMIF@>QFLK ILDF@ >KA TLOHeLTP @ILP
BKA RPBLEFP BIFJFK>QBP QEB OLRKA QOFM >KA ?>KATFAQRQESBNRBAD TLRIA 8>H

)Q >IPL E>KAIBP KB>0 FKPQ>KQ P@>I>?FIFQV OBNRFOBJBKQP CLO QEB LOFDFK ! PFAB BCCB@C
YKQBOKBQ 3BOSFEFRBOP )30P ?BKBdQ COLJ QEB P@>I>?FIFQV J>K>DBJBKQ >P TBIl TEF@E
FIMOSBP QEBFO-R@IR@QROB @>M>@FQFBP

AMMIL>GPBDBI>=B: HK@ PBDB >GB:E H? L>KOB<>9:MM:<D BLMKB;NM>=9:MM:<D
AMMIL>GPBDBI>=B: HK@ PBBIEB<:MBHGREE
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Caveats and disclaimers

IP TFQE >KL?PBOS>QFLK>I PQRBUB >0B IFJFQP QL QEB P@LMB >KA FIM>@Q QE>Q @>K 7B
4EB PQ>QFPQF@P D>QEBOBA LK #$. RP>B3 CLEKOEB-DB CL@RPBA JLOB LK >MMIF@>?IB
QB@EKLILDFBP FK RPB >KA KLQ FKQBKABA QL JB>PROB MBOCBRBRRA.E LOPBIBEHGQFS
#$. S BKALOYEFIB QEFP BKPROBP QE>Q TB >0B KLQ ?F>PBAOLS BKARGKQ >IPL JB>KP
QE>Q QEBPB >0B JLOB-DBYBOOBPRIQP

4EBPB >0B QEB IFJFQP QL LRIBQERAEKDY

b Simulated network latency: 7 B RPB > ABAF@>QBA KBQTLOH @LKKB@QFLK QE>Q
PVKQEBQF@>IIV PESGHER QO

b Single geogaphic location: 4BPQP >0OB ORK COLJ > PFKDIB A>Q>@BKQBO >KA @>KKL
QEB DBLEMEF@ AFPQOF?RQFMHBCIIBKALOP

b Cache effectiveness:%>@E #$. RPBP MOLMOFBQ>0V QB@EKLIMILEKRPBIGIROFQV
OB>PLKP AL KUYBPB @>@EB MBOCLOJ>K@B

b Localization and internationalization: *RPQ IBIDBLDMEF@ AFPQOF?RQFLK QEB BCCB
LC I>KDR>DB >KA DBL PMB@Fd@ ALJ>FKP >0OB >IPL LM>NRB QL QEBPB QBPQP

b CDN detection: 4EFP FP MOFJ>OFIV ALKB QEOLRDE $.3 OBPLIRQFLK >KA (440 EB>AI
-LPQ #$.P RPB > $.3 #.1-% QL J>M > RPBO QL >K LMQFJ>| A>Q> @BKBEBO
PLJB #$.P RPB IKV@>PQ )OP LO AFOB@Q ! !!!l OBPMLKPBP COLJ > ABIBD>QBA ALJ>|
TEF@E EFAB QEB $.3 @E>FK )K LQEBO @>PBP TB?PFQBP RPB JRIQFMIB #$.P QL -
?BQTBBKEKALOP TEF@E FP EFAABK COLJ QEB PFKDIB OBNRBFIIE@>PP LC LRO @

Il LC QEFP FKeRBK@BP LRO JB>PROBJBKQP

-LPQ FIMLOQ>KQIEBPB OBPRIQP OBeB@Q QEB PRMMLOQ LC PMB@RIMEBCE3®ROBP CLO B
(440 MBO PFQB ?RQ AL KLQ OBeB@SCH@R+QER4R?B FP JLOB MLMRI>0 QE>K
www.example.com  VBQ ?LQE TFIl >SMMB>0 >P BNR>I FK LRO A>Q>PBQ

7FQE QEFP FK JFKA EBOB >OB > CBT PQ>QFPQF@P QE>Q TBOB FKQBKQFLK>IIMUQ.Q JB>PR
LC > #$.
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4FJB 4 &FOPQ "VQB 44&"

#3$. 2LRKA 4 OFM 4FJB

#LOB 7B? 6FQ>IP

#>@EB EFGOBRR>@EB JFPPa MBOCLOJ>K@B

7EFIB PLJB LC QEBPB @LRIA ?B JB>PROBA TFQE (4BINS@EBY >KA LQEERFERD QEB
#058 A>Q>PBQ QEB IFJFQ>QFLKP LC LRO JBQELALILDV >KA QEB RPB \CRIRIB PREBHS.P ?
TFIl ?B AFCd@RIQ QL JB>PROB >KA PL @LRIA ?B FK@LOOB@QEERROBIROSATS E>
AB@FABA KLQ QL JB>PROB QEBPB PQ>QFPQF@P FK QEFP @E>MQBO

7 B AFA KLQ PBB KKQ>?IB AFCCBOBK@BP ?BQTBBK JL?FIB >KA ABSHRALOBRBEREKD
LROPBEP QEB A>Q>SWBBA FK QEFP @E>MQBO FP MOFJ>OFIV CLO JL?FIB RP>DB RKIBPP LQEBOT
KLQBA

CDN adoption

1 TB? M>DB FP @LJMLPBA LC CLIIIBF&RMLKBKQP

">PB (4-, M>DB CLO B>JMIB www.example.com/index.html JLCQBK S$>FI>?IB

>Q > JLOB COFBKAIV KB R www.example.com

%J?BAABA dOPQ M>0QV @LKQBKQ PR@E >P FJ>DBP % PR CENQRIBRALBQEB
J>FK ALJ>FK www.example.com >KA QEB PR?ALJ>FKP G:avBB
images.example.com LC assets.example.com

4EFOA M>0QV @LKQBKQIMILED 'BLDIB K>IVQF@P B&AGFPBJIBKQP BABOSLJ
QEFOA M>0QV ALJ>FKP
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"B@NK *NL:@> OL AHLM>£ MN#&L HG FH;BE>

4EB >?ISB @E>0Q PELTP QEB PMIFQ LC B>@E QVMB LC OBBRERRELRDEASPLRO@BP CLO
JL?FIB]>P JBKQFLKBA FK QEB FKQOLAR@QFLK >IJLPQ FABKQF@> dDROBP TBOB PBBK CLO
PBB #$.P >OB LCQBK RQFIFWBABDEKBEES QF@ @LKQBKQ PR@E >P FJ>DBB>BQ@OBREBBQP
>KA CLKQP 4EFP HFKA LC @LKQEK@ BtRPE COBNREHIND FQ > DLLA @>KAFA>QB CLO
@>@EFKD LK > #$.PUMRBBSP B PQFIl PBB #$.P >OB RPBA JLOB COBNRBKQIV CLO QEFP QV
OBPLRO@B\BPMB@F>IIV CLO QEFOA M>0QV @LKQBKQ

#$.P @>K MCBFAB ?BQQBO MBOCLOJ>K @BUEKDMIRP Q>QF @ @LKQBKQ >P TBDBR QEB
LMQFJFWB QEB OLRQBP >KA RPB JLPQ-REMBFGKB@E>KFPJP ?RQ TB PBB QEB RP>DB LC
PBOSFKD QEB (4-, PQFII I>DP @:RNFERFKA QEB LQEBO QTL QVMBP

2022 Web Almanac by HTTP Archive 677


https://almanac.httparchive.org/static/images/2022/cdn/cdn-usage-hosted.png
https://almanac.httparchive.org/static/images/2022/cdn/cdn-usage-hosted.png

Part IV Chapter 22 : CDN

"B@ONK  OKG=L ?HK <HGM>SMMFK® ?HK FH;BE>

#LIJM>0OBA QL Q&3>0 TB CLRKA QE>Q QEB RP>DB LC #$. E>P ?BBK PQB>AFIV FK@OB>PFKD
4EBOB T>P > I>0DB ?RJIM FK #$. RP>DB CLO QEB @BRIENQ PROSLI>FKP >KA > PJ>IIBO
LKB CLO (4-, TEFIB QEFOA M>0QV #$. RP>DB OBJ>FKBAOEBDI>QFED

4EBPB >0B PLJB LC QEB MLQBKQF>I OB>PLKP QE>Q @>K ?B >QQOF?RQBA QL QEFP OFPB

b OLPQ M>KABJF@ SIRPFKBPPBP QLLH > I>0DB MLOQFLKREE@HBRDFEBPP
LKIFKB 4EFP MRQ > ILQRICIBQUEBFOBRBOSKA CLRKA QE>Q FQ T>P JR@E JLOB
BCAd@FBKQ QBORIEB PQ>QF@ @LKQBKQ QEOLRDE #$.P CLO LCeL>AFKD QEOLRDE @>
>KA C>PQBO BBI¥S

b 4EFP FK@OB>PB T>P KLQ PBBK FK \SPRPIKBPPBP TBOB PQFII QOVFKD QL dDROB LR(
QEB LMQFJ>I PLIRQFLK CLO QEBFO MOL?IBJT)k& GFI@EKIBPRP>DB CLO QEB
PR?ALJ>FK >KA QEFOA M>0QV QVMB

b 3FQBP OBIFBA LK PBOSFKD QEFOA M>0QV @LKQBKQ QEOLRDE QEFOA M>0QV ALJ>FK
QEBFO LTK ALJ>FKP 4EB C>@Q QE>Q QEB >JLRKQ LEADIMQE}EFOBOSOQV
ALJ>FKP FK@OB>FBMROFKD QEFP MBOFLA PRMMLOQP QEFP >PPRIMQFLK

2BD>OAFKD QEB ?>PB (4-, M>DB QEBIFOK>I M>QQBOK E>P ?BEKIEBPBOS (4-, COLJ
QEB LOFDFK >KA QEFP M>QQBOK E>P @LKQFKRBA >P J>GLOFQV LC ?>PB BADER ®LKQFKRB QL
QEB LOFDFK (SBBQEBOB E>P ?BBK > FK@OB>PB FK QEB ?>PB M>BPCBEKESBOS

AMMILEF:G:< AMMKRABOHK@ >G  <=G
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4EB QOBKA LC ?>PB (4-, M>DBP ?BFKEARBUOLS QEB #$. FP @1B>0IV LK QEB OFPB

4EBPB >OB PLJB LC QBB/IBB>PLKP ?BEFKA QEB OFPB

b #$.P @>K FIMGB IL>A QFJB LC QEB ?>PB (4-, M>DB QE>Q @>K ?B LC EFDE FIMLOQ
QL FIMGB @RPQLIBIMBOFBK @B BRMIRPBOP BKD>DBA

b 5PFKD AFPQOF?RQBA $.3 C@8JMOLSFABOP FP PFIJMIBO >KA C>PQBO

b )Q FP B>PFBO QL MI>K $FP>ERBORB@IPQ LC QEB @LKQBKQ FK@IRAFKD QEB ?>P
(4-, M>DB FP MRPEBA QEOLRDE #$.P #$.P LCQEHAB: C:SB0 CRK@QFLK>IFQV QL

>RQLI>QF@>IIV PTFQ@E QL QEB-RBBBHKES QEB MOFJ>0V PFQB ?B@LIBP RKP
LO RKS>FI>?IB

7EFIB TB L?PB®3 #$. >ALMQFLK >@OLPP AFCCBOBKQ QVMBP LC @LKQBKQ TB TFII ILLH >Q
COLJ > AFCCBOBKQ MLFKQ LC SFBT ?BILT]?>PBA LK QEB PFQB MLMRI>OFQV

"B@NRK *NL:@> ;R LBM> IHINE:KBMR HG FH;BE>

, LLHFKD >Q #$. RP>DB CLO TB?PFQBP ?>PBA LK QEBFO MLMRI>OFQV]PLRO@BALCBLJ 'LLDIE
58 2BMLOQ]QEB QLM @LKQOF?RQB QL QEB EFDEBPQ RP>DBQ.QES. EFDEHBA

PFQBP FQ FP RKABOPQ>KA>?IB QE>Q LTKBO @BROIEBFKER EKO MBOCLOJSK@B >KA
LQEBO ?BKBdQP SBR®BLO QEB QLM PFQBP QEBOB E>P ?BBK >?LRQ > FK@OB>PB FK (
>JLRKQ LC @LKQBK@BOBIRREOLRDE #§RIM>0BA QL 4EFP FK@OB>PB FK #$. RP>DB

AMMILEF:G:< AMMKABEHK@ >G  <=G\@
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CLO ILTBO MLMRI>OFQV PFQBP @>K ?B >QQOF?RQBA QL QEB C>@Q QE>Q QEBOB E>P ?BBK >K F
>KA >CCLOA>?IB LMQFLKP CLO #$.P ¥HA BEKKD PLIRQFEEREP ?RKAIBA TFQE QEB
PBOSF@BP

Top CDN providers

#$. MOLSFABOP @>K ?B ?0L>AlV @I>PPFdBA FKQL PBDJBKQP

'BKBOF@ #$. IH>J>F #ILRAe>OB #ILRABKQ &>PBR@
OROMLPB ?RFIQ #$. .BQIFAMDAOOBPP BQ@

'BKBOF@ #$.P >AAOBPP QEB J>PBQOBNRFOBJBKQP 4EBFO LCCBOFKDP FK@IRAB

b 7 B? PFQB ABIPS

b -L?FIB >MM !0) ABIB®V

b 6FABL PQOB>JFKD

b %ADB @LIJMRQFKD PBOSF@BP

b 7 B? PB@ROFQV LCCBOFKDP

4EFP >MMB>IP QL > [>ODBO PBQ LC FKARPQOFBP >KA FP OBeB@QBA FK QEB A>Q>
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"B@NK  OHI *L ?HK $0)( K >IJN>LML HG FH;BE>

4EB >?1SB dDROB PELTP QEB QLM #$SR®OP CLO ?>PB (4-, OBNRBPQP 4BRQIMPFK QEFP
@>QBDLOV >0B #ILRAe>OB 'LLDIB &>PQIV IJ>WIGLHIQRAEJ>F >KA IQLI>QQF@

"B@NRK  OHI *L ?HK LN;=HF:BGKIN>LML HG FH;BE>

&0 QEB PR?ALJ>FK OBNRBPQP TB @>K PBB DOB>QBRPARBRHBEBEOWIKEKA 'LLDIB
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4EFP FP ?B@>RPB RRBOPIBQEBFO @LKQBKQ ELPQBA FK QEB @I|LRAVRBOSB GiR& QEB
RPBOP RQFIFWB #$. LCCBOFKDP >ILKD TFQE QEBFO @ILRA PBOSF@BP 4EFP EBIMP QEB RPBOP
>MMIF@>QFLKP >KA FK@OB>PB QEB MBOCLOJ>K@B LC QEBFO >MMIF@>QFLK

"B@KRK  OHI *L ?HK MABKKMRXIN>LML HG FH;BE>

, LLHFKD >Q QEFOA M>0QV ALJ>FKP > AFCCBOBKQ QOEB&ABRREM PEEWZHB 'LLDIB

QLM QEB IFPQ ?BCLOB QEB DBKBGFEBEPMEB IFPQ >IPL 20FKDP &> @B?LLH FKQL MOLJFKBK@B
4EFP FP ?8@H QEB C>@Q QE>Q > ILQ LC QEFOA M>0QV ALJ>FK LTKBOP OBNRFOB #$.P JLOB QE:
LQEBO FKARPQOBEJFER |>0ODBO QEFOA NGFAGOR]|BELLDIB IFB &>@B?LLH]QEFP

KB@BPPFQ>QBP QEEBRULAK?RFIAFKD > MROMLPB ?RFIQ #$. ! MROMLPB ?RFIQ #$. FP LKB TEF@F
FP LMQFJFWBA CLO > M>0OQF @RI>B@VKQBKBLABIFS

& .0 B>JMIB > #$. ?RFIQ PMB@Fd@>11V RD ABBER)FPBIBKQP TFIl ?B LMQFJFWBA CLO

b (FDE FKMRQ LRQMRQNBSQFLKP
b 9%CCB@QFE>DBJIBKQ KD Q>FBLKQBKQ
b 'BLDO>MEF@>| @ILPBKBPP QL ?RPFKBPPBP OBNRFOFKD QEBFO PBOSF@BP
4EFP JB>KP MROMLPB ?RFIQ #$.P JBBQ>@EB BBNRFOBJIBKQP LC > M>OGRERDIBKQHP

LMMLPBA QL > DBKBOF@ #$. PLIRQFLK 'BKBOF@ PLIRQFLKP @>K JBBQ > ?0L>ABO PBQ LC OBNR
?RQ >0B KLQ LMQFIFWBANI:OQK@RI>0 FKARPQBQLO J>OH

AMMIL>GPBDBI>=B: HK@ PBDB (HG@9M:BE
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TLS usage

7FQE #$.P PBQ RM FK QEB OBNRBPQ OBPMLKPB TLOHeLTP QEB BKA RPBO_P 4,3 @LKKB@Q
QBOJFK>QBP >Q QEB #$. )K QROK QEB #$. PBQP RM > PB@LKA FKABMBKABKQ 4,3 @LKKB@
@LKKB@QFLK DLBP COLJ QEB #$. QL QEB LOFDFK ELPQ 4EFP ?0B>H FK QEB #$. TLOHeLT >|
#$. QL ABJKB QEB BKA RPBO_P 4:JRDBOP #$.P QBKA QL >IPBME>RQLI>QF@ RMA>QBP QL
FKQBOKBQ MOLQL@LIP 4EFP >IILTP TB? LTKEIPEEPEREHHE)P TFQELRQ J>HFKD @E>KDBF
QL QEBFO LOFDFK

TLS adoption impact

4EB @E>0QP ?BILT PELT QE>Q QEB >ALMQFLK LEOPEBKAQBRQ S>P ?BBK JR@E EFDEBO CLO
QEB @LKQBK@RREIIR.J #$. @LIM>0BA QL LOFDFK

"B@NK BLMKB;NMBHG HK0@8G ?HK $0)( FH;BE>

#LIM>O0BAL QEBYO CLO JL?FIB (4-, @QLKQBKQ QEB >ALMQFLK LC 4,3S E>P FK@OB>F
?V  TEFIB CLO QEB @LKQBKIAREDS LOFDFK QEB 4,3 S >ALMQFLK E>P FK@OB>PBA ?

AMMILEF:G:< AMMISABEHK@ >G  <=G MEL :=HIMBHG BFI:<M
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"B@NRK BLMKB;NMBHG HKO@IBG ?HK MABRKIN>LML FH;BE>

)K QEB @ROOBKQ PB@ROFQV I>KAP@>MB FQ FP FIMLOQ>KQ CBOBEBRLGEBKQBROB ABIFS
4,3 SBOPFLK )Q @>K ?B PBBK COLJ QEBROBE>GRESBIQL 43S T>P JR@E C>PQBO CLO

#$.P @LIM>OBA QL QEB LOFDFK 4EFP PELTP QEB >AABA PB@ROFQV ?BKBdQ LC RPFKD #$.P CLC
ABIFBOV

TLS performance impact

#LJILK ILDF@ AF@Q>QBP QE>Q QEB CBTBBPELMP:F@4P3-OBNRBPQ OBPMLKSEIPBQO
QEB C>PQBO QEB OLRKA QOFM TLRIA ?B
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"B@RK  $0)(0(/ G>@HMB:MBHG * OL HKB@IBGHI

"B@NK $0)( 0(/ G>@HMB:MBHG * OL HKB@BG FH;BE>

IP FQ @>K ?B PBBK COLJ QEB dDSRDREBZ,3 KBDLQF>QFLK QFJBHAR/DRIGD?BQQBO
TEBK TFQE #$.P 4EFP EBIBJLOB PL TEBK @LIM>OFKD QEB ABPHQLM >KA JL?FIB A>Q> TEBO
DOB>QBING= BBl 0BF244 RPBAY LRO JL?FIBX@BCOBPRIQP FK JR@E DOB>QBO 4,3
KBDLQF>QFLK QFJBP
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#$.P E> SB EBIMBA PI>PE QEB 4,3 @LKKB@QFLK QFJBP 4EFP FPWREQY. QEREBIBRA RPBO

>KA >ALMQFLK LC KBTBO 4,3 MOLQL@LIP QE>Q LMQFJFWB QEB 4,3 KBDLQF>QFLK #$.P ELIA QEB
LSBO LOFDFK >Q >Il MBO@BKQFIBP EBOB IQ0 >KA0 #$.P >0B KB>OIV U C>PQBO QE>K LOFDF
4,3 PBQ RM QFJB 4EB D>M FK@EBR>REMBR K@B TB EFQ QEB JBAF>K SKAEBOB #$.P

>0B KB>0IV U C>PQBO J#RRIRB>OIV U C>PAERHQLMQE MBO@BKQFIB RPBOP RPFKD > #$.

TFIl ESB ?BQQBO MBOCLOJ>K@B QE>K QE MBO@BKQFIB RPBOP LK AFOB@Q LOFDFK @LKKB@(

4EFP FP M>OQF@RI>01V FIMLOQRK@LKEBABO QE>Q >I| SFQBRELK 4,3 QEBPBRA>
IMQFJ>| MBOCLOJ>K@B >QBEFPIBPPBKQF>I CLO LQEBO PQBMP QE>Q CLIILT 4,3 @LKKB@QFLK
OBD>0A #$.P >0B >?|B QERIILOB RPBOP QL ILTBO MBO @REREEB@0IM>0BA QL AFOB@Q
LOFDFK @LKKB@QFLKP

HTTP/2+ adoption

4EB (440 PMB@Fd@>QFLK T>P dOPQ FKQOLAR@BA FROL>KRRMMLOQ TFQE JLPQ J>GLO
20LTPBOP >ALMQFKD ?BCLOB QEB E}OLER)EBOASMMIF@>QRBAMOLQL@LI E>A KLQ

?BBK RMA>QBA PFK@B (440 FK >KA PFK@B QEBK QEB@EBQQEKA @LKQBKQ QVMB
@LKQBKQ PFWB TB?PFQB ABPFDK MI>QCLOJP JL?FIB :SBNER IRA FEDK E¢@ >KERP

QEBOB T>P > KBBA G EMOLQL@LI TEF@E @>K JBBQ QEB OBNRFOBJBKQP MCTBEB JLABOK A>
QECd@ >KA QE>Q MOLQL@LI T>P OB>IFWBA TFQE (440

$BPMFQB QEBIE LC (440 >KA QEB MOLJFPB LC OBAR@BA I>QBK@V >KA LQEBO CRK@QFLK>IFQV
>ALMQFLK OBIFBA LE@BGAB RMA>QBP QL PRMMLOQ QEB KBTBO >MMIF@>QFLK MOLQL@LI #$.P
EBIM ?0FADB QEB @E>IIBKDB LC KBTBO FIMIBJBKQ>QFLKP CLO TB? LTKBOP >KA QEFP FP >IPL C
CLO QESBE KBTBO (440 MOLQL@LI K (440 @LKKB@QFLK QBOJFK>QBP >(SR)ESRMS. IB

QEFP NSBABP TB? LTKBOP QEB >?FIFQBQIQEBIFS TB?PFQB >KA PR?ASEORKAL >KA

(440 TFQELRQ QEB KBBA QbRBIQEBFO LTKFRM@IR@QROB QL PRMMLOQ FQ 3FJFI>0 ?BKBAQP
TBOB >IPL PBBK TFQE QEB >ALMQFLK LC KEIBRLKR S

#$.P >@Q >P QEB DOQL ?0FADB QEB/MIMEERAFKD %BO QL @LKPLIFA>QB ELPQK>JBP >KA
OLRQB-QO@ QL GBK) BKAMLFKQP TFQE JFKFJ>| @E>KDB QL QEBFRDEIRBRDBKCO
&B>QROBMBIMOFLOFQFWFKD @LKQBKQ FK QEBBIRERBE (@-RBIES)>K>DBA COLJ QEB #$.P

PFAB >KA > CBT #$.B8K MCEEAB E>KAP LCC >RQLJ>QBA PLIRQFLKP QL ORK QEBPB CB>QROBP TF
>KV FKMRQP COLJ TB?PFQB LTKBOPSEEREDMCALLPQ QL (44LMQFLK

*HM> MA:M =N> MH MA> P:RP$KDL L>> M9, <A:IM>K ?HK FIBIG?HKF:MBHG $#0OH?M>G
GHM NL>= ?HK \KLM <HGG><MBH®R FPPABRBR@IVPA= F>LNKBG@ Y$00BG<> FEGH? MAHL>
$00, <HGG><MBHGL F:R :<MN:EER ;2I383>:M OBLBMHKL PAHANF>= MA:M GHAKIKO
BFIE>F>GM $00PBMAHNM $00,
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"B@NK BLMKB;NMBHG H?$0BBGL ?HK $0)( FH;BE>

4EBOB >0OB PQ>OH-@QRER QERIBEC?8B TFQE EFDE (440-ALMQFLK Y ALJ>FKP LK #$.P
@LIM>0OBA QL QEB LKBP KLQ RPFKD > #$.

K KB>OIV LC QEB @LKQBK@ARBOSJ LOFDFK E>A >ALMQBA (F&FIB AROFKD QEB
P>JBQFJB LC QEB @LKQBK@RBOS. #$.P TBOB PERASQEOLRDE (44 LO LOFDFKP QEFP
KRJ?BO E>P DOLTK ?MLFKQP TEFIB CLO QEB #$. FQ E>P HOIMKFKQP]CROQEBO TFABKFKD
QEB @LKPBRED>M QE>Q T>P >I0B>AV MOBPBKQ 4EFP PELTP ELT #$.P TBOB >?IB QL >IILT ¢
TB?PFQB LTKBOP (B $6+KQ>DB LC KBTBO MOLQL@BHVEIOIS PQ>DB TFQELRQ J>HFKD
>KV @E>KDBP FK QEB LOFDFK

AMMILEF:G:< AMMIKABEHK@ >G  <=G AMMI AMMI HK ;>MM>K :=HIMBHG
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"B@NRK BLMKB;NMBHG H?-$0BBGL ?HKIMMRKIN>LML FH;BE>

4EFOA M>0QV ALJ>FEPBBK $8K NRFEIHQL PRMMLOQ KBT MOLQL@LTFFKFLRBP>

MOSFLRP PQRKV TB P> T > CROQEBO AB@IFKB FK QEB PE>OBILT QEB QEFOA M>0QV

ALJ>FKP QELRDE LRO A>Q> T>P RK>?IB QL FABKQFCYV > I>0DBO KRJ?BO LC QEBMOLQL@LI RPB/
TEF@E T>9@P CROQEBOPRD>QFLK

4EFOA M>OQV ALJ>FKP KBEB@LEKPFPQBKQ MBOCLOJ>K@B >@OLPP >l KBQTLOH @LKAFQFLKP
QEFP FP TEBOB (44@\AP S>IRB )K*RKBLC  QEB )KQBOKBQ %KDF&BBEEX®B! )%4&

MR?IFPEBA QEB 2&# QL QEHQEB TB? COL#MQL 530 ->K V #$. MOLSFABOPIB?BBK

NRF@H QL >ALMQ (PRMMLOQ PLJB ?BCLOB FQP CLOJ>| 2&# MR?IF@BQRUKIBRA L

PELRIA PBB TB? LTKBOP >ALMQFKDBRB@F>IIV TFQE JL?FIB KBQTCA® BEKD > EFDEBO
@LKQOF?RQFLK QL QEB QLQ>PEX@BGRERKEA CLO JLOB FKPFDEQP FK

Brotli adoption

#LKQBKQ ABEBAIBO QEB FKQBOKBYBIBILLMOBPPFLK QL OBAR@BQEERVIB | PJ>IIBO
M¥IL>A JB>KP FQ_P C>PQBMBOLYEBRELKQBKQ CEO PBGEA RBEBP J>BP TB?PFQBP

IL>A C>PQBO >KSFABL> ?BQQBO BKA BMBORBK@B RI>DBP QEFP @LIJMOBPPFLK FP E>KAIBA
2V FJ>DB dIB CLOJ>QBPHB%4' 7%"0 ! 6)&]OBCBO QL GEE&F> @E>MQBO CLO JLOB LKQEFP &
QBQR>I TB? >PPBQP]JPR@E >P (4S>3@OFMQ >KA PQVIBPEBBQP] @LIMOBRFRIKK>A\DO
E>KAIBAY QEBSBIABI CLOJ>Q "WFM E>P ?BRKEPRQBK@B PFK@B  )Q AFA > DLLA GL? LC

AMMILPPP MASI@BLKHR AMMI 9K?<9  9IN;EBLA>=
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J>HFKD QB >PPBEIU>AP PJ>IIBERQ > KBT QB >PPBQ @LIMOBPPFLK @>K AL ?2BQQBO QE>K '\
?V RPFKD QEB KERBRIER.JMOBPPFLK CLOJ>Q

3FJFI>0 QL 4,3 >KA (446-ALMQFLK "OLQIF TBKQ QEOLRDE > MEXRE bBIDMDFLK >@OLPP

TB? MI>QCLOJP !Q QEB QFJB LC QEFP TOF(FRIDMODQEASBO LC QEB TB?

?0LTPBOP DIL?>(IMB SBOKLQ >Il TB?PFQBP @LIMOBRPOBQP FK "OLQIF CLOJ>Q 4EFP FP
?B@>RPB LC ?LQE I>@H LC PRMMLOQ >KA LC QEB ILKDBO QFJB OBNRFDERARBQ@KIMOBPP :
"OLQIF CLOJ>Q @LIM>OBA QL 'WFM @LIMOBPPFLK !IPL QGPREE@ORDEKBBSP QL E>
2>@HT>0A @LIM>QF?FIFQB QIFRB@SIMOBPPBA >PPBQP CLO LIABO MI>QCLOJP TEF@E AL |
PRMMLOQ QEB "OLQIF CLOJ>Q TEF@E @*KSAA @LIMIB

4EB FIM>@Q LC QEFP FBATEB&I B @LJM>0B TB?PFQBP TEF@E >0OB RPFKD #$. >D>FKPQ QI
LKBP KLQ RPFKD #$.

"B@NRK BLMKB;NMBHG H2I<HFHIG MRI>L FH;BE>

"LQE #$. >KA /OFDFK BB PELTK >K FK@OB>PB FK >ALMQFL&@LIVeDRAQL QEBRURB

VB>0 7 B E8B PBBK QEB >ALMQFLK LC "OLQIF LK #3/ DOILFRQP TEFIB QEB /OFDFKY)OBT ?
>JLPQ MLFKQP B TFII ?B >?IB QL PBB FC QEFP QOBKA TFIl 8t QFKEB BIKEXSB

OB>@EBA QEB PREROMLFKQ

AMMIL<:GBNL> <HFHKIEB
AMMILEF:G:< AMMIKABEHK@ >G  <=G ;KHMEB :=HIMBHG
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Client Hint adoption

EB>GM $BGIMLP > TB? PBES QL MOL>EDESNRBPQ A>Q> COLJ QEB @IFBKQ >KA >OB PBKQ >P M>
LC QEB (440 EB>ABOP 4EB @IFBKIOEFAB FKCLOJ>QFLK PR@®E@B ABBO >DBKQ

MOBCBOBK@BP >KA KBQTLOHFKD ">PB3HAABAEKBIALI>QFLK QEG @BESABQBOJFKB QEB

JLPQ LMQFJ>I OBPLRO@BP QL OBPMLKA TFQE QL QEB OBNRBPQFKD @IFBKQ #IFBKQ (FKQP TBC
FKQOLAR@BA LK QEB 'LLDIB #EOLJB ?0LTPBOP >KA TEFIB LQEBO #EOLJFRJ ?>BBA ?0OLTPBOP E>
>ALMQBA FQ LQEBO MLMRI>O ?GENFBEQER-LO KL PRMMLOQ CLO #IFBKQ (FKQP

4EB #$. LOFDFK PBO® >KA @IFBKQ ?0LTPBO JRPQ >Il PRMMLOQ #IFBKQ (FKQP QL ?B RQFIFWBA
MOLMBAR/M>0Q LC QEB &HB #$. @>K MOBPBK Accept-CH (440 EB>ABO QL QEB @IFBKQ

FK LOABO QL OBNRBPQ TEF@E #IFBKQ (FKQP > @IFBKQ PELRIA FK@IRAB FKBPR?PBNRBKQ OBNR
JB>PROBA @IFBKQP OBPMLKPBP TEBOB GEBRS.QEFP EB>ABO FKPFAB QEB OBNRBPQ >KA
JB>PROBA FQ >@OLPP >I| #$. OBNRBPQP OB@LOABA >P M>0Q LC LRO QBPQFKD

"B@NK EB>GM $BGML HFI:KBLHG EB>GM $BGML HFI:KBLHG FH;BE>

&0 ?LQE ABPHQLM >KA JL?FIB @IFBR@PPEXE>K RP>DB LC #IFBKQ (FKQP PELTFKD QE>Q
#IFBKQ (FKQP >ALMQFLK FP PQFII FK FQP FKC>K@V

Image format adoption

#$.P E> SB QA\FQFLK>IIV ?BBK RPBA QL @>@EB @LIMOBPPOKAR@IELKQBKQ PR@E >P
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FJ>DBP PFK@B QEBFO FK@BMQFLK 3VK@B EESKIAKBA QEB >?FIFQV QL AVK>JF@>1IV
@E>KDB FJ>DBP FK ?LQE CLOJ>Q >KA PFWFKD LK QEB eV QL LMQFJFWB QEB FJ>DB CLO AF

AEFP J¥ ?B MBOCLOJBA >RQLI>QE@BALK QEB RPBO >DBKQ LO @IFBRQABREGRD.O ?
>AAFQFLK>I:MBQBOP FK QEB NRBOV PQOFK@TERRBB >Q QEB BADB TFIl FKQBOMOBQ >KA
JLAFCV QEB FJ>DB FK QEB OBPMLKPB >@®POAEKPD RFQBMEIP QL RMIL>A > PFKDIB EFDE
OBPLIRQFLK FJ>DB >KA JLAFCV FQ LK QEB eV CLO TEBK ILTBO NR>IFQV LO ILTBO OBPLIRQF
KBBABA PR@E >P FK QERJ?K>FIP

"B@NKRK BLMKB;NMBHG H? BiteF@tt "FH;BE>

1@OLPP ?LQE ABPHQLM >KA JL?FIB QEB ALJFK>KQ FJ>DB CLOJ>QP TBOB *0' *0%' >KA 0.' *0'
MOSFABP > ILPPIV @LIJMOBPPBA dIB CLOJ>Q LMQFIFWFKD QLAORRVBBIIEEQISOD>Q
PRMMLOQP ILPPIBPP @LIMOBPPFLK JB>KFKD KL A>Q> TFIl ?B ILPQ TEBK QEB FJ>DB FP @LJ
ELTBSBO QEB FJ>BGII FP 1>0DBO FK PFWB QEO:HDBFKCLOJ>QFLK LK *0' SP 0.
SFPHQ?B_P TB?PFQB

Conclusion

&0LJ LRO @LKQFKRBA PQRAV FK BEBPMFB@YK PBB QE>Q QEBIBKLESLKIV ?BBK SFQ>
QL TB?PFQB LTKBOP FK LOABO QL OBB-@VKEEKS) COLJ LOFDRRPBDK@OLPP QEB DIL?B
QEB E$B >IPL MIBA > J>GLO OLIB FKIKB®ROFQVTB? PQ>KA>OAP >ALMQFLK

AMMILPPP :=H;> <HF <K:MB@EHN=\E> MRI>L BF:@> <HFI:KBLHG CI>@ OL IG@ AMFE
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YK DBKBO TB E:SB PBBK QEB OFPB FK QEB RP>DB LC #$.P >@OLPBQEREQOEB #$.
DOB>QIV C>@FIFQ>QBA QEB >ALMQFLK KBT TB? PB@ROFQV PQ>KA>OAP PR@E >P 4,3 TEBOB"
JR@E EFDEBO MBO@BK QI RRFED 4,3 @>JB COLJ #$.

7EBK FQ @LJBP QL QEB >ALMQFLK LC KBT TB? PQ>KA>0OAP >KA KBT TB? QB@EKLILDFBP PR@E >
"OLQIF @LIMOBPPFLK TB >D#3KFRB>AFKD QEB V>R@E EFDEBO MBO@BKQ>DBP LC

TB?PFQBP FABOSRQ LC #$. ISQEBPB KBT PQ>KA>OAP ?BFKD >MINQES BKA RPBO

MBOPMB®QESP BP'$ MLPBQWEBILMJIBKQ >P QEEFII 7B >?IB RPB QEB PFQB PB@ROBIV TEFIB

DBQQFKD QEB LMQFJ/RBBEEK @B

7 B>0B >IPL ILLHFKD >Q KBT JB@EH@EEKIFIFKQP >KA FJ>DB CLOJ>Q >ALMQFLK PQ>0QFKD QEFP
\B>07 B TFII 7B >?IB QL DBQ JLOB FKPFDEQP >P TB @LIIB@Q JLOBEEYOCLO QEB KB

4EBOB >0OB IFJFQ>QFLKP QL QEB FKPFDEQP TB @>K ABAR@B >?LRQ #$.P COLJ QEB LRQPFAB PF
E>OA QL HKLT QEB PB@OBQ P>R@B MLTBOFKD QEBJ ?BEFKASZEB B @8K BRD(BAB

QEB ALJ>FKP >KA @LIJM>0OBA QEB LKBP LK #$.P >D>FKPQ QELPB HE@>RPRB@E>Q #$.P

E>SB ?BBK >K BK>?IBO CLO TB?PFQBP QL >ALMQ KBT TB? MOLQL@LIP COBDQHBQERTLOH I>
>MMIF@>QRBOI>

4EFP OLIB LC #$.P FP EFDEIV S>IR>?IB >KA QEFP TFIl @LKQFKRB QL ?B SIEBA@PPBB$. MOL
>|PL > BV M>0Q LCYRRBOKBQ %KDFKBBRHFRO@BTEBOB Q¥EBIM PE>MB QEB CRQROB LC QEB
FKQBOKBQWHBI @LKQFKRB Q> 18 OLIB >FAFKD FKQBOKBQ BK>?IBA FKARPQBFBP QL LMBO
PILLQEIVOBIF>?IV >KA NRF@HIV

7 BILLH CLOT>0A QL QEBHE QL @LIIB@Q JLOB A>Q>SFABRBBCRI FKPFDEQP QL LRO
OB>ABOP
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AMMILPPP B>MK@

692 2022 Web Almanac by HTTP Archive


https://www.ietf.org/
https://github.com/harendra

Part IV Chapter 22 : CDN

*LB 6FDDF>KL

©) GLBFDDF>KL

*LB 6FDDF>KL FP > -BAF> %KQBOQ>FKJIBKQ 3LIRQFLKP I0O@EFQB@®Q >Q !J>WLK
3BOSF@BP EBIMFKD @RPQLBBUBABIRELKQBKQ >Q P@>IB

2022 Web Almanac by HTTP Archive 693


https://github.com/joeviggiano

694

2022 Web Almanac by HTTP Archive



Part IV Chapter 23 : HTTP

Part IV Chapter 23

HTTP

Written by Vaspol Ruamiboonsuk

>0B>P>= ;RKKR HEEKH;BG ):KQ :G=(N<:L ,:K=N>
G:ERS>= ;R:LIHE .N:FOB;HHGLND

1=BM>= ;RKKR HEEK

Introduction

(440 FP QEB @LOKBOPQLKB LC QEB TB? B@ LSFAFERIQEBICL RKA>QRIRESKDBKD A>Q>
>KA BK>?IFKD S>OFLRP QVMBP LC FKQBOKBQ PBOSF@BP )@HESPESLRBEIEGLRDE PB
BPMB@F>IIV FK QEB [>BSOEBIFOE QEB FKQOLAR@QFLKKAC JUOB OB@BK@A0

(440 >QQBJIMQBA QL >AAOBPP PELOQ@LJFKDPRE(E4P QEB IFJFQBA KRJ?BO LC
@LK@ROOBKQ OBNRBPQP 1Q dOPQ DFFKRFBF(4G0QL (448P QEB PBI>KQF@P >OB QEB P>JB
?RQ RKABO QEB ELLA (44P SAF@>IIV AFCCBOBKQ COLJ FQP MOBAB@BPPLOP FK QE>Q FQ R
>P QEBEEMLOQ MOLQL@LI FKPEB>A LC 4

IP (440 MOLSFABP QEB ?>PFP CLO TBI6K>IVWBBY CB>QROBP LC (PR@E >P (440

ORPE MOFLOFQFW>QFLK >KA-BRIQENBABOPQ>KA ELT JR@EBEBFII RPBAIPL

MOBPBKQ @>PB PQRAFBP COLJ SMOBKRFEMBOEBK@BP LC QEBPB GE>QROBB &

(440 ORPE >IILTP TB? PBESP QL MOBBBIQPSKA QEB OBPMLKPB LC > OBPLRO@B ?BCLOB
@IFBKQ OBNRBPQP FQ
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7EFIB ?LQE MRPE >KA MOFLOFQFW>QFLK PELRIA QEBLOBQF@>IIV ?B ?BKB@H-PBL BKA RPBOP
@E>IIBKDFKD QL RPBFP@RPP KBT QB@EKLILDFBP QE>Q @>K MLQBKQF>IIV 2BFREBA >P >IQBOK:
RKABOMBOCLOJFKD (&8>QROBEGB>IMIB  %>0IV (FKQP OBPMLKPSPABBL>K

>IQBOK>BER (440 PBOBO MRPE QE>Q SEREFES P>JB MBOCLOJ>K@B DL>I LC IBOBBIMQFS
OBPLRO@B CBQ@EBP

&FK>IINTB AFB FKQL (440? V AFP@RPPFKD ELT FQ FPSBRBK®IERO (440 >KA 2V
>K>IVWFKD QEB @ROOBKQ PRMMLOGBDS FBl0?PBBFLIB FK@OB>PB COLJ B7

ELMB QE>Q QEB A>Q> MLERABARKLQEFP @E>MQEFABIPMIELFKPFDEQP LK CRQROB QOBKAP
>KA MLFKQBOP QL KBT QB@EKLILDEBRIQESS ERKIBOFIBKQ TFQE QLBIRRRO
BUMBOFBK@BP

Evolution of HTTP

(440 FP LKB LC QEB JLPQ FIMLOQ>KQ )KQBOKBQ MOLQL@LIP ?B@>RPB FQ MLTBOP @LJJRKF@>
QEB TB? )Q ?BD>K >RI@BPBA MOLQL@LI QEOLRDE QEB @UPGIHEOBB S >KA
7FQE FQE@BKPF?F(BQY T>P QEB @ROOBKQ (4BOBFLK CLOBADP RKQFI

(440 T>P > J>GLO JFIBPQLKB LC (440 >BIFEBB COLJ > Q8 ?>PBA MOLQL@LI QL > ?FK>0V
?>PBA LKB 7EBOB (440 PRMMLOQP LKIV PBOF>| OBNRBPQ >KAUGHRMIGTS @40

PRMMLOQP @LK@ RAOEBK@E>KA BRIFSOBMOBPBKQ OBNRBPQP >KA OBPMLKPBP >P PQOB>JP LC
2FK>0\-0BP 3QOB>JP $RKFNRB FABKQFABOP TEF@EIBRLDP CBIRIQRBIE >KA

FKQBOSBA

4EB I>QBPBCRFLK LC (440 FP (44TEF@E T>P OB@BRQMA>OAFWEDEB )%4& FK *RKB
7EFIB (440 FJMIBJBKQP QEB P>JB CB>QROBP >RQESDB FP > SFQ>| AFCCBOBK@B FK

ELT FQ FRKRMLOQBA >@OLPP QEB FKQBUHBIRMAWK QLM LC 15)# > 5$0 ?>PBA

MOLQL@LI TEF@E->JBP PLJB LC QEB MBOCLOJ>K@B FPPRBRSKESO@RQK > ILPPV

KBQTLOH

HTTP/2 adoption

7FQE S>OFLRP (44BGPFLKP FKQOLABEDBREBXOP TB ?BDRKABP@OF?FKD QEB @ROOBKQ
PQ>QB LC (448SPFLK >ALMQFBKIF>PROB QEB (44BSPFLK RP>DEY2HFKD >Il OBPLRO@BP FK
QEB 7 B?!1J>K>@ A>Q>PBQ >KA FABKQFCBOBFA®E S (440 B>@E OBPLRO@EBE-P PBOS
LK

(LTB SBOTFQE LRO PBQRM FQ FP KLQ QOFSBH @LRAGABPLRO@6GBABKEG40 >P

AMMILPPP K?< >=BMKE& K?<K?< AMFE
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@IFBKQEEQL AFFBD (440 PRMMLOQ QVMF@SIBialt-svc (440 OBPMLKPB EB>ABO

QEB QFJB QEB @IFBKBROBE alt-svc  EB>ABO ELEBOFQ E>P >I0B>AV @LIMIBQBA QEB
MOLQL@LI KBDLQF>QFLK CLOW4480  /KIV >CQBO QEFP MLFKQ @>K QEB @B BB RMDO
MOLQL@LI QL (44K PR?PBNRBKQ OBNRBPQP LO M>DB IL>AP P PR@BQRID-MUROEP >
CRII (440 M>DB IL>A

7FQE QEB ARFROV LC (440?BFKD PL ABIBA SF> Qalt-svc (440 EB>ABO JB@E>KFPJ LRO
JB>PROBJBKQP V:RKABO@LRKQ OBPLRO@BP QESE?HENABESBA LK (440 CLO

KLOJ>I ?0LTPFKD RPBOP 4ERP TB DOLRM OBPBRB@BR @BIESKA (440 QLDBQEBO >P
(440

"B@NRK =HIMBHG H? $00G= ;;HO > 'L : I>K<>GM: @>HNKLML

&FOPQ QL RKABOPQ>KA QEB PQ>QRP NRL TB JS8>BRGBQERMOBLMQFLK )K *RKB

TB L?PBOS BA QE>Q OLRDEIV LC OBNRBPQP COLJ LRO IL>AP REBR4Z0 >
FK@OB>PB FK (44BLMQFLK COLJ*RIV  TEBOB TB L?PEEMSQE>Q LC QEB OBNRBPQP
TBOB LK (440

AMMILEF:G:< AMMIKABEHK@ >G  AMMI :=HIMBHG ;RIK>LM
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"B@NK =HIMBHG H? $00G=;;HO > :L : I>K<>GM:@> H? P>;LBM>L

7FQE QEB FK@OB>PB FK¥MBIQFLK TB TLRIA BBL RKABOPQ>KA QEB AOFSFKD CLO@BP QE>Q
BK>?IB QEB FK@OB>PB &FOPQ TB >K>IVWEBAQEE@ELK >Q MBO TB?PFRRIDOFQN ?

@EB@HFKD TEBQEBO QEB I>KAFKD M>DB LC QEB ERRERQBU>PPBBS?PBER QE>Q
SMM@IEEJ>QBIV  LC QEB TB?PFQBP COLJ LRO A>Q>PBQ LK ?LQE ABPHQLM >KA JL?FIB PBQQFKD
TBOB PBBSLK (440 TEBOB>P QEFP T>P LKIV QORBNQEFJI>QBIV LC QEB TB?PFQBP FK

LRO A>Q>PBQ FK 4EFP FK@OB>PB FP BB SEF@E PRDDBPQP QE>Q TB?PFQBP >OB OB>A\
>KA JLSFKD QLT>OAP >K RM QLBOBELS LC (440

AMMILEF:G:< AMMIABOHK@ >G  AMMI :=HIMBHG H? AMMI
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"B@NRK =HIMBHG H? $00G=:;HO > :L : I>K<>GM: @>HNKLML L>KaHF : *

IKLQEBO C>@QLO FK BK>?IFKDAI4AIQFLK FP OBPLRO@BR €BOBH#S$. 3FJFI>0 QL QEB
L?PBOS>QFLK FK LRO-IVPFP  TB KLQF@BA QE>Q JLPQ OBPLREA@ER PBGS. TBOB LK
(440  4EB dDROB >?8B PELTP QE>Q LC QEB OBNRBPRREBOE!$. TBOB ABBSBA
LK (440

Benefits of HTTP/2 and HTTP/3

B UQ TBCL@RP LK ELT CB>QROBP QEXKQQCIMSR@BA >0B ?BFKD >AlBMBRIFOFIV CL@RP
LK QEOBB KLQ>?IB @LKihEWBEBGIBNRBP@BQ > PFKDIB KBQTLOH @LKKB@QFLK OBPLRO(
IKBHKBMBS:MBSID, NLA

Multiplexing requests over a single connection

IK FIMLOQ>KQ CB>QROB LOF@4RIQFMIBKD OBNRBERD + PFKDHB ®LKKB@QFLK 4EFP FP >
PR?PQ>KQF>| FSBIBKQ QL B>OIFRIPSLKP LC (440 TEBOB LKIV LKB @LK@ROOBKQ OBNRBPQ
SIILTBA LK > #0 @LKKB@QFLK >KA FK JLPQ @>PBP bKBI BB EMKRB@QFLKP >OB >IILTBA

QL > ELPQK>JB (44FKQOLAR@BP QEB @LK@BMQ LC > PQOB>J > ILDF@>| OBMOBPBKQ>QF
@LKKB@QFLK QE>Q FP RPBA CLO CBBPRUBBIBEIE PQOB>JP @>K QEBK ?B JRIBAMIB
LKQL > PFKD#B @LKKB@QFLK QEBBBBFKD QEB MBO @LKKB@QFLK @LK@ROOBK@V IFJFQ:

AMMILEF:G:< AMMISABEHK@ >G ~ AMMI :=HIMBHG ;R <=GL
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IK FIMIF@>QFLK LC JRUFKDIBBNRBPQP FK@0 @MXKB@QFLK FP QEB OBAR@QFLK LC
@LKKB@QFLKP OBNRFOBA AROFKD M>DB |LREPIBARKE® 6K  M>DBP TFQE (440
BK>?IBA TB L?PBBSBTBO @LKKB@QFLKP QE>K M>DBP (IB-@4L KBIQ-BIBA

"B@NK HGG><MBHGL NL>= I>K [:@> ;R$0BaG

4EB dDROB >8& PELTP QE>Q QEB JBAF>K JL?FIB M>DB E>P  @LKKB@QFLKP BPQ>?IFPEBA AROFK

M>DB IL>A TEBK (440FP BK>?IBA )K @RQOQEB JBAF>K M>DB TFQELREXR40

@LKKB@QFLKP BPQ>?IFPEBAEESA LC >AAFQFLK>l @LKKB@QEBKREBEBOEB>A

TLOPBKP >Q EFDEBO MBO@BKQFIBP 4EB M>DB >Q QEB QE MBCHEBRBRIEIFQE (440

@LKKB@QFLKP TEBOB>P QEB QE MBO@BKQFIB M>DBRFQBARK RA4®LKKB@QFLKP]>
>AAFQFLK>| @LKKB@BEREBEA 4EBPB QOBKAP >0B QEB P>JB ?BOTBBK ABPHQLM >KA JL?FIB

SBOPFLKP LC TB?PFQBP

'FSBK QE>Q TB L?FBEIS FK@OB>PB FK (4AQMQFLKIBO QEBXOFQ FP RKPROMOFPFKD QE>Q QEB
KRJ?BO LG# @LKKB@QFIIBBL E>P ?BBK:HR>IIV AB@OB>FBMQEBXOP ILKDFQRAFK>

SFBT COLJ (440 |0@EFPELTP QE>Q QEB JBAF>K KRJ?BO LC @LKKB@QFLKP BPQ>?IFPEBA
AB@OB>PBA ®LKKB@QFLKP COL) @LKKB@QFLKP FK QL @LKKB@QFLKP FK

Resource prioritization

7FQE (440 @IFBKQP @RIQFMLB JRIQFMIB OBNRBPQP LK QEB P>JB @LKKB@QFLK 'K FIMIF@>QFI

AMMILEF:G:< AMMKRABOHK@ >G  AMMI GNF;>K H? <HGG><MBHGL
AMMIAMMIKABOHK @IKKML LM:M> H? MA> P>; M<I
AMMILLM:<BOK]HP<HF JN>LMBHGL PAM =H>L FNEMBIBE@ F>:G BG AMMI
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FP QE>Q QEFP @>KHBBE3QF@Q ABING.C OBKABO ?IL@HFKD OBPLRO@BPLRDBEP >0B
FKeFDEQ >Q QEB P>JB QFJB 4EFP @>K IB>A QIMBQFBREEQLOFDFK> PQ>KA>0A

(440 >QQBJIMQP QL >AAOBPR QERMMEPFKD > MOFLOFQV QOBB QE>Q @IFBKQP @LKPQOR(
IL>A >KA TEF@E TB? BBPS@>K RPB QL MOFLOFQFWB PBKAFKD JLOB FIMLOQ>8ZDOBPMLKP
QEFP >MMOL>@E FP AFCd@RIQ QVREB PRB®K>KA #$.P BFQEEA KLQ @LOOB@QIV
FIMIBJBKQ FQ LO FDKLOBAGE@PB LC QEFP FQ T>P PRDDBPUBREGF: K-QBE40

QE>Q > AFCCBOBKQ P@EBJB PELRIA ?B RPBA

7FQE QEB @E>IIBKDBP QL M@6LOFQFBP > KBT MOFLOFQFW>QFLK P@EBJB T>P KBBABA 4E
%UQBKPF?IB 0OFLOFQFW>QFLK 3@EBIBRCABRU40BA PBMEBIV COLJ (440>KA T>P
PQ>KA>0OAFWBA FK*RKB  )K QEFP P@EBJB QINMBRQF@NKMBPFDK > MOFLOFQV @LJMLPB;
QTL M=>QBQBOP SF> priority (440 EB>ABO LO Q PRIORITY_UPDATE C&JB 4EB dOPQ
M>@IBQB(urgency QBIIP QEB BBOZEB MOFLOFQV LC QEB OBNRBPQBA OBPLRO@B 4EB PB
M>@IBQBC(incremental QBIIP QEB BEROEEBQEBO > OBPLRO@B @>K ?B M>0QF>IIV RPBA >Q
@IFBKQ CGLIRIB M>0QF>11IV MARDI>K FJ>DB >P M>0OQP LB FBKFBESQEB P@EBJB >P >

(440 EB>ABO >KA >P ( PRIORITY_UPDATE C&JB J>HBP FQUIBBKPF?IB >P ?LQE CLOJ>QP TBOB
ABPFDKBA QLI#AR CRQRMIBBPF?FIRMEB QFJB LC TOFQFKD QEB P@EBJB E>¥B2BBK ABMIL
CLO (440 FK 3>C>0OF &ROB®IA #EOLJB

7EFIB JLPQ LC QEB OBPLRO@B MOFLOFQFBF SEB AB@IEARAEBICMBOP @>K KLT >IPL
RPB QEB KBIDFLOFQV EBK@F B>H QEB MOFLOFQV LC > M>OQF@RI>0 OBPLRO@B 0OFLOFC

PMB@FdBA SF fetchpriority >QQOF?RQB FK QEB&49 B>JMIB PRMMLPB QE>Q > TB?PFQB
TLRIA IFBIQL MOFLOFQFWB > EBOL FJ>DE fetchpriority QL QEB FJ>DB Q>D
<img src ="hero.png " fetchpriority ="high ">

0OFLOFQV EFKQP @SN BESBEFRYHSIMSEKD RPEMVBOFBK @B B>IMIB%QPY @LKAR@QBA
>K RIMBOFJBKSKA L?PBBS > FJMOISBIBKQ FK ,>ODBPQ #LKQBKEGRI® LK MOLAR@Q
IFPQFKD M>DBP QE>Q FK@IRABA MOFLOFQV EFKQP CLO @BOQ>FK FJ>DBP

1.2%

"B@NK )H;BE>1:@>L NLBG@ ,KBHKBMR $BGML

7EFIB 0OFLOFQV (FKQP T>P LKIV OB@BKQIV OBIB>PBA >Q QEB BKA LC IMOFI  >P M>0Q LC

AMMILPPP K?< >=BMK@ K?<K?< 1.@>

AMMIL@BMAN; <HF :8:B>L AMMI IKBHKBMBS:MBHG BLLN>L

AMMILPPP K?< >=BMK@ K?< K?< AMFE L><MBHG

AMMIIAMMIP@ HK@ LI><L K?< AMFE

AMMILP>; =>OKMB<E>L ?>M<A IKBHKBMR

AMMILPPP >MLEHF <H=>:L<M IKBHKBMR ABGMiNMNPR>K =H>LGM DGIVP R
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FQ E>P BGV MOLJFPFKD >ALMQFLK >P TTBQEPBOSWIEQBIV LC ABPHQLM TB? M>DBP

S>KA  LC JL?FIB TB? M>DBP BB >I0B>AV >ALMQBA MOFLOFQV EFKQP FK IRDRPQ  7FQE FQP
MLQBKQF>I QL EBRRBABIBOFBK@B TFQEEBHFBFEQWSB > DLLA CB>QROBMBIFJBKQ

TFQE

HTTP/2 Push

(440 ORPE >IILTP TB? PBBSP QL MOB BIJBIQPBKA > OBPMLKPB QL > OBNRBPQ ?BCLOB QE>Q
OBNRBPQIFKEPBKY DEB @IFBKDBRIMIB > TB?PFQBIFBBO @>K MRPE > OBPLRO@B QE>Q TFII
?B RPBA AROFKD > M>DB IL>A QL QEB BKA RPBO >ILKD TFQE QEB J>FK (4-,

"B@NK  1L:@> H? $00,,NLA

)K  >P PELTK FK QEB dDROBSRIQEB MBO@BKQ>DB LC TB?PFQBP RPFBO\MRPEQ>P S
CLOJL?FIB (LTB SBOFK QEMR>®_P >K>IVPFP QEB KRJ?BO LC TB?PFQBP RPFKD MRPE AB@OB
QL  CLOJL?FIB TB?PFQBP 4EFP J>OHP QEB dOPQ AB@OB>PB FK MRPE RP>DB PFK@B

4EB AB@OB>PB FK TB?PFQBP RPFKBIVIRBE FRAEHFP AFCd@RIQ QL RAB\BGLB@QFS

BU>JMIB TB?PFQBP @>KKLOQB\GRA.T TEBQEBO > OBPLRO@B ?BFKD MRPERRQRGB>AV B

QEB @IFBKQ_P @>@EB )C FQ FP FK QEB @IFBKQ_P @>@EB QEB ?>KATFAQE RPBA CLO MRPEFk
T>PQBCRI

7FQE QEB AFCJ@REFEB AB@FABA QL ABMOB@>Q@RREOPQ>0QFKD EBDLIB

AMMIIC:D:K<AB;:E= <HF A INLA MHN@A>K MA:G B MAHN@AM
AMMIL@KNIL @HH@E> <HFHRBMF HK@ @ ;EBGD K50 OF-15 FAHJ, H P &
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SBOPFLK  $BPMFQB MRPE LCA@F>IIV PQFII ?BFKD > M>(RD:E QEB4400LIB] TEF@E
QEB (440 |0@EB®0IBO RPBP]KBBO FIMIBJBKQBA MRPE CLO @UBKB@QFLKP TEF@E
JFDEQ CROQERI>BK QEB OBAR@QFLK FK RP>DBBA @EQERMBFLK >KA ILPQ QEB >?FIFQV
QL MRPE

Alternatives to HTTP/2 Push

'FSBK QEB @E>IIBKDBP QL RPFKORREO>KA FQ_P ABMOB@>QFLK COLJ 8BDMBORES
?B TLKABOFKD >?LRQ >IQEIK>QFS

Preload

$BSBILMBOP @>K RPB 00BIL>A >P LKB :BQROKSBESM¥©BNRBPQ > OBPLRO@B QE>Q TFII 7
RPBA 1>QBO FK > M>DB IL>A 4EFP FR/BHC@IBA <link rel="preload"> FK QEB
<head> PB@QFLK LC QEB (&0 B>JMIB

" "

<link  rel ="preload href ="/css/style.css as="style ">

/O >P > Link (440 EB>ABO
Link: </css/style.css>; rel="preload"; as="style"

%FQEBO LMQFLK >IILTP TBOPERS-K@IRAB >AAFQFLK>| 52,P LO FIMLOQ>KQ OBPLRO@BP 4
@>K QEBK FPPRB OBNRBPQP SEABRER JAOBCLOB QEB OBPLRO@BP >OB KISBOBA AFP@L
AROFKD QEB M>DB IL>A

7EFIB KLQ NRFQB >P C>PQ >PBUWOMRBEIRSD OBPLRO@BP QEFP FP > ILQ P>CBO FK >IILTFKD
?0LTPBO QL @ELLPB TEBQEBO QL CBQ@E QELPB OBPLRO®BRIBFRLOGEIBVEBP >

25%

"B@NK , :@>L NLE <link rel="preload">

AMMII=>CEHI>AKF> <HF EH@RHOBG@ INLA
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7 B L?PB@3 > [>0ODB KRJ?BO LC M>DBP FK LRO A>Q>F <link rel="preload">
Q>D]>MMOEJ>QBIV LK ?LQE ABPHQLM >KA JL?FIB

103 Early Hints

JK  QEB  %>OIV (FKQP PQ>QRP @LAB T>P MO:KAHEA . JB >AABA PRMMLOQ CLO FQ QEFP
WB>0

%>0IV (FKQP @>K ?B RPBA QL PBKA FKQBOFJ (440 OBPMLKPBP ?BCLOB QEB dK>I OBPMLKPB LC (
OBNRBPQBA L?GB@ @#EBLLPQ MBOCLOMKEESDFKD QEB C>@Q QE>QBE? BBOBK

OBNRFOB PLJB QFJB QL MOBM>OB > OBPMLKPB BPMB@F>IIV CLO QEB J>FK (4-, AL@RJIBKQ FC Ft
AVK>JF@>IIV OBKABOBA

/KB RPB @>PB LC %>0IV (FKQP HBC Link: rel="preload" CLO OBPLRO@BP QL
MOBBJIM@RECBQ@E Link: rel="preconnect" QL MOBBIVE)*®LKKB@Q QL LQEBO
ALJ>FKP /QEBO EB>ABOP @>K @LK@BMQR>IISBYEA. QEIGRIE QEFP FP KLQ PRMMKOQBA ?
?0LTPBO

%>0IV EFKQP @>K ?B > ?BQQB@G:0EBRKRIES?B@>RPB @IFBKQP OBQ>FK DSBSQBO @LKQOLI L
ELT QEB OBPLRO@BP >0OB CBQ@EBA ?RQ PQFIBIBKQ-KKFGROQ >AAFKD MOBIL>AP >KA
MOB@LKKB@QP QL QEB J>FK AL@RIBRQUEBOJILOB %>0IV (FKQP @>K MLQBKQF>IIV ?B RPBA CL
OA M>0QV OBPLRO@BP TEF@E T>P KLQ MLPPF?IB TFQE MRERP GELBQIRRMFKOQBA

1.6%

"B@NK >LDMHI I:@>L NLBG@ !:KER $BGML

4EBOB >0B PQRAFBP PELTFKD QE>Q >ALMQFKD %>O |85 REFUBIHOFRBU@S B>IMIB
3ELMFCV L?PB®S , #0 FIMOBBJBKQPFK QEBFO I>? PQRAVPPBBIQE>Q

SMMQIEJ>QBIV  LC TB?PFQBP FK LRO A>GBPBQMEOBA %>0IV (FEEEP-B QEFP B>OIV PQ>DB
>KA JLPQ LC QEB >ALMQFLK  PQBJP COLJ TB?PFQBP ORKKFKD LK 3ELMFCV_P MI>QCLOJ

7FQE QEB LC TB?PFQBP FK@ <link rel="preload"> TFQE QEB M>DB OBPMLKPB QEBOB
FP PFDKFd@>KQ MLQBKGBSIQPRIRE IFKH KLABP QL %>0IV (FKQP

AMMILPPP K?< >=BMK& K?< K?<

AMMIL=>CEHI>KAKF> <HF ;EH@ >:KER ABGML
AMMIL=>GEHI>AKF> <HF ;EH@ >:KER ABGMGMNEBEBM:MBHGL
AMMILEH@ <EHN=]#6F >:KER ABGML I>K?HKF:G<>
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HTTP/3

)K QEB OBJ>FKABO LC QEFP PB@QFLK TB QROK LRO-GLFQRPQE@ARQROB LC (440 >KA

T>P PQ>KA>OAFWBA FK *RKB)K M>0OQF @FBIMILOB QEB FBAIRKQP LC (440L SBO FQP

MOBAB@BPPLOP >KA ELT JR@E PRMMLOQ FQ @ROOBRBABESFEIBMIBK>QFLK LK (440
VLR @>K OBCEIEGR/®BIIBKQ PBOFBP LCOQERIPFK ->0U TEL >IPL EBIMBASBBT

QEFP @E>MQBO

Benefits of HTTP/3

7EFIB (440 FKQOLAR@BA S>OFLREBIBAQIPSB0 FQP MOBAB@EEBRBOBJ>FK CROQEBO
@E>IIBKDBP >KA LMMLOQRKFQFBP CLO QEERMIM(E. @BK ®ELRDE JRIQBFKB LC

OBNRBPQP LKQL > PFE@BKKB@QFLISBHBBA EB>A LC IFKB ?IL@HFKD FPPRBP CLO B>@E OF
ABIFBOFKD OBNRBPQP RPFKD QEBPKBQELSRB FKBCI@EEKEP ?B@>RPBALM3@BOP

@>K MEEKQ MOLMBOIV GR@EFBB0IM>EBQP COLJ ?BFKD MOL@BPPBA RKQFI QEBFO
OBQRPJFPPFLK >BPIBSBK FC QEB I>@BMAE@BQ FP CLO > PRBX®40 PQOB>}#a E>P KL
@LK@BMQ LC QEB JBFRPNEBMMBKFKD FK QERBBDMEBADL@LI >KA PL ELIAP RM >Il PQOB>JP

(440 >FJP QL FIMGB RMLK QEB PELOQ@LJIFKDP LEKA4DL AL QE>Q FQ FP ?RFIQ LK 15)# >
5$0 ?>PBA QEKPMLOQ MOLQL@LI 15)# >AAGBHRFEBRAAC IFKB ?IL@HRKEIMIBIBKQFKD
OBIF>?IB MB@HBIBSV LK QLM LC 5$0 >Q > MBO PQBRHSITRDV

HTTP/3 support

4L >ABOQFPB QE>Q (H40PRMMLOQBA TBBRBOIBIV LK alt-svc  FK QEB (440
OBPMLKPB EB>ABBS>IRB |alt-svc ~ EB>ABO @LKQ>FKP > IFPQ LC MOLQL@L\PGEBIMLOQBA
PBGEO

AMMILPPP K?< >=BMK K?<K?< AMFE

AMMILPPP LF:LABG@F:@:SBG> <HF AMMI <HKHG<>IML I:KM

AMMIIQ <HF IKI@RFBG@:KM

AMMIL<:E>G=:KK?IE:G>M <HF  A>:= H? EBG> ;EH<DBG@ BG JNB<:G= AMMI MA> =>M:BEL
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"B@NK alt-svc  KLIHGL> A>:=>QFE>

&0 B>JMIB FK 3BMQBJ?BO  Calt-sve  S>IRB FK QEB OBPMLKPB CLO

EQQMPTT @ILRAe>OB @ h3="443"; ma=86400, h3-29=":443"; ma=86400 >P

PELTK FK QEB P@OBBKPEL h3 3tKP h3-29 QBII RP QE>Q #ILRAe>0B PRMMLOSHA(440

)%48& AECQ  LC (440 L SBO5$0 MLOQ  4EBOB FP >IPL > MOLMLP>I QL PMBBA RROYEB AFP@L
LC (440 >P M>0Q LC $.3 ILLHRM CLO JLOB ABQOEFPFABEPQ COLJ #ILRAe>0B

7 B >K>IVWB (440>ALMQFLKV?FABKQFCVFKD > OBPLRO@B QBAQK ¢=8BOS3 FQP
OBPMLKPB EB>ABO @LKQ: alt-svc ~ EB>ABO TFQE BF h3 RO h3-29 >P LKB LC QEB
MOLQL@LIPBASFPBA 4EFP >IILTP RP QL RKABOPQ>@A R(A\(2B(RPBA >KA FDKLOBP QEB
IFIFQ>QFLKP JBKQFLKBR £+2.QEB COBPE FKPQ>K@ROEHROTEF@E E>BQ/QL PBB QEB
alt-svc EB>ABO

AMMILEH@ <EHN=]46F LI>>=BG@ NI AMMIL :G= AMMI G>@HMB:MBHG PBMA =GL
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"B@KRK $00, LNIHKM HGIN>LML

4EB dDROB >8 PELTP QE>Q QEBOB FP > MBO@BKQ>DB MLFKQ FK@OB>PB COLJ QL Fl
MBO@BKQ>DB LC OBNRBPQP TFREN40Q PFK@BIGQPB? 1J>K>@ 4EB P>JB FK@OB>PB
T>P L?PB@& LK ?LQE ABPHQLM >KA JL?FIB OBNRBPQP

3FJFI>0 QL (440>ALMQFLK JLPQ LC QEB (4#RMMLOQ LOFDFK>QBP COLIERMMB@Q
QEB PRMMLOQ QL DOLT FK QEB CRQROB TEBK JLOB #$.P PQ>0Q QL PRMMLOQ (440

Conclusion

AEFP M>FE»® T>P >KSBKQCRBXO CLO QEB (440 MOLQL@LI BPMB@F>I1V TBEE(440
PQ>KA>OAFWBAGLKQFKRB QL LBEFOS (440 RQFIFW>QFLK >KA PBB > PQOLKD RM@LJFKD
(440 PRMMLOQ COLJ TB? BBPS

YK >AAFQFLK TBEEPBBK PQOLKD DOLTQE FK QEB B@LPVPQBJ CLO QB@EKLILDFBP QE>Q >A
QEB @OFQF@>| @E>IIBKDBP F¥{@40 (FKQP MGEABP > P>CBO >|QBACaMBHRISORPE

>KA FQP @IFBKQ PRMMLBR:EBOQBHPQBM CLOT>0A TFQE #EOLJB KLT PRMMLOQFKD FQ ! K
PQ>KA>0A CLO (440 00FLOFQFW>QFLK T>P dK>IFWBA J>GLO ?0LTPBOBGORARBEAB? PBO:
PRMMLOQ FQ CLO @&RDQEBOJLOB 00FLOFQV (FKQP T>P >AABA QL QEB TB? MI>QCLOJ QL >
@IFBKQP QL CROQEBO OBdKB MOFLOFQFW> QA (UKL QK M B5-OIVIBVIBOFJBKQEEE>
VFBIABA MOLJFPFKD BRMBOEBK@B SBIBKQP

4EFP FP >g3-QFKD QFJB DLFKD CLOT>0OA CLO QEB (440 MOLQL@LI| >KA QEBTE?B@LPVPQE
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BU@FQBA QL PBB ELT QEBPB KBT QB@EKLILDFBP TFII DBQ >ALMQBA XKAFIEEE3 BRCB@QP QEB
RPBOB/BOFBK@B

Author

6>PMLI 2R>3F?LLKPRH

X M>FS>PMLI €) M>FS>PMLIE S>PMLI ORSF?LLKPRH ~ ?

6>PMLI 2R>$F?LLKPRH FP > 3LCQT>0B %KDFKBBO >Q -F@OLPLCQ (B @LIMIBQBA EFF
0E$ COLJ QEB 5KFSPFQV LC -F@EFD>K @LKAR@QFKD OBPB>0O@E BK PVPQBJP QL J>
TB? M>DBP IL>A C>FDR@>K @LKKB@Q TFQEFKHBANK

AMMILPPP EBGEBG <HF BGIBE KN:OB;HHGLND ;
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Appendix A : Methodology

Appendix A

Methodology

Overview

4EB 7B? I3>K>@ FP > MOLGB@Q LODAKFEWBREFB (440 IO@EFB T>P PQ>0QBA FK

?V 3Q88 3LRABOP TFQE QEB JFPPBI@HIEIJMEB TB? FP ?REBYIRYIBP QEB @LIMLPFQFLK LC
JFIIFLKP LC TB? M>DBP LK > JLKQEIV ?>PFFPBHKRQRIBQBP LC JBQ>A83¥I>?IB CLO
>K>IVPFP IRD1RBOV

4EB 7B? 1IJ>K>@_P JFPPFLK FP QL ?B@LJB >K >KKR>| OBMLPFQLOV LC MR?IF@ HKLTIBADB :
PQ>QB LC QEB TB? /RO DL>I FBQEB-A>Q> T>OBELRPB LC (440 BEEFILOB

AMMIIAMMIKABOHK @
AMMILAMMISABOHK@ ?:J AHP =H B NL> ;B@JN>KR MH PKBM> <NLMKM3=KB:L HO
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>@@BPPF?IB QL QEB TB? @LJYRKSERD?PR?GB@Q JXMEIPB SFAB @ LKQR>IFWBA
FKPFDEQP

4EB  BAFQFLK LC QEB7 IlJ>K>@ FP ?@KIFKQL CLRO M>0QP @IMBBREK®B MR?IFPEFKD
>KA AFPQOF?RQFLK 7FQEFK B>8BBMaEQVIFEBINIBOB QEEBGD@EFKD QEBJB COLJ
AFCCBOBKQ >KDIBB>&MIB 60Q )UBMILOBP AFCCBOBKQ >KDIBP LOQEBRRGOHFK QEB
0BOCLOJ>K@B 3B@ROF@M@BPPF?FIFQV @E>MQBOP >JLKD LQEBOP

About the dataset

4EB (440 |0@EMBA>Q>PBQ FP @LKQFKRLRPIV RMA>QFKD TFQE KBL @:SIEBILKQEIV
BAFQFLK LC QBBTJ>K>@ RKIBPP LQEBOTFPB KLQBA FK QE# GEOORBP TBOB PLRO@BA
COLJQEB*RKB @0 4EBPB OBPRIQRMFIE @IV NRBOVERIEFD1IRBOV FK Q>?IBP BWOBdJU
TFQI 2022_06_01

Il LC QEB JBQOF@P MOBPBKQBBTFKIRERT >OB MR?IF@IV OBMOLAR@F?IB RPFKD QEB A>Q>PBQ
"FD1IRBOWLR @>K ?OLTPB QEB NRBOFBP-RRBEMQBOP HQ(R®OBMLPFQLOV

,E>:L> GHM> MA:M LHF> H? MA>L>INNBB>E:K@> :G= =QB>6GLBOMH KNEBNKL>EK A>EI
<HGMEEBGEKRLI>G=BG@KMH 0BF "=E><XLUBE® B@-N>KR 3BMAIDBE@& MA> :GD

&0 B>IMIB QL RKABOPQ>KA QEB JBAF>K KRJQB® LCS»>3@O0OFMQ MBO ABPHQLM >KA JL?FIB
M>DB PBBQBP= PNI

#standardSQL
# Sum of JS request bytes per page (2022)
SELECT
percentile,
_TABLE_SUFFIX AS client,
APPROX_QUANTILE®ytesJs / 1024, 1000)[ OFFSETpercentile *
10)] AS js_kilobytes
FROM
“httparchive.summary_pages.2022_06_01_* ,

AMMIL@BMAN; <HF $0sABOAMMISABEHK@ ;EH; F:BG =H<L @>MMBG@LM:KF>=9;B@IN>KR
AMMIL@BMAN; <HF $00<ABOEF:G:< AMMKRABEHK @MK:BG LIE

AMMIEHN= @HH@E> <HF ; B@3BS@

AMMIIMBFBE>< <HFH>F;>KL NLBG@ ;B@JN>KR PBMAHNNVDEG@ MA> ;:GD
AMMIL@BMAN; <HF $00ABOEF:G:< AMMIKABEHK@ EH; F:BG LJIE  C:D<KBIM ;RM>L9  LJE
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https://cloud.google.com/bigquery/pricing
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https://github.com/HTTPArchive/almanac.httparchive.org/blob/main/sql/2022/javascript/bytes_2022.sql

Appendix A : Methodology

UNNEST[ 10, 25, 50, 75, 90, 100]) AS percentile
GROUPBY

percentile,

client
ORDERBY

client,

percentile

2BPRIQP CLO B>@E JBQOF@ >OB MR?IF@IV SFBT>?IB FK @E>MQBO PMB@Rd@ PMOB>APEE
*>$>3@OFMQ OBPRKBP QL QEB@BPRIQP >KA NRBOFERFOBIB >Q QEB ?LQQLJ LC B>@E
@E>MQEBDOF@ PMB@Fd@ OBPRIQP >KA NRBOFRBRAREBARYVFEEL) B>@E dDROB

Websites

4EBOB >0B TB?PFQBP FK QEB A>Q>PBQ 'JLKD QELPB >OB JL?FIB TB?PFQBP >KA
>OB ABPHQLM TB?PFQBP -LPQ TB?PFQBP >OB FK@IRABA FK ?LQE QEB JL?FIB >KA ABP
PR?PBQP

(440 |O@EFB PLRO@BP QEB 52,P CLO FQP TB?PFQEFOCIR 5QFBMLOQEB #EOLJB 58

2BMLOQ FP > MR?IF@ A>Q>PBQ COLJ 'LLDIB QE>Q >DDNIBDF@R@BPB@®LPP JFIIFLKP LC
TB?PFQBP >@I@SFPFQBAROLIB RPBOP 4ERBFINS> IFPQ LC TB?PFQBP QE>Q >OB RM QL A>(
>KA > OBeB@QFLK LC OB>I TLOIA TB? RP>DB 4EB #EOLJB 58 2BMLOQ A>Q>PBQ FK@IRABP >
AFJBKPFLK TEF@E TB RPB QL DBQ >l LC QEB TB?PFYBBPE@BPEBALZFIB RPBOP

4EB*RKB (440 |O@EFSB @0I RPBAY QEB B? IJ>K>@ RPBA QEB JLPQ OB@®B#ivIB
#EOLJB 58 2BMLOQ OBIB>PB CLO FQP IFPQ LC TB?PFQBP 4EB A>Q>PBQ T>R/OBIB>PBA LI
>KA @>MQROBP TB?PFQBP SRPFEIRAIB RPBOP AROFKD QEB JLKQE LC IMOFI

$RB QL OBPLRO@B IFJFQ>QFLKP QEB @40MHERFS @LRIA LKIV QBPQ LKB M>DB COLJ B>@F
TB?PFQB FK QEB #EOLJB 58 OBMLOQ >KA LKIV ELJB M>DBP TBOBTEBIREBA CEFP TFII
FKQOLAR@B PLJB ?F>P FKQL QEB OBPRIQP ?B@>RPB > ELJB M>DB FP KLQ KBEIEPP>OFIV O
QEB BKQFOB TB?PFQBXEBFKQOLAR@BA PB@LKA>O\RISBEFQER 71J>K>@ MOLGB@Q

T>P ?BDFKKFKD >KA PLIJB @E>MQBOP RPB QEFP KBT A>Q> -LPGHDRABABHP @ IQES

ELJB M>DBP B BJMB@Q CRQROB >K>|VPEBR@EMOB RPB LC QEFP KBT A>Q>PBQ

(440 'O@EFB FP >IPL @LKPFABOBA > [>? QBPQFKD QLLI JB>KFKD FQ QBPQP TB?PFQBP COL
>KA ALBP KLQ @LIIB@Q A>Q> COLJ OB>| TURIBORBE@BP !l M>DBP >0OB QBPQBA TFQE >K BJ

AMMII=H<L @HH@E> <HEIM>ML = O+>"1R?IM3.>G 4C 6L30 G ME<&H2 $F QF*!9% >=BM NLI LA:.KBG@
AMMIL=BL<NLL AMMBCHK@ M BRIBG@ MA> AMMBIOIBI>EBG> :G= =IM:L>M ;R Q
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https://docs.google.com/spreadsheets/d/1vOeFUyfEtWRen3Xj57ZsWav40n5tlcJoV0HmAxmNE_I/edit?usp=sharing
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@>@EB FK > ILDDBA LRQ PQ>QB/RER@BEB@Q ELT OB>| RPBOP TLRIA >@@BPP QEBJ

Metrics

(440 '0O@EFB @LIIB@QP QELRP>KAP LC JBQOF@P >?LRQ ELT QEB TB? FP ?RFIQ )Q FK@IRABP 2>
IFB QEB KRJ?BO MRBP MBO M>DB TEBQEBO QEB M>DB THOI(44MBAKA FKAFSFAR>|

OBNRBPQ >KA OBPMLKPB EB>ABOP 4EB J>GLOFQV LC QEBSBARYY FFRe-EBB RIOL

TEF@E >@QP >P QEB QBPQ ORKKBO CLO B>@E TB?PFQB

/QEBO QBPQFKD QLLIP >OB RFEEABUME >AS>K@BA JBQOF@P >?LRQLQEBNNIB &
,FDEQELRPB RPBA QL ORK >RAFQP >D>FKPQ QEB M>DB QL >K>IVWB FP@@3POV FHEMB>P IFH
>KA 3%/ 4EBALLIPPB@QFLK ?BILT DLBP FKQL B>@E LC QEBPB QLLIP FK JLOB ABQ>FI

4L TLOH >OLRKA PLJB LC QEB FKEBOBKQ IFJFQ>QFLKP LC > I>BARRKERD>PER¥BP
RPB LC QEBOLJB 58 2BMLOGLO JBQOF@P LK RABOMBK@BP BPMB@F>IIV FK QEB >OB> LC TB?
MBOCLOJ>K@B

3LJB JBQOF@P >0OB @LIMIBQBIV LRQ LO BB3I@B &B ALKQ KB@BPP>GBIQEB >?FIFQV QL
ABQB@Q QEB QLLIP RPBA QL ?RFIA > TB?PFQB )C > TB?PFQB FP ?RFIQ RPFKD @OB>QB OB>@Q
QBII QE>Q FQ RPBP QEB-IBH@BI CCRQ KLQ KB@BPP>OFIV QE>Q > M>OQF@RI>0 ?RFIA QLLI FP RP
5KIBPP QEBPB QLLEBIBBQB@QF?IB dKDBOMOFKQP FK PER AB?RERRK>?IB QL JB>PROB

QEBFO RP>DB

/QEBO JBQOF@Y KQ KB@BPP>OFIV ?B FIMLPPF?IB QL JB>PROB ?RQ >0OB @E>IIBKDFKD LO RKOE
& .0 B>JMIB >PMB@QP LC TB? ABPFDK >0OB FKEBOBKQIV 3FRREMBRIG-QL NRFEQFCV
TEBQEBO > M>DB E>P >K FEQORPAE>ILD

Tools

4EB 7B? lII>K>@ FP J>AB MLPPF?IB TFQE QEB EBIM LC QEB CLIILTFKD LMBK PLRO@B QLLIP

WebPageTest

7 B?0>DBBPQFP > MOLIJFKBKQ TB? MBOCLOJ>K@B QBPQFKD QLLI >KA QEB ?>@H?LKB LC (440
IO@EBS7 B RPB MOFS>QB FKPQRE @B?0>DBBPQ TFQE MOFS>QB QBPQ >DBKQP TEF@E >OB QEB
>@QR>| 20LTPBOP QE>Q QBPQ B>@E TB? M>DB $BPHQLM >KA JL?FIB TB?PFQBP >OB QBPQBA R
AFCCBOBKQ @LQRRO

AMMILPPP P>;1:@>M>LM HK@
AMMIL=H<P>;1:@>M>LM HK@MKBGLM:G<>L
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Config Desktop Mobile
$BSF@B  ,FKRU 6- %JRI>QBA -LQL '

LWFII> 8 ,FKRUU = -LWFII> ,FKRU !IKAOLFA  -LQL®

IMMIE B2+F +(4-, IFB 'B@H IMMIE B2+F +(4-, IFB'B@H #EOLJB
5PBO IDBKQ e ¢ @ e ¢ @

#EOLJB 3>C>OF -L?FIB3>C>0F 0434

0434
,L@>QFLK 'LLDIB#ILRA ,L@>QFLKP 53! 'LLDIB #ILRA ,L@>QFLKP 53!
#LKKB@QFLK#>?IB  -?MP JP2 44 " 2MP JP2 44
6FBTMLOQ UM U UM U

$BPHQLM TB?PFQBP >0B ORK COLJ TFQEFK > ABPHQEM#EIBKIBIBK> ,FKRU 6- 4EB
KBQTLOH PMBBA FP BNRFS>IBKQ QL > @>7?1B @LKKB@QFLK

-L?FIB TB?PFQBP >0OB ORK COLJ TFQEFK > JL?FIB SEOLBBEKQ LK >K BJRI>QBA -LQL '
ABSF@B TFQE > KBQTLOH PMBBA BNRFS>IBKQ QL > ' @LKKB@QFLK

4BPQ >DBKQP ORK COLJ $S*OMBRRRA 01>QCLOJ IL@>QFRKPBA FK QEB 53!

(440 '\O@EFB P MOFS>QB FKPQ>B@BDBBPQ FBMQ FK PVK@ TFQE QEB I>QERIPMERIF@ S

>KA >RDJBKQBA TEIFPQLJ JBQOFBHFE@E >0B PKFMMBRBEBMQ QESEHHOEBA LK
B>@E TB?PFQB >Q QEB BKA LC QEB QBPQ

4EB OBPRIQP LC B>@E QBPQ SSBI3MB3RISdIB > *3/. CLOJ>QQBA >0 @EHS

@LKQ>FKFKD JBQ>A>Q>>?LRQ QEB TB? M>DB

Lighthouse

FDEQELRPBP >K >RQLJ>QBA TB?PFQB NR>IFR@BRFRD?RFIQIDIB )Q >RAFQP TB?
M>DBP QL JBIPROB QEE KQ FK@IRAB RABEDFBK@B >KQFM>GEBQKIFHFWBA FJ>DBP
>KA FK>@@BPPF?IB @LKQBKQ

(440 'O@EFB ORKP QEB I>@BPFRFEK LC ,FDEQELRPB CLO >Il M>DBP 4EFB-PQERXOPQ V
FDEQELRPB QBPQFKD FP ALKB CLO ?LQE JL?FIB >KA ABPHQLM M>DBP |PIC @&B *RKB @
IO@EBRPBA QEB  SBOPFLKP LC ,FDEQELRPB

,FDEQELRPB FP ORK >P FQP LTK AFPQFK@ Q Q@BPTIXIBBPEREFKQ E>P FQP LTK

AMMILKEHN= @HH@E> <HF <HFINM@8HGLIKSHG>L EH<:MBHGL
AMMIL@BMAN; <HF $00<ABONLMHF F>MKB<L
AMMIL>GPBDBI>=B: HK@ PBDB $ .9 \E>9?HKF:M
AMMII=>GEHI>AKF> <HF =H<L EB@AMAHKNKDBHD
AMMIL@BMAN; <HF #HHGH>AKB @ AMAHER3 KL M:@ O
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@LKdJDRQFLK MOLdIB

Config Desktop Mobile
#05 PILTALTK * uu
$LTKIL>A QEOLRDEMRQ -?MP -2MP
5MIL>A QEOLRDEMRQ ~ -?MP -2MP
244 JP JP

& 0 JLOB FKCLOJ>QFLK >?LRQ ,FDEQELRPB >KARB=AB\FR 440 |O@BERSBCBO QL QEB
,FDEQELRPBSBR.MBO AL@RJIBKQ>QFLK

Wappalyzer

7 >MM>IVWB® > QLLI CLO ABQB@QFKD QB@EKNMITH-BR-RHBA 2EBOB x®@BQBDLOFBP

LC QB@EKLILDFBP QBRRBADE@OL$:3@OFMIBIOOHP QL #-3 MI>QCLOJP 88KB
@OVMQL@ROOBK@V JFKBOP SHBOBBPREMLOQBA QB@EKLILDFBP >K FK@OB>PB COLJ
I>PQBAO

(440 |O@EFB ORKP QEB I>@BPRFEK LEMM>IVWBO CLO >Il TB? M>DBP P LC *RIV BREB 7
I13>K>@ RPBAQEB S BOPFLKC 7>MM>IVWBO

7 SMM>IVWBO MLTBOP @K>MQBOP QE>Q >K>IVWB QEB MLIGRLMBQQLOBEH
7 LOAOOBPP "LLQRQEKA G1RB&Y B>IMIB QEB3 @E>MQBO OBIFBF\EBK QEB
OBPMB@®RS @>QBDLOV LC QB@EKLILDFBP ¥BOBESRNBO

11l ABQB@QFLK QLLIP FK@ IRWRKIYWBSB QEBFO IFJFQ>QFLKP 4EB S>IFAFQV LC QEBFO OBPRIQF
>IT>VP ABMBKA LK ELT >@@RUEBFO ABQB@QFLK JB@E>KFPIB>DBKHES TFIl >AA >

KLQB FISBOV @E>MQBO TEBOEIVWBO FP RPBA ?RQ FQP YHUIQPREPXE@BARB QL >

PMB@Fd@ OB>PLK

Chrome UX Report

4EB#EOLJB 58 2BMLOGFP > MR?IF@ A>Q>PBQ LC OB>| TLOIA #EOMBHBBE@BP
%UMBOFBK@BP >0OB DUIIFABRAQ@BP_ LOFDRKSIUE https://www.example.com 4EB

AMMIL=>CEHI>KAKF> <HF =H<L EB@AMAHKKDBHP
AMMILPPP P:II:ERS>K<HF

AMMILPPP P:II:ERS>K<HF M><AGHEH@B>L
AMMIL@BMAN; <HF EBIWHERS>K KE>L>L M:@ O
AMMILPPP P:II:ERS>K<HF <:M>@HKB>L <FL
AMMIL=>CEHI>KAKF> <HF =H<L <KNQ
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https://developer.chrome.com/docs/lighthouse/overview
https://www.wappalyzer.com/
https://www.wappalyzer.com/technologies
https://github.com/AliasIO/Wappalyzer/releases/tag/v6.10.26
https://www.wappalyzer.com/categories/cms
https://developer.chrome.com/docs/crux
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A>Q>PBQ FK@IRABP AFPQOF?RQFLKP L@ 58-FUDRE@R FH@BELK >KARQ PQ>?FKQV
>AAFQFLK QL DOLRWIHK{E BMBOFBK@BPXIPL ?B PIF@BARIBKPFLKMBIEBLRKQOSBIB
DBLDEME CLOJ C>@@BPHQLM MELKB Q>?IBQ >KAB@CREEWSFLK QVMB ' ' BQ@

4EB #EOLJB 58 2BMLOQ A>Q>PBQ FK@|RABFBOBEIEIGHFKD A>Q4EBPB >0OB OBCBOOBA QL
>PKGD F:@GBMN2B@>RPB >P LMMLPBA QL>HKBR@HP IBFQEB LO  JLPQ MLMRI>O
TB?PFQBP TB?PFQBP >0OB DOLRMBAT@BPCOLJ QEB QLM H QLM H RM QL QEB QLM -
%>@E TB?PFQEFR/AO>@@LOAFKD QL QEB KRIPBEPL®I>DB SFBTP LK >II LC FQP M>DBP
@LJI?FKBA 4EB>D P B? 11>K>@ J>HBP BQBKAFRPB LC QEFP KBT A>Q>WRELBMILOB
S>OF>QFLKP FK QEBEB-TB? FP ?REIRFDB MLMRI>OFQV

&0 7B? 1I>K>@ JBQOF@P QE>Q OBCBOBK@B OB VBURBREBD 8>Q> COLJ QEB #EOLJB 58
2BMLOQ QEB*RKB A>Q>PBQ FP RPBA

9LR @>K IB>OK JLOB >?LRQ QEB A>Q>BBRKEKUHEB#EOLJIB 58 2BMLOQ LK "FD1BBRAB
LKTB? ABS

Blink Features

"IFKH 8>QROBPOB FKAF@>QLOP eXDEBA I8 TEBKEBO > M>0QF@RI>0 TB? MI>QCLOJ CB>QR
FP ABQB@QBA QL ?B RPBA

7 B RPB "IFKIB&QROBP QL DBQ > AFCCBOBK® MBOBMBRIBFSALMQFLK 4EFP A>Q> FP BPMB(
RPBCRI QL AFPQFKDRFPE ?BQTBBK CB>QROBP QE>Q >OB FIMIBJBKQBA LK > M>DB >KA CB>
>@QR>IIV RPEA B>IMIB QEB3 @E>MQBO P PB@QFLK MKRQFRRBP "IFKE+@ROBP A>Q> QL
JB>PROB TEBQEBO PLJB M>0Q LC QEB >@®QR€] FBRBRAQ TFQE 'OFA "V @LIM>OFPLK J>K
JLOB M>DBP E>MMBK QL FK@IRAB >K RKRPBA 'OFA PQVIB FK QEBFO PQVIBPEBBQP "LQE P(
FKQBOBPQFKD FK QEBRC-KRKJBH RP PLIBQEFKD >?LRQ ELT QEB TB? FP ?RFIQ

"IFKH &>QROBP >0B OBMMI@REDBBPOP M>0Q LC LRO OBDRI>0 QBPQFKD

Third Party Web

4EFOADQV B? FP > OBPB>0@E MODSBORIEH (RHRBELO LC QEEEFOA 0 >OQFBP
@E>MQBE>Q RPBP (440 I0@BR?\ ,FDEQELRPB A>Q> QL FABKQFCV >KA >K>IVWB QEB FIM>@
M>OQV OBPLRO@BP LK QEB TB?

$LI>FKP >OB @LKPFABOBA QL 7B > QEF(SFABOGG/PBRB>0 LK >Q IB>PQ RKFNRB M>DBP

AMMIL=>GEHI>AKF> <HF ;EH@ <KINEDK:@GBMN=>

AMMIL=>GEHI=AKF> <HF =H<L <KNQ F>MAH=HEH@R >EB@B;BEBMR

AMMILP>; =>O<AKIF> NQKHKM ;B@JIN>KR

AMMILP>; =>0

AMMIL<AKFBNF @HH@EGt INR<AKEBNF LK $! =H<L NL>9<HNGM>K9PBDB F=
AMMILPPP MASKKMRP>; MH=:R
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https://developer.chrome.com/blog/crux-rank-magnitude
https://developer.chrome.com/docs/crux/methodology#eligibility
https://web.dev/chrome-ux-report-bigquery
https://web.dev/
https://chromium.googlesource.com/chromium/src/+/HEAD/docs/use_counter_wiki.md
https://www.thirdpartyweb.today/
https://almanac.httparchive.org/en/2019/third-parties
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4EB MOLGB@Q >IPL DOISFMBOROREBFO OBPMERBQBEE@BP FK @>QBD:LAFBIKIFMQF@P
>KA PL@F>I

3BBOI @E>MQBOP FKEJEEFK>@ RPB QEB ALJ>FKP >KA @>QBDLOFBP COLJ QEFP A>Q>PBQ QL
RKABOPQ>KA QEB FIM>@Q LC QEFOA M>0OQFBP

Rework CSS

2BTLOH #33 FP > '$>3@0FMQ ?>PBA #33 SOPERBKQFOB PQVIBPEBBQP >KA MOLAR@BP >
*3/. BK@LABA L?GB@Q AFPQFKDRFPEFKD B>@E FKAFSFAR>| PAROB @RIBSRBIH@RLO

4EFP PMB@F>| MROMLPB QLLI PFDKFd&BAKER FEM@RO.C J¥K_C QEB JBQOF@FRBE QEB
@E>MQBE3 FK >IIBQBOK> PQVIBPEBBQP >KA FKIFKB PQVIB ?IL@HP CLO B>@E M>DB TBOB M>OP
NRBOFBA QL BXpEB >K>IVPFP MLPPFRERBBEORO JLOB FKCLOJ>QFLK >?LRQ ELT FQ T>P
FKQBE@BA TFQE QEB (440 !OBAFQ>PBQ LK "FD1RBOV

Rework Utils

4EFPRAO #33 @E>MQBSFBBQP Y4KC QEB JBQOF@P FKQOLAR@BA FK P #TE@@EMQBO
T>P IBA Y, B> BOLR B> TOLQIBTLOH 5QFIPL JLOB B>PFUQERQ FKPFDEQP COLJ 2BTLOH

#33 P LRQMRQ -LPQ LC QEBIHOPBE FK QEB #33 @E>MQBO @LKQFKRB QLV?BREFEBOBA ?
P@OFMQP

Parsel

0>OPBIFP > #33 PBIB@QLO M>0OPBO >KA PMB@Fd @EEURE>1@RISORQBK33
@E>MQBO |BsABOLRKA LMBK PLRO@BA >P >BBNEZOV)Q FP RPBIQBKATS FK > #33
JBQOF@P QE>Q OBI>QB QL PBIB@QLOP >KA PMB@FJ@FQV

Analytical process

4EB 7B? 1J>K>@ QLLH >?LR@B>U QL MI>K >KB@RQB TFQE QEB @LLOAFK>QFLK LC JLOB QE>K >
ERKAOBA&LKQOF?RQDDPQEB TB? @LJIRKRENRP PB@QFLK ABP@OFEBREEPB QEB
@E>MQBORRBB FK QEB?7IJ>K>@ ELT QEBFO JBQOF@P TBOB NRBOFBASKRGR. T QEB
FKQBOMOBQBA

AMMIL@BMAN; <HPKKELL <LL

AMMIL=BL<NLL AMMBOHK@ M :G:ERSBG@ LMRE>LA>>ML PBMA : CL ;:L>= I:IKL>K
AMMIL@BMAN; <HF (>IN KPHKD NMBEL

AMMIUKHC><@HKIN F> I:KL>E
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Planning

4EB 7 B?1J>K>@ HF@HLCC FK->0@E  TFQ@®>Il CLO @LKQOF?RE@LENFQF>IFWBA
QEB MOLGB@Q TFQE >l @E>MQBER RERAOFOKA QEB @LIIRKFQV PRDDBPQBA >AAFQFLK
QLMF@P QE>Q ?B@>JB QTL KBT @E>B<BRQEIHRBBEIFQKASRPQ>FK>?FIFQV

IP TB PQ>QBA FK QEB FKMEBROP -BQELALILDV

+G> QIEB<BM @H:E 2HK=BNMBNMIGL H>MEF 8&:< BL MH >G<@NKEE
FHKe BGKENLBHG H2NG=>BM>= :G= AHI@SIG>HNBS>L L :NMAHKL :G=
I>>K KOB>P>KL

4L QE>Q BKA QBFB VBB @LKQFKRBAERIELO PBIB@QFLK MOL@BPP

b OOBFLRP >RQELOP TBOB PMB@Fd@>DBAER@LROFQFKD >D>FIBQLU3ELO
AFCCBOBKQ MBOBRB@QFS

b %BOWKB BKALOPFKD >RQELOP TBGB\PIH?B BPMB@F>IIV @LKP@FLRP KLQ QL
KLIFK>QB MBLMIB TEL >II ILLH LO QB¥FKH >IFH

b 4EB MOLGB@Q IBSABTBB >I| LC QEB >RQELO KLIJFK>QFLKP >KA J>AB >K BCCLOQ C
PBIB@Q >RQELOP TEL TFIl ?0FKD KBT BIBORMBBRIIFSY QERSP LC
RKABOOBMOBPBKQBA DOLRMP FK QEB @LJIRKFQV

7 B ELMB QL FQEBOK QEFP MOL@BPP FK QEB CRQROB QL BEPRDEQ@-KPQEHRGB
AFBOPB >KA FK@RRBISGB@Q TFQE @LKQOF?RQLOP COLJ >Il ?>@HDOLRKAP

Analysis

YK IMOFI >KA ¥ A>Q> >K>IVPQP TLBAITFQE >RQELOP >KA \3BBURIR QL @LJB RM TFQE
> IFPQ LC JBQOF@P QE>Q TLRIA KBBA QL ?B NRBOFBA (H.6 A
TBOB @OB>QBA QL dil D>MP FK LRO >K>IVQF@ @>M>?FIFQFBP

AEOLRDELRQ *RKB  QEB (440 !0@ERSQ> MFMBIEKEE@BBBG! JFIIFLK TB?PFQBP
D>QEBOFKD QEB JBQ>A>Q> QL ?B RPBA FI-QE@ 74EBPB OBPRIQP TBOB MLPQ MOL@BPPBA
PsSBA QLFD1RBOV

"BFKD LRO CLR@9EMB TBOB >?IB QL RMA>QB >KA OBRPB QEB NRBOFBIRSQRDQBK ?
>K>IVPQP 3QFIl QEBOB TRG®BIXIBQOF@P QE>Q KBBABA QL ?B TOFQQEKELRI@R@O0
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?0LTPB >Il LC QEB NRBORBFO?>KA @E>MQBO FK LRO LMRRBOR@BBLPFQKCRQ(R?

Interpretation

IRQELOP TLBA TFQE >K>IVPQP QL @LOOB@QIV FKQBOMOBGDER MBERIF>GBA AO
@LK@IRPFLKP P >RQELOP TOLQB QERFQBERYBEREBT COLJ QEBPB PQ>QFPQF@P QL
PRMMLOQ QEBFBREOC QEB PQ>QB LC QEBTBSEBTBOP TIEMTFQE >RQELOP QL BKPROB
QEB QB@EKF@>| @LOOB@QKBPP LC QEBFO >K>IVPFP

4L J>HB QEB OBPRIQP JLOB B>PFIV RKABOPQ>KA>?IB QL CBHABBOPTAAE>IVPQP

@OB>QBA A>Q> SFPR>IFW>QFLKP QL BJ?BA BKIBEFFEESMOBQFLKP >0OB PFIMIFEBA QL J>H

QEB MLFKQP JLOB @&SM®BIMIB SEBO QE>K PELTFKD > CRIl AFPQOF?RQFLK LKIV > E>KACRI LC
MBO@BKQFIBP >OB PELTK 5KIBPP LQEBOTFPB KLQBA >l AFPQOF?RQFLKP >0OB PRJJ>OFWBA RF
MBO@BKQFIBP BPMB@F>IIV JBAF>KP QEB QEABQLEBIQEB

&FK>INBAFQLOBIMBA QEB @E>MQBOP QL duREHA®BIBOOLOP >KA BKPROB @LKPFPQBK@V
>@OLPP QEB OBVIRDEBK@B

Looking ahead

4EB  BAFQFLK LC QEB7 IJ>K>@ FP QEB CLROQE FK TE>Q TB ELMB QL @LKQFKRB >P >K >KKR>|
QEAFQFLK FK QEB TB? @LJJRKFQV LC FKQOLPMB@QFLK >KA > @ LBI@EHIBOBMDPRRFS

QL QEFP MLFKQ E>P ?BBK > JLKRIBKQ>I BCCLOQ QBEAFETRAQOF?REKOPE ELMB

QL IBBGDB >P JR@E LC QEFP TLOH >P MLPPBAERQROBIBAFBIKR BB PQOB>JIFKBA

)C VR_OB FKQBOBPQBA FK @LKQOF?RQFKD QL QEB  BARQFKA@OVIESB dil LRQ LRO
FKQBOBPQ CLB(®_P TLOH QLDBQEB@RIQEB PQ>QB LC QEB TB?
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