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Number of units per calc() occurrence
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Most popular color formats
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Color formats by alpha support
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Most popular gradient functions
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Web Almanac 2020: CSS
2019 [ 2020
80%

63%

60%

40%

Percent of pages

20%

4%
0% [ I
flexbox grid
"@>K ;FGK@FE F=08@® 8E; >1@; 9R& 8] 8 GHEK F=DF9@C< G8><J

?KKGI<M<CFGBIFQ@CCS8 FI> ;<33// /[7#1@;7(8P FLK

2020 Web Almanac by HTTP Archive 33


https://developer.mozilla.org/docs/Web/CSS/CSS_Grid_Layout
https://almanac.httparchive.org/static/images/2020/css/flexbox-grid-mobile.png
https://almanac.httparchive.org/static/images/2020/css/flexbox-grid-mobile.png

Part | Chapter 1 : CSS

Desktop flexbox and grid adoption by year
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Top layout methods
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Usage of different Grid layout techniques
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Transitions and animations
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Timing functions
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Animation name categories
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https://caniuse.com/css-filter-function
https://www.w3.org/TR/css-masking-1/
https://caniuse.com/css-masks
https://caniuse.com/css-masks

Part | Chapter 1 : CSS

Usage of mask properties
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Media query features
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Most popular breakpoints
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Most popular properties used in media queries
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Vendor-prefixed features by type
Web Almanac 2020: CSS
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Percent of pages

Vendor-prefixed feature
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Most popular vendor-prefixed properties
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desktop [l mobile

19%

-*-transform

12%

-*-transition

-*-border-radius 9%

-*-box-shadow 8%
Suser-select o 5%
~-box-Sizing — 5%
-“-animation | —— 4%
filter \— 3%

-"-font-smoothing |ees 2%

-*-backface-visibility s 29

Property

-*-appearance 2%
=*-flex P 2%
-*-transform-origin F 1%
-*-osx-font-smoothing P 1%
-*-animation-name P 1%
-*-background-size P 1%
-*-transition-property P 1%
-*-tap-highlight-color F 1%
0% 5%

10% 15% 20%

Percent of occurrences
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QCNB LIOABFS 1@ ;FF J;A?M CH:= K>KN@AN N=@EQO
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Most popular vendor prefixes
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Most popular vendor-prefixed pseudo-classes
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:-ms-input-placeholder 10%
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:-moz-focusring
:-webkit-full-screen
-moz-full-screen
:-moz-any-link
-webkit-autofill
-0-prefocus

-ms-fullscreen

Pseudo-class

:-ms-input-placeholde 0%
-ms-lang 0%

-moz-ui-invalid 0%
-webkit-input-placeholder 0%

-moz-input-placeholder 0%

-webkit-any-link 0%
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Usage of prefixed pseudo-elements by category
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Pseudo-element vendor prefixes
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G;ECHA OJ ;FGIMN NB? ?HNCL? INB?L B;F@1@?3C2a®?;NOL?M <ON IHFS IH >?MENIJ
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Vendor-prefixed media features
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"@>K .<CB8K@BFGLC8I@ @supports =<8KkU HL<I@<; 8J 8:€=K F= F::LHE:<J

Meta

43 OHNCF HIQ\QZFIIE?> ;N QB;N "22 >P?FIJ?LM B? OM?> <ON CH NBCM M?=NCIH Q? Q;HN NI
FIIE GIL? ;<ION ?FNNB3 ;L? OMCHA CN

Declaration repetition

3IN?FF BIQ ?@a=C?HN ;H> G;CHN;CH;<F? ; MNSF?MB??N CM |H? LIOAB@#:+NMTWCRGHA;L
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6 ? >C> FIIE ;N >?=I\CIH L?J?NCNCIH ;H> @IOH> NB;N NB? G?>C;H Q?< J;A? IH GI<CF? OM?M ;
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J;A? ?2,=B >?=F;INCIH CM OM?> LIOABFS NQI NCG?”M
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%CAOL? #CMNLC<ONCIH |@ L?J2NCNCIH GI<CF? J;A?M

3B?M?;NCIM ;L? <?NNYB?H NB;H QB;N Q? EHIQ @LIG M=;LRCI >;N; (H )?HM

.FCPL ,?C?LNM;GJF?> JIJOF;L Q?<MCN?M> =;G? ION QCNB NB? @IFFIQTHARM
>?=F,INCIHM 1@ QBC=B  Q?L? OHCKO? ;H>; OHCKONRIN@ L G?>C;H 3B?

NIJC= =IOF> H??> @OLNBFNCHA;NCIH <ON @LIG NB? FCNNF? Q?EHRINCI® L?J?NCNCIH
CM N;HAC<F?[;H>838B;P? ?CNB?L CGR2} IL <? GIL? |@ ; JLI<F?G @IL NB? GIL? JIJOF;L ;H>
FCES F;LA?L MCN?M

Shorthands and longhands

21G? MBILNB;H>M ;L? GIL? MO==?MM@OF NB;H INB?LM 2IG?NCG?M NB? MBILNB;H> CM MO@a=C?}
NI OM? ;H> CNM MSHN;R 8FGINB;N Q? ?H> OJ IHFS OMCHA NB? FIHAB;H>M CHDEPMINCIH;FFS

Q? Q;HN NI P?LLC>? =?LN;CH P;FO?M CH>?J?H$#2?NEF8 NB?L? ;L? NB?M? MBILNB;H>M NB;N

;L? B;L>FSP?L OM?> <?=;0M? NB?CL MSHN;R CM NIl =IH@OMCHA

Shorthands before longhands

21G? MBILNB;H>M ;L? GIL? MO==?MM@OF NB;H INB?LM 2IG?NCG?M NB? MBILNB;H> CM MO@a=C?}
NI OM? ;H> CNM MSHN;R 8FGINB;N Q? ?H> OJ IHFS OMCHA NB? FIHAB;H>M CHDEPMINCIH;FFS

Q? Q;HN NI P?LLC>? =?LN;CH P;FO?M CH>?J?H$#2?NEF8 NB?L? ;L? NB?M? MBILNB;H>M NB;N

;L? B;L>FSR?L OM?> <?=;0M? NB?CL MSHN;R CM NIl =IH@OMCHA 4MCHAPMBINEHASCN> |
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QCNB ; @?Q FIHAB;H>M CH NB? M;G? LOF? CNPASI@MNIP;LC?NS |@ L?;MIHM

%CLMN CN CM All> >?@28MERBB? MBILNB;H> L?M?NM ;FF CNM FIHAB;H>M NI NB?CL CHCNC;|
NBS B;P? HIN <??HRJFC=CNFS MJ?=Ca?> BBOWMILIAO? P;FO?M =IGCHA CH NBLIOAB NB?
=M=;>?

2?=IH> CN CM All> @IL G;CHN;CH&CCANE?J?NCNCIH |@ P;FO?M QB?H NB? MBILNB;H> B;M
MG;LN >?@;OFNIMR&IF? CHMN?;: I=NCEJ Al Al Al Q? =;H QLCN?

margin Al

margin-bottom

2CGCF;LE8L FCMN P;FO?> JLIJ?LNC?M FIHAB;H>M =;H B?FJ OM L?>0=? L?J?NCNCIH QB?H ; P
M;G? ;=LIMM ;FF FCMN P;FO?M

background url  KJALJC url  PSKLJC url  PDNAA LJC

background-repeat no-repeat

3BCL> @IL =;M?M QB?L? J;LNM I@ NB? MBILNB;H>\M MSHN;R ;L? NIl Q?CL> FIHAB;H>M =;H B?
CGJLP? L?;>;<CFCNS

(JOPA=@ KB
background url  KJAORC ?AJPAN ?KJIPAJP >KT >KN@AN >KT

3DEO EO IKNA NA=@=>HA
background url  KJAORC ?AJPAN
background-size
background-origin content-box

background-clip border-box

2|1 BIQ @L?KO?HNFS >I?M NBCM P=OM EN NOLHM ION  |1@ J;A?M OM?;NB&SININR;MN

IH=? 1S @;INB? GIMN @L?KO?HN FIHAB;H> NBCM B;JJ' >=?GCNKQJ@ OEVA;==IOHNCHA

@IL 1@ ;FF FIHAB;H>M NB;N =IG? ;@N?L NB?CL MBILNB;H> CH>C=;NCHA NB;N NB? MF;MB M
>=?GCNKQJ@ OEVAI >=?GCNKQJ@G; S HIN BP? <??H NB? GIMN L?;>;<F? IL G?(HE?

MSHN;R Q? =IOFPBs=IG? OJ QCNB -l INB?L FIHAB;H> =IG?M =FIM? NI NBCM @8BRO?H=S
L?G;CHCHA CM; FIHA N;CF MJL?;> ;=LINSNNBPL JLIJ?LNCRAHFS
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Most popular longhand properties after shorthands
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background-size 41%

background-image s 6%
margin-bottom P 4%

margin-top F 4%

= border-bottom-color L)
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background-color
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padding-left F 2%
margin-left F 2%
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3B? BKJP MBILNB;H> CM @;CLFS JIJOF;,L OM?> GCFFCIHNCG?MIH 1@ J;A?M <ON OM?> @;L F~
NB;H GIMN 1@ CNM FIHABRE2M BKJIP R=NE=JP ;H> BKJP OPNAP?D 3BCM CH>C=;N?M NB;N

GIMN >P?FIJ?LM ;L? =IG@ILN;<F? OMCHA CN MCH=? CN ;JJ?;8N)A<{NCSH P?A1JI?LM

I@N?H H??> NPALLC>? MJ?=Ca= NSIBA= ;MJ?=NM IH >?M=?H>;HN LOF?M CHERB-FCHM

QBS NB? FIHAB;H>M ;L? OM?> MI GO=B GIL?
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Usage of font shorthand vs longhands
Web Almanac 2020: CSS
desktop [l mobile
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font-size 94%
2 line-height 93%
g font-style 92%
& font 80%
font-variant 43%
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"@>K ;FGK@FE font  J?FIK?8E; 8E; CFE>?8EFGKIK@<J
background

M IH? 1@ NB? IF>?MN MBILNE >=?GCNKQJ@M ;FMI BCABFS OM?> ;JJ?;,LCHA <CFFCIH NCG?M
1@ J;A?M CN CM OM?> GIL? @L?KO?HNFSIEBIHN M FIHAB; RENIK >=?GCNKQJ@

?KHKN QBC=B CM OM?> <CFFCIH NCG?M CH LIOABFS NB? M;G? HOG<PRL®BCAIM 'IQ?

>|?MHAN G?;H >P?FIJ?LM ;L? @OFFS =IG@ILN;<F? QCNB ;FF I@ CNM MSHN;R H?;LFS ;FF @

>=?GCNKQJ@M;A? CRLB MCGJF? QCNB IH? IL NQI P;FO?M TGBMHACH ;H> CG;A?M IL

CG;A?M ;H> JIMCNCIHNHBNBCHA @OLNB?EIHAB;H>M ;L? M??H ;M GIL? RIFF@ RILS
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Usage of background shorthand vs longhands
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background 92%
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background-color
background-image
background-position

background-repeat 84%
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background-origin

0% 25% 50% 75% 100%
Percent of pages

"@>K 1J8>< :FDG8I@JFE F- background J?FIK?8E; 8E; @KJ CFE>?8E;J

Margins and paddings

IINB NB7I=NCEJ ;H> L=@@EJABILNB;H>M ;M Q?FF ;M NB?CL FIHAB;H>M Q?L? MIG? |@ NB? GIMN
BCABFS OM?> "22 JLIJ?LNG2@HA CM =IHMEBSIGIL? FRES NI <? MJ?=Ca?> ;M ; MBILNB;H>

OM?M @I L=@@EJ®PM , @IL ?;=B MBILNB;H> QB?L?;M NB?L? CM F?MM 1@ ;
>C@@7L?H=? @IL G;LACH ! CI=NCEJ'PM , @IL ?;=B 1@ CNM FIHAB;H>M &EMB?
CHCNC;F =IH@OMCIS I@2GHP?FIJ?LM ;<ION NB? =FI=EQCM? IL>?L |@ P;FO?M CH NB?M?
MBILNB;H>M ;H> NB? L?J?NCNCIH LOF? @IL IL PROZMNB;N GIMN I@ NB?M? OM?M |@ NB?
MBILNB;H>M QIOF> <? MCGJF? FBRQ?P?L Q? MQ NB? ?HNCIEN? |@ IL P;FO?M
.< PCIOMFS IL P;FO?M Q?L? GIL? =IGGIH <ON IL Q?L? HIN ;N ;FF OH=IGGIH |==OLLCHA CH
IP?L 1@ I=NCEJ OM?M H¥PL 1@ L=@@EJOM;A?
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Usage of margin/padding shorthands vs longhands
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"@>K 1J8>< :FDG8I@JFE F: margin padding J?FIK?8E;J 8E; K?<@| CFE>?8E;J

Flex

-?,LFS ;FIBHAT BHAT JLIJ?LNC?M ;L?IE5S BCABFS OM?> ;JJ?;LCHA CH 1@ J;A?M

'I1Q? P?L <INBBHAT SN=L ;H> BHAT @ENA?PEKJL? OM?> @;L GIL? NB;H NB?CL MBILNB;H>
BHAT BHKS 6B?H BHAT BHKS CM OM?> CN CM OM?> QCNB NQI P;FO?M C ?SMI;MBILN?L Q;
<INB 1@ CNM FIHAB;H>M #?MJZNRINE? M?HMC<F? >?@ @HRNIMM( BHAT QCNB IH? IL NQI

P;FO?M ;LIOH> 1@ OM;A? =IHMCMNM |@ NB? P;FORMEIHCRFS M?NNCHA ;FF NBL?? 1@ CNNI

FIHAB;H>M

?KKGI<MCFGBIFQ@CCS8 FI> ;<33//
X<O /PEKBO RBK 0?< X< O Gl FG<IKP D8P 9< JG<:@W<; LJ@E> FE< KNF FI K?| << M 8CL<J
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Usage of flex shorthands vs longhands
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60% 58% o
8 © %% 5
a 44%
£ 50% 37%
= 30%
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£ 25%
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flex-direction flex-wrap flex flex-grow  flex-basis flex-shrink  flex-flow
Property
"@>K 1J8>< :FDG8I@JFE F= KOJIXK?8E;J 8E; K?<@I| CFE>?8E;J
Grid

#C> 80 EHIQ NB;! CNE@ PAILH=PA ?KHQIJO CNE@ PAILH=PA NKSO ;H> CNE@
PAILH=PA =NA=0O ;L? ;=NO;FFS MBILNB;H> CNE@ PAILH=PA #C> 30 EHIQ NB;N NB2M;
CNE@ILIJ?LNS ;H> ;FF 1@ NBIM? ;L? MIG? |@ CNM FIHAB;H2K- 8.7 CH All> =IGJ;F6
H?CNB?L >l GIMNP2RIJ?LM 3B CNE@ILIJ?LNS Q;M IHFS OM?>CH  Q?<MCN?M ‘H>
CNE@ PAILH=PAIH  Q?<MCN?M (H=IGJ;,LCMIH CNE@ PAILH=PA ?KHQIJO CM
OM?>CH GCFFCIH Q?<M@N?MCG?M GIL?
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Usage of grid, grid-* properties
Web Almanac 2020: CSS
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grid-template-col... 26%
grid-template-rows 24%
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grid-row 19%
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"@>K 1J8>< :FDG8I@JFE F= K?< >1@; J?FIK?8E;J 8E; K?<@| CFE>?8E;J

CSS mistakes

M QCNB $=IGIFR PIFPCHA JFN@ILG RISNBCHA CM >IH? =ILL2HRER8M FIIE ;N MIG? 1@
NB? GCMRME>P?FIJ?LM ;L? G;ECHA ION NB?L?

Syntax errors

%L GIMN 1@ NB? G?NLC=M CH NBCRP-BMREIQILE ;"22 J;LM?L 6BCF? NBCM B?FIM
>L;G;NC=;FFS CGBR[,==0t=S CN ;FMI G?;HM Q? =I0OF> <? F?MM @ILACPCHA |@ MSHN;R ?LLILM
=IGJ;L?> NI ; <LIQM?L $P?H C@ IH? >?5RIH CH NB? ?HNCL? MNSF?MB??N B;M ; MSHN;R ?LLIL
J;,LMCHA QIOF> @;CF ;H> NB;N MNSF?MB??N QIOF> <? F?@N ION I@ NB? ;I3;FSMCM !ON BIQ (

?KKGP@K?L9 :FBNFIBIJ :JJ
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MNSF?MB??NM >| =IHN;CH MO=B MSHN;R ?LLILM O0OCN? MO<MN;HNC;FFS GIL? IH >?MENIJ NB;H Gl
NOLHM ION ,IL? MJ?=Ca=HFEBFS 1@ MNSF?MB??NM @IOH> IH >?MENIJ J;A?M CH=FO>?> ;N F?;MN
IH? OHL?=P?L,<F? MSHN;R ?LIQB?L?;M IHFS 1@ GI<CF? #l HIN? NB;N NB?M? ;L? ?MM?HNC;FFS
FIQ?L <IOH>M @IL MSHN;R ?LLILM MCH=? HIN ;FF MSHN;R ?LLILM ;=NO;FFS =;0M? J;,LMCHA NI @;C
?R;GJF? ; GCMMCHA M?GC=IFIH QIOF> DOMN L?ROER<HINB? +PCHA J;LM?> ;M J;LN |@

NB? P;FO? A WLNKLANPU ?KHKN R=HQA NA@ >=?GCNKQJ@ UAHHKS X CN QIOF>

HIN =;,0M? NB? J;,LM?L NI @;CF

Nonexistent properties

6 ?;FMI FlII> ;N GIMN =IGGIH HIHRCMN?HN JLIJ?LNE@MIGHA ; FCMN |@ EHIQH JLIJ?LNC?M
6 ? R=FO>?> JL?8R JLIJ?LNC?M @LIG NBCM J;LN |@ NB? ;H;FSMCM ;R-FG#&;FFS ?
OHJL?aR> JLIJLC?N;LS JLIJ?LNCG?M (HN?LH?N $RJFIL >AD=REKN QBC=B I>>FS MNCFF
JIZLMIH - * Q?<MCN?M .ON 1@ NB? L?G;CHCHRENHP?HN JLIJ?LNC?M

1@ NB?G Q?L? ; G;HAF?> @ILG 1@ ; JL?2RILIJ?LNS? A SA>GEP
PN=JOEPEKJIL PN=JOEPEKJ

Q?L? ;H OHJL?aR?> @ILG 1@ ; JLIJ?LNS NB;N IIRESMNM IHFS A8
BKJP OIKKPDEJC QBC=B;JJ?;L?>IH *Q?<MCN?M JLI<;<FS CH=FO>?> @IL
=IGJ;NC<CFCNS OH>?L NB? CH=ILL?=N ;MMOGJNCIH NB;N CN CM MN;H>;L> IL >0? NI QC
NBCHECHA NB;N CN QCFF <?=1G? MN;H>;L>

NSJI NB;N B;M @IOH> CEMIQ;JIJOF;L FCKB 3BLIOAB NBCM ;H;FSMCM Q? @IOH>
NB;N NB? JLIJ?L SDEPA SL=?A Q;M JL?M?HN CH Q?<MCN?M 3BCIg QM Q;
G;HS Q?<MCN?M @IL NB? M;G? NS IREBLL?> ILA;HC=;AAEQ? >?=C>?> NI
FIIE CHNICN H> FI ;H> <?BIFNGZNM IOGN Q;M NB? %;=7?<IlE QC>A?N 3B? aR CM
:FL?;>S CH

H>;HINB?L I>>CNS 3B? JLIJ?L BKIP NAJ@ANEJC;JJ?;LM IH J,A?M

'1Q? P?L Q? =;HHIN aH>PC>?H=? |@ MO=B ; JLIJ?RESRCHA QCNB IL QCNBION ;
JL?aR 3B?L? CM NB? HIHMN; SA>GEP BKJP OIKKPDEJC QBC=B CM QCF>FS
JIJOF;L ;JJ?;LCHA CH GCFFCIH Q?<MCN?M IL ;<ION 1@ J;, BKJP ON
NAJ@ANEJAQCM HIN MO@a=C?HNFS =FIM? NI <? ; GCMMJ? PATP NAJ@ANEJQ
QBC=B CM OM?>CH ;<ION *I@ Q?<MCN?M MI CN CM =IH=?CP;RFNBM ;FF>?
GCML?G?G<?L?> ;H> =ICH?> ; JILNG;HN?; BKJP OIKKPDEJC ;H> PATP
NAJ@ANEJC

?KKGD :FD 1@:B7M@J:FD@ JK8KLJ
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Most popular unknown properties
Web Almanac 2020: CSS
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Unknown property

"@>K )JFIK GFGLCS8I LEBEFNESSIK@<J

Longhands before shorthands

4AMCHA FIHAB;H>M ;@N?L MBILNB;H>M C&/NIHIM? QB? >?@;OFNRPIHER? ; @7Q

JLIJ?LNC?M (N CM ?MJ?=C;FFS OM?@OF QCNB FCMN P;FO?> JLIJ?LNC?M QB?L? OMCHA ; Flt
; PIC> L?J?;NCHA NB? M;G? P;FO? GOFNCJF? NCG?M 3B? IJJIMCN? IH NB? INB?L B;H>[OMCHA
FIHAB;H>M <?@IL? MBILNB;H>M[CSMEGCMN;MCH=? NB? MBILNB;H>PQICHECIN? NB?

FIHAB;H> P ?R;GJF? N;E; FIIE ;N NBCM

background-color rebeccapurple HKJCD=J@
background linear-gradient SDEPA transparent ODKNPD=J@

3BCM QCFF HIN JLI>O=2CAHN @L SDEPANI NA>A??=LQNLHA <ON @L SDEPANI
PN=JOL=NAJP 3B? NA>A??=LQNLHA<;=EALIOH> =IFIL QCFF RZLQLCNNZINB?
>=?GCNKQJ@MBILNB;H> NB;N =IG?M ;@N?L CN NB;N L?M?NM ;FF CNM FIHAB;H>M NI NB?CL CF

3B7L7? ;L? NQI G;CH L?;MIHM NB®BR?LM G;E NBCM ECH> |@ GCAONE?L ;
GCMOH>?LMN;H>CHA ;<ION BIQ MBILNB;H>M QILE ;H> QBC=B FIHABSHOEBAB?M?N <
MBILNB;H> IL MCGJFS FA@NO@N @LIBGHA >?=fCIHM ;LIOH>

21 BIQ =IGGIH CM NBCM GCMRCE?FEN =;HHIN <? NB;N =IGGIH CH NB? NIJ GCFFCIH Q?<MCN?
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LCABN 6LIHA (N NOLHM IONRCR-@MIAFS =IGGIH |==OLLCHA ;N F?;MN IH=? CH 1@ Q?<MCN?M

3BCM ECH> I@ =IH@OMCIH M??GM NIBGIZHIEZNB N >=?GCNKQJ@VBILNB;H> NB;HSH
INB?L MBILNB;H>PIL B;F@ 1@ NB?M? GCRMIEHP? JONNC >=?GCNKQJ@ FIHAB;H>M
<?@IL >=?GCNKQJ@(H NBCM =;M? NECWMN&);FFS HIN <? ; GCMN;EF <ON All>
JLIAL?MMEZPHB;H=?G?HN [LIQM?LM NB;NNMOJJILN ; @?;NOL? MO=B ;M BSEPHNAL
QCFF L?H>?L NBRQIOMFS >?aH?> FIHAB;H> P;FO?M CH NBCM =;M? ; <;=EALIQWZLAFIL
NB;N > OH>?LMN;H> NB? MBILNBRH>O>? NB? FIHAB;H> P;FO? ?CNB?L CGJRIECNESHS?

Most popular shorthands after longhands
Web Almanac 2020: CSS

desktop [l mobile
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Percent of occurrences

Shorthand property

"@>K )JFIK GFGLC8I J?FIK?8E;J 8=K<| CFE>?8E;J

Sass

6BCF? ;H;FSTCHA "22 =I>? N?FFM OM QB;RPFA22M ;L? >ICHA FIIECHA ;N JL?JLI=?MMIL =I>?
=;HN?FF OM ; <CN ;<ION QB;N P2ER?LM Q;HN NI <? >ICHA <ON=QBBC=B CH MIGSNDCM

GIL? CHN?L?MNCHA 2;MM =IHMCMNM I@NMWBIBE=B CM GIL? GCHCG;F ;H>2"22 QBC=B CM
=FIM?L NI "22 3B? @ILG?L CM @;FFCHRALGH-I@MEHIN OM?E$FGCO=B NIS Ml Q? IHFS

FIIE?> ;N NB? F;NN&?R OM?> "22 aF?M QCNB MIOL=?G;BNINN?7H> ;H;FST? 2"22 MNSF?MB??NM

CH NB? QCF2=@IM? NI FIIE ;N 2"22 <?=;0M? CN CM NB? GIMN JIJOF;L JL?JLI=?MMCHA MSHN;R
<;M?>IH IOL ;H;FSMCM I@ MIOL=?G;JM

6 AP? EHIQH @IL ; QBCF? NBEREtP?LM H??> =IFIL GI>Ca=;NCIH @OH=NCIHM ;H> ;L? QILECHA IH

74 2020 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2020/css/most-popupular-shorthands-after-longhands.png
https://almanac.httparchive.org/static/images/2020/css/most-popupular-shorthands-after-longhands.png

Part | Chapter 1 : CSS

NB?G CH2 "IFIL 'I1Q? P?L ;H;FSTCHA 2"22 @OH=NCIH 2FFOMBR> >;N; NI -2 DOMN
BIQ H?=?MM;LS =IFIL GI>Ca=;NCIH @OH=NCIHM ;L? ;H>;FMI N?FFM OM QBC=B NSJ?M 1@ =IFIL
GI>Ca=;NCIHM ;L? GIMN =IGGIHFS H??>?>

.P ?LFF P?L IH? NBCL> 1@ ;FF 2;MM @OH=NCIH =;FFM ;L? NI GI>RIGN=FHLM IL ?

=IGJIH?HNM 5CLNO;FFS ;FF =IFIL GI>Ca=;NCIHM Q? @IQB2IQMCTIF? F@ Q?L? NPG;E
=IFILM >LEL (H @;= @=NGAJ Q;M NB? GIMN JIJOF;L 2;MM @OH=NEertEFFOM?P?H

GIL? NB;H NB? A?H? EB (N;JJ?;LM NB;N ; =IGGIH MNRAS CM NI >?aH? <LCABN =IL? =IFILM
;H>OM @=NGAJ NI =L?;N? >LA P;LC;NCIHM 3B? IJJIMCN? G;ECHA NB?GIRCARBMIVL

=IGGIH QCNB IHFS 1@ @OH=NCIH =;FF HECDPAJ  NBIOAB NB;N Q;M MNCFF NB? NB GIMN
JIJOF;L @OH=N@P,FF @H=NCIHM NB;N =B;HA? NB? ;FJB; =B;HH?F Q?L? ;<IGRLA@ |
@OH=NCIH =;FFM ;H> GCRCHA 2HIN G;E@ ;FF @OH=NCIH =;FFM .NB?L NSJ?M |I@ =IFIL
GI>Ca=;NCIHM MO=B ;M ;>DOMNCHA BICPHM;ROAL??H <FO? =B;HH?FM IL NB? GIL?RIGJF?
=@FQOP ?KHKN Q?L? OM?>ES MJ;,LCHAFS

?KKGJI 8=KJ :JIN> FI> :JJ :FCFI
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Most popular Sass function calls
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(other) 23%
darken

if

map-keys
percentage

map-get

lighten

Function name

nth
mix
length

type-of

(alpha
adjustment)
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Percent of function calls

"@>K )FIK GFGLC8I /8JJ =LE:K@FE :8CCJ

#?aHCHA =OMNIG @OH=NCIHM CM MIG?NBCHANB/INGMMZ27RIMEH 'I0>CHEON

MNO>SCHA 2;MM MNSF?MBPRANM-ACH BIQ =IGGIH NB? H??> CM O0OCN? =IGGIH CN NOLHM ION

N F?;MN B;F@ 1@ 2"22 MNSF?MB??NM MNO>C?> =IHN;CH =OMNIG @OH=NCIHM MCH=? NB? G?>C;
=IHN;CHM HIN IH? <ON NQI =OMNIG @OH=NCIHM

3B?L7? ;L? ;FML?=?HN>CM=OMMCGHWB? "22 6& ;<ION CHNLI>O=CHA ; FCGCN?> @ILG |@
=IH>CNCIH;FM ;H> 2;MRAQR MIG? >;N; IH BIQ =IGGIHFS NBCM CM H??>?> FGIMN NQI NBCL>M |@
2"22 MB??NM =IHN;CH ;N F?;N EB %FI=E G;ECHA OJ ;FGIMN NQI NBCL>M 1@ ;FF =IHNLIF blQ
MN;N?G?HNM 3B?L? CM EB 1@OH=NCIH @IL =IH>CNCIH;FM QCNBCH P;FO?M QBC=B CM NB? M?
GIMN =IGGIH @OH=NCIH ORPRFF

2KKGP@K?L9 :FD N : :J] ?FL;@E@HJ @IJL<J
2KKGP@K?L9 :FD N : :JIN> ;8=KJ @JJIL<]
2KKGP@K?L9 :FD N : :JIN> ;8=KJ @JJIL<)
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Usage of control flow statements in SCSS
Web Almanac 2020: CSS
desktop [l mobile
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@for @each @while

Control flow statement

"@>K 1J8>< F=:FEKT XFN JK8K<D<EKJ @E / //

HINB?L @ONOL? MJ?=NB;N CM =OLL?HNFSIRR-E2MNCHA QBC=B QCFF ;@@IL> OM NB? ;<CFC
NI H?MN LOF?M QCNBCH INB?L LOF?M MCGCF;LFS NI QB;N Q? =;H > CH 2;MM ;H> BNB?L JL?JL
OMCI . 'IQ =IGGIHFS CM H?MNCHA OM?> CH 2"22 MBZGININEDLHM ION 3B? P;MN G;DILCNS |@
2"22 MB??NM OM? ;N F?;MNRRIFEC2CNFS H?MN?> MPERBNIM?0>| =F;MMRI DKRAN ;H>
=F,MM?MA =?PERA G;ECHA OJNBL?? KO;LN?LM I@ CN H>NBCM >I?M HIN ;==IOHN @IL CG
H?MNCHA QB?L?; >?M=?H>HN CM ;MMOG 5B NE?L CM HIN L?KOCL?>

?KKGJI 8=KJ :JIN> FI> :JJ E<JK@E>
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Usage of explicit nesting in SCSS
Web Almanac 2020: CSS
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£ 50%
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Nested selector

"@>K 1J8>< F=RGC@:@K E<IJK@E> @E ///
Conclusion

6B?Q 3B;NQ;M; FIN 1@ >;N; @ BlJ? SIO B;P? @IOH> CN ;M CHN?L?MNCHA ;M Q? >C> ;H> J?LB;JM
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Median page weight by content type
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Distribution of JavaScript bytes per page (2020)
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Web Almanac 2020: JavaScript

568

600

400

200

Total unused JS bytes (KB)

57

10 25 50 75 90

Percentile

"@>K @JIKI@ILK@FE F= K?< 8DFLEK F-8KEIGK &BKJ G<| DF9@C< G8><

ML Q HOG<?LM NBIM?S3L G;S HIN DOGJ ION j® $?J?H>CHA IH BIQ GO=B 1@ ;
J?L@ILG;H=? HOMSL? <ON QB?HGFIIE ;N CN ;M ; J?L=?HN;A? |@ NB? NAj2;fLI;IN OM?>
IH ?;=B J;A? CN <?=IG?M ; <CN ?;MC?L NI M?? DOMN BIQ GOXB?QJPHCRA

37.22%

"@>K , <l:<EK F= K?< D<;@8E DF9@Q<&B8He GK 9PK<J K?8KHIJ<;

3B;N  *?KO;N?M NIU 1@ NB? NIN;F M=LCJIN MCT? NB;N Q? M?H> >IQH NIR&=<CH? >?
3B?L2IM >?aHCN?FS MIG? LIIG @IL e%aPHN B?L?

module and nomodule

.H? G?=B;HCMG Q? B? NI JIN?HNC;FFS L?>0=? NB? ;GIOHN I@ =I>? Q? M?H> >IQH CM NI N;E
>P;HN;A? 1@ NEK@QHA JKIK@QHAJ;NN?LHSCNB NBCM J;NN?LH Q? =L?;N? NQI M?NM 1@

<OH>F?M IH? <OH>F? CHN?H>?> @IL GI>?LH <LIQM?LM ;H> IH? CHN?H>?> @IL F?A;=S <LIQM?LM 3
<OH>F? CHN?H>?> @IL GI>?LH <LIQM?L PULA IK@QHA ;H> NB? <OH>F? CHN?H>?> @IL

F?A;=S <LIQM?LM A? PULA JKIK@QHA

84 2020 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2020/javascript/unused-js-bytes-distribution.png
https://almanac.httparchive.org/static/images/2020/javascript/unused-js-bytes-distribution.png
https://web.dev/serve-modern-code-to-modern-browsers/
https://web.dev/serve-modern-code-to-modern-browsers/
https://web.dev/serve-modern-code-to-modern-browsers/

Part | Chapter 2 : JavaScript

3BCM ;JJLI;=B F?NM OM =L?;N? MG;FF?L <OH>F?M QCNB GI>?LH MSHN;R IINCGCT?> @IL NB?
NB;N MOJJILN CN QBEE>ILHA =IH>CNCIH;FFS FI;>?> JIFSaFFM ;H> >C@@7?L?HN MSHN;R NI NI
<LIQM?LM NB;N ¥H

20JJILN @ IK@QHAH> JKIK@QHACM <LI;>?HCHA <ON MNCPFI.PRPQIZRPL?MOFN
:>lINCIH CM MNCFF ; <BIREIQ |@ GI<CF? J;A?M OM? ;N F?2;MN [H? M=LC PULA IK@QHA
H>IHFS 1@ GI<CF? J;A?M OM? :N F?;MN IH? M=L( PULA JKIK@QHA NI MOJJILN F?A;=S
<LIQM?LM

Request count

HINB?L Q;S I@ FIIECHA ;N BIQ GO=B;2=LCJN Q? OM? CRURIL? BIQ G;I5 ); P;2=LCJIN
L?KO?MNM ;L? G;>? IH 2;=B J;A? 6BCF? L?>0=CHA NB? HOG<?L |@ L?KOGMNNMQIM J;L
G;CHN;CHCHA All> J?L@ILG;H=? QCNB '33CNB '33/ NB? IJJIMCN? CM NB? =;M? <L?;ECHA
); P;2=LCJIN >IQH CMG;FF?CH>CPC>0;F aEMBJC=;FFS <?NN?L @IL J?L@ILG;H="

Distribution of JavaScript requests per page (2020)
Web Almanac 2020: JavaScript
desktop [l mobile
60

55
40 34
19
20 o
: III\
o mem
25 50 75 %0

10

JavaScript requests per page

Percentile

"@>K @IKI@ILK@FBFRaBEBKIHL<IKJ G<I G8><

NNB? G?>C;H J;A?M GRE); P;2=LCJIN L?KO?MNM 3B;N\M IHFS ; GCHIL eM=ENWH
QB?HNB? G?>C;H J;A? G;>? )P;2=LCJIN L?KO?MNM

?KKGN<9 ;<M>I8ELC8I :?LEB@EOKA]
?KKGBCDSES: ?KKGEMHFI><E  ?KKG @DG8:K F=?KKG

2020 Web Almanac by HTTP Archive 85


https://web.dev/granular-chunking-nextjs/
https://almanac.httparchive.org/en/2019/http#impact-of-http2
https://almanac.httparchive.org/static/images/2020/javascript/requests-2020.png
https://almanac.httparchive.org/static/images/2020/javascript/requests-2020.png

Part | Chapter 2 : JavaScript

Distribution of JavaScript requests per page (2019)
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Distribution of JS requests by host (Desktop)
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Distribution of JS requests by host (Mobile)
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Distribution of JS bytes by host (Desktop)
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Distribution of JS bytes by host (Mobile)
Web Almanac 2020: JavaScript
First Party [l Third Party
1000

888
750
536
500
255
250 87
21
0 —_— i
50 75 20

10 25

JavaScript bytes per page (KB)

Percentile

"@>K @IKI@ILK@FE F= K?< ELDBKIBESRERK<J 9P ?FJIK =FI DF9@C<
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Number of async and defer scripts per page
Web Almanac 2020: JavaScript (Mobile)
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Distribution of prefetch hints per page
Web Almanac 2020: JavaScript
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Distribution of preload hints per page
Web Almanac 2020: JavaScript
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How do we serve JavaScript?
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Distribution of unminified JavaScript audit scores
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Average distribution of unminified JS bytes
Web Almanac 2020: JavaScript
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Compression methods by request
Web Almanac 2020: JavaScript
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Compression methods by request and host
Web Almanac 2020: JavaScript
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What do we use?
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Combination Without jQuery With jQuery
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Median bytes by JS framework
Web Almanac 2020: JavaScript
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Correlations of JS on UX
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JavaScript vulnerabilities by severity
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2N;H>;L> ?F?G?HNM ;L? NBIM? NB;N ;L? IL Q?L? J;LN I@ NB? '3,+ MJ?=Ca=;NCIH 6BC=B IH?M ;L
LL? NlaH> (H IOL M;GJF? NB;N QIOF> <LCHA OJ NB? @IFFIQCHA

Element Probability

@EN
NL
>=0ABKJP
%CAOL? +HQ JLI<;<CFCNC?M 1@ aH>CHHA ?R@B?HN CH J;A?M |@ NB? M;GJF?

6 AL? CH=FO>CHA NB?M? ?F?G?RNMIH?AQB;N ?F?G?HNN 8;P? AIH? ION |@ R; 'ON
QBCF @EN;H> >=0OABKJP Q?L? F;MN MJ?=Ca?> CH 7'3,+ ;H>;L? HI FIHA?L J;,LN 1@
'3,+ NB?;L? OM? | NL QBC=B Q;M G?HNCIH?2;LFS ;M ;H> CMINCFF J;.LN |@ '3,+
G; S DOMN MOAA?NIREEN.LEOJ CM HIRIES JIJOF;L

?KKGNNNN FI>0. 3 IL9P 8
?KKGPKDC JGK?8KN> FI> DLCK@G®* B<®1J<D8EK@:J ?KDC K?< IG <C<D<EK
?KKGNNNN FI>0. IL9P
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https://www.w3.org/TR/1998/WD-ruby-19981221/#a2-4
https://html.spec.whatwg.org/multipage/text-level-semantics.html#the-rp-element
https://www.w3.org/TR/ruby/
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Custom elements

3B? ?>CNCIH @ NB?® FG;H;= B;H>F?>=OMNIG ?F?G?HNB >CM=0OMMERARW?H
MN;H>;L> ?F?G?HNM 3BCMPS @IOH> CN P;FO;<FPRt BFIM?L FIIE ;N =OMNIG ?F?G?HNM
1Q >C>Q? >?N?LGCH? NB?M? 1I0OABHSIECHA NB?CL >?aHCNGIHN;<FS NB?CL OM? 1@ ;
BSJB?H ?N\M @I=0OM IH NB? NIJ ?F?G?HNM CH NBCM =;M? ?F?GAENAFOM2?MIBH NB?
M;GJIF?

Element Pages  Pages (%)
Ul IA=OQNA
SET EI=CA
NO IK@QHA SN=L
NO IK@QHA
NO OHE@A
NO OHE@AO
NO O>CLT
NO O>C SN=L
NO O>C
NO LNKCNAOO
NO I=0G SN=L
NO HKKL SN=L
NO H=UAN SN=L
SET EBN=IA
%CAOL? 3B? GIMN JIJOF;L =OMNIG ?F?G?HNM

3B?M? ?F?G?HNM =IG? @LIG NBL?? MBH=7R1,?NLC=; UI ;H ;H;FSNC=M MIFONCIH Q?
;FMIMQ F;MNPS. 2FC>?L PFONCIH NO ;6 IL>/L?MM MFC&IL QBC=B NB?L? ;L? GIL?

?KKGBCDB8ES: ?KK&@@HFI><E  DB8IBLG :LIKFD <C<D<EKJ

?KKGPKDC JGN?8KN> FI> DLCK@G8>< :LJKFD <C<D<EKJ ?KDC :LIKFD <CRBE=8(U:FI
?KKGD<KI@RBE;<O :FD 89FLK

?KKGNNN JC@;<MFiCLK@FE :FD
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https://almanac.httparchive.org/en/2019/markup#custom-elements
https://html.spec.whatwg.org/multipage/custom-elements.html#custom-elements-core-concepts
https://metrica.yandex.com/about
https://www.sliderrevolution.com/
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?F?G?HNM NI <? @IOH> H?;L NB? NIJ |@ NB? M;8JR? SET ; Q?<MCN? <OCF>7L

.NB?L ALIOJM NB;N MN;H> ION CHEGQEDJ QCN=IL ?F?G?HNMZ =IL EIC
J;A?M =IL =J=HUPE?0O H> =IL =QPK =@0O M Q?FF ;M HAOF;L
=LL ?F?G?HNM% =LL NKKP =LL BKKPAN H> =LL DA=@AN

Obsolete elements

3B?L? ;L? GIL? KO?MNCIHM NI ;ME ;<ION NB? OM? I@GH3RO>CHA NB? OM? 1@ I<MIF?N? ?F?G?H|
QBC=B ;L? ?F?G?HNN =LLHAP >COKQJ@ >HEJG ?AJPAN BKJP BN=IA EOEJ@AT
I=NMQAA IL OL=?AN

(HIOL GI<CF? >N;M?N @ GCFFCIH J;A?M ;LIOH> GCFFCIH J;A?M =IHN;CH IH? IL
GIL? |@ NB?M? ?F?G?HNM '?2L? ;L? NB? NIJ QBC=B ;L? OM?> GIL? NB;H NCG?M

Element Pages  Pages (%)
?AJPAN
BKJP
I=NMQAA
JK>N
>EC
BN=IA
BN=IAOAP
OPNEGA
JKBN=IAO
%CAOL? .<MIF?N? ?F?G?HNM QCNB GIL? NB;H OoM?M

$P?H OL=?AN CM MNCFF <?CHA OM?>  NCG?M ;H> JIPAMSHNINBJ;A? 6 ? EHIQ NB;N
&IIAF? B;M <??H OMCI ?AJPAN ?F?G?HN INB?CL BIG? J,A?@IL S?;LM HIQ <ON QB;L?
NB?L? Ml G;8ICGCN;NILM

?KKGNNNN@O :FD

?KKGBDG ;<M

?KKGBE>LCEF

?KKGNNN >FF>C< :FD

?KKGN<9 81?@¥FI> N<9 ?KKGJ NNN>FF>C<:FD
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https://www.wix.com/
https://amp.dev/
https://angular.io/
https://www.google.com/
https://web.archive.org/web/19981202230410/https://www.google.com/
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isindex

(@19 Q?L? QIH>?LCHA 3B? NIN;F HOG< EOEJ@AT?F?G?HNM CH NBCM >;N;M?N CM IH? $R;=NFS
IH? J;A? OM?> ;} EOEJ@AT?F?G?HI EOEJ@ATQ;M J;LN 1@ NB? MJ?=M'&HNCH>

7'3,+ N IHFS JLIJ?LNg?=Ca?>CH ;FCAHCHA QCNB BIQ CN Q;M CGJF?G?HN?> CH
<LIQM?LM ;H> NBE2PGIP?> CH

Proprietary and made-up elements

(HIOL M?N 1@ ?F?G?HNM Q? @IOH> MIG? NB;N Q?L? H?CNB?L MN;H>;1& i+, ;NIB, 25
?F?G?HNM HIL =OMNIG IH?M HIL I<MIF?N? IH?M <ON MIG?QB;N JLIJLC?N;LS IH?M 3B? NIJ NB;N
Q? C>?HNCa?> ;L? NB? @IFFIQCHA

Element Pages (%)
JKEJ@AT
F@ER
IA@E=AHAIAJPSN=LLAN
Ul=LO
U=P=C
(0])
EJ?HQ@A
KH=NG
D
HEIAOLKP
%CAOL? $F?G?HNM |@ KO?MNCIH;<F? B?LCN;A?

3B? MIOL=? |@ NB?M? ?F?G?HNM ;JJ?;LM RE<MICHRMIG? ;L? OHEHIQH QBCF? INB?LM =;H <?
Ni=?> 3B? GIMN JIJOF;L IH" JKEJ@AT CM JLI<;<FS >O0BM>?R\M L?=IGG?H>;NCIH@ CN NI
JLIBC<CN J;A? CREP. FQERQ;M HIN?> GHMN?3.\M 67< FG;H;= ;H>CM @LIGI)BfN

2KKGD<@<IK :FD <E @E;@:<J ?KDC <C<D<EKJ

KKGT@IKFI> | 2@ ,LIC@: GLIC@: N?8KR@®1 " <9  ?KDC

2KKGP@K?L9 :FD N?8KN> ?KDC GLCC

2KKGJPBE;<O :FD JLGGFIK N<9D8JK<I 8;; @E> J@B@EBER@I@K@FE ?KDC

?KKGBCDSES: ?KK@ENFI> <E  D8IBLG Gl F;L:KJ 8E; C@B@<J 8E; K?<@! :LJKFD D8IBLG
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https://www.w3.org/TR/html401/interact/forms.html#edef-ISINDEX
https://www.w3.org/TR/html401/interact/forms.html#edef-ISINDEX
https://meiert.com/en/indices/html-elements/
https://meiert.com/en/indices/html-elements/
https://lists.w3.org/Archives/Public/public-whatwg-archive/2006Feb/0111.html
https://github.com/whatwg/html/pull/1095
https://yandex.com/support/webmaster/adding-site/indexing-prohibition.html
https://almanac.httparchive.org/en/2019/markup#products-and-libraries-and-their-custom-markup
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IA@E=AHAIAJPSN=LLAN=IG?M @LIG NB? ,?>C;$F?G?HN G?>GPIR|NB UI=LO ;H>

U=P=C ;L? ;FMI @LIG;B>?R 3B% 00 ?F?G?HN =IOF> <? @LIG /LI2NIL?M ; @ILG?L ?=IGG?L="?
JLI>O=N @LIG ?8 ;H> KH=NGG; S <? @LIG NB? .F;.LE =B;NMI@MND _3J?;LM NI <?;

GCMNZE HEIAOLKP CM JLI<;<FS L?F;N?> NI NB? +CG?MJIN J?LMIH;FCT;SG#HLILIAL
?=IGG?L=? -IH? |@ NB?M? ?F?G?HNM ;L? J;.LN I@ ; Q?< MN;H>;L>

Headings

'?2;>CHAM G;E? @IL ; MJ?=C;F =;N?AILS |@ ?F?G?HNNs NBBGIRLN;HN LIFNMC#NCIHCHA
;H> @I,==?MMC<CFCNS

Heading Occurrences Average per page

D
D
%CAOL? % ?KO?H=S ;H¥F?LA? OM? |@ MN;H>;L> B?;>CHA ?F?G?HNM

810 GCABN B? RJ?=N?> NI IHFSM??NB? MN D NI D ?F?G?HNM <ON MIG? MCN?M
;=NO;FFS OM? GILP?F®

Heading Occurrences Average per page
D
D
%CAOL? % ?KO?H=S ;H*P?LA? OM? |I@ HIH MN;H>;L> B?;>CHA ?F?G?HNM

3B? F;MN NQIR, HP?L <??H J;LN |@ '3,+ 1@ =IOLM? ;H> MBIOF> HIN <? OM?>

?KKGPKDC JGN?8KN> FI> DLCK@G8>< ;FD ?KDC ?<8;@E> :FEK<EK
?KKGPKDC JGN?8KN> FI> DLCK@G8>< ;FD ?KDC J<:K@FE@E> :FEK<EK
?KKGNNNN FI>3 % KLKFI@8CJ G8>< JKIRL@E>]
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https://html.spec.whatwg.org/multipage/dom.html#heading-content
https://html.spec.whatwg.org/multipage/dom.html#sectioning-content-2
https://www.w3.org/WAI/tutorials/page-structure/headings/
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Attributes

3BCM M?=NCIH @I=OM?M IH BIQ ;NNLC<ON?M ;L? OM?> CH REFIGNHBNNHEH @=P=
OM;A? .OL aH>CHAM MBIQ ?H=00CM NB? KO??H I@ ;FF ;NNLC<ON?M

Top attributes

2CGCF;L NI MEZ=NCIH IH NB? GIMAF;L ?F?G?HNNBCM M?=NCIPMZHNI NB? GIMN JIJOF;L
;NNLC<ON?M IH NB? Q72H&CP CGJILN;HN N DNAB;;NNLC<ON? CM @IL NB? QA<NBM?F@
=HP ;NNLC<ON? CH IL>?L Nl GHED ILG;NGHH?MMC<QPOF> NB?M? <? GIMN JIJOF;L
:NNLC<ON?M

Attribute Occurrences Percentage
?H=00

DNAB

OPUHA

E@

ON?

PULA

PEPHA

=HP

NAH

R=HQA

%CAOL? 313 ;NNLC<ON?M<@L?KO?H=S 1@ OM?

3B? GIMN JIJOF;L ;NNLC<C ?H=00 QCNB H?;,LFS <CFFCIH |==OLL?H=?M CH IOL >;N;M?N ;H>
=IHMNCNONCHA 1@ ;FF ;NNLC<ON?M CH OM?

3B? R=HQA;NNLC<ON? QBC=B MJ?=Ca?M NB? | EJLQP@FRG?HN MOLJLCMCHAFS =IGJF?N?M
NB? NIJ  (N\M MOLJLCMCHA NI OM <?=;0M?FBIQXBCANCGN NB? CGJL?! R=HQA
;NNLC<ON?M Q7?L? OM?> NB;N @L?KO?HNFS
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Attributes on pages

L? NB?L? ;NNLC<ON?M NB;N Q? BFSCHDG?HN -IN KOCN? <ON ;FGIMN

Element Pages (%)

BL?@
ML=
=IHN?HN
H;G?
NSJ?
=F;MM
L?F
C>
MNSF?
;FN
%CAOL? 313 ;NNLC<ON?NbJ;A?

3B?M? L?MOEGIM1KO?MNCIHM NB;N Q? =;HHIN HMR?AEIF? PULA CM OM?> |H INB?L
?F?G?HNM NIl <ONQBCM NL?G?H>I0OM JIJOF;LCNS $MIZ+CNE=N ACF OMO;FFS HIN H??>7>
NI MJ?=C@S @IL MNSF? MB??NM IL M=LCINM RIEGNBIRPSPISHA ;MMOG?> >?@;BIEN>I.L

Q? L?;FFS @;L? C=HP; #I NBIM? 1@ J;A?M HIN =IHN;CH ;8 CG;A?M IL ;L? N\NBROMN
CH;==?MMC<F?

data-*  attributes

/[ ?LNB? '3,+ MJ?= @=P=;NNLC<ORNRMCHN?H>?> NI MNIL? =OMNIG >;N; MN;N? ;HHIN;NCIHM
;H>MCGCRLCP;N? NI NB? J;A? IL ;JJFC=;NCIH @IL QBC=B NB?L? ;L? HI GIL? ;JJLIJLC;N?
iNNLC<ON?M IL ?F?GAGNM NB?S OM?> 6B;N ;L? NB? JIJOF;L IH?M (M NBBNBBHA
CHN?L?MNCHA B?L?

3B? NQI GIMN JIJOF;L IH?M MN;H> |ION <?=;08I1LREZGIMN NQC=? ;M JIJOF;L NB;H ?;=B 1@ NB?
;NNLC<ON?M NB;N @IFFIQ?> QCNB OM?
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https://html.spec.whatwg.org/multipage/dom.html#embedding-custom-non-visible-data-with-the-data-*-attributes
https://html.spec.whatwg.org/multipage/dom.html#embedding-custom-non-visible-data-with-the-data-*-attributes
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Attribute Occurrences Percentage

@=P=ON?
@=P=E@
@=P=PKCCHA
@=P= OHE?G EJ@QAT
@=P= AHAIAJP;PULA
@=P=PULA
@=P= NAMQENAIK@QHA
@=P= NAMQENA?KJPATP

%CAOL? 3B? GIMN JIJOF; @=P=;NNLC<ON?M

NNLC<ON?W @=P= PULA @=P=E@ ;H> @=P= ON?=;H B;P? GOFNCJF? A?H?LC= OM?M
:FNBIOA @=P= ON? CM OM?> ; FIN QCNB F;TS CG;A? FI;>G2AECIR A IINMNU

HINMNLJ  ;A;CH RJIF;CHM NB? JL?M?t @=P= PKCCHA QB?L? CN\M OM?> ;M ; MN;N? MNSFCHA
BIIE IH NIAAF? <ONNIHM 2BE=E =;LIOM?F JFAMCNB? MIOL: @=P= OHE?G EJ@AT

QB?L?;M @=P= AHAIAJP;PULA CM J;LN $&?G?HNIL\MIE>/L?MM Q?<MCN? <OCHNA.

@=P= NAMQENAIK@QHA> @=P= NAMQENA?KJPATANB?H ;L? J;LN 1@KOCL?)2

(HN?L?MNCHNE=SOM? 1@ HIROIFS FI;>CHA IH CG;A?M CM MCGCF;L @=P=ON? 1@

J;A?M OM HK=@EJC H=VU IH EIC ?F?G?HNM 3BCM ;JJ?;LM NI <? ALIQCHAMN ;M

<;=E CH®4LO;LSNBCM HOG<?L Q;M ;<ION (N\M JIMMC<F? NB;N NB?M? ;L? <?CHA OM?> NIA?NB?L
@IL =LIMM <LIQM?L MIFONCIH

Miscellaneous

6 ?\P? =IP?L?> NB? OM? 1@ '3,+ CH AR Q?FF ;M NB? ;>IINCIH |@ NIJ ?F?G?HNM ;H>
;NNLC<ON?M (H NBCM MR¥ENCREQTHA MIG? |@ NB? MJ?=C;F =;M?M |@ PRREYHMIM @;
<ONNIHM CHJONM ;H> FCHEM .H? NBCHA Q? HIN? B?L? SIMQHENNMNEH- JICHN NI ]BNNJ
41+M

?KKGP<KIFFK8[ :FD

?KKGB<EN?<<Cx@K?L9 @F JC@:B

?KKGXC<D<EKFD

?KKGI<HL@M\J FI>

?KKGJF:J >FF>C< :FD J&3;J7<<KJ; 18D "J? AQM9- 2&9 -,>06* ,,+,'%' 2 &6F : <;@K >@;
?KKGD :FD Q:FIG8E JK8KLJ

?KKG.B;;P FID8E@ :FD 9CF> C8QP CF8;@E>
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https://getbootstrap.com/
https://kenwheeler.github.io/slick/
https://elementor.com/
https://requirejs.org/
https://docs.google.com/spreadsheets/d/1ram47FshAjzvbQVJbAQPgxZN7PPOPCKIK67VJZCo92c/edit#gid=2109061092
https://docs.google.com/spreadsheets/d/1ram47FshAjzvbQVJbAQPgxZN7PPOPCKIK67VJZCo92c/edit#gid=2109061092
https://x.com/zcorpan/status/1237016679667970050
https://addyosmani.com/blog/lazy-loading/
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viewport  specifications

3B?PC?QJILNG?N; ?F?G?HN CM OM?> NI =IFINDINFIR; GI<CF? <LIQM?LM 6BCHRMSAlI NB?
GINNI Q;M ECH> b@H\N @ILA?N NB? PC?QJILN G?N; ?F?G?HN” QB?H <OCF>CHA ; Q?< J;A?
?P?HNO;FFS NBCM <?=;G? ; =IGGHNIL=? ;H> NB? GINNI =B;HA?> NI FGy®OL? TIIGCHA ;H>
M=;FCHA ;L? HIN >CM}<F?>

4AM?LM MBIOF> <? ;<F? NI TIIG ;H> M=;F? REINd 3B;N\M @B;0>CNM CH JIJOF;L NIIFM
FCE-CABNBIOMR ;R? @;CF QE QOAN O?=H=>HA JK CM OM?>QCNB IAP=37?
J=IA REASLKNP  ?F?G?HN ;H>QB?H [ I=TEIQI O?=HA ;NNLC<ON? P;FO? CMF IM NB;H

6 ? B;>; FIIE ;N NB? >;N; ;H> CH IL>?L NI <?NN?L OH>?LMN;H> NB? L?MOFNM Q?8IILG;FCT?>C
L?GIPCHA MJ;=?M RRENCHR?ESNBCHA NI FIQ?L=;M? ;H> MIINEB&<P;FO?M |@ NB?
?KIPAJP ;NNLC<ON?

Pages
(%)

Content attribute value Pages
EJEPE=H O?=HA SE@PD @ARE?A SE@PD
<F;HE

EJEPE=H O?=HA I=TEIQI O?=HA SE@PD @ARE?A SE@PD

EJEPE=H O?=HA I=TEIQI O?=HA QOAN
0?=H=>HA JK SE@PD @ARE?A SE@PD

EJEPE=H O?=HA I=TEIQI O?=HA QOAN
0?=H=>HA SE@PD @ARE?A SE@PD

SE@PD @ARE?A SE@PD
%CAOL? REASLKNPMJ?=Ca=;NCIHM ;H> F;=E NB?L?I@

3B? L?MOFNM MBIQ NB;N ;FGIMN B;F@ I@ NB? J;A?M Q? ;H;FST?> ;L? OMCHA NB? NSJC=;F PC
?KIPAJP P;FO? 2NCFF ;LIOH> @ GI<CF? J;A?M ;L? ?HNCL?FS GCMN ?KJPAJP J?L

P;FO? @IL NB? PC?QJILN G?N; ?F?G?HN QCNB NB? L?MN 1@ NB?G OMCHA ;H CGJLIJ?L =IG<C
I=TEIQI O?=HA  IEJEIQI O?=HA  QOAN O?=H=>HA JK IL QOAN O?=H=>HA

"FI 8 N?7@C< ERRk I;>< DF9@ NI BCCFNJ LI<IJ KF QFFD @EKF 8 N8B G833KKF
1<>81C<JJ F= K?< QFFD J<KK@E>J ;<WEX<; 9P 8 N<9 G8>< <DGCFP@E> K?< M@<NGFIK D<K8 <(

2KKGI<MKCFGBIFQ@CCS FI> ;F<d30)( 2@<NGFIK7D<K87K8>

?KKGI<HL<LE@WI@D ILC<J 80 D<K8 M@<NGFIK C8I><

?2KKGI<McCFG<IJ >FF>C< :FD N<9 KFFCJ C@>?K?FLJ<

2KKGNNN ;<HL< :FD 8&

2KKGICF>N@E;FNJ :FD N@E;FNJ @E)@;<! 8EEFLE:@E> N@E;FNJ @EJ@W@EN9L@C;  G: DFI@C<
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https://developer.mozilla.org/docs/Web/HTML/Viewport_meta_tag
https://dequeuniversity.com/rules/axe/4.0/meta-viewport-large
https://developers.google.com/web/tools/lighthouse
https://www.deque.com/axe/
https://blogs.windows.com/windows-insider/2017/01/12/announcing-windows-10-insider-preview-build-15007-pc-mobile/
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Favicons

3B? MCNO;NCIH ;LIORE@HM CM @;M=CHNGHAMEAILE QCNB IL QCNBION G;LEOJ MIG?
<LIQM?LM QIOF> @;FF <;EEBCGHA ;N NB? >IG;CH LIIN==?JN M?LF CG;A? @ILG;NM ;H>

NB?H ;FMI JLIGIN? RPE;F >IT?H MCT?M MIG? NIIFM ;L? L?JILN?> NINY?HR® NB?G
L?;F@C=IHA?HNIL H?N QIOF> L?NOLHC@ L?KO?MN?> NI B;PAF=2M? M 1@ NBCM NCG? |@
QLCNCHA NB?LAIZM EMMO®IL NB? '3,+ MJ?= NI B?FJ CGIENB? MCNO;NCIH

6B?H Q? <OCFN IOL N?MNM @P=B2+E @IL NB? JL?M?H=? 1@ CG;A?M <ON-INASEAIE
G;LEOJ 3B;N G?;HM QB?HE.PC?Q NB? @IFFIQCHA HIN? NB;N CN\M CHNGRIONHM ;L?
L?@7?L?H=2NB?L NB;H QB?NB?L IL BIQ I@N?5;NBOM?>

Favicon format Pages Pages (%)
("
-&
-1 @; PC=IH >?aH?>
)&
-1? RN?HMCIH MJ?=Ca?> HI @ILG;N C>?HNCa;<F?
&(%

6 ?</

25&
%CAOL? "IGGIH @; PC=IH @ILG;NM

3B7L? ;L? ; =I0JF? |@ MOLJLCM?M CH B?L?
20JJILN @IL INB?L @ILG;NM CM NB?L? <ON (. CM MNCFF NB? APRE@NE:N @IL @;
NB? Q?<

)/& CM ; L?F;NZHS JIJOF;L @C=IH @ILG;N?H NBIOAB CNSG{IN SC?F> NB? <?MN
L?MOFNM =IGJ;L ;NCPFS F;LA? Q?CABN @& @&=IH MCT?M

6 ?</CM NQC=? ;M JIJOF;L ;&1 3BCM GCABN =B;HA? BIQQCNE& @RPC=IH

?KKGI<8C=8M@:FESKEEK =8H N?7@:FEJ7RFE7|
?KKGJI<8C=8M@:FESKEEKK
?KKGP@K?L9 :FD N?8KN> ?KDC @JJIL<]
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https://realfavicongenerator.net/faq#why_icons_in_root
https://realfavicongenerator.net/
https://github.com/whatwg/html/issues/4758
https://caniuse.com/link-icon-svg
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MOJJILNCGJILPCHA

Button and input types

3B?L? B;M <??H ; FIN3@V=OMMGHHKONNIHM F;N?FS ;H> BIQ |I@NSH.RBEMOM?=? 6
FIIE?> CHNI NBCM NI JL?M?HN aH>CHAM IH MIG? M@ NBONINIER

60.56%

@>K , <I:<EK F= G8><J N@K? 9LKKFE <C<D<EKJ

Button types Occurrences Pages (%)
>QPPKJ PULA >QPPKJ
>QPPKJ QCNBION NSJ?
>QPPKJ PULA OQ>IEP
EJLQP PULA OQ>IEP R=HQA Y
EJLQP PULA >QPPKJ R=HQA Y
EJLQP PULA EI=CA ON? Y
>QPPKJ PULA NAOAP

%CAOL?  >IINCIH 1@ <ONNIH NSJ?M

.OL ;H;FSMCM MBIQM NB;N ;<ION 1@ J;A?M =IHN;CH ; <ONNIH ?F?G?HN ;H> GIL? NB;H B;F@ I
NBIM? J;A?M B; P?;NF?;MN IH? <ONNIH NB;N @;CFM N PULA-BI®ISC<ON? -IN? NB;N

NB’ >QPPKJ ?F?G?HN B;M-?@;0OFN NSli& OQ>IEP MI NB? >?@;OFNRCR; |@ <ONNIHM IH

NB?M? 1@ J;A?M CM NI MO<GCN NB? =OLL?HN @ IBRZ>;BIMBIC<FSRIF2N?> <?BCIL
FCENBCM ; <?MNNIC=? CM NI MJ?=C PULA BNLC<ON?

?KKGJIBE@LJ< :FD C@EB @:FE JM>
?KKGB;|@8HI<CC@:FD  C@EBJ 9LKKFEJ JLOD@KJ 8E; ;@MJ F? ?<CC ?KDC
?KKGI<MN FI> ?KDC JG<: (K?< 9LKKFE <C<D<EK ?KDC
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Percentile Buttons per page

%CAOL? #CMNLC<ONCIH |I@ NB? HOG<?L |@ <ONNIHM J?L J;A?

/;A?M CHNB? NB;H> NB J?L=?HNCF?M =IHN;CH HI <ONNIHM ;N ;FF QBCF?; J;A? CHNB? NB
J?L=?HNCF? =IHN;CHM ™ >QPPKJ ?F?G?HNM (H INB?L QIL>M 1@ J;A?M =IHN;CH IL
GIL? <ONNIHM

Link targets

3B?;H=BIL ?F?G?HNIL = ?F?G?HN FCHEM Q?< L?MIOL=?M NHARRBRLM?=NCIH Q? ;H;FST?
NB? ;>IINCIH |@ NB? JLINI=IFM CH=FO>?> CH NB? ECMEINNEPNM

Protocol Occurrences Pages (%)
DPPLO
DPPL
I=EHPK
F=R=0?NELP
PAH
SD=PO=LL
RE>AN
OGULA
olo

EJPAJP

?KKGI<MCFGBIFQ@CC8 FI> ;F<B30)( |C<D<EK 8
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%CAOL?  >IINCIH I@ FCHE N;LA?N JLINI=IFM

6 ? =;H M?? BICDPPLO;H> DPPL ;L? GIMN >IGCH;HN @IFFIQ®@}@HCAHCHEM NI G;E
QLCNCHA ?G;CF G;ECHA JBIH? =;FFM ;H> M?H>CHA G?! F=R=0?NELPRIN;H>M ION ;M ;
FCHE N;LA?N NB;N\IMUISNCIEH-. P?H NBIOAB R;2=LCJN |@ @?LMEENGR=?@OFFS
>?AL>CHA IINCIHM NI QILE QCNB

Links in new windows

71.35%

"@>K , <l:<EK F= G8><J ?8M@E> noopener EFI noreferrer 8KKI@9LK<J FE
target="_blank" C@EBJ

AMCHP=NCAP ;>H=JG  B;M <??H EHIQH NI <M?=0LCNS PGEFEN®IL MIG? NCG? HIQ
87N 1@ J;A?M =IHN;CH FCHEM ( P=NCAP ;>H=JG QCNBICJIKKLAJAN IL
JKNABANNAN

Elements Pages

=P=NCAP ;>H=JG NAH JKKLAJAN JKNABANNAN
=P=NCAP ;>H=JG NAH JKKLAJAN
=P=NCAP ;>H=JG NAH JKNABANNAN

%CAOL? IF;HE L?F;NCIHMBCJIM

M ; LOF? |@ NBOG< ;H>0j<CFCNS L?;MIEWICM L?=IGG?H>?> HIN NI OM?
P=NCAP ;>H=JG CH NB? aLMN JF;=?

3@K?@E K?< C8K<JK /8=8t@EBEtJ@FEJ J<K target="_blank" FE a <C<D<EKJ @DGC@:@KCP
GFM@;<J K?< Jrel 9<?8M@FI 8J J<I rel="noopener" 0?@J @JBR@DGC<D<EK<; @E
?1 FD@LD8J N<CC 8E; N@CC C8ED@E 7|

?KKGD8K?@8J9PE<EJ >@KCHEBFG<E<|
?KKGINNN EE>FLG :FD 8IK@:C<J E<R\IIKI N@E;FNJ 8E; K89J
?KKGJ?| FD@LDIM@=RF>C<JFLLFD : :?1 FD@LD JI
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https://mathiasbynens.github.io/rel-noopener/
https://www.nngroup.com/articles/new-browser-windows-and-tabs/
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Conclusion

6 AP? NIO=B?> IH MIG? I<M?LP;NCIHM NBLIOABION NB?<BNN®AL L?b?=NCIH IH NB? MN;N? |@
G;LEOJ CH B?L?;L? MIG? NBCHAM NB;N MNII> ION @IL OM

3.97%

"@>d |, <I<EK F= G8><J N@K? 8 HL@IBP ;F:KPG<
9%9Q?L J;A?M F;H> CH KOCLEM GI>? (H  NB;N HOG<?LQOMN N NB? ?H> 1@
Q? I<KM?LP 27> H>HIQ QAL?;N:<ION  3BCM NL?H> NI JIBL;M?2CGIH

/C?N?LOH BCWC?Q |@ NBCM =BMR?GM =F?;L ;H> ?H=AIIHA

FNBIOAB Q? F;=E BCMNILC= >;NNNBPR @OFPBIG?HN JC=NOL? ]G?;HCH! @ERM"

OL=J ;H> E G;LEOJ B;M JL?NNS GQ28;=?>NB" P=>HA G;LEOJ Q}F? I<M?LP> CH NB?
M;H>?,LFS M 6BCF?IH?G; S KO?MNCIH QB?l @ER;H> OL=J ?F?G?HNM ;L? ;F&M

OM?> QCNBION NB?L? <?CHA ; M?G;HNC=;FFS GIL? ;JILIJLC;RNBRMAZRSBE?HNM ;L? MNCFF

JL?@F? NI P=>HA G;LEOJ NBIOAB ;M >OLCHA [$87®@ NB? IF> Q?< NB?M? Q?L?

M??GCHAFS OM?-P@IBNBCHA <ON N;<OF;L >;N;

$F?G?HNM J?L J;A? ;H> ?F?G?HN NSJ?M J?L $EANMDABFS NB? M;G? MBIGICMEAHCa=;HN
=B;HA”CH IOL '3,+ QLCNCHA=NC=? QB?H =IGJ;L?> NI 20=B =B;HA?M 6 L?KOCL? GIL?
NCG? NI G;HC@?MN

/LIJLC?N;LS JLI>O=N MJ?=Ca= ?F?G?® C LHQOKJA OM?> IH J;A?M CH NB? GI<CF?
M;GJF?;H> B> HEGA B; P? ;FGIMN >CM;JJ?;L?> ;@N?L MNCEHAGBA GIMN

JIJOF;L IH?M F;MN?S. 'IQ? P?L Q? IKM?LP GIL? =OMNIG ?F?G?HRBIU NBCHAMFCE?L
1?PFONCIH ,/ ;H> HAOF;L$F?G?HNMX Ul IA=OQNA F@ER ;H> UI=LO ;L? ;FMI MNCFF
JL?P;F?HN 6B;N Q? CG;ACHILQM??CHA B?L? CM NB;N OH>?L NB? M?; |@ MFIQFS =B;HACHA
JL,=NC=?M '3,+ CMPPS GO=B <?CHA2RJ?> ;H> G;CHN;CH?> ;M ;ONBILM NIMM >?JL?=;N?>
G;LEOJ ;H> ?G<t=? H?Q MIFONCIHM

-IQ NB? 6 ?< FG;H;=,,LEOJ=B;JN?L B;> S ?;LMI@ =;N=B OJ NI >l MCH=? NB? F;MN
G;DIL MNO>S IH NB? NIJC3OW SBCHE Q? QIOWR-BP? GO=B NI ##?L CH NBZISMCH=?218

QB;N Q? I<M?LPPQCNB NBEMNS >;N; CM NB;N NEZLHN @ 82G?HN ;N NB? <INNIG ;H> H?;L
NB? MBIL? |@ M;C> M?; 1@ '&+® ;JILI;=B H?;L =IGIJF?N? ;>IINCIH |@ FCPCHA '&%+? ;L?

KOC=E NI JLOH? IOL J;A?M |@ @&IM\FEEH> %;=?<IlE QC>A?NM?6.? ;FMI @;MN CH ;>IINCHA

2KKGI@J:L1J ?KKG@WFI> K ?FN D8E 8E; N?@:? G8><JB@E HL@IBJ DF;<

2KKGD :FD Q:FIG8E JK8KLJ

?KKGBCDSES: ?KKEGEHFI><E  D8IBLG Gl F;L:KJ 8E; C@@<J 8E; K?<@I :LIKFD D8IBLG
?KKGBCDSES: ?KKG@HFI><E  DSIBLG
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;H> MBOHHCHG®ILLEM ;M <INB HAOF;L ;H> ,/ NBIOAB ;¥IGJIH?HN @&?QILE" M??G
NI B;P? MCAHCa=;HNFS FIMN CH JIBECES@\E MIFONCHM ESEH> 50?

H>MNCFF NB?L? ;L? HI MCAREVOYN?> NB? [INCIHM '3,+AZPM 3B? G?>C;H |@
>C@@7?L?HN ?F?G?HNM OM?H [HAAQBC=B CM LIOABFS ; KO;LN?L I@ NB? ?F?G?HNM '3,+
JLIPC>?M OM QCNB MOAABANNHAMC>?> OM? 1@ '33B;N CM MOJJILNSNB? CGG?HM?
JIJOF;LCNS 1@ ?F?G?HN @ERE> OL=J ;H> HI=OMNIG ?F?G?HNM NI JIN?HNC;FFS G??N NB?
>?G;H>M NB;N NB?M? NQI ?F?G?HNMIE?M?HN 4H@ILNOHJ®2HOF>W P;FC>;N? ?;=B
>|1=0G?HN CH NB? M;GJF? BMQ7H?=>IN;FFS ;H> NI <? RHEQCNB =;ONCIH Q? F?;LH?> NB;N

1@ 6" N?MN?>>I=OG?HNRPB,;FC>;NCIH ?LLILM @NRSRBCHABRM??H CN FIIEM

FCEQAL? MNCFF @;L @LIG G;MN?L@MIEB3 #L

3B;N =IGJ?FM OM NI =FIM? QCNB ;H ;333;iNN?HNCIH NI '3,4%=0OM IH '3,+ (N\M CGJILN;HN

;H> QILNEQBCF? NIRRMN CH '3,+'3,+ CM ; >I=O0G?HN F;HAO;A? NB;NSHiIN BP? NB? =B;LG

1@ ; JLIALGGCHA F;HAO;A? ;H2$NB? Q?< CM <OCFN IH CN 4M? F?MM '3,+ ;H> F?;LH QB;N\M L"
H??>?> 4M? GIL? ;JJLIJLC;N? '3,+[F?;LH QB;N\MP;CF;<F? ;H> QB;N CN\M NB?H?> @IL
P;FC>N?SOL '3,+ HSH? =;H QLCN?FGFC> '3,+ DOMNRIHN? NBRNZI?LMIHGG??N NI

QLCN? ;H '3,+ >I=OG?HN ;H> P;FC>;N? NB? IONJON <ON ; JLI@?NRRFTIPL =11 <?

?RJI?=N?> NI JLI>O0=? P;FC> '3,6LCNCHA =ILL?=N ;H> P;FC> '3,+ Ci@N-=NI Nb\BLC>? CH

%L NB? HRN ?>CNCIH 1@ NB?/G;H;=\M =B;JN?E?N\M JL?J;L? NI FIIE =FIM?L ;N @9 K@
QLCNCHA '3,+ ;H> BIJ?@OBR3Q?P? <??H CGJIRCHA IH CN

3 <Tk C<8M@E>=KRHG<E KE B?8K 8k FFLI FOJ<IBK@FEJ 378K ?8J :8L>FAK PR 378K ;F
FFL K?@EB ?8XK&8XKLIE =FI K?< NFIJ< 8E; N?8K ?&FIMDD&8M: 8 :FDD<EKKF J?81 FFLI
K?FL>?KJ
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":N;FCH 1IMO
X =N;FCHL?> € =;N;FCHL?> @ BNNJIM=;N;FCH L?>

";N;FCH 1IMO CM ; @LIHN ‘#3%I3?L ;N';JB SH ;H>=OLL?HNFS QILEM IH
6 ;NNMJ??>'? B;M ; J;MMCIH @IL Q?< MN;H>;L>M ;A3HBES? @IL AL?;N 47 4(
NBCHAMNE???NMH> QLCN?M ;<IONBBM Q?<MCN?

(;H #? PFCH

X C;H>?PFCH () C;H>PFCH & BNNJIMC;H>PFCH =IG

(;H#? PFCH CM ; QR?FRI?L QBI ;>PI=;N?M @IL All> M?G;HNC="'3,4+M Q?FF ;M
;==?MMC<CFONS? QLIN? ; <IIE ;<ION '3,+ ,OFNCG?>C; ‘H> MJIL>C=;FFS
QLCN?MBEM Q?<MCHNIDN NB? 62< ;H> INB?L NBCHAM '? =OLL?HNFS QILEM ;M ;
2?HCIL AHN?H> $SHACH??L2NF >CACNJH &?LG;H
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<M@<N<; 9P<C *@<<BJ ?I@J (@CBMX | FJICBE;F; /?<<K<I 8E;)8E;P )@:?8<C
E8CPQ<; 9B9P 0J8@
L @K<; 9R8IIP, FCC8I

Introduction

3?RN CM ;N NB? B?;LN |@ GIMN Q?< MCN?MJB-5 GIMNE? ;LN 1@ JL?M?HNCIRAN ITBi N@t?

NB;N\M PCMO;FFS ;JJ?;FCHA ;H>? @@RENBFRAII> NSJIAIB S L?KOCL?M =BIIMCHA NB?
;JILILC;N? @IHNM ;H> >?MCAHPZLNNB?G?H>IONHA? |@ Q?< @IHNM NI =BIIM? @LIG M QCNB
;FF L?MIOL=?M NB?L? ;L? J?L@ILG;H=? ;H>=IGJ;NC<CFCNS =IH=?LHM <ON >|H? LCABN NB? -
Q?FF QILNB CN (H NBCM €BBRHZEHNI >;N; NI MBIQ BIQ Q?< @IHNM ;L? <?CHA OM?> ;H> CH
J;,LNC=OF;L BIQ I$82? IINCGCT?>

Where are web fonts being used?

6 ?< @IHN OM;A? B;M <??H ALIQCHA MRZLXOES? CN Q;M H?;L T?LI ;M F;N? ;M QCNB
1@ Q?< J;A?M @IL >?MENIJ OMCHA Q?< @IHNM ;H> GI<CF? ;N
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Web font usage
Web Almanac 2020: Fonts
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"@>K 3 <9 =FEK LI8><HKM@D<
AM;A? 1@ Q?< @IHNM CM @;CLFS =IHMCMN?HN ;LIOH> NB? QILF> QCNB ; @?Q IONFC?LM 3B? =B;l

;L? <sM?> [H NB? G?>C;H HOG<?L I@ ECHRKI@ Q?< @IHNM J?L Q?< J;A? QBC=B =;H <? ;H
CH>C=;NIL |@ FINM |@ @IHNM F;LA? @IHNM IL <INB

22.616 T 154674
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3B? =IOHNLS NB;N OM?M NB? GIMMNEMHDMW2IOMB; *QBC=B CM HIN ;FF NB;N MOLJPEMCHA ACP
NB?CL =IHMCMN?HNFS BCAB CHN?LH?N MJ??>M ;H> FIQ F;N?H=3LPH NBIAQF=G@NBIN

;L? ;FGIMN ;H IL>?L |@ G;AHCNO>? F;LA?L NB;H PN@HHBE OM;A? CH );J;H ;H>"BCH?M?
MJ?;ECHA =IOHNLC?M CM =AMEXPAUFCES <?=;0M? "BCH?M? ;H> );J;H?M? @IHNM ;L? P;MNFS
F;LA?L NB? G?>C;H @IHN MCT? =;H<? NCG?M IL GIL? F;LA?L NB;H NB? G?>C3BEMCH MCT~
G?;HM Q?< @IHN OM;A? CH );J;PLSMIB;H> OM;A? CH "BCH; CM ?@R8 FNCH-NBIOAB

L?=?HN P?FIJG?HNM QHAL?MMZ@®IHN ?HB;H=?G?BRBC=B Q? QCHFRI=GIL? <?FIQZG;S

G;E? Q?< @IHNM OM;<F? CH <INB =IOHNLC?M QCNBCH_)\IBBFRA@®S<??H L?JILNM NB;N
&IIAF? %HNM B2? HIN <??H L?FC;<FS ;==?MMC<F? CH "BCH; ;H> NB;N GCABRHFKl;BNIL
BIF>CHA <;=E ;>IINCIH

Web font usage, top countries (desktop)
Web Almanac 2020: Fonts
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3B?L2M ;H CHN?L?MNCHA NBR?:>@HHN OM; A=< OHNLSH NB? '33/ L=BCP? >CM=OMMCIH
@ILOG NB;N =?LN;CHFS CHbO?H=?> NB? KOS.NBONOMBHERIPH NB? F;LA? HOG<?L |@
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Serving with a service

70.3%

"@>K , FGLC8I@KP F= #HFECK8DFE>JK =FEK ?FIK@E> J<IM@:<J

(N FEIES =IG?M ;M HI MOLIJLCM&INEERBHNM L?G;CHM<@;L NB? GIMN JIJOF;L JF;N@ILG <ON
NB? J?L=?HN;A? OM? B;M ;=NO;FFS >L13J?> ;FGIMN @LIG NI ;<ION>I<? % I[HNM
@ILG?LFS3?ECN B;M >L1JJ?> ;<ION ;M Q?FF KIOININLJ OM;A? B;M ALIQH @LIG ;<ION

NIl P?L  CH;AAL?A;N? @QLIGRARF JLIPC>?LM (N CM QILNB HINCHA NB;N NBPE:A?MN JLI
@IL NINMNL TINMNLJ"#- ;FMIJLIPC>?M C=IH @I HNMAENI@?MIG? MI CN G;<?
NB;N CN CM HIN !IBIINM?F@ NBERL IF>?LRMCIHM ;FMI L?@?L?H=CHA C=IH @IHN aF?M NB;N CM
<?BCH> NB? LCM? CH NB;N MIOL=? >;N;
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Responsive HTML markup for images
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MOJJILN MCH=? aLMN CHNLI>0=?> CH

Srcset
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Srcset: quantity of image candidates
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Effective leveraging of image formats
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MIME types vs extensions
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Autoplay and Muted
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Definitions

1?7@IL? DOGJCHA CHNI NB? >;N; Q? MBIOF> >?aH? NB? N?LGCHIFIAS OM?> CH NBCM =B;JN?L

OThird Party®

NBCL> J;LNS L?MIOL=? CM ;H ?HNCNS IONMC>? NB? JLCG;LS MCN? OMZERZNFNEIHMBCJ (N CH
;MJ?=NM 1@ NB? MCN? HIN >CL?=NFS QCNBCH NB? =IHNLIF I@ NB? MCN? IQH?L <ON JL?M?HN QC|
;JILI P;F %k ?R;GJF? NB? &IIAF? H;FSNC=M M=LCJIN CM ; =IGGIH NBCL> J;LNS L?MIOL="?

6 ? =IHMC>?L NBCL> J;LNS L?MIOL=?M ;M NBIM?

'IMN?> |H ; J?8K; ;H> GLOC@CACH
6C>?FS OM?$ <P;LC?NS |@ MCN?M

4HCHbO?H=?8<H CH>CPC>0O;F MCN? IQH?L

31 G;N=B NB?M? Al;FM ;M =FIM?FS ;M JIMMC<F? NB? @ILG;F >?aHCNCIH OM?> NBLIOABION NBCM =
@IL NBCL> J;LNS L?MIOL=?M CM ; L?MIOL=? NB;N ILCACH;N?M @LIG ; >IG;CH QBIM? L?MIOL=?M =;}
@IOH> IH ;N F?;MN OHCKO? J;A?M CH NB? '337? b5BOPN

-IN? NB;N OMCHA NB?M? >?aHCNCIHM NBCL> J;LNS=I@NBINaMVINPI;LNS >IG;CH CM
=IOHN?> ;M ; aLMN J;LNS =IHNAHRR%BJIF? M?F@ BIMNCHA &IKARM% <IINMNI=MM CM
=IOHN?> ;WIJK G8IKP :FEK<EK

2CGCF;LBBMN J;LNS =IHN?HN?M®PIG ; NBCL> J;LNS >IG;CH CM =IOHN?> ;M NBCL> J;LNS
=IHN?HN H ;MMI=C;NR>GIF? %CLMN J;LNS CG;A7M MR, "#- IH ; NBCL> J;LNS >IG;CH
;L? =IHMC>?LK2@B8IKP :FEK<EK

Provider categories

3BCM =B;JN?L >CPC>?M NBCL>BCNAB M. CHNI >C@@7?L?HN =;N?AILC?M <LC?@ >?M=LCJINCIH CM
CH=FO>?> QCNB ?;=B |@ NB? =;N?AILC?M 3B? G;JJCHA I@ >IG;CH NI =;N?AILS =;H <? @IOH> CH NB
NBCL> J;LNS Q?< L?JIMCNILS

> >CMJF ;H> G?;MOL?G?HN I@?7:RCM?G?HNM

H;FSNC=M;=fiCHA MCN? PCMCRQI?B;
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"#- JLI  PC>?LM NB;N BIMN JO<FC= MB;L?> ONCFCNC?M IL JLCP;N? =IHN?HN I@ NI
"IHN?HN JLPC>?LM NB;N @;=CFCN;N? JO<FCMB?LM ;H> BIMN MSH>C=;N?> =IHN?H
"OMNIG?L 20==?MM MOJJILN ;H>=OMNIG?L L?F;NCIHMBCJ G;H;A?G?HN @OH=NCI
'IMNCHA JIPC>?LM NB;N BIMN NB7LE<@TNIN?HN |@ NB?CL OM?LM

sLE ?NCHA M;F?M F?;> AREIPL ;H> ?G;CF G;BHCHA @OH=NCIH;FCNS

21=C;F MI=C;F H?NQILEM ;H> NB?CL ;@aFC;NCHIHN?AL

3A ;H;A?L JLI PC>?L QBIM? MIF? LIF? CM NI G;H;A? NB? CH=FOMCIH |@ INB?L NBC
J;,LNC?M

ANCFCNS =I>? NB;N ;C>MPRB2G?HN I<D?=NRIR@ NB? MCN? IQH?L
5C>?1 JLIPC>?LM NB;N BIMN NB7L8<RDN?I =IHN?HN |@ NB?CL OM?LM
NB?L OH=;N?AILCT?> IL HIH =IH@ILGCHA ;=NCPCNS
*FK<FE *J 0?< *:8K<>FIP ?<| < @E:CL;<FRI@;<IJ K?8KM&D;<JFLI<J FE GL9C@: *
;FDB@EX > 9FFK&Q:;E :FD :;EAJ:CFL;X81:FD <K: 8E; ;F<J EFK @E:QUR.I<J K?8K 8l

J@DGCPI<MkI 8 * @ < GLKK@E> CFk;EH-EK F= 8 G8>< NFLC; EFK @EXL<E:< @KJ WIJK G8I
;<J@>EBK@FE;®&E> KF FLI :|@K<I@8

Caveats

FF >;N; JL?M?HN?> B?L? CM <;M?> |H ; HIHFQER2UF> FI;> 3B?M? P;FO?M =I0F>
MN;LN NI FIIE KOCN? >C@@7?L?HN ; @ NNCM?L CHN?L

3B? J;A?M ;L? N?MN?> @LIG?MALEH NB? 42 QCNB HI =lIEC?M M?N MI NBCL> J;LNC?N\
L?KO?MN?> ;@N?L IIN CH ;L? HIN CH=FO>?> 3BCM QCFF ?MJ?=C;FFS ;@@7?=N J;A?
JL?>IGCH;HNFS M2LRI =IOHNLC?M CH M=1J? @MHRE?#;N; /LIN?=NCIH

1?A0F;NCIHIL INB?L MCGCF;L F?ACMF;NCIH

.HFS NB? BIG? J;A?M ;L? N?MN?> .NB?L J;ABMBECHA >C@@7?L?H=? NBCL> J;LNS
L?KOCL?G?HNM

1I0ABFS 1@ ;FF NBCL> J;LNS >IG;CHIMPKO?MIR®G? BP? <??H C>?HNCa?> ;H>
=N?AILCT?> 3B? L?G;CHCHA @;FF CHNBYB?$;N?AILS

+?;LH GIL? ;<ION IOLG?NBI>IFIAS

?KKGXEN@B@G<;@8 FI> N@8E BKBIRK<.K@FE7.<>LC8K@FE
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Prevalence

All> MN;LNCHA JICHN @IL NBCM ;H;FSMCM CM NI =IHaLG NB? MN;N?G?HN NB;N NBCL> J;LNS =IHN
=LCNC=;F =IGJIH?HN 1@ GIMN Q?<MGNIEM®ME; S Q?<MCN?M OM? NBCL> J;LNS =IHN?HN ;H>
BIQ G:H S NBCL> J:.LNC?M % IIB#?

"@>K , 8><J N@K?;GENP :FEK<EK

3B?M? JLR;F?H=? HOG<?LM MBIQ ; MFCABN CHNBZM?IHMOFNM  |@ J;A?M CH NB?

>?MENI 50QF B;> ;N F?;MN IH? NBCL> J;LNS L?KO?MN NB? HOG<?L Q;M MFCABNFS BCAB?L ;N I
J;A?M CH NB? GI<CFQEL <LC?@ FIIE CHNI NB? MG;FF HOG<?L |@ J;A?M QCNB HI NBCL> J;LNS
=IHN?HN B?2;F?> NB;N G;HQ?L? ;>OFN MCN?M MIG? @?LRAGPHN >IG;CHM ;H> MIG? Q?L?
<;MC=F;H>CHA BIF>CHA J;A?M QCNB FCNNF? =IHN?ISN\NENNMBERCVNIGYDILCNS 1@ J;A?M

B;P? ;N F?;MN IH? NBCL> J;LNS

3B7? =B;LN <?FIQ MBIQM NB? >CMNLC<ONCIISIRBCA2NENS =IOHN 3B? NB J?L=?HNCF? J;A?
B;M NQI NBCL> J;LNS L?KO?MNM QBCF? NB? G?>C;H J;A2.B;M@ J/A?M B; P? GIL? NB;H
NBCL> J;LNS L?KO?MNM

?KKGBCDBES: ?KKGEAFI><E  K?@l; G8IK@<J
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"@>K @JIKI@ILK@FE BE8KR@HL<JKJ

Content-types

6 ? =;H <L?;E >IQH NBCL> J;LNS L?KOBWB?EL =IHN?HN NSJ? 3BCM CM NBPHINIHIN?>
NSJ? |@ NB? L?MIOL=?M?EC@®LIG NBCL> J;LNS >IG;CHM
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"@>-d  0?@G8IKP :FEK<EK 9P KPG<

3B? L?MOFNM MBIQ NB;N NB? G;DIL =IHNLC<ONILM I@ NBCL> J;LNS =IHN?HN ;L? CG;A?M H>
); P;2=LCJN QCNB NB7RIPF;LA?MN =IHNLC<ONIL <?CHA OHEHIQH 4HEHIQH CM ; MO<M?N
|@ HIH =;N?AILCT?> ALIOIM MO=BNMENEH ;M Q?FF ;M L?MJIHM?M QCNBION ; =IHN?HN NSJ?
B?;>?7L

3BCM MBIQM ; MBC@NGQEBRPH> NI L?F;NCEG;A? =IHN?HN B;M CH=L?;M?> @LIG NI

QBCFMN )P;2=LCJIN =IHN?HN B;M >?=L?;M?> MCAHCa=;HNFS @LIG NI 3BCM L?>0O=NCIH CM
FCES >07? NI CH=L?;M?> ;>B?L?H=? NI =IIEC? ;H> >;N; JLIN?=NCIH L?AOF;NCIHM L?>0O=CHA NBCL>
J;LNS ®2=ONCIH OHNCF f@RCECN OM?L IJN CH QBC=B CM ION |@ M=1J? @?N3BIN.LEBBM

Third-party domains

6B?H Q? >CA @OLNB?L CHNI >IG;CHM M?LPCHA NBCL> J;LNS =IHN?HN Q?INNMNHEEN&IIAF? %

@;L NB? GIMN =IGGIH (N CM JL?M?HN IH GIL? NB;H  |@ GI<CF? J;A?M N?MN?> 6BCF? @IHNM IHF:
;==IOHN @IL ;LIOH> 1@ NBCL> J;LNS =IHN?HN ;FGIMN ;FF 1@ NB?M?2; k2 NBRGMAF?

%WHNM M?LPC=2QI@&? OM?M &IIAFPHAM G;E MOL? NI @IFERIN JENC=?NNI PHMOL? NB?

<?MN JIMMC<F? GM?LC?H="?

?KKGBCDBES: ?KK&@HFI><E  K?@I; G8IK@<XIFLi< KPG<J
?KKGJJIN@QB? :FD K?< =8JK<JK >FF>C< =FEKJ
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"@>k  OFG ;FD8@EJ 9RMBC<E:<

3B? HRN @IOL GIMN =IGGIH >IG;CHM ;L? ;FENGMCHARGH?LM 3BG;S HIN <? L?KO?MN?>
>CL?=NF$SNB? J;A? <ON NBLIOAB ; =IRJFB;CH 1@ L?>CL?=NM CHEMINB?2: <>PLNCMCHA
H?NQILE

3B? MCRNB GIMN =IGGIH >IG;C @ECE?ANP ?KI ";FFM N @ECE?ANP ?KI ;L? A?H?|FFS

M2/ L?  P=;NCIH =B?=EM >0? NI 3+2 =?LNCa=;N?MCGHK B2/ MN;JFCHA ?H;<F?> IL NB? OM? |@

$RN?H>?>,6C>;NCIH $5 =?LNCa=;N?M QBE2ABNIUICHHCHA |@ CHN?LG?>C;N? =?LNCa=;N?M 3E

HOG<?L CR;RA?IN?> CH '33/ L=BCP >0? NI ;FF J;A? FI;>M <?CHA ?@@3?alNdR NCG? PCMCNILM
"2/ L?MJIIHM?M ;L? A?H?EFS =;=B?> ;H> P;FC> @GHPHV¥SM CH L?;F QILF> <LIQMCHNBZA

<FIA JIMNNI L?;> GIL? IH NBCM CMMO?

Y%OLNB?L >IQH NB? FCMN ;N =F=T CKKCHA=LEO ?KI &IIAFAMIMN?> +C<LC?M JLID?=N
6BCFMN FI;>CHA ;EEMO=B ;M DOO?LS @LIG ; BIMN?> M?LPCNBCM2QMCIH;F =IMN 1@ ;
=IHH?=NCIH NI ; NBCL> J;LNS >IG;@B3? ; H?A;NCRCGJ;=N |H J?L@ILG;H=? (N CM <?MN NI
BIMN ;FF =LCNG:Z=).CIN ;H>"22 [H NB? LIIN >IG;CH C@ JIMMC<F? 3B?L? CM ;FMI HIQ HI =;=B?
<?H?aN NI OMCHA ; MB;L?> "#- L?MIOL=? ;M ;FF G;DIL <UIQNCNKIH =,=BBJA? 'LLS

1I<?LNM B;M QLCNN?H ; >?N;CF?> <FIABIVNIIBIMN I®L IQH MN;NC= ;MM?NM

?KKGI@DFE?<8IE<:FD ;| FG <M :<IKJ

?KKGJI<MKCFG<IJ >FF>C< :FD JG<8]@@BI

?KKGI<MCFG<IJ >FF>C< :FD N<9 LG;8K<J ?KKG :8:?< G8IKQK@FE@E>
?KKGJJIN@QB? :FD J<C=?FJKP FLIJK8K@: 8JI<KJ
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Page weight impact

3BCL> J;,LNC?M =;RB;MCAHCa=;HN CGJ;=N IH NB? Q?CABN 1@ ; J;A? G?;MOL?>;M NB? HOG<?L |@
<SN?M >IQHFI;>?>XNB? <LIQMAB?/ ;A? 6 ?CABN =B;JNPRJFIL?M NBCM CH GIL? >?N;CF B?L?
Q? @I1=OM IH NB? NBCL> J;LNC?MNNBN BL.?;N?MN CGJ;=N IH J;A? Q?CABN

Heaviest third-parties

6 ? =;H RNEN NB? F;,LA?MN NBCL> J;ENBGZ>C;H J;A? Q?CABN CGJ;=N C? EHGEGEM
NB3 <LCHA NI NB? J;A?M8 NBA1H 3B? L?MOFNM ;L? CHN?L?MNCHA ;M NBCMCHRM HIN N;E
;==IOHN BIQ JIJOF;L NB? NBCL> J;LNC?M ;L? DOMN NB?GINCKdJ;=N CH <

"@>k  0?@G8IKP J@Q< :FEKI@ILK@FE 9P ?FJK

3B? NIJ =IHNLC<ONILM I@ J;A? Q?CABN ;|PFS?87:C; =IHN?HNRILF?LM MO=B ;M CG;A? ;H>
PC>?1 BIMNCHA 5C>;TIl ®JGI? L?MOFNM CH ; G?>C;H J;A? Q?CABN CGJ;=N 1@ ;<ION !
3B? EJRAJPKNU RE@=VKK ?KI >IG;CH JLIPC>?M PC>?I BIMNCHA Ml ; G?>C;H J;A? QCNB NBCM
NBCL> J;LNS B;MHa ! |@ G?>C; =IHN?HN

MCGJF? G?NBI> NI L?>0=? NBCM CGJ;=N CM NI >?@7?L PC>?I FI;>CHA GNNGBFCNXBMIBTHN?L
J;A? MINB;N NB? CGJ;=N CM L?>0=?> @IL NBIM? PCZN{LIINMIBZQ? NB? PC>?|

6 ? =;H N;2 NBCM ;H;FSMCM @OLNB?L NI JLI>O=? ; >CMNLC<ONCIH |@ SIN?F J;A? MCT? CH <
>IQHFI;>?> @IL ;FF L?MIOL=8WBCL> J;LNS =;N?AILS JL?M?H=? 3BCM =B;LN MBIQM NB;N NB?
JL?M?H=? |@ GIMN NBCL> J;LNS =;N?AILC?M >P?NHHNB;?;<F? CGJ;=N IH NIN;F J;A? MCT?
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NBCM QIOF> <? PCMC<F?JA7BH€PCH NB? JFINM  HINRREINICIH NI NBCM CMNERICHA CH
<F;=E QBC=B MBIQML®MG;FF L?F;NCIHMBCJ QCNB J;A? MCT? CH>C2iNCINFREBNN;>P
L?KO?MNM >| HIN ;>> MCAHCa=;HN Q?CABN NI J;A7M S3SBEHOGA? BHE@ NB?M? L?KO?MNM
;L? MG;FF L?>CL?=NNsB?H CM IHFS  SN?M ? M?? MCGCF;L FIQ CGJ;=N @IL N;A G;H;A?LM
;H> ;H;FSNC=M

.HNB? INB?L ?H> |@ NB? MJ?=NLOG NB? =;N?AILC?M "#- "IHN?HN ;H> IMNCHA ;FF L?JL?M?HN
MNLIHA L?F;NCIHMBCJ QCNB NIN;F J;A? Q?CABN 3BCM CH>C=;N?M NB;N MCN?M OMCHA BIM
A?H?IFFS F;LA?L CH J;A? Q?CABN

"@>K , 8><J@Q< ;@IKI@ILK@KEBIKP 8R@4FIP

Cacheability

2IG? NBCL> J;LNS L?MJIHM?M MBIOBM;RQ=;=B?> ,?>C; MO=B ;M CG;A?M ;H> PC>7M M?LP
<S; NBCL> J;LNB); P;2=LCJIN FCE€RM ;L? All> =;H>C>;N?M .H NB? INB?L B;HEQHA JTHM

;H> ;H;FSNC=M <?;=IHM MBI+ H? =;=B?> 3B? L?MOFNM MBI(PRIEEFN NQI NBCL>M |@
NBCL> J;LNS L?KO?MNM ;P2 RIGINB ; P;FC> =;=BCHA B?;>?L N "=?DA "KJPNKH
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"@>k  0?7@G8IKP ¢HL<JKJ :8:?<; 9P :FEK<EK KPG<

IL?;ECHA >IQH 8 L?MJIHM? NSJ? =IHaLGM IOL ;MMOGJNCIHM RBA-MMINPM?M ;M
=IGGIHFS >?FCP?> & NEECHA JZRV ;H;FSNC=M <?;=IHM ;L? PRAMIFCE=;=B?,<F?
20LILCMCHAREM NB;H NQI NBCL>M |@ CG?AX8 NBCR> J;,LNC?M ;L? =;=B?;<F? .H @OLNB?L
CHMJ?=NCIH NBCM CM >0O? NI NBECH\IGRIL QBC=B ;L? L?NOLH?> ;M HIH =,=B?;<F? T?LI
MCT? AC@ CG;A? L?MJIIHM?M

Large redirects

sH S NBCL> J;,LNC?M L?MOFN CH L?>CL?=N L?MJIHM?M C ? '33/ MN;NOM =I>?M 77 3B?M? |==0OL >
NB? OM? I@ P;HCNS >IG;CHM IL NI MB;L? CH@ILG;NCIH ;=LIMM >IG;CHM NBLIOAB L?KO?MN B?;>?L]|
3BCM CM ?MJ?=C;FFS NLORNIIMCARA H?NQILEM +;LA? L?>CL?=N L?MJIHM?M ;L? ;H CH>C=;NCIH |@
GCM=IHaADICIH ;M NB? L?MJIHM? MBIOF> <? ;LIOH> ! @IL ; +K?=PEKJ L?MJIHM?

B?;>?L JFOMPPLB?;>M 3B? =B;LN <?FIQ MBIQM NB? >CMNLC<ONCIH I@ <I>S MCT? @IL ;FF NBCL> J;|
L?>CL?=NM CH NB? '33/ L2BCP

196 2020 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2020/third-parties/requests-cached-by-content-type.png
https://almanac.httparchive.org/static/images/2020/third-parties/requests-cached-by-content-type.png

Part | Chapter 6 : Third Parties

"@>K @JKI@ILK@FE E8KRa44 9F;P J@Q<

3B? L?’MOFNM MBIQ NB;N NB? G;DILCNS |@ 77 L?MJIHM?M ;L? MG;FF NB? NB JBNZNCF? CI
C? 1@ 77L?MJIIHM?M ;L? <SN?M IL MG;FBB? NB J?L=?HNCF? CM E! NB? NBCM
E!;H>NB? NBCMR?L E! 6BCFMN L?>CL?=NMN Gt??G CHHI=OIOM E!CM ;H

OHL?;MIH;<F? ;GIOHN I@N2MAPL NB? QCL? @IL ; L?MJIIHM? NB;N MCGJFS F?;>M NI ;HINB?L
L?MJIIHM?

Early-loaders

2=LCINM NB;N FI;> F;N? CH NB? J;APQTCEBRB=N IH NIN;F J;A? FI;> 3RCIH ;H> J;A?

Q?CABN <ON GCABNHBCGJ;=N IH NB? OMRI?2.C?H=? 2=LCJINM NB;N FI;>?;LFS CH NB? J;A?
BIQ?P?L QCFF JIN?HNC;FFS =;HHC<;FCT? <;H>QC>NB @IL =LCNC=;F aLMN J;LNS L?MIOL=?M ;i
FCES NI CHN?L@?L? QCNB NB? J;A? Fl;> 3BCM2MLBG?HN;F CGJ;=N IH J?L@ILG;H=?
G?NLC=M ;H> ONRIR2C?H="?

3B? =B;LN <?FIQ MBIQM NB? J?L=?HN;A? |@ L?KO?MNM NB$SHPCAFAISI? ;H> NBCL>
J;LNS =;N?AILSB? NBL?? MN;H> ION =;N?AILC?M ;L? "#- 'IMNCHAAHBA?LM FF 1@

QBC=B N?H> NI >2ELP;2=LCJN NB;N CM L?KO?MN?> CH NB? B?;> 1@ ; >I208CMIHAP
L?MIOL=?M ;L? F?,MNFECEFI;> ?;LFS CH NB? J;A? >0? RUNEM?G?HN H?NQILE L?KO?MNM
A?H?|FFS <?CHA ;MSH=BLIHIOM M=LCJNM LOH ;@N?L J;A? FI;>
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"@>K 18ICP K2@BIKP «HL<JKJ 9P :8K<>FIP

CPU impact

-IN;FF SN?M IH NB? Q?<;L? ?KO;F ; *I CG;A? B <? @;L 7;MC?L @IL ; <LIQM?L NI JLI=?MM
NB;H; *=IGIL?MM?>); P;2=LCJIN <OH>F? QBC=B CHb;N?M NI ,!l@ =FC?HN MC>? =I|>? 3B?
CGJ;=N I@ NBCL> J;LNS M=LCJINM IH "/4 NCG? =;H <? @;L GIL? =LCNC=;F NB;ISNB2 |>CNCIH;F <
NCG? MJ?HN IH NB? H?NQILE

6 ? =;H =ILL?F;N? NB? JL?M?H=? |@ NBCL> J;LNS =;N?AILC?M QCNB NB? NIN;F "/4 NCG? |H NB? J;A?
NBCM ;FFIQM OM NI ?MNCG;N? NB? CGJ;=N |@ ?;=B NBCL> J;LNS =;N?AILS IH "/4 NCG?
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"@>K @IKI@ILK@FE F= ,1 K@D< 9P :8K<>FI@<J

3BCM =B;LN MBIQM NB? JLI<;<CFCNS >?HMCNS @OH=NCIH |@ NIIS;NBARBEINCIANS
=N?AILC?M JL?M?HN IH ?;=B J;A? 3B? G?>C;H J;A? CM ;N IHNB? J?L=?HNCF? ;RCM 3B? >;N;
MBIQM NB;N ;FF NBCL> J;LNS =;N?AILC?M @IFFIQ ; MCGCF;L J;NN?LH QCNB NB? G?>C;H J;A?
GM "/4 NCG? 3B? IONFC?L B?L? CM ;2BNCMCHA CH<F;=E C@ ; J;ALBIGMEPA N;AM
CN CM GO=B GII?FEQH B>? BCAB "/4 OM;A? >OLCHA J;A? FI;> 3B? G?>C;H J;A? QCNB
;>P?LNCMCHA N;AM B;M ; "/4 FI;> NCG? |@ GM =IGJ;L?> NI GM @IL J;A?M QCNBION
;>P?LNCMCHA 3B? BCAB "/4 FI;> NCG? ;N NB? FIQ?L J?L=?HNCF?M CP:+CBRENIB?NIR
MCN?M ;L? CGJ;=N?> MCAHCENBRBEXM?H=? |@ NBCL> J;LNC?M =;N?AILCOINEMCHR

timing-allow-origin prevalence

3B?1?MIOL=? 3CGCHA /(FFIQM Q?<MCN? IQH?LM NI G?;MOL? NB? J?L@ILG;H=? 1@ CH>CPC>C
L?MIOL=?M P@®@R=LCIN 3BCM >;N:SCM@;0FRNR?G?FS FCGCN?> @IL =LIMM ILCACH L?MIOL="
FCENBCL> J;LNS =IHN?HN 3B?L? ;L? F?ACNCG;N? L?;MIHR@CHANNBIM NCGCHA CH@ILG;NC
MO=B ;M L?MJIHM?M NB;NP;OSIB?HNC=;NCIH MN;N? ? A ; Q?<MCNEQHAFG NI

>?N?LGCH? C@ ; PCMCNIL CM FIAA?> CHNS, G2:3QILEKA NB? L?MJIHM? MCT? 1@ ; QC>A?N
L?KO?MNL%IMN NBCL> J;LNS =IHN?HN NBIOAB M? PEIEJC =HHKS KNECEJ B?;>?L CM

;H ;=N 1@ MMJ;L?H=S NI ;FFIQ NB? BIMNCHA Q?<MERINIMILG;H=? ;H> MCT? |@ NB?CL NBCL>
J;LNS =IHN?HN

?KKGJI<MCFGBIFQ@CC8 FI> ;<33,% .<JFLI:<70@D@E>7 ,.% 1J@E>7K?<J0BDI@E>7 %
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"@>K .<HL<JKJ N( timing-allow-origin ?<8;<I

3B? L’MOFNM CH '33/ L2B@BIQ NB;N IHFS IH? NBCL> |@ NBCL> J;LNS LRVINIIM?M;CF?>
MCT? ;H> NCGCHA CH@ILG;NCIH NI NB? BIMNCHA Q?<MCN?

Repercussions

6 ? EHIQ NB;N ;>>CHA ;L<ICN); P;2=LCJIN NI IOL MCN?M CHNLI>O=?M LCMEM NI <INB MCN? MJ??> ;H>
M?=0OLCREN? IQH?LM GOMN <? >CFCA?HN NI <;F;H=? NB? P;FO? |@ NB? NBCIS> J;,LNS M=LCIJNM NB
CH=FO>? QCNB NB? MJ??> J?FSKRBIS KBCHA ;H> OM? GI>?LH @7?;NOL?MWIEBMVOL="7

CHN?ALCMKIS =IHN?HN M?=0OLCNS JM@EEHN;CH ; MNLIHA M?=0OLCNS JIMNOR?=ZAZNES?

=B;IN?L@IL GIL? >?N;CF IH NB?M? ;H> INB?L <LIQM?L M?=0OLCNS @?;NOL?M

Conclusion

.H? 1@ NB? MOLJLCM?M CH NB? >;N; @LIG CM NB? >LR)CP22ECNAR.?KO?MNM @LIG

|@ NB? NIN;F NI DOMN (N CMM®NBBENB? ;=NO;F ;GIOHNPIZ)CJIN IH NB? Q?< B;M

>?=L?;M?> NBCM MCAHCENKNFSIL?FEHNB;N Q?<MCN?M ;L? CGIF?G?HNCHA =IHM?HN
G;H;A?G?HN MI NB;N GIMN >SH;GC= NBCL> J;,LNS =IHN?HN CM IHFS FI;>?> |[H OM?L IJN CH 3BCM L.
CH JLI=?MM =IOF> <? G;H;A33 ¥HM?HN ,;H;A?G?HN /F,N@ILG/ CH MIG? =;M?M 3B?

?KKGJI<M<CFGBIFQ@CCS FI> ;B3<:LI@KRII <IFLI<7%EK<>I@KP
?KKGJ<M<CFGBIFQ@CCS8 FI> ;F<D300, /,
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NBCL> J;LNS >;N;<;M? >1?M FINBP? ; =;N?AILS @IL ",/M <ON NBCM QIOF> <? ; All> ;H;FSMCM
@ILNB? 6 ?< FG;H;=;H>CM #?L?> NBLIOAB ; >C@@7?L?HN G?NBINHBAA CH;=S
=B;JN?L

>P ?LNCMCHA L?KO?MNM ;JJPE NIBGH=L?;M?> CGJ;=N IH "/4 NCG? 3B? G?>C;H J;A? QCNB
;>P?LNCMCHA M=LCJINM =IHMOG? NBL?? NCG?M ;M GO=B "/4 ;M NBIM? QCNBION (HN?L?MNC
;>P?LNCMCHA M=LCJNM ;L? HIN =ILL?F;N?> QCNB CH=L?;M?> J;A? D2CABN GBRCM G;E
CGJILN;HN NP?FO;N? NB? NIN;F CGJ;=N 1@ NBCL> J;LNS M=LCJINM IFHH\B D MY ?KO?MN
=IOHN ;H> MCT?

6BCF? NBCL> J;LNS =IHN?HN CM =LCNEQ<NICNAM ;0>CNCHA NB? CGJ;=N R@=?£ECILI
=LCNCs=;F NI ?HMOL? NB:NMIBMMCAHCa=;HNFS CGJ;=RIOMZ2t=? J;A? Q?CABN IL "/4
ONCFCT;NCIH 3B?L? ;L? I@N?H M?F@ BIMNCHA IJNCIHM @IL NB? NIJ =IHNLC<ONILM NI NBCL
NBCM CM ?MJ?=C;FFS QILNB =IHMC>?LCHA ;M NB?L? CM HIQ HI =;=BCHA <?H?aN NI OMCHA M

&IIAF? %HNM ;FFIQWPF@ BIMNGIBA ;MM?NM

); P;2=LCJIN "#-M =;H <? L?JF;=?> QCNB M?F@ BIMN?> ;MM?NM

$RI?LCG?HN;NCIH M=LCJINM =;H <? M?F@ .BNOGTT ?HS
(HNBCM =B;JN?L ? BCM=0OMM?> NB? <?H?aNM ;H> =IMNM |@ NBCL> J;LNS =IHN?HN IH NB? C
B;P? M??H NB;N NBCL> J;LNC?M ;LF CHNFBAMN ;FF Q?<MCN?M ;H> NB;N NB? CGJSN P;LC?M <

NBCL> J;LNS AO>?1?@IL? ;>>CHA ; H?Q NBCL> J;,LN®NUA?M =IHMC>?L NB? CGJ;=N NB;N
NBS® QCFHB,;

Author

2CGIH '?;LH?
X MCGIHB?,LH? ) MCGIHB?;LH? & BNNJMWCGIHB?;LH? =IG

2CGIH CM ; Q?< J?L@ILG;H=? ;L=BCN?=N '"? CM J;MMCIH;N? ;<ION BRRJCHA >?FCP
@;MN?L ;H> GIL? ;==?MMC<F?1Q2sH8&aH> BCG NQ??NCEBIH'?;LH? ;H>
<FIAACHAMCGIHB?;LH? =IG
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Part Il Chapter 7

SEO

2¥44' $9-'9 &# 0-*3 *9b)- */(  #I& #*' &0
<M@=<N<; 9BK< 8D< 8KS8C@E .FBM< /FKK@D8BR< /D8IK LIK@E )FEK>FDENFF;

C8D 8E; 8lIP, FCC8I
E8CPQ<; 9FEP ): | <8KBE; EKF@E< !l@GI
I'@K<; 9R@:B 2@J:FD@

Introduction

2?;L.=B $HACH? .JNCGCT;NCIH @Kl NB2-IC=? |@ IINCGCTCHA Q?<MCN?M\ N?=BHC=;F
=IHaAOINCIH =IHN?HN IP2A2? ;H> FCHE JIJOF;LCNS RINBECL CH@ILG;NCIH ?;MCFS aH>;<F?
;H> GIL? L?FP;HN NI @OFaFF OM?LM\ M?;L=B H??>M M ; =IHM?KO?H=? @?&8CRERM CGJLI
PCMC<CFCNS CH M?;L=B ?HACH?M\ P2NIO ENIZL@IDORRE?M L?A;L>CHA NB?CL =IHN?HN ;H>
<OMCH?MM ALIQCHA NBREI=NZLMCIHM ;H> JLIaNM

#?MJICN? CNM =IBIFOFNC>CM=CJFCH;LS H;NOL? QHILZE:BIM FIFP?> NI <?=IG? IH? |@
NB? GIMN JIJOF;L >CACN;PRQHA MNAC?M ;H> =B;HH?FM

2020 Web Almanac by HTTP Archive 203



Part Il Chapter 7 : SEO

"@>kl  #FF>CH€E;J :FDG8I@JFE F=/l«3ILJ G8P G<| :C@:B 8E; JF:@8C Dx®®ESIB

3B? Al;F 1@ NB?%& FG;H;=\M 2$. =B;JN?L CM NI C>?HNC@S ;H> ;MM?MM G;CH ?F?G?HNM ;H>
=IHaAOINCIHM NB;NSFLIF? CH ; Q?<MENRA;HC= M?;L=B IINCGCT;NCIH !S C>?HNC@SCHA NB?M?
?F?G?HNM Q? BIJ? NB;N Q?<MCNL:A? FIL aH>CHAM NI CEJINB?CL ;<CFCNS NI <?

=L, QF?> CHR?> ;H>HE?> <S M?;L=B ?HACH?M (H NBCM@BJNPLC>? ; MH;JMBIN |@ NB?CL
MN;NOMCH  ;H>; MOGG,LS I@ QB;N B;M =BM@R="?

(N CM CGJILN;HN NI HIN? NB;N NBCM =B;JN?L CM <;M?> |H-EABBNBCIMB IGG:CF? MCN?M
NB?BLIG? 47 1?JILN  I|H GI<CF? ;H>>?MENIJ ;M Q?FFQVH> L?H>?L?> '3,+ ?F?G?HNM

@LIG NB33/ L=BCP ? [IH GI<CF? ;H>>?MENIJ (HNB? =M? 1@ NB? '33/ RsHEP

+CABNBIOM? CN CM FCGCN?> NI NB? >;N; C>?HNCa?> @LIG Q?<MCN?IM\BCBLP?IL NP IHFS

=L, QFM @ B;P? N;2H NBCM CHNI =IHMCHPRB?H >ICHA ;MM?MMG?ANBHA NBCM >CMNCH=NCIH
CH GCH> CM CGJILN;HN QBBHAL=IH=FOMCIHM @LIG IOL LIMEORNAV L8 GIL? ;<ION CN IH
IOL,?NBI>IFIAS J;A?

+?N\M Al NBLIOAB NBCW 8. A;HC= M?;L=B IINCGCT;NCIH G;CH aH>CHAM

Fundamentals

3BCM M?=NCIH @?;NOL?M NB? IINCGCT;NCIH L?F;N?> aH>CHAM [@MBM Q< 2H?&ABINM
NB;N G;E OJ NB? @IOH>;NCIH @IL M?;L=B ?HACH?M NI /QECNRS HE tHE Q?<MCN?M NI
JLIPC>? OM?LM NB? <?MN L?MOFNM @IL NB?CL KO?LC?M

?KKGBCDBES: ?KK@EHFI> <E  J<F

?KKGJI<MCFG<IJ >FF>C< :FD N<9 KFFCJ C@>?K?FLJ<
?KKGJI<M<CFG<IJ >FF>C< :FD N<9 KFFDX:RI<| OG<I@<E<GFIK
?KKGPKKGE@NFI>
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Crawlability and indexability

2?;L=B ?HACH?M OM? QBF2LM ;FMI =;FF?> MJC>?LM RI>BMZIL OJ>;N?> =IHN?HN @LIG
Q?<MCN?M <LIQMCHA NB3S @?ERQCHA FCHEM <?NQ??H ;JQFBHALCM NB? JLI=?MM |@
FIEECHA @IL H?Q IL OJ>;N?> Q?< =IHN?HN QB?NB?L Q?<J;A?M CG;A?M PC>?IM ?N=

2?;L=B =L.QF?LM >CRPLI =IHN?HN<@IFFIQCHA FCHEM <?NQ??H 41+M ;M Q?FF ;M OMCHA ;>>CN
MIOL=?M NB;N Q?<MCN? IQH?LMREHILINB? A?HNCIH |@ 7,+ MCN?G;JM QBC=B ;L? FCMNM
1@ 41+M NB;N ; Q?<MZNPH?L Q;HNM M?;L=B ?HACH?MNILORBAOAB >CL?+REL?KO?MNM

PC; M?;L=B ?HACH?M NIFIIAEEM 2?;L=B "IHMIF?

\H=? M?;L=B ?HACH?M ;==?MM Q?< =IHNSHRMNBA<E;<[MCGCF;L NI QB;N Q?< <LIQM?LM
>I[;H> CH>?R CN 2?;L=B ?HACH?M QCFF NB?H ;H;FST? ;H> =;N;FIA NB? C>?HNCa?> CH@ILG;N
NI OH>?LMN;H> CN ;M OM?LM >I NI OFNCG;N?FS@IEERQPCHINW?

6B?H OM?LM ?HN?L ; KOARE. =B ?HACH?M M?;L=B NBRQI @H>ANB? <?MN =IHN?HN N&>CMJF;
IH NB? M?;L=B L?MOFNM J;A?M NI ;HMQ?L NB?CL KO?LC?M OMCHA ; P;LC?NS |@ @;=NILM NI :
QBC=B J;A?M ;L? MBIQH <?@IL? INB?LM

%L Q?<MCN?M FIIECHA NI IINCGCT? NB?CL PCMC<CFCNS CH M?;L=B L?MOFNM CN CM CGJIL
=?LN;CH;=€QF;<CFCNS ;H>RKHEFCNS <?MNGCE?M =ILL?=NFS =IHaA NK>KPO PTP LI<INM

IAP= N;AN 7 1K>KPO 3=C '33/ B?;>?LM ;H> =;HIHC=;F N;AM ;GIHA INB?LM 3B?M? <?MN
JL=NC=?M B?FJ M?;L=B ?HACH?M CH ;==?MMCHA Q?< =IHN?HN GILRCHAOWS?&0IT>"?
;==OLN?FS NBILIOAB ;H;FSMCM |@ NB?M? sNGINOLCMRCH?> CH NB? @IFFIQCHA M?=NCIHM

robots.txt

+=;N?> ;N NB? LIIN I@ ; MC NK>KPO PTP aF? CM ;H ?@@MNiNCIEH =IHNLIFFCHA QBC=B J,A?M ;
M?;L=B ?HACH2GE?L MBIOF> CHENTRCNB BIQ KOC=EFSQ# NIB?G ;H> QB;N NI >l QCNB NB?
>CM#PL?> =IHN?HN

&IIAF? @ILG;FFS JLIJIM?> G;EC NK>KPO PTP ;H I@a=C;F CHN?LH?N MN;H>;L> CH )OHdB?

>L  ;@NCH=FO>?M =F?;L >I=OG?HN;NCIH IH N?=BHC=;F L?KOCL? NK>KPO PTP\{&?
3BCM B;M JLIGIN?> GIL? >?N;CF?> CH@ILG;NCIH ;<ION BIQ M?;L=P3FPACHABIOF>
L?MJIH> NI HIH MN;H>;L> =IHN?HN

NK>KPO PTP aF? GOMN <? JF;GMNNZH=I>?> CH 43% ;H> L?MJIH> NI L?KO?MNM QCNB ;
'33/ MN;NOM =I>? G;F@ILG? NK>KPO PTP ; 77 =FC?HN ?LLIL L?MJIHM? IL GIL? NB;H aP
L?>CL?=NM ;L? CHN?LJIZNZ:L.<B ?HACHTH?LM ;ML CC 8CGRMHCHA ;FF =IHN?HS &,
=L, QF?> 77 M?LPL ?LLIL L?MJIHM? CM OH>?LMNH:QX ; @ JSCRHCHA HI =IHN?HNSG;

?KKGXFFCJ @#K2KDC 8=K BIK<I4G
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<? =L.QF?> (@ M NK>KPO PTP CM OHL?;=B;<F? @IL GIL? NB;HSM;&IIAF? QCFF OM? NB? F;MN
==B?> =S 1@ CN ;M >?M=LCNB2CIHMJ?=Ca=;NCIHM

.P ?LFF 1@ GI<CF? J;A?M L?MJIH>?> | NK>KPO PTP QCNB ; 77 L?MJIHM? .@ NB?M?
Q7?L? HIN L?=IAHCT?> ;M P;FC> 3BCM B;M MFCABRESIGAILI QB?H CN Q;M @IOH>
NB;N 1@ GI<CF? MCN?M B;>; P;F NK>KPO PTP

+CABNBIOM? NB? >;N; MIOL=? @IL NK>KPO PTP P;FC>CRSINLI>O=?: NK>KPO PTP ;O>CN
iMJLN 1@ NB? P OJ>;N? 3BCM CH=FOMCIH BCABFCABNM NB;N ; R4Q:=2KNVMNIE OFRE HMNVIFP
G?;H NB;N NB? =ILH?LMNIH? aF? QCFF <? ;<FCN NB? H?=?MM;LS >CMHNNQP< zDF?LM

Response Code Mobile Desktop

7
7
7
7
7
7

%CAOL? NK>KPO PTP L?MJIHM? =I>?M

(H ;>>CNCIH NI MCGCF;L MN;NOM BCit #£0=HHKSMN;N?G?HN OM? Q;M =IHMCMN?HN <?NQ??H
GI<CF? ;H>>?MENI3IIMCIHM NK>KPO PTP aF?M

3B? GIMN JIP,F?H 40AN =CAJP >?=F;INCIH MN;N?G?HN Q;M NB? QC 40AN =CAJP

JJ?;,LCHA IH 1@ GI<CF? ;H> 1@ >?MENIJ  NK>KPO PTP L?KO?MNM 3B? M?=IH>

GIMN JLR;F?HN >?=NCIH Q;) =@0>KP CKKCHA;JJ?;LCHA CH 1@ GI<CF? ;H> @

>?MENI. NK>KPO PTP L?KO?MNM &IIAF? >M!N >CML?A;L>M QCF>=;L> MN;N?G?HNM ;H> GOMN <?
MJ?=Ca=;FFS H;G?> ;M NB? <IN =B?=EM Q?< J;A? ;H>;JJ ;> KO;FCNPGEIMM >?

3B? GIMN @L?KO?HNFS OM?>2AC@HIC?> IH M?;L=B ?HACH?M ;H> NB?CRNCHAG;LE
=IOHN?LJ;LNM 2$. NIIFM BL?@ ;H> ,;D?MNC= Q?L? CH RI#EO=HHKSMN;N?G?HNM @IL
<INB >PC=?M

?KKGI<MKCFG<IJ >FF>C< :FD:348I=<E:< IF9FKJ7KOK ?8E;C@E=<IKE F;<J
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% of robots.txt

User-agent Mobile Desktop

;>M<IN AlIAF?
G?>C;J;.LNH?LM AlIAF?
GD <IN
;BL?@M<IN

%CAOL? NK>KPO PTP 40AN =CAJP >CL?=NGP

6B?H ;H;FSTCHA NB? OM;A? [ #£E0=HHKSMN;N?G?HN NK>KPO PTP <S OMCHA +CABNBIOM?
JIQ?L?>>;N; 1@ IP?L  GCFFCIH MCN?M CN Q;M @IOH> NB;N 1@ NB?G Q?L? =IGJF?N?FS
=L QF;<F? QCNBIHFS  OMCI#EO=HHKSMN;N?G?HN

H ;H;FSMCM |I@ NK>KPO PTP #EO=HHKSMN;N?G?HN OM;A? ;FIHARB?LI<INM
@EBI@CE@KRP=NCPQ;M ;FMI >IH? aH>CHA  |@ NB? MCN?M CH #EO=HHKS
MN;N?G?HN ;FIHA &:f? J;A?M @?;NOLCHA ; G?N; | EJ@AT>CL?=NCRCNB IHFS @
MCN?M OMCI| #EO=HHKSMN;N?G?HN NK>KPO PTP ;FIHAEF@EX; J;A?M PC; NB? G?N;
LI<INN JKEJ@AT >CL?=NCP

3B? BCAB?L OM;A? I€ #EO=HHKSMN;N?G?HN IH (R{x#? J;A?M NB;H HICR2?IH?M CM

HIN;<F? ;MIAF? >1=0G?HN;NCIHVIN;N?M NB;N MCN? IQH?LM MBIOINK>KPO PTP ;M ;

G?;HM NI BC>? Q?< J;A?M @LIG &IIAF? 2?;L=B ;M CHN?LH;F FCHECHA QOCNB\><ARELCINCP
L?MOFN CH NB? J;A? <?CRp& QENBION ; ©F?L PCMCNCHA NB? J;A? (HMN?;> MCN? IQH?LM M
OM? INB?L G?NBI>M F JKEJ@AT>CL?=NFC; G?N; LI<INM

Meta robots

3B? NK>KPOG?N; N;A ;H>7 1K>KPO 3=C '33/B?;>?L ;L? ;H? RN?HMCIH I@ NB? JLIJIM?>
1I<INM $RFOMCIH /LINI=IFL$/ QBC=B ;FFIQM >CL?72NGIP<? =IHaAOL?> ;N ; GIL?AOF;L
FP?F #CL?=RGRJJIILN P;LCBM2;L=B ?HACH? ;M 1$/ CM’NINMI@a=C;F CHN?LH?N MN;H>;L>

,?N; N;AM Q?L? NB? >IGCH;HN G?NBI> ji@DAL R?=ONCIH QCNB 1@ >?MENIJ ;H>
1@ GI<CF? J;A?M OMCHA NB? | 7 1K>KPO 3=C >CL?=NPQ?L? @IOH> IH H>
1@ >?MENIJ ;H> GI<CF? L?MJ?=REP

?KKGI<MKCFG<IJ >FF>C< :FD:348I=<E:< IF9FKJ7D<K87K8>
?KKGI<MCFG<IJ >FF>C< :FD:3<B{J 8;M 8E:<; | FOFKJ @EKI
?KKGN<9D8IK<IJ >FF>C<9CF> :FD kG @; ?KDC
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https://developers.google.com/search/reference/robots_meta_tag
https://developers.google.com/search/docs/advanced/robots/intro
https://webmasters.googleblog.com/2019/07/rep-id.html
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"@>K 1J8>< F= D<KBAIFKJ 8E X-Robots-Tag ;@+:K@W

6B?H ;H;FSTCHA NB? OM;A? I@ NB? G?N; LI<INM N;A CH +CABNBIOM? N?RIRMF? JH@ML
Q?L? @IOH> NI EE@E3; 1@ NB?M? J;A?M OM?: JKEJ@AT>CL?=NGH> >C> HIN
>CM;FFIQ;€0FCHA 1@ NB? J;A? C NK>KPO PTP

3B? =IG<CH;NCIH #EO=HHKSQCNB NK>KPO PTP ;H> JKEJ@AT>CL?=NGFH G?N; LI<INM
Q?L? @IOH> IH IHFS 1@ J;A?M 6BCF? NBCM G?NBI>@® 8BVILIG<E KPFOH>H=S
J;A? GOMN HIN <? <FI=ES ; NK>KPO PTP aF? CH IL>?L @IL ;H IH J; JKEJ@AT >CL?=NCO¥H
<? ?2@@7?2NCP

(HN?L?MNCHAHRS?LCHA =B;HA?> NB? G?N; LI<INM N;A CH 1@ J;A?M 6BCF? NB?L? CM HI
CHB?L?HN CMMO? QCNBPQMGHA)NI ;>>; G?N; LI<INM N;A NI ; J;A? IL =B;HA? CNM =IHN?HN
2$.M MBIOF> <? DO>C=CIGREONCIH (@ ; J;A? FI;>M Q JKEJ@AT >CL?=NGFH NB? G?N;
LI<INM N;A <?@IL? L?H>?INHIE=B ?HACH?M\RIEHOH NBP)2=LCJNNB;N =B;HA?M NB? N;A
P;FO? IL CHRNB? J;A?

Canonicalization
"“'HIHC=;F N;AM ;M >?M=LC<B-&IIAF? ;L? OM?> NI MJ?=C@S NI M?;L=B ?HACH?M QBC=B CM NB?

JL?@7?LL?> =;HIHC=;F 42£MCIH NI CR>RI> tHE @IL ; J;A?[NB? IH? NB;N CM =[HMC>?L?> NI <?
<?NN?L L?IL?M?HR;MEEN[QB?H NB?L? ;L? S41+M @?;NOLCHA NB? M;ASIMEGCF;L

2KKGI<MCFG<IJ >FF>C< :FD:3sBIJ >L@;<J ABEI@GK J<F 98)@:J LI< CRIFKU K8>J 8LCCP
?2KKGJI<M<CFG<IJ >FF>C< :FD:3<B1J 8;M 8E:<; :| BNC@E> :FEJFC@;8K< ;LGC@:8K< LICJ
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https://almanac.httparchive.org/static/images/2020/seo/seo-robots-directive-use.png
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https://developers.google.com/search/docs/advanced/crawling/consolidate-duplicate-urls
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=IHN?HN (N CM CGJILN;HN NI HIN? NB;N

3B? =;HIHC=;F N;A =IHaARCIH CM OM?> ;FIHA QCNB INB?L MCAH;FM NI M?F?=N NB?
=;HIHC=;F 41+ 1@ ; J;A? CN CM HIN NB? IHFS IH?

FNBIOAB M?F@ L?@7?L?H=CHA =;HIHC=;F N;AM ;L? MIG?NCG?M ®DM?> NB?M? ;L?H
L?KOCL?G?HN

(H F;MN;E&\M =B;IN?L CN Q;M C>?HNCa?> NB;N I@ GI<CF? J;A?M Q?L? OMCHA ; =;HIHC=;F N
3BCM?3. NB? HOG<?L |@ GI<CF? J;A?M @?;NOLCHA ; =;HIHC=;F N;A B;M ALIQH NI

"@>K 1J8>< F=:8EFE@:8C K8>J]

6B?H ;H;FSTCHA NBEMN GI<CF? J;A?M =HIHC=;F N;A =IHM&BL CN Q;M >?N?=N?> NB;N
I@ NB?G Q?L? M?F@ L?@?L?HNC;F ;H>  Q?L? JICHNCHA NI >C@@7?L?HN 41+M ;M NB?
=;HIHC=;F IH?M

.HNB? INB?L B;H> 1@ NB? >?MENIJ J;A?M Q?L? @IOH> NI <? @?;NOLCHA ; =;HIHC=;F N;A N
S?;L QCNB <?CHA M?F@ L?@7?L?HNC;F ;H>  JICHNCHA NI ; >C@@?L?HN 41+

-IN IHFS > GI<CF? J;A?M CH=FO>? GIL? =;HIHC=;F N;AM NB;H >?MENIJ IH?MLMON®

NB?L? ;L? L?F;NCP?FS GIL? GI<CF? BIG?M J;A?M =;HIHC=;FCTCHA NI INB?L 41+M NB;H NB*~
>?MENIJ =IOHN?LJ;LNM PM 3BCM =IOF> RIF;CH?>5NB? OM;A? |@ ;H
CH>?J?H>?HN M?J;LN? GI<CF? Q?<R.MCIHSMIG? MCN?M NB;N H??> NI =;HIHC=;FCT? NI NB?Cl

?KKGBCDSES: ?KKGEHFI><E  J<F :8EFE@:8C@Q8K@FE
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https://almanac.httparchive.org/en/2019/seo#canonicalization
https://almanac.httparchive.org/static/images/2020/seo/seo-presence-of-canonical-tag.png
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>?MENIJ 41+M ;FN?LH;N?M

“HIHC=;F 41+M =;H <? MJ?=Ca?> NBLIOAB >C@ @?L?HNSGIINBEMNB? =;HIHC=;F FCHE PC; NB?
'33/B?;>?LM ILNB? '3,+ DA=@I@ ; J;A? IL<S MO<GCNNCHA NB?G CH 7,+ MCN?G;JM 6B?H
;H;FSTCHA QBC=B CM NB? GIMN JIJOF;L =;HIHC=;F FCHE CGJF?G?HN;NCIH G?NBI> CN Q;M @IOH>
IHFS 1@ >?MENIJ J;A?M ;H> 1@ GI<CF? IH?M ;L? L?FSCHA IH NB? '33/ B?;>?LM @IL

NB?CL CGJF?G?HN;NCIH G?;HCHA NB;N =;HIHC=;F N;AM ;L? JLIGCH?HNFS CGJF?G?HN?> PC; NB?'
DA=@I@ ; J;A?

"@>k  1J8>< F=$00, ?<8;<I 8E; $0)( head :8EFE@:8C@Q8K@FE D<K?F;J

6B?H ;H;FSTCHA NB? =;HIHC=;F N;A CGJF?G?HN?XXCB{NB? RLMOM NBIM? L?FSCHA IH =FC?HN
MC>? R;2=LCJIN L?H>?LCHA Q? C>?HNCa?> NB;N 1@ NB? GI<CF? J;A?M ;H> |@ NB?
>?MENIJ IH?M CH=FO>? ; =;HIHC=;F N;A CH NB? L?H>?L?> <«QNBHN NEEAM G?;HM NB;N

NB?L® IHFS ;RS MG;FF HOG<?L |@ J;A?M NB;N ;L? L?FSTEA.GIN NI CGIF?G?HN =;HIHC=;F
N;AM

.HNB? INB?L B;H> CH 1@ NB? GI<CF? J;A?M ;H> 1@ NB? >?MENIJ IH?M @? M;

=;HIHC=;F N;AM CGJF?G?HN?> PC; <IN@ NB?NB? L?H>?L?>'3,+ QCNB ; =IHbC=N B;JJ?HCHA
<?NQ??H NB? 41+ MJ?=Ca?> CHQN\BZLMOM NB? L?H>?L?> '3,+ |@ NB? M;G? J;A?M 3BCM =;H
A?H?IN? CHR,<CFCNS CMMO?®%;0HEDIRG;NCIH CM M?HN NI M?;L=B ?HACH?M ;<ION QBC=B CM NB"
=HIHC=;F 41+ @IL NB? M;G? J;A?

MCGCF;L =IHbC=N =;H <? @IOH> QCNB NB? >C@@7?L?HN CGJIF?G?HN;NCIH G?NBI>M QCNB 1@
GI<CF? J;A?M ;H>  |@ NB? >?MENIJ IH?M MBIQCHA =IHbC=NM <?NQ??H NB? =;HIHC=;F N;AM
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https://almanac.httparchive.org/static/images/2020/seo/seo-canonical-implementation-method.png
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CGJF?G?HN?> PC; NB?CL '33/ B?;>?LM ;H> "DA=@

Content

3B? JLCG;LS JOLJIM? NB;N <INB M?;L=B ?HACH?M ;H> 2?;L=B $HACH? .JINCGCMNCRCH?LP
PCMC<CFCNS NI =IHN?HN NB;N OM?LM H??> 2RINEBI BWAQERYIV? @LIG J;A?M NI >?N?LGCH?
QB;N NB? =IHN?HN CM ;<ION (H BBYBTNQI ;L? MSG<CINC= 3B? @?RINERFF2FCAH QCNB
MCAH;FM NB;N CH>CENP-2?2H> CH@ILGIECHA

3l OH>?LMN;H> QB;N M?;L=B ?HACH?M ;L? ;<F? NPRERDENCP BP? <LIE?H ION NB?
=IGJIH?HNM 1@ NB;N =IHN?HNRKECH?> NB? CH=C>7?N2P@ NBIM? @7?;NOL?M <?NQ??H NB?
GI<CF? ;H>>?MENIJ =IHRWM 8 ;FMI LPC?Q?> NB? >CMJ;LCNS <?NQ??H GI<CF? ;H>>?MENIJ
=IHN?HN 3B? GI<CF? ;H> >?MENIJ >CMJ;LCNS CM ?MJ?=C;FFS P;FO;<F? <?=;C3 BIIAF? B;M G
DF9@C< WIJKO@ES( @IL ;FF H?Q MCN?M ;H> ;M 1@ ,,L.=B1@ QPFRIGDF9@C< FECP
@ERQB?L?CH =IHN?HN NB;N >I1?M HIN ;JJ?;L QCNBCH NB? GRMCETZEHNMNREO;N?> @IL
LHECHA

Rendered versus non-rendered text content

3B? OM;A? 1@ 2CHAK? 0JFC=;NCIH 2/ ); P;2=LCIN?=BHIFIAC?M BRMF>?> QCNB NB?

ALIQNB I@ NB? Q?< 3BCM >?MCAH J;NN?LH CHNLI>O0=?M >C@a=0OFNC?M @IL M?;L=B ?HACH
<INB NB?RP=ONCIH |@)2=LCIN;NM@ILG;NCIHM ;N LOHNCG? ;H> OMROHHWQCNB NB?

J;A? ;@N?L Fl;> =;H =;,0M? ;>>CNCIH;F =IHN?HN NI ;JJ?;L IL <? L?H>?L?>

2?;,L=B ?HACH?M ?H=I0HN?L J;A?M NBLIQAB-CNM =INCRONSSS IL G;S HIN =BIIM? NI
CGJIF?G?HN ; M?=IH> MN?J |@ L?H>?LCHA ; J;A? M ; L?MOBNNBCMIGCNC?M <?NQ??H NB?
=IHN?HN NB;N ; OM?L M??M ;H> NB? =IHN?HN NB;N ; M?;L=B?RHACHAMME2?LM @IL
LHECHAM

6 ? ;MM?MM?> QIL>=IOHN ;M ; B?OLCMNC= |@ NB;N >CMJ;LCNS

Values Desktop Mobile Difference
LQ
17H>7L?>
Difference 11.67% 11.54%

%CAOL? "IGJ;LCMIH I@ NB? G?>C;H HOG<?L. @@H> L?H>?L?> QIL>M J?L >?MENIJ ;H>
GI<CF? J;A?
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https://developers.google.com/search/blog/2020/03/announcing-mobile-first-indexing-for
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3BCWM?E. NB? G?>C;H >?MENIJ J;A? Q;M @IOHPNI BRIL>M ;H> NB? GI<CF? J;A? B;>

QIL>M 6BCH?”,MN?4. NB? G?>C;H >?MENIJ J;A? B;> QIL>M ;H>NB? G?>C;H GI<CF? J;A?
B;>; MFCABNFS FIQ?L QIL>=IOHN ;N QIL>M 3BCM L?JL?M?HNM ;H>  ALIQNB
L?MI?=NES

6 ? @IOH> NB;N NB? G?>C;H >?MENIJ MCN? @?;NOL?M GIL? QIL>M QB?H L?H>?L?> NB;H CN
>|?M IH ;H CHCNG,;QEL@ CNYI'8,+ 6 ? ;FMI @IOH> NB;N NB? G?>C;H GI<CF? MBM? >CMJF;
F?MM N?RN =IHN?HN NB;H CNM >?MENIJ =IOHN?LJ;LN 3B? G?>C;H GI<CF? SI@N? ;FMI >CMJF;
GIL? QIL>M QB?H L?H>?L?> NB;H CNMQ.'3,+ =IOHN?LJ;LN

=LIMM IOL M;GJF? M?N NB?L? ;L? >CMJ;,LCNC?M ;=LIMM NB? =IG<CH;NCIH |I@ GI<CF? >?MENIJ ;H>
L?H>?L?> HIH L?H>?L?> 3BCM MOAA?MNM NB;N ;FNBIOAB M?;L=B ?HACH?M ;L?RTHRCHO;FFS CGJ
CHNBCM ;L?; GIMN MCN?M ;=LIMM NB? Q?<;L? GCMMCHA ION IH [JJILROENTAMAHCSILI

M?;L=B PCMC<CFCNS NBLIOAB ; MNLIHA?L @1=OM |H ?ZHMOLCRZREFCL HHDIRHIRTM ;

3BCM CM ;FMI ; =IH=?LH <?=;0M? MBMBCIMI@;CF;<F? 23$. NIIFM >I HIN, €)F CH NB? &

=IG<CH;NCIH 1@ =IRNM ;H> ;ONIG;NC=;FFS C>?HNC@S NBCM ;M ;H CMMO?

Headings

'?2;>CHA ?F?G?HN" ' ;=N ;M ; G?=B;HCMG NI PCMO;FFS CH>C=;N? MNLO3MOL? CH ; J;A?
=IHN?HN FNBIOAB NB?M? '3,+ ?F?G?HNNM ={ELS NB? Q?CABSIOG?> NI CH M?;HBAHAM

NB® MNCFF ;=N ;M ; P;FO;SH ®NLO=NOL? J;A?M ;H> MCAH;F INB?L ?F?G?HNM CH NB? M?;L=B ?HA!
L?MOFNM J;A?M 2$1/M=Reikt JE@GGHKKMB?L RNENCIH G?NBI>M NB;N ;FCARIQXHIEV

H?Q J;MM;A? CHRCHA

?KKGBCDBES: ?KK&@@HFI><E  J<F NFI ;:FLEK
?KKGNNN 9CF> >FF>CR;GKJ J<81? J<8I:? FE
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https://almanac.httparchive.org/en/2019/seo#word-count
https://www.blog.google/products/search/search-on/
https://www.blog.google/products/search/search-on/
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"@>K 1J8>< F= 7<8;@Ex<CIMWKFL>? @E:CL;@E> <DGKP ?<8;@E>J

P?2L 1@ JA?M @?;NOI'  ?F?G?HNM CH=FO>CHA ?GJNS IH?M CH <INB NB? GI<CF? ;H> >?I
=IHN'RNM

3B?M? HOG<?LMPBL ;LIOH> NBLIOAB ' ;H>'  3B? CH=C>?HARUC' 7?F?G?HNM CM
FIQ?LNB;H MOAA?MNCHA NB;RNB@HAWJ?=Ca=CNS CM HIN L?KOCL?> @IL GIMN J;A?M IL NB
>?P?FIJ?LM MNSF? INB?L B?;>CHAM ?F?G?HNM >C@@7?L?HNFS NI MOJJILN NB? PCMO;F MNL(
=IHN?HN

3B? ILP;F?H=? 1@ GIL' ?F?G?HNMN "' M MOAA?MNM NB;N @?Q?L J;A?M ;L? OMCHA GOFN
M
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"@>K 1J8>< F= ?<8;@ExCEXMKFL>? <QCL;@E> <DGKP ?<8;@E>J

(HLPC?QCHANB? ;>IINCIH |@ HIH ?GJINS B?;>CHA ?F?G?HNM Q? @IOH>' ;N @@

' @ ' H> 1@ ' ?F?G?HNM @?;NOLRM N?? JIMMC<RIR;H;NCIH @IL NB?M?

FIQ L?MOFNM CM NB;N NBIM? JILNCIHM ;L? OM?> @IL MNSFCHA NB? J;A? IL ;L? NB? L?MOFN 1@ =I>
GCMN?i

810 =;H F?;LH GIL? ;<ION NB? OM;A? |@ B?;>CHAMLEDMNBRB;JN?L CH=FO>CHA NB? GCMOM? |@
HIH MN;H>L:* ;H> ' ?F?G?HNM

Structured data

.P ?L NB? =IOLM? |@ NB? J;MN >?=;>? M?;L=B ?HACH?M J;LNC=ORRES-HNBHO B NI JOMB
NIQ;L>M <?=IGCHA NB? JL?M?HN;SZUH®E NB? Q?< 3B?M? ;>P;H=?G?HNM ;L? J;LNCAFS >LCP
<S NB?CL CGR: ;<CFCNSRINEN CH@ILG;NCIH @LIG OHMNLO=NOL 72A-IHNMRHA?
CH>RCHA;H> NB? ;>IINCIH I@ M?G;HNC= G;LEOJ CH NB3kalltd4@8BK8 2?;L=B ?HACH?M

B; P? ?H=I0{A?> =IHN?HN =L?;NILM ;HP2RJ?LM NI CGIF?G?HN MNLO=NOL?> 2GINPACP
PCMC<CFCNS NI NB?CL =IHN?HN QCNBCH =IGJIH?HNM 1@ M?;L=B L?MOFNM

(H; GI P? @LIGMNLCHAM NI NBCHA2B ?HACH?RPBAL??> OJIH ; <LI;> PI=;<OF;LS 1@
I<D?=NM CH MOJJILN |@ G;LECHA OJ ; P,LC?NS 1@ J?IJF? JF;=?M ;H>NBCHAM QCNBCH Q?< =IHN?
'1Q? P?L IHFS ; MO<M?N |@ NBAOF;LS NLCAA?LM CH=FOMCIH QCNBCH M?;L=B L?MOFNM =IGJIH?H

?KKGBCF> >FF>CE,GIKJ J<8l? J<8l:? FE
?KKGBCF> >FF>CE,GIKJ J<81? @ERIL: @E> BEFNC<;>8G? K?@E>J EFK
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&IIAF? MJ?=Ca?M NBIM? NBNNNBRIILN ;H> BIQ NB2? >CM3F> CH NBRCA,L=B A;FF?LSH>
JLIPC>?MNIIF NI P;FC>;N? NB?CL MOJJILN ;H> CGJF?G?HN;NCIH

M M?;L=B ?HACHPIF? NI L?b?=N GIL? |@ NB?M? ?F?G?HNM CH M?;L=B L?MOFNM;N\B» CH=C>'
1@ NB? >C@@MEXHNFR.C?M =B;HA? ;=LIMM NB? Q?<

M J;LN 1@ IOLRRGCH;NCIH Q? NIIE ; FIIE ;N NB? CH=C>RRMA@ >C@@7?L?HN NSJ?M |@
MNLO=NOL?> G;LEOJ BBZF;<F1¥<OF;LC?M CH=RA@%;, ;H>M=B?G;ILA QBC=B =IG? CH
<INB NB? GC=LI@ILG;NM2H>+# b; PILM &IIAF? B;M L?=?HNEBJ?> NB? MOJJILN @IL
>N; PI=;<OF;LS QBC=B Q;M JLCG;LCFS OM?> NI CGJF?G?HN <L?;>=LOG<M

)2.- +# CM A?H?LFFS =IHMC>7?L?> NI <? NB? GIL? JILN;<F? ;H> ?;MC?L NI G;H;A? CGIF?G?HN;NC
;H>MICN B;M <?=IG? NB? JL?@7?LL?> @ILG;N M ; L?MOFN Q? M?? NB;N )2.- +# ;JJ?;LM IH
1@ GI<CF? J;A?M ;H> @ >?MENIJ J;A?M

Format Mobile Desktop
)2.- +#
,C=LI>N;
14#9%;
,C=LI@ILG;NM
%CAOL? 4M;A? |@ ?;=B MNLO=NOL?> >;N; @ILG;N

6 ? aH> NB;N NB? >CMJ;LCNS <?NQ??H GI<CF? ;H>>?MENIJ =IHNCHO?M QCNB NBCM NSJ? |@
,C=LI>;N;;JJ?;L?>IH 1@ GI<CF? J;A?M ;H> 1@ >?MENIJ J;A?M 1#%,; ;JJ?;L?>
IH 1@ GI<CF? J;A?M ;H> 1@ >?MENIJ J;A?M

Rendered versus non-rendered structured data

6 ? @IOH> NB;N 1@ >?MENIJ J;A?M ;H> 1@ GI<KCF? J;A?M @?;NOL?)2.- +# IL
GC=LI@ILG;N MNLO=NOL?> >;N; CH'BIB? L QBCF? 1@ >?MENIJ J;A?M ;H> @
GI<CF? J;A?M @7?;NOL? MNLO=NOL?> >;N; CH NB? L?H>?L?> #.,

6B?H L?PC?QCHA NBCM CH GIL? >?N;CF Q? @IOH> NB;N 1@ >?MENIJ J;A?M ;H> 1@ GI<C
J;A?M IHFS @?;NOL?> NBCM NSJ? I@ MNLO=NOL?> >;N; CH NB? L?H>?P72=£.C30? NI );
NIHM@ILG;NCIHM L?FSCHA CH M?;L=BR{2ACEINR?; ONCIH =;J;<CFCNC?M

?KKGJI<MCFG<IJ >FF>C< :FD:3sB1J >L@;<J J<8P >8CC<IP
?KKGJI<8I? >FF>C< :FD K<JK I@3R.CKJ

?KKGNNNN FI>0.1 ;=8 GI@D<I

?KKGD:?<D8 FI>

?KKGNNNN FI>0. AJFE C;

?KKGJI<M<CFG<IJ >FF>C< :FD:3€@F> 18K8M  F:89LC8IP
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https://developers.google.com/search/docs/guides/search-gallery
https://search.google.com/test/rich-results
https://www.w3.org/TR/rdfa-primer/
https://schema.org/
https://www.w3.org/TR/json-ld11/
https://developers.google.com/search/blog/2020/01/data-vocabulary
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%CH;FE® @IOH> NB;N 1@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M @?;NOL? MNLO=NOL?>
>;N; NB;N ;JJ?;LM CH NBQ 13,+ ;H> CM MO<M?KO?HNFS =B;HARPL2=LCIN;NM@ILG;NCIHM

CH NB? L?H>?L?> #., #?J?H>CHA IH NB? NSJ? |@ =B;HA?M ;JJFC?> NI NB? MNLO=NOL?> >;N;
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2A=N?D ?PEKJ B;M ALIQH IH <INB >?MENIJ ;H> GI<CF?
6A>/=CA B;M ALIQH IH >?MENIJ H> IH GI<CF?
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Text versus image links
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Mobile versus desktop links
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rel=nofollow , ugc , and sponsored attributes usage
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?HACH?MB;<??H N;ECHA GI<CF? @LC?H>FCH?MM (NNH=MRMBEAHA @;=NIL @HRLN?
S?;LM

FMI ;M G?HNCIH?> <?@UCH="? &IIAF? B;M <??H GPCHA NI ; GI<CF? aLMNRCH>?
G?;HCHA NB;N NB? =IHN?HN NBOFCEM EHR?> ;H> LHE?> CM NB? IH? ;==?MMC<F? NI GI<CF?
OM?LM ;H> NEEZLNJIBIH? &IIAF?<IN
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>>CNCIH;FR8CH=? )OFS &IIAF? CM OMCHA NB? GI<CF? aRNNICIHFH?Q Q?<MCN?M ;H>
?;,LFC?L CH ,;L=B CN ;HHIOH=?> N&N;A?M MBIQH CH NB?CL M?;L=B L?MOQFNN;BS
MBC@N22LI (N CM HIQXP?=N?> NB;N &IIABPOFFS MQCN=B?M NI ; GI<CF?RIOWN; C+B>?

I<CF? @LC?H>FCH?MM MBIOF> <? @OH>;GRRNFVON?, RIIECHA NIG:P ; All> M?;L=B
?RJI?LC?H=? ;H> ;M ; =IHM?KO?H=? ALIQ CH M?;L=B L?MOFNM

GI<CF? @LC?H>FS Q?<MCN? =;H <? CGJF?G?HN?> NBLIOAB >C @NGMIVIRCNIAAOL
L?MJIIHMEZR?< >?MCAH QCNB >SH;GC= M?LPCHA IL;RC;GMCFR Q?<?BMCIH 'lQP?L
G;CHN;CHCHA ; MRIRIGI<CF? Q?<?BMCIH CM HIN L?=IGG?H>38|H? <S &IIAF? QBI
?H>ILM? L?MJIHMQP< >?MCAH CHMN?;>

Viewport meta tag

3B? <LIQM?L\M PC?QJILN CM NB? PCMC<F? ;L?; 1@ ; J;A? =IHN?HN QBC=B =B;HA?M >?J?H>CHA [H |
OM?>>C=? 3E IAP=J=IA REASLKNP N;AIL PC?QJILN G?N; N;A ;FFIQ®ISI MJ?=C@S

NI <LIQM?LM NB? QC>NB ;H> M=;FCHA 1@ NB? PC?QJILN MI NB;N CN CM =ILL?=NFS MCT?> ;=LIMM :
>?PC=?M 1?MJIIHMZREMCN?M OM? NB? PC?QJILN G?N; N;A ;M Q?FF ;M "22 G?>C; KORLC?M NI >?FCI
; GI<CF? @LC?HRESIZTC?H="

1@ GI<CF? J;A?M ;H>  >?MENIJ IH?M B; P?; PC?QJILN G?N; N;A QCNB NB?
?KIPAJP EJEPE=H O?=HA SE@PD @ARE?A SE@PD ;NNLC<ON? 'I@?L 1@ GI<CF?
J;A?M H> 1@ >?MENIJ IH?M ;L? HIN CH=FO>CHA NB? N;A ;N ;FF MOAA?MNCPIAINB;N NB?
S?N GI<CF? @LC?H>FS

Viewport Mobile Desktop
EJEPE=H O?=HA SE@PD @ARE?A SE@QPD
EFK J<K
EJEPE=H O?=HA I=TEIQI O?=HA SE@PD @ARE?A SE@QPD

EJEPE=H O?=HA I=TEIQI O?=HA QOAN
0?=H=>HA JK SE@PD @ARE?A SE@PD

EJEPE=H O?=HA I=TEIQI O?=HA QOAN
0?=H=>HA SE@PD @ARE?A SE@PD
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CSS media queries

,7>C; KO?LC?M ;L?;"22 @7?;NOL? NB;8I;:J®0H>;G?HN;F LIF? CH L?MJIBMMCPMCAH ;M

NBS ;FFIQ B NI MJ?=C@S =IH>CNCIHM NI ;JJFS MNSFCHA IHFS QB?H NBPEERGIRI=1> >?
=?LN;CH LOF?M 3BCM JEFNDML3;N? >C@ @7?1SENM;@IL NB? M;G? '3,+ >?J?H>CHA IH NB?
PC?QJILN MCT?

6 ? @IOH> NB;N @ >?MENIJ J;A?M ;H> 1@ NB? GI<CF? IH?M ;L? OMCHA ?CNB?L ;
DAECDP SE@PDIL =OLA?P N=PEK "22 @?;NOL? G?;HCHA NB;N ; BCAB J?L=?HN;A? |@ J;A?M
B;P? L?MJIHME@7?;NOL?M 3B? GIMN JIJOF;LFS OM?> @?;NOL?M =;H <? M??H CH NB? N;<F? <?

Feature Mobile Desktop
I=T SE@QPD
IEJ SE@PD
SA>GEP IEJ @ARE?A LETAH N=PEK
KNEAJP=PEKJ
I=T @ARE?A SE@QPD

%CAOL? /?L=?HN 1@ J;A?M NB;N CH=FO>? ?;=B G?>C; KO?LS @?;NOL?

Vary: User-Agent

6B?H CGJF?G?HNCHA ; GI<CF? @LC?H>FS Q?<MCN? QCNB ; >SH;GCsNZIHIERACHHaAOL
QBC=BIS MBIQ >C@@7?L?HN '3,+M |@ NB? M;G? J;A? <;M?> |H NBPGN{CNCM

L?=IGG?H>?> NI ;>>; 5=NU 40AN CAJP '33/B?;>?L NI B?FJ M?;L=B ?HACH?M FCMNB?
GI<CF? =IHN?HN QB?HXHCHA NB? Q?<MCN? ;M CN CH@ILGM NB;N NB? L?MJIHM? P;LC?M >?J’
NB? OM?L ;A?HN

.HFS 1@ NB? GI<CF? J;A?M ;H> |@ NB? >?MENIJ J;A?M Q?L? @IOH> NI MJ?=C@S ;
5=NU 40AN CAJP B?;>?L

HEJG NAH =HPANJ=PA |A@E= KJHU O?NAAJ=J@ I=TSE@PD LT

#?MENIJ Q?<MCN?M NBNVRJ;LN? GI<KCF?RMCIHM ;L? L?=IGG?H>?> NI FCHE NI NB?G OMCHA
NBCM N;A Ct DA=@I@ NB?CL '3,+.HFS I@ NB? ;H;FST?> >?MENIJ J;A?M Q?L? @IOH> NI
<? CH=FO>CHA NB? N;A QCNB NB' IA@E=3ANL.C<ON? P;FO?
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Web performance

', PCHA; @;MN FI;>CHA Q?<MCN? CM @OH>;B8CHN;RANPNLIOM?L M?;RIBLT?H="
1?2=;,0M? |@ CNM CGJILN;H=? CN B;MA?ZHINJEIHMCN@CIH ;M ;;HECHA @;=N8.M?;L=B
?HACH?M @IL &IIAF? CHCNC;FFS ;HHIOH=?> OMCHA MCKRBCHA>@VENIL CH  ;H>
NB?KCH  >C> NB? M;G? @IL GI<CF? M?;L=B?M

M ;HHIOH=?> CH #?G<?L  NBL?? J?L@ILG;H=? G?NLC=M EHIQH.M ?<5CN;FNL?
IH Nt=E NI <? ; LHECHA @;=NIL ;M J;LN |@ NB? RJARC?H~RMCAH;FM CH ,; "IL? 6 ?<
5CN;FM =IHMCMN 1@

Largest Contentful Paint (LCP)

1?JL?M?HNM OM?L J?R=FIBCHARI?LC?H="

,2;MOL?G?HN NB? JICHN CH NB? J;A? FI;> NCG?FCH? QBWA RBRIM?I CG;A? IL
NRN <FI=E CM PCMC<F? QCNBCH NB? PC?QJILN

&l;F M?=IH>M

First Input Delay (FID)

1?2JL?M?HNM L?MJIPINEBAM NI OM?L CHJON

,2;MOL?G?HN NB? NCG? @LIG QB?H ; OM?L aj=NNMCHN®. ; J;A? NI NB? NCG?
QB?H NB? <LIQM?L CM ;=NO;FFS ;<F? NI <?ACH JERPNIBIEHA72M CH L?MJIHM? NI
NB;N CHNNCIH

&l;F  GCFFCM?=IH>M
Cumulativ e Layout Shift (CLS)

1?JL?M?HNM PCMO;F MN;<CFCNS

,2;MOL?G?HN NB? MOG I@ NB? HOG38IRLIKI? @=K<I;BILI RCG;NCHA NB?
J?L=?HN I@ NB? PC?QJILN NB;N MBC@N?>

&l;F
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https://webmasters.googleblog.com/2010/04/using-site-speed-in-web-search-ranking.html
https://webmasters.googleblog.com/2018/01/using-page-speed-in-mobile-search.html
https://webmasters.googleblog.com/2020/05/evaluating-page-experience.html
https://web.dev/articles/lcp
https://web.dev/articles/fid
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Core Web Vitals experiences per device

#?MENIJ =IHNCHO?M NI <? NB? GIL? J?L@ILG;HN JF;N@ILG @IL OM?LM >?MJCN? GIL? OM?LM
>?PC=?M 1@ Q?<MCN?M M=H#FF; "IL? 6 ?<5CN;FM @IL >?MENIJ QBCF? IHFS @
NB?CL GI<CF? =IOHN?LJ;LNM J;MM?> NBZX'8CNgFM ;MM?MMG?HN

"@>K , <I<EK F= N<9J@K<J G8JI@E-3B@K8CJ 8JIJ<JID<EK G<I ;<M@:<

Core Web Vitals experiences per country

OM?L\M 3/C=;F FI=;NCIH CGJ;=NM J?L@ILG;H=? J?L=?INCIH ;M NBXH;H2;NPE2=IG
CH@MNLO=NOL? H?NQILE <;H>QC>NB =;5t=0I83 =IMN I@ >;N; =L?;N? OHCKO? FI;>CHA
=IH>CNCIHM

AM?LM FI=;N?> CH NB? 4HCN?> 2N;N?M L?=IL>?> NB? F;LA?MN ;<MIFON? HOG<?#R@& Q?<MCN"
"IL? 6 ?<5CN;FRRP?LC?H=?M >?MJICN? IHFS 1@ MCN?M ?;LHCHA NB? JINIMBHSALQ

*|L?; L?=IL>?> NB? BCAB?MN J?L=?HN{AR;I@L? 6 ?<5CN;RRJ?LC?H=?M ;N 3B?
L?F;NCBILNCIH 1@ NIN;F Q?<MCN?M L?K®?MB24GHNLS CM QILNB HINCHA 4M?LM CH 4HCN?>
2N;N?M A?HRR> 7 NB? NIN;F ILCACH L?KO?MNM; NVPAZBI2RIO<FC= |@7 OM?LM
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NSJ? ;H> MJ?=Ca= G?NLC=MaR.<F? CH NB2@ILG;H=? =B;IN?L
Internationalization

(HN?LH;NCIH;FCT;NCGIMLM NB? =IHaARCIHM NB;N GOFNCFCHAO;F IL GOFNC =IOHNLS Q?<MCN?M =;
OM? NI CH@ILG M?;L=B ?HACH?M ;<ION NB?CL >C@@?L?HN F;HAO; AMEH M=NDI?NCEIS

234 2020 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2020/seo/seo-aggregate-cwv-performance-by-country.png
https://almanac.httparchive.org/static/images/2020/seo/seo-aggregate-cwv-performance-by-country.png

Part Il Chapter 7 : SEO

QBC=B ;L? NB? IPHN J;A?M NI MBIQ OM?LM CH ?;=B =;MPPCHN;LA?NCHA CMMO?M

3B? NQI CHN?LH;NCIH;F =IHBGMHM NB;N Q? ;H;FST?> ;L% ?KIPAJP H=JCQ=CA G?N; N;A

;H> NB” DNABH=JC;NNLC<ON?M NB;N =;H <? OM?> NI MJ?=C@S NB? F;HAO;A? ;H> NB? =IHN?H
J;A? >>CNCIH;FI DNABH=JC;HHIN;NCIHM ;FFIGDSNI MJ?=C@S NB? ;FN?LH;N? F;HAO;A? IL
=IOHNLS?BEMCIHM |@ ?;=B J;A?

2?;L=B ?HACH?N &OAF? ;H>8;H>?R OM DNABH=JC;NNLC<ON?M ;M ; MCAH;F NI >?N?LGCH?
NB? J;AM F;HAO;A? ;H> =IOHNLS N;LA?N ;H>;FNBIOAB &IIAR? GIMVINB? '3,+ F;HA IL NB?
?KIPAJP H=JCQ=CA G?N; N;A NB? F;NN?L F;MN N;A GUCHA?> <

hreflang

|@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M OM? N DNABH=JC;NNLC<ON? QBC=B GCABN
M??G FIQ<ON NBCM CNRKREDM? NB?M? ;L? IHFS OB/BOENCFCHAO;F IL GOFNC =IOHNLS
Q?<MCN?M

6 ? @IOH>NB;NIHFS 1@ NB? >?MENIJ J;A?M ;H> 1@ NB? GI<CF? J;A?M CGJF?G?HN
DNABH=JCPC; NB?CL '33/ B?;>?LM ;H> NB;N GIMN L?FS IH NB DA=@CGJF?G?HN;NCIH

6 ?;FMI C>?HNCa?> NB;N NB?L? ;L? MIG? J;A?M NB;NR;2ES3BN;NI L?H>?L BL?b;HA
;HHIN;NCIHM 1@ >?MENIJ ;H> GI<CF? J;A?M ;L? MBIt DNABH=JCCH NB? L?H>?L?> <ON
HIN CH NBRL3,+

%.IG ; F;HAO;A? ;H>=IOHNLS P;FO? J?LMI?£NBP ;H;FSTCHA NB? CGJF?G?HN;NCIH PC; NB?
'3,+ B?;> Q? @IOH> NB;N $HAFCAJ CM NB? GIMN JIJOF;L OM?> P;FO? QCNB I@ NB?
GI<CF?;H> 1@ NB? >?MENIJ J;A?M CH=FO>CHA CN @N?L $HAFCMB NB? M?=IH> GIMN JIJ(
P;FO? (T @AB=QHP OM?> QB?H >?aHCHK#-8LOK =8CCI9#BLMCIH @IL OM?LM 1@ HIH N;LA?N?>
F;HAO;A?M IL =IOHNLC?M QCNB 1@ GI<CF?;H> |@ NB? >?MENIJ J;A?M CH=FO>CHA CN

3B? NBCL> @IOLNB ;H>a@NB GIMN JIJOF;L ;L @ALGhAH=B BN ;H> 2J;HCMI AO
@IFFIQ?>S(N;FC; EP ;H>$HAFCMB @IL NEAJQO ;M =;H <? M??H CH NB? N;<F? <?FIQ QCNB
NB? L?MN I@ NB? P;FO?M CGJIF?G?HN?> PC DA=@3,+
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https://support.google.com/webmasters/answer/189077?hl=en
https://yandex.com/support/webmaster/yandex-indexing/locale-pages.html
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Value Mobile Desktop
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%CAOL? /?L=?HN @ J;A?M NB;N CH=FO>% DNABH=JCP;FO?M CH NB? '3 DA=@

2IG?NBCHA MFCABNFS >C@@7?L?HN Q;| DNABH=JCH;NRIO;A? ;H> =|IOHNLS P;FO?M
CGJIF?G?HN?> PC; NB? '33/ B?;>?LM QCNB $ AJ “GMIBHA ;A;CH NB? GIMN JIJOF;L IH?
;FNBIOAB CH NBCM =;M? @ISEiQPI=E BN &?LG;H @A 2J;HCMIAO ;H>#ON=EBJH ;M
NB? NIJ P;FO?M

236 2020 Web Almanac by HTTP Archive



Part Il Chapter 7 : SEO

Values Mobile Desktop
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%CAOL? /?L=?HN 1@ J;A?M NB;N CH=FO>" DNABH=JCP;FO?M CH '33/ B?;>?LM

Content-Language

6B?H ;H;FSTCHA N ?KJPAJP H=JCQ=CA OM;A? ;H> P;FO?M QB?NBT&EIF?G?HNCHA CN ;M ;
G?N; N;A CH NB? '3,- DA=@IL CH NB? '33/ B?;>?LM Q? @IOH>NB;N IHFS 1@ GI<CF? J;A?M
H> 1@ >?MENIJ J;A?M Q?L? MJ?=C@SCHA CN CH NB? '33/ B?H7@NVQSR Q?<MCN?M Q?L?
MJI?=C@SCHA NB?CL F;HAO;A? IL =IOHN ?KJPAJP H=JCQ=CA N;A CH NB? '3,4 DA=@

QCNB IHFS 1@ GI<CF? J;A?M ;H> |@ >?MENIJ J;A?M @?;NOLCHA NB? G?N; N;A

%G ; F;HAO;A? ;H> =IOHNLS P;FO? J?LMP?€NQ®IOH> NB;N NB? GIMN JIJOF;L P;FO?M
MJ?=Ca?> CH ?KJPAJP H=JCQ=CA G?N; N;A ;H>'33/ B?;>?LM ;L? $HAFCNAJ ;H>
$HAFCMB @IL NE AJ QO

(HNB? =;M? 1@ $HA AJ IR? C>?HNCa?> NB;N 1@ >?MENIJ ;H> 1@ GI<CF? J;A?M
MJ?=Ca?> CN CH NB? '33/ B?;>?LM ;H> |@ NB? >?MENIJ ;H> I@ NB? GI<CF? J;A?M Q?L?
>|CHA MI PC; N ?KIPAJP H=JCQ=CA G?N; N;A CH NB? '3,- DA=@

%L $HAFCMB @IL NEAJ QO NB? M?=IH> GIMN JIJOF;L P;FO? CN Q;M @IOH> NB;N IHFS @
GI<CF? J;A?M ;H> 1@ >?MENIJ IH?M Q?L? MJ?=C@SCHA CN CH NB? '33/B?;>?LM ;H> 1@ N
GI<CF? J;A?M ;H>  >?MENIJ IH?M Q?L? >ICHA CN MI CH NB? '3,+

3B? L?MN I@ NB? GIMN JIJOF;L F;HAO;A? ;H>=IOHNLS P;FO?M =;H <? M??H CH NB? N;<F?M <7}
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Value Mobile Desktop
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Security

&IIAF? JF;=?M ; MJ?=Ca= @|=OM IH M?=0OLCNS CH ;FF L?MJ?=NM 3B? M?;L=B ?HACH? G;CHN;C
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'SI?LN?RN BHM@?L /LINI=IF 2?=0RA_ ; GIL? CH >?JNB ;H;FSMCM IH NBCM NIJC= M?? NB?
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HTTPS usage

6 ? @IOH> NB;N |@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M B? ;>IIN?>'33/2 3BCM

CMOJ @LIG F;MN?L (N CM CGJILN;HN NI HIN? NB;N <LI2MB? GIL? ;AAL?MMCP

CH JOMBCHA '33/3 #MCAH;FCHA NB;N J;A?M ;L? CHM?=0Q POBRHNNB?G QCNBION '33/2

FMI '33/2 CM =OLL?HNFS ; L?KOCL?G?HN NI =;JCN;FCT? IH BCAB?L J?L@ILGCHA JLINI=IFM MC
33/ ;H>'33/ ;EMIEHIQH ;M '33/1 P?L 04(" 8 10 =;H F?;LH GIL? ;<ION NB? MN;N? 1@
NB?M? JLINI=IFM CH38B? =B;JN?L
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J JL?PCIOMFS =;FF?> =3RRP2LI<CF? /;A?M CM ;H IJ?H MIOL=? '3,+ @RQILE NB;N

Q;M F,OH=B?>8<kIIAF? CH ;M ; Q; S NI B?FJ J;A?M FI;> GIL? KOC=BF®=C;FFS IH GI<CF?
>?PC=?M ,/=;H <? CGIF?G?HN?> ;M ;H ;FN?LRNPEH | @CMNCHA Q?< J,A?MPHERZ>
@LIG M;N=B OMCHA NB? ,/@IQILE

6B?H NB?LM ;H /P ?LMCIHP;CF;<F? @IL ; J;A? CN QCFF <? SIBIHFXCH GI<CF? M?;L=B
L?MOFNM ;FIHA QCNB NB? ,/ FIAI

(N CM ;FMI CGJILN;HN NI HIN? NB;N QBCF? ,/ OM;A?BROHAN @;=NIL @IL &IIAFM S
INB?L M?;L=B ?HACE?< MJ??> CMHECHA @;=NIL

>>CNCIH;FE& |@ NBCM QLCNCHA ,/CM ; L?KOCL?G?HN NI <? @7?; NODLB>2DHL&IPAF?

=;LIOM?F CH GI<CF? M?;L=B L?MOFNM QBC=B CM ;H CGJILN;HN @?;NOL? @IL H?QM L?F;N?> JO<F
'1Q? P?L NBCM QCFF =B;HABCH QB?H HIH ,/ =IHN?HN QCFF <?=IG? ?FCAC<F? ;M FIHA ;M

CN G??NM &IBAF? -?QM =IHN?HN JIFC=CPM JLIPC>?M ; ALIM? ?RJI?LC?H=?M

;HHIOH=?> & &IIAF? CH -P?G<?L NBCR®ILS

6B?H =B?=ECHA NB? OM;A? |@ ,/;M ;H ;FN?LRIN/RH |@ ; HIH ./ <;M?> J;A? Q? @IOH>
NB;N 1@ GI<CF? Q?< J;A?M ;H> 1@ >?MENIJ IH?M Q?L? CH=FO>(=ILDPIH N;A
JICHNCHANI ;H ,/PLMCIH FNBIOAB NB? ;>IJNCIH CRLBIRICRNBEM CM ; MFCABRGZEDLI
@LIG;MN?3.\M aH>CHAKIH QBC=B IHFS 1@ GI<CF? J;A?M =IHN;CH?>; FCHE NI ;H ,/
P?LMCIH

.HNB? INB?L B;H> QB?H ;MM?MMCHA NB? OM;A? |@ ;G?RIL@NI >?P?FIJ Q?<MCN?M Q?
@IOH> NB;N IHFS 1@ GI<CF? J;A?M ;H> 1@ >?MENIJ IH?M Q?L? MJ?=C@ DPIH NB?
=IL IL DPIHZ  ?GIDC;NNLC<ON? QBC=B;L? OM?> NI CH>C=;N? ,/<;M?>J;A?M

Single-page applications

2CHAF? J;A? ;JJFC=;NCIHM 2H;<F? <LIQM?LM NI L?N;CH ;H> OJ>;N? ; MCHAF? JRMEN> ?
NB? IH J;A? =IHN?HN OJ>;N?M NI G;N=B ; OM?L L?KO?MN ,OFNCJF? N?=BHIFRRC2MNID=B ;M );
@G?QILEM ) 7 ;H>6 ?<2I=E?NM ;L? OM?> NI ;==IGJFCMB FCABNQ?CABN MO<M?KO?HN J;A? FI;>\

3B?M? @2QILEM L?KOCL?> MJ?=C;F 2$. =IHMICHIM ;FNBIOAB &IIAF? B;M QHIEI
GCNCA;N? NB? CMMO?MS-:B1@ 7N MC>? L?H>?LCHA QCNB A#RCMMERIAC?M (H ;
PC>?l @LIGIIAF? 6 ?<G;MN?L\M  =IH@?L?H=22I@NQ;L? $HACH??L $LCE '"?H>LCEM MB;L?>

?KKGBDG ;<M

?KKGILGGFIK >FF>C< :FD E<NJ GLIC@J?<| :<EK<I 8EIN<I
?KKGJI<MKCFG<IJ >FF>C< :FD:3BiJ >L@;<J) G8><BG<I@<E:<
?KKGJI<MCFG<IJ >FF>C< :FD:3€&F> K@D@E> =F| G8>OG<I@<E:<
?KKGBCDBES: ?KK@EHFI><E  J<F 8DG

?KKGFFLKL 9<Hl J"BC 'E%
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https://amp.dev/
https://support.google.com/news/publisher-center/answer/6204050
https://developers.google.com/search/docs/guides/page-experience
https://developers.google.com/search/blog/2020/11/timing-for-page-experience
https://almanac.httparchive.org/en/2019/seo#amp
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NB;N &IIAF? HI FIHA?L L?FC” "=?DA "KIPNKH B?;>?LM ;H> CHMN?;> FIIEN $3=C IL
+=0OP ,K@EBEA@B?;>?LM NI M?? C@ NB? =IHN?HN I@ NB? aF? B;M =B;HA?>

2/ M MBIOF> ONCFCY2NNE? /( @IL AHOF;L =IHNLIF I@ =;=BCHA 3B? /( ;FFIQM @IL NB?
J;MMCHA 1AMQAOR<D?=NM QCNB MJ?=Ca= B#B€>?M M?N ;H> =;H <? OM?> NI M?N NB?
H?=?MM;| (B . K@EBEA@ ;H> $3=C B?;>?LM

4H>CMFPL<F? L?MIOL=?M ;L? MNCFF NB? JLCG;LS =IH=?LH |@ M?;L=B ?HACH?M ;H> NB?CL Q'
=L, QF?LM 2?;L=B €IF?LM FIIE @IL DNAB;NNLC<ON? = 4N;AM NI aH> FEHEA?M

6CNBION NB?M? NB? J;A? CM M??H ;M CMIF;N?> QCNBION CHN?LH;F FCHECHA 1@ >?MEN
MNO>C?> =|HN;CH?> HI CHN?LH;F FCHEM ;M Q?FF ;M 1@ GI<CF? L?H>?L?> J;A?RL 3BCM CM
NB;N NB? J;A? CM J;LN |@23LCIN;@?QILE 2/ ;H>GCMMCHA NB? H?=7 = U$,A QCNB

P;FC DNAB;NNLC<ON?M L?KOCL?> @IL NB?CL CHN?LH;F FGREZHA NI <? >CM=|

3B? >CMRPL<CFCNS |@ FCHEM CH RIBECIN;@2QILEM OM?> @ILM/CH=L?;M?>
>LG;NC=FFSCH P?LNB? JLRCIOMPE.  (H |@ GI<CF?H; PCA;NCIH FCHEM IH
1?;=N MCN?M OM?> >?JL?=;N?> B;MBIU1+MHKS 1@ NB? N?MN?> 1?;=N FCHEM Q?L?
B;MB?>

2CGCF;LBS? DM®; >LIJ NI @LIG NB? JL? PCIOMPE\M HAOF;L Q;M NB? F?;MN
FCES NI OM? QK <F? B;MB?> GI<CFPBA;NCIH FCHEM CH  QCNB IHFS 1@ GI<CF?
J;A?M OMCHA NBRG %NB;N HOG<?L JFOGG?N?> NI

Conclusion

“IHMCMN?HN QCNB QB:N Q;:M @IEIH=Ad>?> F:MALS GIMN MCN7R2 Bl QF;<F? :H>
CH>R;<F? >?MENIJ ;H> GI<CF? J;A?M ;H> :L? G;ECHA OM? |@ NB? @OH>;G?HN;F 2$. L?F;N?>
=IHaAOINCIHM

(N CM CGJILN;HN NI BCABFCABN BIQ NB? EQEFECNIMRIL G;MI2KLCIN;@QILEM OM?>

@IL 2M CH=L?;M?>;,8LNC=;FFS =IGJ;L?> NI IS N?MNCHA GI<CHPPOA;NCIH FCHEM @IL
B;MB?>41+M Q? §; CHMN;H=?M |@ OH3E;<F? FCHEM @LIG MCN?M OMCHA 1?;=N @?Q7L
@LIG ®? DM JIQ?L?> MCN?M ;H>; L?>0=NCIH @LIG HARF;L 2/

>>CNCIH;FES? ;FMI C>?HNCa?> NB;N NB?L? B;M <??H ; MACABNIC@ILIG F;/N\$1
aH>CHAM ;=LIMM &!@ NB? ;H;FST?>;L?;M

robots.txt +;MNBL 1@ GI<CF? MCN?M B;> ; P;F NK>KPO PTP P?LMOM

?KKGI<MCFGBIFQ@CCS8 FI> ;F<33,% " <K:?7 %
?KKGBCDBES: ?KKGEWFI><E  J<FJG8:I 8NC8I@C@KP
?KKGBCDSES: ?KKGEMHFI><E  J<F :FE:CLJ@FE
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https://developer.mozilla.org/docs/Web/API/Fetch_API
https://almanac.httparchive.org/en/2019/seo#spa-crawlability
https://almanac.httparchive.org/en/2019/seo#conclusion
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NBCM S 2L

canonical tag +;MNBL Q? C>?HNCa?> NB;N 1@ GI<CF? J;A?M Q?L? OMCHA ;
=;HIHC=;F N;BEMOM NBCM?L

title tag 3BCME Q? @IOH> NB;N |@ NB? >?MENIJ J;A?M ;L? @?;NOLCHA IH?
QBCF? 1@ GI<CF? J;A?M ;L? ;FMI CH=FO>CHA CN\M;MNIBI?L @IOH> NB;N
1@ GI<CF? J;A?M Q?L? @?;NOLC PEPHAN;A

meta description 3BCWE Q? @IOH> 1@ >?MENIJ J;A?M ;H> @
GI<CF? IH?M B;> IAP= >?M=LCJINCIH ;H CEIEPHN @LIG F;IMM B?H
|@ GI<CF? J;A?M B;> IH?

structured data #?MJCN? NB? @;=N NERQM ;L? HIN MOJJIM?> NI <? ;MMI=C;N?>
QCNB BIG? J;A?M NB? >;N; CH>C=;N CCNAC=PA1=PEJCCM OJ IH
GI<CF? ;H> IH >?MENIJ

HTTPS usage |@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M B; P?;>IIN?>
'33/2 3BCM CM OJ @LIG F;MNS.

'1Q? P?L HIN P?LSNBCHA B;M CRRILIP?L NB? F,MNLS3B? G?>C;H >?MENIJ J;A? CH=FO>?M
CHN?LH;F FCHEM QBCF? NB? G?>C;H GI<CF? J;A? B;M 3BCM CM >IQH ;H> 2RSMJI?=NCP
@LIG;MN?d. MOAA?MNCHA NB;N MCN?M ;L? HIN G;RCGCTCHA NB?;NBRGKH NICFGN.S

;H> FCHE ?KOCNS bIQ NBLIOAB NB?CL J;A?M

(N CM ;FMI CGJILN;HN NI HIN? BIQNWBNCFF ;H CGJILN;HN 1JJILNOHCNS@IRHNGHLIMM
G;HS =LCNC=;F 2$. L?F;N?> ;L?;M ;H> =IHé@BIBIM #?MJICN? NB? ALIQCHA OM? | @REI<eV? >7?
;H> &IIAF?\M GP? NI ; GI<CF? aLMN G#>?

|@ GI<CF? J;A?M ;H> 1@ >?MENIJ IH?M ;L? HIN CH=FO>CHA NB?
REASLKNPN;A ;N ;FF MOAA?MNCHASIBNHRZN GI<CF? @LC?H>FS

-IH NLCPC;F >CMJ;LCNC?M Q?L? @IOH> ;=LIMM GI<CF? ;H> >?VENBP JHA?M FCE
<?NQ??H GI<CF? ;H>>?MENIJ FCHEMNZFEBMBLZ FCHEM IH GIQCHWOM NB?
FCHEM IH >?MENIJ @IL NB? G?>C;H Q?< J;A?

1@ Q?<MCN?M M=IL2%FF; "IL? 6 ?<5CN;FM @IL >?MENIJ QBCF? IHFS @
NB?CL GI<CF? =IOHN?LJ;LNM J;MM?> NBZX'BCNGFM ;MM?MMG?HN MOAA?MNCHA NB;N
>?MENIJ =IHNCHO?M NI <? NB? GIL? J?L@ILG;HN JF;N@ILG @IL OM?LM

3B?M? aH>CHAM =I0F> H?RNCBJ;=N MCN?M ;M &IIAF? =IGIJF?N?MNCNWVNEGMCF? aLMN
CH>R CH ,,L=B

?KKGBCDBES: ?KK&@NFI><E  J<F CQEB@E>
?KKGN<9D8IK<IJ >FF>C<9CF> :FD GtG8k =FI DF9@C< WIJIO@ExN@K? ?KDC
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https://almanac.httparchive.org/en/2019/seo#linking
https://webmasters.googleblog.com/2020/07/prepare-for-mobile-first-indexing-with.html
https://webmasters.googleblog.com/2020/07/prepare-for-mobile-first-indexing-with.html
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#CMJ;LCNC?M Q?L? ;FMI @IOH> ;=LIMM L?H>?L7?> ;H> HIH L?H>?23R3GJIF? NB? G?>C;H
GI<CF? J;A?>CMSM  GIL? QIL>M QB?H L?H>?L?> NB;H CNM'3,+ CH>C=;NCHA;
L?FC;H=? IH =FC?HN M2 )CJIN NI MBIQ =IHN?HN

2?;L=B =LQF?LM FIIE @IL =DNAB N;AM NI aH> FEHEA?M 6CNBION NB?M? NB? J;A? CM
M??H ;M CMIF;N?> QCNBION CHN?LH;F FCHECHA |@ >?MENIJ J;A?M =IHN;CH?> HI CHN?LH
Q?FF ;M 1@ GI<CF? L?H>?L?> J;A?M

3B?M? aH>CHAM MOAA?MN NB;N M?;L=B ?HACH?M ;LR ERANAHCHMAS?CL =;J;=CNS NI
?@@?2NSRIQF CHR?;H>tHE Q?<MCN?M ;H> MIG? |@ NB? GIMN CGJILN;HN 2$; RCIHADL
;L? HIQ ;FMI <?NN?L RHECHNI =IHMGN@IH

'1Q? P?L G;HS MCN?M ;=LIMM NB? Q?<;L? MNCFF GCMMCHA ION IH CGJILN;HN M?;L=B PCMCs
ALIQNB IJJILNOHCNC?M QBC=B ;FMI MBIQM NB? J?LMCMNCRAIA?EETANESH?, H> <?MN
JL,=NC=?M ;>IINCIH ;=LIMM ILA;HCT;NCIHM

Authors

F?Ss; 2IFCM
X F?S; O FS; @ BNNIMQQ ;FS>MIFCM =IG ?H

2$. =IHMOFN;HN ;ONBWI?;RL ;H> ?HNL?JL?H?@DOH>?L 1@ ;CHNC,
<IONCKO? 2%. =IHMOFN;H=S QILECHA QCNB MIG? |@?KBRIBRLEC?M ;H>
<LH>M @LIG 2;;2 NI G;L'ENJF;=?M ;H> =l @IOH>?LLP@IN?LM H?N; @L??
L?GIN? QILE BO< @?;NOLCHA L?GIN? DI<MPNNAM ROC>?M ;H> GIL? NI
@;=CFCN;N? L?GIN? QILB>; FIDEM MB;LCHA ;<ION 2$. NBLIOABHB2L NB?
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| PPL3QCNN?L
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,C=B;?F *CHA
X (/OFFLHE ) CJOFRE

H ;LNCMN ;H>; N?=BHIFIACMN ;FF LIFF?> CHNI IH? ,C=B;?F *CHA CM NB? @IOH>?L |@
?HN?LILCM? >CACNNGHA ;A?HEBOFF1;HEH> @IOH>?L 1@ -;NBk;HAO;A?

&?H?LNCIH ;3J"IJ S2=C?H=?$@ @ILNF?MMFS F?;HCHA IH BCM <;=EALIOH> ;M ;H
CH>?J?H>?HN BCJ BIJ GOMC=C:E8HA CM ; =IGJ?FFCHA =IHN?HN =L?;NIL ;H>;H

; Q;L> QCHHCHA >SH;GC= M0IBI CM =;FF?> OJIH NI =IHNLC<ON? NI N?=BHIFIAS

;H> G;LE?NCHA =IH@?L?H=?M ;H> <FIPN N2 QILF>®@ =;H aH> ,CE? N;FECHA

NIMB IH3QCNN?L

);GC? (H>CAI
% HIN; LI<IN =IG ) @?FFIQBOG;H M D;GC? CH>CA BNNJIMHIN ; LI<IN =IG

BOG;H NIN;FFS HIN ; LI<IN );GC? (H>CAI OHN;HAF?M N?=BHIFIAC?M NI B?FJ
BOG;HM ;==?MM OM?@OF CH@ILG;NCIH ;H> <ORCHIRIMPIMR2ECACN;F
?RJ?LC?H=?M 2B? @IOH*?1I<IN NI =IHMOFN QCNB ; @I=OM IH NB? BOG;H
;MJ?=NM 1@ N?=BHC=;F 2$. CH=FO>CHA ?NBC=M CH=FOMCIH CH N?=BHIFIAS ;H> NB?
CH>OMNIE®? =;H <? @IOH> F?;LHCHA CH JOQKDHNIPL

?KKGJI@GLEEB :FD
?KKGNNN :FGPJ:@<E:< @F
2KKGD :FD @GISES!
2KKGEFK 8F9FK :FD
?KKGD :FD &8DD<I7ECKJ
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https://x.com/IPullRank
https://github.com/ipullrank
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Accessibility

2*44'1 $9-5 *9*  70353*%#/& -' 8 #*4
<M@<N<; 9R@8E .FI<CO@: 8@CH8E; 8M@; FO
E8CPQ<; 9BM@; FO
:@K<; 9R8IIP , FCC8I

Introduction

(H GIL?NB;H? P?L<?@IL? CN CM <?=IGCHA CH=L?;MCHAFS OLA?HN @IL >CACN;F MJ;=?N
CH=FOMEP ;==?MMC<F? NI ;FF 6CNB NB? IHAICHA J;H>?GC= RHGHLCKE@a=0FN @IL @IFEM
NI ;==?MM M?LPC=?M CH J?LMIH ;H> ?HNCL? CREBIMNLECN?GFCM;<F?> J?IJF? ;L?
>CMJLIJILNCIH;N?FS CGJ;=N?> >>CNGIBPHFSG<?L |@ >CM;<F?> J?IJF? CM LCMCHA >0? NI NE
FIHAN?LG 7@ @ 7@IMB? J;H>?GC=

6 ?<;==?MMC<CFCNS CM ;<RIMABTZNOL? ;H> CH@ILG;NCIH J;LCNS ;H> ACPCHA =IGJF?N? ;=
NI ;FF ;;MJ?=NM |@ ;H CHN?L@;=? NI >CM;<F?> J?IJF? >CACN;F JLI>O=N IL Q?<MCN? CM MCG
=IGJF?N? C@ CN CM HINO™?LBR2 (@ CREPO>?M =?LN;CH >CM;<F?> JIJOF;NCIHM NBCM CM
>CM=LCGCH;NCIH ;H> JIN?HNC;FFS ALIOH>M @IL &p20ICNMIL F;

3B?6 ?<"IHN?HN ==?MMC<CFCNS &OCH?ECHECM ;H CHN?LH;NCIH;FFS L?=IAHCT?> M?N |@

?KKGNNN :;: >FM:FIFEBM@IL)  E:FMCFE> K<ID <==<:KJ ?KDC
?KKGNNNN FI>3 % JK8E;80 >L@;<C@E<J N:8>
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https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects.html
https://www.w3.org/WAI/standards-guidelines/wcag/
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MN;H>;L>M NB;N H??>M NI <? G?N CH ;FF Q?<MCN?M ;H> ;JJFC=;NCIHM NB;N ONCFCT? NB? (HN?LH
;L2 HIN FQM <OBtHS FQM JICHN NI 6" & ;M NB?CL <;MCM

3B?M? AOC>?FCHZMBB: GOFNCJF? L?F?;RPRMNB?%SLM ;H> NB? =OLL?HN MN;H>;L> @M 6"
QCNB 6" & =OLL?HNFS <?CRKNP?> ;MQILECHA @N 2IG? L?ACIH;F M JICHN NI

6" & ;MNB?L?KOCL?G?HN <ON.(WH 1IM?FFEIP?LM CH BCM ;LNC=B? CM NB?

"OLL?HN 2N;H>;L> -IN6" & ;H>6" & CM"IGCHA Q? H??> NI <? G??NCHA 6&
MN;H>;L>M ;H> =IHMC>?LCHA NB? H?Q =LCN?LC; =IGGHA;8H®PFF

>;HA?LIOM NL?H> NB;N B;M M??H RIUMDL? NB;HPZLCH CM NB? OM?#@?MMC<CFCNS
| PPLFSM8B?M? QC>A?NM JLIGCM? IH? MN?J ;==?MMC<CFCNS =IGJFC;H=7 ;H> GIL? I@N?H NB;H HI|
CHNLI>O=? H?Q <;LLC?LM ;HZBR RJ?LC?H=? @IL ; >CM;<F?> OM?L KOCN? =B;FF?HACHA (N CM
CGJILN;HN NB;N >CACGMNEMNCIH?LN NJEI?LMBCFPPL >?MCAHCHA ;H> CGJF?G?HNCHA OM;<F?
CHN?L@;=?M ;H> HIN NLFRINMRBCM JLI=?MM QCNB ; KOICSE AR H@ILG;NCIH M?? 8CH?
% CHAIF>\M ;LNGHR?NB? # PIC> 6 ?7< ==?MMC<CFCNS 00C=H %R .P

2;>FS;L I P?L 2;L Q? ;H>INB?L N?;GM =IH>0O=NCHA ;H;FSMCM M®2B (MOCIB=CIH ;L?
aH>CHA FCNNF?Z;H> CH MIG? =;M?MAAEZ@IOH NB?M? G?NLC=M 3B? BLHAEINICN?
M=IL? @IL ;FEABNBIOM? ==?MMC<CFCNS;N; LIM? @LIG CH NI CH 6 ?

BIJ? NB;N NBCM CH=L?;M? L?JL?M?HNM ; MBC@N CH NB? LCABRLIIB?MRCLA '1Q?
;ONIG;N?> =B?=EM ;H> =IOF> G?;H NBEIFE3?LM ;L? >ICHA ; <?NN?L DI< IBLMCHA NB? LOF?
?HACH? MI Q? ;L? =;ONCIOMFS IINCGCMNC=

.OL ;H;FSMCM CM <;M?> IH ;ONIG;N?> G?NLENMMESJILN;HN NI L?G?G<?L NB;N ;ONIG;N?>
N?MNCHA =;JNOL?M IHRSGI@L@ NB? ;==?MMC<CFCNS <;LLC?LM NB;N =;H <? JL?M?HN CH ;H CHN?L
00;FCN;NCP;FSMCM CH=FO>CHA G;HO;F N?MNCHA ;H> OM;<CFCNS N?MNCHA QCNB >CM;<F?> J?
H??>?> CH IL>?L NI ;=B€H ;==?MMC<F? MCN? IL ;JJFC=;NCIH

6 ?\P? MJFCN OJ IOL GIMN CHN?L?MNCHA CHMEKRBNIMGZNNI aP

$;M? 1@ L?;>CHA

,7>C; IHNB? Q?<

$;M? 1@ J;A? HBCA;NCIH
MMCMNBP=BHIFIAC?M IH NB? Q?<
==?MMC<CFCNS 1@ @ILG =IHNLIFM

6 ? BIJ? NB;N NBCM =B;IN?L @OFF |@ MI<?LCHA G?NLCsNFM==?BMERIFCNS H?AFCA?H=? |H
NB? 6?< QCFF CHMJCL? L?;>?LM NI JLCILCNCT? NBCM QILE ;H>=hECHAA NEBC@MNCHA NIQ;L>M

2KKGNNNN FI>3 % GFC@:@<J

2KKGNNNN FI>3 % JK8E;8D >L@;<C@E<J N:8> E<N @E

2KKGD :FD 88l|@8E

2KKGB;|@8EI<CC@ :FD  N:8> @JK?<:LI<EK JK8E;8EFK N:8> 8E;N:8> @J :FD@E>?KDC
?KKGNNNCX<>8C :FD  HL@:B WO

2KKGN<98@D FI>®A<:KJ D@CC@FE
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; GIL? CH=FOM P> @;CL (HN?LH?N

Ease of reading

;ECHA =IHN?HN ;M MCGJF? ;H> =F?;L NI L?;> ;M JIMMC<F? CM ;H CGJILN;HN ;MJ?=N |@ Q?<
;==?MMC<CFIMR OH;<F? NI L?;> NB? =IHN?HN 1@ ; J/RHNI ; OM?L @LIG <?CHA ;<F? NI
=IGIJF?N? N;MEM IH Q?<MCN?M 3B?L?SL¥MG?HNM 1@ ; Q?< J;A? NB;N?@HN ?;MC?L IL B;L>?L

NI L?;> CH=FO>CHA =IFIL;MNNLIGCHA ;H> M=;FCHA |@ J;A?M ;H> F;HAO;A? C>?HNCa=;NCIH

Color contrast

3B? BCAB?L NB? J;A? =[MNLNB? ?;MC?L CN CM @IL J?IJF?RN ROPZ>NHN?HRIJF? QBI

G; S B;P? >C@a=OFNC?M PC?QCHANMHHNIHN CH=FO>? NBIM? QCNB =IFIL PCMCIH >?a=C?H
J?1JF? QCNB GCF> NI G|N?2LPCMCIH FIMM ;H> NBIM? QCRIBGHNC@a=OFNC?M PC?QCHA NB?
=IHN?HN MO=B ;M AF;L? IH M=L??HM CH <LCABN FCABN

"@>kd  /@K<IN@K? JL=W:@<EK 8K&FI :FEKI

4H@ILNOH;N1RES 1@ MCN?M Q?L? @IOH> RP BJO@a=C?HN =IFIL;MNNIBC=B CM ;
>?=L?;M? @QLIG F;dN\B! ;FL?;>S ;SMG;F
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Zooming and scaling

(N CM ?MM?HNC;F NB;N Q? ;FFIQ OM?LM NI TG NB? J;A? IL =IHN?HN 3B?L? ;L? N?=BHCKO?M NB;N
OM?> NI NLS NI >CM;<F? NB? ;<CFCNS NI M=;F? IL TIIG NB3XLIRQMRCHA MSMN?GRPIMND<
NBCM B;LG@OF J;NN?LH SONH3N ;H> CN CM ;H ;HNC J;NN?LH NB;N H?PHOARF <? ;

9IIGCHA CM J;LNC=0OF;LFS OM?@OF @IL OM?LM QCNB FIQ PCMGIH.F==#;FRBA NI NB?
.LA;HCT;NCIH ]&FI<;FFS <CFFCIH J?IJFPB;; PCMCIH CGJ;CLG?HN”

"@>d /@K<IN@K? QFFD@E> 8E; J.:8C@E> ;@J89C<;

6 ? @IOH> NB;N 1@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M ;NN?GJN NI >CM;<F? M=;FCHA
<S M?NNCHA ?'I=TEIQI O?=HA NI ; P;FO? F?MM NB;H QOAN O?=H=>HA IL JKJA

21G? 13?L ;NCHA MSMN?GM HI FIHA?L =IGJFS QCNB >CM;<F?> TIIG ;H> M=;F?%I?N CH '3,+
MSMN?GM NB;N >l L?MJ?=N CN NBCM =;H L?H>?L NBF3,OMHA®@F2NCIR MIGG %@
CH@ILG;NCIH ;<IONsQB ;PIC> >CM;<FCHA <LIQM?L TIIG M?? >LC;H 1IM?FFGiM \NNC=F?
#CM;<F?I85
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Language identification

17.67%

"@>d  )FI@C<I@K<LIR@EB(lang 8KKI@9ILK<

2?NNCHA ;H '3,4 H=JC ;NNLC<ON? ;FFIQM ?;NI8MINCIH |1@ ; J;A? ;H> <?NN?L M=L??H L?;>?L
MOJJILN 3B? J?L=?HN;A? 1@ MCN?M QCNB ; P;FC> '3,+ F;HA ;NNLC<ON? BLGXIEF? NBCM S
QCNBIHFS  B; PCHA H=JC ;NNLC<ON? ;N ;FF

Media on the web

,7>C; CM ;H ?MM?HNC;F J;LN 1@ NBIRB2R=? (N =H ;>>;H ?HLC=B?>RNHW'NB?
MOLLIOH>CHRNN?;F CH@ILG;NCIH ;H>HIN DOMN @IL MCABN?> OM?LM

Images and their text alternatives

H 3+ CHNLI>O=?> =HP ;NNLC<ON? ?H;<FCHA Q?< ;ONBILRCNPJINRN
;EN?LH;NE@IL NB? PCMO;F CH@ILG;NCIH =IGGOHC=;N?> CH ;H CG;A? M=L??HPRS EGRIM=;H =IF
PCMO;F G?;HCHAFER.S ;HHIOH=CHA NB? CMARPN?LH;RERN >>CNCIH;FFS C@ CG;A?M ;L?
OH;<F? NI FI;> NB? ;FN?LH;N8R @IL ; >?M=LCINCIH QCFFS22 >CMJF;

54%

"@>d  )FI@C<II@K<J G8JI@E> K?< Ualt 3KSON@E?>?K?FLI< 8L;@K

3B? +CABNBIOM? ;O0>CN >;N; MBIQM NB;N IHFS 1@ MCN?M\EMN @B?CG;A?N =HP\B
NRN3BCM N?MN FIIEM @IL NB? JL?M?H=? 1@ ;N F?; =HP+=NE= H=>AH ;H> =NE=
H=>AHHA@>UNNLC<ON?I EIC ?F?G?HNM (H GIMN =;M?M ON =HP\;NRRC<ON? CM NB? <?MN
=BIC=?

?KKGNNNN FI>)8IB1G ?KDC JG<: ?KDC JG<:7 ?KDC /!
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https://dequeuniversity.com/rules/axe/3.5/image-alt
https://dequeuniversity.com/rules/axe/3.5/image-alt
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"@>K CK 8KKI@9LK< C<E>K?J

$P?H NBIOAB N =HP ;NNLC<ON?RPB??H ;LIOH> @IL LM Q? ;FMI @IOH> NB;N @
>?MENIJ CG;A?M ;H> 1@ GI<CF? CG;A?M ;L? F;=ECHA ;FN?NRNCGIBCM CM IH? |@ NB?
?;MC?MN ;ONIG;N?>=B?=EM NI N?MN @0LL GMCMMS<CFCNS NIIF |@ =BIC=? ;H> MBIOF> <? FIQ
B;HACHA @LOCN ;H> ; RES;NBRBN@ILQ;L> JLI<F?G NI MIFP

2=L??H L?;>?L OM?LM FCMNZLONME? ;M >?M=LC<B2NP? %;OFE ;H ;OLF IL MIHC=

?RJI?LC?H=? 1@ NB? CHN?L@;=? QB?L?CH NB? MNLO=NOL? M?G;HNC=M ;H> L?F;NCIHMBCJM |@ N
;L? ;HHIOH=?> 3BCM G?;HM NB;N M=L??H L?;>?L OM?LM =IHMOBROFNCKIENI?G;N@IH %

NBCM L?;MIH CN CM CGJILN;HN NI ;MM?MM QB?NB?L IL HIN ;H CG;A? GCABN HIN H??> NI <? >?M=L(
3BCM CM ; B?ER@COMCIH NL?? @LIG NB? @1L >?=C>CHA BIQ ;H> QB?NB?L NI >?M=LC<? ;H

CG;A? (@ ;H CG;A? CM NLORSCP#E ;>>M HINBCHA G?;HCHA@OF NI NB? MOLLIORNCHA =IHN?

S0 =;H ;MMCAH | =HP ;NNLC<ON? ; HOFF =HP (N CM CGJILN;HN NI > RBEBACNFS

LNB?L NB;H IGCNNCH =HP 7NNLC<ON? ;FNIA?NBPECNNCHA CN =IOF> F?;> NP;MMCMNCP
N?=BHIFIAS ;HHIOH=CHA NB? CG;A? J;NB QBCEB IM@®MCHA QIPIC?H="?

6 ? @IOH> NB;N |@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M =IHN; =HP ;NNLC<ON?M

QCNB ; HOFF ?GJINS P;FOBIB NBCM CH>C=;N?MPANB; NO;LN?L |@ Q?<MCN?M ;L? <?CHA

>?P?FIJ?> QCNB =IHM@S8CIH @IL QBC=B CG;A?M ;L? NLOFS G?;HCHA@OF ;H> HIN ;M ; G?;HM |@ MC:
MN?JJCHA ;ONIG;N?> =B?=EM

6B?H >?M=LC<CHA ;H CG;A? CN (MCeND2IHMC>?L QB;N CH@ILG;NCIH NB? OM?L H??>M ;H>

?KKGJI<M<CFG&8: @<CEIFSI:FD 9CF> K?LJ JGFB < ?KDC
?KKGNNNN FI>3 % KLKFI@8CJ @D8><J ;<:@J@FE KI
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IGCN ;>>CNCIH;F CH@ILG;NCIH NI ?B>@MCIRE. ?R;GJIF? ; L?>;LLIQ C=IH <ONNIH NB;N B;M
NB? ;=NCIH I@R&ZHA NI ; H?Q MN?J CH NB? CHN?L@;=? =IOF> <? =2NINDEKPZNVININ?J 1@
~AL;NB?L NB;H JL?> ;LLIQ JHAB? aLMN >?M=LCJINCIH N?FFM NB? ORIR-DBINNINBRCP;N?
NB? =IHNLIF QB?L?;M NB? M?=IH> DOMN >?M=LC<PMT/NM BI0P;H OHH?=?MM;LS aF?
?RN?HMCIH <INB I@ QBC=B ;LP;ENRFRB? G?;HCHA |@ NB? CG;A?

ONIG;N?>=B?=EM @IL NB? JL?M?H=7 |@ ;PNRBRNNCRIN ;MM?MM NB? KO;FCNSRI® MBCM N?
>?M=LC<?> CH NBZCIOM M?=NCIH NB? G?;HCHA |@ ;H CG;A? H??>M NI <? =I[HMC>?L?> QB?H
QLCNCHA NBSM.N? =IGGIH OHB?FJ@OF J;NN?LH CM >?M=LC<CHA NB? CG;RNJQENEBNB? aF?
H;G? %L NB? JLRCIOM ]L?> ;LLIQ JHAR;BJIF? ; M=L??H L?;>?L OMZEECEM HIN A?N

B?FJ@OF CH@ILG;NCIH @LIG NB? CG;A?@IIGB4N MB;N 1@ >?MENIJ MCN?M QCNB ;N F?;MN
IH? CHMN;H=? |@ =HP ;NNLC<OR2 ; aF? RN?HMCIH CH CNM P;FO?

3B? NIJ aF? RN?HMCIHNMFC=CNFS CH=FO>'=HP-N¥BPP;FO? @IL MCN?M QCNB CG;A?M NB;N
B;P? HIH ?GJNS ;FN P;FO?M FLC LJC E?K CEB ;H> FLAC 3BCM PEE=IG?M @QLIG ;

"2 IL ;HINB?L ;ONI A?H?L;N?> ;FN?LH;NQ¥RN G?=B;HCMG (N CMNICRIRB;N NB?M? ;FN
;NNLC<ON? P;FO?M <? G?;HCHA@OF L?A;L>F?BINLP@ GBI MNBHN?>

File extension Desktop Mobile
FLC

LJc

E?K

CEB

FLAC

%CAOL? FN ;NNLC<ON?M ?H>CHA &N?HMC?H

Images with title attributes

3B? PEPHA;NNLC<ON? QBC=B AZWNPLNIIFNCJ NB;N >EMJRN CM I@N?H GEINWN;EINB?L
L?FC;<F? QNI >?M=LC<? CG;A?M NI ;MMCNMBHIPIASQ? P?L ;==IL>CHA NB? '3,+
2N;H>;L>

U.<CP@E> Fltitte  8KKI@9LK< @EHOP ;@I8Fkl 8J D8P LJ<| 8><EKJ
;F EFK©®GFJ< K?< 8KKI@9LK< @E 8E 8::<JJ@9€K IDSEHXKBD J
JG<:@W:8K@FE
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LP?;F?> |H BIP?L GIOM?IP?L CH@ILG;NCIH HIN <?CHA JLIJ?LFS =IGGOHC=;N?>NI ;MMCMNCP
N?=BHIFIAE;=E |@?6E<I;L> MOJJILN ;H> A?HPLIIIL OM;<CFC3E? BCMNILS I@ NIIFNCJIM ;H>
NB?CL <;LLC?LM ;L? Q?FF >?MSRLsB>CGAFB CH B?L <FIA JIBIRNCIM CH NB? NCG? I1& 6"

6 ? @IOH> NB;N 1@ ;F =HP ;NNLC<ON?M ;FMI =IH PEPHA ;NNLC<ON? .@ NB?M?
CHMN;H=?M |@ >?MENIJ MCN?M ;H> |@ GI<CF? MCN?M B;> G;N=BCHA P;FO?M @IL <INB NB*~
=HP ;H> PEPHA;NNLC<ON?M

Other facts about alt text

15,357,625

@>k 0?<CFE><JKBEalt KOK C<E>K?

3B? G?>C;H F?HANB @IL <INB >?MENIJ ;H> =HPIRRN CM =B#N?LM 6CNB NBZ;A?

$HAFCMB QIL> F?HANB <?CHA;=NBM NBCM G?;HM NB? G?>C;H ;FN ;NNLC<ON? P;FO? CM  QIL>M
FIHA #?J?H>CHA IH NB? CG;A? <?CHA N?LM? =;H <? <?H?&L;ENQR® B;L> NI CG;ACH?

QIL>M <?CHA MO@a=C?HN @IINPI>2MBILCINCIH 1@ ;H CG;A? QGNBIFHRCNS

3B? FIHA?N =HP NRN F?HANB @IOH> @IL >?MENIJ MCN?M Q;M  ;=N2BM 3B;N\M ?HIOAB
Nl aFF ;H>;B;F® ]L ;H>/ ?;=?" MCT?> <IIEM ;MMOGEHAHR>/ ?;=?" B;M ;H P?LA? QIL>
F?HANB I@ =BiN?LM

Video on the web

5C>?I1 ;H> INB?L GOFNC G?>C; =IHN?HN =;H ?HRE=RJH.C?H=? <ON I@N?H CM HIN LI<KOMNFS
MOJJILN?> @IL ;FF OM?LM ;H> =;H JIM? G;DIL ;==?MMC<CFCNS <;LLC?LM C@ CN CM HIN CGJF?G?}
MOJJILN IAGIL? CH@ILG;NCIH M?76NB? ,;ECHA O>Cl ;H>5C>?| ==?MMC<F?

Captions
".JJNCIHM IL NHM=LCJINM ;L? H??>?> NI =IGGOHC=;NTH®@ILG;NCIH @IL J?1JF? QBI ;L? >?;@

IL B;L> 1@ B?;LCHA ;H> ;LIS ;FMI B?FJ@OF @IL OM?LIR? QBIHBZ NCFCM;<CFCNC?M MO=B ;M
;O>Cl JLI=?MMCHA >C@8&:8MECINM ;FMI B?FJ FIQ PCMCIH ;H> <FGH?MIMZCHMCHA

?KKGD :FD :F;@E>:?8F)
2KKGI88?D?@>CRD NI@K@E> KFFCK@GJ @E N:8>
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PCMO;FM 5C>?1 =IHN?HN IH NB? Q?< CM HIN ;==?MMC<F? Ba~GN\G3|PMVBEINAB:; JNCIHM
2CGCF;L NI NB? CGJILN;H=PIEHB;G?;HCHA@OF ;FNNRNI@L CG;A?M NB? KO;FCNS |@
=,JNCIHM CM ;FUSFCGJILN;HN

U 8GK@FEJ EFK FECP @E:CL;< ;@8CF>L< 9LK @;<EK@=P N?F @J JG<8B@E> !
EFE JG<<:? @QE=FIDSK@FK;K=FL>? JFLE; @E:CL;@E> D<S8E@E>=LC JFLE;
<==<:KJV 3# 1E;<IJK8E;@E>/L::<JJ I@K<I@FE 8GK@FEJ

- 0.79%

@>k 2@;<FJ BV@;@E> :CFJ<; :8GK@FEJ

.@ MCN?M C RE@QAK ?F?G?HNM IHFS  JLPC>? =FIM?> =,JNCIHM QBC=B Q? ;MMOG? <;M?>
IHNB? JL?M?H=? 1@ PN=?G ?F?G?HN ;H>QBC=B ;L?>C@@7?L?HN @LIG IJ?H <OLH?>CH

=, JNCIHM  -IN? NB;N MIG? Q?<MCR?M@VINIG MIFONCIHM @®Q>TZHA PC>?| ;H> ;0>ClI

=, JNCIHM NI OM?LM ;H> Q? Q?L? OH;<F? NI >?N?=N NB?M? =OMNIG MIFONCIHM MI NB? J?L="?
MCN?M ONCFCTCHA =;JNCIHM =IOFON'NBCABZAOL? CM CH2@IRIOPI>?L MOJJILN?>

=,INCIHM ;L? IH Q?< PC>?I =IHN?HNF®I =;HHIN ;MM?MM NB? KO;FCNS 1@ NB? =;JNCIHM >?N?=
;H> QB?NB?L IL HIN NB2=0OIN?FS =IFP’S NB? @OFF G?;HCHA |@ NB? E2M-NBX?

Autoplaying video

(N CM ;LAO;<FS ; >CMRAINOP>?ME&E? OM?IR3?LC?H=? NI ;ONISEH> FIIJ PC>?1 IH ;

Q?<MCN? @IL ;FF OM?LM 5C>?1 =;H <?; L?2RIDE@HR PZ=? <;NN?LC?M ;M Q?FF ;M >;N; (H MIG?
=M?M PC>?I =;H =IHN;CH =IHN?HN NB;N CM >CMNL?MMCHA @8 -NIBIQIOWAQBZMRZL <CHA
CG;A?LS IL <?CHA OM?> ;M ;H ;NRENH PA;CHMN J?1JF? JLIH? NI M?CTOL?M

%L >CM;<F?> OM?LM NB?L? ;L? MCAHCa=;HN <;LLG?|ONKIEBCHASH> FIIJCHA PCHRI %
M=L??H L?;>?L OM?LM ; PC>?| NB;N =IHN;CHM ;2R3 QEMEGIDENB? ;HHIOH=?G?HNM ;H> F?;>
NI =IH@OMCIH @IFEM QCNB =IAHENECRCFCNC?M MO=B ;RC## =;H <?R.S >CNMNCHA

;H> CHN?LLOJN NB? OM?L\M ;<CFCNS NI OM? ;H> OH>?LMN; HANBQTHNRIGOF; L
=IH>CNCIHM =;H <? >;HA?LIOMFS NLCRARECE?: 41 Q?FF

3B? 6 ?<"IHN?HN ==?MMC<CFCNS &0OC>?FCH?M B;M ; sOBN?[2BHJI 'C>? NB;N L?KOCL?M
NB;N ;18 GIPCHA <FCHECHA IL M=LIFFCHA =IHN?HN CHNBOSIBM @0>FIHA?L NB;H
M?=IH>M B? ; G?=B;HCMG NI J;OM? MNIJ IL BC>? CN

?KKGNNNN FI>3 %3 # 1E;<IJK8E;@E> G8LJ< JKFG ?@;< ?KDC
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"@>kd  )FJK :FDDFE <video> 8KKI@9LK<J

.@ NB? J;A?M QCNB PC>7?1 JL?M?HN Q? @IOH> NB;N 1@ >?MENIJ J;A?M ;H> 1@ GI<CF?
J;A?M BP? NB’ =QPKLH=U;NNLC<ON? G?;HCHA NB;N PCS>2B-3@;OFN? FMI @IOH> NB;N

|@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M B; P? NB* HKKL ;NNLC<ON? QB@EB P
FCES G?;HM NB? PC>2BBMFCH>?aHCISBKSAB NB?L? =IOF> <? G?=B;HCMGM NI J;OM? MNIJ IL
BC>? NB?M? PC>?IM IINCHASEHA FC>NB?L NB;H H??>CHA NI MNIJ ;CBO8HA ;H> IL
FIIJCHA NB? PC>?1 MBIOF> <? NB? >?@;0FN 3B?M? G?NLC=NNGAA@ME KBAMCN?M QCNB
PC>?1 =IOF> B? MCAHCa=;HN ;==?MMC<CFCNS <;LLC?LM

Ease of page navigation
[ ;A?M H??> NI <? ?;MS NPR€A;N? Ml OM?LM ;L? HIN F?@N @??FCHA FIMN IL OH;<F? NI aH> NB? =IHN
NB3 H??> NI >1 QB;N <LIOABN NB?G NI IOL MCN?M CH NB? aLMN JF;=? 2=L?7?H L?;>?L N?=BHIFIAS ;F

H??>M NI <? ;<F? NI >C@@7?L?HNC;N? <?NQ??H >C@@7?L?HN M?=NCIHM M| OM?LM I@ NBCM MI@U
F?@N QCNB ;H CH>7<CIBYEF | @R\

Headings

'?;>CHAM G;R CN ?;MC?L @IL M=L??H L?;>?LM NI JIRARR HJ;A?SMOJIFSCHA ; BEBE
NB;N =;H <? DOGJ?> NBLIOARB RGE? |@ =IHN?HNM
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"@>K JF9@C<J J@K<J G8JI@E> K?< (@>?K?FEG<SCRE<;FI<BI@E>J

.OL ;O>CNMHZ2F?> NB;N 1@ NB? MCN?M =B2JEMM NBPMN @IL JLIJ?LFS IL>?L?>
B?;>CHAMB;N >| HIN MECGR?F® 3B?M? B?;>CHARPSINB? M?G;HNC= MNLO=NOL? |@ NB? J;A?
+H S M=L??HL?;>?L OM?BI@AIN? ; J;A? NBLIOAB CNM B?;>CHREHAINB?G CH NB? =ILL?=N
IL>?LZ;M=?H>CHA QCNB HI DOGJMZG?;HM NBINNRABENINCEGPOM?LM CRER; <?MN
?RJI?LC?H=? (N CM QILNB HINCHA NB;N Q? IHFS =B?=E J;A?M QB?L? NB?M? REF-RU<R? GIL? FC
@IFFIQ?> BIG? J;A?M ;L? GIL? HEENB;H CHN?LCIL J;A?M NI @IFFIQ NBCM LOF?

Skip links

2ECJ FCHEM ?H;<F? ; OM?L NI MECJ NBCHNEIEP=IHN?HN MO=B ;MPEA;NCIH MSMN?G ;H>
AlINI;HINB?L >?MNCH;NCIH NSJC=;FFS NB? G;CH =IHN?HN I@ NE?NSAC-3BFS NB? aLMN FCHE
IH; J;A? ;H> =;H <? J?LMCMN?HN CH NB? 4( IL PCMC<FS BCS:BF?GPINCE-NE?-OM 3BCM
JL?P?HNMPE<I;L> OM?LM @LIG H??>CHA NI JIN?HNC;FFS N;< NBNIBABMHOG<?L |@
?F?G?HNM NI A?N NI NB? =IHNSHDNPMWESCHA NI ;==?MM

2ECJ FCHEM ;L? =IHMC>®BPMM @IL ; <FI=E 3B? +CABNBIOM? ;O>CN PNF22NB;N
1@ MCN?M J;MM NBSJ;MM <FI=EN?MN G?;HCHASNER? ; DA=@AN MECJ FCHE IL
F;H>G;LE L?ACIH NI ;FFIQ OM?LM NI MECJ22JHNCNITP

Tables

3<F?M;L? ;H ?@a=C?HNND>CMI>;N; QCNB NQI?R |@ L?F;NCIHMBCJM G;ECHA NB?G OM?@0O
@IL =IGJ;,LCMIHM 4M?LM |@ ;MIMSNBRITRAS L?FS IH MJ?=Ca= ;==?MMC<CFCNS @?;NOL?M >?N
H;PCA;N? JLIJ?LFS MNLO=NOL?> N;<F?M CHALNH?NBIRI?LC?H=?PCA;NCHA ;H>

CHNR2INCHA QCNB NB?G 6CNBION P;FC> M?G;HNC= N;<F? G;LEOJ JL?M?HN NB?M? @?;NOL?!
OoM?>

Measurement Desktop Mobile

3,<F?M QCNB =;JNCIHM

/L?M?HN;NCIH;F N;<F?M
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%CAOL? ==?MMC<CFCNS >;N; @IL N;<F?M

Table captions

3:<F? =.JNCIHM ;=N ;M ; F;<?F @IL NB? N;<F? MOJJFBCE@AL-MBIN;<F? >N; .HFS 1@
>?MENIJ MCN?M ;H> 1@ GI<CF? MCN?M QCNB ; N;<F? OM?> ; N;<F? =:JNCIH

Presentational tables

6 ?;L? @ILNOH;N? CH NIB MI G;HS b'RC<F? "22 G?NBI>IFIAC?M NB;N ;FFIQ @IL bOC>
L?MJIIHMZPSONM 'IQ?P?L G;HS &;LM ;Al <?@IL? NB?HCED %<IR ;H> "22 &LC>

>?P?FIJ?LM I@N?H OM?> N;<F?8IGllI4FR@ILNOH;N?FS >07? NI MIG? =IG<CH;NCIH |@ F?A;=S
Q?<MCN?M ;H> F?A;3ER2G?HN N?=BHCKO?M NB?L? ;L? MNCFF MCN?M ION NB?L? QB?L? N;<F?M ;L
OM?> @IISION

(@ NB?L? CM ;H ;<MIFON? H??> NI L?;=B @IL NBCM N?=BHCKO? NB? LIF? |@ JL?M?HN;NCIH MBIOF:
;JJFC?> NI NB? N;<F? MO=B NB;N?MMRIEBMNIEIRS QCFF CAHIL? NB? N;<F? M?QG;@NCHM 6

NB;N 1@ >?MENIJ ;H> 1@ GI<CF? J;A?M B;>; N;<F? QCNB ; LIF? |@ JL?M?HN;NCIH (N\M

B;L> NI EHIQ C@ NBCM CM All> IL <;> (N =IOF> CH>C=;N? NB;N NB3L?;4F?NIIOM 2+ @IL
JL?M?HN;NCIH;F JOLJIM?M <ONLSR@ES RB;N N;<F?M OM?&@N;E? DOMN F;=ECHA NBCM

H??>7?> LIF?

Document titles

#?M=LCIRCRA? NCNF?M ;L? B?FIJ@OF @N.GBINTHCHA <?NQ??H J;A?M N;<M ;H> QCH>IQM
QCNB ;MMCNREBHIFIAS <?=,0M? NB? =B;HA? CRKIGREF <? ;HHIOH=?> .OL >;N; MBIQM

|@ MCN?M BP? ; NCNF? QBC=B CM ; BIJ?@OF MN;NCMERMNGFP>M NI L?;MIH NB;N BIG?
J;A?M G;S B;P? ; BCAB?LN? |@ J;A? NCNF?M NB;H F?MM CGJILN;HN LION?M

Tabindex

3,<CH>R >C=N;N?M NB? IL>?L CH QBC=BR@I4GBLGDABION NB? J;A? {#WCP=IHN?HN

MO=B <ONNIHM FCHEM ;H> @ILG =HNHINDB; P=>EJ@ATP;FO? It 2CGCF;LESMNIG
?F?G?HNM ;H> QC>A?NM NB;N ;L? CHN?H>?>ANEPEHNCH NB?I<I;L> @I=0OM IL>?L H??>

;H 2RIFC=CNFS ;MN P=>EJ@AT (@ ; HIH CHNNCP?F?G?HN MBIOF> <? @I=OM;<F? <ON
HIN CH NB?ZSEI;L> N;< IL>?L ; P=>EJ@ATP;FO? I( =;H <? OM?> ;FFIQCHA @IL @I=OM NI <?
JLIALGG;NC=;FFS M?N QGNB-);CIN

3B? @I=OM IL>?L |@ NB? J;A? MBIOBMREQ>?N?LGCH3NB? >I=OG?HN bIQ?NNCHA NB?
P=>EJ@ATNI ; JIMCNZEBHN?A?L P;FEZLC>?M NB? HNIDE?L @ NB? J;A? ;H> CM =IHMC>?L?>
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<> JL;=NC=? 1?MJ?=NCHA NBFHINCL |@ NB? J;A? A?HAS F?;>M NI ; GIL? ;==?MMC<F?
?RJI?LC?H=? B@IOH> NB;N 1@ >?MENIJ MCN?M ;H> |@ GI<CF? MCN?M GNCMNANZINCP
;M N;< CHRP;FO?M

Assistive technologies on the web

/ ?1JF? QCNB P;LSCHA >CM;<CFCNC?M OM? >C2aN@ZBPAHNAEMICNINEZFJ NBPZR C?H=? NB?

Q?< 3B?3IIFM ;H> 2=BHCKO?MNC=F? @LIG NBR 6==?MMC<CFCNS (FMGNC,IMCRB? 6 "

=IP?LM BIQ OM?LM =;H J?2=TR>?LMN;H> ;H> CENTQRCNB NB? Q?< OMCHA >C@@?2?HN ;MMCN
N?=BHIFIAC?M

21G? ;MMCMRNRP=BHIFIAC?M @IL NB? Q?< CH=FO>?

2=L??H L?;>?LM
5IC=? =IHNLIF
2=L??H G;AHCa?”LM

(HJON >PC=?M MO=B ;M JICHN?LM ;H> MRZENMB >?

2=L??H L?;>?LM JL?M?HN =IHN?HN ;OMGFES NB? =IGJON?L MJ?;ECHA IL ;HHIOH=CHA NB?
=IHN?HN CH NB? CHN?L@;=? ;M NBCAONZM H{> CHNRL 3BCM ?H;<F?M <FCH> FIQ PCMCIH ;H>
INB?L >CM;<F?>;H> HIH >CM;<F?> OM?LM NI =IHMOG? NB? =IHN?HN QCNBION H??>CHA NI L?|
PCMO;F =O?M 22MIfF;NB? M=L??H

Introduction to ARIA

(H NB?6 (JO<FCMB?> ==?MMC<F? 1C=B (HN?LH?N JJFC=;NCIHMSH?M€LBR? 1(
M

B % .% K?< ::<JJ@9C<.@:? WEK<IE<K GGC@:8K@FEJ/L@K< ;<WE<J 8 N8P
D8B< N<9 :FEK<EK 8E; N<9 8GGC@:8K@BEEJIIHFIC< KF GKFGC< N@K?
;@IBI@C@K@<I %K <IG<:@8CCP ?<CGJ N@K? ;BESD@I<FEK<EK 8E; 8;M
@EK<I=8:< :FFEKI;<dCFG<; N@K? A80 $0)(8RERIGK 8EC8K<;

K<:?EFCF>@<J

JIMN >?P?FIJ?LM NBCHE 1@ 1( ;M ;NNLC<ON?M Q? =;H ;>> NI '3,+ NCE;BIL? OM;<F? @IL
M=L??H L?;>?L OM?LM <ON CRPQEHN?H>?> NI G;8J @IL CGJLIJ?L G;LEOJ ;H> HNCP

?KKGNNNN FI>3 % G<FGC< LJ< N<9 KFFCJ K<:?E@HL<J
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'3,+ MIFONCIHM 1( B;M; FIN I@ HO;H=?M QBC=B QB?H GCMOH>?LMNII> =;H CHNLI>O=? H?Q
;==?MMC<CFCNS <;LOCRBAL&IL? >C@@?L?HN M=L??H P?;PALBCBA FCGCN;NCIHM QCNB
L?MJ?=N NI 1( MOJJILN

The five rules of ARIA

3B?L?;L?aP? LOF?M 1@ 1(NB;N Q? H??> NI OH>?LMN;H> <?@IL? G;ECHA OM? |@ NBCM JIQ?L@OF
NIIFM?N 3BCM CM HIN ;H I@a=C;F MJ?=Ca=;NCIH QCNB L?KOCL?> =[H@ILG;H=? <ON ; AOC>? @IL
OH>?LMN;H>CHA ;H> CGJF?G?HNCHA 1( =ILL?=NFS

(@18 =;H OM? ; H;NZB,+ ?F?G?HN '3,+ IL ;NNLC<ON? QCNB NB? M?G;HNC=M
;H><?B;PCIL ®©® L?KOCL? ;FL?;>S <OCFN CH CHMN?;> @ L?JOLJIMCHA ;H ?F?G?HN ;H>
;>>CHA ;H 1( LIF? MN;N? IL JLIJ?LNS NI GEN ;==?MMC<F? NB?H >| M|

#l HIN =B;HA? H;NCM?G;HNC=M OHFOMRIFF-S B? NI

FF CHN2NCP 1( =IHNLIFM GOMN <? OM;<F? QCNESKB2>E

#1 HIN OM" NKHA LNAOAJP=PEKJ IL =NE=DE@@AJ PNQA IH ; @I=OM;<F?

?F?G?HN

FF CHN2NCP?F?G?HNM GONMR B1 ;==?MMC<F? H;G?

ARIA roles

.H? 1@ NB? GIMN =IGGIH @M NB;N 1( CM OM?:8AGRIRC=CNFS >?aHCHA NB? LIF? @IL ;H
?F?G?HN QBC=B =IGGOHC=;N?M CNM JOLJIM? NI?ABHININE P

'3,+ CHNLI>O=?> G;H S H?Q H;N€PF?G?HNM ;FF QBE2EBJFC=CN M?G;HRE=HO>CHA

LIF?M I%?R;GJF? NB J=R  ?F?G?HN B;M ;H CGJINKHA J=REC=PEKJ ;H>>I?M HIN

H??> NI BP? NBCM LIF? ;>>RJIFC=CNFS CH IL>?IPR8 €NM JOLJIM? CH@ILG;NCIH NP;MMCMNCP
N?=BHIFIASOLL?HNFS 1@ >?MENIJ J;A?M B2 ;N F?;MN IH? CHMN;H=? 1@ ;} NKHA
;NNLC<ON? 3B? G?>C;H MCN? B;M CHMN; NKHA |ENNBRON?

?KKGNNNN FI> 0. LJ@E> 81@8
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"@>K OFG K<E DFJK :FDDFE .%QG<J

Just use a button!

6 ? @IOH> NB;N I@ >?MENIJ MCN?M ;H> |@ GI<CF? MCN?M B;> BIG? J;A?M QCNB ;N
F?;MN IH? ?F?G?HN QCNBIFFCZCNFS ;MNNKHA >QPPKJ  3BCM MOAA?MNM NB;N ;<ION ;
KO;LN?L |@ Q?<MCN?M ;L? ON >QPPKJIXF? IH ?F?G?HNM CH IL>?L NI =B;HA? NB?CL M?G;HNC-=
QCNB NBZ?JNCIH |@ <ONNIHM NB;NBH RIFC=CNFS ;MMCAH?> NB? <ONNIH LIF? QBC=B CM
L?>0OH>;HN <ON B;LGF?MM

(@ HIH CHNRICP?F?G?HNM MO: @ER M ;H> OL=J M BP? <??H ACA NBCM LIF? NB?L? CM;
MCAHCa=;HN =B;H=? IH? IL GIL? I@ NB? LOF?M |@ <?7Bt <LIEH

(NCM @;CRFS NBEN ; H;Ri >QPPKJ  ?F?G?HN QIOF> <? ; <?NN?L =BIC=? J?L NB? aLMN LOF? I(
1( (N CM ;FMIJIMMC<F? NB;N NB? LIF? B;M <??H ;>>?>RJGANNIBEXI;L> MOJJILN B;M
HIN <??H MOJJFC?> QBC=B QIOF> <L?;E NB? NBCL> LOF? I@ 1( ;H> @GIOFXPCIF;N?

8.28%

"@>K JF9@C<J J@K<J 8J. role="button" KF <div> FI 8 <span>
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6 ? @IOH> NB;N 1@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M B;> ;N F?;MN IH? |==OLL?H="
1@; @ER IL; OL=J ?F?G?HN QUNKHA >QPPKJ ?RJFC=CNFS >?aH?> 3BCM ;=N 1@ ;>>CHA
1( LIF?M IL;] LIF? OJ ~ CM F?MM C>?;F NB;H OMCHA NB? 213, 2 PEYEIR

6 ? @IOH> NB;N 1@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M =IHN;CH?> ;N F?;MN IH?
;H=BIL ?F?G?HN Q(NKHA >QPPKJ (@ ; LIF? B;M <??H ;JJFC?> NI ;H ?F?G?HN NB;N MBIOF>
B;P? CNM CGJFC=CN LIF? L?MJ?=N?> MO: NKHA >QPPKJ NI; FCHE QBC=B B;M ;H
CGJFC:NKHA HEJG  NBCM QIOF> <L?;E NB? M?=IH> LOF? 1@ 1( (N QIOF> ;Fd/l P&IF;N?

* 2S<liL> C@ NB? =ILL2&XIE> <?B; PCIL B;M HIN <??H CGJF?G?HN?> FCHEM ;L? HIN
;=NCP;N?> QCNB NB? MB-QE?L?;M <ONNIHM ;L?

A;CH CHNB? P;MN G;DILCNS 1@ NB?M? =M?M ; <?NN?LRINEACGNNS H?aHCHA
NKHA >QPPKJ IH NB? ?F?G?HN CH KO?MNCIH QIOFFXARINE? H;NEB,+
>QPPKJ  ?F?G7?HN ;M CN =IG?M QCNBIRE®?> M?G;HNC=M ;H>RCIB;

Navigation

6 ? @IOH> NB;N 1@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M B? ;N F?;MN IH? ?F?G?HN

QCN NKHA J=REC=PEKJ QBC=B CM ; F;H>G;LE LIA?NB? aLMN LOF? 1@ ;NB2L NB;H

;>>CHA NBCM LIF? NI ;H ?F?GPRINJ2RM MBIOF> <R?EACHA NB? '3,+ J=R ?F?G?HN

QBC=B =IG?M QCNB NB? =ILL?=N M?G;HNC=MNCGNFOMMNT<E? NB;N NBCM LIF? B;M <??H ;>>?>
?RIFC=CNFS! J=R ?F?G?HN QBC=B QIOF> HIN <? ;H ;==?MMC<CFCNS CMMO? NBIOAB CN CM
L?>0OH>;HN

Dialog modals

3B?L7?;L? G;H5 JIN?HNC;F ;==?MMC<CFCNS <;LLC?LM ;MMI=C;N?> QCNB3}CHBGHHFM 6
L?;>CHA=INN \;L ; \M;LNC3FPCHA ;H .J?H #C;FIA@IL GIL? =IHNRN

6 ?;L? JF?;M?> NI L?JILN NB;N |@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?MmB;;N

F?;MN IH? I==OLL?H= NKHA @E=HKC QBC=B CM OJ @LIG ;<ION CH (N CM QILNB HINCHA

MIG? |@ NB? CH=L?;M? CM JLI<;<FS >0? NI =B;HA?M CH BIQ NBCM G?NLC= Q;M G?;MOL?> 3BCM =I
;FMI MOAA?MN NB;N GRZFRI?LM ;L? =IHMC>?LCHA ;==?MMC<CFCNS QB?H <OCF>CHA >C;FIAM ;H>
JIN?HNC;FFS NBAP@ILEM ;H> ;MMI=C;N?> J;=E;A?M3%? CGIJF?G?HNCHA GIL? ;==?MMC<F?

>C;FIA J;NN?LHM ;M Q?FF FRRG;ECHA ; >C;FIA GI>;F ;==?MMC<F? L?KOCL?M ; FIN GIL? NB;H
OMCHA | @E=HKA.IF? %0OM G;H;A?G?HN JLIJ??E<l;L> MOJJILN ;H> M=L??H L?;>?L

?RJIIMOL? ;FF H??> NI <? ;>>L?MM?>

?KKGB;|@8HI<CC@ :FD | FC<LG ?KDC
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Tabs

3,<M;L?; =IGGIH CHN?L@;=? QC>A?N <ON JL?M?HN ; =B;FF?8SAZR@RLIA;M NI G;&
;==?MMC<F? =IGGIH J;NN?LH @IL ;==?MMC<F? CGJF?G?HN;NCIH =162 M1@LIG NB?
ONBILCHA [ENC=?M #?MCANPLHMF?;M? HIN? NB;N NB? 1( ONBILCHAMNC=?M

>|1=0OG?HN CM HIN ; MJ?=Ca=;NCIH ;H> CM G?;HN NI MBIQ C>?;FCT?> 1( =IIAW\RIOENM 3B?
HIN <? OM?> CH JLI>O=NCIH QCNBION N?MACIEMQAWB S

(HNBCM J;NN?LH ; J;,L?HN =IHN;CH NKHA P=>HEOP QCNB =BCF>L?H ?F?G?HNNMNB;N B;
NKHA P=>  3B?M? N;<M ;L? ;MMI=C;N?> QCNB ?F?G?HRM | NKHA P=>L=JAH ;H>
=IHN;CH NB? =IHN?HN @IL NB;N N;<

"@>K IC<D<EK N@K" tablist IFC4FLI:< 3
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"@>K IC<D<EK N@K' tab :IFC</FLI:< 3
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"@>K IC<D<EK N@K tabpanel IFC</FLI:< 3

%L >?MENIJ J;A?M B; P? ;N F?;MN IH? ?F?G?HN Q NKHA P=>HEOP QB?L?;M NB?L?

IHFS 1@ J;A?M B; P? ?F?G?HNM QC NKHA P=> ;H> 1@ J;A?M B; P? ?F?G?HNM

QCNB NKHA P=>L=JAH  3BCM MOAA?MNM NB;N NB? JNNH#S*EGJ;LNC;FFS CGJF?G?HN?>
$P?H C@ NB?L? CM >SH;GC= L?H>?BC&A MIE=, |@ NB? N;< N;<J;H?F ?F?G?HNM NB? =OLL?HN
PCMC<F? IL aLMN N;< N;<J;H?F QIOF> NB?IL?NC=;FFS <? CH NB? #., IH J;A? FI;>

Presentation

6B?H ;H ?F?G?HN B;M <??HACF NKHA LNAOAJP=PEKJ CNM M?G;HNC=M ;L? MNRLIJI?>;
@IL <INB NB? ?F?G?HN CN CM ;MMCAH?> NI ;H> CNM L?KIOCR BIEBAREZ %> FCMNM
<INB BP? L?KOCL?>=BCF>L?H MI C@ NB? J; NKHA LNAOAJP=PEKJ NBCM ?MM?HNC;FFS
=M=;>?M NI NB? =BCF> ?F?G?HNM QBC=B EXO¥B?EMMZ,G;HNC=M MNLCJIPSHX (K
?F?G?HN\M M?G;HNC=M G?;HM NB;N CN CM HI FIHA?L NB\-?2F2GRIIRCH\; @ IL CNM PCMO;F
;JI?:L H=? % ?R;GJIF? ; FCMN Q(NKHA LNAOAJP=PEKJ QCFF HI FIHA?L =IGGOHC=;N?
;HS CH@ILG;NCIH NI ; M=L??H L?;>?L ;<ION NB? FCMN MNLO=NOL?
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=IGGIH OM;A? |@ NBCM ;NNLC<O! P=>HA _?F?G?HNM NB;R’B;??H OM?> @ OGN
LNB?L NB;H @IL N;<OF;L >;);>6 HIN L?=IGG?H> OMCHA N;<F?M CHSNHCMIIDN Q? BF?
JIQ?L@OF "22 NIIFM N8=MO=B ;M BHR ;H> "22 &LC> (H A?HPINB?L? ;L7RS @?Q OM? =;M?M
QB?L? NKHA LNAOAJP=PEKJ CM J;LNC=OF;LFS B?FJ@OF @N?/BWINAEOM?LM OM? NBCM
LIF? MJ;LCHAFS ;H> NBIOABN@OFFS

ARIA attributes

1( ;NNLC<ON?M =;H <? ;MMCAH?> NI '3,+ 2F?G?HNM NI ?HB;H=? NB? ;==?MMC<CFCNS |@ NB?
CHN?L@;=? 1?MJ?=NCHA NB? aLMN LOFZI@BIDFNBIN <? OM?> NI B2B@IB?NBCHA NB;N
=H <? >IH? QCNB H;RGP*

"@>K OFG DFJK LJ< aria 8KKI@9LK<J

Labeling and describing elements with ARIA

3B? <LIQM?L\M ;==?MMC<CFCNS NL?? B;M ; =IGJON;NCIH MSMN?G NB;N ;MMCAHM NB? ;==?MMC<F
NB?L? CM INP; =IHNLIF QC>A?N ALIOJ IL F;H>G;LE MO=B NB;N CN =;H <? ;} 5 NIMISTANCP
N?=BHIFIASB?L? CM ; MJ?=Ca:{{lRGHA NB;N B;JJ?HM NI >?N?LGCH? QBC=B P;FO? CM ;MMCAH?> NI
NB? ;==?MMC<F? H;G?

3B? ;==?MMC<F? H;G? =;H <? 22L@PIG ;H ?F?G?HN\M =IHN?HN MO=B ;M RONNH N?
;NNLC<ON? MO=B ;M ;H =HP\R'RN P;FOM ;H ;MMI=C;N?> ?F?G?HN MO=B ;M ;
JLIALGG;NC=;FFS ;MMI=C;N?> F;<?F @IL ; @ILG =IHGILIR CH@ILG;NCIH ;<ION ;==?MMC<F?

264 2020 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2020/accessibility/most-used-aria-attributes.png
https://almanac.httparchive.org/static/images/2020/accessibility/most-used-aria-attributes.png

Part Il Chapter 8 : Accessibility

H;G?M M?24tHC? GNMIAM ;LNC=68,N CM ;H ;==?MMC<F? H;G?

6 2 =H ;FMI OM? 1( NI JLPC>? ;==?MMC<F? H;G?M @IL ?F?G?HNM 3B?L? ;L? NQI 1( ;NNLC<O
NB;N ;==IGJFCMB N =NE= H=>AH =NE= H=>AHHA@>U$CNB?L I@ NB?M? ;NNLC<ON?M QCFF ]QC
NB? ;==?MMC<F? H;G? =IGJON;NCIi#2Hx0>? NB? HMGP-?LEP;==?MMC<F? H;G? MI OM?

NB?G QCNB =;0NCIH ;H> <? MOL? NI N?MN QCNB ; M=L??H L?;>?L IL FIIE ;N NB? ;==?MMC<CFC
=IHaLG NB;N NB? ;==?MMC<F? H;G? CM QR;ENV>?6B?H OMCHA 1( NI H;G? ;H ?F?G?HN

CN CM CGJILN;HN NI 2HMOL?64B;N\éNB? +;<?F CH -:G? =LCN?LCIH B;M HIN <??H PCIF;N?>
QBC=BRJ?=NM PCMC<F? F;<?FM NI <? ;N F?;MN ; J;LN @ CNM ;==?MMC<F? H;G?

3B? =NE= H=>AH ?F?G?HN ;FFIQM P2¥I1J?L NI JLPC>? ; MNLCHA P;FO? ;H> NBCM QCFF <? OM?:
NB? ;==?MMC<F? H;G? @IL NB? ?F?G@HDHE NB;N 1@ >?MENIJ J;A?M ;H> @

GI<CF? BIG? J;A?M B;> ;N F?;MN IH? ?F?G?HN Q' =NE= H=>AH ;NNLC<ON? G;ECHA CN NB?
GIMN JIJOF;L 1( ;NNLC<ON? @IPQECHA ;==?MMC<F? H;G?M

3B? =NE= H=>AHHA@>UNNLC<ON? ;==2JN E@H1.?@?L?H=? ;M CNM P;FO? QBC=B ;MMI=C;N?M C
QCNB ;HINB?L ?F?G?HN CH NB? CHN?LRE=? INMI[;==?MMC<F? H;G? 3B? ?F?G?HN <?=IG?M
|F;<?FF?>82 NBCM INB?L ?F?G?HN QBC=B MOJJFC?M CNM ;==?\gMOHFNB;8? 6 |@

>?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M B;> ;N F?;MN IH? 2F?G?HN Q(=NE= 3?
H=>AHHA@>UNNLC<ON?

A;CH NB? aLMN LOF? 1@ 1( MBIOF> <? L?MJ?=N?> (@ NB? ?F?GTENM;B=NIIB<F? H;G?
QCNBION H??>CHA 1( NBCM CMRLZ®?R;GJF?; >QPPKJ QBC=B CM HINJBO=;F
?F?G?HN MBIOF> A?N CNM ;==?MMC<F? H; GNGLHBCHNNEIR NB;H ;H 1( ;NNLC<ON?

%LG ?F?G?HNM MBIOF> 2NBPCL ;==?MMC<F? H;G?M @LIG JLIJ?LFS ; H=>AH >>
?F?G?HNM QBPRI2 JIMMC<F?

3B? =NE= @AO?NE>A@>tNNLC<ON? =;H <? OM?> CH =;M?M QB?L? ; GIL? LIKOMN >?M=LCJNCI}
H??>?> @IL ;H ?F?G?HN (N ;FMI ;==? E@ILM@?L?H=? ;M CNM P;FO? NI =IHH?=N QCNB >?M=LCJ
NRN NB;RRE€MNM ?FM?QB?L? CH NB? CHN?L@;=? (N >I?M HIN MOJJFS NB? ;==?MMC<F? H;G?
OM?> CH =IHDOH=NCIH QCNB ;H ;==?MMC<F? H;G? ;M ; MOJJF?G?HN HIN?@IBH:2GB:NN 6

1@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M B;> ;N F?;MN IH? ?F?G?HN QCN =NE=
@AO?NE>A@>BINLC<ON?

Fun fact! 6 ? @IOH>  Q?<MCN?M QCNB NB? ;N aria-labeledby QBC=B CM;
GCMMJ?FFCHA =NE= H=>AHHA@>UNNLC<ON? !? MOL? NI LOH NBIM? ;ONIG;N?> =B?=EM NI
JC=E 0J NB?M? ?;MREES<F? 2LLILM

?KKGJI<M<CFG&8: @<CEIFSI:FD 9CF> N?8K @J 8E 8:<JJ@9C< E8D<
?KKGNNNN FI>3 %3 # 1E;<IJK8E;@E> C89<C @E E8D< ?KDC
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Hiding content

3B?L? ;L? MPLF Q;SM NI ?HMOL? NB;N ;MMICMBIGIFIAS QCFF HINPPCMEHN?HN B=;H

FP?LA? "22 @EOLH=U JKJAIL REOE>EHEPU DE@@AI IGCN NB? ?F?G?HNM @LIG NB?
;==?MMC<CFCNS NL?? (@ ;H ;ONBIL QCMB?M NI BC>? =IHN?HN @LIG M=L??H |2=PLM MJ?=Ca=;FF!
OM =NE=DE@@AJ PNQA 6 ? @IOH> NB;N 1@ >?MENIJ J;A?M ;H> 1@ GI<CF?

J;A?M B;> ;N F?;MN IH? CHMN;H=? |@ ;H ?F?G?HN =NE= DE@ @AJNNLC<ON?

3B?M? N?=BHCKO?M ;L? J;LNC=0OF;LFS B?FJ@OF QB?H MIG?NBCHA CH NB? PCMO;F CHN?L@;=? Cl
IL OHB?FJ@OF NI ;MMEMBER-IAS OM?LM (N MBIOF> <? OM?> NBIOABN@OFFS ;M CN CM ?MM?HNC
>?FCGR @?;NOL? J;,LCNS @IL ;FFRG420OMCHA CN NIFMEEIHN?HN NB;N CM =B;FF?HACHA NI G;E
;==?MMC<F?

'C>CHA ;H> MBIQCHA =IHN?HN GMF?BINP J;NN?LH CH GI>?LH CHN?L@;=?M ;H> CN =;H <? B?FJ@OF N
>?=FONN?L NB? 4(RRLIRA? 3B?L?;L? NQI 1( ;NNLC<ON?M NB;N ;L? B?FIJ@OF ;>>CNCIHM NI NBCM
>CM=FIMOL? J;NN?LI =NE= ATL=J@A@;NNLC<ON? MBIOF>;E PNQA B=HOAP;FO? NB;N

NIAAF?M >?J?H>CHA IH QB?NB?L NB? >CM=FIM?> =IHN?HN CM MBIQH IL HIN =NE= \CIH;FFS NB?
?KIPNKHO;NNLC<ON? =;H <? ;MMI=C;N?> ( E@BI;NB? >CM=FIM?> =IHN?HN =L?;NCHA ;

JLIALGG;NC= L?F;NCIHMBCJ <?NQ??H NB? NLCAA?LCHA =IHNLIF QBC=B MBIOF> <? ; <ONNIH ;H>1
=IHN?HN NB;N A?NM SEMJF;

6 ? @IOH> NB;N 1@ >?MENIJ J;A?M ;H> I@ GI<CF? J;A?M B;> ;N F?;MN IH? ?F?G?HN

QCNB N =NE= ATL=J@A@;NNLC<ON? ;H> 1@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M

B;>;N F?;MN IH? ?F?G?HN QCI =NE= ?KIJPNKHO ;NNLC<ON? 3BCM MOAA?MNM NB;N ;LIOH> IH?
a@NB |@ Q?<MCN?M GCABN <? CGJF?G?HNCHA ;N F?;MN J;LNC;FFS ;==?MMC<F? >CM=FIMOL? QC
NB;N NE=NE= ?KIJPNKHO ;NNLC<ON? CM =IHMC>?L?> ;=k042;IB?L NB;H ?MM?HNC;F @IL NB?
>CM=FIMOL? J;NN?LH <?=;0M? M=L??H L?;>?L MOJ3NLICENFHIN S

Screen reader only text

=IGGIH N?=BHCKO? NB;NP2RIJ?LM I@N?H ?GINI MOJJFS ;>>CNCIH;F CH@ILG;NCIH @IL M=L??H
L?;>?L OM?LM CM NI OM? "22 NI PCMO;FFS BC>? ; RNIM@2B@ BIR CN QCFF <? ;HIZIOH=?> <
M=L??H L?;>2£ON HIN PCMO;FFS JL?M?HN CH NB? CH @EOLH=U JKJAZH>

REOE>EHEPU DE@@AINB JLP?HN =IHN?HN @LIG <?CHA JL?M?HN CH NB? ;==?MMC<CFCNS NL?? |
CM; =IGGIH ]B;=E" &fPCHA ; =BOHE I@ "22 =I>? NB;N QCFF ;==IGJFCMB NBCM 3B? GIMN =IGGIH
"22 =F;MM H;G?M @IL NBCM =I>? MHCJJ&N-IRBNCIH ;H> NBLIOABIONLE2#.PCE
<IINMNU ;L? ON KJHU ;H> REOQ=HHU DE@@A8 ? @IOH> NB;N 1@ >?MENIJ J;A?M
H> 1@ GI<CF? J;A?M B;> IH? IL <INB 1@ NB?M? "22 =F;MM H;G?M
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Announcing dynamically rendered content

.H? 1@ NB? <CAA?MN ;==?MMC<CFCNS =B;FF?HA?M CPPEIFGRHNDCM>B,H>FCHA >SH;GC=;FFS
L?H>?L?> =[HN?HN QBCERC3QB?L? CH CHN?L@;=?M 3B? JL?M?H=? 1@ H?Q IL OJ>;N?> NBCH.
NB? #., I@N?H H??>M NI <? =IGGOHC=;N?> NI M=L??H L?;>?LM 2IG? NBIOABN H??>M NI <? JON
CHNI QBC=B OJ>;N?M H??> NI R?S2lH % ?R;GJF? @ILG P;FC>;NCIH ?LLILM H??> NI <?

=IHP?S?> QB?L?;M ; F;TS FI;>?> CG;A? GHIN 3B?L? ;FMI H??>M NI <? >IH? C8 NB;N CM HIN
>CMLOJNEP, N;ME CH JLIAL?MM

.H? NIIF Q? B;P? NI B?FJ QCNB NBCM CM? LeATIPM RCPACIHM ;FFIQ OM NI FCMN?H @IL
=B;HA?M CH NB? #., MO=B NB;N NB? OJ>;N?> =I[HN?HN =;H <? ;HSIOW=22>d L?;>7L

3SJC=;FFS I =NE= HERA ;NNLC<ON? CM JF;=?> |H CNM IQH =IHN;CH?L ?F?G?HN NB;N CM ;FL?;>
JL?M?HN CH NB? #;NB?L NB;H ;H ?F?G?HN NB;N CM >SH;GC=;FFS L?H>?L?> (N CM CGJILN;HN
>?N?LGCH? ; >?>C=;N?> HI>? CH NB? #., NB;N B;M HI =B;H=? |@ <?CHA >SH;GC=;FFS G;HCJOF;
<S INB?L @;=NILM @IL RB?ACP ?HMOLCHA NB;N NB? ;HHIOH=?G?HNM ;L? L?FC;<F? 6B?H
?F?G?HNM QCNBCH NBCM =IHN;CH?L >SH;GC=;FFS L?H>?RIGAE?;NIN;@QM OJ>;N?M IL
HINCa=;NCIH NB;N ; @ILG Q;M HIN MO==?MM@OFFS MO<GCNN?> NB? =B;HA?M QCFF <? ;HHI

6 ? @IOH> NB;N I@ >?MENIJ J;A?M ;H> 1@ GI<CF? J;A?M B? FCRL?ACIHM 3BCM
;NNLC<ON? B;M NBL?? JIN?HNC; LKHEPAY =OOANPERA;H> KBB 3SJC=;FFS I LKHEPA

P;FO? CM OM?> J;LNFS <?=;0M? CN CM NB? >?@;OFN P;FO? <ON ;FMI <?=;0M? NB? ;HHIOH="
>SH;GC==IHN?HN QCFF IHFS B;JJ?H IH=? NB? OM?L; MNTHACQHNHE NB? J;A? (B SMP?M

NBCM CM NB? >?MCLRI&?H2?NB?L NB;H CHN?LLOJNCHA NB?CL CHJON (@ ; MN;NOM OJ>;
=LCNC=;F ?HIOAE =OOANPERAH> CN QCFF >CMLOJN NB? M=L??H L?;>?L\M =OLL?HN MJ??=B K
CN CM M KBBINB? ;HHIOH=?G?HN QCFF HIN B;JJ?H (N CM CGJILN;HN Nff;NM&IBZ?H;NOL

L?;>?L RI?LC?H=? ;H> blQ <? L?MJI?=N?> ;H> NB =OOANPERAHHIOH=?G?HNM <?

L?M?LP> @ILRNL?G? =;M?M ;H> HIN OM?> @IL NBGHAYNEIHA ;HHIOH=?G?HNM

Accessibility of form controls

%LGM ;L? IH? 1@ NB? GIMN CGJILN;HN NBCHAM NI A?N LCABN CH N?LGROK® 7WH@KIE<CFCNS
MO<GCMMCIH 1@ @ILG CHJON G?;HM OM?LM =;H J?L@CHML@IFP2<MCN?M ;H>
;JJFC=;NCIHNL 2R;GJF? C@ ; L?ARNINLDIQ CM CH;==?MMC<F? ; >CM;<F?> OMPLGZABN H?
;<F? NI ;==?MM NB? MCN? ;N ;FF

(N CM CGJILN;HN NI L?G?G<?L NB;N >CACN;F ;==?MMC<CFCNS CM ; =CPCF LEGRBN ;H> NB;N ;F
?KO;F LCABN NI ;==?MM CH@ILG;NCIH ;H> J?L@ILG NB? M;G? @OH=NCIHM IH NB? Q?< (@ ; >(
CM JE?HN?> @LIGZ=ONCHA =IL? Q?< N;MEM IL ;==?MMCHA CH@ILG;NCIH ?MJ?=C;FFS @IL N;l
MO<GCNNCHA @ILGRP@HGAHN M?LPC=?M ;H> INB?L ?MM?HNC;F ;=NCPCNC?M NB?L? CM ; =F
=M? @IL >CM=LCGCH;NCIH CH <INB JLCP;N? ;H> JO<FC= M?=NILM
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Form validation

(N CNILFS CGJILN;HN NB;S @ILG ?LLIL B;H>FCHA <? =IGGOHC=;N?> NI? MVKBHIIRS

3B?L?;L?; P;LC?NS |@ N?=BHCKO?M @IL B;H>FCHA NBCM >?J?H>CHA |H NB? P;FC>;NCIH CGJF?G"
6 ?< (\M 4M;<F? ;H> ==?MMC<E®B% ;FC>;NCIH ;H> $LLIL 1P2ALS ;LNC=F? CM ; AL?;N

L?MIOL=? @IL F?;LHCHA GIL? ;<ION P;LCIOM ;==?MMC<F? @ILGR7AC2MCIH MNL

(@ ; @ILG ?F?G?HN CM L?KOCL?> NBCM ;FMI H??>M NI <? =IGGOHC-NR2BHMFINSICMNCP

H;NCP'3,+ @ILG ?F?G?HNM N NAMQENA@INLC<CHNHA <? OM?> ;H> @IL =OMNIGCT?> ?F?G?HNM

NB’ =NE= NAMQENA@NNLC<ONZSZ? H??>?> (@ NB?L? CM ;H CMMO? QCNB ; @ILG MO<GCMMCIH N
H??>M NI <? =?S?> NI ;MMCMNCRBHIFIAS

Form labels

%LG F;<?FM MBIOF> <? PCMC<F? ;H> J?LMCMN?HN CH NB? (@ NBNCHIOR QIB?
;MECHA @N\M ; All> C>?; NI JON OHCKO? L?KOCL?G?HNM MO=B ;M @ILG;NNCHNALMJ?=C;F =B;L
CH NB? PCMC<F? F;<?F MI NB;N ?LLILNM2HN=2 QB?H?L JIMMC<F?

26.51%

"@>Kl /@K<J ?8M@E> 8CC K?<EB<U8P<BIREI@8K<;

(N CM CGJILN;HN NI ?HMOL? NB;N @ILB8?;S2RAVY;BG;NC= ;MMI=C;NCIH QCNB NB?CL R?MJ?=NCP
CHJONM (N CM HIN MO@a=C?HNHNNBRMN2CRMIM®; PKBIOH> NB;N IHFS 1@ MCN?M

B;P? ;FF I@ NB?CL F;<?FM JLIJ?LFS ;MMI=C;N?> QCNB NBCEIQRMI?-HRERCNB ;

BKN E@L?F;NCIHMBCJ IL CHJIONM H?MN?> CHMC>? F;<?FM

&LIOJM 1@ @ILG =IHNLIFM MO=B ;M ;ACIICHAIQNM IL =B?-f2M MBIOF> <? H?MN?> QCNBCH ;
BEAH@OAP ?F?G?HN ;H> AEP, ALIOJ F;<?F PC; I HACAJ@ ?F?G?HN QCNBCH NB?
BEAH@OAP 3B? CH>CPC>O;F =IHNLIFM MNCFF H??&8;NE3IFRE ;MMI=C;N?> QCNB NB?CL

L?MJI?=NOPCMC<F? F;<?FM ;M Q?FF

Placeholder text

# HIN L?FS IH JF;=?BIF>?LRIPNI ;=N ;M NB? F;<?F @IL ;H CHJON 6BCF? MIG? M=L??H L?;>?LM HIQ
B;P? NB? =;J;<CFCNS |@ >?N?LGCHCHA NB? ;==?MMC<F? H;G? @LRNJEHRIF-QCNB
=IAHCNTCFCM;<CFCNC?M =;H <?HBABIREN?S < L?FC;H=7 IH JF;=?BIF>7RN?=,0M? ;M

?KKGN<98@D FI> K<:?E@HL<BBEE,8KQFE
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MIIH ;M ; OM?L <?ACHM NI NSJ? CH NB? CHJON NB? JF;=?BIF>?L >CM;JJ?;IRW (Evt NB?=IHN?
5IC=? =IHNLIF OM?LM H??> GIL? NB;H ; JF;=?BIF>?L P;FO? CH IL>?L NI L?FC;<FS N;LA?N ;H ?F?
NB? #., >>CNCIH;FFS JF;=?BIF>?IRNA@N?H @;CFM =IFIMNIHRKOCL?G?HNM QBC=B
H?A;NCES CGJ;=NM OM?LM QCNB FIQ PCMCIH

.@ NB? MCN?M NE2NEBL.G =IHNLIFM QCNB JF;=?BIRM’L N?I@ NB?G B; P? ;N F?;MN IH?
CHMN;H=? QB?L? NB?L% H=>AH ?F?G?HN JLIARG;NC=;FFS ;MMI=C;N?> QCNB NB? =IHNLIF @lI|
>?MENIJ ;H> @IL GI<CF?

Conclusion

3BCM =B;JN?L CM aNNCHAFS CH=FO>?> CH NB? 4M?L $RJ?LC?H=? M?=NCIH |@ NBCM FG;H;=
>PI=;N? ICFFS &L?AILS IH=? M;J@B?H 47 >I?MMN =IHMC>?L ++ OM?LM MBIQFR>«P EHIQH

M 2.,$ AM?L $RI?LC?H=? IL 24731 I@N?H ;==?MMC<CFCNS QILE CM M??H ;M ;H ;>>CNCIH ;H ?
=;M? IL P?H =IGJ;L;<F? NI N?=BHC=;F >?<N ;H> HIN =IL? NI NB? MO==?MM 1@ ; Q?<MCN? IL JLI>
;M CN MBIOF> <?

==?MMC<CFCNS CM HIN NB? MIF? L?MJIIPRRIZERCNBI@IF?G?HN 3B? ?HNCL? JLI>O=N N?;G
;H> ILA;HCT;NCIH B2 NI B;P? CN ;M J;LN 1@ NB?CL ;==IOHN;<CFCNC?M CH IL>?L NI MO==??>
==?MMC<CFCNS QILE H??>M NI MBC@N F?@N €H#? NBZHOH@LNNFE?>M NIZ2GHINI NB?
L?M?;L=B C>7?;NCIH ;H>>?MCAH MN;A?M <?@PEPICN CM >?

Potential accessibility responsibilities by role

3BCM FCMN RBHONIRCA> CM CHN?H>?> NI ?IA2QIBIOABN ;<ION BIQ ;FF I@ NB? LIF?M =;H
QILE NIA?NB?L NI ;=BR?==?MMC<F? Q?<MCN?M ;H> ;JJFC=NCRi3 [FCE@
;==IOHN;<CFCNS

Human Resources/People Operations

1?=LOCNCHA ;H> BCLCHA J?IJF? QCNB ;==?MMC<CFCNS MECFFM CH=FO>CHA >CN\
JL=NCNCIH?LM

"L?;NCHA ;H CH=FDMCE ?HPCLIHG?HN QB?L? J?\M>CM;<CFCNC?M ;L?
;==IGGI>N?>

UX /Product designers

?KKGD :FD K?<9@ GCFHRIK8KL J
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"IHMC>?LCHA ;H> N;FECHA NI J?1JF? (HAIB@L>CM;<CFCNC?M CH NB? L?M?;L=B ;H>
C>?;NCIH MN;A?M

HHIN;NCHA QCL&G@N QCNB ;==?MMC<CFCNS CH@ILG;NCIH MO=B ;M CHN?H>?> B?;>CH/
BC?L=BS MECJ FCHEM ;FN?INRNGFOAA?MNCIHM QBC=B =IOF> ;FMI =IG? @LIG
=13 SQLCN?LM =IHN?HN @IFEM ;H> M=L??H L?RRL IHFS N?

Ul designers

"IFIL =IHNLMN =BIC=?M @IHN M?F?=NCIHM MJ;=CHA ;H> FCH?;B@IABN =IHMC>?L

HCG;NCIH =IHMCARCIHM?N?LGCHCHA G@-RB?=?MM; MOJIFSCHA MN;NC= ;MM?NM
@Il LNABANO NA@Q?A@ IKPEKM=?H;LCIM >?MCAHCHA J;O0M? MNIJ G?=B;HCMGM

Product managers
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Screen Wake Lock API
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QBCF? =IIECHA IL Q;N=BCHA ; JL?M?HN;NZH?2BBE? H=E /( 6"6 ILECHA#@N

MIFPM NBCM JLI<F3@KIPC>CHA ; G?=B;HCMGNI EB? M=L??H IH

3B? J=REC=PKN S=GA+K?G NAMQAOP G?NBI>=L?;N?M ; QEFI=E 3BCM G?NBI>2NME
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Idle Detection API
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Periodic Background Sync API

6B?H NB? OM?L =FIM?M ; Q?<;JJFC=;NCIH CN =;HHIN =IGGOHC=;N?BNB’CRE-Z;=E

JHSGIL? (H MIG? =;M?M BPFIJ?LM GCABN MNCFF Q;HN NI MSH=BLIHCT? >;N; IH ; GIL? IL F?MM
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Respond to a periodic sync interval
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Integration with native app stores
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New Transport APIs

%CH;FRB?L? ;L? NQI H?QMUJILN G?NBI>M NB;N ;L? =OLL?HNFS CH ILCACH NLC;F 3B? aLMN IH?
;FFIQM >?FIJ?LM NI L?=2@TAB @L?KO?H=S G?MM;A?MNPCRIAEPEM QBCF? NB? M?=IH> IH?
CHNLI>O=?M ;H ?HNCL?FS H?Q <C>CL?=NCIH;F =IGGOHC=;NCIH JLINI=IF ;J;LN @LIG '33/ ;H>

6 ?<2I=E?NM

?KKGJ?I FD<JK8KLJ :FD D<KI@:J =<#@D<C@E< GFGLC8I@KP

386 2020 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2020/capabilities/content_indexing_api.png
https://almanac.httparchive.org/static/images/2020/capabilities/content_indexing_api.png
https://chromestatus.com/metrics/feature/timeline/popularity/3017

Part Il Chapter 13 : Capabilities

Backpressure for WebSockets
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>:N; M?HMCNEZENO;NCIHM ;H> B;M ;RAURAS8I?> NI <?=IGP;CF;<F? CH <LIQM?LM

+IECHA ;N NB? =LSMN;F <;FF NB? NBCL> CHMN;FR& Bt Hg: NB2MB? tA? 6 ?2CABN
=B;JN?L =IOF>B? ; GO=B>C@@?L?HN FIIECH  3B? <CA N?=BHIFIAC=;F ;H> ?HACH??LCHA
CH?’MNG?HNM CHNI CG;A?M GCABN BE;FHSERFCGCHCMBCHA L?NPLEMIQEIECHA @IL

Conclusion

(N\M 1@ HI MOLILCM? NB;N Q?<B?ARRHBIEFS BEIN ALIQCHA 6B;P? <??H @??>CHA GIL?
L?MIOL=?M >IQH NB? QCL? NI =L?;N? RJ2BCRH=?M GIL? ?HA;ACHA-CHIVPLSE ?

MNOHHCHA PCMO;FM NBLIOAB GIL? JIQ?L@OFEI R ARPIN?> NB?M? ;JJFC=;NCIHM ;N NB?
=IMN 1@ >;NPPLA?M ;H> OM?RP?LC?H=?M ION ;M QPZG®ILQ;L> ;H>TJ JOMBCHA NB? Q?<

NI JF;=?M Q? B;> #?L ;HNC=CJ;N?> Q?;L? ;FMI G;ECHA ;>>CNCIH;F ;>P;H=?M CH ?HACH??LCH/
G?HNCIH?> ?;LFG?R G; S <?ACH NI M?? ; >LIJ CH J;A? Q?CABN ;M ?;IHR$3U KA GI>?LH

LMN?L CG;A? @ILG;NM M?? GIL? ;>IINCIH Q? MN;LN NI ®Z;AT)N GIL? ?@a=C?HNFS
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X "PHLC?FP 2NC=; ) B?HLCB7RICS;

'‘?HLC CM ; @L??F;HE?F3?L QBI B;M NOLH?> BCM CHN?L?MNM NI ; JINJIOLLC |@
J?L@ILG;H=? ?HACH??LCHA QCNB JCH=BRJaCCH?2. 8B?H HIN L?;>CHA NB?

>?FOA? 1@ >;CFS L?M?;L=B >I=M ;H> =;M? MNO>C?M IL CH>CM=LCGCH;N?FS ;O>CNCH/
>?P NIIFM "?HLC =;H <? @IOH> =IHNLC<ONCHA <;=E NI NB? =IGGOHCNS

JLIALGGCHA G??NOJM CH=FO>GHAMMNBB ?</?L@ILG;H=? &LIOJIL

AFOHN??LCHA BCM NCG? @IL FOH=B ;H> F?;LHM ;N P;LCIOM <IIN=;GJM .NB?LQCM? B’
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Introduction

AMCHA "33/ =IGIL?MMCIH G2l ; Q?<MCN? FI:> @;MN?L ;H> NB?L?@IN?20;1<?NN?L OM?L
?RJ?LC?H=? 1OHHCHA HI =IGJL?MMCIH IH '33N@IL ; QILM? OMRIZRC?H=? 6;@@?=N
NB? ALIQNBN? 1@ NB? L?F;N?> Q?< M?LPC=? ;H> ;@ @?=NECMAM-B@ @ BMCRD
=IGIL?MMCIH =;H L?>0#%? Q?CABIGILP?MQ?< J?L@ILG;H=7H> NB?L?@IL? CM :H
CGJILN;HN J;LN M@;L=B ?HACH? IJNCGCT;NCIH

6BCF? FIMMS =IGJL?MMCIH CM I@N?H ;==?JN;<F? @IL CG;&?NMCHSINBPL@IRNTD? Q;HN
NI OM? FIMMF?MM =IGIJL?MMCIHPZT. RB7Rj=N NRN ;@N~?L >?=IGIL?MMCIH

What type of content should we compress?

%L GIMN NRN <;M?>;MM?NM M@B;B ;M"22 ); P;2=LCIN2.- IL25 & ;M Q?FF ;M =?LN;CH
HIH NRN @ILG;NM MO=B ;M\DI@@®OMCHA =IGJL?MMCIH CM L?=IGG?H>?>
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3B? aAOL? MBIQM NB? J?L=?HN |@ L?MJIHM?M 1@ ; =?LN;CH =IHN?HN NSJ? OMCHA ?CNB?L ILINFC
HI NRN =IGIJL?MMCIH (N CM MOLJLCMCHA NB;N QBCF? ;FF NBIM? =IHN?HN NSJ?M QIOF> JLIaN @L
=IGIL?MMCIH NB?A? 1@ J?L=?HN;A?M P;LC?M QR2?R8? >C@@?L?HN =IHN?HN NSJ?M IHFS

OM? =IGJL?MMCIH PATP DPIH ;A;CHMN @Il =LLHE?=PEKJ T F=R=0?NELP

%L CG;A? <;M?> ;MM?NRINNZ;M?> =IGIL?MMCIH CM F?MM OM?@OF ;H> HINSRC3BRS ?GJFI
>;N; MBIQM NB;N NB? J?L=?HN |@ CG;A? L?MIIHM?MSIBOWBGLRLINFC IL &TCLEM®
F?MM NB;H [GIL? CH@I IH HIHRR <;M?>;MM?NM =B?=E IONQB2B;JN?L
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How to use HTTP compression?
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=IGIL?MMCIH

3B?L?;L? NQI QSM 1@ >ICHA NB? =IGIJL?MMCIH IH RBMZ212P

/IL?=IGIL?MM?>=IGIL?MM ;H> 2 ;MM?NM ;B?;> 1@ NCG?

#SH;GC=;FFS "IGIL?MM2GJIL?MM ;MM?NM IH NB? bS ;@N?L ; L?KO?MN CM G;>?

2CH=? JL?=IGJL?MMCIH CM >IH? <?@IL?B;H> Q? =;H MJ?H> GIL? NCG? =IGIJL?MMCIHA NB? ;MN
>SH;GC=;FFS =IGJL?MM?> L?MIOL=?M Q? H??> NI =BIIM? NB? =IGH2FMMCD=ENB;N
=IGIL?MMCIH R F?MM NCG? NB;H NB? NCG? >C@@7?L?H=? <?NQ??H M?H>CHALMOM=I1GJL?
; =IGIL?MM?> aF? 3BCM >C@@7?L?H=? CM <ILH? ION QB?H FIIECHA ;IR?AGJIL?MMCIH F?
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Brotli Gzip
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"OLL?HNFE;=NC=;FFS ;FANNAIGIL?MMCIH CM 8HAXI@ NQI '33/ =IHN?HN ?H=I>CHAM
&TCJ ;H>ILINFC !INB ;L? QC>?FS MOJJILNS><kIQM?LM;H (OM? ILINFE;H (OM? &TCJ

6B?H SIO Q;HN NI OM? &TCJ =IHMC>?L.90MCHARBC=B A?HREM MG;FF?L &TCJ =IGJ;NC<F?

aF?M 3BCM MBIOF> <? >|H? ?MJ?=C;FFS @IL JL?=IGIJL?MM?> L?MIOL=?M MCH=R;8PIM NB? AL?;N?I
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+H SJIJOF;L M?LRM MOJJILN >SH;GC=;FFS ;H> IL JL? =IGJL?MM?> '33/ ;H> & @ NB?G
MOJJILNLINFC

Current state of HTTP compression

JJLI RCG;N?FS 1@ '33/ L?MJIHM?M ;L? >?ACE QCNB HIRNP <;M?> =IGIJL?MMCIH 3BCM

G; S M??G FCEBMOLJLCMCHA MN;NCNMRIDEHGEHE NB;N CN CM <;M?> IH ;FF '33/ L?MJIHM?M CH

NB? >;N;M?N 2IG? =IHN?HN MO=B ;M CG;A?M QCFF HIN <?H?aN @LIG NB?M? =IGJL?MMCIH ;FAILCI
;H>CM NB?L?@IL? HIN I@N?H OM?> ;M MBIQH CH aAOL?
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.@ NB? L?MIOL=?M NB;N ;L2>MACBL?MM?> NB? G;DILCNS ;L? OMCHA ?CNB?L &TCJ IL ILINF(
3B? INB?L =IGIL?MMCIH ;FAILCNBGM ;L? OM?> CH@L?KO?HNFS

"@>K FDGI<JIJ@FE 8C>FI@K?D =H386RJ<J

(HNB? AIB <?FIQ NB? NIJ =IHN?HN NSJ?M ;L? >EMIBCNB RIMCT?M L?JL?M?HNCHA NB?
L?F;NCPOG<?L |@ L?MJIHM?M 3B? =IFIL |@ R¥B3I?M?HNM BIQ i@ NB?M? L?MIOL=?M
Q?L? M?I® =IGIL?MM?> JHA? CH>C=;N?M ; FIQ J?L=?HN;A? |@ =IGIJL?MMCIH QBCF? <FO?
CH>C=;N?M ; BCAB J?L=?HN;A? 1@ =IGJL?MMCIH ,IMN I@ NB? G?>C; =IHN?HNZCUBIB-B?> IL
CMRI?=N?> MCH=? &TCJ ;H> ILINFC QRRIFERNF? NI HI <?H?aN @IL NB?G ,IMNR® NB? N?
=IHN?HN CM MB;>?> <FO? NI CH>C=;N2 ;NBPABA =IGJL?MM?> 'IQ2L NB? FCABN <FO?
MB;>CHA @IL MIG? =IHN?HN NSJ?M CH>C=3N2RBjN KEXIL?MM?> ;M =IHMCMN?HNFS ;M NB?
INB?LM
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%CAOL?  ;<IP? <L?;EM >IQH NB? J?L=?HN;A? |@ =IGJL?MMCIH OM?> J?L =IHN?HN NSJ? CH aAOL?
NBCM J?L=?HN;A? CM CH>C=;N?> 3B2IRIRI aAOL?M N?FF MCGCF;L MNILRINP K, NA2El N?

;MM?NM ;LR2FS =IGIL?MM?> QBCRRINM?> ;MM?NM ;L? I@N?H =IGIL?MMR2NBB@L

=IGIL?MMCIH ;L? ;FMI MCGCF;L @IL <INB GI<CF? ;H> >?MENIJ

First-party vs third-party compression
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How to analyze compression on your sites
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6 ?</ FIMMF?MM ILINFC ;H>)/$& 7+ =IGIJL?MMCIH @ILG;NM ;H> ;FAILCNBGM ;H> N
B;MBCHA ;FAILCNBGM "CNS';MB ;Hz; €ABB ?7@IL? BCM &IIAF? ?GHE?HN

B? >P?FIJ?> MI@NQ;L? @IL H?OLIMOLA?ESCHEIH NB2IS NL?;NG?HN

JF;HHCHA
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Part IV Chapter 20

Caching

2*44'1 $9029 '7*44 #/& #()5 #.#,2*3)I#/
<M@<N<; SR.C@BE>
E8CPQ<; 98>?L .8D8BI@J?ESE
:@K<; 9R8IIP , FCC8I

Introduction

"=BCHA CM ; N?=BHCKO? NB;N ?H;<F?M NB? |IPQRIMKS 3LQHFI;>?> =IHN?HN fNPOH
MIG?NBCHA ; MALBBC=B <OCF>M Q?< J;A?NRS JMO=B ;M ; "#- IL NB? <LIQM?L CNM?F@
MNILCHAHN?HN\ Q?< J;A?M "22 )2 CG;A?M @IHNM ?N= ;H> N;AACHA CN MIIGBLEMN?FS
<? L?20M?>

‘?L? \M ; PLS BCABRPE R;GJF?

&BE< M@J@KJ K?< ?FD< GBINNFEBEC< :FN<9J@K< &8EJ @&NFJ E><C<J 8E; K?<
<BDGC< :FD JM@J CF:8K<; @E FIJKFE ) &8E< NIN@BIDE=< :FIENFCRI 8 E<KNFIB
I<HL<JK N?@:? ?8J8\R&BJJ K?< :FLEKIP

+E K?<&@DGC< :FD J<M8 B 8 +l@>@EJI<KP< ?FD< G8><<@I@<«M?< J<IMI BEFNJ &8E< @J
CF:8K<; @E ( 8E; 8;;J ;PES8D@: :FEK<EK KF K?< G8><S8 C@JK REKTHBI@BR <MK ?< G8><
@J J<EK 98:B-81 K?< :FLEKIP KF &8E< 8E; ;@ F&C8PIFNJI<I
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%= K2<®@J EF :8:?@E> @= 8ICFJ @E ( BRIK@RUGKFB=K<| &8E< 2@1<4IK DLIRMIC
8:1FJJ K?< :FLEKIP KF 8BGC< :FD J<tM0?< J<IM ?8J KF IL@C; K?< J8D< G8>< @E:CL;@E> K?<(
<MEKJ C@JIK %KN@IER3M< G8>< 98:B KF 8ICFJ

3 FlJ< @= &8EA@JI@KIMMSR< :FD ?FD< G8>< ?<| JL9I<HKHEKIKJI N@ CGERLC@IBKSK?<
I<HL<JK DLJIK >HF3J K?< :FLEKIP 8E; KBD&GC< :FD JIMDLIKI9L@C; K?< ?FD< G8>< KF J<E; @K
98:B KF ?<lI

/FN@K?FLK8B:?@E> KTBBGC< :FD JIML@C;J <8HL<JKED J:I8K:? 078KTJ 98; =FI K?<

J<IMI 9<:8LI< @K @I BFB ;;@K@FEBBTHFDDLE@:8K@FE 9<KN<<E <@K?<| &8E< FI 8ICFJ 8E;
K?<&@DGC< :FD JM<HL@I ;8K8 KFHkC 8fJJ K?< :FLEKIEC F= K?@J :8E 8;; LG KF 8 JCFN
<OG<I@<E:< K?8KTJ 98; =FI 9FK? F= K?<D

$FN<MI N@K? KIN:?@E> N?<E &8E<LI8B:| WIIKHL<IK K?< HIBL@C;J K?<BI®BEK F= K?<

?FD< G8>< %K :8:7<J K?< ;8K&8.3EI9P 8CC ( M@JI@KFIJ /F N?<KIBIGBEKTIIKI KF K?<

<BDGC< :FD J«MK?< J<iV:?<:BJ @= @K ?8J KAQBEK F= K?< ?FD< G8>< @E @KJ :8:?< /@E:< K?8K
G8>< @J @E :8:7<BlLBK F= &REBIC@HILLIK K?< 3IMMJI K@D< SRLIE@E> K?< :8:?<; G8><

)FI < @DGFIKSEX@R FNJI<I| :8:?@E> N?<E S&BERNJI<| k:<@MK?< G8>RBIK?< J<#W=FI K?<
WIJKKHL<JK @K :8:?<J K?< G8>< CC F=RHEI=IKUI=FI KBDGC< :FD ?FD< G8>< N@CC 9<
J<IM; =IFD ?<I 9FNJ<ITJ :8:?< N@K?FLK 8 E<KNEBK 0?&8DGC< :FD JtMBCJIF 9<E<WKJ 9P
EFK ?8M@E>KEIZIFI ;<8C N@K?BBIEH <JK

&B8E< @J ?8&BEFJ @J ?8GXR <BDGC< :FD =FCBIBGGRKIFFE< @J ?8GGP

(N MBIOF> <? =F?;L NB?H NB;N <LIQM?L =FBTCHMIMCAHCa=;HN J?L@ILG;H=? 8?H?aN <
; IC>CHA =IMNFS H?NQILE L?KO?MNMBNBPOLB;FEM ?>A? =;M?MN ;FMI B?FIM ;H
;JJFC=;NCIH M=;B212>0=CHA NB@&NI ; Q?<MONR.CACH ;@ME@D=NOL? 2PL:B=BCHA ;FMI
MCAHCa=;HNFS L?>0=?M NB? Fl;> IH NB? OH>?LFSCHA ;JJFC=;NCIH

";=BCHA <?H?aNM <INB NB? ?H> OMSAPNEB?CL Q?< J;A?M KOC=EFS ;H> NB? =IGJ;HC?M
M?LPCHA NB? Q?< J;A?M L?>0=CHA NB? FI;> IHNBPCLABEHA L?;FFS CM ; QCH QCH

6 ?<;L=BCN?=NOL?M NSIGHFESORANCJIF? NC?LM 1@ =;=BCHA 3B?L?;L? @IOL G;CH JF;=?M IL
:8:?@E> <EK@B@<J=;=BCHA =;H |==0L

H ?H> OM?L\M Q?< <LIQM?L

M?LPC=? QIRE =;=B? LOHHCHA CH NB? ?H> OM?L\M Q?< <LIQM~?L

"IHN?HN #?FCR.S -?NQILE"#- IL MCGCF;L JLRSQBC=B MCNM <?NQ??H NB? ?H>
OM?L\M Q7?< <LIQM?L ;H> NB? ILCATH M?LP
3B? ILCACH M2LEeNM?F@

?KKGI@DFE?<8IE<:FD  E<KNFIB =8JK<| K?8E :8:?<
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(H NBCM =B;JQZLQCFF JLCG;LCFS <? >CM=0OMMCHA =;=BCHA QCNBCH Q?< <LIQM?LM M1
=,=BCHA ;N NB? ILCACRLNI?OM ; "#- -? P?LNB?F?MM S&ji® NB? MJ?=Ca= =;=BCHA NIJC=M
>CM=0OMM?> CH NBCM =B;JN?L L?FS IH NB? L?F;NCIHMBCJ <?NQ??H NB? LIQMAL ;H> NB? M?
C@ IH? CM OM?>

3B? S NI OH>?LMN;H>CHA BIQ =;=BCHA ;H> NB? Q?<FCRIAENPCM NI L?G?G<?L NB;N CN ;FF
=IHMCMNM;KMNINCIHM <?NQ??H ; L?ZKO?MNCHAARHNCNBA?L ;H>; L?MJIH>CHA ?HNCNS
?A ; M?LR. $;=B NHM;=NCIH =IHMCMNM |I@ NQI J;LNM

3B? L?KO?MN @LIG NB? L?KO?MNCHANRSECRIAEK 4
3B? L?MJIHM? @LIG NB? L?MJIH>CHA SKIN@BFPA<LK 4

6B?H Q? N;FE ;<ION =;=BCHA CN L?@7?LM NINB? I<D?=N '3,+ J;A? CG;A? ?N&NB2B?> <
L?KO?MNCHA ?HNCNS

1?FIQ aAOL? MBIQM BIQ ; NSJC=;F L?KO?MN L?MJIHM? bIQ QILEM @IL2;A |<Q?<N;A?

"#- MCNM <?NQ??H NB? <LIQM?L ;H> NBR NIRRRIB;N ;N ?;=B JICHN CH NB? <LIQN42L

M?LPL bIQ ?;=B @ NB? =,=BCHA ?HNCNC?M aLMN =B?=EM QB?NB?L CN B;M NB? I<D?=N CH C
L?NOLHM NB? =;=B?> I<D?=N NI NB? L?KO?MN?L C@ @IOH> <?@IL? @ILQ;L>CHARNB? L?KO?\
=,=BCHA ?HNCNS CH NB? =B;CH
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"@>K .<HL<JK4JGFEJ< XFN =FI 8E FOA<:K

*FK< 1EC<JJ JG<:@W<; FK?<IN@J< 8CC JK8K@JIK@:F@BbRI@T?EFEKQABLE;<IIK8E; @E> K?8K
;<JBKFG JK8K@ IKEDDERRE?S! < DF9@C< 8E; ;<JBKFG JK8K@JIK@:J ; @="KPIREHIEGBUBGEKLR

)8E P F= K?<JIGFEJ<J LJ<; @E K?@J : 286K IN8t9 J<I¥J N?@:? LI< :FDDFECB@NI8IC<<I<IM
G8:B><J 3?@C< N< D8P @E;@:8K3:I0@KIGK?8:&@:<J D8P EFK 9< GFJI@9C< @= K?< JF=KN8|
G8:B>< LJ<; 78] 8 C@D@K<; ELD9<I F=:8:?< FGK@FEJ

Caching guiding principles

3B?L? ;L? NBL?? AOC>CHA JLCH=CJF?M NI =,=BCHA Q?< =IHN?HN

"=B? ;M GO=B ;MI® =;H
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"=B? @IL ;M FIHA ;NC5=;H

",=B? ;M =FIM? ;MIS =;H NI ?H> OM?LM

Cache as much as you can

6B?H =IHMC>?LCHA QB;N NI =;=B? CN CM CGJILN;HN NI OH>?LMN;H> QB?NB?L NB? L?MJIHM?
JK8K@:;PESD@:

Static content

H ?R;GJF? 1@ MN;NC= =IHN?HN CM ;HLICGH#MNH=? ; JIC=NOL? I@ ; =;N CH ; =;N DJA aF? CM OM
NB? M;G? L?A;L>F?MM I@QBKO?MNCHA CN IL QB?L? NB? L?KO?MNR® GNDEMN?>
;EN?LH;NE@ILG;NM IL MCTBAG;>?FCIP?> <ON OMO;FFS @LIG ; >C@@7?L?HN aF?H;G?

"@>K 5<J N< ?8#8 G@:KIH= 8 :8K

2N;NC= =IHN?HN CM NSJC=;FFS =;=B?;<F? ;H> I@N?H @IL FIHA J?LCI>M |@ NCGS (N B;M ; IH? |
L?F;NCIHMBCJ <?NQ??H NB? =IHR 7% NB? L?KO?MNM SG;H
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Dynamic content

H ?R;GJF? 1@ >SH;GC= =IHN?HN CM ; FEMWI@BT=B ;L? MJ?=Ca= NI ;JBXALFI=;NCIH
3B? FCMN QCFF <? >C@@?L?HN <;M?> IH NB? L?KO?MN?L\M FI=;NCIH

#SH;GC=;FFS A?H¥R> =IHN?HN =;H <? GIL? HO;H=?> ;H> L?KOCL?M =;L?@QNEGIHNAGE?L
>SH;GC==IHN?HN =;H <? =;=B?> <ON I@N?H @IL ; MBILN?L J?LCI> IRQMIEG PEGBBPCMN |@
0J=IGCHAPPHNM QCFF =B;HA? JIMMC<FS @IL¥{S #C@@7?L?HN P;LC;HNM |@ ISBEFMCMN G;

H??> NI <? =;=B?> ;H> QB;N\M =;=B?> CH ; OM?L\M <LIQM?L. BO<M?N 1@ QB;N\M =;=B?> |H

NB? M?RPIL "#- -? P?LNB?F?MM CN CM JIMMC<F? NI =;=B? MIG? >SH;GC==IHN?HNM (N CM CH=IL
NI ;MMOG? NB#$H;GC=" CM ;HINB?L QIL> @IL ]OH=;=B?;<F?

Cache for as long as you can

3B? F?HANB |@ NGBRI®F> =;=B? ; L?MIOL=? CM BCABFS >?J?H>?HN |H NBREUSKEDE@KP

NB;N CM NBE’FEBH> ;H> IL @L?KO?H=S 1@ =B;HAZR%GJF? ;H CG;A? IL ; PLMCIH?>

); P;2=LCJN aF? =IOF> JIN?HNC;FFS <? =;=B?e@HIHANCG? H /(L?MJIIHM? IL ; HIH
P?LMCIH?>p;2=LCJIN aF? &H?7?> ; MBILN?L =;=B? »@IH NI ?HMOL? OM?LM A?N NB? GIMN OJ NI
>:N? L?MJIHM? 21G? =IHN?HN GCABN IHFS <? =;=B?> @IL ; GCHON? IL F?MM H> |I@ =IOLM? MIG?
=IHN?HN MBIOF> HIN <? =,=B?> ;N ;FF 3BCM CM >CM=0MM?> CRHNC®SQIF-CEBCHA
1IJJILNOHCNGZHIQ

HINB?L JICHN NI <?;L CH GCH> CM NB;N HI G;NN?L B)XREZLE)M?L NI =;=B? =IHN?HN @IL
NB? <LIQM?L G;PC=N NB;N =IHN?HN @LIG =;=B? <?@IL? NB;N JICHN SEHINOG? GNES;

LIG @IL INB?L =IHN?HN NB;N CM ;==?MM?> GIL? @L?KRBIRESI@ILPPL ; <LIQM?L QCFF
HIN OM? =;=B? =IHN?HN @IL FIHA?L NB;H CN CM NIF>

Cache as close to end users as you can

", =BCHA =IHN?HN =FIM? NI NB? ?H> OM?L L?>0=?M >|QHFS; b NEIBZNI<F; N ?HAS

?R;GJF? C@ ; L?MIOL=? CM =;=B?> CH ; OM?L\NBHMB?LL?KO?ANIAP?M ION NI NB?

H?NQILE ;H> CNENIF;<F? FI=;FIP3L5 NCG? NB? OM?L H?2:NPCMCHILM NB)\N 3PP

?HNLC?M CH NB?CL <LIQM?L\M =;=B? ; "#- QIOF>RRNB2ZP?=;=B?> L?MIOL=? CM L?NOLH?>

@LIG (H GIMN =M?M CN QCFF <? @;MN?L NI @?N=B ; L?MIOL=? @LIG ; FI=;F =;=B? IL ; "#- =IGJ;L?>
NI ;H ILCACH M2LP

Some terminology

8:?@E> <EK@BPB;L>Q;L? IL MI@NQ;L? NB;N CM >ICHA NB? =,=BCHA #0O? NI NB? @I=OM |@ NBCM
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=B;IJN?LQ? OM? |<LIQM?L" ;M ; MSBHRIL=}=BCHA ?HNCNS" OHF?MM INB?LQCM? MJ?=Ca?>

0@D<P(@M00( 3B? 33+ 1@ ; =,=B?>I1<D?=N >?aH?M BIQ FIHA CN =;H <? MNIL?> CH ; =;=B?
NSJC=;FFS G?;MOL?> CH M?=IH>M @N?L ; =;=B?> I<D?=N L?;EBPONCEMEBBWMN \=B

NB? =;=B? #?J?H>CHA IH BIQ CN Q;M ;>>?> NI NB? =;=B? M?? NB? >?N;CFM |@ NB? =;=BCHA B’
<?FIQ CN G&;<? PC=N?> @LIG =;=B? CGG?>QINCRSE L?G;CH CH NB? =;=B? <ONS;ME
\MN;F<D?=N L?KOCLEHRA2NCIH <?@IL? L?0M?

IM@:K@8H2 ;ONIG;N?> JLI=?MN QBC=B ;H I<D?=N CM ;=NO;FF&L@GIG ; =;=B? QB?H
;@N?L CN L?;=B?M CNM 33+ IL JIMMC<FS QB?H NB? =,=B? CM @OFF

<MBC@;8K@FEB?> I<D?=N NB;N CM &:L& MN;F? 6H??> NI <? \P?FC>;N?>\ QCNB NB?
M?LPL <?@IL? CN =;H <? >EMI¥; NB? OM3B? <LIQM?L GOMN aLMN =B?=E QCNBINBB;M?LP
NB? I<D?=N NB? <LIQM?L B;M CH CNM =;=B? CM MNCFF OJ NI >;N? ;H> P;FC>

Overview of browser caching

6B?H ; <LIQM?L G;E?M ; L?KO?MN @IL ; JC?=? |@ =MA?2H)P< J;A? CN QCFF L?5?CP
L?MJIHM? QBC=B CH=FO>?M HIN DOMN NB? =IHN?HN CNM?F@ <QBP; A GHEEI?’L |@
$00, | <IGFEJ< ?<8;<@BC=B >?M=LC<? NB? =IHN?HN CH=FO>CHA CH@ILG;NCIH ;<ION CNM =;=

3B? =;=BCHA L?F;N?> B?;>?LM IL NB? ;<M?H=? 1@ NB?G N?FF NB? <LIQM?L NBL?? CGJILN;HN
CH@ILG;NCIH

Cacheability (M NBCM =IHN?HN =;=B?;<F?

Freshness (@ CN CM =;=B?;<F? BIQ FIHA =;H CN <? =;=B?> @IL

Validation (@ CN CM =;=B?;<F? BIQ >I (MO<M?KO?HNFS ?8MGB?NBINVGIH
CM MNCFF @L?MB

3B? NQI '33/ L?MJIHM? B?;>?LM NSJC=;FFS OM?> @IL MJ?=C@SCH/ "=?DA "KIJPNKH _?
:H> $TLENAO

$TLENAO MJ?=Ca?M ;RIFC=BNCNCIH >;N? ;H> NCG? C? QB>NFS NB?
=IHN?HNRICL?M

"=?DA "KIPNKH MJ?=Ca?M ; ==B? ;0LIH C ? BIQ FIHA NB? =IHN?HN =;H <?
=,=B?> CH NB? <LIQM?L LZANGB?H CN Q;M L?KO?MN?>

.@N?H <INB NB?M? B?;>?LM ;L? MJ?=Ca?> CH "=?DA "KIJPNKH N;E’M JL?=?>7?H="
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3B? @OFF MJ?=Ca=;NCIHM @IL NB?M? =;=BCHA B#&>?LM ;L2 i&H>CM=0OMM?> CH M?=NCIHM
% L?MBH?MNMH> 5 ;FC>;NCIH <ON Q? QCFF >CM=0MM NB?G CH GIL? >?N;CF <?FIQ

Cache-Control  vs Expires

(HNB? ?;LFS'33/ >; SMI@ NB? Q?< $TLENAOB?;>?L Q;M NB? IHFS =;=B? L?F;N?>
L?MJIHM? B?;>?IM MN;N?> ;€? CN CM OM?> NI CH>CRNANNBR?NCG? ;@N?L QBC=B NB?
L?MJIHM? CM =IHMC>?L?> MN;F? (NM P;FO? CM ; >;N? ;H>NCG? MO=B ;M

$TLENAO 3DQ #A? &,3

3B? $TLENAO B?;>?L =;H <? NBIOABN |@ ;M ; <FOHN CHMNLOG?HR (@B 135N
L?KOCL?> NB?H JLI=?MMCHA GOMN <? >|H? L NBARFPIP? ;H ;JILIILC;N? P;FO? <;M?>
OJIH NB? =OLL?HN >;N? NCG?

'33/ CHNLI>O=?> NE "=?DA "KIPNKH B?;>?L QBC=B CM MOJJIL8I?B<=IGGIHFS OM?>
<LIQM?LM @IL ; FIHA NCG’ "=?DA "KIJPNKH B?;>?L JLIPC>?M GO=B GIIRN?HMC<CFCNS ;H>
b?RC<CFCNS $TLENAO PC;8:?@E> ;@K@VMP?LF |@ QBC=B =;H <? MJ?=Ca?> NIA?NB?L
#?N;CFM IH NB? P;LCIOM >CM?ERGPFIQ

&$3 OP=PE? FO I=EJ FO '33/
'KOP SSS AT=ILHA KNC

27ALP
33/

#=PA 3DQ )QH &3
$TLENAO 3DQ )QH &3

"=?DA "KIJPNKH LQ>HE? I=T =CA

3B? MCGJIFR;BJIF? ;<IP? MBIQM ; L?KO?MN ;H> L?MJIHM? @;j2s)CJIN aF? NBIOAB MIG?
B?;>?LM BP? <??H L?GP?> @IL =F;L3BS #=PA B?;>?L CH>C=;N?M NB? =OLL?HN >;N?
MJ?=Ca=;FRB? >;N? NB;N NB? =IHN?HN QM MBB? $TLENAO B?;>?L CH>C=;N?M NB;N CN =;H
<?==B?>@IL GCHON?M NB? >C@@?L?H=? < $TLENAOIB®> #=PA B?;>?LM 3B?

"=?DA "KIJPNKH B?;>?L MJ?=Ca?M I=T =CA >CL?=NC®BC=B CH>C=;N?M NB;N NB? L?MIOL=?
=H<?==B?>@IL M?=IH>M GCHON?M :"=?DA"KJPNKH N;E?M JL?=?>?H=PPL

?KKGKFFCJ @#K2KDC |=:  J<:K@FE
?KKGKFFCJ @kK2KDC I=: J<:K@FE
?KKGKFFCJ @K2KDC I=:  J<K@FE
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$TLENAO NB? <LIQM?L QCFF =,=B? NB? L?MJIHM? @IL GCHON?M ;@N?L QBC=BNCN QCFF <*
MN;F?

1%" M; SMNB;N C@ HI ==BCHA B?;>?LM ;L? JL?M?HN CH ; L?MJIHM? NB?H NB? <LIQM?L (
NI?<LI@IJK@BEBPNB? L?MJIIHM?[CN MOAA?MNM ; sNBMA@L 1@ NB? NCG? MCH=? NB?
+=0OP K@EBEA@B?;>?L C@ J;MM?> (H MO=B =;M?M GIMN <LIQM?LM CGJIF?G?HN ; P;LC;NCIF
MOAA?MNCIH <ON MI&2;6B? NB? L?MJIHM? CH>?aHCN?FS ;H>3MB® £5-B? CN ;N ;FF

1?=,0M? 1@ NBCM P;LC;NCIH <?NQ??H <LIQM?LM CN CMRIECHGCNHAS M?N MJ?=Ca= =;=BCHA
LOF?M NI ?HMOL? NB;N?3CH =IHNLIF |@ NB? =;=B?;<CHONSIEN3SHN

"@>K 1J8>< F Cache-Control 8E; Expires ?7<8;<IJ

M Q? =H M?? 1@ GI<CF? L?MJIHM?M ;L? M2KFCNE "=?DA "KIPNKH B?;>?L ;H>

1@ L?MJIHM?M ;L? M?2B QCNB ; $TLENAO B?;>?L ;H> H?;LFS ;FF |@ NBIM? QCFF HIN
<? OM?> ;M NB? L?MJIHM?M CH=FO>? <INB B?;>?LM 1@ L?MJIHM?M >C> HIN CH=FO>? ?CNl
B?;>?L ;H>;L? NB?L?@IL? MO<D?=N NI B?OLCMNC= =;=BCHA

3B?M? MN;NCMNC=M ;L? CHN?L?MNCHA QB?H =IGJLRMQOTNB F;MN S
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"@>K 1J8>< F Cache-Control 8E; Expires 7?7<8;<IJ @E

6BCF? Q? M?? ; MFCABN CH=L?;M? CH NB "=?DA "KJPNKH B?;>?L Q7?7 ;FMIM??;
GCHCG;F >?=L?;M? CH NB? OM? |@ $TLENAOB?;>?L .H#?MENIJ Q? ;=NO;FFS M??;
G;LACH;F CH=L?;V "=?DA "KIJPNKH QCNB ; MG;FF?L CH=L?;M’ $TLENAO
$@@7?RSBIL? >?MENIJ MCN?M FIIE NI <? ;:"=?DA "KJPNKH B?;>?L QCNBION NB?
$TLENAO B?;>?L

M Q? >?FPCHNI NB? P;LCIOM >CM=Na®?> CH | "=?DA "KJPNKH B?;>?L Q? QCFF M??
BIQ CNM BZ<CFCNS ;H> JIQ?R G ; <?NN?L aN CH §M?M

Cache-Control directives

6B?H SIO OM? NI "=?DA "KIJPNKH B?;>?L SO MJ?=C@S IH? IL Gj@:K@JIL?>?aH?>
P;FO?M NB;N CH>C=;N? MJ?=Ca= =;=BCHA @OHRNECH?,FCNBNTP M?J;N?> <S =IGG;M
;H>=;H <? MJ?=Ca?> CH |tb?L ;FNBIOAB MIG? |@ NBFGWBICNB IH? ;HINBAA LQ>HE?
;H> LNER=PA 2IG? >CL?=NBPN;E; P;FO? MO=B I=T =CA

1?FIQ CM ; N;<F? MBIQCHA NB? GIMN = "=?DA "KJPNKH >CL?=NGP
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Directiv e Description

(H>C=;N?M NB? HOG<?L |@ M?=IH>M NB;N ; L?MIOL="? =;H <12EBZP@IL

I=T =CA
NI NB? =OLL?HN NAOG?R¥GJIF?=T =CA
HS ==B? GS MNIL? NB? L?MJIHM? CH=FO>CHA NBRxLH3MRIRC?M
LQ>HE? <?NQ??H NB? MALH> NB? <LIQMNO=B ;M ; "#- 3BCM CM ;MMCE5?> <
>?@;0FN
=,=B?> ?HNLS GOMN <?;E€>;N?> JLCIL NI CNM OM? PC; ; =IH>CNCIH;F L?KO?MN
JK ?=?DA

?P?H C@ CN CM H®x (BALIEN;F?

MN;F? =,=B?> ?HNLS GOMNPRA2N?> JLCIL NI CNM OM? PC; ; =IH>CNCIH;F

IQOP NAR=HE@=PA L2KO?MN

JK OPKNA (H>C=;N?M NB;N NB? L?MJIHM? GOMN HIN <? =;=B?>

3B? L?MJIHM? CM CHN?H>?> @IL ; MJ?=Ca= OM?L ;H> MBIOF> 8lIN <? MNIL?> <

LNER=PA
MB;L?> =;=B?M MO=B ;NRQ2M ;H> "#-M
LNKTU NAR=HE@=PA 2;G? ;MIQOP NAR=HE@=PAON ;JJFC?M NI MB;L?> =;=B?M
O I=T=CA 2,67 ;MI=T =CA <ON ;JJFC?M NI MB;L?> =;<BAM#-\M IHFS
H>C=;N?M NB;N NB? =;=B?> ?HNLE? @ >OLCHA CN BN
ENQP=>HA (H>C=; g :=B?> B2QEBFHA? >OLCHA CNNHINB;

LP;FC>,NCIH CM HIN H?=?MM;LS

H>C=;N?M NB;N NB? =FC?HN CM QCFFCHA NI ;==?JN ; MN;F? L?MJIHM? QBCF?
OP=HA SDEHA NAR:HE@:PA( @ Q
;MSH=BLIHIOMFS =B?=ECHA CH NB? <;=EALIOH> @IL ; @L?MB IH?

(H>C=;N?M NB;N NB? =FC?HN CM QCFFCHA NI ;==2JN ; MN;F? L?MJIHM? C@ NB?:
@L?MB IH? @;,CFM

OP=HA EB ANNKN

%CAOL?  "=?DA"KIPNKH >CL?=NGP

3B? I=T=CA >CL?=NGEM NB? GIMN =IGGIHFS @IOH> MCH=? CN >CL?=NFS >CHHMPNB? 33+
M;G? Q;S NB;N N $TLENAO B?;>?L >I?M

?L? CM ;HR;GJIF? 1@ ; P;FC> ";=B? "IHNLIF B?;>?L QCNB GOFNCJF?MCL?=NCP

"=?DA "KIPNKH LQ>HE? I=T =CA IQOP NAR=HE@=PA

3BCM CH>C=:N?M NB;N NB? I<D?=N =;H <? ==B?> @IL  M?EHHM CN;=;H <? MNILS> <
:FF =;=B?M <?NQ??H NB?MMPNB? <LIQM?2M Q?FF ;M CH NB? <LIQM?LICNAF@M

L?;=B?> CNM 33+ ;H> CM%;IM MN;F? CN =;H L?G;CH CH =;=B? <ON GOMN <? =IH>CNCIH;FFS
LP:FC>:N?> <?@IL? L?0M?
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"@>K @JIKI@9LKE Cache-Control @K@

3B? ;<I P? aAOL? CFFOIVIMINB? "=?DA "KJPNKH >CL?=NGPCH OM? IH GI<CF? ;H>>?MENIJ
Q?<MCN?M 3B?L?;L?; @?Q CHN?L?MNCHA I<M?LP;NCIHM ;<ION NB? JIJOF;LCNS I@ NB?M? =;=B?
>CL?=NGP

I=T=CA CMOM%<ION |@ GI<CF? "=?DA"KJPNKH B?;>?LM ;H:JK
OPKNACM OM%<ION  M?? <?FIQ @IL MIG? >CM=OMMCIH IH NB? G?;HCHA ;H>
OM? 1@ N JK OPKNA >CL?=NCP

$RIFC=CNFS MJ?: LQ>HE?IBMN P?L L?;FFS H?=?MM;LS MCH=? =;=B?> ?HNLC?M ;L?
;MMOG? LQ>HE? OHF?! LNER=PACM MJ?=Ca?>P2RNB?F?MM ;FGIMN IH? NBCL> 1@
L?MJIHM?M CH= LQ>HE?[; Q;MN? 1@ ; @?Q B?;>?ISX?M IHP2LS L?MJIHM?

3B? EIIQP=>HA >CL?=NCGIM L?FMNCEH?Q@CHNLI>0=?>CH ;H>CM IHFS

MOJJILN?> IH %CIR @b 2;@;LC[CNM OM;A? CM MNCFF IHFS ;N ;<ION <ON CN CM
QC>?FS M??H CH L?MJIHM?M @LIG %;=?<IIE &IIAF? 6CR 2BIJIC@S ;H>INB?LM (N B;M NE
JIN?HNC;F NI AL?;NFS ®@&3t+B?;<CFCNS @IL =?LN;CH NSJ?M 1@ L?KO?MNM

M Q? B?;> ION NI NB? FIHA N;CF NB?L? ;L? ; MG;FF J?L=?RINE82 KZICA2ZNC¥B;N =;H <?
@IOH> NB?M? ;L? CAHIEZLIQM?LM ;H> DOMN ?H> OJ Q;MNCHAB?MALK>FS NB@;FF
CHNI NQI =;N?AILC?M

,CMMJ?FF?> >CL?8MN@O=B JK?=?DA ;H> O I=T=CA ;H> CR;FC>>CL?2NCP
MSHN;R MO=B ;M ( ICHMN?;> L OMC}; CHMN?;> )
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-IH? RCMN?HN >CRREMORB I=T OP=HA LNKTU LQ>HE? OQNNKC=PA
?KIPNKH

3B? GIMN CHN?L?MNCHA MN;H>ION CH RBZ>CNINFRITM NB? O JK ?=?DA OAP

?KKGEA [? P?H ;N IHFS 1@ ;F "=?DA"KJPNKH B?;>?L P;FO?M CN MN@WGEIL? NB;H

;FF NB? INB?PEIE> >CL?2NGRG<CH?> (H MIG? ?;LFS >CM=0OMMCI "=?DA "KIJPNKH

B?;>?L NBCM MSHN;R;QMPE: ;M ; IMMC<F3 Rt ?HMOL? NB;N 2AP "KKGEA L?MJIHM?

B?;>?LM QBC=B GCABN <? OM?L MJ?=Ca= QIOF> HIN <? =;=B?> QCNB NE?;H®?=N CNM?F@ <
CHN?LG?>C;N?RCPM MO=B ;M "#-M 'I@?L NBCM MSHN;R Q;M HIN CH=FO>?> CH NB? aH;F 1%"
-?;LFS ?KOCP;F?HN @OH=NCIH;FCNS =;H <? CGJF?G?F LNER=PAHELNBXC> NB' JK

?=?DA >CL?=NC#?M HIN ;FFIQ ; P;FO?

Cache-Control > no-store , no-cache and max-
age=0
6B?H ; L?MJIHM? ;<MIFON?FS GOMN HIN <? =;=[ "=?DA "KJPNKH JK OPKNA >CL?=NCP

MBIOF> <? OM?> C@ NBCNM CNILI?HN@P?=Ca?> NB?H NB? LAJJIFHM@&;<8:?<89C< 8E;

D8P 9<:8:?<; -IN? NB;N ( JK OPKNA CM MJ?=Ca?> CN NLR=?>?H=PPL INB?L >CL?=NCP

3BCM GBI M?HM? MCH=? M?LCIOM JLCP;=S ;H> M?=0OLCNS CMMO?M =I0OF> |==0OL C@ ; L?MIC(
QBC=B MBIOF> HIN <?

6 ? =HM?? ; @2Q =IGGIH ?LLILM NB;N ;L? G;>? QB?H ;NN?GINCHA NI =IHaAOL? ; L?MJIHM? NI
HIH =;=B?;<F?

2J?=C@S' "=?DA "KIJPNKH JK ?=?DA  G; S MIOH> RCECL?=Na® HIN =;=B?

NB? L?MIOL="? 'IQR?L ;M HIN?> ;<P? NB'JK ?=?DA >CL?=NCH?M ;FFIQ NB?
L?MIOL=? NI <? =;=B?>[CN MCGJFS CH@ILGM NB? <R3N NB? L?MIOL="?

JLCIL NI OM? ;H>CM HIN NB? M;G? ;M MNIJJCHA NB? L?MIOL=? @LIG <?CHA =;=B?>

2?NNC "=?DA "KIPNKH |=T =CA M?NM NB? 33+ NI M?=IH>M <ON ;A;CH NB;N CI
HIN NB? M;G? ;M <?CHA HIH =;=B?;<F? €¢I=T =CA CM MJ?=Ca?> NB? L?MIOL=?
CM =;=B?> <ON CMP&;MEMN;F? L?MOFNCHA CH NB? ROQMRILBGG?>C;N?FS
LP;FC>;N? CNM @L?MBH?MM

Y%OH=NCIH;F JK ?=?DA ;H> I=T =CA ;L? MCGCHICH=? SBINB L?KOCLP{FTC>NCIH |@ ;
=,=B?> L?MIOL=? 3|JK ?=?DA >CL?=NGFEH ;FMI <? OM?> ;FIHAM(I=T =CA >CL?=NCP

NB;N CM AL?;N?L NB;H [NBCM L?MOFNM CH NB? I<D?=N <?CHA =;=B?> @IL NB? MJ?=Ca?> 33+
LP;FC>;N?> JLCIL NRPRS OM?
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6B?H FIIECHA :N NB? ;RP NBL?? >CM=0OMM?> B ?=N@PL?MJIIHM?M CH=FO>? NB?

=IG<CH;NCIH |@ ;FF NJK OPKNA JK?=?DA H> I=T=CA  >CL?=NGP 1@

L?MJIHM?M CH=FO>% JK OPKNA ;H> JK ?=?DA ;H>; H?AFCAC<F? HOG<?L |@ L?MJIHM?M
CH=FO>? JK OPKNA ;FIH?

M HIN?> ;<IP? QB?L"% JK OPKNA CM MJ?=Ca?> QCNB ?CNB?|JK ?=?DA ;H> I=T

=CA NB? HI MNIL? >CL7ZENEM JL?=7>?H=? ;H> NB? INB?L >CHISsNTCEAHIL?>

3B?L?@IL? Q@@>$H\N Q;HN =IHN?HN NI <? =;=BBQB?L? MCGJFS MJ?=("=?DA A

"KIJPNKH JK OPKNA CM MO@a=C?HN ;H> CM <INB MCGJF?L ;H> OM?M NB? GCHCGOG HOG<?L |@
<SN?M

3B? I=T =CA >CL?=NGEM JL?M?HN IH F?MM NB;H 1@ L?MJIHV JK OPKNA CM HIN
MJ?=Ca?> (H MO=B =;M?M NB? L?MIOL=? QCFF <? =;=B?> CH NB? <LIQM?L RGRNEMHL?KOCL? L?
;M CN CM CGG?>C;N?PS BJLMN;F?

Conditional requests and revalidation

3B?7L?;L? I@N?H =;M?M QB?L? ; <LIQM?L BEIOMFS L?KO?MN?> ;H I<D?=N ;H> ;FL?;>S B;M CN CH
CNM =;=B? <ON NB? =;=B? ?HNLS B;MER?>%TNM 33+ ;H> CM NB?L?@R=?;[; ME\;AR
QB?L? NB? I<D?=N CM >?aH?> ;M IH? NB;N GBAE>RP22 JLCIL NI OM?

(H NB?M? =;M?M NB? <LIQM?L =2H GHE-CNCIH;F L?KO?MN NI NBZ[M@I@?=REPNSCHAY
28M FIA<K 4 @EB?<S:8E % LI< @K FFLF?BM 8 DFK I:<EK MJ@FE % J?FLC; LI< @EJK<S;
3B? M?LR. =;H L?MJIH> CH IH? 1@ N@BD;

15<J K?<dW@FE F= FOA<K 28M @E :8:7< @J WE<KHNBCM =;M? NB?LM?LP
L?MJIHM? =I[HMCMN  -KP K@EBEA@ MN;NOM =I>? ;H> L?MJIHM? B?;>?LM <ON
HI L?MJIHM? <I>S

I*F ?<I< @J 8 BFk:<EK M @FE F= FOASLR<4K?@J @EIKHENBCM =;M? NB?LM?LP
L?MJIHM? =IHMCMN  .* MN;NOM =I>? L?MJIHM? B?;>?LM ;H>; H?Q L?MJIHM?
<I>S NB?;=NO;F H?QLRMCIH I@ I<D?=N 7

(H ?CNB?L =;M? NB2M2IHPIINCIH;FFS CH=FO>? OJ>;N?> =;=BCHA L?MJIHM? B?;>?LM JIMMC<FS
?RN?H>CHA NB? 33+ 1@ NB? I<D?=N MI NB? <LIQM?L =;H OM? NB? I<D?=N @IL ; @OLNB?L J?LCI> |@
QCNBION H??>CHA N? GJE? =IH>CNCIH;F L?KO?MNM

3B7? ;<| P? CM EHIQH [¥8C@;8K@FEE@ CGIF?G?HN?> =ILL?=NFS =;H MCAHCaR?HNFS CGJLI
J?L=?CP J?L@ILG;H=? MCH -KP K@EBEA@ L?MJIHM? =IHMCMNM IHFS 1@ B?;>?LM CN CM
GO=B MG;FF?LNB .* L?MJIHM? L?MOFNCHA CH L?>0=?> <;H>QC>NBLH> ; KOC=E
L?MJIHM?
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21 BIQ >I?M NB? M?RP C>?HNC@S ; =IH>CNCIH;F L?KO?MN @LIG ; L?AOF;L L?KO?MN

(N ;=NO;FFS ;FF =IG?M >IQH NI NB? CHCNC;F L?KO?MN @IL NB? I<D?=N 6B?H ; <LIQM?L L?KO?
1<D?=N QBC=B CN >I?M HIN ;FLP>SHBCNM =;=B? CN MCGNFRXGH ?KO?MN? NBEM ;A;CH
MIG? B?;>?LM L?G1?> @IL =F;LCNS

&$3 EJ@AT DPIH '33/
'KOP SSS AT=ILHA KNC
??ALP

(@ NB? MALQ;HNM NI ;FFIQ NB? <LIQM?L Nt GM? |@ =IH>CNCIH;F L?KO?MNM NBCM >?=CMCIH
?HNCL?FS OJ NI NB?IM?CR =;H CH=FO>? |H? IL <INB 1@ NQI L?MJIHM? B?;>?LM QBC=B C>?HNC
NB? I<D?=N ;M <?CHA ?FCAC<F? @IL MO<M?KO?HN =IH>CNCIH;F L?KO?MNM 3B? NQI L?MJIHI

+=0OP ,K@EBEA@ 3BCM CH>C=;N?M QB?H NB? I<D?=N Q;M F;MN =B;HA?> (NM P;FO?
>;N? NCG?MN;GJ

$3=C $HNCNRA33BCM JBEIC>?M ; OHCKO? C>?HNCa?L @IL NB? =I[HN?HN ;M ; KOIN?>
MNLCHA (N =R NE@ILG;N NB;N NB?MABIM?M CN CM NSJC=;FFS ; B;MB |@ NB? a
=IHN?HNM <ON CN =IOF> <? ; NCG?MN;GJ IL ; MCGJF? MNLCHA

(@ <INB B?;>?LM ;L? JL?N $3=C N;EPM JL?=?>?H="

Last-Modified

6B?H NB? M?RR L?=?CRM NB? L?KO?MN @IL NB? aF? CN =;H CH=FO>? NB? >;N? NCG? NB;N NB"
GIMN L?=?HNFS =B;HA?> ;M ; L?MJIHM? BZEIBCM

'33/
#=PA 3DQ )QH &,3

Last-Modified: Mon, 20 Jul 2020 11:43:22 GMT
"=?DA "KJPNKH I=T =CA

HKPO KB DPIH DANA

3B? <LIQM?L QCFF =;=B? NBCM I<D?=N @IL  M?=IH>M ;M >? "=?DA "KIJPNKH
B?;>?L ;@N?L QBC=B CN QCFF G;LE NB? I<D?=N ;M MN;F? (@ NB? <LIQM?L H??>M NI OM? NB
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L?KO?MNM NB? aF? @LIG RBDRRIY;M CN >C> GIASNBERENCG? CN CH=FO>?M ;H ;>>CNCIH;F
L?KO?MN B?;>2tFF? (B K@QEBEA@ 2EJ?A QBC=B CN M?NM NI NB? P;FO? NB;N Q;M J;MM?> CH NB?
+=OP ,K@EBEA@L?MJIHM? B?;>?L CH NB? CHCNC;F L?MJIHM?

&$3 EJ@AT DPIH '33/
'KOP SSS AT=ILHA KNC
??ALP
If-Modified-Since: Mon, 20 Jul 2020 11:43:22 GMT

6B?H NB? M?RP L?=?CRl NBCM L?KO?MN CN =;H =B?=E QB?NB?L NB? I<D?=8 B;M =B;HA?> <
=IGJ;LCHA NE (B K@EBEA@ 2EJ?A B?;>?L P;FO? QCNB NB? >;N? NB;N CN GIMN L?=?HNFS
=B;HA?> NB? aF?

(@ NB? NQI P;FO?M ;L? NB? M;G? NB?H?’NEMMMMB;N NB? <LIQM?L B;M NB?H; NENH IR
NB? aF? ;H> NB? MRI:EH L?NOLI -KP ,K@EBEA@ L?MJIHM? QCNB DOMN B?;>?LM CH=FO>CHA
NB? M;G +=0OP ,K@EBEA@B?;>?L P;FO?H> HI L?MJIHM? <I>S

'33/
#=PA 3DQ )QH &3
+=OP K@EBEA@ ,KJ )QH &3

"=?DA "KJPNKH [=T =CA

'Q? P?L C@ NB? aF? IH NB2LMRZMP=B;HA?> MCH=? CN Q;M F;MN L2KNBWVNREXMNB?H
NB? M?2PL?NOLH  * L?MJIIHM? =IHMCMNCHA 1@ B?;>?LM CH=FO>CI| +=0P )J>;N?>
,K@EBEA@B?;>?L ;H>NB? H?Q?BMCIH I@ NB? aF? CH NB? <I>S

33/
#=PA 3DQ )QH &3
+=OP K@EBEA@ 3DQ )QH &3

"=?DA "KJPNKH [=T =CA

HKPO KB DPIH DANA

M SO =;H M?? NI +=0OP ,K@EBEA@L?MJIHM? B?;>?7L ;} (B ,K@EBEA@ 2EJ?A L?KO?MN
B?;>?L QILE ;M ; J;CL
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Entity Tag ( ETag)

3B? @OH=NCIH;FCNS B?L? CIR;FEFENB? M;G? ;M NB? >;N? - +=OP ,K@EBEA@ (B
,K@QEBEA@ 2EJ?A=IH>CNCIH;F L?KO?MN JLI=?MMCHA >?M2ZLC<?> <I

'1Q? P?L CHNBCM =;M? NER2PPR>M $3=C L?MJIHM? B?;>?L[INB?L NB;H ; >;N?

NCG?MN;GJ $3=C CM MCGJFS ; MNLCHA ;H> CM I@N?H ; B;MB |@ NB? aRLMENMPHNM IL ; P
HOG<?L =;F=OF;NBNB? MALP3B? @ILG;N 1@ NBCM MNLCHA CM ?HNCL?R% GB'NIH¥S? M?LP
CGJILN;HN @;=N CM NB;N RB2B/HALPM N $3=C P;FO? QB?HP?L CN =B;HA?M NB? aF?

(HNBCRIGJF? QB?H NB? M2LP?=?CM NB? CHCNC;F L?KO?MN @IL NB? aF? CN =MIL?NOLH NE
P?LMCIH CF $3=C L?MJIHM? B?;>?ECENBCM

'33/

#=PA 3DQ )QH &,3
$3=C R

"=?DA "KIJPNKH I=T =CA

HKPO KB DPIH DANA

M QCNB N (B ,K@EBEA@ 2EJ?A ?R;GJF? ;<IP? NB? <LIQM?L QCFF =;=B? NBCM I<D?=N @IL
M?=IH>M ;M >?aH?> CI "=?DA "KIJPNKH B?;>?L 6B?H CN H??>M NI L?KO?MN NB? I<D?=N @LIG
NB? M?2P;A;CH CN CH=FO>?M ;H ;>>CNCIH;F L?KO2WMR% (B -KJA ,=P?D QBC=B B;M

NB? P;FO? J;MM?> Cl $3=C L?MJIHM? B?;>?L CH NB? CHCNC;F L?MJIHM?

&$3 EJ@AT DPIH '33/
'KOP SSS AT=ILHA KNC
??ALP

(B-KJA =P?D R

6B?H NB? M?RP L?=?CRI NBCM L?KO?MN CN =;H =B?=E QB?NB?L NB? I<D?=8 B;M =B;HA?> <
=IGJ;LCHA NE (B -KJA ,=P?D  B?;>?L P;FO? QCNB NB? =OL2IMGIIR CN B;M |@ NB? aF?

(@ NB? NQI P;FO?M ;L? NB? M;G? NB?H NB? <LIQM?L B;MNBCIHNZVWNBP aF? ;H> NEPLM?LP
=HL?NOLF -KP K@EBEA@ L?MJIHM? QCNB DOMN B?;>7LM
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'33/

#=PA 3DQ )QH &,3
$3=C R

"=?DA"KJPNKH I=T =CA

'1Q? P?L C@ NB? P;FO?M ;L? >C@@?L?HRLNBM IBRB? aF? IH NBANCMLISIL? L?=?HN
NB;H NB??BMCIH NB;N NB? <LIQM?L B;M MI RB2RNOQPH .* L?MJIHM? =IHMCMNCHA 1@
B?;>?LM CH=FO>CHA ;H O. $3=C B?;>?L ;H>NB? H?Q?BMCIH |@ NB? aF?

'33/

#=PA 3DQ )QH &,3
$3=C R

"=?DA "KIJPNKH LQ>HE? I=T =CA

HKPO KB DPIH DANA

A;CH Q? M??; J;CL |@ B?;>?LM <?CHA OM?> @IL NBCM =IH>CNCIH;F L?KO?N\ $3=C =?2MMCHA[NB?
L?MJIHM? B?;>?L ;H> N (B -KJA ,=P?D L?KO?MN B?;>?7L

(HNB? M;G? @;NB;N N "=?DA "KIPNKH B?;>?L B;M GIL? JIQ?L ;H> bRC<CFCNS NB;H NB?
$TLENAO B?;>?L NB’ $3=C B?;>?L CM CH G;&;SM ;H CGJBPG?HN P?L NB +=0OP
,K@EBEA@B?;>?L 3B?L? ;L? NQI L?;MIHM @IL NBCM

3B? M?LR. =;H >?aH? CNM IQH @ILG;N € $3=C B?;>?L 3B? R;GJF? ;<IP?

MBIQM ; PLMCIH MNLCHA <ON CN =IOF> <? ; B{MB MNILCHA !S ;FFIQCHA NBCM
P?LMCIHM 1@ ;H I<D?=N ;LFRIFC2CNFSRUHEN?M ;H> NBCM ;FFIQM?L\ALP
=L?;N?; H?Q ALMCIH 1@ ; aF? ;FPNRACKN NB? M;G?248M NB? JLCIL
P?LMCIH[J?LB;JM C@ NB? aF? =B;HA? CM OHCGJILN;HN

$3=C \M =;H <? >?aH?> ;M ?CNB?L \MNLIHA\ ILQBCEB ;FFIQM <LIQM?LM NI
P;FC>;N? NB?G >C@@?L1@A@RFSOH>?LMN;H>CHA ;H>>CM=0OMMCIH |@ NBCM @OH=NCIH;
<?SH> NB? M=1J? |@ NBCM =B;JN?L <ON =;H <?1@OH> CH

'1Q? P?L MCH=?1$3=C CM I@N?H <;M?> I|H F;MN GI>Ca?> NCG? |@. KBr®& AP ?2KEP
<? NB? M;G? CH ; FIN |@ CGJF?G?HN;NCIHM ;H> QILM? NB;H NB;N P;LCI&IM <OAM CH M?LP
CGJIF?G?HN;NCIHM J;=B? CH J,LNG=8R2;H CN CM F?MM 2@@ $3=C \M

?KKGKFFCJ @#K2KDC I=:
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"@>K ;FGK@FE BO@®;8K@HPE+JJ N Last-Modified 8E; ETag ?<8;<IJ

"@>K ;FGK@FE BO@ ;8K@HPE+XJJ V Last-Modified 8E; ETag ?<8;<lJ @E

6 ?2=HM?? I@ GI<CF? L?MJIHM?M ;L? 2IFCNE +=OP ,K@EBEA@B?;>?L (H
=IGJ,LCMIHNI  CNM OM:;A? IH GI<CF? B;M L?G;CH?> MN;NC= <ON CN B;M CH=L?;\?> G;LAC
IH >?MENIJ

HIECHA ;! $3=C B?;>?LM 1@ L?MJIHM?M IH GI<CF?M ;L? OMCHA NBCM .ON I@ NB?M?
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L?MJIHM?M  ;L? JKFE> ;L? N<8B;H>NB?L?G;CHCHA ;L? ®C> (H =IHMN
QCN +=OP K@EBEA@ NB? OM;A? $3=C B?;>?LM B;M G;LACH;FFS >?=L?;8?> @H
=IGJ;,LCMIH NI

1@ GI<CF? L?MJIHM?M ;L? M?BERQCNB <INB B?;>?LM ;H> ;M HIN7?B?,NIB’ $3=C
B?;>?L N;EM JL?=?>?H=? CH NBCM =M? 1@ GI<CF? L?MJIHM?M CH=F(+=0P 'CNB?L ;
,K@EBEA@L $3=C B?;>?L

"ILL?=NFS CGJIF?G?HN®EC>;NCIH OMCHA =IH>CNCIH;F L?KO?MNM =;H MCAHCa=;HNFS L?>0=?
<;H>QC>NB  L?MJIHM?M ;L? NSJC=;FFS GO=B MG;FF?L NB;H L?MJIHM?M HIM IH M?LP

IHFS ; MG;FF ;GIOHN 1@ JLI=?MMCHA CM L?KOCL?> NI =IGJ;L? =B;HA? >;N?M IL B;MB?M ;H> CGJLI
J?L=?CP> J?L@ILG;H=? M7LM L?MJIH> GIL? KOC=EFS QCNB ; RAZ;M Q? =;H M??

@LIG NB? ;1?7 MN;NCMNC=M GIL? NB;H ; a@NB |@ ;FF L?KO?MNM;5; (@ IHON| @MTHACINCIH; F
L?KO?MNM

HFS 1@ NB? L?MJIHM?M B;; -KP K@EBEA@ MN;NOM CH IOREINBIOAB NBCM CM HIN
OHRJI?=N?> ;M IOL;€0F CM OMCHA ;H ?GJINS =;=B? ;H> L?MJIHM?M ;L? GIMNFS OM?@OF @IL
MO<M?KO?HN PCMCNMMBHIEAS >1?7M HIN N?MN 8NCFF Q? ;H:FST?> NB?M? NI M?? BIQ

NB? Q:MOM?>

"@>K @JKI@I9LKE 304 Not Modified JK8KLJ

6 ? M?? NB;N 1@ NB? GI<CF? L?MJIHM?M IH>?MERL3> HI $3=C B?;>?L ;H>
=IHN;CH?> NB? M; +=OP ,K@EBEA@P;FO? J;MM?> CH (B ,K@EBEA@ 2EJ?A B?;>?L |@
NB? =ILL?MJIH>CHA L?KO?MN .ON I@ NB?M? IH>?MERI) -KP K@EBEA@
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MN;NOM

I@ NB? GI<CF? L?MJIHM?M  IH >?MENIJ=IHN;CH?> NB? M; $3=C P;FO? J;MM?> CH
NB% (B-KJA ,=P?D  B?;>?L 1@ NB? =ILL?MJIH>CHA L?KO?V (B ,K@EBEA@ 2EJ?A
B?;>?L CM ;FMI JL?M $3=C N;E?M JL?=?>?H=? .ON I@ NB?M? IH >?MENIJB;>;

-KP K@EBEA@ MN;NOM

Validity of date strings

3BLIOABION NBCM >I=O0G?HN RR>BM=0MMP2IM?=;=BCHA L?F;N?> '33/ B?;>?LM OM?> NI
=IHP?S NCG?MN;GIM

3B? #=PA L?MJIHM? B?;>?L CH>C=;N?M QB?H NB? L?MIOL=2(\M NMPCPHN

3B? +=0P ,K@EBEA@L?MJIHM? B?;>?L CH>C=;N?M QB?H ; L?MIOL=? Q;M F;MN =B;HA
IH NB? M?RP

3B? $TLENAO B?;>?L CM OM?> NI CH>C=;N? @IL BIQ FIHA ; L?MIOL=? CM =;=B?;<F?
FF NBL?? |@ NB?M? '33/ B?;>?LM OM? ; >;N? @ILG;NN?> MNLCHA NI L?JL?M?HN NCG?MN;GJM

>N? @ILG;NN?> MNLCHA CM >2861?> CH ;H> GOMN MJ?=C@S ; &3 NCG?MN;GJ MNLCHA %
?R;GJF?

&$3 EJ@AT DPIH '33/
'KOP SSS AT=ILHA KNC

2?ALP
33/

#=PA 3DQ )QH &3

"=?DA "KIPNKH =T =CA

+=OP ,K@EBEA@ ,KJ )QH &3

(HP;FC>>;N? MNLCHAM ;L? CSHEIMN<LIQM?LM QBC=B =;H ;@@7?=N NB? =,=B?;<CFCNS |@ NB
L?MJIHM? IH QBC=BHNB? M?L> % ?R;GJIF? ;H GMFC +=OP K@EBEA@B?;>?L QCFF L?MOFN
CH NB? <LIQM?L <?CHA OH;<F? NI MO<M?KO?HNFS J?L@ILG ; =IH>CNCIH;F L?KO?MN @IL NB?
CN CM =;=B?> QCNBIONNBZN BEG?MN;GJ

?KKGXFFCJ @¥K2KDC |=:  J<K@FE
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"@>K YMBC@; ;8K< =FID8KIIGEHI< ?<8;<IJ

1?7=;0M? NB #=PA '33/ L?MJIHM? B?;>?L CM ;FGIMN ;B@; A?HMN?> ;ONIG;NC=;FFSNB?
Q?< M?LR. CR;FC> P;FO?M ;RNR?G?F3 R 2CGCF;l +=0OP ,K@EBEA@B?;>?LM B;>; PLS
FIQ J?L=?HN;A? IH GI<CF? ;H> IH>?MENIJ 1@ GHFC> P;FO?M 6B;N QMNP
MOLJLCMCHA NI M?? NBIOAB Q;M NB7RSIBREABCP 1@ $TLENAO B?;>?LM OM?> ;H(HC>
>:N? @ILG;N  CH>?MENIJ

$R;GIF?M 1@ MIG? |@ NBFCHOM?M I€ $TLENAO B?;>?L ;L?
5;FC>>N? @ILG;NM <ON OMCHA ; NCG? TIH? INB?L NB;H &,3

-OG?LC=;F P;FO?M MO=B ;M IL

5;FO?M NB;N QIOF> <? P;FC "=?DA "KIJPNKH B?;>?L
.H? F;,LA? MIOL=? |@ & $TLENAO B?;>?LM CM @LIG ;MM?RM®RLEP; JIJOF;L NBCL> J;,LNS
CH QBC=B; >;N? NCG? OM?M NB? $23 NCG?R[BIF 2 $TLENAO 3QA LN

$23 -IN? NB;N MIG? <LIQM?LM$OH>?LMN;H> ;H> ;==?JN NBCM >;N? @ILG;N IH NB?
JLCH=CJF? |@ LI<KOMNH?MM <ON CN MBIOF> HIN <? ;MMOG?> NB;N NBCM QCFF <? NB? =;M?

The Vary header

6 ? B;P? >CM=0OMM?> BIQ ; =;=BCHA ?HNCNS =;H >?N?LGCH? QB?NB?L ; L?MJIHM? I<D?=N CM =;=B7
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;H> @IL BIQ FIHA CN =;H <? =,=B?> 'R IH? |@ NB? GIMN CGJILN;HN MN?JM NB? =;=BCHA ?HN(
GOMN NEM >?N?LGCHCHA C@ NB? L?MIOL=? <?CHA L?KO?MN?> CM ;FL?;>S CH G\M =;=B? |
M??G MCGJF? G;NCG?M NB? 41+ ;FIH? CM HIN ?HIOAB NI >?N?LACHREBEM LAKO?MNM
QCNB NB? M;G? 41+ =IOF> P;LS CH QB;N =IGJL?MBOMPEBCJI !LINFC ?N= IL =IOF> <?
L?NOLH?> CH >C@@7?L?HN ?H=I>GHARNZ,+

3l MIFP? NBCM JLI<F?G QB?H ; =;=BCHA ?HNCNS =;=B?M ;H RD'NBP GWZOP; OHCKO?
C>?HNCa?L ; ==B8E6B?H CN H??>M NI >?N?LGCH? QB?NB?L NB? I<D?=N CM CH CNM =;=B? (
@IL NBREMN?H=? 1@ NB? I<D?=N OMCHANB®s;EBE®J !S >?@;0FN NBCM 25-8RE

MCGJFS NB? 41+ OM?> NIEZNBC2<D?=N <ONM®LE;H N?FF NB? =,=BCHA ?HNCNS NI CH=FO>?
INB?L ;NNLC<ON?M I@ NB? L?MJIHM? MO=B ;M =IGJL?MMCIH G?NBI3SGiS RBI2EQ-BZHA
NB?5=NU L?MJIHM? B?;>?8B? 5=NU B?;>?L C>?HNCa?M P;LC;HNM I@ NB? I<D?=N <;M?> |H
@;=NILM INB?L NB;H NB? 41+

3B? 5=NU L?MJIHM? B?;>?L CHMNLO=NM NB? <LIQM?L NI ;>> NB? P;FO? I@ IH? IL GIL? L?KO?M
B?;>?L P;FO?M NI NB? =;=B% BB? GIMN =IGGIH R;GJF? |@ NBC5=NU ??ALP

$J?K@EJC QBC=B QCFF L?MOFN CH NB? <LIQM?L =;=BCHA NB? M;G? I<D?=N CH >C@@?L?HN
IHNB? >C@@" ??ALP $J?K@EJC L?KO?MN B?;>?L P;FO?I CVEL >N @ABH=PA

=;=BCHA ?HNCNS M?H>M ; L?KO?MN @IL ;H '3,+ aF? CH>C=;NCHA NB;N CN QCFF ;==2JN ; ATC
L?MJIIHM?

&$3 EJ@AT DPIH '33/
'KOP SSS AT=ILHA KNC
??ALP $J?K@EJC CVEL

3B? M?LR. L?MJIH>M QCNB NB? I<D?=N ;H> CH>C=;N?RLMB]N EB?GM M?H>CHA MBIOF> CH=FO
NB? P;FO? 1@ ??ALP $J?K@QEJC L?KO?MN B?;>?L

33/
"KJPAJP 3ULA PATP DPIH
5=NU ??ALP $J?K@EJC

(HNBCM MCGJRR&3+? NB? =,=BCHA ?HNCNS QIOF> =;=B? NB? I<D?=N OMCHA ; =IG<CH;NCIH
41+ ;H>NB75=NU B?;>?L

HINB?L =IGGIH P;FO? (5=NU ??ALP $J?K@EJC 40AN CAJP QBC=B CHMNLO=NM NB?
=FC?HN NI CH=FO>? <| ??ALP $J?K@EJC ;H> 40AN CAJP P;FO?M CH NB? =2B?E
'1Q? P?L QB?H >CM=0OMMCHA MBRE@2MLH> "#-M OMCHA P;FO?M INB ??ALP
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$J?K@EJIC =;H <? JLI<F?G;NC= ;M CN >CFOMZBPHNIILNB? =;=B? ;H> =;H L?>0=? NB? ;GIOHN

|@ N@a= M?72P@LIG =,=B? IACHMN;H=? NB?L? ;P?I\fNBIOM;H>>C@@?L?HN P;LC?NC?M |@
40AN CAJP MIC@ ; "#- ;NN?GINM NI =;=B? SFC@@7?L?HN P;LC;HNM |@ ;H |<®?HN CN G;

0OJ aFFCHA OJ NB? =;=B? QCBF-GIMN C>?HNC~=FH>??> C>?HNC=;F =;=B?>I<D?=NM 3BCM CM
P?LS CH?@a=C?HN ;H> =;H F?:8Nl1®< IINCG;F =;=BCHA QCNBCH NB? "#- L?MOFNCHA CH @?Q?L
=,=B? BCNM ;H> AL?;N?L F;N?H=S

(HA?H?2E 30 MBIOF> IHFS P;LS NB? =;=BO 0@ 8?LPCHA ;FN?LH;N? =IHN?HN NI =FC?HNM <;M?>
IH NB;N B?;>?L

3B? 5=NU B?;>?L CM OM?> |H 1@ '33/ L?MJIHM?M ;H> |@ NB?M? L?MJIHM?M CH=FO>? ;
"=?DA "KIJPNKH B?;>?7L

3B? ALIB <?FIQ >?N;CFM NB? JIJOF;LCNS @IL NBASIB?;5?L P;FO? ??ALP $J?K@EJC
;==IOHNM @IL ;FGIMN  5=NU\M OM? Q!40AN CAJP ;N .NECEJ OM?> @IL".12
JLI=?MMCHA ;N ;H ??ALP ;N G;ECHA OJ GO=B |@ NB? L?MN

"@>K Vary 7?<8;<|LJ8><

Setting cookies on cacheable responses

6B?H ; L?MJIHM? CM =;=B?> CNM ?HNCL? M?N |@ L?MJIHM? B?;>?LM ;L? CH=FO>?> QCNB NB? =;=B
I<D?=N ;M Q?FF 3BCN6@ ©Bl M?? NB? L?MJIHM? B?;>?LM QB?H CHMJ?=NCHA ; =,=B?> L?MJIHM?
CH "BLIG? PC; #?3IFM

516 2020 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2020/caching/vary-headers.png
https://almanac.httparchive.org/static/images/2020/caching/vary-headers.png

Part IV Chapter 20 : Caching

"@>K ?1 FD< <M GFCJ =FI 8 :8:?<JFLIi<

ION QB;N B;JJ?HM Q@ESP? ; 2AP "KKGEA [H ; L?MJIHM? ==IL>CHA M}" 2?=NCIH

NB? JL?M?H=7? | 2AP "KKGEA L?MJIHM? B?;>?L >I?M HIN CHBC<CN =;=BCHA 3BCM G?;HM N
; =,=B?>?HNLS GCABN =IHN 2AP "KKGEA L?MJIHM? B?;>?8B? 1%" AI?M IH NI L?=IGG?H>
NB;NI® MBIOF> =I[HaAOL? ;JJLIJLC "=?DA "KIJPNKH B?;>?LM NI =IHNLIF BIQ L?MJIHM?M ;L?

==B?>

2CH=? Q? B? JLCG;LCFS <??H N;FECHA ;<ION <LIQM?L #3>BCEANECHE NBOW €GN

CMMO?|N 2AP "KKGEA L?MJIHM? B?;>?LM NB;N Q?L? NMBPMZALPNI G? CH L?MJIHM?M NI
GS L?KO?MNM =F?;LFS =IHN:OHG’M MI NBRLMI JLI<F?G C@®<IQM?L =,=B?M NB?G

'1Q? P?LC@ NB?L? CM ; "#- <?NQTMTE@ ;H> NB?MNEF? M7RIPGOMN CH>C=;N? NI NB? "#-
NB;N NB? L?MJIHM? MBIOF> HIN <? =;=B?> CH NB? ‘M NRRBP L?MJIIHM? G?;HN @IL G? CM
HIN =;=B?> ;H> NB?H M2LFCH=FO>CI4 2AP "KKGEA B?;>?LM NI INB?L OM?LM

%L ?R;GIF? C@ ; FIACH =IIEC? IL ; M?MMCIH =IIEC? CM JL?M?HN CH ; "#-\M =;=B?> I<D?=N NB"
=IIEC? =IOF> JIN?HNC;FFS <? L?6MANB?L =FC?HN 3B? JLCGISIQPIC> NBCM CM @IL NB?
M?LPL NI M?H> N "=?DA "KJPNKH LNER=PA >CL?=NCRBC=B N?FFM NB? "#- HIN NI =;=B?

NB? L?MJIHM? <?=,0M? EMHES <? =,=B?>6NB? =FC?HN <LIQM?L

?KKGXFFCJ @¥K2KDC |=:  J<K@FE
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"@>Kl Set-Cookie ~ @E :8:7<89GdGFEJ<J

1@ =;=B?;<F? GI<CF? L?MJIHM?M =IHN;( 2AP "KKGEA B?;>?L .@ NBIM? L?MJIHM?M IHFS
OM? NB? LNER=PA>CL?=NCBB? L?G;CHCHA GCFFCIH '33/ L?MJIHM?M =IHN;CH
N F?2;MN IF 2AP "KKGEA L?MJIHM? B?;>?L ;H> =;H <? =,=B?S <INB JO<FC= =;=B? RINIP
MO=B ;M "#-M 3BCM CM =IH=?LHCHS EB*&=;N? ; =IHNCHO?> F;=E |@ OH>?LMN;H>CHA ;<ION
BIQ =;=B?;<CFCNS ;H> =II[EC?NRRENN
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"@>K Set-Cookie @ private  8E; EFE GI@H«% :8:?<89C<JIGFEJ<J

Service workers

2?LPC=? QIREM ;L? ; @?;NOL? I1@ '3,+ NB;N ;FFIQ @LIHN HFI3?LM NI MJ?=C@S M=LCINM NB;N
MBIOF> LOH IONMC>? NB? HILG;F L?KO?MN L?MJIHM? bIQ I@ Q?< J;A?M =IGGOHC=;NCHA QC
Q?< J;A? PC; G?MM;A?M "IGGIH OM?M 1@ M?LPCEMQUEDIL <;=EALIOH> MSH=BLIHCT;NCIH
;H>JOMB HINCa=;NCIHM ;HRCIOMKSBIL =;=BCHA[;H> <LIQM?L MOJJILN B;M ST2HFE

ALIQCHA @IL NB?G
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"@>K #FNK? @E J<IM@:<INFEFCC<; G8>FD-|

>|IJNCIH CM DOMN ;N 1@ Q?<MCN?M <ON CN B;M <??H MN?;>CFS CH=L?;MCHA MCH=?)OFS 3l

/LIAL?MMEB ?< JJ =B;IJN?L >CM=OMM?M NBCM GIL? CH=FO>CHA NB? @;=N NB;N CN CM OM?>; F
NB;H NBCMBMOAA?MNM >0? NI CNM OM;A? IH JIJOF;L MCN?M QBC=B ;L? IHFS =IOHN?> |[H=? CH N
<I P? ALJB

Sites not using service workers  Sites using service workers  Total sites

%CAOL?  -OG<?L 1@ Q?<MCN?M OMCHA M?LAGA? QILE

(HNB? N;<F?;RP 30 =;H M?? NB;N MCN? ION 1@ ; NIN;F 1@ Q?<MCN7R2 B;
CGJF?G?HN?> ; M?LPC="QILE

HTTP Sites HTTPS Sites Total Sites

%CAOL?  -OG<?L 1@ Q?<MCN?M OMCHA M?LAGAS8 QR/E '33/2

(@ Q? <L?;E NBCMBOBBAKPM '33/2 NB?H NBCM A?RRHZGIL? CHN?L?MNCPANBIOAB
'33/2 CM ; L?KOCL?G?HN @IL OMCHA M?LPIGANBREDIFFIQCHA N;<F? MBIQM NB;N 1@ NB?
MCN?M OMCHA NB?G 77 RPRLB3/
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What type of content are we caching?

M Q? B;P? M??H ; =,=B?;<F? L?MIOL=? CM MSINB? <LIQM?L @IL ; J?LCI> 1@ NCG? ;H>CM
; P;.CF;<F? @IL L?0M? IH MO<M?KO?HN L?KO?MNM

"@>K @IKI@ILK@FE F=:8:?7<89C< 8E; EFE :8IBBEC<II

=LIMM ;FF '33/ 2 L?KO?MNM 1@ L?MJIHM?M ;L? =IHMC>?L?> =;=B?;<F? G?;HCHA NB;N ;
=,=B? CM J?LGCNN?> NI MNIL? NB?G 3B? L?G;CHCHA 1@ L?MJIHM?M ;L? HIN J?LGCNN?> NI
MNIL?> CH <LIQM?L =;=B?M[NSJC=;FFS <? "=?DA "KJPNKH JK OPKNA
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https://engineering.fb.com/2020/05/08/web/facebook-redesign/
https://github.com/GoogleChrome/web-vitals
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preconnect

LNA?KJJA?P B?FIM L?MPNB? (/ ;>>L?MM ;H> 1J?H '3 3+2 =IHH?=NCIH @IL ;4%CHG;CH
;B?;>1@ NCG? 2CGCF @JO LNABAP?DCN CM OM?> @4LIMM ILCACH >IG;CH ;H> B?FJM NB?
<LIQM?L NI Q;LG OJ ;8 L?MIOL=?M OM?> >OLCHA NB? CHCNC;F J;A? FI;>

HEJG NAH LNA?KJJA?P DNAB DPPLO SSS CKKCHAP=CI=J=CAN ?KI

1?7 GCH>@OF QBRBIGM LNA?KJIJA?P

.HFS Q;LG OJ NB? GIMN @L?KO?HN ;H> MCAHCa=;HN L?MIOL=?M
PC> Q;LGCHA OJ ILCACHM OM?> NIl F;N? CH NB? CHCNC;F FI;>

4M? CN @IL HI GIL? NB;H NBL?? ILCACHM <?=;0M2'BN HH<EN?LS =IMN

+;MNF LNA?KJJA?P CM HINP;CF;<F? @HN?LH?N $RJIFIL?L IL %R L 7@ OMCI @JO
LNABAP?D ;M ; @;FF<;€BV BCABFS ;>PCM?>

preload

3B? LNAHK=@BCHN CHCNC;N?M ;H ?;LFS L?KO?MN 3BCM CM OM?@OF @IL FI;>CHA CGJILN;H
QIOF> INB?LQCM? <? >Rk F;N?SNB? J;LM?L

HEJG NAH LNAHK=@ DNAB OPUHA?00 =0 OPUHA
HEJG NAH LNAHK=@ DNAB I|=EJFO =0 O?NELP

1?7 GCH>@OF 1@ QEINL® AICHA M LNAHK=@ <?=;0M? CN =;H $?RB? >IQHFI;> |@ INB?L
L?MIOL=?M MI OM? CN IHFS @IL QB;N CM GIMN =LICNGGJE R BBRF}3 A?MN "[HN?HN@OF
[ ;CHNt'/ FMI QB?H OM?> [H "BLIG? CN N?H>RINJLCILCN' LNAHK=@L?MIOL=?M ;H>
JIN?HNC;FFS >CMJ;N=B?M JL?FI;>M <?@IL? INB?L =LCNC=;F L?MIOL=?M

+MNFE@ OM?> CH ; '33/ L?MJIHM? BNHE? "#-\M QCFF ;FMI ;ONIG;NC=;FFS LNAHK=@
CHNI'33/ JOMBQBC=B =;H’L JOMB =;=B?> L?MIOL=?M

?KKGIBE@LJ< :FDI<8L? Gl <:FEE<:K
?KKGN<9 ;<MBIK@:C<J C:G
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https://web.dev/uses-rel-preconnect/
https://web.dev/uses-rel-preconnect/
https://caniuse.com/?search=preconnect
https://web.dev/preconnect-and-dns-prefetch/#resolve-domain-name-early-with-reldns-prefetch
https://web.dev/preconnect-and-dns-prefetch/#resolve-domain-name-early-with-reldns-prefetch
https://web.dev/preconnect-and-dns-prefetch/#resolve-domain-name-early-with-reldns-prefetch
https://web.dev/preconnect-and-dns-prefetch/#resolve-domain-name-early-with-reldns-prefetch
https://web.dev/uses-rel-preload/
https://web.dev/uses-rel-preload/
https://web.dev/articles/lcp
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prefetch

3B? LNABAP?DBCHN ;FFIQM OM NI CHCNC;N? FIQ JLCILCNSRIFDPNINN QM ?> [H NBINH?
H;PCA;NCIH 3B? BCHN QCFF >IQHFI;> NB? L?MIOL=?M ;H> >LIJ CN CHNI NB? '33/ =;=B? @IL F;N?L
OM;A? (GJIILN;HN NI HIN' LNABAP?D QCFF HIRP20N? IL INB?LQCM? JLI=?MM NB? L?MIOL=? ;H>

NI 7R?=ON? CN NB? J;A? QCFF MNCFF H??> NI =;FFNBB O?NELP N;A

HEJG NAH LNABAP?D =0 O?NELP DNAB JATP L=CA>QJ@HA FO

3B?L?;L?; P;LC?NS 1@t NI CGJF?G?HN ; L?MWMLAZ>C=NCIH FIAC= CN =IOF> <? <;M?> IH
MCAH;FN2 BEOL GIOM? B1G?HN =IGGIH OM?L bIQM DIOSM?IL P?H <;M?>IH ;
=IG<CH;NCIH I@ <INB IH NIJ 1@ G;=BCH? F?;LHCHA

1?7 GCH>@OF >?J?H>CHA IKONBENED '33/  JLCILCNCT;NCIH 1@ NB? "#- C(LNABAP?D
JLCILCNCT;NCIH =IOF> ?CNBPLI2G@ILG;H=? IL G;ECN MFIQZ8 |IP?L JLCILCNCTCHA
LNABAP?DL?KO?MNM ;H> N;EQHACGJIILN;HN <;H>QC>NB @IL NB? CHCNC\FQL?,
>|O<F? =B?=E NB? "#-1® ;L? OMCHA ;H> ;>;JN NI'NGEHNI =IHMCN®IH MIG? |@ NB? <?MN
JL;=NC=?M MB;L?*HEH #; PC?M\MLNC=F?

Native lazy loading

3B?H;NCPF;TS FI;>CHBCHN CM ; B;HOBM?L /( @IL >?@7?LLCHA NB? FI;> 1@ |@ @M=L??H CG;A?M
;H> C@2?M 'S OMCHA CN ;MM?NM NB;N ;L? HIN H??>?> >0OLCHA NB? CHCNC;F J;A? FI;> QCFF HIN C
H?NQILE L?KO?MN NBCM QCFF L?>0=? >;N; =IHMOGJIN& B, AP>ICGAILG;H="?

EIC ON? EI=CALIJC HK=@EJC H=VU =HP Y SE@PD
DAECDP

1? GCH>@OF "BLIGGRIEGIF?G?HN;NCIH 1@ F;TS FI;>CHA NBL?MBIF>M FIAC= BCMNILC=;FFS B;M <?
KOCNMHM?LP;NZP E2?JCHA NB? |@ @M=L??H FCGCRI HOLOHA NB? F2NINNB? FCGCN B;M

<??H ;=NCPS N?MN?> ;H> CBZtIH NI <?NN?L ;FCAPPERI?L RI?=N;NCIHM ;H> OFNCG;N?FS

Gl PCHA NB? NBL?MBIF>M NR  BMI NB?L?HEMIN;H>;L> ;=LIMM NB? <LIQM#MHI

;<CFCNS @IL QPRE{3?LM NIR?LLC>? NB? >?@;OFN NBL?MBIE>RF SUNB? <LIQM?LPNS

2KKGF@K?L9 :FD 8EBM@<J ?KKG GI@FI@K@Q8K@REKGIKRKUILII

?KKGBE;P,8M@<J D< 9CF> | <C <HLBCX&iK:? 8E; K?< @DGFIKSE:< F= <2KK@M8J? GI@FI@K@JISK@FE
2KKGN<9 ;<MBI FNJ<| C<i¢ @D8>< C8QP CF8;@E>
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https://web.dev/link-prefetch/
https://web.dev/link-prefetch/
https://github.com/andydavies/http2-prioritization-issues#current-status
https://andydavies.me/blog/2020/07/08/rel-equals-prefetch-and-the-importance-of-effective-http-slash-2-prioritisation/
https://web.dev/browser-level-image-lazy-loading/
https://web.dev/browser-level-image-lazy-loading/#distance-from-viewport-thresholds
https://github.com/whatwg/html/issues/5408
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Resource hints

;M?>IH NB? '33/ L=BCP? F?N\M DOGJ CHNI ;H;FSTCHANB? NL?H>M ;H>=IGJ;L? NB? >;N;
QCNB NB?BCIOM  >;N;M?N

Hints adoption

,IL? ;H> GIL? Q?< J;A?M ;L? OMCHA NB? G;CH L?MIOL=? BCHNM ;H>CH Q?;L? M??CHA NB?
;>IINCIH L?G;CHM =IHMCMN?HN <?NQ??H >?MENIJ GI<CF?

"@>K ;FGK@FE RIFLI< ?@EKJ

3B? L?F;NE€RJOF;LCNS @JO LNABAP?DQCNB ;>IINCIH =IGJ;L?> QCNB INB?L L?MIOL=?
BCHNM CM OHMOLJLCMCHA ;M CN aLMN ;JJ?;L?> CH ;H>B;M NB? QC>?MN MOJJILN ION 1@
L?MIOL=? BCHNM

"IGJ;L?> NI NB? @JO LNABAP?DB;>; CH=L?;M? CH #?MENIJ ;>IINCIH?8MQ ;

MCGCF;L CH=L?;} LNA?KJJA?P ;M Q?FF .H?75 L?;MIH NBCM Q;M NB? F;LA?MN ALIQNB <?NQ??t
;FF BCHNM CM NB? =F?;L ;H> OM?@QGEABNBIDONB?0NWM ACPCHA IH NBCM2H;NNCHA

@LIG NBGKML®A L?JILN Q? ;FMI CHNLI>O=? BIQ NB? F;N?MN >;N;M?N J?L@ILGM ;A;CHMN +CABN
L?=IGG?H>;NCIHM

7KKGBCDSES: ?KKGENFI><E | <JFLI< 2@EKXIFLI< ?@EKJ
2KKGN<9 ;<MLI<J KC GLFEE<:K
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https://almanac.httparchive.org/static/images/2020/resource-hints/adoption-of-resource-hints.png
https://almanac.httparchive.org/static/images/2020/resource-hints/adoption-of-resource-hints.png
https://almanac.httparchive.org/en/2019/resource-hints#resource-hints
https://web.dev/uses-rel-preconnect/
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"@>K ;FGK@FE RIFLI< ?7@EKI  MJ

LNAHK=@OM;A? B;M B;> ; MFIQ?L ALIQNB QCNB IHFS ; CH=L?;M? @LIG 3BCM =IOF><? CH
J;LN <?=;0M? CN L?KOCL?M ; <CN GIL? MJ?=Ca=;NOHBEBEFR?SNB? >IG;CH NI @JO
LNABAP?D;H> LNA?KJJA?P 30O GOMN MJ?=C@S NB? L?MIOL LNAHK=@ 6BCF’ @JO
LNABAP?D;H> LNA?KJJA?P ;L? L?;MIH;<FS FIQ LCME NBIOAB MNCFF =;H LNAHK=@

B;M; GO=B AL?;N?L JIN?HNC;F NI ;=NO;FFS >;G;A? J?L@ILG;H=? C@ OM?> CH=ILL?=NFS

LNABAP?DCM OM?% <I@ MCN?M IH #?MENIJ G;ECHA CN NB? F?;MN QC>?FS OM?> L?MIOL=? BCHN
3BCM FIQ OM;A™S? RIF,CH?>SNB? @;=N I LNABAP?DCM OM?@OF @ IRCIGALI

MO<M?KO?HNBRL NB;H =OLL?HN J;A? FI;>M 3BOM CNPREREX?C@ ; MCN? CM IHFS @I=OM?>

IH CGILPCHA CNM F;H>CHA J;A? IL NB? J?L@ILG;H=? 1@ NB? aLMN J;A? PC?Q?2?;(IMNB? =IGCHA S
QCNB ; GIL? =F?;L >?aHCNCIH IH QB;N NI G?;MOL? @CHMO<M?KO?HNRJRRC?H=? CN

=IOF> B?FJ N?;GM JLCIL LNABAP?D;>IINCIH QCNB =F?;L J?L@ILG;H=? KO;FCNS Al;FM NI L?;=B

Hints per page

=LIMM NB? <I;L> 3PFIJ?LM ;L? F?;LHCHA BIQ NI <?NN?L OM? L?MIOL=? BCHNM ;H> =IGJ;L?> NI
QAP? M??H ;H CGI2> OM? | LNAHK=@ LNABAP?D ;H> LNA?KJJA?P L

?RI?HMERI?L;NCIHM PQE?FI;> ;H> JL?=IHH?=N NB? G?>C;H OM;A? IH >?MENIJ >?=L?;M?>

@LIG NI 67?B;P? M??H NB? IJJIMCN? @IL FI;>CHA @ONOL? L?MIOL=?M QCNB ; FIQ?L JLCILCNS Q!

LNABAP?D QCNB ;H CH=L?;M? @LIG NI CH G?>C;H J?L J;A?

?KKGBCDB8ES: ?KKG@AFI><E | <JFLI< ?@EKXIFLI< ?@EKJ
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"@>K )<;@8E ELD9<I| F= ?@EKJ G<I G8><

1?MIOL=? BCHNM ;L? GIMN ? @@B2HNSERL? OM?> M?F2HSC)B?HPPLSNBCHA CM

CGJILN;HN HINBCHA CMCHA ; GIL? =F?;L >?aHCNCIH |@ QB;N L?MIOL=?M B?ELCNBIE|F
L?H>?LCHALRMOM @ONGICANCIH IINCGCT;NCIHM PHIB? @I=0M S @LIG OMCHA

LNA?KJJA?P ;H> GIL? NIQ;L>V LNABAP?D<S MBC@NCHA MIG? 1@ NB? L?MIOL=? JLCILCNCT;NC
;H> @L??CHA OJ <;H>QC>NB @IL QB;N GIMN B?FIJM NB? OM?L ;N aLMN

'1Q? P?L NBCM B{NIMNIJJ?> MIG? GCMOM? LNAHK=@BCHN MCH=? CH IH? CHMN;H=? Q?
>CM#PL?>; J;A? >SH;GC=;FFS ;>>CHA NB? BCHN ;H> =;0O0MCHA ;H CHaHCN? FIIPRB;N =L?;N?> |

20,931

"@>K 0?< DFJK &CF8; ?@EKJ FE 8 J@E>C< G8><

M Q? =L?;N? GIL? ;H> GIL? ;ONIG;NCIH QCNB L?MIOL=? BCHNM <? =;ONCIOM QB?H >SH;GC=;F
CHD?=NCHA JL?FI;> BCHNS/?ARG?HNM @IL NB;N G;NN?L

The as attribute

6CNE LNAHK=@H> LNABAP?D CN\M =LO=C;F NI C =0 MBHL.C<ON? NI B?FJ NB? <LIQM?L
JLCILCNCT? NB? L?MIOL=? GILN2ESICHA M| ;FFIQM @IL JLIJ?L;MN{CH NB? =;=B? @IL
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@ONOL? L?KO?MNM ;JIJFSCHA NB? =ILL?=N "IHNARN=232/OLCNE/M?NNCHA NB? =ILL?=N
??ALP L?KO?MN B?;>?LM

6CNE LNAHK=@G;HS >C@@?L?HN =IHN?HN NSJ?M =;H <? JL?FI;>@QHRF R@WRFIQM NB?
L?=1GG?H>;NCIHM G;>? CH NB¥-=B1J?= 3B? GIMN JIJOF;L CM O?NELP NSJ? QCNB

OM;A? 3BCM CHFHCH;N?> NI ; F;LA? ALIOJ |@ MCN?M <OCEN?MI2RHAER H??> NB? G;CH

<OH>F? ;M MIIH ;M JIMMC<F? NI MN;LN >IQHFI;>CHA NB? L?MN 1@ NB?CL )2 >?J?H>?H=C?M 20<M?!
OM;A? =IG?M @LIG @IHN ;N  MNSF?;N CG;A? ;N ;H>@?N=B;N

"@>K JFO@C as 8KKI@ILBEIMJI 9IRS

"IGJ;L?> NI NB? NL?H> CH QAP? M??H,UC> ALIQNB CH @IHN ;H> MNSF? OM;A' =OCNB NB?
;NNLC<ON? 3BCHMFSMLACE?> NPPEIJ?LM CH=L?;MCHA NB? JLCILCNS |@ =LCNC=;F "22 ;H> ;FMI
=IG<CHC} LNAHK=@@IHNM Q @EOLH=U KLPEKJ=HNICGJLP? "OGOF;NCP;SON 2BC@N

o

1?7 GCH>@OF NB;N IGCNN =O\NIBRC<ON? IPBHA ;HIEAC> P;FO? QCFE CNEB;L>?L @IL NB?
<LIQM?L NI >?N?LGCH? NB? =ILL?=N JLCILCNS ;H> CH MIG? =;M?M MO=BM MANINE?>=;H ?
L?MIOL=? NI <? @?N=B?> NQC=?

2KKGJI<M<CFGBIFQ@CC8 FI> ;F<d300, /,

2KKGI<M<CFGRIFQ@CC8 FI> ;Fsd30)( |C<D<EK C@EKKI@ILK<J
2KKGI<K:? JGH?8KN> FI> FE:<GKHL<IK ;<IK@ESK@FE
?KKGBCDBES: ?KKGEFI> <E | <JFLI< ?@EKJ K?< 8J 8KKI@ILK<
2KKGN<9 ;<MBIK@:C<J FGK@D@Q< :CJ N<9 =FEKJ :8LI@E> =FLK=F@K
2KKGN<9 ;<MBIK@:C<J :CJ
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https://developer.mozilla.org/docs/Web/HTTP/CSP
https://developer.mozilla.org/docs/Web/HTML/Element/link#Attributes
https://fetch.spec.whatwg.org/#concept-request-destination
https://almanac.httparchive.org/static/images/2020/resource-hints/mobile-as-attribute-values-by-year.png
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https://almanac.httparchive.org/en/2019/resource-hints#the-as-attribute
https://web.dev/articles/optimize-cls#web-fonts-causing-foutfoit
https://web.dev/articles/cls

Part IV Chapter 21 : Resource Hints

The crossorigin attribute

6CNE LNAHK=@H> LNA?KJJA?P L?MIOL=?M NB;N™B;12 ?H;<F?> MO=B ;M @IHNM CN\M
CGJILN;HN NI CH=FO> ?NKOOKNECEJNNLC<ON? CH IL>?L @IL NB? L?MIOL=? NI <? JLIJ?LFS
OM?> (@ | ?NKOOKNECEJNNLC<ON? CM ;<M?HN NB? L?KO?MN QCFF @IFFIQ NB? MCHAF? ILC
NB?L?S G;ECHA NB? OM? |@ JL?FI;> OM?F?MM

16.96%

"@>K 0?< G<KEK F=<C<D<EKJpreload K?8K L. crossorigin

3B? F;N?MN NL?H>M MBIQ NB;N 1@ ?F?G?HI LNAHK=@FMI M7 2NKOOKNECEJH>

Fl;> CH ;HIEBGIOMIL ?KOCP;F?HN GI>?M ;H>IHFS  ONCFC QOA ?NA@AJPE=HG;M?

3BCMN? B;M CH=L?;M?> CH =IHDOH=NCIH QCNB NB? CH=L?;M? CH @IHN JL?FI;>CHA ;M G?HN
?;,LFC?L

HEJG NAH LNAHK=@ DNAB "KIE?2=JO SKBB =0 BKJP PULA BKJP
SKBB  ?NKOOKNECEJ

1?7 GCH>@OF NB;N @IHNM JL?FI;>?> QC ?NKOOKNECEJNNLC<ON? QCFF <? QQGE?>

The media attribute

6B?H CN\M NCG? NI =BIIM? ; L?MIOL=? @IL OM? QCNB >C@@?L?HN M=L??} IA@E=M L?;=B @lIL
;NNLC<ON? C LNAHK=@NI IJNCGCTREH® G?>C; KO?LC?M

HEJG NAH LNAHK=@ DNAB =700 =0 OPUHA IA@E= KJHU O?NAAJ=J@
IEJSE@PD LT

HEJG NAH LNAHK=@ DNAB >?00 =0 OPUHA IA@E= O?NAAJ=J@ I=T
SE@PD LT

2?7?CHAR?L >C@@7?L?HN =IG<CH;NCIHM 1@ G?>C; KO?LC?M CHNB?  >;NAZRNCM=I0OL
NI =IHMC>?L BIQ QC>? NB? P;LC;H=? CM <?NQ??H =IH=?JN ;H> CGJF?G?HN;NCGIH 1@ L?MJIHMC

?KKGN<9 ;<MGICF8; :I@K@:8C 8JJ<KJ ?FN KF @D&OSDFEK |
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https://web.dev/preload-critical-assets/#how-to-implement-relpreload
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>?MCAH @LIG MCN? NI MGRI?JBBD?F2L LT LT <L?;EJICHNM ;M JIJOF;LCT®> <
IHINMNLJ ;GIHAMN INB?LM =;H <? M??H CH NB? >;N;

Best practices
4MCHA L?MIOL=? BCHNM =;H <? =[H@OMCHA ;N NCE?MMIEF NI k?NBNI="M NI

@IFFIQ <;M?> IH +CABNBMJONIG;N?> ;0>CN

3l M;@7FS CGJF?C @JO LNABAP?D;H> LNA?KJJA?P G;E? MOL? NI B? NB?G CH M?28iR
FCHEM N;AM

HEJG NAH LNA?KJJA?P DNAB DPPL AT=ILHA ?KI
HEJG NAH @JO LNABAP?D DNAB DPPL AT=ILHA ?KI

(GIF?G?HNCH @JO LNABAP?D@;FF<;=E CH NB? HEJG N;A=,0M?MOA CH 2;@;LC NB;N
=;H=?FM N LNA?KJJA?P L?KO?MN "FIM? NI 1@ J;A?M U E L?JILN?>NB? CMMO? |@ <INB
LNA?KJJA?P  @JO LNABAP?DCH ; MCHAF? L?MIOL="?

(HNB? =M? 1@7FIHH?=N NI L?KOCL?> ILCAGBHCN Q?MIHFS 1@ J;A?M J;MMCHA NB?
N?MN =L?;NCHA ; F;LA? IJJILNOHCNS @IL NBIOM;H>M |@ Q?<MCI LNA?KJJA?P JIODMCHA
@JO LNABAP?DNI ?MN;<FCMB ?;LFS =IHH?=NCIHM NI CGJILN;HN NBCL> J;LNS ILCACHM

19.67%

"@>K 0?< G<KEK F= G8><J K?8K G¢ preconnect  (@>?K?FLJ< 8L;@K
+;MNFBEOHHCHA +CABNBIQVFRI;> E?S L?KO?MNNMD>CN L?MOFN?> CH 1@ J;A?M J;MMCHA

NB? N?MNIQ@L3 FIIECHA NI O LNAHK=@@IL NB? aLMN NCG? L?GT@#MNM ;H>=LCNC=;F
M=LCJNM ;L? ; All> JF;=? NI MN;LN

Native Lazy Loading

-1Q F?N\M =?F2&?2 NB? aLMNLI@ NBNCP? +;TS +>CHA /( QBC=B ;N NB? NCG? |@
JO<FCMBCHA ;FL?;>SBIM | <LIQM?L MOJJILN 3BCM H?Q /(=;H <? OM?> NI >?@7?L NB? FI;>

2KKGBL>IN<IB@K FI> J?FN79L> >@ @;
2KKGN<9 ;<MLI<J KC GIFEE<K

2KKGN<9 ;<MLI<J KC GCFS8;

?KKG3®;;P FIDBE@ :FD 9CF> C8QP CF8;@E>
?KKGJIBE@LJ< :FD CF8;@E> C8QP 8KKI
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1@ <?FIQ NB? @IF;@2@LH> CG;A?M IH NB? J;A? OHNCF NB? OM?L M=LIFFM H?;L NB?G 3BCM =
L?>0=? >;N; OM;A? G?GILS OM;A? ;H>B?FIM MJ??-PR8IR? @IF> =IHN?HN .JNCHA CH NI F;TS
FI;> CM ;M MCGJF? ;M ;> HK=@EJC H=VUIH EBN=IA IL EIC ?F?G?HNM

4.02%

"@>K 0?7< G<KEK F= G8><J LI@Ex= ES8RBRKIF8; @E>

>|INCIH CM MNCFF CH CNBW?2MEE?=C;FFS QCNB NB? |@a=C;F NBL?MBIF>NLXREEA. NBCM S
NIl =IHM?LP;NCRH> IHFE.?=?HNFFCAHCHA QCRB-RI?L RJ?=N;NCIHM 6CNB ;FGIMN 1@
<LIQM?LM MOJJILNCHAHIEAR? MIOL=? F;TS FI;>CHA NBCM CM ;HINB?L ;L?; |@ IJJILNOHCNS
?MJI?=C;FFS @IL J;A?M FIIECHA NPCANLOM;A? ;H> J?L@ILG;H=? |H FIQ ?HPE2?M

10HHCHA +CABNBVMAV@?L |@ @M=L??H CG;&EN L?MOFN?> CH 1@ J;A?M J;MMCHA NB?
N?MNLWBIM? J;A?M NB?L? CM ;H IJJILNOHCNS NI F;TS FI;> CG;A?M ;@N?L ;FF =LCIRZ=;F L?MIC
aHCMB?> FI;>CHA

1? GCH>@OF NI LOH NB? ;O0>CN IH <INB >?MENIJ ;H> GI<CF? ;8 GIRARN@ M=L??H QB?H
NB? PC?QJILN =B;HA?M

Predictive prefetching

"IGKCHCH. LNABAP?DQCNB G;=BCH? F?;LHCHA =;H B?AFRPCBILI?L@ILG;H=? |@ MO<M?KO?HN
J;,A? M .H? MIFONCIROVMM DRBC=B G;>? NB? CHCNC;F <L?;ENBLIOAB CH JL?>C=NCP
JL?@?N=BCHA QRNBAIT?H Q?<MCN?M ;FL?;>S OMCHA CN CH JLI>O=NCIH

/L?>C=NEZBPL?@?N=BCEM ; N?=BHCKO? NB;N OM?M G?NBI>M @LIG >;N; ;H;FSNC=M ;H> G;=BCF
F?;LHCHA NI BIG@>7? ; >;N; >LCH ;JJLI;=B NI JL?@?N=BCHA &0O?MM DMSONB; RGsM
JL?>C=NCR.?@?N=BCHA MOJJILN @IL JIBDRILENM HAOF;-ORN DM &;[S$MH4>-? RN DM

;H> 90 =;H N;2 ;>P;HN;A? I@ CN NBX¥NHEM NB? JIMMC<PZA;NCIHM @QLIG ; J;A? ;H>
JL?@7?N=B?M IHFS WB2=);CJIN NB;N CHME? H??>?>RIV

#?J?H>CHA IH NB?CHCHA M?N NB? JL?@?N=BCHA 1@ &0?MM BRL=IG2MOQCKNSB |

.P ?LFF JL?>C=NZP@?N=BCHA CM MNCFF OH=B;LNGNNPGECNPESQCNB JL?@?N=BCHA IH
GIOM? IP?L ;H> 2?LPC=?I6E?L JL?@?N=BCHA CN B;M AL?;N JIN?HNCZ:# GIHMN;HN
?RJ?LC?H=?M @IL ;FF OM?LM I@ NB? Q?<NRORA QBCER MN;

?KKGB;;P FIDBE@ :FD 9CF> 9<KK<I| @D8>< C8QP CF8IBE> @E :?I

2KKGN< ;<MF==J4<E @D8><J

?KKGP@K?L9 :FD >L<JJ AJ >L<JJ
?KKGN<9 ;<MGK;@:K@BK=<K:?@E>
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https://addyosmani.com/blog/better-image-lazy-loading-in-chrome/
https://web.dev/offscreen-images/
https://github.com/guess-js/guess
https://web.dev/predictive-prefetching/
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HTTP/2 Push

'33/ B;:M ; @?;NOL? =;FF?> MAGMENB;N =;H JIN?HNC;FFS BGIA? J?L@ILG;H=? QB?H
SOL JLI>O=NRJ?LC?H=?M FIHA 1IOH3JBCGZ233M IL M?LPL JLI=?MMCHA (H <tNB®@

NB;H Q;CNCHA @IL NB? =FC?HN NI M?H> ; L?KORNIN?NBIN@PSRIOMB?M ; L?MIOL=? NB;N CN
JL?>C=NM NB? =FC?HN QCFF L?KO?MN MIIH ;@N?LQ;L>M

75.36%

"@>K 0?7< G<kEK F=$00,,LJ? G8><J LJ@ preload nopush

'33/ /OMB CM I@N?H CHCNC;N?> NE LNAHK=@RCHE B?;>TH NB?  >;N;M?N Q? BP?

M??H 1@ GI<CF? J;A?M OMCHA '3@MB ;H> 1@ NBIM? 1@ JL?FI;> B?;>?L FCHEM OM? NB?
JKLQODIINCIH CH NB? J;A? L?KO?MN 3BCM G?;Pivi NBIDAB ; Q?<MCN? CM OMCHA NB?
LNAHK=@L?MIOL=? BCHN NB? G;DILCNS JL?@?L NI OM? DOMN NBCM joMBCHAF@ '383;N
L?MIOL=?

(N\M CGJILN;HN NI G?HNCIH NB;N/G81B =;H ;FMI >;G;A? J?L@ILG;H=? C@ HIN OM?> =ILL?=NFS
QBC=B JLI<;<FRIF,CHM QBN CM I@N?H >CM;<F?>

.H? MIFONCIH NINBCM CM N/TM? NBR?LHQBC=B MN;H>MP@il. IL JL?FI;> NB? =LCNC=;F
L?MIOL=?Rlender NB? CHCNC;F LION? ;M MIIH ;M JM@skeL?G;CHCHA ;MM?NMazy>

load INB?L LION?M ;H> HIH =LCNC=;F ;MM?NM 3BCM CM JIRMQZERIENSCN®; 8 IAL?MMCP
6 ?< JJ;H>OM?M; 2?LPC=Mf?L NI CGJIH? NB? =;=BCHANMSIS >ICHA NBCM ;FF
MO<M?KO?HN L?KO?RANNPPI? Al ION NI NB? H?NQILE ;H> MI N@MIH??> NI JOMB ;FF NB?
NCG? ;H> Q? MNCFF A?N NB? <?MN |@ <INB QILF>M

Service Workers

%L <INB LNAHK=@H> LNABAP?DQ?P? B;>;H CH=L?;M? CH ;>IINCIH QB?H NB? J;A? CM
=IHNLIFF?>6< 2?LPC=? BE?L 3BCM CM <?=;0M? |@ NB? JIN?HNC;F NIRINBZGMIOL="?
JLCILCNCT;NGIBLZ2FI;>CHA QB?H NB? 2?LPQE?6 CM HIN ;=N&R ;H> CHN?FFCA?HNFS
JL?@?N=BCHA @ONOL? L?MIOL=?M QBCF? F?NNOHRINS2RB?IN?>E €?@IL?DB?
H??>?> & NB? OM?L

?KKGJI<MCFGBRIFQ@CCS8 FI> ;F:J #CFRISIEFI01@G70@0BT .
?KKGB;;P FIDSE@ :FD 9CF> K?< GIGC G8KK<IE
?KKGJI<MCFG<IJ >FF>C< :FD N<9 =LE;8D<EK8CJ GI@D<IJ J<IN@:< NFIB
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https://developer.mozilla.org/docs/Glossary/Round_Trip_Time_(RTT)
https://addyosmani.com/blog/the-prpl-pattern/
https://developers.google.com/web/fundamentals/primers/service-workers
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"@>K .<JFLI:< ?@EK 8;FGK@FE FE /<hBa):€3><J

%L LNAHK=@H >?MENIJ Q? B? ;H IONMN;H>CHA ;N? |@ ;>IINCIH ;H LNABAP?D;
LN? 1@ ;>IINCIH (H <INB =;M?M NB? >;N; CM GO=B BCAB?L =I82|A2;NIJNCIH QCNBION ;
2?7LPC=?BE?L

M G?HNCIH?> ?;,LFC®?1/+ / ;NN?LHQCFF $; MCAHCa=;HN LIF? CH NB? 2GKIHABIQ
Q? =IG<CH? L?MIOL=? BCHNM QCNB NB?I2EPG=BCHA MIRAS

Future

+?N\M >ZeHNI ; =I0JF? IRJ?LCG?HN;F BCHNSI=EIM? NI L?F?;M? 2 B.CILCNS 'CHNM
QBC=B CM ;2NERJI?LCG?HN?> QCNB CH NB? Q?< =IG&GQHBINBP? NB?  $;LFS 'CHNM CH
'33/ QBC=B CM MNCFF CH ?;LFS CH=?JNCIH ;H> NB?S2L,MP@BRQCEH;H> %;MNFS
=IFF;<ILNCHA @IL OJ=IGCHA N?MN NLC;FM

Priority hints

/LCILCNS BCHNMH /( @IL ?RIL?MMCHA NB? @?N=B JLCILCNS 1@ ; L?MIOLU=DBCAB%IQ
=H <? OM?> NI B?FJ >?JLCILCNCT? €&;£MMC>? ; ";,LIOM?F L? JLCILCNCT? M=PCANM ;H>?
B?FJ >? JLCILCNCT? @?N=B?M

?KKG.B;;P FIDS8E@ :FD 9CF> K?< GIGC G8KK<IE
?KKGINNN =8JKED 9CF> 9<FE; J<IM| GLI? OG<I@D<EK@E> N@K? K?<  <8ICP ?@EKJ JK8KLJ :F;<
?KKGJI<MCFG<IJ >FF>C< :FD N<9 LG;8K<J GI@FI@KP ?@EKJ
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3BCM H?Q BCHN =;H <? OM?> ?CNB?L ;M ;H '3,+3\&:B;HACHA NB? JLCILCNS 1@ @?N=B L?KO?MNM
PC; NE EILKNP=J?A IINCIH QBC=B RMENB? M;G? P;FO?M ;M NB? '3,+ ;NNLC<ON?

6A S=JP PK EJEPE=PA =J A=NHU BAP?D BKN = NAOKQN?A >QP =HOK
@ALNEKNEPEVA EP
HEJG NAH LNAHK=@ DNAB FO O?NELPFO =0 O?NELP
EILKNP=J?A  HKS

J EI=CA PDA >NKSOAN =OOECJO 'ECD LNEKNEPU >QP SA @KJ P
=?PQ=HHU S=JP PD=P
EIC ON? EIC EJ;REAS;>QP;JKP;EILKNP=JP ORC EILKNP=J?A HKS
=HP (1JKP EILKNP=JP

6CNE LNAHK=@H> LNABAP?D NB? JLCILCNS CH NBR<LIQM?L >?J?H>CHA |H NB? NSJ? |@
L?MIOL=? IS OMCHA /LCILCNS 'CHNM Q? =;H @IL=? NB? <LIQM?L NI =B;HA? NB? >?@;OFN IINCIH

0.77/%

"@>K 0?< G<KEK F= ,|@FI@KP $@EK 8;FGK@FE FE DF9@C<

21 @;LIHFS  Q?<MCN?M ;>IIN?> NBCM H?Q BCHN ;M "BLIGNOWRGNBBFLCG?HNCHA
;H> ;N NB? NCG? |@ NBCNMUNE2ENA? NB? @?;NOL? CM IH BIF>

3B? F;,LA?MN OM? CM QCNB M=LCJN ?F?G?HNM QBC=B CM OHMOLJLCMCHA ;M NB? HOG<?L 1@ )2
NBCL> J;LNS aF?M =IHNCHO?M NI ALIQ

16%

"@>K 07< G<KEK F= DF9@Q@RLI<I N@K? 8 ?@EK K?8K low K?@FI@KP

3B? >;N; MBIQM OM NB;N  |@ L?MIOL=?M OMCHA /LCILCNS 'CHNNLOMEZNSB8CGABI<CF?
<ON MIG?NBCHA Q? MBIGF®2H GIL? ;NN?HNCIH NI CM NB? 1@ L?MIOL=?M QCNB JFIQ"
JLCILCNS

/LCILCNS BCHR®, BF?;L ;>P;HN;A? ;M ; NIIF NI JE?HN Q;MN?@OF FI;>CHA PC; NB? JFIQ" JLCILCNS

?KKGNNN :?I FD<JK8KLJ :FD =<8KLI
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https://www.chromestatus.com/features/5273474901737472
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<S B?FJCHA NB? <LIQM?L >?=C>? QB;N NI >? JLCILCNCT? ;H> ACPCHA <;=E MCAHCa=;HN "/4 ;}
<;H>QC>NB NI =IGJF?N? =LCNC=;F L?KO?MBRLABIN ;M ; N;=NC= NI NLS NI A?N L?MIOL=?M
FI;>?> GIL? KOC=EFS QCNB NB?JBCRAEBNS

103 Early Hints in HTTP/2

/L? PCIOMFS Q? G?HNCIH?> NB;N /8B =IOF> ;=NO;FFS =;0M? L?AL?MMCIH CH =;M?M QB?L?
;MM?NM <?CHA JOMB?> Q?L? ;FL?;>S CH NB? <LIQM?L $#F5 IBINM JLIJIM;F ;CGM NI
JLIPC>? MCGCF;L <?H?aNM JLISC38”> JOMB 6CNB ;H ;L=BCN?=NOL? NB;N CM JIN?HNC;FFS
MCGJFZN ;>>L?MM?M NB? B3WAIL M?ER JLI=?MMCHA QCNBION MO@@?LCHA @LIG NB? EHIQ
QILMN =;M? CMMO? |@ OHH?=?MM;LS LIOH> NL@INOMB\B M?LP

M@ LCABN HIQ S;H @IFFIQ NB? ERIM;NCIH IH "BLIGCOG QCNB CMMO?M
JH>

Conclusion

#OLCHA NB? J; K §?MIOL=? BCHNM CH=L?;M?> CH ;>IINCISIBR2 §BPG? ?MM?HNC;F /(M

@IL >R?FIJ?LM NI B? GIL? ALHOF;L =IHNLIFPPL G;HS ;MJ?=NM I@ L?MIOL=? JLCILCNCT;NCIHM ;H
OFNCG;NTE?LRI?LC?H=? !ON F?N\M HIN @ILA?N NB;N NB?M? ;L? BCHNM HIN CHMNLO=NCIF}
OH@ILNOH;N?FS NB? ILIQM?L ;H> NB? H?NQILESQIERR NEY, aH;F §;

20L? B =;H MF;JNB?G IH ; <OH=B |@ ?F?G?HNM ;H> NB? <LEJM B3y $O\L? ;MECHA CN
NI .L CN GS CAHIL? MIG? BCHNM ;H> >?=C>? NB? >?@;OFN JLCILCNS CM NB? <?RHN =BIC=? @I
MCNO;NCIH &i=H1? G;R MOL? NI B? ; JF;S<IIE @IL BIQ NI <?MN OM? NB?M? BCHNM

(>?HNC@S EA?M @IL NB? ORIRLT?H="
H;FST? NB? GIMN CGJILN;HN L?MIOL=?M NI IINCGCT?
>IN NB?/1/+/ ;NN?LHQB?H JIMMC<F?

,2;MOL? NB? J?L@ILG;H=RI?LC?H=? <?@IL? ;H> ;@N?L ?;=B CGIF?G?HN;NCIH

M ; aH;F HIN? F?N\M L?G?G<?L NB;N NB? Q?®RaIBHPI16?7? GOMN =IHNCHO? NI JLIN?=N CN ;H>
MNS @1=0OM?> IH <OCFRIPIAC?H=?M NB;N ;L? ?;MS ;H> @LC=NCIHF?MM

6 ?;L? NBLCFF?> NI M?? NB 81?123 Q? A?N CH=L?G?HN;FFS =FIM?L NI |@ @?LCHA ;FF NB? /(

2KKGKFFCJ @K2KDC |=:
2KKG3L>J :?IFD@LD FI> G :PD@LD @JJL<J <K8@C @;
2KKG3L>J :?IFD@LD FI> G :PD@LD @JJL<J <K8@C @;
?KKG3L>J :?IFD@LD FI> G :PD@LD @JJL<J <K8@C @;
?KKGB;:P FIDBE@ :FD 9CF> K?< GIGC G8KK<IE
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L?KOCL?> NI MCGIFC@S <OCF>CHA RARRIPE22 @RRIBH? ;H> Q? =;HN Q;CN NI M??
QB;N =IG?M HRN

Author

+?IH;L>1 9CTT;GC;
X 9CTT,GC; © 9CTT;GC;

+?IH;L>I CM ; 2N; @@ 2I@NQ;L? $SHACHK;M? F?;>CHA Q?<J?L@ILG;H=? ;H>
ALIQNB CHCNZWCR-OIN?M NB&1IG? "IH@?L?H=? +?| ;FMI G;CHN;CHM NB?
/ ?2L@O0G? I<ILS QBC=B B?FJM =IGJ;HC?M JLCILCNCT? LI;>G;INP .2NGI/E
<OMCH?MM >?=CMCIHM NBLIOAB J?L@ILG;H=? ;H;FSNC=M

?KKGNNN :F@E98J< :FD
?KKGE>FD< @F
?KKGP@K?L9 :FD 6@QQ8D@8 G<I=LD< AJ

546 2020 Web Almanac by HTTP Archive


https://x.com/Zizzamia
https://github.com/Zizzamia
https://www.coinbase.com/
https://ngrome.io/
https://github.com/Zizzamia/perfume.js
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Part IV Chapter 22

HTTP/2

2*44'1 $9/&2 '7 #--0/* 0$* #28 #/& *, ' *3)01
<M@<N<; §B:8J, 8I;L< 8lIP, FCGB8I8E;/8NFF; C8D
E8CPQ<; 9 <> 3FC=
I@K<; 9R@:B 2@J:FD@

Introduction

'33/ CM ;H ;JJFC=;NCIHFL JLINI=IF >?MCAH?> MIN@?L CH@ILG;NCIH <?NQ??H R2NQILE
>?PC=?M ;H>LOHM IH NIJ |@ INBRMR@ NB? H?NQILE JLINI=IF MN;=E @N?7R Q3
L?F?;M?> CN NIRRL S ?;LM OHNCF NB? aLMN G;DIL OJ>;N?Q38/G;>? ; MN;H>;L> CH

(N >CHNIMNIJ NB?LR?L NB? F;MN @XQIMS'33/ H> 04(" ; H?Q F;N?H=S L?>0=CHA

L?FC;<F? ;H> M?=OHMILLN JLINI=IF BP? <??H OH>?L MN;H>L>RPERIG?HN CH NB? ($3%
04(" QILECHA ALIOJ 3B?L? ;L? ;=NO;FFS NQI JLINI=IFM NB;N MB;L? NB? M; GAAEG? |

04("™ JA04("* @IL MBILN NB? ILCACH;F JLINI=IF NB;N Q:M >?MCAH?> $I&I0W?>:K> NB?
H?Q7?L ($3% MN;H>L>CTEMTIH ($3% 04(" 04(" ($3% 04(" Q:M <;M?> IH A04(" <ON B;M
ALIQH NI <? KOCN? >C@@7?L?HN CH >?MCAH ;H> CGJF?G?HN;NCIH .H .=N@RL 1@ >L
($39% 04(" L?;=B?> ; MCAHCa=;HN GCF?MNIH? QBRR-GNHAIN *;FF 3BCM CM NB? J;LN 1@ NB?

?KKGD8@CBRM@ M= 8l:? DJ>HL@:P(<.CF!IQ .OA! B  F3?E
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https://mailarchive.ietf.org/arch/msg/quic/ye1LeRl7oEz898RxjE6D3koWhn0/

Part IV Chapter 22 : HTTP/2

MN;H>:L>CT;NCIH JLI=?MM QB?H NB? QILECHA ARBNEC?;FGIMN aHCMB?> ;H>
L?KO?MNM ; aHFC2Q @LIG NB? QC>?L ($3% =IGGOHCNS

3BCM =B;JN?IPC?QM NB? =OLL?HN MN;N? |@*8804(" >?JFI SG?HN (NRIFIL?M BIQ Q?FF

MIG? |@ NB? H?Q?L @?;NOL?M |@ NB? JLINI=IF MO=B ;M JLCILCN@TJIBIB ;B2 2?LP

>IIN?> 6 ? NB?H FIIE ;N NB? GINCP;NCIHM @IL*33/=LC<? NB? G;DIL >C@@?L?H=?M <?NQ??H
NB? JLINI=IFR-MCIHM ;H>>CM=0MM NB? JIN?HNC;F =B;FR28BNAMWNCH&IAM?>

NEHMJILN JLINI=IF QCNB 04("

HTTP/1.0 to HTTP/2

M NB? '33/ JLINI=IF B;M PIFP?> NB? M?G;HNC=M |@ '33BVING?> NB? M;G? NB?LPB;

<??H HI =B;HA?M NI NB? '33/ G?NBI>M MO=B ;M &$3IL /.23 MN;NOM =I>?M ILNB?
>L?;>?>  41(M IL B?;>?L a?F>M 6B?L? NB? '33/ JLINI=IF B;M =B;HA?> NB? >C@@7?L?H=?M
B;P? <??H NB? QCL? ?H=I>CHA ;H> NB? OM? |@ @?;NOL?M |@ NBRMHENLFSCHA NL

'33/ JO<FCMB?> CH >?aH?> NBTRWP<;M?> ;JJFC=;NCIH JLINI=IF ;FFIQCHA =FC?HNM ;H>
M?LPLM NIR-B;HA? G?MM;A?M CH IL>?L NI L?KO?MN L?MIOL=2M:IHH?QNCIH Q;M

L?KOCL?> @IL ?;=B L?KO?MN L?MJIHM? QBC=B CPIB20=3f4IHH?=NCIHM OM? ;

=IHA?MNCIH =IHNLIF ;FAILCNBG NI G;RCGCT? BIQ GO=B >;N; =;H <? CH bCABN 3BZM JLI=?MM N;E
NCG? @IL ?;=B H?Q =IHH?=NCIH 3BCM ]JMFIQ MN;LN”* G?;HM NBENHHNFERKMBRC>NB CM

OM?> CGG?>C;N?FS

H '33/ Q;M CHNLI>O=?> NI ;FFIQ 3IHH?=NCIH L?0M8 <>CHA 1RJ ;FCPMA

;CG?> ;N L?>0=CHA NB? NIN;F =IMN |@ =IHH?=NCIH M;NCGINCH=L?;MCHA Q?<MCN?
J?L@ILG;H=?RJI?=N;NCIHM F?> NI NB? H??> @IL =IH=OLL?H=S 1@ L?KO2MMNM™ |13B5
L?KO?MN ;HINB?L L?MIOL=? ;@N?IPRBINL??MJIIHM? B;> =IGJF?N?> 3B?L?@IL? ;>>CNCIH;F
3"/ =IHH?=NCIHM B;> NI <? ?MN;<FCMB?> L?>0=CHA NB? CGI<=NA@PNRBHZ=NCIHM ;H>
@OLNB?L CH=L?;FRLBA;}>

'33/ JO<FCMB?>CH CM; <CH;LS <;M?> JLINI=IF NB;N CHNLI>O=?> NB? =IH=?JN 1@
<C>CL?=NCIH;F MNL?;GM <?NQ??H =FC?”MMMENPNB?M? MNL?;GM ; <LIQM?L2;H G;E

IINCG;F OM? 1@ ; MCHARA?=NCIH NDLCK@BGFNCJIF? '33/ L?KO?MNM L?MJIIHM?M
=IH=OLL?HNBS/ ;FMI CHNLI>O=?> ; JLCILCNCT;NCIH M=B?G? NI MN??L RBEIX GBERINN

=;H MCAH;F ; L?KO?MN JLCILCNS NB;N ;FFIQM GIL? CGJILN;HN L?MIOL=?M NI <? M?HN ;B?;> |@ INB"

HTTP/2 Adoption

3B? >;N; OM?> CH NBCM =B;JN?L CM MIOL=?> @LIG NB?'33# N2BIBIFPL MP?H GCFFCIH
Q?<MCN?M QCNB ; "BLIG? <LIQM®CNB INB?L =B;JN?LM NB? ;H;FSMCHEMAFIFEN <
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>?MENIJ Q?<MCN?M 6B?H NB? L?MOFNM <?NQ??H >?MENIJ ;H> GI<GR®; NCNCGOF;L?
JL?M?HN?> @LIG NB? GI<CF? >;NM2j{# 8H> GIL? >?N;CFM IH BBI>IFIAS J;A? 6B?H
LPC?QCHA NBCM >;N; JF?;M? <?;L CH GCH> NB;N ?;=B Q?<MCNOFOBRCABROPA;L>F?MM

1@ NB? HOG<?L |@ L?KO?MNRAA?ME SBCHE |@ NBCM GIIFP?MNCHA;NCHA NB? NL?H>M ;=LIMM
; <LE> L ;HA? 1@ ;=NZR?<MCN?M

"@>K $00, LJI8><9P kHL<JK /Fid $00, | :?2@M

+MNBLWM ;H;FSMCM |@ '33/ L=BEN; MBIQ?> NB;N '33/ Q;M OM?> @IIPPL 1@
L?KO?MNM ;H> ;M =;H <? M??H FCH?;L ALIQNB B;M =IHNCHO?> CHR=?MNQ@H 1@

L?KO?MNM ;L? M2LP?L '33/

"@>K 0?7< GSKEK8>< F=HIL<JKJ K?8K LJ< $00,

6B?H =IGJ;LCHA %CAOL? QCNB RMWS.?MOFNM NB?L? B;MLe9?khcrease in HTTR2
requests ;H>; =ILL?MJIH>CHA >?=L?;M? CH '33/ R L?KO?MNM 3BCM CM NBR AIBYNN S
A04(" =;H <? M??H CH NB? >;N;M?N

?KKGPKKGE@WFI> KGFIKJ JK8K< F= K?< N<9 ?
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Protocol Desktop Mobile

'33/
'33/
AO4("

%CAOL? '33/P ?LMCIH OM;A2K?KO?MN
JN@K? C83RIPJ 8NC &ILE; F=;<IBKFG4HL<JKJ ;@; EFBAIK 8 EXF.:FGN@FE ESCPJ@J
J?FNJ K?<J< KF DFJKCP 9< $8B; N< NFIB <; KF WO K?@J >8G @E FLI JKSK@JIKENCTFBESLKLI
8ESBCPJ@J CK?FL>? N< 98J< K?< ;8K8 FE K?< L>8BIC Ng :FEWID<; K?< WO @E K?< +:KF9<l|
:8K8 J<K 9<=FIk GL9C@:8K@FE N?@:? ;:@; @E;<<; J?RN\BRO<I<IN<HL<JKJ 8E; JF 8M
8;;<; K?<D KF K?8K JK8K@JK @ KBEGIFM

6B?H L?PC?QCHA NB? NIN;F HOG<?L |I@ Q?<MCN? L?KO?MNM NB?L? QCFF <? ; <C;M NIQ;L>M =IGG
NBCL> J;LNS >IG;CHM?N ; <?NN?L OH>?LMN;H>CHA |@ NB2IBSCIH <S M?l'"R. CHMN;FF Q?
QCFF FIIE CHMN?;> ;N NB? JLINI=IF OM7ZNBM3|:P@LIG NB? BIG? J;A? |@ ; MCN?

+MNBL ;LIOH> 1@ BIG? J;A?M Q?L? M?L®>I|P?L "33/  ;H> | P?L'33/ 3BCM
S?;L =IG<CHCHA GI<CF? ;H>>?MENIJ CN CM ; LIOABFS ?KO;F MJFCN QCNB MFCABNFS GIL? >?ME
<?CHAMZERP?L'33/ @IL NB? aLMN NCG? ;M MBIQH CH %CAOL?

Protocol Desktop Mobile

"33/
'33/
"33/
%CAOL? '33/P ?LMCIH OM;A? @IL BIG? J;A?M

A04(" CM HIN M??H CH NB? BIG? J;A? >;N; @IL NQI L?|INEPMCB.? ; Q?<MCNPL A04("

NB? '33/ L=BCP? =.QF QIOF> B? NI J?L@ILG JLINI=IF H?AINC;NCIH PENIBH;NTP
M?LPC=B®}>?L ;H> NB?H OM? NBCM ?H>JICHN NI FI;> RB?A0ENBBCM Q;M HIN MOJJILN?>
NBCK:E <ONRJ?=N CN NI R?CF;<F? CHRNZBL\M 6?< FG;H;= FMI A04(" CM
JL?>IGCH;HNFS OM?> @IL NBCL> J;LNS &IIARBALANBIH M?LPCHA BIG? J;A?M

3B? >LCPNI CH=L?;MP?=0LCNS JLCP;=81 NB? Q?< B;M M??H L?KOANBH2 CH=L?;M3 <
IP?L  CHNB? F;MN BLM 3>; SIP?L 1@ ;FF L?KO?MNM IH GI<CF? ;H> >?MENIJ ;L?
?H=LSIN?>IECHA IHFS ;N BIG? J;A?M NB? HOG<?LM ;L? MNCFF ;17 CGJ@? MNUENIJ
H> |@ GI<CF? 3BCM CM CGJILN;HN <?=;0M? BBl IHFS MOJJILNS><¢IQM?LMPPL

?KKGPKKGE@WFI> KGFIKJ JK8K< F= K?< N<9 G:K$KKGJ
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3+2 3B? JLIJILNCIH M7Z2&PIP?L '33/ ;M MBIQH CH %CAOL?  B;M ;FMI CH=LBM?> <
J?L=?HN;A? JICHNM @IMBPS. @LIG NI

Protocol Desktop Mobile

'33/
'33/
%CAOL? '33/P ?LMCIH OM;A? @IL '33/2 BIG? J;A?M

6CNB P?L 1@ Q?<MCN?M <?CHAM?TEPL '33/ IL AO4(" F?N\M FIIE ; FCNNF? >??J?L CHNI
NB? J;NN?LH I@ JLINI=IF >CMNLC<ONCIH @IL ;FF L?KO?MNM G;>? ;=LIMM CH>CPC>O;F MCN?I

"@>K FDG8I< K?< ;@JKI@ILK @KEaH=E+HF= $00,<HL<JKJI G<I G8>< @E = N@K?

%CAOL?  =IGJ;L?M BIQ GO=B '33/ IL A04(" CM OM?> IH ; Q?<MCN? <?NQ??HNBEM S
F;MN?3. 3B? GIMN HINC=?;<F? =B;HA? CMPNBE\H@ |@ MCN?MMIQ B; GIL? |@ NB?CL
L?KO?MNM W2LP?L '33/  IL AO4("=IGJ;L?>NI FMNS ?,L ¥MMNB;H 1@ MCN?X G;E
HI'33/  IL AO4(" L?KO?MNM QBCIHFS  |@ MCN?M ;L? ?HNCL?FS 183A04("

L?KO?MNM

6B;N ;<ION NB? <L?;EIQH I@ NB? J;A? CNM?E@SBC=;FFS N;FE ;<ION NB? >C@@7?L?H=? <?NQ?~
aLMN J;LNS ;H> NBCL> J;LNS =IHN?HN 3BCL> J;,LNS CM >?aH?> ;M =IHN?HN HIN QCNBCH NB?
=IHNLIF 1@ NB? MCN? IQHPC>CHA @OH=NCIH;FCNS MONBMCER @NIEHA IL ;H;FSNC=M

?KKGBCDBES: ?KKGEHFI><E  ?KKG W>
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3B? >?aHCNCIH |@ EHIQH NBCL> J;LN2?NRCNG NIEBCL> J;LNS Q2<2JIMCNILS

%CAOL?  IL>?LMP?LS Q?<MCNZNB? @NCIH 1@ '33/ L?KO?MNM @IL EHIQH NBCL> J;LNC?M IL
aLMN J;LNS L?KO?MNM =IGJ;L?> NI INB?L L?KO?MNM 3B?L? CM ; HINC=?;<FPeC@@?L?H=? ;M|
;FF MCN?R?P Btl aLMN J;LNS '33/ IL AO4(" L?KO?MNM ;N ;FF IS =M\ P?H NB? FIQ?MN 1@

J;A?M BP? 1@ NBCL> J;LNS =IHN?HN M®LP?L '33/ 3BCM CH>C=;N?M NB;N ; F;,LA? J,LN 1@

'33/  \M <LI;> ;>IINCIH CM >[2ERS NB? NBCL> J;LNC?M

"@>K 07<;@JIKI@9ILK@FE &K @HEFH = KGRIIP 8E; WIIK G8IKP $00<HL<JIKJ G<I G8><

(MNB?L?S$HC@@7?L?H=? CH QBC=B =IHN?HN NS32?MPAL?33PLPIL AO4(" %CAOL?

MBIQM @IRBJIF? NB;N 1@ Q?<MCN?MM?LR NBCL> J;LNS @IHNM ;H> ;0PelL|

'33/  ILAO4(" IHFS |  P?L'33/ ;H> ;L?; GCR 3B? G;DILCNS |@ NBCL> J;LNS ;MM?NM
;L? 2CNB?L M=LCJINM IL CG;A?M ;H>;L? MIBAFBIM3BP IL AO4A("IH ;H> 1@

Q?<MCN?M L?MJIZEBICP

?KKGP@K?L9 :FD G8KI@:B?LC:G8KBIN<9 9CF9 8=8;:8;;;<: =;9 <; : < =9 =<: ;8K8 <EK@K@<J AJFE
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"@>K 0?< =3:K@FE F= BEFNEGSM@? $00, Fl >-1% | <HL<JKJ 9P :FEK<EK KPG< G<I
N<9J@K<

>M ;H;FSNC=M =IHN?HNESFCANQILE#- L?MIOL=?M ;H> N;A G;H;A?LM ;L?

JL?>IGCH;HNFS M2LRP?L 33/ IL AO4(" ;M MBIQH CH %CAOL?  "OMNIG?L MO==?MM ;H>
G;LE?NCHA =I[HN?HN CM GIES RCE? M7=A P?L '33/

"@>K 07< B:K@FE F= BEFNEGSM@R $00, Fl>-1% | <HL<JKJ 9P :8K<>FIP G<I N<9J@K<
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Server support

ILIQM?L ;ONI OJ>;N? G?=B;HCMGM ;L? ; >LCPCHA @;=NIL @IL =FC?HN MC>? ;>IINCIH 1@ H?Q Q?<
MN;H>;L>M (RMINCG;N?MNB;NP?L |@ AFI<;F OM?LM MOJJILN '330J MFCABNFS @LIG
G?;MOL?> F;,MNIS

AH@ILNOH;NB? OJAL? J;NB @IL MM CM GIL? >C@a=0OFN ?MJ?=C;FFS QCNB NB? L?KOCL?G?HI
MOJJILN 3+21GI<CF? ;H> >?MENIJ Q? =;H M?? @LIG %CAOL? NB;N NB? G;DILCNS |@

'33/ MCN?M ;L? M2LES HACHR "FIO>b;L? ;H> J;=B? FGIMN B;F@ |@ NB? 'BBZN?M ;L?

M?LP> S J;=B?

"@>K /<IMKI LI8>< 9P $00, GKF:FC FE DF9@C<

'IQ B;M '33/ ;>IINCIH =B;HA?> CH NB? FMIN@IL ?;=B M2IP %CAOL?  MBIQM ;

A?H?|F '33/  ;>IINCIH CH=L?;M? 1@ ;LIOH> ;=LIMM ;FF MARMPMCH=? F2NIN B=B? ;H>

((2;L? MNCFF OH>?L  '33/ 3BCM MOAA?MNM NB;N ?CNB?RIH2?QR2LRI <? HACHR IL CN CM
M??H ;M NIl >C@a=0FN IL HINDBICRBNI OJA2. J;=B? IL ((2 NI1'33/ JH> L 3+2

?KKGIBE@LJ< :FD ?KKG
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"@>K , <II<EK8>< F= G8><J<I<fMI $00, 9P J<IMI

FIHA N?LG L?=IGG?H>;NCIH NI CGRLQ?<MCN? J?L@ILG;H=? B;M <??H NI OM? ; "#- 3B?
<?H?aN CM ; L?>0O=NCIH CH FNANBSW?LPCHA =IHN?HN ;H> N?LGCH;NCHA =IHH?=NCIHM =FIM
NB? ?H> OM3BCM B?FJM GCNCA;NENBPHONCIH CH JLINI=IF >382HN ;H> NB? ;>>CNCIH;F
=IGIJF?RCNC?M CH NOHTHA;M2ULP?INCHA MSMN?GM MRZNENCT;N@a#+NCIH @IL GIL?
>?N;CFM GNCFCT? NB? H?Q JLINI=IFM 2@8RENDP; "#- =;H <? M??H ;M NB? L?=IGG?H>?>
;JILL,=B

"#-M =;H <? =F;MM?> CH NQI <LI;> =;N?AILC?M NBIM? NBNB®BLE? J;A? ;H> IL ;MM?N
MO<>IG;CHM ;H> NBIM? NB;N ;L? G;CHFS OMZNBGL2LPLNS =IHN?HN $R;GJF?M |@ NB? aLMN
=;N?AILS ;L? NB? F;,LA?L A?H?LC="#-M MO=B ;M "FIO>b;L? E;G;C IL %;MNFS ;H>NB? GIL?
MJ?=Ca= MO=B M6L?MM IL -?NFC@ECHA ;N NB? >C@@?L?H=? CHI3SCIH L;N?M @IL

BIG? J;A?M M?® QCNB IL QCNBION ; "#- Q? M??

80% 1@ GI<CF? BIG? J;A?M ;L? M2LFP?L '33/ C@ ; "#- CM OM?>

30% 1@ GI<CF? BIG? J;A?M ;L? M2LFP?L '33/ C@ ; "#- CM HIN OM?>

%CAOL?  MBIQM NB? GIL? MJ?=Ca=;H> NB? GI>?LH "#-NM MRCRB?L JLIJILNCIH |@dE
1 P?L "33/
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HTTP/2 (%) CDN

ICMIH &LC> "#-MOH?#M®B ?<"#- -8( %36  04("=FIO> 1I;MN CI 2CLP "#- ®CNNBS=;>;
-?NQILEM

ONIG;NNC= TCIH !CNRCN®;=?<IIE * ?S"#- ,C=LIMI@N TOL? -&$-(7 -?NFC@&BII
M?=NCIH Cl CL?? !SHH "FIO>b;L? &I";=B? -?N#- 2%1 20=0LC %CL?Q;FF

G;TIH"FIO>% LIHN 1?FOA;"#- "#- "#- $LMNL?;G %;MNFS 'CABQCH>MS5'"#- 8 INN;;
$>A?=;MN ,S| 2?=0OLCNS "#- 2N;=ENB 7+;<M 2?=0OLCNS

E;G;C LS;E; &lIAF? +CG?FCABN 1;,=EMJ;=? (H=;JM@®RF+ ,2>C;HI P; .H JJ 2CHAOF;L
"#- 5 7?L=?F ";=B?bS'?>?RCM 1?b?=N?>-?NQILEM ZHEF "#- 8 OHDC;MO "#-?NQILEM

1=E?N"#- |. 3 "BCH;";=B? *(-7"#- 9 ?H?>A? "BCH;-?N"?HN?L
%CAOL? [ ?L=?HN;A? 1@ '33/ L?KO?MNM M2L &S NB? aLMN J;LNS "#-M?L GI<CF?

3SJ?M |@ =IHN?HN CH NB? M?=IH> =;N?AILS ;L? NSJC=;FFS MB;L?P;22MCIN=PN@)HN
"#M ;>P ?LNCM?G?HNM IL ;H;FSNC=M (H ;FF NB?M? =;M?M OMCHA? MBQCFF CGJLI
J?L@ILG;H=? ;H> I@bl;> @IL NB? P;LCIOM 2;;2 MIFONCIHM

"@>K FDG8I@JFE F= $0QE; >-1% LJ8>< =FI N<9J@K<J LJ@E>8 *

(H%CAOL?  Q?=;HM?? NB? MN;LE >C@@?L?H=HSHABS" ;>IINCIH QB?H ; Q?<MCN?
CMOMCHA; "# 1@ J;A?M OM? '33/@IL ;FF NBCL> J;LNS L?KO?MNM QB?H ; "#- CM OM?>
6CNBION ; "#- IHFS 1@ J;A?M OM?'33/ @IL ;FF NBCL> J;,LNS L?KO?MNM
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HTTP/2 impact

,2;MOLCHA NB? CGJ;=N I@ BIQ ; JLINI=IF CM J?L@ILGCHA CM >C@a=0OFN QCNB NB?>=OLL?HN
;JILE=B (N QIOF> <? L?;FFS @;M=CH;NCHA NI <? ;<F? NI KO;HNC@S NB? CGJ;=N 1@ =IH=0OLL?
=IHH?=NCIHM NB? ?@ @?=RN@IMHE ;H>>C@@?L?HN =IHA?MNCIH =IHNLIF GR2EFHEMGM 3
=IGJ;L? J?L@ILG;H=? ?;=B Q?<MCN? QIOP2 B| <? =LQF?> P?L ?;=B JLINI=IF P?L

>C@@7?L?HN H?NQILE =IH>CNCIHM 6B;N Q? =;H > CHMN?;> CM NI FIIE CHNI NB? CGJ;=N IH NI
1@ =IHH?=NCIHM ; Q?<MCN? OM?M

Reducing connections

M >CM=OMR|RFC?133/ IHFS ;FFIQM ; MCHAF? L?KO?MN ;N PRICG? EIHH?=NCIH

,IMN <LIQM?LM A?N ;LIOH> NBCMQCHA MCHFB2F =IHH?=NCIHM J?L BIMN 3B? G;DIL
CGJLP?G?HN QCNB '33/CM NB;N GOFNCJF? L?KO?MNM =;H RZ-GOFANNMEHAF? 3

=IHH?=NCIH 3BCM MBIOF> L?>0=? NB? NIN;F HOG<?L |@ =IHH?=NCIHM[;H> NB? ;MMI=C;N?> N
L?MIOL=?M[L?KOCL?> NI FI;>; J;A?

"@>K @JIKI@ILK@FE F= KFK8C ELD9<I F= :FEE<:K@FEJ G<I G8><

%CAOL?  MBIQM BIQ NB? HOG<?L"I@HBH?=NCIHM J?L J;A? B;M L?>0=?> CH
=IGJ;L?>QCNB  F@ |@ ;FF Q?<MCN?M HIQ OM? IL @PQPHP=NCIHM CH
=IGJ;L?> QCNB =IHH?=NCIHM CH ;o >?=L?7;M? (HNB? M;G? NCG? J?LCGNEZH
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HOG<?L |@ L?KO?MB\MI IHFS >LI1JJ?> @LIG NI 3B? G?>C;H HOG<?L |@ L?KO?MNM J?L 3
=IHH?=NCIH B;M CH=L?;M?> @LIG NI

3"/ Q;M >?MCAH?> NI G;CHN;CHHA? >;N; blQ NB;N CM <INB ?@a=C?HN ;& ALBR ; blQ
=IHNLIF JLI=?MM QB?L? ?;=B blQ <IRBLAM JL?MMOL? I|H ;H> CM L?MNIHMORB?L bIQM NI
JLIPC>? ; @;CL MB;L? |@ NB? H?NQILE (H ; @;CLRPLIBIB{IM?MMCIH >I?M HIN =LIQ> |ION ;H
INB?L M?MMCIH ;R2LINCG? QCFF N;ED NB? J;NB =;J;=CNS

3B? G;DILCNS 1@ Q?<MCN?M MNREF B?HIHH?=NCIHM (H '33/ NB? MCR =IHH?=NCIHM ;

<LIQM?L =IOF> 1J?H NI ; >IG;CH =;HPPL NCG? =F;CG MCR NCG?M ;M GO=B <;H>QC>NB ;M ; MCHAF?
'33/ =IHH?=NCIH .P’L FIQ =;J;=CNS H?NQILEM NBCM =;H MFIQ >IQH’N8P@2H8R?HN

@LIG NB? JLCG;LS ;MM?N >IG;CHM ;M NB? HOG<?L |@ =IHN?H>CHA =IHH?=NCIHMRIH=L?;M?M ;H> |
<;H>QC>NBRQ; S @LIG NB? CGJILN;HN L?KO?MNHMLBBQW@CN?M QCNB ; MG;FF HOG<?L |@

NBCL> J;LNS >IG;CHM

'33/  >I1?M;FFIQ @IEIHH?=NCIH L?0M2IMM >C@@7?L?HN <ON L?F;N?> RIG3ERM %
L?MIOL=? CN L?KOCL?M ; =?LNCa=;N? NB;N CM P;FC> @IL NB? BIMN CH NB? 41( 3BCM =;H <? OM?>
NB? HOG<?L 1@ =IHH?=NCIHM L?KOCL?> @IL >IG;CHM OH>?L NB? =IHNLIF I@ NB? MCN? ;ONBIL

Prioritization

M'33/  L?MJIIHM?M =;H <? MJFCN CHF\C8FCPC>QF@LH> ;M @?M @LIG GOFNCJF?

MNL?;GM =;H <? GOFREJIRB? IL>?L CH QBC=B NBM@IL? CHN?LF?2;: ;H> >?FCP?> S NB?

M?LPL <?=IG?M ; =LCNC=;F J?L@ILG;H=? =INKIEH?INSIC=;F Q?<MCN? =[HMCMS8IM 1@ G;H
>C@@7?L?HN NSJ?M |@ L?MIOL=?M NB? PCMC<F?22HBDGBAINE,NB? ;JJFC=;NCIH FIAC=

); P;2=LCIN ;>M ;H;FSNC=NFEQHAMCN? OM;A? ;H2QHAMNCHA <?;=IHM 6CNB

EHIQF?>A? 1@ BIQ ; <LIQM?L QILEM ;H IINCG;F IL>?LCHA 1@ NB? L?MIOL=?M =;H <? >?aH?> NB;N
QCFF L?MOFN CH NB? @; MN?MOPEIM?L3B? >C@@7?L?H=? <?NQ??H IINCG;F ;H> HIH IINCG;F =;H
<? MCAHCa=;HN[;M GO=B ;M ; J?L@ILG;H=? CRR&PHN IL GIL?

'33/  CHNLI>O0=?> NB? =IH=?JN 1@ JLCILCNCT;NCIH NI B?FJ NB? =FC?HN =IGGOPIC=;N? NI NB? M?L
BIQ CN NBCHEM NB? GRIENEIRIOF> <? >IH?LSPMNL?;G CM ;MMCAH?> ; Q?CABN BIQ GO=B |@

NB? P;CF;<F? <;H>QC>NB NB? MNL?;G MBIOF> <? ;FFI=;N?> ;H> JIMMC<FS ; J;L?HN ;HINB?L MNL?;C
QBC=B MBIOF> <? #PPEGRLMN 6CNB NBRXBZFCNS |@ BBILCILCNCT;NCIH GI>?F CN CM HIN
;ENIA?NB?L MOLJLCMCHA NB;N ;FF 1@ NB? =OLL?HN <LIQM?L ?HASEI@@CGAHRG?HN?>
JLCILCNCT;NCINMII?MHIH? |@ QBC=B JURCG;F

3B?L7?;L? ;FMI JLI<F?GM IH NB? M?MT>? F?;>CHA NBA/RLRM CGIF?G?HNCHA JLCILCNCT;NCIH
?CNB?L JIILFS IL HIN ;N ;FF (H NB? =;M? IGR'ISOHCHA NB? MMUE>? M?H> <O@@?LM NI <? ;M

?KKGPKKGER@AFI> KGFIKJ JK8K< F= K?< N#IK8C
?KKGKFFCJ @#K2KDC |=:  J<:K@FE
?KKGJ8C<E;8G<I=GC8E<K :FD ?KKG GI@FI@K@Q8K@FE
?KKGNNNPFLKL9< :FD N8K:? ME$ @.&= :
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<CA ;M JIMMC<F? B;M HI >IQHMC>? INB?L NB;H NB? CH=L?;M? CH;SCBA.Ea®GMRILS @IL

"4 ;H>CM ;H?@@?2NEB NI CH=L?;M? NB? NBLIOABJON 1@ ; QR3BRCMFCM HIN NLO? @IL

'33/ ;M >:N; CH NB?/M?H> <O@@7?L =;HHIN <? L? JLCILCNCT?> C@ ; L?KO@UR @IL ; H?Q
CGJILN;HN L?MIOL=? =IG?MICH{ @3/  M?LP’L NB? IINCG;F M?H> <O@@?L MCT? CM NBOM NE
GCHCGOG ;GIOHN 1@ >;N; L?KOCL?> NI @OFFS BREREPXNBQC>NB 3BCM ;FFIQM NB?
M?LPL NI L?MJIH> CGG?>C;N?FS C@ ; BCAB?L JLCILCNS L?R®?MN CM L?=?CP

3BCM JLI<F?G |@ F;LA? <O@@7?LM G?MMCHA QCNB L? JLECONDTBHCNBFMPRQILE QB?L?
CN AI?NBNB? H;G? [<O@@?L<FANDILE ?KOCJIG?HN QIOMB?L <O@@?LAMENB;H >L1J

NB?G QB?H NBW? MBILN <OLMN 'RJR C@ NB? M2?MPH>M GIL? >;N; NB;H NB? J;NB NI NB?
=FC?HN =;H =IHMOG? NB?M? <O@@?LM aF3BRMZ,$NCMSFL?;>S ]MNIL?>" IH NB? H?NQILE
FCGCN NB?MMP<CFCNS NI M?H> ; BCAB?L JLCILCNS L?MDBMN?2MFEEAA? M?H> <O@@7?L
>|?M 3 GCHCGCT? NB? ;GIOHN 1@ >;N; B?F> CH «tG@@NPENHA?MNCIH =IHNLIF ;FAILCNBG
MO=B ;M !'1 MBIOF> <? OM?>

3BCM?MN MOG\2HN;CH?S<H>S #; PC?M G?;MOL?M ;H> L?JILNM BIQ P;LCIOM "#- ;H> =FIO>
BIMNCHA M?LPC=?M J?L@ILG 3B? <;>H?QM CM NB;N IHFS 1@ NB? M?LPC=?M JLCILCNCT?
%CAOL?  MBIQM NB;N @IL MCN?M OMCHA ; "#- ;LIOH>  >I HIN JLCILCNCT3BILM>ENFS

0J @LIG F;MN S?;L G;CHFS >07? NI NB? CH=L?;M? CH &IIAF? "#- OM;A? 1;NB?L NB;H L?FSCl
IH NB? <LIQM?L M?HN JLCILCNC?M NB?L? ,L?MVGRBIRIEGIF?GMRLPL MC>?
JLCILCNCT;N®HB?G? CHMN?;> CJHA OJIH NB? <LIQM?L\M BCHNM QCNB ;>>CNCIH;F FIAC=

?KKGICF> :CFL;X8IFD ?KKG GI@FI@K@Q8K@FE N@K? E>@EO
2KKGP@K?L9 :FD 8ESM@<J ?KKG GI@FI@K@Q8K@FE @JJL<J
2KKGBCF> :CFL;X8LFD 9<KK<I ?KKG GI@FI@K@Q8K@FE =FI 8 =8JK<I N<9
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Prioritize )
CDN Desktop Mobile
correctly
-IN OMCHA "#- AHEHIQH
"FIO>b;L? / ;MM
&IIAF? %;CF

G;TIH "FIO>% LIHN  %;CF

%;MNFS / ;MM
E,G;C / ;MM
ONIG;NNC= / ;MM

20=0LC %CL?Q;FF %;CF
(H=:JMOF; %;CF
-2NFC@S %;CF

%CAOL?  '33/  JLCILCNCT;NCIH MOJJILN CH =IGGIH "#-M

%L HIH "#- OM;A? Q? ? RJ?=N NB? HOG<?L |@?MALW¥B;N =ILL?=NFS ;JJFS '33/
JLCILCNCT;NCIH NI <? =IHFSHG;FFPL ?R;GJF? -1>?)2\M '33/  CGJF?G?HN;NCHPM
HIN MOJJILN JLCILCNCT;NCIH

Goodbye server push?

2?LPL JOMB Q;M IH? 1@ NB? ;>>CNCIH;F @?;NOL?NNB@N'33DM?> MIG? =IH@OMCIH ;H>
=IGJF?RCNS NI CGJF?G?HN=CIE3R /OMB M??ENIGIF;Q;CNCHA @IL ; <LIQM?L =FC?HN NI
>|QHFI;>; '3,+ J;A? J;,LM? NB;N J;A? ;H> IHFS NB?H >CI¥A2lL NB;N CN L?KOCL?M ;>>CNCIH;F
L?MIOL=?M MO=B ;M ; MNSF?MB??N QBC=B GHI@@PNB;B?> ;H> J;LM?> N| PAMPPH

GIL? >?J?H>?H=C?M MO=B ;M @IHNM FF NB;N QILE ;H> LIOM# NCGIVECEB M216MB

CH NB?ILSB? M72lP=;H DOMN M?H> GOFNCJF? L?MJIHMACACHARNBMNLLIOH> NLCIM

AH@ILNOH;NZBSNB/3=-IHA?MNCIH =IHNLIF CI$ NB? >;N; MM@?L MN;LNM I@ @ MI MFIQFS NB;N
HIN ;FF NB? ;MM?NM =;H <? JODHBPSF GOFNCJF? LIOH>MRIGEIM BM?> NBPIMI@ ?JN?
MO@a=C?BBPS? ;L? ;FMCGJIF?G?HN;NCIH >C@ @?k?NEZAAH <LIQM?LM ;M NB? =FC?HN
JLI=?MMCHA GI>?F B;> HIN <??H @OFFSIIARR?SI%? ?;=B <LIQM?L B;M ; >C@@7?L?HN
CGJF?G?HN;NCIH @&@J? :8:?<

?KKG.D :FD A8JE<CC JK8KLJ
?KKGJ8C<E;8G<I=GC8E<K :FD  ?KKG GLJ? K?< ;<K8@CJ
?KKGA8BBL?@98C; :FD  ? GLJ? KFL>?<I K?8E @ K?FL>?K
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HINB?L CMMO? CM NB;N RBEMHM;L? |@ L?MIOL=?M NB? <LIQM?L B;M ;FL?;>S =,=B?>
6B?H ; M?LPL NLC?M NI JOMB MIG?NBCHA RBINZMNBP =FC?HN =;H I 123;231$ ,

@G? <ON 8 NB? NCG? NBCM B;M B;JJ?H?> RBGMQPFF B? ;FL?;>S M?HN ;FF NB? >;N;
3BCM Q;MN?M <;H>QC>NB ;H> NB2BYWALRMN NB? IJJILNOHCNS |@ CGG?>C;N?FS M?H>CHA
MIG?NBCHA NB;N NB? <LIQM?L ;=NO;FFS >C> L?KOCLJLBBRLPNDNI?FFIQ =FC?HNM NI
CH@ILG NB? MI2L@® NB?CL =;=B? MN;NOM <ON NB?M? MO@@?L?> @LIG JLCP;=S =IH=?LHM

M =;H <? M??H @LIG NB? %CAOL?  <?MES MG;FF J?L=?HN;A? |@ MCN?MNIONMB?LP

Client HTTP/2 pages HTTP/2 (%) gQUIC pages gQUIC (%)
#?MENIJ
JI<CF?

%CAOL? / ;A?M OMCHA '33IL A04(" M?LP ?L JOMB

+IECHA @OLNB?L ;N NB? >CMNLC<ONCIHM @IL JOMB?> ;MM?NM CH %CAOL?M H> B;F
MCN?M JOMB IL @?Q?L L?MIOL=?M QCNB ; NIN;F MCT? 1@ *!' IH>?MENIJ ;H> IL @?Q?L L?M
QCNB; MCT? 1@ *!'IH GI<KCFPL%04(" >?MENIJCM IL @?Q7L ;H> GI<CF? 3B? QILMN
1@@?H>CHA J;A? JOMEIRMKJII P?L A04(" IH >?MENIJ

Percentile HTTP/2 Size (KB) gQUIC Size (KB)

%CAOL?  #CMNLC<ONCIH |@ JOMB?> ;MM?NM IH >?MENIJ

?KKGXFFCJ @#K2KDC 8=K @<K=?KKG9@J :8:?< ;@><JK
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Percentile HTTP/2 Size (KB) gQUIC Size (KB)

%CAOL?  #CMNLC<ONCIH I@ JOMB?> ;MM?NM IH GI<CF?

+HIECHA ;N NB? @L?KO?H=S |@SJEMB2IN NSJ? CH %CAOL? Q?M?? 1@ J;A?M JOMB
M=LCJNM ;H> JOMB "22 3BCM?E;E?HM? ;M NB?M? =;H <? MG;FF aF?M NSJC=;FFS IH NB? =LCNC-=
J;NB NI L?H>?L ; J;A?

"@>K , <I:<EK8>< F= G8><J GLJ?@E> JG<:@W: :FEK<EK KPG<J

&CPH NB? FIQ ;>IINCIH ;H>;@N?L G?;MOLCHA BIQ @7?Q I@ NB? JOMB?> L?MIOL=?M ;L? ;=NO;FFS
OM?@OF NB;N 813;N88 ; L?KO?MN NB;N CM HIN ;FL?;>S =;=B?> &IIAF? B;M ;HHIOH=?> NB?
CHN?HN NI LPGIOMB MOJJILN @LIG "BLI@IL <INB '33/ ;H> A04(" "BLIG? B;M ;FMI

HIN CGJF?G?HN?>JOMB @IL '33/

#?MJICN? ;FF NB?M? JLI<F?GM NB?L? ;L? =CL=OGMN;H=2M JIB2B=\P?IIFC>? ;H

?KKGPIFLGJ) >FF>C< :FD 8 FD@LD FI>>9C@EB"}(! MD-15 DM+3'6 #F - &
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CGJILP?G?HN 3B? C>?;F OM? =;M? CM NI <? ;<F? NI M?H> ; JOMB JLIGCM? GO=B ?;LFC?L NB;H |
'3,+ L?MJIIHM? CNM?R@=?H;LCI QB?L? NBCM =;H <?HRBRICM#- CM CH OM3B? p?;>
NCG<?NQ??H NB? "#- L?=?CPCHA NB? L?KO?MN ;H> L?=?CPCHA ; L?MJIHM? @LIG NB? ILCAC
OM?> CHN?FFCA?HNFS NI Q;LE SIHNB2[SCIH ;H> JOMB ;MM?NM ;FL?;>S =,=B?> ;N NB? "#-

3B?L? Q;M BIQP?L HI MN;H>;L>CT?> G?NBI> @IL BIQ NI MCAH;F NI ; "#- ?>AR MBI ;H

;MM?N MBIOF> <? JOMB?> (GJF?G?HN;NCIHM CHMN?;> L?0M?> NB? JL?FI;> '33/ FCHE B?;>?L |
CH>C=;N? NBCM 3BCM MCGJF? ;JJLI;=B ;JJ?;LM ?F?A;HN <ON CN >|?M HIN ONCFCT? NB? >?;>
NB? '3,+ CM A?H7N?> OHF?MM NB? B?;>?LM ;L? M?HN <?@IL? NB? ;=NO;F =IH®?HN CM L?;>S
NLCAA?LM NB? ?>A? NI JOMB L?MIOL=?M ;M NB? '32>CNINB27CRA? QBC=B QCFF =IHN?H>
QCNB NB? >?EER@ NB? '3,+

H ;FN?LH:NEBLIJIM:F <?CHA N?MN2SCM QBC=B >?aH?M ;H CH@IX  $=NHU

'EJPO  L?MJIHM? 3BCM J?LGCNM B?;>?LM NI <? M?HN CQGREICHPESHA NI Q;CN @IL NB?
M?LPL NI A?H?N? NB? @OFF L?MJIHM? B?;>?LM 3BCM =:H P I0B#SH NI MOAA?MN JOMB?>
L?MIOL=?M NI ; "#- IL & ; "#- NI :F?LN NB? =FC?HN NI L?MIOL=?M NB;N H??> NI <? @?N=B?>
1Q? P?L;NJIL?M?HN MOJJILN @IL NBCM @LIG <INB ; =FCRHRLMIMREMPES FIQ<ON
ALIQCHA

Getting to a better protocol

+?N\M BI; =FC?HN ;H> MRINPOJJILN <INB '33/ ;H>'33/ 'IQ>INB? S=BIIM? QBC=B

IH? NI OM? 3B? GIMN =IGGIH G?NBI> CM 332C=;NCIH 2L /LINI=IF -?2AINC;NCIH +/-

CH QBC=B =FC?HNM M?H> ; FCMN |@SMROIXIRM NBRB? MRIPFBC=B JC=EM NB? IH? CN JL?@?LMN
NI OM? @IL NB;N =IHH?=NCIH !?=;0M? NB? <LIQM?L H??>M NI H?AINC;E?NBR\3+2 JiL N

1@ M?NNCHA OJ ;H '33/2 =IHH?=NCIH CN =;H ;FMI H?AINC;N?2NBIZB3/® NB? M;G? NCG?

2CH=? <INB '33/ ;H>"'33/ =H <? M?LP?> @LIG NB? M;G7 3ILN <LIQM?LM >IH \N

H??> NI G;E2 NBCM M?F?=NCIH <?@IL? IJ?HCHA ; =IHH?=NCIH

3BCM >I?MHQILE C@ NB? JLINI=IFM\;LRIMB? M;G? JILN OM? ; >C@ @IMIHMNLINI=IF
3"/P ?LMOM 04(" IL C@\E? HIN OMCHA 3#t2NBIM? M=?H;LCII® N;LN QCNB QBNEZM
; P;CF;<F? IH NB? aLMN J@NIEH?=N NI NB?H >€MANB?L IINCIHM '33/>?aH?M NQI
G?=B;HCMGM NI =B;HA? JLINI=IFM @IL ;H ILCACH ;@N?L 4LCN=@AHA HP 2R?

Upgrade

3B? 4JAL>? B?;>?L B;M <??H J;LN 1@ '33/ @IL ; FIHANCG? (H '3B/ 4LCN=@AFFIQM ;

?KKGD<;@LD :FD8ESEE<| ?KKG J<Hll GLJ? G<I=FID8E:< 8 =LIK?<8BB@ :8J<JKL;P 8 8
?KKGKFFCJ @+K2KDC I=:

?KKGINNN =8JKED 9CF> 9<FE; J<IM| GLI? OG<I@D<EK@E> N@K? K?<  <8ICP ?@EKJ JK8KLJ :F;<
?KKGXEN@B@G<;@8 FI> N@B@ GGG@;BH@FEPBR>FK@8K@FE
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=FC?HN NI G;A.?KO?MN OMCHA IH? JLINI=IF <ON CH>C=;N? CNM MOJJILN @IL ;HIRB?L JLINI=IF FC
'33/ (@ NB? M2LBFMI MOJJILNM NB? |@@?L?> JLINI=IF CN L?MJIH>M QCNB ; MN;NOM

2SEP?DEJC /NKPK?KHO ;H> JLI=??>M NI ;HMQ?L NB? L?KO?MN CH NB? H?Q JLINI=IF (@ HIN NB?
M?LPL ;HMQ?LM NB? L?KO?MN CHR33PLP?LM =;H ;>PLNCM? NB?CL MOJJILN 1@ ; >C@@7?L?HN
JLINI=IF OMCHA 4LCN=@AB?;>?L |H ; L?MJIHM?

3B? GIMN =IGGIH ;JJFC=;NCII- ALCN=@ACH ?<2I=E?NM '33/  ;FMI >?aH?M ;} ALCN=@A

J;NB @IL OM? QCNB CNM OH?H=LSIRI®>G+F?;BB?L? CM HI MOJJILN @IL NBCM =;J;<CFCNS CH Q7?<
<LIQM?LM BI@?L 3B?L?@IL? CN\M HIN MOLJLCMCHA NB;N F?MM NBRM'33(@ =F?;LN?

L?KO?MNM CH IOL >;N;M?NR:7H ALCN=@AB?;>?L CH NB? L?MJIHM?LSMG;FF HOG<?L |@
L?KO?MNM OMCHA 3+2 @ '33/ @ '33/ ;EMI L?=?CP> 4LCN=@AB?;>?LM

CH L?MJIHM? NB?M? 2PFER2;LRIQ '33/ M?LP?LM <?BCH> CHN?LG?>C;LC?M QBC=B MJ?;E

'33/  ;H>IL N?LGCH;N? 3+2 <ON M\HILIJ?LFS L?@GP 4LCN=@AB?;>?LM

Alternative Services

FN?LH;NER?LPC=7 HP 2R? ?H;<F?M ;H '33/ ILCACH NI CH>C=;N? INB?L ?H>JICHNM QBC=B
M?LPNB? M;G? =IHN?HN JIMMBAEFSC@@?L?HN JLINI=IFM FNBIOAB OH=IGGIIGCISBN

<? FI=;N?> ;N ; >C@@7?L?HN JILN IL >C@@?L?HN BIMRB@ LIGMRETZ? ,IL? CGJILN;HNFS
MCH=?'33/ OM?M 04(" B?H=? 4#/ QB?L? JLCILRMCIHM I@ '33/ OMP 3'33/ QCFF

;FQ;SM <? ;N ; >C@@7?L?HN ?H>JICHN @LIG RBAI*338/ M?LPC=?

6B?H OMCt HP 2R? ;=FC?HN @H L?KO?MNM NI NB? ILCACH ;M HILGF OGP NB? R?LP
CH=FO>?M ; B?;>?L IL M?H>GI?, @HN;CHCHA ; FCMN |@ ;FRIVLNBICEFC?HN =;H GiEQ
=IHH?=NCIH NI NB? INB?L ?H>JICHN ;H> OM? CN @IL @ONOL? L?KO?MNM NI NB;N ILCACH

4HMOLJLCMC HP 2R? OM;A? CM @IOH> ;FGIMN ?HNCL?FS @LIG M?LPC=?M OMCHA ;>P;H=?> "33/
P?LMCIHM 1@ '33/ L?KO?MNM ;H> 1@ AO4(" L?KO?MNM L?22C# HP 2R?

B?;>?L CH L?MJIHM? ;M =IGJ;L?> NI 1@ '33/ R L?KO?MNM -IN? NB;N IOL G?NBI>IFIAS

B?L? IHFS =;.JNOL HP 2R? B?;>?LM HI +325" @G?M CH '33/ MIL?;FCNS GCABN <?

MFCABNFS OH>?LMN;N?>

6BCF: HP 2R? =;H JICHN NI ;H ?HNCL?FS >C@@7?L?HN BIMN MOJJILN @IL NBCM =;J;<CFCNS P;LC’
<LIQM?LM HFS |I@ HP2R? B?;>?LM ;>PLNCM?>;H ?H>JICHN IH ; >C@@7?L?HN BIMNH;G?
NB?M? Q?L? ;FGIMN @HCPFS ;>P ?LNCMCHA A04(" ;H>'33MOJJILN IH &IIAF? >M

&IIAF? "BLIG? CAHIL?M =LIMM B HP 2R? ;>P?LNCM?G?HNM @IL '38I G;H S |@ NB? INB?L
CHMN;H=?M QIOrR? B??H CAHIL?>

&CPH NB?ZILCNS I@ MOJJILN @IL =LIMM BIMNCIS8Y1 HIN MOLJLCMCHA NB;N NB?L? Q?L? PCLNO;FFS
HI >P ?LNCM?G?HNM @IL '38>JICHNM OM HP 2R?  HP2R? Q;M NSJC=;FFS

?KKGI<MCFGBIFQ@CC8 FI> ;F<B3,% 3 <9/F:B<KJ7 ,%
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OM?> NI CH>C=;N? MOJJILN @IL '33I@ HP 2R? B?;>?LM IL AO4(" 1@ HP
2R? B?;>?LM

Looking toward the future: HTTP/3

'33/ CM;JIQ?L@OF JLINI=IF QBC=B B;M @IOH> <HMERNCIH CH DOMN ; BN S

'IQ? P?L'33/ | P?LO4("CM ;FL?;>S J??ECHA ;LIOH> NB? =ILH?L @IOI?3M CH NB?
G;ECHA NBCRMNALMCIH 1@ '33/ CM ;FGIMN MN;H>;L>CT?> ;N NBRI®3%> CH NB? aLMN B;F@
1@ N NBCM NCG? NB?L? ;L? ;FLG;HMS 04(" ;H> "33/ CGJIF?G?HN;NCIHRIGF;<F?

<INB @IL ML ;H> <LIQM?LM 6BCF? NB?M? ;L?AF5-BIEPL? NB2,H MNCFF <? M;C> NI <? CH
;H ?RI?LCG?HN;F MN;N?

3BCM CM L?b?=8'NB2 OM;A? HOG<?LM CH NB? '33/ 2=BCPQB?L? HI '33/ L?KO?MNM
Q?L? C>?HNCa?> ;N ;FF 3BCM GCABN M7A&7 dOBHYRO>b;L? B;M B;> RI?LCG?HN;F

'33/  MOJJILN @IL MIG? NCG? R BJIAF? ;H> %;=?<IIE 3BCM CM G;CHFS <?=;,0M? "BLIG?
B;>H\N ?H;<F?> NB? JLINI=F>?@;O0FN QB?H NB? >;N; Q;M =IFF?=N?>

'1Q? P?L 2P?H NB? HOG<?LM @IL NB? IF>?L AO4(" ;L? RPE;BCPMN ;==IOHNCHA @IL F?MM NB;H
1@ L?KO?MNMALFF 3BCMRM=N?> MCH=? A04(" Q;M GIMNFSS?2J& &IIAF? ;H>
E;G;C INB?L J;,LNC?M Q?L? Q;CNCHA @IL ($3% 04(" M MO=B ARIA=ICh NI <? L?JF;=7>

1.72%

"@>K 07< GSKEK8>< F=HL<JKJ K?8K LJ< >-1% FE ;<JBKFG 8E; DF9O@C<
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QUIC and HTTP/3
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