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Foreword

AA675:46D

.CRFMBMJMEW
$MLRPG@SRMPQ

@C6H@C5

*R DCCJQ ?Q GD ? JMR F?Q AF?LECB GL RFC UMPJB GCHSQRRKC AFQREIVRC ICE?RGT
QSAF ?Q RFC GLAPC?QC GL PCEGML?J AMLIGARQ ?LB RFC @M@CEORIRIGERIBHL RFC
AF?LECQ ?PC NMRBRGSEF QSAF ?Q NSRRGLERFONSLBCKGA KMQRJIW @CFGLB SQ ?LB
GKNMPR?LR EPMURF GL QSQR?GL?@JCREEREW ECLCP

*L HSQR ?@NISRW. AMPLCP MD RFC C?FEFGRFQCIBY RF?R RFC UC@ AMLRPG@&BRCQ RM W
0S?JGRW MD JGDC GWiPQKZ-CUC@ EMRRCL @TRAFEM?QR AMSNIRPRIDMU QFMSJB
UC DCCJ ?@MSR GRQ FC?JRF

5FC 8 C@ "JK?L?A GQ FCPC REBMRIS B?R? RM FCIN ?LQUCP RF?R OSCQRGML "DRCP ? FG?R
GL  ?RC?K MD N?QQGML?RC PCQC?FARERINREB DMPU?PB RERIITGORGE?RC

GKNMPR?LR ?QNCARQ MD RFC KMBCPL UC@GRRBOURERERFLMIMEGCQ RFC UC@ EPMUQ KMPC
AMKNJICMCP RGKC ?LB REEE"JK?L?A FCIN SQERCLQC MD RFGLEQ GLAJSBGLE ? LCU AF?NRCP
ML $SMMIGCQ REGR®) W

5FGQOAP K?PIQ ? QGELGKA?LR QRONGLERFC® "JK?L?A RMU?PBQ ? KMPC AMKKSLGRW
BPGL NPMHCAR GLOWGETEMPE?LGX?RGML?J KMBCJQ MD ?A?BCKGA ARMICRELACQ 1PC
K?GLR?GLOB @FC BCBGA?RCB )551 "EARFK RFC  "JK?L?A GLRPMBSACQ ? DMPK?J
MPE?LGXGLE AMKKGRRCC RM DMQRCP @RGRECPLRNELIRBBIIBNGRIICQ QSAF ?QXTLCP
$F?GRLPMBR $MKKGRRCC $FZEB &TLR $F?GPITC @CCL CQR?@JGQFCB RM QRPC?KJIGLC
PCQONMLQG@GJGRGCZEBNIFREFGN ?RGMLOFMKBERPG@SRMPQ 5FGQ BGQRPG@SRCB
JC?BCPQFGN QRPSARSPC GQ BCQFHCE BMHAIL?A KMPC AMKKSLGROLBPEFAF GL

RSPL ?GKQ RM CLF?LAC GRQ QSQRPGGRUEEGRVGEER MDMGACQ ?LB NCPQBGARGT

K?IGLE RFC 6@ "JK?L?A ? KMPC AMJ2REMICQMSPAC DMP RFC UC@ AMIKKBUGRWRF?R

RFGQ QFGDR RMU?PBQ ? AMKKSLKIRBCBRGD] QRPCLERFCERAE BL?AFQ DMSLB?RGML

7LB JC?B RM KFIDSRSPC CBGRGMLQ

*RfQ @CCL EPCARIRMGCLAC RFC KMRGT?RGML ?LB GLAJSQGML DPMK RFC AMKKSLGRWdQN?LL
W/SLE BMARMPCQC?PAFCPQ RM QUCEBRIR CMPJBUGBQ&E.ACPCJIW RF?LI C?AF MD MSP
AMLRPG@SRMPQ GR GQ RFCGP F?PBQRIPGRAARBRIQMSPAC NPMHCAR NMQQG@JC

"Q 7L CLEGLC MD NPMQERRBEEMNMPR?LR RF?R UC SLBCPQR?LB UF?RfQ UMPIGLE UCJJ ML RFC L
7LB UFCPC GR LCCBQ KMPC QSENMRRSEC WS RWRJIMPC BC@?RC ?LB QF?PC RFC BCR?GJQ GL
RFC 8 C@ "JK?L?A QM GR A?L @CRRS® QORI?PC 2JJ GL RFGQ RMECRFCP

ii 2024 Web Almanac by HTTP Archive



Foreword

Y*LILCC8? <D@| 3 <9 CDS8ES: #<E4C F ?8@!I
Y 8C<9-L<<IE 3 <9 CDB8ES8:#<E4HC F ?8@I

2024 Web Almanac by HTTP Archive



2024 Web Almanac by HTTP Archive



Part | Chapter 1 : JavaScript

'2CE  92AE6C

12G2*4C:AE

H.(3 & #'$ ( #")&
<M@<N<; 981IP , FCC8I
E8CPQ<; 9FELI #XC<8E; *LILCC8? <D@!I
:@K<; 9R8IIP , FCC8I

?EC@5F4E.@?

+?T?4APGNR GQ CQQCLRG?J DMP 2RRERELE\BIERIPCLACQ BPEIBUWREGLE DPMK @?QGA
?2LGK?RGMLQ RM ?BT?LACB DSLARGMLTIGRBKGLRIPBQGELGKA?LRIW CLF?LAQB RFC UC(
BWL?KGA A?N?@GJGRGCQ

JMUCTCPRFGQ F@PBCNCLBCLAC NIR4APGNRVGICQ AMKNPMKGQCQ &?AF QR?ECADPMK
BMULJIM?BGLE ?LB N?PQGLRABSRIGIILIBCK?LBQ QS@QR?LRG?J @PMUQCP PCQMSPACQ 6Q(
JGRRJC A?L AMKNPMKGRRGEREH BC ?LB @SQGLCQQUMEHBIERISGLE GR A?L JC?B RM
QJSEEGQF JM?B RGKCQ SLECREMQQAB NMMP SQCP CLE?ECKCLR

*L RFGQ AF?NRCPGJJ PL?IS?RCFMAPGNRIQ PMJIC ML RFC UC@ ?LB MDDCP PCAMKKCLB?R!
BCQGELGLE QKMMRF CDKAGMNGPRILACO
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@H >F49 12G2*4C:AE 5@ H6 =@25

8 C UGJJ ?L?IWXCNRISKT MDTI?2APGNR @CGLEBE MM C@ BLIMNCPQ (?GLGLE ? AJC?P
NGARSPC MD RFC ASPPCLR QR?RC GQ APSAG3K IDMRBBG BBKERRQ

Median JavaScript kilobytes per page
Web Almanac 2024: JavaScript
desktop [l mobile
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o

Year

"@>K )<;@8E &8MI@GK B@CFIPK<J G<I G8><

5FCPC F?Q @CCL ? AMLRGLSMSQ GLAPGISKIGUIRFEAPGNR *L  RFGQ SNU?PB RPCLB
PCQSKCB UGRF RFC KCBG2ARGNRWRI?B PGQBLE BC?AFGLE  IGIMERCQ ML KM@GJC

2LB  IGIM@YRCQ ML BCQIRMN 5FGQ MLEMGLE RPCLB GQ AMIPERCBRE BBGIGRBGCQ ?PC
GKNPVELE LMROEWILC F?Q ?AACQQ RM RFC J?RCQR REEEEMIMERGNR @SLBJCQ NJ?AC
?BBGRGMLZBQRA. BGAC PCQMSPACQ GKN?ARGLE NCPDMPK?LAC CQNCAG?JJW DMP SQCPQ U
JCQQ NMUCPDSJ F?PBU?PC

@H >2?J 12G2*4C:AE C6BF6DED A6C A286

&TCPW PCQMSPAC ML ? UC@ N?EC QN?PIQ ?R JC?QR MLC PCOSCQR @SR GR A?L QLMU@7?JJ OS
PCQMSPAC QR?PRQ NSJJGLE GL MRFCPQ
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Median JavaScript requests per page
Web Almanac 2024: JavaScript
desktop [l mobile
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"@>K )<, @8E &8WMI@GKHL<IKI G<I G8><

8GRF QAPGNR PCOSCQRQ@RFRCIRZEEEE KMPC PCOSCRBQULB RFC KMFCAAPGNR

WS IM?Bd?LB RFC KMREIWSIBfIJ RPGEECP ? @MRRJICLCAI ?Q RFCQC QAPGNRQ AMKNCRC |
ML RFC K?GL RFPC?B 5FGQ @?RRJC DMP PCQMSPACQ A?L EPGRBNBGERIMHIR QRZ RRENAP
?LB JCPGLE SQCPQ U?GRGLE

*L  RFC KCBG?L KM@GJC N?EC GQ K?IGLEAPBNR PCOSCQRQ UFGJC RFMQC GL RFC RF
NCPACLRGJC QM?P RM  5FGQ PCNPCQ@RQVRIBDR FELMPC?QC MD MLC PCOSCQR ?R RF(
KCBG?L ?LB DMSP ?R RFC RF NCPACLRGJC AMKNZFEB RM J?QR W

OL RFC BCQIRMN DPMLR RFC QRMPW GQ QGKGJ?P RFC KTBGBRGMNKRQITICQRD UGRF RF(
RF NCPACLRGJC AJGK@GLE RM PCOSCQRQ "E?GL UC QCC ?L GLAPC?QC MD MLC PCOS!
?LB KTC ?R RFC RF NCPACLRGJCACAFMGLE RFC RPCBRLUGIAGQTPT

8FGJC RFCQC GLAPC?QCQ KGEFR ?NNC?P KMBCQR ?R/KPGR.EI7LANILREISEREGML GL
UC@ @CFEMEGLAC RFC® "JK?L?ATQ GLACNRGML GLfTC UGRLCQQCB ? QRC?BW PGQC GL
+7T?24APGNR PCOSCQRQ FGLRGLE ?R ? DSRSPC UFQB@BRALREHKIW MSRN?AC NCPDMPK?
GKNPIZKCLRQ RM AMSURIRFGQ 8F?R UGJJ RFGQ KTRINIMEPEL?LB SQCEQQIET

L?TGE?RC RFC AMIGRGCQ MD ?L GLAPCTQGEIMRHPBAUC@
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Distribution of unused JavaScript
Web Almanac 2024: JavaScript
desktop [ mobile
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"@>K @JKI@ILK@FE F= LE8OK@&BM

"JMLE UGRF RFGQ GLAPCPRBRBENR UC QCC ?L GLAPC?QC GRSLGQTB4APGNR UGRF
?NNPYWGK?RCIW F?ID/MRRCEBMULIM?BCB @CGLE SLSQCB BSPGLE N?ECNRCRIMBIM@
MD @WRCQ BCRE&Bd?R RFC KCBG? ML KM@GJC

@H :D 12G2*4C:AE A24<2865 AC@46DD65

+7T?24APGNR @SLBJIGLEIQEGIGLEFRR.QDMPKCB UC@BRINKCLRV@INRGKGXGLE FMU
2NNJGA?RGMLQ ?PC @SGIPLSB BSLEITPQ UGI@N?AI ?LBRACJ N?AI?EC KSIRGNJIC kJCQ

GLRM ? QGLEJC @SLBJC PCBSAGLE )551 PCOSCURE 2VBEBNPRGRGINGICPQ JGI

#2@CJ 2JIMIBIMNCPQ RM SQC KMBZRPENR DC?RSPCQ UFGJC CLQSPGLE AMKN?RG@GJGRW
T?PGMSQ @PMUQCPICMRIC?EGLE RFCQC NPMACQQCQ GUMESAGRERNIRP?BQ RF?R

A?L FGLBCP NCPDMPK?LAC 6JRREFERIREEI@7?J?LAC @CRUCCI?REML ?LB SQCP

O/NCPGCLAC CLQSPGLE NMBAHDKABELR ?NNIJGA?RGMLQ

F?5=6CD

+?7T?4APGNR @SLBJCRICE@N?AI ?LBRACJ N?AI?EC KSIRGRIBARPEGNR kJCQ GLRM ? QGLEJC
@SLBJC RM QRPC?KIGIRVBRIGIQCPY BERIWXC RFC AMBC ?LB GRQ BCNCLBCLAGCQ MNRGKGX
RFC kL?J MSRNSR RM PCBSAC RFC LSK@CP MD )551 PCOSCQRQ #W AMK@GLGLE kJCQ @SLBJC
GKNPIZ JM?BGLE RGKCQ ?LB NCPDMPK?IBRRMIQT RMMJIQ A?L QMKCRGKCQ SLGLRCLRGML?JJV
R?LEJC DSLARGML?J AMBC UGRIGERCRARBNRQ AMKNJGA?RGLE NCPDMPK?LAC ?LB NPGT?AW
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AMLQGBRBMLQ

Sites using webpack grouped by rank
Web Almanac 2024: JavaScript

desktop [l mobile
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"@>kd  /@K<JLI@E> N<9GR:B<:I9PSEB

8FGJC UC@N?AI SQ?EC PCK?GLQ ?R ? QRC?BW ?APMQQ UC@QGRTIRPTRCARGRRIGEQ P(
GRQ ?BMNRGML ?KMLE RFC RMN

QGRCQ @MRF ML KM@GJC ?LB BCQIRQSCHERFMSEF
KMBCQR GR QRGJJ PCNPCQCLRQ ? QS@QRTEGIK RSKAAT 0GR
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Sites using Parcel grouped by rank
Web Almanac 2024: JavaScript
desktop [l mobile
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"@>k  /@K<J LI@EXC HLG<; 9PSEB

1?PACJ QR?LBQ ?Q RFC QCAMLB KMQR NMNSJRRI2JBEMZRGIM?QRGLE ? LMR?@JC ?BMNRGML
PRC ?KMLE BCJIMNCPQ )MGBPCACLR RPCLBQ GLBGA?RC ? BCAJGLC GL GRQ SQ?EC BPMNNGLE

MD KM@GJC UC@QGRGI?IRMRMEQR  REBE'WGKGJI?P N?RRCPL CKCPECQ ML BCQIRMN
NJ?RDMPKQ PCICARGLE ? QFGDR GL RFC T?UBRENRIBEDL BICPQ

+C2?DA:=6CD

*LRFC 8 C@ "JK?L?AGNYP UGMMIB ?R REQNGJICPQ ?Q ? NCPACLR?EC MD RFMQC QGRCQ UGRI
2T?GJ?@JIC QMSPACIRBNDAPUGTC AF?LECB RM RFC NCPACLRREOMDARCQ 5FGQ
KCRFMBMJIMEW AF?LEC KCRQKNESLE DPMK EJBMEP AMSLRGLE MD QGRCQ QGRCQ SQGLE
QMSPACK?NQ ?RBEXLGRGML KMB®/RM KMPC AMKIG@ ?NNJGA?RGMLQ RF?L LCCB
RPLONGJ?RGML RM ?L SLBCP AMSLRGLE ?Q LMR 2JJ QGRCQ NS@JGQF NS@JGA QMSPAC K?NC

?KKGBCDBSES: ?KKGEHFI> <E  A8M 8J:I@GK8EIG@C<IJ
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Sites using Babel grouped by rank
Web Almanac 2024: JavaScript

desktop [l mobile
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"@>k  /@K<JLI@E> 8%<G%x] 9PSEB

#?@CJ GQ N?PRGASIZROMNAMLE FGERCFOB UC@QGRCQ UGRF  MD RFC RMN

KM@GJC QGRCQ SQGLE #?@CJ ?LB RFGQ GQ MD QGRCQ SQGLE QMSPARK?NQ QM Q
VZ?PQ #?@CJ PCQSIRGJIC QGRCQ AMLQGQRCLRIW QFMU FBEEQRPBMBEGRMR QGRCQ
PCE?PBJCQQIMBIPCQC RPCLBQ FGEFJGEFR #?@CJiQ NPMKGLCLAC CQNCAG?JJW ?KMLE R
KM@GJC MNRGKGXCB QGRCQ GLBGA?RGLE GRQ EPMUGLE GKNMERMKCIER. KMBCPL UCE

@H @7E67? :D +JA6*4C:AE FD65

5WNC4APGNR GQ ? QSNCP@ERANR-RF?R ?BBQ QR?RGA RWNCQ UFGAF FCIN A?RAF CPPMI
BACJIMNKCLR ?LB K?RFC AMBC KMPC K?GLR?GL?@JC 5FCQC RMMJQ QRBIINKIGLE RFC BC
NPMACQQ ?LB CLQSPC APMQQ @PMUQCP AMKN?RG@GJIGRW

?KKGBCDSES: ?KKGEMHFI><E  ABM8JI@GK |>
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Sites using TypeScript grouped by rank
Web Almanac 2024: JavaScript
desktop [l mobile
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"@>k  /@K<J LIGE<0I@GKEG<; 9PSEB

"APMQQ 7311 ?PMSLB MD N?ECQ SQUCBAPGNR UGRF KM@ZEJW/HBIEPQIJGEFRIW

FGEFCP ?BMNRGML "E?GL RFGQ MLJW AMSLRQ QGRCQ NS@JGQFGLE QMSPACK?NQ 5FC SQ?E
AMLQGQRCLR RFMSEHRBNPTECQ QFMU QJGEFRJW WNCABGNR ?BMNRGML AMKN?PCB
RM JMUCR.RCB MLCQ

@H :D 12G2*4C:AE C6BF6DEGS

*L RFC D?QR N?ACB UMPJB MICURIEKBCR RFGWP?4APGNR GQ JM?BCB G MK@PC?! ?
QGRIONCPDMPK?LREIK QWLAFPMLMSQ JM?BGLE RF?R A?L QIMU N?EC PCLBCPGLE RM ?QWLAFP!
RCAFLGOSCQ RF?R @ MMQRCINBITER GE? PLEC MD MNRGMLQ ?R RFCGP BGQNMQ?J 5FC AF?JJC
JGCQ GL @?J?LAGLE RFC NWRAGPGNRQ BARGPGRW UGRF RFC LCCB DMP QUGDR QC?KJCQQ SC
OVNCPGCLACQ #W K?QRCPGLE MNRGKZ7ROEGBGLEQBRMPC?RMPQ A?L QGELGKA?LRIW CLF?LAC
RFCGP QGRCQf PCRERIQCEE SQCP Q?RGQD?ARGML

async defer module 2?5 nomodule

8FCL MNRGKGXGIE4APGNR JM?BAENICCPQE DTSRI NMUCPDSJ ?RRPG@SRCQ ?R RFCGP
BGQNMQ?J

5FC async ?RRPG@SRC ?JIMUQ QAPGNRQ RM JM?B 2QWLAFPMLMSQJW UFGJC )5.- N?PQGLE AM
OWCASRGLE RFCK ?Q QMMWIRTRFEI?@JC *L AQE defer NMQRNMLCQ QARGERGEML
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SLRGJ ?DRCP )5.- N?PQGLE GQ AMKNJCRC K?GLR?GLGLE RFC MPBCP MD BCDCPPCB QAPG

" MP KMBCPL UC@ ?NNJGA?R module 'PRRPG@SRC GLBGA?RCQ RF?R PTIAPGNR GQ ? +?
KMBSJC CL?@JGLE &4 GKMNIRRREQWLR?V ?LB QRPGARBKIBSI® $MKNJCKCLRGLE RFGQ
RFCnomodule ?RRPG@SRC QNCAGKCQ D?JJ@?AI QAPGNRQ DNR GFMNAIMPEREIRF?R BML
KMBSJCQ CLQSPGLE @PM?BCP AMKN?RG@GJGRW UFGJC ?JIMUGLE KMBCPL @PMUQCPQ
D?JJ@?AIQ #ARTEBA?JIW GKBLERFCQC ?RRPGTSRIBICAETA?L kLC RSLC QAPGNR JM?BGLI
@CFPGMP RM MNRGKGXC N?EC NCPDMPK?MACRPEEEACP C

How is JavaScript requested?
Web Almanac 2024: Javascript
desktop [l mobile

async

87%

defer

@« async and defer
$

§ module
=

nomodule

neither

0% 25% 50% 75% 100%

Percentage of pages
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$MKN?PGLEFRAPGNR JM?BGLE RPCERQ DPYR® "JK?L?A RM  PCTC?2JQ LMR?@JC
QFGDRQ BLIBMNCP?RRGACQ 5FC SQC async CRRPG@SRC F?Q GLAPC?QCB QIFEMGKA?LRIW

RM MD N?ECQ ML @MRF BCQIRMN ?LB KM@ defer PBRPG@SRC SQ?EC F?Q QCCL ?
KMBCQR GLAPC?QCDPMK RM  5FC AMK@Gl async 2ME defer ?RRPG@SRCQ F?Q
BCAPC?QCB QJGEFRIWDPMK  RM  NMQQG@JWBEIIRD BEMMQGLE MLC RTRFMB M
RFC MRFCP

module SQ?EC PCK?GLQ JMU ?R  |nomodule QFMUQ VIMQC RM XCPM ?BMNRGML GLBGA?
RF?R KMBCPI'?2APGNR KMBSJC QWQRCKQ ?PC QRGJJ LMR UGBCJW GKNJCKCLRCB ?APMC

?KKGBCDSES: ?KKGEAFI> <E ABRI@GK 8JPE: ;<=<I DF;LC< 8E; EFDF;LC<
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EEC:3FE6 492786
async
defer
async ?LBdefer
module
nomodule /"
'GESPC +7T?4APGNR PCOSBIPUPE@GNR KM@GJIC

$MKN?PGLE RFC RPCL <script>  R?EQDPMK RM  RFCRCRJJ SQC async GL

QAPGNRQM? GLAPC?QC K?GLR?GLGLE GRQ BMKG defer 8RRPG@SRC SQ?ETCFMUC
OVNCPGCLACB ? LMR?@JC GLAPC?QC UFCPC GR AJGK@CBDPMK RM ML KM@GJC GL 5
AMK@GL?RGlasync ?LB defer QB ? QIGEFR BCAPC?( module ?RRPG@SBC RPGNJIGLE

GL SQCB @SR AMLRGLSCQ@RWRRMU ?BMNRGML ?APMQQ @MRF BCQIRMN ?LB KM@GJC NJ?RDME

preload prefetch 2?5 modulepreload

3CQMSPAC FGLROMNIPSAG?J PMJIC GL MNRGKGXGLE @PMUQE [SNBBARRKIAE AE @AF
PCQMSPACQ QFMSJB @C DCRIRCB/ZBRAQY SQCB RM DCRAF PCQMSPACQ PCOSGPCB DMP RFC A
L?TGE?RGML CLQSPGLE RF?R APGRGA?GITQIRAPEEIMIEPRACCBCB

MBSJCNPCJIM?B QGPTQGKGJI?P NSPNMQC @SR QNCAGKA?2JIWTDHEPENRIMVBSIEQ?

FCINGLE RM JM?B KMBSJ?P QAPGNRIPCDRRBELRIVRFC MRFCP F?LB GQ BCQGELCB DMP
PCQMSPACQ RF?R UGJJ @C LCCBEBLBGRMRANL 2JIMUGLE RFC @PMUQCP RM ?LRGAGN?RC 2L
NPCN?PC DMP DSRSPCINIERGRALQ
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Resource hints adoption for JavaScript resources
Web Almanac 2024: Javascript

desktop [ mobile

prefetch

M, 3%

preload

A, 7-5%

modulepreload
F 0.7%

0.0% 2.0% 4.0% 6.0% 8.0%

Directive

Percentage of pages

"@>K .<JFLI:< ?@EKJ 8;FGK@FESFaaBKIIFLI<J

*L AMKN?PGLE RFC RPCLBQ @CRUCCL ?LB  DMP PCQMSPAC FC preload 1EQEGHL
BPMNNCB QGELGKA?LRIWNIPRIBQIRMN GL RM  MTCRJJIGL prefetch
?BMNRGML GLAPC?QCB ARUIQGHOMK ?PMSLB GL  RM  ™RJIGL

modulepreload  SQ?EC QBB TPW KGLGK?J ?APMQQ@RQRIFIFGLE ?PMSLB  GL

?LB QFMUGLE ? QGKGJ?P JMU NCPACLR?ECMD  GL

?KKGBCDSES: ?KKGEMHFI><E  A8BM 8J1@GK GIF8; Gi=<K:? 8E; DF;LC<&IF8;
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"KMLE N?ECQ RF?R preload RFCPC GQ JCQQ SQ?EC UGF preload WVRRFC KCBG?L
GLAPC?QGLE RM QGV ?R RFC RF NCPACLRGJC

Distribution of modulepreload adoption for
JavaScript resources per page

Web Almanac 2024: JavaScript
desktop [l mobile
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40 26
20 12
1 4
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Number of resource hints
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"@>K @JIKI@ILKE modulepreload  8;FGK@FE =F8RENGKJIFLI<J G<I G8><

modulepreload  SQ?EC GQ KSAF KMPC T?PGCB @SR UGRF JMU SQ?ECURIESE GQT2QGIW ¢
QGRCQ

?;64E65 DAC:AED

4APGNR GLHCARGEQ BPC?RGL HTMLScriptElement  SQGLE

document.createElement ?LB ?BBGLE GR RM RFC %0. TG? ? %0. GLQCPRGML KCRFMB MP
GLHCAF <script>  K?PISN ?Q ? QRPGLE innerHTML 8FGJC AMKKML GL KPSQC A?QCQ
RFGQMRGATKPQQCQ RFC @PMUQCPTQ NPCJIKZIB RARACOAPGNR SLBCRCAR?@JC BSPGL
RFC GLGRG?J)5.- N?PQGLE 5FGQ AQUWOERREAR NCPDMPK?LAC KCRPEBQRGI
$MLRCLRD3GLR$L  CQNCAG?JIW GD RFC GLHCARCB QAPGNR RPGEECPQ JMLE R?QIQ MP
?KMSLRQ MD K?PISN BWL?KGA?JJW

?KKGN<9 ;<MBIK@:C<J C:G
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Distribution of percentage of injected scripts
Web Almanac 2024: JavaScript
desktop [l mobile
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"@>K @JKI@ILK@FEEKS F= @EA<K<; JII@GKJ

$MKN?PGLE RFC RUM BGQRPG@SRGMLQ MD GLHCARCEBAFRBNRYY? RMR?@EE BCAPC?QC

GL RFC NCPACLR?EC MD GLHCARCB QAPGNRQ ?R RFC RF NCPACLRGJC PGQGLE DPMK  GL
"R FGEFCP NCPACLRGJCQ RFC RPCLB PCK?GLQ AMLQGQRCLRIGFRUCIRFRFOIRUM W

QAPGNRQ @CGLE GLHCARCB ?R RFC RF NCPACLRGJC GL @MRF  ?LB  5FOLC?PJW NCPACLF

QJGEFR SNRGAI GL GLHCARBJL RESRIBRRCPL MD QAPGNR GLHCARGML F?Q PCK?GLCB QRC?B\

FGEFCP PCQMSRAIRJC

:CDE A2CEJ G6CDFD E9:C5 A2CEJ 12G2*4C:AE

'GPQR N?PRWW42PGNR GQ AMBC RF?R GQ BBR#ARBEAQIFTEQ RM RFCQBEIRBRC

NJWGLE @V PMJC GL RFQ QSRERGML?JGRW A/RGREELAC *L APERRFGPB N?PRW

+7T?24APGNR AMKCQ DRIZRIC?J BMK?GLQ ?LB GQ RWNGA?JIW SQCB PIMBE\PREAGATERIGIP
QMAG?J KCBG? GRRUER 8FGJC kPQR N?PRW TTABGREARFMLRPMLENB?RELARFGPB

N?PRW QAPGNRQ A?L GLRPMBSAC NCPDMPH B NEGICABABRNO .?L?EGLE RFC @?J?LAC
@CRUCCL RFCQC RUM RWNCQ GQ APSAG?J DMP MNRGKGXGLE QGRC NCPDMPK?LAC ?LB Q?DC
*L RFGQ QCARGMIZNIMPC RFC BGQRPG@SRGML MD kPQR N?PRW ?LB RFGPB N?PRW AMBC ?LB
KMBCPL UC@QGRCQ ?PC QNJGRRGAPGNRGM?BQ ?APMQQ BGDDCPCLR QMSPACQ
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Distribution of JavaScript requests by host
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"@>K @JIKI@ILK@FBFHEXBKIHL<JKJ 9P ?FJK

$MKN?PGLE RFC RUM RPCLBQ RFENF @PMUQ ?L GLAPCREGRR. N?PR4APGNR

PCOSCQRQ AMKN?PCB RM?PRGASJ?PJW ?R RFC RF NCPACLRGJC UFCPC RFGPB N?PRW f
EPCUDPMK GL RM GL 'GPQR N?PRW PCOSCQRQ ?JQM GLAPGBORREIGERFIVBL
RFGPB N?PRW QAPGNRQ GQ KMPC NPMLMSLACB 5FGQ GLAPZRGGSR REGABINEFRGHE 2C
GR A?L LCEZR®TGKN?AR NCPDMPK?LAC GLRPMBSAC Q@GRERYCTSILBMMQC NPGT?AW P
DMP SQCPQ BSC RM RFC J?Al MD BGFCRRROREPNIARGNRQ

?KKGBCDSES: ?KKGEAFI><E  ABM 8J:1@GK ]IJK G8IKRIW K?@38IKP ABI@GK
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JE6D
Distribution of JavaScript bytes by host
Web Almanac 2024: JavaScript (mobile)
First-party [l Third-party
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"@>K @JIKI@ILK@FBFHEABKI9PK<J 9P ?FJK

5FC ?KMSLR MOVREZEQ BMULIM?CB QFMUQ QGKG?JP GLAPC?QCQ RM RFC LSK@CP MD PCOSCQR(

J?2>:4 >SA@CED

%WL?KCimport)  MDDCPQ ? KMRG@JC ?JRCPLRRIGIFCERERGML?J QR?RGA GKNMPR QWLR?V
2JIMUGLE GR RM @C A?JJQBJPERIE BIGRFGL ? QAPGNFRBREB! GKNMPRQ RF?R ?PC PCQRPGARCE
RM RFC RMN MIP2APGNR kJC

#W BCDCPPGLE RFC JM?BGLE MD LML CQQCLRG?J AMBC SLRGJ GRfQ ?ARS?JJW LCCBCB BWL?K
QGELGKA?LRJIW CLF?LAC QR?PRSN NCPDMPK?LAC PCBSAGLE RFC GLGRB2J JM?B ?LB @MMQRC
CDKAGCLAW

"@>K 0?7< G<kKEK8>< F= DF9@C< G8><J LI@E import()

5FC HSKN GL RFC SQ?EC MD BWL?KGA GKNMPRQ ML KM@GJC N?ECQ DPMK ~ RM  QGELGKCC
EPMUGLE ?BMNRGML MD RFGQ RCAFLGOSC DMP NCPDMPK?LAC MNRGKGX?RGML 5FGQ QF?PN
FGEFJGEFRQ FMLIBGCPQ ?PC GLAPC?ITRESVWERNL?KGA GKNMPRQTRMBRBIREKCQ
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7LB PCBSAC RFC SNDPMURPGNRWR?B ML KM@GBEABQ #W BCDCPPGLE LML APGRGA?J QA
UC@QGRCQ A?L CLF?LAC @MRF NCPDMPK?VACREESACEPRGASI?PIW ML PCQMSPAC
AMLQRBLCB KM@GIGRMLKCLRQ 5FC PGQC PCICARQ ?L GLBSQRPW QFGDR RMU?PBQ KMP
ML BCK?LB JM?BGLEREEGCQ DMP @CRRCP KM@GJC NCPDMPK?LAC

.63 H@C<6CD

8 C@ UMEPQ ?PC ? NMUCPDSJ UC@ NJ?RDMPK DC?RSPCTRCARGEREB RIPBMC RFC K?GL
RFPC?BAGPSLLGLE?2APGNR GL RFC @?AIEPMSLB RRCRIGNZIB 6CIRBGRGML?J QAPGNRQ
UC@ UMBPQ MN&E GLBCNCLBCLRJIW UGRFMSR BGPCAR ?AACQQ RM RFC %0. ?JIJMUGLE R
F?LBJC GLRCOPEDIQIQSAF ?Q B?R? NPMACQQGLE MPIABIKIRIEMLQJUGRFMSR ?DDCARGLE
6*Q PCQNMIGRGDQ #W MDIM?BGLE RFCQC PCOWIRKEREMLQ UC@ ORIPICLQSPC
QKMMRFCP NCPDMPK?LACTELIERNERT K?GL RFPC?B DPMK @ JSHKECENEB K?IGLE

RFCK CQQCLRG?J DRIPGE G TURMIPC CDKAGCLR UB@PGCLACQ

"@>Kl 0?< ELD9<I F= DF9@C< G8><J LI@E>=NK9 NFIB

5FC GLAPC?QC GL KM@GJC N?ECQ SRGIGRGQIEFPMB@ BMPI K?PIQ ? QGELGKA?LR QFGDR GL
RFC ?BMNRGML MD RFGQ RERGIM.IBARMNY RFPCCDMJB PGQC FGERIBHAFRRFRRCBC
GLAPC?QGLEOWBGLE UC@ USHFQ RM MDIM?B GLRBRQEY GKNBME NCPDMPK?LAC ?LB
CLQSPGLE QKMMRFCF/EQRBCLACQ ML KMBENIOCBBGRF LC?PJW ? RFGPB MD KM@GJC N?E
LMU GLAMPRRMFLE UC@ W) GR PCICARQ ? EPMUGLE PCAMELGRGML MD RFEENGKEMPR?LA
RFC K?GL RFPC?B DPCC DMP APGRGA?J 6* SNB?RCQ SJRGK?RCJIWCBRETGIAKIGPR PCQNN
KM@GJC GIATFMLQ

.@C<=6ED

8 MPIJCRQ ?PC ? QNCAG?JGXCB AJ?QQRMDBLEEME REBEMIIGS 2AACQQ RM
PCLBCPGLE NGNCJGLCQ DERRGORBIEI?LB ?SBGM NPMACHQERDMPK?LAC ?BT?LR?EC
MD UMPIJCRQ GQ RFCGP ?@GJGRW RM PSL GLBZRICRECIRBEY MIODIARELE PCQMSPAC
GLRCLO®PQIQ DPMK RFC K?GL RFPC?B 5FGQ LMR MLIW @MMQRQ CDKAGCLAW @SR 2JQN
NCPDMPK?LARC ENGLE RFC K?GL RFPC?B DPCC DMP CXREBIRE ACVBEE RM QKMMRFCP
TGQS?JQ ?LB QC?KICQQ/ASEHERCLACQ
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"@>K 07< G<KEK8>< F= DF9@C< G8><3@rBk| 8K C<8JK FE< G8@EK NFIBC<K

"@>K 0?7< GSKEK8>< F= DF9@C< G8><3 @B 8K C<8JK FE< 8L;@F NFIBC<K NFIBC<K

5FC ?BMNRGML MD UMPIJCRQ MLTKOA@Q RCBCERRPCKCIW JMERF N?GLR UMPIICRQ QJGEFRIW
FGEFCP ?R ? QIGEFR GLAPC?QC DPMKERFEQERL "JK?L?A ?LB ?SBGM UMPIJCRQ SQCB

ML HSQR MD KM@GJC N?ECQ 5FCQC KESPCQ QSEECQR RF?R BCQNGRC RFC NMRCLRG?J @
UMPIJCRQ MDDCP DMP MDIM?BELESBEMWNRMACQQGLE ?LB PCLBCPGLE RFCGP SQ?EC GQ QRG.
DPMK K?GLQRPC?K GL RFC KM@GEANINKZBEQN?AC 5FGQ AMSJIB @C BSC RM RFCGP QNCAG?J(
DSLARGML?JGRW ?LB RFC LCCB DMP KMPC UGBCQNPC?B @ PVCIMNCR KGR 7R BB

@H :D 12G2*4C:AE 56=:G6C65

5FC UMW +P?4APGNR PCQMSPACQGPCEBRYGEPMUQCPQ AMLRGLSCQ RM @C ? APGRGA?J 2QNCA
NCPDMPK?LAC UGRF AMKNPCOGGER REELGKA?LR PMJIC GL ROBREGLERCQ ?LB

GKNPRBLE JM?B RGKIRIQ/CKGLC FMUFZAPGNR PCQMSPACQ ?PC @CGLE AMKNPCQQCB ?LB
BCJGPCB ?APMQQ RFC UC@ GL

@>AC6DD:@? $6E9@5D

8FCL +?T?4APGNR PCQMSPACQCPCHIBFCRFC LCRUMPMREZL @C AMKNPCQQCB RM PCBSAC
RFCGPRPDCP QGXC $MKNPCQQGML GQ ? APSAG?J MNRGKGX?RGML RCAFLGOSC RF?R FCINQ |
@?LBUGBRF SQ?EC ?LBT&KNFRC JM?B RGKTQRIAMKNPCQQGML ?JEMPGRFKQ SQCB DMP
+?7T?4APGNR BIRGMTGLAISBC @PMRJIG @P EXGN XQRB

8FGJC @PMRJG MDDCPQ @CRRCP?RGIKPREQENGR CONCACRBODAEPRCQ JGI

+7T?4APGNR EXGN F?Q @CCL ? UC@ QR?L\BIFEPODMISRA.GRQ @PM?BCP @PMUQCP QSNNMPR 2L
D?QR AMKNPCQQGML @NCLBR@PB XQRB GQ ? LCUCP AMKNPCQQGMICANINMGIB@FK BC

"2AC@MMI RF?R ?GKQ REBEPRGEF AMKNPC@REWD BGRF D?QR AMKNPCQQGML ?LB
BCAMKNPCQQGML QNCCBQ %CQNGRC GRQ NPMKGQGLE A?N?@GJGRGCQ MSP B?R? QFMUQ K
HSQR MD PCOSCQRQ GL
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Compression methods of script resources
Web Almanac 2024: Javascript
desktop [l mobile

or 45%,

gzip

(not set)

Compression method

zstd
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Percent of requests

"@>K FDGI<JI@FE D<K?F;J F= J4@GKJ

5SPLQ MSR  K?PIQ ? NBR?J QFGDR BIAPBENR AMKNPCQQGML RPCLBQ br RE#BMRJIG

MICPR?IGLE EXGN ?Q RFC KGR RPMKNPCQQGML KCRFMB #PMRJG LMU AMKK?LBQ ~ MD

KM@GJC ?LB  MD BCQIRMMAPGNR PCOSCQRQ AMKN?RTB REFEXEN@MRF NJ?RDMPKQ

5FGQ GQ ? PCK?PI7@QDRPK?RGML DPMK ~ UFCL EXGN JCB UGRF  AMKN?PCB RM #PMRJ
7LB ?L C TCL KMPC BR?RGA AF?LEC DPMK  fQ LSK@CPQ EXGN  #PMRJG

5FGQ #PMRJG ?QACLB?LAW PCNPCQCLRQ ? K?HMP UGL DMP UC@ NCPDMPK?LACQ?Q #PMR
@CRRCP AMKNPCZREWD RF?L EXGN N?PRGAST?RARGNRPEDMSPACQ 5FCARC?BW W
MICP \&?P EPMURF GL #PMRJG ?BMNRGML QSEECQRQ ? EPMUGLE PCAMELGRGML ML
@CLCKRQ ?KMLE UCI@.BINCPQ ?LB FMQRGGBGIPY!
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Growth of Brotli for compressing JavaScript
Web Almanac 2024: JavaScript
desktop [l mobile
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"@>K # FNK? F= HKC@ =FI :RDGHE> 8/8I@ GK

5FC PCK?GLGLE J?LBQA?NC QFMUQ RF?R ?@MSR  MD PCOSTCSIRMARBIDIFEE UFGJIC

RFC LCUCP XQRB AMKNPCQQGML KCRFMB K?GLR?GLQ ? KGLGRCPAPBMNRGMRP

NJ?RDMPKQ " LCEJGEG@JC ?KMSLR MD UC@QGRCQ 2JQM QCCK RM SQC ? AMK@GL?RGML MD .
RCAFLGOSCQBEGEN BCI?RC MP @P EXGN SESQBICQQRPGJIW KC?L RF?R @MRF ?PC @CGLE
SQCB ?R RFC Q?KC RGKC @CA?SQC SQEITE BMIMELPEC ?IW ?BBGRGML?J CDDCAR 8F?R
AMSJB/BIJ?GL RFC SQ?EC GQ CGRFCP RF?R BGDDCPCLR ?QQCRQ ML RFC Q?KC N?EC KGEFR @(
AMKNPCQQGML KCRFMBQ MP QSNNMPRGLE BGDDCPCLR IGLB MD @VRKMICRIPQFCL @PMRJG L
LMR QSNNMPRCB GL ?JJ @PMUQCPQ

20 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/javascript/growth-of-brotli-for-compressing-javascript.png
https://almanac.httparchive.org/static/images/2024/javascript/growth-of-brotli-for-compressing-javascript.png

Part | Chapter 1 : JavaScript

Compression methods of script resources by host
Web Almanac 2024: Javascript (mobile)
First-party [l Third-party
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"@>K FDGI<JI@FE D<K?F;J F= J4@GKJ 9P ?FJK

"L GLRCPCQRGLE?QR.BR QCCL UFCL JMMIGLE ?R RFGPB N?PRW QAPGNRQ K?IGLE EXGN ?
?E?GLMMIGLE ?R RFC RPCLBQ EXGN GQ QRGJJ RFC NPGK?PW AMKNPCQQGML KCRFMB SC

AMKN?PGQML 5FGQ QFMUQ RFC KGQQCB NCPDMPK?LAC E?GLQ BSC RM ? JMR MD RFGP!
+?T?4APGNR QRGJJ @ O®IEEBBEREMSR @PMRJG AMKNPCQQGML

Uncompressed resources by host
Web Almanac 2024: Javascript (mobile)
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-MMIGLE ?R SLAMKNPCQQCB PCQMSPACQ ?APMQQ RFC QNCARPSK UC QCC RFC Q?KC QK?JJCF
JCQQRF?L #RF?R ?PC LMRIQERIUGRAFIAMKNPCQQGML UFEAFGCLQC 2Q ?NNIJWGLE
AMKNPCQQGML ML QSAF QK?JJ PCQMSPACQ BMCQ LMR ?BB KSAF T?JSC ?LB GL D?AR AMSJB ?B
AMKNPCQQGIBPRC?B )MUICPQMKC J?PECP kPQR N?PRW PCQMSPACQ ARGIIRRBECLMR CLHM
@CLCKRQ M RELB MD AMKNPCQQGML KCRFMBQ UGFR MD QAPWRRQ MP KNRIM®IR

@CGLE AMKNPCQQCB ?R 2JJ

$:2:7:42E.@7?

+?7T?4APGNR KGLGKA?RGML GQ ? APSAG?J MNRGKGX?RGML RCAFLGOSCIREARGIBSACQ RFC Q(
AMBCW@CJIGKGL?RGLE SLLCACQ2RRUPAFIBRFMSR AF?LEGLE GRQ HFGRGMLGERGRNV

R?IGLE ? JCLERHEVCJ ?LB PCHRIBLE ?JJ RFC UFGRCQN?AC ?LB KASRERE?RCQ QFMPRCP

RFC QRMPW PCK?GLQ RFC Q?KC@SRIERRTN?AC 5FC N?PR ?@MSR K?IGLE DSLARGML L?KCQ
T?PG?@JC L?KCQ AJ?QQ L?KCQ CRA QFMPRCP GQ ?JQM A?JJCB SEJGKA?RGML

Distribution of unminified JavaScript audit scores
Web Almanac 2024: JavaScript

desktop [l mobile
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Range of Lighthouse "unminified JavaScript" audit scores

Percent of pages
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"@>K @IKI@ILK@FE F= LED @E @ &KR8M@K<IFI

YJCPC  PCNPCQCLRQ RFC UMPQR QAMPC UFCPC?Q PCNPCQCLRQ RFC @CQR QAMPC ~ MD |
N?ECQ ?PC QAMPGLE @CRUCCL ?LB ML -GERREGRQE?2APGNR ?SBGR UFCPC?Q RFC
KESPC DMP BCQIRMN N?ECQ GQ  5FGQ KC?LQ RF?R ML KM@GJGC MADMPRSQERGCQ RM
QFGN KGLGKOB4SPGNR UFCPC?Q RF?R kESPC DMP BCQIRMN N?ECQ GQ
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Unminified JavaScript bytes per page
Web Almanac 2024: JavaScript
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"@>K 1ED@E@]<; 8MDGK 9PK<J G<I G8><

"R RFC KCBG?L UC QCC RF?R N?ECQ ?PC QFGNNGLE ?PVBIAPGHRIRF?R A?L @C KGLGKCB

#W RFC RGKC UC ECR RM RFC RF ?LB RF NCPACIRRREZREEMK@CP HSKNQ OSGRC ? @GR

DPMK #RM?@MSR # 5FGPB N?PRGCQ ?PC NPCRRW EMMB RFPMSEFMSR SN SLRGJ UC
RF NCPACLRGJC ANIRPOFCPC RAEPC QFGNNGLE ?PMSLB # MD SLKAI?BREBMR

Average wasted bytes of unminified JavaScript
Web Almanac 2024: JavaScript (mobile)

Third-party

First-party

"@>K MI8>< N8JK<; 9PK<J F= LED@E @@
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8FCL GR AMKCQ RM SLKGLGRERPGNR U?QRGLE @?LBUGBRF GL  kPQR N?PRW AMBC GQ QRGJ
K?GL MDDCLBEE LSK@CPQ BMVIGCd MD RFCQC U?QREBI AMKC DPMK 2L

MPE?LGX?RBMUL QAPGNRQ UFGJC RFGPB N?PRW AMBC AFGNQ GL ? QK?JJCP @SR QRGJJ LMR
N?RRCPLICQCCL @CDMPC @SR GRIQ QSPNPGQGLE FMU JGRRDRG?QMEREELEGPQ 7R

RFGPB N?PRGCQ DMP NCPDMPK?LAC GQQSCQ @SR RFC PC?J JMU F?LEGLE DPSGR QCCKQ RM
AMBC

.GLGKA?RGMIFEABQR ? AFCAI@RIQ ? KSQR 4RPGNNGLE MSR AMKKCLRQ UFGRCQN?AC ?LB SLS
AMBC QFPGLIQ kJC QGXCQ UFGAF QNCCBQ SN FMU D?QR ? N?EC JM?BQ “LB kPQR N?PRW QAPC
PCQNMLQG@EEIRVED LMR KGLGIBM@MSQ NCPDMPK?LAC E?GLQ ML RFC R?@JC 5FGPB N?PI
?PCIR MDD RFC FMMI RFMSEF 5F?R  KGEFR QCCK QK?JJ @SR SLBMRGKBEERJ A?L

BFPE BMUL NCPDMPK?LAC CQNCAG?JJW ML QIMUCP LCRUBIRCIMD N FFEPBAN?PRW QAPGNR
GGQR KGLGKCB RFC OSCQRGML PC?JJW QFMSJB @Q &5 RECNRSAQIGTD UMPRF GR MP AMSJB UC
QU?N GR DMP QMKCRFGLE JC?LCP

&TCPW IGIWWREZ QFEB MDD ? QAPGNR KC?LQ D?QRCP JM?B RGKCQ F?NNGCP SQCPQ ?LB @CRRCI

*@FC46 $2AD

4MSPAC K?NQ PCK?GL ? APGRGA?JRIMNARNP BEGBEGLE RFC E?N @CRUCCL KGLGKCB
NPMBSARGML AMBC ?LB GRQ MPGEGL?J FSK?L PCY#P@ ZDNICPRGBRIDMP BC@SEEGLE @SR
MDRCL SLBCPSRGJGXCBAMP KGQ3RCGRERIN@PC?I BMUL RFC  B?R?

"@>K 0?7< G<kKEK8>< F= DF9@C< G8><] JG<:@=P&EFDEIYEKJI KF GLIC@:CP 8::<JJ@9C<
JFLt< D8GJ

5FGQ K?PIQ ? QJGEFR SNRGATORMIQRPQ *L  MLJW MD KM@GJC N?ECQ SQCB QMSPAC
K?N AMKKCLRQ ?LB HSQR TG@ECB FC?BCPQ 8FGJC ?BMNRGML GQ GLAFGLE SNU?PB NPMEP(

DCCJQ EJ?AG?J 5FC)551 FC?BCP KCRFMB PCK?GLQPRBSIGIBMFEO\R GRQ PCIG?LAC ML
QCRIP AMLKEZRGML ?LBIBGMNCB7ZPCLCQQ

"@>K 0?< ELD9<I| F= DF9@C< G8><J JG<:@=P@E*dB<1J

4AMSPAC K?NQ RFCIGICIPER.? NCPDMPK?LAC GQQSCd@PMUQCPQ GELMRGIREABREMCQQ C
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PCOSCQRCE TG? ¥®IMJQ )MUCPRFCGP KGQSQC A?L @?AIKPC

*LIGLC QMSPAC K?NQ @?QC CLAMBCB UGRFGL NPMBSARGMARGINRVERNBR CXIMUGLE
BMULJIM?BQ ?LB NPMACQQGLE YS@QEBIRMSPAC K?NQIRGIBIHEQCLQARBT JMEGA MP
APCBCLRG?JQ GD LMR NPMNCPJW QAMNCB

5FC B?R? QSEECQRQ KMQR RC?KQ QRGJJ MNR DMP QMSFAR KZRBAAKKBERICM
AMKKCLRQ ?PC C?QGCP RM GKWDRKCIASRMK?RCBEGIB RMMUT EN?AI MP 3MJISN
FC?BCPQ MDDCP @CRRCAVRMEIRBPRRLAC FC?BCPQ A?L @C AMLBGHEGWLLIRIIRWIEIERCPL 2]
RMMJQ MP ?SRFCLRGA?RCB SQCROIAQBBEGLEIISPAC AMBC

)6DA@7?D:G6?6DD

8 C PCIW MIMAPGNR RMGBO/IGLREGTERIR RFC SQCTMAPGNR A?L PCQSJR GL NMMP GLN
PCONMLQIGIQQ .MPC GLDMPK?RGML A?L @C DMSLB GL RFRDBEBGAARTNRCP

$6EC:4D

8 C JMMI ?R @MRF kCJB B?R? BFMMIREG9 3ICNMRR69 ?LB -GEFRFMSQC J?@ B?R? RM
KC?QSPC PCONNMILOGD

?KKGJI<M<CFG#I FD< :FD ;F:J :ILO
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?E6C24E:@? E@ %6IE '2:?E %'

Distribution of INP by origin
Web Almanac 2024: JavaScript (Source: Chrome UX Report)
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"@>K @JIKI@ILK@FE F= %*, 9P FI@>@E

*LRCRARGML RMRCEGLR */1 @CA?KE$MPC £@ 7GR?J GL *R KC?QSPCQOIBM?PB
KMSQC ?LB RMSAF BARGHLQ ML ? N?EC ?LB QCIJCARQ ? FGEF NCPHRGGICIRTIGIRGRM
PCNPCQCIRRIJ N?EC PCQNIILQGD

" gEMMBh *1 QAMPC GQ  KGJJGQCAMLBQ MP JCQQ "R RFC KCBG?L@RRRKMEILRGIC

KQ ?LBBCQIRMN KQ QAMPC UCJJ UGRFGL RFGQ RFPCQFMIBRHGIURF NCPACLRGJIC
BCQIRMN  KQ ?LBKM@GJIC KQ ?NNPM?AF RFC gLCCEXKGKRIPREC #W RFC RF
NCPACLRGJC BCQIRMN KQ ?LB KM@GJCVAGEB BFC gEMMBh RFPCQFMJB GLBGA?RGLE
PCONMLQIEIQQ GQQSCQ DMP ? QGELGKA?LR NMPRGML MD UC@QGRCQ

?KKGN<9 ;<MBIK@:C<J @EG
?KKGN<9 ;<MBCF> @EG :NM C8LE:?
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+@E2= =@4<:?8 +>6 + +

Distribution of TBT
Web Almanac 2024: JavaScript
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"@>K @JIKI@ILK@FEF=00

5FC5MR?J #IMAIGLE 5GKC BERPGA GQ ? J?@ KCRPGA UFGAF A?JASJ?RCQ RFC RMR?J @JN
JMLE R?QIQ BSPGLE QR?PRSN

5#5 GQ QMSPACB DPMK -GEFFRVIRIICRJ SQCP B?R? 5FGQ KC?QSPCQ QWLRFCRGA NCPDM
QGKSJ?RCB BCQIRMN ?LB KM@@BMCKTILRQ UGRFABC?NNPMNPG?RC $16 ?LB LCRUMPI
RFPMRRJGLE CL?@JCB

"RRFC RF NCPACLRGJC KM@GJCMIRECRYR? QCAMLBQ KQ MD @JMAIGLE RGKC
GLBGA?RGLE ? NMMPNETRGOCAC #W RFC RF NCPACLRGJC KM@GJC @JMAIGLE RGKC QSP
QCAMLBQ KQ UFCPC?Q BCQIRMN PCK?GLQ QS@QR?ERGRIMPABLERFC NCPDMPK?LA
E?N @CRUCCIBAC RWNCQ

#@7?8 +2D<D 3=@4<:?8 E:>6

"JMLE R?QI GQ/R?QI RF?R PSLQ ML RFC K?GL RFPC?B DMP JMLECP RF?L KGJJGQCAMLBQ
MD RFC R?QM@B KGJIGQCAMLBQ GQ RF?R R?QIfQ @IMAIGLE RGKC UFGAWA?L @C A?JAS
QS@PRRGLE KGJIGQCAMLBQ DPMK RFC R?QIfQ RMR?J RGKC

?KKGN<9 ;<MBIK@:C<J K9K
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Distribution of number of long tasks per page
Web Almanac 2024: JavaScript
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"@>K @JIKI@ILK@FE F= ELD9<| F= CFE> K8JBJ G<I G8><

5FC KCBG?L N?EC CLAMSLRCPQ JMLE R?QIQ ML KM@GJC ?LB JMLE R?QBACRQ BEGRMN BC
?JGELQ UGRIGAR?RGMLQ ?Q BCOBMMEBERWNGATIBNE?RCP NPMACQQGLE NMUCP ?LB
KCKMPW PCQMSPACQ RF?L KME@GIC BC

"R RFC RF NCPACLRGJC KM@GIMRPBURAC JMLE R?QIQ UFGJC BCQIRNIG N/AEG) F?

R?QIQ #W RFC RF NCPACLRGJC KM@GJC N?ECQ CLAMSLRCP JMLE R?QIQ UFCPC?Q BCQIRM
QRGJJ K?L?EC QGELGKA?LRIJW DCUCP ?R  JMLE R?QIQ 5FGQ FGEFJGEFRQ RFC AF?JJCLEC MD |
+7T?4APGNIRGSRGML N?PRGASJ?PIW DMP KM@GJIC SQCPQ UFM D?AC ? KSAF FGEFCP @SPBCL
R?QIQ
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Distribution of long tasks time per page
Web Almanac 2024: JavaScript
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"@>K @IKI@ILK@FE F= CFE> K8JBJ K@D< G<I G8><

5FC KCBG?L KM@GJC N?EC F?Q  QCAMLBQ KQ BCBGA?RCB RM JMLE R?QIQ UFCPC?C
N?ECQMWICPGCLAC QGELGKA?LRIW JCQARRVHIQR REMR RGKC

"RRFC RF NCPACLRGJC N?ECQ QNCLB QCAMLBQ  KQ NPMACQQGLE JMLE R?QIQ UF
BCQIRMN N?ECQ PCK?GL KSARWREE RF NCPACLRGJC KM@GJC JMLE R?QI RGKC QM?PQ
QCAMLBQ  KQ FGEFJGEFRGLE ? K?HMP GCQIIMGQGEEC FREIIGNPMACQQGLE RGKC
QSEECQRQ ? QRPMLE LCTEIBRBNR MNRGKGX?RGMLQ QSAF ?Q @PC?IGLE SN JMLE R?QIQ
JACREGLE UC@ UGHD RM F?LBJC GLRBMBBIBR?RGMLQ MDD RFC K?GL RFPC?B 5FCQC PCQ
SLBCPQAMPC RFC AF?JJCLECQ KM@GJC SQCPQ D?AC UFTWBEZ?36PENIGRERGRIL

*4965F=6C '

5FC4AFCBSJCP "1F?Q PCACLRJW @@CLBTB UGRF yield KCRFMBJFGAF NR&BCQ ?L
C?QGCP KCRFN®MRI SN JMLE R?QIQ

"@>K 07< GSKEK8>< F= DF9@C< G8><J LI@E> K?< [:?<;LC<I| %

?KKGI<M<CFGBIFQ@CCS FI> ;FD3,% /:?<;LC<I
2KKGN<9 ;<MBIK@:C<J FGK@D@Q< CFE> K8JBJ
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$SPPCLRMUJW  BCQIRMN N?ECQ ?PC QFGNRGUEGNR RF?R SQCQ RFC 4AFCBSJCP "1* ?
QGELGKA?LR GLAPC?QC DROKRGKC UC JMEIB OL KM@GJC  MD N?ECQ LMU SRGIGXC

RFGQ DC?RSPC 5FGQ EPMURF DPMK ~ QSEECQRQ RF?R ?Q BMASRCLR ZRENAMBIRNPM
O/N?LBQ BCJIMNCPQ ?PC GLAPC?QG RN BERRCEAFCBSJICP "1* GLRM RFCGP ?NNJGA?RGMLQ 5
PGQGLE ?BMNRGML CQNCGKGRMRIGIADBGA?RCQ ? QFGDR RMU?PBQ KMPC CDKAGCLR QAFCBS.
7LB NCPDMPK?LAC MNRGKGX?7R@KMPENRESRGMICE&YNCAR RFGQ RPCLB RM AMLRGLSC
SIJRGK?RCJIW AMLRPG@SRGLE RN IZERRILAS MSREMKCQ

*J249C@?@FD /)

" +'9 dMP SQ?EC MD RFC 9.-)RRN3COSCQR 9)3 F?Q ? I?E RF?RISIBMU@WQPWLAFPMLMSQ
PCOSCQRQ 4WLAFPMLMSQ 9)3 GQ F?PKDSJ DMP NCPDMPK AR GNIMRSIDB REGLC

RFPC?B GQ @BVAIRGJ RFC PCOSCQR GQ kLGQFCB PCQSJRGLE GL RFC N?EC F?LEGLE SLRGJ RI
@CAMKCQ?®BJ?@ fetch  GQ ? KSAF KMPC CDOCRBRGDKAGCLR ?JRCRUGRET QGKNJICP

"1* ?LB F?Q LM QSNNMPR DMP QWLAFPMLMSQ DCRAFGLE MD B?R?

"@>K  07< GSKEK8>< F= DFO@C< G8><J LIGEFLUPER
AWLAFPMLMSQ 9)3 GQ LMU SQCBML ~ MD KM@GJC N?ECQ ?LB MD BCQIRMN N?ECQ K?PIGLI
? QK?JJ BCAJGLC DPMK 72LB  PCQNCARBV 8FGJC GRQ SQ?EC GQ BCAPC?QGLE GRQ

AMLRGLSCB NPCQCIACHR RFCQICIQIGLBGA?RCQ RF?R QMKC JCE?AW ?NNJGA?RGMLQ QRGJJ |
RFGQ MSRB?RCB KCRFMB UFGEBWCIEXRBIRQ SQACPGCLAC

document.write

5FC MLJ documentwrite  "1* GQTPW NPM@JCK?RGA DMP ? LSK@CP MIRPCIRMLQ RF?R
QNCA GRQCJD U?PLQ ?E?GLQR GRQ SQC

"@>K 0?< ELD9<I F= DF9@C< G8>< document.write

"LMR?@JC MD KM@GJC N?ECQOB@RICRRGJIJI document.write RM ?BB AMLRCLR RM

?KKGBCDBES: ?KK&@@HFI><E  A8M 8J:I@GK J:?<;LC<I 8G@
?KKGPKDC JGK?8KN> FI> DLCK@G8>< ;PES8D@: D8IBLG @EJ<IK@FE ?KD@KRLD<EK
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RFC %0. GLQRC?B MD NPMNCP GLQCPRGML KCRFMBQ OL BCQIRMN  MD N?ECQ AMLRGLS
RFGQ ?NNPM?AF 5FGQ K?PIQ ? BCAJGLC DPMK ?LB  QSEECQRGLE REIRINGIC BC
?PC KNMIGLEW?W DPMK RFGQ GLCDKAGCLR KCRERIEBRAME ?NNJGA?RGMLQ ?LB RFGPB N?PR
QAPGNRQ QRGJJ AMLRPG@SRC RM GRQ SQ?EC

#6824J 12G2D4C:AE

-GEFRFMSQC ASPPCLRIW AFCAIQ RIMPDAEXTI RIPR IPC SLLCACQQ?PW ML RFC KMBCPL UC
QSAF ?QPRODMPKGLE Stasync ?7LB await +T?4APGNR AJ?QQCQ ?LB MRPEFRLCUCP
UGBCJW QSNNMPRCB J?LES?EC DC?RSPCQ

"@>Kl 0?7< GSKEK8>< F= DF9@C< G8><J K?8K J?@8EIBGK:P &8M

+SQRMEP RUM RFGPBQ MD KM@GJC N?ECQ ?PC TRBRGDIFGRBIQUERACQ RF?R ?PC @CGLE

RPLQDMPKCB MP AMLR?GL SLLCACQQ?PMARERRVSFEQ KESPC PCK?GLQ SLAF?LECB DPMK
GLBGA?RGLE RF?R BCQMBRCGQQ MD NCPDMPK?LAC GRQSIETEAMLRGLSC RM PCIW M

RFCQC?REDMPK?RGMLQ OL BCQIRMN  MD N?ECQ ?PC QRGJJ GEGRIMBKERFCQC RP

%CQNGRC ? LCEJGEG@JC AF?LEC GL RFGQ QR?RGQRGA DPMK ~ UOENMRGRMTLC ? BCA
+7T24APGNRIQISRGML QR?@GJGXCIMNBABT ?BMNR KMPC CDRARGARQIP

@H :D 12G2*4C:AE FD65
+7T?4APGNR A?L @C SQCB BEPTARIGEIREMLQ QSAF ?DGG@PLBIRIMPIQ

#:3C2CJ FD286

5M SLBCPQR?LB RFC SQ?ECRGTREBMRIMPIQ )551 "PAFGTSQEY?NN?JWXRA BCRCAR
RFC RCAFLMIMEGCQ SQCB ML ? N?EC
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Adoption of top libraries and frameworks
Web Almanac 2024: JavaScript

desktop [l mobile

jQuery 74%
core-js 1%
jQuery Migrate 33%
jQuery Ul 22%
SWiIPe! —— 15%
Lodash |m— 1%
Modemizr p— 11%
React |m— 10%
GSAP s 9%
OWL Carouse! s 8%

Slick [ e— 8%

JavaScript libraries and frameworks

LazySizes s 8%
FancyBoxX cmmmm 7%,
Isotope \emmmm 7%
Underscore.js e 6%
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Percent of pages
"@>K ;FGK@FE F= KF& @@PBE 8EI<NFIBJ

3C?BCPQ MDTERESQ CBGRGMLQ BI® REGB?A UGJJ LMR @C QSPNPGQCB RM QCC RF?R H2SCPW (
PCK?GLQ RFC KMQR UGBCJWBQOBLIRFERIC@ ?NNC?PGLE ML MD N?ECQ " QGELGKA?LR
NMPRGML MD RFGQ GIBBPRIQ8 @SRMSRQGBC MPELPCQQ H2SCPW AMLRGLSCQ RM @C ?
BMKGL?LR AFMGAC DWRIKE®QGRCQ

5FC UGBCQNPC?B ?BMNRGML MD AMPC HQVNCBRCBQMBAUC@ ?NNIJGA?RGMLQ PCIW ML
#?@CJ UFGAF MDRCL SQCQ AMAGBQ RIMUNAIIQ DMP KEFASBERRDC?RSPCQ "Q @PMUQCPQ
AMLRGLSC RWIT ?LB QSNNMPR KMPC KMBCPL DC?RSR&BGERRGK@CP QFMSJB BCAIGLC
PCBSAGLE SLLCACQ@RBY @GL UC@ ?NNIJGA?RGMLQ

H2SCPW .GHC GQ NPCQCLR ML MD N?ECQ GLBGA?RGLE RF?R ? J?PEC LSK@CP MD UC@QGR!
PCJWGLE ML MJBCP HZSQBMLD 4GKGRZFTRW 6* GQ QRGJI GL SQC ML  MD N?ECQ BCQNGRC
@CGLE KMQRJW BCNPCA?RCB

ORFCP LMR?@JCRG@PGLAISBC 4UGNCMB?QF ?LB .MBCPLGXP ?JJ MD UFGAF
NJ¥W PMJCQ GL F?LBJGLE 6* CJICKCLRQ ?LB DC?RSPC BCRCARGML

3C?AR SQ?EC F?Q EPMUL QJGEFRJW RM  AMKN?POBRI® SBRIFGWH QRGJJ QSEECQRQ ?
PCJI?REGEGW QR?@JC ?BMNRGBEGOW GLBGA?RC RF?R UFGJC 3C?AR PCKTERQ BRNVISBFP
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F?Q NJ?RC?SCB BSC RM GLAPC?QGLE AMKNCRZRBHMNKECRMQWOQRCK

.C?L UFGJC JZR@ERQAE'L  08-$?PMSQCJ  4JGAI -?XW4GXCQ ?LB
PLAW#NW  AMLRGLSC RM @C UGBCJW SQCB CQNCAG?JJW GL NCPDMPK?LAE ?LB ?LGK?R
?NNJGA?RGMLQ

"Q RFC UC@ CAMQWQRCK AMLRGLSCQ RM KMBCRREMKOMD RFCQC JCEGRR JIG@P
CQNCAG?JIW H2SCPW @?QCB MLCQURVRBBAIGMP™MD KMPC ICRGISRGMLQ ?LB
KMBCPL BIRCUMPIQ

#:3C2C:6D FD65 E@86E96C

' PPKCUMPIQ ?LB J&@TQ ?PC MDRCL SQCB RMECRFCP ML RFC Q?KC NeReUQIUGRF J?QR W
Q/?KGLC RFGQ NFCLMKCLML RM E?GL GLQGEFRVGGRRERMIU?KBKIRIMPIQ HZ @CCL
SQCB RMECRFCP GL

2AAD 56D<E@A >@3:=6

H2SCPW
H2SCPW2SCPW .G

AMPC HQ H2SCPW

(4"l -MB?QF 3C?AR

H2SCPW2SCPW 6+

AMPC HQ H2SEISEPW .GET

AUGNCRMPC HQ H2SISEPW .GIRE H2SCPW 6
AMPC HQ H2SEFSEPW .GIRT H2SCPW 6+
-MB?QF .MBCPLGRGKSISQ :6* AMPC HQ
AMPC HQ

'GESPC  $MKKML JG@®RV AMK@GL?RGMLQ

*RfQ AJC?P RFMSEF RF?R H2SCPW F?Q QMWG QE RBIMBERFRIMKC AMK@GL?RGML MD GR G
DPKCUMPI ?LB GRQ RBGFIL NJSEGL MAASPPGLE GIGRFONMRQQUGRF AMPGLHEPF?
NPMKGLCLR PMIJCTRMIG@FEC ?Q UCJJ
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.63 @>A@7?67ED 27?5 *925@H &$

8 C@ $MKNMLCLRQ ?JIMUQ CLA?NQSJ?RGML MD JMEGA ?LB QRWJIGLE RFPMSEF UC@ AMKNML(
QF?BMU %0. 5V IGAI MDD REGIQW?L?IJWQE) @CEGL UGRF ASQRMK CJCKCLRQ

"@>K 0?< GSKEK8>< F= ;<JBKFG G8><J K?8K LJ<; :LJKFD <C<D<EKJ

5FGQ KESPC F?Q GLAPC?QCB DPMK RFC  ?L?JWQGQ MD ASQRMK CJCKCLR SQ?EC ML BCQIRMI
UFGAFU?Q  8GRF RFC ?BT?LR?ECQ RF?R ASQRMK CIGHEIL RBNHEGP PC?QML?@JW

@PM?B QSNNMPR GL KMBCPL @FRICQCRIZHEEB RM QCC RFC EPMUGLE ?BMNRGML MD RFC UC@
AMKNMLCLR KMBCJ 5FGQ RPCLB QSEECQRANIIPIR BXC GLAPC?ERESUEIIC@

NJ?RDMPK @SGJR GLQ RM APC?RVBCBRCEAIILP C

"@>K 07< G<KEK8>< F= DF9@C< G8><J K?8K LJ<; J?8;FN +)

4F?BMU %0. 2JIMUQWE RM APC?RC BCBGA?RCB LMBCQ GL ? BMASKCLR RF?R AMLR?GL RFCGP N
DMP QS@ CJCKCLRQ ?LB QRWJGLE GQMJ?RGLE ? AMKNMLCLR DPMK RFC K?GL %0. RPCC $MKN

KESPCMD  MD KM@GJC N?ECQ SQGLE QF?BMU %0. ?BMNRGML MD RFC DC?RSPC F?Q
QGELGKA?LRIJW GLAPC?QCB PC?AFGLE GL  5FGQ EPMURF GLBGA?RCQ ? PGQGLE RPCLB C
BOCJIMNCPICREGLE QF?BMU %0. DMP @CRRCP AMKNMLCLR CLA?NQSJ?RGML ?LB QRWJGLE
AMLQGQRCLAW

"@>K 07< GSKEK8>< F= DF9@C< G8><J K?8K LJ< K<DGC8K<J

5FC RCKNJ?RC CJCKCLR FTONRINBCPQ PCSQC K?PISN N?RRCPLQ 5FCGP AMLRCLRQ PCLBCP MLJ
UFCL PCDCPCLAB®4APGNEKBIJ?RCQ UMPI UCJJ UGRF UC@ AMKNMLCLRQ ?Q RFC AMLRCLR R
GQ LMBR\PCDCPCLACBR@APGNR GQ RFCL ?NNCLBCB RM ? QF?BMU PMMR SQGLE RFC QF?BMU ¢

3MSEFJW  MD UC@ N?ECQ ML KM@GJC ?PC ASPPCLRJW SQGLE RFC RCKNJ?RC CJCKCLR ? LN
GLAPC?QCDPMK  GL  5FMSEF RCKNJ?RCQ ?PC UCJJ QSNNMPRCB GL @PMUQCPQ RFCGP ?
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PCK?GLQ PCI2RGIMU @SR GQ QFMUGLE QGELQ MD EPMURF

"@>K 0?7< GSKEK8>< F= DF9@C< G8><J K?8tis BHKI@ILK<

5FC)5.- is ?RRPG@SRC GQ ?L ?2JREAUPRELPTEPRGLE ASQRMK CJCKCLRQ GLRM RFC N?E!
RF?L SQGLE RFC ASQRMK CJCKCLRfQ L?KC ?Q RFC)5.- R?E RFC L?KCVBQREIEB RM ?L
)5.- CJCKCLR UFGAF GKNJCKCLRQ RFC UC@ AMKNMLCL is IRBRRGESRC GCRMISQC

UC@ AMKNMLCLRQ RF?R A?L QRGJJ D?JJ @?Al RM QR?LB?PB JEGMBGUICUR @BMKNMLCLRQ
D?GJ RM @C PCEGQRCPCB ML RFC N?EC

*L  RFC ?BMNRGML ML is ‘CRRPG@SRC F?Q GLAPC?QCB RM DPMK  GL  %CQNGRC
RFGQ EPMURF GRQ SQ?EC PCK?GLQ JMUCP RF?L ASQRMKCLI CKEL RYRFCKIPEIMD
QSNNMPR GL 4?D?PG @PMUQCPQ ML G04 ?LB K?A04 A?LLMR SRGJGXC RFC ?RRPG@SRC |
AMLRPG@SRGLE RM GRQ JGKGRCB ?BMNRGML

@?4=FD:@?

5FC QR?RC MD4APGNR AMLRGLSCQ RVNIMRGRIRPCLBQAIGRQCEDREERMUGLE @SR QM BM
CDDMPRQ RM KGRGE?RC GRQUGIKICHR T GLAPC?TREGNEKGLGKA?RGML PCQMSPAC
FGLRQ AMKNPCQQGML ?LB QK?PRCP BCNCLBCLAW K?L?ECKCLR RM @?J?LAC NCPDMPK?|
DSLARGML?JGRW

YMUCTCPMSP EPMUGLE PCJIG?LAZHNRGRIEDCQ AMLACPLQ DMP UC@ NCPDMPK?LAC ?LB SG
O/NCPGCLAC 3CBSAGLE SLLCACQQYPASRENGNR B MNRGKGXGRE BCIGTL APSAG?J
AF?JJCLECQ "Q RFC UC@ NJTRDBIPKUT FMNC RM QCC EPC?RCP ?BMNRGMQ MBCRRGT
DC?QG@JC UPKAOMPIQ AMLRGLSC RMGRRFRGP CDKAGCLAW AABIM@PMPK?LAC
AMLQAGMSQ @RRENEQ

-MMIGLE ?FC?B ? KC?LGLEDSJ QFGDR GL RFC RPCLB UMSJB CCISQERMUARBIGERBTP
RMMJIGLE @CARGWECQ ABPLLCQQ 6LRGJ RFCL UC KSQR PCK?GL BGJGECLR GL MNRGKG)
+?T?4APGNR BIRMACLQSPGLE ? D?QR PCQGJGCLR UC@ DMP ?JJ SQCPQ
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FE9@CD

"@BSJ )?BBG "KH?B

X IF?BBG?KH?B () F?BG?KH?B® FRRNE?BG?KH?B EGRFS@ GM

"KH?B GQ ? DMSERP W\F %A?LBGB?RC ?R 7GPESEGEBF GQUBIGFSF?KK?B

"JG (SIX?P DPMK 7GPERAEGIGGQ ?2JQM KCKAERMOP%?R? PCQC?PAF EPMSN

?LB AM FMQRMRFGLHES)GBC NMBA?QR )GQ PCQC?PAF DMASQCQ MKSQGLE NPMEP
?L?2IWQGQ RCAFLGOS@XRIRCALIR QCASPGRW ?LB NPGT?AW NPM@JCKQ

IGQFS (MCJ
X ! 5BFC/IGQFS(MCJ €) /IGQFS(MCJ & FRRNGLPTCIJUC@ BC

IGQFS (MCJ GQ ?L CLEGL&NIPIMRFC GQ ? (MMEJT2HEBNCP &VNCPRO®P 8
5CAFLMIMEGCQ ?LB "LESAFMQMDR .71 DMFCHINCEAFLMIMEGCQ ?LB RFC
?SRFMP MD 4RCKR@N (SGBC "LESJ?P 3MSRGLE #1# ?LB ")?LBQ ML (SGBC
RM "LESJ?P &BSAGRGT 'GLB FCP UPGRGLEQLHRICJUC@ BC

2KKGIBFG<BKS <E> L:@ <;kJ<81?<IJ
2KKGEFK?@E>KF?@;< FEC@E<
?KKGNNN <G@CFK :CFL; <E
2KKGLEBMCN<9 ;<M
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<M@<N<; IRD8E '8}<CR<EJ +G@OM@<IBE;/@DFE ,@<K<IJ
E8CPQ<; 9BK<C88E:F

?EC@5F4E.@7

5FC UC@ ?Q UC ILMU GR GQ @SGJR ML RFC DMSLEZREMLIMIBQRSRPNIIC@
?2NNJIGA?RGML TEB/CMLIGLC TARERL QR?PRQ UGRF )5.- ?R GRQ AMPC K?IGLE GR MLC MD |
CQQCLRG?J UC@ QR?LB?PBQ *RfQ RFC J?LES?EC RF?R QRPSARSPCQ AMLRCLR BCKLCQ P
AMKKSLGA?RCQ UGRF @PMUQCPQ CLQSPGLE RF?R UF?R UC APC?REARCEAGRECUEE GL
SLBCPQRMMBS®CPQ UMPJBUGBC 5FGQ AF?NRCP GQ BCBGA?RCB RM SLBCPQR?LBGLE FM
AMLRGLSCQ RM QF?NC RFC UC@BIMPGLE RPCLBQ GL GRQ SQC RFC PGQC MD ASQRMK C
FMU BICJMNCPQ ?FCREGLE LCU DC?RSPCQ RM @SGJB KMPC ?AACQQG@JC CDKAGCLR 2l
NPMMD UC@QGRCQ

5FGQOAPIQ CBGRGML @PGLEQ ? @PM?ECRPQIEBBNE?RRQTR LMU GLAJSBCQ LMR MLIW FMK
N?ECQ @SR 2JQM ? UGBC T?PGCRW MD QCAMLB?PW N?ECQ WAL R RSYREECNTERILRE C
BMMPQ MD UC@QERTRAIC RM A?NRSPC KRIBEFBRSZIC QL?NQFMR MD FMU )5.- GQ SQCB
2APMQQ BGDDCPCLR RWNCQ MD AMMRCLFRVIK EMIMERGVIQRQ ?LB NPMBSAR N?ECQ RM JMEC
QAPCCLQ ?LB ?PRGAJCQFRFGHE?LBCB QAMNCEGD BCCNCP GLQGEFRQ GLRM RFC PC?J U\
?NNJGA?RGML MD )5.-
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8 C CLAMSPC PC?BCPQ RMEIZINCP GLRM RFOBRIMPC RFCGP MUL GLQGEFRQ ?LB HMGL RFC

AMICPQ?RGML ?@MSR RFC DSRSPINIMBEBARGHIL?J J?LES?EC

676C2=

-CRfQ QR?PR UGRF QMKC MD RFCHIMONEGARQMD ? K?PISN BMASKCLR *L RFGB@QCARGML UC
AMCPGLE RFC BMASKCLR RWNCQ RFC QGXC MD RFC BMASKCLRQ J?LES?EC ?LB AMKNPCQQGN

@4EJAGD

@4EJA6

<ldoctype html>

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

/M BMARWNC

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

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

html public "-//w3c//dtd html 4.01
transitional//en"

'GESPC

)6756C:?8

6D<E@A 3:=6
$@56" <E@A 3@

QR?LB?PBQ
KMBC

2JKMQR
QR?LB?PBQ
KMBC

OSGPIQ KMBC

QR?LB?PBQ
KMBC

2JKMQR
QR?LB?PBQ
KMBC

OSGPIQ KMBC

%MARWNC SQ?EC

"@>-d  )F9@C< G8><J LI@E> K?< HYEBKPG<

19.  https://hsivonen.fi/doctype/
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MD 23] KM@GJIC N?ECQ SQC RFC QR?LB?PB )5.- BMAR' <IDOCTYPE html>

5FGQ GQ NCPACLR?EC NMGLRQ REEFCBRR?L 5FC QSPNPGQGLE N?PRUBRXREIRLC
NMNSJ? XHTML 1.1 Transitional d@SR QIMUJIW BGQ?NNC?PGLE BMUL DPMK  GL

@4F>67E D:K6

" N?EGQ BMASKCLR QGXC GQ RFC ?KMSLRAWRTIBREDCPPAERRFC LCRUMPI GLAJSBGLE
AMKNPCQQGML

Median transfer size of HTML document
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"@>k  )<;@8E KEJ=<I J@Q< F=$0)( ;F:LD<EK

"DRCP ? QJGEFR BCAPC?QC GL  RFG)RIRP QGXC GLAPC?QeCB RFGRNANCE RM
2LB

"JRFMSEF RFC KCBG?L IMM@MIGRFGLE PC?QML?@JC JORIQEEP JIMMI ?R RFC MRFCP
NCPACLRGJCQ

?KKGBCDSES: ?KKGEAFI><E  DB8IBLG ;F:KPG<J
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UFGJC ?R RFC RF NCPACLRGBPCRIFGN RM # 5FCQRECKCQ FGEFIJGEFR ? QGELGKA?LR
T?PG?RGML GL FMUNBKCPQ QRPSARSPC RFCGP N?ECQ

@>AC6DD:@7?

*L RFC AMMRCMD ?L?JWXGLE )5.- BMASKCLR kJCQ AMKNPCQQGML AMLRERSSGRIANIC GL
GKNPRGELE JM?B RGKCQICESMCPDMPK?LAC
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HTML document content-encoding
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"@>kl  $0)(;F:LD<EK :FEK<EK <E:F;@E>

OLC LMR?@JC RPCLB GQ RFC GLAPC?QGLE NMNSJ? br JWMMBREG@EMRIBIPK?R *L
#PMRJG GQ SQCBML MD KM@GJC N?ECQ ? QRC?BW GLAPC?QC DPMK ~ GL

8FGJ(gzip PCK?GLQ RFC KMQR UGBCJW SQCB AMKNPCQQGML KCRFMBRQ SRREEFR3IC
QJGEFRJW BCAJGLCBTEWBQMC br E?GLQIRRGML  GL

%CQNGRC RFCQOGKGIERD ? QK?JJ NCPACLR?EC MD )5.-kJCQ ML KRROQRRGJJ

QCRIB UGRFMSW/AMKNPCQQGML NPCQCLRGLE KGQQCB MNNMPRSLGRGCQ DMP MNRGKC

@4F>67E =278F286

"@>K 1E@HL< C8E> 8KKI@9LK< :F;<J FE DF9@C<

*L MSP ?L?JWQGTE OCAMSLRCPCB  SLGOSC GLQR?LA(lang Y#RRPG@SRC I html C
CJCKCLR ML KM@GJC

5FC)5.- lang ?RRPG@SRONIZ GKNMPR?LR PMJC GL FCINGLE QAPCCL PC?BCPQ ?LB QC*
CLEGLCQ SLBCPQR?LB RFC J?LES?EC MERAMI@SRPEQMUEGLRCPCQREUKIENC
4C?PAF GELMPCQ RFC J?LE ?RRPG@SRC UFCL BCRCPKGLGLE RFC J?LERERIMID ? N?EC @
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GBCLRGKCB RF?R gGR GQ MWKMPRREBRGQ KV ENJ?GL M en PCK?GLQ BMKGL?LR GL RFC
B?R?QCR UGRF MDBCQIRMN?LB  MD KM@GJC N?ECQ SQGLE GR ?Q RFC NPGK?PW J?LES"
?RRPG@SRC RFMSEF RFC ?ARS?J J?LES?EC MD RFC AMLRCLR KGEFR BGDDCP

Most popular HTML lang values
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en 40%
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es
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Percent of pages

"@>Kkl  )FIJK GFGLCS8I $0)( C8E>L8>< :F;<J EFK @E:S+@E> |

"BBGRGML?JIMD N?ECQ FIC LM lang ?RRPG@SRC QCR ?R ?JJ QFMUBLERBTERAQ D?GJ RM
NPWIGBC RFGQ GLBGA?RMP

*D UC ?EEPCE?RC RFC NCPACLR?ECQ MD LML &LEJGQF ‘' lang MAGJSCR QERARGII A?NRSPC
?PMSLB  MD RFC RMR?J N?ECQ PCICARGLE RFC RPSJW EIM@7?J L?RSPC MIPRC@ AMLRCLR )M
KCLRGMLCB T@MRfQ GKNMPR?LR RM PCKCK@CP RF?R RFC FC en NPMNICUQHRGERRLMD

?2JUWQ KC?L RFC AMLRCLR GQ GL &IFBEQBEBISCLR KGQARGMESRID lang

?RRPG@SRC

?KKGNNNPFLKL9< :FD N8K:? M @J3 '< &&IK J
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Most popular HTML lang values (including
regional)
Web Almanac 2024: Markup
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*L RCPKQ MD LML &LEJGQF J?lja 2E®NILCQELB es 4N?LGQF QR?LB MSR ?Q QMKC MD RFC
KMQR NMNSJ?P AFMGACQ SQCBOKZRENWM MD N?ECQ

5FC KMQR AMKKML PCEGML?J "en-us .RNNC?PQML  MD BCQIRMN ?LB  MD KM@GJC
N?ECQ

%CQNGRC RFC GQQSCQ UGRF GLAMPPCAR J?LE ?RRPG@SRC TASLOTRRCPRRPG@ISRC Q
GKNPMELE ?AACQQGC@BIERIPQ UGRF QAPCCL PC?BCP( lang RRRREGRBSRC AMPPCARJW
PCK?GLQ ?L CQQCLR&RGNE GL KMBCPL UCBECLR

@>>67ED

)5.- AMKKCLRQ ?PC QLGNNCRY/RBRRETRTBOMNCPQ GLAJSBC UGRFGL RFCGE AMBRC@®M JC?
MP ENJ?L?RGMLQ UGRFMSR ?DDCARGLE RACMIBRECIREINIRC 5FCQC AMKKCLRQ ?PC
CLAIJMQCE <!-- --> R?EQ ?LB ?PC LMR PCLBERZBMYQCPQ KC?LGLE SQORP QGI LC
RFCK 8FGJC SQCDSJ BSPGLERFGRCLR NPMACQQ )5.- AMKKCLRQ ?PC LMR LCACQQ?PW Gl
NPMBSARGML AMBOWP@RFTIGEFRJIW GLAPC?QC RFC kJC Q& XOIUGKRERSBFCRB SQCPQ

2024 Web Almanac by HTTP Archive 43


https://almanac.httparchive.org/static/images/2024/markup/popular_regional_lang.png
https://almanac.httparchive.org/static/images/2024/markup/popular_regional_lang.png

Part | Chapter 2 : Markup

"@>k  )F9@C< G8><J N@K? 8K C<8JK FE< :FDD<EK

"AAMPBGLE RM MSP ?L?JWQGQ MD KM@GJC N?ECQ QRGJJ AMLR?GL ?R JC?QR MLC AMKKCLR

*L ?2BBGRGML RM PCESJ?P AMKKGQR@MREBBEKA RWNC ILMOR@Q;:-8 /;,991:@? 5FCQC
UCPC MLAC SQEZBRCLQGW RM R?PECR QREAGMLT MD *LRCPLCR &VNJMPCP *& ?JIMUGLE
BACIMNCPQ RNGEBASQRMK QRWJICQ MP QAPGNRQ RF?R MLIW MJBCP *& @PMUQCPQ UMSJB |

<I--[if IE]> <link rel="stylesheet" href="ie-only-styles.css">

<l[endif]-->

8GRF KMBCPL @PMUQCPQ ?LB RFC PCRGPCKCLR MD *LRCEBGREVNIMRTRKTCRQ F?

@CAMKC M@QMJICRC %CQNGRIDRMEQYGIC N?ECQ QRGJII AMLR?GL AMLBGRG@&NMWPJ AMKKCLRQ
BSC RM JCE?AW AMBC RF7RB?2QCELCB SN MP @CA?SQC QMKC QGRCQ AMLRGLSC RM QSNNMP
TCPQGMLQ MD *LRCPLCR &VNJMPCP DMP AMKN?RG@GJGRW PC?QMLQ

=6>67ED

*L RFGQ QCARGMIZNIMPC )5.- CICKCLRQAUF?R CICKCLRQ ?PC AMKKMLIW SQCB FMU MDRCL
RF®/ ?2NNC7RB UFGAF MLOABIRC G3W RM KLB ML ? RWNGA?INPEMOR IMMI GLRM ASQRMK
7LB MSRB?RCB CJCKCLRQ "LB HSQR R\BGTHREE GRG)ICEMSRESQ

=6>67E 5:G6CD:EJ

' MP @MRF BCQIRMN ?LB KM@GJC N?ECQ RFC B?R? QFMUQ RF?R RFC RF NCPACLRGJC F?Q E
CJCKCLRQ UFGJC RFC RF NCPACLRGJC PC?AFCQ CJCKCLRQ ML BCQIRMN ?2LB ML KM@GJC

KCBG?L LSK@CP MD BGQRGLAR CJCKCLRQ DMP KM@GJC N?ECQ F?Q PCK?GO2B AMLQGQRCLR

RFC Q?KC?Q GL  ?LB MLIW QJGEFRJIW FGEFCPRBQCREE GL

?KKGBCDBES: ?KK@EHFI><E  D8IBLG <C<D<EK ;@NMI@KP
?KKGBCDB8ES: ?KK@@AFI> <E  DBIBLG <C<D<EK ;@NI@KP
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Distribution of distinct elements per page
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JMUCTCPRFCPC ?PC QMKC BGDDCPCLACQ UFCL AFCAIGLE RFC BGQRPG@SRGML MD CJCK
B?R? QFMUQ ? QJGEFR BEMRG?QCB RM  'MP KM@GJC RFC KCBG?L LSK@CP MD CJCKCLF
F?Q BPMNNCBDPMK GL RM GL "RRFCJMUCP CLB RFC RF NCPACLRGJC DMP KM(
QFMUQ ? QK?JJ BPMN DPMK RM  5FC RF NCPACLRGJC ?JQM QFMUQ ? KMBCQR BCAPC®
KM@GJC N?ECQ BPMNNGLE DPMK ~ RM  TGREPEBSARGML QSEECQRQ RF?R N?ECQ ?PC
@CAMKGLE QJGEFRJW JC?LCP GL RCPKQ MD RFC LSK@CP MD )5.- CJCKCLRQ SQCB
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5FC JGQR PCK?GLQ J?PECIW AMLQGDERKERUBERFAFFTOMKC QHGDRAEPPCB
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Frequency of top HTML elements
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@?AI@MLC MINEPJGLIGLE \8Q RMPGRGA?J PWBETRGML ?LAFMPGLE SQEP RNSHDD
QGRCQ

0LC MD RFC LMR?@JC QFGDRQUGP@EAQL@WVTL RFC GLAPC?QC <script>  VIfL
GR QSPN?(<img> GL NMNSJ?AERUARGLE RFC EPMUGLE PCIGZUAGGNRDMP BWL?KGA
AMLRCLR GPRRETGRMLR CLB JMEGA?AMBKRPCRGLE A?KN?GELQ 5FC RPCLB F?Q AMLRGLSCB
GL  QMJIGBGD\ <script>  ?Q RFC kDRF KMQR SQCB CJCKCLR
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Attribute usage
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Attribute usage by page
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Social meta nodes usage
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i 5FC <button type="submit"> T?PG?LR SQCB QNCAGkA?JIJW DMP DMPK QS@KGC
NPCQCLRML  MD KM@GJC N?ECQ

i <button type="reset"> GQ PCJERGAPC QCCL ML HSQR  MD KM@GJC N?ECQ
GLBGA?RGLE RF?R PCQCRRGLE DMPKQ GQ JTYOMGRAMNRIPEE ASQRMK
QMJISRGMLQ

"N?PR DPMK @SRRMLQ input GUCKCLRQ ?PC 2JQM PCLBCPCB ?LB SQCB ?Q @SRRMLQ

Buttons using input types
Web Almanac 2024: Markup
desktop [l mobile

<input type="submit">
I 25%

<input type="button">

3%

Input type

<input type="image">
F 1%

0% 10% 20% 30%

Percent of pages
"@>K , FGLC8I@KP F=9LKKFEJ LI@E> @EGLK KPG<J
%7?R? QFMUQ RF?R MD KM@GJC N?ECQ GL MSRBZRICKCIRI <input

type="submit"> CJCKCLR F?TC ?R JC?QR <input type="button"> CJCKCLR ?LB
F? TC?RJC?QR <input type="image"> CJCKCLR

#:?7< E2C86ED

*L RFC N?QRMEDJ@ECB RM ? N?EC U( target="_blank" ?RRPG@SRC RM MNCL GR GL ? LCU R

2024 Web Almanac by HTTP Archive 63


https://almanac.httparchive.org/static/images/2024/markup/input_buttons.png
https://almanac.httparchive.org/static/images/2024/markup/input_buttons.png
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RFC R?PECR N?EC AMSJB MSRAZEWV window.opener UFGAF AMSJB\@IJMGRCB RM

NCPDMPK K?JGAGMSQ MREKIL®R RFGQ@EMNCPQ F?B RM rel="noopener"

?RRPG@SI target="_blank" JGLIQ 5F noopener T?JSC CLQSPCQ RF?R RFC LCU RR@ BMCQL
F?TC ?AACQQ RN window.opener M@HCAR *L ?BB noreferrer U?Q MDRCL SQCB GL
AMLHSLARGML noopener RM NFCLR RFC PCDCPPCP GLDMPK?RGML DPMK @CGLE N?QQCB RM R
R?@

*L KMBCPL @PMUQCPQ RFGQ QCASPGRW GQQSB ERQI@EHTE target="_blank" GQ

SQCB @PMUQCPQ ?SRMK?RG; rel="noopener" @CFGLB RFC QACLCQ 5FGQ KC?LQ RF?R GL
KMQR A?QCQCBRINCPQ LM JMLECP LCCB RM K?LS? noopener 38C RFCGP JGLI ?2RRPG@SRCQ
RMTMGB RFC QCASPGRY@ISIERMPNGRC RFGQ UC QRGJJ QCC ? UGE noopener ;B®BC MD
noreferrer ML K?IW UC@ N?ECQJYGEBSC RM JCE?AW AMBOMNCEGQ @CGLE A?SRGMSQ ?@MSR
APMQQ @PMUQCP AMKN?RG@GJGRW

#:7< 6D<E@A $@3:=6
)?Q target="_blank"
4MKCRGKCQ Sagget="_blank" UGRAoOpener ?LBnoreferrer
)?Qtarget="_blank" UGRFMBRopener ?LBnoreferrer
)?Qtarget="_blank" UGRAoOOpener
"JU?WQ SQ@aqet="_blank" UGRAoOpener ?LBnoreferrer
)?Q target="_blank" UGRRoopener ?LBnoreferrer
)?Q target="_blank" UGRRoreferrer

'GESPC  "BMNRGML MD T?PGMSQ AMK@GL?RGMLQ MD JGLI ?2RRPG@SRCQ

-MMIGLE ?R RFC B?R?  MD N?E! target="_blank" *LRCPCQRGLBEMI/N?ECQ GLAJSBC
?R JC?QR | target="_blank" JGLI UG noopener ?LB noreferrer UFGJC F?TC
target="_blank" UGRFM noopener  ?LB noreferrer "BBGRGML?JMD KM@GJC N?ECQ
?JUWQ S(target="_blank" JGLIQ UC noopener ?LB noreferrer

@?4=FD:@"?

5FC ?L?JWQGQ MD )5.- SQ?EC GL TCRIQ QGELGKA?LR RPCLBQ ?LB GLQGEFRQ RF?R SLBCPQAMP
CTMJSRGML ?LB RFC MLEMGELAEGIT RFGQ DMSLB?RGML?J J?LES TE0NENKAI®@ BC

0LC MD RFC KMQR LMR?@JC KLBGLEQ GQ RFC GLAPC?QGLE QR?LB?PBGX?RGML ?PMSLB RFC )5
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UGRF MD KM@GJC N?ECQ LMU SQGLE RF <IDOCTYPE html> 5FGQ PCICARQ ? NMQGRGT
QFGDR RMU?PBQ AMKNJG?LAC UGRF UC@ QR?LB?PBQ RFMSEF 9)5.- PCK?GLQ NPCQCLR

%MASKCLR QGXC F?Q QCCL ? QJGEFR GLAPC?QC GLBGA?RGLE ? RPCUBIRECEMWQ KMPC A
RFC SQC MD AMKNPCQQGMLAICQNCAG?JIW #PMRJIGAF 7R @LRMEEIAVRI RRACQ JM?B
NCPDMPK?LAC )MOPRFC AMLRGLSCB ?@QCLAC MD AMKNPCQQGML GL ?2@MSR  MD )5.- kJ
QSEECQRQ RF?R RFCPC ?PC QRGJJ MNRGKGX?RGML MWNBTURRSCERGCQ DMP K?2L

5FC PGQC MD ASQRMK CJCKCLRQ SQ?EC UFGAF F?Q GLAPC?QCB DPMK RM  GLBGA?F
RPCLB DMP @SGJBGLEWREAEGCRERGCTUC@WBICPGCLACQ 5FC NPCQCLAC MD M@QMJICRC GR
UFGJC BCAPC?QGLE QRGJJ GLBGA?RCQ RFC LCCB DMP MLEMGLE AMBC K?GLRCL?LAC ?LE
KMBCPL QR?LB?PBQ

ASPNPGQGHREDRI| data-* ?RRPG@SRC JGQR QFMUQ QGELGKA?LR AF?LECQ UGRF ? AMKN.
BGDDCPCLR RMN ?RRPG data-id 5| data-load-time ?LB data-tagging-id SQ?EC
QSEECQRQ RF?R NCPDMPKRINETRB R?EEGIE RPCAMKC KMPC GKNMPR?LR GL ASPPCLR UC
BACJIMNKCLR

JMUCTCPQMKC RFGLEQ PCK?GL QR?@2C BREW @M@B@QRGJIJ ? RF(class B
AMLRGLSCQ RM @CEFI3EM MD RFC ?RRPG@SRC UMPJB

FE9@C

&QRCIP’LAM

X IES?A? @ IFRRNQRMMR ATBE?A? W IES?A? @QIWMAG?X) ES?A? [ CQRCJI?ZDRV

® FRRNQEQRCJ?DM AMK

&QRCIPPLAM GQ ? UC@ NCPDMPK?LAC ?LB RCAFLGA?J 4&0 QNCAG?JGQR ?R 4Al
&JCARPGA #SR ?N?PR DPMK REZR @EGLEVAMLLCARCB RM RFC AFRRSEGRW
UFW QFC GQ ?L GLRCPL?RGML?J AMLDCIPTIMEEIRCBCIMNCP &VNCPRE@EL 8
5CAFLMIMEGCQ ? 4ARMPW@JMI ?K@PQREBMEXCP MD RFC #?PE@ML? 8
1CPDMPK?LAC .CCRSN ?LB AM DMSLBCP MD RFC .SHCPCQ CL 4&0 AMKKSLGRW
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https://x.com/guaca
https://toot.cafe/@guaca
https://bsky.app/profile/guaca.bsky.social
https://github.com/guaca
https://www.linkedin.com/in/estelafranco/
https://estelafranco.com/
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'2CE  92AE6C

*ECF4EFC65 52E2

#H.(3 (, )& #(#
<M@<N<; SBIEF 8E |@<BE; .P8E (<MI@E>
EBCPQ<; 9RILCC8? <D@I
I'@K<; 9R8D<J #8CC8>7<I|

?EC@5F4E.@?

8 C kLB MSPQCQT?R ? APGRGA?J KMKCLRMBERE®ICMD RFC QCK?LRGA UC@ "™* GQ @CAMKC
UGBCJIW ?AACQQG@JC ?REBIREEPWAUD MSWEM B? ?NNJGA?RGMLGINERQ RFGPB
VC?PRFGQ AF?NRORSBER) ? SLGOSC MNNMPRSLGRW RM ?L0WPAQ RPCIBTDRARIGLC
RFCTNGB BCIMNKCLRQ MAASPRIBLEGKGIMIGLE ?R RFOGMSQ CBGRGMLQ UC A?L MDDCP ?
AMKNPCFCLQGGCU MD UFCPC QRPSARSPCB B?RADRABBEEMBGRIQ FC?BCB

+96 61A2?75:78 =275D42A6 @7 DECF4EFC65 52E2

OTCP RFC N?QR KMLRFQ RFICP@ECL QGELGKA?LR AF?LECQ GL RFC QRPSARSPCB B?R? J
*L  (MMEJC BCNPCA?RCB PGAF PCC FAQs P1Ml HowTos DPMK GRQ QC?PAF CLEGLC PCQSJF
N?ECQ 4&31QMSPACL /MTCK@CP  (MMEJC UGJJ 2JQMTEORRC QGRCJIGLIQ Q@?PAF @M

?KKGJI<M<CFG<IJ >FF>C< :FD:3€@F> ?FNKF =8H :28E><J
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https://developers.google.com/search/blog/2023/08/howto-faq-changes
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DPMK QC?PAF PCQSIBRAOMUCTCPGL N?BRICJ RFCPC F?Q @CCL ?TCOVRGOIMRGML
?LB N?LQGML GL SQGLE QRPSARSPCB B?R? DPMK @MRF (MMEJC ?LB #GLE

Key developments in 2023-2024:

"1C 2@>A/@A>10 0-@- @EMMEIC GLRPMBSACBIIU RWNCQ GLAJSBGLEC
JGQRGLEQ $MSPQEAGRIWILZ3CLR?JQ ?LB % .MBCJQ DMP NPMBSARQ "JQM GL RFC
CAMKKCPAC QN?AC (MMEJC F?CREERIEFRW NPMIERLRM GRQ QRPSARSPCB B?R?
MDDCPGLEQ N?PRGASJ?PJW RFPMSEF RFC .CPAF?LR $CLRCP ?LB 4AFCK? MPE

4-:1/101 D5?@5:3 @EHNPNMCKCLRQ RM MPE?LGX?RGML B?R? NPMBSAR T?PG?LRQ *
RFC GLRPMBSARGML MD BGQAMSLR PGAF PCQSJRQ

'@>A/@A>10 0-@- /->;A?1BRPC @CR? J?SLAF MD QRPSARSPCB B?R? A?PMSQCJQ AMK@C
ItemList UGRF MRFCP RWNCQ MNCLQ LCU AMLRCLR NPCQCLR?RGML NMQQG@GJG
(MMEJ@ 4&31QMSPAC

' 5:@13>-@5;:? 5FCPC F?Q @CCL GLAPC?QCB QSNNMPR DMP (4 QR?LB?PBQ QSAF ?Q
(4 %GEGR?J -GIWFGAF ?GKQ RM @PGBEC RFC E?N\EQBATICILRBGEGR?J

NPMBSAR GLDMPK?RGML 5FGQ RCAFLMIMEW CL?@JCQ K?LSD?ARSPCPQ ?LB PCR?G
AMLLCARWRGA?J NPMBSARQ RM RFCGP BGEGR?J GBCLRGRGCQ RFPMSEF 23 AMBCQ
QA?LLCB RFCQC AMBUEBIPMACQQ RM AMKNEOWPUBSAR GLDMPK?RGML
CLF?LAGLE’RON?PCLAW ?LB ASQRMKCP CLE?ECKCLR "JQM RFC

gsl:CertificationDetails NPMNCPRW F?Q @CCL MDKAG?JW/("BAINRCB @
schema:Certification BCKMLQRRGLE FMU GLBSQRPW QNREAGGME Q A?L
QSAACQQDSJIW GLISCLAC 2BAIERERAFCK? MPE QR?LB?PBQ

'19-:@5/ 0-@- .1 E:0 ?1->/4 -<<85/-@5;:? 4RPSARSPCB B?R? GQ LMUGRERHE JC
@UMLB RBGRGML?J QC?PAF CLEGGCR ™NN®&PJ PMJIC GL QMAG?J UC@ ?NNJGA?RGMLQ
' MP GLQR?LAC

i 01:@5@EBG/-@5;1J?RDMPK@ JBPRMBML S rel=me JGLIQ DMP
RUM UW GBCLRGRGKAR?RGEMISPAC

i 101>@10 ?;/5-8 :1@C;>7BFC SQC rel=me ?JIMUQ .?QRMBML SQCPQ
RMCPGDW RFCGP ?AAMSLRQ UGRF RFGPB G ZPRMVQB@QGRCQ
QRPCLERFCLGLE APMQQ NJ?RDMBPEGAESREGRWML PCJ KC UGRF
(FMQR

2KKGJI<MKCFG<IJ >FF>C< :FD:3<B1] 8GG<8BE:< JKIL:KIs; ;8K8 J@K<C@EBIIR@I
?2KKGJ<M<CFG<IJ >FF>C< :FD:3sB1J 8GG<8BE:< JKIL:KIs; ;8K8 :8 FLI<CJ 9<K8
2KKGNNN>J FI> JK8E;8U >J ;@>@K8C C@EB

?KKGJF:J AF@EDBJIKF;FE FI> LIRIG! MI@]:8K@FE

2KKGEFFILD >?FJIK FI> KI@=P@E> D8JKF;FE 8:FLEKB@K? |
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https://developers.google.com/search/docs/appearance/structured-data/sitelinks-searchbox
https://developers.google.com/search/docs/appearance/structured-data/carousels-beta
https://www.gs1.org/standards/gs1-digital-link
https://docs.joinmastodon.org/user/profile/#verification
https://forum.ghost.org/t/verifying-mastodon-account-with-rel-me/34227
https://forum.ghost.org/t/verifying-mastodon-account-with-rel-me/34227
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i "1C 6;A>:-8579 21-@A>17?QRMBML PCACLRJW GLRPMBSACB RFC
fediverse:creator ?RRPG@SRC RM QSNNMPERGALRBGML DMP

HMSPL?JGQRQ ?LB NS @MSFAIPQ

6J@7?5 EC25:E:@7?2= :>A=6>67E2E: @7

"Q RFC QRPSARSPCB B?R? CAMQWQRCHKRCESRCQQAGLEMRBEKA?RGML GL GKNJCKCLR?RG
QRMRCEGCQ 8FGJC QC?PAF CLEGLCQ PCK?GL ? NPGK?PW AMLQSKCP MD QRPSARSPCB B?
?PC IN?LBGLE QGELGKA?LRIW

'1419- ;>3 -? 9->7A<  5FC RIBBGRGML?J KCRFMB MD CK@CBBGLE QRPSARSPCB B?
BGPCARJW GLRM UC@N?ECQ AMLRGLSCQ RM @C ? AMPLCPCQRIRGARI KMBCPL -

1419- ;>3 -7 - 0-@- ?@-0->0 #OMILB GRQ SQC GL )BAFCK? MPE GQ GLAPC?QGLEJV
CKNJMZB RM QR?LB?PBGXC B?R? QF?PCB TG? "1 MPMRKICICBMMMEQZ:?R?
$MKKMLQ GLGRGZBGTQ A/RCLBCB 4AFCK? MRE?ZI@SJ?PW RMZREBER?QCRQ
DPMK FSLBPCBQ MD MPE?LGX?RGMNEGEYRPREANBGX?RGML QSNNMPRQ R?QIQ.
B?R?QCR BECGAM?LB PCJ?RGMLQFGN K?NNGLE APSAG?J DMP SUCRCPRR?LBGLE |
QS@QCRQ ?LB BCPGT?RGMLQ MD B?RERCRGBUIKERQHISPAC

'19-:@5/ 0-@- 5: ?;/5-8 C1. -<<85/-@5;:?

i 1J?RDMPK@J@DRMBMLTEREC QRPSARSPCB B?R? DMP GBCLRGRW
TCPGKA?RGML rel=me ?RRPG@SRC 2JIMUQ SIPFGIRMRMAMSLRQ
?2APMQQ DEBCB LCRUMRISPAC

i ' C?RSPCQ fediverse:creator ?PC @CGLE SQCB RM T?JGB?RC AMLR(
7LB ?SRFMPQFGN CLF?LAGLE RPSQR GRIFXCBAPEARRI UC@
QMSPAC

535@-8 $>,0A/@R<>@? $$7?

ARPSARSPCB B?RIQNTW PMJIC GL CKCPEGLE PCESJ?RMPW PCDBEE GIGEREEER
1PMBSARQQNMPRTQGELCB RM CLFALAINRPCLAW ?LB QSQR?GL?@GJIGRW GL CAMKKCPAC
N?QQNMPRQRIEC (4 %GEGR?J -GLIQ RIGBEMMKNPCFCLPBNBSAR GLDMPK?RGML RFPMSEF
23 AMBCQ

?KKGICF> AF@ED8JKF;FE FI> ?@>?C@>?K@E> AFLIEBC@JD FE D8JKF;FE

?KKGJ8K8:FDDFEJ FI>

?KKGI<J<81? >FF>C< 9CREBK@FEJ?@EDEAC@:8K<; 8E 8EBCPX@IK@FEJI?@GJ 9<KN<<E ;8K8J<KJ FE K?< N<9
?KKGJF.J AF@EDB8JKF;FE FI> LIR|G MI@].8K@FE

2KKGICF> AF@EDSJKF;FE FI> 2@>?C@>?K@E> AFLIESC@JD FE D8JKF;FE

?KKGNFI,C@=K @F 9CF> <E ; @+@KHIBBFIK @DGC<D<EK8K@FE
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https://blog.joinmastodon.org/2024/07/highlighting-journalism-on-mastodon/
https://datacommons.org/
https://datacommons.org/
https://research.google/blog/relationships-are-complicated-an-analysis-of-relationships-between-datasets-on-the-web/
https://docs.joinmastodon.org/user/profile/#verification
https://blog.joinmastodon.org/2024/07/highlighting-journalism-on-mastodon/
https://wordlift.io/blog/en/digital-product-passport-implementation/
https://wordlift.io/blog/en/digital-product-passport-implementation/
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'@>A/@A>10 0-@- 2;> <;C1>10 5?B1>E

"Q "* NMUCPCB QC?PAF CLEGLCQ AF?R@MRBQZHGMIL) ?QQGQR?LRQ AWNRBLSC RM C
RFCGP PC?AF QRPSARSPGB@?REEN23 PMJC GL CLF?LAGLE AMLRCR@BGGRW ?LB
AMLR@RS?J SLBCPQR?LBGLE ?APMQQ RFCQ@NIZRINIPIIGLAISBC

i '1->/4 :35:1?  1J?RDMPK@JGILE $F?R ?LB (MMEJC 'EBTGCU SRGJIGXC
QRPSARSPCB B?R? LMR MGIWRRRIGEPJ?LES?EC KMBCJQ @SR €RM RM BCJIGT
AMLRERS?JIW PGAF ?LEPREASEQNMLQCQI@RERL E QRPSARSPCB B?R? RFCQC
QWQRCKQ A?L GLRCPNPGFRPANIKRBEILQFGNQ @CRUCCL B?REDQRTPAKNPM
PCJ?LAC ?LB CL?@JC SQCPQ RM QC7R3ECRUBIRCPAMLLCARCB B?R?QCRQ

QMSPAC

5FCQC A?N?@GJGRGCQHBIKORRERRSPORERRTGLE PMJC GL LMR MOBYEKNPM
BGQACRP@GJIGRW @SR ?JQM GL CLF?LAGLE "* QWQRCKQf ?@GJGRW RM GLRCPNPCR ?LB ?AR M
@CRUCCL B?R? RNCRER@RGLE PGAFCP ?LB KMPC SYRDBGSQEBT

5FGQ BIPQGKA?RGML FGEFJGEFRQ QRRBIERBRCGR BPRRIC GL D?AGIGR?RGLEBXRICRVMRCPMNCP
QMAG?J RPSQR PCESJ?RMPW AMKNJG?CAGMLRCL BREIPAMW CL?@JGLE QWQRCKQ RM
SLBCPQR?LB ?LB ?AR ML AMROIIRRGMLQFGNQ @CRUCCL B?R? QRPOARSFCBR3RBIRGML

DMP PGAKMIPC GLRCJJGECLR BEERBRCIACQ

*ECF4EFC65 52E2 :? E96 286 @7 275 >249:?6 =62C?:78

5FC PGQC MD BRI ?LB ?BT?LACB K?AFGLC JC?PLGLE F?Q DSPRFCP SLBCPQAMPCB RFC
GKNMPR?LAC MD QRPSARSPCB B?R?

i -/@ B-850-@5;4RPSARSPCB B?RGBRIQ ? N?PQ?@JC QMSPAC DMP "* QWQRCKQ CL?@.
RFCK RM CDKAGCOVRBARCGLRCPNPCR ?LB T?JGB?RC GLDMPK?RGML 5FGQ FCINQ

i ;9.-@ 9575:2;>9-@5;: " A?L APMQQ PCDCPCLAC QRPSARSPCB B?R? UGRF
MRFCP RPSQRCB QMSPACQ RM T?JGB?RC D?ARQ

i 9<>; BlL/;:@1:@ A:01>?@-:05:3%¥W MDDCPGLE AJC?P CLRGRW BCKLGRGMLQ ?!
PCJ?RGMLQFGNQ QRPSARSPCB B?R? QSNNMPRQ LS?LACB GLRCPNPCR?RC
AMKNJICRMNGAQ

i :4-/1A?1>1 D<1>51./1? 4RPSARSPCB B?R? 2JIMUQ "* QWQRCKQ QSAF ?Q
AF?R@MRQ MBAT ?QQGQR?LRICRWBGREMLB AMMRPGAF

?KKGI<J<81? >FF>C< 9CREBK@FEJ?@EGEDBC@:8K<; 8E 8ESCPI@BR@FEJ?@GJ 9<KN<<E ;8K8J<KJ FE K?< N<9
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https://research.google/blog/relationships-are-complicated-an-analysis-of-relationships-between-datasets-on-the-web/
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PCQNMLQCQ RM SQCP OSCPGCQ

i :4-/10 21->/4 A:01>?@-:05:3 *R CL?@JCQ ? KMPC LS?LACB GLRCPNPCR?RGML M|
AMLRCLRV@C?PAF CLEGLCQ ?LB "* NMUCPCB QWQRCKQ

i (>5:5:30-@- 8 CJJ QRPSARSPCB B?R? GQ FGECOSREGRRETE?) DMP K?AFGLC
JC?PLGLE KMBCJQ

.92E E9:D 492AE6C AC@G:56D

5FGQ AF?NRCP MDDCPQ ?E?RZBREGQ MD QRPSARSPCB B?R? RPCLBQ GL FGEFJGET
| ON BTCIMNKCLRQ ?LB @CARMEQ

B;8A@5;: ;2 @41 8-:0?/-<1

i, OW QFGDRQ GL QRPSARSPCB B?R? CQNCAG?JJW UGRF RFC PGQC MI
QC?PAFQGMMEJC "* 0CPTGCU ?LB #GLE $F?R

i $F?LECQ GL (MMEJC ?LB #GLE QRPSARSPCB B?R? NMJGAGCQ ?LB RFC
ML 4&0

$>1B-81:/1 -:0 3>;,C@4

i 5PCLBQ GL NMNSJ?P DMRKLAID-3s| .GAPMB?R? ?LB 3%'?

i "BMNRGMREQMEQAFCK? RWNCQ G Product ~ Organization
?LB Article

9<8191:@-@5;: -:0 .1?@ <@5/17?

i #CQR RRRGACQ DMP QRPSARSPCB B?R? GLAJSBGLE +40/ -% SQ?EC

i $MKKML KGQR2Q ?LB FMU RWM&B RFCK
&5/4 >1?A8@7 '&$21-@A>1?

i  &DDCARQ MD BCNPCA?RCB [ FAQ:PIE HowTo

i *LRPMBSARGML MD A?PMSQCJQ ?LB NPMBSAR ILMUJCBEC N?LCJQ

$ :C1>10?1->/4
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i 5FC PMJC MD QRPSARSPCB B?RCIGRC?BREPLBGAC ?QQGQR?LRQ

i 5PCLBQ GL "* NMUCPCB AMLRCIGRGEGEQAM
1;,991>/1 5::; B-@5;:?

i (PMURF MD %GEGR?J 1PMESWRPRQ ?LB (4 %GEGR?J -GLIQ

i  4RPSARSPCBRBPRWIIC GL CAMKKCPAC ?LB LCU PGAF PCQSJR RWNCQ
C810313> <4? > <4 &

i 5FC PGQGLE GKNMPR?LAC MD ILKINFQBE® ERF 3"( DMP
CLF?LAGLE "* MSRNSRQ

%A-85@E 0-@- 5:@13>5@E
i  #CQR RRRGACQ DMP K?GLR?GLGLE FGEF OS?JGRW QRPSARSPCB B?R?
91>35:3 ?/419-? A?1/-?1?

i *LLM?RGMLQ GL QAFCK? RWNCQ ?LB RFCGP ?NNJGA?RGML GL 4&0 ?LB
CAMKKCPAC

A@A>1 A@8;;7

i 5FC MJTGLE PMJC MD QRPSARSPCB B?R? GL "* QEKAMRGAURO
BGQAGPW

5FGQ AF?NRCAGBED ? AMKNPCRCIGGU MD QRPSARSKRTBIRIRAR ML 480°LB
CAMKKCPAC UGRF ?ARGML?@JC GLOGEARGFIMAR BEIRTPQ

"6J 4@?46AED

"Q QRPSARSPCB BRRTQ GL AMKKEBRW/NIMPGLE A/RI?GLGIMAMLACNRQ GQ APSAG?J
@CDMPC BGTGLE GLRM ? BCCNCP ?L?2JWQGQ 5FGQ QCARGML MSRJGLCQ DSLB?KCLR?J GBC?G
BACJMNKCLRQ GL RFC kCJB
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#:7<65 52E2 2?5 E96 D6>27E:4 H63

-GLICB B?R? PCK?GLQ ? AMPLCPQRMLC MD QRPSARSPCB B?R? #W ?BBGLE QRPSARSPCB B
2LB NPMGBGLE 63* JGLIQ RM PCDCPCLACB CLRGRGCQ UC APC?RC ?L GLRCPAMLLCARCB U
5FGQ AMLRPG@SRCQ RM RFC QCK?LRGA UC@ CBGFEBSEE BBUGCRMSPAC %CQAPGNRG
" PKCUMPI 3% CL?@JGLE K?AFGLCQ RM RPC?R UC@ N?ECQ ?Q B?R?@?QCQ

5FC AMLACNR MD QCK?LRGA RPGNJCQ QS@HCAR NPCBGA?RC M@HCAR AMLRGLSCQ RM
OVNPCQQGLE PCJ?RGMLQFGNQ @CRUCCI4CIIRBGRETL? SFSEION J?LES?EC QNCAGKA?JIW
BCQGELCB DMP OSCRWEBEREP?LB 3% RPGKREF2- QCRIQ ?Q ? \IE@JC "1* OSCPW
J?LES?EC DMP PORESQRPSARSPCB B?R? OPYK @GEBQ GLAJSBGLE B?R?@?QCQ ?LB
KGAPMQCPTGACQ 5FCQC RMMJIQ AMKNJCKCLRBCRARMBREBLADSCPWGLE 3%' B?R?QCRQ
DMP QCK?LRGA UC@ ?NNJGA?RGNINEP UBGHEIBKCQ ?AACQQ RM QRPSARSPCB B?R? DMP L
KM@GJC ?NNJGA?RGMLQ

&A6? 52E2 2?5 E96 DE2CD >@56=

5GK #CPLCPQGQ QR?PQ MD RFC MNCL B?R? KMBCJ PA@KRGR RENE?QGXCQ RFC
GKNMPR?LAC MD U8&72@JC QRPSARSPCB LML NBSINPBURRPMIB ?LB GLREPBER?
4RPSARSPCB B?RPNIAPSAG?J) PMICTELEAREEFJRJIQ MD RFGQ KMBCJ AMLRPG@SRGLE R
KMPC MNCL ?LB GLRCPAMLLCARCB UC@ CAMQWQRCK

'@H6C65 D62C49 G@:46 2DD:DE2?ED 27?5 5:8:E2= 2DD:DE2?ED

5FC J?LBQA?NC MD QC?PAF ?LB BGEGR?J ?QQKTREAALWATBRGRF RFC GRRGER MD
" _.Q ?7LB ?BT?LACB L?RSP J?LES?EC NPMACQQGLE TRRETAML F?Q @JSPPCB RFC JGLCQ
@CRUCCPBBRGML?J QC?PAF CMEGACQARGT?RCB QWQRCKQ ?LB "* NMUCPCB BGEGR?J

*6>27E:4 D62C49 678:76D 2?5 A@H6C65 D62C49

4CK?LRGA QC?PAF F?Q NPMEREQ8EEBGRGMICWUMPB K?RAFGLE RM GLAJSBC QMNFGQRG/
"* NMUCPCBMBICPGCLACQ 5FCQC QWIGREK@RPSARSPCB B?RTERONEWPC ?AREP
AMLRGRS?J ?LB MDRCIORQI?RGML?J QC?PAF PGRSIRIMNKCLRQ GLAJSBC

i (MMEJC "™ 0TPTGCU " DC?RSPC RFBBRRM\MKNPCFCLQIACRGKCQ
KGQJC?BGLE "* ECRCIB QSKK?PGCQ ML AMRMNGAQ

i .GAPMQMDR #GLE $F?R?REQEF?R @?QCB "?GRRBOR.Q BGPCARJIW GLRM #GLE QC

2KKGN@B@G<;@8 FI> N@B@ /,
?2KKGN@B@G<;@8 FI> 8@B@ #
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PCQSJRQ

i .CR?"™ .CR?fQ " ?QQGQR?LR GRREIRTEMQQ NJ?RDEIPKRC GBIMI
.CQQCLECFLQR?ER ?LB 8F?RQ"NN

i 4C?PAF(15 ?LB $F?R(15 ONCL"™fQ "* QC?PAF CLEGLC RF?FRRGIQRQEPPAF
PCQSJRQ GLRURFMARGML?J PCQNMLQCQ

i 1CPNMGRAS "L "* NMUCPCB QC?PAF CLEGLC REBRQBIZR?GJICB QMSPACB ?LQUCPQ
RM OSCPGCQ

i :MSAMK ODDCPQ " QSKK?PGXCB QC?PAF PCQSJRQ ?LB ? AF?R GLRCPD?AC DMP KMF
GLRECRRGTQC?PAFGLE

5FCQC NJ?RDMPKQ BCRRICQRELF?LACB ?@GJGRW RM SLBCPQR?LB SQCPVR.RCLR ?LB AMLRC
QGELGKA?LRIWTEHNRRLT?PAF 720M8PLB SQURCPGCLAC WRIDRCL AMK QTBIGR&EML?J
UC@ GLBGLE UGRF PC?J RGKC GLDMPKRGRIBACRBBI?LES?EC EC2RXPML

+96 C@=6 @7 DECF4EFC65 52E2

4RPSARSPCB B?RPNIAPSAG?J PMJC GL RFCQC "* NMUCRIZB QWQRCKQ @

:4-:/5:3 1.@5@E >1/;3:5@5;: )CINGLE QWQRCKQ@REASPGBCLRGDW ?LB
BGQ?K@GES?RC CLRGRGCQ KCLRGMLCB GL OSCPGCQ

$>;B505:3 /;:@D@DDCPGLE ?BBGRGML?J GLDMPK?RGML ?@MSR CLRGRGCQ ?LB RFC
PCJ?RGMLQFGNQ GHNPEQNMLQC7ZANSP

-/585@-@5:3 7:;C81031 34 5:@13%@5;: "JIMUGLE RFCQC QWQRCKQ RM R?N GLRM T?QR
GLRCPAMLLCARCB GLDMPK?RGML B?R?@?QCQ

:-.85:3 >5/4 >17<;:?1? 4SNNMPRGLE RFCIRGMNMPMD BCR?GJCB KSJRG D?ACRCB
?LQUCPQ RF?R MDRCL GLAJSBC TGQS?J CJCKRGHILVIRSHGTP

9<>; B5:3 B5/1 =A1>E 5:@1><>1@-@BQGQRGLE GL SLBCPQR?LBGLE RFC GLRCLR @CF(
QNMIL OSCPGCQ UFGAF A?L @C KMPC ?K@GBRVBRJTRIQRCPAFCQ

8FGJC GR GQ QRGJJ AF?JJCLEGLE RM ?QQCQQ RFC GKN?AR MD ZREBARISPCB B?R? ML (CLCP
QC?PAF CLEGLCQ GL QMKC A?QCQ QSAF ?Q ECM PCDCPCLAGLE GSRPGCQPIW A?L M@QCPT
CKCPECLAC MD CLRGRGCQ GYREREQARECHNUGRAG ?LBNMS AMK
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K restaurants around me

© Search here.

® Locations

Die Mosers.
Sedededd 47227 reviews
$$

aus Honegger

Thomal - Der Wirt
ekl 4.4 115 reviews

® S

B
§ Schneiderei Moser
®© Orglwirts Ferienwelt - Hotel Po.

- B
POST GRGLWIRT MARIAPFARR Mariaplana?
° = RRRRI 46131 reviews

GRGLWIRTS FERIENWELT - H

0 °
ADEG  Dr. Wim Sax

Orglwirts Ferienwelt - Hotel Post.
®
FRRRI 46131 reviews Ao LA

RESTAURANT HOTEL HOLIDAY APARTMENT

Pizzeria Montanara
Sk 4.3 3652 reviews
&

Unfussy property offering rustic rooms, mountain views &
casual dining, plus a spa & free breakfast.

Panoramahaus Steiner
Kk 4569 reviews
[ View More

Mariapfarr
| Gasthof Neuwirt Fam ERI

SRRR I 4626 reviews

"@>k  /<8l:? 1<JLCKJ @IEEHE@KPFN:8J@E> 8 D8G M@<N N@K? C@XKIRESERI CF:8C |

% you.com restaurants around me Get YouPro+ [T

+ New Chat )
.\ Places
Toda
Pizzeria Montanara -

¥ Map  Satellite Bueggen

restaurants around me . 438 )
! 1 A s Ormoos

almsommer Mountainbike Almen... 1 Closed unti 05:00 PM

orparc Lungau

almsommer Mountainbike Almen...

Die Mosers
47 88 o Mariapfarr
. lopge. . BILLA O
00 PM esstrage ria Ern
Welche Almen in Salzburgerland ... > o °
https://www.fanningberg.info/ s... {1 u Thomal - Der Wirt i
44 $

— t+

Is WordLift better or worse than

- G Maps @
(Sl Google

@35 Mapdata©2024 Terms Reportamap error

® Explore

e siness -
Business @ smart

"@>K  /<81:? 1<JLCKJ BE:BED N@K? 8 D8G S8&IH8ISEK C@IK@E>J

5FGQ GQUURMPC AMLQGQRCLR UPBRGLRCTERF #GLE SMNGIMR MP ((GMEIG @
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= Gemini Tr H

restaurants around me
* Show drafts v )
There are many great restaurants near you in Austria. Here are a few suggestions:

« Pizzeria Montanara: This pizzeria is known for its delicious wood-fired pizzas. It is located in
Mariapfarr and has a 4.3 star rating on Google. !

W

Pizzeria Montanara, Austria

« Die Mosers: This restaurant serves traditional Austrian cuisine. It is also located in Mariapfarr

and has a 4.7 star rating on Google.

"@>K #FF>C< #<D@E@

L]
=7 Microsoft Bing Q_ SEARCH @y copiLOT B NOTEBOOK Sign in 521 ®

H QP 0 L ) eros

Landalmq s
B <2 |
Goldader -
Hohe ™ Alpine Kuli... = =
lohe N 2
Tauern * Gasthaus ZurQ Q B Judenburg
ational %, 1 LIS, :
L PaTkE S /G/|a'5hutle .
XA s o0
N = e >
6 Biosphere

Wolfsbera E

Goldader - Alpine Kulinarik

> b‘-{ ©0000@ Tripadvisor (23) @ o

Closed - Opens 17:30

d WEBSITE  DIRECTIONS
.‘ Gewerbepark Litzelsdorf 281, Zwei E-Tankstellen
| 4 direkt am Standort verfiigbar, Tamsweg
Landalm
@@ ®®O Tripadvisor (120) @ o
Closed - Opens tomorrow 11:00 WEBSITE DIRECTIONS

Bachweg 120, Rohrmoos-Untertal

"@>K @E> FG@CFK
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&KNGPGA?INMUCPCB QC?PAF QWQRCKQ ?QQCEC TWMBPAGLE B?R? DPMK ? T?PGCRW ML
CQR?@JGQFCB ILMUJCBEC @?QCQ ?LBCSRARPIGRRQGT

i .?NQCPTGACQ (MMEJC .?NQ ?LB #GLE .?RQQGPBAG?J B?R? QMSPACQ DMP
JMA?RGML @?QCB GLDMPK?RGML

i "SRFMPGREREI@QGRCQ 1J?RDMPKQ PGAF GL QRPSARSPCB B?R? K?PISN QSAF
5PGN"BTGQMR.RPG@SRC QGELGKA?LRIJW RM RFC ILMUJCBEC @?QC MD "* QC?P£

i 7CPRGA?J QNCAGKA B?R?@?QCQ *LBSQRPW QNCAGKA B?R?@ABBT ?LB NJ?RDM
QNCAG?JGXCB GLDMPK?RGML DMP "* NMUCPCB QC?PAF GL T?PGMSQ QCARMPQ

+96 D9:TEE@ A@H6C65 D62C49 2?5 :ED :>A=:142E:@?D

5FGQRRIGRGML DPH&RBML?J QC?PAF RM "* NMUCPCB QC?PAF BCK?KBPC @FMABBP
?NNPM?AF RM MNRGKGX?RGML

IAB@5 <8-@2;>9 B5?75.58B@ERMCEGCQ KSQR LMU ?AAMSLR DMP TGQG@GJGRW
BGTPQC ZWPMD "* QSPD?ACQ ?LB NJ?RDMPKQ GLAJSBGLE

i S5PBGRGML?J QC?PAF QMMBETTR) #GLE
i " AF?R@MRBEPR(15 (MMEJQ (CKGLGCPNIGRWRFPMNGAIQ $J?SBC

i *LRCERCB ?QQGQR?LRQ .GAPMQMDR $MNGJMR NMRCLRG?J "NNJC $F
GLRCHEHRGML

i &AMQWQRCK QNCAGKARMNG@IPIQN?AC .GAPMQMDR

i #PMUQCP ?LBTBAC ICJ GLRCEBMLQ

1E:0/;: BL:@5;:-8,;<@595F-@54SAACQQ GL RFGQ J?LBQA?MALBVICQ @C
MNRGKGXGLE DMP QNCAGKADOEMRSRTQ 0BIPTGCtR PCOSGPCQ ? FMIGQRGA
?NNPM?AF RM K?IGLE AMLRCIEB@QARLB AMKNPCFCLQG@JC ?APMQQ ?JJ CKCPI
QC?PAF GLRCPD?ACQ

1B1>35:3 ?@>A/@A>10 0-@-@@5/-88EFC ION RM GKREBTGQG@GJGRW JGCQ LMR
GL NS@JGQFGLE QRPSARSPCB B?R? SQGLE QAFCK? K?PISN @SR GL D?AGJGR?F
QRPSARSPCB GLDMPK?RGML ?@MSR CLRGRGESFREBGIRRCPNRMAMLRCLR 5FC
GIMJITQ

i &LQSPGLE AJGRPSARSPCB GLDMPKTRGIM@EIQ ?2LB C?QGIW
GLRCPNPCRM®TCRBMSQ "* QWQRCKQ
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i &LQSPGLE RF?R RFC KCR?B?R? SQCB RM BCQAPG@C RFC UC@N?EC DMP @
AMLQGQRCLR UGRF RFC AMLRCLR NPCQCLRCB RM FSK?L PC?BCPQ

i %GPCARJW DCCBGRECGASRIPK?RGMLIRVRICIZTRDMPKQ ?LB
K?PICRNJ?AQE (MMEJC .CPAF?LR "K?XML DMP NPMBSARQ ?LB
QCPTGACQ

):49 C6DF=ED 27?5 <?@H=6586 A2?6=D

3GAF PCQSJRQ ?LB ILMUJCBEC N?LCJQ \MIQBEBBREPCB B?R? ?PC CQQCLRG?J DC?RSPCQ MD
QC?PAF CLEGLC PCQSJRQ N?ECQ 4&31Q 5FCQC CURIIMDBEGRNIPQ GKKCBG?RC ?LB

PCJ?LR GLDMPK?RGML QGELGKA?LRIW @MMQRGREAIAA SEPMSEEPECKCLR "Q PGAF
PCQSJRQ @CAMKC KEIPGBEIB QMNFGQRGARRGECRECR LCU MNNMPRSLGRGCQ DMP AMLRCLR
TGQG@GPGRBLR/CKNIC DPMK (MMEJC GQ RFC GLRPMBSARGML MD ? QRPSARSPCB B?R? A?PMS
JGQRGAJC N?ECQ PCJ?RCB RM JMA?J @SQGLCQQCQ (R BQFEHERD FH@ERMIMN AQATRGML
PCLR?JQ NPMBSARQCRERXC

... SalzburgerLand Tourismus
“ https://www.salzburgerland.com > a... - Translate this page $

Almsommer Kinder-Almen Liste

Oberhitte am See Breitenebenalm Untere Astenalm Zauneralm 1.700 m
- Hittenurlaub 1.420m
SalzburgerLand

"@>Kl E <@DGC< F= K?< E<N 9<RBJ&C |@<3LCK

5FGQ A?PMSQCJ DMPK?R CLF?LACQRHC GRERSHWRSPCB B?R? DMP JGQRGAJC N?ECQ MDDCPGLE
OSGAI ?AACQQ RM KSIJIRGNJC MNRGMLQ QSAF ?Q JMA?J @SQGLCQQCQ MP NPMBSARQ BGPCAI

“LMRFCP LMR?@JEIC UFGJC LMR BGPCARJW GMEEFSHREPCB B?R? GQ RFC LCU (MMEJC
.CPAF?LR ILMUJCBEC N?LCJ URGZELBQ RFC DSLARGML?JGRW MD RFC NPMBEYR ILMUJCBEC EP
N?LCJ 4RPSARSPCB B?R? ?ARQ ?Q ? QGEL?J RF?R AMLRPG@SRCQ RM CLRGRW BGQ?K@GES?R
CLEGLCQ ?/288RW GBCLRGDW @SQGLCQQCQ ?LB RFCGP ?RRPG@SRCQ URGAE MEL JC?B RM Rl
RFCQC N?LCJQ 5FGQ DC?RSPC FCINQ @SQGLCQQCQ @MRF QK?JJ ?LB J?REC @SGJB RPSQR L
BGQNIYGLEW GLDMPK?RGML ?@MSR RFC KCPAF?LR BGPQARIWPKIE ROIPSIRQ N?EC
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"?@H=6586 8C2A9D 2?5 C2A9)

,LMUJCBEC ERFQ FIC @CAMKC GLAPC?QGLERIWRMQMRPSARSPCB B?R? ?NNJGA?RGMLQ
CLA?NQSJ?RGLE D?ARS?J GLDMPK?RGML RFFNBEAGPRRGRIC ®CNPCQNISRARGMLQ

5FCOV NAMGBC ? NMUCPD®BORN PCNPCQCLR ?LB OSCRWENVIRGKILQFGNQ @CRUCCL CLRGRCG
UFGJC MDDCPRRIINRPCLR QWK@MJIGA PC?QMLGLE A?N?@GJIGRGCE NCCKCPECLAC MD
3CRPG®Z] "SEKCLRCB (CLERGML PCNPCQCLRQ ? QGELGKA?LR ?BT?LACKCLR AMK@GLGLE
ILMUJCBEC #RFQ UGRF J?PEC J?LES?EC KMBCJQ RM CLF?RRCB*HEIDEMLQCQ UGRF
TCPGK?@JC QRPSARSPCB GLDMPK?RGML UFGJC ?BBPCQQGLE RFC AF?JJCLECQ MD D?AR:
?LB MN?AGRW GLFCPCLR GL --.Q

:776C6?46 36EH66? #236=65 'C@AG6CEJ C2A9D 275) 8C2A9D

-?@CJCB 1PMNCPRVF (@ -1(Q ?LB 3CQMSPAC %CQAPENKRGMP! 3%' ERPNFQ ?PC RUM
BGQRGLAR ?NNPM?AFCQ RM MPE?LGXGLE ?LB PCNPCQCLRGLE B?R? -1(Q AMKKMLJIW SQC
JA&T /CM H QRPSARSPC B?R? UGRF LMBCQ ?LB PCIJ?RGMLQFGNQ C?AF A?PPWGLE J?@CJQ
5FGQ ?JIMUQ DMRS®RAC ?LB GLERSBREM KMBCJ AMKRIR? PCJ?RGMLQFGNQ OL RFC MRFCP
F?LB 3%' ERPNFQ UFGAF ?PC DMSLB?RGML?J RM RFC QCK?LRGA UC@ SQC ? RPGNJC @?Q
QS@HCAR NPCBGA?RC M@HCAR RM PCNPCQCLR B?R? 3%' CY@NGIQRWCRELRCPMNCP
QR?LB?PBGX?RGML K?IGLE GR GBC?J DMP JGLIGLE B?R? ?APMQQ BGDDCPCLR QWQRCKQ
-1(Q MDDCP C?QC MD SQC ?LB NCPDMPK?LAC DMP ACPR?GL ?NNIB2QRGMWM@SEIR NPM
DPKCUMPI DMP QCK?LRGA B?R?R&MRICHB PC?QMLGLE

5FC GKNMPR?LAC MD QRPSARSPCB B?R? GL APC?RBNE)IAMUINBEEEER)R?RCB
4RPSARSPCB B?R? CL?@JCQ RFC NPCAGQC BCKLGRGML MD CLRGRGCQ ?LB RFCGP PCJ?R
APSAG?J DMP REOMBIKCLR MD 7ARGPLB PCIG?@JC ILMUJONEET EWTIIREGLE

QRPSARSPCB B?R? MPE?LGX?RGMLQ A?L @SGIHMIKNBEE®HGRF?R CLF?LAC B?R?
BGQACR @ GIJGRWRCPMNDBJIGRB/RFCTIRII OS?IJGRW MD "?RCBIBLQGEFRQ

2E2 @>>@7?D

%?R? $MKKML@Q ?L MNCL QMSPAC ?LB MNCL B?R? GLOREEZRGRF?R MPE?LGXCQ NS@JGA
B?R?QCRQ DPMK T?PGMSQ EIM@?J QMSPACQ QSAF ?Q RFC 6LGRCB /?RGMLQ ?LB L?RGML
RM K?2C RFCK SLGRQ?JJW ?AACQQG@JC 5FC NIGRUKIBR NR®/GJIGML B?R? NMGLRQ 7LB
RPGJIGML RPGNJCQ CLAMKN?COECEDIFRRBQRGA?] T?PG?@JCQ 4AFCK? MPE GO SRG.
CLAMBC QRPSARSPCB B?R? GL %?R? $MKKMLQ APC?RGLE ? SLGNEBRIERRIIJCBEC EP
QR?LB?PBGXCQ ?LB LMPK?IRWOEREPQCRQ CL?@JGLE C?QGCRRMRONI?RERMSEF ?

2KKGBIO@W G;=
2KKGD@FIF=K >@K?LBETB>
?KKGJI8K8:FDDFEJ FI>
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AMKKML DRCUMPI 5FGQ QRPSARSPCB ?NNPM?AF FCIRQ RM)BI'RGERRQ MD B?R? GLRM ?
AMFCPCLR QC?PAF?@JC QWQRCK

:8:E2="C@5F4E '2DDA@CED 275 * :8:E2=#:7<

*L RFC CAMKKCPAC ?LB QSNNJW AF?Gh@EBRMAGMBRARIMPREI1Q ?LB RAG

%GEGR?J -GLI QR?IBPTBMISRGMLGXGLE FMU NPMBSAR GLDMPK?RGML GQ QF?PCB ?LB ?AACQ
5FCQC RCAFLMIMEGREUQRPSARSPCB B?R? RM APC?RC ARIKSREEINQBACQQG@JC BGEGR?J
PCNPCQCLR?RGMMIQMARFNPMBSARQ CLFPAGBEEHBRYR?GL?@GIGRW CDDMPRQ ?2LB
AMLQSKCP GLDMPK?RGML ?AACQQ

>249:76 =62C?:?8 27?5 DECF4EFC65 52E2

5FC QWLCPEW @CRUCCL QRPSARSPCB B?R? ?LB "* .- F?Q BCCNCLCB 4RPSARSPCB B?R? GQ AP
RPGLGLE K?AFGLC JC?PLGLE KMBEBQLEPWLQGQRCLR K?AFGLC PC?B?@JC J?@CJQ *RfQ
N?PRGASJ?PJW GKNMPR?LR GL ?PC?Q QSAF ?Q

i ->31 -:3A-311,018? I? 'GLC RSLGLE UGRF QRPSARSPCB B?RECBMP GKNPM
NCPDMPK?LAC GL QNCAGKA BMK?GLQ

i D<85:-81 6QGLE ILMUJCBEGNER) RMRE ?LBINI?GL "* BCAGQGML K?IGLE
NPMACQQCQ

i 1A8@59;0-8 -GLIGLE BGDDCPCLR B?R?VRVSEERQ TGRCMQWQRCKQ

*6>27E:4 * & 275 52E2 BF2=:EJ

4&0 F?Q TMJTB @¥LB QGKNIMWMPB K?RAFGLE GLRM UF?R UCAOHBLARGA 4&BFGQ

KMBCPL ?NNPM?AEBRECQ QRPSARSPCB B?R? 2VRAMLREBCPQR?LBGLE RM FCJN QC?PAF
CLEGLCQ NBBIC KMPC ?AREFPCQSJIRQ #W GKNJCKCLRGLE QRPSARSPCB KCR?B?R? ?LB DMASQ(
RMNGA?J PCI?RGMLQFGNQ UC@QGRCQ A?L @SGJB BCCNCP KC?LGLE GLRM RFCGP AMLRCLR
CLEGLCQQ@IMEJC ?LB #GLE RM @CRRCP SLBCPQR?LB?BECP BERCHBQR AMSLRGLE

| GVUMPB DPCOSCLAW

#W GKNJCKCLRGLE QCK?LR@S@EL CQQCQ A?L APC?RC AMLRCLR AJSQRCPQ @?QCB ML RMNGA

2KKGNFI,C@=K @F 9CF> <E ; @t @IEIIBFIK @DGC<D<EK8K@FE
2KKGNNN>J FI> JK8E;80 > ;@>@K8C C@EB
2KKGNFI;.C@=K @F 9CF> <B<BBEHI@. J<F

80 2024 Web Almanac by HTTP Archive


https://wordlift.io/blog/en/digital-product-passport-implementation/
https://www.gs1.org/standards/gs1-digital-link
https://www.gs1.org/standards/gs1-digital-link
https://wordlift.io/blog/en/entity/semantic-seo/

Part | Chapter 3 : Structured data

GLBGTGBSMUMPBQ K?IGLE RFCGP AMLRCLR RGMP@ BGRAAMIRE?JIW PELIR 2APMQQ
T?PGMSQ QC?PAF NJ?RDMPKQ MEAISBGREAF ?QQGQR?LRQ 5FGQ ?NNPM?AF QGELGKA?LF
QC?PAF CLEGLOREQ ?LB SQCP CLE?ECKCLR ?Q QRPSARSPCB B?R? 2JJIMUQ QC?PAF CLEG
SLBCPQR?LB RFC AMLRCLR 7R ?USIPEER K?IGLE GR C?QGCP RM K?RAF SQCP GLRCLR

%7?R? OS?IGRWENIWV PMJC FCPC ?Q UCJJ )GEF OS?JGRW QRPSARSPCB B?R? CLQSPCQ AM
?AASPAWUFGAF GQ APSAG?J LMR MLIJW DMP QC?PAF CLEGLCQ @SR ?JQM GL AMK@?RGLE |
FCINQ K?GLR?GL RPSQRUMPRFGLCQQ ?APMQQ RFC UC@ CQNCAG?JIW ?Q QRPSARSPCB
SQCB GL "* NMUCPCB QWQRIUKQUIGBECHH-Q DMP D?AR T?JGB?RGML ?LB CLF?LAGLE J?PE(
J?LES?EC KMBCJ --. RBLGLE

' MPZ?KNJC MPE?LGX?RGMLQ QSAF ?QVERRBAMN?58 ?JIK?PR 4FGQCGBM ?LB MRFCPQ ?P(
SQGLE QCK?LRGA RCAFLMGNIBBCITBGCHER-Q RM JGLI AMLRCLR PCBNRQCPQ UGRF KMPC
BCR?GJCB AVREZIIW PAIR PCQSJRQ SFEERIME ?JQM ?GBQ GL "™* NMUCPCB AMLR®LR BGQA
?LB K?ICQ AMLRCLR C?QGCP RVRFEPRIBEE (CRERITAC?PAF CACPNUGRW MBS AMK

*L.TCQRGLE GL QCK?LRGA 4&0 ?LB K?GLR?GLGLE FGEF 0S?JGRW QRPSARSPCB B?R? LMR M
QC?PAF TGQG@GJIGRW@ SR RIENB ZRGML DMP DSRSPC NPMMKLE AMRGEWEIPN* BPGT

J62C :? C6G:6H

5FC J?LBQA?NC MD QRPSARSPCB B?R? GKNJCKCLR?RGMUBMURBCRERQRSLECPQR?LB
RFGQ J?LBQA?NC GRiQ CQQCLRG?J RM BGQREKESGEH@EBMEERL C8I@<J

i 'E:@-D 1:/;05:3? 5FCQC BCKLC FMU QRPSARSPCB B?R? GQ CK@CBBCB GLRM UC(

i & - .?GLR?GLQ ? QRPMLE NPCQCLAC SQCB ML MD N?ECQ
i # (PMUGLE GL NMNSJAXBRBGKCLRCB ML MD N?ECQ
i 15/>0-@- 4RC?BW SQ?EC ?NNC?PGLEML MD N?ECQ

i 0-@- *LAJSBCQ LML 3%'? KCR? R?EQERRCP $?PBQ

i *;-.A8->51? 5FCQC BCKLC RFC KC?LGLE ?LB QCK?LRGAQ MD RFC B?R?

i #<1l: > <4$>,@;/;8 #$ 8GBCIW SQERT@SJI?FRARCL CLAMBCB ?Q
3%'? MD N?ECQ

i (Ch@@1>91@- @\BW?LBGLENGBIMWNC?PGLE ML  MD N?ECQ
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i '/419->3 'JCVG@JIBA?@SJI?PW SQCB ?APMQQ KSJREENJC QWLR?V
i A85 ;>1 /GAFC SQC A?QCQ RWNGA?JIJW CLAMBCB ?Q 3%'?

i 15/>2:>9-@? 1PGK?PGJW GKNJCKCLRCB SQGLE AJ?QQ @?QCB KCR?B?R?

*ECF4EFC65 52E2 FD286 EC6?5D
5FC B?R? FC?JQ LMR?@JC RPCLBQ GL @MRFINA@IY?PYE SQ?EC

i & --0#<1: > -<4 %MKGL?LR UGRF ?BMNRGML ML ?LB MD N?ECQ
PCQONCARIBYT

[ $MLRGLSCQ GRQ SNPHEBRBMAPC?QGLEDPMK GL RM  GL

i (C5@@1>91@- @-3? 0-@4GELGKA?LR EPMURF LMU ?R
i 15/>0-@- 4RC?BW?R NPGK?PGJW SQCB GL JOERAW AMLRC
i -/1.;;791@- @-3? %CAJGLCBRM PCICARGLE ? QFGDRRWMFONCL (P

i A85: ;>1-:0!5/>;2;>9-@? .GLGK?J SQ?EC C?AF @CJMU

82 2024 Web Almanac by HTTP Archive



Part | Chapter 3 : Structured data

Structured data usage by year
Web Almanac 2024: Structured Data (mobile)

2022 W 2024

RDFa l— 66%
Open Graph ’— 64%
Twitter 45%
JSON-LD —— 1%
Microdata — 26%

Facebook F 7%

Percentile
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Structured data usage by year
Web Almanac 2024: Structured Data (desktop)
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1J?RDMPK BGDDCPCLACQ @CRUCCL BCQIRMN ?LB KM@GJC GKNJCKCLR?RGMLQ ?PC @CA
NPMLMSLACB QSEECQRGLE ? QFGDR RMU?PB QR?LB?PBGXCHRQERBSARSHIBEIEE QRP
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5FGQ RPCLB ?JGELQ UGRF RFC EPMUGLE PCJG?LAC MD QC?PAF CLEGLCQ ?LB "* QWQRCKQ ML
DMP @CRRCP AMLRCLR SLBCPQR?LBGLE ?LB NPCQCLR?RGML

@>A2C:D@7? @7 *&% # $:4C@52E2 2?5) 2 FD286
5FC RFPCC K?GL QRPSARSPCB B?R? DMPK?RQ QFMU BGQRGLARJW BGDDCPCLR ?BMNRGML N?|

i & - )GEFCQR?BMNRGML ?R MD N?ECQTWIRRRL JCE?AW $.4 NJ?RDMPKQ
$MKKML GKNJCKCLR?RGMLGE?RGML CICKCLRQ @PC?BAPSK@Q #?QGA N?EC
QRPSARSPC *K?EC ?LB BMASKCLR KCR?B?R? -GQR GRCKQ

[ 1PCQCLR ML MD N?ECQ SNDPMK GL (PMUGLE D?QRCQR ?KMLE
RFC RFPCC DMPK?RQ NPODOMREEC@LB E?GLGLE UBBIMNEP ?BMNRGML .MQR
AMKKMLJW SQCB DMP MPE?LGX?RGML B?R? JMA?J @SQGLCQQ GLDMPK?RGML NPM
?PRGAJCQ ?LB AGUNRED

i 15/>0-@ 1PCQCLRML MD N?ECQ 4FMUGLE QRC?BW @SR QIJMUCP EPMURF 1PGK?
SQCB DMP UC@N?EC QRPSARSPC ~ MD N?HGE?RGRC L? FC?BCPQ 7LB
DMMRCPQ ?LB  MPE?LGX?RGML GLDMPK?RGML Y

- CRfQ ?L?JWXC LMU KMPC GL BCR?GJ C?AF RWNC

) 2

3%'? AMLRGLSCQ R RIIGELGKA?LR PMJC GL QRPSARSPCB B?R? N?PRGASJ?PJW UGRFGL JCE?
NJ?RDMPKQ )MIOBRFCPC F?Q @CCL ? LMRGAC?@JC QFGDR RMU?PBJ SEERENY'? DMP L?
CJCKCLRQ QSflistitem  ?LB breadcrumblist UFGAF ?PC LMUTBCLR ML ? QGELGKA?LR
NMPRGML MD UC@ N?ECQ 5FGQ PCICARQ ?L GLBSQRPW UGBC CKNF?QGQ ML CLF?LAGLE QRPS
L?TGE?RGML B?R? DMP @CRRCPSQURICN?PRGASJI?PIW ML KM@GJC NJ?RDMPKQ

*L AMLRRR RBGRGML?J 3%'? RWH foafiimage ?LB foaf:document F?TC QCCL

BCAJGLGLE SQ?EC ?Q LCUCP DMPXXR% 3GB ONCL (P?NF MDDCP KMRGI®@JC QMISRGMLQ

DMP GK?EC ?LB BMASKCLR KCR?B?R? 5FC ?BMNRGML MD 4AFCK? MPE RWNCQ UGRFGL 3%'? QS
schema:webpage F?Q QFMUL KMBCQR @SR QR?@JC EPMURF DSPRFCP GLBGA?RGLE ? QFGDR
4AFCK? MPBMA?@SJ?PGCQ
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RDFa type

RDFa usage by year
Web Almanac 2024: Structured Data (mobile)
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5FC B?R? QSEECQRQ RF?R UFGJC 3%'? PCK?GLQ ? T?JS?@JC RMMPBSRQBWVIEEIGLAC GQ EP
MICPRBL @ KMBCPL QRPSARSPCB B?R? DBHRIOPRG JEPPRGASI?PIW GL BWL?KGA AMLRCLR
2NNIGA?RGMLQ
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%S@JGL $MPC PCK?GLQ ? QR?@JC @SR JCQQ DPCOSCLRJW SQCB DMPK?R DMP KCR?B?R’
AMKN?PCB RM KMBCPL DMPE#RQ@ J%1?LB ONCL (P ?NF
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*RQAN kCIBQ QSAdctile  ?LB dclanguage  QFMU KGLGKEPRWML 8PP AF?LECQ
K?GLR?GLGLE ? AMLQGQRCLR NPCQCLAC NPGK?PGJIW GL ?A?BCKGA ?LB JCE?AW UC@ NPMHCA

"L GLAPC?QC GL RFC dc.source  PCICARQ ? EPMUGLE CKNF?QGQ ML AGRGLE MPGEGL?J QMSPA
UFGJC kCJBQ dc.identifier AMLRGLSC RM @C APSAG?J DMP PCOMSPAC GBITUERGKA?RGML )M
QNCAG?JGXCB kCJIBQ dcterms.identifier F?TC QCCL BCAJGLGLE ?BMNRGML QGEL?JGLE RF?F
%S@JGL $MPC GQ JCRGAGIRED UC@TGPMLKCLRQ

*LRCPCQRGUSIBIGL $MPC PCR?GAQBGICKSIRGIGLES?J BMASKCLR K?L?ECKCLR N?PRGASJ?P
RFPMSEF f dc.language  kCJB UFGAF GQ CQQCLRG?J DMP K?L?EGLE ?LB A?RCEMPGXGLE AMLR
KSJRGNJC J?LES?ECQ 5BRIERP T2JS?@JC RMMIRER BFLRC BMASKCLR KCR?B?R? LCCBQ

RM QSNNMPR GLRCPL?RGML?JGX?RGML ?LB JMA?JGX?RGML CDDMPRQ

0TCRJJ UFGJIC %S@JGL $MPC GIB#rCBNE/ERN ?ACBME CPQ?RGJIC DMPIC?RD/IGH
GR AMLRGLSCQ BMEXFTLCCBQ UFCPC QRPSARSPCB BMASKCLR KCR?B?R? ?LB KSJRGJGLES?J
QSNNMPR ?PC APGRGA?J
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ONCL (P?NF AMLRGLSCQ RM @C MLC MD RFC KMQR UGBCJW GKNJCKCLRCB QRPSARSPCB E
N?PRGASJ?PJW GL R¥R MBIBFRB®105- ?4->5:3 5FC ogiimage R?E PCK?GLQ RFC KMQR
DPCOSCLRJW SQCB NANINOARBYE RFC EPMUGLE CKNF?QGQ ML TGQS?J AMLRCLR MNRGKC
ORFCP GK?EC PCJ?RCB R?EQ og:image:width ?LB og:image:height F?TC ?JQM QCCL

? QRC?BW GLAPC?QC GL ?BMNRGML ?QURIA QERTCAQIRPGNPCQCLR?RGML MD QF?PCB AM
?APMQQ NJ?RDMPKQ
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"| ON BICIMNKCLRGL  GQ (MMESBNB?RC RM GRQ QC?PAF BMASKCLR?RGML LMU GLAJSE
ogiite  91@- @-3Q ? QMSPAC DMP?RGLEFRGRJIC JGLIQ GL QC?PAF PCQSJRQ 5FGQ SNB?!
(MMEJC RM AMLQGE ogiile  R?E 2JMLEQGERGRGML?J QMSPACQ QSAF ?Q RFC )5.-

<tile> R?E UFCL BCRCPKGLGLE FMU AJGAI?@JC RGREGL2BCEBRENDBQSIRQ "Q ?
PCQSJR ogtile  R?E F?Q E?GLCB PCLCUCB QGELGKA?LAC LMR MLJW DMP QMAG?J KCB
@SR 2JQM DMP 4&0
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5FGQ BS?J PMJC MD ORNIE @ QMAG?J QF?PGLE ?LB QC?PAF CLEGLC MURGEKR X ARGRGK?0

RMMJ DMP UC@K?QRCPQ JMMIGIE@MRFKSPEP CLE?ECKCLR ML QMAG?J NJ?RDMPKQ ?LB TGQG
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ACASPGRW ?LB RWNC PCJ?RCB NARIRIPRECGLFZBARGML £ og:image:secure_url
NPMNCPHRGAF CLQSPCQ GK?EC 63-Q TENEEPPCASPC )5514 AMLLCARGMLQ F?Q GLAPC?Q
RM MLKM@GJC?LB ML BCQIRMN 4GKC og:iimage:type ~ UFGAF QNCAGKCQ RFC

*& RWNC MD RFC GK?EC F?Q EPMULRM  MLKM@GJC?LB ML BCQIRMN 5FCQC
NPMNCPRGCQ FCJIN CLQSPC AMLQGQRCLR ?LB QUASPEREEGEBQIEB NJ?RDMPKQ

+H:EEGC

%CQNGRC RFC NJZRERIP&RGML RM LCU MULCPQFGN ?LBGHE?PCMERRCPIQ KCR? R?EQ
PCK?GL ? TGR?J N?PR MD RFC QRPSARSPCB B?R? J?LBQA?NC N?PRGASJ?PJW GL RFC PC?
MNRGKGX?RGN twitter:card R?E AMLRGLSCQ RM BMKGL?RC QFMUGLE QGELGKA?LR EPN
2APMQQ KM@GJC ?LB BCQIRMN N?EEZQ 720 8RICBL BCKLGLE FMU AMLRCVRESQ BGQNJ?
UFCL QF?PCB ML RFC NJ?RDMPK
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$MPC BCQAPGNRED A twitter:title ?LB twitter:description F?TC ?2JQM QCCL
UGBCQNPC?B ?BMNRGML ?NNC?PGYEKRARZNMPMMD KM@GJC N?ECQ ?LB MD BCQIRMN
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N?ECQ 5FCQC R?EQ ?PC CQQCLRG?J DNIBGNMDRRTLPNRGLE FMU UC@ N?ECQ ?NNC?P UFCL
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5FC NJ?RDMPKLF?LACB KCR?B?R? NPMNCPRG! twitter:datal ?LB

twitter:labell UFGAF QSNNMPR PGAF A?PB DTZRERILAMMPBGL?RCB EPMURF LMU
?NNC?PGLE ML MD KM@GJC N?ECQ 5FGQ GLBGA?RCQ RFC GLBRRZRGPEBQOMP 5
KMPC BCR?GJCB AMLRCLR PCNPCQCLR?RGMLQ QSAF ?Q DMEENRBEBRABIQGQRGLEQ MP C

8FGJC 9 F?Q SLBCPEMLC K?RIMFG@PAF?LECQ RFC KCR?B?R? ?PAFGRCARSPC GR GLRPMBS
PCK?GLQ APGRGA?J DMP UC@K?QRCPQ ?LB 4&0 NPMDCQQGML?JQ CLQSPGLE AMLRCLR G
KCBG? GQ CLE?EGLE GLOMPHPRERGKGXCB DIRREMCBFGQ FGEFJGEFRQ REC NJ?RDMPK
CLBSPGLE GKNMPR?LAC GL RFC QMAG?J KCBG? ?LB KCR?B?R? CAMQWQRCK

2463@ @<

“?AC@MMI QNCAGKA KCR? RCEQOEL ? K?2BB BCAJGLC GL SQ?EC @CRUCCL  ?LB
PCICARGLE RFC @PM?BCP GLBSQRPW QFGDRRMRQ FE-GNNRQPCPPCB DMPK?R DMP QMAG*
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QF?PGLE KCR?B?R%fb:app_id R?E MLAC UGBCJW SQCB RRIGINRCERPGRF RFC "?AC@MMI
NJ?RDMPK LMU ?NNC?PQ ML MLJW  MD KM@GJC N?ECQ TENMAQRPRIKAEKG I?PIW
?BKGLGQRRE&TR?EQQ fh:admins  F?TC BPMNNCB RM HSQR  QCPTGLE NPGK?RGBW DMP @?Al
K?L?ECKCLRMRFCP RF?L CLF?LAGLE AMLRCLR TGQG@GJGRW
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5FGQ BCAJGLC SLBCPQAMRCEGAIRAGY BICIMNCPQ ?LB UC@K?QRCPQ RM ?BMNR ONCL

(P?NF UFGAF MPGEGL?RCB UGRF '?AC@MMI @SR F?Q QGLAC @CAMKC RFC QR?LB?PB DMP QM.
QF?PGLE ?APMQQ NJ?RDMPKQ 5PEPREIPE?R MDDCPQ ERCZ@GRERW ?LB GRRGRRNGP

K?IGLE GR RFC EM RM AFMGAC DMP AMLRCLR MNRGKGX?RGML ML '?2AC@MMI 2Q UCJJ ?Q MRFCI
LCRUMPIQ
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%CQNGRC RFC BCAPC?QGLE ?BMNRGML MD "?PAC@MMI QNCAGKA R?EQ "?AW@MMI GRQCJLC
NJYCP GL RFC QMAG?J KCBG? J?LBQA?NC BNRF2MEIG(FE KMQR MD GRQ KCR?B?R? LCCBQ
5FGQ RPCLB PCICARQ RFC AMLQMJGB?RGML MD QMAG?J QF?PGLE QR?LB?PBQ UFCPC NJ~
NPWGBC EPC?RCP PC?AF ?LB DSLARGML?JGRW
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QCK?LRGA B?R? GQ PCOS! adr RSECSQCB DMP ?BBPCQQ PCJ?RCB B?R? PCK?GLQ RFC KMQR UC
?BMNRCB .GAPMDMPK?RQ RWNC ?NNC?RGEEARCINNPIMID N?ECQ ?APMQQ @MRF KM@GJC ?LB
BCQIRMN NJ?RDMPKQ ORFCP R?E geo 13l hReview F7TC KGLGK?J SQ?EC ?Q KMPC
QMNFGQRGA?RCB DMPKERYGIEILB ONCL (P ?NF FTC @CAMKC KMPONRELR

.GAPMDMPK?RQ UFGJC QRGIWPGIARGTF?Q QCCL QIGEFRJW FGEFCP ?BMNRGML RF?L GRQ
NPCBCACQGM®) JG h-entry  ?LB h-card UFGAF ?PC SQCB DMP @JMEEGLE ?LB NCPQML?J
GBCLRGRW B?R? LMU ?NNC?P ML~ MD KM@GJC N?ECQ ?LB  MD BCQIRMN N?ECQ 5FCQC R?
AMLRGLSC RMOQ@INWTAGKA LCCBQ N?PRGASJ?PIW DMP ?BBPCQQ B?R? ?LB QGKNJC AMLRCLR QF
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"@>K P <8l FE R8I :FDG8I@JFE F= F@FID8KJ LI8>< FE DF9@C< G8><J @E  8E;

"@>K )@:IF=FID8KJ LJ8>< SBP;<JBKFG

$PMQQ BGAC GKNJCKCLR?RGML PCK?GUR/RPCIPRGDRCLR RFMSEF UGRF QMKC T?PG?RGML
@CRUCCL KM@GJC ?LB BCQIRMN 5FC B?R? QEVBCAIGOL ERGRGML?I .GAPMDMPK?RQ
SQ?ECDPMK RM N?PRGASJ?PJIJW®EILPRCJI?RCB NPMNCE hReview [?LB

hReview-aggregate 5FGQ BCAJGLC PCICARQ RFC GLBSQRPWfQ QFGDR RMU?PB KMPC KMBCPL
QRPSARSPCB B?R? DMRKRID-9PLB 3%'? UFGAF MDDCP @PM?BCP DSLARGML?JGRW ?LB @CRFR
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GLRCHEHRGML UGRF ASPPCLR UC@ QR?LB?PBQ

%CQNGRC RFGQ BCAJGLC .GAPMDMPK?RQ ?LB .GAPMDMPK?RQ PCK?GL\SITDECEAL QNCA
JGEFRUCGEFR FSK?L PC?B?@JC QCK?LRGA B?R? GILEREEGEQRIIGIPCQCLAC
AMLRGLSCQ RM @C CMIGNBCEP@?RGJIC DMPI?RDIGH UFGAF BMKGL?RC RFC
QRPSARSPCB B?R? J?LBQA?NC

"@>K )@:IF=FID8KJ LJ8>< $BH-E ;<JBKFG G8><J]

$:4C@52E2

.GAPMB?R? AMLRGLSCQ RM @C UGBCJW SQUEDSHORRASARGR?RGML B?R? N?PRGASJ?PJ
UGRFGL JCE?AW NJ?RDMPKQ ?LB QGRCQ QRERGAISMLIQRPSARSPCQ ?PC PCOSGPCB 5FC
DPCOSCLRJW GKNJCKCLRCB RW! schema.org/webpage ?NNC?PGLEML  MD KM@GJC
N?ECQ 7L schema.org/sitenavigationelement SQCB ML MD KM@GJC N?ECQ
GLBGA?RGLE RFC DMPK?RfQ CIBRRPGLUEWEUC @N?EC QRPSARSPCTGB?RGRIC L?
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"@>K P <8I FE R8I :FDG8I@JFE F=R@K8 LI8>< FE DF9@C< G8><J

/? TGE?RGML PCJ?RCB R listitem ?LB breadcrumblist F?TC ?JQM QCCL QRC?BW

EPMURF PCICARGLE RFC LCCB DMP KMPC MPE?LGXCB LBEPRESARSHTB N?PRGASJ?PJW ML
KM@GJCTBACQ )MUZPAMLRCLR QNCAGKA RWNC schema.org/article ?LB

schema.org/product PCK?GL JCQQ AMKKML UGRF ?BRRERGIHD. P ?LB

PCONCARIBTQ BICIMNCPQ GLAPC?QGLEJW RSPL RM +40/ -%/BE@IKMEE @A?J?@JC
GKNJCKCLR?RGMLQ
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"@>K :FDG8I@JFE F=)@8K8 LI8>< 9P ;<M@:<

8FGJC .GAPMB?R? PCK?GLQ ? QGELGKA?LR DMPK?R DMP DSLB?KCLR?J UC@N?EC QRPSAR
BWL?KGA AMLRCLR ?LB CAMKKCPAC ?NNJGA?RGNBQFQ@RICTIE@/ KMPC KMBCPL
DMPK?RQIEN0/-% UFGAF MDDCP @PM?BCP QSNNMPR DMP AMLRCLR CLPGAFKCLR ?LB QI
QA?JGLE ?APMQQ J?PEC UC@QGRCQ

*&% #

+40/ -% RWNCQ AMLRGLSC RM @C UGBCJW GKNJCKCLRCB ?APMQQ UC@QGRCQ UGRF T?F

SQCB BCNCLBGLE ML RFC NSPNMQC MD WebSite QAFRIK? JC?BQ ?BMNRGML ?NNC?PGLE M
MD KM@GJC N?ECQ DMJJMA Organization ?LB LocalBusiness RWNCQ ?R

?LB PCQNCAREIVBFCQC RWNCQ ?PC APSAG?J DMP CQR?@JGQFGLE CIRBRWEGBCLRGI
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AMLRMRS?J GLDMPK?RGML RM QC?PAF CLEGLCQ

5FC B@PQGRW GL GKNJCKCLR?RGML N?RRCPLQ PCICARQ FMU BGDDCPCLR GLBSQRPGCQ ?LB
NPGMPGRGXC QNCAGKA QRPSHRSHCIRBPRE '

i &AMKKCPAC QGRCQ DPCOSCLRJW Product (Offer  ?LB Review QAFCK?Q

i -MA?J @SQGLCQQCQ N LocalBusiness GeoCoordinates ?LB
OpeningHoursSpecification RM CLF?LAC JMA?J QC?PAF TGQG@GJIGRW

i $MLRCLR NS@JGQFCPQ MD Article  JZ&B BlogPosting  QAFCK?Q RM
QRPSARSPC UPGRRCL AMLRCUR/CDDCARGT

BreadcrumbList  GKNJCKCLR?RGML F?Q QCCL LMR?@JC EPMURF ?NNC?PGLE ML~ MD N?ECQ
QSEECQRGLE ?L GLAPC?QCB DMASQ ML TBEPRGMIPBER’ WebPage QAFCK? QFMUQ

QRC?BW ?BMNRGML ?R  UFCProduct QAFCK? ?2NNC?PQML  MD N?ECQ $MLRCLR
QNCAGKA RWNE BlogPosting 2LB  Article K?GLR?GL AMLQGQRCLR

NPCQCLAC RFMSEF ?R JMUJQP JC

ANCAG?JGXCB @SQGLCQQ R\ Restaurant  ?Q AutoDealer ?LB 4RMPC

BCKMLQRP ?RC RFC EPMUGLE ?BMNRGML MD GLBSQRPW QNCAGKA K?PISN AMPPCQNMLBG
(MMEJQ GLAPC?QCB QSNNMPR DMP RFCQC QAFCK?Q 4SNNMPRGLE AMLRCLR RWNCQ GLAJSBC
VideoObject FAQPage ?LBEvent C?AF ?NNC?P ML ?NSRVRCJW  MD N?ECQ
GLBGA?RGLE QRC?BW @SR KMBCQR GKNJCKCLR?RGML MD QNCAG?JGXCB AMLRCLR K?PISN

ltemList QAFCK? QFMUQ FGNJARMNRGML 2R QSEECQRGLE GLAPC?QCB SQC MD QRPSARSP
JGQRGLE B?R? TRFONMBGQRPG@SRGML MD +40/ -% RWNCQ PCICARQ ? K?RSPGLE CAMQWQRCK L
DSLB?KCLR?J CLRGRW RWNCQ BMKGL?RC UFGJC QNCAGR.IBXUEGRARGEQG QIPY ?LB
AMLRCLR LCCBQ
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"@>K P <8I FE R8I :FDG8I@JFE F= &/+* ( LI8>< FE DF9@C< G8><J

5FC AMLQGQRCLAW GL GKNJCKCLR?REGRCARMBGAIRCQ ? K?RSPC ?NNPM?AF RM QRPSA
B?R? BCNMHCLR UFCPOBIMNCPQ ?PC CLQSPGLE SLGDMPK K?PISN PCE?PBJCQQ MD RFC |
NJ?RDMPK 5FGQ ?JGELKCLR @CRUCCL KM@GJC ?LB BCQIRMN GKNJCKCLR?RGMLQ QSEEC
MPE?LGX?RGMLQ ?PC DMJIMUIERE GIRBMIPPCQBRIQCUEL UFGJIC K?GLR?GLGLE AMLQGQR(
QRPSARSPCB B?R? ?2APMQRIFSEIIACQ

%CQNGRC (MIQEBCNPCA?RG FAQMELB HowTo PGAF PCQSJRQ GL "SESQRISPACQJIC QCC
JGKGRCB GKN?AR ML RFCGP7RBM HowTo JAFCK? ?BMNRGML F?Q FGQRMPGA?JIW @CCL JV
RM GRQ AMKBRBGRF GKNJCKCLR?RGM.@CIMU DMP @MRF BCQIRMN 7 FAQPage3JC

ML RFC MRFCP F?LB F?Q LMR MLJW K?GLR?GLCB GRQEZEAMRGNMQAGERR GLAPC?QC ML
BCQIRMN PGQGLEDPMK GL RM GL 5FGQ RPCLB QSEECQRQ RF?R UB@K?QRCPC
QRGJJ kLB T?2JSC GL GKNJCKELRECIDMP ?BBGRGML?J QC?PAF CLEGLC TGQG@GJIGRW @C
PCQSJRQ

?KKGJI<M<CFG<IJ >FF>C< :FD:3€@F> ?FNKF =8H :28E><J
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5FCQC M@QCPT?RGMLQ FGEEIQERBRIRECF= :<IK8@E JBHIRKIAGRCQNGRC AF?LECQ GL

(MMEJE QSNNMPR *R 2JQM NMGLRQ RM RFC GKNMPR?LAC MD KMLGRMPGUEEMU QRPSARSPCI
?2APMQQ T?PGMSQ NJ?RDMPKQ ?Q GRIREREBIMRBAVENNIIBG?RC QC?PAF PCQSJR
CLF?LACKCLRQ

"@>K :FDG8I@JFE F= &/+* ( LI8>< 9P ;<M@:<

*&% # C6=2E:@7?D9:AD

8FCL CT?JS?RGLE +40/ -% PCJ?RGMLQFGNQ GL QRPSARSPCB B?R? GRCRCIRLR?RGMLQ QC
N?RRCPLQ CKCPEC GL FMU CLRGRGCQ ?PC ARNIE CARCEGICIHRGMLQFGN N?RRCPLQ PCICAR
FMU QRPSARSPCB B?R? GQ SQCB RM APC?RC ABIRNIFERMIILQ@BRCB CLRGRW BCQAPGNRGMLQ RF
FCJIN QC?PAF CLEGLCQ @CRRCP SLBCPQR?LFRMLBELRRMENRCCFGNQ 5FC KMQR QSAACQQDS:.
GKNJCKCLR?RGNICRBC RFCQC AMLLCARGMIGB#MMNEPAMF BCR?GJCB GLDMPK?RGML UFGJC
K?GLR?GLGLE JMEGA?J AMLRCLR PCJ?RGMLQFGNQ
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- CRfQ PGCU RFC KMQR APGRGA?J N?RRCPLQ DPMK RFC +40/ -% PCJ?RGMLQFGN ?L?JWQG(

;-8 \A?5:1?2? 1/;?E?@19 5FC KMQR QMNFGQRGA?RCB QRPSARSPCB B?R?
GKNJCKCLR?RGMLQ ?PC MAASPPGLE GL RFC IMA?UEIFQGELCQQQRBRMP
GLRCPAMLLCARGMLQ ( LocalBusiness OpeningHoursSpecification

PostalAddress ?LB GeoCoordinates 5FGQ QSEECQRQ @SQGLCQQCQ ?PC APC?
AMKNPCFCLQBGEGR?J GBCLRGRGCO/RBR EMAIMA?RGML GLDMPK?RGML RM
GLAJSBC BCR?GJCHRMMCP] B?R? 5FGQ ?JGELQ URRELAMMEIPGLE DMASQ ML JMA’
QC?PAF ?LB RFC EPMUGLE GKNMPR?LAC MD JMA?RGML @?QCB QCPTGACQ
;:@1:@ ;>3-:5F-@5;: .?RSPGRW 5HQPTAJC?P N?RRCPL MD NS@JGQFCPQ GKNJCKC
KMPC QMNFGQRGA?RCB AMLRCLR QRPSARSPCQ 5FC PC Article  )JFGNQ @CRUC
BlogPosting ?LB WebPage CLRGRGCQ AMLQGQRC ImageObject = ?SRFMP
?RRPG@SRCQ ?7LB NS@JGQFGLE BERISQR HFEMIRBRLPIGLE SN GLBGTGBS?J NG
MD AMLRCLR ¢ GRfQ ?@MSR APC?RGLE NPMIRQRRAVR RQFRPERIGQF AJC?P
PCJ?RGMLQFGNQ @CRUCCL AMLRCLR APC?RMPQ ?LB MPE?LGX?RGML?J CLRGF
/;991>/1 5:@13> -@5;: 5FC NPMBSAR PCJ?RCB PCJ?RGMLQFGNQ QFMU ?L GLRCPC
CIMISRGMUWCB @?QGA NPMBSAR K?FPENQBCGLE KMPC AMLLCARGMLQ RM
ReviewRating AggregateOffer ?LB PriceSpecification CLRGRGCQ 5FGQ
QSEECQRQ CAMKKCPAC QGRCQ ?PC @SGJBGLE KNPWNRARARURIUQTBEC
EPNFQ RF?R A?L QSNNMPR ?BT?LACB DCRRSRPCARBGE ?L B TWLRMPW QR?RSQ

.MQR LMR?@RRCQC N?RRCPLQ GLBGA?RC RF?R QRPSARSPCB B?R? GIGLE@MLB?RGML GQ
QGKNJC 4&0 K?PISN RMU?PB APC?RGLE RPSC II2NMBQUBETRE?L QSNNMPR "* NMUCPCB
QC?PANRCPGCLACQ ?LB PGAF B?RRGURTEP
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- ISY) HE+

"@>K /8EB<P ;@83 J?FN@E0U8K@FEJ?@GJ 9<KN<<E JBHIBKEG<J 8E; K?<@!I
‘FEE<:K@FEJ
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"@>K <K8@C<; /88B;@88D F= ;8K8J<KI8K@FEJ?@GJ @E &/+* (

"Q QCCL ?2JQM GL RFGM®BQ AF?PR RFC KMQR DPCOSCLR +40/ -% NPMNCPRWIBCJ?RGMLQFG
QCCRJ APGRGA?J GKNJCKCLR?RGML N?RRCPLQ  PotentialAction 'CRCPECQ?Q?
BMKGL?LR NPMNGFRMWYGLE QRPMLE AMLLC/ SearchAction  ?LB WebSite GLBGA?RGLE
UGBCQNPC?B GKNJCKCLR?RGML MD QGRC QC?PAF NECARRAGQGRNBOLSRC?QC ?Q (MMEJ
PCKNIGLE QSNNMPR DMP RFGQ DC?RSPC QLGNNCR *K?EC PCJ?RCB NPMNCPRGCQ DMPK
AJSQRUOBFK ImageObject DPCOSCLRJW AMLLC, Organization ?LB WebPage CLRGRGCQ
BCKMLQRRGLE RFC GKNMPR?LAC MD TGQS?J AMLRCLR publisher  X&H logo
NPMNCPRGCQ DPCOSCL Organization CLRGRGCQ CQR?@JGQFEBERICITRGR/

/? TGE?RGML QRPSARSPCQ QFMU AJC?P N? BreadcrumbList  RPLB

itemListElement NPMNCPRGCQ RWNGA?JIJW A WebPageCERBRGCQ $MLRCLR
PCJ?RGMLQFGNIGEIL ACB mainEntityOfPage AMLLCARGMLQ UFGJC @SQGLCQQ QNCAGK/
GLDMPK?RGML IMUQ RFPMSEF openingHoursSpecification ?LB ECM NPMNCPRGCQ
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1?PRGASJ?PJW LMREBIPRFC AMLQGQRCLR GKNJCKCLR?RGML MD AMLR?AR ?LB JMA?RGML GL
UGR PostalAddress ContactPoint ?LB GeoCoordinates DMPKGLE ? UCJJ BCkLCB

AJSQREPGQ QSEECQRQ @SQGLCQQCQ ?PC NPGMPGRGXGLE JMA?J NPCQCLAC K?PISN 5FC NP
PO GCU PCJ?RCB NPMN reviewRating rating AMLLCARCB RM T?PGMSQ CLRGRGCQ GLBGA?R(
QRPMLE DMASQ ML PCNSR?RGML K?L?ECKCLR RFPMSEF QRPSARSPCB B?R?

sameAs

5FC sameAs NPMNCPRW/IRJ? APSAG?J PMJC GL CLRGRW BGQ?K@GES?RGNNF?LB ILMUJCBEC EP
BAOCJIMNKCLR/RCLBGLE DMMEEQGKNJIC QMAG?J KCBG? NPMKJC JGLIGLE 8FGJC MSP B?R? QFM!
QRPMLE GKNJCKCLR?RGML DMP K?HMP NJ?RDMPKQ '?2AC@MMI?R  RERRESC

QRFRCEGA T?JSC JGCC sameAs FCINQ QC?PAF CLEGLCQ SLBCPQR?LB ?LB T?2JGB?RC CLRGRW
PCJ?RGMLQFGNQ

8FCL NPMNCPJW GKNJCK(sameAs QCRIQ ?Q ? NMUCPDSJ RMMJ DMP CLRGRW BGQ?K@GES?RGN
N?PRGASJ?PJW DMP MPE?LGX?RGMLQ ?LB NCPQMLQ #W JEQMEEADD TEREBPER?RGT

?LB 8GIGNCBG? @P ?LBQ A?L CQR?@JGQF SL?K@GESMSQ CLRGRW GBCLRGkA?RGML
APC?RCQ UF?R UC KGEFRERB®RR |E><IBGRFER FCINQ QC?PAF CLEGLCQ AMLKBCLRJIW ?QQMAG?|
T?PGMSQ MLIGLC NPCQCLACQ UGRF RFC AMPPCAR CLRGRW
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"@>Kl 5<8| FE R8I :FDG8I@JFE sameAs LJ8>< FE DF9@C< G8><J @E  8E;

* MP NCPQML?J CLREBASREQ ?SRFMROICPR sameAs QGKGJ?PIW FCINQ CQR?@JGQF ?SRF
?LB APCBG @GIGRMUL@ARGLE NPMDCQQGML?J BBMKIRQ -GIGERF MRFCP 2SRFCLRGA
CLRGRW G 5FGQ @CAMKCQ N?PRGASJI?PIW T?JS TEEEL RINIP?& Bt MUICBEC N?LCJ
ECLCPRGML
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"@>K sameAs LJ8>< 9P ;<M@:< FE DF9@C< 8E; ;<JBK&GI=FGKI8K=FIDJ

5FGQ N?PGRW @CRUCCL KM@GJC ?LB BCQIRMN GKNJCKCLR?RGMLQ PCNPCQCLRQ ? QGELGKA
?BT?LACKCLR GL QRPSARSPCB BARTBRNRQSEECQRQ RF?R MPE?LGX?RGMLQ ?PC GLAPC?QGL
SQGLE AMLQGQRCLR RCKNJ?RGLE QWQRCKQ MP ?SRMK?RCB QMJSRGMLQ RM K?L?EC RFCGP (
P?RFCP RF?L K?GLR?GLGLTROCNAICKCLR?RGMLQ DMP BERETIPCLR BC

*&% # 4@7EG6IE

4AFCK? MPE PCK?GLQ RFC BMKGL?LR DMPAC GL +¢& GKNIAIRT R?RGMLITOBRF M

KGJIJGML GLQR?LAVRCDOBBLE ?JJ MRFCRREILAHGQ BMKGL?LAC

GKNJCKCLR?RGORQSQ RFUREGEFCQR ?R PCICARQ GRQ NMQGRGML ?Q RFC GLBSQRPW
QR?LB?PB DMP QRPSARSPCB B?R? K?PISN

"KMLE QCAMLB?PW GKNJCKCLR?RGMLQ AMLR?M MPE JC?BQ UGRF GLQR?LACQ NPGK?PGJ\
GRQ $.4 CAMQWQRCK DMWNEMMEGC?NGQ AMK ?LB @?GBS AMK &BSA?RGML?J
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GLQRGRSRGMLQ QFMU AMLQGQRCLR ?BMNRGML N?RRCPLQ ?PMSLB ~ GKNJCKCLR?RGM
PCEGML?J T?PG?RGMLQ ?NNC?P RFPMSEF GKNO@KREORZRENELELITIB 4AFCRTEM
GLBGA?RGLE EJM@?J ?BMNRGML MD QRPSARSPCB B?R? QR?LB?PBQ

5FC T?QR E?N @CRUCCL 4AFCK? MPE ?LB MRRQBLBLRQAMPCQ GRQ APGRGA?J PMJC GL Q
B?R? QR?LB?PBGX?RGML ?LB PCICARQ QRPMLE ?JGELKCLR UGRF QC?PAF CLEGLC PCOSGI

>6C8:?8 EC6?5D 2?75 7TFEFC6 @QFE=@ @<

5FC QRPSARSPCB B?R? J?LBQABNBIWQPGLE KTB @& (MMEAZGLRPMBSARGML MD
QNCAG?JGXCB QAFCIKZREANEJ AMSPQCQ ?LB % NPMBSAR KMBCJQ ?JMLEQGBC GLAPC™(
DMP %GEGR?J 1PMBQARIPRQ RFPMSEF (4 %GEGR?J -GLI 5FC EPMUGLE ?BMNRGML MD +40
?R  MD N?ECQ ?LB QMNFGQRGA?RCB CLRGRW PCJ?F sameAs DNRYMREPRSER) GLBGA?RCQ
K?RSPGLE CAMQWQRCK DMASQCB ML AMKINROBBIEQHEH- BOICJMNKCLR

5FC B?R? QFMUQ ? AJC?P QFGDR RMU?PB KMPC QNCAG?JGXCB GKNJCKCLR?RGML N?RRC}
CAMKKCPAC ?LB JMA?J @SQGLEZRQMMERQR?LAC QRPSARSPCB B7G Product ) JGI

Offer ?LB Review F?TC @CAMKC KMPORNFILR GL CAMKKCPAC LocalBusiness

?LB GeoCoordinates ?PC GLAPC?QGLEJW SQCHRWMERNIEM ?PAF TGQG@GJIGRW

5FGQ QFGDR A?L @C N?PRG?JJW ?RRPEENRIBARWVAIMMNECQ UFGAECBAMIRPK?QRCPQ

RM DMASQ ML KMPC BMK?GL QNCAGKA QAFCK?Q &LRGRW BGQ?K@GES?RGML F?Q ?JQM ¢
APGRGA?J UGRF MPE?LGEPREGMEQBRPSARSPCB® sameAs ?LB Organization RM
CQR?@JGQF AJC?P BGEGR?J GBCLRGRGCQ ?APMQQ NJ?RDMPKQ ?LB ILMUJCBEC @?QCQ

#@@<:?78 29625 E96 7TFEFC6 @7 DECF4EFCG65 52E2

"Q UC ?L?JWXC ASPPCLR RPCLBQ UC ?JQM A?QR MSP E?XC DMPUCBBIRKCCRQPEGLE BC

i -0 ?7@>A/@A>10 0-@- ?E9.5;?57?

5FC EPMUGLE GLRCPBCNCLBCLAC @CRUCCL "* QWQRCKQ ?LB QRPSARSPCB B?F
APSAG?J DMROBGIETEPMSLBCB F?JJSAGL?RGML DPCC AMERCIPREECLCP
CLF?LAGLE A@PQ?RGML?J QCARBPGCLACQ "Q "™ PCJGCQ GLAPC?QGLEJW ML
QRPSARSPCB B?R? DMRCAABRAMMRI GAF GLDMPK?RGML RFGQ QWK@GMQGQ C
PCBCKLGLE FMU "* NMUCPCB RMNIAR CEGREFAMLRCLR ?PAPMQQ RFC UC@
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i -@-;99;:?-:.07:C810313> -<45.@13X@5;:

5FC @N?LQGML MD MNCL B?R?@3D GFSEFREEY (MMEICR? $SMKKMLQ UFGAF

JACRECQ 4AFCK? MPE DMP QRPSARSPGLE ?LB JGLIGLE NS@JGA B?R?QCRQ GQ DSPF
RFC TMISRGML MD ILMUJCBECEPQCB QWQRCKQ 5FCQCG NHREBRGPGAF

SLGKCB DMSLB?RGML DMEL"BBRG TLPGAFKCLRVNBMRGML APC?RGLE LCU
NMQQG@GJIGRGCQ DMP QA?J?@JC ?LB PRISBAGIPRIRR GIRREMPKQ

i '#:@;8;3E -:0 ?7<1/5-85F10 B;/-.A8->517

*L N?RJICI RFOBIMNKCLRAEDLRMIMEW.B MRFCP QNCAGNBXA@BI?PGCQ GQ
?BBPCQQGLE RFC LCCB DMP 4&0 QNCAGKA QRPSARSPCB BTRANRERBLARL GKNPM
BGQASRP @GJGRW ?LB QC?PAF CLEGLC MNRGKGX?REKEGSUAFRECRARIEIMPCB RM
RFC SLGOSC PCOSGPCKCLRQ®BASDSPRFCP CLF?LAC RFC ?JGELKCLR @CRUCCL
QRPSARSPCB B?R? ?LB "™ BPGTGLE KMPC R?PECRCB ?LB ZNKARGCILRQQ?PAF C

i &13A8-@;>E 59<-/@?

'GL?JIWCESJ?RGMLQ QSAF ?Q RFC &6fQ %GEGRRQNMMBSAR NMGQCB RM PCQF?NC
DSRSPC QRPSARSPCB B?R? QR?LB?PBQ BRCQGIGIBRGIARGIAC FMU

QRPSARSPCB B?R? GQ ?NNJGCB CQNCAG?CIOAGIKENIRAGINBGIPMBSAR
RPAC?@GJGERMWMSEGLE KMPC QRPSARSPCRGNBARELR B?RARBACQ

#W U@?KGLGLE RFCQC ?QNCARQ UC PGERMANMKNPCFCLKIGHTGCU MD RFC QR?RC MD
QRPSARSPCB B?R? GL  GRQ R@XREML ?LB GRQ DXSRIRVBMRFCPMGPC ?

QC?QMLCB 4&0 NPMDCQQGML?TRIVCI@IB CAMKKCPACTBRIEGQR MP QGKNJW GLRCPCQRCB GL
RFCTMISRGML MD RFC UC@ RFGQ AF?NRCP MDDCPQ T?JS?@JC GLQGEFRQ GLRM FMU QRPSAF
PCQF?NGLE MSP BGEGR?J UMBIEERBONU'DMP ? KMPC AMLLCARQR?RELR ?LB

GLRCJJGECLR MINGRGCLAC

@?4=FD:@"?

5FC ?L?IJWQGQ MD QRPSARSPCB B?R? GL  FGEFJGEFRQ ? AJC?P QFGDR DPMK GRQ 4&0 PMMR
@PM?BBRMPC GHRECEGA PMJC GL "* ?LB QCK?LRGA KCR?B?R? 5FC BMKGL?LAC MD 3%'? ?LB ONCL
(P?NFMLWP MDN?ECQ AMK@GLCB UGRF H#@DEPMURF LMU ML MD N?ECQ

?KKGNNN J<8I?<E>@E<AFLIESC :FB;@8#> J<FEKFCF>P K?< EEKIKIF @E K?< 8>< F= 8@
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N?PRGASJ?PJW GL CAMKIKARARD RM ? K?RSPGLE RCAFRNMAIERPSC GKN?AR JGCQ GL FMU
QRPSARSPCB B?RRQIOMIKGLE " BGIPAWI?LB CLF?LAGLE K?AFGLC SLBCPQR?LBGLE

5FGQOAPUGTC QCCL QGELGKA?LR AF?LECQ GL FMU QC?PAF CLEGLCQ F?LBJC QRPSARSPCE
(MMEJC F?Q BCNPCA?RCB ACPR?GL PGAF P! FAQIF HowTo® 7QI SiteLink  Q RREFT
QGKSJR?LCMSQJIW GLRPMBSACB LCORMAICQ BMSFQCQ % NPMBSARWNBEILPPRD

?LB ACPRGKA?RGMIZDBGLE RFC QAMNC MD QRPSARSRIB/FIRG KNMPRQRPEARSPCB

B?R? GQ LMU CQQCLRG?J DMP "* QWQRCKQ QSNNMPRGLE R?QIQ DPMICBRAEPRAEAIGLE RI
A?N?@GJIGRGCTGNU®E BER?PEC J?LES?EC KMBCJQ --.Q

5FC ?BTLR MD %GEGR?J 1PNESHRPRQ ?LB GLAPC?QCB ?BMNRGML MD (4 QR?LB?PBQ SLBC
RFC EPMUGLE GKNMPR?LAC MD QRPSARSPCB B?R? GL AMKKCPAC ?LB PCESJ?RMPW AMKN
BPGIL QC?PAF @CAMKCQ RFC LMPK @SQGLCQQCQ ?PC PC?JGXGLE RF?R QRPSARSPCB B!
?2@MSR QC?PAF TGQG@GIGRWIGREPGLE AMLRCLR GQ K?AFGLC PC?B?@JC ?LB DSRSPC N

'MP @SQGLCQUCIMBIGLE RFCGP QRPSARSPEE BRFCQRPDMPU?PB GQ AJC?P GKNJCKCLR
AMKNPCFCLQ®K?GLR?GL GR PGEMEBISEIMR AMLRGLSMIQNIWMHCARQ QFMSJB DMASQ ML
+40/-% UFGJC JCE?AW DMPK?RQ QFMSJEC@® ORCIEIININPMNPG?RC 4WQRCKQ KSQR @C |
RM QA?JC ?TBJIT ?JMLEQGBC CKCPEGLE RCAFLMIJMEGCQ ?LB QR?LB?PBQ

*L AMLAJSQGML RFC DSRSPC MD RFC UC@ GQ QRPSARSPCB QCK?LRGA ?LB GLAPC?QGLE
OPE?LGX?RGMLQ RETRGIL QRPSARSPCB BARINRRESQR GRG/RMCGP QC?PAF TGQG@GJIGR\
RF®/ ?PC @SGJBGLE RFC DMSLB?RGML DMP QSEARVQQ GL ™ %GQAM

FE9@C

"LBPC? MINGLG

X'aw@wesw O aw@uBw @ FRRNQMPBIGDR GM @JME CRLEERGRMINGLG

"LBPC? MINGLG $&0 MIPB-GDR GQ NGMLCCPGLE ?BT?LACKCLRQ ?R RFC GLRC
MD 4&0 ?LB LCSPM QWK@MJGA ?PRGKAG?J GLRCJIGERRBNLBRGCPGKELRGEM
RCAFLMIMEGCQ ?LB CIBRGIRCLR BGIPAM
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'2CE  92AE6C

@?ED

(3, #H ( " &-
<M@<N<; 9PD@E@B .WKKJAQ)J (@CZRP 1B?FM:FJU /FG@8D -L@)BE;P )@:?8<C8E;
.8G? (<M@<E

ESCPQ<; 9R8E 1B?FM
:@K<; 9P8IC<J <IkK

?EC@5F4E.@7

SWNMERFV NWQ ? K?HMP PMJC GYNCRIFGLAC ML RFC UC@ DPMK JCEG@GJGRW ?LB PC?B’
?AACQQG@GJIGRW ?LB CKMRGML?J GKN?AR "LBIOAGRCPQ SQ@EBRM @C JGKGRCB RM ? Qk
LSK@CP MD UC@ Q?DC DMLRQ TCTMRRFR@EQ MDDCPGLENPRIRRELEC ?LB
GLAPC?QGLEJW AMKNRCGEPGGER QSNNMPR DMP RFCWMP@ERG KRIQWQRCKQ

5FGQOAPIQ )551 "JK?L?A UC@?MB DMSLB RF?R UC@ DMLR SQ?EC AMLRGRFMIRMAEPMU
QJIMUCP N?AC RF?L UF?R U?QOB@QCIPEMSQIPQ €@ DMLRQ ?PC LMU SQCB ML ?PMSLB

MD ?2JJ UC@QGRCQ UFCRFCP ?JMLC MP GL AMK@GL?RGML UGRF QCJD FMQRCB DMLRQ |
GLAPC?QGLE LSK@CP MD UC@QGRCQ ?PC LMU QCJIENQEECEADMBBGPGLE DMLRQ
5FGQ RPCLB AMGLAGBCQ UGRF ? QJGEFR BCAJGLC GL UC@QGRCQ SQGLE ? AMK@GL?RG
DMLR QCPTGAC 4RGJJ RALIMMEGETGAC AMLRGLSCP RRCBCIHBIPGRW MD DMLRQ QCCL M
RFC UC@ "PMSLB  MD UC@QGRCGQBIGICRIRT )551 "PAFRERT BCQIRMRWA?LE ML

GRQ KM@GUG 80C (MMEJML'RQ UFCRFCP 2JMLC MP 2JMLEQGBC ?LMRFCP FMQRGLE MNRG
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"@>K 3 <9 =FEK LJ8><

ONCLSWNC DC?RSPC QSNNMPR AMLRGLSCQ RM PGQC DMJJMUGLE ? RPCLB QCCL GL RFC N?QR
1551 "JK?L?A 5FGQ KC?LQ ?L GLAPC?QGLE QF?PC MD RFC DMLRQ ASPPCLRJWCSQCB ML RFC UC(
@CCL BCQGELCB UGRF ?R JC?QRANC DRECRSPC QSAF ?Q JGEPRSFEQMARBMLQ

8FGJC RFGQ RPCLB PCICARQ ?L GLAPC?QGLE RCLBCLAW DMP BCQGENCPOORRSHGQISHC ONCL5
RFC DMLRQ RFCBQGRFGIRIQ B?R? QFMUQ RF?R KMPTIJRIRMET) ?PC ?2JQM R?IGLE

?BT?LR?EC MD RFCQC ORI BC?RSPCQ GL $44

“JMLEQGBC @PM?BCP GKNJCKCLR?RGML ?LB SQC MD JMMEURDCBREPONCRECPC F?Q 2JQM
@CCL ? QGELGKA?LRESNRRCUCP ONGINC A?N?@GIGRGCQ QSAF 2Q AMIMP ?LB T?PG?@JC DMLF
RFC A?QC MD AMJMP DMLRQ ?BMNRGML GQ QREIHRIEBON RAMSQ?LB UC@QGRCQ 2APMQC
RFC CLRGPC GLRCPLCR @SR PGQGREIRRAENMZAGREE?L UFGJC T?PG?@JC DMLR SQ?EC

F?Q NG2B SNTCL KMPC BR?RGA?JB ? J?PEC D?ARMP BPGTGLE ?BMNRGML ?NNC?PQ RM @C RF
NMNSJ?PGRW MD T?PG?@JCTORIREGRELECQWQRCKEG SIPEE BMNSI?RGMLQ MD UC@ SQCPQ
$FGLCQC +?N?LCQC MIEBC?I$+, DMLRQ CQNCAG?JIW GL RFC /MRM QSNGBDREBIWIP 7L
CQNCAG?JJW J?PEC QF?PC MD RFC T?PG?@JC DMLRQ ASPPCLRIW GL SQC ?@MSR ML BCQIR
KM@GJC MD ?JJ RFC T?PG?@JC DMLRQ ML RFC UGQ@ P/ IRSKIBIBCIMRM

.MPC @PM?BBRRCPC F?Q @CCL ?BR®RC GL RFC SQC ?LB QSNNMPR MD T?PGMSQ EIM@7?J QAPC
J?LES?ECQ ML RFC UC@ PCBSAGLE RERIMCARGLE NPCQCLAC MD -?RGL DMLR®@BFGQ BGQNJ?
RFC DPSGR MD PCACLR CDDMPRQ RM QSNNMHAR RACKELQGHD OB EERW RWNCD?ACQ DMP
J?LES?ECQ RF?R UCPC JMLE LCEJCARCB GL RWNC A?R?JMEQ FGQRMRGAQGHY MUIASQCB ?JKM
8 CQRCPL AFRRCPQ
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5FC PCK?GLBCP MD RFGQ ARRNRRIXRFCQC QS@HCARQ ?LB KMPC GL BCR?GJ SQGLE B?R
Y551 "PAFGTC UC@ 2B ?2Q ? KC?LQ MD BCNGARGLE RFC ASPPCLR QR?RC MD DMLRQ ML RFC
AF?NRCP GQ BGTGBCB GLRM QCARGMLQ RMSAFGLE SNML T?PGMSQ QS@HCARQ PCJ?RCE
UC@ DMLRQ@ 8R?PR UGRARGA?J BCAGQGMLQ QSPPMSLBGLE FMICPRBRMZBQETIGT
GLAJSBGLE RFC FMQRGLE DMPK?R ?LB QGXC RE@MRRAMICAFE KMQR NMNSJ?P DMLR
D?KGJGCQ RFC DMSLBPGCQ RF?R BCQGELCB RFCQT . DMDRISNNRIRRIBAPIBGDDCPCLR UP
QWQRCKE 8JMQW BGQASQQGLE CKCPEGLE RCAFLMIMEGCQ QSAF ?Q AMIMP 2LB T?PG?(
2Q RCAFLGA?J AFMGACQ AMLACPLGLE FMU DMLRQ ?PC @SGJR ?LB SQCB ML RFC UC@

#CDMPC NPMACCBGLE GLRM RF®IMERRRCRIMSIB GRM KB ? DCU RCAFLGA?J LMRCQ 0SP
MICRJJ 2NNPM?AF RM ?L2JWX@FPRFGQLR B?R? TEIWIIMASQCE ML RPCLBGLE

RFCQC RPCLBQ UC AMKN?R2RREEIR? RMEMSQ CBGRGMLQ MD RFC )551 "JK?L?A #CA?SQ
RFCPC U?Q LM "JK?L?A NS@JGQFCB GLW M{PMSP AMKN?PGQMLQ NMGLR RM B?R? DPMK R
CBGRGMIL QTCRJ A?QCQ UC ?2JQM GLAJSBC  B?R? UFGGGREJC ?LBIRCBC

8FCL UC NPCQCLR NCPACLR?ECQ RFPMSEFMSRGEEG @ GHIRIPR MRAAMQR 2RRCLRGML RM
N?8KGQ ?ARS?JIW AMSLRCB GL C?AF QNCABKRACOHPEEQNMLBGLE AMSLR GQ LMPK?JGXi
?PPGT?R RFC NCPACLR?EC GL OSCQRGMICRGRERRSBQ GL KGLB GR UMSJB @C C?QW RM
CPPMLCMSQJIW AMKN?PC ?NNJRECGRIFGIPAMLQGBCRGREMLNCPACLR?ECEQE

RFPCC AMSLRGLE KCRFMBQ

i +1.$-31? 5FGQ KCRFMB DMJIMBJQ@FIK?L?AfQ KCRFMBMINBEWISLRQ RFC
LSK@CP MD PMMR N?ECQ

i @ &1=A1?@5FGQ KCRFMB AMSLRQ DMLR PCOSCQRQ ML PMMR N2BEFRFCL B
RMR?J LSK@CP MD DMLR PCOSCRRQBR REPRPGL DMLR F?NNCLQ RM @C PCOS(
QUCRJ RGKC® @FC @PMUQCP UFCL JM?BGLE ? N?EC GR UGJJ @C AMBLRCB COS
RGKCQ

i ;:@ 581?5FGQ KCRFMB AMSLRQ RFC LSK@CP MD BGQRGLAR DMLRW3-Q RFCL B
RFC RMR?J LSK@CP MD DMLR 63-GIRREGR?KC 63- F?NNCLQ RM @C SQCB ML
KSIJRGNJC UC@QGRCQ GR UGJJ @C AMSLRCB MLIJW MLAC 5FGQ KMBC MD AMSL
M@QGPRFC RMR?J QCR MD DMLR kJCQ ?AACQQG@JC MLJGLC

@DE:?8 2?5 D6CG:46D

5FCPC ?PC @?QGA?JIJW HSQR RUM KCRINVEBE DMEBQ FBTUC@QGRC TGRGRYIRY OLC U?
NPVWGBC UC@ DMLRQ RFPMSEF ? QCPTGAC UFCREIMMERNM RQZREN?GB MLC JGI

?KKGBCDSES: ?KK@EAFI><E  =FEKJ
?KKGFFEKJ >FF>C< :FD
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"BM@CMLRQ5FC MRFCPW%Q RM QCJID FMQR RFC DMLR kJCQ DEMALRFEMKC@IQGRC
| CCNGLE DSJJ AMIRPNRFM kJCQ UGRFRGIPC?J BCNCLBCLAGCQ

5M SLBCPQR?LB RFC DMLR FMQRGLE AFNGA@m@BZBMNG@PQ UC DMJIMU RFC KCRFMB DPMK
N?QR "JK?L?AQ ?LB IMMITERQECPJI?NNGLE A?RCEMPGCQ 5FC g4CJD FIMACSEET LML C
A?RCEMPW NMGLRQ RM 2JJ UC@QGRCQ SQGLETQCEDARKTR QB SIRTFIQRGLE QCPTGAC

5FC g4CJD FMQREBSQGIT A?RCEMPW AMSLRQ UC@QGRCQ RF?R MLIW SQC QELIGE®IQRCE DMLR
RFC g4CPTGACQ VAJSQGTA?RCEMPW NMGLRQ RM 2JJ UC@QGRCQ RF?R SQUCR RAIQRGLE QCPT!
RF®/ 2JQM SQC ? QCJID FMQRCB DMLR 4GRCQ GAFFUGECIRGEMRY SQC MLIW ? FMQRGLE
QCPTGAC §7C ?JQM ?BBCB ? LCU A?RCEMEAPRFGID\WMQRCB NJSQ IQPEDGREGLE RM

QGRCQ RF?R SQC @MRF QCJD FMQRCB DMCRDREB RIPZEBRENCID FMQRCB QGRCQ KGLSQ
OAJSQGDCID FMQRCB QGRCQ

"@>K  $FIK@BRGK

5FGQORPRFCPC F?Q @CCL ? QGELGKA?LR GIWSQEITIED EMQBGLERMN DPMK  GL

RM KM@GJC DPMK GL RM “"RRFC Q?KC RGKC RFCPC F?Q @CCL ? AMGLAGBGLE
BCAPC?QC GL WAISRGEQC MD QCPBEARIRMN DPMK GL  RM  KM@GJC DPMK
GL RM 5FCQC GLRCPAMLLCARCB RPCLBQ UCPC kPQR QNMRRCB GL  UFCL KMPC NCMNJ(
@CE?L RM QCJD FMQR RFCGP DMLRQ @CA?SQC GR MDRCL WGCJBQ @CRRCP NCPDMPK?LAC 2|
GLRPMBSARGMAMDN?PRGRGMILEE ? QF?PCB DMLR $%/ GQ LM JMLECP @CLCKAG?J 5FGQ
QSEECE@RI®Q89C< ELDI9<I F= N<9J@K<J K?8K FE:< LJ<; 9FK? 8 N<9 J<IM@:< 8E; K?<@| FNE J<C= ?F
=FEKJ8EFN LI@E> J<C= ?FJK<; =FEKJ 8CFE<

?KKG¥FEKJ 8;F9< :FD
?KKGJ<MKCFG#I FD< :FD 9CF> ?KKG :8:?< G8IK@K@FE@E>
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.C?L UFGJC RFC LSK@CP MD UCBISERIW SQGLE ? UC@ DMLR QCPTGAC F?Q ?ARS?JIW PC
D?GPJW AMLQGIGRGFCM?QR RBRIQV?KMSLRGLE RM PMSEFJW  MD BCQIRMN ?LB  MD
KM@GJC UC@QGRCQ "DSJJ MD UC@QGRCQ LMU SQC QMKC DMPK MD QCJD FMQRCB DA
MP UGRF ? QCPTGAC 5FGQ KT2RQRPFE?FIC MD UC@QGRCQ UGRF QCJD FMQRCB DMLRQ F?!
?2@MSR RUM NCPACLR?EC NMGLRQ QGLAC

"@>K 3 <9=FEK LI8>< 9P J<IM@:<

5FC QCPTGAC KRPDMP UC@ DMLRQ GQ FGEFJW AMLQMJGB?RCB ?LB GLAPC?QGLEJW QM

DMLR QCPTGACQ ?PC LMUNMRRIBME@MLRQ ?LBILR "UCQMKOVMLRQ AMK ?LB

AIJMSB RWKRMBER BPMNNCBGERWTIMUIAIQ MD SQ?EC ?Q MIPRQMBEM G T(MMEJGMLRQ

UFGAF GQ QMKCRFGLE MD ? EG?LR GL DMLR FMQRGLE PCEGQRCPCB ? DCU NMGLRQ MD E
AP ?UJdBPMNNGLE DPMK RM MD RMR?J DMLR FMQRGLEd?J@TGRUGRAPGEAM

LMU QR?@JC SQBIQCC?UFGJC DMLREBEG@TBM@C ?LBILR "UCQMKC UCPC C?AF

DMSLB ML ?@MSR MD UC@N?ECEPRRFGQ W

8GRF RFCGP QF?PC MD RFC QCPCBABMEWLRQ NPCQCLRQ RFC MLC A?QC MD ? DMLR QC
UFMQC NPMNMPRGML MD RFC UC@REPRQ BRREBHQYB?R? "BM@C PCEGQRCPCB 2L
GLAPC?QC MD NCPACLR?EC NRISRRQ JPQR RIFQVSFC KMQBIMBMIJ?L?RGML GQ RF?R
"BM@CMLRQ @SLBICQWRGEF OS?JGRW ?LB NMNSJ?P AMKKCPAG?J RWNCD?8CQ UGRF GR
$IJMSB QS@QAPGNRGML "Q "BM@C UC@ DMLR SQ?EW GRHRRUE?6REPI@AC ? AFC?N
MNRGML DMP PBER BE@QGRCQ AMKN?PCB RM @ SWSCEQGWE@ CGACLQC DPMK ?
BGQRPG@SRMP MP DMSLBPW

#CA?SQC ? UC@QGRC A?L NSJJ DMLRQ DPMK KSJRGNJC QMSPACQ RFC NMNSJ?PGRW MD
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MNRGMLQ GQ LMR ? XCPM QSK E?KC ?LB RFC KMQR NMNSJ?P MNRGMLQ ?PC MDRCL DMSLB GL |
ML ? QGLEJC UC@QGRC

*6CG:46D 56D<E@A >@3:=6

(MMEJCMLRQ 4CJD FMQRCB

4CJD FMQRCB

(MMEJCMLRQ

(MMEJCMLRQMLR "UCQMKC 4CJD FMQRCB
(MMEJCMLRQMLR "UCQMKC

'GESPC 5FC RMN KMQR NMNSJ?P UC@ DMLR FMQRGLE AMK@GL?RGMLQ

"@MSR MD BCQIRMN ?LB KM@GJC UCTQCRAERAE )551 "PAFGRFGQAR SQCB @MRF

(MMEJC ?LB QCJD FMQRCB DMLRQ UFCPC?Q SQCB MLJW QCJD FMQRCB DMLRQ ?LB  SQCB N
(MMEJC "JRMECRREEQC RUM QMSPACQ RMEGREEPRFEM ?QR K?HMPGRW MD DMLRQ QCCL ML R
UC@ MDUC@QGRBQEBGL SQCB CGRFCP QCJD FMQRCB DMLRQ (MMEJC UC@ DMLRQ MF
4RGJJ RFCPC U?Q ? LMRGAC?@JC BPMN GL RFC LSK@CP MD UC@QMRRQ BEIREELAELE (MMEJC
FMQRGLE #CRUCCL ?LB  RFC AMK@GL?RGML MD (MMEJC ?LB QCJD FMQRCB DMLRQ BPMNI
DPMK MD UC@QGRCQRM 5F?R LSK@CP F?Q @CESL RM PC@MSLFPQQGERRIW RFGQ W
KESPC QR?PRCB AJGK@GLE ?E?GL RM PC?AF

0TCRJJ RFC RPCLB GQ AJC?P KMPC ?LB KMPC NCMNJC NPCDCP RM QCJD FMQR RFCGP UC@ DI
EPC?R AFMGAC GI K?QCQ @CA?SQC QCJIDIMBBREEP?.?J BCNCLBCLAGCQ DMP QMKCRFGLE ?Q
APGRGA?J RM PCLBCPGLE ?Q DMLRQ ?PC 1JSQ UFCL QCJD FMQRCB DMWREGRISUCJJ MNRGKG
RFC @CQR NCPDMPK?LAC @SR KMPC ML RF?R J?RCP

* 0?< ELD9<1J GKJI<EK<; @E K?@J J<KIQEE3KCRER-ERXK?FJ< @E K?<  :?8GK&<

1?8GK<I 8KK<DGK<; KF @E:CL;< 98J< <E:F;<; =FEKJ <D9<;;<; @E //]C<J =FI JFD< JFD<N?8K
GFGLCS8I N<9 =FEK J<IM@LESBK<EE:F;@E> 98J< =FEKJ @E // @J EF CFE><| 8 GFGLCS8I D<K?F; F=
J<IM@E> =FEKBK?@BUFE K?< :?8GK<| IN@K:?<; KF :FLEK@E> =£BJJIGBK< ]C<J FECP
0?< JGi8;J?<<K =FI KXBI@®E:CL;<J kZ8C:LC8K<; ]>J =FI 8E; 8JN<CC 8E;K?<P
8l< D<EK@FE<; N?8GEGI@8K< @E K?@J J<:K@FE

=6 7T@C>2ED

8FGAF DMLR DMPK?RQ ?PC DMSLB KMQR MDRCL ML RFC WI@PRFEGKMBR NMNSJI?P DMPK?R
DMP UC@ DMLRQ @CGLE SQCBML MD BCQIRMN ?LB  MD KM@GJC UC@QGRCQ 5FGQ K?PIQ
GLAPC?QC MD RFPCC NCPACLR?EC NMGLRQ GL 80" SQ?EC QGLAC  *RPGQIEGMGLECLAMSP

@CA?SQC 80" MDDCPQ QK?JJCP kJC QGXCQ ?LB RFSQ GLAPC?QCB JM?BGLE NCPDMPK?LAC ?K
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@CLCKRQ 5FGQ DMPK?RfQ NPGBCACQQNMBPQM DMSLB ML  MD BCQIRMN ?LB  MD KM@GJC
UC@QGRCQ RFMSEF RFCQC LSK@CPQ PCNPCQCLR ? RUM NCPACLR?EC NMGLR BPMN QG

"@>K , FGLC8I N<9 =FEK )%)! KPG<J

"JRMECRF8®' ?LB 80" K?I C SN RFC T?QR K?HMPGRW MD UC@ DMLRQ ?R LC?PJW  MI
AMK@GLCB RMR?J DMP BCQIRMN ?LB KM@BSCBWE@KIGRCQIM ?AAMSLRCB DMP ? QK?JJ @
LMRCUMRRRF?PC ¢ MD RFC LML 80" UC@ DMLRQ DMSLB GLRFQGOR? *RfQ ?JQM UMPRF
NMGLRGLE MSR RF?R ¢ MD UC@QGRCQ ?PC QC application/octet-stream 7L
GLAMPPCAR .*.& RWMBIIGLE ?R RFC B?R? RFC K?GL gQCJD FMQRCBh FMQRQ QCPTGLE GLA
RWNCQ DMP DMLRQ ?PC RUM GLAMPPCARJW ABLEK@EB8B\$%/Q

8FGJC RFCQC ?PC SQCDSJ GLQGEFRQ GLRM RFC EIM@?J QR?RC MD UC@ DMLR DMPK?RQ
QJGEFRJW RMM GMQGRSAC MD RPCLBQ @CA?SCR GREDKEOM FEZIW RMU?PB UC@
QCPTGACRUBIEIAMLRQMLR "UCQMKC ?LB "BM@ICRQ 5FCQC QCPTGARETORCE
GLRCPCQR GL PCBSAGLE RFC ?KMSL\R RIDE&BRB RFCA?SQC MD RFCGP J?PEC DMMRNPGLR |
UC@ RFC BCAGQGMLGWRBCQE DCU K?HMIPFI?GJJ RCLECRMRECTERJII NGARSHC 5
SLBCPQR?LB BCAGQGMLQYKZR@ BLIMNCPQ GRQ KSAF KMPC GLRORISRGLERM C
QCPTGACQ ?LB JMMI ?R RFC B?R?QCR DMP QCJD FMQRCB DMLRQ 2JMLC

?KKGJ,EAJ :FD
?KKGNNNN@O :FD
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"@>K , FGLCB8I N<9 =FEK )%)! KPG<J J<C= ?FJK<;

-SAIGI\B0" ?JQM R?l CQ RFC JC?B FCPC @SR QSFRIFEGQEEDS0" DMPK?R GQAPRGIJ T

NMNSJ?P ML UC@QGRCQ RF?R QCJD FMQR RFCE BDAMURP AQEIEBMLR DMPK?RQ QRGJIJ K21
SN ? QGELGKA?LR NMPRGML MD QCJD FNIQROSIFIQLEEMPRC QRGJJ FMJIEIS ENFSR?
E?GLV@QUGRAFGLE RM 80" ?LB K?IGLE RFC QUGRAF QFMSJB @C TGCUCB ?Q JMU F?LEGLE DPS
5FCPC ?PC KALMLJIGLC ?LB AMKK?LB JGLC RMNVIBRRBIMRIES' kICQ RM 80" *RfQ 2JQM
NMQQG@JC RM BCAMKNPCQQ 80" ?LB PCAMKNPCQQ RFC kJCQ ?Q 80" RFMSEF MLC KSQR @C
A?SRGMSQ RFIRRGIGML GQ GL AMKNJG?LAC UGRF ? DMLRfQ JGACLQC

=6 D:K6D

5FC TCREC QGXC MD UC@ DMLRQ F?Q PGQCL DMP KMQR UC@QGRCQ ML BCQIRMN ?LB KM@GJ
5FGQ ECIZBRPCLB GQ CQNCAG?JIW QRPGIGLE GLRFC RF RF ?LB RF NCPACLRGJCQ UFCPC
?TCREC QGXC ?APMQQ BCQIRMN ?LB KM@GJIC UC@QGRCQ QFMUQGEEIMPRFGHC?QCQ %CJIGT
J?PECP DMLRQ GL AMKNPCQQCB DMPK?R MDDCPQ ? TZISGE@IR K CEI @A JM?B RGKCQ
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"@>Kd  "FEK]C<J@Q<J

#W M@QCPTGLE DMLR DMPK?RQ GUB&FIGBENARC RFC PFCEREGAR MD AMKNPORQGML @
JMMIGLE 7R 80" kJC QGXCQ ?LB NJ?GL 55' kJC QGREIBBGEEF@QGXC MD ? DMLR kJC BCNCLI
JMR ML GRQ DMPK?R 5FC KMPC FGEFJW AMKNPXDCBLB\SPK THEMEIB F?  TC

QK?JICP kJC QGXCIBREC? RF?L LML AMKNPCQQCB DMLR IMRKGESIBINC LB

ONCLBWNC kJCQ UFGAF@FMSIBI@C SQGLE 5FC QRC?BW GLAPC?QC GL 80" SQ?EC GQ EMI
LCUQ UGRFCPEC DMLR kJC QGXC EMGLE SN 80" A?L FCJIN K?L?EC RFC NCPDMPK?LAC GKN
RFCQC J?PECP kJCQ
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"@>K  3+" =FEK ]C<J@Q<J

"@>K 00" =FEK]C<J@Q<J

5FC BGDDCPCLAC GL kJC QGXC DMP 80" AMKN?PCB RM 55' GQ EPC?RCQR GL RFC FGEFCP NCPA
PCNPCQCLRGLE RFC J?PECQR kJCQ MD C?AF RWNC SQUEPMRRFRC REGRFECLRGIC RFC

55' kJCQ SQCB RRGPWCPC PMSEFJW RUGAC ?Q J?PEC ?Q 80'TRIGCRMU?PB JMUCP
NCPACLRGJCQ RFGQ BGDICFELACUBML?IJMWAQUCQ "R RFC RF NCPACLRGJC PCNPCQCLRGLE
RFC QK?JICCRI@R MD DMLRQ DMSLB DMP C?AF DMPK?R 80" kJCQ ?PC LC?PJW RUGAC RFC QGX
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55'kJCQ 5FGQ PCI?RGMLQFGN GL kJC QGRESQ RMJIERBE?B MD RFC 80"
AMKNPCQQGML BGARGKESRBSP AFMGAC MD DMLR DMPK?RSRE FBE?RGA CDDCAR ML
UC@QGRC NCPDMPK?LAC UC PCNC?R MSP A?JJ RM ?ARGML DRSIVINCRG BRRESEL

80" DMLRQ

-MMIGLE ?R RFC BGDDCPCLAC @CRUCCL 80" kJC QGXCQ DMP (TRIDSEMOREBIQORRCQ T

UC AFMQC (MMEJC DMP RFC AMKN?PBMC RFRKBIQR NCPDMPK?LAC DMASREB QCPTGAC
BGDDCPCLAC GQ QR?EECPGLE *L RFC RF NCPACLRGJC ?LB SN QCJD FMQRCB 80" kJC QC
?TCREC BMS@JC RF?R MD UF7E8GEH QOPEIMLRQ

"@>K 3+" =FEK |C< J@Q#BF>C< MJ /<C=?FJK<;

8 C A?L MLIW QNCASJ?RC ML RFC PC?QMLQ DMP RAGKCEGIDGRGNN GG CR/ @
BGDDCPCLACQ GL RFC QCR MDVDEPROMIDRBA@C EPMSNQ f8$RCQ IRRAMR MD QCJID
FMQRCB DMLRQ ?PC BMULIM?BCB DPMKRRIMEBQFMSIB BGKGJI?P AMKNPCIROGML P
"LMRFCP\®J?L?RGML AMSJB @C RF?R ? IMRWRQ\BIERD ?PC SQGLE RFC QS@QCRRGLE M
@V (MMEJC UFGJC RFC QCJD FMQRCB SQCPQ ?PC QCPTGLE RFCFOAPSERIIRAROSF?RC
BGDDCPCLAC GRf1J @C GLRORIMFRGEE BSRSPC CBGRGMLQ MD RFC 2JK?L?A

%GEEGLE BMULLADSPRFGE A?L R@ ? JMMI ?R RFC GLBGTGBS?J R?@JC QGXCQ SQCB GL DM
LMRCBGL  ? PC?QML?@JC ?NNPM?AF RM KC?QSPGLE RFC GKN?AR MDANC?RRG@ASJI?P ON
ML NICRJJ kJC QGXC GQ RM KSIRGNIW GRQ REBGSK @GR®I® DMLRQ RF?R GLAJSBC RF?R R
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&A6?+JA6 E23=6 56D<E@A >@3:=6
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(104

FKRV
NMQR
L?KC
AK?N
ET?P
DNEK
(46#

'GESPC  5FCRMN ONCLB/NC R?@JCQ KC?QS8PGRNRAR

#CA?SQC GR AMLR?GLQ RFC ?ARS?J Elglyf NPERIGILQRFC R?@JC UGRF RFC FGEFCQR GKN?AR

YMUCTCPRFCPC 2 @CCL QMKC LMRGAC?@JC AF?LECQ GL RFC MPBCP MD RFC R?@JCQ AMKN?F
GPOS (JWNF MQGRGMLGLE UFGAF AMLRPMJQ RFC NJ?ACKCLRRRRHE] CFF-Q F?Q M

$SMKN?ARMLRMPK?R UFGAF GQ ?L ?JRCRIglyf ~ 5FGQ RPCLB GQ KMYREST RM

BCAJGLGLE SQ?EC MD $" MMURGAF KMPC GL RFCQCARGML *RfQ ?2JQM EMMB RM QCC RF?R RFC

kern R?@JC F?Q BPMNNCB MSR MD RFC RMN  ?Q @RRFQ RORI?KCB@PLGLE

GKNJCKCLR?RGML GPOSR?@JC

5FC post ?LB name R?@JCQ ?PC QRGJJ GL RFCRMN UFGAF ?Q NMGLRCB MSR GL RFC  AF?N
KC?LQ RFC DMLRQ EMIR @CCL NPMNCPJW MNREHGSIBQREIRMQCC ? RMMJ RF?R FCINQ
UGRF RFGQ MNRGKGX?RGML post ACB name KMQRJIJW AMLR?GL SLLCACQQ?PW B?R? DMP UC@
DMLRQ SLJCQQ ? UC@ ?NN ?JIMUQ SQCPQ RM ?BB UC@ DMLRQ RM GRQ DMLR KCLS

&FE=:76 7@C>2ED

5FC KMQR AMKKML MSRJGLC DMPK?R AMLRBESBC glyf = HFGAF 2AAMSLRCB DMP
MD @MRF BCQIRMN ?LB KM@GJC DMLRQ 5FGQ LSK@XEPFFACPOBNBLIMCRGERQN
QSEECQRGLE RF glyf ‘OMPK?R F?Q ? QMJGBEMGEREY LC?PCQR AMK CFF GFIGRF FCJB
? BCAJGLGLE QF?PCMD $MKN?PCBRM  RFC QJGEF|glyf BQMEC GNCPACLR?EC
NMGLRQ DMP BCQIRMN NMGLR AMPROQEIBIBQ ?INPUIRY RM RFC E CFFINMSRIGLCQ
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ORFCP MSRJGLC DMPK?RC SVGAEB CFF2 PCEGQRCPCB ? D?GPJW KGLSQASJC NPCQCLAC!!
SLBCP MD UC@ DMLRQ LMR NGARSPCB

"@>K +LKC@E< =FID8KJ

5FCPC F?Q 2JQM @CCL ? QK?JJ GLAPC?QC GL DMLR MSRJIGLC QGXCX) GIMRTZQROLBLUGRF
RFC QGXC MD DMLR kJCQ *LRRIFEQBGAEIRQC QCCKQ RM BGQNPMNMI CFFVIBTRCJIW ?DDC/
RFGLI RFGQ GQ AT8QEB BCAPC?QICBI CFF SQ?EC AMK@GLCB UGRF RFC D?AR RF?R RFC
SQCB $" @?QCB DMLRQ ?PC $+, DMLRQ UFGAF RCLB RM @C ML RFC J?PECP QGBC
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"@>k  "FEK FLKC@E<J J@Q<J : CFFB®@| glyf

“QLMRCBGL GR GQ LMR ? EMMB GBEYRA@IC QGXC AMKN?PGQMLQ ?R I2AC T?JSC 8
DMLRQ QFMSJBMQU®C AMKNPCQQCB QM ? D?GPCP AMKN?PGQML UMSJB @C RM JMMI ?R RFC A
R?@JC QGMRRFGQ UC SQCB RFC Q?KC ?NNPM?AF WYWBINJW@ELE RFC KCBG?L AMKNPCQQGML
PPRCQ GL BFCC  T?JS?RGML PCNMRRMGK?RGLE AMKNPCQQGML GRBLRIT?A NGARSPC

J?PEC DMLRQ ?PC @CRBEOG glyf  5PSC®/NOVSRIGLERAEP RF CFF

?KKGNNNN FI>0. *+ 0! 3+™ I 9l FKC@ 8;F9< :==
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"@>K FDGI<JJ<; =FEK FLKC@E<J J@Q<J CFF 3G glyf

5FCPC ?PC QMKC CDDMPRQISEBBBUB@GA #'XGCE@S glyf QM GR UGJJ @C GLRCPCQRGI
RM QCC UFCRFCP RFC BGDDCPCLAC Gl glyf i@ CFF3&Q BSC RM RFC BGDDGPCLR ASPT
RWNBS@GA # XGCEAFHT KMPC AMLRPMJ NMGLRQ MP GLCDkZ CFF AMERZR. BSE

KMLGV GQ ML ? AMK@GL?RGML MD @MRF D?ARMPQ @SR RGKC UGJJ RCJJ

)6D@FC46 9:?ED

5M BCAPC?QC N?EC JM?BGLE RGKTIMNIBBE?L GLQRPSAR @PMUQCPQ RM JM?B CQQCLR
PCQMSPACQ QSAF ?Q UC@ DMLRQ/I@CRARE?RRE LCCBCB 5FGQ GQ BMLC SQGLE PCQMSF
UFGAF ESGBC RFC @PMUQCP RM JM?B MP PCLBCP QNCAGKA PCQMSPACTEREIREEMD QAFC
PCQMSPAC FQUBQ@AGLDMPK RFC @PMUQCP RM BMULJIM?B ?LB JM7ECAIBERRFCRJ DMLRQ C
F?TCLfR @ CCUNIGAGRIW PCDCPCLACB GLRRREGRBEXMPELE N?EC NCPDMPK?LAC 5FC
@PMUQCP A?L RFCL\BGQNRCLR D?QRCPTEBGIPIPKMMRFCP BQCIRGTLAC

5FCPC ?PC RFPCC RWNCQ MD PCQMSPAR BRMRQGE@IIMLRQ C?AF UGRFOGRIDMUL JC
GKN?AR 5 preload FGLR GQ RFC KMQR GKN?ARDSJ RWNC MD PCQMSPAC FGLR ?Q GR BG
RFC @PMUQCP RM JM?B ? PCQMSPAC QSAF ?Q ? UC@ DMLR @CDMPC GRfQ ?ARS?JIW LC(
preconnect  FGLR RCJJQ RFC @PMUQCP RM CQR?@JGQF ? AMCECWRBIVRGIERER QICPT
DSRSPC PCOSCQRQ GLAJSBGLE DMLR JM?BGLE ?LB RFGQ F?Q ? KCBGSK GKN?AR ML NCP
dns-prefetch  FGLR QGEL?JQ RFC @PMUQCP RM NPCDCRAF %/4 GLDMPK?RGML DMP ? QN
@SR BMEQGLGRG?RC ? AMLLCARGML LMP DMLR JM?BGLE BFGQU-BE N BRI ARG T
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NCPDMPK?LAC

8 C K?BC QMKC AF?LECQ GL RFC B?R? E?RFCPCB ML PCQMSPBECHQL'RCPDMP RFGQ W
PC?JGXCB RFC  ?L?JWQGQ U?Q A?NRSPGLE RIMRCKSMNE KC?QSPGLE RUM BGDDCPCLR
?2QNCARWMIF dns-prefetch  ?LB preconnect UC ?PC MLIW KC?QSPGLE PCQMSPAC FGLR SQ?EC
?E?GLQR ILMUL DMLR QCPTGACQ RFC Q?KC MLCQ SQCB RFPMSEFMSRISBCARMNRCP 5FGQ C
AMLLCARGLE ?LB %/4 NPCDCRAFGIKENMLMIC® FMQR MP $%/ RF?R QCJD FMQRQ DMLRQ QM ?AR
SQ?EC GQ NPM@?@JW KSANIF preload  UC ?PC KC?QSPGLE UFCL RFC FGlas =2Q 7L
?RRPG@SRC UGF font SC

"@>K "FEK4JFLI< ?@EK LJ8><

*L RFGQ?RfQ B?l preconnect  ?LB dns-prefetch ?PC SQCB RM QNCCB SN AMLLCARGLE RM UC@
DMLR QCPTGACQ ?R ?LB PCQNIWFETKMQR CDDCRRGMSPAC preload GQ MLIW

SQCBML MD N?ECQIB J& RM QCC RFGQ LSK@CWEMIEN @Q SQG preload

PCQMSPAC FGLR GQ RFC QGLEJCERR GB?ARBBRM QNCOBSINDMLR JIM?BGLE 8GRF

RF?R Q?GB GR GQWMRNMQQG@J( preload = DMR/CKNJC GBSAEQC ? QCPTGAC RF?R BMCQ

LMR NFEBC QR?@JC DMLR 63-Q *L RFMQC A?QCQ (preconnect MR dns-prefetch

FGLRQ

6LDMPRSL?R&FRY SQ?EC MD PCQMSPAC FGLRQ DRIREMER® KSAE GL RFC J?QRRYM W
CGRF@M RFGQ GQ ?L SLBCPS@PBV @SRUARIEPRSPC RF?R UC UNISHBVIRICC ?BMNRCB
KMPC @PM?BMJ @@ BCIMNCPQ

132 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/fonts/font-resource-hint-usage.png
https://almanac.httparchive.org/static/images/2024/fonts/font-resource-hint-usage.png

Part | Chapter 4 : Fonts

@7E 5:DA=2J

5FC font-display BCQAPGNRMP [ @font-face  $44 BGPCARGIIMUQIBAMNCPQ RM
AFMMQC UFCL ?LB FMU RFCGP UC@QGRC PRIENGQ BRIERIL RFC RGEQ RIR BERAF GRQ
DMLRQ %CNCLBGLE ML RFC T?. font-display BCQAPGNRFP @PMUQCP UGJJ CGRFCP U?G
SLRGJ UC@ DMLRQ ?PC BMULIJM?BCB MP QU?N RM ? D?JJ@?Al DMLR ?DRCP RGKGLE MSR

"@>K 1J8>< F font-display MCL<J

5FC SQC Iswap DM font-display F?Q EPMUL AMLZGROP GL PCATAFRMDPMK ~ GL

RM GL RM?@MSR MLBCQIRMN ?LB KM@GJC RFGEQREQ GQ ? EMMB QGEL
@CA?Siswap MDDCPQ C?PYRIFORBCPGLE 5FC MBOMBP GQ ? NMREWSERBGDR UFCL
RFC UC@ DMLR JM?BQ 5FGQ@INIIPSRCPQ ML QIMUCP AMLLCARGRIOG 2HMRRCLR
KSAF C?PJAIRGJIC SQCPQ ML D?QRCP AMLLCARGMIGD KMRERACNRRMCSR QFGDR UFGAF
A?L @C DSPRFCP PCBSACB SQGLE PCQMSPAC FGLRQIZEPCBICR KCRPGAQ M

.C?L UFGJC RFC @7?7B LCUQ GQ REZAR@PAGIWOM QFMUQ GLAPC?QC block DDMP

font-display UFGAF JGROFR @IMAVR REMK PCLBCPGLE SLRGJ RFC GLRAIEIB@MLR GQ 7
MP RFC RGKCMSR NCPGMBFCB 8FGJC RFCPC ?PC JCEGRGK?RC block \2QGIRDMP
UC@QGRCQ QFM:! swap 3 fallback Mt optional 5FC PGQGLE S block

BCQIRMN KM@GAMLRGLSCQ ? RPCLB DPMK  UFGIR®RR®Il auto ?Q RFC QCAMLB KMQR
AMKKML T?JSC AFMQCL UFCL SQ font-display BCQAPGNBMD auto  T?JSC GRQCJD GQ

LMU SQCB ML MD UC@QGRC fallback GQ SQCB ML 5 optional  ?LB normal

T?JSCQ UCPC SQCE font-display ML JCQQ RF?L MD UC@QGRCQ
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8 C RFGLI RFC PCblock 'SQ?EC GQ AMLACPLGLE QM UC BOGGRGERROGL@GR DSPRFCP
-MMIGLE ?R RFC RI @font-face  PSJCQ SG font-display: block PQC?JQ 7L
GLRCPCQRGLHG®BEANJI MD RFC RMN  DMLRQ ?PC GAML DMLRQ
2>:=) 56D<E@A >@3:=6

' MLR "UCQMKC

&5KMBSJCQ

52@JC1PCQQ

GAMKMML

TAN@ NJSEGL GAMLQ

| GAMLQ

BK QMAG?J DMLR

BK DMLR

BK QMAG?J GAMLQ

BK AMKKML GAMLQ

'GESPC  5FCRMN KMQR AMKKMLJW SQCB DN font-display: block

" MLR "UCQMKC JC?BQ ?R ? UFMNNGLE ~ SQ?EC UFGJC MRFCP G/SWLRRGLRCKRALBCP MD
RFCRMN 5FGQ €@ QCLQC ?Q GAML DMLRQ ?PC SQS?JJW CLAMBCB GL RMP1PGT?RC 6QC "PC’
UMPQCTEPPGBC "4$* QM QFMUGLE ? D?JJ@?Al UFGJC ?L GAML DMLR GQUSBBGLE BMCQ LMR |
EMMB SQGRICPGCLAC 5FGQ GQ MLC MD RFC K?HMP BMULQGBCQ MI\SREBUEDMFRIGR BGONJ'
BMCQUBIJ?GL RFC PGQGL font-display: block 8 C PCK?GL FGEFOWRBA?J MD RFC

SQ?EC MD GAML DMLRQ ?LB DCCJ RF?R GL KMQR A?QCQ GREBG 3 AML @ABEBBTEM NPM
47(kJCQ

&KMHG DMLRQ BM LMR QSDDCP DPMK RFGQ NPM@JCK ?Q CKMHG ?PC\WELANIBCB@RALGAMBC Q
RM ? QWQRCK DMLR NPMNCPJW UFCL RFC DMMRBWHBBREIROBLER GQ Q?DC RM SQC CKMHG D
ML RFC UC@ S(font-display: swap MD AMSPQC

2>:=:6D 2?5 7T@F?5C:6D

8FGAF DMLR D?KGJGCQ UCPC KMQR NI BPUFRAF WMSLBPGCQ K?BCREK ?SIMMI
2R RFC RMN RFCPC ?PC DCU QSPNPGQCQ GL RFC kPQR RCL CLRPGCQ AMKN?PCBRM  3M@!
JC?BQ RFC N?AI UGRF ? QK?JJ GLAPCAIRGUSQEIKC SQC F?Q PCK?GLCB D?GPJW QR?@JC ?7LB
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QM F?Q /MRM SQ?ECGLIJGMRM GQ LMU QNJGR GLRM QAPGNR QNCAGKA GRCKQ 5FC MLJW
RFC BCAJGLC MD -?RM UFGAF AZPRRUICEMMNNGLQ ?LB .MLRQEPP

JEFK<; @E  K?<;@%G8E:P 9<KN<<E ;<JBKFG 8E; DF9@C< LJ< F= .FOFKK@R DRIECP C@B
K?< LJ<local() N?@:? CF8;J 8 CF:8CCP QEIMBEEEMFIFKF ;L< KF @K 9<@E> K?< JPJK<D -
FE E;| F@; LI8><FE DF9@C< @J CFN

-MMIGLE ?R RFC PCK?GLBCP MD RFC\RBK? /NIPBIQ?EC F?Q GLAPC?QCB QJGEFRIJW RM PC?/
?2@MSR  MD UC@QGRCQ "Q RFC MLIW AMKKCPAG?J LML GAML DMLRIGIMBFC RMN  RFGC
NMNSJ?PGRVWRBQKTIW GKNRCQEIG3L  GAML DMLRQG&SN ?@MSR ~ MD UC@ DMLRQ GL

5FC KCRCMPGA PGQC MD *LRCP QFMSJB 2JQM LMR EM SLLMRGACB ?Q GR ?JQM QR?LB
RM GRQ NPMKGLCI2XCTGMPR) ?LB JERTQ UWNCAR *LRCP RM PGQC GLRM RFC RMN  UGRF
LOVR DCCAPQ
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3M@MRM
" MLR "UCQMKC
IMRM 42LQ +1
ONCL 42LQ
1MNNGLQ
MLRQCPR

-2RM

IMRM 42LQ 3
4MSPAC 42LQ 1PM
/MRM 4CPGD +1
1PWGK? /M2
32JCUW

*LRCP

GAMKMML
0QU?JB

6@SLRS

CGAMLQ

#?PIMU

35@Gl
/?LSK(MRFGA

'GESPC  5MN D?KGJW JGQR DMP BCQIRMN ?LB KM@GJC

-MMIGLE ?R DMSLBPGCQ RFC K?GL QSPNPGQC GQ RER®GQC BEISBHIRL ?PC RUM

PC?QMLQ DMP RFGQ AF?LE?P SRSAMK@GLCB RFCRBMPTGBCLRGKCPQ RF?R "BM@C SQCQ DMP
RFCGP AMKKCPAG?J ?LB MNCL QMSPAC DMLRQ 5FC MRFCP PC?QML GQ RFGREFCT /MRM 42LQ $-
+?N?LCQCMPC?L DMLRQ UCPC ? ARRGRM@IMFCRUCCL (MMEJC "BM@TRLBIRECP

DMSLBPGCQ *L RFCQC DMLRQ UCFPUGRPT (MMEJOBMP GBCLRGKCP ?LB RFSQ ?RRPG@SRCB
RM (MMEJC @SR RFCQC DMLRQ ?€B UEBRZPBM@CBMP GBCLRGKCP ?LB RERYRFC T
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NMNSJ?P /MRM $+, QSNCPD?KGJW GQ ?RRPG@SRCB RM "BM@C

@F?5CJ 56D<E@A >@3:=6

(MMEJCMLRQ
"BM@CMLRQ

" MLR "UCQMKC
*LBG?LWNCMSLBPW
SI2QX %XGCBXGA
+SIGCR? 6JPQWV

2Pl AGKMLQML 4RSBGM
"QACLBCP $MPRRIBML
1?PPRWNC

-GLMRWNC

'GESPC  5MN DMSLBPGCQ DMP BCQIRMN ?LB KM@GJC

' MP RFGI?MUC RFMSEFR GR UMSJB 2JQM @C GLRCPTOWGLERRRFRBMN QCJD FMQRCB
DMLRQ ?LB RFC RMN DMLRQ DMRI(RIMENS "BM@LRQ UGAISBCEVILR "UCQMKC 2Q
RF@/ MLJW @CPDGLEJC DMLR

5FC RMN DMP QCJD FMQRCB DMLRQAMLRRGEQSANPGQCQUQRRIGEZEMR MD NCMNJC
QUGRAFCB DPMK SQGLE FMQRGE RMENGICID FMQRGLE kJCQ DPMHRRQ (MEEEEC '

7LB RFGQ GQ PCICARCB GL RFGQ JGQR ?Q WMLR "UCORKENEAMKMML ?LB CGAMLQ RFC
KMQR NMNSJ?P QCJD FMQRCB D?KGJGCQ ?PC 2JJ MNCL QMSPAC DMLRQ
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* MLR "UCQMKC
ONCL 42LQ
3M@MRM
MLRQCPR
1IMNNGLQ
GAMKMML
-2RM
CGAMLQ
*LRCP
AMSPAC 42L.Q 1PM

'GESPC  5MN QCJD FMQRCB D?KGJGCQ

5FCPC GQ ? AIMQC K?RAF @CRUCCL RFC RMN  KMQR NMNSJ?P D?HE.FETA BARFC (MMEJC '
EJM@7?J RMN JGQR *R QFMSJB @C LMRCB REFRRRINVMEIGR?GLQ OSGRC ? DCU $+, D?KGJIGCQ
IMRM 4?7LQ +IMRM 4?LQ ,3 ?LB /MRM 4CPGD +1 RF?R ?PC LMR NPCQCLR GL RFC QCJD FMQRCB J
EPC?R RF?R $+, J?LES?ECQ ?PC QCCGLE KMPC SQC ?LB RF?GJMQENNGIORGRERFC
BACJIMNKCLR MD EIM@?J QAPGNRQ KMPC ML RPEREFODVEQMREKRG ML
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IMRM 4?2LQ +1
ONCL 4?LQ
1IMNNGLQ
-?RM
.MLRQCPR
/IMRM 4?LQ ,3
/IMRM 4CPGD +1
AMSPAC 4?7LQ 1PM
3?2JCUW

'GESPC  5MN D?KGJGCQ DPMK (MMIERQ *

5FC "BM@QVLRQ RMN JGQR GQ OSGRC BGQRGLAR DPMK RFC MRFCP RMN JGQRQ @CA?S
NPGK?PGJW AMKKCPAG?J DMLRQ RF?R "BM@C JGACLQCQ DPMK DMSLBPGCQ "Q QSAF GF
GLQGEFR GLRM RFC UMPJB MD AMKKCPAG?J RWNC UCJJ ?R JC?QR RFMQC DMSLBPGCQ F
RM "BM@6FC KMQR NMNSJ?P DMLR ?RVIBRIBEGCMERP /M? UFGAF GQ LM QSPNPGQC ?Q GR *
FMJBQ ? FGEF NMQGRGML ML RFC EIM@?J JMQRFHRCAM@C RAPRQCITWIERUM MD
RFCGP MUL DMLRQ ML RFC RMN JGQR GRIEBEI@CR?RF ?LB "ASKGL 1PM ?R RF NJ?AC
5FC PCQR MD RFC "BM@C RMN  JGQR GQ/BIREEIPREUBIE®RGTRD IGKMLQML 4RSBGM
1PNGK? /M? 1?PPRWNC SRSP15 )T% DMLRGP?LBML (PMRCQOSEG WM 4Mk? 1PM

%?JRML .2?E"IRGT (PMRCQ&SPMNYBNC&SPMNBFC 'PCGEFR $MJJCARBIGEFR 47LQ
2LBOVIH@PSQCM 47LQ

?KKGNNN D8IBJ@DFEJFE :FD =FEKJ GIED@ID8 EFM
?KKGINNN G8BKPG< :FD =FEKJ GK &1G&I

?KKGNNN ?M=FEKJ :FD =FEKBBLFE >FK<JHL<
?KKGNNN DFKP=F :FD =FEK =80Rg8IBIF

?KKGINNN ;8CKFED88> :FD =FEKSIRBBK @NFikIB ?KDC
?KKGXLIFGBKPG< :FD

?KKGFk@>?K:FCC<:K@FE :FD

?KKGINNN <OCA9I@J :FD DLI<FJ8EJ ?KDC
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1PNYGK? /N2
' SRSP158 C@
#P?LBML (PMRCQOSC
"BM@C (?PKMLB 1PM
4MK? 1PM
"IRGT (PMRCQI
"ASKGL 1PM
&SPMN?
' PCGEFR4?LQ 1PM
.SQCM 42L.Q

'GESPC 5MN D?KGJGCQ DPMK "BM®Q '

"Q LMRCB RFCPC F?Q @CCL ?L SNRGAI GL RFC QSNNMPR MD T?FGRIBREIMIR R IMPGNRQ M
VWC?PQ QM JCREPRMMI ?R RFARLC

.C:E:?8 DJDE6>D

5FCPC ?PC RFMSQ?LBQ MD J?LES?ECQ GL RFC UMPJB ?LB RFCQC J?LES?ECQ ?PC PCNPCQCLRC
BGQRGLAR AFSRCP QCRQ ILMUL ?Q UPGRGLE QWQRCKQ MP QGKNJW QAPGNRQ 5FGQ NPCQC

BCQGELCPQ ?IBBANCPQ UGRF RFC B?SLRGLE R?QI MD K?IGLE ?LB QSNNMPRGLE DMLRQ DMP

BGDDCPCLR QAPGNRQ UGRF RFCGP MUL SLGOSC?RGERERCRREBEMENVIATK?LBQ "KMLE

RFC UMPJBfQ WPAFPRARCP QCRQ RFC -?RGL QAPGNR FMJBQ ? NMQGRGML MD QMKCUF?R BS@G

2Q RFC JMLERGKC CNGACLRCP MD BGEGR?J RWNC BCQGEL #CA?SQC RFC -?RGL 2JNF?@CR G

AF?RPARCP CLAMBGLEQ ?LB ?JQM RFC KMQR AMKKMLIW QSORMIRTBIRFTEP QAPGNRQ RCLB RM

@C AMKKMLJIW JSKNCB GLRM RFC SLDMPRSL?RC A?RAF 2JJ A?ROBMR®Y BMEGOMGPREQ

TCPW &SPMACLRPGA ?LB QFMSJB LM JMLECP @C SQCB 8FGJC RFGQ AFW.ERIRID RCPKGLMIMEV

F?NNCL AV RGKC QMML RIEM@?J?LAC F?Q @CESL RM QFGDERER PQATHERM] JTJ

MD QSNNMPR DMP T?PGMSQ @NPEBEEYIMREUGRF ?2AACQQ RM DPCC FGEF 0S?JGRW UC@ DM

F?LBJGLE RFCQC?ARTP QCRQ

5FC RPCLB RMU?PB GLAPC?QGLE QSNNMPR DMP KSJRG QAPGNR DMLRQ ACRRHET QCCL BGPCAR
B?R? 5FCTKaRJJ NPMNMPRGML MD DMLRQ QSNNMPRGLE -?RGL QR?LBC?RERMSEEBNE RFGQ W
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@V DMP BCQIRMN ?LB KM@GJC UC@QGRCQ QGURGJIC RRCPC F?Q @CCL ? AMPPCQNMLB
GLAPC?QC GL RFC LSK@CP MD DMLRQ QSNNMPRER KSR RGLEBMRMIZIB GLAPC?QCQ
CQQCLRG?JIW ?APMQQ RFC @M?PB *L MRFCP UMPBQ GRfQ LMR RF?R DCUCP DMLRQ ?PC
J?LES?ECQU&LEJGQPCLAF 4UCBGQF MBAQF RF?R SQC RFC -?RGL CIRFGRA @SR P
DMLRQ ?PC LWRG2?@JC RM QSNNMPRQAP@ERQIEPGIIGA )?IRSIERRG 2LB KAL

MRFCPQ RF?R LMU PCNPCQCLR ? EPMUGVE @?FQOIBRCUC@

5M EET? QCLQC MD UFCPC RFCQC GLEP@TELKMOR AMLQCOSCLRG?J GR FCINQ RM @PC"
RFC JCJ MD QAPGNR QSNNMPR/GIFDPR)IBIPCQCLAC $WPGJIIGA GQ RFC QCAMLB KMQR .
QAPGNR ML RFC UC@ ?LB PGQGRE) B3BEONSGLE DMLRQ QSNNMPRGLE $WPGJIGAML  MD
UC@QGRCQ ? PGQC MIC?@IESRQER?EC NMGLRQ DPMK UFGAC (PCCl ARRRCP

QSNNMPR F?Q 2JQM PGQCLC N@MSBLR?EC NMGLRQ RM RMR?J 2@MSR  MD 2JJ UC@QGRCC

"@>K 3 |@K@E> JPJK<DJ JLGGFIK<; 9P =FEKJ

*L RCPKQ MD RFC UMPJBQ KMQR UGBCJW SQCB DMLRQ LMR?@JC GLAPC?QCQ 2JQM PCE(
RFC *LBG?L QS@AMLRGLCLR &?QR "QG? ?LB RFC .GBBJC &?QR HBNENFER QAFGRIFC %C
UFGAF GQ SQCB DMP J?LESTECEY OMEEFJW  KGJJGML NCMNJC GL /MPRFCPL *LBG? ?LB /C
F?Q GLAPC?QCB PMSEFJW RFPCOBGWBQSNNMPRIEMA'P?Q RPGNICB UFGAF GQ EMMB LC
DMPIEP KGJJGML LARGNC@PQ .C?UFGJIC 5F?G QSNNMPR F?Q LC?PJW RPGNJCB DMP GR
KGJIGML QREQ

60QC MD UC@ DMLRJGRRCE?GLQ LC?P XCPM DMP $FGLCQC 5FGOWEORARBRBGID kIC
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QGXC RFCQC DMLRQ ?PC QGKNJW RN Q?PEGIRNIQBETKIC &L AMKNPCQQCB ?
$FGLCQC J?LES?EC DMLR kJC UGRI ®CERQ@RCQ UFGAF GQ D?P RMM J?PEC

“ PCACLR RCAFLGARIEGKCLR A?3BBCKCLRMLREPLQDCP'S MDDCPQ ? NPMKGQGLE
QMJSRGML RM RFGQ NPM@JCK CHESIEQTIRDS? IPETRAMPBGL?PGIW J?PEC NMQQG@JC
AF?RPARCP QCR @SRIMRBMASKCLR UGJICFUCARARCBFC *5 QNCAGKA?RGML ?RRCKNRQ

RM QMIIRFGQ NPM@VCHNEGRRGLE ? DMLRAEEL [QIERWDGARRRCPQ RF?R ?PC JM?BCB ML

BCK?LB UFCL LCCBCB *R CQQCLRG?JJW QRPC?KQ RFC PCOSGPCB NMPRGMLQ MD ? J?PEC DML
@PMUQCP BCNCLBGLE ML RFC AMLRCLR MD ? N?RRIZASDRRIERBRM QCCGLE KMPC gJ?PEC
QAPGNRQ SQC *5 RM JM?B UC@ DMLRQ CDKAGCLRJIW

*L RCPKQ MD RFC EIM@7?J QAPGNRQ RF?R ?PC @CLCKRGLE KMQR DPMK PCACLR GLAPC?QCQ G
QSNNMPR QMKC MD RFCKRRIRBESKCPGA?J GLAPTREUEEGQRCPCB DMP QK?JICP J?LES?EC
EPMSNQ DMSLB GL JCQQ RF?L MD DMIREMIRRFGERELG?L QSNNMPR GCPMSEFIW

$FCPMI CC® LC?PJW  ?LBBKGJ\@?@MSR  8PGRGLE QWQRCKQ DMSLB ML DCUCP
RF?L  UC@QGRCQ QFMOLKMPC BR?RGA GLAPC?QCQ DPMK  5FC 5G@CR?L QAPGNR
QFMUCB ? QGVRCCL DMJB GLARZZFAB/REGOMELC DMJIB 4?K?PGR?L PMSEFJW RFGPRW DMJB 2L
#2JGLCQW @@MSRAMMIB *L MRFCP UMPBQ GRfQ LMR HSQR RFC UPGRGLE QWQRCKQ DMP FS
NMNSJ?RGMOQGEBG ?LB?@GA RF?RCR@CLCKRCB DPMK RFC EPMIRRAERGMD QAPGNRQ
QSNNMPR@BL@U RWNC BCQGELQ

4M UFGAF DMLR D?KGJGCQ ?PC KMQR SQCB DMP BGDURPGRRNIARMGMRD FFELO?KGIGCQ
GLRM gQSNCPD?KGJGCQh QISRRVWIBEGDERCLR QAPGNRQ F?Q K?BC RFGQ OSCQRGML QMKCUF;
AMKNJGA?RCB RF?L GR MLAC U?Q CRSUGIRNGNCL 47LQ .MLRREEB -?RM ?PC LMR

MLJIW ?KMLE RFC KMQR NMNSJ?P -?RGL DMLRQ @SR ?JQM PCEGQRCP ML RFC RMN JGQR DMP
4M HSQR @CA?SQC GR GQ GLAJSBCB GL RFC RMN JGQR DR PCATPEZBEIPARGHREMEQL

DMP RF?R QAPGNR GR HSQRGEREZRBRAPGNR

IMRM GQ ?L MSRJGCP GL RFGQ RTERMS @@RRM MDDCP ? QGLEJC QSNCPD?RGEMY QSNNMPRGLE (
QAPGNR CLAMBCB GL RFC 6LGAMBC QR?LB?PB UFGAF GLAJSBRQI@RIRAPGNR(E SEBIC

/MRM BMCQ LMR&RFC RMN DMP -?RGL DMLR D?KGJGCQ UFCPC RFC AMKNCRGRGML GQ KMQF
GQ LC?P RFC RMN DMP ? J?PEC LSK@CP MD MRFCP QAPGNRQ N?PRGASJ?PJW GL &?QR "QG?L /
IMRNIQ $+, T?PG?LRQCIIJ /MRM 4?LQ ?LB 4CPGD RMECRFCP PC?AFCB RIGPRMN DMP M
BGDDCPCLR QAPGNRQ

“LMRFCP AMKNBRW ?PGQCQ UFCL E?RFCPGLE B?R? RM KC?QSPC gQSBRIFIRA MD ? QAPGNR -
EGTL QAPGNR ?Q BCWLGBGRMBC F?Q AFRRCPQ *D ? DMLR GLAJSBCQ MIPRREIBQ AF?P
BMCQ GR QSNNMPR RFC QAPGNR %¢SELBGBEMRAE ?LQUCP KGEFR @C BBIRPCPCLR
NSPNMQC MD RFGQ AF?NRTPREGR ?P @BRRV BCKLCB gQSNNMARILEEMPC RF?L

MD RF?R QAPGNRARBPEZP 5F?RfQ ? JIMU RFPCQFMJB 5FC PC?QML DMP RFGQ JMU RFPCQFMJB G(
QAPGNRQ ?PC AMRMNBTPW DCU DMLRD FAM TCREC MDRLEGL QAPGNR 5FGQ JMU

?KKGNNNN FI>0. 3 %"0
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RFPCQFMJB KC?QSPCKCLR GQ KC?LR RM A?NRSPC RFC GLRCLR RM QSNNMPR ? QAPGNR
AMCPGLHCL MD ? ECL QAPGNR QFMUQ RF?R RFC RWNC BCQGELCP BGB GLRCLB RM QSN
/CCBJICQQ RWRRPGQ ?NNPM?AF UGZREQUERC D?JQC NMQ@HRIIM UC KSQR RPCQC
PCQSJRQ UGRIGE EM Q?JR

8GRF RFMQCQYRQ MSR MD RFOIRIQ R71 IMMI ?R RFC RMN JGQREBMRTRPE?PG
, MPC?L +?N?LCQC ?LB $FGLCQC 8FGJC RFCACRERN@KRWCCL RFCQC QAPGNRQ RFCPC
SQS?JIW JAQRIVN UGRF NMNSJ?P -?RGL DMLRQ ?NARARNRUKIRFCMRTB ?@M

5FC RMN JGQR DMPGR AMLR?GLQ NPGK?PGJW DMLRQ RF?R UCPENIJGRBIBIMNFEREB C
"P?@GA QAPGNR?BRMFCC$?GPRHB?J ?LB "JK?PG MP DMLRQ APC?RCB DMP MRFCP QAPGNR
UCPCYRCLBCB RM QSNNRMBRAP%PMGBEA 4CEMC 6* "PG?J %R /C

)27< 2>:=]

$?2GPM

5?HD?J

35@Gl!

"JK?P?G

%PMGB?@GA ,Sk

4CEMC 6*

?RCPG?J %CQGEL *AMLQ

"PG?J

*3'/47LQ8 C@

%?*/ IC VR5 "P?@GA
'GESPC 5MN D?KGJGCQ QSNNMPRIEEA "P

5FC MLC MBBGRW GL RFC JGQ@ER BE® TMLRQ GQ RFC GLAJSQGML MD .?RCPG?J %CQGE
NMQQG@JC PC?QML DMP RFGQ DMLRIQ ?NN?PCIERMGES RFBRYR B2RE) QMKC GAMLQ RM /
NMGLRQ SQCB@GRIQ 6LGARECP@SR UC UCPC SL? @¥PGMVIRFGQ AMLHCARSPC RFPMSE
?ARS?JAR B?R? 3CE?PBJCQQ UF?R QR?LBQ MSR KMQR GL RFCTHRMbA IGHRIBP RFEC
T?PGCRW MD QRWJCQ PCNPCQCLRCB UFGAF GQ EP@BA GO @ERGSRWERF K?L
BGQRGLARIRCQQEMPKQ MD UPGRGLE

-GIC "P?@GA RFC RMNTARE?PG D?KGJW JGQR AMLR?GLQ ? KGV MD DMLRQ QNCAGKA?JIW
RFC %2L?E?PG QAPGNRGIIRGLE D?KEBGCRCB RM QSNNVWPREXKPG 5FC RMN DMLR GQ
1IMNNGLQ DMJIIMNVGER® 4?LQCPC LMR QSPC GD RFCQC DMLRQ ?PC NMNSJU?2P@8BE8QC RI
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DMP %@L?E?PG MP GIXIREGL RFC JGQR HSQR @R 2?EQIGIRFP ?LB F?NNCL RM QSNNMPR
%A ?L?E?PG )MUCPRFCRQ LM OSCQRGML ?@MSR )GLB .SIR? 3?HBF?LG ?LB #?JMM UFGAF ?PC
DMLRYNIGAGRJIW BCQGELTR TBAP G C

)27< 2>:=]
1IMNNGLQ
IMRM 47LQ
)GLB
SIR?
4CEMC 6*
3?HBF?LG
5CIM
'GP(0
47/1 MNNGLQ
#2IMM

'GESPC  5MN D?KGJGCQ QSNNMPRGRE?RG

' MP MPC?L 1PCRCLB?PB GQ JGQRCB ?Q RFC KMQR AMKKMLJW SQCB DMORQ@REJCGRGMSQ /M|
RFC RMN ?BBGLE SN RFC RMR?JQ DMP RFC CPRGINIEQ WRBIB NSR GR GL RFC LSK@CP MLC
ONMR LB UFGJC MNCL QMSPACTORMIGRPRREE NPCQCLAGNGLURGRGLE QWQRPBDF?B

7L CQNCAG?JIW QRPMLE QFMUGLE RFCGP RCL KMQR NMNSJ?P DMLRQ ?PC ?JJ MNCL QMSPAC
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1PCRCLB?PB
IMRM 4?LQ ,3
/MRM,3

/MRM 42LQ $+, ;3

ANMO? )7L 47LQ /CM
4ANMO?)?L47LQ

/?LSK(MRFGA

46*5
'GESPC  5MN D?KGJGCQ QSNNMPRGRE ,

5FC RMN  +?N?LCQC DMLR JGQR GQ QSPNPGQGLBMRCGKEIRP/RIRRPCE 1PCRCIB?PB R
RFC RMN QNMRQ *RfQ 2JQM GLRCPCQRGILEGM QIBCRRFBCREC +?N?LCQC RMN  JGQR /MR
42LQ,3  /?LSK (MRFGA ?LB  /?LSK 40S?PC 8FGJC RFCQC WEeG?L
DMLRQ RFZIQMIE?2QSNNMPR DMP ? QGELGKA?LR LSK@CP M AREPT ABARSP
QR?LB?PB MD KC?QSPCKILR#BC RFC JGQRG)E QM KSAF APIGQQIGRF RRPC?L RMN

JGQR GRIQ kRRGLE RF?R RFC +?N?LCQC JGQR 2JQM AMLQGQRQ CLRGPCJIW MD MNCL QN
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IMRM 42L.Q +1
1PCRCLB?PB
IMRM 4CPGD +1
IMRM 42LQ85

/MRM 4?LQ ,3

3MSLBCB .NJSQ A

; CL,?2IS (MRFGA /CU

IMRM 4?LQ $+, +1
'‘GESPC  5MN D?KGJGCQ QSNNMPRGLE +?N?LCQC

6LDMPRSL?RERE B?R? DMP RMN $FGLCQC J?LES?EC DMLRQ QCCKQ RM @C SLPCJG?@JC 5FC §
MLIW AMLR?GLQ ? QBBERGHL?J $FGLCQC DMLR 5FC PCQR MD RFC D?KGJG@R?PC 2JJ D?JQC |
KMQR I3W BSC RM RFC GLAJSQGML MD ,?LHG GLMPE?LODELRCB ,?L HEAREHQ ?PC

?B?NRCB DPMK RFC $FGLCQC UPGRGLE QWQRCK?2LH BRETRGREGL 6LGAWRPC RFC

Q?KC AMBC NMGLRQ ?Q RFC $FGLCQC UPGRGLE QWQRCKQ

?KKGN@B@G<;@8 FI> N@B@ $8E7LE@]:8K@FE
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IMRM 4?2LQ +1

IMRM 4?7LQ86

IMRM 42L.Q ,3

+1

IMRM 4?LQ $+, +1
/MRM 4CPGD +1

'GESPC  5MN D?KGJGCQ QSNNMPRGLE $FGLCQC

*RfQ D?GP WNRECPC ?EBW DCU $FGLARBGRGML?J MP 4GKNJGKCB DMLRQ @CGLE SQCB 5F
PC?QML GQ RF?R $FGLCEPRPIPPEC NMQQG@JC QERORD AF?PMP KMPC?LB 2Q

LMRCB ?@M$FGLCQC DMLRQ ?PC CQNCAG?JIW J?PEC 5FGQ GQ ?L*RRECKIERTIRRC LCU
5PLQDCP QR?LB@IEBJ BCKLGRCJIW FCJIN ?LB UC FMNC RM QCC KMPC $FGLCQC DMLRQ GL R
VZ?PQ ?LB K9 MRFCP UPGRGLE QWQRCKQ

&A6?+JA6 762EFC6D

ONCLSWNC DC?RSPCQ ?PC MLC MD RAEQEGBBEEC ONOUE DMPK?R 4MKC OWEIS
DC?RSPCQ ?PC PCOSGPCB RVFPAMBEEARRSBRC AMKKML GL T?PGMSQ QAPGNRQ UFGJC MF
MDDCP BGDDCPCLR QRWJGQRBAMNE GNIRQPDEFRICGMLQ MD RFC ?KNCPQ?LB  #PMUQCPC
7LB MRFCP ?NNJGA?RGMLQ MDRCL CL?@JC @QMBCIDSIRSROCMACREECOSGPCB RM
PCLBCP RFEREMPPCAREBIC MRFCPQ UMPI ML ?L MNR GL @?QGQ *RfQ SN RM RFC RWNC B
BCAGBC UF?R ONGNE DC?RSPGIRFELAJSBC GL RFCGP DMLRQ QMIB/RFEDPKTRQ F?
DC?RSPCQ *L RFGQ QGARBHL IMMI ?R RFORIELAC MD ON@MEC DC?RSPCQ ?LB FMU
RF@/fPC SQCB KMQR MDRCL ML RFC UC@
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"@>K "FEKJ @QE:CL;@E>RG<E&8KII

5FC NP?JCLAC MD ON@INC DC?RSPCQ F?Q PGQCL QRC?BGIWLPECTMTLFEEW@MSR  MD
DMLRQ 5FGQ K?PIQ ?L GLAPC?QC NCLMIRBRIZEC NMGLRQ DPNMMIGLE ?R
GLBGTGBS?J DC?RSPCQ UC QCC ? QGKGJI?FECRAPB?RTBMBIG liga *QSNNMPR SN
DPMK RM | CPLGLkern DPMK RM JMA?JGXCBDMilocl DPMK RM
DPARGM frac DPMK RM LSKCP?RMinumr DPMK RM  ?LB BCLMKGL?RMP

dnom DPMK RM

"@>K +G<E@G< =<8KUNLGGFIK @E =FEKJ

4AMKC MD ONOMM®Q JCQQCP SQCB DC?RSPEIMFRFMUL GLAPC?QEBENRALR kJCQ SQCB ML
RFC UC@ REEZQ BPQSQ  ?AACQQ RM ?JRCFaalt QIFGAF NR&BCQ KSIRGMNIQGMLQ MD

? EGIL AF?RFARCP MPBG ordn  UFGAF NFBBCQ MPBGL?J LSK@CPQ 7ARON-?P

AMKNMQGR ccmp  UFGAF NFBBCQ QNCAG?AREFPAMK@GL?RGILGR AR PGQCL DPMK
?2@MSR RM QSNNMPR GL DMLRQ SQCB DMP @MRF BCQIRMN ?LB KM@GJC UC@QGRCQ

*RfQ EPC?R RF?R DMLRQ LMU QSNNMPR KMPC DCARSIARI @SR ARDGREGSQCB ML UC@QGRCQ
5FCPC ?PC RUM BGDDCPCLR $44 NAVGICHRRECRM AMLRPMIBREP@OMLRQ ML ? UC@QGRC
font-variant ?LB GRQ T?PGMSQ JMLEF?LB NPMNCPRGERINBRKCIIMUCKCIC
font-feature-settings 5FC font-variant NPMNCPRW GQ SQCB RM QCJCAR DPMK ? QCR MD
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NPCBCKLCB DMLR T?PG?LRQ QSAF ?Q small-caps ' 5FC font-feature-settings
NPMNCPRW QFMSJB NPGK?PGJW @C SQCB font-variant CO8GT?ICLR

"@>K 1J8>< F font-feature-settings MJ font-variant

0T CRJJ SQC font-feature-settings GQ BMUW@@MSR NCPACLR?EC NM@&HQ RFGQ W
DPMK RM ML BCQIRMN ?LB RM ML KM@GJC UC@QGRCQUREBLC SQC MD
font-variant F?Q PGQCL QIGEFRPMK RM MLBCQIRMN?LB RM ML

KM@GJC UC@QGRCQ 5FCRAMQRBRAGRGML GQ RF?R KMPC ?LB KMPC QGRCQ ?PC SQGLE RF
?LB @CRR( font-variant NPMNCPRGCQ LMU RFZRKDCRRCP QSNNKIFRDEE &M QCC
RFGQ RPCLB AMLRG font-variant CICLRS?JIJVWCHRT font-feature-settings ?Q

RFC NPGK?PW KCRFMB RM CL?@JC MP BGRZ@I?BSers)

5FGQ NMGLR @Q BM&T GD UGR?IMMI ?R RFC DC?RSPCQ SQCB GL AMK@G font- 1L UGRF RI
feature-settings NPMNCPRWMD RFC RMN DC?RSPCQ font-feature-settings
F?TC font-variant COSGT?JCLRQ
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"@>K )FIK GFGLC font-feature-settings MCL<J

8 MPQC KW.MD RFC DC?RSPCQ ?PCWIB@EHRAGL ?JJ @PMBQGEHE) AMKKML JGE?RSPCQ

?LB AMLR®S?J ?JRCPL?RCQ QM RFCPC GQ LM LCCB font-feature-settings 5FC

MLIW PC?QML UMSJB @C RM BGQ?@JC RFCQC DC?RSPCQ @SR RF?R UMSJB @C ?L MBB RFGLE
LCUQ GQ RF?R RFC SQC MD RFCQC IR PRSBPDQ EPRIUL QGLAC  "QGBC DPMK ASQRMK ?LB

LML QR?LB?PB ON@USC DC?RSPCQ RFRPI/GQCB RM font-feature-settings :MS

A?L ?AFGC UNCPRTIZI RWNCQCRRGLE | font-variant NPMNCPRGCQ ?JMLC

-2C:23=6 7T@?ED

7?PG?@JC DMLRQ PCNPCQCLR ? K?HMP ?BVRRINQERIQGC@GJIGRGCQ DMPBEBEERGR?J RWNMEF
0DKAG?JIW ILMUL ?Q OMGIG7ZPG?@MLRQ 57" RFGQ DMPK?R ?JJMUQ DMP RFC AMLRGLSMSQ
T?PG?RGML MD JCRRCPDMPKQ ?JCERFQR RUICGIRS.C RFC DMLRRRAGINCNIRFCP UMPBQ

? QGLEJC T?PG?@JC DMLR kJC AMLRR2ECMIFGIOFRZIACQ GL ? DMIRUIIZKICIRLW

EPLSJ?P ?BHSQRKCLR ?LB AMK@GL?RGML MD ?BHSQRKCLRQ RFC BCQGELCP F?Q BCKLCB ?JML
QNCAGKAR/GLAISBCB GL RFC DMLR 4M FMU BMCQ RFGQ UMPI

8FCPC?Q ? AMLLRGML?J DMLR D?NGWNBCEP @MJIB MP RFGL UCGEFRQ ? T?PG?@JC DMLR 2JIMU!
SQCP RM K?RFC JCRREPARIW ?Q @MJB MP RRBIGIOMELE RFC UC wght  ?VGQ

-GICUGQC RUC?IGLE RFC wdth F2VGQ A?L NSQF MP NSJJ RFC JCRRCPDMPK GLRM AMLBCLQCB
OVRCLBCB T?PG?LRQ "LB @CA?SQC RFC QGXC MD RWNC MDRCL A?JJQ DMP kLC ?BHSQRKCLRQ
FCGEFR RF?R ?DDCAR JCEG@ GJBREALB/RWRGERIC DMLRQ NCPKGR QS@RJIC PCKLCKCLR MD
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MNRGA?J QGXC SLRGJ RFC JCRRCPQ DCCJ HSQR ROERRENN BRI QWYY RFC

*L ?BBGRGML RM EGTGLE BCQGELCPQ ?LB CLB SQSFGAMPCGREIQEP T?PG?@JC DMLRQ
A?L 2JOM @C ? NCPDMPK?LACIGKNPERISSQC KSIRGNIC QRWICQ DPMK RFC Q?KC D?KGJIW
*LRCPL?JJW T?PG?@JC DMLRQ BM LMR QRMPC MSRJIGLCQ DMP C?AF QRWJC @SR ? KMPC
7LB MDDQCRQ QM ? T?PG?@JC DMURRGK@IDNCRIICP RF?L RFCGP AMPPCQNMLBGLE gQR*
QRWJCQ

"@>K 1J8>< F=8U@89C< =FEKJ FE N<93@¥@DEM

8FGJC T?PG?@JC DMNRIMSE BOGL GMRGA LCU RCAFLNRIWEERPC 2JPC?BW QSNNWPREB @
K?HMP @PMUQCPQ ?LB ?PC SQCB ML ?L GLAPC?QGLE LSK@CP ?LB QF?PC MD UC@QGRCQ
2JJ 2@MSR  MD UC@QGRCQ ?PC LMU SQGLE T?PG?@JC DMLRQ 5FGQ K?PIQ ? ¢ NCPACL
GLAPC?QC GL T?PG?@JC DMLRQ ?APMQQ RFC BL@RQERACHSKIN GL T?PG?@JC DMLR
?BMNRGML U?Q KSAF J?PECP @CRUCCL  ?LB  UFCL RFC NPCQCLAC MD T?PG?@JC DML
RPGNJCB *R UGJJ @C GLRCPCQRG |72 RMBRERREMIRIBMNRGML GL RFCCARRGME GCC
UFCRFCP T?PG?@JC DMIBNEEPMUGLE MP F?Q @CESL RM PC?AF ? NJ?RC?S

"Q 7L ?QGBC SQ?EC BRMOICACQQ?PGIW GKNIW RFFRIMNCE AMQC RM SQC ? T?PG?@JC DV
MICP PCESJ?P DMLRQPYRIGEIV RF?R OSGRC ? J?PEC NCPACLR?EC MD UC@ N?ECQ ?PC SQG
DMLRQ @CA?SQC RFC QCPTERQIARAQC REI TTG?@JC DMLR GLQRC?B MD PCESJ?P DML
QRWJCZPG?@JC DMLRQ SQS?JIW AMLR?GL GLQR?LACQ RF?R AMPPCQNMLB RM RFC GLBG
D?KGJ@M ? QCPTGAC A?L C?QEIVPRER®JC DMLR UGRFMERMIE@BA.CCBGLE RM KMBGDW
RFCGP $44 QRWJCQ *L D?AR ?Q LMRCB GLCJIJVWRREQ &X3QE! MD RFC QSBBCL HSKN GL T?PG
DMLR SQ?EC ?Q (MMERD) F& @CCRWGBIW PCNJ?AGLE RFCGP DMLRQ UGRF T?PG?@JC CO:
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IMRM 42L.Q +1
ONCL 42LQ
MLRQCPR
/MRM 42LQ ,3
/MRM 4CPGD +1
32JCUW
*LRCP
/MRM 4?1 Q85
(MMEJC 42LQ NR
0QU?JB
'GESPC  5MN KMQR SQCB T?PG?@JC DMLRQ

5FC KMQR NMNSJ?P T?PG?@JC DMLRIPAKGIQ/RIRMUAL QUEGAF U?Q DMSLB ML ?@MSR

MD BCQIRMN UC@QGRCQ ?LB  MD KM@GJC UC@QGRCQ NRRNOEHEEINRRGSERCE
DMP ? DSPRFCP MD UC@QGRCQ 5EBR@EESMD RFC Q?KC DMLR /MRM 42LQ ,3 2JQM NSJJCB ?
AMLQGB@RC QF?PC DMSLB ML 7GBRRIC QIGRCQ SQGLE T?PG?@JC DMLRQ "LB UFGJC /MRM 42L
5% 5PBGRGML?J $FGREGICE ?R HSQR ?@MSR  ?LB /MRM28PGBRRIC SLBCP F2JD ?
NCPACLR ?JRMECRFEP $¥RWDDCPGLEQ A?GKNPC@IMMRNPGLR GL RFC ASPPCLR ?BMNRGML
MD T?PG?@JC DMLRQ ?@MSR  MD 2JJ RFC QGRCQ SQGLE T?PG?@JC DMLRQ AMKC DPMK RFC
D?KGJIW

ONCL 4?7LQ U?Q RFC QCAMLB KMQR NMNSJ?P T?PGT@IQDBLE RMSQBWL  MD RFC

UC@QGRCQ SQGLE T?PG?@JC DMIRRQ?QRRIMPRISLB ML ¢ MD RFCQC UC@G@ERCQ (GT

RF?R @MRF ONCL 47LQ ?LB .MERGESNNMPRERECMD RFC KMQR UGBCJIW SQCB QAPGNRQ GLAJSBC
(PCCI ?2LB $WPGJJGA RFC ?B?NR?@GJGRW MD RECRICDMIIRIARE KIS ?GL WFRFCQC

2PC QMKC MD RFC KMQR SQCB RWNCD?ACQ ML RFC UC@ @MRF ?Q T?PG?@JC DMLRQ ?LB GL E
NMNSJ?PGRW
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*L RCPKQ MD QCPTGLE T?PG?@JC DMLRQ RFC T?QR K?HMPGRW MD SQCPQ AFMMQC @CR
(MMEJC ?LB QCJD FMQRGLE /M MRFCP T?PG?@JC DMLR QMSPAC PCESRIRGPE® RMPC RF?|
NCPACLR MD RFC UC@QGRCQ SQGLE REGURGAE(MMENI'RQ QCPTRFC T?QR K?HMPGRW
MD T?PG?@JC DMLRQ BCQIRMN  KREDGFQF?PC MD REBRFRQPIARS?JIW BCAIGLCB
QJGEFRJW GL PC2EQRMW (MMEJCMLRQ QCBT MD T?PG?@JC DMLRQ DMP BCQIRMN ?LB
KM@GJC KC?LGLE RFCGP QF?PC GQ BMUL ?@MSR  DMP BCQIRMIPPEBEYIEFRIERFGQ W
AMPPCQNMLBQ RM ?L COSGT?JCLR PGQC GL QCJD FYIGRGKRPY KOU@MERBLEST
T?PG?@JC DMLRQ ?KMSLRGLE RM ?MIDBERGIPRYG TL RF?R RFC QF?PC MD LML (MMEJC
T?PG?@JC DMLRIBGCPT U?Q HSQR  RFC AMPPCQNMLBGLE PGQC MD NCPACLR?EC NMGI
QF?PC MD UC@QGRCQ RF?R QCJD FMQR T?PG?@JC DMLRQ ?NNC?PQ RM RQIQRRPEBGPCA
MD RFC T?PG?@JC DIGER'K?PMRCB P@MRFCP QCPTGAEBMEBIMLRQ ?LBVNC /CRUMPI

QCRIB @CJMU MD RFC T?PG?@JC DMLRQ DMSLB MCREC UC@ RFGQ W

-GIC AMIJMP DMLRQ T?PG?@JC DMLRQWAWMNCRGLE MSRJGLC DMPK?RQ RFC T?PG?@JC
CO/RCLQGMLQ N glyf  DMPK?R ?LB $MKN?MRR MPK?R CFF2 5FC K?GL RCAFLGA?J
BGDDCPCLACQ @CRLglyf IH@PK?R ? CFF2 ?PC RFC RWNCQ MD #"XGTKMNBET

?SRMK?RCB FGLRGLE ?LB NCPF?NQ KMQR GKNMPR?LRJW RFC AMKI CFF2:Q@?AIGLE RFC
@?ACB @& "BM@C ? glyf @V ?JJ MRFCP K?HMP AMLRPG@ SRMPQ/R®I @RCAGKATRGML
(MMEJC .GAPMQMDR ?LB "NNJC
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"@>K 28l@89C< =FEKJ LJ(glyf TKC@E<=FID8K

6LDMPRSL?RCJW DMP "BBR®CMID RFC MSRJIGLCQ SQCB DMP T?PG? GUZPRMIFRTGRAGTW

glyf DMPK?R 5FGGAWFCIKGLE QF?P glyf MSRIGLCQ F?Q @CCL D?GPJW AMLQGQRCLR QGLAC
BPMNNGLE MLJW NCPACLR?EC NMGLRQ GCEFERIRZRQ 4GLAC T?PG?@JC DMLRQ

GLRPMBSARGML G CFF2 F?Q MLJW ?AASKSJ?RCB ? KGLGQASJC  MD SQ?| CFF2)?EC MD

HSQR BMB@CCK RM @C NGAIGLE SN ?LB GRfQ UMPRF UMLBCPGLE GD CDDMPRQ ?PC LMR @CR

CJQCUFCPC

' MP LMWMSP PCAMKKCLB?RGML GQ RFC Q?KC8@@ CFF2 98J<; MI@89C< =RBEA?SQC
@PMUQCP ?LB RREIE QWQRCK QSNNMPR G QRBRFASPRAGQ ? NCPDCARIW TGR@JC 2JRCPL?R(
Gl glyf

"@>K /LGGFIK F= =FEKI &DBI@89C< =FEKJ

*L MPBCP RM ECR ? QCLQC MD FMU RWNC BCQGELCPQ ?PC ?NNPM?AFGLE RFC RCAFLGA?J ?DDI
T?PG?@JC DMLRQ RFGQ GRMRREGPEIR WK?L?A F?Q E?RFCPCB B?R? ?@MSR RFC ?V
QSNNMPRCB GL T?PG?@JC DMLRQ SQCB NICRFCLNOERFRMT?PG?@JC DMLR 2VGQ AMKCQ
AJMQC RM RFC LC?P S@ wght ;FGIBGLE GL RFC QGLEJC BGEGF sint  PERQJREBRF

wdth UGRF MNRGA?J (opsz UGRF ?LB RFCEEC ?VC GRAD UGRF ?@MSR F?JD ?
NCPACLR ML BCQIRMN ?LB KM@GJC UC@QGRCQ *R UGJJ @C GLRCPEQRELAMERBESAMKGLE W
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RPAIGLE UFGAFECRY?PC DMSLB GL T?PG?@JC DMLRQ ML RFC UC@ @CA?SQC RFGQ UGJJ QG
BCQGEL ?LB?GJ?@GJGRW MD BGDDCPCLR ?DDMPB?LACQ DMP SQGLE RFCQC DMLRQ

#CWILB RFCQC RPCLBQ GL RFC BCQGEL MD T?PG?@JC DMLRQ FMU ?RIRFARE2INRRG?@JC
@CGLE SQCB ML UC@RIBRERR' UC RSPL RM $44 B?R? 5FCPC?2B' W RUMYEQ RM SQC
T?PG?@JC DMLRQ GL $44 RFPMSERZX font-variation-settings NPMNCPRW MP

RFPMSEF RFC EMN font-weight font-stretch ?LB font-style NPMNCPRGCQ RF?R

F?TC @CCL SNB?RCB RM QSNNMPR T?PG?@JC DMLRQ

*RfQ BGDKASJR RM BCRCAR SQ?EC MD T?PG?@JC DMLRQ UGRF RFC QR?LB?PB DMLR NPMN
PCOSGPCQ PCAMLQRPSARGLE RFC $44 M@ HG¥R ERBCEQERMD C?AF D?KGJIW 2LB
?2QQMAG?RCB NPMNCPRW BMEBQGRIP *LQRC?BLTRMI ?R RFC SQ- font- )

variation-settings 2Q ?L ?NNPBIK?RGML QRI RECQC PCQSJIRQ RGRMDED?JR

"@>K 1J< F=: font-variation-settings 8CJ FE G8><J LI@E»3AC< =FEKJ

5FC UCGEFR ? wght PCK?GLQ RFC KMQR AMKKMLJW SQCB T?PG? @JT\DBRRKRIRET@
5FGQ ?VGQ UFGAF ?DDCARQ RFC RFGLLCQQ MP @MJBLCQQ MITRIWMEQ@GRQQZSR FIL M
T?PG?@JC DMLRQEEGGQ ? QIGEFR BCAJGLERPHREWMAEL RFC UCGEFR ?2VGQ U?Q
SQCBML MD QGRCQ 5FGQ BCAJGLCBR BSMRMGL GLAPC?QC GL NCMNJC QUGRAFGLE R
KMPC AMKKN font-weight ~ NPMNCPRW DMP QCRRGLE T?PG?@JC DMLR UCGEFR ?VGQ T?JS
Q?KC RGKC UC QCC 7L GLAPC?QC GL KMQR MRFGHQ opsz .BARBGAYJ C wdth

UGBRFsint QJ?LR ?lital GR?JGA 8FGJC RFCPC ?PC QR?LB?PB $44 NPMNCPRGCQ DMF
RFCQCQRY NCMNJC ?PC CGRRCAPCMWDFMU RM SQC RFCK MP ?PC DMJIJMUGLE MJB MSR B?F
2BTGAC @ FMNC RM QCC RFC SQC MD RFCQC TCFSRECERWKGIIERE 7Q KMPC NCMNJC
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@CAMKC ?AASQRMKCB RM SQGLE T?PG?@JC DMLRQ

*RfQ 2JQM EMMB RM QCC EPMUGRSQEIMDRICB?PBQ FILL GRADMP EBC ?LB
SOFT UFGAF BM LMRGF$44 NPMNCPRGCQ RM AMLRPMJ RFCKASRIY RIQIMREEIEGY

RFPMSEF F font-variation-settings NPMNCPRMRFCGP NMNSJ?PGRW EPMUQ GR UMSJB @C ?
AJC?P GLBGA?RMP RM RFC ?SRFMPQ MD RFC $44 QNCAGKAWRGMDRALBRFE BRCRIRFCQC

2\CQ BCQTARFCGP MUL $44 NPMNCPRGCQ GD ?NNJGA?@ICFQERIMPYNCAGKA RM ? QGLEJC
RWNCD?AC ?LB A?L LMR @C QR?LB?PBGXCB

ORFCP GLRCPCQRGLE RPCLBQ ?NNC?P GL RFC SQC MD KMPC LGAFC T?FGZR®JC DMLR DC?RSPC
7?PG?@JC DMLR ?LGK?RGML GQ ML RFC PGQC @SRIPCK?GMROSERGEPR BCQIRMN

72LB  KM@GJC QGRCQ UCPC DMSLB RM SQGPREKIBEMP &G RAPUJ @SR RRTRP WF?R
KESPCEPCURM  BCQIRMN?LB  KM@GJC QGRCQ OL RFC QA?JC MD RFC GLRCPLCR RFGQ
HSQR ?RGRRGML MD UC@QGRCQ @SR QSEECQRQ RF?R KMPC ?BT?LACB T?PG?@JC DMLR
?2PC QIMUJW @CGLE ?BMNRCB

@=@C 7@?ED

$MIMP DMLRQ ?JQM ILMUL ?Q AFPMK?RGA DMLRQ MDDCP RFQGRRZAGRY. RBIBGRNG?
AMIMPQ MBGELRQ

"@>K *89C8 FCFI8 +(. M =FEK LI@E8X®D<EKJ 9P IK?LI| .<@E;RCD<IOPG<8IKkI
8E; <E>@E<<®P&LJIK8®E .FIILD

?KKGEBIC8 KPG<HKED
?KKGINNN KPG<8IKLIFD
?KKGN@B@G<;@8 FI> N@B& &1IKDM
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5FC LSK@CP MD UC@QGRCQ SQGLE AMIMP DMLRQ GQ QRGJJ OSGRC QK?JJ ML RFC QA?JC
@SR F?Q PGQCL ANI@I@BIFPRFC J?QR RIFQWSFC  APUJ DMSLB AMIMP DMLRQ ML
@CRUCCL ¢ UC@QGRCQ ?KMSLRGLERM  MD RFC RMR?J UCRQERCARITPT
VZ?PQ B?R? SREXPNY 28 DMSLB AMIMP DMLRQ ML @CRUCCL ¢ UC@QGRCQ ?KMSLRG
RM  (MGLE @V RFCQC KESPCQ GR UMSJB ?NNC?P RF?R RFC LSK@CP MD UC@QGRCQ S
F?Q RPGNJCEPMRFC J?QR RUFQVBCQONGRC PCK?GLGLEARBMLINIE 2JJ UC@QGRCQ

"@>K FCFI =FEK LI8><IM@D<

"Q ? PCJ?RGW LCU RCAFLMANEWP DMLR SQC GQ QNJGRI®CRMEBSICRGLE DMPK?RQ 5FC
KMQR NMNSJ?P AMIMP DMLI SVGPKITROA?JIGBIZ ( LMR RM @C AMLDSQCB UGRF 47
GK?ECQ ?ICOLR ?PC @?QCB ®ARMP MSRJGLCQ 5FC BGDDCPCLAC @CRUCCL RFCQC RUM
COLRPCSQCQ RFC MSRJGLC DMPK?R GL RFC DMLF glyf ®fF CFFCUEGH SVG CK@CBQ

2L 47( BMASKCLR DMP C?AF E COLR?JQM NRBBCQ GLERIEML UGRF OMINGZPG?RGMLQ ?
DC?RSPC RFPRI J?AIQ 4M GR GQ NMQQG@ICARNMPIT?PG?@JC DI COLRQUBLE

/2@J? DMP ? EPCZRKBIIC MD ? AMIMP T?PG?@JC DMLR SVGRARG SVGRPQ RFC KMQR
AMKKMLIW SQCB DMPK?RHFR@BCGAE DMSLB ML MD BCQIRMN QGRCQ UGRF AMIMP DMLRC
COLRDMPK?R F?Q RUM BGDDERGM v0 ?LB vl ? LCUCPQPQGMI COLR UGRF KMPC
DC?RSPCQ QSARPBGEHRQ (3] PCDCP RM RF COLRVO'?LB COLRv1 DPMK FCF COLRVO

DMLRQ ?2JQM A?PPGCB ?2MIC)GHBER UGRF  MD BCQIRMN QGREJF COLRVIIPMLRQ

UCPC DMSLB ML HSQR MD BCQIRMN QGRCQ SQGLE AMJIMP DMLRQ

?KKGEBIC8 KPG<SKED
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"@>K FCFI =FEK =FID8K LJ8><

5FC RUMPRRCP @?QCB AMJMP DMLR DMPK?RQ 4#*9 4@ GRREGIBMLKIRECES?QCB 2Q 2L
ONCLBWNC R?@IB CBDT UCPC DMSLB ML ? QK?JJ @SR LMR?@JC QF?PC MD UC@QGRCQ SQGLE
RCAFLMJMEO ?AAMSLRCB DMP  MD BCQIRM! CBDT:HICQ K?BC SN MD BCQIRMN AMIMP
DMLRQ

5FC KMQR NMNSJ?P AMIMP DMLR DZBZRIGCRRMRYMMIMP &KMHG  BCQIRMN

KM@GXCB +W 1&JQ 47 BCQIRMN KM@GJIC 5UM +?N?LCQC DMLRQ 2JQM PCEGQRCPCB ?
QRPMLE QF?PC MD AMIMP DMLREIGBEREGQ W CL.GLAFM  BCQIRMN  KM@GJC

AB 5 CL.GLAFMG/R BCQIRMN KM@GJRUCTCP?Q UfJ QCC J?BBREQ
OSCQRGML?@JC RM A?2JJ RFCQC RPSC AMIMALIRAGRMRQRRE?LBDSI MD AMIMP EJWNFQ
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/MRM $MIMP &KMHG

+MV1GIQAT

5MQQ ?AQILR .?A
LMRM EJWD>AMJP>
.?RCPG?J *AMLYISMLC
S5UCKMHG .MXGJJ?
"PCD 3S07?? *LI

$?GPM WP

'GESPC  5MN KMQR SQCB AMIMP DMLRQ

8 C U?LRCB RMBBRNCAG?J ?RRCLRGML RM RFC KMQR SQCB AMIJMP DMLR /MRM $MJIMP &KI
QMKCUF?R SLGOSC GL RF?R GR AMKCQ GL KSJRGNJC AMIMP DMPK7REPII(ENRFSYMMAASNC
RFC JGQR MD KMQR NMNSJ?P AMIMP DMLRQ /MRN COLR/ CBDTARRREP? ?LB SVG
TCPQGML !{COLRTCPQGML GQ RFC KMQRINWINBUREE CBDT ?LB kL?JJ SVG

(GTCL RFC PCJERBTQK?JJ LSK@CP MD UC@QGRCQ UGRF AMIMP DWICR@ FSIPEIRRRIMBQ M
VZ?PQ AE JCB RM QMKC QGELGKA?LR AF?LECQ GL RFC KMQR NMNSJ?P DMPK?RQ 5FCPC U
BCAPC?QC GLRFC SVGMEMK GL RM GL #MRF  COLRvO ?LB COLRv1 QY

? QRC?BW GLAPC?QC GLSQCGL ?LB  5FC AMK@G COLRVO?ME COLRv1 DMPK?RQ

U?Q MDRMR?JAMIMPDMLRSQ?ECGL 7?LB GL 5F?RfQ ? QGELGKA?LR GLAPC?QC
OVNCARCB RM AMLR( SVGBRQAJGLCQ GL NMNSJ?PGRW
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5FC KMQR SURCARCB AF?LEC GLORPEDAMIMP DMLR B?R? GQ RFC QSBBCL PGQC GL 4#9 DMPK?f
4#*9 U?Q GLRPMBSATENGIC RM QSNNMPR REC BMFGRK?N GK?ECQ UGRFGL DMLR kJCQ
YMUCTCPRFC 4#*9 DMPK?R F?Q QMKC JGKGR?RGMLQ UFCL GR AMKCQ RNIGHFGRBCLAW @GL?PW
2LB J?AI MD AMKNPCQQGMC?BRGOFNC GL 4#+9 SQ?EC GQ 2JKMQR CLRGPCJW BSC RM RFC NMN:
MD RBBIQQ ?AGILR ? , MPC?L DMLR UGRF RFMSQ?LBQ MD CKRMWGRPEES RIC QGXC "R
#SLAMKNPCQQCB ?LB  .# AMKNPCQQCB 80" RFGQ DMLR UMSJB QSPCJW @C @CRRCP
BCJEPCB GL  COLRDMPK?R *L D?AR RFC FMKC NPEIDMSLR GQ SQGLE ? QGKNJIGKCB

COLRvO DMLR UFGAF QBBIMD LMR ?NNC?P RM @C NB& 2@ COLRVO TCPQGML

UCGEFQ GL ?R .# SLAMKNPCQQCB ?LB .# AMKNPCQQCB 80" 8FGM @TH?PB RM

APC?R( COLRv1 TCPQGML UGRF RFC Q?KC kBCJGRW @B®E®™IK4 COLRVO TCPQGML

BCKMLQRRCQ RFC @CLCKRQIBIPQGALL REXRMP DMPK?R GL RCPKQ MD kJC QGXC PCBSARGML 8
FMNC RI COLRvO TCPQGML GQ QMMLTREBC®JC RM RFC NS@JGA ?LB RFGQ QSBBCL PGQC GL 4#*
SQ?EC GQ ? RCKNMBJIGN

"JRFMSEF CKMHG MDDCPCB ? K?HMP GKNCRSQ DBMMRRC IR GRGR$EEMPR MD AMIMP DMLRQ
RFC J?QR CBGRGML MD RFC )551 "JK?L?A DMSLB ? QSPNPGQGLE J?Al MD CKMHGQ ML UC@QGRX(
DMLRQ F?B @CCL SQCB HSQR MD RFGBLRIRMNIBRKM@ GIEGQORPIQ B?R? QFMUQ ?

QRPMLE SNU?PB QFGDR GL RFC SQC MD AMIMP DMLRQ DMP CKMHG ~ MD BCQIRMN ?LB  NCP/
KM@GJC PCQSJRQ DMSLB ? AMIMP DMLR UGRF ?R JCAIRCBIKEEGEGIREGE TFGEL2JQ
QGELGKA?LR EPMURF GL RFC SQC MD AMIJMP DMLRQ DMP CKMHBILBR CEPEIQRFIRFRELMRGLE
RMR?2J LSK@CP MD UC@QGRCQ SQGLE AMIMP DMLRQ G @ ?ZFHG 2FRDBEISCENAIMBERQ RQ

?KKGKFJJ @D KFJJ=8:<

160 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/fonts/color-font-format-usage-over-time.png
https://almanac.httparchive.org/static/images/2024/fonts/color-font-format-usage-over-time.png
https://toss.im/tossface

Part | Chapter 4 : Fonts

ML?@MSR  BCQIRMN?LB KM@GJC QGRCQ ?APMQQ RFC UC@

*RfQ UMPRF LMRGLE ? NMGLRGBRW\MKNIEC B?R? E?RFCPCB ML AMIMP DMLRQ 0SP ?L2JWC
AMLQGBCPQ ? DMLR UGRF ? QGLEJC AMIMP EJWNF ? ARHAGP BNAMRBBTXIGEREGRIL 2LB 2JQM
GLAJSBCQ MPDMLRQ UFGAF ?PC NPGK?PGJW SQCB DMP RFCGP LML AVMEMBNERONFQ *D UC
UGRF MLJW ? QK?JJ NCPACLR?EC MD AMJMP EJWNFQ DPMK RFC COS?RGML RFC SQC MD /
JMMIQCPW BGDDCR@R?KNIC RFC RMN RFPCC DM SVGSQGLE CL .GLAFM

5 CL.GLAFMG/R ?LB 4MSPAC $MBC 1P®I8RI? AMK@GLCB  SVG RMR?J
SQ?EC UFGJTGIE MLIW ? F?LBDSJ MD AMIMP ETGNEQJISGKWPh DMLRQ UGRF JCQQ RF?L
MD RFCGP AMBCNMGLRQ K?NNCB RM AMJIMP EJWNFQ DPMK RFC A?JASJ?RGML UMSJB PCE
SVG RM PMSEFJW  8FGJC COLR DMPK?RQ 2JQM BMKC DMLRQ UGRF ? JMU NCPACLR?EC M
AMJIMP EJWNFQ RF?R NCPACLR?EC GQ KSAF JMUCP ?R COLRVOAGZEGRM  ?LB

DMP COLRv1 5FGQ UMSJB K COLRRFC KMQR NMNSJ?P DMPB?R @

"@>K )FIK GFGLC8I :FCFI =FID8KJ 8BRM@®E> =FEKJ N@K? FECP 8 ?8E;=LC F=:FCFI >CF

8 C NJ?L RM PCKLC MSP ?L?JWQGQ MD AMJMP DMLRQ GL DSRSPC CBGRGMLQ MD RFC "JK?|
CO/NCAR?RGML C COLRBQ?EC UGJJ AMLRGLSC RM EPMU ?LB GR UGJJ QMML @CAMKC RFC E
AMJIMP DMLR DMPK?RRGDRBRB8QL

0?7< FOJ<IBREK48;<| D8P ?8M EFK@:<; K?8K K?< :FCF| =FEK kIB8>8XD<KN<<E K?<  =FEKJ
1?8GK<I8E; =FEK :?8GK<I8lJC@>?KCRHKB=+E|:CFJ<| @EJG<:K@FE F=K?< :FCFI =FEK ;8K8 N
EFK@:<; K?8K JFD< GFGLCS8I =FEK KFFCJ @E SVGSIDERGIAK ?FL>? K?< =FEK ;F<J EFK
:FEK8@BRBECFI >CPG?J 07EXRLUICP :8LJ<; K?< GFGLCi SVGRF98< @E"8K< 38M

Fll<K<; K?@J @E  8E; @E:CL;<; K?<  8E; ;8K8 =FI:FDG8I@JFE

2024 Web Almanac by HTTP Archive 161


https://almanac.httparchive.org/static/images/2024/fonts/color-font-formats.png
https://almanac.httparchive.org/static/images/2024/fonts/color-font-formats.png

Part | Chapter 4 : Fonts

@?ED>@@E9:?78

5FCLML QR?LB?PB $44 DMLR QKMMRFGLE NRVRGEPRIG CQIMABINCPQ RM AFMMQC

@CRUCCL BGDDCREZQRMD?PCLBCPGLE ? DMLR "Q RFCQC ?PC LML QR?LB?MBNRMNCPRGCQ RFC
NPCk¥B UGRF ? B?QF ?LBLBMP NPC -webkit-font-smoothing ?LB -moz-osx-font-

smoothing 5FCMPCRGA?JWWRRU UC@EMINCPQ RM QUGRAF @BRQATCICFR B
QS@NIIVLRG?IJG?QGLE MQ "RAJCMLIVBF?RfQ GLRCPCQRGLE @CA?SQTIBL PCKIZB
QS@NIIWVLRG?IJG?QGLE DPMKUGRE RFC PCJIC?QC NMID MME?KMPC GLRCPCQRGLE KMPC

RF?L ?@MSR MD ?JJ UC@QGRCQ QCR RFGC(antialiased Rk grayscale

"@>K "FEK JDFFK?@ESGKP LJ8><

4M UF?R GQ EMGLE ML FOPGEEPWLC QCRRGLE RFGQ NPMNCPRW GLPAWWERPSQCQ EP
2LRG?JG?QGLE PCE?PBJCQQ MD RFC T?JSC MD RFC NPMNCPRW MQEFQIEMRAWBREDR QCR @
JG@PGCQ ?LBERIMPIQ MP BMCQ GR ?ARETKNP @V >

5M AJC?P RFGQ SN RFC NPMNCPRW BMCQ LMRFZRGLNV QIRBPREHINT B GR BMCQ LMR AF?LEC
RFC ?LRG?JG?QGLE QCRRGLEQ ML T2®P3RMBBQ?@JCQ RFC .?A04 QNCAGKACQBRIK B?PI

RF?R KZTQ DMLRQ JMMI ? JGRRIJC @MIBCEREBARFENJIC GKNJCKCLRCB RFGQ R GKNPM
RFC JCEG@GJIGRW MR @KRIGRE RFC QRCKQURRGA?J N?PRQ MD ? JCRRCEP? @GR RFGAI
4CRRC -webkit-font-smoothing: antialiased ?LB GF-moz COSGT?JCLR BGQ?@JCQ RFGQ
QRCK B?EBLGLE ?LB K@Q RFC DMLR ?NNC?P ? JGRRIINIFXFROW MLABE@PIAIEPMSLBQ

?KKGI<M<CFGBIFQ@CCS8 FI> ;/B3// =FEK JDFFK?
?KKGN@B@G<;@8 FI> N@B@ )8:7)aitk;7=<8Kkl

162 2024 Web Almanac by HTTP Archive


https://developer.mozilla.org/docs/Web/CSS/font-smooth
https://wikipedia.org/wiki/MacOS_Mojave#Removed_features
https://wikipedia.org/wiki/MacOS_Mojave#Removed_features
https://almanac.httparchive.org/static/images/2024/fonts/font-smoothing-usage.png
https://almanac.httparchive.org/static/images/2024/fonts/font-smoothing-usage.png

Part | Chapter 4 : Fonts

0SP FSLAF GQ RF?R ? JMR MD BCQGHECIMYCER BM LEIREGO .?A04 QNCAGKATGEIP?

2LB SQC RFCQC NPMNCPRGCQ RMEBDPMR BERBUF?R RFC @CQR QMISRGML KGEFR @C
AJC?PJIW ? .2A04 MLIW GQQSC UFGAF UMSIE BGLIFS?JGDW GR DPMK QR?LB?PBGX?RGML
4R?LB?PBGXGLI font-smoothing  NPMNCPRW BMCQ LMAEIDC CGRBFCRRCK

B?PCLGLE GQ MLJW R?LECLRG?JJW PCJ?RCB RM ?LRG?JG?QGLE?RIBE @RIPRCERQ LB M
ECLCRIJW BRRL2JIMME/RM QUGRAF ?LRG?JG?QGLEMCRFMEQIRIPHSBEGLE @FC
NMNSJ?PGRW MD RFGQ DMLR QKMMRFGLEJABIRAGRLARFRABLIW ?NNC?PQ RM @C ? NPV
DMP UC@BIMNCPQ ?LB ? @CRRCP QMJSRGNIMBECQGPTDS] AMRGGRCP

676C:4 72>:=J ?2>6D

8FGJC QWQRCK DMLR D?KGJGCQ ?PC LMR GBC?J DPMK® BQGEEEQDETREIARGT
MNRGMLQARFIDDCP ? SQCDSJ D?JJ@7?Al GL A?QC QCJID FMQRCB MP UC@ DMLRQ D?GJ RM J
5FONfPC 2JQM ? EMMB 2JROEMAEGTLR RM ?AEGQL?RETMMI ?LB DCCJMSPYC@
2NNJIGA?RGML WS 0 WCPDMPK?LAC @SBECRGINRQ@REB ARRPEQC UC@ DMLRQ ?R 2JJ

"@>K 1J8>< F= ><E< font-family E8D<J

4M UF?R ?PC RFC KMQR SQCB ECLCPGA D?KGJW L?KCQ ML RFCUC@ .MCsans- :BGL UC
serif ?R?@MSR monospace ?R  ?LB serif ?R 5FCQC KESPCQTF2?@CCL

PCJ?REIW AMLQGQRCLR QGLA sans-serif ?LB monospace @SR K?PlI? BCAJGLC DMP

serif QWQRCKDMLRQ system-ui DMLRQ UCPC MLJW PCNPCQCLRCB ML ?@MSR  MD

2024 Web Almanac by HTTP Archive 163


https://almanac.httparchive.org/static/images/2024/fonts/generic-family-name-usage.png
https://almanac.httparchive.org/static/images/2024/fonts/generic-family-name-usage.png

Part | Chapter 4 : Fonts

BCQIRMN ?LB KM@GJC UC@QGRCQ GRGQ LMU?R  PMSEFJW BMS@JC UF?R U?Q QCCL GL
AJC?P GLBGA?RGML RF?R KMPC ?LB KMPC NCMNJC ?PC SQGLE GR RM @IS®JB ?2NNQ UFMQC RWI
K?RAFCQ RFC QWQRCK

8FCL GR AMKCQ RM QWQRCK DMLRQ RFC EPCTRE®RGIADR REFWPCEGQRCPCB DMP
QUCRJ ECLCPGA D?KGJGCQ RMR?JGLE JCQQ RF?L  MD A?QCQ LMR NGARSPCB &KMHG QWQR
N?PRGASEPRU UGRF QMKCRFGLE ML RFC MPBCP MD ? RFGPRCCL DMJB GLAPC?QC @CRUCCL

4AWQRCK DMLRQ DMP K?RF 2JQM QFMUCB ? K?HMP GLAPC?QCTBRQNINICRNFIGLR M
EPMUGLE DPMK ? JBRRIQWK@QGRCQ GL RFC ?2USIRM PC?AF PMSEFJW  UC@QGRCQ ML
BCQIRMN ?LB KM@GJCRFEGQ W

@?4=FD:@"?

8FCPC ?PC RFGLEQ EMGLE GL RFC UMPJB MNRAC GFRENRTEB?R? FGEFJGEERD QC

NPMKGQGLE RPCLBQ GL K?RRCPQ MD NCPDMRKMNCP®IPEBSQGLE RFC 80" DMPK?R

UFMQC CDKAGCLR AMKNPCQQGML MDDCPQ @CRRCP JM?B RGKCQ RM F?LBJC DMLR kJCQ RF?R
QGXC 5F?RfQ EPC?R @SR UCWRWEQEO3{MPC QCJD FMQRCB DMER®W T RNCBENC

?LB 80" DMPK?RQ AMICPRCB RM 80" *L KMQR A?QCQ RFGQ GQ ? QGKNJC NPMACQQ RF?R UGJJ
QGELGKA?LRJIJW PCBSAC kJC QGXCQ ?LB RFSQ JM?B RGKCQ "LMRECIGERGKAATPC RFCPC
NMRCLRG?J DMP NCPDMPK?LAC E?GL GQ RFC SQC MD PCQMSPAC FGLRQ $SPPCLRJW MLJW |
PCQMSPAC FGLRQ RM NPCJM?B WBIMI/RR@EC RF?R LSK@CP EM SN QGELGKAYERRIW GL RFC L
AMSNJC MDRQ ?Q GR PCOSBRAUGRRJIC CDDMPR ?BB!( <link rel="preload"

href="..." as="font"> RMMSP N?ECQ ?LB F?Q ? FSEC GKN?AR ML UC@ DMLR NCPDMPK?LAC

5FGQOAPIQ UC@ DMLR B?R? 2JQM JTHRIRMIRQGEFRQ 5FC PGQC GL QEUROFMERGLE P
BCAJGLGLE SQC MD UC@ DMLR QCPTGACQ QCCL GLRFC  B?R? F?Q J?PECRFQR?@GJIGXCB D
DSRSPC GR UGJJ @C GLRCPCQRGEERFIR@ECATE AMLRGLSC RM NJ?RC?S MP CJQC @CEGL
QFGDR ?E?GL GL CGRFCP BGPCARGML " K?HMP D?ARMP GL DSRSPC FMQRGLE BCAGQGMLQ UG
PCESJ?RGMLQ QSPPMSLBGLE RFC SQC MD UC@ DMLR QCPTGATINTRFIBCMBRMPQ K?
@CRUCCL NCPDMPK?LAC TOB@EBILAC DMP QCJD FMQRIUBIZILAQPTGACQ

8 C 2JQMWECAR RFC SQC MD LCU RCAFLEIJMEMEDIEIRQ ?LB T?PG?@JC DMLRQ RM AMLRGLSC F
GL RFC AMKGLEP® "Q AMIMP DMLRC COLRIFEPK?R GQ RFC AJC?P UGLLCP BSRIJEM GRQ M
TCPQ?RGBEREIFGML UGRF T?PG?@JC DMLRQ ?LB QSNNMPR DMP N?JCRRCQ GL $44 "Q DMP T?
RFC RPCLB RMU?PB BCQGELGLE MIQPNIBREXKNICKCLRGLE RFCARGAMNEQWRM

AMLRGLSC NPMBRGDERQ KMPC BCQGELCHQIMBERI?GJ RFCK@IMD RFCQC RCAFLGA?J
?DDMPB?LACQ "JRFMSEF T?PG?@JC DMLRIC EXNGCEB RMERG?J ?LB GKRIPREMET

J?PECJIW RFPMSEF $+, DMLRQCHR RFC AMKGREQRM QFMU GLAPC?QGLE QNPC?B MD T?PG?@JC
DMLRQ RFPMSEF MRFCP UPGRGLE QWQRRIKQAMIETBLSTE8BONKCLR MD LCU KSJRG QAPGNR
DMLRQ GIJWERM AMLRGLSC GLAPC?QGLENRER RARGIERN MD EJIM@?J UC@ BCQGEL

164 2024 Web Almanac by HTTP Archive



Part | Chapter 4 : Fonts

8F?R BMCQ RFC DSRSPC FMJB MR RICAWNCAR K¥L GLAPCKCLR?J RCAFLGA?J
?BT?LACKCLRQ QSAF ?Q RFC ?BBGRGML MD AS@GR glyf NSRIBICQ ?LB @PC?IGLE RFC

| EJWNF JGKGR GL DMLRQ 5FCQC ?LB MRFCP AF?LECQ RM DMLRQ ?PC MGRJIBGCE GL RFC
&VN?LQAMDNCAGKA?RBFMQC ?GK GR GQ RM ?BB QSNNMPR DMP T?PGMSQ DBARSPCQ RM
DMLR QR?LB?PB UFGJC KMOREM@RIU?PBQ AMKN?RG@JC FCLAC RFC g@MPGLEh N?PR &
BOCIJMNKCLRWBPCKCLRMLRBPLQDCP *52JQM NPMKGQCQ ARMEBQGBICIPDMPK?LAC
GLAPC?QCQ DMP UC@ DMLRQ N?PRGASJ?PIW MIART B QRIRIPPECRIC?BQCP UGJJ MLIW LC
BMULJM?B RFC N?PR MD RFC DMLR kJC RF?RfQ SQCB ML ? N?PRGASJ?P UC@QGRC

0TCRJJ M@QCPTGLE RFC QR?RC MD UC@ DNRERQAGIRCB B®™ QCC KMPC ?LB KMPC QSNNMP
DMP T?PGMSQ UPGRGLE QWQRCKQ ?LB ?L GLAPC?QGLE ?BMNRGML MD T?PG?@JC ?LB AN
8FGJC RFCPC GQ QRGJJ ? JMR MD JMU F?LEGLE DPSGR UFCL GR AMKCQ RM UC@ DMLR NC
RF?R BCIMNCPQ ?PC ?BMNRGLE RCAFC\BIM ERCQMERPAC FGLRQ  font-display RM
GKNPIZ RFC NCPDMPK?LAC MD RFCGHFRIGRE&RWM CC RFCQC RPCLBQ AMLRGLSC GL

FE9@CD

#P?K 4RCGL
@ IFRRNQ RWNM QK@K () @PKQRCGLH @PKQRCGL® FRRNUUU @PKQRCGL AMK

#P?K 4RCGL GQ 3R5FC SWNCMSLBCP@CDMPC RF?R FC U?Q )C?B®&DMLRQ ?R
"BM@CMLRQ)C GQ RFC ?SRFMP BIT@EMLR )?LB@NNMB QNC?IQ ?7@MSR
RWNMBFV ?LB UC@ NCPDMPK?LAC ?R AMLDCPCLACQ ?PMSLB RFC UMPJB

$F?PICQ #CPPCR

) AF?PICQ@CPFBRERRNQ\F?PJCQ@CPPCR LCR

$F?PJCQ #CPPCR GQ ? GERIRBGEQAGNJIGL?PW PLB?RAFIWSPL?IJGQR UFM
QRSBGCQ RFC FGQRMPW ?LB/WHBEKRBGINFLB GLDMPK?RGML RCAFLMIJMEGCQ

2KKGP@K?L9 :FD ?81=9LQQ IFI@EBEI@FE JG<:
?KKGN : >@K?L9 @F #RIM@4KDC
?2KKGK?<KPG<=FLE;<lJ :FD

?KKGFFEKJ 8;F9< :FD

?KKGBOFFBGSIK :FD GI;L:KJ N<9=FEK ?8E;9FFB

2024 Web Almanac by HTTP Archive 165


https://github.com/harfbuzz/boring-expansion-spec
https://github.com/harfbuzz/boring-expansion-spec
https://w3c.github.io/IFT/Overview.html
https://typo.social/@bram
https://github.com/bramstein
https://www.linkedin.com/in/bramstein/
http://www.bramstein.com/
https://thetypefounders.com/
https://fonts.adobe.com/
https://abookapart.com/products/webfont-handbook
https://github.com/charlesberret
https://charlesberret.net/

166

2024 Web Almanac by HTTP Archive



Part | Chapter 5 : Media

'2CE  92AE6C

$65:2

H.(3 . (1#  ( # )#
<M@<N<; 9A@J (@CC<P
E8CPQ<; 9R<=8E &L;8%] !l@: FIK@J
1, @K<; 9P@:?78<C (KN@KK<J

?EC@5F4E.@?

*K?ECQ ?LB TGBCMQIRFOWUFCPC ML RFC UC@TQMREC UNQ RAGPC CLAMBCB 7LB
CK@CBBCB ML UC@ N?ECQ ?PC QSPNPGQGLEJW TYPACB@IRRMIKEACQ ?PORQU?
CTMITGLE S5FC® "JK?L?A EGT SQ ? AF?LAC RM@GRMAI MD RF?R AMBRW(ELB FMU UCJJ

UGPC K?L?EGLE GR EGTGLE SQ ? XMMKCBHESRTEELMAD UFCPC KCBG? ML RFC UC@ GQ FI
D?P GR F?Q AMKC ?LBJHB@RHIFCPC GR GQ EMGLE 4M JCRIQ EM

>286D

8 (JJ IGAI MDD UGRF RFC KMQR AMKKML KCBG? RWNCdGK?ECRISNMNDRCGLEM/N?EC
UGRFMSR GK?HZR SQ GR/BRGKCIWE ?LB GD RFCPC ?PC LM GK?PEBQIQREIBY IMMIGLE
?R ? LCPBWIBAMNCP @JME

*R AMKCQ ?R LM QSPNPGQC RF?R MD RFC KMPC RF?L  KGJJGML QA?LLCB ?LB N?PQCB N?E

2024 Web Almanac by HTTP Archive 167



Part | Chapter 5 : Media

PCOSCQRCB ?R JC?QR MLC GK?EC

"@>K , 8><J K?8KHL<JK<; 8K C<8JK FE< @b8i< |

"JKMQRTCPW N?EC @CPIN QMKC IGLB MD ?L GKAEGDOGRfQ HSQR ? @?AIEHIGBMR.MP D?

MU K?L W <img> CJCKCLRQ BGB UC kLB NCP N?EC

"@>K FLEK F:<img> <C<D<EKJ G<I G8><

5FC KCBG?L KM@GJC N?EC AML <img> 'CJCKCLRQ "LB@. ?R RFC RF NCPACLRGJC N?ECQ
MLIWh AMLR?(<img> Q $MLQGBCPGLE RFC TGQS?J L?RERCICERRE3IQ QCCKQ PC?QML?@JC

*D WIS RFGLI RF?F <img> Q NCP N?EC GQ ? JMR UC NPM@ 7@ RUNBNRFIBR.RFC KM@GJC
ARUJCP DMSLB ? N?EC UGRF KMPC RF?L RUI <img> 3QRCRBRCLRQ

"@>d  )FJIK <img> <C<D<EKJ FE 8 J@E>C< G8>< DF9@C<

168 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/media/img-elements-per-page.png
https://almanac.httparchive.org/static/images/2024/media/img-elements-per-page.png

Part | Chapter 5 : Media

*K?ECQ ?PIRLHSQR NCRI2QBNJCLRGDSJ .MQR MD RF@/RBECKRHE ? ACNRPR MD SQCPQf
CO/NCPGCLACQ 0OLW B/ KC?QSPC RF?R GQ RM QCC FMU MDRCL GK?ECQ ?PC PCQNMLQG@
-?PECQR $MLRCLRIZE.R1

"@>K JFO@C< G8><J N?FJI< €JGFEJ@9C< <C<D<EK ?8J 8E @D8><

*RfQ F?PB RMRQR?RC RFC GKNMPR?LAC MD GK?ECQ ML RFC UC@ 4M JEREBABGISR UF?R
UGRF

>286 C6D@FC46D

8 JJ QR?PR UGRF RFC PCQMSPACQ RFQGR@EBPECQ ?PC K?BCWD BIGRIQ GECMREIF
GK?ECQ DMP ? KMKCLR )MUWKIGYQ BM RFCIQCEK?ECQ RWNGARIIW F?

1CPF?NQ QSPNPGRELEIBK?ECQ AMLR?GL HSQR TQGLEJC NGV

*:?8=6 A:16=:>286D

=167E L :>286D
M@GJC
%CQIRMN
'GESPC 3CQMSPACQ JM?B <img> CJCKCLRQ RF?R AMLR?GL HSQRCQIQGLEJC NGV

OLC @V MLC NGMGK?ECQ IC?8N PMSEFJW  MD ?JJ MD RFC A?NRSPCB GK?EC PCOSCQRQ 5F
KMQR JI3W RRGLE @C?AMLQ ?LB QN?ACP (*Q TCPEBM@YQROAPTQ .CBG? AF?NRCB

JMMIGLE @?ARESF?NM RM PCNMPR QMKC EMMB LCUQ RFC NCPACLREECGKPEQGLEIT NGV
BCAJGLCB ? DSJJ NMGLR QGLACW@B/NGIB F?@GRQ ?PC QIMUIW @CGLERINI?AEB UGRF

@CRRCP ?2JRCEQ?RGT

>286 5:>67D:@?D

-CRfQ LMU RSPL RM GK?ECQ RF?R UCPC J?PECP RF?L [ )MW@GE UCPC RFC

?KKGBCDB8ES: ?KKG@EHFI> <E  D<;@8 8 EFK< FE J@E>C<G@D8><J
?KKGJ<M<CFGBIFQ@CCB8 FI> ;F<B3,% <8:FE7 %

2024 Web Almanac by HTTP Archive 169


https://almanac.httparchive.org/en/2022/media#a-note-on-single-pixel-images
https://developer.mozilla.org/docs/Web/API/Beacon_API
https://developer.mozilla.org/docs/Web/API/Beacon_API

Part | Chapter 5 : Media

"@>K @JIKI@ILK@FE F= @D8FKEX@O

%CQNGRC RFC D?AR RE2R RIIB?AfQ KM@ GUIGPF?(R.EPMUL ?R ?JJ PCLBCPGLE N?ECQ RM
? N VUGBC TGCUNMPR TRARBRGYRGM MD V RFC KCBG?L GK?ECdUCGEFGLE GL ?R
KCE?N®JQAGQ ?@MSR  J?PECP RF?IRER IR RGKC UCBMMP PCDCPCLAC ?R ? QOS?PC
?QNCARRGM KCE?N@JQ UMPIQ MSR RM ?@MSR [

MQR N?ECQTE?MLC GK?EC RF?R F?Q 2JKMQR RGKEMNBIEQ RFC KCBG?L GK?EC

?KKGBCDSES: ?KK@FEHFI> <E  D<;@8 @D8>< ;@D<EJ@FEJ

170 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/media/image-pixel-count-distribution.png
https://almanac.httparchive.org/static/images/2024/media/image-pixel-count-distribution.png
https://almanac.httparchive.org/en/2022/media#image-dimensions

Part | Chapter 5 : Media

"@>k  (8I><JK @D8>< G<I G8>< € GI@K

"R ? QOS?PC ?QNCREW KCE?NGIQ UMPIQ MSRRM [ (&L RFC KM@ GATIAPTQ
TGCUNMPR ?LB BCIGFERVOSGRE REPR KPN?ECQIE?MLC gFCPEK?EC RF?R GQ @CGLE
BGQNEB DSJJ UGBRF ?R FGEF BCLQGRW

"Q DMP RFC MD N?ECQ RF?R QCLRTGKZREBCP RF?L RFAR FRC?IKMQR ACPR?GLIW
QCLBGLE RFC KM@GJICRRMPC GEYRF?L GR A?L ?ARS?WVIEQNEIB T?NPICLRCB
RF?R U?QRC UGRF QMKC UCJJ UPGRRCIGRCERMEOISN #SR KMPC ML RF?R J?RCP

>286 2DAG4E C2E:@D

/MU RF?R UC AZ QMKC QCLQC MD FMU GK?ECQ ML RFC UC@ ?PC QGXCEFMIB ?PC RFC

2024 Web Almanac by HTTP Archive 171


https://almanac.httparchive.org/static/images/2024/media/largest-image-per-page.png
https://almanac.httparchive.org/static/images/2024/media/largest-image-per-page.png

Part | Chapter 5 : Media

"@>K %D8>< FI@<EK8K@FEJ

.MQR GK?ECQ ?PC UGBCP RNFAPRRR?JJIMLIW GL ?PC R?JICR RPCLURFEC ?LB ? DSJJ
MLC RFGPB APZARIW QOS?PC 40SAPOB@REC KMQR NMIARP QN CARGM

DAG4E C2E:@ H:5E9 96:89E @7 :>286D

'GESPC 5MN GK?EC ?QNCREBMQ KM@GJIC

5FGQ B?R? GQ CQQCLRG?JIJW SLAF?LECBAOPREVRUIRVQRGJIJ QCCKQ RM GLBGA?RC ? @G?Q RMU*
BCQIRMN @?QCB @PMUQGLEdJAPC?RMPQ ?PC KGQQGLE MNNVBRSIBRAGRTBMMBD GMPRP
QAPCCLQ UGRF @GE @C?SRGDBPCMITB GK?ECPW

172 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/media/image-orientations.png
https://almanac.httparchive.org/static/images/2024/media/image-orientations.png

Part | Chapter 5 : Media

>286 4@=@C DA246D

5FC PLEC MD AMIMPQ RF?R ?PC NMQQG @LlOGKZREGECP EEGRC PR REBRAG KEBEBIIMP
QN?AC5FC BCD?SJR AMIMP QN?AC ML RRE UGEIGQQ GK?ECQ QGEL?J RF?R RFCGP AMIMP
SQCQ ? BGDDCPCLR AMBIPMUIEEQ UGJIBQC Q3

5FC RIBGRGMLAVBAWRIGAGRIW ?QQGEL ? AMIMP QN?AC RM ?L GK?EENEBRMRICCK@CB ?L
UGRFGL GRJ8INIB ?R ?JJ MD RFC *$$ NPMkJCQ CK@CBBCB GL ?JJ MDIRBISEKARTQ AP
B?R?QCR

)CPC ?PC RFC RMN RCL

AC@7:=6 56D4AC:AE:@? D) :D9 .:56 82>FE @7 :>286D

IM *$$ NPMKJIC

Qa# *&s$

AAG

Q3#

S3(#

"BM@C @

%GQNI

A

(*1 @SGJR GL@3

%GQNY?
'GESPC 5MN *$$ NPMkJCQ KM@GJC

5FC T?QR K?HMPGRW MEQRERECQ PCIW ML(IRBCIXSIR DMP AMPPCAR PCLBCP@R.E ?LB BM
AMLR?GLWI*$$ NPMkJC ?R ?JJ

5FC KMQR AMKKML *$$ NPMkJC GQ RFC DSX¥# MDRMENRI&IC 5FGQ NPMkJOGEWPCJI?RGT
FCTWAGR UCGEFQ # 5FSQ KMQR MD RFC PCQR MD RFC RMN  *$#NGMRIRMRICQQ3
JAT$IGLRML *RERFQ @ WRC A AGFGAF SL?K@GESMSQJW QNCAGDW RF?R 2#GK?EC SQCC
@SR UGRF ? KGLGKSICREQ2B

2KKGN@B@G<;@8 FI> N@B@ FCFI7JG8:<

72KKGN@B@G<;@8 FI> M@B@ /.

?KKGI@D8><FGK@D :FD :FERGl ?KDC

?2KKGN@B@G<;@8 FI> N@B@% 7GI

?KKGI3?FKFJI8L:< E<K 9CF> GFJK D8B@E> 8 D@E@DBICIISBI®:: I3 @D K?< =8K 89LI< K?< JG<:

2024 Web Almanac by HTTP Archive 173


https://wikipedia.org/wiki/Color_space
https://wikipedia.org/wiki/Color_space
https://wikipedia.org/wiki/SRGB
https://imageoptim.com/color-profiles.html
https://wikipedia.org/wiki/ICC_profile
https://photosauce.net/blog/post/making-a-minimal-srgb-icc-profile-part-1-trim-the-fat-abuse-the-spec

Part | Chapter 5 : Media

0T CP RFC J?QR BCA?BC F?PBU?PC ?LB QMDRU?PC ?PC GLAPC?QGLEJW ?@JC RM A?NRSPC ?LB

AMJIMPQ RF?R ?PC MSRQGREGIBRAMBPMPQ RF?R ?PC NMQQSE @IREGRIZO3

E?KSR "BM@C@  ?LB %GQNJ?W 1 ?PC RFC MLJW RUM gUGBC E?KSRh NPMkJCQ GL RFC RMN
8FGJC "BM@@3 fQ SQ?EC RGACB BMUL QJGEFRIJW DPMK  WGANF?Q RGAI

SN ?LBRMR?J UGBC E?KSR *$$ NPMkJC ?BMNRGML GQ SN ?@MSRCP&IPC@QETISRC

RCPKQ UGBC E?KSR *$$ NPMkJCQ ?PC QR@GIPE@I?RMELB RFCK GL GL GK?ECQ ML RFC

UC@?LB GL GK?ECQ RFPR F2*$$ NPMKJIC

0LC TCPW GKNMPRARRECPC GQ RF?R GL MSP ?L2JWQGQ UC UCPC MLIW ?@JC RM JMMI 7R *$$
“Q KCLRGMLCB RFCQC NPMKJCQ A?IC@ FOBARBIPL GK?EC DMPK?RCQ7IGPLB

PCACLRIW KMBCPLGXCBMLCQ J3IMU GK?ECQ RM QGEL?J RFCGP AMJIMP QN?AC KSAF KMPC
CDKAGCLRIW SQGLE ? QR?LB?PB ARKGARIMUQ AMKKML AMIMP QN?ACQ RM @C QGEL?JCB G
HSQR DMSR@®R QR?LBQ RM PC?QML RF?R KMBCPL 1/( CLAMBCPQCRUB/MBCP UMPRF GRQ

Q?JR UMSJB SQC $*$1 GLQRC?B MD *$$ RM QGEL?J ? UGBC E?KSR AMIMP QN?AC

YMUCTCPGL MSP ?L?2JWQGQ GK?ECQ AMLR?GLGLE $*$1 ?PC A?RCEMPGXCBISLECP g/M *$$ NPMk.
MSP ?AAMSLRGLE MD UGBC E?KSR SQ?EC ML RFC UC@ QFMSJEFRECFORE 2P QIMMP
CQRGK?RC MD RMR?J ?BMNRGML *L MRFCP UMPBQ UC DMSLB RF?R ?R JC?QR GL GK?ECQ M|
UGBC E?KSR

?4@5:?78

/MU RF?R UQC EJC?LCB ? @GR ?@MSR@REKREIGAMLRCLR UF?R AW B@NISR FMU RF?R
AMLRCLR GQ CLAMBCB DM®/BCJIGT

@C>2E 25@AE:@?

' MP BCA?BCQ RFCPC UCPC HSQR RFPCC @GRK?N DMPK?RQ GL AMKKML SQC ML RFC UC@ +1(
(* 5FQV ?PC QRGJJ RFC RFPCC KMQR AMKKML DMPK?RQ

2KKGN@B@G<;@8 FI> N@B@ #8DLK
?KKGBCDBES: ?KKGEAFI> <E  D<;@8 >

2KKGJF:J >FF>C< (FD J@8;J7<<KJ ; - %0+< 6)%4 #$K%®' 4D1 <-4 (  -BOBI-+&"B <,@K >@; >@;
2KKG>@K?L9 :FD N : GE> 9CF9 D8@ENIBK @FE7!0GAB@BYKCC@E> ?;1 :FEK<EK

2KKGNNNN FI>0.GE> %, :?LEB

174 2024 Web Almanac by HTTP Archive


https://wikipedia.org/wiki/Gamut
https://almanac.httparchive.org/en/2022/media#fig-8
https://almanac.httparchive.org/en/2022/media#fig-8
https://docs.google.com/spreadsheets/d/1Q2ITOe6ZMIXGKHtIxqK9XmUA1eQBX9CLQkxarQOJFCk/edit?gid=644447618#gid=644447618
https://github.com/w3c/png/blob/main/Third_Edition_Explainer.md#labelling-hdr-content
https://www.w3.org/TR/png-3/#cICP-chunk
https://www.w3.org/TR/png-3/#cICP-chunk

Part | Chapter 5 : Media

"@>K %D8>< =FID8K 8;FGK@FE DF9@C<

#SR UC ?PC FANNRM PCNMPR RF?R AF?LEC GQ F?NNCLGLE 5FC J?PECQR QGLEJC ?@QMJSF
SQ?EC QGLAC U?Q DPMK +1&( UFGAF DCJJ DPMK MD ?JJGK?ECQ GL BMUL CGEFR D:
NCPACLR?EC NMGLRQRM GL  5F?RfQ ? FSECRIRQIZRPQ

8FGAF DMPK?RQ KIMPC SQ?EC RMXKSN RFC BGDDCPCC&I RGIB SN RFPCC NCPACLR?EC
NMGLRQ(#IGACB SN ? @GR SLBCP RUM NCPACLR?EC NMSGRQB?ER ?JKMQR ? DSJJ NMGLR
.MQR QSPNPGQEBEEIMUBCQR ?LB JC?QR CDKAGCLR DMPK?R MBARBGN7ZINCPACLR?EC
NMGLR RMM

"LB GL PCJI?REBRTCPKQ* SQ?EC GQ R?IGLE MDDdUC DMSLB ?JKMQR DMSP*REBCRIRMPC "
SN @ RFCARCB N?ECQ RF?L UC BGERRM M

2024 Web Almanac by HTTP Archive 175


https://almanac.httparchive.org/static/images/2024/media/image-format-adoption-mobile.png
https://almanac.httparchive.org/static/images/2024/media/image-format-adoption-mobile.png

Part | Chapter 5 : Media

"@>K %D8>< =FID8K 8;FGK@&8 :IBE>< DF9@C<

*D RFCABCP F?B ?AACNRBB 9- Q UC NPM@?@JW UNSIBIEAL ? D?GP LSK@CP MD RFCK ?Q
UCJJ "J?@QFPMKGSK @?QCB @PMUQIFPQIMIMPR RFC DMPK?R

“JKMQR ?2JJ MD RFC +1&(Q 1/(Q ?LB (*Q ML RFC UC@ UMSJB @ CCBSRRCE ®KMBCPL

DMPK?R B@1Q ?PC EMMB T@SRLB +1&( 9-Q ?PCTCL @CRR&FGQ LGAC RM QCC REC K?QQGT
QFGN RF?R GQ ?JJ MD RFC GK?ECQ ML RFC UC@ QIMUJW @SR QSPCJW RSPLGLE RMU?PBQ RF(
CDKAGCLR DMPK?RQ "LB GRfQ LGASEIEQRGATSNU?PBQ RMM

-?QRIWDCU UMPBQ DMP RFC MJBCQR DMPK?R ¥EPRFI) @QLARZQ EMMB ?BTGAC GL
?LB GR GQTCL @CRRCP ?BTGAKMBIMNCPQ QFMSIB\RICP 4ARBAPBTGAT@MSR
FMU RM PCNJ?AC RFC?PWIJB DMPK?R

JE6 D:K6D

JMU FC?ZTW GQ RFC RWNGA?J GK?EC ML RFC UC@

?KKGAG<> FI> AG<>0C

?KKGIBE@LJ< :FD AG<>0C

?KKGINNN K?<8KC8EK@: :FD G8JK ;F:J LE9FLE; :@K8K@FE N: ?KD
?KKGICFL;=FUFD K?@EBJ M@;<F x@#8&ll C<KJ D8BK?<D 9<KK<I

176 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/media/image-format-adoption-2-year-change-mobile.png
https://almanac.httparchive.org/static/images/2024/media/image-format-adoption-2-year-change-mobile.png
https://jpeg.org/jpegxl/
https://caniuse.com/jpegxl
https://www.theatlantic.com/past/docs/unbound/citation/wc991103.htm
https://cloudfour.com/thinks/video-gifs-are-forever-lets-make-them-better/

Part | Chapter 5 : Media

"@>K @JKI@ILK@FE F= @D8>< 9PK< J@Q<J
"KCBG?LMD #KGEFR JC?B MLC RM RFGLI g&F RF?RfQTWR RFRRHELIR ?Q UFCL UC

JMMIB ?R NGMAMSLRQ UC DMSLB RF?R KMQR N?ECQUARQKRIGGK?ECQ ?LB ?R JC?QR MLC
J?PEC MLC

"@>K (8I><JK @D8>< G<I G8>< 9P B@CF9IPK<J

2024 Web Almanac by HTTP Archive 177


https://almanac.httparchive.org/static/images/2024/media/distribution-of-image-byte-sizes.png
https://almanac.httparchive.org/static/images/2024/media/distribution-of-image-byte-sizes.png
https://almanac.httparchive.org/static/images/2024/media/largest-image-per-page-by-kilobytes.png
https://almanac.httparchive.org/static/images/2024/media/largest-image-per-page-by-kilobytes.png

Part | Chapter 5 : Media

MQR KM@GJC N?ETIMIZC GK?EC RF?RIQ # MP KMPC 5F?RfQ 2L GLAPC?QC QGLAC
“LB RFC DSPRFCP SN UC EM GL RFC BGQRPG@SRGML RFC KMRGREGRIED HFC ?AACICP
NCPACLRGJC GQ SN ?LB RFC RF NCPACLRGJC GQ SN VRIRNKMEARED

*K?ECQ ?PC ECRRGIEERI2B RFC FTGCQR GK?ECQ ?PC ECRRGEEDRQRCP

:ED A6C A:l6=

#WRCQ ?LBOICAMSLRQ ?PC GLRCPCQRGLE ML RFCGP MUL @SR RM ECR ? QCLQC MD FMU AMKN
UC@ GK?EC B?R? GQ UC LCCBWROGBR.BINGVRMECRFCP RM A?JASJ?RCGD GRAGLEP NGV

RFGQ ?JIMUQ SQ MNRICQ RM ?NNJCQ AMKN?PGQMLQ MD RFC GLDMPK?RGMIACLQGRW MD G
GD RFMQC GK?ECBEGRDCPCLR PCQMJSRGMLQ

*L ECLCB @GRK?NQ ML RFC UC@ BCAMBC RM CGEFR @GRQ MD SLAMKNPCQQCB GLDMPK?RGM
NCP NGY 4M GD UTCF2L 3# GK?EC UGRF LMLRIN?PCLAVEC A?LYINCAR ? BCAMBCB
SLAMKNPCQQCB GK?EC RM UCGEF GL ?R @GRQ NCP NGV

* EMMB PSJC MD RFSK@ DMP JMQQJCQQ AMKNPCQQGML GQ RF?R GR/QFMSRGRCBSAC kJC QGX
UFGAF UMSJB UMPI MSRRM  @GRI) NP NSP @GX2EC 5FC PSJC MD RFSK@ DMP
QCP ? IMQQW AMKNPCQQGML QAFCKCQd+1&( ?LB .1 dU?ZRBM P @GRQ NCP NGV

*R QFMSJB @C LMRCB RF?R BCNCLBGLE ML GK?EC AMLRCLR ?LB CLAMBRGEM@THRRGLEQ RFCQ(
UGBCJW ?LB KMBCPL +1&( CLAMBORRHIG( ?LB+NCEJRWNGA?JIW MSRNCPDMPK RFGQ
R?PECR ?R RFCGP BCD?SJR QCRRGLEQ

5M QSKK?PGXC

+JA6 @7 3:E>2A52E2  |AG4E65 4@>AC6DD:@? C2E:@ :ED A6C A:l6=

6LAMKNPCQQQB 3 @GRQ NGBV
-MQQJCQQJIW AMKNREQQCB 3 @GRQ NGBV
QCP ?JIMQQW 3 z @GRQ NGBV

'GESPC  5WNGA?J AMKNPCQRGMQ PLB PCQSJRGLE @GRGREERGVMP @GRK?N 3
B?R?

4M UGRF ?JJ MD RF?R YR AMIFEEEMU RFC UG@K?ECQ QR?AI SN

?KKGP@K?L9 :FD DFQ@CC8 DFQAG<>
?KKGFG<EJFl¢ >FF>C<9CF> :FD @EWI,L:@E> AG<>C@ E<N AG<> :BI@HEDT@9!

178 2024 Web Almanac by HTTP Archive


https://github.com/mozilla/mozjpeg
https://opensource.googleblog.com/2024/04/introducing-jpegli-new-jpeg-coding-library.html

Part | Chapter 5 : Media

"@>K @JKI@ILK@FE F= @D8>< 8@KJ G<I G@O

5FC KCBG?L GK?EC GQ AMKNPCQQCB RM @GERCNRCPEIRGLE ? R?B KMPC AMKNPCQQGM
RF?LRF?R Q PSJC MD RFSK@ 5FGQ GKMEQMMKNPCQQGML RF?L WOUFEL UC J?QR
QSRICB RFC UEEEK?ECQ GL

8FCL UC @PC?l AMKNPCQQGMLBNIMRE?R UC A?L QCCTRPPRIMPK2RIFAUCP @GRQ
QNCLR NCRN®U RF?LRAUBGBGL d®ACNR DMP MLC

?KKGBCDSES: ?KKG@AFI><E  D<;@8 >

2024 Web Almanac by HTTP Archive 179


https://almanac.httparchive.org/static/images/2024/media/distribution-of-image-bits-per-pixel.png
https://almanac.httparchive.org/static/images/2024/media/distribution-of-image-bits-per-pixel.png
https://almanac.httparchive.org/en/2022/media#fig-14
https://almanac.httparchive.org/en/2022/media#fig-14

Part | Chapter 5 : Media

:ED A6C A:I6= 3 7T@C>2E

"@>K )<;@8E 9@KJ G<IGE@PG-FID8K

$MKN?PCBRM ML KM@GJC RFC KCBG?L 1/( GQ AMKNPCQQCB ?@MSR  KMPC RFC KCBG?L
8 C@1 GQ AMKNPCQQCB ?@MSR  KMPC ?LB RFC KCBG?L +1&( GQ AMKNPCQQCB ?PMSLB  KMP
F?PB RM ILMWBARJIW UF?R RFC A?SQCQ ?PC FCREN@SRAGESXC RF?R 7L GLAPC?QC GL
AMKNPCQQGML GQ RFC PCQSJR MD UGBCP ?BMNRGML MD RUM RFGLEQ RIBBCPL CLAMBCPQ L
KMPC @?LE DMP RFC @SAI ?LB ?SRMK?RCB GK?EC NPMACQQGLE NGNCJGOCQWFGAF CLQSPC
GK?EC RF?R K2 GRQWRM ? SQCP F?Q @CCL UCJJ AMKNPCQQCB

5FC MLC DMPK?R RF?RBISAEQ RPCLB T3?(BFC KCBG?L7/*fQ @GRQ NCENGELR SN DPMK
NNPYWGK?RCIW GL RM?PMSLB  @GRQMIGHNGY?L GLAPC?QC MD SLLGIW

CLMSEF UGNMMNMRFCQGXC RFC Q?KC PMMR A?SQC 5BPASHFFRIIRMGIAMBCPQ GQ

JGTIW K?IGLE BGDDCPCLRIEEXREEMDDQ Q?APGKAGLE JCQQ OS?JGRW ?R BCD?SJR QCRRGL
" 0.fQ MDKAG?J JG&@?CLAMBCP U?Q0RPKQ REM

8 C FAC LM GBC?WR*'Q EMR QGELGKA?LRJW KMPC CDKAGCLR @ SRANUREN AQ/QNUF
KSAF JCQQ AMKNPCQQCB RF?L ?JJ MD RFC MRFCP DMPK?RQ GSP?OBGRBRQOICIRRIBY
?LGK?RCB GK?ECQ GLRM ?AAMSLR REMSEPRCRLGK?RCB

?KKGBCDSES: ?KKGEAFI><E  D<;@8]>

180 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/media/median-bits-per-pixel-by-format.png
https://almanac.httparchive.org/static/images/2024/media/median-bits-per-pixel-by-format.png
https://almanac.httparchive.org/en/2022/media#fig-15

Part | Chapter 5 : Media

D 27:>2E65 2?5 ?@E

MU K?L W (*'Q ?PC ?LGK?RCB

"@>K , <I<EK8>< F= #%"J K?8K 8E®@D8K<; FE DF9@C<

8FCL UC QCN?RC RFC ?LGK?RCB (*Q MSR DPMK RFC ?LGK?RCB MLCQ UC A?L QCC RF?R RF
LML ?LGK?RCB (*' GQ KSAF KMPC PC?QML?@JW AMKNPCQQCB

"@>K #%" 9@KJ GG EE®D8K<; MJ EFE 8E@D8K<;

@GRQ NCRONG®GL JCQQ RF?L RFC KCBG?L 1/(

5SPLGLE RM JMMI ?R RFC ?LGK?RCB (*Q QNCAGKA IR JIBKPREGTPC

2024 Web Almanac by HTTP Archive 181


https://almanac.httparchive.org/static/images/2024/media/gif-bits-per-pixel-animated-non-animated.png
https://almanac.httparchive.org/static/images/2024/media/gif-bits-per-pixel-animated-non-animated.png

Part | Chapter 5 : Media

"@>K @JIKI@ILK@FE F= 8E@D8R<; FUEKI

(CLCPJJW RM UFGAF GQ KMPC MP JCQQ SLAF?LECB QGIR¥MSEF RFC JMLECQR (*'Q
F?TC EMRRCL JMIEQRCAG?JIW ML KM@GJC

+SQR DMP DSL UC ?2JQBIZRIRFC (* UGRF RFC KRIGEQDP

"@>K 07< ?@>?<JK #8D<IFLEK @E K?<;8K8 J<K

"R DP?KCQ NCP QCAMLB RF?R UMSHB/R?A RF?L KGLSRCQ RWNNJAC RFPMSERPWT
?LGK?RCB (* QFMSJB NPM@?@JW @C ? TCBCV@ER@EBQ MLC BCKLGRCJIW QFMSJB

>3655:78

/MU RF?R UC AZ ? QCLQC MD FMU RFQ GK@&C PCQMSPRC@ETL CLAMBCB UF?R A?L UC
QW ?@MSR FMWWRARC CK@CBBCB ML UC@QGRCQ

?KKGBCDSES: ?KKGEAFI><E  D<;@8]>

182 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/media/distribution-of-animated-gif-frame-counts.png
https://almanac.httparchive.org/static/images/2024/media/distribution-of-animated-gif-frame-counts.png
https://almanac.httparchive.org/en/2022/media#fig-18

Part | Chapter 5 : Media

#2KJ =@25:78

5FC @GEECQR PCACLR AF?LEC GL FMU GK?ECQ ?PC CK@CBBCB ML UCBGBRCQ F?Q @CCI
?BMNRGML MD J?XW JM?BGLE -?XW JM?BGLE U?Q GLRPMBSARIBVGRPPQIBREPWR U?Q

?BMNRCB ML ?JKMQR ? OS?PRCP MDBRQ@QGREAMLRGLSCQ ?LB GR GQ LMU SQCB ML ? D.
RFGPB MD ?JJ UC@QGRCQ

"@>K 'FGK@FE <img loading=lazy>

"LB HSQRGOGPQRYPGR QCCKQ N?ECQ ?PC SQGLE J?XW JM?BGLE ? @GR RMM KSAF

"@>K , <I<EK8>< F5 [ <JGFEJ@ <img> <C<D<EKJ K?8K LI<HBB@NCF8;@E> FE
DF9@C<

-2XW JM?BGLE RECJICKCLR BPLRG N?RRCPL RFZRKHPPECQ KSAF QIMBBBIC GR GQ
BGQFC?PRCLGLE RF?R LC?PIW MILEGORMELAC <img> Q ?PC J?XW JM?BCB UC ?RC F2NN
RM PCNMPR RF?R REGIEQNH®B CCP QM QJGEFARMRIMC J?QR RIFOVSFC NCPACLR?EC MD
MDDCLBGLE QGRCQ F?Q B@APOITRIECER?EC NMGLRQ QGLAC

2KKGBCDSES: ?KKGENFI><E  D<;@8 C8QP CF8;@E>
2KKGN<9 ;<MBIK@:C<J C:G C8QP CF8,@E>

2024 Web Almanac by HTTP Archive 183


https://almanac.httparchive.org/en/2022/media#lazy-loading
https://almanac.httparchive.org/en/2022/media#lazy-loading
https://almanac.httparchive.org/static/images/2024/media/adoption-of-img-loading-lazy.png
https://almanac.httparchive.org/static/images/2024/media/adoption-of-img-loading-lazy.png
https://web.dev/articles/lcp-lazy-loading

Part | Chapter 5 : Media

alt E6IE

*K?ECQ CK@CBBCB | <img> CJCKCLRQ ?PC QSNNMQCB RM @C AMLRCLRIMGFSRPRAGQ RM Q7
LMR HSQR BZRMEP ?LB RAE QFMSJB AMLR?GL QMKCRFGLE KC?LGLEDSJ "A/$PBGLE RM @MRF
PCOSGPCKCLRBRFC )5.- QNCA KMQR MD RFC <img> CJCKCLRQ QFMSIB F?

2JRCPL?B®UR ?LB RF?R ?JRCPLREGDFMSIB @C QSNNRF alt )?RRPG@SRC

"@>K , <I<EK8>< F= @D8><J K?8K ?8; 8 EF alt BKBI@9LK<

6LDMPRSL?RCNEPACLR | <img> CJCKCLRQ BRIEPC ?M alt R®R 8MPQC RECBCNRF

2L2JWQGQ DPMICRPEDMACQQG @G JIGRUBEFYNIIIPRF YR MBLF <img> Q RF?R BME?

alt RE@R ?PER 2JJ RF?R ?AACQQG@JC CGRFCP QGLAC RFCGP ?RRPG@SRCQ MLIW AMLR?GL kJ
KC?LGLEJCQQ QFMPR QRPGLEQ

5FCPC F?Q @CCL ? MLC NCPACLR?EC NMGL alt .RRE’BCNBMCLR QGLAC @SR QRGJJ
UC A?Ld?LB KSQRdABM @CRRCP

srcset

1PGMP RM J?XW JM?BGLE RFC @GEECQR Rl <img> MFZKGIKR@RML RFC UC@ U?Q ? QSGRC MD
DC?RSPCQ DMP gPCGRENPEREDFGAF 2JIMUCB GK?ECQ RM R?GJGIP RMKRQESRFGL
PCONMLQBTQGELQ 'GPQR QFGNNCB Csrcset  @RRPG@SRisizes ?RRPG@SRC ?LB RFC
<picture>  CJCKCLR ?PC LMU ? BCA?BC MJB )MU MDRCL ?LB FMU UCJJ ?PC UC SQGLE RFCK

- CRfQ QRAVRMAMIGLE ?F srcset  ?RRPG@SRC UFGAF ?JIMUQ ?SRRFRGRNWIBEQTP ?
KCLS MD PCQMSPACQ RM AFMMQC DPMK BCNCLBWRE ML RFC AMLRC

"@>K , <I<EK8>< F= G8><J LJ@ srcset  8KKI@9LK< FE DF9@C<

5FC J?QR RGKC UC EBCRFGQ LSK@CP U?Qi?L CGEFR NCPACLR?EC NMGLR GTRRUM)C M

?KKGPKDC JGK?8KN> FI> DLCK@G8>< @D8><J ?KiliP 8<@BK @@ D8>< K?8K ;FIIE; 8EP @E=FID8K@FE
?KKGNNNN FI>3 %3 # 1E;<IJK8E;@E> EFE IOK :FEK<EK

2KKGPKDC JGN?8KN> FI> DLCK@G8>< @D8><J ?KDC 8CK

?KKGBCDSBES: ?KK@EAFI> <E  D<;@8JI :J<K

184 2024 Web Almanac by HTTP Archive


https://html.spec.whatwg.org/multipage/images.html#a-purely-decorative-image-that-doesn't-add-any-information
https://html.spec.whatwg.org/multipage/images.html#a-purely-decorative-image-that-doesn't-add-any-information
https://www.w3.org/WAI/WCAG22/Understanding/non-text-content
https://www.w3.org/WAI/WCAG22/Understanding/non-text-content
https://html.spec.whatwg.org/multipage/images.html#alt
https://almanac.httparchive.org/en/2022/media#srcset

Part | Chapter 5 : Media

VC?PQ GQ QGELGKA?LR ?LHEEGLAMSP

5FCsrcset  ?RRPG@SRC ?JIMUQ ?SRFMPQ RM BCQAPG@C PCQMSPACQ SQC x = MLC MD RI
BCQAPGNRMPQ QNCAGDW RFBECIMSIRALSLE @PMUQCPQ RM QCJCAR BGDDCPCLR PCQN
BCNCLBGLE ML SQCPQf QAPCCL w BQUARTENRMEREGEPMUQCP RFC FQQMERFIGL

NGWIQ 8FCL SQCB GL AMLHSLARGM sizes “FRRPG@ wBCQAPGNRMPQ ?JIMU @PMUQCPQ |
QCJCAR ? PCQMSPAC ?NNPMNPG?RC DMPV@SMREGBREQ@IE T?PG?@JC QAPCCL BCLQGRG

"@>K srcset <J:I@GKFI LI8><

x BCQAPGNRMPQ QFGNNCB kPQR ?LB ?PC QGKNJCP R| w EIZQARGNBRMBR TERKMPC
NMUCPDSJ *R GQ TEGMSRM QCC w BEQAPGNRMPQ ?PC KMPC AMKKML x B UFGJC
BCQAPGNRMP ?BMNRIBMELAPQ?QCB KSAF QGL/ w BCQAPGNRMP SQ?EC GQ Q& w!J EPMUGL
BCQAPGNRMP ?BMNRGML GQ SN DMSP NCPACLR?EC NMGLRQ ML KM@GJC ?LB QGV NCPAC
BCQIRMN

sizes

8 C KCLRGMLCB C?PJG wBEQRPGNRMPQ QFMSJB @C SQCB GL AN sizes \RGML UGRF
?RRPG@SRCQ 4M FMU UCJJ ?F sizes QRBETCPW UCJJ

5FC sizes ?RRPG@SRC GQ QSNNMQCB RM @C ? FGLR RM RFCTAMRBEQEFSRAEGBRRFC C
MD RFC GK?EC SQS?JJW RMIRRGTGCUNMPR UC sizes FRRPG@SROIGRAGRIW QSNNMQCB
RM @C ? FGLR ?LB QM ? JGRRAY GIQAABBC. /NCARCB
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#SR GD Isizes ?RRPG@SRC GQ KMPC RF?L ? JIGRRIGRIAAABPDCAR PCQMSPAC QCJCARGML
A?SQGLE RFC @PMUQCP RM JM?B ?L GK sizes WKFBRFAWFCL RFC ?ARSPSRYUGBRF MD
RFC GK?EC GQ QGELGKA?LRIJW BGDDCPCLR

4M FMU ?AASEC ?PC N sizes

"@>K @JIKI@ILKE <img sizes> <IIFIJ

8FGJC K?W\ sizes ?RRPG@SRCQ ?PC CLRGRCIRFBKSEB sizes ?RRPG@SRC GQ RMM
J?PEC ML KM@GJC ?LB  RMM J?PEC ML BCQIRMN 5F?R KGEFRR@EGLEABRSPC MD
RFC DC?RSPC @BIS 2QMDCC RFC RF ?LB RF NCPACLRE&IGOCRERIPR UMPPWGREIW
MD RFCQC LSK@UJBREMRRCL QGELGKA?LRIWOPNRFOANVIQR RIZFWRFC KCBG?L
BCQIRMN QGXCQ GQ KMPC RF?L RUGRCZD@RAREFRYROWEM

8F?RfQ RFC GKN?AR MD ?JJ MD RES® GL?AASP

"@>K sizes 8KKI@9LK<J K?8KDEB::BK< <EFL>? KF 8=srcset J<C<:K@FE FE
;<JBKFG +E DF9@C< @K @J

OL BCQIRMN UFCPC RFC BGDDCPCLAC @CRUC sizes :'BUBE 100vw ?LB RFC ?ARS?J

?KKGBCDSES: ?KKGEAFI><E  D<;@8]>
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JY¥MSR UGBRF MD RFC GKeEW/GWMIBL J?PECP RF?L ML KM sizes 2BRPG@SRCQ GQ
GL?AAZRC CLMSEF RM A?SQC @PMUQCPQ RM NGAI ? QS@MNRGK  srcset  1SIFEQOPMK RFC
CPPMPQ ?BB SN

"@>K 10:<JJ B@CF9PK<J CF8;<; G<I| G8>< ;L< RBK= sizes |

8 C CQRGK?RC RF?R ? 0S?PRCP MD 2JJ BCQIRMI w\BEQAFGNRISAEC ?PC IM?BGLE  # MP
KMPC MD U?QRCB GK?EC B?R? @CA?SQC MDR(sizes ;PRRRER®SRCQ 5F?RAGEQ RM Q7
@CRRQR?JJCP PCQMSPAC GQ RFCPC DMP RF srcset  L@SR ®BR?SQ sizes

?RRPG@SRC GQ QM CPPMLCMSQ RFGRANGAIGEPTRGAMIPQR  MD BCQIRMN N?ECQ RF?R
w BCQAPGNRMPQ JM?B AIMQORRCAKIZERQ@ GK?EC B?R? @CA?S( sizes @RRPG@SRCQ

5FGQ GQ OSGRC RPMS@JGLE @SR UF?RfQ UMPQC GQ RF?R ?JJ MD RFCQC LSK@CPQ ?PC
RF®/ UCPC HSQR BRRQWEM 5FGLEQ ?PC @?B ?LB ECRRGLE UMPQC

*FK< +LI :I8NC<IJ ;@ZE 8:KL8CCP CF8; k2K #IFLi<J JF K?< ELD9<IJ 28k <JK@D8K<J 98J<;
FE K?< :FD@IJ@FE ;<EJ@K@<J SESBIBRIE K?< @EHIFLI<] N?@:? K?8NC<IJ 8:KL8CCP
,@; CF8;

5FCPC ?PC RUM QMJSRGMLQ FCBOMRNFCR@QFMSJIB NSPQSC

' MP$1 PCONMLQG@JC ?LB MRFCP APGRGICINBYCEQQCEB RM K sizes 3PRRPG@SRCQ
5FC @CQR RMMJ RM ?SBGR sizes BBERN*K?EC-GLRIFGAF A?L FCJIN kV ? FMQR MD MRFCP
PCONMLQGK?EC NPM@JCKQ RMM

?KKGBLI@ >@K?LI@@D8><C@EK
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' MP @CJIMU RFC DMJB ?LB LML APGRGA?J GK?ECQ ?SRFMPQ ( sizes="auto" RM ?BMNR

5FGQ T?JSC A?L MLIJW @C SQCB GL AMLHSLARGML UGRF J?XW JM?BGLE @SR GR RCJJQ RFC @
?ARS?IVKESR QGXC N <img> ?Q RF sizes T?JSC CLQSPGLE RF?R RFC SQCB T?JSC GQ NCPDCAR!
?AASFRC

"SRMsizes DMP J?XW JM?BCB GK?ECQ GQ ASPPCLRJW MLJW GKNJCKCLRCB GL $FPMKC @SR 4
'GPCOMFAIC @MR¥NIPCQQCB QSNNMPR OMRMIBR RIVGKNJICKCLR GR QMML ?LB RF?R
BACIMNCPQ QR?PR PMJJGLE GR MSR LMU UGRF D?JJ@?Al T?JSCQ

<picture>

5FC J?QR PCQNMIGPGEC DC?RSPC RM J?LB GL U <picture> CJCKCLR 8FGJC

srcset  F?LBQ @PMUQCPQ ? KCLS MD PCQMSPACQ RM A <picture> MKARELR ?JIMUQ
?SRFMPQ RN RA?PEC EGTGLE @PMUQRFEATROIQCR WRABPREESGLQRPSARGMLQ ?@MSR
UFGAF AFt<source> CJCKCLR RM JM?B ? PCQMSPAC DPMK

5FC <picture> CJCKCLR GQ SQCB D?P Jsrcset 7L

"@>K , <Il<EK8>< F= DF9@C< G8><J K?¢ <picture>  <C<D<EK

5FGQ GQ SN KMPC RF?L ? NCPACLR?EC NMGLR ?LB ? F?JD DPMK @SR RFC D?AR RF?R RFCPC
RF?L DMSP N?ECQ RF srcset  DMPTCPW MLC N?EC RF?I <picture>  QSEECQRQ RF?R

CGRF <picture>  SQC A?QCQ ?PC KMPC LGAF <picture>  GQ KMPC BGDKASJR RM

BCNIMAMP @MRF

8F?R ?PC NCMNJC S <picture>  DMP

5FC <picture>  CJCKCLR BRMSRFMPQ RWVOLRM QUGRAF @CRUCCL P@OMSPUGRASGLE
2JIMUQ ?SRFMPQ REBUPABRRGLE CBEC GK?EC DMPK?RQ RM @PMUQCPQ RF?R QSNNMPR RFCK
D?JJ@?Al DMPK?RTOPMR.C CJQC .CBG? QUGRAFGLE D?RAR BGRTREBMMUGLE ?SRFMPQ

RM QUGRAF @Cl <source> Q @?QCBHUBG? AMLBGRGMLQ

2KKGNNNN FI> 0.1 <JG@D> LI<:8J<]) 8IK:B®FE
2KKGNNNN FI> 0. D<;@8HL<I@<) D<;@8 :FE;@K@FE
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"@>K <picture>  =<8KKILJ8><

8FGJC SQ?EC ML media ?RRPG@SRC GQ BMUL RFPCC NCPACLR?EC NMGLRQ DPMK
type QUGRAFGLE SQ?EC GQ SN RFPCC NCPACLR?EC NMGLRQJS¥FEQIGREBIRIQBER JGI
GLAPC?QGLE NMNSJ?PERBOMCREML GK?EC DMPK?RQ CQNCAG?JIW +1&( 9- UFGRF BMCQ
CLHW SLGPQ?J @PMUQCP QSNNMPR

#2J@FE

8 C ?JPC?BW@ERMU RFC UEEGK?EC PCQMSPACQ #8RX@SEMPRW/RFC @C QFMUL RM ? SQCP
CK@CBBCB GK?ECQ KSQR @C NJ?ACBNISRFEB NMRCLRG?JIW QOSGQFCB MP QRPCRAFCE

*FK< %K N@CC 9< LG @HEHRBO E| BRC<1JZ M@<NGHKI?FLK K?@J 8ES8CPJ@J 07< ;<JBKFG
18NC<IN8] GON@;< N@K?8 ,.F= O K?<DR3MII3¥N8]J GO N@;< N@K?8 ,.F= O

#2J@FE H:5E9D

- CRfQ QRAWR@GLE )MU UGBC BM RFQ GR@CQ CLB SN UFCL N?GLRCB RM RFC N?EC
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"@>K @JIKI@ILKE <img> C8PLK N@;K?J

.MQR MD RFC MD@K?ECQ CLB SN NPCRRW QK?WWSRRFERCPCQREEEDMMQR MD RFC
KM@GJIBNSR QGXCQ ?PC CQQCLRG?JIW SLAF?LECB QGLAC ~ RFC RMMSRQERETQIRMN J?
F?TC 2JJ GLAPC?QCEPEISLB

#SR UFGJC RFC K?HMPBRBRWEEXCQ ?PC QK?JJ KMQRINZRCQZRIR MLC D?GPJW J?PEC

<img>

?KKGBCDS8ES: ?KKGEAFI><E  D<;@8 J@Q<J
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"@>kl 3@;<Jl<img> G<I G8>< GBR N@;K?

)?JD MD ?JJ KM@GJC NRECR F2?QR MLC GK?EC REPENRZNNRAK?RCJIW RFC DSJJ TGCUNMPR
"R RFC RMN CLB KM@G&3RQ??PC BMGLE ? EMMB HM@ MD AMLR?GLGLE GM&HRER®QM RF?R R
SN KSAF KMPC RF?L RR2R A?L QCC RFC BGQRPG@SRGML OSGAIJW ?NNPMIBPRFC KM@GJ
TGCUNMPR UGBRFV NLB RFCL MLIW @ AZCIWBGR

$MLRPQR RFGQ UGRF RFC BUQSRVNGBRFQ UFGHEBMN MSR ?R 20 HEQTN EPMUGLE
FGRRGLE DSJJ TGCUNMPR UGBRR RAC RF NCPACLRGJC ?LB @JMUGLE PGEFR N?QR GR ?|
NCPACLRGJC &0S?JJW GLRCPCQRGLE RFC RF RF ?LB \RFSRGPAXCRGICBEQIRMN
EMRRCL J?PECP RFILLRIRC RUBPRQ ?EMJFGJIC RFC CLBQ MD RFC BGQRPG@SRGML ?PC CQ
SLAF?LECB -?PEC FCPM GK?ECQ ?PC ECRRGLE J?PECP

?EC:?D:4 GD 6IEC:?D:4 D:K:?8

)MU BM RFC UEEGK?ECQ CLB SN ?R RBEFEQEXCQ SFCPC ARMRPQ RM QA?JC 7L GK?EC
UGRF $44 #SR FMU KPIGK?ECQ ?PC @CGLE QA?JOBMGRR 21

*K?ECQ JGPIJPCNJI?ACB CICKCIFRIC ?LGLRPGLQGA @BCD?SIRAGL RFC ?@QCLAC MD ?
srcset  AMLRPMJJGLE RFCGP BCM&RVPSIEQ AMLRPMJJGIMEBRAGFBRFAGK?ECQ ML
RFC UC@ BG@N&ER?? BCLQGRW MD V 1JMN? [ GK?EC <imgsrc> ?LB & BCD?SJR
RF?I<img> UGJJ @C J?GB MSR UGRF ? UGBRF MDJQ $44 NGV

?KKGBCDSES: ?KK@EHFI><E  D<;@8]>
?KKGI<MCFGBIFQ@CC8 FI> ;F33// .<GC8:<;7<C<D<EK
?KKGI<MCFGBIFQ@CC8 FI> ;F.] #CFABKP@EI@:7/@Q<

2024 Web Almanac by HTTP Archive 191


https://almanac.httparchive.org/static/images/2024/media/widest-img-per-page-layout-width.png
https://almanac.httparchive.org/static/images/2024/media/widest-img-per-page-layout-width.png
https://almanac.httparchive.org/en/2022/media#fig-30
https://almanac.httparchive.org/en/2022/media#fig-30
https://developer.mozilla.org/docs/Web/CSS/Replaced_element
https://developer.mozilla.org/docs/Glossary/Intrinsic_Size

Part | Chapter 5 : Media

"SREMPQ K2 ?NNIJWRPGLQGA QGXGLE RV HOGERECUGBRF MP @MRF *D 7L GK?EC F?Q @CCL
CVRPGLQGA?JJW QGXCB GL MLC BGKCLQGML D width: 100%; PERISR JCDR RM GRQ
GLRPGLQGA QGXC GL height: auto: MP LM PSJC ?R 23] GR UGJJ QA?JC NBRIBMPRGML?JIW
GRQ GLRPGLQGRRGNCAR P

$MKNJIGA?RGLE RFGLEQ QERRFRZR PSICQ <img> CJCKCLRQ @?QCB ML RFCGP GLRPGLQGA
BGKCLQGMLQ SLJCQQ RFMQC GLRPGLQGA BGKCLQGMIZGIRMEROBNWIKA <img> RP

CJCKCLR UGI max-width: 100%;  PSJC UGJJ @C GLRPGLQGA?JIW QGXCB SLJCQQ RF?R GLRPGL
J?PECP RF?L RFC QGX <img> '!B3CKCLR{Q AMLR?GLOPGAF A?QC GR VRRGEQGEA?JIW

QA?JCB BMUL RM kR

8GRF ?JJ MD R¥FRRZL?RGML MSR MDMARHRCPICP FMU RFC UC <img> CJCKCLRQ ?PC QGXCB DMP
JMISR

"@>K %EKIQEJ@BE@EI@: @D8>< J@Q@E> DF9@C<

5FC K?HMPGRW MD GRZEERFFBLQGA UGBRFQ ?LB GLRPGLQGA FOGEMRCE MPOVJEMPRF
UGBRFAPCNPCQCLRGLE GK?ECQ U( max-width P min-width ~ QGXGLE AMBRRBGQ

?JQM D?GPJW NMBBEHE GK?ECQ RM RFCGP GLRPGLQGA UGBRFQ GQ D?P JCQQ NMNSJ?P ?LB Q
NMNSJ?P RF?L GBU?Q

?KKGBCDSES: ?KKGEAFI><E  D<;@8]>
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height  width 2?5 F>F=2E:G6 #2J@FE *9:7ED

"L W <img> UFMQCWIMSR QGXC GQ BCNCLBCLR ML GRQ GLRPGLQGA BGKCLQGMLQ PGQIQ F
$SKSJ?REGFAWISR 4FGPR  *L CQQCLAC QSAF GK?ECQ PGQI @CGLE J?GB MSR RUGACAML
RFC N?ET%0. ?LB $44 F?TC @CCL NPMACQQCB ?LB RFCL ? QCAMLB RGKC 2IBBLKREQF
JM?BGLE ?LB RFCGP GLRPGLQGA BGKCLQGMLQ ?PC ILMUL

"Q UQTC HSQR QCIRPGLQGA?JIW QA?JGLE ?L GK?EC RM kR ? ACPRTGLERBRFOEEBR JC?
?LB ?7QNCARBKBLRPGLQERBGAMKKMM BIPICLR RFC PCQSJRGLE NJYEASRMIFGDRQ
?SRFMPQ QFMSJB Cwidth CLB height ?RRPG@SRCQ <img> XCJCKCLEM RF?R
@PMUQCPQ A?L RCIFEISR QN?AC @CDMPC RFC CK@CBBCB PCQMSPAC JM?BQ

"@>K , <I<EK8>< | <img> <C<D<EKJ FE DF9@C< KKK height 8E; width
8KKI@9LK<J J<K

6Q7EC N height ?LB width GQN DMSP NCPACLR?EC NMGLRQ DBMBAF GQ EMMB #SR RFC
?RRPG@SRCQ ?PC QRGJJ MLIJW SQCB ML ? MLC RFGPB MD TEK?BRIQE IPRIG ERMUC F?

6=:G6CJ

'GL?JIMCRIQ R7A JMMI ?R FMU GK?ECQ ?RPBBIEH RFC LCRUMPI

C@DD 5@>2:? :>286 9@DED

MU K?L W GK?ECQ ?PC @CGCPEBBIFMK ? BGDDCPCLR BMK?GL RF?L RFC\BRPASKCLR RFC
CK@CBBCB ML " EPMUGLE K?HMPGRW

?KKGIN<9 ;<MBIK@:C<J :CJ
?KKGBCDBSES: ?KKG#DAFI><E  D<;@8]>
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"@>K %D8>< ?FJKJ J8D<MIJ:FDS@E

*R GQ F?PB RM BGQCLR?LEJC RFC T?PGMSQ NMRCLRG?JWRBFEHCOCRC FSR MCE D?ARMP GQ
HSQR FMU F?PB GK?ECQ ?PC RM ECR PGEFR 5FGQ JCTH( RC HQRMFBAMNRRGBC
GK?EC MNRGKGX?RGML CEB\BEIC D CPTGAC

4M RFCPRISWPC GR ? N?RKIBA TGCU MD RFC ASPPCLR QR?RC MD GK?ECQ ML RFCUC@ /MU JCR
? JMMI ?R TGBCM ML RFC UC@ GL

-56@

5FC <video> CJCKCLR QFGNNCBGL  ?LB F?Q @CCL RFC @CQR ?LBdQGLAC RFC BCKGQC MD
NJSEGLQJGIQF ?LB 4GPIGEFRIMLIW R¥ CK@CB TGBCM AMLRCLR MLTOB@GQGREQ C
YMU ?PC UC SQGLE GR

<video> 6=6>67E 25@AE.@?

-CRIQ QRAWRIGUCPGLE RFC kPQR ?LB KMQR @?QGA OSCHRGECQNHLA <video>
CJCKCLRQ ?R 2JJ

?KKGN<9 ;<M@D8>< :;EJ
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"@>K , <I:I<EK8>< F= DF9@C< G8><J K?8K @E:CL;< <video> KEEBR<EK +E ;<JBKFG
@KZJ

5FGQ GQ ? QKZIRGKIL MD RFC N?ECQ RF’ <img> {SBSRTCL RFMSI <video> U?Q

GLRPMBSACBCARQ ?EM ?BMNRGML GQ ASPPCLRJW EPMUGLE D?QR 5B8 KM@GJC LSK@CF
PCJI?RGRCPKQ DPMK

-:56@ 5FC2E:@?D

YMU JMLE ?PC RFMQC TGBCMIPVWIRVILE

"@>K 2@;<F ;I8K@FEJ

/GLC MSR MD RCL TGBCMQ ?PC JCQQ RF?L RUM KGLSRCQ JMLE .MPC RF?L F?JD ?PC SLBCF
"LB ?2JKMQR MLC OS?PRCP MD TGBCMQ ?PC SLBCP RCL QCAMLBQ

?KKGBCDSES: ?KKG@AFI><E  D<;@8 >
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8F?R DMPK?RQ ?PC QGRCRRBEIGT .1 UFGAF CLMWMZLGTPQ?J QSNNMERRIGLE

"@>K  OFG OK<EJ@FEJ F=]C<J N@K? 8 M@;<F )%)! KPG<

"DRC .mp4 RFC RFPCC KMQR AMK/R@LQGMLQ ?PERBLOG ts  ?LB.mds 5FGQ RPGM GQ
BCJGPCB UFCL <video> CJCKCLR CKNU® ?B?NR@IGRE QRPC?KGLE SQGLE CGRFCP )-4 MP
1&(% "4) 7GBCM CJCKCLRQ RF?FCBCIERFGLE @C!.mp4 MIP ?B?NRGIGRE

QRPC?KGLE 7ZRCP?AAMSLRGLE DMP MLIJW VRDIRFGMLQ UC DMSLB

>3655:78

5FC <video> CJCKCLR MDDCPQ ? LSK@CP MD ?RRPG@SRCQ RF?R ?JJMU ?SRFMPQ RM AMLRPM
TGBCM UGJJ @C JM?BCB ?LB NPCQCLRCB ML RFGWHERIHCIBARBQ?EC
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8FGJC @M playsinline ?LB autoplay ?PC SN RFPCC NCPACLR?EC NMGLRQ DRNW  dJGI
PCNPCQCLRGLE GLAPC?QCB ?BMNRGML MD QFMPR G/ RAC QABTRMOIRFZR NQURFC
@GEECQRCEVIICP RFC N?QR DCBQW?Q @ preload  UFMQC SQ?EC F?Q BCAPC?QCB QGV
NCPACLR?EC NMGLRQ

5FGQ AMLRGLSCQ ? RPCIB QCE?RFPMSEFMSR RFC  Q ?LB/MBIRFCQGQ ?@MSR UF
PCK?GLQ RFC Q?KC ?Q GR U?Q @PMUQCPQ ILMU KMPC RF?L ?SRFMPQ BM ?@MSR CLB SQC
AMLRGRQ #W LMR GLAJSB preload ?RRPG@SRC ?SRFMPQ ?PC GLAPC?QGLEJW ECRRGLE |
@PMUQCPQ/U?

src 2?5 source

5FCsrc  ?RRPG@SRC GQ MLJW NPCQ <video> KRIICKCLRQ .2 MD RFC PCQR MD RFC
<video> CJCKCLRQ ML RFC UC <source> AFGJBPCL ?JIMUGLE ?SRFMPQ RMdGL
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RFCMPWAQSNNJW KSJRGNJC ?JRCPL?RC TGBCM PCQMSPACQ DMR@QC GL BGDDCPCLR AMLRC

"@>K *L.D9<I| F= <source> J G< <video>

JMUCTCP KMQR ML <video> CJCKCLRQ U <source> AFGJBPCL MLI®WM2CdAMLJW MLC GL
RCl <video> CJCKCLRQTE?KSJRGI <source> Q

@?4=FD:@"?

4M RFCPNMISFTC GR ? QL?NQFMR MD RFC QR?RC MD KCBG? MLRFCUC@ GL ~ ?JMLE UGRF ? JV
FMU RFGLEQG2AF?LECB®P RFC J?QR AMSNIRPRIDBIWC QCCL HSQR FMU S@GOSGRMSQ ?LB
GKNMPR?LR KCBG? GQ RM RRCBRUIAC MD RFC UC@CRIBERRIAI MD FMU QGRCQ ?PCd?LB
?PCIRABCIGPGLE GR CDDIWARGT

1CPF?NQ SLQSPNPGQGIIMBLB RF?R GK?ECQ ML RFC UC@ ?PC EGRREBEE RMBHECP
AMSLRGLE GK?ETIRGIRIIBR BGKCLQGMLQ RFC LSK@CPQ ?PC HEGCREBSEMIC ?JQM

Q% ?L GLAPC?QC GL AMKNPCRQGOUBBRICEL N?PR @LAPC?QCB ?BMNRGML MD KMBCPL GK?EC
DMPK?RQARMR?J GWHEC @>XCQ ?PC EMGLE SN RMM

*L ? QGKGJIEBI RFC KMQR LMR?@JC AF?UBMLIREQTGBCM QGBC U?Q QGKNJIW RF?R RFCPC UCP(
2 JMR KMPC MD RFCK RF?L RFCPC WZPQ REM \BFC UC@ AMLRGLSCQ RM ECR KMPC ?LB KMPC
TGQS?J

"QGBC DPMK RFMQC RMN JGLC kLBGLEQ LVRGGHIRFIAKMSEC DMSLBCGAPRFGPIWQGQ
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0L RFC BGQANESR E QGBC WC?FBEC LSK@CF <img> CJCKCLRQ UGRF LM MP KC?LGLEJCQQ
at R@R WCP SQ?EC MD J?XW JM?BGLE JC?BGLE RM LCEBRGRQONNFDPRCPGMSQ GD
QK?JJ GLAPC?QC GL (* SQ?Isizes ?AASPAW ECRRGCE OMPQC RF?L GR 2JPC?BW U?Q

)CPGQ RM KMPC CDDUARES?J AMKKSLGA?RGML ML RFC UC@ GL

FE9@CD

4RCD?L +SBGQ

X IQRCD?LHSBGW !QRCD?LHSBGQ AMXQRCD?LHSBEFRRN@UU QRCD?LHSBGQ AMK

4RCD?L +SBGQ DAL GERMMLRCLB BLIMNKCLR RC2RQ ?EM ?LB JC?PLQ GL
NS@JGA MIGIMEPLBLCUQICRRCP
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8 C@QGRIBEINCPQ A?L SQC RFGPB N?PRGCQ RM GKNJCKCLR ACPR?GLARIRRSPEQ QSAF
2L2JWRGAQ QMAG?J KCBRGBLRIEELR NPMACQQGLE ?LB AMLRPVRBE@GIPEC
RWNGA?JIW AMKNPGQCQ PCQBIBPREQ KPR N?PRW ?LB T?PGMSQ RFGPB N?PRGCQ 6QGl
N?PRGCQ RM AMKNMQC ? UC@ N?EC 2JIMUQ TIMRIKKBR?BBEAF CL?@JCQ CDKAGCLR ?LB
P?NGB BCMIKCLR MD PGAF DC?RSPCQ @SR A?L 2JQM NMQC QICIRSREERI NPGT?AW
NCPDMPK?LAC GQQSCQ

*L RFGQ AF?NRCRMLBSAR ?L CKNGPGA?J 2L?IJWQGQ RM QFCRRGERRWD. REGLFRFGPB
N?PRGCQ ML RFC @X@BRF?R LC?PIW 2JJ UC@QGRCQ AMLR?GL MLC MP KMPC RFGPB N?P!
NPWGBC ? @FEMUL MD RFC RWNCQ MD PCQMBRAGRFQUERFGPB N?PRGCQ QSAF 2Q GK?EC
+7T?4APGNR DMLRQOIREMBBC ? @FMUL MD BGDDCPCLR A?RCEMPGCQ MD RFGPB N?PRG!
8 C@ QSAF ?Q 7B ?L?JWRGAQ $%/ TGBCM REEAE 7HQR NFEBC ? @FEUL MD FMU
BGDDCPCLR RFGPB N?PRGCQ ?PC GLAJSBCBJBGPCARIJW MP GLBGPCARJWAML UC@ N?EC
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#CDMPC UC QR?PR ML MSP ?L?JWQGQTGRFMBINGMMKME BCKLGRGMLQ MD UF?RCIE UGJJ AM
GL RFGQ AF?NRCP

*:E6D 2?75 A286D

*L RFGQ AF?NRCBQC RFC RZHEM BCNGAR RFC PREBDRTFR MICR B K?GLdMDRCL
PCDCPPCB REIKCE;<;BG (<MC FD8@E GCLIGE% ' MPZ?KNJC EGTRFC 63-
https://www.bar.com/ RFC C5-% G bar.com ?LB DMP RFC ¢ https://foo.co.uk

RFC C5-% G foo.co.uk #Wk-31 MP UC@ N?ELC KC?L ? SLGOSC 63- IMPC QNCAGKA?JJW
RFC BMASKCLR DRRNIC )5.- MP +T?4APGNR JMA?RCB ?R RFC N?PRGASJ?P 63-

.92E :D 2 E9:C5 A2CEJ

8 C QRGAI RM RFC ?DMPCKCLRGMLCB BCKLGRGML MD ? RFGPH $QRBE BQIZBGREGIREC 8
"JK?L?A RM ?JIMU DMP AMKN?PGQML @CRUCCL RFGRISQBEOBBRSRILQ

" @45>0 <->@& ?L CLRGRW BGDDCPCLR DPMK RFC QGRC MULCPTVIRKP QRMI?QRTARR GL

MD RFC QGRC LMR BGPCARJW GKNJCKIB RCRFPCERGRETMVIFCPNPCAGQRBBPB N?PRW

AMLRCLR GQ JM?BCB DPMK ? BGDDCPCLR QGRC G?RFRPGRREGRBONVPRWIFGEGL?JIJW TGQGRCE
@V RFC SQO®SKC RF?R RFC SQCI example.com RFC kPQR N?PRV example.com

GLAJSBCQ QGJJIW A?R GK awesome-cats.edu DMPWCKNJIC SQGLE<img> R?E *L RF?R
QACL?Ptawesome-cats.edu  GQ RFC RFGPB MZEFRNW?Q LMR MPGEGL?JW\RFEEERIB @
JMUCTCPGD RFC SQCP BGPCA awesome-cats.edu awesome-cats.edu  GQ RFC kPQR

N?PRW

0LJW RFGPB N?PRGCQ MPGEGL?RGLE DPMK ? BMK?GL UFMQC PCQMSPACQ A?L @C DMSLB ML ?
SLGOSC N?ECQ GL RFC )551 (PBAEIQCR UCPC GLAJSBCB RM K?RAF RFC BCKLGRGML 8FCL RFGF
N?PRW AMLRCLR GQ BGRIBABEWIQTIFQR N?PRW BMK?GL GR GQ AMSLRCB ?Q kPQR N?PRW AML
' MPZ?KNJC QCJD FMQRCB $44 MP DMLRQ ?PC AMSLRCB ?Q kPQR N?PRRQBMNRRRY 4GKGJI?PIV
AMLRCLR @EPDPMK ? RFGPB N?PRW BMK?GL GQ AMSLRCB ?Q RFGPB N?PRW AMLRCLRd?QQSKC
RFC gKMPC RF?L  N?ECQ ARGIRIBRERFGPB N?PRGCAMMEEL R DPMK BGDDCPCLR QS@BMK?GLQ
YMUCTCPPCE?PBJCQQ MD RFC LSK@CP MD QS@BNIC?SUSLREB ?Q ? QGLEJC RFGPB N?PRW

' SPRFOBR GQ @CAMKGLE GLAPC?QGLEJW AMKKML DMP RFGPB RBERGQQ RRDE G RRWSCP
DMPRKNJC RFPMSEF RCAFLGOBCQAMBI?IGLE 8 C AMLQGBCP RFCK ? kPQR N?PRW GL RFGQ
2L?2JWQGQ 5FSQ MSP PCQSJRQ NPCQCLR ? JMUCPI@KIEAB MDRFGRBGI?PRGCQ ML RFC UC@
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"Q NPTGMSQJW GLBGA?RCB RFGPB N?PRGCQ A?L @C SQCB DMP V?RBMSRIGEL APEEIAID
TGBCMQ RMIJERY MP RM GLAJSBC AMLRCLR DPMK QMAGPARRBEMPERCRFEIB@QCPT
RFGPB N?PRGCQ GL MSP B?R?QCR REGEB\MNARRES CNMQGRMPITRANGAI )SIAC

5FC PCNMQGRMPW @PC?IQ BMUL RFGPB N?PRGCQ ?JMLE RFC DMJIMUGLE A?RCEMPGCQ

0 5FCQC QAPGNRQ ?PC NTEFRGRGBE LCRUMPIQ CGRFCP QCPTGLE MP KC?QSF

:-8E@5/? 5FCQC QAPGNRQ KC?QSRICSQERE ?LB RFCGP ?ARGNI@ BEGEC
P?LEC MD GKN?AR FCPC BCNCLBGLE ML UF?RIQB®CGLE RP

5FCQC ?PC ? KGVRSPC MD NS@JGAIW FMQRCERIBICQ QUWBRAICIG @P
H2SCPW QCBNICP BGDDCPCLR NS@JGA $%/Q ?LB NPGT?RC $%/ SQ?EC

;@1:@ 5FCQC QAPGNRQ ?PC DPMK AMEBCRR NIPNNS@JGQFGLE QNCAGKA ?DkJG
RPAIGLE

A?2@:91> 'Al17? 5FCQC QAPGNRQ ?PC DPMK ASQRMKCP QSGNMIRBCPO
RF?R MDDCP AF?R ?LB AMLR?AR QMJSRGMLQ 5FCQEIQAFRENRE GRLBGIERR

2@5:3 5FCQC QAPGNRQ ?PC DPMK UC@ FMQRGLZREPROVIPHEE 3
40S?PCQN?AC CRA

1->7 1@5:3BFCQC QAPGNRQ ?PC DPRKEKERMMJIQ RF?R ?BB NMNSNQ LCUQJCRRC
CRA

"/5-8 5FCQC QAPGNRQ CL?@JC QMAG?J DC?RSPCQ
(-31--31> 5FCQC QAPGNRQ RCLB RMUMPAFEPLQAPGNRQ ?LB GMERGRRT K7L

)@585@ECQC QAPGNRQIZRBIECP SRGIGRGCQ "1* AJGCLRQ QGRSBKMLGRMPGLE
BCRCARGML CRA

*501; 5FCQC QAPGNRQ CL?@JCOVDBBCB QRPC?KGLE DSLARGML?JGRW

2?1:@ <>, B501>5FCQC QAPGNRQ 2JJMU QGRCQ RM K?L?EC RIEESQMP RMLQCLR
(CLCP?J %?R? 1PMRCARGML 3CESWMRISNE?LABECN ?PC 2JQM ILMUL ?Q RFC
SMMIGC $MLQCLRf NMNSNQ ?LB ?PC SQS?JJW JM?BCB ML RFC APGRGA?J N?RF

#@41>5FCQC ?PC KGQACJJ?LCMSQ QAFREMNRIEBCRIGH?PCB MPGEGL UGRF LM NPC
A?RCEMPW MP ?RRPG@SRGML
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Content Type

8 C SQC R Content-Type  )551 FC?BCP RM BCRCPKGLC RFC RWNC MD RFC RFGPB N?PRW PCQMS
5FC T?JSCQ MD $MLRENR &LAJ text/javascript MEF application/javascript DMP

QAPGN text/html DMP )5.- AMLRCLEF application/json DMP +40/ B?R" text/

plain  DMP NJ?GLR- image/png DMP 1/( GK?EC(image/jpeg DMP +1&( GK?ECQ

image/gif DMP (* GK?ECQ CRA

'C6G2=6746

"@>K |, <l<EK8>< F= G8><J K?8K LJ< FE< RPEBBIK@<J

5FCPC GQ ? QIGEFR BCAPC?QC GL RFC NCPACLR?EC MD N?ECQ RF?R SQC MLC MP KMPC RFGPE
P?LICB UC@QGRCQ 4GKGJ?PRM ?LB  RFC NCPACLR?EC MD N?ECQ UGRF MLC MP KMPC RF
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N?PRGCQ PCK?GLQ FGEF ?R

"@>K @JIKI@ILK@FE F= K?< ELDISBR<®&OBEB

8 C LMRC ? AMLGREBEPBCAPC?QC GL RFC LSK@CP MD RFGPB N?RRGEQOERGROQPIEC
KCBG?L LSK@CP MD RFGPB N?PRGCQ GQ DMP RFC RMN RFMSQ?LB UC@QGRCQ ?LB DM
UC@QGRCQ 5FC LSK@CP MD RFGPB N?PRGCQ ML RFC BCQIRMN GQ FGEFCP RF?L RF?R DI
AMLRBR @CRUCCL BCQIRMN ?LB KM@GJC GQ EPC7ROEEDMRFGERCPP
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5FC RMN RFGPB N?PRW BMK?GLQ BCRISBMBIC MULCB BMK?GLQ QSAF ?Q
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GLAJSQGML 5FC GLBGPCARJW GLAJSBCB RFGPB N?PRGCQ A?L DSPRFCP GLAVBBC ?BBGRGML
OV?KNJC ? RFGPB N?PRW QAPGNR RF?R GQ BGPCARJW GVAISBRBAALGRAQRIR? MRFCP
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https://almanac.httparchive.org/static/images/2024/third-parties/median_depth_categories.png
https://almanac.httparchive.org/static/images/2024/third-parties/depth_of_gtm_called_urls.png
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8FCL UC JMMI QNCAGKA? googletagmanager.com MLC MD RFC RMN RFGPB N?PRW BMK?GL(
IMRC RF?R GR GLAJSBCQ ? LSK@CP MD MRFCP (MME googleapis.com  \ google-

analytics.com google.com gstatic.com youtube.com

googlesyndication.com ?LB googleadservices.com OLJW RFPCC MD RFC RMN RFGPB
N?PRW BMK?GLQ GLAW googletagmanager.com ?PC LML (MMEJC BMK?GLQ UFGAF ?PC
facebook.com  ?LB facebook.net DMP .CR? ?l shopify.com  DMP 4FMNGDW

@?4=FD:@"?

0SP KLBGLEQ QFMU RFC S@GOSGRMSY PPRBRENICRFGPB N?PRGCQ MICREB BE@R 8
RFC SQC MD RFGPB N?PRGCQ ML RFC UC@ GQ KMRP AMBBINREGRAAPC RF?L LGLC GL RCL
UC@ N?ECQ GLAJSBC MLC MP KMPC RFGPB N?PRGCQ MDRCL GLBGPCARJW

8 C kLB RF?R RFGPB N?PRGCQ ?PC MDRCL LMR BGPRARRNCR AITBRB\AVLC RFGPB MD
RFGPB N?PRGCQ ML ?JJ UC@ N?ECQ ?PCPREIFCDEPPBIWRGAQ ?LB AMLQCLR K?L?ECKCLF
(MMEJC GQ RFC KMQR NMNSJ?P RFGPB N?PRW MLORVD REG@RVIGHEHRTRFGPB N?PRW BMK?C
@CGLE (MMEJC BMEK googleapis.com googletagmanager.com google.com

google-analytics.com ?LB youtube.com

5FC GLAJSQGML MD RFGPB N?PRGCQ NPQQELRGREABGIPBWPK?LAC GKNJGA?RGMLQ RF?R
QFMSJB @C AMLQGBCBC® BTIMNCPQ

FE9@CD

5M@G?Q 6P@7?L
(9] RSP@7?L &) FRRN@LRCPLCR QGAFCPFCGR BC SC@CP SLQ RC?K ?JJC KGR?P@CGRCP SP@?L RM@

%MARMP MD &LEGLOT@GERBP@?L GQ ? 1IPMDCQQMP MD $MKNSRCP 4AGCLAC
QNCAG?JGXGLE GL $W@ CIRRIBSPGRWF?JG?L 6IERIGRW MD "NNJGCB 4AGCLACQ
)GQ PCQC?PAF DMASQCQ ML *BRRASIPERWARGML ?LB RFC GKN?AR MD RFC (%
ML RFC *LRCPLCR

?KKGNNN<EN ?J ;<
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https://github.com/turban1988
https://internet-sicherheit.de/ueber-uns/team/alle-mitarbeiter/urban-tobias-2/
https://www.en.w-hs.de/
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. ?7QF TI?PG?
X IT CI?2PaR?2QF €) : 2QF TI?PG? & FRRNQUU W2QEI?PG? AMK

1 ?QF TI?PG? GQ ? 1F% A?LBGB?RC GL $MKNSRCBI4ACRQRSRARVID $?JGDMPLG?
%?TGQ)C A?PPGCQ MSR UC@ @?QCB J?PEC QA?JC *LRCPLCR KC?QSPCKCLRQ RM QI
GKNPIZ RFC BWL?KGAQ MD UC@ 4NESGKRCIIWPPAF GQ DMASQCB ?R QRSBWGLE ?LE
@PGLEGRE@®?PCLAW RM MLIEIBLRRRRGACQ ?LB SQCP NPGT?AW GQQSCQ

S@?GP 4F?kO
X IXS@?GP>QF?k@) XS@?GPQF?k@® FRRNUUU AQ SABBQ CBS ZXS@?GP

;S@?GP 4F?kO GQ ? AMKNSRCP QAGCLAC NEBVIRGIERWPNR $?JGDMBPQG? %?
)GQ PCQC?PAF ?GKQ RMRRCI*LRCPLCR NPGT?RC QCASPC ?LB Q?DC SQGLE CKNGPG
EPMSLBCB KC?QSPCKCLR ?LB KMBCJGLE KCRFMBQ

$FPGQ # RRECP
Q) $FPGQ#CCRG

$FPGQ # RRECP GQ ? 1F% A?LBGB?RC GL $MKNSRCRB4BQRNACITRRFC
6LGTPQGRW MD "NNJGCB 48gPEQC?PAF DMASQCQ ML UC@ ?LB LCRUMPI QCASPGI
NPGK?PGJW DMASQGLE ML SQCP RREITFRARCAH RBMEGCQ

?KKGNNNL:;8M@J <;L
?KKGNNNL:;8M@J <;L
?KKGNNN<EN ?J ;<
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https://x.com/vekariayash
https://github.com/Yash-Vekaria
https://www.yashvekaria.com/
https://www.ucdavis.edu/
https://www.ucdavis.edu/
https://x.com/zubair_shafiq
https://github.com/zubairshafiq
http://www.cs.ucdavis.edu/~zubair
https://www.ucdavis.edu/
https://github.com/ChrisBeeti
https://www.en.w-hs.de/
https://www.en.w-hs.de/
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'2CE  92AEG6C

* &

#H.(3 # (#) o . #% &, 5%) ( #" & 1#.-
<M@<N<; 981IP , FCC8I
ESCPQ<; ¥¥EIP ,|@:8E; ?1@J *@:?FCJ
1, @K<; 9P@:?78<C (KN@KK<J

?EC@5F4E.@?

AC?PAF &LEGLC ONRGKGX?RGHQ RECPARGAC MD GKMNEN UC@QIERTAFLGA?J QCRSN
AMLRCLR ?LB ?SRFMPGRW RM @MMQR GRQ TGQG@GJIGRW GL QC?PAFRBASIRE. GR FCIN
RPDKA \@ ?JGELGLE UC@QGRC AMLRCLR UGRF SQCP QC?PAF GLRCLR

5FC 8 C@ "JK?L?AfQ 480 AF?NRCP DMASQCQ ML RFC APGRGA?J CJCKRERQPLB AMLKESP
GLISCLAGLE ? UC@®RRE?LGA QC?PAF TGEG BRGEFRW EM?J GUGEE NRRGML?@JC
GLQGEFRQ RF?R CKNMUCP UC@QGRC MULCPQ RM CLRPRLIZ@REGRBLGRIGEAP

MICRJJ QC?PAF CLEGIGLEQ #W AMLBSARGLE ? AMKNEQEZLPGGEQ NRIKER 4&0

D?ARMPQ UC FMNC RF?R UC@QGRCPRRC SMOR GKN?ARRSEGE® ?LB RCAFLGOSCQ DMP
MNRGKGXGLE ? UIQ@PGRCLAC GL QC?PAF PCQSJRQ

5FGQ AF?NRCP AMK@GLCQ B3RP'PRMBTC -GEFRFMSQEFPMKC 6QCP &VNCPGCLAC

?KKGPKKGR@WFI>
?KKGJ<MCFGHI FD< :FD ;F:J C@>?K?FLI<IM@<N
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https://httparchive.org/
https://developer.chrome.com/docs/lighthouse/overview/
https://developers.google.com/web/tools/chrome-user-experience-report
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3CNMPR?LB ASQRMK KCRPGAQ RM BMASKCLR RFC QR?RC MDVRG? RREFEGEGERC
J?LBQA?NC

5FGQOAPUC ?L?JWXCB MLC GLLCP N?EC NCTRCESGLC 78BGRGML RM RFC FMKC N?ECQ UFGAF GQ
233 RFGQ AF?NRCP F?Q FGQRMPGA?JJW ?L?JWXCB 4GLAC FMKC N?ECQ ?PC MDRCL OSGRC BGI
N?ECQ RFGQ F?Q SBIMZU GLQGEFRQ ?LB ?JIJMUCB SQ RM AMKN@RPRACIEFBAC N?ECQ
TCPQCQ GLLCP N?ECQ

C2H=23:='EJ :?56123:=:EJ

"MP ? N?EC RM ?NNC?P GL ? QC?PAF CLEGLC PCQSJRQ N?EC 4&31 RFCMNIEB RERR kPQR @C Al
GLBZB 5FGQ NPMACQQ GQ ? APGRGA?J DMSLB?RGML MD 4&0

4C?PAF CLEGLCQY/IBBJEM N?ECQ GIC@CUWQ GLAJSBBRERL?J JGLIQ QGRCKYNQ MP @

@CGLE BGPCARJW QS@KGRRCB RM RFC QC?PAF CLEGLC SQGLE UC@K?QRCP RMMJQ *L  #G
GRQPAECP BGUARCB LC?PIHGJIIGML LCU NZEGQRSPGLE RRE3ONY ?LRGRPSQR QSGR ?E?GLQR
(MMEJC GR U7IGPICB RF?R@REEQ MLIW ?PMIBBIIGML BMASKCLFRIR KC?LQ D?P

KMPC N?ECQ ?POJEB RF?L G\BB

5FGQ QCARGML ?BBPCQQCQ RFC QR?RC MD RFC UC@ ?Q GR PCJ?RCURALBIBURIC ?PAF CLEGL(
AMLRCLR ?Q UCJJ ?Q RFCEEAMAGEL?JQ 480Q ATEBENM RFARIGPQ GLRELB
PCR?GCAQGMLQ MD RFCGP AMLRCLR

robots.txt

"Q QC?PAF CLEGMBQMPC RFC UC®@/ QREIN ?F robots.txt kJC UFGAF MLC A?L RFGLI MD

?Q ? TGQGRMPQf ACLRCP DMP C robots.txt KIC QGRQ ?R RFC PMMR MD ?L MPGEGL ?LB ?JIMUC
QGRC MULCPQ RM GKNJCBIZER/REBISQGML 1PMRMRNMUBCQGELCB RM QGEL?J MP GLQRPSAR
@MRQ UFGAF 63-Q ? QC?PAF CLEGLC A?L MBJA?LLMR AP

*R GQ LMR ? F?PB RCAFLGAR] BGHRUEHEQP SN RM RFC @MR RM FMLMP RFCQC GLQRPSARGMLQ -
RFC K?HMP QC?PAF CLEGLCQ PCQNCAR RFGQ NRIRRIMMISPRIQIPELIOWQGQ

8FGJC RFC PM@MR RVR kJC F?Q @CCL SQCB QGLAC RM AMLRRNGENBRMRBRC GQ AP
@CA?KC DMPK?JJW QR?LB?PBGXCB UGRF RFC *LRCPPQR MPERGLEICRGIECGK@CP

5FC DMPK?JGX?RGMIB®D RFC NPMRMAMJGL MAASPPCB ?DROGREBRIVPD CBGRGML

MD RFC@E@ "JK?L?A U?Q NS@JGQFCB ?LB JCB RM QRPGARCP CLDMPACKCLR MD RCAFLGA?J QR

2KKGJI<M<CFG<1J >FF>C< :FD N<9 KFFRD¥:R0<| OG<I@<EsGFIK
2KKGIQPGGID J<F >FF>C< GE}@Q< FOK<LK | <<EKCP LI@E> K<JK@DFFP @E#FF>C& @E<O J@Q< @E
2KKGN@B@G<;@8 FI> N@B@ .FOFKJ KOK

2KKGJ8K8KB:B<I @<K> ;F: 2KDC I=:
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https://developers.google.com/web/tools/chrome-user-experience-report
https://x.com/patrickstox/status/1630582277057986560?s=20
https://zyppy.com/seo/google-index-size/#:~:text=But%20recently%2C%20during%20testimony%20in,Google's%20index%20size%20in%202020.
https://wikipedia.org/wiki/Robots.txt
https://datatracker.ietf.org/doc/html/rfc9309
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' MP RFC KC?QSPCKCLRQ DUIPFREE@WIK?L?A UCIPP-GEFRFMSQC ?L MNCL QMSPAC
?SRMK?RCB RMMJ DMPGRENFRC OS?JGRW MD UC@ N?ECQ GL R?LBCK UGRF MSP MUL B?R?
5FCQC ?SBGRQ QFMUCB RF?R  MD BCQIRMN N?ECQ ?LB  MD KM@GJC N?ECQ D?GJCB |
AFCAI DMPRJC robots.txt kJCQ

robots.txt DE2EFD 4@56D

"@>K robots.txt JK8KLJ :F;<J

AGLAC  RFCPC F?Q @CCL ? LMKGL?J GLAPC?QC GL RFC NCPACLR' robots.txt ~ CQ UFMQC
kJCQ PCRSPL? QR?RSQ AMBC *L robots.txt  kJCQ DMP KM@GJC QGRCQ PCRSPLC

QR?RSQ AMBC UFGJC  MD BCQIRMN QGRCQ PCRSPLCB? QR?RSQ AMBC 5F?RfQ SN I
UFCL KM@GJC ?LB BCQIRMN QGRCQ PCRSPLCB QR?RSQ AMBCQ MD  ?LB BCQIRMN
PCQNCARIBT

5FGQ QK?JJ GLAPC?QC QGEL?JQ RF?R BCQNGRC RRCIQRZCBCRBIQWMRK?RGX?RGML GRQ
NPTGMSQ RFPCC BCA?BC FGQRMPW F?B ?JPC?BW JCB RM UGBC QA?JC ?BMNRGML

"BBGRGML7BAE BGDDCPCLAC @CRUCCL KM@GJC ?LB BCQIRMN QGRCQ PCRSPLGLE ?  QF
LMU L?PPMUCB RMHSQR? BGDDCPCLAC AMKN?PCBRMRFC E?NGL  8FGJC MLC A’
BFPU ? BCKLGRGAMLAJSQGML DMP RFC NCPACLR?EC BCAPC?QINJZLCRGMQEE BIORFC
EPC?RCP ?BMNRGML MD KM@ G I BB INFGL AGRQSQ RFCTBRESQ NPICLAC MD

QCNZRC KM@GJIC QGRCQ

)551 QR?RSQ AMBCQ QGELGKA?LRJIW G robots.txt ’kJC DSLARGMLQ 8FCL RFC kJC
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https://developer.chrome.com/docs/lighthouse/seo/invalid-robots-txt
https://developer.chrome.com/docs/lighthouse/seo/invalid-robots-txt
https://almanac.httparchive.org/static/images/2024/seo/robots-txt-status-codes.png
https://almanac.httparchive.org/static/images/2024/seo/robots-txt-status-codes.png

Part Il Chapter 7 : SEO

PCRSPLQ ? 99 QR?RSQ AMBC GR GQ ?QQSKCBRBEGRE PRQRMGRRGMLQ "U?PCLCQQ MD RFGQ
@CFPGMP F?Q AMLRGLSCB RM GLAPC?QC ?Q UC QCC ? AMLRGLSGLE RPCLB MD DCUCP  PCQNI
robots.txt kJCQ

*L MD KM@GJC QGRC( robots.txt ~ kJCQ PCRSPLCB? QR?RSQAMBC ?LB  MD
BCQIRMN QGRCQ /MUGL  GRfQBMULRM  DMP KM@GJC QGRC TGQGRQ ?LB  DMP BCQIRI
BPMNQ ?PC D?GPJW AMLQGQRCLR UGF robots.txt ~ JRERBPLGLE QR?RSQ AMBCQ
QSEECQRGLE KMPC QGBCAGBCB RM GKNJC robots.txt ~ kJC

oLIW MD KM@GJC ?LB MD BCQIRMNQ@BL PCACGB LM PCQNMLQC (MMEJC
GLRCPNPCRQ RFCQC ?Q ?L CPRMRACSIZET @

'"MP  MD @MRF KM@GJC ?LB BCQIRMN PCOSCQRQ RCBRCERFIPGMWIET GL RFC VV

P?LEC 8FGJC RFCQC CPPMP AMBCQ PCMPRQRABLRREC GRfQ UMPRF LMRGLE RF?R DMP (MMEJC
RFGQ UMSJB KC?L RFC QC?PAF CLEGLC UMSJB AMLQGBCP REB DPMICABGRE BMMAI

BWQ "DRCP W® RFC QC?PAF CLEGLC TBFRBRGQGLEHGNMBQJIW DCRAFQBNL MD RFC

kJC *D ? NPGMP A?BPQBNILE®RGI?@JC GR GQ ?QQSKCB RFC QC?BAEEREGVD RFC

AMLRCLR FMQRCB ML RFC QGRC

5FC LMKGL?J CPPRE BRSEECQRQ RF?R QBHNIDQRIL KMQR A?QCQdIMP F?LBJCB ?SRMK?RGA?JIW
@V K?W NMNSJ?P $.4 QWQRCKQ RFZBQ robots.txt BGPCAREZPC LMR ? J?PEC
AF?JJCLEC

*FK< 0?< 89RMB8K8 ;F<J EFK @E;@:8K< N?<I robots.txt JC<J4KLIE@E>8 JK8KLJ:F;<
81< 9<E<]:@8C =FI 8 J@K< FI @= K?<P 8CCFN FI 9CF:B 8JG<:KJ K?8K K?<P J?FLC; EFK
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robots.txt D:K6

"@>K robots.txt J@Q<

5FC T?QR K?HMP( robots.txt kJCQd MD KM@GJCARQ ?LB MD BCQIRMN
ARUJQAUCPC LM J?PECP RF?L #

"AAMPBGLE RM 3'$ QR?LB?PBQUAEBPQ QFMSJB JGKGR R robots.txt  kJCQ RAC
JMMI 2R ?LB RFC N?PQGLE JGKGR KSQRIGE ?R'J robots.txt ~ kJC SLBCP RF?R QGXC
QFMSJB @C DSJJW N?PQCB (MMEIMIMMPMPACQ RFC K?V JGKGR ?ROLIG#? RBL
LSK@CP MD QGRCQ HSQR robots.txt  kJCQTEP RFGQ JGKGR %G RO GRAE
RF?R JGKGR ?PC GEMWKFCBI@?PAF CLEGLC

*LRCPCQRGLEMD KM@GJC2ARIQ ?LB  MD BCQIRMNPBQ PCRSPLCB ? QGXCB

robots.txt  kJC SFGQ GIIWG? AMLKESBML GQQSC 4GLAC GR GQ LMRBNRFEKTERCB @
QNCAGKA?RGML MP QSNNMPR BMASKCLR?RGML DMP NMNSJ?BJ0E?P ARCEAGLABIE?P

FMU RFGQ UMSJB @C F?LBJCB *D ? QGRC PCRSPLQ ?L Clrobots.txt  VEQCIIDERAJIC

2NNPM?AF UMSJB @C RM frobots.txt ~ kJC UGRF 2NNPMNPG?RC BBIGCMNEMCQ LMR UGQF

RM PCQRP@AFGAE PCRS 404 status code ~ DMP RFC 63-

2KKGNNN I=: <;@KFI> I=: I=:  ?KDC E8D< C@D@K
?KKGJI<MKCFG<IJ >FF>C< :FD:3<B1J :| 8NC@E> @@EFIFKIFIFKI7KOK JC< =FID8K
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https://almanac.httparchive.org/static/images/2024/seo/robots-txt-size.png
https://almanac.httparchive.org/static/images/2024/seo/robots-txt-size.png
https://www.rfc-editor.org/rfc/rfc9309.html#name-limit
https://developers.google.com/search/docs/crawling-indexing/robots/robots_txt#file-format
https://developer.mozilla.org/docs/Web/HTTP/Status/404
https://developer.mozilla.org/docs/Web/HTTP/Status/404
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robots.txt FD6C 2867E FD286

"@>K robots.txt LJ<I 8><EK LJ8><

+96 * FD6C 2867E

"DSJJ MD robots.txt kJCQ CLAMSLRCRCBFK@ KM@GUO APB  MD RFMQC DMSLB

GL RFC BCQIRMBUIAPNCAGDW PSJCQ DMP RFC A?RAF 2. * SQEBPQECNREIRCLRQ ? QK?JJ
SNRGAT®P RFC B?R? DPMK ~ GL UFGAF GRU?Q DMP BCQIRMN ?LB  DMPHWM@GJIC AP
"NMQQG@ATICL?RGML AMSJIB @C RFICQIGEERMRC?( robots. txt ?T?GI?@GIGRW

5FC* SQCP ?ECLR BCLMRCQ RFC PRICR)QFARSIB DMJIMU SLIGQALRRERXP QCR MD PSJCQ
RF?R QNCAGKA?JIW R?PBECKCRI user-agent 5FCPC ?PC LMR?@INRGMLQ RF?R BML
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https://almanac.httparchive.org/static/images/2024/seo/robots-txt-user-agent-usage.png
https://almanac.httparchive.org/static/images/2024/seo/robots-txt-user-agent-usage.png
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PCQNCAR * "8QCP ?ECLR GLAJSBGLEQBRIEIGR?ABCP ORFCP RBJCPQ UGJJ RPW ?LMRFCP
AMKKML user-agent ~@CDMPC D?JJGLE * ?@SRF 2Q "N Applebot  UFGAF SQCQ

Googlebot fQ PSJCQ G RFEC QNCAGKC Applebot GD LMR QNCAGKIBCBMKKCLB

AFCAIGLE RFC QSNNMPR BMASKCLRANGHRLIOR®MAE ?PC R?PECRGLE RM CLQSPC®®APR @CF
GQ ?@NICARCB UFCL PCJWGLE ML D?JJ@?Al

:?83@E

.SAF JGC GL Bingbot ?E?GL U?Q LMR GL RFC RMN KMQR user-agent Q OLJW
MD KM@GJC ?LB  MD BCQII robots.txt kJCQ QNCAGKCE user-agent PCJICE?RGLE
GR BMUL RM RF NJ?AC

*& E@@=D

5FC B?R? QFMUQ RFCPC F?Q @CCL ?L GLAPC?QC GL QGRCQ QNCAGDWGLE PSJCQ DMP RF
AhrefsBot  DMP GLQR?LAC F?Q LMU @CCL BCRCARCB GL ?WIDKSNGIRMKAP GL

*R F?Q MTCPREL .?HCQRC MJ12Bot UFGAF GRQCJD GLAPC?QCBRM DPMK  GL
2LB F?B NAFGMSQJW @CCL RFC QCAMLB KMQR NMNSJ?P QNC user-agent ?PECRCB

?KKGJI<M<CFG<IJ >FF>C< :FD:3sB1J :| 8SNC@E> @@E> >FF>C< JG<:@88NE¥1I8;J9FK DF9@C< N<9
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https://developers.google.com/search/docs/crawling-indexing/google-special-case-crawlers#adsbot-mobile-web
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4C2H=6CD

"@>K robots.txt % user-agent  LJ8><

0T CP RFC N?QR RZMQVJ?PEC J?LES?EC KMBCJQ --.Q ?LB MRPRECEQMCIRCKILF?
E?GLCBRIRGML GL @QWMRERCQQ ?LB SQ?EC *R ?NNC?PQ NCMNJC ?PC GLAPC?QGLEJW QNCAGD)
DMP RFCUARPQ RFGQC GL MPBCP RM E?RFCPRRELEMPERMRFCP NSPNMQCQ

0D RFCC GPTBot GQ RFC KMQR AMKKMLJW QNCAGKCB ?LB DMSLB GL ?WNMD KIA@BBRC AP
KMQR AMKKML CCBot UFGAF &MKKML $PPUJfQ ?ECLRBFGJ( CCBot GQR PCJ?RCB MLIJW RM
"* ? LSK@CP MD NMNEIBMPQ SQC Nie 6QCB B?R? E?RFCPCB DPMK REERMBP RFCGP

KMBCJQ

*L QSKK?PW

5FC DMPK?JGX?RGMI robots.txt NPMRMAMJ GL 3'$ F?Q JCB RM @CRRCP
?BFCPCLAC RM RCAFLGA?J QR?LB?PBQ

"L?2JWQGQ QFMUQ ?L GLAPC?QC Gl robots.txt ~ 'BCQNMLQCQ ?LB ? BCAPC?QC GL
CPPMPQ GLBGA?RGIEBIRKIRMKCLR?RGML

.MQR robots.txt kJCQ ?PC UGRFGL RFC PCAMKKCLBCB QGXC JGKGR

5FC* user-agent PCK?GLQ BMKGL?LR @SBJERR @ GPTBot ?PC ML RFC

?KKGJIFDDFE:I8NC FI> ::9FK
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https://almanac.httparchive.org/static/images/2024/seo/robots-txt-ai-user-agents.png
https://almanac.httparchive.org/static/images/2024/seo/robots-txt-ai-user-agents.png
https://commoncrawl.org/ccbot
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PGQC

i 5FCQC GLQGEFRQ ?PC T?JS?@JC DMP SLBCPQR?LBGLE Irobots.txt R QR?RC ML
SQ?EC ?LB GRQ GKNJGA?RGMLQ DMP 4&0

J@3@ED 5:C64E:G6D

" PM@MRQ BGECBRGHSJ?M?EC QNCAGKA ?NNPM?AF RM AMLRPMJJGLE FMU ?L GLBGTGE
N?EC QFMSJB @G/GR.BCB QCPB AM@MRQ BGPQARGTGKGJI?P RM @SR BGQRGLAR DPMK
robots.txt kJCQ QGLAC RFC DMPKCP ?BOCARLBLABCPTGLE robots.txt ?DDCARQ
ARUJGLE *L MPBCP DMP BGFRMEBI DMJIMUCBJREREKRFQR @C ?JIMUCB RM ?AACQQ RFC N7
%GPCARGML N?ECQ RF?R ?PC BGQ?J robots.txt kJC KW LMR @C PC?B ?LB DMJJMUCB

Y@3@ED 5:C64E:G6 :>A=6>67E2E:@?

SM@MRQ BGRIARTHQ ?PC APGRGAREGMRIKSAF N?ECQZZBPI?®JIC RM PCRSPL GL QC?PAF
PCQSJRQ ?LB FMWRFMSJIB @C BECRNIM@MRQ BCEQARG®C GKNJCKCLRCB GLWRQM U?

1J?AGLE ? PM@MRQ KCR? F <head> !MD ? N?7EC DWHKNJIC <meta
name="robots" content="noindex">
1J?AGLE RFBM@MRQE5)551 FC?BCP GL RFC )551 FC?BCP PCQNMLQC

?KKGI<MKCFG<IJ >FF>C< :FD:3<B1J :| 8NC@E> @@EFIFKJI D<K8 K8>

2024 Web Almanac by HTTP Archive 221


https://developers.google.com/search/docs/crawling-indexing/robots-meta-tag
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"@>K .FOFKJ ;@IK@MDGC<D<EK8K@FE

&GRFCP GKNJCKCLR?RGML KCRFMB GQ T?JGB ?LB A?L @C SQCB GL R?LBCK 5FC KCR? R?E
GKNJCKCLR?RGML GQ RFC KMQR UGBCJW ?BMNRCB PCNPCQCLRGLE MDBCQIRMN?LB M
KM@GJC N?ECQ BIVI@MRQ )551 FC?BGR ?NNJGCB RM DCUCP RF?L MD N?ECQ " QK?JJ
LSK@CP MD QGRCQ SQCB @MRF R?EQ GLFRNIBCRCERTB  MD BCQIRMN N?ECQ ?LB MD
KM@GJC N?ECQ

*L
i MD BCQIRMN ?LB  MD KM@GJC N?EGRFQBGPOBRIGTISCQ AF?LECE @
PCLBCPGLE

i *LLCP N?ECQ UCPC KMPTMEMEPM@MRQ BGRTARET MD GLLCP N?ECQ
AMLR?GLCB ? KCR? PM@MRQ R?E AMKN?PCB RM MD FMKC N?ECQ

i 3CLBCPGLE U?Q KMRJWWGM AF?LEC RFC PM@MRMBGHEMKRGN?EC
RF?L RF?R MD ? GLLCP N?EC

)J@3@ED 5:C64E:G6 CF=6D

*L  RFCPC UCPC T?JGB T?JSC@LMUL ?Q PSICQARF?R AMSJB @C ?QQCPRCBXGRM BGPCARGT
AMLRPMJ RFOVGILEEC?LB QCPTGLE MD ? QLGNNCR .SJRGNJC PSJCQ A?L @ QRNIK@RRCB TG? QCN

?KKGJI<M<CFG<IJ >FF>C< :FD:3<B1J :| 8NC@E> @@EPIFKJ D<K8 K8>ROFKJIK8>
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https://almanac.httparchive.org/static/images/2024/seo/robots-directive-implementation.png
https://almanac.httparchive.org/static/images/2024/seo/robots-directive-implementation.png
https://developers.google.com/search/docs/crawling-indexing/robots-meta-tag#xrobotstag
https://developers.google.com/search/docs/crawling-indexing/robots-meta-tag#directives
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R?EQ MP AMK@GLCB GL ? AMKIRCBUSGZIR DMP @MRF KCR X-robots  B551 FC?BCPQ

' MP MSP QRSBW MD 8ESEBRAIC PCIGCB ML RFC PCLBCPCB )5.-

"@>K .FOFKJ ;@IK@MW.C<J

5FC KMQR NPMKGLCLR PSJCQ GL follow BCQIRMN KM@GJC index

BCQIRMN KM@GJC noindex BCQIRMN KM@GJC ?LB nofollow
BCQIRMN KM@GEFGQ GQ LMRCWNMRRAC LCGRFCAdGBGDOMIIMUh BGR ERRATY
DSLARGML ?LBGHEGIPCRB Googlebot  (MMEJGBMASKCLR?RGML ML PM@MBJGREQ RF?R

?KKGJI<MKCFG<IJ >FF>C< :FD:3<B1J .| 8SNC@E> @@E> JG<:@8C K8>J
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https://almanac.httparchive.org/static/images/2024/seo/robots-directive-rules.png
https://almanac.httparchive.org/static/images/2024/seo/robots-directive-rules.png
https://www.reddit.com/r/TechSEO/comments/1944d8k/comment/khdu3iw/
https://www.reddit.com/r/TechSEO/comments/1944d8k/comment/khdu3iw/
https://developers.google.com/search/docs/crawling-indexing/special-tags
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g5FC BCD?SJR T?JSCQ P MGLBMU ?LBfRMCCB RM @C QNBAGKCB

5FC name T?JSC MD RFC PI meta RR?E QNCAGKCQ RM URBEP APRFC PSJC ?NNIBCQ '
CV?KNJC meta name="robots" ?NNJGCQ RM ?JJ @MR( meta name="googlebot"

?NNJGCQ RM MLJW RM KMMEJB/XC RFC ?NNJGA?RGML MD L?KC ?RRREIPERCQQUC JMMI
UFCPC T?JSCQ UCPC QR?RClfollow RZ2E QGLAC GR GQ RFORMODR RRIE meta PSJC

"@>Kk  *8D< 8KKI@9LK= follow  IF9FKJ D<K8 K8>

5FC KTC KMQR L?KCBHPCPQ GL PM@MRQBEBCRRE&FC ECLCPGA PM@MRQ T?JSC (MMEJC@MR
Googlebot-News MSNBot ?LB Bingbot = 5FC L?KC ?RRPG@SRCQ SQ follow PM@MRQ

meta R?E QFMU RF?R QGRCQ UGRF RFC R?EQ ?PC ?NR RM R?GJIJMP RFCGP PSJCQ RM QNCAGKA
U?Q ECLCRIW ? QIGEFR T?RGBBEN@ RFCPC U?Q ? J?PEC BGDDCPCLAC DMP #GLE@MR UFGAF C
QGELGKA?LRIW KMPC DMJINIQ BGRAOABGIC N?ECQ  AMKN?PCB RM BCQIRMN
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https://almanac.httparchive.org/static/images/2024/seo/name-attributes-in-follow-robots-meta-tag.png
https://almanac.httparchive.org/static/images/2024/seo/name-attributes-in-follow-robots-meta-tag.png
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"@>K .FOFKJ ILC<J 9P E8D< 8KKI@GLKg M

8FCL PM@MRQ BGRERGD ?PC TGONGBE@GP L?KC ?RRPG@SRCQ UC A?L QCC T?PGCB 2NN
PRCQ 5FGQ GKNJGCQ RF?R 4&0Q ?PC ?BMBRE ENBCREMRGMR L?KCTRRNGABELE
?LB QCPTGLE DMP GLBGTGBS?J QC?PAF CLEGLCQ

/MRCUMPRFRBU?WQ DPMK MSP ?L?IJWQGQ MDARR@/RIIBCT@LAISBC

i 5FCnoarchive PSJC U?Q ?NNJGCBWFCJKGLEJ' Bingbot ?R  5FGQ GQ
JGTJIW BSC RM RFC R?EfQ 7@CNGRWHRRBLR MSR MD #GLE AF?R ?LQUCPQ

i max-snippet max-video-preview ?LB max-image-preview PSJCQ ?PC
UGBCJW GKNJCKCLRCB DMP ?JJ PM@RKIRMD?R RFALB  PCQNCARGTJW

i Googlebot-News U?Q RFC KMQR L?KCl index ?LB  nosnippet

i MSNBot U?Q RFC JC?QIRWGRM @CLE? noindex BGPCARGT *L AMKN?PGQML

?KKGICF>J 9@E> :FD N<9D8JK<I J<GK<D9<I  EEFLE:@E> E<N FGK@FEJ =FI N<9D8JREILIFHFEKK?<@| :FEK<EK @E @E> 78K
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https://almanac.httparchive.org/static/images/2024/seo/robots-directive-rules-by-name.png
https://almanac.httparchive.org/static/images/2024/seo/robots-directive-rules-by-name.png
https://blogs.bing.com/webmaster/september-2023/Announcing-new-options-for-webmasters-to-control-usage-of-their-content-in-Bing-Chat
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RFC KMQRCI®Y U’ Googlebot-News  ?R

i MD QGRCQ NRBCE noindex PSJC SQGLE RRCE&RARCP L?KC (MMEJC
(MMEJC F?Q RUM T?3GBGAL?KCQ DMP PCAMELGX( meta @RI Googlebot
?LB Googlebot-News

IndexIfEmbedded E28

*L +7LS?PW  (MMEJC GLRPMBSBCB PM@MRQ lindexifembedded  5FC R?E GQ NJ?ACB

GL RFC )551 FC?BCP ?LB MDDORGLELBIRPMJ DMP PCOMSPACQ SQCB RM @SGJB ? N?EC " AMKK
SQC A?QC DMP RFGQ R?E GQ DMP AKEGMWLILGLE BMARCLR GQIGL ML GNRECTCL

UFCL 7 noindex R?E F?Q @CCL ?NNJGCB

5FC NPCQCLAC N <iframe> NPNMGBCQ ? @?QCJGLC DMP A?QC indexifembedded
PM@MRQ BGEEREEER @C ?NNIGA?@JC *L MD KM@GJC N?ECQ £ <iframe> B 7L
CJCKCLR 5FGQ GQ ? LMRCGMIRG?QC MD DPMK @@ MD

"@>kl  )F9@C< G8><J I <iframe>

/C?PJIW ?JJ QGRCQ/CBMNIRKI) ?JQM SQC indexifembedded BGPCARGFCL GRRC
FC?BCPQ DPMK KM@GJC N?ECZKGBCEB8 C SQCB noindex BGPCARGPLB SQCB
indexifembedded

?KKGI<MKCFG<IJ >FF>C< :FD:3€&IF> | F9FKJ D<K8 K8> @®@<<D9<;;<;
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https://developers.google.com/search/blog/2022/01/robots-meta-tag-indexifembedded
https://almanac.httparchive.org/static/images/2024/seo/pages-with-iframe.png
https://almanac.httparchive.org/static/images/2024/seo/pages-with-iframe.png
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"@>K %E;@@=<D9<;;<; LI<I 8><EKJ

"Q UC Q@ GL indexifembedded ~ BGPCABGAMLRGLSCB RM @C ?NSQEVE SQCB DMP
Googlebot  8FGJC PM@MRQ FC?BCP SQC BCAPC?QCB QJGEFRJWRM GL DPMK  GL
?BMNRGML MD RFC PM@MRQ R?E GLAPC?QCB QGELGKA?LRIWRM GL DPMK  GL

?G2=:5 <head> 6=6>67ED

4C?PAF CLEGLZIAEPQ DMJIMU )5.- QR?LB?PB ?LB UPGLARAGISLRCP PRIGIB CJCKCLR GL
RF(<head> GR CLBQ <head> ?LB ?QQSKCQ | <body> F?Q QR?PRCB 5FGQ A2LRIPC
GKNMPR?LR KCR?B?R? DPMK @ TGREBRRAUAMKNICRC PCLBCPGLEQ

5FC GKN?AR MD ? NPCK?RSPC. <head> )G MDRCL BGDKASJR RM A?RAF QGLAC RFC NPM@J
R?EfQ NMQGR®WMARRREC MIOPW N?EC JM?B @E <head> R?EQ ?PC DPCOSCLRJW GBCLRGKCE
PCNMPRQ ML KGQQGLE CJCKCI canonical  Chreflang ?LB title R?EQ
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https://almanac.httparchive.org/static/images/2024/seo/indexifembedded-user-agents.png
https://almanac.httparchive.org/static/images/2024/seo/indexifembedded-user-agents.png
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"@>K %MBC@; $0)( € <head>

L MD KM@GJC N?ECQ F? <head> @PC?IGLH®IGB )5.- CJICKCLRQ 5F?R
PCNPCQCLRCB ? BCAPC?QC DPMK?RIQND .C?L UFGJC BCQIRMN N?ECQI?GBRE GL
)5.- GL RFC <head> BCAPC?QCBDPMK GL RM GL

"@>K DF9@C<J G8><J :FEKS@®EQ ;@&)( <C<D<EKJ @ <head>

5FCPC ?PC CGEFR T?JGB CICKCLR(ETE-3REB C <head> ?AAMPBGLENRWEJC 4C?PAF
BMASKCLR?RGMECQC ?PC

title
meta
link
script
style
base
noscript

template

?KKGJ<MCFG<IJ >FF>C< :FD:3<B1J || 8NC@E> @BES®@; G8>< D<K8;8K8
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https://almanac.httparchive.org/static/images/2024/seo/pages-with-invalid-HTML-in-head.png
https://almanac.httparchive.org/static/images/2024/seo/pages-with-invalid-HTML-in-head.png
https://developers.google.com/search/docs/crawling-indexing/valid-page-metadata
https://developers.google.com/search/docs/crawling-indexing/valid-page-metadata
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/M CJCKCLR MRFCP RF?L RFC ?DMPCKCLRGMLCB BRNCPKGRRUBE B GL <head>
CJCKCLBROMASKCLR?RCGMEPRFCP QRZREQ (YMEJC BCRCARQ MLC MO RFEE)CIGKCLRQ
GR ?QQSKCQ RFC CLE <head> XCJCKCLR ?LB QRMNQ PCABGLFPRFCP CJCKCLRQ GL RFC
<head> CJCKCLR

"@>K %MBC({ <head> <C<D<EKJ

5FC KMQR NPQCL <head> @PC?IGLE R?E U?(<img> CJCKCLR ?DDCARGLE MD BCQIRMN
?LB  MD KM@GJC GLQR?LACQ MD RFC GQXREIPRIMI?PAF?NRCP DMS <img> R?EQ
KGQ?NNJGCB ML MD KM@GJC N?ECQ ?LB  MD BCQIRMN RIBBGEBECPGLAC AMKCQ DPM
BCNPCA?RCB GKNJCKCLR?RGML KCRFMBQ DMP RFGPB N?PRW RMMJQ

.GQ?NNJG <div> R?EQ 2JQM QS@QR?LRG?JIW GLAPC?QCB DPMK ~ *L MD BCQIRMN 7

MD KM@GJC N?ECQ F?l <div> CJCKCLR GL <head> 5F?RfQ KMPC RF?L ? RFPCC RGKCQ
GLAPC?QC DPMK  UFCL RF@JG <head> MAASPPCB ML MD BCQIRMN N?ECQ ?LB MD
KM@GJC N?ECQ

2?7@7:42=K2E:@"?

$?LMLGA?JGX?RGML GQ RFC NPMACQQ MD GBCLRGDUREMENRERID ARSI BHUIFCL
KSIJRGNIPDRGMLQ TRGI@JC 5FGQ GQ MDRCL LCACQQ?PW UFCL ? UC@QGRC F?Q RFC Q-
2AACQQG@JC RFPMSEF BGDDCPCLR 63-Q QSA$52@ UGRR)SELUU  RPGJIGLE QJ?QFCQ

?KKGJI<MCFG<IJ >FF>C< :FD:3<B1J .| 8NC@E> @BESGQ; G8>< D<K8;8K8 ;FEK LMBU@E <C<D<EKJ @E K?< ?<8; <C<D<EK
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https://developers.google.com/search/docs/crawling-indexing/valid-page-metadata#dont-use-invalid-elements-in-the-head-element
https://almanac.httparchive.org/static/images/2024/seo/invalid-HEAD-elements.png
https://almanac.httparchive.org/static/images/2024/seo/invalid-HEAD-elements.png

Part Il Chapter 7 : SEO

OSCPW RRERCPQ ?LB MRFCP T?PG?RGMLQ

canonical  R?EQ ?PC QGEL?JQ DMP QC?PAF CLEGLCQR@MSRMIB&FE AMLRCLR RM PCRSPL GL
QC?PAF PCQSJRQ SFEJITPRAGR BGRTAREKTR? PM@MREY RAQCFM gQRPMLE FGLRQ

5FON @CLCKR 4&% @GRGE?RGLE BSNJGA?RC AMLRCLR AMLQMJGB?RGLE QGEL?JQ QSAF 2Q JGI
T?PG?RGMLQ ?LB 2JIMUGLE UC@K?QRCPQ RM @CRRCP K?L?EC AMLRCLR QWLBGA?RGML

canonical R?E SQ?EC U?Q SN QJGEFRJWGL  *L MD KM@GJC ?LB  MD BCQIRMN
N?ECQ SCcanonical R?EQ *L  GRU?QSNRM MDKM@GJC ?LB MD BCQIRMN N?ECQ

"@>K 8EFE@:8C LJ8><

2?7@7?:42= >A=6>67E2E:@7?

canonical R?EQ A€ RFP@KNJCKCLR?RGML KCRFMBQ

*L RFC )551 FC?BCPQ TG? RFC -GLI )551 FC?BCP
*L RFC )5.- fC <head> QCARGML MD ? N?E
7G? QGRCK?N

)5.-  <head> R?E GKNJCKCLR?RGML A?L MAASP GL RUM QNCAGKA NMGLRQ

"Q ? JGLI GL RAC)B.- PCACGTCB GL PCQNMLQC DPMK&FC QCPT
"Q ? JGLI *L RFC PCLBCPCB )5.- ?DRCP QARGRRQNMRASRCB

?KKGJ<MCFG<IJ >FF>C< :FD:3sB1J | 8NC@E> @BE> :FEJFC@;8K< ;LGC@:8K< LICJ
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https://almanac.httparchive.org/static/images/2024/seo/canonical-usage.png
https://almanac.httparchive.org/static/images/2024/seo/canonical-usage.png
https://developers.google.com/search/docs/crawling-indexing/consolidate-duplicate-urls
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&?AF GKNJCKCLR?RGML F?Q GRQ MUL LS?LAC )551 FC?BCPQ A?L @C SQCB ML LML )5.- BMA
JGT 1%'Q UFCPC rel="canonical" A?LLMR "BBGRGMA2LMYGA?JQ TG? QGREKATK?
C?QGCP RM K?GLR?GL @SRICPGQBELRF?L ML N?EC BCARBMLQ

"L?IJWXGI canonical QGRCK?N GKNJCKCLR?RGML PCOSGPCQ BCRCPKGLGLE RFC ?QQMAG
DMP YL BCAJ?F canonical T?JSCQ "QAIGRCB PCQC?PAFCPQ UC ?BHSQRCB MSP ?L?JWQGQ
?AAMPBGLEJW RM PCNMPR ML RFC RFPCC NJ?ACTQYUERRC RSB SEAM: canonical

R?EQ canonical AMSJB kPQR @C DMSLB GL RFC )551LGB?BCRPO J5.-  ?LB kL?JIW

GL RFC PCLBCPCB %0.

OLIW MD KM@GJC N?ECQ ASPPCLRJW SQC RFCBBBUIFDPBBP GL  5FGQ GE@JH
BSC RM GRQ GKNJCKCLR?RGML PCIFSGWHEERENT *LQRC?B  MD KM@GJC N?ECQ SQC ?
rel="canonical" LCQRCB GL <head>

.MQR QGRCAQ ¢ <head> canonical R?EQ GKNJCKCLR RFCK GU REEFCLBCPCB )5.-
' CUCP RF?L MD KM@GJC ?LB BCQIRMN N7 canonical CJCKCLR NPCQCLR GURFC P
)5.- @SR LMR GL RFC PCLBCPCB )5.-

"@>K 8EFE@:8C @DGC<D<EK8K@FE D<K?F;J

3CLBCPC canonical GKNJCKCLR?RGML U?Q SN DPMK MD KM@GJCGL RM MD KM@G.
SQ?ECGL  %CQIRMN SQ?EC GLAPC?QCBDPMK GL RM GL  K?IGLE ?BMNRGML
PPRCQ LC?P GBCLRGA?J @ CRACERVBECQ

?KKGJI<MKCFG<IJ >FF>C< :FD:3sB1J :| 8NC@E> @@E> (FEJFC@;8K< ;LGC@:8K<
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https://developers.google.com/search/docs/crawling-indexing/consolidate-duplicate-urls#:~:text=Less%20powerful%20signal%20to%20Google%20than%20the%20rel%3D%22canonical%22%20mapping%20technique.
https://almanac.httparchive.org/static/images/2024/seo/canonical-implementation.png
https://almanac.httparchive.org/static/images/2024/seo/canonical-implementation.png
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2?7@7?:42=4@?7=4ED

5FCPC ?PC RFPCC MNNMPRSLGRGCQ DMP canonical  Q@SIRQCLBGLE RFC QGEL?J KMPC

RF?L MLAC A?L PCQSJR GL AMBGI®RNJC GD canonical  63- GL RFC )551 BMCERL

K?RAF RF?R GL RFC PCLBCPCRFEL RFC QC?PAF CLEGLC GQ QGEL?JCB RFZRPREMNPGK?PW T
MD AMLRCYBQRQ GL KSJRGNJIC NJ?ACQ 5FGQ SLBCPKGLCQ RFC NSPNMQC MD RFC CJCKCLR 2L
SLBCKLCB @CF3MPAAMPBGLE RM (MMEJC RFGQ ?DDCARCB  MD N?ECQ RRCARC

F?Q BMS@JCBRM  GL

4AGKGJ?FIBLBCPGLE A?L AF?LE canonical DMSLB GL REC)B.-  5FGQ GQ KMPC

NPT?JCLR ?LB GR ?DDCARQ MD KM@GJC N?ECQ canonical R?EQ UCPC JCQIWGI

RM @C AF?LECB GL RFC PCLBCPGLE NPMACQQ *L  MLJW  MD BCQIRMN N?ECQ ?LB  MD KN
N?ECQ Q? canonical  T?JSC N?QQCB GL RFC )551 FC?BCP ?LB RFCL AF?LECB

0D N?ECQ UFCF canonical CJCKCLR U?Q BCRCARCB N?QQCB RFC -GEFRFMSQC ?SBGR DMP
T?JC rel=canonical

"@>K 8EFE@:8C @E:FEJ@JK<E:P

.GQK?RAFC canonical T?JSCQ MAASPPCBML MD KM@GJC ?LB BCQIRMN N?ECQ 3CLBCPGLE

U?Q KMPC @3W RM AF7 canonical CJCKCLRQ ML BCQIRMN RF?L ML KM@GJC

)551 canonical CJCKCLRQ UFGJC QCJBMK SQCB UCPC AF?LECB BSPGLE RFC PCLBCPGLE NP\
MD BCQIRMN N?ECQ ?LB  MD KM@GJC N?ECQ

?KKGNNNPFLKL9< :FDN8K:?M 9! (!" DBK J
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https://www.youtube.com/watch?v=bAE3L1E1Fmk&t=772s
https://almanac.httparchive.org/static/images/2024/seo/canonical-inconsistency.png
https://almanac.httparchive.org/static/images/2024/seo/canonical-inconsistency.png
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'286 61A6C:6746

AGKNJIBQCPQ U?LR EMMEPGCLACQ ML RFCUC@ *L  (MMEJC GLRPMB@XCBOGIEAC
RM GRQ ?JEMPGRFK 5FGQ QCARGML JMMRCIRFGLAG PRQTS

++'*
(MMEJC ?BMNR&E. ?Q ? PLIGLE QGEL?J GL )5514 SQCQ ? NPMRMAMJ RM CLAPWNR
AMKKSLGA?RGMLQ *RfQ CQR?@JGQFCB TG? RFC NPCQCLAC MD ? QUASREBRBRGRRYRC C

?R RFC RGKCMD ABMNRGML F?Q AMLRGLSCB RM QRC?BER\RERTGC M
MD BCQIRMN N?ECQ ?LB MDD KM@GJC N?ECQ SQCB RFC )5514 NPMRMAMJ

"@>K , <I:<EK8>< F= N<9J@K<J JLGGFIK@E> $00,/

' MP ? KMPC GL BCNRF ?L?JWQGQ MD RFGQEAERGARIRIIRFC

$@3:=6 7C:6?5=:76DD

4C?PAF CLEGLCQ ?LB UC@QGRBRIKRML EM?JdKCCRGLE SQCPQ UNGPC RERCPC ?PC
@GJIGML KM@GJC SQCPQ UMPJBUGBC ?LB  MD RFC UMPJBfQ RMR?J NMNSJ?RGML S
BAGAC

?KKGI<MKCFG<IJ >FF>C< :FD.3€8F> ?KKGJ 8] | 8EB@E>J@>E8C
?KKGNNN :CFL;"8k :FD C<8IE@E> JJC N?8K @J ?KKGJ
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https://developers.google.com/search/blog/2014/08/https-as-ranking-signal
https://www.cloudflare.com/learning/ssl/what-is-https/
https://almanac.httparchive.org/static/images/2024/seo/https-usage.png
https://almanac.httparchive.org/static/images/2024/seo/https-usage.png
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(MMEJC QC?PAF F?Q AMLQGE@RIB DPGCLBIGLCQQ RM @C ? FIEBGPCKEERQC?PAF
CLEGLC AMKNJCRCEGR®QEKGERGML RKM@GJIC kPQR/GERC

.M@GJC DPGCLBJGLCQQ A?L @C BBRRIRKSECB@.AC MD RUM R?EQ

Viewport KCR? R?BEFGAF GQ AMKKMLJW SQCB GLCBQRMEQGT
Vary: User-Agent FC?BCRJFGAF GQ SQCB GL BWL?KGA QCPTGLE ?LB GQ @?QCB ML
PCOSCQR FC?BCP

-:6HA@CE >6E2 E28

" <meta name="viewport"> MNRGKGXCQ DMP KM@GJC QAPCCLPUBREQ BIBRRM
SQCP GLNSR

6Q?EC MD RIBCUNMPR KCR? RRERGLSCB RM GLAPC?QC GL  UGRF  MD BCQIRMN N?ECQ ?LB
MD KM@GJC N?ECQ N?QQGLE RFC -GEFRFMSQC AFCAI DMP ? f width |IMPR R?Ef UGRF

initial-scale QCR 5FGQ U?QNEPMK  fQ ?BMNRGMIREQ UFCL  MD KM@GJC

N?ECQ SQCB RFC R?E

"@>K 2@<NGFIK D<K8 K8> LJ8><

7GCUNMPR KCR? R?E SQC ML KM@GJC GLAPC?QCBRM GL DPMK GL

2KKGJ<MKCFG<IJ >FF>C< FD3€@F>  |E;@E>DFl <DF9@C< =I@<E;CP J<8l
2KKGI<MKCFG<IJ >FF>C< :FD3€@F>  DF9@C<]IJK @J ?<t
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https://developers.google.com/search/blog/2015/02/finding-more-mobile-friendly-search
https://developers.google.com/search/blog/2023/10/mobile-first-is-here
https://developer.mozilla.org/docs/Web/HTML/Viewport_meta_tag
https://developer.mozilla.org/docs/Web/HTML/Viewport_meta_tag
https://developer.mozilla.org/docs/Web/HTTP/Headers/Vary
https://developer.mozilla.org/docs/Web/HTTP/Headers/Vary
https://developer.mozilla.org/docs/Web/HTML/Viewport_meta_tag
https://developer.mozilla.org/docs/Web/HTML/Viewport_meta_tag
https://developer.chrome.com/docs/lighthouse/pwa/viewport/
https://developer.chrome.com/docs/lighthouse/pwa/viewport/
https://dequeuniversity.com/rules/axe/4.9/meta-viewport
https://almanac.httparchive.org/static/images/2024/seo/viewport-meta-tag.png
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5FCPC U?Q ?L GLAPC?QC Calt JRRPG@SRCQ GLUM ®?PQ ?EM RFC KCBG?L N?EC F?B
@J?Lalt ?RRPG@SRCQ /MU RFC KCBG?LGQ MD BCQIRMN N?ECQ ?LB MD KM@GJC RF
@J?LI "RRFC RFNCPACLRGJC MDBCQIRMN?LB MDKM@GJ@X?Palt Q2
?RRPG@SRCQ

"@>K , <<EK8><limg N@K? D@. alt K8>J

*L  RFC KCBG?L N?EC QEM KGQQ(alt ?RRPG@SRCQ ML CGRFCP KM@GJC MP BCQIRMN |
5FGQ GQ ? LMRCWNBPRM DPMK ~ UFCL  MD BCQIRMN N?ECQ ?LB  MD KM@GJC N?ECQ
UCPC KGQQGLE RFC ?RRPG@SRCQ "R RFC RF NCPACLRGJC MD BCQIRMN N?ECQ ?LB
N?ECQ BGB LMR Glalt BBRPG@SRCQ *L RFGQU?Q ?LB PCQKOIARGT

5FC BCAPC?QC GL K(<img> talt ?RRPG@SRCQ AMK@GLCB UGRF RFC GLAPC?QC GL @J?L!
QSEECQRQ RF?R KMPC $.4 GLOQRALEII)G(AISB(alt 'RRRPG@SRC DMP C?AF GK?EC
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OLJW  MD N?ECQ F?B F VideoObject QRPSARSPCB B?R? K?PISNGL  8FGJC RFGQ GQ KMPC
RF?L BMS@JC RFC ?REMD  GR KC?LQ RFCPC GQ QRGJJ ? QGELGKA?LR E?N @CRUCCL RFC
NCPACLR?EC MD N?ECQIRAZREEM ?LB RFMQC RETREBEM ?LB QAFCK? DMP GR

#:?7<D

-GLIQ ML ? N?EC ?PC SQGBA@PAF CLEGLCQ GL ? LSK@CP MD GKMPR?LR U?

OLC MD RFC KCRFMBQ RF?R QC?PAF CLEGRMBGQRMCU 63-Q DMPWKSLE DMP
CV?KNJC G@ @ BGLE ? JGLI R?PECRGLE GR DPMK ?WHEC RPTR RBOAR E ?LB N?PQGLE

4C?PAF CLEGLCQ 2JOM SQC JGIGQIMLE QCPD ? NPW DMP FMU GKNMPR?LRTALIRPCJIC
? N?PRGASJ?P 63- KGEFR @C @7?QCB ML RFC JGLIQ R?PECRGLE GRE6BEQ GRLRFC @?QGQ MD
2JEMPGRFK ML UFGAF (MMEJC U?Q @SGJR

8FCL GR AMKCQ RM JGLIQ GR GQ LMR ? QGKNJC A?QC MD KMPERLIGLE)SFOBRIRI@RRRCP P
KMPC LS?LAC RM GR 5R@QCIBRIQ ?PC JCQQ MD ? D?ARMP UFCRLBR EMICR &AM P
CLEGLCQIE2UMJTB RM @CRRCP BCRCAREA®?’R AMLRCLR GPPCQRTARGY ?LB ?R RFC

?KKGN@B@G<;@8 FI>3+@BEB,
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5FC ?LAFMP\RCMD ? JGLI UFGAF GINRPCGGBIRIR MS AJGAI ML FCINQ @MRF SQCPQ ?LB QC?
CLEGLCQ SLBCPQR?LB RFC AMLRCLR MD RFCERRPECRER BEIQAPGNRGHMPEC QSAF

2Q £.MPC *LDMPIGAI )CH@MCGR FPC ?IW GLFCPCLR MPVRAREC?LGLE ?LB GQ ? JMQR
MNNMPRSLGRW DPMK 7L 4&0 NCP@NEBREIM @?B DMP ?AACQQG@GJIGRW ?LB REMQC UFN
RCAFLMIMEGCQ

-GEFRFMSQC A?L BCRCAR UFCRFCP RFCPC ?PC CNIG BQQMPEHNRELT *L MD
BCQIRMN ?LB  MD KM@GJC N?ECQ N?QQCB RFGQ RCQR "LB DMP GLLCP N?ECQ GR U?Q
N?ECQ?LB MD KM@GJC N?ECQ RF?R N?QQCB

5FCPC U?Q ? QK?JJ BGQAPCN?LAW @CRUCCL BCQIRMN ?LB KM@GJC GLBGA?RGLE NCPF?|
N?ECQ RFCPOWECLCRIW @C JCQQ NMMPJW GLBGA?RCB A?JJ RMIZXRECRIPGRICYBLB f
KMPE€?BBGRGML?J JGLIQ RM AMLREKRBERRR®C QSNNJCKCLR?J RM MRFCP JGLIQ ML RFC N
RFC Q?KC R?PECR

?KKGJI<MCFG<IJ >FF>C< :FD:35B1J <JJ<EK@8CJ JG8D GFC@:@<J C@EB JG8D
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OSREMGLE JGLIC <a> ?2LAFMP CIJCKCRR@R HZ ?L href ?RRPG@SRC JGLIGLE RM ? BGDDCPCLR
N?EC

"@>K )<;@8E ELD9<I F= C@EBJ KF J8D< J@K<

*LRCPL?J JGLIQ ?PC JGLIQ RM MRFCP N?ECQ ML RFC Q?KC UC@QGRC 5FC RPCLB AMLRGLSCQ L
UFGAF BCQIRMN N?ECKMPC GLRCPL?J JGLIQ RF?L KM@GJC N?ECQ BMCHRGQ GQ KMQR JGI
?RRPG@SRCHBRMBICPQ KGLGKGXGIERRPRERL KCLSQ ?LB DMMRCPQ ML KM@GJC DMP C?QC 2L
RM ?AAMKKMB?RC RFC QK?JJCP QAPCCLQ

0TCRJJ RFC LSK@CP MD GLRCPL?J JGLIQTILEPNREC BERF N?ECQ GL RFCRMN  QGRCQ
LMU FTGLE GLRCPL?J JGLIQ ML KM@GJC AMKN?PCBRM GLRCPL?JJGLIQGL  5FCPC F?Q €
? QGKGJIZRIMID EPMURF ?APMQEPMINGLEQ

"AAMPBGLE®@9 P?LIGLE B?RGRfQ AJC?P RF?R RFC KMPC NMNBI¥MPGRISREMGLE

GLRCPL?J JGLIQ 5FGQ KGEFR QGKNJW @C @CA?SQC RFC KMPC TGQGRCB QGRCQ ?PC @GEEC
SQCDSJ GLRCPL?J JGLIQ ?Q UCJIICRRECRBSBRIMNGLE fKCE? KCLSf RWSEPRGML RM

FCJIN RFCK F?LBJC KMPC N?ECQ
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&VRCPL?J JGLIQ ?PC JGLIQ RF?R NMGLR RM MRFCP UC@QGRCQ 5FC JGLI AMSLR F?Q PCK*
QGKGJ?P RM RFPR SE?NRCP 5FCPC GCPW QJGEFR EPMURF AMLQGQRGLE MD MLC MP RUN

4GKGJ?RIFC KMPC NMNSJ?P QGRCQREKBIRMMREZPL?J JGLIQ @SR ?E?GL RFC BGDDCPCLAC
TCPW QJGEFR
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5FCrel ?RRPG@SRR?RCQ RFC PCI?RGMLQFGN @CRUCCL RFCB\REREXRGRED JGLI
RFC NPGK?PW SQC rel IRRPG@SRC GQ RM GLDMPK QC?PAF CLEGLCQ MD GRQ PCJ?RGMLQFG
N?EC (MMEJC RCPKQ RP&EQBGRWGLE MSR@MSLB JGLIQ

5FC nofollow  ?RRPG@SRC kPQR GLRPMBSACB GL  GQ GLRCLBCB RM GLDMPK QC?PAF CLEG
VIS BMR U?LR RM @C ?QQMAG?RCB UGRF RFC R?PECRCB QGRIJLIGR (E@EQICRAIK FMIGP
ML WSP N?EC *L  RFC ?RRPG@SRC U?Q NPCQCLRGL  MD N?ECQ SNDPMK  MD N?ECQ G|

4AMKC KMPC QNCAGKA ?RRPG@SRCQ UCPC GLRPMBSACI sponsored JSBGAE BCLMRCQ
2 JGLI RM QNMLQMPCB AML ugc RIEBAF BCLMRCQ JGLIQ RM SQRIPEEAMCRCLR ?BBCB @
SQCPQRECP RF?L NS@JGQFCPQ "BMNRGML MD RFCQC ?RRP&@ SREFQPGKIEQR JMU
DMP sponsored ?LB  DMP ugc #MRF UCPC JCQQ NMNSJ?P RF?L \dofollow M
7LB follow  UFGAF 2ARS?JIVIRECL PC?J ?RRPG@SRCQ ?LB ?PQGELMREBIEEGLCQ

*LRCPCQRGREBMMQR NMNSJ?P ?RR noopener 3QFGAF GQ LMR PCJ?RCERBIGRHSQR

RM NFCLR ? N?EC MNCLCB GL ? @PMUQCP R?@ MP UGLBMU DPNI&PRAGCDRBUE RPE?
MPGEGL?J N?EC "BBGF noreferrer  UFGAF 2JQM F?Q LM CDDCARRICAR®D RFC

N?QQGLE ML Referrer  )551 FC?BCPQM RFC R?PECR QGRIIBMTQECPC RFC TGQGRMP A?KC

?KKGJ<MCFG<N >FF>C< :FD:3<B1J | 8NC@E> @@E&> HL8C@=P FLK9FLE; C@EBJ
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DPMK SLICQQ SLGRIGLEN?RCRCPQ ?PC NPCQCLR GL RFC JGLI
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4C?PAF CLEGLCQ BMLIMFSRCQ @?QCB ML UMPB AMBLRGRMEE? SQCDSJ KCRRBALEMP RP
FMU KSAF R(® QGRCQ AMLR?GL ?Q UGN PMPNILGLE FMU KSAF QGRC MULCPQ ?PC JC?L(
AJGCLR QGBC PCLBCPGLEVRRFBAQNRCLR DMP URGAH RAM @C DMSLB

@>6 A286D C6756C65 H@C5 4@F?E
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3CLBCPCB UMPB AMSLR GQ RFC ?KMSLR MD TGQG@JC UMPBQAMP GNRECQERCEL+?
CLCASRCB 5FC KCBG?L KM@GJC FMKC N?ECGL  AMLR?GLCB UMPBQ UFGJC RFC KCBG
BCQIRMN N?EC F?B QJGEFRJW KMPC ?R  UMPBQ 5FGQ U?Q ? QK?JJ BPMN DPMK RFC B?R°
RFC KCBG?L U?Q UMPBQ DMP KM@GJC FMKC N?ECQ ?LB UMPBQ DMP BCQIRMN

0D LMRC RFC E?N @CRUCCL KM@GJC ?LB BCQIRMN FMKC N?EC UMPB AMSLRQ L?PPMUCB
UMPBQGL AMKN?PCBRMRF?RMD UMPBQGL 5FGQ QSEECQRQ ? K?PEGL?JIJW AJM(
RM RFC AMLRCLREBRMTKM@GJIC SQCPQ (MMEJC F?Q AMKNJCRCB RFGINPRMCEY BB KM
kPQR GMELE QREESL UFGAF GR NPGKRARQIW BRENBQ N?ECQ UGRF ? KM@GJC SQCP ?ECLE
*RfQ PC?QML?@JC RM AMLAJSBC RF?R RFGQ FCINCB NSQF ? DCU PCK?GLGLE QGRCQ RM |
RM KM@GJC TGQGRMPQ
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*LLCP N?ECQ AMLR?GL QJGEFRJW DTCRR UB¥RBTBIG?L KM@GJC GLLCP N?ECGL  F?B
TGQG@JC UMPBQ ?DRCP PCLBCPGLE UFGJC BCQIRMN GLLCP N?ECQ F?B  UMPBQ

0LC LMRGAC?@JC BGDDCPCLAC @CRUCCL FMKC N?ECQ ?LB GLLCP N?ECQ GQ RF?R UFGJC BCC
ECLCRIJW Fe KMPC UMPBQ RF?L KM@GJC N?ECQ ?R RFC JMUCP UMPB AMSLRQ RF?R E?N L?PP\
RFC NCPACLRGJCQ ECRF®EECHRF NCPACLRGJC DMP GLQR?LAC KNM@AIENPEQGEUC

UMPBQ ML RFCGP GLLCP N?ECQ RFQICRCQRRNRECQ
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5FC PU UMPB AMSLR PCNPCQCLRQ RFC UMPBQ AMLR?GLCB GL RFC GLGRG?J )5.- PCQNMLC
QCRIP @CDMHAC4APGNRVGASRCB ?LB LM MRFCP KMBGKATR@ALLCLA?BC GL RFC %0. MP

$440.

.SAF JGC RFC PCLBCPCB UMPB AMSE® REKCBI?PIW ? QK?JJAF?LEC GL  DPMK  5FC
KCBG?L N?&TPU UMPB AMSLRGL ~ U?Q UMPBQ DMP KM@GJC SQCP ?ECLRQ ?LB  UMPB
DMP BCQIRMNQ 5F?REQBPRBLDPMK ~ UFCL RFC KCBG?IQNPECMPB AMSLR U?Q  DMP

KM@GJC ?LB  DMP BCQIRMN
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-GIC FMKC N?ECQ RFC GLLCP N?ECQf TGQE@IGSURIFBQKSAF DMJIMUQ RFC PCLBCPCB
UMPB AMSLR kESPCQ GLAJSBGLE KM@GJC N?ECQ AMLR?GLGLE KMPC UMPBQ RF?L BCQIRMN N
RF NCPACLRGJC ?LBC@M

5FGQ N?RRCPL GL @ MBRJRIRBRAMSLR ?LB PCLBCPCB UMPB AMSLR N?ECQ QSEECQRQ RFC RPCL
SLPCJ?RCB RM GLKLGRC QAPMJJGLE UFGAF GQ ? KMPC NMNSJ?P AFMGAC BHBRYIS@JGQFCPQ |
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8FCL RFC PCLBCPCB TGQG@UUMBBPAMSLRQ ?PC AMKN?PCB ML FMKC NRgCQ RFCPC
QSPNPGQGLEJW QK?JJ BGQERENRHAWCBG?L QFMUGLE ? BGDDCPCLACMD  DMP KM@GJ
DMP BCQIRMN

YMKC N?ECQ QCBIRM BCQIRMN SQCP ?HCLRQISEFRIW FGEFCP NCPACLR?EC MD UMPBQ T¢
?DRCP PCLBCRERESR KM@GJIC 0LC NMQQG@JC D?ARMPVEIS REMIRDE CERIDQ MP
?AAMPBGMLQ UFTECGD RFC AMLRCLR GQ GL RFC %0. GRfQ TGQS?JIW FREFMIUGEN GR UM
2Q TGQG@JC

5FCPC GQ ?L GLRCPCQRGLE RPCLB GL UFGAF RFC FGEFCP RFC UMPB AMSLR RFCPC GQ R
BGDDCPCLAC @CRUCCL PCLB@PUBIPBBARISLR 5FGQ QSEECQRQ NCPFZNRQRFER QCPT
PCLBCPCB RCAFLMIMEGCQ TROWHMPRBAIMNSJI?P RF?L AJGCLR QGBC PCLBCPCB MLCQ DMF
NS@JGQFCPQ MD JMLECP DMPK AMLRCLR
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4MKCUF?R QSPNPGHERW/GQTALC?PPMUCP E?N @CRUCCL PCLBCROBVHREB RMSLRQ
ML GLLCP N?ECQ UFGAF QSERGERRQIREDYERM AMLR?GL QGELGKA?LR ?KMSLRQ MD AJGCLR QG
PCLBCPCB AMLRCLR

"JRFMSEF RFC E?N GQ L?RERIBRMEQ DMJIMU RFC Q?KC N?RRCPL MD RFC KMPC UMPBQ RFC JCQ
PCJW ML AJGCLR QGBC PCLBCPGLE

*ECF4EFC65 52E2

4RPSARSPCB B?R? PCK?GLQ GKNMPR?LR DMP WNFERGEX GEB JCIGREGLER 2ARMP
G<I J<GR MDRCL NMUCPQ PGAF PCQSJRQ CQNCAG?JJW ML (MMEJC

5FCQC CLF?LACB JGQRGLEQ RDRBERCIMP CICKCLRQ MD MLC QR?LB MSRMBBGRBIML?JJW
GKNJCKCLRCB QRPSARSPCB B?RY2ARNICMPSPD?AC GL MRFCP QC?PAF CLEGLCQ

5FC ?BBGRGML MD GLLCP N?ECQRER RFGEOM?PRGASI?PAVREBIE QRPSARSPCB B?R? QGLAC
K?LW RWNCQ ?PC MLIW ?NNJGA?@JC RM QNCAGKA N?ECQ
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0TCRJJ SQ?EC MD QRPSARSPCB B?R? EPCUGL RM MD KM@GJC FMKC N?ECQ ?LB ML
BCQIRMN FMKC N?ECQ 5FGQ U?Q ? QIGEFR GLAPC?QC DPMK ?UKCB KM@MGIEZ FMKC
N?ECQ ?LB MD ARBJCB BCQIRMN FMKC N?ECQ F?B QRPSARSPCB B?R?

5FC K?HMPGRW MD QEBOIIRMSARSPCB B?RAUG5RFC BFGJC MLIW  MD KM@GJC 7LB
BCQIRMN?ABQ RM FMKC N?ETQ GRPSARSPCB B?R? ?BBIBAKPGNR

"DCU KMPC FMKC N?ECQ MD KM@GJC ?LB MD BRGBRMNAR?GLCB QMKC QRPSARSPCB
B?R? RF?R F?B @CCL ?JRCPCB MP ?SHKEREIBENR

5FC RPCLB ?NNC?PQ RM @C RFGBGLENFRPSARSPCB B?R? K?PI3M)51: RFQMKCRFGLE
(MMEJC GRQCJD FGER(EBERQMR @PARTRE NCPF?NQ RFC QGKNJICQR ?LB KM@RIPCIG?@J
GKNJCKCLRGLE QRPSARSPCB B?R?
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*LLCP N?ECQ QSAF ?Q NPMBEAR NPECQ ?PC KMPBMEBMEDRPSARSPCB B?R? *L

MD KM@GJC ?LB  MD BCQIRMN GLLCP N?ECQ F?B QMKC QRPSARSPCB B?R? K?PISN "LB GR
BMCR?GJQ UGRF RFC D?AR RF?R RFCPC ?PC ? LSK@INMMORBMABKBCRQ RF?R BCR?GJ
CIJGEG@GJIGRW DMP PGAF PCQSJRQ @?QCB ML QRPSARSPCB B?R?

0TCRJJ RFC RPCLB MGBBME RFC K?PISN GRLREG R?PPGCQ ?APMQQ DPMK UF?R U?Q QCCL
ML FMKC N?ECBEQ
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5FCPC ?PC ? LSK@CP MD BGDBREPQRRSEARSPCB B?R? A?L @C GKNJCKCLRCB ML ? N?EC @°
-9% GQU@ED?P RFC KMQR NMNSJ?P DMPK?R DMP FMKC N?ECQ *R ?AAMSLRQ DMP  MD KM@
BCQIRMN FMKC N?E@QIEGB

*RfQ QGKNJW RFC C?QGCQR DMPK?R RM GKNJCKCRBB®@ <script> C@KCLRQ RF?R ?PC
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GLBCNCLBCLR MD RFC )5.- QRPSARSPC ORFCP DMPK?RQ QSAFRRUGEBGRER? GL
?RRPG@SRCQ RM RFC )5.- CJCKCLRQ MD RFC N?EC 4GLAC (MMEJC ?BTGQCQ SQGLE +40/ -% 2Q
NPCDCPPCB DMPK?R GR GQ LMR QSPNPGQGLE RF?R RFGQ GQ RFC KMQR NMNSJ?P GKNJCKCLI

' MP RFC KMQR N?PR GLLCP N?ECQ QGKGJ?PJW ERRIBKCPAE 8 QIGEFR GLAPC?QC GL RFC S
MD QRPSARSPC B?R? UGRF .GAPMB?R? DMP RFMQC N?ECQ

$@DE A@AF=2C 9@>6 A286D DECF4EFC65 52E2 EJA6D

"@>K )FIK GFGLCS8I ?FD< G8>< J:?<D8 KPG<J

$MKN?PCBRM  RFCPC UTRR @GE QFGDR GL  GL RCPKQ MD RFC NMNSJ?PGRW MD QRPSARS
RWNCQ DMSLB ML FMKC WebSite ~ SearchAction  ?LB WebPage PCK?GLCB RFC RFPCC
KMQR NMNSJ?P QAFCK? RWNCQ\Q@UACIRREC 4GRCIGLIQ ACHRAMMEIC
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*LRCPCQRG WebSite EPCU ? JGRRICKMPCGL RM MDKM@GJC FMKC N?ECQ DPMK G
QGLAC (MMEJC PCAMKKCLBQ RFGQWR®M BLISCLATBSRC L?KGL RFC 4&31Q

"Q DMP GKNJCKCLRGLE RFC KMQR NMNSJ?P QAFCK? RWNCQ RFCPC UCPC KGLMP BGDDCF
NCPACLR?ECQ MD KM@GJC ?LB BCQIRMN QRPSARSPCB B?R? SQ?EC

$@DE A@AF=2C :??6C A286D DECF4EFC65 52E2 EJA6D
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*L RCPKQ MD RFC GLLCI Listitem  U?Q RFC KMQR NMNSJ?P QAFCK? RWNC GL
PCNPCQCLRGLE MD KM@GJC?LB MD BCQIRMN 63-Q *R QR?LBQ RM PC?QML RFCPC UM
JGQRGLE N?ECQ RAEPNBHCEZDQSAF ?Q NPMEERRMP ?PRGAJC N?ECQ Article  F
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QAFCK? U?Q RFC RF KMQR NMNSJ?P RWNC

BreadcrumbList  U?Q RFC QCAMLB KMQR NMNSJ?P QAFCK? RWNC SHRECARQRUGAT
MLC UMSJB @C KMBOW®EM QFMU ? @PC?BAPSK@ ML ?L GLLCP N?EC

8F?R GQ QSPNPGQGL WebSite RRPSARSPCB B?R? UFGAF GQ ?R JC?QR DMP (MMEJC FMKC N?E
QNCAGKA U?Q RFC RFGPB KMQR NMNSJ?P QAFCK? RWNC ML GLLERJP2ERGMINGIQRE®RIC C
N?PRGASJ?P QRPSARSPCB B?R? RWNC GQ MDRCL GKNJCKCLRICB ?REARERG GERABRREIC

RFC CLRGPC QGRC

0SRQGBC MD RFC KMPC NMNSJ?P QA product NERPSARSPCB B?R? U?Q DMSLB ML MD
KM@GJC N?ECQ ?LB  MD BCQIRMN N?ECQ

' MP ? BCCNCRCBERRM QRPSARSPCB B?R? ML RFC UR®SFBQBRIRAERRRCP

$I

"AACJCIRCB .M@GXECQ ILMUL KMQRIVREL ?ARML".1 GQ ??BRUMPI DMP @SGJBGLE
N?ECQ N?PRGASJ?PIJW KM@GJC N?ECQ RF?R MDDCP QMJGB NCPDMPK?LAC 5FMSEF BCQGELC
N?ECQ GR GQ CLRGPCJW NMQQG@JC RM @SAIRATCACTRGEGRC DMP ?JJ BC

*R F?Q @CCL FMIPC QMKCUF?R BGTRUAFLMIMEYRF K?. DCCIGLE RFC @SPBCL MD
K?GLR?GLGLE ? QRRZTPQGML MD ? N?EC "BBGRGUIRCIIRC QMKC JGKGR?RGMLQ RM ".1 GL
NCPDMPK?LAC UGRF UFGAF NS@JGQFCPQ ?LBIQERENICBCPQ F?

8FGJC GR GQ LMR ? BIGBLARTARGIPRFC N?QR ACPR?GL DC?RSPCNINARNIPEBEIGGL
(MMEJC UCPC PCJG?LR ML MP ?R JC?QRNHTBEIACB'@ TCPQGML
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@>6 A286 FD286

"@>K ), D8IBLG FE ;<JBKFG MJ DF9@C< ?FD< G8><J

8GRF RFC 7BIR MIMPC &C@ 7GR?X37 ?JIMUGLE RFC ?@GJGRW RM OS?LRGDW NCPDMPK?|
LML ".1 N?ECQ RFC PCOSGPCKCLR DMP ".1 RM E?GL T?JS?@JC PC?J CQR?RC GIB@C?PAF P(
4RMPGCQ F?Q EMLC ?Q F?Q KSAF MD RFC SNQGBC

5F?RfQ UF GRIQ ? JGRRJIC QSPNPGQGLE RFCPC U?Q ? QIGEFR SNRGAI GL RFC NCPACLR?E
RFCamp FRKJ ?RRPG@SRC *L.  GRUCLRSNRM DMPRN@SVBWPPCBRM  GL
5FC BCQIRMN ARJJQ FMUCPBPMNNCB RMHSQR  BMULDPMK  GL

*RfQ UMPRF LMRGLE RFCQC KESPCQRPGEINTRETAF?LECQ KGEFR LMR @C QR?RGQRGA?J
PCJ?LR @SR WMHEM NMGLR RM JMU ?BMNRGML MD RFC RCAFLMIMEW
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JMKC N?ECQ ?PC KMPCI¥EUFCLABCB RM @C ".1 N?ECQ RF?L GLLCP N?ECQ UGRF  MD
FMKC N?ECQ ?APMQQ KM@GJC ?LB BCQIRMN ?LB MLJW  MDT&UERFRECQ.E?
?RRPG@SRC

?E6C?2E:@72=K2E: @7

*LRCPL?RGML?JGX?RGML GQ RFC NPMACQQ MD MNRGKGXGLE ? UC@QGRC RM R?PECR KSJRGI
J?LES?ECQ MP PCEGMLQ CLQSPGREIGRHMNCB GEBCEV@QC?PAF CLEGLCQ BREQGL
CKNIJMWGLE @CQRRGACQ RMIBCIKIRCLR RM RFC AMPPCAR ?SBGCLAC

.MBCPL QC?PAF CLEGLC@MHEJIC A?L BCRCPKGLC RNZEES?EC DPMK GRQ TGQG@JC AMLRCLR
"BBGRGMLBHAW A?L BCRCAR RFC J?LES?EC SKBERRBGMR CICKCLRQ

4RGJJ GR A?L @C AMLDSQGLE DMP QC?PAF CLEGLCQ RM GBCLRGDW RFC ?2NNPMNPG?RC J?LE!
7L &LEJGQF AMSPQC GQ R?PECRCB ?R ? (CPK?L QNC?IGLE ?SBGCLAC *L RF?R A?QC UFGJC RFC
AMLRCLR UMSJB @C GL &LEJGQF RFC R?PECR ?SBGCLAC UMSJBQEEL (BERPICORCRI
AMSLRPGCQ
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5FCPCDMPC RFC K?GL NSPNMQC MD GLRCPL?RGML?JGX?RGML KCAF?LGQKQ MB? )551 FC
QGRCK?NQ QS hreflang R?EQ MP AMLRCLR J?LES?EC ?RRPGVEFRCGMGRIRMPIL ?LB
FCJIN QC?PAF CLEGLGTPBXMMERCLR RM RFC AMPPCAR ?SBGCLAC

hreflang >A=6>67E2E.@7?

hreflang R?EQ FCJIN QC?PAF CLEGLCQ SLBCPQR?LB UF?R RFC K?GL J?LES?EC GQ ML ? N?
N?EC *RQ 4&0 ?NNJGA?RGML GQ RF?R BGDDCPCLR AMSLRPGCQ MP PCEGMLQ A?L @C R?P
?NNPMNPG?RC J?LES?EC ?APMQQ BGDDCPCLR RFMSEF PCJ?RCB UC@QGRCQ

5FC ?L?JWQC hreflang  R?E GKNJCKCLR?REMIORF?R  MD UC@QGRCQ QRGJJ SQC RFC )
NPMRMAMJ UGRF( hreflang  R?EQ @MRF ML BCQIRMN ?LB KM@GJC 5FGQ GLBGA?RCQ RF*
NMPRGML MD GLRCPL?RGML?JGXIB USRMBGRENREB RFC )5514 QR?LB?PB

"Q? PCQSJR RFC SQC MD )551 A?L A?SQC ?L GLAMLQGURGILDSEE TFORPAF CLEGLCQ GL
RFCGP AMPPCAR GLRCPNPCR?RGML MD N?EC AMLRCLR

' SPRFCPKMPC RECAMR?@JC BGQAPCN?LAW @CRICBIPREBEPCEBPQGMLQ MD RFC R?E
"BGDDCPCLAC MDVGQRQ ML BCQIRMN?U T®}  PCLBCPCB ?LB ML KM@GJC
PPUTQ PCLBCPCB

"@>K hreflang ~@DGC<D<EK8K@FE

5FC BGQAPCN?LAW @CRUCTIhREB gPCLBCPGBRQGMLQ M hreflang  R?E GLBGA?RCQ
RFCPC ?PC RCAFLGA?J GQQSCQIRERSRPERNECIPMNCP PCLBCPGLE MD AMLRCLR UFGAF I
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FMU QC?PAF CLEGLCQ GLRCPNPCR GR

&TCL UFCL RFCQC BGQAPCN?LAGCQ ?PC AMLUGEIRIERGLEBC@QGRCQ ?LB MP RFMQC
AMLR?GLGLE CQQCLRG?J GLDMPK?RGML DMP RFC NS@JGA QSAF ?Q DPMK GLRCPL?RGML?J G
GLORGRSRCQPSIGRGCQOVRINCPGCLAC QGELGKA?LR JIMQQCQ GL TGQG@GJIGRW UGRF RFCGP G
2SBGCLACQ

@>6 A286 hreflang ,D286

8FGJC QC?PAF CLEGLCQ A?L MDRCL BARCGAHESRREWGIL GR(hreflang  R?EQ NR&BC
CYNJGAGR QGEL?JQ RM CLQSPC AMLRCLR PC?AFCQ GRQ GLRCLBCB ?SBGCLAC 5FCQC R?EQ ?F
UFCL ? UC@QGRC F?Q KSJRGNJC CAGESVEQ R?PECRGLE BGDDCPCLR JMA?JCQ MP PCEGMLQ

$SPPCLRIWMD BCQIRMN UC@QGRCQ ?LB  MD KM@GJC UC¢( hreflang  sFEBEXC
PCNPCQCLRQ ? QIJGEFR GLAPC?QC DPMK  UFCL SQ?ECU?Q ?LB DMP BCQIRMN ?LB KM@G.
PCQONCARIBT

5FC KMQR NMN: hreflang T?JSCGL PCK?GLCBlh &LEJGQF UGRF SQ?EC ML BCQIRMN
?LB ML KM@GJC 5F?R N?PRGASVREREECACB AMPR@EBEPMURF DPMK  UFCL SQ?EC
U?Q MLBCQIRMN ?LB ML KM@GJC

270 2024 Web Almanac by HTTP Archive



Part Il Chapter 7 : SEO

"@>K hreflang C@EB LJ8>< =F| ?FD< G8><J

5FC KMQR AMKKML T?PG?RGMLQ MD CL ?PC CL SQ "KCPGA?L SE)RYRITR
KM@GXEB CL E@ #PGRGQF &LEJGQFBCR)IRMRLB KM@GJC

* MJJMUGLE CL RFC V BCD?SJR R?E UFGAF QNCAGKCQ RFOBCIRGIRGQLEHECIR
NMNSJ?P R?E "DRCP RFPELAP B(CPK?L ?LB CQ 4N?LGQF ?PC RFC KMQR DPCOSCLRJW S
hreflang  T?JSCQ UFGAF GQ QGKGJ?P RM RFC kLBGLEQ GL
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??6C A286 hreflang  FD286

"@>K hreflang C@EB LJ8>< FE @EE<I G8><J

5FC SQC hreflang R?EQ ML GLLCP N?ECQ F?Q V BCD?SJR ?LB CL &LEJGQF ?QRFC
KMQR AMKKML T?JSCQ 8FCL RFC T?JSCQCPEM@PM®CRUCCL KM@GJC ?LB BCQIRMN UC ECR
DMP BCQIRMN ?LB  DMP KM@GJC DMP V BCD?SJR ?LB  DMP BCQIRMN ?LB  DMP KM@GJ(

DMP CL

%CQIRMN SQ?EC GQ QJGEFRIW FGEFCP RF?L hreflang  DWUSKIQQR. GLLCP N?ECQ 5FC
BGDDCPCLRG?JQ ?PC OSGRC QKYACBERMRREKDRVRF hreflang  T?JSCBC CQ CL SQ
GR PS CLE@ NR $Q?EC @CIMU  ?LB QFMU ? BCEPCC MD7REMICGRRRFC KMQR
AMKKML T2JSCQ

"Q DMP BGQRPG@SRGML hreflang REEQ ML GLLCP N?ECQ GQ QGKGJ?P RM RF?R DMSLB ML FM
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N?ECQ 5FC V BCD?SJR ?LB CL JC?B GL ?BMNRGML GL @MRF A?RCEMPGCQ ?LB SLBCPQAMI
PC?AF 5FCGP NCPACLR?ECQ ?PC JMUCP ML GLLCP N?ECQ hreflang NJGCQ RF?R
GKNJCKCLR?RGML GQIBWINFGMPGRGXCB ML FMKC N?ECQ

@?EG?E =278F286 FD286 +$# 2?5 ++'96256C

8FGJC QC?PAF CLEGOU@QMEIC?LB : ?LB&/ MLIJW CKM hreflang  R?EQ MRFCPQ ?JQM SQC
RFAMLRCLR J?LES?EC ?RRPOESRCA?L @C GKNJCKCLRCB GNRUM U?

i )5

i )551)C?BCP

"@>K (8E>L8>< LJI8>< ?KDC 8E; ?KKG ?<8;<| =FI DF9@C< 8E; ;<JBKFG

8FCL CV?KGLGLE J?LES?EC SQ?EC B?R? DMP FMKC N?ECQ ?LB GLLCP N?ECQ RFC J?RRCP |
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LMR BGQASQQCB GL &LEIGENNC?PCB ?Q RFC K?GL CJCKCLR FMKC N?EC  ?LB GLLCP
N?EC DMJIMUCBM@R @P FMKC N?EC ?LB GLLCP N?EC ~ CL SQ FMKC N?EC ?LB
GLLCP N?EC  ?LBH? FMKC N?EC ?LB GLLCP N?EC

"@>K (8E>L8>< LI8>< ?KDC 8E; ?KKG ?<8;<I| =F| ?FD< G8>< 8E; @EE<I| G8><

3CE?PBGLE MRFCP CJCKCLRQ RFC MPBCP DMJIMUCB ?JKMQR RFC Q?KC N?RRCPL ?Q RFC KM@
BCQIRMN AMKN?PGQML QFMLL ?@M

8FCL ?L?JWXGLE RFC PCQSJRGLE B?R7?DIMQ@ ®MRBMRGL?L. en \ISEECQRQ RF?R ? J?PEC
NPMNMPRGML MD AMLRCLR GQ QRGJJ R?GIMPRIB BNMZARRPQBETREIMAL ?NNC?PQ RM @C ? PCQS.
MD &LEJGQF LMR MLIW @UIQEE@NBE J?LES?EC@SR ?JQM UGBCJW SQCB RFPMSEFMSR EIM@7?J
K?PICRQ ?LB ? PCOSGQGRCIDMPRBLRFC NMUCPDSJ 6LGRCB 4RRRCQ®?PI

&TCL RFMSEF .?LB?PGL GQ RFC QCAMLB EMOREPAALC GL RFC UMPJB RFC BMKGL?LR QC?PAF
CLEGLC DMP RFGQ J?LES?EC #?GBS BMCQ LMR PCOSGPC QNCAGKA R?EQ DMP JMA?RGLE $FGL
? PCQSJR GR NPCQCLRQ ? AF?JJCLEC UFCL AMJICARGLE B?R? | zh-tw ~®RBCLESZECQLRGJJ
QNMIL GL&5U?L ?NNC?PQ GL RFC RF NMQGRGML DMP J?LES?EC SQ?EC
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"BBGRGMLBAW EPMUR pt-br DPMK RF NMQGRGML GLRFC KI@SQBTQIRMN
AMKN?PGQML RM QCAMLB NMQGRGML GQ OSGRW/ @EBEARKRT R RIFIPRBGR MD ?SBGCLAC E
GL RFGQ J?LES?EC

@?4=FD:@?D

5FC RUMGAPQ @CRUCCL RFCO@DRIB?L?A 4&0 AF?NRCP GL  ?LB RECRIQVCBGRGWIL K?
QCCK JGP? JMLE RGKC GLUBGAF GQ MDRCL ? D@QRR K8IB )MUCPRFC B?R? QFMUQ
GLAPCKCLR?J AF?LECQ RM RFC DSLB7KCEROQEMUNKUE

5FC PCACLR EPMURF IndexlfEmbedded R?E DMP?GNJC QGEL?JQ RF?R NCPF?NQ ACPR?GL
NPARGACQ ?LB NPMRMAMJQ LCCB QMKC RGKQ KPQQWBMRRGREL. UGRFGL RFC 4&0 GLBSQF

5F?R Q?GB GR F?Q LMR @CCL @SQGLCQQ ?Q SQS?J 5FC ?KMSLR MIEQGRERIMPQQGLE $V
$87 F?Q @CCL RPCKCLBMSQ BCQONGRRGMIEMRRGLR */1 PCNJ?AGLE RFC ?PES?@JW
KSAF C?QGCP RM N?QQ KCRPGA MD 'GRQRHEERNBIQGRGUQ QGEL?JQ FMU
NCPDMPK?LAC GL ECIGIP@CGKE RMPC QCPGMSQJIW GL RFC 4&0 GLBSQRPW

MQR LMR?@3W®LB --.Q ?PC NPCQCLRGLE QMKC MD RFC @GEECQR AF?LECQ QE?PAF CLEGL
CLAMSLRCPCB GL ? JMLE RGK®/ #IFB RFC NMRCLRG?J RM @C FSECOW@G ORISR T
?BMNRGM robots.txt PCJ?RCB RM RFC ?QQMAGTRCE A ?JPC?BW EPMUL

5FC GCP AF?LEGLE QC?PAF J?LBQA?NC ?LB RFC LCU MNNMPRSMERGTB 20DMABCE @

RFC NMRCLRG?J DMP 4&0 RM OSGABN K&U ?PC?Q "R RFC Q?KC RGKC RFC QIMU @SR QR(
GKNPIZKCLRQ RM DSLB?KCLR?JQ SLBCPQAMPC RF?R RFC QR?RC MD 4&0 PCK?GLQ MLC UF
QR?LBGLE @CRRRERCQ BCQNGRC J?PEC QC? AF?LECQ ?PC @MRF NPGXCB ?LB SIRGK?RC

FE9@CD

+?KGC *LBGEM

% ILMR ? PM@MR AMK) DCJIMUFSK?L M H?KGC GLBGEI FRRNQMR ? PM@MR AMK

+?KGC *LBGENRGRM@MR @SR QNC?IQ @MR "Q BGPCARMP MEMRCAFLGA?J 4&(
"SRMKMRGT RF® QRSBW FMU QC?PAF CIEGLEGLBER B GLRRFC UC@

+?KGC TEIQ RM R?KC UGTBIAPGNR ?LB MNRGKGXC PCIZRCHEEIERFCL LMR
UMPIGLE RFOGIFMPPMPTGCQ ZEFEGA MWQ ?LB RCPPMPGXEUIENMB

N?J?BGLQ GL %SLECMIREMUD
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%?TC 4K?PR

¥ IR?KCRFC@MRQ AMR) BUQK?PR [ BZTCUQK?PR & FRRN@R?KCRFC@MRQ AMK

%7?TC 4K?PR GQ TGIMNCP ?LB RCAFLGA?J QC?PAF CLEGLC BRH@BHR?LR ?R
#MRQ 5FCNV I @SGJIBGLE RMWRCRBIKCLRGLE UGRF RFC KMBCPL UC@ ?LB A?L
MDRCL @C DMSLB ?R RFC DPMLR GL ? EGE MP RUM

.GI1?CJ "P?aHM

X IKGIL?P?SHM W IKGI?CI?PSHM @@WAG?X) KGI?CIZSHM [ KGI7CJ 7PSHM

® FRRNQUU KGI?CIZFSHM AMK

.GI?CJ "P?aHM GQGURCPL?RGML?J 4&0 AMLQENCER ?LB K?RIRGLE
QRIRCEGQR )C F?QCB/IPIB UMPIQ PCKMRCIWORIPAMKN?LGCQ @?QCB GL
&SPMNC $FGL? 3SQQG? RFC 6LGRCB 4R¥IQCIBRFRASPPCLRIW ? %?R? 4AGCLAC
QRSBCLR ?LBCMIQNCLBGLE FGQ DPCC RGKC UGRF FGQ D?KGJW

.GAF?CJCUGRRCQ

X 1.GAF?CJ-CUGRRCE@ !FRRNQ QCMAMKKSLGRUWGZBAF?CJ-CUGRRCQ
¥ IKGAF?CJICUGRRCQQEIAGNL) .GAF?CIEUGRRCE KGAF?CJ JCUGRRCQ ? @

® FRRNQUU PPLIRGDWIK RC?K

.GAF?CJCUGRRCQ GQ RFC DMSSLETEIMBL 480 QMDRU?PC AMWNRE?R
GKNPIZQ RFC OS?JGRW ?LB RPSQRUMPRFGLCQQ MD AMLRCLR QM RF?R GR PGQCQ
QC?PAF PCQSJRQ .GAFTGNISIBEON MULCB ?LB QMJB ? AMLRGURAMENQ

UPMRC DMP ?LB CBGBRBKIEIMPH NS@JGA?RGMLQ 5FGQ GQ RFC GQAMLB RGKC FC
UMPCB ML RFCE@ "JK?L?A
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https://www.deque.com/blog/wcag-2-2-removes-4-1-1-parsing-and-how-axe-core-is-impacted/?_gl=1*1yzu5tn*_up*MQ..*_ga*MTY0NDE2MjY4LjE3MjY3NTI0NTg.*_ga_C9H6VN9QY1*MTcyNjc1MjQ1Ny4xLjAuMTcyNjc1MjQ1Ny4wLjAuMA..
https://www.deque.com/blog/wcag-2-2-removes-4-1-1-parsing-and-how-axe-core-is-impacted/?_gl=1*1yzu5tn*_up*MQ..*_ga*MTY0NDE2MjY4LjE3MjY3NTI0NTg.*_ga_C9H6VN9QY1*MTcyNjc1MjQ1Ny4xLjAuMTcyNjc1MjQ1Ny4wLjAuMA..
https://www.w3.org/WAI/standards-guidelines/wcag/new-in-22/
https://www.deque.com/blog/axe-core-4-5-first-wcag-2-2-support-and-more/
https://wikipedia.org/wiki/Goodhart%27s_law
https://www.smashingmagazine.com/2022/11/automated-test-results-improve-accessibility/#automate-it
https://www.matuzo.at/blog/building-the-most-inaccessible-site-possible-with-a-perfect-lighthouse-score
https://www.matuzo.at/blog/building-the-most-inaccessible-site-possible-with-a-perfect-lighthouse-score
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https://www.w3.org/WAI/standards-guidelines/wcag/new-in-22/
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https://almanac.httparchive.org/static/images/2024/accessibility/lighthouse-audit-markup-improvements.png
https://almanac.httparchive.org/static/images/2024/accessibility/lighthouse-audit-markup-improvements.png
https://developer.chrome.com/docs/lighthouse/accessibility/scoring
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https://adrianroselli.com/2015/10/dont-disable-zoom.html
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GL RFC SQC MD CK MP PCK QGLTGL RFBISEF GR MIBEQLRFC SQCP ? @URREBCLAC

UFCL RA@ GLAPC?QC MP BCAPC?QC RFCGP DMLR QGXC GL RFCGP @PMUQCP QCRRGLEQ

#2?78F286 :567E:7:42E:@7

*BCLRGDWGLE J?LES?EC UGRF RFC J?LE ?RRPG@SRC CLF?LACQ QAPCCL PC?BCP QSNNMPR 2L
2SRMK?RGA @PMUPQQPRBMLQ S5FGQ DC?RSPC @CLCKRB GLIRICRG UGRFMSR RFC J7LE
?RRPG@SRC $FOMERMK?RGARIPRGML DC?RSPEMABSAC GL?REFFEQI?RGMLQ .?LSCJ
2RSXMG NANGEBCQ LTKNJIC NMU KGQQGLE J?LE ?RRPG@SRCQ AZQITIBNRMIRPMPQ

5FC J?LE ?RRPG@SRC GQ ?JQM FUBMOSLERAL@ N?ECQ DMP BGDDCPCLR J?LES?ECQ ?LB PC?B(
BGPCARGMI@S$FCL )SG +GLE NMGLRQ MSR
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https://almanac.httparchive.org/static/images/2024/accessibility/font-unit-usage.png
https://almanac.httparchive.org/static/images/2024/accessibility/font-unit-usage.png
https://www.freecodecamp.org/news/css-units-when-to-use-each-one/
https://www.matuzo.at/blog/lang-attribute/
https://chenhuijing.com/blog/css-for-i18n/
https://chenhuijing.com/blog/css-for-i18n/
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*RfQ NPMKGQGLE RM LMRC RF?R GL MD KM@GJC UC@QGRCQ GLAJSBCB ? J?LE ?RRP!
VC?PQ J?RCP GR GQ ?R TQMQGLAC RFGETER ?AMLDMPK?LAC GQQSC SLECORFEIPC

GQ QRGJJ PMMK DREKGKRMVKCCR RFGQ APGRCPGML RFC J?LE ?RRPG@SRC QFMSJB @C
<htmi> R?E UGRF ? PCAMBNBGRBPW J?LES?EC FMENCPJW BCKLGLE RFC J?LES?EC GQ APS
4AMKCRGKCQ UFCL ? RCKNJ?RC GQ AMNGCB RM APC?RC ? LCU UC@QGRC BGQAPCN?LAGC
@CRUCCL RFC J?LES?EC MD RFC AMLRCLR ?LB RFC J?LES?ECHRRRGRESRMBCLE h

"JOM CCN GL KGLB RF?R RFCPC GQ RFC N?EC J?LES?EC @SR N?ECQ MDRCL AMLR?GL KSJ
UGRFGL RFCK 5FC J?LE ?RRPG@SRC A?L ?2JQM @C ?NNJGCB RM MRFCP R?EQ GD RFC N?E
J?LES?ECQ 5FC 8 $ F?Q EMMB BMASKCLR?RGWRMPBBPCQQ RFC -?LES?PR®ID 1

,D6C AC676C6?46

MBCPL $44 GLAJSBTICJ .CBG? 2SCPGCQFGAF GLAJSBCP 1PCDCPCLAC .CBG? 2SCPGCQ
6QCP 1PCDCPCLAC .CBG? 2SCPGCQ CLF?LAC ?ANCQIMGGCIGRERD RM QCJICHRGAMKESP
RF?R UMPI DMP RFCK 5FGQ GLAJSBCQ ARMNIBRQRBEGKCQ MPQRHIRBCQ RF?R QSGR
GLBGTGBS?J NPCDCPCLACQ QSAF ?Q B?PI KMBC 6QCPQ A?L 2JQM AFMMQC RM KGLGKGX(
N?EC UFGAF GQ @CLCKAG?J DMP SQREB@SERFBGQMPBCPQ

"@>Kl 1J<I| Gk=<«E:< D<;@8 HL<I@<J

8 C BGQRIWCB RF7REM  MD KM@GJC QGRCQ GL, prefers-reduced-motion KCBG?

?KKGNNNN FI>3 % JK8E;8D >L@;<C@E<J 8:K ILC<J 9= 8 BEFNE GI@D8IP C8E>L8>< K8>
2KKGNNNN FI>3 %3 # 1E<IJK8E;@E> C8E>L8>< F= G8IKJ ?KDC

2KKGNNNN FI> 0. D<;@8HL<I@<J

7KKGJ ;8PIF=N<9 ;<M Gl <=<tEi< HL<I@<J

2024 Web Almanac by HTTP Archive 287


https://www.w3.org/WAI/standards-guidelines/act/rules/bf051a/#known-primary-language-tag
https://www.w3.org/WAI/WCAG21/Understanding/language-of-parts.html
https://www.w3.org/TR/mediaqueries-5
https://12daysofweb.dev/2021/preference-queries/
https://almanac.httparchive.org/static/images/2024/accessibility/userpreference-media-queries.png
https://almanac.httparchive.org/static/images/2024/accessibility/userpreference-media-queries.png
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OSCPWN DPMK GL  5FGQ GQ GKNMPR?LR @GELSRT ?LGK?RGMLQ A?L F?PK GLBGTGBS?JQ
UGRFCQRG@SJ?P BGQMRBEIFLRFGQ OSCPW 2JIMUQ DMP ?BANRELEMF POBKPRGMLQ RM
GKNPIZ ?AACQQG @BIGRNY %TCIMNCP AMKKSLGRW F?Q QMKC EMMB P@JBGSBECE ML
KMRGML QCLQERRCQ

5FC4SQR?GL?@BBBRYCP F?Q QMKC EPC?R QR?RGQRGAQ ML RFC PGQC GL RFC SQC MD ?LGK?F
GKN?AR ML BGEGR?J QSQR?GL?@GJGRW

' MP AMIZFRR MLJW  MD BCQIRMN ?LB KM@GJC UC@QG prefers-color-scheme

KCBG? OSCPWRGAF GQ SN DPMK GL M ELF?LAC AMLRCLR PC?B?@GJGRW GRRGAC EMMB NP
RM ?JJMMSP SQCPQ RM ?BHSQRBMBAIBFC NPCDCPQ AMIMP QAFCKC OSCPW CL?@JCQ @PMU
RM BCRCAR RFC SQCPfQ NPCDCPPCB AMIMP QAFCKC QSNNMPRGLE ! prefers- i B?PI KMBCQ 5F
contrast OSCPW GQ T?JS?@JC DMP SQCPQ UGRF JMU TGQGMLWIE NFRIFRMEEBEERGTGRW @
AMLRBR KMBCQ

4SNNMPR forced-contrast GLAPC?QCB ?@MSR GL RM DMP BCQMRACB

$MIMPQ .MBC GQ ?L 2AACQQG@GJIGRW DC?RSPC BCYRRCIBRE GLERVAGRMSEF GKNPM
AMJIMP ANICRP 8FCL ?2ARGT?RCB RFC SQEREL EINGRRGCQRIVILRPMI MD KMQR AMIMP PCJ?RCB
QRWJCIERPGBGLE UC@QGRC AMIMP QCRRGLEQ 5FGQ KMBC BGQ? @@ ARBRKELBI?RRCPLQ J
GK?ECQ RM CLQSPC KMPC NPCBEARA@ITARPMSLB AYRRP

5FC KMQR UCJJ ILMUL GKNJCKCLR?RGML GQ 8GLBMUGRFGEBEMLRE A?JJMBRPQR
5FCKCQ 5FCQC RFCKCQ MDDCP ?JRERIRRGT?JCRRCQ UGRF JMU ?LBEREMRGMT) ?LB
2JIMU SQCPQ RM ASQRMKGXC RFC QWQRCK AMIMPQ RM R} -ms-high-contrast 6QC MD
F?Q BCAPC?QCB QJGEFRIW GL RM?@MSR  5FGQ A?L @GBEBSIBEBMKC QM GR
GQ LMU C?QGCP RM RCQR

%2G:82E:@7?

8FCL BGQASQQGLE UC@EERRGENIL GRfQ APSAG?J RM PCAMELGMCRRIRBRELVIK?

KCRFMBQ ?LB GLNSBATQ 4MKC KGEFR SQC ? KMSQC RM QAPMJJ UFBIOWIRECGPQ K?

| OV@M?PB QUGRAF AMIGREIMFTCQAPCCL PC?BFERRIC.RFPMSEF FC?BGLEQ 8FCL

BCQGELGLE ? UC@QGRC GRfQ CQQCLRG?J RM CLQSRIWRBISLARGCP QLIEEENRGICQQ MD
RFC BIGAC MP ?QQGRUIRGEIMIMEW BEC 8GBC QAPCE BBNMGAC GLRCPD?8@GRIEGPLE

"K?XML "JO/? @MRF NJ?AC AF?JJCLECQ ML FMU UC BCQEERGASP #¥3GJIBGLE ? EMMB

QCK?LRGA QRPSARSPC GLRM ? QGRC FCINQ QAPTGE A2 BCIGRUCEBR?IJQM FCINQ SQCPQ MD
K?LW MRFCP RWNCQ MD RCAFLMIMEW

?KKGB9 @L <;L ; 9@QN
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https://kb.iu.edu/d/bizw
https://kb.iu.edu/d/bizw
https://developer.mozilla.org/docs/Web/CSS/@media/prefers-reduced-motion
https://developer.mozilla.org/docs/Web/CSS/@media/prefers-reduced-motion
https://developer.mozilla.org/docs/Web/CSS/@media/forced-colors
https://developer.mozilla.org/docs/Web/CSS/@media/forced-colors
https://support.microsoft.com/en-us/topic/fedc744c-90ac-69df-aed5-c8a90125e696
https://support.microsoft.com/en-us/topic/fedc744c-90ac-69df-aed5-c8a90125e696
https://blogs.windows.com/msedgedev/2024/04/29/deprecating-ms-high-contrast/
https://developer.chrome.com/docs/devtools/rendering/emulate-css/
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@4FD :?5:42E:@?

' MASQ GLBGA?RGML GQ APSAG?J DNIBSZRIPQCEREGRCQ NPGK?PGIV@ BQRR BIH QMKC
2JRCPL?RGTGE?RGMIBACQE@"GK F?Q QMKC EPC?R PCQMSPACE RCASMGINEST DMP
GLBGTGBS?JQ UGRF JGKGRCB KMRWEQQ@ BEZRIGCPC 2JQM ASQRWKGXTE@P RM
K?VGKGXC UF?RRACL AMLRPMJ 5FCPC ?PC ? JMR MD QGKGJ?PGRGCQ @CRUCCL FMU TG(
2LB DMASQ MPBCP ?PC K?L?ECB UGRFRFID@BR\ERIC’BGDDCPCLR REVEDMPB MLIW
SQCPQ

MQR ?SRMK?RCB RCQRQ BM LMR RCQR DMP DMES(PRENBRRGEFRFMSQC A?L LWESRCJII W
RF?RMEP QGROG@M?PEGE?@JC "JJ GR A?L BWMS@RIRGRGOLSP QGRC D?GJQ QMKC
@7?QGA RCQRQ UFGAF ?PC CQQCLRG?J %BEBSEQSRIESIQRY T2JS?RC @CQRRGACQ

&TCL UGRF ? NCPDCAR QAMPC DMP DMAS(3 GCBBAIR GMISRWMPECQ K?LS2GERFRFMSQC
PCAMKKCLBQ RCQRGLE DMP

i MASQRR
i *LRCRARGTAMLRPMJQ GR@M?PB DMASQ?@JC
i -MEGA?J R?@ MPBCP

i ' MASQ BGPCARCB RM LCU AMLRCLR ML ? N?EC
"AACQQG@GJIGRW EQGEATIR MNCL QMSPAC RIGREREROCOGE SFGEFPMKC
&BECZRCLQGMEZL FCIN UGRW@M?PB MLIW RCQRGLE ?LEESBBEEB®RFPMSEF MRFCP RCQF

5FC 2@ 4RMNQ DC?RSPC GQ ? EPC?R TGQS?.UBI@RARRMPR MDIQYCPIQ NPMEPCQQ RFPMSE
UC@QGRC

@4FD DEJ=6D

8%" (K?LB?RCQ ? TGQG@JC DMASQ GLBGA?RMRGTARRROGRAOP CLQSPC SQCPQ A?L GBCL
UFGAF CJCKCLR GQ ASPPCLRJIJW DMASWMICERRPREEF ? N?EC

?7KKGN<98@D FI> 8IK@:C<J DFKFI 8JJ@JK@M
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https://webaim.org/articles/motor/assistive
https://github.com/dequelabs/axe-core/blob/develop/doc/rule-descriptions.md
https://developer.chrome.com/docs/lighthouse/accessibility/focus-traps
https://developer.chrome.com/docs/lighthouse/accessibility/focusable-controls
https://developer.chrome.com/docs/lighthouse/accessibility/logical-tab-order
https://developer.chrome.com/docs/lighthouse/accessibility/managed-focus
https://accessibilityinsights.io/docs/web/overview/
https://accessibilityinsights.io/downloads/
https://accessibilityinsights.io/downloads/
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"@>K , 8><) FI@; @EFND<I =F:LJ JKPC<J

8 C BGQRIPCB RF?R  MD UC@QGRC :focus {outline: 0} GL GRU?Q
UFGAF PCRG&RQ RFC BCD?SJR MSRIGECRBMER PMUQCPQ DMP DMABRIBIGLERGELRQ

"JRFMSEF QMKC UC@QGRCQ GKNJCKCLR ASQRORPRBY REGRMIRIQUMRFIWVPQC

K?IGLE GR AF?JJCLEGLE DMP SQCPQ RM GBCLRGDW RFC ASPPCLRJW DMASQCB CJCKCLR ?LB C
L?TGE?RGML? 4NPSCGB?L MDDCPQ T?JS?@JC EBGBGEAGME §AMKNJIG?LR DMASQ
GLBGA?RMEIQ? NMQGRGVIRC MDD UC@QGRCQ LMU SQC DMASQ TGQG@JC SN DPMK  GL

LB GL  UFGAF GQ ? NQCSBM AJ?QQ RF?R SQCQ @PMUQCP FCSPGQRGAQ RM BCRCPKGLC
QFMU RFC DMASQ GLEGGTRE® ? QGELGKA?IRKEKRRBL ?2AACQQG GARGRIONP

tabindex

(CLCP?2JIW6.- UGJJ F?TC DMASQ MPBCP QCR UGRBEMSRIFPCR RFC R?@&1GB6

+?7T?4APGNR MDRCL A?SQC AF?LECQ RM FMU GR GQ NPCQCLRCB GIVRREPB@IRCR?@GLBC
AMLRPMJQ UFCRFCP ?L CJCKCLR ADNREAQGIB BCRCPKGLCQ GRQ NMQUEBMPBL RFC |
DMASQ MPlyRIR®CP

0SP 2L?2JWQGQ QFMUQ RF?R  MD KM@GJC UC@QGRCQ ?LB  MD BCQIRMN UC®QGRCQ SRGJC
SNDPMK ?LB PCQNCARGIW 5FGQ ?RRPG@SRQQRPNSPNMQCQ UFGAF A?L ?DDCAR
2AACQQG@GJIGRW
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https://almanac.httparchive.org/static/images/2024/accessibility/pages-overriding-focus-styles.png
https://almanac.httparchive.org/static/images/2024/accessibility/pages-overriding-focus-styles.png
https://www.sarasoueidan.com/blog/focus-indicators/
https://www.sarasoueidan.com/blog/focus-indicators/
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i tabindex="0"  NJ?ACQ ?L CJCKCLR GL RFC QCOS@R®E DMASQ $ETEOWK
GLRERRGICICKCLRQ ?LB UGBECRQ QR tabindex="0"  RM CLQSPO/RREC
GLAJSBCB GL RFC DMASQ QCOSCLAC

i tabindex="-1" PCKNICQ RFC CJCKCLR DPM&/R®®IPPB DMASQ MPBCP @SR ?JIJMU
RM @C DMASQCRKIRNREA?IIW TCZAAPGNR

i " NMQGR@R@GVBRJISCIIPPGBCQ RFC BODW@IRIPEB DMASQ MBRCE JC?BGLE
RM GQQSCGBYGRF ' MASQ OPBCP

*RIQ GKNMPR?LRVIRIB NJ?AGLE LML?2GRBIBICKCLRQ GL BR@M?PB DMASQ MPREBQ A?L
@C AMLDSQGLE DMP QAPCCL PC?BCP SQCPQ UFM A?LQICGE BRGRCBICRET

"@>K  K89@EHLIS><
0D 2JJ UC@QGRCQ SQGLE RFCRREEEBRC CKNIMQGRGBISCBMUL DPMK  GL

6QGLE NMQGRE?@GVBRJISCQ GQ EGIMRAMLQGBCPCB MAREANPQ GR BGQPSNRQ RFC
L?RSP R?@ MPBIER (PMCQ NAKBBCQ GLQGEFRDSJ ?PRGAJC ML RFGQ RMNGA

#2?5>2C<D

-?LBK?PIQ FCIN QRPSARSPC ? UC@ N?EC GLRM BGQRGLAR RFCK?RGA PCEGMLQ D?AGJGF
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https://www.w3.org/WAI/WCAG21/Understanding/focus-order.html
https://almanac.httparchive.org/static/images/2024/accessibility/tabindex-usage-and-values.png
https://almanac.httparchive.org/static/images/2024/accessibility/tabindex-usage-and-values.png
https://karlgroves.com/2018/11/13/why-using-tabindex-values-greater-than-0-is-bad
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L?TGE?RGML DMP SQCPQ FIRCARAGIRGHEGLQR?LAMRMP KCLS?L FCIN TGE?RC

@CRUCCL BGDDCPCLR N?EC J?LBKZRGN UEGARL BGPCAR SQCPQ RM QNCAGKA J?LBK?PIQ
QSAF 7 <main> -?LBK?PIQ A?L @C BCKLCB SQGLE T?PGMSQ )5.- CJCKCLRQ 5FGQ QCK?LRGA
QRPSARSPC A?L 2JQM @C ?NNJGOBAMERFIG @GJGRIWHARIEIRG®JC 3GAF *LRCPLCR
"NNJGA?RGMLQ "332ABK?P| PMICEMUCTCPGR{Q @CQR RM S5 L RIEKCLRQ

UFCLACP NMQQG@JC GL JGI'CIQ®RER PSJIC

"JRFMSEF "3*" J?LBK?PIQ FC RIBGRGML?JJW @CCL MLIJW TGQG@JC RM QAPCCL PC?BCP SQCPQ
QGRCQ ?PC @CEGLLGLE RM SREGMRIQUIPAC NGSPGNRGAF ?EEPCE?RCQ FC?BGLEQ

?LB J?LBK?PIQ GLRM ? N?EC QNCAGKA R?@JC MD AMLRCLRQ &VNMQGLE RFC BMASKCLR QRPS/
SQCP FCINQRWL B AMKNPCFCLQGMLMIBENGHQ UF?R PC?JJW QFMSJB @C @?QGA @PMUQCP
DSLARGML?IBRYWEMCM@E RFC QIGN JGLIQ RF?R ?PC BGQASQQCB GL ? J?RCP QCARGML

=6>67E EJA6 @7 6=6>67E @7C@=6 @7 3@E9
main
header
nav
footer

'GESPC  -?LBK?PICJCKCLR ?lrole SQ?EBCQIRMN
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https://www.afb.org/blindness-and-low-vision/using-technology/cell-phones-tablets-mobile/apple-ios-iphone-and-ipad-2
https://webaim.org/techniques/skipnav/
https://www.w3.org/TR/WCAG20-TECHS/ARIA11.html
https://www.a11y-collective.com/blog/the-first-rule-for-using-aria/
https://github.com/paypal/skipto
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"@>K 5<8ICP BNK? @E G8><J N@K? E3D<EK |

5FC KMQR AMKKMLVWGARCB J?LBK?PIQ DMP KMQR UC@ N?l<main> \ <header>
<nav> ?LB <footer> 0SP kLBGLEQIB@J RF?R

i MLJW MD ?JJ N?ECQ SQC RREL)E2RC <main> CJCKCLR
i MD ?JJ N?ECQ R2 ?L CJCKCLR U role="main" ?LB

i ?PC SQGLE CGRFCP MLC MD RFCK SN DPMK  GL

AAMRR)?P2QPPRGAJC ML J?LBKNRFIGBCQ T?2JS?@JC GLQGEFRQ DMP CLF?LAGLE ?AACQQC

625:78 9:6C2C49J

YC?BGLEQ ?PC APSAG?J DMP 2JJ SQCPQ GLAJSBGLE RRUBELNMGRIE CGOQBREGERGL
L?TGE?RGLE ? UC@QGRI'RQEQRGNEGCQ CL?@JC SQCPQ RM HSKN RM QNCAGKA QCARG
GLRCPCQR "Q FGEFJGEFRCB GL .7@7RRGSB&MIL FC?BGLEQ ?LB QCK?LRGA QRPSARSPC
FC?BGLEQ DSLARGNIRR@JC MD AMLRCLRQ ?JIMUGLE SQCPQ ?LB QCTRARPRCEBLCQ RM L7
N?PRGASJ?P AMLRCLR ?PC?Q CDKAGCLRIW

4?BJW RFC FC?BGLEPARCP?Q EMRRCL UMBRERRC J?QR RIRW-GEFRFMSBRIRP
NPMNCPJW MPBCPCB FC?BGLEQ ?LB GR F?QIBPMNMWCB HSQR M
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https://almanac.httparchive.org/static/images/2024/accessibility/pages-with-element-role-yty.png
https://almanac.httparchive.org/static/images/2024/accessibility/pages-with-element-role-yty.png
https://www.scottohara.me/blog/2018/03/03/landmarks.html
https://marcysutton.com/how-i-audit-a-website-for-accessibility#Headings-and-Semantic-Structure
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"@>K JFO@C< J@K<J G8JI@E> K?< (@>?K?FIEB8CIGH <P<B, @E>

)C?BGLE JCJQ ?PC ?QQMAG?RCB UGRF BGDDCPCLR DMLR QGXCQ ?LB ?PC DPCOSCLRIW KGQS(
QRWJC ? UC@QGRC MP K?P| QNCAGRFQERFGMOQBPSARSPC RFC AMLRCLR 5FGQ KGQSQC
LCE?RGIW GKN?ARQ @MRASIFGTCAC ?LB ?AACQQG@GIGRW RMMJQ ?Q UCJJ ?Q QC?PAF CLEG
QFMSJB @C SQCB RM QRWJC CJCKCLRQ LMR FC?BGLE R?EQ

8%" (K?LB?RCQ RF?R UC@QGRCQ MDDCH&EIRGNICMIIRGMLE FC NPGK?PW KCLS GL

RFC FC?BGR MSRIGLEBMACQQ $PGRCPGML  .SIRBIICIP GLQR?LACVKSIQCPQ

GLAJSBGLE RFMQC UGREAERTBGIGRGCQ NPCDCP QC?PAF DC?RSPCQ RM JMA?RC N?ECQ ML
UC@QGRCQ

$SPPCLRIWMD KM@GJC UC@QGRCQ ?LB  MD BCQIRMN UC@QGRCQ GLAJEBGJE QC?PAF GLNSR
DPMK ?LB PCQNCAREDW GL 5FGQ GQ LMR ? EMMB RPCLB

*< A =?2<D

4IGN JGLIQ CL?@JC SQCPQ UFM PCIM@MRBCQUGRAF AMLEREQ BAP MRFCP ?JBCPL?RGT
L?TGE?RGML RMMYRRM@?PGMSQ QCARGMLQ MD ? UC@NEEE BEREMSBFCFHRFPMSEF
CTCPW DMASQ?@JC CICKCLR " AMKKML SQCGCRRRK QRSKPRFGHZRGML ?LBEM
BGPCARJW F <main> AMLRCLR N?PRGASJ?PJW ML YRBCUBEERBRGTLTGE?RGML

KCLSQ 5FGQ A?RMBIRGA?JIW GKNRIMC SQURCPGCLAC DMP QMKC SQCPQ

"@>K JFO9@C< 8E; ;<JBKFG G8>CFG@8KLI@E> 8 JB@G C@EB

8 C BGQRIWCB RF?R  MD @MRF BCQIRMN ?LB KM@ GOBMWGESTSEE! ? QIGN JGLI FCINGLE
SQCPQ RMGB SLLCACQQ?PW N?PRQ MD RFC N?EC 5FGQ/NGRSCLRYEDKAGERGP

2L2JWQGQ MLIW BCRCARQ QIGN JGLIQ NMQGRGMLCB LC?P RFC RMN MD RECQQBLE)SAF ?Q RF
L?TGE?RGML 4IGN JGLIQ A?L 2JQM @C SQCB RM QIGN MRFCP QCARGMLQ MD RFC N?EC ?Q UC|
UGRF RFC 4IBNFAPGNR

?KKGNNNN FI>3 %3 # 1E;<IJK8E;@E>DLCK@GC< N8PJ ?KDC
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@4F>67E E:E=6D

%CQAPGRREFEC RGRJICQ ?PC GKNMPRGERBMEI@CRUCCL N?ECQ R?@Q ?LB UGLBMUQ
"QQGQREBTAFLMIMEGCQ QSAF ?Q QAPCCL PC?BCPQ PC?B RFCQC RGRICQONPRREB FCING
MD RFCGP JMA?RGML

"@>K 0@KC< <C<D<EK JK8K@JIK@:J

8FGJC MD KM@GJC UC@QGRCQ GLAJSBC ? BMASKCLR REERRGRICINRFTR ?PC KMPC RF?l
DMSP UMPBQ JMLE 4GLAC MSP ?L2JWQGQ GQ JGKGRCB RM RFC FMKICNECIAGROGAMLE
GLQGEFRQ ?@MSR RFC GLLCPEGEK® BF?R QCAMLB?PW N?ECQ UCPCCIWMENIE®I
BCQAPGERERJICQ MD KMPC RF?L DMSP UMPBRECMIL?  *BC?JJWRGRJC QFMSJB
GLAJSBC @MRF ? @PGCD BCQAPGNRG MMMIORRGRNPELF?IGE2RGML ?LB RFC UQ@QGRC
L?KC

5FC RGRJCQ AF?LECB ML PCLBCP T?CBMBNIBCAGKN?PGQML MD RFC GLGRG?J )5.- RGRJC
RFC kL?J T?JSC MD RFC N?ECTZBREBNR F?Q JM?BCB 5FC B?R? GLBGA?RCQ RF?R MD BCQ
QGRCQ QA?LLCB ?PC BWL?KGA?JJW AF?LEGLE RFC AMLRCLR MD RFC RGRJC 4CAMLB?PW
JCQQU®N RM AF?LEC RFC RGRJC RF?L RFC FMKC N?EC

+23=6D

5?@JCQ NPCQCLR B?R? ?LB PCJ?RGMLQFGNQ SQGLERUMAEGRQEEAIGRY/LCCB ?
UCJJ QRPSARSPCB DMPK?R UGRF CIEKNMRERILIGPLB FC?BCP ACJJQ RM FCIN SQGPQ UGRF
RCAFLMIMEGCQ SLBCPQR?LBERPBCRFC B?R? " A?NRGML <caption> CJCKCLR GQ
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CQNCAG?JJW GKNMPR?LRGECGRNIERROMP QAPCCL PC?BCPQ $SRARDERINWRMN QGRCQ
SQC <caption> QJGEFRJWSNDPMK GL @SR RFGQ GQ ? APSAG?J ?QNCAR DMP K?IGLE R
KMPC ?AACQQG@JC

+23=6 *:E6D ==*E6D
56D<E@A >@3:=6 56D<E@A >@3:=6
-<@5;:10 @-.817?
$>171:@-@5;:-8 @-.81

'GESPC  5?@JC SQ?EC

5?@JCQ BRILCCB RM @C SQCB DMMVSFERB?LIQ RM $4¥@W1?LB (PGB *D LCACQQ?PW
R?@JCQ A?L role="presentation" RMINJGAGRIWECCKM?LRGAQ ?LB RRCIRCIB
AMLDSQGML UFQWRPC SQCB DMIBBNSPNMQ@IPEC RF?R MD KM@GJC R?@JCQ SQC RFGQ
UMPI?PMSLBCPQSQ GL

@C>D

' MPKQ ?PC CQQCLRG?J DMP?3RGRIGQRUBAF ?Q JMEEGLE GL MP K?IGLEIRSRIGPQUGRF
BGQ?@GJGRGCQ ?AACQQG@JC DMPKQ ?PC APSAG?J DMP AlGKE IIIEADS?ARGNEBIGRYC
' MPKQ ?PC 2JQM MDRCL KSAF KMPC AMKNJGBIREBEMRB@ SGJIB RF?L QR?RGA )5.- N?ECQ

<label> 6=6>67E

5FC <label> CJCKCLR GQ RFC NPCD@PPRBUGLE GLNSR kCIBQ UGRF RFCGP ?AACQQG@JC
L?KCQ 6QGLE RFC DMP ?RRPG@SRC RM K?RAF RFC GB MD 2L GLNSRKKZFSRLQ NPMNCP NPMEF
2QQMAG?RGMLTGKERMIPK SQ?@ERBRWPKMPC UFCL RFC J?@CJ CJCKCLR GQ SQCB NPMNCPJIW
2JIMUQ SQCPQ RM AJGAI MP R?N ML RFC J?@CJ RM DMASQ RFC DMPK kCJB

' MPZ?KNJC

<label for="emailaddress">Email</label>

<input type="email" id="emailaddress">

?KKGI<MCFGBIFQ@CC8 FI> ;F:J (<§IDJ 8)@:7E8K@WID7:FERTJ
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"@>K 3?<l < @EGLKJ ><K K?<@I 8::<JJ@%FIx E8D<J =I

6LDMPRSL?RCIMD KM@GJC GLNSRQ J?Al 2AACQQG@JC L?KCQ ? QBEKGKR BRVBKNPM

GL  OLJW MDKM@GJIC QGRCQ <label> BMULDPMK GL  UFGAF A?L
FGLBCP SQCPQ PCIJWGLE ML QAPCCMBAIBRMRBNMIQ "L 2AACQQG @JC WAECGUBY
RM @C SQCB ?LB QGRCQ QFMSJB QSHIRCARINIMERRGTHSQR QAPCCL PGYBCPQ @
CLQSPGLE RFC ?AACQQG@JC L?KC K?RAFCQ RFC TGQG@JC JI@CBBCRFC GLNSR 8$"
2@CJ GL /?KCACJ " RM FCJIN CLQSPC RF?R RCAFLOIIMESCOMERPMJ UMSJIB @C @CRRCP
QSNNMPRCB 6(aria-label  ?LB aria-labelledby QFMSJB MLIW @C SQCB GD 2L )5.-
<label> A?LLMR @C SQCB

placeholder 2EEC:3FE6

5FC placeholder ?RRPG@SRIGBRIY BKNIC GLNSR DMPK?RQ *R QFMSJB LMR PCNJ?AC ?
<label> ?Q ? UW RM NRBC ?L ?PAACQQG@JC L?KC 8FCL NJ?ACFMJIBCPQ W®IRFC MLIW U?
NPVWIGBGLE ? TGQG@JC J?@CJ RF?R PCDCPCLAC NMGLR BGQ?NNC?PQ UFCL RFC SQCP QF
LCU AMLACPL ReEFMUQCRB@D?SJR BM LEIRIEATFMJIBUR RIS DKAGCLR2QRIR® KCCR

8%" (' SPRFCPKMPCVREROVR ?JW?Q QSNNMPROBABCCL PC?BCEBITRRCP QMJSRGML GQ R
QFMUZ?KNJIC GLNSR DMPK?RQ @CJIJMU MP @CQGBC RFC GLNSR ?LB AMLLCAR RFCK RM RF
NPMERK?RGA?JIJW SQGLE ?PG? BPAPG@CB@

?KKGNNNN FI>3 % #(CFN M@J@FE 8 P K= N@B@ ,C8:<?FQ<17.<J<8|
?KKGNNN ;@>@K8CEFIP 8ESKFIP F= 8::<JJ@9C< =FIDJ GC8:<?FC;<| @4 8 D@!
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"@>K 1J< F= GC8:<?FC;<lJ FE @EGLKJ

MD KM@GJC QGRCQ ?LB  MD BCQIRMN QGRCQ SQC NJ?ACFMJBCPQ ?JMLC UFGAF A?L JC?B |
?AACQQG@GJIGRW GQQSCQ "Q NCP )5.- ESGBCJIGLCQ NJ?ACFMJIBCPQ QFMSJB LMR PCNJ?AC J
?AACQQG@GIGRW

1J< F= K?< GC8:<?FC;<| BKKIQHBEBIXB+EK =F| 8 C89<CLBEN"?<
8::<JJ@9@C@KP 8E; LI89@C@RE EEIBE-FEKLI<IJ @E:CL;@E> FC;<I
LJ<IJ 8E; LI<II N@K? :F>E @RELCIEKPFKFI JB@CC FI M@J@FE
@DG8@ID<EKJ

Y 0?< 3 ZJ,C8:<?FC;<I .<J<8P

)6BF:C:?8 :?7@C>2E.@"7

*LBGA?RGLE PCOSGPCB kCJBQ GQ APSAG?J DMP DMPKQ #CDMPC )5.- ?L ?QRCPGQI  U?Q AMK
SQCB @SR GRfQ MLIW ? TGQS?J ARINFIBBNCERMP T?JGB?RGML *L ?BBGRGML RFC PCOSGPCI
?RRPG@SRC GL )5.- " aria-required ?RRPG@SRC A?LTGHMICK?LRGAQ DMP GLBGA?RGLE
K?LB?RMPW kCJBQ

?KKGNNNN FI>3 % #(CFN M@J@FE 8 P K= N@B@ ,C8:<?FC2<I7.<J<8l
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"@>K $FN I<HL@I@EGLKS 8G<:@]<;

$SPPCLRIW

i MD KM@GJC QGRCQ SQC RFC PCOSGFENBUARRPIGID ST ?LB
i SQC aria-required SNDPMK GL @SR

i QRGJJ PCIJW MLIW ML ?L ?QRCPGQI UFGAF GQ BMUL DPMK  GL

5FGQ QFMSJIBT®RGBCB SLICQQ QSNNJICRE BRCES@PCE aria-required

2AE492D
8 C@QQGRCQ MDRCL SHQIRM TTPGDW RF?R ? TGQGRMP GQ FSK?L ?LB IH'/R? @MR $"15

UFGAF QR?LBQIMANICRCIW "SRMK?RCB 1SEEIGBHR REU3 $MKNSRCPQ ?LB )SK?LQ
"N?PR ?PC AMKKMLIW SQCBRMRIRZIGAGMSQ QMDRU?PC

"@>K JFO@C< J@K<J @DGC<D<EK@E> FE< F= K?< KNR; ®RGK89C< ,0

5FCQC RCQRQ A?L @C AF?JICIEGWE OMIXBICAG?JIW DMP RFMQC UGRF JMU TGQGML MP P
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BGQ?@GJGRGCQ 5FC 8 $ F?Q QSEECQRUBRIRTFQSREN" UFGAF ?PC UMPRF
CQY/NIJMPGLE

$65:2 @? E96 H63

"AACQQG@GJIGRW MD KCBGZRNMKPSBREBEQ?@GIGRGCQ CKBRERERLRRIGT

SLBCPQR?LB ?LB GIRAFGRF KCBG? AMLREMRKNIC @JGLB SQCPQ PCOSGPC ?SBGM
BCQAPGNRGMLQ DMP GK?ECQ MP TGBCMQ UFGJC RFMQC UFM ?PC BC?D MP F?PB MD FC?PGLE
J?LES?EC MP A?NRGMLQ

5PLQAPGNRQ ?PC LCCBCB DMP ?SBGM MLIW ?LB TGBCM MBWMMREIR R FHME RQ GK?ECQ
LCCB COSGT?JCLR ?JRCBINMRGT\RIRC HSQR BRENRAW LCCB RM @C QCK?LRGACEW K?PI
2Q QSAF

" KCBG? NYZP GQ MDRCL CK@CBBCB GL RFC N?EC RM ?JIMBRCSTSEGRMNRIPGBCM AMLRCLR
BGPCARJW GLJGLC *D RFGQ GQ RFC A?QC GR GQ GKNMPREER RAPRQIRECAGRCIG @JC NJ?
QMSPA@JC 1YLP GQ SQCB

>286D

*K?ECQ A?L F@ 7L alt ?RRPG@SRC RFEBNEMVRBCQAPGNRGML DMP QAPCCL PC?BCPQ  MD
GK?ECQ N?QQCB RFC (MMEJC -GESBRERSMP GK?ECQ UGRF SIFORGIK ~ GL

8FGAF GQ ? LMR?@JC GLAPC?QC CQNCAG?JIW @CA?SQC RFC LSK@CP MLIJW GLAPC?QCB ?@N
RM

"@>K , 8JJ K?< (@>?K?FLJ< 8L;@K =FI @D8><OK@K? 8CK K<

5FC ?JR RR QFMSJB PCICAR RFEGKAERR MP BCANRRETGK?EC alt=""  GQ ?NNPMNPG?RC
UFGJC KC?LGLEDSJ GK?ECQ PCOSGPC BCRQMP&GRRGMLQ *RfQ ?2JQM GRWGIBRQAM RMIT
L?KCQ ?Q ?2JRR@Q GR ?JKMQR NENGBCQ PRIR GLDMPK?RGML $SPPCLRJW  MD KM@GJC
?LB  MD BCQIRMN QGRCQ ASPPCLRJW BM

?KKGBIC<GRBP@K?LI @F 89@KGC8P
?KKGJI<HL<LE@N@WID ILC<) 80 @D8><8CK
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"@>K )FIK :FDDFE ]C<GK<EJ@FEJ @BKCK K<

5FC KMQR AMKKML KIBCLQGMLQ DMSLB ¥R TIRITD) DMP QGRCQ UGRF alt | CKNRW
?RRPG@SRC jpg 2CLB jpeg png ico ?LBsvg 5FGQ G3W GLBGA?RCQ RF?R $.4 MP MRFCI
AMLRCLR K?L?ECKCLR QWQRCKQ CGRFCP ?SRMRRRGARIRIWEIRCOSGPC AMLRCLR CBGRN
RM NFPRIBC GR )MOBGD RFC $.4 KCPCJW GLAJSBCQ RFC GK?EC kJ alt CRRPER@ZSRC GR
RWNGA?JJW MDDCPQ LM @CLCkR RM SQCPQ 5FCPCDMPC GRfQ AFSBRGQARIEISRGMICPLGL
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"@>K alt 8KKI@9LK< C<E>K?J

5FCPC GQ ? QJGEFR BCAJGLC GL GK?ECCRUSSHPIMRIRRR  BMUL DPMK RFC

T?JSCQ 8 BGQRIWCB RF?R  MD ?JRRRTRRPG@SRCQ ML @MRF BCQIRMN ?LB KM@GJIC QGRCQ ?f
CKNRWBNDPMK GL "L CKNRWalt ?RRPG@SRC QFMSJB @C SQCB MLJW DMP GK?ECQ RF?R
NSPCJW BCARGEHE?LB BM LMR LCCB RM @C BCQARSRICE @C?BCPQ MP MRFCP ?QQGQRGT
RCAFLMIMEGCQ .MQR GK?ECQ AMLRPG@SRC RM RFC MPEEMSIRECRMIMBSEC ?

KC?LGLEDSJ BCQAPGNRGML

6LDMPRSL?RCIMD alt ?RRPG@SRCQ AMLR?GL MP DERCPQMRIFGQ GQ BMUL MLC NCPACLR
DPMK  5FCQC SLSQS?JIW @PGCD BCQAPGNRGMLQ QSEECQR GL?BCOS?RC GLDMPK?RGML R
GK?EC ?NNPMNPGSREIMQMKC MD RFGR@K?SQCB RM J?@CJ JGLIQ UFGAF BQLAACNR?@JC
J?Al QSDKAGCLR BCQRRSINRGIR

5FCPC GQ ACPR?GLJW KMPC RF?R A?L @C BMLC RM AFCERCT REC AGIFRPRORTMIQ QSNNMPR
?SRFMPQ RFPMSEF @CRRCP BMASKCLR?RGML ?LB T?JGB?RGREMREREEBHICQORCB GL
"AACQQG@GJIGRW (SGBQJIGLCQ*LAPC?QGLEJW NCMNJC ?PC JMMIGLE ?R "PRGKAG?J *LRCJJIGEC
"* RM APC?RC RFCVBRRIS?JIW ML RFC AJGCLR QEBCQI#BBVIRE ?L GLRCPCQRGLE APGRGOSC
MD RFCECLCPRGML MD QAR5

OLC NPMKGQGLE ?NNPM?AF GQ@MBRKBGIGL %PSN?J UFM F?Q GL2RIBNMEBLRM
$,&BGRMP UGRAKG #W QFMUGLE ?SRFMRQNIC MD UF?R RFC?BRARISIB @ GVREY

?KKGNNN :18@>899FKK :F LB 9CF> ?FN KF NI@K< >BR;-FTKKE k8;<I1]
?KKGB;|@8HI<CC@ :FD D P 8GG18:? KF 8CK®& ?KDC
?KKGNNNN FI>0. 0 #

?KKGD8>8Q@E< AFFDC8 FI> 8CC @JJL<J ALE< 8K@BBHEBK
?KKGNNN;;ILG8C FI> GA<K 8@;D@
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@C KMPCQ®BV RM CBGR G& BRIFCICAR UFAR RFC RPWGLEVBNMEQP?NNPM?AF AMSJB @C
?NNJGCB RM MRFCP CBGRGLE RMMJQ

F5:@ 2?5 G:56@

5FC <track> CJCKCLR GQ SQCBRBBRMGKOARRT <audio> ?LB <video> CJCKCLRQ
QSAF ?Q A?NRGMLQ ?LB BCQAPGNRGMLQ 5FGQ FCINQ SQCPQ UGRF FC?PGLE JMQQ MP Tt
SLBCPQR?LB RFC AMLRCLR

"@>K /@K<J N <audio> <C<D<EKJ @E:C <track> <C<D<EK

" MF <video> CJCKCLRQ RFC kESPC GQ QJGEFRJW FGEFCP ?R  DMP @MRF BCQIRMNQ ?L!
KM@GJC QGRCQ 5FCQC QR?RGUREASEBM MR PEBCM CK@C <iframe> * UFCPC
RFGPB N?PRW QCPTGACQCRE BEQMDERPRTCPLERGISP GLBSQRPW A?L BM ? JIMR @CRRCH

07< D<K?F;FCF>P KF :FCC<:K K?< ;8K&EFIK?@JHBFK @E:CL;< DF;<IE $(/ $08,/(@BD@E>

N?@:? NFLC; NFLC; @E:CL;< 8 DBE@=<JK ]C< KF @E:CL;< JLOK@KC«F=PKRR& 8+ 8E; 78I

%E K?< =kKIIBEE@E> =FI K?@J NFLC; 8CCFN 9<KK<I LE;<IJK8E; @E> F=NR8BGF3EKx| 8><] 8|
N@K? :CFJ<; :8GK@FEJ 8E; 8CJF :FCC<:K @E=FIDS8K@FE 89FLK K?< LI< F= 8L;@F ;<J:I@GK@F

DD:DE:G6 E649?@=@8J H:E9 )

"AACQQG@JC 3GAF *LRCPLCR "NNJGA?RGNIGBCE"? QCR MD ?RRPG@SRCQ DMP )5.- CICKC
BCQGELCB RM CLF?LAC UC@ ?AACQQG@GJIGRW DMP GLBGTGBSTIRWESRP@EEEIN® GIJGRG(
MD "3*' ?2RRPG@SRCQ A?L QMKCRGKCQ APC?RC KMPC NPN@ JGKRMEIGRAQMJIT
CKNJIMZB MLIJW UFCL LeR&T CICKCLRQ ?PC GL?BCOS?RC DMP CLQSPGLE ? DSJJW ?AACQQ
CO/NCPGCLAC ?LB QFMSJB LMR PCNJ?AC MRIBUSR B@OCCACQQ?PW

) C@=6D

8FCL ?QQGAURBCAFLMIMEGCRARLIBGRF ?L CJICKCLR RFC CJCKCLRfQ PMT®/FBINQ AML
SQCPQ KGEFR CLE?EC UGRF GRQ AMLRCLR

' MP GLQR?BX@ @CB GLRCPBBPAILY. PCOSGPC QNCAGKA "3*" PMIRTRM PENBEQCLR RFCGP

?KKGNNNN FI> 0. LI@E> 81@8
?KKGIQE:CLI@MGFE<EKJ ;<J@>E K899<; @EK<I=8:<]

2024 Web Almanac by HTTP Archive 303


https://www.w3.org/TR/using-aria/
https://inclusive-components.design/tabbed-interfaces/

Part Il Chapter 8 : Accessibility

QRPSARSPCEPEC3*" "SREMPGLE 1PARGACQ %CQRRCPLYISRIGLC FMU RM APC?RC 2L
?2AACQQG@JC R?@@CB GLRCPD?AC QSEECQRGLE RF?R ? R?@JGQR PMJC @C ?QQGELCB RM F
BSC RM RFC ?@QCLAC MD)B L TRISGT?JCLR

)5.- GLRPMBSACB LSKCPMSQ LCRGTKCLRQ UGRF @SGJR GL QCK?LRGK® ZRRNMICQ
RF(<nav> CJCKCLR GLFCPCLRJ role="navigation" K?IGLE GR SLLCACQQ?PW RM
C/NJGAGRJW ?BB RFGQ PMJC UGRF "3*"

"@>K OFG DFJK:FDDFE .% IFC<J

8 CM@QCBRF?REGP MD KM@GJC QGRCQ F?B FMKC N?ECQ UGRF ?R JC?QR MLC CICKCLR ?QC
RF( role="button" SNDPMK GL ?LB GL ?LB GL 5FGQGLAPC?QC

GQ AMLACPLGLE ?Q GR QSEECQR@@M®KL <div> M <span> CICKCLRQ ?Q ASQRMK

@SRRMLQ MP PCBSLB?LRIW ?NNJV <button> IQIRKICLRQ #MRRARBACQ ?PC NPM@JCK?RGA

7LB TGMJ?RC RFC DSLB?KCLR?J "3*' NPGLAGNJC ®I[5SQ@GCECRRGTIQSAF ?Q

<button> dUFCLCTCP NMQQG@JC

?KKGNNNN FI> 0. N8@ 81@8 BK@:<)  KBIGBE<C
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"@>K 3 <9J@K<J N@K? 8K C<8JK FE< 8E:?RI-N@BK role="button"

MD UC@QGRCTF?R JC?QR MLC JGI role="button" QJGEFRJW BMUL DPMK ~ GL

8FGJC ?BBGLE 7L "3*' PMJC A?L GLDMPK ?Q@GEARGIIMEGCQ ?@MSR ?L CICKCLRIQ
NSPNMQC GR BMCIILRFC CJCKCLR DSLARGBRQGERGISLRCPN?PR 5FGQ BGQAPCN?LAW A
JC?B RM GQQSCEWERFPE GE?RGML QGLAC JGLIQ ?LB @SBENDORFCLR GAF®IP
OV?KNJC JGLIQ ?PC LMR ?ARGTRRCBPACUFCPC?Q @SRRMLQ ?PC

,D:?8 E96 AC6D67E2E:@7? C@=6

8FCL ?L CIJCKCLR GQ ?QQGE role="presentation" GR JMQCQ GRQ GLFCPCLR QCK?LRGAC
?JMLE UGRF RFMQC MD GRQ PCOSGPCB BEGISQFOBRCRQ L <ul> 3MP PMUQ ?LB ACJJQ
UGRFGL ? R?@JIE GLQR?LAC ?NI role="presentation" RM ? N?P(<table> MP

<ul> CJCKCLR UGJJ NPMN?E?RC RFGQ PMJC RM GRQ AFGJB CICKCLRQ A?SQGLE RFCK RI
JGQR QCK?LRGAQ

3CKMIGLE QCK?LRGAC role="presentation” KC?LQ RFC CICKCLR MLIW F?Q TGQS?J
NPCQCLAC ?LB GRQ QRPSARSPC GQ LMR RERGERGKEEMBMEGCQ 5FC CICKCLR{Q AMLRCLI
UGJJ @C PGVE @APCCL PCTBSR LM GLDMPK?RGML ?@MSR RFC QCK?LREBCBUGJJ @C NPM

"@>K +=;<JBKFG J@K<J 8E; F=DF9@C< I@K<KB3M role="presentation"

5FGQ GO AMLACPLGLE ?Q GL  GR U?Q ?JPC?BW FGEF ?R  MD BCQIRMN QGRCQ ?LB ML
QGRCQ

4GKGJ?PSQGI role="none”  ?JQM PCKBD RFC CIJCKCLR{Q QCK?LRG2ZP SME@GRCQ

SQC role="none”  BMULDPMK GL  8FGJC GR K¥ @C SQCDSPGIAPQCQ QSAF ?Q

UFCL 7 <table> GQ SQCB NSPCJWKIBRPGR ECLIW QFMSJIB @C SQCB A?SRGMSQJIW ?Q GR A
BCRPGKCLR?J RM ?AACQQG@GJIGRW

.MQR @PMUQCPQ BGC( role="presentation" ?LB role="none" UFCL NMQGLE ? PMJC

GL RFC ?2AACQQG@GJGRW RPCC DMP DMASQ?@JC CIJCKCLRQ GLAJSBGLE JGLIQ ?LB GLNS
R?@GNMBZRRPG@SRC 4G&BIAPCWCKCLR UGRF RFCQC PMJCQ GLAJSBCQ EIM@7?J "3*" QR?R
NPMNCPRGCQ ( aria-describedby RF( presentation ?LB none PMJCQWr@C
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GELMPCB

#236=:?8 6=6>67ED H:E9 )

*L ?2BBGRGML RM RFC %0. @PMUIRQUPBACQQGC@GIGRWIRRBELGLE BCR?GJQ ?@MSR )5.-
CJCKCLRQ QSAF ?Q ?AACQQG@JC L?KCQ BCQAPGNRGMLQ PMJICQ ?LB QR?RCQ 5FGQ GLDMP}
AMKKSLGA?RCB RM ?QEEARCMIMEGCQ RFPMSEF ?AACQQG@GJIGRW "1*Q

“L CIJCKCLRIQ ?AACQQG@JC L?KC A?L AMKC DPMIC GR@SHERIRRCRRPG @SECQ

GK?Elalt ?RRPG@SRC?QQMAG?RCB CJCHELRIP@CJICBRM ? DMPK AMLRPMJ 5FCPC GQ ?
FGCIPAR SQCB RM BCRCPKGLC RFC QMSPAC MD RFC ?AACQQG@JC L?KC UFCL KSJRGNJIC QMS|
7T?GJ?@JEP DSPRFCP PC?BGLE ML ?AACQQBGKILIEL 8RQOEID ?PRGERF?R GQ 7L

2AACQQG@JC L?BQIR T2JS?@JC PCQMSPAC

"@>K OFG .% 8KKI@9LK<J

?KKGJI<M<CFGBIFQ@CCS8 FI> ;F:J #CFI3QR@9@C@KP7KI
?KKGI<M<CFG&B: @<CEEGI:FD 9CF> N?8K @J 8E 8::<JJ@9C< E8D<
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https://developer.mozilla.org/docs/Glossary/Accessibility_tree
https://developer.paciellogroup.com/blog/2017/04/what-is-an-accessible-name/
https://developer.paciellogroup.com/blog/2017/04/what-is-an-accessible-name/
https://almanac.httparchive.org/static/images/2024/accessibility/top10-aria-attributes.png
https://almanac.httparchive.org/static/images/2024/accessibility/top10-aria-attributes.png
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5UM "3*' 2RRPG@SRCQ RF?R ?GB GL ?QQGELGLE ?AA( aria-label  'RCE aria-

labelledby ~ 5FCQC ?RRPG@SRCQL?REEAETBCLACRVL?RGIW BCEBPAACQQG@JC L?KCQ

7LB QFMSJB @C SQCB QN?PGLEJW ?LB MLIW UECRRGAECBRARIQG@JC L?KCQ UGRF QAPC
PC?BCPQ ?LBMBITGLE GLBGTGBS?JQ UGRF BGQ?@GJGRGCQ GQ APSAG?J RM CLQSPC RF?F
7LB BM LMR FGLBCP ?AACQQG@GJIGRW

8 C M@QCBTRF?R 2JKMQR  MD N?ERISPRCB DC?RSPCB ?R JC?QR MLC CJCKCLR UGRF RFC
aria-label  ?RRPG@SRC SNDPMK DMP BCQIRMN ?LB ML KM@GJC GL  K?IGLE GRR
KMQR DPCOSCLRJW SQCB "3*' 2RRPG@SRC DMP ?AACQQG@JC MIXBQQIBRBRENECIIW
7LB  MD KM@GJC N?ECQ F?B ?R JC?QR MLC CJCK aria-labelledby ?RRPG@SRC @MRF
?PCSN DPMK B?R? 5FGQ RPCLB QSEECQRQ RF?R UFGJC KMPC CJCKCLRQ ?PC @CGLE
2AACQQG@JC L?KCQ GR KGEFR 2JQM GLBGA?RC ? PGQC GL CICKCLRQ J?AIGLE TGQS?J J°
AF?JIJCLEGLE DMP SQCPQ UGB BGRIEGERGRGITARLBINSR SQCPQ

"@>K LKKFE 8::<JJ@9C< E8D«JFLI

#SRRMLQ RWNGA?JIWRFCEBFGIAACQQG@JC L?KCQ DPMK RFCGP AMLRCLR MP "3*' ?2RRPGG@
"AAMPBGLE'BMESGBCJGLCQRfQ NPZ@O® DMP ?L CICKCLR RMGBCPBACQQG@JC L?KC DPM
GRQ AMLRERRGP RF?L ?L "3*"' ?PRRPG@SRC GD NMIMEB@REFBR MD @SRRMLQ ML BCQIRMN
M@R?GL RFCGP ?AACQQG@JC L?KCYMARMKRRAEGGP QIGEFR BPMN DPMK  UFCL GR U?Q
6QC MD F aria-label ?RRPG@SRC GQ SN QJGEFRJW RM ML BCQIRMN DPMK  GL
KC?LGLE KMPC QGRCQ ?PC ¢ aria-label ?RRPG@SRC DMP RFCGP ?AACQQG@JC L?KCQ

*L QMKC A?Q aria-label  GQ SQCDSJ QSAF ?Q UFCL KSJRGNJTI@GSRRMIKE AMLRCLR

?KKGNNNN FI>3 % .% 8G> G8KK<IEJ 9LKKFE
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https://almanac.httparchive.org/static/images/2024/accessibility/button-name-sources.png
https://almanac.httparchive.org/static/images/2024/accessibility/button-name-sources.png
https://www.w3.org/WAI/ARIA/apg/patterns/button/
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@SR BGDDCPCLR DSLARGMLQ MP UFCL ? @SRRML AMLR?GLQ MLJW ?L GK?EC MP GAML

:5:78 4@7?E6?E

AMKCRGKCQ TGQS?J GLRCPD?ACQ GLAJSBC PCBSLB?LRRIGKTORAGHIRVIPSRCPQ MD
2QQG@RBIAFLMIMEGCQ *L RFC aria-hidden="true" A?L @C SQCEGBC CJCKCLRQ

DPMK QAPCCL PC?BORETCPRFGQ ?NNPM?AF QFMSJB LMR @C SQUB RFCRCKMCLR

UMSJB PCQSJR GL JCQQ GLDMPK?RGML DMP QAPCCL PC?BCP SQCPQ AMKN?PCB RM UF?R GQ N
)GBGLE AMLRCLR DPMK CREAERBIMEGCQ QFMSJB LMRREV@B? QD AMLRCLR RF?R GQ

BGDKASJR RMRAACQQG@JC

"@>Kl $8; 8K C<8JK FE< <C<D<EK N aria-hidden 8KKI@9LK<

6QGLE RFGQ ?RRPG@SRC RM FGBC ?LB QFMU QCK?LRGA AMMRGACGER). KMBKRML NP
GLRCPD?ACQ GL MPBCP RM GLBGA?RC UFCL AMLRCLR GQ FGBBCL RM RPENFANQQG@GJIGRW '
RFGQ GQ ? ?AAMPBGML AMKNMLCLR UFCPC AMLRCLR SLBCP ? JGQR MD FC?BGLEQ GQ FGBBCL
QCJCARQ MLC MD RFC FC?BGLEQ RM QFMU RFC PCJ?RCB AMLRCLR

"3 A?L F? TC ? FSEC GKN?AR ML ?AACQQG@GJIGRW ?LB LCCBQ RM@IQ 80SBGZERGMSQIW
2NNIW "3* AMPPCARIMANION RFC PGEFR KCQQ?EC

' MP GLQR?LAC BGQAJMQSPC UGBECRQ aria-expanded ~ FRRPG@SRC RM QGEL?J RM
2QQG@RBIAFLMIMEGCQ UFCL 7L CICRCREOBOIPEGBBTI@LBGLE MP AMJJ?NQGLE 8
M@QGFERF?R MD KM@GJC N?ECQ F?B ?R JC?QR MLC CJC aria-expanded >
2RRPG@SRC UFGAF GQ SN 2JKMQR  DPMK

*4C667 C6256C @?=J E6IE

* AMKKML ?NNPM?AFTBAMNCPQ SQC REBEBPGLDMPK?RGML DMP QAPCCL PC?BCP SQCPQ
GIMJITQ FGBGLERRIGQS?JIW UGRF $400NEIEIGR ?AACQQG@JC RM QAPCCL PC?BCPQ 5FGQ $4
RCAFLGOSC CLQSPCQ RF?R GBERAISBCB GL RFC ?AACQQG@GJIGRW RPCC @SR PCK?GLQ FGB
QGEFR

2KKGE@HL<KK< :8 8IK@:C<J ?@;@E> <C<D<EKJ
2KKGBCF> GFG< K<:? N?8K P FL E<<; KF BEFN 89FLK 81@8 8E; ?FN KF O :FDDFE B@JK8B
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https://niquette.ca/articles/hiding-elements/
https://niquette.ca/articles/hiding-elements/
https://blog.pope.tech/2022/07/12/what-you-need-to-know-about-aria-and-how-to-fix-common-mistakes/
https://blog.pope.tech/2022/07/12/what-you-need-to-know-about-aria-and-how-to-fix-common-mistakes/
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"@>K <JBKFG N<9J@K<J N@K? 8 JI FECP FI M@JL8CCP ?@;;<E :C8JJ

5FC QP MLJW ?LB TGQS?JJW FGBBCL AJ?QQ L?KCQ ?PC DPECUSIMRIAGREED

DPKCUMPIQ RM APCARCRIE?R GQ MLIW ?AACQQG@JC RM QUPGLQRER2AC PAMNRORP
5?GJUGLB GLAJSBC QP MLIW AJ?QQCQ DMPIRBEGLBIRRARQCMD BCQIRMN N?ECQ ?LB

MD KM@GJC N?ECQ SQCB MLC MP @MRF MD REZOE $MU2NE@BACIR?EC NMGLR DPMK

*RfQ GKNMPR?LR RM LMRC RF?R LMR ?JJ QAPCCL PC?BCP SQCPQ ?PC TGQS?JIW GKN?GPC
FCTGIW ML QAPCCL PC?BCP MLIW QMJSRGMGBUEMERBLAEGQ RCAFLGOSC GQ SQCB UGH
GLRERRGTCICKCLRIQ ?AACQQG@JC L?KC GRRBGRRASIR DMP NCMNJC URMGAECRRFCGP T
AMLRPMJ RFCGP AMKNSRCP RM ILMU UF?R AMKRPLEHMEGGERF RFC CICKCLR

J?2>:42==7 C6?56C65 4@?E6?E

AMKCRGKCQ GRfQ LCACQQ?PW RM GLDMPK QAPCCL PC?BCPQ ?@MSR LCU MP SNB?RCB A
* MPZ?KNJC DMPK T?JGB?RGML CPPMPQ QFMSJB @C AMKKSLGA?RCB UFGJC ? J?2XW JM?E
LMR LCCB RM @C ?LLMSLACB 6NB?RCQ RM RFC %0. QFMSJB @C K?BC GIK?ILMIPBGQPSNRC

"@>K <JBKFG G8><J N@KRG@MEJ L. aria-live

"3*" JGTC PCEGMLQ CL?@JC QAPCCL PC?BCPQ RM ?LLMSLAC AF?LECQMEL RRE9R). 8
MD BCQIRMN N?ECQGRQCHEGNVLQ UGH aria-live ?RRPG@SRC SNDPMK GL ?LB

MD KM@GJC N?ECC aria-live SNDPMK GL "BBGRGML?JNRECQ SQC "3*"AGT
PCEGML PMJCQ UGREF aria-live T?JSCQ
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C@=6 56D<E@A >@3:=6 >A=:4.E aria-live G2=F6

status polite
alert assertive
timer off

log polite
marquee off

'GESPC  1?ECQ UGREJZIEGML "3*" PMJCQ ?LB RFCGI aria-live R?JSC

' MP KMPC BCR?GJ@MCHEGML T?PG?LRQ ?LB RFCGP SQ?EG/ AETAIRFEGML
BMASKCLR?RGMR YNJMPC RIEEGBCKM\@%COSC

,D6C '6CD@7?2=:K2E:@7? .:586ED 2?75 &G6C=2J
)6>65:2E:@7?

6QCPQ ?PC GLAPC?QGLEJW SQCB RM QCCGLE ?AACQQG@GJIGRW UGBECRQ ML UC@QGRCQ 5t
?AACQQ ?AACQQG@GJIGRW DC?REPREGBFNEBEEPAC "AACQQG @RIBRAPCTMLC RWNC

MD RFCQC ?LB SQS?JJW GLAJSBC RUM RWNCQ MD RCAFLMIMEW ? NCPQMR2ABENFEML UGBEC
MICPI®OTCPIYQ A?L @C CGRFCP ECLCPGA MP ASQRMK

i )?1> <1>7;:-85F-@5;: RMMJQ RF?R CL?@JC RFC QGRC THJFBRIMEGRRMBRFC
?NNC7RAC MD RFC QGRC TG? ?L ML QGRC KCLS@ BFPIEERR AGIUMPQRILRP
?BHSQRKCLRQ ?LB

i A@;9-@10 ;B1>8E >19105-@5;:? ECLCPGA RCAFLMIMEW RF?R ?SRMK?RGA?JIJW QA?LQ
?LB ?RRCKNRQ RM PCKCBGARGAKKNML 8%"( GQQSCQ UFGAF ?DDCAR RFC SQCP
GLRCPD?AC UGRF XMKBMEGRFKQ ?LB MP "PRGKAG?J *LRCJIJGECLAC

i A?@:9; BI>8E >19105-@5;:QGRC QNCAGKA AMBC WPBRERR EIIMNCP Q RM
?BBPCQQ QNCAGKA AMLDMPK?LAC LCPBKEBUBAACQQG @GIIFREG GL ANRLRC
RMTMGB AMLIGAR UGRF GRIZFEREIMEW

#PMUQCPQIEEPC?R @SGJR GL RMMJQ DMP NCPQMLAAGSQRBM BMASRKEMU ?@MSR RFCK
AMKC QGRCQ<2BB;:-85F-@5;: C5031@F?R MDRCITSBM ?IEEC MD ?AACQQG@GJIGRW DC?RSPCQ RN
K?I C ASQRMKGX?RGMLIDREZFFGQ GLAJSBCQ DMLR QGXC QN?08LEFAAGQRP

?KKGI<M<CFGBIFQ@CCS8 FI> ;B3:<JJ@9@CBKPo 7(@M<7.<>@FEJ
?KKGI<HL<LE@WIQHD C@EP8I@8 GEMAFE GOBEE]
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https://developer.mozilla.org/docs/Web/Accessibility/ARIA/ARIA_Live_Regions
https://developer.mozilla.org/docs/Web/Accessibility/ARIA/ARIA_Live_Regions
https://dequeuniversity.com/library/aria/liveregion-playground

Part Il Chapter 8 : Accessibility

GLAJSBCB GL RFC @PMBGRQRKY 2JQM GLAJSBC RERWRREIQNCCHFGAF GAJSBCB GL

&BEC 5FGQ A?L @C SQCDSABRRMDSQCPQ @SR CQNCAG?JIW DMP RFNIQRREGR BM LMR |
MUL ?QQGQREAFLMIMEM2?@JC GL RFGRMILKCLR 5FCQC UGBECRQ A?L @C FCINDSJ DMP
UFM ?PC LMR ?BREBQGLE ?QQRQNEMIMEW MP 2JPC?BW K?VGKGXGLE RFCGP @PMUQCP
?2AACQQG@GJIGRW DC?RSPCQ

*D SQCB GR GQ GKNMPR?LR RF?R RFCQC RMMJQ BM LMR GYRCPBCPAG6RGRACSBELE C
RF?R MD ?Q@ERIREFLMIMEW SQIBARF?R PC?QML RFC &SPMNC?L IMBPSRGISEGRW '
NS@JGQFCB ? PCNMPR AJC?PIW'@#RCQQGEFGFRNQ/BIRES ZRRCC AMKNJIG?LAC UGRF
&SPMNC?L JCEGQJ?RGML

g6QCPQ MD ?QQEQREIMIMEW ?JPAPERFEGHBBCQ ?LB @PMUQCPQ AMLKESPCB RM RFCGF
NPCDCPPCB QCRRGLE(P SFREAFLMIMEW A?L GLRCPDCPC UGRF RFC BQURIYAMEEQRGT
7LB MCPPGBC SQCP QCRRGLEQ DMPAGLE NCRORIBE/R3GRCRFEAGIILKRFC UC@QGRC
JCQQ ?AACQQG@JC RM QMKC SQCP BPNFBIRZBACDQ RM AMLRCLR

#B1>8E >19105-@5;:?PC RFC QCAMLB RWNC MD RCAFLMIMEW MDRTRIBNGIBESAR. M
"SRMK?RCBTEIPJ PCKCBG?RGML AMLRGLSMSQJW RPGCQ RM KLB ?LB ?BEBCRBEMKKML 8
?Q RFC N?EC GQ @CGLE PCLBCPCB GL{SUR@RMPMPCKCBG?RGMLQ A?L 2JQM @C UPGRI
GL 724APGNR RBPRMKC ?AACQQG@GJIGRW @?PPGCPQ CQNCAG?JJW UFCL RFCPC GQ JCI
LM JMLECP @C SNB?RCB 8GRF EMMB K?LS?J RCQRGLE CQNCAG?JIW UGRF SQCPQ UGRF
ASQRMKGPIY A?L @C ?L CDECAREIRGML

5FCPC ?PC KALBMASKCLRCB PCNMPRQ MD NMNSJ?PTZIRRIQMICBLE ? NPMBSAR JCQQ
2AACQQG@JC DMP QMKC SQCPQ

5FGQ RCAFLMIMEW A?L ?BBPCQQ QMKC AMKKML @?PPGCPQ DMP QMKC SQCPQ K?IGLE R
2AACQQG@JC "SRMRERIBMIA?L 2JQM ?BT?LAC ?L MPEFGAIREIQG @GIGRW NPMEPCQQ
N?RF RM AMKNJGWAP@CGLEBENKCLR RC?KQ RM DMASQ ML KMPGQOBOQ®EF?R A?L
MLIW @C PGBM@T?BBPCQQGLE RFC BCQGEL MP QMSPAC AMBC

6LDMPRSL?REMMWV RC?KQ QGKNJIW TEQRGGE GL ?AACQQG @ GUIZIRIG 2B IRCFIBNK

5FGQ RCAFLMIMEW BMCQ LMR PCNJ?AC RFC LCCB DMP EMRBAEACRACABIERIBRW LCC
RM @C GLAJSBCB GL ?JJ QR?ECQ MD RFANPIUBBARQJCRC AR EMGLE R®! KVIPC
SQ?@GIGBABPGRW ?LB NCPDMPK?LAC NPM@JCKQ RF?L QGKNJIW kVGLE RFC CPPMPQ ?R |
GKNMPR?LR RM PCKCK@CP RF?R LM ?SRMK?RC8 RMEI@ATERCDSJIIW ?AACQQG@JC MP 8%
AMKNJG?LR

?KKGD:DN 89@C@KPE<K FI> LB

?KKGN@B@G<;@8 FI> N@B@ /G<<:?7JPEK?<)@J

?KKGNNN D@RJF=K :FD <E LJ <;>< =<8KILIk8; 8CFL;=FID) " &

?KKGNNN <;= =<G? FI> 8::<]JJ@9@€I@BRIFFEK >IgHK<< :FDGC@B8E:< N@IGX8E C<>@JC8K@FE
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https://mcmw.abilitynet.org.uk/
https://wikipedia.org/wiki/Speech_synthesis
https://www.microsoft.com/en-us/edge/features/read-aloud?form=MA13FJ
https://www.microsoft.com/en-us/edge/features/read-aloud?form=MA13FJ
https://www.edf-feph.org/accessibility-overlays-dont-guarantee-compliance-with-european-legislation
https://www.edf-feph.org/accessibility-overlays-dont-guarantee-compliance-with-european-legislation
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"@>K , 8><J LI@E> 8::<JJ@9@ T eHFEGI
*L  UC M@QCPIB RF?R ?2JKMQR MD BCQIRMN UC@QGRCQ SRGJGXC ILMUL ?AACQQG@GJIGR!

8FGJC LMR ?JJ MD RFCQC NPMBSARQ ?PCTRAIRQLREICBCGRVARTR IZQQFMU ? QGKGJI?P
EPMURF RPCLB

"@>K 1<JJ@9@C@KP 8GG L3BB< 9P |
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https://almanac.httparchive.org/static/images/2024/accessibility/pages-using-a11y-apps.png
https://almanac.httparchive.org/static/images/2024/accessibility/pages-using-a11y-apps.png
https://almanac.httparchive.org/static/images/2024/accessibility/a11y-app-usage-by-rank.png
https://almanac.httparchive.org/static/images/2024/accessibility/a11y-app-usage-by-rank.png
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6QCP8W GQ RFC KMQR UGBCJIGPS®TER MSP B?R?QCR

"@>K , 8><J LI@E> 8:<JJ@9@C@BPBGGJ 9P |

5FCQC QMJISRGMLQ ?PCIECSQRB JCQQ DMPIKGERKFQGRIEQGRIOIB GL RFC RMN
@ WTGQGRQ MLIW  SQCPAaM

@?7FD:@? @? &G6C=2JD

5FC *LRCPL?RGML?J "QQMAG?RGML MD "AACQQG @GJGRWNSE IGQREEVA RINCP'1
MSRJIGLGLRGRQQG@GJIGRW MQGRGML ?LB 3CAMKKCLB?RGBR(G™1 QRPCQQCQ RF?R
MICPJ® RCAFLMIMEW KSQRGRNCBC ? SQCPfQ ?8REBQPKMPC GR QR?RCQ RF?R *"'1
KCK@CPQ KSQR LMR QSNNMPR AJ?GKQ RF?R GKNJW ? UC@QGRC MP ?NNJGA?RGML A?L ¢
?2AACQQG@JC TEFRW RCAFLMIMEW

?JQC ?BIPRGQGLE AJ?GKQXKRBIVATCPJIY NAMGBCPQIENPMKNRCB MSRAPW DPMK
?AACQQG@GIGRYRCEIBPG?L 3AMQCJIGFQ ?AACQQGH#CMSABCBGLGRG?JIW NS@JGQFCB GL
@SR ?ARGIIW SNB?RCB ?Q RFCTWIDB €?GL\W CGLEMIB{QPGA?L JCE?J NCPQRICARGT

*R GQ GKNMPR?LR RM AJC?PJW SLBCPQR?LB RFC A?N?@GJGREGWIN.BVIERGRPRGIMAEYWID

SQCB RM ?BT?LAC ?AACQQGECAGRNY AMKN?LGCQ ?@MSR RFCG P TEAMIGFERIIBF?
K?LW AJGCLRQ OPE?LGX?RGMLQ ?PC PCQNMLQG@JC DMP BMGLE ?NNPMNRG?RC PCQC?F

?KKGINNN 8:<JJ@9@BH@SK@FE FI>

2KKGNNN 8:<)@9@CBHBEK @FE FI=ICBR GFJ@K@FEBEDKE; 8K@FEJ
7KKGB;|@8EI<CC@ :FD  8:<)J@ < N@CC FtKIES; ?KDC
?2KKGNNNCA<>8C:FD  8I@8E | FJ<CC@ JC8GG C8NIL@K
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https://almanac.httparchive.org/static/images/2024/accessibility/pages-using-a11y-apps-by-rank.png
https://almanac.httparchive.org/static/images/2024/accessibility/pages-using-a11y-apps-by-rank.png
https://www.accessibilityassociation.org/
https://www.accessibilityassociation.org/s/overlay-position-and-recommendations
https://adrianroselli.com/2020/06/accessiBe-will-get-you-sued.html
https://www.lflegal.com/2023/07/adrian-roselli-slapp-lawsuit/
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KCCR ?NNJGA?@JC ?AACQQG@GJIGRW PCOBGHCRECRQINBAGOILAC RM TGQGRMPQ

/CGRFCP RFC &6 $MKKGQQGML MP RFC 64 %CN?PRKCLR MD +SQRGAC %0+ QR?RC FMU UC@ ?/
QR?LB?PBQERM @C KCRAHSQR RFMERRGDC KERIK RFG0+ "%" 5GRJIC ** PSICK?IGLE

RFC PSEMLQ LMR ?BBPCQQ RFC GLRCPL?J NMJGAGCQ MP NPMACBSPCQ RF?R NS@JGA CLRGR
GKNJCKCLR RM AMLDMPK RM RFC RCAFLGA?J QR?LB?RB SLBCP RFGQ PSJC

*L QMKC GLOR?LACQ ? AMK@GLITEAROQ MBNK?LSAINCPRGQC F?Q RFC NMRCLRG?J RM
2AACJIERC ?AACQQG@GIGRMCGREPM

*64E@CD 27?5 2446DD:3:=:EJ

5FGQOAP UC ?PC NBRGLE ? QCPGCQ MD LCU B?R? AMKBIRRGRRMFBEFIGEFR RF?R RFCPC
?PC BGQACPLG@JC BGDDCPCLACQ GL FMU BGDDCRTER BVBE SAGRGQOBETCREGMGR

GQ @?QCB ML EMBIBLEMAC MP EMMB BCD?SJRQ GR GQ NMQQG@JC RM QCC BGDDCPCLACQ GL
RF?R ?PC QGELGKA?LR *R GQ RFC FMNC MD RFC ?SRFMPQ MD RFGQ QCARGMILRFDR RFGQ UGJ
FMU RFC T?PGMSQ AMKKSLGRGCQ RPC?R ?AACQQG@GIGRW

8 C 2JQM ?QCQQCB RFC ?AACQQG@GJIGRW MD UC@QGRCQ GL RFGQ QCARBHEISQGLE RFC MN
-GEFRFMSQC

@F?ECJ

5FCPC ?PC RUM KCWQ@®@GAF UC A?L GBCLRGDW AMSLRPW GLDWHHRER @EMW* % RIRREC

QCRIP?LB RFC QCAMWBR®®/MN CTCJ %MK?GL #CA?SQC MD RFC NPGAC MD FMQRGLE GL BGDDCP!
AMSLRPGCQ QMKC ?PC KSAF @CRRCP RENHCOCRREBMRFCRIVGRIC EGRF?R KWL

BMK?GLQ A?L MIRCPGLBCNCLBCLRJW MD RFC BNRH .ai W .io BMK?GL UC ARL

?QQSKC RF?F.ca .es MI.fi BMK?GLQ ?PC JMA?RCB GL $?L?B? 4N?GL MP 'GLJ?LB

?KKGNNN =<;<BC>@JKAMF:LD<EKJ EFE;@J:1@D@ESK@FE FE K?< 98)@J F= ;@J89@C@KP 8::<JJ@9@C@KP F= N<9 @E=FID8K@FE 8E; J<IM@:<J F=
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RFC QSAACQQ MD ? UC@QGRRGMPTIZ@QGRC GR GBAMKCQ JCQQ ?AACQQG@JC RM SQC
UFGAF GQ ?E?GLQR RFC DSLB?KCLR?J EM?J MD REGUSEERMINRMCQQ RM RIFEELGT

MD GLDMPK?RGML

*L PCACLR¥W@MPC 8C@ 7GR?MTPDMPK?LAC KCRPTEAGKRAEB QFMUGLE NMERIRGEBQ
2APMQQ KBINCPDMPK?LAC KCRPGATGPBIMKC GLAMLQGQRCLAGCQ APCERTIRI@QCPT
OV?KNJC RFC E?N @CRUCCL FGEF CLB ?LB JMBACIBBTUGBCLGLE CQONCAG?JIW GL KM@G
NCPDMPK?LAC ?Q FGEFJGEFRGB@RCJIAQ PCQCIPEATRDMPK?LAC *LCOS?JGRW (?N

8 C@ NCPDMPK?LAC GQ RGCB RBAGE?R.BL.CRUMPIQ NCMNJC A?MPRSMABEKMPC
BACJIMNCPQ ABZPE MD RFCQC AF?JJCLECQ ?LEIRCUMRGLE RM BKNERDMPK?LAC
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*L RFC NCPDMPK?LAC ARERBRSQ ML SME@FGR?JQ AW RECWSQCP ACLRPGA KCRPGAQ

DMP ?QQCQQGLE UC@ NCPDMPKIZIRAIC YMQM ?L2IWXC RFC UC@ NCPDMPK?LAC DPMK ? @PM?B
NCPQNCARGNI?BGLE GURCH GRB/TGQS?J QR? @RRIGEVOSNNIHKTERPGAQ THQR
$MLRCLRDSGLR 5FGQ 2JIMUQ\BQ@RRCMRFCP NCPDMPK?LAC YNEBGQCPAT PCJ?RCB

KCRPGAQ RM ECR ? KMPC AMKEREFAREETMD FMU UC@QGRCQ NCPDMPKCB GL

8F?RfQ LCU RFE&QRV
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N?PR MD $MRU@®B 7GR?JQ */1 FCINRRRI?RAGRJIJ GLRERGTGRW NCPDMPK?LAC
KMPC ?AATRCIW

i -MLE"LGK?RGNRKCQ M" B?R? GR?BJ?@JC DMP RFC kPQR RB&CENRM
GLQGEFRQ GLRM RFC PC?QMLQ DMP NMMP */1

i "QMD RFGRRRFCCPDMPK?LAC AF?NRCP ?JQM GLAJSBCQ ?L ?L?JWQGQ MD RFC B?R?
QCAMLB?PW N?ECQ GL ?BBGRGML RM FMKC N?ECQ 5FGQ ?JIMUQ SQ RM AMKN?PC RI
N?EC UGRF RFC QCAMLB?PW N?EC NCPDMPK?LAC
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5FC )551 "PAFGT AMLR?GLQ MLJW J?@ NCPDMPK?LAC B?R? *L MRFCP UMPBQ GR GQ B?R? DPMI
UC@QGRC JWZHERC5FGQ GQ SQCDSJ @SR JGKGRCB GD UC U?LR RM SLBEEQRALBREMU SQCPQ C
NCPDMPK?LAC

5FSQ GL ?BBGRGML RM RFC )5%1 BRRPGIMQR MD RFGQ PCNMPR GQ @?QCB ML PC?J SQCP B?R?
RFGFPMKC 6QCP &VNCPGCLAC 3PEMPRMRC RF?R UFGJC $FPMKC GQ RFC KMQR UGBCJW SQCE
@PMUQCP UMPJBUGBC {BRPPBMBAINCPDMPK?LAC ?APMQQ 2JJ @PMUQCPQ ?LB 2JJ PCEGMLQ MI
UMPJB

$P69 GQ ? EPC?R QMSPAC MD B?R? @GSRVERBMCRLPR?GL KCRBGABIGE QS@ N?PRQ

?Q UCJJ 2RL:E "LGK?RGNRKCQ -SAIGRFC NCPDMPK?LAC KMLGRMPGLEMNTGRIZMRK

F?Q NAIGBCB SQ UGRF RFGQ B?R? DMP RFC NCPGMB DPMK QR +?LS?PW RM RF OARM@CP  $l
RM 5FC )551 "PAFGT3.TGQGML RCQRQ ? QK?JJCP ?KMSLR MD UC@QGREFLFGABIRYUF

DMP RFC Q?KC KCRPGAQ KGEFR @C QJGEFRJW BGDDCPCLR
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$MPC 8@ 7GREBJ ?PC SQCP ACLRPGA KCRPGAQ BCQGELCB RM KC?QSPC RFC BGDDCPCL
UC@ NCPDMPK?LAC 5FCQC GLAIBBEC@RSMLRCLRIBEREL  UFGAFRRQ JM?BGLE
NCPDMPK?LARCRARGML RMR2GLR */1 UFGAF KC?QSPCQTBERTRIRBESKSI?RET

2SR 4FGBR  UFGAF 2QQCQQCQ TGQS?J QR?@GJIGRW

4R?PRGLE REG®WF?Q MDKAG?JJW PCNEPBRBLNSR %CI% ?LB @CA?KC ? N?PR MD RFC
$87 8FGJC */1 KC?QSPCQ RFC DSYINET I GLRGMLMNCPGCLABBABQCH6 MLIW
DMASQCQ ML RFC GLMSRBRFZ kPQRARGNIE 5FGQ UGBCP QANNCLK2®CRRCP
PCICARGML MD RFC DSINSRGELAC
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5FC PCNJ?ACKCLR MD RFC "% UGRF RFC */1 KCRPGA QGELGKA?LRIW GKN?ARCB RFC NCP#
UC@QGRCQ UGRF EMMB $87 ML KM@ GJGRIFGR. RRCSRURGPGCLAC F?Q UMPQCLCB HSQR
RF?R GQ LMU PCICARCB KMPRGAMESC RM RFC KCRPGA SNB?RC *D UC QRGJJ SQCB "0 2
MD GLRERGTGRMD RFC UC@QGRCQ UMEIBMVIB $87 ML KM@GJIGRBCQ )MUTPUGRF

RFC */1 KCRPGA RFGQ KESPC BPMNQ RM  *L RGEEIMPHEAC ML BCQIRGINEDYR?

RFC Q?KC PCE?PBJCQQ MD UFGAEPCQ@MORETA UC SQC ?R

*L RFC NCPGMB DPMK  RM UOU@EF?R KM@GJC UC@ NCPDMPK?LAC WCHRISPFGIRRD
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0% U?Q GKNFRILE D?QRCP RF?L BCQIRMN MLC ?LB RFC E?N @CRUCCL RFCK U?Q AJMQGLE PC?
HSQR GL "Q$87 UGRF*1AF?PRQFMUQ GL RFCUC@QGRCQ ML RFC BCQIRMN
NCPDMPKCB ~@CRRCP RF?L ML KM@GJC QM RFC GLRPMBSARGML MD RFC */1 QFMUQ RF?R RF
KSAF @GEECP

"@>K 0?< G<KEK F= N<9J@K<J ?8M@E> >BF;>[BREK<; 9BHB 8E; ;<JBKFG MJ DF9@C<

$87 UGRF */1 QFMUQ ? LCU RCLBCLAW UFCL ?L?JWXGLE W@ QBREEMBORIRC KMQR
NMNSJ?P UC@®ERBQB RMERFC @CQR $8MNTPGCLAEMUCCPRFGQMWQ QR?RGQRGAQ
QFMU RFC MNNMQGRC MD  KMQR NMNSJ?P UC@QGRCICNAMIMBBEIOFGAF GQ
JMUCP RF?L RMR?J UC@QGRC $87 MD
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"Q KCLRGMLCB C?RBCB37 QAMPCQEBCAPC?QCB BSC RM RFC QUGRAF MD RFQC/1 KCRPG
GICQRGE?RCB FMU BGDDCPCLR RCAEL@IEGOQECAREHE@Q QFGDR 5K BBWEP
GJISQREQ RFC NCPACLR NMGLR BPMN GL RFC NCPACLR?EC MD UC@QGRCQ UGRF EMMB §
RCAFLMJIMEGCQ ?DRCP RFC */1 U?Q GLRPMBSACB

4CTCRJ RCAFLMIMEGCQ UCPC QGELGKA?LRIW GKN?ARCB GLAJSBBGRPG\BPNNINSIPRS
$.4GL$CLRRJ"QG? ? BPMNDMPR/RHQ ?3C?AR @7QCRMP| ?LB?L BPMN DMP
&KMRGML ? $44 GL +4 RMBIA?ER @C CLRGPCJW ACPR?GL RF?R RFC BCAJGLC GL $87 QAMP(
BSC RM RFC RCAFLMIMEWAGQIEB FCQ QERIGBC PCLBCPGLE 443 ?LB QR?RGPARGGRC ECLCP
44( DC?RSPCQ UFGAF QFMSJB RFCMPCRGA?JJ@SRIERACH DRGII QCCL ? QGELGKA?LR B
"Q/CVR HQ GQ @?QCB ML 3SGNVAR ®RGRCQ PCIW ML AJGCLR QGBC PCLBCPGLEJMFGAF A2l
GKN?AR */BFGQ AMSJBQ@RT PCKGLBCP ORIBPMBICPQ RORIEC RFC 443 ?LB 44(
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RF?L DMP FMKC N?BI®XM@GJC UC@QGRCQ RFC BGDDCPCLAC GQ NCPACLR?EC NMGLRQ #W
$87 B?R? MLIVGR GQ F?PB RM GBCLRGDW UF?R IGLB MENCIREBLAKC?GACEICRRER

OVNIMPC RFCQC ?QNERBRIIEGDR JM?BGLE 2RBRGLERR/IGL RFC AMPPCQNMLBGLE QCARGMLC
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1CMNJC MDRCL PCDCP RM UC@QGRC JM?BGLE QNCCB ?Q ? QGLEJC KCRPGA @SR GL D?AR RF
CQ/NCPGCLAC GQ ? KSJRG QR?EC NPMACQQ /M QGLEJC KCRPGA DSJJW A?NRERBCEN?JJ ?QNCARC(
JM?BGLE QNCGBPWIQR?EC F?Q ?L GKN?AR ML RFC QNCCB MD ? UC@QGRC
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QR?@JC DPMK GL RM GL 5FCNCPACLR?EC MD N?ECQ RF?R LCCB 55'#
GKNPIKCLRQ F?Q BCAPC2®CB?@ SLDMPRSL?RRBG/NCPACLR?EC MD N?ECQ UGRF NMMP
55'% PCK?GLQ RFC Q?KC 4GLAC RFGQ KCRPGA F?Q LMR AF?LECBAQGCEMEWIBEBIWRF?R
RFCPC 2 @CCL LM K?HMP GBKEMRQ GL AMLLCARGML QNCCBBAP AW

:CDE @?E6?E7F="2:?E

'GPQR $MLRCLRIEB.RL'$1 GQ ? NCPDMPK?LAC KCRPGA RF?R FCINQ GLBGA?RC FMU OSGAI.
QR?PR QCCGLE AMLRCLR *R KC?QSPCQ RFC RGKC DPMK UFCL ? SQCP kPQR PCOSCQRQ ?
NGCAC MD AMLRCLR GQ PCLBCPCB ML RFC QAPCCL "EMMB '$1 QFMSJB @C SLBCP  QCAMN

?KKGN<9 ;<MBIK@:C<J KK=9 >FF; KK=9 J:FI
?KKGN<9 ;<MBIK@:C<J =:G

2024 Web Almanac by HTTP Archive 335


https://web.dev/articles/ttfb#good-ttfb-score
https://almanac.httparchive.org/static/images/2024/performance/good-time-to-first-byte.png
https://almanac.httparchive.org/static/images/2024/performance/good-time-to-first-byte.png
https://web.dev/articles/fcp

Part Il Chapter 9 : Performance

"@>K  0?< G<KEK F= N<9J@K<J ?8M@E> IRFD<EK<; 9P ;<M@:< 8Bt P

'$1 F?Q QFMUL GKNIRMCLRQMIP RFC N?QR DCBQV"JRFMSEF RFCPC U?Q ? QIGEFR BCAJGLC GL
RFC KCRPGA PCRMCB GL  PC?AFGLE DMP BCQIRMN ?LB  DMP KM@GJC UC@QGRCQ

0T CRJJ RFGQ PCICARQ ?NRREEBEL FMU D?QR RFC kPQR AMLRCRIS CER)GMABCBAMSLR

RF?R RFC 55'# KCRPGA PCK?GLCB KMQRJW SLAF?LEJBKE1 BANEFR @CIB@GT

AJGCLR QGBC PCLERFGPERF?L @FPQGBC MNRGKGX?RGMLQ

*LRCPCQRGLE®QGRC NCPDMPK?LAC GQ LMR RFC MLJW D?ARMP RFRRGR(SQCARAF$1

MU %M $FPMKC &VRCLQGMLQ *KN?AR #BRDIQER?LAC?RR ; CSLCPR DMSLB RF?R @PMUQCP
OVRCLQGMLQ A?L QGELGKA?LRJIW ?DDCAR N?EC JM?BRCERBHICDQREPR PSLLGLE RFCGP AMBC
2Q QMML ?Q ? N?EC QR?PRQ JMPEEEERBCKPQR AMLRCLRDME B2GERLAC QMKC
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2Q C?PJW ?Q NMQQG@JG1"@RMESB @C SLBCP  QCAMLBQ
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EMMB$1 QAMPC )MUCPRFCPC GQ QRGJJ ? QGELGKA?LR E?N AMKN?PCB RM BCQIRMN QGRC
F?TC EMMB1 5FGQ kPKJW CQR?@JGQFCERPEGIFOBEGDDCPCLACIBAL BIEMACQQGLE
NMUCP ?LB LCRUMPI OSRIGRVCPGR ?JQM FGEFJGEFRQRBCRKIRECQ ?PC QRGJIJ LMR
MNRGKGXCB DMP KM@GJC SQC
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JM?BCB ?LB A?AFCB QNCCBGLESICREKGLR RM PCLBSIRFCP NMQQG@JC PC?QML GQ RF?R RFC
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QCAMLB?PW N?ECQ
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UC@QGRCQ A?L 2AAMKKMB?RC KMPC TGQS?J AMLRCLR BSC RM J?PECP TGDWNMPR QGXC
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BSPRGML MNRGKGX?RGML RCAFGELCETQGRC PCBSARGML ?PC MDRCL PCAMBKIELBCB RFC
MDDCP ?Q KSAF REGCERP?Q MRFLES@ N?PRITICOMP QGRCQ UGHH NMMP -

55% GQ RFC J?PECQR N?PR ?K$1LES@ N?PRQ BSC RM RFC LCRUMPI PC@ECRIERQ DMP C
PCQMSPACQ@QGRCQ UGRBNENELE  QCAMLBQ ML 55'% 2JMLC UFGAF GQ 2JKMQR ?Q JMLE
2Q RFC RFPCQFMJB DMP$52 EMPIBAMLBQ “Q UC Q®BL RFC 55'% QCARGML RFCRG@CQL

KSAF GKNARKCLR GL RFC NCPACLR?EC MD UC@QGRCQ UGRF EMMB 55'% GLBGA?RGLE RF?R RF
MDDCPQ QGELGKA?LR MNNMP RS ININRRBEKENVIRG ML
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?KKGN<9 ;<MICF> :FDDFE D@J:FE:<GK@FEJ C:G C:G7JEBEBIE79!

340 2024 Web Almanac by HTTP Archive


https://web.dev/blog/common-misconceptions-lcp#lcp_sub-part_breakdown
https://almanac.httparchive.org/static/images/2024/performance/median-subpart-p75s.png
https://almanac.httparchive.org/static/images/2024/performance/median-subpart-p75s.png

Part Il Chapter 9 : Performance
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5FGQARPUC ?L?JWXCR.-QS@ N?PR B?R? DPMK ?LMRFCP PC?J SQCP KMLGRMPGLE QMSPAC
36.TGQGML "JRFMSBEH&QGML F?Q ? BGDDCPCLR NMNSJ?RGML MD UC@QGRCQ GRfQ GLR
AMKN?PC GR UGRF RFC J?PECP $P69 UC@QGRCNQYSKRBMREC@QGRCQ SQGLE
NCPDMPK?LAC KMLGRMPGLE RMMEQGKL QFMSIJEEFKMPC GLQGEFRQ GLRM NCPDMPK?LAC
MNRGKGX?RGML MNNMPRSLGRGCRERFIC @FESRC PCNPCQCLRCB GL $PBRFTFBIP

QS@ N?PR PCQSJRQ DPMK RUM BGDDCPCLR B?R?QCRQ QFMU QMKC BGDDCPCLACQ

"@>K 0@D< JG<EK @E <#:9G8IK 9P GHEK@C<

"AAMPBGLE RMGQGML B?R? 55'%# GQ 2JQM RFC J?PECQR AMLRRG®SRUIBRM RFC -
AMKN?PGQML RM RFCHRFEI® N?PRQ )MURRFC PCQSJRQ MD MRFCP QS@NRBRR T?2PW
BCJW GQ RFC QCAMLB J?PECQR AMLRPG@SREIP RBJIJGQCAMLBQ "R RFC RF NCPACLRGJ(
PCLBCP B®JEPMUQ RM  KGJJGQCAMLBQ 5FGQ PCICARQ ? RCLBCLAW RF?R GQ BGDDCPC
B?R?QCR UFC®ICIM?B BOMPGQ RFC QCAMLB J?PECQR QS@ N?PR

5WNGA?3$WCICKCLR PCLBCPGIIRR?IMLE RGKC GFL RECKCLR FABL@CCL ?BBCB RM RFC
%0. W CRd? AMKKML GQQSC UGRF AJGCLRARGBABCRTRR RFPRNIGIEC GL RV& LC
QCARGML "JQM RFC K?GL RFRIEPEBN@IMEIR?QIQ A?L AMLRPG@SRMRMAFBGBGML
PCLBCP @JMAIGLE PCQMSRFRITEIFCCRQ MP QWLAFPMLMSC <head> IR?) GICEFC
PCLBCPGLE

*RfQ GLRCPCQRGLE RMRE@BEPICHCAR2JICLECQ RF?R UC@QGRCQ ?APMQQ T?PGMSQ B?
D?AC 8FGJC TCPEC UC@QGRC DPMK RFC $P69 B?R?QCR QRPSEEJCQ UGRF GK?EC JM?B B
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UC@QGRCQ DPM& REQGML B?R?QCR MDRCL D?AC PCABCRELEEILRRFCICQQ 2JJ

UC@QGRCQ A?L @CLCkR DPMK SQGLE NCPDMPK?LAC KMLGRMPGLE RMMJQ UGRF 3C?2J 6QCP .\
36. ?Q RFCQC RMMJQGBMBCCNCP GLQGEFRQ GLRM RFC NCPDWIRERGAL STERECQ C

SQCPQ
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0LC MD RFC KMQR CODGARBGRM MNRGKG%C REQMSPAC JM?B\BGQRM CLQSPC RFC
PCQMSPAC A?L @JGRBIB\RD C?PIW ?Q NMQUIS ®2C REAPCQMSPACTBRB@AN GL RFC
GLGRG?J )5.- BMASKCLR GR CL? @ICRERAMSPAC RM @CEGL BMULIM?BGLE QMMLCP
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6LDMPRSL?RCIMD KM@GJC UC@QGRCQ B¢ PMBFCICKCLR RF?R GQ QR?RGA?JIW
BGQABR@JC GL RFC BMASKCLR 8FGJC RFGQ GQIERAGERRSRNEM UC QU@ GL
GRIQ QRGJJ ? QGELGK2RINRS® NERDMPK?LAC

"Q UGJIENIMPC GL RFC DMJIMUGLE QCARGMLQ RFCPC ?RERRFPCR NECGKIFWLIENPC
RFCG#1-PCQMSPACQ DPMK @CGLE QR?RG2AQIIDV BEQAM?BGLE $44 @?AIEPMSLB GK?ECQ
?LB AJGCLR QGBC PCLBCPGLE

#'=2KJ =@25:78

" K?HMP M@QR?AXl REIQMSPAC BIEAGIGRW GQ J?XW JM?EGIFOQMBPECCRI)

J?XW JM?BGLE GK?ECQ GQ ? FCINDSJ NCPDMPK?LAC RCAFLGOSC RF?R QFMSJB @C SQCB RM N
MD LML APGRGA?J PCQMSPASQBCRGIRREC TGCUNMARPHRGLE J?XW IM?BGLE ML RFC

-$1 GK?EC UGJJ BCBFC @PMUQCP DPMK JM?BGLEFRZR GRWERXW JM?BGLE QFMSJB LMR @C
SQCB Mt CICKCLRQ

"@>K 0?7< G<KEK F= DF9@C< G8><J ?8M@E> @D&28R4.13x E8K@MLIKFD C8QP
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5FC EMMB LCUQ GQ RF?RGL  DCUCP UC@QGRCQ ?PC SQGLE RFGQ NCPDMPK?LAC ?LRG N?R|
MD KM@GJC UC@QGRCQ UCPC J?XW JMPBGKEERRTGW- RFGQ BCAPC?QCB RM
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*L RCPKQ MD RFC QNCAGKA J?XW JM?BGLE RCAFLGOSC SQCB  MD KEI@GIXWCIHIQEBRCQ
RFCG®1-GK?ECQ UGRF loading=lazy ~ ?RRPG@SRC 5PBR/@BKGI?P RMRFC  MD QGRCQ L
QYGL )MUC TCPRFC @GEECQRIGKRPRIA?KC DPMK ASQRMK ?NNPM?ARTAR BEGQ W
QCC MD KM@GJC UC@QGRCQ SQGLE ? ASQRMKVZHINEU FEBOMPREGK?EC QMSPAC
@CFGLB I data-src  ?RRPG@SRC UFGAF GQ BMUL DPMK ~ GL

IMRC RF?R Fsrc  ?RRPG@SRC BMIDGK?EC UF loading=lazy ~ GQ RCAFLGA?JJW QCR ?LB
RFCPCDMPC BGR@NC GL RFC QR?RGA)BLC BMAMSLR GR RMU?PBQ RFC QR?RGA
BGQAGR @GJIGRW KESPC GIRFASMBCARGMIGRLIREIW J?XW JM?BCB GK?ECQ ?@QMJISRC
BM AMLRPG@SRC RM PCQMSPAQ JNEXEER L ? QJGEFRIWBEBBPACRAERAET UFMQC
QMSPAC GQWQSRI@P F24APGNR ?QUINIMPCURE
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"JQM UC@QGRCQ RF?R &L GRBIRRQ ?Q $44 @?AIEPMSLB GK2BGQ BRFRGA BTIPAN
SLRGJ RFC $44 kJC GQ NPMACQQCB 5FC B?R? QFMUQ RF?R  MD KM@GJIEIN?ECQ GLGRG?.
PCQMSPAC DPMK $44 $MKN?PCBRM  RFGQ KCRPGA F?Q PCK?GLCB SLAF?LECB
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5FCQC GK?ECQ ?PC ?BBCB RM RFC N?ECTRERRISER ?RRCP RFC GLGRG?J )5.- GQ JM?BCB K?IGLE
RFCK SLBGQBNM@JC BSPGLE RFC )5.- BMASKCLR QA?L

5FC AF?PR @CJIMU CRISPRIPC BGOQRPG@SRGML MD AJBRIRAMIIRTCER LEPAMKN?PCQ RFC
GLGRG?J)5.- UGRF RFC kL?J)5.- ?DRCRAPGNR PSLQ ?LB KC?QSPCQ RFC BGDDCPCLAC *R
BGQNY® FMU RFC NCPACLR?EC MD UC@QGREIANBGRFEMNBRFC NCPACLR?EC MD AJGCLR
QGBC ECPREB AMLRCLR GLAPC?QCQ
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5FC NCPACLR?EC MD N?ECQ UGRFIRAMB?R ?NNBK?RCIW  DMP KM@GGBEBQ SLRGJ RFC
?2KMSLR MD AJGCLR QGBREEAGRRCLR PC?AFCQ  "DRCP RFGQ RFPCQFMJB RFC NCPACLR?EC
UC@QGRCQ UGRFEQPRBRRQ RM BPMN ?R PREREBPCLBGLE ?R  5FGQ QSEECQRQ RF?R ?
AMK@GL?RGML MIPQTBAIGCLR QGBCECBARLRCLR BRQUELGKA?LRIW GKN?AR FMU D?QR
RFC$1 CJCKCLR ECRQ PCLBCPCHQRIDEIIW PCLBCPGLE ? UC@QGRC ML RFC AJGCLR QGBC F?Q
QGELGKA?LRIW LCEXRGAR ML -

#'AC:@QC:E:K2E:@?

“LMRFCP MLC MD RFC KMQRIDBMARBIMNRGKGXC RFC JIMPBEREGCIRCQ GQ RM

BCAJPREDW NPGMPGRGXC RFCK fetchpriority=high ?RRPG@SRIL @D REC -

PCQMSPAC GQ QR?RGACRIBIBHERNG @PMUQCPIQ NPCIM?BRABEER QRGJJ LMR QR?PR
JM?BGLE GKKCBG?RCJIW GD RFCPC ?PC MRFCP FGEFCP NPGMPGRW PCQMSPACQ GL JGLC *K?I
AMLQGBCPCB FGEF NPGMPGRW PEQIIEFBGEE RFGE FGLR RM RFGRFPNUBBBQR RFC
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*L MD KM@GJC UC@QGRCQ SQEBGK?EC RF?R U?Q # MP JCQQ 5FMSEF DMP  MD
RFC KM@GJC N?ECRLRECKCLR QGXC GQ KMPC RF?L  #

5FGQ 2JGELQ UGRFERREMSQC ?SBGR ML SLMNRGKGXOBGHPEIIM PCNMPRQ RFC ?KMSLR
MD U?QRCB IBRE® RF?R AMSJB® ®QGK?EC MNRGKGX?RGML
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5FC ?SBGR PCQSJRQ GLBGA?RC RF?R RFC KCBG?L UC@QGRGKPEIRCG CHOQRT
MNRGKGXCB GK?ECQ 5FGQ JC?BQ RM RFC AMLAISGERIIQ RFCAKIRGKG$ELE RFCGP -
PCQMSPACQ CODNAREMSEF QMKC QRGJJ LCCBRM GKNPM

. MS A?L PCBSAC GK?EC QGXCQ RFPMSEF PCQGXGLE BGKCLQGMLQ ?LB GLAPC?QGLE AMKNPCC
U?W RM PCBSAC GK?EC QESQIGERLE@U GK?EC DMRKSR@IGILBT* UFGAF FC @CRRCP
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+1( ?LB 1/( QRGJJ AZ RFC FGEFCQR NPMNMPRGML MD ?BMNRGML ?R  AOKE@& LB FMUC
?LB "7* DMPK?RQ ?PC @MRF GLAPC?QGLE GL ?BMNRGML *L AMKE®@GGQKRERMDMPE&?R
SQ?EC GLAPC?QCB DPRKI  "JQM 7* SQ?EC GLAPC?QCB QJGEFRJW DPMK  RM
"AAMPBGLERRICIGLC 7* DMPK?R GQ LCOUMBI?@JC ?APMQQ K?HMP @PMUQEEARGWUC C
QCC FGEFCP ?BMNRGML GL RFC DSRSPC
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i BFC NCPACLR?EC MD UC@QGRCQ UGRF EMNBGGRMNPEB RFMSEF 55'#

QFMUCB LM QGELGKA?LR AF?LEC

i OLC A?SQC DMP Q$MBQ J?XW JM?BGLEIREICKCLR 6Q?EC MD RFGQ ?LRGN?RRCP
F?Q BCAPC?QCB @SR MD UC@QGRCQ QRGJJ D?GJ RFGQ RCQR ?LB AMSJB @C
PCKMGLE J?XW JM?BGLE DMR RECKELRQ

i 5FC ?BMNRGML MD KMBCPL GK?EC MMPK?RRIAT @1 GQ EPMUGLEIDMP -
CJCKCLRQ
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*LRCIARGTGRW ML ? UC@QGRC PCDCPQ RM RFC BCEPCC RM UFGAF SQCPQ A?L CLE?EC UGRF °
AMLRCLR DC?RSPCQ MP CJCKCLRQ ML RFC N?EC 28RGSBEMIGRRGRCQQGLE RFC
NCPDMPK?LAC DRMEE RID SQCP BARGMLQ QSAF ?Q AJGAIQ R?NQ ?LB QAPMJJQ ?Q UCJJ 2Q KM
AMKNJIC?ARGMLQ DBIPK QS@KGQQGMLQ WGEGRIERRB BPMN DSLARGMLQ

?E6C24E:@7? E@ %6IE '2:7E %'

*LRCIARGML RMRCEGLR */1 GQ A?JASI?RCEB@QCPTGLE ?JJ RARGMRQRK?BC UGRF ? N?EC
BSPGLE RFC QCQQGML ?LB PCNMPRGLE RFC UMPQC J?RCLAW DMRE&NMQRRGRVD "L GLRCP
AMLQGQRQ MD RFC QGLEJC?REMICNR BEPMIULNRTIFCL BJCPQ RF?& BPGGLREHGML

DPMK RFC RGKC RFC SQCP @CEGKREMC BVRIFC KMKCLR RFC @PMRQ@GBGRM®GI?GLR ?
DPKC

' MP ?L MPGEGL RMPTEMIIBh */1 QAMPC ?R JC?QR  MD 2JJ QCQQGMLQ LCCB ?L */1 QAMPC ML
KGJIGQCAMLBQ MP JCQQ 5FC */1 QAMPC GQ RFC QIMUCQR MREMMPRBKLOYR GLRCP
GLRERRGMLQ ML RFC N?BECRCGIQ ML FMU */1 GQ A?JASNIFRABPC GLDMPK?RGML
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@CRUCCL KM@GJC ?LB BCQIRMN GQ FSEC G C KMPC RF?L

5FC NPGK?PW PC?QML DEIP NCRPDMPK?LAC ML KM@GJC GQ GRQ JMUCP NPMACQQGLE NML
DPCOSCLRJW NMMP LCRUMP| AMLLUARSRQPCIITQC?PRBAICRPMPK?LAC *LCOS?JGRW (?N

P ?GQCQ RFC GQQSC MD RFC EPMUGLE NCPDMPK?LAC GLCDRFISFRYWHPBAZSQUB @
FGEF CLB TQ JMU CIBzBCQ "Q RFC NPGACQ MD FBEAGIDBBQC DCUCP SQCPQ A?L ?DDMPB
RFCK UGBCLGLE RFC GLCOS?JGRW E?N
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"JRFMSEF RFC */1 KCRPGA BGQNIPQC PCQSJIRQ RF?IRREECH?Q @CCL ? KMQGRGT
RCLBCLAWOR RFC N?QR REFRPQVBFC NCPACLR?EC MD KM@GIGINPERIQIB?/1 GLAPC?QCB
DPMK GL RM GL 5FGQ GQ ? QGELGKA?LR GLAPC?QTL?RBIISEF UC fRR@C

OV?ARJIW QSPC UF?R RM ?RRPG@SRC GR RM UC A?L RFGLI MBQ DEIP RFGQUFGREBPGT

5FC kPQR MLC AMSJB2®CLTQQ 8GRF RFC GLRPMBSARGML MD RFC */1 ?LB RFC ?LLMSLACK
GR UGJJ PCNJ?ACIW RC?KQ PC?JGXCB RFC GKN?AR RFCRIAIRSIEFERAJ $87 QAMPC
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RFC QGRCQ RF?R AMLRPG@SRCB RM JMU */1 QAMPCO /AHS JBGAR HSBRGTPCESJ?P
?BT?LACKCLR GL RCAFLMBRERFC 7@MBGQNEB */1 B?R? AMKGLE DPMK PC?J SQCPQ UC A?
2JQM ?QQSKC RF?R SQGAQI@ELB LCRUMPI AMLLCARGMLIT ANSEFRIW GIHNROP RFC

VC?PQ NRBBGLE RFCK UGRF @CRRCPARGHGRBBAGISPB ?LB NCPF?NQ @GEER@X) BPGT
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GLQGEFRQ 5FC $FPMKC RCH?BE? LSK@CP MD GREIRELRQ RF?R GKN?ARVILP RFC
J?QR RUBPRQ

.M@GJC */1 KCRPBAF@ PAC?JQ ?L GLRCPCQRGLE RPCLB AE?NRCP UC ?QQSKCB RF?R
RFC KMPC NMNSJ?P ? UC@QGRC GQ RFC KMPC NCPDMPK?LAC MNRGKIECBGEMIRMGR UMSJB F~
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NPMACQQGLEBCIBJIIGQCAMLBQ #W RFC RF NCPACLRGWCHSKNSRRBCIKGJIIGQCAMLBQ
UFGAF KTTQ GR RFC @GEECQR AMLRPG @ SRIUE BRMNRWIRNRGKGXC GI\MERBDI?
?TMGBGLE JMLE R?QIQ UFSNBNMRIIGL REE 8QI1Q QCARGML

#@7?8 E2D<D

OLC MD RFC QS@ N?PRQ MD */1 GOWALNSRBEA? @C JMLECP RF?L GR QFMSJB @C BSC RM T?PGM
D?ARMPQ GLAJSBGLE JME2QPE@Q ? BGQAPCRC SLGR MD UMPI RF?RWRASREN 0P C
+7T?4APGNR GQ MDRCL RFC J?PECQR QMSPAC MD RAQICBEFCKGREQPIAMLBQ GR GQ

AMLQGBCPCB ? JMLE R?Ql 5FCQC JMLE R?QIQ WAQ SPFRIOBMIBGLE RM SARBENEIRCP
BGPCARJW ?DDCARBHEGERUPNCPDMPK?LAC

%SC RM RFC J?Al MD Q?KC QMSPAC B?R? DMP JMLEREBZAGBBE1MR RM AMPPCJ?RC RFCK
8 C UGJJ FMQeC/NIMPC RFCPEC MLE 3QI BSPRGML SQGLE B?R? @PGIRGML

?KKGN<9 ;<MBIK@:C<J FGK@D@Q< CFE> K8JBJ N?8K @J K8JB
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"@>K 08JB ;LBK@FE J<>D<EK<; 9P ;<M@:<

5FC R?QI BSRGML BGQRPG@SRGML QFMUQ ? KeRGNIL RED| BERIGQCAMLBQ DMP BCQIRMN

KGJIGQCAMLBQ DMP KM@GJC UFGAF GQ RUGAC KMPBREGAL REA@BKIIR BPRGML MD
SLBCP KGJJGQCAMCBQ RF?L  MD UC@QGRCRLAANRGK?J R?CRESRL @CIMU
KGJIGQCAMLB@A. 2JQM QCC RFRRFEL.ICPACLRGJIC RRGMASKL KM@GJC QGRCQ GQ JMLEC
RF?L ML BCQIRMN QGRCQ UGRF RFC E?N GLAPC?QGLE ?Q RFC NCPACLRGJC GLAPC?QCQ
NCPACLRGJC RFCPCGQ? KGJIJGQCAMLB BGDDCPUCREGRTRI BBERFC@CRUCCL
BAO'GAC RWNCQ 5FGQ AMPPCJ?RCQ UCJJ UGRF */1 QAMPCQ RF?R QFMU @CRRCP PCQSJR(
AMKN?PCB RM KM@GJC

5°QI BSPRGML B?R? U?Q AFCRRRGLE RFCE 3QIQ "1* UFGAF NF&BCQ QMKC SQCDSJ B?R?
2@MSR NCPDMPK?LAC GQQSCQ @SR GR F?Q JGKGR?RGMLOREDY &R ADERGDRM ?AASP
QJSEEGQFLCQQ *R MLJW GBCLRGKCQ UFCL ? JMLE R?QI MAASPQ ?LB FMUCRIMAGR J?QRQ
CQQCLRG?J R?QIQ QSAF ?Q PCLBCPGLE %SC RM RFCQC JGKGIRTRRINILEY (L EKRPRGMT

" PPKCQ "1* GL RFCUECQCARGML UFGAF MDDCPQ KMPC BCR?GJCB GLQGEFRQ

#@7?8 2?:>2E:@7? 7C2>6D

-MLE "LGK?RGNRKCQ M™  ?PC ? NCPDMPK?LAC RGKCJGLC CLRPW DMP GBCLRGDWGLE C
?LB NMMP */1V@RRIGLE UFCL UMPI ?LB PCLBCPGLE @JMAI RFC K?ML" RPAIRB -
?LGK?RGMPKIR) GLQRC?B MD GLBGTGBE?RRAALE IGIQ “1* " IMLE ?LGK?RGRMICIEQ

?KKGNNNN FI>0. CFE>K8JBJ
?KKGJI<M<CFG#I FD< :FD ;F:J N<9 GC8K=FID CFE> 8E@D®BORFE =|

2024 Web Almanac by HTTP Archive 353


https://almanac.httparchive.org/static/images/2024/performance/long-task-duration.png
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UFCL ? PCLBCPGLE SNB?RO/GB B®IRB  KGJIGQCAMLBQ RFC Q?KC ?Q RFC RFPCQFMJB DMP RF
-MLE 8QIQ "1* *R FCINQ RM kLB QAPGNRQ RF?R A?SQC */1 NCPDMPK?LAC @MRRJCLCAIQ 5FGQ
2JIMUQ SQ RM ?L2JWXC */1 NCPDMPK?LAC @?QCB ML RFC A?RCEMPGCQ MDMYPAPGNRQ PCQNML

"@>K @IKI@ILK@FE F= %*, G<I=FID8E:< J<>D<EK<; 9P J:I@GK :8K<>FI@<J FE ;<JBKFG

"@>K @IKI@ILK@FE F= %*, G<I=FID8E:< J<>D<EK<; 9P J:I@GK :8K<>FI@<J FE DF9@C<

5FC RMN RUM A?RCEMPGCQ AMLRPG@SRGLE RFC KMQR RM QIMU */1 QAMPCRBACKM@GJC ?LB
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?PC 6QCP #COFEMP QAPGNRQ  MD KM@GJC ?LB  MD BCQIRMN N?ECQ UGRF EMMB */1 ?LB
JMQRGLE MD KM@GJC ?LB  MD BCQIRMN N?ECQ UGRF EMMB */1

6QCP #CHTGMP QAPGNRQ GLAJSBC QAPGNRC script.hotjar.com

smartlook.com newrelic.com CRA 8FGJC RFCQC RMGBTNRIB?@JC GLQGEFRQ ?@MSR
SQCPQ MSP B?R? QFMUQW R RBELGKA?LRIBBEFENNICPGCLAC@MUGLE BMUL
UC@QGRC CGARGHNILQ

$%/ ?LB )MQRGLE QAPGNR A?RCEMPEQAMKC DPMK BMKZ cdn.jsdelivr.net

ajax.cloudflare.com cdnjs.cloudflare.com cdn.shopify.com

sdk.awswaf.com cloudfront.net s3.amazonaws.com ?LB MRFCPQTIGLE $%/Q

?KMLE RFC A?RCEMPGCQ UGRF RFC NMMPCQR */1 PCQ3IRQ @GR QABIIRPHEM6/Q ?PC
SQS?JIJW PCAMKKCLBCB ?Q ? NCPDMPK?LAC MNRGKGX?RGML RCAFLEPSIMRB7ZRBPCBSACC
BCJEGPQ AMLRCLR D?QRCP RM STQTIRFI\MIYEZQ GLAJSBCB GL RFGQ A?RCEMPVBQS?JJW BC
kPQR MP RFGPB NTRPBMPENR PCQMSPACQ UFGAF AMMRPIEE@BRE?REBIW GKN?AR
GLRCRRGTGRW

OL KM@GJICTEEACQ $MLQCLRABEPQ QCCK RMFQGELGKA?LR GKN?ARMIQEIRGLE GL

MLIW  MD KM@GJC N?HGREEMMB */1 UFCL SQGLE MLC 5FGQ A?RCEMPW ABBQBQRQ MD
JQT consentframework.com cookiepro.com cookiebot.com privacy-mgmt.com

usercentrics.eu ?LB K?LW MRFCPQ OL BCQIRMBABQ $MLQCLRABGP QAPGNRQ QFMU
KSAF @CRRCP PCQSJRQ GC MD N?ECQ UGREENMEGBECPCLAMVGRBSIGRM RFC KMPC
NMUCPDSJ NPMACQQMPQ ML BGAEMN BC

*R GQ UMPRF LMRGLE RF?R RFC KMLGRMF&GARAZRIBEMPAUSBCQ NCPDMPK?LAC KMLGRMP!
RMMJQ F?Q MLC MD RFC JC?QR GKN?ARQ ML NMMP */1 PCQSJRQ 5FGQIGIRQ MENHQERPPESKC
UC@ NCPDMPK?LAC KMLGRMPGLE RMMIIN MBRFT ?JS?@JC UC@ NCPDMPK?LAC GLQGEFF
UGRFMSR QGELGKA?LRJIW ?DDARRBIIGRBLRCPDMPK?LAC

+@E2= =@4<:?78 +:>6 + +

5MR?J #IJMAIGLE 5GKC 3#6?QSPCQ RFC RMR?J ?KMSLR MD RGKC ?DRCP 'GRRQIR$MLRCLRDS
'$1 UFCPC RFC K?GL RFPC?B U?QG8 ¥ JMLE CLMSEFTRIURNBONSR PCQNMCQGT

5#5 GQ ? J?@ KCRPGA ?LB GQ MDRCL SQUBEVIOKENB @ ?QCE PQRERNIGIRPGAQ QSAF ?2Q
*1 UFGAF A?L MLIW @C AMJJCARCB SQGLE PC?J SQCP KMLGRMPGh.EGIEHAL?@$P69 2LB 3
@?QCB 5#5 ?LB kCJB @?QCB?PT AMPPCJ?RCB KC?LGLE 5#5 PCQSIRQECIDAR */1

RPCLBQ "5#5 @CIMU KGJIGQCAMLBQ GQ AMLQGBCPCB EMMB @SR KMEEIEVREGAC UC(
R?PECR QGELGKA?LRIW

?KKGIN<9 ;<MBIK@:C<J K9K
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"@>K 00 G<I G8>< 9P G=EK@C<

5FC KCBG?L 5#5 ML KM@GJC GQ  KGJIGQCAMLBQ UFGAF GQ RGKCQ FGEREBBRE?L RFC @CQC
*L AMLRRR BCQIRMN UC@QGRCQ QFMU KSAF @CRRCP NCPDMPK?LAC UGRF ? KCBG?L 5#5 MD |
KGJIGQCAMLBQ *R GQ GKNMPR?LR RM CKNF?QGXC RF?R RFC J?@ PCQSJRQ SQC ?L CKSJ?RCB
BOGAC ?LB ? QIMU LCRUMPI UMBAMRPCICAR RFC PC?J SQCP B?R? PQABREBJI BC

LCRUMPI AMLBGRGMLQ AINMUCRIWWPCICL UGRF RF?R GL KGLB RFCQC PCQSJRQ QRGJJ QFMU RF?F
RFC RF NCPACLRGJC SQCP ML KBAZAJGEBACCB RM U?GR ?2JKMQR QCAMLBQ @CDMPC RFC Q
@CAMKCQ GIARIEBT

8GRF 5#5 @CGLE A?SRCBAEE R?QIQ GR GQ LMR QSPNPGQGLE RM LMRGAC RFC Q?KC RPCLB NCI
NCPACLRGJICQ ?Q UCJJ ?Q QGKGJ?P RPCLB GL E?N @CRUCCL KM@GJC ?LB BCQIRMN GL RFC RL
PCQSJRQ *R GQ ?2JQM GKNMPR?LR RM LMRC RF?R FGEF 5#5 A?L @C AMLRPE@PFREDE RM RFC G
RFC */1 LCE?RGIW GKN?ARGLHBRIIM1 QAMPC

?E6C24E:G:EJ 4@?4=FD:@7?
5FC K?GL RCIJ?WQ MD RFC TAREPFGRW PCQSJRQ ?PC

i %CQNGRC RFC BN GL */1 C?AEMW? QGELGKA?LR E?N @CRUCCL BCQIRMN
EMMB */1 ?LB KM@GJC EMMB */1 NCPDMPK?LACGIRREIJI C

i 5FC RMN TGQGRCB UC@QGRCQ QFMU NMMPCP */1 PCQSJRQ AMKN?PCB RM JCQQ NM|

i *1A?L @C BGTGBCB GLRM RFPCC QS@ N?PROPNMACSQRQELE5GKC ?LB
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1PCQCLR?RGMIWAEERCLR?RGMMWARIP RFC @GEECQR QF?PC MD RFC KCBG?L */
36.TGQGMLQfQ B?R?

i 4APGNRQ DPMK SQTBMFRIGLE AMLQCLR GIBEPLB $%/ A?PRCEMPGCQ ?PC RFC
K?GL AMLRPG@SRMPQ RM NMMP */1 QAMPCQ

-:DF2= DE23:=:EJ

7GQS?J QR?@GJIGRW ML ? UC@QGRC PCDCPQ RM RFC AMLQGQRCLAW ?LB NPCBGAR?@G.
RFC N?EC JM?BQ ?LB SQCPARGIBRIPGR " TGQS?JIW QR?@JC UC@QGRC CLQSPCQ RF?R Al
LMR SMNCARCBJIW QFGORVIRMF?LE@NMSR UFGAF A?L BGQPSNR RARCCHGCRAC 5FCQC
QFGDRQ MDRCL F?NNCL BSC RM ?QQCRQ UGRFMSR QNCAGKCB BGKCLQGMLQ GK?ECQ 7L
?BQ FOW DMLRQ CRA 5FC NPGK?PW KCRPGA DMP KC?QSPGESRERRERIMATTCIGRW GQ
AFGDR4

F>F=2E:G6 #2J@FE *9:7E #*

$-4 KC?QSPCQ RFC @GEECQR @38RRMEDR QAMPOCEDUIRCARCEBWIBR QFGDRQ RF?R
F?NNCL UFGJC ? N?EC GQ MNSR @FGDRQ MAASP UFCL ? TGQG@JC CICKCLR AF?LECQ GRC
DPMK MLC NJ?AC RM ?LMRFCP

"$-4 QAMPC MD MP JCQQ GQ AMLQGBCPCB EMMB KC?LGLE RFC N?EC MDDCPQ ? TGQS?J
OV/NCPGCLAC UFGJC QAMPCQ @CRUCCL ?LB  GLBGA?RC RFICKOCR [MUB GKNPEIQ
?@WC  ?PC AMLQGBCPCB NBEBA?RGLE RF?R S@ERCRGCLAC BGPSMRGTARCB

JMMSR QFGDRQ

?KKGN<9 ;<MBIK@:C<J :CJ
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"@>K (/ G=I=FID8E:< 9P ;<M@:< =FI
*L MD UC@QGRCQ ?ARGB EMMB $-4 QAMPCQ UFGJC F?B NMMPROVATQIOM QCC

RF?R UC@QGRCQ ML KM@AGIZNEBC ? @ CRRCPVNBIRSCLAC UFCL GR AMKCQ RM QGRC QR?@GJ
RF?L BCQIRMN QGRCQ

"@>K 0?7< GsKEK F= N<9J@K<J ?8M@E> >FF; (/ J<>D<EK<; 9P ;<81@:< 8E; P
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-MMIGLE ?R RFC KCRIEIRARGHC UC A?L QCC ? LGAC SNU?PB RPCLB 5FCPC GQ ?L GLAPC?Q(
MD UC@QGRCQ UGRF EMMB TGQS?J QR?@GJGRW GL  RM?2JKMQR GL "TGQG@JC
KM@GJC B?R? GQ ?JPC?BW ?BBPCQQCB GL BCR?GJ ?LB ?RRPG@SRCB RM RIREGLRPMBSA
AF?NRCP 5FCPC GQ QRGJJ ? TGQG@JC BGDDCPCLAC DPMK QM UC UGJJ JMMI GL BC
RFC ?QNCARQ RF?R NMQQG@JW AMLRPG@SRCB RM GR

24<7@CH2C5 42496 3742496

5FC @?AI DMPU?PB A?AFC @DGSZTAR@PMUQCP MNRGKGX?RGML DC?RSB®RETRGKEPM
?LB CDKAGCLAWMBERRGLE @CRUCCL UC@WREARGEE ? DSJIJPARGHTE?NQFMR MD ?

N?EC GL KCKMPW UFCL ? SOEPARA®PW DPMK GR )RIRLMR ?JJ QGRCQ ?PC CIGEG@JC DMP
@DA?AFC 8GREVRCLQUGTIGEG@GIGRWRPGRIBGE®RRI? AFCAI GD RFC QGRC GQ CIGEG(
RCQR GR GL $FPMEGNEQ

- CRfQ JMMI BCCMCRR@AIGLE ? DCU CJGEG@GJIGRW APGRCPG? RF?R ?PC OSGRC ? AMKKMI
KC?QSR@JC SQGLE J?@ B?R?

OLC MD RFC gSQS?J QSQNCA unload RRCLR RF?R GQ RPGEECPCB UFCLGESQCHW?

DPMK ? N?EC %SC RM FMU @DA?ARBONPCZRIRIR? unload CTCLR K?CQ RFC N?EC
GLCIJGEG@JC DMP @DA?AFC *KNMPR?LR RM LMRC FCPC GQ RF?R RFGQ DC?RSPC GQ QNC
BCQIRMNQ .M@GJC @PMUQCPQ unload IREFR UFCL BCAGBGLE @DA?AFC QIEBRGC@RIGRW
GQ ?JPC?BW SLPCIG?@JC MIGREQ@GBIU @?AIEPMSLB N?ECQ ?PC BGQA?PBCB KMPC MDF
RFCPC 5FGQ TEMWPR AMSJIBICGL $-4 GKNEKICLR MCP RFC?PQ ?LB RFC E?N @CRUCCL
KM@GJC ?LB BCQIRMN LSK@CPQ

?KKGBCDSES: ?KK@EAFI><E  G<I=FID8E:< :LDLC8K@M8PLK J?@=K :CJ
?KKGN<9 ;<MBIK@:C<J 9=:8:7<
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"@>K 1J8>< F= LECFS8; 9P BR8E< |

' PMK RFC 7@MF?PR QFML unload CTCLRQ DPMK N?ECQ UC A?L QCC ? DCU GLRCPCQRGLE RFGI
0TCRJJTCLR SQ?EC GQ OSGRC JMUC ~ TCPGR GLAPC?QQAER?JIW DMP RFC RMN

QGRCQ RM ML BCQIRMN?LB ML KM@GJC GLBGA?RGLE RF?R KMPC NMNSJ?P QGRCQ NPM@
OSGRC QMKC KMPC RFGPB N?PRW QCPTGACQ RF?R MDRULRS ORREBO@BRBGRA KM@GJIC

7LB BCQIRMN GQ QGELGKA?LR ?Q UFGJC KM(unload 3RCLREDGIEQRGJIJ CIGEG@JC DMP RFC
@DA?AFC \RFREC QRGJJ SLPCIG?@JC

*R G@NICARCB RM QCC RFGQ BCAPC?QC GL RFOSIFIMIEREM?BNP @PMOQ@ABDNS|

$FPMKC ?LB 'GPOIMWIGLE RMU?PBQ GRQ BCNPCA?RGML QGLAC ?PMSLBEGREERECAMSP

SQC MD ?JRCRLERIERQ & pagehide  ?LB visibilitychange 5FCQCICLRQ ?PC KMPC

PCJG?@JC BM LMR @JMAI RFC @RERRGRIQB ?2PC AMKN?RG@JC UGRF @DA?AFC ?JIMUGLE |
RM @C NPCGEBL KCKMPW ?LB PCQRMPCB GLQR?LRIWTGEIREQ@PA MP DMPU?PB

"LMRFCP AMKKML PC?QML DMP UC@QGRCQ RM D?JJ GL RFC @DA?AFC GLCIGEG@GJIGRW A?RC
RF( cache-control: no-store BGPCARGFGQ A?AFC AMLRPMJ FC?BCP GLQRPSARQ RFC @PMUC
?LB ?lW GLRCPKCBG?RC A?AFCQ LMR RMQRIVREC?RPBMMSPAC CLQSPGLE RF?R RFC AMLRCLR!
DCRAFCB DPMK RFCRMIHCPW PCOSCQR

"@>K , <I:<EK8>< F= J@K<J Cache-Control: no-store
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MD QGRCQ ?PC S Cache-Control: no-store 5F?R GQ ? QIGEFR BCAPC?QC DPMK RFC
PCNMPR UFCL RFGQ KC?QSPC U?Q ?@MSR

8FCL @DA?AFC U?Q kPQR GLRPMBSACB GR @PMSEFRTOMRGRQTRISNGEIPRGR?JQ
#?QCB ML RF?R $FPME@BE?JIW @PGLEGLE @DA?AFC RMREARWQBREBRKISQIW
GLCJIGEG@JC BSC RM RFC Cache-Control: no-store FC?BCBFGQ AF?LEC ?GKQ RM
DSPRFCP GRAPMERC NCPDMPK?LAC

6LIM?B TCLR ?Q UCJ. Cache-Control: no-store BM LMR BGPCARJW ?DDCAR REQIFEC
QR?@GJIGRWC?BW KCLRGMLCB RFC AMLACNR MD @DA?AFC JM?B ?Q ? QGBC CDDCAR F?(
GKN?ARMGEIGKGL?RGLE QMKC NMRCLRG?J GQQSCQ ?DDCARSAE ROFRGEY BB BEARDY
MP BWL?KGA AMLREERIERGLSEIMPGLE RFC TGQS?J QR?@GJGRW ?QNCAR MD RFC UC@ J
QMKC MD RFZARBACQ RF?R BGPCARJIW GKN?AR RFC $-4

#* 36DE AC24E:46D

5FC DMJIMUGLE @3QBAPQ ?JMMBRM PCBSACTMPABKNICRCIMGB $-4

1A=:4.E 5:>6?D:@7?D

OLC MD RFC KMQR AMKKML PC?QMLNOMRGEWIBR QFGDRQ GQ LMR NPCQCPTGLE QN?AC D
2QQCRQ MP GLAMKGLE BWL?KGMRMEREIR ?BBC width ?LB height ?RRPG@SRCQ ML
GK?ECQ GQ MLC MD RFC OAQGOORRIZCRTAC ?LBVIGB QFGDRQ

"@>K 0?< G<kKEK F= DF9@C< G8><J K?8K -B@UEaKK@&D<EJ@FEJ FE 8K C<8JK FE< @

MD KM@GJC N?ECTLFR JC?QR MLC SLQGXCB GK?EC UFGAFIBQLHR BRMRM GL

?KKGJI<MCFG#I FD< :FD ;F:J N<9 GC8K=FID 9=:8:?< ::EJ
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"@>K 0?< ELD9<I F= LEJ@Q<; @D8><J G<I G8><

5FC KCBG?L LSK@CP MD SLQGXCB GK?ECQ NCP UC@ N?EC GQ RUM 8FCL UC QFGDR RM RFC R
NCPACLRGJC RF?R LSK@CP HSKNQ RM DMP BCQIRMN QGRCQ PGRE BMPGXIB GKZHCQ

ML RFC N?EC A?L @C ? PGANBRIRBEDR FBRPC GKNMPR?LR ?QNCAR RM JMMI ?R GQ GD GK?ECQ
?DDCARGLE RFC TGCUNMER "HIBUGKSAF

"@>K @IKI@ILK@FE F= K?< ?<@>?KJ F= LEJ@Q<; @D8><J
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5FC KCBG?L KM@GJC QGRC F?Q SLQGXCB GK?ECQGIR @ MSREFRASP REARBE?
? KM@GJIC TGCUNMPR FCGEFREMD PAIGACQCLRGLE 2JKMQR  MD RFC QAPCCL UGBRF 5FC
NMRCLRG?JJW @C QFGDRCB BMUL UFCL ?L SLQGXCB DSJJ UGBRF GK?EC JM?BQ UFGAF (
GLQGELGKA?LR QFGDR

"Q O/NCARCB GK?EC FCGEFRQ ML BCQIRMN N?BOGRPRRCREDFC ML RFC KCBG?L @CGLE
N V?LBMLRFC RF NCPACLRGJCCIQGV

@7?ED

' MLRQ A?L BGPCARJW GKN?AR $-4 8FCL UC@ DMLRQ ?PC JM?BCB BQWLMRRBRRISQIW
@CRUCCL RFC GLGRG?J PCLBCPGLE MD RFC N?EC ?LB RFC RGKC UFCL RFC ASQRMK DMLF
%SPGLE RFGQVEIRBRMUQCPQ MDRCWHERERNQGLE ? D?JJ@?Al DMLR UFEABGDDERCLR
BGKCLQGMLQ UGBRF FCGEFR JCRRCP QN?AGLE AMKN?PCB RM RFC UC@ DMLR 8FCL RF
JM?BQ RFERKW QFGDR RM ?AAMKKMB?RC RFC LCU BGKCLQGMLQ AMBSRQEGDRQEDJIC.
AMLRPG@SRGLE RM ? FGEFCP $-4 QAMPC

"@>K 0?< GSkEK F= DF9@C< G8><J K?8K LJ< N<9 =FEKJ

6QGLE QWQRCK DMLRQ BRNLIC/UFGQ GQQSCPMERF  MD KM@GJC N?ECQ SQGLE UC@
DMLRQ GR GORWEEW RF?RWREGJJ QRMN @CGLEVIRERCQMML WM AMLRPMJ RFC TGQS?
QR?@GJGRW MD ? QGRC RF?R SQCQ UC@ font-display  INFMNRIRRW GL $44 RM AMLRPMJ
FMU DMLRQ ?PC JM?BCB ?LABGABORCF font-display ~ QRARCEGCQ A?L @C SQCB
BCNCLBGLE ML RFCIRBBAGQGML ?@MSRENFDIRA CRUCCL NCPDMPK?LAC ?LB ?CQRFCRGA
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' PMK RFC B?R? BEGBIZ@NE@ UC A?L QCC RF?R ?PMSLB  MD @MRF KM@GJC ?LB BCQIRMN QGRC
SQ( font-display:swap UFGJC MD QGRC( font-display:block MD QGRCQ QCR RFC
font-display NPMNCPR'auto ?LB SQC RF(fallback NPMNCPBWW ?PMSLB  MD

QGRCQ SQ optional QRMRCEW

$MKN?PCB RMRFC  B?R? RFCPC GQ ? TGQG@JC GLAPC?( font-display MD 2JJ
QRIRCEGCQ RFC @GEECQR M swap >GEMRIC SQ?EC ML @MRF KM@GJC ?LB BCQIRMN N?ECQ
HSKNCB DPMK ?PMSLB  GL  RNOW

4GLAC KM font-display ~ QRFRCEGCQ A?L AMLRPG@SRC RM $-4 UC LCCB RM JMMI ?R MRFCP
QRIRCEGCQ DMP KGLGKGXGLE NMRCLRG?J GQQSCQ 0LC MD RFMQC GQ SQGLE PCQMSPAC FGlI
N?PRW DMLRQ ?PTORGBAUB JM?BCB ?Q QMML ?Q NMQQG@JC
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"PMSLB  MD ?JJ RCQRCB KM@GJC ?LB BCQIRMN N?ECQ ?PC NPCIM?BGLE RFCGP UC@ DM
RFC @PMUQCP RFYR)RFMSJIB BMULIM?B RFCQC kJCQ FMNCDSJJW CARGRE QEEMBREBZC RM
J?RC DMLR ?PPGT?J /IMRC RF?R SQGLE NPCJIM?B GLAMPPCARJIW A?L F?PK NCPDMPK?LAC ¢
GRMTMGB RFGQ UC LCCBRRSPC RF?R RFC NPCIM?BCB DMLR UGJJ @C SQUR?LB RF?R U
NPCJIM?B RMMK?QQCRQ 1PCIM?BGLE/RRDQICRQ A?L CLB SNBREIRRREPC

GKNMPR?LR PCQMSPACQ

MD QGRCQ ?PC S preconnect RM CQR?@JGQF ?L C?PJW AMLLCARGML RM ? RFGPB N?PR
-GIC UGF preload  GR GQ GKNMPR?LR RM SQC RFGQ PCQMSPAC FGLR KPENDSRW ?LB LMR

?>2E:@7?D

"LMRFCP A?SQC MUNCERCB QFGDRQARLAMBNMQGRKB ?LGK?RGMLQ 5FCQC ?LGK?RGMLC
GIMJT AF?LECQ RM NPMNCPRGCQ RF?R BKBR MPRRNCE2E MD KSJIRGNJC CICKCLRQ UFGA
DMPACQ RFC @PMUQCP RM EM RFPMSEF KMPC NCPDNMRCNETFEIARCAQIZRGLE QRWJICQ
PCIMUGLE RFC BMASKCLR ?LB PCN?GURGLE RED/QAPCCL 5FC?ERQRINEQ RM SQC $44
NPMNCPRGCQ (transform  ?LB opacity GLQRC?B
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MD KM@GJC N?ECQ ?LB  MD BCQIRMN N?ECQ QRGJJ SQC LML AMKNMQGRCB ?LGK?RGMLQ L

TCPW QJGEFR GLAPC?QC DPMK DMP KM@GJC ?LB DMP BCQIRMN GL RFC ?L?JWQGQ DPMK

-:DF2=DE23:=:EJ 4@?4=FD:@?

7GQS?J QR?@GJIGRW MD RAT Q@EEGLISCLAC ML RFUISQREBCLAC MD RFC NIZE(E )?

ROR QFGDRGLE ?PMSLB UFGJC PC?BGLE MP ? @SRRML UC UCPC HSQR ?@MSR RM AJGAI BGQ?|

TGCUNMPR A?L JC?B RM SQRGDRSEFRPEMMB LCUQ GQ RF?RGSKBIFREHCHR

AMLRGLSCB RM B&K8&RM 5F?R GLBGA?RCQ RF?R KMPC ?LB KMPC UC@QGRC MULCPQ ?PC ?BMN
EMMB RRRGACQ QSAF ?Q QGXGLE GK?ECQ ?LB NPCQCPTGLE QN?AC DMP BWL?KGA AMLRCLR ?

MNRGKGXGLE DMP @DA?AFC CIGEG@GJGRW RM @CLCkR DPMK RFGQ @PMUQCP DC?RSPC

@?4=FD:@"?

8 C@ NCPDMPK?LAC AMLRGLSCBRBILGKNEERF NMQGRETLBQ ?APMQEY RALKCRPGAQ
8 C LMU FFC ? KMPC AMKNPCF@LRGRPGA RM ?QQCQQ UC @IGRGRURERJUFGAF
FMNCDSJJW QFMSJB JICABERCZRCP NCPDMPK?LAC MNRGKGX?RGMLQ

JMUCTCPAF?JJCLECQ PCKRGLZ?KNIC RFCPC GQ QRGJJ ? QGELGKA?LR E?N GL */1 NCPDMPK?LAC

@CRUCCL BCQIRMN ?LB KM@GJC 1PCQCUWRGRGFCHCEE AMLRPG@ SRMP HRWCIRINWP */1
A?SQCBNERFGPB N?PRW QAPGNRQNIRRBI-AMLQCLRGBEUPQ ?LB $%/Q

7GQS?J QR?@GJIGRW AMLRGIE@Y RMGGHNMNVRGML M ARGHTBREBEMNCP GK?EC QGXGLE
?LB NPCQCPTGLE QN?AC DMP BWL?KGA AMLRCLBGRBBESMIRARMLECQ GLI@FPMKC
@DA?AFC CIGER@BIERRCQ UGJJ @CLCkR DPMK D?QRCP @?AGHBROMNRU?PB L?

0T CRJJ UC@ NCPDMPK?LAC GQ ML ? NPMKIGQGILE RIP?BGLE RGKCQ GEREFRGTGRW
QKMMRFCEB TGQS?J QR?@GJIGRW KMPC PTIRRELIBGDMDLCPCLAC @CRUCCL KM@GJC ?LB
BCQIRMNECPGCLACQ PCK?GLQ J?PEC *C@sREPI?8 PCNMPRQ UC FMNC RM QCC RFGQ E?N
BCAPC?QGLE K?IGLE RFG/NCBGECLAC AMLQGQRCLR ?ABMQQ ?JJ BC
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FE9@CD

+OJECLGH? ;GEGQM
X HCTECLG?X®X) GKCSECLGT GKCSECLG?

+JECLGH? GQ ? DPMLRCLB CLEGLCORPRBREAEGXCP UFM GQ N?QQGML?RC 2¢
UC@ NCPDMPK?LAC 7IBIBIBICRNCPGCLAC 4FC UMRBBCRMKCI? BGEGR?J

kPQR FMRCLBRFCR. ? (MMEJC JCIMNCP (PMSN GL -?RTG? ?LB #CPJGL DMP
QUCRJ W?PQ

*LCQ "IPN
X FLCQIP?N ) GLCQ 7N  ® FRRN@GLCQ?MN AMK

*LCQ "IPN GQ PMLRCLB 4MDRU?PC &LEGLCCP N?QQGML?RC ?@MSR MNRGKGX(
RM @C D?QR QSQR?GL?@JEBCLRBAPPEICQRABQEBCLAC DERACSQIRC

UMPIQ GL 4RMPW@JMI ?Q ? 4MISRGMARLALENIOQOP?PGLE FCP ILMUJCBEC
RFPMSEF R?2JIQ NMBA?QRQ UMPIQFMNQ ?LB AMSPQCQ
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'C:G24)
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E8CPQ<; 980 +IJK8G<HB58J? XBI@8<EASD@E /K8E;84K; 9;LC $8;;@ DAS;
I:@K<; 9R8IIP , FCC8I

?EC@5F4E.@7

6QCPQ D?AC QGELGKA?LR NPGT?AW GYDEEMUBCLREEOVME@?KNIC KMQR UC@QGRCQ
TGQGRBEREC SQCP AMKRBRL UFGAF M@QCRICP ?ARGTGRGCQ ?LB NPMKJC RFCK 1PMKJC
?2ARGTGRGCQ ?PC RFCL SQCB DMP T?PGRIEINGFEMABMGOSAF 2Q R?PECRCB NCPQML?2JG
MLJIGLC TBHRGQGLE ?LB BGPCAR QCJJGLE MD SQCP B?R?

5PAICPQ BCMIIM UGBELEC MD RCAFLGOSCAIBQEPQ ML RFC UC@ QSAF ?Q AMMIGCQ @MR
kPQR ?LB RFGPB N?PRW @PMUQCP kLECPNPGLRGLE ?LB SQC MD NCPQML?JJW GBCLRGk
QSAF ?Q CK?GJ ?BBPCQQCQ

5M NPMRCAR RFCGP BQGPARCIW ML NPGT?AW CLF?LAGLE RMMJQdQSIEP?Q ?B ?LB RP
@JIMBPQJUFGAF QRMN MIZECE@®RBPPMK JM?BGLE ML UC@ N?ECRABKEICPO/NPPC
BCNIMGLE NPGT?AW NPMRCARGMLQ GL RFC @PMUQCP RFPEREKFAM TWSIGRMPRCQ O
BCQGEL QSAF ?Q @JMAIGLE MD RFGPB N?PRW AMMIGCQ
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6LDMPRSL?REPAICPQ CLE?EC GL ?L ?PKQBGRF NPGT?AW CLF?LAGLE RCAFLMIMEGCQ ?LB
AMLRGLSMS@INMPC KCAF?LGQK@IRM@NPGT?AW NPMRCARGMLQ GL RFC @PMUQCPAPCACLR.
@MSLACRRSLE ?LB $/".& RP?AIGLE 0TP RFC J?QR DCRQVEEPLKCLRQTF? QRCNNCB GL

UGRF B?R? NPMRCARGML PCESJ?RGMLQGQSIRFGRMIIG? ?LB (%13 GL &6dUFGABEPM
KCAF?LGQKQ DMP SQGROABQC RFCGP PGEFRQ QSAF ?Q LMR AMLQCLRGLE RM B?R? AMJJCAR(

*L RFGQ AF?NRCRPTIGBC ?TBPTGCU MD MLIBUGIRP GLAJSBGLE RFC KCAF?LGQK SQCB DMP
MLIGLORISLE QSAF 2Q AMMIGCQ ?LB @PMUQCP KLECPNPGLRGLE NPGIGBOANEMRCARGMLQ N
RFC @PMUQCPQ RM CIGKGL?RC QMKC NREBCRBEE @BQ@6QCP "ECLR $JGCLR )GLRQ
RCAFLGOSCQ SWGH @5 L2AREPQ RWIPQQ NPGT?AW NPMRCARGKNIT DBMSLAC

RPAIGLE ?LB ?BMNRGML MD NPMRCARGMLQ MDDCPCB RM SQCPQ SLBCP B?R? NPMRCARGML F
OV?KNJC $$1?BMNRGMIY @C@QGRCQ

&?7=:76 EC24<:78

"@>K @IKI@ILK@FERRIG<I| G8><

8 C KMQRJIWCREC B?R? DPBRRISP?AIQ .C  ? NS@JGAPB@JC JGQR RF?R A?R?JMEQ RFGPB
N?PRWPREEPQ NPCQCLR ?APMQ@PREGHED BC@QGRCQ #W SRGJIGXGLE RFGQ PCQMSPAC UC GB
RFC KMQR NRICLRRRECPQ ML RFC UC@QGRCQ 5FGQ FCINCB SQ ?2QQCQQ RFC BMKGL?LAC MD A
RPAIGLE AMKN?LGCQ ?LB @CRRCP SLBCPQRIIBRBOM?NC MD RFGPRAIGRENRIE)

GKNMPR?LR RM LMRC RFPRBFM5GBCLRGKCITREIRRAICPQ ?R RFC BMKTGL BEGJC ?

?KKG3?F0 18:BJ )<
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QGELGKA?LR LSK@CP MD 63-Q ?QQMAG?RCB UGRF RFCQC BRYGGEQ BIFE2EBGIQRFPMK
RFMQC BMK?GLQ LCACQQ?PGJW BM

OLJGLC RRIGLE GQ ? PMSRBIRGNE ML RFC GLRCPLCR " QGELGKA?LR LSK@CP MD UC@QGR!
QNCAG?JGXCB MLJGLC QCPTGACQ RF?R PCAMPB SQCP ?ARGTGRGCQ UGRFGL RFCGP UC(
KLBGLEQH?J RF?R MD RFC BCQIRMN ?LB  MD RFC KM@GJC UC@QGRCQ GLAJSBC ?R JC
RPAICP

8 C 2JOM LMRC RF?R KMPC RF?L ? OS?PRCP MD @MRF BCQIRMN  ?LB KM@GJC  QGRC
KMPC RF?L RRICPQ 5FCQEMREPQ CL?@JC AMKN?LGCQ RM @SGJB BCR?GJCB SQCP NPMk
ML MLIGLC @GMBFGAF ?PC PCESJ?PJW SQCB DMP NCPQRRGIENEBPBTREEIPM
GLQGEFRQ RM UC@QGRC MULCPQ *L RFC DMJJMUNEINFQURRS VARG MECRCAFLGOSCQ
RPAICPQ SQC RM KMLGRMP SQCP ?AREGERWNMUERFCRRCKNRWM2QQ RFC NPGT?AW
NPMRCARGMLQ GLRPMBSMBIFP@@PMUQCPQ

*E2E67F= EC24<:78

OLIGLC RRGLE GQ @PM?BJW AJ?QQGKCB GLRM RUM A?RCEMPGCQ QRFREDSR ZRBOII?RC.
RPAIGLE BUJTQ QRMPGLE GLDMPK?RGML ?@MSR ? SQCP BEBAARIWNEAREDGRBEMSEF
AMMIGCQ ?LB 2JQM RFPMSEF MIREGEARMBQKQ QSAF ?Q RFC IME? ROFRIRCPQGQRQ
2APMQQ QCQQGMLQ

8FCL SQCPQ TGQGR RFC UC@QGRCQMHCPQ YSAERBCBBCB RFC AMMIGCQ ?QQMAG?RCE
RFCQCRIEPQ ?PC ?SRMK?RGA?JIW GLAJSBCB GL RFC LCRUMPPRIBLECTERY GASQ RP?R
?PC CK@CBBCB MCRCUC@QGRCQ ?PC ?@JCRRIMFQARI@QGRCQ UFGAF RFC SQCP F?Q
TGQGRCB

+9:C5 A2CEJ EC24<:?8 D6CG:46D

5FC DMJIMUGLE KESPGBRYIRFC BGQRPG @ SRGNILAIIMIPRILICAIGRP BMK?GLQ
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8 C LMRC RF?R (MMEJC MULCB BMK?GLQ BMKGARRERRPCEA?NC UGRF

googleapis.com ?LB (MMEJC gstatic.com ?NNC?PGLE ML RFC FGEFCQR NCPACLR?EC MD
N?ECQd 7?LB PCQNCARGIIVORFCP NPMKGLCPAREFQ GLAJSBC (MMEJZB (MMEJC

"L?2JWRGAQ C?AF QCTCRIL MD N?ECQ FGEFJGEFRGLE RFC QGELGKA?LR REZ?AF MD (MMEJC
RPAIGLE QCPTGACQ *L ?BBGRGML RM (MMEJC ?LB GRQ ?QQMAG?RCBQECEVMERA@JICJC ?2JQM M@
NPCQCLAC MD "?AC@MMI ?LB $IJMSBI?PC
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"@>K OFG K?2@BIKP :FFB@< FI@>@EJ

5FGPB N?PRW AMMIGCQ ?PC RFC K?GL KCAF?LGRISOCEB R RPC UC@ 0SP
KC?QSPCKCLRQ@®3 RF?R (MME doubleclickcom  GQ RFC J?PECQR QMSPAC MD RFGPB N?P
AMMIGCQ UGRF NPCQCLAC ML KMPC RF?L ? OSARIEEPUIERFTERR) $MKN?PCB RM RFC

2L?2JWQGQ RFC RMN QMSPACQ MD RFGPB N?PRIWPSKMRGGCE FPPECIW QR?RGA UGRF RF
LMR?@JC ?@QCLAC MD '?ACE@BMBQNRCRFC QCAMLB J?PECQR QMSPAC MD RFGPB N?PRW
YMUCTCP?Q QFMUL GL RERITCARGML UC GLQRC?B QCC ? QGELGKA?LR LSK@GP MD AMMIC
“2AC@MMI GL RFC kPQR N?PRW AMLRC
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*L MPBCP RM GBCIRGIRG RF?R QF?PC AMMIGCQ ?APBMICPERD UC YQKBLC RFC KMQR

AMKKML L?KCQ DMP RFGPB N?PRW AMMIBC®F®R RFC RMN DMSP AMMIGC L?KCQ AMPPCQNMLB
AMMIGCQ QERMBIEAT ?BTPRGQGLE NPMBSARSREBC ?Q BCQAPRIDGPGL

BMASKCLR?RGNLB RFC kDRF KMQR AMKKML L?KC AMPPCQNMLBQ RM/? SNMASIBICROCR @
$IMSBI?PIQ AMMI(__cf bm GQ SQCBGBECYRGDW ?LB KGRGE?RC ?SRMKRRTRIREQ

AMMIGC GQ QCR ML RFC BMK?GLQ NMD GIBSBBBS?J ASQRMKCPQ GR GQ LMR A?NRSPCB GL ? NC
BMK?GL?RIGLE MD AMMIGCQ

?KKGILI@E<JJ J8=fKPC< 8;J:FFB@<J
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8FCL KC?QSPGLE AMKKML kPQR N?PRW AMMIGZRCUQRIDGBCLAC MD ?L?JWRGAQ ?LB
?BTCPRGQGLE QCPTGACQ QCRRGLE AMMIGCQ GL RRGKEFRNPREM AV _ga “2DB
_gid ?PC @MRF N?PR MD (MMEJC "L?JWRGAQ

5FC LR AMMI' _fbp GQ ?7RIGLE AMMIGC QCRR® 4GLAC .CR7Q AMMIGEARBLE
?NNC?PQ RMIFRMCB NPGK?PGJW DPMK RFC RFGPBJURPBRRVARARIKPQR N?PRRVRIMLRC
BCD?SJR QCRRGLE DMP RRCLNMRTICRAQ kPQR N?PRW AMMIGCQ

5FC K?HMPGRW MD RFC PCK?GLGLE AMMIGCQ K?RAMANRNICS 2Q RUBARG @CB GL RFCGP
BMASKCLR?RGMEPQR N?PRW AMMIGCQ A?L @C SQCRACHRREFGRWRAL ? QGLEJC QGRC MP |
APMQQ QGRIGRE UC BM LMR ?RRCKNR RM BCRCPRAR G SFHIMOC MD RFCQC AMMIGCQ 0L\
RUM MD RFC RMN AMMIG PHPSESSID ?LB XSRF-TOKEN F?TC ? AJC?P LMRRBLE

NSPNMC PHPSESSID GQ RFC BCD?SJR AMMIGC LWREQICHBKCUMPI RM QRMPC RFC
SQCPfQ QCQQGMB XSRF-TOKENGQ ? BCD?SJR L?KC SORBI@SJ?P DRCUMPI

5FC$SMMIGCF?NRCP DSPRFCP BCQAPG@CQ RFC BCR?GJQ ?LB SQ?EC RPCLBQ MD AMMIGC

?KKGINNN =8:<9FFB :FD 9LIJ@E<JJ ?<CG
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*E2E6=6DD EC24<:?8

*L AMLRER RM QR?REBIS1RPUFCPC GBCLRGKCPQ ?PC QRMPCB GEIRERZRPVLQTP

RPAIGLE GBCLRGKCPQ ?PREBIZBFPSLRGKC 5FCQC GBCLRGKCPQ MDRCL BCNCLB ML SLGOSC
AF?PARCPGQRGAQ MD RFTGRERR@EMUREMSEF RFGQ KCRAMEIK?JCQQ PCIG?@JC RF?L
QR?RCDSARRE GR GQ RWNGA?JJW KMPC BGDKASJR RM GBCLRGDW ?LB @JMAI

C@HD6C 7:?86CAC:?E:?8

#PMUQCP KLECPNPGLRGLE GQ MLC MD RFC KMQR AMM{GILEFRCRELIGQERMEBSAR
@PMUQCP kLECPNPGRREIFDBRCTBAC AMLKESBML GLDMPK 2RGMRCBU@FC @PMUQCP
RFPMSEFTP2APGNR "1*Q DWIRNOC $70?Q ?LB )551 FC?BCPQ DWAKRJC User-Agent

"Q @PMUQCPQ AMLRGYRELBNREC PCQRPGARGMLQ NJ?ACB ML AMMIGCQ KLECPNPGLRGLE F?Q (
?L ?RRARGT?IRCPLTRGAGMP QRSBEETQDMSLB RF?R KLECPNPGLRGLE GQ LMU AMKKML ?LB GQ
GLAPC?QGLE GRNMRBC )CPC UC ?RRCKNR RM BCRCPKGLC RFC KMQR AMKKML QMSPACQ MD
KLECPNPGLRGLE ?APMQQ RFC UC@

*L MSP ?L2JWQGQ UC KIBBROMMVRFC NPCQCLAC MD UCJJ ILMUL kLECPIREGIRBLE JG@P
DMSLB RF?R ?KMLE RPEGG@RCQRCB RFC RRITRRIBE@PSQCB ML RFC UC@ RM NCPDMPK
KLECPNPGLRGLE GQ 'GLECPNEGERIPGLR4FGAF UCDMSLBML  MD 2JJ UC@QGRCQ .MQR
JGTIW RFGQ GQ @CA?SQR/REQ MR QMSPAC ?LB FEPQRORICCMKN?PGESRM
KC?QSPCKCLRQ DPMK  UC kLB RF?R RFC SQC MD RFCQC kLECPRPGCRGIRJEIGEFRIW
BCAPC?QCB FMLRSR GQ GKNMPR?LR RM LMRCARAZR REGRMBEFIW Z KGIYRRUC@

N?ECQ
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NMRCLRG?J QMSPACQ MD kLECPNPGLRGZEKGCREPRRIGMSPAC AMBC MD RFC AMKKMLJIW
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https://developers.google.com/privacy-sandbox/protections/bounce-tracking-mitigations
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GLAMPNRBLE RFCQC NPMNMQ?JQ /MRC RF?R QMKC MD RFCQC NPMNMQ?JQ ?PC LMR QM.
$FPMKC RRC?PC RCQRTBIRFCP @PMUQCPQ QSAF ?Q .GAPMQMDR &BEC

8 C kPQR NBC RFC MRCLAC MD RFCQC "CQMRC RFRRIGAQ "1* 1PMRCARCB "SBGCLAC
"1* NPAO'GMSQJIW ILMUL ?Q -&%(& ?LB "RRPG@SRGML 3CNMEREEFGEFZQR NPCQCLAC
?APMQQ BGDDCPCRRGBELE NS@JGQFGLE RCAFLMIMEGCQ 5EQWTCIPPQRCRNCARGT
7LB MDRMN UC@QGRCQ "KMLEQR RMN KGJJGML UC@QGRCQ RFC NPCQCLAC BF
72LB PCQNCARGT CIWMRC RF?R RFC NPCQCLAC BMCQ LMR GKNJW RFC ?BMNRGML |
"1*Q @ UC@QGRCQ

+@A4D '

(MMEJT BINGAQ NPMNMQ?J UMRIQ@ELGLE ? QK?JJ QCRIEDRIBEEAQ RM ? SQCP @?QCB ML
RFCGP PCACLR @PMUQGLESARBIGRNMPRQh MP gRCHFLHIGNRIIMGAQ ?PC QRMPCB JMA?J
ML RFC SQCPTBRBCQ ?LB QF?PCB UGRF UC@ QGERRRIEREFPE RVRIJIRIR ?BQ 6QCPQ 2JQM
F?TC RFC ?@GJGRW RM QCC ?LB AMLRPMJ RFC RMNGAQ RFRPRREBQAPRPPCB UGRF ?BT
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"@>K OFG@:J ,%<GKE:<

4GLAC RFGQ "1* A?L @ VBB IIMRF RFPMSEF RFC )551 FC?BCHQUABSNR UC KC?QSPC RFC
?BMNRGML MDNR¥FGAR "1* 2APMQQ @MRF MD(RBCOI@RYCPTT ?24APGNR @?QCB NPCQCLAC

document.browsingTopics ?R MD N?ECQ RM @C KMPC UGBCQNPC?B RF?L FC?BCP @?QCB
NPCQCL/ sec-browsing-topics ?RZ N?ECQ
"@>K "(F ,% Gl <J<E:<
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4SPNPGQGLEINQM LMRC RF?RBEBRCBC?PLGLE MD $MFMPRQNIE*d? NPCASPQMP
NPMNMQ?JMNEAQ "1* BCOQNGRC @CGLE BCNPCATRES BBGRMEGQQSCQ GQ QRGJJI NPC
ML ? AMLQGHEEFC ?KMSLR MD N?ECQ BINGIIXE'1* GKIRVRFC QR?RSQIPSMP PCQC?PAF

F?Q QFMUL RF?R KMLGRMPGLE RFC RMNGARMCRSEREB @PNCREREPGMB MD RGKC A?L
2GB GL PCGBCLRGKA?RGML MD SQCPQ

'C@E6G4E65 F5:6746 '

5FC 1PMRCARCB "SBGCLAC "1* CL?@ JGARR SERGMLRF@ @PMURMRFMMQCTRCRGBQ
DPMK UC@QGRCQ RFC SQUBMSQNPTGQGRCB *R CJGKGL?RCQ RFC LCEEAIBIREIPGT?AW (
AMJJCARGML ?LB NCFREXIGIE RRRGACQ RF?R ?PC MRFCPUGEONRNICRGLE ?LB

R?PECRCBCEBRGQGLE 5FGQ CLQSPQIPREIFCHET AT PCHILR ?BQ UGRFMSR LCCBGLE RM
RPAI SQCPQ ?APMQQ QGRCQ

"@>K J FK<iK<; Li@<E:i< "(1#! % GI<I<E:<

"KMLEQR BGDDCPCLR KCRFMB@PIEIC DMP RFC 1PMRCARCB "SBGCLAC "1* UC LMRC RF?R
navigator.joinAdinterestGroup() GQ SQCB RFC KW@R@PB N?PRW QCPTGACQd MD RMI
KGJIGML UC@QGRCQ

5FGQ "1* NPEBCQ ?L ?@GJGRW RM ? RFGPB N?PRW QCPTGAC RM BGPCAR RFC @PMUQCP
EPMSN RM RFC @PMUQCPfQ KCK@CPQFGN JGQR DBPARER FEQGRENBCSRIGEGM CR

?KKGI<KIPDGFJ@LD FI> GFG<KJ  GFG<KJ G;=
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2] -MLE ?LB &T?LQF?Q BGQBMCB T?PGMSQ NPGTQAYGRF PCONCAR RM RFC 1PMRCARCB
"SBGCLAC "1*MP Z?KNJC RFGPB N?PRMYHRPA?L NMRCLRG?JJW JGLI RFC GLRCPCQR EPMSNQ MD
SQCPQ RM 7L ?ARS?J SQCP SQGLE QGBC ARPRAIIQ7ABMREQ QERIIE®GIGRW MD AMJJSBGLE
CLRGRGCQ DSPRIEZREIREC ?QQMAG?RCB NPGT?AW PGQI

EEC:3FE:@? )6A@CE:?8 '

"RRPG@SRGML 3CNMPRG"EGLRPMBSACQ ? NPGT?AW NPCQCPTGLE KCAF?LGQK DMP KC?QSPG
2B AMICPQGMLQ GL (MMEJC $FPMKC *RQ NSPNMQC GQ RM CL?@JC ?RRPE@SRGML KC?QSPCK
NPNMGBGLE ? A?N?@GJGRW RM PCEGQRCP ?RRPG@SRGML QMSPAC ?LBIRRGEETP ML NS@JGQI
UC@QGRCQ PCQNEMRGIKC PCAMPEIPW ARIPQGML ?LB EPRCO ? BGDDCPCLRG?JJW NPGT?RC
PCNMPR RF?R GQ QCLR RM ?SRFMPGXCB QMBI RGHFAFBEIQ QGRC JGLIGLE MD RFC SQCP(
5FGQ KCAF?LGQK UMPIQ RFPMSEF RFC SQC MD QNCAGKA )551 FC?BCPQ

attribution-reporting-eligible 5FGQ FC?BCP QGEL?JQ RF?R ? N?PRGASJ?P
PCOSCQRfQ PCQNMLQC GQ CIGEG@JC DMP ?RRPG@SRGML PCNMPRGLE
attribution-reporting-register-source 6QCB RM PCEGQRCP ?RRPG@SRGML
QMSPACQ UFCL BBQNE?L ZBHRGQCP{Q ?B ML NS@JGQFCPQ
attribution-reporting-register-trigger 6QCB ML RFC @FPRGQCPfQ
UC@QGRC RM PCEGQRCP RPGEECPQ REPRGRIPQSHANMQCPARURRF ?BQ

' PMK MSP ?L?JWQGQ UCIVRBARERUGAC ?Q/RHAGPB N?PRGCQ ?PC PCEGQRCPGLE RPGEECPQ
AMKN?PCB RM RFMQC PCEGQRCPGLE QMSPACQ 5FGQ RPCLB GLBGA?RCQ ? FGEFCP DMASQ M
AMICPQGMLQ ?Q AMKN?PTERME RFEC GLGRG?J 7B BGEQ?

2KKGNNN LISE@O FI> JPIK<D ]C<J LI<E@OJ<:LIGRE@BG;<!
2KKGBIO@W G;=
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"@>K KKI@ILK@FE .<GFIK@BxE% Gl

4GLAC KMQR MD RFC NMNSJ?P @PMUQCPQ ?PC AMKNCRGLE UGRF C?AF MRFCP GL RFC QI
NPCQCPTGLE ?RRPG@SRGML UGRE NBPUINFORPBPRIBGPGT?RC $JGAI .C?QSPCKCLR

1$. DMP 4?D?PG ALBRCPMNE@RIC 1PGT?RC "RRPGE@SRBMLIMXGJIJI? ?LB .CR? UC ?L?JWXC

"3" GL KMPC BCR?GC &MMI ?R PCEEQRRQ MITPBRGQGLE BCQRGL?RGMLQ ML BGDDCPCLR U(

?KKGN<9B@K FI> 9CF> ~ @EKI@E> GRRM:C@:B D<&IEK G:D
?KKGP>@K?L9 :FD G8K:> @E; @ MBHB@E8

2024 Web Almanac by HTTP Archive 391


https://almanac.httparchive.org/static/images/2024/privacy/Attribution-Reporting-API-Presence.png
https://almanac.httparchive.org/static/images/2024/privacy/Attribution-Reporting-API-Presence.png
https://webkit.org/blog/11529/introducing-private-click-measurement-pcm/
https://github.com/patcg-individual-drafts/ipa

Part Il Chapter 10 : Privacy

"@>K . <JIKQESK@FRE®IKI@FE

8 CM@QCHF?R  BGQRGLARCARGQCPQ ?PC SQGLE "3" RM PCEGQRETB@ECKQCIT
?RRPG@SRGML PCNMPRGLE PCEGQRCP RPGEECP FC?BCP ML BGQRGLAR NS@JGQFCPQ ML |
UC@QGRCQ *L RMR?J UC M@QEBRRGLAR ?BTPRGQCHQ FBMNRCB "3" ?2APMQQ

NS@JGQFCPQ GL RMN KGJIGML RMN KGJIJGML UC@QGRCQ 5FEDNIEMERREFRILMR K?L
F?TC ?BMNRCB "3" 2Q AMKN?PCB RM RPEGBTP ?BMNRGMLINPCN?PGCD RIMGKREITNMQR
AMMIGC UMPJB UFCRCIREDI LCCB RM PCJW ML "3" RM ?RRPGESRIGSDGRRMIB AJGAIQ

##. #)( *FK< K?8K 9P4BLE: ¥ N< k=<| KF K?< BG+J<E:< F= GB@NISE; 9/ ,% :8CCJ @E K?<
&8I I@GK @E K?@J 8ESCPJ@J 0?7@J ;F<J EFK D<8EXBEBEKZ<; REIM<LK<; FI LJ<;
‘LI@QE> K?< ILEK@D<

)6=2E65 .63D:E6D *6ED

3CJ?RCBB@QGRC 4CRMU UC@QGRCQ DPMK RFC Q?KC MULCP RM QF?PC AMMIGCQ ?KMLE
RFCKQGQIBFC APC?RGML ?LB QS@KGQQGML MIT@RPIRRCER GQ BMLC ?R RFC KMKCLR
RFPMSEF MNCLGLE ? NSJJ PCOQESRMRMPCNMQGRAPRVRFC (MMEJC NPMHCAR AMLRPG@SRMPQ
AFCAI ?LB KCPEC GD BCCKCB Te@BBGRCQ RF?R @CJIMLE RM RFC Q?KC PCJ?RCB UC@QGRC QCF
?JQM GLBGA?RCNIRAGLE ? AMPPCQNMLBGLEWXICIIRNRIAC63* .well-known/

related-website-set.json

?KKGI<MCFG<IJ >FF>C< :FDBGH @8#;9F0 :FFB@<J8K<; N<9J@K< J<KJ
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$FPMKC QFGNQ UGRF ? NPC JM?BCB kJC AMLR?GLGLE PCJ?RCB UC@JGRCIRRIRKCT ?2JGB?R
RC?K "R RFC KMKCLR MD UPGRGQEMI RFCPC ?PC BGQRGLAR PCJ?RCB UC@QGRC
QCRQ &?AF PCJ?RCB UC@QGRC QCR AMLR?GLQ ? NPGK?PW BMK?GL ?LB ? JGQR MD MRFC
RFC NPGK?PW MLC SLBCP MLC MD RFC DMJJMI associatedSites >t servicesSites

?LB MFccTLDs 5FCQC NPGK?PW BMK?GLQ ?PC C?AF 7QQMAG?RCB UGRF QCAMLB?PW BN
N?PR MD RFCGP QCR  QCF associatedSites servicesSites ?LB

ccTLDs dQCC RFEMMIGCEF?NRCP DMP KMPC PCQSJRQ

#2H 2?5 A@=:4J

8GRF GLAPC?QGLE @QAPSREIQOR MLIAIGIFP RFCPTCE@CCL LSKCPMSQ LOQ 3RB
PCESJ?RGMLQ N?QQCB RNMIX?IC CPRGQCPQ ?RBIR) KMPC ?AAMSLR?@JC *L RFGQ QCARG
UC JMMI ?R RFC GKN?AR RFCQC PCERIPRBMLNPGT?AW

@7?D6?E 5:2=@8D

8GRF RFC GLRPMBSARGML MD NPGT?AVWCHIHE I TREMOCRIGIPMRCARGML 3CESJ?RGML
(%13 GL RFC &SPMNC?L 6LGME?AGDMPLG? $MLQSKCP 1PGTHV"ARC@QGRCQ PCOSGPC
SQCP AMLQCLR RM AMJJCAR QF?PC ?LB NPMACQZ?8QOC BRRIAINRSNIL ?LB SQ?EC MD
RFGPB N?PRAIRHE AMMIGCQ 5FGQ F?Q JCB RM RFC UGBCQNPC?B SQC MD AMMIGC AMLQC
UFGAF LMRGDW SQCPQ ?@MSR RFC B?RARGIBICARGVIINRAU RFCK RM ?AACNR PCHCAR M
ASQRMKGXC RFCGP AMLQCLR

5FCQC AMLQCLR BG?IRERIMKC ? S@GOSGRMSQ DC?RSPC ?APMQQ RFC UC@ @SR RFC(
CDDCARERQ GL RPSIW NPMRCARGLE SQCP NPGT?AWUEEETR R RZRRCPLQN RM
LSBEC SQCPQ GLRM ?AACNRIEEEWRRGIC MRFCPQ NPCQOLRINREMIQ RF?REPURCIK

LML RCAFLGA?J SQCPQ 5PGRIBIBICPRGQGLE #SPC?S *'# &SPMNC GLRPMBSACB RFC
5PLQN?PCLAW ?LB $MLQRKRUMPI 5% RM QR?LB?PBGXC RFC NPMACQQ MD M@R?GLGLE /
DMP R?PECRGEPEBIQGLE 5FC *'# AMLQCLR BG?IMEGR/SAIB@SRCQ ?LB ?B RCAF
AMKN?LGCQ RM AMKNJW UGRF (%13 ?LB MRFCRNAGIZAMWIRGLSGLERICRQML?2JGXCB
?BQ 5FCTRCUMPI GQ BCQGELCBIRIBGRIDN?PCLAW GLRM FMU SQCP B?R? GQ NPMACQQCE
EGT SQCPQ RFC ?@GJBRWIRMERFFMIB AMLQCLR DMP BGDDCPCLR NSPNMQCQ QSAF ?Q
?BQ ?L?JWRGAQ MP AMLREMR BCIGT

0SP kLBGLEQ QFMU RF?RRFUMLE UGRF MRFCP NPEEKCAMPEP GQ UGBCJIW GKNJCKCLRCB ?
NS@JGQFCPQ QCCI RM AMKNJW UGRF B?RANFEIREISRGBISS?" 8 C UMSJIB TRM
LMRC FCPC RF?R MSP KC?QSPCKCERGQBALB ?AAMPBGSE RM BMLQCLR @?LLCP GQ

?KKGF;Gl @E=F <L
?KKGL<>@E=F C<>@8CHH#8:<J :F;<)7;@JGGER0O?KDC ;@M@J@FE G8IK C8N FK@KZ<
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PCOSGPCB DMP LML &6 TGQGRQ SFCPCDMPC RFGQ A?L PCQSJR GL QK?JJCP RF?L 2ARS?J KC2(
5% SQ?EC

"@>K J <I<E:<F=% GB@®M8BD<NFIBJ

5FC  B?R? PCTC?2JQ ? QFGDR GL RFC NPGT?AW J?LBQAIMNC AMKSPRIERNC TR JJ

NPT?JCLAC MD *"2IBBUMPIQ F?Q GLAPC?QCB *L  RFC @PM?BCQR *'# NPCQCLAC g*'# ?JJh
U?QDMSLBML  MD N?EBXRIRMN ?LB KM@GJC AMK@GLCB WV $' MP 641

DPKCUMPI ?NNC?PQ ML  MD FMKC N?ECQ 5FGQ QSEECQRQ UGBCP ?BMNRGML MD NPGT?AW (
NMRCLRG?JJGLBRGILAPC?QCB PCESJ?RMRWIEBRGBIPCLCQQ

&V?KGLGLE GLBGTGBSRNIFIQ B SQ?EC ?MW TPQGML ?NNC?PQML  MD N?ECQ UFGJC 641
QR?LBQ ?2JMLCML MDN?ECQ  MD N?ECQ SQC REPQBRICGRIE UFGAF 2JQM

K2l CQ GR RFC KMQRISPRCPQGM$' B UGRF AMKNJG?LR QCRSN NPCQELBMPMIMIQCLR
AMLKESIRGML ?NNC?PQ ML ? QK?JJCP QS@QCR  MD N?EGQ 5BEGABEPGB?RCQ

(%13 CLDMPACKCLR GQ LCEJGEG@JC ?R

*LRCPCQRGUEGNTERJJ *'# DIKCUMPI SQ?EC GQ SN 641 ?BMNRGML F?Q PCKZGIWZB PCJ?RGT
QR?@JCTERGLE ?PMSLB  GL ?LB GL 5FGQ QSEECQRQ RF?RIRPOGMEPMURF GL
NPGT?ARKRRMPI 2BMNRGML GQ NPGKCRP@WEBRBI?EBG?EC QNCAGKABIIW 5

'GL?JJWRFC QFGDR OPMIRS 58' T GQ TGBCLR 8FGSCI5GL  F?B QMKC KC?QSP@JC
NPCQCLAC ML KM@GIR GQ LC?PJW M@QMJICRC GL $7R ?BMNRGML F?Q EPMUL
AMLQGB@W RM DSPRFCP GLBGA?RGCECIRRMU?PB LC(BE3 2JGELCB

?KKGBCDSES: ?KK@ZEHFI> <E  GI@MB:P @89 :FEJ<EKBBKNFIBJ
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AMLQCLR KCAF?LGQKQ TORESI$ST AMKNIG?LAC PCK?GLQ RCIARGEGEFIJGEFRGLE RFC
MLEMGLE AF?JJCLEC MD GKNJCKCLRGMERERBPAMEKTCRQ DSJIW

"@>K OFG 0"M :FDGC@S8EK ),J

0SP ?L?2JWQGQ MD $MLQCLR .?L?ECKCLR $JPFEIMEK UGRFGL RET5CAMQWQRCK

QFMUQ RF?R "SRMK?RRGA *LA JC?BQ GL ?BMNRGML ?NNC?PGLE ML  MB N2B@E DMJIIV
15&-RB?R  ?LB %GBMKG ?R  5FGQ QSEECQRQ RF?R ACPR7EL@CAWRC RPSQRCB
DMP K?L?EGLE AMLQCLR CDIREARKEF RFC PCIARGTU ?BMNREEIQ BKNIW RFAR RARCQ
K?W QRGJJ BCNCLB ML GL FMSQC QMJISRGMLQ MP JCQQ UGBCJW PCAMELGXCB $.1Q

@ %@E +C24<
%M IMREPAI %/5 U?Q ? @PMUQCP @?QCB NPGT?ANGERBPRIBHRGB GL RFC C?PJW  Q *R
?JIMUCB SQCPQ RM QCR ? @PMUQCP NPCDCPCLAC\S IEREB\PK K USRI RN SO P

UC@QGRCQ JMPB®/5 D?GJCB RM E?GL UGBCQNPC?B ?BMNRGML J?PECIMUIGEREPSYC GR U
?LB J?ATB CLDMPACKCLR KCAF?LGQKQ

"@>K <JBKFG G8><J JK@CC LI@E> K?< *@®:B- $6K,®<8;<I

8FGJC %/5 U?Q ? NGMLCCPGLE GBC? GL SEPHNIRGKREIW @CA?KC M@QMJICRC ?Q K?HMI
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?BTCPRGQCPQ ?BBIR® AFMQC RM GELMPC %/5 PCOSCQRQ ?LB GR U?Q LMRICEFPGLCB GL 7L
DPKCUMPIQ %CQNGRC @CGLE M@QMJCRC MSP ?L?2JWQGQ QFMUQ RF?R  MD BCQIRMN UC@

MD KM@GJC UC@QGRCQ QRGJJ QSNNMPR ? %/5 QGEL?J *RfQ APSAG?J RM NMGLR MSR FCP(
RFCQC QGRBQMETAI DMP RFC %/5 QGEL?J FMU UCJJ RFCQC QGRCQ ?BFCPC RM ?LB AMKNJIW UC
QGEL?J GQ SLAJC?P

=@32="C:G24J) @?EC@=

(IM@?2J 1IPGT?AW $M{TPBIQ ? KMPC PCACLR GIGRGIBEICE RMEEIPQ ? QGKNJIC
@PMUQCP @?QCB KCAF?LGQK RM AMKKSLGA?RC RFCGP NPGT?AW NPCDCPCLACQ RM UC@QG
%/5 JMUCTCPSLI@ %/5 (1$ GQ @?6B @& JCE?J PCESJ?RGMRETESL $?JGDMPLG?

$MLQSKCP 1PGT?AW "AR

(1$ 23IMUQ SQCPQ RM QGEL?WRBVRLRIROU?LR RFCGP B?R? RM @C QMJB MP QF?PCB UGRF RFGP
N?PRGCQ ?LB AMKN?LGCQ ?PC JCE?JJW M@JGE?RCB RM PCONCAR RFGQPE®IEL?J SLBCP ACPR
@PMUQCPQ ?LB NPGT?AW DRBEQGEIA QSNNMPR (1$ ?LB GR GARGELGERMPC
CDDCARBMMJ DMP SQCP NPGT?AW

"@>K | <J<E:< F= #CF98CGB;RANEKFC

"L2JWQGQ QFMUQ RF?RML  MD BCQIRMN QGRCQ ?LB  MD KM@GJC QGRCQ RFC (1$ QGEL?J
?2AACQQCB RFPMSBAAPGNR UFGAF GQ QGELGKA?LRIW FGEFCP RF?L RFC %/5 QGEL?J "LMRFCP
MNRGML?J PCOSGPCKCLR MD (1$ GQ ? UCJJ ILMUL 63- UFGAF /.well-known/  FC

gpcjson  CLBNMGLR PCOTRGRFC UC@EDIBRGEGLAP@ESF 5FGQ PCQMSPAC GQ KC?LR RM
GLBGA?RC RFC U@PBROCQQ ?LB QSNNMPR MD (1$ @SR ?R RFC Q?KGREXERERBMCQL
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RF?R GR ?7@GBI9 & MSP KC?QSPCKCLRQ UCKLB RF?R MLJW  MD KM@GJC ?LB BCQIRMI
F?TC ?L ?AACQQG@JC UCJJ ILMUL CLBNMGLR

2=7@C?:2 @?DF>6C 'C:G24J 4E

5FC $2JGDMPLG? $MLQSKCP 1PG$$AW BARARCB GL  GQ MLC MD RFC KMQR QGELGKA?LR
NPGT?AWQN?QQCB GL RFC 6LGRCB 4RARS?REMPLG? PCQGBCIR® REEERQ M
NCPQML?J B?R? GLAJSBGLE RFC PGEFR RM ILMU UF?R B?R? GQ @CGLE AMJJCARCB RFC F
BCJCRGML MD RFCGP B?R? ?LB RFC PGEFR RM MNR MSR MD RFG-QRIC?BIR RFRIGKISER? $$
GKN?AR ML RFC UC@ ?Q AMKN?LGCQ ?APMQQ RFC EIM@WKSQRIEKMRNFWNBMREQQ B?R?
DPMK $?JGDMPLG? PCQGBCLRQ 5FGQ F?Q JCB RM RFC GLRPMBSARGMIGMD ¢#%M /MR 4CJJ
K?LW UC@QGRCQ ?LB GLAPTPQICEY) ?PMSLB B?R? NPGT?AW GL RFC 6

6LBCP RFCU? ?LW @SQGLCQQ RF?R BMCQ @SQGLCQQ GL $?JGDMPLG? ?LB KCCRQ ACPR?
KSQR NF®BC ? Y2 DMP SQCPQ RM MNR MSR MD RFC QCJJGLE MP QF?PGLE MD RFCGP NCP(
5M AMKNJW UGRF BFRFI? $2JGDMPLG? "RRICEO®IFQ MDKACAMKKCLBMJ?AGLE ? JGLI ML

RFC @SQGLCQQf FMKC N?EC UBRFPRFIMTACII GPOML?J *LDMPKRRGBIR

QR?LB?PBGXCB GAML #SGVBGME MMRF?R GBCLRGKCB ? AMKKML QCRGIDI$EEQCQ
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0TCRJJ UC LMRC RF?RMLIJW  MD UC@QGRLES$EL 2JQM LMRC RF?R KMPC UC@QGRCQ UGRF
FGEFCPLRQ GLAJSBC $SIGLIQ ?Q AMKN?PCB RM UC@QGRCQ NBRAGEETIPEP

UC@QGRCQ ?PC KMRCRBIE? $$1" JGLI CGRFCP @CA?SQeFRFKMPECJ® RM KCCR RFC
RFPCQFMJBQ RM@PCBBLBCP RFC'$HIP QGKNIW @CA?SQEARFKMAC?PC MD RFC
PCOSGPCKCLRQ

YMUCTCPRFCHRC MD JGLIQ ?KMLE RFC RMN ~ UC@QGRCQ GQ MLJW  UFGAF GQ OSGRC JMU
8FGJC GR GQ GKNMQQG@JC RM IMMMBRBEGQC QGRCQ KCCR RFC PCOSGPITRTBRQ RM @C AM
SLBCP RFC $$1GR GQJ®BI RF?R KPRMRLPCB UC@QGRCQ ?R JC?QR KIILBEREPCQFMJIB

QM SLICQQRR@ QRCNQ RMCARGIIMAI $?2JGDMPLG? BQIREIREINC?P RM@RCTEM

O0LC JGKGR?RGML MBPINSFARF?R GR GRIEGMEBW BGOQRPG@SRCB ?LB ?Q QSAF UC A?LLMR
?AASARCJIW ?AAMSLR DMP UC@QGRCQ RF?R BWL?KGAGLIWMIQRVRN $EGRMPQ GL
$?JGDMPLG? 5FCPCDMPC MSEAGEEIPOGRGK?RCIRECIMEOMD RFCQC JGLITCHERC

GQ GKNMPR?LR RM LMRC RNPRENMR RORCAMEBSARCBGL  MLJW  MD $3IGLIQ

UCPC BWL?KGA?JJW FGBBCL

'GL?JIWC @?KGLC UFGAFNPBLE GQ KMQR AMKKMLJIW SQQBIGQ$$1

"@>K OFG G?I18J<J @E ,C@EBJ

5FC K?HMPGRW MD QGRCQ SQC T?PGREROCANRKCINES SLBCP $§8M LMR QO K
NCPQML?J GLDMPKJRGEICP? QGELGKA?LR LSK@CP MD QGRCQ ?JQM AMLRAER. JGLIQ RGRJICB g
NPGT?AW AFMGAEIQIE GKNJGA?RGML GQIMRIDHWE?E GR KMPC BGDKASJR DMP SQCPQ RM MNR
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MSR ML RFCQC QGRCQ
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8 C kLB RF?R MLIGRAIREE GQ LMR HSQRONRG@SR 2JKMQR S@GOSGRMSQ UGRF  MD BCQIl
2LB  MD KM@GJC UC@QGRCQ AMLR?GLGLE ?RIOE?BHRIMLANRR?LGAROGNEIC ?LB
"2AC@MMI BMKGL?RC RFGQ J?LBQA?NC UGRF NPCQCLACML ?LB  MD RFC UC@ N?ECQ
PCQNCARIYE C 2JQM M@QEPTRARICPQ SRGIGXC @MRF QR?RCDSI KEIRFHIBQ 2UBI IMA?]
QRNEC?LB QR?RCJICQQ KCRFOIBRPMERQCP kLECPNPGLRBUE@EIWPRPAPMQQ RFC GLRCPLCR

5PAICPQ ?PC AMLRGLSPIIWNEELE QMNFGQRGA?RCB RCAMBIB NG CLF?LAGLE
CDDMPRQ /MRRERIRWVBQ QSAF 2Q $/".& AIM?IGLE ?LB @MBUGCIRAT CKCPECB
2JJIMUGLERREPQ RM BGQESGQC RECKIKRPR N?PRW CLRGREMER @EMUQCP
DSLARGML?JGRGCQ RM NCPQGITR ECBBUERE@P

5FC AF?NRCP 2JQM ?QQCQQCQ RFC ?BMNRGML MD @PMUQCP NMJGAGCQ BCQGELCB RM (
QSAF ?Q 6QCP "ECLR $JGCLR )GLRQ ?LB SCDBEENEIERFCPC GPBSEPGLAPC?QC GL RFC
GKNJCKCLR?RGML MD RFCQC DC?RSPCQ DPMK  UFCL RFGQ ?L2JWQGQ U?Q J?QR AMLBS
?BMNRGML PCK?GIQISEAPMQQ RFC UC@ "BBGREMIGLRRMBSARGML MD 1PGTPAW 4?2LB@N
NPMNMQ?JQREIMNGAQ "1* 1PMRCARCB "SBGCLAC "1* ?LB "RRPG@SRGML 3CNMPRGLE "1*
NMQGRGFGDR RMU?PBQ NPGT?AW NPCQCPTGLE RCAFLMOREGQQIG. MLIGLC ?BT

OL RFC JCE?J DPMLR PCESJZRRMLQAIGI?LB $$1F? TC NPMKNRCB ? QSPEC GL AMLQCLR
BG?JMESCQ ?2BMMMPIQ JGRFC *'#fPELQN?PCLAW ?LB $MLQEZKRUMPI CR RFC
CDDCARERQ MD RFCQC KC?QSPCQ GQ OSCQRGML?@JC BSC RM JGKGRCB ?BMNRGML

FE9@CD

. ?2QF CI?PG?
X IT CI?PAR?QF €) : 2QF TI?PG? ©& FRRNQUU W2QIEI?PG? AMK

: ?QF TI?PG? GQ ? 1F% A?LBGB?RC GL $MKNSRCBI4ACRRERARMVD $?JGDMPLG?
%?7TGQ)C A?PPGCQ MSR UC@ @?QCB J?PEC QA?JC *LRCPLCR KC?QSPCKCLRQ F
GKNPIZ RFC BWL?KGAQ MD UC@ 4NESGKACIIWPPAF GQ DMASQCB ?R QRSBWGL
@PGLEGRE@®P?PCLAW RM MLZEBLRRRRGACQ ?LB SQCP NPGT?AW GQQSCQ
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https://x.com/vekariayash
https://github.com/Yash-Vekaria
https://www.yashvekaria.com/
https://www.ucdavis.edu/
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#CLH?KGL 4R?LB?CPR

) @QR?LB?CPR US{J@CL QR?LB?CPR  ? @

#CLH?KGL 4R?LB?CPR GQ ?L . 4A QRSBCLR GL RFC $MKNSRCP 4AGCLAC BCN?PRKCLF
8 ?QFGLERML &LBJGRW GM8BQ)C F?Q NPGNRCPGCLATEMNGLE ?B
@JIMAIGLE QMDRU?PC ?LB NPGT?AW CLF?LAGLE RCAFLMIMEGCQ

.2V OQR?NCLM
© K2V MQR?NauI B K?V MQR?NQUI & FRRNEK?VMQR?NGUIAMK

.?V 0QR?NCLM GQ ? NPMBSAR K?L?ECP GL B?RPREBXBIE WMBRPRGQC GL
RPAIGLE NPGT?AB/UC@ KMLCRGX?RGML "Q ? AM K?GLR?GLCP MD REC )551 "PAFGT
.?V AMLRPG@SRCQ RM RFC ?AACQQG@GJGRW MD UC@ GLQGEFRQ

"@BSJ )?BBG "KH?B

X IF?BBG?KH?B ) F?BG?KH?B® FRRNE?BG?KH?B EGRFS@ GM

)?BG "KH?B GQ ? 1F ®RSBCLR GL $MKNSRCP 4ABGRAGIZRAE )GQ

PCQC?PAF JGCQ ?R RFC GLRCPQCARGML MDNFGRCAMERNDOBERGRWQGQ

)C QNCAG?JGXCQTBARGNR NPRIER?JWQGQ RM GBCLRGDW AMBC PCEGMLQ PCQNMLC
DMP NPGT?AW ?LB QCASPGRW TGMJ?RGMLQ ML RFC GLRCPLCR )GQ UMPI CLF?LAC(
DMASQCB RMMJQ AMLRPG@SRGLE RM ? Q?DCP ?LB K&FMLECARPC UC@ CL

. ?L? % GKM
O VBGKN?

: 72L? %GKW GQ ? 1F% QRSBCLR ?R %GQRPSICR [BMASQGLE ML RFC SQCPfQ
NCPQNCARGD NPGT?AW ?LB FINARENPMRCAR GR ML RFC UC@ )CP PCQC?PAF
GLRCPCQRQ ?PC MIAIGLE REPQML?J B?R? JC?IQ ?LB NPGT?AW ?LB B?R? NPMRCARG
JU
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https://github.com/bstandaert-wustl
https://www.linkedin.com/in/ben-standaert-15580a1b8/
https://wustl.edu/
https://github.com/max-ostapenko
https://www.linkedin.com/in/max-ostapenko/
https://maxostapenko.com/
https://x.com/haddiamjad
https://github.com/hadiamjad
https://hadiamjad.github.io/
https://hadiamjad.github.io/
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https://github.com/ydimova
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4F?MMP .SLGP

X 14F?MMP>.SLGP ) QF?MMPKSLGE) FRRN@F?MMPKSIABK

4F?MMP .SLGP GQ ? 1PREBCLR GL $MKNSRCP 4AGCLACGR 63MEAG?IGXGLE GL
RFC ?L?2JWQGQ AEBEKCLR MD NPGT?AW CLF?LAGLE RCAFMIMERED 18&5
NMJGAGCQ RFGRLEMLIGLC B?R? AMJJCARGML )GQ UMPI QCCIQ RM ?BT?LAC NPC
Q?DCES?PBQ DMP LCRGACI? @GLE RCAFLMIMEGREMELUMRF PCOQNMLQG@JC
B?R? EMEPL?LAC ML RFC GLRCPLCR

$FPGQ # RRECP

©) $FPGQ#CCRG

$FPGQ # RRECP GQ ? 1F% A?LBGB?RC GL $MKNSRCRB4B8QRNACIBRRFC
6LGTPQGRW MD "NNJGCB 48g0PB8QC?PAF DMASQCQ ML UC@ ?LB LCRUMPI QC#
NPGK?PGJW DMASQGLE ML SQCP RREITFARCAH RBMEGCQ

6K?P *O@7?J
X1SK??2PP € 6K2P*0@?J ® FRRNQUU SK?PGO@?] AMK

6K?P *0@7?J GQ 7L ?2QQGQR?LR NPMDCQQMP GL RFC BCN?PRKCLR MD $MKNSRC
&LEGLCCPGLE ?R REEGLERML GLEIGRW GM8RBQ)GQ PCQC?PAF DMASQ ML
@PGLEGRE@R?PCLAW ?LB AMLRPMJ GL AMKNSRGLE QWQRCKQ RM CKNMUCP S
NJ?RDMPKQ ?LB PCESJ?RMPQRSUERNFRGT?AW ?LB QCASPGRW
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https://x.com/Shaoor_Munir
https://github.com/shaoormunir
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8GRF FMU KSAF MD MEP FNNCL MLIGLC RREQCIBRCRFCP GRIGIER3L RMSAF DMJJMUGLE
RFC LCUQ @SWGLEMBJIGLE NPMBSARQ MLIGLC UC@ QUAS@ERY RMPCGKNMPR?LR
6LDMPRSL?RERE KMPC UC PCJW ML RFCQC MLJGLC QCPTGACQ RFCWNPCAMBTRMLE RF
K?JGAGMSQ ?ARMPQC'QOCL RGKC ?LB RGKC TERGLQGLEJC UC?I QNMR GL RFC QWQRCKQ |
BCNCLB ML A?L JC?B RM BGQPSNRCB QCPTGACQ QRMJCL NCPQML?J B?R?GAPQMPQC 5F(
F?TC @CCL LMACNRGML UGRF ? BGQGBIMD 4CPTGAC %M4 ?RPBA@MRTLBQSNNIW

AF?GL ?RR?AIQ R?PECRGUERIAT 80CP @CDMPC

*L RFGQ AF?NRCRZC ? AJMQCP JMMI ?R RFC ASPPCLR QR?RC MVUCE\GKBEEGRY @
NPMRCARGMLQ ?LB QCASRGRUQNSYCB@ER QGRCYRBIEYNIMPCON ?PC?QCERPLQNMPR
-?VCP 4CASPGRW AMMIGC NPMRCARGML KCARZR GRRIQES?PBQ ?E?GLQR RFGPB N?PRW
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https://blog.cloudflare.com/ddos-threat-report-for-2024-q2/
https://www.imperva.com/resources/resource-library/reports/2024-bad-bot-report/
https://www.darkreading.com/vulnerabilities-threats/rising-tide-of-software-supply-chain-attacks
https://www.darkreading.com/vulnerabilities-threats/rising-tide-of-software-supply-chain-attacks
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AMLRCLR GLAJSRGMBGQASQQ FMU QCASPGRW EGFRSRCECIBIGIHT?RR?AIQ 2Q UCJJ
2Q FGEFJGEFBAMLKEHGEMRE?R A?L SLBCPKGLC RFCK "BBGREMY?BBAC RFC
NPT?JCLAC MD F?PKBBINRMKGRCBAFC SQ?E( security.xt

8 C 2JQMIGRRGE?RMRARMPQ BPGTGLE QCARBBRMPINXGLE UFCRFCP CJCKTLRQ JGI
AMSLRRYC @QGRC A?REEMRWAFLMIMEW QR?AI GLISCLAC RFC QCASPGRW KC?QSPCQ GL NJ?AC
AMKN?PGLE REGRF@/KLBGLEQ UGRF RFMQC DBMK REL"JK?L?A UC FGEFJGEWR |

AF?LECQ ?LB ?QQCQQ JMLE RCPK RPCLBQ 5FGQ 7B3BOQ @F RRECPNNCROMNCRRGT

CTMJISRGML MD UC@ QCASRGRUDNRB RFC NPMEPCOCPRBCWPQ

+C2?DA@CE D64FC:EJ

5514  SQCQPBLQNMPRAZP 4CASPGRIW RM QCASPC RFC AMLLCARGML @CRUCCL AJGCLR ?LB
QCRIPOTCP RFC N?QRR® RFC LSK@CP MD QGRCQ SQGLE 5-4 F?Q GLAPC?QQESRPCKCLBMSQJIW
NPTGMSQIPQ ?BMNRGML MD 5-4 AMLRGLSCB RM GLAPC?QC @SR RF?R GLAPC?QC GQ QJMUGL
AJMQCQ GL RM
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5FC LSK@CP MD PCOSC@BBQGRE 5-4 AJGK@CB ?LMRFCP RM ML KM@GJC QGLAC RFC J?QR
"JK?L?A GL
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https://developer.mozilla.org/docs/Glossary/https
https://www.cloudflare.com/en-gb/learning/ssl/transport-layer-security-tls/
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5FC LSK@CP MD FMKC N?E@B @CPT5514 ML KM@GJC GLAPC?QCBDPMK RM  5FGQ
NCPACLR?EC GQ JMUCP RF?L RFC LSK@CP MIZBMUS)RIA BEERM RFC FGEF LSK@CP MD
RFGPB N?PRW PCQMSPACQ UC@QGRCQ JM?B OfE/AiVPBOBBIFOR (514

'C@QE@4@= G6CD:@?D

0T CP RFCPQ KSJRGNJICCEQGMLQ MD 5@ @CCL APC?RCB *L MPBCP RM PCK?GL QCASPC
GKNMPR?LR RM SQC ?L SN RM@3RC WD 5-4 5FC JORQURE-EQ  UFGAF F?Q @CCL RFC
NPCDCPPCBQ@GML DMP ? UFGJC $MKN?PCB RIPEGMLT BCNPCA?RCQ QMKC Z2AFNEMRMEP
NPMRMAMJQ QRGJJ GLAJSBCB GL  RF?R UTPGCRRIGERMEB GR CLDMPACQ NCPDCAR
DMPU?PB QCARSAWMPR DMP MIBQENILQ MD 5@ HALE @CCL PICEM®E K?HMP @PMUQCP
TCLBMPQ 26*®SGAI 6%1 *LRCPLCR $MLLCARGMLQ RFC NPMRMAMJ SLBOIBWERIED)S551

5-4 NPNIGBGLE QGKGJ?P QCASPRERER?B-4
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https://almanac.httparchive.org/static/images/2024/security/https-usage.png
https://almanac.httparchive.org/static/images/2024/security/https-usage.png
https://www.cloudflare.com/en-in/learning/ssl/why-use-tls-1.3/
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8 CKLB RF?R5-4 GQ QSNNMPRCB ?LBVSQEB @C@ N?ECQ 5FC SQC MD SFERM F?Q

EPMUL TCL RFMSEF 26*$ F?Q E?GLCB QGELGKA?LR SQC AMKN?POESREIDPNGM RM

2JKMQR MD KM@GJC N?ECQ 5FC SQC MD 5-4 AMLRGLSCQ RINBBROE?QAIPECB

RM RFC J?QR "JK?L?A GR BCARGMRBRF?L DMP KM@GJIC N?ECQ UFGJC5-4 F?Q
GLAPC?Q@BT@BOGRM *R GQNCARCB RF?R RFC ?BMNRGML MD 26*$ UGJJ AMLRGLSC RM PGQC
SQCMD5-4 UGJJ AMLRGLSC RM BCAPC?QC

8 C ?QQSKC KMQR UC@QGREWBHEMK 5-4 BGPCARJW RM 26*$R®SR RF?R KMQR QGRCQ
SQGLE 26*$ KGEECB DPMK 5-4 ?LB MRFCPIZBMPMK 5-4 RM5-4 RFCPE@GTGLE RFC
?NNC7RAC MD JGKGRCB EPMURF MD 5-4

:A96C DF:E6D

#CDMPC AJGCLR ?IEPQCRTAMKKSLGA?RE RFC RM ?EPCC SNML RFC APMAGAVEP

2JEMPGRFKQ ILMUWAGIFCP QSGREIBQC CGEPQR RGRCPM MD PCOSCQRQ ?PCBCPT

SQGLE ? (2JMGQ $MSLRCP(MBC AGNFQFFGAF GQ AMLQGBCPCB RFC KMQR QCASPC MNRGML B
RM RFCK LMR @CGLE’@SICGWBBGLE ?RR?AIMM SLAF?LECB GQ RFC 2JKMQR  MD

PCOSCQRQ SQGLE ? GBGRGAF GQ QRGJJ AMLQGBCPOR 3CQUERFPOMP "&4 GL ($.

KMBC 5FCPC ?PC MLJW ? F?LBDSJ MD QSGRCQ SQCB ML RFC TMRBGRESNREGRG-(5.
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https://almanac.httparchive.org/static/images/2024/security/tls-versions.png
https://almanac.httparchive.org/static/images/2024/security/tls-versions.png
https://learn.microsoft.com/en-au/windows/win32/secauthn/cipher-suites-in-schannel
https://wikipedia.org/wiki/Galois/Counter_Mode
https://blog.qualys.com/product-tech/2019/04/22/zombie-poodle-and-goldendoodle-vulnerabilities
https://datatracker.ietf.org/doc/html/rfc8446#page-133
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?LB MRFCP KMBCPL @JMAI AGNFCRIREBEQIQM QGKNIBKNFGRQSGRC MPBCPGLE
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5-4 K?l CQ@MPU?PB QCAPRBRSGPCB UFGAF KC?LQ GR GQ FGEFJW QSNNMPRCB ML RFC
* MPU?PB 4CAPCAW GQ ? DC?RSPC RF?R ?QQSPCRVFEI?R@EL B@BCFR A?LLMR @C SQCB RM
BCAPWNR DSRSPC MP N?QR KCQUPECQRIOLEARGML 5FGQ GQ GKNMPR?LR RM CLQSPC RF
?BTCPQ?PGCQ QRMPGLE JMIBKRGPKIRFR BCAPWNR RFC CIGREPREML 2Q QMMWRPRFC
?2@JC RM JCTAMLRCPCQRGREIVEQC MD DMPU?PB QCAPCAW BEKMGRB @FGRPRM
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https://datatracker.ietf.org/doc/html/rfc8446#page-133
https://go.dev/blog/tls-cipher-suites
https://almanac.httparchive.org/static/images/2024/security/cipher-suites.png
https://almanac.httparchive.org/static/images/2024/security/cipher-suites.png
https://wikipedia.org/wiki/Forward_secrecy
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*L MPBCP RM SQC 5-CRURKBQR kPQR ECR ? ACPRBKAZREMRPR. UFGAF GQ ARG?RCB @
$CPRGKA?RC "SRFMBGRM PCRPIELE ? ACPRGKA?RC DPMK MLC MD RFC RPSQRCB $'Q RFC
ACPRGKA?RC UGJJ @C PCAWIREG XIFMERISR) ?JIMUGLE RFC SQCP RM SQC RFC ACPRGKA?RC 2L
RFCPCDMPC 5-4 DMP RFCGP QCASPC AMKKSLGA?RGML
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https://almanac.httparchive.org/static/images/2024/security/forward-secrecy.png
https://www.ssl.com/faqs/what-is-a-certificate-authority/
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'GESPC  5FC NCPACLR?EC MD QGRCQ SQGLE ? ACPRGRANAGRYSCRECP

3 ?L GLRCPKCBG?RC ACPRGKATBRIQRMKPWRRGJIJ JC?BQ RFC AF?PRQ ?JRFMSEF SQ?EC
BPMNNCB AMKN?PCB RZI?QRMWDPMBRfQ &LAPWNR ?PC RFC & 3 ?LB3 GLRCPKCBG?PW
ACPRGKA?RCQ RF?R ?PC PGQGLE GL NCPACLR?EC MD UC@QGRCQ SQGLE RFCK

3 7LB & UCPC GQQSCB GL  ?LB ?PC MLIW T?JGBBMBF@AF KC?LQ GRUESPC GL
4ACNRCK@CP  "PMSLB ?@PP @CDMPC\RFGRIWV MD GLRCPKCBG?RC ACRREEAZRGMNR
GQQSCQ LCU GLRCPKCBG?RCQPRE?RIVERNEEP DPMK RFC MIBCBREQPPAFGRIQ
&LAPWNR GQQSCB RFCGP LCU GLRCHGIEGIRLGBC 3 ?LB 3 RF?R ?PC MLIW T?JGB DMP
VC?PQ 5FCQC J?RRCP RUM ACPRGKA?RICE DENIKR? BGPCBRGAF QFMSJB @C PCICARCB GL
LOVR BPPFQ "JK?L?A

"JMLE UGRF RFC PGQC GL RFC LER@GRMBDWNR GQQSCB ACPRGKA?RCQ MRFCP ASPPCLR |
NPMGBCPQ@ERQCCL ? BCAPC?QC GL RFCGP QF?PC MD ACPRGEAFRIQRISQSCE RF?R

PMQC DPMK AJMQC RMCHRM ML KM@GJC 0D AMSPQC GR GQ NMQQG@JC RF?R ?R RFC RG
2L2IWQGQ ? $" U?Q GL RFC NPMACQQ MD QUGRAFGLE GLRCPKCBG?RC ACPRGKA?RCQ UF
QCRI? J?PECP NCPACLR?EC MD QGRCQ RF?L PCICARCB

2KKGL<KI<E:IPGK FI>
2KKGL<KJI<E:IPGK Fl> E<N @EK<ID<;@8K< :<IK@]:8K<J ?KDC
2KKGIIK J? @;

2KKGL<KJI<E:IPGK Fl> E<N @EK<ID<;@8K< :<IK@]:8K<J ?KDC
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"@>K 0?< GSKEK8>< F= G8><J K?8K LJ< 8 (<KZJ E:IPGK @JJL<; :<IK@]:8K< FE DF9@C<

8FCL UC QSK RMECRFCP RFC SQC MD ?JJ ACREGRAZREWMME -UC kLB RFBRFECH
MD RFC ACPRGKA?RCQ ASPPCLRIW GL SQC

++' *EC:4E +C2?DA@CE *64FC:EJ

)551 4RPGARAE.QNMPR 4CASPGRW B34 PCQNMLQC FC?BCP REPRA?DSOT RM
AMKKSLGA?RC RM RFC @PMUQCP RF?R MLIW )5514 QFMSJB @C SQCB RM PC?AF N?ECQ FMQRC
BMK?GL GLQRC?B MD kPQR PC?AER)ENMSEADMIIMUGLE ? PCBGPCAR

"@>K 0?7< GSKEK8>< F=HIL<JKJ K?8K<?8/0/ ?<8;<| FE DF9@C<

$SPPCLRIWMD PCQNMLQCQ ML KM@GI)4#4 FC?BCRIFGAF GQ ? GLAPC?QC AMKN?PCB RM
6QCPQ MD RFC FC?BCP A?L AMKKSLGA?RCBGRACRRG®PMWIBBE.E RFCK RM RFC

FC?BCP T?2JSC !max-age BGPCARGD M@JGE?RCB *R GLBGA?RCQ RM RFC @PMUQCP RFC RGKC

AMLRGLSC RM MLIW TGQGREFBSREGIM)CAMLBQ

?KKGJ<M<CFGBIFQ@CCS8 FI> ;<D300, $<8;<1J /KI@:KIBEJGFIK /<:LIQKP
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https://developer.mozilla.org/docs/Web/HTTP/Headers/Strict-Transport-Security
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"@>K 07< LI8>< F=JG<:@]<; $/0<®@M

5FC QF?PC MD PCOSCQRQ U( max-age GBQ PCK?GLCB SLAF?LECB ?R
MNRGML?J BGEQ includeSubdomains ?LB preload @MRF QCC ? QJGEFR GLAPC?QC MD

AMKN?PCBRM RM ?LB MLKM@GJC PCQNCARGET preload
LMR N?PR MD RFC )454 QNCAGKPCRSMIPCC( includeSubdomains
PCOSGP(max-age J?PECP RF?LCWMP QCAMLBQ

5FC MRFCP

BGPCARWFGABQ

RM @C QCR ?LB 2JQM

?KKGJ<M<CFGBIFQ@CC8 FI> ;D300, $<8:<IJ /KI@:KIBEJGFIK /<:LI@QKRGF8,@E>7IKIGEIGRIK7I<:LIQKP
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"@>K 07<;@JKI@ILK@FE F= $/0/ DBCIB=X NP GHK@C<

5FC BGQRPG@SRGM max-age FBRJSCQ F?Q PCK?GLCB ?2JKMQR RFC Q?KC ?Q GL  UGRF RFC
OACNRGML RF?R RFC RF NCPACLRGJC ML KM@GJC F?Q BCAPC?QYCBIFRMCBRNL B?
T?JSC M max-age PCK?GLQ ?RCIW

@@<:6D

8 C@QGRCQ A?L QRMPC QK?JJ NGCACQ MD B?R? GWASIRIFGQETRNEEGR@IGC

%CNCLBGLE ML RFC AQINRRPG@SRCQ GR UGJJ @CRWIFSEERFOSCLR PCOSCQR RM RF?R
UC@QGRC "Q QSAF AMMIGCQ A?L @C SQCB DMP NSPNMQCQ MD GRAIGAIRP?SRFCLRGA?RGMI
QRMPGLE SQCP NPCDCPCLACQ

8FCL AMMIGCQ ?PC SQCB DMP ?SRFCLRGA?RGLEMELRRERIBRRCRR RFCK DPMK ?@SQC
' MP GLQR?LAC GDCREW ECRQ ?FMJB MD ? SQCPfQ QCQRGMILSYEMNIGRCRRG?JJW JME GLRM
RFC TGARGMAMSLR

5M NPMRCAR RFCGP SQCPfQ DPMSPRROMGRGI3COMEERPM3  QCQQGML FG
H?AIGLESPMQQ 4GRC 4APGNR *LAJSQGMBSBM®OQ 4GREAIQ UC@QGRCQVARTARCE RM
QCASPCJIW AMLKESPC ?SRFCLRGA?RGML AMMIGCQ

2KKGFN8JG FI> NNN :FDDLE@EKK8:BJ :JI=

?KKGFN8JG FI> NNN :FDDLE@HKKS:BJ /<JJ@FE7?@A8:B@E>78KK8:B

2KKGFNBJG FI> NNN GA<K N<9 J<:LI@KP K<JK@E> >L@ <M GBC@:8K@FE7/<:IQREF0 C@<EKTKIKQE>
0<IK@E>7=FIRI/@K<7/| @GK7%E:CLI@FE

2KKGDIC<8BJ <M
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https://almanac.httparchive.org/static/images/2024/security/hsts-max-age.png
https://almanac.httparchive.org/static/images/2024/security/hsts-max-age.png
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@@<:6 2EEC:3FE6D

5FC RFPCC AMMIGC ?RRPG@SRCQ MSRJGLCB @CJMU CLF?LAC RFC QCASPGRW MD ?SRFC
?E?GLQR RFC ?RR?AIQ KCLRGMLEBCIFMGCIMNCPQ QFMSJIB AMLQGBCP SQGLE ?JJ ?RRPG
RF®/ NAN&EBC AMKNJCKCLRYERQ®MD NPMRCARGML

"@>K FFB@< 8KKI@9kBBKFG

HttpOnly

#W QCRRGLE RFGQ ?RRPG@SRC RFC AMMIGC GQ LMR ?JJMUCB RM @C ?AACQQCB MP K2L
+7T?4APG document.cookie  "1* 5FGQ NPCLRQ$EPMQQ 4GRC 4APGNRGIRRZAI DPMK
E?GLGLE ?AACQQ RM AMMIGCQ AMLR?GLGLE Q@APCR QCQQGML RMI

8GRF MD AMMIGCJERER HttpOnly ?RRPG@SRC GL ? kPQR NYFRMLATRRMN RFC
SQ?EC F?Q PGRCLABIKN?PCB RM  "Q DMP RFGPB N?PRW PCOSCQRQ RFC SQ?EC F?Q BC
av

Secure

#PMUQCPQ ML2VORBR AMMIGCQ U( Secure ;?RRPG@SRE ICASPC CLAPWNRCB AF?LLCJQ
QSAF ?Q)5514 ?LB LMFEM)551 5FGQ CLQSPCQ RF?R K?L GL RFC KGEERIGQ ARRMR

?KKGFN8JG FI> NNN :FDDLE@#K8:BJ 0JJ
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GLRCPACNR ?LB PC?B QUQIQSBRGVRMPCB GL AMMIGCQ

5FC SQC MD Secure ?RRPG@SRC F?Q @CCL QRC?BGIVCB RFCARGI4EMAC 7L

?BBGRGML?J MD AMMIGCQ GL kPQRVRQRWBAMEIRRFGPB N?PRWRMHER@ CCL

AMLKESPCB UGRF RFGQ ?RRPG@SRC "Q BGEMSQQBBREMIEE MD RFC 4CASRBRW AF?NRCP
QGELGKA?LR BGDDCPCLAC GL ?BMNRGML @CRWIRQ 8RCRRBCAWIBET RM RFC PCOSGPCKCLR
RF?R RFGPB N?PRW AMM SameSite=None KSQR ?JOM @C®BBPX Secure 5FGQ

FGEFJGEFRQ RF?R ?BBGRGML?J QCASPGRW NPCPCOSGQGRCQ DMP CL?@JGLE BCQGPCB LML
?PC ?L CDDGARBEGP DMP RFC ?BMNRGML MD QCASPGRW DC?RSPCQ

SamesSite

5FC KMQR PCACLRJW GLRPMBSACB AMN SameSite S@3RCQ BIIMNCPQ RM AMLRPMJ
UFCRFCP ? AMMIGC GQ ?JJMUCB RM @C GLAJSBCB GL RFGPB N?PRW PCOSCQRQ *R GQ GLRCLI
?BBGRGMIWIRI®MD BCDCLQC ?E?GLQR ZRRBAIQ JGI

5FC ?RRPG@SRC A?L @C QCR RM MLC M Strict ~ C Lax 5% None  $MMIGCQ UGRF RFC
Strict  T?JSC ?PC AMKNJCREISBCB DPMK APMQQ QGRC PCOSCQR Lax ‘GIMMIGEM

2PC MLJW GLAJSBCB GL RFGPB N?PRW PCOSCQRQ SLBCP QNCAGR/GEVRBEREMES QSAF ?Q L?
PCOSCQRQ @SR LMR 1045 PCOSCQR( SameSite=none = RFC AMMIGIN@QQCQ RFC Q?KC

QGRC NMJGAW ?LB GQ GLAJSBCB GL ?JJ PCOSCQRQ K?IGLE GR ?AAZRQG@JC GL APMQQ QGRC

"@>K /8D</@K< :FFB@< 8KKI@IBKED

8FGJC RFC PCI?RER@CP MD AMMIGC( SameSite ?RRPG@SRC F?Q GLAPC?QCB AMKN?PCB RM
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RFGQ PGQC GQ J?PECIW ?RRPG@SR?@JC RINJOAGRBIYEREBGIHME RFC Q?KC QGRC
NMJIGAW @CRF SameSite=None

*RfQ GKNMPR?LR RM LMRC RF?R ?JJ AMN SameSite PRISRGZ@SRC ?PC RPC?RCB ?Q
SameSite=Lax @V BCD?SJR $MLQCOSMRRRRI MD MD AMMIGCQ QCR GL ? kPQRRI?PRW AN
?PC CDDCBRBRPC?RCB ?Q\NGICREIQC Lax 1

'C67:16D

4CQQGML kV?REMR?AIQ A?L @C KGROERUBLE AMMIGCOQPEE _ Secure-  7LB

__Host-  8FCL ? AMMIGC L?KC QR?PR _Secure- RFC @PMUQCP PCOSGPCQ RFC AMMIGC
F?TC RF Secure ?RRPG@SRC ?LB RMQBGRRAERI?L CLAPWNRCB AMLLCMR@MMIGCQ
UGRFR __Host: NPCkV RFC @PMUQCP ?BBGRGML?JIW K?LB?RCQ RF?R RFC AMMIGC GLA
Path ?RRPG@SRC / “RRKVAJSBCQ F Domain ?RRPG@SRC 5FCQC PCOSGPCKCLRQ FCIN
NPMRCAR AMMIGCQ DPMK K?L GL RFC KGBBJC ?RR?AIQ ?LB RFPC?RQ DPMK AMKNPMKGQC

+JA6 @7 4@@<:6 __Secure __Host

'GPQR N?PRW
5FGPB N?PRW

'GESPC _ Secure- ?LB__Host- NPCKZQBCQIRMN

5FC ?BMNRGML MD AMMIGQ REBRGLQ WERF JCQQ RF?L  MD AMMIGCQ SQGLEGFCQC NPC
ML @MRF BCQIRMN ?LB KM@GJC NJ?RDMPKQ 5FGQ GQ N?PRGARFIPEGEPSIENAGIEIILE EGT
P?RC MD AMMIGCQ U Secure ?RRPG@SRC RFC MLJW NPCPCOSGQGRCIBPGRMIGCQ NPC
__Secure- )MUCTCPAF?LEGLE ? AMIQIGEKC A?L PCOSGPC QGELGKA?LR PCD?ARMPGLE UF
NPCQSK?@JW ? PC?QWEBTBEMNCPQ RCLENRBBRFGQ

@@<:6 286

8 C@QGRCQ A?L AMLRPMJ FMU JMLE @PMUQCPQQRIRRGE BBREISBCON?L #PMUQCPQ L
BGQA?PB AMMIGCQ URCR&IE RFC ?EC QNCAGRE Max-Age ?RRPG@SRC MP UFCL RFC
RGKCQR?KN BCKLCB ( Expires ?RRPG@SRC GQ PC?AFCB *D LCGRFCP ?RRPG@SRC GQ QC
AMLQGBCPCB ? QCQQGML AMMIGC ?LECEBUF@ICRECKYCQQGML CLBQ

?KKGFN8JIG FI> NNN :FDDLE@3KK8:BJ /<JJ@FBR@FE
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"@>K FFB@< 8>< @E ;8PBKFG

5FC BGQRPG@SRGML MD AMMIGC ?ECQ F?Q PCK?GLCB J?PECJW SIZARRERECB AMKN?PCB RM
JMUCTCPQGLAC RFCLARMIGC QR?LB?PB UMPPBREBR @CCL SNB?RCB A?NNGLE RFC

K?VGKSK AMMIGC ?EC RM WBP?5FGQ AF?LEC F?Q ?JPC?BW @CCL GKI$FeKIBIGRABGL

4?D?PG #?QCB ML RFC NCPACLRGICTCQEMREC@/@PMUQCPQ KMPC RF?L  MIBJJI M@QCPT
AMMIGCQERFCGP ?EC A?NNCB RM RAGBQGKEBR

@7?E6?E :?4=FD:@?

$MLRCLR GLAJSQGML GQ ? DMSLB?RGML?J CENCARMG EEEEOMSPIIQOTUMAPGNR

DMLRQ ?LB GK?ECQ RM @C QF?PCB TG? $%/Q MP PCSQCB ?APMQQ KSTREDIIRARTEDGRCQ ML
AMLRCLR DPMRGPL?J MP RFGPB N?PRW QMSPACQ GLRPMBSACQ QGELGKA?LR PGQIQ #W PCDC
PCQMSPACQ MSRIIBBOMRPMS 2PC NJ?AGLE RPSQR GL RFMQC RFGPB N?PRGCQ UFGAF AMSJB
RSPL K?2JGAGMSQ MP @C AMKNPMKGQCB 5FGQ A?L JC?B RM QM A?JJCB@BRGIIW AF?GL ?RR?A
PCACINMMJIWkJJ GLAGBCLR UFCPC AMKNPMKGQCB PCQMSPACQ ?DDCARCB FSLBPCBQ MD RFMS
UC@QGRGECPCDMPC QCASPGRW NMJB2RAOQRRTR BIGLAISQGML ?PC CQQCLRG?J DMP
NPMRCARGLE UC@ ?NNJGA?RGMLQ

?KKGBCDBSES: ?KK@@HFI> <E  J<:LI@KP :FFB@< 8><

?KKGPKKGN> FI> ?KIIK<EJ@FBFH @<K= ?KKGI@J I=: 9@J ?KDC E8D< :FFB@< C@=<K@D< C@D@KJ
?KKGJI<M<CFGI FD< :FD 9CF> :FFB@< D8O & &l

?KKGXNNN ;8IBI<8;,@E> :FDXDFK< NFIB=RIGFCP]JCC@F JLGGCP :?8@E 8KK8:B JD8:BJ ;FNE B N<9J@K<J
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@7E6?E *64FC:EJ '@=:4J

8 C@QGRCQWRREPC?RCP AMIBPIRFEGP CK@CBBCB AMLRCNBNEL ESRMLRCLR
ACASPGRYWG/AS1 RFPMSEF CGRF( Content-Security-Policy PCQNMLQC FC?BCP MP

@V BCKLGLE RFC NMJ( <meta> R?E 5FC UGECEC MD BGPCARGEJI?@JC GL $41 2JIMUQ
UC@QGRCQ RM GNCAGIVEBLCB K?LLAPFGAF PCQMSPACQ A?L @C DCRAFCB ?LB DPMK UF
MPGEGLQ

*L ?2BBGRGMIORRGLE GLAJSBCB AMLRCLR $4C NRFQERISPNMQCQ ?Q UCJJ QSAF ?Q CLDMI
RFC SQC MD CLAPWNRCB AF?LLC. upgrade-insecure-requests BGPCARCIB

AMLRPMJJGLE UFCPC RFC QGRC A?L @C CK@CBBCB RM NPMRCAR ?E?GLQR AJGAIH?AIGLE
frame-ancestors BGPCARGT

"@>K <C8K@QE@EKB8J< @E 8;FGK@FE =FI FEK<EK RQ@IKP<8;H I

5FC ?BMNRGRREMD $41 FC?BCPQ GLAPC?QCB DPMK  MD ?JJ FMQRQ GL CRR5FGRFGQ W
?KMSLRQ RM ? PQITRAPC?QC MD C(GHRFCQC RORPR RFC POITRGEPC?QC U?Q
@CRUCCL ?LB ?LB @CRUCCL ~?LB

-MMIGLE @?AIORJJ $41 ?BMNRGML U?Q MLJW?R  MD FMQRQ GL  QMERIE RMYISE
RF?R EPMURF F?Q PCK?GLCB*QRETENRPCLB AMLRGLSCQ NPMHCARGMLQ QSEECQR RF?R
UGJJ QSPN?QQ RFC  K?PI'\GR BEPfQ E@ "JK?L?A

:C64E:G6D

.MQR UC@QGRCQ SRGJIGXC $41 DMRWBERPRMOQREMAIGLE CK@CBBCB PCQMSPACQ UGRF RI
upgrade-insecure-requests ?LB frame-ancestors BGPCARG®CGLE RFC KMQR NMNSJ?P

?KKGJ<M<CFGBIFQ@CC8 FI> ;F<B300, /,
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https://developer.mozilla.org/docs/Web/HTTP/CSP
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"@>K )FJK :FDDFE ;@ K@WLJ<; @E /,
5FC block-all-mixed-content BGPCARM®IFGAF F?Q @CCL BCNPCA7RUBNVEDL D?
upgrade-insecure-requests GQ RFC RFGPB KMQR SQCB'BEPRSREUC M@IBCPT

PCJ?RGBCAPC?QC MD  DMP BCQIRMN ?LB  DMP KM@GJC GL GRQ SQ?EC @CRUCCL ?LB
RFC BCAJGLC F?Q QGLAC QIMUCEERHECK2?PIJW BCAPC?QC MD  DMP BCQIRMN ?LB
DMP KM@GJC QGLAC

'@=:4] 6D<E@A $@3:=6
upgrade-insecure-requests;

block-all-mixed-content; frame-ancestors 'none’;
upgrade-insecure-requests;

frame-ancestors 'self’;
'GESPC .MQR NPRJCLR $41 FC?BCPQ

5FC RMN RFPCC BGRTARGT K2EN RFC @SGJIBGLE @JIMAIQ MD REICKRIQRINFZELGRGMLQ

5FC QCAMLB KMQR AMKKMLJW SQCB $41 BCKLGRGML block-all-mixed-content

?LB upgrade-insecure-requests 5FGQ QSEECQRQ RF?REB@QGRC block-all-

mixed-content DMP @7?AIU?PB AMKN?RG@BIGEBW@PMUQCPQ UGJJ GELMPCRIEEQ BGPCARGT
upgrade-insecure-requests GQ NPCQCLR
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:C64E:G6 6D<E@A $@3:=6

upgrade-insecure-requests
frame-ancestors
block-all-mixed-content
default-src
script-src
style-src
img-src
font-src
connect-src
frame-src
object-src

'GESPC 3CJ?RGBQ?EC AF?LEC MD $41 BGRCARGT

"JJ MRFCP BGROARGEMUL GL RFC R?@ICP@SQCB DMP AMLRCLR GLAJSQGNRPAMLRPMJ 0T
SQ?EC F?Q PCK?GLCB RJV?REP@JC TRIBZLMR?@JC AF?LEC GQ RFC GLAPC?QCB SQC MD F
object-src BGPCABRMIFGAF F?Q QSPN' connect-src ?LB frame-src 4GLAC

RFC SQ?EC object-src F?Q PGQ@L @ DMP BCQIRMN ?LB  DMP KM@GJC

"KMLE RFC KMQR LMR?@JC BCAPC?QCC( default-src JRFC A?RAF ?JJ BGPGARQT

BCAJGLC AMSJFIRICE._C®/ ®FC GLAPC?QGLE SQC MD $41 DMPAMEBMMQROQLRGLAISQGML
QSAF ?Q CLDMPAGLE )552B0ERM )5514 MP AMLRPMJJGLE RFC CK@CBBGLE MD RFC ASPPC
QGRS?RGMLQ default-src GQ LMR ?NNJGA?@JC ?Q RFCQMRBAERARGTAI RM GR 5FGQ
AF?LEC GL $41 NSPNMQC GQ AMIKRKCEK®QRRICL R $41 FC?BCPQ JG@EIPGL

UFGAF ?JJTE?QCCL ?L GLAPC?QC GL SQ?EC QGLACTCPRGBCARBIC upgrade-

insecure-requests ?LB block-all-mixed-content UFGJC N?PR MD RFCQC KMQR AMKKML
$41 FC?BCPQ ?PC @CGLE SQUBRLIQTMCCIGESPC

"6JH@C5D 7@ script-src

OLC MD RFC KMQR GKNMPR?LR Q@GHCHR! script-src ?Q ASP@GLE QAPGNRQ/JRFBCB @
UC@QGRC FGLBCPQ NMRCRRE?GCRTEPEFPERQBGPCARETAC SQCB UGRRPIZRRPG@SRC
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| OVUMPBQ

"@>K | <NC<E:< F= [ script-src B<PNFJ

5FC unsafe-inline 7LB unsafe-eval BGPCABGR?L QGELGKA?LRIJW PCBSAC RFC QCASPGRW
@CLCKRQ RBBCBAGS415FC unsafe-inline BGPCARGTPKGRQ REESRGML MD GLIGLC
QAPGNRQ lunsafe-eval  2JIMUQ RFC SQC MD?PRFB2BAPGNR DSLARGML 6LDMARSL?RCIW
SQC MD RFCQC GLQERABBBGE PCK?GLQ UGBCQNPC?BREELIMRIIRRF?JICLEBAGRBIE

SQC MD GLIGLC QAPGNRQ ?L eval DEDAFGML

"6JH@C5 6D<E@A $@3:=6
nonce-
strict-dynamic
unsafe-inline
unsafe-eval
'GESPC 3CJ?RGBQ?EC AF?LEC ML script-src | GVUMPBQ

JMUCTCPRFC GLAPC?QGLE ?BMNR(nonce- REB strict-dynamic | OWUMPBQ GQ ?
NMQGRBTCIMNKCLR #W SQGI nonce- |ONUMPB ? QCAPCR LMLAC A?L @C BCkLCB ?JIMUGLE
MLJIW GLJGLC QAPGNRQ UGRF RFC AMPBEIRAIBEAQ RNNPM?AF GQ ? QCASPIRMRCPL?RGT

RF( unsafe-inline BGPCARGWMP NCPKGRRGLE GLIGLC QAPGNRQ 8FCL SQCB GL AMK@GL?RGM
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RF( strict-dynamic | OVUMPB LMLACB QAPGNRQ ?PC NCPKGRRCB RM GKNMPR ?BBGRGM
DPMK W MPGEGL 5FGQ ?NNPM?AF QGKNJGKCQ QCASPC QARGNR PQ?BG IGRDNIMBE) RFCK
RM RPSQR ? QGLEJC LMLACB QAPGNR UFGAF A?L RFCL QCASPCJW JM?B MRFCP LCACQQ?

==@H65 9@DED

$41 GQ MDRCL PCE?PBCB ?Q MLC MD RFCKRIEEFRBRWINMIGAGCQ N?PRJW BSC RM RFC B
NMJIGAW J?LES?EMGBBME KLERCB AMLRANIB MCQMSPAC GLAJSQGML

"@>K /, 7<8;<| C<E>K?

3CTGCUGLE RFC M@XZRTFC?BCP JCLERFQ UCKLB RF?R  MD ?JJ FC?BCR@REPMR@
QFMPRORP AMDRE RFC JMLECQR NMJGAVGESROL GQ 2JOM WRCQ "R RFC RF
NCPACLRGJC BCQIRMN NMJGAGCIYRCQMHEB @@GJIC NMIGAMBOQ GEBGA?RGLE RF?R
K?LW UC@QGRCQ kLB GR LCACQQ?PW RM GKNYZBCLBRSUIATER 4CASRGRAWACQ
YMUCTCPUFCL ?L?JWXGLE RFC BGQRPG@SRGML MD SLGOSC ?JIMUCB FMQRQ ?APMQQ 2J.
NCPACLRGJC QFMUQ HSQR SLGOSC FMQRQ

5FC FGEFCQR LSK@CP MD SLGOSC ?JJMUCB FMQRQ GL ? NMJGAW U?Q UFGJC RFC JML
ACASPGRWGAW FC?BCP PC?AFCB WR@QD )MUCPRFGQ J?RRCP FC?BCP GQ\GLIPIREE @
LSK@CP MD PCNC, ¥FRRPARCPQ DMP SLILMUL PC?QMLQ 5FC QCAMLB JMLECQRGHE FC?BC
GQ T?JGB QN?LQ WRCQ 5FGQ SLSQS?JJW J?PEC QGXC GQ BSC RM FSLBPCBQ MD MAASF
adservice.google BMK?GL C?AF UGRF T?PG?RGMLQ GCRBUIRRGL JMIPNR
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adservice.google.com adservice.google.ad adservice.google.ae E

5FGQ QSEECQRQ RF?R RFC JMAE GAEIWI?REC $41 FC?BCPQIBAISREBABKNSRCP
ECLCPRCBWF?SQRGIGQRQ MD MPGEGLQ "JRFMSEBEBRGE RRNCAGKA CBEC A?QC GR
FGEFJGEFRQ ? JGKGR?RGML MD $41 R¥OSPARENMPAEIRAF AMSJIB MRFCPUGRRENPM

KMPC CDKAGCLR ?LB CJCE?LR QMJSRGML RM F?LBJC TSRPECNQET)EIVC RFC UC@QGRCQ
GKNJCKCLR?RGML RFGQ GQQSC AMS3IB @@HIGBENEF strict-dynamic 2LB

nonce- |ONUMPB GL script-stc  BGPCARGIFGAF CL?@JCQ RFC 2JIMUCB QAPGNR UGRF LMLAC
RM JM?B ?BBGRGML?J QAPGNRQ

5FC KMQR AMKKML )5514 MPGEGLQ GLAJSBCB GL $41 FC?BCPQ ?PC SQCB DMP JM?BGLE DMLRQ
MRFCP KCBG? DCRAFCB DPMK $%/Q

@DE 6D<E@A $@3:=6
https://lwww.googletagmanager.com
https://fonts.gstatic.com
https://fonts.googleapis.com
https://www.google-analytics.com
https://www.google.com
https://www.youtube.com
https://*.google-analytics.com
https://connect.facebook.net
https://*.google.com
https://*.googleapis.com
'GESPC .MQR DPCOSCLRJW ?JJMUCB )551 4 FMQRQ GL $41 NMJGAGCQ

"Q DMP 844 MPGEGLQ SQCB DMP TdMVBEEAMLLCARGMLQ RM ACPR?GL MPGEGLQ RFC DMJJML
UCPC DMSLB RFC KMQR AMKKML
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@DE 6D<E@A $@3:=6
wss://*.intercom.io
wss://*.hotjar.com
wss://www.livejournal.com
wss://*.quora.com
wss://*.zopim.com
'GESPC .MQR DPCOSCLRJW ?JJMUCB 84 4 FMQRQ GL $41 NMJGAGCQ

5UM MD RFCQC MPGEGLQ ?PC PCJ?RCB RM ASQRMKIHQQ intercom.io RGAI

zopim.com  MLC GQ SQCB DMP UC@QGR hotjar.com .Q?LB RUM ?PC ?QQMAG?RCB UGRF
QMAG?J KC www.livejournal.com quora.com ' MP DMSP MSR MD REOQ@KIGRCQ UC
DMSLB QNCAGKA GLQRPSARGMLQ ML FMU RM ?BB RFC MEGEVHIRRVARRQCAERBRBRIMIGAW
5FGQ GQ AMLQGBCPCBARBAENIR) GR BEQAMERRQGRC ?BREBMBQRPMK SQGLE UGJBA?PBC(
RM ?JJMU RFGPB N?PRW PCQMSPACQ UFGAF UMSJB/PCEBAIGREABPRRBC@?AACQQ RF?L
LCACQQ?PW

*F3C6D@FC46 ?E68C:EJ

8FGJC $41 GQ ? NMUCPDSJ RMMJ DMP CLQSPGLE RF?R PCQMSPACQ ?PC MLJW JM?BCB DP!I
RFCPC PCK?GLQ ? PGQI RF?R RFMQC PCQMSPACQ AMSJBNFOR BRICACBUTRFGNR KGEFR
@C JM?BCB DPMK ? RPSQRCB $%/ @SR GD RF?R $%/ QSDDCPQ ? QCASPGRW @PC?AF ?LB
AMKNPMKGQCBY RIC@QGRC SQGLE MLC MD RFMQC QAPGNRQ ANBIB @OAGKC TSILCP

4S@PCQMSPAC *LRCEPGRRWIBBCQ ? Q?DCES?PB ?E?GLQR RFGQ PGiintegrity  _E RFC
?RRPG@S <script>  ?LB <link> R?EQ ? UC@QGRC A?L QNCAGIMRBEETIF MD ?
PCQMSPAC *D RFC F?QF MD EBEEQMSBAC BMCQ LMR KRREAFCEF?QF RFC @PMUQCP
UGJJ PCDSQC RM PCLBCP RFC PCQWIRRRABELERFC UC@QGRC DPMK NMRCLRG?JJW
AMKNPMKGQCB AMLRCLR

"@>K <JBKFG J@K<J LI@E> /.%

?KKGJ<M<CFGBIFQ@CCS8 FI> ;F<D3<:LI@KRII <JFLI<7T%EK<>I@KP
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43* GQ SQOB @ ?LB
?KMSLRQ RM ? PCIARGIEC GL ?BMNRGML MD

MD 2?33 M@QCRIB N?ECQ DMP BCQIRMN ?LB KM@ GIIVBEGRCARGT

LB PCONTARGT

"@>K 1.% :FMI8>< G<I G8><

5FC ?BMNRGML MD 4S@PCQMSPAC *LRCEPGRW QCCKQ RM @C QR?EL?RGLE UGRF RFC KCBG?!
QAPGNRQ NCP N?ECBAFEXGLQR ? F?QF PCK?GLGLE?R  DMP @MRF BCQIRMN ?LB KM@GJC 5F(
KESPC F?Q PCK?GLCB TGPRS?JJW SLAF?LECB QGLAC

@DE
www.gstatic.com
cdnjs.cloudflare.com
cdn.userway.org
static.cloudflareinsights.com
code.jgquery.com
cdn.jsdelivr.net
d3e54v103j8gbb.cloudfront.net

tl.daumcdn.net

6D<E@A $@3:=6
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'GESPC .MQR AMKKML FMQRQ DPMK UFGAF 43* NPMRCARCB QAPGNRQ ?PC GLAJ

.MQR MD RFC FMQRQ DPMK UFGAF PCQMSPACQ ?PC DCRARCE?RBCIBYRCARGR 7@.JC
BGDDCPCLAC DPMK  fQ B?R? GQ RFC * cdn.shopify.com  DPMK RFC RMN FMQRQ JGQR
NPCGMSQJW ML BCQIRMN?LB ML KM@®B3Q GQ BSC RM 4FMISGEDBRARNNCB 43* GL
DTMP MD QGKGJ?P DSLARGMEBTBRERF integrity ?RRPG@S importmap UFGAF

RF®&/ €NJ?GL G®PMENMQR

'6C>:DD:@7?D '@=:4J

5FC1CPKGQQGMLIGAWMPKCPJIW ILMUL ?QEIRSPOMGAW GQ ? QCR MD KCAF?LGQKQ RF?F
2JIMU UC@QGRCQ RM AMLRPMJ UFGAF @PMUQCP DC?RSPCQ A?L @C ?AACQQCB ML ? UC
ECMJIMA?RGML UC@A?K KGAPMNFMLC ?LB KMPC ERKSUIRIEWEBAVC @QGRCQ A?L
PCQRPGAR DC?RSPC ?AACQQ DMP @MRF RNC GR@COBEE AMBRCLR CLF?LAGLE QCASPGR
2LB NPMRCARGLE SQCP SHEJ #WAMLKESPCB RFP Permissions-Policy PCONMLQC
FC?BCP DMP RFC K?GL QGRC ?7LB ?JJ G <iframe> 3IBEKCLRQ "BBGRGMICG@IW
2BKGLGQRMPQ A?L QCR GLBGTGBS?J NMJGA <iframe> QNCKGKRQ SQGLE allow >
2RRPG@SRC

"@>K <CBK@@E8I< @E 8;FGK@FE Permissions-Policy ?<8;<l =FD

*L RFC ?BMNRGML ML Permissions-Policy FC?BCP Q7?2 QGELGKA?LR PCIRRGFIC?QC
MD )MUC TCPDPMK RM RFGQMRFC EPMURR® F?QBPRGA?JIW QIJMUCB RM HSQR
5FGQ GQICARCB ?Q RFPRSPGMIGAW U?Q PCL?KCBFRIGQQGMLIBAW ?R RFC CLB MD
PCQSJRGLE GL ?L GLGRG?J NC?! *L RecEMERMERE F?Q PCKTRWBNMU QGLAC RFC
FC?BCP GQ QRGJJ QSNAMPRIBAESFPMKGSK @?QCB @PMUQCPQ

2KKGI?FG @ @E<<I@E> J?@GG@E> JLGGFIK =F| DF;LC< J:|@ GO QEKSHERKP @E :?|
?KKGI<M<CFGBIFQ@CC8 FI> ;/<300, , <ID@JI@FEC@:P
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6256C

interest-cohort=()

geolocation=(),midi=(),sync-
xhr=(),microphone=(),camera=(),magnetometer=(),gyroscope=(),fullscreen=(self),payment=()

accelerometer=(), autoplay=(), camera=(), cross-origin-isolated=(), display-
capture=(self), encrypted-media=(), fullscreen=*, geolocation=(self), gyroscope=(),
keyboard-map=(), magnetometer=(), microphone=(), midi=(), payment=*, picture-in-
picture=(), publickey-credentials-get=(), screen-wake-lock=(), sync-xhr=(), usb=(), xr-
spatial-tracking=(), gamepad=(), serial=()

accelerometer=(self), autoplay=(self), camera=(self), encrypted-media=(self),
fullscreen=(self), geolocation=(self), gyroscope=(self), magnetometer=(self),
microphone=(self), midi=(self), payment=(self), usb=(self)

accelerometer=(), camera=(), geolocation=(), gyroscope=(), magnetometer=(),
microphone=(), payment=(), usb=()

browsing-topics=()
geolocation=self
'GESPC .MQR NPIRJCLRAPKGQQGMIGAGCQ

OLJW  MD BCQIRMN FMQRQ ?LB  MD KM@GJC FMQRQ QCR RFC Permissions- iLE RFC
Policy PCQNMLQC FCZBTPNMJIGAW GQ NPGK?PGYAISQGE\RMNR MSR MDfMMEJC

' CBCPRCBG?PLGLE MD $MFMRRE) '- MD FMQRQ RF?R GKNJCKC Permissions-

Policy FC?BCP QCR RFC NV interest-cohort=() 5FGQ SQ?EC GQ N?PRJW BSC RM RFC
AMLRAEPQW RF?R$-QN?RB BSPGLE GRQ RPG?J NCPGMBVERPRISEHRGK?RCIW PCNJ?ACB
@V RFOMGAQ "1* RFC AMLRGLSCB S interest-cohort BGPCARGGEFJGEFRQ FMU
QNCAGKA AMLACPLQ A?L QF?NC RFC ?BMNRGML MD UC@ NMJGAGCQ

“JJ MRFCP M@CBORT?BCPQ UGRF ?R JC?QR  MD FMQRQ GKNJCKCLRGLE RFCK ?PC ?GKCB 7R
PCQRPGARGLE RFC NCPKGQQGML A?N?@GJIGRGCQ MD RFC UC@QC <iframe> JD ?LB MP GRQ Cl
CJCKCLRQ 4GKGJ?P RM RFC $MLRCLRIEARFERNGQQGMLIGAWMBIT\@BCD?SJIRh

GLQRC?B MD gQ@#SPD@IRh ?@QCLAC MD RFC NMIGAW CLR?GJQ ?@QCLAC MD NPMRCARGMI
2NNPM?AF 2GKQTRIBB @PC?IGLE UC@QGRC DSLARGML?JGRW UFCL GLRPMBSAGLE LCU NMJGA

MD QGRCQ/SIJGAGRIW € * WREBA?PB NM2EAWGLE RFC UC@QGRC ?LB ?JJ CK@CBBCB

<iffame> CJCKCLRQ UFCPC LM KMPC P@ allow RBRPG@SRC GQ NPCQCLR RW PCOSCQR 7L
NCPKGQQGML RFMSEF RFGQ GQ RFUBIPUEIR @BERGQQGMLITAW GQ LMR QCR

5FC ICPKGQQGMLIBAW A?L ?2JQM @C BCKLCB GLBGTGBS?JJW DN <iframe> (FCBREF
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GFallow ?RRPG@IRECZ?KNJIC ? <iframe> A?L @C NCPKGRRCB RM SQC RFC ECMJMA?RGM
A?KCRP NCPKGQQGWLQGRRGLE RFC ?RRPG@SRC ?Q DMJIMUQ

<iframe src =" https://example.com allow ="geolocation 'self'; camera

* "></jframe >

0SRMDRFC  KGJJ <iframe> CJCKCLRQ M@CEOBI RFC BCQIRMN AP GLAJSBCB RFC

allow ?RRPG@SRC 5FGQ K?PIQ ? QGELGKA?LR GLAPCRRICGAIGNERIEBREY 9;:@4
UFCLMLJW ML <iframe> CJCKCLRQ F?B allow ?RRPG@SRC GLBGA?RGLE RF?R GRQ S
F?Q KMPC RF?L BMS@JCB GL HSQR MLC KMLRV/NIRI?ERB@E M REB@P?LEC GQ RF?R
MLC MPT@RJ UGBCJW SQCB RFGPB N?PRWTIMNHIGREEPREB RFGQ SNB?RC ?APMQQ RFCGP
<iframe> CJCKCLRQ (@TRFC ?B QNCAGKA BGRIARGWU M@QEEGQNIB GL RFC R?@JC
@CJIJMBMU ?LB  LMLC MD UFGAF UCPC NPCQCLR GL CJBRREQRIGL ?B QCPTGAC GQ
PCQNMLQG@JC DMP RFGQ QFGDR

:C64E:G6 6D<E@A $@3:=6
join-ad-interest-group
attribution-reporting
run-ad-auction
encrypted-media
autoplay
picture-in-picture
clipboard-write
gyroscope
accelerometer
web-share
'GESPC .MQR NPIRJCL allow ?RRPG@SRC BGRCARGT

$MKN?PCBRM  RFC RMN KMQR AMKKML BGRCARGE™MU JEBREPCC LCUJW GLRPMBSACB
BGPCARQ join-ad-interest-group attribution-reporting ?LB run-ad-

auction  5FC kPQR ?LB RFGPB BBPCRE@NCAGKA RMIQVINPEI?AW 4?0MB &I 23]

M@QGB BGPCARGEIL RFC RMN  ?JKMQR LMLC UCPC SQCB GL AMK@GL?RGML UGRF ?L MF
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| GVUMPB  C 'src' 'self' ?LB 'none’ KC?LGLE RFC JM?BCB N?EC GQ ?JJMUCB RM PCOSCQR
RFC GLBGA?RCB NCPKGQQGML PCE?PBJCQQ MD GRQ MPGEGL

7C2>6 D2753@!I

&K@CBBGLE RFGPB N?PRW UC@C <iframe> RRGKCLRQ ?WUQ A?PPGCQ PGQIQ RFMSEF GR
KGEFR @C LCACQQ?PW RM CLPGAF ? UG@EIPMRHIRGIBRWGRC ?BKGREGORRFMSIB
@CU?PC RF?R ? PN <iframe> A?L @NJMGRIFI KCAF?LGQKQ RM F?PK SQCPQ QSAF 2Q
J?SLAFGLE NMN SNQ MP PCBGPCARGIEI RPERRM 2K ?IGAGMSQ BMK?GL

5FCQC PGQIQ A?L @C ABP@XGEMBLE F sandbox ?RRPG@SF <iframe> CJCKCLRQ

%MGLE RFGQ RFC AMLRCLR JM?BCB UGRFGL GQ PCQRPGAREE RRRFSIA@GRBCKROBABL @C
SQCB RM NEIR RFC CK@CBBCB AMLRCLR DPMK ?@SQGLE A?N? GREREFES0OGREFLL NPM
CKNRW QRPGLE ?Q T?JSC RFC NMIGAW GQCHRFGEROMNG MUE? L GBOH CBBGLE

QNCAGKA BGRIARETUFGAF C?AF F?Q RFCGP MUL QNCAGKA PQUPERGNIC FFSICQ '
DMJJIMU( <iframe> UMSJB 2JJMU RFC CK@CBBCB UC@N?EC RM PSL QAPGNRQ

<iframe src =" https://example.com sandbox =" allow-scripts "></iframe >

5FC sandbox ?RRPG@SRC U?Q GHERICPT?LB  MD  <iframe> CJCKCLRQ DMP BCQIRMN
7LB KM@GJC PCQRONREIGEFR BPMN DPMK RFC ~ ?LB PCNMPRCB GL  .S&F JGI

RFC QSBBCL QN\E allow ?RRPG@SRC SQ?EC KCLRGMLCBEMRFQGHRGML RFGQ BCAJGLC
AMSJB @C ?RRPG@SRCB RM ? AF?LEC GL REB&KMBSQ BIK@EBBCB QCPTGAC UFCPC RFC
sandbox ?RRPG@SRC U?Q MKGRRCB DPMK | <iframe> J?RC
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"@>K ,| <NC<E:< F= JBEQHRIK@VFE @>kJ

.MPC RF?L MD N?ECQ RF?RORF sandbox ?RRPG@SRC QCRBLC?E@DBR RM ?JIMU
QAPGNRQ GL RFC CK@CBBCB UC@N? allow-scripts BGPCARGT

EE24< AC6G6?7E:@?D

8 C@ ?NNJGA?RGMLQWIIMIERCB GL LSKCPWEQAUB UFGJC RFCPC WEEREMBQ RM
NPMRCAR RFCK GR A?L @C BGDKASJR RVEGOMRAERAISNILE 5FGQ AF?JJCLEC GQ FCGEFRC
UFCL NPMRCARGMLQ ?PC LMRWIB@XSBREMP PCOSGPC MNR GL *L MRFCP UMPBQ UC@QC
2BKGLGQRMPQ KSQR@E®MD NMRCLRG?J CRRYMRQ PELIR RM RFCGP ?NNJGA?RGML ?LB FV
RM NFCLR RFCK SFCPCDNIPISZTRGLE UFGAF ?RRTBLRBEIL KC?QSPCQ ?PC GL NJ?AC GQ APS
DMP ?QQCQQGLERBCGCASPGRW MD@FC 8

*64FC:EJ 96256C 25@AE: @7

MQR QCASPGRW NMJGAGCQ ?PC AMLKESPCB RFPMSEF PCONMLQC FC?BCPQ UFGAF GLQI
UFGAF NMJGAGCQ RM CLDMPAC "JRERVBEFCUBRERW NMJIGAWR GIIFPEYCUC@QGRC RFC
2@QCLAC MD ACPR?GL QCASPGRW FC?BCPQ QSEECQRQ RREPQUEIQGR?BKGLGQRP
AMLQGBCPCB MP NPGMPGRGXCB QCASPGRW KC?QSPCQ
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"@>K ;FGK@FE F= J<:LI@KP ?<8;<1J <HLXIKX®E ;<IBKFG G8><J

0T CP RFC N?QR RIZMQVRFPCC QCASPGRW HCTBCERFBCAPC?QC GL SQ?EC 5FC KMQR
LMR?@JC BCAJGLC (Expect-CT FC?BCRIFGAF U?Q SQCB RM MRPRIGKMH?RC

5PPLQN?PCLAWFGQ FC?BCP GQ LMU BCNPCA?RCB @CA?SQRLEINTGHAMRG CLMRDICB @
BCD?SJR 4GKGRF Feature-Policy FC?BCP F?Q BCAPC?QCB GL SQ?EC BSC RM GRQ PCNJ?ACK(
@V RF Permissions-Policy FC?BCP?QRJRF( Content-Security-Policy-Report-

Only FC?BCP F?Q ?JQM BCAJGLCB 5FGQ FC?BCP U?Q SQCB NPGK?PGJW DMP RCQRGLE ?LB KM
GKN?AR MD ? $MLRCLR 4CKSBERV@CLBGLE TGMJI?RGML PCNMPRQ RM ? QNCAGKCB CLBNMGLR
GKNMPR?LR RM LMRC [ Report-Only ~ FC?BCP BMCQ LMR CLDMPAC RFC $MLRCMIGBASPGRW 1
GRQGIM GRQ BCAJGLC GL SQ?EC BMCQ LMR GLBGA?RC ? PEBISYREMLOGUMRASAGRW

FC?BCPQ GKN?AR QCASRER\Y?DCIW ?QQSKC RAZRRFZBMINRGML MD QCASPGRW FC?BCPQ
AMLRGLSCQ RM EENMIMARGLE ? NMERERGB GL UC@ QCASPGRW

5FC QRPMLECQR ?@QMJISRC PGQCPQ Strict-Transport-Security X-
Content-Type-Options ?LB Content-Security-Policy

?KKGI<MCFGBIFQ@CC8 FI> ;<B3<:LIQKRIK@]:8K<TBEJGBIE:P
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'C6G67?E:?8 4=:4<;24<:?8 H:E9 *' 275 X-Frame-Options

"Q BGQASQQCBBIWEQUIVC MD RFC NPGK?PW SQEM) ROLRFCASPBB®ASY RM TRR
AJGAIH?AIGLE ?RR?AIQ 5FGUDB@PRMSEF frame-ancestors ~ BGPCARGIFGAF 2JIMUQ
UC@QGRCQ RM QNCAGDW UFGAF MPGEGLQ ?PC NCPKGRRCB RM CRETBRECGRIN?ECQ U
QW RF?R RFGQ BGPGARBIKKMLIW SQCB RM CGRFCP AMKNJCRCJW NPMFG@GR CK@CBBC
RM RFC Q?KC MPGESRC

"LMRFCP KC?QSPC ?E?GLQR AJGAIH?, X-Frame-Options 90 FC?BCRRFMSEF GR
NPNGBCQ JCQIBEEPP AMLRPMJ AMKN?PCBIRIE $41FC?BCP A?L @C Q( SAMEORIGIN
2JIMUGLE RFC N?EC RM @C CK@CBBRRKIBWWECQ DPMK RFC Q?KC DENYEGEGHP
AMKNJCRCJIW @JMACK@CBBGLE MD RFC N?EC "Q QFMUL GL RFEKRZERICAERTIMY ?PC
AMLKESPCB RM PCJ?V RFC\WRIBNGEE Q?KC MPGEGL UC@QGRCQ RM CK@CB RFC N?EC

6256C 6D<E@A $@3:=6
SAMEORIGIN
DENY
'GESPC X-Frame-Options FC?BCP T?JSCQ

"JRFMSEF BCNPCA?RCB  MD Mi& X-Frame-Options ~ FC?BCPQ ML BCQIRMN ?LB ML
KM@GJC QRGJJ ALLOW-FROMBGPCARMIFGAF DSLARGMLQ QGKG:! frame- M RFC

ancestors BGPCABR®@ QNCAGDWGLE RPSQRCB MPGEGLQ RF?R A?L CKE@EREEESW?EC )MU
KMBCPL @PMUQCPQ ' X-Frame-Options ~ FC?BCPQ AMLR?GLC ALLOW-FROMBGPCARGT

RFGQ AMSJB APC?RC E?NQ GL RFEIB2GRGIRICE BCDCLQTQPRAG?NRGACW @ C
GLRCLBCB DMP @?AIU?PB AMKNGRGRIRBRBCNPCA?RCB FC?BCP GQ SQCB ?JMLEQGBC ?
QSNNMPRCB $MLRCLR 4CKHIBBRVRE?R GLAJS frame-ancestors BGPCARGT

'‘C6G67E:?8 2EE24<D FD:?8 C@DD &C:8:? A@=:4:6D

OLC MD RFC AMPC NPGLAGNJGIEMBRRE® PCSQC ?LB CK@CBBGLE MD APMQQ MPGEGL PC
YMUCTCPMSP QCASPGRW NOEQNENBRRRGAC F?Q QGELGKA?LRIW QFGDRCB UGRF RFC Ck
MD KGAPM ?PAFGRCIRESAIQCIGNCARPC ?LB .CIJRBMUL ?LB $PMQEPHERG C?1Q

RF?R ICRPEC QGBC AF?LLCJQ RICBIMWRCLRG?JIW QSQUBREDMPK?RGML 5FCQC RFPC?RQ
F?TC APC?RCB ? EPMUGLE LCCB DMP KCAF?LGQKQ RM AMLRPMJ UFCRFCP ?LB FMU PCQMS
PCLBCPCB/@RFCP UC@QGRCQ UFGJQR CLQSPGLE @CRRCP NPMRCARGMIGFEPGLQR RFC

5FGQ BCK?LB JCB RM RFC GLRPMBSEARGMCWQEXSPGRW FC?BCPEAWMIICARGTD

?KKGIDJIC<8BJ ;<M
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| FJJ +1@>ENMIGA( Cross-Origin-Resource-Policy $031  Cross-Origin-

Embedder-Policy $0&1 ?LB Cross-Origin-Opener-Policy $001 5FCQC FC?BCPQ

NPMGBC PM@SQR AMSLRCPKC?QSPCQ ?E?GLQR QGBO\AAVILRRMVRBRAIGND PCQMSPACQ ?PC
QF?PCB ?LB CK@CBBCB ?APMQQ MPGEGLQ "BMNRGML MD RFCQC NMJGAGCQ F?Q @CCL QRC?|
UGRF RFC SQC MD $PMQQ 0PGEGMOGEWOFCPPJW BMS@JGRE ORAFRIFC N?QR =R W

"@>K 1J8>< F= FJJ +l@>@E ?<8;<lJ @E 8E;

C@DD &C:8:? >36556C '@=:4J

5FC$PMQQ OPGEGL &K@OBBERACQRPGARQ RFC A?N?@GJGRGCQ MD UC@QGRCQ RF?R CK@CE
MPGEGL PCQMSPACQ $SRRIQBREQ LM JIMLECRAZQQ RM NMUCPDSJ DC?RSPCQ JGI
SharedArrayBuffer ?LB SLRFPMRRJCB RGKCPQ RF Performance.now() "1* ?2Q

RFCQC A?L @RIMGRCB RM GLDCE GCDOIBRERGML DPMK APMQQ MPGEGL PCQMSPACQ *D ? UCC(
PCOSGPCQ ?AACQQ RM RFCQC DC?RSPCQ GR KSQR QGEL?J RM RFC @PRRNMIRIRF?R GR GLRC
UGRF APMQQ QGRC PCQMSPACQ TG? APCBCL credentialless QIMRQGRF PCQMSPACQ
RF?RVNIGAGRJIW NCPKGR ?AACQQ DPMK MRFCF Cross-Origin-Resource-Policy

FC?BCF require-corp

?KKGJ<M<CFGBIFQ@CCS8 FI> ;<D300, $<8;<lJ | FJJ+I@>@E !D9<;;<FC@:P
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&' G2=F6 6D<E@A $@3:=6
unsafe-none
require-corp
credentialless
'GESPC 1PT?JCLAC MD $0&1 FC?BCP T?JSCQ

5FC K?HMPGRW MD UC@QGRCC Cross-Origin-Embedder-Policy FC?BCP GLBGA?RC

RF?R RABM LMR PCOSGPC ?AACQQ RM RFC NMUCPDSJ DC?REBP unsafe-none CB ?@M
5FGQ @CBMP GQ ?JQM RFC BCD?SJR GD RFC $0&1 FC?BCP GQ ?@QCLR KC?LGLE RF?R UC
?SRMK?RGA?JIWRINSEBCP PCQRPGARCB ?AACQQ RM APMQQ MPGEBNFEABRIFACQ SLICC
AMLKESPCB MRFCPUGQC

C@DD &C:8:? )6D@FC46 '@=:4J

$SMLTCPQCIWVZ @QGRCQ RFERPQORISPACQ A?L S Cross-Origin-Resource-Policy

PCQNMLQC FCRBCRRR ¥NJGAGR NCPKGQQGML DMP MRFCP UC@QGRCB REIMEBER RFC (
5FGQ FC?BCP A?CRRIC MD RFPCC T same-site ~ ?2JJIMUGLE MLJW PCOSCQRQ DPMK RFC Q?k
QGRC RM PCREGPCQMES same-origin PCQRPGARGLE ?AACQQ RM PCOSCQRQ DPMK RFC (
MPGEGL cross-origin NCPKGRRGUEMPGEGL RM ?AACQQ RFC REBQR BRGECRGLE
QGBC AF?LLCJ ?RR?AIQ $031 A?L ?2JQM NPMRCAR ?E?GLQR $PMQQ 4GRC 4ARBNR *LAJSQG
GLQR?LAW BGQ?JIMUGLE ? BWIZHBRGRR PCQMSPAC DPMK @GECRUEAQNIPD MPGEGL
UC@QGRCQ $031 FCINQURARFC JC?IGLE MD QAPGNRQ UWERIDQTCLQGRGT

&)' G2=F6 6D<E@A $@3:=6
cross-origin
same-origin
same-site
'GESPC 1P ?JCLAC MD $031 FC?BCP T?JSCQ

5FC $031 FC?BCP GQ NPGK?PGJW SQCB RM 2JIMU ?ASBQQEMFFHCEEWKIPGEGL UGRF
RF(cross-origin T?JSC @CGLE RFC KMQR AMKKMLIW QCR *L DCUCP A?QCQ RFC FC?BCF
2AACQQ JCQQ RF?L MD UC@QGRCQ JGKGR PCQMSPACQ RM RFC Q?KC MPGEGL ?LB JCQ
RFCK RM RFC Q?KC QGRC
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C@DD &C:8:? &A6?76C '@=:4J

$PMQQ OPGEGL ONQUTRPAMB001 FCINQ AMLRPMJ FMU MRFCP UC@ N?ECQ A?L MNCL ?LB
PCDCPCLAC RFC NPMRCARCB N?EC $001 NPMROARIEAGRINBG Q?( unsafe-none

UFGAF GQ ?JQM RFC BCDPSMP@CFP®QCLAC MD RFSFE same-origin -~ T?JSC ?2JIMUQ
PCDCPCLACQ DPMK N?ECQ UGRF RFC Q? same-origin-allow-popups ?BBGRGML?JIW

?JJMUQ PCDCPCLACQ UGRF UGLBMUQ MP R?@Q 4GKGJ?P RM RFC $MIGAYERPREBC@K@CBBCP .
JQT RF SharedArrayBuffer ?LB Performance.now() ?PC PCQRPGARCB SLJCQQ $001 GQ
AMLKESPCB same-origin

&&' G2=F6 6D<E@A $@3:=6
same-origin
unsafe-none
same-origin-allow-popups
'GESPC 1P ?JCLAC MD $001 FC?BCP T?JSCQ

/C?PJIW F?2JD MD ?JJ RB$PORTFC?BCPQ CKNUNMRFC QRPGARCQF same-origin

'C6G67E:?8 2EE24<D FD:?8 Clear-Site-Data

5FC Clear-Site-Data FC?BCPJIMUQ UC@QGRCQ RM C?QGJIW AJC?P @PMUQGLE B?R? ?QQMAG
RFCK GLAJSBGLE AMMIGEGQ QEBMF?AFC 5FGQ GQ N?PRGASJI?PIW SQCDSJ ?Q ? QCASPGRW KC?
UFCL ? SQCP JMEQ MSR CLQSPGLE RF?R ?SRRTIRCAAPREACRYCCQERMPK?RGML ?PC

PCKNICB ?LB A?LLMR @C ?@SQCB 5FC FC?BCPfQ T?JSC QNCAGKCQ UF?R RWNCQ MD B?R? RFC |
PCOSCQRQ RFC @PMUQCP RM AJC?P

“BMNRGML ML Clear-Site-Data FC?BCP PCK?GLQ JGKGRCB MSP M@QCPT?RGMLQ GLBGA?RC |
MLIW  FMQRQ  MD ?JJ FMQRQ SQC RFGINMECIBERFGQ DSLARGML?JGRW GQ NPGK?PGJIW
SQCDSJ ML JMEMSR N?ECQ URBAERBEIGR LMR A?NRSHCQRGE?RC JMEMSR N?ECQ RFC
ARUJCP UMSJB LCCB RMREXCELB RM BCRCAR ?RBREUSEE 2AAMSLR PRGEIQRIMEGL ?LB

JMEMSR DSLARGML?JGRW ¢ ?L SLBCPR?IGLE RF?R UMSJB PCOSGPC OSGRC QMKC CDDMPR 4M|
2JPC?BW @CCL K?BC GL RFGITASPGRW ?LB NPGT?AW PCQC?P2ERIAK?RSAE AQEGLQ

RM UC@ N?ECQQB?SRMK?RGLE PCEGQRCPGLE

?KKGJ<M<CFGBIFQ@CCS8 FI> ;<D300, $<8;<lJ | FJJ+I@>@E +G<EQ@:P
?KKGNNN E;JJ JPDGFJ@LD FI> NG :FEK<EK LGCF8;J G8G<IG;=
?KKGJC 8D FI> ;F@ G;=
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=62C D:E6 52E2 G2=F6 6D<E@A $@3:=6
"cache"

cache

cookies

"cache", "storage", "executionContexts"

"cookies"

"cache", "cookies'

, "storage”, "executionContexts"

"storage"

"cache", "storage"

cache, cookies, storage
'GESPC 1P ?JCLAC Clear-Site-Data FC?BCPQ

$SPPCLR SQ?EC B?R? QFMUQ Clear-Site-Data header GQ NPCBMKGL?LRIW SQCB RM
AJC?P A?AFC *RfQ GKNMPR?LR RM LMRC RF?R RFC T?2JSCQ GL RFGQ FC?BCP KSQR @C CL/
K?PIQ DMP GLQR cache GQ GLAMPPCAR ?LB QFMSJB @("cache” CLRGPCQRGLEJW

RFCPC F?Q @CCL QGELGKATCRGKNBM?BFCPCLAC RM RFGQ QWLR?V PSJC GL MD
BCQIRMN ?LB  MD KM@GJC UC@QGRCQ UCPC DMSLB SQ(cache T EISKMNATETR

RFCQC LSK@CHG EMU BPMNNCBRM  ?LB  DMP BCQIRMN ?LB KM@GJCCRGQNCARGT

'C6G67E:?8 2EE24<D FD:?8 <meta>

4MKC QCASPGRW KCAF?LGQKQ ML RFC UC@ A?L @C AM meta 'EBERFBUREE QMSPAC

)5.- MD ? UC@ N?EC DMP GLQR?I Content-Security-Policy ?LB Referrer-Policy

5FGQOAP ?LB MD KM@GJC UC@QGRCQ CL?@JC $41 ?LB 3CRIGBRGFPCQRIARGT

SQGL meta R?EQ 5FGPRWC kLB RF?R RFCPC GQ ? QIGEFR GLAPC?QC GL RFC SQC MD RFG!
QCRRGLE RFC 3CDOBBBRA? QIGEFR BCAPC?QC DMP QCRRGLE $41
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Meta tag Desktop Mobile
GLAJSBReferrer-policy
GLAJSBCQ $41
GLAJSBroqt-allowed policy
'GESPC 5FC NCPACLR?EC MD FMQRQ CL?@JGLE BGDDCPCLR NMJGAGCQ SQGLE ? KCF

%OCIMNCPQ QMKCRGKCQ 2JQM RPW RM CL?@JC MRFCRWERXEHE meta GARSBEGAB

GQ LMR 2JIJMUCB ?LB UGJJ RFSQ @C GELMPCB SQRNEREY GPK( 4976 N?ECQ RPW RM

QCR R X-Frame-Options  SQGLE meta R?E UFGAF UGJJ @C GEL.RPCR@MBPGR) GQ 7L
2@QMJISRC GLAPC?QC AMKN?PCBRM @SR MLIJW @CA?SQC RFCPC UCPC KMPC RF?L RUGAC
N?ECQ GLAJSBCB GL RFC B?R? QERRFCPRGD ? QJGEFR BCAPC?QC DPMK ~ RM ML
KM@GJC N?ECQ?LB  RM ML BCQIRMN N?ECQ

.63 CJAE@8C2A9J '

8 C@ $PWNRMER "1* GQ ? ¥24APGNR "1* DMP NCPDMPKGLE @?QGZGARWREBAER) ML ?
UC@QGRC QSAREBRIKLSK@CP ECPRBML F?QFGLE QGEL?RSRGHCIZLBAGKA?RGML ?LB
CLAPWNRGML ?LB BCAPWNRGML

?KKGNNNN FI>0.3 <9 IPGKF %
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62EFC6 6D<E@A $@3:=6
CryptoGetRandomValues
SubtleCryptoDigest
SubtleCryptolmportKey
CryptoAlgorithmSha256
CryptoAlgorithmEcdh
CryptoAlgorithmSha512
CryptoAlgorithmAesChbc
CryptoAlgorithmShal
SubtleCryptoEncrypt
SubtleCryptoSign
'GESPC 5FC SQ?ECQ MD DC?RSPCQOEDFRVINFMER "1*

*L AMKN?PGQML RM RFC J?QR "JK?L?A RFC $PWNRRISBQABMMRGLSCB RM BPMN ?LB GR BG
QM ?R ? KSAF FGEFRP GL RFC N?QRIRBNY WPMNNGLE BMULRM  %CQNGRC RF?R BPMN GI
AJC?PJW AMLRGLSCQ RM @C RFC KMQR ?BMNRCB DC?RSPC D?P ?FC?B MD RFC MRFCP DC
$PWNRM(C3?LBMRISCQ RF/BRKT KMQR SQCB DC?RIRGQEAMKC KMPC UGBCJW ?BMNRCB
PGQGLE DPMK SLBCP RM ?BMRRQMAGRUCCL  ?LB

@E AC@EG4E:@? D6CG:46D

#CA?SQC @?B @MRQ PCK?GL ? QGELGKA?LR GQQSC ML RFC KMBCPL UC@ UC QCC RF?R R
NPMRCARGMLQ ?E?GLQR @MRQ F?Q AMLROLECIECRALMRELP $1SKN GL ?BMNRGML DPMK
MD BCQIRMN QGRCQ ?LB  MD KM@GJC QGRCQGL RM ?LB CREQNERARGTKQ

RF?R BCIMNCPQEBICQRCB GL NPMRCARGLE KMPC KM@GJC UC@QGRCQ @PGLEGLE RFC
NPMRCARCB BCQIRMN ?LB KM@GJC QGRCQ AJMQCP RMECRFCP
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"@>K 07<;@JIKI@ILK@FE FXOR@HE J<IM@:<J @E LJ<

PC$"15%)" PCK?GLQ RFC J?PECQR NPMRCARGML KCAF?LGQK GL SQC @SR F?Q QCCL ? PCBSARC
SQC *L AMKN?PGQML $JMSBI?PC #MR .?L?ECKCLR F?Q QCCL ?L GLAPC?QC GL ?BMNRGML ?LB P
RFC QCAMLB J?PECQR NPMRCARGML GL SQC

+$# D2?7:E:K2E:@7?

" LCU ?BBGRGML RM K?HMP @PMUQ setHTMLUnsafe ?LB ParseHTMLUnsafe "1*Q

RF?R ?JIMU TGBINCPFOC ? BCAIRBITQF?BMU %0. DPMKFAAPGNRFCL ? BOCJMNCP
SQCQ ASQRMK )5.- AMKNMLCLRQ DPMKRGNR RF?R GLAJSBC ? BCKLGRGMREBMWP ? BCAJ?P
QF?BMU %0. SQGI <template shadowrootmode="open">...</template> SQGLE

innerHTML  RM NJ?AC RFGQ AMKNMLCLR ML RFC N?EC UGYNOAROBIFIFEA?L @C
NPTCLRCBWESQGLE RFC ?JRC setHTMLUnsafe RF?R KZTQ QSPC RFC BGXEPRF?BMU

%0. GQ R”CL GLRM ?AAMSLR

8FCL SQGLE RFCQC "1*TLHANCPQ KSQR @C A?PCDSJ RM MLIJW N?QQ ?JPC?BW Q?DC T?JSCQ RM
"1*Q @CA?SQC ?Q RFC L?KCQ GYNNCRIEQ?DC KC?LOMERFII LMR Q?LGRGXTCGLNSR EGT
UFGAF K% JC?B RM 944 ?RR?AIQ

?KKGJ<MKCFGHIFD< :FD 9CF> E<N @EFRK ;J;
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62EFC6 6D<E@A $@3:=6
ParseHTMLUnsafe
SetHTMLUnsafe
'GESPC 5FC LSK@CP MD N?ECQ SQGLE )5.- Q?LGRGX?RGML "1*Q

5FCQC "1*Q ?PC L@QM JMU ?BMNRGML GINRMBBBDMSLB MLIJW N?ECQ GL RMR?J SQGLE
parseHTMLUnsafe ?LB SQGL setHTMLUnsafe UFGAF GQWYRECKCJW QK?JJ LSK@CP
PCJ?RGREM RFC LSK@CP MD N?ECQ TGQGRCB

C:G6CD @7 D64FC:EJ >6492?:D> 25@AE:@?

8 C@ BTIMNCPQ AZICFR?LW PC?QMLQ RM ?BMNR KMPC QGRSAGRWERE RFPCC NPGK?PW
MLCQ ?PC

i 4MAGCR?J GL ACPR?GL AMSLRPGCQ RFCPC GQ KMPC QCASPGRW MPGCLRCB CI
K?W @C JMA2QRF?R RAKMPC NSLGREPQSPCQ GL A?QC MD ? B?R? @PC?AF MP \
AW@CPQCASPGRW PCJ?RCB GLAGBCLR

i 5CAFLMJMEGA?J BCNCLBGLE ML RFC RCAFLMIJMEW QR?Al GL SQC GR KGEFR @¢
QCASPGRW DC?RSPCQ 4MKC DC?RSPCQ KGEFR LMR @C QSNNMPRCB ?LB UMSJ
?BBGRGML?J CDDMPR RM GKNJCKCLR "BBGLE RMERPR MCRPRARU?PC KGEFR
CL?@JC QCASPGRW D@?BSPCEIRGL RFCGP NPMBSARQ MP FMQRCB QMJSRGML!

i IMNSJ?PGRW UGBCJW NMNSJ?P WO@ACREPRER?PECRCB ?RR?AIQ RF?L ? UC@!
RF?R GQ JCQQ ILMUL @3BRH? 7TRRIKMPC QCASPGRW PCQC?PAFCPQ MP UFGRCF
F?AICPQ RM JMMI ?R RFCGP NPMBSARQ FCJINGLE RFC QGRC GKNJCKCLR KMPC (
AMPPCARJW

#@42E:@? @7 H63D:E6

5FC JMA?RGML UFCPC ? UC@QGRC GQ FRIIRBE M BROBCQCE A?L TAIRMARQ ML
?BMNRGML MD QCASPGRW DC?RSPCQBFCLOQESHORERIMNCPQ UGMNEMIC ?QRFC
A?LLMR GKNJCKCLR DC?RSPCQ®/RIPAR RPEC MIBBGRGMLANM?IIR A?L QMKCRGKCQ
K?LB?RC RFC ?2BMNRGML MD ACPR?GRATEHEEGRW NP
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"@>K 0?7< 8;FGK@FE F=$00,/ G<I :FLEKIP KFG 8E; 9FKKFD :FLEKI@<J

/CU; C?J?LB AMLRGLSCQ RM JC?B GL RFC ?BMNRGML MD )5512CRK@QGREUCLRRGCQ
?PC DMJIMUGLE RFC ?BMRIRGRQLIB/ AIMQCJIW ?Q RFC RMN AMSLRPGCQ ?JJ PCRAF ?BMNRGML |
"JOM RFC RPGIJGLE AMSLRPGCQI?QCCL ? PGQC GL )5514 ?BMNR&WL @GRF ?JJ

AMSLRPGCQ LMU PC?AFGLE ?BMEBRGHMEG@OFMUQ RF?R ?2JKMQR ?JJ AMSLRPGCQ AMLRGLSC
RFCGP CDDMPRQ GL K?IGLE )5514 RFC BCD?SJR KMBC
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"@>K 0?7< 8;FGK@FE F= /, 8E; 4"+ G<I| :FLEKIP KFG 8E; 9FKKFD :FLEKI@<J

8 C QCC RF?R RFC RMN AMSLRPGCQ GL RCPKQ MOG4%2EMRAGER M2 2JKMQR ? OS?PRCP

MD RFCGP UC@QGRORIGEE RMSLRPGCQEW QCCL ?L GLAPC?QC GL RFCE@EIIGR $41

KMPC KMB@RC MLC *L ECLIRFC ?BMNRGML MD @MRF 9'0 ?LB $41 EEW?GIRIGCE ?KMLE

AMSLRPGCQ ?LB RFC E?N @CRUCCL $41 ?LB 9'0 PCK?GLQ COS?JJW J?PEC GD LMR J?PECP
PC?AFGLE SN RM

+649?@=@8J DE24<

2L W QGRCQ ML RFC ASPPCLR UC@ ?PC K?BC SQGLE J?PEC $.4 QWQIREIT FRXGEERW
DC?RSPGQREZD?SIR RM NPMRCAR RFCGP SQCPQ
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+649?@=@8J *64FC:EJ 762EFC6D

Strict-Transport-Security

8GV .
X-Content-Type-Options
X-Content-Type-Options

#IJMEECP yp_ ¢
X-XSS-Protection
Strict-Transport-Security

40S?PCQN?AC

X-Content-Type-Options

%PSN2) X-Content-Type-Options
0! ?
X-Frame-Options

Content-Security-Policy
Cross-Origin-Opener-Policy
Cross-Origin-Resource-Policy
(MMEJC 4GRCQ  Referrer-Policy
X-Content-Type-Options
X-Frame-Options
X-XSS-Protection

Content-Security-Policy
.CBGSK Strict-Transport-Security
X-Content-Type-Options (99.1%)

Strict-Transport-Security (100%),

4S@QR?AI .
X-Frame-Options (100%)

Referrer-Policy

8 ?ER?GJ X-Content-Type-Options
X-Frame-Options
Strict-Transport-Security

1JMLC .
X-Frame-Options

'‘GESPC  4CASPGRW DC?RSPC@/GCIQBREB $.4 QWQRCKQ

*RfQ AJC?P RF?RVIKAHMP $.4fQ RF?R ?PC FMQREB @RBGLE AMKNZLB UFCPC MLIJW

AMLRCLR GQ APOARTECEQ QSAF ?Q 8GV 40S?PC4AN?AC (MMEJC 4GRCQ .CBGSK ?LB 4S@QR?AI
MSR QCASPGRW NPMRCAR@WMYGGBECBMNRGML MDHHEARCGLRWNC ONRGMLQ 942 9
1PMRCARGML GL RFC SNNCP  ?BNRIRGWMMEJIC QGRCQ AMLRGLSCQ RM @C RFC $.4 RF?R F?Q F
FGEFCQR LSK@CP MD QCASPGRW DC?RSPCQ GL NJ?AC

" MP $.4fQ RF?R A?L @C C?QGJW QCJD FMQRCB QSAERQAIMIEGAP IBMPC BGDKASIR RM AMLRPM
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RFC PMJIMSR MD DC?RSPCQ @CA?SQC RFC BAMURRRWWGHSCLAC RFC SNB?RGMBCF?
MD SQCP@@QGRCQ FMQRCB SQGLE RFCQC $.4fQ AMSJB @C MLJGLC UGRFMSR AF?LEC GL
DC?RSPCQ DMP ? JMLE RGKC

.63D:E6 A@AF=2C:EJ

-?PEC UC@QGRCQ MIRTEGRF LSK@CP MD TGQGRMPQ ?LB PCEGQRCPCB/$QGEERMD UFG/
QRMPC FGEFJW @RBIREREAGQ KC?LQ/RIBIW ?RRR KMPC ?RRPEY ?LB ?PC RFSQ KMPC
NPMLC RM R?PECRCB ?RR?AIQ "BBIERGNIL2RRPAI QSAACCBQ RFCQC UC@QGRCQ AMSJB (
MP QSCB AMQRGLE RF®KHBLEP PCNSR?RGML?J B?K?EC 5FCPCDMRRGBREBLRBTRC
NMNSJ?P UC@QGRQR BMPC GL RFCGP QCASPGRW RM QCASPC RFCGP SQCPQ

"@>K [<:LI@KP ?<8;<I 8;FGK@FE 9P NSEB@BKRI@E> KF K?< GI@C 114

8 C kLB RF?R KMQR FC?BCPQ GLAJSBGLE RFC KMQI X-Frame-Options Strict-
Transport-Security X-Content-Type-Options X-XSS-Protection ?LB Content-
Security-Policy ?2JUWQ AZ FGEFCP ?BMNRGMLQ DMP KMPC NMNSJ?P QGRCQ ML KM@G.
RFCRMN  QGRCQ ML KM@GMHETL?@JCB 5FGQ KC?LQ RFC RMN  UC@QGRCQ ?PC KMF
GICQRCB GL MLJW QCRBERARCEHP)5514 -CQQ NMNSJ?P QGRCQ AL BRIAICE?2@ICB
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@SR BWRL?BB Strict-Transport-Security FC?BCP ?Q MDRCL UFBAFKRB SQCPQ RM
PCNC?RCBJW TGQGRRICNJCRIC)Eb1

.63D:E6 42E68@CJ

*L QMKC GLBSQRPGCIMBCPQ KGEERIIKMPC SN RM B?RC UGRF QCASPGRW R®PREPCQ RFC
2@JC RM SQC RM @CRRCP QCASPC RFCGP QGRCQ

"@>K 07?< 8MI8>< ELD9<I F= J<:LI@KP ?<8;<I1J 9P N<9J@K< :8K<>FIP KFG 8E; 9FKKFD
:BK<>Fl@<J

8 C kLB RF?R RFCPC GQ ? QS@RJC BGDDIIRHA CSKA@REEMD QCASPGRW FC?BCPQ SQCB
BCNCLBGLE ML RFC A?RCEMPGX?RGML MD RFC UC@QGRC 5FGQ LSK@CP BNMCRIIMR BGPCARJ
QCASPGRW MD RFCQC QGRCQC@SRB KBEERREGIRM UFGAF A?RCEMPGCQ MD GLBSQRPW ?PC Gl
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GKNJCKCLR KMPC QCASPGRW DCERIPRE?B QFMNNGLE ?LB kL?LAC JC?B RFC JGQR @MRF
GLBSQRPGCQ RF?R BC?J UGRE (QBIRIGIRGML ?LB FGEF ?2KMSLRQ MDKRIRERGRMVRP
UFGAF K @C PC?QMLOEIREL QCASRERET @MRRMK MD RFC JGQR UC QCTCLUQ ?LB RP
RPLONMPR?RGML #MRF ?PC A?RCEMPGCQ GL UFGAF ? JMR MD QGRCQ UGJJ FMQR AMLRC
PCQNCARBVINGAQ @SRMR F?LBJC KSAF QGLAERGAMKN?PCB RM QGRCQ GL RFC RMN
A?RCEMPGCQ ML RFC JGQ@R RFECLRPCLB QCCKQ RM @C UC?!

$2=AC24E:46D @7 E96 .63

"JRFMSEF APWNRMASPPCLAGCQ PCKRGC NBRBIHPMD APWNRMKGLCPQ ML RFC UC@ F?Q
AMLRGLSCB RM BCAFCP@REG®IN?QR RIZMQVUGRF LM LMR? @GNSR ?EWRMPC ?Q U?Q
BCQAPG@CB GL RFC CBGRGMC@D RRCBA

"@>K 0?< ELD9<I F=:IPGKFD@E<|J @8 K@B#BI)8P  KF &LC

8FCL JMMIGLE ?R RFC APWNRMKGLCP QF?PC UC QCC RF?R N?PR MD RFC $MGLGKN QF?PC
MICPRTL @& +4&AMGL UFGJC MRFCP RGIFCRQGRCB PCTIRGEIR?@IC QCCGLE MLIW KGLMP
AF?LECQ 8GRF RFC JMU LSK@CP MD APWNRMKGLCPQ DMSLB ML REGQ\BR@CRFTRIC PCJ?R(
QRGJJ OSGRC KGLMP
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"@>K 0?<:IPGKFD@E<| B&IB?81J

OLC QFMSJB LMRC RF?R RFC PCQSJRQ QRMM@ACFZBIRCPPCNPCQCLR?RGML MD RFC ?ARS?J QR?!
MD RFC UC@QGRCQ GLDCARCB UGRF APWNRMRGICPQAUBEAGIMSP ARMLRF LMR ?JJ
UC@QGRCQ RF?R PSL ? APWNRMKGLCRERUB@IE BAMIZ GD ? UC@QGRC GQ MLJW GLDCARCB L
QCCRJBWQ GR KGEFR LMR @C BCRCARCB

*64FC:EJ >:D4@?7:8FC2E:@?D 2?5 @G6CD:89ED

8FGJC RFC NPCQCLAC MD QCASPGRW NMJGAGCQ QSEECQRQMRWPR RIPETABRT ?BKGLGQRP
UMPIGLE RM QCASPC RFCGP QGRCQ NARBICPMRKESE NMIGAGCQ GQ APSAG?J *L RFC DMJJN
QCARGML UC UGJJ FGEFJGEFR QBIKGR@QEESEBMLQ RF?R AMSIB AMKNPMKGQC QCASPGRW

,?’DFAA@CEGB5 A@=:4:6D 567:?65 3. <meta>

*RfQ APSAG?J DBARVBICPQ RM SLBCPQR?LB UFCPC QNCAGKA QCASPGRW NMJGAGEQ QFMSJB @C
GLQR?LAC UFGJC ? QCASPC NMJGAW KGEFR @C <meta> RPEMSRRAMSIB @C GRLMPCB @
RFC @PMUQCP GD GRfQ LMR QSNNMPRCB RFCBCENRRCANRGZEAPRENDUEIRGP?RR?AIQ

"JRFMSEF RFC $MLRCLR 4CASFERWA?L @C BCKLCB <meta> R?E C frame-

ancestors  ?LB sandbox BGPCABQPPC LMR QSNNMPRCB GL\RFGLAMIGRT RFGQ MSP
M@QCPT?RGMLQ QFMU RF?R  MD N?ECQ RF?F <meta> RG@E PIL BCQIRMN ?LB ML
KM@GJC GLAMPPCARJV frame-ancestors BGPCARGL R <meta> R?E 5FGQ GQ D?P JMUCP
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DMP RFC BGQ?J sandbox BGPCARGIFGAF U?Q BCkLCB DMP JCQQ RF?L

&' &)' 275 &&'4@?7FD:@7

%SC RM RFCGP QGKGJ?P L?KGLE ?LB NSPNMIDGLREB $061 ?PC QMKCRGKCQ BGDKASJR RM
BGQACPL )MWE?QQGELGLE SLQSNNMPRCB T2JSCQ RM RFCQUIFZBERPGKELR?J CDDCAR
ML RFC UC@QGRCASPGRW

?G2=:5 &' G2=F6 6D<E@A $@3:=6
same-origin
cross-origin
same-site
'GESPC 1P ?JCLAC MDZ3GB $0&1 FC?BCP T?JSCQ

' MP GLQR?LAC ?PMSLB MD GEEQEPFC?BCPQ KGQRMAV SQC RFC SLQSNNMPRCB T?JSC
same-origin 8FCL RFGQ MAASPQ @PMUIFEPRMPRFC BCD?SIRNFORAD ?JIMUGBLE 2L
APMQQ MPGEGL PCQMSPAC RM @C CK@CBBCB UFGJC PCQRPGARGLE ?AACQQ RM DC?RS
SharedArrayBuffer ?LB SLRFPMRRJCB ! Performance.now() 5FGQ D?JJ@7?AI BMCQ LMR
GLFCPCLRJW PCBSAC QCASPGRW SLJCQQ RRMREREBCBBGB( same-origin DMP

$031 MP $001 UFCPC GR GQ ? T?JGB T?JSC

"BBGRGMLAMIMW  MD M@QCBB001 FC?BCPQ UCPC Qtcross-origin~ ?LB HSQR

MD $031 FC?BCPQ SQCB RFC T4 unsafe-none  &TCL GD RFCQC T?2JSCQ UCRELBGQR?!
?NNJGCB RM RFC UPMLE FCBGRENREQCLR RFC KMQR KOMMERR@EBRI?@JC S5FCPCDMPC
RFCQC KGQAMIHESHLQ ?PC LMR AMLQGBCPCB RM BCAPC?QC QCASPGRW

*L ?BBGRGML RM A?QCQ UFCPC T?JGB T?JSCQ GLRCLBCB DMP MICL AU EIERIVME KGQR?!
2LMRFCBC GBCLRGKABERIKGLMP GLQR?LACQ MD QWLR?ARGA?J CPPMPQ ?APMQQ T?PGM:!
YMUCTCPC?AF MD RFCQC CPPMPQ ?AAMSLRCB DMP JCQQ RF?L  MIB RECEIIR?) M@QCPT
QSEECQRGLE RF?R UFGJC QSAFIGRERRFTPC PCICRETGLDPCOSCLR

Timing-Allow-Origin H:=542C5D

5GKGLE "JIMU OPGEGL GQ ? PCQNMLQC FC?BCP RFCR RNNINTAGDRT? JGQR MD MPGEGLQ
2JIMUCB RM QCC T?JSCQ MD ?RRPG@SRCQ M@R?GLCB RBERISEPAC BERRILE MP RFC
5FGQ KC?LQ RF?R ?L MPGEGL JGQRCB GL RFGQ FC?BCP A?L ?AACQQ BCR?GJCB RGKCQR?

?KKGI<M<CFGBIFQ@CCS8 FI> ;<33,% , <I=FID8E:<7 ,% .<JFLK7TK@D@E>
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AMLLCARGML RF?R GQ @CGLE K?BCIRYBRFCQEFT RGKC ?R RFC QRSPRMID. BARGML
QR?PR MD RFC PCOSCQR ?LB QR?PR MD RFC PCQNMLQC

8FCL $034 GQ GL CDDCARVHAD RFCQC RGKGLEQ GLAJSBGLE RFCTOLZRT JIHEER CER)
RM NPTLR APMQQ MPGEGL JC?IQ #W JGQRGLE ?L MPGEGL GL RFC 5GKGLE "JIMU OPGEGL FC?!
PCQRPGARGML GQ JGDRCB

"JIMUGLE BGDDCPCLR MPGEGLQ ?AACQQ RM RFGQ GLDMPK?RGML QFMSJB @C BMLC UGRF A%f
RFGQ GLDMPK?RGML RFC QGRC JM?BGLE RFC PCQMSBASRC RSMECERBRRAMQC*L MSP
?L?IWQGQ UC kLB RF?R MSR MD ?JJ PCQNMLQCQ UGRF ? 5GKGLE "JIJMU OPGEGL FC?BCP NPCQC
NCPACLR Timing-Allow-Origin FC?BCPQ AMLR?GL RFC UGJBA?PB TWSUJRECRE@L

MPGEGL RM ?AACQQ REELKERPKGLE GLDMPK?RGML

"@>Kl 0?< G<SKEK8>< | Timing-Allow-Origin K?8K 81J<K KF K?< N@C * 3IN8CL<

$:DD:?8 DFAACE6DD:@? @7 D6CG6C :?7@C>2E:@7? 96256CD

8FGJU<:LI@KP 9P F9J:LGQHFCI?CPW AMLQGBCPCRERBAG UC@ ?NNJGA?RGMLQ A?L QRGJIJ
@CLCKR DPMK UGRFFMABREEL DMPK?RGML ?@MSFCRRIFREIPTUMP| GL SQC "JRFMSEF
?RR?AIPQ A?L QRGJJ KLECPNPGLR ACPR?GL BCRYIMQEBCGKGRRGAEI?PIJW PCE?PBGLE
QNCAGKAPQGML LSK@CPQ A?L PCBSEBIGHMMESMD RFC ?NNJGA?RGML @CGLE R?PECRCB GL
?SRMK?RCB TSA@BJIGRW QA?LQ

5FGQ GLDMPK?RGML GQ SQS?JJW PCNMPRCB (Server (X-Server ? X-Backend-

Server  X-Powered-By  X-Aspnet-Version
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"@>K | <MC<E:< F= ?<8;<1J LI<; KMIFE@E=FID8K@FE 89FLKi?< J<IM

5FC KMQR AMKKMLUMWMICB FC?BCP ( Server FC?BCRIFGAF RC2JQ RFC QMDRU?PC
PSLLGLE ML RFCCREFGQ GQ DMJJMLRE X-Powered-By FC?BCRIFGAF BGQAIMQCQ RFC
RCAFLMIMEGCQ BIREE@CPT

6256C G2=F6 6D<E@A $@3:=6

PHP/7.4.33
PHP/7.3.33
PHP/5.3.3

PHP/5.6.40
PHP/7.4.29
PHP/7.2.34
PHP/8.0.30
PHP/8.1.28
PHP/8.1.27

PHP/7.1.33
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'GESPC .MQR NPI?JCL X-Powered-By FC?BCP T?JSCQ UGRF QNBAGREPQGML

&V?KGLGLE RFC KMQR AMKKML T?JS( Server REB X-Powered-By FC?BCPQ UC DMSLB

RF?R CQNCAG?. X-Powered-By FC?BCP QNCAGREQGMLQ UGRF RFC RMN T@ISGLEPC
QNCAGKA 1) CPQGMLP' @MRF BCQIRMN ?LB KM@GJC ?R. X-Powered-By FC?BCPQ

AMLR?GL RFGQ GLDMPK?RGML 5FGQRCCREE MEEED?SIR ML RFC BEQU@TQCPD

8FGJC GR A?L @C SQCDSJ DMP ?L?JWRGAQ RFC FC?BCPfQ @CLCKRQ ?PPLRGKRARE@EC?LB RFSQ ¢
BGQ?@JYBE@D?SJR )NMIOPBGQ?@JGLE RFGQ FC?BCP 2JMLC BMCQ LMR ?BBPCQQ RFC QCASPGR
MSRB?RCB @RI PCESJ?PJW SNB?RGLERPCKXRT APSAG?J

$:DD:?8 DFAAC6DD:@7? ¢ Server-Timing 96256C

5FC 4CRIP 5GKGLE FC?BCP GQ BCKBGEBGRMPIQ 9R?Q ? FC?BCP RF?R A?L @C SQCB RM
AMKKSLGA?RC ?@MSBRIERDMPK?LAC KCRPGEQMNBIP A?L QCLB KCRPGAQ AMLR?GLGLE XCPM
MP KMPC NPMNCPRGCQ OLC MD RFC QNCAGKCB dur NCRRGIRRBEZRREC @C SQCB RM
AMKKSLGA?RC KGJIJGQCAMMBORGRIBLEQ RF?R AMLR?EREGWC BB QNCAGKA ?2ARGML ML RFC
QCRIP

8 C kLB RF?R QCPRGKGLE GQ BQCBV® GLRCPLCR FMQER) OWID RFMQC FMQRQ GLAJSBC 7R
JC?QR N dur NPMNCPRW GL RFCGP PCQNERQ?IBIMICLB KMPC RF?L RUM 5FGQ KC?LQ

RF?R RFCQC QGRURMOGI(E QERIGBC NPMACTREBER) BGPCARIW RM ? AJGCLR UFGAF A?L @C
SQCB DMANGMGRGLE #CA?SQC BPFRGRKBIEKAMLR?GL QCC@ERBIPK?RGML RFC SQC GQ

LMU PCQRPGARCB RM RFC Q?NGOWRAEGLL 6GKGLE "JIMU OPGEGL BWREQEEIRINCP 2Q
BGQASQQCB GL REMSPXCARGMITGMRGKGLE ?RR?AIQ A?L QRGMERTE BGPCARIW ?E?GLQR
QCRIPQ UGRFMSR RFC LCCB RM ?AACQQ APMQQ MPGEGL B?R?

?KKGN : >@K?L9 @F 3kH@D@E>
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"@>K 0?7< LI8>< F= K?< kK@D @E> ?<8;<| 8ESK@NB>< F dur GFG<IK@<J

.well-known ,) D

UCJJ ILMUL 63*Q?PC SQCB ?Q YWRM BCQGEL?RC QNCAGKA JMA?RGMLQ RM B?R? MP QCPT(
RM RFCGRJIJ UC@QGRC " UCJJ ILMUL 63* GQ ? 63* UFMQC N?RF AMKNMLCLR @CEGLQ UGREF

AF?RPARCI /.well-known/

security.txt

security.txt GQ ? kJC DMPK?R RF?R A?L @OEEBGRCQ RM AMKKSLGA?RC GLDMPK?RGN
PCE?PBGLE TSIECRGRW PCNMPRGLE GL ?\@R AL@TRERTZBEINCPQ A?TSB AMLR?AR
BCR?GJQ 1@VNMJIGAUB MRFCP GLDMPK?RGML GL RFGQ kIC SHER? BIRTEZRGML
RCQRCPQ A?L RFCL SQC RFGQ GLDMPK?RGML RM PCRIGRR GREGCGEFESFSLERFCGP
QCASPGRW ?L?JWQCQ 0SP ?L?JWQGQ QFMUQ RF?R  MD UC@QGRCQRABRRIL RIW SQC ? (
QFMUGLE RF?RVRIRC ?ARTY UMPIGLE ML GIGUENRFCGRQUEESPGRW

?KKGJ8K8K8:B<I @<R> ;F: ?KDC I=;
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"@>K 0?7< LI8>< F= J<:LIBRE<IK@<J

MQR MD RFC QCASPRRIEQ GLAISBC AMLR?AR GLDMPK?RGML  ?LB ? NPCDCPPCB J?LES?EC
5FGQWC?P  MD QCASPGRVR kJCQ BCKLO/NGPW-GAF GQ ? EG?LR HSKN AMKN?PCB RM

RFC 5FGQ A?L J?PECIW @BIC?GLCB/@L SNB?RC RM RFC KCRFMEVRMERL?2JWQGQ

MLIW GLAJSBIRKEICQ RFEIZE BLQRC?B MD QGKNJIW ?JJ PCQNMLQCQ UGRWAMBC  RFCPC@

QGELGKA?LRIW JMUCPGLE RFC DRRC KRVBGEGKC?L RF?R JCQQ RF?L F2JD MD RFC QGRCQ RF’

QCASP®RW ?PC DMJIMUGLE RFC QR?LB?PB RF?R ?KMLE MRFCP PCOSGRMIGRBQ BCKLCQ RFC

NPMNCPRW ?Q PCOSGPCB *LRERVORGIERNC QCASRERICQ BCKLC ? NMBGAWGQ RFC

QN?AC BCIMNCPQ A?L GLBGA?RC UF?R QRCNQ ? IFGRE?RTRVESUS ? TEIIGISRW QFMSJIB

R?IC RM PCNMPR RFC?BAIGRW

change-password

5FC change-password ~ UCJJ ILMUL 63* GQ ? 8 $ QNCAGKA?RGML GL RFCTBGRRMRQ BP

UFGAF GQ RFC Q?KC QR?RC GR U?Q GL GL 5FGQ QNCAGKA UCJJ ILMUL 63* UA@ QSEECQRCB ~
DMP SQCPQ ?LB QMDRU?PCQ RM C?QGJW GBCLRGDW RFC JGLI RM @C SQCB DMP AF?LEGLE N?
KC?LQ €RCPL?J PCQMSPACQ A?L C?QGJW JGLI RM RF?R N?EC
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"@>K 0?7< LJI8><J F= K?< :?8E>< G8JINCC BEFNE <E;GF@EK

5FC ?BMNRGML PCK@BMDIMB  DMP @MRF KM@GJC ?LB BCQIRMN QGRCQ GR QJGEFRIJW
DMP BCQIRMN QGRCQ DPMK  GL  %SC RM RFC QIMU QR?LB?PBGX?RGML NPMACQQ GF
SLG/NCARCB RF?R RFC ?BMNRGML BMCQ LMR AEREDVKBBRCGPR RF?R UC@QGRCQ UGRFMS
?SRFCLRGA?RGML KCAR?LI&QHOQSC DMP RFGQ SPJ UFGAF KC?LQ GR UMSJB @C SQCJICQ(
RM GKNJCKCLR GR

6E64E:?8 DE2EFD 4@56 C6=:23:=:EJ

*L ? QNCAGKA?RGML RF?R GQ TEBRYRERBPIGI GL  ? N?PRGASJ?P UCJJ ILMUL 63* GQ
BCKLCB RM BCRCPKGLC RFC PCJG?@GJGRYBMPECONBIERQR?RSQ AMBC 5FC GBC? @CF(
RFGQ UCJJ ILMUL 63* GQ RF?R GRTOPNEIBR GW AUC@QGRC UFGAF GL RSPIGE?RGILE

RM RFGQ UCJJ ILMUL 63* QFMSPEAGISJIR GL ? PCONMLC ok-status ~ *D GR PCBGPCARQ

7LB PCRSPLQML@R?RSRA?R KC?LQ RFC UC@QBRRSQ AMBCQ ?PC LMR PCJG?@JC S5FGQ Al
RFC A?QC UFCL ? PCBGPCAR RM ? QNCAGKA f LMR DMSLBf CPPMP N?EC MAASEB @SR RF
UGRF 7L MI QR?RSQ

2KKGN : >@K?L9 @F N<98GGJ<: :?8E>< GRIINRIIGFEJ< :F;<dC @89 @KI@KP
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"@>K 0?<;@JIKI@ILK@FE F= 3#KBKEI<3FI K .well-known <E;GF@EK KF 8JJ<JJ
JK8KLJ :F;<C@89@C@KP

8 C kLB ? QGKGJ?P BGQRPG@SRGML?Q GL  UFCPC  MD N?ECQ PCQNMLB UGRF ? LMR MI QF
UFGAF GQ RRTOBRCB MSRAMKC "E?GL MLC PC?QML RF?R RFEQMRESPLEEKSAF GQ
RFC D?AR RF?R RFC QR?LB?PB GQ QRSAI GRRRQRBERVPLG RFC QR?LB?PBGX?RGML GQ QIMU

*6?D:E:G6 6?5A@:?ED :%robots.txt

'GL?JIWC AFCAI UFCRFCP MP LMR PM@MRQ RVR GLAJSBCQ KMBENMELRY GO QGRGE RFGQ
GLDMPK?RGMLOPTAKY @C ?@JC RM QCJICAR UC@QGRCQ MP CLBNMGLRQ RM R?PECR @?QCB |
OAJSQGML GL PM@MRQ RVR
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"@>K 07< GSKEK8>< F= J@K<J @E:CL;@E> JG<:@]<; <E;GFRBEKE@E K?<@! |

8 CQCC RF?R?PMSLB  MD UC@QGRCQ GLAJSB admin J2LHRPMLGL F robots.txt
kJC

5FGQ K¥ @C SQCB RM kLB ?L ?BKGL MLIJW QCARGML MD RFC UC@QGRC UFGAF UMSJB MRI
FGBBCL ?LB kLBGLE GR UMSJB PCJW ML ?RRCKNRGLE RM TGQGR QNCAGk. login N?ECQ SL
signin auth  sso ?LB account NMGLR RM REBQRCLAC MD ? KCAF?LGQK UFCPC SQCPQ A~
JME GL SQGLE ?L ?AAMSIAPRPECB MP RBAKZAF MD RFCQC CLBNMGLRQ ?PC GLAJSBCB GL |
PM@MRQ RVR MD ? LSK@CP MD QGRCQ QM OMIP UMBKFLE? | account @CGLE RFC

KMPC NMNSJ?P MLC?R  MD UC@QGRCQ

?5:C64E C6D6==6CL ads.txt

5FCads.txt  kJC GQ ? QR?LB?PBGXCB DMPK?R RF?R 2JIMUQ UC@QGRCQ RM QNCAGDW U
?PC ?SRFMPGXCB RM QCJJ MP PCQCJJ RFCGP BGEGR?J 7B @N?ABQIGREGUIRFC AMKNJIC
NPMERK?RGA ?EPRGQGLE $MKN?LGCQ A?L @C JGQRCB ?Q CGRFCP BGPCAR QCJJCPQ MF
*LBGPCAR PCQCJJCAQPAVIUIOT NS@JGQFCPQ QGRCQ FMQRGLE RFC ?BQ RVAGKIC KMPC
RM ?B 8B @CA?SQCRFMDDCP JCQQ ANMLREFNIMSPAF?QCQ ?B QN?AC SFEIGIERGAU?Q
OVNIJMGRCB GL W@&FC QM A?J@HER QA?K PCQSJRGLE GL KGJIGMLQ MD BMIIRSQ GL IJMQF

?KKGNNN=BL; :FD | <JFLI<J 8;J KOK
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"@>K 0?< G<KEK8>< F= ;<JBKFG 8; GLIC@J?<!J ¥KCBIEKEBEKE@E;@kI<CC<IJ

#W PCBBLGLE DPMK JGQRGLE GLBGPCAR QCJJCPQ UC@IQGRGIMSRERPEXDB MEQCIIGLE
7LB PCBSAC ?BSB° RFCPU@LF?LAGLE RFC QCASPGRW ?LB GLRCEPGRYPARMRACEP 7B RP
“KMLE NS@JGQFCPQ RF?R FMQR ?L ?2BQ RVR kJC  DMP BCQIRMN ?LB TMGBIP KM@GJC ?
PCQCJICPQ CLRGP@E®LE NMRCRBB?J DP

@?4=FD:@"?

0TCRJJ RFGIIMIQ ?L?2IWQGQ FGEFJGEFRQ NPMKGQGLE RPCLBRLGRENNRQUATRERW

LC?PGLE  UGRFGRfQ &LAPWNR JC?BGLE RFQ/AFQRSGEE M?JD MD 2JJ ACPRGKA?RCQ

K?IGLE QCASPC AMLLCARGMLQ KMPC ?AACQQG @ JTC RIRFABSEFRRIMLMD QCASPGRW NMJIGAGCC
PCK?GLQ JGKGRCB GRMIGILARBROCC QRC?BW NPMEBZQUABRERW FC?BCPQWCASPC @
BCD?SJR KC?QSPC@R SameSite=Lax ?RRPG@SRC DMP AMMIGCQ ?PC BPGTGLE UC@QGRC
?BKGLG@RMPQ RM ?R JC?QR AMLQGBCP GKNMPRYRBAIIASPGRW NP

YMUCTCP?RRCLRGML KSQR ?JQBL @@ ERMP AMPRESRLQ MEL&KGQAMLKERBMLQ RF?R

A?L UC?CL RFCQC NPMRCARGMLQC*GI?SGB BGPCARGH NMMPJIW BCKLCB NMJGAGCQ A?L
NPTCLR @PMUQCPQ DPMK CLDMPAGLE QCBSRER\G CDRIARGT ML Timing-

Allow-Origin ~ FC?BCPQ ?JIJMW MPGEGL RM ?AACQQ BCR?GJCB RGKGLE GLDMPK?RGML UFGAF
2@SQCB GL RGKGLE ?RR?AIQ MGREGJMDWC@QGRCQ CL?@JC QCASPGRW GQQSC PCNMPRGLE
security.txt 7LB K?LW QRENMQC RFCGP CRQGML ?L SLLCACQQ?PW PGQITRIFZR A?L PC
NMRCLRG?J TS@EFGRGCQ 0L RFC @PGEFR QGBC KMQR MD RFCQC GQQSCQ PCNPCQCLR JMU
DPSGRA?BBPCQQGLE RFCK RWNGA?JIW PCOSGPCQ KGLGK?J AF?LECQ RM UC@QGRC GKNJCK(

"Q RFC LSK@CP MD QCASPGRW NMJGAGCQ EPMUQ GRIQ COQERGRINSIQANNAITHSAKGRIE
AMKNJIGSRICBSAGLE GKNIJCKCLR?RGML DPGARGEMNBEMPC?QGCP 7LB KGLGKGXC AMKKML
KGQREQ MPZ?KNJC RFC GLRPMBSARGML MD APMQQ MPGEGL FC?BCER ARIQGELWERM NPC
JC?1Q ?2LB KGAPM?PAFGRCRRSRIQ F?Q 2JPC?BW A?SQCB AMLDSQGMCQUDMRABRPCARGT
NMJIGAW K@DRM ?NNIGCB RM ?LMRFCP

“JRFMSEF LCU ?RR?AIQ UGJJ SLBMS@RCBJW CKCPEC GL RFC DSRSPC BCK?LBGLE LCU NPMRC!
MNCLLCQQ MD RFC QCASPGRW ANKE SIAFSAGRIPPMICIPINELE QMSLB QMISRGIITD "Q UC
QCCL RFC ?BMNRGML MD LCU KCYORPXRGKZT @SR NPMEPCQQ GQ @CGLE K?BC &?AF QRCN
DMPU?PB @PGLEQ SQ AJMQCP RM ? KMPC PCQG & DVRLEMICASPC 8
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7R ,6 - CSTL )GQ PCQC?PAF QN?LQ T?PGMSQ ?QNCARQ MD UC@ QTKSHGRW 7L
2 NPGK?PW DMASQ ML RFC ?SRMK?RCB ?L?JWQGQ MD @PMUQCP QCASPGRW N
RFGQ PCQC?PAF FC K?GLR?GLQ RFC MNGISEWEPABRMELNMGLRGLE @SE

JGD@AGQ

7G|l 7?LBCPJGLBCL

X ITGIT?LBCPJIGLBCLE) TGIT?LBCPIGLBAR TGIT?LBCPIGLBCH FRRNQGIT?LBCPJGLBCL @C

7GI 72LBCPJGLBCL GQ ? 1F% A?LBGB?RC GL $MKNSRCP %EEIRPG/CR RFC
3CQC?PAF (PMSIR ,6 - CSTL )GQ PCQC?PAF DMASQCQ ML UC@ ?LB LCRUMPI
QCASPGRWBEK?PGIW DMASQGLE ML RGKGLE JC?IQ GL UC@ ?NNJGA?RGMLQ ?LB
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*L RFGQ AF?NRCBLRCPNPCRIRBTUGLE J?LBQA?NC MD RFC $MLRCLR .?L?ECKCLR 4WQRCK
?LB GRQ GLAPC?QGLE GLISCLAC ML MMUBRUATAMLRCLR ML RFC MEKGRBINIMPC

@MRF RFC @PM?BCP $.4 CAMQWQRCK ?LB RFCARGREQREAR MD UC@ N?ECQ APC?RCB RF
RFCQC NJ?RDMPKQ

$.4 NJ?RDMPKQ ?POWRZT GL RFC AMCICBBMPR RM @SGJB ? D?QR PCQBIKGLBULEC@ #W C
RFCGP ASPPCLR QR?RC ?QIGLE APGRGA?J OSCQRGMLQ ?LB GBCVRGDBRGUE RC?Q DMP I
A?L @CRRCP SLBCPQR?LB RFCGP GKN?AR ML UC@ NCPDMRE&PIGLALB SQCP C

5FGQARPUGTC ?NNPM?AFCB RFC B?R? UGRF ASPGNQBRBQEERQPNMNSI?P $.4Q B
CLAMSEC WS RM TGCU MSP ?L?JWQGQ RFPMSEF RFC JCLQ MD $.4 T?PCPQGRBRVZ QLBIRFC
AMLRCLR RFQSNNMPR

92E:D2 $*

" @@ !--3191:@ 'E?@19 ! GQ ? RMMJ RF?R ?JIMUQ GLBGTGBS?JQ ?LB MPE?LGX?R
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APC?RC K?L?EC ?LB NS@JGQF BGEGR?J AMLRCLR N?PRGASJ?PJW ML RFC UC@ " UC@ @?QCE
RFC QC?KJCQQ APC?RGML ?LB K?L?ECKCLR MD UC@QGRCQ UFGISCHREIAGRBNGEREFCP C
APC?RMPQ ?LB TGQGRMPQ

$.4 NJ?2RDMPKQ MDDCP ? T?PGCRW MD DC?RSPCQ DMP SQCPQ RM @SGJB UC@QGRCQ DPMK'S
RCKNJ?RCQ RM KMPC ASQRMKGX?@JC MNRGMLQ RF?R PCOSGPC SQCP GLNSR GL RFC BCQGEI
RFC QGRCVBPOQM GLAJSBC ?BREBEGRIRMJIQ RM QGKNJGDW AMLRCLR K?L?ECKCLR

$.4Q T?PW QGELGKA?LRJIW GL RFCGP ?NNPM?AF RM QGRC APC?RGML 4MKC MDDCP PC?BW K?B
2LB BRE ?LB BPMN @JMAI @SGJBCPQ UFGJC MRFCPQ PCOSGREISROPQIRVETNGEL J?
QRPSARSPCQ 3CE?PBJCQQ MD ?NNPM?AF ? $.4 GPQEMNIQRROBA& RF?R RWNGA?JIW GLAJSBC
FMQRGLETGBCPYRTLQGMIGIMNCPQ UC@ ?ECLAGCQ ?LB QGRC @SGJBCPQ

*L RFGQ AF?NRCP MO @®FCK?L?A UG/BIMPC RFC CLRGPC CAMQWQRCK QSPPMSLBGLE $.4
NJ?RDMPKQ DMP  ?LB  PCQNGARGHCL UC PCDCP RM ? $.4 UC KC?L RFC NJ?RDMPK
GRQCJD ?LB RFC ?QQMAG?RCB QCPTGACQ ?LB RMMJQ RF?R DMPK GRQ CAMQWQRCK

#?QCB M. 2NN?JWXCPIQ $.4 BCKLGRGSR B?R?QCR GBCLRGKCQ GLBGTGBS?J $.4 NJ?RDMPKQ

4MKC $.4Q ?PC MNCL QMSPEGB MPB1PCQQ ?LB +MMKJ? UFGJC MRFCPQ ?P@QISRAMNRGCR?PW
8GV ?LB 40S?PCQN?AC 5FCQC NJ?RDMPKQ MDDCP FMQRGLE MNRGMLQ DPMK DPCC ?LB QCJD
NPCKGSK CLRCPNPEQIQIPTGACQ

5FC $.4 J?LBQA?NC GQ ZBQT ?LB GLRCPAMLLCARCB CAMQWQRCK UGRF NJ?RDMPKQ RF?R BGL
DSLARGML?QBRYC ?LB SQOWOPGCLAC

$* S@AE:@7

0SP ?L?JWQGITRY @MRF BCQIRMN ?LB KM@GJC UC@QGRCQ 8FGJC KMQR 63-Q ?NNC?PCB GL (
B?R?QCRQ QMKC UCPC ?ANCISQCEWEBCQIRMN MP KM@GACBG?L?IJWXCB BCQIRMN
7LB KM@GJC PCQSIRRQIMAM ?AAMSLR DMP RFCQC BGDIMPEBGTRRPOBI?LAGCQ

?KKGNNNN8GGBCPJD K<:?EFCF>@<J :DJ
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"Q MD +SLC MD RFC UC@QGRCQ GICRFOR?L?AfQ BCQIRMN B?R?QCR UCPC WMUCPCB (
?$.4 ? QRC?BW GLAPC?QC AMKN?PCBRM  5FC KM@GJC B?R?QCR QFMUQ ?L GLAPC?QC
RM  GL

-MMIGLE AJMQCP ?RIBGRRMN KESPCQ UC QCC TNRRDERGIGRF ? AJC?P @SKN PCEGQRCH
GL 5FGQ GQ QSNNMRREBR® GL @MRF ?@QMJISRC ?LB NCPACLR?EC RCPKQ UGRF RFC L
BCQIRMN 63-QPREEB @ )551 "PAFGT ?LB RFC QMSPAC $P69 B?R?QCR EPMUGLE DPMK ~ KGJ
GL+SJW RM KGJIGMLGL +SLC  5FC LSK@CPMIBRM@GJIC 63-Q PCQEIRRGV
PCICARQ ? @MMKGLE EPMURF GLTIGA@SOZBC UGRF ?L GLAPC?QC MD  KGJIGML KM@GJ(
RFC B?R?QCR DMP  ?LB ? QJGEFR BPMN GL

*RfQ GKNMPR?LR RM LMRC RF?R MSP ?L?JWQGQ BGDDCPQ DPMK MRFCP AMKKMLJW SQCB
85 CAFQ 5FCQUBECRGMLQ ?PC BSC RM BGDDCPGLE PCQC?PAF KCRFMBMIMEGCQ ?LB BC
0S?JGKCQ ?Q ? $.4 UFGAF GKN?AR RFC kL?2J QR?RGQRGAQ

' MP GLQR?LAC ?Q KCLRGMLCS DARIBERCP SQCQ ? KMPC QRPGAR BCKLGRGML MD ? $.4 RF
BM CAJSBGLE QMKC QGELGKA?LR NJ?RDMPKQ RF?RARNECRUEPRIZ A?L JC?PL KMPC
?@MSR MSP $.4 APGRCPGCRENRHGIMEW

$* 25@AE:@? 3] 86@8C2A9J

"QMD +SLC  $.4 ?BMNRGML UMPJBUGBC F?Q EPMULKIROFBEEWMSP B?R?QCRfQ
GLAPC?QCB LSK@ CPAUIBRB-Q
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5FGQOAPSLI@ MSP ?L?2JWQGQ GL  UC BGDDCPCLRG?RC @CRUCCL AMSLRPGCQ ?LB PCEGML(
@CRRCP GLQGEFRQ GNRR/ADISEPSQ?EC

$.4 2BMNRGML GQ FGEFCQR GL *R?JW ?LB 4N?GL UFCPC RM RM GL MDKM@GJC

QGRCQ ?PC @SGJR UGRRERGMP 4P *LBMLCQGERFC JMUCQR ?BMRRGWILLERF MLIW

7LB  PCQNCARGIW-?N?L GQ QCCGLE QRC?BW EPMURF GL KM@GJC $.4 ?2BMNRGMLd  GL

AMKN?PCBRM GL  $MLTCPQCIABG? QFMUQ ? QJGEFR BCAPC?QC GL ?BMNRGML ~ QGLAC +¢
5FGQ A?L @C ?RRPG@SRCB RM RFC EPMUGLE BYRBBERGLBARIPQC UFGAF FCINQ SQ

@CRRCP SLBCPQR?LB RFC *LBGUIMNECER KTR

5FC\@?P NCP W?P M: ?L?JWQGQ DMP KM@GJC PCQSJRQ QFMUQ AMLQGQRCLR EPMURF ?APMG
NSRRGLE RM PCQR QMKCQNLMSF?RGMLQMP ? UFMJCQ?JC BPMN GL $.4 2BMNRGML

- CRIQMGBIIMPC UF?R RFC $.4 ?BMNRBM@ P CEGMICRPIQ
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' MJJMUGLE RFC RPCLBQ GL RFC AMBMBP B EPRTITRQIRFC JC?B UGRF DMP KM@GJC
PCQSJRQ GL $.4 ?BMNRIDQ. BFCPC ?PC LM BGQAPCN?LAGCQRCEREESKEDCER DMIJIMUCB
@V 0AC?LG? ?LB RFC "KCPGA?Q ?LB PCQNCARERIQ GKNMPR?LR RM LMRC RF?R /MPRF
"KCPGA? F?Q? PRC MD KM@GJC $.4 ?2BMNRGML ?APMQQ KGJJGML QGRC N?ECQ ?Q QF
$.4 2BMNRGMM@RS @PCEGMIE FPCIMU
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"AAMPBGLE RM RFC B?R?QCR $.4Q RCENEBKPRCIW MD RFC RMN UC@QGRCQ DMP
@MRF BCQIRMN ?LB KMI@GBREMSEF MD ?JJ KM@GJC QGRCQ GL RFC B?R?QCR SQC ? $.4

5FGQ F?Q @CCL ?L MLEMGLE RPCLB DMP RPEQIQRTEIWPRRPG@SRCB RM @SQGLCQQfQ
PCJ?RERM GRQ UT@EEKCLR LCCBQ 4K?JICP @SQGLCQQCQ RCNPIRECLRER @D MSP
B?R?QCR FGRILB RM SQC NMNSJ?P $.4Q DMP RFCGP ?DDMPB?@GIRRGITRASQCQ GRIRW
MDRCL C?QW RM GBCLRGDW RFCGP $.4

*L AMLRBR J?PECP @SQGLCQQCQ UBERGIHSEE@RISRCQ MDRCL SQC ASQRMK @SGJR $.4
QMJISRGMLQ RF?RIRIEGZRGIW GBEERGRRT ?2JQM KMEONEM M@DSQA?RC RFC GBCLRGRW
RFCGP $.4 *R GQ GKNPM@?@JC RF?R KMPC RF?L  MD RFCRMN  UMSJB DMPRD? $.4 CL
KSAF KMPC &3W RF?RWRBBMR ?NNC?P GL MSP B?R?QCR

5MN PLIGLE UC@QGRCQ ?QGBCPREGEMEKA?LR $.4 2BMNRGML BCAPC?QC CBQAREIQQPT
2JJRI EPMSNQ 5FC RMR?J NCPACLR?EC MD UC@QGRCQ SQGLE ? $.4 BPMNNCB  DPMK
UFGAF UC QSQNCAR GQ NPGK?PGJW BSC RM RFC GLAPC?QCB QGXC MD MSP B?R?QCR GL

" NMRCLRG?JJW AMPPCJ?RCB RPCLB GQ RFC ?BMNRGML MD gFC7BIGMRGNER?LB RFC KM
AMLRCLRd?LB RFC $.4 RF?R NMUCPQ GRADPMK RFENIERGECAB IBDDCPCB RM CLB SQCPQ
"LMRFCP NJ?SQO@JCLCRGML GQ RFC QK?JJCP QGXC MD MSP B?R?QCRATBE3RLB RM RFC
SQCB DMP RW¥G:4 2BMNRGMRRC UFCPC UC M@QMMIQGQRCLR EPMURF
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RFC PCJTREIPCR QF?PCJUGRERM ?BMNRGML ML KM@GJC GL  dDMIWIBGE @
+MMKJ?  40S?PCQN?AC  ?LB %PSN?J
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$MKN?PGLEL %PSN?J 2LB +MMKJ? AMLRGLSC RM BCAGBLQFGRERMGJIC 40S?PCQN?AC ?LB
8GVEPMU ?LB PCQNCARGIW 8IPBIPCQQ AMLRGLSCQ GRQ ?QACLR GLAPC?QGLE ML
KM@GJTOR 5FGQ PCNPCQCLRQ ? QIMUCP N?AC MD EPMURFTRAPSGXPC

$* FD6C 61A6C:6?46

8GRF RFC GLRPMBSARGML M@$RGI?3Q DOPERWEM SQMROBGCLAC F?Q @CAMKC ?

NPGMPERAMR Q?GB UFGJC SQCPQ UCPC K?GLJW AMKN?PGLE $.4 NJ?RDMPKQ @?QCB ML C?QC VM
LSK@CP MD NJSBARCQLQGMLQ ?LB RFTRGI?@JICVRFBBCB MLC ?BBGRGML?J APGRCPGMLARFC
BCD?SJR SQMCEGCLAC MDDEPQRBRGASJI?P NJ?RDMPK
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@C6 .63 -:E2=D

(MMEJQ $MPC 8@ 7GR?JQ ?PC ? QCR MD RFPCC SQCP ACLRPGA NCPDMPK?LAC KCRPGAQ |
APGRGA?J 2QNCARQWICBECEAC DMASQGLE ML JM?BGLRARERERBIRCHS?) QR?@GJIGRW

i  -?PECQR $MLRCLRIB®.R1IM?BGLE
i  *LRCFARGML RMR2GLR GLREHGTGRW

i $SKSI?REGFMWISR 4FGDR TGQS?J QR?@GJIGRW

4GLAC RFCGP GLRPMBSARGML GL  ?LB @CIWMEQGEE2 PIGL  $87 ?PC LMU
PCAMELGXCB ?Q CQQCLRER®RN BENIIB SQPEIPGCLAC ?APMQQ RFC UC@

*D WSFPC GLRCPCQRCB GL FMU UC@QGRCQ NCPDMPK CEP GCBRIRFRISHFTPECP QA?JC RF(
1CPDMPK?LAE?NRCPTERQ RFGQ RMNGA GL EPC?RCP BCR?GJ

*L RFGQ QCARGML UC ?PC GLRCPCQRCB GL IMMEZRE GRRELCGNPAGKA?IIW GIRRFD AMLRC
$.4 NJ?RDMPKQ

5FCPC ?PC  ILMUL $.4 NJ?RDMPKQ @SR UC L?PPMUCB MSP JGQR RM RFC RMN  KMQR SC
AMLQGBCPGIME RECKMPC RF?L  K?PCR QF?PCC8SQCB RFEPC 8C@ 7GR?GAMR_MIMEW
3CNMPRUFGAF NF&BCQ ? EIM@RICU MD FMU BGDDCPCLR RCAFLMIJMEGCQ NCPDMPK GL
(MMEJQ $MPC 8@ 7GR?JQ

#CJIMU GQ RFC NCPACLR?EC MD QGRCQ ML C?AF NJ?RDMPISRERRCIAMBCJEILEBR -
KQ $-4 @CIJMU  DMP 2JJ RFPCC $MR@ 8GR?JQ

?KKGI<MCFG&IFD< :FD ;F:J:ILO
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8 C BCAGBCB RM DMASQ NPGK?PGJW ML KM@GJC PCQSJRQ DMP RFPCC PC?QMLQ

"QMD +SJW  KM@GJIC F?Q ? EIM@BRKRR)F?PC

.M@GJIC BGACQTE?PCQMSPAC ?LB AMLLCARGTGRW JGKGR?RGMLQ UFGAF N?GLR ? K
PC?JGQRGA NGARSPTOWB/MVIBQ@CRANCPGCLAC RFC UC@

"JJ $.4 NJ?RDMPKQ ?LB RCAFLMIMEGC?Z) @QAMRCRCRRCP ML BCQIRMN

1SRRGLE RF?R ?QGBC UC A?L QCC RF?R ?2JJ  $.4 NJ?ROBIRRQGIKSIPRIGB7GR?JQ UGRF
40S?PCQN?AC JC?BGLE RFC @M?PB UGRF ? URWIMNBYGIEERCKCLR 5FC RMN GLAJSBC 8GV
UGRF ?LB $ #GRPGV UGRF 5FC JGQR RFCL EMCQ ?QIPRIBEIQQ 8 M: 5GJB?

M: %SB? : M: %PSN?J : M: ?LB8CC@IJW M: "RRFC @MRRMK ?PC
5:10 $.4 UGRF ?LB +MMKJ? UGRF

5FCQCM: GKNPREKCLRQ ?PC ?Q PCK?P1?@JC POFRREGMPCE@ 7GR?JQ NRIREC RMN
$.4Q AMJICARGW NP&BCMP PCDCPCLAC RFC EIM@?J $ERAIROIR PJJ MPGEGLQ ?Q MD +SLC
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)? TGLE NJ?RDMPE@6SBP 5:10 $.4 ?LB 40S?PCQN?AC UGRF PCQRJRIRRF MD RF?R GQ ?
RCQR?KCLR RM RFC CDDMPRQ RFCQTNISRIBURKIEF?LAGLESQRBCLAC

/MU JCRfQ BPGJJ GLRM RFC RFE@C7T®R?C@ RM QCC UFCPC C?AF NJ?RDNPRIARZL GKNPM
UFGAF KCRPGAQ BEBNRMC KMQR QGLAC

#2C86DE @?E6?E7F="2:7E #'

-?PECQR $MLRCLRIE.RIKC?QSPCQ FMU JMIEERVR?RFC J?PECQRP@DMJIB CICKCLR RM
JM?B ML ? N?7ECWRFGLE SLBCP QCAMLBQ GQ AMLQGBCBCRANPKIMBh -

5FGQ KCRPGA PCNPCQCLRQ FMU OSGAIJW SQCPQGRN REC KIMZRECIBELEDSI AMLRCLR N
? UC@ N?EC

0D RFC RFPCC $ME@87GR?$) GQ RFC F?PBCQR RM MNRGKGXIZ $AAIRIMPACQ ?PC RFC
JMUCQR ?1$1-GQ AMLQGBCPCB RFC @MRRJCLCAI RNDN?QQGLE $87

5FC PC?QMLWR1 GQ QSAF ? AF?JJCLEGLE KCRPGA GQ RF?R RFCPGLEPR?PRIRMDIKGR
AMKCQ RM GRQ MNRGKX RGHIRM

&LQSPC RFKL PCQMSPAC QR?PRQ JM?BGLE ?Q C?PJW ?Q NMQQG@JC

&LQSPC RFKL-CIJCKCLR A?L @C PCLBCPCB ?Q QMML ?Q GRQ PCQMSPAC kLGQFCC
3CBSAC RFC JM?B RGKC BIDFRRIMSPAC ?Q KSAMSQ@W. UGRFMSR Q?APGKAGLE
0S?JGRW

%CJGP RFC GLGRG?J )5.- BMASKCLR ?Q D?QR ?Q NMQQG@JC

YMUCTCPRFC RMN  $.4Q QFMUCB QMKC GKNPRGQQEIRQ UFCL GR AMKCQNRM$IFCGP :
GKNPIZKCLRQ ?LAGRJIJ QAMPCQ
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#CDMPC BGTGLE GLRMJEFIRQ ®RMRC RF?R RFC ESUEPIPRC ?Q MD +SLC  GQ
"QW MS A?L QCC DPMK RRE ERMPC RF?L F?JD MD RFC NJ?ROMFEQRREBECQSIRQ

$MLQGBCPGLE FMU KSAFFREGSKNAUB QGLAC ~ 40S?PCQN?AC GQ ?E?GL ?FC?B MD RFC MRFCF
$.4Q UGRF ?M: GKNPIKCLR MD  8GV GQ GL QCAMLB NJ?AC UGRF MPBRBEQQ GQ RFGPB
UGRF  5FC PCK?GLGLE NJ?RDMPKIZ8KBBMIQQ RF?L

F>F=2E:G6 #2J@FE *9:7TE #*

$SKSI?REFMUSR 4FGPR GQ ? KCRPGA SQCB RM KORGEFPQR?@ & BRIEARQ FMU KSAF
AMLRCLR INCARCBJW QFGDRQ ML RFC QAPCCL

" UC@QGRC GQ AMLQGBGRER/RM B2 GD ?R JC?QR  MD 2JJ QGRC TGQGRQ QAMPC  MP JMUCF
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$MKN?PGLEWPIW B?R? QFMUQ RF?R RFC $-4 PER)SQREKNFILAERFGE MP RFOERJIJ
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RM GKNEMRFCGP  PCQSJRQ
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"DRCP @CGLE ?LLMSLACB GL  ?LB@NCREKCLR?J NF?QC DMP RFC PCZR MD RFC W
*LRCFARGML RMRCEGLR MDKAG?JJW PCNJ?ACB 'GPQR *%I3Q RKJ?.CU GRRRBTGRW $MPC
8 C@ 7GR?JQ KCRPGA ML .?PAF

*/1 2QQCQQCQ ? KPPCQNMORGDQ RM SQCPARGNIRY I@@QCPTGLE RFC J?RCLAW MD 2JJ
0S?JGDWGLESRBORQ BSPGLE ? SQCPQ TGQGR RM ? N?EC 5FC kL?J */1 T2JSC GQ RFC JML
GLRERRGML M@TBCPT

4GKNJW NSR RFC LCUCQRGREIFGR?J KC?QSPCQ RFC RGKC DPMREBML GNARRJIC ?
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Part Il Chapter 12 : CMS

KMSQC AJGAI SLRGJ RFC @PMUQCPMPINSSBRRRFC QAPCCL
“L*1 @CIMUMP ?R  KGJIJGQCAMLBQ KC?LQ ? N?EC F?Q EMMERGQONMLQGT

$MLQGBCPGLE RFC UFMIEREANRCP?RCEMAISBGLE GLNSR\BBIRCQQGLE RGKC ?LB
NPCQCLR?RGMWBEC?GLRPMBSARGML MD */1 JCB RM ? EJIM@?J BPEI(® GG RELHINIIS
PPRC

5F?R Q?GB RMCGKNPIZKCLR ?LBTGRJJ $87 N?QQPRC BCKMLQREB\@RFC RMN  $.4Q
GQICL KMPC GKNPORASLQGBCPGLE RFC @GE AF?LECQ */1 GLRPMBSACB

8FCL GR AMKCQ RM RFCGP */1 QAMPC RFC K?HMPGRW VD NN?RRQNE HUD?AMEC
?@WC

"@>K JFO@C<8I FMI <8I )/ %*, G<I=FID8E:<

5FC $.4Q RF?R D?GJ RM N?QQ GLAJSBC 583RPGM UFGAF BCOQNGRGIRRMMKCLR QRGJJ
QRPSEEJC RMTRAREC EIM@7?J QR?LB?PB MD
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Part Il Chapter 12 : CMS

+96 6AC642E:@7? @7

'GPQR *LNSR ¥%G3Q LM JMLECP ? $SM®CBR?JQ KCFIPRACPKMPC $FPMKC MDKAG?JIW
BCNPCA?RCB QSNNMPR DMP *% ML 4CNRCK@CP

5FC NPGK?PW PC?QMLQ DMP */1 PCNJ?AGLE *% GLAJSBC RFC QAMNC MD KC?QSPCKCLR I
AMKNPCFCLQGEIQQ

-MMIGLE ?R RRC@ "JK?L?AfQ NBBMSQ CBGRGMLQ UC A?L QCC RF?R ?2JJ UC@QGRCQ F?B ? E
QAMPC ML BCQIRMN ?LB LC?PJW ?JJ ML KM@GJC 5FGQ B?R? QFMSJIBTHEBA?RC RF?R TG(
CO/NCPGCLAC ? J?EEW UC@QGRC

6LDMPRSL?RERE PC?JGRW GQ RF?R RFC UC@ MDRRCBNWNIQENQ NPM@JCK "LB *%
U?Q LM JMLECP ?72RGPN KC?QSPGLE GR

5FC GQQSC UGRF *% U?Q RF?R GR MLJW KC?Q®SPEIB RFC BEQR GLNSR GELMPGLE RFC
NPMACQQGLE RGKC ?LB NPCQCLR7REMDRBI3RE RM A?NRSPQFGDNREINGDQ
RFPMSEFMSR RFC SQCPfQ CLRGPC QCQQGML

*L AMLRBR */1 T?JS?RCQ RFC PCQEMQGWD RFC CLRGPC N?EC RFPMSEFMSR RFC SQCPIC
NPNIGBGLE ? KMPC AMKNPGEFCLREIASRC PCNPCQCLR?RGML MD\RRPSQCRC

#:89E9@FD6

-GEFRFMSQER ?L MNCL QMSPAC ?SRMK?RCB RMMJ BCQBEREE RIZTBRRIVMD UC@ N?ECQ
@V NAIGBGLE ? QCR MD ?SBGRISRRERIC@QGRCQ @?QCB ML A?RCEMPGCQ

i 1CPDMPK?LAC
i "AACQQG@GJIGRW
i 480

i #CQR PRRGACQ

-GEFRFMSQC EZRC® PCNMPRQ UGRF J?@ B?R? REIRMIBTPARGML?@JC QSEECQRGMLQ L
CLF?LAGLE UC@QGRC NCPDMPK7IZRGIMQYGKNMPR?LR RM LMRC RF?R -GEFRFMSQC QAMP
BGPCARJW GKN?AR RFC PC?J UMPJB kCJB BRRRGIMJIIUISRCR @SPRRORIIPC FMU
-GEFRFMSIR@ QAMPCQ ?LB kCJB B?R? BGDDCP

5FC )551 "PAFGT PSLQ -GEFRFMSQC ML KM@GJC ?LB BCQIRMN UC@ N?RCRQUQGKSJI?RGLE ~

?KKGJ<MCFG<IJ >FF>C< :FD N<9 KFFCJ C@>?K?FLJ<
?KKGI<MCFG<IJ >FF>C< :FD N<9 KFFRDXK:RI<| OG<I@<EsGFIK
?KKGN<9 ;<MC89 8E; |<C; ;8K8 ;@=<E&l<J
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Part Il Chapter 12 : CMS

AMLLCARGML UGRF RFPMRRJCB $16 NCPDMPK?LAC DMP KM@GJC

#W ?L?2JWXGLE RFGQ B?R? UC A?L E?GL ? BGDDCPIGL . NCRPPREHWRGIAC RFPMSEF
QWLRFCRGA RCQRQ UFGAF 2JQM A?NRSPC KCRPGHAGAAER KMLGRMPCB @

'6C7@C>2?46 D4@C6

5FC -GEFRFMSI@PDMPK?LAC QABRC UCGEFRCBEC MDT@®RJ QAMPCB KCRPGAQ

"@>K )<;@8E (@>?K?FLJ< G<I=FID8Ex J:FI

$MKN?PCB RMRFC  PCQSJRQ UFCPC RFC KCBG?L NCPDMPK?LAC QAMPCQ DMP KMQR KM@G.
NJ?RDMPRLEEB DPMK ?@MSR RM  UC MERNPCEIGRNAEKCLRQ DMP @MRF KM@GJC
2LB BCQIRMN UC@QGRCQ GL

?KKGN<9 ;<MG<I=FIDSE:< J:FI@E>
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Part Il Chapter 12 : CMS

8GV ?LB %SB? QR?LB MSR ?Q AJC?P JC?BCPQ UGRF KCBG?L BCQIRMN NCPDMPK?LAC QAMI
PCQNCARIIVPLB %SB? ?AF®LE FGEFCP QAMPCQ ML KWREMGIKCBC @ PAPSN?J

5:10 $4 8  MPB1PCQQ ?LB 40S?PCQN?AC PCNPCQCLRGLE KCBG?L NCPDMER?LAC QAM

UGRF RFGMIT g/CCBQ *KNRMCLRh QR?RSQ ?AAMPBGLE RM RFC -GEFRFMSQC AMJMP AMB

QAFCKC

5FC MCPJJ NMQGRETLB GQ BSC R¥IPPRERTAFLMIMEGA?TGHOIRD GL @PMUQCPQ ?LB
$.4Q UFGAF GLBGA?RCTCRIMPCAMELGRGML MD RFC GKNMPR?LAC MD FGEF OS?JGRW UC
NCPDMPK?LAC

5FC K?HMP GLAPC?QC QRMIFMBPGCR?PW NJ?RDMPKQ QSAF ?Q 8GV ?LB %SB? GQ N?PRIW
RM FMU RFC $.4Q MNERIKC?LGLE RE@CLCKR DPMK ? QRPC?KJGRIEXSBEEAVNKCLR
RF?R 2JJMUQ EPC?RCP QNCORRGIMIGELNMRFC NCPDMPK?LAC kCJB

"Q UGTC AMLAJSBCB GLGIRSQWQ RFC JMUCP KM@GJC QAMPCQ ?PC ?L MNNMPRSLGRW D
QMJISRGMLQ ?LB MNRGKGX?RGMLQ DMASQUERACQIMERELBLEIR?@JC LCRUMPI AMLLCARGN
QGKGJ?P RM RFMQC -GEFRFMSQC ?RRCKNRQ RICE&RIQRIL FIPCMR DMP RIBEAGIRBC

D?JJ @CFGLB RFCGP BCQIRMN AMSKRGER?PRQREBTS16Q ?LB LCRUMRIAZIC
IMLCRFCJCQQ RFC  PCQSJRQ ?PCEGAMISEB £)C AMLRGLSCRVFRIJ $.4 NJ?RDMPKQ

D?PC PCE?PBGLE -GEFRFMSQC NCPDMPK?LAC KCRPGAQ
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Part Il Chapter 12 : CMS

062C @G6C J62C A6C7@C>2?746 EC6?5D

"@>K )<;@8E (@>?K?FLJ< DF9@C< G<I=FID8E:< J:FI

5FC :M: NCPDMPK?LAC B?R? DPMK RM Te®JQ ?L CLAWBBLE RPCLB MD GLAPCKCLR?J
GKNPIZKCLRQ ?KMLE RMN $.4 NJ?RDMPKQ %SB? ?LB 8GV AMLRGLSC RM JC?B GL KM@GJC
NCPDMPK?LAC UGRF %SBTGIKEIBRMK ? KCBG?L -GEFRFMSQC QAMPC MD RM ?LB 8GV PGQGL
DPMK RM 8MPB1PCQQ ?JQM QFMUITEENRMELAPC?QGLE DPMK RM  2JMLEQGBC +MMKJ?
7LB %PSN?J UFGARGBIDPMK RM ?LB RM PCQNCSBMBFCQC PCQSJRQ PCICAR ?

@PM?BCP GLBSQRPW DMASQ ML MNRGKGXGLE KM@GJC NCPDMPK?LAC ?JRFMSEF QMKC NJ?R
40S?PCQN?AC ?LBE@JPFMUCB MLIW KGLMP E?GLQ 5FCQC TREIGUERGKIGERFIGEFR RFC
MLEMGLE AF?JJCLECQ ?LB NPGMPGRGCQ ?APMQQ $.M\NJPRDRIMKPEXRIFCLACB SQCP
OV/NCPGCLACQ ML KM@ENCEBC
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Part Il Chapter 12 : CMS

*& D4@C6

4C?PAF &LEGLC ONRGKGXHREMIGQ RFCARGAC MD GIMENRFC OS?JGRW ?LB OS?LRGRW ML
TGQGRMPQ RM ? UC@QGRC MP ? UC@ N?EC DPMKGRIKIGRESRERMW DMSLB GL QC?PAF
CLEGLCQ 5FGQ RMNGRCEIMASB AF?NRC@SR GR 2JQM PCJ?RCQ RM $.4Q

"$.4 7LB AMLRCLR ML GR GQZOMIPCR SN R8I TCRSAF GLDMPK?RGML RM QC?PAF CLEGLC
ARUJCPQ ?Q NMQQG@JCBRIAPLC?QW 2Q NMQQG@JC DMPPGRE RMLERE& ?NNPMNPG?RCJ
GL QC?PAF CLEGLC PCQSJRQ $MKN?PCB RM ? ASQRMK @SGJRWNIARGR@ RNIC KGEFR C
NPWGBC EMMB 4&0 A?N?@GJGRGCQ ?LB RFC -GEFRFMSQC QAMPCQ GL RFGQ A?RCEMPW
FGEF

"@>K )<:@8E (@>?K?FLJI< [+ XFI

5FC KCBG?L 4&0 QAMPCQ GL RFC RMN N3RROMPKIBEP ?L GKNPCQQGILAPCTFMK
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Part Il Chapter 12 : CMS

GL (GTCL RFC FGEF KCBG?L NCPDMPK?LAC QAMPCQ GR GQ LOQJSRNFGIRC 8GV R?!
GL 4&0 ?Q UCJJ QAMPGLE ? NCPDCAR DMP @MRF KM@GJC ?LB BCQIRMN 8GRF KCBG?L QAMP
2Q DMP KM@GJC ?LB BCQIRMN RFC PSLIGBSISQEP® UGRF PM@SQR 28R@TIIR NP

062C @G6C J62C * & EC6?5D

"@>K )<;@8E (@>?K?FLJI< DF9@C< A+ J:FI

5FC \@?P NCP W?P AMKN?PGQML DPMK ~ RM T@ZIQ AMLQGQRCLRJIW FGEF 4&0 QAMPCQ 2APMG
RFC RMN $.4 NJ?RDMPKQ UGRF KMQR K?GLR?GLGLE MBHREERMKGRERPMQAMPCQ 5FGQ
QR?@GJGRW ?R RFC FGEF CLB QSEECQRQ RF?R $.4 NJ?RDMPKQ ?PCMREMBGRGXGLE 480 @CC
CLQSPGLE RF?R SQURGMIZGB DMSLB?RGMLQ DMP QC?PAF CLEGLC TGQG@GJIGRW

?KKGBCDS8ES: ?KK@@AFI><E  :DJJI<FJFI <
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Part Il Chapter 12 : CMS

446DD:3:=:EJ D4@C6

"L 2AACQQG@JC UC@QGRC GQ ? QGRC BLIYBEIEGNMLEBR NCMNJIC UGRF BGQ?@GJIGRGC(
RFCK 8C@ ?AACQQG@GJIGRW 2JOM @CLCKRQ NCMNJC UGRFMSR BGQ?@GJGRGCQ QSAF
AMLLCARGMLQ 3C?B KMPCARCKRISR @SIBHRICP

-GEFRFMSQCIEHZQ ? QCR MD ?AACQQG@GJIGRW ?SBGRQ ?LBTREREAUD ?JJCEERRCE ?
4CAQAMPGLE BCROMBPP DSJJ JGOR MD FMU C?AF ?SBGR GQ UCGEFRCB

&?AF 2AACQQG@GJIGRW ?SBGR GQ CGRFCP ? NGQMRAER EEFREEREL ISBGRQ ? N?EC
BMCQ@R ECR NMGLRQ DMP N?PRG?JIW N?QQGLE ?L ?MROIRSECIGRWIREBGRKCLRQ

F?TC QAPCCL PC?BCP DPGCLBJW L?KCQ @8R RIRFCRCEEMICRQ ? XCPM DMP RFC QAPCCL P
DPGCLBJW L?KCQ ?SBGR

"@>K )<;@8E (@>?K?FLJ< DF9@C< 8::<JJ@9@C@KP J:FI

?KKGN<9 ;<MB::<JJ@9@C@KP J:FIQE>

2024 Web Almanac by HTTP Archive 479


https://web.dev/accessibility-scoring/
https://almanac.httparchive.org/static/images/2024/cms/lighthouse-a11y-score.png
https://almanac.httparchive.org/static/images/2024/cms/lighthouse-a11y-score.png

Part Il Chapter 12 : CMS

*L  RFC KCBG?L -GEFRFMSQC ?AACQQG@GJGRW QAMPC DMR REQ RMIRUSED PPLB

? QJGEFR GRBIRBLR DPMK RM GL  40S?PCQN?AC F?Q JMQR RFC RMR QN?AC @
DPARGML RM 8GV UFGAF FGRQ RFC ?LB K?PIQ DMP KM@GJC ?LB BCIWRMIGRRENCARGT
F?B RFC JMUCQR ?AACQQG@GJGRW QAMPCQ GL  ?LB QFMUQ ? QIJGEFR BCAPC?QC MD NMGL
BCQIRMN ?LB KM@GJC NCPF?NQ PCICARGLE RF?R RFC QTRCBGROQNRE BCQIRMN ?LB
KM@GJICTBACQ

062C @G6C J62C 2446DD:3:=:EJ EC6?5D

"@>K )<;@8E (@>?K?FLJ< DF9@C< 8::<JJ@9@C@KP J:FI

5FC  RM  AMKN?PGQML PIC?JQ J?PECIW QR?@JC ?PAACQQG@GJIGRW QAMPCQ ?APMQQ RMN
NJ?RDMPKQ UGRF KMQR QFMUGLE KGLGK?J AF?LECQ 8GV QF?PCQ RFC JC?B UGRF 40S?PCQN
QRC?BW UGRF ? FGEF QAMPC MD CRRMP GDRPQON?ACTEINDPRMK GL  RM K?RAF

8GVIQ GL /MR?@JW8 MPB1PCQQ +MMKJ? %PSN?J ?LB 5:10 RGLYP BCAIGLCQ

?KKGBCDS8ES: ?KK@@AFI> <E  :DJ 8:<1J@9@C@KPJ:FI

480 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/en/2022/cms#accessibility-score
https://almanac.httparchive.org/static/images/2024/cms/lighthouse-mobile-a11y-yoy.png
https://almanac.httparchive.org/static/images/2024/cms/lighthouse-mobile-a11y-yoy.png

Part Il Chapter 12 : CMS

5FCQC QAMPCQ QSEECQR ? QRC?BW CKNF?QGQ ML ?AACQQG@GJIGRW ?APMQQ RFC NPM
MNCL QMSPAC $.4Q BCKMRERE PMMK DMPTEKIRR

6DE AC24E:46D

-GEFRFM3Q@CQR?HKRGACIZBGR ZIS?RCQ UFCRFCP UC@ N?ECQ ?BFCPC RM UGBCJW ?AACIH
UC@ QR?LB?PBQ ?APMQQ T?PGMSQ KCRPGAQ 5FCQC GLAJSBC APGRGA?J D?ARMPQ QSAI

i )5514 QSNNMPR
i AMLQMJC CPPMP CJGKGL?RGML
i BCNPCA?RCB "1TRIGB?LAC
i @PMUQCP AMKN?RG@GJGRW MNRGKGX?RGML
i QCASPGRW NPMRMAMJQ
i ?LBKMPC
#W DMJIMUGLE RFCQCARGRR WERIMNCPQ A?L CLF?LAC @MRF RFC DSLARGML?JGRW ?LB S

OV/NCPGCLAC MD RFCGP UC@QGRCQ CLQSPGLE ? KMPC QCASPC QR?@JC ?LB PCIG?@JC
BGDDCPCLR @PMUQCPGATE BC

?KKGN<9 ;<MC@>?K?FLI< 9@K@t<J
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https://web.dev/lighthouse-best-practices/

Part Il Chapter 12 : CMS

"@>K )<;@8E (@>?K?FLI< 9QIK@I<J JsFI

0SP  ?L?JWQGQ QFMUQ QGELGKA?LR AF?LECQ ?APMQQ RFC @M?PB AMKN?PCB RM RFC PCQS
40S?PCQN?AQRPRFC JC?B DPMK 8GV UGRF RFC FGEFCQR REBGAC@QARREMD
UFGJC K3 MD RFC MRFCP RMN  NJ?RDMPKQ QF?PC ? QAMPC MICKC(RGEERGKNPM

8FGJC KMQR MRFCP $.4Q QFMU UMPQC LSK@CPQ GAREB@CTIBERQ 5:10 $.4 AJ?GKQ
RFC QCAMLB NJ?AC UGRF ? KCBG?L QAMPC DMP @MRF KM@GJC ?LB BCQIRMN AMKN?PCB RM
KM@GJC ?LB BCQIRMN PTIMCSRGT
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062C @G6C J62C 6DE 'C24E:46D +C6?5D

"@>K )<;@8E (@>?K?FLJ< DF9@C8$@K<GUFI

5FC :M: AMKN?PGQML DPMK  RM  QFMUQ QR?@JCARGIRERAMPCQ ?APMQQ KMQR $.4
NJ?RDMPKQ 40S?PCQN?AC ?LB 5:10 $.4 QF?PC RFC RMN NMQGRGML GL  C?AF UGRF ? @
NPARGACQ QAMPC MD .MQR MRFCP NJ?RDMPKPBIPSISBGEES +MMKJ? %PSN?J %SB?
7LB 5GJB? K?GLR?GLCB QRC?BW QAMPCQ MD  PCICARGLE AMLQGQRCLR ?BFCPCLAC RM
AMLRBR $GRPGV ?LBB@JW QAMPCB JMUCP ?R  FGEFJGEFRGLE ?PC?Q UFCPC RFCQC N
AMSJB GKNEML @CTRRBACQ AMKNJIG?LAC

)6D@FC46 H6:89ED

8 C JOCRECB )551 "PAFGT B?R? RM ?L?JWXC RFC PCQMSPAC UCGEFR ?APMQQ T?PGMSQ $.4
NJ?RDMPKQ ?GKGLE REPIMAMMPRSLGRGCQ DMP NCPDMPK?LAC MNRGKGX?RGML 8FGJC
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QNCCB GQQMICIW BCRCPMGRES (@K @CP MD BMULIWPBIB @CBSAGLE RFC ?KMSLR MD B?R?
PCOSGPCB RM JM?B ? N?ECTGRDCBTPQR?ECQ

' CUCP\@RCQ KC?L JMUCP @?LBUGBRF AMQRQ PCBSACB A?P@ML CKGQQGMLQ ?LB D?QRCP
NCPDMPK?LACAN?PRGASJ?PJW DMP SQCPQ ML QIMUCP AMLLCARGMLQ 5FGQ ?L?JWQGQ QFCB
UFCPC PCQMSPAC MNRGKGX?RGNIKB?LEREDSI GKN?AR ML @ MRIEBGCRAT ?LB

QSQR?GL? @EITERRFL?EC 8CGEREN?RCP DMP ? KMPC BCR?GJCB 2L2JWQGQ

"@>K )<;@8E )/ G8>< N<@>7K

"JRFMSEF UC M@QERPTRC?BW RPCLB GL GLAPC?QGLE NCPGRRECGRERIPCW?PQ GL

?JKMQR ?JJ RMN&G$.4Q QFMU LMR?@JC GKKRMRQ %PSN?JfQ KCBG?L N?EC UCGEFR F?Q
BPMNNCBRMZ #AMKN?PCBRMZ #GL 8&1PB1PCQQ ?LB +MMKJ? 128 RMMQCIW
RMZ #AMKN?PCBRMZ #GL 8GV GQ RFC MLJW $.4 ML RFC @M?PB RF?R QFMUQ ? QJGEFR
GLAPC?QC GL KCBG?L N?EC UCGEFRd .# AMKN?PCBRM #GL 40S?PCQN?AC AMLRGLSCQ
RM BCOPTRFC FEZCQR KCBG?L N?EC UCGEFR MD Z .# AMKN?PCBRM Z #GL
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"@>K @JIKI@ILK@FE F= )/ G8>< N<@>7K

5FC BGQRPG@SRGML MD N?EC UCGEFR @l BCRAGIRRDEOIGQ QS@FEIRIOBEFRR GQ
NPM@?@JW PCJ?RCB RM RFC BGDDCPCLACQ GL SQCP AMLRCLR ?APMQQ UC@ N?ECQ RF
SQCB NJSEGLQ GLQR?JICB CRA 5FC QK?JIJCREENCEEQERIBIPK AMKC DPMK %PSN?J
DMJJMUCB AIMQGEMPELPCQQJ@MRF BBINPML RFCGP PCQSJRQ DPMK #7LB

# PCONCARGZW

5FGQORP%PSN?J MLJW QCLBQ ,# DMP RFCGP RF NCPACLRGJC MD TGQGRQ UFGJC +MMI
8 MPB1PCQQ ?PC LMR D?JJGLE D?P @CFGLBd #7?LB # BO@EBARAMR?@JC

BCAPC?QC @SR QRGJJ QCPTGLE RFC J?PECQR N?ECQ FCPC GQ 40S?PCRDBRAMRIGRF Z
RFCGP RF NCPACLRGJC MD TGQGRQ ? Z .# BCAPC?QC AMKN?PCB RM  B?R?

'286 H6:89E 3C62<5@H?

1?EC UCGEFR PCDCPQ RM RFC RMR?J QGXC KRQIACB &GL) IRBBI@CQMSPACQ JM?BCB ML 7
N?EC 5FCQC PCQMSPACQIQSAF ?QTEHAPGRN R %44 )5.-?LB DMLRQAAMJJCARGT
GLISCLAC RFC NCHICPDMPK?LAC

#CJIMUUC ?L?JWXC ?LB AMKN?PC RFC PCQMSPAC UCGEFR ?APMQQ BGDDCPTGBGI4NJI?RDI
GLQGEFRQ GLRM FMU C?AF $.4 AMLRPG@SRCDNREARBCGEFR
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Part Il Chapter 12 : CMS

>286D

*K?ECQ ?PC ? QGELGKA?LR PCQMSPAC ML KMQR UC@QGRCQ MDRCL ?AAMSLRGLE DMP RFC J?!
N?EC UCGEFR *L $.4 NJ?RDMPKQ UFCPC TGQSGIYAFCIECB SNML DMP BCQGEL ?LB
CLE?ECKCLR GK?EC MNRGKGX?RGML GQ CQQCLRG?J )GEF PCQMJISRGML GK?ECQ A?L QJMU B
RGKCQ GD LMR NPMNCPJW AMKNPCRGCEMBAFCAIMPKERELCIBI3C?B KMPC GL MSP
.CBG?AF?NRCP

"@>K )<;@8E )/ J@Q< F= @D8><J

*L  8GV AMLRGLSCQ RM BRIGF@QR?LRG?JIW DCUGVRGR7BGKF MLIW  # BEIBT

DMP RFC KCBG?L MD KM@GJC TGCUQ  #JCQQ RF?L GL 5FGQ QSEECQRQ EMMB SQC MD Gl
AMKNPCQQGML ?LB J?XW GK?EC JM?BGLE "JJ RFC MRFCP RMNTWVBEMCRIMRRQ BCIGT
GK?ECQd? QGELGKA?LRIGKOERMAMKN?PCB RM  B?RMBB1PCQQ .# 40S?PCQN?AC

Z # +MMKJ?Z # ?LB%PSN?2JZ #

"BT?LACB GK?EC DMPK?RQ EPC?RIMAGIKNPEQQGML CL?@JGLE PURIMEPABQPQRCP
QGRC JM?BGL@®BGQ AMKKMLIW QSNNMPRCB GL 2JJ K?HMR\@BREQEP QISHBMPR
*L ?BBGRGML LCUCP GK?EC DMPK?RQ AMLRGLSC RM E?GL NMNSJ?PGRVI*?LB ?BMNRGML L?KC

8 C A?L Z?KGLC RFC SQ?EC MD RFC BGDDCPCLR GK?EC DMPK?RQ ?APMQQ RFC RMN $.4Q
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Part Il Chapter 12 : CMS

"@>K %D8>< =FID8K GFGLC8I@KP 9P )/ =FI DF9@C<

*L  8GV ?LB %SB? AMLRGLSC RMIKRFC KMQR SQCOMDIBR Z ?LBZ ?BMNRGML
PCQONCARBUFGJC RFC PCQR QFMU KGLMP GLAPC?QCQ

"JRFMSEF 8@1 GQ LMU UGBCJW QSNNMPRCB UC RREBINVRRDMPKQ ?PC SLBCPSRGJGXGLLE
DMPK?R 8GRF RFC EPMUGLE QSNINIFFRMIZEKQ ?JJ NJ?RDOIGRKIPFRM BM RM PCBSAC RFC
SQ?EC MD RFC MJBCP +1&( ?LB 1/( DMPK?RQ UGRFMSR AMKNPMKGQGLE ML GK?EC OS?JGR

"Q MD 81PB1IPCQQ MPB1PCQQ QSNNMPRGEAREDMPK?R ?LB A?L @C QCR RM ?SRMK?RGA?J
AMIICPR SNJM?BCB GK?EQQE@MMBICTCPRFC NMNSJ?PGRW MD RFC DMPK?RGICCKQ RM F?
NJ?RC?SCB AMKN?PCB RM RFC  B?R? 5FG@MPXGECEI®FC KMPC FMIJGQRGA ?NNPM?AF R
AMPCCPDMPK?LAC RC?K MRBLPCQQ F?Q AFMQCL RMU?8BIEEDBAPK ?LAC GRKEMRQ

ML RFC NJ?RDMPK 3C?B KMPC GL RBOMPBARGHIQ GL
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12G2*4C:AE

+?T?4APGNR NMUCPQ KSAF MDRRGIDRIOFRGML?JGRW ML KMBCPL UC@QGRCQ $.4 NJ?RDMPKC
DPCOSCLRJW SQC T?PGNBQGQ IGRMRRIMPIQ RM CL?@JC DC?RSAUQ?KEA AMLRCLR

JM?BGLE DMPK T?JGB?RGML ?LB SQCP CLE?ECKCICPRIANQQIVIBCIMMPIW MNRGKGXCB
+7T?4APGNR A?L LCEPRGEIKN?AR NCPDMPK?LAC 'GLB KMPC BCR?GJCB GLDMPK?RGML GL MSP
+7T?4APGNR?NRCP

"@>K )<:@8E )/ J@Q< F= &/

*L  UC M@QCPC PGQGLE?4APGNR SQ?EC ?APMQQ RFC @M?PB "JKMEXRY?BCREIR KT

KMPC A?4APGNR AMKN?PCB RM  B?R? UGRF 40S?PCQN?AC QCCGLE ? K?HMP GLAPC?QC DP\
#RMZ # 8GV QRGJJ BCIET RFC KMQRMPGNR UGRF ? QJGEFR GLAPC?QC DPMK Z .#RM

Z # %PSN?J ?LB 8 MPB1PCQQ QFMU KGIMRPGNR EPMURF UGRF +MGRELEGIST

JC?QR +4 7R  # 7L GKNROKCLR DPMK fQ #

+$#

)5.- DMPKQ RFC QRPSARG?AI@MLC MDPC@ N?EC BCKLGLB/RBRIAB AMLRCLR $.4

NJ?RDMPKQ ?SRMK?RGA?3IRE ESAEMD RFC )5.- AMBC QMKCRGKCQ JC?BGLE RM @IJM?RCB ?LB
GLCDKAGCLR K?PISN 8FGJC )5.- GQ RWNGA?JJW JGEFRUCGEFR AMKN?PCB RM MRFCP PCQMSP;
SLMNRGKGXCHGRIW AMKNYE- QRPSARSPCQ A?L QRGJJ ?DDCAR PCLBCP RGKC ?LB SQCP
C/NCPGCLAC 'GLB KMPC BCR?GJCB GLDMRRPRGIVAFENREE
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"@>Kl )<;@8E )/ J@Q< F= $0)(

&V?KGLGLE RFC )5.- BMASKCLR QGXCQ UC A?L QCC RF?R KMQR MD REE RMNEGR). BCIGT
)5.-QGXCMD zZ #c ,# 5FC MLIW CVACNRGML GQ 8GV UFGAF@ZJIGH ? LMR?@JC
GLAPC?QCR fQ PCQSJRQ 5FGE KBEECUYRE QGFQC MD GLIGLCB PCQMSPACQ ?LB QFMU(
?PC? RF?R A?L @C DSPRFTPBGKNPM

*%

$44 AMLRPMJQ RFC TGQS?J QRWJGLE MD ? UC@QGRC BGRRERGAEIINERCRPERIIGLRQ OL
$.4 NJ?RDMPKQ RFCKCQ ?LB RCKNJ?RCQ MDRCLVRTK QIR KICQ RF?RKGLAISBC
SLSQCB MP PCBSLB?LR QRWJCQ -?PEC $44 kJCQ A?L GLAPC?QC N?EC UCGEFR ?LB QJMU B
RGKCQ
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"@>kK )<;@8E )/ J@Q< F= /I

*L  UC QCC ? BGDDCPCLR BGQRPG@SRGML @CRUCCL NJ?RDMPKQ RF?R QRPCLERFCLQ RFC.
GLIGLGLE $44 8GVBEQEFC DCUCQR $44 PCQMSPACQ BPMNNGLE DPMK #RM # ML KM@GJC
TGCUQGL  40S?PCQN?ACEEI@GELGKA?LRIW KMPC G2PRFGLDRMK # GL

8 MPBIPCQQ AMKCQ QCAMLB GLCRM/RIGIIT? QJGEFR GLAPC?QC DPMK  LSK@CPQ
%PSN?J 2JQM QFMUQ ? KGLMP GLAPC?QC UFGJC +MMKJ? GQ RFC MLIW $BMNJEROMPK RF?R BC
$44 GL

@7?ED

$.4 @?QCB UC@QGRCQ DPCOSCLRJW MDDCP ? T?PGCRW ML BGILIREC RM @RS LA IGE? ]
JMUCTCPDMLRQ A?L GLRPMBSAC ?BBGRGML?J UCGEFR RM ? N?EC CQNCAG?JJW UFCL KSJRGN.
D?KGJGCQ MP T?PG?RGMLQ ?PC JM?BCB 6LMNRGKGXCB P\VRR ACPBGEGARI?BBIZKN?AR

RFC SQOMNCPGCLAC &VNIMMMILRBE?NRCP DMP ? BCR?GJEBU@PC?I
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"@>K )<:@8E )/ J@Q< F= =FEKJ

5FGQQAP?JJ RMNX$.4Q QFMU AF?LECQ GL RFC ?KMSLR MROGIECEER 40S?PCQN?AC
AMLRGLSCQ RMCBEIBTFGEFCQR ?KMSLR ?R  # ? QGELGKA?LR BCAPC?QC DPMK  # GL

8GV 2JQM QFMUQ ? QIGEFR BCAPC?QC GL DERRIIEIBEIFELPCQQ +MMKJ? 2LB
%PSN?J 2JTEGLAPC?QCB RFC ?KMSLR MIRDERIGERTR UMSJB @C GLRCPCQRGLE RM QCC G
EPMUGLE GLEGERAL MD (MMEJC FMQRCB DMLRQ UR BERPRELEIRQ

.@C5'C6DD :?

"@>K , <I<EK8>< F= DF9@C< J@KHIlN@B> 3

0D RFCT@P KGJIGML KM@GJC QGRCRFER REGRMPB1PCQQ GQ SNCE@IGMLQ QGRCQ
DMP ? RMR?JMD MD QGRCQ #W AMKNAHGAMIQRERIEA GQ 8GV UGRF  QGRCQ MP
MD QGRCQ

8 MPB1PCQQfQ EIM@7?J BMKGL?LAC QRCKQ DPMK RUM K?GL D?ARMPQd? AMKKSLGRW RF~
GKNPIZQ RFC DSLARGML?JGRW MD RFC MNCL QMSPAC NPMHUGR GUB RAE QCRTGLE ?
UGBC?REC MD UC@QGRCQ ?LB SQCPQ
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' SPRFCPKMPC RRPGX?@GJGRW MD RCLQ MD RFMSQ?LBQ MD NJSEGLQ RFCKCQ ?LB N?EC @SC
SQCPQ DPMK 2JJ IGLBQ MD RCAFLGA?J @?AIEPMSUBBIRGREMRQEEGGP EM RM $.4 MNRGML
YMUCTCPRFCQC C?QWQRMN?LB DSLARGML?JGRW A?L @C ? BMS@JC CBECB QUMPB CQNCAG?
PCE?PBQ RM NCPDMPK?LAC

*L RFC DMJIMUGLE QCARGHBCUWIEHC @SGJIBCP ?BMNRGML ?IMOEKGERKGEBNRMBSACB
@V RFC $MRCPDMPK?LAT?K

'286 3F:=56CD

"@>K OFG G8><9L@C;<lJ

8 MPB1PCQQ SQCPQ MOREL IGN?EC @SGJBCPh REBRUPMGLRCPD?AC UGRFGL RFC $.4 DMP
AMLRCLR K?L?ECKCLR 5F?LIQ RM RAICEENRMDBIN?JWXCPIQ BCRCARGML KCRFMBQ UC AL
DMJJMU N?EC @SGJBCP ?BMNRGML RPCLBQ AMKN?PCB RMMSP  PCQSJRQ

8 C BGQRIWCB RF?R MD RFRBEPCQQ QGRCQ ?RRPG@SRCB RMICKRECRNMBGIBCP
81#?1 CPW PCK?GL RFC AJC?P UGLLCPQ ?LB GLAPC?QC DMP KM@®AC FERMNGERGT
4GRCOPGEGL ?LB OVVPEOGRP @CFGLB

"Q UC QCC GR RMBEC @SGJBCPQ A?L QGELGKA?LRIW GQISCEEMPRBRC )GQRMPGA?JIW
N?EC @SGJBCRO@ECCL ?LCABMR?J GLBGA?RMPQ MD NMMP NCPDIMRKCA®ISE MLC C
B?R?QCR GLBGA?RCQ RF?R GRfQ LMR SLAMKKML DI¢KSIRENER CREMEFSGIBCPQ GLQR?JICB
QGELGKA?LRIW GLAPC?QGLE RFC PCQMEPAGRAM?BCB @

492 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/cms/top-5-page-builders.png
https://almanac.httparchive.org/static/images/2024/cms/top-5-page-builders.png
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5F?LIQ RM L?RGNCPDMPK?LAC GKIKRIRQ ?LB ?BT?LACKCLRQ TRMMNCEC @SGJIBCPQ RCLB
RM MDDCP JC?LCP ?JBQPUPRBHF ?PC @CAMKGLE GLAPC?QGLEJW NMNSJ?P ?KMLE QGRC M
1?GPCB UGRF @ZAPRGNEQ UFCICBRINGLE ? UC@QGRE?RENIU ?AFG@CRRTBRIJI
NCPDMPK?LAC GIPB1PCQQ KMPC MD UFGRERJGLARF&/REQ)CARGML

#2E6DE A6C7@C>2746 :>AC@G6>67ED :? .@C5'C6DD

5FC 8 MPB1PCQQ $MBROMPK?LAC?E KMLGRMPQ CLF?LACQ ?LB NPMKMRCQ NCPDMPK?LAC
8 MPB1PCQQ AMPC ?LB GRQ QSPPMSLBGLE CAMQWQRCK 5FC EPMSN U?Q CQR?@JGQFCE
RFC NCPDMPK?LACMPBBPCQQ $MPC UFGAF GL RSEB BRGNGPDMPK?LAC MORRET ?

8 MPB1PCQQ QGRC

'?QR DMPU?PBRM  ?LB GRfQ QANMIRRN RC?K FEROCBCB/GNCAR?RGMLQ KCPEGLE GL ?
QGELGKA?LR LSK@CP MD NCPDMPK?LAC SNB?RCQ ?APMQQ C?ARRBHRETRLIC?QC MD 8

' SPRFCPKMPC QGLAXGRBR IGBIMDD RFC NPMHCEEK@O®M 8 MPB1PCQQIGRNI
$MPC &£@ 7GR?JQ NRIIPQ QSPEEB @

"@>K OI<E; F=FI;,| <JJ Flk 3<92@K8CJ GxI
5FCQC ?PC QMKC MD RFC CLF?LACKCLRQ RF?R JCB RM RFCQC PCQSJRQ

i+ ;>0$>177? *KNPVCKCLRQ RM 8RMIPB1PCQQ $?AFGLE RP¥ILMRV RCPK
OSCPGCQRLB NCPDMPK?LAC GLAPC?QC DMB TFERCERUBRIVISLRQ

?KKGD8BNFI,GI<JJ FI> :F& :8:?@E> @DGI FMD<EKJ @E [G1kJJ
?KKGD8B<NFI,GI<JJ FI> :Fk K8O FEFIP G<I=FIDSE:< @BRID<EKJ @E NFKJIJ
?KKGID8BNFI,GI<JJ FI> :Fk G<I=FID8E:< @E:I  <8J<=FI J@K<J N@K? C8I>< LJ<I :FLEKJ EBR@8BIESME J@E>C< J@K<
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+ ;>0$>1?7? .MPC RF?L NCPDMPK?LAC SNB?REQPECB GLRM RFC AMPC
GKNPIZKCLRQ Gi1-?LB 55'# DMP @JMAI ?LB AJ?QQGA RFCKCQ ?BBCB QSNNMPR DMP R
=<K:?GI@FI@KP\?7@®RPG@SRC ML GK?ECQ GLRPMBSACB QARGEBUNIBBLARRP
?BBQ QSNNMPR DMP JM?BGLE QAPGNRQ UGRF BCDCP MP ?QWLA

+ ;>0$>1?7? .CPECB NICP NCPDMPK?LAC SNB?RCQ ?LB GKNJCQHEIGTB
JM?BGLETBRIEGAIMP DPMLRCLB QAPGNRQ GL AMPC ?LB @SLBJCB RFCKCQ

+;>0$>1?? *LRPMBSAKBIRGNJC NCPDMPK?LATBKNRM GLAISBGLE
QSNNMPR DMPTREK?EC DMPK?R ?LB ? D?QRCP JMA?JGX?RGML QWQRCK

5FC RC?K ?JQM PCJIC?QUBRIMPK?LAC -MISEGL UFGAF GQ ? AMJIJCARGML MD NCPDMPK?LAC
PCJ?RCB gDC?RSPC NPMHCAR@ERR3RINW @C KCPECB GLRIMERIRCQ AMPC QMDRU?PC

*K?EC 1J?ACFMJBCPQ

.MBCPL *K?EC MPK?RQ
1CPDMPK?LRIZQI?RGMLQ

&K@CB ONRGKGRMNWCPGKCLR?J
&LF?LACB 3COQNMIYGPEC@VNCPGKCLR?J

*K?EC 1IPGMPGREBMNCPGKCLR?J

ANCASJ?RGW?BGLESQ ?LMRFCP NJSEGL RF?R GQ KFERARRAC 17@ ?LB F?Q @CCL

PCACLRJIW K?BEG2?@JC 5FGQ NJSEGL CL?@JCQ QSNMBRBIBMRBSICQ?IIMUGLE

RFC BCKLGRGML MD PSJCQ RM BWL?KGA?JJW NPCDCRAF MP NPCPCLBCP QNCAGKA 63-Q @?QCl
GLRERRGMLE BGQASQQRAGIPC GL RFO/RIQCARBWMIBCD?SIR GR GQ QCR RM NPCPCLBCP

8 MPB1PCQQ DPMLRCLB 63-Q UFCL 7SRQRIFV? PCORLR JGLI ?JIMUGLE SQERQMRBCCAC

GLQR?LR N?EC JM?B RGKCQ

4GLAC GRQ PCJC?QC RECRVBHGEML F?Q QRC?BGIW EPMUICPC?APSRETE
GLQR?JJ?RGMLQ ?Q MD RFGQ AF?NRCPfQ UPGRGLE

?KKGID8B<NFI,GI<JJ FI> :Fk NFI ;GI<)J  G<I=FID8E:< @DEMD<EKJ
?KKGD8BNFI;GI<JJ FI> :F& @D8>< G<I=FID8E:< <E?8E:<D<EKJ @E NEGI<JJ
?KKGD8B<NFI,GI<JJ FI> :F& JI@GK CF8;@E> :?8E><) @E NRBI<JJ
?KKGD8B<NFI,GI<JJ FI> :Fk NFI iGI<))  G<I=FID8E:< @DEBEMD<EKJ

?KKGNFI;GI<JJ FI> GCL>@EJ G<I=FID8E:< C89
?KKGNFI;GI<JJ FI> GCL>@EJ JG<:LC8K@FE ILC<J
?KKGI<MCFGBIFQ@CC8 FI> ;F<83,% /G<:LC8K@FE7.LC<J7 ,%
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>6C8:?8 EC6?75D 275 E649?@=@8:6D

"JRFMSEF UC BGBEPC CLMSEF B?R? PCE?PBGLE ?BMNRGML ?LB PC?J UMPJB GKN?AR RM ?E
VZ?PfQ CBGRGML QMKC CKCPEGLE RCAFLMIMEGCQ NPMEBQIINRA A SR ROV
$.4 NJ?RDMPKQ ?LB RFC UC@ ?Q ? UFMJC

5F?RfQ UKW UC BCAGBCB RM GLAJSBC RECK QRE&IWIL RFCK ?LBTBRHGR RFCGP GKN?AR GL

*A64F=2E:@7 )F=6D '

5FC 4NCASJ?RGML 3SJCQ "1* GQ ? +40/ BCKLOEIMBCBV@MMEJIC RM CLF?LAC RFC
NCPDMPK?LAC MD QS@QCOSCLEEPREGML? JC?BGLE RM D?QRCP PCLBCPGLETRBKCQ ?LB Gl
SQCPYBICPGCLACQ BPC?BWEMU RFENCASJ?RGW?BGLE BPB1PCQQ NJISEEL SQC MD

RFGQ GL RFOGIFS) QCARGML

5FGQ "1* CL?@JCIZBRNCPQ RM QNCAGDW UFGAF 63-Q QFMSJB @C BWL?KGA?JJW NPCDCR
NPCPCLBCPCB

i $>121@/45:3 CRAFCQ PCQMSPEMBEGD MP ?QQCRQ GL RFC @?AIEPMSUB @CDMF
?PC PCOSCQRIBY SQBEBSAGLE JM?B RGKC UFCL RFILEBQCRW GE?RCQ RM
RFC NPCDCRAFCB AMLRCLR

i $>1>1:01>5:3' SJJW PCLBCPQ ? N?EC GL RFC @?AIEPMSLB QM GR GQIGEKCBG?R!(
UGRF LM JM?B RGKC UFCL RFCGRZRAQ RM GR

" SPRFCPKMPC RFC "1* GERRICPDMPK?LAC @?QCB ML SGOPQ@ (FSAF TCPBLEEP
JGLIQ MP NPCBGAREERPRBML N?RRCPLQ ?JIMUGLE AMLRCLR RM JM?B KMPC OSGAIJW UFC|

5M KLC RSLC UFCL QNCASJ?RGMLQ QFMEIB/RPBA@?L ?BHSQREFRLEQQh QCRRGLE

i -31> 4NCASJ?RGML PSJCQ ?PC RPGEECPCB GKKCBG?RCJW UFCL AMLBGRGMLC

i 101> -@14NCASJ?RGML MAASPQ ?DRCP WQEMPRBCIFCL ? SQUEHIGP ?
JGLIDMP ?R JC?QR  KGJJGQCAMLBQ GLBGRZREDGQRBIRIC

i ::71>B-@5B. 4NCASJ?RGML GQ RPGEECPCB MLIJW UGRFSQUFCRBRGBRE QSAF
2Q R?NNGLE MP AJGAIGLE ML ? JGLI QGEL?TSIGEMMEETEIBGML

5FCQC C?ECPLCTEIQRIIMUBIMNCPQ RM @?J?LAC NCPDMPK?LAC MNRGKGX?RGML UGRF
K?L?ECKCLR CLQSPGLE RF?R RFC @PMUQCP NPCIM?BQ MP NPCPCLBCPQ AMLRCLR ?R ?N
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#@7?8 ?>2E:@7? C2>6D ' #@

5FC MLE "LGK?RGNRRKCQ "1* -M" GQ BCQGELCB RMTGKMNML RFEILE 8QIQ "1* *R U?Q
QFGNNCB UGRF $FPMKC  ?LBGBBQEOIMNCPQ UGRF KMPC ?2ARGML?@JC GLQGEFRQ RM ?BBPC
PCONMLQIEIQQ GQQSCQ ?LEGKNRARGML RMRZ2GLR */1

3CQONML@ETQQ PCDCPQ RM FMU OSGAIJW ? N?EC PC?ARREGWLEQCEISHBLE SNB?RCQ ?PC
N?GLRCB UGRFMSR BEJ91 ? PCQNMLQC RGKC SLBCP  KGJIJGQCAMLBQ GQTGBC?J RFMSEF C
QFMPRCP RGK®@ LCACQQ?PW DMP ?LGK?RGMLQ

*LQRC?B MD KC?QSPGLE GLBGTGBSDWMAITQ ML JMLE ?LGK?RGNILEKLCB ?Q
DPKCQ RF?R RAMLECP RF?L KGJIGQCAMLBQ RgMNEIHEBBCLRGDW @JMAIGLE UMPI KMPC
CDDCARIBT

CE:7:4:2= ?E6==:86746

"PRGKAG?J *LRCJIGECLAC ™ GQ PCOF?NGLE FMU SQCPQ @SGJB K?L?EC ?LB MNRGKGXC UC@
BPGIL RMMJQ ?LB NJSEGLQ ?PC @ CAMKGPEGIRPCINKEEIGLE 2SRMK?RGML NCPQML?JGX?RGML
7LB CLF?LACB SQURCPGCLACQ

3CE?PBGLE RFZBB1PCQQ CAMQWQRCK GR REBTKNKKSLGRWER®WDSJIWBK@FPC
"* RPCLB *LRFPC?EDPMK .2V  RFC AMPC 8/1PB1PCQQ RC?K ?LB AMLRPG&FSREEE) C
MNGLGMLQ ?@MSR RFC PMJC MD "* GL RFC $.4

' MJIMUGLE RFC BGQASTEFGMGEFIGEFRQ QR?LB MSR

i ?4;A80 >19-5: 5. @41 <8A35: ?<-/14GLAC "* GLRIEFMLQ ASPPCLRIW PCJW ML RFGPB
N?PRW QWQRCKQ ?LB NPGAGLE GRI@MMPC 2BVNRCB RFPMSERRISEHI) P
$MPCd?R JC?QR SLRGJ "* KMBCJQ ?PC D?QR CLMSEF RM PSIPEGPCARJIW ML QCPT

i 1 B18<l> D<1>51:/1 , -?-2:J/A?2:>5: B-@5;:4MKC QSEECQR RF?R
2BBPCQQGLE ASPBAGRER?RGMLQ CONCAG?JIW GL REIF@SVBRAEIBGERMP
NPGMP&RWLAGLERCLQG@GIGRW AMSJB 2JIMU NISEGLQ KKNEPBRCCBMK RM C
UGRF "* GLREEEMLQ

i 2;>/;88-.;> -@5;: ORFCPQ NPMNMQC SQGLE "* RM CLF?LARGWLIZR@ MP
UMPIIMUQ QSAF ?Q ?BBGLE "* AF?R@MRQ ?Q ? LCU SQCP RWNC ?Q N?PR MD 1F?QC N\
(SRCL@CPE PM?BK?N®@MJIBCP GBC? GQRBREREERNCPQML?J "* 27QQGQR?LR GLRM RFC
?BKGL N?LCJ DMP @SQGLCQQ QSNNMPR

?KKGD8B<NFI,GI<JJ FI> :Fk C<KJK8CB NFI ;GI<JJ :Fk 8IK@]:@8C @EK<CC@><E:<
?KKGXE 8LNFI;GI<JJ FI> 89FLKB;D8G
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8 MPB1PCQQ AMPC ?QGBC "* F?Q @CCOWIBMRREB@NJISEGLQ RF?R MDDCP ANIGMILR ECLC
NCPQML?JGX?RGML AF?R@MRQ ?LB KMPC 4M FERR)'OFRQ RIRCYBW QR?PRCB AF?LEGLE
8 MPB1PCQQ CAMQWQRCK

@?4=FD:@"?

$.4 NJ?RDMPKQT?AMLRGLSCB RFCGP SRHCRRRPW GL ~ @CAMKGLE GLAPC?Q&LEJW GLF
RM RFC D?@PGA MD RFC GLREBISMAMPRBEEETEEC MD AMLRCLR APC?RMPQ @SQGLCQQC
SQCPQ UMPJBUGBC 8GRF ?EMICRGMRIPBGIW PGQGLE $.4Q ?PC LMR MLIW QF?NGLE FMU|
APC?RC ?LB K?L?EC AMLRCLR @SR ?JQM CLF?LAGMNEMGGIQCPR B CLE?EC UGRF RFC UC@

5FGQCAPRFC GLBSQRPW UGBC DMASQ ML NCPDMPKYNGPE® SQEP@BCCNCLCB UGRF

$.4 NJ?RDMPKQ QFMUGLE QRC?HOKEKRRMAPMQQ $NIRE BGR?JQ ?LB -GEFRFMSQC QAMPCC
2L W $.4Q FIC CK@RCB MNRGKGX?RTRIEGRR RF?R CLF?LAC JM?BGLE QNRGBGRVRCP
?LB ?AACQQG@GIGRREGLE ? QF?PCB AMKKGRKCLR RM ? SQCP kPQR UC@ 5FC ?BMNRGML |
*LRCRARGML RMRCEGLR */1 ?Q ? $SMPC® 7GR?J F?QLE&] ? KMPC AMKNPCRTLQGT

KC?QSPC MD PCQNMOQQT? LCU QR?LB?PB DMP N?EC JM?B RGKCYNAARBRERIF)XDMP
@PMUQGVYNECPGCLACQ ?APMGXTRCLB LCRUMPI AMLBGRGMLQ

$F?JICLECQ NCPQGQRCPNIUECAQ CVYN?LB RFCGP A?N?@GJGRGCQ ?LB ?BMNR LCU RCAFLMJ
@7?J?LAGLE ?BBCB DSLARGML?JGRW UGRF NCPDMPK?LAC PCK?GLQ APSAG?J *QQSCQ QS
?LB +7T?4APGNR JM?B AMLRGLSC RM GKN?AR QMKC NJ?RDMPKQ CQNCAG?JJW ML KM@GJ(
GKNMPR?LAC MD MLEMGLE MNRGKGX?RGML ?LB ?BFAIRGACRM @CQR NP

-MMIGLE ?FC?B fRC®GRCB RM QCC FMU $.4Q UGJJ AMIRBLSUGRFCKCPEGLE
RCAFLMIMEGC @ RPLQDMPKGLE AMLRCLR APC?RGML ?L6 DHIEE.PREBRE

NCPDMPK?LAC "JRFMSBRRREQRGJJ GL RFCGP C?PIVICIRMECR MERBCQC LCU
RCAFLMIMEGURRFC NMRCLRG?J RM PCBCKLC UC@ NCPDMPK?LAC ?LB CLENFRLRCLR "Q UC
MSP B?R?QCRQ ?LB PCKLC MSP KCRFMEVIMEGRIITGBC ?ITCL AJC?PCP NGARSPC MD RFC
QR?RC MD RFC UC@ d ?LB RFC $i@ RWC D?QRIFC ?2AACQQG@JC ?LB SQCP DPGCLBJW
UC@AdJCRIQAN K?IGLE GR @CRRCP RMECRFCP
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FE9@CD

+ML?RF?L 81JB

X IQGPHML?RF?K) QGPHML?RFER FRRNGIML?RFEIMIB AMK

+ML?RF?L 81JB GQ ?L ONCC® ?BIA?RC UGRF KMPC RF@ZP@DMASQCB ML RFC
8 MPB1PCQQ CAMQWQRALIE FGQANDMPIEPB1PCQQ ?LB RFC ONU® 8-C

CLHWQ PC?BGLE UGE@RGEW E?KCQ ?ARGLE PMAI AJGK@GLE ?LB MAA?QGML?JIW
UPGRGLE GL RFGPB NCPQML

-MP 3?WMI'?
O -mpr32wnr? B srwWMT?

-MP GQ ? $MLRCLR .?L?ECP ?R /BRPIGRF 0?PQ MUNCPGCLATEM®NGLE GL
BCNRF QNCAG?JGXCB AMLRCLR DMP 4??4 AMKN?LGCQ GL RFC $&& PCEGML

IGIM ,?2JCCT

QLeMmI2ice @LemIicT 2

/GIM GQ ? $MLRCLR 8PGRCP 7RAIGRIRFL \"?PQ MINTPGCLAC GL BGQQCARGLE
LS?LACB RMNGAFMEIRGLE $ME@FGR?JQ UC@ NCPDMPK?LAC KCRPGAQ ?LB
MNRGKGX?RGMLQ
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'2CE  92AEG6C

4@>>6C46

#.03 )(( 1&
<M@=<N<; 9PILCC8? <D@!I
E8CPQ<; 9RFEBK?8mB><C
1:@K<; 9P@B '8C<<M

?EC@5F4E.@?

*L RFGQ AF?NRCPTGCU RFC QR?RC MD CAMKKCPAC ML RFC UC@ "L CAMKKCPAC UC@QGR
MLIGLC QRMIFCR QCJIQGA?J MP BGEGR?J NPMBSARQ SMSP@EGGEGIERMPC RFCPC ?PC
QQGCRJ RWNCQ MD NJ?RDMPKQ RM AFMMQC DPMK

"2@C->1-?-'1>B5/1 ' NJ?RDMPKQ dEMNGDW KGLGKGXC RFC RCAFLGA?J
ILMUJCBEC PCOSGPCB RM MNCL ?LB K?L?EC ?L MLJGAG RIFRWBCPERIRPGARGLE
2AACQQ RM RFC AMBC@?QCTBIERRFIA.CCB RM UMPPW ?@MSR FMQRGLE
$8-@2;>9 -7 - '1>B5/1 $--' QMISRGMLQ QSAF ?Q "BM@C $MKKCPAC .?ECLRM
NPWGBC 7L MNRGKGXCB RCAFLMIMEW QR?A| PR MURBIAR BBEIC 2JIMUGLE DSJ.
AMBC@7?QC ?AACQQ

182 4;?@10 <8-@2;>TSAF 2QMM$MKKCPAC

1-0817? <8-@2;>92JG SMKKCPAGAVJIQ RF?R"IPCQ ? QCPTGAGFGV NFIGBC

RFC CAMKKCPAC @7\PQ ? 42?4 UFGJC RFC PCR?GJCP GQ PCONMLQG@JC DMP (
FMQRGLE RFC DPMURCPBCLAC
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/MRC RF?R QMKC NJ?RDMFHIQK?GLRM KMPC RF?L MLC MD RFCQ®RIREENPGCQ
4FMNU?PC MDDCPQ 2?2471 B QCJD FMQRCB MNRGMLQ

0SP EM?J GQ RMEGICPTGCU MD RFC ASPPCLR QR?RC MD RFC CAMKKCPAC CAMQWQRCK ?Q UC
BACIMNKCLR GL RFCA?EEF@/KPQR N?PR DMASQUOQINMLRFC NJ?RDMPKQ @?QCB ML RFCGP
SQ?EC ?LB $MPC®&® 7GR?JQ -GEFRFMSQC NCPDMPK?LAC PCQSJRQ 5FC QCAMLB N?PR GQ KMPC
CO/NCPGKCLR?Q 8FCAIB BGDDCPCLR C$MK RCAFLMIMEGCQ\PEBG-UM JIBOVICP RGKC

'=2E7@C> 56E64E: @7

8 C SQCB ?L MNCL QMSPAC RM&PRRPIVBXCGRM BCRCAR RCAFLMIMEGCZQGEQQBRLCQ
8 ?NN?JWXCP A?L GBCLRGDW AMLRCLR K?L?ECKCLR QWQRCKQ CAMKMAPSBIRI?RDMPKQ +?
DPKCUMPIQ ?LB JERBZQ ?LB KMPC

#:>:E2E:@7?D

0SP KCRFMBMJIMEW F?Q QMKC JGKGR?RE VDO AR ERDAAXASP

#:>:E2E:@7?D :? C64@87?:K:?8 64@>>6C46 D:E6D
'‘GPQRRNCPC ?PC QMKC JGKGR?RGMLQ RM MSP ?@GJGRW RM PCAMELGXC ?L CAMKKCPAC QGF

i 8 ?NN?JWXCP KSQR BERCARCB ?L CAMKKCPAC NJ?RDMPK

i DMP RFGQ ?L?JWQGQ UC MLJIW ?L?JWXCB FMKC N?ECQ *D RFC CAMKKCPAC NJ?RDMF
UGRFGL ? QS@BGPCARMBMUEFSEEB DPMK RFGQ ?L2JWQGQ

i "FC?BJCQQ GKNJCKCLR?RGML PCBSACQ MSP ?@GJGRW RM BCRCAR RFC NJ?RDMPK
RFC NPGK?PW KCRFMBQ RM GBCLRGDW ?L CAMKKAR RCANHRGMBKESQRZLB?PB
)5.- MP +? T?4APGNR AMKNMLCLRQ 5FCPCDMPC ? FC?BJCQQ UC@QGRC RF?R BMCQ !
RFC CAMKKCPAC NJ?RDMPK DPMIERXER KFPJICLEGLE RM BCRCAR

44FC24J @7 >6EC:4D 2?5 4@>>6?E2CJ

5FC ?AASRW MD KCRPGAQ ?LB AMKKCVR?BPQWK@C ?DDO@AREB BMJIIMUGLE JGKGR?RGMLQ

?KKGNNNN8GGSCPJD
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i  5PCLBQ M@QBHKW @C GLISCLAGBAB?LECQ GL BCRCARGMIWARASP RF?L
PCICARGLE GLBSQRPW RIPGEBOJIC ?L CAMKKCPAC NJ?RDWPHINE?P RM
@CAMKC KMPC NMNSJ?P QGKNJW @CA?SQC RFC BCRCARGMCEKCRFMB F?Q GKN

i "JJUC@QGRC PCOSCQRQ UCPC K?BC DPMK RFC 6LGRCB 4R?RCQ *D ? UC@QGR
ML ECMERFGA JMA?RGML RFCRQEML ?L?2JWXCB UGJJ AQNTATEA MLC

i 8 CSQCB RFPMKC 69 3SCNMPB?R?QCR UFGAF GLAJSBCQ MLJW B?R? DPMK PC?J
$FPMKC QCQQGMLQ LMR PCNPCQCLRENERECITCMEMQQ ?JJ @PMUQCPQ

+@A 64@>>6C46 A=2E7@C>D

*L RMR?J UC BCRCARCB LC?PJW KGJIGML UC@QGRCQ @SGJR ML CAMKKCPAC NJ?RDMF
PCNPCQCLRGLEPENPRCIW MD ?JJ RFC UC@QGRCQ ?L?JWXCB 5FC KMQR UGBCJW SQCE
CAMKKCPAC NJ?RDMPKIGEMKKCPAC DMJIMW@BMINGDW ?LB 40S?PCQN?AC

"@>K @JIKI@ILK@FE F=!"ROBBE8K=FIDJ

8 MM$MKKCPAC  ?LB4FMNGDW  BMKGL?RC RFC CAMKKCPAC NJ?RDMPK J?LBQA?NC
ONCL$?PR GQ RFC J?QR MD RFC BCRCARCB QFMN QWQRCKQ RF?R K?L?ECTRM QCASPC ?
MD RFC KTR

?KKGJI<M<CFG#I FD< :FD ;F:J :ILO
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"@>K OFG !'FDD<I:<,C8K=FIDJFD® LEK@C

0T CP RFCWPQ RFC RMNNIPRDMPKIZPCK?GLCB PCECIRGAMLQGQRCLRORBBY
CAMKKCPAC QSPN?QQCB 1PCQR?4FMN GGLE BRMK RF RM RF NBZABGGLBGA?RC RF?R
RFC MNCL QMSPAC NPNHGMKECPAC GQ QIGEFRIW JORIGEERCMBCAPC?QGLE DPMK  GL

RM GL UFGJC GRQ AMKKCPAG?J AMKNCREWMPDW E?GLGLEGRRIF?PC GL RFC
Q?KC NCPGMB GLAPC?QGLE DPMK RM

+@A 64@>>6C46 A=2E7@C>D 3J C27<

6QGLE RFC $FPMKC 6QCP &VNCPGCLAC 3CNMPRERRR CAMKKAIPAC NJ?RDMBKQ @
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"@>K ,C8K=FID 8;FGK@FBE®=FI| ;<IJBKFG 8E; DF9@C<

0SP B?R? QFMUQ RF?R MLJW ? DCU CAMKKCPAC NJ?RDMPKQ ?PC PCNPCQCLRCB GL RFC R
UC@QGRCQ UFGJC ?@MSR MD RFC RMN KGJIJGML UC@QGRCQ SQC ?L CAMKKCPAC NJ
BGDDCPCLAC AMSJB @C @CA?SQC RFCRMN  QGRCQ MDRCL SQC ASQRMK QMJSRGMLQ

'‘@D:E:@?
42JCQDMPAC $MKKCPAC
4FMNGDW 4FMNGDW 8 MM$MKKCPAC
$IMSB
' MSPRPRJJ .?ECLRM 8 MM$MKKCPAC 4FMNGDW
42JCQDMPAC $MKKCPAC 40S?PCQN?AC
"K?XML 8 C@QRMPC ?ECLRM
$IMSB $MKKCPAC
?ECLRM 8 MM$MKKCPAC 1PCQR?4FMN  1PCQR?4FMN
4"1 $SMKKCPAC $JMSB  "K?XML 8 C@QRMPC $ #GRPGV .?ECLRM

'GESPC  5MN CAMKKCPAC NJ?RDWKD @

$MKN?PCB RM RFCRMJ UC@ RFCPC ?PC LMRGAC?@JC BGDDCPCLACQ GL NJ?RDMPK NMNS
RFC RMN KGJIGML UC@QEOQR?LAC 8GV CAMKKCPAC JMQCQ GRQ NMQGRGML GL RFC
NJ?RDMPKQ UFGJC .?ECLRM HMGL@ REGRREIRIMN MLC KGJIJGML QGRTCPREMNGDW M

8 MM$MKKCPAC ?Q RFC KMQR NMNSJ?P NJ?RDMPK UFGJC 40S?PCQN?AC ?LB 8GV CAMKK(
MD RFC RMBI'RIB @CJIMU RFC RMN
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*LRFCRMN  UC@QGRCQ 4?JCQDMPAC $MKKCPAC $IMSB ?(BIRRMRBBCKCPEC

?2KMLE RFC KMQR SQCB NJ?RDMPKQ UGRF 4FMNGDW QRGJJ FMJBGLE RFCGISR@TP MLC QNMR
RMN  UC@QGRCQ LMLC MD REGIERIW JC?BGLE NJ?RDMPKQ ?PC PCNPCQCIORCB GL RFC RM!
UFGAF ?PC GLQRC?B BMKGL.2REEK@PAG?J) QMISRGMLYIGSRP 2D 4"1 2B 42IJCQDMPAC
$MKKCPAC $JMSB

+@A 64@>>6C46 A=2E7@C> 3J 86@8C2A9J

5FCPC ?PC OSGRC ? DCU BGDDCPCLACQ GL NPCDCPCRANEG @XRSQCE FEBERGML?J B?R?
DPMK RFC $P69 B?R?QCR UFGAF A?RCEMPGXCQ RFC KMQR TGQGREBGIL® QBRIEQ NCP ECMEP
OV?KNJC google.com  UFGJC 7L "KCPGA?L UC@QGRC GQ 2JQM MLC MD RFC KMQW TGQGRCB UC
2JJ (CPK?L GLRCPLCR SQCPQ

"@>K OFG <:FDD<k ,C8K=FID 9P FLEKIP

8 C A?L QCC RF?R RFPCC JC?BGLE NJICHRWEARNINRQNMR GL C?AF AMSISRMCIPAC
TGMJICR 4FMNGDW EPCCHGRBGY PCB 5FC K?N TGQS?JGXCQ MLIJW RFCQC RFPCC BSC RM Rl
JGKGR?RGMLQ MD (MMEJC 4FCCRQ

@C6 .63 -:E2=D :? 64@>>6C46

(MMEJ@Q $MPC 8@ 7GR?JQ ?PC RWPACPDMPK?LAC KCRPGAQ BCQGERIRCRWEAG?]
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2QNCARQ MD SHICPGCLAC DMASQGLE ML JM?BGLRARETERBIRCIS?) QR?@GJIGRW
*LRPMBSACB GL  ?LB ?BMNRCB?R(GRP QGEL?J GL  RFMQC KCRPGAQ ?KMWMURRCPQ
BCRCPKGLC FMU FGEF ? NZHGIEXGR. RFC (MMEJC QC?PAF PCQSJRQ

)CPAQ RFC NCPACLR?EC MD QGRCQ ML C?AF NJ?RONMBEMRHBR NG KC? LG IKORIRC
RFC NCPDMPK?LAC RFPCQFMJBQ DMP 2JI0RFFGREMP?BECQR $MLRCLRBE.RL SLBCP

QCAMLBQ */1 *LRZMRGML RMRZ2GLR SLBCP KGJIJGQCAMLBQ ABKEA?RGT
-?VWMSR 4FGDR @CJMU

$A01> 2107  5FGQ KC?QSPCQ FMU JMICEEGERI?RFC J?PECQR TGQG@JC
CJCKCLR ML RFC N?EC RM JMTBLBREGQ RFPCOFMJIB CLQSPCQ SQCPQ A?L TGCL
K?GL AMLRCLR OSGAIJW UGRFMEEBCIVQ

"$ A:01> 9588571/:0? 5FGQ KC?QSPCQ RFC RGKC DPMK ? BARIEN) GLRATP

2Q ? AJGAI MPRNRFC @PMUQCP SNBPRGBIGERGLE RFC QAPCCL " QAMPC SLBCP
KGJIJGQCAMLBQ KC?LQ RFC N?EC GQ FGEFVE REPBAMBIKMMRF SQCP
OVNCPGCLAC

*.18;C 5FGQRAQ RFC TGQS?J QR?@GIGRWWBGFQIRTHE BMU KSAF
CJCKCLRQ RMSL@NCARCBJIW 2@ RWEB " QAMPC @CIJMU  GLBGA?RCQ KGLGK?J
QFGDRQ CLQSPGLE ? KMPC QRY®IEGGS?DEIP SQC
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"@>K JFO@C<Bl FMI P<8l Fl< 3<92@K8CJ G<I=FID8E:< G<I GC8K=FID

4AMKC NJ?RDMPKQ K?BC GKEREQMEKCLRQ GBI0S?PCQN?AC UFGAF GLAPC?QCB DPMK

EMMB QAMPCQGL RM GL  ORFCP NJ?RDMRKQEGERM ?LB 8IM$MKKCPAC ?PC

QRGJJ QRPSEEJGLE UGRF PC?MMIPIBCEBCP GFGQ AF?PR ?LB RFC MRFCP AF?PRQ MD RFGQ Q
AMLQGBCP KM@GJC NCPDMPK?LAC MLIJW Q@D KMRRQDBMRAKM@GJIC ?LB GRIQ KMPC
AF?JICLEGLE RM PC?AF RMN QAMPCQ

#2C86DE @?E6?E7F="2:7E #'

-?PECQR $MLRCLRIERB1L KC?QSPCQ FMU JMLE GR B¥IP RFC K?GL AMLRCLR MD ? UC@N?EC RM
JM?B ?LB @CAMKC TGQG@JC RM SQCPQ ?RIQNRFAGKA?BBAIRRGKC MD RFC J?PECQR CJCKCLR M
RFC QAPCCIC 2@ GE GK?EC MP ? @JWRIWHABRE K2Q GR ? EMMB GLBGA?RMP MD FMU OSGAIJW
SQCPQ A?L QCC QMKCRFGLE KC?LGIHDSIRG. W
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" EMMB$1 RGKC QFMSJB @C SLBCP QCAMLBGR*RMBRRALE GR A?RRRIUC@QGRC DCCJ
QIMPLB SQCPQ KGEAR JBRGKNFGI-$1 WIS A?L MNRGKGXC GK?ECQORA® PCQNMLQCQ
D?QRCEB KGLGKGXC @JIMAIGLE QAPGNRQAGAEIFROFMUQ SN KMPC OSGAIJW

"@>K JF9@C<8BIl FMI P<8| ,C8K=FID, G<I=FID8E:<

%CQNGRC RFCQC AF?JJCLECQ RFC RMN CAMKKCPAC QEPRDMRKE CRAZARWIP

VC?P GKNRBKCLRQ GL RFEIGPAMPCQ 1J?RDMEKIBNIGIGONCLS?PR ?LB 4FMNU?PTCF?
AMLQGQRCLRIW F?BENREPRCQ QGLAC  UFGJC 5GCLB?LS@C ? NMNSJ?P NJ?RDMPK Gl
"PECLRGL? K?BC GKNRCRPIBEPCQQ GLAPC?QGLEREROPNBEQQBL RM GL

0L RFC MRFCP F?LBIBISMKKCPAC J?EQ @CFGLB UGRRE INTRIRSHR

F>F=2E:G6 #2J@QFE *9:7E #*

$SKSI?RECTFMISR 4FGPBR KC?QSPCQ FMU QR?@JWIRER D ? N?EQVGRRGLE FMU

2024 Web Almanac by HTTP Archive 507


https://almanac.httparchive.org/static/images/2024/ecommerce/mobile-lcp-performance.png
https://almanac.httparchive.org/static/images/2024/ecommerce/mobile-lcp-performance.png

Part Il Chapter 13 : Ecommerce

KSAF AMLRCLR SNCARCBJW QFGDRQ ?Q RFC N?EC JM?BQ " EMMB $-4 QAMPC KC?LQ RF?R  MP
MD ? UC@@BREQGRQ PCEGQRCP ? QAMPC NMDBGAAPRBILEPQR?@JC SQOPNIFETIRIV C

"@>K JFO@C<8BI FMI P<8| ,C8K=FID (/ G<I=FID8E:<

*L AMKN?PGQMISRNGKNPIZKCLRQ GL $-4T?@CCL JCQRBFGA .?WW NJ?RDMPKRQ MRLIW
K?BC KMBCQR NPMEPCQQ UGRF .?ECLRM QRPSEEJGLE KMRM/RNMNKZRACPQF&JIC
D?AGLE AF?JJCLECQ GL MRFCP KCRPGYAL NRBMMRKQY CCJJ GL $-4 QGKBIRMRREFK?L
NJ?RDMPKQ

?E6C24E:@7? E@ %6IE '2:?E %'

*/1 A?NRSPCQ RFC RGKC BPMK RFC KMKCLR ? SQGRBQRIFRF ? N2EEC AJGAIGLE ?
@SRRML RM UFCL RFC @PMUQCP TGQS?JJW PCQRNMRBM RM REFRREZANRIP GQ
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KGJIGQCAMLBQ MRIBGAE CLQSPCQ ? QKMMRF ?LB RORNERGGIAC

"@>K JFO@C<8BI FMI P<8l ,C8K=FID %*, G<I=FID8E:<
8FGJC KMQR NJ?RDMREKGKRAUB RFCGP */1 QAMPCQ QMKC QRGJJ J?E @CFGLB GLAJSBGLI

7LB #GE$MKKCPAC UGRFRRQQMD ?LB  PCQNCARGHMUCTCPKMQR NJ?RDMPKQ
F?TC ? N?QQRC ?@0!  GLBGA?RGLE QS@QR?LRG?J NPMEPCQQ ?APMQQ RFC GLBSQRPW

#:89E9@FD6

-GEFRFMS@X ?L MNCL QMSPAC ?SRMK?RCB RMMJ DMP ?SBGRGLERJISRABZET OS?IJGRW
KCRPGAQ ?LB PCNMPRQ ML TONCRBRIQRIGILAC ?AACQGEIQERFGACQ ?LB QC?PAF CLEGLC

2KKGN<9 ;<MBIK@:C<) @EG
?2KKGI<MKCFG<IJ >FF>C< :FD N<9 KFFCJ C@>?K?FLJ<
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MNRGKGX?RGML 4&0

*R ECLERCQ PCNMPRQ UGRF J?@ B?R? REIRINIRTPARGML?@JC QSEECQRGMLQ DMP CLF?LAGI
UC@QGRCQ JMIPGRQ GKNMPR?LR RM LMRC RF?R -GEFRFMSQC QAMPCQ BM LMR BGPCARJIW G
PC?J UMPJB kCJB B?R? AMIVGRBEB &FC )551 "PAFGT PSLQ -GEFRFMSQC ML KM@GJC ?LB
BCQIRMN UC@ N?ECQ QGKSIPRGLENMLLCARGML UGRF RFPMRRJCB $16 NCPDMPK?LAC
-GEFRFMS@PDMPK?LAC GQ ? J?@ @?QCB ?QQCQQKCLR MD UC@QGRC NCPDMPK?LAC R?GJIMP
RCQR NPMkJCQ DMP BCQIRMN ?LB KM@@BIRBQEBQBEPQR?LB RFC BGDDCPCLACQ @CRUCCL @
KCRPGAQ PREIGHFGQ ?PRGAJC

8FGJC $MPCB@ 7GR?JQ MDDCP PC?J UMPUWBNIRBRFOIGKGRCB QCR MD KCRPGAQ -GEFRFMSQ(
ML RFC MRFCP F?LB(ES] J?@ B?R? DMP ? UGBC T?PGCRW3/M’KCRREAGL ? -GEFRFMSQC

RCQR DMP RFGQ N?EC SQGLETSNMRMRC*%RFC DMJIMUGLE QCARGML UC DMASQ ML CAMKKCPAC
QWQRCKQ RF?R UCPC BCRCARCB KMPC RF?L RGKCQ RM CKNF?QGXC RFC QWQRCKQ NCMN
AMKKMLJIW SQC ?LB PCAMELGXC GL MSP AEFHREQ MMEGIICRC B?R?GEIQR@JIC GL RFC

QFCCRQ ?LB DMPNRGML?J A?QCQ UC ?2JQM KCLRGML QK?JJCP QFMN QWQRCKQ

'6C7T@C>2746

5FC -GEFRFMSI@PDMPK?LAC QABIRC KCRPGA RF?R QSKK?PGREEQIRKIPEMMPK?LAC MD ?
UC@ N?EC K?GLJW DMASQGLE ML FMU OSGAIJW ?LB QKMMRFJW GR JM?BQ ?LB @CAMKCQ SQ?
TGQGRMPQ 5FGQIGAGAOPRMK RM  UFCPC FGEFCP QAMPCQ GLBGA?RC @CRRCP NCPDMPK?L

5FC -GEFRFMSQC NCPDMPK?LAC QAMPC GICRECOEPREERCRPGA QAMPCQA'GPQR
$MLRCLRDSGLR ~ 4ANCCB*LBC  -?PECQR $MLRCLRD®3LR  5MR?J #JMAIGLE 5GKC
$SKSJI?RGTC -MUSR 4FGDR

2KKGJI<MKCFG<IJ >FF>C< :FD N<9 KFFD¥:RI<| OG<I@<EsGFIK
2KKGN<9 ;<MBIK@:C<J C89 8E; |<C; ;8K8 ;@<
2KKGJI<M<CFGI FD< :FD ;F:J C@>?K?FLJ< G<I=FID8E:< G<I=FID8E:< J:FI@E>
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https://developers.google.com/web/tools/chrome-user-experience-report
https://web.dev/articles/lab-and-field-data-differences
https://developer.chrome.com/docs/lighthouse/performance/performance-scoring

Part Il Chapter 13 : Ecommerce

"@>K )<;@8E (@>?K?FLJI< G<I=FIDSExIHBI@FLJ <:FDD<IGC8K=FIDJ FE ;<JBKFG
8E; DF9@C<

8 C A?L QCC RF?R 8GV CAMKKCPAC NCIFIWIBED ML @MRF BCQIRMN ?LB KM@GJC AMKN?PC
MRFCP QWQRCKQ 5FGQ GQ QSPNPEQGEEB?R? RIFMEQ RF?R GR GQ NPGK?PGIW SQCB DMF
MSRQGBC RFC RMN KGJJGML UFBWRIZREJBPMDCQQGML?J QRMPCQ 5FGQ NCPDMPK?LA
@C BSC RM RFC JGKGRCB ASQRMKGX?RGML MNRGMLQ AMKN?PCB RI@ MNCL QMSPAC QW(
8 MM$MKKCPAC

*D UC JMUCP RFC RFPCQFMJB RM NJ?RDMPKQ RF?R ?NNC?P ?R JC?QR RGKCQ GLQRC?E
(SKPM?B QAMP@PW UCJJ UGRF ? KCBG?L QAMPC MD ML BCQIRMN ?LB ML KM@GJC
"BBGRGML?RECLRGIPKMQR NMNSJ?P QFMN QWQRCK 5GCLB?LS@C ?JQM QAMPCQ UCJJ
BCQIRMN ?LB ML KM@GJC
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https://almanac.httparchive.org/static/images/2024/ecommerce/median-lighthouse-performance-score.png
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446DD:3:=:EJ

"AACQQG@GJIGRW GQ ?L GLAPC?QGLEJW GKNMPR?L R RRBZEMLYREISRIRQMPMMBCE?J
PC?QMLQ -GEFRFMSQC SQCORELMPI RM BCRCPKGLC RFC ?AACQQG@GJIGRW QAMPC 5FC
2AACQQG@GJIGRW QAMPC QFMUQ FMICPRIQ® GRAGSHEBUE §CMNJIC UGRF BGQ?@GJIGRGCQ RM
VWSP UC@QGRC 5FC AEGRXDPMK RM  UGRF ? FGEFCP LSK@CP KC?LGLE RFC UC@QGRC GQ
C?QGCP DMP KMPC NCMNJC RM SQC

5FC QAMPC GQ @?QCB ML ? QCPACRERIRICOBR AFCAIQ GD GRREIDAPGNRGMLQ DMP

NCMNJC SQGLE QAPCCL PC?BCPQ ?LB GD @SRRMLQ ?PC AJC?PIW J?@CJICBNRVINQM JMMIQ DM
SQC MD FC?BGLEQ ?LB EMMB ARQRRAMLIEFSPC RFC UC@QGRC GQ SLBCPQR?LB?@JC ?LB C?Q\
L?TGE?RCG?2JQMR? 2L CLRGPC AF?NRCP BCBGA?RCB RM ?AACQQG@GJGRW RF?R EMCQ GLRM

*RfQ GKNMPR?LR RM LMRC RF?R ? EMMB ?AACQQG@GJGRW QAMPC BMCQ LMR LCACQQ?PGJW |
DSJIW ?AACQQG@J RRM@.JICKQ A?LLMR @C BORGRROGERCB RMURIQG?KNJIC 2L
GLAMPPCAR BCQAPGNRGML MD ?L GK?EC GQ ?L GQQSR @ERFRGEFRFMSQC UML

?KKGP@K?L9 :FD ;<HL<C893 #< 9CF9 ;<NMCFG ;F: ILC< ;<J:I@GK@FEJ D;
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https://github.com/dequelabs/axe-core/blob/develop/doc/rule-descriptions.md
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"@>K )<;@8E (@>?K?FLJ< 8::<JJ@9@GEIR@ ML) <:FDD<IGC8K=FIDJ FE ;<JBKFG
8E; DF9@C<

5FC AMKKCPAG?J NJ?RDMPKQ 8GV 40S?PCQN?AC ?LB 4FMNGDW NCPDMPK UCJJ UFGJC L
QWQRCKQE? LMR?@JC @?B PCQSJR

*&

5FC -GEFRFMSQC 4&0 QAMPC QFMUQ FMU UCJJ ? UC@QGRC GQ WIRSRANCEEGCIVGLE @
(MMEJC 5FC QAMBEGQ DPMK RM  UGRF ? FGEFCP QAMPC KC?LGLE ? QGRC GQ @CRRCF
DMP QC?PAF CLEGLCQ UFGAF FCINQ KMPC NCMNJC kLB GR 5FC RCQR AFCAIQ DMP KCR? |
2LB AMPPCAR FC?BGLEQ QRPSARSPC
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"@>K )<;@8E (@>?K?FLJI< /'+ XFFI 81@FLJ <:FDD<IGC8K=FIDJ FE ;<JBKFG 8E;
DF9@C<

5FC GKNMPR?LAC MD 4&0 GQ PCICARCB GL RFC JGEFRFMSQC PCQSJRQ QGLAC KMQR NJ?RDMP
UCJJ JCBV@GV UFGAF F?Q ? NCPDCAR KCBG?L QAMPC MD

6DE AC24E:46D

5FC #CQRMRGACQ QAMPC QFMUQ RIBPUCIGAGRC DMIIMU@SIIQGPMP EMMB UC@
BAOCJMNKCLR DMASQGLE ML K?IGLE RFC QGRC QCASPC ?LB PCJG?@CFERANEENE RFGLEQ JGI
QGRC SQCQ QCASPC )5514 AMLLCARBMEGNFOB?RSPCQ ?PC SQCB GRIEKYECQ 7LB
PCQMSPACQ JM?B NPBRIENW GQ RM CIMSPOE®QGRGBQ AMKKML NPM@JCKQ RF?R AMSJB
K?I C GR JCQQ QCASPRIFGEIMCIG?@JC DMP SQCPQ
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https://almanac.httparchive.org/static/images/2024/ecommerce/median-lighthouse-seo-score.png
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"@>K )<;@8E (@>?K?FLI< 9RIK@I<J JFEFI BI@FLJ <:FDD<IGC8K=FIDJ FE ;<JBKFG
8E; DF9@C<

40S?PCQN?AC GQ JCRBGHE®MLE NJ?RDMPKQ UGRF KMPC RF?L N?ECQ GL MSP B?R?Q(
UGRF? NMGLR BGDDCRCRREMQCAMLB NIRAISBIKKCPAC

'2J>67E AC@G:56CD

5FC BCRCARGMLWHICNR NPEBCPQ GQ LMR ?Q ?BT?LACB MP NPCAGQC ?Q RFC BCRCARGML
CAMKKCPAC NJ?RDMPKQ BF@THACA?SQC UC MLIW ?L?IJWXCB RFCRMBEZRPECRFC
CLRGPC UC@QGRC UFGAF KGEGRT MEOIPNELBGA?RGMLWHIRINPEBCPQ SQNIS :

A?L PCDCP RMRESINMGLR ML REO\NRJWXCP (GR)S@VkJC RM SLBCPQR?LB FMU BGDDCPCLR
NWKCLR NPGEBCPQ ?PC BCRCARCB .SYRGN.RENPYBCPQ A?L @C SQCB ML RFC Q?KC UC@Q(
*L QSAF A?QCQ RFC UC@QGRC GQ AMSLREBEDRIRRMBEMNBCRCARCB

?KKGP@K?L9 :FD $00, :?@WN8GG8CPQ<I
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https://almanac.httparchive.org/static/images/2024/ecommerce/median-lighthouse-best-practices-score.png
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5FC DMJIJMUGLE QCARGML DMASQCQ ML C?AF UC@QGRKCIGRFBERCARCEN2M
CAMKKCPAC QWQRCK U?Q GBCLRGKCB

"@>K JFO@C<8I FMI| P<8| GBPD<EKFM@;<I| ;@JKI@ILK@FE

5FC B?R? PC?JQ RF7RMPJ GQ RFC KMQR AMKKMLJW BORKBRREEGRFMB ML KM@GJC
UC@QGRCQ ?NNC?PGLEML  MD ?JJ N?ECQ GL RFC B?R?QERJ SFRGIDRCIALEML
?NNPYGK?RCIW KM@GJC N?ECQ MSR MD KMPC RF?L  KGJJGML ?L?JWXCB

“NNJC W PLIQ QCAMLB @CGLE BCRCARCB KMPC DPCOSCLRAW BFGIA VDFEIOC GRQ
EPMUGLE NPCQCLAC GL KM@GJC CAMKKEBAC 4ERNA? NWKCLR QMISRGNVGBEME
4FMNGIMEASPCQ RFGPB NJ?ARLGLEEC P
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@?4=FD:@"?

&AMKKCPAC GQ QREIGIE UGRF NJ?RDMPK NPCDCPCLARCETGMGILB @C@QGRC QGXC
8FGJC 8VM$MKKCPAC PCK?GLQ RFC EM RM NJ?RDWRRMNGDMPE?Q QRC?BGJIW E?GLCB EPN
CQNCAG?JIW ?KMLE FGERERB®QGRCQ *LRCPILIMRGMEND 3GV CAMKKCPAC NCPDMPK
UCJJ GL RCPKQ MDVSI@BIECLAC KCRPGAQ BCQNGRC @CGLE KMPC NMNSJ?P GERF QK?JJCH
UC A?L M@QCBKNAEKCLRQ GL KMQR KCRPGAQ DPMK NCPDMPK?LAC RIPRECQOG@GJIGI
DCU @2PQ @CLCKRBLEMLC

8FGJC CAMKKCPAC NJ?RDMPKQPEC BAFUCJJ BGQRPG@SRCB ?KMLE BEBLRPCLRAPM
| ON NYEPQ BMKGL?RC RCAFLMIMIE®ETIRIQWQRCKQ *R UGJJ @C GLRCPCQRGLE RM QCC
J?LBQA?NC AMLRGLSOWRIGCRFC AMKGRPY/

FE9@C

+ML?RF?L7ECJ

© HAKN?ECJIM HML?RF?L N?EC® FRRNGIML?RF?LN?ECJI AMK

+ML?RF?L?ECJ QRSBGCB CAMKKCPAC GL FGQ @?AFCIMPQ BCEPCC ?LB F?Q QC
GLRCPCQRCB GL RFC KCJB N?PRGASJ?PJW GL RFC ?PC?Q MD QNCCB MNRGKG)
?2AACQQG@GJIGRW DMP QFMNQ ?LB UC GROGRT QPESFRCARIW GL RFGQ KCJB 7LE
NSPQSGLE ? .?QRCP{Q GL "* ?LB 4MAGCRW
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https://github.com/jcmpagel
https://www.linkedin.com/in/jonathan-pagel/
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'2CE  92AEG6C

12>DE24<

H#.(3 #% '
<M@<N<; 9PFD 'ILG8
E8CPQ<; 99K<C88E:F
I, @K<; 9RBM@; (81><

?EC@5F4E.@?

3CKCK@CP +?KQR?AI 8FGJC RFC RCPK BROMI@IC?UGBCIW WEEPCLRFC AMPC AMLACNRQ
PCK?GL ?Q PCIK ?QICP

"R GRQ FC?PR +?KQR?AI GCTPNBTRIAGRCARSPC RF?R NPMKMRCQ NPCPCLBCRIFLE N?ECQ L
NMQQG@JIERRFC 8 C@ "JK?L?A +?KQR?AI AF?NREIB NIJMPC RFC RFPCC K?GRWB/ICIGT
?PAFGRCARSPCQ AMKKMLJWBQCB RMB?

$>1>1:01>10 #SGJIB N?ECQ ?FC?B MD RGKA?RBQICRY QR?RGA kiCQ

E.>50 KGV MD QR?RGA ?LB BWL?KGA N?ECQ SQGLE RELMROKCIEEIGRERGA
3CECLCARGML *43 ?LB &BBCARGMLQ RM @JSP RFC JGLCQ @CRUCCL RFCK
E-95/ 1?ECQ ?PC ECIRIEB ML RFC QBMP C?AF PCOSCQR

*RfQ @CAMKC KMPC AMKKMECR@R®E/ G>?@NPM?AF ?Q RFC KMPC QR?RGA ? UC@QGRC GQ
D?QREMPC QA?J?@JC QCASPC ?LB CAM DPGCLBJW GR RCLBQ RM@PGHPTBE\BCRGIA F
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2NNPM?AFCQ ?PC T2JS?@JC RMMIQGIVNGEE BBIMIIGR ?LB ?PC C?AF QSGRCB RM BGDDCPCLF
QGRS?RGIERIN-QCC FMU RFCQC A?RCENMGREPC C

67:?:78 E96 52E2D6E

4M FMU BM UC BCRCPKGLC UFGZHVBENGPM?AF ? QGRC GQ R?IGLE *R UMSJB @C GBC?J GD RFC
UCPC ? AJC?P KZPIRM LC?RIW AJACOGOYGERC GL MLC MD MSP A?RCEMPGC@RBCEEIBREL?RCIW
LM QSAF K?€P ?LB GRfQ MLC MD RFC @GEECQR AF?JICLECQ MD PCNMPRGLE ML RFCQC ?PAFGH

1PAGMSQ +?KQR?8I@ "JK?L?A AF?NRCEERR?CL RUM ?NNPM?AFCQ

' MASQ ML UC@QGRCQ UGRF ? BCRCAR?@JC 2RMEFSQERCSQRCPARTE

NGARSPC ?Q UC AMSJB @C QSPC RFCQC QGRCQ UCPC SQGLE R?PECRCB RCAFLMJME
NPM@JCK GQ RFYR4ZPRGA 4GRC2RNMED BRILAT ? KLECPNPGAMRBED?SIR QM

RFC B?R?QGEUQ RMU?PBKIRUMPIQ JGICVR HQ ?LB /SVR RF?R/BAMENIGA?RC

RFGLEQ DSPRFCPC ATGICP F4APGNRMRIMPIQ ?PC A?N?@JC MD @MRF
NPCPCLBCPGLE N?ECQ ?LB BWL?KGA?JJW PCLBCPGLE RFCK QM UFGAF A?RCEMPW E
RFCK GL

5FC QCAMLB ?NNPM?AF NGMLCCPCBTBIORPAI AF?NRCPSQCB RFPCQFMJBQ
DMPPECQR $MLRCLRIBERBSKSI?REFMWISR 4FGDRB $?AFGLE RM @SGJB RFC
B?R?QCR 5FGQ ?NNPM?AF @PM?BCLQ RFGIBRISEELE @MPC NPCPCLBCPCB QGRCQ
RF?R BRRLFTC ? AJC?P 4R?RGA 4GRRIRKEECPNPGLR 5FC BMULQGBC GQ RF?R GR
@JSPQ RFC BCKLGRGML MD NPGPOMKSTEEEE@ML DPMLRCLB NCPDMPK?LAC
1PCPCLBCPGLE UGJJ MDRTLBEKSPW QNCCB @SR RF?RfQ UFCPC RFC QAMNC CLBQ G
MSP TG@F?R F?NNCLQ ?DRCPEOI@EE? D?QRGPGQ ? F?MNGNPMBSAR

#MRF ?NNPM?AFAQ REPGR RFC kPQR SQCQ B?R? RF?R AJC?PJW BCKLCQ ? NPCPCLBCPCB QGR(
RFC QCAMLB PCJGCQ ML GLBGACRRIRIP GRMEX@GLGLE RFC RUM UGRF ? QAMPGLE QWQRCK RM
RFC @CQR MD @MRF W/BIBIMSICB RFGQ QAMPGLE QWQRCK RM PCICAR FCSFGAMLKBCLAC JC
UFCRFCP ? QGRC GQ NPCPCLBCPCB 4RPMLE GIERARERUBYGIRW MP FMQRCB ML
(GR)S@2ECQ C?PL NMGLRQ UFGJC QMDRCP QGEL?JQ QSAF ?Q ? D?QR 5GKC RM 'GPQR #WR
PCACGIMUCP NMGLRQd GL RFGQ A?QC

8 C RFCL RMR?J SN RFC NMGLRQ ?LB NSR RFCK GL MLC MD RFC DMJIMUGLE A?RCEMPGCQ

2KKGBCDBES: ?KKGEAFI> <E  ASDIKS:B
2KKGN<9 ;<MBIK@:C<J C:G
2KKGN<9 ;<MBIK@:C<J :CJ
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https://almanac.httparchive.org/en/2022/jamstack
https://web.dev/articles/lcp
https://web.dev/articles/cls
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'C6C6756C65

*D 2 QGRC QAMPCQ NMGCRQGMA GR 1PCPCLBCPCB *R KC?LQ RFC QGRC GQ QR?RGA?,
ECLCPRCB MP QFMUQ KSJRGNJC QGELQ MD @CGLE BCAMSNJICB 5FGQ GQ ? FGEF @7P 7LB
RMR?J QGRCQ GL

J3C:5

*D 2 QGRC QAMPCQ @CRUCCL ?LB NMGLRQ UC NSR GR GL REEGOY@FREBUCECERTY
RF?R KGEFR @C QR?RGR @ERBMISEF kLECPNPGLRQ DMP SQ R RGJLNR @ENSPCIW
QR?RGA @SR QF?PC QMKC QF?PCB ?NNPM?AFCQ ?INANEXKNICVNBER@GRC FMQRCB ML
JCRIGDW MP ? (RQ@RC UGRF D?QR 55 8FGJC )W@PGB GQ ? KMPC JERIGUDRGRROENEW
@7?P PCNPCQCLRGLE Z MD QGRCQ GL RFC B?R? QCR GL

J?2>:4
"L WRFGLE QAMPGLE @CJMU NMGLRQ D?JJQ GLRM RFGHINCKERETRCERIPGP PCIW ML

QCRIP QGBC PCLBCPGLERMPPBMILMSEF KLECPNPGLRQ RM NSR GL RFC MRFCP A?RCEMPGC
PCNPCQCLRQ RFC K?HMPGRW MD RFCUC@ ?LBZ MD RFC B?R?QCR

*4@C:?8

- CRfQ BISGLRM FMU QAMPGLE UMPIQ

6E64E23=6 *E2E:4 *:E6 6?6C2E@C

5FGQ GQ ? FSEC RCJJ #?QCB ML RFC 44(CUGHMAEGVL FMLMGRFC UC@QGRC GQ
NPCPCLBCPCB 5FCQC ?PC @?JIN?PIQ QMBRGIKBCLARMY RF?R  MD /ZR HQ QGRCQ ?PC
NSPCJW QR?RGA GRfQ MLC B?R? NMGLR RF?R UFCL AMK @I)L. S8 BERKEGRACPQ EGT
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*x '@:?ED
"QRPM
#PGBECRMUL
%MASQ?PSQ
&JTCLRW
(PRQ@
(PGBQMKC
)CW
)SEM
+CIWJJ
.GLRIGDW
IC VR HQ
IC VRP
ISVR
0ARMNPCQQ
1CIGA?L
3CRWNC
4ASIIW
7SC1PCQQ

'GESPC  44(1 MGLRQ %GQRPG@SRGML

@DE:?8 'C@G:56CD

(GR)S@ 2ECQ A?L MLIW@QQRPRGA AMLRCLR QM UC ILMU GD GRfQ FMQRCB ML RF?R NJ?RDMPK ¢
NPCPCLBCPCB /CRIGDOPAE @MRE K?LW QR?RGA UC@QGRCQ @B WAIRNGA?
DSLARGML?3GRWRPGCB RM ?AAMSLR DMP RFGQ GL RFC QAMPGLE
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@DE:?8'C@G:56C '@:?ED
(GR)S@ 2ECQ
/CRIGDW
5GGL)MQR
7CPACJ

'GESPC  )MQRGLE TRBBCIMGLRQ %GQRPG@SRGML

++

5GKC RM 'GPQR #B@EMU JMLE RFCPERMI RM PCRBMFZLE RM RFC @PBIRIQEBLIGLE
@CFGLB SQGLE RFGQ KCRPGA GQ RFER BLCEQ RFCEMBD PCRSPL ? QR?RGA kJC RFC 55'%
TCPW D?QR UFCPC?Q GIZRECCGEPRM BM BWL?KGA NPMACQQGIERRE ECECPGR UGJJ

R?IC JMLEGI AMSPQC 55'% A?L @C E?KCB GD RFQQUIED<K?@BESGIC GRORPGRQ RGKC
ECLCPRGLE RFC N?EC UFGAN GPUEGTGLE ? EMMB 55'% ? QAMPC MD  ?LB LMR

*6CG6C )6DA@?D6 +:>6 '@:?ED
-CQQ RF?L MP COS?JRM  KQ
MPCRF?L KQ -0 JCQQ RF?L MP COS?JRM KQ

.MPCRF?L KQ

'GESPC  4CPTP 3CQNMLQC 5QKELRQ %GQRPG@SRGML

249:78

$?AFGLE EGTSQ ? EMMB QCLQC MD FMU QR?RGA ? QGRC KGEFR @C DABERESQCQ ?EE]
FC?BCPQ GRfQ ? QRPMLE QGEL RIF?BRBMQLPKGLGK?J UMPI UFGRRDQRIRGAOIG]

RFC MRFCP F?LB QGRCQ UGRF JMLE @SR RIIGCEERIREIGDSEECQR ? QR?RGA ?NNPM?A
UGRF JCQQ ACPR?GLRW

?KKGN<9 ;<MBIK@:C<J KK=9
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2496 96256C '‘@:?ED
max-age MD RUM UCCIQ MP NIBBMCQ LMR PCOSGRGBZRGML

max-age MDRUM UCCIQ MP MOBBEOSGPCIR?REB?RGML

'GESPC  $?AFC )C?BCPMGLRQ %GQRPG@SRGML

+28

&5?EQ FCIN UGRF A?AFC T?JGBIRBRGIE RFC @PMUQCP AFCAI GD ? PCQMSPAC F?Q AF?LECB Q
U?Q J?QR DCRAFCRGC RFGQ ?Q ? QK?JJ LSBEC RMU?PB ? QR?RGA ?NNPM?AF QGLAC GR QFMU(
QCHRIP GQ JC?LGLE ML A?AFCB AMLRCLR GLQRERBLEIFBEIACRGRC

E28 '@:?ED

&5?E NPCQCLR

/M &5?E

'GESPC  &R?EMGLRQ %GQRPG@SRGML

Set-Cookie

' Set-Cookie FC?BCP LSBECQ RMU?PB BWL?KGAMBRIRANGA?JIW KC?LQEEGQCPT
F?LBJGLE RFGLE@IEIQGMLQ UFGAF QSEECQRQ RER NSRETVRBIRGA

*6E @@<:6 '@:?ED
4CR $MMIGC NPCQCLR

/M 4CR $MMIGC

'GESPC  4CR $MMIGRIGLRQ %GQRPG@SRGML

#:>:E2E:@7?D :? E96 52E2D6E

*RfQ UMPRF PERIREP RFGQ QCEKCLR?RGML GQ F?PB 5FCQC ?PC PMSEF CQRGK?RCQ @?QCB M
2T?GJ?@JC ?LB QMKC KGQA?RCEMP@GHR@ICGRIGLTIQM RFFE kKFITRSUCB RFGQ QAMPGLE
KCRFMB ?LB GQ QMKCRFGLE UC A?L E2RQIRBLAMKC

5M KGLGKGXC RHBQQIR ? FGEF @?P DMP UF?R OS?JGKCQ ?Q 1PCPCLBCPCECMB )W@PGB *RfQ
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RFCQC A?RCEMPGCQ ?PC J?PECP RF?L PCNPCQCLRCB GL RFGQ PCNMPR

?2=JD:D

/MU RF?R MSP A?RCEMPGCQ ?PC BCKLCB JCRIGRCEFFIBREE GL

*E2E:4 *:E6 6?6C2E@CD

44(Q ?PC RFC RCAFLMIMEW RF?R NCPDMPKQ RFC NPCPCLBQRRHIK BECREBRPPRGLE
NMGLR DMP MSP ?LVBIQGRKGLB LMR ?JJ 4R?RGA 28REQAICPKLECPNPGMRMEQ GG
RW DMR/GKNJC BNR.JAT ?IW RRAC @ BCD?SJR QM RFE@R PCICARCB GL RFGQ B?R?QCR

"@>K IK8K@: /@K< #B#<ILI8>< =FKIKE;<I<; J@K<J

8 C QCC )SEM JC?BGLE RFC 1PCPCLBCPGLEBV/?RGRVMEMCE ?PEGL DMP RETPR?IFEMV
GQ ILMUL DMP @CGLE ? D?Q8@UB I¢4( UGRF ? AMKKSLGRW RF?R T?JSCQ NCPDMPK?LAC QN
QSPNPGQGLE RM QCC GR ?R RFC RMN MD RFC JGQR

/C VR HQ AMLRGLSCQ GRQ BMKGL?LAC ML RFC UC@ ?LB GQ QRC?BGJW AJMQGLE RFC E?N
1PCPCLBCPGLE A?RERIQRWIPRF LMRGLE RF?R UGRF MSIPQANMRGQUEBCRGLE ?2JKMQR ?3J
ILMUL )SEM QGRCQ ?Q 1PCPCLBCPCB UNBREQRQETBQ KSIJRGNJC GLBGA?RMPQ RM @C AML
1PCPCLBCPCB

.C?L UFGJC +CIWJJ (YRR@)CW FTC QCCL QR?@JC MP BCAJGLGLE SQ?EC GL RFC 1PCPCLE
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Part Il Chapter 14 : Jamstack

A?RCEMPMGAF PCICARQ RFC PCBEADENKTLR EMGLE GLRMARELMHE [P
%MASQ?SPSQ GQ ML ? QRC?BW PGQC UFGAMGQGESPGLRGRIQ MLIW SQCB DMP BMASKCLR?R

5FC PC?J QR?LB MSR FCPC GQ "QRPM RFMSEF UFGAF EPCU VGL  *RNMZENGL RRGHMP NJ?
1PCPCLBCPCB A?RCEMPW ?LB AMSJB @CAMKC RACCEBMIREGT. RBEFQ RPCLB AMLRGLSCQ

- CRfQ R?P JMMI ?R RFC )W@PGB A?RCEMPW

"@>K IK8K@: /@K< #BrE<ILI8>< =FI $P9I@; J@K<J

8 C QCC MR H@RCLBGLE GRQ JC?B GL RFC )W@PGB A?RCEMPW UGRF ?  GL@#RC?QC GL RFC N?
/C VR HQ GQ ? FGEERJIRIRIMPI A?N?@JC MD 1PCPCLBCPGLE %WL?KGA 3CLBCPGLE ?LB
*LAPCKCLR?J 4R?RGA 3CEGMLPSNB?RGLE QNCAGKA QR?RGA N?ECQ ML BCK?LB UGRFMSR PCOS
DSJJ QGRC PC@SGHR?RQYERWPWRFSLE DPMK ?L GLDMPK?RGML UC@QGRC RM ? DSJIW ICBE
UC@ ?NNJGA?RGML GQ MLC MD RFC @FEERCIGQINELGRICEPMUGLE SQ?EC

/SVR AMLRGLSCB RM EPMU QRC?BGJW UGRFGL RFCYREIECRRPREREBNEPMURF GL

'6C7T@C>2746

1PCPCLBCPCB QGRCQ ?PC ILMUL DMP RFCGP NCPDMPK?LATP@CAPSQSREB GCPR?LRIW
PPRFCP RF?L BWL?KGA?JJW PCLBCPGLE ? PCQNMLQC DMP C?AF PCOSCQR 5FGQ PCQSJRQ GL L
2LB JCQQTBAVL RFC @BPTRIQ QCC FMU RFARMISR GL MSP ?2L?2JWQGQ
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5FC KCBG?L QGRC NZEIDRIP QGXC GQ ?L GLRCPCQRGLE NJ?AC RM YRCRR BREKDIUMSIB C
QGELGKA?LR D?ARKIRIIQGRC NCPDMPK?LAC

"@>K OI8EJ=<I J@ Q<8P P

OL ?TCREC 1PCPCLBCPCB QGREQAR QK?JICPLRIDCP QGXCQ AMKGLE GL ?R  MD RFC
%WL?KGA QGRCQ

5FC HSKN @CRUCCL 1PCPCLBCPCB ?LB )W@CLB RUEARQEBFCGP BGDDCPCLR SQC A?QCQ
1PCPCLBCPCB QGRCQ BMPENGHC QR?RGA GLDMPK?RGML?J QGRCQ UFGJC )W@PGB QG
KMPC GLRM C$MKKCPAC ?LB UC@ ?NNJGA?RGMLQ UFGAF AL IXBFRYGIREECP RP

-CRfQ @PC?I BMUL UFCPG/RPUQGEFR GQ AMKGLE DPMK
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"@>K OFK8&HL<JKJ 9R3P

-MMIGLE ?R RFC RMR?J LSK@CP MD PCORTCIRRQ @AMRIBMD RFC BGDDCPCLACQ GL RMR?J N?EC
UCGEFR @CRUCCL A?RCEMRGCRM  UC QCC RFC RMR?J PCOSCRRTEDRER RFC Q?KC

DMP 1PCPCLBCPCB QGRCQ ? QJGEFR GLAPC?QC UGRF %WL?KGA ?LB RFC J?PECQR GLAPC?QC
A?RCEMPW  GL

"@>kl 11 J@Q< 9F<BI
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5FC RMR?ILRFDCP MD $44BIGQ ?LMRFCP NCPQRIRREMUQ ? QJGEFR SNU?PB RPCLB ?APM
23] A?RCEMPGCQ 5FC LMR?@JC HSKN @CRUCCL )W@PGB ?LB %WL?KGA QGRCQ QR?LBQ |
2L2IJWQGQ GQ LCCBCB RM NGYRMGARITIC CIBIGIJ?L?RGML GQ RF?R 1PCPCLBCPCB ?LB
)W@PGB QGRCQ RCLB RM BDREBMBARE® BLIMNCPQ *L ANIERPOWL?KGA QGRCQ MDRCL PCJ\
ML RFCKCQ UC@QGRC @SGJBCPQ ?LB NJSEGLQ UFGAF TRLENMRNPRUBQOEPEDCRQ

"@>K &8 1@GK J@Q<8P P

5FC RMR?IIRFDCP MD?4APGNR MDDCPQ MLC MD RFC KMQR GLRCPCQRGLE GLQGEFRQ UGR
GL +?4APGNR QGXC DMP )W@PGB QGRCQ QSPN?QQGLE RF?R MD RFC %WL?KGA A?RCEM
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"@>K &8I:I@GHKB8D<NFIBJ LJ<; 9P gI<E;<k; 8E; $P9I@; J@K<J

8FCL UC @PC?I BMUL RFT#4APGNRKORIMPIQ SQC® @PCPCLBCPCB ?LB )W@PGB UC@QGRCQ
UC QCC FTBCPBRUMPIQ JGBC?AR ?PC KMPC AMKKMLJW SQCB GL RFC )W@PGB A?RCEMPW

"@>K 0IBEJ=<| J@QEIs@E> // 8E; &BNI@GK 9RG?

*D UC PCHWM $44 ?LB +P?4APGNR DPMK RFC RIQRZPRPGXEAUTDR UGRF )$5K?ECQ
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DMLRQ ?LB MRFCP KCBG? 8FCL UC AMKN?PC RFGQ kJRCPCH. RMRPIKERGRMARE]J ?
LMRGAC?@JC E?N @CRUCCL C?ABRGRCGEIHREQNMLBQ RM RFC RMR?J LSK@CP MD PCOSC
GL C?AF A?RCEMRSAF 83W PCICARQ ? FGEFCP SQ?EC MD GK?ECQ ?LB DMLRQ GL RFMQC A’

"@>K JKIF MJ $L>F MIOK AJBEJI=<I J@Q<BP P

" MASQGLE ML RFC RFPCC QR?LBMSR 4R?REMRGRC FHCPPCPCLBCPCB AQREEMPWd
YSEM ?LB /CVR HQABISQ ?LMRFCP JCLQ RM ?L2JWXC N?EC UCGEFR /MRC RFGQ ?L?2JWQC
GLAJSBCQ QGRCQ GL RFC 1PCPCLBCPCBGRREEMMKRAPGQML D?GP

"QRPM RZQ LSKCPMSQ QRCNQ RM QFGN MLJW RFC KGLGK?J B?R? PCOSGPCB DPMK "QRPN
+?T?4APGNR BCD?SJR RM ?L ?QQCR MNRGKGX?RGML NGNCJGLC *RfQ EPC?R RM QCC GRQ
NCPDMPK?LAC PCICARCB GL RFC B?R?

YSEM QCCQ ? QRCN SN DPMK "QRPM GL N?EC UCGEFRY )8BMRFC@RRC RWNCQ MD ?QQCR
MNRGKGX?RGML NGNCJGLC ?Q "QRPM RFMSEF RFC "QRPM NGNCJERCEGLRMARFBCCNIW
DPKCUMPI UFGAF AMSABICGL RFC BGDDCPCLAC

/C VR HQ QFMUQ ? QGX?@JC GLAPC?QC GL YREQUIFERRR UGRF GRQ @SLBJCB PSLRGKC DI
PMSRGLE ?MBFFRGML ?Q UCJJ ?Q RFC 3CRPARMREMD UFGAF AMLRPG@SRC RM ? FGEFCP N
UCGEFR @?QCJGLC
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"@>K JKIF MJ $L>F MIGK AJ &BMRGK J@Q<8IP P

#PC?IGLE RFGQ BMUL RM NSPCTPAARBINR?QFGNNCB UC A?L QCOFRBEE2APGNR
@SLBJC GQ DWRIHDQ AMKGLE GL ?R  V J?PECP RB?L "QRPM

"@>K /@K<J N@K? #FK 349 2@K8CJaR P

- CRfQ QCC FMU RFCBBI@INPM?AFCQ GKN?AFRCEMPGR?JQ 8QMIMEJIQ BCKLGRGML MD
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F?TGLE (MMB $MPC® 7GR?IBCPC ? QGRC F?Q

i ->317@ ;@1:@2A8%B@-$1 SLBCP QCAMLBQDMP MD SQCPQ
i A9AS-@5B - EA@ '452@4 JCQQRF?L DMP MD SQCPQ

i  :@1¥@5;: @;"1D@-%:@*/1 SLBCP KGJIGQCAMLBQ DMP MD SQCPQ
1PCPCLBCPGLE RWNGA?JJW PCQSJRQ GL ? D?QRCP 5GKC RM 'GPQR #VWRINVISKNRIAGAF UC
-$1 RFC D?QRCP RFC @PMUQIPRBABGTRFC QMMLCP GR A?L QR?PR DCRAFGLE ?QQCRQ
PCLBCP RFC N?EC 5FCQC QGRCQ ?JQM RENEFRMRRECKRGML RM BCR2GIQ BEL ?PC
MDRCL F?LBBRCBAGBTCIMNCPQ )W@PGB FIQV?FB? MD?4APGNRORIMPIQ ?LB J?PECQR

+7T24APGNRINRI?BQ UFGARBWENJ?GLQ GREER RFC JMUCQR NCPACLR?EC MD (I31@B $MPC 8
7GR?2JQ

C@HE9

4M FMU ?PC RFCQC ?PAFGRCARSPCQ @CGLE ?BMNRCB ?APMQQ RFC UC@

"@>K #CF98C BENK? F=I<E;<I<; 8E; $P9I1@; J@K<J

-MMIGLE ?R RFC DSJJ B?R?QCR UC QCC RF?R UFGJC 1PCPCLBCPCB ?LB )W@PGB ?PAFGRC
PGQC RARC QRGJJ POWPRGAFC AMKN?PCB RM RFC PCQR MD RFCQQ@LORGAKRMQR

?KKGN<9 ;<MBIK@:C<J M@K8MN<FM@K8CJ
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UC@QGRCQ PCJW ML UC@QGRC @SGRBECPRMA(BRFE_BRINCP DMASQCB RMMJQ AMKKML GL
RFC 1PCPCLBCPCB ?LB )W@PGB A?RCEMPGCQ

8 C QCC KMPC EPMURF GD UC XMMK GLRM RFC QGRCQKAGRF RFC KMQR RP

"@>K | <kE;<k; ;FGK@FE DFE> $@:82KI3 <9J@K<J

5FCPI) @CCL QGELGKA?LR EPMURF GL 1PCPCLBCPCB ?BMNRGML ?KMLE RFC RMN 1?LB | KMQF
NMNSJ?P QGRCQ UGRF ERMAERAVIOD ?R RFC . K?Pl MBL@GFCQC FGEBRR QGRCQ A?PC

? EPC?R BC?J ?@MSR NCPDMPKQREBESRERB/QR? @ NBBWAGNJICQ RF?R ?JGEL NCPDCARJW UGR
RFC 1PCPCLBCPCB ?NNPM?AF
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"@>K $P9I@; ;FGK@FE DFE> $@8=% RI<9J@K<J

*RfQ ? QGKGJ?P QRMPW UGRF )W@PGB UFGRFPLMMDRBCRQI@R NMNSJ?P | UC@QGRCQ

@?4=FD:@7?

5FC QR?LBMSR REFGBE RFC AMK@GLCB  EPMURF MD 1PCPCLBCPCB ?LB )W@PGB ?PAFG
RFC RMN | FGERBRRA UC@QGRCQ GL TG MD RFCQC NMNSJ?P QGRCQ LMU SQC RFCQC
?NNPM?AFCQ 8FGJC 1PCPCLBCPGLE ?LB )WRPEBIRTIIGT LGAFC GL RIRCMIMRRC CLRGPC
UC@ GRIQGBJIW E?GLBARGWL UFCPC GRQ @CLCKRQ ?PC KMQR T?2JSCB

(GTCL FMU KSAF MD RFC UC@ GQ GLFCPCLRJW QR?RGA RFGQ RPCLB GQ NPMKGQGLE #W
kPQR KMBCJ ?LB JGKGRGLE BWL?KGA PCLBCPGLE RM BWL?KGA AMLRCLR RFC UC@ AMSJI
D?QRCEB JGEFRCP UCGEFR @SR ?JQM QGELGHSRRIMCKRPIOIWIDPGCLBIW

)SEM AMLRGLSCQ RM JC?B ?Q RFC RMN 4R?R&MRIGREFCLIFFCPCLBCPGLE QNMR HIGRF /C
E?GLGLE EPMSLB "QERW©Q2?PECQR EPMURF MITPCLBCPGKEDMPIGL 7L
GKNPCQRBT?R AMLQGBCPGLE GR{Q MLC MDIREUMRIQARFRBEQ QN?AC

5FC EPMUGLE NPCQCLAZRMBG®LB "QRPM GL @MRF 1PCPCLBCPCB ?LB )W@PGB A?RCEMPC
QFGDR RMURRBRFGB ?PAFGRCARSPC@®®EIRNECHQ KMPC AMIBPIQRVYRGA ?LB BWL?KGA
AMLRCLR EGRIBEML "QRPEMASQ ML GKNBEMWWCPDMPK?LAC ?LB PCBSAGLE N?EC UCGEFR JMI
@C NWGLE MDD ?LB F?Q K?BC QCPGMSQ GLPM?BQ GL ARRAQGLE SN ML /C

2024 Web Almanac by HTTP Archive 535


https://almanac.httparchive.org/static/images/2024/jamstack/hybrid-high-traffic-adoption.png
https://almanac.httparchive.org/static/images/2024/jamstack/hybrid-high-traffic-adoption.png

Part Il Chapter 14 : Jamstack

8FGJC RFC RCPK +?KQRAILH? JIMLECP @C UGBCJIW BQISRGRQAMLRGLSCQ RM QF?NC RFC
DSRSPC GL NMUCPGLE RMN RGCPTGL&RERUDMP ? D?@REE QR?@JC QCASPC ?LB CAM
DPGCLBJW UC@

FE9@C

.Gl C/CSKCECL

X IKGI CLCSKCECL @ !FRRNQ DMQQRMBMUKREREELCS €) KLCSKCECL M KLCSKCECL

® FRRNQEKGICLCSKCECL AMK

.Gl C /ICSKCECL N?QQGML?RC ?@MSR @SGJIBGLE ? UC@ RF?RiQ ?AACQQG@JC D?QF
7LB QCASPC ?LB EPMSLBCB GL QRPMLE DSLBRKXRERZIQ DEISLBCP MD

$IMSB$?LLML ? AMLRCLR K?L?ECKCLR NJ?RDMPK RF?R @PGLEQ (GR @?QCB UMPIIM
RM AMLRCLR CBGRMPQ

?KKGJCFL;:8EEFE :FD
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'2CE  92AEG6C

*FDEZ2:723:=:EJ

H. (3 L, (0 (33 L " I, %6(&# (-%, * &2(, 1) #%
#), ( # #%
<M@<N<; 98=8<C FE8CLD< (<9I
E8CPQ<; 9f:@8 $8k>FN LI 8B #XE<@®; )@B #@==FI|
I'@K<; 9BC<9 -L<<IE

?EC@5F4E.@7

*L RFC ASPPCLR AFINROBJJ PCIW ?Q KSAF ?Q NVREIG @4SOR?GL?@GIGRW AFENRCP
WS FTCLIR GR M5 QFMSJB PC?B GR PGEER IEMIAWELE PCSQGLE GQ ? K?HMP N?PR MD
QSQR?GL?@GJIGRW

4GLACRFC  "JK?L?A RFC kCJB MD BGEGR?J QSQR?GL?@GJIGRW F?ErBARPRCGBBBILQGBC
GR GIPW KSAF GL GRQ GXDRIAN) GQ ? AMKMI@JICKCH?LLMR ILMUGRF ?@QMJISRC
ACPR?GLURWR RFC DSJJ CDDCARQ MD MSP BERERRMIRBFEA?J NJ?LCR 8F?R UC A?L @C
AMLKBCLR GL GQ RF?R RFC DSJJ GKN?ARQ ?PC @ERECRMISLREE DRER?LE PPC

KGLCRIQ ?LB CICARPGAGRW ?PC 2JMAMSBIEGERGEGR?J GLRCPD?ATRAUEIRG GQ
MDRCL NPMBSACB

*L ?2BBGRGML GR F?Q @CCL PGAKMENGHNIBIGLE GL QSQR?GL?@GJIGRW RF?R RFC GKN?AR |

?KKGBCDSES: ?KKGEAFI><E  JLIKB@E8I@C@KP
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NPGK?PW kCJBQ QSAF ?Q UC@ NCPDMPK?LACQZSHRBPBE GAFANA?L JC?B RM
CKGQQGMLQ ?Q ? QCAMLB?PW AMLQCOSCLAC MD NMMP NJ?LLGLE ?LB BCAGQGML K?IGLE

4GLAC RFC J?QR "JK?L?A TOGIICL RFC APC?RGML MD MNCL QR?LB?PBQ MNCL QMSPAC QMDRU
MNCL B?R? ML RFC GKN?ARQ MD MSRBGRERSEFGIRGICBINFCCLR UCTERFC

@CEGLLGLE MDEBCLAC @?QCB ?NNPM?AF RM CKGQQGML PCBSARGMLQ 5FCPC ?PC AMSPQCQ
ACPRGKA?RGMLQ @MMIQ TGBCMQ NMBA?QRQVPLBRAMRS@PCERCRFGQ GQ QRGJIJ 2L GQQSC
RF?R R2Q @?AIQR?EC UGRF MRFCP CDDMPRQ RM PCBSAC CKGQQGMLQ

8 C LCCB RM ECR @CRRCP ?R PCBSAGLE RFC GKN?ARQ MD MSP B?R? ACLRCPQ ?LB QR?PR QCC
B GACQ ?Q N?PR MD ? AGPASYWPESBAMIMKGKNMPRYMRIBCB RM @CEGL PCBSAGLE MSP
BCK?LB DMP KMPC ?LB @GEECR/BGEGRRACQ

8FCPC NMQQG@JC UC UERHBLHRFCR 8 $ 4SQR?GL?@ T@BSMKKSLGRW (PMENES
4SQR?GL?@GJIGRW (SGBCJGLCQBY] @C @SGIBGLENCHRFCLAC MD RFC  "JK?L?A RM
FGEFJGEFR B?R2RMEBJIL?NQFMR MD UFCPC UGAPPC RMB?

#SR kPQR FCPZOSGAI PCA?N MD UF?R F?NNCLCB GL RFC QSQR?GL?@GJGRW kCJB QGLAC

.92EMD ?6H :? H63 DFDE2:?23:=:EJ

4GLAC  UC F?7TC QCCL ? QRCCN GLAPCZRCIGIN MD UC@ QSQR?GMIE RFRGRUP
JMR F?Q F?NNCLCB

5FC4AMDRU?PC $?P@ML *LRCLQGRW 4$* ANCGAGKATIGMIC20 QR?LB?PB#?QCB ML

RFCHRC MD A?P@ML CKGQQGMLQ RFGQ QNCAGMAARRYLC GIEPMRKCLR?J CDKAGCLAW MD

? BGEGR?J QCPTGAC 5FGQ AMSJB @C ? EMMB QRIEHRER ENSTBLE GMIBCIMPR?LR RM EM
DSPRFCP RFPMSEF ?BBGRGML?J CAMIBES2CBROVARWMIPYD GMRGA PCQMSPACQ U?RCP SQ?EC |
?LB AMLQGBCP ?JJ QRCNQ MBRHAZDGDPMMCAR RM PC?AF DMP DPSE?ZRGR\Y ?LB KMBCP

5FGQ OSCQR DMP CDKAGDMA® IQRFCP 7KHGILRQ QSAR?2@MIU?PC AMBGLB K?HMP

AJMSB NFRBBCPQ ?GKGLE DMP ? PCBSARGNIGRMLRECERPIGEKN?ARQ KMQRJIW @?QCB ML A?P@MI
CKGQQGMLQ 4SQR?GL?@GRIRWKZIRRD ?AIQ @CA?SQC MD RFC PGQC MD ?PRGKAG?J GLRCJJIGE
UFGAF GL GRQCJD ECREEBGRABIRPEC @SR LMR LCACQQ?PGITEPMR IGR@ELGKN?ARQ

5FGQ CKCPECLAC FGLBCPCB RFC CDDMPRQ MD QMKIGRZRIQFRAIMSBAFFDMP RFC PCBSARGML
MD AQIGPMLKCLR?J GKN?ARQ 5FGQ FERE®REIBIIPRAGCLAW GQ LMR CLMSEF ?LB DPSE?JGRW QF
@C MSP RMN NPEMRIGRWFGEFJGEFRQ RF?R UGBCJW ?BMNRGLE LCU RCAFLMIMEGCQ UGRFMS
RFCGPT@PMLKCLR?J ?LB QMAG?J GKN?ARQVBEEB @C ?

2KKGN : >@K?L9 @F JLIKPNOTBERHIFLI<I

?2KKGI:@ =KEJF=KNSFFLE;8K@FE

2KKGPI<<EJF=KNBFFLE;8K@FE 8IK@:C<J J:@ JG<: @] 8KIGHEaIREFBKKLI
2KKGP8:B<IEFFE :FD :8I9FE 8N8t :FDGLK@ECHRI<E 9k8BKFL>? FI E<N =<EN8J?@E>
2KKGX?<E<NJK8:B @F JLIK @KP ?FN ;@; SEBEIREBQLFID @E

538 2024 Web Almanac by HTTP Archive


https://w3c.github.io/sustyweb/intro.html#resources
https://sci.greensoftware.foundation/
https://greensoftware.foundation/articles/sci-specification-achieves-iso-standard-status
https://hackernoon.com/carbon-aware-computing-next-green-breakthrough-or-new-greenwashing
https://thenewstack.io/sustainability-how-did-amazon-azure-google-perform-in-2023/

Part Il Chapter 15 : Sustainability

5FGQ GQ UFCPC UC QFMSJB KCLRGML LCU PCNMQGRARGAINDMP @CQR NP

i 5FC8$ 8 MPJBSGBCE® $MLOMPRGSK 4SQR?GI@GMKESLGRW (PMSN
NS@JGQFCBREF@ 4SQR?GL?@GJIGRW (SGBCJGLCEF8QC MDDCP ? FGEFCP
NCPQNCARGIUC@ QSQR?GL?@GJIGRW ?LB QFMSJB FCIN RC?KQ ?BMNR QSQR?(
J?PECP QA?JC KMPC ML RFGQ J?RCP GL RFGQ AF?NRCP

i ' PPLAC GLQRGRSRGMLQ ?JQM RCICPRIMNEVRIBZAK@MMPI DMP RFC CAMBCQGEL MD
BGEGR?J QCPTEHACNSPNMQC FCPC GQ RMKICIIZPI DR QSQR?GL?@JC BGEGR?.
QCPTGACQ ?LB RM ?GK DMP ? UGBCP ?BMNRGMRARGBGREQQC @CQR NP

i "L *40 QR?LB?PB DMP %GEGR?J 4CPTGACGQANBMMHERAEC U?

MPC ?LB KMP@MMIQPC 2JQM @CGLE NS@JGQFESGQBBER(®CCL 4MDRGAPTLC
$SPPGC 2PPQS ?LB 4?P#CPEK?L

*L ?BBGRGML RM RFGQ RMMJQ DMP COBBMRRGLERFEKGI?ARQ MD RFC UCEIJARELBRGJIJ C
7LB LCU MLC@CN ?NNC?PGLE 4MKQRGLE RMMJQ QSAF ?Q 4RREAEBLIE B

8 C@N?ECRCQR ?PC ?BBGLE DC?RSPCQ RBRMIREKRRC GKN?ARQ "Q QEPRREC?@JC

8 C@ %CQGEL .MBEQ MDRCL SQCBTBRIBASIRCIW CQRGK?RGLE GKN?ARQ GQ QRGJJ 7L Gk
RMNGA ?LB LM AMLQCLQSQ F?Q @CQRPUQARTBIDRCL RFC A?QUSPERRCILR?]
AMLQGBRBMLQ RFC RMNGA PCK?GLQ AMKNJC

5M EETKMPC AMMRARM ?JJ RFCQC @PC?IRFPMSEFQ?KIQRS BEGCQP? @ MSRGIAILBICLR?J
GKN?ARQ MD BGEGR?J QFMSJB @C AMLBSARCBQRIPIEABBBRFC A?LAOCGUSAF ?

J?PEC NCPQNCARGUB FCIN CQRGK?RC RFC @CLCKRQ MD ?JJ RFC MLEMGLE CDDMPRQ @°
GLQGEFRQ ML UFCPC KMPC DMASQ GQ LCCBCB

#:>:E2E:@7?D 2?5 9JA@E96D:D

5FCPC ?PC KARLUWQ RM ?QQUC@PKILKCLR?J GKN?ARQ @SR RFCPC ?PC ? BCN BEGLEQ RM |
KGLB

i .MQR DPCC RMMJQ MLIW PICIRCOWPEB B?R? RFC LSK@CP MD )551 PCOSCQRQ 7L
%0. QGXC 5FGQ GQ GLQSDKAGCLR RM FCRRSPQREMGML PCI?RCB RM
2LGK?RGMLQTRCA?JASI?REDNTAG?IIW SQGLE +4 @SR 2JQM @CLCKRQ DPMK B
KMBC Bl 2AFGCRFGQ MRFCP KCRPGAQ ?PC LCCBCB(ESARRGREBLB

2KKGN : >@K?L9 @F JLIKPN<9

?KKGXE 8I<G =| E<NJ @0J kC<8J<) M@<BV@ED<EK [><JE  ?KDC
?KKGNNN @JF FI> JK8E;8] ?KDC

?KKGN : >@K?L9 @F JLIKPND ®EKI9FFBJ

?KKGNNN Fk@CAPCGBIPM@<IL@C;@E<E| IF=KN8I
2KKGILIKB@EBIC<N<9;<J@>E FI> <JK@D8K@E> ; @>@K8C <D@JI@FEJ
?KKGXE 8I<G =| E<NJ @0J kC<8J<] M@¥?< <MI@E<D<EK  ?KDC
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3". KCKMPW SQ?EC QFMSJB @C KC?QSPCB

i 5MMJQ SQS?JJW QRGAI RM N?EC JM?BGLE ?LB QMKCRGKCQ QARMQIGLE 5FGQ GQ LM
PCJ?LR RM PC?J SQ?EC ?LB MDRCL KGQDGRISIMREGUED QSAF ?Q ?AACNRGLE
AMMIGCQ AJGCLR QGBC WEARETSBTMQ CRA 3C?J SQEPORISRIE@C
KC?QSPCB @?QCB ML ?L?JWRGAQ ?LB SQCP DCCB@?Al

i ()( GQ MDRCL SQCB ?Q P\WEMWPTGPMLKCLR?J GKN?ARQ @SR RFGQ G®ILMR CLMSEF 5
?TMGB GKN?ARR@PCPQ ?LB EBEQEGLE MRFCP GLBGA?RMPQ QFMSIIR@TTBQCB ?Q
@V RFC "%&.& 1%' 'PCLAF I#

5FCQC LMRGMLQ ?PC BCR?GIPBGAIRFEIMSRIFRMCKCLR?J GKN?ARQ MD UC@ CJCKCLRQ

ID9<;;<; <E M@ED<EK8C @DG8:K E<<;J KF S5 @FKH FLI :8C:LCBK@FEJ 0?< N<9 J?FLC; EFK
I<HL@LJ<IJ KF LG;8K< K?<@| ;<M@:<JR#BIJ 3< E<<; KF <EH#K?8K K?< C@=<JG8EJ F= FLI
;@>@K88IEIEHId 8k OK<E;<;

?E6CD64E:@72= 67G:C@?>67E2= :DDF6D

4SQR?GL?@GJIGRW SIREEERMNIWBLC ?Q RFC NJ?LCR UGJJ SIRGKIRBINGRICID

#SGIBGLE ? HSQR QMAGCRW RF?R QSNNMPRQ RFC LCCBQ MD GRQ NCMNJC UGRFGL RFC @MS
NMNSJ?RGMOESFPMSEFMSR MERJGX MD SQ PCOSGPC ?AAMKKMB?RGML 03BREREIGRW RM L
RFC NFQGA?2J ?LB BGEGR?J UMPJB AF?LECQ ?LB ? QSQR?GSRENPRANEIR 0KC GL kT

NCMNJC F?Q ? NCPK?LCLR BGRRUIERRW UGJIE2@MRF RCKIRMIP?LB QGRS?RGML?J
BGQ?@GJGRGCQ RFPMSEFMBIR RMEGAMIGRIEQRMSJB PC?BRRNQGC @SHBRICP

*L @SGJIBGLE QSQR?GL?@JC BGEGR?J GLRCPD?ACQ UC KSR SBECREM@®RECSREP
BGQ?@GJIGRGCQ 4SQR?GL?@JC BGEGR?J GLRCPD?ACQ GHNRC FOCPAARM NDISEN RFCGP
R?QIQ "L GL?AACQQG@JC GLRCRIRBKIRTIW PCOSGPC ?GCRICRYEIQR?GL?@JIC N?RF RM
?AAMKNJIGQF RFCGP EM?JQ

4GKGJI?AIAC KSQR AMLQGBCP FSEPRBBMC AJ?QQ ECLBEBROCS?J GBCLRGRINGRCL
SQCB RM BGTGBC NCMNJC " QSQR?GL?@JC UC@ QFMSJB NPMKMRC AJGK?RC HSQRGAC

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4%

2KKGL@®I@< 8;<D< =1 ><; .77=TFEK@:EM<IM@:<I7TELD77I@HL<J G;=
PKKGPI<<EJG<:KMD <E I<;L:< K?< N<@>7K F= 8 N<9 G8>< N?@:? <C<D<ER3 288K<JK @DG8:K
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#682= @3=:82E:@7?D 2?75 C6A@CE:?8 DE2?52C5D

%GEGR?J QSQR?GL?@GJIGRW GQ @CAMKGLE ? EPC?RCP AMLACPL GL RFC PCESJ?RMPW J
JCEGQJICREPLECQ UMPJBUGECHRPMBSACB PCOSGPCKCIERMRE?RSOR AMKNJW UGRF

8FCPC MPE?LGX?RGMLQ MLAC D?ACB KGLGK?J W@2RE RGMIM) RFGLRCB UGRF LCU
PCESJ?RGMLQ BCQGELCB RM QR?PR ?AAMSIREMLRUIERREGERTAR 5FC SPECLAW MD RFC
AJGK?RC APGQGQ F?PRUS\REGPE QFGDRTCRIRICERQ GLAPC?QGLEIJW FMJIBGLE @SQGLCQQ
?2AAMSLR?@JC DMP RFCGP CAMIMEGA?J DMMRNPGLR

5FC &SPMNC?L 6LGML ASPPCLRJIW JC?BQ RFC UMPJB GL RCPKQ MD QSQR?GL?@GJGRW P(
$MPNMRC 4SQR?GL?@GJGRW 3CNMPRGLEWGPERRG B:SPMNC?L 4SQR?GL?@GIGRW
3CNMPRGLE 4R?LB?PBQ &434Q K?LB?RC RF?R PRREGLAMPCINNPR ML 4AMNC ~ ?LB
CKGQQGMLQ ?LLERAMKN?QQGLE BGPCAR GLBGPCAR ?LB T?JSC AF?GL CKIEPQGMLQ 4AN
BGPCAR EPCCLFMSQC ERGQQGMLQ K?BW/@ @SQGLCQQ 4AMBEQMAMBGPCAR CKGQQGMLC
DPMK ? @SQGLCQQ QSAF ?Q CICARPGAGRW RM FC?R MP AMMJ Pa@Q@IBGLEFCEB 4AMNC
CKGQQGMLQ ?QQMAG?RCB LMR UGRFEGRUAREWRF?R RFC MPE?LGX?RGML GQ GLBGPCA
PCQNMLQG@JC DMP

.C?L UFGJC RFC &AMBCQGEL DMP 4SQR?GL?@JC 1PMBSARQ 3CESJ?RGML &413 ?LB &LCP
%GPCARBMASQ ML K?LB?RGIGGA?ITGRISARSPC QSAF 2Q B?R? ACLRCPQ ?LB NPMBSARC
RMU?PBQ AGPASJ?P CAMLMKGCQIQBER2GE?@GIGRW NERRAGNIGEC' RFC $RRGIMP
4SQR?GL?@GJIGRW %SC %GJIGECEAZYGRBRRGD RF?R MPE?LGX?RGMLQ DMQRCP QSQR?
@CFRGMP PCJ?RGLE RM UMPINJ?AC@GCE CKNIM

"BBGRGML?9BW (PCCL $J?GKQ %GROMREFAGRIW JCEGQJI?RCQ ?PMSLB AJ?GKQ MD QSQR?
PCJ?RCB RCPKQ QSAF ?Q @CGLE EPCCL RM kERRQEBLIE)BFEPBGEGR 2RENLR)
3CQGJIGCLAC "AR %03" K?LB?RCQ RFC QSQR?GL?ERENIRY\PRII?RECERI) PARGTGRGCQ
5FC &6 "PRGKAG?J *LRCJIGECLAC "TGBRQEEACQQ?PW PCESJ?RGML ?PMSLB "PRGKAG?J
*LRCJIGECLAC ?LB REGMLKCLR?J GKN?AR MD QSAF RCAFLMIMEGCQ

*R QFMSJB @C LMRCB RFMRIXRECQC &SPMNC?L BIGGANNIRY RM @MRF AGRGXCLQ ?LB PCQG
MD RFC &&FGQ 2JQM ?NNJGCQ RM AMKN?LGCQ UFM BM @SQGLCQQ UGRF .CK@CPQ MD RF:
NCMNJC JGTGLE UGRFGIGRFRREB(%13 RFCKGKA?RGMLQ MD REQEECEIM@?J
QGELGKA?LAC

5UM @CQRARGAC PCNMQGRMPGCQ DPMK RFC &6 ILMUL ?Q RFC )?LB@MMI MD 4SQR?GL?@
%GEGR?J 4CPTEACOB RFC &SPMNC?L %GEGR?J 3GEFRQ ?LB 1PECABCHNREYGBCIW
2QQMAG?RCB UGRF RFCGE BTEGRNIPREBQ QSQR?GL?@GJIGRW

' PPLAC CQR?@JGQFCB GRQCJD ?Q ?L C?PJW JC?BCP GL BGEGR?J QSQR?GL?@GJGRW RFF
3&&/ JCEGQJ?RGML ?JMLEQGBC RFEIJGABFKCUMPI DMP RFC &AMBCQGEL MD %GEGR?J 4ACF
3(&4/ 5FGQ DIKCUMPI NPIBBCQ AJC?P ?LB 2ARGML?@JC ESGB?RARGILG@CQRRMGLE ?
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FGEF QR?LB?PB DMP QSQR?GL?@JC BGEGR?J QCPTGAC BCQGEL FRLBLEGQLEESECPOIASQ ML |
ML FMU RM @SGJB KMPC CLCPEW CDKAGCLR BGEGR?J NPMBSARQ QCPTGAGD?BREF GRQ AGPA
U?QRCU? (&$ 2JQM GL CDDCAR ?LB GRQ MRABGEATHBANINCA  2JQM T2GJ?@JC RFC
AMSLRPW GQ UMPIGLE F?PB RNIGPMLKOLR?J GQQSCQ

*L (CPK?LWNPMEPCQQ GQ ?JQM @CGLE K?BC PCE?PBGLE QSQR?GLTAQBAGKILRFEMSEF RFC BC
RFC &LCPEW &DKAGCLAW "AR &L&D( UFGAF K?LB?RCQ RF?R B?R? ACLRCPQ SQC JCQQ CLCPEW
EPMSLBQ MD AJGK?RC NPMRCARGML ?LB RFC 4SNNJW $F?GL ?LB %SC “WGHGRGPRGLER 4$%%
ML RFC FSK?L QGBC MD QSQR?GITE@BGIGREEIWMPMRCARGMLQ ?APMQQ QSNNJW AF?GLQ

$2JGDMAQGTU CKGQQGMLQ PCNMFFGLEIGK?RC $SMPRIMR?R? "AAMSLR?@GJIGRW "AR 4 #

2JMLE UGRF GRQ QGQRCP JCEGQJ?RGML $JGK?RC 3CJ?RCE3GL?PEGI?BERPPAR
PCESJ?RGML N?AI?EC UGRF NMRCLRGGRAEZREMIRBEGI] PCOSGPC AMKN?LGCQ UGRF
POCLSCQWBCCBGLE @GJJGML ?LB @SQGRGUQMECH?IGDMPLG? RM BGQAIMQC RFCGP
EPCCLFMSQC E?Q CKGQQGM$ZIGEMRLERMIC ?Q ? EIM@?J FS@ DMP BGEGRFELRTAFLMIMEW
JVUQ UGJITIBV GLISCLACARGACQ 7LB QR?LB?PBQ GLRCAZIBGEIGRBQQCLRG?J DMP BGEGR?J
?ECLAGCQ UMPJBUGBC RMA?|

*LBG? GQ RFC kL?J AMSLRPW MD LMROREBRISTRABL?@GJGRW JCEGQJ?RGML GL RFGQ A?QC
#SQGLCQQ 3CONMLQG@GJIGRW ?LB 4SQR?GL?@GJIGRW 3CNMPR RBZREIOGABBQ KSAF JGI
O/ACNR DMP RFMQC JGTBEERMPLARFGQ L?RGML CLDMPAGLE PCNMPRGLE QAMNC CKGQQGMLQ

.SAF JGC UC@ ?AACQQGEBERHRAY QSQR?GL?@GJIGRW GQ @CAMKGLE ? LML LCEMRG?@JC ?QNC
@SQGLCQQ /ML AMKNJG?LAC UGRF RFC CKCPEGLE QSQR?GL?@GJGRW QR?LB?PBQ GQ LM JML
7LB @SQGLCQQCQ BPAC P NMRCLRG?J NCL?JRGCQ

5FC PCESJ?RGMLQ ?DDCARGLE BGEGR?J QSUFTEL BB IEIRFCREBEMASQ ML
CLF?LAGLE?REON?PCLAW ?LB ?AAMSLR?@GJGRW GL CKGQQGMLQ PCNMPRGLECURGJC MRFCPQ
EPCAL?QFGLENGCLDMPAGLE ZRBSEB PCONMLQG@JC AMKKSLGA?RGML ?@MSR NPMBSARQ ?LB
QCPTGACQ

4R?LB?PBQ QSAF ?Q RFC (JM@7?J 3CNMPRIGBE NEWGERCIQQCLRECUDIPIQ RM FCIN
BGEGR?J ?ECLAGCQ KCCR RFCQC LCU M@JGECRENNQ SIRRI? REEY RNTBIZAR?RC UF?R
KSQR @C BMLC QR?LB?PBUIBE RPE PM?BK?N DMP AMKNJG?LAC ?ABGACQRMRELQSPC
RF?R AMKNJG?LAC GIZBAFHICSRGT?LE CRFGA?JIW

%GEGR?J NPMDCQQGML?JQ QFMSJB JMMI ?R UF?R JCEGQJ?RGNMARTRTG TBR)BRBGRCHR NP
QSQR?GL?@GJIGRW ?NNJW RM RFCK NPGMP RM RFC APC?RGML MD RFCGP NRMBSAR MP QCPT(
BACIMNKCLRQ ?Q RFCGP NAWIHSARK KCCR MU GLE AMKNJG?LAC J?LBQA?NC

5FC @CLCKRQ MD ?BMNRGLE QSQRREACIIORAK RFC WHRILGEAILB KCPC AMKNJG?LAC
RF® MDDCP ? AMKNECBBIRGGEL ? KERIGLAPC?QGLESW@HARHAT LCCB MYBIGCLR
ASQRMKOMNCPGCLAC ?LB GLAPCT@BEMLKCLR?J AMLRZREBAR) ?LB A?L JC?B RM RGKC ?LB
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AMQRTELEQ UFCL LMRGTE RM @C PCRPMKRRGREBERHE BMPIQ "Q RFGQ PCNMPR MSRJGLCC

GLRCERGLE QSQR?GL?@G MSPAGR@EM BZRDERFGQ LMR HSQRVAGBGEE NCL?JRGCQ @SR
2@MSR QCGXGLE LCU MNNMPRSNGB3TIDGGREPI?LBQA?NC

OPE?LGX?RGMLQ ?PC @CEGLLGIERMR?6B72@GIJGRW N?EC RM RFC DMMRCP MD RFCGP UC
?JJMU RFCK RM PCNMPR ML RFCGP $0 CKGQQGMLQ ?Q UCJJ ?Q BRQARGRE RIATFRORSA.C
CKGQQGMLQ DMP RFCGP BGEGR?J QCPTGACQ

' MP DSPRFCP GLDMPK?RGML ML QNCAGKA PCESJ?RGMLQ ?LB QR?LB?PBQ PCDCP RM

i 84(8 C@ 4SQR?GL?@GUBRWIIGAGCQ

i 84( %P ?DR 4SQR?GLMMIHE "LB 3CNMPRGEE 45

i (3* (IM@?J 3CNMPRGLE *LGRG?RGT

i (3 5FC)?LB@MMI MD QSQR?GL?@JC BCQGEL MD BGEGR?J QCPTGACQ Y *4*5
i 8&3' 8 C@ &AMBCQGEL 3CDCPEABAPI

i "NMIGRGACENGLE RCAF QSQR?GL?@JC

G2=F2E:?8 E96 67G:C@?>67E2= :>A24E @7 H63D:E6D

&T?JS?RGLE RAGEMLKCLR?J GKN?AR MD ? UC@PGREGEE @SR ?L C?QW R?Q| *R SQS?JIW
GIMJTQ ?QQCQQGLE RFC CLCPEW AMLQSKNRGML ?LB A?P@ML DMMRNPGLEREMIMAG?RC
DPMK RFC @ERTRF?R FMQR GR RE/RET BE?R ?AACQQ GRFBREMC AMLQGBCPQ T?PGMSQ
D?ARMPQ GLAJSBGLE RFC CDKAGCLAW MD@RESARIRGLRIGL PRMSLR MDEIERIRES
BSPGLE N?EC JM?BQ RFC SQC MD RBHUSZENC FCLCU?@JC CUCRER? GCLRCPQ ?LB RFC
MICRJJ MNRGKGX?RGML MD RIECAMBE QGREQQCR®BEERCQ RF?R PROFCIK?ECQ

TGBCMQ ?LB MRFCP J?PEC kJCQ PCOSGPC KMPC CLCRENGR AMPRPEHFBRGLE RM FGEFC|
A?P@ML CKGQQGMLQ #W SLBCPQR?LBGLE ?LB MNRGKGXGLE RFCQC CJCKCLRQ UC@QGH
RFCGP BGEGR?J A?P@ML DMMRNPGLR AMLRPG@SRGLE RM ? KMPC QSQR?GL?@JC UC@ °
RFCGPTG@PMLKCLR?J GKN?AR

*R GQAW GKNMPR?LECRMGL KGLB RF?R RFCPC G?GREAICNRMIMI RF?R UMSJB 2JIMU DMP
NPCAGQC KC?QSPCKCIGPMIQGLEJC N?PR MD RFC QWQRCK 2JIMIGR.E QER ? LGAC M
5FCPCDMPC UC A?L KC?QSPC GQMJ?RCB N?PRQ MD RFC QWQRCKQ MSP RC?KQ UMPI ML A

2KKGN : >@K?L9 @F JLIKPN<9 GFC@:@<J ?KDC

2KKGN : >@K?L9 @F JLIKPN<9KRE!

?KKGNNN >CFI8@FIK@E> FI> ?2FN KF LI< K?< >|@JKEE;8K8E;Rl <E>C@J? C8E>L8><
2KKGP  @I@K <EG< FI> <E

?KKG>@K?L9 :FD :ELDI 9<JI8®@:<J 9CF9 D8@E .! )! <E D;

?KKGBGFC@K@:8C :F JFCLK@FE SHE@REIKEBILIKB@ESIC<
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SQC MD RFC KMBCJQ RF?R 2JJMU SQ RM BM ?L CQRGK?RGML @?QCB ML QNCAGKA GLNSRQ 0LC
ASPPCLRJW SQCB GLEGRDCPCLR UC@QGRC A?P@ML A?JASI?RMPCBAVE G@B@CGLE UMPI
GKNPIZB GQ RISQR?GL?@I@8%CQGEL .MBEEGQ KMBCJ A?L @C ? QJIGEFRIRQBIRIM

MD CQRGK?RGLE ?Q UBIASPPZLRIW MSR RFCRCPBRUE?Q @CCL NPCQCLR DMP ? UFGJC
2JIMUGLE AMKN?PGQRIRBKC ?LB QGKNJGDWGLE RARGYARRRIZIIMUQ DMP @CRRCP
SLBCPQR?LBGLE ?LB FMNPOSVBNGRGML MD RFC NPM@JCK GRQCJID

6QS?JIWC R?JI ?@MSR $0 @SR GR UMSJB @C RREREWFRER ?@MSR CO$0 MP $0 C T?JSCQ
COSGT?JCLR RM $0 CKGQQGRREL@®SRNIGCQ RM 2JJ IGLBQ MD EPCCLFMSIIE?QQCQ
MRFCP BEPMLKCLR?J GKN?ARQ QFMSJB @C AMLQGBCPCB ?Q GRIRFQACQQICLL-RDEIBW
GLQR?LARMTMGB GKN?ARGPCRIE UFCL PCBSAGLE ()( CKGQQGMCQ BERPGKCLR?J RM
U?RCP AMLQSKNRGML ?LB BC@?R?@JC AJAGRQNIBAEERIBWh

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4% ?LB

BF:4< ?@E6 @? 2DD6DD:?8 6?G:C@?>6?E2= :>A24ED

5FC OSCPGCQ DPMKCIPPRAIAG@CCL SNB?RCB RM PCICAR RFC LCU B?RAIRREGRSRECPC
F?Q @CCL LM CDD@XREICPCLAC GL RFC PCQSJRQ

5FC SNB?RC MD RFC $0 CKGQQGMLQ A?JASI?RGMLQ GQ PCICARCB GL RFC EJM@7?J N?EC 44( $
AMKKCPAC CKGQQGMLQ A?JASIFRGNB?RCB RFC A?JASJ?RGMICPRENECKMBCJI MD
CKGQQGMLQ A?JASI?RGM U FIRICE MO B@8%CQGEL .MBCJ

.?GL BGDDCPCLACQ

i 5FCEIM@7?J A?P@ML GLRCLQGRW F?Q AF?LECB DPMK EI8FRM E I8F

i 1POGMSQJW RFC UC@QGRC $0 NCP TGQGROBIREMEKNICOGBCPGLE RFC N?EC
UCGEFRB?R? REQDCPPCB GL (# KSJRGNIFIBI@RGK?RCB CLCPEW SQ?EC MD JM?BGLI
MLC (#  ?LB KSJRGNJWGLE GR UGRF RFC A?P@ML GLRCLQGRW

i *L RFC SNB?RCB DMPKSJ? QCEKCLRQ RFC CLCPEWWNBPRSKITRENP@ LCRUMPI
?LB CLCPEW AMLQSKCB@CPTBACQ DMP EPC?RCP GLQGEFR

i &?AF QWQRCK QCEKCLR GQ DSERBERI@BMM RUM A?RCEMPGRGMMNGEB
CK@MBGCB CKGQQGMLQ

2KKGILIKB@EBIC<N<9;<)@>E FI> <JK@DSK@E> ;@>@K8C <D@JI@FEJ
2KKGILIKB@EBIC<N<9;<J@>E FI> <JK@D8K@E> ;@>@K8C <D@JI@FEJ

544 2024 Web Almanac by HTTP Archive
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i #<1>-@5;:-8 5FC CKGQQGMLQ ?RRPG@SRCB RM RAGAQQ BDRFC BC
QCEKCLR

i 90510 5FCCKGQQGMLQ ?RRPG@SRCB RM RFC NPMBSARGEL MD RI
? QCEKCLR

i &?AF QCEKCLR GQ ?RRPG@SRCB ? ACPR?GL UCGEFR GL RFC A?JASJ?RGML PCIC
CQRGK?RCB AMLRPG@SRGML RM RFC RMR?M/2KSIR)GRRBQTEKECR F?Q GRQ
CQRGK?RCB A?P@ML GLRCLQGRWIRGM@NBFMEBFBGCB CLCPEW AMLQSKNRG

i  "RRFCCLB RFGQ ?JJMUQ SQ RM CQRGK?RC RFGQ DMP C?AF QCEKCLR ?LB RFC
RM ECR RFC RMR?J CQRGK?RCB CKGQQGMLQ

'286 H6:89E

5FC 4SQR?GL?@I@8%CQGEL .MBCJ SQCPBRRTRPQ ANWWGIC UC A?L BC@?RC UFCRFCP
RFGQ GLNSRERT 7L ?ARSE A?P@ML CKGQQGML CQRGK?RC GRfQ AJC?P RF?R RFC GLAPC®
UC@QGRTIPRFTCAPQ GQ AMLRPG@SRGLE RM RFC NPM@JCK .MPC B?8PQEBBQRWET QC
RFCK KMPC CLCPEW REFBREGK ?LB KMPC NPMACQQGLE NMUGFRRIZISEQRIPCCL RM

CLB SQCPQA@HRFECAWPQ RFCPC F?Q @CCL ? TGQG@JC SNU?PB RPCLB QM JCRIQ JMMI 7R F
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1?EC UCGEFR PCNPCQCLRQ RFC ?KMSRRQIITBPRBRM ?AACQQ RFC UC@ N?EC @?QCB ML
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551 PCOSCQRQ *R GQ PCAMKKCLBCB RF?R RFGRRCAREIN @TNMQQG@JC RM CLQSPC ? D?QR
JM?B ?LB EMMB S@NERIGCLAC DMP 2JJ SQCPQ 0L RFC RF NCPRRECHE@EIPQGRC

UCGEFQ ?PMSLB .# UFGJC BCQIRMN MLCQ ?PC ?PMSLB .# 5FC EMMB LCUQ GQ RF?R RFCQC
LSK@CPQ ?PC QJGEFRIW JMUCP RF?RREC MIKRLBAL  5FC @?B LCUQ GQ RF?R RFCQC
LSK@CPQ ?PC QRBRMM FGEF 8FCL UC R?JI ?@MSR QSQBCETEEIERMSAF SNML

GLAJSQGML ?LB RMQSPC RFC K?HMPGRW MD *LRCPLCR SQCPQ A?L ?AATL® RFC N?EC ?LB F?
BCACLR SQURCPGCLREEC UCGEFR QFMSIBN@@CIMU # GBC?JIW ?PMSLB  #

*R GQ 2JQM GKNMPR?LR RM CKNF?QGXC RF?R RFCQC LSK@CPQ ?PC AMKGLE DMP ? QM A?JJCB
KC?LGLE RF?R N?ECQ UCPC ?AACQQCB TG? QAPGNR ?LB LMR RERICHRDQBRCEGRAGTC B?
GKNJCKCLRGLE J?XW JMZBGESQRPPCOSCQR ?LB JM?B ?QQURPUILACBEE RFPMSEF
L?RETI?XW JM?BGLE DMP GK?ETKT? BIENPMEPCEB&RGML DMP BWL?KGA AMKNMLCLRQ

2Q UCJJ ?Q JIM?BGLE ?LB NPM¥RBQERENRQ MLAC RFC SQCPAWQEER DMP GR ?LB RFC
QAPGNR BMCQ LMR GV SERIPTERRRBML CKSJ?RGMPEE N?EC UCGEFR GQ QSPC RM @C 7L

CTCL @GEECP LSK@CP

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4% 7LB

.6:89E 3J 4@?EG?E EJA6

8GRF B?R? QFMUGLE RFPEPECN?EC UCGEFQ ?PMSLB .# RACIMEGA?J OSCQRGML GQ UFCPC
?JJ RFEMQC I&ZR@Q ?PC AMKGLE DPMK .MBCPL N?ECQ ?PC AMKNBGOBGRCKR.NGCACQ
GLAJSBGLE @?QGA @SGJBGLE @JMAIQRSAEBR452Q UCJJ ?Q DMLRQ ?LB GK?ECQ RM
CLF?LAC TGQS?J NPCQCLR?RGML

?KKGBCDBES: ?KK@@HFI> <E  JLIKB@EB8I@C@KP G8>< N<@>?K
?KKGIQE<HL<EKEIP K?< G<I=FID8E:< @E<HL8C@KP >8G

546 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/en/2022/sustainability#page-weight
https://infrequently.org/2021/03/the-performance-inequality-gap/

Part Il Chapter 15 : Sustainability

"@>Kl '@CF9PK<J G<I KPG<

"@>K '@CF9PK<J 9IF<EKI@C< 9P KPG< DF9@C<

' PMK RFC RF NCPACLRGJC MD AMJJCARCB B?R? GR GQ AJC?P RF?R RFC J?PECQR NMPRC
RFC N?ETRMR?J UCGEFR @CJMLEQ RM GK?ECQ SASQARGBBGASIR LB MLC MD RFC N?P
UFCPC QK?JJ MNRGKGX?RGNICRACLBFGEECQR GKN?AR 4JGEFRIJW QSPNPGQGLE ?LB UMPI
RFCPC GQ QRBW QK?JJ E?N @CRUCCL BCQIRMN ?LB KM@GJC LSK@CPQ LMR MLIJW GL GK
2APMQQ ?JJ RWNCQ 5FGQ QFMIZ] BENRFER KM@GJC kPQR @CA?KC TBRILATIRY

2024 Web Almanac by HTTP Archive 547


https://almanac.httparchive.org/static/images/2024/sustainability/kilobytes-per-type.png
https://almanac.httparchive.org/static/images/2024/sustainability/kilobytes-per-type.png
https://almanac.httparchive.org/static/images/2024/sustainability/kilobytes-by-percentile-by-type-mobile.png
https://almanac.httparchive.org/static/images/2024/sustainability/kilobytes-by-percentile-by-type-mobile.png

Part Il Chapter 15 : Sustainability

?EM KMQR RC?KQ QRBMNRRGKGXC RFCGP KM@GJC QGRCQ RM ?AAMSLR DMP RFC JGKGR?RGN
LCRUMPIQ NFMLC NJ?LQ ?LB QK?JJCP QAPCCLQ DMP UFGAF QK?JJCP GK?ECQ ?PC SQS?JJW C
RFC CLB GRAKIMMI KM@GJC DP@SEBRWINCPGCLAGRGQL

*R GQ 2JQM LMR QSPNPGQGLE RF?R RFC QCAMLB J?REEGRRIMARG MU EIREDRPIQ
BCNCLBCLAGCQ N?AI?ECQ ?Q UCJJ ?Q JCE?AW AMBC C?QGJIW ?AASKSJ?RG2APEERP ?KMSLR
AMBC 5FC @GEECQR NPM@JCK GQ RF?R QAPGNR NPMACQQGLE GQ N?PR MD RFC N?EC JM?BG
KMQR NMUCP DPMK RFC $16 ?LB AMLQSKCQ RFC KNQR QCRERGRW QFMSJB @C ? AMLACPL
AFCAI RFCASPGRVINRCP DMP KMPC ML RFGQ

$MKN?PCB RM GK?ECQ T2BARPGNR RFC UCGEFR MD $24BMCRIUM J?PECTIBRREC

GKNMPR?LR OSCQRGRILBAWPRCP GL RFC AF?NRCP GQ FMU KSAF MD RFGQ AMBC @MRF $44 ?LB
?ARS?JIW @CGLE SQCB *L ?BBGRGML RM?RBIQQ ARAQSBBRCQQGLE AMQR MD QSAF AMBC QF
@C AMLQGBGEREBCKMPW SQ?EC

5FC QGXC MD DMLR WGEQMIPC?QML?@JC GD UC AMRGORIBARBZFRSQRMK DMLR kIC A?L @C

MICP # 5FGQ QGXC RFMSEF A?L @C @PMSEFR BMUMQUEGGRIERRELE BMLR kJCQ RM
MLJW ARPERCPQ RF?R ?PC LCCBCB DMP RFC QGRC AMLRCLR 5FC KCBG?L DMLR kJC UGRF ?L &L
QS@QCR MI?PAREPQ QFMSJIB @C ?RMSLBUFGAF GQ MD RFC MPGEGL?J # ?LB AMSJB

@PGLE SQ AIMQUEREFRPC?R JMMIGLE N?EC RF?R GQ @CIMU .#

.MPC ?@MSR RFGQ RMNGA A?L @C DMIR® Bl ARCSCGERR?NRCP

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i 5FC84( 4% 7LB

2C3@7? 6>:DD:@?D

"Q QR?RCB T@M®?AIGL  UC SQCB RFC 4SQR?GLC@JIGEIGEL 48MIBCJ RM CQRGK?RC
A?P@ML CKGQQGMLQ @?QCB ML N?EC UZBERR 0B HEIRGKCQ RFGQ GQREL BISP
AMLQR?LRJIW GKNEMQ QSAF ? LOPQGML MD RFC KMBCJ U?Q PCACLRIW NS@JGQFCB 5FGQ F2(
AMLQGB@RIC GKN?AR ML RFC PCQSJRQ QM UC BCAGBCB RM PCA?JASJ?RC CKGQQGMLQ DPMK |
@CDMPC NPMACCBGLE UGRFRFC  B?R? *L @MREISBOE?IRADEMK RFC  NCPACLRGJC
UFGAF GQ QMKC IGLB MD gUMPQR APQTERBBL?@EMMRFCP NCPACLRGJICQ RFSQ K?IGLE RFC
BG?BRQ JCQQ PC?B?@JC
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#?QCB ML RFC 7 MD RFC 48% KMBCJ UC ECR RFCQC EIM@7?J PCQSJRQ DMP CKGQQGMLQ
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*D WS RZ ? JMMI 2R RFC PCQSJRQ DPMIQRPGL?@GJIGRVWNRORISTIJ LMRGAC RF?R RFCQC

LCU CQRGK?RGMLQ ?PC QJGESR3W GRAUERE PCA?JASI?RCB RFCK ORFCPUGQC TEC AMSJB

@CCL JCB RM RFGLI RF?R CKGQQGMLQ DPMK UC@ N?ECQ BGKGLGQFCB QGELGKA?LRIW (
QNMGJCP RFGQ GQ LMR REGRPREGQ GL KGLB UC A?L LMU JMMI ?R RFC B?R? DMP

>DD:@7?D 7@C

#?QCB ML RFC 48% 7 KMBCJ A?P@ML CKGQQGMLQ DMP UC@ N?ECQGL  ?PC ?Q DMJIMU
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&TCL GD RFC PCQSJRQ ?PC OSGRC QGKGJ?P RM RFMQC DPMK  UC LMRGAC ? QJGEFR GLAPC®
CKGQQGMLQ UFGRE GRIRC QGELGKA?LR DMP RFC ?LB NCPACLRGJC 5FGQ GQ @7?B LCUQ ?Q
QFMSJB DMASQ ML PCBSAGLE ?JJ MSP A?P@ML CKGQQGMLQ 5FGQ GQ LMR QSPNPGQGLE QGL/
@CCL EIM@7?JJW ML RFC PGRT/IMP KHC ML RFGQ BIERRTCGERFE?NRCHFC EM?J MD

RFC 4SQR?GL?@GJGRW AF?NRCP GIGRERERCOM RN RFGQ @SR ?TGBERM NPM
PCAMKKCLB?RGMLQ RMGRRBIEQ

8 C A?L ?2JQM®?IIMMI ?R RFC QF?PC MD CKGQQGMLQ DMP BGDDCPCLR PCQMSPACQ )5.- +4 $44
GK?ECQ DMLRQ BGQRGLESGQFGLE KM@GJC ?LB BCQIRMN
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5FGQ JMMIQ OSGRC QGKGJ?P RM UF?RUCDMSLB GL  JC?BGLE RM RFGOIZRICSIELAISQG
FMUQCP GLQGQR ML RFC D?AR RF?R GK?ECQ ?PC SQS?JJW C?QGCP RM NPMACQQ RF?L +4
? K?HMP MDDCLBCP PCEZRBBIPREB B?R? @SR GQ SQS?JJW OSGRC GKN#ARDA.RVIL KCKM
(16 UFGAF RFCL JC?BQ RM ?BBCGRERWILXKIGIIR?J GKN?ARQ RF?RCAFPAMMPOBCPCB GL RFC
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48% KMBCJ MP GLQR?LAC QMJGAGRGLELEMRCELVEPW AMSIBE?L GKN?AR ML RFC
@?RRCPW BGQAFRSE QK?RRNFMLC RFSQ DWBRGLARALEC RFC @?RRCBAWIMPNRGLCP
RF?L gNCARCB ?LB NMQQG@JW K?IGLE RFC UC@QGRC JCQQ NCREAMRK?LR ML MJBCP BC

*@>6 N>6E20 4@7?D:56C2E:@7?D

AMKCUFCPC ?JMLE UPGRGLE RFGQM#CMRCIBL RFC RC?K UMLBCPCB UF?R UMSJB @C RFC RMR'
A?P@ML CKGQQGMLQ PCJI?RCB RM RFC JG3LREAFBAP &?AF KMLRF B?R? GQ AMJJCARCB

DPMK KGJJGMLQ MD UC@ N?ECQ RM KMLGRMP RFC\IR@RQRM. REGBG@K?L?A GQ

@?QCB ML RFGQ B?R? 'GLB KMREC?@BRSMBMIMEW

3C?BMRFCP PCNMPRQ DPMK RFC )5&1 "PAFGT

8 CPL ? OSCPW ML RFC B?R? AMJJCARCB DME@FIK?L8A ?LB DMSLB RF?R RFC RMR?J

?2KMSLR MCPRPDCPPCB B?R? UMSJB @C ?PMSLB  5# 6QGLE RFC 48% KMBCJ RFGQ UMSJB
?KMSLRRM  5$0 #?QCB MR$0 AMLTCPRCPRFGQ GQ MBHIRCIW ?QIK22P@ML

CKGQQGMLQ ?Q ? RFCPK?J A?P BPGTG{LEDIGRE ?PMSLB RFC &?PRF DMP KMPC RF?L

RGKCQ MP K?LSD?ARSPGLE QK?PRNFMLCQ 5FGLEQ MLJW ?BB SN UFCL 2MLEEBCPGLE RFGC
BMLC KMLRFJW

#SR WS QFMSJB ?JBNIGL KGLB RF?R

i 5FGQ GQ ? LCACQQGR\SNB2REBE B?R?
i 4MKC MD RFCQC N?ECQ E?RFCP KGJIGMLQ MD TGQGRQ C?AF KMLRF

i 5F?R BMCQ LMRGIEESQ DPMK RFGLIGLE ?@RISFRMUPCBSAC RFCQC GKN?ARQ ?LB *
FMNC RF?R UGJJ @C AMLQGBCPCB QMML

@:?8 7TFCE96C

*R QFMSJB @C LMRCB RF?R WF@QQERL QSQR?GL?@GIGRW RM @C MRIEREIBK?PGIW
DMASQCB ML PCBSAGLE APEGQQGMLQ RFC AMITRGBAR) MD BGEGR?J QSQR?GL?@GJIGRW 2P
2Q QGKNJIC ?@RAISIB GLGRG?JIVBRERC?PC LMR MIDRLEWQ GL UFGAF QSQR?GL?@GIGRW
A?L @C KC?QSPCB ?LB ? T?PGCRW MD BGDDCPCLR PCQMSPAC RWNCQ RRZBRSQR @C ?AAMSL
P?LEC MD T?PG?@JCQ RF?R A?L GKN?AR RFC PCQSJRGLE A?JASJ?RGML

$?P@ML CKGQQGMLQ A?L SJIRGK?RCJW @C KC?QSPCB RFPMSEF REICARPSIAGRID/CLCPEW
AMLQSKCB RFPMSEF RFC ?AR MD NPMACQQGLE ?ARGMI\@ \D@ANEARBMBEPICLBCPCB RM RFC
QAPCCL ?LB RFC CLCPEW GLRCLQ@ERW MB 816PCOSGPCB DMP RFGQ ?ARGTGRW ?LB ?Q QSAF
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A?L @C KMPC C?QGJW A?JASJ?RCBCESARGMLQ K?BC UFCPC @CLCKAIPNMRIMLIC

L?RSP) PCQMSPACQ ?PC AMLQSKRBRCR?GEPISARSPC MPARD) AMLLCARCB RM RFC UC@
QSAF ?Q U?RCP DMP AMMJGLE COSGNKCLR K?RCPGZI@E NBREREEA 7B C WRAERC
BOGACQ @CGLE RRFMULSFC QSQR?GL?@GJGRW GKN?AR MD RFCQC GQQSCQ KSQR 2JQN
DMP GL RFC JGD@&AGL MD ? NPMBSAR MP QCPTGAC

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4% 7?LB

%F>36C @7 C6BF6DED

3COSCQRQ ?PC RPECEFUFCIICP ? kJC GQ LCCBCB RM JM?B ?INGHEEL BIBMQGEFR GLRM RFC
N?EE GKN?AR ML RFC LCRUMP| ZBIDEME?PCICL SQCB RM A?JASJPEREMILKCLR?J

GKN?AR "L?JWXGLE RFCQC PCOSCQRQ FCEBNMNSOIBRSMGRGCQ DMP MNRGKGX?RGML UFC
T?JS?@JC ?Q YEIMPC BGDDCPCLR RWNCQ MERQRICRECOBCQRQ

*RfQ CQQCLRG?J RM KGLGKGXC RFC LSK@CP MD PCOSCQRQ 4CRRGLE ?L0GDR&IG?J A?N M
@SR GRfQ MDRCL AF?JJCLEGLE RM KCCR RFGQ R?PECR BSIARM@PCENGGRGIAE MD RP
CJCKCLRQ

"@>K *LD9<I F= kHL<JKJ 9P GEK@C<

' PMK RFG/&PARCB B?R? UC A?L QCC RF?R RFC LSK@CP MD PCOSCQRQ GQ OSGRC QGKGJ'
BCQIRMN N?ECQ UFGAF GQ LMAPGBEZAR KM@GJIC LCRUMPIQ 2Q UCJJ ?2Q NJ?L JGKGR?RG
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UMSJB @C EPC?R RM QCC DCUCP PCQMSPACQ @CGLE JM?BCB ML KM@GJC UFGAF UMSJB PCQ
PCOSCQRQ 5FC ?KMSLR MD PCOSCQB@GGIOBSGIREPFGEF QM JCRfQ QCC UF?R PCQMSPACQ RFC
PCOSCQRQ ?PC A?JJGLE DMP

"@>K *LD9<I F= kHL<JKJ G<I ' 8EK@C< 88ALI< KPG< DFI@C<

5FC LMR QM LGAC QSPNPGQC FCPC GQ RF?R KMQR MD RFC PCOSCQRQ ?PMSLB  GL RFC RF N
PCRP@LE +4 kJCQ DMJJMUEEP@DMP GK?ECE &?L QCC RF?R RFC N?RRCPL PCNC?RQ GRQCJD
2APMQQ ?JJ RFC NCPACLRGJICRWSGGROPGPRGLE QGLAC GL RFC PCNMPR DPMK ~ RFC LSK@CI
PCOSCQRQ PERAIEK?ECQ U?Q @GEECP RF?L RFOGILE@PERPOMJIIMU SN OSCQRGML GQ
UFCRFCP RFC AF?LEC GL RFC LSK@CP MD PCOSCQRQ 2JQM GKN?ARITRPQQGRQ MK RFC PCRP
JCRfQ AFCAI RF?R
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5FC QGXC MD FCRPIGZECQ GQ 2JKMQR BMS@JC RFC QG ERMMAPCRIFGEL RFC  RF
NCPACLRGJC QMIBRMGRRCPL GQ QRGJJ RFCPC 5FGQ JC?BQ SQ RM RFC AMLAJSQGML RF
DCUCP GK?ECQ @SR QJGERERWALBCGL EZLERIPC F24APGNR UFGAF GQ LMR ? EMMB RPCLB
QGLAC RF?R JC?BQ RM RFC LCCB DMP KMPC NPMACQQEASBRISQEPBUGRE?EGLE
BO'GACQ DPMK ?AACQQGLE QGRCQ

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i SFC84( 4% 2LB
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OLC MD RFC QGKNJGGRRI PCBMSP\W?P@ML DMMRNRGIRGISEEE ? QSQR?GL?@JC FMQRGI
NPNWGBCP/? TGE?RGLE RFGQ UMPJB A?L @C OSGRC REBERMUTILRAGIW @C  A?P@ML
LCSRA ?Q CKGQQGMIMJNLYR GL QMKC DMPRCPRVMG RREZ NMUCP RFCGP COSGNKCLR
K?GLR?GL RFCGP F?PBU?PC ?LB BC?J UGRF U?QRC ?LB PCBSLB?LAW A?L QGELGKA?LRIW
?KMSLR MD CKGQQGMLQ APC?RCENGRIBIDRIFC PGEFR Q3NNFGCP AMLQGEGFC

GKN?AR MUSP ?@GJGRW RM KGRGE?RC RVS SREBEMLQ W

OLC MD RFC KMQR APGRGA?J DC?RSPCQ MD ? QSQR?GUPEUR RMQEPGI) ENEVRFC
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PCOSGPCKCLRQ MQREGR RFCGP CICARPGAGRW QSNNJW DPMK LMPK?J NMUCP AMKN?LGCQ |
RSPIBCNCLBGLE ML UFCP@ RFC JMA?RCB BERCCGRQGELGKA?LR NPMNMPRGML MD RFCGP CLCPEV
DPMK A?P@ML CKGRRGLE AM?JRPE?G@MQRGLEIBEA RF?R EXROGP GRQ CLCPEW
PCOSGPCKCLRQ DPMKGMIRGB?J ?LB MRFCR KIRSPACQ UGJJ @C KMPC @CLCKAG?J RM RFC
NJ?LCR

ORFCP D?ARMPQ RM AMLQGBCP ?PC FMU RFEBENMQRBILENPRD) COSGNKEMRR. PCOSGPC
U?RCP AMMJGLE ?LB RFGQ A?L @C ?L GQQBCREERCLI®CQH?IS?@IC JGKGRCB PCQMSPAC
QSNNJGCPQ RF?R SQTANMRSBLE GL AMIBCP AJGKZREIQCOMP @C NPCRUIE

)MQRQ RF?R 2JMBRM KMLGRASP\BLCPEW PCOSGPCBEISBR $6&  ?LB ACL RFC

?KMSLR MD CLCRES\?RC SRGJGXGLEG 3". ML ?L ?ARGC ?LB JMEECB @?QGQ AMSCIN W
QA?JOMBP FMQRGLE RM PCBSAC U?QRC *D RESREMQRPEAQED ?LB SNABQCOSGNKCLR
P?RFCP RF?L F?Q ? RAPRMUASIRSPC RFGQ A?L PCBSAC C U?QRC RFC QZHISEEICQ DMP |
COSGNKCLR ?Q JMLE ?2Q NMQQG@JC

$MKNCLQ?RGLE DMP CKGQQGMLEPRORBCRCPTRC ? AMRANIC?LBRON?PCLAW UGRF
FMQRGLETGBCPQ A?L 2JQM @C ? @GR MD ? KGLTUKBEIB Q@@PSRBEPIW @CAMKGLE KMPC
QSQR?GL?@JW KGLBCB ?LB UGRF QNGRGRIEASR\RRCPC UFM A FCBEAKISP

A?P@ML DMMRNPGLR R?IGLE QROMEFRNPMBSAR WP QCPTGAC GL ? EPCCLCP QN?AC A?L @C
PCJ?RISW QREFR DMPU?PB
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5M FCIN MPE?LGX?RGMLQ ?LB GLBGTGBS?JQ AFMMQCRIEP (FUCIPE BVIRBPEGML
K?GLR?GLQ ? B?R?QCRGBORRM ?RAFGIFEREGIAPGRCPESRF RFC JEQRIBGLE ?2LB
SNB?RGLE PCESJ?PJW GR GQ LMRREGU/KIRRBATERITRIQ QCC UF?R GQ GRQ ASPPCLR QR?RC

?KKGILID<I:FD 9CF> GL< :L< 8E; NL< N?8K ;F K?<J<4?D<KI@:3GKJI<EK 8E; N?@:? @J FE< @J K?< DFJK @DGFIK8EK
?KKGNNN J:@<EK@]:8D<I@:8E :FD 8IK@:CkdLI< k:P.C< NP 8CC 1] 8 :I@K@:8C KFISC&k:FEFP

?KKGP8:B<IEFFE :FD :8I9FE 8N8t :FDGLK@E-OK4<E 9k8BKHAL>? FI E<N =<EN8J?@E>

?KKGINNN K?<x<EN<9=FLE;8K@FE FI>
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https://submer.com/blog/pue-cue-and-wue-what-do-these-three-metrics-represent-and-which-is-one-is-the-most-important/
https://www.scientificamerican.com/article/reduce-reuse-recycle-why-all-3-rs-are-critical-to-a-circular-economy/
https://hackernoon.com/carbon-aware-computing-next-green-breakthrough-or-new-greenwashing
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"@>K #1 <<E ?FIJK@E>

8 CA?L QCC RF?RMLIJW MD KM@GJC QGRCQ ?LB QJGEFRJW KMPC BCQIRMN MLCQ DPMI
"PAFGT ?PC FMQRCB SQGLE gEPCCL FNIQRGRENBPR GQ ? QIGEFR GLAPC?QC DPMK ~ UFC
RFGQ LSK@CP U?Q  FNICRGR QFMUQ SQ RF?R NPMEPCQQ GVRFGRCZRTQEQU?LB RF?R
RFCPC GQ QRGJJ WRMEEN? GL @MRF ?QNCAPEE (E MASFOGRC MULCPQ RM QUGRAF RM
gEPCCLCPh FMQRGEBEEM?Q UCJJ ?Q KMBBEP® MDDCPGLE gEPCCLCPh FMQRGLE

5FCPC GQ ? QGELGKA?LR BGDDCPILLGE QGREM MFMUGLE RF?R  MDIGBRIMFC RMN
?PC AMLQGBCPCB RM @C FMQRCB EPCCL 5FGQ LSK@CP 2JQM F?Q ? QJIGEFRIJW @CRR
UFCLGRU?Q DMPRFCRMN PLICB QGRCQ "Q EMMB ?Q/REBISIE® GR A?L C?2QGJIW
@C ?RRPG@SRCB RM RFC D YA RRFEECREMQRGEEIREMISAF 2Q "K?XML ?LB (MMEJC ?PC
AMLQGBCPCB RM @@ gEPCCL

)65F4:?8 E96 67G:C@?>67?E2=:>A24E @7 H63D:E6D

6LBCPQR?LBGLE RFGRMLKCLR?J GKN?AR MD UC@QGRCQ GQ MLIJW RFC kPQR QRCN ?ARG
8GRF MSP SNB?RCB GLQGEFRQ GLRM UC@QGRC DMMRNPGLRQ N?PRGASJ?PJW PCE?PBC
SQ?EC UC A?L LMENGMPC KMPC R?PECRCB ?L EECIRRIZEREIQ DMP KGRGEIREMIGEC

FMU RMRBJ?RC RFGQ ILMUJCBEC GLRM R?LEG@JC QSTMREGAC@JC UC@ NP

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i S5FC84( 4CARGMLQ ?LB

2024 Web Almanac by HTTP Archive 557
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G@:5:?8 H2DEG6

" TMGBGLE U?QRC PCK?GLQ MLC MD RFC EMQRTRRECABSAC RECIELKCLR?J GKN?AR MD
UC@QGRCQ

.GLGKGXC SLLCACQQ?PW AMLRCLR ?LBMMB@QZERCQ QRGJIJ A?PPW QSNCPISMSQ
DC?RSPCQ ?LB AMLRCLR #C APGRGA?J GL ?QQCQQGLE RFC LCACQQGRW MD C?AF N
0SP ?L?JWQGQ QFMUQ RF?R SLSQCBTRIAPIENR AMLRGLSC RM @C K?HMP
AMLRPG@SRMPQ RM N?EC @JM?R 3SRFJCQQJIW CIJGKGL?RC SLSQCB AMBC ?LB SLLC
QAPGNRQ

ONRGKGXC NPMACQQGLE CDERGARBMR PLK?GLQ ? QGELGKA?LR QMSPAC MD CLCPEW
AMLQSKNRGML ML SOGRET 0SP B?REPI) ? AMLACPLGLE RPCLB MD GLAPC?QCB
+7T?4APGNR SQ?EC SFCRGIMQQG@JC MNR DMP JGERRTRIPIRCEQ@BGP GD RFC
DSLARGML?JGRW GQ RPSJW LCCBCB 4R?RGA )5.- ?LB $44 ?PC MDRCL QSDKAGCLR ?LE
PCQMSPAC GLRTLQGT

1PGMPGRGXC JGEFRUCGEFR ?QIFCRCK 86GQMRRC KMQR CAM DPGCLBJW AMLRCLR
RWNC MSP DMLR ?L?JWQGQ QM BY/RFFERY A?L AMLRPG@SRC RM U?QRC $FMMQC
RFC BCD?SJR QWQRCK DMLRQ UFCPC NMQQG@JC ?LB UFCL SQGLE ASQRMK DMLRQ
RFCGP BCP@IMP GK?ECQ ?LB TGBCMQ CL@BRCARFANPCQQCB ?LB MLIW JM?BCB
UFCL LCACQQ?PW

%CQGEL DMP JBEYC?LB ?PAACQQG@GJIGRW $PC?RC UC@QGRCQ RF?R DSLARGML UC
BAGACQ ?LB QIMUCP AMLLCARGMLQ 5FGQ ?NNPM?AF LNIR RMIWCREBIACQ CL
GKN?AR @SR ?JQMGRIRRNCQQG @S TTFRINMPRGLE MIBCP RCAELMIMEW

CLAMSEC JMLECPABBC JGDCQN?LQ UFGAF GQ MLC MD RFC KM@RRBKN?ARDSJ U?
PCBSAC BGEGRGPNILKCLR?J DMMRNPGLR

*KNJCKCLR QK?PR JM?BCGRERBREQ 6QC RCAFLGDEEQIBI?BGLE AMBC QNJGRRGLE
?LB AMLBGRGML?J JM?BGLE RM CLQSPC RF?R ?Q(EHIB YFRCMBR®BCIGT

LCCBCB 5FGQ ?NNPM?AF A?L QGELGKA?LRIJW PCBSAC SLRORDQR)?EBY B?R? RP
NPMACQQGLE

#@25:78 F?FD65 2DD6ED

: MS QFMSJB MLJW JM?B ?QQCRQ RF?R ?PC CQREGIATRIOMEFBERRIGCU MD RFC N?EC 5FGQ
A?L @C ?AFGE RFPMSEF RCAFLG@SEUGIM?BGLE APGRERPARGML ?LB N?RRCPLQ QSAF
2Q*KNMPR ML *LREEGMRLB*KNMPR ML 7GQG@RIGRWYM APSAG?J RM JM?B 2QQCRQ N?PRGASJ?I
GK?ECQ ?LB DMLRQ ?R RFC ?NNPMNPG?RC QGXCTIME C2ARHSIG QR EG MMASD

?KKGINNN G8KK<IEJ ;¥BE@CC8 @DGFIK BEK@EE<I
?KKGINNN G8KK<IEJ ;#8E@CC8 @DGFIK FE M@J@9@C@KP
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https://www.patterns.dev/vanilla/import-on-interaction
https://www.patterns.dev/vanilla/import-on-visibility
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NPGK?PGJIJW ML KGLGKGXGLE SLSQCB AMBC ?LB MNRGKGXGLE DMLR JM?BGLE ?Q MSP B?
PCK?GL QGELGKA?LR AMLRPG@SRMPQ RM SLLCACQQ?PW N?EC UCGEFR

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i SFC84( 4% 2LB

@?ED

" MP MNRGK?J QSQR?CRM@RIBRYNVPRR?GL RFC @CQR AFMGAC PCOSGPGLE LM ?BBGRGM
BMULIM?BQ 8FCL ASQRMK DMLRQ ?PC LAMOQEREMRFCRCEREQ RM KGLGKGXC
CLTGPMLKCLR?J GKN?AR

i 6QC RFC 80" DMPK?R DMP QSNCPGMP AMKNPCQQGML ?LB @PM?B QSNNMPR
i *KNJCKCLR?PG?@JC DNRMRECNJI?AC KSJRGNJIC DMLR kJCQ UGRBZRGGCAICCT

i *RUMSJB @C LGAC RM QE@EIRP SQC ? RMMJ QOSEAMLR

i ' MP ASQRMK DMLRQ SQC ?L?JWQGQ RMBLIGRELRTIRW EJWNFQ MP DC?RSPCQ

i *D SQGLE RFGPB N?PRW DMLRIQRPCERACGRIPINRGKGX?RGML MNRGMLQ @SR Al
QCJD FMQRGLE DMP @CRRCP AMLRPMJ

3CKCK@CR?AF ?BBGRGML?J DMLR UCGEFR MP QRWIMGBAPO?QEQNORFCRGA LCCBQ
UGRF QSQR?GL?@GJIGRWEMMNIQ AMLQGBCFOMRNIFERFGAQ ¢BGLQRC?B MD GAML DMLRQ
DMP @CRRCP CDKAGCLAW ?LB ?AACQQG@GJIGRW

#W RFMSEFRDSJJW ?NNPM?AFGB\RMMAERPC?RC TGQS?JIW ?NNC?JGLE UC@QGRCQ UF(
PCBSAGLE B?RREFCP ?LB CLCPEW AMLQSKNRGML

' MP KMPC BCR?GJCB GLDMPK?RGML PCDCP RMMSFBEBGRAZRBERBNB?RCB UGRF RFC
J?RCQR UC@ DMLR MNRGKBRZAEQL NP

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4% ©7LB

?KKGNNN JD8J?@E>D8>8Q@E<:FD  LI@E> JPIK<D L@ SHERIEE >L@;<
72KKGX?< JLIKB@EBICks kM K?< N<@>?K FEIKPGF8GP N@KBI@8IC< =FEKJ
2KKGXMIPK?@E>=FEKJ :FD JLOJ<KK<I

2KKGP@K?L9 :FD )LEK<I JLI9=FEK
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https://www.smashingmagazine.com/2015/11/using-system-ui-fonts-practical-guide/
https://the-sustainable.dev/reduce-the-weight-of-your-typography-with-variable-fonts/
https://everythingfonts.com/subsetter
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,?FD65 **

5FC CIGPMLKCLR?J GKN?ARGIDAMBRCLBQ \@ICB KCPC GLCDKAGBLBBPCARIW

RPLQJ?RCQ RM GLAPC?QCB CLCPEW AMLQSKNRGML ?LB ? J?PECP A?P@MCBYIMENPGLR DMP €
SQCP BGACQ 8FGJC $240BMPIQ @MMQRBINKCLR CDKAGREBIWIDRCL GLRPMBSAC
QS@OQR?LRG?J ?KMSLRQ MD SLSQCB QRWJICQ 5FGQ @JM?R LMR MLJW ?DDCARQ N?EC JM?B RC
SLLCACQQ?PGJIW GLAPC?QCQIE?R?IEPNPMACQQGLE PCOSGPCKENRICR RPIBGLE

EJM@?J GLRCPLCR SQ?EC RFCAIHSIARGIDVREGQ BMBC ML CLCPEW AMLQSKNRGML GQ
QGELGKA?LR

.MBCPL BCCIMNKCLR RMMERDKZBC GBCLRGDWGLE ?LB CIGKGL?RGLE SLSQCB $44 KMPC ?AACQ(
' C?RSPCIEPMKC %EMMIQf $EREC ?L?JWQRRDCP NMUCPDSJ ?L?JWQGQ RM RPGK QRWJICQF(
JMUCTCPRFC RRRGAC MD JM?BGLE ?JJ $44 SNDPMLR DMP A?AFGLE NSPNMQCQ NPCQCLRQ ? LS
AF?JJCLEC 8FGJC GR A?L PCBSAECQFIQRQ ?LBTEKNPRDMPK?LAC DMP PCRSPLGLE TGQGRMPC
GR NMRCLRG?JJW GLAPC?QCQ RFC GLGRG?J A?P@ML AMQR MD N?EC JM?BQ

"Q UC@ ?NNJGA?RGMLQ EPMU\GERQIRAEIGLE ? @?J?LAC @CRUCCL AMKKQROFEIEGGAL B
QSQR?GL?@AREACQ @CAMKCQ GLAPC?QGLEJW APSAG?J 6LSQCB $44 LMR MLIJW GKN?ARQ SC
OV/NCPGCLAC RFPMSEF QJMUCP GLGRG?J JM?BQ @SR ?JQM AMLRPG@SRCQ RM GLAPC?QCB CL
PCLBCPGLE ?LB NPMACQQGLE "BBPCQQGLE SLSQCB $44 QR?LBQ MSRICQVMNTREB@.IC QRCN B(
R?IC RM PCBSAC RFC BGEGR?J iQAMORIQRAELR?J GKN?AR

"@>K 1ELI<; //

?KKGJI<MKCFGHIFD< :FD ;F:J ;<MKFFCJ :RI8><
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https://developer.chrome.com/docs/devtools/coverage/
https://almanac.httparchive.org/static/images/2024/sustainability/unused_css.png
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$MKN?PGLE RFC B?R? DPMK  ?LB  UC QCC QMKC QS@RJC AF?LECQ 5FC RF NCPACLRC
PCK?GLQ SLAF?LECB UGRF LM SLLCACQQ?PW $44 JM?BCB UEQEEC@BRMBEGRGSEFR
GLAPC?QC GL SLSQCB $44 ?APMQQ RFC PCK?GLGLE MRFCP NCPACLRGJCQ

5FCQC AF?LECQ UFGJC QK?JJ QSEECORPEERMU?PBQ QIGEFRIW J?PECP $44 DMMRNPG
AMSJB @C ?RRPG@SRCB RM RFC EPKBRYLBMBAMIC@CNNIGA?RGMLQ RFC ?BMNRGML MD KI
DC?RSPC PGAF $&CDRIPIQ MP 2L GLAPC?QC GL RFC SQC MD $44 DMP ?BT?LACB QRWJGLE
?LGK?RGMLQ 5FC BTR?.RLRFAR RFC RF NCPACLRGJC UC@QGRCQ ?PACGRGH JM?BGLE M
MD SLSQCB $44 5FGQ PCNPCQCLRQ ? QGELGKA?LR ?KMSLR MD BLQDSEQOBPW B?R? RP
NPMACQQGLE UFGAF A?L GKN?AR @MRF NCPDMPK?LAC ?LB QSQR?GL?@GJGRW

%CQNGRC RFCQC QK?JJ GLAPTCRCINGRRSPORAPLLECBBPRGA?JIW QGLAC  5FGQ
QSEECQRQ RF?R UFGJCTRF@PCE®MKC CDDMPRQ RM MNRGKGXC $QAERIZEC RFCPC
AMLQGB@RC PMMK DMP TR CQNCAG?JJW DMP UC@QGRCQ UGRF FGEFCP NCPACLRG

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i 5BFC84( 4%

,?FD65 12G2*4C:AE

6LSQCB A?4APGNR QGELGKA?LRIW GKN?ARQ CLCPEW AMLQSKNRGML ?LB A?P@ML DMMR
QCROPQ ?LB SQCPEALCQ SFGJI?4APGNRMTRIMPIQ CLF?LACTBGMNKCLR CDKAGRERW

MDRCL GLRPMBSAC QS@QR?LRG?J SLSQCB AMBC ?DDCARGLE N?EC JM?B RGRDQPLB GL/
SLLCACQQ?PGIW

.MBCPL RCAFLGOS@RKEIC QF?IGLE ?LB AMBC QNJGRRGLE ?PC APSAG7I7BMPONRRGKGXGL
5FC DMJIMUGLE QRCNQ UGJJ KMQR NRASEMEERAPCRBE\BLSQCH 2QAPGNR

i 5PCC QF?IGLE CIGKGL?RCQ BC?B AMBC DPMK RFC kL?J @SLBJIC N?BBBASI?PIW
&4 KMBSJCQ

i $MBC QNJGRRGLE @PC?IQ AMBC GLRM QK?JJCP AFSLIQ JM?BGLE MLIW UF?RfQ |
RFC ASPPCLR DSLARGML?JGRW

i $?PCDSJIITIS?RGLE RAC4APGNRIEEDR) ?LBKIRJMPIQ

i 3CESJ?PJW BMGLE AMBC ?SBGRQ ?LB PCD?ARMPGLE RM ECR @SLBJC QGXCQ Qf
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"@>K 1ELJ<; &/

$MKN?PGLE ?LB B?R? PCTC?JQ QGELGKA?LR GLAPC?QCQ ?APMQQ ?JJ NCPACLRGJCQ

#W RFC RF NCPACLRGJC UC@QGRCTOEMUBMEBIMSQCB T24APGNR DMP BCQIRMN ?LB
MICP # DMP KM@GJC QGELGKA?LRIW GKN?ARGLE NCPDMPK?LACSES QSQR?GL?@GIGRW
BGQ?NN@ERC MD # T?JSCQ ?R RFC RF NCPACLRGJCTEILERRCRUIQR MNRGKGXCB QGRCQ
LMU GLAJSBC QMKC SLSQRBPGNR

5FC QS@QR?LRG?J GLAPC?QC APSABGRR @CRUCCL ?LB  SLBCPQAMPCQ RFC SPECLR
LCCB DMP RFC UC@BEKCLR AMKKSLGRW RM ?BMNR RFCQC MNRGKGX?RGML RCAFLGOSCQ DN
GKNPIZB NCPDMPK?LAC ?LB QSQR?GL?@GJIGRW

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i SFC84( 4% 2LB

&E96C E649?7:42= @AE:>:K2E:@7?D

%GDDCPCLR PCQMSPACRBBOIOPTLR CLCPEW GIRGRQERREEWSIB @ ORTGLRM

?2AAMSLRIFCL AFMMQGLE UF?R RM GLAJSESPUNGRIBEAR MP QCPTGAC 4WLR?V J?LES?ECQ QSAF
2Q)5.- 7LB $44 <1%'=  ?PC D?GPJW QGKNJC @SR KSQR PCLBCP C?AF AMKNMLCLR RM RFC QAPC
APC?RGLE CKGQQGMLQ

?KKGPI<<EIJG<:KMD <E I<;Li< K?< N<@>?K F= 8 N<9 G8>< N?@:? <C<D<ER3 288K<JK @DG8:K
?KKGN<9J@K<ILIK8@EBBEE®AC<] I<J<8i? G;=
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$44 F?Q RFC ?BBCB AMKEREY MD QGKNJIC QR?RC BXRIEMLGLRER ACUMN ?BBGRGML?J
CKGQQGMET RM PCN?GLRGLE QSAF ?2Q ?LGK?7REERGRUERRPGNR @CGLE ? KMPC
RCAFLGA?J J?LES?EC 2JQM F?Q PCLBCPGLE PCOSGPCKCLRQ RF?R A?L ?AASKSJ?RC ?Q RF
AMKNIGSRW GLAPC?QCQ *R A?L 2JQM @C SQCB @MRF MICRRIGERIG CLLR A PIBEEIP T
GKN?ARQ UFGJCBRRCE UGRF RFCBSIERM GRQ ?@GJGRW RM K?L?EC QR?RC

"JJ QCEP QGBC J?LES?ECQ QSAF ?Q 1)1 UGLI AGKN2AR ML PCQMSPAC SRGIGX?RGML 2L
CLCPEW CDKAGCLAW <1%'= @BPOBMK?LACK?ECQ ?LB KCBG? ?JQNIGFRM @C
NPMACQQCB ML RFC QAPCCL ?LB BSC RM RFCGP QGXC ?LB OS?JGRW A?L @C D?GPJW GKI

&AE:>K:?8 J@FC 4@7E6?E

/MU RF?R UTC &/?KGLCB RFCTGPMLKCLR?J GKN?AR MD UC@QGRCQ N?PRGASJ?PJW DMAS!
SLSQCB $44 F?4APGNR ?LB DMLR SQ?EC JCRfQ RSPL MSP ?RRCLRGML RM MNRGIHGX?RGN
SLLCACQQ?PW AMLRCLR ?LB DSLARGML?JGRGCQ PCR?BILIPAPSKISRIQRPED BRFC
GKNMPR?LAC MD CDKAGCLAW GL UF?R PCK?GLQ

*L RFGQ QCARGMIZNIMPC FMU RMCKBISP CQQCLRG?J AMLRCLR ?Q QSQR?GL?@@IPQ NMQ(
BCJT GLRM MNRGKGXGLE GK?ECQ TGBCMQ ?LGK?RGMLQ ?LB DMLRQ CJCKCLRQ RF?R C
AMLRPG@SRC RM ?fQQ@GRRICLR?J DMMRNPGLR #W KLC RSLGLE RFCQC AMKNMLCLRQ

QS@QR?LRG?JIW PCBSAC PCQMSPAC AMLQSKNRGML UGRFMSRIGRBEPMKGQGLE SQCP C

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i SFC84( 4% 2LB

$@3:=6 7:CDE 56D:8?

"BMNRGLE ? KM@GJC kPQR ?NNPM?AF LMR MLJW @NERGACRASQ@BR?JQM MDDCPQ QGELGH
QSQR?GL?@GJIGRW @CLCKRQ #W NPGMPGRGXGLE CQQCLRG?J AMLRCLRIAACQSLARGML
L?RSPIIJW APC?RC JE&NIEE CDKAGCLR UC@QGRCQ RF?R AMLQSKC JCQQ CLCPEW ?LB @~?LE
?JJ NJ?RDMPKQ

5FGQ ?NNPM?AF CRERISFECIMNCPQ RM APGRBS?RIWWI?AF CICKCLRIQ LCACTRBER\RM
PCBSACB B?R2RPCP ?LB NPMACQQGLE PCOSGPCRIRERIQMBSAG?J RM CLQSPC RF?R RFC
BMCQR PCQSJR GL KSJRGBHC @ICAGROGMLOWEPWWGRC UFGAF AMSJB NMRCLRG?JJW GL.
MICRJJ PCQMSPAC AMLQSKNRGML

8FCL GKNJCKCLRCB RFMSEFRBM®IBIC kPQR BCQGEL A?L JC?B RM D?QRCP JM?B RGKCQ JM

?KKGBKI:K@NM8FJ) >@K?L9 @F GC9
?KKGD@:78<C8E<IJ<E JLIJK8:B :FD G<E@E> K?< N<9 8 JKL;P FE CFN :8I9FE
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https://greenlab.di.uminho.pt/wp-content/uploads/2017/10/sleFinal.pdf
https://attractivechaos.github.io/plb/
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AMLQSKNRGML ?LB ? QK?JJCP A?P@ML DNUGRNEEE RWIRFCQCLAC *R 2JGELQ UCJJ UGRF MRF
QSQR?GL?@GIERVANE KGILGKGXGLE SLSQCB AMBC ?LB MNRGKGXGLE ?QQCRQ

' MP KMPC BCR?GJCB GLQGEFRQ ML FMU KM@GJC kPQR GKN?ARQ UC@QGRC NCPDMPK?LAC P
1CPDMPK?LAE?NRCP

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4%

>286 @AE:>:K2E:@?

*K?ECQ PCK?GL ? QGELGKA?LR AMLRPG@SRMP RM UC@ N?EC UCGEFR ?LB CLCPEW AMLQSKNR

ONRGKGXGLE GK?ECQ MDDCPQ QS@QR?LRG?J QSQR?GL?@GJGRAMBMCEIKRP@EBSACB B?R? F
CLCPEW SQC GL B?R? ACLRCPQ ?LB LEPRAFARSEE %CAPC?QCB NPMACQQGLE PCOSGPCKCLR(
SQCP BGACQ NMQQG@JIW PCQSJR GL JMUCP CLCPEW AMLQSKNRGML "?QRCP JM?B RGKCQ NV
PCBSAGLE SQCP U?GR RGKC ?LB ?QQMAG?RCB CLCPEW AMLQSKNRGML

8FCL GKNJCKCLRGLE GK?EC MNRGKGX?RGML @7?J?LAC kJC QGXC PCBSARGML UGRF K?GLR?Gl
0S?JGRRGJIGXC KMBCPL DMPK?RQ EGRIRBGIFERCAFLGOSCQ ?LB ?NNPMNPG?RC AMKNPCQQGI
JACIQ MP BCR?GJCB NCPDMPK?LAC GKNJGA?RGMLQ ?LB RCAFLGA?J GKNJCKCLR?RGMLQ MD G
MNRGKGX?RGIRCEBEQ PCDCPLRMDMPK ?LAE?NRCP

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i S5FC84( 4%

@C>2E .63' -

5FC ?BMNRGML MD KMBCPL GK?EC DMPK?RQ AMLRGLSCQ RM @C ? APSAG?J D?ARMP GL UC@ G
8 C@IUGRF GRQ GKNPENRREFCQQGML ?LB UGBC @PMUQCP QSNNMPR PCK?GLQ ? EM RM DMPk
MNRGKGXGLE GK?ECQFEIL7* GQ E?GLGIARBML MDDCRELECRRCP AMKNPCQQGML GL
K?LW A?QCQRIQ JMMI ?R FMU RFC SQ?EC MD RFCQC DMPK?RQ F?Q AF?LECB DPMK ~ RM
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"@>K %D8>< =FID8K 8;FGK@F&8 :IBE><

5FGQ B?R? QFMUQIRBTELE J?LBQA?NC MD GK?EC DMPK?RCEMNRGEPNUL
QGELGKA?LBGRF ? GLAPC?QC GL SQ?EC "JRPMSERMUQ ?L GKNPOQQGILAPC?QC

GR A?L @C KGQJC?BGLE QGLAC DMP BCQIRMN AJGELRIFRPE SQPECIMD?R  2LB DMP
KM@GJC AJGCLRQ P?BERGML?J DMPK2RIZJIGPC QCCGLE ? BCAJGLC UFGJC 1/( ?LB (*'
SQ?EC PCK?GLQ PCIARGR?@JC $SPPCLR QR?RGQRGAGEIMPAJIAPPKIP NGARSPC MD UFCP(
UC QR?LB
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"@>K %D8>< =FID8K 8;FGK@FE

%CQNGRC RFC AJC?P @CLOKBRQ@QGRTIMER RM DSJIW?BK@PCQC KMBCPL DMPK?RQ 5FC
NMRCLRG?J DMP PCBSAGLE N?EC UCGEGRERIBTHAIFMRGKCQ PCK?GLQ QGEMMNRGKRJ'
QSQR?GL?@GJIGRW

6QC 8C@1 ?QUEP NPGK?PW DMPK?R D?JJGLE @?Al RM +1&( MP 1/( DMP MJBCP @PMUC
$MLQGBCP GKNJCKCLR@EP @PMUQCPQ RF?R QSNNMPR GR UGRF ? D?2JJ@?AI ?Q G
MDRCL NEBCQ QSNCPGMP AMKNPCQQGML

" MP GAMLQ ?LB QGRNFGER MNRGKGHEEKAGLQ RFC @CQR AFMGAC $MLQGBCP
GLJGLGLE DPCOSCLRINDSBFECARIWISE )5.- RM PCBSAC )551 PCOSCQRQ

"MP +1&(8 C@1MB A?L ?GKDMP  OS?JGRW ?BHSQR @?QCB ML TGQS?J GLQNCARC
6QC QPAQCR ?LB QGXCQ ?RRPG@SREEMAPQTRT GK?EC QGXCQ

-2XW JM?B LML APGRGA?J GK loading="lazy" L?RGT)5.- ?RRPG@SRMP

GK?ECQ @CJIMU RFC DMJB

4RPGN KCR?B?R? 3CIMLCACQQ?PW &9* B?R? RM PCBSAC kJC QGXC RFSQ 2JQM
2TMGBGLE NMRCLRG?J NPGT?AW GQQSCQ

*KNJCKCLR ? AMLRCLR LCEMRGRTEMLRMBEFT KMQR CDKAGCLR DMPK?R @?QCB

ML @PMUQCP A?N?@GJGRGCQ

1CPGMBGA?IBZBCLB PC MNRGKGXC GK?ECQ ?Q LCU RCAFLGOSCQ CKCPEC

3CKCK@CRIFGJC ?BMNRGLE RFCQC DMPK?RQ A?L QGELGKA?LRIVWDEeEEBMBRYRCRR)GLE
PCOSGPCKCLRQ GRfQ APSAG?J RM @?J?LAC AMKNPCQQGML UGRF K?GLR?GLGLE LCACQQ?PW
0T CP AMKNPCQQGML A?L JC?BBROBESIEFPNICPGCLAC ?LB NMRCLRG?J PC SNIJM?BQ LCE?RGLE
QMKC MD RFC QSQR?GL?@GJGRW @CLCkRQ
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' MP KMPC BCR?GJCB GLDMPK?RGML ML GKNJCKCLRGLE RFCQC DMPK?RQ ?LB RFCGP NCP
GKNJGA?RGMLQ PCDOPRMIMISPLAE?NRCP

)J6DA@?D:G6?6DD D:K6 2?5 BF2=:EJ

"Q RFC BGHQGRW WBARD) ?AACQQGLE RFC UC@ AMLRGBSIGHBILERPMNPMNPG?RCIW QGXC
GK?ECQ PCK?GLQ APSAG?J DMP @MRF NCPDMPK?LAC 3CR REQRGIH ZHDRICGANGOSCQ
?JIMU SQ RMQUIRRGKGXCB GK?ECQ DMP C?AF QACL?PGM PCBSAGLEBIQDBEQERPW B?R
NPMACQQGLE *RfQ UMPRF PCKCK@CPGLE RF?R GKREZJOBQUBRYB BWOQL ?R K?VGKSK

"@>K <JGFEJ@®@D8>< KPG<J

5FC B?R? QFMUQ CLARMGEE NPMEPCQQ GL RFC ?BMNRGMC B FEEORCAREGOSCQ

0TCRJJ SQ?EC ML srcset  ?RRPG@SRC F?Q GLAPC?QCB (M RADMSRY
GL RM GL ?APMQQ @MRF BCQIRMN ?LB KM@GJC

5FC SQC srcset UGRF Rsizes ?RRPG@SRC UFGGBEBMMPC NPCAGQC
AMLRPMTM GK?EC QCICARGML F?Q 2JQM EPMUL DPMK ?PMSLB ~ RM
5FCPf ? QJGEFR GLAPC?QC GL srcset  OGRFM sizes  UFGAF UFGJC LMR
GBC?J QRGJJ MDDCPQ QMKILEQQNMLIEKRQ
6Q?EC MD F<picture>  CJCKCLR F?Q QCCL ? KMBCQR GLAPC?QC DPMK RM ?PM:

2APMQQ @MRF BCQIRMN ?LB KM@GJC

5FGQ RPCLB GLBGA?RCQ ? BPRELGEY?KMLEGINCPQ ?@MSR RFC GKNMPR?LAC MD
PCQNMLQGR?ECQ )MUCPRFCRQ QRGJJ AMP@G3BERMK DMP THMRIR ?Q JCQQ RF?L F2JD
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MD UC@QGRCQ ?PC ASPPCLRIW SRGJGXGLE RFCQC RCAFLGOSCQ
5M MNRGKGXSPVGEK?ECQ DMP QSQR?GL?@GJIGRW

*KNJCKCL srcset  ?LB sizes ?RRPG@SRCQ BNINDERINPG?RCIW QGXCB GK?ECQ DMP
BGDDCPCLR TGCUNMPR QGXCQ

6QC RF <picture>  CJCKCLR DMP ?PR BGPCARGMLCKBIREGPQTPK?RQ JGI

8 C@1 ?LBT* UGRF ?NNPMNPG?RC D?JJ@?AIQ

ONRGKGXC GK?EC OSEERWE DMP RFC QUCCR QNMR MD QGXC PCBSARGML UGRFMSR
LMRGAC?@JC 0S?JGRW JMQQ

$MLQGBCP GKNJCKCLRGLE ?SRMK?ROBIRVBGIBINFMACQQ?R BB CP

MNRGKGXC PCQEIBKQETQ

8FGJC RFC RPCLB GQGIMRGRBIRGJJ ? IMNRRUWPEM @CDMPC PC@YWAEQQT@CAMKC
S@GOSGRMSQ "Q UC@ NPMDCQQGML?JQ UC QFMBUE?REIDAGR SCBRBKRBTKCLR RFCQC
RCAFLGOSCQ RM APC?RC KMPC QSQR?GL?@JC ?LB NCPDMR{IPR BCRRGGBEBQ '
GKNJCKCLR?RGNMRQERPCQ ?LB NCPDMPK?LAC GKN?ARQ IRIFDCPRIVLNSINRCP ?LB
.CBG?AF?NRCP

#2KJ =@25:?8

-?2XW IM?BGLE PCK?GLQ ? APSAG?J RCAFLGOSC DMP CLF?LAGLE @MRF NCPDMPK?LAC ?LB QSQC
UC@ BICIMNKCLR #W JM?BGLE GK?ECQ NBMERCARGJIGELGKA?LRIW PCBSAC GLGRG?J N?EC J\
RGKCQ ?LB SLLCACQQ?PWIEYBRCHREQ ?NNPM?AF GQ N?PRGASJ?PIW @CLCKAG?J DMP QSQR?GL
?Q GR NERQ RFC JM?BGLE MD GK?ECQ RRMYRBIFORQEKEB?E CLCPEW ?LB PCQMSPACQ
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"@>K ;FGK@FE F= CF8;@E> (<img> =

5FC N?QR RWPMQ B?R? PCICARQ ? EPMRREIEEDQ MD RFC GKNMPR?LAC MD MNRGKGXCB Gl
JM?BGLE )MICPRFCRQ QRGJJ AMR@QGEBERMK DMP TR ?Q ? QGELGKA?LR NMPRGML MD
UC@QGRAOW MPR RM GKNJCKCWRDNMPK MD J?XW JM?BGLE 3CERRRGREGRITGAC PCK?GLQ
J?PECJW SLAF?LECB

/?RGT J?XW JM?BGLE A?L @C ?NNI&CE RIDGDPGLE QGKGJ?P @CLCKRQ ?Q UGRF
GK?ECQ

YMUCTCPDMP MNRGK?J QSQR?BM@GEIMEBGLRIED® ?JRMECRFCP UFCL
NMQQG@JC 6Q?EXKEIQ SRPIC?B RM SLLCACQQ?PW PCQMSPAC AMLQSKNRGML (
MICPSQCB MP GD CK@CBBCB AMLRELRRAQLCE MP MNREK®RGBB N?PRW
RPAICPQ MP ?BQ

5FCD?A?BC N?RREGRIK?GLQ ? NPCDCPPCB ?NNPM?ARRGIERERIEE AMLRCLR

JGT CK@CBBCB TGBCMQ FIRRERECRQ

' MP BCCNCP GLQGEFRQ ?L?JWQGQ1EEDUPRNMAESRRCP ?IEBG?AF?NRCP

77:4:6?E=J 6?4@5:?8 :>286D

*K?EC CLAMBGLBANI? APSAG?J PMJC GL UC@ QSBBRGARDE IHNYARGLE RFC ?KMSLR MD B
RPLQDCPPCB ?APMQQ LCRUMPIQ ?LB RFC CLCPEW AMLQSKCB GL RFC NPMACQQ &DKAGCI
PCBSACQ RFC QGXC MD GK?ECQ UFGAF MDRCL AMLQRGRSRC ? J?RERNRPRGGKGIBFAIL

?KKGJI<M<CFG#I FD< :FD ;F:J C@>?K?FLJ< G<I=FIDSE:<G&& =8:8;<]
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PCBSARGML GL BPRDRP?REJ?RCQ RM JMUCP CLCPEW AMLQSKNRGML GL B?R? ACLRCPQ LCRUI
GLDPRPSARSPC ?LB SDERET .MPITRQK?JJOBPCII CLAMBCB GK?ECQ PCOSGPC JCQQ
NPMACQQGLE NMUCP RM BCAMBC ?LB PCLBCP

5FC ASKSJ?RIIDDCAR MD CDKAGCLR GK?EC CLAMBGLE 2APMQQ @GJJGMLQ MD UC@ N?ECQ A7
QS@QR?LRG?J EIM@?J TEIEEW Q7

-56@

7GBCMQ PCK?GL ?KMLE RFC KMQR PCQMSP ACCHEE@EL UC@QGRCQ QGELGKA?LRIW
GKN?ARGLE QSQR?GLIM®GIGRMNBCR?GICB GLDMPK?RGML.CEGBRFRNRASFCL
GLAMPNRBLE RFGPB N?PRW TGBCMQ SRGJIGXGLE D?A?BCQ GQ QRGJJ RFC PCAMKKCLBCB 2NN

"BBGRGML?ABMNKESPMBP TGBCMQ RFMSEFRDSJIW

" TMGB NPCIM?BGLE ?LB Y8 RMNRCBSAC SLLCACQQ?PMEXER? RP

*KNJCKCLR J?XW JM?BGLE DMP TGBCMQ @CJMU RFC DMJB

6QC ?NNPMNPG?RC AMKNPCQQGML RCAFLGOSCQ RM PCBSAC kJC QGXCQ UGRFMSR!
OS?JGRW

$MLQGBCP SQGLE BTERE QRPC?KGLE DMP T?PWGLE LCRUMPI AMLBGRGMLQ

3CKCK@CRICPW MNRGKGX?RGML GL TEBCAPBIIGE RM QS@QR?LRGTPGCEQRERT Q2
RFC J?PEC kJC QGMODEGE?J?LAGLE TGBCM 0S?JGRW UGRF QSQR?GIA@SUSRIPEGIZHQ GO |
CLE?EGLER/CIGPMLKCLR?JIW PCONMLQEEORGLI@CD

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4%

'C6=@25

"SRMK?RGA?JIJW NPCIM?BGLE TGBCMQ GQ ? AMLACPL DMPRETINIBRIRIAGIP@ GIGRW
PCRP@ELE B?R? RF?R KGEFR LMR @C SQCDSJ DMP ?JJ SQCPQ NMRCLRG?JJW JC?BGLE RM SLLC
RPLQDCP ?LB CLCPEW AMLQSKNRGML CQNCAG?JIW MLNDXRA SIGRPFRBEFE RP
QSQR?GL?@GJIGRW NCRRNMAREHILE QFMSJIB GBU2GBEBIEP?MLIW GLGRG?RCB SNML SQCP
GLRCRRGML
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"@>K 2@;<F 6CF8; LJ8><

$MKN?PGLE RFC SQ?EC MD RFC NPCIJM?B ?RRPG@SRZLBCRUCCL@QCRT QMKC

AF?LECQ 5FC NCPACLR?EC MD UC@QGRCQ LMR SQGLE NPCIM?B F?Q QIGEFRJIJW BCAPC™(
ML BCQIRMN ?LB DPMK RM ML KM@GJC 5FGQ QFGDR QSEECQRQ ? QK?JJ GLAPC?QC

MD NPCIM?B ?RRPG@SRCQ UFBGAGKANEIBIRGMLQ DMP QSQR?GL?@GJIGRW

*RfQ GKNMPR?LR RM PCKCK@CP RF?R RFC NPCJM?B ?RRPG@SRC MLJW F?Q RFPCC T?JGB
?LB KCR?B?RBCD?SJR 6QGLE RFC NPCIM?B ?RRPG@SRC UGRF LM T?JSC MPWI@EL AMPPC/
GLRCPNPCRCB ?Q fKCRHEMR?A?L QRIBAJEZIM?BGLE SN RM  MD RFC TGBCNMRM PCRPGC
KCR?B?R?PMK ? QSQR?GL?@GJGRW QR?LBRMGEIG QLREC KMOBRPGLKCLR?JJW DPGCLBJW
MNRGML

5FC QJGEFR GLAPC?QC GL RFC SQCfRIBIRERWCRPC?QC GL LML SQC MD NPCJIJM?B QSEECC
KMPC ?RRCLRGML LCCBQ RM @C N?GB RM TGBERARGIRCONRBGLENRC UC@ QSQR?GL?@GJ

' MP KMPC BCR?GJCB GLDMPK?RGML ML RFGARRNVINBABTEOEP RMMRGAIMB RFC
UC@ BC ?PRGAJC MIGBCM NPCJM?BGREEREQ

FE@A=2]

5FC AMLQGERIBMLQ QSPPMSLBGLERPSRMRELSC RM @C APGRGA?J DPMK ? QSQR?GL?@GJC

?KKGBCDSES: ?KK@@HFI> <E  JLIKB@E8I@C@KP
?KKGINNN JK<#IFL;<1J :FD 9CF> ?KDC M@;<F GI <CF8;
?KKGN<9 ;<MBIK@:C<J =8JK GC8P98:B NIBE? G|
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NCPQNCARGRMNWGLE TGBCMQ AMLQSKC B?R? ?LB CLCPEW DMP AMLRCLR RF?R SQCPQ KGEF
GLRCPCQRCB GL TGCUGLE NMRCLRG?JJW JC?BGLE RM SLLCACQQ?PW PCQMSPAC SQ?EC

*RfQ GKNMPR?LR RM LMRC RF?R\RPERERENRTOFRABC NPCIM?B QCRRGLEQVBRESRMNJI?
L?RSRIJW PCOSGPCQ JM?BGLE RFC TGBCM AMLRCLR 5FGQ DMPACB JM?BGLE DSPRFCP GKN?A
AMLQSKNRGML ?LB CLCPEW SQC

"@>K 2@;<F 8LKFGCB8P LJ8><

$MKN?PGLE RFC SQ?EC MDWSRNMIRUZCL ?LB  UC QCC QMKC LMR?@JC AF?LECQ 5FC
NCPACLR?EC MD UC@MIGBAGRIW LMR SQGLERERBOWPC?QCB DPMK RM ML

BCQIRMN ?LBDPMK RM ML KM@GJC 5FGQ AMSJB @C ? AMLACPL DMP QSQR?GL?@GJGRW C
UC LMRGAC ? QIJGEFR GLAPC?QC DMP UC@QGRCQ SQGLE ?L CKNRW T?JSC DMP RFGQ ?RRPG@
RPGEECPQ ?SERMINB’GQ @?B DMP QSQR?GL?@GJIJGRW

*RfQ APSAG?J RM PCKCK@CP RFPRQSRMNIPC?L 7RRPG@SRC KC?LGLE BRQUBRIITLAC C
CKNRW T?JSC RPGEECPQ/BRIFBNBFC AMK@GLCB NCPACLRYEIOAGR ?SRNIQPEC
GLAJSBC autoplay TRUE ?LB MRFCP T?JSCQ F?Q PCK?GLCBWRTIRR@IC ?PMSLB DMP
@MRF BCQIRMN ?LB KM@GJC

(GTCL RFC QSQR?GL?@GJGRW GKNJGA?RGMLQ RFC RPCLB RMU?PBQIQMECNMRCLRG?J ?SRM?!
RFPMSEF CKNRW T?JSCQ GQ UMRRWECPQEQFMSIB @C A?SRGMSQ ?@MSR GLAJSBGLE RFC
?SRMNJP?RRPG@BROGO SLGLRCLRGMLGRW?L JC?B RM SLLCACQQ?PW B?R? AMLQSKNRGML 7L
CLCPEW SQRMK ? QSQR?GL?@GJIGRWOOMBBEAREZERMREK?GLQ ? PCAMKKCLBCB

?KKGBCDS8ES: ?KKGEAFI> <E  JLIKB@E8I@C@KP
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NPARGAC GL KMQR A?QCQ RM PCBSAC SLLCACQIIPAL BNFMRC QQGLE

?:>2E:@7?D

"LGK?RGMLQ AMLRGLSC RM @C ? BMS@JC CBECB QUMPB GL UMGABCQGE2L REGITURFC
C/NCPGCLACWRNRIQC AF?JICLECQ DMP @MRF ?AACQQG @ GIGRWAKIPRGBIGREBY/GL RFC
AF?NRCP ?LB QSQR?GL?@GJGRW

' PMK ? QSQR?GL?@GJGRWMNCEGKIREGIQ A?L @C PCQMSPAC GLRCLQGT

i  5FON GLAPC?QC @?RRCPW AMLQSKNRGHMEQRBGIEMRCLRG?JIJW PCBSAGLE
BO GAC JMIERBQNCAG?JIW ML KM@BIQBC

i "LGK?RGMLQ MDRCL PCOSGPC ?BBGRGML?J AMBE RIHGBAPSREBCBGLAPC?QC
N?EC UCGEFR

i 1MMPJW MNRGKGXCB ?LGK?RGMLQ A?L JC?B RM SLLCACQQ?PW PCN?GLRQ ?LB
R?VGLEBEAC PCQMSPACQ

3CACLR B?R?IMIL AMKNMQGRCB ?LGK?RBMEBCQ GLQGEFR GLRM RFCGP SQ?EC ?APMQQ L

"@>K *FE :FDGFJ@K<; SE@DBK@FEJ G<I G8><

5FGQ B?RTETIQ

?KKGN<9 ;<MBIK@:C<J JK@:B KF :FDGFJ@KF FR@*<GBE; DSES><ICBREK
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i "RJC?QR MD UC@QGREQEMLLML AMKNMQGRCB ?LGK?RGMLQ UEGAF GQ NMQGRG
DPMK ? QSQR?GL?@GJIJGRVCNCPQNCARGT

i BFCPf ? QGELGKA?LR HSKN GL SQ?EC ?R RFC FGEFCP NCPACLRGJCQ UGRF RFC RF
NCPACLRGJC QFMUGLE ?LGK?RGMLQ ML BCQIRMN ?LB ML KM@GJC 5FGQ HSKN AN
QTCPCJIW GKN?AR RFC 2AACRGRIBIBIGRAC ?LB QSQR?GL?@GJGRW MD RFC UC@N?E

5FC A?QC MD A?PMSQCJQ PCK?GLQ AMLRCLRGIMEECBQCRB BIQGELCPQ RCLB RM BCQNGQC
RFCK UFGJC MPE?LGX?RGMLQ QRGAI RM RFCK

' MP ?PESKCLRQ ?E?GLQR SQGLE A?PMSQCJQ TGQGR

i 4FMSJB *6QC " $?PMSQCJ
i 6Q?@GJIGRW (SGBOIR#CRRCP $?PMSQCJIQ 69
*D ?LGK?RGMLQ ?PC LCACQNISPVB OVIBEN

i 6QC $44 ?LGK?RGMLQ UFCPC NMQQGERC EXRRRE KMPC NCPDMPK?LR RF?L
+?T?4APGNR @?QCB ?LGK?RGMLQ

i $MLQGBCP SQGI prefers-reduced-motion KCBG? OSCPW RM PCQNCAR SQCP
NPCDCPCLACQ DMP PCBSACB KMRGML

i -?XWJIM?B ?LGK?RGMLQ RF?R ?PC LMR GKKCBG?RCJW TGQG@JC ML N?EC JM?B

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i SFC84( 4%

2G:4@7 2?5 6CC@C A286D

"? TGAMLQ ?LB CPPMP N?ECQ AMLRERSTSRMRBIC@ SR GKNMPR?LR PMJC GL UC@QGRC NCPDMP}
?LB QSQR?GL?@GJIGRW

, OV AMLQGIRGMLQ PCK?GL

i "JU?WQ GLAJSBOGAML RMTERR SLLCACQQ?PW PCOSCQRQ

i &LQSPOMEP DBAML GQ NPMNCPJW A?AFCB RM PCBSAC PCNC?RCB PCOSCQRQ

?KKGI?FLC;@LI<&:BO<C :FD
?KKGXNNN JD8J?@E>D8>8Q@E< :FD <J@>E@E> 9<KH<I<8ILO
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i ONRGKGX@3® N?EC)5.-RM @C ?Q JGEFRUCGEFR ?Q NMQQG@JC
i 4CR SN PCBGPCARQ NRMNIPR\EQCPQ kLB RFC AMMREIGRRIRMIGLE DMP

i 8FGJC @PMUQGLE RM ? KGQQGLE N?EC QFMSJB JC?BRM ? N?EC JM?BGLE ? K
PCQMSPAC QFRCRSPL MRKCQQ?ERRFCP RF?L RFC UFMJC  )5.- N?EC ?Q
GQ RFC A?QC UGRF QNIRQ QCPDFMSJIB 2qMI DMP BC?B JGLIQ

' MAMNRGK?TBGAMIQSQR?GL?@GJIGRW

47( 5FC GBC?J AFMGAQ 27?C JGEFRUCGEFR QA?J?@JC ?LB CIJGKGL?RC RFC LCC
KSIJRGNJC QGXCQ QGELGKA?LRJIW PCBIACGRERIERZRREICCBQ

ONRGKGXCB 1/( "UCJI MNRGKGXCB 1/( V NGMWQ DMP G04 GL RFC @?QC
BGPCARMPW L?KCB ?NNJC RMSAF GAML NLE A?L @C ? EMMB AMKNPMKGQC @Cl
?LB @PM?B AMKN?RG@RBAEGRW kJCL?KC ?LB IMA?RGML PCOSGPCKCLRQ ?Q @PN
UGJJ QCCIRFGQ @7?QCB ML RFC KCR? R?E GEEQTCBEBORM 47

"D?TGAML GAM UGRF QGXCQ V ?LB V DMP AMKN?RG@GNGBRBPNSPNMQCQ
@PMUQCPQ UGJJ QCCI RFM3 P @RI B PCARMBNERFEX)JIC UGJJ PCBSAC
CPPMPQ 5FCQC DMPK?RQ UFCL NPMNCPJW GKNJCKCLRCBLRGDBPEBIAB?R? RF
QRNMEC PCOSGPCKCLRQ ?LB JMUCP CLCPEW AMLQSKNRGML ?APMQQ RFC UC@
"JU?WQ CLQSRMSWAFMQCL DMPK?R GQ NPMNCPJW MNRGKGXCB DMP RFC @CQF
GKN?AR

7KKGPKKG; 8G8:?< FI>;F:J  <E :LIKFD <FI?KDC
?KKGNNN ;<8;C@ER:B<I:FD
7KKGXM@CD8IK@8EJ :FE@IC<J ?FN KF =8M@:FE @E  J@0 ]C<J K?8K JK DFJK E<<;J
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"@>K "8M@:FE LI8><

8FCL UC AMKN?PC RFC  B?R? RMB?R?  QGLAC RFCPC U?@GMDR B?R? QGLAC RFC

2PISN AF?NRCP  UC A?L Q¥ RF?R RFC AF?LECQDPMK RM  GLBGA?ROC? NMQGRGT
RPCLB RMU?PBQ KMPC QSQRTGEMRMFRGACQ 5FC QFGDR DPMK *$0 RM KMPC CDKAGCLR DMPK
JGT 1/( 47 ( 7LB 8 C@1 QSEECQRQ EBBRPCLCQQ MD kJC QGXC ?LB NCPDMPK?LAC GKN?ARQ
"JQM RFC PCBSARGML GL KGQQGLE GARCQ BIBRRCRPRRCLRGML RM BCR?GJ PCBSAGLE
SLLCACQQ?PWIFOPTOSCQRQ 'GRPIJBPMURF GRUE 8 C@1 SQ?EC UFGJIC QRGJIJ QK?JJ
PCNPCQCLRQTZHAMU?PBQ KMPC QSQR?GL?@JC QA?J?@JC DMPK?RQ

8FGJC RFGBMRGJII PMMK DMEIGBINPM?PRGASJI?PIW GL DSPRFCP ?BMNRGLE FGEFJW CDKAGCL
DMPK?RQCIE ?LB 8 C@IRFCTRJIJ RPCLB QSEECQRUIBAVIREGER ?PC GLAPC?QGLEIJW
AMLQGBCPGLE RFC QSQR?GL?@GJGRWGKREGAPREDKC) RDEGAMLQ

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i SFC84( 4% LB

&AE:>:K:?8 6IE6C?2= 4@?EG?E

OLC MD RFC QRPCLERFQ MIZUREKBCR GQ RFC C?QC RMUSEBEARIHR ?J AMLRCLR DPMK
DPKCUMPIQ ?LB J&E@HTQ RM RFGPB N?PRW UGBECRQ ?LBGHER )MUGCLAC

?KKGBCDBES: ?KK&@@#FI><E  D8IBLG =8M@:FEJ
?KKGBCDSBES: ?KK@@4FI><E  DB8IBLG =8M@:FEJ
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QFMSJIBR. MCPPGBC AMLQRBKEQ MD LCACQQGRW ?LBEOCICKERAMMLCLR?J GKN?AR MD
CVRCPL?J AMLRCLR GQ RUMDMJB RFC GKKCRGEARCPARIGQR MB RPMACQQGLE RFC AMLRCLK
RFC MLEMGLE CLCPEW AMLQSKNRGML DPMK PCESJ?P SNB?RCQ ?LB AMLRGLSMSQ AMLLC

' MP C?ANWRCPL?J CICKGLR AWLQGBCP ?BBGILE?RC

i &LCPEW DMMRNPGLR $MLQGBCP @RIBHRRECUCEEDBRERPMACQQGLE ?LB
CK@MBGCB CLCPEREQRMEFRPSARIRMORQ

i 3CQMSPAC LCACQQGRW $MSJB RFC DSLARGIGB2UGRW 70IGERRGE
CLCPEW CDKAGCLR QMJSRGML

i $?AFC CDKAGCLAW )MU DPCOSCLRJW BMCQ RFC PCQMSPAC LCCB RM SNB?RC
JMLECP A?AFC RGKCQ PCBSAC PRNIXREB RP

i /CRUMPI GKN?AR 8GJJ RFGQ PCQMSPAC PCOSGPC K?GLR?GLGLE NCPQGQRCLR
RPGEECP DPCOSCLR @?AIEPMSLB PCOSCQRQ

+9:C5 A2CE:6D

4GLAC RFGPB N?PRW PCOSCEIRDIRPEC NMPRGML MD PCOSCQRQ ML RFC UC@ GRfQ GLRC
K?I C QSPC RFBMKC DPMK gEPEMIQRQ #?AIGL  UC CQRGK?RCB RF?R  MD RFGPB N?PRV
PCOSCQRQ A?KC DPMKgERQRD "QMD  GR F?Q PGQCL RM ? UFMNNGLE

"@>K >| <<E K?2@BIKP £HL<JKJ
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5FGQ QSPC JMMI@JEIIW EPC?R LCUQSEISIEIBAN GL KGLB RFGQ GQ QMKCUF?R @G?QCB .MQF
RFGPB N?PRGCQ MPGEGL?RC DPMK (MMEBQ BPRIQEIQEPBCPCB §ERCECLGBIW

K?LW AJMSB REBICPQ ?PC AMLQGBCPERFHPREC RPSRF KGEFR @C QJGEFRJIW KMPC AMKNJGA
2Q UNJ?GLCB GL MSP (PCCL )MQRGLE QCARGML

: MS QFMSJB JMMI ?RERFEPFBPB N?PRGCARCP DMP KMPC ML ?JJ RFGQ

5FGPB N?PRW PCQMSPACQ UFGJC MDRCL CQQCLRG?J DMP KMBCPQGEGGRARLRGWL?IGRW
GKN?AR ? UC@QGRQR?GL?@GJIGRW ?LB NCPDMPKROWL. BFEIIEEL FE DPMK QAPGNRQ

RM QRWJCQFCCRQ A?L GLAPC?QC N?EC UCGEFR ?LB APC?RC NCPDMPK?LAC @MRRJCLCAIQ "
D?ARMPQ AMLRPG@SRC RM FAEHRIEPBAR? RIEPEW AMLQSKNRGML

5M APC?RC KMPC QSQR?GL?@JC UC@QGRCQ GRfQ APSAG?J RM PCESJ?PJW ?SBGR ?LB MNRGK
SQ?EC 5FGQ NPMACQQREEARIBIGLE SLLCACQQ?PW QCPTGACQ

5MMJIQGEGVUMEJQ -GEFRFMSQC MDDCP T?JS?@JC GLQGEFRQ GLRM RFC GKN?AR MD RFGPB N?P]
NCPDMPK?LAC 5FC S5FABAL 6Q?EC ?SBGR GL -GEFRFMSQC A?L FCINVGREELRGDW FMU C
PCQMSPACQ ?DDCAR N?EC JM?BEEKMNAHEDMPK?LAC

#W RFMSEFRDSJJW K?L?EGLE RFGPB N?PRW PCQMSPAGRJOCAR?@QRRGICL LCACQQ?PW
DSLARGML?JGRW ?LB UC@QGREFGRQKAGMMPMAF LMR MLIMGRREWNCPGCLAC @SR ?JQM
AMLRPG@SRCQ RM ? KMPC QSQR?GL?@JC UC@ CAMQWQRCK

$2<:?8 E9:C5 A2CEJ C6BF6DED >@C6 DFDE2:723=6

?IGLE RFGPB N?PRW PCOSCQRQ KMPC QSQR?GL?@BC PGOSSRERQ7AGRIPMK RFC C?PJGCQR
QR?ECQ MITBRINKCLR 8FGJC MSRQMSPAGLE ACPR?GL QCPTGACQ A?L NIGRENRGRRIW PCBSAC
RGKC ?LB PCBSLB?GRI) APSAG?J RM PGEMPMSQIW ?QQCQQ C?AF RFGPB N?PRW AMKNMLCLR |
CAMJIMEGA?J GKN?AR

1PGMPGRGXC QCJD FMQRCBRNUKRITIEBIB RFGPB N?PRW QCPTGRAMQRG®@JC 5FGQ
?NNPM?AF EQMS EPC?RCP AMLRERWVNGPDMPK?LAC ?LB CKGQUGMIIGB?@JC RFGPB

N?PRW AMLRCLR GKNJQGKGIRRM JM?BMBQAPCCL SQGLE RFC gGKNMAAREMGLRCP

N?RRCPL 5FGQ RCAFLGOSC QGELGKA?LRIJW PCBSACQ GLGRG?J N?EC IMRRRIEPSLLCACQQ?PW

8FCL CT?JS?RGLE 2B@IR) ?LBKERIMPIQ MNR DMP NCPDMPK?LRCQRRIPIR RGREGRFC
Q?KC EM?2JQ UGRFICRRERBACNGLE GL KGLB RF?R LMR SQGLE QSAF RMMJQ AMSJB 2JQM @C ?
NMQQG@GJIGRW RFSQ QRGAIGLE RM T?LGSVRQGBEP GPQRRISEAMUL AJGAI?@JC GAMLQ

7LB UGBECRRRCP RF?L PCJWGLE ML RFGPB N?PRW FMQRCB QMJSRGMLQ

#W A?PCDSJIW K?L?EGLE RFGPB NZREMLGLRBINPGMPGRGXGLE SQCP NPCDCPCLACQ UC A?L
QGELGKA?LRJIJW PCBSAC RFC CAMIMEGA?J DMMRNPGLR MD MSP BGEGR?J NPMBSARQ UFGJC K’
DSLARGML?JGRW ?DBNEIRGECAC 5FGQ GQ ?JQM SQS?JIW @CLCKAG?J RM NCPDMPK?LAC QCAS
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NPGT?AMB ?2AACQQG@GJIGRW

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4%

' MP KMPC BCR?GJCB GLDMPK?RGML ML ?L?JWXGLE ?LB MNRGKGXGLE RFGPB N?PRW SQ?|
$FPMKC %ICIMNCPQ BMASKCLR?RGML

>A=6>67E:?8 E6497:42= @AE:>:K2E:@7?D

YGQRMPGAREI@ NCPDMPK?LAC GLRPMBSACB ? JMR MD PCAMKKCLB?RGMLQ RF?R AMLRPG
CDKAGCLRFSQ GKNBIE QSQR?GL2?BREIGRDMKCRGKCQRECAMIPSE?#SRWRFCPC ?PC
QRGJJ QMKC NCPDMPK?LAC PCAMKKCLB?RGMLQ RF?R AMSJB BEPBLREGRELRRNRAR
MP 2R JC?QR LCCB QMKC BGQASQQGML ?LB AFREDSVRIGLQEBORC $%/ QFMSJIB @C
RPC?RCB UGRF A?PC QCC BCBGA?RCB QCARGML @CJIMU ?LB NECIMEEE EEQRRIEPE BEAR(C
7TMGBCB @CA?SUCHEEFR PCQSJR GL JM?BGLE PCQMSPECR@ESUDBIJ LC

12G2*4AC:AE

+?T?4APGNR F?Q @CCL ?L GKNMPR?LR J?LES?ECEPIVRIRE WO @@JGLE BWL?KGA ?LB
GLRERRGTWNCPGCLACQ )MRUFCL LMR MNRGKGXCB GR A?L ?2JQM GKN?AR NCPDMPK?LAC
CLCPEW AMLQSKNRIRR DMASQ ML QMKC OSGAI UGLQ MNRGKGX?RGMLQ RF?R ?PC C?QW
?LB EPC?R DMP QSQR?GAR@EIRBRYPIQ A?L QGELGKA?LROMEHNRERCDKAGCLAW

UGRFMSR Q?APGKAGLE DSLARB VM BUOGRUFCBE RMIP2APGNRQ NPMQ ?LB AMLQ AFCAI MSR
MSP AMKNPCFCC&GBT4AAPGAR?’NRCP

$:2:7:42E:@7? EC66 D92<:?8 4@56 DA=:EE:?8

ONRGKGXGLE242PGNR RFPMSEF KGLGKA?RGML RPCC QF?IGLE ?LB AMBC QNJGRRGLE PCk
GKNPRELE UC@QGRC NCPDMPK?LAC ?LB QSARPHMATNGIERW. RFCQC MNRGKGX?RGML
RCAFLGOSCQ UC A?L QGELGKA?LRIW PRLESIIBENPKRM?B RGKCQ ?LB SIRGK?RCIW
BCAPC?QC RFC CLCPEW AMLQSKNRGML ?QQMAG?RCB UGRF UC@ @EIMYIBIE 3CKCK@CF
QTGLEQ NCP QGRC A?L JC?B RM QS@QRITRBAIGKRGIZRGMNQ @GJIIGMLQ MD N?EC TGCUC

?KKGJI<M<CFG#I FD< :FD ;F:J C@>?K?FLJ< G<I=FIDSE:<G&& JLDD8IP
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"@>K 1ED@EQ@]<; &3MRGK JBM@E>J

$MKN?PCB RM RFCQC KESPCQ QFMU ? QIJGEFR GLAPC?QCGILHWRRRGFGRFECP
NCPACLRGJICQ GLBGA?RGLE RF?R QMRTCMYEEKEIRRQE-RMPC SLKGLGKCB AMBC

8FGJC K?W QGRCQ ?PC GDNCKBGEDWEMAPENR REOPRGJIJ QGELGKA?LR NMRCLRG?J DMP
QTGLEQ CQNCAG?JIJW DMP J?PECP QGRCQ

"Q BAOCJMNCPQ UC A?LAKAISP ?NNQ UC@QGRCQ KMPC QSWR?GL?@JC @

i *KNJCKCLR RPCC QF?IGLE RM CJGKGL?RC BC?B AMBQU GHGABBATR GIAMJ
QTGLEQ @B KGLGKA?RGML

i 6QC AMBC QNJGRRGLE RIMAARPTENR ML BCK?LB PCBSAGLBEEINEFBIIGXCQ

' MP ? BCCNCRCBEIRM¥3APGNRfQ NPMQ ?LB AMLQ AFCAI MSR MSP GWMRNPERNRGT
AF?NRCP

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i SFC84( 4%

*%

$?QA?BGLE 4RWJCQHELRAYC ?2JQM @CCL ? APGRGA?J DC?RSPC GL RFC EPMURF MD RFC *LRCP!
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NMNSJ?PGRB/?@GJGRW RM ?BB QRWJIGQRGA IMSPGQFCQ RM N?ECQ ?LB ?NNQ @PGLEQ ?
RM AMLRCLR ?LB DC?RSPCQ 5FC TGQSRWANBRI® EMUCP @PGLEQ UGRF GR AF?JJCLECQ
MDDCPGLE ? QSQR?GL?@JC NPMBSAR MP QCPTGAC

8 C@ NCPDMPK?LABNIAPGRGA?J PMJIC Q@ RREC RAN?GLRQTMWP@&SPBCLQ ML RFC $16

A?L AMLQSKC CLCPEW ML RFC AJGCLR QGBC $44 ?JQM F?Q RM AMLQGBCP DZXRMPQ QSAF
RFC @CQR SQC MD RFC DMPK GR GQ @CGLHMMBEGRGHERPBGME?QQCR JM?BGLE SLLCACQ
MP U?QRGLE APGRGA?J K?RCPG?J PCQMSPACQNGEER3P MIB HBLAR RINELRGLE

- CRfQ DMASQ ML QMKC OSGAI UGLQ QMKC MD UFGAF UBSII® U D RECIERPENRW
QCARGML RM FCINGYEPVAMBC CDKAGCLAW UGRFMSR Q?APGKAGLE DSLARGML?JGRW

$:2:7:42E:@7?
8FGJC KGLGKA?RGMLIDMAPENR GQ ? AMKRAMRGWC ?Q KCLRGMLCB C?PJGCP GL RFGQ AF?N
2JQM GKNMPR?LR RM PCAMELGXC RFC T?JSC MQRZRGEFRRRGORIGAFP?Q $44 kJCQ BSC

RM RFC B?RPGREQ RF?R A?L @C M@RRBQUBGRFGL *%&Q A?L FCIN ?2SRMK?RC ?LB QRPC?KJ
RFGQ NPMACQQ RM GLAPC?QC CDKAGCLAW

"@>K 1ED@E@]<; // IBM@E>J

$MKN?PCBRM  RFCQC kESPCQ QFMU ? QJGEFR BCAPC?QU GLEMRSEEGTIRELE ?
KMBCQR GKNEWCLR GL $44 KGLGKA?RBMRGHEQ MP NMRCLRG?JIW ? QFGDR RMU?PBQ KMP!

?KKGN<9 ;<MBIK@:C<J FGK@D@Q@E> :FEK<EK <=]:@<E:P FGK@B&IF<KE:F;@E> 8E; K|
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$44 2SRFMPGLE 5FC BCAPC?QC GL NMROIRER BLAC  GLBGA?RCQ NPMEPCQQ @SR DSPRF
MNRGKGX?RGML GQ NMQQG@JC

“Q BOCJMNCPQ UC A?LKIISP ?2NNQ UC@QGRCQ KMPC QSWR?GL?@JC @

i $MLQGBCP SQGLE $44 .MBSJCQ ?NNPM?AFCQ UFGAF A?L FCIN CIGKGL?RC SLSQCB Q

i *KNJCKCLR APGRGA?J $44 RCAFLGOSCQ RM GLJGLC CQQCLRG?J QRWJCQ ?LB BCDCP
LML APGRGA?J $44

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4%

'C:?E DEJ=6D966E

3CBSAGLE RFC GKN?AR/FIBAR BMASKCLRQ GQ APGRGA?JIW GKNWRRILRI@ SATSGRCK.

LMR MLIJW SQCQ K?RCPG?J PCQMSPACQ QSAF ?Q N?NCP ?LB GLITM#EB RFEREER ? PGQI GL
GRCK K¥ LMR @C REZBWPMNOPRVRF?R GRQ NPMBSARGMRAMKC DPMK ? QSQR?GL?@JC
QMSPAC 5FCPCDMPC UC KSQR RPC?R RFC APC?RGML MD QSAF GRCKQ 2Q ? RAGBGMSQ AMKKN
NPMBSAGLE KMPC RF?L GQ PCOSGPCBARQIECBSRTC

)? TGLEMPGLR DPGCLBJW QRWSQGEEBRC IKCBG? NPGLR ?LB IN?ECURBIIIMILERM

BCKLC QRWJCQ RF?R QRWJIGQRGA?JIW ?DDCAR FMU RFC CLB NINRBSRR BE2EBGE ?P ML RFC
2JIMUQAS RM MPE?LGXC AMLRCLR RM kR MLRM RFCKVEQICRRERRF?R BMCQL

RPLQACLB UCJJ DPMK BGEGR?J RM NPGIGEFSBFRQALB GLAFBGLOMPK?RGML UFCPC
?NNPMNPG?RC DMP 63-Q 2JMLEQGBCVUBHNICGQ ?L C

8FCL APC?RGLE ? NPGLR DPGCLBJW QRWJCQFRRIRVID R AMEQGBCPCDCPCLAC RMU?PBQ AMJIMI
MP KMLMAFPMKC MSRNSR RFC AMJMP MD N?NCP SQCBAHRFRFRIGHEVRCPREBCIEM
DMP NPGLRGLE ?LB RFC MPGCLR?RGML MDQIBRQE HCQDN VIAMFFERRR GL NPGLR

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4% ~2LB

,D6C AC676C6?46D 52C< >@56

7GQGRMHAQ RECGP NPCDCRRGEU@PMUQGLE UC@QGRCQ ?LB MLC MD RFC KMQR AMKKML

?KKGNNN JD8J?@E>D8>8Q@E< :FD GI@EK JKPC<J?<<KJ @E
?KKGBC@JIK8GSBIK :FD 8IK@:C< >F@E>KFGI@EK
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NPCDCPCLACQ GQ gJGEFRMIREGHRUIBRD ILMUL ?Q RFC SQC MD B?PI KMBC 8FGJC RFGQ K?
MSRU?PBJW ?NNC?P RM @C ? TGQS?J MP QRWJGQRGA AFMGAC RFCPC ?PC QMKC QSQR?!
?AACQQG@GJGRVPREIMQG BEPRPRM ?AAMSLR UGRF RFGQ AFMGAC

#CDMPC UC ECR GLRM RFC QSQR?GL?@GJGRW @CLCKRQ GR GQ UMPRF OSGAIJW BGQAS
B?PI KMBC DMP QMKC NCMNJC A?L GLAPC?QGRGYR?IGIZRWRFCRQWIE?RBGELE ?Q

? RPGEECP DMP NCMRQEGERIRGER GQ RFCPCDMPC GKNMPR?LR RF?R RFC ?@GJGRW RM
MDD DC?RSRTBFEKMBC @2@J?@JC RM TGQGRMPQ ?LB SQCRNBEDCRGPMIQCP

R?ICL GLRM ?AAMSLR

%?P1 KMBC GRQCJD A?L @C ? PC?J @CLCKR DMP QSQR?GL?@GJGRW ML 0-&% QAPCCLQ BS
BGKKCB NGIQ @J?AIQ ?LIBU AMIMPERSBGCQEDFMUL RF?R ML QSAFARD RFC

PCBSARGML MD CLCPERALIQRW @SR GR BMICZ&?2J BGDDCPCIAC?Q RFC QAPCCL GQ RFC
NPGK?PW CLCPEW CKGRRCP DMPTZABECREGQ GQ GKNMPR?LR

5FCPC ?PCTQ@J MRFCP SQCP NPCDKEBEAOSCPGIQGI?@JC RM $44 RFPBRIKECLBGLE

ML SQ?EE?TC QSQR?GL?@GJIGRW @GISEKRO@BAMIQ QSAF 2Q KMLMAFPMKC RM BCD?SJR
RM ? QGLEJC A?PRPGBERIDERQ PCBSACB KMRGML RM PCBSAC NPMBCQGIKIRGBRCLQGT
CDDCARQ ?LB RFC SN, prefers-reduced-data RF?R 2JJMUQ BCQGELGLE ?PMSLB JMU
@7LBUGBRABBCQ

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4%

?4=F5:78 2D =:EE=6 4@56 2D A@DD:3=6 5:C64E=J :? +$#

5FC NPARGAC MD GLJGRGAEGHR ?LB $44 BGPCARIW GL )5.- A?L @IM?R )5.- kICQ ?LB
NMRCLRG?JIW FERIMCPDMPK?LAC ?LB QSQR?GRAMGIGR\PCASPGRGQQSC GQ
N?PRGASJ?PIWIIRE GL UC@QGRCQ @SGJIR UGRF $MLRCLR .?L?ECKCLR RAIPACKQ
GKNJCKCLRGLESRBRGA?J $44 KCRFMB

5FC GKNMPR?LAC MDORFERGML MD AMLAGPEQ $44 ?LB +T?4APGNR A?LLMR @C
SLBCPQR?RCB ?Q ?JQM RMSAFCB SNML C?PJGCRRBLRFEA AFRBROEP MP
2QWLAFPMLMSQJIW JM?B BQICREPIENR RF?R UMSJB @C PCLBCP @JMAIGLE UGRFMSR PC.
+7T?4APGNR GRQCJD GR QRGJJ PCRRGAQIKR OEK@CGLE ?@JC RM A?AFC QSAF 2QQCRQ
QM ? J?PECZRV@RD $44 QRWJICQ A?L @C PC SQCR\PNREEXRIGRFMERERM @C PC

?KKGINNN 9F@8 FI> 9CF> ;8B DF ;< :8E @BIHOK8;89@C@KP LK EFKIRFE<M

?KKGNNNPFLKLO< :FD N8K:? M*7 J,; &; >

?KKGPI<<EK?<N<9 :FD <E<I>P <=]:@<EK :FCFI GBC<KK< @;<8J

?KKGXE>@E<<I@EbGLL!!*<NJ ;8IB DF;< D8P EFK J8M < FFLI G?FE<J 98KK<IP C@=< 8J DIER BP@EB 9LK K8 8 =<N J@OM@E@E>J
2KKGNNN ILI@E<JI@EFD XL @;<J K<:? ;F<J ;8IB DF;< JBMIBKK<IP | 1/ %. 0

?KKGIGFCPGB8E< 8GG 9CF> K?< :FDGC<K< >L@;< KF :JJ D<;@8 HL<I@<J

2KKGN<9 ;<MBIK@:COKEK :@K@:8C :JJ

?KKGD<@<IK :FD <E 9CF> N?8K ?8GG<E<; KBKI®GEIF= :FE:<IEJ

2024 Web Almanac by HTTP Archive 583


https://www.boia.org/blog/dark-mode-can-improve-text-readability-but-not-for-everyone
https://www.youtube.com/watch?v=N_6sPd0Jd3g
https://greentheweb.com/energy-efficient-color-palette-ideas/
https://engineering.purdue.edu/ECE/News/2021/dark-mode-may-not-save-your-phones-battery-life-as-much-as-you-think-but-there-are-a-few-silver-linings
https://www.businessinsider.com/guides/tech/does-dark-mode-save-battery?r=US&IR=T
https://polypane.app/blog/the-complete-guide-to-css-media-queries/
https://developer.mozilla.org/docs/Web/CSS/@media/prefers-reduced-data
https://developer.mozilla.org/docs/Web/CSS/@media/prefers-reduced-data
https://web.dev/articles/extract-critical-css
https://meiert.com/en/blog/what-happened-to-separation-of-concerns/

Part Il Chapter 15 : Sustainability

BMULJM?BCB

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i SFC84( 4%

"@>K /KPC< LJ8><

8FCL UC AMKN?PC RFG?PI® B?R? RB?R? UC A?L QCC RFC DMJIJMUGLE

*LAPC?QC GL GLIGLC QRWJICQFCCR SQ?EC
i %CQIRMN DPMK GL RM GL

i .M@GJC DPMK GL RM GL
" AMPPCQNMLBGLE BCAPG/REPGRIQRWICQFCCR SQ?EC
i %CQIRMN DPMK GL RM GL

i .M@GJC DPMK GL RM GL
5FGQ RPCLB QFMUQ ? AJC?P QFGDR RMU?PBQ KMPC GLJGLGLE MD $44 N&ATEASI?PIW ML KME

8FGJC RFGQ ?NNPM?AF AZIOEBINERG ?J PCLBCARBEBRAGLE )551 PCOSCQRQ GR 2JQM
NPCQCLRQ AF?JJCLECQ

?KKGBCDS8ES: ?KKGEAFI> <E  JLIKB@E8I@C@KP
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i *LAPC?QCB )5.- kJC QGXCQ NMRCLRG?JJW QIMUGLE BMUL GLGRG?J N?EC JM?BC
i 3CBSACB A?AFGLE CDKABTGAWGLC QRWMIK@AARAFCB Q&NIW DPMK )5.-

i 1IMRCLRG?J DMP PCBSLB?LR AMBC ?APMQQ KSJRGNJCTCIEREMSHRFREL OGBGLE
APGRGA?J $44 AMSJB FCIN PCBSAC RFC GLGRG?J PCLBCP RGKC UC KSQR @C A"
KMPC RF?L RF?R @CA?SQC GRARBNEZAR MNNMQGRC CDDCAR REEB BBLERG?J
PCLBCP

&3D@=6E6 4@56

*L RFCINGBJWMITGLE J?LBQA?NC MDTGCENBCLR M@QMJICRC AMBC GITPUMBRCL M
QMSPAC MD GLCDKAGCLAW RF?R A?L QGELGKA?LRIQY CBORAGL? GC@GBROMMRNPGLR

0@QMJICRC AMBC PCDCPQ RM SIMSRETRTHB WP PCBSLB?LR AMBC RF?R PCK?GLQ GL ? AMB
5FGQ A?L GLAJSBC

i %CNPCA?RCB2APGNR ?LB $44 DC?RSPCQ
i 1MJWKJJQ DMP MSRB?RCB @PMUQCPQ
i 6LSQCB DSLARGMLQ MP QRWJTGNS®BRERLQ MD ? QGRC

i -CE?AW AMBC QSNNMPRGLE BGQAMLRGLSCB DC?RSPCQ

' PMK ? QSQR?GL?@GJGRWMNGRONAGRT AMBC GQ NPM@ JCHRZREZPQMPQC

*LAPC?QCB 'GJC 4GXC 0@QMJICRC AMBEAREWPRE BB44 kJCQ JC?BGLE RM J?PEC
kJC QGXCQ 5FGQ PCQSJRQ GL GLARQEIB®BASKRPE KMPC CLCPEW @MRF GL
RPLQOKGQQGML ?LB NPMACQQGLE

6LLCACQQ?PW 1PMACQQGLE #PMUQCPQ QRGJJ LACBSRCNEQMIDRC AMBC
CICL GD GRfQ LMR SQCB 5FGQ AMLQSKCQ ?BBGRGNILBIAERROSKMRIV
CLCPEW ML SQTB&CQ

2GLRCL?LAC QOPFC?B 0@QMJCRC AMBQ KRIBC@?QCQ F?PBCP RM K?GLR?GL
NMRCLRG?JJW JC?BGLE RM GLCDKAGCLR UMPI?PMSLBQ ?LBTOSHREKE AMBC @JI
4CASPGRW 0@QMJICRC AMBC GQ KSA¥ RMEGLIMUL QCASPGRW GQQSCQ RF?R
AMSJB NSR SQCPQ ?R PGQI

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4% 7LB
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%

$MLRCLR %CI /CRUMP$%6/Q NJRW ? APSAG?J PMJIC GL MNRGKGXGLE UC@ NORDMPK?LAC ?LB
OVRCLQGML GRBIEVRFC QSQR?GL?@GJGRW MD UC@ ?NNJGA?RGMLQ #W BGQRPG@SRGLE AM
KSIJRGNJIC ECNMERA?JIW BGQNCPQRB Q@RY PCBSAC RFC BGQR?LAC B?R?2AICCBQ RM RP
JC?BGLE RM D?QRCP JM?B RGKCQ ?LB PCBSACB CLCPEW AMLQSKNRGML

"@>K *1LJ8>< FE K?< N<9

$MKN?PGLE RFGQ B?RBFRRP?  UC M@QCRIICRJ LMR?@JC RPCLBQ

i *LAPC?QCB $%/ "BMNRGML 5FC NCPACLR?EC MD UC@QGRCQ LMR SQGLE ? $%/ F?Q
BCAPC?QCBDPMK RM  DMPBCQIRMN?LBDPMK RM  DMP KM@GJC
5FGQ GLBGA?RCQ ? EPMUGLE PCAMELGRGML MD $%/ @CLCKRQ

i $IMSBI?PIQ (PMURF $JMSBI?PC F?Q QMJGBGKCB GRQ NMQGRGML ?Q RFC JC?BGLE $¥%
NPWIGBCBLAPC?QGLE GRRKH?PC DPMK ~ RM ML BCQIRMN ?LB DPMK
RM ML KM@GJC

i (MMEJQ &/N?LQGML (MIQENE SQ?EC F?Q QCCL QGELGKA?LR EPMURF PGQGLE DPMK
RM  MLBCQIRMN?LBDPMK RM ML KM@GJC

i 4FGDRQ GL RFCRRFGJC "?QRJIW F?Q QCCL ? QIGEFR BCAPC?QC GL SQ?EC "K?XML
$IMSBPMLR F?Q K?GLR?GLCB GRQ NMQGRE&FRQY@BIICIPACGI K2 CLRCPCB RFC

?KKGBCDS8ES: ?KKGEAFI> <E  JLIKB@E8I@C@KP
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RMN  GLBGA?RGLE ? BWL?KBAITIA E $%/ K?BR

' PMK ? QSQR?GL?@GJGRWMNEFQNELARGPQCB ?BMNRGML MD $%/Q GQCLBMQGRGT

i 3CBSACB %?RPECJ #W QCPTGLE AMLRCLR DPNIRENIEBN AJIMQCP JMA?RGMLQ
$%/Q KGLGKGXC RFC BGQR?LAC B?R? PTIIBRGBSRELENJ] LCRUMPI CLCPEW
AMLQSKNRGML

i *KNPNICB $?AFGLE $%/Q MDRCLOBOW/M?BT?LACB A?AFGLE KCAF?LGQKQ PCBSAGLE
RFC LCCB DMP PCNC?RCBLEMRCHRP?LB QRRPMACQQGLE

i -M?B #2?J?LAGLE #W BGQRPG@ISRTABMIO KSIRGICRQQERMD A?L FCIN
NPTCLR QGBA MCPJM?B NMRCLRG?JJW PCBSAGLE CLCPEW AMLQBXMRGML BSPC

QNG@Q

i  &BEC $MKNSRGLE WIKMBCPL $%/Q MDDCP CBEC AMKNSRGLE A?N?@GJGRGCQ
DMP B?R? NPMACQQGLE AIMQCP RMAREAEILLEQSPRFCP PCBSAC CLCPEW
AMLQSKNRGML

' MP ? BCCNCRCBERM $%/Q AFCAI MSR MSP AMKNEERCIAPGNRCP

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i SFC84( 4%

+6lE 4@>AC6DD:@?

50VR AMKNPCQQGML GQ ? APSAG?J RCAFLGOSC DMP PCBSKGRRGE B TRAELID RP
QGELGKA?LR PMJC GIGEENPMRF UC@QGRC NCPDMPK?LAC ?LB @SQRI? QBEICHNRC
@?QCB PCQMSPACQ QSAF B2452LB +T?4APGNR @CDMPC QCLBGUP RFCKLIRUMPI UC
A?L QS@QR?LRG?JJW PCBIAQBCR?EP AMLQCOSTUEIRW AMLQSKNRGML

$MKKML RZR AMKNPCQQGML KCRFMBQ GLAJSBC

i (XGN 8GBCJW QSNNMPRCB ?LB CDMBPARGIARR@?QCB AMLRCLR RWNGA?JIW
2AFGGLE  AMKNPCQQGMIRBMQ

i  #PMRJGLCUCP ?JEMPGRFK RF?R MDRCL MSRNCPDMPKQ (XGN CQNCAG?JJW DM
UGRF NMRCLRG?J AMKNPCQOQGHLLERNWM  MTCP (XGN

?KKGNNN >EL FI> JF=KN8+Q@G
?KKGP@K?L9 :FD >FF>GKa@
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i ; MNIG " (XGN AMKN?RG@JC ?JEMPGRFK RF7RA®CRREFCAMKNP CXROMVL P
@SR ?R RFC AMQR MD JMLECP AMKNPCQQGML RGKCQ K?IGLE GR QSGR?@JC DMP QF

i ; QR?LB?PB XQRE) ?JQM ? QCPGMSQ AMLRCLBCP RF?R QFMUQ EPC?R NCPDMPK?LAC
@MRF AMKNPCQQGML ?LB BCAMBGLE

.MPC ML RFGQ GL RFGQ ?PRGBJGTHNIM

"@>K FDGI<JIJ@FE LJ<; FBKKIFLI<J

5FC B?R? QFMUQ RFCR FPJD MD UC@QGRCQ ?PC IR BRIGMERREMKNPCQQGML UGRF

MD BCQIRMN QGRCQ?LB  MD KM@GJC QGRCQ QCLBGLE SLAMKNPCQQCB AMLRCLR 5FG(
PCNPCQCLRQ ? QGELGKA?LR KGQQCB MNNMPRSLGRV? DRPIFCEBAGME BCRBRPRIW
CLCPEW AMLQSKNRGML

"KMLE QGRCQ SQGLE AMKNPCQQGML (XGN GQ QIGEERRFHMPMRPG @CGMNE SQCB @
MD BCQIRMN QGRCQ ?LB MD KM@GJC QGRCQ #PMRJG BCQNGRC GRQ QSNCPGMP AMKI
A?N?@GJIGRGCQ BQ SQUB BRCQIRMN QGRCQ ?LB MD KM@GJC QGRCQ

(GTCL RF?RWEAMKNPCQQGML A?L QGELGKA?LRIW PGESARIEIRCERMRFC UGBCQNPC?B

J?Al MD ?BMNRGML PCNPCQCLRQ ? QS@QR?LRG?J MNNMPRSLGRQ/CINIPEXWFCDXBGE RRE UC@
&LAMSFEGLE RFC SQC MD AMKNPCQQGML N?PRGASJ?PJW KMPC CDKRGIRIR 24MSPBRFKQ JGI
JC?B RM KC?LGLEDSJ PCBSARGMLQ GL B?R? ACLRCP CLCPEADISQ?ER AJGRIIRR)GBC

?KKGP@K?L9 :FD >FF>C< QFG"@
?KKGF8:<9FFB >@K?L9 @F QJK;
?KKGIG8LC:868F :FD (?FFJ@E> 9<KN<<E >Q@G #IKC@ 8E; QIKBEEBIGI <JJ@FE
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NPMACQQGLE PCOSGPCKCLRQ

"Q UC KMIC RMU?PBQ ? KMPC QSQR?GL? @FCAMKRFRQQGML PCKAG RMMI GL MSP
MNRGKGX?RGML RMMJIGR MDDCRSIEEKRORFEEF )W CDDUARBM PCBSAC MSP BGEGR?J
A?P@ML DMMRNPGLR

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i 5SFC84( 4%

249:78

$?AFGLE GQ ? APSAG?J RCAFLGOSC GL UC@ MNRGKGX?RGML RF?R QGELGKA?LRIJW AMLRI
QSQR?GL?@GJGRW CDDMPRQ #W PCBSAGLE RFC LCCROMEFRCNERERBVRERPGLE
A?AFGLE MIQ ? TGR?J PMIC GL KGLGKGXGLE RFC CLCPEW AMLQSKNRGML ?QREINGRRCB U

' PMK ? QSQR?GL?@GJIGRWA CPQNERRZNFGLE MDDTERI@WY @CLCKRQ

i 3CBSACB %?R®BEQDCP #W QRMPGLE PCQMSPACQ AJMAZTAFRIMERFC SQCP
BPK?RGA?JIJW BCAPC?QCQ RFC ?KMSIPRMEERAEERRLCRUMPIQ 5FGQ BGPCARJV
RPLQJ?RCQ RM JMUCP CLCPEW AMLQSKNRGML ?APRQRRIHRSBC@ GLDP

i %CAPC?QCB 4IPM?B 8GRF DCUCP PCOSCQRQ PC?AFGLERPGEGIRICPT
CLCPEW SQ?EC GL B?R? ACLRCPQ A?L @C QGELGKA?LRJW PCBSACB

i $SKSI?RERITGPMLKCLR?J *KNMR DPCOSCLRJIW ?AACQQCB PCQMSPACQ RFCC
QTGLEQ AMKNMSLB UGRF C?AF A?AFC FGR NMRCLRG?JJW JC?BGLE RM QS@QR
GL ®CRJJ A?P@ML DMMRIIPGRREHET
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"@>K 8:?< :FEKIFC ?<8;<| LI8><

"L ?L?IJWQGQ MD A?AFC FC?BCP SQ?EC @CRUCCL 7CBJQ RS@RJC QFGDRQ GL A?AFGLE
NPARGACQ

i 5FC SQC MD @MRF $?AFC $MLRPMJ ?LB &VNGPCQ FC?BCPQ F?Q QJGEFRJW BCAPC?Q
RM ML BCQIRMN ?LB ML KM@GJC $MLTCPQCRFC SQC MD $?AFC
$MLRPMJ MLIW F?Q GLAPC?QCB DPMK RM ML BCQIRMN ?LB DPMK RM
ML KM@GJC

i 5FC NCPACLR?EC MD QGRCQ SQGLE LCGRFCP A?AFGLE FC?BCEFRIRCKREL CB PCJ?F
UGRF ? K?PEGL?J BCAPC?QC DPMK RM ML BCQIRMN ?LB ? QIGEFR BCAPC?QC
DPMK RM ML KM@GJC

8FGJC RFCQC AF?LECQ ?PC KMBCQRBERAERC ? RPCLB RMU?PB KMPC DMASQCB SQC MD $?AFC
$MLRPMJ FC?BOPIQK' ? QSQR?GL?@GJIGRWMNEGFQNIFREIQRCLR 0S?PRCP MD UC@QGRCQ SQGL
A?AFGLE FC?BCPQ PCNPCQCLRQ ? QGELGKA?LR MNNVIBRSPGRMSRATEHMABCLAW ?LB
PCBSAGLE SLLCACQQ?P\RLEIRCHP

5FC QFGDR RMU?PBQ $?AFC $MLRPMJ MLIW SQ?EC QSEECRIRCQERMUGUECPL A?AFGLE
@CQRMRGACQ ?Q $?AFC $MLRPMJ MDDRSI ¥MRALRPIGPM?AFGLE @GRMUCTCP

RFCRCRJJ QIGEFR BCAPC?QC GL A?AFGLE FC?BCP SQ?EC SLBCPQAMPCQ RFC MLEMGLE LCCB |
RFC GKNMPR?LAC MD CPPEREEETEREGCQ GL APC?RGLE ? KMPC QSQR?GL?@JC UC@ CAMQWQ

' MP KMPC BCR?GJCB GLDMPK?RGML ML A?AFGLE RCAFLGOSCQRGERIIXCLR?RGML QRP
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NCPDMPK?LAC GKNJGA?RGMLQ NJC?QC PCDCP RMIISP BIMRKNRAECNRGIP

' MP DSPRFCP GLDMPK?RGML PCDCP RM

i BFC84( 4%

* & 275 DFDE2:723:=:EJ

5FC ?BTLR MD 4C?PAF (CRIFT&VNCPGCLACQ GL  @PGLEQ LCU QSQR?GL?@GJGRW AMLA
JGEFR PCE?PBGLE 4C?PAF &LEGLC ONRGK GRIRENPEAEPLB U?RCP PCOSGPEKCLRQ
NMUCP RFCQC "* CL?@JCB QC?PAFCQ ?PC QGELGKA?LR #W QMKC CQRGK?RCQ ? QGLEJC
QC?PAF A?L SQKSAF ?Q RGKCQ KMPC CLBPEM? RBGRGML?J QC?PAF

"Q UGRF KMQR UC@ QSQR?GL?@GJGRW AMLACPLQ AF?JICLECQ ?PC BBBKGREDN NPMNMF
AMLBSAR @GJJGMLQ MD TWPWARLIZQ 4C?PAF (CRRET&VNCPGCLATQ @CCL ILMUL

RM NPMBSAC KGQJC?BGLERELMRASRIQC PCQSIRQ 5FGQ GLAPC?QCQ KGQGLDMPK?RGML
CLTGPMLKCLR?J GKN?AR UFCL @GJIGMLQ MD QC?PAFCPQ KSQR PCRFGLI ?LB PC PSL RFC(
NPMBSAC KMPC 7ZRSPCQSJRQ

8F?RfQ KMPC RAGPASPPCLRJIW WWRIPMNR MSR MD SQGLE RFCQCBMREBRTRLB BGEGR?J
K?PICRCPQ ?PC DMPACB RMABRIANMBPENIPAF DC?RSPCQ GLRVMRAGBRBRGACQ

5M K?IC 4&0 CDDMPRQ KMPC QSQR?GICREERDKARI 2JQM LCCB RM R?AIJC GKNMPR?LR OSC
QSAF 2Q

i $?L"™ ?LB MRFCP CKCPEGLE RCAFLMJMEGUQASRIN@Q?EAF A?KN?GELQ KMPC
CDKAGCLRJW MP ?PC RFC QVMBPMIKBLE?J GKN?ARQ QGKNJIJW LMR UMPRF RFC C

i )MUQFMSJB UC @?J?LAC RFC LCCB RM AMLQGQRCLRJW NPMBSAC EMMB AMLRC
JGKGR?RGMLQ GKWNUPEBI@ X?RGML?J PCQMSPACQ ?LB MSP QR?RCB AJGK?RC |

i "PCMSP AMLRCLR BRRILE CDDMPRQ PC?AFGLE RFC PGEFR ?SBGCLAC ?LB FCINC
K?I C @CRRCP BCAGQGMLQ ?LB KMPC QSQR?GL?@JC AFMGACQ 8F?R QFMSJB U
MRFCPUGQC MSRB?RCB AMLRCLR RMKARGIR?GL PCJC

i %M UCLCCBRMFMJB MLRM QC?PAF ?LB ?L?JWRGKX) BPRADPEMK QREIL
RFPCC

8GRF RFGQ GL KGLB FCPICRRONE RM @PGLEIMRZGL?@JC 48R GIRBOGLRNNEP

?KKGD8J?89C< :FD 8IK@:C< BI@EE<EK <E<I>P
?KKGINNN J:@<EK@]:8D<I@:8E :FD 8IK@:C< N?8K ;F >FF>C<J 8@ 8EINME@EDKKC< <E
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QC?PAF K2BRGLE CDDMPRQ

1PMGBC KC?Q@RIC @CLCKRQ RM RFC NCMNJC ?7LB AMISKSERRGC GRUNGLE

RFCK kLB RFC GLDMPK?RBMICRBASGAIIW ?LB UGRFMSR @?PPGCPQ

6RGJIGXE" 5d&VNCPGCLARVNCPRGQC "SRFMEGRRRGLB

5PSQRUMPRFGLCQQJRM DMASQ MIPASSAGRYRW GL QC?EREKERIDDMPRQ

$PC?RC QC?PAF KRBLE NPMACQQCQ RF?R A?L @C PC?JGQRGA?JIW KC?QSPCB ?LB
K?GLR?GLCEM RGKC RFPMSEF AMLRGLSMSEGRNPAMISBC QSQR?GL?@GJIGRW
KCRPGAQ GL RFCQC CDDMPRQ BMGLE KMPC MD UF?R UMPIQ BB JCQQ MD UF?R BMC
3CBSAC LCE?REDDCARECPC NMQQG@JC RM KGLGKGXCORGIRAS IGMN?AR ML

RFC NJ?LCR

"Q UGRF W.UC@ QSQR?GL?@GJARWCBSRIRRG PKMSLR MDIS FREQBCP

AMJJCAR ?LB QRMPC

8 CJJ QRPSARSPCB KCR?B?RTANIARBRGA?J GLDMPK?RGSP M@ESFORC RF?R

A?L @C SQCB RM CBSA?RC NMRCLRGR KAYGRIRPQ 'RFCGP NSPNMQC A?L @C
Q?RGQKCB UGRFMSRTCBQRBRS?JIW TGQGRGLE RFCGP BMK?GL

'GL2JIRIGEIMSP QC?PAF KGRGLE CDDMPRQ UGRF RE@8I5QR?GL?@GIGRW
(SGBCJGLCQ 84( N?PRGASI$PIW 2LB

*R GQ NMQQGR@BCIRIE QSAACENGLAISBGLEGRIBCP NCPQNITARBILCCBQ GL MSP
K?PICRGLE K?IGLE GR ?L CLEGLC MD UCBD@CAEE KMEGREGML?J CLEGLORID
OVNIMGREREPMURF "Q N?PR MD RFCQC CDDMPRQ UC ?JQM LCCB QC?EARNCHRIRERKQ RM R?I
7LB ?ARGML ML RFCGP MUL RWACR@PRESLE RFC AJGK?RC APGQGQ

*FDE2:723=6 52E2 2?5 4@?EG?E >2?286>67E

5CAF NJ?RDMPK @SQGLCQQ KMBCJQ MDRCL BCNCLB ML ASQRMKCPTOBLRBRRQGLE B?R? SQC
N?PR MD RFCGER@RE TREEGCQ NJ?RDMPKQELABORMKCPQ REBSNEB NSPAF?QC

@GEECP B?R? NJ?LQ RFPISEFGWRE MNRGKGX?RGML BPGERGBK?BRMK?RGML

A?KN?GELQ LMRGKA?RGMLQ ?LB MRRCBKIPCYRE?ARLCQQ RFECESJI?PIW MDDCP J?PEC
?2KMSLRQ MD B?R? ?R BOUWPRET AMQRQ

3CEPCRR?@BGQ GLACLRGTGXCR?RIMRNRGACQ ?LB NPNRIGDRPE/RF RF?R B?R? GQ
GKK?RCPG?J MP MRFCPUGQC GLAMLQCOSCLRG?J UFCL AMKN?PCB RM RFC @CLCKRQ MD MSP |
DSRSPC 3C?FBRWCPRCJJIQ ?LMRFCP QRMPW

' MPZ?KNJC RFC B?R? ACLRCP GLBSEFRRWAIW T?JSCB ?R ?@MSR @G@ANTARCB

2KKGJ<MKCFG<IJ >FF>C< FD3QMF>  >FF>C<| 8K<IJ>L@;<C@E<J<<8K
2KKGDK?<:?8E>< :FD N8PJ KF 8C@>E :C@BRK=RKI@K? ; @>Q@KI@BIBHI>P 889;8
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RMEPMU  VC?P WCP B?P @CRUCCL LMU?LB  6LDMPRSLERENACLRCPEBPGT
T?PGCRW MD CAMIMEGA?J BRNBBGLA LMGQC ?LB ?GP NMJJSRGML C U?QRC GLAPC?QCI
?LB CLCPEW SQC U?RCP SQC ?LB MRFCP GRNGRBQGMDPPRGKAG?J GLRBLIJGECLAC
CQNCAG?JJW NPM@JCK?RGA GL RFGQ PCE?PB

8F?RfQ KMPC SN RMD AMJJCARCB B?R? EMCQ SRBRCB ?@MSR RFPCC KMLRFQ .MQR MD R
B?R? GQIOENPMNCPJW BGQNMQIEMEMMP B?REEMLABPED GLCOS?JBRGT?AUB
QCASPGRW PGQIQ ?Q UCJJ

8GRF 2JJ MD RFGQ GL KGLB GRfQ CAQMERMIQLICEFGPQR DMP JMU AMRQBFSKGBRR?
QMJISRGML@BREBIELGKA?LR QSQR?GL?@GJGRW AMLACPLQ 5FGQ GQ SLDMPRSL?RC AMLC
7LB ?L?IWRGAQABRER 2JQM MDRILEFERPEGDDCPCLRG?RMAGHEMEGIRGMLQ

5M K?IC KMPQSQR?GL?@JC EPTRRGHRFC LMPK ?KMLE RFMQC UFM APC?RC ?LB K?L?EC
BGEGR?J NPMBSARQ ?LB QCPTGACQ MPE?LGX?RGMLQ QFMSJB PCBCKLC RFGGP PCJ?RGN
K?PICRCPQ ?LB NPMBSAR RC?KQ RFGQ A?L @C A/BNPEEGRIREEWL?LAC ?LB

KMPC CDDGBREBK?L?EGLE AMLRCLR ?APMQQ RFC NPMBSARQWLERQCRIGAS@RAEG@C RM
MP MRFCPUGQC K?GLR?GL 5BEGEGS?J $IC?LSNAFTE. @C ? EMMBURNMEQM?PCLCQQ

ML RFGQ RMNGA

2E2 8@G6C?2746 275 DFDE2:723:=:EJ

%?R? QSQR?GL?@GJGRW PCOSGRICE ROPKIERGILAC QREEGCQ (NBVIB? ENCPL?LAC

GQQW DMP JMLE BGEGR?IEM?LACRM UMPI 2APMQQ ?L MPE?EGRIRGRIZLB

BCN?PRKCLRQ *L R?LBCK UGRF QSQR?THREEISRFMFC RUM BGQAGNJIGLCQ A?L FCIN
MPE?LGX?RGMLQ @CRRCP K?L?EC UC@ @?QCB NPMBIARRARAFRIIEAPGHSIR ?LCMSQJ\
GKNPRGLE FMU B?R? GQ AMJJCARCB K?L?ECB QCASPCB ?LB BGQNMQCB MD

4ANCAGKA R?ARGAQ Ri2 BRRPEUPL?LAC GLAJSBC

%O GQC JMLE RCPK MPE?LGX?RGML?J B?R?7TAIH BGEGRREEKMCQ RF?R ?PC
EPMSLBCB GL QSQR?GL?@GJGRW NPGLAGNJCQ ?IB8KGIFRRGICGMSQIGKRIPM
AJC?P ,1*Q RM KC?QSPC NPMEPEREBXM

5P?GL GLRCPL?J RC?K KCK@CPQ ML B?R? QAGENAMBREMBEPGAC "NNMGLR
BCBGA?RCB JC?BCPQ RM MUL BGEGRTCPLBIBEROGRFGL RFC MPE?LGX?RGML
*BCLRCDMRCEGA N?PRLGPWSBGEGR?J QSNNJWRHFRGPPC ?JGELCB UGRF RFC

?KKGINNN GJD8IBK+J<81? :FD D8IB <K 8EBCPJ@J ;8K8 :<EK<kR8IB
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https://x.com/burakGuneli
https://github.com/burakguneli
https://x.com/InesAkrap
https://github.com/ines-akrap
https://inesakrap.com/
https://x.com/AlexDawsonUK
https://mastodon.design/@AlexDawsonUK
https://github.com/AlexDawsonUK
https://www.linkedin.com/in/alexdawsonuk/
https://alexanderdawson.com/
https://w3c.github.io/sustyweb/
https://alexanderdawson.com/
https://mastodon.social/@mgifford
https://bsky.app/profile/mgifford.bsky.social
https://github.com/mgifford
https://www.linkedin.com/in/mgifford/
https://accessibility.civicactions.com/

Part Il Chapter 15 : Sustainability

S5GK 'PGAI

X 'IRGKDPGAI() RGKDPGA® FRRNQUU KGEFRW@CQ AMK

5GK 'PGAI GQ 1PCQGBGERRVBERC(Q? BGEGR?J ?ECLAW ?LB $CPRGKCB # $MPN
JMA?RCB GL $FGA?EM " QC?QMLCB NSERGRCEEI?PJW NPCQCLRQ ML
QSQR?GL?@JC BCQGEL KC?QSPGLE GKN?AR ?LB NPM@JCK QMJTGME GL RFC BGEG
5GK GQ ?JQM RFC ?SRFMP MD DMSP @ NidIQGELSIFBONP 4SQR?GISEBGCIGRW

RM #SGJIBGLE (PCCLCP %GEGR?J 1PMBSARQDEBRIK@UGRRQCBG? $MLLCAR
UGRPGK ML -GCB*L

2KKGD@>?KPIPK<J :FD
2KKGNNN Fk@QEPC@IIPM@<NI@>E@E> =FI JLIKB@EBI@C@KP
?KKGNNN C@EBE :FD @E K@D=1@:B

608

2024 Web Almanac by HTTP Archive


https://x.com/timfrick
https://github.com/timfrick
https://www.mightybytes.com/
https://mightybytes.com/
https://www.oreilly.com/library/view/designing-for-sustainability/9781491935767/
https://www.oreilly.com/library/view/designing-for-sustainability/9781491935767/
https://www.linkedin.com/in/timfrick/
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https://hbr.org/2024/07/the-uneven-distribution-of-ais-environmental-impacts
https://www.statista.com/statistics/871513/worldwide-data-created/
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https://infrequently.org/2024/01/performance-inequality-gap-2024/

Part IV Chapter 16 : Page Weight

i $?QA?BGLE 4RWJC 4B2CR@MP QRWJIGLE RFC N?EC
i +?7T?4APGRR NFMBC GLREGEGTGRW ?LB DSLARGML?IJGRW

i 5FGPB2PRW PCQMSBRGEF A?L @C MLC MP KMPC MIZRBRVIGWRFCP
NPVIGBCPQ

&TCPWMRPRFGLE ?BBCB RM ? UC@ N?EC GLAPTZRUQIREC MCGEFR TTLBW @GR
SIRGK?RCJIW KC?LQ KMPC UMRIPEBN8 DMP RFC @PMURCGKGRRBLE GR ?PAPMQQ RFC
LCRUMPI NPMACQQGLE N?PQGLE ?LB SJRGK?RCJW PCLBCPGLE ?LB N?GLRGLE GR ML RFC
RM AMLQSKC ?LB GARCFGRF

4MKC DMPKQ MD PCQMSPAGQLARPEVYRCIERFC?BQ CQNCAGRMMPENR UFGAF 2JQM LCCBQ
RM @C AMKNGJCBCABRCB 5FGQ 2JQM F?Q ? ILMAI ML CDDCAR ML @MRF QSQR?GL?@GJGI
AMICPQGMREQ 5FC AGCP ? N?EC GRMIFRCA?P@ML CKGQRBREQ JC?QR NMQQG@GJIGRW |
AMICPQGMLQ ML RF?R N?EC

: MS A?L kLB MSR KMPC ?@MSR FMU N?EC UCGEFR GKN?ARQ A?P @ NME@RZBDRQGKBUIQRN RFC
AF?NRCP

5FCPC ?PC T?PGMSQ KGRGRPREGEUIQ RM FCIN K?L?EC N?EC UCGERER2LEBRQAR ML
JM?B RGKCQ @SR RFC QR?PI PC?JGRW GQ RF?R MPEMGIERRIGRMRC?UMPI

5FC UCGEFR CDDCARQ A?L @C BGTGBCB GLRM RFPCC KK&l. RPREEQRED). QEB/IP
PCLBCPGLE

*E@C286

&TCPVWE@ERC MD ? UC@ N?EC LCCBQ RM @C QRMPCB QMKCUFCPC ?LB UGRF RFC L?RSPC M
UMPIQ RF?R SQS?JJW KC?LQ @CGLE QRMPCB GL KSJRGNJC JMA?RGMLQ

*R QR?PRQ UGRF RFC CE@RUEIPC QREE QN?AC PCK?GLQ BOWRETIJ GL AMQR NCP
(GE?@RC BCNCLBGLE ML RFC RWNECMIFQERRMRJIC (MMEQCAIMSB QRRIBQ QMKCUFCPC
@CRUCCL ?LB NCP KMLRF GL /MPRF "KCPGA?MP ~ ?LB  GL &SPMNC
3CQMSPACQ QRMPCB GL KCKMPW MCP Ge@SQaRI BGQI DMP D?QRCP 2KAGNBUGIJ P
AMQR D?P D?QRCP RF?L MCQ REZBGIGT

5FCPC A?L @C KSJRGNJC AMNGCQ MD RFC Q?KC PCQMSPAC RMM QNPC?B ?APMQQ ? LSK(
A?AFCQ ?LBQ QNPC?B ?APMQQ KSIJRGNJC B?R? ACLRCPQ GD ? $%/ UFCL CBECB\?AFGLE C

5FC QCAMLB N?PR MD RFC COS?RGML GQ RFCQC PCQMSPACQ 2JQM LCCB RWGRAC QRMPCE

?KKGJI<M<CFGRIFQ@CC8 H$ ¥
?KKGICFL; >FF>C< :FD J&H GI@:@E> EFIK? 8D<I@:8

2024 Web Almanac by HTTP Archive 611


https://developer.mozilla.org/Web/CSS
https://cloud.google.com/storage/pricing#north-america
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GLLCP N?ECQ 5FPMSEFMSR RFG®IBRIBIRGEB QRPMLE T?PG?LACQ RF?R ?PC MLJW TGQG@JC U
FMKCN?ECQ ?PC AMKN?PCB RM GLLCP N?ECQ

5FGQ GQ LMRCWVERASP LCU B?R? UGJJ AHTLAC BOWNC AMKN?PGQMLQ BSC RM RFC QGELGKA?L
T?PG?LACQ 8GRF RFGQ GL KGCBRIMMFBLAISBCB AMKN?PGQMLQ kJRCPCB RM FMKCN?ECQ DMP
KMPC ?AABERC KC?QSPC RM  fQ B?R? QCR

)6BF6DED G@=F>6

&?AF PCOSCQR ? N?ECEKEQ ? AMKNMLCLR LCCBCB RM APC?RC RRGCOBGRILIAECH B
AMLRCLR GRGBGLD 5FC RMR?J LSK@CP MD PCOSCQRQ RFC LSK@CP MD NGCACQ LCCBCB RM £
@SGJIB GKN?ARQ N?EC NCPDMPK?LAC
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.MBCPL @PMUQCPQ ?PC KSJRG RFPC?BCB ?LB KSJRG NPMACQQABECSREIZXQ REIRGNJIC
RFPC?BQ ?LB NPMACQQCQ RM F?LBJC BGDDCPCLR R?QIQ GLAJSBGLE LCRUMPI PCOSCQR
PCOSGPCQ PCQMSREBOMM ZLB BSC RM RFCGP RCAFLGA?J JGKGR?RGMLQ MLIW ? JGKGF
PCOSCQRQ A?L @C AMKNJCRCB QGKS3IRFESKAEQI@PMUQCPQ A?L MLIJW BM ? JGKGRCB
LSK@CP MD RFGLEQ ?R MLAC

8GRF RFGQ ILMUJCBEC RFC LSK@CP MD PCOSCQRQ GKN?ARQ @MRF NCBC UCGEFR ?LB N
NCPDMPK?LAC

"@>K @JIKI@ILK@FHLIKI 9P ;<M@:< KPG<

5FC KCBG?L N?EC K® PCOSCQRQ ML BCQIRMN ?LB ML KM@GJC 5FCQC LSK@CPQ GLAJ:
FMKC ?LB GLLCP N?ECQ 8FCL AMKN?PCB RM RFC BGQRPG@SRGML ?JJ NCPACLRGJCQ (
BCAPC?QC GL RFC RMR?J LSK@CP MD kJCQ
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"@>K @JIKI@IILK@FHLRIKI 9P G8>< KPG<
5FC JMUCP ?ICRILSK@CPQ ?PC GKN2AREE AVLQGQRCLRIW JMUCP LSK@CP MD PCOSCQRQ K?|

@V GLLCP N?ECQ UFCL AMKN?PCB RM FMKCN?ECQ 5FC KCBG?L FMKCN?EC A?JJQ PCQMSPAC(
GRQ GLLCP AMSLRCPN?PR PCOSGPCQ MLJW

"@>K @IKI@ILK@FHLIKI 9P ?FD<G8><J 9P ;<M@:< KPG<

616 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/page-weight/distribution-of-requests-by-page-type.png
https://almanac.httparchive.org/static/images/2024/page-weight/distribution-of-requests-by-page-type.png
https://almanac.httparchive.org/static/images/2024/page-weight/distribution-of-requests-by-homepages-by-device-type.png
https://almanac.httparchive.org/static/images/2024/page-weight/distribution-of-requests-by-homepages-by-device-type.png

Part IV Chapter 16 : Page Weight

8FCL ?L?JWXGLE MLIJW FMKCN?ECQ DMP B?RRMRREPSGRBBQRQ UCPC QIGEFRIW BMUL GL
@SR AMLQGQRCLR UGRECQ F5FC KCBG?L BCQIRMN FMKCN?EC PCOSCQRCB  PCQMSPACQ
?LB LMU PCOSCQRQ 5FC KM@GJC KCBG?L PCK?GLQ SLAF?LECB

>286D

*K?ECQ ?PC QR?RGA kJCQ RF?R ?PC CQQCLRG?J DMP AMACRESARG IN?EEBGDREC UC@
@CAMKCQ GLAPC?QGLEJWWGRQERIGHW RFC LCCB RM @?J?LAC NCPDMPK?LAC CLF?LAGLI
RCAFLMIMEGCQ UGRWVRUQUEX@

"@>K @JIKI@ILK@FE F=<@DB8#IIOP ;<M@:< KPG<
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"@>K @JIKI@ILK@FE F<@®B8HIIOP G8>< KPG<

*L  UCQ? URFCKCBG?L N?EC PCOSCQR GK?ECQ DMP BCQIRMN ?LB DMP KM@GJC N?ECQ
GQBMULRM DMP BCQIRMN ?LB DMP KM@GJC

%CAPC?QCB GK?EC kJC RWNCQ BMCQ LMR KC?L RF?R RFC UC@ F?Q @CAMKC JCQQ TGQS?J *L
K?W @C QUGRAFGLE RM $44 CDDCARZBISGAFEPBGCLRQLB$44 ?2LGK?RGMLEFCQC

2QQCRQ A?L @C SQCB RM NPMBSAC PCQMJSRGML GLBCNCLRGLRMIQERBNRARRL 2JU?
PCQMJSRGML ?LB XMMKMIBRCL ?RARBML MD RIRC@ PCOSGPEB@X?EC kIC

%CQIRMN N?ECQ AMLQGQRCLRJIW A?JJ DMP KMPC GK?EC kJC RWNCQ UGRF RFC E?N @CRUCCL
KM@GJC EPMUGLE QRC?BGJW ?LB AMLQGQRCLRJW ?APMQQ NCPACLRGJCQ 5FC BGDDCPCLAC
?LB GLLCP N?ECQ U?Q QRPGIGLE GL AMKN?PGIBAC SWIRCAEI?RIGW AMLQGQRCLR

LSK@CPQ RFC KCBG?L FMKCN?EC A?JJCB DMP GK?ECQ AMKN?PCB RM HSQR DMP GLLCP N?

"@>K %D8><HL<JKJ D8;< FE ;<JBKFG G8><J 8K K?< K@<

?KKGNNNN J:?2FFCJ :FD :3J :JJ 7J?8;FNJ 8JG
?KKGJI<M<CFGBIFQ@CC8 N9 2/ > 8;,@<EK
?KKGN<9 ;<MBIK@:C<J BE@QD8K@FEJ >L@;<
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*%*

$44 MP $?QA?BGLE 4RWJC 4FCCRQ GQ ? QRWJC QFCCR J?LES?EC SQCB RM BCQAPG@C R
BMASKCLR UPGRRCL GL ? K?PISN J2LEREC JGIMRFCP UMPBQ $44 GQ PCQNMLQG@JC DMF
TGQS?J QRWJIGLAER VD UC@ N?ECQ

*R 2JJMUQBIMNCPQ RM AMLRPMJ RRMI_RMIERC QN?AGLEWINBREZLP TGQS?J 7?QNCARQ MD
)5.- CJICKCLRQ $44 UMPIQ GL AMLHSLARGML UGRPJEBGLE ? QCRGRIL MD AMLRCLR ?LB
NPCQCLR?RGML

5FGQ QCRRBML KeQ UC@ N?ECQ KMPC K?GLR?GIG@JC RCQNMROEA?L @C SQCB RM
K2l C ? QGRC KMPC NCPDMPK?LR @SR Q& @®QRERSRGEE@QQCRQ UGRF $44 CDDCARQ ?LE
2LGK?RGMLQ

"@>K @IKI@ILK@FE F= #HC<IKJ 9P ;<M@:< KPG<
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"@>K @JIKI@ILK@FE F= #HC<JIKJ 9P G8>< KPG<

$44 GQ ?L CQQCLRG?J RMMJ GLTREBUINCRBRMMJIIGR 7REAMUMBRB N?EC RWNCQ 5FC
KCBG?L BCQIRMN ?LB KM@GJC N?EC @MRF A?JJCB DMPARMRQIQCRICPC GBAIREA?J C
DMP ? LMKGL?J T?PG?LAC ?R RFC RF

*L AMKN?PGLE FMKCN?ECQ RM GLLCP NGEFQRIFMEZN?ECQ AMLQGQRCLRIW A?JICB MLC DCUC
A?QA?BGLE QRWJC QFCCRQ SLRGJRFC RF NCPACLRGJC "R RFC (RGINCPACIERIZIC UC Q7
BO'G?RC UGRF QMBI  PCOSCQRQ AMKN?PCBRM ML GLLCP N?ECQ 8FGJC @MRF ?PC FGEF
GLLCP N?ECQ ?PC  FGEFCP

12G2*4C:AE
+?7T?4APGNR GQ ? AGERBWL?KGA ?LB GLRCPNPCRKBGIEMERPES?EC *R GQ MLC MD RFC AMPC
RCAFLMIMEGCQ MD RFC UC@ CLZRIEEGLRZECQ ?LB UC@ ?NNIGAPRIARBNR?

?JIMUQ BCIMNCPQ RM ?BERARBTERBK?RGMLQ ?LB CDDCARQ RM UC@ N?ECQ 5FGQ GLAJSBCQ
DC?RSPCQ QSAF ?Q BPMN BMUL KCLSQ GK?EC QJGBCPQ NCPQML?JGXCB AMCRELR ?LB ?L?JW

"@>K JF9@C< ?FD< G8><J LIGHEHKIBN

*R GQ SQCB ?Q ? AJGCLR QEIBGLINRIMEPS?EW/@ MD ?JJ KM@GJC FMKC N?ECQ ?LB
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MD GLLCP N?ECQ

"@>K &8I/ I@GKHL<IK ;@JIKI@QILK@FE 9P ;<M@:< KPG<

Q? U+7?4APGNRRRT GK?ECQ ?Q RFC BMKGL?LR kJC RWNC 5FC KCBG?L N?EC PCOSC
+4 kJCQ DMP BCQIRMN ?LB  DMP KM@GJC N?ECQ 5FGQ GQ SN DMP BCQIRMN ?LB  DMP
UFCL AMKN?PCBRM  5FC LSK@CP MARGNR PCOSCQRQ U?Q AMLQGQRCLR @CRUCCL C
FMKCN?ECQ RFPMSEF RFC RF NCPACLRGJC

"RRFC RF NCPACLRGJC BCQIRMN N?ECQ ?LB FMKCRIBGQ@RBMHIRFCGP AMSLRCPN?PRQ C
RFC LSK@CP MD PCOSCQRQ %CQIRMN N?ECQ K?BC KMPC PCOSCQRQ FMKCN?ECQ K?B
%CQIRMN FMKCN?ECQ K?BC PCOSCQRQ DWMRIAPGIR PCQMSRAZRREKNRCB RM PC?AF

RFC N?EC DMP AMKKCLR @SR RFC PCOSCQR U?Q QRGJJ JM?BGLE ?R RGKC MD NS@JGA?F

' MP KMPC GLDMPK?RGML MI?BERRGIR GQ @CGLE SQCB GL? JMRMI?R RPTC?24APGNR
AF?NRCP

+9:C5 A2CEJ D6CG:46D

5FGPB N?PRW PCQMSPAGGRPZI CQQCRQ MP QCPTGACQ RIRGE?ELRBLRCUER N?EC MP
?NNJGA?RGML @SR ?PC FMQRCB ?LB W?ERERGICEE TR BESCQC PCQMSPACQ A?L GLAJSBC
RFGLEQCIET?4APGNR $44 DMLRQ ?LB ?L?JWRGAQ RMMJIQ AANPBGLE REBRGER
1?PRGGEPNRCPMD N?ECQ F?B MLC MP KMPC RFGPB N?PRWSFCRMEFASTIICEB RFGPB
N?PRW PCQMSPACQ UCPC QAPGNRQ K?IGLE SN  \MBHCRSIORGNE 5FC 2SRFMPQ 2JOM
LMRCB ? AMLQEBIPBCAPC?QC GL RFC LSK@CP MD RFGPB N?RRGEQOEBGRUQP P
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' MP KMPC GLQGEFRQ PCBEBHBAHHEREPNRCP

&E96C 2DD6ED

8 C@ N?ECQ A?L SRGJGXC ? T?PGCRW MD MRFCP ?QQORPBHBGRAMBEATRVECQ ?LB
GK?ECQ 5FCQC ?BBGRGML?J ?QQCRQ AMLRECRD BSCARGRIECIERFRGTGRB/TGQS?J
?NNC?J MD ? UC@ N?EC UMPIGLE GV BE&RERFC )5.$44 ?LB +7?4APGNR RM APC?RC ?
AMKNJCRC SQ@®EeGCLAC

+$#

5. MP )WNCRMRC?PISN -?LES?EC GQ RFC QR?LB?PB K?PISN J?LES?EC SQCB RM APC?RC ?LB
QRPSARSPC UC@ N?ECTEBRQRWC DMSLB?RGML DMP RFC ANMISECMB REB@QGRCQ BCKLGLE

CJCKCLRQUEC?BGLEQ 7EPNFQ JGQRQ JGLIQ GK?ECQ ?LB KMPC )5.- SQCQ ? QCPGCQ MD R?E(
7LB ?RRPG@SRCQ RM BCQAPG@C RFC QCK?LRGA KC?LGLE ?LB TGQS?J NPCQCLR?RGML MD UC

5FCPC ?PCTQeJ PC?QMLQWFEN?EC MPGLAISBC KMPC RF?L MLC )5.- PCOSCQR DMP ? QGLEJC
UC@ N?EC GLAJSBGLE

9.10010 &17;A>/1? " UC@ N?EC RWNGA?JJW JM?BQ LMR HSQR RFC )5.- BMASKCLR @'
2JQM ?BBGRGML?J PCQRISMYEQQG$H44 kJICTP4RPGNR kJCQ DMLRQ CRA &?AF MD
RFCQWRCPL?J PCQMSPACQ UGJJ RPGRE)B51BCRHBETQR RM RIAP GEPICRAF

RF?R AMLRCLR

E:-95/-88E :-010 ;@1:@ 4MKC UC@ N?ECQ STRARPGNR RM BWL?KGA?JIW JM?B
?BBGRGML?J AMLRCLR MP B?R? ?DRCP RFC GLGRG?J N?EC JM?ECSHEQPRISIB @C RF
QAPMJJGHS "NMUCPCB AMLRCLR SNB?RCQ MP J?XW JM?BGLE MD CJCKCLRQ 5FCQC
BWL?KGA PCOSCQRQ ?PC GL ?BBGRGML RM RFC GLGRG?J )5.- BMASKCLR PCOSCQR
$>18;-05:3 $>121@/45:38 C@ BCIMNCPQKBLAIS <link> R?EQ UGRF

rel="preload" ME rel="prefetch” RM GLQRPSAR RFC @PMUQCREW NPM?ARGT
DCRAF ACPR?GL PCQMSPACQ GL ?BT?MCRICINRSCRACLCCBCB 5FGQ A?L

GKNPIEC NCPACBINCPDMPK?LAC

>>;> -:085:3 *D RFCPC ?R@ RCRUMPI CPPMPQ BIP GQRBCQ UFCL JM?BGLE ?
PCQMSPAC RFC @PMUQCP UGJJ PCRPW RFC PCOSCQR JC?BGLE RM KSJRGNJC PCO!
Q?KC AMLRCLR
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"@>K $0)(1I <HL<JKJ ;@JIKI@ILK@RER@G<I

5FC KCBG?L N?EC K?BC RUM )5.- PCOSCQRQ UFGAF U?Q AMLQGQREAG?ARREBC
RWNCQ "R RFC RF NCPACLRGIC)EICRZOSCQRQ 5FC LSK@CP QB@EPK?RGA?JIW 7R
RFC RF NCPACLRGJC UFCPC BCQIRMN FMKCN?ECQ K?BC ~ PCOSCQRQ
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@7?ED

"@>K "FEK<HL<JKJ ;@JKI@ILK@RERBG<I

5FC KCBG?L N?EC PCOSCQRCB DMSP DMLR kJCQ 5FPMSEF RFC RF NCPACLRGJC DMLR PCOSC
PCK?GLCB D?GPJW JMU ?LB AMLQGQREAC?AEBMPEBRWNCQ "R RFC RF NCPACLRGJC UC

Q% BCQIRMN FMKCN?ECQ PCOSCQR DMLRQ 8GFIKRAAR DMLR PCOSCQRQ UC QNCASJ?RC
RFGQ QGRC RM @C ? DMLR PCRMQIGR MRROEAERRP

)6BF6DE 3JE6D

$MKN?PGLE RFC KCBG?L N?EC UGBHFRC QFMUQ RF?R SLDMPRSL?RCJW GR AMLRGLSCQ RM E|
?JKMQR ?R RFC QZRC BFC KCBG?L N?EC UCGEFR GQ QRGJJ GLAPC?QGLE ?RCJIRQIQR RFC Q?KC
QFMUL\®? AMKN?PGQRIE RGKC
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"@>K )<;@8E G8>< N<@>2KHKID<

5FC KCBG?L N?EC UCGEFR DMP ? BCQIRMN N?EC ?Q KC?QSPCB GL OARM@CP  GQ H# L
KM@GJC GRfQ ? QIGEF@BR DRER UCGEFRW  #

$MKN?PCB RM  fQ AF?NR@RRF KESPCQ ?PC REERERFC KCBG?L BCQIRMN N?EC @CGLE

#7LBDMP KM@GJCGRU?Q # fQ.M@GJC N?EC GQ HSQR ,#JGEFRCP RF?L fQ
BCQIRMN N?EC *L 0ARM@CP  RFC KCBG?L N?EC UCGEFR DMP ? BCQIRMN N?EC U?Q
UFGJC RFC KCBG?L N?EC UCGEFR DMP ? KM@GJC N?EC U?Q  #

#MRF MD RFCQC kESPCQ ?PC FGEFCP RF?L RFMQC DPMK  *L  RFC KCBG?L N?EC UCGE
BCQIRMN N?EC U?Q # ?LB RFC KCBG?L N?EC UCGEFR DMP ? KM@GJC N?EC U?Q H
IMR?@JWfQ KM@GJC N?EC UCGEFR GQ MLIJW #JGEFRCP RF?L fQ BCQIRMN N?EC UCGE

"@>K $FN DL:? C8I><I| K?< D<;@8E DF9@C< G8>< N<ENP QTBJI8IJ

8FCL UC AMKN?P@®AP RNCWBCQIRMN EPCU MP #DPMKOAR RMOAR ?LB
KM@GJC EPCU MP  #

5FC KCBG?L BCQIRMN N?EC F?Q GLAPC?QEB @# M TCP RFC N?QRCARQ 5FC
KCBG?L KM@GJC N?EC F?Q QCCL ? KMPC QGELGKA?LR GLAPC?QCMD MP .# BSPGLEF
NCPGMB 5FGQ COS?RCQ RM ?BBGLE KMPC RAPBGQIFIMMAPRF MD B?R? RM KM@GJC N?EC(
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: C?P NMCP W?PDPMK OARM@CP  RM OARM@CP RFC BCQIRMN EPGIP @ ,#
?LB KM@GJC EP@U @UP #

"AAMPBGLESRVR %MCQ .W 4GRC $MRBC@ @?QCB RMMJ DMP A?JASJ?RGLE RFC AMQR MD UC@ E
RM CLB SQCPQ RFC KCBG?L BCQIRMN N?EC AMSJB AMQR ? SQGHPSBLRMIKCHRIGEGMLQ SN
RM  MD RFCGP (PMQQ /?RGML?J *LAMKC

@7?EGB?E EJA6 2?5 7:=6 7T@C>2ED

"@>K )<;@8E ?FD<G8>< N<@>7K 9P :FEK<EK 8E; ;<M@:< KPG<

5FC NPCBMKGL?LR PCQMSPAC RWNC DMP\BUIBBBIZECGBCM GQ GK?ECQ 5FC KCBG?L BCOIRMN
N?EC SQGLE GK?ECQ PCOSCQRQ  ,# UFGJC KM@GJC N?ECQ PCOSCQR  ,# 5FGQ QFMUQ ? Q
GLAPC?QC DPMK  UFCPC BCQIRMN N?ECQ PCOSCQRCB  # ?LB KM@GJC N?ECQ PCOSCQRC
#

+?7T?4APGNR U?Q RFC QCAMLB J?PECQR AMLRPG@SRMP RM N?EC UCGEFR UGRF RFC KCBG?L E
QCPTGLE # ML KM@GJC N?ECQ GRfQ CHKGECQ RFCQC @MRF PCNPCQCLR EPMURF DPMK
fQ AF?NRCPUFCPC GRU?Q # ML BCQIRMNN?ECQ?LB ,# ML KM@GJC N?ECQ

?KKGN?8K;F<IPI@K<:FIK :FD LJ; FIK
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"@>K )<;@8E ;<JBKFG G8>< N<@>?K 9P G8>< 8E; :FEK<EK KPG<

"@>K )<;@8E DF9@C< G8>< N<@>?K 9P G8>< 8E; :FEK<EK KPG<

' MP @MRF KM@GJC ?LB BCQIRMN N?ECQ GLLCP NCEOQR@BRMIFEGK?ECQ ?LB QIGEFRJV
KMPC\@RCQ MIP4APGNR

5FGQ LCU ?L?2JWQGQ ?JQM QFMUQ RF?R GK?E®Q RFC IMBEBOQR AMKNMLCLR MD N?EC UC
?Q NAGMSQJW RFMSEFR ?LB RF?R DMP GLREPRAECRMIAI RF?R BS@GMSQ FMLMP GLQRC?
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"@>K @JIKI@IILK@EEFED< J@Q<J 9P :FEK<EK KPG<

*K?ECQ KGEFR @C RFC @GEECQR AMLRPG@SRMPQ RM N?EC UCEBFRIGIVINVI@IE?IR FMUC
RFC QGXC NCP PCOSCQR RF?R QUGRAFCQ RM 7GEDMIICRBEHE BIRERQ ?LB

8 C@"QQCK@JW U?RICQ UFGAF UGRBECRCARCB GL *Lo fQ ?L?IWQGQ ?SBGM U?Q RFC
QCAMLB KMQR UCGBBRWR QJGNNCB RM DMSPRF NJ?AC @CB3EB GK?ECQ RFGQ W

12G2*4C:AE JE6D

*LAPC?QCB UCGEFR'MBPGNR kJCQ A?PPGCQ ?L ?BBGRGML?J NCL?JRW RM NCPDMPK?LAC 2Q L
RFC NSPC QGXC ? AMRGEBCP@PMUQCP LCCBQ RM NCRSRCEFCHAPGNR UFGAF A?L
@C ? AMQRJIW NPMACQQ CQNCAG?JJWTBABQICP CLB BC

?KKGN<9 ;<MkOGGFN<98JJ<DICP
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"@>K @JIKI@ILK@FBFHEBMIGFEJ< J@Q<J 9P ;<M@:< KPG<

"JRFMSEF RFC RPCLB GQ RF?R ? BCQIRMN N?EC PGEBECWR4ARNBIN@ RF?L ? KM@GJC
N?EC UGRF RFC KCBG?L BCQIRMN N?EC PCOSCQRGIBAPEN® ?RB ? KM@GJC MLC  #
RFC BGDDCPCLAGRFPFHEIL

"AAMPBGLE RW'38QQCERQ ICPDMPK?LAC *LCOS?JGRW (?NQRSBRFCQC ?PC FRGHFC
D?P ?@MRFC NPMNMQCB R?PECR MD ? N?EC JM?B MD SLBCP QCAMLBQ ?R RFC RF NCPA(
#

"RRFC RF NCPACLRGJC @MRF KM@GJC ?LB BCQIRMN @J?QR N?QR RFC NPMNMQCB  #
?AFGC ? QCAMLB JM?B RGKC ?LB RF?R GQ ?QQIRGAEG@RRFBAY?EC ?LB K?PISN GQ
?AAMPBGLEJW QK?JJCP

?KKGIQE<HL<EKEP G<I=FID8E:< @E<HL8C@KP >8G
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"@>K @JIKI@ILK@FBFKEBKIGFEJ< J@Q<J 9P G8>< KPG<

5FCPC GQ LMR ? FSEC BGDDCPCLAC @CRUCCL FMKCN?ECT24ARBGNEKICECHNMLQC QGXCQ
*LLCP N?ECQIE?? JGRRJIC KMPZAPGNR SN RM RFC RF NCPACIRRBBCRRPNM RPCLB GQ DMP
FMKCN?ECQ RVMOFRMPC

5FGQ AMSJB NMGLR RM RFCPC @CGLE MNNKRRBICFRGIMPBEIEERT) MPMMRENR

PCQMSPACQ ML 2JJ N?ECQ ?LB PCNPCQCLR ?L MNNMPRS4GRGNR/ECEERIF @

RPCC QF?IGLEFGAF GQ ? KCRFMB MD QNJRZRRGNR K3CQ SN GLRM KMPC QNCAGKA MLCQ ?LB ML.
JM?BGLE RFCK UFCL LCCBCB RFCPCDMPC PCBSAGLERREGNRREE €CGLE BMULIM?BCB

?KKGN@B@G<;@8 FI>IRGBBRQE>
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**3JE6D

"@>K @IKI@ILK@FE RIGAEI< J@Q<J 9P ;<M@:< KPG<

"@>K @JIKI@ILK@FE RIGHEI< J@Q<J 9P G8>< KPG<

$44 QGXCQ UCPC QIGEFRJW J?PECP ML BCQIRMN RF?L ML KM@GJC ?APMQQ ?JJ NCPACLR
TCPW JGRRJC BGDDCPCLAC @CRUCCL FMKCN?ECQ ?LB GLLCP N?ECQ
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5FGQ NMGLRQ RM RREIRCPBMMNRCB KCRFMB GQ MLC QCR MO &NMIOMR.BNHT RWNCQ

5FGQ BMCQ NMRCLRG?JJW NMGLR RM ? KGQQCB MNNMPRSLGRWCRVIREBEAT $44 LCCBCB M
QF?IGLE ?Q UGRRP4APGNR TR @SR GRIQMQUKMPC LS?LACB RFGLE UGRF $4MSRPERC W
@?J?LAGLE A?AFGLE ?LB RFC A?N?@GJGRGCQ MD @SGJB RMMJQ

0TCRJJ RFC # MD $44 kJCQ QCCKQ @MRF ? JGRRIOUSRECRIRFMNC @SR LMR
OACQQEW FSEC @SB GL KGLB RFC @CQR QGXC DMP ? $44 kJC GQ ?Q QK?JJ ?Q GR A?L NMQQ
YMNCDSJIIW RF?R BMATIL DMJIQ ?PC HSQR QRSDKLE GR 2JJ GLIGLC GL RFC FC?B GLQRC?B

>286 3JE6D

*L N?QR N?EC UCGEFR AF?NRCPQTGRIBRMFAICCL RFC J?PECQR AMLRPG@SRMP RM N?EC UCGI
MICRJJ ?LBTCL RFMSEF fQ LCU GLLCP N?EC B?R? QFMUQ RF?RfQ ? RPCLB QNCAGKA RM
FMKCN?ECQ GR QRGJJ PCNPCQCLRQ ? J?PERAMKNMLCLR M

"@>K @IKI@ILK@FE F=<@ERE3XIJ@Q<J 9P ;<M@:< KPG<

5FC KCBG?L BCQIRMN FMKCN?EC GQ JM?BGLE #MD GK?ECQ ?LB KM@GJC MLCQ ? JGRRJCJ
UCGEFRW # "Q LMRCB C?PJGCP RF?RfQ QRGJICP GLAFCPQGSR U?Q  # DMP

BCQIRMN N?ECQ ,# DMP KM@GJC 5FGLEQ QMML @ISR RMAREW RF NCPACLRGJC

UGRF  # MD GK?ECQ DMP BCQIRMN ?LB #MD GK?ECQ DMP KM@GJC

*L D?AR ?R RFC KCBG?L 7IB ?@MCPACLRGROJ@GEECP RF?L GL ~ AF?NROFICP

?KKGBCDSES: ?KK@EHFI> <E  G8>< N<@>?K @D8>< 9PK<J
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RFC KMPC NMQ®RE3LEQ ?PC RF?R ?RRFC RF ?LB RFVERCEML@PC CGRFCP NPCRRW KSAI
QR?@JC MP BMUL DPMKTRISPAF?NRIGBLRGLE RM RFC D?ARRVAIERETUFM UCPC

2JPC?BW MNRGKGQGLE DMP GK?ETKABRIFEHETERM BM QM ?LB KGEFR @C ECRRGLE QJC
@CRRCP ?R GR

*R GQ ?JQM NJC?QGLE RM QCC RIE2RMNBBRIOBICK RM @C ARGREINRPPCBSAGLE RFC
GKN?AR ML N?EC UCGEFR RFC KMQR GQ DMP KM@GJC SQCPQ UFCPC N?EC UCGEFR A?L A
NCL?JRGCQ 5FGQ AMSJB @C BSC RRUIMINQ@RKRECQCPTGLE

"@>K @JKI@ILK@FE F= ;<IBKFRG@BI=JI@Q<J 9P G8>< KPG<

?KKGN<9 ;<MBIK@:C<J JINIGFEXa®D8><J
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"@>K @JIKI@ILK@FE F= DF9@U&RHI8XAQ<J 9P G8>< KPG<

-MMIGLE ?R FMKC ?LB GLLCP N?ECQ RFCPC GQ ? AJC?P RPCLB DMP @MRF BCQIRMN ?LB KM@G
FMKCN?EC RMEKMPC GK?BERZCQ UGRF RFC KCBG?L BCQIRMGILE?EC,FDMP

FMKCN?ECQ ?LB  ,# DMP GLLCP N?ECQ ?LB ML KM@GJC GR GQ ,# DMP FMKCN?ECQ ?LB #

' MP @MRF BCQIRMN ?LB KM@GJC RFC KCBG?L GLLCP N?EC A?PPGCQ JOGREFREPRID RFC GK?
RFC FMKCN?EC
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"@>K @JIKI@ILK@FE F=;<JBKFG @D8>< J@Q<J 9P =FID8K

"@>K @JIKI@ILK@FE F=DF9@C< @D8>< J@Q<J 9P =FID8K

+1( 8 C@PLB 1/( kJC DMPK?RQ PCR?GL RFCGP  QR?RSQ ?Q RMN QMSPACQ MD GK?EC UC
KMPC GLQGEFRQ GLRM GK?EC DMPK?R SQC ML REBGROE?NRGIER RFC
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-:56@ 3JE6D

7GBCMQ A?PPW ? JMR MD B?R? DMP C?AF QCAMI@HMTGRZRC RAAR@P ?LB MDRCL
?SBGM ?Q UCJJ "Q QSAFAREQGELGKA?LRJIW ?BB RM RFC UCGEFR MD ? N?EC

.MBCPL DMPK?RQ FCJN AMKNPCQQ ?LB QFPGLI RFGQ BMUL @SR ?R QMBCNMBGLRVRELPC GQ ? |
K?BC UGRF kJC QGXC ?LB OS?JGRW

(CRRGLE RFZB&MDD PGEFR ?LB AMK@GLGLE UGRF MRFOR RQBEEZAZBE?IGICBSAC
RFC GKN?AR 2Q KSAF 2Q NMQQG@JC

"@>K @IKI@ILK@FE F=M@EKII@Q<J 9P ;<M@:< KPG<

5FC KCBG?L N?EC PCOSCQRQ ,# MD TGBCM DMP BCQIRMN SQCPQ ?LB QSPNPGQGLEJW ? J?PI
DMP KM@GJC SQCPQ *L D?AR RF?R RPCLB U?Q NPCQCLR DPMK BFRBRRJNGRR@RGJIC ML
BGQ?NNMGLRGLE RPCIHFFEHSAM@GIGAIY ?PCIBIRM @C RFC MLCQ RM @CLCKR RFC KMQR DPNM
PCBSACB N?EC UCGEFR
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"@>K <JBKFG M@ <FAFEJ< J@Q< ;@IKI@ILK@FE 9P G8>< KPG<

"@>K JFO@C< M@EBFEJ< J@Q< ;@IKI@ILK@FE 9P G8>< KPG<

JMKCN?ECQ ?PC DMSLBRWR?PECPRANM?B MD TGBCM PCQMSPACQ RF?L GLLCP N?ECQ UGI
KCBG?L FMKCN?EC PCOSCQRGLE ,# MD TGBCM PCQMSPACQ DMP BCQIRMNQ ?LB # DM
BAOGACQ *LLCP N?ECQ UCPC JMUCP ?R  # DMP BCQIRMN ?LB ,# DMBAB@GJIC BC

5FGQ AMSJB NMGLRCBMNBIPQMIEP SQGLE TGBCM GRIZAREMLQ MP MRFCPUGQC CK@CBBGLE
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TGBCM ML FMKCN?ECQ UFGAF RCLB RM DMASQ ML RFC QGRC MP?BSCRRERQ(PBRGILEMIC P
RFCK GLRM GLLCP N?ECQ UFGNRMRI T KMPC DMASQCB N?ECQ NCPF?NQ A?RCEMPGCQ ?LB
N?ECQ MP GLBGTGBS?J ?PRGAJCQ MP NPMBSARQ

S5@AE:@? C2E6D @7 3JE6 D2G:?8 E6497@=@8:6D

5FCPC ?PC ? LSK@CP MD RFGLEQ RF?R A?L @C BMLC RM PCBSAC N?EC UCGEFR 5FC kPQR MLC
KSAF ? RCAFLMIMEW ?Q 2L ?NNPM?AF ?LB GQ ML RFC QSPD?AGROSGECIREINMBEIRML
LCCB RM

5FGQ KC?LQ RAZB RFMSJIB @C KGLBDSJ MD UF?R GQ ?BBCB RM N?ECQ ?LB UF?R GQ QFGNNCB
WIS QFMSJIB @C JMMIGLE RM QGGSGPUPRBRGLE GQ PC?JIJW ?BBGLE T?JSC RM RFC SQCP MD RF(
?LB RFC @SQGLCQQ A?QC RFC N?EC KGEFR LCCB RM DSJkJJ

#SR RFC ?GKIBRRM PCKIWJJ DC?RSPEECIK?I C QSPC RF?R UMRANC ?BBGLE ?BBQ T?JSC

- CRfQ R?P IMMI ?R QMKC MD RFCQC N?RRCPLQ ?LB ?NNPMWEABCERMEEIRI8?@JC
AMLRCLR GL KMPC CDKAGQLR BFMU MDROL RFC @CGLE GKNJCKCLRCB

24256D 7@C G:56@D @E96C 6>365D

5FGPB N?PRW CK@CBQ QSAF ?Q TGBCMQ QMAG?J KCBG? NMRETK@BOERFEPLGLRCP
K?QQGIW GLAPC?QC N?EC UCGEFR *RfQ QGKNJC RM AJGAI RF?R QF?PC @SRRML ML ? TGBCM |
N?QRC RFC AMBCIMBERN2ECQ UGRFMSR DSJURP@ GELEFRC FSECIM?BQ RF?R A?L AMKC

2JMLE UGRF GR

7GBCM®B/KGEFRNCAR RME? QGELGKA?LR LSK@WRGID @R BRFGLECIH@CBBGLE ?
JAT AF?R UGBECRTGPXMAG?J KCBG? NVIRIIIR A?L AMKC UGRF QGEICEAZPR M
IJM?BGLE ? QSPNPGQGLE ?KWBLAPBNRRM CL? @IERE RABIAIGAIGLE REGAISRRML MP
PCQF?PGLE GR

OLC BCQGEL N?RRCPL RF?R A?L @C ? EMMB AMKNPMKGQC GQ SQGLE 2GEMIBR MIQM ILMUL 2Q
GLRERRGMI5FC DSLB?KCLR?J NPGLAGNJC MD RFGQNFGRYM IPCQERNIC LIVARKERCP
PCNPCQCLR?RGML MD RFC CK@CB UFGAF RFCL @BREIDS RRCKAGBPFCL ?LB GD ?

SQCP AJGAIQ ML GR

'MP TGBCM RF?RfQ MDREG HERFMINMQRCP GK?EC UFGAEBRM?BIEAIL RFC DSJJ CK@CB
'MP ? QMAG?J KCBG? NMQR GR AMSJB @C CGRFCPRFNIEBRRAMIBREBIML ?L GK?EC RF?R
JM?BQ RFC DSJ?&REBTBRW UFCL RFC SQCP AJGAIQ ML RFC NMQR

?KKGNNN G8KK<IEJ ;MSE@CC8 @DGFIK BEK@EE<I
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8FGJQR SIRGK?BONBEQCP GARQFRFC J?PEUAMCB BMCQ QRGJJ LCCB RM @C JGREQB RFC C
AMKC UFCL KAV SQCPQBMU?LR RM GIARTR?RAF RFC TGBCM MP QRAEIR VTIRF

ASQRMKCP QCPTGACQ MP Q2JCQ 5FC SQCREPRFIRENPT RFC MLCQ RIEZRWNFRLRARIG T
SQC RFC DC?RSPC

5FCPC A?L @C QMRO@PAIQ RM SQGLE D?A?BCQ RFGPCBRICANGLRRBPB N?PRW
D?A?BCQ ?PRGAJC MLTUGB®RBEIRGK?RRFBQ ?NNPM?AF A?L FCINJBELGKA?LR ?KMSLR MD
MICRJJ N?EC UCGEFR

5M JMMI ?R ?BMNRGML MD D?A?BCQ UC A?L RSPL RM -GEFRFMSRY INFEB\R MEMBIPEPRW
PCQMSPACQ UGRF DZSEER)RM QCC GD RFCPC ?PC QMKC GBCLRGK?@JC PCQMSPACQ CK(
N?EC RF?R KGEFR PCNPCQCLR ?L MNNMPRSLGRW RM SQC ? D?A?BC

+SBEGLE ?BMNRGNICREL] MPPB ?Q UCFRRCIG?@JW RCQR DMP QGRCQ RF?R ?PC GKNJCKCI
D?A?BCQ @CA?SQC RFC QWISBGREGN?EC LM JMLECP JM?BGLE RFC REQGSRAIQILEC
DMRM JMMIGLE ?R QGRCQ RF?R AMSJB NMRCLRG?JJW @CLCKR GQ KMPC KC?LGLEDSJ

"@>K /@K<J K?8K :FLC; @DGC<D&BIKe>®18;<J

MD BCQIRMN FMKCN?ECQ UCPC BCRCARGEERAE?MNNMPRSLGRW RM PCNJ?AC QMKC CK
UGRF D?A?BCQ DMP GLLCP N?ECQ ML BCQIRMIPGREPQPOFP RFGLEQ UCPC @CRRCP FCP
UGRF MD KM@GJC FMKCN?ECQ NMRCLRG?JJW @CGLE ?@JC RM @CLCkR ?LB MD KM@
N?ECQ

?KKGJI<M<CFGHI FD< :FD ;F:J C@>?K?FLJ< G<I=FID8E:<GaGh =8:8;<J CA@M8K7 @HKZT;|@=K7?<CG7J:FLK7=8:<9FFB7D<JJ<E><|
?KKGJI<M<CFG#I FD< :FD ;F:J C@>?K?FLJ< G<I=FIDSE:<G&& =8:8;<]
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' PMK RFC B?R? GR UMSJB ?NNC?P RF?R CGRFCP ?BMNRGML GQ FGEEBRMIKNEBGIC@CGLE QCl
AJGCLRQ MEBMNCPQ ?LB NS@JGQFCPQ ?PC MKGRRGLE RFC RWNC MD RFGPB N?PRW CK@CB(
SQCPQ ?2JRMECRFCP

"JRFMSEF D?A?BCQ UOREGBRIGL RFOBRGQ ?JK?L?A N?EC UCGEFR AF?NRCP GL  RFC RCQR
F?Q AF?LECB QJGERERWRRZ J?QR RBFW?IMLE UGRF RFC KCRFMBMJMEW UC SQCB RM ?L?JWXC
RFC B?R? QM BGPCAR AMKN?PGQMLQ ?PC LMR NMQQG@JC

@>AC6DD:@7?

$MKNPCQQGML A?L ?MSIRNVQFPGLI RFC QBKE RIOMSPACQ @IHOIBB/RFCK 2APMQQ

RFC LCRUMPI RM RFC PCOSCQRGLE AJGBLRPOBLACIRRECQUEE@AIGCLR UFGAF DMP UC@
N?ECQ GQ SQS?JIW ? GFORNBP @CGLE SQCB ANIMITERNGL RFENPSDS?JIW GL

NPARGAC K2DMP D?QRCP N?EC JM?BQ

' MP R®R @?QCB kJAD)IIG! $44 +7T?24APGNR +40/ ¢TGAM ?LB RRD DMLR kJCQ )551
AMKNPCQQGML GQ ? NMUCPDSJ 2JJW GL PCBSAGLE RRERBCE BREERPL MP #PMRJIG
AMKNPCQQGML A?L QMKCRGKCQ QGELGKA?LRIW PCESE?RES OGRUSMARQ ORFCP kJC
RWNCQ CQNCAG?JIW KCEEZHKIEQQGLB TGBCMQ BM LMR @CLCKR DPMK )551 AMKNPCQQGML
RF@/ ?PC ?2JPC?BW AMKNPCQQCB

"@>K | FG<I IGK :FDGUJ@FE LJ8><

8 CBCRCARCB RF?R NCPACLR MD BCQIRMN FMKCN?ECQ ?LB ? DSLB?KCLR?JJW QGKGJ?P M
N?ECQ AMPPCARIJW\SQABKMPCQQGML 5FC FMKCN?EC KESPC PCNPCQCLRQ ? BPMN DPMK  GL

640 2024 Web Almanac by HTTP Archive


https://almanac.httparchive.org/static/images/2024/page-weight/proper-text-compression-usage.png
https://almanac.httparchive.org/static/images/2024/page-weight/proper-text-compression-usage.png

Part IV Chapter 16 : Page Weight

‘MP KM@GXOXP MD FMKCN?ECQ?LB  MD GLLCP N?ECQ AMPPCARRWMEQTERQGML
$MKN?PGLE FMKCN?ECQ RM  RFGQ 2JQM PCNPCQCLRQ ? BPMN DPMK

5FC BPMN GL SQ?EC UFGJQR NCPF?NQ QK?JJ GQ BGQ?NNMGLRGLE GRfQ ACPR?GLJW LM
CL?@JC AMKNPCQQGML ?LB NCPF2INCAGGIMEGD®/? $%/ I$IMSBI?PC UFCPC GRfQ ?
QGKNJC IGN MD ? QUGRAF GL ? B?QF@M?PB

*R QFMSJB @C LMRCB RF?R AMKNPCQQGML GQ LMR CLRGRGWKRIEG A FRLECBMOQ@AR MD
N?EC UCGEFRERW?DMP RFCQC PCQMSPACQ DMP RFC AJGCUWRBRIRGBBRMIERFC
BCAMKNPCQQCB ?E?GL @CDMPC SQC

*RfQ 2JQM LMR ?L CLRGPCJW DPCC NBRIRZQQMRERACRFC QRRM AMKNPCQQ RFCQC
PCQMSPACQ QMKCUF?R KGRGERBHBIE @FC AMKNPCQQCB PCQMSPACQ UFCPC NMQQG
BMCQ RZUMPI ML RFC AJGCLR RM BCAMKNPCQQ RFCK RMM

#SR ?Q ? AT MDBERIQ LMPK?JJW MLC UMPRF K?IGLE AMKNPCQQGML RCARIBOSCT ?PC ECL
MNRGKGQCB ?LB CDKAGCLR ?LB RFC K?HMP @MRRJCLCAI GQ RFC LCRUMPI

$:2:7:42E:@7

.GLGKA?RGML A?L PCBSATOREC ®GXC MD PCQMBRAMBIEE SLLCACQQ?PRARERRIGE
QN?ACQ PCRSPLQ ?LB AMBC AMKKCLRQ RFGREQEBCRVEP@PMUQCP RM SQC RFC
PCQMSPACQ

6LIGC AMKNPCQQGMLfREGPIBBGRGML?J UMPI RM @C BMLC AJGCLR QGBC PCQMSPACQ B
@C SLKGLGKCB 5FCPC A?L @ CCRACCBI?LB UMPI BMLC ML RFRTPGODFACQMSPACQ ?PC
KGLGKCB ML RFC@$RCPW MDRCL GRfQ @CQR RM KGLGDW $44 PCQMEPREIPBNIBAMLR RF(
RM @C QR?RGA GL L?RSPC ?LB A?L MDRCL @C BMLC ?R @SGJB RGKC

?KKGJ<M<CFGBIFQ@CCS8 FI> #CF@B®]:8K@FE
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"@>K Y@E@]<; /| GFG<I LI8><
*L MD FMKCN?ECQ F?B AMPPCARJW KGLGKCB $44 ?Q BERGERRBMBQC ? QGELGKA?LR

BPMN DPMK  UFCPC RFC KESPC U?Q MP KM@GJC FMKCN?ECQ GR U?Q  ? BPMN DPMK
fQ  ?LB GLLCP N?ECQ UCPC QJGEFRJW JCQQ ?R

"@>K Y@E@]<; 8BM@GK BEB<| LI8><
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*L MD BCQIRMN FMKCN?ECQ F?B AMPPCARJW KGRGXRBNR ?Q BCRUARCB @
-GEFRFMSQC UFGAF GQ ? QGELGKA?LR BPMN DPMK ~ UFCPC GRU?Q  *LLCP N?ECQ UCP
UMPQC?R MP KM@GJC MD FMKCN?ECQ N?QQCB RFGQ RCQR BMUL DPIZK fQ -Gl
BCQIRMN GLLCP N?ECQ UCPC QJGEFRIJW UMPQC ?R

8FGJQR GR GQ QREEGLIENRISIR KMPC QGRCQ N?QQ RFGRRGRIGRAEBOPNNMGLRGLE RM
QCC RF?R @MRF $44 PEBAPGNR KGLGKA?RGML GQOORGINPQRF?L GL

249:28 2?5 %D

5FC SQC MD A?AFGLE ?LB $%IQRIPMIC GL K?L?EGLE N?EC UCGEFRAQATRSAGLE N?EC
JM?B RGKOQK@LGKGQGLE RFC RGKC PCOSGPEBRMIAIET RM SQCRPGRIBR UMPRF
KCLRGMLGLE RF?R $%/Q BM LMR PCBSAC N?EC UCGEFR

3CQMSPACQ GLAJSBC @MRF QR?RGA ?LB BWL?KGA ?Q UCJJ ?Q NCPQML?JERGRGYIL RFGI
?LB &BEC AMKNSRGLE

OL RFC MLC F?LB A?AFCQ UFGAF ?PC SQCB @MRFNMB QICRIPMUQCPQ ?2JIMU PCQMSPACQ
PCSQCB $?AFCB AMLRCLR GQ QCLR TG? $%/Q ? QCPGCQ MD GERUEGREEGARTEB\QCPT

BGQRPG@SRCB UFGAF PCBSAC RFC BGQR?LACIE ERIGSCIQREL DRFT PCQMSPAC ?7LB RFC
PCQMSPAC @CGUOB@EERR GQ N?PRGASJI?PIW GKNMPR?LR DMP GLRCPL?RGML?J UC@QGR

' MP KMPC GLQGEFRQ GLRM $%/Q NJC?Q&%RCBEPNRECRFC

'286 H6:89E 2?5 @C6 .63 -:E2=D

$MPC 8@ 7GR?28C ? QCR MD NCPDMPK?LAC KCRPGAQ BCQGELCB RM PCKLC RFC B?LECP)
?K@GESMSQ BCKLGRGML MD gNERIDRRK?ESE?L ACLRPGA KC?QSRCECLASIBh
N?EC ? N?EC KSQR N?QQ REFIRGMLQ RF?R KCTRSRICKCLRQ DMP SQCPQ

*Q GR JM?B&IHECQR $MLRCXR R$1
$?L RFC SQCP GIATRA.RCIARGML RMR2GLR */1
*Q GR TGQS?JIW GREIIBGT-AMWISR 4FGPR

$MPC &£@ 7GR?JQ ?PC BCQGELCBRMTBLRICR MD KCRPGIPRIFBGRAGA DMP
GLRERRGTGRW AF?CEGEC 'GPQR *LNSRWEGRM *LREFRGML RMR2GLR */1 5FGQ
AF?LEC U?Q K?BC @CA?SQU GROPRUM QGELGKA?LR ?BT?LACKCLRQ

?KKGN<9 ;<MBIK@:C<J M@K8CJ

?KKGN<9 ;<MBIK@:C<J C:G

?KKGN<9 ;<MBIK@:C<J @EG

2KKGN<9 ;<MBIK@:C<J :CJ

?KKGI<MCFG<IJ >FF>C< :FD:3€8F> @EKI F,L:@E> @EG
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i 5FC kPQR GQ RM QFGDR DPMK ? RBERIREL RCRISBC7ARGMRQML RFC N?EC *L
MRFCP UMPBQ AJGAIGLE UGRF ? KMSQC RTERGUEINEZ?BBISAFQAPCCL ?LB
NPCQQGLBEN ML CGRFCRVQEA?J MP MLQAR@N?PB

i 5FC QCAMLB GQ RM PCNPCQURETEREMMP QGRT/ARENSERIMPIQ
2AASFRCIMGLACTP2APGNR GQ MDRCL URPR BRERGTGRW KMQRIW

8FCL PCONMLQBIQQ ?Q KC?QSRCRI@GQ @CIMU  KGJIGQCAMLBQ GR GQ AMLQGBCPCB RM @C
EMMBVBICPGCLAC ?LB N?QQ RFC */1 NCPDMPK?LAC ?QIBRCDIEIKIBLE 5GKC PCK?GLQ ?Q RFC
J?@ B?R? COSGT?JCLR ?LB GQ DMP BG?ELMQRGAQ UFCL ?L */1 GQQSC GQ BCRCARCB

5FC AF?LEQKIP GL .2PAF QU K?LW +P?4APGNRKGRIMPI MPGEGLQ BPMN DPMK N?QQGLE
(MMB AJ?QQGKA?RGML 4GRCQ SQGLEPKEMMBITIREIRPAR /ZR /SVR ?LBST UCPC FGR
F?PBCQR 4GRCQ ?B?NRCB OS®AUDNRAK@CP  RFC LSK@CP MD N?QQGMAMERRERSLQ C
UFCL 0?JS?RCBV@/1 G/ACCBCB RFC AMSLR UFCL RFC "% KCRPGA U?Q SQCB

5M E?RFCP B?R? UC F?B RM PCJW MLIQGE@RRGSBGLE ?SBGRQ UFGHEABIRER@SR

LMR RFC GRRRBML @?QCB KCRPGAQ MD *PI@VIRCORGLE BNICBRA@?AIQ ?LB PC?J SQCP
KCRPGAQ QFMSJB/QIE@T SQCB RM RPSJW ?QQCQQ NCPDMPK?LAC ?@RBRYGJIZE GL UC@ BC
7LB kCJB B?R? A?L @C BGDDCPCLR ?LB UF?R RM BM ?@MSR GR

8 CSQCB B?R? DPMK +SLC  RFC N?EC UCGEFRQ DMP C?AF NCFAACRWIK?RBBRQ
DMJIMUQ

'6C467?E:=6 6D<E@A '286 .6:89E $@3:=6 '286 .6:89E

RF # #
RF # #
RF H #
RF # #
RF H# #

'GESPC 1CACLRGJIC N?EC UGBBERAT DPMK -GEFRFMSQC RCQRQ

#2C86DE @?E6?E7F="2:7?E #'

" EMMB QAMPGEREEQR $MLRCLRDERGQ QCAMLBQ MP $TQICP QCAMLBQ GQ
AMLQGBCPCB NMMP

?KKGN<9 ;<MBIK@:C<J C89 8E; ]<C; ;8K8 ;@=<x|
?KKGN<9 ;<MBIK@:C<J C:G N?8K @J 8 >FF; &G J:FI
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"@>K @IKI@ILK@FH:F¥ €J 9P ;<M@:< KPG< 8E; G8>< N<@>7K

5FCPC GQ ? AJC?P AMPPCJ?RGML @CRUCCL RFC N?EC UCGEFR ?LBGIFEGRBR $KBERCPRDSJ
RFC N?EC UCGEFR RFC JMLECP REC BE&Q RIQ CQNCAG?JIJW RPSC DBREWEERE BC
KSAF QRCCNCPBSPT

F>F=2E:G6 #2J@FE *9:7E #*

"EMMB QAMPCISKPI?RETFAWMSR 4FGOR MP JCQQ $ar GQ AMLQGBCPCBMMMP

AMLQGBREML RMCN GL KGLB UFCL JMMIGLE ?R RFGQ N?PRGASJ?P KCRPGA GQ GR GQ CON
@V BGDDCPCLACQ GL J?@ ?LB kCJB B?R? ?QCGIWEQ BTRERIRBGIPMQQ RFC UFMJIC JGDC MD
N?EC GLAJSBGLE?GRBORQ ?LB QAPMJJGLE UFCPC J?@ RCQRQ A?L MLJW A?NRSPC RFC G

?KKGN<9 ;<MBIK@:C<J :CI N?8K @J 8 >FF; :€J J:FI
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"@>K @IKI@ILK@FE F= <0BPI;<M@:< KPG< 8E; G8>< N<@>?K

-GIC $1 $-4 2JQM EPCU ?Q N?EC UCGEFREPKBEF RFC BGDDCPCLACQ @CRUCCL BCQIRMN ?LB
KM@GJC UCPC KMPC $GLGRIR BGPCARJW ? JM?B RGKC GQQSC QM RFGQ AMSJB NMGLR RM NMI
MNRGKGQCB ?B@WHCZECQ GLHCARGLE ?BQ GLRM AMLRCLR NSQFGLE AMLRCLR BMUL MP GK?E
J?PEC kJCQ QGXCQ BCKkLCB UGRFMSR BGKCLQGML

+@E2= =@4<:?8 +:>6

"Q KCLRGMLCB PT@M.RCRRGML RMR2GLR MREC RFC MJIBCP 'GPQR *LNS8R%MCVR @C
?AASPRCJIW KC?QSPCB GL J?@ RAOQRYFOAMKKCLBCBU@IC@ BC5MR?J #IMAIGLE

5GKC MDRCL QFMPRCLCB RWL5EEC ? EMMB/MPKCRPGA RM QCC FRARGIRERV KGEFR @C
?DDCARCB

"RMR?J @JMAIGLE RGKC MD  KQ MP JCQQ GQ AMLQGBCPCB ? EMMB R?PECR

2KKGN<9 ;<MBIK@:C<] @EG C89 BE&EK
2KKGN<9 ;<MBIK@:C<J K9K
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"@>K @JIKI@ILK@FE F= KFK8C 9CF:B@BP KE@xJIHFPG<

5FC RPCLB MD J?PECP N?EC QGX0WY IGHPRIRGLE NCPDMPK?LAC ?Q WIRIQSPLE MAIGLE

RGKC GGBCLR ?APMQQ @MRF KM@GJC ABEREIRMBIE JRIRRFC BGON?PGRW GQ

N?PRGASJ?PJW QGELGKA?LR DMP KM@GJC SQCPQ "R RFC RF NCPACLRGJC 5GKC RM 'GP

DMP BCQIRMN ?LB  KQ DMP KM@GJCd? BGDDCPCLAC MD QCAMLBQ 5FGQ BGQAPCN?L/

CTCL KMPC NPMLMSLACB ?R RFC RF NCPACLRGJC UGRF 5#5?R KQ DMP BCQIRMN ?LB ? (
KQ DMP KM@GJCd? K?@GDCAMLB BGDDCPCLAC

*R GQ PC?QML?@JC RM AMLAJSBERREPERANFEIPMLC MD RFC UMPQR FGR KCRPGAQ ?QQMA
CQVACQQGNI?EC UCGEFR

'MP KMPC B?R? ML $SMP@ §GR?JQ GL  TGQGBRAIPK?LAE?NRCP

@?4=FD:@"?

5FC EPMUGLE GQQSC MD N?EC UCGEFR PCICARQ RFC LCCB DMP @?J?LAC @CRUCCL DSLA
2AACQQG@GJIGRW

8FGJC ?BT?LACKCLRQ 4GP4APGNRKORIMPIQ ?LB PGAF KCBIE?GIF?LACB RFC (L@
GLRERRGTGRW ?LB QRMPWRCHIGPHQRFGLRPMBSACB QGELGKA?LR AF?JJCLECQ #JM?RCB
BGQNPMNMPRGML?RCIW GKN?AR SQCPOGE/ERFNIBKERICEBEL LCARGMLQ K?IGLE UC@
OVNCPGCLACQ JCQQGRRBEWSGR?@JC
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4?BJW RFGEPID B?R? QFMUQ RFC Q?KC RPCLB MD N?EC UCGEFR AMLRGLSGLE RM GLAPC?QC [
KM@GJC ?LB BCQIRMN SQCPQ

#W DMASQGLE ML JGEFRUCGEFR CDKAGCLR BCQGRRAACIBMNMRSPEQRGML A?AFGLE
?LB @/RC DGLE RCAFLMIMEGCIMBCPQ A?L @PGBEC RFC gNCPDMPK?LAChGLBOS?JGRW E?N
CLQSPC RFC UC@ PCK?GLQ ?AACQQG@JC DMP ?JJ

6JRGK?RCRAGQ ?NNPM?AF LMR MLIJW @CLCKRQ SQCPQ @SR ?JQM QSNNMPRQ QSQR?GL?@GJC
EPMURF MD RFC UC@

0TCRJJ GL  N?EC UCGEFR GQ D?P DPNZR RGBSR RFCPC PCK?GLQ ? JMR MD
MNNMPRSLGRWTONMNBTPQ RM DA@#WRC TGLE RCAFLGOSCQ ?LB RCAFLMIMEGCQ UGRF NJCLRW
PMMK JCDR DMP ?BMNRGML D®IPRFREDRA®E AMKNPCQQGML JC?BGLEFMGEBREPRLRD

DMP SQ ?J3J

FE9@CD

%?TC 4K?PR

¥ IR?KCRFC@MRQ AMP BUQK?PR [ BZTCUQK?PR & FRRN@R?KCRFC@MRQ AMK

%7TC 4K?PR GQ TGIMNCP ?LB RCAFLGA?J QC?PAF CLEGLC ARK@RBBR?LR ?R
#MRQ 5FCNV I @SGJIBGLE RMMWRCERBIKCLRGLE UGRF RFC KMBCPL UC@ ?LB A?L
MDRCL @C DMSLB ?R RFC DPMLR GL ? EGE MP RUM

+?KGC *LBGEM

% ILMR ? PM@MR AMK) DCJIMUFSK?L M H?KGC GLBGESI FRRNQMR ? PM@MR AMK

+?KGC *LBGENRERM@MR @SR QNC?IQ @MR "Q BGPCARMP MEMRCAFLGA?J 480 7R
"SRMKMRGT RF®/ QRSBW FMU QC?PAF CLEGBLEQLERR B GLB(RFC UC@

+?KGC JWQ RM R?KC UGTBIAPGNR ?LB MNRGKGXC PCIARCHEGEIEIBFCL LMR
UMPIGLE RFQGIFMPPMPTIGCQ ZEFGA IWJQ ?LB RCPPMPGXGUENMB

N?J?BGLQ GL %SLECMIREMK®

?7KKGXK8D<K?<9FKJ :FD
?KKGNNN :FBLKF@E: :FD
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'2CE - 92AE6C

%

#0003 ) #IH0 #H (B ( ( &2)#
<M@<N<; 9 FC@E< /:?FCC<J
ESCPQ<; 988@>8E<J? #@|@BEK 13D F<E@E>
1 @K<; 9RI FC@E< /:?FCC<J

?EC@5F4E.@?

5FGQ AF?NRCAKGLCQ RABICTGLE J?LBQA?NC MD $MLRCPR/YERIGVIPE%/Q ?LB RFCGP
APGRGA?J PMJO/GD BIBEBR?J CAMQWQRCRC'QRMKKM UFCL MSP J?QR $%/ AF?NRCP

A?KC RMECRRCB GLRM  $%/Q AMLRGLSC RM @C DSLB?KCLRZBGLEBAMGRCLR EIM@?JIW
O/RCLBGLE RFCGP PEAB @EEC QA?JCIMRISER.Q RM QK?JJCP QGRCQ ?LB ?NNJGA?RGMLQ !
QGELGKA?LAC F?Q EPMUL GL D?AGJGRCRBLEREMBESER QR?RGA AMLRCLR @SR 2JQM B\
7LB NCPQML?JGXSBRIGCLACQ RFGPB N?PRGNELBCEB &BEC $MKNSRGLE

"1 ON DMASQ MD RFGQ AF?NRGCRGOARICNSTQNG2 BPGTGLE RFC ?BMNRGML MD UC@
QR?LB?PBQ NPMRMAMJQ ?LB CKCPEGLE RCABBEUINMEBRECJSCEGAI 6%1 *LRCPLCR
$SMLLCARGM263$ NPMRMAMXC&JIQMWRIMPC FMU $%/Q ?PC ?R RFC DMPCDPMLR MD GKNJCK(
?LB NMNSJ?PGXGLE NCPDMPK?LAC MNRGKGX?RGML RCAFLGOSCQ

8 C@CIGRF?RGL  $%/Q AMLRGLSC RM LMR MLJW D?AGJGR?RC NCPDMERPEGFSRMLRCLR
?2JQM QCPQ AMKNPCFCCQITRDMPKQ RF?RPECREER ?LB RFGPB N?PRW QCASPGRW QMJSF
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O2ED2 %

" FEK<EK <G@M<KNFIE}%/ GQ ? ECMBFFGA?JJW BGQRPG@SRCB LCRPQMBGEEECEB RM
NPVWGBC FGHRGJ?@GAIGRWACB NCPDMPK?LAC ?LBIGERMSPGRW DMP UC@ AMLRCLR ?LB
2NNJGA?RGMLQ 5FC NPGK?PW EM?J MD ? $%/ GQ RM KGLGKGXC J?RCLAW ?CRUMRGKGXC AML
QCPTGLE B?R? DPMK JMA?RGMLQ AJMQCP RM RFC CLB SQCP

5FC PMJC MD $%/Q FAPLBCB QGELGKA?LRIW GICPPAMRRBNE/ RFC GLAPC?QGLE
AMKNJMGRW MD UC@ ?NNJGA?RGMLQ RFC EPMURF MD QRPC?KGLE QCPTGACQ ?LB RFC PGQG
AMKKCPAC ?LB BGEGR?J @SQGLCQQCQ *L  $%/Q ?POQRIESWIRSRELQBNNMPRGLE ? UGBC

P?LEC MD MLJGLC ?ARGTGRGCQ ?LB RFC GLAPC?QGLE QMNFGQRGA?RGML MD UC@ ?NNJGA?R(

$%/Q F?TC GMJTB D?P LB RFCGP MPGEGL?J DSLARGML\AQY QGEHN &BRIRND $%/
MDDCPGLEQ RWNGA?JIJW GLAJSBC

i $?AFGLE ?LB AMLRCLR MNRGKGX?RGML DMP T?PGMSQ RWNCQ MD KCBG?

i *LRCJIGECLR PMSRGLE ?LB JM?B @?J?LAGLE RM KGLGKGXC LCRUMPI FMNQ ?LB MNR
NCPDMPK?LAC

i &BEC $MKNSRGLE A?N?@GJGRGCQ ?JIMUGLE DMP LC?P PC?J RGKC NPMACQQGLE 2L
NCPQML?JGX?RGML

i 3M@SQR QCASPGRW DC?RSPCQ RM NPMRCAHCHAGIYRPCRSBEFC ?RQ

i "L?JWRGAQ ?LB GLQGEFRQ RM FCIN @SQGLCQQCQ SLBCPQR?LB ?LB MNRGKGXC RF(
NCPDMPK?LAC

5FC @CLCKRQ MD SRGJIGXGIE QBB @ILB QGKNJC NCPDMPK?LATCGENRG! *L

$%/Q NJ? W ? APSAG?J PMJC GL CL?@JGLE EIM@BRQAGIHFIFISFERW NMQRSPCQ ?LB
D?AGJGR?RGLE RAKBCRIMD AMKNBGQRPG@SRCB ?NNJGA?RGMLQ #W NSQFGLE KMPC JMEGA |
CBEC @SQGLCQQCQ A?L APC?RC KMECIFCRCIRRKGIGXCB/SIQPBCLACQ UFGJC PCBSAGLE
RFC JM?B ML MPGEGR@CPT

-2QRJAL MDRCIOWIMIIB @CLCKR GQ FMU $%/Q AMLRPG@SRC RM W3 ARAEERESNGROLR
AJMQCP RM CLB SQCPQ ?LB MNRGKGXGLE RFC QGXC MD kJCQ QSAF ?QPLGBEREDRE GK?ECQ °
JMUCP CLCPEW AMLQSKNRGML ?LB ? QK?JJCP A?P@ML DMMRNPGLR ?QQMZBAYRCB UGRF AMLR

2G62ED 27?5 5:D4=2:>6CD

"Q UGRF W M@QCPT?RGML?RRESBAPC JGKGRQ RM RFC QAMNC ?LB GKN?AR RF?R A?L @C KC(
5FC QR?RGQRGAQ E?RFCPCB ML $%/ SQ7E@ DMPIRPC?8C DMASQCB KMPC ML ?NNJGA?@JC
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RCAFLMJMEGCQ GL SQC ?LB LMR GLRCLBCB RM KC?QSPC NCPOMRYQIMI MPNDABKARG T
$%/ T CLBMPBFGJC RFGQ CLQSPCQ RF?R UC ?PC LMR @G $B/RRUBMEER2IQM KC?LQ
RF?R RFCQC ?PC KMPQERACHPCQSIRQ

5FCQC ?PC RFC JGKGRQ RM MSP RCQRGLE KCRFMBMJMEW

i '59A8-@10:1@C;>7 8-@1:/& C SQC ? BCBGA?RCB LCRUMPI AMLLCARGML RF?R
QWLRFCRGA?JIJW QIEIMCQ RP

i '5:381 31;3>-<45/ 8;/-@5;: 5CQRQ ?PC PSL DPMK ? QGLEJC B?R?ACLRCP ?LB A?LLMF
RFC ECMBIFGA BGQRPG@ SRGMEXOBIBMPQ

i -/411221/@5B:1?? &?AF $%/ SQCQ NPMNPGCR?PW RCAFLMIMBMPIGBIEBPGRW
PC?QMLQ BM MARIQC A?AFC NCPDMPK?LAC MP BCNRF MD A?AFC

i ;/-85F-@5;: -:0 5:@1>:-@5;:-85F-@5:SQR BEHCMERFGA BGQRPG@SRGML RFC CDD!I
MD J?LES?EC ?LB ECM QNCAGKA BMK?GLQ ?PC 2JQM MN?0SC RM RFCQC RCQRQ

i "01@1/@5; 5FGQ GQ NPGK?PGJW BMLC RFPMSEF %/4 PCQMJSRGML ?LB )551 F
MQR $%/Q SQC ? %/4 $/".& RM K?N ? SQCP RM ?L MNRGK?J B?RIMACIIREP
QMKC $%/Q SQCWA?QR *1Q MP BGPCAR " " PCQNMLQCQ DPMK ? BCICE?RCB BM
UFGAF FGBC RFC %/4 AF?GL *L MRFCP A?QCQ UC@QGRCQ SQC KSIJRGNJC $%/Q
@CRUCCCIOBMPQ UFGAF GQ FGBBCL DPMK RFC QGLEJC PCOSUQEPN?QQ MD MSF

i  $B 01@1/@5;:8FCRFCP MP LMR ? $%/ GQ AMLKESPCB RM SQC *1T A?L @C GLDCPI
RFC %/4 CLRPW DMP RFC BMK?GL L?KC AMLR?GLQ ? """ CLRPW ?LB ?AACNRQ ?
AMLLCARGMCAV1T 5FC RCQR PSL BGB LMR GLAJSBC RFGEWNTZRGIGRW
UCTC CLQSPCB RFGQ B?R? A?L @C AMJJCARCB DiFP'RERL?A8

"JJ MD RFGQ GLISCLACQ MSP KC?QSPCKCLRQ 5FCQC PCQSJRQ PCICAR RFC QSNNMPR MD
DMPWCKNJIC 5-4T )551 ; QR?LB?PB NCP QGRC @SR BM LMR PC?0AR S@RERJ RP

8GRF RFGQ GL KGLB FCPC ?PC ? DCU QR?RGQRGAQ RF?R UCPC GLRCLRGML?MR/ LMR KC*
MD ? $%/

i 5GKCHBI'GPQR #WRC 55%
i 5GKCH® -?QR #WRC 55-#

i $%/ 3MSLB 5PGN 5GKC

i $MPC C@ 7GR?JQ

i gh?AFC FGRPPRQSAWAFC KGQQh NCPDMPK?LAC

2024 Web Almanac by HTTP Archive 651



Part IV Chapter 17 : CDN

8FGJC QMKC MD RFCQC AMSJB @C KC?QSPCB UGRMEBR2QEA-GIB MRACBQGAE RFC

$P69 B?R?QCR RFC JGKGR?RGMLQ MD MSP KCRFMBMJMEW ?LB RFC SQQMWHICKIGRGRIC $%/Q @
UGJJ @C BGDKASJR RM KC?QSPC ?LB QM AMSJB @C GLAMWPRARQE PRROBIGB®RTEF?

BCAGBCB LMR RM KC?QSPC RFCQC QR?RGQRGAQ GL RFGQ AF?NRCP

% 25@AE:@7

"UC@ N?EC GQ AMKNMQCB MD DSNIMIKNMLICLRQ

#?QC )5.- N?2EC DMPV2KNJC www.example.com/index.html dMDRCLI?GJ?@JC
?R ? KMPC DPGCLBJW IC?KS( www.example.com

&K@CBBCB kPQR N?PRW AMLRCLR QSAF ?Q GK?ECQ TRQAPTMERQCOBRFC
K?GL BMK?C www.example.com ?LB RFC QS@BMK?GLY NPT
images.example.com MI assets.example.com

5FGPB N?PRW AMLRCMNRKNIE GMMEJC "L?JWRGERRTBICKCLRQLCROPMK
RFGPB N?PRW BMK?GLQ

"@>K * LI8>< MJ ?FJK<; ¥JFLiI<J FE DF9@C<

5FC AF?PR ?I@NFMUQ RFC @RGAL MD PCOSCQRQ DMP BGDDCPCLR RWNCQ MD AMLRCLR )5.-
4S@BMK?GL ?LB 5FGPB N?PRW QFMUGLE RFC QF?PCOE@MLRCCRUEPVMPGEGL ML
KM@GJICTBBCQ GBCLRGA?J KESPCQ CBOM@BCBIRMN

$%/Q ?PC MDRCL SRGJGXCBIPGRPBQRZRGA AMLRCLR QSAF ?Q DMLRQ GK?EC kJCQ QRWJCQFC
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LC?PJW RFPCC RGKCQ RF?R MD BCQIRMN $%/ KQ 5FGQ BGDDCPCLAC GQ JCQQ NPMLMSLACE
QCRIPQ @SR QRGJJ QGELGKA?LR UGRF KM@GJC KCBG?L RGKCQ KQ @CGLE ?@MSR RGK
RF?L BCQIRMN  KQ

5FC BGQN?PGRW @CRUCCL BCQIRMN ?LB KM@GJC KNCRBIRKRMRFRERWEANGA?IIW JMUCP

NPMACQQGLE NMUCP ?LB NMRCLRG?JJW JCQQ QR?@JC LCRUMPI AMBACAREMLQ MD KM@GJC |
QSNCPGMP NCPDMPK?LAC MIPHRGEGL QBRPL @C ?RRPG@SRCB RM RFC BGQRPG@SRCB L?RS
$%/Q UFGAF NJ?ACQ AMLRCLR AJMQCP RM CLB SQCPQ ?LB MNRGKGXCQ DMP D?QRCP AMLLCAI

>286 7T@C>2ED 2?75 @AE:>:K2E:@?

*K?EC DMPK?RQ\WNIAPSAG?J PMJIC GL $MLRIEMR ABRIBIPE%/Q ?LB A?L QGELGKA?LRIW

GKN?AR UC@QGRC NCPDMPKA/NCPERCRC 7IEMJ CDKAGCIMBCPL GK?EC kJC DMPK?RQ

JGT 8 C@1 ?LBT* MDDCP QSNCPGMP AMKNPCQQGML ARBOREBIERMRPIC?RIZICLB

1/( 5FGQ PCQSJRQ GL QK?JICP kJC QGXCQ UFGAF JC?BQ RM D?QRCP N?EC JM?B RGKCQ PCBS
SQ?EC ?LB GKNEBISQCRNCPGCLAC

.MQR $%/Q A?L ?SRMK?RGA?JJW BCRCAR RFC SQCPfQ @PMUQCP £ RP@INMGRGCQ ?LB QCPT
?NNPMNPG?RC GK?EC DMIPKK?RNJC 7* RM $FPMKC @PMUQCB@ 18RM &BEC @PMUQCPQ
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+1&( RM MIBCP @PMUQORQ@ BEFOSPRFCP PCQGXC ?LB A?AFC GK?ECQ ML RFC IW RM F2LBJC
PCQNMLQBTQGEL PCOSGPCKCLRQ 5FGQ ?JIRRNRQGRE SNGPB ? QGLEJC FGEF PCQMJISR
GK?EC ?LB LMR'6RE RM K?GLR?GL 2JJ GRQ T?PG?REISRIILQGRC J?

"@>K @IKI@ILK@FE F=RiD@%k DF9@C<

"QMD  B?R? PTC?JQ RF?R UFGBGREML?J DMPK2REJCLB 1/( QRGJJ BMKGL?RC fRFCPC

2 AJC?P RPCLB RMU?PBQ ?BMNRGLE KMPC CDKAGCLR ?LB KM@GJIC BE@TIBBMDMPK?RQ J
5FC KM@GJC CAMQWQREKEIREMUQ FGEFCP LSK@CPQ DMP KMQR DMPK?RQ PCICARGLE
EPMUGLE GKNMPR?LAC MD KM@GJC UC@ SQ?EC 5FC NPCQCLAGMD*LQSEEINRRK?RQ JGI
GLBSQRPW NSQF RMU?PBQ KMPC CDKAGQIRBRGEE BQUSASAG?J DMGLE KINFRM
NCPDMPK?LAC ?LB SQGEPGCLAC ?APMQIGAGC

=:67E ?ED

'GPQR NPMNMQCB YORMIPCBSAC GLDMPK?RGML DPMK RFC 6QCP "ECLR QRPGLE $JGCLR)
UC@ QGERM NPMBARGFCOSCQR B?R? DPMK RFC AJGCLR ?LB ?PC QCLR ?Q N?PR MD RFC
FC?BCPQ $JGCLR )GLRQ ?PC BGTGBCB GLRM DMSIAE?BQEMPECORBEICDCPCLACQ SQCP
NPCDCPCLAC KCBG? DC?RSPCQ ?LB LCRUMPIGLE 5FGI) BSRRFEERMFG@EMPLB JMU
CLRPMWFGLRQ )GEF CURPEINRQKNANEBC RFC ?@GJIGRW DMP RFC $%/ MP MRFCP CLRGRG
KLECPNPGLR ?LB RFSQ ?PC RWNGAVSQIE?RCBKBQQGMLQ MP MRFCERIN®IBRGCQ BPGT
@PMUQERU CLRPMNFGLRQ ?PC JCOW BSI @ CEBMIRFC ?@GJIGRW DMP RFC AJGCLR RM @C
KLECPNPGLR®RBJ CLRPMNFGLRQK®C NBBCBAEBCD?SJIR BCNCLBGLE ML SQCP MP @PMUQC
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QCRRGLEQ

#?QCB ML RFC'NPBLCB GLDMPK?RGML RFBRMEIRCPKGLC RFC KMQR MNRGK?J PCQMSPACQ RM
PCQNMLB UGRF RM RFC PCOSCQRGLE AJGCLR TERGINOBLRSMIWE BCSFPMKC @ PMUQCP
MRFCP $FPMKGSK @?QCB @PMUQ@BRMYREB GR @SR MRFCP NMNSJ?P @PMUQCRQ AMLRGLSC F
JGKGRCB MP LM QSNNMPR DMP $JGCLR )GLRQ

5FC $%/ MPGEGL QERT?LB AJGCLR @PMUQCP KSQR 2JJ QSNNMPR $JGCLR )GLRQ RM @C SRGJC
NPMNCPIYW?PR MD RFC RRC $%/ A?L NPCQCLR RFC "AACNR $) )551 FC?BCP RM RFC AJGCLR GL
MPBCP RM PCOSCQR UFGAF $JGCLR )GLRQ ? AJGCLR QFMSJB GLAJSBC GC QS@QCOSCLR PCOS
KC?QSPCB AJGCLRQ PCQNMLQCQ UFCPCTRIBCBRAGAFC?BCP GLQGBC RFC PCOSCQR ?LB
KC?QSPCB GR ?APMQQ ?2JJ $%/ PCOSCQRQ PCAMPBCB ?Q N?PR MD MSP RCQRGLE

"@>K C@<EK $@EKJ FDG8I@JFE DF9@C<

*L  $IJGCLR)GLRQ ?BMNRGML U?Q ?R JCQQ RF?L DMP KM@GJC PCOSCQRQ 8FGJC RFC PC
U?Q ?L GLAPC?QC UGRF JCQQ RF?L MD RFC PCOSCQREADIPFAKBIE@EFREBE RFC NPCQCLAC MD
$JGCLR )GLRQ ?BMNRGML MD RFGQ A?N?@GJGRVC RIKRETQRIM BHKISPRGID PCOSCQRQ
M@QQH 5FMSEF LMRNGMPCB GL RFB@VAF?NRBIP$IGCLR )GLRQ ?BMNRGML AMLRGLSCQ RM EPI
UC KW GL DSRSPC AF?NRCPQ KC?QSPC FMU $%/Q ?PC SQGLE RFC "AACNR $) FC?BCP RM T?PW
A?AFGLE NSPNMQCQ ?LB ? KMPC NCPYNICPGEAGE C
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2C=J :?ED

&?PJW )GLRQ G8FRFCQR?RSQ AMBCRF?R 2JIMUQGQRPRM QCLB NPCIJGKGL?PW )551 FC?BCF
RM @PMUQCPQ @CDMPC RFC K?GL PCQBMLQGGQ FRIRBIABI?PIW T?JS?@JC DMP NPCIM?E
APGRGA?J PCQMSRORWIGDFCCRAPGNR ?LB DMLRQ

8FGJC K?HMP @PMUQCPQ QSNNMPR &?PJW )GLRQ UQ/DESNRENMBIAPMQQ RFC B?R?QCR
YMUCTCP?Q QCCL UGRF MRFCP LCUCP ?LB CKCPEGLE DC?RSPCQ QSAF ?Q 5-4T  $%/fQ AMI
JC?B RFC W2GL BPGTGLE ?BMNRGML AMKN?PCB RM QSNNMPR EMGLEBGRERRRERM UC@
UC MLIW M@QBBIMSB'J?PC ?LB '?QRIW QSNNMPR &?PJW/)GGRQGKA?LR LSK@CP
AMKN?PCB RM RFC PCQR MD RFC $%/ AMKKSLGRW

"@>K 18ICP $@EKJ FDGS8I@JFE DF9@C<
"Q ?BMNRGML MD &?PJW )GLRQ GLAPC?QCQ UC JVININIRGRE?RE RMRE-C NCPDMPK?LAC

GKNJGA?RGMLQ RF?RWBLRGEC *L DSRSPC AF?NRCPQ UC FMNT RWPB @RGP T
GKNJCKCLR &?PJW )GLRQ ?LB @C ?@JC RM TUSMRPKIFPTREDRGAQ

@?4=FD:@7?

*L  UC M@QCPCB $%/Q @C RFC BPGTGLE DMPAC @CFGLB RFC ?BMNRGML MD LCU ?LB Cf
RCAFLMIMEGCQ QSAF ?@Q)BRaL  RFGQ RPCLB AMLRGLSCB 8FCRFCP UC JMMI ?R

?KKGJI8K8K8:B<I @<Rl> ;F: ?KDC I=:  J<:K@FE
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AMKNPCQQGML RWUNEYRGG ?7LB ;4R?LB?PB MP CLAPWNRGML NPMRMAMJ 5-4  $%/Q PCBSAC R
FCAW JGDRGLE MD GKNJCKCLR?RGML UGRF ?RGKNJCAMIRESP RF?L SNEFLE ICCRQ
MD UC@ QEFRT JM?B @?J?LACPQ ?LB MRFCP [GRORP| BC

8 C JMNIB GLRM LCU KCRPGACPRERERWE?PIW )GLRQ ?LB ;4R?LB?PB AMKNPCQQGML 8
POGQGRCB $JGCLR )GLRQ ?UBPK?RQ 'UFGAF UCPC ?BBCBGL  *L  UC JMMI RM ?BB
KMPC ERSJ?P BCR?GJQ DMP?SBBGT GLRM FMU $%/Q ?PC GKN?ARGLE RFC ?BMNRGML MD *1T

"JJ $%/Q SQC ASQRMKEBEINCB MP KMBGKCB MNCLQMSPAC RCAFLMIMEGCQ DMP A?AFGLE ?LB
MNRGKGXGLE RFELEMID @GRQ ?APMQQ RFCGP LCRUMPIQ ?LB RFC NS@JGA GLRCPLCR %SC RI
?PC JGKGR?RGMLQ RM RFC GLQGEFRQ UC A?L BCBSAC ?@MSR $%/Q TERBRFICIMSRQGBC YMU
ARUJCB RFC BMK?GLQ ?LB AMKN?PCB RFC MLCQ ML $%/Q ?E?GLQR RFMQ@UFYCEPC LMR 8
RF?R $%/Q AT @CCL ?L CL?@JCP DMP UC@QGRCQ RM ?BMNR LCU UC@ NPMRMAMJQ DPMK RF
JWCP RM RFC ?NNJGAPRBML J?

$MLRCLR %@ /CRUMPIQ ?PC @CAMKGLE GLAPC?QGLEJW TGR?J RM)RPSARSEPIZCRIQ GLDP
RFCGP QGELGKA?LAC QFMUQ LM QGELQ MD U?LGLE 5FCGP RCAFLMIMEW PCK?GLQ CQQCLRG?
RF?R BCNCLB ML RFC GLRCPLCR CLQSPGLE TREMIQQEGRNQRCCB PCLB T @ASHBRW

2R RFC DMPCDPMLR

8 C PCAMKKCLB PC?BCPQ TGEEERRBACASPGRVWNRCPQ MD RFC C@& "JK?L?A UFCPC
QUCRJ RMNGAQ GL RFGQ AFAMRCBCBW®IC ?LB NBHC B?R? RFPMSEF ? BGDDCPCLR JCLQ

+MGL SQ ?E?GL GL  ?Q UC AMJJCAR 2LB ?L2JWXC KMPC B?R? RM QCC UF?R LCU GLQGEFRQ UC
QF?PC UGRF MSP PC?BCPQ

FE9@CD

+MC 7GEEG?LM

© HMIGEEG?LM

+MC 7GEEG?LM GQ ? 1IPGLAGN?J 4AMJSRGMLQ "PAFGRZARPRGKCRMICINGLE
.CBG? &LRCPR?GLKCLR ASQRMKCIXEBIETAMLRCLR ?R QA?JC

+?GE?LCQF (GPGL?RF?L
) NEH?GE?LCQF

+?GE?LCQF (GPGL?RF?L GQ ? 1PGLAGN?J 4AMISRGMLQ "PARZREBRTIRAGRXML 8
UGRF RFC KGQQGML RM FCJIN ASQBRMKOPQMBEUBDCASPC BNEBRRLAC
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"JCV .MCLGLE

© "JCV.MCLGLE

"JCV .MCLGLE GQ ? 4CLGMP &BEC 4MJSRGMLQ "PAFGRIX® 2RPRGATIO8
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'2CE - 92AE6GC
++'
H.o(3 )#( 2

<M@=<N<; 981IP , FCGS8BE; ?I@J WKK><I
E8CPQX¥; 8E; <;@K<;@MP , FCC8I

?EC@5F4E.@7

)551 PCK?GLQ RFC AMPLCPQRMLC MD RFC UC@ CEGEBULEREK BFSLE?RGAR?DEELE
B?R? ?LB CL?@JGLE T?PGMSQ RWNCQ MD GLRCPLCR QCRTEEIINGEI(PMRMRIGT UGRF
RFC J?RCORQG)MEL  QR?LB?PBGXCB ? JGRFRONZRPQ ?EM ?LB LCU MNRGMLQ RM CL?@J
GR PCACLRIW @CANMEGLEIC QSAF 2Q RF2)E%514 PCAMPBQ "R RFC Q?KC RGKC RFC

UC@ NJ?RDMPK F?Q @OMRELE KMPC ?LB KMPC FGEFORIRSPCQ RF?R TEI@NKPQ A?L

SQC RM GLISCLAC UFCL ?LB FMU PCQMSPACQ ?PC PCOSCQRCB TCB B@UISREBCB M
GLAJSBCQ MNRGIMCQRMIPAC )GLRYIPCKNIC NPCIM?B ?LB NPCAMLISZRRW )GLRQ

7LB RFCCRAF 1PGMPGRW "1*

*L RFGQ AF?NRCBGJJI kPQR JMMI ?R RFC ASPPCLR QR?JBGIMD )36B )551
?BMNRGML ?LB FMU RFCGP SQREICBTWLE RGKCCBRFCL AMLQGBCP RFC LCU UC@ NJ?RDMP

?KKGJ8K8KB:B<I| @<K> ;F: ?KDC |=
?KKGI<M<CFGBRIFQ@CCS FI> ;F:J #CFS08JF...
2KKGN<9 ;<MC<8IE G<I=FIDBE:<JFLI< ?@EKJ
?KKGI<M<CFGBIFQ@CCS FI> ; /D300, /K8KLJ
2KKGN<9 ;<MBIK@:C<J =<K:? GI@FI@KP

2024 Web Almanac by HTTP Archive 673


https://datatracker.ietf.org/doc/html/rfc9114
https://developer.mozilla.org/docs/Glossary/HTTPS_RR
https://web.dev/learn/performance/resource-hints
https://developer.mozilla.org/docs/Web/HTTP/Status/103
https://web.dev/articles/fetch-priority

Part IV Chapter 18 : HTTP

DC?RSPCQ RM ECR ?L GBC? MD RMBUQENRRIPRCB ?LB FMU NCMNJC ?PC SQGLE RFCK GL
NPARGAC

++' G6CD:@7? 25@AE:@7?

$MLACNRS?BBRRGLE ?L GBC? MD FMU UGBCQNPC?B RFC ?BMN.BGSS1 MOGEEQFMSJIB
@C C?QW HSQR PCNMPR FMU MDRCL C?AF MPQECINPMRYISRCE RM JM?B REUEI@QCPT
N?ECQ GL MSP B?R?QCR\BARINBQE?RIUBMLC GL RFINER®CIMU

"@>K ;FGK@FE F= $0G;IM@FEJ 8J 8 @&K8>< F= N<9J@K< ?FD< G8><]

8FGJC RFCQC PCQSJRQ KGEFR JMMI QCLQG@JC PRAFQRARZLADY RISGRC KGQJC?BGLE
*LBCCB ?Q £JCQCC J?BCPC?IGRW )EENNMPR ?APMQQ RFC UC@ GQ AJMQCP RM  GLQRC?B ML
RFC PCNMPRCB Z@MFGQ BGQAPCN?LAW GQ BSC RM RFC DRAR RF7R (SBECAGHE
@CDMPC @CGLE SQGEFURGREMBMIMEVDSREECE "JK?L?A BMERPC?JIW JCLB GRQCJD
UCJJ RM RFC K?GLEEBRAMNRGMI HTTP/3 via alt-svc 5FGQ A?SQCQ ? JMR MD )551
A?N?@JC QGRCQ RM QRGJJTOR JBEPBREBMRFSQ )551 GQ ECRRGLE SLBCPPCNMPRCB 8
UGJJ BGQASQQ RFGQ GL KMPC EDSR GMB CWILCWISIQ@RFGQ GOERISEGLE )551
7LB)551 RMECRFCP GLRM ? QGLEJQ$?@CJIRAD?R JC?QR AMKN?PC RFCK RIG)551
ECLCP

"Q QSAF UC QCC RF?R MLIJW MD FMKC N?ECQ ?PCOMPEBIB 5L ? K?PI  CB
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BGDDCPCLAC DPMKIFCPC GR U?Q QRGXRLB CQONCAG?JJW  UFCPC RFCEZQBA?JIW ?

QNJGR @CRUCCL)551 ?LB)551  )MUC TCPRFGQ GQ HSQR JMMIGLE ?R FMU RFC K?G
BMASKCLR RFC )5.- MD RFC N?EC GQ JM?BCB "MRIECRVMMAGLE 2R )551 ?BMNRGML GQ @
JMMIGLE ?R REBJIGML SQCB DMP 2JJ PCOSCQRQ GLAJSBGLE QS@PCQMSPACQ ?LB RFGPB
QICUQ RFC PCQSIRKGIPC RMU?PBQ )551

"@>K ;FGK@FE F= $0BE; 89FMk 8J 8 GREK8>< F<HIL<JKJ

5FGQ GQ @CA?SQRCUCBQGRCQ UGJJ IM?B ?BBGRGML?J PCQMSPACQ DPMK ? T?PGCRW MI
BMK?GLQ DMPKINJIC ?L?JWRGAQ NJSEGLQ R?EQ ?LB QMAGREGILEBG AHMRBEARFCGP QA?JC
RFCQ®RCPL?J QCPTGACQ MDRCLTGBRFZFNNRMPR DMPRFFIKQCJITQ MP KelSQC MD ?

QM A?JJICB $%/ MP $MLRCLREREIGRUMPI DMPKBIJIC "I?K?G $IMSBI?PC MP '"?QRJIJW RF?R
BMCQ GR DMP RFCK *L D?AR $%/QCP® $Q@GBW ML RFC MEBQERPQGRCQ GL MSP B?R?QCR
UGRF ? UFMNNGLE MDM @GJJGML PCOSCQRQ GL MSP B?RTCEBRVEGLEACPT

"@>K 07< GSKEK8>< F=#IM 9@CC@HE4JIKJ @E K& BD8ES: ;8K8J<K K?8K LJ< 8

*

5FCQC AMKN?LGCQ ?PC RWNGA?JJW ?R RFC DMPCDPMLR MD GKNJCKCLRGLE LCU QR?LB?

?KKGBCDB8ES: ?KKG@NWFI><E  ?KKG ?KKG 8;FGK@FE
?KKGBCDSES: ?KKGEMHFI><E  ?KKG ?KKG 8;FGK@FE
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8FCL RFOV CL?@JC ? LCU DC?RSPC GR TPGARBAIQRM 2JJ RFCGP ASQRMKCPQ SQS?JJW A?SQG!
D?QR GLAPC?QC GL EIM@?J ?BMNRGML "Q QSAF UC A?L QCC RF?R $%/Q ?PC QRGJJ MLC MD RF
MD )551 ?BMNRGML UGRF JCQQ RF?L MD 2JJ $%/ PCOSCQRQEPNSKI GIFEHQ GQ

?E?GL GL QR?PI AWRAEM PCOSCQRQ CR®BIART $%/ LMBC MD UFGAF SNRM QRGJJ SQC

)551

"@>K CDFJK 8C&KI=FD *J @J ;<C@i¥ FMI $00,

$MK@GLCB RFCQC PCQSJRQ QFMU RERRIVBGINRGML MD LCUCFCBRGMLQ GQ FGEFCP
RF?L TCPRFCPC ?PC QRGJJ NJCLRW MD QGRCQ RF?R ?PC GL B?LECBAMIDG@PGLE JCDR @CFGLE
KMQRJIW RFCJIYGRK?JICP NPMHCARGRRA?RMRCLE?EC ? $%/ @SR 2JQR BMLRFC

RCAFLGA?J ILMU FMU MP KMRGT?RGML RM CRREEKQEHELQ ?R RFCGP MPGEGLQ
$MLACNRS?RMGQ K2Q QCLQC ?Q RFC LCBQBNLQ BI¢ BMKC AMQRQ ?QQMAG?RCB UGRF

RFCK @MRF GL RCPKQ MDGRWIRIBICONCAG?JIW iR BSPKQ MD $16 SQ?EC "LB

UFGJC )551 MD AMSPQC QRGJJ DSLARGMLQ NCPDCARJW kLC RFCPC KGEFR @C QMKC NCPDME
CDKAGCLAW BMULQGBCQ ?Q MI2DNBEL KSIRGK3CE MD KSIJRGNJC PCQMSPACQ MLRM MLC
AMLLCARGML ?Q UCJJ ?Q ?BBGRGMLTI PTQRISPEQ MBGMPGRGX?RGML ?LB FC?BCP AMKNPCQQ

4RGJJ NCPQML?JIW * DCCJ GRIQINMMBRK MD AFMGAC ML RFC UC@ LMR HSQR GL RCPKQ MD
AMLRCLR @SR ?JQM RFC RCAF QR?AIQ RF?R ?PC SQCB ?LB RF?R GLAJSBCQ RRECIPMRMAMJQ
ASPPCURCP PCJG?LAC ML $%/Q DMP NCPDMPK?LAC ?LB QCASPGRWGRQQMBMCQ F?
BMULQGBCQ UGRF QMKNCHMEIEAZHRBGX?RIEGMD RFC UGBMSLB ? DCU J?PEC

AMKN?LGCQ *BNRFGLI BRC OSGRC RFECFP@S8RTC UPGRRCLIGMSQR@MSR RFC

?KKGINNN DEFK E<K 9CF> JK8E;8I ;J 8E; :<EKIBC@Q8K@FE
?KKGILCI< @EK<IE<KHF@ERP K?< :?8CC<E><J 87<8; =FI ?KKG
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UMPPWGLE D?AR RF?R GR GQ GLAPC?QGLEJW MLIW RFC $%/Q JTPREGQREARPLGATI RF?R F
ILMU FMU RM BCMWRFC LCUCP NPMRMAMJQ ?R fRARI FBGLPGEFR ?LQUCP FCPC @SR DCC
GRfQ EMMB RM FGEFJGEFR @MRFIPABERCHIUEAMSR RFGQ GR GQ AJC?P RF?R $26/Q 2JPC
SN ? J?PEC N?PR MD RFC WCEERRIPR RFCPC BPGTGLE ?BMNRGML MD RFC ICRIIEVERL T

- CRfQ RFSQI&MU?W DPMK RFC NFGIMQMNFGA?J @BAICBLIWVW RESFLGA?ILBMUNIMPC
UFW €?ARJW RFC@ "JK?L?A B?R?QCR GQ MLJW QCCGLE JMU NCPACIERCECR MpOB51

:D4@G6C:?8 ++' DFAA@CE

.C?QSPGLE )551 ?2BMNRGML A?L @C AF?JJCLEGLE @CA?SQC KMQR KMBCPL @PMUQCPQ 2L
LMR RPW )55RFC kPQR RGK®RI?B ? N?EC DPMK ? BMKRGEPRER QCCL @CDMPC 5FC
PC?QMLQWRPC AMKMACB UCPG/RJ?GLCB GL BCR?GIMSIRED "JK?L?2AQ 2LB

5FC QFMPEPRGML GQ RF?R GRAAREIEPMUQGEPWTIMLE RGKC RM D?JJ @?AI RM
Y551  MP)551 GD)551 GQ LMR?GJ?@JC DMP RFC R?PECR BMWKRKBLIIDGP RFC
QCRIP BMORLQSNNMPR R GD RFC LCRUMPI GQ @JIMAIGLE RFC NPMRMAMJ

5FGQ GQ JCQQ MD ? NPM@JCRIBABIE51 ?Q RFGV @MRF PELAVRFGS NPMRMAMJ *D

RFC QQEA BMOGLOSNNMPR )55GR A?L HSQR AMLRGLSC UGRW JB5R RFG/GQRGSE 5
AMLLCARGML RFC @PMUQCP QCR SN ECRRGLE ?L If51QR=URCTIB@PABGDDCPCLR ?Q GR
PCNJ?ACEL HGRF LCU RR.QNMPR NPMRMAMJ A?JJCECGRS GL RSPL PELIORFC 6%1
NPMRMAMJ *D RFC @ENIBNCEQ ? 26*$ )551 AMLLCARGML RM TOGFPR BMRQSNNMPR

GR RF?R QERIMSJRL.@C ?@JC RM D?JJ @?AI RM)551  QGLAC RF?RfQ MLIW NMQQG@JC
MICP 31 LMR 26*$ 6%1 *R UMSJBT?RM U?GR DMP RFCABA1 CARGML RM RGKCMSR UFGAF
A?L RTT QICRJ QCAMLBQ ?LB MLIW RFCL MNGI1 AMLGARGML DMP )BB1)551

UFGAF UMSJB @RW LMRGAC?@JC DMP RFC CLB SQCPQ

5M NPICLR SQCPQ QSDDCPGLE RFGQ VAR REFMBUIP UGRRBAIMLIW RPWGB51
GRIQ QSPC RFC @EPUGJJ QSNNMPR GR #SR FMU A?L GR @CJJ QEPRFEORCPT
BCNIMKCLRUMJIGAGRIW RCJIQ RFC @PMUQCP GR«RORNNIBPRHIFFHRC

5FCPC ?PC RUM K?GN@ ™MD BMGLE RFGQ

(41 altsvc  (($>17<;:7141-01> RFC)551 QCEP ?BIPRGQCQ )551
QSNNMPR UFCL ? PCQMSPAC GQ ACOSEZIREIB Y551

(41 ™ (($ >12;A>/1 >1/;50 RFC %/4 QCEeF GLBGA?RCQ )REINNMPR BSPGLE
L?KC PCQMISRGML @CDMPC AMLLCARGML CQR?@JGQFKCLR

5FC kPQR MNRGMLZXP ®FC KMQR NMNSJZ@ ERB?2Q RFC BMULQGBC RF?R GR kPQR LCCBQ ~
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g@MMRQRBLEh AMLLCARGM)S81 MP)551 RM BGQAGP )551 QSNNMPR 5FC QCAMLB
MNRGML PTBYRFGQ BMUL@GBERBGLE RFC GLDMPK?RGML BGPCARJIW GL RFC %MK?GL /?KC 4V
%/4 UFGAF PCQRIQT@CDMPC RFC kPQR )551 AMLLOGRBVBGERIGQ FMIPAKSAF

LCUCP ?LB RFSQ JCQQ QSNNMPRCB ?R RFC KMKCLR MD UPGRGLE

5M ECR ? EMMB GBC? MD PCQBJSBMPR GL RE@8'JK?L?A B?R?QCR UC LCCB RM AMLQGBCP
@MRF QCNRIRQ RNCUGJIEBNVILIGARGLE PCQSJRQ

++' G:2 alt-sve

"Q BGQASQQCBCZ @R RFC @PMUQIEPARIQICARCE RM ? BMK?GL @CDMPC GR UGJJ MLIW RPW )55
MP)551 M TCP $1 ?Q RFMQC ?PC KMQW Jll @C QSNNWRRTHAF )551MP )551

PCQNMLQC RFCRGRT RFCL QCLB ?JMLE ? alt-svc  )551 PCQNMLQC FC?RILBGA?RGLE

GR GQ EBRECB RM QSNNMPR 785CJJd?R JC?QR DMP ? QNCAGRKE RE! ma)K?V

?ECN?RKCRCP

"@>K alt-svc  I<IGFEJ< ?<8,<DGC<

altsve  QR?LBQ DB@1>:-@5BL>B5/1? WISTPC ASPPCLRIW SQGLE RECHIEIAC ?LB
RFCRQ ?JQM 2L )550CPTGAT?BI?@JC SQS?JIW ?R 6%1 NMRRK RFCL ML UFCL RFC

@PMUQCP LCCBQ ? LCU AMLLCARGMLORIGRACIGRIAT RM CQRT@R GB3E GRONICJJ

6QGLE RFGQ KCAF?LGQK RFSQ KC?LQ REQRRBHIGA?IIW MLIW SQCB DPMK RFC QCAMLB N?EC JI
MD ? QGRE?MB ?Q RFC kPQR JM?B UGJJTEMNGIPNES51  C TCL GD RFC QERBNNMPRQ

)551  "LB RF?R GQ RFC APSV MD RFC GQQSC FCECJRIIRROMLIW KC?QSPCQ RFC kPQR N?EC
IJM?B\@BCQGEL
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*L MPBCP RMEFCQSJIRQ AMK@IEP ?LB D?GP 2APMQQ UC@QGRCQ UC U?LR RM JM?B C?AF N
DPCQF @PMUQCP NPMKJC ?LB LMRFGLEKEL RECABSDA j A?AFCQ "Q QSAF  alt-

svc KCAF?LGQK GQ AMLACNRS?JJW SQCJCQQ GL M3R KERAMBWISREVRFC GLGRG?J )551
AMLLCARGML ?ITEPECR RM )555FGQ GQWKC?QSPGLE )55BMNRGML BGPCARIW @
NPMRMAMJ SQCB GL MSP B?R?QCR ?Q UC BGB GL REG® R GIEEE2@®MGRF )551
ECRRGLE SLBCPPCNMPRCB

*FK< 8K K?@J GF@BRF?K NFE;<| ?FNRI<ME J<<@E> $0@G8>< CF8;J 8K 8CC J@QE:< N@K? ALJK
alt-svc N< J?FLC; 9< J<<@E> $000?@J @J F=:FLIJ< D8B@ECP ;L< KF K?< LJ< F=K?< E;
;@J:FMIP D<K?F; M@8 */ N?@:Z8€ ;@J:LJJ C8K<I

- CRfQ LMU JMMI NSPCJW ?R FMQ$BIMPR GQ @CGLE ?LLM¢ alt-svc~ RM ECR ?L GBC?
MD FMU KSAF QSNNMPR QGRCQRITBBELRADEZR BRCARS?JIW QFMU SN GL MSP B?R?QCR

"@>K $00, JLGGFIK M alt-svc ?8J @EBI<; IK<8;@CP J@E:<

8FCL UC J?QR JMIBI?R )551 QSNNMPRSL +SLC ~ RFC NPMRMAMJRTOL DSJIW
QR?LB?PBGXTR WRGJJ BSC RM C?RUWRGUDPMK QMKC JAERINIPMSLE  MD QGRCQ

GL RFC )551 "PARGB?R?QCR GLBGA?RGRRESNNMPR DMP J5BL  RUMEPPQ J?RAB

A?L QCC RF?R QSNNMPR DMP RFC LCU NPMRMAMJ F?Q QRC?BGOMRRIRICL SN RM
KM@GJELC?P MTCRJJ GLAPC?QC *D RF?R QRGJGRETRERBAWIW OSGRC QGKGJI?P RM )5
fQ OMISRGML UFGAF COS?8WRB SNR?C GL GRQ QCAMPERDRCP QR?LB?PBGX?RGML

?KKGBCDBES: ?KKGEWFI> <E  ?KKG ?KKG JLGGFIK
?KKGPKKGE@WFI> KGFIKJ JK8K< F= K?< N<9 ?
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*R GQ QMKCUF?R GLRCPCQRGLE RM QCC RF?R KM@TRRGMEE NFRRICZBTRRCP QSNNMPR DMF
)551 RF?L RFCGP BCQIRMN AMSLRCPN?PRQ 5FGQ A?L MNIRGLRBABRME OZAR RF?R

)551  UGJJ K?GLIW BIR@ICLCKRQIVKM@GJC ACJJISI?P LCRUMPIQ ?LB QM QGRC MULCPQ KGEF!
U?LR RM K?GLJW CL?@JC GR DMP RF?R ?LB @CA?SRCQSRIAAMPRQRRGII RCLB RM @JIMAI
)551 ML RFCGP LCRUMPIQ K?IGLE GR JCQQ GLRCPCQRGLE RM CL?@JC DMP BCQIRMN AJGCLR

"@>K $00, JLGGFIK @J{@DB@ECP 9P *J

4GKGJ?P RM )552@MTC RFC QSNNMPR DMPABIKICQ K?GLIJW DPMK RFC $%/Q @SR GL ? OSGRC
CV/RPCKC DMPKWIMNGLGML ?PMSLB  MD ?JJ FE5QNMLQCQ QCCL GL MSP B?R?QCR A?KC

DPMK ? $%/ 5FGQ AMKN?PCQ RM ?PMSLB  MD ?ROBSICQRQ 5FGQ GLBGA?RC@WRF?R RMB?
TCPW DCU UC@QGRC MULCPQ ?PW/QCHNDSBCRREMFCGP MPGEGL ?LB PC CKNFPQEBIKCR K

DPMK ?@3/RF?R D?QR ?BMNRGML MD LCU RCAFLMIMEGCQ KGEFR Q?BJW @QAMNC ? J?PEC AM
RFGLE 5FGQ GQ LMR CLRGRBREBEMUE ? IMR MD RFC NNNIEIRFG QRIS QCPD

BM LMR 2 QR?@JC K?RSPGVMBIC@?SJR )55QSNNMPRRVGLAJSBGLE NPMIGCKBQ8G]

"N?AFC ?LB LEGLV 3SLLGLE ? QA?J?@JBQBEM/KCLR RF?R SQCQ QMKC MD RFC NPMRMAMJfQ
KMPC ?BT?LACB DC?RSRAMIGCCARGMLAREGRM ?LB 55 GQ D?P DPMK4RQW * FMNC RM

QCC KMPC NCMNJC QCJD FMQRGLRFE51C?P DSRSPC

OLC GKNMPR?LR PCK?PI RMIKZPC GQ RF?R LMR ?JJ $%/Q QFMU COS?JI\Q SIHER P51
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++' alt-svc %

'"?PAC@MMI "SRMK?RRGA HQ%CJGTP

$IMSBI?PC $CBGQ

(MMEJC "K?XML $JMSBDPMLR "TEARMQMDR "XSPCW$UL "IG@?@7? $%/
"I?K?G 4SASPG 'GPCU?JJ "XGME%/

S5UGRRCEPACJ /CRIGDWY%/ &BEC$?QR ($MPC $%/ *LA?NQSJ?

'GESPC  1CPACLR?EC MD )5t alt:sve  PCQNMLQCQ DMP ?JJ PCOSB@REPQBAN?PRW
$%/Q UGRF AMLQGBCBRIKA QF?PC

'GPQRIE QCC RF?R QMKC AMKN?LGCQ QCCK RM EM 2JUGRMRAGE®MMI DKHKISIC
GLBGA?RGLE )588NNMPR ML~ MD PCQNMLQCQ 5FGQ GQ GL2QRARMAMERBI?P
AMKN?LGCEHEIGRRCP 9 RF?RRBOICL alt-sve 7R 2JJ 4CAMLBIL QMKC $%/Q RF?R

AJC?PIW QSNNMPRPSZFCIW PC?AF FGEF NCPACLR?ECQ UGRF $JMSBI?PC JC?BGLE RFC N?
7LB "I?7K?G R?EEGLE ?JMLE ?R HSQR

5FGQ KMQRJ®IF?Q RM BM UGR¥TARIW RFC $%/Q CL?@JC RFC LCU NRRIRREAMC '
$IMSBI?PC F?Q CL?@JGB BBD@SIR DMP RFCGP DPCC NJ?LQ JC?BGLE RM FGERQRFMSEF LV
SQC *L AMRRR "I?K?G PCOSGPCQ GRQ ASQRMKCPQ RM K?LS?JJW CL?@JC RFC DC?RSPC C
AMLKESIRGML UFGAFWQCCK QIMWESUIGLE RM BM "Q QSAF RFC ?KMSLRBIENFFIR

ML RFC UCRL.C;@C KSAF FGEFCP RF?L ?PMSLB  GD ?JJ $%/ ASQRMKCPQ UMSJB CL?@JC Gl

'‘GL?JIWER GQ QMKCUF?R QSPNPGQGLE RF?R QMKC KMP GAGIICRGQIGERIB HSTENRIGA

FCTGJIW JC?L GLRM )551 UFGJC MRFCPQ JEGITCPACJ ?LB /CRIGDW QFMU LC?P XCPM )551
QSNNMPR * A?L MLIJW QNCASJ?RC ML RFC PC?QME@FRNMRBEKABIRGER KMQRJIW BSC RM RF
AMKNIMGRW MD QCRRGLE SN ?LB K?GLR?GLGLE RFC LCU NPMRMAMJ ?R QA?JC UFGJC RF(
AMKGLE AMKN?LGCQ KGEFR NPCDCP RM DMASQ ML MRFCP N?PRQ MD RFCGP QR?AIQ kPQI

*FK< 0?7<J<ILCKI D@>?K ERK >@M.1 8K< @BGI@FE F=N?8K *X&8:KL8CCP ;F@E> 8J
JIUKCR?< *;<K<:K@FE CFH@>7K 9< @EBKKI@E:FDGC<KGBHEE< /?FG@=P EFlI GGC< 8l
KB:B<; J<G8BK<CRIR 8E; J<:FE;CP 8 CFK F81BxIKHL<JKJ8EFI BEBCPK@BHKI N?@:?

D@>7?K EFK 9< @E@-88@MILGGFIK =FI EFID8C G83Flli< CF8;JY<JG<:@8CCP =FKI@K<J C@B
"8:<9FFB

*L AMLAJSQGML UC QCC RF?R ASPPCLRJW ?PMSLB  MD ?JJ U@ QKCRCA BIRRECR
?LLMSLAC )551 QSNNMPR RFPN alt-svc 5FGQ LSK@CP AMSJB NMRCLRG?JIJW @GRSAF FG
?JJ UC@QGRCQ RF?R SQC ? AMKN?RG@JC $%/ UMSJB CL?@JC GR "RIFREQ?MBRERBKC FMU
LSK@CP MD )55PCOSCQRQTIIQCCL GL RFC B?R?QCR GQ K&@&ERMTCP "Q U@iC

?KKGP@K?L9 :FD $00, :?@WNGK8><EK 9CF9 <=: 8 8 . 1= @EK<IE8C FGK@D@Q8K@FE7:?<:BJ GP (
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OVNJ?GLCB RFGQ GQ BSC RM RFC SQCB KCRFMBMJMEW ?LB KMQR MD RFMQC ~ UGJJ AMKC DF
)551 BGQAMEPW KCRFMB SQGLE %/4 PCAMPBQ QM JCRfQ J¥RMI 2R RFMQC LC

++' G2 %*

8 C LMU SLBCPQR?LB RF?R ?LLMSLAGLESBBIMPR TG alt-svc ~ )551 PCQNMLQC FC?BCP

F?Q QMKC BMULQGBCQ JC?BGLE RM RFC LCUCP NPMRMAMJ MLIJW @CGLE SQCB DPMK RFC QC,
AMLLCARGML RMCRY@PPBQ M ECR PGB MD RFGQ GLEBKAGEMAGCP UMBIRM?

BGQAGP )551 QSNNMPR @CDMRIL GRICLCB RFC kPQR AMLLCARGMLEMRFCIWEITPC

GQ QRGJJ MLC RFGLE RF?R F?NNCLQ @CDMPC ? AMLLCARGML A?L @C QCRSN ?LB RF?R GQ %/

5FC %MK?GL /?KC 4WQRCK %/4 GQ MDRCL BCQAPG@CB ?Q ? J?PEC NFMLC @BIRMUFGAF 2JIMLU
RPLQJ?RC ? FMQRL?KCVDRKIRI www.example.org  GLRM MLC MP KMPC *1 ?2BBPCQACQ UGRF

7LB AAAA OSCPGCQ PCRSPLGLE *1T ?LB *1T PCQSJRQWPCINIBRGITCQQCLAC RFC %/4

A?L 2JQM @C RFMSEFR MD @RWSQRECT BGQRPG® ZREB QRMPC RF?R A?L FMJB MRFCP

RFGLEQ @CQGBCQ *1 ?2BBPCQQCQ ?LB ?QQMAGZ CNAMER ZBPHEC IGUMKCKNICQ

GLAJSBC JGQRGLE CK?GJ B MXBOAMRERF ?LB S TXT PCAMPBQ RNGMMLCPQFGN MD ?

BMK?GL DMPKNJC DMER{Q &LAPWNR

5FC N?QR DA@PRQ UMPI F?Q @CCL MLEMGLE RM ?JQM ?BB MRFCP GLDMPK?RGML RM RFC %/4 C
N?PRGASJ?P UGRF RFC LCU AMCRUBIROMELBGIBE 2IB )5514 PCAMPBQ5FCQC LCU
PCAMPBQNFBC RFC AJGCLR UGRF ? JIMR KMPC GLDMPK?RGML ?@MSR ? QCPTGAC MPGEGL RF?
?BBPCQQCQ UFCRFCP GRfQ )5514 A?N?@JC UFCRFCP GRIAAPSNRRBCIGOLR JIMEM
CVRPNPGT?MFP DMP MSP NSPNMQCQ UFGAF NPMRMAMJQ GR QSNNMPRQ ?LB ML UFGAF NMPRC
GLRCLBCB RMKGLGRG?J AMLLCARGML QCRSN TEIRVGADEGKIMNC CDKAGCLR ?Q ASPPCLRIW
RFGQ GQ MDRCL BMLC RFPMSEF QIMUCP KEREIMBAD PGBGPCARQ MF alt-svc ~ MMP

PCOSGPCQ MSR MD @7?LB KCR#AABPIIM?B 5FCN ?PC ?JQM GLRCLBCB RM FCIN WGRF AMKNJC
JM?B @?J?LAGLE QCRSMEKRMPUEF-CL AMK@GLGLE KSJRGNJC $%/Q

" DSJJ BGQASQQGM#NIMEIB R?I RMM KSAF RGKC FCPCERQICUC UGJJ DMASQ MLIW ML FMU
UC A?L ?LLMSLAC )55IQSNNMPR RFPMSEF RFC LCU )5514 PCAMPB ?QIRECRE RCMRFCP
@JME NMQ@RBBMASKCLRQGREMPC BCR?GIQRFC UGBCP ?NNJGATHREMIRMI 7R 2L

QV?KNJC MD RFC )5514 PCAMPB GL RFC UGJB

?KKGI<KJI<E:IPGK FI> ;F:J :?8CC<E>< KPG<J ;EJ :?8CC<E><

?KKGNNN I=: <;@KFI> I=:1=:  ?KDC E8D< >F8CJ

?KKGILGGFIK DFQ@CC8 FI> B9 LE;<IJK8E; <E:IPGK<; :C@<EK ?<CCF
?KKGI<MCFGBIFQ@CCB8 FI> ;<D300, $<8;<IJ /KI@:KIBEJGFIK /<:LI@QKP

?KKGNNN ;FD8@EKFFCJ :RDALI<J 9CF> K?< LJ< :8J<J 8E; 9<E<]KJ F&8K ?KKGJ ;EJ4:FI; KPG<J
?KKGBCF> :CFL;"81:FD JG<<;@E> LG ?KKGJ 8E; ?KKG E<>FK@8K@FE N@K? ;EJ

2KKGNNN @J: FI> ;F:J  N<9@ESI ;EJ J:M9 G;=

?KKGNNN E<KD<@JH=I9CF> ?KKGJ 113 ?KDC
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"@>K */$00,/1  <JFLI<I<:Fl; <BDGC<

"Q UC A?L QC blog.cloudflare.com GLBGA?RCQ QSNNMPR DMP @MR-3351 GL
MPBCP MD NPCDCPCLAC alpn="h3,h2" N?PR MD RFC PCQNMLQC "-1/ QR?LBQ DMP
"NNJGA?RGMLCP?1PMRMAMJ /CEMRGHREGARU?Q MPGEGL?JIW_ MNP RNP 4CASPGRW
NPMRMAMRCLQGML RM GLBGA?RC UFGAF ?NNJGA?RGNIPRBVIR Y ABRANNMPRE
CQ/?KNJC RM ?JIMU RARCESBJ D?JJ@7?Al DPMKRBA)551 BGQASQQCB P@M

5FC ECLGR ?2NNPM?AFd?LB "-1/ L?KCAGQ PCSQCB DMP RFC %/4 )5514 PCAMPB 2Q UCJJ
"BBGRGMLBRGVZKNIC QFMUQ RFC MN ipvéhint  ?LB ipv6hint CLRPGCQ UFGAF 2JIJMU
QRCCPGLE MD SQCPQ RM QNCAGKA CLBNMGLRQ DWP@RKAEK ACQLRIRBAQGLEIC
K?AFGLC GL RFC BUKOMR ?ARS?JIW QSNNMPREDB5®P GL ? KSIRG $%/ QCRSN

*L AMLAJSQGML GD ? @PMUQCP OSCPGCQ RFC %/4 DMP RFC )5514 PCAMPBQ UFGAF GQR
N?RJJCJ MEEC @CDMPC " ?2LB "™ OSCPGCQ 7?LB QS@QCOS h3 B[UWRPCCL/ IGQR RFCL

GR GQ ?JJMUCB CE&BIM ?JQM RPW B8P GRQ kPQR AMLLCARGMLEGRREQ/@CIRIQCQ
RFCalt-svc O@MMRDRNGLEHEPFC?B

-CRfQ LMU R?? JMMI ?R FMU KSAHUQCCL RFC LCU %/4 PCAMPBQ @CGLE SQCB GL RFC UGJ
8 C@ "JK?L?A B?R?QORIIGLE ?R RFC EQISIFC UC QCC RF?R ?PMSLB  MD @MRF KM@GJC ?|
BCQIRMN N?ECTZFL )5514 PCAMPB MD QMKC IGLB BCKLCB /MR ?JJ MD RFM(h3 GLAJSBC RFC
MNRGML GL alpn RCARGML FMIPCRF?RfQ QJGEFRJW JMBCRMMRLB KM@GJC

?KKGJ<M<CFGBIFQ@CCS8 FI> ;F:J #CF{J8IP
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"@>K $00, JLGGFIK @3LC8ICP 9<@E> 8EEFLEL>K? $00,/1 <:FI;J

5FGQKC?LQRF?R MPWP KGJIGML MD ?JJ AMLQGBCPCB N?ECQ GL MSP B?R?QCR GLBGA?F
)551 QSNNMPR RFPMSEF %/4 JMIPERFGQ BMCQ LMR ?SRMK?RGA?JIW KC?GRFPIRQ)N51
?ARS?JIW SQEREE @PMUQCKE QFMUCB GL RFC kPQR GK?EC MD RAGIWAF@INFSER

BCQIRMRM KM@GJa@D N?ECQ UCPC ?ARS?JIWTIN?IBEB MFGQ GQ BCKLGRCJIJW GL RFC

Q?KC MPBCP MD K?ELGRSBC ?Q RFC %/4 )5514 ?2BMNRGML @SR LMR OSGRC RFC Q?KC

5FGQ A?LTH?K?LW BGDDCPCLR PC?QMLQ GLAJSBGLE LCRUMPIQ @JMAIGLE RFC LCUCP NPMRM
QMKCFMU JMQGLER¥CRM ? )551 AMLLCARGML fLIBGQASQQ RFGQVR. RESRGRECP
AMLQGBRBMLRFC %/4 )5514 PCAMPB @CGLE KGQAMLKESPCB RFC %/4 PCQNMLQC DMP RFC PC/
@CGLE B&B RFC)551 AMLLCARGML @CGLE PCSQ@B/BECARGML AM?JCARGUE GR

QFMUQ RF?R RFGQ LCUCP ?(RCIRPRB™MD GLBGA?RGLEIBBHIMPR C?PJW GL RFC N?EC

JM?BGLE NPMACQQ F?Q QRPMLE NMROKRGMWIRR alt-svc ~ ?NNPM?AF 5FGQ GQ

CQNCAG?JIJW RPSC DM@ MEPIA KCRFMBMJIMEWC AMLKPKCB RF?R  MD ?JJ N?EC JM?BQ
M@QGIB'NICP )551 UCPC GLBCCB RPGEEWHTE@®PCQCLAC MD %/4 )5514 PCAMPBQ RFC
BGQAPCN?LAW GQ ? @GR UCGPB RFMSEF ?LB ? EMMB RMNGA DMP DSRSPC ?L?JWQGQ

*R GQ 2JQM GLRCPCQRGLE RM ANJGKIR? RPGQGNPARBMAICAEF?SK?LL GL OARM@CP

UFM DMSLB RF?RTIMP MKGJJGML RCQRCB BMK?GLQ MLIW ?GBESES )B&M
PCAMPBQ UFGAF GLAPC?QCB RM ? UFMNNGLE ~ DMP RFC RMN KGJJGRILAWSEGBQRQ ML RFC 5
)C AMLAJSBCRF?R %/4 )5514 PCAMPB ?BMNR@DDGARBT BPE @ $IMSBI?PC QCRRGLE RFC

?KKGBCF> :CFL;"8I:FD :FEE<:K@FE :F8C<J:@E> N@K8BH@=>@EHEJ HL<I@<J =<N<I| :FEE<:K@FEJ
?KKGINNN E<KD<@Jx=I9CF> ?KKGJ I1J ?KDGEEK LI<
?KKGNNN E<KD<@JK=I9CF> ?KKGJ 11 ?KDC @G?@EKJ
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PCAMPB® BCD?SJR ML ?JJ MD RFCGBBSIB 2KIB @C GL JGLC UGREMEBPRIBGLEQ RF?R
GR GQ RFC @GE $%/Q RATREPGIRSPC ?BMNRGML QM JCRfQ QCC URZR MSP B?R? Q?

h3 %* C64@C5D %

/MLC VCR
$IMSBI?PC
#SLLWS$%/ "IG@?@7?

"I?K?G "K?XML $IMSBDPMLR .GAPMQMDR "XSPCRIGRMMEJIC *LA?NQSJ? "XGML
4SASPG 'GPCUTIBALJ

"SRMK?RRGK) 0

'GESPC  1CPACLR?EC MD %/4 )5514 PCQNMLQCQ UGRB)BSUPR DMP 2JJ FMKC N?ECQ
QCRIB @ kPQR N?PRW $%/Q UGRF M@.IZIBER QF?PC

8 C A?L GLBCCB QCC RF?R $JMSBI?PC GQ AJC?PJW RFC JC?BCP MD | h3 :GPRFECPC QCRRC
)5514 %/4 PCAMPB DMFECHM  MD GRQ FMQRCB QGRCQ .MQR MD RFC MRFCP J?PEC $%/Q BM
F?TC QMKC QSNNMPR ?LB ?PC RCQRGLE RFC D@ARERY @ERBBUL GLRCPCQRGLE
MSRJGCP FCPC GQ "SRMK?RRGA UFGARIPIBAIGSPIRSNNMPR " alt-svc @SR MLIW

DMP %/4 )5514 PCAMPBQ OSRQGBC RFGQ MD RFC KGJJGML N?ECQ LMR JM?BCB TG? ?

F?B ? %/4 )5514 PCAMPB AMLKESPCB DMP )55QSNNMPR ?E?GL PCGLDMPAGLE MSP
AMLAJSQGML RF?R DMP @CRR&®/QPBEIREC MLCQ BPGTGLE ?BMNRGML MD ASRRGLE CBE
DC?RSPCQ ?R QA?JC

*R UGJJ @C GLRCPCQRGREGREPPMD %/4 )5514 ?LBMPCAMPBQ GL RFC AMIKBLEND
RFC &£@ "JK?L?A RM @MRF QCC FMU RFCGAVBBINREBIEIBU RF?R UGJJ K?N RM ?ARS?J
)551 SQC GL RFC B?R?QCR

&E96C 4@7?D:56C2E:@7?D

*L NPARGAC RFCATIGKMPC AMKNBRW GL RFC NPMRMAMJ QCJCARGML AMLLCARGML QCR!
SQCBW@KMBCPL @PMUQCPQ

OLC O/?KNJC GQ ?L 2JEMPGRFESGGFORISCCLQ PC?JIW UFGAF BCQAPG@CQ FMU RM RC
?LB AFMMQC DPNIERIBGDDCPCLR MNRGMLQ 5FGQ GQ SQCB RM BCAGEE)EBCRUCCL )551
@SR 2JQM *1T ?LB *1T dDMP UFGAF GR U?Q MEGEGR?IFE@GRIEMPGRFK RWATGPIIW gP
BGDDCPCLR AMLLCARGMLQ ?E?GLQR C?AF MRFCP ?LB RFCL NGAIQ RFC gUGLLCPh RM AML
ML UFGAF KC?LQ RF?R UC QMKCRGKCQ UGJJ QRGILIFBSEE )551GQ QSNNMPRCB GD
)551 UGLQ RFCAC 5FGQ B?R? GGRWRMB GL MSP B?R?QCR QNRELBNIW ILMU FMU
MDRCL RFGQ F?NNCLQ RFMBRGEL REGQ UMSJB PGIW BCNCLB ML RCQRGLE JMA?RGML 2L
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RFC LCRUMPI SQCB

"LMRFCP\GKNJIC GQ RFC AMLAERRMIBDFE :FSC<IABEAF RACPC?JIW QFMBIBISDR
A?2JICBMLLCARGML ROSIQW MNGLGML UFBAFRF?R @PMUQCPQ QFMSJB NPCDCP RM PCSQC 7L
OVGQRGLE AMLLCARGML GLQRC?B MD MNCLGLEARGAC MG RUMB! a.com PLB

b.com QF?PC RFC Q?KC 5-4 ACPRGKA?RC RFC @PMUQCP A?L ?LB MDRMGENMGREPC SQC 2L C
AMLLCARGM a.com RM DCFb.com/mainjs  :MS A?L GK?E®REC FC?B?AFCQ RFGDEGT

a.com F?Q)551 CL?@JCB ?Lb.com BMCQ LMRj® BGB LMER/PL?JWXC FMU MDRCL RFGQ
F?NNCLQ GL RRU@ "JK?L?A B?R?QCR @SR DPMK NGRIPIGICLAC BC@SEEGLE NPM@JCKQ UGRF
RFGQ * A?L ?QQBPGRIQ BCKLGRCJIW MSR RFCPC

"@>Kl 07< G<KEK8>< F= G8><J K?8K<GFBIi<J =FD cdn.shopify.com K?8K JOFK?
$00, 8E;$00, :FEE<K@FEJKF K?8K ;FD8@E

'GL?JI\@PMUQCPGRBRIUAQ U?GR DMPGQRGLE )55AMLLCARGML RM @C AJMQCB @CDMPC
MNCLGLE ? LCU )551AMLLCARGML QMKCRGKZRMF®RM QUGRAF KSAF KMPCIERIQQGT
BSPGLE ?L MLEMGLE N?EGORIFEM 5FGQ A?L A?SQ@@PGBh N?EC JM?BQ UBBAF K?!
GLRCPNPCRGLE 3C?J 6QCP .MLERKMERPEAD ?LB AMKN?PGLE )58{ )551
NCPDMPK?LAC OSGRC AF?JJCLEGLE .C?QSPGLE FMU MDRCL RFGQ F?NNCLQ GL MSP B?R?QCR
@SR UC RPGCB RM ECRWLQERTA. @ FMWKBMK?GLQ BFBJ551  ?LB )551
AMLLCARGMLQ MNCLCB DMP RFCK BSPGLE GLBGTGESAE\?EGENBBQJ 8IPMRMAMJ SQ?EC
CQNCAG?JJW DMP RFGPB N?PRBBIX connect.facebook.com  QCCGLE @MRF )551
7LB)551 GL RFC Q?KC N?EC JM?B  MD RFC RC cdn.shopify.com  CTCL QUGRAFGLE GL

MD A?QCQ *RfQ LMRWOURFGQ FGEF RFMS www.facebook.com  GLRCPCQRGLEJW MLIW
QCCGLE ? QUGRAF ML MD N?ECQ GRfQ SQCB N wp.com FNMKD QFMUGLE MLIW
JGTIW @CA?SQC MLIW ? DCU PCQMSPACQ ?PC JM?BCB DPMK RFGQCBRGKELCTLBRACPC
QUGRAF OLCTB?R GQ RF?R RFCQC QUGRAFCQ ?PC 2JQM NMRCURERRTP GIASRMRCB @SAF
?Q LCCBGLE ? LCU AMLLCARGML DMP $034 PC?QMLQ MP @ CRCE4REIB & (@RLRGOP
B?R? QFMUQ RF?R REM@E@Bh N?EC JM?BQ ?PC OSGRC AMKKML ?LEQEURIBAEEMEIR
CTCL RFMSEF GEBRBINAJC?P UFGARRR GKN?AR RFGQ F?QG\WIL RRICPDMPK?LAC KCREGAQ JGI
-?PECQR $MLRCLRIBERL

"JJ MD RFGQ HSQR PCGLDMPACQ MSP QRMPW QM D?P RF?R RFCPC GQ YIW¥R EMGLE ML ?R RFC
LMU?BWQ UFGAF KB TCPWRFGLE KMPC BGDKASJR DPMK NPMNCPJW HSBEGLE PC?J ?BMNRGM
B?R?QCR RM BTBLUKRFC NPMRUSMIOAD UGRFMSR $%/ QSNNMPR RM AMPPCARJW ?L?JWXGLE -
BC@SEEGLE PCQSJR®Q.BPRK 8FGJC ?BMNRGML MD RFCQC LCUCP DC?RSPCQ GQ QRC?BGJW PC

?KKGIFLKL 9< %AKEK @N'3- K
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RM QSNNMPR DPMK @EBEBERPNR UGJJ NPN@MERRTTRGEDMML R?IGLE ? JMLE RGKC DA
QK?JICP BONBIZLRQ ?LB CQNCAG?JIW GLBGTGBS?JQ RM QR?PR SQGLE RFCCTICP NPMRI
QRGJJ QCC ? ANI@IEBTEMSLR MD )55MSR RFCPC WNICAR )5512JQM UMR @C EMGLE
?LWUFCPC DMP OSGRC QMKC RGKC

/MU RF?R *ONPM@7?@IW QAP @BWDPMRCP JIMMIGLE GLRM RFC GLRCPL?JQ MOMPMRMAM
?E?GL JCRfQ AMLQGBCP QMKUTGIGEFTZRSRCQ RF?RNMIIRM VEBEC RFCGRGHISPUGRFMSR
F?TGLE RM SLBCPQR?LB UF?R "-1/$4RY¥R?LB DMP

:896C =6G6=3C@HD6C 'D

"Q UGTC QCCL GL RFC kPQR N?PR MD RREQ 2BVINRGML MD JREL)551  ?PC ML RFC
PGQC ?LB RF?RfQ ? EMMB RFGLE KMQRJW 5FCQC LCU NPMRMAMJIQ GKNJCKCLR ? JMR MI
QCASPGRW @BRBAEQ RFIRFFZLEG@JC @CLCKRQ DMP GLB BIRIMRCPQ FMLRRFC
NPMRMAMJQ ?LB RFCGP DC?RSPCQ MDRCL RCRQMRFETEC ZBRENDCUWR RM RSLC RFCK
BGPCARME @?QGA?JIW HSQR RIEMSHEE%/ MP QCPTAMLKEERGML ?LB FMNC RFC
@PMUQCP ?LBGREETR GR PGEFR

YMUCTCPRFCPC ?PC ? DCU FGEECPGCRSPCQ QSAF ?Q GK?EC J? async ? defer

HT?QAPGNR ?RRPG@SRCQ 3CQMSPBRAGIRGMIFERW "1* RF?R 2JIMU SQ RM GLISCLAC UF
F?NNCLQ ML RFC LCRUMPI RRICIIRC&L RFMSEF RFCQC ?PC LMR RCAFLW/&PBERCARIW RGCB
RM )551 ?Q ? NPMRMANN ARHEET ? K?HMP GKN?AR ML FMU QMKC NPMRMAMJ DC?RSPCQ QS
AMLLCARGML CQR?@JGQFKCLR ?LB PCQMSPEC?RSIBGCBTARBAC QM UC BGQASQQ QMKC
MD RFCK GL RFGQ AF?NRCP

)6D@FC46 :?ED

'GPQRRNCPC ?PC BREQUYISPAC )GURDEPMSN MD BGEQATFGR A?L @C SQCB RM ESGBC RFC
@PMUQCP GL T?PGMSQ LCRUMPI PZREGRILB MNGIK QCRRGLE SN N?PRQ MD ? LCRUMPI
AMLLCARGMCRVIM?BGLE ? QGLEJC PCQMSPAC RM BMGLE DCRAFCQ MD CLRGPC N?ECQ ?F
K?GL MLCQ “ dns-prefetch preconnect preload prefetch ?LB modulepreload

5FCPC U?Q ?J(C prerender MNRGML UFGAF F?B ? @GR MD ? F?PB RGKC kLBGLE GRQ NJ?AC
CAMQWQRCK ?LB RF?R SQC A?QCBKMMEBRUW RM RHNICAI$I?RGML 3SJCQ "1*

?KKGN<9 ;<MC<8IE G<I=FID8E:<JFLi< ?@EKJ
?KKGJI<M<CFG#I FD< :FD ;F:J N<9 GC8K=FIDGAE;<I G8><J
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"@>K <JFLI:< $@EK LI8>< @J HL@K< ?@>? @E FLI ;8K8J<K <J&=<<&@8BEP =FI ;EJ Gl
Gk:FEE<K

5FCQC BGPC2®EC DMSLB ?L GKNPCERER MCP RFCAPQ UGREM MD ?JJ N?ECQ GL
MSP B?R?QCR ¢ dns-prefetch SRGJGXC preconnect  ?LB preload AJMQGLE GL ML

1CPQML?3IMIB RFC FGEF SQ? dns-prefetch ~ QMKCUF?R QSPNPGQGLEV MNGIL&MS W

QFMSJB 2JKMQRWQS( preconnect GLQRC?B ?Q GR BMOLRABIGQFGLE RFC DSJJ
AMLLCARGML GLAJSBGIENP 26*$ F?LBQF?ICQ UGRF LCEJGECPRG?B ?LB GQ TIBW

UCJJ QSNNMPRGPRFCPKMPC RFMSEF NSPCJW ?LCABMR?JIWTC MINGEQEITOROMRF
dns-prefetch 7B preconnect PGEFR ?DRCP C?AF MRFCP DMP RFC Q?KC BMK?GL UFGAF GQ ?.
AMKNJCRCJIW SQCICQQNMI preconnect  ?SRMK?RGA?JIW GLAISBCQ ? %/4 IMMISN ?Q UCJJ

2LB GQ UCJJ QSNNMPRCB ?Q LMRCERRGIBER3OC MD RFCQTCBGHTERGEB DMP

NCPDMPK?LAC ?Q GR FCINQ FGBC AMLLCARGML QCRSN J?RCLAW RM QS@BMK?GLQ MP RFGPE
RF?R KGEFR FMQR GKNMPR?LR ?QQCRQ QSAF ?Q GK?ECQ MP DMLRQ

4MKC ?R JC?QR REIENCARCBRVEMMB LCUQ GQURWBTU N?ECQ QCTEHFDNM RFCQC

FGLRQ *L EQUCWS QFMSJB PCIJW ML RFC @PMUQCP RM ECR RFGLEQ PGEFR GRQCJDdARFPMSEF
RFQIPCIM?B QA?LLORS QFMSJIB MLIJW SQC RFC 3CQMSPAC )GLRQ QN?PGLEJW DMP RFMQC A?Q
WS ILMU RFC @PMUQCPIRMBQCLMSEF GLDMPK?RGMARNIZEQUFCL RFC PB N?PRW

BMK?GL PCQMSPAC GQ LMR KCLRGMLCB GL RFC)5.- BGPCARIW @SR MLIJW GL ? $44 +4 kJC "LB |
OV?ARJIW UF?R KMQR NCMNGIZER. BMGLW WECL ?R RFC RF NCPACLRGJC N?ECQ UGJJ MLIW

?KKGIBE@LJ< :FD C@EBItFEE<:K
?KKGN<9 ;<MBIK@:C<XGF8; J:8EE<|
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SQC dns-prefetch preconnect ?LB preload BGPCABGTUFGAF GQ EPC?R

"@>K 0?7< G<KEK8>< F= G8><J K&IG| FI I<IFLI<I N@K?FLK 8:KL8CCP LI@E> K?<D

ANCAGKA?JIV preload  UC 2JQM JEBIPR FMU KW.PCQMSPACQ ?PC NPCIJM?BCB GL T?GL ?LB
?ARS?JIW SQCB ML RFC N?EC 5FC PCQSJRQ UCPC ?EZRL GSERIRAMSAVD BCQIRMN
N?ECQ SQCJCQQIW NPCIM?B MP PCQMSPACQ ?LBUCRIR RRPC SEBQCB NPCIM?BQ

4RGJIAL RFMSEF KMQR N?ECQ QCCK RM ECR GRWGHFE. BRIQVINIU?R QMKC MD RFC UMPQF
MDDCLBCPQ 5FCPC UBIJ @ION?ECQ UFGAF GLAIBBMUBRLFGLRQ SQS?JJW CGRFCP BSC RI
KGQAMLKESIEML MP ? KGQSLBCPQR?LBGLE MD UF?R RFC DC?RSPCQ ?PC QSNNMQCB RM

' MPZ?KNJC MLC N?EC F?B ? UFMNNGLE NPCIMMBELE KMPC AJMQCJITWCFEBRO?Q
AJC?P RF?RVRPEC NPCIM?BGLERIFOI?KC GK?ECAVWWLB TP ?E?GL KMQRWVWGBSC RM ?
KGQAMLKEHRGML MD RFEBGRIMIPI @SE GL RFCGP AMBC

5FC QCAMLB UMPQR MDDCLBCP RMMI GR C?QW UGRF gHSQRh  NPCIMPXBGMRL) MD BGDD(
QS@QCRQ MD T?PGMSQ ?QG?L DMLR® CRYKFMAMEAC N?EC NPCIM?BQ 2L 2K?XGLE
GK?ECQ RSPLGLE RFCK GLRM R @BRMUIRIE @?AIEPMSLB ?LGK?RGMYISPEEIBAY?

FCPC NPCJM?B GQ ?ARS?JJW SQCB\B RVMEBKWPRIFC GLRCLBCB CDDCAR RFMSIEF * UMSJBL
PCAMKKCLB GR GL ECLCP

-SAIGJW ?Q UCJJ QMKC MD RFC UMPQR NPM@JCK A?QCTE@ CIFERRENER MBP +SLC
AP 2UJ QSAF ?Q ?\§4CLERC MICPh QGRC EMGLE DPMK RMHSQR NPCJM?BQ QRC?BW
QFC EMCQ K&RC

"kL?J QGQOP JGLGLE GQ RF?R LM N?ECQ F?B KMF dns-prefetch MF preconnect
BGPCABQ@TBFC UMPQR MLCQ SRGJGXCB ? KC?QJW ?LB BMK?GUQ/PCQNCARGT

*L ECLCR 3CQMSPAC )GLRQ PCK?GL NMUCPDSJ DC?RSPCQ RF?R QFMSJB @C SQCB QN?PC
CDDCAR QMKCRFGLE UFGARXMERBTQCCK RM SLBCREHRRLBIU B2 BCCNCP JMMI ?R
preload QNCAGKA?JIJW RFMSEF ?Q GR GQ MLC MD RFC KMPC NMGEBEIIFESNRQFFCR GQ
?LB GR A?LTE?? J?PEC GKN?AR ML NCPDMPK?LAC @WRPDNBAWERRWT GD SQCB
GLAMPPCARJW

?KKGJIBE@LJ< :FD C@EBIICF8;
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'C6=@25

(CLCP2JJW QNC?l(preload QFMSJB K?GLJW @C SQCB RM GLDMPK RFC @PMUQCP MD PCQMSPA
?PC LMR JGB BGPCARJW GL RFC K?GL )5.- BMASKCLR MESRRFBRIMNCP ILMU UGJJ @C
GKNMPR?LR LCCBCB J?RCPdQSAF ?Q RFGLEQ JM?BCB BW fetch() IMPU2RF +4

@import  ?LB url() 1PCIM?BGLE RFCK ?JIJMUQ RFC @PMUQCP RM PCOSCQR RFCK C?PJGCP DI
QCRIPUFGAF K¥ GKNRMNCPDMPK?LACA@SR A?L ?JX@¢ BEERS RPW RM NPCIM?B RMM

KSAF

(MMB AMLAPCREKINICQ GLAJSBC DMLRQ UFGAF ?PC RWNGA?JBE . IM?BEZRTC3GHRCB

@V RFC @PMUQCP UFCL GR ?ARS?JJW LCCBQ RNWBK RMISERBOUBRICQ MP AMKNMLCLRQ
GKNMPRCB BWL?KGARIJAPECQR $MLRCLRBBER#1 GK?ECQ RF?R ?PC JM?BCB TG? $44 MP +4
UFGAFME NPM@?@JW QRMEBIEIL RFC kPQR NJ?AC @SR QMKITROKNQRREERBIRGML

"QUC Q@ 2@WC ?@MSR  MD 2JJ N?ECQ ! preload : ?LB @CA?SQESWTC RMBIJGAGRIW
GLBGA?RC UFGAF RWNC MDRSBRISENIGNE RM NPCIM? as GRRIRE@SRC UC A?L ECR
QMKC KMPC GLDMPK?RGML WRARIWQGRCQ ?PC SQGLE GR

"@>K | <CF8; @J KPG@:8CCP LJ<; =FI =FEKJ JKPC<J?<<KJ 8E; J:I@GKJ

"Q G/NCARCB DMLRQ ?PC RFC KMQR NMNSJ?P R?PECR DMP NPCIJM?BQ MAASPPGLE ML ?@MSR

4MKCUF?R SMBICARCB FMUE U?Q RFC FGEF SQC MD NPCJIM?B DMP QRWJCQFCCRQ ?LB QAPGNF
:FLC;AMLACNRS?JJW @C SQCDSJ @SR RF?RIOMSIRAPPECQ QFMSJIB NPMNROBEIWY
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RFCGP APGRGA?J N?REBAWRICCB NPCIM?B RM QNCCB RF?RREBBAG. WPMNJIC MDRCL KGQSQ
RFC DC?RSRONECIM?BGLE PCQMSPACQ PGERRR@ GDMRGNRECE GL RFC )B/-@FPGLE

? <link rel=preload> DM style.css RFC JGLC P@RF <link rel=stylesheet> DMP

RFC Q?KC kJC UFGAF BRRPCRIIW BVREGLE

" UMPQC NPM@JGKQfICL GQ RF?R M preload RFC(async ?LB defer +4 kJCQ MDRCL

RFMQC RF?R ?PC JM?B <script>  R?E ?R RFC @MRRME <body> S5FGQ GQ LMR 2Q
F?PKJCQQ ?Q GR KGEFR QCCK ?Q RFCQC NPCJM?BC AVLBGME BB IMRRGP PCQMSPACQAQSA
2Q ?ARS?J PCLBCP @JMAIGLE +4 ?LB GKNMPR?LR GK?ECQ 5FGQ GQ @CARSQBRFC @PMU
RFCQC QAPGNRQ UGJJ @ async (defer UFCL RA®PC 2ARS?JIW JIM?BRBCDPSIRQ RM
JM?BGLE RFCK ?QWIPRIRTLBCP @JMAIGLE QAPGNRQ UGRF 2§ GEHGIRGEPGRY/

OSCPGCQ RM QCC FWIWKPRFC ~ MD N?ECQ K preload  JGT RFGQ @SR DRNICRQML?J
OV/NCPGCLAC GR AMSJB @C NPCRRW UGBCQNPC?B

*L AMLRBR UFGJC NCPF?NQ Rhasync defer +4 QAPGNRQ ?PC @CGLE NPCIJM?BCB NMRCI
KFF =<N?T?4APGNR KMBS <script type=module> ?PC @CLCKRGLE DPMK RFGQ FGLR 8FGJC
2@MSR  MD 2JJ BCQIRMN N?ECQ ?JPC?BW SQC +4 KMBSJCQ UFGARIDMSREFGKNBBQQG
?@MSR  MDRFMQC  MD ?JJ N?ECQ ?JQM NPCJIM?B ?R JC?QR MLC KMBSMNCARGBJIB F?
RFGQ RM @C ? @GREGEERFC +4 KMBSJCQ KCAF?BRELFEFDSNNMPR DMP BWL?KGA?JIW
IJM?BGLE AMBEFGAF AMSJB @CLCKR DPMK NPCJIM 7EXNGR RURIRRLAC

1MRCLRGREGQ GQ @CA?SQCRARIMBIE $034 PCJ?RCB PC?QMI® ?ARS?JIJW LCCB ?
QNCAG?TWP MD NPCJIM?B QNCAGKA?JIW DMP +4 KMBSJCQ N modulepreload ARJICB
AMSJB @C RF?R RMM DCU NGMRISMPRPGQ QNCAG?J RWNC RM SQC GR MP HSQR RF?R +4
RMM LCU RME®CCL DSJIW KESPCB MSR MP @CA?SQR RCMBMCSTEILE BWL?KGA GKNMPR(
BCCN GKNMPR RPCEARGARPDSRSRG PK?L?A 2L2IWQGQ UBRIARCIJ

"@>K 0?< GSKEK8>< F= ;<JBKFG G8><J K?8KM83I&B& JRLIL:? 8] 8E @D883
K?<@] €C<D<EK

"BGDDCPCLR KMPC BMRIBR®R RF?R DCUCP RF?L MD N?ECQ NPCJM?B ?L GK?EC UFGAF
C/NCARCB RM @C ? JIMREGEFBEQIRMNM  KM@GJM™D N?ECQE?L $1 CICKCLR
RF?RfQ ?URCPL?J QMSPAC 63- QSAF ?Q ?L GK?EC

4GKGJ?P RM &RIGQ SQS?JIW NPCRRRVEQEIODEB ?L GK?EC RF?RfQ ?JPERBWGIGRFC

2KKGNNN ;<9L>9<8I:FD 9CF> 8M@; :?8@E@E> | @KE<8K

2KKGFFLKL 9<)2 2 H$M - K

?KKGI<M<CFGBIFQ@CC8 FI> ;<DR8BII@GK #L@;< )F;LC<J ;PE8D@:7DF;LC<7CF8,@E>
2KKGN<9 ;<MBIK@:C<J DF;LG<IEB;

2KKGFFLKL 9< G C'P,L$ 63 K
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)5.- BGPCARJW DMPKINJC ?Q 'img MF picture R?E ?Q RFC @PMUQCP RWNGBPIIWRISQAM
GK?EC C?PJW CLMEHRUIGRFMSR NPCIM?B -GRIGOWKQ RFATRIBAICPQ ?PC LMR K?IGLE RFGQ
KGQREIMDRCL GL MSP B?R?QCR MD ?JJ RFCINZE <img> "RFRFCGR CIJCKCLR

ML BCQIRMN ML KM@GIDQ RF?L ?ARS?JIW NPCJIM?B RF?R GK?EC BCQIRMN
KM@GJC

*L AMLRBR RFCPC ?PC GK?E(E @FAFCKR DPMK NPCIM?BGIZK DMFREM@0G JM?BCB

TG? $44 2Q @?AIEPMSLB GK?ECQ ?Q RFMQC ?PC RWNGRZBWPRCIW BISPBIR?QCR ~ MD
BCQIRMN N?ECQ ?LB  MD KM@GJC N@E <div> ?Q RFCGR CJCKCLR UFGAF MDRCL
KC?LQ GR F?Q ? $44 @?AIEPMSLB GK?EC 0SR MD RFMECRIRQERLB KM@GJC

2ARS?JIW NPCIM?RIFFEOMSPAC SPJ KMPC RF?L BMS@JC RF?L U2( <img> \BEGIIMP
RF?RfQ ? EMMB RFGMEMNGLGML NCMNJC ?PC ?ARS?JIMWEHWIRGAR@W@EA?B DMP RFGQ
SQC A?QCdRFMSEF LMRMSFIRWBJIB PC?JIW MLIW NPGINDPBARERMSLB GK?EC LMR
MRFCPQ

5FC ?QRSRC PC?BCP KGERRRBACB RF?R RFC RMR?J ?KMSLR MD N?ECQ NPCIM?BGLE GK?ECQ
GQ OSGRC ? @GR FGEFCP RF?L RFMQC RPCJURBGREZRFEMR?J UFGAFEQIKC

UMLBCP UFGAF MRFCP GK?ECQ NCMNJC ?PC NPCIM?B@LA RIRHACH RR(L E @CQR JCDR DMP
DSRSPC ?L2JWQGQ

'GL?JIWQ UGRF RFC EQLRTRMSPAC )GLRQ GRfQ ?2JQM GLRCPCQRGLE RM IMIBMEMSRIGCPQ 2L
KGQREKQ MF preload RM DSLARGWE .845 QCR Rfas ?RRPG@SRC ARBBRIW @C QCR RM ?
QCJCAR DCU RV fetch, font, image, script, style, track "L WRFGLE CJQC UGJJ

A?SQC RFC NPCIM?B RM @C GL T?GL "Q QSAF GRfQ QURCPCQRBLE R@HRISK M

MICPJJ SQC ?L CKNRW T?JSC UGRF SRGJIGKQEBGRFMSEF NPM@ZI8CQ AGI

stylesheet document Mivideo ORFCP LMRCUMPRBAIGIW KSAF JCQQ DPCOSCLR T?JSCQ
GLAJSBC RFC L Cormorant Garamond Bold RFC AN slick RFC QN(habanero ?LB

RFC QSNCPAZHGIPQREBEXIGBM£ Poppins

2C=J :?ED

3CQMSPAC )GLRQ ?PC RWNBALB\RRMIS <link rel=XYZ>  R?EQ GLQGBC RFC N?EQ )5.-

<head> )MUCTCPRFMSERAS KW LMR ILMU RFGQ 3CQMSPAC )GLRQ A?L 2JQM @C QCLR GL RFC)
PCQNMLQC FC?BCPQ DMP RFC )5.- N?EC GLQRC?B QJ@EFRFRWEGRIDDCPCLRIQUALRRY

*K NPCRRW QSPC KMERBWMERW.MU RFGQ QGLAC MLIW ?@MSR  MIMPP@MESR)

BCQIRMN FMKC N?ECQ SRGJGXCQ RFGQ MNRGMLJAMKN?PCB RM ?@MSR  RF?R SQC RFC )5.- |
GQ LMR RMM QSPNPGQGLE RFMSEF ?Q GFGHICPEIPCWGEL UFGAF RFC )551 FC?BCP MNRGML
GQ C?QGCP MP @CRRCP RF?L RFC )5.- R?EMMINREIMIMEL K

?KKGI<M<CFGBIFQ@CCS8 FI> ;B30)(  KKI@9LK<Q BICF8;
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YMUCTCPRFGQ KGEFR @C AF?LEGLE ? @GR UGRMRECURCFIRGIGLRQDC?RSPC 5FGQ
KCAF?LGQK GQ QMKCRGKCQ ATGEFRREC QSAACQQMP RMOBSISGEPR 2JIMUQ ? QRPT
RM QCLB @?Al 7L GLRCPKCBG?RC PCQNMLQC N?PR MDREC Ja51Q8RMRSQ AMBCQ
@CDMPC RFC ?ARS?J kL?J PCQNMLQC DMN ? POOBEQRMP' MSLB

5FGQ GQ CQNCAG?JJW SQCDSJ GL $%/ QCRSNQ UFCPC RFC)5.- GQ LMR A?AFCB ?R RFC $%
QACL?PGM RFC $%/ BSPMTOSGAIJW QCLB @?Al1?  &?PJW )GLRQ PCQNMLQC RHF&RIC @PMU
GR DMPU?PBQ RFC PCOSCQR DMP RFC )5.- RM RPSRRBGEBCQRRTLQC A?L AMLR?GL ? JGQR
MI preconnect  ?LB preload 3CQMSPAC )GIR®@MBCB ?Q )551 PCQNMLQC FC?BCPQ UFGAF

RFC @PMUQCP A?L @RYFRGLE UFGJC GR GQ QRGJJ U?GRGLE DMP RFC kL?J)5.- PCQNMLQC

"@>K I8ICP $@EKJI®BDGC<

*D TCPWRFGLE EMCQ UCJJ RFC AMLLERRBMLEBRIMTGLQ ?PC PC?BW ?LB RFC NPCIM?BCB
PCQMSPACQ ?PC GL RFC @PMUQERIECARGKC @FC )5.- AMKCQ GGBRME ?L GKNRCQQGT
NCPDMPK?LAC @MMQR

"@>K 0?7< GSKEK8>< F=;<JBKFG G8><J LI@E> I8ICP $@EKJ

%GQ?NNMGLRGLEJW RFMSEF  &?PJW )GLRQ ?BMNRGML F?Q LMR GLAPQRBAR BUR QGL
DPMK  MD ?JJ BCQIRMN N?ECQ RFCL RM HS@RP5REFQGG@/LMR GLAPCBG@JW

QSPNPGQGLETEMQGLAC NPMNCPJW AMLKESPGLE RFGQ DC?REPECRRGUR BSIME CLCKRQ

DPMK GR RWNGA?JIJW PCOSGPCQ SQGLE ? $%/ MP ? QGKGWROMBGQRPG@SRCB BCNJM

4SNNMPR F?Q 2JQM @CCL QMKCUFIBRIAMRRIAG ?LB \GMCDM ?BBGLE QSNNMPR PCACLRJIW

?KKGI<M<CFGBIFQ@CCS8 FI> ; <3300, /K8KLJ
?KKGBCDBES: ?KKGEHFI> <E  ?KKG <8ICP ?@EKJ
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UGRE?D?PG MLJW ?JJ preconnect ~ GR?TGLE @CCL BGQ?@JCB DMP ? UFGJC ML $JMSBI?PC
7LB RFC "I7K?G $%/ MLIW K?IGLEGRRIIWI?GJ?@JC GL REGTYPARGIJ * UMSIB F?
COV/NCARCB RFC SNRM @C ? @GR EGEEGF?R $JMSBI?PC F?Q F?B RFC DCARBREICIC

DMP GRQ DPCC ASQRMKCPQ QGLAC

"@>K +LKF= F=8CC ;<JBKFG G8><J K?8K LK@C@Q< !8ICP $@EKJ /?FG@=P 8::FLEKJ"
F=K?<D

4R?EECPGLBBMCC RF?RTCAWFCIKGLE K?HMPGRW MD &?PJW )GLRQ AMKCQ DPMK HSQR MLC
BCNIMKCLR 4FMNGDW ? $JMSBI?PC ASQRMKCP ?AAMSLRQ DMP  RFMQC  MD BCQIRMN N?E(
RF?R QSNNMPR &?PJW )GLRQ 5FGQ KC?LQ RF?R MLIJW ?@MSR LML 4FMNGDW BCQIRMN FMK
CKNJIMZB RFC LCU DC?RSPC "Q QSAF GRfQ BGDKABIRSBLVFRMGBIM?B AMLAIJSQGMLQ
?@MSR GRQ PC?J NMRCLRG?J @?QCB ML UF?R @C IpCCBERBCRZPQCR

4RGJJ RFCPC ?PC ? DCU GLRCPCQRGLE RPCLBQ KMQRIJWMBRIR 4EMAISBGER BERBNRFC
?KMSLR MD NPCAMLLCARQ GQ NPCRRW KSAF QR?@JC DPMK RFC RF SN RM RFC RF NCPACLR(
NPCAMLLCARGERRNRABL QFMNBMYRUGAKILAC UGRF ?LB MLAC UGRFMSR APMQQMPGEGL
1PCIM?B ML RFC MRFCP F?LB GQ JMUCP ?R ?RN GLAPC?QGLERM 7R N

*LRCPCQRGORIMICQFCCRQ ?PC RFC KMQR NPCJM?BCB PCQMSPAC RWNC GL &?PJW )GLRQ ?@!
KSAF ?Q QAPGNRQ 8FGJC DMLRQ UCPC RFC KMQR NMNSJ?P DMP NRIRIMRBCPEC RFC )5.-

JC?QR NMNSUIRGLECL @CFGLB GK?ECQ 5FGQ * kLB OSGRC UCGPBINBEIGMLEMLRQ ?PC
QRGYACJICLR R?PECRQ DMP NPICIMZB&REJY )JGLRQ UFGJC GK?ECQ QFMSJB NPM@?@JW @C

?KKGIFDDLE@KEFL; 8k :FD K <8ICP ?@EKJ 8E; <E:IPGK<; :C@<EK ?<CJFERBP ;@J89C<; >CF98CCP
?KKGINNN 8BD8@ :FD 9CF> G<I=FIDSESHED <8ICP ?@EKBKHKPG< K23LICKIB@E
?KKGJJIN@QB? :FD :Fll <:KCP :FE]>EIGK:FEE<:K@FEJ
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2TMGBCB ?Q NPCIM?BQ GL &?PJW )GLRIIRSPSENRIRR PCQBIBKRETNPCIM?BQ GL RFC
)5.- BM MD AMSPQBMIR UMPPW

*L AMLAJSQGML UFGJC &?PJW )GLRQ GQ QRGJJ QMKCUF?R ?@QCLR GL MSP B?R?QCR *
GKNPIZ MCP RGKC ?Q KMPCREEIRQ QSNNMPR GR ?Q GR @CAMKCQ C?QGCP RM AMLKES
OV?KNJC UGRSRMK?RCB &?PJW )GREE)?Q KMPC NCMNJC @CRIVRC MD GRQ NMRCLRG?J

+96 6E49'C:@C:EJ '

8FGJC RFC 3CQMSPAC )GLRQ BGQASQ@QLBREBLAC UFCL ? AMLLCARGML GQ MNCLCB MP Ul
? PCQMSPAC GQ PCOSOWBEHR RECIIW BBAF ?@MSR UF?R F?NNCLQ ?DRCP RF?R )MU GQ R
AMLLCARGML SQCB )MU ?PC RFC PCQMSPACQ BMULIJM?BCB 5F?R GQ RFC NSPTGCU MD M
?KMLE RFCK RFCRAF 1PGMPGRWPIEGMSQJW A?JJCB g1PGMPGRW )GLRQh UFGAF FCINQ £
FMU PCQMSPACQ ?PC QAFCBSJCBNIB)551 AMLLCARGMLQ

OLC MD RFC K?GL PC?QMLQ RM QUGRAF DRMI)SHE51 MP )551 GQ RF?RIB/ILCCB DCUCP
AMLLCARGMLQ OL RFC LCUCP NPMRW/RCIMERBCQ A?L @C §KBIRENIE ? QGLEIC
AMLLCARGMLJPCOSCQRCB ?LB JM?BCB AMLASPPCLRJIWJWFGIECHAC ESIMNCL KSIRGNJIC
N?RJJICJI AMLLCARGMLQ RM ECR ? QGKGJ?P CDDCAR "Q C?AF AMLICRRGML F?Q ? ACPR?G
2QQMAG?RCB UGRFSGR2G+$ F?LBQF?I CQ QMKC KCKMPW ?R REBAMINCRGLE
AMLECQRGML AMLRPMJJCPQ j QCRRGLE SN ?LB K?GLR?GLGLE DCUCP AMLLCARGMLQ GQ

?KKGI<M<CFGI FD< :FD ;F:J N<9 GC8K=FID <8ICP ?@EKEKIC@D@K8K@FEJ
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"@>K $00, 8E;$00, ><E<IBCCP LJ<=<N<|:FEE<:K@FEJ G<I G8>< CF8; K?8E $00,

5FC BGDDCPCLACQ FCPC ?PC ? @GR JCQQ AJePQ REVIRAMSEWGL  RFCPC U?Q ?
AMLLCARGML BGDDCPCLAC ?RN ?LBN @CRUCCL RIRQERMRMAMI RFGQ F?Q QFPSLI RM
dNMRCLRG?JJW BSC RM ?QIGARAIHC N?PRGMLGLE APMQQMPGEGL UMCQ MP NCPF?NQ KMP
N?PRGCQ @CGLE SQCB *R GQ QRGBRFIR?RFMILE NPMRMAMJIQ GLBCCB PCBSAC RFC AMLLCAF
AMSLR ?LB GKNPMDKAGCLAW ?LB ?R N  MLIW FYDAQLKABARGMLQ ?PC LCCBCB

YMUCTCPLMU RF?R UCTE’KMPC PCQMSPACQ QF?PGLE ? QGLEJC SLBCPJWGLE AMLLCARGML RF’
RF?R UC QMKCFMU LCCB RM BCAGBC UF?R ECRQ BMULJM?BCB kPQRRGRICRWEEA?JIW BML
@?LBUGBRF RM HSQR BMILRWREGLE GL MLC BIE NPBFGQ gPCQMSPAC QAFCBSJGLEh GQ
EMCPLCBV@®? gNPGMPGRGX?RGMLIKGAFFEGAB )551  )MU RFGQ PC?JJW UMPIQ SLBCP

RFC FMMB GQ ? @GR RMNRKINHARICW BGE GLRM ACPQWNIGAIGI] DMASQ ML RFRIS?QGAQ W
LCCB RM SLBCPQR?LERRE 1PGMPGRW "1* KMPC BCR?GJQ A0 @{ENMSRRBQ

2A?BCKGA N?NCR® MD AMSRQ® BT

*L ECLCB RFC @PMUQCP UGJJ ?QQGEL CBRIFI@RERBGA?RGML MD FMU GKNMPR?LR GR GQ R
RFC N?EC JMNEP'C?KNJIC RFC )5.- BMASKCLR ?LB PCLBCP @JMAIGLE § <head> FC

KGEFR E highest NPGMPGRBIC JCQQ APGRGA?J PCQMSPACQ QSAI <body> MEQGL RFC
R?EECB async MFdefer KGEFRElow 8FCL RFC QGBH RFCL PCAGESIRGNJIC PCOSCQRQ
DPMK RFC @PMUQCRIBCNBR ILMUQ GL UFGAF MPBCP RM PCNJW DPMK FGEFCQR RM JMUCQR
2LB DMJIMUGLE RFC PCOSCQR MPBCP DMP PCQMSPACQ UGRF RFC Q?KC NPGMPGRW T?JSC

2KKGJIBC<E;8G<I=GCBE<K :FD ?KKG GI@FI@K@QBKE®@;<D
2KKGNNNFFLKLO< :FD N8K:? M)2 2 H$M -
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"@>K "<K:? ,|@FI@KP @Bp&C< KF @BMGRD8>< CF8;@E> 9<?SM@HELEE 8 :8I
‘FDGFE<EK

#PMUQCPQ SQC ? AMKICRMD FCSPQIBSARRAB ESCQQCQh RM BCRCPKGLC RFC NPGMPGR
PCQMSPACQA@?QCB ML DRARRIEPJEVIQGRGML GL RFC )5.- BMASKCLR RFCGP RWNC ?LB .
KMBGKCPQ QS/async  defer 5FGQ FMUIZP ?2JQM QMKCRGKCQ KC?LQ RFC @PMUQCP ECRC
UPMLE MP GR QGKNJW BMCELMBER GLDMPK?RGMICRM)K?PRCP AFMGAC

" EMMBZ?KNJC FCPC ?BCGK?ECQ RFC @PMUGRPB21LIW 72RGRV NPCBGAR UFGAF GK?EC
UGJJ CLB SN @CGLEIRFICKCLR HSQR DPMK RFC{BQSAF GR EZLBPPCOSCQRQ 2JJ GK?ECQ
?R RFC Q?KC NPGEIPER@BRW MPBCP QASEEIVEK?EC GQ JMUCP GL RFC )5.- @ @MU Q?
QMKC GK?ECQ GL RFC KCLS RF?RIQUFEKEBLIR GR UGJJ CLB SN JM?BCB J?RCP RF?L GR NP|
QFMSJB

*R GQ DMP RFCQC PC?QMLQ RFTR BECBRAFZLPGMPGRW "1* *R JCRQ SQ RUC?I LSBEC RFC
@PMUQCP{Q BCD?SJR FCSPGQRGAQ QRFGRIPQEEBENBGRESRW T?JSCQ RM GLBGTGBS?J
PCQMSPACQUIKC?LGME RER JM?BCB C?PJGCP J?REPMRECREGQC UMSJB 5FGQOAGQ BMLC @
?BBGLE R fetchpriority ?RRPG@SRC UGRF ? T2JSChigh >@F low ’RM ? PCQMSPAC

*R A?L @C SQCB MIWKREGLEQ LMR HSQR GK?E(<script> I <link> R?EQ ?LECL

fetch()  A?JJQ RFCPC GRfQ priority :?RRPG@SRC RFMSEF @CA?SQC L?KGLE RFGLEQ (
5FC 'CRAF 1PGMPGRW "1* F?Q @CCL QSNNMPRCB GL $FPMKCTORP 22DRPEECEBGLE
QSNNMPR J?RCC?RIRBVGPCDNPLBGLE RFC DC?RSPC GL 0ARM@CP  "Q QSAF JCRfQ QCC!
GRfQ @CGLE SQCB GL RFC UGJB
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"@>K "<K:? ,|@FI@KP ,% 8;FGK@FE?&@HF8I

' CRAF 1IPGMPGRW ?BMNRGMCFAQNMBGRGL  (MGLE DPMK ?PMSLB GL  RM  MD
N?ECQGL  SQGLE ?R JC?( fetchpriority ?RRPG@SRC GQ RPSJW ? QRSLLGNE PCQSJR .7L
N?ECQICL SQC KMPC RF?L GLQR?LAC UGRF RFC RF NCPACLRGJC QFMUGLE SQCQ NCP N?EC
DMP BCQIRMN N?ECQ ?R RFC RE WERRAGIMSPAC YJGLRQ RFCPC ?PC MD AMSPQC 2JQM NCMNJ
MICPBMGLE GR UGRF MLC N?EC SQGLE GR ?L GLAPCBG@JC RGKCQ

"@>K 07< G<KEK8>< F=;<JBKFG G8><J ?8l <img> 3K8> N@K?
fetchpriority=high 8J K?<@I{C<D<EK
- CRfQ JMMI ?R fetchpriority GQ @CGLE SQCB QNCAGHABHRHINIPQGLAC RF?R GQ MLC MD

RFC K?GL KMRGT?RGLE SQC A?QCQ DMP RFAIPICAUBI?RBRERFMQC  MD BCQIRMN

N?ECQ RF?RE?L <img> CJCKCLR ?Q RFEIGPEMMB ~ MP  MD ?JJ BCQIRMN N?ECQ ?2JQM

R?E GK fetchpriority=high 5FGQ AMSJB QFMSJB ?PES?@JW @C K&SRBSERLRV MLIW
R?EECB RFC $1 <img> ?C fetchpriority=low QM *fJJBBR

4?BIVRFGQ GQ MBDRERIPAR REFR MMD BCQIRMN N?ECQ BMOEXPRIAIIB RFKIGP -
GK?EC UFGARWS QFMSJB PC?JTR B3j JSAIGMMW  N?ECQ UCPC UPGRRERRE® UFM
BMIR ILMU UFCRFCP\RRC?LR RM@R2. MP EM MSRQGBC ?LBCRESEL EICKCLR UGRF @MRF

?KKGN<9 ;<MBIK@:C<F8lJ<| C<i@ @D8>< C8QP CF8;@E>
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loading=lazy "I% fetchpriority=high UFGAF GQ HSQR UCGPB

8 C ?2JQM JBIIGLRM UFGAF GLGRG?3$NB&RETTRUWCPC PCOSCQRCB UGRE GMECLCP
BCD?SJR GK?ECQ GL $FPIZ low NPGMPSRWQQ RFEC MLC MD RFC kPQR GK?ECQ GL RFC
)5.-  GL UFGAF A?QW/EFE medium NPGMP&RECQ A?L ECR NPMKM high :NPGMPGRW GD
RFC @PMUQCP BCRCPKGLCQ CRRBG/ GILFRFCTGCUNNPRIBIB/NCAR GD

fetchpriority=high GQ SQCB

"E?GL JMMIGLE ?R ?2JJ RFC BCQIRMAMZEE <img> CJCKCLR ?Q RFEGPIE QCC RF?R
QR?PRClow QM RRGPC LMREC GL RFC RMN ?Imedium ? @GR @CRRCP ?LB HSQR

ECR PCOSCQR high ) 2JKMQR CLRGPCJW fetchpriority=high "Q QSAF BCQNGRC RFC
GKNPCQR@IB PNGB SNRMD DCRAF NPGMPGRW GICRFQ WREIROGQ QRGJIJ ? J?PEC UGLBML
MNNMPRSLGRW RM BM QMKC gJMU F?LEGLE DPSGRh MNRS REXQRIENIEG DERBOGP -

?C fetchpriority=high d?DRCP kPQR PTH! loading=lazy MD AMSPQC

'C6=@25 282:?

5FC fetchpriority ?RRPG@SRC A?L 2JQM @ <link> RREQ 5F?RfQ LMR MLJW SQCDSJ DMP
$44 QRWJICQFCCRQ @SR MYHEIINR@E <link rel=preload> 4M TCL RFMSEFOC

?JPC?BW QNCLR ? JMR MD RGKC MLTEPIIRICBERGBR GR FCPC DMP QMKC ?BBCB LS?LAC ?Q
NPGMPGRW PCTQW RADDCPCLAC FCPC RMM

$MLACNRS?NRCIM?B/@RQCJID BRATKMSIBIAF?LEC ? PCQMSRRGMAGRW UFCL GRfQ
BGQAGPCB ?LB RFCPCDMPC PCOS&PRIBRMIBFCR) GQ RPSC DMP GKZEQQDMELGD
VIS NPCIMABSR$1 GR UGJJ Qf low RGMPSRWEQMIB/?IQM 7 fetchpriority=high

RMMSIi preload  UFGAF GQ MDREZNGARCB DMP NCMNJC

*L MRFCP A?QCQ NPCJIM?B %08&4 SICLEBRRFE NPGMRGRIVKNIC RFC A?QC UFCL
NPCJM?B(async defer +4 ?Q BGQASQQUEB 2@MCJJ UFCPC RFC @PMUQCP UGJJ ?QQGEL
high NPGMPGRW GL( low *@MIE?SQC GR BVECR CLMSEF ARRBEMK fpreload  *L

RFCQC A?QCQ GR ARWESIYCDSJ F fetchpriority=low ML RFC +4 NPCIM?EMBRGARN

RFC @PMUQCP FCSPGQRGAQ RM UFCREZ QEMISVB ®FC

"@>K , <I:<EK8>< F=@IF8;J K?8K i fetchpriority=high J<K K?8I8iFI @D8><J

8 C JMMIB ?R FMU NCMNJC ?PC AMI preload UGR fetchpriority GL MSP B?R?QCR 0D ?JJ
BCQIRMN N?ECQ UGRF NPCJM fetchpriority ?@MSR MD ?JJBCQIRMN N?ECQ 2L
GKNPCQQGT’PC DMP GK?ECQ U fetchpriority=high 8FGJC RFGQ A?L GLBCCB @C ? EMMB
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GBC? DMP GK?ECQ GR BMIIYXI2KC PMSEF CBECA?RLBC ? DMMRESL GD SQCB GIAMPPCARJW
RFC RMN ML <head> ?ARS?JJW B@GIZE +4 IMUCP BMUL RFC BMASRAEEQ PC?QML

LMU?BWQ *TCL PCAMKKCLB HSQR LMR NPCIMZRGLRIEEIXFE MD HSQBIF2 GR GL RFC )5.-

UGR fetchpriority=high ML RF <img> BGPCARJW

OL RFC MRFCP CLB  MD RFCQC NPCJM?BQ ?PC DM fetchpriority=low GLBGA?RGLE

2R JC?QR QMKC UC@K?QRCPQ UF?R GQ RFAGPPC MIPRMRCLRG?J GQQSCQ UGRF

async defer RFCPC ?LB RPW RELRFRFCKMP QRWJICQ NCMIRIBEAIW QCCK RM ILMU
UF?R RREZ U?LRAVP SQC A?QCQ 26R@BD GQ JM?BCEhigh ?LB ?Q low /MRC RF?R?

JMR MD RFCQC LS?LACQ ?PC 2JQM BEIRBUQQBIMET QSPC RM PC?B SN ML RFGLEQ RFCPC

'GL?JJVBL GLRCPCQRGLE ~ MD N?ECQ RPGCQ RM NPCJM highest TRUSRBMP
fetchpriority UFGAF GQ LMR QSNNMBRGB MLIW high  MF low

@?4=FD:@"?

*L QSKK?PVBCQNGRC )551 @ CBLEREB C?PJW GLRFC  Q GRQMPGHB EQ QRGJJ K?IGLE

U?TCQ ML RFC *LRCPLCR KLBGLE ? QRC?BGJIW GLAPC?QGLE ?BMNRGML RF?R QFMSJB PC?AF
GQ ?GBUBRFC GLRPMBSARGML MD QMKC LCU A?N?@GJGRGCQ QSAF ?Q %/4 )5814 PCAMPBQ U
BGQAGPGLE ?LB SQGLE )83LB MRFCP LCUCP NPMRMAMJ DC?RSPCQAD?QRCP ?LB C?QGCP

8FGJC RFC LCUCP NPMRIREGMLQ ?PC RWNGA?JIW NPCQCLRC BMEBTBIMEP@NGLBCCB

UC A?IR TCL AMLQAGMSQJW AFMMQC RM@( fetch() ~ QMKC FGERGECDC?RSPERIR

RF?R ?2JJMU RUC?IGLE RFC SLBCPJVBBLEPGIERE?KNIC 3CQMSPAC )GIR@ZAMKC

KMPC NMUCPDSJ LMY REC@C SQCB GLQGBC  &?PJW )GLRQ PCQNMLQCQ ?2JIMUGLE @PMUQC

NPCAMLLCAR ?LB NPCIM?@CDMPC RFC )5.- GQ ILMUL $MKNJCK@RFCERAF 1PGMPGRW

“1* A?L FCIN GKNEM®PMUQCP FCSPGQRGAQ RF?R BCAGBC GL UFGAF MPBCP PCQMSPACQ ?PC |

DPMK ? QCPIML )5511Q ?LB )551 fQ FCTGIW KSIJRGBIMLLCARGMIIGIECPJE?

DMSLB RFCGR B QMKC MD RFCQC DC?RSPCQ OSGRC C?QGIRAFARGROBEMGREGLE RM ?
SQ?EC QF?PC GL ? KCPCCIWQ UFGJC PCK?GLGLE FCQGR?LR ML QMKC MRFCPQ ?R JCQQ RF

SQ?EC QF?PC  &?PJW )GLRQ QCCKQ BGDKASJR RM SQC MP HS@R SLILMUL RM K?L

4RGJJ RFCPC PCK?GL AF?JIJCLECQ ?FC?B $%/Q ?PC RFC MSRQGXCB BPGTGLE DMPAC @CRUCC
?BMNRGML MIKVID RFCQC LCU RCAFLMIMEGCQ  MIRP2D)FS1?Q QCBRRFPMSEF ?

$%/ 5FGQ GQ @MRF gEMMBh ?LB g@?Bh DMP RFC \WAMNBAGRCKIGME @CAYS@?RRAC

RCQR LCU RCAFLMIMEGCQ OSGBRRCK.B ESHC KZR QF?PC PGEFR MSR MD RFC E?RC CLQSPGLI
EMMB AF?LACQ DMP QSPTGT?J #?B @CA?SQC RFGQ A?SQCQ RICKMRE RIREIXABKC C

?PMSLB ? DCU J?PEC AMKN?LGCQ  MD 2JJ PCOSCQRQ GL MSP BEERIRIER VERC QCPT

UGRF NCMNJC LMR SQGLE RFCK @CGLE ?R PGQI MD @CGLE JCDR @CFGLB

?KKGIFLKL 9< G C'P,L$ 6J K
?KKGN<9 ;<MBIK@:C<J =<K:? GI@FI@KP ?C <E LJ< :8J<]
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5FGQ EMCQ F?LB GL F?LB UGRF RFC GLAPC2GRMEVAVKNMURFC UC@ UMPIQ ?R RFC JMUCP

JY¥CPQ 1PMRMANIBSGI ?PC AMKNYCRM SLBCPQR?LB JCR ?JMMEBEROMRFC

gQGKNJICPh FGEB DC?RSPCQ A?L @C BGDKASJR RM PC?JIW ?NARGACPREARBEFSL NP

?KMSLR MD NPCJIJM?BCB QAPGNRQ GQ QMKCUF?R AMLACPLGLE 5FCPC GQ NJCLRW MD NN

?LB QFMMRQUER{QCJID GL RFC DMMRTRIEBURFGCE GQ ?Q UCJJ BMASKCLRCB ?Q GR AMSJB @
MD N?ECQ J?XW JM?BGLERFGIGHEC GQ ? RCQR?KCLR RM RF?R

4RGJJ * QCC ? AJCPRIQGGLE FCPC SFGJQ/GRIGLRM JMMI DMP REQ KGRIRIC €2QM *
A?L FCIN kV RFCK  * U?Q NJC?Q?LRIW QSPNPGQCB RM QCC REMSKMIFORBREGM@

D?AR /6 ?Q UGBCQNPC?B YQ@®ARCRGKCQ QCCKCB DPMK NGRBBLCLATRIQ FMNC GR
PCK?GLQ RF?RVP®) RFCQC LCUCP DC?RSPCIQIXEBRFCP ?BMNRGML ML RFC UGBCP UC@
YMNCDSJIR® BECIMNCPQ @CAMKC KMPC D?KGJG?P UGRF RFC SLBCPJWGLE DC?RSPCQ MD
NPMRMAMJIQ QMKC MD RFC GLFCPGRR/AQRINGQ @CGLE ? @?PPGCP RMCB)MSRGML ?LB C
A?L KMC @®ILB GRQ $%/ PMMERIQ-UMPI RMECRFCP&RRARR F?NNCL

FE9@C

3M@GL .?PV

X INPMERPKKGLE?PR W INPMEPKKGLE?PR @QMAG?X) PK?PV [ PK?PV

® FRRNGLRCPLCRMLK?PQ MPE

%P3M@GL .?PV GQ ? UC@ NCPDMAXCERCZR "I?K?CGA-LMIMEGCQ )C QRSBGCQ
RFC NCPDMPK?LAC ?LBRINIIPMD KMBCPL UC@ NPMRMAMJQ Q$281?Q )551

?LB 26*$ 3M@GL MDRCL QNC?IQ ?@MSR UC@ NCPDMPK?LAC ?R GLRCPL?RGM
AMLDCPCLACQ K?IGLE AMBERS?RGMLQ KMPC SLBCPQR?LB?@JCDMP RFC ECL
NS@JGA
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'2CE - 92AE6C

@ @<:6D

Ho(3 )" I'H( "L)( ( ( #)0
<M@=<N<; 8D LKKFEBE; .FN8E )<I| <NFF;
EBCPQ<; %F?8E <L>@E
:@K<; 9R8IIP , FCC8I

?EC@5F4E.@?

5FC DMJJMUGLE AF?NRCP BI@ RFCB?A  GQ DMASQCB ML AMMIGCQ $MVKSCRGIIC
DSLARGML?JGRGCQ ?LB ?PEZRELAMKIRCLRG?J DMP RFOWE@HDIDRIE ?SRFCLRGA?RGML
DPSB NPICLRGML ?LB QCASWGETEPQMKC AMMIGCQ AALRPCPQ ?APMQQ UC@QGRCQ ?7LB 7F
SRGJGXCB RM @ST3BIRNHAkICQ

*L RFGQ AF?NRCRC?QSPC RFCTRICLAC ?LB QRPSARSPC MD UC@ AMMIGCQ CLAMSLRCPCB
TGQGRGLE K?GLIJW RFC RMN MLC KGJJGML UC@QGRCQ BSRBILENRBEJLE] "PAFGT

"BBGRGMLUBBGQASQQ ?LB KC?QSPC RFC ?BMNRGMCMDBABRAPQRRAIM RFGPB N?PRW
AMMIGCQ RF?R UCPC GLRRVMBSMEBC@IL $FPMKC ?Q N?PRRGIRAT 4?LB@BLGRG?RGT
RM PCBSAC APMQQMIGRE RP

8 CKLBRF?R MD AMMIGCQ ?PC QCR GL ? RFGPERIJCREFAMRRGPB N?PRW AMMIGCQ A?L

?KKGIGI@NPJISE;9FO :FD

2024 Web Almanac by HTTP Archive 703


https://privacysandbox.com/

Part IV Chapter 19 : Cookies

@C SQCB DMP MIZWGCRPLB R?PECRCBPRGQGUE RFGQ PC?QML (MMEJC NPMNMQCB RM NF?QC
MSR ?JJ RFGPB N?PRW AMMIGCQ ?LB GLRPMBSAC KMPC NPGT?AW DPGCLBJW MNRGMLQ RM PC
DSLARGML?JGRW UGRF RFC 1PGT?AW 4?LB@M

OL RFC MRFCP F?LB LMR 2JJ RFGPB N?PRW AMMIGCQ ?PC?AIBLE BIRRUQCRETEEAF 2Q
$FPMKC GLAJSBC ? LSK@CRUWIIRVPIJGKGR WMRFER RFGPB N?PRW AMMIGC®IPPC SQCB *

OV?KNJC AMMIGCQ RF?R ?PC N?RRGRGVILOBR @C ?AACQQCB ?APMQQ BGDICPCLR RMN JC
QGRCQ DPMK RFC MLC RFC AMMIGCQ ?PC QURIAE MBIGEGR BEWMQQGRRIS BEPRP

?2APMQQ UC@QGRCQ /MLCRFCJCQQ UC kLB RFTRIRER KIVRRGREMLCB AMMIGEQ ?PC QCR @
BMK?GLQ PCJ?RCB RFRBJGLE "LMRPERIC GQ SameSite AMMIGCQ ?RRPG@SRC UFGAF
CLQSPCQ RF?R kPQR N?PRW AMMIGCQ ?PC LMR GLAJSBCB GLWABRRZSEERCARTOECQRQ @
BGQ?@JC RFGQ QERRGGE@RIW QCRRGLE RFC SameSite RRRPG@S! None 1

5FCPCDMPC GARBAC UC kLB RF?R DMP  MDOB@BORN?PRW AN SameSite  GQ QCR RM

None "BBGRGMLUOM@QCMF?R RFC KMQR UGBCJW QCR RFGPB N?PRW AMMIGCQ ?PC SQCB L
?BTCPRGQGLE ?LB ?L?JWRGAQ UGRF (MMRJICI@GGLERPI?PECQR NCPACLR?EC MD UC@QGRCG

'GPQR N?PRW AMMIGCQ A?L 2JQM @ BQESARIG EPSQARIOMSP 7L2JWQGQ UC AMLAJSBC
RF?R RFC KMQRMNECR kPQR N?PRW AMMIGCQ ?PC SQCB DMP ?L?@RGBQC MRIRENPW
Q?KC MPGEGL NIRFEAE AMMIGCQ A?LLMR @C SQCB DMRAIFNMQWJGHRGRBSQGLE
?BT?LACB RRGLE KCRFMBQ QSAF ?Q AMMIGC QWLAGLE Z/8GIELTRCPQ A?M@E?QQ
RFGQ JGKGR?RGMDEP RMRET?A\F?NRCP DMP KMPC BCR?GJQ FAIBLEKCRRIBQ

0SP PCQSJRQ GLBGA?RC @MRF kPQR N?PRW ZAMBGESHEONYRRMVERPOFMU RF?R MLIGLC
RPAIGLE\@KC?LQ MD AMMIGCQ GQ QRGJJ NPCBMKGL?LR ML RFC UC@

67:?:E:@7?D

'GPQR SN JCRfQ ECR ? AMKKML SLBCPQR?LBGLE MD QMKC MD RFC RCPKQ SQCB GL RFGQ AF?NI

++' 4@ @<:6

8FCL ? SQCP TGQGRQ ? UC@QGRRBRAGSRF ? UC@UPGHT’R A?L PCOSCQR RFC SQCPfQ UC@
@PMUQCP RM QCRGIR)GEL AMMIGC 5FGQ AMMIGC AMPPCQNMLBJGBIE?RWRARPGLE

ML RFC SQCPTBBC ?LB GQ QCLR UGRF QS@QCOSCLR )551 PCOSCQRIPRWMIECQREBCQCPT
SQCB RM NCPQGQR QR?RCDSJ GLDMPK?RGML ?@MSR SQCPQ ?APMQQ KSIRGNJC )551 PCOSCC
2JIMU ?SRFCLRGA?RGML QCQQGML K?L?EBKEILR $MBIRICQ ?PC 2JOM ?QQMAG?RCB UGRF
NPGT?AW ?LB QCASPGRW PGQIQ

?KKGJI<MCFGBIFQ@CC8 FI> ;<3300, FFB@<J
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:CDE 2?5 E9:C5 A2CEJ 4@ @<:6D

$MMIGCQ ?PC QCRIE@ @ QCPPLB RFCPC ?PC RUM RWNCQ D 2BIMISBB @45>0 <->@E
AMMIGCQ 'GPQR N?PRW AMMIGE@RFPCRKE BMK?GL ?Q RFC QGRC RFC SQCP GQ TGQGRG!
RFGPB N?PRW AMMIGCQ ?PC QCR DPMK ? BGDDCPCLR BMK?GL

5FGPB N?PRW AMMIBCQEDPMK ? RFGPBIRTPRWK ? BGDDCPCLR QGRC MP QCPTGAC @CJIM
RFC Q?KC gkPQR N?PRWh ?Q RECEGBREI0 <->@E /;;75127PC PC?J3W? ?5@1 /;;7517?

' MP\Z?KNJC GK?EGLC RF?R RFC MULCP MD example.com ?JQM MU example.net
?LB RF?R RFC DMJIMUGLE AMMIGCQ ?PC QCR D https://www.example.com

Q@6 +JA6
' *6E 3J 7 62D@7?
%2>6 @ )62p@
4@ @<:6
. 'GPQR
cookie_a www.example.com NPPRW 47KC BMK?GL ?Q TGQGRCB UC@QGRC

'‘GPQR 4?7KC BMK?GL ?Q TGQGRCB UC@QGRC QS@BMK?GLQ!

cookie_b cart.example.com
- N?PRW LMR K?RRCP

) 5FGPB

cookie_c www.example.edu N7PRW %GDDCPCLR BMK?GL RF?L TGQGRCB UC@QGRC
) ) 5FGPB

cookie_d tracking.example.org - %GDDCPCLR BMK?GL RF?L TGQGRCB UC@QGRC

%GDDCPCLR BMK?GL RF?L TGQGRICE GD@QGRC C
5FGPB MULCB \® RFC Q?KC MULCP GIVRRGIZAPMQQ
N?PRW  QGRC AMMIGC DPMK RFC Q?KC gkPQR N?PRWh ?R RFC
JACJI QGRC

cookie_e login.example.net

'GESPC  $MMIGC $MLRT

'C:G24J D64FC:EJ C:D<D

+ 1. @575:3 $MMIGCQ ?PC SQTRRGPB N?PRGEX) KHCRE) ?APMQQ UC@QGRCQ ?LB PCAMPB
@PMUQGLE @&WP ?LB GLRCPCQRQ *L R?EPERQEBRETRFGQ BCREGRRE QFMU SQCPQ
?BTCPRGQCKCLRQ ?JGELCB UGRF RFCGP GARGIFCRIPS SEHERRI?AC RFC DMIIMWGLE U?
RFGPB N?PRW AMBC CK@CBBCB ML ? QGRC A?L QCR ? AMMIGC BFCR RBECLETHCQ ? SQCP
RFGPB N?PRW A?L PCAMPB SQOR BARRTGIFSLERF?R AMMIGC @?Al UFCL RFC SQCP TGQGR
UC@QGRCQ UFCPC GR GQ CK@CBBCB ?Q UCBE RSW2NRERFRBELMRC RF?R kPQR N?PRW
AMMIGCQ A?L 2JQM @C SQCB DRRGLEBAIRRRIBQ QSAF 2Q AMMIGC QWLAGVE?ZIGMU RM @
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RFC JGKGR?RGML MD RFGPB N?PRWAMBAIGERPMBRMBGDDCPCLR UC@QGRCQ

5751 @412@ -:0 ?1?75;: 456-/75:3MMIGCQ ?PC SQCB RM QRMPC QCQQGML GLDMPK?RGML QSAF *
APCBCLRG?JQ QCQQGNIMRMISRFCLRGA?RGML NSPNMJCRP)SBMBGQAICQRQ

YMUCTCPGD RFCQC AMMIGCQ UCPC RM @€ M@BGEGHSEQ@ ?ARMMSEB SQC RFCK RM
?SRFCLRGA?RC RM RFC AMPPCQNMLEBLE tIAMPICETQ ?PC LMR NPNWCEE\VIEED @

RF®/ AMSJB @C NPMLC RM APMQQ @GRGRSAOTOSAOTEML FGH?MBUBDQ QGRC PCOSCQR
DMPECBWS'  APMQQ QGRC QAPGNRIBLAISOBEMRFCPQ QCC 2JOBARPGREYNRCP

2G62ED

: MS A?L JC?PL KMPC ?@MSR RFC KCRFMBMIMERFENEIGCTBR\EG DMP RFC@® "JK?L?A
GL ML RFC.CRFMBMIJMBEREC 5FCPC ?PC JGKGR?RGMLQ RM RF?R KCRFMBMIKNEXKRIFGAF K?
RFC PCQSJRQ GL RFGQ AF?NRCP

i %?R? GQ AMJJCARTIR@K ?RGA?JIW TGQGRGLE UC@QGRAERGIUM BQGRRCP
GLRERRGML AMSJB KMBGDW BE@QGRCQ QCR ?LB SQC ARARGEGIBL NP
QV?KNJC )551 "PAFGEIQ RMMJIQ BM LMRARLBGRF AMMIGC @7?LLGPCPLBIYM
AMMIGCQ RF?R UMSJB @C QCR?2BRGR GIGRIPRFCQC @?LLCPQ ?PCBXER M@QCPT
MSP QRSBW

i 8 C@QGRCQ ?PC TGQGROBHIPIMAQREB GL RFC 64TRAMRAVMMIGC QCR UFCL
C?AF GLBCNCLBCLR UC@QGRC TGQGR QR?PRQ RFGQ GQ OSGRC BGDDCPCLR DPMK
2AASKSJ?RGLE 23R UC@ AMMIGCQ UFGJC @PMUQGLE RFC UC@ 5FC JMA?RGML D
UFGAF TGQGRQ ?PC NCPDMPKCB A?L GKN?AGMRBBGCR@ CEESJ?RGML ?LB
JCEGQJ?RGML @%AB ?Q

i ' MP C?AF UC@QGRC RFC FMKC N?EC GQ TGQGRCB ?Q UCJJ ?Q MLC MRFCP N?EC DP\
UC@QGRC

i .MQR MD RFC PCQSJRQ NPCQCLRCB GL RFGQ AF?NRCP ?PC @?QCB ML RFC RMN MLC
TGQGRCB UC@QGRCQ ?AAMBHBIEROQRIFG.VNCPGCLAC BENMPRRF?R
UCPC QSAACQQDSJIW PC?AFCB BSPGLE RRTABS1 WAFSIC

i 5FC AMMIGCQ AMJJCARCB DMP RFC ?L?2JWQGQ GL RFGQ AF?NRCP UCPC M@R?GLCB -
RFC TGQGR MD C?AF UC @ QGERPARECE?JJ AMMIGCQ QRMEOBAE @PMUQCP GL
GRQ AMMIGE}H?PCQSJR RFC AMJJCARCB B?R? MLJW AMLR?GLQ AMMIGCQ RF?R ?PC |
T?JGBABRFC UC@ @PMUQCP ?LB QSAACQQDSJIW QCR 5FSQ GD UC@QGRCQ ?RRCKN

2KKGJC 8:D FI> ;F@ 89J

2KKGI<M<CFGRIFQ@CCS8 FI> F:J 4CHXIBI@FE7S@A8:B@E>

2KKGJI<M<CFGBRIFQ@CC8 FI> ;F<3<:LI@KP 8:K@:8C7@DGC<D<EK8K@FE7>L@4EK @FEI
2KKGI<M<CFGRIFQ@CC8 FI> ;F:J #CFIJBIB J@K<7J:|@GK@E>

2KKGXGl @E=F <L

2KKGI<M<CFGII FD< :FD ;F:J :ILO
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GI?JGB AMMIGCQ RMM J?PEC ?RRPG@SRCQ KEQKREFGIRKGREGLE DPMK MS
2L2IWQGQ

%@E6D

5FC KESPCQ NJMRRCB GL RFGQ AF?NRCP GLBGA?RC GL RFCGP QS@RGRIO1L?7EFE€ RWNC N
MP;.581 RF?R U?Q SQCB RM ?AACQQ RFC UC@QGRCQ DMP RFC REM RRICH.BREPCIR BA[®
UC@QGRCQ TGQGRCB ?AAMPSPAERM RFOGERFC GLDMPK?RGML GQ LMR QNCAGKCB GR K
ML MLC MD RRZ’MD RFZNEP

'C6G2=6746 2?5 DECF4EFC6 @7 4@ @<:6D

*L RFGQ QCARGML UC PCNMPRNMCEXCMNBAMMIGCQ RFCGP RWNC ?LB RFCGP ?RRPG@SF
uce

:CDE 2?5 E9:C5 A2CEJ AC6G2=6746

'GPQR N?PRW AMMIGCQWRRFQCRIE BMK?GL ?Q RFC UC@QGRC RF?R RFC SQCP GQ TGQG!
RFGPB N?PRW AMMIGCQI?PGGDREPCLR BMEZGICKLGRGMREGQ ?L?2JWQGRKELC

RFC NCPACLR?EC MD AMMIGCQ QCR ML UC@QGRCQ RF?R ?PC kPQR ?LB RFEERBMRPRW 22
MP KM@GIE $P69 PLIQ

?KKGJ<M<CFG#I FD< :FD 9CF> :ILOBEB D8>E@KL;<
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"@>K "@IIK 8E; KW@BIKP GIMC<E:<

0L RFC RMN MLC KGJJGML KMQR TGQGRCB UC@QGRCQ ?@MSR  MD RFC AMMIGCQ ?PC kPQR |
?PC RFGPB N?PRW AMMIGCQ 5FSQ ? K?HMPGRW MD RFC AMMIGCQ QCR ML RFC UC@ ?PC RFGF
8 C 2JQM M@QEBFPR RFGQ BGQRPGE@SRGEKGIPF UFCRFCP RFCQC UC@QGRCQ ?PC ?AACQQCE
RFPMSEF ? BCQIRMN MP ? KM@GJC AJGCLR 5FGQARBGRTRIRFIRRRIC REMM @CF?

AF?LEC @?QCB ML RFC RWNC MD AJGCIRBQIZROMU@QGRE@RBII WEFDDCPCLRIW

7LB MP SQC MRFER®HEE KCRFMBQ QSAF ?Q KLECPNPGLRGLE BCNCLBGLE ML RFC RWNC MD AJG(
RFCLPGT?4M?NRCP DMP KMPC
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"@>K "@IJK 8E; KX@BIKP GIMC<E:< F= :FFB@<E®HE ;<JBKFG :C@<EKJ

"@>K "@IJK 8E; KZ@BIKP GIMC<E:< F= :FFB@<8E®HE DF9@C< :C@<EKJ

-MMIGLE ?R RFORRLAC MD RFC RWNC MD AMMIGCQ ?ARMBIE QCE@QGRQERFPR KMPC

NMNSJ?P UC@QGRICEHEEFCP NPMNMPRGML MD RFGPB N?PRW AMMIGCQ RF?L RFC MLCQ
MDRCIMP GLQR?LAC GL AMKN?PGQML RM RFC PCQSJRQ PCNMPRCB ML RFC RMN MLC KGJ
?LB  MD RFC AMMIGCQ ?PC kPQR ?LB RFGPB N?PRW ML RFC RMN MLC RFMSQ?LB RMN ML
UC@QGRCQ PCQNEAMRBRIGQIEIBSC RM RFC D?AR RF?R UC@QGRCQ RF?R ?P@/RFC KMQR®
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SQCPQ CK@CB KMPC RFGPB N?PRW AMBC RF?R GL RSPL QCRQ KMPC RFGPB N?PRW AMMIGCQ
MLCQ "BBGRGMREJWPZICLAC MD C?AF AMMIGC RWNC ZARMGQ BSGRC QGKGJ?P @CRUCCL
BCQIRMN ?LB KM@GJC AJGCLRQARFIRANIERBQ PCK?PIQ K?BC ML RFC RMN MLC KGJIJGML
UC@QGRCQ 2JQM FMJB ?APRIQQ $P69 P

@@<:6 2EEC:3FE6D

/C VR UC BGQASQQ RFC BGQRPG@SRGML MRREGIHIERERRAAVIAIPC UC XMMK GLRM

RFC SQC ML SameSite AMMIGC ?RRPG@SRC 5FC DMJIJMUGLE RUM KESPCQ QFMU RFC NPMNMPI
kPQR ?LB RFGPB N?PRW AMMIGCQ QCR ML RFC RMN MLC KGJJGML UC@QTGRZIMWP C?AF AJGC
RFC DMJIMUGLE ?RRPG Partitioned Session  HttpOnly Secure  SameSite

#CDMPC BGTGLE GLRM KMPC BCR?GJQ DMP C?AF ?RRFGESRE? BCRRUMEBRCGIPPGRW MD RFC
BGQRPG@SRGML MD RFC BGDDCPCLR ?RRPG@SRCQ @CRUCCL BCQIRMN MP KM@GJC AJGCLR

"@>K E FMIM@<N F=:FFB@< 8KKI@9LK<J =FI ;<JBKFG :C@<EKJ

?KKGI<MCFGBIFQ@CC8 FI> ;F<B300, $<8;<IJ /<K FFB@<
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"@>K E FMIM@<N F=:FFB@< 8KKI@9LK<J =FI DF9@C< :C@<EKJ

Partitioned

1?PRGRGMLCB AMMIGCQ ?R@@RNPRB@IC @PMEQGPBN?PRGRGMPEB SRMRECQ

RF?R AT RF Partitoned ~ ?RRPG@SRC QCR A?L MLIW @ RFACQUCBRBEGPB N?PRW ?LB
DPMK RFC Q?KC RN {ISRC UFCRE BEBC APC?RCB GL RFC kPQR NJ?AC *L MRFCP UMPBQ
N?PRGRGMLCB AMMIGCQ A?L LMR @C SQCB DMRSREGRBMQBRVC@R)GRCQ ?LB 2JIMU DMP |
JCEGRGK?RC SQC MD RFGPB N?PRW AMNG3CIEREF IRNRCIBCR?GXMYIECQ JELE
*LBCNCLBCLRPRGRGMLCB 8R2RC

8 C M@QCHF?R ?@MSR MD RFGPB N?PRW AMMIGCQ QCR ML BCQIRMN MP KM@GJC UFG.
MLC KGJIJGML UC@QGRCQ ?PC N?PRGRIEBEE QFCIUQ RFC KMQR AMKKML N?PRGRGMLCB
AMMIGCQ L?KC ?LB BMK?GL RF?R ?PC QCR GL RFGHBNI?RRE/RIMNRA.C KGJIGML UC@QGR
' MP C?AF AJGBLRIRMN ?LB KM@AEJ®/ RFC RMN RCL N?PRGRGMLCB AMMIGCQ GL NCPACLR
UC@QGRCQ/RPC QCCL ML ?PC PCNMPRCB 5FC RMN KMQR UGBCJW SQCB N?PRGRGMLCB
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SQCPMP RFGQ PC?QML RMGERERFRVIMIGCQ ?PC RWNGA?JIW QRMPCB GL RFC @PMUQCP DMP ? JI

'C:G24J *2?53@1 :?:E:2E:G6

*L (MMEJC ?LLMSLACB RFC J?SLARRBTRAWTY 4?L B@MGRG?RGMPCBSAC APMQQ QGRC
UC@7LB APMQQ ?NN "LBPMBBGRE UFGJC PCR?GLGLE SRGIBRBQBUE ?BE MRFCP SQC
A?QCQ RF?R FGQRMPGAZIJGIER ML RFGPB N?PRW AMMIGCPARG BRVHEAR?RBQKQ

.92E :D E96 'C:G24J *2?53@I :?:E:2E:G6

5FC 1PGT?AW 4?DB@MAMKNMQCB MD KMPBGIICPCLR NPMNRE?RPGK RM BGKGLGQF RFC
SQC MD SLGOSC GBCLRGKCPQTUBRBRGLE AEFRGLE QN?K 258 DFFMUGLE PELR ?BQ

RM SQCPQ ?LB KC?QSPGLECHYSHMLQ

1?PR MD (MMQJELGRG?J NJ?L UGRF RFC 1PGT PG RMB@NPCA?RC RFGPB N?PRW AMMIGCQ @S

2KKGBCF> >FF>CEGKJ :?I FD< 9L@C; @E> &HI@NK N<9
2KKGJI<M<CFG<1J >FF>C< :FDB( GBE;9F0
7KKGI| @NPISE; 9FO :FD
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GIPCACLR SNB?REMIEJC ?LLMSLACB RF?R RFGQ U?Q LMR RFCGRKBIRTRRE RIE7ZRRFC
UMSJBIRFCP GLRPMBSAC ?\YNCBGECLAC GL $FPMKC RF?R JCRQGICMGILIDMPKCB AFMGAC
RF?R ?NNJGCQ ?APMQQ RFCGP UC® RFEMMBGLEGKC (MMEJAMIRBIGSC RMKRIFC
1PGT?AW 4?LBEIMD T?GJ?@JC ?MBGQR GL RFCK RM DSPRFIPNRGIPMW ?LB SRGIJGRWh

8 C N?PRLCPCB UGRIPRFCAN?NRCP MD RE@8JK?L?A  RM KC?QSPC ?BMNRGML MD RFC
1PGT?AW 4?LB@NVD ML RFC UC@QGRCQ TERFEREELEPAFGRPUJ ?LB UGJJ BCDCP
GLRCPCQRCB PC?BCPQ RM RFCGP AF?NRCP DMP RFC ?L?0RQEDNATRECRCEBEERY /C
MD RFC NPMNMQCB KCAF?LGQKQ RF?R ?PC N?PR MD RYCUPGGRAR RENEIBAGLE ?
A?N?@GJIGRWEBEBMEAMMIGCQ QM D?P

+@A:4D '

5FC5MNGAQ "1€L?@JCQ GLRCPCQR @RRBIBIE UGRFMSR SQGLE RFGPB N?PRW AMMIGC
2JIMUQ A?JICPQ QSAF ?Q ?B RCAF NJ?RDMPKQ RM ?AACQQ RMNEAROMDEEREBPCQR RF7F
DMP ? SQ@BR UGRFMERFGLE ?BBGRGML?J GLDMPK?RGML ?@MSR RFC SQCP{Q ?ARGTGRV

4CC REIPGT?AN?NRCP DMP QMKC PCQSJRQ ?@MSR RFC RMERGML* MD RFC 5

'C@E6G4E65 F5:6?46

5FC1PMRCARCB "SBGCLACI?@JCQ MIBAC ?B ?SARGMLQ&FGYCRIRGLE ?LB ASQRMK
?SBGCLACQ UGRFMSR APMQQ QGRCRFGER BIFREEBEPQ A?L ?BB SQCPQ RM GLRCPCQR |
RF?R ?PCTQB @ RFC @PMUQCP UFGJC SQUFEPRBLEML RFC UC@ 5FGQ CRIRMGIQCEET RM
NCPDMPK PCR?PECREREIGUEGBBGLE MTREC?®JC GLRCPCQR EPMSNQ RFC SQCP GQ N
UFCL RA® TGQGR ? UC@QGRC UFCPC 7L ?B ?SARGML GQ NCPDMPKCB

4CC RFIPGT?AW?NRCP DMP QMKC PCQSJRQ ?@MSR RFC ?BMNRGML MD RFC 1PMRCARCB'*

EEC:3FE:@7? )6A@CE:?8 '

5FC'RRPG@SRGML 3CNMPRBIEIU® UC@QGRCQ ?LB RFGPB N?PRGCQ RVIRGIEMEC 7B AML
G C UFCL ? TGCU MP ? AJGAI MIPRGEBIKCLR JC?BQ JARTNDGIRIG ? NSPAF?QC 5FC
"RRPG@SRGML 3CNMPRGLE "1* 2GKQ RM CL?@JC KC?Q3IEERGM MISFBUBRFMSR RFC SQC
APMQQ QGRC GBCLRGKCPQ ?LB AMMIGCQ

4CC REIPGT?AN?NRCP DMP QMKC PCQSJRQ ?@MSR RFC ?BMNRGML MD RFC "RRPG@SRGI

2KKGII@IPISE;9FO :FD E<NJ GI@RIJSE;9FO LG;8K<
?KKGI<MKCFG<IJ >FF>C< :FIBEHI@RE;9F0 GI@IK 8;MIK@I@E> KFG@:J N<9
2KKGI<M<CFG<IJ >FF>C< :FIBGHI@8#;9F0 GI@kk 8;MIK@I@EKGKS; 8L;@<Ei<
?KKGI<McCFG<IJ >FF>C< :FIBGH@8E;9F0 GI@kk 8;MIK@I@E> 8KKI@EERIBEEL

2024 Web Almanac by HTTP Archive 727


https://privacysandbox.com/news/privacy-sandbox-update
https://developers.google.com/privacy-sandbox/private-advertising/topics/web
https://developers.google.com/privacy-sandbox/private-advertising/protected-audience
https://developers.google.com/privacy-sandbox/private-advertising/attribution-reporting

Part IV Chapter 19 : Cookies

%

$MMIGCQ JBGLE *LBCNCLBCIFRIGRGMLCB &R2RC  2JIMU UC@TBIMNCPQ RM QNCAGDW RF?R
RF®/ UMSJBAGFC AMMIGCQ RFVRREQCRRGLE REIEAEL QN?PRGRGMREB @RMFGL ?

QCNZIRC AMMIGC H?P NCRGRMIGRT $)*14 AMMIGCQ AMPPCQNMLB RM RFC N?PRGRGMLCB AMMI
BGQASQQCBGIMSQIW GL RFGQ GERIRETIRGRGIQURRGML

)6=2E65 .63D:E6 *6ED

3CJ?RCBB@QGRC 42R®IU UC@QGRCQ DPMK RFC Q?KC MULCP RM QF?PC AMMIGCQ ?KMLE
RFCKQGQJQ 5FC APC?RGML ?LB QS@KGQQGML MIE@QPGCRTREERBGQ BMLC ?R RFC KMKCLR
RFPMSEF MNCLGLE ? NSJJ PCOQESERAPCNMQGRAPR(MMEJIC CRZIMD AFCAI ?LB

KCPEC GD BCCKCB T?0@EB&RCQ RF?R @CIMLE RM RFC Q?KC PCJ?RCB UC@QGRC QCR KSQR ?J
GRV@ENJ?AGLE ? AMPPCQNMLBGLEWICIIRNRHC63* /.well-known/related-

website-set.json

"@>K *LD9<I F= kKC8K<; GI@D8IP N<9J@BE @:RE ¥ 9P #FF>C< 8K K?< K@D< F= NI@QK@E>

$FPMKC QFGNQ UGRF ? NPCJM?BCB kJC AMLR?GLGLE PCJ?RCB UC@H@RERGERNKIT?JGB?RCB @
RC?K ?R RFC KMKCLR MD UPGIR®GE 2024.8.10.0 RFCPC ?PC BGQRGLAR PCJ?RCB UC@QGRC
QCRQ &?AF PCJ?RCB UC@QGRC QCR AMLR?GLQ ? NPGK?PW BMK?GL ?LB ? JGQR MD MRFCP BM
RFC NPGK?PW MLC @CJMU MLC MD RFC DMJJN associatedSites C servicesSites

?LB MF ccTLDs 5FCQC NPGK?PW BMK?GLQ ?PC C?AF ?2QQMAG?RCB UGRF QCAMLB?PW BMK?GL
N?PR MD RFCGP QCR  QCF associatedSites servicesSites ?LB ccTLDs

8 C PCNMPR ML RFC DMJIJMUGLE KESPC RFC LSK@CP MD QCAMLB?PW BMKEBRGQAIMP C?AF QCR
RF?R GD ? K?HMPGRW MD RFC NPGK?PW BMK?GLQ ?PC ?QQMAG?RCB UGRF MP JCQQ QCAMLB
https://journaldesfemmes.com https:/lya.ru ?LB https://mercadolibre.com

?PC JGLB RM ?LB QCAMLB?PW BMK?GLQ ?KMLE UFGAF RFGPB N?PRW PCOSCQRQ ?PC F?LB
GD RNQCPC ?JJ DPMK RFC kP QR RQREREIGT

?KKGJI<M<CFG<IJ >FF>C< :FDBMH @B, 9F0 :FFB@<J :?@GJ

?KKGI<MCFG<IJ >FF>C< :FDBGH @8#;9F0 :FFB@<J8K<; N<9J@K< J<KJ
?KKGP@K?L9 :FD #FF>CERK I<C8K<; N<9J@K< J<KJ

?KKGNNN @8E8 FI> 8JJ@>ED<EKJ N<CC BEFNE LI@J N<CC BEFNE LI@J O?KDC
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"@>K /<:FE;8IP ;FD8@EJ G<I GI@D8IP ;FD8@E

EE6DE2E:@7? 7:=6

*L MPBCP RM SQC QMKC MD RFC 1PGVY?2WQ 42 B@NMCPQERM EM RFPMSEF ?L
CLPMJJKCLRPMACQQ RM BCAJ?PORETRIREKR ?@SQC RFCQC "1*Q DMP APMQQ QGRC PC
GBCLRGKA?RGML @SR MLJW DMP RFCGP GLRCLBCB SQC A?QCQ 5FC JCE?J GKNJGA?RGM
LMR PCQNCARCB GQ OSGRZSR RFGZP?JIMUQ RFCQC A?JICPQ RM M@R?GL ?L ?RRCQR?RG
KSQR @C NJ?ACB “ .well-known 63* /.well-know/privacy-sandbox-

attestations.json ML RFC BMK?GLVRPCEGQRCPCB RM A?JJ RFCQC "1*Q DPMK

$FPMKC QFGNQ UGRF ? NPCIM?BCB kJC AMLR?GLGLE ? JGQROVEL BRIRCGEQRERR KIC
PCEGQRCPCB $SPREGQIWGQR AMLR?GLQ BGQRGLER®BE 2024.10.7.0  RF?R AT
CLPMJJCB RM A?JJ RFC DMJIMUGLE "1*Q "RRPG@SRGML 3CNMPRGLE 1PMRCARCB "NN 4G
1PGT?RC "EEPCE?RERMKC MLIW 1PMRCARCB "SBGCLAC 4FRESBRIRKEMLIW ?LB
5MNGAQ

8 C SQCBASQRMKARBCP QCN7IRC DPMK RFC )551 "PAFRNIMIQ RM M@R?GL ?LB N?PQC RFCQ
?RRCQR?RGML KICISAACQQDSIINIBCREREDR?RGML kJCQ DMP  BGQRGLAR BMK?GLQ UG
ARUJCP QMKC ?RRCQR?RGMIVK@CIP&2?@JC @SR LMR M@RISEQE@P BSC RM

LCRUMPIGLE GQQSGQKMIEC VR UC PCNMPR RFC NPMNMPRGML MD BMK?GLQ RF?R ?PC C
C?AF "1* ML $FPMKC ?LB "LBPMGBMI@QCHRF?R RFC K?HMPGRW MD RFCQC MPGEGLQ ?PC C

?KKGI<MCFG<IJ >FF>C< :FIBEH@88;9F0 GI@hk 8;MIK@I@EFGED<EK
7KKG>@K?L9 :FD GB@IBE;JKFID N<CC BEFNERICT<I
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A?JJ MLC MD REGKPMKC "1*Q PCOSGPGLE ?L ?RRCQR?RGML UFGJC RFQNRIQQMRRSRIECSQ U?
"LBPMGB "1*Q

"@>K IEI FCCD<ERE:||@&1P /8E;9FO ,%J 8KK<JK8K@FE ]C<J

@?4=FD:@"?

*L RFGQ AF?NRCPCNMPR ML RFC SQC MD AMMIGCQ ML RFC UC@ 0SP ?L?JWQGQ ?JJMUQ SQ RNV
KSJRGNJC OSCQRGMLQ

+45/4 @E<1 ;2 /;;751? 5? ?1@ C1.?5@1?

8 C kLB RF?R RFC K?HMPGRW MD AMMIGCQ MLRFCUC@  MMRRFGREWTRWNSJI?P
UC@QGRCQ QCR QGELGKA?LRIW KMPC RFGPB N?PRW AMMIGCQVNECRERVEEWATBBE?SQC RFC
KMPC RFGPB N?PRW AMLRCLR "BBGRGHIQERRN?R ?@MSR  MD RFGPB N?PRW AMMIGCQ ?PC
N?PRGRGMI)TI2 1 ?PRGRGMLCB AMMIGCQ A?LLMR @C SQCB DMFREGRETRFPR\RRE

AMMIGC H?P GQPRCERMP C?AF UC@REREL RF?R RFC SQCP TGOGRQUQMLERF?R

N?PRGRGMLCB AMMIGCQ ?PC NPCBMHGIBIRRG@EE ®MK?GLQ ?LB ?PC SQCB DMP ?L?JWRGAQ

+45/4 [;;751 -@ @>5.A@1? ->1 ?1@

0SR MD ?JJ AMMIGCQ QCR  MD kPQR N?PRW AMMIGCQ ?LB MLJW MD RFGPB N?PRW AMMIGCC
AMMIGCQ 5FC PCK?GLBCP MD RFC AMMIGCQ ?PC KMPC N@PZREIRMR B QIEIRTBRIFCL RFC
SQCP AJMQCQ RFC @RMOBIRRFCTEREC JGDCRGKC MD AMMIGCQ RFC KCBG?L GQ KMLRFQ D
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kPQR N?PRW ?L8?R\ADMP RFGPB N?PRW AMMIGCQ

' SPRFCPKMPC DMP  MD RFGPB N?PRW A SameSite {FRRPG@SRMERAGRIW QCR RM
None UFGAF ?2JJMUQ RFCQC AMMIGCQ RM @C GLAJSBCB GL APMQQ QGRC PCBAISCQRQ ?LE
SQCPQ UGRF RFCK

+4;?21@7? /;;751? -:0 C4-@ ->1 @4 A?10 2;>

5FC RMN kPQR N?PRW AMMIGCQ ?PC K?GLJW SQCB DMP ?L?JWRGAQ (MMEJC "L?JWRGAQ
DSLARGML GQ RM PCNMPR ML RFC SQ@ BQCUREERGREQRN?PRW ?L?2JRERMGRRIPC
JC?QR  MD UC@QGRCQ .CR? DMJIMUQ GRE QERREHIRRYREN?PRW AMMIGCQ ML
UC@QGRCQ

5FGPB N?PRW AMMIGCQ 2JQM NPCBMHREG (IVIMRE doubleclick.net QCRQ ? AMMIGC ML

MD UC@QGRCQ ORFCPRIOPRATT ? AMLQGE@RV QK?JICP PC?AF MD  MD UC@QGRCQ
ECLCP RFC KMQR NMNSJ?P RFGPB N?PRW AMMIGCQ @CJMLE NPCBMKGL?CRREBBILEFC R
A?RCEMPW

8 C AMLAJSBC RFC AF?NRCP UGRFGCWIMD RFC 1PGT?AW 4HB&NVPGKQ RM PCNJ?AC RFGPE
N?PRW AMMIGCQ ?JRMEERBORP RMRET?AW?NRCP DMP KMPC PCQSJRQ

FE9@CD

- MF?L #CSEGL
O WIFF?2L ® FRRNQWIF?L @CSEGL MPE

: MF?L #CSEGL GQ ? IFRBBCLR GL RFC %CN?PRKCLR MD $MKNSRCP 4AGCLACQ
6LGTPQGRW MD 8GQAMLQGLc.?BGQML UFCPC FC GQ ? KCK@CP MD RFC 4CASP
1PGT?AW 3CQC?PAF (PMSN ?LB ?BTGMBRBGAI .A%?LGCJ )C GQ GLRCPCQRCB
@SGJIBGLE KMPC QCASPC NPGT?AW NPCQCPTGME (MERREEQRIBAPRSPPCLR
PCQC?PAF QM D?P F?Q DMABSSIGBEVALRRPGT?AW GL MIOBRGQBLE

4?K %SRRML

X 'Qu ) Q?KBSRRML® FRRNQGKNJ GLDM

4?K %SRRML GQTCHENCP "BIA?RC UGRF RFC 1PGT?AW RAB@ R (MMEJC
DMASQCB ML FCINGLE QERCPMGEPMK PCIWGLE ML RFGPB N?PRW AMMIGCQ -
EPCU SN GL 4AMSRF "SQGRRJCLR RMGRQGERW BLCARL B F?Q IBIQGLAC

GLMLBML )C NFGMSQJIW GHPKQ ? QMDRU?PC CLEGLCCP ?R ##$ 3 % ?LB *5/ ?Q ?
RWNCQCRRCP DMP %CAA? 3CAMPBQ ?LB ?Q ? PCQC?PAFCP ?R 1GA?BMP #MMI(
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. ?L? %GKM
O VBGKN?

- 72L? %GKW GQ ? 1F% QRSBCLR ?R %GQRPSICR [BMASQGLE ML RFC SQCPfQ
NCPQNCARGD NPGT?AW ?LB FIMARENPMRCAR GR ML RFC UC@ )CP PCQC?PAF
GLRCPCQRQ ?PC MIAIGLE REPQML?J B?R? JC?IQ ?LB NPGT?AW ?LB B?R? NPMRCARG
JU
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AAG?5:I

$6E9@5@=@8J

&G6CG:6H

5FC 8C@ "JK?L?A GQ ? NPMHCAR MPEBEGXEEFGT )551 "PAFGT U?Q QR?PRCB GL

@V 4RT 4MSBCPQ UGRF RFC KGQRGRMBRIRPUC@ GQ @IFGIRREQ RFC AMKNMQGRGML N
KGJJGMLQ MD UC@ N?ECQ ML ? KMLRFIW @PGEQ@IERCY MD KCR?B?R372@JC DMP
2L2IWQGGGE2SCPW

5FC 8 C@ "JK?L?AfQ KGQQGML GQ RM @CAMKC ?L ?LLS?J PCNMQGRMPW MD NS@JGA ILMU.
QR?RC MD RFC UC@ O0SP EM?IZGRFEeMEHM? U?PCFMSQC MD )55ICREHGIMPC

?KKGPKKGR@WFI>
?KKGPKKGE@WFI> =8H ?FN ;F @ LI< 9@>HL<IP KF NI@K< :LJKFD HLKP@:8KBM
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?AACQQG@JC RM RFC UC@ AMKRBEGRPS@HCAR KYRRERQ NBBC AMVRS?JGXCB
GLQGEFRQ

5FC CBGRGML MD RE@8"JK?L?A GQ @PKLRM DMSP N?PRQ AVNBRERLEC NS@JGQFGLE
?LB BGQRPG@SRGML 8GRFGL AR RFPRRORNIVPC RFCGPRAFGLE RFCKC DPMK
BGDDCPCLR ?LEIRQ?KNJIC PR *ABIIMPCQ BGDDCPCLR ?LEJCQ MRGHRECEACRSC RFC
1CPDMPK?LAC 4CASRBRMACQQG@GIGRW AF?NRCPQ ?KMLE MRFCPQ

3@FE E96 52E2D6E

5FC )551 "PAFGT B?R?QCR GQ AMLRGLSMSQJW SNB?RGLE UGRF L& BRAE? KMLRFIJW
CBGRGML MD REC'8?L?A SLICQQ MRFCPUGQC LMRCB GL?RFRGHFRPERQRICPC QMSPACB
DPMK RFC +SLC  ABJ 5FCQC PCQSIRGB@IGAIW OSCPMI?@SE2SCPW GL R?@JCQ GL RFC
“httparchive.all.*® R?@JCQ DMP RF date = '2024-06-01'

"JJ MD RFC KCRPGAQ NPCQCLRCEBIGIKAECA?PC NS@JGAIJW PCNPMBSAG@JC SQGLE RFC B?R?C
#GE2SCPWIS A?L @PMUQC RFC OSCPGEQISQ@EBNRCPQ @RYS® PCNMQGRMPW

,C<8J< EFK< K?8K JFD< F= K?<J< HIML@KK8C8I>< 8E; :8BCB<EXKIF ILEFLIJ<CH| ?7<CG
'FEKFCC@HEX PG<E;@E=4I KF 0@D '8;C<:ZJIBEAEK> @>-L<IP 3@K?KB8B@E> K?< 8EB

' MPZ?KNJC RM SLBCPQR?LB RFC LSK@CP MD N?ECQ UGRF ?AACQRGELIT AMIMP AMLRP
AMJIMP>ARIQRFQOJ

SELECT
client,
is_root_page,
COUNTIHcolor_contrast_score IS NOT NULL AS

total_applicable,

COUNTIH CAST(color_contrast_score AS NUMERIG = 1) AS

total_good_contrast,

COUNTIR CAST(color_contrast_score AS NUMERIQ 1)/

COUNTIHcolor_contrast_score IS NOT NULL) AS

2KKGP8I =P@ >L@;<) ><KK@E> JK8IK<;

2KKG>@K?L9 :FD $00, :?@VBCDBES: ?KKGE@HFI> ki< DB@E JHC

2KKGJCFL; >FF>C< :FD 9@>HEK@P@E>

2KKGX@MBEC<: :FD I<D<D9<IJ LI@E> 9@>HL<IP N@K?FLK8B@E> K?< 98EB
2KKG>@K?L9 :FD $00, :?@VBCDBES; ?KKGE@HFI> 9CF9 DS@E JHC  8:<)J@9@CRKPEBIK JHC
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perc_good_contrast
FROM(
SELECT
client,
is_root_page,
date ,
JSON_VALUHighthouse, '$.audits.color-contrast.score’ )
AS color_contrast_score
FROM
“httparchive.all.pages’
WHERE
date = '2024-06-01'
)
GROUPBY
client,
is_root_page,
date
ORDERBY
client,

is_root_page;

3CQSJIRQ DMP C?AF KCRPGA ?PC NS@JGAJW TGCU?@JC GL AF?NRCP QNEEAGKA QNPC?BOF
+7T?4APGNR PCQSGRID RM RFG PCQSJRQ ?LB OSCPGLRBIP@IC 7R RFC @MRRMK MD C?AF
AF?NRCERPGA QNCAGKA PCQSJRQ ?LB OSCPG @B BEPTIRIVEDPMK C?AF KESPC

.63D:E6D
5FCPC ?PC UC@QGRCQ GL RFC B?R?QCR "KMLE RFMQC 2PC KM@GJC UC@QGF
2LB ?PC BCQIRMN UC@QGRCQ .MQR UC@QGRCQ ?PC GLAJSBCB GL @MRF RFC KM@!

BCQIRMN QS@QCRQ

)551 "PAFGTC QMSPACQ RFC 63-Q DMP GRQ UC @ QSRME D BRI BGRAGRRC $FPMKC 69
3CNMPR GQ ? NS@JGA B?R?QCR DPMK (MMEJC RF?RVNEEFRGERRCQ BAFBRIE) KGJIGMLQ MD
UC@QGRCQRARGGQORGBRMKC SQCPQ SREREET JGQR MD UC@QGRCQ RF?R ?PC SN RM
7LB ? PCICARGML MD PC?J UMPJB UC@ SQ?EC 5FC $FPMKC 69 3CNMPR B?R?QCR GLAJSBC!

?KKGJF:J >FF>C< :FD J&€8;J?<<KJ; @J)< 7IMD.D&$K' &< ?N+/FN#>HI" HPAIN <;@K >@; >@;
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BGKCLQGML UFGAF UC SQC RM ECR ?JJ MD RFC UC @@ERIRMMAMEQQLB @C SQCPQ

5FC+SLC  )551"PAFGT C APUJ SQCBABRFCB@ "JK?L?A SQCB RFC KMQR PCIRGLRENC
$FPMKC 69 3CNMPR PCJC?QC DMP GRQ JGQR MD UC@QGRCQ 5FC  B?R?QCR U?Q PCJC?QCB
?LB A?NRSPCQ UC@QGRCQ THGERER@SQCPQ BSPGLE RFC KMLRF MD +SLC

%SC RM PCQMSPAC JGKGR?RGMLQ RRTNSEGWAEGEN AMSJIB MLIW RCQR RUM N?ECQ DPMK C?A
UC@QGRC GL RFC $FPMKC 69 PCNRRRRRECR RFGQ UGJJ GLRPMBSAC QMKC @G?Q GLRM RFC PC
@CA?SQC ? FMKC N?EC GQ LMR LCACQQ?PGJRNTRPCQLEEIRGIC @QGRUGFGQ W
GLAJSBQEAMLB?PW N?EL® K?LW AF?NRCPQ SQC RFGQ LCU B?R? 4MKC AFRBIRCPQ FMUC
SQCB HSQR RFC FMKC N?ECQ
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