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2012 4E 10 A, HTTP TI/E4#E$2A0% fi HTTP/2, {§iJH SPDY 1EAi#e . Z /a4,
k8 & A BIFIFFRT B (AR FRAE & Rk THE X AL, oI, FHEamik
1 RSB RE H RIS

fExAE RS, RIOAEEERA—HHME, EEOATHANSE, BE, AR
ML LRED . ATEREMBIME SRILRNREL, XA X TAEN, 1EAE
FACHAIHIRA.

BT, ARERR SN, BRI NISE e —BREEE, FILARA HHRE
MM, AL NATRESEAHXARIE, (BB e T B A BRI A IREE /) o

2014 4F 12 A, fFEMEEIE BB 16 Kig GXuFriEdlE i TERY, E2|RET), &
{1 E br B TR S Z R4 (IESG) 228 T HTTP/2, HiiEhik,

KEEBUL, LA REHE A, M AW TRESARE, lafifRIEARIH—), &
TR Be A T &S HFHIAENE, HER THAE RN, 2% Web IR % . CDN fil
fth T B H .

HTTP2 AR EN, H5gEm kbR 2R Bbr, RAOBL BIEILEL G,
B IR T; Web PERE; i 5t B AR A B (R AT LUK A BrhR A< i HTTP [k 4, iXFE Web
AR SR HITF —bridrr L.

WA FEERTE, BICLHENT. MK, RINEMABEERZ.

——Mark Nottingham

Mark Nottingham 4 HTTP T4 242 10 357, A H R AL A A ELHR,
% HTTP2 Z ARG E1E, feieit AR £ /5, AL AR IR i 3 QUIC #9275,
4% & Akamai Foundry H FA#)— R .
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IThRAS, HH 24T Web N2 B RE

H A 1999 4E HTTP/1.1 (h1) @itLAsk, Web &4 TBIRKEHAZL, BEARNAEILT
T BETIRAE M. FEETXANMT, whEkBAES KR/ NEE 2MB', &
ERIRECE R 140 AUE A RS, SR, FRIEH Web 2RI HTTP thilox Se4E 33
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Il et 3 FPR TR . JE 1 Google Y —TRRF LK B, #£% 400 ZF (—RZIRMIITHE]) #9
IR, HATREMEIEA IR R R, :

ARG AE D2 VAR B S R —— T PSR LA SE 4 3 1oy A A R B 2% TUTRT, ] e SO A oo
HTTP/2 { R RAEARWTIE %, R A kiR bk 22 f9 I sl 7 P B R TR B, 1T DA e AE AR /1N
A R v At AT 1 R i) R S R

e lMag REBAEGE M h2—— B34 T & T RIRATRIM LS, 410 Facebook, Twitter, Google il

Wikipedia—(HR £ NI THEE. 0100 B b2 PR h2 W9 JRER f JLPEREIR 3, X FEMR
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1 A AL 7= 51
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HTTP#{t 52

1E 20 k4 30 44K, %@anﬁ%hm%¥lﬁ%Vﬁ&%ﬂ%mmnTAMEFW b
ARHS (ﬁfﬂaélﬁa%ﬁZlﬂE‘)%% 1 1945 % % T «jﬁwﬁu» B’Dta "As W
May Think” H, fth5iH ¢ ‘j

ME L RAE, RAVEEFE AR LRk LR, %E& 2,
%iﬁ%Tﬁ%%&gﬁ#mﬁA*ﬁﬁL%%%mﬁ@Tuﬁgﬂﬂﬁ,%4
7 o ) 2t AR IR A

oA TIXHE—ARGE: WA IR GEAEMGE IS b, AT UAR 5 8 e o 2 )
fbiE—ARH, XA BN MA LT 3ORBE, R AR K B iR B AR, R
fb AR FY memex (§JRAFIERE) RGAREIL, HBAINHN TEkHE.

e AT B 5 9 A B ST AR T 1963 4 /6 47 638 tH ok, T 1965 47 1 ik HH BLAE Ted

Nelson & ) SCFEH1, Nelson & — (L& LG, &0 th iR L RTIE ARG, iRt “#E3c
A" —TAME AT

REGH OAHRBEEMAAL RO XABLKE, BLFMEERN R LZIR
B AP THROSNERE, REAESH RSB ARE RS AERR;
LT R Q8 F LI b R E e FH TRy i ANLSMIE,

Nelson BN, “SCRIE", RSB Z A EAHSCER, AAMEBR, 7 HJ5 @A AkEL, 20

{£ 1: T. H. Nelson. “Complex information processing: a file structure for the complex, the changing and the
indeterminate.” ACM ’65 Proceedings of the 1965 20th national conference.




22 70 4548, 2T Bush 9848, Nelson 7E b/ Xanadu 55 H 52 BL T — /M XA A5
JRAY, fRGGIE, ZTE AR, (A G RF R T,

1989 4£, HTTP JF ik A AMTTAIALEF, 24178 CERN (BRI A% FRF 40 40) 9 Tim
Berners-Lee $&tH T — i R4 °, FLAICRR TN 2 (35 H R A9 KA 8 72 84L) Fn
CERN s de =5 B, MR T Nelson RIS : MBCAS, Si#i “LL—FhTEey
KGRI AR ARTIREL 7 Bk, o8 “TRT0A”, EREP, Tim i
HEEE SARARS™, THRS SR LIS LR B,

1.1 HTTP/0.9#AHTTP/1.0

HTTP/0.9 2/~ H Y BRI, ERE—ANH: (GET), BAEH, HikitBirtb ik
AEIRE HTML (gt i A B, RAEXA).,

bR ILAER R R, HTTP RmiTied, #BE 1995 4, R LA 18 000 £k %
7% (£ 80 Ui I ALEE HTTP ik, BEthilAE 0.9 AR 2 FA T KEMEE, T 199
i REC 1945° il 4 HTTP/1.0 HLE,

1.0 WA 2 JFA F R B b BGHTH T R RN A, 0.9 BUASMIMISE KBEA 1 BT, 1.0 BRANIA 60
Go BREA, RATCABCEMBCRBKA T TR, BEE T —SRAImA T BB .

. B
. WR

. WEM

. g
e

o BB (R4
. WMWK

RAEHIX T 0.9 RASK B, HTTP/1.0 B—AE KM KR, (BIFFEMRLENE, THETRE
AR — /N8, BRI Host B0, H HBAFAIER A S W, X =A%
Wi T Web RI§J@II T2, B IZIEX BIRIH— T,

e HUIPEA
LOMARIRIGIE, 1.1 AT, 8E A, LKA SENT 20 £4

{ 2: https://www.w3.org/History/1989/proposal.htm]
¥ 3: https://tools.ietf.org/html/rfc1945
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T BREE T ZAMHEREIR 1.0 RARIRERB, FARGIE RS Fimigdt Host 5#8, BrLA
REENIEERATRE, Wikerff—4 1P _LiRMHEL 4 Web k%5 . AL{EMBHERA LI,
Web JIit 55 a5 U AN T SEAE BN BL 2 JE R ERE . X0 THRTHEREFICR T E ML EKR, B
oy DR 25 FEALA R A B T SR TR R 2 TCP 32 T

WAL SE 4T -

o GRATAHSEE R R

» OPTIONS 75

» Upgrade &P

* Range (VEMH) ifK

o JEGEFEHISRAS (transfer-encoding)
« &t (pipelining)

BB X VE R P — KR IB BT R R (B LR R PELAG T 45
TR B, TR 95 &% 17528 A REHR Ui B2 1 ok . Bk UL, andRIE/AN 1 RTE
TiRKREE, AB2PBAkPEZE (head of line blocking) Mk, Hob,
LRI b Rk 5 @ FOACER ¥ e KL B et GXARAEES), S skBl
RARE GXEREE),

HTTP/1.1 EI3ThF HTTP/1.0 BIEED, UARIZIRASZ TR JLAE TR 2 208

HTTP/1.1 By RFC
TR 1AL 44 (IETF) AA N HERAAEGEEZ P AHRME, »4F RFC
(Request for Comments, #Kizft), £ R AxHFTH AT, ATRZARA B E] o & B A
5, HTTP/1.1 %%/ RFC 2068 F & 3L, Z/5# RFC 2616 X, &£ A& RFEC 7230 |
RFC 7235 $3&4hfofsiT,

1.3 11REZE

Fl 1999 4Ei2, RFC 2616 (HTTP/1.1 HIyE) & T HSLIAR Web Friikfiftubrie, 1EXER
2k, CRMAEEL, MATSHE, SR, Web FnFRA1{EH Web HI X — HIEA, X Ff
LR T EReEENASR, EE L MR L A, C2mimiE 1Y
AR AN SCR R, HAMARAE LM THRMNS AL AR., BRENS K
B TR FRRAE], (HEI A k.

FATTREFS H A B B R A AS (L B T AIMI % . HTTP #4% P (HTTP Archives) fxH-fida
2010 4E, RUEHEA-WIE R AR, b2 91k NB . HTTP Mhillik it Z w2 e
BRI RIRBUAAS BB, (BAnA, FMARBRCEERNIN T B 2%, hHsk THED.,

HTTP#E/LSE | 3



1.4 SPDY

2009 4, Google (1) T #2 i Mike Belshe #11 Roberto Peon i 1} T — Fff HTTP [y &4 5 % .
<H [A] speedy) . SPDY A&H AN HTTP 5 R, HERLhREEER
—A, BAEHSR T Rl 5 WHIMERESR F+. 7€ SPDY 2RI, A1 A A 75 i ll o7 i v 7%
A LEX HTTP/L1 (e SR . AR A A, BB,

SPDY* (

Hpth &% P FERI R A, AR B,

Pifi, SPDY s TiX—4), BRHEN T AMTBREEmBhil, J+HEE%%E, SPDY
) HTTP/2 3652 T HAE, FHIEW] T Horh— et Bt A FE, LB M. Wifnyg s
. BIfEEELRMIRAC, SPDY MR RIWE “P” f——CMHp %43 T Chrome fl
Firefox, FF8e# )L PHBRA LB AT RA . ifi L PLER —ial, RS 2% Fm g en

Hixt SPDY #2474 3EAY S H,

1.5 HTTP/2

2012 £ %0, HTTP L{E4 (IETF LYE4A 3% HTTP IR/ ) B2 TH R F—4

HTTP RAMI T AR NGRS sy ° Mk T TAR4LR BT b i — Lz,

HTTP2.0 4 T T4 T H 2.

TARA R TAEREIASHE SN, HHZ P SPDY £ HTTP2.0 HIkE A, ik,

LT AR A TCP & HTTP/1.1, && A P T Bt $ HIERMA B FLH D
FRE,

% % HTTP &9 FA 3k ' 2 [ 41

FATEIRANA) TR IR B 2 5 ANk4E, MmRHA TCP H k694 A&,
A R I B AEH T &

PG HTTP/1.1 #9353, T AA| B &R 69 LA F R (3o LFFiE), 836 (2 ARF)
HTTP 7 ik, K&, URI fe B3 F K,

B84 % LHTTP/2.0 A= HTTP/1.x % & 695 ik , M A 2B $ A M 65 ik (06 ;
A AE  C AN T A S IR B 093090 e e Sk,

RFC 7540 f£ 2015 4 5 H 14 B %A T, HTTP/2 B AIER L,
T, AR ARSI RE,

£ 4: http://dev.chromium.org/spdy/spdy-protocol/spdy-protocol-draft1
{F 5: https://datatracker.ietf.org/wg/httpbis/charter/
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B2E

HTTP/2 RIEAT]

WA A, F— R B L M JL AP AR T, (U, R
Eﬂﬁﬁ?ﬁ»bgfﬁo

=

BRMWE, RIVBIEITFQE R, & L. 1A%,
HTTP2 (h2) RKiiHlgiXhe. —

M2, BAEBIFLAME,

21 RBREFIET

Hz, RIRATRECL A RAVEMRT HTTP2 T, TH—ABUAMEE (bb4n Bdge, Safari.
Firefox 8¢ Chrome), 1jj[a)3E/™% B W3k, Ebfn Facebook, Instagram s(# Twitter, M, R
CREFER 2 T, BER, IANELAEAME, WARKEIRABHIEE. B TEK
1A CahFHEE—A h2 kRS, W, T—AEH b2 BIR BB A Rt & R EIEERY .,

izt h2 Ik, LML

o FREUH-Ze%E—/N S FE h2 ) Web RS %%
o F#HIFRE—K TLS IE, 1SS FR S 2%t h2 4%,

z%%ﬂxﬁﬁ,mﬁM%EEMﬂﬁ$O&%$EZE,mﬁﬂumaamﬁﬁmm?
R 8, 7.4 Ffeatix — 5 R 1 AN R ;




2.2 IKBUEH

ERUES XA EEA S A A T . ARRBOE A BRIy, LR g3 —ik
UEFARMES . e TACKHRIT =Rk MERERRIE: B Cel@—IKiE+s: MBFIES
INIERLE (CA) HE—SKIES——FRATHHEH Let's Encrypt, FEZULHIRIRE, AIWEA ik
FrelE—IRBT IR A %4 (self-signed) TEHS, EOUATMNK, BT H%LIFEBAZR CA
BRAY, W SRE,

2.2.1 (ERELKIERERKE

AREAELIRS FTUAAEK B ZELMIES, R ARSSEA MR 45 8 A LY
(private key), BFLAXEEIEAS KA GE TR T M VIS0 3206 2 SMIAE (g oL, R
EE 1, UREEREHREIR £ X FERI TR, ELAN hetps://www.sslchecker.com/cst/self_signed.,

fEREA TR, A ANEB R A BIRGE RIS, I4 Blfr &4 privkey.

pem F/I cert.pem,

222 BERIEH

openssl T H & FiIZ & B 3k19 100, "TLAZE https:/www.openssl.org $%3, JLP&AF
V- #BA openssU IR RIARAS , FAl 1K B I0R AN A2 5K 1 % & TE B AL, Ani
R Unix/Linux 8% macOS #1E A G4, RATRECAA TixA TH, 140,
ALL T4 s

$ openssl genrsa -out key.pem 2048

$ openssl req -new -x509 -sha256 -key privkey.pem -out cert.pem -days 365 \
-subj "/CN=fake.example.org"

XFEVRERA T HFASH privkey. pem FIHTHYIE P cert.pem,

2.2.3 Let’s Encrypt

Let’s Encrypt & CA SURIFTILAK , 1 2015 SRR KA T B beta A, ‘S BERELEAT
HNERER 5. B, ik TLS iE45. X A& TLS Everywhere (TLS TCALAE) 17
IO, ERRUL, BIESRITA R Web @ EH0 R %40 s f% i, 76X 5,
BAVEHRR “B57 ek, BT LSLENEh T,

RAEE T LAERE A 2 oAb & P ' B4 Let's Encrypt, {HHL TR 44 (EFF) B 24
F#{8 FH Certbot’ 124 Let’s Encrypt (% Fit, Certbot ¥ El s (11E B A S BURIZE 75 5 5 4

1 https://community.letsencrypt.org/t/list-of-client-implementations/2103
1 2: https://certbot.eff.org/
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ARETFH TSR, SREEMIEBRIENE R E Web IRE 81— K RMRSE .

AHZN Let’s Encrypt 3REU—5KIESS, RAIRETRERIERASG . XEREIR
WA XA A, FEEATLE 2 DNS 8¢ Web R &5 8% R1FH, R yRFH%
AiRg, BCENIX AR, SEEH Z BTN B & AIEET T,

TEARE RGN B Cerbot B PALE T, AFEAN TIERKRTRER S AL, LR
AT ODIEMA Web HR55 8%, T Linux BIERSE, @ RE AT RE, H8fT
Web il 55 @3 1915 & _Ed AT T4

$ wget https://dl.eff.org/certbot-auto
$ chmod a+x certbot-auto

THEWZIE, RIZHAIT certbot-auto:
$ ./certbot-auto certonly --webroot -w <your web root> -d <your domain>

THE A A IS EOR B TR A T Web IR S5 80030 H R figif . EiEfa44 A shid
P MBI, on—Se R AR, 5 A RAR A R8I 1%, M Let’s Encrypt 3%
FUEAS . RBTHIVERIUE S FIEL B S B Jetc/letsencrypt/live/<your domain>.

X T
Jetc/letsencrypt/live/<your domain>/privkey.pem  {RAVIEFSHIFAEA
[etc/letsencrypt/live/<your domain>/cert.pem VRIFTIESS
/etc/letsencrypt/live/<your domain>/chain.pem Let’s Encrypt ffJ CA 1E45%

Jetc/letsencrypt/live/<your domain>/fullchain.pem & {E S FNilE-H5ERT 1

2.3 FEFHIEITIRRE—PHTTP/28R & 28

FIRL R H HTTP/2 fORRSS 2% Tk $E, (74 HEYILAX MRS #%.) BEIRMIME
broe R AT REPR AN B, BRI FRA 13 ] nghttp2® 3X /M43, nghttp2 i Tatsuhiro Tsujikawa FF
%, fEft TIRZACHAIK h2 BFRTF TR, AEBE, FATAREE nghttpd XA T A,

T nghttp2, 8.4 ME&AH EIHFMAINA, (BIRMA LRI BB EE1T. L, iE#
FAURE A AL B T H 2238 nghttp2, s MRS %1% (Al BRAVIE). Blan, £
Ubuntu 16 Ffj

$ sudo apt-get install nghttp2

KR ZIa, AT LEALA TUETS, JA5h nghttpd 40T .

¥ 3: https://nghttp2.org/
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$ ./nghttpd -v -d <webroot> <port> <key> <cert>

o1 <webroot> & RIS 12, <port> &R 45 2% B WAWT AU 15, <key> Fil <cert> A/t
A I RABHATE A8 42, il
$ ./nghttpd -v -d /usr/local/www 8443 \

/etc/letsencrypt/live/yoursite.com/privkey.pem \
/etc/letsencrypt/live/yoursite.com/cert.pem

2.4 EFEFLE

B, B TRESFHECRAM G, B3 — RN E, HREUR R <RIk %,
7.1 VA H HTTP2 IR S e FIR . anREIBAIR—5K A B LMIES, REBHI%
2BE . EPIANEESIRAR R OIBIE BRI R, RIE M die %, IIEIRRMIZATEL
BBIVRAIWASE T

X kAT h2 ARG |




B3T

Webfift "FEiE" B SAR

R+t 1 B S R i SRS BLAR U BT, 56h7 E L2 T AL I 2k, JERLBAKE

T, CARMHT e Web YERERIETS, WA A&, O'Reilly #0 Velocity,
RIS, W& Fix e AL 1725 £ 0 ST s, MEm2ER
P LR AT S . O T T B RATERRTY (4% L, 9% HTTPR), fii )
TESALMTAL . TG 280, AR 2B A (T B i B, i e A T

3.1 HETRYMEREDRAL

RATIAC Web T Web B2 AR — 1/ NE, BATESS I HAKE N NSR, LK%
M4, MEIRTMZER R, EEPCEEHDMSEARFT., EXFENRRT, RatET—
B H i PR Web A3 HAN T 8, AR ERIEF P RIS _ERIZE B, k6 25 AR
fift & Pk Web TUEFIE LSRR, CARE NP REREAPEAR ., BR TS0, khe
HRAEHES) HTTP/2 1) 1 &, HURESE AR HCHTRF AR HTTP/1 #RH ML 2540,

3.1.1 EHWebTTEHIE>

it —PEANE T 201, BOEREERMNEAR DRILBNET 4 THEREEBNE,
JAFH FLE DA BT 2% v o B 3 T i R B R b, TEMEIR B R A TH 40 M asiEk
Web GUHN, SPATEERE, RREFRE LN REENRAELR, A TEARSH
filg, BAHEX L FE oy P ER Sy . WRURIRER, VUMY / (5%, Se MR TESRIUI 5 FF 4G
& 3-1 J@on T2l P %,



fEfFIERURL
HABAF

URLEAE
TE KBRS

i
HITCPi% 4%
EIY

FIATCPERE TLSHMURTF

&

KR

3-1: BRER/ REAES
AR P A — i -

(1) fER5iERK URL HAPBAF

(2) fi##r URL i1 1P sbhik (A) ;

(3) B 5 BArFEHLHY TCP iEHE (B) 5

(4) Znf & HTTPS ik, #takiHsek TLS #8F (C) ;
(5) Ia] G il % B2 A URL &% i K

Bl 3-2 Jgeor T M oz R DU TR B B o #AE E X ANIRRR «

(6) HRIMCHE B 5

() 4R (HMehy) ZF:fk HIML, ABAMRNTE, HER DU IRk eSS (A) 5
(8) AR Bl LA B IR OB, BT AATE TR (B)

(9) WAL TR, ARERITEY:, HBIZER (C).




Heli ok

& AHTML U TEN S |
B REETML TR 5% i REA 51

KBTI
A
ez ?

—

DU Sy

LT { e R

B 3-2: RN/ AEERRIED

UUE BV R, B E A BATATE AP, AR T AR AR IR R
Web PERESRALAIAIEZ L, b DR 36 % T e 2 hi Horp i S 5 0,

3.1.2 XElEREsEtR
W LRk, B TREAREIIN Web PEREMOR A, LURRERN TSI 7. LERA AL
BAMPEREARF I, & 2NN Web T Ak,

IEiR
HESR AR 1P B A — A A 25 3 2 B 55— AN PR S BT AR R O] 5 2 AR R 4
BIAE (RTT), ERIERMI FAIFE, EREHZ Web PERER EEMH, AT
HTTP XA, B &k iR AR 45 22 i K
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W
R A A, B W48 A2 A A& B & — IRAL TR AT RE 2 A Bt k. (k¥R
Web T 5 | FR IR A/ NI A (R RE T, 4 58 mT RE 2 B PERE RS .

DNS#if]
TE% PURREMSSREL Web TR AT, ‘B Zilitia A% (DNS) 4EEHLAFREAAL 1P i
fit, DNS M4 T HIERM _FHIHRIE S (AKATRERA L2 DERNMESTLHT ), K
I HTML G A B 5 | RS & A A R s B i, SEiailt, — A il Al
e

3 3L E R (8]
TE% PR AR 45 8 2 @ SLE SR EARBIR N E, A “ kBT, BT E—
i 5% P AR 55 &% 2 AR A 3¢, 18 Fod BRALHE & P i 1] iR 95 &% A2 — 4~ SYN
f1, EENRE IR E R SYN 9 ACK Wil LA K T SYN 40, ARG F i 8] 5 J7 (1)
ACK, #nK 3-3 iR,

& i Ik 55 & i

x
‘y

ACk

3-3: TCP =REF

TLSH AT 8]
MR P & HTTPS &3, BERFRERTERBER LML (TLS) WrE, TLS A%
Wi 2ERE (SSL), B&TIRS &M% Fimi it BB RER, 248, TLS B4 iE A
HMIEIR

B A1k, %&PumdsA HIE L& HTTP gk, HEL M T DNS iR\, LA
Sz TCP Fi1 TLS FORERT, T HAVHEFR/™ BRI T VUi N A A B sl 55 2 PERE, AN B4

HENRE (TTFB)
TTEB 245 % F i M FF 442 AL 5 Web TR, 5 HEWc 3 3 ¢ T it mi o2 0 55 — 17 BT ke 9




MOl B T Z RSB & FRERT, BB 1R S5 23 AL HR A, b BT LY
TR, TTEB ML X 25 K AL i R RIS — 515 2 [l A RERT

A T B ]
S AT i R IR 5 7 19 )ik RHE) (TTLB),

Fr4a B St 8]
% Prift) B B AT 2RI IR BARNZR? XA ERRI R P B2 A T R

AN SRR IE] (LAY BT ANk iE])
AL i ] B 25 DA Ay LT A SE B ARt i)

ANRFRATIORTE Web PERE, ARSI B DCRIRTIRCR, a3t (LmRRm) ik
FAbRAE L T 0. JE3CTHE HTTP/LL1 16 4 R RB A B 30 A8 ZE R e A o R R, B &4
e,

LM REIR bR 1L T2 )5, PRstAER B MM & R % . R FZRPEERZELEN, FTLA
HIL T PERENEST. T B T S e — et AN Jy 1

EZHFEN
ETCRERIR, Web TURS I HARIN A GERERK, B )kskiEA, JavaScript fl CSS
Wiokik, NAEREERE®RE (FrmEE) THELMFY, WEREERNET
T An kAt ie]

EZHHR
U SRR IRA DR, mHECRRINE T, SIRELMRES BSR4 Mm, &
I B A B A e SR BB AT

EEMERE
P& BATRINE £, SEAEAIZHEE, Web TUIEFHT KB IR IE A Gk E 7, &
ZRIEHET:, PR T AL TR Y Web DU IR ] RWIE K, 0 HR AR AL PR 6 45 58
HRsahis L.

EEREE
Web T i J AN & B — IS4 BE U TR, K25 Web TUE & 5B+, B
Bl # 2 DNS EFERT . @BIrEERER, LUK TLS thigsent.

B ZHITCP socket
AT R ST HEIIE N, & P ] — MR AT R £ A socket, XN T 5k 4%t
FLRIRR S5 &% Ui SRR TR, tANE TIR& M, BA RS HML T, 5]
S e A FNR AL, JERRARA 8Os o
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3.1.3 HTTP/1ya &

HTTP/1 & X HBRMTESRA K, HREBR Web b FHRITE R ERMSEI R THRE, T
T E G A — e LA T RN X E SRR 1T HTTP/2 SERRDR AR O]

A “HTTP/1” XFEILARLE, Hbx—FEE: (GEF hl), &% HTTP/1.0
(RFC 1945) #1HTTP/1.1 (RFC 2616) HIfEIFR.

1. BASkPEZE

T B AR RN — MR AR — (R IR . K S Rt i, e 2 AERIN RIS 2 %, X8
XAE—AFYE, CIEHTA B R RAE AR E A T . HTTP/1 H AR AL R [ I X
SERE IR, ANRAUOUE F—/VE e, EERERRER, FWE, ZEARKE T —MER.
h1 BB L (pipelining), FRVF—k K% —HiER, (HR H e M %Nk P
Wemi g, ., 4 b A 52 TR B 0 & R B R, A AT ST

TE R E SR, mRHBUEMARI, R T AR TAEER & # P AEA I R L Z
Jao X “BAKPHIE”, TRPARMS LT Web TIHESR, HEREWIL, A TPk
RIS, BUACDYE 2% e AR T IS 6 ik, it & N ER BIKIEIE R, Bk
BT R EROHAT, (HRE AR K" MR, B, XA
BARRA BRI IR AR TSR E .

2. (RHATCPHIA

tefmPEhithil (TCP) HYITHERR : MHRBE IR, JFREMS L FX 3[R — M A
(Gl B PO R o B G 4 S AL SR ok 1 T i B S 7 e ZE R IR 4R D0 T (D REARZ A, I L
AR A TR rh AL CRAE AR 2, %R BRI MIR H 2 —. BRI B A ek
BB, iR E A ERE BT BRIz —, WRAEOBEHEHZERD (congestion
window), #ZEHE MR, 7EBNOTMINEIR R Z AT, RikT LUK HAY TCP A B,
Bilgn, aRPEEOHEEHR 1, WaRkEHEH I MBRE 2R, RARK#L T
i, ARERET I

ToRHHEE

BIEa, RBEAEM, RIPKBOL, BHEABRLLEH (Fldehl) H—2F7FH
(RAR), TRAXTREBLKE, BHheimy (AL EEFR0R), ARLEE
TCP A8 %6912 &, (o) AH A R0 7 &KeGE, ENKPBEZ TR F T AR
1460 %, BHE—TF, —K KN AH 14600 FF (ZEFARAARTEHMKX) HEAA
24T THMIF SR 10N KL, —2ZRT HEL (MATHENLLAZ),
RGBT R Y,
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R YR, AR E - ABIROI A RARE K%, TCP A M UI8EEh (Slow Start),
CHDRIRZ 2 B E O PR & QWA TE /D, BRshITE BERR A T LEFE B i 1
HHTAAROL, B 2s T I X ARSHRTEL. Bl K% H EM B4 ik 15 & 5
SR L ARIIAL, X RERERERERE 1 AFARE 205, ATLAKIS 2 MR f,
TEWCE 2 A RRINEI 2 )5, ATEAK 4 A5 DABCESHE, X AR LR B0 -K AR Dok & Bk il
RUE R K s BB, XIHEGERR AR EE, A 3-4 Fim,

TCP
18 53

TCP
18 J53)

PR HIE Ok

Y
PHZEE I B

I i

A 4

3-4. TCP ¥ZEEH| (Reno &%)

S RPN 2 LR AR B 1 SR A REAR e R 28 8 1K /D, (B R PERE IR, kX
LR BE R g AR5 F |l (A ) . BRIBERSG—RE I 4~10 N EARRIE
HGEPHER 1R/, ARVRIE— AN BRI B BRI TR 1460 =1 (it ik
BAE), Mo HRESE KK 5840 7 (REWMER Dh4), ARGk TEE % 80N R
5. A1) Web TUEEY K /N 2MB, 48 HTML FFr A (R R IR, EBBERT,
XTEEKRL) 9 AR KK ERMEBAN T, BRIELZIM, B2 —R a5 R — A8 a7
& 6 MIRIESE, WA ERE A T YR DR,

tEMBREITE

L ERIGMEBFRE L/ E KN IARBET MR —LERFhitRALE, AYT
16 H2E B A e g Rvky, R A B RARIEMIERBY THBF I, BREAMET ok
WEERAEB I RZE 28—, BAKBOARE 1460 FF, ARAFEALT, ZHEF
T, T AP,

Webfift “RE%E" B9REHAR | 15



WREERY RBEMBEMN  REBAFHH REBFHH

1 4 5840 5840

2 8 11 680 17 520

3 16 23 360 40 880

4 32 46 720 87 600

5 64 93 440 181 040

6 128 186 880 367 920

7 256 373 760 741 680

8 512 747 520 1 489 200

9 1024 1 495 040 2 984 240
BEF 9K, 2MB % EFRAFALT, AL, XFHERALTAERAL, AT o)k
) 1024 AN B, B4 AR AK—A " ssthresh (RBFHMME) 9 LR, E4F o
A BHAGE D REMAFRL, JUTAECERAAAL, Rid, BTl in, A8
REFECEYRAT,

& 4% TCP SEELF FAHH 2 12 M ik SRR Bl B A & 0ok I It DR B . an R A
HRMNERT, FiEmagMAER O . Xk T B E R b
R, MRMBHER TR FRED LA R RS EER, kR AR E
BEA MRS, ERESYRE BMER OIFEIEAR RO, B
FILESACH AR F WK, FIANGER, DS 2358 S HLl .

AIEISRE L, Bohhl HAZFE LA, AL e — &R a4t 8 6 Ik
HEHE, XEREMER DB SIEITRAE 6 Ik, TCP L FRIEARLEEHEHLRE IE W T1E,
{HAARRERIUE BN IR PERER B RAY .

3. BEpHIH B ERB

SR h R HE T IEZawiE RN ARIPLE], (LEHE ek ELE . HE e Arezng,
R etbm IR /MR £, Her b imigRkngis (B EaReeait), mRE
_k cookie, EANILTFHMRIEF T,

% HTTP [ SEfFR4I05%, 2016 4E5K, iEREH—MERTE 460 7k A, HTRE 140 1
PR E Web T, BWETELENITA GRS KL 63KB, A 2T TCP #
W AEEMTHE, RFIZIEAHLH A IERATRET 2 3~4 TR, Bl M4 HER /D46
RAWIEBOR, HAh, BT S B MRS, ISR MK H, T2
PR NHLHARAS A B e, S8CE £ W0iE KA i,

{H SR e ik 2 2 5 B0k Fm Bk 90 LB, T 98 Sm 1 A Bk JC I An
B “HRAEIEBR” (Stadium Effect) i — A2 80617, anRT L7 AfR—ia LR




A (BRI FTRE), SRR TN W ML 9T, X, AR RE RS
REHE, HWHRERE/D, BAEBERBEILED, BERERERE,

4. ZREER I E

AR B 25 B X R IR A TE IR T 24 socket (FEANEBSSZBASK BRI MBI HE ), TF 441K
RGEIR, XK W65 REFR E BRI T S B REY . EAKRIER, BEoarkid, R
Web U EHAEFHRAS L S — S @ HE, X MRS INE G IRAIHEBA BN . 3 R A 0% 2%
A TR RSEHR IR, SRR, BRRAREORIERR LG, L
BRI R, 0T 8% AN & RO BT IR R, BTLUIR 55 2% JCEk A A i BERR 1) % T e
(R FEIR, R TUm T B A E e R T, B HBX RSN — A e iR
BT s KB, B SZ TR 2 A B 2, EREHEE T — A IEFESRBU I Se 2 78 R
ZJE.

5. B=HAIR

BIRGE =05 WIRA L HTTP/L R RIS, (B T8 A KA MRE 8, it es]
EIXHL. N4t Web BURT B IRIOAR 2 FHIRSE 2 Tk ri IR 55 B ], Fel IFRixLeh
=778, B Web BT IR AR — IR ER = R L, RAREREH
Py REAEEE =75 BT IOk LTI RERRENAI P2 e A, (HR TR £ 58 =5 FRIEHBAN(E Web JF R &
MtEHIEE A, BrUAMR AT REH A Lo RO RE IR 2E, SR EEPRAE T e, (7%
T Web PERERIHE, HSERAREIE = RIES RN, MAREE, (S AN,
h2 d e K TR )

E=ZHRBHKMRMLA
FEHKRALILR &GRS V7 Akamai #) Foundry ARSI BF LB 7, $F=ZF K ROY
AR K, FH RSB R @R EHE—F | X IRERE THOR TFRIZS
Z5 R R¥ ok 92545, #k% “3rd Party Trailing Ratio”, €M F 2k KHARALE=F
A AT 8 R 6% R AL

3.2 WebtgEfLbHE AR

21 2240, 4BHE Yahoo! T{ERY Steve Souders FNfth 1 A 21U FH:FEAE T ik Web T i £E X
B2 OB E A . X PFA S SR S T A N A R R e 1
TP bk R CEtERER L B ERFE Y, HEFR Web PERERZIN I HE 2 1E,

IABLAJE A SE Z RIWFFCIESE, Web PEREFIIL S FTA # 2 DIBLOIRIRE YK &, 6

1 https://www.akamai.com/us/en/multimedia/documents/technical-publication/are-3rd-parties-slowing-down-
the-mobile-web.pdf
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AnfEALER . PIEER E S MR . 2010 4F, AEKAE Web PEREE A REMR UL 14 58 PF 4 (1)
BEREZ—, YRR RIEERE I Eh R EIEM . T REHWTE, Web fF1ER
EEMES HEN, B, BAE, PG, (RCMESrER DA R,

EANA BT KB KA, X T1R% Web BT, (0% & ARl ) H-A 2 H T 2Bk A Wk
WEANZE GEH & HTML), ififEilRira R E R o0, i 3-5 Bin

JemAL TR BE R AL B B

*

3-5: RS IE

B, Web I % 3 7 i S £ Hb 3¢ i3 1ol 0 /b % 7 i 90 2 SE SR AR P4 T T 70 ek RE SR 42 T
Web PERE. BHRIgER &8, XiEPHR—RBLAZIK,

3.2.1 WebtRERBR{ELE

ATEC 2L, Web B2KAETRAREN, BIMERED MM LE S, ik
BRI B . JavaScript HEZRMI & &L K HTML {§ Fi_ERYIEML, LEFRAT1A 4 5 1l Bt
SCEIURRIPAASHYERRIEIN, iR R Bt itEeR .

1. DNSEig{iik
FESMRS EHUESLER T, BERMIIRAL, B4, RATPstetr, aTUAN 5 hss
A,

£ 2: https://webmasters.googleblog.com/2010/04/using-site-speed-in-web-search-ranking.html
{F 3: http://stevesouders.com/images/golden-waterfall.png
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o BREIAFEIR AR, 2R, XBE A LIRAER S (LR & THE HTTP2,
BRI YERE AR 52N 25 AN

o PRUEMCPR EEMIMRMTIER . T ARVRAY DNS AR &5 B RHIXHERI A, SRIG PRI EZE H P4y
A7 1) BT A ot dul e S A ST It 1] (PR ot R HUB L S F P s IR ) . A R IR B0k
WML R, —E TG, POV RIRS RESEANT,

o fEFHAUTIE HTML s fzsh | fl DNS e 4 ¢, XAE, 76 FHEIHHACFE 34 T 1 HTML
fIRIE, FIEE A shRE I aa ity T Efe e i . Bilan, X B S R i 25
THARMT ajax.googleapis.com:

<link rel="dns-prefetch" href="//ajax.googleapis.com>
iX SE P R B A R S8 44 SR AT O [ 2 T B A/ M E

2. RILTCPiE
KRBT REI, PR — MR R, AR TLS (BHSC R iZix 4
W), FFRAER. IR 5T,

* FiH preconnect #54- °, ERELEME A Z Ak CARSLAF T, XARACERIR AR S BB 2 Lk
AL T EERRIT R T . Bil4n:

<link rel="preconnect" href="//fonts.example.com" crossorigin>

o RRLE IR, & Bh CDN, 7ERE B i ok PRI O30 S b, 16 SRk AT CABK A 7,
FRUART LA (i, KIS ESTmERNEEER, EL2ERSN 7.5 THAZR,
o SCHERHTAY TLS Bl ek ° fift HTTPS,

AR BN [R]—At 4 RO BRI, DU YT 25K B BT BB IR S5 SR I R R, B SR B AR
WS, BIRBLIE R o WV 2% 3k 6 MU LA SO H , (BIRTREEEAZ M R
B Al — 3 O R TR

3. MREER

E ) il SIS  TERE . EEEM R (AEFYLAE ), —REIMNEE
] o] AL R B s = R0, X AFIT P AL, i SRR s Erlk s, &R
iR ck 5 e A ECT R B 1, R AR T 3 A E AR A AR . i eiTAs
REME ELHEH R, VRl A PSR -

« FIJH CDN R % P fE zevin KB E [f] 5
o ARERRAREER , (EF Web RS 2% LAY rewrite HIN, #EGRTEEM

¥ 4: https://www.w3.org/TR/resource-hints/#dns-prefetch
£ 5: https://www.w3.org/TR/resource-hints/#preconnect
{* 6: https://istlsfastyet.com/
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W, EEMFERES ML (SEO) MIBRBER—i, MT MR RER, &
G Jer v (5 B0 SEO TiiR%E . (EXLEMILT, IRARAM R i L0 2 SR L
SEO RUAFAL. AHE, —UE) Ao i R T E & e df IR IR o 75 5.

4. BEPIRETF

BT AL EBEAA MR AP RBUST R R B P, A CIRA AT B M, (316
Ui (3 2 OMNBAETFIRTL) , BARIIEREMALKRIER, B, WAHIRIUE IR,
ISP & CDN 2t AW EUR R T, A fFrtE (TTL) 454 5 F00 5 8% RIZEE 7 5 IR
N, WAL ERIFRIERE TTL AR ZEWIRE L. Ak, RATUN FliixLec s
e e TR AG .

o FBRALERENE, BlanE RS RARIEEE, FTUMER Pk AR, R, &
i zictE, BIfE TTL ik ERRK, tkan—AH, BlREE R AR m i
BRI 3, X P ] REA R A IR FRRIRE . RIBEFCSRRY TTL (BOR) e Bk
Tkt OUHE /T HREREAFZS ) FideZ PRI It / 5 ik,

* CSSAS FAPEALTHR , RAFRT AR L) 16 (BRE) PNt RAImif, X Bt 2 gk,
PRUER 2 50 P AE 0 0 190 it REAS A DR BRSO [l R B, L PREPRIE ik &
(P NI MR oA 853 T E A

o HAbRRABTIR, BN TTLESEA AR, XIPTURxREE 5 IR REN 2 209 11 %
PRAIIRBR, FTEL, PRIESE B B iRk HIT B R

BB PRk AF TTL, wLA@E HTTP 1 554§ & cache control LA K& ## max-age (LAFD A #
fir), B expires HHb,

5. M AHRIETF
B A A A P EBREM i B AL EERAF 52 25, FTLARIZR D R A7 4R 1k 1 S PR 1 ) 3ok
Ay i Al 55 RS e 5048 T AR K — BB 40 I B

MRy RIRFTFEGAF, CLBHR

o EZHPRARE, HH
o REMSEER —ERR I IR R

MAEE CAPReE. WMESBIRE) B RREEMKILLES, FAENARERE, KU
b, B TR] BB BT DAL A RO A, Bilanskit 28 5 R GE LB, xR UL, (BRik
ZOMY) oAb —UIERR TUARAERY, BGEIUUERAE LRSIy B, X AP R W &
. AR — BA R S I L E R R, BlanE AR, "TEAFIH & kK CDN - #if
HERIRAFHE (purging) HLHIALER. XFPEIABERRA “—EHRE, EFMH@E%" (“Hold'til
Told”), TEBAEAARFXLHTIR, FWCRE mEA MBS,




6. FHETF

IRGAE TTL W, % Punss s & LAEif R, ELBAFOLT, KRR R H SERngE A7
Wk AR —FERY, R FHROCLERF BRI AW —FRY, HTTP $ 5 R,
% PRI BT SRR S & “RANEE T, HREANEARS; B0, EEd R
NAEBE,” MREALE LR, R RAERTIARZE AW IEEee, H2, RIE
TEIRAY ORI AT LR A EH AR A rT LB LA T 5.

o fEifRA A HTTP 4 %5 Last-Modified-Since, X245 N 246 i 345 210 B 2 5
W, MRS AR E RN s AN R [E] 304 Wi RZRD,  FHEAENR 7w R PR T
FRst R 8% Date Bz,

o R SRA S SARRIERD, $F N ETag; BWE—ARIRATIE RAVAI, ETag HIRS %
PRk, Pk T IR R i, RS 2% S LU U AT ETag 516 R & i ip I /Y ETag,
3k, kR IE 304 MRS s AN ESEREN A

— KL, K2 Web ik 55 25 25 % B o Fn CSSAS (E Alix e A s HE MM IZBA—T,
BN A A HAh AT R A IR R .

7. EHEFARADIRE

AR XAMNZ (HTML, JS, CSS, SVG, XML, JSON, &%), ®ILAM E4EFutk &
Lz is, XMAHEHAER, TLARZFRDTHRK/N, B 4o B & B /DR iE K
~ R, MR A sk A,

WMt (minification) REFFMCAFITR S HEF AL ONERST R, @F, XLENFZ
TFA& N GIRHR A, BrCARETS B 07 (N KBy, Rk, M & A 560wl i
P, HOFRRRRNEME RO AR A . 2RI G, FRL T HTML:

<html>

<head>
<!-- Change the title as you see fit -->
<title>My first Web page</title>

</head>

<body>

<!-- Put your message of the day here -->

<p>Hello, World!</p>

</body>

</html>

XN oEa A kM) HTML Ui, TLAMERIE & th e R E etk (FRKIE), HeE, X
RHALEE BN 8 AT, AR, M7, 2. MEHERIRA TRER AR
RIXAE:

<html><head><title>My first web page</title></head><body>
<p>Hello, World!</p></body></html>
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B ZAIBAEMW, WARKESSY B, BRFHHL T (ZAik 186 F15, B
ERE 92 &),

TEAR TR LAY AL RN b, R4 AT CARE— S5 b 18, Bl iod Wl JC #5100 J5 0 JR v 0 8 1 K
e FERIEGHRZAT, FARSS LT EGACER, "TLAT# 90% IR/, i HLM g Tk
fL1E gzip Fil deflates AHXTMELEMI ) Brotli Sk thHF i i A M1 T o

8. i PHECSS/JS

CSS HYFEF A & R TN B &% DA 2007 AR /TR DSBS o i e N s . BTLA, (EDRRE L4
WS — MR R ZAT, WSS LA CSS O THseH, KRB 2 AL i % 1R HE
KRG RBEATURPTTRER CSS, (HEHE CSS T i KM 7E T 5 Al A 20 (75 28 2 Fh de
SRk, BAOr BRAESCRIAY head ARZE R, i AR IS Sl A-blif R AL B Z i,

BMNER T, anRAE HTML @ 6L 7 IS, EEawkink, b, AEhir. ERKEL
BRSEIXAN IS Z A, SPHLIEICIG (M BIRE T8 e, AR, F%EE IS i F#EFgT
R BALZE f AT At HTML ARG vTHRET, Bildn, FEREHIL—APTEM RS S (g
manager) , B0 IS PL#E SEATIV AL ERAE I, LA FREE G S | AR LR 7T R it
A R

SRR Z B, X PREOAMIBREAT A BB T ABEMGER, HE SR Sk, hT

R IS PRLIEHE R AERSMR, T HIEH O 5 RIE (PREEFEHIN) F =% (IRAHE

FEHIA) HEFE T AR S

o EWIRI XS IRAE GO, BEEM R AT, Web UM Al fE R4k P8 — Lo
TER IS XBHE, BPulA BRI A LR E.,

o RIS PATF TR BE, I A S BULE onload ik K 2 Bz tT, WL LLEE
async JEM: 7, {RiXFE.

<script async src="/js/myfile.js">

A2 T #0S 5 MR AT HTML I 47, ik e AR K b 32 71 % 0k R P ik 06, T O
document.write {54, K ARAIREHMWT TTHBAT, BrUATZAFAnMIK.

o RIS BT RESE, IR RZIMATE DOM M#iss 2 JRiatT, A2
defer JRE, @ikt

<script defer src="/js/myjs.js">

o RARFENE T KRR IS A, 2A551E onload F ik 2 ik (AbHL) &,

1 7: http://caniuse.com/#search=async
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o ARPRAEERE R F G RY onload H 4, LA fEdIE iframe ZRER IS, K4 BRIALEE ik
SEF TR, (B, fid iframe FHEEY IS YilR) A T E T _EHIICE.

IR LA X S IR RA R A, A BObASRE R andt. XA R 2 2% i
HAEAS T figeolk 55 Vs sRA HTML 528 B FSCHEOL T, & BRI AR e 5 A RUKGHY
R dngk, SRR IS T b Pl IE ISy, B X FKUIRSAHHIETF .

9. /L
XKL BT, B R AIARR A AR AT . ] 3-6 fRoR Tad 2k 5
AR RV Web TUHEI P R Bofn 1 kb,

PERMESIERY

2600- 260
2100
1600 160
1100
B0 b e e e e S e B0
611 1241 612 1212 613 1213 614 1214 @15 1215 6016
W GfEE (. KB)
W SR

B 3-6: 2011—2016 FB|NEEEA/NNBSERE (B httparchive.com)

BEAREE 1 T 2 BB, (RICENTEREw RS KR TERE k. A B A LIEF B
() B bR A A2 A B4 2 WL R AR T i DI+, X — BAR& 2R £ R R,
FriZs I EL.

o ERICER, Blangit e EE 8, M. R-TmEEGEL, @5 aE7E it
B, PNAZEREA R Pin 2l i (FSLRE R ERERGER) . XFTHLL
PRRRNE (L R AR B SE . X T PNG B R, — MBS 118 KHE 10% Iz, ani /AR
223 & B eie s, WL % B Tim Kadlec, Colin Bendell, Mike McCall, Yoav
Weiss, Nick Doyle Fil Guy Podjarny A 3) High Performance Images (O’Reilly i #t,
2016 4£),

¥ 8: http://httparchive.org/trends.php?s=All&minlabel=Dec+16+2010&maxlabel=Jun+15+2016#bytesTotal&reqTotal
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o Bl it# (image overloading) J&18, B R BZ&WNIEES A4/, BELRAFBER T
AL T D A R R AR, AR AR BRI ERRE S . XA OGRS
ﬁ»ﬁﬁmﬂm%ﬁ&ﬁﬂﬂ,ﬁ%ﬁgﬁ%ﬁﬁﬁiﬁﬁﬁkﬁﬁiﬁ A M) 37 3K
it (RWD) HJ Web il b, XSRS ELESH W, BATREMN2%%& LiEY, #hE
%ﬁ@ﬁ#ﬁ#%@ﬁoﬁ3ﬂﬁ%7ﬁamﬁe

FHBHEEFTERBHRWDETH

H T 25004 AL LRR WD AL A KA

320x480 640x960 1024x768 1600x1200

B 3-7: HIBBRERRLH RWD FTH, HiR: http:/goo.gl/6hOkQp

MEMOE L8, WTLAERBARTFE, £t P ri g, SR OUFI T o AL B
REHITEE R R RERE).

3.2.2 RER

HTTP/2 X444 RAF B—AV %R, BrLL HTTP/1.1 TR —Eeih 2t 2ok i A 4nd 54t
Ko FE T RHE LA AATRATHIAS R E F T h2 b s i,

1. £ AUER BRRIES I/ M

FiRBE (spriting) RAFACMRE/DE FBEA K —TKKE, XHERT R ATl Rt o UL
EANERTCHE. B, BEHEASEUTE (Fik, ER%E) BFAR—KKWER, Xk
R RE, {£HTTP/2 o, EFxHReE IRATIE R A B2 X, REHERTUIATAHE
TR S, ERMREREZELT, MIVEHERARHHEEZECIREN, BARC
22 O AHE R A — R BUH,

2R, DRISCARBHR, Fi4n IS fi CSS, Sk MR GIA K —HERWRE, S&H
HNIRAE TR HTML o, X WA T k0% P — R 95 2 e g kb A A ) A
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HBLE/N) CSS 8IS A S IF AT 47, (HANR CAINEREA AT AR HTML HRiviE, 248
WIRAFTZAE T FrLA, 5 AM h TR E h2 b, BB ixsefigik, Ak, 2015 4 11
H, khanacademy.org K EHI—MFFEHRE * H5HH, BMR LAY IS BIA A H Bk — /SR ST
REDHIHR h2 RS, BRIAIXFE Al LU 4 b R 4 AL BE 31544 CPU,

2. B2k

4455y (sharding) A& A T FI XU 88 61 0 BN TF B2 A EBIRE DR AT TR
e M TEABEAE A, HRBGEAFSBANBIHERET AKX FTLAXAL, &
FUL s BBAE e NI4T o

£ HTTP/2 A48, 0 ok A7 B8 07 v 4 3% T WL AR h e Wbt 4 b, EL A o i
EAE AR DR A 24 BT A A R 4y, AR B DR IX S0 & 3L S R — 3K IE B [ B ECAT / 7K X Ik
M2 (SAN) 1, H PR FFR 55 &% TP sk Fnois D AH R, DA{E A B2 28 28 9 3 (network
coalescence) W aE, IXAERTLAYT 4 A BN A HE T ST AR ],

3. 2 cookiel13, &

fEHTTP/L T, iR B A S SR . BB AR, Hik/ ek T, 8
i A~ TCP ¥l (29 1.5KB) 1 cookie ATLABERIZ W, BRIk, 7ENATREFNZ P2 i
oK I8 {4 i S0 B T B T Rt i A S A RESR

I, X B F 2 AT cookie IR, 1% B2 cookie MK &2/~ A FRATAELIN ,

(& HTTP2 1, EERBIELER (BR5.671), HEE URMIRS BESHRE “Eih
$7, B EEEROAE R, FILL, AR RERMYL A, KA B ERH cookie IR
%, IXAERENR R Z AR

i A TR AL B 1% N (R — s 4 3R 48, R 55 4 DU HTTP AR, 1% T %5 DNS
LR (EAERY) socket HEHE, TN TEDA RIS M AT IRAPRER , 40PH 5 1 Ye A8 DI AE
IFERIRA T, WATEAR THERE.

3.3 INE

HTTP/L.1 225 T —MEELAMSE A LR BRI tR, 08 TR ETRS
s, A2 0 BB R PERE, B R IR AL B2 % 4R . HTTP/2 i H iz —
AR RS OFAR2ER) Mkes, FEEM, THXSFEREIGETILH, WL
HBBATRA LR Web K H N THSCHL,

{£9: http://engineering.khanacademy.org/posts/js-packaging-http2.htm
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F4E
HTTP/2iE%

ANATUA o, B3 HTTP/2 1‘3”%&&’3%%;5%&&@&% h2 EI’J Web i
S (EVRE W SR | 32 5 h2 79 CDN, X 2 i, [HEn :
SREGERE 2 IO AR U PERE s (£ T+ B HTTP/2 zﬁ* 1,1, i

o DY EERT h2 B9 SRS O

o JEF8% TLS (HTTPS) HIwIHES

o OHRAIBIESIEOE T h2 B tE (RTREXT hl A R AEH)
o WG ERYEE =05 IR

o REEHER AR PR A

ARTAF 2o B AT AT AR

4.1 FER/EIEZHEFER

EA MR, K2 80% WIRILE /TUAME— e R g E3Hs h2, X iEnks, REMy
JEE 2, HE—HBo AR RTEATFAR 252 h2 HiRA9ZEAL. i T ORI A i h2 e
A B, AR SCRE h2 (% Pt (6 R 3 h, FEORAR AT LAV R RIS s
AtsEHE. (HAEPRELR B hl fI3CHE, *HIE? ) )

K41 58 T 2 T 8%, K H R IT4A 3 H HTTP2 MR A

¥ 1: http://caniuse.com/#search=http2
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®/A-1: HTTP2 5882 R5IB IR

) SRS R BIRLHMA &

Chrome 41

Firefox 36

Edge 12

Safari 9 0SX 10.11 e ZJGHIRRA
Internet Explorer 11 {X % #% Windows 10
Opera 28

Safari - i0S 9.2

Android Browser 3l
Chrome - Android 51

4.2 THBEITLS

P N 5 2% HAE 2T TLS (B HTTPS i&3Kk) Ay h2, SXuhRmk & 23 F TLS,
B PARFRIEIC T o AN, TLS A SR MRS . IRFEEHF TLS 1.2 SCE R
A, LAR—drE il R (EL2E 820 9.2 Yk 6T REC 7540 (i) . BIh
REBFRERSMIARIEC LY “TLS AL BRI, FTLAX RBIZA K
AN s AEA AR P R I, gk 01 25 dk i (R DB 1

AV HAITET 46 TLS IFwE RIS AT RS . X EHELARL K4
BT BE T . BRI R AR A UBIE L, —AEERSETIR L .
TEAERT R ORI B TR TR, % F TLS FHEBRIA L8, "ILAZ
% Ilya Grigorik FR1E (Web PEEERURHTFE) °.

(et 2k 5 AR AR L, AMTHEA T KRR 1, ROATREFHS MR A5 TLS 1o
5, AB{ARA LERAN TAER A THY, FREEIERISFEMT

T BAR{ERRIWeb R 5 28
FEFh Web RSS20 B HTTPS 1975 3 BIE A 25,

RAFIEH
EV. OV, DV, CN, CSR, X509, SAN——/Rf4rifix Lo4ghsinl, FREL G5 IE 5l
WEERJLNTE, UECIEIESEEZ 4Gk (CSR), RIERI S B FIUEBFAE, A
JEMIEBM KA (CA) BTIES, H1RE CA wfifi£#. Let’s Encrypt’ HHLAIE T
IESREUE-BAS R . theE, HEH,

H2: ZBE M AR H R TR, 455 9787115349101, —4i&TE
{F 3: https://letsencrypt.org/
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RIPFAEA
MEPRGE2EEMRTFRAC., hTHERISREMET TLS BT, WRRiZ%Efs
I3, L, CARMBLE AR iR, SRtk T RA RS, TLLEE FO 4 S i
W2t (HSM), WaTLARR T Hrwbft 2B, A e fhihss, A ip s
& TLS, EfHELIEHRIhER S,

A NNRO AR 55 28 S B A A
KK LM TIRE S )R VEAE TLS WMERETNRE, (X MR IE S B SR =58
WL, BAHPRINEFIAMMRICCEHR TR, (R R 25502 i AT T X FhaT
B (BARELE—UIERAE), TEX sy,

o DREFIESTF R TRER M1, TLS HA 5 ith HOHh 5 b AL FE SR HR Tt A2, A
AR R REOR R 0B, BTk Bk "T LA,

o EHSIETIE. STEEIERVFR P A AR T 58 O A Ze i DR st 5,
HAREENR S %

o (EFNE RS PSR, Intel BURALHRZE L HIG 1 AES-NI* 484, A mth
R PRI 2 )

LS
Web % 2 AWTE LR . PR LA A, RSS20 HTTPS it 2 M H 8 1o iR,
PEL, SEEREHT. St RARICIER B, Xl A B AE AR s ik,

7E B
P20 R T s 3G R 5 ) TLS B &, 5140 Qualys Lab [ SSL Test’,

ABMRFET TLS, XL RERFICT O, R, TLS WHREREFE, BHEAKR
(IR ) A REMDEC RIS A8 . BTLAE IS .

— s F AL ; R RITH AR, A E s iR LK,

—Z Ak -

4 hltps://www.intel.com/content/www/us/en/architecture—and-technology/advanced-encryption-standard--aes-/
data-protection-aes-general-technology.html
{# 5: https://www.ssllabs.com/
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TLS BWAERING

HmEZ, #RE, Tt RHEAERFT RN, &K HTTPR ¢9HLEH 1A # &K TLS,
WE VIR GEE, REAN LSRRI HETFIETLS 9 h2, XHEHAMNRE,

44, —AEFALEHRERZ, KA WebSocket #= SPDY #9 £ % A& &, & A
Upgrade &%, iflit 80 35w (BASCH HTTP % 1) @430, {348 LRI 4 56
PR ERELSRETSOARE, WwREAT M350 (HTTPS #%2) £ TLS Ak
K, BiREARERMK, FEMIGRELEAE, FARRBAR, AMNARERE,
E 5B R A FelaAs, —WARRL ZAM A E . HTTP/2 AL A — kA ) 2 B e iz KA

e,

4.3 SESTIHTTP/1A80 “4eik”

Web JF 2k # 2L T REOIME TS hl, JEHCLEE T —2ikss, Hlagiiea
3t WiaPRs. ML, 28R cookie HUtR 4. BRI, FE., FLL, M mIX L%
Berb A 678 h2 T8RO B, (RATRES BB AL, B, FIRAIH (GERZ CSS
JavaScript SCHEBEA B —) REBEGINN 3 & 2 AR, X bl WiE X RELE, FAKE
R R R (HRLE h2 R B, Xy Cel TIRERIL. BFFRRA LR
ATRER, Blout AU AR SR A AR AR, (EL BT & o T A T S AR BE 2R A7

% 42 FIH T S TFHAL h iR RS, HAsE T h2 Hl%E.
+4-2. HTTPA{LERIT, CARHTTP/289M85<&1X

2 ik &
WEAIE LA (JavaScript, CSS) A — fE HTTP2 Tix A%, B4R (4 ik
A, LA HTTP ik FORH AR A EAL,  BARIX PN A IR AE
M fift 2% HTML. JavaScript, CSS X 23CiF REERIML, 76 HTTP2 FHLB{RE
R AR D
Wadhsy  IEBESARIARMRA FTEZ, LR HTTP2 (95 3 B 78 4 FI| ¥ 4> socket 3% %,
W 25 FH O 2 1Y socket 4% MR AL B XFER, R,
A T 1 85 AR 26 b 22 I PO PR 4E 25 A 283 /1 [ AR
FHI B A DL

% J cookie Pl F 2 BV IR S BB A IR A, X R I%0BE S ki SE IR AR BE LA (B T4
Ht A e K i cookie, LARFTREMA IR $75r”), (HEEEMR, T HTTP2 fft 1 E

Rt 45, cookie [IFF4H 23 ik P
HRERE LB FBEA Ao, [ CSS SHFEiALl, SR AT CSS S BLX AR H AR
FEHIAE Web U EERIIHSY ridi s AHEREAE HTTP/2 Fp
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ERERHITIHBFS

HTTP/2 #9 % ++ & & & R & /& % A~ TCP/IP socket Lif 13, ¥ ¥k iER, FB—A
socket, VAR IZALGGI Kk 2 F7, XAFIAIF S A socket BT L2 HH, K
¥ 4o t, Akamai #9 Foundry H IR 698 50 &P, AP Kb RERA A&, CHAk TR
BRI, %A socket T HEAL T # — socket, & BT TCP 4 E4s 4] 09455
K, ABEBIRABZERT AN, RERKAOMEAET oM T AL MIPA; 12
AIe RZEE XML LGB ERE LN, MALRELFM, AP FEFAN,
RASERNAEAN, FERERFI, HROAERT, AAEF L, MK, #A
A, UBABE W £ 5 RIKEIRMLEE,

(B VRIEAE T (] Ayl R 2 A AR, B AR S SLEEEEL: h8RA 25% fiiln]
BT hl % P, R e RE . AP ARTUR EFES . a5y
BB CHIR PRE, X ATRES & URIRRLIZAMRLE AREREST (3hiat) fifb. &, IRTLARYE
BAEAEOLH h1 w2 J P RBEARIRINE, e LA CDN sl TRE R, 7

4.4 FB=FAIR

S =R, AT E R s AR SE A RA TR, FAIRGEESE = NE. B=HN
BB, IRAREEEEHIE. Wik, X8 =h%IE L 2R Ht4a, W
RFELE, R —VIERLE A socket b &4, XBHE h2 TIEEEL, L% ES=H%
BT 22 BB E, 8= RIRIMRELE, 1 HAH 8 HTTP/2 5k f4E (] a] GER
PEREMAL . AR PSS = 05 U5 AN S8 HTTPS, JBRESE BRI 7. FH2CRESE S 60, 78
RENEILT, 5 =179 T EMERE I S 4 e 5 8,

FREA, MAZES =TT NRELD? BERBNEZE, UM TFHIEEALG,

o HBIRVEE =5 %R 3 HTTPS ig9?

o ARG HTTPR ?

o BRGNS, A R REFRARAT IR BE FE IR0 TR MEREREN, FRR AN A
%52

AR BRI AR B E R, RS BT E A (R . B A 55 =5 IR AR (i 3
iits SRR ? ICTER LT X S =T N, BREANIT?

{ 6: https://www.akamai.com/us/en/multimedia/documents/technical-publication/http2-performance-in-cellular-
networks.pdf

{£ 7: https://blogs.akamai.com/2016/01/how-to-start-optimizing-in-an-h2-world.html

{ 8: https://www.akamai.com/us/en/multimedia/documents/technical-publication/are-3rd-parties-slowing-down-
the-mobile-web.pdf
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4.5 X¥FIHRAE g

AYUARNFWRE, M TELEME R X285 B SR e T, i B2 %88 &4
RO, (R, X ARERTRER VR P/ %P, IR REM AT R E 2 AW, X BA—
ANEEREG], MEKT 2014 4 4 H 8 H& 1L T4 Windows XP 3 FE, X k& XP H 1E
BRARIH YT 2% 3 P22 4 (m) 8w PR AR biz . ARG, XP EAY IE JI%T 28 A3 FF h2, 0
EEIEAE, BYTIURI TLS i% & 5 2L R A S SR HTTP/1 14 F s, XS /o
RIREMIE S 2% Tl h Vil RN ARINLS . — 51, B3] HTTP2 & K¥it, (B
B, WRRZNATRERRMEZEH /%P, X583 HTTP2 261, Bt
SRR T % B[,

4.8 hix

RITHE] HTTP/2 @l W WAL E— - 4r 3, JFHORA Ml %5 81 Le 2 A5, (B7E
TR Z AT MR BAT M IR — LR, BARVF £ FIRMEEAT h2 C2A B R T, HiXIf
AESRERM HTTP2 & “TBR . M EM AT R E R K, WK,
ik




BOE

HTTP/2 #hil

AR T HTTPR MICE TIEGEL, TSSO 2 (im0 8, s
PRI SR BEHOVF £ SAC AR, TR5eA SR, PRRIZRESIRIE MV BRIt
O h2 R, DUEA SRR, mRREHL, FEE - SRADIREAD
FS2B, REC 7540' & REFHIEE S, : e '

5.1 HTTP2%43 &

HTTP/2 KEATLAS A FaES sy . SR, BI h2 28 E HRE .0 8B http 2,
Hrh W& 5 LHA AR HTTP R SRR EBARATIR Sy . MRS TR, $EEN 4Rkt
SSLR S, X ARAEEE AR, AR HTTP2 BTERIRE SR, 2R
Wit e 2l MR, FTE ARV BERE A, B2 R &% HTTP A%, —HEH L5
M. boan, BLPEERAIZIZHBIHE T A unFAUa @5 — X U 2 1M 8 R Gek YR 58 36 Tk
f—RIGTHES—, THER 7% u, RS, HRmmR, 35E USRI, A%
SIdiX K. B H AR HTTP, M.

RUEHE R BT B AT UATR) J5 328 HTTP/1.1, %+F#& hi 210 ik i rrk
BHRUL, BALEHT; TR,
ZFIhY

h2 92 WUE A A Tl RIS, X058 T ALY, (ER R TR IR e ELAR R A

{ 1: https://tools.ietf.org/html/rfc7540
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B EDELE
(A —RE R ML P AR GE, h2 B EE & DR BE IR . R i 3 Dtk b 1
LT,

EHER
HEREZRER T B EAFET h2 SMAnEmnt e, 7RE KB RFmE RS SUE—E,
N &5

BEEARE, S LIERERH s BAn & nEL Y, FrLAE b I 2 SN
BUE, FAREIFX LIRS,

52 B

R FTE HTTP2 SiHMMEEMITE, HoE U % Fimeta ity —/> TCP/IP socket, % F 'V
R A5k % HTTP i RAISEHA, XA hl B—H0, At 5588 RER hl AREZ, h24E
TN (frame) FNE (stream) FLEIREAES: BCEWGE &, HhRAEE
BRXBLOLE R (RMEAXMEERMORE), Wik, 52 HTTP A4
[, @A~ h2 EEERE —EIFE. ZRLAX 2L, R BRI i i I,

REXFh2
WK A— 1R A Ak R T AR R A il ——2 R F . HTTP/2 4% A A b1
BRI LH
IR FGEALT, &P %4F B Upgrade B30k ZAM 2R h2, e RIRFH
BT EH h2, ©4EE—A “101 Switching Protocols” (Philaedk) R, X3 T
— 8T A Wik K — vk BLIBAE
o REHEAFTLS, WAKARR T, & F # & Clientello i & F & & ALPN
(Application-Layer Protocol Negotiation, 5 &l thit) & fA A YN 2 & A h2 th
W, REBRARHGY XD L, dwRERAXAF X, AL h2 Atl# TLS &5 ohigA2 ¢
ZRMBE, REZ S AN RLEE, EFE&MHR, SPDY A= h2 #5-F 4TI AR A
NPN (Next Protocol Negotiation, F—K &) ¥ ERTR h2 HE., & 2014 F
P M ALPN LK.,

R LM h2 96 — AN ik 24 B HTTP Alternative Services (HTTP # KR %) *
R AIt-Sve, MREBTUARXAENiE, AEACLEFntABERY, KATEL%NK
KEHT AR XAk K IHN, IATREFRE, AEBHIHLAET
Wrigam, ¢ A2 R k%K ALPN 69, {2¢ RMAFHH XiE,

{# 2: https://tools.ietf.org/html/rfc7838
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b T 1o R 55 @ BT BIN % P K FE h2, & P 4 R % — S W AE connection preface (%4
Hi%) FIBETL NI, VEAEREMISE — M 8. X FBR A T X% Pl o 4l S A 1)
HTTP/1.1 T+ BRI, 1ZFR A+ SssflzR R T .

0x505249202320485454502f322e300d0a0d0a534d0d0a0d0a
fifhs ) ASCII A«
PRI * HTTP/2.0\r\n\r\nSM\r\n\r\n

XTI, mRIRSG &S (SEPRMSIRS) A, et — B
Re XAMHEFFREIZII h HEMFER, anfiEf7T REAFAY hi RS BEIX A8, B
SPHFEXAN %k (PRI sCERRA (HTTP2.0), iR EEER, "TLALE h2 % P B At %0
ERAETH LR,

KA BEME A 24—/ SETTINGS WS MR &0 THINET LA h2, &7
W 3% ;i) SETTINGS i, &[5l —ANE B i) SETTINGS i (Rt kBN ),
SRIGTRAIRSEIE S, WLAFAAMER h2, KRB TR TIE, RIBX MR TRES 8, &
SRZFH EAAE KA pvE, (B P el LAST R IF AR R i, FHIRI%AR S5 2469 SETTINGS i
CE2F 7, MREMABEILT, L0 RWHE P iEE SETTINGS i 2 7l ] — Lo 54,
LRSI, & P umFIIR & Al & e E] GOAWAY i,

PRERER

EBRNAOCEAE “RE” 28, $—2RRATLEBE X% 4 APRISM (#4)
BRI G—ANEiE, HITPR TR FAETHE, BFIHFRAFRL, T2
A EREBAA G AL K R4 LX %], (RIEAA KNP BT LA R XA K
BB ) %= %% A HTTP2.0 9.6 48, AR I, Rt 5L
T, XAPARNY HTTP MARREFIEEL ARG £8°, Rh, LR A—&
AR EHC, AR, KHEPEALHTTPR2.0 x5, T 22X EHH L AH A L
TXHEE,

5.3

Zuiiid, HTTP/2 KTl (frame) AL, RS WUR A 11 8 Z 5 QAL E S %,
LEPR RN 5 ATEARAA B % AT IR B RS B, ML ZF, hl AT, mill
XA Wa. BT R

GET / HTTP/1.1 <crlf>

tE3: PIAREREALSH 2.1, 22 ZRM0MA, —F&E

HTTP/2 X | 35



Host: www.example.com <crlf>

Connection: keep-alive <crlf>

Accept: text/html,application/xhtml+xml,application/xml;q=0.9... <crlf>
User-Agent: Mozilla/5.0 (Macintosh; Intel Mac 0S X 10_11 4)... <crlf>
Accept-Encoding: gzip, deflate, sdch <crlf>

Accept-Language: en-US,en;q=0.8 <crlf>

Cookie: pfy_cbc_lb=p-browse-w; customerZipCode=99912|N; ltc=%20;...<crlf>
<crlf>

X PP B AR B AT 2B, (AR e B B T . (R EAWTRA T, HEF
BE RN IE GX BT <crlf>), RIHEESE LA RFHENE i, BilaA
Kik <\f>, TRRMFEXE—GIRE:

loop

while( ! CRLF )

read bytes
end while

if first line
parse line as the Request-Line
else if line is empty
break out of the loop # 5EJK
else if line starts with non-whitespace
parse the header line into a key/value pair
else if line starts with space
add the continuation header to the previous header
end if
end loop

# 4T, A Transfer -encoding 1 # FRIEL AL EE i sK i 7 , B A5 4% Fh il BT 25 bughe

XFEB TR AT, X FCLMOETTRIR T . BN h1 A1 R B Al e 3L 5
[

o —RARERLEE —ANER SR RL, 5ERZ BT ASRERE I EHT .

o TSR E 2 DNTE. KSR —RIIARM: REHE—17IRE 2 RMZ X,
MPFTRKRES KA 200 BIZMIHEF BN, TRIEE 400 HiR, 4T ffkixie
IR, PR N A7 S0 B 2803 5 BE m A R

MB—HERGE, AT, BRI RRRETEmE S K EIt 2, £ TWRIIL, FF
B h2, FEAEBERKENTEY, Kb SForBmkEN TR, B 5-1&—4 HTTP2
M EE )




e e

Flags R Stream Identifier

Stream Identifier Frame Payload...

Frame Payload...

@ 5-1, HTTP/2 My
A 9 Ak FaA MR —8 . M REERROX Se T, kT DA kb i 78 8 A4
i AR g, Hodh A BT, 2 0% 5-1,

R®5-1: MEPFR

B KE ik e e e
3FY FORMRBIKE (AR 24221 %), HEE, 2" FHERIA

Length
HIBRMIAR /S, AR TEEE RO, 44Z57E SETTINGS iirh ik &
Type L HRETMER (WK 5-2 hAr4g)
Flags 1 Eﬁi'hﬁ#éi*{ﬁ’aﬁiﬂ
R 14 REGL, AERE, & NIATREH & 5 R

31 fir A HIME— ID
KRR EEHIMINZ, KERE Length FBEhiR B

Stream Identifier

Frame Payload

PIARETHE IR, BT IZ 48 A X A -

loop

Read 9 bytes off the wire
Length = the first three bytes
Read the payload based on the length.

11 H19F Y
11 KI5
11 T K REE S

Take the appropriate action based on the frame type. // HR4EMiZeZ FHAH M #R1E

end loop
Xk, KM ESR AR L, HLKED I hl, h2 B B — K% g
{1 b1 B3, IRFEERIEE E—AERECEMR, ARERE T —4 BT h2 &Ry,
TR R P AZS B 2 B . 288 E A B TR IBA S PRZERY ()8, ELpActiig
o 3 &,

h2 PR A 10 FASTE M2 Y, WESE W 5-2, B4R 7ERT 5% A Hifkfi,
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+’5-2: HTTP/213¢EY

2w me
DATA 0x0 (BRI DN ZE
HEADERS 0Ox1 fL& HTTP |5, FalEifisedh 24
PRIORITY 0x2 Feoreil Wk S i i
RST_STREAM 0x3 otk Gl B TR T E80)
SETTINGS 0x4 PhisE R 2K
PUSH_PROMISE 0x5 PRI P, R 95 8% AR LR ARV
PING 0x6 M T AR AE (RTT
GOAWAY 0x7 YRS, 24 A LA R
WINDOW_UPDATE 0x8 PR R 2 bt O iR Aa i)
CONTINUATION 0x9 FILAY" f¢ HEADER #i#f bk

Ay R

HTTP2 AE T A AF BB LA MAR R, REXAIH, FPaaf ks S
HERETAEBRHGMEY, B ATHEHBRN, BBHE, ETE P &ERA
AMmAL R E R, HTA Filé,h%fr&ziﬁl.é’]'l'ﬁ?)tm/\%}"ﬁﬁ‘u’rfﬁl LR, e RIROAER
AR TH M, APRIREZ2EHRE, ALATHR2HLPA,

54 ik

HTTP/2 HLIEFH% (stream) HYE X A&: “HTTP/2 4% BT, B ImF51 583, IR
ALAHR B RS LA —FR 5, TR K T Bk HTTP G5 RFam Bz, anik%& Pt
ERMiER, BAFB-AFOR. K5, REFHEXNRERE, X5 hl AR /i
PR, BEAXET, BAH W, FTLAS A RFIm R AT LA HE, A2 ELAH
PHZE, I ID (M EBHYE 6~9 1) FIRARIFmIFT R AR .

% P B IR 55 8% 00 h2 dE R ST 2 5, il it & 3% HEADERS Wi % 3 2h B 9 0, Ak
MHEFEM £ A0, T HEE K 4% CONTINUATION i (8 £ 15 B 2 W 1 A PR e £
“CONTINUATIONS #1ii”), i% HEADERS Wi "] &k H HTTP ik, Hunlaesk @mip, Hik
BT RET . LR RaMRE, &K%/ #E5% ID 9% HEADERS i,




CONTINUATION s

HEADERS #i# i % M #) Flags & ¥ i & END_HEADERS #% 1% {2 & 4% 12 % 4 ¢4
% R, f= %A HEADERS Wi £ R F #f A HTTP B3 69 L F (Flde, M THEIL %
MR KX KEZLK), 4% K END_HEADERS #7i{i, m A AZERM—A K %
/N CONTINUATION #ii, 4% i1 T ¥A 42 CONTINUATION i % /& 4% % # HEADERS
M, ARA, At ARERAEHRGM, @I 2F k4R HEADERS 11?7 4R & 54 A
HEADERS, 7R Z /5 % %) HEADERS il ) 5 #4322k Q32 A fe Ao Z AT 0944 35 42
K, REMBFREEEE L IHGE, WwRMZ M A LSHIZE L2 BT L
ARERZEBERATHRL, BACTRAARI LKA, £EHX—5, Tha
R RIG M — AR PR AL VA R IR A

% %z & 052, W F HEADERS #» CONTINUATION #i & 48 & & A #, & A
CONTINUATION #i 2 # 3% 3 &A% % 9% 5B #) % & . CONTINUATION #i 2 #% % & &
Bx (KB 1L, ERRALSHER.

541 iHE

HTTP {{§ B{Z #i§ HTTP i K e pz, E— Y B2 dkid, & H k& — gk /
FLIH B, — 414 B % /> HEADERS i (‘C#ta1Lik) 4k, HH Ll 5% o &
CONTINUATION F1 DATA Wi, AR HAth#y HEADERS i, & 5-2 & %38 GET i5 K115
iR .

WwID: 0x1
ok e
HEADERS i
= :
o =
HEADERS DATA o DATA

A

B 5-2: GET iSRFIDNIHER

Bl 5-3 Jierr T A4 POST {83 LAY & U nT REAUFE T, 187E#E, POST Al GET fyE %3
Z kAt POST 1 Rt 4L & % i 4 HH A RS B4
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ﬁID: 0x1

ik i
%};si DATA DATA HEADERS ﬁi
& e
HEADERS DATA DATA
. Wi o

5-3: Post iERENERANAIAR

h1 B oK Fm 57 ER 4 BB S AE B AP s 52 2L, h2 WO SR R B 4 B
HEADERS ii#l DATA 1.

HTTP {4827 HTTP/1.1 f9 REC 7230° HiE I, BRabftZE2,
HTTP/1 F1 HTTP/2 {4 B T 512 Bl EE B0,

—1J1ER R header
hl $EI4E S RBEE S R CREAT BEb. h2 BUH TiXFX 5, HARX i T
BELEE R, 2B, HTTP/1.1 B3 RN R T R X FE «

GET / HTTP/1.1

Host: www.example.com

User-agent: Next-Great-h2-browser-1.0.0
Accept-Encoding: compress, gzip

HTTP/1.1 200 OK
Content-type: text/plain
Content-length: 2

£ HTTP2 B, BENMT:

:scheme: https

:method: GET

:path: /

rauthority: www.example.com

User-agent: Next-Great-h2-browser-1.0.0
Accept-Encoding: compress, gzip

£ 4: https://tools.ietf.org/html/rfc7230
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:status: 200
content-type: text/plain

THER, WRARETIEX BIR0 M T £/~ E 5B, Bl :scheme, :method, :path Ffl :status,
IR SRR, h2 X MR oR 5 IR BE (Sl A E ., BT E 215 BIiE, "TLL
FHRIPH S A 9 A3 1575 % HEADERS Wiffilii, 5.6 Wt B HENE IS,

EESPYREG (chunked encoding)
FERE T A B, WEETEEE oy B U R TEHE P Sl Bt B (0 I T TR 0 R 3%
Bt A MBS, EERBEAZOIUT 02 B, AHEEET,

AEH101HME L
Switching Protocol Wi iz h1 A £k Bz . &2 404~ B WL A 2 B 7T RE ik A& A UL FH4% 3
WebSocket i£#%, ALPN &4 T S BIBAAI MU RIR 2, FRA0TF RSt E /I,

542 HREEH

h2 {2 — R 3 IR R 6], ART hl (IR, RER PO eT LA, RS m
HEST R T RE TR KR B, h2 SR T R PR R S R RIRE . GEE, HBTE 2,
— U)X BRI, AR %5 v th T LA TR & (5460 (055 B, ) WINDOW_UPDATE i Fil Sk $8 7%
MREHE L. BAWERNT, REHHEERK L D7, Y B R %
BEit, e¥k H—1 WINDOW_UPDATE WiLA#5 7K F B 5 b B =35 ke h. (5%
FI0) HTTP2 SKBLE L T KBRS 0 ERILH, REZE b 2R A BRE "
HIREE, ) % a% 5 A7 TAE M orix Lo PR i),

& P A AR % B PRI R, — MRS R B T RE R, MRS IR A P A
ifi. HLRTRER P o] FHAOHESERPN A7 ELARAT PR, SRS LA AT RO I 53 Bl ke A IR it 7T LA
TR, RETRRAZHIAGECH, BE D BAEIREHEE 21 S aTHEHE, =
DX/ 2GB WSCHER VR AN, B— AN TEEEMA AR, BEHLT, MMz
i U SE CDN R fehi, WUFEiImR Mk Sl A, mTREF R fE
ATREAR], A TR, REEPER AT AR YIRS, R B ) PSR

mEREH IR

Bl LR, B KD BRIAARR 65535 (2'°-1) F Y., BAEL A XETYR
R, €8 H—d (B) AE£ T 10000 F %, BLA ¥z H 2 k0 (LAH 55535
FHT), RAALFELET 5000 F %, L4 TFS000FH, RECAKELE A
WINDOW_UPDATE #, #BACHAMN T 2 X2 60535 F %, BKEZIAMZE,
T KE =KL (e 4GB KV), AEANZET, LB F A REFHEKL S
BAEZAT, BRRAXEABKBEAXR ST 29K ), Bp 60535 F %, @ity X,
A TA4EH| B K AR R Kk E
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543 {RELR

RHEE — /A BB R RN R . BN SRS TH.OKH, EeiiRM i LH&E
BCE, LARAIGFSRICATR, mkkt e iimdRE. €31 7 HTML 2J5, fEES
T 2 BT, D0 5858 A SR 2 CSS FNZe gk JavaScript X AERY AR, TEIRA £ 1% 5 AR,
TECAT LR R B R A Sk 28, THEEAM— AN SE K. A T h2, %t el L
— R R R IERE R, RS AT DA BN AR X e sk, b R MBI, W
Wa B 4o 2 THE hl BHARER AR DRI SR UL e hems . RISEAR %5 %% [l i 3 1 100 4K,
WA FRRA E'E, o ek LPRNREEATE, KRELRRS M| KH#ITR
HI {4 .

h2 i 5 R 95 £ R MR UL X AN (A1 B, it HEADERS il PRIORITY i, % /i #f LA
AT R IR S5 il B AT 4, UAS BB SR IR T o i Al iod 7R R B K 28
Tkt BL PO RE R AS R ST

o IRBISER AR PR T —FEE D, BRI GO 5 S R AT, RS
GRS dh VALY w2 LT
o AELLE P URIR S 3 an i e B 3L R O R R R ALK .

KA T T A TRT S Al

¢ index.html
— header.jpg
— critical.js
— less_critical.js
— style.css
— ad.js
— photo.jpg

FENCE] Tk HIML 2S5, & PmS T e, HAE R, 280 BIITHR i
XA ] REA X AR -

¢ index.html
— style.css
— critical js
— less_critical.js (weight 20)
— photo.jpg (weight 8)
— header.jpg (weight 8)
— ad.js (weight 4)




FEIXAS R L, % Pk W B Bl I style.css, FLURAE critical js, VA XA,
A RER B E YT, 2 BICE] T critical js, BEATLAZY ISR AR E, WEE
AR S5 — A K R PR AL TRIXT R % h” FEEE, XAMEIFH, less_critical js AL E K
20, MATATCRAIBE ZF0h 40, HUghais, AR5 aS 244 Pk 2y — 4 R 1) side 5 LA
& less_criticaljs, HAb=A5 T Bob—24, FREAMIIRSS 2 SR BASE HHRE PR
RIFX e G, AL ULBIE, Mt 2 LA R anfal bR S 2, T REWTARS B0, Bk
EHCUHIEMBIFAR D, EREROERERTE, WRESRERE&F X h2 i) Web
g5 aEPERE IR S EEF K,

5.5 PRSSimEix

BRI RYERERO I R 07K, BER 6 B b S 2 B AR B B L, X TER
HTTP/2 Bk % v 15 1 H (), HEE(EAR 55 25 REMS ot R R A% Pk, X AlRERF 4
CHGER P AR RNZAT R . R VIR 55 BB b 5 R X 28 P, AIREL T
A AR VEREFN R A TENI — RS M), I SA UL — AN an (Al (B () j, 328 5 — /> anfaf
A a8,

5.5.1 HEIK

RNk 55 4% P BAHEE — AR (REC R “HEXmR”), & H#)iE —/ PUSH_
PROMISE i, iX/~iif R £ B3 @M, 72T,

* PUSH_PROMISE i & & O3 1D FH Sfe i o7 AF SG BR A 5 2R o #3038 BRI 7 — 2 5 of oz 3]
& P SRR A TR, AR T 28 i ok — AN ok HTML TR, And ek e 0l i
EFHAIHEAS JavaScript 52, AR 55 &% 1 i skt B2 A7 ID #4933 PUSH_PROMISE 1.,

* PUSH_PROMISE Wi 1 #5557 1 i 17 R k526 6 R 5% 126 A o b e AR ELRY . BTLA
P AR I G A B R A I K

o WERIERIN R AL AT EAER,

« :method FHBAELAMIR LA, RAEN T Bt BEAIL N B, X & —FhA s 2
PRSI GF i3, Blan, GET ilR¥AHR TSR, FATEE FRRIRATR, i
POST i sR# AN A RAERER, FA RS MRS BimrrRE,

o HMILT, PUSH_PROMISE WiRzi% s 3%, B 24 5% Pl 3 ol fE & 5 % e
3% % % ) DATA Wi, {5 1%/ % % %7¢ % % PUSH_PROMISE ZHi K 1% 5E %1 HTML,
A% i Al REAE 4 UL #] PUSH_PROMISE Z B B2 % H T 3Hx AN AIiE K, h2 2%
fiett:, ATCAPCHERb AR DX 2 (m] R, (HIB R S SR 3k,

* PUSH_PROMISE i 25487~ %2 % 38 Frmi Joz B R (977% 1D,
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HPRAM L FFRIEER ID, ZREFHFE—A R, matime, 2E—H
A28, R%S 25 9F A7 PUSH_PROMISE bR, BB MR ID M 2
Tk, ZJa—HE A, XA B T & P Ak 55 2% Z A 1D o
2%, HUATLASR AN b J W L %t 2 Al IR S5 vim k% FY . O AR B AL T, Tk
BRIEHIEE, AREATEIRHIIT.

g% Pim%t PUSH_PROMISE MR TCEAER, ik ol LA BRI PR 45 1 BX AN
({# F§ RST_STREAM), 8% % 3% PROTOCOL_ERROR (7 GOAWAY iirf), # WA
W E48H TiXx /%%, ° ifi PROTOCOL_ERROR #& %[ # # PUSH_PROMISE
Rt B HRIERY, Lhan i A4, 808 4% Fin L4 (E SETTINGS mirh&W A A
AR, R THER, EREENLE, MRS 2 LA7E PUSH_PROMISE %1% J& 3r
BN B Bh kA, R AR I AR R AT (O 3 136 WT BB (4R TC ikl S i i R TR IR . 438 1E WY B
TR, BEERIE X EMOER, X&EENMERILILTE.,

B % P A, AR 55 um & gkt A% (A2, F PUSH_PROMISE H 4§ B ID *f
MR R ER R (AN 5-4 FioR).

itk .

DATA DATA HEADERS ;
3E Ox1 Ox1 ox1 fg
T =
&

P}I;gi}[‘ﬁ-s-E HEADERS DATA DATA

0x1 0x2 0x2 0x2
o Wi

B 5-4: REFHEXHBLE

5.5.2 EEEHIXNRIR

AR R AR, W e R IR Z R a REIEH (R, ol RERw B4, &M
i) HTML U R UL, AnSRRR %S BB — A TG K, B e A2k vl L7 IR
AR P kiR, PP AR T A

5. MEEE, —FRE
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o RIRC AR B A7 A 3R
o WEFRR, XLEEFEOLER (B0 54.3%)
o ATHIRHITE, DAB AN 2 RENA 2 Ui A3 e 35 O e 0

UOR AR 55 2 PR IE R, BRI Bh FARTF TUm M e b bERE, R 2 M A HRETTEMERE, R
B SPDY HL{E 5 AERTHE LA SIA T ik A HEME, EL AN A5 FF AR 25 D% e 05 e 4 8 b
WL, JRPR AT RERRAE X L,

SERFPRARTOLR . APT sl it h2 5@ 13 B AR Y T RE S 5 5 b s I B 2, HEAniE &
PUREBEAT RAT A 20 AEAEIR 25 Uit 2 D50 A I PRI i A ST, 00 3 SR MR 25 S i
Mg e KR 5

56 HBHIPE4SE

3137 MBI E T RE, BAKTUEY @A 140 AiEk, 44 HTTP iE Kk
FEIA 460 FAT, SEAR AT 63KB, AMEEBATRIREE T, X e i Bt 2 K A iERT,
AR ZIEFIPIHEE) WiFi SUE B AR L, IR IR R R, X i Rk 2
JUPBARNEARBINE , XA REIERRY, Bl KFH U2 SRR 45,

"/

BNk RIE , HEESE (HPACK) B4R HTTPR @t E Yy —. (HE S I M iZ
ELJEHGY WY AR SPDY 9 CRIME il rh ik it ok, % IRIRLL 613 M 75 2%
I deflate 15 &8 i Sk iR o T s mil, DRIBL A B 5 5 AT Rl TR BN
ifill B2 24 A CAHEHH CRIME,  [R]I B4 1 GZIP 2L E4sGE .

23t 2 QIHER BRI, AR T HPACK, HPACK ZMERRIESE L, ©H
FHHE R 2 gnnD IR GZIP 453, AR T i HPACK M T/EJRFR, BAfrydhiklhe
KA TR A,

W A EAE GZIP Ml 304y, W% HPACK 2 ALt EaE 4 &
HTAE. AEMZ, CRIME K& iFRA1, GZIP A i (s B iR
K. CRIME (95 BR X AER, Todid i sk ch s e, W82 & s s
MR B B 2/ TR, AN T, Bt sl AR ScA Rkt
AN Z (LA 41 cookie) AEE ., fEMMEMRTAIN, 2t
HUBIRN A ST CA RS2, B, KEBFETOENESRS R, PRH
HPACK,

138 Web Uit B H AR BEIRAEAE I RO RATE K, B4 Web 1 93 ol % SO E 1,
MR L RAEAEAR AL, UL TP ARG, SRR AR T 58 17 ok e % 0 T
RUEPSIERAR . BRI T AL SR
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AR

:authority: www.akamai.com

:method: GET

:path: /

:scheme: https

accept: text/html,application/xhtml+xml
accept-language: en-US,en;q=0.8

cookie: last_page=286A7F3DE
upgrade-insecure-requests: 1
user-agent: Awesome H2/1.0

AR

sauthority: www.akamai.com

:method: GET

:path: /style.css

:scheme: https

accept: text/html,application/xhtml+xml
accept-language: en-US,en;q=0.8

cookie: last_page=*398ABSESF
upgrade-insecure-requests: 1
user-agent: Awesome H2/1.0

ALAER, EENRLEEEMEEL T, $—EKROE 220 71, F AN 230 F
W, HERA 36 FHEARM, MREMULKIEX 36 FH, el EL 85% T
., M=, HPACK fJR B sk X FE

TR AT R B G T, Sk BIRIELAR HPACK B 126t 4. BLEEILE
WEZ, MEHEBLEM, MERMEIIE L, PMiZEIEERFC 7541, “HPACK: HTTP/2
B ELE” °,

{8 P RN 2 326 4T TR i

Header1: foo
Header2: bar
Header3: bat

e P K TR, AT UAZE E B S b R R R R R IR S IO, B GIRE
—hR3R.

w5l AMER
62 Headerl foo
63 Header2 bar
64 Header3 bat

£ 6: https:/tools.ietf.org/tml/rfc7541
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AR AR 55 i E T X iR S, ARG kR, FmEE T AR,
AR EARIE], B R E R AR XA E

62 63 64
5 & AT ARSERTHIZ N, HAEIX LB R IR B R 5 D L SE B R

3 L P LA h AR A T B AR, X — OB ERHER, BAIXAE hi
PR T AR

HPACK HYSEELLLX N A A . IRE R ISR, LAT IR T — 283K,

o SKBR L, SRR R & A T Tk, bz —RahER, QIR B EA
%, HoakaiER, Bl 6l AN EE LI EIE{EH AR, Bl :method: GET 7E
mARPEL Y 2, HHE, BERESE 61 M%H, FLALBIZRSI%45 M 62 FF A,

o RTFBMMES], AREEHEEHM, Kbl

RAERS IS AXAE (an EBIFTR) 5

- NREXAE, AAENETES G —kESBUREE)

REFRSIME A, HAXAEZR, EARTRSIEE (41 :path: /foo.html, I

(A REREB AT 5

RRF L AFIME (A LIRS =Nk ) .

o (EATET FRVBEBURSE, LASSHUR R FAE,

o FIURER S gIGRIE— B G F1F

LEFW], HPACK ZHHAEHAF, LHEAH M KBEEZ EH (Eban cookie) MG,
F T 3 [ 2 B 0 &A1 R R 4 B RS B R HA N, HPACK [IRAIRMLEIA B EER
THEPmEREFY,

5.7 % L&

TR F—A HTTP2 Wi R RL, H&BHrE. FomiE—k, X BEEATHEH AR
Ry AT IR, KEREL LRI h2 15 B 2 Hedaiy i Hi %R .

—MERHGETEX
GET /& HTTP (hiltrp i E . BB LS, ZRIHE, HTMIRS SRR~ R, /R~
5l 5-1 7 —/~%| akamai.com iR ChiERERIL, HOERKITOHK).

S HT G

:authority: www.akamai.com
:method: GET
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:path: /

:scheme: https

accept: text/html,application/xhtml+xml,...
accept-language: en-US,en;q=0.8

cookie: sidebar_collapsed=0; _mkto_trk=...
upgrade-insecure-requests: 1

user-agent: Mozilla/5.0 (Macintosh;...

xAMiEski@ it HTTPS ) GET 757, M www.akamai.com $REE TT. Homim anssfil 5-2 s,

R 5-1 FRIEEBAFR authority AIRER LR A MA . Mt 444 thost
Mg BEET, BRMEIT URI 1A Authority BE, A/ HTTP/1.1 Hif) Host
H#. Authority B L& EHLE R, AIREEA U H 5, X FEREKIAF AT AR
Host ¥ 80 M1 €2, i3 URI REC’ (91 # F25E &, Authority B LAY User
Information (Fl 5.8, &%), 76 h2 g4z,

:status: 200

cache-control: max-age=600

content-encoding: gzip

content-type: text/html;charset=UTF-8

date: Tue, 31 May 2016 23:38:47 GMT

etag: "08c024491eb772547850bf157abb6c430-gzip"
expires: Tue, 31 May 2016 23:48:47 GMT

link: <https://c.go-mpulse.net>;rel=preconnect
set-cookie: ak_bmsc=8DEA673F92AC...

vary: Accept-Encoding, User-Agent
x-akamai-transformed: 9c 237807 @ pmb=mRUM,1
x-frame-options: SAMEORIGIN

<DATA Frames follow here>
XA R, fRSS 8 FZorig Rk ek Ths . (IR&RS 200), 1%E T cookie (cookie HH#),
FoRiR 8] I N 256 FH gzip FE4E (content-encoding 1 #8), b &% T 75 % H 2 i H fh 3 2
1%‘4%‘0
Fe KB T IX WM GET iR B/ EK K L T4 . nghttp® & Tatsuhiro Tsujikawa $2 ()
sohTHE, e UARFIEAE B, FHFEEE h2 &40 .

$ nghttp -v -n --no-dep -w 14 -a -H "Headerl: Foo" https://www.akamati.com

XARATAEE N R/NEE D 16KB (2"), #IT —MEA R EED, FFiFR T BT
LESCHEBTIR . T A &R TEANs N TR

£ 7: https://www.ietf.org/rfc/rfc3986.txt
{¥ 8: https://github.com/nghttp2/nghttp2
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[ 0.047] Connected

The negotiated protocol: h2 @

[ 0.164] send SETTINGS frame <length=12, flags=0x00, stream_id=0> @
(niv=2)
[SETTINGS_MAX_CONCURRENT_STREAMS(0x03):100]
[SETTINGS_INITIAL_WINDOW_SIZE(0x04):16383] (3]

ATLAEE] nghttp (UG HLANT

Q KIS h2 &,
D e, SrR% % —/> SETTINGS i,
© ki At R, R D R/NRE A 16KB,

IGTER, strean_id o I TIEREMIER, (RIEMH PR ARIERNE, HExos

£ SETTINGS iz &%t T .)

BT REHH B &

[ 0.164] send HEADERS frame <length=45, flags=0x05, stream_id=1>
; END_STREAM | END_HEADERS @
(padlen=0)

; Open new stream

:method: GET

:path: /

:scheme: https

:authority: www.akamai.com
accept: */*

accept-encoding: gzip, deflate
user-agent: nghttp2/1.9.2
header1: Foo @

TR TR A R

@ E#, %/ (nghttp) %% T END_HEADERS #1 END_STREAM #iiH, X &iRIR%
ar A E R, kA MmBHE T, nRixE POST igk, B AZ %% END_

STREAM #7iH,
© KAETAE nghttp iy 44T MR K &,

[ 0.171] recv SETTINGS frame <length=30, flags=0x00, stream_id=0> @®
(niv=5)
[SETTINGS_HEADER_TABLE_SIZE(0x01):4096]
[SETTINGS_MAX_CONCURRENT_STREAMS(0x03):100]
[SETTINGS_INITIAL_NINDOW_SIZE(0X04):65535]
[SETTINGS_MAX_FRAME_SIZE(0x05):16384]
[SETTINGS_MAX_HEADER_LIST_SIZE(0x06):16384]

[ 0.171] send SETTINGS frame <length=0, flags=0x01, stream_id=0> @
3 REK
(niv=0)
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[ 0.197] recv SETTINGS frame <length=0, flags=0x01, stream_id=0>
5 ACK
(niv=0)

@® nghttpd Y F T AR 55 %5 SETTINGS i,
@ KEHBULFE T SETTINGS ifIwhik .

.278] recv (stream_id=1, sensitive) :status: 200 @ ©
.279] recv (stream_id=1, sensitive) last-modified: Wed, 01 Jun 2016 ...
.279] recv (stream_id=1, sensitive) content-type: text/html;charset=UTF-8
.279] recv (stream_id=1, sensitive) etag: "0265cc232654508d14d13deb...gzip"
.279] recv (stream_id=1, sensitive) x-frame-options: SAMEORIGIN
.279] recv (stream_id=1, sensitive) vary: Accept-Encoding, User-Agent
.279] recv (stream_id=1, sensitive) x-akamai-transformed: 9 - 0 pmb=mRUM,1
.279] recv (stream_id=1, sensitive) content-encoding: gzip
.279] recv (stream_id=1, sensitive) expires: Wed, 01 Jun 2016 22:01:01 GMT
.279] recv (stream_id=1, sensitive) date: Wed, 01 Jun 2016 22:01:01 GMT
.279] recv (stream_id=1, sensitive) set-cookie: ak_bmsc=70A833EB...
.279] recv HEADERS frame <length=458, flags=0x04, stream_id=1> (O

; END_HEADERS

(padlen=0)

; First response header

e R R R e R R R W W W |
[clcNoNoNoNoNoNoNo oo ol

BUAEAEE] T AR5 vt (= R0 B 18R o

© stream_id 2 | F WA 23 R IE R (FATRIRIR R T ANk, (HAGEAS B
i) o
© nghttpd MARSS 8 3K1F T 200 ARERD, XFRBEIT .
© {E&, WA K% END_STREAM, A FifEiE4A DATA i .
.346] recv DATA frame <length=2771, flags=0x00, stream_id=1> ﬂD
.346] recv DATA frame <length=4072, flags=0x00, stream_id=1>

[0

[0

[ 0.348] recv DATA frame <length=4072, flags=0x00, stream_id=1>

[ 0.348] send WINDOW_UPDATE frame <length=4, flags=0x00, stream_id=1>

® BEBANFEIRA THIE. X EEF 34 DATA i, ZJ5HT—/> WINDOW_UPDATE
i, % P IRRSS 2%, EIHEERL T 10 915 T DATA Wi, FH b Tk 8 £ A8
ke T Heds, R, WD EALSR, F Pl A M, ALk %S
B,

[ 0.348] send HEADERS frame <length=39, flags=0x25, stream_id=15> (B
:path: /styles/screen.1462424759000.css

[ 0.348] send HEADERS frame <length=31, flags=0x25, stream_id=17>
:path: /styles/fonts--full.css

[ ©.348] send HEADERS frame <length=45, flags=0x25, stream_id=19>
:path: /images/favicons/favicon.ico?v=XBBK2PxW74




B %/ o AmE 7 HTML B N2, BLERTLAE R TUE R 008 7. BLENR
B 3ABEAINE, ID 4 B 15, 17 f1 19, Kb HHEAHTF €SS, —4 T favicon,
(AT HEi%EEAR, BBk 72, )

.378] recv DATA frame <length=2676, flags=0x00, stream_id=1>
.378] recv DATA frame <length=4072, flags=0x00, stream_id=1>
.378] recv DATA frame <length=1445, flags=0x00, stream_id=1>
.378] send WINDOW_UPDATE frame <length=4, flags=0x00, stream_id=13>
(window_size_increment=12216)
.379] recv HEADERS frame <length=164, flags=0x04, stream_id=17> (B
.379] recv DATA frame <length=175, flags=0x00, stream_id=17>
.379] recv DATA frame <length=0, flags=0x01, stream_id=17>
; END_STREAM
.380] recv DATA frame <length=2627, flags=0x00, stream_id=1>
.380] recv DATA frame <length=95, flags=0x00, stream_id=1>
.385] recv HEADERS frame <length=170, flags=0x@4, stream_id=19> ®
.387] recv DATA frame <length=1615, flags=0x00, stream_id=19>
.387] recv DATA frame <length=0, flags=0x01, stream_id=19>
5 END_STREAM
-389] recv HEADERS frame <length=166, flags=0x04, stream_id=15> (B
.390] recv DATA frame <length=2954, flags=0x00, stream_id=15>
.390] recv DATA frame <length=1213, flags=0x00, stream_id=15>
.390] send WINDOW_UPDATE frame <length=4, flags=0x00, stream_id=0>
(window_size_increment=36114)
[ ©.390] send WINDOW_UPDATE frame <length=4, flags=0x00, stream_id=15> (14)
(window_size_increment=11098)
.410] recv DATA frame <length=3977, flags=0x00, stream_id=1>
.410] recv DATA frame <length=4072, flags=0x00, stream_id=1>
.410] recv DATA frame <length=1589, flags=0x00, stream_id=1> (B
.410] recv DATA frame <length=0, flags=0x01, stream_id=1>
.410] recv DATA frame <length=0, flags=0x01, stream_id=15>

IR T AR 31 A 45 v 42 1o SHe BRI 28 R AR —ikE

® VRATLAEE ID % 15, 17 #1119 () HEADERS i,

Q X M ARIIE D E R, BE—/EEENER, HID 4o,
® ID 4 1 G DATA i,

[ 0.457] send GOAWAY frame <length=8, flags=0x00, stream_ id=0>
(last_stream_id=0, error_code=NO_ERROR(0x00), opaque_data(0)=[])

BJRBAEE T GOAWAY i, BIRETiX A 47, CREBIFEREAILIR K.

e
[cl oo N

— e
[cllc oo o) oMol o)

e
ool ool

e e e B B |
[clo Mol o)

AR E— B TR mAEE, (R ZIRLIREBE T, WAEIR, —UIERmM B,
FFadive, MEmih, EXAEARGE T, RATUBERE R BFLTE, KR
i, 2R, DSk E, ReTLAH nghttp THZMR—L % FE h2 MG, &F
A TR R, B E, VRt C A T BRI TR,

T 9: B3 goaway IR “BIF", — &
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58 ING

HTTP2 thil ikl 2t T £, B8 T &M E. RE. 8%, LARRW, A%
PO T SR, 1R E AR A h2 fY Wireshark S 30 (B W87 1), I T
WS EEE, % AT AHS Bh ik A0 Sebr 8 FH HTTP/2 Ao % B L [l (o VA A 7 SE
i cookie) , FARTEIR ABFA AL E R, BeldF 24 ) R A RFC 7540 A5 °, TigR %
B, AT, BRERNOEBIRIZEIEAN, TEMAM X,

{E£ 10: https://tools.ietf.org/html/rfc7540

52 | #s5E



HRE6E

HTTP/214 ik

HTTRA2 WY H b2 — b AR TR, XET 08 KT, RN —Bh. 3
o 18 UL T Pk Web TUBEL HTTP/L1 B, (RIRAE SR s, Bk, T TRMAR,
JET MRS Pk, FRARREND b2 PERERY TR SBE IR, 7E0GRE h2 MOPERERT T 3L i8R
F#ERE, OB ARERE R R B ER Fid, Bk, AEBSREAYTE

F MR IR T HTTP/2 PEREMD S B R 2, 7

6.1 EFinLH

HTTP2 PG B A, FrLARIH b BT i oy — e, RAE&ALORA SHEHRE, &
FAAERU N 22 22 5. 54N, 1% Chrome, Firefox, Safari FN{##k Edge X £ 1Y i %1 28 %5
A& BRRFRREL, FTRES M I P AL, (RIS & AR, A RI% P,
[ P 98 S 7 v Ak e vT RE 22 R S, BFLA, AR RTRE £ B9 P Sk TR R i R
Je HRRAE T PR ARAR L2

Akamai fJ Foundry [ PAfifid — 6y HTTP/1.1 55 HTTP/2 PEREXTELIIRRSE, EAREFIEHA
WIS I ZE S . XTI LG A B O LS P s (RUM) TIHRESE R, X se i
¥k B THSEME KM TR RS, SRR THESREMZES, wHEH A TN
&, h2 KL hl iEREPe (W 6-1),

53



24%

18%

12%
i
0%

Chrome Chrome Firefox
Feahhi

BUbR
B 6-1. 5/ HTTP2 ZIGHABRIRERF URL Sttt (ERIABAITFRN)

B 5EK T, o BB o o, XIRFFRFER M, JF/8 h2 b, JC48 URL MPERE
£TR (LA 6-2).

URL& Lt

8%
6%
=
)
¥
=
2%
0% A0
Chrome Chrome Firefox
ok
pUbR

@ 6-2: R HTTP2 2/GHARE I URL St (EBIBERISEN

AT h2 RIGER? B X IR 7GR R AR, A2 %A DU g, =
fik — SREE, XehEkE, DURRIIRTHZRITE T Mg, % 5 3 A ABE 4 PA Sk Bl
%, REBE ARG (Server Push) SXAERIBLA, BT anfu 7t vl %4
iR AYERE, R T X TR EE REA M, BIFE4nt, URL (£H h2 Ja kRS THY
FLfil i 1A 8 T TR EL Bl B2 R TR RS B, IR AKIRE
B, B, HER EREEME LT ARSI HTTP/2 5243

6.2 IR

LGS T, R RISEAR BN mE) 5% — s s TR ], A, EhRoRs
PR EBLRIO AR TIR 8 K 3% 5 B, CRRAMERMAE (RTT), KE—KkILZEDH.

BRUERMEER L, AR EREEN. maRfEE, DR HemTR. &

54 | %FeE



REMGH, s i — B JeLr Sem2Z il pk, TiRE5h / Jo Lk B4 NI TG4k v i 3k 4
5o Vi T AR VR e /NESR , Bk T SEAE A 5 o 488 10308 BE LA e A5 £ B A, ol
A, JEAEICET o (e R R 20 R TE 2SR i 2/3, AR T80 20 5Tk, FRLA, i
TR IH G (LR —HOEEF BB B, BERZ) 8500 T2k, Hife/NlRERER KHER 43 2R, Wb
SE SR T R — 5 SRR AL LE AR A S (BT R S DR IR )

TVetehir i 2 20t , ol A2 & TR AR bR . Rk, iEPIREREE
LA B FTRERIE R Ik, FFABER, KM BIR ARk “IA4:
W= %" ZimfBE R, (BRX A REREER A HEZA, SRR
SCVF AT LA AR 55 &5 0 8 15 S 40T R 4 MO e 2 FH P, B 15 B CDN ik
Hix—HE (2R 75%).

R, ARIRA CE TR, MR FEEL LERHHAER, XEHRAD: $—, WAZ
AR SR EE, B, &ML, BbE. JEVLARBHENS (WEHERS

a R ALY ) WEIER , BAi I\ —Im Bk 5 — U 0 21 X He

EINHEAS R AT

mm%,wm&MwmmYWu%%ﬂimA)&i?ﬁh“wm&mmm
Doesn’t Matter (Much)” ' #98F %, T HMA$ X 542468 (RTT) & Web R & v & H

DESEALN
Mg X A, WEmEEEM) Web R & T REE &40 %05, REdost, —2 BTk
2| SMbit/s, e B A MK, AKX 8Mbivs AL SHILFRH, 5—F @,

R RTT R, R@m&EHE (PLT) HEHELATHE XAFRLE, w0R455 20
EA RS —k RTT, AF4 PLT 2 F % 7%~15%) .

RmEZ, REMY RTT, RESAMEERS Y, LAk Web 7 A 55,
B63 (Mazsx) T HES RTT X R & Ao 1 6] 49% 4,

TEHE T HRBIER RT3 5 Bt e i

R AT I T R R IR
ST T TS

iE 1,000
B |

i

3,500 0000 o
2 3,500 ‘

_ 3,000 % 5000 |

¥ 2500 § 2500 |

& 2,000 j%z'ooo l

= % 1,500

= Hln i
g HiEmmEm = | TS

g@g@f‘@’fyfé’&’f «*

®6-3: H%5 RTT ¥ PLT 898200

1 https:/docs.google.com/a/chromium.org/viewer?a=v&pid=sites&srcid=Y2hyb2 1pdWOub3JnfGRldnxneDox

MzcyOWIIN214YZzI3NzE2
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fRAT AR Bt it ping fir4 T EMI S P SR 5 4% Z IAAVIER , k2 BiRfE At # e
EXATHE,

NS ping fir 4T 4R RHR G RTT A% -

$ ping -c 4 www.wikipedia.org

PING www.wikipedia.org (208.80.154.224) 56(84) bytes of data.

64 bytes from text-lb.eqiad.wikimedia.org (...): icmp_req=1 tt1=50 time=70.4 ms
64 bytes from text-lb.eqiad.wikimedia.org (...): icmp_reg=2 ttl=50 time=70.7 ms
64 bytes from text-1b.eqiad.wikimedia.org (...): icmp_req=3 ttl=50 time=70.5 ms
64 bytes from text-lb.eqiad.wikimedia.org (...): icmp_req=4 tt1=50 time=70.5 ms

- www.wikipedia.org ping statistics ---
4 packets transmitted, 4 received, 0% packet loss, time 3002ms
rtt min/avg/max/mdev = 70.492/70.571/70.741/0.284 ms

X 4% ping A R e T X 2RI % P s T, MRYEHELAL B K, 4k
HERHOTEHUIRS 2 1P ik 208.80.154.224 fir T B 35 R M BT A+ (B 20
I Pk 2 3850 Tk ) o

# 6-1 JRORI P RIMERRAE, Ho (A (B T 1 /1 ot

®6-1: BNEWMNMTRANERE
RER  FHRTT

JeEF 17~22 2

HL&ML  15~30 ZF)

DSL 32~52 ZFfp
% 40~1000 ZFp, BT ATAMLLMEE R, HiAkA LTE (BHk). HSPA, LLKk GSM/Edge
(Bf8) %

BE 600~650 ZEF»

R, —BR&ATERD, TREEMSABHEIRGE T, mRBE
4 TR GRS Sh R A, BESIRTE BRI E BB AE R .

TR h2 REER AR, FRO1E T ASRIAMMINE, WTER/NE S RIEECRE, B
AT LA FEHE AT 1000 GRS RSGH— /M@ T, AR5, FAERARTXE T CDN (2
W 7.5%), CMEREM IR &MU R AR &R “HEL” R, HIMERET Web
1 % 3% 1 BE MR T B WebPagetest (45 5 24 WPT, £ W 8.275), 4 BT hl Fl h2 1£
Chrome 1 Firefox Hfn#ki% 7l

% 6-2 ‘B T hl F1 h2 ARt 51 At Rl AU 5N . PLT Bt i) 2 96 K PN 3 A UK 20 7k
LERBCESE, BRIRAE 94 “Eh” WPT ML A G,




R®6-2: M Sh2EESLERTFOIMAERILL, BRWPTHZPIHRRER. RIS B SRT
MNELENER, RAB%IERE
h14IPLT Chrome h2#IPLT Chrome h1#IPLT Firefox h2#0PLT Firefox

i TR (st wM) (84 #P) (84 B8 (86 55)

EH, 44 15Zf 4518 5064 4673 4637
IR, SERFFIR 39 2R 4719 5325 4815 4718
FH, MR 2B 4728 4986 4965 4995
iKHE

2, BE 97 & 6248 5765 5634 5402
B, % 129 ZF» 6873 5272 5266 5256
e, BN SE 142 25 7302 5932 6055 6220

UL E SRR 7 By Bt — S 0 . AR TS, W3R 25 B 46 1 IR U A5 1 B 8 170 48 o i 44
jJﬂ, 1ﬂ h2 E,‘JﬂE.iE‘.ﬁEﬁ—&1&:F hlo

6.3 %8

AR P2 rh R BB L A BT EE B, AR A E, X R R s
M1, Zlad Eoe8E kS e KB, MEERL N h T EER,
FEARER O h2 I E i TCP &4, BkAH E4/ i3k, TCP thillit & 45k TCP % 0
(Z3.1.3 Yl “fK%%H TCP FIH™),

KTWEHR ML T HTTP/2 (IPERE, Holl —TH % AkE K25 Akamai 2 5 Foundry FHFA &41E

HEATHIRESE *, o347 T ZRM AR N ARBAIEN (FERAGEERD) .

LI AR R B

o XMNTREMRL/NER (3654, %4 2KB) HJ Web Ui, h2 HnEk vl AL hl &
. XAFAhL T (4 64 TCP &) MRS 88 HAEIEAT K% 6 MR (FTFBALFAZE),
iMih2 T2 (stream) "JLASGFESE, #E—S UL, BEBEMKLMAEZ, hl fih2 T
PLT #BS33ms AHR Xt h2 AUSEMASE (G A5 R, R A A B v ol v SR I . e —
MIES R T R, BrA TIEESZEm (WK 6-4a),

o XTEEDEKRBEHER Web T (104>, A4 435KB), 7EFiHM%&MET, hl #
AE_L#BEL h2 RELFAT . iX A £ /04 NIBREIEIMSE R R oE %S 1 (L& 3-4) S5y,
ARTFJA 6 N i%SE, hl IRIAEIHEER DO R/hSEhs LR h2 1Y 6 1%, X EW%E, ELIEF
TabY B, h2 FEREE D REK BB EE, 15 h1 R AEE bR SRR T, XA
)& B RS LEMRD, B e SR G d D3 h2 iz A/, SR hl Wi S kK.
BESl, h2 bb hl A 55 EARR (WL 6-4b) ,

& 2: https://www.akamai.com/us/en/multimedia/documenls/technical—publication/hlth-performance-in-cellu]ar—
networks.pdf
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o TSR RE IR Web TR, PiEEATEMZES:. h2 MM N %%
BATHEMKES T, SREALMNOATEARS.

K5y Web TR T 5 —FiEm (REMRLNGEIR), X h2 RHERK, EHFARY
&, FhEmscRikitE Zas HemiE g, FEELN, ZEEh2 M.

28 1 o e R o | 2 | o wrea e ;9
5 @ HTTP2 (3 —ifitk) % 3_%_’8 4 @ HTTP2 (f—ifl%) . 3 !
8 > £ 5 T- - h
=2 1 b - V] =2 - i i
Eoy - ' s = i -
CER o L@ =8| -
E 3 B L] Bod pmmm T
=N ; ? .:. b = ? 5T
1 g am = Kok i " Al %
AR A AR
(a) 51364443 BI2KBA /M FE IR (b) SIHI1044y HI435 KB /N 5T i

6-4: BEMEIT HTTP/2 BIIERE

HTTP/2 Byt sE R IR 7 &b

% X WebPagetest & —ANRBMH LA (AR82 %), 2R HI A H L5 XKRFL
SRR S, AR N TR KBS IRKBEAEE, HIFIRPDZTRA R
B (2 e B2 HEHE KL 10%~20% b ReAR A, KA AR R A K E) T
BT eh” X M6, 1% Catchpoint, Keynote A= Gomez iX 4 #9 T AT WA ib RAL K R
% 69K, AR RTR LM MK, X FRRARNGHT, 2R, ©MNHARINRAHE
DA K, R #) RRFeE 6 R SERE

REG BRI B2 R P HASAKE, TRIUATAEAL N (RUM), CAKEL
AR AR A, RTUAEER TR (ff4e Boomerang) B T#F K&, XAKA
1% SOASTA 3 Speedcurve iX # #5/,x 8], Fi&AF 7 X, RAZKAF RUM LAl X,
AR H I R — EF AT IR 25, ‘

— O fRIMA T AR, HAE R AR R a0, RARAMA P RF
HAP, ERRNF—EARERESSTIAT AL, 24 FLEK, Rakdd
50% # R P AKX R4F (RARE). BRAA 5%, #£99% a9, L2
BTFRAPERHG—ERRENGKRE, XA X EAMLE, TARLIHZHA P
B, BAiRe) T e 69 R,

AR 2, h2 Bk AMAST? KAV F LA E M Pl edRA, AR A 95% AVA L HA
HP KR, REBGL, 95% BA| LHRERALFRETT AP ARG TRELREA
Rk, FRAFHAEEOEESFHRE, RETRGEMROERELER FEZ X
B EME, XFFH, Ao STETUAR LR RS A", PR, &
Ao FRELARIIA,




6.4 AR5 imiER
ZAi 5.5 Wi itk , RStk LR 55 8% B A T 16K P 1 SR Z Bt % IR RE )
MAZEW], an SR A B PR, DU E e 18] =T LA D 20%~50% .

R, MR SR BT, XA DR A R 55 i o R IR B M AL 1 % P DL 2R AR AR
B, FBE P RECEDE AT ENBIE. & P AT LK % RST_STREAM MiikiE 45k %5
@) PUSH_PROMISE Wiff, {H;& RST_STREAM }H- & BNZIEE, FLMRS BB RELRIE
—BERNEE.

QR P — R U R DU IR, sk A ) 2 7 o 335 7 TG 7 e e s A S B CSS i1 IS W9, 0
2RSS e ER ER S T . i, XERARS S LR A RE, DUBEG “HX
Kif" (push promise) 5k HTML GUR (#4138 5 H 5. BAWKILT, MRSuE/ALHE
HTML U E AR A SR ek, ArHE, MRS umEEM—%)5 4 TIERAER HTML
UUHT . KB AR S50 AEAT, % PUREME SRR, X IERTFAA 10 % 7 i 325 BT 7 P U ) A e
Blo B 6-5 BLH] TiXAEHER SR THEREAYFTHE

AN FEAR 55 vt ik {5 FH 1l 95 v e %

v 76&' y

TEEE®
TEEE

PIML ATML &

\
\

I

ﬂﬁm’ﬁ: 3

W

6-5: FEEIBHIE0TiHTHEX
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KAOE P FAR S5 28 2 45 AR 55 ImHE X 1T

2016 5, [T 0746734789 Velocity 28 F, Colin Bendell £ & #F 5 F T —AH
.92 Bl #) 1 35 canipush.com, € A #1k&E O THE P #HRT XHIRFandhit,

£ 6-3 7k T —24 A B AT SR 090 W0 807 B B sh A 2 09,
76-3: NS BB IR BIRHEXBISZ /T

M  Chrome540  Firefox50.0.1  SafariiOS 101  Edge
J& HTTP/2 % 287 ) I
il A4k JavaScript B D)) B B
TR CSS e pa) JH2h B
YA dfE% XHR 1K T 13 Sl
EF*F JavaScript iERAVER A BRI BEh SR bSl'
EExt CSS iRt ez B ESl K
bt XHR iR AEREATE SR R el e

6.5 BHFTHE
Bt (TTFB) TR 55 &% AR R HE ) o

TTFB {5 (% M % /5 & 42 HTTP 1 2R 27 7 0] BT & W 3 e O R 58 — A~ 1 B2 D i)
Il & socket EEHET 1], %K% HTTP iR ATt WO GRS — A~ it it (Al 41
B. BIRAMCHIRIRA 2 T DNS EHrmE , (B2 M2 ARES, TTFB MELATHE T
HLAEE TR B — A5 Z T B ATER

E 1 R, % Pk 3 AR A AR A e b RO R R, i FLAR 95 & S 4k T K ik ik L
W, %0 ST ZATE RIS R TR MR S5 AR kA AR Ak
WK, xS RA —-AEE, ARE PRI ST Y T P A TR

5 hil AR, @it h2 WERER, &Pum— BT HTML, G4 miR % &8 341 &% ki
iR, AHEL h1, 3% SEiE RPN B AR ] 2 Fl— M 2 B s ELAE PR A 1 oROR [T IR 2t
B9, RIS RAD TR A CE R, BTLA h2 S5t 2IA TTEB (E M 8 &, BEZR h1 5 h2 B
B FTHLEIAR R, TTEB A AR 2251,

HTTP/2 bk h1 Bsei TE 2T, HEMEEAD T EE L THERE, T —2Ehl
A, {H h2 ScELT R




« B HKRANAY

(RO

o AEFFEIE BRI ShAE

o JEEE /RS E D

o PEELIRE (h2 FRVFR i 2 R B — iR e 4k )
o TORAEIR B i i A 1 R A R i

6-6 N 6-7 (™. T h2 #HEL h1 P, b T AR BB b B RIIEE B, A1 T hi Foh2
In#lE — Ui, HSRTE TTFB il “ W bR B R A]” (Time to Title) Z2KM035%% L, W
BT RERBUE A Y, 8 hl W2, (HE SR h2 RIS E AT,

BPFESdtE (L. =)

8,000
B h2
6,000
4,000
2,000
; N&
@ N ; o

o w@“ e G 8 o

(%}J;” r‘(ﬁ;“\\() \00\0 /(\-,@go ,@t\‘\’o %’% aé@? @%L ¥<\‘”¢(% Cg\ﬁ”
<& '@v‘yﬁ“&\'@. &K)@\o“ <& 48

6-6: h1 5 h2 IERE96418)/731
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Tested From: Dulles, VA - Firefox - Cable

4.0s
i 2
1: H1 FF Dulles i P
(Edit) |
0%

2: H2 FF Dulles

B 6-7: h1 5 h2 ERNENERER

6.6 F=FRIE

A, L2 MubS &R, MEE. RS EEE, fREMN8ssIALR 8
=HRRE” AT, FEEMEE LD X AT, =R I i R, s
TN R RRIgmES = RS 21k K,

Kt

KEFRES, $=HAASLEME2E18, 7EBLZE JavaScript FINE UL T £ 25 85 %
FMR, AEKREE=HNENTE, HMRETE 2 EIEAERKRSMR. £ =NE kK
S AR TERE, JHX h2 HLAT LA BRI

o BEIEREERE AR KRS BT ST EMAT DNS, HAL TCP g, hf
TLS, X4 /™ HRMIHERE .

o BAE=HRBEEARRRS T, FLAERAGRMRS X, PR, §RO0E8 s
h2 FpPE B2 25 o X SEAREPEIGR A T RAH R A T R BT IR .

o UREBFEHIE = RIETERE, Wtk el Gl h2 4.

WA FEERA, AR = NZS T TR A2, B2 h2 HREMRR— - APERER)E,

£ Web TUTHIENE T, 441 (SPOF) & 45 Web T L 51 I 5EAFHE,
e A, KR EA TR (B2 S8 HES) . Pat Meenan &
— Pkt TRMHMEREL R, R THIX WebPagetest ‘EHMERR, S T
—AE# 4G B Chrome % 2845 {4 SPOR-O-MATIC®, A 1iX/M i, HI%
W TR 2 5 sk RERS I SPOF [w]i, Jf HLifidt 3 il WebPagetest 3k 1L i
RABLERIRAI R, TR —MRERISH TH, (REAZFHEERA RS,

£ 3: https://github.com/pmeenan/spof-o-matic




A TR =75 R PEREATZNR, Fefi1fkd T 4 A HTML JUE, A4 TUE R E S
sk B AR EIR A E . HTML AR KRBT

<html>
<head lang="en">
<meta http-equiv="Content-Type" content="text/html; charset=UTF-8">
<title>What is your Ikigai?</title>
</head>
<body>
<img src="https://akahisan.h2book.com/what.png">
<img src="https://akahisan.h2book.com/is.png">
<img src="https://akahisan.h2book.com/your.png">
<img src="https://akahisan.h2book.com/ikigai.png">
<img src="https://akahlsan.h2book.com/question-mark.png">
</body>
</html>

el i S B Fy e A A A SR A6 hl G2 h2, A TS E B M 1 -

o EARTHAMET h2 B4 hl;
o HRIERFT h2 LK hi;
o HIRPTERIR A S EHR TS SR —IE T [ a4, K AiriEsEH (connection

coalescing) ],

BABE IR L, PTLASS RIEABA X . A RANEES], EH 28, ERFS5 100
EMIHRBILLR, XRFAMUNTFES B/, mE 6-8 fim, PRS2 MER
N, SRR R AT A

SR OR A 1A T DR B R RSB 4 PR iig, AVREE I B A F hl ¥ )3
B LEHPERERIRON . $ Tk, HERTHE G A HTML 2 BE 51H 5 kE v, e
ARl FBEmAMNIIRA T (ER, 4 MR RE T RN SANIEF) -

<html>

<head lang="en">
<meta http-equiv="Content-Type" content="text/html; charset=UTF-8">
<title>What is your Ikigai?</title>

</head>

<body>
<img src="https://akah2san.h2book.com/what.png">
<img src="https://akah2san.h2book.com/is.png">
<img src="https://akah2san.h2book.com/your.png">
<img src="https://akah2san.h2book.com/ikigai.png">
<img src="https://akah2san.h2book.com/question-mark.png">
<img src="https://akah2san1.h2book.com/what.png">
<img src="https://akah2sani.h2book.com/is.png">
<img src="https://akah2san1.h2book.com/your.png">
<img src="https://akah2sanl.h2book.com/ikigai.png">
<img src="https://akah2sanl.h2book.com/question-mark.png">
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<img src="https://akah2san2.h2book.com/what.png">
<img src="https://akah2san2.h2book.com/is.png">
<img src="https://akah2san2.h2book.com/your.png">
<img src="https://akah2san2.h2book.com/ikigai.png">
<img src="https://akah2san2.h2book.com/question-mark.png">
<img src="https://akah2san3.h2book.com/what.png">
<img src="https://akah2san3.h2book.com/is.png">
<img src="https://akah2san3.h2book.com/your.png">
<img src="https://akah2san3.h2book.com/ikigai.png">
<img src="https://akah2san3.h2book.com/question-mark.png">
</body>
</html>

1: H1 FF Dulles

(Edit)

What

2: H2 FF Dulies
(Edity

32% 100%

i -
Export fiimstrip 6s an image all Size Thumbnail interval Compari

@ Slow Motion
® small & 0.1sec & Visually Complete

Create Video @ Medium ® 05sec @ Last Change

* Large ® 1sec @ Document Complete

Advanced customization options.. @ 5sec @ Fully Loaded

Waterfall Opacity (adjust sliders to adjust the transparency of the given waterfall):
H1 FF Dulles e wis H2 FF Dulles

https://sanh2.akawild.h2book .com/shar. . .
@ 1. sanhZ.akawild.... - shardingd.html
. sanh2.akawild....ok.com - what.pnhg
. sanh2,akawild.h2book .com - is.png
. sanh2.akawild....ok.com - your.png
« sanh2,akawild,....com - ikigai.png
.+ sanh2.akawild....question-mark .png
. sanh2.akawild....com - favicon.ico

N

s R s g Ra gad
~ g s W

CPU Utilization

B 6-8: h1 5 h2 THERE™4£6 WPT 8RFNEL, ZRENFRDHE 2 TEHST

B 6-9 T TN pEsH, wLAER], it h2 KX TUmEE:, nZod Bk 74 25%,




Tested From: Dulles, VA - Chrome - Cable

0.5s

1: H1 Chrome
Dulles
(Edit)

100%

2: H2 Chrome
Dulles
(Edit)

6-9: WPT &% : /%87 h1 A h2 TIHER 4 M ESHNE

ARINTRAMEEE L b1 I vl i A= B i 2 (WL 6-10), s B FIARZHom#Es | H
B R i R TF AR I BT T AT B aa b SSL B T, X BIR T hl TH R Z AR
(Wi

Waterfall Opacity (adjust sliders to adjust the transparency of the given waterfall):
H1 Chrome Dulles s

wwmmmassen H2 Chrome Dulles

https://akah2san.hZbook .com/sharding-. ..
« akah2san.h2boo. . .sharding-san.html
B 2. akah2san.h2book.com - what.png

B 3. akah2san.hzbook.com - is.png

@ 4. akah2san.hZbook.com - your.png

@ 5. akah2san.hZbook.com - ikigai.png
(- }3
&7
as

o
-

. akah2san.h2boo. . .question-mark .png

. akah2sanl.h2book .com ~ what .png

. akah2sani.hZbook.com - is.png
& 9. akah2sani.hZbook.com - your.png
10, akah2sani.hzbook.com - ikigai.png
11, akah2sani.h2ho. ..question-mark .png
12, akah2san2.hzbook .com - is.png
B13. akah2san2 .h2book .com ~ your .png
B14. akah2san2.hZbook .com - ikigai.png
15, akah2san2.hZbook .com - what .png
6116, akah2san3.hZbook.com - ikigai.png
417, akah2san2.hzbo. . .question-mark .png
@18, akah2san3.h2book .com - is.png
19, akah2san3.hZbook.com - your.png
20, akah2san3.h2book .com - what.png
B21. akah2sand.hzbo...question-nark .png
@22, akah2san.hzbook.com - favicon.ico

0.1 0.2 0.3 0.4 .08 0.7 0.8 0.8 1.0 1.4 12 1.3 14 215 16 1.7 1.8 1.9

CPU Utilization

Bandwidth In (0 - 5,000 Kbps) i i e IR et » :

font. other

html

& 6-10: WPT & L3R h1 THHER 4 TRNEZHRE
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MR, AnR oL@ h2 i (LI 6-11), A5 — 6 B IR 2 AL (A S2% B fn TLS,
TR IR AL 2 il X A i R R

0.1 02 03 04 45 0.6 0.7 0.8 0.9 1.0 14 1.2 1.3 1.4 1.5 16 1.7 1.8 19

. akah2san.hZbook .com - 1k12a1 png

+ akah2san.h2boo. . .question-mark .png

. akah2sanl.hZbook .com - what .png
B 9. akah2sani.hzbook.com - is.png
@10, akah2sani.hZbook .com - your .png |
11, akah2sanl.hzbook.com ~ ikigai.png e
812, akah2sani.h2ko...question-mark .png
113, akah2san2.hZbook.com ~ what.png |
B14. akah2san2.hZbook.com - is.png
| 815, akahzsan2.h2book.com - your.png | |
16, akah2san2.h2book .com - ikigai.png |
B17. akah2sanz.hZbo...question-mark.prg| |
18, akah2san3.h2book.con - ikigai.png
19, akah2san3.hZbook.com - is.png
@20, akah2san3.h2book .com - your.png
21, akah2san3.h2book.com - what.png :
@22, akah2san3.h2bo...question-mark .png |
az. hZbook .com - | i

CPU Utilization

Bandwidth In €0 - 5,000 Kbps)

html Js image flash font other

®6-11: WPTE/R: LR h2 THHER 4 MrIEZNRE

A HIL R, EMoE 2R MM EE R h2, Had it & R A R A
FIF—BiFEH T, MKW (L4 Chrome i1 Firefox) SEHLAYZE#E V3 H (connection
coalescence) H3%%, LAMHAE|A—EBMIRCR, XM SETITHY,

6.7 HTTP/2RiER

ZHi 43 Hirh B4 3T, hl TR —teRBIAMANETE h2 TREBIREM. A954F B2E
A IERISERZAL, HIEARRGRLE h2 Fr e T PR .

6.7.1 WAFS

AR5y RS T I D S 88 3 AN IR I B £ AN EEIORE h, DAESEILRHIR AT T3,
Leid h1 A9 ERATIE FHPRE, xF & KB/ BRI W, 5 il 0 7k AR A 2 44
PAFIFABL AR T B84 RE X A A4 R 5 © AEHRA R . KRR SKBr O T kDS &5 AT
Kk A ER, CARTEsFI R A A AIEOR . b HTTP2 RIRZ A M, Frlld s
SMARVERNT, HHRMEIEHICHE LN BAaE 2. ERXESRT, E#RAH




(B 7.1.4°7) ATRESAEHDS %0 25 b M BRI TR 3 4RO AU, EL R B A A i
FE, WiRLIZLE h2 thog el fIs 4455y .

6.7.2 HIRERME

TR AR ELAEAE JavaScript, #£3X, HEEAHHAF HTML G, B R4 RN s
LI T (T A A B SR B AR 1, AT, A Wb Y RE R B £ S B A 9 L
e, BGIXPESAA EAMERRYE, e, mBEER—ATE LR DR, %4
AT LA RS (i ELREAS Ik DT 2 ) . RS AN, SAPRR I, SR deik 5
F LA DCIRBr TR AR NI IR A TN B RAE A3, H5E LA IEIRR D, 1EPEaeism
B b, AP RIFEAS 2, BN HR IR,

i FH 02 b ) — SR SRR B G IR, (RN AR —E R EME (F 215820 T
PHAERS “PERECRILIE AT ")

6.7.3 HREEH

TR A IR BAC LA N A IR — KM, B ENBRML, 5765 BB s
P DA TSR I (], LA SRRD, / $AT AR LB IR B I RERY CPU YR UB ., 2 BTkt %o 2 6 At
AL TR B8 P R 08 A e, BT AT LARE F 23k & HE% /NSl (1KB /), LI
X RAGTE QAR S B 5 {81 1k JavaScript/CSS # i,

6.7.4 ZEHcookielyis &

i 14 28 cookie A3 2 e 4R 1 #2508 R — TR M MO MERE DR AL e (R SCBR . 066 ] 1
b, PRICEE AR EH,  HATEE RS I cookie /)N i B 3./ TCP $eHE f AR B2 ,
Aid, FEh2 iR E#E H HPACK Bk # RS, & B3 WD E A cookie (JoHE &
MAESEIRTE R ZIAREEAE) #7458, SRR, 2R cookie M4 B EMIMYTHLL
R, X ESRERTT R E S ER,

IRIRIEAERE FAZER cookie FUIA, LURAHLATRATREM G K E, ARIRHEATEE
ALessit, BArmisen], A—AFHg—A Y,

6.7.5 HRERE

R, A UK R P (15 2 — il dp/ NFE IR SR it 2 MR (FRAEB BN IR M 2 5t
h1). b TAEBKERIE, JFRFEACE/NIIER-BE A BREKRIE Fr, 5 CSS Mk f
HAT SRR . RUR B RO B AL R RE DA, W R BB 240w, B2
AEFAR AR h2, Btk kBt il ok o R, ERREET, 258N HE
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Ha FoB TR RIFR . BB, ERA L5l & [ R .

MR UEATMR

I RATILRERKZ, GTFRAFAHALE, UARATRYHA G E B0 L 3538 0 64wk,
EAER, AT RRMA Web i, REZANS TEIRME, CEALEH, BE
AR, RIEBR A, BABRRA, XEER T KMNATEGRE, KFEFAAE
Oy E B E BARL B HF,

ELM? REFRAF—RUAA: RK, HERNKSE E42RKFR KRR XA,
HTTP2 & fish, MRAEER P i, #FROMWEMEM. BREAM, REMET
M, ZEBHLRBEHEGT X, BLREBGAL TG, B Lk 848 A RAHAL
=R H @,

6.7.6 HiRTE

IR PHC & — 5 Web PEREICIL B, & “$R” M%as, HEA aREMARS: T3 AT
IR, X SRR R, Rk, R EM, s RIE N ALK
K, WGk S AN, IR AT CAZE HTML Hhif A Tink Fr% 558 .

<link rel="prefetch" href="/important.css">
M AT A F HTTP Wi 7 i) Link #7345 -

Link: </important.css>; rel=prefetch

FIRTECS h2 51 MRS vk % 2 /0 Rk, AR 95 sl P LE 0S8 PR3 ik L 2%
11 % O TR EAE R AR 22—, AR IR DR A7 L, TN BT & kA 2 e [
WEEERE, FLL, HCEEE 2 #EEF L TR, AR R,

SR
6.8 IMLIRNPHIMERE
LY I A TR BE, (A TETF A7 S “ fOFE ©200E, AR 1
K" TR LB (R HTTPR RO 3 2L,

6.8.1 MHEEMEZE %L
AT PEREMIR 5 B2, 5B WPT (S0 82 7)., LATHIJLA-4E B i 4H A st ik 45: 4~ W)
Wi,

st 3 2=
S HEA LRI S CGEEZRHER . SEE PR LARERM) .




PR
Chrome 55 Firefox GEECITERE ATLARZ S HZEH h2, i A/B i),

EEAR
BB (f SOERANE 5980 3G M%),
Witk &

BAMKETT 9%k Ch THBIELFAEEIE) .,

Wi, Tl A MG 108 &k WPT Ml (3x2x2x9), xAMEEIEEE, Wi
REF 7 ZEANGIR, (R CReAA 24k E CMOERMEREMNA I AR5 S, R A
K Z Wt IR I

AR EAEH T WebPagetest HI55 5, [ I 3155 B RE8 5[] 2 A b4t 5,
PMERA TN aRBERKDT, Wadichises:, SRRk TR
EXEPT,

6.8.2 ZE{l1: www.facebook.com

Facebook [ TRl it *fEL h2 5 h1 AOMIREE ok Frsifi fraictt. AR, MIICSiE TR
IFRIAEE h2 f9ARSS . Bilhn, 47 Pumi@it h2 iR E TR, RSS2 Amynne & iy
Wty s JEAERTUAS KRR EERI P S — i L IR, DA h2 AOTR O JE s,

sk TSN PEREITT 5, Facebook AU TIAE h2 5 hi #HLk, FF4&E R T 33%, 6
wiks 1.5 B (WA 6-12), j1R] http:/goo.gl/m8GPYO w[ L& F5x — it

AR ABLEE P 6-12 TR AT Ik S B 1, X AP X B0 3 25 R h2 SR 3./ TCP %
A hL AT, BB ATLARRIIF R 6 A S A M Re HkE . AL hl (hetpo/
goo.gl/sWJL3M) F1h2 iiAiif (http://goo.gl/w4vSLg) ,

ARAFANE 02 MAAERA I, VRS T BB 5 18 Y B 5 (0 S 00 UM ] — Sk 42 e, 4
ik A& 1% 5 2 & HTML (www.facebook.com) HIBB/MI% 4. 76 hl BiASH, HTML M www.
facebook.com fN#, 1HAE K#E4r CSS il JavaScript M static.xx.focdn.net &, B ARLE X F
S5 h, PERESURER: H1 h1 JF BT TCP M4 BURY, And 4 o B & 3 I Y h2 1A 37k,
S E R WPT SR TR RS, %k 6-4 i, (&, #%M14 Chrome fE% WPT
B, X—mREE, FAEABEEZR, WPT BRI S B E e B IR WS Ak
A, )
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Tested From: Virginia USA - EC2 - Chrome - 3GFast

3.0s

1: Facebook H1
{Edit)

2: Facebook H2 Y e : ] i e
(Edit) i

Export filmst S an Image . n 5
i Ly ity Thumbnall interval Com End Point

@ Small ® 0.1sec . ally Complete

Create Video @ Medum # 0.5sec @ Last Chan
# Large ® s

@ Slow Motion

Advanced customization options...

Waterfall Opacity (adjust sliders to adjust the transparency of the given waterfall):
Facebook H1 s fff semmssss Facebook H2

https://wuw .facebook .com/

& 1. ww.facebook.com - /

& 2. sbatfecekoéhcdon.~ ugWZrDdEiFq.css
@ 3. sbatiocekoshcdon.~ g6_SCSFYAN_.css
B 4. sbatiecekofhodos.- 0gIBgEKiIUOL .cos
@ 5. svatiecehoékcdon.~ FnOud8qGK_0.css
B 6. svatiecehobkcdon.~ ONtm-h2cdda.css
B 7. swatiecekobbodun.- UxUleZqSvO7.css
@ 8. seontentbnakfbon.s_IEGO0RFRON .Hez
& 9. stat \ i€
@110, scontent.xx.fb. . 529286388208 _n.png
@11, scontent.xx.fb... 2626883985 _n.png |

® 6-12; 7T4&EHl 3G MBRHET@T h1 5 h2 ihja) www.facebook.com

:|6-4: HTTP2{KMIMSHTR (1NE)

URL LR HTTP2IRAE 8 ( #R#iT )

https://www.facebook.com/ 1% 1, #E 256 {&#HT 0,
EXCLUSIVE
https://www.facebook.com/rsrc.php/v3/yE/r/uqgWZrDdEiFq.css H 3, W 220 fK#T 0,
EXCLUSIVE
https://www.facebook.com/rsrc.php/v3/yQ/r/g6_SC5FY4N_.css =1 5, B 220 f&kH6HT 3,
EXCLUSIVE
https://www.facebook.com/rsrc.php/v3/yD/r/og9BgEKiuOt.css i 7, W 220 KT 5,
EXCLUSIVE
https://www.facebook.com/rsrc.php/v3/yn/r/FnOud8qGK_Q.css i 9, W 220 {K#fiT 7,
EXCLUSIVE




(%)

https://www.facebook.com/rsrc.php/v3/yE/r/ONtm-h2cd4a.css =1 11, #E 220 f&#HT 9,
EXCLUSIVE
https://www.facebook.com/rsrc.php/v3/yG/t/UxUWeZqSvQ7.css I 13, #E 220 {RHHT 11,
EXCLUSIVE
https://www.facebook.com/rsre.php/v3/yh/r/sXFjOOknRDN.js Ge 15, A 183 ki T 13,
EXCLUSIVE
https://www.facebook.com/rsre.php/v3/yb/r/GsNINwul-UM.gif JEHAR 17, #HE 110 (& 15,
EXCLUSIVE
https://scontent.xx.fbcdn.net/t39.2365-6/851565_602269956474188_ AL 1, & 110 {k#iT 0,
918638970_n.png EXCLUSIVE
https://scontent.xx.fbedn.net/t39.2365-6/851585_216271631855613_ L4 3, BCE 110 (&I 0,
2121533625_n.png EXCLUSIVE
https://scontent.xx.fbedn.net/t39.2365-6/851558_160351450817973_ EH ik 5, W 110 (KT 3,
1678868765_n.png EXCLUSIVE
https://Www.facebook.com/rsrc.php/vZ/ye/r/qu-vnsuxPL.png JEHAR 19, #E 110 {&#T 0,
EXCLUSIVE

6.8.3 ZEf|2: www.yahoo.com

www.yahoo.com 7E {f F] HTTP/2 J5 3% 1 F K th A 5, yahoo.com 9 h2 T i 4 BVt 7F 44 B
N, SR b1 IRATESE 5.5 70 (ML 6-13), i) http:/goo.gl/eRUilp A LAF 33k —Mlix .

5 Facebook {5l F#IMEL, ‘&S ARYEA [F] % P dhe s (] h2 384 hl SRAEHITUE s 5 4h,
www.yahoo.com SN IR I A AR . {6 HTTP/2 B, {44 HTML K 7 35 2 U5 4 I it
#B R www.yahoo.com; {HJ&{f i h1 B, HTML f# Fl 3% 4 www.yahoo.com {64, T i fir
i AR A A4 s.yimg.com {4, aFAEH b1, %28 EF3HE 4 s.yimg.com JF &
6 Mot , XS A M KIER . B, EH h2 BT ESUARKEME, X
& DOM SE 1kt (Al 5 PLT 4213 AT A, 4nf&l 6-13 Fiow. Yahoo! Wik M AL T3
WPT Bt , PEREA W RART:. AHRAR, a8 2 /R22H WPT fABE, i3t hi
B, S, h2 TUEE 7.5 A FFAEOR, hl HIRE 458, #1152 hps//
g00.gl/GrySYa,
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Tested From: Virginia USA - EC2 - Chrome - 3GFast

4.0s

1: Yahoo H1
(Edit)

2: Yahoo H2
(Edit)

98%

mstrip as an image " % S
Export filmstrip as an image Thumbnail Size Thumbnail interval Comparison End Point

® Small
® Medium

Advanced customization options...

@ Slow Motion

(adjust sliders to adjust the transparency of the given waterfall);
ws Yahoo H2

https://www .yahoo .com/
@ 1. wiw.yahoo.com - /

. .-Css.edecf58a.css
ULl

~rgMTRRiE .

uwa Jpg of webp

B 2. swyivghoouce
& 3. swyinghooucs

« BWYivghookCE
+ BWY1BgHoO!

PR
® N o

0UREP4FPE .Cf .webp
BABECIPR.CF uebp
410 vmd of . webp

[y Feqs Fed
SRES w

6-13; 7EZEEEHN 3G MBRAET BT h1 ) h2 58 www.yahoo.com

M 6-14 RTLAF H, $L{EL Yahoo! Az 2 /R 22 it == BT R J5 SUAR b 56 L RRAF AT ANl E3X
PO T, it h2 gk o mier, (3ARIRE TR, KESA SRRV IR (5140 https://
s.yimg.com/zz/combo?/os/stencil/3.1.0/styles-ltr.css&/os/fp/atomic-css.edecf58a.css) i it A
FIsR A Uila), ARG5S A HTML AR A4 . X SRt e T, 30 20 DK 461 £
h2 HHHEEE'I'@, A — et Dl e S A IS

(A, M2 BREAER? RVRSEFEEE, HEH eq i M TREA K/
BAEENZE, B2, IBFSAHEREEFEL: h2 }W%&:H:fﬁfl‘b s FEBSE P, 7E R sbEE
ﬁ;’k%;ﬂ , HZAERE (MARRA) CAREAREIRSE, "TRER hl b 8t J5
[ é%%ﬁﬂm h2 ], —REBIESRELILENRA ARG, KB T, lulw
fiﬁi*/ﬁ?TlﬂlﬁH%EfLu#o 1E h2 R B, T REDR T R SC LM bug, AVEEZ
U, fEFFES S TERIMRE TR ATUN, UL EXFME L LT S v LAE LY




1: Yahoo H1

2: Yahoo H2

® Slow Motion TS el End Poin

® 1sec

Advanced customization options. ® 5sec

Waterfall Opacity (adjust sliders to adjust the transparency of the given waterfall)
Yahoo H1 el Yahoo H2

https://ww.yahoo .com/ 1 2

B
-

« W yahoo .com - / mem\l@?\
. ie.yahoo.com - /

« 8.yimg.com - combo

. s.yimg.com - atomic-min.css
s.ying.com ~ combo

s.yimg.com = g-r-min.js

« s.yimg.com - t.gif

« s.yimg.com - c...d%54ce1d49cdbcoed
@ 9. s.ying.com - 9...8e4441055276e2606
A10. s.ying.com - 4..,b47238F06777F 7002
A11. s.ying.com - fFavicon.ico

12, s.ying.com - combo

13. ss.symcd.com - /

14, ss.symcd.com - / &
15. ss.symcd.com - / 4437 ns|
(16555 5yned.com ~ frar ent-95031 . pr B 6RO g
B17. s.ying.com ~ g muz. £9943% .png
B18. s.yimg.com - prostihbup 142x57 .png
B19. s.ying.com - pedéphsnloff i

6-14: FER/R=EHL 3G MERH T @i h1 F h2 5515 www.yahoo.com

rEPPRPBEDRD
aNo@swN

6.9 NG

VREFERIXAS, MRalREEE MR IRIREE, HTTPR2 24 T RN EEN MR, |
[RIAE T SR PR © O 2 REARTHPERE, DAR A I R A5 75 S 1 BB . B b A T EfE
PRI —FE, h2 "TREL L gmiD. MR, LA R AL A faT AR, B A 90 3 T
JA T h2, WSS IERLLZRTEL, EAEBRMEAD N — T, RRTFLSEIE LTI
A 5
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BTE
HTTP/2 3£

fﬁﬁ&ﬁﬁm%%ﬁﬁz MEiﬁIEﬂbﬁﬁT%ﬁ%ﬂﬁﬁ HEAE RE

mmwﬁ M%% ﬁ@ %ﬁu&ﬁAﬁl§$E@aTm %mugi, |
FP, R HE AR Web R4 B CH, BB HIT I R, ~E¥m%7ﬁ%*¥'
AT, LA & BBk T RS e

m%gﬁmﬁ@ﬁg@w%¢#mﬁmﬁg,ﬁﬁﬁﬂ%@&@«ﬁ%%,m%&%ﬁm
BRI (B BEA RS, (RE DTN & RGN Ak AR, JAeHEE
T A,

7.1 EEWebiil k28

LR KT T SHE MBI AR o B B0 h2, kbR % B, RS
BURTATHY Web U2, IBLRBEESE A % A& MR 2 MM T T, BHHTTPR
ZJF, Web B9 TAEFE SEUE ARG S, R, TIRXSER SILL R SHARA |
AR, FURETT R AR TR B, i

711 AXX#HTLSHR

A2 4R B B BT A 0 '8 %8 7 34T HTTP2 f?iﬁﬁlﬁ%‘ﬁ%%ﬁﬁﬂ% TLS (HTTPS), Bpffgs: |
HTTP/2 HL76A 5 H- 5 A SR sk TLS, 120 4.2 THIMHER: “TLS B4 BRI Hfix—
IEERIHE,

75




7.1.2 ZEHHTTP/2

HTTP/2 Eeds e pntet dy, ERER R8I, RelREARSELE A M LA e, 33, IR
ATREARBERT L h2 FF AN A EE R, AERM A0, RET A IEAEN R
2R /20 HTTP2, AR, HAERTA MRS AR VFRiX Al % 7-1 ZIH T3
JEH /25 HTTP2 IR B 8%

R7-1: ZRFSA/RRBHTTP289XI 5538

.‘MJ s %—~4~§=}$HTTP i ﬁﬂﬁ%iﬁ HHFERE X STRIREbeta
. B | A3 it 7%

Chrome 41 (20153 ) - # A v P e

Firefox 36 (201542 H) & B o = 3

44k Edge 12 (201547 H) & b3 & v &

Safari 9 (201549 H) i = & & =

Opera 28 (201543 H) & = = b3 b

7.1.3 HHTTP/2MR & ik HE %

IR 25 S i A h2 rh dge A At Bt T W s PR RR I 2 — o TR A o 9 O T e A
FE, FRLABAINT h2 SKBURA BB AR e, ifi, FrAmMERMES (W& 7-1) Me
2 3CFR TR

7.1.4 ZEERHF

IR e — AT, TR SR, 64l 2 T DA AR,
SRAEUSIRTHIE R AL, X RV 2 AT LB TCP il TLS HOIBR Tt A, tlodfe i il SR &
HIPERE, QRIS A, CAETT R AR R E DAL TH A
R (O, EXMERT, HEEMMAKENR. CRmEmEsE, JIFHHH
SRR, IS4 T LA ARAT BN/ B IR TP #dik, AR B A PEEDIR , AR
o A E ELHE ST b %R 4 R RS HTTP/2 K. |

7.1.5 HTTP2iAixTHE

G 2 B, REREFIBREGHERBAMELRER, —ERKEE A O TREE h2
LI HRME TR FE, RTX—T, ELELETSE 87,

7.1.6 M5 2Ebetahi A
o9k H R B IRT HTTP/2 fdtE, AR AEERIRI W 20 beta (S SLIMY) Mk, Bl
SREERS BRI TE, JE LT AR b B .




AR AR AT T MR SRR h2 B0 YE B Bi5 32, & caniuse.com, |

7.2 ®zohin
Ay, Feahunil b gs — A R R SH ARS8 (W% 7-2),
R7-2: BE)ImN eS0T REIB R

% BIERS BEXRHHTTPRMMA  THBSMEX  SHE@AHE
Chrome i0s 41 (201543 H) = S
Safari i0S 9.2 (201549 H) = &
Chrome Android 12 (201547 A) pr A
Android Android 53 (2016 410 H ) s b
{4k Edge Windows Mobile 12 (20154£7 H) = &

W T, D5 A A R h2,

7.3 ®ohinM AL

F A 2015 4% 6 H XCode B #7 * ZJa, SEF2 FILE i0S HR 4 T % h2 (3, BB T,
E{E ] NSURLSession Hit, 014 649 28k &5 VR A 10S B FE40FIR h2 Bhis, 3¢
TREFM, ENFTHEEHNZE h2 % =754, tin OkHup', HH 4@ TLS A3
FHF h2 B9 Web ilR%5 % |,

7.4 R, REMURERE

AR EIL h2 e, BT LA ERE, SoH HTTP/2 BRI e KRB LA T ik,

WebfR %28
L BT R SRS RN A IR &5 IR
RIB/ETGF

—MALAENR TS A AN P 2, ATLAR R A AR IR S5 3 18, St A msMn T,
BNEEH 2, VF2REDAEDE Web RS 00 f e,

{£ 1: http://caniuse.com/#search=http2
i 2: htlps://lukasa.co.uk/2015/06/HT'TP2_Picks_Up_Steam_iOS9/
{£ 3: http://square.github.io/okhttp/
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T OIEEEYERE, AT, X EE A A AR . T ERE N Ik
B, R A TREAE LT,

TEEHE HTTP2 MRS 25, BAEEMRA . PR Lo, BT RANEMYERE, #1F
FY . oIk, WP RMECAREEYE, R 25 Web i RIVRBIRAMATES, LA
Rkt AR S5 Ut A S

AR 45 v i il A PR SR B R A SCPR RS, B A Link B EBLA RS RARE , X
WA RS, HRMBERESY, BRI, ERMIRS ST E S
W Es PR, DUMERIEIRLE TR DA Bt A LSRR . AR 2 R ATh
1k, BB RS 3 SRR R IR

{# A Link BB
MRA BEFKENRETRESREN, —ADERNSTEREEGENTRAE—
ALinkk 4, BREARLTLRRS BARKEZEAYVGARRRA KA, 2072 &%
R % A ha o T H AR

Link: </script.js>; rel=preload

€ 1% SR scriptjs AMAEE,

% T Be AR EEFH HTTP/2 LARRTE Web PERE, 3F Web i 2R () fi iR {42 S0 2% O A 200 3
REEMTAZ —, XA h2 BIRS S B ik i (AL O B
RARKR LT REEFRAR 5 2% BoE A TRAVEE RS 5, A VFRTCARINR SN R LR [ S 2% 1
HIRIL o

K135 TETH LIRS R, DR EIEABBIEZRHAEE.

R7-3: RBHTTPR2BIMBIHI

Apache fk %5 %% =
Nginx MR5s2% / RH 1 & A ES
1S k55 2% &
Jetty Mk 55 2% v
h2o0 MR 452 / ARBE 7
Squid B / AT A
Caddy k55 %% FS
Varnish B / 2247 &

Traffic ik % &% RH | A7

fim




7.5 HNBHEMLE

W5y R %% (CDN) & Rl fREEAR 55 2 23R My XML, BB EL M EER O,
CDN fy H Rl 44 55 e 26 P IBE B R T SRR B, DAk B R Pt vl
. EHERERINEIRS . CR DKM 7K, PEREABHR T —3F, CDN k%
AEERT, AOCAE /N Web im0 “RitER” RS, i hRERABE K
Web i ife fiithRe., &l LR % &N L EIRS .

KZH L CON & 3HE HTTP2 1Y, BRI 5E 8RB B LA R TRt S R i Al
MiA S, SiFM Web IR95 #2800, £ CON M EZ BN RE A 3RSk
M3ty , DARCENVEEIEERI TR, X Rt BLSE R i) Web PERERZIRE K,

7.6 INGS

ST h2 B mieEse, CMAMEIZ R T AR, HAlfdtiii Web Ik 8. 1
Hi5 CDN, DAL 70% WIEAEMEARIMYIEE, MELwaFEn 7, HE% i,
i 75 & it i 2 200 h2 FEPE(S AL TR BE, X 1 ok fle TR {16 e 2% i DR AL 0% A2 4 255
ETRER], FAIAARERFEE h2 X LGBt
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e
HTTP/2iR

HTTR/L Hh il EL28 473 20 6 i b T, ?ffﬁ’]”*f*%uﬁﬂﬂ'}Iﬁt@Zz@Tzoﬁ zﬁuAn ‘

HITP R T, EHBMEAEINT. WREA TAEFSH SRAHI, wHLman,
bR TR, Fif, h2 SRR b 255, THERSRARANN, 2

ATREFIM ZRPEBLLE K 2 thiBREH, (R SR K, 4FETT %HTTP/ZE'IEZIE )
A IEAEQE R T RS, HRIHELH A 2 B it T A,

8.1 ME{ALETH

REBILRHIN R AL E Web FF R E TH, AKX 2 k%A R, BEILHAT—
Ye5) -, Ui W] 4nfal i Chrome 1 Firefox MYJF % # T H o BRER h2 (938, #E h2 th itk ok
RN, UAB PR AR AR %5 vk . ETERE, AL RE 2t oT LAR. B T Safari, Edge s
Opera ZRK{MATIIN YT 2%

8.1.1 ChromeF4.4&I A&

fEid £ L4, Chrome % 2% EA2 KM KA BIINAT, #05r RFE Web FFRE T HEY
REEBE S, IR ERIF L E TR, "L K EE BB A SR R Bk,
Chrome % ¥ L L& (View) —JF %% (Developer) — %k # 1. H. (Developer Tools)
AR A& TH, '

1 https://developers.google.com/web/tools/chrome-devtools/network-performance/resource-loading
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1. net-internals

VRET LA o ZE s E RS B4 A chrome://net-1internals ijj[ii] Chrome [1¥ net-internals® Zhfig, iX
ST BR[UARAMEEE, BRI/ SH/ SAKBEMEEDE, MAEMLF DNS HiE.,
VA T 55 i SR R 25 T 50

net-internals T ELAERT DA SRA43R HTTP/2 &, A BTkt F%| HTTP/2 W2 :

e {#®ID

o ki

3

o RS umtEARYKE (PUSH_PROMISE)
* 431 PING

DL T 242k HTTP/2 0%,

(1) £ Chrome FJHbHEF5 A chrome://net-internals,

(2) fED AL ESE HTTP/2,

B) FTH—FHRZE T, (EHHERH A RE AR URL,

(4) IR [ F] net-internals FrZE T, (RIEFER—5KkFIFK, LHES5HA &M HTTP2 Wi+
HLAIIERR 2515

(5) MdiFrjjle] URL FHLAA WA 10 Fi ot pr s (WA 8-1),

@ chrome://net-internals/#http2
capturing events (11334)
Capture
» HTTP/2 Enabled: true
Export « SPDY/3.1 Enabled: undefined
Import = Use Alternative Service: undefined Sid e
« ALPN Protocols: h2,http/1.1 LT i
Proxy « NPN Protocols: undefined
Events
Timeline HTTP/2 sessions
DNS View live HTTP/2 sessions
Sockets
Alt-Svc
/2
Q

8-1: net-internals HTTP/2

£ 2: https://www.chromium.org/developers/design-documents/network-stack/netlog
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(6) i I TU 1T A 720 45 2 DB Events; 20 EHLA LRI EHE (LA 8-2),

« -5 C [G) chrome://net-internals/#events&q=id: 1930

capturing events (11334)

Events il

8-2: net-internals Events
(D AETURIAL, VRIEFRE] Web k%5 2% Fn%e i 2 16 T A 22 I 26 1K
RERMBFINFEE. GBI (event) LAMIFLE:
t=timestamp [st=  milliseconds] EVENT_TYPE
{4

t=123808 [st= 1]  HTTP2_SESSION_SEND_HEADERS

o BBt ARRI B, AOHER, W RSIEF G, Fi4n, 123808 £
HTTP/2 ZIEAEM W # STEIF A2 G817 T 1238 B,

o FAFE st REM HTTPR2 KiEFFRAMMEAI R, Bil4n, 113 A 34 HTTP
Fhazla 1 ZWNEA,

o BEAFBRAREICTKI AR,

£ 4 Chrome 9 h2 304 2§ B A DL B 4554 37 3 h2 Wi 26 %, il 4n, HTTP2_
SESSION_RECV_PUSH_PROMISE %f k7 PUSH_PROMISE ffiji, HTTP2_SESSION_PING
%t R; PING i, %%,

R N T SR AR B IR B, 2 2] el S R A 2R B Y F R NGRS
HTTP2 {5 4.

t=791301 [st= 1] HTTP2_SESSION_SEND_HEADERS @
--> exclusive = true

--> fin = true (2]
--> has_priority = true (3)
--> :method: GET (4]
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rauthority: akah2san.h2book.com
:scheme: https
:path: /
cache-control: max-age=0
upgrade-insecure-requests: 1
user-agent: Mozilla/5.0 (Macintosh; Intel Mac..
accept: text/html,application/xhtml+xml,...
accept-encoding: gzip, deflate, sdch, br
accept-language: en-US,en;q=0.8
cookie: [30 bytes were stripped]
if-none-match: "11168351bd3324ad3e43ed68195063c5:1464989325"
--> parent_stream_id = 0 @
--> stream_id = 1 (6]
--> weight = 256 (7]

Q X —TRFMHE BT, WZATFTA,

@ fin = true F R [REA E LMY head T T,
O xNMiEKiIXE THhER.

@ ity HTTP & MX ILIF 46,

@ *fRLAY ALY ID & 0.

O LRI ID & 1 (% P KRIE —ANEK) .
@ {RAITIAHIACE A 256,

Wit 25 BAE net-internals FFEIEELE, FRATLART L% | R Az —4) T anfg s, B nT LAMLEEF

A R 75 1 A 3 X 5y Chrome i HH 0 H i, IR & HA IR X AE——

H— T EATLLFS B k. Rebecca Murphy 68 T — A% A MR/ T H Y

chrome-http2-log-parser’, 1EAIFTATZBMIAREE, XA~ THAETLE net-internals H 4
JBRE HTTP2 HEAE K “HIEAAMARE", HEFERERE.

2. RS IRHEERI AT AL :
Chrome FF % % T.E.H ) Network £, 7 By T i 8 BLWbERER % P AR 95 s 03l iR, B
% FEEM TR THTE R

. BiRA

o HRIEK/
o R

o SR

£ 3: https://github.com/rmurphey/chrome-http2-log-parser




o R )£ 5 50 gt g ]

KRBT KM T https://akah2san.h2book.com/ (—/4Md F] HTTP/2 Frfilk &5 4% 0 14
LT ) o

£ Network #2571 rp, VREZIIANE 8-3 Fim.,

Gﬂ:mmmmmmwmw,

® O ™ 7| Vew I * | [JPresevelog @ Disablecache | I Offine Nothrottling v
P ]( Regex (] HidedataURLs {{}| XHR JS CSS img Media Font Doc WS Manifest Other .
B0ms. 100ms 150ms 200ms 250ms. WJVN' 350ms 400 ms. 450 ms 500 ms. 550 ms 800ms 650ms. 700ms ™

Name | Method | Status | Protocol | Domain

[] hacss GET 200 h2

|| htpSicss GET 200 h2 | | |

[+-] akamai-toga.png GET 200 h2 akah2san h2book.com  png index_basic.htmi:17 48KB  85ms Low L |
[|WTTP2grapicong  GET 200 |n2 om prgindex 28 39k8  7ims tow | i e

=| http2-banner-0814.png GET 200 h2 akah2san h2bookcom  png Push /index basicht.. 377KB 30ms Low - e |

] pushess GET 200 h2 akah2sanhZbookcom  stylasheet Push/index basicht. 4343  20ms Highest | |

[] tab-shadow.png GET 200 h2 akah2sanh2bookcom  png Other 24KB  48ms Low | il'

8-3: IRFSIHIEXEIIEIL

Network £ G 7R, 24/ HTML iN# T 3 A #E 30k 4 A~ PNG B fr. % 7 AN #ER
£ 24 (/resources/push.css Fll /resources/http2-banner-0614.png) &#E “HfEi%” Fix ¥ 2811,
x5 A48 15 20k

ARAE R bR B 5 FE T B A MR AR I OB |, sk BB WE IR s B i B2 vh & AN BRI
VEARHIR], T T ARRE T BITHE RIS B (LI 8-4) .

* Connection Setup (JEH%1%E )
— Queueing——iF R #E{E Yu 5 | 4 sl B 4% B HE R AN 7]
~ Stalled——1i§ 3R AT AR & 126 HH 25 2 B4 R AR ]
» Request/Response (=K / iRy )
- Request Sent—— % 1% i >R & I 5cE 1L B At [a]
— Waiting (TTFB)——S£ {5 0 A& 10 oz 16 B A ] , Hosk & Brisi i) TTFB (5158 1a] ) 5
XA FADAE R AR 55 8% A B AR ], DA R AR R AR 45 2% A E R
—  Content Download———ZIt i 7 (1) B B 46 B At ]
o SBHE (B% 1 2oRA Explanation)
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Connection Setup TIME

T Queueing i 2.89ms

‘ ; Stalled L 6.84ms
A

i Request/Response TIME

Request sent | 0.28ms

Waiting (TTFB) TSRS 1e60ms

Content Download 1 3.55ms

Explanation 150.25 ms

8-4; MRFUmHEXLTBIL h2.css
R AR R SRR S5 um e b O IR L, sh S B EIE 8-5 FrniufE A

+ Server Push (R umifEi%)

— Receiving Push——HEIS0 AR 55 s 3% B IR A 4238 519 BT AL e i)
 Connection Setup (GEFZIXE )

—  Queueing—— iR RI7E e 5 | 4 B B4% 2 T HE R R [R]
+ Request/Response (i / Mikz)

— Reading Push——{1| %5 25 A IS 28 77 i E 2 il AR 5 i k0% 7% DT AL IR TR
o Al (FR% LB R Explanation)

550 ms| 600ms 650ms | 700 ms 750 ms| 800 ms 850ms

8-5: [RFBIKHEXDTE)L push.css
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3. Chrome£iE#Z$AHE (session key logging)

Chrome F1 Firefox #3424 71 TLS SIEHPINIIEE, SIEHHL AISTHERET NS
it B AREER Wireshark (S0 8.7 1) X FhIME T A HTTP/2 i A 52
HTTP/2 i, ZIE%ARMA A, B EXAN TR, REEERDNEER 2, BaiE
FINCF B ECIFRIB IR BRI R, Bildn, £ 0S X LalLix 4.

$ SSLKEYLOGFILE=~/keylog.txt
$ open /Applications/Google\ Chrome.app/Contents/Mac0S/Google\ Chrome

Mozilla yix A~ 1 B & it 7 1R 4 9/ 43 https:/developer.mozilla.org/en-US/docs/Mozilla/
Projects/NSS/Key_Log_Format,

8.1.2 FirefoxF&&EIT H

Firefox (ST a8 #40E T & Fh &AL T Bk HBh Web F R % . J5T JLHH 28 Firefox [y—Lk
g, ARG HTTP/2 (551 Web NAIF 2,

1. 1B RHTTPLIERE

it HTTP 451 H EXHEIA A B R K, Firefox HTTP £&1% H B0 R IWRETT AT RIEA T
AR 5 b R A . BRAE DN YT 258 15 R B B R BUX LT eI h e, FrLARSSErE
i A AT LR 1

1 Firefox [ HTTP 251610 % D RE R i3k — &8 HTTP2 Wik &, TiEEHEH
HTTP/2 2%, 4n:

* ®ID

o &R

o (R

o R umifi% ki (PUSH_PROMISE)
+  Z1F PING

ARBEFTIF A AL ThEE, ATLALE Windows B A F78 8T T4

cd.c\

set NSPR_LOG_MODULES=timestamp,nsHttp:5,nsSocketTransport:5,nsStreamPump:5, A
nsHostResolver:5

set NSPR_LOG_FILE=%TEMP%\firefox_http_log.txt

cd "Program Files (x86)\Mozilla Firefox"

.\firefox.exe

B 7E mac OS 2 B X 2 M«

export NSPR_LOG_MODULES=timestamp,nsHttp:5,nsSocketTransport:5, \
nsStreamPump:5,nsHostResolver:5
export NSPR_LOG_FILE=~/Desktop/firefox_http_log.txt
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cd /Applications/Firefox.app/Contents/Mac0S
./firefox-bin

—/~ 44k firefox_http_log.txt i SCAS SO R A7 7 NSPR_LOG_FILE jX AR5 48
BTS2, a0 Ri% B T GECKO_SEPARATE_NSPR_LOGS=1, A T-iHffEss
AR H O B B A B BSOS VR E NSPR_LOG_FILE iX 4~ FRH5E
RIS, HREAH L “chid-X" MRS, XG4 TIRAt
o2 R

YRR AT % 2 NSPR_LOG_MODULES F{E2 i H & 3CHHHY H B A . BAAan T w5 X,

o BUNBIEBA LIS T . B0, nsHttp:3 FoRTEER H EE BLL nsHttp:s H /b, W]
HRTRIR(ES W% 8-1,

o MFFd L — /-4, {5l 40, NSPR_LOG_MODULES=timestamp,nsHttp:5 ) H & Ltk
NSPR_LOG_MODULES=timestamp,nsHttp:5,nsSocketTransport:5,ns StreamPump:5 § /b, (i
JH NSPR_LOG_MODULES=all:5 mJLAZR A % 1 H &,

Firefox Log Modules (https://mzl.la/2pcgU20) $&ft T —5k E 28 m%512%, 5
T A R DA AR

ZR8-1: NSPR_LOG_FILEE &G/ A
oy == G
0 Akt H &
1 FEWAE, SEWEHTHMAL
2 BRI

3 &
4

5

HIAEE;
e HE

2. Firefox&iEZ$AHE
Firefox {§ Chrome —#¢, HA[LLid 5% TLS &iF® . HEIEZ I 8.1.1 H1 56T Chrome £ 1%
AR ENNE.

8.1.3 ZEIOS_L{EH Charles Proxyiiixh2

B4 TLS fngs. i0S & etR!, ULk iOS i —Re A iRat 2 95y al W%, FLALE i0S &
VAR h2 B Eephdr, AT MRFE AT A2 4T Charles Proxy* FITHRNLAC IR 10S 154, i
£ J8.3, Charles Proxy f&—/MUHE (proxy). 18/BI%E A& UiR MR, el LA

{# 4: https://www.charlesproxy.com/
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3 M R ) 244 A 1E A % 1 SRANEC O B, , X R D 7E Chrome LA K% Firefox 22 2 i 14
arHOAA T, (H2i0S LR es (4n Safari) F1i0S JA: M FAHA RS,

VRAGZAE H Charles Proxy 4 JeUA LRRAS, CABGER'ERILASZH: HTTP2, H4b,
JR4% Charles Proxy A3 THAHE, HEAEATEHN, ATHEAS &
BF, VRATLAGE BRI AR . nghttp2 (2 8.4 ) AU REAEA AT L 24
J A TR

PRI B AN T . ZEVHRL_E %% Charles Proxy, T2 AR TIF 45 23 3 35 (s Bl AR B 1915 4% |
(iX #f Charles Proxy [ LAl “Hrid] N7, fi#AD% TLS $ilE), BJ51Fi0S & FiZBERME
8, $]191iE4T Charles Proxy fCHRAYHBHLAY IP Fdi 1. T 154> BT 28 A0 fal £ 1OS L)
A AL ETF R IR

1. IOSHEHIES
BAER—EHLEE L% E Charles Proxy, 7/ i0S 40128 K BIR h2, #:4n TS BidtfT.

(1) 1Bt 108 #40.2%

(2) J&%h Charles Proxy.,

(3) T H3 By (Help) 3 #., 1 #& SSL Proxying — Install Charles Root Certificate in iOS
Simulators ({EMRIEH R B AN 0S BHIEH) .

JEE 108 Bl &% 2 5, BLiZst Wl LAd it R A TLS AR EE4HY Charles Proxy Pjli] TLS [
W,

2. iIOSE#H
LAE10S %A LUHIX HTTPS $il, fREZEEITEN LRI, RIFE K i0S 41 M
KKE, AR AN ERAREIRS,

Bt &HE— G IRIAE Y 108 B, Bh%% Charles A EEMRIE S /T RE S
4 ML 108 ik LELARIEC BEAR S,

FEARPEACER R 25 P LE ML b T HR 1

(1) J23h Charles Proxy.
(2) 1E Proxy JHLIG |- 3E#F Proxy Settings, ¥ 1515 B b 8888 (L3 8888 i [
T R, WTEAfE A Dynamic Port) ,

£ 5. BEMALH: (configuration profiles), B 7R E — il — ik Sk 51584 54 — i B GRS
—iFE&E
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(3) 1E Proxy 3E 2.5 |- # SSL Proxy Settings, siifi Add, fE Host Hiéii A /RN WEWTHY
WL GERTLAREF * SRFRUENT A EHL4)

(4) 1E Proxy 3 ¥.If_F %+ Access Control Settings, FF#sHNi0S B4 IP #bht (Si&A
0.0.0.0/0, FRAVFHIASEER).

(5) 1E Help S HLIGIERE Local IP Address, i AVRASHLAY IP #hhik, SRJGRHIE 0 (FR¥GEE
FHIX A TP ik 24 10S A& IR EEAR 5 2% ) .

(6) 7E File 384 |- 3%#% New Session, FFAATCF .

R R 215 5.2 WL https://www.charlesproxy.com/documentation/proxying/ssl-proxying/,
T—%, {£i0S & LRE,

(1) FTIFIRE - LD (Wifi settings), 2RJ5 s diVRATIE RS0 WiFi W48 2 FR 4L
5 BEbR, XAEREERR ().

() FEATIFROBIZR B, #E FHizhE HTTP {CEL (HTTP PROXY) —¥7, %f£F5) (Manual),
(3) R R KRS B (Server) MAMER, HEASUEARIIRS TN 1P, SRIGHS
[ (port) A% A 8888 (AIER{EF Dynamic Port A%, i A SR 15 °,

(4) ¥ T Home #, J=%h Safari, 7EHihkRE% A chls.pro/ssl (87 http://www.charlesproxy.

com/getssl/) LAZe%4E Charles FIACFRARIESS (D TLS I HTTHER) o

B LE VR 1% AT LASE o 2 F SSL AL FH Y Charles T EL 3k 1 7] TLS hngz ity bl 7 (B T 1%
Apple J5 A 7 FABBAE(E N BIEASHRELE AT .

8.1.4 fEAndroid_tiFixh2

i B S i — A% B A 6E JF 44 7E Android 1 11K h2. 7E Android % & E, 1T JF & &
(Settings), $£FIFFKE LI (Developer Options) —1i, FTJF USB ik (USB debugging)
Thit (ARUREEF Android 4.2 % B @A, ATRESHRAEIF R & LI, KR E R

'27)0

W Tixsez )5, ERIIFRILESRITT PR,

(1) #TFF Chrome (WINYRTZHE T T VRAIIKS , PR AX Fhim IR i fe e S B Ui 2 4
XNTFAEM).

() EBIE (View) —HK#H (Developer) —FH % # TH (Developer Tools), fEA7HLHY
“..” 3E#HEPE More tools — Remote devices; X HLa] LR EIFTA &4 LAV & T
& (Hff2)% T Discover USB devices) .

6 B2 Hife B Dynamic Port s} Charles [ #hiki%im 05, —F&E
£ 7: https://developer.android.com/studio/run/device.html




(3) J USB ZABHRH) Android %A FIF A HLAY USB 310 1 (RZEASE A9 USB-hub) ,

(4) F—Hs Android X AERES T HAL_ LA, FHERBGER:; 76 Android %4 L H
B “fiF USB IAIX” (Allow USB debugging) XHEHE | A Miliesl, BN, 76
Bk 2 G, RS Android %&b F3%#: (Connected) IR,

PAEMRATLAE AR 1R & BRI T, IRiE AT LAZ)3E toggle screencast #5401, 7677 %% T.H
(DevTools) itk A F Android 1545 Fide | BoRINZ .

8.2 WebPagetest

WebPagetest A&k % 3¢ 195 T Web RIPERE MM TR, Fsk4 0 (&M ree, e
Byoy A AEHES % bR 55 25 SERE LIS 1T Web BIKEES, MR WIS 7E A R 28 3185 T FIR
AT 2% EARILAN, FABIEA SR D RED A -

o ZFEALR G KPATINK, BRI BAIE;

o {RAF Web U1 Dnasod BRI AR, Ht 2 f5 09 & iR b E s

o REBEEMIRES B, HT Wireshark 22K T H#F0H (20.8.77)
o KRR S5, ARG, $R&ER, RiFnELE,

ERVRA R EAE SRR 5% TR, 30— THIZ . XA FER AT LA SE 1 40t i+t

e, WAEAW K., BEHE—P TS, BITIE Rick Viscomi, Andy Davies 1 Marcel
Duran )3 1E (WebPagetest 7 FI$5 7).,

8.3 OpenSSL

OpenSSL® /& SSL F1 TLS Wl H9—FhIF IR SCEL, "ERTLAE R#k 2% (@it Apache F1 BSD
VATl & 47), MM ARFEARRPEELE. AYFEXRETHGAF T, thit
A& openssl, LK anfal{i F &% 4k HTTP/2,

OpenSSL#p 4

M TR % Web MY 2540 2 245 HTTPs N5 HTTP/2, 7ERLS Web R4 219 SSL i 4542
A2 HTTP/2 SR IM %, openssl v &dEH A M. RIF 4T (REE W akah2san.
h2book.com % il RARISIE A% 4 ) -

$ echo | openssl s_client -connect \
akah2san.h2book.com:443 -servername akah2san.h2book.com \
-alpn spdy/2,h2,h2-14 | grep ALPN

ALPN protocol: h2

{F 8: https://www.openssl.org/
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BJAM | grep ALPN idiEft, RFEITILIT. anRIRENE TixANm4, IR
&7 openssl s_client XA & WAL, Hrp &K TLS B EAIH
FER., eRMmEEEOSIERE., IES. i ArmEhi, E4 1%
flo & Fha T . FELERTRIFFRXAS TH, (REKAWER.

8.4 nghttp2
nghttp2 (https://nghttp2.org/) & HTTP/2 FI'EHI B HE4EH: HPACK HY—/> C 155 KHL.,

HTTP/2 {45y Wi B AR B C M A REB, Tk, nghup2 2t T —8ETH, W
% 8-2 FirR,

#*8-2: nghttp2 T &

TR .
nghttp & 1T P

nghttpd &

nghttpx aweil

h2load i Al U =

inflatehd HPACK #4478 S T H
deflatehd HPACK fir 4478 # 4 T E

AN EEREM AT P, B nghttp,

fEE Fnghttp

YRETLAE F nghttp ik —4~ HTTP/2 ) URL #1471k, A&/ HTTP2 Wi 8.,
VRATLAfE 2 nghttp f—SBZHGHIEE AN T .

o -v (4TE] debug f5.8.)

o -0 (EF FEAEIE, 0 HTML NA)

o -a (F#fE HTML H488. 5 HTML [&—/M8A9 5| %)
e -s (JTENZMHHEE)

o -H <header> (Z3iE=REINEHL, 40 -H' :method: PUT')

« --version (FTENRALE B, RERH)

fii F nghttp --help #5 A] IS 4FI13%




THEAIGIFE nghttp {9 n Fl s 240, 20 THAVEE, BT TELH

$ nghttp -ns https://akah2san.h2book.com/hello-world.html
*kkkk Statistics %ok kK

Request timing:
responseEnd: the time when last byte of response was received
relative to connectEnd
requestStart: the time just before first byte of request was sent
relative to connectEnd. If '*' is shown, this was
pushed by server.
process: responsekEnd - requestStart
code: HTTP status code
size: number of bytes received as response body without inflation.
URI: request URI

see http://www.w3.0rg/TR/resource-timing/#processing-model
sorted by 'complete'
id responseEnd requestStart process code size request path

2 +142.85ms *  +35.89ms 106.96ms 200 64 /resources/push.css
13 +175.46ms +128us 175.33ms 200 169 /hello-world.html

PR IX AR, SR BLH HTTP/2 ek sk i — Lo #4574,

o REEAE a 2%, /resources/push.css MANEHI K T o XA B A% 72 IR &5 vt
%[, B requestStart FIFIHIAY * Bifi /R,
* /resources/push.css /£ HTML Z Bl st EL2 #5587 .

5.7 ViR H T 72 BAS AT nghttp A 45 RGBT

8.5 ecurl

curl’ B /& Daniel Stenberg fif 5 [ — /MK PRI B, 4R T 76 & Fhbh i T 451 Bt 1 2
JE (libeurl) Fdr&47 LR (curl), R EMH M nghtp2 Mt HTTP/2 32, (HERME ML
nghttp 8k, fn LB RA nghttp Fr A B&WIThEE, WRLAERMIER TEAH 58—
iz, BEABSIER, curl SKFF 261 NMRARLLK 34 FRIERSE. PRATCAE curl T
AR RIRFB AE LR,

{&HRcurl

B curl 840N HTTP/2 ik, TFEEMAITHES --http2 EIH, 0 -v 2506 Bon
B2 XTI URL BRIALE B M@ openssl ATLISREEAIE B, KE51E curl /Y

£ 9: https://github.com/curl/curl/
{ 10: https://curl.haxx.se/dlwiz/
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HEm MR ER SR, KE T XA

$ curl -v --http2 https://akah2san.h2book.com/hello-world.html
*  Trying 2001:418:142b:19c::2a16...

* Connected to akah2san.h2book.com (2001:418:142b:19c::2a16) port 443 (#0)
* ALPN, offering h2 (1)

* SSL connection using TLSv1.2 / ECDHE-RSA-AES256-GCM-SHA384
* ALPN, server accepted to use h2

* Server certificate: (2]

* subject: CN=akah2san.h2book.com

* start date: Aug 12 17:59:00 2016 GMT

* expire date: Nov 10 17:59:00 2016 GMT

*

subjectAltName: host "akah2san.h2book.com" matched cert's
"akah2san.h2book.com"

issuer: C=US; O=Let's Encrypt; CN=Let's Encrypt Authority X3

SSL certificate verify ok.

Using HTTP2, server supports multi-use

Connection state changed (HTTP/2 confirmed)

* * * *

* .

Using Stream ID: 1 (easy handle 0x7f8d59003e00) @
GET /hello-world.html HTTP/1.1

Host: akah2san.h2book.com

User-Agent: curl/7.49.1

Accept: */[* >

Connection state changed (MAX_CONCURRENT_STREAMS updated)!
HTTP 1.0, assume close after body

< HTTP/2 200 (4]
server: Apache

< content-length: 169

* %V V V VYV

A

<
<html> (5]
<head lang="en">
<meta http-equiv="Content-Type" content=
"text/html; charset=UTF-8">
<title>Hello HTTP/2</title>
</head>
<body>Hello HTTP/2</body>
</html>
* Closing connection 0
* TLSv1.2 (OUT), TLS alert, Client hello (1):

O ALPN 5B,
@O TLS {58 (BRIRNLE openssl HBEFIAL)
© K,

O A IEM HTTP2, R T—A> 200 HIMARL, A1 H LT .
O TTHENZ .
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i3 B0 BT o 255 et )
PRATEARE A curl Y w 28 TEN AW ERMERESARE (21 man page''),

@ curl TEREMEA T 2% (3805 iR e A mIRe ) i

-w "Connection time: %{time_connect}\tist byte transfer:
%{time_starttransfer}\tDownload time: %{time_total}
(sec)\tDownload Speed: %{speed_download} (bps)\n"

RAEERFILL T B -

o A
eSS

. T

. A

o THHE (OIS BRI E L T)

f5il4n .

$ curl -v --http2 https://akah2san.h2book.com/hello-world.html -w \
"Connection time: %{time_connect}\t \
1st byte transfer: %{time_starttransfer}\t \
Download time: %{time_total} (sec)\t \
Download Speed: %{speed_download} (bps)\n"

...omitting a bunch of lines...

* Connection #0 to host akah2san.h2book.com left intact

Connection time: 0.054 1st byte transfer: 0.166 Download time: 0.166 (sec)
Download Speed: 1016.000 (bps)

8.6 h2i

h2i" /& i Brad Fitzpatrick GIt#978 B3 HTTP/2 4k 2%, "TLURRIMIRS B %% “%
BT R HTTP/2 i, % T LA 2B HTTP2 IR 45 8 B4 B, B2 3 F telnet &
openssl Z M T H5 hl REMHRAEE &,

h2i AT B E SR HTTP/2 Pl i BBk R 4 BT, 01 2 )5, RIEEFI—4 h2is
PERTE, VRATLAE L B k%5 8 & 3% HTTP/2 i,

E AU T 4nfal i h2i R A% PR hips:/www.google.com/ (HERE, HBkHIFE
H <cut> #illi T) -

{E 11: https://curl.haxx.se/docs/manpage.html
12 https://github.com/bradfitz/http2/tree/master/h2i
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$ h2i www.google.com

Connecting to www.google.com:443 ...

Connected to 172.217.5.100:443

Negotiated protocol "h2"

[FrameHeader SETTINGS len=18]
[MAX_CONCURRENT_STREAMS = 100]
[INITIAL_WINDOW_SIZE = 1048576]
[MAX_HEADER_LIST_SIZE = 16384]

[FrameHeader WINDOW_UPDATE len=4]
Window-Increment = 983041

h2i> headers
(as HTTP/1.1)> GET / HTTP/1.1
(as HTTP/1.1)> Host: www.google.com
(as HTTP/1.1)>
Opening Stream-ID 1:
:authority = www.google.com
:method = GET
:path = /
:scheme = https
[FrameHeader HEADERS flags=END_HEADERS stream=1 len=445]

:status = "200"
date = "Wed, 01 Mar 2017 00:08:06 GMT"
expires = "-1"

cache-control = "private, max-age=0"
content-type = "text/html; charset=IS0-8859-1"
p3p = "CP=\"This is not a P3P policy! See <cut>
server = "gws"
x-xss-protection = "1; mode=block"
x-frame-options = "SAMEORIGIN"
set-cookie = "NID=98=00y2zBP3TY9GM37WXGIPFtN <cut>
alt-svc = "quic=\":443\"; ma=2592000; v=\"35,34\""
accept-ranges = "none"
vary = "Accept-Encoding"”
[FrameHeader DATA stream=1 len=16384]
"<idoctype html><html itemscope=\"\" itemtype=\"http://schema.org/WebPage\"
lang=\"en\"> <head><meta content=\"Search the world's information, including
webpages, images, videos and more. Google has many special features to help
<cut>
[FrameHeader PING len=8]
Data = "\x00\x00\x00\xC0\x00\x00\x00\x00"
h2i> quit

8.7 Wireshark

Wireshark® & —2kiFATHI M Lo ed , NE TRULE HE BRI 3R, Hrhdi
& HTTPR2, XULHI TR AT LME L Lf9 T B (40 tepdump) AR A R4 A IUBUCEE (L, 380
ALMEEGRE R A RAEEENE BROHL, EANAE GULER, Gt Tasdfr T
H. tshark,

£ 13: https://www.wireshark.org/
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{E Wireshark ¥ ' 45 %+ Windows F1 macOS f) —#EHIFR T it Fa#dest, oh, B4 K
#) 20 Fh Unix/Linux KATHR TH%e2E405% 4%, Wireshark S5 BLAT, 5 {E5REL,

H T JLF B A 9 HTTP/2 /& 2 T TLS 9, {# /] Wireshark 2% h2 B8 2 T, ik
alil, £ Wireshark F:tHEI OB, YRATUAEE] TLS B, [H ML % 1 LRI S
ERBIMAAZ . 558, X2 TLS ikihas. 7£8.12% (“Firefox ZEBHAE")
8.1.1 75 (“Chrome IE#HAHE”), A 1isHE T 4nfal{# F Firefox 1 Chrome B 55384, LA
f# Wireshark fif F TLS #6665/, R $EXATHARE, In_b 24 ATERAE Wireshark —i2 % 4711
HTTP/2 #fiff:, WTLAE#EH B BI/E—/ HTTP/2 £1E BERR 4 T84 4.,

fiEF tshark dr 4>, ATLAREI A T H .

$ tshark port 443 and host www.example.com
Capturing on 'Wi-Fi'
1 0.000000 TCP 78 65277—443 [SYN] Seq=0 Win=65535 Len=0 MSS=1460
WS=32 TSval=1610776917 TSecr=0 SACK_PERM=1
2 0.096399 TCP 74 443—65277 [SYN, ACK] Seq=0 Ack=1 Win=14480 Len=0 MSS=1460
SACK_PERM=1 TSval=2815107851 TSecr=1610776917 WS=128
3 0.096489 TCP 66 65277—443 [ACK] Seq=1 Ack=1 Win=131744 Len=0
TSval=1610777007 TSecr=2815107851
4  0.096696 SSL 264 Client Hello

33 0.386841 TCP 66 65277—443 [ACK] Seq=1043 Ack=7845 Win=128160
Len=0 TSval=1610777288 TSecr=2815108131

34 0.386842 TCP 66 [TCP Window Update] 65277443 [ACK] Seq=1043
Ack=7845 Win=131072 Len=0 TSval=1610777288 TSecr=2815108131

35 0.386887 TCP 66 65277—443 [ACK] Seq=1043 Ack=9126 Win=129760
Len=0 TSval=1610777288 TSecr=2815108131

36 0.436502 HTTP2 143 HEADERS

37  0.535887 TCP 1514 [TCP segment of a reassembled PDU]

38 0.536800 HTTP2 1024 HEADERS, DATA

39 0.536868 TCP 66 65277443 [ACK] Seq=1120 Ack=11532
Win=130112 Len=0 TSval=1610777433 TSecr=2815108271

EATRGI A EMEPRATLAA ] TCP, TLS F1 HTTP/2 P36, HAbAIET © i R A
X LEt, AR B IR R A,

8.8 /h&

IRATEAE AT 2800 TR SER — S AL S5, Hean R iE B IIE B R A & L
h2 N B, HTTP B IERIC 2R, s A% 8 2000 h2 Web R %5 28 M50 i 2 i illist
B ERGX RAE S, HBITIRA TR h2, HIEBURE RIS FE 5 h2 PhiL,

{£ 14: https://www.wireshark.org/download.html
i 15 https://www.wireshark.org/docs/man-pages/tshark.html
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HTTP/L.1 5 HTTP/2 Al T AHE 20 4, (ER M B ATRITFICRSRIe i 0k 5
FLILTEAREE T DA h2 BB K, H0E— ‘k‘f‘IﬂEZﬁﬁfﬁiEﬁ,
T TR U IR AT b TS F R &ﬁ%F%ﬁwi
K, Fl1H BEHER HTTP £ A4 SR,

9.1 TCPi&ZRUDP

WA RR ST BITR 21X R THE, BAXHREA RS, EASHEWAIRS M., F
ﬁzﬁﬁﬁm%&ﬁ@ﬁw,ﬁﬂ%%wwﬁTwoﬁimﬁ@m —TF, TCP &&F 1P
WXL, BRE T LR RS . ., ISk, PHELH, XUeH EREmM
IE TCP fn] &tk REMRIECEB ML h s 8: T1E, ML 2T, UDP (A P 8didith
) BLEAEMEL. /£ UDP T, iRk () RMOMIH, Q58 2REE L%
Ao BERAFTIEN “EEET FIE, A ERREERIE, WIEHHE N AR &N, B
e, UDP HEH1E A% DNS X AL B R P, & R A E /N7 2 i sk fnmm Bz,

WARZLLIET UDP HIRL FHREGS A T — 4R Web Bk mll, RIHELIEBIIE, |
SIAFTREMECRIE, HROtesk £ s b gedadl, Bufmigin, RNFBEEE LM TCP C2ak
TR ZHEE. PTLA, AnRAERHR BRI XA UL PR, R #$aih Tik UDP
AU A, BAVRTEE R EI TCP AR E (B RELEE) Thee, B4, M
TCP #15) UDP BRI R T 242 At 2 ATtk TCP, SK/5H:% FE?

ERYE TCP LI A K. K BIRIBIERKIEN B B AR T TCP Mtk 58l

99



AR AN T, XA TSR, AEEAB, BRI, XA %
e HA i R B 2% A T RN RS AR 1 SEBRT . AR SEAEAE R BRI R GEIT R
RAEBREREERG, BASAM, B TR ERNS, ®IERAGERNO K
Wass, FTLURIEARGEEMRASIERAV DM E, IHH KR Z AR RE K, &
BT, hTIAEAEY, HERM ER LM AR L, BIRMETT TCP 2 a]
RERY, fH@&XFn “BLSEAlfT” Aikid.

M2, it 2B NSHEIT UDP 76 P2 i EHi kBl TCP thilakle? fai B Im 2 h T3k
BEEHI, 8 TCP P SHAE S Prasial—Bin, B&THE A & —BERERIT A b1
AL SR AR T BT BT AR AR . MBI TERERIF &, #hE . s AUHRAS, Bh
JAP R EASEFNR SR AT, X REREHSHE, i TCP 55 UDP Z4MHEASHTHE,

Bk, B4R “TCPi&& UDP”, Wik “WHZEERMAZEm”, i FyrEa AR
BB AT 2E e, TR X —

9.2 QUIC

BIEARLFJE TCP 5 UDP 24 T, # FRFMAEHE LAtk HhfLits
CeBEAMLH.

HTTP/2 {955 5.2 — st 2 ki L ik TCP stBl, 7£ 3.1.3 fidh E&ititit, TCPEHZZ T
TCP 18 /230, PR, LARAAHAERACBELE], FA B R BT P K i A A
JEiER, WAz LM E RHERIVATAL; SR & TCP EZ PN & PLIER , el T2 KT
ok, XIS TCP SEHE A ARNE, A ARIERA KSR T ZE A,

Google ¥ & 19 QUIC &t UDP %% (Quick UDP Internet Connection) 195 ¥ b}4
5, QUIC R4 T HTTP2 Utk A, ME/ESER TR 2RI, T UDP fehthilz b
Z09.1 %), FHMAMEE . SOIEL R R, LA At 2R T i RS
. FH—BSCFH A B RFC BEMA ' |

l

o

&

QUIC ## 4% HTTP/2 % %kt $ % 5 A 5 k¥, TLS Faey&ohs, A% TCP ¥
ZgEIESL, T, MBS,

XA NENREEZ], HTTP2 24 T R Rt ST R TCP il 4 QUIC NIt FF
THBLERRA, FerREcRkRs, AW 7E 1676 SFHA XML, ik

I RBEWHNAFREE, RREBARSEEALR L,
mom ot Sk o |

£ 1: https://tools.ietf.org/html/draft-hamilton-early-deployment-quic-00
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QUIC W& AN T HEERpPE, "ENTRENF h2 B TR,

FFHIELbE
AR TCP I LR T — A HHRE, IL8A h2 SIS Tk, EFIZEREERIH
IR QUIC H¢ FLVF B ARSI AL AR S [ A2 B BT A .

RiERHZEE S
QUIC A5 HBL 0 15 LB X, BRLA k%2 5 KRB B, HE LR
18 S S P U A TR B

ERAER SLERE T4
QUIC My H b S ettty “ % FERIHE (0-RTT), WAEMMREELL R 5 ByikiE, fi
i 4 A A (TCPFITLS 1.2), HESLESFTENS/MERSE 3,

R4 B 50 3RIE
TETEAT AR B3 TCP RAHIE R4S ST RO Bch FBEFIRT, HATHY TCP & el
5[, QUIC ZWUEELATEHS, ik R i s MR (RAARRESELBER)

T
B IIRFIRAL, £ 2" KESOERE Y, 1P I ATREA 2k, M TCP o i
B, EETEWIT IS, AAEE PURTERED, QUIC iy iRAR ML A H 1015 3L,

SR RFCIEBA TR, BAE QUIC B4 A —AEHIRA, ATLLTE Chrome 14 £ Google
oy wI A= S, ORATCASE SR

83 TLS 1.3

TLS (f&fi 2% i) & HTTP2 B i mE % LA B S I iNE B . S AR TR 1L F K3
TLS 1.2, JHSAHX RFC A KA 10 4£ 7, *TLS 1.3 BAndab T, #F 2017 4 3
A, E&2#tEH RFC HE 19, *BEM TLS 12 (WEERH, R T XECHEHIL, FF
L, M TRAOOTHEN S, TOSKHl T & FHRMERe st

TLS 1.3 il AR DR, BriEt ARE L IRGERMIE (HATHEE 3 k) 5 i
R SRR, AREAERAE (0-RTT), XA ATLURE D “LERATIN K 5 A4
RIFAE”

{E 2: https://www.ietf.org/rfc/rfc5246.txt
I 3: https://tools.ietf.org/html/draft-ietf-tls-tls13-19
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9.4 XFHTTP/3
SAEA HTTP3 9 kA, BEAET AR

AR ERTER “MRE". RIFTEHIENR, Web SRS KE:, el
P, HEEREE, F A REEREA K AR P A B, kT 2 B e
B EER, X EARATRERMORANE . HRRA, SERILAS N ZAREE, B0, il
S . MGEEZ R R RIS, BARTMR Ay AR, (RRFMEHEA
e REAARKER, HARIANBIHEREER, @aiirEtk, SikEbl, it
AEHEE, ROVEUSS DMDBERESD, ABIBLWHRMR,

ZF HTTP3 &AM 48, XA WM E A, HTTP2 &% T SPDY MM RK,
FEL{# il SPDY 1E A% —fy B L ke 5, HTTP/3 & & &FH QUIC LI F4f, &&=
A & )5 E INSEERE A LI BUERAHE, (R ABTLLX A8, (RS h3
MIZRvaER el . EAHE, Ekd, HEE LBMMLERARIL PR IE 2ok,

9.5 /J*iﬁ

HTTP/2 &3t $ 4, X Bk A LA B ARTE BRI, WAE T 20 4F i 1L
HTTP/1—$sE b, BESYEr=E 78T, Hs At HTTP3 BN, AEECE
AP, BRSO SA ERAAEL, BT hl JEA h2 Frih, HEDSRESN TR, TREH
M, REBREME]—RIREEX LM T, H2EHR, HTTP3 BhR X bR
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bt 5% A
HTTP/215

AWt HTTP2 s i B — B i E S %, %w}%lh#ﬁ@mﬁﬁsiﬂﬁ% iR 3k
. WirHE, u&ﬁr‘ﬁw‘immﬂﬁﬁl

A1 DEER

s 5 FHLE, BAWILAERIR 9 A,

0 16 32
e Rl LB e I et g A R l et Bt 8 B ol s B s
Length Type
Flags R Stream Identifier
Stream Identifier Frame Payload...
Frame Payload...
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A.2 DATAIMS

DATA JRIR A I T3 KIEARE, By, XEMas THRmESHHE, niE
AV R KB, FRBAR S I Bk £ WU E . (LT, B4
@A HFE KR (Pad Length) FEFISICHAE (Padding), DARBITSMMEAAN (HT%
LITHIHEIE).

(1] 16 32
e 0 e L = dfl s besli) i E b el I S S LJ
Pad Length? DATA
DATA
Padding?

A.2.1 DATAWNIZFEE:

Pad Length (MEFEK ) 154 HFCF KB s AR PG PADDED FRINIETE N | WIRHEA &
%R
DATA (%) KERE  WEITNE

Padding (3754 ) K BRI K EEA Pad Length FEXAI(E, FrAMT P ED O

A.2.2 DATAARIR{L

END_STREAM 0x1 TR P a2 k)
PADDED 0x8 F IR MAR N T T AR, BALFR Pad Length 11 Padding B¢

A.3 HEADERSIHS

HEADER MU EAGUEEIR, F i 55— S8 TH B E 1D
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[ T e PecftesfE o= i Pl e fofid) G e | DO O
Pad Length? E Stream Dependency? 5
Stream Dependency? Weight Header Block Fragment

Header Block Fragment

Padding?
A.3.1 HEADERSI=E&
AR ke . 0 .
Pad Length (75K ) 1% TR Wi e %54 PADDED FRiR Ik E 4 1 A
SHIGFER
E 1 i FRIMIRBRE T HE R, HAIRE T PRIORITY FiiH
FEHIZTFE

Stream Dependency ({if& i)

Weight (£ )

31 iz TR MATMAT IR, mREAME, RARET
PRIORITY FRiRA S A i%F Bk

1 5% MATRAAEXAE; RAIRE T PRIORITY fRilA &4
A EE

Header Block Fragment (BBt Bt) KEFZE  HEREE

Padding (MAFE%cdi)

K BER[AE KB Pad Length FERAVIE, FrAMIF#HEE RO

A.3.2 HEADERSMWi4RIA{I

AR fir

T

END_STREAM Ox1
END_HEADERS 0x4

PADDED 0x8
PRIORITY 0x20

ﬁ%km(ﬁ*%f:ﬂﬁmﬁ (ﬁ‘é%JJ:

F WX 17 P B J5 — /4~ HEADERS Wi, 4R ubARiAKi%E, RrMEEE
CONTINUATION i

FEWH TS N T B RE , B4# FH Pad Length 11 Padding B¢
IR E T HARN, $EFRE[ I E, Stream Dependency UL}z Weight 5 E¢

A.4 PRIORITYsn
%% PRIORITY WU b THRIARAI AR, RS RS, FHHEOR RS B E 2

HITF o
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(1] 16 32
il R S e T T 0 P 3 e e o ) PV e 0 S S s ] 2
E Stream Dependency
Weight
PRIORITY =R EL
L e e
E 1 i FRIRMBTM A G AE M, RO KB AR
Stream Dependency ({7 ffd6) 31 fiL ANF AT AR, RIS R IR
Weight (1) ) 224 B A X AR R

PRIORITY ik A & HARIH,

A.5 RST_STREAMI
ANSREE 1 —ANif, FTLLKF RST_STREAM HNfE %I Pk, Xl i & A T A B FpEE iR

i LY Error Code (#%iRf%) FEHEFRERBARE, X THIREMFIE, WTLAS%
RFC 7540 {955 775 1,

0 16 32

Error Code

A.6 SETTINGSH;

SETTINGS it & T & T4 Feasd / (ExF 2, f /(5 A0%R 25 T i BERR A B2 15 B B
(3 6 545, Identifier 19 2 =i b0 L Value A9 4 575) .,

{ 1: https://tools.ietf.org/html/rfc7540#section-7
2. B TEAHH Identifier, ——F#1E
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Identifier

o e el

Value

SETTINGSHi & #15| &

2R i o eue w0
SETTINGS_HEADER_TABLE_SIZE Ox1 4096  FEHrfsE HPACK Ff IS & 1 s & R~
SETTINGS_ENABLE_PUSH 0x2 1 A E 0, YT A S K 3% PUSH_
PROMISE ifiji
SETTINGS_MAX_CONCURRENT_STREAMS 0x3 JCBRHl 8 %K 120 R0 H AT 40 i i B ko e i
SETTINGS_INITIAL_WINDOW_SIZE 0x4 65353 KR Aumift RAZHILAE O R
SETTINGS_MAX_FRAME_SIZE 0x5 16384 ik Ay LW B R WIR ~F5 X /Ml 44
WA FWRRIER 16 777 215 (2%-1) Z1A)
SETTINGS_MAX_HEADER_LIST_SIZE 0x6  JCRRMI 21%E & IREIERY 5 — 0, A s g

AR B BB R )

AR — U W AL BE T SETTINGS Wi, k44 %503 5] — A~ SETTINGS i, fEMii# b4 |
ACK BRIH (0x1), XA SETTINGS i HL5E S AIME—FIBRINAL . SRR 5 125 v sk Jen s B2 e vl
F| T #if SETTINGS Wi, J£:4yi#<r SETTINGS Wik &,

A.7 PUSH_PROMISElmsn

1R 55 % & 1% PUSH_PROMISE Wi 25 1R % P, ‘B0 5% — 10y 25 20 it i e I T s R o s
PUSH_PROMISE i kB b A& %% Fi % %1 HEADERS i 7E

0 16 32
1| o ] Y e i | by o I {261y e e b it ’ o o e l
Pad Length? R Promised Stream ID ;
Promised Stream ID Header Block Fragment
Header Block Fragment
Padding?
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A.7.1 PUSH_PROMISEMmi=E

B ke e

Pad Length (fﬁfﬁ{ﬂﬁ) 1% *E?E%jﬁﬁl‘]ﬁﬁ: FE i P PADDED iRk B4 1 I
AERETFR

R 14z RN, ALIRE

Promised Stream ID (TR ID) 314% k% B A ID (S s, A2 bR
%ot K A% D)

Header Block Fragment (E#skFBt) KERZE HEERHEEED

Padding (HLFEHE) KA KR Pad Length FBARERIE, #1197 0

A.7.2 PUSH PROMISEIWFT»\

& &8 B

END_HEADERS  0x4 %%ﬂﬁaz;e(ifﬂﬁ?f:~/\ HEADERS Wiy AR ARINARIEE, WIS
CONTINUATION i

PADDED 0x8 Ui A& T 7 KR, ZEi% A Pad Length Fil Padding Bt

A.8 PINGH

PING i FF LA L+ 0 2 () A AR e ], iy — A HRifin ACK (0x1), 4R —umii i —4
AHF ACK [ PING Wi, ‘Eit 4 40K Bl —4~ PING Wi, X /4~ia4 20 1% B ACK i, JfH A&
FIRERIEAENZS (Opaque Data), FSEEEAYRE, PING WiAJETEM A (Bl &iEs
BE), B e i ID ZikE h 0x0,

Opaque Data

Opaque Data

A.9 GOAWAY s

GOAWAY i FHLAFLER SR AR, X AR R, FFH X ID ZikE A 0x0, it
K%k GOAWAY 1ni, 4Rl al A & R, Il TH 4. KRBt 4, Dk
o8 (ARARIE) S8 T GOAWAY, #nft TR, HHiRADH#E 1% B h RFC 7540
7 b U EERED, FEH. Last Stream ID (BJG—ANK ID) S ¥k B A % 2408 T
BRI ID, AR A HAR R A, 1024 i ST T (D0 W 28 bR % 0T 5% I DA B
g ), Awt%&i% NO_ERROR (0x0) XAMEEIRAD, fH. Last Stream ID #i% & % 271,
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R Last Stream ID

Error Code

Additional Debug Data

GOAWAY ii=F Eg

B KE R

R 1 fif R B2 L

Last Stream ID (/5 31 {if GOAWAY YR iXBaEIL / LB BRI IDs REXMEZ )G,
ifi ID) W T AT AT A b i i 5 BB Tt 4, AR A BB A 4
Error Code 4 5% h2 7 RS RAD, B3 B2 55 AN NO_ERROR fih

Additional Debug Data  [BERIE 3% 05 Al REAE M HC A BOHR I 2T, 150 1A 24 iR A8 2 A vl

A.10 WINDOW_UPDATEI/mm

WINDOW_UPDATE i Ffl e i i 4% il—— & 3% 5 R 1% — 4> WINDOW_UPDATE iifi, 4
UFHWCH A U 2 0 £ /bt G s e DA R B BN B3R, o mT LA FH 3
RBIFTAT ( 1D 4 0x0) . FTEERRRE, FERAE 45 ER WINDOW_UPDATE i
WA Ve T4 B Rl

R Window Size Increment

WINDOW_UPDATEMZREg

R 17 TR B
Window Size Increment (% Ik /N ) 314z 4T A AT A5

WINDOW_UPDATE Wiy% 4 & F#riid .,
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A.11 CONTINUATIONIS

CONTINUATION iiifi&; 2 fi ) HEADERS. PUSH_PROMISE, #;# CONTINUATION fiji
ES]CERIIEREIN

Header Block Fragment

A.11.1 CONTINUATIONMIZREZ

Header Block Fragment (&b FEX) KRR AR B4 2 ), HEADERS i

A.11.2 CONTINUATIONMIARIR{L

END_HEADERS  Oxd  ZeWIixikeh i /) HEADERS Wi, ASesthninieti B, 1oWls s A
CONTINUATION i
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fy % B

TR35|H

BT T LB LG TR ARSI, 160 T AR R B 60, el
B0 T LSRRI BASHEMT, FISIH T A HEOR A TR,

B.i TH

Rz URL

openssl https://www.openssl.org/

nghttp2 https://nghttp2.org/

cURL https://curl.haxx.se/

h2i https://github.com/bradfitz/http2/tree/master/h2i
Wireshark https://www.wireshark.org/

Certbot https://certbot.eff.org/

RZFd URL ’
fi%k Edge https://www.microsoft.com/en-us/windows/microsoft-edge
Chrome https://www.google.com/chrome/

Firefox https://www.mozilla.org/en-US/firefox

Safari http://www.apple.com/safari/

Opera https://www.opera.com/

1



B.3

AR, RIEMETF

R ~ URL ;

h2o0 https://h20.example.net/
Apache https://httpd.apache.org/
Squid http://www.squid-cache.org/
1S https://www.iis.net/

nginx https://www.nginx.com/
varnish https://varnish-cache.org/
Jetty http://www.eclipse.org/jetty/
Caddy https://caddyserver.com/

Apache Traffic Server

https://trafficserver.apache.org/
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