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HTTP/2

Ïðåäïîñûëêè ñîçäàíèÿ HTTP/2

ðîñò îáú¼ìîâ âåá-ñòðàíèö è êîëè÷åñòâà ýëåìåíòîâ íà íèõ,

çàäåðæêà íà÷àëà ïåðåäà÷è îáúåêòà (lattency),

áëîêèðîâêà íà÷àëà î÷åðåäè (íåýôôåêòèâíîñòü HTTP pipelining).

�Êîñòûëè� HTTP/1:

ñïðàéòû,

âñòðàèâàíèå èçîáðàæåíèé,

îáúåäèíåíèå ñêðèïòîâ â îäèí ôàéë,

øàðäèíã.
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HTTP/2

Èñòîðèÿ HTTP/2 (1)

Çàäà÷è ðàçðàáîòêè HTTP/2:

Óìåíüøèòü ÷óâñòâèòåëüíîñòü ê RTT.

Èñïðàâèòü êîíâåéåðèçàöèþ è ïðîáëåìó áëîêèðîâêè íà÷àëà î÷åðåäè,
â ò. ÷. îñòàíîâèòü íåîáõîäèìîñòü è æåëàíèå â óâåëè÷åíèè ÷èñëà
ñîåäèíåíèé ê êàæäîìó õîñòó.

Ñîõðàíèòü ñóùåñòâóþùèå API, ñîäåðæèìîå, ôîðìàò/ñõåìû URI.

Ñäåëàòü ýòî âíóòðè ðàáî÷åé ãðóïïû IETF.

Ðàáî÷àÿ ãðóïïà HTTPbis ðàáîòàëà íàä îáíîâëåíèåì HTTP/1.1
(RFC2616-1999) ñ 2007 ã. Â 2014 ã. âûïóùåíû:

RFC7230 � HTTP/1.1: Message Syntax and Routing

RFC7231 � HTTP/1.1: Semantics and Content

RFC7232 � HTTP/1.1: Conditional Requests

RFC7233 � HTTP/1.1: Range Requests

RFC7234 � HTTP/1.1: Caching

RFC7235 � HTTP/1.1: Authentication
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HTTP/2

Èñòîðèÿ HTTP/2 (2)

Â 2012 ã. Google íà÷àëà ðàçðàáîòêó ïðîòîêîëà SPDY, ïðåäíàçíà÷åííîãî äëÿ
ìàíèïóëèðîâàíèÿ HTTP-òðàôèêîì:

áèíàðíûé ïðîòîêîë,

ñæàòèå çàãîëîâêîâ,

ìóëüòèïëåêñèðîâàíèå ïîòîêîâ,

ïðèîðèòåçàöèÿ.

Ïîääåðæêà SPDY áûëà ðåàëèçîâàíà â Chrome è Firefox. SPDY ðàáîòàë
òîëüêî ïîâåðõ TLS, äëÿ ýòîãî èñïîëüçîâàëîñü ðàñøèðåíèå NPN (Next
Protocol Negotiation).

Òðåòüÿ âåðñèÿ SPDY âçÿòà ðàáî÷åé ãðóïïîé HTTPbis çà îñíîâó (÷åðíîâèê)
HTTP/2. Â 2015 ã. ðàçðàáîòêà è ïîääåðæêà SPDY ïðåêðàùåíà.

Ìàé 2015: RFC7540 � Hypertext Transfer Protocol Version 2 (HTTP/2)
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HTTP/2

Êîíöåïöèÿ HTTP/2 (1)

Ñóùåñòâóþùèå URI íå ìåíÿþòñÿ.

Ïðè èñïîëüçîâàíèè ñõåìû http:// áðàóçåð îáíàðóæèâàåò ïîääåðæêó HTTP/2 ÷åðåç
çàãîëîâîê Upgrade:
GET / HTTP/1.1 HTTP/1.1 101 Switching Protocols
Host: 172.20.175.60 Upgrade: h2c
Connection: Upgrade, HTTP2-Settings Connection: Upgrade
Upgrade: h2c <CRLF>
HTTP2-Settings: AAMAAABkAARAAAAA ...
<CRLF> ...

Ïðè èñïîëüçîâàíèè ñõåìû https:// áðàóçåð çàïðàøèâàåò ïîääåðæêó HTTP/2
(ôèãóðèðóåò êàê "h2") ÷åðåç TLS-ðàñøèðåíèå ALPN (Application-Layer Protocol
Negotiation), RFC7301.

Ðàçðàáîò÷èêè Firefox è Chrome, çàÿâèëè, ÷òî íå áóäóò ïîääåðæèâàòü h2c � òîëüêî
h2. Â curl, IE ïîääåðæêà h2c åñòü.
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HTTP/2

Êîíöåïöèÿ HTTP/2 (2)

Áèíàðíûé ïðîòîêîë:
Length (24)

Type (8) Flags (8)
Stream Identi�er (31)

Payload (0...)

Ìóëüòèïëåêñèðîâàíèå ïîòîêîâ.

Êàæäûé ïîòîê èìååò ïðèîðèòåò (êàêèå ïîòîêè îòïðàâëÿòü â ïåðâóþ î÷åðåäü
ïðè îãðàíè÷åííîñòè ðåñóðñîâ?). Ïðè ïîìîùè ïðèîðèòåòîâ òàêæå óêàçûâàåòñÿ,
îò êàêîãî äðóãîãî ïîòîêà çàâèñèò äàííûé ïîòîê (äåðåâî ïðèîðèòåòîâ).

Ñæàòèå HTTP-çàãîëîâêîâ ïðè ïîìîùè HPACK.

Îòìåíà ïîòîêà (Reset).

Ïîñûëêà ñåðâåðà (Server Push).

Óïðàâëåíèå ïîòîêîì (ìåíÿÿ ðàçìåð îêíà, ìîæíî ïðèîñòàíîâèòü ïåðåäà÷ó
äàííûõ â ïîòîêå).
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HTTP/2

Òèïû êàäðîâ HTTP/2

DATA (äàííûå), type=0 (ES, P);

HEADERS (ñæàòûå çàãîëîâêè), type=1 (ES, EH, P, PR);

PRIORITY (çàâèñèìîñòü, âåñ), type=2;

RST_STREAM (êîä îøèáêè), type=3;

SETTINGS, type=4 (A); id(16)=value(32): HEADER_TABLE_SIZE=1 (4096),
ENABLE_PUSH=2 (1), MAX_CONCURRENT_STREAMS=3 (-),
INITIAL_WINDOW_SIZE=4 (64Ê), MAX_FRAME_SIZE=5 (16Ê),
MAX_HEADER_LIST_SIZE=6 (-);

PUSH_PROMISE (stream id, çàãîëîâêè), type=5 (EH, P);

PING, type=6 (A);

GOAWAY (last stream id, êîä îøèáêè), type=7;

WINDOW_UPDATE (èíêðåìåíò), type=8;

CONTINUATION (ñæàòûå çàãîëîâêè), type=9 (EH).

Ôëàãè: ES = end_stream, EH = end_headers, P = padded, PR = priority, A = ack
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HTTP/2

Çàãîëîâêè â HTTP/2

Èäåíòèôèêàòîðû çàãîëîâêîâ âñåãäà äîëæíû áûòü â íèæíåì ðåãèñòðå.

Ñæàòèå HPACK (RFC 7541)

Êóäà äåëèñü ñòðîêà çàïðîñà ñ ìåòîäîì è ñòðîêà ñòàòóñà? � Ïñåâäîçàãîëîâêè:

:method (GET, POST, HEAD, ...)

:scheme (http èëè https)

:authority (âìåñòî Host)

:path (ïóòü èç URI)

:status (÷èñëî)
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HTTP/2

Ïðèìåð (1)

Çàïðîñ:

GET /resource HTTP/1.1

Host: example.org

Accept: image/jpeg

HEADERS (+ES, +EH)

:method : GET

:scheme : https

:path : /resource

host : example.org

accept : image/jpeg
Îòâåò:

HTTP/1.1 304 Not Modified

ETag: "xyzzy"

Expires: Thu, 23 Jan ...

HEADERS (+ES, +EH)

:status : 304

etag : "xyzzy"

expires : Thu, 23 Jan ...
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HTTP/2

Ïðèìåð (2)

Çàïðîñ:

POST /resource HTTP/1.1

Host: example.org

Content-Type: image/jpeg

Content-Length: 123

{binary data}

HEADERS (-ES, -EH)

:method : POST

:scheme : https

:path : /resource

CONTINUATION (+EH)

host : example.org

content-type : image/jpeg

content-length : 123

DATA (+ES)

{binary data}
Îòâåò:

HTTP/1.1 200 OK

Content-Type: image/jpeg

Content-Length: 123

{binary data}

HEADERS (-ES, +EH)

:status : 200

content-type : image/jpeg

content-length : 123

DATA (+ES)

{binary data}
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HTTP/2

Íåìíîãî HPACK � RFC 7541

Çàãîëîâêè èíäåêñèðóþòñÿ è õðàíÿòñÿ â òàáëèöå. Ïåðâûå 61 ýëåìåíò � ñòàòè÷åñêèå
(Ïðèëîæåíèå A ê RFC, 61 ýëåìåíò). Îñòàëüíàÿ ÷àñòü � äèíàìè÷åñêèå
(âû÷èñëÿþòñÿ è õðàíÿòñÿ ïðèëîæåíèåì ïî ïðèíöèïó FIFO). Ðàçìåð òàáëèöû �
SETTINGS/HEADER_TABLE_SIZE (4096). Ïðîèíäåêñèðîâàííûé çàãîëîâîê
êîäèðóåòñÿ ÷èñëîì ñ 7-áèòíûì ïðåôèêñîì (áèò 7 = 1).
Ïðèìåðû ñòàòè÷åñêèõ ýëåìåíòîâ òàáëèöû:
Idx Çàãîëîâîê Çíà÷åíèå

1 :authority
2 :method GET
3 :method POST
4 :path /
5 :path /index.html
6 :scheme http
7 :scheme https
8 :status 200
9 :status 204
... ... ...
15 accept-charset
16 accept-encoding gzip, de�ate
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HTTP/2

×òî äàëüøå? HTTP/3

HTTP-over-QUIC −→ HTTP/3

QUIC (Quick UDP Internet Connections) � íàäñòðîéêà íàä UDP,
îáåñïå÷èâàþùàÿ øèôðîâàíèå è ìóëüòèïëåêñèðîâàíèå. Ðàçðàáîòêà íà÷àòà
Google â 2012. Ñåé÷àñ ðàçðàáîòêà ïåðåäàíà â IETF.
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