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Idea was to maintain HT'TP semantics but change how it is transported.
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Servers are encouraged to maintain open connections for as long as possible but are
permitted to terminate idle connections if necessary.

https:/http2.github.io/http2-spec/#rtc.section. 9.1 Z=

o 7|Z= Keep-Alive #H s E2 R AIE.

Keep-Alive: timeout=5, max=99

Connection: Keep-Alive
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https://http2.github.io/http2-spec/#rfc.section.9.1

| 3l
e Pseudo-header ZE=
o HTTP/1.1 6N = HIAX] A ZE0| EA[SHE HE
o I:IE Alxﬁ}
o :status, :authority, :scheme, :method, :path

o https://http2.github.io/http2-spec/#HttpHeaders &=
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https://http2.github.io/http2-spec/#HttpHeaders

| HTTP 1.1 S ASPAR 2 =2 S
e 112 2F0|2H SE A= 1012 LIE + QUL

https://httpz.github.io/httpz-spec/#discover—http s

HTTP/1.1 101 Switching Protocols

Connection: Upgrade
Upgrade: h2c
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https://http2.github.io/http2-spec/#discover-http

e h2:HTTP/2 (with TLS)
Y=zt x et Muizte] 4l
e h2c:Cleartext HTTP/2 (without TLS)
Server to Server ¥ Z
X|Hst= gEE M= gl2
e ALPN : Application-Layer Protocol Negotiation
DZ2EZS gafs flet TLS =

h2 320 &R
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o M= X[Z Demo
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http://www.http2demo.io/

https://http2.akamai.com/demo

https://www.httpvshttps.com/

https://www.tunetheweb.com/performance-test/
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http://www.http2demo.io/
https://http2.akamai.com/demo
https://www.httpvshttps.com/
https://www.tunetheweb.com/performance-test/
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Server push Z| ¢ A}z

| Apache httpd

23 AN X8 7ts

0fl) & html 2&0| 2H commons.csse server push 3iF7|. 27| 0|83l A O|H LE 0 E Z

<filesMatch "\.([hHI[tT][mMI[lL]?)">
Header add Link "</assets/css/common.css>;rel=preload;as=style" env=!cssloaded

Header add Set-Cookie "cssloaded=1; Path=/; Secure; HttpOnly" env=!cssloaded
</filesMatch>
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nghttpx

e Areverse proxy for HTTP/2, HTTP/1 and SPDY.

e Response 3| {0 Linksl|Ef 2 =7 Q2™ server push

Link: </assets/css/common.css>; rel=preload
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Servlet 4.0 : Server push

® javax.servlet.http.PushBuilder
o Servlet 4.02 X| 5= Container®l| M2t AL ItS
o Tomcat 9, Jetty 10, Undertow 2.0
o O|T TS| Aol
o Jetty 9.30|M HIEZ=O 2 HA X|: org.eclipse.jetty.server.PushBuilder

o Tomcat 8.50|= org.apache.catalina.servlet4preview.http.PushBuilder g
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http://download.eclipse.org/jetty/stable-9/apidocs/org/eclipse/jetty/server/PushBuilder.html
https://tomcat.apache.org/tomcat-8.5-doc/api/org/apache/catalina/servlet4preview/http/PushBuilder.html

e Spring MVC Controller®l| A HIZ A 7ts
Spring framework 5, Spring Boot 2.x 0| &f

@RestController
public class HomeControllerq
@GetMapping("/")
String home(PushBuilder pushBuilder) A{
pushBuilder
.path("h2-1.jpg")

.addHeader("content-type", "image/png")

.push();
return "index";

23



e Spring MVC L&
o ServletRequestMethodArgumentResolver HlA| javax.servlet.http.PushBuilder £t
X-| E| EII 7:7|.

o Tomcat 8.5, Jetty 9.32| PushBuilder & Z2iA = X[ &l5HA| ¢S,

T


https://github.com/spring-projects/spring-framework/blob/master/spring-webmvc/src/main/java/org/springframework/web/servlet/mvc/method/annotation/ServletRequestMethodArgumentResolver.java#L72

Java9 : HttpClient

S7|M2| E4

HttpClient client = HttpClient.newHttpClient();

HttpRequest req = HttpRequest.newBuilder()
.uri(new URI("https://h2demo.net"))
.version(HttpClient.Version.HTTP_2)

.GET(Q) .build();
HttpResponse<String> res = client.send(req, HttpResponse.BodyHandler.asString());
System.out.println(res.headers().map());
System.out.println(res.body());

25



httpClient.sendAsync(req, HttpResponse.BodyHandler.asString())
.thenApply(res -> {
System.out.println(res.headers().map());
return res.body();

}) .thenApply(body -> {
System.out.println(body);
return null;

});
TimeUnit.SECONDS.sleep(2);
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Java9 : ALPN A€

o Java MHO||A TLS offloading2 & I AtE
o JEP-244
e Java7,80|AM ALPNZ M2{H?

jetty-alpn-agent & 7ts
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http://openjdk.java.net/jeps/244
https://github.com/jetty-project/jetty-alpn-agent

o B W Erg”t aip or Backend
oad Balancer eb Server
http/1.1 http/1.1 hup/ll 0 App Server

(L4 switch) [ > (Nginx or

Apache Httpd) (Tomeat S )




h2 A|CHe| O] &fHel 514

e Java At 20{|A TLS X2
Javatti| M= TLS 2[5t 3.2ms->24ms=E =H X CH= Afe|
e Front Web server - Backend App AlH Ztol= h2c
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Backend
App Server
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https://vanwilgenburg.wordpress.com/2017/01/10/haproxy-with-undertow-and-tomcat-in-spring-boot/

o HHA| ZEOA 1~2= 0t HIRFHHIZ HTTP/22 S
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Demo

e Nginx+Tomcat2Z h2 M 71M
o IE JHEKXEE (Ctrl+ Shift +1i)
e HTTP/2 M| I|0|X| ( chrome://net-internals/#http2 )
o S2I0|AHE HIAE
o JDK9 HttpClient, OkHttp, Netty
o tsharkZ Upstream HZ =2l

© tshark -1 1o -f 'tcp port 8080' -T fields -e _ws.col.Protocol -e

_ws.col.Info

e Server push A|=

32



demo Z1}

e Nginx-Tomcat AO|0f|= HTTP 1.1 &
o HttpClientZ 8080 ZEWA & 4% =e|H h2c ™

_I_

o Servlet 4.09| Server push 2 Hal

20| E|l=

Ol -
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Front Xt o] A2k

e Apache httpd:2.4.17 0| h2 X|&
o 2.4.26 HETX| = crash Ated|7t Yeq &
o 2.4.27 O|=Z prefork 2E0{|A| http2_m

AHE5h= Apache 2=0| BE|A2]| =0[A QHH

e prefork mode: ¥Z& 171 1712 T=MHA

o worker mode : HZ 1744 1749 Az|=
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https://icing.github.io/mod_h2/fuzzing.html
http://www.apache.org/dist/httpd/CHANGES_2.4.27

OFH 3} E|H{2tE Apache httpd7t h2ol {2 2X|= o=

o G RPARIF 2 TE,

o Event MPMO| JUX[Zt Nginx2L HS0A FX|= A2 2 LI=. (Appendix & xX)
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e Nginx:1.9.5 0| &0l M HTTP/2 X[ A
o 1.9.9 0|2t M= upstream@Z2| HTTP/1.1 HZN| HT JUAS
o ANH push X[ oF &
o Upstream (Backend server) HZ0f| h2cE X|& ot gt
o OfEl A&l A=l gig

o Nginx ZHZXH= Server to server 3Z0|M = http/1.12= SE6

[CEd QIASED

(http://mailman.nginx.org/pipermail/nginx/2015-December/049445.html

ol
AN

|
&%)

36


https://trac.nginx.org/nginx/changeset/78b4e10b4367b31367aad3c83c9c3acdd42397c4/nginx/
http://mailman.nginx.org/pipermail/nginx/2015-December/049445.html

SEDEBRPISBEIE:

o Servlet 4.09] Server pushE X[ 5t= A|H{=0| OF&] XA7|
Tomcat 92 O}Z| Beta
Jetty 102 Ot2! Snapshot
o AJPEE MH PushZt X[ E[X| etE.
Apache httpd + AJP £ Z0j| A= JavaTtoll M M pushE AIEHE 4= 1S,



Java9 4 1djo]l=9] oj3-2

 3rd party 2t0|E2{2|0f|A| Java9 X| 0] =2QtHTt BRIt US
ol) Lombok

e JDKE| B2 =3t ot I} A



o) JAXB 2== MJ| ol M= EE1F Al =I1 40| ERE

<plugin>
<artifactId>maven-compiler-plugin</artifactId>
<version>3.7.0</version>
<configuration>
<compilerArgs>

<arg>--add-modules</arg>
<arg>java.xml.bind</arg>
</compilerArgs>
</configuration>
</plugin>

e

HEl MAH0| O™ 'package javax.xml.bind.annotation is not visible' 0f| 2]



Client 2to]B.2] 2| 2] n)/d=

o Java9Q| jdk.incubator.http.HttpClient

O}&l incubator

Javal0(2018?) O|=0f| java.httpclient2 &4 ot

SHQISEA M A5 US.
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e

e Apache httpd= X[5% HZ0| Nginx 2Lt MO =
e Nginx& server push, Upstream2t2| h2 HZ& S 5HX|
e Javathof| A TLS off loadingst® =2,

o Servlet 4.09| Server push& E7|6IH 2= SICH 1A
A

e nghttpxS 20l =11 LINK 3| & 0| 8¢ push Xt



o O{XtI| Server push & AML|
o h2& 8 Tomcat 9, Spring 5 22 2 i},
e Java9 220[RE
o OI=H|0|E{0|L| H|AE ™ EOh?
o LHEO| Server to Server 220 M= 20| h2(with TLS)E MO st=X| = 2|22 71X 0F &,



e HTTP/2 A|CHO| CHH|SFH= A Java 7HEEXES| KEA|
o HTTPS 2t Nginx AHE
o 0|0| Nginx + HTTPS A1 QICHH : Nginx M ot Z0FHIY = h2 & & UL

o Servlet 4.0, Java9 Client AT OfEl AMA MX| ofotE &l
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HAProxy

o QEAA Load balancer & Proxy AH
e http://d2.naver.com/helloworld/284659 &=

o 20139| 14|0|H JHEt X 22T (Helloworld)2] 2
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http://d2.naver.com/helloworld/284659

Demo 2

e HAProxy + Tomcat@ £ h2/h2c A 1M

e Server push
o Z2I0|HE = HAE

JDK9 HttpClient, OkHttp, Netty

47



e Demo2 &1}

Name

|| push-test
& h2-1.jpg
B h2-2.jpg
& h2-3.jpg
content.css

—d

S5requests | 5.7 MBtransferred | F

Prot...

h2
h2
h2
h2

chro.|

L ]
. rnncnla

Initiator A Size Time | Waterfall 400.00 ms
Other 595B 7ms |}
Push /push-test 1.9 MB 140... | [N
Queued at 7.20 ms
Started at 7.63 ms
Receiving Push 146.42 ms
Queueing 0.44 ms
Reading Push P 138.35ms
Explanation 14034 ms |
> ¢
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ok

Server pushZ Z 7|3} 2435t 1A
o ATHO[ Nginx

h2= persistent connection0|7| {20 Nginx7} {2
e Upstream A= HTTP 1.1 et SLSHA| 5tH &

o X HI Demolt SAISH A
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SEIES
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Load Balancer
(HA Proxy)

http/1.1

Front
Web Server
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ajp

Backend
App Server
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| Server push A g35l= A8 74
e nghttpxE 0| 8%t 714
SICE HZAO| HTTP/1.1 0|™ Servlet 4.02| Server push& A2 27}
LINK 8l & 0| &%t Server push 75

nghttpx2t Tomcat £7t0| Apache httpd E£= NginxE 92 &= U S.

Front . Backend
ajp or
INEEIN; 1 | Load Balancer | hupria Web Server | nipia | App Server

gatex % (L4switch) [ ™ (Nginxor

Apache Httpd) (Tomeat S )
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e HAProxy -> Tomcat ¥ Z
Servlet 4.0 server push AtE 75
JettyOl| A = HESH= HHA]

Demo2%t &2 A

A8}
SETERS

h2

Load Balancer
(L4 switch
/HA Proxy)

h2c

Backend
App Server
(Tomcat)
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https://www.eclipse.org/jetty/documentation/9.3.x/http2-configuring-haproxy.html

e L4 Switch ->Tomcat

Servlet 4.0 server push AtE 75

TLS offloading2 Forked Tomcat native 2

AMERE
HelRA

h2

-

Load Balancer
(L4 switch)

h2

Backend
App Server

(Tomcat &)
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http://netty.io/wiki/forked-tomcat-native.html

o 7|Z& N FM1t He2tq M nnlslEof e 2
o Health check gtAl

o H{ZE Al MH S H|2[ot= &4



o LHEANAS SEL2HTTPL1IE &

OkHttp OF&| h2c O|X| &
o 2IE MH{IHTTPS +HTTP2 =
HAHAH A= OkHttp =X

e Java9 HttpClient= h2c7HX| = X[

HAEE ATEES =70

T
II10]
=t
<

oF
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RestTemplate + OkHttp3

OkHttp3ClientHttpRequestFactory requestFactory = new OkHttp3ClientHttpRequestFactory();

RestTemplate restTemplate = new RestTemplate(requestFactory);

ResponseEntity<String> response = restTemplate.getForEntity("https://www.naver.com", String.class);

System.out.print(response.getHeaders());
System.out.println(response.getBody());
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Server push®| |3 £

o SER0M| pusholX| =
of) 2715 dARHA A+

e Rules of Thumb for HTTP/2 Push &=

g A

- X

Aol 2R

UEAE L
h %

I.

2k

7‘(]—7]

push
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https://docs.google.com/document/d/1K0NykTXBbbbTlv60t5MyJvXjqKGsCVNYHyLEXIxYMv0/edit

O 240l Ma2 Qo H|QHEl Al

©)

OE

Cache Digests for HTTP/2 : Cache E|X| @2 T} ol pyshe

=S

An HTTP Status Code for Indicating Hints : Client0{|#| $1E

—
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https://tools.ietf.org/html/draft-ietf-httpbis-cache-digest-02
https://tools.ietf.org/html/draft-ietf-httpbis-early-hints-05

Server to Server €720 h2c vs HTTP/1.1

e h2ce| multiplexing2 0|&35}™H Connection pool 71A10| 08| =2} &0 =7f?
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EL DEERIE)

o Jetty2| PushCacheFilter
HELEl KR Q| pushE AS2 2 LO0tA]
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https://github.com/eclipse/jetty.project/blob/jetty-9.4.x/jetty-servlets/src/main/java/org/eclipse/jetty/servlets/PushCacheFilter.java#L293




o HTTP/2 MH]| A[CHZ 5O[3}= 27| &
o 41: 7|&0] gé\;g MI:I-I TS M1 Server pushE X7|617|

o O] 2HME Apache httpd + AJPS| M= 8t X| QiCt
o Z2:Server pushe| MAME AOIE |

o 7|&5t M 40| B0 BhE 4= UL}
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o SZI0|YNE . CiAst TZ= U DR 2to|H2q 2|7t HElsh= AlCH.
o Spring LHO|A| = RestTemplate, AsyncRestTemplate, WebClient
o HTTP/2 X|& & 7HX| ZelotH ZL2| =7} I BOHE.
o LISt A=t SRITER
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o OFA7IX| 7]2]2| &

AR[BHE 4 Q= 4}

o Framework X|#O|Lt AHE THEO]| A0 A {22 OFO|T|0{7} L= KX[7} 3
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| Hlojii 2] <1 Aoy

o HRO|L{2| M&H A= (WebAssembly) + HEO|H{2| Z2EZ(h2)

o ({S2[AH|0|M M SHF2 =N 9| XXtz E

o HEIRX 2|0f|A HIO|LH{2| RPCEZEZ S AT & U= X[ HE
o Of]) browser-thrift, grpc-web-client
o AR, X 5 18s0| Heot 2E0|HE 2tF 0| 12{sli= Tret

—_

o Web API #A19| CtfetE O|ZX| &E7t?


https://www.npmjs.com/package/browser-thrift
https://www.npmjs.com/package/grpc-web-client

Appendix



Apache Event MPM vs Nginx H| ! Al
Nginx Z0| SEAIZH/Hz2IZ0| D5 E| LIS,

e (20144) http://www.eschrade.com/page/performance-of-apache-2-4-with-the-event-
mpm-compared-to-nginx/
e (20134) http://www.mimul.com/pebble/default/2013/04/11/1365675641729.html

e (20134) https://www.nidc.kr/customer/content.asp?
board=tec&uid=994&board_group=0&params=page=9

70


http://www.eschrade.com/page/performance-of-apache-2-4-with-the-event-mpm-compared-to-nginx/
http://www.eschrade.com/page/performance-of-apache-2-4-with-the-event-mpm-compared-to-nginx/
http://www.mimul.com/pebble/default/2013/04/11/1365675641729.html
https://www.nidc.kr/customer/content.asp?board=tec&uid=994&board_group=0&params=page=9
https://www.nidc.kr/customer/content.asp?board=tec&uid=994&board_group=0&params=page=9

event mpm?2| tA|

e worker MPM & HIEQ = 511 Q7| IHZ0f| context switching0| & d5t= 7+ &
o eventdrivens 22Xl AA[0f| 2 Nginxet= CHE.
=0
o —

e mod_gzip, mod_ssl 52| 2= W= 0| blocking &= +<t0] 4&

( https://stackoverflow.com/questions/27856231/why-is-the-apache-event-mpm-performing-
poorly)
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https://stackoverflow.com/questions/27856231/why-is-the-apache-event-mpm-performing-poorly
https://stackoverflow.com/questions/27856231/why-is-the-apache-event-mpm-performing-poorly

AJP9] server push v|A] Y

o AjpProcessor?| 42| 22fA Q! AbstractProcessor HlA doPush() HIME=

UnsupportedOperationExceptionS EX|[

ol
M.

 AjpProcessor 0| Al= 0| S £E9] overridedtX| g1 U

e h2c ®Z0| A0|= StreamProcessor M| A]

= doPush()

2
HIMETE A0 /US.
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https://github.com/apache/tomcat/blob/trunk/java/org/apache/coyote/AbstractProcessor.java#L775
https://github.com/apache/tomcat/blob/trunk/java/org/apache/coyote/http2/StreamProcessor.java#L209

