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HTTP Transaction Model

Request/Response
browser web server
Ul
request -
response
<
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HTTP Transaction Model
Ajax

uﬂi(’

B>

browser web server
ul XHR
Input S
request N
7
P response 1
display <
<
~
input -
- request -
7
P response 1
display <
<
~
\ 4

XHR : XMLHttpRequest
http://www.adaptivepath.com/ideas/ajax-new-approach-web-applications
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HTTP Transaction Model

Polling

8 / OF9thol| &

web server

browser
Ul XHR with Timer
polling(request) -
7
response
polling
response
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response
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HTTP Transaction Model
Comet
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http://infrequently.org/2006/03/comet-low-latency-data-for-the-browser/
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HTTP Transaction Model (Comet)

Long Polling

polling (request)

web server

event (response)

v

Long Lived HTTP Connection
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HTTP Transaction Model (Comet)

Streaming

browser

Ul

XHR or iframe

event

web server

connect(request)

v

event (chunked re

Eponse)

N

event

N

event

N

N

Long Lived HTTP

“onnection

http://blogs.msdn.com/b/ieinternals/archive/2010/04/06/comet-streaming-in-internet-explorer-with-

xmlhttprequest-and-xdomainrequest.aspx
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HTTP Transaction Model
HTML5 wsrm

< Hyper Text Markup Language®| SE1&} A

http://dev.w3 . org/html5/spec/Overview html

< Zol= Web Application2 28 WebSockets2| & Lot
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HTTP Transaction Model (HTML5)

Server-Sent Events

var source = new EventSource(‘updates.cgi');

source.onmessage = function (event) { alert(event.data); };

browser web server
Ul XHR (iframe)
connect(request) N
Long Lived HTTP
P data (line)
event <
<
P data (line)
event <
<
~
' '

http://dev.w3 org/html5/eventsource/

“onnection
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HTTP Transaction Model (HTML5)

WebSocket

browser web server
Ul WebSocket
open
o |eooooopen >
nput___ o Long Lived HTTP
send
N
—>
display —>
< | N
S
P display —>
<— onmessage
< display
P event (onmessage)
event <
<
close
_______________________________ }
v v

APl : http://dev.w3 . org/html5/websockets/

“onnection

Protocol : http://tools.ietf.org/html/draft-ietf-hybi-thewebsocketprotocol-16 (Proposed Standard)
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Long polling

FireFox

Chrome

Safari

Opera

iI0S Safari

Android
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Servlet Container

“ Long Polling, Streaming, Server-sent Events, WebSocket

< B Long Lived HTTP ConnectionO| & 235}C},
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Servlet Container
Apache+Tomcat : thread per connection

Apache2.2 + Tomcat 5.5

Apache2.2 Tomcat 5.5

long polling D ajp > C hread
—_— - —_— —
C_process > _threade

> CqNgrocess D > _thgffd >
> pidgss_O > CAread O
> C_procestNg L __thread >
> process > — a —> _thread >
> _process >  thread >
> _process O _thread >
>_process 3 MNG__thread >
> _procesg > NJhread
> _prodss O > C_thhegd >
> dfrocess D > C_threadNQ
_process > > _thread D

> process > > _thread >
—> _process > _thread >
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Servlet Container
Tomcat : NIO Connector

Tomcat 6 + NIO Connector (CometProcessor, CometEvent)

long polling
>
~
7
~
7
> acceptor poller | [poller | [poller poller
> thread thread| \thread| \thread| \thread
~
7
~
P
~
7
> CometProcessor.event(CometEvent event)
>
>
N worker worker worker worker worker
- thread thread thread thread thread
7
~
7
~
7

event
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Servlet Container
Jetty : Continuation

Jetty7 + Continuation

long polling

VVVVYV

acceptor

thread

Continuation.resume()

Continuation.suspend()

%

worker
thread

A\
worker\ . [worker worker worker
thread thread thread thread

VVVVVVVVVYV

event
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A2 - 2

L

Game Server

fH
. Web Server
|2 HO|A| request R
< 2|} H|O| 2| response
| ____longpolling (request) ___ | ______________ N
2 oA ¢ i
— HYOAZ
P ZHE! HIA|Z] (response) -
______ long polling A& (request)_ | ______________y
S
“ ALY oAR
v
ZHE! HIA|Z] (response)
______ long polling #12 (request)_ | _____ >

29/ Ok ot 2 2|LEtUY sS4 A7 (RTCS)

@ HoNGaMe



OF19Ch &1
AMEL - HARZPHY

A
3 Web Server - Game Server

|2 HO|A| request R
_ 2|} H|O| 2| response
N
| ____longpolling (request) ___ | ______________ N
ElAM AD
P EtM A3} (response) < M 2 —
______ long polling #2Z (request)_f ______________3
— 3% 27|
ElM A
. EtA Z 3} (response) < e —
______ long polling A2 (request) | ______________3]
ALAIZIRQ] L 32 =27
Sz S| AAZBHe Epag 23} !
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______ long polling #& (request)_|_______________y
— 3% 27|
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RTCS A2 E 7|=

HTTP Transaction

R/

% Client to Server : Ajax

R/

< Server to Client : Long Polling, Streaming(XHR,iframe), Server-sent Event

Servlet Container
% Tomcatb NIO Connector

R/

% Jetty7 Continuation
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RTCS Component

e flCS (| g |
H 1 - 1
| Service Javascript RTCS Server &2, O A|A] &=t Server# AFSAHAH| O 4| A] F (Multicast, Unicast) lava Service |
! Web Page Client R Service Backend !
! SDKE ! Message | SDKE Server !
| v Henller Y = e}
Y
RTCS
Serversn
__________ . T
i Message ! < CrEe HE 52 AEAL M 23|
| Handler ! - AFE2F M4
N J - RTCS Server2E
RTCS Server 85t
RTCS
LBS RTICS Session
#1 Repository
RTCS ServeraEl 25|
HLHE RTCS Server£3] AFEAE 4 23|
L4
TCS Server MEf 23|
{CPU, Session Count)
Rﬂi? RTCS
n Adrmin
| —
Javascript Client SDK Al 317] 2|8t SDK

RTCS Server

B2t 0|A RTCS Server?} HIA| 2| S

MM 22| U D AJR] SIS et

ST

RTCS LBS

o
AF22AFE9| RTCS Server 48 2Hi5H=

RTCS Session Repository

A S S=l¥e]
S EERE

st =22 MM HZA (NHNOIA memcachedE O| 83l 745t Z2HE)

RTCS Admin

RTCS Server & LBSO| A|0{2} DL E{ZHS |5t AMH

Java Service SDK

MHE|AQ| BHAE B0l A RTCSOll A& H&3t7| I8 SDK
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RTCS Component

Javascript Client SDK
' i Jayascript
i \S/\?ebcPeage glg?(nt

36/ OFF Ot HEE 2[LEtYY St 27 (RTCS)

var oOption = new nhn.rtcs.TransportOption({
domain: “nhncorp.com”,
connectType: “Streaming’,
onEventMessage: function(data) {

}
b

var oClient = new nhn.rtcs.RTCSClient(oOption);

oClient.connect();

oClient.send(“message”);

oClient.joinChannel(“CHANNEL”);

oClient.disconnect();
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RTCS Component

RTCS Server

ettt RTCS

! . Javascript RTCS Server @&, AR &4

I Service . o

: Web Page g)liﬂt Message

L 4 Handler i
[ o
Long Polling, Streaming & 2{2| & MM KX
HIA|R] 2]
ek AR S4B 2D S St HE[HAE HA[R] A&
Message Handler
Javascript Client SDKO|A send() ot= BIA| R[S =4I5HAM AMB[A E 22 22|
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RTCS Component
Java Service SDK

S
! )

I Service Javascript
! Web P Client

: ebPage | cp.

RTCS
RTCS Server &<, HIA|R| &4 | Server #1 | AE2L01|AH DA & (Multicast, Unicast)

RTCSClient client = factory.createClient();

client.sendMessage(userld, message);

client.sendMessageToChannel(channelld, message);

client.sendMessageToServer(server, message);

client.sendMessageToAll(message);

client.shutdown();
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: 9 SDK

RTCS Server @&, HA|Z] 441
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—————————— RTCS SRRRRREE
Service Javascript RTCS Server @<, HA[A] a4 Server #1 AEZIO|AH| O A|A] 4 (Multicast, Unicast) Java Service !
lient p——F 77—+, -----__ Service Backend !

Web Page < r H '
SDK L4 | Message | SDK Server I

---------- :_ Handler 1 !

RTCS
Server #n

| Message

1 Handler

L4= AMH|20M |0{7t o{ AL,
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RTCS Component

RTCS LBS

Service

Web Page Client

SDK

Javascript | RTCS Server &4, OflA| 2] &4

—

RTCS
Server #1

&8 RTCS Server 23]

L4
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Message
i Handler

AFEALOf|A| B A|A| & (Multicast, Unicast)

RTCS
Server #n

__________

| Message
:_ Handler

C3e 32 55

- AL MM

- RTCS Server =25
- RTCS Server 25}

Java
Service
SDK

1
Service !
Backend !
Server !

CPU, session counts2| &£ E 0|85t0
2| M 9| RTCS Server=2 #45t=SLoad Balancing
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RTCS Component

2mH 5%

Service

Web Page Client

SDK

Javascript | RTCS Server &4, OflA| 2] &4

—

RTCS
Server #1

&8 RTCS Server 23]

L4

Message
i Handler

AFEALOf|A| B A|A| & (Multicast, Unicast)

RTCS
Server #n

__________

| Message
:_ Handler

C3e 32 55

- AL MM

- RTCS Server =25
- RTCS Server 25}

AFE2}7} O] RTCS Serverd] HZAL[0] UZ|?
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RTCS Component
RTCS Session Repository

—

—————————— RTCS SRR
! . 1
| Service Javascript | RTCS Server 3, BI|A|R| 44l Server #1 A2 AH| B Al 2| 4 (Multicast, Unicast) Java Service !
| V\? b P Client fmmmmmm s Service Backend !
| VVebrage SDK | Message | SDK Server I
L. 1 Handler e
L e e e e = 1
RTCS
Server #n
N H A2 MM 23
! Message | < Cleo| HH E2 FEAL MM 23]
L Handler ! - AF22F MM

\— / - RTCS Server 22

RTCS Server &35t

RTCS Q
LBS RTCS Session
#1 Repository l

RTCS Server AlE| 23]
(CPU, Session Count)

&8 RTCS Server 23]

L4

RTCS
LBS
#n

memcachedE O|&3ll Z&= RTCS Servere| M|
—  mos Ay

43/ OF7OCtof HEE 2| LEIYY Shl 271 (RTCS) @ HoncGame



RTCS Component
Complete!

—————————— RTCS SRRRRREE
Service Javascript RTCS Server %, HA[A] a4 Server #1 AEZIO|AH| O A|A] 4 (Multicast, Unicast) Java Service !
lient p—m—m—m—m—m—mmm—F. _______ Service Backend !

Web Page < r H '
SDK | Message | SDK Server 1

---------- :_ Handler 1 !

RTCS

Server #n
| Message i NSNS
| Message < Cleo| HH E2 FEAL MM 23]
L Handler - A8 2t NI

\— / - RTCS Server 22

RTCS Server &35t

RTCS Q
LBS RTCS Session

#1 Repository

I

5 o RTCS Server & &3

&8 RTCS Server 3] P . A2 A _3_0§|
RTCS Server AlE| 23]

(CPU, Session Count)

RTCS
LBS
#n

RTCS
Admin
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RTCS A& Of7|&l]
ZHCESE 2l ZYE)

—_— g

EERCTRFTICTE
m e A

o A BAIR] S

(.,NAVER!:\‘ > RTCS
e i Message i
e , Handler

___________

Javascript Client SDK

% connect()= &<

< JomChanneI()E EY4 e o A
< send()= & HA|R] M5
< onEventMessage ()2 2H&l Hf|A|Z| =4

2= of

RTCS Server

X/

< & DA|R|E 2OtA A2 = dE 5= MessageHandler 494
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RTCS A& O}7|&ll%]
Ztckst 2l 24El - sample code

{script type="text/javascript")
var oTransportOption = new nhn.rtcs. TransportOption({

userld : "user_demo",

urlForLBS : "http://rtcslbs.nhncorp.com/getServerinfo”,

onChangeReadyState : function(sState) {
if (sState === "READYSTATE_OPEN") {

oClient.joinChannel("chat");

]

1,
onEventMessage : function(sMessage) {

var chatHistory = document.getElementByld("history");
chatHistory.innerHTML += "<|i>" + sMessage + "<{/lib><br>";

var oClient = new nhn.rtcs.RTCSClient(oTransportOption);
oClient.connect();

function sendMessage(message)
oClient.send(message
]

{[script)

{
);
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RTCS A& Of7|&l]
HE| SSHE 2| &

T T—ia MM e
c oo A _ 2 A
e AR B4 Rics e ASHAHSRY b
@NAVER!_:\‘ v B =
R
- ! Message i
o 1
e » Handler

M4 2
e AR Sl

Javascript Client SDK
% connect() & &=
< send()= & HA[X] A&

< onEventMessage()2 2HEl O A| Z| =4I

RTCS Server
@ M HE 2 E= A AE MBO| ¥2HF= EventHandler 7
< Y HAX|E YOtM 2HE M2 H&E 5= MessageHandler -9
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RTCS A& Of7|&l]
FA ZH Y

EERCAFTIACTE
o o A

wNaver [ N RTCS

A

2|4 A

2 HTS

Javascript Client SDK

X/

< connect)Z 8%
< joinChannel()2 2|4 A& Q4 71
< onEventMessage() 2 A4 HE 4

—

Java Service SDK

< sendMessageToChannel2 2|4 & £ Al

—
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RTCS A& Of7|&l]
2212 Al

CERCTRETRCT

& 5 C Dumnscom e @ A

wNAVER [ |
=TI TR TR TR, S
T Adum s A9 28 e
Ennvmc‘: RTCS < A M
2 22l Y
A
A 2 MY
AY e T AFE 2} QM 7
A2} oM 22
o T = O

Javascript Client SDK

X/

< connect)2 8%
0 F OI R}

< joinChannel()Z A& g &
< onEventMessage() 2 Al RIgH HE Al

Java Service SDK
< A MEOA sendMessageZ A 2Idl AE SAI

0
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Servlet Container
Long Lived HTTP Connection

Thread Per Connection

Thread

Thread Per Connection

< AFEAt 4= QF2 Thread?t 27+

< Context Switch HI2 2 M5 A5}

52 / OF+ottof HEE 2|ZEIYY Sl 274 (RTCS)

Asynchronous (Java NIO)

Thread

ArEAL

Asynchronous (Java NIO)

@ AF2AF 47} SO{LIE Threads 271612 ¢S
< Tomcat6 2 CometProcessor (event)
< Jetty729| Continuation (Asynchronous Servlet)

<+ Netty

Q HoncGame



Servlet Container
z|CH Ar2A = (Heap Memory)

Tomcate0f| 10,000 A2} ML Al Heap Memory Graph (-Xmx2048m)
Heap Memory Usage

3.0 Gb T
55 Gb Tomcat?| 2 Live Object
SR + org.apache.catalina.connector.Request
50 Gb » org.apache.tomcat.util.net.NioChannel
e | + org.apache.catalina.connector.Response
| Used » org.apache.coyote.Requestinfo
4 1 458166 508
1.0 Gb ¢
0.5 Gb +
0.0GbL

=I1:'I3|CI =I]:SI:I =IE:'I:ICI
Used: 1.5 Gb Committed: 2,1 Gb Max: 2.1 Gb

Z|cf AF2 A} == Heap Memory0i| 2t
< Tomcato= http request™ 2F 100KB AtE

% Jetty7= http requestd 2F 40KB AtE

Max Heap MemoryS 37| 5tH?
< Full GC TimeO| Z0{A Stop-the-world7} & 7ted =2

o
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Servlet Container
HTTP Keep-Alive

TCP 3-way handshake

Initiator

connect( )

Success code
returned by
connect( )

Listener
listen( )
SYN
TCB initialized to
SYN-ACK SYN-RECEIVED state
ACK

(Data packets exchanged)

TCB transitions to
ESTABLISHED state

54 / OF9ttof HEE 2|ZEIYY S 274 (RTCS)

TCP connection?| 3-way handshake

Long Polling| A2+& BIHSE TCP connectionO| O|20{2
IS TCP connec’uo o MH 2SS YH|FICY
HTTP Keep-Alive T4

J/ J/ J/
0’0 0’0 0’0

Tomcate2| A4

{Connector
protocol="org.apache.coyote.http11.Http11NioProtocol
useComet="true*

maxKeepAliveRequests="1000"
LAREE. S

maxKeepAllveRequests =M

= == 1! http keep-alive off
. > s ol request 7HA| TCP connection $A|
= == -1 : A8 A TCP connection $3|

Q HoncGame



Servlet Container
Tomcat GC, http worker thread lock

processorCache 4 4& d processorCache 4 48 &

Dacmon thresds. 75 Thead oump | S kaag 118 [ Thead oump |
Timeline | Table | Details = [ Timeline | Table | Details x
@ @ @ ' Show: | All Threads 1 @ @ @  Show: | All Threads |

O npe-thread-3 0O TW-worker-4
O npc-thread-2 O npc-thread-2

O http-20130-exec-5 @ http-20130-exec-5 + 5| |I====]
@ http-20130-exec-4 O npc-thread-1 ‘
O npe-thread-1 ‘ | @ http-20130-exec-4 | | — - | ]
O pool-2-thread-2 i) b | | O http-20130-exec-3 | ] | [m— ) ==
O pool-2-thread-1 @ NioProcessor-1

T T T T
Threads in 3:'30 3:2“, 3:'50 [m:s] Threads { a0 5:?0 S:‘lo 5:‘20 [m:s]
|
| [
| [
| [
| |

E NioProcessor-1 O TW-worker-3 -‘ ‘ i | ||
@ http-20130-exec-3 0O TW-worker-2 = =
@ http-20130-exec-2 O TW-worker-1 I ; B ‘ ‘ ;
O http-20130-exec-1 O http-20130-exec-2 = | _ ‘ |
© http-20130-ClientPoller @ http-20130-exec-1 i I E— : i C— ) E—
(] hnp—20130—Accep(or 0 @ http-20130-ClientPoller !
B Cantainar Rarl B httn_20120_Arrantar_0
@ Running [ Sleeping I Wait B3 Monitor E@ Running B Sleeping [ Wait E3 Monitor

Tomcatd|Ao GC E0|= M
CtS M43 A0 22|t AFEAL 4~ 02 A A5HOF St

socket.bufferPool NioChannel objects, default is 500.
socket.processorCache SocketProcessor objects, default is 500.
socket.keyCache KeyAttachment objects, default is 500.
socket.eventCache PollerEvent objects, default is 500.

HTTP Worker Thread Lock2 £0|= 3M
CI2 SM0| SA|0 2|8 AR AL 4= BLF o™, work threadOl| lockO| BIEH S| 2hAY

il

Ct.

processorCache The protocol handler caches Http11NioProcessor objects to speed up
performance. default is 200.
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HEl22
AA 2| (Ping/Pong, Alive Check)

® Send Pong @ Send Ping ® Pong
— ¢ X
Timeou

Long Polling / Streaming

Server
Alive

Check Sessio

Expire

Javascript Client SDK RTCS Server

Ping/Pong (Client Alive Check)

1. RTCS Server0|A| PingE EUWH Client= Pong2HS EHC}

2. E4 A|ZH S92 PongO] oF @& RTCS Servere= ¥ & oA £E2 2 SE3ICt (Pong Timeout)
3. 92 ol =2 55 = EE A|Z0| A|LHH HZEZ S=9tCt. (Session Expire)

Server Alive Check
Client SDK= £ A|Zt Qtof| RTCS ServerOf|A PingO| 9t @™ 2 A& 8 A|EBHC}
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Same Origin Policy

“ hidden iframe (base domain)
<+ JSONP

<+ CORS

Streaming 18 A| E2122] HIj
< MHEOIAM 2|2 85 Al dummy bytes (4~5KB)E = L{OF ST},

Streaming 7t A| BE2t2A 0| 22| leak
< Streaming2 2 SEHZ A& ELH B0 M A A O 22| A& AtEet

< 7|4 reconnect 22 (memory clear)

B2 ¥ Streaming 13
% |E= XHR.readyState = 3 & [ responseText &= 2t=l (Hid en IFRAMEZ 7131)

< Operae XHR readyState = 32 7}i HIO|E b= [fHD._* HFAAIZ (Server-sent Events2 18)
< Androide XHR.readyState = 3= OftH <F 4KB HFOFO [T} Ok BFARA| 2

= Bt o188 = flash socket (S|mulate WebSocket)
Hej2#2| 3 =0Ql H4lME o~ A|st

e

ProxyAMt] ALE Al E&?
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http://www.json-p.org/
http://www.w3.org/TR/cors/
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http://www benchbee co kr/04weather/speed/mobile.asp

Down (Mbps) Up (Mbps)
DN uP RTT LOSS )
KT SKT ok LEU* LGU+ KT+iPhone3GS 1.79 0.06
2.2 mﬁ 119 129 33 KT+iPhone4 2.17 0.59
SKT KT+GalaxyS2 2.34 0.87
LGU"' SKET KT 1.8
m 06 LG”* KT SKT+iPhone3GS | 1.06 0.05
07
| | b SKT+iPhoen4 1.85 0.41
W KT 0l0|Za m SKT 22AS mLGU+ SEI2AQ SKT+Galaxys2 | 2.30 0.66
KT+iPhone3GSOlM 24 7td & 2 &tz A|ZH (R 12, £ 32)
-t “ .
* * &
= 2500 00 Q”v‘ M LA ,‘ +

2500

:

+
2000 (AN AR S R Y

g

request time (ms
request time {ms)

1500

§

¥ *
* ‘M‘ 1000

s +

hadhasathanss d

g
*

500
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request count

3GYO)|AM HTTP Request= 0.6~ 3??: 72
Upstream Bandwidth@| A|2F ! ZI RTT

) )
00 0‘0 0‘0

-?*9| se= OIoH request packet 37|7} HR|H 27

2A

)

)

< request 27|2 2T SO{0f STt (F7|7F 2A()

A ATH (RTCS)

22 7t2{0| 2 ©Het7|9| idle -> busy 28t delay 24

< HIHSt request?t = Long Polling=2Lt Streaming0| -2
5

o
2||_ I-A

T T
) 80
request count

T 1
100 120

g HoncGame



http://www.benchbee.co.kr/04weather/speed/mobile.asp
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WebSocket

WebSocket is Proposed Standard now!

* Protocol https://datatracker.ietf.org/doc/draft-ietf-hybi-thewebsocketprotocol/
= AP| http://dev.w3 org/html5/websockets/

HFEE®H
{Standard Track)

Android?| BE2}$4 Chromel 2 HA?

Opera Opera
Mini Mobile

Android Browser
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https://datatracker.ietf.org/doc/draft-ietf-hybi-thewebsocketprotocol/
https://datatracker.ietf.org/doc/draft-ietf-hybi-thewebsocketprotocol/
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https://datatracker.ietf.org/doc/draft-ietf-hybi-thewebsocketprotocol/
https://datatracker.ietf.org/doc/draft-ietf-hybi-thewebsocketprotocol/
https://datatracker.ietf.org/doc/draft-ietf-hybi-thewebsocketprotocol/
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Open Source

http://nodejs.org/ (http://socket.io/)
http://cometd.org/
http://opencoweb.org/
http://www.ape-project.org/
http://meteorserver.org/

J J
0’0 0’0

J
’0

L)

e

*¢

J
’0

)

Cloud

% http://pusher.com/

> http://www.joyentcloud.com/ (nodejs hosting)
http://easywebsocket.org/ (?)

)

DS

%

*¢

ommercial

http://www lightstreamer.com/
http://kaazing.com/
http://www electrotank.com/
http://www freeliberator.com/
http://migratory.ro/

http://www stream-hub.com/

e )

7
’0

%

*¢

%

*¢

%

*¢

X3

*¢

7
0’0

You!
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http://nodejs.org/
http://socket.io/
http://cometd.org/
http://cometd.org/
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http://opencoweb.org/
http://www.ape-project.org/
http://www.ape-project.org/
http://www.ape-project.org/
http://www.ape-project.org/
http://meteorserver.org/
http://meteorserver.org/
http://nodejs.org/
http://pusher.com/
http://pusher.com/
http://www.joyentcloud.com/
http://www.joyentcloud.com/
http://www.joyentcloud.com/
http://www.joyentcloud.com/
http://easywebsocket.org/
http://easywebsocket.org/
http://www.lightstreamer.com/
http://kaazing.com/
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