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Introduction to pomelo

QD
POMELO https://github.com/NetEase/pomelo

® Fast, scalable, distributed game server framework in

node.js

* Open sourced in

2012.11.20
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Github trending Repos-—2"9 day

L Trending Repos Today | Week | Month
mrdoob / three.|s % 8828 1 1,369

JavaScript 3D library.

leemachin / say-cheese *51 a
Minimal javascript library for integrating a webcam and snapshots into your
app.

NetEase / pomelo w402 Vo5
a fast, scalable game server framework in node.js

non-117 / Boxnya w24 Pa
twitterF DA/ A7 L

rubyaustralia / rubyconfau-2013-cfp w24 V7

RubyConf Australia 2013 Call for Proposals




Github--—-most popular

= lIF:

> @

3

> ® 1

NetEase / pomelo
wojodesign / simplecart-js
ftlabs / fastclick
CloudMade / Leaflet

camerond / jquery-minical

NetEase / pomelo
wojodesign / simplecart-js
ftlabs / fastclick
CloudMade / Leaflet

camerond / jquery-minical

1010

1010

1010

1010

@

binaryjs / node-binarypack
binaryjs / js-binarypack

na / binaryjs

daeq / programmer-site

hakimel / reveal.js

binaryjs / node-binarypack
binaryjs / js-binarypack

na / binaryjs

daeq / programmer-site

hakimel / reveal.js
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Scope of application

®* Game
® Web, socail, mobile game

® Medium size client side game

® Realtime web

® More scalable than other frameworks

™
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What is this lecture about

How to create game using pomelo?

No

e Scalable game server architecture
e Extensible framework

® Performance
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Category

® Scalabable game server architecture
e Extensible game server framework

® Performance
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Scalability-—-Web and Game server

e Web server

unlimited scalability

® (Game server

World of tanks(bigworld): 74,536 online users
MMORPG: 7k-8k maximum
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Why does game server not scale?

® Long connection VS request/ response
® Game server and realtime web
® Long connection: pull/push

® Response time
Web response time:  2000ms

Game~ realtime web: 100ms




How to solve

® Node.js to rescue
Perfect tor:

Fast scalable network applications

Real-time application

Erlang and node.js
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™
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Why does game server not scale

* Web app (not realtime) , no realtime interact
® No coordinates, no adjacency

® Partition randomly, stateless

® Game server, realtime interact
® Have coordinate, no adjacency

* Partition by area, statetul




m % NETEASE

www-163-com

How to solve

® Paritition by area
® One area in one process Cor many areas in one process)

® The scalability of server is limited by process

Process1 Process?2

area area1l area2
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Why does game server not scale

Broadcast

MESSAGES IN MESSAGES OUT

-
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Why does game server not scale

1 2
MESSAGES IN ﬂ H MESSAGES OUT
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Why does game server not scale

MESSAGES IN MESSAGES OUT

H“ 16
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Why does game server not scale

MESSAGES IN MESSAGES OUT
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Why does game server not scale

MESSAGES IN MESSAGES OUT

1000 1ﬂ H1 1000000

1000 1000
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How to solve --- broadcast

® AOQOI --- area of interested module: pomelo-aoi
T T T T T
-
T
-
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How to solve

* Split process, seperate load , frontend is stateless

[ broadcast } frontend

I H

Single Process

[ Game Iogic} backend

™




@ 2 NETEASE

www-163-

Why does game server not scale
* Tick

e setlnterval(tick, 100)

® What does every tick do?

* Update every entity in the scene(disappear, move, revive)
® Refresh mob

® Driving ai logic(monster, player)

Tick must be far less than 100ms

™




™
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Problem of tick

e The entity number should be limited
* Pay attention to update algorithm: Al etc.

* GC, full gc should never happen
® V8 is good at GC when memory is under 500M
® Memory must be limited

® Try to divide process

e Multi-thread may have some logic problem

® node.js is single thread
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At last-— runtime architecture

client client client
websocket websocket websocket
move request
connector connector connector connector
frontend server
—
area area auth
ai aoi
area chat
master
channel
push message area status
backend server




Runtli

Client

.
@

Client

Pad

1=

Clients
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me architecture--lordofpomelo

Chat Response

M

1]

|

)

Response

Response

Dala Base

Load Data

.q
»
@
w
wn
@
3
3
w

Connectors

Gate Result 2t Server
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Problem of runtime architecture?

* How many codes for this Complicated architecture?

* A lot of servers and server types, how to manage?
® The server side rpc is complicated, how to simplity?

o A ot of processes
® How many servers do we need ?
® How to spot the problem on multiple servers !

® [s it too heavy, not efficient?
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With pomelo

® Achieve this architecture---almost zero Code
® Server types and servers extention --- simple

® Servers invocation --- Simple, zero config, no stub
* A lot of processes
® One machine, small amount of resources

® Single console, quick spot problem, no ditferent to single

process

® Lightweight, extremely quick to start up
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Scalability and node.js
Node.js shine

® A lot of network I/0O, broadcast
® Multi-process, single thread

o i ghtwei ght
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Category

° Scalability of Game server
® Extensible game server framework

® Performance
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Framework --- Extensibility

e Difference between framework and project
® Base architecture over function
* Extensible: contig(DSL), extention points

® Everything is replacable: underlying protocal, router,

application component, service, admin console

® Modularize---reusable module

® Pomelo specific———servers management
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Category - extensibility

e Server abstraction
* App abstraction
° App extention point

® Modularize




8»@ % NETEASE

www-163-

Abstract of Servers

® Pomelo --- distributed(multi-process) app architecture

Why?

® State

®* Web app---stateless, nginx or apache handle processes

® App servers interaction

e Web app has not interaction

® Before node.js, too heavy for multiple processes

™
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Abstract of servers

frontend

4)[ frontend




Abstract of servers

® Duck type

WWWWWWWWWWW

°
/




Abstract of servers

v game-server/
~ app/

»

4d v v v v w

a1/
consts/
dao/
domain/
modules/
patrol/
servers/

v area/

» filter/
» handler/
» remote/

auth/
chat/
connector/
gate/
path/

v v v v ¥

services/
util/

\
/

The
Duck

servers

v servers/
v area/

/
\

m 2 NETEASE \

www-163-com

» filter/

v handler/
equipHandler.js
fightHandler. js
playerHandler. js
resourceHandler. js
taskHandler. js

v remoce/
playerRemote. js
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Abstract of servers

* Easy to extend

{
"development”:{
"connector”: [
{"id": "connector-server-1", "host": "127.0.0.1", "port": 3150, "wsPort":3010},
{"id": "connector-server-2", "host": "127.06.0.1", "port": 3151, "wsPort":3e11}
1
"area": [
{"id": "area-server-1", "host": "127.6.0.1", "port": 3250, "area": 1},
{"id": "area-server-2", "host": "127.6.0.1", "port": 3251, "area": 2},
{"id": "area-server-3", "host": "127.6.0.1", "port": 3252, "area": 3}
1,
“chat":[
{"id":"chat-server-1","host":"127.0.06.1", "port":3450}
]
}
}
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Convention over configuration

® rpc --- based on server abstract

¥ lordofpomelo
¥V game-server
¥ app
b ai
P consts
b dao
P domain

app.rpc.chat.chatRemote.kick > modules

P patrol

¥ servers
b area
b auth
2 ¥ chat
¥ handler
chatHandler.js

¥V remote
’ chatRemote.js
ki P connector

exports.kick = function(uid, player, cb) {

™
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Abstract of Application

®* We need an expressive DSL

e Flexible

® Support multi-servers config

® Support a lot of extention points

Json and XML does not tit our needs.




-

Application DSL

var app = pomelo.createApp();
app.set('name’', 'chatofpomelo’);
app.defaultConfiguration();

// app configure
app.configure('production|development', function() {
// route configures
app.route('chat', routeUtil.chat);
app.route('connector', routeUtil.connector);
// remote configures
app.set('remoteConfig', {
cacheMsg: true,
interval: 30
});
// filter configures
app.filter(pomelo.filters.timeout());
// mysql configures
app.loadConfig( 'mysql', app.get('dirname') + '/config/mysql.json');
})s

// start app
app.start();

m 2 NETEASE

www-163-com




8»@ % NETEASE

www-163-

Application DSL --- configure

Multiple server Config:

app.configure(‘production | development’, function() {

§);

app.configure(‘production | development’, ‘chat’, function() {

)

app.configure(‘production’, ‘connector |area |auth’, function(){

§);

™

/




Filter

app.filter(pomelo.filters.timout());

request

error

m 2 NETEASE
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response

-
T

ok
.[44 handler

)l before filter

error

l

ok

after filter

emror handler

™
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Filter

Filter.prototype.before = function(msg, session, next) {
session.__startTime__ = Date.now();
next();

};

Filter.prototype.after = function(err, msg, session, resp, next) {
var start = session.__startTime__;

i1f(typeof start === "number') {
var timeUsed = Date.now() - start;
var log = {
route : msg.__route__,
args : msg,

time : utils.format(new Date(start)),
timeUsed : timeUsed
};
con_logger.info(JSON.stringify(log));
}

next(err,msg);

};




Router

e Route to specific server

based on session state, dynamic

® app.route(‘chat’, routeUtil.chat);

exp.chat = function(session, msg, app, cb) {
var chatServers = app.getServersByType('chat');

1f (!chatServers || chatServers.length === @) {
cb(new Error('can not find chat servers.'));
return;

}

var res = dispatcher.dispatch(session.rid, chatServers);

cb(null, res.id);
};
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™




Extensibility- request and
transparent route

® Request and transparent route

pomelo.request('chat.chatHandler.send’, {
msg: ‘hello'}, function(response) {
var result = response.data;
console.log('result:’', + result);

});

handler.send = function(req, session, next) {
channelService.pushMessageByUids ({
route: route, msg: msg
1)
next(null, {
code: OK
1)
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¥V lordofpomelo
WV game-server
¥ app
b ai
P consts
> dao
b domain
» modules
b patrol
WV servers
b area
b auth

¥V chat
¥ handler

chatHandler.js

» remote




Extensibility --- Component

app.load(component, options};

app.configure(‘production’, ‘area’, function() {
app.load(pomelo.sync, {

path:__dirname,

dbclient:dbclient’

§);
)
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Extensibility--—- App component

Pomelo is a collection of components

handler

remote
peer

/




Component

app.start(cb)

I
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|

app.afterStart(cb)

app.stop(force)

comp1.start(cb)

|

|

:

comp1.afterStart(cb)

compn.stop(force, cb)

comp2.start(cb)

:

:

comp?2.afterStart(cb)

|

compn.start(cb)

:

comp?2.stop(force, cb)

compn.afterStart(cb)

:

comp1.stop(force, cb)

™
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Modularize--npm module based design

* James Halliday(substack) --- linux philosophy
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Modularize--npm module based design

pomelo- pomelo- p°;“oei|°'
admin sync
H pomelo-
pathfinding
pomelo- | ~——( Ppomelo pomelo-
logger loader
\ pomelo-bt
ﬂ pomelo-
pomelo- pomelo- pomelo- admin-web
protocol monitor rpc




Admin console
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Master,
servers

Monitor
logic

Pomelo

8 A

Rpc, request

Monitor
log

g J

\_ J

Admin cons@

g J

!

pomelo -

. pomelo
g -admin

/' pomelo-
” \_admin-web




Admin console extensibility

server-1

module1 module2 | | modulen

m 2 NETEASE

www-163-com

agent <
client
server-2 master
module1 | | module2 | | modulen module1 | | module2 | | modulen Admin Server client
agent - agent <—f
client
server-n
module1 module2 | | modulen
agent .

™
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Extensibility ---Node.js shine again

* Strong DSL ability

® Dynamic, easy for COC

® Module organization, npms; all components are loosely

coupled




m 2 NETEASE \

www-163-

Category

e Scalabable game server architecture
e Extensible game server framework

® Performance
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Performance -- overview

® The indicator
® The max online users
* Response time/ throughput

° Single area or game?

® The variation
® Game logic: round or realtime, room or infinite
® Map size, character density
® Balance of areas

® Test parameters: Think time, test action
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Performance --- target

® Area online users = 250 2030
* nextgen: KRNI
g 2W3 366~ 80-90
e Socket.io: 25,000 concuri 2w5 428~ 90-100
2W 319~371 4890

2W3 390~423 95-100

, 300 170~ 7590

® But in the real world R T 95.100

® The real online data: maximum 1,000 concurrent users per area,

8,000 concurrent users per group game servers

™




Performance - tools

Stress testing for websoc

\
[ master
_)

robot

robot

robot

robot

WWWWWWWWWWW

§et——pomelo—robot

robot
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Performance - tools

Stress test console

Agent & : |1
ETHE:

P 200

Easal lEal woe
EHERS : agent1[10.120.36.12:48429]
agent3[10. 4:50563]
agent2[10. 48154]
agent4[10. 43483]
agent5[10.120.36.6:42939]
agent6[10.120.36.8:34556]
agent7[10.120.36.9:39556]
agent8[10.120.36.10:53848]
agent9[10.120.36.11:48022]

IERR Max Min L TERIE
connector.loginHandler.login 1688 Q13 1155 173 1800
area.fightHandler.attack 1166 50 424 472 2956
area.playerHandler.pickltem

727 173 458 437

1000 —————— ——
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Performance --- tools, profiler

Server profiler, choosing servers

IAdmin Console

runScript * “ profiler * |

= systemInfo

N
S

=3 request

conRequest .
( f ofiles
(= rocRequest Constructor Distance Objects Count |Shallow Size
= forRequest CPU PROFILES > (array) 2| 42980 4% TITATTE 45% TT00560 49% A
= onlineUser = » (compiled code) 2 9633 8% 3199232 20% T220680 46%
= scenelnfo Frrl ol » (closure) 2| 13187 10% 949464 6% 6420984 41%
B runScript »Object 1 8952 7% 279976 2% 5160016 33%
| B profier channel-server-1 » (string) 2| 32452 6% 3240288 20% 3240288 20%
> (system) 2 8540 7% 432408 3% 1790792 11% ]
O — > Manager 5 3 0% 280 0% 1193200 &%
> Array 2 4392 3% 140544 1% 867944 5%
HEAP SHAPSHOTS > Socket 2 843 1% T4T20 0% 855568 5%
» HebSocket 2 324 0% 3342¢ 0% 515072 3%
» Inconinglessage 3 320 0% 53616 0% 452880 3%
> Parser 4 315 0% 27464 0% 397920 3%
> Module 3 283 0% 24840 0% 318168 2%
» InterSession 4 304 0% 31616 0% 237212 1%
»Data 8 9 0% 288 0% T0988 0%
» (regexp) 4 158 0% 11376 0% 85200 0%
> HITPParser 2 316 0% 10104 0% 65392 0%
» Buffer 2 865 1% 37208 0% 53192 0%
»TCP 2 322 0% 10296 0% 4705 0%
» SocketNamespace 2 12 0% 1316 0% 40736 0%
> Receiver 2 10 0% 1776 0%
» ClientRequest 3 9 0% 85 0%
»Date 3 849 1% 20768 0%
> Nativellodule 4 21 0% 1480 0%
»Client 5 315 0% 15024 0%
» SlowBuffer 2 187 0% 5916 0%
» BufferPool 3 10w 408 0%
> Menory 6 3 0% 232 0%
» Proxy 8 12 0% 480 0%
» CryptoStrean s 1 0% 24 0%
» (number) 2 128¢ 1% 20704 0%
»E 3 3 0% T2 0%
» BufferedfiriteStrean 6 T 0% T4 0%
» Logger 4 62 0% 2484 0%
> MailBox T T 0% 8% 0%
» Docunent s 1 0% 24 0%
» PaintTile 10 1 0% 24 0%
Object's retaining tree
Object |Shallow Size Retained Size
Summary + Al objects +? | -]
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Performance - stress testing

® Stress on single area, increasing step by step

® Real game logic simulation
® Roam, fight, pick
® Think time: 2s~4s




Performance -— hardware

e CPU , 24 cores

processor : 23
vendor_id : Genuinelntel
cpu family : 6

model : 44

model name : Intel(R) Xeon(R) CPU ES5649 @ 2.53GHz
stepping : 2

cpu MHz : 2533.675

cache size : 12288 KB

® Mem, 48G

MemTotal: 49556132
MemFree: 30824028

Buffers: 717540
Cached: 15988664
SwapCached: 12

§ﬁ % NETEASE
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™
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Performance -—- progress

® 6 rounds
® Online users: 200 to 1000...
® Response time: less than 200ms

® Enter scene: 200ms

® Other requests: 100ms
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Performance - broadcast

200 online users, connector 100% cpu

m Total Function

25. B0% 25.60%  (program)

13.67T% 13.93% P Socket. _write
12.12% 12.13% P exports. encodePacket
4. 89% 11.28% » Buffer

4. 50% 4.64% P Buffer. . write

4. 40% 4. 44% P exports. toArray
3.62% 3.62%  (garbage collector)
2.81% 51.83% P exp. flush

2.20% 30.52% > 'HebSocket. write
2.04% 2.04% w» Logger.log

1.76% 49.40% P> Socket. emit

1.70% 1.70% W parser. encodePacket

™
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Performance --- channel, where is wrong?

[client1 ] S
[clientz ]4;

=

broadcast
seriali

serial

tick: 20ms

clients

.

e

[con nectorz]

regroup

. connector1] \
/deserialize m jalize
g

|_—

deserialize

connectors

™

tick:20ms|

channel

Area
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Performance -—- connector

® Connector--- the middle man

What do I need data for?

encode

Client

parse

Message in

{route:’area.play
erHandler.hello’,
data:{...}}

y

connector1

Decode: only route

™

Parse the route

broadcast

connector2

area
forward
Stringify (
< area
forward 9
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Performance --- the package

* Pomelo-protocal

Only parse head for route information:

\0\0\0\3\34
{“username”:"xcc’,........ !
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Performance---CPU
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Performance--10
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Performance--Memory

o ZPEF AN (FrHED
o JURETE 2 Bx
o WAEMIR A GC
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Performance -- the result

e 1600 onlines

Agent #i& : 2 | AP 100

el

ENERES - agent5[10.120.36.5:50515]
agent3[10.120.36.4:57031]
agent4[10.120.36.4:57032]
agent6[10.120.36.5:50517]
agent13[10.120.36.10:57001]
agent9[10.120.36.8:40073]
agent16[10.120.36.11:53165]
agent10[10.120.36.8:40074]
agent2[10.120.36.3:51566]
agent1[10.120.36.3:51567]
agent12[10.120.36.9:41907]
agent15[10.120.36.11:53168]
agent7[10.120.36.6:51712]
agent8[10.120.36.6:51713]
agent11[10.120.36.9:41910]
agent14[10.120.36.10:57004]

6
6

SHLE —
ERIER Max Min Avg FoatE TERRE
connector.loginHandler.login 3724 519 1410 142 1600
area.fightHandler.attack 832 16 214 935 12491
area.playerHandler.pickItem 1037 17 203 Q285 31057
area.playerHandler.move 999 10 210 952 10331
IR Rz TRl (=%

4000

3000

2000 | |

1000 ‘

Vi
0

2000 4000 6000 8000 10000
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Performance -- the result

® 1600 onlines , server load

no

4 users, load average: 0.18, 0.37,
leeping, 0 stopped, 0 zombkie
a -

). O%wa, 0.0%hi, 0.3%s1, 0.0%st
k free, 781604k buffers
K

s
4.,2%us, 1.1%s8vy 0.0%ni, 9o
56132k total,
Swap: 96440k total, 12k us

P USER PR NI VIRT RES SHR S 3%CPU %MEM TIP COMMAND

(S
o~
8]
w
o
(R3]
o
(R4}
23
5

w

- ———.

~

ID +

23159 pomelo 20 0 712m 110m 6152 S 35 0.2 2:49.90 node
23142 pomelo 20 O 638m &5m 6140 5 25 0.1 1:00.79 node
23150 pomelo 20 0 69%97m 89m 6136 S 19 0.2 1:03.42 node
23144 pomelo 20 O 672m 74m 6136 S 17 0.2 1:00.87 node
23147 pomelo 20 0 630m 87m 6132 R 16 0.2 0:58.85 node
23162 pomelo 20 O &74m 7T1lm 5968 S 3 0.1 0:09.18 node
23168 pomelo 20 0 61ilm 71im 53860 S 2 0.1 0:24.23 node
23153 pomelo 20 O &6%m 54m 6136 S i1 0.1 0:02.78 node

745 monitor 20 0 12.2¢ &83m 1lm S 0O 0.2 0:16.87 java
16983 monitor 20 0 12.4¢ 538m 11im S o 1.1 6:40.51 java
23137 pomelo 20 0O 667Tm &5m 53888 S 0 0.1 0:03.04 node
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Performance -- the result

® 800 onlines, fight each other

BEERS

BAgent B : 4 | AP [s0

fexn g I ‘
LENERS - agent1[10.120.36.3:58997] agent3[10.120.36.3:58999] agent10[10.120.36.5:57957] agent11[10.120.36.5:57958] agent13[10.120.36.6:59142] agent14[10.120.36.6:59143] agent2[10.120.36.3:59003] agent15[10.120.36.6:59147]
agent16[10.120.36.6:59148] agent19[10.120.36.8:47506] agent25[10.120.36.10:36197] agent9[10.120.36.5:57962] agent26[10.120.36.10:36199] agent18[10.120.36.8:47507] agent4[10.120.36.3:59006] agent22[10.120.36.9:49331]

agent23[10.120.36.9:49330] agent21[10.120.36.9:49332] agent24[10.120.36.9:49336] agent12[10.120.36.5:57965] agent17(10.120.36.8:47512] agent27(10.120.36.10:36204] agent20[10.120.36.8:47513] agent28[10.120.36.10:36205]
agent5[10.120.36.4:36224] agent8[10.120.36.4:36226] agent6[10.120.36.4:36229] agent7[10.120.36.4:36230] agent29[10.120.36.11:60601] agent31[10.120.36.11:60604] agent32[10.120.36.11:60605] agent30[10.120.36.11:60606]

VERZER

Max Min ERE
area.playerHandler.enterScene 777 102 201 766 1064
connector.loginHandler.login 1476 703 1145 175 1600
area.fightHandler.attack 454 8 132 1515 6858
area.playerHandler.move 440 131 1527 14282

TRl
1500
1000
500
o}

5000 10000

A EER
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Performance -- the result

® Server load, fight each other

[

5 days, 12:14, 4 users, load averace: 0.63,
otal, 4 running, 326 sleeping, 0 stopped, 0 zombkie
2%sy, 0.0%ni, 91.6%id, 0.0%wa, 0.0%hi, 0.3%si, 0.0%st
32k total, 22283880k used, 27272252k free, 788140k buffers
40k total, 12k used, 2 8k free, 18671912k cached

-
]

LRI =Y
Q) ee

I[D USER PR NI VIRT RES SHR S %CPU %MEM TIk

=

+ COMMAND

47 pomelo 20 0O 697m 90m 6152 R g0 0.2 1:39.26 node
35 pomelo 20 0O €97m E9m 6136 R 28 0.2 0:29.28 node
38 pomelo 20 0O 701lm 92m 6132 S 28 0.2 0:30.90 node
30 pomelo 20 0 694m &7m 6132 S 25 0.2 0:34.36 node
32 pomelo 20 0 70lm 92m 6136 R 24 0.2 0:31.83 node
50 pomelo 20 0O &71lm &ém 53852 S5 7 0.1 0:07.32 node
56 pomelo 20 0O o&0ém @o&ém 5960 S 4 0.1 0:09.39 node
41 pomelo 20 0 597m 34m 53852 S 1 0.1 0:02.45 node
44 pomelo 20 O ©658m 25m 5948 S5 1 0.1 0:02.59 node
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TODO

® Performance
® Serversrpc,  sock.io - tep

® Network protocal, json is wastetful

e Fault-tolerant

e Different clients support

™
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Sites

® Pomelo home: http: // pomelo.netease.com

® Github: https:// github.com/NetEase/pomelo

® Demo: http:/ / pomelo.netease.com/ lordofpomelo

* Weibo:  @pomelonode (@8] 2= [ [&

™
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