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Abstract

The study of game traffic has been neglected by scientists, but as.Internet gaming becomes more
popular, multiplayer online games have becorme a significant element of Internet traffic. In this paper
we analyze Internet traffic generated by sessions of multiplayer online games and study source models

of multiplayer online game traffic.

Our analysis shows that the empirical game traffic can be characterized by certain analytical model.
We describe how our empirical traffic data set can be modeled and discuss how game server type

influences packet interarrival distribution.

ANHE  AY, 248 de]ggolo], 2xmd
Keywords . game, traffic, multiplayer, source model
1. M2 dEH3 Edgel B9 A7 dud WEs
Azt 749 mE A7 E48E By A
. 7t MEAZA oue dE&E WAz leAd @
s YEF2S FAHd wde AL A g o gue AzaN, o wEgZ T4
$He FeALL SRR, AEEEN T N5 2AAA ARAes AsAdA T& A
o2 A3 el Ag FE7E AEgEn Yok Lo EgUe ATY + AT 2L BANA
5 71% B S dolE F4o) Wd AR X oo Cavng g ars Sa6 2w o
felrt gaTmes ARG AADN ATy eqm w9 2479 5 A Al ol
MEAZT o83 A&, Ui, AAARI 7k 5 o guasd B a7 g=Rw e
= = 1= . = R T fah = e A
A Rew, AdY Fax F/T A= FA0 /\/:Eaﬁiu‘loﬂ #E A7 uu g AdAo|),
oA TR B RS RN Faa A Az Agste HEo dEND AYe
EFTo] YEYI =7I z\z\«]‘ B R < & B4z olg B Abgate] FHZ U ES =
A YL AAEE Ao FF AY A9 Mo A Selme] Eas Arz HAosA 99
FEZ ?_]_5“ ol# g U e FocdxA =2 E]- 71101‘:[}\}\ 1-R= 7:]_1;'_1__ 017\1%40] 4719
‘] . 7 e S =20 Al i Ra A
Aol HEda ddA 28 Ade AT A4,
= AY 3L HEES L AlEHIH 7] 9
+ AUt ARENZEd wAgA ¢ EdY A dig 2EE =& d § 3o
o ZANEL ARFAFTEH A} 29 °F @ etk . ]
s 2 ANY R AV ANARENZRE 2ws AY B axd oid Agd =2 4343

- 233 -



r
rio
i
r_ol

i, olE THFeEN HH SHHI s
4 & 2o W@ 2vtE A7 HES A
T Ed dEHz ZzrEze Ads
I

22el Aol 3ol
HA7ke) S B
A

= (e}
24 =248 4

242 919 M=da gy Ags B dTo

gold e EAD 9 AY E

@ g3 an mIL ANGRT B,
24 e JE WEAR B0 B AT

Felsta, 334 s MERS Age) 2dg 3

# F olojuie) Agdolae Buch 4golA Al

==

Feold A% @ BAE 93 5344 4L o
SER
2. MEga EAE sl B A7

= Ve 2 Hadat 4
T #HUh d9E 29 dndsy g, agn
AFE Aol Tl ol me F8F ah2 %
&

-
m
&
JH

YEYze 4= 2de Ad dEdds
o}% (memoryless poisson) ZE]2e] wied 7k
37 2dyg HolA go Y B EHE
R AFEo] AR =& gF o] AeFHLY
Z JedA gede 247 e g
LAN g & A7 A Z2A
A 2 2dgstds §d¢o] Lotz

2=
oa]"l“%]\ .

19933@ olglz 98 AFAFANA dHolE E
o] A7 FAEE Rl ZEALAE B3 29
Ho] Atim wem gEd, 2 4F FyEdgd
ol EFe] gloim M2 REHE EF
slem, @ E=dg[2l, SS7, TCP, FTPs
TELNET E#3Z, 719 34§ vlge =47[3]00
A o A9E B3 gk 538 EYa AL 2
oA FHA Alol2E AAY F U=F ZEaYPS}
7] W&ol &7 (deterministic)dl o€ HAEE T
AalA =, olel HERo) Slo izl Aej=d 1)
F BEXE 49 B o 27 FAEE Y EA
w3 AY EdE Ax Rddgd 9o Fad Q8
22 728 FE& £ Yt

Mr JE A

K
by
Y
2

=

¥
il
o oft (I K2

o
o

1

¥

&

@ Ethernet :[4le Xold EfHF 714E A18E

T, ¢l 7+ 4

kg 7ol BAe) BE ENA EdF 24
Hgsiths 44 Jd3 Utk o 97 olrl
Edge 984 g dolger Fogde £
A BAE ApE3tE Al $3& T oden, B
O AMzg 2dEa 244 A9 2esigda F
Zgtc, Bl Zojo] oid B4z Hos w
£ Pareto-like ON/OFF&22] Ao <& B4
H Ao oty EdE S 2dydte= Aolrh 1
] 4 axdAe Hzle] ZREe] HEH=

ONZF7|9} 28] &2 F7]9 OFF7} Hizol o
ojuvtc} [5] @2 ParctoRE¥E AW ON/OFF&
221 A A3/t Hust #Hem e H=(3-a)/28 7}
A A7 A Edgez YgdtdE & B
oo 1< a <2 uisl, [6]9 =&AAE 05
<H<19 A7|HAH HYE 7HAY. 4 428
=128 7149, H=098 713 A7 444 =499
o g2 ARy JeEiggs AL 2aAd

@ WWW : 2]dAE Webd #ed Edgoe] %
71 A 7D dE Ao ZF4g 4 B
29-A o ois]A ON/OFF A2RW=E 2593
o) 87} Pareto EZ vl H&g AL e
3 9wk,

@ Signal System Number 7 : ©IX g gz azHF1
Aol Y =AY Ao AT Z2EFL S§7
o] NEx, ol ISDN# & dxd degda
o AgHAT AT HAAs £ £
ol EXE ZAR § 2do] 5879 54¢ 49
3 7lole B8, FAFETE Ag RAFR

At

@ TCP, FTP, TELNET : [6lo1A+& TCPE#HH
o e A7 stk o E=FdA e TCP
A #3=E TELNETH FTPo] disiA o] m¥
stger e e ARE =89 &3 A
£HE Fold EE2 A7 HFHo| W WA
o] TCPE#H 9 M AE(burst)E AZtstA A=A}
3l itk TELNETH© e} FTPAA ogtold

[€)

& Fogy Rd F&3it tojE A dEiA
= B #=E3d m3ES BoFrh

® VBR Video : 312 FAZ AxY nige &%
E AHg3te 49S Y. vdeE JPEG EE
S AHESte] lEEE Aotk #49 AFAze o
deo AEL AVl fAE 54 7MY, =Hd
Aol Holx= EX9 FnoAiE Pareto ¥Xl
e chs Aok

2224 Hol ¥

- 234 -



e Zgolo] UEHT 23 A

-
2 8

ol
A

“ i M
i) f

rir

[Ra iz
i ﬂl[O
o

o ood
o

rir

i

flo

=

0, 2 o

o &
o,
Jn o r
&
o

21
2

M
4

o c 2 oo e
x o7
il
2
S e
o
)

off o ¥

N
N
N
N
2 gy oo

L
2
Y,
1 ox
o
ok
T
i

i)
2 |
=

ERCEREE!

APrdy Exrde] AFPHE SH5E I
L 2+ Chi-square$t KS H2EZS E3 dFA
£33 quantile-quantile plot® normal probibility
plot& o] &3t A4H WS 58 APz F
At wo]l o B =FoME  quantile
-quantile plot& o183} HEme| thg u)mo]
K Raa Sel=

® Chi-squareds| ~E

Chi-squareBl = E9]  wisia HAHEGH, =t
48 W Y7F ofe dz"laE HHa g9
o, o293 ¥asunxt sE x gE 29 B3
& AMgste] Uyt stRsR, BE ZS
MY bineZ ek Z#d 2z i #HA binol
Folzl x¥Ayt 28E Fgo s Pig F
S 7HAA 2 Aotk oy 2FFHU dHeolHY
B3 o] gt 2 Yig

Zz N R

|
iz
2

(Vi— npi)*
=1 npi
A9 Aol s BEE=F9 JHES Aol g
ASE ARE Y3 o] 2RHEY, o714 ZAHE
N -191 Chi-square®*E 0=
X7 Ad E oo AZe
HME X%9 o] Chi-square® o] &
WHetekdd glevrl vlg- a3t

@ Graphical method

Quantile-quantile plot®] F%, $4 nAe B
A& 2EAFOR e =kia= =,
Tp= ... Zx@EoE A Ha, A ¢

AE 7HAe #2328 YS9 e F3, X
2o @2 obd A% 2ol T

N -1 i—rankad,»
Q(l) = F ( Il"’Iladj

71M Fle g8 ¥ %

o)
=4

g 9% A9 =9

&
P
[>
i
i)
M

%

Ho| It = rank.g$t nage AFEAN AEH AL
4217} o] 23 quantiled] HeiM AAdE 242
A & Z2Es] A g4 siFED

3. Al ZEojd HA

3.1 HEY3 Ao 25 2 mu My

12 AY FEe wg EF50F 2
sEdAE YEYA Ade Ay
£ I dEHYa AL AMHEe
EEE 2ddH.

ZHololFe wAtgol 79
448 g9k agx e £
Ez AHd H&g dE 722

2
o,

Z
m
©

50
o
%, lo

e

it o
T B oo

ta

Ir

=
o ji?l:

it
o
o

> Lo

m
nij

H]

9]

i
s
re

i O oy
J}n_?_,ﬂlg‘ [

o, 3o
g &

[t

BEE AdE oud FEo|dE
AHEEA e Aotk UDPY A4 £3
Agle] Af ZREEZZ AMSH HA, Egold
talA AHEE, 4 A g

A2 AHEdle] Ewlole] el &
dF@shA Ha, JdHFAZEE Zeojole Hely
E HolEd, AHAA ARG doje(E23 24
HOlE AE)E dEdA fo.

Aoz AP TCPAAM &7=H+= ACK7)
dA ¥E A 9ol Hr wWEFE o TCP/PH
tt UDP/IPY] AH42 o] X&),

B =3dAE Ad-Edo0dEd Adrods
peer-to—peerF H & AU EdE Eo L
FA " o)# @ o]-FE MW -FEoldE A
A5 Ao A HolelE& #HesA HAu
peer—to-peerE B &} A= dolEHE nHY =
Holoj7t EAgthd ddoled wolE¢) sl
n-1¥ Bulef 37] wied of BE =gy E4
< Yed Aoz By wFoik, mE3 ALdA
ALANE ol &8la HEAE AY AYH AR
AMel BEHE dolHE X T ojwd =4
£ YEh=A A¥ Rz g,

Aol EE md EHo] glojx mfzlAbo)
434 B4& ogA vehiieEx =

qAL ¢ o

& e

2

=
BEE

A7k

iR 2 e & orlr
4 to
o,
S 1o

e

m

gk AY A9
hosting machine %t ¢}1]2} playing machine)&
A A ARE HAHs = do) ARG 28

~- 235 -



At AYel AREHL JYPHH AXNHE EF
2 1;&01 peer—torpeer ZE& ALg3tiE A

e,

flo &l L

32 AlEEiolMd #2A

s agzEgdE AYE #HEdHE ©F
player Al A4 A44E A8l A F& =2
29E Fle AEHAY AR AUL &
2 4 gk, gk QAL ks Add 8 tA
i]—y}.fﬂ— 2= )Jt_‘é ‘T"’“Q‘iﬂ oh;} E;J/H 1,]31;
A AMEEE 7128 128MB RAMS A YE Pen-
tiom I o] 9 AAZ Linux® AFHES A&
Efyge 24dL tepdumpE AFEE Ao
dump ol HFAEHITE ol YAl dloje=
Z} playerd] A9 EdE FEE FEF Fo A
A AL 9% EE byteol™, EFATE A
e 93 A7k EL msE Y 7, B =F
AMe Z Az #AFEY Mg ds) A8 ¢
YA goken, 280 BF a‘ﬂﬂ"*:‘ oJAY &
2 ojET ¢ g2 AYY Alxdg stgpen
FHE A 9 27=HE ALE F23 A
O Alde wxe Exg dzg. adng 7
AgAl e AYEE EdHel dFe E FE
e zZeAN SEF% e 49%d 9 b
9F GE ARE e Ad HF ATE AT

t

ok

= T .
ohe E 12 AEdHelded ASE Axy #7
< A Aolth
E 1. 48 #& description
Host CPU &% 0s Lk
HolH )
=48 AW Linux
t——————— Pentium~II 128M
Client 11y vt 330MHz|
Client 2 Window
Client 3 s 98
Client 4 32M
49 dHel"HE Al oo T =F
HA Aoz A FEAY 5‘“%% 7)101‘11, Rl

ogA Edm pEE geueA dwed 2o
g golth AgdelHE ol £ﬂ~%% CEE
A9 20¢ B4 LA @ Rolv, =H17
g A BA4E ALsolzA AT B A

o0l 7o
4. 2" 2 BN

2404 EoE 2 WAPES Ee vee

2 4 2gagzEey 4

A ERY 2x9 2dY
3o 7AE JFHF 1 o9 Aoz As

SENEECEE

]
29 422 ndg

EER
B

gel g ¢4

A% A zA7

ﬂ%w Ayt
B4 axvt

%qi<%%=%q.ﬂﬂ~%%%ﬂ AR ALAA
Yehbs 9HE ZRUeHE 9 2Asd u

2,

% 2. AlY trace data2l statistic description

Interarrival | Mean

Host (’fjot;l) é\l;[eta:) Stdev{ time(ms) |Bitrate
Y] y Mean |Stdev| (bps)

Chle“t 267567| 2473 | 453 |67.99 | 97.04 |2010.58
Clentlon1ans) 2324 | 235 | 6801 | 9673 |2735.03
Chgnt 254511| 23.46 | 3.05 | 67.8 | 972 |2769.07
lent 956726| 23.67 | 3.12 |67.79 | 96.76 | 27935

E 3. Interarrival time2l =&|E stafistic description

Interarrival time(ms)

Host Lower 33% Upper 67%
Mean Stdev | Mean | Stdev
Client 1 1.66 9.55 205.7 17.74
Client 2 2.05 1083 | 206,75 | 14.83
Client 3 1.49 877 205.11 | 19.07
Client 4 11 6.95 206.82 | 14.85

of
!

B
51 A
A< S

R

e N
E

}1_1'
N
N
m o
>,
o
=

Btod 49 67%} M 33/0011 A Zzhe] §
2 EAE TR Jestidn.

- 236 -



2HEd ol HEHZ 28U Ade HE A

1.2
1 S
Y
0.8 = —— Clent 1
06 r -a- Client 2
: + Clent 3
I T L Glent 4
02 / :
0 2 ST S N T N N
0 6 12 18 24 30 36 42 48 54 60 66
(byte)

ag 12 22

O|AHE =fzlAto| =0l tHEH CDF

plot

% 110 125 140

12
L - —?Hm»u
08 { —~ Ciert 1]
o I -#-(igt 2|
; 06 ! & Qt3
i o4a— s e |x G4
H
| {
| 02 )
| y
| o™
|
i

185 170 18 20 215 230 246

m,,

2% 2. Interarrival time(100msof&hofl cf 8+ CDF

o8y

w3

2 >
&

plot
27 EAIES WA$deEd el
S|lEE F JEhE
7ol R ¥ 9 CDFE 213
EfFe] 5 A7 3 CDF
=3 A AR EFEd 49
AZe CDFE vgudth 39
< FH9Eted slelA e
A9 =2 7vA A|zke] Qo k7t

no
im
&
=)
B
>
td
i)
M
2

E 4. Interarrival time®l distributionoll tH &t error

Host| . . . .
Client 1|Client 2| Client 3 | Client 4

Mz
1]

Beta 0276 0.19 0.299 0.308
Normal 0287 | 0201 0.307 0316
Triangular | 0.318 | 0.225 0.355 0.368
Gamma 0.323 | 0.229 0.348 0.367
Erlang 0.323 | 0.229 0.348 0.367
Lognormal | 0.337 | 0.242 0.367 0.386
Uniform 0.35 0.256 0.39 0.403
Exponential| 0366 | 0271 0405 | 0419
Weibull 0.384 0.3 0.412 0.421

2

S Aol =e] @ AN BEE A
HAuw

@ Starcraftil A9 AWt peerd] 3 AR
payload sizes : playerE9] 9 #HEEA ¢ 7
o2 HolW payload size 2lbyted = o]Ato] A
Efe] 90% oldg AAsE Aoz eyt
Z+zke]l Z2XdolelE CDFE a8 E A3 Z Za
ojAE tE|A 21723byted] =AAFe] =} AA
A Zo|dE12349 AY AL T4%, 88%,
87%, 84%% AA g}, o] dAFS Pded HE W
F $H€ A peer-to-peer AL EHE e
Urk 28 ALAdA Z peere ©ed 2o
A A HARANG] Ao g% FRE ¥
slE)e oy BAIE S Rulm 24 T E peerd
A Hedo. o {2 A3 #HA ASe
player €9 Fof i3]l dAT AAE AUz
o w7 Zv)el BEE playerd ol wpel EA}
2o g S/ G9, AYD DR dhel
e A IANNE HEL 4 5+ Yk

F

A

30,

@ =3 73 Ae] BE QA5 2tz
ol tha] 10msE 49X g FEA A
AL HoAFa ey, o=
2 FEolAdEdA delgange g
o detts SAoFgn AT 4 Qi &
EE doErst 2AA ol BARS 2z
E EgodEYdA AASE A 2 Aol
OmsHF-Zoll A w9 AA4H EA4LE B

2 o,
H

oA

R0 e Mool Jm oy

R
R
i
x:mlﬂ
_(J‘L_o.
N4
£ L

L m
o

o
(@
)}
"1j_,

- 237 -



A e

s40) gy old

B¢

A7

ge
A AR Aeee %
REEPEREE
#dste] vhedo

/H‘Q__

0}04
2

(1]

[2]

{3l

[4]

AAZ AYE A% F

i

A

o
ok

o
)
= oy
M,
rir

o
:%19,
£

o

Jlm !

o _Iln‘[ 9 ok o
o n o @
o o

=

o
}O{l
o 24 2

e L

Aol s g
i Yete

=49 mad =

=
g,
) o
_{rﬂ

3%

: )
:—lwﬁi‘—ﬂr

N
N
Sa

%
&l

i)
o b
£
N
it
S
P
Sto
Dy

£
o ot &

Y ofy

L, s

=
=

ful
sisA
)

=
o
oft M ol

i

[ M
ru%
£ o
-D i r
ox
P

32
o |o
=z =

)\1—_?4

M
=
2,

E
W

L
H

45 Eﬂ’}ﬁ‘r.

HE Zd o o-peer

25 peer—to—peersé 7‘ﬂ°d°ﬂ A "}
2B mde] 4L gu guolE
7181 ¥ o] Ed
WA o] F7|A< dHolEE 7

AN Asate HAA el Al

Aoz 2 =fdre 2 494&

mmg

\:v
A

W. E. Leland, M. S. Taqgqu, W. Willinger,
and D. V. Wilson, "In the Self-Similar
Nature of FEthemmet Traffic (extended
version),” IEEE/ACM Transactions on
Networking, Vol. 2, No. 1, pp. 1-15, Jan.
1994,

M. E. Crovella and A. Bestavros,
"Self-Similarity in the world-Wide Web:
Evidence and Possible Causes,” IEEE/ACM
Transactions on Networking, Vol. 5, No. 6,
pp.835-846, Dec. 1997.

M. Garrett and W. Willinger, ”Analysis,
Modeling and Generation of Self-Similar
VBR Video Traftfic,” Proceedings,
SIGCOMM '94, pp. 269-280, Sep. 1994.
Leland, W., Tagqu, M., Willinger, W,, and

[5]

f6l

(7]

[8]

[ol

[10]

[11]

[12]

- 238 -

Willson, D. "On the Self-simmilar Nature
of Ethernet Traffic (Extended Version).”
IEEE/ACM Transactions on Networking,
Feb. 1994

W. Willinger, M. S. Tagqu, R. Sherman,
and D. Wilson, "Self-Similarity Through
High Variability: Statistical Analysis of
Ethernet Traffic at the Source Level”
IEEE/ACM Transactions on Networking,
Vol. b, No. 1, pp. 71-86, Feb.1997.

V. Paxson, "An Introduction to Internet
Measurement and Modeling,” tutorial given
at ACM SIGCOMM '96.

M. S. Borella, "Source Models of Network
Game Traffic,” Computer Communications,
Vol. 23, No. 4, pp. 403-410, Feb. 2000.

‘Erramilli, A., Naryan O., and Willinger, W.
"Experinmental Queueing Analysis with
Long-range Dependent Packet Traffic.”
IEEE/ACM Transactions on Networking,
April 1996

Norros, 1. "On the Use of Fractional
Brownian Motion in the Theory of

Connectionless Networks.” IEEE Journal on
Selected Areas in Communications, Aug.
1995.

J. Beran, R. Sherman, M. S. Taqqu and
W. Willinger, "Long—Range Dependence in
Variable-Bit-Rate Video Traffic,” IEEE
Transactions on Communications, Vol. 43,
pp. 1566-1579, 1995,

M. Grossglauser and J-C. Bolot, "On the
Relevance of Long—Range Dependence in
Network  Traffic,” Proceedings, ACM
SIGCOMM ’'96, pp. 15-24, Sep. 1996.

V.. Paxson, “Empirically-Derived Analytical
Models of Wide-Area TCP Connections,”
IEEE/ACM Transactions on Networking,
Vol. 2, No. 4, pp. 316-336, Aug. 1994.



