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Thesis Title Efficiency of service-based software support for online game server
Author Mr. Rittichai Jitpukdeebodintra
Major Program Computer Engineering

Academic Year 2009

ABSTRACT

At present, it is very common that an online game may be served for hundreds or
even thousands of concurrent players at same time. In this regards, the response time of
multiplayer online games is crucial, especially during the high load of massive players. Hence, in
order to lighten the load, the popular approach is often done by upgrading the current game server
machine with a higher performance one. While it is easy and straightforward, this approach
demands a new machine to be invested without utilizing some local resources, especially Graphic
Processor Unit (GPU), which are high performance processor. The work in this thesis argue to
employ the GPU for reducing the Central Processor Unit (CPU) workload at initial on the online
game server, before attempting to distribute the current workload to the other machine as usual.
Here, we propose an extra software serving for cooperating and scheduling of tasks between these
two processors via the General-purpose computing on graphics processing units (GPGPU) and
the SOA (Service-oriented architecture) approaches. In addition, we show the performance study
of various kinds of online games running on the game servers, and suggest the classification of
online game servers that are suitable for utilizing the GPU. This will not only give benefits to

online game developers, but also the game industry as a whole.

Key Words: Online Game, Service Oriented Architecture, Graphic processor utilization
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Memory
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/I Initialize host array and copy it to CUDA device

for (int i=0; i<N; i++) a_h[i] = (float)i;

cudaMemcpy(a_d, a_h, size, cudaMemcpyHostToDevice);
answer_h = (int *) malloc(sizeof(int));

cudaMalloc((void **) &answer_d, sizeof(int));
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1. float *a_h, *a_d;
2. int*answer_h, *fanswer_d;
3. constint N =999999;

VuUnBUN 5 (37N 3.4 (5)) Service wrapper MN13TINITHUBUTZUIANANT N

Tagldmdaasii (mnduaoui 2 Tugil 3.5 (a)

/I Do calculation on device:

int block_size = 128;

int n_blocks = N/block_size + (N%block_size == 0 ? 0:1);
square_array <<< n_blocks, block_size >>> (a_d, N);

insert_array <<< n_blocks, block_size >>> (a_d, 395741);
search_array <<< n_blocks, block_size >>> (a_d,search,answer_d);
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1.  square_array(a_d, N);
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<<<.>>>MU

1 __global__ void VecAdd(float* A, float* B, float* C){}
2 int main()

3. |

4. /I Kernel invocation

5 VecAdd<<<1, N>>>(A, B, C);

6

1982 Threads 931 Threads ID NUANAIAY FI92aUTNDIIAAI18803) threadldx Taslu

o ' ] J I o Y
TRadedalauaasliifiudanmsuanai vector A uaz B uaznu131u Array C desolalil

1. _ global__ void VecAdd(float* A, float* B, float* C){
2. int i = threadldx.x;

3. Cli] = AJ[i] + BJi];

4. }

5. int main(){

6. /l Kernel invocation

7. VecAdd<<<1, N>>>(A, B, C);

8. }
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1. // Kernel definition

2. _ global__ void MatAdd(float A[N][N], float B[N][N],float C[N][N])}{
3. int i = threadldx.x;

4. int j = threadldx.y;

3. CIill] = ALil0] + BL0T;

6. }

7. intmain(){

8. // Kernel invocation

9. dim3 dimBlock(N, N);

10. MatAdd<<<1, dimBlock>>>(A, B, C);
11. }
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1. /I Kernel definition

2. _ _global__ void MatAdd(float A[N][N], float B[N][N],

3. float C[N][ND{}

4. int main(){

5. /I Kernel invocation

6. dim3 dimBlock(16, 16);

7. dim3 dimGrid((N + dimBlock.x — 1) / dimBlock.x,
8. (N + dimBlock.y — 1) / dimBlock.y);
9. MatAdd<<<dimGrid, dimBlock>>>(A, B, C);

10. }
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__global__ void insert_array(float *a, int index)

1

2. |

3. alindex]=1;
4

5

' 9
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1 a) 9 o q‘;
taguurulelseuananens naglsads

1. void insert_array(float *a, int index)
2. {
3. alindex]=1;
4.
5 )
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NUWANUNKAN (31N 3.4 (8) waz 31 3.5 (a) (4))

1 /I Retrieve result from device and store it in host array

2 cudaMemcpy(a_h, a_d, sizeof(float)*N, cudaMemcpyDeviceToHost);
3. cudaMemcpy(answer_h,answer_d,sizeof(int),

4 cudaMemcpyDeviceToHost);
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3.4.1.1 M3z NUMUNNGINUNIAUIU (Calculation-Based Service)
1 Y o A o o
amnsouilaily 2 dnpazAomsmuiu Al uagmsmuIuazIuY
o = A
1.1 M3muiu ALY 2 3unune
1.1.1 Mamuan AT Tugiunu Decision Tree Aomsdszurananuuilszuianiu

RoulvliFesau Wweorudeuly A Faaudonly B s 1w

if(@=1){
a=win
}

else{
if(b=2){
b=win

©NO O A ®WN

L]
-~

1.1.2 mymuau Al Tugiuny Parallels Aomslszuananuundons i 1w

#pragma omp parallel for
for (i=0;i <N;i++)}
alij=2"*i;
}

abhowbd~

}

o = A
1.2 MIMUIUASHUUU U 3 ?l‘lILL‘U‘Uﬂ’O

1.2.1 guuumsanuazuuuuy 1-1 Aemsiszanananzuuvvesfiauuaasaulil

1. if(id=2){
2. point++
3. 1}

1.2.1 JUBuumMsmuIuAZIULILY 1-Many Aemslszuiananzuuuvsfiauaifoimios

AUNAY AU
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1.2.2 JUuuDMsMUIUAZILUIDY Many-Many Aomsilszuiananziunvesdiay

naea A1 W3 eugNuraten Al

while(i<100){
point1++
point2++

}

e

v Y

3.4.1.2 M3z uMUNNeINUVoYa (Information-Based Service)

3 9 ' o o A -] A A
2.1 ﬂqilﬂﬂﬂ]ﬂyaa\jﬁu’)ﬂﬂg’luﬂ’lﬁaﬂ i (FLG aQQﬂﬂim!ﬂUﬂl@yja (Store) o ﬂ'ﬁg\ﬂuﬂiﬂillﬂiu

1 9 o v I 9 [ I Y
LlﬂJﬂl’]ﬂﬁ]gﬁfN'ﬂ'lﬂ'lﬁﬂﬂlﬂﬂﬂlﬂw‘]aaﬂhlﬂﬂﬂfgﬂﬂﬁmlﬂﬂ"llﬂua

U

Y o

2.2 M3AUMIYoYa (Search) M3z IsunsuiTIsIzABIMMTAUMIYoYAINHLIY
o o A 3 9
ANMUIIMEN 130 gnsalinudoya
v A 9 . A IR} Y o v A Y '
2.3 M3daeadoya (Sorting) Mz Tsunsumivigrzdoinmstaissadoyaninniae
o o A =] 9
ANMUIMEAN 130 gnsalnudoya
Y d' 4' (% d' \ . .
3.4.1.3 MIZNHANUNDYINUNIYOUND (Connection-Based Service)
9 o A g A v ' A ' 9 g
Hdeiu 2 nuuae Mz lumsIamsMaFeNA LN IINATEIgNI BRI 1A NMTZIU

TumsdamsmsiFouasszninniosgnionaz g

(Y Y a ¢
3.4.2 ﬂ"liﬂi’)ﬂ!!'i.l‘ﬂ!!ﬁ%W(‘N‘L!W]’Jﬁ]fhx‘iﬂiﬂ1i!ﬂuﬁﬁ1muﬂ1iﬂﬂﬁﬂﬂ
v 9 d' dy [ Y [ ] a 4 4' o [ a d‘
Tusiven 342 HagmmMsa319a10d 19T MstnNdNed s uMsnagoulagusnisi

o Y qu 9 a =l a 4 L
umﬂﬂumimﬁauumzﬁs1ﬂﬂﬂmmﬂwamsﬁﬂmwﬂmmmimmmuﬁ@au"lau“lu

%

Y10 3.4.2.1

¢ v v ~
3.4.2.1 muamamm‘l%‘lumimaau

a o

a o [} 4 a a a { o
Inetinusdlawaunudnlslumsnaaeulszdns mwasauiaanlarinaus i

o 7 4 o ' 54 7
Taelimsnadoununud 2 Uszinnie inudeoulariniifiawiios 1 au wag inudooulaind

' 9 =

4
graunsouqiunaregau lumsiaunldsunsudessiozllumsnadouiusglimaiann
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a ~ 4 Qs; 9 Qa’l 1 ] a
mmimﬂnﬁﬂizmmuwﬂwm ninuredszuarnananuazulsdszurananianiin
9 o o [ Ay ¥
ummm‘ﬂNmaguuﬁmﬂ@mﬂ‘imﬂ@aammu

7 g A s . ¢ o
Taotnudnazldlumnaasuiiuae tnud Tic-Tac-Toe Tuminadeunudooulating

oA 4

Jdo g [ [ 4
EEJLZ‘IHLWEN 1 AU Uy muﬁmamﬁmuzmﬁ@maﬁjuiu@mﬂwaﬂmWEJ LW@iﬂﬂuﬂTiﬂﬂﬁ@U
A ' 1%

4 == [ A 4 4 o'dyd a ~ [
Lﬂmaau"laumgmuws’amﬂuwmfmﬂu mmmmﬂuﬁaau'lau 2 INUAUNVINITNATINDY

J a { 1 J Y 3 o A a [ J
nguuimsnlauiaAlagldnasianiade 3.4.1 Swaumnasiazldesuieasae i

3.4.2.2 1nUd Tic Tac Toe
J A A Jd . A 1 A a ]
iudusnildlumsnadoufiomud Tic-Tac-Toe HUUNAUHIUIAT O 18D UADF TN
] A [ 3 I~ 1 ~ a " v v Yo o
Tugruves Tlsunsuaiosgninsivazitludiuildlunmsaadenudidau wazaziinisniim
' J A v 9 o o [ o Y 1 Y A [ A A 1
ADUIUNUTIUNF0TId 18992 TaA9 parameter vosdIFaulldunTowumine iemious
PeFumninanudnzimsmuIuazuuuvesguantazamiei NPC azianlusouasl
Qsll £ 1 1w ' Y [ A T A v J A o
nniudsdeiaanannaulldsdlsunsuniosgniraioudasnaansiuliizesaunszing
4 1 A IR 4 . s =& 1 I
winuduazaruvesllsunsumaioaniananud Tic-Tac-Toe ooulall deazuiveomily 4
E4
VINIAsAe 11l
1. UTM3FUAT Input 1INIATBIGNV Y

v
A

2. U5M3A4 Output AUATBIGNVY

a o .d'.d Y d' o d'g} 1 1 o
3. UIMIMUIUASLUUNTHIIN TUMTAMUIUALLUUUIN Parameter mmuamﬂm%mmi

9

VY ' A & ¥ 3 = a A PR A
+ azuvulvdd lluazmnm vsmstvzuaadimune vSmstieglunusiinde @
3.4.1 : JuuumsmMuIUAZ UL 1-1
=) o o 1 d' a [ d‘ o Y o ] 1 d’
4. VSMIMUIUAIMLIN NPC azduluseudalilnazimsaumaurdenolln NPC a2
a 1 a, 1 4
@UIAENIS Query DONNIVINAITNUUIA 362,880 A1 (W1INIBNTLAUNNE Tic Tac Toe
a’;’ 1 { { o o I 1
narue 362,880 yuuuy @enananga (ndiReunudluilegiunaznane NPC 1furhe

= 1 = A A g o ] a o [
FUS NNID ﬂfl"NLLEJVIfIﬂﬂ@Lﬁ?Jﬂ) aﬂﬂmmmﬂumtmmmimum!,mum@"lﬂmm NPC

a dy 1 4 v 9 A o
Uﬁﬂ']ﬁl!@giulﬂﬂ!“ﬂ‘ﬂ']ﬂﬁ'ﬂlﬂﬂ 3.3.1: MIAUIU Al <1‘Ll§j‘].]l;L°]J°1J Parallels

9 [N J d v ] dy A
Tmmiwmaﬂﬂil,u,ﬂimmmﬂmuﬁaau”lauma&mu%Lmﬂﬂugﬂ‘w 39
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Input

¢

(" N
CPU

( Get User Parameter >
e N
GPU

Service 1 : Calculate NPC’s |\ _| ____ | Service 1 : Calculate NPC's
Next Turn Next Turn
C Service 2 : Score Calculation >(» ------ )( Service 2 : Score Calculation )

N y/
C Send Al Parameter >
o 4

s

G

.

¢

Output

H ) (] o 4
517 3.10 uwunmmmsmauve s sunsunaaenud Tic Tac Toe 00U a1l
[ J < v [l J . dyusj A 1A 1
nnlsunsuidanudooulaifiedls (nud Tic Tac Toe) Hiuuvziiogiiown 2
a 1 3 d' 1 ] a) Y A a
usmamniunansoutamsznulildszuanavuvdielszurananieaniinld A uSg
o o 1 d‘ = U =) o 1 = =) 1
A mruan NeC aztduluseudalil vay uSmImuIuAzLUY dIudn 2 VST
ansoutanszaulilszuanavurvisdszurananiani il nla il 994910015 WAL

£ 9
Tsunsuuumiielsznanansinluilvgiuiuddiannsomla usmsns 4 vesldsunsu

E4
~

[ J Qa: a [}
NN Tic-Tac-Toe HUAMTDOTLNE AR

1 USM35UA Input 1NATBIGNV Y

v
[

a [ [ d' ] 3 9 = 9 d' 9 o
UINMITVAT Input 91MATBINUIBTUTFA LT PHP TumsGenlsanu Tagnazlyads

[ ' d' 1 1 ] 09; =S A 9 d' ~ a d' Ad?’
GET Tumssumndaunain Tlsunsuaingnuie mndudaivinnlumsiSenusnisn 2 yuun

o a 1 ~ [l 79 [ a YR A 1 [
o Tuusmsaaud 1 ldansodszgnaldanununintelszuaraniiinldvedina ludiu

Y )

mydszurarnavuriielszrananataminiuly uFMITUA Input 1INATEIYNAIY VAN

k4
Maueg 2 Tuaouio

1) SUAMINATOIQNY

] Y v 9
TumsSuanginiosgnineiuzmdinsao lii
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1. $_GET['userpoint;
2. $ GET['gamearry";

Taui userpoint AoAZHUUAIGAVDIIAN
= d 1 < 1o = PN 3 A 11 o ]
10g gamearry ABTDIUTVOUNNTAGAILAVAWNLNUIN AUNIHUATAsNIAAsMUNLIUY

A1519v0unNd TIC TAC TOE a¢iinanoaumiudagdi 3.10

1 2 3
4 5 6
7 8 9

$ o ] J
‘i‘ljﬁ 3.11 HUYRUAHUIVUATTNUYBIUNUEA Tic Tac Toe

U

Tagf1 gamearry Ngnaaunazeglugluny Muriams@usoun 1-9 (58anu

1.  $gamearry= 32518;

Ao M3ANIUTIUUTNILAUA LN 3
msaulusoudi 2 vzmudumi 2
msauluseuii 3 sz@uduia s
msauluseu 4 s@uduia 1

MIAUIUIBUN 5 ILAUAMNUS 8

2) mmsiGenldnuuimsae il
(% { @ 1 3 <3 o a $ o W $
NAINNIATUAINa 2 udaTlsunsy 1 AazsnmsGenldauuiman 2 Tneadanlalu

a d' A o 1 dy
17 Execute YTN1TN 2 ummahlﬂu
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1.  $ret=exec($cmd);

§ o o 1 4 1 qa// {
Taofl $path ABAIFLLAY parameter (FDIULATAVDUNUTIINAT gamearry TUIUADUN 1) YD

a { [ o a {
VTIN5 2 1AL Soutput ABHATNNTIAVTNTN 2

2 USMIAIIUA KU NPC aziauluseudall

' 1 v
UINMIN 2 azMMImuINaurUan NPC azidulusoudalll Tasazlin1sniau 2 dunoune

J

1) 91UNTUNITHWITOAUNNE Tic Tac Toe ldAWYTUUY Array
c?/} o dy o U dd‘ U 4
Tuduaeumsmausnillsunsuegmmsounsanvzamnsaaunud TIC TAC
1 ua/’ ua/’ 9 a . Y KR I
TOE uazwannmsaulugduuutiuaninuaningiudoyasiia Text File nardunuiilugi
Y A a1 g Jd 1 o 1

uuuAls Array 1a8f Array Index alaudugluuunudalga uay AYB Array AN
3 A 1 1 4 o 09/’ A9 .d'Q' Y 1 1 A9 d‘Q' Y [
HuagfeAmwanInMs@uANdnINaniy (1 ADEREUNTUAUNDUTUE , 2 ADKIIUNITUAUNG

YUz 1Ay 3 ABLANDIU) 15U

1. a[15328] = 2;

FanurueNn

] d’d a o ] d‘
MataunNgUuuUMIAUIOVUINANUIN 1

=) d' =) o 1 d'
MIAUIUTBUN 2 AU 5

=) d‘ =) o 1 t:'
MFAUIUTOUN 3 AU HUIN 3

= d' a o 1 d'
MIAUIUTBUN 4 AU 2

=) d' a o 1 -d'
MIAUIUIBUN 5 ALK 8

=\ A Y A A Y [V ]
VWHUAAND AIAUNTUAUNIITUS

o A & o ' A
Tuldsupsuduaoun 1 URemsianldsunsyuurnielseuiananiensifinuas
] ~ o A A v A o A A < 1
WH’JEJII'H'ZiJ'JﬁWaﬂﬁN%guqﬁ'ﬂllﬂﬂﬁluﬂTﬁVINﬂﬂﬂﬂ’iﬂﬂl&ﬂl&ﬂ@ﬂWﬂWﬁﬁH for loop NBNILINUA

navoaaazA1ad iy Array A
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) 1 d' 9 a d‘ 9 o ] a [}
2) 1NIAAUTMIN 1 NAUIAHUIAUYed NPC Tuseuda il
Y v Y v
Tuduaoun 2 #llsupsvazinmsaumeurdaduyes NPC lusoudalll Tasn
Y Y 9
MUNUINTIAUVDI NPC HuIzdoaliiHadnyine NPC suzusoauomiiy lunsmaudu
] = A Y o = Vv w
aaud 2 Hlsunsunssuranavuuniielszuranananszinanlugluuuiuanaiaiuny
Tsupsuniszurawavuniielssurananiansivn

] Y
TaenTdsunsvuurielszurananaleazmauaae 11l

start

¢

Read Database

[End Loop]

Copy Data to Array A

=

For Loop

A

[End Loop]

[else]
[NPC Win | | Draw]

end

3UM 3.2 iU WMIMOLYeINTMIN 2 vunilelssuanana

9 v
A A

<3 Y o 3 A dy [N ~ ]
%mu'lmmﬁvmmmu@mum 2 U (Gluwuﬂﬁlﬂ']) IﬂﬁLLﬂiiJLHJ"’U']fJT]ﬂiguﬁawaﬂuwuﬂﬂ

A 1 v
Uszuranana199z1935M59U for loop NaviNANBNILAUMIAIY Array A
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Y
Tsupsuuuniielszuranansdlnazinaudaae i

start

[ Read Database ]

l

For Loop

[End Loop]

[ Copy Data to Array A )—

v

[ Copy Array A to GPU 's Memory ]

Execute Instruction In GPU parallels core Y

L

[NPCWin | | Draw]

v

[ Set Next Position j

end

519 3.13 UHUAINATMNUYBIVSNTA 2 BUHUsUsEuIanans1iln

Y

Y v
A A

<3 Y o 3 ~ dy [N A
winuldnmemandueeun 2 4 Auiundny Tdsunsuiviehdseuranauy
[l Yas o Y [ d’ [ o Qa.ll @ (%
wiholszananana1eg1§Emsdaliins iy Kemel iofumds IF fanuanndalaosuly
[ 1 o o @ q’/} <3 1 { [ a [
supvundeugfuiiaz 248 Mmaanasnniudanumnldnnmsaunmllgdausmsdalyl
3 USMIMUIUAZUUY
a o d’d 9 d' o dlsl 1 1
vsmsmuauazuuutinihnlumsmuiuaguuun Parameter Nfaudanldlag

o ) 1 Y [y 1 a d‘ 9 o
nins + ﬂzuuu“lwmm”lﬂ“luﬂmumm TAgraanSUAINUTMIN 2 ua ldsunsuazgimms
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v 9 9 v
mﬂzuuummeaé’mummnmﬂmuuﬁlﬁmwﬁu (1uT1Jmmumaanﬁ%mmw11 100
1 a d‘ dy:: ) ) a
AZLUUADIOU) Tuusmsn 3 UReuy vuledszuananals uag vidledszulanansin a2

v Y
maumiloutulasldmdadano il

1. *answer=a+100;

a ' A A Y
4 YINMIAN Output AUIAIVINVIEY
a -d' o A 1 d‘ Yo a d' [ d' ] :zl
UTINITN 4 ITNINITAUAT Output ‘Vlul,ﬂiﬂiﬂﬂ VINITN 2 Lag 3 "lﬂmmﬁmgﬂsuwuuiﬂa

' Y
140111 PHP Tumsisenldaulasldadadano lil

1 $answer = ‘<walk>$pnt</walk>
2. <score>$scr</score>’
3. return $answer;

Taghl $pnt AemmMHUIMTAUNgnduNINUTMsN 2 wweglugiduuudiauiey ven

o ) d' a \ 1
AL UIN NPC %zmuim@maiﬂ LFU

1. $pnt = 1;

A o oA a J A o 1
ADAUHUIN NPC %muﬂlu‘mmm”lﬂﬂamgmm

317 3.14 dhumniadl NPC az1auiie $pnt=1
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< J { 1 a A
uaz $ser idunzuuuvoIdiaugndwwnnuimi 3
a 1 { o 1 o 1 a 1
TuuSmsdaun 4 dhigunsalszgndldauuumitelszuananmansifinlasedin

4
Tugrumsdszaanavumniiedszulananaluniniy

3.4.2.3 Virtual online stock exchange games
(B o v (] P AN Y o dyd 4
I‘iJ‘iLLﬂiNLLNﬂJWﬂLﬂNﬂ@fJMVlQHWJE}ElNLﬂllﬁ“Vlﬁ@ﬂﬂulﬂHWNﬂGIaﬂuﬂﬁﬂﬂﬁfJ‘Uuﬂ’ﬂ 53k VG|
Y
o [ v J
mamamuzmﬁamaﬁ'uiummwaﬂmwa (Virtual online stock exchange games) 1ag
Y Y
Tsunsutiazilszaenlidde 5 uSamsaaaslalil :

1. UFM3TVA Input 91NIATBIGNUIY

v v o ]

a Y] 1 ogzl 4 4 { a 4
2. vimslumsdaiseenzuuuresfiaunimualunudiionezdaduduazuuu usmstiod

U

4 @
Tunaainniide 3.4.1 : madumdoya

a v A 9 Ao ' ¢ a A ¢ o 9
3. ﬂiﬂ’liﬁluﬂ'liﬂuw’li']fl%@ﬁi'!ﬂifll']ﬂﬂgclutﬂﬂﬁ ﬂiﬂ'ﬁuﬂgiulﬂmm%’lﬂﬂjﬂl@ 3.4.1:M9

v A Y
M3daiEeedolya
a A v Y a 1 Jd A dy 1 4 v 9
4. vimawazuuuhldsdaunnauneglunud vsmstieglunuaininiade 3.4.1 : 31
HUUMIMUIUASIUUIUY 1-Many 182 JUHUUMIAMUIUAZIUUIUD Many-Many
5. UTNIAI Output AUIATBIYNVY

9 (B 4 EEY 1 csy ~
Tmminmaﬂﬂin,m511umwmuﬁaau”laumameu%Lmﬂﬂugﬂw 3.15

Input

o

& CPU 8

( Get User Parameter )

T GPU )

Group of service

~

Group of service

Service 1 : Score ranking - -
service ( Service 1: S(;ore ranking )
service
Service 2 : Trader searching | Lf -« 3 N
service ( Service 2 : Trader searching )

service

Service 3: User status update .
service ( Service 3: User status update)

service

A )

\( Send Al Parameter ) )

Output

v Y
sUf 3.15 LLN’L!fﬂWfﬂi“l/]NTLJ"U’EJ\ﬂ‘ﬂ'iLlﬂﬁiJLLﬂJ"lﬂEl!ﬂiJﬁ%1ﬁ€Nﬁﬂ1u$ﬂﬁcd]iﬂemﬁlﬁ:uclu

Y

[ [-4
AN ANNINY
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Tsunsuazisudusudoyaninniosgninediuni “usmMssua Input 9INIATOIQN

] QB;} =< A Yy a a 2 a dyd a v A 9
VY~ ﬂTﬂuui]\i!ﬁ'ﬁ)ﬂslﬂ)'ﬂ‘iﬂ'lislﬂﬂiﬂ'l‘i’l/iu\‘ﬁ]'lﬂ 3UINITUAD “‘]JiﬂWicl,UﬂWii]ﬂL‘iEJ\‘]ﬂ&LuueU@\?Q

v v W Y
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q

Y a 1

a A [ J 09/} o 1 1 [ [ 4
uae “mﬂmwmmuu”lﬂmmaumﬂﬂumgiumuﬁ” mﬂuu?ﬁmmsmmﬂaullﬂmm?mgﬂ

U Q

£
v A

AU “UTNITET Output AUIATOIYNU Y UABZUTMIANT00T L I00E19azIDeA [AG il

1 U3M35UA Input INIATDIGNV

v
[

a [V A ' & 9 =) 9 = 9 o
UIMIFUA Input 91AATEIGNVITUIFA LT PHP TumsGenlsanu Tasneelgmds

@ VoA [l 1 3 = 9 A ~ a A dgl
GET Tumssumndewnain Tlsunsudaugnate mimiudelivihnlumsGenusmsh 2 Juun

o a ' ! ] o ] a 1 1
o lunimsaaud 1 higwnsalszgndldauuumitelszuanansiilnldvadivaludiu

9 ]

msiszuraravuniitolszuananatainiuly MV Input MINIATOIGNAUIY 92TNS

4
MUY 2 Tunoune

1) SUAINATEIGNU Y

] 9 v 9
TumsSuanginiesgnineiuzmdinsaeliil

1. $ _GET[param’;
2. $ GET['service";

Tagi param Ao MAs AU 182 service Aiv VTMsTdon1Flaen

A a v A 9
1 AD mmﬂummmiﬂaﬂmuummwau

A a Y A 9 Aa ' s
2 A0 ‘Uiﬂ1§11«!ﬂ13ﬂuﬁWiWﬂ%’ﬂﬁuﬂMﬂﬂﬂ@giulﬂMﬁ

q

A a A v Y ~ [} 4
3f0 mﬂmwuﬂmuuhlﬂmwaunﬂﬂumgﬁlumm
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1.  $service=3;

A Y o A Y Aa A v 9 1 A 1 4
aslmmsenldusmamuazuuuliddaunnauioglhunud
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2) msGenlsnuusmao il

@ y Y] 1 09; < o a 4 o o A
ndannnldsuaing 2 udrllsunsudazmmasenldnuusmsndlsasnlagmdanldlums

U

=) =) 1 dgl
Execute U3M3iaaao 11/l

1.  S$ret=exec($cmd);

Taeh $emd Aomdesnlslunmsdanuusmsoalyl wu

1.  $cmd = ranking_serv;

I~ 1 Y a v A [ I 9
WumsaelnusmstaiFesazuuumaunduay

a U gg d q { v v v
2 UsmslumsdaiSaenzuunvesdiaunsnualunudive oz dnouaunz Uy
a a o v A F A 09: d A
UIMIN 2 mssaiEeanzuunvesdaunanualunud Sesonazuuunigalil
v k4
touiga Tulisunsunagouriulaimsldllsunsudiodisues NVIDIA CUDA wnldlums

nagoulszansnIm [GPU-ABiSort: Optimal Parallel Sorting on Stream Architectures] U

a dyd A A To o A v A @ 1 1 :.;I
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1.  $ret=exec(“sorting.exe”);
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v ! ¢
3 USMslumsaumNgvenunNeelunud

Q U

a ~ dy o Y A 9 A [l 4 A Y ~
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v Y
TasnTsunsuuuniielszurananalaazinuaane i

start

[ Read Database j

'

For Loop

[End Loop]

[ Copy Data to Array A ]7

-

For Loop -

[End Loop]

[else]

[Data = Input]

Set Search Result

end

517 3.16 uwuNIMMTINOUVBILTMIA UM TR UDUMssTIaNaNa

U

Y 1
A A

{ o < 1 o 3 { J (B §
517 3.16 Alduaasdiriunmsmhauduaeun 2 4 Auiundim) Tdsunsuudaienlszuaa

[ Yas 09/} d‘ d' Y U
wauunulglseuananasezl¥ITmIIu for loop nanuae Nz AUIA Y Array A
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Y
Tsupsuuuniielszuranansdlnazinaudaae i

start

[ Read Database j

'

For Loop >&———

[End Loop)

[ Copy Data to Array A )7

Y

[ Copy Array A to GPU 's Memory j

Execute search Instruction In GPU parallels core y

3.N

[Data = Input]

A4

[ Set Search Result j

end
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a2 a v Y a dé
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ABSTRACT

A method for maintaining quality of service in game servers when
there exists with excessive users is often done by increasing the
number of game servers. While this method is straightforward, it
demands a number of new machines to be invested without
realizing local utilization of resources available in the current
machines. In this paper, we argue that graphic processor (GPU)
working in parallel with local central processor (CPU) inside a
machine can be a good candidate for reducing the workload,
before attempting to distribute it to the other machines. By using
the empirical study, we investigate in what level the GPU can give
benefits to different types of online game servers. As a result, we
can give suggestion how the GPU should be involved so that the
performance of game services can be improved. We believe that
this result can give benefits to online game developers who may
want to gain performance of their applications without requiring
any extra resources.

Keywords
Online Game, Graphic processor utilization, GPGPU

1. INTRODUCTION

Multiplayer online game has been drastically gaining in strength
and popularity in the game industry. To date, it becomes common
that an online game may be served for hundreds or even
thousands of concurrent players at same time. In this regards, the
response time of multiplayer online games is crucial, especially
during the high load of massive players. Hence, in order to lighten
the load, the popular approach is often done by upgrading the
current game server machine with a higher performance one.
While it is easy and straightforward, this approach demands a new
machine to be invested without utilizing some local resources,
such as Graphic Processor Unit (GPU) and its memory, that are
already available in the game server machine.

In this paper, we argue to take the GPU, which has shown an
unbelievable excellent performance in many kinds of application,
into consideration so that online games’ service quality in term of
response time can be maintained before attempting to distribute
the excessive workload to the other machines. To support this
argument, we describe our empirically evaluation and demonstrate
our GPU-utilized online games. The contribution of this paper is
in twofold; a) we advocate the GPU can be a good companion
with the central processing unit (CPU) located in a machine for
reducing the workload or accelerating some task during the heavy
load, and b) we suggest on the different levels of GPU support for
giving benefits to different service type of online game servers.

Suntorn Witosurapot
Department of Computer Engineering
Faculty of Engineering, Prince of Songkla University
P.O. Box 2 Khohong, Hatyai, Songkhla, Thailand
Telephone: +66 74 287369

wsuntorn@coe.psu.ac.th

The remainder of the paper is organized as follows. In Section 2,
we give a brief overview the GPU architecture, the difference of
GPU and CPU architecture, and the programming features of new
generation GPU. In Section 3, we describe in what way GPU can
be involved into the online game server. In Section 4, we describe
our experiments and results, following with. a suggested guideline
on improving the performance of online game service via the
GPU utilization. In Section 5 we conclude the paper.

2. BACKGROUND

2.1 Graphic Processor Unit Architecture

Due to the insatiably demanded high-definition 3D graphics
in most modern games, the GPU hardware architecture has
evolved into an enormous compute-intensive, highly parallel
multithreaded multi-core processor [1], as illustrated in Figure 1
in comparison of general multi-core Central Processing Unit
(CPU). As consequence, the GPU is then well-suited to speed up
many computational applications, where a large data set can be
processed via the mapping of data elements to parallel processing
threads. In this case, the GPU can be referred as General Purpose
computing on Graphic Processor Unit (GPGPU) technology.
Hence, it is clear that the modern GPU architecture can potentially
give benefits to most operations of game server machines, in order
to maintain its service quality.

= I
—
— |
i
—
— I
— T o

DRAM ‘

CPU GPU

Figure 1. CPU and GPU Architecture.

2.2 Related Works

Many research works have been found on improving the
service quality of online game servers during the times of
congestion. However, we are particularly interested in workload
distributed techniques of online game server. For instance, the
works in [2, 3] suggest how CPU resources of many computers in
federation can be work in cooperation for serving as a unified
infrastructure for hosting on-line games based on grid technology.
In [4], it takes the similar approach to design a flexible and



powerful infrastructure for Massive Multiplayer online (MMO)
games, which cooperates among a number of servers working in
the backend for different functionalities such as game server, Web
application server, and database. Our work aims to achieve the
same objective of CPU workload distribution, but focusing on the
local GPU utilization for basic improvement, before attempting to
distribute workload (i.e. game services) to the other machines of
game servers. The concept can be easily seen in Figure 2.

Service 1

Server 1

Server 2
Service 2 CE

(a)

Server 1

Service 3

(b)
Figure 2. Comparison of service distribution on game server
machine: (a) General approach, and (b) Our proposed one.

3. PROPOSED MODEL

As mentioned previously in the Section 2, the GPU is so powerful
that it can be simply used as a general-purpose GPU (GPGPU) for
accelerating large data-parallel computations, but needs to work in
collaboration with the local CPU on the same machine. However,
in the context of online game server applications, it is doubtful in
what level the GPU can give benefits to them. To explore this, we
setup an collaboration model for further investigation in the next
section. In Figure 3, the process flows occurring in our model can

be described as in follows: When a client makes a request in (1)

and the server should perform some computation and return a

response accordingly (6).

1. In case of sole computing on the local CPU, all the client
related parameters will be locally performed and kept in the
main memory.

2. In case of distributed computing on the GPU, all the client
related parameters will be copied to the GPU’s memory and
further executed under the command of CPU by means of the
service wrapper functionality. When finished, the results will
be later transferred to store on the main memory.

Client L‘

Server

]
@ [ |

"]

' ]

[ |

Data Flow '] @

..... 5> @ (]
Instruction Flow
—_— A

Figure 3. GPU Function process
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4. EMPIRICAL EVALUATION

We group the propose solution‘s empirical evaluation into 2 parts.
1 testing the propose solution in one player online game server
and 2 testing the propose solution in massive multiplayer online
games server. In this case, both parts using same experiment
platform consist of 2.66 GHz Quad-Core Intel Core i7 (4 Core 8
threads CPU), 3GB DDR3 main memory, Windows 7 x86 with
NVIDIA ForceWare version 190.38 as GPU driver and NVIDIA
GeForce 9800GX2 graphics cards (Consists 256 Stream
processors)

For the purpose of testing, we build two versions of each
experimental online game; the version running solely on the CPU
(Built with Microsoft Visual C# 2008) and the other version
running on both CPU and GPU (Built with NVIDIA CUDA SDK
2.2). We repeat five times for each testing and then average the
results to yield the final result showed in this paper.

4.1 Experiment 1: Single Player Online Game
4.1.1 The model

We implement the Tic-tac-toe [10] program, where two players
(one character is human and the other is computer (called a non-
player character or NPC)) compete for placing three respective
marks in a horizontal, vertical or diagonal row to win the game, as
illustrated in Figure 4. However, two key services are particularly
concerned in our developed program; a) Al-based service for
computing NPC’s next turn and b) Score calculation service for
accumulating the user scores. It’s noted that the Al-based
algorithm can take direct advantage from the co-existed GPU by
distributing the workload searching for the best strategy across
GPU’s parallel cores. This is not the case for the score calculation,
where a single calculated operation is only processed.

In our experiments, either of these services will take different
patterns for execution on both types of processors. The objectives
are to observe in which context (or in what level) the GPU can
give benefits to the execution of Tic-tac-toe game servers.

Input

.

g N
CPU

C Get User Parameter )

C Service 1 : Al-Based Service )| ____._| ( Service 1 : Al-Based Service )

<

GPU

(

\]

Service 2 : Score Calculation Service 2 : Score Calculation
Service  jE€F=--TT Service
C Send Al Parameter )
o

n

QOutput

Figure 4. Workflow in Tic Tac Toe online game

4.1.2 Results

As we can see from the Table 1, the Al-based service running on
the GPU noticeably outperforms (in term of producing overall
response time) this service running on the CPU, while the Score
calculation service is better running on the CPU, rather the GPU
counterpart. This implies the shift of separable workloads to be
executed on the GPU can potentially reduce the processing time.



Table 1. Overall response time of single thread (Tic-tac-toe)

Test Al-based Score Calc. Elapsed
Case Service Service Time
Number running on running on (ms)
1 CPU CPU 1.209
2 GPU CPU 0.046
3 CPU GPU 1.237
4 GPU GPU 0.074

However, to ensure the better performance of overall system, we
repeat the above scenarios, but increasing the number of inputs to
100 and 1000 clients. As the result shown in Figure 5, the overall
CPU usage time in the Test Case number 2 is relatively shorter
than that of the Test Case number 1.

\J Some service runs on GPU % All service run on CPU

CPU Usage ts) CPU Usage (%)

Time (smms) Teme {5ms)

(@) (b)

Figure 5. Overall CPU loads comparison in 2 scenarios:
(a) 100 workloads and (b) 1000 workloads

4.2 Massive Player Online Game
4.2.1 The model

Here, we are interested in massive multiplayer online game server
(like Final Fantasy XI Online, Ragnarok Online), but decide on
the implementation of a massively Muliplayer online role-playing
game (MMORPG) server called the virtual online stock exchange
games. It is a kind of game that simulates the stock exchange
environment as illustrated in Figure 6, and three key services are
mainly concerned in our developed program; a) Score ranking
service for sorting all users’ scores in the game server, b) Trader
searching service for locating the stock trader in the database, and
¢) User status update service for updating all users’ sores in the
game server. Here, only the user status update service unlikely
obtains the benefits from the co-existed GPU since a single
calculated operation is only processed upon a request for a user.

Input

o

(" CPU R

Get User Parameter
GPU

Group of service i
Group of service

Service 1 : Score ranking N N
service Service 1 : Score ranking
service
Service 2 : Trader searching | || === - - »
service Service 2 : Trader searching
service
Service 3: User status update
service Service 3: User status update
service

k( Send Al Parameter ) )

Output

Figure 6. Workflow in Virtual online stock exchange game
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Here, each service will be individually performed by varying the
number of input from 1 to 20000 clients and overall response time
will be observed.

4.22 Results

As seen in Figure 7, with a significantly large number of clients
(approximately 2000 upward), the GPU can give the extreme
benefits for all separable tasks such found in the searching trader
service and the score ranking service. However, it is not the case
when there is a small number of user data executed on the GPU
due to the burden of associated overheads.

# CPU o GPU
TIMES(ms)
0.4
03
02
0.1
o P el O sers
1 10 100 1000
(a) Searching trader service
& CPU o GPU
TIME(ms)
0.6
0.45
03
0.15
0 DATA
1 10 100 1000 5000 10000 20000
(b) Score ranking service
« CPU o GPU
TIMES (ms)
06
0.45
03
0.15
0 USERS

1 10 100 1000 5000 10000 20000 50000
(c) User status update service

Figure 7. Overall response time on various services

5. CONCLUSION

We have presented a possible approach to lighten CPU workloads
of online game server application by favorable means of utilizing
the local GPU computing facility. The objective is to express that
the GPU can be a helpful factor for prolonging the fast response
time to massive game players as long as the workload of game
server machine is not overloaded. However, as clearly seen from
our experimental results, it is not always the case that all sorts of
online game will gain benefits owing to the cooperative works of
these two processors. We then give suggestion on what sort of
workload should be effectively executed on the GPU, therefore
giving an extreme benefit not only to online game developers, but
also the overall online game industry.
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Abstract

A large-scale of online games usually invests the
additional hardware facility, in order to maintain the
acceptable service quality. Although there exists a
research work that aims to decrease this additional
hardware cost by adopting the service-oriented
architecture and distributing the load to be executed on
the other machines. In this paper, we argue that the
Graphic processor (GPU) located already in the typical
machines can be useful for boosting the game service’s
worked in

performance, particularly when it s

conjunction with the Central processor (CPU). We

further show the evidence of our experimental prototype
given in the paper.
Keywords: Online Game, Service Oriented Architecture,

Graphic processor utilization
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