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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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!""#$ 1 
!"%&

1.1 '()*+&',-./0"#$*)123(4"5)%46%78

!"##$%&'($)*+,-../0-/*1(('23'1245.&%67+/'89/0:8;//+-<=>'(9?+@.740.A7#+-048/0-/*1

(('23'1/BCD503?':.5(/-&'#E'7'2/?/+-'&- #'!"##$%&'-3+90!F'0.G;(@!-)8HB;0-/*1(('23'1,'=;@I 

#J)5(@.(@.&%CD503?'K',3&-:&',.G(,3&-,/G;'6':.5(/I-&' L=;@HEK,50-84!"M,+K'-+.K,5%.8-+.

0-/*1(('23'1N490O:+J(9?+@98;@!"M,+K'45+'!.J*8HP8Q+:-+.)(%*'(@<(@0-/*1 (&'0'G;(@/+

#+-67+/2/?0:B9@:(<(@H.&:9+-.,'?79!.J/73C3 [1] L=;@K'!"##$%&'/&-#JKR578PB-+.-.J#+9Q+.J

@+'<(@06.G;(@S/?<?+9K,5%.8-+.0-/*1(('23'12!9&@06.G;(@S/?<?+9(G;'I 0R?' K'@+'78#&9 [4] 245-3?+7

T=@-+.'E0H6N'N39B-.84 (Grid technology) 0<5+/+KR5@+'0:G;(R?79-+.-.J#+9Q+.J@+'2!9&@

6(/:870)(.1#E'7',3+9)&7 *E,.&%0-/*1(('23'1 Final Fantasy XI <(@%.8U&H SquareEnix 

0!F')5' 78PB-+.'B>*+/+.TS-52<!"M,+4&@-3?+7245(9?+@/B!.J*8HP8Q+: S)?H7?+78PB-+.'B>#E0!F')5(@/B

-+.3@H$'K'*?7'06.G;(@S/?<?+90:8;/0)8/N49HB;9&@2/?245KR5H.&:9+-.<(@06.G;(@S/?<?+9(9?+@0)A/HB; N49

0O:+J(9?+@98;@,'?79!.J/73C3-.+VW- (Graphic Processing Unit : GPU) S3J,'?7967+/#E<(@

,'?79!.J/73C3-.+VW- 78H9+'8:'P1'B>#=@/$?@HB;#J'E0(+,'?79HE@+'H&>@6D?/+KR5K'-+.#&4-+.!"M,+

<5+@)5'HB;:%K'06.G;(@K,5%.8-+.0-/*1(('23'1 N49KR50H6'86<&>'*D@H+@78X7-../L(V)1S7.1  2 

!.J-+. 6G(

1) 0H6'86 GPGPU (General-purpose computing on graphics processing units) [2] L=;;@0!F'-+.

:&Y'+N!.S-./HB;'E,'?79!.J/73C3-.+VW-/+KR5K'-+.!.J/73C3 6D?<'+'2!-+.!.J/73

C3N!.S-./K','?79!.J/73C3-3+@ (Central Processing Unit : CPU) 0R?'HB;:%K'-+.

!.J/73C3S%%:G>'Z+'H&;72!  L=;@/B<5(4B,3+9!.J-+. 0R?' *+/+.T6E'7'S%%<'+':.5(/I

-&'0!F'#E'7'/+-245 (&'0'G;(@/+#+-N6.@*.5+@<(@,'?79!.J/73C3-.+VW-HB;/B#E'7' 

Streaming Processor #E'7'/+- (9-)&7(9?+@0R?'K','?79!.J/73C3-.+VW- .$?' GeForce 

GTX 480  '&>'#J/B Stream Processor T=@ 480 R$4) L=;@#J*?@C3HEK,5!.J*8HP8Q+:<(@N!.S-./

1

1



HB;KR50H6'86 GPGPU '&>'4B<=>'-7?+N!.S-./HB;!.J/73C3N49KR5,'?79!.J/73C3-3+@S)?0:B9@

(9?+@04B97/+-

2) 0H6'86-+.N!.S-./)+/S'7H+@*T+!")9-../0R8@%.8-+. (Service-oriented architecture ,.G( 

SOA) [3] L=;@((-S%%K,5N!.S-./*+/+.TTD-0.B9-KR5@+'245K'3&-U[J<(@ “-+.K,5%.8-+.” 

0:G;(!.JN9R'1H&>@K'45+'<(@-+.0.B9-KR5@+'#+-N!.S-./(G;'I 245(9?+@(8*.J N49HB;2/?#E0!F'

)5(@0!F'Q+U+K'-+.N!.S-./HB;0,/G('-&'245 0:B9@S)?H.+%)ES,'?@HB;(9D?<(@N!.S-./ S3J

)&7S!.HB;)5(@-+.0H?+'&>' -A*+/+.T0.B9-KR5@+'245 (L=;@KR5X&:H10H6'867?+ \ “-+.0RG;(/)?(S%%

,37/I ,.G( Loosely couple interface”) 4&@'&>' S'7H+@<(@*T+!")9-../ SOA 'B> #=@'?+#J

0,/+J*/HB;#J'E2!KR5K'*'&%*'$'-+.*&;@,.G(67%6$/-+.!.J/73.J,7?+@N!.S-./HB;HE@+'

(9D?%','?79!.J/73C3-3+@S3JHB;(9D?%','?79!.J/73C3-.+VW- L=;@(+#:&Y'+<=>'4579Q+U+

K'-+.N!.S-./HB;S)-)?+@-&'

] N4967+/*E6&MS357 78H9+'8:'P1'B>#J/$?@X=-U+-+.0:8;/!.J*8HP8Q+:K'-+.K,5%.8-+.<(@

06.G;(@S/?<?+9 0/G;(/B-+.S%?@*?7'!.J-(%Q+9K'N!.S-./0-/*1H+@*?7'<(@S/?<?+9((-0!F'K,5/B

3&-U[J0!F' “%.8-+.@+'*'&%*'$'” )?+@I S3J95+92!!.J/73C39&@,'?79!.J/73C3-.+VW-SH' 

0:G;(0!F'-+.%..0H+Q+.J@+'K'-+.*?7'<(@N!.S-./45+'(G;'I HB;9&@!.J/73C3(9D? [ ,'?79

!.J/73C3-3+@0R?'048/ L=;@6+47?+'?+#J/BX&-9Q+:K'-+.R?79K,506.G;(@S/?<?+9*+/+.T.(@.&%

#E'7'CD5KR5@+'2450:8;//+-<=>' '(-#+-'&>' 9&@*?@C3HEK,5*?7'<(@N!.S-./0-/*1H+@45+'S/?<?+9 

*+/+.T#&4-+.S-52</%E.$@.&-U+245@?+9<=>' #+-!.JN9R'1<(@S'7H+@-+.N!.S-./)+/S'7H+@

*T+!")9-../0R8@%.8-+.(B-4579 #=@6+47?+'?+#J/B!.JN9R'1(9?+@98;@)?(($)*+,-../0-/*1(('23'1

1.2 (,9:;<=0+3'8123(4"5)%46%78
1. 0:G;(X=-U+!.J*8HP8Q+:-+.#&4-+.!"M,+67+/6&%6&;@HB;06.G;(@S/?<?+9K,5%.8-+.0-/*1(('23'1 

N49KR5S'7H+@K'-+.:&Y'+N!.S-./4579*T+!")9-../0R8@%.8-+.S3J0H6'86 GPGPU 

2. 0:G;(0!.B9%0HB9%3&-U[J<(@@+'!.J0QH)?+@I <(@0-/*1(('23'1HB;0,/+J*/ *E,.&%-+.'E2!

!.J/73C3%','?79!.J/73-.+VW-

2



1.3 12!>19123(4"5)%46%78
1. X=-U+S'7H+@-+.N!.S-./4579*T+!")9-../0R8@%.8-+. S3J0H6'8678PB GPGPU 0:G;(-+.S9-

*?7'%.8-+.N!.S-./S/?<?+9*E,.&%0-/*1(('23'1S%%)?+@I HB;'E/+KR5-+.X=-U+78#&9

2. X=-U+0!.B9%0HB9%!.J*8HP8Q+:45+'67+/.740.A7K'-+.)(%*'(@CD5KR5@+'N!.S-./0-/*1

(('23'1H+@45+'S/?<?+9K,5%.8-+. .J,7?+@S%%:G>'Z+'L=;@!.J/73C34579,'?79!.J/73C3 

-3+@N493E:&@ -&%S%%HB;KR5,'?79!.J/73-.+VW-.?7/4579 K'*Q+7JS7435(/HB;/BQ+.J@+'#+-

#E'7'<(@CD503?'HB;0:8;//+-<=>'0!F'3E4&% #+-0-/*1(('23'1 2 !.J0QH 6G( 0-/*1(('23'1S%%

CD503?'6'04B97 S3J S%%CD503?':.5(/-&',3+96'

3. X=-U+67+/0,/+J*/K'-+.KR50H6'86 GPGPU -&%3&-U[J@+'N!.S-./0-/*1(('23'1*?7'S/?

<?+9R'84)?+@I N49KR5C3H4*(%67+/0.A7K'-+.)(%*'(@S3J<5(#E-&4<(@0H6'86 GPGPU 

0!F'0-[ 1̂)&4*8'

1.4 1,?%92%@)=A&>%4%3)%
1. X=-U+@+'78#&9HB;KR5!.JN9R'1#+-*T+!")9-../0R8@%.8-+. S3J0H6'86 GPGPU K'%.8%H<(@

0-/*1(('23'1H+@45+'S/?<?+9

2. X=-U+*T+!")9-../<(@N!.S-./0-/*1(('23'1H+@45+'S/?<?+9HB;#J'E/+KR5K'-+.78#&9 0:G;(

#ES'-(@61!.J-(%<(@V"@-1R&;'@+'%+@*?7'K,5/B3&-U[J0!F'%.8-+.@+'

3. :&Y'+ S3JH4*(%!.J*8HP8Q+:K'-+.KR5!.JN9R'1#+-0H6'86 GPGPU <(@3&-U[J@+'

Q+9K'0-/*1(('23'1S%%)?+@I -&' :.5(/X=-U+!.J*8HP8Q+:45+'67+/.740.A7K'-+.)(%

*'(@CD5KR5@+' .J,7?+@%.8-+.N!.S-./S%%HB;KR5 CPU -&%S%%HB;KR5 GPU S3J CPU (C?+'H+@

0H6'86-+.N!.S-./S%% GPGPU) 

4. .7%.7/C3-+.H4*(% *.$!C3 S3J#&4HE78H9+'8:'P1O%&%*/%D.[1

3



1.5 B<=0C5D%8"#$')A(E)F0GAH=,!
1. 0H6'86-+.KR5V"@-1R&;'23%+.B;;:G>'Z+'*E,.&%,'?79!.J/73C3-.+VW- K'-+.:&Y'+0!F'-32-

0R8@%.8-+.)+//+).Z+'07A%0L(.178*

2. S'7H+@HB;0,/+J*/K'-+.-.J#+9Q+.J@+'0-/*1(('23'1*?7'S/?<?+9#+-,'?79!.J/73C3-

3+@2!9&@,'?79!.J/73C3-.+VW- N49KR5!.JN9R'1#+--32-HE@+'0R8@%.8-+.S3J0H6'86-+.

N!.S-./S%% GPGPU

3. 3&-U[J-+.#ES'-!.J0QH@+'Q+9K'0-/*1(('23'1HB;HE@+'Q+9K'*?7'<(@06.G;(@S/?<?+9 L=;@

0!F'!.JN9R'1)?(CD5:&Y'+N!.S-./0-/*1(('23'1 L=;@!.J*@61#JKR5!.JN9R'1#+-,'?79

!.J/73C3-.+VW-

4



!""#$ 2 

"%&'#()*+),--./

2.1 0-/1$223

! "#$%&'(#)*#+,+-./012/3432567/1#$6)3+/8*.936:;+-4-#1<=$#6<(>?68$#6.$+@:

33=,A=:B#1<9>C-*2.*A#50D+0EF><C>2#=/6>3+$7="G=*=+#$ 50D@-2EA$6H5?9-3.*A#<=$#693?@=32

432$#6<(>?68$#6.$+@:33=,A=:I7250D$A-#*<=?550DE--#=+#;A>*=7J= "H,I>=G.@=3;=*5#2$#6;$>,4

%&'(#50D,I><C><=2#=*8"71./KD3*851#=8/=L:=0JJJ.%M=AGI7?N ,% OI1.68D+9>="H.%M=$#6$A-#*PQ2;=*5#250D

"H=G+#<C>./KD3$6H"#1B#6H2#=432(=-*1%6H+*AEA$A#2 (CPU) ,%%6H+*AEA172(=-*1

%6H+*AEA$6#RS$ (GPGPU) /6>3+$7?5?5*=*66T$66+50D.$0D1*4>32 (A72"#$=7J="Q2.%M=$#6

$A-#*PQ2;=*5#2432$#6/7U=#O%6;$6+I>*1;=*5#2@P#%&91$66+.C82?68$#6 (SOA) VQD2"HC-*1

<(>O%6;$6+57J2@-*=50D5G2#=31F-?=(=-*1%6H+*AEA57J2@32;??@#+#6P"H98I9-3$7=,I>OI138@6H

+#$4QJ= ;+>*-#"H/7U=#4QJ="#$B#W#$#6O%6;$6+50D;9$9-#2%6H.B5$7=$X9#+ /6>3+$7?5?5*=

*66T$66+50D.$0D1*4>32.C-=$7=

2.2 -./-/*4.56./*7.20-89:;;2<)2:=>5?@A+2BC5D/*8C)E)-/.FG-

! $#6./8D+"G=*=$#663267?EF><C>2#=432.)6KD32;+-4-#1.$+@:33=,A=:=7J= <=%&""Y?7= +7$"H<C>

*8L0$6H"#1B#6H2#=,%172.)6KD32;+-4-#13KD=N .C-= <=2#=*8"71 [11] ,I>=G.5)O=OA10$68I.4>#<C>./KD3C-*1

$#6$6H"#1B#6H2#=<(>$7?)3+/8*.936:"G=*=(A#197* 31-#2,6$X9#+*8L0$#6=0J+0$#6A25Y=./8D+.98+

./KD3=G)3+/8*.936:3KD=N .4>#+#C-*12#= ;9-$X172,+-,I>/8"#6T#=G567/1#$650D+031F-.I8+<=.)6KD32

)3+/8*.936:;A>* .C-= (=-*1%6H+*AEA$6#RS$ (GPU) /6>3+(=-*1)*#+"G .%M=9>= +#<C>2#=./KD3

$#6./8D+%6H@85L8B#/.%M=AGI7?9>=N

2.2.1 -)<-"37.20HI$;-./D/*8C)E)!2+2BC5D/*8C)E)-/.FG-

! $#6=G(=-*1%6H+*AEA5#2$6#RS$.4>#+#C-*1<=?66.5#B#6H2#=<(>$7?(=-*1%6H+*A

EA$A#2432.)6KD32)3+/8*.936:=7J= ;9-.I8+=81+<C>$7=+#$.Z/#H$#6C-*12#=I>#=;@I2EA$6#RS$ 

5
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31-#2,6$X9#+ .+KD3+0)*#+;/6-(A#1432$6#RS$)*#+AH.301I@F2<=O%6;$6+.$+@:;??@#++898 "Q2,I>

67?$#6%67?.%A0D1=.C82@P#%&91$66+<(>$A#1.%M=(=-*1%6H+*AEA3.=$%6H@2):;??+0@+66P=H

@F2 ;AH+0)YTA7$WTH50D@#+#6P%6H+*AEA;??4=#=/6>3+N $7=.%M="G=*=+#$,I> [2] .=KD32"#$+0

432(=-*1%6H+*AEA5#2)T89[#@96: (Arithmetic Logic Unit (6K3 ALU) "G=*=+#$31F-B#1<=  

I72,I>;@I2$#6.%601?.501?$7?(=-*1%6H+*AEA$A#2;??(A#1;$=%6H+*AEA (Multi-core 

CPU) ,*><=6F%50D 2.1 OI1"H@72.$9Y,I>*-#32):%6H$3?/KJ=\#= (,I>;$- (=-*1)*#+"G;?? DRAM, 

(=-*1)*#+"G;)C (Cache), (=-*15G2#= ALU ;AH@-*=)*?)Y+ (Control)) .(+K3=$7= ./012;9-

"G=*=432 ALU 432(=-*1%6H+*AEA$6#RS$;9$9-#2$7=31-#2.(X=,I>C7I."=  I72=7J= ;=*)*#+)8I

<=$#61>-#1B#6H2#=?#2@-*=432O%6;$6+.$+@:+#%6H+*AEA172(=-*1%6H+*A$6#RS$ VQD2.601$*-#  

GPGPU (General-Purpose computing on Graphics Processing Units) "Q2=-#"H./8D+%6H@85L8B#/

I>#=)*#+.6X*<=$#6%6H+*AEA432.)6KD32;+-4-#1,I>I018D24QJ= "#$EA432 ALU "G=*=+(#[#A50D+0

31F-B#1<=(=-*1%6H+*AEA$6#RS$=7D=.32

 /JD"#$ 2.1 O)62@6>#2432(=-*1%6H+*AEA$A#2 (CPU) ;AH(=-*1%6H+*AEA$6#RS$ (GPU)

2.2.2 7.2C14,5"#$0-#$5CKA;7

! 97*31-#24322#=*8"71?#2@-*=50D6#12#=%6H@85L8B#/I>#=)*#+.6X*<=$#6%6H+*AEA50D./8D+

@F24QJ= .+KD3=G(=-*1%6H+*AEA$6#RS$ (GPU) .4>#+#6-*+5G2#=I>*1$7?(=-*1%6H+*AEA$A#2 .C-=

6



2.2.2.1 7.2C14,50/I$;7 “GPU-based Desktop Supercomputing” =>5 James Glenn-Anderson 

            ()*LM* [2]

! 2#=*8"71C8J==0J,I>[Q$W#;AH5I@3?%6H@85L8B#/432$#6=G.3# Graphics Processor Unit 

(GPU) +#<C><=$#6C-*1%6H+*AEA2#=9-#2N OI150D[Q$W#?= API 50D+0$#6=G+#<C>2#="682;A>* .C-= 

Compute Unified Device Architecture (CUDA) 432?68W75 NVIDIA ;AH Data Parallel Virtual 

Machine (DPVM) 432?68W75 ATI OI1EA50D,I>+0)*#+=-#@=<"31-#218D2)K3+0$#6./8D+%6H@85L8B#/

432O%6;$6+.+KD3.501?$7?$#667=O%6;$6+?=(=-*1%6H+*AEA$A#231-#2.I01*.%M=31-#2+#$ OI1

EA"#$$#65IA32 ,I>;@I2<(>.(X=*-#@#+#6P./8D+)*#+.6X*"#$$#667=;??%$98,I>@F2+#$4QJ=<=C-*2

97J2;9- 17 PQ2 1040 .5-# 2#=*8"71=0J"Q2@=7?@=Y=;=*)*#+)8I4322#=<=*851#=8/=L:=0J,I>.%M=31-#2I0

2.2.2.2 7.2C14,50/I$;7 “In-Memory Grid Files on Graphics Processors” =>5 Ke Yang 

N ()*LM* [5]

! 2#=*8"71C8J==0J,I>[Q$;=*)8I<=$#6=G.3#(=-*1%6H+*AEA5#2$6#RS$+#<C>><=$#6%6H+*A

EA4>3+FA"G=*=+#$ .C-= $#6 Query 4>3+FA $#6.%601?.501?4>3+FA .%M=9>= OI1"#$$#65I@3?

%6H@85L8B#/I>#=)*#+.6X*<=$#6%6H+*AEA50D,I>=7J= ./8D+4QJ=31-#2+#$ VQD2@=7?@=Y=;=*)*#+)8I

4322#=<=*851#=8/=L:=0J,I>.%M=31-#2I

2.3 -)<-D/*9.2-./0@I$;8OB;/*+CB.7=D/(-/8"#$H,P2.4.-6.&.OB.7@21>-,2

! .=KD32"#$.5)=8)*8L050D$6H"#1O%6;$6+?#2@-*=432(=-*1%6H+*AEA$A#2<(>,%%6H+*A

EA172(=-*1%6H+*AEA$6#RS$=7J= "G.%M=9>32+0@-*=432O%6;$6+50D5G(=>#50D)*?)Y+$#6%6H@#=

2#=6H(*-#2(=-*1%6H+*AEA57JD2)F- I72=7J= "Q23#".$8I%&'(#(6K3)*#+1Y-21#$<=$#6%6H@#=2#=4QJD=

,I> <=$6T050DO%6;$6+@G(67?(=-*1%6H+*AEA57J2)F-=7J=,I>67?/7U=#I>*1B#W#50D9-#2C=8I$7= "#$4>3

"G$7I43297*;%AB#W#C7J=@F250D+0<C>2#=?=(=-*1%6H+*AEA$6#RS$ [6]

! ;=*)8I432$#633$;??O%6;$6+9#+@P#%&91$66+.C82?68$#6 (SOA) @#+#6P=G+#<C>

<=$#6;$>,4%&'(#=0J,I> .=KD32"#$+Y-2.=>=<C>$A,$50D+0/KJ=\#="#$B#W# XML <=$#6;A$.%A0D1=

4>3+FA6H(*-#2)F-O%6;$6+50D9>32$#6@KD3@#6$7=,I>31-#238@6H <=A7$WTH432$#6%6H@#=2#=$7=
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;??(A*+N (Loosely coupled interface) ;+>*-#O%6;$6+.(A-#=7J="H/7U=#4QJ=+#"#$B#W#

)3+/8*.936:50D;9$9-#2$7=$X9#+ 97*31-#2432.5)O=OA1050D<C>;=*)8I@P#%&91$66+.C82?68$#6 .C-= 

COBRA, XML-RPC, ;AH Web Service .%M=9>= 31-#2,6$X9#+ <=*851#=8/=L:=0J"H.=>=.Z/#H

.5)O=OA10.*X?.V36:*8@ (Web Service) .=KD32"#$)*#+;/6-(A#1432$#6<C><=2#=*8"71I>#=$#6

/7U=#.$+@:33=,A=:;??.)6K34-#150D+0$#6.E1;/6- (.C-= [7, 8]) 30$57J2172+0)*#+@HI*$9-3$#6[Q$W#

*8"71<=*851#=8/=L:"#$R&2$:C7D=5G2#=@=7?@=Y=$#6%6H+*AEA4>3+FA;?? XML OI1962

2.3.1 -)<-"37.20CQ!0R;/:C19

! .*X?.V36:*8@.%M=$A,$5G2#=+#96\#=432 W3C (World Wide Web Consortium) [9] 9#+

;=*)8I432@P#%&91$66+.C82?68$#6./KD35G<(>O%6;$6+50D3#"9-#2%6H.B5$7=@#+#6P98I9-3;A$

.%A0D1=4>3+FA6H(*-#2$7=,I> I72=7J=<=?68?5432*851#=8/=L:=0J "Q25G<(>@-*=432O%6;$6+.$+@:50D

IG.=8=$#6B#1<=(=-*1%6H+*AEA$A#2VQD2/7U=#4QJ=I>*1B#W# PHP ] @#+#6P@KD3@#6$7?@-*=432

O%6;$6+VQD2/7U=#4QJ=I>*1B#W#  CUDA [6] @G(67?IG.=8=$#6(=-*1%6H+*AEA$6#RS$432EF>EA89 

NVIDIA ,I> 31-#2,6$X9#+ .+KD33>#2382$7?O+.IA5G2#=9#++#96\#=;??.*X?.V36:*8@ (I72;@I2<=

6F%50D 2.2(a)) ;A>*"H,+-+0$#6<C>(=-*15G2#= Service Broker <=$#6[Q$W#*8"71=0J .=KD32"#$(=-*1

%6H+*AEA57J2@32=7J=,I>56#?6#1AH.301I432?68$#650D9>32$#6VQD2,I>$G(=I,*>A-*2(=>#B#1<=

O%6;$6+;A>* (IF6F%50D 2.2(b))

! $#6@KD3@#69#++#96\#=.*X?.V36:*8@=7J= EF>.601$<C>?68$#6 (Service Requester)  "H9>32

56#?6#1AH.30I.$0D1*$7??68$#6"#$EF><(>?68$#6 (Service Provider) .C-= "G=*=/#6#+8.936:50D

9>32$#6<(>6H?Y,*>$-3=$#6.601$<C>?68$#6 (6K3/#6#+8.936:50D"H,I>67?(A72"#$.@6X"@8J=$#6%6H+*A

EA?68$#6 .%M=9>= 4>3+FA.(A-#=0J"H$G(=I,*><=A7$WTH432.3$@#6 XML 9#+4>3$G(=I432B#W# 

WSDL (Web Services Description Language) (A72"#$=0J;A>* EF>.601$<C>?68$#6$X@#+#6P"H"7I$#6

4>3+FA./KD3$#6.601$@7D22#=6*+PQ2$#6"G;=$4>3+FA./KD367?4>3+FA50D93?$A7?+#,I>31-#2PF$9>32 

31-#2,6$X9#+ 4>3+FA50D@KD3@#66H(*-#2$7==0J"H.%M=A7$WTH432.3$@#6 XML .C-=$7= ;9-$G(=I9#+

B#W# SOAP (Simple Object Access Protocol)
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(a)

(b)

/JD"#$ 2.2 $A,$5G2#=;??.*X?.V36:*8@ (a) 9#++#96\#= ;AH (b) ;??,+-9>32<C> Service Broker 

! <=6F%50D 2.3 ;@I2<(>.(X=PQ2$#6.CKD3+9-3./KD3;A$.%A0D1=4>3+FA9#++#96\#=.*X?.V36:*8@  

VQD2,I>IG.=8=$#6<=*851#=8/=L:=0J $A-#*)K3 R&2$:C7D=50D.$0D1*4>32$7?$A,$5G2#=.*X?.V36:*8@"H+0

A7$WTH.%M=R&2$:C7D=50D5G(=>#50DC-*1$#6%6H@#=2#= (Interface Function) ./KD367?/@-24>3+FA$7?R&2

$:C7D=5G2#=57D*,%30$53I(=QD2 I72=7J= "#$6F%50D 3 =0J,I>33$;??<(>R&2$:C7D=5G2#=57D*,%50D9>32$#6<C>

$A,$.*X?.V36:*8@"H9>32"7I6F%;??4>3+FAA-*2(=>#<(>.%M=A7$WTH.3$@#6;?? XML $-3=50D"H@-2

<(>R&2$:C7D=C-*1%6H@#=2#= VQD2"H(Y>+(-34>3+FA=0J<(>.%M=,%9#+6F%;??B#W# SOAP ("Q2.%601?
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.@+K3==G4>3+FA XML +#<@-V32"I(+#1;?? SOAP) $-3=50D"H@-233$,%172?68$#650D31F-<=(=-*1

%6H+*AEA3KD=9-3,% <=5#2962$7=4>#+ $X"H<C>A7$WTH5G2#=.C-=.I01*$7==0J<=$#6@-2$A7?4>3+FA

?68$#6

/JD"#$ 2.3 $#6.CKD3+9-36H(*-#2$7=432?68$#6I>*1.5)O=OA10.*X?.V36:*8@

2.3.2 7.2C14,5"#$9;>L)A;7(2CL1>KA.7OA2

! 97*31-#24322#=*8"71?#2@-*=50D=G;=*5#2@P#%&91$66+.C82?68$#6,%<C>./KD3C-*1IG.=8=

$#6432O%6;$6+.$+@:@-*=;+-4-#150D31F-4>#+.)6KD32$7= VQD2;9$9-#2"#$2#=*8"71<=*851#=8/=L:=0JVQD2

<C>;=*5#2432@P#%&91$66+=0J.C-=$7= ;9-IG.=8=$#6I>*1$A,$5G2#=.*X?.V36:*8@ ;AH%6H@#=

2#=6H(*-#2$7=$7?(=-*1?68$#650DIG.=8=$#6OI1(=-*1%6H+*AEA$A#2;AH$6#RS$50D31F-B#1<=

.)6KD32)3+/8*.936:97*.I01*$7=

2.3.2.1 7.2C14,50/I$;7 “Modeling System Performance in MMORPG” =>5 Gao Huang 

            ()*LM* [10]

! 2#=*8"71C8J==0J=G.@=36H??97*31-#2432$#6@6>#2?68$#6;?? On Demand @G(67?$#6<(>

?68$#6.$+@:33=,A=: OI133$;??R&2$C7D=50D"H@#+#6P<C>2#=6-*+$7=,I><(>33$+#<=6F%;??

?68$#6 .C-= ?68$#6$#6"7I$#6$#6.4>#<C> (login management) , ?68$#6@G(67?$#6/?%H$7=6H(*-#2

EF>.A-= (lobby services) (6K3 ?68$#6@G(67?$#6"7?)F-.A-=.$+@: (matchmaking services)"#$EA$#6

5IA32,I>;@I2<(>.(X=PQ2$#6=G;=*)8I@P#%&91$66+.C82?68$#6+#<C><=$#633$;??@P#%&91:

$66+.$+@:33=,A=:@-*=;+-4-#1 VQD2=3$"#$"H,I>;@I2<(>.(X=PQ2)*#+@#+#6P<=$#6.CKD3+9-3
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6H(*-#2O%6;$6+50D/7U=#"#$B#W#9-#2C=8I$7= 172,I>;@I2<(>.(X=*-#$#6<C>;=*)8I;?? Service-

Oriented =0J=7J=,+-,I>5G<(>%6H@85L8B#/432.$+@:33=,A=:=7J=AIA2,%;9-31-#2,630$I>*1

2.3.2.2 7.2C14,50/I$;7 “Evaluating a Middleware for Crossmedia Games” =>5 FERNANDO

            TRINTA ()*LM* [11]

! 2#=*8"71I72$A-#*,I>;@I2<(>.(X=PQ2$#6=G.3#;=*)8IP#%&91$66+.C82?68$#6 +#<C><=$#6

/7U=#.$+@:33=,A=:OI1+0$#6;?-2.%M=?68$#6 ./KD350D"H<(>@#+#6P@6>#2.$+@:@G(67?@KD3<=(A#1N

6F%;?? "#$$#65IA32,I>;@I2<(>.(X=PQ2%6HO1C=:50D"H,I>67?(A72"#$$#6;?-2(=-*1?68$#6432

.)6KD32;+-4-#1.$+@:33=,A=: <=.C82$#6/7U=#.$+@:33=,A=:?=@KD3(A#1NC=8I

2.3.2.3 7.2C14,50/I$;7 “Building a simple yet powerful MMO game architecture” =>5 Hyun 

            Sung Chu [7]

! 2#=*8"71C8J==0J,I>;@I2<(>.(X=$#6=G.3#.*X?.V36:*8@+#<C><=$#633$;??O%6;$6+.$+@:

33=,A=:@-*=;+-4-#1./KD3 "#$$#65I@3?=7J=,I>;@I2<(>.(X=PQ2%6HO1C=:<=$#6=G.3#.*X?.V36:*8@

+#<C><=$#6/7U=#=7J=5G<(>@#+#6P$6H"#1B#6H2#=.$+@:33=,A=:,%172.)6KD32;+-4-#13KD=N,I>OI1

2-#1 30$57J21722-#1<=$#6IF;A67$W#6H??30$I>*1
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!""#$ 3 

%&'((%)!!)*+,-./&'+!!

3.1 0%'1$//2

!"#$%&'"(#")#)*!"+,")*("%-.(/#012..%34%215&%$05-5"+'6789:8%#");</%=%("%8%

&='+"%=>%?2%6@A"0'67.?=B"+8%B''67C55"%0" (;D$C%,">8%)DE'67 3) 3;:8F:-:.0D4/BG@.(A:% >):.0$%&H=;

'67!*%<$%&#")!I;#")JE)$#)0$BB/9=(B)=#") (SOA) $4*/'H%=H GPGPU />G7.%<B)=#")B"(

15&%3EE)*0&4C4+I(F%5&+E)*0&4#)"KL# (GPU)M 1<F)IB8%B'%6@!*/EN%#").?=B"+)"+4*/.6+;

-.()*BB'673;:..#$BB-O@%A"0$%&H=;-:"(A:% >):.0AI&.+5"(B)=#")'67!*%<3E89:8%#")';1.B

E)*1='?=,">-.()*BBA5.3E

'34"#$ 3.1 $%&H=;J;+)&0-.(#")E)IBE)P(E)*1='?=,">/H)G7.($05-5"+/#012..%34%2

3.2  4'+056/4789&:/5;&/%&'((%)!!"#$0%#$<=>;(?

3.2.1 4789&%&'@';&?A7?%BC-$/D(AEB)='B0=6!0D('B=1@@29'-!9/F=<4'+G=*H*%'&AI%

J 3.2.1.1 "#$G&>(?4789&

/%G7.(!"#Q.KA2$&)2 NVIDIA CUDA (Compute Unified Device Architecture) [6] QO7(/EN%

Q.KA2$&)2'6789:8%#")>IR%"JE)$#)0/>G7.'<("%B%F%5&+E)*0&4C4#)"KL# /&.)29I7%'67%<0"89:8%

&='+"%=>%?2%6@ (3.0) +I(30506KS(#29I7%).()IB#43##")'<("%$BB/&TB/Q.)2&=1;I(%I@%!O(A:.(F"

$%&'"(8%#")>IR%"KS(#29I7%;I(#45"&%6@

J 3.2.1.2 )/=K15:/%&')%;4789&

!"##")UO#V"KS(#29I7%'<("%-.(Q.KA2$&)2 NVIDIA CUDA  >B&5"06KS(#29I7%1%IB1%P%#")

'<("%E)*0&4C4/.#1") XML $A530506KS(#9I7%8%#"))IB/15(-:.0D40"A)W"% SOAP $4* 
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WSDL !O(!</EN%A:.(89:F%5&+E)*0&4C4#4"(8%#")X.;H&"0!"#0"A)W"%-:"(A:% 0"#4"+/EN%

-:.0D48%)DE$BBAI&$E)'67F%5&+E)*0&4C4#)"KL#1"0")X89:("%3;: QO7(!"#)DE'67 3.2 3;:>IR%"8F:

.+D58%15&% Service Wrapper

3.2.2 4789&5;&/%&'L-5%&'M&'+?&/"#$0%15>NO/,';(G%-/'+9=F&?9/F=<4'+G=*H*"-O?K3F

J 3.2.2.1 "#$G&>(?4789&

/%G7.(!"#.IA)"/)T&8%#")'<("% (Execution speed) -.(F%5&+E)*0&4C4#4"($4*#)"KL# 

305/'5"#I% ."!15(C4A5.#")E)*1"%("%)*F&5"(F%5&+E)*0&4C4'I@(HD5 ;I(%I@% !O(!</EN%A:.(06#")

!I;#")'<("%8F:1.;E)*1"%#I%)*F&5"(F%5&+E)*0&4C4'I@(HD5 

J 3.2.2.2 )/=K15:/%&')%;4789&

J $0:&5"$%&'"(#")!I;#")8F:06#")E)*1"%!I(F&*#")'<("%#I%)*F&5"(F%5&+E)*0&4C4

F4"+AI&!*'<3;:F4"+4I#VY* $A58%'6%6@/4G.#89:$BB>G@%W"%C5"%#43#!I;4<;IB/&4"("% (Queue 

scheduling) /%G7.(!"#(5"+A5.#")>IR%"1<F)IB#")';1.B$%&H&"0H=;/BG@.(A:%8%&='+"%=>%?2%6@ 

QO7(!"#)DE'67 3.2 3;:>IR%"8F:.+D58%15&% Game Service Bus

'34"#$ 3.2 1X"ESA+#))0/&TB/Q.)2&=1-.(JE)$#)0/#012..%34%215&%$05-5"+'67..#$BB
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'34"#$ 3.3 $C%,">-I@%A.%#")'<("%-.(F%5&+B)=#")#4"(

J )DE'67 3.3 3;:$1;(8F:/FT%XO(-I@%A.%8%#")'<("%-.(F%5&+B)=#")#4"( ;I(A5.3E%6@ 

1. /H)G7.(4D#-5"+!*)IB)D:&5"#")'<("%-.(B)=#")A5"(Z!*A:.(#")AI&$E)8;C5"%'"(3K42/.#1") 

WSDL $4*15( input C5"%JE)JAH.4 SOAP 

2. /0G7./H)G7.($05-5"+)IBAI&$E)$4:& GSB !*'<#")/)6+#89:B)=#")J;+89:&=?6#") Queue scheduling 

8%#")!I;4<;IB8%#")'<("% HG. B)=#")!*'<("%A"04<;IB-I@%A.%'673;:'<#")AI@(H5"3&:$4:& 

/95% 8%AI&.+5"(!"#)DE'67 3.3 %6@ (ServiceFlow1 = service1->service2->Service3->save to DB) 

F0"+H&"0&5"!*E)*0&4C4 Service1 /1)T!#5.%$4:&!O(E)*0&4C4 Service2 /0G7.E)*0&4C4 

Service 2 /1)T!$4:&!O(E)*0&4C4 Service3 /0G7.E)*0&4C4 Service 3 /1)T!$4:&!O(E)*0&4C4

B)=#") save to DB /EN%A:% J;+06#")'<("%;I(JH:;A5.3E%6@

1. while(servicesig==0){
2.   servicesig=0;
3.   while(servicesig1==0){
4.      servicesig1 = service1_wrapper(processor_param);
5.   }
6.   servicesig=1;
7. }
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!"#JH:;#")'<("%;:"%B%%I@%3;:$1;(8F:/FT%8%B))'I;'67 2 $4* 4 &5"06AI&$E) servicesig $4* 

servicesig1 QO7(/EN%AI&$E)1I[["Y#")'<("%-.(JE)$#)0/0G7.06H5" = 0 !*F0"+H&"0&5",")*

("%%I@%+I(3053;:E)*0&4C4!%$4:&/1)T! $A5X:",")*("%'<("%!%$4:&/1)T!!*A:.(HG%H5" 1 #4IB

0" (/95%8%JH:;-:"(A:%%I@% X:"F"#KS(#9I7% service1_wrapper() '<("%$4:&/1)T!!*A:.(15(H5" 1 

(return 1;) #4IB0") QO7(!*15(C48F:AI&$E) servicesig %6@/E467+%H5"/EN% 1 $4:&JE)$#)0!*

1"0")X'<("%A5.!"# While loop %6@3;:

3. !"#%I@%!O(15(AI&$E)'67B)=#")%I@%ZA:.(#")C5"%'"(0"A)W"% SOAP  3E+I( Service Wrapper 

/>G7.!*'<#")$E4(-:.0D4X.;H&"0!"#0"A)W"% SOAP 0"#4"+/EN%-:.0D48%)DE$BBAI&$E)

'67F%5&+E)*0&4C4#)"KL#$4*F%5&+E)*0&4C4#4"(1"0")X89:("%)5&0#I%3;:

4. ;:&+4I#VY*/\>"*-.(1X"ESA+#))0B)=#")'<8F:305&5"B)=#")%I@%Z!*XD#>IR%";:&+,"V"8;Z

#T1"0")X'<("%)5&0#I%3;: QO7(8%15&%%6@#)Y6'67,")*("%'I@(F0;XD#E)*0&4C4B%F%5&+

E)*0&4C4#4"(#")'<("%!*!B.+D5'67#")89:F%5&+E)*0&4C4#4"(E)*0&4C4B)=#")%I@%Z

/'5"%I@% QO7(!*$A#A5"(#I%#IB#")E)*0&4C4B)=#")B%F%5&+E)*0&4C4'"(#)"KL# A"0'67!*

3;:.?=B"+A5.3E8%FI&-:. 3.3

3.3 %&'4'+G=*H*M&'+?&/!/9/F=<4'+G=*H*%'&AI%

'34"#$ 3.4 -I@%A.%#")'<("%-.(1X"ESA+#))0'67..#$BB/0G7.06#")89:("%F%5&+E)*0&4C4#)"KL#
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'34"#$ 3.5 $C%,">8%#")E)*0&4C4JE)$#)0 (a) J;+89:F%5&+E)*0&4C4#)"KKL# (b) J;+89:

F%5&+E)*0&4C4#4"(

M )DE'67 3.4 $4* 3.5 3;:$1;(8F:/FT%XO(-I@%A.%8%#")'<("%-.()*BB/0G7.06#")E)*0&4B%

F%5&+E)*0&4C4'"(#)"KL#;I(%6@

>-O/E(/"#$ 1 ()DE'67 3.4 (1)) /H)G7.(4D#-5"+15(H<1I7(3E+I(/H)G7.($05-5"+ /H)G7.($05-5"+!*/)6+# GSB -O@%

0"E)*0&4C4#5.%/EN%B)=#")$)#

>-O/E(/"#$ 2 ()DE'67 3.4 (2)) GSB !*'<#")/#TBH5"AI&$E)-.(4D#-5"+3E3&:8%F%5&+E)*0&4C4F4I#

>-O/E(/"#$ 3 ()DE'67 3.4 (3)) GSB '<#")1I7(("% Service Wrapper 8F:/)=70'<("%

>-O/E(/"#$ 4 ()DE'67 3.4 (4)) Service wrapper '<#")HI;4.#-:.0D4-.(4D#-5"+'67!</EN%A:.(89:("%3E

+I(F%5&+H&"0!<-.(F%5&+E)*0&4C4#)"KL#J;+!*89:H<1I7(;I(%6@ (!"#-I@%A.%'67 1 8%)DE 3.5 (a))

1. // Initialize host array and copy it to CUDA device
2. for (int i=0; i<N; i++) a_h[i] = (float)i;
3. cudaMemcpy(a_d, a_h, size, cudaMemcpyHostToDevice);
4. answer_h = (int *) malloc(sizeof(int));
5. cudaMalloc((void **) &answer_d, sizeof(int));
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/FAPC4'67!</EN%A:.(06#")HI;4.#-:.0D4/%G7.(!"#F%5&+E)*0&4C4#)"KL#3051"0")X.:"(.=(F%5&+

H&"0!<F4I#J;+A)(3;: -O(A:.(06#")1</%"-:.0D43E+I(F%5&+H&"0!<-.(F%5&+E)*0&4C4

#)"KKL##5.% 8%15&%%6@!*$A#A5"(!"##")E)*0&4C4B%F%5&+E)*0&4C4#4"(.+D50"#/%G7.(!"#

F%5&+E)*0&4C4#4"(%I@%!*1"0")X.:"(.=(F%5&+H&"0!<F4I#3;:J;+A)(/4+;I(%I@%!O(305!</EN%

A:.(06#")'<-I@%A.%;I(#45"&F"#$A506$H5#"E)*#"UH5"AI&$E)A5"(Z/'5"%I@% (!"#-I@%A.%'67 1 8%)DE  

3.5 (b)) /95%

1. float *a_h, *a_d;
2. int *answer_h, *answer_d;
3. const int N = 999999;

>-O/E(/"#$ 5 ()DE'67 3.4 (5)) Service wrapper '<#")1I7(#")F%5&+E)*0&4C4#)"KL#

J;+89:H<1I7(;I(%6@ (!"#-I@%A.%'67 2 8%)DE 3.5 (a))

1. // Do calculation on device:
2. int block_size = 128;
3. int n_blocks = N/block_size + (N%block_size == 0 ? 0:1);
4. square_array <<< n_blocks, block_size >>> (a_d, N);
5. insert_array <<< n_blocks, block_size >>> (a_d, 395741);
6. search_array <<< n_blocks, block_size >>> (a_d,search,answer_d);

!*/FT%3;:&5"#")1I7(("%-.(F%5&+E)*0&4C4#4"('6715(3E+I(F%5&+E)*0&4C4#)"KL#%I@%!*06)DE

$BB'67A5"(!"##")1I7(("%-.(F%5&+E)*0&4C4#4"(.+D5 #45"&HG.06#")E)*#"UH5"!<%&% block 

$4* -%";-.( block (8%B))'I;'67 3) !*$A#A5"(#IB#")1I7(("%F%5&+E)*0&4C4#4"(QO7(305!</EN%

A:.(06#")E)*#"U8%15&%%6@ (!"#-I@%A.%'67 2 8%)DE 3.5 (b)) /95%

1. square_array(a_d, N);

#")E)*#"UH5"!<%&% block $4* -%";-.( block8%#")1I7(#")F%5&+E)*0&4C4'"(#)"KL#%I@%06

'6706!"#F4I##")'671<HI[8%#")>IR%"JE)$#)0B%F%5&+E)*0&4C4'"(#)"KL# 3 -:.;I(A5.3E% #O
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1) 8%#")E)*0&4C4B%F%5&+E)*0&4C4'"(#)"KL#CD:89:("%1"0")XE)*#"U ]Function '67/)6+#&5" 

Kernels -O@%/0G7./)6+#89:: F%5&+E)*0&4C4'"(#)"KL#!*'<#") Execute N H)I@(8%)DE$BB-%"% 

$4*!<%&% N Threads QO7(!*A5"(#IB#")E)*0&4C4H)I@(/;6+&-.( Function -.(,"V" C 'I7&Z3E 

Kernel !*XD#E)*#"U;:&+#")89: __global__ %<F%:"QG7. Function $4*!*XD#/)6+#89:J;+#")89: 

<<<...>>> ;I(%6@

1. __global__ void VecAdd(float* A, float* B, float* C){}
2. int main()
3. {
4.  // Kernel invocation
5.  VecAdd<<<1, N>>>(A, B, C);
6. }

$A545* Threads !*06 Threads ID '67$A#A5"(#I% QO7(!*1"0")X/-:"XO(3;:;:&+AI&$E) threadIdx J;+8%

JH:;AI&.+5"(3;:$1;(8F:/FT%XO(#")B&#H5" vector A $4* B $4*/#TB3&:8% Array C ;I(A5.3E%6@

2) 8%#")E)*0&4C4B%F%5&+E)*0&4C4'"(#)"KL#CD:89:("%1"0")X.:"(.=(4<;IB-.( Threads 3;:

J;+C5"%#")E)*#"UAI&$E) threadIdx QO7(/EN% 3-component vector %I@%F0"+H&"0&5" !*1"0")X

.:"(.=( Threads 3;:8%)DE$BB 1 0=A= , 2 0=A= $4* 3 0=A= ;I7(/95%8%AI&.+5"(QO7(/EN%JE)$#)08%#")H<

%&% Matrix 2 0=A=

1. __global__ void VecAdd(float* A, float* B, float* C){
2.  int i = threadIdx.x;
3.  C[i] = A[i] + B[i];
4. }
5. int main(){
6.  // 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 = threadIdx.x;
4.  int j = threadIdx.y;
5.  C[i][j] = A[i][j] + B[i][j];
6. }
7. int main(){
8. // Kernel invocation
9.  dim3 dimBlock(N, N);
10.  MatAdd<<<1, dimBlock>>>(A, B, C);
11. }

M ;I9%6'6789:1<F)IB.:"(.=( Threads (Thread index) $4* Threads ID !*06H&"01I0>I%?2$BB

A)(3EA)(0" #45"&HG. 1<F)IB block 1 0=A'I@( 2 H5"!*06H5"/'5"#I% 1<F)IB block 2 0=A= '6706H5"/EN% 

(Dx, Dy) thread ID -.( ;I9%6'6789:1<F)IB.:"(.=( Threads (x, y) !*/EN% (x + y Dx) $4*1<F)IB 

block -%"; 3 0=A= (Dx, Dy, Dz) thread ID -.( ;I9%6'6789:1<F)IB.:"(.=( Threads (x, y, z) !*/EN% (x

+yDx +zDx Dy)

M Threads '67.+D58% block /;6+&#I%!*1"0")X sharing -:.0D4C5"% shared memory $4*1"0")X 

E)*1"%-:.0D41<F)IB#")E)*0&4C43;: J;+89:H<1I7( __syncthreads()

M Thread '67.+D58% Block /;6+&#I%%I@%!*XD#'<#")E)*0&4B% Processor Core (-.(F%5&+

E)*0&4C4'"(#)"KL#) /;6+&#I%J;+'67!<%&%-.( Threads A5. Block %I@%!*-O@%.+D5#IB!<%&%

')I>+"#)-.(F%5&+H&"0!<-.($A545* Processor Core (/>G7.E)*1='?=,">8%#")'<("%!*89:F%5&+

H&"0!<'67/EN%$BB low-latency /95%/;6+&#IB L1 Cache B%F%5&+E)*0&4C4#4"() 8%F%5&+

E)*0&4C48%ES!!PBI%!<%&% Thread A5. Block ."!!*06!<%&%XO( 512 threads

#")1I7(!<%&% Threads $4* Block !*89:H<1I7(;I(AI&.+5"(
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1. // Kernel definition
2. __global__ void MatAdd(float A[N][N], float B[N][N],
3. float C[N][N]){}
4. int main(){
5.  // 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. }

!*/FT%3;:&5"8%AI&.+5"(-:"(A:%!<%&% Block 'I@(F0;!*06H5"HG. 16x16 = 256 15&%!<%&%-.( 

Threads %I@%!*XD#H<%&%8F:/>6+(>5.A5.#")E)*0&4C4-:"(A:%

'34"#$ 3.6 #")$B5(!<%&%("%B%F%5&+E)*0&4C4#)"KL# [5]

3) 8%#")E)*0&4C4B%F%5&+E)*0&4C4'"(#)"KL#CD:89:("%1"0")X1I7(#")8F: Threads A5"(Z

1"0")X'67!*/-:"XO(-:.0D48%F%5&+H&"0!</>G7.89:1<F)IBE)*0&4C4-:.0D4;I()DE'67  QO7($A545* Thread 

!*06 private local memory -.($A545* Threads /.( $4*$A545* Thread block !*06 shared memory '67

'P# Thread 8% block %I@%Z1"0")X/-:"XO(3;: $4*':"+'671P; !*06 global memory '67'P# Thread !*

1"0")X/-:"XO(3;:
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'34"#$ 3.7 Memory Hierarchy [5]

>-O/E(/"#$ 6 ()DE'67 3.4 (6)) F%5&+E)*0&4C4#)"KL#'<#")E)*0&4C4J;+89:-:.0D48%F%5&+

E)*0&4C4#)"KL# J;+8%-I@%%6@!*'<#")H<%&%J;+89: Streaming Processor '67E#A=$4:&F%5&+

E)*0&4C4#)"KL#89:1<F)IB#")E)*0&4C4#)"KKL#$A545* Texture />G7.'67!*89:8%#") Render 

#)"KKL#%I@%0"E)*0&4C48%-:.0D4'67305895#)"KKL#$'% QO7(8%ES!!PBI%%I@%F%5&+E)*0&4C4#)"

KL#%I@%!*06 Streaming Processor !<%&%0"# !O('<8F:#")E)*0&4C4B% GPU %I@%06H&"0/)T&'671D(

.I%/%G7.(0"!"#06#")$B5(15&%#")E)*0&4C43E)5&0E)*0&4C48%$BB Parallels B% Streaming 

Processor '6706!<%&%0"#B%F%5&+E)*0&4C4#)"KL#%I@%/.( 8%;:"%#")>IR%"JE)$#)01<F)IB

E)*0&4C4H5"B%F%5&+E)*0&4C4#)"KL# %I@%!*89: NVIDIA CUDA C Compiler QO7(/EN%H.03>4

/4.)2'671"0")XE)*0&4C4H<1I7(,"V" C B%F%5&+E)*0&4C4#)"KL#3;: ;I(AI&.+5"(/E^%AI&.+5"(

#")E)*0&4C4B%F%5&+E)*0&4C4#4"( (!"#-I@%A.%'67 3 8%)DE 3.5 (a)) QO7(8%#")E)*0&4C4

15&%%6@B%F%5&+E)*0&4C4#4"(!*89:H<1I7(
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1.  __global__ void insert_array(float *a, int index)
2. {
3.  a[index]=1;
4.  ............
5. }

8%15&%-.(H<1I7(8%#")E)*0&4C4B%F%5&+E)*0&4C4'"(#)"KL#%I@%!*.?=B"+8%FI&-:. 3.4

$4*B%F%5&+E)*0&4C4'"(#)"KL#!*89:H<1I7( 

1. void insert_array(float *a, int index)
2. {
3.  a[index]=1;
4.  ............
5. }

>-O/E(/"#$ 7 ()DE'67 3.4 (7)) F%5&+E)*0&4C4#)"KL#!*/#TBC44I>?2'673;:3&:8%F%5&+H&"0!<-.(0I%

>-O/E(/"#$ 8 ()DE'67 3.4 (8)) F4I(!"#'67E)*0&4C4,")*("%'I@(F0;/1)T!1=@% Service Wrapper !*

'<#")1I7(#")8F:F%5&+E)*0&4C4#)"KL#'<#")HI;4.#-:.0D48%F%5&+H&"0!<-.(0I%#4IB0"+I(

F%5&+H&"0!<F4I# ()DE'67 3.4 (8) $4* )DE 3.5 (a) (4))

1. // 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);

3.4 %'P#QN%R&%&',-./&S4')%'G0%G@B((/T*/B@F=/)GF>F&<0,U$(%&'"5@(!

M #")..#$BB$4*>IR%"JE)$#)0/#012..%34%215&%$05-5"+/>G7.89:';1.B$%&H=;8%("%

&=!I+%6@!*#<F%;-I@%A.%;</%=%#") ;I(A5.3E%6@
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'34"#$ 3.8 4<;IB("%8%#");</%=%("%/>G7.#)Y6UO#V"JE)$#)0/#012..%34%215&%$05-5"+

3.4.1 %&')!F?C/15M&'+?&/S4')%'G)GF>F&<0%G@B((/T*/B

M 8%#")>IR%"/#012..%34%2%I@%1"0")X$B5(#")>IR%"/#0123;:/EN%15&%8F[5Z 2 15&%HG. 

15&%-.(JE)$#)0$05-5"+ $4* 15&%-.(JE)$#)04D#-5"+ QO7(8%&='+">=>%?2%6@%8!'67!*E)IBE)P(

E)*1='?=,">-.(JE)$#)08%15&%$05-5"+/#012..%34%2 QO7(/EN%15&%'67!*8F:B)=#")$#5JE)$#)0

4D#-5"+8%F4"+Z;:"% /95% B)=#")W"%-:.0D4-.(/#012 B)=#")H<%&%H*$%%$#5CD:/45%'P#H% 

/EN%A:%

M 8%15&%JE)$#)0$05-5"+/#012..%34%2%I@%15&%8F[5Z!*1"0")X$B5(,")*("%3;:/EN% 3 

9%=;HG.

1. ,")*8%#")H<%&%C4 (Logic Server) !*/EN%15&%'67)&0/."#")H<%&%;:"%A5"(Z-.(/#012/."3&: 

8%15&%%6@."!!*$B5(3;:/EN%F4"+Z)DE$BB AI&.+5"(/95% 8%/#012 Ragnarok Online %I@%8%15&%

-.(JE)$#)0$05-5"+'67069G7.&5" Aegis %I@%!*$B5(15&%-.( Logic Server /EN% 4 15&%F4I#Z#45"&

HG.  Inter Server 8%15&%%6@89:).()IB Guild Siege, Guild Chat $4* Private Message , Zone 

Server 89:8%#")).()IB Game Play Dynamics, Character Server 89:8%#")).()IB -:.0D4A5"(Z
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-.(AI&4*H)8%/#012 $4* Account Server 89:8%#")A)&!/9TH-:.0D48%W"%-:.0D4/#67+&#IB;:"% 

account/95%8%15&%#")A)&!1.B#")9<)*/(=%8%#")/45%. [7]

2. ,")*8%;:"%#")E)*0&4C4-:.0D4 (Database Server) /EN%15&%'67!*89:8%#")/#TB-:.0D4A5"(Z-.(

/#012 8%15&%%6@."!!*89: DBMS (Database Management System) '6706.+D5#5.%F%:"%6@8%#")!I;

/#TB-:.0D4#T/EN%3;: /95%  AI&.+5"(/95% 8%/#012 Ragnarok Online %I@%8%15&%-.(JE)$#)0$05-5"+

'67069G7.&5" Aegis %I@%!*89: Microsoft SQL Server /EN%  DBMS [7]

3. ,")*8%;:"%#")/9G7.0A5. (Connection Server) /EN%15&%'67!*89:8%#")/9G7.A5. 15(-:.0D4#I%

)*F&5"(JE)$#)04D#-5"+ $4* JE)$#)0$05-5"+ 

M !"# 3 15&%F4I#Z'67#45"&0"%I@% /)"1"0")X!<$%#9%=;-.(,")*("%JE)$#)0$05-5"+

/#012..%34%2J;+."UI+F4I#/#Y'29%=;.I4#.)='O70'6789:8%#")>IR%"JE)$#)0 3;:;I()DEA5.3E%6@

'34"#$ 3.9 #")!<$%#9%=;-.(,")*("%-.(JE)$#)0$05-5"+/#012..%34%2

!"#)DE'67 3.9 /)"1"0")X!<$%#9%=;-.(,")*("%JE)$#)0$05-5"+/#012..%34%23;: ;I(A5.3E%6@
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3.4.1.1 M&'+?&/5;&/"#$0%#$<=%-!%&'K2/=/ (Calculation-Based Service)

1"0")X$B5(3;:/EN% 2 4I#VY*HG.#")H<%&% AI $4*#")H<%&%H*$%%

1.1 #")H<%&% AI 06 2 )DE$BBHG.

1.1.1 #")H<%&% AI 8%)DE$BB Decision Tree HG.#")E)*0&4C4$BBE)*0&4A"0

/(G7.%3-3E/)G7.+Z/95% /0G7.C5"%/(G7.%3- A !O('<("%/(G7.%3- B A5. /95%

M 1.1.2 #")H<%&% AI 8%)DE$BB Parallels HG.#")E)*0&4C4$BB>):.0Z#I% /95%

1.2 #")H<%&%H*$%% 06 3 )DE$BBHG.

1.2.1 )DE$BB#")H<%&%H*$%%$BB 1-1 HG.#")E)*0&4C4H*$%%-.(CD:/45%$A545*H%3E

1.2.1 )DE$BB#")H<%&%H*$%%$BB 1-Many HG.#")E)*0&4C4H*$%%-.(CD:/45%H5"/;6+&>):.0Z

#I%F4"+ZH%

1.  if(a=1){
2.     a=win
3.  }
4.  else{
5.     if(b=2){
6.         b=win
7.     }
8. }

1.  #pragma omp parallel for
2.     for (i = 0; i < N; i++){
3.         a[i] = 2 * i;
4.      }
5.  }

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

25



1.2.2 )DE$BB#")H<%&%H*$%%$BB Many-Many HG.#")E)*0&4C4H*$%%-.(CD:/45%

F4"+ZH5" >):.0Z#I%F4"+ZH%

3.4.1.2 M&'+?&/5;&/"#$0%#$<=%-!>;(G3* (Information-Based Service)

2.1 #")/#TB-:.0D44(F%5&+H&"0!<F4I# F)G. 4(.PE#)Y2/#TB-:.0D4 (Store) HG. ,")*("%'67JE)$#)0

       $05-5"+!*A:.('<#")!I;/#TB-:.0D44(3E+I(.PE#)Y2/#TB-:.0D4

2.2 #")H:%F"-:.0D4 (Search) ,")*("%'67JE)$#)0$05-5"+!*A:.('<#")H:%F"-:.0D4!"#F%5&+

      H&"0!<F4I# F)G. .PE#)Y2/#TB-:.0D4

2.3 #")!I;/)6+(-:.0D4 (Sorting) ,")*("%'67JE)$#)0$05-5"+!*A:.('<#")!I;/)6+(-:.0D4!"#F%5&+

      H&"0!<F4I# F)G. .PE#)Y2/#TB-:.0D4

3.4.1.3 M&'+?&/5;&/"#$0%#$<=%-!%&'0CU$(GEFF( (Connection-Based Service) 

06;:&+#I% 2 $BBHG. ,")*("%8%#")!I;#")#")/9G7.0A5.)*F&5"(/H)G7.(4D#-5"+;:&+#I% $4* ,")*("%

8%#")!I;#")#")/9G7.0A5.)*F&5"/H)G7.(4D#-5"+$4*$05-5"+

3.4.2 %&'((%)!!)*+,-./&E-=(<F&?!'1%&'0%G@B"#$:C;:/%&'"5@(!

M 8%FI&-:.'67 3.4.2 %6@!*'<#")1):"(AI&.+5"(B)=#")/#012/>G7.1<F)IB#")';1.BJ;+B)=#")'67

%<0"89:8%#")';1.B%I@%!*1):"(J;+.=(!"#C4#")U6#V"9%=;-.(,")*("%/#012..%34%28%

FI&-:. 3.4.2.1

3.4.2.1 0%G@BE-=(<F&?"#$:C;:/%&'"5@(!

M &='+"%=>%?2%6@3;:>IR%"/#012'6789:8%#")';1.BE)*1='?=,">-.($%&H=;'673;:%</1%.3&:

J;+06#")';1.B#IB/#012 2 E)*/,'HG. /#012..%34%2'6706CD:/45%/>6+( 1 H% $4* /#012..%34%2'6706

CD:/45%>):.0Z#I%F4"+ZH% 8%#")>IR%"JE)$#)0AI&.+5"('67!*89:8%#")';1.B%I@%!*06#")>IR%"

1.  while(i<100){
2.     point1++
3.     point2++
4.  }
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B)=#")'67/#012E)*/,'%I@%Z89:("% 'I@(F%5&+E)*0&4C4#4"($4*F%5&+E)*0&4C4'"(#)"KL# 

$4:&%<0"'<("%.+D5B%1X"ESA+#))0'673;:..#$BB

M J;+/#012'67!*89:8%#")';1.B%I@%HG. /#012 Tic-Tac-Toe 8%#")';1.B/#012..%34%2'6706

CD:/45%/>6+( 1 H% $4* /#012!<4.(1X"%*#")QG@.-"+FP:%8%A4";F4I#')I>+2 />G7.89:8%#")';1.B 

/#012..%34%2'6706CD:/45%>):.0Z#I%F4"+ZH% /%G7.(!"#/#012..%34%2 2 /#012%6@06B)=#")'67A)(#IB

#4P50B)=#")'673;:$B5(3&:J;+89:/#Y_2!"#FI&-:. 3.4.1 !<%&%0"#;I7('67!*3;:.?=B"+;I(A5.3E%6@

3.4.2.2 0%G@B Tic Tac Toe

M /#012$)#'6789:8%#")';1.BHG./#012 Tic-Tac-Toe $BB'67/45%C5"%/H)G.-5"+.=%/A.)2/%T'QO7(

8%15&%-.( JE)$#)0/H)G7.(4D#-5"+%I@%!*/EN%15&%'6789:8%#")A=;A5.#IBAI&CD:/45% $4*!*'<#")A)&!

1.B&5"/#012!BF)G.+I(X:"+I(!*'<#")15(H5"  parameter -.(AI&CD:/45%3E+I(/H)G7.($05-5"+ /0G7./H)G7.($05

-5"+)IBH5";I(#45"&$4:&!*'<#")H<%&%H*$%%-.(CD:$45%$4*A<$F%5('67 NPC !*/;=%8%).BA5.3E 

!"#%I@%!O(15(H5";I(#45"&#4IB3E+I(JE)$#)0/H)G7.(4D#-5"+/>G7.$1;(C44I>?2&%3E/)G7.+Z!%#)*'I7(

!B/#012$4*15&%-.(JE)$#)0/H)G7.($05-5"+/#012 Tic-Tac-Toe ..%34%2 QO7(!*$B5(..#/EN% 4 

B)=#");I(A5.3E%6@ 

1. B)=#"))IBH5" Input !"#/H)G7.(4D#-5"+ 

2. B)=#")15( Output HG%/H)G7.(4D#-5"+ 

3. B)=#")H<%&%H*$%%'6706F%:"'678%#")H<%&%H*$%%!"# Parameter '67CD:/45%15(0"8F:J;+'<#") 

+ H*$%%8F05/-:"3E8%H*$%%/#5" B)=#")%6@!*$1;(8F:/FT%XO( B)=#")%6@.+D58%/#Y_2FI&-:. '67 

3.4.1 : )DE$BB#")H<%&%H*$%%$BB 1-1

4. B)=#")H<%&%A<$F%5('67 NPC !*/;=%8%).BXI;3E'67!*'<#")H:%F"A<$F%5(A5.3E'67 NPC !*

/;=%J;+#") Query ..#0"!"#A")"(-%"; 362,880 H5" (0"!"#&=?6#")/45%/#012 Tic Tac Toe 

'I@(F0; 362,880 )DE$BB /4G.#H5"'67;6'671P; (8#4:/H6+(/#0128%ES!!PBI%$4*C4HG. NPC /EN%`a"+

9%* F)G. .+5"($+5'671P;HG./10.) ..#0"/>G7./EN%A<$F%5(#")/;=%A<$F%5(A5.3E-.( NPC  

B)=#")%6@.+D58%/#Y_2!"#FI&-:.'67 3.3.1 : #")H<%&% AI 8%)DE$BB Parallels

JH)(1):"(-.(JE)$#)0$05-5"+/#012..%34%2AI&.+5"(%6@!*$1;(8%)DE'67 3.9
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 '34"#$ 3.10 $C%,">#")'<("%-.(JE)$#)0$05-5"+/#012 Tic Tac Toe ..%34%2

M !"#JE)$#)0$05-5"+/#012..%34%2AI&.+5"( (/#012 Tic Tac Toe) %6@%I@%!*06.+D5/>6+($H5 2 

B)=#")/'5"%I@%'671"0")X$B5(,")*("%3EE)*0&4C4B%F%5&+E)*0&4C4'"(#)"KL#3;: HG. B)=#")

H<%&%A<$F%5('67 NPC !*/;=%8%).BXI;3E $4* B)=#")H<%&%H*$%% 15&%.6# 2 B)=#")305

1"0")X$B5(,")*("%3EE)*0&4C4B%F%5&+E)*0&4C4'"(#)"KL#3;:/%G 7.(!"##")>IR%"

JE)$#)0B%F%5&+E)*0&4C4#)"KL#8%ES!!PBI%%I@%+I(3051"0")X'<3;: B)=#")'I@( 4 -.(JE)$#)0

$05-5"+/#012 Tic-Tac-Toe %I@%1"0")X.?=B"+3;:;I(%6@

1 !'1%&''-!KF& Input L&%0K'U$(?*3%>F&<

M B)=#"))IBH5" Input !"#/H)G7.(4D#-5"+%I@%89:,"V" PHP 8%#")/)6+#89:("% J;+'67!*89:H<1I7( 

GET 8%#"))IBH5"'6715(0"!"# JE)$#)015&%4D#-5"+ !"#%I@%!O(06F%:"'678%#")/)6+#B)=#")'67 2 -O@%0"

'<("% 8%B)=#")15&%'67 1 3051"0")XE)*+P#A289:("%B%F%5&+E)*0&4C4#)"KL#3;:!O(06$H58%15&%

#")E)*0&4C4B%F%5&+E)*0&4C4#4"(/'5"%I@%8% B)=#"))IBH5" Input !"#/H)G7.(4D#-5"+ !*06#")

'<("%.+D5 2 -I@%A.%HG.

1) )IBH5"!"#/H)G7.(4D#-5"+

8%#"))IBH5"!*/H)G7.(4D#-5"+%I@%!*H<1I7(;I(A5.3E%6@ 
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1. $_GET['userpoint'];
2. $_GET['gamearry'];

J;+'67 userpoint HG.H*$%%45"1P;-.(CD:/45%

$4* gamearry HG.1X"%*-.(/#01245"1P;!*/#TBH5"A<$F%5('67 /;=%'I@(F0;J;+'67$A545*A<$F%5(B%

A")"(-.(/#012 TIC TAC TOE !*06F0"+/4-#<#IB;I()DE'67 3.10

1 2 3

4 5 6

7 8 9

'34"#$ 3.11 F0"+/4-A<$F%5(B%A")"(-.(/#012 Tic Tac Toe

J;+H5" gamearry '67XD#15(0"!*.+D58%)DE$BB A<$F%5(#")/;=%).B'67 1-9 /)6+(#I% /95%

1. $gamearry= 32518;

HG. #")/;=%8%).B$)#!*/;=%A<$F%5( 3

#")/;=%8%).B'67 2 !*/;=%A<$F%5( 2

#")/;=%8%).B'67 3 !*/;=%A<$F%5( 5

#")/;=%8%).B'67 4 !*/;=%A<$F%5( 1

#")/;=%8%).B'67 5 !*/;=%A<$F%5( 8

2) '<#")/)6+#89:("%B)=#")A5.3E

M F4I(!"#'673;:)IBH5"'I@( 2 $4:&JE)$#)0 1 #T!*'<#")/)6+#89:("%B)=#")'67 2 J;+H<1I7('6789:8%

#") Execute B)=#")'67 2 06;I(A5.3E%6@
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1. $ret=exec($cmd);

J;+'67 $path HG.H<1I7($4* parameter (1X"%*45"1P;-.(/#012!"#H5" gamearry 8%-I@%A.%'67 1) -.(

B)=#")'67 2 $4* $output HG.C44I>'?2!"#B)=#")'67 2

2 !'1%&'K2/=/E2)9/F?"#$ NPC L+051/:/'(!V-5T4

B)=#")'67 2 !*'<#")H<%&%A<$F%5('67 NPC !*/;=%8%).BXI;3E J;+!*06#")'<("% 2 -I@%A.%HG.

1) .5"%#)Y6'67!*1"0")X/45%/#012 Tic Tac Toe 815AI&$E)$BB Array

M 8%-I@%A.%#")'<("%$)#%6@JE)$#)0!*'<#").5"%#)Y6'67!*1"0")X/45%/#012 TIC TAC 

TOE $4*C4!"##")/45%8%)DE$BB%I@%Z'I@(F0;!"#W"%-:.0D49%=; Text File $4:&!O(/#TB3&:8%)DE

$BBAI&$E) Array J;+'67 Array Index !*06H5"/EN%)DE$BB/#01245"1P; $4* H5"-.( Array A<$F%5(

%I@%ZHG.H5"C4!"##")/45%/#012A"04<%I@% (1 HG.CD:/45%'67/)=70A:%#5.%9%5* , 2 HG.CD:/45%'67/)=70A:%F4I(

9%5* $4* 3 HG./10.#I%) /95%

1. a[15328] = 2;

06H&"0F0"+&5"

#")/45%'6706)DE$BB#")/;=%).B$)#A<$F%5('67 1

#")/;=%8%).B'67 2 /;=%A<$F%5('67 5

#")/;=%8%).B'67 3 /;=%A<$F%5('67 3

#")/;=%8%).B'67 4 /;=%A<$F%5('67 2

#")/;=%8%).B'67 5 /;=%A<$F%5('67 8

!*06C4HG. CD:/45%'67/)=70A:%F4I(9%5*

M 8%JE)$#)0-I@%A.%'67 1 %6@'I@(#")>IR%"JE)$#)0B%F%5&+E)*0&4C4'"(#)"KL#$4*

F%5&+E)*0&4C4#4"(!*06)DE$BB8%#")'<("%'67/F0G.%#I%HG.'<#")&% for loop />G7.'67!*/#TBH5"

C4-.($A545*H5"4(3E+I( Array A
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2) %<H5"'673;:!"#B)=#")'67 1 0"H:%F"A<$F%5(/;=%-.( NPC 8%).BXI;3E

M 8%-I@%A.%'67 2 %6@JE)$#)0!*'<#")H:%F"A<$F%5(/;=%-.( NPC 8%).BXI;3E J;+'67

A<$F%5(#")/;=%-.( NPC %I@%!*A:.(06H5"C44I>'2HG. NPC 9%5*F)G./10./'5"%I@% 8%#")'<("%-I@%

A.%'67 2 %6@JE)$#)0'67E)*0&4C4B%F%5&+E)*0&4C4#4"(!*'<("%8%)DE$BB'67$A#A5"(#I%#IB

JE)$#)0'67E)*0&4C4B%F%5&+E)*0&4C4'"(#)"KL#

J;+'67JE)$#)0B%F%5&+E)*0&4C4#4"(!*'<("%;I(A5.3E%6@

'34"#$ 3.12 $C%,">#")'<("%-.(B)=#")'67 2 B%F%5&+E)*0&4C4#4"(

!*/FT%3;:&5"#")'<("%-I@%A.%'67 2 %6@ (8%>G@%'6716/'") JE)$#)0$05-5"+'67E)*0&4C4B%F%5&+

E)*0&4C4#4"(!*89:&=?6#")&% for loop 'I@(F0;/>G7.'67!*H:%F"H5"8% Array A

31



JE)$#)0B%F%5&+E)*0&4C4#)"KL#!*'<("%;I(A5.3E%6@

'34"#$ 3.13 $C%,">#")'<("%-.(B)=#")'67 2 B%F%5&+E)*0&4C4#)"KL#

M !*/FT%3;:&5"#")'<("%-I@%A.%'67 2 %6@ (8%>G@%'6716/'") JE)$#)0$05-5"+'67E)*0&4C4B%

F%5&+E)*0&4C4#4"(!*89:&=?6#")1I7(8F:06#"))I% Kernel />G7.)I%H<1I7( IF 'I@(F0;'P#AI&J;+)I%8%

$BB-%"%>):.0Z#I%'645* 248 H<1I7(F4I(!"#%I@%!O(/#TBH5"'673;:!"##")H:%F"3E89:+I(B)=#")XI;3E

3 !'1%&'K2/=/K+)//

M B)=#")H<%&%H*$%%'6706F%:"'678%#")H<%&%H*$%%!"# Parameter '67CD:/45%15(0"8F:J;+

'<#") + H*$%%8F05/-:"3E8%H*$%%/#5" J;+F4I(!"#)IBH5"!"#B)=#")'67 2 $4:&JE)$#)0!*'<#")
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%<H*$%%/;=0-.(CD:/45%0"B&#H5"H*$%%8F05/>=70-O@% (8%JE)$#)0AI&.+5"(%6@!*B&#/>=70 100 

H*$%%A5.).B)  8%B)=#")'67 3 %6@'I@(B% F%5&+E)*0&4C4#4"( $4* F%5&+E)*0&4C4#)"KL# !*

'<("%/F0G.%#I%J;+89:H<1I7(;I(A5.3E%6@

1. *answer=a+100;

4 !'1%&'@F? Output KU/0K'U$(?*3%>F&<

M B)=#")'67 4 !*'<#")HG%H5" Output '673;:)IB!"# B)=#")'67 2 $4* 3 3E+I(/H)G7.(4D#-5"+%I@%J;+

89:,"V" PHP 8%#")/)6+#89:("%J;+89:H<1I7(;I(A5.3E%6@

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

J;+'67 $pnt HG.H5"A<$F%5(#")/;=%'67XD#15(0"!"#B)=#")'67 2 !*.+D58%)DE$BBAI&/4-/;67+& B.#

A<$F%5('67 NPC !*/;=%8%).BA5.3E /95%

1.   $pnt = 1;

HG.A<$F%5('67 NPC !*/;=%8%).BA5.3EHG.A<$F%5(

X

'34"#$ 3.14 A<$F%5('67 NPC !*/;=%/0G7. $pnt=1
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$4* $scr /EN%H*$%%-.(CD:/45%'67XD#15(0"!"#B)=#")'67 3 

M 8%B)=#")15&%'67 4 %6@3051"0")XE)*+P#A289:("%B%F%5&+E)*0&4C4'"(#)"KL#3;:!O(06$H5

8%15&%#")E)*0&4C4B%F%5&+E)*0&4C4#4"(/'5"%I@%

3.4.2.3 Virtual online stock exchange games

M JE)$#)0$05-5"+/#012..%34%2AI&.+5"(/#012'671.('673;:%<0"89:8%#")';1.B%6@HG. /#012

!<4.(1X"%*#")QG@.-"+FP:%8%A4";F4I#')I>+2 (Virtual online stock exchange games) J;+

JE)$#)0%6@!*E)*#.B3E;:&+ 5 B)=#");I(A5.3E%6@ : 

1. B)=#"))IBH5" Input !"#/H)G7.(4D#-5"+

2. B)=#")8%#")!I;/)6+(H*$%%-.(CD:/45%'I@(F0;8%/#012/>G7.'67!*!I;.I%;IBH*$%% B)=#")%6@.+D5

8%/#Y_2!"#FI&-:. 3.4.1 : #")H:%F"-:.0D4

3. B)=#")8%#")H:%F")"+9G7.FP:%'6706-"+.+D58%/#012 B)=#")%6@.+D58%/#Y_2!"#FI&-:. 3.4.1 : #") 

#")!I;/)6+(-:.0D4

4. B)=#")/>=70H*$%%3E+I(CD:/45%'P#H%'67.+D58%/#012 B)=#")%6@.+D58%/#Y_2!"#FI&-:. 3.4.1 : )DE

$BB#")H<%&%H*$%%$BB 1-Many $4* )DE$BB#")H<%&%H*$%%$BB Many-Many

5. B)=#")15( Output HG%/H)G7.(4D#-5"+

JH)(1):"(-.(JE)$#)0$05-5"+/#012..%34%2AI&.+5"(%6@!*$1;(8%)DE'67 3.15

'34"#$ 3.15 $C%,">#")'<("%-.(JE)$#)0$05-5"+/#01!<4.(1X"%*#")QG@.-"+FP:%8%

A4";F4I#')I>+2
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M JE)$#)0!*/)=70A:%)IB-:.0D4!"#/H)G7.(4D#-5"+C5"%'"( “B)=#"))IBH5" Input !"#/H)G7.(4D#

-5"+” !"#%I@%!O(/4G.#89:B)=#")8;B)=#")F%O7(!"# 3 B)=#")%6@HG. “B)=#")8%#")!I;/)6+(H*$%%-.(CD:

/45%'I@(F0;8%/#012/>G7.'67!*!I;.I%;IBH*$%%” , “B)=#")8%#")H:%F")"+9G7.FP:%'6706-"+.+D58%/#012” 

$4* “B)=#")/>=70H*$%%3E+I(CD:/45%'P#H%'67.+D58%/#012” !"#%I@%!O('<#")15(H5"#4IB3E+I(/H)G7.(4D#

-5"+C5"% “B)=#")15( Output HG%/H)G7.(4D#-5"+” $A545*B)=#")1"0")X.?=B"+.+5"(4*/.6+;3;:;I(%6@

1 !'1%&''-!KF& Input L&%0K'U$(?*3%>F&<

M B)=#"))IBH5" Input !"#/H)G7.(4D#-5"+%I@%89:,"V" PHP 8%#")/)6+#89:("% J;+'67!*89:H<1I7( 

GET 8%#"))IBH5"'6715(0"!"# JE)$#)015&%4D#-5"+ !"#%I@%!O(06F%:"'678%#")/)6+#B)=#")'67 2 -O@%0"

'<("% 8%B)=#")15&%'67 1 3051"0")XE)*+P#A289:("%B%F%5&+E)*0&4C4#)"KL#3;:!O(06$H58%15&%

#")E)*0&4C4B%F%5&+E)*0&4C4#4"(/'5"%I@%8% B)=#"))IBH5" Input !"#/H)G7.(4D#-5"+ !*06#")

'<("%.+D5 2 -I@%A.%HG.

1) )IBH5"!"#/H)G7.(4D#-5"+

8%#"))IBH5"!*/H)G7.(4D#-5"+%I@%!*H<1I7(;I(A5.3E%6@ 

1. $_GET['param'];
2. $_GET['service'];

J;+'67 param HG. H5"AI&$E)'67CD:/45%15(0" $4* service HG. B)=#")'67/4G.#89:J;+'67

1 HG. B)=#")8%#")!I;/)6+(H*$%%-.(CD:/45%

2 HG. B)=#")8%#")H:%F")"+9G7.FP:%'6706-"+.+D58%/#012

3 HG. B)=#")/>=70H*$%%3E+I(CD:/45%'P#H%'67.+D58%/#012

/95% 

1. $service=3;

HG.8F:'<#")/4G.#89:B)=#")/>=70H*$%%3E+I(CD:/45%'P#H%'67.+D58%/#012
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2) '<#")/)6+#89:("%B)=#")A5.3E

F4I(!"#'673;:)IBH5"'I@( 2 $4:&JE)$#)0#T!*'<#")/)6+#89:("%B)=#")'67CD:89:/4G.#J;+H<1I7('6789:8%#") 

Execute B)=#")06;I(A5.3E%6@

1. $ret=exec($cmd);

J;+'67 $cmd HG.H<1I7('6789:8%#")1I7(("%B)=#")XI;3E /95%

1. $cmd = ranking_serv;

/EN%#")15(8F:B)=#")!I;/)6+(H*$%%'<("%/EN%A:%

2 !'1%&':/%&'L-50'#<?K+)//>(?H3;0*F/"-O?9G5:/0%G@B0,U$("#$L+L-5(-/5-!K+)// 

M B)=#")'67 2 !*'<#")!I;/)6+(H*$%%-.(CD:/45%'I@(F0;8%/#012 /)6+(!"#H*$%%0"#'671P;3E

%:.+'671P; 8%JE)$#)0';1.B%I@%3;:06#")89:JE)$#)0AI&.+5"(-.( NVIDIA CUDA 0"89:8%#")

';1.BE)*1='?=,"> [GPU-ABiSort: Optimal Parallel Sorting on Stream Architectures] \*%I@%

B)=#")%6@!O(06/>6+($H5H<1I7(/)6+#89:JE)$#)0!I;/)6+(H*$%%;I(#45"&/'5"%I@%

1. $ret=exec(“sorting.exe”);

3 !'1%&':/%&'K;/9&'&<CU$(9W;/"#$G#>&<(<3F:/0%G@B

M B)=#")'67 3 %6@JE)$#)0!*'<#")H:%F")"+9G7.FP:%'6706-"+.+D58%/#012 J;+)"+9G7.FP:%'67A.B

#4IB0"%I@%!*06H5" Index /'5"#I%#IB Input 8%#")'<("%B)=#")'67 3 %6@JE)$#)0'67E)*0&4C4B%

F%5&+E)*0&4C4#4"(!*'<("%8%)DE$BB'67$A#A5"(#I%#IBJE)$#)0'67E)*0&4C4B%F%5&+

E)*0&4C4'"(#)"KL#
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J;+'67JE)$#)0B%F%5&+E)*0&4C4#4"(!*'<("%;I(A5.3E%6@

'34"#$ 3.16 $C%,">#")'<("%-.(B)=#")H:%F")"+9G7.FP:%B%F%5&+E)*0&4C4#4"(

)DE'67 3.16 %6@3;:$1;(8F:/FT%&5"#")'<("%-I@%A.%'67 2 %6@ (8%>G@%'6716/'") JE)$#)0$05-5"+'67E)*0&4

C4B%F%5&+E)*0&4C4#4"(!*89:&=?6#")&% for loop 'I@(F0;/>G7.'67!*H:%F"H5"8% Array A
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JE)$#)0B%F%5&+E)*0&4C4#)"KL#!*'<("%;I(A5.3E%6@

'34"#$ 3.17 $C%,">#")'<("%-.(B)=#")H:%F")"+9G7.FP:%B%F%5&+E)*0&4C4#)"KL#

M )DE'67 3.17 %6@3;:$1;(8F:/FT%&5"#")'<("%-I@%A.%'67 2 %6@ (8%>G@%'6716/'") JE)$#)0$05-5"+'67

E)*0&4C4B%F%5&+E)*0&4C4#4"(!*89:&=?6#")1I7(8F:06#"))I% Kernel />G7.)I%H<1I7( IF 'I@(F0;

'P#AI&J;+)I%8%$BB-%"%>):.0Z#I%'645* 248 H<1I7(
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4 !'1%&'0,1$GK+)//T4<-?H3;0*F/"W%K/"#$(<3F:/0%G@B

M B)=#")'67 4 %6@JE)$#)0!*'<#")/>=70H*$%%3E+I(CD:/45%'P#H%'67.+D58%/#012 J;+'<#")/>=70

H5"/;=0A"0H5" Input '67/)6+#89:8%#")'<("%B)=#")'67 3 %6@JE)$#)0'67E)*0&4C4B%F%5&+E)*0&4

C4#4"(!*'<("%8%)DE$BB'67$A#A5"(#I%#IBJE)$#)0'67E)*0&4C4B%F%5&+E)*0&4C4'"(

#)"KL#J;+'67

JE)$#)0B%F%5&+E)*0&4C4#4"(!*'<("%;I(A5.3E%6@

'34"#$ 3.18 $C%,">#")'<("%-.(B)=#")/>=70H*$%%B%F%5&+E)*0&4C4#4"(
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)DE'67 3.18 %6@3;:$1;(8F:/FT%&5"#")'<("%-I@%A.%'67 2 %6@ (8%>G@%'6716/'") JE)$#)0$05-5"+'67E)*0&4

C4B%F%5&+E)*0&4C4#4"(!*89:&=?6#")&% for loop 'I@(F0;/>G7.'67!*/>=70H5"8% Array A

JE)$#)0B%F%5&+E)*0&4C4#)"KL#!*'<("%;I(A5.3E%6@

'34"#$ 3.19 $C%,">#")'<("%-.(B)=#")/>=70H*$%%B%F%5&+E)*0&4C4#)"KL#

M )DE'67 3.19 %6@3;:$1;(8F:/FT%&5"#")'<("%-I@%A.%'67 2 %6@ (8%>G@%'6716/'") JE)$#)0$05-5"+'67

E)*0&4C4B%F%5&+E)*0&4C4#4"(!*89:&=?6#")1I7(8F:06#"))I% Kernel />G7./>=70H5"3E+I( Array A 

'I@(F0;'P#AI&J;+)I%8%$BB-%"%>):.0Z#I%'645* 248 H<1I7(
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5 !'1%&'@F? Output KU/0K'U$(?*3%>F&<

B)=#")'67 4 !*'<#")HG%H5" Output '673;:)IB!"# B)=#")'67CD:89:("%/4G.#89:3E+I(/H)G7.(4D#-5"+ 89:,"V" 

PHP 8%#")/)6+#89:("%J;+89:H<1I7(;I(A5.3E%6@

1. $answer = ‘<return>$pnt</return>’
2. return $answer;

J;+ $pnt HG.H5"'67XD#15(#4IB0"!"#B)=#")'67/)6+#89:
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!""#$ 4 

%&'()"*+,!

4.1 -').$//0

!"#$%#&'(#)*+,-."/()!0.1(2"324-56)780.9,.:9:;6;-<',:(=))#>+#=?@A)<;-7"$BCDE

(F-0G?<,..:"$B>/E'(#)9#1>AEC#!""$B 3 *;-#80.9,.:9:;6;-<',:(=))#>+#="@%7 2 0.1'4"HI) 

',:(=))#>+#D#2/:$*JE'+;#H#'/$<A 9+1 ',:(=))#>+#=D#2/"$B:$*JE'+;#5.E):K,@#L+-<H#

4.2 1()*234)2"#$5675/'()"*+,!

M C#,-."/()!0.1(2"324-56)780.9,.:9:;6;-<',:(=))#>+#=?@A)<;-7#@%#>/E"&,-.

"/()!8/<CDE)N0,.O="$B:$6-<"@BA>0?-:"E)7?+-/C#,-."/()!8/<:$)N0,.O="$BCDE"/()!/@7#$%

)89"#$ 4.1 .-<+1')$</6)7)N0,.O="$BCDEC#,-."/()!8/<*;-#80.9,.: CPU-Z (L#;A<0.1:A+*+ 

,+-7) 9+1 GPU-Z (L#;A<0.1:A+*+,.-PPQ,)
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1. 'H.IB)7H):52A'?).="$B"&L#E-"$B'0R#'H.IB)79:;6;-< 1 'H.IB)7:$HNO(:!@?2/@7?;)>0#$%

L#;A<0.1:A+*+,+-7 : Intel Core i7 920 @ 2.67 GHz (Quad Core CPU)

L#;A<0.1:A+*+"-7,.-PPQ, : NVIDIA GeForce 9800 GX2 (256 Stream processor) 1 GB 

GDDR3 Memory "&7-#)<J;!# PCI-E 2.0 Bus

L#;A<HA-:S&L+@,6)7.1!! : 3 x 1 GB DDR III Run in Triple Channel Mode

D20'DT" : Intel X58 Chipset

.1!!0U2!@?2,-. : Microsoft Windows 7 Ultimate 32-bit

>/.'A).=6)7L#;A<0.1:A+*+"-7,.-PPQ, : NVIDIA ForceWare version 190.38

2. 'H.IB)7H):52A'?).="$B"&L#E-"$BS&+)7H&(@B79+EA(;7>0<@7'H.IB)79:;6;-< 1 'H.IB)7

3. )N0,.O='#T"'A2.H="$BCDE'DIB):?;)'H.IB)7H):52A'?).="@%7 2 'H.IB)7 Apple AirPort Extreme base 

station 8/<"$B"@%7 2 'H.IB)7'DIB):?;),@#8/<CDE:-?.V-# Gigabit Ethernet C#,-.'DIB):?;)

4.3 '()"*+,!-':+2,,/;&/23!!%87-&</=/-*#>4

M ,-."/()!C#(F-#1,-.O9!!9.,HI),-."/()!,-.CDE (F-0G?<,..:"$B>/E)),9!!#$%C#

',:(=))#>+#=9!!"$B:$*JE'+;#'5$<7H#'/$<A 96;7,@!'H.IB)79:;6;-< ('D;# ',:(=L:-,.N,))#>+#="$B96;7

,@! AI !#'D).='A).= L.I) Flash-based games "$B',T!H;-H19##(J7(N/!#'H.IB)79:;6;-< '0R#?E#) 8/<

C#,-."/()!S1CDE9:;6;-<',:(=))#>+#=?@A)<;-7HI)80.9,.:9:;6;-<',:(= Tic Tac Toe 9!!'+;#

*;-#'H.I)6;-<)2#'?).='#T" (?-:"$B>/E)),9!!>AEC#!""$B 3 L@A6E) 3.4.1)

M C#,-."/+)7#$%:$SN/:N;7L:-< 3 0.1,-.HI) 1) "/()!A;-L#;A<0.1:A+*+"-7,.-PPQ, S1

(-:-.F'52B:0.1(2"324-56)7'A+-,-.?)!,+@! 6)780.9,.:9:;6;-<',:(=))#>+#=C#(F-#,-.O=

9!! 1:1 >/EL.I)>:; 2) L#;A<0.1:A+*+"-7,.-PPQ,S1(-:-.F+/,-.CDE7-#L#;A<0.1:A+*+ 

,+-7C#',:(=))#>+#>/EL.I)>:; 9+1 3) (-:-.FS@/9!;7D#2/4-.17-#"$B'L:-1(:(&L.@!,-.

"&7-#!#L#;A<0.1:A+*+"-7,.-PPQ,!-70.1'4">/E
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4.3.1 '()"*&,?*7(/9)@+."A.B(C5/'()9)@:4&%& 

4.3.1.1 4DEFG9)@+?=25/'()"*+,!

1. '5I B)"&,-."/()!A;-A23 $,-.9!;77-#>0<@7L#;A<0.1:A+*+"-7,.-PQ,(-:-.F'52 B:

0.1(2"324-5C#/E-#HA-:'.TAC#,-.0.1:A+*+>/E':IB)'"$<!,@!,-."&7-#!#L#;A<0.1:A+

*+,+-7'5$<7)<;-7'/$<A

2. '5IB)"&,-."/()!A;-4-.17-#D#2/C/"$B'L:-1(:,@!,-.9!;74-.17-##@%#>00.1:A+*+!#

L#;A<0.1:A+*+"-7,.-PQ,

4.3.1.2 4.A#'()"*+,!

M ,-."/+)7/E-#0.1(2"324-5C#,-.0.1:A+*+H&(@B7 1 4-.17-#S1"/()!8/<"/()!

S@!'A+-C#,-.0.1:A+*+6)780.9,.:9:;6;-<?@%79?;'.2B:?E#,-."&7-#6)780.9,.:9:;6;-< ,+;-A

HI) ?@%79?;.@!H;- parameter 6)7*JECDE7-# S#,.1"@B7L<N/,-.S@!'A+-':IB)!.2,-."@%7L:/C#(;A#

80.9,.:9:;6;-<0.1:A+*+'(.TS(2%#/@B7.J0

)89"#$ 4.2 D;A76)7,-.S@!'A+-C#,-."/()!"$B 4.2.1
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M C#,-."/()!"$B 1 #$%S1"&,-.9!;780.9,.:',:(=))#>+#=(;A#9:;6;-<8/<CDE(F-0G?<=

,..:',:(=))#>+#="$B>/E)),9!!>AEC#!""$B 3 '5IB),-.S@/+&/@!7-# '0R# 4 .J09!! HI)

)893!!"#$ 1 H9)3'):3:<I<(>"G'!).'()"0?(/!/J/<4>9)@:4&%&'&(?

)89"#$ 4.3 8H.7(.E-76)780.9,.:9:;6;-<9!!"N,!.2,-."&7-#!#L#;A<0.1:A+*+,+-7

M .J0"$B 4.3 >/E9(/7CLE'LT#FW780.9,.:9:;6;-<',:(=))#>+#=C#.J09!!"$B 1 XWB7'0R#,-.

5@Y#-80.9,.:9:;6;-<',:(=))#>+#=C#.J09!!'/2: ,+;-AHI) 4-.17-#"N,D#2/S1FJ,0.1:A+*+

8/<CDEL#;A<0.1:A+*+,+-7C#,-.0.1:A+*+

)893!!"#$ 2 H9)3'):3:<I<(>!).'()"#$ 1 3&@  2 F8'/0;99)@:4&%&!/J/<4>9)@:4&%&"(?

')(KL' 

M .J0"$B Z 4.4 >/E9(/7CLE'LT#FW780.9,.:9:;6;-<',:(=))#>+#=C#.J09!!"$B 2 XWB7'0R#,-.

5@Y#-80.9,.:9:;6;-<',:(=))#>+#=8/<9!;7!.2,-.!-7(;A#>0"&7-#!#L#;A<0.1:A+*+ 
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,.-PQ,9?;>:;>/E:$,-.9!;79<,0.1'4"4-.17-#C/K "N,!.2,-."$B(-:-.F0.1:A+*+4-.17-#!#

L#;A<0.1:A+*+"-7,.-PQ,FJ,<E-<:-0.1:A+*+"$BL#;A<0.1:A+*+,.-PQ,"@%7L:/

)89"#$ 4.4 8H.7(.E-76)780.9,.:9:;6;-<.J09!!"$B 2

)893!!"#$ 3 H9)3'):3:<I<(>-MC(@!).'()"#$ 1 F8'/0;99)@:4&%&!/J/<4>9)@:4&%&"(?

')(KL'

)89"#$ 4.5 8H.7(.E-76)780.9,.:9:;6;-<.J09!!"$B 3
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M S-,.J0"$B 4.5 >/E9(/7CLE'LT#FW780.9,.:9:;6;-<',:(=))#>+#=C#.J09!!"$B 3 XWB7'0R#,-.

5@Y#-80.9,.:9:;6;-<',:(=))#>+#=8/<9!;7!.2,-.!-7(;A#>0"&7-#!#L#;A<0.1:A+*+

"-7,-.PQ, 8/<9!;77-#"$B:$,-.0.1:A+*+"$B:$S&#A#:-,K (C#"$B#$%HI),-.0.1:A+*+?&9L#;7'/2#

6)7 NPC 1 S-, 9! H;-"$B'0R#>0>/E) >00.1:A+*+4-.17-#!#L#;A<0.1:A+*+"-7,.-PQ,

)893!!"#$ 4 H9)3'):3:<I<(>-MC(@!).'()"#$ 2 F8'/0;99)@:4&%&!/J/<4>9)@:4&%&"(?

')(KL'

)89"#$ 4.6 8H.7(.E-76)780.9,.:9:;6;-<.J09!!"$B 4

M S-,.J0"$B 4.6  >/E9(/7CLE'LT#FW780.9,.:9:;6;-<',:(=))#>+#=C#.J09!!"$B 4 XWB7'0R#,-.

5@Y#-80.9,.:9:;6;-<',:(=))#>+#=8/<9!;7!.2,-.!-7(;A#>0"&7-#!#L#;A<0.1:A+*+

"-7,-.PQ, 8/<9!;77-#"$B:$,-.0.1:A+*+"$B>:;>/E:$HA-:X@!XE)# (C#"$B#$%HI),-.H&#A#H19##

6)7*JE'+;#"$B:$9H;,-.!A,H;-'52B:'";-#@%#) >00.1:A+*+4-.17-#!#L#;A<0.1:A+*+"-7,.-PQ,
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4.3.1.3 %&'()"*+,! : -4&(E,!+/,?I,? 1 B()@?(/ (Tic-tac-toe)

M L+@7S-,"$B>/E"&,-.9!;780.9,.:9:;6;-<',:(=))#>+#=)),:-'0R# 4 .J09!!"$B:$,-.9!;7

4-.17-#C#+@,[O1"$B9?,?;-7,@#9+EA)),:-"@%7 4 .J09!! SW7#&:-"&,-."/()!0.1(2"324-5C#

,-.0.1:A+*+4-.17-#"@%7L:/ C#,-.S@!'A+-,-."&7-##@%#S1"&,-.S@!'A+-"@%7L:/ 5 H.@%7?;) 1 

.J09!! 9+EASW7#&H;-'\+$B<6)7'A+-"$B9?;+;1.J09!!CDE#@%#:-!@#"W,'5IB)A2'H.-1L=*+C#6@%#?)#?;)>0 

*+"$B>/E'0R#?-.-7/@7?;)>0#$%

E()(?"#$ 1 *+S-,,-."/+)7"$B 4.3.1.3 /E-#0.1(2"324-5C#,-.0.1:A+*+4-.17-#

!"#$#%"&'() *+,-../0( 1 *+,-../0( 2 *+,-../0( 3 *+,-../0( 4

1 1.209 0.074 0.046 1.237

10 11.235 0.742 0.112 12.154

100 98.362 4.235 0.312 101.165

4.3.1.4 +)G9%&'()"*+,!

M S1'LT#>/EA;-*+S-,,-."/()!#@%#>/E9(/7CLE'LT#A;-4-.9!;74-.17-#>0"&7-#!#L#;A<

0.1:A+*+,.-PQ,>/E'52B:0.1(2"324-5C#,-.0.1:A+*+H&(@B76)780.9,.:9:;6;-<',:(=))#>+#=

9!!*JE'+;#H#'/$<A>/E)<;-7D@/'S# 8/<'\5-1':IB)'"$<!,@!,-.5@Y#-80.9,.:9:;6;-<',:(=))#>+#=

C#.J09!!'/2: (.J09!!"$B 1) S1'LT#>/EA;-,-.9!;74-.17-#6)780.9,.:9:;6;-<',:(=))#>+#=>0

0.1:A+*+!#L#;A<0.1:A+*+"-7,.-PQ,#@%#(-:-.F'52B:0.1(2"324-5C#/E-#,-.?)!(#)7

6)7',:(=))#>+#=(;A#9:;6;-<>/E)<;-7:$#@<<1(&H@]

M ':IB)+)752S-.O-*+,-."/()!S1'LT#>/EA;-

1. ,.O$"$BS1D;A<'52B:0.1(2"324-5>/E(J7"$B(N/HI),-.9!;77-#C# .J09!!"$B 3 HI) ,-.9!;77-#"$B:$

,-.0.1:A+*+"$B:$S&#A#:-,K >00.1:A+*+4-.17-#!#L#;A<0.1:A+*+"-7,.-PQ,8/<

(-:-.'52B:0.1(2"324-5/E-#HA-:'.TAC#,-.0.1:A+*+>/E)<;-7:$#@<<1(&H@] ':IB)'"$<!,@!,-.
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5@Y#-80.9,.:9:;6;-<',:(=))#>+#=C#.J09!!'/2: (.J09!!"$B 1 "@%7 2 4-.17-#0.1:A+*+

!#L#;A<0.1:A+*+,+-7) 

2. C#,-."/()!.J09!!"$B 4 HI) ,-.9!;77-#"$B:$,-.0.1:A+*+"$B>:;>/E:$HA-:X@!XE)# (C#"$B#$%

HI),-.H&#A#H19##6)7*JE'+;#"$B:$9H;,-.!A,H;-'52B:'";-#@%#) >00.1:A+*+4-.17-#!#

L#;A<0.1:A+*+,.-PQ, 9+14-.17-#"$B:$HA-:X@!XE)#:-,K0.1:A+*+!#L#;A<0.1:A+

*+,+-7 0.-,UA;-,-.9!;77-#>00.1:A+*+!#L#;A<0.1:A+*+,.-PPQ,#@ %#"&CLE

0.1(2"324-5/E-#HA-:'.TAC#,-.0.1:A+*+C#,-."&7-#9<;+7

3. C#,-."/()!.J09!!"$B 2 HI)4-.17-#"@%7 2 D#2/"&7-#!#L#;A<0.1:A+*+,.-PQ, FW79:EA;-

S1>:;>/E'0R#A23$,-.9!;74-.17-#"$B/$"$B(N/ 9?;,T<@7(-:-.F'52B:0.1(2"324-5/E-#HA-:'.TAC#,-.

0.1:A+*+S-,,-.5@Y#-80.9,.:9:;6;-<',:(=))#>+#=C#.J09!!'/2: (.J09!!"$B 1 "@%7 2 

4-.17-#0.1:A+*+!#L#;A<0.1:A+*+,+-7) >/E

4.3.2 '()567")DC>(')J/<4>9)@:4&%&'&(? 

4.3.2.1 4DEFG9)@+?=25/'()"*+,!

M '5I B)"&,-."/()!A;-A23$,-.9!;77-#>0<@7L#;A<0.1:A+*+"-7,.-PQ,(-:-.F'52 B:

0.1(2"324-5/E-#,-.+/,-.CDE7-#L#;A<0.1:A+*+,+-7>/E':IB)'"$<!,@!,-."&7-#!#L#;A<

0.1:A+*+,+-7'5$<7)<;-7'/$<A

4.3.2.2 4.A#'()"*+,!

M C#,-."/()!"$B 2 #$%S1'0R#,-."/()!S&#A#,-.CDE7-#".@5<-,.L#;A<0.1:A+*+,

+-76)780.9,.:9:;6;-<',:(=))#>+#=S1"/()!8/<,-.S&+)7H&(@B7'.$<,CDE7-#80.9,.:9:;6;-<

S-,'H.IB)7+J,6;-<'0R#S&#A# 100 H&(@B7 9+1 1,000 H&(@B7 9+1"&,-.!@#"W,*+,-.CDE7-#L#;A<

0.1:A+*+,+-7?@%79?;'.2B:(;74-.17-#"$B 1 S#0.1:A+*+4-.17-#H&(@B7(N/"E-<'(.TS(2%#/@B7.J0 4.8
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)89"#$ 4.7 ,-.!@#"W,,-.CDE".@5<-,.L#;A<0.1:A+*+,+-7 C#,-."/()!"$B 4.3.2

)89"#$ 4.8 8H.7(.E-7,-."&7-#6)780.9,.:S&+)7H&(@B7(&L.@!,-."/()!"$B 4.3.2

M C#,-.S&+)7H&(@B7#@%#S1CDE:$,-.5@Y#-80.9,.:8/<CDE8H.7(.E-7,-."&7-#C#.J0"$B 4.9 

C#,-.5@Y#- ,+;-AHI)S1:$,-.A#+J0 for "@%7L:/ N H.@%7 (100 L.I) 1,000 H.@%7) '5IB)"$BS1'.$<,CDE

80.9,.:C#(;A#6)7'H.IB)79:;6;-<8/<C(; parameter 2 H;-/@7?;)>0#$%
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1. gamearray=1532;
2. userpoint=1000;

8/<H;- gamearray '0R#H;-(F-#1+;-(N/6)7',:(= C#80.9,.:S&+)7H;-#$%S1(;7H;-  gamearray = 

1532 XWB7:$HA-:L:-<A;-

,-.'+;#"$B:$.J09!!,-.'/2#.)!9.,?&9L#;7"$B 1

,-.'/2#C#.)!"$B 2 '/2#?&9L#;7"$B 5

,-.'/2#C#.)!"$B 3 '/2#?&9L#;7"$B 3

,-.'/2#C#.)!"$B 4 '/2#?&9L#;7"$B 2

9+1 userpoint :$H;-'";-,@! 1000 H19##

M )#WB7C#,-."/()!,-.CDE".@5<-,.L#;A<0.1:A+*+,+-76)780.9,.:',:(=9:;6;-<

))#>+#=#$%#@%#C#(;A#6)7.J09!!,-.9!;74-.17-#6)780.9,.:9:;6;-<#@%#S1CDE 2 .J09!!C#,-.

"/()! HI)

1 80.9,.:9:;6;-<"N,!.2,-."&7-#!#L#;A<0.1:A+*+,+-7 (.J09!!"$B 1)

2 80.9,.:9:;6;-<'\5-1!.2,-."$B 1 0.1:A+*+!#L#;A<0.1:A+*+,.-PQ, (.J09!!"$B 3)

4.3.2.3 %&'()"*+,!

)89"#$ 4.9 ,-.CDE".@5<-,.L#;A<0.1:A+*+,+-7 ':IB).@#80.9,.: (a) 100 9+1 (b) 1,000 H&(@B7
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4.3.2.4 +)G9%&'()"*+,!

M S-,*+,-."/()!S1'LT#>/EA;-,-.9!;74-.17-#S-,L#;A<0.1:A+*+,+-7:-<@7L#;A<

0.1:A+*+"-7,.-PQ,S1D;A<+/,-.CDE7-#L#;A<0.1:A+*+,+-7)<;-7'LT#>/ED@/ ,+;-AHI)S1+/

,-.CDE7-#".@5<-,.L#;A<0.1:A+*+,+-70.1:-O 33%

4.4 -':+2,,/;&/5/)893!!"#$:#%87-&</C)7,:'D/J&(>=/ (Massive multiplayer online game)

M ,-."/()!C#(F-#1,-.O"$B()7HI),-."/()!,-.CDE A23$,-.#$%C#',:(=))#>+#=9!!"$B:$

*JE'+;#5.E):K,@#L+-<H# ('D;# ',:(= MMORPG '0R#?E#) 8/<C#,-."/()!S1CDE80.9,.:',:(=

))#>+#=(;A#9:;6;-<?@A)<;-7 HI) ',:(=S&+)7,-.XI%)6-<LNE#C#?+-/L+@,".@5<= (Virtual online 

stock exchange games) 

4.4.1 '()"*+,!9)@+."A.B(CI,?-4&(E,!+/,?I,?H9)3'):

4.4.1.1 4DEFG9)@+?=25/'()"*+,!

1. "/()!A;-L#;A<0.1:A+*+,.-PQ,(-:-.F'52 B:0.1(2"324-5C#/E-#'A+-?)!,+@!6)7

80.9,.:',:(=))#>+#=(;A#9:;6;-<C#(F-#,-.O=9!!*JE'+;#S&#A#:-,'+;#',:(='/$<A,@#>/E

C#.1/@!C/

2. (-:-.FS@/9!;7D#2/7-#"$B'L:-1(:(&L.@!,-."&7-#!#L#;A<0.1:A+*+,.-PQ,!-7

0.1'4">/E (8/<'\5-1)<;-7<2B77-#C#9!!)#N,.:=C#(F-#,-.O="$B:$H#CDE7-#5.E):,@#S&#A#

:-,)

4.4.1.2 4.A#'()"*+,!

M C#,-."/()!#$%S1'0R#,-."/()!0.1(2"324-5/E-#'A+-?)!(#)76)7!.2,-.D#2/?;-7K

8/<,-."/()!#@%#S1"&,-.S&+)7H&(@B7'.$<,CDE7-#80.9,.:9:;6;-<S-,'H.IB)7+J,6;-<'0R#S&#A# 

:-,9+1"&,-.!@#"W,*+,-.CDE7-#L#;A<0.1:A+*+,+-7?@%79?;'.2B:(;74-.17-#"$B 1 S#0.1:A+

*+4-.17-#H&(@B7(N/"E-<'(.TS(2%#/@B7.J0"$B 4.11
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)89"#$ 4.10 ,-.CDE".@5<-,.L#;A<0.1:A+*+,+-7 C#,-."/()!"$B 4.4.1

M )89"#$ 4.11 8H.7(.E-7,-."&7-#6)780.9,.:S&+)7H&(@B7(&L.@!,-."/()!"$B 4.4.1
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4.3.1.2 %&'()"*+,!

M ,-."/()!',:(=9:;6;-<9!!*JE'+;#5.E):K,@#L+-<KH##@%#>/E"&,-."/()! 3 ,-.

"/()!/@7?;)>0#$%

1 %&'()"*+,!9)@+."A.B(CI,?-4&(E,!+/,?!).'()ND*-)#>?=@3//  (Score ranking)

M C#97;:N:9.,"$B>/E"&,-."/()!HI) 0.1(2"324-5,-.?)!,+@!"$B>/ES-,,-..@#!.2,-.,-.

S@/'.$<7H19## 8/<,-."/()!#@%#S1CDEA23$,-.S@!'A+-,-.?)!,+@!S-,'.2B:?E#'.$<,4-.17-#S#

S!,-.'.$<,4-.17-# 8/<C#6@%#?)##$%S1:$,-.'52B:S&#A#6E):J+6)7*JECDE7-#'52B:6W%#'.IB)<K 8/<*+"$B

>/E'0R#/@7?;)>0#$%

)89"#$ 4.12 *+,-."/()!0.1(2"324-5'A+-?)!(#)7!.2,-.S@/'.$<7H19##
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A BST R A C T  
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.   

K eywords 
Online Game, Graphic processor utilization, GPGPU 

1. IN T R O DU C T I O N 
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 game  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. 

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. B A C K G R O UND 
2.1 G raphic Processor Unit A rchitecture 

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. 

 
F igure 1. CPU and GPU A rchitecture. 

 
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 
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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. 

 
F igure 2. Comparison of service distr ibution on game server 
machine: (a) General approach, and (b) Our proposed one. 

 

3. PR OPOSE D M O D E L 
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 
 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. 

 
F igure 3. GPU  Function  process 

 

4. E MPIRI C A L E V A L U A T I O N 

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) AI-based service for 

accumulating the user scores. -based 
algorithm can take direct advantage from the co-existed GPU by 
distributing the workload searching for the best strategy across 

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. 

 
F igure 4. Workflow  in  Tic  Tac  Toe  online  game 

4.1.2 Results 
As we can see from the Table 1, the AI-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. 
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Table 1. Overall response time of single thread (T ic-tac-toe)  

T est 
Case 

Number 

A I-based 
Service 

running on 

Score Calc. 
Service 

running on 

E lapsed 
T ime 
(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. 

 

F igure 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 

searching service for locating the stock trader in the database, and 
res 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. 

 
F igure 6. Workflow  in  Virtual  online  stock  exchange  game 

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. 

4.2.2 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. 

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. 

 
(a) Searching trader service 

 
(b) Score ranking service 

 
(c)  User status update service 

F igure 7. Overall response  time on various services 
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 



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 

performance, particularly when it is worked in 

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 



 


      
 

 
  Service 

Oriented Architecture : SOA) 
1] [2]  

 
 CPU () GPU 

( ) 
 
 
 

CPU GPU  

 GPGPU) SOA 

    
 
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Service-oriented architecture for graphic processor enabled game server 
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  
    
  
    
   
5


 
 Service-oriented architecture (SOA) 

SOA  

 (Software as a service : SaaS)SOA 

  

SOA  

 
 
 SOA 

 


Web Services SOAP (Simple Object 

Access Protocol : 
Service) WSDL (Web Services Description 

Language : Web services)   

SOA 


 General-purpose computing on graphics  

                processing units (GPGPU) 

GPGPU ( GPGP GP 
GPU (Graphic Processor 

Unit) 


, 

CPU (Central Processing Unit)  

 GPU 

     [3] 
GPGPU  

 


 

 
SOA 




SOA  
 
 
GPU   

 
 


[3] SOA 



 







 

 





  


 


 

2:  

 

 
Game Service Bus (GSB)  
   
Service exploits) 
          Messaging 

middleware) GSB 
 GSB Service 

Wrapper SOAP 
 GSB 
CPU 
GPU GSB 
 GSB  
 

Service Wrapper  CPU 

Code , GPU Code GSB, Service Wrapper 

 GSB 
CPU Code GPU Code 

CPU Code 
 

GPU Code 
 
3  

  Input 
WSDL (1) input SOAP (2)
 input  GSB  
Service, Service, ServiceSave to DB 

 input 
SOAP ( 
 SOA 
 

 

 

3:  

 


 



  Virtual online 

stock exchange games)  
3  1 

 





 

2  
3  
 1
20,000

 
 

 : 2.66 GHz Quad-Core Intel Core 

i7 (4 Core 8 threads CPU) , 3GB DDRII main memory , 
Windows 7 x86 , NVIDIA GeForce 9800GX2 graphics 

cards 5  
  

 

4:  
 


  


  (,
) 
((a)) 



 

(a) 

 

(b)  

 

(c) 
5 

 
 


 

CPU GPU 
 
 
 









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