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Abstract: To support large-scale users to share a virtual environment, multi-server architecture is applied to the
virtual environment system and each server handles a partition of the virtual environment. The unpredictable
movements and interactions of avatars may cause some servers to be overloaded. Existing load balancing algorithms
try to redistribute load among servers and incur too much overhead, which may reduce the interactivity of system.
In this paper, a layered iterative dynamic load balancing algorithm is proposed. Setting the overloaded region as the
center, the algorithm chooses a limited number of neighboring regions as the load adjusting goals and iteratively
spreads the overload outward from the center. The load balancing state can be achieved through iterations. Based on
the virtual environment wherein avatars are scattered under skewed and clustered distribution, the algorithm is built
and comparison with the existing load balancing algorithms are made. The results show that this algorithm can
adjust load efficiently and incur less overhead.

Key words: distributed virtual environment; multi-server; dynamic load balancing; layered iteration
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PR 85 3R e I (1) — A S B [ 750t 38 AT 6T 6 55 4 100 10 2 A S0 380 ST 1 K ok 3 I 45 110030 43 57 28 0 4 380 L A
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{1 7 B, S I A P IR 55 B £ 34 A0 3 B AR P 14y AR AT 3 A) A L LN T R 2 (o SR, T
G2 10 P PR IR 55 2 1) 10 300455 7 28 e T T MR oo 2 I 25 R o —— A S 2 2 1 3 L e 9 80 40 T P 7
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Adjust a small amount of the load
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Fig.1 Layered iterative load adjusting process
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(1) X1 (region)

HEAS R ANFRBE AT R 530 J5 B — PR A — A DAl 1) 4 B 5 A DX R AN AR A REAS X — A O 45
RegionServer(RS) 1 57, AN A 1) RS LLNAR ij,tv, ... 4T X 23 48 A i LR 55 R 40 10 DX 8l 5 B R NAH R 99, X 3 TR
-3 ECH B N 2 gt & — R4 4 /> Region 1 43155

Region; Region
Ly
Celly
Cell;
Regior\/ Region,

Fig.2 Region and Cell
& 2 Region A1 Cell 7~ i &

(2) Cell

BEAS X ARG 53 1 22 S AR (R T 7 T /N B e Rk Cell, Cell J2: 4 ) 45 Fy v d /N (8 37, R [R R Cell LR
Fr mn, . HEAT X2 ]2 o i i SR A5 RS X 3R 4 16 A Cell.

(3) HI /XX 3% AOl(area of interest)

FI P AOL ARER T (R B SN R, — e LU 7 ok oo (g R I ok 3o — A P A 55— A i) AOIL X
I U2 7R AN PR D, G SRS A A F AR TR RS, U4 51 AN RS 145 % 2 1] R A%

22 HRERIFE R

FeATse s 20 S DA 34 43 A 0 2 A 4 30Tl Ak

4 NB(RSi) 4 i 17 5 RS HHAB ) RS A4 JRAE A, W5 A~ DX R 25 48 RS; R0 RS; AH4E, 4 HAX Y RS; Rl RS; % .+ 42
PR BT R 43 (P> Region 17— 46 A JLid;

4 DIffRS(RS;, k) A X 35 IR 25 2% RS; HISH k J24 #3850k 8, B 2 4k 44T = RS, J& T DIffRS(RS;,
1)(I<k), ] RS, A J& T DIffRS(RS; k).

NB(RS,), if k=1
NB(RS;), RS; e DiffRS(RS;,k-1), if k>1"

4 OL(RSi) A RS; I3k 2% 9 {H, 7 RS; BB AL 1 1) 7 2K I TR B U AF, RS 75 56 85 41 3

4 SL(RS) M RS; I 2 4 48 BIAH, 7 RS; 2802 4 ) I 54, SL(RS;) = axOL(RS;), {1 F P e s, — e v
% 0.8~0.9 1K

A L(RSi) A X IR 45 4% RS; 11 6138, F RS, 4 BELIK F = it ke il .44 5

L(RS;)>OL(RS;), f1 il 5, 5 B4 75 1 %% ;

L(RS)>=SL(RS;) && L(RS;)=<OL(RSy), Ifi F-IRAS, A Re 6 # T4 A e 52 4 4

L(RSi)<SL(RS;), i ## 4%  Be o #5: 52 61 2.

I3 B AR BN A T A S DA SR A e T ) XS 45 4 O TRy, o O R R L A R B 19 DXl 45 A
VR EE H bR, B 8 — A S0 R 5 K2 IR KR T — N SR Y RS, R A R n) J0 A | (I<=K) P BLIX BT %
GBS |29 B M 1 RS SE 1) RS; (36 141 29 BRIX OT A8 4138, 1X0E, RS, gk vl LI 28 | 29 5 X 3T 4%
B8, G0l 2 UOE A K I B P R RS 1Y kR R 38, 18 B A AR A R T e Y X IR 45 AR
RS;:L(RS;)>OL(RS;), 572 i A R AL F R AR Gl T

(1) WIEZHO=1,10 5 1247 5, /D RS; 7] DiffRS(RS;, 1) 1A T 71 %3T #% . kB DIffRS(RS;, 1), 4 AT & RS; J&

DIffRS(RS, , k) _{
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T DiffRS(RS;, 1) £ & 753 & L(RS;)<SL(RS;), 4n A3 &, WA RS; £ 53 X 3 rh 1k 8 — 4> Celly ¥ HIT 245 RS;;

(2) WERAEENEE | Z4 88900 1 2, 1=1+1. 380 DiffRS(RS;,1),4T- 2 RS, J& T- DiffRS(RS;,1-1),# DiffRS(RS;,1)
HA74E RS,,L(RS,)<SL(RS,), 7" H RS, J& T NB(RS,), UM\ RS, ft 2% X 3k 3£ £ — A Cell, K HITH 4 RS,

(3) & EHEAT JR Bk 1) S L & RS Be B 72 | 2 (1<k)IT A% 5 Bl e H 20 k 2.

W d KB k=2, 54> RS (13 #d{E 2 100, %2 4> 47 8 I 2k 0.9x100=90,— /M {a] B 11 43 2 164X 47 8 48
WG 3 fran. &l 3(a) s RS, diid 3, 3R EUIL 2R 1 )2 DiffRS(RS,,1)={RS1,RS;,RS7}, L1 RS; 171
A 88 /N T2 A A W] LA RS, 1A 5038, 58 BUER 1 I AR, TR 5 IRPIR S 40 181 3(b) i 7 T 4 )5 RS, £ 3
103, 5 f 38 B, 3E 4T 28 2 OB ISR 1 2 DIffRS(RS,, 1) L& AN e B f &, I 147 B )2 DIffRS(RS,,
2)={RSp,RS4,RSe,RSg,RS1,}, % DIffRS(RS,,1)H 1) RSy T LUK 41 2 iT# 45 DIffRS(RS,,2) H HLAHAT 1) RS, 71 45 1 4%
SRS W 3(c)Fram; 5 JE AT 3 3 UGEAR,RS, AR S B PR IR 4R 45 RSy, 1A B 5 A AOIRES, Wi ] 3(d) s X A,
o T 9 gk ol T A X 45 5 RS, B SVE R 3 AR A R Gk I T O IR A

RSy | RS: [ RS, | RS | Rs, RS | RS, | RS, | RS: | Rs, RS, | RS; | RS, | RS | RSy RSo | RS, [ RS; | Rs; [ RSy

85 91 105 88 92 85 91 103 = 90 92 90 t- 86 103 90 92 90 90 B 99 90 92
RSs | RSs | RS; | RSg | RS, RSs | RSs | RS; | RSg | RS, RSs | RSs | RS7 | RSg | RSg RSs | RSs | RS; | RSg | RS,
78 93 85 78 93 85 82 93 85 82 93 85
RSy | RSy | RS12 | RSy3 | RSy RSy | RSy | RS12 | RS;3 | RSy RS1o | RS | RS12 | RSy | RSu RS;o | RSt | RS12 | RSy5 | RSy
90 90 920 90

RSis | RSis | RS17 | RSig | RSy RSis | RSis | RS17 | RS1s | RSy RSi5 | RSis | RSi7 | RS1s | RSig RSis | RSis | RS17 | RSig | RSy

RSz | RSz | RSz | RSz | RSy RSz | RSz | RS2 | RSz | RSz RS20 | RSz | RSz | RSy | RSxu RSz | RSz | RSz | RSz | RSy

(@ (b) (c) (d)
Fig.3 Anexample of layered iterative load adjusting
K3 R IE A R R R s

SOk A Hod I X IR 25 2% HeavyRS g i sdhAT 01280 1, K H — A BA %1 nbRSQueue ki s d i
|J2 T AL B RS, numRSofCurLayer A1 numRSofNextLayer it 3% 24 i 2 A b AT R — J2 £ b BE ) X ek il
G SR HH  PRAE OB A I 2 N E ISR 2, 2 5 2 W RS R DUEAT S 330 7 58 88 L 5 R = Bk I Rk
Ry I Ak P R R, O A S DL AR5 1.

B 1 RSBSOS,

int curLayer=0; PTG 0
Queue nbRSQuene; IR REFL() RS BAF

int numRSofCurLayer=1; IPATTZ AR AL PR RS 20 H
int numRSofNextLayer=0; IF— 2754021 RS 20 H
bool canLoadTransfer=false; IHE K 2N BE R 3k

nbRSQuene.push(HeavyRS);
while(curLayer<=k) {
RS;=nbRSQuene.pop();
NB(RS;)=getNBSet(RS;); 1137153 RS; H1 NB(RS));
for(each RS; in NB(RS;)){
if(RS; is NOT VISITED){
¥rid RS; A VISITED;
if(L(RS;)<SL(RS))) {
canLoadTransfer=true; //n] AE6HS f 2%
break; [lexit for

Yelse {
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nbRSQuene.push(RS;);
numRSofNextLayer++;

}

if(canLoadTransfer){

SelectCellAndRS(RS;,RS;,Celly);

TransferOneCell(RS;,RS;,Celly,);
break;

}

numRSofCurLayer--;

if(numRSofCurLayer==0) {

numRSofCurLayer=numRSofNextLayer;

numRSofNextLayer=0;
curLayer++;

H
} /lend while

2.3 Xkl iR

LEEE-
M RS, 58 MK K A (KA R
SEIRIA) ISR B A IS K H AR RS RIAR

/\*h:u:

FIEF% Celly,

/N — 247 RS i H 40

/lend for
I ST LA R 40 3
INEFE— D Fs % Cell FIH AR RS

II¥: Celly, Hi RS; #7245 RS;
[/lexit while

124700 2 75 AL P RS HH Wk 1
X — 1) RS Ab B 58 T

I'F— 2401 RS $0 H i %
I m—)z

T B BRI XI55 RSy i, T ZEAE H A T X I Pk B — A Celly, P &5 2 Ath X 38 il 4
AT P’Mﬁf% Xl B Tk SelectCellAndRS(RS;,RS;, Cellyy)
/D IR Y.

FeArle X BufferCell(RS;) 20 RS; g2 % Cell ﬁF JH RS 4757 X335 HAR X 3842 S b 1) Cell 74 5, — N s

T RS; I H ;3 N 21 )& T BufferCell(RS;) ) Cell, 2>

1 X IR 55 4% RS Al RS; 2 1] [ 99 438 1 .

XFF AN IR ST & RS, T LA A Celly 45 RS; I, A& T 00 R L5 R

(1) H#bx RS;JET NB(RS;) I H. L(RS))<SL(RS));
(2) #H# Celly J& T BufferCell(RS;);

(3) Celly, IHAZ W AZ Al 52 52 Region [ FHC S k.
HEFE NB(RS) IR T A R B AL (1 RS IER AR 48/ IF AN 5 512 “ #1537, Cell A BufferCell(RS)H

e R PR
0 A i T LU SR 5 P 1 AOIL 2
Il R 55 5% [ £ 199 2% LA

U/ RS IR] 1 190 4% 370 £ 5 (3) ) 5 22 J5L A 2 :Regiion {158 JAb £ 5 12 RS I7] 140 19 % 3 2, 32 5% 1] Region
7 c Region 2 H S &= /D AF 5] AR S5 A5 A1EAF 1) RS 2 H R &b,

BExE IR 3 25 18 4 BufferCell(RS;) A ¥ Celly, £ RS; AHAR 1) RS;, #AT1E X weight(Celly, RS;, RS;) A

Celly il RS, B2 1 B

weight(Cell,,,RS;,RS;) = NBCelINum(Cell ,

,RS;)/ NBCelINum(Cell ,,RS;)/ Degree(Cell ;) .

NBCelINum(Celly,,RS))24 Celly, HEAHAR 1) Cell 424 & T RS; I Cell M4
Degree(Celly) s Celly, 76 5 FFR 58 v 1) 67 1 K7 R 23 A LxK AN Cell (1 UL ERBE, Degree(Celly) 540 K
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05 me(Ll), @K), (LD, (LK) 4 Efrcell
Degree(Cell, ) = 075 me(l, y),\(L, y),(x,0,(x,K) 4/ Ef¥Cell .
y2LK FH x#1L
1.0 Ak
FEXEFE HAx Celly, A1 RS I, BRI B K I) Celly A1 RSy 25 BUIE A ], W& # L(RS;)E /MK RSy S L3 i)
Cell,, SelectCellAndRS(RS;,RS;, Celly) T 514, WA i 2.
Bk 2. kB E A5 Cell #1 RS T4k SelectCellAndRS ¥ £ 4CHH,.
SelectCellAndRS(RS;,RS;,Celly)
{
IIRS; #1 Celly, 5| F 241
float weightDstCell=0.0;
float weightCell=0.0;
for(each Cell,, IN BufferCell(RS;)){
for(each RS, J& T~ NB(RS))){
HEH5 Cell BUHE
weightCell=weight(Cell,,RS;,RS,);
if(weightCell>weightDstCell||
weightCell==weightDstDell && L(RS;)<L(RS))){
47 B2 3E 1) Cell F1 RS
weightDstCell=weightCell;
Cell,=Cell,;
RS;=RS;;
}

}
2.4 T#ECell

7EH SelectCellAndRS(RS;,RS;, Celly) T 57258 B Hbx Celly, 1 RS; 1114482 J5,H TransferOneCell(RS;,RS;,
Celly) T 5558 B RS 1 Celly, ILE 45 RS AHIK M AL BT 7R,

TATT B 5645 1 TransferOneCell 85030 50 it — S 504 52 .

4 Type(Cellyn)h Celly, (2L Celly, J& T RS; 112% 011X Cell 424 BufferCell(Celly,), I FL2E R 4 £8 pf Cell,
idh Type(Cell,,)=BUFFERCELL,# Cell,, J& T RS; 5t Al Cell, MILIET 5 Cell,ic 2y Type(Celly)=
INTERCELL.

4 RelativeRS(Cell,) A Celly, IR RS 447 3REL—A™ Cell, BB AHAR 1) Cell 413 (6L 45X £ 4H41), 4648 Cell
B AR Cell BT i RS MR 24 11 24 RelativeRS(Celly,); %) T+ Celly, #5 RelativeRS(Celly) 7t Z MK T 1,
I H: 2471 ) BUFFERCELL,RelativeRS(Celly,) G E AN %5 T 1, Hi2 A1, INTERCELL.

TransferOneCell(RS;,RS;,Celly) ¥ 53 32 B 58 i T 18 4% AH DS R

(1) # Cell, J&T RS BB A RS;;

(2) XI RS; il RS; 44 (1 2% #h X Cell 4545 BufferCell(RS;)#1 BufferCell(RS;) AT 5 #;

(3) # Cell, 5 Celly #1148,Cell, J& T RS, 7 ZXT Celly, IL# 52 M7 2 1) RelativeRS(Cell,), Type(Cell,),BufferCell
(RS)HEAT FE3HT;

(4) J&ET Cell, (T 5 B 1 RS IZF2 21| RS,
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WU 7E A7 2R AT FE o IR S5 28 RS, T 2T # Celly %45 RSy, W&l 4 F7R, TransferOneCell #0402 5 72 40
T 584 Cell, B BT I8 RS HEATAE 4, B RSo 2k RSq; X, 4T BufferCell(RSo) 1 BufferCell(RS,)#E4T B 37, 4 Celly
M BufferCell(RSg) # #Hl 4, i A 1| BufferCell(RSy) ;28 =, Cell, FIIT 2 7] BE 52 M HAH 4K Cell.LA Celly Jy 41,3 F5 1
RelativeRS(Cell;)={RSo}, it # /& RelativeRS(Cell;)={RS,,RS:},Type(Cell;) 7 % ¥ #r 4 BUFFERCELL, [
I}, BufferCell(RSo) #5 B h e % Cellg; 5, 7 20k Cell; WM S5 B RS iR # RS.ETW: 3 Al T
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Fig.4 An example of Cell migration
Kl 4 T Cell 4bFELFi Rl
H3% 3. iT# Cell 1532 TransferOneCell ()£ 1A,
TransferOneCell(RS;,RS;,Cell,,)
{
¥ Celly, T JE RS BB 4 RS;;
BufferCell(RS;).remove(Cell,);
BufferCell(RS;).add(Cell);
NBCellSet(Cell,,)=getNBCellSet(Cell,,); 13RI Cell, ABZL 1) Cell 4545
for(each Cell,, in NBCellSet(Cell;)){
FRHL Cell, T & (1) RSy;
RelativeRS,ey(Cell,)=getRelativeRS e, (Cell,);  //i15 Cell, )< Ek RS 44
IS L IH PSRN RS 42410047 LA
if(RelativeRSold(Cell,).size==1 &&
RelativeRSnew(Cell,).size>1){ /ICelly J§ A ZE 1 Cell
Type(Cell,)=BUFFERCELL,;
BufferCell(RS;).add(Celly,);
%
if(RelativeRSold(Cell,).size>1 &&
RelativeRSnew(Cell,).size==1){ HICell, Bk 5 Cell
Type(Cell,)=INTERCELL;
BufferCell(RS;).remove(Cell,);
}

}
¥ Celly, W H 15 BB RS I B RS;;
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Fig.5 Skewed and clustered distribution of avatars in the virtual environment
5 JH PR RS b i) 2 O3 A (15U AN 2R )

S RBE I E O EHLECE P4 2.8GHz CPU,512M W A7, Windows XP; 34 i 500 R 855 4 i &1l 4y 4
4,9,16,25,36 ™ Region, 4 13 %7 H i RS ok 91 57 454 X 35, 54 Region %143 4 15x15 4~ Cell;L(RS) A RS 91 3%,
Al Hy RS B EE A S AOE AT i RS RS A 2 OL(RS) 1 2 200, o 0.9, RIEEAN RS )% 4 fi#k i
SL(RS)=0.9x200=180;%F T A [M¥ RS #H N,SEBRIIA MG S8 R0 74 Nx0.8xSL(RS), 2 #7341 A Nx
0.7xSL(RS); B i dir KJZ KL k (LN
3.2 MERIEHR

AT L SR (R AT 25 A A i T A S BN B A P, 2% SR [16,17], SR AT 1 5 1 SRS (X LSk
A2 SRR YR A A AR Rk B AR A R v S N T B Sk i i RA TR A R A R IR R A

(1) EIEAT R (efficiency)

F R SR AT e SRR AR 1 IR (P 2 I R] (ms) R oH 8, R

Efficiency = Tiga/Crotal-

Tiotal 1 Crotar 73l A MNELVENAT I 46 B 35 G B35 80 BARZS BAS B R 48 1 BOIRAS, S0 AT (¥ B I ) 1
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(3) H/MiTA% k% UMR(user migration ratio)
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Fig.6 Average executing time of algorithm
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Fig.7 Overload adjustment ratio under skewed and clustered distribution
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Fig.8 User migration ratio under skewed and clustered distribution
K8 iR oA, IR AN BT RS B AR L

N THTFR IR 45 R AT LU AR P A R O A D0 R, AR BT A S A T B R L A 100%, B AT
R B S S TR SR AT LE SN T3 22 (R T4, A 0 6 IR 55 4 H 1 884 m ik, ] P % LU 2R 19 I 21 90%
A b Jm s 8T i S A /N P T A L AN 30%, (H Y Ik 5 w8 H KT 25 A i i RN
A0%, AN 75 R HUARE 7 A R AU 58 110 9780 i ) A A SC SR R I SO B AR WA 92% LA b 4R 2 R 3
i 535, LU Bl 24 S S sy O HL A SR 0 S 3T 7% LU AE PR 20 A1 AN L 56%, 7E OR 45 7 B B A
RO PR TR] IS 5 T N ARG R T A3, S0 s A B AR A B AR R I (] AN 2 0.2ms.

4 £ iE

BT T B S BT BT AR IOV ST K S B Bl A 1 22 1K) 1) AR SR Y — b o SR AEAR I Bl
A G R N T 2 R 55 45 G R 10 23 A SR AUIA B AR G v, DAk X R 5545 D o, 23 2 ik AT
B B0 ) DX Il 5 F O e 468 L o el 20 e P9 1R SIS A 1R 25 22l ok 22 DR ACR 21 50 B IR A
S 45 SRR, AR SCHR AN TR Ji, mT AR A 28 ¢ o ) 0 00 28 00 A U o8 7 28 7 IR 2 e o o i 7R
ARG UL, BT IR 4l S sl 3 G O S R AR SCAR AT DA 2 i A S O LS N B I
TFH.

© PEBREBAIHTUR  hupy/www. jos. org. en



2482 Journal of Software #k#3 3R Vol.19, No.9, September 2008

References:

[1] Zyda MJ, Pratt DR, Monahan JG, Wilson KP. NPSNET: Constructing a 3D virtual world. In: Levoy M, Catmull EE, Zeltzer D, eds.
Proc. of the 1992 Symp. on Interactive 3D Graphics. New Yowk: ACM, 1992. 147-156.

[2] Frecon E, Stenius M. DIVE: A scaleable network architecture for distributed virtual environments. Distributed System Engineering,
1998,5(3):91-100.

[3] Greenhalgh C, Purbrick J, Snowdon D. Inside MASSIVE-3: Flexible support for data consistency and world structuring. In:
Churchill E, Reddy M, eds. Proc. of the 3rd Int’l Conf. on Collaborative Virtual Environments. New York: ACM, 2000. 119-127.

[4] Counter-Strike. http://www.counter-strike.net/

[5] Quake. http://www.idsoftware.com/

[6] Singh G, Serra L, Png W, Wong A, Ng H. BrickNet: sharing object behaviors on the net. In: Proc. of the Virtual Reality Annual
Int’l Symp. Washington: IEEE, 1995. 19-25.

[7]1 Funkhouser TA. RING: A client-server system for multi-user virtual environments. In: Zyda M, ed. Proc. of the 1995 Symposium
on Interactive 3D Graphics. New York: ACM, 1995. 85-92.

[8] Das TK, Singh G, Mitchell A, Kumar PS, McGee K. NetEffect: A network architecture for large-scale multi-user virtual worlds. In:
Thalmann D, Feiner S, Singh G, eds. Proc. of the ACM Symp. on Virtual Reality Software and Technology. New York: ACM,
1997. 157-163.

[9] Hori M, Iseri T, Fujikawa K, Shimojo S, Miyahara H. Scalability issues of dynamic space management for multiple-server
networked virtual environments. In: Proc. of the 2001 IEEE Pacific Rim Conf. on Communications, Computers and signal
Processing. Washington: IEEE, 2001. 200-203.

[10] NgB, Si A, Lau RWH, Li FWB. A multi-server architecture for distributed virtual walkthrough. In: Shi JY, Hodges L, eds. Proc. of
the ACM Symp. on Virtual Reality Software and Technology. New York: ACM, 2002. 163-170.

[11] Lee D, Lim M, Han S, Lee K. ATLAS: A scalable network framework for distributed virtual environments. Teleoperators and
Virtual Environments, 2007,16(2):125-156.

[12] Ultima Online. http://www.uo.com/

[13] Asheron’s Call. http://ac.turbine.com/

[14] Morillo P, Orduna JM, Fernandez M, Duato J. An adaptive load balancing technique for distributed virtual environment systems. In:
Gonzalez T, ed. Proc. of the 15th IASTED Int’l Conf. on Parallel and Distributed Computing and Systems. Baltimore: ACTA, 2003.
256-261.

[15] Lui JCS, Chan MF. An efficient partitioning algorithm for distributed virtual environment systems. IEEE Trans. on Parallel and
Distributed Systems, 2002,13(3):193-211.

[16] Lee K, Lee D. A scalable dynamic load distribution scheme for multi-server distributed virtual environment systems with
highly-skewed user distribution. In: Noma H, ed. Proc. of the ACM Symp. on Virtual Reality Software and Technology. New York:
ACM, 2003. 160-168.

[17] Duong TNB, Zhou S. A dynamic load sharing algorithm for massively multiplayer online games. In: Landfeldt B, Moors T, eds.
Proc. of the 11th IEEE Int’l Conf. on Networks. Washington: IEEE, 2003. 131-136.

[18] Chen J, Wu B, Delap M, Knutsson B, Lu H, Amza C. Locality aware dynamic load management for massively multiplayer games.
In: Pingali K, ed. Proc. of the 10th ACM SIGPLAN Symp. on Principles and Practice of Parallel Programming. New York: ACM,
2005. 289-300.

FUE(1981—), H L AR E B A A,
T2 AR 5 AT Ay gy A 2R AL B S
HoR.

REL(1961—), T 1 B LA T
Uili,CCF 1 4 4% B3, 3 BERF 50 4038 43 A5 2
JEAUIL S, TSI 2 B R 5 45 %4, o

A 8(1978—), I 1 & fIl 4% ,CCF it
F BT 2 A 2R LI S, AL
[ 2%

@ Ry

BEAKPEIEFET  http:/ www. jos. org. cn




