Hornk ey i A Hl = i Vol. 27 No. 6
2004 4£ 6 A CHINESE JOURNAL OF COMPUTERS June 2004

SRHTRYTEHREREETN
B b # kA

(R BB RS SRS A TS Ib A G L s I 430074)

B OE RS Petri XS ERESI S T8 R G S T — A QAL 38 5 40 A A5 B b i) 35 5 AR Ak B
TR XT 5 A S A 0BT B R B VR BEREAT T 20T 0T IS T AR B O SRR P X S A ST R G R IS . )R
A EEASEA (D S5 G 80P A Bk AT LUBUS L S S P A B i A 5 (2) SR % CPU i
S BN S 114 00 8T A B R A LU 25 T A D 1/ O TR BA S Y G 28 A ik AT LAIROES B 4 1 B 5 (3) BRIV 7 Al i 1 4R
R G0 BRR P AR Sl A T BT A S R AT 8 AR IRUAS L A AR A P R L IR 0t S R B R TR SRR R B B S SR T
iy RS RARA 2.

KR LR STV BT B AL Petri
FEZESES TP303

Performance Evaluation of Dynamic Load Balancing System for Clusters

TANG Dan JIN Hai ZHANG Yong-Kun

(Cluster and Grid Computing Laboratory, Huazhong University of Science and Technology, Wuhan 430070)

Abstract A cluster system consists of a collection of computing nodes that share resources.
Cluster systems utilize load balancing technology to share processing power and other resources,
and thus to improve system performance, by transparently transferring load between nodes. In
this paper, the Stochastic Petri Nets are employed to model the dynamic load balancing systems
for clusters. The model we represent can avoid the disadvantages such as the lack of flexibility
and the obvious difference from practical systems of previous work. We detailed the local process
part of the model in order to analyze the performance of five dynamic load balancing schemes. We
also discussed the impact of some workload characters of clusters on the performance of dynamic
load balancing systems. It is found that: (1) Dynamic load balancing has the better system per-
formance over that obtained with static load balancing; (2) Compared to the traditional load bal-
ancing algorithms that consider only the running queue, the load balancing algorithms which con-
sider the I/O request queue can get better performance;(3) Even with extreme workload charac-
ters, the dynamic load balancing system can also get ideal performance, therefore implementing

even a very simply dynamic load balancing system is also necessary.

Keywords cluster; dynamic load balancing; performance evaluation; stochastic Petri net

Y ey R R4 265 322 42 A DR 1) 4511 e I 1A 8 4 1 80k
e AETER G PERE. CA RN R TR RS
HhoR A BT A 2R 58 AT DL 35 B R AR R SR T
TP R EM RSP EZEEAR Bl e BB TP 0 SR R LU O i S R B S PRk

1 5

T

WA B2 2003-08-05 5 & SRR W 3] A 1. 2004-03-11. A BRAG 3) [F ZK“ NN =7 @ BOR BT 5 & iR 351 H £ 4 (2002AA1Z2102) % B).
B OFL5.1976 AR LI L BRSSO RN R NUAR R AW CEREITL. & 18, 50,1066 AR R M, R, MR SO0, R EMF O AN
HE U R L5 EREHSE  AR 5L B8 A7 4% . M 46 22 4>, E-mail; hjin@hust. edu. cn. Bk 3, 5, 1980 4F 2L, Bl L BF 58 4, BF 58 )7 16 K
HRAUE R G5 ETETRL



804 it "

Bl

2 2004 4

A B 43T A4 SR W A B 3 T B e R
RAEMFSAE D X ORI W LA R TERCE LA S
O3MT Lo T OB AH X R SR S N B R R G A Y
i 67 B 0 1T R AT 5 480 A L G B R AR e A
BARTI PR 2. gh 245 0 #0165 R SR 48 L Y 1
BOIRAS B 25 M AR 57 28 43 TBC 1 DR, R R SR U g
Kb = R GE M PERE. B L X AR 3 3 A8 1 407 &R
G0 1) B VT 7F U i F RS2 BAR B A 1 3T i R 4
iR A5 0 Oy E B

XAER NSRBI RFENIERITFMCARS
WFFE TAEN ), 3 86 T AR 25k HI R AL 7 B (simula-
tion) A 7 VAT 5 4 A 1 D K 4l B Bl B 1
AR AY , BROARA — o AR SR L (B R B 1% 43 BT ik =
RAGPE. WA — L5 R B TR B B R AR
K HIHE BN 22 58 BIAE JE AT B B 4 34, 32 BR T HE A &R 42
FS X I T X R G R BE ) AT R AL
SPR R GEAR K AR BN B L R B A
T3V 2R G0 S PR AT A RRAE.

A SCH I B A FEAL Petri W BEIBL T HSE 45 H
— NERE B 2 B R G R AR, AR5 E i
A A5 Y T (8 T ASUAS b Ak PR 43 L B 3 A T LA
V7 9 R B 1 R A R 3 25 0 T R e 1 RE Y
SE0A . R AR A3 AT 5 AR B G 4 R AR X B 3 £ T
187 3 G0 1k HE 1Y 52

AN FH R BERL Petri [ 8 BE AL [ # M (sto-
chastic reward net, SRN), & Xf B HIl Petri B i §~
FE, BATAXE = o X5 I #R T AR SPN.

AR SCH R B A LU L5 2 A 45 AR SCH
R 1 BT B AT R SRR K H: SPN A3k 5 21 3 1
2 XA L S AR B AR AL 9 SPN $ A 5 55 4 A A
FHE 45 0 A BT I8 JL AR A [ A 46 4 B 2801 40 S
PIVERE s 265 5 19 40 BT AR B Y R BRRAE XS SR RE B A R
AP R ERE R R 5 5 6 T A e .

2 RGpEE

AN ST A 34 ) B T AR T o i O 4% 3 R R 1Y
n AT R — AL R SO R 55 A% 2 0 (PR 1 ).
Rl T LATE BRSO i 55 A A SN AT — 35 o _E 52,

FORIE 1 B R B SR A B S OB R G T A

(w1 [wez] o [wea] [ x#
ws [T | T
AT an
Bl SRR GRS H B

20 AT A FE AN K AT RE L A 3R AT AR 4 0 B B
A Y A AR L TR A S A B B SRS A S
TET P A o R v R G e A 28 5 i A AR AL, L4
TSP R GERIAT R AL, XKLL BT .

L BT A 19 0 Rl AR 5 A, BB AT AT 58 4 A TR] Y
Ak PRAE T A 52 42 AR [ 09 R R 4.

2. L T A STPF IR 55 . 45 1 mUTE SCHE &
i LA — BRI A T 500 [ — SO e
Jiv it B I [8] 98 42— .

3. (0 R 1 B R PRAT AR by B - R e P Y
TR T B A execve 3 4818 FOR 52 9L F
e A I 2 01T

A4, AR SCHY E AN AE 5 500 A B AR 5 1L %
3 o DR e 22 % 57 A8 S WA A A8 I 7 B TR RS 2
SRABARE 5 4 X070 I A BB AL ok,

AR b 1T AR, nT LSS ER R 2 AT A i 4R
FESN S BT R Geny SPN LAY, I 2 s,

Bl 2 SRR RS SPN LAY
MR R R T (R RREEE o D

AEiE ci BT S0 B MENL. HBE R
THAN LR L B IA BRSOy AL AT IZ T A8 L fork RGEIH
FHBY & R R A, A By 1k R GRS 25 ) B $8 4E
F 8 [ A7 AR 0 e KA LB & 2 250 LABR 1, >4
k BYE B)3E —A BRI, RGEAE ML 1) 335 i 7 v
MEEPRIFAZE R X MER N 4 UL LR
FE. X PR AT o v SQ K Y AR 3F ] S i 3 )
(guard) BRECRSZIE. I 21,02 4R A
PR R KR W fork FR G0 ™ AR 1Y 2 R 02 A H
execve F 4t 4 F B8 HoPAT WAR. AR AT T ex-
ecve F 451 FH I 25 1% 17 4807 R e 2 B & Bk i A8 1T
til AT R R Sy, S W A BRI AR AT 2 B
FEHEN AL nd FoR YA MY s AR B, 3 Y R
PEFELE R ¢il, a2 P AR B9 BE LT & 0 FF O& 43 A
MR YL E XA 1 58 BE R 1T LU iR — M 2E R 1 AT R
FRAE B — N gERE fork 7242 5 AT AE 4k 22 36 A ik
T B AT BRAG I b ik 23 (8], 3 AT B8 57 B R execve
F G0 T U HA AT g i s T o Z R R A
e A UL, X 0] RL i windows $4E & 48 H ks 25 4L



6 1] R PHAE R B S GO R R PR REE A 805

fork 1 execve JJHE 1) bR B A 7F — 2 K 15 ) 3L .
K execve FGEIH 52 PR $UAT 78 PR IIE 2 72
T ROR T W] ARG B b (%) £ 2814 0% 3 B2 kL BE

— BRI T execve F 48 I HIKF 23 3 A M
i # p FEARER AR BE NS, FERT ] AR 3T £ v 58 B M
17 WAGR IS A 55 #45% B A HL 35 0 i A% 3% FRATTR %
AT BAR B4 R/ i D8 5053 A o PRI A — 22 14 I 4%
e Hiy R 38T AR i Ik 1) R i DA 4 8R40 A 58 U
WIAG A% 3% 5 AR b 1 A 3% 7 B 28T i I B ) D ) o7
B AW AR e AR AR I (d1.d2.d3,
e d) AR A NIRRT R KR s £ BRI R B
FUR AT 55 ARG n A BEIFAEIT (d1.d2.d3 .+ dn)
H R 19 A% X AT S it 308 1) R Bl AT DG SR e K B R 1Y
VBV T BIEAS 5 0 E 47 A B — ELAE b gk 8 3] 3
AT WEZ AR AR 201 A LT BB L Rl
FHZC T2 $0A T 0 R A B A hy B 2 2 B8 T B i) 17 401
15 F2 45 1) — > F X ).

DL F i SPN BB 25 Hh T 0 46 B 2l 25 67 3007
ARG AR, 1A X A B A BT R
B8 0 R LU BRI . L n A8 A v AR — A B ) A
FoR T ASHL T s Ab B 5SRO RE W 2 FRATT X A
AN BT R G E R BT A BER. R — W AT XS
T AU b4 AR 2 — 20 Al .

3 TEARMANEMY

Xof A M T A Ak R O AN Ak 32 AR T S R
ARG, ESCERIS T 4 i T — TR R
B Je g E R R G SPN ABLAL, % F 4l i
W BEAE R Go I FH A DR I TR T X i B A8 o DA e s
1F 3] — A N 45 AE RS0 SPN B,

T N 3R R G, R AR AT 2 S
SMA A 2 For X, X 2 FlborT 25 50 1 e o
1E R G 2 50 il 55 56 . E R 78 F P 28 AT B
i 3 0 2R ZR g8 R IR 55 E N N RS L i R N R
BPATE AT LAFERE 1/0 R45 35K . 1/0 IRk 55 58 W a
DA W X 0 R VR AR 48010k 8] & ge W AT,
A5 3 R 2 AR R G HE IR, W 3 BT,

) 5 1 7 . itk 10 4%

- | FEms LO ‘
SERAHE L O
ok R GRS R G5 561K s

Jiiaki1s2

&3 &5 A Hb Ak 45 44 A 5]

TEIXASHE &, MRk SRR R g8 R iE A
R4 W HBMNRGEE NI 32 RE. KGR T
AL BEBEIEAT 1/O B fE maT DLk £ E A P 2 3R
1. 1/0 #AE R P28 ST 58 1S B i A 7 48 98
A

FR X A HE L AR 25 5 13 B an 18] 4 B s i) SPN

B,
¢
I SYS~W
S
int
usr
pint
usr—r,
cpu—mnt
I
\ usi—pre
io—f [ }(—I T f cpu—usr
CpuU=sys f [ r(_pu
io pre sys—pre
Sys—r
10-w g) )
sys ——>{
usr—w

I - I —usr
. decision
t—10

t—end

B 4 g5 EAR AN SPN AR A

TEIX AN BERL rp, 23855 58V iy i A28 5T ¢
Fom L RR S R AR NIAFA 0 A6 AL E cpu P RIFRIC
R CPU & 75 25 R i A7 38 A7 4R 25 19 56 4 470 5 2L
CPU k&5, XA & 8 Bk A2 i cpu-sys, cpu-
usr, c])u*im‘%%/j?. 24— AL B R B A AT
B H ARG S AT I T 2 I sys 3RoR
TR A B R

AR e IR 55 B T I, KR CPU 9 b
BT P B E cpu FFRR CPU 2 W IENL B de-
cision Ab VB PT LASE$E DL LR AT 77 20

(DA T/0, th B i 22 5E t-i0 K 7n. BT 1/0
ALLAMSE T CPU TAE, N 1/0 Akt 7 ih A
Z4 0 CPUL 3 1/0 58 B8R . BA A W J7 X i
CPU. Bt i i CPU 75 B A IRk 55 R & Cusr BH
sys) i FHER G o L 5 A 1/O 9 v e Ak B 54> 3
T WAL E pre 1 B BE BT AR iF sys- pre Mlusr-pre
AR IR 7R, 24 1/0 58 iU, B (8] 28 5T o SE Tt
B LB pre 7S ATAFBERS 2SI wsr-pre Fl sys-pre
AT RLSETE L 3X 2 /1> W i 22 3 Sl ) 45 2R SO AL
usr-r B sys-r 548 CPU 3532 IR 55 HIVE L g de & .
F R WA & B B AR IC B AL B AL wsrwo BY



806 it "

Bl

2 2004 4

sys W, RIS, 3278 CPU MkRic B [l B & cpu
4k, W] CPU ZE . 1/0 H WAk BRR 3 1 $h AT /5 22
G A CPU, MBS AR T cpu-int e , BERS 2R T ¢ pu-
int 5 cpu-usr scpu-sys b H A AL e g, IR ik
X =H AN A CPU R, 2 cpu-int A
PRUE T #R1E ZR G0 v v A B i vy G SE 2. 24 b T A
PESEHE IS CRR TR ine 2w ) 55 58 5E AR L iR
m A B sys—w , FHRIEA R GRS dh 223047, [RlBT, 3
7~ CPU MFRICiR BN E cpu, Fn CPU %5 A,

(2)FE AT P23 (Al A 3, H % B A8 3 -usr 2R
B HEA AL wsr-w RN W AF R NS, 245 F
CPU J& (H BEBT 25 1 c pu-usr Tm) YA TR 18T
AL wsr-r o 75 B B B 8] A2 3E wsr R8I IR 55 7
Jiz 55 By ok AR R AR A T/O 55 58 T & A v e,
LT IE AE AR 55 59 A K 2 WAt o, i B AR AT
usr-preiR PIEEREAF, 3K 3= /n CPU A5 12 i A
L8 cpu T, Fox CPU =5 H. QR AE e 55 3 A% rh ik
AR A ZAE M IR 55 58 B 5 R 1AL B sy
HEARGENR S5, [6 B R 7R CPU bR AL E
cpu q:‘

()BT R GE, I X AL AT 58 B L i
WA AR 7E -end Fe 7 .

# 1 A SPNP A 15045 2 A A
SRR S

K1 RO ERALTELER

PLACE PrldE=] Av[ tokens]
Sys-w 2.637945937015e—02  2.733398652833e—02
Sysr 1.543815747079e—01  1.543815747079e—01
decision 0.000000000000e+00 0. 000000000000+ 00
p-int 2.223095795920e—02 2. 223095795920e—02
io-f 4.756082522207e—04  4.756082522207e— 04
io-w 7.413811182475e—01 2. 788246443222e+00
usr-r 8.233683048509e—01  8.233683048509e—01
usr-w 9.999531972942¢—01  2.701811721344e+01
pre 9.995243917478e—01  9.995243917478e¢—01
cpu 1. 916248200897e¢—05 1. 916248200897e—05

TRANSITION Pr[ER3IN] Av[ ]
c 1. 235052602585e—01  2.470105205170e+ 00
fs 2.470105206779e—02  2.470105206779e+00
sys 1.543815747079¢—01 1. 235052597663¢+02
usr 8.233683048509e—01 9. 880419658210e+01
io 7.410319318558e—01  2.223095795567e+01
int 2.223095795920e—02  2.223095795920e+01

TE = (1) 4848 HOIT [8) 28 5 92 il 33 209 ¢ poe

=20, pp =100, pry, =

800 s prusr =120 s prio = 30 » i = 1000 FLALHPIE: tasks/s.

(2)decision &b BEALFF 1) 50 45 HER N 2 pro—usr=20. 8, pro—

10=0. 18, pro—end=0.02.
) I RAVEN B max—task=30.

T g R LUE W, sys, o f AEA I HE
R token B iow, usrw HHEARE # /N
COPAE 1072 A 10 B2 IR O R GE IR 55 F
b &b 2L A il 55 3 JRE AR PR L VRl T8 7 HE BA BRI AT 45 3 4k

ORI RGN EEZERFNGI N CPU /Y 3 25 BA 3]
HIFER Bl 1/0 g BH ZE BA B 35X 2 4> BA S X 5 A &
G A b RS- 2 e 7 A ) A R B R L TR U A
I Y Bl 3 RO i R G S ATl R e
FATAFZ X 2 D RGP EE RS,

4 EENEHETERERKIERS T

TS TR B AR G AT R
b BRI 2 &5 G R Ok AT LUAS ) 4010 7R
AL PRS2 DG S B RGO
5 K.

X AR RY e B A8 1 A R B G L AT DL R Y
n BRI AR T (d1.d2.d3 . odn) (B 5 Wk d1,d2)
JITIR A% B4 A2 1T AT S o EAN BE BIL T OO il ik AL
BRI OR B el 10 BT A AR G A A AR, AR AR B
ST di Fiv I ZR 0 BE AL T OC FAR I AT S pR BOR TR
TE AR AR BA B K AT 5 H i ik ) 67 4801
M H 1. A K MRS 2 NP REEHE Y SPN Hifi if
WLCHR[10].

EM ARG A RO ECHRZN
WL, SCHERL 11, 12 ] 4518 R BT, CPU Ml 2% A 91 K 2
& LA AR B B 2 e B A OA . T T4 LA AR S AN
[F) 1 07 4 ) A 300 10 0 2801 A 9 R R A A IR
FATHPRIE M(P) R RO E P Y token MEL, AT
5ot FORAEEON ] AR T ¢ 10 T it R

(1) BEALYE 5K M (Random Scheduling, RS)

XA B SR W AN AR s U R I AR R G Y Y
T AT AR I B PR T 2 B AL A5 ARE S K AR
A BE BT AL B AT, FRATT AT LA 3 A e B SR g
BN — Tl 25 A SR

AT di WS L TC

ARAE di BYSEHEREA Pi . Pi(M) =1/n.

(2) fieJg CPU BAFI K B 3 & (Shortest CPU
Queue Scheduling, SCQS)

XA U] B SR W A 9 R B CPU i 28 BA 91 K
JERFLR T R s AT, R e AT AR A B A
1) CPU BL&E BASI B I LA 1/ k B RE 23294 B2 313X £
AR R AT
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