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Load balancing and task scheduling of
heterogeneous multiprocessor system

TONG Xiao-nian, SHU Wan-neng., LI Zi-mao
(College of Computer Science, South-central University for Nationalities, Wuhan 430074 ,China)

Abstract: In order to share various resources proportionally and to optimize the utility of system re-
source in a heterogeneous multiprocessor, a lLoad Balance Heuristic Optimization Algorithm (LB-
HOA) is proposed after the analysis of load balance and learning of task scheduling model. LBHOA
uses heuristic search technique to choose the node of least estimation value and to spread search until
finding a target note that has a least value of time spending in all complete distributive notes. The ex-
perimental results indicate that LBHOA can reduce 10% of average response delay and 15% of work-
ing time comparing with WLCA and LTGA and also can reduce computing complexity in resource allo-
cating, which meets the requirements of load balance and optimization scheduling in heterogeneous
multiprocessor system.

Key words: heterogeneous cluster; load balancing; task scheduling; LLoad Balancing Heuristic Optimi-

zation Algorithm(LBHOA)

Y 5 B #3:2007-09-29; 4&1T H#A :2007-11-02.
EEME :EEKAKRFHEL ST BIH (No. 60603008) ; 1L 4 #E T = S5 F R #0595 B i H (No. 20050232)



1970 e KE TR 5515 %
1/E.j.ko éﬁ)ﬁ%% T:{lk“e:lvzv'"v”}%%/j—_\‘ n A4~
1 31 =& 14 TSI R R=Gro), Mk &5 %1

TEZ AL BEAL 2 GE - AT 55 9 B2 10 0 1k A2 42 755
FEAT RO E B KL BT AR AT B A5 A Ak BEAL
(¥ B 28 24 1 i oo 2 B A R AR GO AT PR I R AR R
WE o R R X T SRR R G i T A AL BE AL
(19 Aub 2L RE 3 01308 5 3 3 AR AN ] o 7 23 B A ol #0
{55 I ey Sy 4k BEBIL & B 3t 73 150 97 28 LA 3K B e
LI AT IR BE L 02 57 1 2 b BEAL R G F 5 o
(1 — A~ B4 TR

Aoy P — RS Ry, e
JEAEAT 55 0 E WO 16 D0 T+ 25 T 45 A BEAL A T 5
PERE B — T 55 6 A - BEAT & B AT 55 23 B
HY T A O B A A T R T R AL B AR
T3 BT G R B AL B DL, S B A5
B A SR AL I SR 2 AR LR R L H
HREES X EA L ; 75— RSB ARy
EAEAT 55 A0 E B DU L T T 0 B B 2
ARA S AR A8 2R G2 2 T 0 D HOIR A X 1 st E AT
I AR IR ML S5 AT . S 3K
- R s B RS S AT gk (R AR BT AR
B ARGHPRS I 2= A BT . L. 75 3 &
B V- S AR WAL AV D5 T o AU LA e

T S R BRI A R AT E Y B R 1
MU RO A 5 PR IR AT RGBT AT R BE Y
AN ] et 4 T B B S W A SCHE 23 B S A 22 Ak B
BLARGE A 14 00 3 3% 1 04 55 98 B 2 B T4 1
Pl T — MR AL 55 TE 5 AT S5
W i 25 T R 5 a3 ik LBHOA, §
TEWEFE I 5 1) 2 b BRAIL 2 G v 114 67 4 42 £y B
1 55 AL I 2 ] AL

2 FMEFAEGREARTR

SR AR T AT 45 0 R R B 9% RE R A
i 4 BRI G BRI MY 4 A FEEHE R (DS
R R 5 (2O AF 55 Z 1) A AN 55 5 (3) ZbFRAL
AR5 AN 5 5 () A B ML 22 [ ) 3 1 SR AN 45,
R T AHE 434 ] R 2 R 2 T Y — P S
TG=(T,C)
PG=(P,V)
TG=(T,C)E LR —H15r K n MMEFH

WHEEALS o MR RN re. C=Loy o RR
AT 55 180388 15 L B o ey AT 55 ¢4 AT S5 ¢, Z 100158
58,

PG= (P, V)& LR —"1 &4 m DALY
SR, BAESG P={p|i=1.2,.m} KK
m DAL, AL BRAL B S ) i E= (e, ff
WA m A0 BEHLA SRR ). AR BAL p.
BRI R 6o Vi="L1v; Lo, iR m A4 FEHL
22 V) P30 £ B R, vy WAL FRAL p, RIALFEAL p, 2
(i) F1) 308 15 6

S A S T 97 38 1 AT 55 O Ak R TR) AT A
R A FH ARG R A5 B TG b 3
SR PG L AR 8] Je i

Y T b A AR R, B AT 55 41 B R B A
=Lay JyensFm TG 3| PG BB 6 Z L 5E L ay
(0 FRIES o BRI ML p,

1 RIRES o ROBCENEIEL p, .

DO I (AER 1 B LV 5N 1 W I S T |

b BOFATAE S5 BB R 2 A D r (L) b
SHL p, B e B8 ) S 35T A
Wﬁ%ﬁgfziﬁyul—%>g

WL py EAOMES 0 I SL A AL 1 9
S5 2 IR 38 55k 2 Py Za B 15 W

C %6 & ATIRI 2 BCAE M A 126 @ By . 78 1
R B TS e 23 BO R B A E SR 5 1
SREALBIHL p, E B HABAT 55 2 1] B0 £ 5 3
B0, Wy BCEIAL BEAL po BT AL 55 AR
SRR A W5 SR RT R a = 0. WL TR
FALS ¢ MIEE RN o SRTE— G B L
AT 55 Z 18] 3 (5 R HEBRAE ST 1T X IF A2 4R TR
— AL BEAL B AT 55 Z A A T A A R R (R
— A PR _E AT 55 22 18] (9 38 15 B[R] O B A T AN T
Ak BEAL_E AT 55 22 18] B4 38 A7 I (] T £ 0T DL 22 AN
s PR 38 e o3 TE B £ SR 5 o o ] — Ak
HAHL_E AL 55 Z A8 {5 B TR 0.
BBV Bl po BB o MMESF 11t
to 2 pi R HAB AL FEBIL A4 58 15 5O X« ME S5

MEEENf A = 2 Eckqam .
=1 g—1



%12 4

/NG A S 2 A PRI AR e B B A 55 R 1971

XL AF R h AR AL BRHL o F T AE I
[F1) 5 1 ik 11, 2R 22 Ak BT 22 ) e IR 55 10
B A IR 8] 55 AN S5 X 552 s 38 {5 I ) I 5 1) 52 Wi
W2 AL BEHL po $hAT 58 2 B 45 & 1Y BT A AT 55 1 I
[F) T 55 1) A 1
fi=g +h = e%ﬁzgrk(l —ay) + 2 chqaq,v

k=1 g=1

FORAE 55 A B O AR TR & — > NP 5E 42 R
U A SCEE S — A T3 )R ke Ok Bk
(Load Balancing Heuristic Optimization Algo-
rithm, LBHOA) X T 55 {16 fb 30 J& 1] 2 i 2K fif £ 47

Wi
3 A F LBHOA w9 £ Mm@

3.1 LBHOA §yiZit B

£ LBHOA Bk RS 28 [ 19 25 s RS H
S=C(s1s825 0 55,) Fen, HeP s, A4 Bd 21 4 BEHL
P WAES LG WIRES RS So= (g8, .8,
—AMME55ae H L RE 43 L B — AN b HAL b an SR 4
#B o MES T L5 FR R 5T 25, AT B AR
MiE R E D) D 0 —a) = n i f

i=1 k=1

DU Ry AN 52 42 4 T AT AT — A 58 42 70 TE AR S
SRR — A0S R R TR 58 42 4 T 1) 2
L TR — A 1 R 43 E AT 55 B — U BT 55 4R
B ostaszetttes, WY BT AR 58 A2 00 L 4l LY
m AN JE AR

XEAT— 25 5w R TR B £ () = g
) +h:(w) si=1:2,om, 23 HFEH m AL F
BLE I 8] TF 5 09 £ 3T, B 3 o A AL BRAL I 47 4b
BELFTUA 25 8w BB [ R A AR A R f (w) =
max{ f; () |[i=1,2,.m},

ORI A 4R ZR A2 4R B 58 4 2 A H bR
45 MARATE 55 98 B A A0 A0SR A oKL R B i H
Bk s I 8] T 89 A 1B S G B BT A 58 42 00
Fea b i /N O T U 8 ORI S T
B, LBHOA Bk R 8 & A R 07 L B4k
O3B —ME S5 I AN 58 42 43 B0 Y 25 5 v 2k R A
HHE fGoB/NYSE R w JATY RIS R
3.2 LBHOA Wy kg it 3E

LBHOA AL 55 046 W B2 SR L I T

(DX n AT 55 4 52 AT 55 1 BT B R =

(ri)sre ARG ¢ WTHE &L, 2 37 AT 55 0] 3815 40
B C=ciy Junscog WAES 14 LS ¢, Z 10 A 045
Hacy, =Cyusow =0, XTI m A A0 AL EE
SRR E = (e, e, HALTEHL p. 1935
5

(DR IA L5 £ s A open i, HA s 1Y
RENSH={s,=¢li=1,2,,m},s B EH
MEA () =[ay Lo, e 1HRE £(s)=0;

(3N open FKJE—%5 3K WA R R W
B
(D) M\ open & HrBEFE—AMhTHAE £ /B S
Moy B closed . WA JLA /DN £ S
5 DU R B BCIE 4 AT 55 B0 22 1O 45 5 A N 4
S A LA TF A BRI 45 05 ) AR AT ik — 4>
S5 eSS A s

MRS v B AOWIITEA

E 2(1*%) =n, v E2—"TE0E N Eir

i=1 k=1

g5 SR A — AN B SG) i H B0

6 —A 1 A A3 Be AT 55 2 S A B S
DI s1asosss, WL E v B m D54k 45 5,
BEA™ 5 Ak 45 200 43 FCHE B R FLAC 45 0 v 1 43 L JH
M A DRI RS 0 A S OO RYREBRAL i 1Y
ESESs P IS AWVTPRILE ay =0, X4
— N JE Ak S A w T RE B B R A A T S
(u);

(DIHEZE SRS T 195 — & AL BEHL A B [A]

TR £, (0 =g, G0+ Go= 137 r (1 —
i k=1

a) T D) Drcna, Fhi=1.2,om; Bl om &

S L 0 T 0 B o 5 5 e B9
B FFES AT f () =max{f; (u) |i=1,2, -,
mj;

(8) 45 5 10 T 7 47 A L H U 20 25 4 X
open 3.5 R (3,

4 EBERBEHN
T RUE ST A B e T AT

JAVA S8 I 3 ik A7 1 05 B, 5250 °F
ERUE WP



1972 j\lﬁi

K% T

515 &

k1 ZHREHRE

Tab.1 Composition of multi-processors
EZ/SLITN Hlas R BAERSR IR A
LB 1 Dell PowerEdge 2600 RedHat Linux 9.0 LSF 6.0
AL FRAL 2 HP Superdome Server SMP RedHat Linux 9.0 LSF 6.0
A AL 3 HP Rx2600 £ 7 RedHat Linux 9.0 LSF 6.0
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