FETRELH % {g 4 Vol.7, No. 4
1996 4 4 B JOURNAL OF SOFTWARE Apr. 1996

ERRRF RAEED
RABFHRENREIER

GIE H & %A

(HHRRFHAVBZR KF 130023)

WE —ATHUERRRYHREARBLL BRI — TR S AR TR R
REXEEW. SR . AU RBRTIHEARNKLESE — P ERUEMA. MHERAKEHRTRENA
Ut B P CPU BASY I B0 M6 2% SR A947. AR STt B T R0 51 309 B 7e 2E R0 R 4, 3 3E — PR 9
AR — WEAARET T L, ERRW EHNSARTHREF . HRHTENHEEEN
R T b L B IR BA 71 6 B R Ol 9 o i 0o ) R e b R e ] Y TR R

x WA IERBTEAL, QAR FRA R, AR 15 Ak R R ).

FESHRRGES, AE LM LB(load balancing) ¥ H FR LA R A M TIE AR
FEFEV EUESZEEER HiMERFE - T HEHRBEZ Y ARFLHARER,
RRIERE AR TENHA T REFLEBRENOE. BRI TR RENR G FEH
TIRE G8AER BT B RMEE AR RS SRS HER LANES.

FRVEY— T EE AR R R RS LR, B4 18 L 2w 57 B [a], —- L i i)
R AR T EBrE 178 VL Eas . AERE, HEredEaik. B, B fEiE R
B &5 e Y B R PR X R, LM RESEXTHANERE. T ECR CPU K
B EAVTREREFZE. AERTOE S - EEBIGEYSH. 5 R 4 R FEIRE.
XAEFR G LR 8 AR —BH. SRR R, /R e R e (R AR A

AN AR RE AR LN ARETEYUTE AT &8 QNEFHE, XHwET
AN B LS R(E R &R (O EFIAM A RS RE LA O8MABHERERNR X
) bk sy

Ferrarit 71 i FI S AR K BRI A S AR BIER HEAFRBELR
ALF 8 E R IF HESR B A9 HEBA ML FCFS,PS 8 LCFSPR. Zff L RS H R R
XA Zhou B I CPU BATIHE BEAE 9 8 3547, i & B CPU PARIK B FIBE & A
B4 515 CPU 846k #1 1/0 R A E X R B RERAN KL FESHEMH R

» EUHRBHER 863 AP HH EMEREBH L S ES TR fEEMAR 19315 B4, 88, FTBRREHE 5
HARE SRR M. 1070 4, B8, TER R TR A2 HRNEA S MVLFE. M. 1966 4, 0. &
BEH RSB RES T EL R4,

AFEREREA AL, KF 130023, HHAE T EVREE
A% 1995 —02— 27 W D) R AR

© HEFRES AT http:/ www. jos. org. cn



4 3 KT 2R FREARNEENRBREN AL K B4R — 239 —

& F <. Bonomi % A fi F 4b B A1 L 3% sh 89 B A B AT 13 LA R BA 38 AL 5 i
¥ CPU ZfTAAFI S EEMASEANRBIG FHBT T RN E & LA k.
AAGEIE B BB BT I A . Kunz® @ LR i THiEfTATHE 3. R 51 A3 .CPU ##F
BYHE.CPUMAR. ZRIERIM 1 9 B THE s M ETAREFRUEENN
“W"RSHERN. BRBFHRATE R PRETAFIES S LM T RmiEins 1
HEHALEH, HED HKMA4FHRARBYE. Banawan Fll Zahorjan™{di [ i & (Oracle) 31
FiL BT Ml PR /R 37 3. wdad BA S 1< B R BA R K B L P 1 i [A] L F-H e
R AL AFA R B T 6 B IR S 7E ML B BRI 09 R B Bt R 2 Lo ) Ll 3 R Ry T4
B% AR Ietr, 8 P (450 B0 A BRET BA S K BE LR A 3R ER BB R 0 R B )
4 {1 1B 2 HOR AT — 4~ 5 0T DAL ACH Bt R SEVEBE . Stumm™ 4% i CPU PAFIfR /5 CPU
FIAEE LR FNEETHERFE S, Mehra fit Wah™ @ B 7 H# 5T (Comparator) M1 £
W £, 10 £ BB X T — A1 Lk 59 A8 AT BAFT B (] (i f Ml AT L0 B FE 21 5 2 i (T
BRI FFIEA AL N MBER O S EM CPUBE. . MELEFE T EHS Y
BRER Ak RERATERE T /MEL, A RTot AL, R E TR T
REYAMARFEREBRBE Y MBI, HEERRET R R BN HERMA
SRR IR G A R R ETI A LR REY S AR AR
%.1/O%MELF CPU 2R3 ¥R IR B E XA HEE N . — K AZEAR 1/0
# ek b BIR/> CPU BB, T — A M # CPU 245 LR E4 7R ET L5 H 488 CPUL £ 3%
NERFDBRENA CPU AP B RS0 EH, WERER. E Y 24 8RE L
o AR, B, — A TR SUN4/65 THEMJFAL 4 A/, B swap #FR I inetd #
BASHIEHT 7s M 2s frdE. i RER SRR KE SRS RREREFSERY. HH
e I BE A B B CPU B &M 1/0 R RABEW ER. AHEYFEMNAEERE
100 Y5 Bf s CPU BAS & BE Xt 1 b ] [ B (AT B B o A4~ 2 E B 9. #l i, B/ — i B 3 R 4k
A 7E CPU FIF ¥4 100% .6 CPU BAFH B4 Fl 0 2. 4.3. 4 #9 2 4~ SUN4/65 Iﬁéifﬁj:
W B AT RS () 35 % 68 FRFN 99 £
BIGEAT LA T RETEMHARSEL RN EZ X E. L8RS R SUN4
/65 TAEY,.

1 BRF AESEL ARG

R BIT R R AT R T EAR IR RES 5SS R A SHAL LEE
HESE 77 T8 22 AF b o B B[R], B8 R LR X B A TR BN MBS N H pR
BRI, AR ESH AR TAEERMNK B FERY BT ELREEEHNTE, E8RERLS
Fr . R, WATEZITIE CPU J8 51 B £ 92 89 788 b e lb ey 17 B V] f 32 1
1.1 CPU FIF%E

CPU R ALM EERE, WRFLPHWEEMR. CPU R K (KCPUII AR A4
e b v J57 B i 94 282 e = AN 1 1

BER /0 #4Eilk, % 1 By —P8E 1/0 HEWERR %CPU #3411 A4 57 Bt fE)
WEHSR. BUELEZR TR WCPU X 7% AL /O FIHZA N 86Y%. K 1 W%

© HEFEES SIS http:/ www. jos. org. cn



— 240 — ¥ % F # 7%

FRPIBCRIS R 8 WllB M TEIE. 45258, ARMUBRREER CPU Xt 1/0 2R4E {1 49 W 57 i
VB 2 e) L. _
¥ 1 1/0 BtE AR R KCPU TH M AR g

Wik GCPU 2388 19% 25% 36% 47% 57% 67% T7Y% 87% 99%
W REETA] (s) 52.6 52.4 52.5 52.2 52.4 52.6 52.8 52.5 52.6 53.1

A 1 %R AR HCPU MEAR T2 RHET AR KCPU 15l #Y W i B (8] 7 4 AL A%
H.NE 1 TR & [E - BNE L AR CPU F A 280 FABEREE T, FoAE b o 57 B [H] 3%
B 43 FL R R IR1 B , 3 8 0 R R B O o S B TR S T L 2 B Rl oy A CPU KR 1R B
B S NE 1 ERTLUES, ER— R8I T, 5 CPU B (LCPUEE AR #EL,
Hvp B i [E1 3 IR B 4 L R 9, o5 T CPU R Rl , FC4E b vl R Bk 3] 388 A i) 7 43
A ARRERAERWRE TRETEBETELIE,. RITAE 1 RUERLETHEA
oy 95. AWM T, & A CPU BRI iy ALk iy e 7 A R4 4 ¥ 40 L » 3 e S 2t AL
P 2 A 2 TR L ERGEERER T 2L MCPU<40 O R EREE, B HER A

St RE BT RR B R B (RE] 10%0) IHEFTEERYLLA . MCPU KT 408 fEALNI{E
T#.

e iz Bt (el 34 40 Wi 7 Bt (] £ Ao
B H (%) ) FIE TR
job(95 Yopu)
80 | T 80
job(78%cpu)
60 60
40 + Job(58 % cpu) 4G +
0,
20 b Job(38 %4 cpu) 20 |
cpu workload -
1 1 o L i 1 1 1 n,
0 20 40 60 80 1060 % 0 20 40 60 8¢ 100 Yocpu
3B} 2
1.2 1/0 *umﬁ

BEGHIMDHEEBERENEERFE L 2 /O RELFHMEEXNR. 1/0O FIAR
(UIO) F2 5 — A AR o L RE R0 78 1 i A 0 18 50 » A CPU F) I @9 7 LAA SunOS
HE a4 (Tostat ) 345,

CPU {7 B4 A FB K10 H38{E CPU 5 B/t TfE%; (SUN4/65) 1iaF7
S A I R T (6] L% 2. AR R /T 1000,000 BB KR

% 2 CPU 2R R %10 Ty RZe 5]

FEYIO =8 12% 27% 36% 42% 55% 66% TRY B6Y% 96%
W RFBT (A (s} 64.0 64.0 64,1 64.8 64.6 65.1 65.1 66.2 66.5 66.9

A I, SR SRR 1610 Xt CPU 284 b () me B A (A1 g 45 7.
HE, AR %I0 § MBI R AR BE 1/0 B4 1L MR e R M, LE 3. A
A 3 LA H IRBE 00 B R W16 ok A R 7 B [ETRR K, TT B 4Rl 1/0 BB S Y

© HIEERES AT hip:/ www. jos. org. cn



4 KK F AR FRAIN RAED 7 -85 2 440 7t B4R — 241 —

T O00BR A . X 3 M BREE %610 & 1/0 Kfklk iR K. WE 3 B rLAE Y, R — R F 5
T.RAEARRM 1/0 FAZEA 1/0 160, Hom B R 3 e E 4 LR AR, X 1/0 248
A FE A K. B 4 S T ETLE /0 (%10 5 96O MIFH T BRE KRR 1/0
A B 2R A 7 A e 17 e (] 88 0 B4 T 4 Lh. DRI 4 BT LUE M 24 4Bk %10 KF 10% R, 4
WiE BT

ERGIE: ¥l R Bt
) 4

. L7 1 48 A
" M )

2 4SS
90

60

30 | 30 F
wmd(%I/O) %1/0 of job

1111111111 o,
¢ 10 20 30 40 50 60 70 80 %0100 Y ¢ 10 20 39 40 50 60 70 80 99100 Hepu

&3 &4

60 &

1.3 CPUBAFH&E
IEAMAT A AR B HY , 24 CPU | A48 100 W00, w495 2 CPU AR BEARE b S B35 br
CPU REN T B AL B AR E. & 3 BIEFEHXUCPU ik 100% 3B AARF CPU A3 Kk
B RE R T 24T CPU 28 1E L A9 W 1Y B[], ] L& . CPU BASIHE BE X CPU 28 1k Ak iy g 5
B 1] e e AR K, BT 2 (6] OC 2 g L 4 5 L Sek [ 2],
& 3 CPU EAR AT CPU BAFHC B T i v B B 8] ( CPU=100%)

T4 CPU HEE ¥ 1.1 2.1t 2.9 3.8
CPU Sl i 7R 8] (s 62.8 92.1 123.8 235.0

METHB SR 4 R BRI T 48

(DYCPU KAk Ar 170 248 b4 BIE R 4 CPU M1 TO0 J R B4R 5

(2) B AR 22 1Rk iy 28R TR 5 SRR, [ B {2 ] 4 CPU R 2010 488 BHE 4R 5
(3 EEFEHXCPU ik 2HHEH (100%) , W% F CPU PRSI B e 0 BIE Iz
AR i 2AS 2 i 00 s R s 9 T R A 0 B SR R SR (11 .

2 WREAAESAHEFES

AT HRERREARERY R THEROER, EH 37 LB £4:QLB,cpul.B
FILB, ezt 45 CPU A%l F .CPU fIF % .CPU # A &£ +1/0 # A
FEA4CPU BAFIKE. 3F R H Ethernet £ RRM 6 & IZ TIEN (Sund /2008 —ARF
#% (Sund/65).

F N4> BIETT 4 £ 5 (NoLBYFIX 3 Fl LB 24 BT M —# & 4 3 (Script), il &
SRS T 19 T3 18 v w1 57 e, B CPU R E % & FH CPU AP, T Hit & i
FHEEN T E LM T nolLB BT 4. X4 script 7 6 E Y& L 1B L

© HIEERES AT hip:/ www. jos. org. cn



— 242 — B o# ¥ R 7 %

i B T RAEN, 28 (UCPU<C30%) , H & (10~ 60%CPUD) ER (Y CPU>T0%)4% 2
4 HHERER—HEEEREEN . X EEE— T LB REERN M EEEER —1
i1y LB RGN & YA RERSE, XRFBI N E TN AR T EE D

MR script RSP EIEEFEHEN uwnix REGSRMUEMAFEF. AL s,
ps,df,cp,rm,cc,split,compress 25, B &R AR RIEFRREBFZ. Wi ER N
# 4.

|4 HAFLBRREH
o, 8 1 ll BT [R] (s ) F-# CPU FIHE Q) TR
WEE () BOECH WHEG) Bl | MRE M Boke) | BEE H5E Bute)
noLB  24.98 0 69. 54 o 59.20 20.87  © 192 135 0
QLB 16.72 33.1 42,66 36.6  67.27 7.86 62.3 1.71 0.28 79.2
cpuLB  14.32 42.7 41.57 40.2  69.87 5.97 7.4 L.31 0.46 659
ILB 12. 65 49. 4 28. 65 58.8  67.96 565 72.9 154 0.31 771

B LR TR 6 A CPU FIF 410 R TRA7 A9 LB RATEPERE EAU T A IASY &
B 164 SRERIEIRAG LB R4, i A B4 58 T SEIEA A0 CPU BAFHK B U R A7 S AP 89 4
BB BT HHR, 3 4 051 T T BAFUIR B 8P APV BE A #4977 2 77 T » (82 PR W0 Y 3
A CPU IR ERERFTHF.

3 & %

306 T A B AR THREF RRIERSLE. ARETFPHEARTFEHRREDHE
SRR TR, VR TSGR A YA 3R S FEAT e R B AT 0 SRR A A T
X Fi 1 AR AT

kARG RE B RS A BEA BT ARERMEL & XHRHITRE
A—Ref. RO LR ek B8 5 R CPU YRR, BE 70 B K B HE b 48 S b 28 41 ol dy v 2 it
AR THEERLREHES CPURE. UM I/O AENELTES5 /O EE . BTRK
WL 0 48 S e 26 M i R B () XBE T E BT R B EMHRA VO WR. HEIFIKES
BEIER R EEA 6 R, YRR A K BE/D 3R AR BE ERA E IRUM A B BLAR , BEIRA A
B AR E BIRA A S B R . H bR LA B RBRT L4 A CPU BRI E{E
K RERAGHT, B 0T A 5 08, T LB 5 2l 6 £l B F B TR R R
BRI R A A A7 U 2T N A b R B R WO, TR AR AT Z BT IR R X HE O
AR MEAY. A8 B T 28 R Ak AT 7 RA et T B B 8 O v T MU 44 Ml A7 o 8 T 4 o A Wk 26 B
77 TR 13X [T

A LR R VATE S FuEUT0 R G0 B BEIR A A A 20 BRI LU 6 R BT R
BAFUAS BE1E S TR R IR TE 4T

75 30 Rk

1 Ferrari D, Zhou S. A load index for dynamic load balancing. 1986 Fall Joint Computer Conference, Nov. 1986.
2 Ferrari D. A study of load indices for load balancing schemes. Report No. UCB/CSDB85/262, Computer Science

© HIEERES AT hip:/ www. jos. org. cn



4 B IR F R T RANR FA5 A § T8 4548 A BARAR — 243 —

Division, UCB, Oet. 1985.

3 Zhou 8. An experimental assessment of resource queue lengths as load indices. Winter USENIX Conference, Jan,
1987. _

4 Bonomi F, Fleming P ], Steinberg P. An adaptive join —the —biased —queue rule for load sharing on distributed
computer system. 28th Conferece On Decision and Control, Dec. 1989.

5 Kunz T. The influence of different workload description on a heuristic load balancing scheme. IEEE Transaction

On Software Engineering, July 1991,17(7).

6 Banawan S A, Zahorjan J. On comparing load indices using oracle simulation. 199¢ Winter Simulation Conference,
19990,

7  Stumm M. The design and implementation of a decentralized scheduling facility for a workstation ¢luster, Znd Con-
ference on Computer Workstations, March 1988.

8 Mehra P, Wah B W. Automatic learning of workload measures for load balancing on a distributed system. Int’l
Conf. on Parallel Processing, 1993.

9 Zhou S, Ferrari D. A measurement study of load balancing performance. 7th ICDCS, 1987.

10 Ezzat A K. Load balancing in NEST : a network of workstations. Fall Joint Computer Conference, Nov, 1986,

USING RESOURCE UTILIZATION AS LOAD
INDEX IN DYNAMIC LOAD BALANCING

Ju Jiubin  Yang Kun Xu Gaochao

(Department of Computer Science  Jilin University Changchun  130023)

Abstract Load indices which accurately reflect the current load status at a computer
system are crucial to a good dynamic load balancing system. However, few load indices
have been experimentally validated that they are suitable for load balancing. Resource
gueue length (CPU queue length only exactly) are currently used in implemented dynamic
load balancing systems extensively. In this paper, it’s drawback is indicated and a new
load index, resource utilization, is suggested. FEither resource utilizations or response
times of jobs in a dynamic load balancing systemn using resource utilizations as load indices
are better than the ones in a system using CPU queue length as load index.

Key words Dynamic load balancing, load index, resource utilization, queue length,

response time.
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