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Permutation Ant Colony System for Heterogeneous DAG Scheduling Problem

DENG Rong CHEN Hong-zhong WANG Bo WANG Xiao-ming LI Can
(Department of Computer Science and Technology, Tongji University, Shanghai 201804 ,China)

Abstract Reducing execution time of distributed program is a major issue of Grid Scheduling System. Because scheduled
programs are modeled by DAG, this problem is also called Heterogeneous DAG scheduling problem. Permutation Sche-
duling Ant Colony System(PSACS) proposed by this paper presents solution of this problem as task permutation list
and utilizes standard ACO searching technique to explore solution space, Experimental result indicates that PSACS out-
performs GA and PSO substantially. It can get global optima for the majority(65%)of homogeneous DAG scheduling
problems and pretty good solutions for heterogeneous DAG scheduling problems.
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Lina L
precCi) o WEHBEWHRES.
succ(i) HH WEHBEUES,
proc(i) RESEE WAEE,
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e BES R FRARGES RS QEHHNEY
ready(s) EBFRERESE. ready(0)=1{41i€[0,N—1] and prec(i) =
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Algorithm1 PSACS
Stepl A DAG # ECT &, fHR (D HEBIM R

rank {5 ({E5E50
Step2 B ACS S8 WA LIS B BB
Step3 While stopping criterion not satisfied Do

Repeat for num-ants times
solution==SolutionConstruction( );
(MK (solution) <MK (elite) )
elite=solution;
EndRepeat;
GlobalUpdate(elite)
EndWhile //f§FR45 55 » elite 29 PSACS Hyf
2.1 fREHE

PSACS R =iAE BAEHYE ., 1L Procedurel . B
BB g e R B B AR I O BRI R K, BRI DAG
HERENE SR, BETEHARESFBRAEEHF RN
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G alist Mready , list (RFEBGFEMITE TS B PR, P&
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list B%5, readyOFRTFABEL R  LEMRETFES D
ALY ready(OBEHAAOMLESE . BHBER N KERE
W& AT EEA R . B RETBAM (K G, K
(6)) M ready() PREPLIEEUE % n,i5 H EFT(Earliest Finish
Time, 52 52 BUAHED BLW A K B AL B8 p 2 RBL5H
(p=arg(min(CT(n,£))) .k € available(t,)) ; 2 5 45 BB T
% n W52 BT finishTime[ n]=CT(n, p) , 5 H A B ¥
IR List e ]=n HEFHH ready £&, HEZEAE n YKL
Ak, FrAESIAENG, list BN ETHIE BI#% » max(finishTime)
AR list MITREREE.

Procedurel PSACS’s SolutionConstuction( )

Step 1 t=0;
ready(0) = readylnitialize( );

Step 2 Repeat for N times
n=Select-Node(ready(1));
p=SelectABesth;'rocessor( nyt)s
finishTime[ 7 ]=CT (n, p);
list t)=n;
Local_Update(z(¢,7));
t=t+1;
Recalculate(ready(t)) ;
EndRepeat;

Step 3 Return (Zist and max(finishTime) );
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BRI, SR AR GO E BT L P RSE,
P RBHRGEN T EESH, A FTET REF A (exploi-
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EFRAMPRRE AL, EAXEZRBE R TR RE TS
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2.3 MTEMERR
2.3.1 B¥R & ¥ R0 (Local Update Rule)

JRF B 0 P T B 1R AR AR P Y S 2 8 AR B 5 S HT UG
BRI (R (8Y) . TEMEMRME — 2, DB R MR
S, I RMERE <G

r(tym)=7(t,m) * (1—p)+ 10 % p ®
KA EEHT 0<p<1, B ACSHIX—IMEESH, BRIME
H0. 1,7 =0. 001, B{5 B RAFETTRBIE.

2.3.2 &K %% B0 (Global Update Rule)

FE A% Citeration) BT A W8 52 AR I H 15 2 J5 » R GEXHE
BEEMHTEREN - BRFMATEZE, MR EE (I
BB BN W B AP B ATHE R .

r(t,n) =r(t,n) * A=) +Ac(t,n) * 8 (9

Ar(t,n)=
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10
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A5 A E, E AR B RS E, BT

2pe random: 2TPE\ GS19 _ 24 \ NoSRand \ EL _ Rand \
RNodeR Edge

4pe random:4TPE\GS19_24\([F] |) \RNodeREdge

8pe random:8TPE\GS19_24\ ([&] I) \RNodeREdge

16pe random: 16 TPE\GS19_24\([F]_I-) \RNodeREdge

32pe random;:32TPE\GS19_24\ ([F]_I)\RNodeREdge
8pe high:8TPE\GS19_24\NoSHigh\EL_Rand\RnodeR-
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3.1 EBERE

B—H LHMIN PSACS 18 FK [ 44 18 5 W) B B A% 1Y BE
F1. 7€ Udo Hoeing MFRAERIRSE F1, B A~ B R H WA M4
XXX, stg ILRIAB AR, 7 45 30 XXX, ssfCEFF1E) = 1% 1]
R B ARAR . B 300 MR PSACS f# 55 XXX ssf Hid®
KR, 18R 2. WGEITERTLIE L, PSACS HiE
BB AL FAnREE RS . X F AL HAE D, PSACS A] —K
4 Hy I R B AL A% , o e JE B R A I R B IR R (S R AR Y
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(RHL— B G R
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B AR H THER BAER
PSACS #GA PSACS # GA PSACS #GA
2pe random  52.0%  6.0%  1.5% 14.7% 9.2%  33.0%
4pe random  66.7%  9.5%  0.7% 13.9% 8.3%  48.1%
8pe random 68.0%  8.0%  0.8% 11.0% 8.3% 42.0%
16pe random 65.9%  7.3%  0.8% 12.5% 8.3%  40.7%
32pe random 68.0% 10.0% 0.6% 14.0% 8.3%  58.0%
8pe high 68.0% 80% 0.5% 12.3% 3.4% 33.7%

BB AL T AR B R B BN R B . S THER
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3.2 RHMEAEGE

B THTRMEL PSACS K R oA R BptaE. 3
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F AR4% DAG BZEIARTE , XXX, stg 3080 BE 54T
8] weight: HAE S ¢ 76 R AL B AR b s 17 el 49 B 0,
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LREER (R D N HYL A 300 48 4 7
DAG WHERAHT— KR L. 21 00 PSACS BELZRET
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HEREIRIE 2 T PSACS: 300 48] 8 X 2 A~ [A) B i) 4l it 1%
BB S ST HEFT 10%(BE%REW 11%). 45
W, PSACS HEEAR UL T a5 Bk, i HAL FHEM
WHT AR (DAG 18 5 m) B3 ks FBE R AL B 02D B B 10
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#3 PSACS R RHAE ARG
(RN — IR 55
#F HEFT0%) 5% % # HEFT bk # .4

PSACS 44 GA PSACS 4% GA
2pe random 3 0 12.8% 0.7%
4pe random 5 0 16.2% —4%
8pe random 14 0 20.3% 1%
16pe random 17 0 24.4% —29,3%
32pe random 9 0 27.6% —29.2%
8pe high 14 2 27.4% 10, 6%

BERIE A UHAHWBFRELG PSACS, AUMBRREWY
DAG P8, E MR TR 2R Bt e
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AR, PSACS BIMEREME E MY T W, 4518 R B BB b 5 ik
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