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Abstract: Focusing on the problem of task scheduling under large-scale, heterogeneous and dynamic
environments in grid computing, a heuristic algorithm based on fuzzy clustering is presented. Many previous
scheduling algorithms need to search and compare every processing cell in the target system in order to choose a
suitable one for a task. Though those methods can get an approving Make-span, undoubtedly, it would increase the
entire runtime. A group of features, which describe the synthetic performance of processing cells in the target
system, are defined in this paper. With these defined features, the target system, also called processing cell network,
is pretreated by fuzzy clustering method in order to realize the reasonable clustering of processor network. In the
scheduling stage, the cluster with better synthetic performance will be chosen first. There is no need to search every
processing cell in the target system at every scheduling step. Therefore, it largely reduces the cost on choosing
which processing cell to execute the current task. The design of the ready task’s priority considers not only the
influence that comes from the executing of nodes on critical path, but also the influence induced by heterogeneous
resource, on which the task will be scheduled. In the last part, the algorithm’s performance is analyzed and
compared with other algorithms, and the test results show that the bigger the target system is, the better performance
the algorithm shows.
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environment
= Supported by the National Natural Science Foundation of China under Grant No.60534060 ( ); the National
Grand Fundamental Research 973 Program of China under Grant No.2003CB316902 ( (973)); the Key
Technologies R&D Program of China under Grant N0.2004BA908B07-10 ( ); the Program of Shanghai Subject Chief
Scientist of China under Grant N0.04XD14016 ( ); the 2006 Mountaineering Program of Shanghai, China
under Grant No.06JC14065 ( 2006 “ ")

Received 2006-05-22; Accepted 2006-08-07



2278 Journal of Software Vol.17, No.11, November 2006

makespan, Runtime. ,

;DAG(direct acyclic graph); ; ;
: TP393 CA

1

(heterogeneous computing, HC). ,

[

, DAG(direct acyclic graph)

) . DAG

NP , ,

[2-5]; ,
DAG (481 . ‘
; [3.6] , ,

1) , ;
2) 1 y

’ ’ 1

3) , (fuzzy clustering based scheduling



DAG 2279

heuristic, FCBSH), ,

4) DAG DAG ,
DAG ,

4 FCBSH . 5 . 6

, . HLEFT (highest level first with estimated
times)!”!,DLS(dynamic level scheduling)®,MCP(modified critical-path)®

’ ’ ’

, . DSH(duplication scheduling heuristic)®® BTDH
(bottom-up top-down duplication heuristic)!®,CPFD(critical path fast duplication)!*”

DSC(dominant sequence clustering)!*¥  DCP(dynamic critical-path)®

: (3.

) , Max-Min Min-Min . ,
,  DLS? LMT(levelized-min time)¥

2.1
(DAG):G=(V,,E) , 1 A VA Ne=|VY|



2280 Journal of Software Vol.17, No.11, November 2006
E¢ ,C(ti.ty) (tit) ek A T ¢ ,
Ctit) OWWL) teV ,
to « ) 0
5 N
, «C )
40" /10 0 10 :
b vte ta PRED(t) t, SUCC()  t,
1°° .SN(scheduled nodes) .USN(unscheduled
nodes) .RN(ready nodes) Af

10 10 10
ts i ii t,

t;eRN,then t;e USN and PRED(t))e SN.BL  Bottom-Level,

, BL
Fig.1 Task graph M, M,
1 , BL
BL(t) = W) /M, + Max (C(t,,J)/M +BL(t ) (€]
ESP,, (t) t; o (earliest start time), 0,
ESPpj (t;)=0. ST, b, (t) t; o] (start time), t; (finished time)
FT,, () = ST, (t)+W(t,)/W(p,) @
ti tj , e PRED(tj);pX ti Py tj . |:j , C(ti ,tj)=0.ti
4
Apr(tivtj): FT,, (t)+C(t.t;)/C(py. py) (3
ESTpy (tJ-):Max{tepRED(t )ASN{ AT, (tl,t W FT, (t )} 4
g Py
22
(PEs) , , PE (processor)
(local memory unit) . ,PEs memory, .
P=(Vp,Ep) , : Vo No=[Vl ;Ep ( ) ;
C(pi.py) (Pip)eEp W(p) pieVp , 2
(1) PE , PE
(2
: /(3) :

(4



DAG 2281

Pl Pz
10 Ps
P 15 p5
lO 10 15
PlO Pu P12

Fig.2 Target system
2

: (b)
.(c) : .(d)

(e)
P={ P1u.P2;.-. 1pr} Pk P(pk):(pk01pk11 e 1pk4)v :pkj

=0,2,...,5-1) k j

(03]

,$=5, 5 o1 2

Tablel Theoriginal dataof the processorsin target system, donated by P’ (left) and
results after the range standardization of P’, represented by P” (right)

1 P'( ) P"( )
P P

to t t ts ty to t to t3 ty
Po 20.00 0.05 0.05 15.00 1.00 0.00 0.00 0.00 1.00 0.00
p1 30.00 0.08 0.05 12.00 2.00 0.33 0.30 0.00 0.73 0.25
p2 35.00 0.10 0.10 12.00 1.00 0.50 0.60 0.71 0.73 0.00
ps 50.00 0.13 0.10 9.00 4.00 1.00 0.90 0.71 0.45 0.75
Pa 45.00 0.13 0.10 6.00 4.00 0.83 0.90 0.71 0.18 0.75
ps 50.00 0.13 0.10 9.00 3.00 1.00 1.00 0.71 0.45 0.50
Ps 30.00 0.10 0.10 8.00 1.00 0.33 0.60 0.71 0.36 0.00
p7 28.00 0.10 0.10 8.00 1.00 0.27 0.60 0.71 0.36 0.00
Ps 4800 0.12 0.08 4.00 5.00 0.93 0.84 0.43 0.00 1.00
Po 33.00 0.10 0.10 4.00 1.00 0.43 0.60 0.71 0.00 0.00
P10 30.00 0.08 0.08 5.00 1.00 0.33 0.36 0.43 0.09 0.00
P11 35.00 0.10 0.10 5.00 1.00 0.50 0.60 0.71 0.09 0.00
P12 40.00 0.12 0.12 5.00 1.00 0.67 0.84 1.00 0.09 0.00
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Pi = (Pi _t_k)/stk (5)

gk ti 'S,

Pik [0.1] )
Pik = (Pl = Pienin) /(Phmax = Plcnin) (6)

s Pimin Piico Pokees Phk P Pkmax  Plics Pacreess Pk

, P={p1.P2,--..Pnp} R:

[1.00 043 0.36 0.02 001 0.06 032 035 000 027 042 025 0.21]
043 100 0.77 019 012 028 068 0.68 0.07 0.60 0.68 058 0.38
036 077 100 024 021 024 0.83 080 024 080 062 081 0.62
0.02 019 024 100 0.87 092 030 030 071 016 0.09 0.20 044
0.01 012 021 0.87 100 079 029 0.28 082 031 0.23 0.38 0.64
0.06 028 024 092 0.79 100 030 029 056 0.16 012 0.20 0.44
032 068 083 030 029 030 100 099 028 0.8 076 0.87 0.64].
035 0.68 080 030 028 029 099 100 0.27 083 075 0.84 0.61
0.00 007 024 0.71 0.82 056 0.28 0.27 1.00 042 025 0.43 0.56
0.27 060 080 016 031 016 085 083 042 100 082 0.98 0.77
042 0.68 062 0.09 023 012 0.76 0.75 0.25 082 100 0.81 0.55
025 058 0.81 020 038 020 087 0.84 043 098 081 100 o0.81

1021 038 062 044 064 044 064 061 056 0.77 055 0.81 1.00

,E*szik)
T :éZe b 7

. Si2 k Tij P B

Pl
I

[1.00 043 043 043 043 043 043 043 043 043 043 043 043]
043 100 0.77 064 064 064 077 077 0.64 0.77 0.77 0.77 0.77
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Cluster,
(8)
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{{ p31p4vp51p8} l{ P2,P6,P7,P9,

4 FCBSH
, , (make span). ,
) 3
Priority(t)=BL"+A4(Considered,t;) 9)
A(Considered,t))=maxFTCon(t;)—minFTCon(t;) (10)
BL, ) )
BL*. 1 BL* 2.
Table2 Thetask BL* of Fig.1
2 1 BL*
Node *No ny n, N3 Na Ns *Ng ny *Ng
BL* 23.86 15 14 15 2.14 10 11 10 1
Considered UnConsidered :Considered
:UnConsidered
maxFTinCon(t;) Considered , t; ;minFTinCon(t;)
A , t
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FCBSH

1. , , ;

2. Considered , UnConsidered
1/ , NoLoadProcessor

3. Let makeSpan=0;

4. Repeat

5. if (3NoLoad Processor e Considered)

6. Let maxPri=0, task=0;

7. For each t;e RN

8. Priority(t);

9. if (Priority(t})>maxPri)

10. maxPri=Priority(t;);

11. task=t;;

12. end if.

13. end for.

14. task p

1 )
15. makeSpan=FT(task);

16. else

17. do Step 7~Step 13, task;

18. if (FTy(task)<=makeSpan)

19. task p

20. else

21. UnConsidered , Considered
P

22. if (FTy(task)>FTy(task))

23. task p

24, add p’ into Considered;

25. makeSpan=FT (task);

26. else

27. task p

28. makeSpan=F T, (task);

29. end if.

30. end if.

31. endif.

32. remove task from RN;
33. update the RN;
34. Until each t;eV, has been assigned.

1 3 ,
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5~ 15 , Considered , ,
; 16~ 31 Considered
, UnConsidered
Considered .
, Considered ,
, Considered . , , Considered
32 , .FCBSH
O( N7 xNp).
5
DLS , , FCBSH DLS
51
511
DAG , ) .
Vi. maxNode_weight_task minNode_weight_task,
[minNode_weight_task,maxNode_weight_task]
maxEdge_weight_task minEdge_weight_task,
[minEdge_weight_task,maxEdge_weight_task] . max_out_degree,
, [0,max_out_degree] . deepth, Ven,
max_out_degree=n-1,depth=1 fork
512
type_tarsystem , 1 0
Vp. max_out_degree, , [0,max_out_degree]
Ae[0,1], , A=l )
; A=0 . 6e[0,1], ,
&1 , ; o=0
maxNode_weight_tarsystem minNode_weight_tarsystem,
[minNode_weight_tarsystem,maxNode_weight_tarsystem]
maxEdge_weight_tarsystem minEdge_weight_tarsystem,
[minEdge_weight_tarsystem,maxEdge_weight_tarsystem]
5.2
521 (runtime)

522
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53
3 . , DLS

, 5 DAG ({Vi=5maxNode_weight_task=50,

minNode_weight_task=10 maxEdge weight_task=10,minEdge_weight_task=5,max_out_degree=3,depth=3}),
(Vo={5,10,20,40,50,60,70,80,90,100} ;maxNode_weight_tarsystem=300;
minNode_weight_tarsystem=100;maxEdge_weight_tarsystem=50; minEdge_ Welght tarsystem=10;type_tarsystem=

11,8 3 ,max_out_degree=3 5), 3 . : ,DLS
; ,FCBSH V<70 0, 70<Vp<100
, 15; DLS 100 2 000.
Table3 Simulation tests datasheet
3
DAG Target system
Metrics Value set Metrics Value set
Vi {5,10,20} Vp {5,10,20,40,50,60,70,80,90,100,110}
maxNode_weight_task  {100,200,300} | maxNode_weight_tarsystem {100,300,500}
minNode_weight_task {10,50,100} minNode_weight_tarsystem {5,50,100}
maxEdge_weight_task  {10,100,200} maxEdge_weight_tarsystem {50,100,200}
minEdge_weight_task {5,50,100} minEdge_weight_tarsystem {10,50,100}
max_out_degree {3,5} y) {0.3,0.5,0.7,0.9,1}
deepth {2,3,5} ) {0.3,0.5,0.7,0.9,1}
type_tarsystem 1
max_out_degree {3,5}
2200
2000 *
1800 fee] —#—DLS —=—FCBSH i
o 1600 II,.-"'r
£ 1400 ri
= 1200
5 1000 ____,-—"""
800 o
600
s
400
e
O - & - @& ' @& " @ el

5 10 20 40 50 70 80 90 100
Target system size

Fig.3 The runtime comparison between DLS and FCBSH

3 DLS FCBSH
, DAG 9 , 50 ,
DAG ,FCBSH DLS (better) (little
worse 4 ) (much worse 4 ) (equal)
4 . 4 ,FCBSH DLS
(10%~30%), (25%~55%), (5%~20%),
(20%~60%). 5 V=10 ,DLS FCBSH makespan
, : FCBSH 10%~30%, ,
5%~20%. FCBSH DLS,
,FCBSH .
, FCBSH DLS (no communication, NC)

.NC ) )
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V,={10,30,50,70,90,110} ;maxNode_weight_tarsystem,minNode_weight_tarsystem,maxEdge_weight_tarsystem,

minEdge_weight_tarsystem 3
5; V=5, 3
6 ,DLS FCBSH
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(equal)
DLS
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Fig.4 The percent that FCBSH produces better, little
worse, much worse and equal results with DLS
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Fig.5 When V,=10, the makespan comparison
between DL S and FCBSH
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Fig.7 Comparison of scheduling results between
FCBSH and DLS
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