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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.

Key words: grid; DAG (direct acyclic graph); task scheduling; fuzzy clustering; heterogeneous computing
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makespan, Runtime. ,
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;DAG(direct acyclic graph); ; ;
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(heterogeneous computing, HC). q
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3 DAG(direct acyclic graph)
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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)®

A [3].
, ( )
, , (
) , Max-Min Min-Min . ,
,  DLS? LMT(levelized-min time)
2
2.1
(DAG):G=(V,,E) , 1 A VA Ne=|VY|
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JEt ,C(ti.ty) (t.t) ek S ,
C(ti ,tj) O.W(ti) ti € Vt . y
to ( ) ) 0
o o
, : «C )
40 10 10. 10
s b ta PRED(t) t, succlt)
1°° .SN(scheduled nodes) .USN(unscheduled
10 10 10 nodes) .RN(ready nodes) Af
ts i t7 t;eRN,then ;e USN and PRED(t)eSN.BL  Bottom-Level,
X , BL
Fig.1 Task graph M, M,
1 , BL
BL(t) = W(t)/M, + Max (C(t,, DIM, +BL(t ) (1)
ESP,, (t) t; o (earliest start time), 0,
ESP, (t) =0. ST, b, (t) t; o] (start time), t; (finished time)
FT,, () = ST, (t)+W(t,)/W(p,) @
ti tj , tie PRED(tj);pX ti Py tj |:j , C(ti ,tj)=0.ti
4
Apr(tivtj): FT,, (t)+C(t.t;)/C(py. py) (3
EST, (tJ.)=Max{tEPRED(t )nm{ AT, (tl,t W FT, (t )} (4)
g Py
2.2
(PES) , , PE (processor)
(local memory unit) ,PEs memoty, .
P=(VF’! EP) ’ : ,VP ’ Np: |Vp| ; EF’ ( ) ’
C(pi.py) (i) eEp W(py) pieVp .2
‘(1) PE , PE
(2
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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)z(pk01pk11 e 1pk4)v :pkj

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

(03]

) S5 5 L M 2

Tablel Theoriginal data of 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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0001110010000
0001110010000
0001110010000
(R)ps=/0 01 000110111
0010001101111
0001110010000
0010001101111
0010001101111
0010001101111
_O 01 0001101111
{{po} { P} { P2.Ps:P7,Pa:P10,P11, P12} :{ P3,P4,Ps5. P8} } -
CL. , 4  Cluster. ) (cluster)
PERF(CLj)zl > iai~P”[k][i]
precL; i-0
n CL; ' i ;

P10,P11,P12} { P1} { Po} } -
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Cluster,
(8)

®)

{{ p31p4vp51p8} l{ P2,P6,P7,P9,

4 FCBSH
, , (make span). ,
) 3
Priority(t)=BL"+A(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 ) )
, A4 ,
A
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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
I ,
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 (FTp(task)>FTy(task))
23. task p
24, add p’ into Considered;
25. makeSpan=F T, (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 AzlT )
; 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} Vo {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} 5 {0.3,0.5,0.7,0.9,1}
type_tarsystem 1
max_out_degree {3,5}
2200
iggg o] —#—DLS —=FCBSH L
o 1600 ll,.-"'r
£ 1400 ri
= 1200
5 1000 ____,-—"""
800 —
600
s
400
200 —|——-l-—d—l-'l'f_=_'
0 PSS IEEEPERS ™ IS IR R
5 10 20 40 50 70 80 90 100
Target system size
Fig.3 The runtime comparison between DL S 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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) . 6 )
V,={10,30,50,70,90,110} ;maxNode_weight_tarsystem,minNode_weight_tarsystem,maxEdge_weight_tarsystem,
minEdge_weight_tarsystem 3 ;type_tarsystem=1;4,6 3 ;max_out_degree=3
5; V=5, 3 : 10, DAG
. 6 ,DLS FCBSH makespan NC , FCBSH DLS
makespan .FCBSH DLS (better) (little worse)
(much worse) (equal) 7 . 7 ,FCBSH
DLS 3~4 6
2~4 2~4 5 ; 1
2, 4 0
||:| Better mLittle worse O Much worse 0O Equal 1400
. 60 1200 H | —+—DLS —=—rcBsH—
8 50 1000
> c
T 40 % 800
E 30 ] agg 600 f
£ 20 400 ] 1
5 10 200
o 0 0
5 10 20 40 50 70 8 90 100 1 4 7 10 1316 19 22 2528 31 3437 40 43 46
Target system size Test time
Fig.4 The percent that FCBSH produces better, little Fig.5 When V,=10, the makespan comparison
worse, much worse and equal resultswith DLS between DLS and FCBSH
4 FCBSH DLS 5 V,=10 ,DLS FCBSH
makespan
140 | O Better M Little worse OMuch worse OEqual
] 6 =
120 ———DLS—#-FCBSH ~ NC——
£ 100 g 5
P
g— 80 5 4
g 60 — o PR g 3K
A - Y| 8} 2F
20 HMH = — £
0 = 1F
10 30 50 70 90 110 ol
Target system size 10 30 50 70 90 110
Target system size
Fig.6 Comparison of makespan between FCBSH, Fig.7 Comparison of scheduling results between
DLS and NC agorithm FCBSH and DLS
6 FCBSH,DLS NC makespan 7 FCBSH DLS
6
; ) (FCBSH), DLS
: : , (o) , ; ,
a ) ) ) )
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