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A Speedup Method for PDF /THS by Reducing Allocations

of Idle Tasks in Task Scheduling Problem
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Abstract: This paper proposes a reduction algorithm of branching nodes for the task scheduling algorithm
PDF/IHS (Parallel Depth First/Implicit Heuristic Search). The PDF/IHS is a parallel branch and bound
method using HPAS (Hierarchical Pincers Attack Search). For solving large-scale task scheduling problems
fast using the PDF/IHS, it is necessary to not only using parallel search algorithms but reducing branching
nodes. The branching operation of the PDF/THS makes some subproblems by enumerating all combinations
of the allocatable tasks and idle tasks at the time when the schedule is undecided. For this reason, the
PDF/IHS may make subproblems assigned some unnecessary idle tasks. Therefore, for reduction of branch-
ing nodes of the PDF /THS, the proposed method cuts some subproblems assigned idle tasks, whose schedule
length is longer than others. The proposed algorithm determines unnecessity of searching subproblems using
time of allocated task in the branching operation. As a result of evaluation, the speedup ratio of the proposal
method compared with the PDF /THS is about 96 times on the maximum.

Keywords: task scheduling problem, parallel processing, combinatorial optimization problem, PDF/THS,
branch and bound method
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Fig. 1 An example of task graph.
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Fig. 2 An example of schedule.
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Fig. 3 An example of search tree by the DF/THS.
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Fig. 4 PDF/IHS by 4 PEs.
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Fig. 5 An example of subproblem.
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RIEMAPREL 22 MRS S 5. 72720, GEMOREL?
BAI D 1252 5 B o K E EE, TROBESE L,
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B, Ny a7 =T VEERT S BN LB

U%. PDF/IHS ISz LA BN 5 &, 20TV T
DALH) E LML) RMEICBTIREVRIRE MR
T&ELH, 9 THRWHEEIZIZEM L 2B 04372 7 43R
FEE ST A L) ML=+ I724 LS. 22T, KR
LTI, 72 A PDF/IHS 1B 2 007 { 7%
HEIITTNT) ALmHFEL, WETILEN NI L
DB E RS HEOAZHIRT 5. Lt 5T
2T, RETHD)—F PE L AL —7 PE OHAIY OF
NEIZDWTHRR 5,

REFFED) — % PE &, PDF/IHS ® ) — % PE 7%
DF/IHS TH¥%E$ % PE LR LiREVE ST L2 L0, X
Wk [12] EFBOBN Y 2479, B 712, V=¥ PEIZL%
SPEEFMBOEEL T — FE2Rd. K7 03— K, X
(9) 27 TEHSMED S 5, FATIRES X 7 HRk & H14 T
REZIEID A0 HHE T E 2 MEZEA ) 55, E 6
2 7 o a— FCHIT & 255 BB Z7Rd. ho
HEENT OFEIII AT 2 — VDSHEE LT-% A2 Th Y, Hi
DR DE L TRZNTH 5. ABIOERIEIL, FH THE
INZFEATWRER Y ATy, Ta, T3, Ty THY, K5 A2
DILHEE 2T time(4) < time(1) = time(2) < time(3)
EVOBRDH DL ET . OB, Ty DI ¢ A%
FNY B THNLEIM LY BF L, ¢ 2F D B TRBEHNC Ty
ZEIVLBTE I A V2 — VEEBESNE. [MTOD
D= RFEHWDLIET, M6 D) ICARLELR ¢ ATE D Y4
THNLERFMEE, do-while XDV —TI2Lk>T, TH
HEHE OIS SPEASEH SNL. THICLY, HBRTS
WEED 2 R RTEDEA ) TE 5.

REFHENOAL —7 PE &, PDF/IHS D AL — 7 PE
75 DF/IHS T T 5 PE 3B 2 2RBEVE T 5720
M7 EFAUEFHTSPHEEZERT L ENTELRV. K
LTI, AL —7 PEZEAI) O 2 IR 5128
725 T, PDF/IHS OFHE# AT 72012, AL —7 PE
NOEFL TR HEOERNIF £ EH L 2w, —F, K
(9) DEMETHAY T & %o 5B HIEIE, THRAEZ
WTHN ) TE LR H B, D70, REFITH
MY HTERGE LA LB S HEICE, TR AV
TRERER4T). M8, AL—7PEIZXASPHE
FUHOGEM 2 — FE2/RT, M8 IIRT LI, AL—7
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allocatable tasks

6 HIKT & % HEO B

Fig. 6 An example of unnecessary subproblem to search.

set_sp({
depth < HRBPHEX
sp[] < BUEBRR PO ED sp
pe < FIYTHEEY =& v ¥
MinTime < R WO X 27 O/ MR 4 H124 T4l
if(pe # m and MinTime > ¢ DB % EID M Tl & ZOFY THREA))
MinTime « ¢ DHEEND KTl & & OFL TR
do{
if (SPEAHEH TE ARV
depth--;
sp[] <PDF/IHS ® Y —4 PE & [F{RIZ SP fifi % H3HT;
Ywhile(p NHEIVH THA TS and ROFIH THEL > MinTime)
if (sp[] D TH > EEM)

goto EMY ;
goto -/ — FIERK;
}
M7 V—%PEIZL% SP HEHUHOEL T F
Fig. 7 Pseudo-code of calculating SP by leader PE.
set_sp(O{

depth < EFEPHES
sp[] « BTELRR D OFE 4 RED sP
pe + FIMTAfEY & v ik
MinTime <— R 1K A7 Ofi/ MR 4§12 TR
if(pe #m and MinTime > ¢ OFZED YTz & & OEY TR
MinTime + ¢ DHZEN) KTl & & OFY TR
do{
if (SPEASEH TE RV
depth--;
sp[] <-PDF/IHS O A L'—7 PE & [AIBRIT SP {4 T H7;
Iwhile(p BEIVHTHN TV D and KOFRY THEL > MinTime)
if (BREROEBEZ M)
goto ENIY ;
if (sp[] D FH > EEM)
goto FMY ;
goto -/ — FIERK;
}

B8 AL—7PEIZL% SPHEEHUHEOHEMT — F
Fig. 8 Pseudo-code of calculating SP by slave PE.

PE TId, HRROBERZMIT 541E%, RETLEOHN
D OHEZATV, BAIY TE W LB L ZERICAT
9. ZHUE, RETEOBANY OHEIZLE L FEAS, TR
ROBERZHET LIREICLELRIEI L) H720TH
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b, F, —ETFEOBAY 2512479 28T, AL—7
PE O SP D ERAOEMIEL 720, BEOEHE F
M TE 5 LT E 5.

5. &

RETFEOHEMEZ RT 72012, PDF/IHS L iRE Tk
THAZ AV a—") 7R RKEL, HERKEH Z 3
5. REHETIE, S 27 7771y F[19] © 50 ¥
A7 DOMBEDH B 6085 —2DF AT 7T T2 LT,
YAy E) SR THLTuLyFOEKEm % 2, 4, 8, 16
ETBERI240 DY A7 AV 2= v R RKIFET
A, FPHYEORHEIZIE, 3.2 HioX (1) 2 HW 5. FHlliZR
1%, CPU 7 Intel Xeon E5-2687TW v2, X E1 2% 64GB
Thsb. Tz, KFEiTld, PDF/IHS (23§ 2R EF
DEHELFEE K (10) TEET 5.

72 i
7272 L, HEEEERIE, CP/MISF 2405 7 R AL O BE <2,
FTRTOTU Ly B PERER T T2 ETORLRFMES
ATERICTH 5.

9, @10, ™ 11, X 12, X 13 |2, 1PE, 2PE, 4PE,
8PE, 16PE T PDF/IHS %AT - 7B O Tk o m 8L
RERY. 757 OEE PDF/THS QAT HEdhid
PDF/IHS |23 § 2 IR EFHEO AR TH L. 72721,
X 9 1%, 1PE CTOHEITTH 572, DF/THS & [FAEOHEHE
119

HWERFE LY, $§XCTO PE T, PDF/IHS OHEHEIZ
WEf 257270 % PR LT & @A L3R A%R) g A A AVERE C &
7z. PDF/IHS THZREF AV W RTEO & #2030

10 o T T
X x *
X
10" F X x % >
><>><<;5 ><>< x
S 100 feoneth % E
o
(7]
2
» 100 F E
102 5

10'3 | | | | | | |
10 10° 102 107 10° 10" 10 10° 10*
Search Time of PDF/IHS [s]

9 1PE om#fb#
Fig. 9 Speedup ratio of 1PE.

10 T T T T
XX
10" F O % xx ]
s
S 100 Posmmmmeg——
2 10 3
@
g
w 100 F E
102 5
3 L L L L L L L

10°
10 10® 102 107 10° 10" 10 10° 10*
Search Time of PDF/IHS [s]

10 2PE O@#fl3#
Fig. 10 Speedup ratio of 2PE.
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&, FEREMIYEVRHEZ S PDF/IHS 2583 B < AALD
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R — PR L 2 B, REFEEZHNTY, #Hi
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FFRTICHIBIS % 2 L 138 L 25, PDF/THS O RFEE [ A
0.001 BUATTH 5720, REFHZ T ERR TR
fRCEh. ZOH, 0L RMEIC LS ERLEOK
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Fig. 11 Speedup Ratio of 4PE.
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& 1 PDF/IHS O#HEHKMH I & omdfrs
Table 1 Speedup ratio for search time of PDF /IHS.

PE count ave min max SD
0.00 < time < 0.01 200 | 1.083 | 0.941 9.715 1.372
1 0.01 < time < 1.00 35 | 1.654 | 0.735 | 95.749 3.208
1.00 < time 3.398 | 0.001 | 57.213 | 57.425
total 240 | 1.180 2.202
0.00 < time < 0.01 199 | 1.087 | 0.901 9.594 1.388
2 0.01 < time < 1.00 36 | 1.637 | 0.735 | 96.079 3.166
1.00 < time 3.322 | 0.001 | 55.399 | 54.828
total 240 | 1.183 2.201
0.00 < time < 0.01 193 | 1.066 | 0.937 | 15.387 1.341
4 0.01 < time < 1.00 42 | 1.730 | 0.735 | 93.536 3.126
1.00 < time 3.342 | 0.001 | 59.228 | 55.305
total 240 | 1.188 2.215
0.00 < time < 0.01 190 | 1.058 | 0.962 | 13.741 1.331
8 0.01 < time < 1.00 44 | 1.566 | 0.529 | 95.561 2.760
1.00 < time 5.224 | 0.001 | 56.976 | 41.738
total 240 | 1.183 2.172
0.00 < time < 0.01 188 | 1.029 | 0.730 | 13.543 1.346
16 | 0.01 < time < 1.00 46 | 1.554 | 0.405 | 70.012 2.695
1.00 < time 5.691 | 0.001 | 66.622 | 42.602
total 240 | 1.162 2.183

x2 REFEEMVL Z LICL BT — FROBR
Table 2 The number of subproblems using proposed method.

PE | increased | unchanged | decreased
2 175 63

17 149 74

31 129 80

42 108 90

16 79 68 93
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