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Performance Evaluation of Minimum Execution Time
Multiprocessor Scheduling Algorithms
Using Standard Task Graph Set

TAKAO ToBITAHT and HIRONORI KASAHARA®-t

This paper proposes a “Standard Task Graph Set” (STG) to evaluate performance of heuris-
tic and optimization algorithms for the minimum execution time multiprocessor scheduling
problem, which is known as a strong NP-hard combinational optimization problem, and de-
scribes evaluation results by applying them to several algorithms. In the previous researches
on multiprocessor scheduling algorithms, there exists a problem that it is not able to com-
pare the performance to decide which algorithm is better, because the task graphs fit for the
algorithm proposed in each paper or were not available to the other researchers. To cope
with this problem, STG makes possible the fair evaluation and comparison of the algorithms
under the same conditions for every researchers by giving many kinds of random task graphs
based on various task graph generation methods used in the literature with their scheduling
results, and making them available from Website. This paper evaluates several algorithms
using 2700 task graphs with 50 to 5000 tasks from STG and evaluates its effectiveness. The
performance evaluation confirms that heuristic algorithms CP and CP/MISF could obtain
optimal schedules 68.22% and 68.46% of tested cases, 85.79% by a sequential optimization
algorithm DF /THS, and 89.60% by a parallel optimization algorithm PDF/IHS on a SMP with
4 processor elements within 600 seconds upper limit. It was also confirmed that the proposed
STG is useful for evaluation of the heuristic and the optimization scheduling algorithms.
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Table 1 Optimal schedule ratio and precision of the results
cp cp/ | DF/ | PDF/

Algorithm MISF IHS IHS
BRI 7368 | 7394 | 9265 9677
B RIFR (%] 68.22 | 68.46 | 85.79 | 89.60
TR EDOEDOFHIE [u.t.] 3.82 3.82 3.35 3.31
THRE OBEROTH [%] 0.18 0.18 0.12 0.11

DF/IHS XU PDF/IHS T £hZ# 0.12%, 0.11% RBT LN, FHEBEMER O (CITEE, nid¥ A

Lo TEY, TRHDOT AT Y X AOERMENE
AN THDHZ LR TE 5.
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DF/IHS, PDF/THS @ 10 43T O Bl ki3
RELEELTWER, Fut N 16 OHAIT
ta—URT 47 T7ATYXLTH 85% LA LD
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EHVTbea— U RT 4y 7 L) KRIECHEREZ M B
LZORREETHBHZ EB¥bMD. iz, FTakyd
BH 2 OATL PDF/THS T 97.25% ORI S
BELNTVSRY, MEOEFIEIC ATty
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K ERZF L. ZORKEL T, Tetyi
BDORVNEE VT 4 FA7DF akyHh~DEY YT
DRHEDEDOENR 72, DF/IHS KO PDF/IHS
ORBEBPRL D2 EeBExLND. F, £2
DX i, CP, CP/MISF bk a—URXF 4y 7 7=
YALTET a2y TR 2, 16 DBFEITHLT 4,
8 DL EDRIEMRMGEMETL TV 22, ZOHA
IZOWTITHRTELET 5.

Wiz, EHEZ X775 7%y MBWTIE, £F 2R
275 T DERITIER/NT A—F 728 OIEHRNS FERIC
AREINTNWDBED, BFRITT T THERNRT A—F
DEVRT LA Y X LOMRBIZE 2 5B ER~DZ
LRTFRETH B, UTFTIRZDAERFIERON AT A—
H DE VT L HHEREDECONTELET S,

7 & 3 O X A7 BRIERBRHRRIFED DD LD
2, SEAWEE R 757 TR, A7 (RIBER
BE) & BBk AR O M IT R 58 FE B BRIZERD
LT, RPN ERRP ST Z AT T
KRB D Z < IZx L TH, DF/IHS, PDF/THS
AR CREMFE R LN D Z EBHER SN, 0
HRBEE L~V Th B ¥ A 7 BT O RBERIEIC 3
L, DF/IHS, PDF/IHS %% 600 FLAPIC icidf# % 5-

78) EVWbNTWAILEEETDIL, ZhbnT
N Y X LOHERER VDITE VDA RL TN D,

Ee, FIvY Ty A2, 4, 8, 16 DTN
ENDOBEDE AT 7T TR L BeiEfRIRR O BE%
ZE 3 (a) ~ (d) ITEhZEhRT. B3 DLIIT,
TutyFEER 2, 4 DAL sameprob, 8 D
B layrprob TR E R 7 75 7 O B fRRAERBK
WA, kBN 16 OREREDT AT YR
LTH sameprob R° layrprob DX A7 75 7 DIFIE
ETICHKEMPIBONTNDRE, Tak vy EHT
LIC R 2 BmERLTWD.

COHHEZBRETDICHIY, ERRT A—F LS
DEARZ 7T 7OWEERTERLELT, FR27 5
7 DWHE para %

A7 JBRRER O

T HRITITTDCOP R

LEHETDH. ZO0 paral, TOXRAIT T 7 %R
HOF vty P THINET L L EDREDT vk Yy
PRBED, TROOEDE AT T 5 7 NEOAFIE
EEHBHIIRTZENTED. KX THWZ %
KB AT T 57 2700 BID para DEAMEIL 441.8 T,
DK 2/3 O 1814 HIH 1.5 < para < 20.5 O
FiZH o7z, LLTFTRFIZZD 1.5 < para < 20.5 D
HEANOREIZOWVWTEXLTHD.

%%, CP/MISF & PDF/THS ®¥ 27 77 7R
BlEcifEREREEZE 4, B5 IZENEIRT. RBUT
DEIZHENTIE 1.5 < para < 2.5 DHD% para = 2,
2.5 <para <3.5DHbD% para =3, --- ERTHD
EL, K4, K530 50HAMNCH 5 MBS & 0k
HERERERL TS, K4, K5 (a) ~ (d) &b,
2 PDF/IHS TIXFIW YT ey AL ¥ 27
777D para BILWEEICREFRRFELIE LT
%, $hbb, Taty e para BEWVEEIZOW
Tid PDF/IHS & AVWT b RiEEE S 2 DICIEFICE
K& BT 2 EBIRENFEET 22 LN bnd. 228
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Table 2 Rate of optimal schedule for each number of processors

T ak vy L] CP CP/ | DF/ | PDF/
GES £ MISF | IHS IHS

2 2700 | 72.37 | 73.33 | 95.85 | 97.25

4 2700 | 52.88 | 52.96 | 80.62 | 85.33

8 2700 | 61.74 | 61.77 | 78.66 | 86.00

16 2700 85.88 85.77 88.00 89.81
Total 10800 7368 7394 9265 9677
% 100.00 | 68.22 | 68.46 | 85.79 | 89.60

& 3 ¥ A7 KRG RATE
Table 3 Rate of optimal schedule for each graph size

fiE CP cp/ DF/ | PDF/

Tasks # MISF IHS IHS
50 720 537 542 689 693
100 720 524 516 679 690
300 720 477 498 657 682
500 720 488 473 655 675
750 720 479 491 622 650
1000 720 476 472 606 634
1250 720 478 482 589 630
1500 720 490 483 602 636
1750 720 478 480 609 635
2000 720 486 472 583 626
2500 720 488 490 596 628
3000 720 487 497 596 630
3500 720 490 499 596 625
4000 720 495 496 590 623
5000 720 495 503 596 620
Total 10800 | 7368 7394 | 9265 9677
% 100.00 | 68.22 | 68.46 | 85.79 | 89.60
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Fig.3 Rate of optimal schedule for each graph shape
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FHAEHICIZIEHEIZ ML TWDBD, sameprob TiX
2.5 < para < 10.5, layrprob Ti& 5.5 < para < 15.5
OHENRZL o TWAB. ZD®, para B 2 Eizi
4 L7 5T sameprob 1T, para B 8 &7 DM
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Table 4 Rate of optimal schedule for each task processing time

FiRE CP/ DF/ | PDF/

AP IREH] Ee MISF | THS THS
unifproc (A) 1800 993 999 | 1107 1112
unifproc (B) 1800 856 850 | 1072 1083
unifproc (C) 1800 940 931 1101 1103
expoproc (A) 1800 | 1058 1058 | 1122 1122
expoproc (B) 1800 985 985 1100 1100
expoproc (C) 1800 | 1024 1025 1098 1099
normproc (A) 1800 520 524 851 1018
normproc (B) 1800 462 462 917 1010
normproc (C) 1800 530 560 897 1030
Total 10800 | 7368 7394 | 9265 9677

% 100.00 | 68.22 | 68.46 | 85.79 | 89.60

=5 LT ) X AOEERIFR (%] OHE
Table 5 A change of optimal schedule ratio of optimization algorithms [%]

Timels] 10 30 60 120 300 600
DF/IHS T1.57 | 77.68 | 81.22 83.70 | 85.50 | 85.78
PDF/IHS 74.70 | 81.26 | 84.88 | 87.37 | 89.27 | 89.57
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