da v (Y]
wanizﬂummszuumwmsmu‘lumifnﬂmsamgmumum
Taglfthvianenilunan
Impacts of Multi-partition Systems on Goal-oriented

Parallel Computer Job Scheduling

d

v d a A d
anssad Uszansgnlson

Amonrat Prasitsupparote

%mﬁwuﬁﬁaﬂudmﬁﬁwmmsﬁnymmﬁé’nqmﬂ?@ﬁm
Janssumansundada ¥ InInssuneNN e
NHINNSBAIVAIHATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Engineering in Computer Engineering
Prince of Songkla University

2554

AVANTV N INNFBFIVAIUATUNS

(1)



a a

y ¢ saw o
‘#f’])ﬂﬂ1uwuﬁ Nﬁﬂig‘ﬂUell@\iﬁgTJ'IJWa'IEJW'lf!'VI"]ﬂ!Gl,uﬂ’lii]ﬂﬂ’li\“I'IHL!U‘UGUH'IHTQEJGI,%}!ﬂ'IWM'IEJ

I o
Wuvan
Y A [ 4 a Q‘{ 4
ST UNFNIDUTIAU ﬂizamﬁmh%u
VI MINTIUABUNUNDS
dd' = a a d o
2191583 pE I nentinusvian AUTNIINNTEAOL
e AFEFUATTUMS
=4 Y % a A [ o,
(AT.UAYTY IGNIADYYE) (3. auFy naudlssail)
e DITUNS
¢ a a g o o
219158NU3 nEInentnus I (AT.LTIYTY IGNIADYL)
URURRRO i b X (1 I B
9 J a [ v o 9 4 a [ -4
(HBIWAAATINTY AT. WYY AUNYY) (HFIWATATINITY AT WYY AWUNYY)
e DITUNS

< J.
(ﬂi.gﬁaumqg NYNTVITNIA)

E4
VaiaIne1ds y1Inerdeasvauasuns eyddliiuinerinusatiuil

<3| 1 % @ a a @ a a a
WudrunilavesmsAny awnangasiSyaimnssumnaasumitiauga d1v135138In55)

AONNUADS

4 [ 4 4
(ATEN319178 AT.DUTIAU WIAAT)
AnUATUNAINGIaY

2



a a

y ¢ saw o
‘#f’])ﬂﬂ1uwuﬁ Nﬁﬂig‘VIUSU'fNﬁgTJ'IJWa'IEJW'lf!'VI"]ﬂ!Gl,uﬂ’lii]ﬂﬂ’liQTHL!UH%UTHT@Hi%Eﬂ’]WN’W

I o

Wuvan
Y A [ 4 a Q‘{ 4
HIvE uRaMeNssaYl Uszansgnlsvl
VI MINTIUABUNUNDS

Umsanmn 2553
Y] ]
UNAAED

Y
AN NUS AT UL UTUONITIASIHUANIT ULV VYU IUUUT SV
A P A w 9 ] 3 v &
AoUN A LUV HLLVHa1eWs Nyu Taeldu Tevrouuulsdhvunedlundn auleue
) & o ) o w a < Yo Ao o A
uuvlfithuinedurdnszdurmdrduvesnunazdul 1dwanuanie lunainadame
o o [ { o a a a a 4 Y yo
Amuadiduvesniunezilnszoulilszaniangege Inorinusaiuihinauenis
9 I ] A o as A A
nageuu lsvreuuylfithrinedundnuuszuuvalsns neu 2 3500 NMINUINNITLABN
Jaw Y o Y 9 9 Ya a a A daw R
wsnFutniu Tassadedu lil vazmsldgrsanalums@onms ey FaaznaaouuuszUU
a 4 A o d'do [ [ Y A o d‘do
ADUNAADIUY 2-5 WITNFUNLIUIUHUI9UTEUIaNAMINY LaZUDD 2 WITNTFUNLIIUIY
nuaedszurana iy Taslddsunsuiiaeedidasinuan1s UM UVUIUDUT LU
a 4 1 I~ Y]
ADUNAADS HUVYUIU InmsnadaunyIu Jeursuuylsihunedlurdnuussuuvate
A v a I~ Aa aAa a A o Aa A 4
wisnvuTaglduadniugisanalumadenmsnsuldldszansning  disnlSeuney

Aa A % o W [ a < A 09/’
‘]Jﬁ$ﬁ‘l’l‘ﬁﬂ']“INﬂUUTﬂUTEJLL‘]J‘]JGlﬁ!a'lﬂ‘]Jﬂ’311Jﬁ1ﬂﬂ]ui'JiJﬂ‘]JL‘I/Iﬂl!ﬂl!‘llﬂ‘l/\lﬁﬂ\?lll!ﬁ%ﬂﬂllﬂﬂ

A o o 1 [ o 1 T W 4
15 NFUTIUIUHUIgYTEUIaNamINY uazﬁmmuwmaﬂizmawa"lmmﬂu LﬁfNﬁﬂﬂ

=

Y [ @ o 1 1
uTaamuuuim%mnsuﬂuwaﬂmmmﬂizmﬂmuamm UAZITUUYUTIAAN I 9 ll‘]JLW]ﬁg

Ia v

Iy ' Yo o o 1 @ a I A
‘WTTI/]GD'ullﬂﬂﬂ'ﬂuTEJ‘UTEJLL‘]J‘]JGlﬁaTQUﬂUTMﬁWﬂﬂJS'JﬂJﬂUWIﬂHﬂL!Uﬂwa

[

o o I A Ja ) Y o
AlaIney: LLUﬂWﬁ, UAWRINWITNTU, AINTHUANTITITULUUIUIU, HIEJTJWEILLU‘UGI,“HHQJWWNWEIUJU

van, 1wan

3)



Thesis Title Impacts of Multi-partition Systems on Goal-oriented Parallel Computer Job
Scheduling

Author Miss Amonrat Prasitsupparote
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Academic Year 2010

ABSTRACT

In this thesis, we focus on applying goal-oriented parallel computer job
scheduling policies on multipartition parallel computer systems since several existing systems
partition their system resources. Goal-oriented parallel computer job scheduling policies utilizes a
combinatorial search technique to find the best schedule within a time limit. Two implementation
ideas of multi-partition goal-oriented parallel computer job scheduling policies are proposed and
evaluated using an event-driven simulator. The first implementation idea includes the partition
selection question into the search space while the second idea selects a partition according to
some heuristics resulting in a smaller search space. The experimental results show that the second
idea with a best-fit partition selection heuristic performs well under both equal size and non-equal
size two-partition systems. Furthermore, the proposed policy also outperforms the two basic

priority backfill policies.

KEYWORDS: Multi-partition, job scheduling, goal-oriented, backfill, best-fit
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Month Proc. #User #Jobs Job size (NT)
Demand Avg. Med. Max.

6/03 81.96% 73 2191 34.47 0.82 960.00
7/03 89.07% 68 1400 60.59 1.25 1536.00
8/03 79.08% 73 3221 23.38 0.00 1536.00
9/03 71.90% 74 3057 21.68 0.10 912.00
10/03 70.84% 75 4149 16.26 0.36 912.00
11/03 72.69% 81 3443 19.46 0.74 1536.00
12/03 74.26% 61 3521 20.08 1.08 1151.99
1/04 73.11% 53 3156 22.06 5.14 1920.00
2/04 73.77% 73 3969 16.56 0.33 1824.00
3/04 74.83% 70 3466 20.56 0.01 1832.82
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ansamauldlu 1 wisndu  lddesimslsuasalnaalduaazauainsaldviie
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10U 64 THUAAITNMITA 2-1

Npew = min (64, Nold) (2-1)

A 1 9

® N .., AAIANNARIMIHHIBYTENIanavesnun 1A 1nd

A 1 9 ] a
® N AOMANNABINTHUIYUTZUIANAVDINULAY

a13197 3-2 YeyalasagiudazieuveudsaInan llandennud lo Tasaanmiseszurana

adlufu 64 1150 2 WS nFu

Proc. Demand Job size (NT)
Month #User #Jobs
N64, 64 N32, 64 Avg. Med. Max.
6/03 80.32% 107.09% 73 2191 33.78 0.82 768.00
7/03 73.68% 98.25% 68 1400 50.12 1.17 768.00
8/03 69.71% 92.94% 73 3221 20.61 0.00 768.00
9/03 66.61% 88.82% 74 3057 20.08 0.10 768.00
10/03 69.53% 92.71% 75 4149 15.96 0.36 768.00
11/03 67.74% 90.32% 81 3443 18.13 0.74 768.00
12/03 72.94% 97.25% 61 3521 19.73 1.08 1151.99
1/04 69.94% 93.26% 53 3156 21.11 5.14 1536.00
2/04 71.13% 94.84% 73 3969 15.97 0.33 1536.00
3/04 71.95% 95.94% 70 3466 19.77 0.01 1536.00
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aaliiny 32 U 3, 4 wag 5 SN

Proc. Demand Job size (NT)
Month #User | #Jobs
3 Part. 4 Part. 5 Part. Avg. Med. Max.
6/03 89.75% | 67.31% | 53.85% 73 2191 28.31 0.82 384.00
7/03 66.78% | 50.09% | 40.07% 68 1400 34.07 1.09 384.00

8/03 71.54% | 53.65% | 42.92% | 73 3221 15.86 0.00 384.00
9/03 70.09% | 52.56% | 42.05% | 74 3057 15.85 0.10 384.00
10/03 79.92% | 59.94% | 47.95% | 75 4149 13.76 0.35 384.00

11/03 68.63% | 51.47% | 41.18% | 81 3443 13.78 0.68 384.00

12/03 80.65% | 60.48% | 48.39% | 61 3521 16.36 1.07 768.00
1/04 80.35% | 60.26% | 48.21% | 53 3156 18.18 5.13 768.00
2/04 85.56% | 64.17% | 51.34% | 73 3969 14.40 0.33 768.00

3/04 87.25% | 65.44% | 52.35% | 70 3466 17.98 0.01 768.00
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Average job size (NT) in node-hour
FCFS-backfill LXF-backfill Goal-oriented
vobartition - ond | Diff, | 1st | 2nd | Diff | st | 2nd | Diff
6/03 30.1 | 38.6 8.5 356 | 32.1 3.5 33.0 | 34.6 1.6
7/03 404 | 654 | 25.0 | 39.1 694 | 303 | 46.5 | 54.2 7.7
8/03 16.6 | 26.9 10.3 | 21.0 | 20.2 0.8 18.2 | 23.7 5.5
9/03 17.5 | 23.8 6.3 152 | 29.7 14.5 | 21.7 18.7 3.0
10/03 13.6 19.6 6.0 12.6 | 21.6 9.0 17.5 14.6 2.9
11/03 142 | 26.2 120 | 142 | 259 | 11.7 14.5 | 239 94
12/03 16.3 | 25.0 8.7 17.3 | 23.1 5.8 21.5 18.3 3.2
1/04 17.6 | 283 10.7 17.7 | 27.7 10.0 | 189 | 24.1 5.2
2/04 17.3 14.8 2.5 14.3 18.3 4.0 14.9 17.3 2.4
3/04 16.6 | 24.8 8.2 149 | 303 154 | 156 | 27.6 12.0
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T
Number of jobs
FCFS-backfill LXF-backfill Goal-oriented
Month artition Ist 2nd | 1st/2nd | Ist 2nd | 1st/2nd | Ist 2nd | 1st/2nd
6/03 875 | 1,316 | 0.66 854 | 1,337 | 0.64 848 | 1,343 | 0.63
7/03 862 538 1.60 753 647 1.16 780 620 1.26
8/03 1,255 | 1,966 | 0.64 | 1,814 | 1,407 | 1.29 | 1,671 | 1,550 | 1.08
9/03 1,704 | 1,353 | 1.26 | 1,298 | 1,759 | 0.74 | 1,586 | 1,471 | 1.08
10/03 2,326 | 1,823 | 1.28 | 2,134 | 2,015 | 1.06 | 2,275 | 1,874 | 1.21
11/03 2,227 | 1,216 | 1.83 | 2,408 | 1,035 | 233 | 2,147 | 1,296 | 1.66
12/03 1,538 | 1,983 | 0.78 | 1,810 | 1,711 | 1.06 | 1,786 | 1,735 | 1.03
1/04 1,611 | 1,545 | 1.04 | 1,300 | 1,856 | 0.70 | 1,658 | 1,498 | 1.11
2/04 2,098 | 1,871 | 1.12 | 2,001 | 1,968 | 1.02 | 1,764 | 2,205 | 0.80
3/04 1,534 | 1,932 | 0.79 | 2,064 | 1,402 | 1.47 | 1,906 | 1,560 | 1.22
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Average job size (NT) in node-hour
FCFS-backfill LXF-backfill Goal-oriented
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Number of jobs
FCFS-backfill LXF-backfill Goal-oriented
Mothartition Ist 2nd 3rd Variance Ist 2nd 3rd | Variance Ist 2nd 3rd | Variance
6/03 789 878 524 22,6069 | 877 | 517 | 797 | 23,8222 | 749 655 787 3,078.2
7/03 563 570 267 19,941.6 | 526 | 439 | 435 1,762.9 606 472 322 | 13,456.9
8/03 1,665 | 741 815 | 175,750.2 | 1,349 | 915 957 | 38,198.2 | 1,852 | 573 796 | 311,189.6
9/03 1,840 | 831 386 | 370,024.7 | 1,523 | 1,006 | 528 | 165,088.7 | 1,435 | 932 690 | 96,288.7
10/03 2,428 | 846 875 | 546,152.7 | 1,843 | 1,249 | 1,057 | 111,944.0 | 1,471 | 1,461 | 1,217 | 13,794.7
11/03 2,172 | 609 662 | 525,097.6 | 2,251 | 712 | 480 | 617,642.9 | 1,051 | 1,304 | 1,088 | 12,448.2
12/03 1,862 | 817 842 | 237,005.6 | 1,840 | 1,065 | 616 | 255,600.2 | 1,403 | 968 | 1,150 | 31,817.6
1/04 1,744 | 707 705 | 239,432.7 | 1,178 | 1,082 | 896 | 13,704.0 | 961 | 1,158 | 1,037 | 6,580.7
2/04 1,864 | 893 1,212 | 163,300.7 | 2,022 | 1,155 | 792 | 266,262.0 | 1,279 | 1,743 | 947 | 106,570.7
3/04 1,420 | 1,191 | 855 53,840.2 | 1,112 | 791 | 1,563 | 100,269.6 | 1,373 | 1,099 | 994 | 25,526.9
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Average job size (NT) in node-hour

FCFS-backfill

LXF-backfill

Goal-oriented

MonthPartition Ist 2nd | 3rd | Variance Ist 2nd | 3rd | Variance Ist 2nd 3rd | Variance
6/03 26.5 | 23.0 | 39.8 52.4 243 | 40.7 | 247 58.3 274 | 319 | 262 6.0
7/03 299 | 27.1 | 577 190.8 30.2 | 38.0 | 347 10.2 27.8 | 32.6 | 48.1 75.0
8/03 10.6 | 223 | 20.8 27.0 13.1 18.6 | 17.2 5.4 8.8 | 32.8 | 20.1 96.1
9/03 8.4 19.7 | 43.0 207.5 9.7 164 | 324 90.7 112 | 16.7 | 243 28.8
10/03 7.9 219 | 22.1 442 10.6 | 154 | 175 8.3 129 | 133 | 153 1.1
11/03 6.7 28.1 | 23.8 85.4 6.4 23.0 | 34.8 135.7 15.8 | 11.9 | 14.0 2.5
12/03 104 | 234 | 227 35.6 104 | 18.1 |31.2 73.7 13.5 | 20.0 | 16.7 7.0
1/04 11.5 | 27.1 | 257 49.7 17.1 | 16.8 |21.3 4.2 20.6 | 16.3 | 18.1 3.1
2/04 109 | 203 | 154 14.7 9.7 159 | 243 35.8 149 | 11.0 | 20.0 13.6
3/04 13.8 | 18.1 | 249 20.9 19.7 | 25.8 | 12.8 28.2 14.6 | 189 | 21.7 8.5
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Average N
FCFS-backfill LXF-backfill Goal-oriented
Month artition Ist | 2nd | 3rd | Variance Ist 2nd | 3rd | Variance Ist | 2nd | 3rd Variance
6/03 89 | 7.6 | 113 2.35 86 | 112 | 79 2.02 8.6 9.2 9.2 0.08
7/03 10.6 | 13.0 | 19.6 14.48 123 | 164 | 11.5 4.61 10.8 | 15.0 | 15.6 4.56
8/03 36 | 6.2 6.3 1.56 3.4 6.5 5.5 1.67 3.1 8.6 6.3 5.09
9/03 45 | 74 | 143 16.90 4.7 7.1 | 10.7 6.08 4.9 7.2 8.9 2.69
10/03 29 | 6.2 6.6 2.75 3.6 4.7 5.3 0.50 4.0 43 4.8 0.11
11/03 2.8 | 6.8 8.9 6.40 2.7 64 | 11.6 13.33 59 3.8 4.5 0.76
12/03 33 | 5.0 6.3 1.51 3.1 5.7 6.0 1.70 4.4 53 3.7 0.43
1/04 29 | 18.0 | 17.1 47.83 10.1 | 104 | 7.6 1.58 122 | 57 | 11.1 8.07
2/04 26 | 59 4.9 1.91 2.7 39 7.7 4.54 4.1 2.7 6.5 2.46
3/04 4.0 | 3.7 6.1 1.14 4.1 6.0 3.8 0.95 3.9 4.8 4.7 0.16
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Number of jobs
FCFS-backfill LXF-backfill Goal-oriented

Monthaﬁition Ist | 2nd | 3rd | 4th | Variance Ist | 2nd | 3rd | 4th | Variance Ist 2nd | 3rd | 4th Variance
6/03 448 | 708 | 546 | 489 9,771.2 619 | 461 | 621 | 490 5,325.7 644 480 | 649 | 418 10,235.2
7/03 564 | 395 | 203 | 238 | 20,493.5 562 | 388 | 181 | 269 | 20,377.5 431 450 | 298 | 221 8,976.5
8/03 1,757 | 398 | 869 | 197 | 361,428.2 | 1,854 | 461 | 548 | 358 | 371,148.7 | 1,189 | 716 | 855 | 461 69,053.2
9/03 2,019 | 438 | 318 | 282 | 528,135.2 | 1,869 | 605 | 371 | 212 | 426,364.7 | 1,393 | 566 | 695 | 403 | 142,481.7
10/03 2,630 | 725 | 418 | 376 | 863,768.7 | 2,556 | 694 | 460 | 439 | 778,885.7 | 1,785 | 815 | 935 | 614 | 199,530.2
11/03 2,402 | 400 | 250 | 391 | 795,355.7 | 2,446 | 349 | 265 | 383 | 839,517.2 | 1,138 | 1,124 | 478 | 703 79,387.7
12/03 2,228 | 542 | 507 | 244 | 618,743.2 | 1,825 | 577 | 571 | 548 | 297,634.7 | 1,370 | 785 | 997 | 369 | 130,983.7
1/04 1,630 | 795 | 353 | 378 | 266,583.5 | 1,482 | 622 | 675 | 377 | 172,719.5 659 758 | 919 | 820 8,930.5
2/04 1,808 | 788 | 553 | 820 | 232,444.2 | 1,932 | 800 | 725 | 512 | 305,538.2 | 1,013 | 890 | 860 | 1,206 | 18,516.2
3/04 1,829 | 614 | 820 | 203 | 358,139.3 | 2,068 | 548 | 497 | 353 | 486,314.3 | 1,034 | 1,080 | 717 | 635 37,395.3
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Average job size (NT) in node-hour
FCFS-backfill LXF-backfill Goal-oriented
MonthPartition Ist | 2nd | 3rd 4th | Variance | Ist 2nd | 3rd 4th | Variance | Ist 2nd | 3rd 4th | Variance
6/03 38.6 | 22.6 | 264 | 293 34.9 28.0 | 343 | 245 | 28.0 12.5 25.7 | 33.6 | 22.0 | 36.1 32.7
7/03 25.1 | 30.7 | 59.7 | 39.2 172.6 242 | 315 | 69.9 | 343 312.1 33.0 | 27.9 | 389 | 422 30.1
8/03 75| 374 | 12.7 | 61.3 459.9 7.0 | 30.5 | 21.5 | 344 111.0 113 | 193 | 142 | 254 28.7
9/03 58 | 29.7 | 40.6 | 382 189.3 6.7 | 21.5 | 347 | 473 228.1 8.6 | 246 | 172 | 262 48.6
10/03 6.1 | 19.6 | 356 | 319 133.7 6.4 | 203 | 320 | 274 93.6 85 | 181 | 145 | 22.1 25.0
11/03 52 | 340 | 482 | 24.1 244.8 50 | 43.1 | 435 | 223 257.2 12.0 | 11.3 | 23.5 | 14.0 239
12/03 7.6 | 26.1 | 24.1 | 58.4 338.7 95 | 255 | 214 | 245 40.6 12.1 | 193 | 125 | 364 97.0
1/04 10.6 | 19.6 | 355 | 31.6 97.1 11.8 | 24.7 | 181 | 325 59.1 23.6 | 209 | 145 | 154 14.3
2/04 94 | 18.1 | 22.8 | 16.2 23.2 89 | 174 | 18.0 | 25.6 35.0 153 | 148 | 159 | 123 1.9
3/04 102 ] 259 | 163 | 70.5 558.7 85 1295 | 309 | 373 117.2 159 | 143 | 235 | 214 14.4
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Average N
FCFS-backfill LXF-backfill Goal-oriented
MonthPartition Ist | 2nd 3rd 4th | Variance | 1st | 2nd | 3rd 4th | Variance | Ist 2nd | 3rd 4th | Variance
6/03 11.0 | 8.0 7.5 10.1 2.09 7.7 | 106 | 83 9.9 1.37 7.9 9.3 8.5 10.9 1.27
7/03 95 | 134 | 214 | 152 18.44 | 92| 13.0 | 21.6 | 169 21.17 128 | 11.6 | 142 | 16.5 3.32
8/03 28 | 94 46 | 15.0 2239 (25| 79 6.9 9.8 7.18 3.6 5.6 4.0 8.5 3.7
9/03 32 | 11.0 | 142 | 147 21.14 | 32| 102 | 10.7 | 17.8 26.68 4.3 8.3 7.9 9.4 3.66
10/03 24 | 6.0 84 | 10.3 8.70 26| 57 8.7 8.4 6.05 29 5.6 4.2 7.2 2.56
11/03 21 | 93 152 | 9.0 21.53 221105 | 13.8 | 9.2 17.89 4.2 3.6 7.3 5.3 1.99
12/03 24 | 6.4 8.5 9.7 7.70 29 | 59 6.5 5.8 1.95 3.0 4.4 4.8 8.6 4.30
1/04 26 | 16.0 | 162 | 19.2 41.21 31| 69 169 | 25.6 77.28 8.7 84 | IL.1 | 92 1.10
2/04 26 | 5.0 6.6 4.7 2.03 2.1 48 5.8 7.8 4.22 4.0 4.6 5.1 2.9 0.67
3/04 24 | 6.6 49 | 138 1799 | 22| 638 8.1 8.1 5.88 4.1 3.4 5.8 5.0 0.82
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QO FCFS-backfill O FCFS-backfill
AL XF-backfill | XF-backfill
=*=Tradeoff(Tw : avgx) = Tradeoff(Tw : avgX)
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O

N

Max wait (hr)
)]
jen]

Avg wait (hr)
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B XF-backfil - LXF-backfil
—*=Tradeoff(Tw : avgX) —¢-Tradeoff(Tw : avgX)
O ——————— 20— —————
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{O-FCFS-backfill ©-FCFS-backiill [-©-FCFS-backiill
&L XF-backfill & LXF-backfill A XF-backfill
=#=Tradeoff(Tw . avgX) =#=Tradeoff(Tw : avgx) =#=Tradeoff(Tw . avgX)
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Number of jobs

FCFS-backfill

LXF-backfill

Goal-oriented

Partition

Month Ist | 2nd | 3rd | 4th | 5th Variance Ist 2nd | 3rd | 4th | 5th Variance Ist 2nd 3rd 4th Sth Variance
6/03 695 | 261 | 509 | 357 | 369 | 22,748.2 780 | 425 | 531 | 223 | 232 | 42,888.6 390 491 584 | 299 | 427 9,174.2
7/03 612 | 355 | 208 | 143 | 82 35,801.2 559 | 353 | 195 | 151 | 142 | 25,216.0 404 369 238 | 217 172 8,138.8
8/03 2,053 | 301 | 353 | 252 | 262 | 497,439.8 | 1,969 | 311 | 411 | 294 | 236 | 441,953.4 | 1,632 320 398 | 337 | 534 | 249,597.0
9/03 2,035 | 465 | 297 | 123 | 137 | 522,101.4 | 1,976 | 489 | 327 | 119 | 146 | 483,410.6 | 1,546 563 446 | 300 | 202 | 233,551.0
10/03 2,977 | 565 | 230 | 224 | 153 | 1,173,079.8 | 3,008 | 554 | 241 | 216 | 130 | 1,206,755.4 | 1,552 596 690 | 523 | 788 | 138,330.6
11/03 2,623 | 234 | 303 | 135 | 148 | 939,194.6 | 2,559 | 281 | 321 | 140 | 142 | 879,879.4 | 1,038 | 1,198 365 | 654 188 147,616.6
12/03 2,523 | 447 | 247 | 148 | 156 | 838,619.8 | 2,532 | 442 | 245 | 150 | 152 | 846,505.8 856 320 682 | 618 | 1,045 | 58,944.2
1/04 1,803 | 540 | 446 | 137 | 230 | 364,185.4 | 1,773 | 547 | 462 | 127 | 247 | 348,250.6 | 1,029 611 484 | 326 | 706 55,812.6
2/04 2,079 | 880 | 463 | 276 | 271 | 462,007.0 | 2,112 | 958 | 279 | 256 | 364 | 500,717.8 855 682 1,081 | 710 | 641 25,819.8
3/04 2,410 | 369 | 217 | 350 | 120 | 745,123.8 | 2,319 | 416 | 272 | 342 | 117 | 670,564.6 | 1,282 673 826 | 290 | 395 | 123,244.6
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Average job size (NT) in node-hour

FCFS-backfill LXF-backfill Goal-oriented
MonthPartition Ist | 2nd 3rd 4th S5th | Variance Ist 2nd 3rd 4th S5th | Variance Ist 2nd 3rd 4th 5th | Variance

6/03 21.2| 493 | 244 | 322 | 285 96.4 18.8 | 29.0 | 233 | 53.0 | 46.9 179.5 37.1 | 26.7 | 20.8 | 39.6 | 24.5 53.6
7/03 19.1 | 323 | 475 | 548 | 834 475.9 22.8 | 33.0 | 51.5 | 44.0 | 46.7 107.4 30.8 | 31.2 | 429 | 325 | 375 21.4
8/03 55| 435 | 279 | 37.6 | 282 167.5 5.8 40.7 | 23.7 | 325 | 328 142.4 6.9 41.1 | 255 | 27.8 | 133 142.0
9/03 52| 237 | 379 | 68.7 | 524 485.9 5.5 227 | 344 | 689 | 483 468.7 7.1 20.7 | 247 | 25.1 | 358 85.7
10/03 50 | 228 | 51.8 | 45.0 | 47.8 318.7 5.0 22.8 | 47.6 | 472 | 60.0 394.0 8.3 243 | 154 | 186 | 11.9 30.3
11/03 43 | 554 | 333 | 56.6 | 36.2 361.2 4.5 45.6 | 309 | 54.8 | 39.1 293.7 11.8 | 10.0 | 25.6 | 134 | 27.1 52.7
12/03 6.7 | 295 | 440 | 68.2 | 424 403.8 6.7 29.7 | 443 | 682 | 428 404.6 13.7 | 39.0 | 148 | 179 | 11.7 99.9
1/04 93 | 251 | 235 | 729 | 284 464.2 9.6 249 | 225 | 69.5 | 304 409.9 16.2 | 21.1 | 22.0 | 21.7 | 143 10.1
2/04 83 | 139 | 26.1 | 33.0 | 24.2 78.4 8.1 129 | 439 | 349 | 178 185.6 162 | 17.2 | 11.8 | 152 | 125 4.4

3/04 69 | 363 | 59.1 | 30.7 | 72.7 524.7 7.1 344 | 48.1 | 30.8 | 67.8 401.8 11.9 | 20.7 | 164 | 339 | 249 56.8
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Average N
FCFS-backfill LXF-backfill Goal-oriented
MonthPartition Ist | 2nd | 3rd 4th 5th | Variance | Ist | 2nd 3rd 4th 5th | Variance | Ist 2nd 3rd 4th 5th | Variance
6/03 7.1 | 133 | 83 10.5 8.9 4.59 6.5 | 8.9 9.0 13.9 | 127 7.35 10.5 8.6 7.7 11.8 7.8 2.60
7/03 87 | 134 | 179 | 22.0 | 208 24.23 93 | 143 | 165 | 204 | 147 12.89 124 | 137 | 144 | 135 | 129 0.47
8/03 22 | 89 7.3 11.0 | 11.6 11.34 23] 9.0 6.7 9.5 12.0 10.68 2.5 8.3 7.2 7.3 6.6 4.06
9/03 33 | 86 | 12.6 | 242 | 187 54.08 30| 9.1 12.0 | 24.1 | 18.8 54.45 3.5 7.4 9.0 11.2 | 14.8 14.23
10/03 22| 65 | 11.6 | 11.1 | 17.7 27.20 21| 6.6 129 | 11.1 | 19.8 35.68 3.1 5.6 5.5 5.6 4.1 1.03
11/03 20 | 13.1 | 11.8 | 20.3 9.8 34.64 21| 11.2 | 11.0 | 194 | 104 30.00 4.3 3.2 8.2 5.2 7.3 3.45
12/03 22| 57 | 114 | 154 | 146 26.30 22| 55 11.5 | 16.0 | 147 28.29 5.0 10.0 3.9 4.0 2.8 6.39
1/04 23| 99 | 224 | 27.1 | 289 106.60 | 23 | 93 214 | 274 | 29.6 111.33 5.2 13.7 7.2 29.0 4.5 83.48
2/04 23 | 4.1 7.4 9.8 5.8 6.73 22| 3.6 1.1 | 11.9 | 49 15.90 4.0 4.3 3.8 4.1 4.2 0.03
3/04 20| 96 | 112 6.1 19.9 35.71 20| 94 9.9 53 18.1 29.29 2.5 5.4 4.5 6.4 7.3 2.73
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Number of jobs
FCFS-backfill LXF-backfill Goal-oriented
Momgroartition |y | ond | Diff. | st | 2nd | Diff | Ist | 2nd | Dff
6/03 886 | 1,305 | 419 1,058 | 1,133 75 1,145 | 1,046 99
7/03 799 | 601 198 678 722 44 735 665 70
8/03 1,495 | 1,726 | 231 1,848 | 1,373 | 475 1,942 | 1,279 | 663
9/03 1,662 | 1,395 | 267 1,779 | 1,278 | 501 1,747 | 1,310 | 437
10/03 2,382 | 1,767 | 615 | 2,626 | 1,523 | 1,103 | 2,261 | 1,888 | 373
11/03 2,321 | 1,122 | 1,199 | 2,375 | 1,068 | 1,307 | 1,764 | 1,679 85
12/03 1,996 | 1,525 | 471 2,152 | 1,369 | 783 1,813 | 1,708 | 105
1/04 1,964 | 1,192 | 772 1,566 | 1,590 24 2,094 | 1,062 | 1,032
2/04 2,020 | 1,949 71 2,290 | 1,679 | 611 1,886 | 2,083 197
3/04 2,226 | 1,240 | 986 1,994 | 1,472 | 522 | 2,228 | 1,238 | 990
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Average job size (NT) in node-hour
FCFS-backfill LXF-backfill Goal-oriented
Vonoanition| g1 ong | Diff | Ist | 2nd | Diff | st | 2nd | Diff
6/03 420 | 282 | 13.8 | 348 | 32.8 | 2.0 | 322 | 356 | 34
7/03 436 | 589 | 153 | 535 | 469 | 6.6 | 487 | 51.6 | 2.9
8/03 226 | 189 37 | 178 | 244 | 66 | 167 | 266 | 9.9
9/03 19.1 21.2 2.1 17.6 | 23.5 5.9 17.3 | 23.8 6.5
10/03 13.9 18.8 49 12.8 | 21.4 8.6 15.1 17.0 1.9
11/03 14.1 26.5 12.4 134 | 28.6 15.2 18.1 18.2 0.1
12/03 17.6 | 225 49 | 158 | 259 | 10.1 | 19.7 | 19.8 | 0.1
1/04 186 | 253 67 | 228 | 194 | 34 | 17.0 | 292 | 122
2/04 158 | 16.1 03 | 137 | 190 | 53 | 16.1 | 159 | 0.2
3/04 15.5 27.5 12.0 16.7 | 23.9 7.2 16.3 | 26.1 9.8
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Number of jobs

FCFS-backfill

LXF-backfill

Goal-oriented

tition

Month Ist 2nd 3rd Variance Ist 2nd 3rd Variance Ist 2nd 3rd | Variance
6/03 624 | 956 | 611 25,490.9 755 554 | 882 18,234.9 726 | 814 | 651 4,437.6
7/03 550 | 578 | 272 19,078.2 538 | 500 | 362 5,718.2 470 | 484 | 446 246.2
8/03 1,290 | 1,103 | 828 36,004.2 | 1,131 | 1,098 | 992 3,516.2 1,161 | 834 | 1,226 | 29,424.2
9/03 1,531 942 | 584 | 152,432.7 | 1,333 | 1,024 | 700 66,794.0 | 1,376 | 1,142 | 539 | 124,326.0
10/03 2,365 | 1,081 | 703 | 505,976.0 | 2,004 | 1,205 | 940 | 204,524.7 | 1,560 | 1,247 | 1,342 | 17,168.7
11/03 2,018 | 723 702 | 378,813.6 | 2,130 | 587 | 726 | 485,709.6 | 1,447 | 865 | 1,131 | 56,592.9
12/03 1,370 | 1,427 | 724 | 101,641.6 | 1,465 | 751 | 1,305 | 93,590.2 | 1,061 | 1,448 | 1,012 | 38,029.6
1/04 1,405 | 591 | 1,160 | 116,264.7 | 1,417 | 669 | 1,070 | 93,412.7 | 1,345 | 683 | 1,128 | 75,928.7
2/04 1,519 | 1,075 | 1,375 | 34,208.0 | 1,269 | 1,534 | 1,166 | 24,028.7 | 2,023 | 1,126 | 820 | 260,606.0
3/04 1,357 | 901 | 1,208 | 36,0429 | 1,314 | 1,042 | 1,110 | 13,358.2 906 | 1,140 | 1,420 | 44,150.2

S6



[

1 [ 1 A v A { o ] [ Y 4 9
A15197 4-20 anvazveanu luuaaz s NFUVUTLUD 3 WSHFURNIILIUMLeszuanamnudle l¥alszanasezinal

Uszunawadedlmiludivua

U

Average job size (NT) in node-hour

FCFS-backfill

LXF-backfill

Goal-oriented

Month tition Ist 2nd | 3rd | Variance Ist | 2nd | 3rd | Variance Ist | 2nd | 3rd Variance
6/03 335 21.5 | 337 32.5 27.5 | 37.7 | 23.1 37.4 28.5 | 25.2 | 32.0 7.7
7/03 29.3 274 | 58.0 196.0 30.0 | 32.0 | 42.9 32.1 35.1 | 32.1 | 35.1 2.0
8/03 13.8 15.2 | 20.0 7.0 159 | 15.2 | 16.6 0.3 15.6 | 20.7 | 12.8 10.7
9/03 10.1 17.4 | 28.5 57.2 12.0 | 15.7 | 23.5 23.0 11.2 | 13.6 | 325 90.7
10/03 8.1 16.9 | 27.9 65.6 9.6 | 15.1 | 20.8 20.9 119 | 152 | 145 2.0
11/03 7.4 23.7 | 21.8 53.0 6.7 | 29.8 | 21.5 91.3 10.7 | 19.7 | 13.2 14.4
12/03 14.6 12.6 | 27.1 41.2 13.9 | 243 | 14.6 225 18.0 | 13.2 | 19.2 6.7
1/04 14.6 31.7 | 15.6 61.4 13.9 | 29.1 | 17.1 42.8 14.1 | 30.7 | 15.4 56.8
2/04 12.8 17.3 | 13.9 3.7 149 | 12.1 | 16.8 3.7 9.2 | 16.6 | 243 38.0
3/04 15.1 239 | 16.8 14.5 16.1 | 20.5 | 17.9 33 23.6 | 18.2 | 14.2 14.8

96



@

d' U d' ] d‘ 9 1 A o A d‘do ] (Y d' 9
MTNN 4-21 mmaﬂwmaﬂizmawaﬂ%awm“lmmazwwm%uuuizuu 3 Wﬁmﬂfummmauwmaﬂizmawammumaclﬂf

Anlszanaszoznanlszunanadad 15 udimua

Y

Average N
FCFS-backfill LXF-backfill Goal-oriented
Month tition Ist 2nd 3rd Variance Ist 2nd | 3rd | Variance Ist | 2nd | 3rd | Variance
6/03 9.2 7.5 11.1 2.16 9.2 10.5 | 7.8 1.22 8.6 8.1 | 10.4 0.98
7/03 12.1 | 11.5 19.5 13.24 11.2 | 142 | 15.1 2.78 132 | 13.6 | 13.2 0.04
8/03 4.6 4.8 53 0.09 4.9 44 | 53 0.14 4.6 6.1 | 43 0.62
9/03 4.9 7.3 9.6 3.68 59 5.8 | 88 1.94 59 4.8 | 11.8 9.45
10/03 2.9 5.5 7.5 3.55 3.1 52 | 59 1.42 4.0 48 | 44 0.11
11/03 3.0 6.1 8.1 4.40 2.6 83 | 7.8 6.64 3.6 6.1 | 5.0 1.05
12/03 3.7 4.0 6.4 1.46 33 73 | 4.0 3.04 5.0 3.8 | 4.6 0.25
1/04 10.7 | 12.1 6.6 5.45 52 17.0 | 10.4 23.32 91 | 148 | 6.6 11.78
2/04 3.7 34 4.9 0.42 3.9 33 | 5.1 0.56 3.1 54 | 4.6 0.91
3/04 4.3 4.8 4.2 0.07 39 42 | 5.2 0.31 6.1 45 | 32 1.41
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Number of jobs
FCFS-backfill LXF-backfill Goal-oriented

Month artition Ist 2nd 3rd 4th Variance Ist 2nd 3rd 4th Variance Ist 2nd 3rd 4th Variance
6/03 609 669 468 445 8,842.7 474 573 633 | 511 3,673.7 598 652 510 431 7,112.2
7/03 554 | 408 222 216 19,830.0 597 372 221 | 210 24,433.5 509 350 304 237 10,041.5
8/03 1,763 | 328 772 358 336,547.7 | 1,498 849 500 | 374 | 190,242.7 | 1,365 558 838 460 123,680.7
9/03 1,877 | 577 348 255 426,468.7 | 1,887 578 370 | 222 | 436,181.2 | 1,494 750 421 392 197,282.2
10/03 2,660 | 670 330 489 892,242.7 | 2,516 714 433 | 486 | 740,046.7 | 1,545 | 1,210 759 635 131,720.2
11/03 2,339 | 379 268 457 732,918.2 | 2,403 405 222 | 413 | 798,681.2 1,196 | 1,344 215 688 198,189.7
12/03 2,264 | 617 285 355 653,568.7 | 2,207 737 357 | 220 | 622,626.7 | 1,653 723 828 317 235,462.7
1/04 1,640 | 488 510 518 241,521.0 1,538 783 437 | 398 | 209,455.5 1,066 745 715 630 27,355.5
2/04 1,723 | 1,181 | 432 633 253,140.7 | 1,676 966 811 | 516 | 181,967.2 967 850 1,267 885 26,965.7
3/04 1,626 | 604 674 562 193,880.8 1,726 516 880 | 344 | 283,694.8 1,197 336 833 1,100 | 111,576.3
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Average job size (NT) in node-hour

FCFS-backfill LXF-backfill Goal-oriented
Month artition Ist 2nd 3rd 4th Variance Ist 2nd 3rd 4th Variance Ist 2nd 3rd 4th Variance
6/03 27.5 23.7 322 322 12.7 354 27.6 23.5 28.4 18.3 28.8 23.7 313 31.0 9.3
7/03 24.9 30.9 56.3 40.8 141.1 22.8 34.7 55.9 41.9 143.7 27.5 36.1 38.0 40.1 22.9
8/03 7.3 45.6 14.8 32.9 226.0 8.8 16.5 22.5 33.7 82.8 9.9 259 13.9 25.1 48.3
9/03 6.5 21.1 39.4 40.7 199.1 6.3 21.3 35.6 49.9 263.2 8.3 17.1 30.4 26.5 73.6
10/03 5.8 21.8 45.0 24.8 194.3 6.3 20.6 34.0 24.5 99.3 9.4 12.7 19.7 19.3 19.2
11/03 5.2 36.3 43.4 21.5 215.1 5.1 34.5 54.7 21.8 328.4 11.5 9.2 53.9 14.2 338.1
12/03 7.3 24.0 50.0 33.9 240.2 7.6 19.0 38.4 59.2 385.4 9.1 21.5 16.2 43.0 160.1
1/04 10.5 32.9 25.6 21.5 65.7 11.8 18.7 31.9 26.6 58.5 14.8 20.6 19.3 19.8 5.1
2/04 9.9 11.9 28.5 21.7 56.7 10.0 15.2 15.8 25.0 29.2 14.3 17.2 10.9 16.9 6.4
3/04 11.2 26.0 21.3 25.0 34.3 10.6 31.4 15.2 41.9 157.4 12.8 47.8 20.3 12.7 208.0

SO1
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U

Average N
FCFS-backfill LXF-backfill Goal-oriented
Month artition Ist 2nd 3rd 4th Variance Ist 2nd 3rd 4th Variance Ist 2nd 3rd 4th Variance
6/03 7.6 7.9 10.1 | 11.4 2.47 9.9 9.4 7.0 10.0 1.49 10.3 7.3 8.8 9.8 1.31
7/03 10.0 | 124 | 204 | 163 15.60 9.3 14.0 | 18.6 | 179 13.71 11.0 | 152 | 12.7 | 16.2 4.19
8/03 2.7 11.2 5.1 9.0 10.94 29 5.3 7.1 8.7 4.65 3.3 6.9 4.4 8.1 3.66
9/03 34 8.8 13.6 | 14.7 20.00 34 8.6 133 | 164 24.16 4.1 6.0 11.7 | 11.1 10.58
10/03 2.5 6.2 10.8 7.7 8.92 2.6 5.7 8.4 8.2 5.51 3.4 3.8 5.1 6.7 1.66
11/03 2.2 9.9 13.9 7.8 17.82 2.1 9.6 16.5 8.3 26.16 4.1 33 15.6 5.2 24.82
12/03 2.3 6.4 9.9 9.7 9.53 2.5 4.6 103 | 129 17.60 3.1 53 4.9 8.3 3.49
1/04 3.7 10.0 | 12.0 | 24.7 58.19 3.2 12.8 | 21.7 | 13.7 43.04 5.3 14.4 6.8 13.7 16.34
2/04 2.3 3.0 9.2 7.2 8.26 2.7 34 53 7.5 3.47 5.7 3.7 33 3.7 0.88
3/04 2.8 6.4 59 5.2 1.91 2.6 59 4.1 12.3 13.67 3.5 11.1 4.7 3.1 10.43
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Number of jobs

FCFS-backfill

LXF-backfill

Goal-oriented

artition

Month Ist 2nd | 3rd | 4th | 5th Variance Ist 2nd | 3rd | 4th | 5th Variance Ist 2nd 3rd 4th | 5th | Variance
6/03 767 | 299 | 458 | 331 | 336 29,963.0 768 | 425 | 440 | 246 | 312 32,362.6 371 487 | 577 | 427 | 329 7,642.6
7/03 612 | 362 | 208 | 136 | 82 36,414.4 609 | 323 | 171 | 195 | 102 32,176.0 420 | 407 172 | 220 | 181 | 12,158.8
8/03 1,974 | 253 | 337 | 352 | 305 | 443,243.0 | 2,050 | 453 | 359 | 217 | 142 | 505,775.0 | 1,631 | 620 | 405 | 301 | 264 | 258,783.0
9/03 2,100 | 440 | 252 | 124 | 141 | 566,662.2 | 2,079 | 455 | 265 | 119 | 139 | 552,784.6 | 1,555 | 536 | 520 | 262 | 184 | 241,834.2
10/03 3,000 | 541 | 253 | 202 | 153 | 1,195,612.6 | 2,961 | 588 | 254 | 197 | 149 | 1,159,190.2 | 1,638 | 500 | 653 | 538 | 820 | 175,691.4
11/03 2,604 | 304 | 224 | 140 | 171 | 920,279.8 | 2,620 | 323 | 223 | 142 | 135 | 937,199.4 | 1,269 | 882 | 396 | 589 | 307 | 123,084.2
12/03 2,522 | 450 | 244 | 149 | 156 | 837,913.8 | 2,516 | 443 | 243 | 171 | 148 | 831,442.2 | 1,354 | 618 | 646 | 319 | 584 | 119,177.0
1/04 1,794 | 562 | 347 | 124 | 329 | 357,247.8 | 1,782 | 599 | 313 | 120 | 342 | 354,318.2 | 1,165 | 388 | 548 | 443 | 612 | 77,359.8
2/04 2,047 | 932 | 473 | 238 | 279 | 453,291.0 | 2,083 | 959 | 424 | 243 | 260 | 482,880.6 706 | 679 | 1,112 | 724 | 748 | 25,821.8
3/04 2,379 | 365 | 202 | 417 | 103 | 723,107.4 | 2,400 | 398 | 192 | 387 | 89 742,065.4 | 1,438 | 794 | 611 390 | 233 | 175,071.8
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Average job size (NT) in node-hour

FCFS-backfill LXF-backfill Goal-oriented
Month artition Ist 2nd 3rd 4th 5th | Variance Ist 2nd 3rd 4th S5th | Variance Ist 2nd 3rd 4th S5th | Variance

6/03 19.2 | 43.7 | 26.8 | 33.8 | 32.1 65.4 19.6 | 30.5 | 27.1 | 46.3 | 344 77.9 385 | 269 | 21.5 | 262 | 335 35.7
7/03 19.9 | 30.8 | 47.3 | 56.5 | 83.5 483.5 19.8 | 36.6 | 58.7 | 35.6 | 67.1 291.9 299 | 272 | 60.9 | 339 | 339 147.4
8/03 58 | 523 | 29.6 | 27.0 | 23.1 222.0 54 | 282 | 284 | 44.6 | 51.7 256.2 7.0 | 21.0 | 250 | 324 | 256 71.2
9/03 4.7 | 258 | 457 | 653 | 535 459.5 49 | 25.6 | 42.0 | 683 | 53.2 482.3 72 | 212 | 21.1 | 279 | 41.1 121.1
10/03 50 | 242 | 458 | 49.5 | 48.1 302.8 5.1 21.7 | 45.0 | 53.1 | 499 344.1 7.5 | 294 | 167 | 179 | 11.6 54.7
11/03 44 | 424 | 455 | 57.1 | 289 325.0 44 | 392 | 449 | 55.0 | 41.0 294.0 9.5 13.1 | 23.7 | 151 | 179 22.9
12/03 6.7 | 293 | 445 | 67.7 | 424 399.8 6.7 | 294 | 45.0 | 59.9 | 44.0 322.7 11.0 | 193 | 163 | 324 | 17.0 50.9
1/04 93 | 246 | 30.8 | 79.6 | 19.3 599.2 93 | 214 | 383 | 759 | 200 546.7 12.3 | 358 | 21.8 | 17.6 | 155 67.3
2/04 8.2 134 | 245 | 404 | 240 122.6 8.2 13.0 | 269 | 40.1 | 253 126.3 18.0 | 183 | 10.7 | 143 | 13.0 8.6

3/04 69 | 37.0 | 646 | 248 | 86.8 810.0 69 | 354 | 69.1 | 25.7 | 94.7 991.6 10.5 | 182 | 23.5 | 21.3 | 433 118.8
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fudsmua
Average N
FCFS-backfill LXF-backfill Goal-oriented
Month artition Ist | 2nd 3rd 4th S5th | Variance | 1st | 2nd 3rd 4th S5th | Variance Ist 2nd 3rd 4th S5th | Variance
6/03 6.2 | 127 | 9.2 10.1 | 10.5 4.46 64 | 95 9.5 13.1 | 104 4.60 10.2 | 8.7 7.9 8.4 10.6 1.11
7/03 86 | 134 | 169 | 21.8 | 252 34.73 88 | 142 | 183 | 17.2 | 21.7 18.86 126 | 127 | 17.6 | 13.7 | 119 4.13
8/03 23 | 104 | 89 8.1 8.9 7.90 2.3 6.5 8.1 11.1 | 194 32.67 2.6 4.8 7.6 8.0 11.2 8.61
9/03 3.1 8.9 15.1 | 243 | 195 56.44 29 | 9.7 149 | 24.1 | 194 54.70 3.6 8.6 8.0 12.0 | 129 10.91
10/03 2.1 6.7 122 | 119 | 169 25.87 2.1 6.4 122 | 11.5 | 18.0 29.29 2.9 6.6 5.6 5.6 4.2 1.67
11/03 20 | 10.0 | 159 | 20.1 8.5 38.92 20 | 9.7 16.0 | 19.1 | 10.4 34.54 3.6 39 8.1 5.7 5.0 2.59
12/03 22 | 57 11.5 | 153 | 14.6 26.15 22 | 5.6 11.6 | 140 | 149 24.44 3.1 6.1 4.5 8.0 3.7 3.15
1/04 22 | 10.1 | 20.5 | 27.5 | 29.6 108.62 22 | 102 | 193 | 27.7 | 30.5 112.50 8.3 139 | 8.9 149 | 55 12.62
2/04 2.0 | 3.6 7.8 125 | 7.0 13.31 2.1 3.5 9.5 10.2 | 6.6 10.20 4.6 4.7 3.1 4.5 3.9 0.36
3/04 20 | 89 13.5 | 5.1 22.9 53.35 20 | 10.0 | 13.1 54 | 212 43.93 2.5 4.8 5.6 52 10.1 6.13
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A LXF-backill &L XF-backfill
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Number of jobs
FCFS-backfill LXF-backfill Goal-oriented
MonthPartition Ist 2nd | 1st/2nd | Ist 2nd | Ist/2nd | 1st 2nd | Ist/2nd
6/03 483 | 1,708 | 0.28 657 | 1,534 | 0.43 781 | 1,410 | 0.55
7/03 886 | 514 1.72 820 580 1.41 760 640 1.19
8/03 1,557 | 1,664 | 094 | 1,923 | 1,298 | 1.48 | 1,458 | 1,763 | 0.83
9/03 1,507 | 1,550 | 0.97 | 1,653 | 1,404 | 1.18 | 1,595 | 1,462 | 1.09
10/03 2,268 | 1,881 | 1.21 |2210] 1,939 | 1.14 |2329 | 1,820 | 1.28
11/03 2,395 | 1,048 | 229 2,269 | 1,174 | 193 | 2,180 | 1,263 1.73
12/03 1,976 | 1,545 | 1.28 | 1,892 | 1,629 | 1.16 | 1,677 | 1,844 | 0.91
1/04 1,560 | 1,596 | 0.98 | 1,669 | 1,487 | 1.12 | 1,475 | 1,681 | 0.88
2/04 1,849 | 2,120 | 0.87 | 1,662 | 2,307 | 0.72 | 1,927 | 2,042 | 0.94
3/04 2,164 | 1,302 | 1.66 | 1,648 | 1,818 | 091 | 2,159 | 1,307 | 1.65
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Average job size (NT) in node-hour
FCFS-backfill LXF-backfill Goal-oriented
MonthPartition Ist 2nd | 1st/2nd | 1st | 2nd | 1st/2nd | 1st | 2nd | 1st/2nd
6/03 51.7 28.7 1.80 | 37.0 | 32.4 1.14 | 33.1 | 34.1 0.97
7/03 224 98.0 023 220899 | 024 |245]80.5 0.30
8/03 14.2 26.6 0.53 | 102 | 36.0 | 0.28 15.0 | 25.2 0.60
9/03 13.0 27.0 0.48 | 11.5 | 30.1 0.38 11.5 | 29.5 0.39
10/03 9.8 234 042 | 10.0 | 227 | 0.44 94 | 244 0.39
11/03 7.9 414 0.19 8.3 | 37.1 0.22 7.5 | 364 0.21
12/03 11.9 29.7 0.40 | 12.2 | 285 0.43 13.2 | 25.7 0.51
1/04 144 27.6 052 | 132299 | 044 143 ] 27.1 0.53
2/04 11.9 19.5 061 | 133|179 | 074 |11.1]205 0.54
3/04 10.8 34.7 031 | 154|237 | 0.65 10.5 | 35.1 0.30
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Average N
FCFS-backfill LXF-backfill Goal-oriented
MonthPartition Ist 2nd | 1st/2nd | 1Ist | 2nd | 1st/2nd | 1Ist | 2nd | Ist/2nd
6/03 10.5 11.0 0.95 79 | 122 0.65 8.7 | 12.1 0.72
7/03 8.5 36.4 0.23 8.8 | 32.8 0.27 9.0 | 303 0.30
8/03 3.8 83 | 046 | 3.0 | 108 | 028 |39 | 80 | 049
9/03 3.6 12.0 0.30 40 | 124 0.32 4.1 | 12.0 0.34
10/03 3.1 7.0 0.44 33 6.7 0.49 31 | 7.2 0.43
11/03 29 | 122 | 024 | 32 [105] 030 |28 |107| 026
12/03 2.9 84 | 035 | 30 | 80 | 038 |28 | 76| 037
1/04 7.9 12.6 0.63 9.1 11.7 0.78 5.8 | 14.2 0.41
2/04 2.2 6.8 | 032 | 30 | 59 | 051 |29 | 64| 045
3/04 24 1103 | 023 | 27 | 7.7 | 035 |24 |102]| 024
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Abstract

This work is focusing on applying goal-oriented
parallel computer job scheduling policies on multi-
partition parallel computer systems since several
cxisting systems partition their system resources.
Uoal-oriented parallel computer job scheduling poli-
cies utilizes a combinatorial search technique to find
the best schedule within a time limit. Two implemen-
tation ideas of multi-partition goal-oriented parallel
computer job scheduling policies are proposed and
evaluated using an event-driven simulator. The first
implementation idea includes the partition selection
question into the search space while the second idea
selects a partition according to some heuristics re-
sulting in a smaller search space. The experimental
results show that the second idea with a best-fit parti-
tion selection heuristic performs well under both
equal-size and non-equal-size two-partition systems.
Furthermore, the proposed policy also outperforms
the two basic priority backfill policies.

Keywords: Multi-partition, job scheduling, goal-
oriented, backfill, best-fit

[. Introduction

Parallel computer systems have recently increased
their impacts on many applications such as drug de-
signs, weather predictions, disaster predictions, scien-
tific research simulations and modeling. A typical
production parallel computer system can simultane-
ously service many users. To run a parallel computer
job, a user usually submits his/her job to the job
scheduler along with his/her job requirements such as
the required amount of memory, the required amount
of processors and the job estimated runtime. Most
production parallel computer systems are typically
non-preemptive. Under such schemes, a job will not
be interrupted once it is executed. The scheduler is
activated upon each job arrival and departure to se-
lect a set of waiting jobs for executions according to

a pre-defined scheduling policy. All jobs in the sys-
tem will eventually be executed unless they are can-
celed by their owner.

Typical non-precemptive parallel computer job
scheduling policies are priority based backfilling
policies. This set of policies considers jobs for execu-
tions according to some priorities. The priority is
usually a linear combination of some job measures
defined by the system administrator. For example, the
job wait time may be used to allow the older jobs to
have a higher priority than the younger jobs. The job
slowdown may be used to allow the shorter jobs to
have a higher priority than the longer jobs. A linear
combination is usually a weighted function,

In many situations, however, a set of required ob-
jectives can be conflicting with each other. To pre-
vent starvation, for example, difficult jobs (i.e., large
jobs, long jobs and large-and-long jobs) must have a
high priority because these jobs are likely to be de-
layed. To minimize average wait time, on the other
hand, small and short jobs must have a high priority
because majority of jobs are in this group. As can be
seen, these two objectives are conflicting with each
other. Most priority based scheduling policies can
achieve one or the other but not both.

Goal-oriented parallel computer job scheduling
policies [1] were proposed recently to reduce the sys-
tem administrator tasks of adjusting and tuning low-
level scheduling parameters (e.g., a set of weighted
values) for performances. The goal-oriented policy
employs a discrepancy-based complete search tech-
nique [2] to find a ‘good” solution in a limited time
according to a given sct of objectives. It has been
shown that the goal-oriented parallel job scheduling
policies are good at finding a schedule that compro-
mises a set of conflicting objectives [3, 4].

In this work, the goal-oriented parallel computer
job scheduling policies are further evaluated under
multi-partition parallel computer systems which is
still lacking in previous works. Under a single parti-
tion system, all processors in the system are available
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to the user. Thus, a job can be as large as the entire
system. And, the scheduler only question is whether
this job should be scheduled now. Under a multi-
partition system, however, the processors are parti-
tioned and a job must fit into one partition. Thus, the
job can only be as large as the capacity of one parti-
tion. Therefore, a multi-partition job scheduler must
answer an additional question that is on which parti-
tion this job should be scheduled.

Since several parallel computer systems partition
their system resources and the original goal-oriented
parallel computer job scheduling polices have not
been tested on such systems, this work is focusing on
modifying the original goal-oriented parallel com-
puter job scheduling policies to handle multi-partition
parallel computer systems. Both an equal-size and a
non-equal size partition system are evaluated.

The remaining of this paper is organized as fol-
low. Section 2 describes both the original and the
proposed goal-oriented policies. Section 3 explains
the methodologies for evaluating the proposed poli-
cies. Section 4 gives results and discussions while
conclusions are given in Section 5.

2. Goal-oriented parallel job scheduling
The original goal-oriented policies are described

in Section 2.1 while the proposed multi-partition

goal-oriented policies are described in Section 2.2.

2.1 Single-partition goal-oriented policies

The idea of a goal-oriented parallel computer job
scheduling is to reduce the difficulty of operating a
parallel computer job scheduler. Instead of tuning
low-level scheduling parameters for performances,
the goal-oriented parallel computer job scheduler
allows the system administrator to define a set of
high-level scheduling objectives such as preventing
starvations and improving average wait times. Then,
the scheduler automatically searches the space of all
possible schedules to find a ‘good” schedule accord-
ing to the objectives within a time limit.

To achieve this, all candidate schedules at each
scheduling decision point are organized into a search
tree according to some branching heuristic (i.e., the
order of the jobs from left to right). Figure 1 shows
an example search tree of four waiting jobs (num-
bered 1 to 4 in their arriving order) using the FCFS
{i.z.. first-come-first-served) branching heuristic. In
the tree, each node represents a job while each path
from the root to a leaf (e.g., 1-2-3-4) represents an
order. The scheduler evaluates jobs for scheduling in
the given order of each path. At each node, the earli-
est time that enough resources will Be available to
the current job is computed (according to the
resources allocated to currently executing jobs and

execuis
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the waiting jobs considered prior to the current job).
Note that the order of jobs considered for scheduling
is not necessarily the same as the order the jobs
started.

= e
0 mn

3
I
2
F

igure 1. A search tree of four jobs

Once reaching a leaf node (i.e., search the whole
path) the objective score is calculated and compared
with the score of the best solution found so far. If the
current solution is ‘better’ than the best solution
found so far, the current solution is kept as the best
solution. Otherwise, the current solution is discarded.
The searching process repeats until the time limit is
reached. The time limit can be described as the num-
ber of nodes visited or the actual search time. To find
a good schedule, the search technique [2] employed
by the goal-oriented policy is designed to search
various different portions of the space of all possible
schedules. Furthermore, allowing more search time
will guarantee to always find an equally good or a
better solution.

2.2 Multi-partition goal-oriented policies

Under a single partition system, the scheduler
only needs to find out whether this job should be
scheduled now. Under a multi-partition system, how-
ever, the scheduler must also answer on which parti-
tion this job should be scheduled. In this work, two
implementation ideas of the multi-partition goal-
oriented scheduling policy are proposed.

The first idea is to build a large search tree. Under
this scheme, each node in the tree will have two
pieces of information that is (1) which partition
should this job be assigned and (2) when this job
should start on the assigned partition. Figure 2 shows
a partial search tree of four waiting jobs on a two-
partition parallel computer system. The number of
nodes in the tree increases linearly with the number
of partitions. That is, the number of nodes on a two-
partition system is twice as much as those on a sin-
gle-partition system. For example, at the Ist-level
there are 8 nodes (i.e., 1:1, 1:2, 2:1, 2:2, 3:1, 3:2, 4:1,
4:2) instead of 4 nodes for a 4-job search tree. At
cach node, the first number indicates the job identifi-
cation number while the second number indicates the
partition number that the job will be scheduled on.
The doted lines on the right-hand side indicate the
depth of the trec. At depth 1, all nodes (i.c., 8 nodes)
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are shown. At depth 2-4, only the first subtree (i.e.,
the left-most subtree at each depth) is shown. As seen
in the figure, the FCFS branching heuristic is used to
order the jobs from left to right. And, the 1st partition
always comes before the 2nd partition.

ROOT

m

112 21 2:2 31 32 41142 1

21 22 31 32 41 42— P

31 32 41 42 3
VAN

A1 12 e e R 4R AR R 058 4

Figure 2. A partial tree on a two partition system

The second implementation idea aims to keep the
search space small by first selecting the partition for
each job using some heuristic. Thus, the search space
is the same size as that of the original goal-oriented
policies on a single partition system.

3, Experimental design

Two implementation ideas of the multi-partition
goal-oriented parallel computer job scheduling poli-
cies discussed in Section 2.2 are evaluated using an
event-driven simulator. The workload used in the
previous works [1,3,4] is also used as input to the
simulator. However, the workload is collected from a
single partition system. Therefore, the workload is
modified to be a two-partition system. The modifica-
tion details are given in Section 3.1. The multi-
partition goal-oriented policies are evaluated against
two backfill policies whose details are given in Sec-
tion 3.2, Section 3.3 provides performance measures
and simulator settings.

3.1 Workload
Two multi-partition systems are tested in this
work. One is an equal size partition each of which
contains 64 computational nodes. Another one is a
non-equal size partition i.e., the 1st partition contains
32 computational nodes while the 2nd partition con-
tains 64 computation nodes. However, the original
workload (i.e., IA-64) was running on a single parti-
tion of 128 dual-processor node system. Since each
job has to be executed completely on one partition, it
cannot request more than 64 computational nodes.
Therefore, the original number of requested nodes of
each job is modified to be the minimum between 64
and the original number of requested nodes.
Table 1 shows the characteristic of the modified
workload including demand (Proc. demand), number
of users (#users), number of jobs (#jobs) and job size
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(i.e., NT: node-hour) which is given in three meas-
ures (i.e., average (Avg.), median (Med.), and maxi-
mum (Max.)).

Table 1. Information of the modified 1A-64 workload

Proc. Job size (NT)
Month| demand [#users| #jobs | Avg. | Med. | Max.
6/03 80% 73 | 2191 |33.78] 0.8 768.0
7/03 T4% 68 1400 | 50.12 1.1 768.0
1 8/03 | 70% | 73 | 3221 |20.61| 0.0 | 768.0
9/03 67% 74 | 3057 | 20.08 ] 0.1 768.0
10/03 | 70% 75 | 4149 [ 1596 03 768.0
11/03 ] 68% 81 | 3443 |18.13] 0.7 768.0
12/03| 73% 61 | 3521 |19.73| 1.0 | 11510
1/04 70% 53 | 3156 |21.11| 5.1 1536.0
2/04 | 71% 73_] 3969 | 1597 03 | 1536.0
3/04 | 72% 70 | 3466 |19.77] 0.0 | 1536.0

3.2 Policies

The most widely used non-preemptive parallel
computer job scheduling policies are priority sched-
uling policies with backfilling techniques. Backfilling
techniques allows lower priority jobs to start on idle
resources as long as their executions do not delay the
scheduled start time of the oldest waiting job [5]. In
this work, the proposed multi-partition goal-oriented
parallel computer job scheduling policies are evalu-
ated against Best-fit-First-Come-First-Sever-backfill
(i.e., FCFS-backfill) and Best-fit-Largest-Slowdown-
First-backfill (i.e., LXF-backfill) policies.

The idea of the two backfill policies is similar to
their single partition counterparts. The only differ-
ence 15 that each job will be assigned a partition using
a best fit heuristic. That is, the waiting jobs are or-
dered using an appropriated priority value (either
submit time for FCFS or slowdown for LXF). The
best fit heuristic selects the partition which is best fit
the considered job. That is, when the job can start on
both partitions, the job will be assigned the partition
with the least number of available nodes that is large
enough to execute the job. For example, a two-
partition system with 10 available computational
nodes on the Ist partition and 8 available computa-
tional nodes on the 2nd partition. When a 5-node job
arrives, it will be assigned to the 2nd partition be-
cause the job is best fitted in the 2nd partition.

Two versions of the multi-partition goal-oriented
job scheduling policies (i.e., Tradeoff(Tw:avgX))
described in Section 2 are evaluated. The partition
selection heuristic of the second implementation idea
is best-fit similar to that of both backfill policies. To
limit the search time during each scheduling decision,
a number of node limit is used as a stopping criteria.
In this study, the number of node limit is 4000 nodes
which take only a few ten milliseconds.
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3.3 Performance measures and simulator settings

Several scheduling performance measures widely
used in the field [6,7,8,9,10] are studied. The monthly
performances are measured from the jobs submitted
during the month. To be realistic, the simulator is
loading with jobs submitting during the last week of
the previous month and the jobs from the next month
continue to arrive until the jobs from the measured
month are all started. To study the full potential of
the proposed policies, the scheduler uses actual job
runtime information (i.e., accurate runtime informa-
tion) to make scheduling decisions however the
scheduler does not have the job arrival information
ahead of time (i.c., online setting). The impact of user
runtime estimates are left for future works.

4, Results and discussions

First, the scheduling performances of the two
proposed multi-partition goal-oriented parallel com-
puter job scheduling policies are presented in Section
4.1. Second, the performances of the multi-partition
goal-oriented parallel computer job scheduling poli-
cies are compared against those of the two priority
backfilling policies in Section 4.2. Section 4.3 shows
the performances of all policies under a non-equal-
size two-partition parallel computer system.

4.1 Impact of the search space size

Since the two multi-partition goal-oriented policy
implementation ideas proposed in this work result in
different size of the search space, this section investi-
gates the impact of the search space size. Figure 3
presents the overall scheduling performances of the
two ideas on an equal-size two-partition system each
of which contains 64 computational nodes. Only the
maximum and the average wait measures are pre-
sented because the average bounded slowdown per-
formance is similar to that of the average wait.

B-twge search space |
(-w-gmalt search space.

-]

Ay weall (hi}
RN

(a) Maximum wait

(b) Average wait
Figure 3 Performance of goal-oriented policies

According to Figure 3, the second implementation
idea (i.e., small search space) outperforms the first
idea on all measures on all months studied. Even
though the performance differences on most months
are small, the performance differences are clearly
shown on 12/03 and 1/04 months. This is caused by
the number of waiting jobs which is directly related
to the size of the search space. The search space is
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double under the first idea causing the searching
process to stop (i.e., exceeding the node limit) before
reaching a good solution.

4.2 Goal-oriented versus priority backfill policies

In this section, the performances of the second idea
of the multi-partition goal-oriented policy are com-
pared with those of the two backfill policies. Figure
4(a)-(d) shows the maximum wait, the average wait,
the average bounded slowdown and the number of
jobs waiting longer than 24 hours under Best-fit-
FCFS-backfill (denoted FCFS-backfill), Best-fit-
LXF-backfill (denoted LXF-backfill) and the goal-
oriented policy (denoted Tradeoff(Tw:avgX)) under
an equal-size two-partition system.

As expected, the FCFS-backfill policy provides
good maximum wait performances and poor average
performances (i.e., both average wait and average
bounded slowdown). The LXF-backfill policy has
totally opposite performances. Thus, the results con-
firm that priority backfill policies still cannot achieve
good performances on all three measures simultane-
ously on all months studied. The goal-oriented policy
however can achieve the best or close to the best per-
formances on all measures even when it is operated
on an equal-size two-partition system.
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Figure 4 Performances of priority backfill versus
those of the proposed goal-oriented policies

To analyze the detail performances of each policy,
Figure 5 shows the performances of the jobs executed
on each partition during the measured month. The
jobs are assigned the partition according to the best-
fit heuristic. Thus, each policy will result in different
number of jobs. Table 2 shows the characteristics of
jobs executed on each partition under each policy.

According to Figure 5, the performance trends on
each partition are similar to the trends observed on
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the overall graphs (Figure 4). That is, the multi-
partition goal-oriented policy still produces good
scheduling performances on each partition. Note that
the average bounded slowdown on the 2nd partition
can be higher than that of the overall graph because
the values are calculated from a different set of jobs.
That is, the value shows in Figure 5(d) is calculated
from a subset of jobs used in Figure 4(b) because
only the performances of jobs executed on the 2nd
partition are used in Figure 5(d) while the perform-
ances of all jobs of the month are used in Figure 4(b).
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Table 2. Information of jobs on each partition

| Number of jobs

| FCFS-backfill LXF-backfill
partition| st Ind 1st 2nd 1st 2nd

goal-oriented

6/03 1268 923 1078 1113 1281 910

703 879 521 905 495 795 605

T®03 | 2034 | 1187 | 1677 | 1544 | 2199 | 1022

9/03 | 1921 | 1136 | 2143 | 914 | 1607 | 1450

10/03 2801 1348 | 3044 1105 1935 2214

11703 2545 898 2409 1034 1635 1808

12/03 2441 1080 | 24035 1116 1581 1940

1/04 2241 915 2133 1023 1692 1464

2/04 2810 | 1159 | 2689 | 1280 | 1902 2067

3/04 2409 1057 2399 1067 1541 1925

Average job size (NT) in node-hour

FCFS-backfill LXF-backfill goal-oriented

] partition| Ist 2nd Ist 2nd 1st 2nd

6/03 293 39.9 34.4 33.1 29.1 40.3

7003_| 392 | 654 | 384 | 715 | 429 | 59.4
8/03 | 159 | 285 | 198 | 213 | 149 | 327
9/03 | 163 | 263 | 140 | 343 | 186 | 216
10/03_| 124 | 231 | 109 | 298 | 17.7 | 143 |
11703 | 127 | 333 | 137 | 282 | 184 | 178

12/03 14.6 3.2 14.5 30.9 21.5 18.2

1/04 16.8 31.4 17.1 29.2 21.4 20.6

2/04 11.4 26.8 11.8 24.5 16.3 15.5

3104 145 | 316 | 148 | 309 | 216 | 18.2
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According to Table 2, the two backfill policies
usually arrange more jobs in the Ist partition while
the goal-oriented policy tends to evenly distribute
jobs to both partitions. The average job size in node-
hour information shows that the two backfill policies
send large jobs to the 2nd partition while the small
jobs are mostly executed on the Ist partition. The
goal-oriented policy, however, sends similar jobs to
both partitions. Since there are equal resources avail-
able on both partitions (each with 64 computational
nodes), evenly distributing jobs to each partition re-
duces the chance of letting a few jobs wait for a long
time resulting in good maximum wait time perform-
ances. The average wait time (Figure 4(b)) and the
number of jobs waiting longer than 24 hour informa-
tion (Figure 4(d)) demonstrate that the goal-oriented
policy achieves good maximum wait performance
and also provides good average performances.

4.3 Impact of non-equal size partitions

Results reported in the previous two sections are
on an equal-size two-partition system each of which
provides 64 computational nodes. To study the im-
pact of non-equal-size systems, all policies are evalu-
ated under a two-partition system where the 1st parti-
tion contains 32 computational nodes and the 2nd
partition contains 64 computational nodes.

Figure 6 shows the performances under a non-
equal-size two-partition system of both backfill poli-
cies and the 2nd idea of the multi-partition goal-
oriented policy. Figure 6(a) shows the maximum wait
performance while Figure 6(b) shows the average
bounded slowdown performances. The average wait
performances (not show) have similar trends with
those of the average bounded slowdown.
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Figure 6 Performances under a non-cqual size system

The results observed here are similar to those
under an equal-size partition system. That is, the
FCFS-backfill policy achieves good maximum wait
performances on all months while the LXF-backfill
policy achieves good average bounded slowdown
performances on all months. The goal-oriented policy
achieves the best or close to the best on both meas-
ures under a non-equal-size two-partition system.

Figure 7 shows the maximum wait and average
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bounded slowdown performances of the jobs exe-
cuted on each partition. The trends of the average
bounded slowdown performances on both partitions
are similar to that of the overall graph (see Figure
6(b)). The trend of the maximum wait performance of
the jobs executed on the 2nd partition (i.e., the 64
computational node partition) is also similar to that of
the overall graph (Figure 6(a)). However, the trend of
the maximum wait performance of the 1st partition
(1.e., the 32 computational node partition) 18 slightly
different from that observed in the overall graph and
in the 2nd partition, especially in January 2004
month. That is, the performances of all three policies
on the Ist partition are similar on January 2004
month while the overall graph (Figure 6(a)) and the
2nd partition graph (Figure 7(b)) clearly show that
the FCFS-backfill policy produces a significantly
worse performance than the other two policies.
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Figure 7 Performances of jobs on each partition un-
der a non-equal two-partition system.
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Figure 8 shows the maximum wait performance
of the goal-oriented policy on January 2004 workload
on a non-equal-size two-partition system when vary-
ing the node limit from 2000 to 128000 nodes. The
performances of both backfill policies are given for
comparison purposes. Figure 8(a) clearly shows that
the goal-onented pohcy produces a smaller maxi-
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mum wait value (i.c., a better solution) as the node
limit increases (i.e., longer search time). While, Fig-
ure 8(b) shows that the better performance on the st
partition does not degrade the performance of the 2nd
partition.

5. Conclusions

Two implementation ideas of multi-partition goal-
oriented parallel job scheduling policy are proposed
in this work. The first implementation idea enlarges
the search space by including the partition selection
into the search tree. The second implementation idea
keeps the same search space as that in the original
goal-oriented policy by first assigning the partition
according to some heuristic. The experimental results
show that applying a simple best-fit partition selec-
tion heuristic to the original goal-oriented policy (i.e.,
the second implementation idea) produces the best or
closed to the best performances in comparison with
the two priority backfill policies. The results are ob-
served on both equal-size and non-equal-size two-
partition systems. Furthermore, allowing longer
search time will result in an equally good or a better
performance.
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