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ABSTRACT

A batch processing cluster job scheduling problem can be viewed as a problem
of packing a set of two dimension boxes into a large rectangular container. Each job can be
viewed as a box. The job runtime can be viewed as the width of the box while the job processor
requirement can be viewed as the height of the box. This work aims to apply a two dimensional
box packing algorithm on batch processing cluster job scheduling problems. All experiments are
conducted using an event-driven simulator. A real job trace collected from the computer center is
used as the simulator input. The experimental results show that the two dimensional box packing
algorithm favors large jobs in terms of the number of processors. The average wait of the large
jobs in two dimensional box packing algorithm is clearly better than those achieved by First-

Come-First-Serve Backfill (FCFS-Backfill) and Largest-Slowdown-First Backfill (LXF-Backfill).
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Algorithm: Bottom Left Fill (BLF)

1. WHILE WaitingJab, 3izg = [

2,

3,

10,

11,

12,

13,

14,

15,

18,

17,

18.

19,

20,

AortlobByDecreasingProcezsor

FequestProcessor = WaitingJob[0]. EequestProcessor

I=10
WHILE I = Timedlot, 3ize
TitneSlotProcessor = TimeSlot[i]. getProcessor
TimneSlotTiime = TimeSlot[i]. getTime
IF RequestProcessor <= TimeSlotProcessor
IF Checkinglmpact = HOIMPACT
CalewlateM ewTimed lotProcessor
CreatNewTimeslot
WaitingJob[0]. setStart Time( T itne S1otTime)
ScheduleJob, AddTob (W aitingTob[ 0])
WaitingJob, Remmove(l)
BEEAK
ELZE
CONTINUE
ENDIF
ENDIF
ENDWHILE

21, ENDWHILE
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A a A L A a =
AT N N-1 wamﬁvmﬁauﬂizﬁmmwuuizuueawllauﬁlumaumqmﬂu 1 .71 2003

Aadan1ssazasnisnadavuusuvaanlauluidauiouieay 1 a.a. 2003 (FTu9)

Y90 - Taaiayanallszanalannnsaanisaiuag
AAayANRUTLUIANARZY o
ulaung 291UsTINANA - , - —
AUUMNEUTTIIANA CR eV PI FA P RIAL
1 8 32 64 128 1 8 32 64 128
10 w1 1.83 2.54 5.3 5.92 4.09 4.39 4 12.43 8.44 5.56
1 g1 5.33 14.44 6.97 4.79 6.87 7.64 13.88 | 16.18 6.12 7.69
fiuaatan 4 7319 8.54 7.05 16.41 8.25 7.31 12.04 6.28 19.44 9.73 7.26
8 T Tuy 10.92 4.09 20.77 9.37 - 13.89 9.11 29.79 7.76 -
12 97709 30.67 | 39.62 | 21.81 9.57 5.15 23.42 | 12.57 | 25.18 | 12.71 6.11
10 Ui 0.84 0.98 8.66 19.36 | 19.16 1.91 0.85 13.81 21 20.84
1 7T 1.67 10.55 8.67 18.29 | 19.43 2.54 8.07 13.52 | 17.78 | 20.79
angdianiaduuaila 4 1709 3.15 474 | 17.31 | 22.17 | 21.23 | 3.99 3.81 | 19.91 | 24.81 | 18.68
8 7 Tue 0.75 0.41 13.82 | 20.14 - 1.35 2.05 16.32 | 21.41 -
12 7 Tu9 4.01 3.91 12,99 | 18.84 | 25.38 0.14 3.64 14.11 | 22.01 | 26.25
10 Ui 0.27 0.38 2.07 3.79 8.52 0.93 2.99 11.24 9.11 17.48
1 97109 0.48 2.91 3.39 5.59 10.72 1.94 3.23 13.21 | 14.17 | 10.59
waatdndianuunila 4 1109 0.69 1.79 10.56 7.98 9.39 5.22 1.57 15.92 | 22.74 | 22.44
8 T 0.34 0.92 10.46 | 10.68 - 0.11 2.05 21.11 | 22.94 -
12 F1Tu9 1.47 3.83 17.21 | 30.22 | 27.69 1.41 5.09 21.16 | 35.93 | 43.18
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A a A EL A =
AT NN N-2 Nam'i°|/lﬂﬁ’e‘]°1Jﬂ’izﬁ‘ﬂ‘ﬁﬂTW‘lJmzuuaaw"lau“lumauﬂiﬂgmu 1 a.¢1. 2003

Aadun1ssazasmsnadavuusvuuaawlatluifiaunsagiau 3 a.a. 2003 (FHTu9)

Tedayanaldssuianasiy

Tddayanaldssnanaannnisaianisaluag

. o laf
ulaung anallszInaka - , - —
uUnhalszInang UM alszanana

1 8 32 64 128 1 8 32 64 128
10 Ui 3.86 4,71 13.46 | 14.79 | 9.12 6.96 8.11 32.04 | 22.84 | 9.33
1 9709 7.38 7.74 | 27.09 | 20.08 | 6.07 28.17 6.42 23.86 | 26.54 | 5.43
fiuaatan 4 7109 8.91 9.98 | 26.52 | 41.69 | 15.09 | 73.66 30.69 | 32.95 | 39.51 | 17.88
8 1T 88.75 | 34.22 | 56.23 | 58.91 | 4.26 124.94 | 81.01 | 68.16 | 62.57 | 5.83
12 %79 23.79 | 63.72 | 66.39 | 54.04 | 19.83 | 45.13 107.65 | 68.61 | 46.65 | 20.26
10 Ui 0.68 3.02 4.51 20.41 | 48.55 2.38 4.12 17.71 | 32.09 | 59.85
1 9709 2.03 3.59 11.44 | 24.21 | 42.06 7.34 3.01 11.91 | 29.16 | 50.91
angdianiasuuaila 4 F1Tu9 2.42 4.77 16.31 | 36.68 | 54.58 17.87 6.36 20.16 | 30.99 | 66.33
8 1 Tug 7.28 | 20.18 | 32.45 | 40.61 | 49.26 16.01 15.44 | 45.69 | 52.81 | 57.17
12 $Tue 5.32 18.01 | 29.97 | 49.25 | 59.54 4.18 20.13 | 37.01 | 60.8 | 69.31
10 Ui 1.11 2.38 2.99 5.58 7.57 2.15 4.11 20.43 | 22.24 | 25.81
1 97 Tu9 1.48 2.66 6.38 5.71 8.79 4.38 4.01 12.67 | 24.59 | 21.25
waatdanafianuuafla 4 97109 2.89 3.81 8.73 16.28 | 22.02 7.06 4.5 22.96 | 27.45 | 74.88
8 T 1.61 7.07 | 24.21 | 34.72 | 47.35 4.43 12.01 63.8 | 64.36 | 68.71
12 HTu9 3.42 9.14 | 48.87 | 79.89 | 94.52 3.89 12.58 | 49.27 | 82.22 | 94.92
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M1IWN N-3 wamimﬁeuﬂizﬁmmwuuswuaaw"lauiumaummﬂu 1 a.#. 2003

Aadan1ssazasmsnadauuuseutaanlatluidiaudemnau 1 a.a. 2003 () Tu9)

Y90 . - Taaiayanallszanalannnsaanisaiuag
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1 8 32 64 128 1 8 32 64 128
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1 g1 10.11 | 11.89 8.38 11.15 9.17 15.23 6.42 10.66 | 13.19 9.73

fiuaatan 4 7319 25.07 | 32.26 | 17.18 7.58 5.92 32.37 | 21.12 | 22.91 8.88 9.92

8 T Tuy 57.73 | 41,95 | 33.37 | 12.78 10.9 42.14 | 29.38 | 41.79 | 12.82 | 11.42

12 97709 26.29 | 90.64 | 32.91 | 15.51 7.04 23.04 | 69.95 | 33.73 | 20.23 7.19
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12 7 Tu9 8.48 9.51 19.24 | 33.73 | 26.32 9.43 8.66 21.21 | 37.98 | 29.11

10 Ui 0.44 0.39 1.09 4.72 8.88 1.26 3.57 7.41 17.34 | 29.46

1 97109 1.84 0.62 7.77 9.08 10.51 3.89 1.61 11.39 | 19.14 | 28.34

waatdndianuunila 4 1109 1.89 2.73 10.43 9.01 16.64 5.18 7.61 15.56 | 15.61 | 44.35
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10 Ui 0.45 1.62 4.51 15.07 | 14.83 1.11 2.21 6.56 20.67 | 17.66

1 7T 0.29 1.16 7.97 10.14 | 20.17 2.05 2.16 8.84 18.19 | 25.73

angdianiaduuaila 4 1709 1.58 3.07 5.92 9.49 16.85 5.11 4.55 11.33 | 24.71 | 23.21

8 7 Tue 1.94 3.06 12.54 | 32.27 | 16.45 4.41 4.47 18.24 | 34.63 | 24.01

12 7 Tu9 2.76 3.34 1242 | 14.33 | 17.41 5.63 4.98 15.74 | 20.17 | 22.92

10 Ui 0.91 1.38 1.89 5.15 10.67 0.5 1 5.86 22.98 | 17.54

1 97109 0.89 1.48 3.11 5.77 7.74 0.89 1.28 7.33 41.22 | 19.36

waatdndianuunila 4 1109 5.39 2.49 4.08 4.79 9.49 2.86 3.31 16.16 | 43.16 | 16.81

8 7 Tuv 2.82 3.89 8.69 | 23.89 | 17.86 | 4.71 5.37 | 16.45 | 43.54 | 23.61

12 F1Tu9 6.95 6.76 22.03 | 19.71 | 25.74 7.78 7.28 25.15 | 35.29 | 38.16

06



A a A J A =
AITNWN N-5 Naﬂ1§1/lﬂﬁ"f)ﬂﬂ3$ﬁ‘VI’ﬁﬂ"IWqugﬂﬂi’)ﬂw]’lﬁuﬁlum@u@!ﬁ']ﬂﬂ 1 a.¢1. 2003

Aadan1ssazasnisnadavuuszuuaanlailuiiaunaian i a.A. 2003 (F1u9)

Y90 . - Taaiayanallszanalannnsaanisaiuag
AAayANRUTLUIANARZY o
ulaung 291UsTINANA - , - —
AUUMNEUTTIIANA CR eV PI FA P RIAL
1 8 32 64 128 1 8 32 64 128
10 w1 2.72 2.21 0.98 4.39 - 3.82 6.52 2.48 4.65 -
1 g1 4.37 2.71 3.75 5.84 1.82 11.54 4.01 3.53 6.08 2.17
fiuaatan 4 7319 10.92 | 10.96 5.24 3.45 4.45 13.18 11.8 6.91 4.01 4.37
8 T Tuy 16.27 7.64 7.76 7.28 - 17.76 8.62 7.49 7.28 -
12 97709 17.68 | 10.79 7.46 5.24 0.86 18.59 | 10.77 7.95 5.5 1.06
10 Ui 0.31 1.08 3.43 9.43 - 0.67 2.28 4.75 9.45 -
1 7T 0.71 1.37 5.63 13.08 | 11.06 2.31 1.76 6.73 12.14 | 11.72
angdianiaduuaila 4 1709 1.52 3.41 9.44 13.18 | 15.24 1.71 3.05 13.09 | 13.12 | 15.77
8 7 Tue 3.81 4.39 8.04 19.48 - 3.16 2.91 8.72 19.31 -
12 7 Tu9 3.93 4.99 7.06 12.59 8.24 3.22 4.1 7.41 12.94 9.41
10 Ui 0.28 0.34 1.08 2.89 - 0.43 1.29 3.22 6.31 -
1 419 0.32 0.81 1.26 3.11 7.08 2.36 1.47 3.06 8.73 8.53
waatdndianuunila 4 1109 1.23 1.67 3.43 5.16 4.05 1.78 1.68 7.12 10.06 | 10.19
8 Th 1wy 1.88 | 293 | 4.93 | 9.09 - 146 | 1.94 | 821 | 17.52 -
12 F1Tu9 4.72 4.61 11.06 | 14.87 7.97 3.39 4.59 11.1 15.26 | 13.15

16



A a A L A a =
A1TWN N-6 wamsmﬁa‘uﬂizﬁmmwuuizuueawllauiumaqummﬂu 1 .71 2003

Aadun1ssazasmsnadauvussutaanlatluidaunaainiay 3 a.a. 2003 (FHTu9)

99095 . - Taddayanaldsznanalannnsaianisaiuad
AAaYAIRUTLNIANAFY o
ulaung 291UsTINANA - , - —
AUUMNEUTTIIANA CR eV PI FA P RIAL

1 8 32 64 128 1 8 32 64 128

10 w1 2.46 2.76 2.26 3.42 8.41 4.49 5.46 5.95 4.58 12.11

1 g1 6.15 2.87 3.55 8.49 7.31 14.36 4.84 4.67 5.88 7.51

fiuaatan 4 9109 7.44 4.72 3.41 12.39 7.07 14.86 | 11.36 6.64 16.11 6.71

8 T Tuy 16.81 9.93 4.34 6.44 4.16 17.16 | 10.88 5.61 9.05 4,94

12 97709 21.74 | 16.14 | 14.95 9.15 4.35 25.75 | 17.67 | 15.78 | 10.01 4.72

10 Ui 1.34 2.59 3.93 5.77 25.63 1.39 2.96 7.09 11.04 | 34.75

1 7T 2.17 1.59 4.83 12.24 | 23.36 3.17 3.92 8.24 16.26 | 25.02

angdianiaduuaila 4 1709 2.08 4.74 5.75 14.95 | 19.68 3.36 5.72 6.67 14.77 | 29.21
8 7 Tue 4.19 4.73 7.06 8.19 14.67 3.19 4.52 7.16 13.51 | 21.21

12 7 Tu9 5.97 8.13 10.03 | 14.99 | 16.55 5.22 8.49 9.92 17.47 | 20.39

10 Ui 0.61 1.49 2.72 2.46 7.24 1.03 2.55 9.46 6.9 27.41

1 419 1.03 1.91 3.41 4.27 18.24 2.23 2.92 5.5 10.56 19.8

waatdndianuunila 4 1109 1.46 2.18 4.11 6.28 14.82 4.13 5.44 7.57 15.09 15.7
8 T 2.67 3.99 3.52 9.09 21.33 2.25 4,71 7.18 18.74 | 32.68

12 F1Tu9 8.87 10.53 | 12.91 | 22.81 | 26.17 8.19 12.2 14.22 | 20.88 30.9

6



A a a EL A @ =
MTNN N-7 wami1/1ﬂﬁeuﬂizmnﬁﬂmuuszumaw"lau“lumauﬁmmu 1 .71 2003

Aadan1ssazasnsnadavuuscutaanlauluidiausuinay 3 a.a. 2003 (FHTu9)

Y90 - Taaiayanallszanalannnsaanisaiuag
AAayANRUTLUIANARZY o
ulaung 291UsTINANA - , - —
AUUMNEUTTIIANA CR eV PI FA P RIAL
1 8 32 64 128 1 8 32 64 128
10 w1 1.89 1.11 7.27 1.55 11.57 3.57 3.84 8.59 2.66 12.25
1 g1 4.62 1.96 4.98 5.99 9.01 8.38 3.06 6.09 6.32 9.47
fiuaatan 4 9109 11.15 4.94 4.09 4.28 8.52 14.74 6.11 4.83 6.02 11.82
8 T Tuy 14.16 6.56 6.52 9.66 14.19 | 13.75 5.98 7.82 13.08 13.7
12 97709 17.13 | 12.29 9.61 5.52 - 18.74 | 13.85 | 11.15 6.18 -
10 Ui 0.74 1.33 2.99 3.36 27.93 0.99 2.41 3.73 9.76 14.66
1 7T 1.08 1.23 4.79 16.91 | 17.86 1.91 1.59 4.74 15.39 | 21.78
angdianiaduuaila 4 1709 2.04 4.56 9.02 | 11,59 | 22.71 | 3.68 4.88 5.61 | 13.14 | 24.24
8 7 Tue 2.97 3.85 7.48 11.31 | 41.06 3.81 4.61 9.25 14.76 | 35.34
12 7 Tu9 4.68 6.82 8.77 12.97 - 6.88 8.83 13.05 | 14.79 -
10 Ui 0.48 0.65 1.12 2.75 10.02 1.21 2.37 5.57 5.33 11.84
1 97109 0.59 1.07 3.49 9.47 12.32 1.71 1.55 3.98 8.94 16.06
waatdndianuunila 4 1109 1.66 1.88 5.09 8.84 12.93 2.96 3.27 4.69 13.36 | 18.83
8 T 2.35 3.51 4.95 14.36 | 33.91 2.46 3.42 8.84 14.73 | 20.99
12 F1Tu9 6.61 7.81 15.48 | 23.55 - 7.01 9.58 14.73 | 19.39 -

€6



A a A o A =
ATNINN N-8 Waﬂ1§1/]ﬂﬁ"f)ﬂﬂ3$ﬁ‘VI‘ﬁﬂ"IWqugﬂﬂﬂﬂwqﬁuﬁlum@uuﬂi']ﬂu 1l f.¢1. 2004

Aadan1ssazasnisnadavuuszuuaanlailuiiaunnsiau 3 a.d. 2004 (FHTu9)

99095 . - Taddayanaldsznanalannnsaianisaiuad
AAaYAIRUTLNIANAFY o
ulaung 291UsTINANA - , - —
AUUMNEUTTIIANA CR eV PI FA P RIAL

1 8 32 64 128 1 8 32 64 128

10 Ui 1.86 2.39 8.22 5.81 5.05 4 8.94 8.22 7.76 6.58

1 g1 4.54 4.09 8.85 4.21 7.69 7.36 4.27 9.43 3.63 10.66

fiuaatan 4 7319 8.68 12.43 9.25 1.49 7.49 10.69 | 15.04 10.3 1.84 12.81

8 T Tuy 24.44 | 13.27 | 11.56 4.29 7.91 22.18 | 1591 | 13.52 4.86 8.91

12 97709 2191 | 11.72 | 10.32 5.98 10.12 | 24.13 | 12.83 | 11.18 6.14 10.19

10 Ui 1.87 2.37 7.49 13.59 | 21.47 1.98 4.49 9.19 17.94 | 26.06

1 7T 2.36 3.28 12.83 | 15.95 | 21.69 3.65 4.64 13.42 | 19.08 26.4

angdianiaduuaila 4 1709 1.55 6.47 14.78 3.01 3.47 3.55 5.72 19.49 7.21 9.39
8 7 Tue 4.54 7.45 11.49 8.66 20.02 4.31 7.58 14.81 | 11.99 | 25.81

12 7 Tu9 6.04 6.68 10.86 | 16.89 | 24.87 6.71 8.56 13.71 | 18.61 27.7

10 Ui 0.22 0.78 3.52 5.17 19.13 0.75 2.87 7.71 12.61 | 19.44

1 97109 0.99 1.66 5.26 7.29 16.06 1.29 1.88 7.97 11.43 | 24.71

waatdndianuunila 4 1109 1.18 5.42 9.13 3.82 6.31 2.96 4.86 12.66 4 34.49
8 T 4.99 6.15 10.95 | 17.86 | 15.63 4.21 6.29 15.55 | 15.48 | 42.65

12 F1Tu9 12.51 8.81 15.98 | 28.04 | 42.71 8.57 10.81 | 15.94 | 20.19 | 39.41

¥6



A a A o A o I
A3 WN N-9 Waﬂﬁ‘ﬂﬂﬁﬂﬂﬂi%ﬁﬂ‘ﬁﬂ?WUHi%UUﬂ@W‘lauiulﬂﬂuﬂﬂﬂw‘ﬂrﬁ 1 .91 2004

Aadan1ssazasnisnadavuuszutaanlatluiiaunuaiwus 1 a.a. 2004 (32Tu9)

99095 . - Taddayanaldsznanalannnsaianisaiuad

AAaYAIRUTLNIANAFY o
ulaung 291UsTINANA - , - —
UM alszInana UM alszanang

1 8 32 64 128 1 8 32 64 128

10 w1 7.26 5.41 7.47 5.45 10.97 6.44 6.97 9.21 6.09 12.98

1 g1 20.67 | 11.78 4.67 7.29 4.81 16.11 9.77 6.08 10.21 4.86

fiuaataw 4 %7 Tu9 14.59 | 12.35 | 4.76 2.59 0 16.35 | 13.53 | 6.27 5.92 | 10.53

8 T Tuy 6.12 10.04 6.13 8.76 9.39 9.49 13.07 | 10.66 7.6 12.13

12 97709 17.94 | 10.73 6.86 2.19 0.83 21.47 | 13.82 | 10.46 2.19 1.13

10 Ui 0.91 1.74 4.45 7.09 27.01 1.04 3.37 6.73 10.34 | 32.54

1 7T 1.71 2.95 4.93 16.25 | 22.03 2.16 2.9 6.85 24.38 | 27.14

angdianiaduuaila 4 1709 2.24 4.05 7.62 14.17 | 12.47 3.29 4.05 11.19 | 22.17 | 27.62

8 7 Tue 2.17 3.49 6.04 18.41 | 25.21 2.51 4.76 9.51 21.44 | 29.63

12 9179 6.09 5.31 9.67 4.49 11.13 6.82 7.58 15.49 7.46 14.88

10 Ui 1.71 2.96 6.55 3.55 22.99 0.71 3.12 6.51 7.23 18.38

1 97109 3.39 3.43 4.47 7.32 19.76 1.46 2.94 5.91 8.69 22.76

waatdndianuunila 4 1109 2.39 3.51 8.08 11.39 3.99 2.26 3.27 14.59 | 14.18 | 26.22

8 T 0.98 4.26 6.58 17.97 | 18.56 2.19 5.35 10.72 | 16.04 | 33.46

12 F1Tu9 5.83 5.69 12.47 7.29 16.89 7.73 8.98 17.74 9.02 16.87

S6



A a A o A = =
A1T1N9N N-10 wamsmﬁa‘uﬂﬁzﬁmmwuuizumaw"lauclumauumﬂu 1/ A.71. 2004

Aadunissazasmsnadavuuszutaanlatluidauivnan 1 a.a. 2004 (FTu9)

99095 . - Taddayanaldsznanalannnsaianisaiuad

AAaYAIRUTLNIANAFY o
ulaung 291UsTINANA - , - —
AUUMNEUTTIIANA CR eV PI FA P RIAL

1 8 32 64 128 1 8 32 64 128

10 w1 4.25 4.81 2.96 9.86 11.21 3.95 6.76 6.13 8.86 11.21

1 g1 5.52 6.61 2.69 8.99 3.91 8.08 8.16 5.68 4.26 4.53

fiuaataw 4 7319 4.81 8.98 3.57 4.68 4.55 11.38 | 13.97 | 4.98 4.81 5.02

8 T Tuy 5.54 13.19 7.39 - 14.28 7.41 7.61 7.55 - 16.28

12 97709 17.32 | 17.01 9.44 8.87 1.18 18.16 | 19.61 9.93 5.12 6.77

10 Ui 0.44 2.58 3.84 12.29 | 16.89 0.43 2.59 8.88 9.74 18.39

1 7T 2.02 6.22 2.71 19.92 | 24.38 2.41 8.44 3.56 19.15 | 34.41

angdianiaduuaila 4 1709 1.94 5.59 3.88 7.37 | 32.87 | 3.59 8.59 8.71 7.38 | 42.86

8 7 Tue 1.98 2.91 10.83 - 31.47 3.83 6.5 13.26 - 42.09

12 7 Tu9 2.58 7.82 19.38 | 16.68 | 22.52 4.93 12.27 | 30.25 | 22.58 | 28.29

10 Ui 1.07 0.89 1.81 2.84 8.53 0.15 2.06 10.5 21.72 | 12.98

1 419 1.65 2.54 1.79 6.02 12.66 1.37 5.68 3.07 13.65 | 33.48

waatdndianuunila 4 1109 1.86 2.76 2.41 4.04 12.51 2.86 8.1 6.35 8.01 42.84

8 7 Tue 2.18 2.09 6.41 - 24.51 1.54 4.54 17.7 - 44.37

12 F1Tu9 4.13 9.49 18.96 | 15.21 18 4.08 13.4 31.18 | 25.31 | 22.47

96
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A a A L A a =
M3 N V-1 Naﬂ"li‘l/lﬂﬁ@‘]_l‘]_]igﬁﬂ‘ﬁﬂTW‘Uuﬁ%‘U‘U’O’ﬂullﬁuﬁlum’f)l!ﬂJQlﬂfJ‘L! 1 .71 2003

Aadan1ssazasnisnadavuuszuuaaulailudaudiquiau f a.q. 2003 (H11u9)

Yqfof - Tadiayanallszuianalannasaianisaiuayg
AAayRNIRUTLIANARZY o
uleung hnalsznana - , - —
UNIalTTINANR CRV eV P I P R RIA
1 8 32 64 128 1 8 32 64 128
10 wi 1.14 | 2.09 3.51 6.84 4.16 0.91 2.57 10.78 6.76 5.18
1 g1 1.96 | 8.24 4.5 3.16 8.66 3.41 10.88 | 18.98 4.89 6.8
fiuaaan 4 97319 4.57 | 7.58 12.4 8.33 3.62 13.18 3.46 19.96 9.28 10.23
8 T Tuy 547 | 1.36 | 18.72 8.61 - 4.75 7.25 29.45 | 10.11 -
12 1709 3.28 32 17.96 8.53 4.41 3.28 15.81 | 21.99 8.2 5.54
10 ui 2.99 | 3.94 6.51 13.58 16.26 2.31 3.06 12.03 | 16.43 | 19.77
1 7Tue 2.58 | 5.86 8.33 15.5 18.52 2.51 8 14.43 | 18.99 | 22.95
angdianiasuuaila 4 1709 422 | 4.39 | 14.76 17.11 12.94 4,95 3.15 17.3 19.3 20.37
8 7 Tue 1.64 | 2.79 | 12.81 14.45 - 2.16 0.86 1544 | 17.32 -
12 $Tue 435 | 5.23 | 10.54 14.22 19.88 3.28 5.74 11.88 | 16.43 | 24.28
10 und 0.32 | 1.33 1.58 3.88 4.46 0.37 0.33 10.79 8.16 12.41
1 97109 0.19 | 3.43 2.32 4.39 5.5 1 2.92 9.88 8.41 6.57
waatandianuuaila 4 1709 0.49 | 1.13 7.94 9.12 10.43 2.32 1.71 10.44 | 14.46 | 22.33
8 Thuy 0.33 | 0.81 | 9.23 | 8.55 - 0.31 0 15.66 | 15.47 -
12 709 2.53 | 2.42 14.2 23.14 30.87 3.28 2.23 13.68 | 26.82 | 34.09
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A a a L A =
M1319N U-2 Naﬂ"li‘l/lﬂﬁ@‘]_l‘]_]ﬁgﬁ‘ﬂ‘ﬁﬂTW‘Uuﬁg‘U‘UﬂﬂullﬁuﬁlumﬂuﬂﬁﬂaTﬂﬂJ 1 a.#. 2003

Aadun1ssazasmsnadavuusruuaaulatluiiaunsngian i a.a. 2003 (2 Tue)

Tedayanaldssuianasiy

Tddayanaldssnanaannnisaianisaluag

. o laf
ulaung anallszInaka - , - —
uUnhalszInang numhalszainana

1 8 32 64 128 1 8 32 64 128

10 Ui 4.21 5.71 10.89 | 13.49 | 8.11 7.61 9.06 | 30.94 | 22.72 8.64

1 9709 8.13 7.79 12.81 | 10.75 | 4.83 24.49 4.87 | 18.39 | 18.44 4.11

fiuaatan 4 7109 13.05 | 11.16 | 24.57 | 32.07 | 15.26 | 65.52 | 29.92 | 42.49 | 46.15 | 13.33

8 1T 91.87 | 27.31 55.4 | 53.26 | 5.47 117.02 | 70.36 | 58.27 | 62.27 3.61

12 %79 20.64 | 58.61 | 66.14 | 40.31 | 19.23 33.19 | 90.43 | 69.19 | 35.72 | 17.35

10 Ui 1.32 2.61 492 | 21.51 | 44.36 4.33 4.19 | 19.77 | 25.06 | 68.99

1 9709 2.27 2.73 13.27 | 19.68 | 39.36 6.48 3.16 | 11.63 | 25.03 | 59.07

angdianiasuuaila 4 F1Tu9 3.4 4.07 10.73 | 33.66 | 48.25 10.38 489 | 21.44 | 36.46 | 71.97
8 1 Tug 12,99 | 19.81 | 23.18 | 38.41 | 46.35 19.01 6.41 | 46.89 | 51.35 | 60.87

12 $Tue 7.31 14.32 | 26.93 | 48.13 | 57.55 14.02 | 14.38 | 40.2 | 64.63 | 71.79

10 Ui 0.62 1.51 2.37 4.3 7.18 1.76 3.7 23,99 | 22.89 | 33.05

1 97 Tu9 1.59 2.02 4.06 2.84 9.25 5.34 1.6 10.59 | 25.99 | 24.31

waatdanafianuuafla 4 97109 2.94 2.03 7.43 11.48 | 24.2 5.32 4.3 21.61 | 28.18 | 77.57
8 T 2.97 5.11 27.54 | 32.22 | 49.74 4.23 6.4 | 67.06 | 66.26 | 77.65
12 HTu9 6.43 10.18 | 43.79 | 82.4 | 94.43 9 12.12 | 59.36 | 91.91 | 109.25
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A a A EL A a =
AIWN V-3 wamsmﬁﬂuﬂszﬁmmwUuizuuaau"lauiumaummﬂu 1 a.7. 2003

Aadan1ssazasnisnadavuuszuuaaulailufaugoma i a.q. 2003 (11u9)

99095 . - Taddayanaldsznanalannnsaianisaiuad

AAaYAIRUTLNIANAFY o
ulaung 291UsTINANA - , - —
AUUMNEUTTIIANA CR eV PI FA P RIAL

1 8 32 64 128 1 8 32 64 128

10 w1 4.88 5.18 6.8 11.47 | 10.96 4.12 11.26 | 11.11 | 11.65 | 10.69

1 g1 13.17 9.18 6.86 2.58 8.67 17.26 9.62 8.87 8.77 8.42

fiuaatan 4 7319 21.12 | 46.55 | 18.39 8.66 5.82 27.85 | 27.65 25.9 8.79 7.31

8 T Tuy 44,44 | 26.38 | 37.61 8.41 8.92 56.92 | 34.17 | 42.11 9.92 9.15

12 97709 21.66 | 79.11 | 31.87 | 14.32 7.82 22.66 | 66.09 | 30.41 | 17.86 8.31

10 Ui 1.62 3.06 7.07 14.87 | 41.27 2.13 3 10.14 | 23.59 | 43.75

1 7T 1.03 3.71 7 17.41 | 32.36 7.18 3.65 12.63 | 27.91 | 37.73

angdianiaduuaila 4 1709 1.22 5.25 14.7 17.94 | 33.29 4.09 9.4 17.73 | 20.14 | 32.37

8 7 Tue 5.11 3.89 22.77 | 23.39 | 31.83 4.99 5.95 22.45 | 30.66 | 40.41

12 7 Tu9 7.96 7.87 17.39 | 31.49 | 25.78 | 12.83 9.7 21.57 | 34.24 | 29.63

10 Ui 0.94 2.22 2.17 5.23 4.61 1.04 2.43 7.27 15.01 | 31.94

1 419 2.62 1.71 6.71 6.41 8.45 4.24 1.64 13.47 | 19.26 | 29.73

waatdndianuunila 4 1109 2.49 2.67 7.93 7.66 14.82 4.96 5.44 15 14.42 | 44.35

8 T 6.63 2.44 16.67 | 14.35 | 27.05 | 11.97 8.21 22 25.21 | 44.46

12 F1Tu9 15.34 6.89 24.8 37.21 | 3495 | 17.87 | 12.38 | 29.77 | 40.18 | 37.14

001



A a A o A o =
AT WN V-4 N’dfﬂﬁVlﬂﬁ’f)‘]J‘]Ji$ﬁﬂ‘ﬁﬂ?WUl&i%UUﬂ@uqﬁuﬁlu!ﬂ@uﬂut’ﬂﬂu 1 a.#. 2003

ARdan1ssazasmsnadavuussutaaulailuiaudusneay 1 a.@. 2003 (11u9)

99745 - Tafayanardszananalannaisaianisaluayg
AAaYAIRUTENIANAFY sl
ulaung ahanalsznana - , - —
UM aUITINaNg UMb alszInana

1 8 32 64 128 1 8 32 64 128

10 Ui 1.41 | 3.06 4.81 2.81 7.15 2.43 2.34 6.22 10.97 7.81

1 97109 1.83 | 3.19 7.21 4.86 5.72 6.68 2.7 8.51 26.77 5.57

fiuaatan 4 1709 5.69 | 5.98 5.69 9.52 7.07 9.03 12.91 9.11 19.89 6.97

8 1T 7.77 | 9.66 14.01 20.51 9.29 15.11 14.9 17.78 | 20.51 6.98

12 H7Tu9 9.05 | 9.06 | 10.08 14.71 8.75 15.07 | 15.89 | 13.41 | 14.04 8.76

10 ui 0.17 | 0.35 3.14 10.81 13.02 0.41 1.01 5.54 22.39 | 16.72

1 97 Tu9 0.23 | 0.34 7.02 5.41 18.95 2.06 0.99 7.45 21.57 | 25.66

aWdianiasuuafla 4 %7 Tu9 1.08 | 0.34 3.9 8.6 18.71 1.95 2.73 | 12.31 | 25.98 | 26.07
8 T 1.31 | 3.28 | 12.88 27.69 9.76 2.87 4.28 18.44 | 37.75 | 17.81

12 %7Tu9 2.98 2.5 10.54 15 18.74 5.97 5.73 15.62 22.1 26.42

10 Ui 0.14 | 0.17 0.91 3.65 8.39 0.34 0.45 4.34 14.57 | 15.33

1 97109 0.11 | 0.24 2.51 6.09 5.35 1.71 1.24 4.79 21.67 | 17.31

waaltdnadianuuaila 4 Tu9 0.84 | 0.33 | 2.73 6.14 9.69 1.47 1.85 9.87 | 30.98 | 17.35
8 T 1.38 | 2.38 9.13 24.16 10.26 2.52 4.08 19.85 | 37.52 | 23.74

12 $Tue 3.01 | 2.16 | 12,51 16.51 21.04 5.79 5.32 16.65 | 23.01 | 30.11
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A a A EL A =
AT NN V-5 Waﬂ'lﬁ‘ﬂﬂﬁﬂ‘llﬂﬁgﬁ‘VI‘ﬁﬂ"IWqugﬂﬂﬂﬂullaualumﬂuﬁ]ﬁ'lﬂil 1 a.¢1. 2003

Aadanissazasnisnadavuusutaaulailuiaunaiay i a.A. 2003 (F1u9)

Y9095 . - Tadayanaldszananalannnsaianisal
AdrayaIalszuIanaadv ;
. SIENALS |
ulaung 29IRUTTINANA - , - —
UM alszainana NuUnhalszInaNg

1 8 32 64 128 1 8 32 64 128
10 Ui 0.41 0.49 1.75 6.56 - 0.83 | 1.17 | 2.15 3.06 -

1 g1 0.72 1.21 1.66 5.61 7.21 2.33 1.6 3.05 4.68 7.2

fiuaatan 4 917219 5.14 3.74 2.81 3.79 5.16 5.54 | 4.14 | 3.84 3.44 5.26
8 T Tuy 4.78 2.08 3.59 3.35 - 5.97 | 2.52 3.8 5.06 -

12 7709 3.52 2.44 2.18 4.15 525 | 6.16 | 2.42 | 3.02 3.97 5.25
10 U1 0.22 0.84 2.68 6.79 - 0.17 | 0.88 | 3.45 5.36 -

1 7Tue 0.19 0.74 3.57 9.23 749 | 0.51 | 0.76 | 4.38 10.01 9.94

angdianiaduuaila 4 H7Tu9 0.48 | 1.27 | 5.55 | 6.48 7.1 0.51 | 0.93 | 6.84 8.17 8.28
8 7 Tue 1.02 2.11 3.42 6.34 - 1.43 | 0.98 | 3.98 7.14 -

12 9779 1.19 1.73 3 6.13 5.76 1.21 1.53 | 3.79 7.08 8.75
10 Ui 0.05 0.16 0.92 4.74 - 0.11 | 0.54 | 1.96 4.99 -

1 97109 0.07 0.68 1.35 3.07 7.57 | 0.51 | 0.74 | 2.65 5.71 8.61

waatdndianuunila 4 1109 0.22 0.79 2.63 4.41 842 | 053 | 0.81 | 3.81 5.44 9.63
8 7 Tuv 0.91 | 1.15 | 3.26 | 6.79 - 0.96 | 0.91 | 3.82 6.91 -

12 a9 1.45 1.79 3.81 7.55 6.76 1.13 | 1.56 | 4.44 7.87 8.08

01



A a A o A a =
A1TNN V-6 Nﬁfﬂi“ﬂﬂﬁﬂ‘]Jﬂi%ﬁ'“l/l‘ﬁﬂWW‘UUig‘U‘U@’OullauclulﬂﬂuWi]ﬁfﬂﬂ"lﬂu 1 .91 2003

Aadun1ssazasmsnadauvusrutaaulailuiaunaainieay 1 a.a. 2003 (Tue)

Tafayanaldssuianasiy

Tddayanaldssnanaannnisaianisal

. FENALS
uleung hnalsznana - , - —
AUUMNEUTTINAKA URTZIANA

1 8 32 64 128 1 8 32 64 128
10 wi 2.21 2.82 3.11 2.92 4.58 3.32 3.19 3.21 5.38 10.74
1 g1 5.35 2.33 1.21 5.87 5.44 9.8 2.68 2.34 6.29 7.82
fiuaaan 4 97319 6.57 3.34 4.05 | 10.58 8 8.92 3.73 7.04 | 14.48 | 10.68
8 T Tuy 8.93 5.72 2.61 4.87 6.51 9.67 6.03 3.74 5.92 7.33
12 1709 18.78 | 12.41 | 7.99 6.29 8.09 16.56 | 14.58 | 9.47 5.67 9.41
10 ui 0.85 1.51 2.37 5.02 26.16 0.56 0.95 4.84 7.26 29.08
1 7Tue 1.16 1.72 2.71 | 10.02 | 24.77 0.92 1.68 2.66 | 13.68 | 24.83
angdianiasuuaila 4 1709 1.29 1.99 | 285 | 11.1 19.42 1.83 2.52 | 3.71 | 12.63 | 24.52
8 7 Tue 2.43 3.04 2.74 7.66 21.41 1.56 3.12 4.26 | 11.61 | 24.67
12 9179 4.63 4.32 6.62 | 12.72 14.58 4.74 4.54 7.08 | 12.97 17.01
10 und 0.19 0.29 1.61 2.23 7.24 0.42 0.85 3.69 5.71 24.11
1 97109 0.33 0.36 0.75 3.19 4.43 1.33 1.08 2.33 7.48 10.42
waatandianuuaila 4 1709 0.82 1.3 2.35 5.66 17.54 2.22 1.7 2.05 9.45 17.91
8 1T 1.39 1.64 3.01 6.58 12.74 1.26 1.68 2.28 | 11.72 | 30.27
12 709 3.24 5.14 6.42 | 13.69 | 18.97 3.22 4.61 8.37 | 16.53 | 25.05

€01



A a A EL A @ =
ATNINN U-7 wamsmﬁa‘uﬂszﬁmmwUuizumau"lauiumauﬁmmu 1 .91 2003

Aadan1ssazasnisnadavuuszuuaaulailufaugunan 1 a.a. 2003 (21u9)

Tedayanaidssuanaa’y

Taddayanardssnanaannnisananisal

. S ENALS
uleane 249R1UTTIIANA - , - —
UnalIzINANR WUnlTTINANR

1 8 32 64 128 1 8 32 64 128
10 w1 1.07 | 0.57 | 1.51 1.45 14.53 3.11 2.34 1.91 1.42 20.21
1 g1 1.71 | 0.86 | 2.52 5.99 7.13 5.37 1.24 3.14 | 4.92 10.04
fiuaataw 4 %7 Tu9 2.63 | 1.66 | 1.94 3.61 14.78 8.58 483 | 299 | 4.61 10.19
8 T Tuy 548 | 1.19 | 3.09 2.71 14.43 8.33 2.57 4,81 | 18.38 | 13.43

12 a9 7.75 | 6.24 | 6.3 | 6.41 - 14.91 | 13.94 | 8.33 | 6.18 -
10 Ui 055 | 0.74 | 1.71 3.58 24.53 0.84 2.15 3.57 3.94 27.02
1 7T 0.88 | 0.94 | 2.84 11.36 16.52 1.1 1.33 2.61 8.24 24.76
angdianiaduuaila 4 1709 1.21 | 1.35 | 4.24 9.91 26.61 2.16 1.92 2.1 | 12,97 | 35.8
8 7 Tue 1.9 1.21 | 2.49 10.58 40.21 1.74 2.19 3.52 | 23.55 | 52.54

12 9179 2.87 | 4,55 | 5.66 8.46 - 3.11 5.27 7.99 | 11.97 -
10 Ui 0.12 | 0.24 1.3 1.71 15.77 0.25 0.81 1.64 2.31 17.19
1 419 0.2 0.31 | 2.34 6.81 7.73 0.71 0.72 2.57 6.38 9.46
waatdndianuunila 4 1709 2.1 1.09 | 2.58 6.29 9.55 1.16 1.89 2.55 9.77 18.25
8 7 Tue 1.32 | 0.82 | 2.05 8.45 29.88 1.37 1.37 3.17 | 14.05 | 27.16

12 a9 235 | 3.53 | 6.26 14.02 - 3.15 5.11 8.6 14.06 -

¥01



A a A EL A =
AT NN U-8 Waﬂ'lﬁ‘ﬂﬂﬁﬂ‘llﬂﬁgﬁ‘VI‘ﬁﬂ"IWqugﬂﬂﬂﬂullau1uLQGUMﬂ§1ﬂN 1/ A.#1. 2004

Aadun1ssazasmsnadauuussutaaulailuiauunsau I a.a. 2004 (FHTu9)

99095 . - Taddayanaldsznanalannnsaianisaiuad
AAaYAIRUTLNIANAFY o
ulaung 291UsTINANA - , - —
AUUMNEUTTIIANA CR eV PI FA P RIAL
1 8 32 64 128 1 8 32 64 128
10 w1 4.34 1.77 2.27 3.52 11.52 2.61 6.23 4.52 7.13 11.66
1 g1 3.86 3.46 8.28 2.34 7.2 4.51 4.63 7.68 4.66 9.07
fiuaataw 4 %7 Tu9 4.25 10.36 | 9.05 0.94 1.3 5.95 | 10.64 | 7.18 0 6.25
8 T Tuy 23.57 | 10.59 6.53 1.05 6.89 22.3 11.11 6.95 1.11 13.14
12 97709 17.87 | 11.83 7.5 6.11 14.89 | 24.36 | 12.52 7.99 6.36 17.77
10 Ui 0.32 0.83 4.21 6.69 20.57 1.26 2 7.41 9.56 30.1
1 7T 0.51 1.3 9.96 9.55 18.18 0.31 1.33 11.49 | 12.65 | 36.49
angdianiaduuaila 4 1709 0.34 3.81 12.03 | 0.49 1.64 2.23 428 | 17.81 | 9.37 | 24.36
8 7 Tue 1.74 3.58 7.02 0.56 17.39 2.05 5.57 10.26 3.69 42.08
12 7 Tu9 4.61 3.85 6.41 13.23 | 22.13 6.05 6.65 10.18 | 18.71 | 34.46
10 Ui 0.03 0.21 1.28 2.55 10.09 0.27 0.67 4.98 9.95 14.55
1 97109 0.12 0.64 1.92 5.16 8.52 0.16 0.48 3.86 8.24 10.89
waatdndianuunila 4 1109 0.25 1.54 4.85 0.98 1.3 3.02 1.44 7.8 0 6.97
8 7 Tue 0.81 1.74 4.96 2.06 9.1 1.15 2.11 8.9 5.76 21.34
12 F1Tu9 4.12 2.94 7.28 20.21 | 34.72 2.72 4.11 7.73 16.03 | 30.16

So1



A a A o A o I
A1TWN U-9 wamimﬁauﬂizﬁmmwuuﬁzuueau'lauiumauqmmwma 1 .91 2004

Aadan1ssazasnisnadavuuuscutaaulailuiaunuaiwus @ a.q. 2004 (F21u9)

Tadayanaldszunanaizy

Tddayanatdssnanaannnisaianisaiuag

. o laf
uleng 29a1UTTINANR - , - =
WUnlTTINANR CR eV PIN FA R RIALR

1 8 32 64 128 1 8 32 64 128

10 wi 7.4 7.61 3.81 1.77 16.92 7.11 9.56 5.24 2.39 16.6
1 91w 12.78 | 5.98 2.07 3.67 18.27 8.61 4.72 2.17 3.94 18.26

fiuaatan 4 5711219 8.71 | 571 | 2.61 4.08 1.07 7.65 4.48 3.01 7.8 8.02

8 119 1.47 8.61 5.85 5.21 11 3.75 7.91 4.33 12.54 21
12 709 15.33 | 9.71 3.76 4.84 12.04 | 17.81 | 10.09 4.47 4.76 12.34

10 ui 0.6 1 2.2 6.56 27.09 0.57 1.86 6.28 16.82 46.6
1 g Tue 1.46 1.76 2.24 19.24 | 22.95 1.11 2.52 4.02 20.81 | 28.73
angdianiasuuaila 4 72109 1.32 | 2.03 | 3.51 9.36 14.91 | 2.37 2.45 8.54 | 17.41 | 31.14
8 1119 0.87 2.49 3.34 15.82 | 29.33 2.64 2.96 9.15 23.01 | 36.41
12 T Tae 541 | 51 | 7.83 | 5.38 | 11.38 | 857 | 9.32 | 13.91 | 9.78 | 23.36
10 uA 0.11 0.26 1.75 3.3 16.11 0.28 1.44 4.61 6.21 19.91
1 97109 0.18 0.29 1.08 6.32 20.21 0.4 1.07 3.34 10.25 | 20.54
waatdndianuuaila 4 1109 0.56 0.87 2.65 6.44 8.21 1.29 1.66 8.42 12.17 | 35.23
8 T 0.96 1.85 4.89 10.84 | 26.38 1.32 2.65 9.48 10.9 22.82
12 709 4.36 6.43 | 11.94 9.18 13.96 5.72 7.47 13.56 6.56 15.75

901



A a A o A = =
AT 1NN U-10 wamﬁmﬁauﬂizﬁmmwuuizumau'laucl,um’auumﬂu 1/ f.71. 2004

Aadanissazasmsnadavuussutaaulailudauivian i a.6. 2004 (11u9)

Tadayanaldszunanaizy

Tddayanatdssnanaannnisaianisaiuag

. o laf
uleuneg 29a1UTTINANR - , - —
WUnlTTINANR CR eV PIN FA R RIALR

1 8 32 64 128 1 8 32 64 128

10 wi 2.59 3.93 3.51 4.45 4.99 1.87 5.81 4.28 4.14 5.86
1 91w 4.51 2.62 0.97 544 | 11.84 8.29 15.69 1.32 5.13 12.21
fiuaatan 4 5711219 4.12 6.23 0.89 2.07 | 15.38 5.91 19.21 3.34 1.71 15.63

8 119 4.8 4.22 2.52 - 14.52 8.21 14.68 5.06 - 17

12 709 15.46 | 22.95 9.26 6.7 8.52 18.86 | 29.88 | 13.85 | 10.43 6.47
10 ui 0.77 1.61 3.26 4.89 | 10.67 0.57 2.53 5.29 6.63 11.14
1 g Tue 1.44 3.22 0.82 4,59 | 23.71 1.74 4.67 1.45 13.1 23.33
angdianiasuuaila 4 72109 0.71 3.84 0.91 | 3.42 | 26.33 1.69 8.9 4.73 3.39 | 30.61
8 1119 0.8 1.79 8.38 - 30.81 2.13 3.14 10.92 - 34.46
12 $Tue 2.95 8.39 14.57 6.7 12.92 3.32 9.37 20.91 | 12.34 | 20.85

10 uA 0.33 0.51 1.11 3.32 | 11.09 0.17 2.12 4.45 6.83 7.94
1 919 0.61 1.37 0.55 6.63 | 17.78 0.64 3.11 1.54 5.95 28.44
waatdndianuuaila 4 1109 1.14 1.66 1.04 2.17 | 15.53 0.96 6.91 4.27 3.46 37.68
8 T 2.11 2.08 4.96 - 22.01 1.57 2.02 12.24 - 47.6

12 709 2.81 8.62 21.11 | 11.3 | 17.15 2.61 9.11 25.3 12.34 23.5

LOT
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~ 1 1 ~ 1 4 o 9 a A a =
A1IWN A-1 mmgmﬂmwmmmat’Jmii@iszm’:*‘nﬂﬁ@°u°uu'iszaaw"lauu,a3izuuaeu"lauiﬂﬂclsmmﬂszmawafﬂiﬂumeuuqmﬂu 1 .91,

2003

Aadunssazasmsnadaulaaldiailssnanasazeludausiguirau i a.4. 2003 (F11u9)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR
1 8 32 64 128 1 8 32 64 128
10 uni 1.83 2.54 5.3 5.92 4.09 1.14 2.09 3.51 6.84 4.16
1 97109 5.33 14.44 6.97 4.79 6.87 1.96 8.24 4.5 3.16 8.66
fiuaaan 4 1109 8.54 7.05 16.41 | 8.25 7.31 4.57 7.58 12.4 8.33 3.62
8 1wy 10.92 | 4.09 | 20.77 | 9.37 - 547 | 1.36 | 18.72 | 8.61 -
12 709 30.67 | 39.62 | 21.81 | 9.57 5.15 3.28 32 17.96 8.53 4.41
10 ui 0.84 0.98 8.66 | 19.36| 19.16 2.99 3.94 6.51 13.58 | 16.26
1 9 Tug 1.67 10.55 8.67 | 18.29 | 19.43 2.58 5.86 8.33 15.5 18.52
awdianiaguuafla 4 711219 3.15 4.74 17.31 | 22.17 | 21.23 4.22 4.39 14.76 | 17.11 | 12,94
8 119 0.75 0.41 13.82 | 20.14 - 1.64 2.79 12.81 | 14.45 -
12 709 4.01 3.91 12,99 | 18.84 | 25.38 4.35 5.23 10.54 | 14.22 | 19.88
10 Ui 0.27 0.38 2.07 3.79 8.52 0.32 1.33 1.58 3.88 4.46
1 9 Tug 0.48 2.91 3.39 5.59 | 10.72 0.19 3.43 2.32 4.39 5.5
waatdnafiauuafla 4 %7Tu9 0.69 1.79 10.56 | 7.98 | 9.39 0.49 1.13 7.94 9.12 | 10.43
8 42119 0.34 0.92 10.46 | 10.68 - 0.33 0.81 9.23 8.55 -
12 $Tue 1.47 3.83 17.21 | 30.22 | 27.69 2.53 2.42 14.2 23.14 | 30.87

601



- 1 1 = 1 o L4 9 a A =
ATWN A-2 ﬂ’J"I‘JJLW]ﬂ@l'l\‘]“lll’i]\iﬂ'lmaﬂﬂﬁﬁ’f)i%‘ﬁ’J'Nﬂﬁ‘VI@’d’f)‘]J‘]JL!'i$UﬂﬂﬂwulﬁullﬁgﬁgﬂﬂﬂﬂullﬁujﬂEJGlG]fL’m"I‘]_]in?ﬁwa%ﬁ\‘]ﬁlulﬂﬂuﬂiﬂQWﬂM 1 n.91.

2003

Andanssazasmsnadaulaaldnailssnanaszeludaunsngian i a.4. 2003 (F11u9)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR

1 8 32 64 128 1 8 32 64 128
10 uni 3.86 4.71 13.46 | 14.79 | 9.12 4.21 5.71 10.89 | 13.49 8.11
1 97109 7.38 7.74 27.09 | 20.08 | 6.07 8.13 7.79 12.81 | 10.75 4.83
fiuaaan 4 1109 8.91 9.98 26.52 141.69 | 15.09 | 13.05 | 11.16 | 24.57 | 32.07 | 15.26
8 T 88.75 | 34.22 | 56.23 | 58.91 | 4.26 91.87 | 27.31 55.4 53.26 5.47
12 709 23.79 | 63.72 | 66.39 |54.04 | 19.83 | 20.64 | 58.61 | 66.14 | 40.31 | 19.23
10 ui 0.68 3.02 4,51 | 20.41 | 48.55 1.32 2.61 4.92 21.51 | 44.36
1 9 Tug 2.03 3.59 11.44 | 24.21 | 42.06 2.27 2.73 13.27 | 19.68 | 39.36
andianiaguuafla 4 711219 2.42 4.77 16.31 | 36.68 | 54.58 3.4 4,07 | 10.73 | 33.66 | 48.25
8 119 7.28 20.18 | 32.45 | 40.61 | 49.26 | 12,99 | 19.81 | 23.18 | 38.41 | 46.35
12 709 5.32 18.01 | 29.97 | 49.25 | 59.54 7.31 14.32 | 26.93 | 48.13 | 57.55
10 wi 1.11 2.38 2.99 5.58 7.57 0.62 1.51 2.37 4.3 7.18
1 9 Tug 1.48 2.66 6.38 5.71 8.79 1.59 2.02 4.06 2.84 9.25
waatdnafiauuafla 4 %7Tu9 2.89 3.81 8.73 |16.28| 22.02 | 2.94 2.03 7.43 | 11.48 | 24.2
8 42119 1.61 7.07 24.21 | 34.72 | 47.35 2.97 5.11 27.54 | 32.22 | 49.74
12 $Tue 3.42 9.14 48.87 | 79.89 | 94.52 6.43 10.18 | 43.79 82.4 94.43

011



~ 1 1 = ' 4 o 9 a A a =
M1 1N A-3 ﬂ3111LW]ﬂ@]1Q‘llE]\1ﬂ1LﬂﬁfJfﬂiif]i$1431Qﬂﬁ“VIﬂﬁﬁ]°JJ‘]J‘Ll33Uﬂﬂﬂwqaulla$ﬁgﬂﬂﬂﬂu1au19fJGl“If!,’mTﬂSzll?aWafﬂiﬂum@uﬁﬂﬁWﬂM 1 f.91.

2003

Aadanssazasmsnadautaaldiailssnanaazeludaugovnay i a.4. 2003 (F11u9)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR

1 8 32 64 128 1 8 32 64 128
10 uni 5.73 5.98 445 |11.89| 6.88 4.88 5.18 6.8 11.47 | 10.96
1 519 10.11 11.89 8.38 | 11.15| 9.17 13.17 9.18 6.86 2.58 8.67
fiuaaan 4 1109 25.07 | 32.26 | 17.18 | 7.58 5.92 21.12 | 46.55 | 18.39 8.66 5.82
8 T 57.73 | 41.95 | 33.37 |12.78 | 10.9 44,44 | 26.38 | 37.61 8.41 8.92
12 709 26.29 | 90.64 | 3291 | 15,51 | 7.04 21.66 | 79.11 | 31.87 | 14.32 7.82
10 ui 1.83 3.12 4.47 | 16.56 | 39.78 1.62 3.06 7.07 14.87 | 41.27
1 9 Tug 7.11 4.42 11.33 | 21.39 | 33.77 1.03 3.71 7 17.41 | 32.36
awdianiaguuafla 4 711219 3.04 7.71 19.46 | 23.03 | 36.82 1.22 5.25 14.7 17.94 | 33.29
8 119 3.94 2.66 20.93 | 28.19 | 29.67 5.11 3.89 22.77 | 23.39 | 31.83
12 $7Tu9 8.48 9.51 19.24 | 33.73 | 26.32 7.96 7.87 17.39 | 31.49 | 25.78
10 Ui 0.44 0.39 1.09 4.72 8.88 0.94 2.22 2.17 5.23 4.61
1 9 Tug 1.84 0.62 7.77 9.08 | 10.51 2.62 1.71 6.71 6.41 8.45
waatdnafiauuafla 4 %7Tu9 1.89 2.73 10.43 | 9.01 | 16.64 | 2.49 2.67 7.93 7.66 | 14.82
8 42119 10.21 3.64 18.26 | 21.14 | 33.62 6.63 2.44 16.67 | 14.35 | 27.05
12 $Tue 7.45 10.79 | 29.45 | 42.29 | 43.88 | 15.34 6.89 24.8 37.21 | 34.95

Il



~ 1 1 ~ 1 4 o 9 a A [ =
AT NN A-4 ﬂ'NM!WIﬂﬂN‘U’E)\‘lﬂTLﬂa‘c’Jﬂ"Iﬁi@ﬁgW'JNﬂ1§1/lﬂﬁ@‘]_l‘]J“Llﬁ%‘U‘U’ﬂﬂV‘IHlﬁ'LlLlﬁ$i%ﬂﬂﬂ@uqﬁuiﬂﬂi“]ﬂ?ﬁTﬂﬁ$3J’J?|Nﬁﬁ]§\16lum’t’)uﬂuﬂﬁ]u 1 .41,

2003

Aadanssazasmsnadautaaldiailssnanaazeludaudueeau § a.q6. 2003 (F11u9)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR

1 8 32 64 128 1 8 32 64 128
10 uni 3.48 4.51 4.46 4.05 2.69 1.41 3.06 4.81 2.81 7.15
1 519 5.25 7.11 9.23 1.79 5.21 1.83 3.19 7.21 4.86 5.72
fiuaaan 4 1109 12.05 8.54 6.11 12.59 | 3.95 5.69 5.98 5.69 9.52 7.07
8 T 8.69 12.66 | 11.96 | 25.73 | 10.36 7.77 9.66 14.01 | 20.51 9.29
12 709 14.35 15.63 13.92 | 12.82 | 9.03 9.05 9.06 10.08 | 14.71 8.75
10 ui 0.45 1.62 4,51 15.07 | 14.83 0.17 0.35 3.14 10.81 | 13.02
1 9 Tug 0.29 1.16 7.97 |10.14| 20.17 0.23 0.34 7.02 5.41 18.95
andianiaguuafla 4 711219 1.58 3.07 5.92 9.49 | 16.85 1.08 0.34 3.9 8.6 18.71
8 119 1.94 3.06 12.54 | 32.27 | 16.45 1.31 3.28 12.88 | 27.69 9.76
12 709 2.76 3.34 12.42 | 14.33 | 17.41 2.98 2.5 10.54 15 18.74
10 Ui 0.91 1.38 1.89 5.15 | 10.67 0.14 0.17 0.91 3.65 8.39
1 9 Tug 0.89 1.48 3.11 5.77 7.74 0.11 0.24 2.51 6.09 5.35
waatdnafiauuafla 4 %7Tu9 5.39 2.49 4,08 | 4.79 | 9.49 0.84 0.33 2.73 6.14 9.69
8 T 2.82 3.89 8.69 |23.890| 17.86 1.38 2.38 9.13 24.16 | 10.26
12 $Tue 6.95 6.76 22.03 | 19.71 | 25.74 3.01 2.16 12,51 | 16.51 | 21.04

Cll



~ 1 1 ~ 1 4 o 9 a A =
AMTNN A-5 ﬂ'N?J!WIﬂﬂN‘Uﬂ\‘]ﬂT!ﬂa‘EJﬂ"Iﬁi@ﬁgW'JNﬂ1§Vlﬂﬁ@‘]_l‘]_l1!i$‘U‘U’E)f]‘1/‘]Hlﬁuuﬁ$i$ﬂﬂﬂ®u1ﬁu1ﬂﬂisﬁl3ﬁ1ﬂﬁ$3J’Jﬁwﬁﬁ]§\16lum’t‘)u§]a1ﬂﬂ 1 f.91.

2003

Aadanissazasmsnadautaalaiiailssnanasazeludaunaiau I a.4. 2003 (1)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR
1 8 32 64 128 1 8 32 64 128
10 uni 2.72 2.21 0.98 4.39 - 0.41 0.49 1.75 6.56 -
1 519 4.37 2.71 3.75 5.84 1.82 0.72 1.21 1.66 5.61 7.21
fiuaaan 4 1109 10.92 | 10.96 5.24 3.45 4.45 5.14 3.74 2.81 3.79 5.16
8 1wy 16.27 | 7.64 | 7.76 | 7.28 - 478 | 2.08 | 3.59 | 3.35 -
12 709 17.68 | 10.79 7.46 5.24 0.86 3.52 2.44 2.18 4.15 5.25
10 ui 0.31 1.08 3.43 9.43 - 0.22 0.84 2.68 6.79 -
1 9 Tug 0.71 1.37 5.63 | 13.08 | 11.06 0.19 0.74 3.57 9.23 7.49
awdianiaguuafla 4 711219 1.52 3.41 9.44 13.18 | 15.24 0.48 1.27 5.55 6.48 7.1
8 119 3.81 4.39 8.04 | 19.48 - 1.02 2.11 3.42 6.34 -
12 709 3.93 4.99 7.06 | 12,59 | 8.24 1.19 1.73 3 6.13 5.76
10 Ui 0.28 0.34 1.08 2.89 - 0.05 0.16 0.92 4.74 -
1 9 Tug 0.32 0.81 1.26 3.11 7.08 0.07 0.68 1.35 3.07 7.57
waatdnafiauuafla 4 %7Tu9 1.23 1.67 3.43 | 5.16 | 4.05 0.22 0.79 2.63 4.41 8.42
8 42119 1.88 2.93 4.93 9.09 - 0.91 1.15 3.26 6.79 -
12 979 4,72 4.61 11.06 | 14.87 | 7.97 1.45 1.79 3.81 7.55 6.76
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f1./1. 2003

Aadanissazasmsnadautaaldiailssnanaszeludaunaasinaeau § a.q. 2003 (11u9)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR

1 8 32 64 128 1 8 32 64 128
10 uni 2.46 2.76 2.26 3.42 8.41 2.21 2.82 3.11 2.92 4.58
1 97109 6.15 2.87 3.55 8.49 7.31 5.35 2.33 1.21 5.87 5.44

fiuaaan 4 1109 7.44 4.72 3.41 |12.39| 7.07 6.57 3.34 4.05 10.58 8
8 T 16.81 9.93 4.34 6.44 4.16 8.93 5.72 2.61 4.87 6.51
12 709 21.74 | 16.14 | 14.95 | 9.15 4.35 18.78 | 12.41 7.99 6.29 8.09
10 ui 1.34 2.59 3.93 5.77 | 25.63 0.85 1.51 2.37 5.02 26.16
1 9 Tug 2.17 1.59 483 |12.24| 23.36 1.16 1.72 2.71 10.02 | 24.77
andianiaguuafla 4 711219 2.08 4.74 5.75 |14.95| 19.68 1.29 1.99 2.85 11.1 19.42
8 119 4.19 4.73 7.06 8.19 | 14.67 2.43 3.04 2.74 7.66 21.41
12 $7Tu9 5.97 8.13 10.03 | 14.99 | 16.55 4.63 4.32 6.62 12.72 | 14.58
10 Ui 0.61 1.49 2.72 2.46 7.24 0.19 0.29 1.61 2.23 7.24
1 9 Tug 1.03 1.91 3.41 4.27 | 18.24 0.33 0.36 0.75 3.19 4.43
waadndianuuaila 4 %7Tu9 1.46 2.18 4.11 6.28 | 14.82 | 0.82 1.3 2.35 5.66 | 17.54
8 42119 2.67 3.99 3.52 9.09 | 21.33 1.39 1.64 3.01 6.58 12.74
12 $Tue 8.87 10.53 12.91 | 22.81 | 26.17 3.24 5.14 6.42 13.69 | 18.97
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Andanssazasmsnadautaaldiailssnanaszeludaugunau 1 a.a. 2003 (T Tue)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR

1 8 32 64 128 1 8 32 64 128
10 uni 1.89 1.11 7.27 1.55 | 11.57 1.07 0.57 1.51 1.45 14.53
1 97109 4.62 1.96 4.98 5.99 9.01 1.71 0.86 2.52 5.99 7.13
fiuaaan 4 1109 11.15 4.94 4.09 4.28 8.52 2.63 1.66 1.94 3.61 14.78
8 T 14.16 6.56 6.52 9.66 | 14.19 5.48 1.19 3.09 2.71 14.43

12 709 17.13 12.29 9.61 5.52 - 7.75 6.24 6.3 6.41 -
10 ui 0.74 1.33 2.99 3.36 | 27.93 0.55 0.74 1.71 3.58 24.53
1 9 Tug 1.08 1.23 479 |16.91| 17.86 0.88 0.94 2.84 11.36 | 16.52
andianiaguuafla 4 711219 2.04 4.56 9.02 |11.59 | 22.71 1.21 1.35 4.24 991 | 26.61
8 119 2.97 3.85 7.48 | 11.31| 41.06 1.9 1.21 2.49 10.58 | 40.21

12 709 4.68 6.82 8.77 |12.97 - 2.87 4.55 5.66 8.46 -
10 wi 0.48 0.65 1.12 2.75 10.02 0.12 0.24 1.3 1.71 15.77
1 9 Tug 0.59 1.07 3.49 9.47 | 12.32 0.2 0.31 2.34 6.81 7.73
waadndianuuaila 4 %7Tu9 1.66 1.88 5.09 | 8.84 | 12.93 2.1 1.09 2.58 6.29 9.55
8 42119 2.35 3.51 495 | 14.36 | 33.91 1.32 0.82 2.05 8.45 29.88

12 $Tue 6.61 7.81 15.48 | 23.55 - 2.35 3.53 6.26 14.02 -

SIT
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Aaianissazasmsnadautaaldiailssnanasazeludaunnsau 1 a.a. 2004 (FTu9)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR
1 8 32 64 128 1 8 32 64 128
10 uni 1.86 2.39 8.22 5.81 5.05 4.34 1.77 2.27 3.52 11.52
1 97109 4.54 4.09 8.85 4.21 7.69 3.86 3.46 8.28 2.34 7.2
fiuaaan 4 1109 8.68 12.43 9.25 1.49 7.49 4.25 10.36 9.05 0.94 1.3
8 T 24.44 | 13.27 11.56 | 4.29 7.91 23.57 | 10.59 6.53 1.05 6.89
12 709 21.91 11.72 10.32 | 5.98 | 10.12 | 17.87 | 11.83 7.5 6.11 14.89
10 wd 1.87 2.37 7.49 | 13.59 | 21.47 0.32 0.83 4.21 6.69 20.57
1 9 Tug 2.36 3.28 12.83 | 15.95 | 21.69 0.51 1.3 9.96 9.55 18.18
andianiaguuafla 4 711219 1.55 6.47 14.78 | 3.01 3.47 0.34 3.81 12.03 | 0.49 1.64
8 119 4.54 7.45 11.49 | 8.66 | 20.02 1.74 3.58 7.02 0.56 17.39
12 $7Tu9 6.04 6.68 10.86 | 16.89 | 24.87 4.61 3.85 6.41 13.23 | 22.13
10 Ui 0.22 0.78 3.52 5.17 | 19.13 0.03 0.21 1.28 2.55 10.09
1 9 Tug 0.99 1.66 5.26 7.29 | 16.06 0.12 0.64 1.92 5.16 8.52
waatdnafiauuafla 4 %7Tu9 1.18 5.42 9.13 | 3.82 | 6.31 0.25 1.54 4.85 0.98 1.3
8 42119 4.99 6.15 10.95 | 17.86 | 15.63 0.81 1.74 4.96 2.06 9.1
12 $Tue 12.51 8.81 15.98 | 28.04 | 42.71 4.12 2.94 7.28 20.21 | 34.72
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Aadanssazasmsnadautaaldiailssnanasazeludaununiius © a.q6. 2004 (11u9)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR

1 8 32 64 128 1 8 32 64 128
10 uni 7.26 5.41 7.47 5.45 | 10.97 7.4 7.61 3.81 1.77 16.92
1 97109 20.67 | 11.78 4.67 7.29 4.81 12.78 5.98 2.07 3.67 18.27

fiuaaan 4 1109 14.59 | 12.35 4.76 2.59 0 8.71 5.71 2.61 4.08 1.07

8 T 6.12 10.04 6.13 8.76 9.39 1.47 8.61 5.85 5.21 11
12 709 17.94 | 10.73 6.86 2.19 0.83 15.33 9.71 3.76 4.84 12.04
10 ui 0.91 1.74 4.45 7.09 | 27.01 0.6 1 2.2 6.56 27.09
1 9 Tug 1.71 2.95 493 |16.25| 22.03 1.46 1.76 2.24 19.24 | 22.95
andianiaguuafla 4 711219 2.24 4.05 7.62 |14.17 | 12.47 1.32 2.03 3.51 9.36 | 14.91
8 119 2.17 3.49 6.04 | 18.41| 25.21 0.87 2.49 3.34 15.82 | 29.33
12 709 6.09 5.31 9.67 4.49 11.13 5.41 5.1 7.83 5.38 11.38
10 Ui 1.71 2.96 6.55 3.55 | 22.99 0.11 0.26 1.75 3.3 16.11
1 9 Tug 3.39 3.43 4.47 7.32 | 19.76 0.18 0.29 1.08 6.32 20.21

waatdnafiauuafla 4 %7Tu9 2.39 3.51 8.08 |11.39| 3.99 0.56 0.87 2.65 6.44 8.21
8 42119 0.98 4.26 6.58 | 17.97 | 18.56 0.96 1.85 4.89 10.84 | 26.38
12 $Tue 5.83 5.69 12.47 | 7.29 | 16.89 4.36 6.43 11.94 9.18 13.96

L11
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2004

Andunssazasmsnadaulaaldinailssnanaszeludausivnay 1 a.4. 2004 (11u9)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR

1 8 32 64 128 1 8 32 64 128
10 uni 4.25 4.81 2.96 9.86 | 11.21 2.59 3.93 3.51 4.45 4.99
1 97109 5.52 6.61 2.69 8.99 3.91 4.51 2.62 0.97 5.44 11.84
fiuaaan 4 1109 4.81 8.98 3.57 4.68 4.55 4.12 6.23 0.89 2.07 15.38
8 T 5.54 13.19 7.39 - 14.28 4.8 4.22 2.52 - 14.52
12 709 17.32 | 17.01 9.44 8.87 1.18 15.46 | 22.95 9.26 6.7 8.52
10 ui 0.44 2.58 3.84 |12.29 | 16.89 0.77 1.61 3.26 4.89 10.67
1 9 Tug 2.02 6.22 2.71 |19.92 | 24.38 1.44 3.22 0.82 4.59 23.71
awdianiaguuafla 4 711219 1.94 5.59 3.88 7.37 | 32.87 0.71 3.84 0.91 3.42 26.33
8 119 1.98 2.91 10.83 - 31.47 0.8 1.79 8.38 - 30.81
12 $7Tu9 2.58 7.82 19.38 | 16.68 | 22.52 2.95 8.39 14.57 6.7 12.92
10 Ui 1.07 0.89 1.81 2.84 8.53 0.33 0.51 1.11 3.32 11.09
1 9 Tug 1.65 2.54 1.79 6.02 | 12.66 0.61 1.37 0.55 6.63 17.78
waatdnafiauuafla 4 %7Tu9 1.86 2.76 2.41 | 4.04 | 12.51 1.14 1.66 1.04 2.17 | 15.53
8 42119 2.18 2.09 6.41 - 24.51 2.11 2.08 4.96 - 22.01
12 $Tue 4.13 9.49 18.96 | 15.21 18 2.81 8.62 21.11 11.3 17.15

811
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@ouiigueu 1 a.A. 2003

Aadanissazasmsnadautaaldiiailssnanaannmsaanisaizaselailuiaudauiou § a.a. 2003 (21u9)

syuuaanlau syvuuaau'lau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM aITINaNR
1 8 32 64 128 1 8 32 64 128
10 uni 4.39 4 12.43 | 8.44 5.56 0.91 2.57 10.78 6.76 5.18
1 97109 7.64 13.88 16.18 | 6.12 7.69 3.41 10.88 | 18.98 4.89 6.8
fiuaaan 4 1109 12.04 6.28 19.44 | 9.73 7.26 13.18 3.46 19.96 9.28 10.23
8 T 13.89 9.11 29.79 | 7.76 - 4,75 7.25 29.45 | 10.11 -
12 709 23.42 | 12.57 | 25.18 | 12.71 | 6.11 3.28 15.81 | 21.99 8.2 5.54
10 ui 1.91 0.85 13.81 21 20.84 2.31 3.06 12.03 | 16.43 | 19.77
1 9 Tug 2.54 8.07 13.52 | 17.78 | 20.79 2.51 8 14.43 | 18.99 | 22.95
awdianiaguuafla 4 711219 3.99 3.81 19.91 | 24.81 | 18.68 4.95 3.15 17.3 19.3 20.37
8 119 1.35 2.05 16.32 | 21.41 - 2.16 0.86 15.44 | 17.32 -
12 709 0.14 3.64 14.11 | 22.01 | 26.25 3.28 5.74 11.88 | 16.43 | 24.28
10 Ui 0.93 2.99 11.24 | 9.11 17.48 0.37 0.33 10.79 8.16 12.41
1 9 Tug 1.94 3.23 13.21 | 14.17 | 10.59 1 2.92 9.88 8.41 6.57
waatdnafiauuafla 4 %7Tu9 5.22 1.57 15.92 | 22.74| 22.44 | 2.32 1.71 | 10.44 | 14.46 | 22.33
8 42119 0.11 2.05 21.11 | 22.94 - 0.31 0 15.66 | 15.47 -
12 $Tue 1.41 5.09 21.16 | 35,93 | 43.18 3.28 2.23 13.68 | 26.82 | 34.09
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@ounInNg 1N I .. 2003

Aadanissazasmsnadautaaldiailssananaannasaanisaizaseldluiiaunsngian i a.q. 2003 (F11u9)

syuuaanlau syuuaaulau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM alszInana

1 8 32 64 128 1 8 32 64 128

10 uni 6.96 8.11 32.04 | 22.84 | 9.33 7.61 9.06 30.94 | 22.72 8.64

1 97109 28.17 6.42 23.86 | 26.54 | 5.43 24.49 4.87 18.39 | 18.44 4.11

fiuaaan 4 1109 73.66 | 30.69 | 3295 | 39.51| 17.88 | 65.52 | 29.92 | 42.49 | 46.15 | 13.33

8 T 12494 | 81.01 | 68.16 | 62.57| 5.83 | 117.02 | 70.36 | 58.27 | 62.27 3.61

12 709 45.13 | 107.65 | 68.61 | 46.65 | 20.26 | 33.19 | 90.43 | 69.19 | 35.72 | 17.35

10 wd 2.38 4.12 17.71 | 32.09 | 59.85 4.33 4.19 19.77 | 25.06 | 68.99

1 9 Tug 7.34 3.01 11.91 | 29.16 | 50.91 6.48 3.16 11.63 | 25.03 | 59.07

andianiaguuafla 4 711219 17.87 6.36 20.16 [30.99 | 66.33 | 10.38 | 4.89 | 21.44 | 36.46 | 71.97
8 119 16.01 15.44 | 45.69 |52.81 | 57.17 | 19.01 6.41 46.89 | 51.35 | 60.87

12 $7Tu9 4.18 20.13 | 37.01 | 60.8 | 69.31 | 14.02 | 14.38 40.2 64.63 | 71.79

10 wi 2.15 4.11 20.43 | 22.24 | 25.81 1.76 3.7 23.99 | 22.89 | 33.05

1 9 Tug 4.38 4.01 12.67 | 24.59 | 21.25 5.34 1.6 10.59 | 25.99 | 24.31

waatdnafiauuafla 4 %7Tu9 7.06 4.5 22.96 | 27.45| 74.88 | 5.32 4.3 21.61 | 28.18 | 77.57
8 42119 4.43 12.01 63.8 | 64.36 | 68.71 4.23 6.4 67.06 | 66.26 | 77.65
12 $Tue 3.89 12.58 | 49.27 | 82.22 | 94.92 9 12.12 | 59.36 | 91.91 | 109.25

14!
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Andanssazasmsnadaulaaldiailssnanaannnmsaanmsaizaselailuiiaudomau 1 a.a. 2003 (7 Tue)

syuuaanlau syuuaaulau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM alszInana

1 8 32 64 128 1 8 32 64 128
10 uni 5.74 9.07 10.07 | 12.63 | 7.32 4.12 11.26 | 11.11 | 11.65 | 10.69
1 97109 15.23 6.42 10.66 | 13.19 | 9.73 17.26 9.62 8.87 8.77 8.42
fiuaaan 4 1109 32.37 | 21.12 | 22.91 | 8.88 9.92 27.85 | 27.65 25.9 8.79 7.31
8 T 42.14 | 29.38 | 41.79 | 12.82 | 11.42 | 56.92 | 34.17 | 42.11 9.92 9.15
12 709 23.04 | 69.95 | 33.73 | 20.23 | 7.19 22.66 | 66.09 | 30.41 | 17.86 8.31
10 ui 1.67 3.52 8.06 27.3 | 41.17 2.13 3 10.14 | 23.59 | 43.75
1 9 Tug 3.58 2.78 13.81 | 27.64 | 37.89 7.18 3.65 12.63 | 27.91 | 37.73
awdianiaguuafla 4 711219 5.24 7.58 20.13 | 26.81 | 31.42 4.09 9.4 17.73 | 20.14 | 32.37
8 119 9.94 4.32 24.56 | 35.64 | 38.35 4.99 5.95 22.45 | 30.66 | 40.41
12 $7Tu9 9.43 8.66 21.21 | 37.98 | 29.11 | 12.83 9.7 21.57 | 34.24 | 29.63
10 wi 1.26 3.57 7.41 17.34 | 29.46 1.04 2.43 7.27 15.01 | 31.94
1 9 Tug 3.89 1.61 11.39 | 19.14 | 28.34 4.24 1.64 13.47 | 19.26 | 29.73
waatdnafiauuafla 4 77219 5.18 7.61 15.56 | 15.61 | 44.35 4.96 5.44 15 14.42 | 44.35
8 42119 11.49 6.57 20.89 | 28.62 | 43.88 | 11.97 8.21 22 25.21 | 44.46
12 979 11.72 14.47 | 30.43 | 4191 | 38.74 | 17.87 | 12.38 | 29.77 | 40.18 | 37.14

14!
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@aufUeeU 1 A.a. 2003

Aadanissazasmsnadautaaldiiailssnanaannmsaanisaizassladluiauduaneau 1 a.a. 2003 (7 Tu9)

syuuaanlau syuuaaulau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM alszInana

1 8 32 64 128 1 8 32 64 128
10 uni 2.83 3.06 7.74 9.61 3.19 2.43 2.34 6.22 10.97 7.81
1 97109 9.63 3.71 7.02 |26.61| 6.06 6.68 2.7 8.51 26.77 5.57
fiuaaan 4 1109 7.51 18.87 12.04 | 20.52 | 7.71 9.03 12.91 9.11 19.89 6.97
8 41129 21.27 | 21.49 19.01 | 31.33| 7.45 15.11 14.9 17.78 | 20.51 6.98
12 709 22.75 | 25.62 15.75 | 13.64 | 9.83 15.07 | 15.89 | 13.41 | 14.04 8.76
10 ui 1.11 2.21 6.56 | 20.67 | 17.66 0.41 1.01 5.54 22.39 | 16.72
1 9 Tug 2.05 2.16 8.84 | 18.19 | 25.73 2.06 0.99 7.45 21.57 | 25.66
awdianiaguuafla 4 711219 5.11 4.55 11.33 | 24.71 | 23.21 1.95 2.73 12.31 | 25.98 | 26.07
8 119 4.41 4.47 18.24 | 34.63 | 24.01 2.87 4.28 18.44 | 37.75 | 17.81
12 $7Tu9 5.63 4.98 15.74 | 20.17 | 22.92 5.97 5.73 15.62 22.1 26.42
10 wi 0.5 1 5.86 |22.98 | 17.54 0.34 0.45 4.34 14.57 | 15.33
1 9 Tug 0.89 1.28 7.33 |41.22 | 19.36 1.71 1.24 4.79 21.67 | 17.31
waatdnafiauuafla 4 %7Tu9 2.86 3.31 16.16 | 43.16 | 16.81 1.47 1.85 9.87 | 30.98 | 17.35
8 42119 4.71 5.37 16.45 | 43.54 | 23.61 2.52 4.08 19.85 | 37.52 | 23.74
12 $Tue 7.78 7.28 25.15 | 35.29 | 38.16 5.79 5.32 16.65 | 23.01 | 30.11
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wounaIAy 1 A8, 2003

Aadanissazasmsnadautaaldiailssnanaannasaanisaiuaselailuiiaunaian i a.q. 2003 (11u9)

syuuaanlau syuuaaulau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM alszInana
1 8 32 64 128 1 8 32 64 128
10 uni 3.82 6.52 2.48 4.65 - 0.83 1.17 2.15 3.06 -
1 97109 11.54 4.01 3.53 6.08 2.17 2.33 1.6 3.05 4.68 7.2
fiuaaan 4 1109 13.18 11.8 6.91 4.01 4.37 5.54 4.14 3.84 3.44 5.26
8 T 17.76 8.62 7.49 7.28 - 5.97 2.52 3.8 5.06 -
12 709 18.59 | 10.77 7.95 5.5 1.06 6.16 2.42 3.02 3.97 5.25
10 ui 0.67 2.28 4.75 9.45 - 0.17 0.88 3.45 5.36 -
1 9 Tug 2.31 1.76 6.73 | 12.14| 11.72 0.51 0.76 4.38 10.01 9.94
andianiaguuafla 4 711219 1.71 3.05 13.09 | 13.12 | 15.77 | 0.51 0.93 6.84 8.17 8.28
8 119 3.16 2.91 8.72 | 19.31 - 1.43 0.98 3.98 7.14 -
12 709 3.22 4.1 7.41 1294 | 9.41 1.21 1.53 3.79 7.08 8.75
10 Ui 0.43 1.29 3.22 6.31 - 0.11 0.54 1.96 4.99 -
1 9 Tug 2.36 1.47 3.06 8.73 8.53 0.51 0.74 2.65 5.71 8.61
waatdnafiauuafla 4 %7Tu9 1.78 1.68 7.12 |10.06 | 10.19 | 0.53 0.81 3.81 5.44 9.63
8 42119 1.46 1.94 8.21 |17.52 - 0.96 0.91 3.82 6.91 -
12 $Tue 3.39 4.59 11.1 15.26 | 13.15 1.13 1.56 4.44 7.87 8.08
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woungAIMeu 1 a.4. 2003

Aadanissazasmsnadauaaldiiailssnanaannasaanisaizaseldluiaunaainieu 1 a.@. 2003 (7 Tue)

syuuaanlau syuuaaulau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM alszInana

1 8 32 64 128 1 8 32 64 128
10 uni 4.49 5.46 5.95 458 | 12.11 3.32 3.19 3.21 5.38 10.74
1 97109 14.36 4.84 4.67 5.88 7.51 9.8 2.68 2.34 6.29 7.82
fiuaaan 4 1109 14.86 | 11.36 6.64 | 16.11| 6.71 8.92 3.73 7.04 14.48 | 10.68
8 T 17.16 | 10.88 5.61 9.05 4.94 9.67 6.03 3.74 5.92 7.33
12 709 25.75 17.67 15.78 | 10.01 | 4.72 16.56 | 14.58 9.47 5.67 9.41
10 ui 1.39 2.96 7.09 |11.04| 34.75 0.56 0.95 4.84 7.26 29.08
1 9 Tug 3.17 3.92 8.24 | 16.26 | 25.02 0.92 1.68 2.66 13.68 | 24.83
awdianiaguuafla 4 711219 3.36 5.72 6.67 | 14.77 | 29.21 1.83 2.52 3.71 12.63 | 24.52
8 119 3.19 4.52 7.16 | 13.51| 21.21 1.56 3.12 4.26 11.61 | 24.67
12 709 5.22 8.49 9.92 17.47 | 20.39 4.74 4.54 7.08 12.97 | 17.01
10 Ui 1.03 2.55 9.46 6.9 27.41 0.42 0.85 3.69 5.71 24.11
1 9 Tug 2.23 2.92 5.5 10.56 | 19.8 1.33 1.08 2.33 7.48 10.42
waatdnafiauuafla 4 %7Tu9 4.13 5.44 7.57 | 15.09 | 15.7 2.22 1.7 2.05 945 | 17.91
8 42119 2.25 4.71 7.18 | 18.74 | 32.68 1.26 1.68 2.28 11.72 | 30.27
12 $Tue 8.19 12.2 14.22 | 20.88 | 30.9 3.22 4.61 8.37 16.53 | 25.05
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@aUsUAN A A.8. 2003

Aadanssazasmsnadautaaldiailssnanaannmsaanisaizaseldluiaugunau 1 a.a. 2003 (7 Tue)

syuuaanlau syuuaaulau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM alszInana

1 8 32 64 128 1 8 32 64 128
10 uni 3.57 3.84 8.59 2.66 | 12.25 3.11 2.34 1.91 1.42 20.21
1 9 8.38 | 3.06 | 6.09 | 632 | 947 | 537 | 1.24 | 3.14 | 4.92 | 10.04
fiuaaan 4 1109 14.74 6.11 4.83 6.02 | 11.82 8.58 4.83 2.99 4.61 10.19
8 T 13.75 5.98 7.82 |13.08| 13.7 8.33 2.57 4.81 18.38 | 13.43

12 709 18.74 | 13.85 11.15 | 6.18 - 14.91 | 13.94 8.33 6.18 -
10 ui 0.99 2.41 3.73 9.76 | 14.66 0.84 2.15 3.57 3.94 27.02
1 9 Tug 1.91 1.59 4,74 | 15.39 | 21.78 1.1 1.33 2.61 8.24 24.76
andianiaguuafla 4 711219 3.68 4.88 5.61 |13.14 | 24.24 2.16 1.92 2.1 12,97 | 35.8
8 119 3.81 4.61 9.25 | 14.76 | 35.34 1.74 2.19 3.52 23.55 | 52.54

12 $7Tu9 6.88 8.83 13.05 | 14.79 - 3.11 5.27 7.99 11.97 -
10 wi 1.21 2.37 5.57 5.33 11.84 0.25 0.81 1.64 2.31 17.19
1 9 Tug 1.71 1.55 3.98 8.94 | 16.06 0.71 0.72 2.57 6.38 9.46
waatdnafiauuafla 4 %7Tu9 2.96 3.27 4,69 |13.36 | 18.83 1.16 1.89 2.55 9.77 | 18.25
8 42119 2.46 3.42 8.84 | 14.73 | 20.99 1.37 1.37 3.17 14.05 | 27.16

12 979 7.01 9.58 14.73 | 19.39 - 3.15 5.11 8.6 14.06 -

9Cl1
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@aUUNIIAN 1 A.91. 2004

Aadanissazasmsnadautaaldiiailssnanaannasaianisaizadeladludaunnsau 1 a.a. 2004 (7 Tu9)

syuuaanlau syuuaaulau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM alszInana

1 8 32 64 128 1 8 32 64 128
10 uni 4 8.94 8.22 7.76 6.58 2.61 6.23 4.52 7.13 11.66
1 97109 7.36 4.27 9.43 3.63 | 10.66 4.51 4.63 7.68 4.66 9.07
fiuaaan 4 1109 10.69 | 15.04 10.3 1.84 | 12.81 5.95 10.64 7.18 0 6.25
8 T 22.18 15.91 13.52 | 4.86 8.91 22.3 11.11 6.95 1.11 13.14
12 709 24.13 12.83 11.18 | 6.14 | 10.19 | 24.36 | 12.52 7.99 6.36 17.77
10 ui 1.98 4.49 9.19 |17.94 | 26.06 1.26 2 7.41 9.56 30.1
1 9 Tug 3.65 4.64 13.42 | 19.08 | 26.4 0.31 1.33 11.49 | 12.65 | 36.49
awdianiaguuafla 4 711219 3.55 5.72 19.49 | 7.21 9.39 2.23 4.28 17.81 9.37 24.36
8 119 4.31 7.58 14.81 | 11.99 | 25.81 2.05 5.57 10.26 3.69 42.08
12 709 6.71 8.56 13.71 | 18.61 | 27.7 6.05 6.65 10.18 | 18.71 | 34.46
10 wi 0.75 2.87 7.71 12.61 | 19.44 0.27 0.67 4.98 9.95 14.55
1 9 Tug 1.29 1.88 7.97 |11.43| 24.71 0.16 0.48 3.86 8.24 10.89
waadndianuuaila 4 %7Tu9 2.96 4.86 12.66 4 3449 | 3.02 1.44 7.8 0 6.97
8 42119 4.21 6.29 15.55 | 15.48 | 42.65 1.15 2.11 8.9 5.76 21.34
12 $Tue 8.57 10.81 15.94 | 20.19 | 39.41 2.72 4.11 7.73 16.03 | 30.16
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syuuaanlau syuuaaulau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM alszInana

1 8 32 64 128 1 8 32 64 128

10 uni 6.44 6.97 9.21 6.09 | 12.98 7.11 9.56 5.24 2.39 16.6
1 97109 16.11 9.77 6.08 | 10.21 | 4.86 8.61 4.72 2.17 3.94 18.26

fiuaaan 4 1109 16.35 13.53 6.27 5.92 | 10.53 7.65 4.48 3.01 7.8 8.02

8 T 9.49 13.07 10.66 7.6 12.13 3.75 7.91 4.33 12.54 21
12 709 21.47 | 13.82 10.46 | 2.19 1.13 17.81 | 10.09 4.47 4.76 12.34

10 ui 1.04 3.37 6.73 | 10.34 | 32.54 0.57 1.86 6.28 16.82 46.6
1 9 Tug 2.16 2.9 6.85 | 24.38 | 27.14 1.11 2.52 4.02 20.81 | 28.73
awdianiaguuafla 4 711219 3.29 4.05 11.19 | 22.17 | 27.62 2.37 2.45 8.54 17.41 | 31.14
8 119 2.51 4.76 9,51 | 21.44| 29.63 2.64 2.96 9.15 23.01 | 36.41
12 709 6.82 7.58 15.49 | 7.46 | 14.88 8.57 9.32 13.91 9.78 23.36
10 Ui 0.71 3.12 6.51 7.23 | 18.38 0.28 1.44 4.61 6.21 19.91
1 9 Tug 1.46 2.94 5.91 8.69 | 22.76 0.4 1.07 3.34 10.25 | 20.54
waatdnafiauuafla 4 77219 2.26 3.27 14.59 | 14.18 | 26.22 1.29 1.66 8.42 12.17 | 35.23
8 42119 2.19 5.35 10.72 | 16.04 | 33.46 1.32 2.65 9.48 10.9 22.82
12 979 7.73 8.98 17.74 | 9.02 16.87 5.72 7.47 13.56 6.56 15.75

8C1
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@ouuNIIAN 1 A.61. 2004

Andunssazasmsnadaulaalanailsznanaannnisaianmisaizasslailuiiauiuian 1 a.a. 2004 (321u9)

syuuaanlau syuuaaulau
ulaune 1IN AUTTIIRKA - , - ,
numhalszainana UM alszInana

1 8 32 64 128 1 8 32 64 128

10 uni 3.95 6.76 6.13 8.86 | 11.21 1.87 5.81 4.28 4.14 5.86
1 97109 8.08 8.16 5.68 4.26 4.53 8.29 15.69 1.32 5.13 12.21
fiuaaan 4 1109 11.38 | 13.97 4.98 4.81 5.02 5.91 19.21 3.34 1.71 15.63

8 T 7.41 7.61 7.55 - 16.28 8.21 14.68 5.06 - 17

12 709 18.16 | 19.61 9.93 5.12 6.77 18.86 | 29.88 | 13.85 | 10.43 6.47
10 ui 0.43 2.59 8.88 9.74 | 18.39 0.57 2.53 5.29 6.63 11.14
1 9 Tug 2.41 8.44 3.56 | 19.15| 34.41 1.74 4.67 1.45 13.1 23.33
andianiaguuafla 4 %79 3.59 8.59 8.71 | 7.38 | 42.86 | 1.69 8.9 4.73 3.39 | 30.61
8 119 3.83 6.5 13.26 - 42.09 2.13 3.14 10.92 - 34.46
12 709 4.93 12.27 | 30.25 | 22.58 | 28.29 3.32 9.37 20.91 | 12.34 | 20.85

10 Ui 0.15 2.06 10.5 | 21.72 | 12.98 0.17 2.12 4.45 6.83 7.94
1 9 Tug 1.37 5.68 3.07 |13.65| 33.48 0.64 3.11 1.54 5.95 28.44
waatdnafiauuafla 4 %7Tu9 2.86 8.1 6.35 | 8.01 | 42.84 | 0.96 6.91 4.27 3.46 | 37.68
8 42119 1.54 4.54 17.7 - 44.37 1.57 2.02 12.24 - 47.6

12 $Tue 4.08 13.4 31.18 | 25.31 | 22.47 2.61 9.11 25.3 12.34 23.5
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Evaluating a Two Dimensional Box Packing
Algorithm on Batch Processing Cluster Job
Scheduling Problem

P Yong}"ingprasert]
Department of Computer Engineering, Faculty of Engineering, Prince of Songkla University,
Hat Ta1, Songkhla 90112, Thailand
E-mail: 3310120019 @email psu.ac.th’, vsangsuri@coe psu.ac. th”

Absract—A batch processing cluster job scheduling problem can
be viewed as a problem of paclding a set of two dimension boxes
into a large rectangular container. Each job can be viewed as a
box. The job runtime can be viewed as the height of the box while
the job processor requirement can be viewed as the width of the
box. Thiz work aims to apply a two dimensional box packing
algorithm on batch processing cluster job scheduling problems.
All experiments are condocted using an event-driven simmlater.
A real job frace collected from the computer center is msed as the
simulator imput. The experimental resmlfs show that the two
dimensional box paclking algorithm favers large jobs in terms of
the nomber of processors.

Eeywords-backfilling; stip packing; bomom lgft fill; priorigy;
parallel compurer

L INTRODUCTION

The wuses of parallel computer systems in research
commercial or education have mecreased recently such as a
weather forecast system, a forecast system for stock exchanze
[1]. a power control system design [2], a2 dmg design and
testing [3], and mdustal designs [4]. Under a typical batch
processing cluster parallel computer system, the jobs must be
submutted to the system with the job’s information such as the
job requested number of processors and the job requested
muntime mformation. Several systems may require extra
information such as the memory usage. The information wall
be used by the scheduler m order to decide which job will be
executed on the available resowrces. The scheduling decision
1z based on thres parts. The first part 1= the job reqmrement;
the second part is the available resowrces and the last part is
the scheduling pohicy. The scheduling policy 15 pre-defined by
the system adoumistraters. The most common parallel
computer job schedulmg polimies for a batch processing
cluster system [5] [6] [7] [8] 15 non-preemptive meaning all
jobs wll be executed and the jobs cannot be stopped once they
are started unless the owners cancel their jobs. Figure 1 shows
the overview of the parallel computer job scheduling problem
in this work.

By asmipming a parallel job to a set of available resources,
the parallel computer job scheduling problem can be viewed
as a two dimensional box packing problem That 15, each
parallel computer job can be viewed as a box with the job
requested muntime as the height of the box while the job
required processors as the wadth of the box and the total
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available system resources are the large container. Therefors,
the box packing algonthms should be able to apply on the job
scheduling problem. Thus, this work aims to evaluate a two-
dimensional box packing algonthm on batch processing
cluster parallel computer job schedubing problems. The
remaming of this paper 15 orgamzed as follow. Section II
provides the reviews on parallel computer job schaduling
pelicies and box packing algonthms. Section III desenbes the
expenimentz]l settmgs., while Section IV prowvides the
experimental results and diseussions. Lastly, Section V zives
the conclusion.

O LITERATURE REVIEEWS

This section provides the theoretical background on parallel
computer job scheduling policies (Section A) and two
dimensional box packing algonithms (Section B).

A Parallel Computer Job Scheduling Policies

A batch processing chuster job scheduling policy can be
classified as preemptive or non-preemptive. The non-
presmptive policy 15 easier to implement and to manage than a
preenpfive policy. Since the user must provide the job
resowrce requirement duwnng the job submussion process, the
job scheduling policy typically uses the job mformation in the
decision mzking process. The most common non-presmpiive
paralle]l computer job scheduling poliey 15 a pnionty
backfilling policy. Under this policy, each job will be assizned
a prionity value. Typical prionty value can be the job walting
time, the job slowdown, and the owner priority. When a sat of
resouwrces becomes available, all the waitmg jobs are sorted
according to their priority. The scheduler considers jobs to be
executed on the available resowrces according te the sorted
order. If the highest prionty job camnot be executed on the
available resowrce becanse the job requires more resowrces, the
job will be grven a reservation time. The reservation tme 15
the earliest ime that enough resources will be available for the
job to start its execution. Then the lower prionity jobs can be
backfilled on the available resowrces as long as their
sxecutions will not delay the previously defined reservation
[9]. One major requirement of the backfill policy i1s the
knowledze of the job information

The most commen prionty backfill policy is Fist-Come-
First-Serve-backfillmg (FCFS-backfill) [9]. Under thiz policy,
the waiting jobs are sorted according to the cwrent job walting
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time. This policy favours the oldest job. Thus, the jobs pnonty
will be inereased according to the time that the jobs ame
walhng in the waiting queue. Since the mntime information iz
known to be macewate [10], FCE5-backfill policy can suffer
from inaccurate nmtme mformation. Under the traditional
first-come-first-serve (FCFS) policy without the backfilling
technique, the low pronty job cannot be backfilled on the
available resources. Thus, the traditional FCFS pelicy suffers
from the performance problem spectfically, the low system
utilization.

Other than the FCFS prionty, there are other vanatons of
pronty such as largest slowdown fust (LXF). Under this
policy, the jobs are sorted accordmg to the jobs slowdowm
values. The job slowdown value 15 the ratio of the summation
of the job waitmg tme and the job mntime to the job mntme_
Thus, the short jobs will kave the higher prionity than the long
jobs under the LXF priority. Thus, the L¥F-backfill policy
favours short jobs. However, some long jobs may suffer a long
walting timse. Simalar to other pnority backfill policy, the job
runfime mformation is usually inacowate which can affect the
performance.

In thas work, both FCFS-backfill and LXF-backfill policies
will be used for companson purposes. Smee each poliey
favours different sets of jobs, the two policies can be used as a
baseline performance to show the true performance of the
proposed policies,

Submout jobs
;; Tob %
/4 anive E Jab
v Job
Time----#
Tob Cwrent fime
Tob %iected Azzign jobs
Wi Quene

Fiz. 1 Parallel computer job scheduling model
B, Box Packing Algorithm

The two-dimensional box packing problem 1z a problem of
packing a set of two-dimensional rectangular boxes into a
large rectangular container The main ohjective of such
problems 1s fo minimgze the waste space. Box packing
problems can be founded 1n many mdustmes [11] such as
muror factory, wood factory, column distnbute in newspaper,
and stock poods in warehouse. Two dimensional box packing
alzorithes can be classified into bin-packing and stip packing.
In this work, the ship packing 1z the mamn focus because its
characteristic 15 simular to a batch processmg cluster parallel
computer job scheduling problam.

Under 2 smp packing scheme, the objective 1s to pack a set
of different size rectangular boxes mto a large container that
has limited width and unlimited height by mimmizing the
keight of the larze container. The strip packing algonthms can
be further classified into two schemes meluding level and non-
level packing. Under a level strip packing scheme, a new box
can be packed at the cwrent level if there 15 enough space for
it. If there 15 no space for the new box then the box must be
packed at a new level. However, this scheme produces a lot of
waste space thus it is not suitable for our job schedulng
problem.

Under 2 non-level stip packing scheme, a box can be
packed anywhere as long as it does not overlap with the
previously packed boxed. An example of pon-level stip
packing alzonthms 15 Bottom Left (BL) which wnll pack a box
to the right top of the container; the box 15 pushed down; then
the box 1= pushed to the laft as much as possible. Under thes
algorithm, each box 15 sorted according to thew sizes from
larze zize to small size Thus, 2 larze box has a higher pronty
than a small box. However, the BL algonthm can suffer from
the gzap created from the sarher packed boxes as shown

Figure 2a

{z) Bottom Left (BL)

o
S

(k) Bettem Left Fill (BLF)

Fiz 2 Bottom Leaft and Bottom Left Fill Companson

Anpther vanation of BL algonthm 15 Bottom Lefi Fill (BLF)
which uzes BL algonthm however the BLF algonthm can
solve the problem observed under the BL algonithm. Thus, the
BLF can pack a box imto the gap of the contaimer. For
clanficaton purpose, Figure 2 shows the difference between
BL and BLF packing algerithms when there 15 a box wailting
to be packed m the container. Figure 2a shows the rezult of BL
algorithm while Figure 2b shows the result of BLF algonthm.
According to Fizure 2a, a box is pushed from the top right of
the contaner then 1t 15 pushed down and 1f 15 pushed to the left
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as mmch as possible. According to Figure 2b, a box 15 pushed
from the top nght of the confamer sumlar fo the BL algonthm.
However, the box can be packed into the zap of the container
if the gzap 1s large enough. This case is not possible under the
BL algorithm Thus, the gap filing in the BLF algonthm is
similar to the backfilling techmique under the parallel
computer job scheduling algonthm. Thus, this work selects the
BLF algorithm to be applied on the job scheduling problem.

Mmimize height
¥
Height
Width
(a2} Stip packing scheme
Times
T Height
i
i
: Mimimize &
Processors E K/
1
i
Width g
f
(&} Parallel computer job scheduling scheme

Fig. 3 Stip packing and job scheduling scheme

III. EXPERMMENTAL SETTINGS
Thes sechon presents the expenmental settings in this work.
The adapted BLF for parallel computer job scheduling
problem is presented in Section A Section B desembes the
simulater and workload while Section € explains the
performance measurement in this work.

A. Adapted Bottom Left Fill Algorithm

There ave three fundamental differences between the box
packing problems and the job scheduling problems. Fost
difference 15 the rotation. That is, each box can be rotated to
be packed into the container under a two-dimensional box
packing algorthm Under the job schedulng problem,
bowever, the job cannet be rofated. Thus, the mntime is m one
dmmension and the number of processors 15 in amother
dmmension. The second difference 1s the on-line scheme versus
the off-line scheme. That is. the box packing algonthms are
uwsually off-line meaning that information of all boxes to be
packed will be available to the packer before the packinz
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process starts. The job scheduling problem, however, is
usuzally on-line meaning the mformation of the jobs are not
known ahead of time The jobs will show up when the users
submuit thew jobs to the system. Thus, the scheduler does not
know any job mformation in advance. The third diffsrence 15
that the job mmtime information is wsually inaccurate. Since
the information is provided by the user dunng the job
submission process. The users are usually estimatimg the job
rumtime information of thewr jobs. Under the box packing
problem, however, the size of the box 15 usually accurate.

To overcome the rotaton problem a lmmtation must be
placed on two dimensional stnp packing algorithm such that a
box cannot be rotated. Figure 3 shows the concept of the
adapted BLF algorithm to be used. Figure 3a shows a stip
packing scheme where the width of the container can be
viewed as the mumber of available processors. The height of
the container can be viewed as the tme Then Figure 3a 13
rotated 907 clockwise. The result is now Figure 3b. Thus, a
two dimensional box strip packing algonithm can be applied
on a job scheduhng problem.

To evaluate the full potential of applying 2 two dimensional
strip packing algorithm on the job scheduling problem an off-
line version iz also evalusted That 13, a2 stp packing
algorithm is applied on =ach day to schedule 2 sat of jobs
armved a day earlier. This way, all job information 15 available
to the scheduler in advance. MNext, an online version of the
proposed policy will be evaluated against the two backfilling
pobicies 1e, FCFS-backfill policy and LNF-backfill policy.
Both the acowrate muntime information and the user esimate
nmfime information are used to evaluate the policies m order
to study the mpact of iInacewrate information on the proposed
pobey.

B. Simulator and workload

All polictes are evaluated using an event-dnven simmlator
developed 1 previous work [12]. A ten monthly job trace
collected from a2 real parallel computer system with 128
avallable processors 15 used as the input to the simulator. The
job trace 15 collected dumg June 2003 to March 2004. The job
runtime 15 himited to 12 hours dwing the first six months and
the limit 15 mereased to 24 howrs for the last four months. The
job characteristics are grouped into five types. The first fype
contams the jobs that request 1 processor. The second fype
contams the jobs that request 2 to § processors. The third type
contams the jobs that request 9 to 32 processers. The fowth
fype contains the jobs that request 33 4o 64 processors. The
fifth type contains the jobs that request 65 to 128 processors.
Table 1 shows the charactenstics of type 1 fo type 3 jobs.
Table 2 shows the characteristics of type 4 and type 5 jobs.
The job charactenstics shown in both tables include the
demand (in node-hour), the average job nmtme (avgT). the
average job size in node-howr (avglT), and the pumber of
Jobs (7).

Accordimg to the type 1 jobs shown m Table 1, majonty of
jobs in most months requires a few numbers of processors
sxcept fune and Fuly. Jobs m Januwary have the longest mmtmes
on average. For type 2 jobs shown in Table 1, a large portion
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of jobs in June, October, February and March is in this tvpe.
The mntme of jobs i December and January are longer than
that of jobs in other months. For type 3 jobs shown m Takle 1,
the large job size 1s observed m June and March.

Table | Small job charactenstics

JobType P=1

Month Diemand Avg T Avg NT =
603 212.8264 0.3622 0.36226 586
7103 438.745 1.1922 118224 368
803 1261678 0.52538 0.52538 2402
903 2055923 1.15826 1.15826 1775
10/03 3169.087 142047 2231
1103 5334.34 2.57822 2
12/03 T818.816 3.46425 2257
1704 8344.202 6.78397 1230
2704 5062.304 2.89109 1751
304 2003685 1.00586 19493

JobType 1=p==§

Month Diemand Aveg T Avg NT =
603 1833977 0.38076 1.76343 1040
7103 3666.41 1.27904 7.60666 482
803 3226.353 377
903 3572.658 692
10/03 12363.467 1455
1103 6049.034 9352
12/03 10508.99 802
1/04 12381.74 72
204 18866.98 1838
304 14761.16 1075

JobType

Month Diemand =
603 45655.37 418
703 199773 205
803 30521.54 307
@03 29310.25 457
10/03 28762.946 380
1103 15261.47 267
12/03 20113.25 337
1/04 24470 .56 861
204 15716.84 283
304 380471 282

For type 4 jobs shown in Table 2, the hughest demand of
flus job fype 15 m December. For fype 5, the lnghest demand
of thiz job tyvpe iz in July. Furthermore, the portion of larze
Jobs i July i1s the highest among all ten months. Thus, ths set
of workload shows several characteristics of job mix types.
This work uses this set of jobs as the input to the simulator in
order to evaluate the performance of the proposed policy on
several different workload characteristics.

Both the on-line and off-line versions of the adapted bottom
left fill algorithm will be evaluated in this work. Under the
off-ine wversion, the scheduler has the correct and full
information of the jobs amived the day before. Under the on-
line version, the scheduler does not have any mformaton of
the jobs. The scheduler will know the job information when
the job amwes zmmlar to the real scenanos. The job
information in this study consists of the accwate information
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which iz the actual job runtime from the job trace and the
mmacewate mformation whick 15 the user estmated job mmtme
information. Thus, there are four combinations of experiments
including off-line accurate job information, off-line maccwate
job mformation, on-line accurate job information and on-line
inacewate job information. Please note that the off-line
setfings are not realistic under job scheduling schemes, they
are included here for the performance evaluation pwposes
only. The performance of the proposed policy will be
evaluated against the performances of FCFS-backfill and
LXF-backfill policies.

Table 2 Large job charactersites

TobType 3I<P=04
Month Demand Avg T AvgNT 7
603 16416.64 3.66717 205.208 a0
703 18042.57 2.56392 154.21 117
803 13540.63 3.86261 59
2/03 8203.072 3.91703 35
10103 16312.01 4.7641 66
1103 2484002 3.8015 12
1203 28156.87 24
1/04 1187439 54
2104 5325.321 L5 66
304 4404.321 1.42331 72847 57
TobType §4=P==128
Month Avg T AvgNT il
603 1.24656 165.684 L
7/03 3.17783 300.628 138
803 3.71404 355.169 76
2/03 2191173 236.008 28
10603 5.29957 412554 17
11/03 592785 538.34 20
1203 1.53361 138.003 3l
1/04 382656 322.15 30
2104 10765.62 423890 347.278 31
304 11351.79 2.24327 189.194 60

C. Measurement

The simmlator will werk on each of the ten months and the
monthly performances of each policy are measwred To be
realistic, the jobs from the previous meonth will be pre-load to
the simulator and the jobs from the later month will continue
to amive wuntl all jobs from the measured month are scheduled.
The pre-load process 15 called the warm-up penod while the
contmuing armval of jobs from the pext month 1s called the
warm-down penod.

The main measwrement in this work 15 average wait time.
To show the potential performance of the propozed policy on
each job fypes. The performance measwement is grouped
according to each job type. Each job will be classified as ons
of the 2§ groups according to the job's runtime and requested
mumber of processors. The requested number of processors s
classified info 5 groups including | processer, 2 to 8
procassors, 9 to 32 processors, 33 to 64 processors and 65-128
processors. The job runtime s also classified info 5 groups
mcledimg 1 to 10 mumutes, 11 mmutes to 1 hour, longer than 1
beour to 4 hours, longer than 4 kowrs to § howrs and longer than
§ hours.
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IV. EXPERIMENT RESULTS

All expenimental results are presented n this sechon
Section A shows the performance of the proposed policy
under off-line seenanes. Section B shows the performance of
the proposed policy under on-line scenanos. The impact of
mmaccwrate runfime information on the performances under
each sething is also presented.

A Offline scenarios

Fizure 4 presents the performances of all three policies on
Tuly 2003 workload under off-lme scenane. Figure 4(z)-(c)
prasent the average wait (in hours) performance of BLF,
FCFS-backfill and L¥F-backfill policy, respectively. This set
of performances is observed when the scheduler uses accurate
job muntime mformation to make its scheduling decisions.
Figwe 4(d}-(fi present the aversge wait (in howrs)
performance of BLF, FCFS-backfill and LXF-backfill policy,
respectively. However, this set of performances 15 observed
when the scheduler uses maceowate job mntime information.

According teo the experimental results show in Figure 4(z),
the proposed policy favors larpe jobs and short jobs at the
expenses of the long jobs. On the other hand, FCFS-backfill
policy (shown m Fipwre 4(b)) favers small jobs at the
expenzes of large jobs even though the large job may be very
short. The LEF-backfill poliey (shown in Figure 4(c)) favors
small size jobs at the expenses of larger size jobs. The worst
average wart iime 15 observed under L¥F-backfill policy on
the large and long job class. The overall aversge wailt (in
bowrs) performance of the BLF alzonthm (23.7k) 15 shghtly
worse than that of FCF5S-backfill (39.5h) but it iz better than
that of LEF-backfill (949h) under accurate munhme
information.

According to the averaze wait (in hours) performances
shown in Figure 4(d}-(f), the performances of all three policies
are degrading under the inaccurate runbme informaton
However, the performance trend i1s simular to that observed
under accurate runtme information. Except that the overall
performance of BLF algornthm (124 9h) 1= now worse than
that of L3F-backfill (94.4k) because later jobs are packed at
the same scheduling decision under the off-line scheme. Thus,
the later jobs are packed or backfillad according to the
maccuwrate mntime information as well Therefore, the worst
performance job 15 suffered from the mwsleading runfime
information of jobs already packed.

Even though camly the performances under July 2003 are
presented 1n thiz work, the conclusion drawn bere 15 vahid for
all ten menths. However, July 2003 shows the largest
performance differences because the number of jobs in each of
the five job types descnbed in Section III i similar. The
dismbution of jobs in each of the five types 1n other month 15
not quite even. Thus, the performance differsnces do not as
clear as that presented m July 2003
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Fig. 4 Performances under Off-line scenarios on July 2003

B On-line scenarios

To be realistic, the results of zll policies under on-line
scenario are presenfed in this section. Figure 5 shows the
performances of all three policies on July 2003 workload
under on-line scemano. Figure 5(z)-{c) present the average
wait (in hours) performance of BLF, FCFS-backfill and LXF-
backfill policy, respectively. This set of performances is
observed when the scheduler uses accwrate job mmhmes
information to make its scheduling decisions. Figure 5(d)-(f)
present the average wait (in howrs) performance of BLF,
FCFS-backfill and LXF-backfill policy respectively. However,
thiz set of performances 15 observed when the schedulsr uses
inaccwate job runtime mfcrmation.

Accordng to the results shown in Figuwre 5(z)-(c). the
performances of all three polhicies under on-line scenanos have
similar trend with those observed under off-line scenarios
(Figure 5{a)-(c)). That 15, the BLF algonthm tends te favars
large jobs over small jobs. For the same size jobs, however,
BLF alzonthm tends to faver short jobs over long jobs. FCF5S-
backfill policy favers small jobs. Mo matter how long the jobs
are, FCF5-backfill policy stll favors small jobs over the short
and large jobs. L3F-backfill policy, on the other hand, favors
small and shert jobs over the large and long jobs. The overzll
average wart performance of FCFS-backfill policy (57.5h) 15
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the best. And the overzll average want performance of LIF-
backfill policy (94.9k) 15 the worst.

mge st N

(d) BLF usinz E.

]
]

scheduling problems. The off-line setiing results are presented
for detail performance evaluation purposes only.

V. CONCLUSIONS

In thiz paper, bottom left fill which 1= a box packmng
algorithm 1z adapted to solve a pamllel computer job
schedulmg problem Expenmental results from an event-
drrven simmlator using a monthly real job trace as input show
that the adapted pelicy favers large jobs owver small jobs.
Furthermore, the policy favors short jobs over long jobs when
the number of processors 15 the same The performances
observed under off-line scenarios are similar to those observed
under on-line scenanos. The inacewrate job muntime
information affects the performance of the adapted policy as
well as the two backfill pelicies.
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