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Abstract

In this research we focus on the staff allocation of an airport-cargo warehouse using Discrete Event
Simulation (DES). The sorting process is bottleneck by employees per one ULDs rages from 1 to
20. The aim of the study is to reduce an average waiting time, reduce an average total time of Unit
Load Device (ULD) and study to breakdown worker workload. The result from a simulation model
show that, In sorting process by employees per one ULDs rages from 1 to 20. We adjust the number
of employees at a sorting process to maximum of 6 persons. For Shift 1 (from 6am to 3pm)
from9.94 minutesto1.01 minutes(decreased by 89%) and also reduce an average total time of ULDs
in the cargo warehouse from 17.15 minutesto 7.06 minutes(decreased by 58%). and breakdown
worker workloadare dropped by 13% (from 1053 to 909 ULDs) And For Shift 2, which operates
from 3pm to 6am, the average waiting time of ULDs is decreased from 12.31 minutes to 2.08
minutes(decreased by 83%), the average total time of ULDs is decreased from19.62 minutes t09.05
minutes (decreased by 53%) and breakdown worker workloadby 12.4% (from 1327 to1162 ULDs).
Furthermore, the number of employees at a sorting process to maximum of 6 persons can also
support the airport cargo at the peak ULD arrival rate (increased 10%) ULDs. For Shift 1 (from 6am
to 3pm) from19.51 minutestol.77 minutes(decreased by 90.92%) and also reduce an average total
time of ULDs in the cargo warehouse from 26.78 minutesto 8.62 minutes(decreased by 67.81%) and
breakdown worker workload are dropped by 14.53% (from 1163 t0994 ULDs). For Shift 2, which
operates from 3pm to 6am, the average waiting time of ULDs is decreased from 14.89 minutes
t02.96 minutes(decrease by 80%) and the average total time of ULDs is decreased from22.14

minutes t09.86 minutes (decreased by 55%) and breakdown worker workload are dropped by 13.2%



(from 1475 to1280)and the number of employees at a sorting process to maximum of 6 persons can

support maximum cargo increased to 30%

Keywords : Discrete event simulation / Staff allocation / Bottleneck / Average waiting time /

Breakdown worker workload
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A59T9UANIN ULD (Checking ULD) c??ﬂ%’wﬁ’mmaﬁmu 1aU

2) WINNWIIMIATIIAeUULDIAsIMmenasiud a3 o'l (Checking ULD) 1 ULD
inaiiflyn (Abnormal ULD) 15u imsilagnouiinmsasivaeudeuds lldumunfnniy
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) minaseulalulnsen — aflesued (Kolmogorov — Smirnov Test) l¥naaounsdl
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1 H 1 o 1

ualunsaingl P — value voalaTuInsen — atlesueiioendi 0.05 1ag P — value ¥04 laa

=L ' 1 o a 1 Y 9 y o
uA3NATREN 1 0.05 taasIhimsl s Ho ag luawnsa lmiludeyalumsaiunusians

Y Yo ) v 9 3 . . & o o A

anumsel 14 99025 1550nuumMsnszaearoyailu Empirical Discrete 1unsnszateansil

Discrete Distribution =Disc ( { (Pi,vi):i=1,2,.....} )

] I { A
Ta® P = Probability ANuu1azdluimanuuaz au

V = Value Avastoyaiineatestiuanuiinzilu (Altiok and Melamed, 2007)

a v a % \J | Yy 4 % A
1. Smnamsdinvesmsuzussgaumlundaztlrana laglideyadoundivounou
Ngew 2556
a a 4
VIumsiNueIn1ruzUsIaUR1 M3 AATIZHYoYA 100 Input Analyzer 11511051 Arena
. . 4 o 3 9 ¥ ° @ A
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1Az A1319N 3.9
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RPN M3unuaelSanamsININve 1T UL UTIRAUA (HI0UHY)
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12.00 - 13.00 0 (4in)
13.00 - 14.00 POIS(27.6)
14.00 - 15.00 POIS(27.8)
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M9199 3.9 M3UINLALT YDA TUFIINAIN 2 AU FIAIN 3 390AU (15.00 - 06.00 1.)

B33 M3unuael3aNamsININve I T Uz UTIRAUA (H50URHY)
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21.00 - 22.00 POIS(35.4)
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é’ (Container) U (Pallet)
NUIUAY Small Pallet Non — Small Small Pallet Non — Small
(W) Pallet (117) (W) Pallet (W17)
1993 1.13-5.17 0.47-3.09 11.11-15.08 0.34-4.35
49496 3.00 - 8.00 1.51-3.50 2.08 —15.20 0.33-543
79499 4.55-631 - 9.35-18.40 -
10 914 14 - - 11.00 — 15.00 -
159420 - - 14.00 — 20.00 -

a 9

Y a Y v a Y
GﬂiNﬁ 3.11 ﬂﬁlﬁ]ﬂLL%QL’JﬁﬂuﬂW‘i@i’Ji}ﬁ'@Uﬁuﬂ1 uazﬂ@11,wﬂﬁumaaﬂmﬂm%uzmi@aum

G:]I (Container)

el (Pallet)

NUIUAY Small Pallet Non — Small Small Pallet Non — Small
Gui) Pallet (71111) Aun) Pallet (31111)
1943 UNIF(73, 310) 24 +221 % UNIF(666, 905) TRIA(34, 175,
BETA(0.654, 261)
1.53)
4996 180 + 300 * UNIF(90, 210) DISC (0.000, DISC (0.000,
BETA(0.69, 124.000,0.300, 32.999, 0.350,
1.06) 281.600,0.467, 91.599,0.550,
439.200,0.800, 150.200, 0.700,
596.801,0.933, 208.800, 0.900,
754.401,1, 912.001) 267.401,1,
326.001)
7899 UNIF(273, 379) - UNIF(43, 1.1e+003) -
10 94 14 - - TRIA(660,840,900) -

=<
159320

TRIA(840,1080,1200)
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3.5.2 anuelumsiszuiana (Replication Length) #1agmsfmriuad1uIusouns

o a

UHUNT (Number of Replication)
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(3 S a
wanwainlFlunsasndeuauyagiu
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n UIUTOV IUMTANIUMT

t s M HNALYDINTUNLD t AR 95%
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—11-oc/2
n \ﬁ
1) AANUAIAAADUYBIFINAN 1 LazF AN 2 A 3
, A 42 .67
¥90a19N 1 1.96| ——— = 1527
5.47
, Vo 72.19
¥19081% 2 N 3 1.96] —— =25.83
5.47
MIMHUATIUIUTOVYDINMTAUTUM TN TUYATIUNTZAVANMNTONU 95 %
2 Sz I o o A Y o A @
n=t vaar2 17 n T UINUIUTOVVBINMTAUUUNITNIAAANUNARUNEDUT U
2) NUIUTOV TUMTAUTUNIUVBIFIINIAN | 1AL 2 A1 3
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15.27
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25.83
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1. ﬂ?mmm%uzma@ﬁum

Y

M lug1919a1 06.00 - 07.00 U, ¥ 1

s

I

__ |l

U

Distribution Poisson
Expression POIS(63.7)
Square Error  0.05

Chi Square Test

Number of intervals =4
Degrees of freedom = 2
Test Statistic = 3091

Corresponding p —value = 0.15
Data summary

Number of data points = 27

Min data value = 46
Max data value = 82
Sample mean = 63.7
Sample Sta Dev = 10.1

Histogram Summary

Histogram range

Number of intervals = 37

45.5t0 82.5

517 4.1 M3nsgaeiivesSuun U UTTFUMTINIAT 06.00 - 07.00 U.
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@ 1A 4 1
fﬂWﬂg‘]J!L‘]JiJﬂ']ﬁﬂi%ﬂ"lfJ@l? (Distribution) WU’J"I?%VIﬂﬁ'ﬂiJulﬂﬁuﬂ 93 (Chi — Square Test) LR

P — value > 0.05 a3 laweniuauyagiu H, (szauie

GRRLTRTR

A4 4 oA
WANUFDNUN 95%)
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2. BwnamauzussyaummunTugienal 07.00 - 08.00 u. Fraa17 1

|

U

Distribution Poisson
Expression POIS(48.7)
Square Error 0.04

Chi Square Test

Number of intervals =4
Degrees of freedom = 2
Test Statistic = 3.88

Corresponding p —value = 0.15
Data summary

Number of data points = 24

Min data value = 31

Max data value = 67

Sample mean = 48.7
Sample Sta Dev = 10.8
Histogram Summary

Histogram range = 30.5t0 67.4
Number of intervals = 37

517 1.2 M3nsgaeiivesS uumu UTTIFUATIIIAT 07.00 - 08.00 U.
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@ 1A 4 1
fﬂWﬂg‘]J!L‘]JiJﬂ']ﬁﬂi%ﬂ"lfJﬂ? (Distribution) W‘]J'J"I?l%“l/lﬂﬁ"ﬁ]‘ﬂulﬂﬁllﬂ 93 (Chi — Square Test) LR

P — value > 0.05 a3 @ weniuauyagiu H, (szautivdinn o. 329nu¥01ui 95%)
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Y

M lug319a7 08.00 - 09.00 U, ¥ 1

U

Distribution Poisson
Expression POIS(35.3)
Square Error 0.04

Chi Square Test

Number of intervals =4
Degrees of freedom = 2
Test Statistic = 5.93

Corresponding p —value = 0.05
Data summary

Number of data points = 23

517 4.3 M3nsgaeaivesS uuMU UTTFUATIIIAT 08.00 - 09.00 U.

Min data value =13

Max data value = 51

Sample mean = 353
Sample Sta Dev = 10.2
Histogram Summary

Histogram range = 12.5t0 51.5
Number of intervals =39
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@ 1A 4 '
EMf]g‘]J!L‘]J‘]Jf‘l']'iﬂiziﬂ"lﬂﬂﬂ (Distribution) WU’JW?%VIﬂﬁ'ﬂiJulﬂﬁL!ﬂ 93 (Chi — Square Test) LR

P — value > 0.05 a3 @ eeniuauyagiu H, (szautivdinn o. 329nu¥01ui 95%)



a

4. ﬂ?mmm%uzma@ﬁum

Y

M lug19319a1 09.00 - 10.00 U, 1N

TR

|

U

Distribution Poisson
Expression POIS(30.6)
Square Error 0.04

Chi Square Test

Number of intervals =4
Degrees of freedom = 2
Test Statistic = 5.96

Corresponding p —value = 0.05
Data summary

Number of data points = 24

517 0.4 M3nszaeiveSuuM U DT TFUATINIAT 09.00 - 10.00 U.

Min data value = 21

Max data value = 54

Sample mean = 30.6
Sample Sta Dev = 8.34
Histogram Summary

Histogram range = 20.5to 54.5
Number of intervals = 34
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@ 1A 4 1
fﬂWﬂg‘]J!L‘]JiJﬂ']ﬁﬂi%ﬂ"lfJ@l? (Distribution) WU’J"I?%VIﬂﬁ'ﬂiJulﬂﬁuﬂ 93 (Chi — Square Test) LR

P — value > 0.05 a3 @ weniuauyagiu H, (szautivdinn o. 329nu¥01ui 95%)
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5. WSwnamyuzussyaummdwnugiwnar 10.00 - 11.00 u. Fr9a1

|

|

U

Distribution Poisson
Expression POIS(15.8)
Square Error  0.05

Chi Square Test

Number of intervals =3
Degrees of freedom =1
Test Statistic = 3.76

Corresponding p —value = 0.05
Data summary

Number of data points = 20

Min data value =9

Max data value = 28

Sample mean = 15.8
Sample Sta Dev = 6.19
Histogram Summary

Histogram range = 8.5t028.5
Number of intervals =20

517 4.5 M3nszaeiiveS uum U DT TFUMTIINIAT 10.00 - 11.00 U.
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a Y

6. USunaumyuzussyaummdwnlugianar 11.00 - 12.00 u. Fr9mi1

H
H

31 v.6 m3nsznredrveaSununauzussEuAITINE 11.00 - 12.00 U,
Distribution Poisson

Expression POIS(37.5)

Square Error  0.02

Chi Square Test

Number of intervals =4
Degrees of freedom = 2
Test Statistic = 2.1

Corresponding p —value = 0.37
Data summary

Number of data points = 24

Min data value = 28
Max data value = 52
Sample mean = 375
Sample Sta Dev = 6.88

Histogram Summary

Histogram range = 27.5t052.5

Number of intervals =25

11n5UHUNI13NTL1867 (Distribution) Wu1ITnadeu laaiais (Chi— Square Test) A1

9w 1

P — value > 0.05 a3 @ eeniuauyagiu H, (szautivdinn o. 329nu¥01ui 95%)
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7. WSunamyuzussyaummdmnIugienar 13.00 - 14.00 u. Fr90217 1

51 4.7 msnsznredrveatSununauzussgdud 1 13.00 - 14.00 U,
Distribution Poisson

Expression POIS(27.6)

Square Error  0.05

Chi Square Test

Number of intervals =3
Degrees of freedom =1
Test Statistic = 1.81

Corresponding p —value = 0.19
Data summary

Number of data points = 20

Min data value =20
Max data value = 36
Sample mean = 27.6
Sample Sta Dev = 5.63

Histogram Summary

Histogram range = 19.5t0 36.5

Number of intervals =17

911311 UN1INTE188 (Distribution) WU13Tnadelaauads (Chi— Square Test) I

P — value > 0.05 a3 @ eeniuauyagiu H, (szautivdinn o. 329nu¥01ui 95%)



101
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8. WSmumruzussyaudndnlugianan 14.00 - 15.00 u. 5199810 1

1 5 .

517 4.8 M3nszaeRveS uUMFUL DT TYFUMTIINIAT 14.00 - 15.00 U.

U

Distribution: ~ Poisson
Expression: POIS(27.8)
Square Error:  0.045880

Chi Square Test

Number of intervals =3
Degrees of freedom =1

Test Statistic ~ =3.78
Corresponding p-value = 0.0527
Data Summary

Number of Data Points =21

Min Data Value =15
Max Data Value =49
Sample Mean =27.8
Sample Std Dev =8.95

Histogram Summary

Histogram Range =14.5t049.5

Number of Intervals =35

91131 UN1INTE188 (Distribution) WU13TnadelaauaIs (Chi — Square Test) U1

9 @ 1
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Hl
y

51 4.9 m3nsznedrveatSununauzussydud 1T 15.00 - 16.00 U,
Distribution: ~ Poisson

Expression: POIS(35.1)

Square Error:  0.037727

Chi Square Test

Number of intervals =3
Degrees of freedom =1
Test Statistic =0.8

Corresponding p-value =0.401
Data Summary

Number of Data Points = 20

Min Data Value =24
Max Data Value =55
Sample Mean =335.1
Sample Std Dev =8.08

Histogram Summary
Histogram Range =23.5t0 55.5

(X 1A 4 1
fﬂWﬂgﬂ!L‘]JiJﬂ']ﬁﬂiSﬂ"lfJﬂ? (Distribution) WU’J"I?%VIﬂﬁ'ﬂiJulﬂﬁllﬂ 93 (Chi — Square Test) ﬁf’ﬂ

9 @ 1

P — value > 0.05 a1 @ eeniuauyagiu H, (szautivdinn o, 3290u¥01ui 95%)



10. 5aMyuz1IY

a Y

aum

M lur19a1 16.00 - 17.30 U, $21919019 2

U

Distribution: ~ Poisson
Expression: POIS(54.4)
Square Error:  0.063277

Chi Square Test

Number of intervals =3
Degrees of freedom =1
Test Statistic = 0.274
Corresponding p-value = 0.628
Data Summary

Number of Data Points =20

Min Data Value =31
Max Data Value =78
Sample Mean =544
Sample Std Dev =10.5

Histogram Summary

Histogram Range =30.5to0 78.5

517 4.10 M3nszaemveals a1 Uz UTTEUMIIIAT 16.00 - 17.30 1.
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@ 1A 4 1
fﬂWﬂg‘]J!L‘]JiJﬂ']ﬁﬂi%ﬂ"lfJﬂ? (Distribution) W‘]J'J"I?l%“l/lﬂﬁ"ﬁ]‘ﬂulﬂﬁllﬂ 93 (Chi — Square Test) LR

P — value > 0.05 a3l laweniuauydgiu H, (szautivdinn o, 3290u¥01ui 95%)



1. 5mnamyuz sy

a Y

aum

M U981 18.30 - 19.00 U. F199a17 2

|~

—
—
—

U

Distribution: ~ Poisson
Expression: POIS(33.8)
Square Error:  0.032524

Chi Square Test

Number of intervals =4
Degrees of freedom =2
Test Statistic ~ =4.57
Corresponding p-value =0.103
Data Summary

Number of Data Points =25

Min Data Value =24
Max Data Value =46
Sample Mean =33.8
Sample Std Dev =6.8

Histogram Summary

Histogram Range =23.5t046.5

Number of Intervals =23

517 4.1 M3nszaemvealsmnunsuzUsTaUMTIIaT 18.30 - 19.00 U.

104

@ 1A 4 1
fﬂWﬂg‘]J!L‘]JiJﬂ']ﬁﬂi%ﬂ"lfJ@l? (Distribution) WU’J"I?%VIﬂﬁ'ﬂiJulﬂﬁuﬂ 93 (Chi — Square Test) LR

P — value > 0.05 a3 laeeniuauyagiu H, (szautivdinn o. 3290u¥01ui 95%)



12. 5namyuz Iy

a Y

aum

M 1u¥19981 19.00 - 20.00 U. 191N 2

i

\—\_\_\—\;

I

U

Distribution: ~ Poisson
Expression: POIS(21.4)
Square Error:  0.048388
Chi Square Test

Number of intervals =3
Degrees of freedom =1

Test Statistic =235

Corresponding p-value =0.139

Data Summary

Number of Data Points =20

Min Data Value =13
Max Data Value =39
Sample Mean =214
Sample Std Dev =6.96

Histogram Summary

Histogram Range =12.5t039.5

Number of Intervals =27

517 0.12 Mm3nszaemveals a1z T IEUMTIIAT 19.00 - 20.00 U.
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@ 1A 4 1
fﬂWﬂg‘]J!L‘]J‘]Jﬂ']ﬁﬂi%ﬂ"lfJﬂ? Distribution)WU’J”ID%‘VI@ﬁE]iJulﬂmm’Ji (Chi — Square Test)ﬁf’ﬂ

P — value > 0.05 a3 laweniuauyagiu H, (szautivdinn o. 329nud01ui 95%)



13. smnamyuz Iy

a Y

aum

M u¥191981 20.00 - 21.00 U. F19IA1N 2

]

|

U

Distribution: ~ Poisson
Expression: POIS(20.1)
Square Error:  0.065814

Chi Square Test

Number of intervals =3
Degrees of freedom =1
Test Statistic = 0.746
Corresponding p-value =0.416
Data Summary

Number of Data Points =21

Min Data Value =11
Max Data Value =37
Sample Mean =20.1
Sample Std Dev =6.69

Histogram Summary

Histogram Range =10.5t0 37.5

Number of Intervals =27

517 4.13 M3nszaemveals a1z UTIEUMTIIAT 20.00 - 21.00 U.
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@ 1A 4 1
fﬂWﬂgﬂLL‘U‘UﬂWﬁﬂﬁ%ﬁﬂﬂﬂ’) ( Distribution ) WU'J"I’J%“I/IﬂﬁE]‘Ullﬂﬁuﬂ’JS (Chi — Square Test) G

P — value > 0.05 a3 laeeniuauyagiu H, (szautivdinn o. 3290u¥01ui 95%)
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14. ﬂ‘%mmm%uzma@ﬁum

M U981 21.00 - 22.00 U. 191N 2

I:L -

e

U

Distribution: Poisson

Expression: POIS(35.4)

Square Error:  0.048375

Chi Square Test
Number of intervals
Degrees of freedom
Test Statistic ~ =3.81
Corresponding p-value
Data Summary
Number of Data Points
Min Data Value

Max Data Value
Sample Mean

Sample Std Dev
Histogram Summary
Histogram Range

Number of Intervals

=0.165

=23

=354

=17.96

=22.51t054.5

=32

517 4.14 M3nszaemveals un Uz UTIAUMFINAT 21.00 - 22.00 U.
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@ 1A 4 1
fﬂWﬂg‘]J!L‘]JiJﬂ']ﬁﬂi%ﬂ"lfJ@l? (Distribution) WU’J"I?%VIﬂﬁ'ﬂiJulﬂﬁuﬂ 93 (Chi — Square Test) LR

P — value > 0.05 a3 @ weniuauyagiu H, (szautivdinn o. 329nu¥01ui 95%)
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15. PSnamauzussyaummunugienal 22.00 - 23.00 1. 313819 2

U

Distribution: Poisson

517 4.15 MInszaemveals a1 Uz T IEUMFIIAT 22.00 - 23.00 U.

Expression: POIS(40)

Square Error:  0.043543

Chi Square Test
Number of intervals
Degrees of freedom
Test Statistic ~ =3.71
Corresponding p-value
Data Summary
Number of Data Points
Min Data Value

Max Data Value
Sample Mean

Sample Std Dev
Histogram Summary
Histogram Range

Number of Intervals

=0.0557

=30

=40

=9.39

=29.5t061.5

=32
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@ 1A 4 '
fﬂWﬂg‘]J!L‘]JiJﬂ']ﬁﬂiSﬂ"lfJ@l? (Distribution) WU’J"I?%VIﬂﬁ'ﬂiJulﬂﬁllﬂ 93 (Chi — Square Test) LR

P — value > 0.05 a3 @ eeniuauyAgiu H, (szautivdinn o. 3290¥01ui 95%)

9 @ 1



a Y

16. ‘]J%lﬂillﬂ"lﬂfﬂ%lliii]ﬁﬂﬂW

M lug199a1 23.00 - 24.00 U. 191N 2

[

U

Distribution: Poisson

Expression: POIS(48.3)

Square Error:  0.046344

Chi Square Test
Number of intervals
Degrees of freedom
Test Statistic ~ =2.7
Corresponding p-value
Data Summary
Number of Data Points
Min Data Value

Max Data Value
Sample Mean

Sample Std Dev
Histogram Summary
Histogram Range

Number of Intervals

=0.101

=34

=483

=103

=33.5t070.5

=37

517 4.16 M3nszaemve s UM U UTTYFUMFINIAT 23.00 - 24.00 U.
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@ 1A 4 '
fﬂWﬂg‘]J!L‘]JiJﬂ']ﬁﬂiSﬂ"lfJ@l? (Distribution) WU’J"I?%VIﬂﬁ'ﬂiJulﬂﬁllﬂ 93 (Chi — Square Test) LR

P — value > 0.05 a3 @ eeniuauyagiu H, (szautivdinn o. 329nu¥01ui 95%)
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17. ‘]J%lﬂillﬂﬁfu%lliii]ﬁuﬂ"l

M lug199a1 24.00 - 02.00 U. 191N 2

=

|

ey

B

U

Distribution: ~ Poisson
Expression: POIS(30.1)
Square Error:  0.047938

Chi Square Test

Number of intervals =3
Degrees of freedom =1

Test Statistic ~ =3.48
Corresponding p-value = 0.0657
Data Summary

Number of Data Points =20

Min Data Value =15
Max Data Value =52
Sample Mean =30.1
Sample Std Dev =104

Histogram Summary
Histogram Range =14.5t052.5

Number of Intervals =38

517 4.17 M3nszaemveals a1z T IEUATIIAT 24.00 - 02.00 U.
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(4 1A 4 1
fﬂWﬂg‘]J!L‘]JiJﬂ']ﬁﬂi%ﬂ"lfJﬂ’J (Distribution) W‘]J'J"I?l%“l/lﬂﬁ"ﬁ]‘ﬂulﬂﬁllﬂ 93 (Chi — Square Test) LR

P — value > 0.05 a3 @ eeniuauyagiu H, (szautivdinn o. 329nu¥01ui 95%)
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Y A . .
1.2 Msuanuaana lumsIHu3ns (Service Time)
v
"lgl}'t’)ﬂaljﬁigﬂgﬂﬁ'lcluﬂ'ﬁﬁﬂ LLﬁz@]’i’Mﬁ@UﬂWHzUﬁ@ﬁuﬁﬁ ﬁ\ﬂl@]ﬂ']“lfugﬂﬁii]ﬁuﬁ}']ll']ﬁ\i
& o 2 A 9y A ' v 2
AUNTTININITATIVADULATINGS ﬁﬂﬁﬁﬂllwu AU

1. msuanuasna1 lums IfUsmsvesniaotimsnsndeunyuz U I aum

7 | \w
a 9

qﬁlﬂﬁ V.18 fﬂil,lfﬂﬂl,!leL']ﬁ'l‘luﬂTiclﬁjﬂa‘iﬂWiaU’E’J\‘lﬂli’)il‘]ﬁiﬂ1i¢li’3ﬂﬁ"€]ﬂﬂ'l“]fuﬁﬁﬂiiﬂq’ﬁuﬂW
Distribution Summary

Distribution: Triangular

Expression: TRIA(11.5, 23, 46.5)

Square Error:  0.024286

Chi Square Test

Number of intervals =6
Degrees of freedom =4
Test Statistic =8.76

Corresponding p-value =0.0714
Data Summary

Number of Data Points =40

Min Data Value =12
Max Data Value =46
Sample Mean =26
Sample Std Dev =17.87

Histogram Summary
Histogram Range =11.5t046.5

Number of Intervals =35
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@ 1A 4 1
9103101 VN15N5291967 (Distribution) WU135Naaeu laauA25 (Chi— Square Test) i1

P — value > 0.05 a3 @ NeonivauyAgiu H, (szauiodinny o 52930005000 95%)

a Y

2. msuanuaanar lums Ifuimsasvdeudum tazAauenduf10onNINMFULUTIIAUM

@ a I A A
1) MSUINUIINAIVBINITAALINAUAININGADUNUIUOS NTN5 19 Small Pallet Taold

minnuAauenduA1 1 993 A

5UN .19 MIUINUAINAIMITAALENAUAIINGABUMUILDS NTIN1T 1% Small Pallet Tag 1%

U

wminanuaauendual 1 593 au

Distribution Summary
Distribution: ~ Uniform
Expression: UNIF(73, 311)
Square Error:  0.011111

Chi Square Test

Number of intervals =5
Degrees of freedom =4
Test Statistic =1.67

Corresponding p-value > 0.75
Kolmogorov-Smirnov Test
Test Statistic = 0.137
Corresponding p-value > 0.15
Data Summary

Number of Data Points = 30

Min Data Value =73.8



113

Max Data Value =311
Sample Mean =180
Sample Std Dev =73.5

Histogram Summary

Histogram Range =731t0 311

Number of Intervals =5

110 3101UUN15N32919@2 (Distribution) Wu133naaen lnaiuais (Chi— Square Test) 1A

9 @

P — value > 0.05 a3 @ eonsuanyAgiu H, (szaniodinny a1 329301 500uN 95%)

™ a v 9 P q ¥ ]
2) MIINLANAVBIMIAALINTUAIINAADUNUILDS N5 14 1F Small Pallet Tag 14

@ @ a Y
WHNNUARALINTUAT 1 5\1 30U

\

| —

Y o a 9 £y s 9 ¥ P}
ﬁﬂﬁ .20 ﬂ'lﬁlmﬂ!L%\TL'J'LT]ﬂ'liﬂﬂllﬂﬂﬁuﬂ'ﬁ]']ﬂﬂﬂﬂulﬂulu@ﬁ‘ﬁﬁﬂ'ﬁqui"}fsm&ll Palletiﬂﬂsl“lf

U

wminanuAauendual 1 993 au

Distribution Summary

Distribution: Beta

Expression: 24 +221 * BETA(0.654, 1.53)
Square Error:  0.019643
Kolmogorov-Smirnov Test

Test Statistic  =0.199

Corresponding p-value > 0.15

Data Summary

Number of Data Points =19

Min Data Value =24
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Max Data Value =245
Sample Mean =90.3
Sample Std Dev =56.8

Histogram Summary

Histogram Range =2410 245

Number of Intervals =5

2113110 UNITNTL918A7 (Distribution) Wuisn1snaaeulalulnse — mlosuesl
(Kolmogorov — Smirnov Test) A1 P — value > 0.05 ﬁ?ﬂllﬁl’jﬁlﬂll%v awagm Ho(izﬁ'u

Y [ 1

WAy a1 529NN 95%)

3) MILANUIINAIVBINITAALNAUA1INUHY Tasld Small Pallet Tasldwiinauaauen

Fud 19393 au

sUR v.21 MsuanuasIaImsaauendudianuru IasldSmall Pallet Tasldwiinaudaten

Fud 19393 au

Distribution Summary
Distribution: Uniform
Expression: UNIF(666, 905)
Square Error:  0.011111

Chi Square Test

Number of intervals =5
Degrees of freedom =4
Test Statistic = 1.67

Corresponding p-value > 0.75

Kolmogorov-Smirnov Test



Test Statistic = 0.0992
Corresponding p-value > 0.15
Data Summary

Number of Data Points = 30

Min Data Value =667
Max Data Value =905
Sample Mean =782
Sample Std Dev =70.1

Histogram Summary

Histogram Range =666 t0 905

Number of Intervals =5
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o 1A 4 [
mﬂgﬂgmumiﬂizmﬂm (Distribution) nuIIsnaaeulaauns (Chi — Square Test) AGR

Y [ a v @ o w 1 y 4 A
P — value > 0.05 a1l laNweniuauyagiu H, (szaiivdinn o 329nud01ui 95%)

[ a 9 1 19 9 Y @
4) ﬂﬁLLi]ﬂLlﬁNL’JﬁWGUfNfﬂiﬂﬂllﬂﬂﬁuﬂﬁﬂﬂlmuIﬂﬂlliJG]f]meallPallet Tﬂﬁlsl“]fwuﬂﬂl'lﬂﬂllﬂﬂ

a 9 =
auaAT Tl 93 Al

U ¥.22 mMsuanuasamanauenausnury IagluleSmall Pallet Tagldwiinauaauen

L'

a 9 =
aua 1 o3 3 Al

Distribution: Triangular

Expression: TRIA(34, 175, 261)

Square Error:  0.038368
Kolmogorov-Smirnov Test

Test Statistic =0.25



Corresponding p-value > 0.15
Data Summary

Number of Data Points = 10

Min Data Value =34
Max Data Value =261
Sample Mean =157
Sample Std Dev =70.6

Histogram Summary

Histogram Range =3410261

Number of Intervals =5
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2113110 UN1TNTL918A7 (Distribution) wuAsn1snadeulalulnse — mlosuesl

(Kolmogorov — Smirnov Test) A1 P — value > 0.05 ﬁﬂ‘lﬁ'a’mau%’uﬁnuﬁgm H, (52U

Y [ 1

WAy o 529NN 95%)

5) MILANUIIAUDIMTAALINTUA I INGADUINUIUDS N1IN15 15 Small Pallet Tag 1%

WinuAALENTUAT 4 D3 6 AU

L'

wminauAauenIuA 4 53 6 AU

Distribution Summary

Distribution: Beta

Expression: 180 + 300 * BETA(0.69, 1.06)

Square Error:  0.007630

Chi Square Test

a o a 9 v ¢
S‘IJVI 2.23 fﬂil!%ﬂLWQ!’Jﬁ']ﬂ']iﬂﬂLlElﬂﬁuﬂ'li‘l'lﬂ?j]ﬂ@u!,ﬂuLu'ﬂi

'
a A

71015 1% Small Pallet Tae 14
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Number of intervals =4
Degrees of freedom =1
Test Statistic =1

Corresponding p-value = 0.342
Kolmogorov-Smirnov Test

Test Statistic = 0.0985
Corresponding p-value > 0.15
Data Summary

Number of Data Points = 30

Min Data Value =180
Max Data Value =480
Sample Mean =298
Sample Std Dev =88.3

Histogram Summary

Histogram Range =180 to 480

Number of Intervals =5

131010UN150T2010@7 (Distribution) WU naaeu lnauals (Chi - Square Test) 1A

P — value > 0.05 31 IdsouSuauyagiu H, (GzauiivdiAny o $290Feuin 95%)

6) MIUINUIINIAVBINMIAALENTUR1INGABLIMUILES NTN15 11i14 Small Pallet Taa s

WminauAauenFuA1 4 53 6 AU

Y o A 9 ) P 19 9 ¥
s v.24 mswvnuasnamisAauenduiiningneumumesninig lildsmall Pallet Taald

Y

wminauAauenaua 4 93 6 AU



Distribution Summary
Distribution: ~ Uniform
Expression: UNIF(90, 210)
Square Error:  0.020000
Kolmogorov-Smirnov Test
Test Statistic = 0.167
Corresponding p-value > 0.15
Data Summary

Number of Data Points = 10

Min Data Value =90

Max Data Value =210
Sample Mean =149
Sample Std Dev =40.9

Histogram Summary

Histogram Range =90to 210

Number of Intervals =5

118

9113110 UN1TN L1847 (Distribution) wuIiTn1snadeulalulnse — mlosuel

(Kolmogorov — Smirnov Test) A1 P — value > 0.05 ﬁgﬂﬂﬁ’dwﬂau%’uamuﬁgm H, (52AU

WAy 0. 329 FNUN 95%)

7) MILINUIINAVDINMIAALENTUA1ALHY Tae1FSmall Pallet Tasldwiinauaauen

FuA1 4 D36 AU

H o a 9 1 ) Y o o
leﬁ V.25 f‘l']ﬂ!ﬂﬂllfﬂ\‘lnﬁ']ﬂ']iﬂﬂllﬂﬂﬁuﬂ'm']ﬂ!l,WUTﬂ fﬂﬁ]ﬂSmall Pallet Tﬂﬂi%WHﬂQWNﬂﬂllﬂﬂ

Y

a Y =
AUNT4 D36 AU
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Distribution Summary

Distribution: ~ Empirical

Expression: CONT or DISC (0.000, 124.000,
0.300, 281.600,
0.467, 439.200,
0.800, 596.801,
0.933, 754.401,
0.933,912.001)

Data Summary

Number of Data Points = 30

Min Data Value =125
Max Data Value =912
Sample Mean =450
Sample Std Dev =216

Histogram Summary
Histogram Range =1241t0912

Number of Intervals =5

8) MIuanuaInmveImIaauendudanuau TaelildSmall Pallet Tagldwiinaudauen

FuA1 4 D36 AU

H o Y v q ¥ Y o o
TIJ‘?I V.26 f‘l']ilmﬂl!ﬂ\1L'Ja’]ﬂ’]iﬂﬂLlﬂﬂﬁuﬂWﬂ'lﬂllwuiﬂﬂ"lllslﬂfsmall Pallet Tﬂﬂi‘ﬁwuﬂ\i']uﬂﬂllﬂﬂ

a

Yy =
aun14 096 Al

Distribution Summary

Distribution: ~ Empirical



Expression:

CONT or DISC (0.000, 32.999,

0.350, 91.599,

0.550, 150.200,
0.700, 208.800,
0.900, 267.401,
0.900, 326.001)

Data Summary
Number of Data Points
Min Data Value

Max Data Value
Sample Mean

Sample Std Dev
Histogram Summary
Histogram Range

Number of Intervals

9) MITLINUINIAIVOINMIAALEATUR D INGADUM LI BT T

=20

=331t0 326

=5

wminanuAauendual 7 599 Ay
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1171519 Small Pallet Tag 19

H P
'IJ‘?I V.27 fﬂil!ﬂﬂLlfﬂﬂ!'lﬁ']ﬂ'liﬂﬂllﬂﬂﬁuﬂ'l%'lﬂ@lﬂ@ulﬂulu’f)i

wummﬂmwﬂﬁum 7 fN 9 Al

Distribution Summary

Distribution: Uniform

Expression: UNIF(273, 379)

171519 Small Pallet Tae 14
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Square Error:  0.050000
Kolmogorov-Smirnov Test
Test Statistic ~ =0.25
Corresponding p-value > 0.15
Data Summary

Number of Data Points =4

Min Data Value =273
Max Data Value =379
Sample Mean =322
Sample Std Dev =457

Histogram Summary
Histogram Range =273 t0 379
Number of Intervals =5

g . . . 1 ad = 4
911031 UUN1TNTL180 (Distribution) nudITnsnaaeulalulnsen — ailesue
(Kolmogorov — Smirnov Test) A1 P — value > 0.05 ﬁ;ﬂ"l@i”dwau%uﬁwagm H, (521

o

WodiAn . 529 uFeNUN 95%)

[ a Y 1 9 Y @
10) ﬂTiLLi]ﬂL!f‘lNL'JiﬂGUfNﬂ15ﬂﬂllﬁlﬂﬁUﬂ1ﬂ1ﬂLLNuIﬂfﬂ‘]§Small Pallet Tﬂﬂi%WUﬂQ?UﬂﬂlLﬂﬂ

a 9 =
auUM 7939 AU

Y @ a S
51U 4.28 N1suanIINAINITAALENFUA1INGAD UNUILES NIIN15 19 Small Pallet Tag 1%

Y

wminnuaAaendual 7 599 au

Distribution Summary
Distribution: Uniform

Expression: UNIF(43, 1.1e+003)
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Square Error:  0.160000
Kolmogorov-Smirnov Test
Test Statistic ~ =0.288
Corresponding p-value > 0.15
Data Summary

Number of Data Points =5

Min Data Value =43

Max Data Value =1.1e+003
Sample Mean =654
Sample Std Dev =413

Histogram Summary

Histogram Range =43t0 1.1e+003

Number of Intervals =5

103UV UN1TNTL186 2 (Distribution) Wu13Tn1nadenTaluInsen — adieiuel
(Kolmogorov — Smirnov Test) 1ifi1 P — value > 0.05 a3 1dT1eanuauydgiu H, (sza

o

WodiAn . 529 uFeNUN 95%)

1Y a Y v Y Y @
11) ﬂTiLLi]ﬂLHNL'JﬁWJfNfﬂﬁﬂﬂLlflﬂﬁuﬂWﬂWﬂlLWHIﬂﬁli%’Small Pallet Tﬂﬂi%WHﬂQWUﬂﬂlLﬂﬂ

) = A Aa Y g 2y 9n o = o o
gdua1 1093 14 A (Lu@\'jFt]'lﬂﬁJﬁuﬂ'llsll'lm'lslugﬂlluuuu@ﬂ NIVYIININITEADUDTUITINNUNITU

U

a =

Usznidszaumisiviaugs) anla TRIA(660,840,900) Tuni

[ a 9 1 9 Y 1Y
12) ﬂTﬁLLi]ﬂL!fNL’JiﬂGU@Qﬂ15ﬂﬂllﬂﬂﬁUﬂ1%1ﬂLLWUT@fﬂ‘]§SmaH Pallet Iﬂﬂi‘lﬂWUﬂ\‘ﬂUﬂﬂlLﬂﬂ

a v = A Aa 9 9 oy Y o 2
dUAT 15 D320 AU AU (Luwammaumwmﬂugﬂgmuuuaﬂ R‘J”Jﬂﬂﬂ\‘l‘ﬂ1ﬂ13ﬁﬂ'ﬂﬂ1hﬂ1ﬂ

wiinauseditidszaumsalinaugs) a1i 18 TRIA(840,1080,1200) Funil

1.3 Mmatanuaana lumsmasuing (Transfer Time)

Yo Y Yo ) o o Ax s Y o &
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szaznan lFlunsmuni Guin)

duna
Ay Ao o dy A o a Y
WuNFun Uz DTy g NuRdanendud UNIF (50, 55)
Ay A o a ) [ dy Ao & A Y
nunaauendum 1g Nundanuauaiaanny. UNIF (110, 115)
Ay A o a ) [ dy Ao & A 9 1 )
WHNAALYNTUA ll'ﬂﬁl\‘l WHNIAUNUFAUNITDDIYAN UNIF (80 ,85)
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