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Abstract

In this paper the best way of servicing to the waiting guests at the Express Bus Term-

inal, is to determined by the computer simulation.
The mathematical model for the waiting guests is formulated with the statistics data by

researching the waiting lines of the guests at the guests at the specified Express Bus Ter-

minal.

The waiting phenomena is simulated using Monte Carlo method to decide the proper num-

ber of window and the time for servicing.

Finally it present the way of the improvement of service with the good results of simulation.
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(sec) (sec) ! ) | ) %
0.0~ 5.0 2.5 43 20.57 107. 5 13 20. 57
5. 1~10.0 7.5 40 19.12 ! 300. 0 53 39. 71
" 10. 1~15. 0 12. 5 23 13.40 | 350.0 111 33.11
15.1~20.0 17.5 31 14,83 512, 5 142 57. 94
20, 1~25. 0 2.5 19 9.09 127.5 161 77.03
25.1~30.0 27.5 13 6. 22 357. 5 174 43,25
gl 30. 1~35. 0 3.5 5 2. 10 162. 5 179 35,65
35. 1~49. 0 37.5 3 3. 83 300. 0 187 8947
10. 1~45: 0 42.5 7 3.35 297. 5 194 92, &2
7 45. 1~50. 0 17.5 3 1. 44 142.5 197 94. 26
50, 1~55.0 52.5 3 144 157. 5 200 95. 69
2094) 55. 1~60.0 57.5 2 0. 96 115.0 202 96. 65
60. 1~65. 0 62.5 | 1 1.9l 250. 0 206 98. 56
65. 1~70.0 67.5 | 2 0. 96 135.0 208 99, 52
85. 1~90. 0 37.5 ‘ 1 0.48 87.5 209 106. 00
3 ] 209 | 100.00 | 3732.51 | |
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5.1~10.0 7.5 9 3. 82 67.5 24 23.53
10. 1~15.0 12.5 5 4.90 62.5 29 28.43
% 15.1~20.0 17. 5 6 5. 88 105.0 35 34. 31
20.1~25.5 22,5 12 11.76 270.0 47 46.08
25.1~30.0 - 275 7 6. 85 192.5 54 52. 94
it 30.1~35.0 32.5 10 9. 80 325.0 64 62.75
35.1~40.0 37.5 4 3.92 150. 0 68 66. 67
40.1~45.0 42.5 4 3.92 170.0 72 70.59
. 45.1~50.0 47.5 7 6. 86 332.5 79 77. 45
¥ 50. 1~55.0 52.5 2 1. 96 105.0 81 79. 41
1029) 55.1~60.0 57.5 1 0.98 57.5 82 80. 39
60. 1~65.0 62.5 7 6. 86 437.5 89 87.25
65.1~70.0 67.5 4 3.92 270.0 93 91.18
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100. 1~217.3 158. 5 | 2 1. 96 317.0 102 100. 00
A | 102 | 999.7 l 3494.5 |
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0.0~ 5.0 2.5 30 19. 87 75.0 30 19.87
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15.1~20.0 17.5 18 11. 92 315.0 85 56.29
20.1~25.0 22.5 11 7.28 247.5 96 63. 58
25.1~30.0 27.5 12 7.95 330.0 108 71.52
58 30.1~35.0 32.5 11 7.28 357. 5 119 78. 81
35.1~40.0 37.5 8 5.30 300.0 127 84.11
40.1~45.0 42.5 3 1. 99 127.5 130 86.09
17 45.1~50.0 47.5 4 2. 65 190.0 134 88. 74
50.1~55.0 52.5 3 1. 99 157.5 137 90.73
(151%3) 55.1~60.0 57.5 5 3.31 287.5 142 94. 04
60. 1~65.0 62.5 3 1. 99 187.5 145 96. 03
65.1~70.0 67.5 1 0.66 67.5 146 96. 69
70.1~100.0 85.0 5 3.31 425.0 151 100. 00
A 151 | 10000 3440.0 |
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Table 2. Distrifution of people arrivals per minute

Y FY B3 A Service
P 89 ‘ o qE-o-% 0]
08 | 1% | 23 | 3@ | e | s | ew | | sw | 9| Tim
! = [
gl 1 39 15 16 11 3 1 1 60 | 51gcm)
1.667 5.0 150 250 26667 18333 5.0 1.667 1.667| 100.001
5
6 14 14 13 7 5 1 60
489 j0.0| 23.333 23.333 21.667 11.667 &.353 1. 667 100.00, 1417
gaa| 10 16 | 2 7 2 60 | g5,
16,667 26.667 41.667 11.667 3.333 1000. 001
A
26 15 11 7 1 | 60
o & !
U89 43333 250 15.333) 11.667 1667 | 100.00] 927
gsal 8 17 20 10 4 L | 60 | jogu
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o 72 | | |
12 23 13 9 2 1 | 60 |
Uadl 900 38.333 21667 15.00 3.333 167 | 100.00 897
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(a) ¥5Y Table 3. Distnibution of service time
# = A #F A = o AHER®R) CGIEA A 25 Abel] -4
3 A = (Class relative X (Cumulative
(Class) mark) frequency | frequency | & <) frequency) | = T
(sec) (sec) €D
0.0~ 5.0 2.5 11 5.05 27.5 11 5.05%
5.1~10.0 7.5 76 34. 86 57.0 &7 39.91
X 10. 1~15.0 12.5 69 31. 65 862. 5 156 71.56
15.1~20.0 17.5 25 11. 47 437.5 181 83.02
20. 1~25.0 22.5 15 6. 88 337.5 196 89. 91
il 25.1~30.0 27.5 8 3. 67 220.0 204 93.58
30.1~35.0 32.5 3 1.38 97.5 207 94. 95
35.1~40.0 37.5 3 1.38 112.5 210 96. 33
7 20.1~45.0 42.5 210 96. 33
45.1~50.0 47.5 4 1.83 190.0 214 98.17
(218%) 50. 1~55. 0 52.5 1 0. 46 52.5 215 98. 62
55.1~60. 0 57.5 2 0.92 115.0 217 +99. 54
60. 1~65.0 62.5 1 0. 46 62.5 218 100. 00
it [ } 218 100.01 2572, 0
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20.1~25.0 22.5 15 15.79 337.5 60 63.16
i 25.1~30.0 27.5 6 6. 32 165.0 66 69. 47
30.1~35.0 32.5 6 6. 32 105.0 72 75.79
35.1~40.0 37.5 6 6. 32 225.0 78 82.11
L 40.1~45.0 42.5 6 6. 32 225.0 84 38.42
l 45.1~50. 0 47.5 2 2.11 8.0 86 90. 53
50. 1~55.0 52.5 1 1. 05 52.5 87 91. 58
954 55. 1~60. 0 57.5 5 5.26 287.5 92 96. 84
60. 1~65.0 62.5 2 2.11 125.0 94 98. 95
65.1~129. 2 97.2 ! 1 1.05 87.2 95 100. 00
=t 95 100. 02 2387.2
Y 4o 2wl # B AL EAMHY Hes dx AAz
(C) BHIU=R & %A BAstgdohs REcld A& KEEE S

B Z 2 £ olul(].V. Neumann)o

EER

EARA ez EEez H4TF zua(MonAco)d

HE

7t £&S BELSHEE AL

ol F& =4 E4l ZHolrvh A
#Hawes AT o
ol#i g FEE Bkl wicksl ojyel.

(e 344

28
(40

e AL

)

& md FH5T delvh
AAMe 2AsE HEoR X

ARAQ) HEHHE FAY AEE A R
ot 28lBs Edge Be
(Simulated Sampling Technige)”olz}lns X

—% “.‘E.—ql_%_

ol=le] FEFE
@3 Hiwasal

ok oo o

o )

x &+
=
<=



)
(]

A Alfelol el A FAES HiEol A WL

— 41 —--

() 7
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(Class) mark) frequency | freqnency % ) | frequency)| = T
(sec) (sec) [€))] €} (%)
0.0~ 5.0 2.5 3 2.78 7.5 3 2.78
" 5.1~10.0 7.5 31 28. 70 232.5 34 31. 48
10.1~15.0 12.5 30 27.78 375.0 64 59. 26
15.1~20.0 17.5 13 12.08 227.5 77 71.30
B} 20. 1~25. 5 22.5 11 10.19 247.5 88 81. 48
25.1~30.0 27.5 5 4.63 137.5 93 86.11
30.1~35.2 32.5 5 4.63 162.5 98 90. 74
f5 35. 1~40. 0 37.5 1 0.93 37.5 99 91. 67
(1084) 40.1~45.5 42.5 3 2.78 127.5 102 94. 44
45.1~50.0 47.5 6 5. 56 285.0 | 108 100. 00
=t 108 100.. 6 1840.0
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(1) Programming
D Aol vl AFFRE
#FOR
*LIST ALL
%ONE WORD INTEGERS
#EXTENDED PRECISION
*%1CCS(2501 READER, 1403 PRINTER)
DIMANSION TI(1C), LAC100), UR{I0D)
READ(S,10) N,NN,TS,TE,A
10 FCRMAT(215, 3F13.7)
DC 12 J=1.NN

THES AR .

(43)



—4 4 —

UA(D=0

12 UR(H=0

EUA=0.
EUR=0.
J=1
IX=23769

15 TK=0.
DC17 I=LN

17 TI(D =0.

18 IF(TK—-TE)20,125,125

20 I=1

25 IF(TI()—TK) 30,30,35

30 TIC(H=TK+TS
UA(D=UAM+I
GC TC 50

35 IF(I.ND) 40,45, 40

40 I=1+1
GC TC 25

45 UR(HD=UR(D+1.

50 CALL RANDU (IX,IY,R)
IX=IY
TAU=1/A-ALOG(R)
TK=TK+TAU
GC TC 18

125 ECA=EUA+UA(]D
EUR=EUR+UR())

WRITE(,520) UA(D, UR(), TAU,Tk

J=J+1
IF(J—NN)15,15,130
130 AN=NN
EUA=EUA/AN
EUR=EUR/AN
WRITE(, 135) EUA, EUR
135 FORMAT(215, 3E13.6)
WBITE(5.136) N.NN, TS, TE, A
136 FORMAT (215, 3E, 3.6)
520 FORMAT(3X, 4E13.6)
CALL ExIT
@ Aol 2FE AEsHA A g2 =
#FOR
*LIST ALL
%ONE WORD INTEGERS
%EXTENDED PRECISION
%ICCS(2501 READER, 1403 PRINTER)

(44)

10

12

15

17
18
20
25
30

35
40

130

135

136
520

REWAE F21E E 1Y 19785 1A

DIMENSION TI(10), LA(C100), LR(100)
READ(8,10) N,NN,AD,TE,A
FCRMAT(215,3F13. 7
CO12 J=ILNN

UA(D=C.

UR(DH=C.

EUA=0.

EUR=0.

J=1

IX=23769

TK=0.

DC 17 I=1,N

TI(H=0.

IF(TK—TE) 20,125,125
I=1

IF(TICD-TK) 30,30,35
CALL RANDWIX,IY,R)
IX=1Y

TS=1/AD% ALOG(R)
TI(DH=TK+TS
UA(DO=UVAD+1L

GC TC 50

IF(I+N) 40,45, 40
I=I4+1

GC TC 25
UR(D=UR(D+1.
TAU=—1/A%ALOG(R)
TK=TK+TAU

GC TC 18
EUA=EUA+UA(D
EUR=EUR+UR(D
WRITE(5,520) UA(D, UR(]), TAU,TK
J=J+1
IF(J—-NN)15,15,130
AN=NN
EUA=EUA/AN
EUR=EUR/AN
WRITE(5,135) EUA,EUR
FORMAT (2E13.6)
WRITE(5,136) N,NN,AD,TE,A
FORMAT(215, 3E13.6)
FORMAT(3X, 4E13.6)
CALL EXIT

END



