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Abstract

Transportation provides an infrastructure vital to economic
growth, and it is an integral part of production. As a port is the
interface between the maritime transport and domestic transport
sectors, it certainly plays a key role in any economic development.
Therefore, it is doubtless that inadequacy of a nation's port will
depress the level of throughput, to the level where it fails to
meet the target set by the national economic planning schemes.

Korea is surrounded by the seas and the economic structure of
Korea consists of processing trades, so that it cannot be over-
stated that substantial economy in maritime transport costs can
be achieved through the improvement of the port transport system.

'This paper treats the transportation process in Pusan Port by
Queueing Simulation method, and the reasonable size of Pusan Port
is suggested from the point of view of efficiency maximization.

The results of the analysis are summarized as follows;

1) the utility rate is 47.91 percents in general piers, 85.52
percents in container piers, and waiting time 5.2 hrs. in
general piers, 0.8 hrs. in container piers, and the probability
of maximum queue length 12 ships in general piers, 2 ships in
container piers, and the probability of waiting is 44 percents

in general piers, 8 percents in container piers.
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in general piers, the improvement of app. 30 percents in port

capacity is desirable for operating effectively concerning

the current arrival rate, By introducing the traffic control
in container piers, there is no apparent necessity of port
investment, but it is expected to reduce invisible congestion
occurred along the waiting line,

in Pusan Port, the optimal utility rate and the optimal arri-
val rate for reducing wating time are 3.5 to 4.0 (hrs./ship)

in general piers, 5.1 to 6.0 (hrs./ship) in container piers.
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Fig. 1. Flow of Queueing Simulation
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Table 2 — 1. Details of Pusan Port
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Table 2 — 2. Distribution of time between
successive arrival vessels

( container pier)

/l]y"—].zl.z:!l B\l -E- - 'lf‘;g%i f(t)= 1.10 e—6667
(A7) CH+) (%)

0 ~ 0.99 36 100.00 100.00
1 ~ 1.99 73 93.79 94.68
2 ~ 299 58 81.21 81.49
3 ~ 399 56 71.21 70.14
4 ~ 499 44 61.55 60.37
5 ~ 5,99 42 53.97 51.96
6 ~ 6.99 41 46.72 44.72
7 ~ 199 35 39.66 38.49
8 ~ 899 32 33.62 33.13
9 ~ 999 17 28.10 28.52
10 ~ 10.99 9 25.17 24.54
11 ~ 11.99 17 23.62 21.13
12 ~ 12.99 20 20.69 18.18
13 ~ 13.99 12 17.24 15.65
14 ~ 14.99 11 15.17 13.47
15 ~ 15.99 8 13.28 11.59
16 ~ 16.99 11 11.90 10.00
17 ~ 117.99 9 10.00 8.60
18 ~ 18.99 6 8.45 7.39
19 ~ 19.99 5 7.41 6.36
20 ~ 20.99 8 6.55 5.48
21 ~ 21.99 7 5.17 4.71
22 ~ 22.99 4 3.97 4.06
23 ~ 23.99 2 3.28 3.49
24 ~ 24.99 4 2.93 3.01
25 ~ 25.99 1 2.24 2.59
26 ~ 26.99 3 2.07 2.23
27 ~ 27.99 2 1.55 1.92
28 ~ 28.99 3 1.21 1.65
29 ~ 29.99 2 0.69 1.42
30 ~ 30.99 2 0.34 1.22
30.99 o] A 0 0.00 0.00
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Table 2 — 3. Distribution of time between
successive arrival vessels
( general pier)
L t
A<] 33? BJ( j 4=>¢ T?/% )E fitj= 07526 24
0 ~ 0.99 602 100.00 100.00
1 ~ 1.99 364 62.47 56.44
2 ~ 2.99 203 39.78 42.36
3 ~ 3.99 101 27.2 31.79
4 ~ 4.99 71 20.82 23.86
5 ~ 5.99 54 16.40 17.91
6 ~ 6.99 44 13.03 13.44
7 ~ 7.99 31 10.29 10.09
8 ~ 899 33 8.385 7.57
9 ~ 9.99 25 6.30 5.68
10 ~ 10.99 19 4.74 4.26
11 ~ 11.99 14 3.55 3.20
12 ~ 12.99 16 2.68 2.40
13 ~ 13.99 4 1.68 1.80
14 ~ 14.99 6 1.43 1.35
15 ~ 15.99 3 1.12 1.02
16 ~ 16.99 5 0.94 0.76
17 ~ 17.99 3 0.62 0.57
18 ~ 18.99 4 0.44 0.43
19 ~ 19.99 3 0.19 0.32
19.990] 4 0 0.00

173



174

BEEHERP KPE Wk F oW
2.3 Aojulz=aEe] G

R AMojul= Rl MY AHE, B I dr Bl
FEEBAREERY B¥ ¥ #iw, wE BERER HHEZ %y
HESIA s 1985 1. 1%E 1985 6. 307} 4 MEEHC] #EEeSF 3,000
qH MMT Pl TR 8BE, HHEE I KEEHES B
shotz 2000 GRT U ES mfrehs HHECZT ARE S EBHI
MR, —MEE 1604, Hdeolvl HWEH 580%9 Asacl BIY DA
TA & #hH3HA o

MATEE S R, faffic]l HBEdlA HoluwsE wokd FymEEo
—MEE 7L 53.39 B, Zelely BEHsL  15.45 gERgo] gl ok,

B Aojuls B St BHRMQ S B Erlangian 45
2o BNAEIE Kty Betd FH O Aojulxz BES o
o2 #%& 10%H55te BERZ fFRIY (RK2-4)>9% (F2-
5>l Helth
qe7bA e Aoz B SmFlA WEY Aojulx R &
s 2 = Ae2 ¢HA Erlangian HHE BEst] Bl
HWE Aojus mESASY] BEHEST BHIZ Bed X BEL
ERstAc BESR, BmE 204 HEAES BESA 2349
ENEE BRIt (M 2-4)9% (2¥2-5)% BHEME
e oAk HBE RS9 K=1o4 K=6722 Erlangian
sAel #RS, &4 HHoW #BE —WEEHE SEstd e



A gacl Aol k3 Sl ERBES STl st

T o9en (R2-6>L X #we HBEEZ volwm ot

7+

e FMRE Y Hog #MESi:  —#rd 2 LEso

A<

Bk
BEREBEE SH3H7 AMAE, Adojuls KR BRI M KT H
E® B4ECE EHEI DATAE FlAstd AZsod  dogde
¢ T Aok oI EHEAAE MW BREHE Az g

rir

el 7kA] wKE Aol ST Asw BHE BAAE A Edo)
A FlAstozl 322 #3&E 9 HF4ZAE A Fdode
FMAT ZLEBS] H4S EHIzA S

obe o)  Eol 4 Erlangian 4549te HEE Bitd Adoly
Holl 4 HEE Aojule BHE 44 kKslz o, HBEESH
109 ZFigmf] 1545% S0 LR, FTBRo2 £4%4 10%4539
MR =& HEHRE BNl RESHAS ERISE Aoy
fr 580 ol BESY EHE SHF - BB}

(%2~-5)% Erlangian 5#% H{H&E Bsld, — MBI A o
e RESAE F35 Aojuls Ml 5339% oz b . F
052 583t BB =& HEH 2 E2®HIsAZ U
Bilz gk 45Ae HiE, Aojula ERio] 20~50 Alol o g
Al 683 o=, M 1604#o] #id 426%F Adz kxL

Az Awe &+ Urh

175



176

Table 2 — 4.

BRBFEAR KB B3R BB

Time

spent at the container pier
A 7 7 A MEs | FA oy
%9 T

CAIZH) CHE) (%)
0.0 ~ 0.09 0 ~ 1.48 1 100.00
0.1 ~ 0.19 1.49 ~ 3.04 5 99.83
0.2 ~ 0.29 3.05 ~ 4.58 7 98.97
0.3 ~ 0.39 4.59 ~ 6.14 14 97.76
0.4 ~ 0.49 6.15 ~ 17.69 25 95.34
0.5 ~ 0.59 7.70 ~ 9.24 79 91.03
0.6 ~ 0.69 9.25 ~ 10.79 45 77.41
0.7 ~ 0.79 10.80 ~ 12.34 84 69.66
0.8 ~ 0.89 12.35 ~ 13.89 31 55.17
0.9 ~ 0.99 13.90 ~ 15.44 40 49.83
1.0 ~ 1.09 15.45 ~ 16.99 30 42.93
.1 ~ 1.19 17.00 ~ 18.54 48 37.76
1.2 ~ 1.29 18.55 ~ 20.09 38 29.48
1.3 ~ 1.39 20.10 ~ 21.64 10 22.93
1.4 ~ 1.49 21.65 ~ 23.19 24 21.21
1.5 ~ 159 23.20 ~ 24.74 35 17.07
1.6 ~ 1.69 24.75 ~ 26.29. 16 11.03
1.7 ~ 179 26.30 ~ 27.84 4 8.28
1.8 ~ 1.89 27.85 ~ 29.39 5 7.59
.9 ~ 1.99 29.40 ~ 30.94 2 6.72
2.0 ~ 2.09 30.95 ~ 32.49 7 6.38
2.09 o] 4 32.50 o] A 30 5.17
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Table 2 —5. Time spent at the general pier

A7 7 A EF FAEE
G B~

CAIZE) CHD (%)
0.0 ~ 0.09 0~ 532 2 100.00
0.1 ~ 0.19 5.33 ~ 10.66 a1 99.88
0.2 ~ 0.29 10.67 ~ 16.00 133 97.32
0.3 ~ 0.39 16.01 ~ 21.34 97 89.03
0.4 ~ 0.49 21.35 ~ 26.68 129 82.98
0.5 ~ 0.59 26.69 ~ 32.02 149 74.94
0.6 ~ 0.69 32.03 ~ 37.36 159 65.65
0.7 ~ 0.79 37.37 ~ 42.70 134 56.74
0.8 ~ 0.89 42.71 ~ 48.04 112 47.38
0.9 ~ 0.99 48.05 ~ 53.38 81 40.40
10~ 109 53.39 ~ 58.72 83 3535
L1 ~ 119 58.73 ~ 64.06 69 3017
12 ~ 1.29 64.07 ~ 69.40 £y | 25.87
13 ~ 1.39 69.41 ~ 74.74 51 23.88
14 ~ 1.49 74.75 ~ 80.08 53 20.70
15 ~ 159 80.09 ~ 85.42 32 17.39
1.6 ~ 1.69 85.43 ~ 90.76 25 15.40
17 ~ 179 90.77 ~ 96.10 33 13.84
18 ~ 1.89 96.11 ~ 101.44 22 11.78
19 ~ 1.99 101.45 ~ 106.78 28 10.41
20 ~ 2.09 106.79 ~ 112.12 17 8.67
2.09 o & 112.13 o] 4 122 7.61
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Fig. 2 —4. Distribution of time spent at the container pier
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Fig. 2 — 5. Distribution of time spent at the general pier
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Table 2 — 6. Results of X2 test

BN K 1 2 3 4 5 6 | AFEMAIEE (XA
_"?_32;2}\_ 430.53 [208.87 | 133.14 | 105.07{103.74 130.79 20 95 9% | 31.41
°'=J;{‘:‘AL‘CF 292.80 | 91.07 | 147.18 | 383.96|878.15 [1833.17] 20 | 959% | 31.41
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Table 3 — 2. Distribution of
service time
( Pier 1)

A A | HESF | FAET
CA7E) (3] (%)
0~ 9.99 4 100.00

10 ~ 19.99 13 97.58

20 ~ 29.99 12 89.70

30 ~ 39.99 32 82.42

40 ~ 49.99 22 63.03

50 ~ 59.99 27 49.70

60 ~ 69.99 12 33.33

70 ~ 79.99 16 26.06

80 ~ 89.99 12 16.36

90 ~ 99.99 5 9.09

100 ~ 109.99 5 6.00
110 ~ 119.99 1 3.03
120 ~ 129.99 2 2.42
130 ~ 139.99 0 1.21
150 ~ 159.99 1 1.21
160 ~ 169.99 1 0.61
169.99 o} 4+ 0 .0.00

()
40
30 A4&A8
20 K =3
10t
0 3060 90 120 150 180 (AI7H)
Fig. 3 — 2. Configuration of service
time. ( Pier 1)
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Table 3 — 3. Distribution of
service time
( Pier 2)

Az zbA | HES | FALE
CAI7ZED (A) | (%)
0~ 9.99 4 100.00

10 ~ 19.99 17 98.20

20 ~ 29.99 21 90.54

30 ~ 39.99 30 81.08

40 ~ 49.99 29 67.57

50 ~ 59.99 23 54.50

60 ~ 69.99 16 44.14

70 ~ 79.99 18 36.94

80 ~ 89.99 14 28.83

90 ~ 99.99 12 22.52

100 ~ 109.99 5 17.12
110 ~ 119.99 6 14.86
120 ~ 129.99 4 12.16
130 ~ 139.99 4 10.36
140 ~ 149.99 1 8.56
150 ~ 159.99 4 8.11
160 ~ 169.99 1 6.31
170 ~ 179.99 S 2 5.86
180 ~ 189.99 3 4.95
190 ~ 199.99 4 3.60
200 ~ 209.99 4 1.80
209.99 o] At 0 0.00

183
(R4)
40
0 1 1 1 - i 1
40 80 120 160 200 240
Fig. 3 — 3. Configuration of service
time. ( Pier 2)
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Table 3 — 4. Distribution of
service time (H4)
( Center Pier)

Al zb 7 A BlEg |[FAEE
CA7H) (A (%) 50 ¢
0~ 9.99 0 100.00
40 +
10 ~ 19.99 12 100.00
20 ~ 29.99 17 93.62 30+

nn nn NN NN Nl rm
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Table 3 — 3. Distribution of
service ‘time
( Pier 2)

Al 7k 7 A HEF | FAEE
CAIZED (A3)| (%)
0~ 999 4 100.00
10 ~ 19.99 17 98.20
20 ~ 29.99 21 90.54
30 ~ 39.99 30 81.08
40 ~ 49.99 29 67.57
50 ~ 59.99 23 54.50
60 ~ 69.99 16 44.14
70 ~ 179.99 18 36.94
80 ~ 89.99 14 28.83
90 ~ 99.99 12 22.52
100 ~ 109.99 5 17.12
110 ~ 119.99 6 14.86
120 ~ 129.99 4 12.16
130 ~ 139.99 4 10.36
140 ~ 149.99 1 8.56
150 ~ 159.99 4 8.11
160 ~ 169.99 1 6.31
170 ~ 179.99 -2 5.86
180 ~ 189.99 3 4.95
190 ~ 199.99 4 3.60
200 ~ 209.99 4 1.80
209.99 o} A 0 0.00
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(A)
40
30 F
NEAE
K=2
20 |
10 |
0 L 1 1 3 ) 1
40 80 120 160 200 240
Fig. 3 — 3. Configuration of service

time. ( Pier 2)
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BEWBEAR AP R Bl

RSB E  #EY, S, HHolW, K, B8 %o HEHS FZ
Bkt 547 #HR MAME 188 #0] gl o}
Table 3 — 4. Distribution of
service time (A4)
( Center Pier)
A7y 7y A |l RS | FARE
A7) (H) (%) 50 ¢
0~ 9.99 0 100.00
40 F
10 ~- 19.99 12 100.00
20 ~ 29.99 17 93.62 30
30 ~ 39.99 20 84.57
20 F
40 ~ 49.99 16 73.94
50 ~ 59.99 17 66.43 10}
60 ~ 69.99 14 56.38
0 i . " " "
70 ~ 79.99 11 48.94 30 60 90 120 150 180 (A7)
80~ 89.99 7 43.09
90 ~ 99.99 10 39.36 Fig. 3 — 4. Configuration of gservice
100 ~ 109.99 18 34.04 time. ( Central pier)
110 ~ 119.99 4 24.47
120 ~ 129.99 14 22.34 BEREHSY 1z #Hd K=29 Erlen
130 ~ 139.99 7 1489 gian S E  Hmn. BEEE BRED &
~ 149. 6 11.17
140 ~ 149.99 2 HHE 1914 X2=31.04 > 30.14 2 5
150 ~ 159.99 2 7.98
0,0 =N < Z 5 # = o,
160 ~ 169.99 3 6.91 %S AEKESLS WRA X3td THHG
170 ~ 179.99 5 5.32
180 ~ 189.99 2 2.66
190 ~ 199.99 3 1.80
199.99 o] 4 0 0.00
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Table 3 — 5. Distribution
service time.

of

( Pier 3)
A A | AEF|FALE
CA7E) (A) | (%)
0~ 999 6 100.00
10 ~ 19.99 41 98.23
20 ~ 29.99 51 86.14
30 ~ 39.99 47 71.09
40 ~ 49.99 28 57.23
50 ~ 59.99 40 48.97
60 ~ 69.99 14 37.17
70 ~ 79.99 34 33.04
80 ~ 89.99 19 23.01
90 ~ 99.99 15 17.40
100 ~ 109.99 16 12.98
110 ~ 119.99 2 8.26
120 ~ 129.99 9 7.67
130 ~ 139.99 2 5.01
140 ~ 149.99 2 4.42
150 ~ 159.99 3 3.83
160 ~ 169.99 2 2.95
170 ~ 179.99 4 2.36
180 ~ 189.99 2 1.18
190 ~ 199.99 1 0.59
200 ~ 209.99 1 0.29
209.99 o] A 0 0.00

185

(44)

50 +

40 1

30t

20 +

10

0 " i " N 1 N

30 60 90 120 150 180 (Alzb)
Fig. 3 — 5. Configuration of service
time. ( Pier 3)
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Table 3 — 6. Distribution of
service time. (H4)

( Pier 4) o
Al b7 A [HlEs (FRue
A7) (H) (%) 1501
0~ 999 25 100.00 120k
10 ~ 19.99 145 95.96 o0 L
20 ~ 29.99 134 72.54 sol
30 ~ 39.99 148 50.89
30}
40 ~ 49.99 63 26.98
O 1 : L
50~ 50.09 50 16.80 30 60 90 120 150 180 (AI7b)
60 ~ 69.99 12 8.72 Fig. 3 — 6. Configuration of service
time. ( Pier 4)
70 ~ 79.99 15 6.79
80 ~ 89.99 13 4.36
4 BB+ Wiy, Aoy, B, e
90 ~ 99.99 1 2.26
AR E BHe BRI S H5o
100 ~ 109.99 2 2.10
~ MBE 61940 %o}
110 ~ 119.99 2 1.78 o ‘
BAEHSE 714 54 K=29  Erlan
120 ~ 129, 1.45 . . . .
129.99 4 gian 5 S HEHT, WEEDS BEd
130 ~ 139.99 3 0.81 BR OHME o)A XP= 6572 ) 23.68 2 4]
140 ~ 149.99 2 0.92 5% NEA%ES WRSA %ol FHu ot
149.99 o] Ak 0 0.00
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Table 3 — 7. Distribution of

service time.

( Pier 5) (H4)
Azt A (MES | FARE
(A7E) | (AY| (%) 100p
0~ 4.99 6 | 100.00 80 -
5~ 9.99 61 97.63
60
10 ~ 14.99 85 73.52
15~ 19.99 49 39.92 40 1
20 ~ 24.99 35 20.55
. 20 L
25~ 29.99 9 6.72
30 ~ 34.99 5 3.16 0 1020 30 40 50 CAZ)
35 ~ 39.99 3 1.19
Fig. 3—7. Configuration of service
39.99 o] A 0 0.00 time. ( Pier 5)

S|t AHoY HEBHEA S #HKHA Muks 253 &
o] % c},

REERS 7+74 AT K=3¢ Erlangian 5 HEStz, &
GFEE BREY HR BBHE T A X*=1553 ) 14.07 4 5 % 9
HERAKES WRESA X3t FEHE o
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Table 3 — 8. Distribution of

service time.
( Pier 6)
A A (MES| AT
CAZED (H)Y| (%)
0~ 4.99 7 100.00
5~ 9.99 62 97.86
10 ~ 14.99 106 78.90
15 ~ 19.99 60 46.48
20 ~ 24.99 57 28.13
25 ~ 29.99 16 10.70
~ 34. 0 . -t
30 ~ 34.99 10 5.81 10 20 30 40 50 (Al 7b)
35 ~ 39.99 6 2.75
40 ~ 44.99 3 0.92 Fig. 3—8. Configuration of service
44.99 o] A+ 0 0.00 time. ( Pier 6)
6w Adold HASEelT S wHRS MMET 327 #
o] A ot
gaEHe 2 FWY K=39 Erlangian SAE LB, E
AES KREY SR AGmE 84 X? =2114) 155124 5%

HEAES

W 5t A

2ot FEHE
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Table 3 — 9. Distribution of
service time
( Pier 7)

A b 7b A MES |FAFE
CA7ZE) (A | (%
0~ 9.9 1 100.00

10~ 19.9 2 98.59

20 ~ 29.9 12 95.77

30 ~ 39.9 7 78.87

40 ~ 49.9 5 69.01

50 ~ 59.9 9 61.97

60 ~ 69.9 4 49.30

70 ~ 79.9 5 43.68
80 ~ 89.9 0 36.62

90 ~ 99.9 5 36.62

100 ~ 149.9 1 29.58

150 ~ 199.9 2 28.17

200 ~ 249.9 1 25.35

250 ~ 299.9 1 23.94

300 ~ 349.9 6 22.54

350 ~ 399.9 3 14.08

400 ~ 449.9 3 9.86

450 ~ 499.9 4 5.63

499.9 o] 4} 0 0.00

(H+)

10

1 1

100 200 300 400 500 (7D

Fig. 3—9. Configuration of service

time. ( Pier 7)
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BEREAR XS Rk go
3.2 Al Eadlol A

HEERSBRES HistE ddE, ERBR AT wWHHIN 2

Bmel &t WP A Baold ko KMol 2ESHH r

i

o

ifo

sile] EEAE HmAF ol pEmeldE: g, HIF

Botel A3

o

k B AE EHEEE P Aojuame E@2 st AlElol
4 doma MEmS BRIT FUk ERBRA MY HFR
K HEsma atoh AEdeld mEmme A BEEA, A
Taol ol FIRE mEHME (&3-10 >3 o dEROD- H-—

BEe Zuz 4ER0-E-BRY #He #FHOAZEEA, Az

A o) o fFEsEol FFzkzp Aoju]  Table 3—10. Numbers of
£ T

berths for
o~ AL 2#dA BRI AAY 1 EES Simulation .
2mEEE K=3, K=29 wmZ% Erlangian & 5| EZAAST
SHE BAEANZ UeA BEe K& 1 2
# ( Uniformal distribution Random number ) 2 3
G BAC KT BREAHHE BEAA A C-P 4
Eellol 4 & EMESH 3 7
“H Ax" AgHeldE R HEERN 4 4
o GPSS E®ET #@HHT EABR FHIA A 5 2
Eaode EHYE F dou, F #HwXlA 6 2
= BASICo k3 Z 223y fFRoE M 7 4
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Fobgich. FLmMe HMAHA AEdoldy =zzoadw RS B
3 3E25E (2Y3-10)e Hald
FEEE o8} o] MMWOET RUI
i) WE B
Axdl pHEMeE 002 Sz & HBHEE YT RwEEz F
o Aol Aejula RTH WMBE BME A Aok HER

START

SUBROUTINE = 7 8 SUBROUTINE
ARRIVE - T DEPART
ol WE ; = A oTol_oE
e Antaoful 2 ZEXFAY | @ MR

1 |
dAZel 24 , WrZel 24

| I
SUBROUTINE SUBROUTINE
BERTH "BERTH

‘ o« o0 '
A 2§ =AEE DA Fuas 37}
o8-8, wir|AlZFEZlqlA :
GO

END

ofN

SUBROUTINE
BERTH

=
A5 ape) 24

No

E4A 7

RETURN

Fig. 3 —10. Flow chart of programming.
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KENSEKS AB Rk B8
o] HEE HBREMS A FozA Mo HBEMNALS FEID
ot 2 sbel ZEI BES WPES REI
ii) Subroutine ARRIVE
FE o] AMeolux KT HBERMES HZ HBT  Subruti-
ne ARRIVE 2 94 @&#9 &FHiZdol WERMES ZEAI  #el
BmAol s & BEY woldE MEE FESIG, AN FE
AV ZE|Es uE EBAE #HMANE #EmAI EIF Su-
broutine Berth @ 7}4 £ ®E Aojulz BTRME BRI F
of TS FEIE Mo B, BEHEMY SHE FEH KER
2 Est #e £ ZRg# o2 s Fofrh
iii) Subroutine DEPART
fAne) MM MRS U F I Subroutine © 2 A, MMM EER
F

ol

o]l W@ Bo F H@dE BEe vddv REE ER
o2 el v FEMMS BEFA Mol WStk 2 EZE &FH
Aolol wZ ML #WMEA7H B&F HHENE BAAAAY B
3% Y2 uYFw SUBROUTINE BERTH & #FIA3 ®& HBE
o] WMBEES Adulxz SmE FH EFS BEII KA Ay
£ ET3 MMBE EmAA £ ZRaYPor s Fokzkch

iv) Subroutine BERTH

Subroutine ARRIVE % DEPARTOIA £ 59 AMojulLs WHERKE
2 F@ESIY Aojulx Ry BTRMEE o, HERMIT HEW
A st Eof

Aol A5 T mmEst —RBES] EB 1604, HHolY
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BT 580 &% EsEsiAEw® T2l #ES BEId RS
Agdold 2BRE Bl HWHIHNE BEY £EE 92z 2
ot

T BBEFBE

L iR

D FHA " R

2) & F#Adold HI mEx

ol MR HI MEBHL (2Y3-11) 2 (283 -

1258 (F3-1)eA (XR3I-UY7Ax BEZ FHEI}C =5
sted Al gallol Mol AbfE ZEg@e (FE D Heolo)
Table 3 — 11. Results of simulation ( container Pier )
A =} 3 1 2 3 1 4 5 6 7 8 9

o] & & (%) |47.0| 481 45.9 | 48.9 |47.9 |50.5 |46.9 46.5 | 49.5
Al FAZF A7) | 85 85| 8.1 84| 87| 83 82 82| 86

27 A 7k (A1 7H) 0.9/ 08| 06|08 08| 07| 08| 07/ 0.8

Table 3 — 12. Results of simulation ( general Pier )

2 3} 54 1 2 3 |4 |5 |6 | 7|8 9

o] & & (%) |857| 86.0|854 |885|84.2 [83.4 |859 |86.4|84.2
A AR HFAZE (A 7E)| 21.2 20.0 | 18.9 | 21.4 | 20.2 | 20.0 | 20.4 | 21.0 | 20.2

o712 7E (A7) 6.3| 52| 40| 61| 45| 47| 51| 53] 5.3

(R3-11) H (HR3I-12)>% Adoly BE L —wEFERY A
Felold ®RE dede 9@ A EHold HKELE Fhsd A
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Hloly RIS FIAEL 4791%, £E HFYEMES 088, A &H
FHRERE-S  84mrfel —fEEHS BB, FABEFL 852% £¥%
R 5.2, Al=® FHHEMLE 204HCoR —RERV A
Hlol v |gHell st FIEZEL Fou, MRS 44mfoly X

% &

poul
o

o
—

(2%3—-11>¢e Aol mmEes —@mEe AFaod HREE
H#ska 9l

general pier utility rate : ——0—
Zl contain€r pier utility rate: —o——»*—o0— ;}}
S | general pier waiting time: —A————A— 4]
(-;:) container pier waiting time: —a P — 7}
A7)
0r o———-O\O/G\
0_\0/@——0\0

80 r 110
70 T
60
50 +
40 15
30r
20+
10 +

L*iqw__,_—&——x——b—~‘hw___a~‘_&_;__g

1 2 3 4 5 6 7 8 910 (8%)
Fig. 3 — 11. Results of simulation for container pier and general
pier.



Agaoldol &3 FilidER ERBEY 2T BESHS
—®e 2 —mEEst AoV ®mEd HItd #HEsE 2 HA
A %o BEE ABdod #R WPo AHide AL ¢ T
9 =,

Table 3 — 13. Numbers of vessels and probability for service in
container pier.

H71 4 (F) 0 1 2 3 4 5

7188 (%) 92.07 5.95 1.86 0.15 0.001 0.00

Table 3 — 14. Numbers of vessels and probability for service in
general pier,

gAd%6) | o | 1|2 3|4|5]|6) 7| 8| 910111213

o) 7] 88 | 56.20{11.838.2 | 5.58]4.34{3.18/2.66|1.71{ 1.51{123 | 1.15| 0.5 | 0.1/0.00

(£3-13> ¥ (H3I-M)>EZ ¥y ¢ + Y& AL Ad
ou HmES MB Mol SWSA Be WAol 9207 %clw BME
dosheA BmT B EEE 3E HEe AY sgoe A¢
RET 4+ dov —REES HEA MM B e EEL
56.20 %ol = BK 12M%7kA Aojvlz @il Bad Add £
s @

(293-12>% #MH2c 2 #mEHR] HI ®HES LK
= sleh

pEsl #5822 $E Aducdud mmE Ml A #mIA @
ou FEEel 50%%E mBotx ot WEMRY HML  BX
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(%)
90

probability of waiting vessels ! e——-———
80 F (general pier)

probability of waiting vessels : s=——X——
70 L* ( container pier )

Fig. 3 — 12. Numbers of waiting vessels ( general pier and container
pier )
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REREAR AR RAK £8E

fezol EF Fol Ho A#StE  AMARC]

A Golx #Hode AL Bt U<

f BE ®AAZD BB, Adojusmpe Tol¢ FAXRZ
o)l w24 fHIstE  Misel 1ol H

e mEe 02%2 &3 AHow FHHRMHE

B3t frficts

e o] iy &

wgEe fRe® 7t
BfEe HBEERS H 2

22.35 %

olow  AHkM AR
0.02 B il 0. & &)

Aol gee ¥ &

2
Table 4 — 1. Resul‘ts of simulation by reducing service time in
container pier.
A of ] 4] 71 o] & & | dAAZ PR o 7] &g
VD) (%) CA7ED (A=) (%)
1 3.2 0 0 0
4 12.59 0 0 0
7 22.35 0.02 1 0.2
10 33.63 0.1 2 1.1
13 41.0 0.3 2 3.7
16 50.0 0.6 3 6.6
19 60.1 1.3 3 13.3
22 69.4 3.3 6 25.5
25 74.8 4.3 6 32.4
28 93.6 20.4 14 73.5
31 97.4 37.0 14 87.2
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B BERRE 0% KEY HE, Aoz BHE 109
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e &Y EEL L%/ "o

g mBEe REARY SXitud HYE BB Aduz BREEZ
3ImER %, MBS MRE BREY o2 AR E & BEAM
£e # 100%2ZA BALE %Y 4 Yo wE SMEML
WMo E &M@l BA FHMERE l4golnl AWE  A#IE
Aol HEY AEES 8T2%E AR FEe BEY £ do

(zF4—-1>2 AFdeld #KREF uvebdz Aot Aoluzzxs

O] (oo) l . BH
8 utility rate : ———— 7]
€ 100 waiting time ! ——>—— A
; 7t

80 t 4

60 .

40 t J

20 L §

0 10 20 30
Aol ] 241 7}

Fig. 4 — 1. Configuration of utility and waiting time.
( container pier )
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U Aol v e AWE fisshol MHE EREIoEM HolA %
L W4l BB B/ASITE EEERel  13LITF 19 R =,
ol M®m o HEES 2% mmAAE Aol v} g% o} o,
i) —HEE

o EH EH 3 INERKM KFR 4

o Aojulx peffel #E «wE ERE O

Pl zrol Al EdolAde T Bl EFEHI Aoy b A
g A ATdold s (F4-2> e HRET LA
Aojul 2 EERfol 25 BAFYW, F, #2mAA KT — 38 B 9
Aolvl A~ EERol 53.39E ¥ st BEY BEARES  2fF
LLES Mol EAACGW BRBEFMAHL 301%E B MME s
AR, SmEl 2 SHRES 2T FoT AMste K
o) el Zifol AL BpW Fel #giste Aol A A=<
wolzm gom Aojula ERel 3BEM F, BE BIEMK 16
ez mEm®Zol WEDS F Add MAEAFEE 514%E LR
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Table 4 — 2. Results of simulation by reducing service time in
general pier.
A} o] ¥] 24| 7} o] & & o 7} A 7k 7 -4 o 7] &
Azt 3 ) (%) CAZED H) (%)
1 2.9 0 0 0
4 9.7 0 0 0
7 14.7 0 0 0
10 19.6 0 0 0
13 24.2 0 0 0
16 29.0 0 0 0
19 32.3 0 0 0
22 35.4 0 0 0
25 39.1 0 0 0
28 43.7 0.001 1 0.1
33 51.4 0.02 2 0.8
38 57.5 0.1 3 3.1
43 61.9 0.3 4 6.7
48 68.7 0.6 4 14.2
53 75.4 1.2 6 22.9
58 86.8 4.6 11 49.9
63 88.4 5.6 11 55.1
68 95.0 17.4 17 75.4
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BAEE Mol FHY EELZ 08%E Mol Aoux=E Kol 7]
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Aolul 2 mefile]l 43BR 5, BE —WEEHY MmHEEt 25% &
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a 100} utility rate: ———— 7
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% 8ot ) 158
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201 o ] J 15

. ! 0
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Fig. 4 — 2. Configuration of utility and waiting time. ( general pier)
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BIRREAS KB Rk £ 8

Table 4 — 3. Results of simulation by extanding ship arrival in
container pier.
5 34 7 o & & | dWAAn | #AAs | wsEE
Az A ) (%) (A7 (#) (%)
3.6 99.7 50.1 17 96.3
3.9 95.9 8.0 9 73.0
4.2 90.11 2.7 6 41.4
4.5 83.9 2.4 3 23.1
4.8 79.8 2.2 3 15.9
5.1 72.8 0.5 2 8.4
5.7 65.4 0.13 2 2.3
6.0 64.7 0.11 2 2.0
8.0 50.0 0.03 1 0.3
10.0 37.0 0.02 1 0.01
12.0 31.0 0 0 0
14.0 26.1 0 0 0
o 36uM chAmal, memelA ke Aol mms FHIEH

o] 6.667THE: M H#ste B 3| 3% By 2ok

e EEAZ EE FAEL Bkl
Rog HEHE MM S0EM ol Aol
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Table 4 — 4. Results of simulation by ship’s arrival in general pier.
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4 . 65.1 0.1 3 2.2
6 46.0 0 0 0
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