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3. t t
A
t
Xt t
}LAt X e—)uAt
P (Xt:x)z( ) : X=0,1,2, i (2.1)
8 0.08
Poisson distribution
2.1
2.1 Poisson distribution
Poisson dist. 4 2 8 1 16 0.5
o [ poo= OO (002X 0986 | (0017099 | (1)0.005” 0,995
0 0.9231 0.9224 0.9227 0.9229
1 0.0738 0.0753 0.0746 0.0742
2 0.0030 0.0023 0.0026 0.0028
3 0.0001 0.0000 0.0000 0.0000
t n — oo
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1 2
2.3
IO Lo AR (2.2)
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Poisson distribution T
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distribution
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W
Exponential distribution 1
u
1
W= Wy 4 — (2.25)
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2.7 Gammadistribution Erlang Distribution
Poisson K
Gamma Erlang distribution =~ Gamma
function Gamma function k shape parameter
Erlang distribution k
2.7.1 Gammadistribution
Gamma distribution
X p.d.f.
k-1 _—x/PB
F(X) = Ty X3 0, e (2.26)
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T(K) = [Pt el K > 0, coverreecieeieeie e (2.27)

Gamma
TK+1) = KTK), K 3 0, et oo ee e eee e eeeeeeens (2.28)
T(1) =1, et (2.29)
M) =M —1)1,n e (2.30)
Gamma k shape parameter 3

scale parameter k p.d.f. B

gamma 2.4
f{z)

O 2 4 6 8 0 12 14
Gamma p.d. f. 1,2,3,4
K=0.5,1,15,2,p 2
2.4 Gamma distribution
'(k,B)
E(X) = KB, cvveeeeeie ittt ettt ettt ettt ettt eaa e enes (2.31)
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B Gamma distribution
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0
k TS L0 S ) ST (2.35)
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2.7.2 Erlangdistribution

Erlang distribution
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Erlang distribution k=1
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Exponential Distribution
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Uniform Distribution
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1.Erlang distribution 1/p
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6. W:Wq+l
1)
7. L=AW
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2.8

Ck+l A2
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Ly =AW,
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Poisson dist.
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K 1
Poisson distribution
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=1 2.6
(Erlang distribution Erlang number K K
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2.6 Erlang distribution K
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3.1
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Mettam 1967 Jones & Blunden 1968
Agerschou & Korsgaard 1969 De Weille & Ray 1974 Noritake

&Kimura 1983 M/ M/
S(0) M/Ek/S(0) k=2o0r3 1972  Kenneth & Nilsen
1977  UNCTAD 1978 Erlang

distribution (1990)

3.1 3.1
(1991 ) (1997 )
X 2
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3-1
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Poisson

=1

Distribution)

k=00
(M/E k/N)

3.1

(Uniform

1978

1978

1979

1978

1978

1979~1983

1987

1988

1987~1989

K-S

1995

K-S

1995

K-S

ko

(DC)

DC= > Px(j)
j=N+l1
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()

=0

N-1
le_[Z(N—j)PN(D/NJ

......................................................... (3.2)
N
—(ZJ'PN(J')/N)JFDC
j=1
(L)
T
L= 3 JPN(J) corveerrveereeneeeeeeseossesseeeeesssesssesseeesssssessssesesessssesssssnee (3.3)
=0
(Lq)
T
Ly= S G=N)PN() = L= (/1) e (3.4)
j=N+1
(Wq AWT)
Wy = L/ h oo (3.5)
(Wq-p)
(AWT Wq)
(AST 1/p)
Wy 1= AWT/AST oo (3.6)
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3.2
1.(M/M/N)

(M/M/N)

PN() = PR(O)A/p)/jl (0<j<N)

, e (3.7)
= Py () /) (NENYTY) (5= N)
N-1 .
PNO) =1/ T /) /it + )N (NT =) | e, (3.8)
i=0
(3.7) (3.1) ~ (3.6)
N .
DC = 1= Pr(0)A/ 1) / 1 erirerieeeieevieeseeesssssssssssssssssssssssssssss (3.9)
i=0
N_l . 1 .
p=1= S (N=HPx(OY /W) /GIN) oo (3.10)
=0
Lq = PN(O)YA/ 0 0 /G L= P)) oo (3.11)
Wy = Lo/A =Py (O)A/ ) p/GHI=P)* ) covvvvvrvvvrerssssssssrnnnnnnnn (3.12)
/RTINS (0) O NATH LTI Bs) S N TR (3.13)
2.(M/E,/N)
Wq
(M/Ex /N) Pn(0) (3.8)
(Px(3)) W,
(Noritake & Kimura 1983)
Lee-Longton
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W, ={(Px(0)-p(M/ ™) /(- N1 (1=p)*) |- [A+K)/2K].......(3.14)
Cosmetatos

W :{(PN(O)'p (X/M)N) / (A-N!- (l—p)z) }

...(3.15)
: [(1+K) /2K)+(1—- 1/K)(1—p)(N—1)((4+5N)0'5 —2)/32Np)
p=>02 Cosmetatos Lee-Longton
Hillier(1981) 1990
(M/Ex/N)
3.7 ~ 3.5
32~3.12 3.1~3.13
3.2 N) (p) (DC)
(M/EUN ; K=1) %

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

1 1.0% | 4.0% | 9.0% |16.0% |25.0% |36.0% |49.0% |64.0% |81.0% |100.0%

2 02% | 1.3% | 42% | 9.1% |16.7% |27.0% | 40.4% |56.9% |76.7% |100.0%

3 0.0% | 0.5% | 2.1% | 5.6% |11.8% |21.3% |34.5% |51.8% | 73.5% {100.0%

6 0.0% | 0.0% | 0.3% | 1.6% | 5.0% |11.8% |23.5% |41.4% |66.6% |100.0%

10 0.0% | 0.0% | 0.0% | 0.4% | 1.8% | 6.1% |15.5% |32.7% | 60.2% {100.0%

11 0.0% | 0.0% | 0.0% | 0.2% | 1.4% | 5.2% |14.1% |31.1% | 58.9% (100.0%

15 0.0% | 0.0% | 0.0% | 0.1% | 0.6% | 2.9% | 9.9% |25.5% |54.2% (100.0%

20 0.0% | 0.0% | 0.0% | 0.0% | 0.2% | 1.4% | 6.5% |20.5% |49.6% (100.0%

25 0.0% | 0.0% | 0.0% | 0.0% | 0.1% | 0.7% | 4.4% | 16.7% | 45.7% |100.0%
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DC

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

3.1

5
I I 1 I I I I
N — N AWV OSSNV AWV p
C s T oV NS s NsYshsRsSsD
o =) =) ) o o ) =) ) )
™) (p) (DO)

(M/Ex/N) k=1; N=1,2, 3,6, 10, 15, 20, 25

(p) ™N) (DC)
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(M/Ex/N) k=1; p=0.3,0.4, 0.5, 0.6, 0.7, 0.8, 0.9

3.3 ™) (p) (Wq)
(M/EW/N ; K=1) hr

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 | 0.95
1 2.7 6.0 | 103 | 16.0 | 24.0 | 36.0 | 56.0 | 96.0 | 216.0 | 456.0
2 0.2 1.0 24 4.6 8.0 | 13.5 | 23.1 | 42.7 | 1023 | 2222
3 0.0 0.2 0.8 1.9 3.8 7.1 13.1 | 259 | 654 | 145.1
6 0.0 0.0 0.1 0.3 0.8 2.0 4.5 104 | 29.6 | 69.2
10 0.0 0.0 0.0 0.0 0.2 0.6 1.8 49 | 16.0 | 39.6
15 0.0 0.0 0.0 0.0 0.0 0.2 0.8 2.6 96 | 252
20 0.0 0.0 0.0 0.0 0.0 0.1 0.4 1.5 6.6 | 18.1
25 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.0 49 | 14.0




/MA [ /2. QAN

Waq(hr)

4 .

nNT_ 1 A N £ 10 1~ AN A~

10
9
8
7
6
5
4
3
2
1
0
— <t o~ [e) (an) O (@) (@\ e}
— — — — @\l (@\l
34 (p) M™N) (Wq)
(M/E,/N) k=1; p=0.3,0.4,0.5, 0.6, 0.7, 0.8, 0.9
34 ™) ()] (Wq)
(M/EW/N ; K=2) hr
p
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 0.95
1 2.0 4.5 7.7 12.0 | 18.0 | 27.0 | 42.0 | 72.0 | 162.0 | 342.0
2 0.2 0.8 1.9 35 6.1 10.2 | 174 | 32.1 | 76.9 | 166.8
3 0.0 0.2 0.6 1.5 2.9 54 10.0 | 19.6 | 49.2 | 109.0
6 0.0 0.0 0.1 0.2 0.6 1.5 35 79 | 224. | 52.1
10 0.0 0.0 0.0 0.0 0.1 0.5 1.4 3.8 12.2 | 299
15 0.0 0.0 0.0 0.0 0.0 0.2 0.6 2.0 7.3 19.0
20 0.0 0.0 0.0 0.0 0.0 0.1 0.3 1.2 5.0 13.7
25 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.8 3.7 10.6




Wq (hr)
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PP
(Wq)
(M/Ex/N) k=2;N=1, 2,3, 6, 10, 15, 20, 25

35 K=2

(r)

3.5 ™) (p) (Wq)
(M/EW/N ; K=0) hr
p
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 | 095
N
1 1.3 3.0 5.1 80 | 12.0 | 18.0 | 28.0 | 48.0 | 108.1 | 228.2
2 0.2 0.6 1.3 2.5 4.2 7.0 | 11.8 | 21.6 | 51.5 | 111.5
3 0.0 0.2 0.5 1.1 2.1 3.8 6.8 | 133 | 33.1 | 73.0
6 0.0 0.0 0.0 0.3 0.5 1.1 24 54 | 15.1. | 35.0
10 0.0 0.0 0.0 0.2 0.1 0.4 1.0 2.6 83 | 20.1
15 0.0 0.0 0.0 0.0 0.0 0.1 0.4 1.4 50 | 129
20 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.9 3.5 9.3
25 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6 2.6 7.2




W, (hr)

10
91 N=1
g | N=2
T N=3
6 | N =6
5 L
4 =10
3 L
2
Lr N=25
0 | - — \ \%\ \ \
SV — VANV IT VLNV OWVDSWYXLaWw P
S Tolc Yo NS LSS T SRS )
o o o o o o o o o o
3.6 K=o (p) (Wq)
(M/Ex/N) k=3 N=1,2,3, 6, 10, 15, 20, 25
3.6 AWT/AST (p)
(M /Ey /N ; k=1)
AWT/AST]
5% | 10% | 15% | 20% | 25% | 30% | 35% | 40% | 45% | 50%
N
1 0.050 { 0.091 | 0.130 | 0.167 | 0.200 | 0.231 | 0.259 | 0.286 | 0.310 | 0.333

2 0.218 { 0.301 | 0.361 | 0.408 | 0.447 | 0.480 | 0.509 | 0.534 | 0.557 | 0.577

3 0.344 | 0.433 | 0.492 | 0.537 | 0.573 | 0.602 | 0.628 | 0.650 | 0.669 | 0.686

4 0.43210.518 | 0.574 | 0.616 | 0.648 | 0.675 | 0.697 | 0.716 | 0.733 | 0.747

5 0.495 1 0.579 | 0.631 | 0.669 | 0.699 | 0.723 | 0.743 | 0.760 | 0.775 | 0.788

0.544 1 0.624 | 0.673 | 0.708 | 0.736 | 0.758 | 0.776 | 0.791 | 0.805 | 0.816

0.614 | 0.687 | 0.731 | 0.762 | 0.786 | 0.805 | 0.820 | 0.833 | 0.844 | 0.854

6
7 0.582 1 0.659 | 0.705 | 0.738 | 0.764 | 0.784 | 0.801 | 0.815 | 0.827 | 0.837
8
9

0.640 [ 0.710 | 0.752 | 0.782 | 0.804 | 0.822 | 0.836 | 0.848 | 0.859 | 0.867

10 0.662 | 0.730 | 0.770 | 0.798 | 0.819 | 0.835 | 0.849 | 0.861 | 0.870 | 0.878
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AWT/AST

100
909
8009
7009
609
5009
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3.7 (W, U =AWT/AST) (K=1)

(M/E/N) k=1;N=1,2,3,4,5,6,7,8,9, 10

3.7 AWT/AST p)
(M/E /N ; k=2)

AWT/AST]

5% | 10% | 15% | 20% | 25% | 30% | 35% | 40% | 45% | 50%

0.062 | 0.118 | 0.167 | 0.211 | 0.250 | 0.286 | 0.318 | 0.348 | 0.375 | 0.400

0.244 | 0.338 | 0.404 | 0.455 | 0.497 | 0.531 | 0.561 | 0.587 | 0.610 | 0.630

0.372 1 0.469 | 0.532 | 0.579 | 0.616 | 0.647 | 0.672 | 0.694 | 0.712 | 0.729

0.460 | 0.553 | 0.612 | 0.654 | 0.687 | 0.714 | 0.736 | 0.754 | 0.770 | 0.784

0.523 1 0.611 | 0.666 | 0.704 | 0.734 | 0.758 | 0.777 | 0.794 | 0.808 | 0.820

0.571 | 0.654 | 0.705 | 0.741 | 0.768 | 0.789 | 0.807 | 0.822 | 0.834 | 0.845

0.608 | 0.688 | 0.735 | 0.769 | 0.793 | 0.813 | 0.829 | 0.842 | 0.854 | 0.863

0.639 | 0.715 | 0.759 | 0.790 | 0.813 | 0.832 | 0.846 | 0.859 | 0.869 | 0.878

0.664 | 0.737 | 0.779 | 0.808 | 0.830 | 0.847 | 0.860 | 0.872 | 0.881 | 0.890

0.685 | 0.755 | 0.795 | 0.823 | 0.843 | 0.859 | 0.872 | 0.882 | 0.891 | 0.899
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AWT/AST

OOOOOOOOOOOOOOOOOOOp

3.8 (W, U =AWT/AST) (K=2)
(M/Ex/N) k=2;N=1,2,3,4,5,6,7,8,9,10
3.8 AWT/AST )
(M / Ex /N ; k=3)
AWT/AST]
5% | 10% | 15% | 20% | 25% | 30% | 35% | 40% | 45% | 50%
N
1 0.070 | 0.130 | 0.184 | 0.231 | 0.273 | 0.310| 0.344 | 0.375 | 0.403 | 0.429
2 0.25510.354 | 0422 | 0.475 | 0.517 | 0.553 | 0.583 | 0.609 | 0.632 | 0.652
3 0.384 | 0.484 | 0.549 | 0.597 | 0.634 | 0.665 | 0.690 | 0.711 | 0.730 | 0.746
4 0472 10.567 | 0.627 | 0.670 | 0.703 | 0.729 |1 0.751 | 0.769 | 0.785 | 0.799
5 0.534 |1 0.625 | 0.680 | 0.719 | 0.748 | 0.772 1 0.791 | 0.807 | 0.821 | 0.832
6 0.582 |1 0.667 | 0.718 | 0.754 | 0.781 | 0.802 | 0.819 | 0.833 | 0.845 | 0.856
7 0.619 | 0.700 | 0.748 | 0.781 | 0.805 | 0.825 | 0.840 | 0.853 | 0.864 | 0.873
8 0.649 | 0.726 | 0.771 | 0.802 | 0.824 | 0.842 | 0.857 | 0.868 | 0.878 | 0.887
9 0.674 1 0.747 | 0.790 | 0.819 | 0.840 | 0.857 | 0.870 | 0.881 | 0.890 | 0.898
10 0.695 | 0.765 | 0.806 | 0.833 | 0.853 | 0.868 | 0.881 | 0.891 | 0.899 | 0.906
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AWT/AST 3, 4,

100%
900 N=1 N=2 =3 = A
8 0 %
7 0 % \I/ \l/ \l/
/ N=5
6 0 % y //
50 % !! N=6
40 % l N=7
30 % '// N=8
20 Ypmmmmmmmmm oo S ——
10 % = _
6 v 0 G i e b g oo © o b 10
O % ) — N T — ) O O oo e S e o)
>
O O O O O OO0 OO0 OO0 oo oo o o o o P

3.9 (W4 M =AWT/AST) (K=3)
(M/Ex/N) k=3;N=1,2,3,4,5,6,7,8,9, 10

3.9 AWT/AST P)
(M /Ey/N ; k=4)

AWT/AST]
5% | 10% | 15% | 20% | 25% | 30% | 35% | 40% | 45% | 50%

1 0.074 | 0.138 | 0.194 | 0.242 | 0.286 | 0.324 | 0.359 | 0.390 | 0.419 | 0.444

2 0.261 | 0.362 | 0.432 | 0.486 | 0.529 | 0.565 | 0.595 | 0.621 | 0.644 | 0.664

3 0.391 | 0.493 | 0.559 | 0.607 | 0.644 | 0.674 | 0.700 | 0.721 | 0.739 | 0.755

4 0.478 | 0.575 | 0.635 | 0.679 | 0.712 | 0.738 | 0.759 | 0.777 | 0.793 | 0.806

5 0.541 | 0.632 | 0.688 | 0.726 | 0.756 | 0.779 | 0.798 | 0.814 | 0.827 | 0.839

0.588 | 0.674 | 0.725 | 0.761 | 0.788 | 0.809 | 0.826 | 0.840 | 0.852 | 0.862

0.655 | 0.732 1 0.777 | 0.808 | 0.830 | 0.848 | 0.862 | 0.874 | 0.883 | 0.892

6
7 0.625 | 0.706 | 0.754 | 0.787 | 0.812 | 0.831 | 0.846 | 0.859 | 0.870 | 0.879
8
9

0.680 | 0.753 | 0.796 | 0.824 | 0.845 | 0.862 | 0.875 | 0.885 | 0.894 | 0.902

10 0.700 | 0.771 | 0.811 | 0.838 | 0.858 | 0.873 | 0.885 | 0.895 | 0.904 | 0.911
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AWT/AST y
100%
90 %
8 0 %
7 0 %
6 0 %
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3.10 (W, U =AWT/AST) (K=4)
(M/Eg/N) k=4;N=1,2,3,4,5,6,7,8,9,10
3.10 AWT/AST p)
(M /Ex/N ; k=5)
AWT/AST]
5% 10% | 15% | 20% | 25% | 30% | 35% | 40% | 45% | 50%
N
1 0.077 1 0.143 | 0.200 | 0.250 | 0.294 | 0.333 | 0.368 | 0.400 | 0.429 | 0.455
2 0.265 1 0.368 | 0.439 | 0.493 | 0.536 | 0.572 | 0.602 | 0.628 | 0.651 | 0.671
3 0.395 1 0.498 | 0.565 | 0.613 | 0.651 | 0.681 | 0.706 | 0.727 | 0.745 | 0.761
4 0.482 1 0.580 | 0.641 | 0.684 | 0.717 1 0.743 | 0.765 | 0.783 | 0.798 | 0.811
5 0.54510.637 | 0.692 | 0.731 | 0.761 | 0.784 | 0.803 | 0.818 | 0.832 | 0.843
6 0.592 1 0.678 | 0.730 | 0.765 | 0.792 | 0.813 | 0.830 | 0.844 | 0.855 | 0.865
7 0.629 1 0.711 | 0.758 | 0.791 | 0.816 | 0.835 | 0.850 | 0.862 | 0.873 | 0.882
8 0.658 1 0.736 | 0.781 | 0.812 | 0.834 | 0.852 | 0.865 | 0.877 | 0.886 | 0.895
9 0.683 1 0.757 1 0.799 | 0.828 | 0.849 | 0.865 | 0.878 | 0.889 | 0.897 | 0.905
10 0.704 |1 0.775 | 0.815 | 0.842 | 0.861 | 0.876 | 0.888 | 0.898 | 0.906 | 0.913
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AWT/AST
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3.11 (W, M =AWT/AST) (K=5)
(M/Ex/N) k=5;N=1,2,3,4,5,6,7,8,9,10
3.11 AWT/AST p)
(M / Ex /N ; k=6)
WT/AST]

N 5% | 10% | 15% | 20% | 25% | 30% | 35% | 40% | 45% | 50%
1 0.079 | 0.146 | 0.205 | 0.255 | 0.300 | 0.340 | 0.375 | 0.407 | 0.435 | 0.462
2 0.268 | 0.372|10.444 | 0.498 | 0.541 | 0.577 | 0.608 | 0.634 | 0.656 | 0.676
3 0.398 | 0.502 | 0.569 | 0.617 | 0.655 | 0.685 | 0.710 | 0.731 | 0.749 | 0.765
4 0.485 | 0.584 | 0.645 | 0.688 | 0.721 | 0.747 | 0.768 | 0.786 | 0.801 | 0.814
5 0.548 | 0.640 | 0.696 | 0.735 | 0.764 | 0.787 | 0.806 | 0.821 | 0.835 | 0.846
6 0.594 | 0.682 | 0.733 1 0.769 | 0.795 | 0.816 | 0.832 | 0.846 | 0.858 | 0.868
7 0.631 1 0.713 1 0.761 | 0.794 | 0.818 | 0.837 | 0.852 | 0.865 | 0.875 | 0.884
8 0.661 | 0.739 | 0.784 | 0.814 | 0.837 | 0.854 | 0.868 | 0.879 | 0.889 | 0.897
9 0.685 | 0.760 | 0.802 | 0.831 | 0.851 | 0.867 | 0.880 | 0.891 | 0.899 | 0.907
10 0.706 | 0.777 | 0.817 | 0.844 | 0.863 | 0.878 | 0.890 | 0.900 | 0.908 | 0.915
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AWT/AST
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3.12 (W4 U =AWT/AST) (K=6)
(M/Ek/N) k=6;N=1,2,3,4,5,6,7,8,9,10
3.12 AWT/AST (p)
(M / Ex /N ; k=o0)
AWT/AST
. 5% | 10% | 15% | 20% | 25% | 30% | 35% | 40% | 45% | 50%
1 0.091 [ 0.167 | 0.231 | 0.285 | 0.333 | 0.375 | 0.412 | 0.444 | 0.473 | 0.500
2 0.284 | 0.395 | 0.469 | 0.525 | 0.569 | 0.605 | 0.636 | 0.661 | 0.683 | 0.703
3 0.415 | 0.523 | 0.591 | 0.641 | 0.678 | 0.708 | 0.733 | 0.753 | 0.771 | 0.786
4 0.502 | 0.603 | 0.665 | 0.708 | 0.741 | 0.766 | 0.787 | 0.804 | 0.819 | 0.832
5 0.563 | 0.658 | 0.714 | 0.753 | 0.782 | 0.804 | 0.822 | 0.837 | 0.850 | 0.861
6 0.609 | 0.698 | 0.750 | 0.785 | 0.811 | 0.831 | 0.847 | 0.861 | 0.871 | 0.881
7 0.645 | 0.729 | 0.777 | 0.809 | 0.833 | 0.851 | 0.866 | 0.877 | 0.887 | 0.896
8 0.674 [ 0.753 | 0.798 | 0.828 | 0.850 | 0.867 | 0.880 | 0.891 | 0.900 | 0.907
9 0.698 | 0.774 | 0.816 | 0.844 | 0.864 | 0.879 | 0.891 | 0.901 | 0.910 | 0.916
10 0.719 [ 0.790 | 0.830 | 0.856 | 0.875 | 0.890 | 0.901 | 0.910 | 0.917 | 0.924
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AWT/AST
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P
3.13 (Wq M =AWT/AST) (K=0)

(M/Ex/N) k=o ;N=1,2,3,4,5,6,7,8,9, 10

DC (N) P)
(P)
N) DC p
(Wq) (P) N)
Erlang number k
(P) N)
Erlang number k
(P)

(p) (W -1t = AWT/AST) k
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70% k=1 k=00

28.5% (Wy -1 =AWT/AST)

Erlang number k (p)

(Wq -1 = AWT/AST)
(Wq)

3.3

1960

Plumlee 1966 Nicolau 1967
Wanhil 1974

1978
Schonfeld 1985

(1)

3-18

1978

2)

54.7%
(p)

1997
(DO)

Hiller 1981



3.3.1

1960
(Plumlee1966) (SWC) (BWC)
TC,
TC;=Ug A Wq+ Up N (1=p) eooerreeeeeeeeeoersseseeeeessseesssnneee (3.16)
Us Uy'N (BC)
A (/) 1-p (%)
W, N
Lq =% W, L
Nicolau (1967) (BWC)
(BSC) (SWC) TC,
TCy =Ug AW + Up - N oo (3.17)
1974 (Wanhil 1974 1978 1978
(SSC) TC2
TC;
TC3=Ug A (Wg+ V)4 Up N oo 3.18
; (Wq + V) +Us (3.18)
%l =Q/SH/R=V/R
BWC + BSC = BC
Q BWC
SH BSC
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\Y SSC
R
Ci
Gy Ci ( )
(1) C
(2) Cg
C, ( )
C1 = g Clagneneoneeeeee e e (3.19)
Cor=Cpr +Cpo +Cpf +Cpo + Cem +Cco +Cyq i, (3.20)
Cpt > Cpo
Chbt > Cho
CCI’I’I
CCO
Cyq
M/E, /N (L)
O TS SO (3.21)
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U($ (hr ship))



O S VAT S S (3.22)

(Ton, TEU)
Uc(§ (hr Ton))
Ceg =Ucg "X (A/ALg) i, (3.23)

X (Ton, TEU)

2°Cpf 9Cp0 5> Cbt 5 Cho

(Cpf) (Cpo)
(Cor) (Cho)
Upf Upo Ubf
Upo N
Coo =Up N
D et sae st eseeeeeen (3.24)
Cor =Upr N
Cbo :Ubo N
3'CCII1 9CC0

Cem =Uem - N-AC
Ceo =Ug-AC-T-A

T=V/(AC -vy) (hr)

\% (Ton, TEU)
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% (Ton, TEU (hr crane))

f
Ucem
Uco
4- Cyd
(Ton, TEU) Uyq
ST G IR v ¢ B (3.26)
H C )
(321) (3.26) (3.19) (3.20)
(TC)
TC=C; +(C,
= (US + ch . X) . (7\,/ n+ Lq) + (Upf + UpO + Ubf + Ubo) -N ..... (327)
+Uem "N-AC+Ug - T-AC-A+ Uy -V-H-A
314 k=3 N=8 Q
TC3 > TCZ > TCI
(SSC) (SWC) (BSC) Q
(-Us-V)
3.15 TC; TC, TCjy
(SWC/(A-Us-V)) (BC/(A-Us-V))
u (SSC/(A-Us-V))
(BSC/(A-Us-V)) X
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1997

(
)
(A-Us-V) IND
IND
IND
(1)
(2) 3)
(3.27)
(A-Us-V) IND (Ton, TEU)
IND

IND=TC/ (\-Us - V)
=[ (1+Reg)- (1/p+Wy) +(Rpf +Rpo + Ry + Rpo) - N/ A......(3.28)
+Rem-AC-N/A+Rg-T-AC+Ryq-V-H |/ V

W, (hr)

1/u=T+DT DT:
( )

ch ) Rpf ) Rpo s Rbf s Rbo 5 Rcrn 5 Rco 5 Ryd ch’Xa UpfaUpOanfa
Ubo ) Ucm ) Uco 5 Uyd Ug

_TC $/hr _$/TEU
A-V-Ug  ship/hr- TEU/ship- Uy U

(328) IND IND
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0.11
0.09
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3.15

Q (10"4TEU/ )
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(p)

(P)
(DC) (Wq) AWT/AST = Wq x n
IND
4.1
Port Development
AWT/AST 10%~20%
30% Port Performance
Index AWT/AST 10% 10%~20%
20%
AWT/AST=20% p

AWT/AST=20% AWT/AST=30%

(W (a=n/p)
(2)
(V) Q)
p=A/(N-p

4-1



1998

.......................................................................................... 4.1)
o N D ettt (4.2)
Q=NP IV TEUNT oo (4.3)

K

(N) AWT/AST=20% 30% p
0 —pn —Pnt P =(Pn = Pn-1)/P1
=An /M An —An-
xn;—?n_l Pn > An N
Pn-1>An-1 N-1
P1, M N=

4.1~4.7 4-1(ab,c,d)~4-

7 (a,b,c,d) K

1 2 2

3 3 45 6

7 6 7

K 4 -8~4-12

4-8 K p
K=o p K p
4-9 K
p =1 K=2
=1
=2 K=1

4-2



4-10

K
K=00 =1
3 K
4-11 4-12
K K=2 K=1
4.1 (N) (M/E/N, k=1)
AWT/AST =20% AWT/AST =30%
P P
p p
N) | |
(%) M (%) M

1

2 0.241 [144.3%| 4.886 3.886 0.249 [107.8% | 4.156 3.156
3 0.129 | 77.2% | 9.647 4.760 0.122 | 52.8% | 7.818 3.662
4 0.079 | 47.3% | 14.754 5.108 0.073 | 31.6% |[11.688| 3.870
5 0.053 | 31.7% | 20.030 5.275 0.048 | 20.8% [15.649| 3.961
6 0.039 | 23.4% | 25.437 5.407 0.035 | 15.2% [19.688| 4.039
7 0.030 | 18.0% | 30.934 5.497 0.026 | 11.3% |23.758| 4.069
8 0.024 | 14.4% | 36.503 5.569 0.021 9.0% |27.872| 4.114
9 0.020 | 11.9% | 42.133 5.630 0.017 72% [32.006| 4.135
10 | 0.016 | 9.7% | 47.788 5.655 0.013 59% 136.149| 4.142
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0. 3p0
—e—AWT/ AST
=20%
0.2p0
FE—AWT/ AST
=30%
0. 2p%06
0. 1560
0. 1p%06
0. 0pb0
0. 060
1 3 4 5 6 7 8 9 10
4-1a (K=1)
1609
140%
—o—AWT/ AIST
120% =20 %]
100% —8m—AWT/ AIST
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80 %
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20 %
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55

50
45}
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35
30
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——— AWT/ AST|=20%
—+— AWT/ AST|=30% /-/
/‘/ _A
/ /
/ /
/./
/
o
/‘/
1 2 3 4 5 6 7 8 9 10
4-1c (K=1)
——AWT/ ASTE20%
5 —-—AWT/ASM
| ’ ////
1 2 3 4 5 6 7 8 9 10
4-1d (K=1)
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4.2 (N) (M/EW/N, k=2)
AWT/AST =20% AWT/AST =30%
p p
p p
(N) 7\'11 B 7\'I’l—l 7\'1'1 B 7\'1'1—1
(%) M (%) M
1
2 0.244 | 115.6% | 4.313 3.313 0.245 85.7% | 3.713 2.713
3 0.124 52.8% 7.753 3.919 0.116 | 36.1% | 6.435 3.073
4 0.075 31.6% | 11.602 4.166 0.067 20.6% 9.406 3.199
5 0.050 21.2% | 15.563 4.284 0.044 13.9% | 12.452 3.266
6 0.037 15.2% | 19.584 4.389 0.031 9.7% 15.523 3.301
7 0.028 11.7% | 23.667 4.441 0.024 7.3% 18.622 3.346
8 0.021 9.1% 27.775 4.464 0.019 5.7% 21.739 3.374
9 0.018 7.4% 31.909 4.493 0.015 4.6% 24 .872 3.381
10 0.015 6.1% 36.061 4.536 0.012 3.8% | 28.013 3.388
0. 3r0
L e AWT/ AST
=20%
0. 25 \ = AWT/ AST
=30%
0. 210 \
0. 15 \\\\
0. O5
0 . 0 G L L L L L
1 2 3 4 7 8 9
4-2a (K=2)
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ST

10

1409
——AWT/ A
—~ =20%
N 120%
~ —m—AWT/ P
100% =30%
80 % \\\
60 9% \\
20 %
0% Il Il Il Il Il
1 2 3 4 5 6 8 9
4-2b (K=2)
40
——AWT/ AST|=20%
35 |—=—AWT/ AST|=30% /
30 /
20 //./
. ///
5 ‘7
0
1 2 3 4 5 6 7 8 9

4-2¢ (K=2)
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~

——AWT/ AST=20%
—=—AWT/ AST=30%

f=—

p=—

I 2 3 4 5 6 7 8 9
4-2d (K=2)
4.3 (N) (M/EW/N, k=3)
AWT/AST = 20% AWT/AST = 30%
p p
p p
(N) % %
(%) ! (%) 1
1
2 | 0244 [105.6% | 4113 | 3113 | 0.243 | 784% | 3.568 2.568
3 00122 | 52.8% | 7753 | 3641 | 0.112 | 36.1% | 6.435 2.868
4 | 0.073 | 31.6% | 11.602 | 3848 | 0.064 | 20.6% | 9.406 2.971
5 1 0.049 | 21.2% | 15563 | 3961 | 0.043 | 13.9% | 12.452 3.045
6 | 0.035 | 152% | 19584 | 4022 | 0.030 | 9.7% | 15.523 3.071
7 1 0.027 | 11.7% | 23.667 | 4082 | 0.023 | 7.3% | 18.622 3.106
8 | 0.021 | 9.1% | 27.775 | 4.108 | 0.017 | 5.7% | 21.739 3.117
9 | 0.017 | 7.4% | 31.909 | 4.134 | 0.015 | 4.6% | 24.872 3.133
10 | 0.014 | 6.1% | 36.061 | 4.152 | 0.011 | 3.8% | 28.013 3.141

10



—6—AWT/ AST|=20%

0. 25 —=—AWT/ AST=30%
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4-3a (K=3)
12096 1
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=
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4-3¢ (K=3)
——AWT/ AST=20%
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4.4 (N) (M/EW/N, k=4)
AWT/AST =20% AWT/AST =30%
p p
P p
(N) }"n - 7‘*n—1 7‘*n - }"n—l
(%) M (%) M
1
2 0.244 |100.8% | 4.017 3.017 0.241 | 74.4% | 3.488 2.488
3 0.121 50.0% | 7.525 3.508 0.109 | 33.6% | 6.241 2.753
4 0.072 | 29.8% | 11.223 3.698 0.064 | 19.8% | 9.111 2.870
5 0.047 | 19.6% | 15.008 3.785 0.041 | 12.8% | 12.029 2.917
6 0.035 14.3% | 18.868 3.860 0.030 9.1% | 14.981 2.953
7 0.026 10.7% | 22.764 3.897 0.022 6.8% | 17.954 2.972
8 0.021 8.6% | 26.704 3.940 0.017 5.2% | 20.938 2.985
9 0.016 6.9% | 30.660 3.955 0.014 4.3% | 23.944 3.006
10 0.014 5.6% | 34.628 3.969 0.011 34% | 26.944 3.000
0. 370
——AWT/ AST[=20%
0. 25 \ —8B—AWT/ AST|=30%
0. 20 \
0. 15 \\
T \
0 . 0 0 L L L L |

10
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N N N N DN WO W W w w

——AWT/ AST
—8m—AWT/ AST

=20%

L 4

e
A
1 2 3 4 5 6 7 8 9
4-4d (K=4)
4.5 (N) (M/E,/N, k=5)
AWT/AST =20% AWT/AST =30%
p p
p p
™) An —Ano An —Ano
(%) M (%) M

1
2 0.243 | 97.2% 3.944 2.944 0.239 | 71.8% | 3.435 2.435
3 0.120 | 48.0% | 7.356 3412 0.109 | 32.7% | 6.135 2.700
4 0.071 | 28.4% | 10.944 3.588 0.062 | 18.7% | 8.927 2.792
5 0.047 18.8% | 14.620 3.676 0.041 12.3% | 11.772 2.844
6 0.034 | 13.6% | 18.360 3.740 0.029 8.7% | 14.649 2.877
7 0.026 | 10.4% | 22.148 3.788 0.022 6.6% | 17.553 2.904
8 0.021 8.3% | 25.974 3.826 0.017 51% | 20.468 2.916
9 0.016 6.7% 29.824 3.850 0.013 4.0% | 23.391 2.922
10 0.014 5.4% 33.680 3.856 0.011 3.3% | 26318 2.928
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4.6 (N) (M/Ek/N, k=6)
AWT/AST =20% AWT/AST =30%
p p
p p
(N) 7‘*n - }"n—l 7‘*n - }"n—l
(%) M (%) M

1
2 0.243 95.3% 3.906 2.906 0.237 69.7% | 3.394 2.394
3 0.119 46.7% 7.259 3.353 0.108 31.8% | 6.044 2.650
4 0.071 27.8% | 10.792 3.533 0.062 | 18.2% | 8.788 2.744
5 0.047 18.4% | 14.412 3.620 0.040 | 11.8% | 11.574 2.785
6 0.034 13.3% | 18.094 3.682 0.029 8.4% | 14.393 2.819
7 0.025 10.0% | 21.809 3.715 0.021 6.3% | 17.232 2.839
8 0.020 7.8% | 25.550 3.741 0.017 4.9% | 20.085 2.852
9 0.017 6.5% | 29.329 3.780 0.013 4.0% |22.955 2.871
10 0.013 5.3% 33.114 3.784 0.011 3.3% |25.835 2.880

0. 3r6

—6—AWT/ ASTF20%

0. 25 \ —B—AWT/ ASTEF30%

0. 26 \

0. 15 \\;\

0. 0r5 M

0 X O O | | | | |
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——AWT/ AST|=20%
. 8 —=—AWT/ AST|=30%

N N N N N w w w w w R
D
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X i
1 2 3 4 5 6 7 8 9
4-6d (K=6)
47 (N) (M/EW/N, k=o0)
AWT/AST = 20% AWT/AST =30%
p p
p p
) An —An An —An
(%) M (%) M

1
2 0.240 84.2% 3.684 2.684 0.230 | 61.3% | 3.227 2.227
3 0.116 40.7% 6.747 3.063 0.103 | 27.5% | 5.664 2.437
4 0.067 23.6% 9.941 3.194 0.058 | 15.5% | 8.171 2.507
5 0.045 15.7% | 13.211 3.269 0.038 | 10.1% | 10.720 2.549
6 0.032 11.2% | 16.526 3.316 0.027 7.2% | 13.296 2.576
7 0.024 8.4% 19.870 3.344 0.020 5.3% | 15.885 2.589
8 0.019 6.7% 23.242 3.372 0.016 4.2% | 18.487 2.602
9 0.016 5.4% 26.637 3.395 0.012 34% | 21.101 2.613
10 0.012 4.4% 30.035 3.398 0.011 2.7% | 23.720 2.619
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4-12 (AWT/AST=20%)
( IND)
IND
BOT BOT
(1990)
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Cbg Cbg _Cgp + Cgm + ng
Cgh
Cap = Ugp *Ng *N oo (4.4)
Cam = Ugm * Ng *N oo (4.5)
Caw = Ugw * N N oo (4.6)
Cgh = Ugh “V/Rp A i, 4.7)
Ugp (NT$/hr)
Ugm (NT$/hr)
Ugyw (NT$/hr)
R, TEU 1.5
TEU/unit
Ugh NT$/unit
Ng
N
(TEU) Uyq
Cya =Uyg - V-H: A (4-8)
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H (hr)

(Cyr) (Crp)
(Cim) (Crw) (Cn)
T N N (4.9)
ST N S (4.10)
Core = Upiy N N oo @.11)
S I e (4.12)
Unp (NT$/hr)
U (NT$/hr)
U rw (NT$/hr)
R; TEU 1.5
TEU/unit
Urh NT$/unit
N;
np 2
Cht
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Cht :Uht V/RI' . }\, ....................................................................
Cht NTS$
Upt : NTS$/unit
NT$150~200
50 203.3
(2000)
70
203.3-70 /50/7=3.8
(Cpt) (Cho)
(Cp1)
Cbl = Ubl . N .................................................................................
Ubpl
Cor Chpo 324 )
(1990)
0
Cpf

4-26
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(TC)

TC=C; +C,
=Cq +ch +Cpr +Cb0+Cb1+Cbg+Cyr+Cgh +Cip +Cht +Cyd
F(Ug +Ugg - X) M/ L)+ (Upp + Upg +Up) N e (4.15)
+(Ugp +Ugm + Ugw ) Ng N + (U + Upyy + Uy )- Ny =N
+(Ugh +Upy -0 +Upg)- V/R -2+ Uyq-V-H-A

IND

IND=TC/ (A- Uy - V)
=[ (1+Reg)-(1/ p+ W)+ (Rpp +Rpg +Rp) - N/ 2
+(Rgp +Rgm + Ry ) - Ng -N/A+(Rpp + Ry + Ry )- N -N/A
+(Rgp +Rypy -0y +R ) V/R, +Ryq-V-H ]/ V

ch’RbfoRboaRbloRgp oRgvagw’RrpaeraRrwaRgh’RrhoRht ’Ryd

ch'X’Ubf’Uboanla ngoUgm’Ugwa UrpoUrm’Urw’ Ugh’UrhoUht’Uyd

US
4.31IND
8 000 TEU
4.8 8
8 000 TEU 8 000 TEU
7 500 4.9
1300
2000TEU
4 3
45 TEU/hr
DT 4hr
f=1 Chu & Huang 2002 NT$200,000,000
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20 5 Jyr
3 NT$ 60,000/ 15 4
80 7 /TEU
NT 200, 000 NT 900, 000, 000
50 NT 40,000,000 /yr
1.5 NTS$ 32,625,000 12
(RMQG) NT$42,000,000 RMG
20 3 Jyr 3 NTS$ 50,000/
K IND 4-13~4-15
IND a~h
N
IND
IND
N 10
N 7
IND
10
4.8
TEU |No. of
capacity | ships Shipyard Knots| Cost/vsl. | Delivery |Ordered| Operator
8200 4 Hyundai 25 80 2006 | 7/2003 | CMA
8 100 5 Samsung 25.9 80 2004/2005(12/2002| CSCL
8 100 8 Samsung 25 68 2005/2006| 4/2003 |Evergreen
7 500 5 Hyundai 25 70 2004 |12/2002| Cosco
5 040 3 Samho 25 45 2004 [12/2002| APL
5 600 3 Hudong-Zhonghua | 24 53 2004/2005| 5/2003 | CSCL
5576 Imabari 24 65 2005 | 7/2003 | COSCO

Containerisation International, Feb., Jun., Jul., Sep., 2003.
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4.9

4,000 TEU 6,000 TEU 10,000 TEU
85 85 85
90 107.5 115
80 100 100
25 30 30
17.5 17.5 17.5
428.4 572.2 726.9
200 270 300
9259 1182.2 1449.4
0.2315 0.197 0.1449
10 7 2003 pl3
N=1
- N=2
z 56
o / N=3
/ N=4
h N / N= N-=6
§ N N=7
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