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Abstract

The economical property of a shipping enterprise, as weil as other transportation industries,
is determined by the difference between the freight earned and expenses paid.

This study can be regarded as a division of optimizing ship allocation to routes under the
integrated port transport system.

Fleet planning and scheduling require complicated allocations of cargoes to ships and ships to
routes in order to optimize the given criterion function for a given forecast period.

This paper deals with the optimum ship allocation problem minimizing the operating cost of
ships in a shipping company.

Optimum fleet operating for a shipping enterprise is very important, since the marine trans-
portation is a form of large quantity transport requiring long-term period, and there is a strong
possibility to bring about large amount of loss in operation resulting from a faulty ship allo-
cation.

Where there are more than one loading and discharging ports, and a variety of ship’s ability
in speed, capacity, operating cost etc., and when the amount of commodities to be transported
between the ports has been determined, then the ship’s schedule minimizing the operating cost
while satisfying the transport demand within the predetermined period will be made up.

First of all a formula of ship allocation problems will be established and then will be con-
structed to solve an example by the Integer Programming application after consideration of the
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ship’s ability, supply and demand of commodity, amount of commodity to be transported, ope-
rating costs of each ship etc,
This study will give good information on deciding intention for a ship operator or owner to

meet the computerization current with shipping management,
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(Table 1) The Specification of Ships.

f

i . i Sk Sk Tex i Tk Vi Opex ating Cost
I l U } Engine ! e ) | i i ST D
‘ | mile/day mile/day l (dav) | (da)_/z_ i (ton) (S/ ay). ' (§/day)
“ i I t
ko e | icsel : 360 ‘1 08 8 350 ‘ 15,000 | 2,400 | 2,200
T [ | |
ko | " { P l 288 | 312 | 10 320 ! 15,000 ;3,000 | 2,600
1 ! H }
ke o Lo 432 i ago\ M IV) [ 350 i 15,000 | 2,600 | 2,400
Kt | o | ] 360 & | 12 340 | 30,000 | 2,800 | 2,500
I |
ke |0 Lo o8 | B, | 15 530 | 30000 | 2500 |z
\ | } t i
(Table 2) The Travelling Time for Each Ship(day)
ij | a1 | a2 | oAz | 1 B2 | B3
Dist(mile) 4,350 8, 694 3,240 2,525 . 699 5,265
As;{1, 000 ton) 150 75 i 90 120 120 60
|
I T 20 32 17 15 27 22
Ki ! 1
L Pia | it 22 8 7 18 13
: i \ i
_— —
Tije 25 40 21 18 34 " 28
K2
P 14 28 il 9 23 17
~ S - . N
T 20 30 ! 15 26| 22
K . ;
Pijs 10 19 7 6 15 ! 11
| | _
C Tone 24 36 21 19 31 ( 26
K4 ! |
i Pije 12 23 9 7 19 | 14
T 30 45 | 26 24 3 33
Kf {
Pise 13 26 10 8 21 16
1
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(Table 38) The Operating Costs of Ships on Each Voyage Type(100 $)

\I A-1 I A-2 , A-3 B-1 B-2 ’ B-3
K | B

X1 Cii 480 768 408 360 648 528

D 242 484 176 154 395 235

X Ciin 750 ' 1,200 | 630 540 1,020 849

2 &

D; i 364 ‘ 728 | 286 234 598 142

K3 Ciir 520 " 780 [ 442 360 676 572

Dij 240 | 456 | 168 144 360 254

K4 Ciin 672 | 1,008 588 532 868 723

D; 300 575 225 175 475 350

X5 Cije 750 i 1,125 f 650 600 975 825

Di 286 | 572 ) 220 176 462 352

(Table 3)¢] Mgzl wel #:(2—1)¢ Fimsted AMEKE Hass,
BME .
Z=480 X,01 4750 Xya1 +520 Xiay +672 X0+ 750 Kooy
768 Xia1+1, 200 X102+ 780 Xias+1, 008 Xz +1, 125X,
+408 X103 +630 X +442 Xi0y 4588 X, 05 +650 X0 i
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+360 X151 +540 Xyp, + 330 Xip; +532 X5+ 600 Xs:
+648 X150+ 1, 020 Xzpo + 676 X33, 4868 X502 +975 Xsps
4528 X33 +840 Xors 4572 Xsps -+ 728 X33 +825 Xiss
4242 Y41 +364 Yy, +240 You;+300 Yia1 4286 Yia:
4484 Viar + 728 Yiay +456 Y320+575 Yias +572 Yiar
4176 Yia3+286 Yoo +168 Yizs +225 Vies +220 Y
4154 Yo +234 Yiop +144 Vo5 +175 Yip +176 Yo
+396 Yipr+ 598 Vipr+360 Yisr+475 Yise+462 Y
+286 Yips 442 Vi3 +264 YVips+350 YVies+352 Yipe ‘

F2—2)el] (kaF Fi] EMTRER B HIRL,

20 X1a1 +32 sz +17 X103 415 lYlbx +27 X1b2+’22 X;[;,v,
+11 Y1a1+22 Ymg+ 8 Yma'*‘ 7 Y1b1+18 Y1bz+13 Y1b3§350

25 X301 4+40 Xyay +21 Xyo3 +18 Xos +34 X5, +28 X s

414 Vi +28 Yooy +11 Yigs +9 Yo +23 YVip, +-17 YVp5: 320
20 Xsa1+30 Xigy +17 Xsos +15 Xis, +26 Xz, +22 Xiss

+10 Y301 +19 Yiy+ 7 Yiaa+ 6 Yin+15 YVige 11 YVips <350

24 Xi01+36 Xias 421 Xias+19 X5 +31 Xi50+26 Xiss
+12Y,5,+23 Yo+ 9 Vi + 7Y +19Y 5 +14 Y5340

30 Xsa1 +45 Xior +26 Xias +24 Xop +39 X560 +33 Xiss

413 Y5a1 426 Ysaz+10 Ysas F & Ysbl +21 Ysbz+16 Y563§330 /

RE@—3oll K3 £ HTTREDES FIRE,

i ol

X <11, X:s,< 8, Xiu<11, X0, <9, Xsa: =< 7
X< 6, Xoam< 4, X< 7, Xin< 5, Xian< 4
X<14, X.:n<10, Xss<14, X(s<11, Xis< 9
X5 <15, X0, <11, X516, X5 <13, X <10
X< 7 X< 5 Xin<8 Xin<6 Xin<s5s
X5:<10, Xons< 7, Xas=<10, Xips< 8, X5 < 6
kfifte] WA= @S #HRe N@—4)Z1H,

X101+X1a2+X1M +X2a1 +Xzz,1 +X'113 +X321+X3a2

)
+Xsos +Xiay + Xias + Xias + Xio  + Xsas + X i
=Y101+Y102+Y1a!+Yza1+Y2az+Y2a3+Y3q1+Y322 !
+ Y+ Vi + Yo+ Vi + Vi + Yo+ Yoy |

........................

X1b1+X1bz+X1bs +Xzb1+Xzb9, +’Xaba +X3b1+Xzb-z

{
l
+Xsb;+X4b1+X4bz+X4bs+Xsbl+Xsbz+Xsb3 |
=Y i+ Y+ Y+ Yoo+ Yoo+ YViss + Yy + Vi, {
+Ysba + Y4b1+ Yu’:z + Yab! +- Y5b1 + Ysbz + Yslzs

13
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Sl HI Ak AWM B BN K(e—5)niy,
X1a1+X1b1+Xza1+XzbJ+Xaa1+X361+X4a1+X4b1+Xsa1+X5b1 \)
:Yxa1+Y1b1+Y2a1+Y2b1+Y3a1+Ysb1+Y4a1+Yibl+Y5rz1+Y5b1 ]

X1a2 +X1bz +X2az+Xzbz+Xsaz ‘I‘Xxbz +X4az +X4bz +Xsaz +X5bz
= Y1a2 + Ylbz + Yzaz + Yzbz -+ Yaaz + Ysbz + anz + Y;bz + Ysaz + Y:sbz !

X1a3 +le3 +XZ(13 +Xzb3 +X3a3 +X!b3 +X(G3 +X453 +X$a3 +X563
= Y1a3 + bez + Yzaa + Yzb: + Y3a3 + Ysbz + ana + Y4b3 + Ysas + Ysbs 4

2= BYR HIRe RE—6)d kb,
Koyt Xoa1 +Xiay+2 Xia1 +2 Xi0, =10
X+ Xoa+Xiar+2 Xiar+2 Xso= 5
Xias +Xoas+Xyas +2 X032 Xso3= 6
Xioi+Xopy + X5, 4+2 Xipy +2 X5, = 8
Xy Xope +Xapo+2 Xypy +2 Xipy= 8
Nips +Xops + X3 4+2 Xipy 42 Xypo= 4
= 54
ol & Computer = MMt BT 178 HE2H % LAY ARG RS fEBRE o] (Table
4)o] v},
(Table 4) TFieet Schedule During One Year on Each Route.

ij
. A-1 A-2 A3 B-1 B-2 B | (dary o
K1(15, 000) — > = 8 - 4 350 316
K 2(15, 000) - — k= — - — 320 -
K 3(15, 000) - 1 — - - — 350 19
K 4(30, 000) 5 ~ 3 - 1 — 349 320
K 5(30, 000) — 2 — — 3 — 330 322
Aij(ton) 150,000 | 75,000 | 90,000 | 120,000 | 120,000 | 60,000 615, 900

(Table 4)= o] @ike] 14FM MAEHMIE TS 18 MBS st ol o

e Kyol (B—D#iksel 84, (B—3)#ifkol 4#iMstoed Muiven it 316H] 5 =, X,
= (A=Dgiikel] 5818, (A—3)#idkel 34, B—2D#ikol 1sistd MR 32000
2

A Ko = (A-2)fidkell 2805, (B—2)#ilkel 3HMEZA il HiKe) &< 32200 5o K, =
AY WETA B2 Ki' (A-2)#ilke] 1810 BlEse] 2iEmes £ ks RREs £
RAZ L 9l et

# RSl RS PEE % o) K K K& BER selw K, = wl-¢ (Solw A Mot =

— 14 —



p=ns

NERER-S oS MBI 15

2 A fERE BEE ¥ Fe] Ko BEE A o iEme Ao= sl

e TJW}EE K, ot K; & #8le] HWES eEaor & Aolw] & AUFRY RN £l

Aol A EEFHMES EEER) S E e A&dY —®maA g3

e EARS MRM2A EREFERET FagEstes AR RETGES dines ksl %
Skl FHRIRZe] FE4stAl =)

a¥Ez el FE - A F ) er e} MRS HEINE 19MS Hifksl= A o) wpurA E}
vhoojAe] & A Xabebd B fFel A REAES T BEEEREA 2t 4 = A
£ o6y JERAY dE F dmdl KRRl A= BRARRIE fEE) AR S A0S B AN
£ obRdeH, ok =2 & MY MBS TS E Aot

o] MEw AR Eab oheh BIfE WIAMEM B % #IEKY e
B AdE Fsiel

tezke] WRMEE £2 BfUIEH, B Bt IAE Rl (43 Hiimel RDAE el fhe
o7 A AR RE R, IR S A2 0 ﬁ'%ﬁ% o e shdm, H8 Mtk D #

1S EEE e MBS Mslazd BEMED d% #arstaat 55008 ot

T0FERY FMEEE Fon A HEAES FEBALY FEezA Myl HE el B
b, BB TIE A2YE Busl AT BAANE WA F WGl U5t
T givh

ofdl ESt ReAAYEI MAE Bkt Computer (TAEES Wtk A& EARETAS] A
AL EITE HY ERYIHEA FaT Aoz g

AHE #RE FEMHS HRoe @ oAt EMREMY JdAAs BEREHKAA i
fpel AL R 1T ORI 2 R S Aeieh

Hs) REIRY (kFle] B st ehe ENAEsE BB b nbE ERSe RS
2] Computer {b j@#hol] WrebFo} APEE iTehzlom o rhelrb oej7bA] BRI F

S AlaE e BRTEe MEAvel WEITREE derh

2 ¥ X K

AR L A 28 TEMERY, CBIUKGL, L, pp. 366~338(1981)

PR®E  FEREES, WK, %14, pp. 367~523(1973)
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