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Initial Ship Allocation for The Fleet Systematization

ABSTRACT

The economical property of a shipping enterprise, as
well 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 trans-
port system.

Fleet planning and scheduliﬁg require complicated allo~-
cations of cargoes to ships and ships to routes in order
to optimize the given criterion function for a given fore-
cast 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 transportation 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
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operation resulting fqom a faulty ship allocation.

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 ths 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 constructed to solve an
example by the Integer Programming application after consid-
eration of the ship’/s ability, supply and demand of commodity,
amount of commodity to be transported, operating costs of
each ship etc.

This study will give good information on deciding inten —

tion for a ship operator or owner to meet the computeriza-—

tion current with shipping management.
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Ay gt P28 |EM jol EXHelcr stk KwE (ton)
Crk M el 1A% FH O AHE 9
Crk cfAm kel 1PN P EHBWREG
Cek TRk 1MKRE FE EEQ
Con iz oA MHEste jol &WXY % BHL HAX

FiEs = FEME ( $ voyage)
Cpilot & : #Mfigx o HA# % BHE EiH ($voyage)
Calong & : fif ko ME# % HBEE BRE EEM (3 voyage)
Ctug ¢ : fAgfh ko =RAAX (8, voyage)
Coto £ : faggxol Athi#d FHESE 718 %A (8 voyage)
D,,, MMkt jelA {2 Z@EEEelE o RESE FHEMK (5 oyl
Dist @ i#d M AR (mile)
M,,, :TcE% BMkZ i, ipe EMT F Ae RAMT TEREK
P, Mmkst jEiEH  id Zpmmste ol HESE AR

Tek c bl ko Kol Este  #&rF% A & (day/voyage)

Tox MKk BUBE HMAC FESE H#K (dayvoyage)

Tex DM kel M4 P G A ¥ (day voyage)
“Ti et oA Ke @Este  jol @Ry % BES

= dAA mESE A

Tk DHRM kSl 14E R EMTREH K

v, CME K E i ZEE jol #iEH EX® F A HYE (tn)
W, camkel FHmEn WER (tonday)

W kS F® MW HER (ton/day)
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2 fwmss sE{dr] 9% Dge WEBKMES RELSe
A Mo ol Jekl A FEEHo ad sHAT.

o] % RAE IS mul 19824 &ftfel A 53 A
EfiEgol e 4209M9 MMEES EHF o lod, BEE K
EARRERe] 600 BES Wol4ol oz AMEMoz REMI K
el BOe ] golx gow okd mEd HESIdz &

BRAAE AX%e dpo RESBEERD BY PRY &R
s BESz dow AMAE Bl Eifd I Aolzrliw
» omame wEBEEE Axdd & 5HA Fie Held.

maExs B SEREMEE #pe Bfd R#Esic BE
EENE NI =AM FiE, Tanker o EM Fo BsHA HHEDN
ol Wzt Az U

2 & e BEEEBEAN BY AFHRE A4x 2d o33
2t

ol x| 1960 4] Dantzig o Fulkersor}S)-?: B ftpmhz
vy B TEsd EH HEESE KRAVI A Tanker ¢
BEKE RESE MEZT M®rd v los, Bellmore ¥F2 FE
o] Hote] Tanker o #7F RRF B MEE, 223 Apple-
grem o [F—7fe st FA-Age Ky, B BHBES KE
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A, 7/t SRy mHoz @WXstr] st #IEMBEA FAS

B HBEEM Schedule & fEMstz, W Jolst RerfaKol
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D) EMEAEY X1t

B 29 MmEe¥Ee P FHEI KEHEME BEsHd
WATRIE G A HRJEEY mEerkE LTz o, =4
favel KT Eaeld FfEgd KAt HHEA obd  HE
el HmEH HE Ele BRI HEKE HKEKSSd.

olol EIJetel WHERHEEEL FEHLE o EMERE 43I Com-
puter AL Gt#lstw gAY, o7l Computer System ol {KFF
g HEE MHFS @it: Ao
weld B KA UES EHsH e R @mEMSEA s HE
ek HRS st FHE MRd AeE 4 A=,

AE AT ®x EMEEES TRz °lZ Computer = ME
stz dAd AHEHS =43t BES #Hes.

—#Eel WmAMEe REd HI —Ed FES Ze mfEd F
ot o] Fmel M MRS figste mMEd #ems A=, &
fripel A4 & HTEmold HEHBAMY HEAR/ REsd AL o
Aol @R EM RN BHEAAA TBEmAD HES FLEA
71 HES #fste Aold.

g el mEs olsd HRY FE-4 BEZT FTRA
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o] WM WAFEOLZA £ HAEo]l HAI KEA Kol
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= B®EA Hel & ol HBELELES HESHSH %I
faf Bl &kl Z fisel =

iAol HEES REINE dH EXEL EZEI.
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she  welA M-S WA, BEMS  ZHREMe] R, HysEXEES
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of W ERIA+ HHE HHEHA Bmaior & Aol
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BREMR S RER, EEnE BR %o &8s+ Bulk &%
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o2 Rez Hasy R (2-2-3) ¥ (2-2-0)% 2P
Cisp = Tisn (Cpgt Cui) + Cpg  wreveeresseessssssssncsnsicuesans (2-2-3)
Cexk = C X Wy
Cik = C’ x Wi
Cox = Cpiloté + Calongk + Ctugk + Cetok
g}, C = KM ton X EHE (9
C'=#We] ton % % O
g ZiERRT
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TR BKR7E glom wbzal s Aol ke EHEA 3o

olet Aol b=« #mgrolol ok st A#yt @axd WA HME
2] £ kdhe MREel % MEGEHEeld, 1 Hrmoze uiAg
LP ity Hiisty FE&¥ moEMe HE LTS KEsh
#ERGEM T R FE dod o HAE #EREME RE HSEK
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#gH HEGHE HEES g3 .
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e i BEGIMES REMel .
2l o] A FrEHE HREW FgmEES A EXxE
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BIRY EEXEH Xr) o FEgEE(Ar) & ()X} o] BHE
(Ir) ot H@fE (Fr) o o2 &Rrdd.
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(2 Ir<Xr<lIr+1
2ad Xr &= RQE ZxRIAT ERE RAA- BHHES 713
T A =A-t.
g2t #el Kae b FEHEIT SHT SEEAS BES
(9ol K3l el HRE&S 5o

B) Xr< 1Ir
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RB)H} W& BEFIREEN Bmsld MES HEslz sm° M
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LP &4 B9 FHAH =%
Zu® = o
N

™~
nfeasible ™~ YES
or

> - ( END
N—
IntegV

NO

Wl AT kE A Xroel df s
(br)

(br+1)
H c}sle] Master Listo] &3

>
-
I\

Select Problem -

YES
Blank END
NO

Solve the Problem

YES

Zuul'l — Zut -
NO.
Integer
YES
\ZZ Zu' Zu* = Zu® —
\/NO
!
Z o Zut*l
(Fig. 2-2) The Flow Chart of Intever Programming
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el —% HerAEys BRYE 5 Ae KT FFz Ud.
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s Emmm 1o MEHF/ e EBETEMmel s 29 3¢
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ol ot

& fme EREE(S) = BEe mpEEd 24% ¥F¢ 18
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EXY o de &

HES Dz REES
30,000 &2 F7HA1E

WAEE Mol b A ol

3l ot .

B st Al

Ess #

2 o] ok

aelm EHREMNE (D) = BEHHOLE ZEfEfde prEsEs #H
F¥pMoew FrEskalch.
kol A Gmg & #iA0B) #ERES (Table 1) o] Rolx 3lch.
(Table 1) The Specification of Ships
Sy St Tew | T |V,,, |[Operating Cost
k | #fE |Engine Cu Dy
mile/day | mile /day |(day)|(day)|(ton)|(§day)|(§day)
k1 g(é Diesel 340 408 8 | 350 |15000 | 2400 2200
k2 ” ” 288 312 10 320 15000 3000 2600
k3 o " 432 480 10 | 350 |15000 | 2600 | 2400
k4 ” ” 360 384 12 | 340 {30000 | 2800 | 2500
k5 ” ” 288 336 15 330 [30000 2500 2200
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(Table 2) &= f#tmmwdE /oF HEm#E jHY MR 2 & SigmadA
F WEHRE 1EMW- @Aslder e KHE (AL ), 2z £ i
o e & Mol EMIdy REY o FHM 2 EHitl =
He HHEE JeldHaz do.
kfgel oA H#HE #WARstd sl #®mHEI} oS Bijsle dH 7
A FEAs BH(T,) =
i, jH AR
1 B WAREM AR

+ Ad#E EHH+ ARIFEAK

2 FtsEdd.
i =) N 4 7, jEe 22§40 25 i ol FrEs = H B (Pt'jk D =
i } .7 Fﬁﬁ ﬁﬁﬁ

22 KA, kffe]l 9 jAlE 1 #iE
1 AR ZHEM A

ste ol mabe fHAME T, +P,, =2 drd 4 s,
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(Table 2) The Travelling Time for Each Ship (day)
N 1 )
; {7 A-1 A-2 A-3 B-1 B-2 | B-3
! | |

DR 5 E W |
‘ Dist(mile) | 4350 | 8684 3240 | 2525 \ 6995 | 5265
— e e R R —
| A (1000ton) 150 | 75 | 9¢ | 120 | 120 ! 60
L#“L,W,, [ S : : \ |
- | Y -' & ! .
; T, ., ‘ 20| 32 | 17 15 | 217 22
KL | | | | |
| P, { (22 8 7 \ 18 | 13
| 1 | ! I :
T I T T T 1
\ T,,, “ 25 | 40 Wl ~ 18 34 28
[ ’ !
\ P, ,, 14 28 11 9 23 17
T,,. 20 1 30 17 15 26 22
K3 |
P, ., 10 ‘ 19 7 6 15 11
iy
%
T, ., 24 { 36 21 19 31 26
K4
P, 12 23 9 7 19 14
r T,,, 30 45 26 24 39 33
K5
P, .. 13 26 10 8 21 16
MRS WAnel  E&el  LEsE @R b BARS etz M
Pear  faAnel SEST R aEk Bt EORS & e B
K aTEfel o, Wiy, el ME, BEEN S el BERY #

gr eled q4As
ORI~ 02

4 o

SR el AT AL ol

siel el
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& Mol 9t MY & Mg BMITGz 2T o9 1 MEy
FES = REMBE HIGEN ¥ Z2HERSZ ol (Table 3)
of  Jebuglct.

WA (C, )= HSFHMmMmENE x (HRMBE B+ EHE )
2 OFESI, EREfe (D,,, ) HAFHERENE x ZREF K
2A & i, j#MYd EMBE Matrix & kstgo.

(Table 3) The Operating Costs of Ships on Each Voyage
Type (100 §)

tJ A-1 A-2 A-3 B-1 B-2 B-3
K

C,.“ 480 768 408 360 648 528
K1

D,,, 242 484 176 154 396 286

C..“ 750 1200 630 5490 1020 840
K2

D, 364 728 286 234 598 442

C,.“ 520 780 442 390 676 572
K3

D,,, 240 456 168 144 360 264

C.. 672 1008 588 532 868 728
K4

D,, 300 575 225 175 475 350

C.-,-. 750 1125 650 600 975 825
K5

D‘.“ 286 572 220 176 462 352




[ Table 3
FEska,
& /M
Z = 480 Xia1
+ 768 Xiaz

+ 408 X o

+ 360 Xq(a; +

+ 648 X o2

+ 528 Xiss +

+ 242 Y]al

+ 484 Yia2 +

+ 176 Y ia:s
+ 154 Y[Dl

+ 396 Y2

+ 286 Ylbg +

K (2-2)

20 Xiay + 32 Xiaz + 17 Xiaa + 15 Xyar + 27 Xs2+ 22 Xuss

19 AEel

750 Xza1
1200 X342
630 X zas
540 X
1020 X252
840 Xgzss
364 Y a1
728 Yzaz
286 Yaas
234 Yon
598 Y.

442 Yzbs

tkat FHE Ep AlEE H &

R RIS STRE ) A

+

+

+

+

+

+

+

+

+

+

ek K2

520
780
442
390
676
572
240
456
168
144
360

264

Xdal

Xauz

Xaas

Xsbl

X:bz

Xassa

Y 341

Y!az

Y!ﬂ!

Yt

Ysbz

ng:

- 1)<

672 Xaa
1008 X 4az
588 Xsos
532 Xan
868 X4z
728 X4
300 Y 4a4
575 Yiaz
225 Yo
175 Yan
475 Y2

350 Y4b;

st BHOBRES

+ 750 Xsa1 —~‘

+

+

1125 Xsa2

650

600

975

825

286

572

220

176

462

352

R 2,

Xsas
Xsst
Xsaz
Xsas
Ysat
Ysaz
Y sas
Ysa

Ysbz

Ysts —

(4-1)

4+ 11 Yiar + 22 Yiaz + 8 Yias + 7 Yier + 18 Yz + 13 Yiss §350_}
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25 qul +’ 40 chz + 21 Xza; + 18 Xz)l + 34 Xzbz + 28 X.z.s

+ 14 anl +‘ 28 Yz;z + 11 qu; + 9 thl + 23 Yzba + 17 ths 320

A

20 X,al + 30 Xgnz + 17 Xsaz + 15 Xs)l + 26 ngg + 22 Xsbs

IA

+ 10 Ysal + 19 Yaaz + 7 Yan! + 6 Y:H + 15 Y352+ 11 Ysbs 350

(4-2)
24 X4a1 + 36 Xgap + 21 Xgas + 19 Xgo1 + 31 X4lz+ 26 Xabs

IA

+ 12 Y4¢l + 23 Y4¢z + 9 Yq,as + 7 Y4b[ ‘l" 19 Y;bz + 14 Y4b; 340

30 Xsa[ + 45 Xs-z + 26 Xsa; + 24 X5§[+ 39 Xsbz + 33 Xsl:

+ 13 Ysat +26 Ysaz+ 10 Ysas+ 8 Ysor + 21 Yss2 + 16 Ysss < 330 —

R(2-3)0 k3 M #MfT T IR FHRL,
Xl.lsll, Xzals 8, Xaa[sll, Xdals 9, xsalS 7, ™~
X1a2X 6, X205 4, X025 7, X2 5, Xsa2 < 4,
Xlas Sl4 » Xza; S].0 s Xans S14 » X{A:S 11 ) XScs S 9,
_ (4-3)
Xen =15, Xen =11, Xenn <16, X1 <13, X1 510,

X132= 7, X325 5, X325 8, Xg22< 6, Xs532< 5,

XH:SIO, Xzbss 7, Xu;SIO, Xu;g 8, Xsp,S 6, J
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Pl kfiEol HA#StE MBS #HBEe AX(2-4)z 3,
Xtar + Xaz + Xias + Xoat + Xoaz + Xzes + Xsar + Xaas -

+ Xaas + Xt + Naoo + Xaas + Xsa1 + Xsaz + Xsas

Y+ Y F Y tes F Voar t Yoor + Yaas + Yaar + Yio

T Y¥aes+ Yaar+ Yawo+Yaas+ Ysar + Ysao + Ysas
C14-4)
X151+ xlbg +Xxba +X251 +Xzbz+Xzba+X3il ‘f’Xxbz

+ Xais +X4§l+x4bz + X4b3 ‘+‘X55[ +X553+X5§5

=Y st Y b Yuest Yaur+ Yoo+ Yose+ Yssr+ Ysss

T Yaus +Yaor + Yase + Yass+ Yso:+Yssot Ysas

JECl HI AR ko A# m®el #IEe ®(2-5)z ny,
X[u1+ X151+X2a1 +X251 +X901+Xs$1+X4a1+X4A[+X5¢g+X5H
=Yiert Yisr FY2er + Yorr+ Ysar + Yot + Year FYarrt+Ysar+ Ysan

X142+:X|52+X252+X2‘2+X302 +X-3‘2+X402+X4DQ+X5.:2 +X5b2

(4-5)
=Yreet Yoot Yaaot Yaso+Ysao+ Yoot Year +Y as2+Y saz +Y 542

Xitas T Xts3+ Xoas + Xoss + Xsas + Xass+ Xgos + Xy + X503+ Xsss

:Y1a3+Y153 +Yzas ‘f‘Yzia‘f‘Ysas +Y35:+ Yus +Y453+Y5a3 +Ysbs
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oz A&

A NN 6 )

i BR 2=

AR(C2-6)q

Xiat + Xza1 +X:a| + 2X4a1 +2X5ul

X[az +Xz¢2 + Xau2+ ZX4uz+ 2X5¢z

Xlas +X2¢5 +X3as+ 2X4a3 +2X5-3

lel +X251+X3M +2X4bl +2X5b|

X152+Xzbz +X35§+2X4)2+2X552

Xuss + X2ss + Xsss + 2X 05 + 2Xsss

2 59

o] & Computer &

a2

B ARt @RS

fER 3

BEsld m#ELE

A ol

ket ,

(4-6)

73t HEEH £ Bme
[ Table. 4 o]},

( Table. 4) Fleet Schedule During One Year on Each Route

K i i\ a-1]a-2|A-3|B-1[B-2|B-3 |cdasylcan®
K1 (15000) . . 8 . 4 350 316
K 2 (15000) . . . . . 320 .

K 3 (15000) 1 . . . . 350 49
K 4 (30000) 5 . 3 . 1 . 340 320
K 5 (30000) . 2 . . 3 330 322
AZij (ton)| 150000 | 75000 | 90000 120000 | 120000 60000 615000
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( Table. 4 )& o &atel 14M ABTESIS A3 XRAEH
=z @t Ao

fEf Kool (B =1)fEgol 8#i#. (B -3 )AKA 4 HEste
24 @EHmwHEs 316 Hol =Hx, Keve (A-1) #i&od 54k
CA-3)figgol 34i%, (B- 2 DMK 1 4Ed] EHMBAEK
320 Hol o,

gtH Ksv (A-2)#iKel 2Mi8, (B-2)fEkd 3 #EZA
il H#el &2 322He H9 K.t Ad mESIA ¥x K&
CA-2)MKe 1Mkt AREsed ZEMoz £ BEXRI: KR
e REAI I AU

% Aol REEEE FESN O F = Ky, Ke, Ke = BEFI Hold
Ke o “H% E#olwA MHE/T Hch

a4 HERIS BYEA 1 Fd K ol EMmEre Ao o BEH

ol Aoz Aegs
REEE HMEME K. K. 5 $H3lgd HES #EHE T Ao
Ho% MR KWBECZe BrlEA EEELES EEsld pkEd
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5. H L

AKRXANAE EBFAFMES BBEXozs #4 Systemd —
24 9

wERAKRE RBMEA HETFREREE TATEdzE AR GE%
EE EEMLZ MRS st wWlR#Kel R4 sA =,
a2z —fREIl WE . el [RAld o= mEFE fHftix
BEmS HEFFste Aol wrgEAstd ol Aol oox Xsidw B LG
Aol RERES 3 BEREHEBZA #H4td 4 Ue Ade o
g7t g F ded FRAA: ERME &S HEHERE
A Y FEERBREE ttfglo, oj T £ MM MK
AP R ) R
of MEe WHiEML ¥ okl BE EHEMSd £ M
REE FEET AT SEMBRAE AT AYE <¢ur.

kel WXMEE = HE-REH B— BES BHEEA KD
HipRAYS] FEE odFd Houd A4 HEI BHEE EME
ol £ ©T WML HBoZ 3z, &3 KREE 2 BEHES

i

ju

By st HES Mksloz Ay mEMEN % BEastzs #5h
st g k.




R RIS 18F BIACA 355

70 4] HHGHRST FowA wELEE KEGERLY FROE
A EBaanel  E ek #iwel BARML, BEM J¥E System s =2
Wal fEfrstel WMAANS WAAINE § MEEKEPE yTsta
et

ol ol ElEste] R4Sl EAS wEfbste  Computer FEAIUR
o gpar Ao mMstEe b sENd EfFe A HEEH =

s3] REMRY Bl @EPsER Hhses vhe wHR K
74 ¢ =Fuld FEhsd: BEI #BEged Computer b @3l
aberol  AFIRE fralFes © uobrh o eihx EEZE Ll &b

1 4 g System o BREL #iEme MRKEZ ded.
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