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ABSTRACT

As far as transportation problems are concerned, the minimization of transportation cost is
the most prevailing object. But in some cases, the cargo delivery time is the utter problem
rather than the cost. For instance, we may imagine the case that the delivery of the constru-
ction materials is delayed behind the schedule and this makes the construction cost increased
because of idle time of other materials and man power, in addition to the indemnity.

Therefore the allocation of ships, in marine transportation which is now the main route of
overseas trade, to the needed area on the required time is to be appropriately performed.

However, there are several restrictions for cargo delivery to meet the demand, such as ship’s
size, number to be employed and cargo handling capacity of the ports, etc. And there are some
other factors to be considered, that is, the degree of necessities of commodities, on their kinds,
amount, and the time of arrival, etc.

This paper deals with the problem of optimum allocation of ships emphasizing the cargo
delivery time adopting Linear Prcgremming technique with those cargo delivery restrictions and
factors transformed by intreducing the multi-speed conception, the conversion of multi-commo-
dity to a single commodity, allowable delivery time, weight penalty number and nominating
priority. This paper presents a case of optimum allocation of ships in the light of cargo
delivery time for a comstructicn comrpany which has two different construction places and
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analyzes the result. This study will give a planner a good tool for optimum planning of marine
transportation and be used for decision of schemes.
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[Fig.1] The Procedure of constructing the transportation schedule
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[Table 1! An example of the travelling time for Ship’s type %

Destination i 1 2 3
“Voyage Type ‘“A"‘}H’ r ) 5 T
Ship’s 2 n # w l *® : n Bl *® n -
_Typetk) | Time 0 ¢ b o R Lo b ] i
X v L
Bt 5 i AU T IS U R - I A -
| ta 0 2| o0 51 0 13] o 10 1 25 12
1 t, 8 0 ‘ 0 ' 0 o 0o
i . 0 g 3
! ‘ ( i
_— 4 4 8 8 18 17
B L 0 (1| 0 40 ‘a0 3|1 28 2 19
! ta . 0o 0 0 0 0
: b |4 4 6
, 1, 4 | 4 5 |
Lt 4 L4 8 8 i 16 5
ks ; ta 1 ‘16\ 2 7| o §18 0 9 0 28 0 15
1 t. 2 1 1 1 3 0
: t 5 | 5 4 .
t 5 5 : 5
e 5 5 10 o 20 18
ki te o i1l o 700 230 0 io9| 0o i3] 0 i1
s 0 2 0 0 2 1
t 7 8 5
ST T T T T
tu : : : . : !
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[Table 2| Multi-speed table structure representing vehicle-time periods
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Table 3] The specification of ships
Ship’s Type ‘ DW.T 4 Speed No. of App. (S»)
b Bulk Carrier ’ 20, 000 & 15 kts Si 12
k,  Bulk Carrier 50, 000 ? 16 kts S, 8
ks General Cargo C. ‘ 10, 000 ‘ 12 kts S, 8
| J
ks Ore Carrier } 40, 000 | 14 kts Sy 4
|
ks General Cargo C. } 25, 000 ’ 17 kts Ss 12
[Table 4] Another commodity carrying capabilities(ton)
Ship’s Type Bulk (Weg) ) Gen (Wie) Ore (Wio)
ki Bulk C. 18, 500 19, 000
by Bulk C. 46, 000 48, 000
k3 General C.C. 12, 000 11, 000
I Ore C. 43, 000 38, 000
ks General C.C, 28, 000 26, 000
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Gen. —»Gen. (Cig)

C,¢=20,000/20, 000
C,¢=50,000/50, 000
Cyc=12,000/12,000
Cic=43,000/43,000
Csc=28,000/28, 000

Bulk—Gen. (Css)
C.2=18,500/20, 000
C.s=46,000/50, 000
C,2=10,000/12,000
C.2=38,000/43, 000
C,s=25,000/28,000

Qre—Gen. (Cio)

C,0=18,500/19, 000
C,0=46,000/48, 008
C,0=10,000/11,000
C 0 =38, 000/40, 000
C,0=25,000/36,000

Wi Bpslel L MRy molA 23e Wl ton HE JER & MMERRIY HEEl R
Wﬂz;Sk'Wk5=1,244,000

T ~= kz S/,'Wka=1, 122,000

Wo= 2 Sk» Weo=1,172,000
&

s S Wes ~ 1,122,000
Co=2 57, "C»=1544,000
C(;=Z;| Sk WkG C 1 122 000 =1

" We | -7 71,122,000
e Weo 1,122,000
ZE Wo *Cro= 1,172,000

9 Y BRAAE ¢ 5 U vk o] EARPOTY BRFHK (32D
o BAE HE ATMEREDY He

TRl BHY ARmBREDY e (3-2-3)
o8 RRE T Yd.oH,
(3-2-2) R
_—W—ﬁ o'l
C=. (3-2-4)
= KR+

BE B Barshy] Ll EXxEd LY Bpd HEARRDS MR By or 3o FER
B9 Btk HER B/ &

'=CiBi (3:2-5)
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[Table 5] A simplification of the multi-commodity

|
B #9# (Destination) { 1 2 ‘ 3
‘ ‘ i
Commodity Type ; Bulk ‘ Gen, } Ore Bulk | Gen. ] Bulk | Ore
' ] \
& %ig'? %ﬁqmg trgﬁr)‘t) ‘ 300 150 200 | 500 250 ’ 3200 150

Eﬂ:h%(Basm Commodity) | Cex300{ Cex 150 CoXZOOI Cex500| Cex 250
Gen, ! |

Cpx300( Cox15)

2 BRI ton P ' | ‘
By (Bfr : #ton) 1 270. 5788 150 191.4676’ 450. 9646 250 ‘ 270.5088] 143.6007
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ERY] AEoleh. =k, o] & Rl S SIS EWMHE FIEE 2L KEEY Aow o Gy
AR 77 A A9 ok RERINE KR s NErE E Aola EMEHE Aol
vioba ekl X5 JRE el vebd Aol =@ Bk B 7 fid A Weight = &
SeMEfze] FEATE S PR g A& 2 ghoE HEdSd e BRE ZES §.

PR E wheb 2o E ko] whel Weight Penalty function & fREshe] H#19 Mol ZLAFHA
)

A4, RS BEymEce AR W SN KA 2BTEEY KBS HuHEY
Bk

A, FEEBHIAY FERO BRI EE Weight & #35sts]l o1Ao] ERAA 23 1R

RIS Baptel ste FAAMBIRIAC ®iRe) WS EE 2% Eoh. H RAFRY B2
AR webA S FIEMHIACY &RE 5+ 9k BB E g Hikow EEIG

B 1EEAA A F[EHE L A FrEitEiE sateldl A FER BEAES @
2gA S E FEE 2 HHEA XY AdE ok B FFAITEIRM ¢ Aleld A FHE
HEE F2HENA RifTeln EI3REANAE oA THAA 27} BREFERS BEe BH
A7 fioll BEETOZA oA FElstA @& Aoz FHdd

A, FRERAA old Kiye] £, ol Ao FIATEESNY] ML 2 Hel BHE + o
Lrz FEREY FHEll dolA & FIAWES Rl FES of = Bite] sojof ¥ FHEIM
Aol H et s RBFE0] B Edol =t} ol & T & dl& HEBdE 4 DTS Bl =&
Weight & #lEdoz 4 Kb FEllA et fEs A 9% HFEsd.

4. WEIHel EX(L

HI3BA o RS ¥ BNEERY HES HERE st LTdAs o5& REGEM
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(L.P.)e 2 Ebst R #e& FEsr 2 gt
mA o)l MIEE Mooy MRSy Bstd Jikagel - rngy uwl o5t 7hed
Byl 2% T34 Sropuiiel Mad=E FIRR & oF o) s Rl Weight 2] 2 1
Z=3w-x (4.1.1)
2 o) E fMEAEE st ol s RN E EET Bl Rz ok H fite] HEEch =, o
Bromel W & SUREAE AL Ax HEER B o el 28 RARe 5l R
faae HFERSL —Kitdcl shrE
2x=b (4-1-2)
7b b = AR B

o "fgq (4-1-3)
LE E & BRI AR BleE & A 4 RBTFRe] 1EC BREY ¢ Y= BE ezt §4
RS SRS REI] Y ety LIS MABERNEOE Vel 3 8RB & §8 Aol o i
FRHl A FFAE MMEx BEE BEY 4 -2 vehd s EETRHEEA- o SHIIETA
of A GHEIE JEol FipEMI 2 ALl A RO WEARS BEd 5 gdons

Txs<u (4-1-4)

2 H3, Ao Ry (4-1-5)% 22 BGHEES Tl &elA & IR WA= o
Bt —HA =S Foed ik HRAEALS. A,

Z_(’Z‘_..Z';:o (4.1.5)

X

B, 2% wow fnel Folot

T Wl A file] Wk
kAl ol B EERel WA Bt A AfmEet & SIRIRES S MESA BEESkd 48
7bA BhES HlEshe oF et
At (4-1-1)o ek = b2 $EQ ware] (BT fish BETRMS KHI Re S B4
A 714

I K M I s K
Z= Z;Z Wijrme Xijim+ S, Wil o fi— 3Pk Rix (4-1.6)
Fl m i FAR 4

...M-.

8, Xinm=0
( R,—»go)
2 oupepd 5 gl
A7 A B 17 i Weight W= Wel Wl ame 1kihe s magshd  fiol digioe]l Hing
HA FEE fTE Adelth
# RERC BT RBY EAM A, WO Bngd WY ghol KRz WHEE EIFMS A
o] B¢ axE Fa A [l fid HEHA FEF Y] BId W fuhgte WY sk
—15 —



16 WERNEEE B5%8 H15, 1981
27 2EY R ABH 392 e 288 e ol
THEATS SEal=d BRIl RVl TR D, thy e
fifTg Gitgel RBRNET i BRom el Aol

91 Rell 4] factor Pix = Ei¥piiol ol B|Alol Tadt o] ohdel 4% M4 3k
RS EARE fokfbshs 2R BEY & BED 2o Wi Wel wl ofF & g
FEd. A 2RkEy BEE 24 7] A8l Rezhd ®IEN 2 ghom o=l & SRR A &
B A X FEEL & BEY T fiod BREAA F2 o7 97 E & Weight gk Wot &%
ol YA HEMSE HFsle v fMLEE ol 57 gl whebd s Bl et E factor
P& A oF SEIA BB Bazel waES Aok

BIREEER (4-1-2) B&RY FEES ol % & Fllol 6403k (EiRe] s o7 4& B
B BRY BEL BRENA &R Z2A HEEE BRERY fo) o] MR HHiH "’r Efid
FEHA #AA X B BHFEE EHslY] sk HEE GFERANA o8 REFES
7}R BEY 176 & BEskd

M K J

LEN Xijem+ fi=bi el (4-1-7)

m k §

2 93, & FERS ,t, L2 SR 1 Vector & fi 7 Vector 2 vhreld 248 FERo BE
BEd B e EHROE BT,

e MEBER (413)& 449 REIWAMAA FHIRS FUHD ¢ BRMLERY &
BEE @aA oA

M T oy M B .
oy ,_??ﬁz'd__fffﬁfm, + Dime Kiimt Rio=gn 4% (4-1-8)
m i ijkm m .

L7 31,
%%ﬁ%/m%l FE{él\{*‘% (4 -1 4) %ﬁjé&: 1;1_1 Hlﬁ(% OO}:.?[-_Q] ﬁ' f ”U] lﬂ /ﬂv] -[1‘1 ] /@W’lﬁ;&ﬁ x7}‘.
a9 AR uE BEER folel st

MK I
SIS Xie  Sws e] (4-1-9)
m ki

= BTS2

WEEER (4-1-5)F oS IEEshd

M I . Mo =
= @10
P ijhm m :

L2 % gt

Moz ie, ®HY FIERINS REECT st BRCIAY R@hie Mde BT o=t
A HEEE 9 BECE R iR RE® #EHES WRTeE2q LP 9 WloE &
ALE 7t d&E ST

2:2 2R
5%&@: 1),2),3),4),5),8) 2R

— 16 —
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Bwe SlEEES BfKos St BMME 17

H.D. BZ@ns =Y £ 9 A vE € d5ddol Sme m@arslel 2mszn
gt o] @it: ZHS BRTIHE LWHBARC RKenst L4ES BHE G451 9= BB
(= 8% FAS 140 017} d8 SREETIAY [REREHES Bty &
o DEEHS B B - 09 Btk - WREEY B 2 RERAIAY NAESED 52 #3E
3 #RE [Table 6,7,8,9/9 2cha fHEEdtet.

['Table 64 The specification of ships

filh ¥ Gh o ek & D

ip’ Ship’s
Ship’s Type D.w. T Gen. f Bulk Speed
k1 General C. C, 54, 000 50, 000 12.5 kts
k;  Bulk Carrier 20, 000 22, 000 21.0 kts

[Table 7] The requirement of Destination

[Table 8] The Capacities of Ports(10, 000 ton)

POD (#B5i#)

PR Time POE

Destination K Rl Alet Period , = = |azvAo} ] (ETHHE)

EEfyz mi ton B 150 150 1(# 92R) 40 50 100

(10, 000 ton)

BFATBIR « BH(H) 1(8) 2(498) 2(-& 92H) 60 80 100

BB (ty) 2(48)  3(7H%) .
- . 3(+2 91H) 100 100 00

EFE IR  ER () 4AL)  4AL) re

&' & | fr 1 2 4(A-% 90R) 100 100 100

[Table 9] The Travelling time for ship’s type A1, &y (day)

B Bty (Destination) ] & o ol & vl 4] e}
L ROWEM .s P f IO
- Tt L on w7 s n @z 7

() | miITERR ~ i ;
b 6 6.
L 17 17 9 9
ki te o | 30 0 20 0 20 0 10
ts 3 3 1 1
t 4 4
t 5 5
te 14 14 6 5
ks te o i 25 0 15 0 15 0 5
t. 2 ; 1 0 0
tu 4 4

—-17 —



18 EEfHNRGIE Ho % B, 1081
{8, BHEHE - B 338 HD. it AT ¢ d& fold FBE e HETE Y &
of #k# [Table 8] o] Fingteotn et
A BES BRES LHE shoq Weight Penaly function & RSt oF t&w] 7ol A= 1%k
HmEE KR [Fig.4l 9 2. PR Folzcn BEST
o A

==aeeemrararaa)
- =iy

10000 = W

Weight _/.\JVJ\’J/J\/JV
Penaliy {—/\MT\/"\/\/

(W)

10 i
&

’ a9
(3 \/ g

g
Ve
P ’
4
N
2 ~
~
J ~
~
A
=S

0 t t. t. _f:

Time (T
[Fig.4] Weight Penalty Function

o) AL MEMM wa} Ko vy g3 gt

Priority @
1 <t<t, :y=wz(t)=—tz——it;—(t—-t2)+10
Priority ®
LEtst  y=w!(E) = :1—3t0 (t—t)+3
3 } (5+1:2)
to<t_S_t2 :y=w2’(t)= tz_to (t_tz)+7

BES BREYH Z28 KREKE FRA Table 1013+ 2o} R},

— 18 —
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[Table 10] Transportation table
|
Destination th I ( A=) A ep
; A% FIRRTAES AR
EREWE B} ton B | 1,500,000 1,400,000 | e R B ARA | ERIEHOCRN
i o FEH
FEBIOE(E) t 1 . 2
BOES IR f ; 2 3
HEBERIGE) ¢, 4 4
. T [ EA (A 1 2
Time | Ship’s E;{E - ) W
Period | Type \\\ W e
ton B | £H° ( Weight! { Weight Pj» R h an
1 k1 50, 000 5 5 x11 { 20,000 xi 0.01 R, 460
(928) Ry 20, 000 5 5 x21 i 20,000, x1 0.01 R 460
2 ki 50, 000 0 x31 3 x32 0.01 Ry 368
(928) ks 20, 000 0 x4 3 X 0.01 Ry 368
3 b 50, 000 l 5 8 x51 0 x52 0.01 Rs; 455
(91H) ka 20, 000 j 5 8 Xg1 0 X563 0.01 Res 455
4 k1 5,010 5 10 i xn 7 X173 0.01 Ry 540
(908) ky 20, 000 5 10 ‘ Xgl 7 Xg2 0.01 Ry 540
10,000 fu } 9,900, S
fu‘ [e]
w"n | W
[Table 101& A% K(4-1-6)o k3l BaomBE FHuskd, J/IME
Z= 5x” +20000x13+ 5x21 +20000x22+ Ox“ +3X32
+OX“ 3x42 + SX51 + OX52 + qu +Ox52
+10x” + 7x7z + 10xa| + 7x32 +10000f51+9900f92
_’0. 01R13 "‘O. Olea "O. OIR“ "'0. 01R43 “"O. 01R53 "O. OIR“ (5, 1,3)
—0,01R;;—0.01R;; + MA, +MA, +MA, +MA,
+MA; +MA, +MA, +MA, +MA, +MA,
+0S; +08S, +08S; +0S, +08S; +0S;
+08S; +0S; +085,; +0S;, +0S;; +0S5),
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{2, M + Big weight *
A & Artificial variable **
S & Slack variable

4-1-DRel KT FERY HIE-L,

X F Xy +xntagF s Fxgtxg X+ o+ 4,=150 ] 5-1-4)
X1g+ Xy + Xy F Xy Xsy + Xpo + Xy F x4+ fyy + Ay =150
(4:-1-8)K ¥ (4-1-10) Rzl AR BN,
10x,, +6x:; + Rys+ 4;=460
20,1 + 10, + Ry + A =460
10x;; +6x3; + Ry +A; =368
20x, +10x,, + R,; + 4; =368 (5+1+5)
10x;, + 6x52 + R+ A;=455
201 + 102, + Ry3 + Ay =455
10x: +6x;, + Ry + A, =540
20x4; + 10x; + Ryy + A1, =540
(4- 1R k3 HEE HRERY HRL,
xy+x,+S = 40 \
X+ 2, +S,= 50
X1+ 2y +S;= 60
X+ x,+S= 80 (5-1:6)
x5+ x5 + S5 =100
x50+ Xg2 + S5 =100
%71+ x5, +S; =100
X7 + X5y + 53 =100
(4-1-9)Rel] (K& FEEHE HREARY HRLE,
%11+ X1+ X1+ X0, + Sy =100
%y1 + X33+ X4 F 245 + 51y =100 } G:1:7)

X5y + X5y + X1+ X + 511 = 100

Koy F X+ Xy + X+ S, =100

2 510} A o] & Computer & MM (=219 sk BRI BBLE T8 #HRE [Table 1115
e},

3. 2#EE 1) p.p.211~215, 3) p.p.154~63
4. BEZH 1) p.p.210~211, 3) p.p.63~165

— 20 —
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['Table 15] Analysis of the Results

21

(10, 000ton)

d =l 2] o}

Destination } h W
’ FERE
H_AREpE B ton M ' 150 ' 150 W PRI AGS] IEH K
HEFBI(R) b i 1 2
' . -
TS AR to ; 2 l 3
HERIMEGE) 4 ' 4 4
Time 1 2
Perod | Shin's S| el e e
B S o8 B Rix O B
. ki £ 40. x13 Ry 59. 999
k2 X1 ‘ X33 Rn 460.0
R 3} X31 36.8 X33 R
ks X 13.6 x4y 9.6 Ry
s k1 x5 %52 75. 833 Rs3
ks X51 X69 24. 167 R 213.333
. k1 1 x11 54. X710 Ry
i
ks | 1 5.6 Xa2 40.4 Ry 24.
i oo ‘ S RN

o] MRE X, RFTIFERMEA = fRe] o5, AEdActe 7hgR Ho Yo ky, & 29

WBegag FUESES o] Erifdl
a2 BEd #Hid=

FHEIY ®RR 504,000 ton ¥ 854,330 ton & RESES HET ) oA
SPE IR ¢ BRI ES KESE o T EAERC] o BIEM

ol s EBYL RBSIERY 2 oA Rl Eell 400,000 tone] FHEE ukd (EIEAZY AE
A A o} HEiBE 96,000ton o] ALEE oM, old MHLE s Fmikdl A HE= st 1,500,000

ton 49 g#he] BRBHAEZE FHEle] Fo d&F
RE 7F Y

AT o

0].0..0

3 % g~

¢ g, oz 2.2 ¥ 3544 RPY AR

#E, fifidlAs dd BESS JdA ot Radlde &, /b ¥ Ao WerARol Y4

FEE KRAIILE Lo 7 J fife] 9-&8

& 5 glst,

BLES B ¢ WSV S O BllA AT FRE BER ALY £ Aoz A34

A9 EwRIEY R X

—_21 —
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22 EENBRALE B58 B 1%, 1981
s REe® BlEstnst st BE £48 SR Y-S& MR Fn 9gddn YA"d
=3, GfEE B x & ton BE RRES Y Y BREES ulE WMRG 5 jlonE HEs
BEMARS BEY JIHA BEBRE BREAY B FRT S0 Jorns FHE 82
Biste o Bhe wREL REEFSC] BBMNOZ BEE Est: v LERTHS HBHES Bt
I ¢l o,

6. ¥ L

A BN ALE g FIEREE BELCE dtd B BEY 58 ddd ®Bme H8o
2 st BES Wkt

ek BEMEE —BYE BRAGIeH: BRA ohfoA stov RS B, K #H
Y ORZEM %o =t B B9 Rl i RRINE Aol & EES BRE M
R b A

FiIE 549 &iEelv, EXER HRHRCE F A %% 2L 8B BB, AAKEMR
ERBER B fMam ¥ B8R &RE, B ?ﬁff"% e EEHE, TV @R BT
o] gAY FhHE &l dolAE AET BRY BRES BTIHA 2¢ozA 249 #

B - A Flels B ®EFM e RTdA Eﬂ&f‘a’ T e 9% gRid HES
7HA PIEEA ol el W B W WESn Rad Hibe #HHES el

B9 SIERME WMESES S BMRMES BEEbS B4 BHimY #oz BMme FE
BE RRAIY A% MR T4 BREENAL mta7t 2 igle] 2 5 dE Ao ’E
of & & HIRMEME-E FEERSHA ol -5 HEst kst Sd. 8B, 29 ®RMEs BE—Rfs
B—NY BEFER Ha Ak Bt stoev BIRMWSZ = MRS Mo £iestn FEHel
A PEL = WA &/, B 2 Rt —EstA &E B oblet &32Y Bl H: K A
o BARY HRoE ofF FAY Hed WMAFHELELE I fFike] HEESICH

ol 21 & M-S EET SRR MEE 57 H8d K Rl AL ) EeE =Y HAL
B oqezbA e fetkel =2 HERMEE % MY GRMEE Hed, i) LRAREE B
o JEREHE BASE WES BASY oA, i) FE A LERSE Bl JERLE 5
Bk, iv) WIEESHE 28O FEbl A GEE Bplel WiRel ol FelM 4 YEF FIEIFANME
REsta, v) Weight Penalty Number & BH o2 HMAHHE RIS ol 9 22 RERE
£ £ & ok g

=, BEEEivh BESL dr THEE ZOTHARC BRA 77 a9 BHE Hine 589 B
MEIEE M= 5o THRd BR{ed #HRE EMAST o AoHs B #wRstd s o, HE
wel ARBIRCZ o % WES MEd HI fls FA RIS Micsd o

A el A IR MELb = ol 2 g RAMESE 337 Y894 &Y MRE #REE
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FIREE, fRA B HERE] FREC =t oq2 R AAA FRse s REME REE
BEE 5 gt BidA ddve S&ES BME %5 MiRdtcor @ zlol™ BHel A9 Handling
Rate 1} #/&¢] Queueing B %= BIGIA A WK WHEREZA B Proesteior € Zoloh
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