2

3

4

5

Kut AAEA ] H A3 2ol

3 AL

A study on the Optimization Analysis
of
Ship Scheduling

2 A
- Contents -

. Introduction
. Problem Statement

. Formulation of Problems
3.1 Formulation as Set Partitioning Problem
3.2 Formulation as Set Packing Problem 1
3.3 Formulation as Set Packing Problem 2

3.4 Formulation as Set Covering Problem
. Solution Approach
4.1 LP Relaxation & Column Generation

4.2 Lagrangean Relaxation & Heuristic
4.3 Lagrangean Relaxation & Decomposition

. Considerations for Computational Experiment

. Concluding Remarks



1. Introduction
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Table 1. The World Merchant Fleet at Mid 1991
Source: Ronen(1993)

Gross tons|Dead weight
Vessel type Nurmber| ™ 500) (000)
Oil Tankers 6,153 132,438 253,271
Ore and Bulk Carriers 4,843 116,306 206,731
General Cargo 16,206 50,529 75,121
Containers 1,249 25,980 28,638
Ore/Bulk/Qil Carriers 358 19579 37,298
Liquid Gas Carriers 877 11,466 11,806
0il/Chemical Tankers 615 6,459 10,946
Chemical Tankers 1,045 3663 6,286
Others 48,684 69,607 NA
‘Total 80,030 436,027 NA
*Vessels over 100 gross tons. Compiled from Lloyd's
Register(1991)
*NA - data not available
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1) 48] 2 ci2(Maximize profits per time unit),

2) el -89 23 3HOptimize the utilization of fleet),

I} B o] £Z9] $89 R(To attract maximum or

given level of demand) & & 4 glt}.

HOZ Tramp Operatorsd] Z-$oll= whel 7171 o] 40lg 3
th¥} stax}l © Zlolo, ndustrial Operatorsi= AIA} 2HEe] 44 u)g
= 2|43 ey Zlol,

A Ay 2AEY Y BAANY oMol Bretn M A7
&3l B 4977 tlE |49 VRP(Vehicle Routing Problem) o
VSP(Veticle Scheduling Problem)oll #3t @750l u]5}e] Altjae
E &3 7IECE A B¥AY, B4 129 oy, e Y
8 B, T3 sleAlze] Ea8A, 2A48, AW S slelst
T 8 I JAE gl ot Aiy 2% 5& 54 ok

E dolMds HA 28ol M AASY Py =9 15
& 71¥sta, 3" & Fisher 58 AE(Bulk-cargo) Aute] AASE
Holl VY RY S AR, o]F Owner's Marketd] ZAo|M w7
8] ek AAGEH oLt A M AHEYe HEY £ gle
TAE 2Y¥Y -84 HPUCL ololx BH syl Bslo] A
HE F Y F4-AY 2YY S48 U 2y 3Ly 4 g
= Al EHTE Y BAY B2yl dut= Ha 3T st
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2. Problem Statement

Aute] AAlER 2 deisle] PR folg e stmzl Ul WA
YESIeiol ¥ dHY ¥Urhg el osly wjAsis RE oy
(Routing)ol el 3o, 43}8] Route AofA wAAsh= T3t Yxo) o
¥ AZHtime window)& N BPA A#HF%(Scheduling)e] Hch 2
S UR(Ee €Ml oiste] Hche] dAREL WA= RAe Mo
7A(Deployment) 8} &}, Schedulingz} Deployment?} 34 ®¥s}A|
TEEHAE AT, Fakes o) ¢ g4 d43H o s
TR AUEel tiste] AMREM, wletd 237 AYz) =B



At AASY 2R T 34 oo 3B(Cargoes), B
(Ports), 412}(Ships), 283 B]-&(Costs) 2250l glct. A} A
23 Zao] thyt A3 282 M 2WHA E+= Dantzig &
Fulkerson(1954)c] L EZ dAIZZ 44 E¥E & + UoH,
Briskin(1966)2} Bellmore(1968)= °ol& Ui HYPAY BFL
Fa#stgith  Laderman et al(1966)& Qo] vieddt ¥Rit #
BSg 24sts Ayt 24 Myes £454028 F5%E A
2 4% AYHes myssigion], Whiton(1967)2 ° B3l ¥
gl 2gvd g 3B AP Sol VY Az Friste] €F
5t Ct.

Appelgren(1969, 1971)& ¥l Tramp Operators¥ A& ¥
£A4Y 2¥& 78l3 Column generationr?} Branch-and-bound 7
Woz o) sjasigu, o E¥o] ol¥2 el nA YL o
ssty] o8] O =59 =Y 28 vhaal go] H¥ste A st B
Qtct.

Notation i=1, ...,nships, k=1, ..., cargoes,

j € N(i) set of feasible sequences for ship i.

G = [1, if cargo k is in the jth sequence for ship i,
a 0, otherwise.
vy = value of the jth sequence for ship i

Decision variables

i = {1, if the jth schedule for ship i is selected,
v 0, otherwise.

Formulation (0-1 Integer Programming)
Max 2 D viXi

T JENG)

s. L. > xyj =1 for each ship i

JEN)

awxy = 1 for each cargo k

i JEN(D

xy = {0, 1} for each schedule



A71H F28tA AF=olol ¥ AL Appelgren(1969, 1971) %
Tramp Operators®E+ Industrial Operators®] % 2AEY EA:=
dete] FHet AAEY A BAY A4AY P e 2y HE
e A8 F TAZ2 uxlo sF=EHa givi: Aot} Bellmore,
Bennington & Lubore(1971)+= ¥ 43& % 83%M= Multivehicle
Tanker Scheduling wH& EY FTAYHL=E HAH sla o|&
Dantzig-Wolfe decomposition®} Branch-and-bound 7§22 |23}
gen, Ronen(79)2 71zt 4u}e] 29y EAE theglc).

McKay & Hartley(1974)= % B A¥Ydo] 4 iz g
Tankers®] &Yool #Asle] i AL Aoz Miller(1987),
Brown et al.(1987), Fisher & Rosenwein(1989), 2|3 Bausch et
al.(1991) &°] Mainframe, VAX, J.2|3 ulo]lag HAFE So AEF
g 4 e UHY dU2ASY AJAHY] FHo] HI Gt o]
oz glth.

2|3 8]Z3 2] Zole Liner Operatorsel] th3t Hc) F2dA
g Ac) AN (Fleet size, mix & deployment)E4|o] B3 HA1Fo] o]
2o]x]31 9l=vl, Papadakis & Perakis(1989)= 849 &3 W ©
Ay EF2 7= Y $£45A Y% (Contract of Affreightment) 28 o
<8 AddE FYshks E4& thE3len], Rana & Vickson(1988)2
28 % TLE K17 sl 2413 A Hukg A
2AEEE BAE Y FAYEHoE HAI sl olF
Largrangian Relaxation® Bender’s Decomposition 7§22 3]d3}
3 ol& Eoidvtell tiste] ThA] ¥43toickRana & Vickson, 1991).
323 Cho & Perakis(1994)& Zeloly A7 Moje] ey He
& AT A%AY 2y ¥ EY A4AY 2y¥Ye dstdch



3. Formulation of Problems

3.1 Formulation as Set Partitioning Problem

Brown et al.(1987)2 A 2H&He A& vhadt L Set
Partitioning Problem®&.E 2] ¥s}gcl,

Notation

i=1, ... ,n aargoes,

k=1, ..., shps,

j € J(k) set of feasible schedules for ship k.
Data

v = {1, if schedule j carries cargo i,
i =

0, otherwise.
cj = cost of schedule j
Decision variables

o {1, if schedule j is selected,
Vi 0, otherwise.

Formulation (Set Partitioning Problem)
Min ;Z Civj

s. t.

& y; = 1 for each ship k

; vy¥; = 1 for each cargo i

y; = {0 1} for each schedule j

Brown et al(1987)2 %]2] Set Partitioning Probleme TIA]
ESPP(Elastic Set Partitioning Problem)2. &2 #2]#lsle] EAE 32
513 glth



3.2 Formulation as Set Packing Problem 1

Fisher & Rosenwein(1989)2 ¥} AAH&EHY EAE vhazl 2
Set Packing Problem 2.2 #2]3}stgcl.

Notation
i=1...,nargoes, k=1, ..., ships,
Jx = set of candidate schedules generated for ship K,

Data

. {1, if schedule j for ship k lifts cargo i,
9 = 10, otherwise,

n
Cik = ?;1 gixci -~ OCi

Decision variables

_ {1, if ship k uses schedule j,
Y = 10, otherwise.

Formulation (Set Packing Problem) 1
Max %jg:h Cik Y jk

s. L.
2 yx <1 for each ship k
JEJk

> 2 qguyx <1 for each cargo i

k jeJx

vk = {0, 1}, j€J«, for each ship k

Fisher & Rosenwein(1989)2 $#2] 2#H&%Y EA+& Largrangean
Relaxation ¥ 233 71H-& L35l EAE @5t



3.3 Formulation as Set Packing Problem 2

Fisher 5(1989)& &% AME(Bulk-cargo) 41ute] AAEH #
O 2y ATelA o B¥E MAY T AYNY A AAF
3 BAE HYske 5 A drAE AUt A7ME, &
Al #o] Charter’'s Market®] 23] oljgl Owner's Market®] 4
Fd wl, A3 #FA Y Y 2AEY T AHY oF
A7 B gAY 2% 2AFYA AEY £ s BYoR 3
53 o] 2¥ Y {843 HECL

Notation
i=1 ...,ncargoes, k=1, ..., ships,
Jx = set of candidate schedules generated for ship Kk,

Data

L {1, if schedule j for ship k lifts cargo i,
ik 0, otherwise.

Di priority weight of cargo i

hx utility weight of ship k

Decision variables

o {l, if schedule j is selected for ship k,
Yk =10, otherwise.

Formulation (Set Packing Problem) 2
Max ; j)E:h( ; qix Pi) cpym - Zk: jEZhhk Vi

2 yx S 1 for each ship k
JE€Jk
%‘. gix yx S 1 for each cargo i

J€J«

yix = {0, 1}, j€Jx, for each ship k



3.4 Formulation as Set Covering Problem

o] 232 gl 2YE vHE H|HAA Set Covering Problem 2.2
23 Aol

Notation

i=1 ...,nargoes, k=1, ..., ships,

Jx = set of all maximal schedules for ship k,
Data

o {1, if cargo i is on maximal schedule j,
Qi 0, otherwise.

Di

hx

priority weight of cargo i

utility weight of ship k

Decision variables

o {1, if schedule j is selected for ship k,
Y =10, otherwise.

_ {1, if cargo i is not carried by any schedule,
zi = .
0, otherwise.

Formulation (Set Covering Problem)
Min X Pizi + 2 2. heyi
i k jE Jx

s. L.

%E_ g yik + zi 2 1 for each cargo i
J &

,Z_ vk S 1 for each ship k

JE€ Jk

Yk {0, 1}, j€ Jx, for each ship k

zi = {0, 1}, for each cargo i



4, Solution Approach

4.1 LP Relaxation & Column Generation

A& 3 A 2Y¥E ti¥ LP Relaxation £47} ch&zt Zcl
3 stAf,
(Problem LP Relaxation)
Min ;2 VjXj

S. t.
; ajxj = b

xj 20 forj=1...,n
oA71M a; b= m-vectorolil m < nojth o] LPE o] 7]Aqj
# ¥ simplex multiplierst
%= csB’
o} whey,
minjc; = ¢j - Ap; = cs < O
olH, x.& 7IAHSE 23t & 7jHdsl Lt ditFeE,
RE 4 p;7t o8 AY sEFE MYHCHE 7] Eojd €& A
3l Al thEY] subproblems EFHIECL

min pes c{p;) - Ap;
o)#|3t Column generation® B3 E¥] d8 47} tjgts] wa

o] F-&sich Column generation ©] #]o|= LP Relaxation E#& 3|
A= WP 22 Dual Ascent Algorithm 55 AME-Y 4 Qlth



4.2 Lagrangean Relaxation & Heuristic

ettt 3 de BEyo] vt B2 0-1 FAY Yoletzn A
(Problem P) Minimize cx
s. L. Ax 2 b
Bx 2 d
x €(0,1)
Problem P2] 3=l =|oFAjo] tisle] Largrangean dual 23,
(Problem LD)  Maximizer>o LR()) o]d, oju] LR(M)+&=

(LR(\)) Minimize cx + Mb-Ax)
S.t. Bx 2 d
x €(0,1)

2} Zrl o] 2§t Largrangean dual B8] sjdo] ARREE of
# 7]’ C.2, Lagrangean Heuristic, Problem Reduction, Subgradient
Optimization, ZL8]3 Multiplier Adjustment S°] glt}.

4.3 Lagrangean Relaxation & Bender’s Decomposition

Rana & Vickson(1988)& X2stH XY H4AYHoR A3}
%}y Largrangian Relaxation® Bender’'s Decomposition 7|22 3|

& 7ol % & ¢ 4 dlth

5. Considerations for Computational Experiment
dutad HAeAY 2P FdA A I=E dY x4y 2y
of URA Adste] et AAESH o] ALY 4 Yol Qch

6. Concluding Remarks

| AL Aol HE AL, A 4 A7 B u[AA]Y
Aot 2A18Y F T EFHHY LY £ g A AHEH
= #1% DSSY &L ¢ & #4248 7Hd Holr}.



Seaborn Trade Demand

Figure 1. WORLD SEABORNE TRADE DEMAND TRENDS
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NOTES: Al figures are in million dwt except for LFG /NG Carriers

which are in milicn cu.m.equiv.




Figure 2. DIRTY TANKER SPOT RATE TRENDS
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Figure 3. CLEAN TANKER SPOT RATE TRENDS

Worldscale prevailing at time of fixing
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