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Dynamic Tramp Ship Fleet Management

with Uncertain Demands and Bunker Prices

Student : En-Ning Liu Advisor : Tsung-Sheng Chang
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National Chiao Tung University

ABSTRACT

Tramp ships, like taxis, follow the cargoes which can be obtained at the best rates, and
have no fixed schedules or published ports of call. In contrast, tramp shipping
companies are often faced with high operational risk of uncertain demands and bunker
prices. Hence, it is critical for a tramp shipping company to manage their fleet. The goal
of this study is to help tramp shipping companies dynamically manage their ship fleets
by taking into account ship chartering strategies, uncertain demands and bunker prices.
The research considers the following essential issues: (1) fleet size problem; (2) vessel
routing and scheduling problem with variable speed; (3) ship charter scheme (when and
where to charter ships in and charter ships out?); (4) refueling decision (when and
where to refuel, and how much?); Note that ship fuel consumption is a function of
speed. This research first mathematically models the problem of dynamic tramp ship
fleet management with uncertain demands and bunker prices. However, it is very
difficult and intractable to compute the exact solution by dynamic programming
because of the curse of dimensionality. Hence, this research applies approximate
dynamic programming to tackle this dynamic stochastic problem. This research set the
four dimensional piecewise-linear value function and comes up with a way to setting up
initial values of the value function. And the results show the speed of convergence of
our way is faster than the original way, which just gives the initial value as 0. The last,
we compare our method with benchmark data, and do the experiment by using the

practical data and which comes from a tramp shipping company in Taiwan.
Keywords:

tramp shipping, approximate dynamic programming, ship chartering strategy, fleet size,

ship routing problem, refueling decision
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AT 5 ™44 Fagerholt (2003) £ A & R X 3% A 4 R BATEAE I BL09 3L
KA IR 5 A L8 SUBK R IR ST B Fo] L A AR A9 MR AT > o 3@ AT 38 T o] SR 3
EHWH > 2 EHERARD > 4o Sherali et al. (1999) 32 4 91k & A
BB T 69 48 B STRK - B IR B A B B 2 3] B A ARG ETHALAR © A X
I XRRZ b do & N
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SCRR fiEskx &Y [ REE R i HE | HEWS| HBHE | HHEERRE Kfg A
=] i =5
spelgren (1969) | %E | %@ | P laymm| @ | & | g | oap | FVERITACm
(schedluing) generation)
Bausch et al. - . HEfE N o . ESP(Elastic Set Partitioning)
. = 3
(1998) S s (schediuing) | WPPE | A i A 238 model
. FEHE . .
Christiansen(1999 s B (nventory | /oA = 5 5 I3[ Danzig-Wolfe secomposition
) . brand-and-bound
Scheduling)
Brown cf al. 1987 | & . HF& N ” P P 35 ESP(Elastic Set Partitioning)
(schedluing) model
A EHHE
Fagerholt (2001) Eoyy BH— (pickup and | F/NERAS 4t b3 H 2-33 optimisation based approach
delivery)
Fagerholt (2003) B B2 ﬁF& i oaealh| =i H H 4t DSS(Decision Support System)
(schedluing)
. FEIEHHE
Sherali et - - . e ; [N -
al.(1999) g B (routing and | He/NEA B #it B 30-240K JEELE(huristic)
schedluing)
Fagerholt and BEA G
Christiansen(2000| $'& B (pickup and | F/NERAS =i ik H 2-3#8 Set Partitioning Approach
) delivery)
Li dLi FEIREETE
m( ;811) 1u £y Bl—  |(assigning and | FxAFIE " H H 20K Genetic algorithm
scheduling)
Vendor
. managed two-phase huristic
Hemmati et - . =S = ko) - .
al.(2015) HH inventory | BAFIE H A it Adaptive Large Neighborhood
. replenishme Search
nt (vMI
Vilhelmsen et i
al.(2017) _H H— | (outingand | FAFIE A H =] 90-120K branch-and-price
’ schedluing)
fisissgiin|
_ e (fleet g I BRI (A imat
pops wr | sm | S0 dosam| & | A | & |ossox| THBEREEoximie
management dynamic programming)
problem)
&N BUE A URR LR R
2.2 Juik¥iik £1F/tf]#8 (Bunkering Problem and Speed Optimization
Problem)

WAL AR AN BB ¥ S E R AR KL

B Jb 7 2 o SE 2 0 E

C48 K — 4o XK 4T #Au i P AR EAT AR R © 3F % R R hoi BlAA T >

R A LR R AME AR B ARG F mANBAE R A B LU FE R A
Y62 B A% - B AR o o S BE B A BB BE SR AT R BRAE L o i B RE X T
Bk - 3% 5 e B m R RAAR A B R R F KA b 6915 L > 40 Xiao
et al. (2012) > Suzuki and Dai (2013)  Suzuki (2014) > Cheng et al.
(2018) ~ Neves—Moreira et al. (2020) % ; 4B ¥ A 4b R 2 % BATE 3%
B AHEE - EFEI b R Aok b & o 4o Suzuki (2014) Fu € #9410 HE
( Zhen et al., 2017 ) ° MmIFEzhoibih E0F > 8% €5 T o Kk o
Neves-Moreira et al. (2020) ZAnvid Regshfz A7 E4 8 F A RMER

#% X A7 2 ( maximum level ) ¥ B 3T & fiufF & ( order-up-to-level )
Al AR E TR EARRENE ALK TARES EE

12



% » Jo Xiao et al. (2012) #v Cheng et al. (2018) o M i & & LA
THERER AL E b o ERAEL B EE  FTALBAZET S
w/NEERE » HBRILER €44 E L 0 4w Schneider et al. (2014) -

MBI E T ABE T R B RAR AR - A RE S A= REEEE
B o5l AR - Bl B3Ry € ST RERAR D6 0 LR U heibE|
¥ —EE M AP R B b i o DAY T4 45 & £ A% ( Vilhelmsen
et al, 2014 ) ; MAAHUHNWEMGRESRAARELRE T AARE
MO ERATE S THBEYRE  2HNHBENRIRXERAEWL
R RG] M2 % > BAS B R 7T Bk B 3 R 208 K5 1 Auid ( Meng et
al, 2015 ) ; M EHAABR AR EMRKRRAOFE AMERE 9EME - Biti
FRAMGHELEBABR » ERETEREBBRIKGE D - EF5F
B A H 3t B h AR 69 B AR A 10 RAE A R RIG B a9 & o ( Wang
et al, 2018 ) -

S XRIEARFATERRFETHAMAZIBE Bk FE AL TR
AYELZRFZ—  TITBRRBBMTRAT ML T RFEIRITR A
5 feia iR B s ( Wen et al, 2015 ) ; EF A £ —KE T
grfAE P o b B AR 2 8 E 4TA ik & (Norstad et al., 2010 )
Magirou et al., (2014) A& &%) &M 2 R RATBAB i 2 RBETE %k
o RFHIMHFTIRELRF S XA R 22— » & T & Ronen
(1982) ik Rk & 2 14 A =R &% ( cubic function ) » Mm% =
RREEARBARZHGR > ALEXRERARTEREMNATEFHHEN
A (Wen et al, 2015) ~ 4% sy 43t BT B — 3R F f b 4 2 85 X
0.1727u% = 0.217 n ( Bialystocki and Konovessis , 2016 ) ; f Psaraftis
and Kontovas (2014) ¥ ERH B ESH GHELAHENDE  Lig
EHBHREZIFEMG X AU+ A3 AFkABRLY > ubin g
REIAMEREEZ > ARG FE LRI AZMAXRT BN
Ao MEKEREFEREZARFHBIZANTE > Eide et al,
(2020) BA% HAL B b R -
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F A hoih R ik FAECR A SUBK R B R A%

SR Wiz g | SUEREUHEE | RSN | SRR | s S B JIHERES | SR

Xiao et al.(2012) P b H i A= B/ INHEERA i ERER KL

i i i 4 4 Sasdr B/ INHFERCAR i s

Suzuki and Dai(2013) | e =1 B EHIFER R HET A

Suzuki (2014) o e i i b EUEMFER | sy NHEERA B SRS
Neighborhood
Schneider et al.(2014)| @ H Eiz =1 EHEHRER i/ NEE fi search and Tabu

search

Zhen et al.(2017) TERANTIE & & i FEtk B/ INHFERA A e
Cheng et al.(2018) e 38 e it A =l AR HIVHFERA fiit Branch-and-cut
_ : branch-and-cut
Neves-Moreira et I i H EETHEER | B NmERA H and matheuristic

al.(2020) algorithms
Norstad et al.(2010) | s A & 5 ETEwEs | mociuRE | g | moltisartloc
search heuristic

Psaraftis and
Magirou et al.(2014) | /&HEME H fit i Kontovas 2014) | & A(EFIE i BRI
A
Wen et al.(2015) | ekl = s # LI T8 I i
Eide et al.(2020) EHEANE =l ElETERME 2| S VA b b
Psaraftis and
AR HEEAN Eid A Kontovas (2014) | S AALFIE H APl EIRERRE
AN

* £~ foih#ik B4R IC P RAAR B SUBK R B &
2.3 AR B A 10 Ey AE AR A8 B TR

SB[ 57T 40 Ay L ARFH J0 AR AL o] AR 304 A B AR, B SRk A B R AR 2 R AR
RSB 0 SARCH A R RR R A AR R A K R 2 A o
N 5228 B > B IR 4B 128 ( Resource Allocation Problem ) &8 —#& » &
SRR S E AR A RSB/ 28 22 ( Fleet Management ) 4T EIRR 5 M AiLsk
S R 178 ALB R R BABONAF 1§ 2543 2 31 R34 ( Inventory
Routing Problem ) - H pbt & % EN LI AR 3 L ERLA £4 3
Huit i 3R ( Refueling Decision Policy ) &4 P 284245 Bb3F 2 2 &) 4 40, [B]

N o

2.3.1 B Ry E.F#a ( Resource Allocation Problem )

WA E) REARE] 7 ik oA Powell B4R % BB & 88 » 48 E £ BRI A ALPT 3%
B HEERFBARRIIAE - MBARSELAERALBFHHRLEE - &
MAERSG  F—EERATERGBAEARS » # T ROETRAAIETY
Baa@d T lE—TNHIRGENFE - - RAEEREAEHY
wh4R o kT RSB A A A2 K ( value function ) & — 1 & $1
( concave function ) o &g eyEy AR EEMEIB L d Godfrey and
Powell ( 2001, 2002 ) # & - 45 A LB B L) KA - BARIFEAFIEAFE
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2.3.2

2.3.3

BH XSS MTAER CAVE #3% ( CAVE algorithm )R ® #73%
FRX o Boftmase REm kA E -5 & ( single period )
9% Fo5flf ( multi-period ) ey EZ I LR M o MR T — A8
M A - B 4 M ST 9h > Topaloglu and Powell ( 2006 ) &A%
RERASAUE » RIFE E R4 MAR - MAASLREAMILE > R E
SRR & H AR R Y BRI A4S P 229 A 4935 P28 ( Network Problem ) -
R £ R E 8 A7 R AT 6 AR R EE 3 -

17 & %42 B A2 ( Inventory Routing Problem )

A RPIALETAGF ERERN BTN AMKRERHEETEEF
Reb o ZRIBEEURZERBGE T E » WS 8RR
ZBAMER - RE WS Vi asasl > R A R A EEZ
— o M—HEEFAEAHEALEREGFE £ E2TRER (Policy ) - 12%
AR RN R A ZE BARRK o kB BRI A RIS ( Soft
Constraint ) - GEefF BHEHL TR ML AERE > XRREE £ 7
Ao o AT AR AE A2 X AR I BRI By oK S R 0 Lo i iR 2
KRR o B4k AR RIBIET » TR RAEHMEBEA (MIP ) RKF R4
R 34T o3 Ty vk KAF R 2 & ( Papageorgiou et al, 2014 ) ; felE#%
FRITTF A Z 28 3L H Ak Ty vk R H RARMLE B > dodi 4% BA B AR
( Lagrangian Relaxation ) st & % H g M 4 42 X 7 7T 6 23R d 37
H RGBT RR G RSN RE R TRAA S
o FR s+ P 78 B K A2 ( Topaloglu and Kunnumkal |, 2006 ; Kleywegt et
al, 2004 ; Berman and Larson , 2001 ) ° M & R4 B B AR5 & 384% F]
MR E e AARRE (State ) » AT HGKRAE S A — BRI RICE A
BER ML A BEESIBEAANED B LTFE -

Au it B R B A2 ( Refueling Decision Policy )

B 7B RE AL R R B9 XK B AT AP LR % - Ju i BUR R AR L35 L
B R EGRERT T TB R ACHEEZE E b RE R - 1277
EHyEE2ABER b B EA BT EOHE TR ELE
AT o $hmih B R 4B B a0 By AR B P RBAR S AR A B - B 4513k B8
AU dE S A O BMEMEN A E A EEES T ER—
B BESTHER % 0 ERBGERET REB R i o) BE R &
EARE > 3 BRI BT m % v k& ( Besbes and Savin
2009 ) 5 MK RBP AR » BIRASAT BB A M 6 B - H P
REE BT i b— 2 E#E (Zhen et al, 2017) - MEAANLSAER
B ST 08y AR AR B 48 B UBK EL Bk
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N BB AT E) RE AL T A8 B SUBK b B R

STk P REE Y PEASORR | R | NICHORER \A/EERROC/N FHERSE | TR | BEIRIEE H =L {E{E 720
Godfrey and Fleet
Powel ] management H biicd fi b3 b it A BARALFE | SrERARE
(2001) problem
Godfrey and Fleet
Powell management A biicd fie b3 b it A BARALFE | S ERARE
(2002) problem
vendor
managed
Kleywegt et entory 5 1 i e e e £ iR
al. (2004) .
replenishme
nt (vMmn
Topzizglu Inventory
allocation Bl H Fiiia bl b b Eel e/ IMBRA &R
Kunnumkal
(2006) problem
Topaloglu |multicommod
and Powell ity— flow B b3 fi bl b fi H e ARALFIE | SR ELR
( 2006 ) problem
Besbes and Routg ?nd P - - p. o 1 .
Savin(2009) refuel ing B fie A b3 b i A R ARALFIE fie
problem
Optimal
ship
Zhen et a iNey f g % 7 % P 5 TN
(2017 .
decision
problem
Papageorgio | Inventory
u et Routing H A Fiiia fie b3 fi b BAALFE | rERARE
al.(2014) problem
Fleet
AWHTE management =] b3 7] H 7] 7= A" BARABRRAS | ST ERARIE
problem

ARABE L L XEREIBE » S AR K AT 4o > AR P AR S E AR KAk F -

AT R A BERAII N B R AR - 8RB IAR AR L H
A o LKA R 5 A8 B Z Uk A Godfrey and Powell (2001, 2002)
M B R 70 ik s i T 48 WAL B 5 Papageorgiou et al. (2014)
UHEF RRAEEA XA > LEARE A REEM » 2RI % E 9L KR
Hﬁ%h$ﬂn$ﬂ MAEXBRD A A EZ R EHBZR LK

REZPE S BGFNAALARA : (1) 8 A RRBE > bR
%\%%k$zﬁ¥% FHEPAAE L HEHA (2) FAREBET 2
AMGEHBERXARBREZYE
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3.1

= MA#Zx

P RE 4 Wl PR X

KRG —EREIANTREN)FEREALE - HRENEE
S EER ~ il R ASBRESAR IR~ ATEGR R o ARIEH 0 a4
Mo AR RE 0B ELIHRRELR > mEL AR
2 BARAAR  NETEERBERERS  RZIBUK - BB E R%
AR E i e RBANEL - AR BEME R RA
B g > HERR > FRABMING TR BB 0 ahEL e
Z % RRBERBLT R A EFEEBE A b A G R R EH
fr; MALE s REZR gL MRET ML TR ERE - ASUER T
BREHHEBZIEE - M E bk iR E SRR T KRR
REINE » B bl R oA & Aok e 3026 © & R el ik & 9o b BF
M4 EE o

B AR AR A B R e AR LT %] & 0 B b B R 69 M R AL A

BN EFATIRE o« — MM EMNMANETRLSIFANRRED  ITEHE
NEEFAE  ZAAE > RERGYMUR E ik Bioih - BAEAUTE R
TR A BRERRIZAREATE BRIKMAMTRE A G FHE
BAK - MR ATR R H SRS o 1278 A & B A ek R AR R
B URBORIIRE  ABRBAKGTUAREL L G -
BEZ CMBR AR B EMERE BHEMA—ERH N
ER MATINTREBEETHENL  OAREREERATESHRL © BB
RETRENEREAR > LERXT oA Fanss @ E
AE » TREBATHEERELFE  ZRBILFR - LB LB
HAE o MmAEME EEEAFYERT BEEREFSERAN L EY
LR REBIARE Alib Sl -

mE Ry

I O®

MARIB > ZEFRE T THEBRTHAMSL » TRRETRRBRER

“45 A" (myopic ) MBFRLRFERELER - BILRAFAR G FJE
B ARBLAEHME AR MERR T TZER  #HEHAEZR
Htb B o B RAZ2METZ - mMAM KA A CAVE H% ( CAVE
algorithm ) R B AR FRBAF S » TR KT RIFah8 -

BIATAATE - AFAREARR

1. ASBRAs AL B E MBI
(1)Hs At A8 B R
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2.

3.

(2) A5 A 57 2 0 1
AR E
(DIE ~ BAFKE 1208 Aoib 248 2B
() b Bl B AT B3k %
LR S
(Dimi =
(2)ha i B 4 25
DEEZIES LSS 23 0

B ARFR AT AT R BB -

L.

9.

10.
11.

12.

13.

14.
15.

AARZARHZAHAZLTNGE AR ERBELFTREGY - &
HEEBREY GWEE  BEFR—HROZ =R -

FRBT G FAmidih - A E T4 AT E B il B Ao iy o
FREBBHHFEENER K > BAMKN BB FEFMmA
Pec gt o

MBS AR EMARER  ZHAEMARFARED > AE
A A BAE MR -

AR REH EAGR IR EH R RAZEE  RET AT E w4
BXEH -

MERN—BHBEREHbR > BAE W% & § ( Full-load
and Full- discharged ) °

A5 & BRE 50 F RITAARIA AT FRE - A B A BE AT A BBk
KRG - AIZERBATHAR A THE » RE R T OB K
TG BB

FRARAC LGB FMARAEAE » BAEH ARAREZMAE
P EEARE o A2 AR B4R 4 UL B M4 % 231 & (TCE, Time
Charter equivalent) » X 7T 3% % & #2482 » Zm 054810 B & & oF 48 A4% o
gy E 4T B B ] & % £ 05 B & ( multi-periods ) o

ZHO ST IAASILEAS - EH AN E N E ML EA -
HEH LS AASHN AN H AR N - ERERRE
WM > TEEFEMEREEME -
FMEAEBAATA B EAR T NAFIEE » B e A
TR
FRAREFEAANE > FFE B AAE B RS -

3% — 18 85 ] @& & ( Time Period ) By & — X -
BxEA—BEERL > LAY TH -



3.2 B4R E

KEIRRE — % EHATEHERZHUEASAS R B 22 PR - &*-%ﬁ,%'lﬁﬂ% T=
BRI RN AETHITEMAE B8 REZYEWRERE

o BEAE o mEFATILERS %&i’ﬂ&ﬂﬁiﬁyﬁﬁAﬂ
G B A BRI B N RIRBIE BRI R A o 4500 B B AR
%%%Wﬁ%%ﬁ&%@gﬁéé%u’ﬂ@%zé%lﬁmﬁﬁtim
IE > KRBT TR NIRE -

AR o) AR 4 B 1] o [B] 09

Time <> Virtual rent point
Space 0 1 2 3 T2 T1 T [] Port (only for loading and unloading)
0 ,4,3-'0 A V4 7 7 ","(Q\ () Virtual corresponding high sea point
V; & 4 { \‘\ /\ Port (Both loading and unloading and bunkering)
14 ﬂ——ﬂ_ﬂ,— . o S ] N U
} aw O\\ iR IR A k /\ Virtual point of both port
m+1 laé ./'\ d Rt gl .\.r'\ \', ‘.‘ .
Y \ '3 H 4 I {8 i M Bunker port(only for bunkering)
1\ A Y i i NN i i
2 \ﬁd TET AN L SN \‘[l\:\—r 4 A T <> Virtual return point
\ & \ ¥ i ¥ 3! i Nl b i 4
\ S A ! \ \i Y \i \ \ (g | 7 Y% Super sink
2met O O O v O ‘o_r__Hg }, N
: : s| E } ——  Berthing
2m+2 A\ A ;. A f y ' fl AN \5 7Y f, Covering a contract cargo
b M N \
f}_ "f ’f ; !f Covering a spot cargo
5 A I\ 41 Al
2men B ‘.i, ‘;9 ‘59 = ;‘1 ‘} Empty repositioning
7 /1 17 171 7
2min+ O - K (f’ < H . Move between a port and
1 corresponding virtual high sea
E_oint ) i
-—-> low into super sink
T: Time Periods m: Number of Loading and Unloading POFRts =77 >  Rentatramp
n: Number of Bunker Ports —-—»  Return a tramp

Bl v9 B % 4 L[]

W E f e B A ARG EERE 4§4 Z A0~ T
EaGdmbmAbzdo  Eatphzdo s &R ‘%D%@zﬁﬁA
HEE o EELEAE M RG AT }Em)\i}*’:}@i% ( super sink )

3.2.1 FRIAE

B A PR ak B A8 K AT - Bobid ERIRARFE TR G B o 2k T 8T/
AR URAREGHTRAAMEZ AL FTEBEWEZR :
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2m+1

2m+2 /X A A

2m+n | | ||
2min+t O & &

<> Virtual rent point

[] Port (only for loading and unloading)

(O Virtual corresponding high sea point

/\ Port (Both loading and unloading and bunkering)

/\ Virtual point of both port

Il Bunker port(only for bunkering)

<> Virtual return point

——  Berthing
Covering a contract cargo
»  Covering a spot cargo
Empty repositioning

Move between a port and
corresponding virtual high sea

T : Time Periods m : Number of Loading and Unloading Ports

n : Number of Bunker Ports

B RTHE%E

point .
Flow into super sink
Rent a tramp

Return a tramp

Time
Space 0 1

I [
O o0 ¢owm

=
-1

|

ame2 /X A A
2mn W ] ]
2mint1 - O O &
2m+n+2 * ¢

T : Time Periods m : Number of Loading and Unloading Ports
n: Number of Bunker Ports

N SRR T4 E

<> Virtual rent point

[] Port (only for loading and unloading)

(O Virtual corresponding high sea point

/\ Port (Both loading and unloading and bunkering)

/\ Virtual point of both port

Il Bunker port(only for bunkering)
<> Virtual return point

€ Temporary node

— Berthing
Covering a contract cargo
» Covering a spot cargo
Empty repositioning

Move between a port and
corresponding virtual high sea

int
-——> ?:(I)ow into super sink
-———» Rent atramp

—-—» Return a tramp

MEEXE—FBRAE > HETBRSHEEZEE  HETHeRE—
Yk BERMEKEFM FHAE > BEENZHAANB S &

o

HEMTRAMAE  wEALZEE

B ) E 499 B 2E T A5 E 2 8+
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Time <> Virtual rent point

Space 0 1 2 3 [C] Port (only for loading and unloading)
o ,a.-<> - — 7 (O Virtual corresponding high sea point
‘f‘ 1 4 /\ Port (Both loading and unloading and bunkering)
i \ 0 TN x \ /A Virtual point of both port
V.| \ \ \ \
m+1 i y Y ().
Aé i , | T i ‘\ Il Bunker port(only for bunkering)
2 Z:—'_—'_-QP\'_—’— s " IS 'l <> Virtual return point
} LR RN ONERY] e
\ \ \ \ \ \ Super sink
amt O OO O >
Temporary node
} } } ¢ ; hry A contract/spot cargo move
—_— rthing ” between temporary nodes
i i i ¢ porary
1+, N o~
2m+2 A A\ \!“' A A A\;(' Covering a contract/spot cargo
j | '
i A contract/spot cargo move
i !
2m+n .‘,;L" .‘,’(" .‘;‘g' to/from the temporary node
£ i 4 T
omenet O d, <>J, Empty repositioning
N Move between a port and
corresponding virtual high sea
‘ oint
2m+n+2 * L 2 R 4 = = 2 2 * * oo Bowino super sink

....... + Rentatramp

T : Time Periods m : Number of Loading and Unloading Ports —-—» Return a tramp

n: Number of Bunker Ports

B £ o 5 B4 B 435

TEPE P2 —RERE I AT 2HEEH2 RR—2HE
MRBFR2NB2AE NTHEZH ] - MBESEAREREZIAEN
0 B e b B E Y AT BBt Es » B 2 4EFM 2 ATVAE B 698 - 7 2 Bk
BT HERZAME  REROTHZAEN2BRE L B3 EARAAYH
Btk HE THRES ] -

3.2.2 —[M & ( 2-stage ) FRIAE 498

AR FAE X P RAARIR BT R By 2l ik T 48 7 R148 - Mo — 4B F R =2 Bp
2 — B s K AS B 2 B AR ( 2-stage fleet management problem ) - §2
PR D] F o) e R R SR » B — R A RIFE T E T E R > 4o
Ciez 24 EHERE il “sbedibis” #972 % ( here-and—now
decision ) ; B MR LS HARBLERARZIRE - MARERE
RUBEFRARKE  WARR MBI ES - Kb e A L4 EE
BHRR  MARAMERSREEBLEEFR TN ZAKR - BAR
RRHENE  BEAFTREXNEA—2BEGEBEETAEX » ¥l ig i
BB THRIA - M HFEEY 2 XA EBE R T E N
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First stage Second stage
---» Moves
t t+H1 t+2 N I\_/alue function piecewise
inear segment flow
~*  Overflow
O Ports

Virtual point for value
function segments

O  Virtual point for overflow

©  Super sink

B\ —M&TFHERTEE

Ay E ARG ERABET RIS EBEE  ARLAZRA  ME
BABGIEEE REMRE  BFHEBEA0 LA RG] « FAER
HOBHELLED > BEBNSAEBEETREX  HEITESREMET
BREDRBES 0 Z LR REANE BT -

3.2.3 BRI B

AeERYEHRHERE iﬁkﬁ@T%@ﬁkﬂﬁ% By B S R
o ARG RBEBRIMZ 2 GO A R EEFEUBEFIRLAZ
R, B ET

[1 Port (only for loading and unloading)
(O Virtual corresponding high sea point

/\ Port (Both loading and unloading and bunkering)

T-2 T- T T+
0 O [ o o
1 L= AL L | O
m+1 @) O O O
2 A /s S VAN AN
2m+1 O O O O

B A RABBRIPZ GHEBTE

55
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3.3

3.3.1

T-2 T T T+1
0 o © &
1 O Q oo A4 |Q O
m+1 O O O O
2 NN A \L AN
2m+1 O O O O

B+ 5B K Es T EE

RIFE AEE A+ —RAIIAT WK RELT AH— 78 T-2
Wk 1 22 EFEHTH A AedkE - BABBRIE - AT &
BEFTRARET > wB AT BHONEERRRCEBET KX
FEEW I o G RHXIREFREARGRI Y - FEENRE T X
BB BET RN -

A% & T Ac 2812 2R BA

MAR GBI ERIL » AETHEYEHIELREAE » AT i mIf3t
WA O ERIEZ M o DR & — A & TR X AT B LR

M EHIE DR - K

FASE RN E AR AT AT ERE LA 58 BBEYH
NG EREE s REREE wibibhoh - 2B ENEHEHRERFE
R¥ > BEMEZBREGY  FANEMREEEFER  EXE
BB BRBAR D #ITHE R R R EBRAUE+— Pl
BET ANERABEZ REALE  EARREATE  HELEL
Fhe o AsbedB T+ T EEB LRI BAR —BOEZR—Boy
BAE . AREEFESEE S  FABEULBE T ERIERET - mA
EX2EE EEEHEZERAEIEER - HekE+—HT
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Virtual rent point
Port (only for loading and unloading)
Virtual corresponding high sea point

Port (Both loading and unloading and bunkering)

Bunker port(only for bunkering)

<
|
@)
A
/\ Virtual point of both port
|
<
L 4
a3
w

Virtual return point
LN Temporary node
2m+1 O N O O @]
N \\ Virtual point for berthing
\ i
N H " N "
2m+2 A A A A A Virtual point for cleaning
\ i
\\ ——  Covering a demand
2m+n - W " | | u
! — Covering a demand with cleaning
2mintt O O o & O — » Berthing
---» Empty reposition
2m+n+2 * L 2 < <

------- » Return a tramp

B+ — ZeasaEHtrER
3.3.2 AsEEEn A —FA B G R E B
G ERIEXT AN ARGFGREE L » TR EIEAMNE ] 4

%D’ﬁ%%%ﬂ%ﬁo%ﬂgﬁﬁéi%ﬁ%’%%E%%%¢ﬂ
B BB AL TREMRE c T EBRwE =% :

Time
Space 0 1 T T+1 T+2
0 »
< ¢ ¢ < ¢ <> Virtual rent point
1 SO 0O o o} m| [] Port (only for loading and unloading)
g (O Virtual corresponding high sea point
m O O O O o}
\\ //. A Port (Both loading and unloading and bunkering)
2 A A A AN /\ Virtual point of both port
2m+1 - O O @) O O Il Bunker port(only for bunkering)
<> Virtual return point
am2 A A A A A 4 Temporary node
2min W | | | | |
------- » Rent atramp
2mint1 O <o <& & <&
2m+n+2 < ‘ * *

B+— fmEEsENEsErEE
3.3.3 A EEEN AR - mE NG

RN REBREZAE > THEDRHEZEDIREELEHE > o
HAERFEMEE c TEBRWE =T
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Time
Space 0 t
0 o o <> Virtual rent point
1 O . o] [C] Port (only for loading and unloading)
-7 - Virtual corresponding high sea point
Mt Ougiiioeeeoe- -0\ ©
‘\\:\::: ~<_ j /\ Port (Both loading and unloading and bunkering)
YN AR i
2 A RN A /\ Virtual point of both port
Y S~o H
2m+1 O \\\\\\ O B Bunker port(only for bunkering)
AN i
\\\ A <> Virtual return point
N {
\ 1
2 A S A i 4@ Temporary node
\ H
\ H
2m+n W ‘"
---» Empty reposition
2men+t O 8 8 ¥ F » Return a tramp
2m+n+2 <

B+= N EEEaEsiErsSE

3.3.4 ASEEEN MR — il

B & 2 il 0 R T B R AL B 2

FAEZEEACE gk > T EEwE+

g
Time
Space 0 t
0 ° © <> Virtual rent point
1 0 ; | [C] Port (only for loading and unloading)
/7 - " o »
Virtual corresponding high sea point
m O // ,O O ponding hig P
Y J /\ Port (Both loading and unloading and bunkering)
(0
2 yAN A ’A /\ Virtual point of both port
7’ 4 7’
.
2m+1 O /'//' e ,Q Il Bunker port(only for bunkering)
,
/ARanrd e
P <> Virtual return point
B "
am+2 A\ ,,,':,:, -7 g BAN @ Temporary node
Siors
amen % [
---» Empty reposition
minet O *f 1 1 § L > Return a tramp
2m+n+2 <

B+ Aok E ST & B
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3.3.5 A & E1E AR —

WRIFELETEE - AT

AR

A& 7T RE AL AR

RAE AL &

AEBYALER - o[ TR MLE +

Time <> Virtual rent point
Space 0 1 2 T T+1 [] Port (only for loading and unloading)
[ & [es O & (O Virtual corresponding high sea point
\ /\ Port (Both loading and unloading and bunkering)
1 O
/A Virtual point of both port
m+1
O o o o o M Bunker port(only for bunkering)
2 A A A N <> Virtual return point
Temporary node
amit O o O O Ol ¢ Temporsy
3 Virtual point for berthing
m2 A A A A A Y¢ Virtual point for berthing
—» Covering a demand
2min - W | | | u
j — Covering a demand with cleaning
2mintt O & o o ¥ — » Berthing
-~--» Empty reposition
22 * * * P (= » Return a tramp

B EHENH 1 MERE %m%&%ﬁ&%&%,@£ﬁﬁ%u
BITH R BB RHEE ﬁﬁé NRRGBEXZ GBI A2 BELAB
QAT R E REFENRE -

¥

=g

+

N

S A B T AE A4

Time
Space 0 1 T T+1 42
0
\$ % < © ¢ <> Virtual rent point
1 O O 0 [C] Port (only for loading and unloading)
(O Virtual corresponding high sea point
m+1 O O O O O
/\ Port (Both loading and unloading and bunkering)
2 A A N A A Virtual point of both port
2m+t O O O (@) N O I Bunker port(only for bunkering)
» < Virtual return point
a2 A A A A A 4 Temporary node
2min W | | | | | |
------- » Rent atramp
2min+1 O (o & <& <&
2m+n+2 < <& <& <

MEAS L ABER  TAARBRRRITHRE  BERE  ExH

e

R4 E ok ek o
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4.1

I i ~

AR Z P REHER A4S %% 32 P28 ( Fleet Management ) » B % K1
18 B 3 B ] M 446 - sk A 8 A& R3] ( Dynamic Programming ) & f## ik
PiRE o 128y e 2 A 4 3% ( curse of dimensionality ) a945 M » &
FIAAAAE AR  RESH  ARGBEREABL B MIERBE
GREEAT o AR HPIRE > AP R AR R 8 LB ( Approximate
Dynamic Programming ) & K% o sbE & 45 N B S ER B R4 ~ M
BRI BMEHA - AR CAVE Eg -

1B 18 H 42 X

AME BRI AR E G B A RGBT - BB B EES
RO APEEFFATARBE AR AR - B —RHHERE S A
“WespIEAT" (backward)eg F X AR - B ERIIAEL “hAT@R
(forward) 2 A F1A8 > B K RAe4 8 BRI — IR E KRR - A 7 Bt
WA AR SRR ZAMAERERME E-AMERZI IR A
HWE AR TR EGREZ T K -
WRTX P HE 0 RBERA
Vi(s) = maxgex, (g(s, x) + z P(s'|s, x)Vm(S’))
s'es
& PR o AT Bt AR B AR (B A A2 X ARSE R AT BILE B
BERIARL > 4o F &RT
Ve(Se) = Ve (Se)

Hm/RBAEXERLA :
Ve(s) = maxgex (g(s, %) + Virq(sy))

AMBEFY R GFEGEIRAERE I > MARMAELEERZ
UMBEETRAEATERE - £ERRAIMAY  FASFRZER A -
MR BRGEH Ao » BEGERA B ER T RD - AR RAETRA
SIFIREMEE FA - TTHI AL E R MBET R > HAH -0 EK%
M % 3 (piecewise linear function) » % X 4o F & & :

Vi(Se) = Vt (Rt)
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Vt(Rt) = z Vtk(Rtk)

keé&

HAYRABRHE (MEHZE) (AR IBZITBRUEES -
R Bl A B AR B) B P 4k e 2B O B o438 R EBME - X E AT A
BB ERBNTAST T ABEGHEME > AR TAEHEZTHMAR
B BBl S RXEET AV ew(Rijee) NEV, JEC, i EFy tt' €
T -HYVAGHHEBEES CAMARHIBES FAATHREEMK
ZMAMEL  AERATHRECH K XA EMREFRE ¢ KB eFres ¢
B2 AT HEATEME - A ERERIBEB,coxRijeok)
k€&, mibRAMRTIIA LB RFBIER - B BERARTREE > 7
RO RO AFLEASRE MYt AR ATARTIF 2 094B 1 - £bR ik
BREAEGREERZTHEREBEEMR » B+ &7 :

Expected Value
(From demand)

1300 V/———

1000

vy

2 3 Number of resource
(tramp)

B+t »EgmEEyER

HEpv, v, B E S BARMBAEASRZE - B4 R e 3% T REM
% MR > kLB > v A 500 LA RETREREn ZAEN ¢ BF
R4k j B8 TAERL00 BMA15 ; FAHBB2 A ARG §
BB RTHER 100 Bz BMmbls o v, 5 100 EMHALE54 > ERE
A ZEH0 MBBFIEEARRZ AR EANEMNRE  MEHRT
BAFEBE AR B BN R

ERARE—FEAEY  EEFEXFUZ A XM AT LA
W AT RIAR (SRS ) B TR A k 2 A S BRI § T
AR A BB E A HAEEL PR L S R
ﬁ‘ o



----» Berthing

— Repositioning

B+ A —FTRHRTXZBETRA=ZHFTEZTE

B A 1A By BE R )RR
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Approximate Dynamic Programming

tep 1. Initialization:

- Set up value function approximation — _ , for all
V (t+r)( it(t+7)

ieCteT,re® )
Step 2. Approximate Dynamic Programming

Step 2.1. For n = 0, Generate a random sample path

Step 2.2. For t =0, Solve the fleet management network subproblem

2’ (X (0) ))+Z t+Lt+7 (Rt+1,t+r(a)t))

7e®

S.t

aX (@) < k(@)

t=t+1
Repeat step 2.2 until t =T

Step 2.3. Do CAVE algorithm and update the value function = _
V (t+z')( t(t+‘r))

for all
ieCteT,zed
Step 3. Repeat Step2 until n = N-1

B+ A~ gy AR I B

AN RE R 2

R 4 B RE R B L & FE R B AL A AR AL %?f?%i&i%é}““ﬁﬁ%ﬁ%ﬁ%
e MARREIHERAIEAABEALEE (1) KREYS
( State Variables ) (2) # R #% 3 ( Decision Variables / Actions ) (3)
sk 4 & 3R ( Exogenous Information ) (4) ##3% 75 42 &, ( Transition
Function ) (5) B4%Z =R, ( Objective Function )
A AR B e AR B R A (D) H ey 482 (5 BARXNEHE
7 #2 X (Value Function) BRI ik MAM A EF AR BN ER
R R EADF IR - B—EF RS A AR EIER AL EITRAE -
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4.2.1 kA& % # ( State Variables )

WAESBRAR T A t BRI AR B RN AR THKERL RS
MAET R, ¢ IRk BE (physical state)#2 & 3k A& (information state) o & &
BAE AL LIS O R AR G R B EBE T KBS, 0 =12 R
iR AR tBFAARAE - MENMARBR AT RRE > HEBEE LR
WK BRI AD, - BB E R AT ORI AR
TS Y ETY TS ST Y'Y U0 I

BOEASB M
( a; = BRTfLE )
a, = BATWE
as = & K2 RH

a, = #sFE
A=14 as = BAMXMAEH

ae = AR

a; =M%
ag = A5 & T A KAE
g = A& Joith 2 fho it 35 )

%R

(b, =AE }
bz =i gk

b; = Rinta4a
b, = RhEA >
bs = &Mk fE

be = ¥ & &
b; = #p &R

\ b8=iE§' y,

B A% A — % E05R ( multi-periods ) FIRE - A 69 H4T 85 R =T Ae 25 A%
% iR & R (time periods ) » B Mm-S K E S B E A RERFR TAR - tHe

9

o B &R K AR AT Ko 0 B R 5 L FT A A P 6 B BL 0 R E e
TF :
Speet = TS R E REUFEIN - B Ft/ 05T 40 F oAk fE o

Dyppr = FERAEF t ¥4 50 - B F BFTHRRBMAKE -
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4.2.2 i % 4 % ( Decision Variables )

KRR R RG B AT E THFMBAMSZAT » THAHRT
miEme (1) FHRERAR (2) ZRBERR (3) mEHRR (4 ho
AR e

HBREFERRERA (2) HRER (b) FHRERELEFRAAE ©

TRBEERRLS (a) ZAAEZEwSED (b) ZAFAEEHELN
(BN ETZHEY (d) ZHRAZLE b -

mEREROE (o) HEHRE (D) FEMLE -

1% Aol RAA (a) sk (b) HEARD -

4.2.3 #h £ &R ( Exogenous Information )

INEBMT R ALEGHEE R tH] X FIAIKENHE R MAHE T
MIMBERA WAL > — AW bE  —AFNER AT G LB ENRE
REErE A YL > BfmibmBE FRARETHE R BERE
BEZ R ERE I FREM S o RF AT ¢

Poivi = BN EERIEE t 2 tH] 8 4L -
Doy = EXRAEERIZt 5 tH] BI85 o
Wiy = (prt+1'ﬁrt+1)  BFF R M BRI BB R -

4.2.4 #2377 42 X, ( Transition Function )

% 30 7y #2 XA 7 RO AR RE 2 Rl A9 938 - S2ERAR FE A 38 — B 4o fT 82 4L 2
T8 o M ARAE R SRR BB A BRI AT 0 ] 2
St, Xg, Wy F55 - BSM A& BRIKE TR A4 t £ tH] 2 R =148 A 05 R] A
thl o HEKX KTk ¢
St = SM(Se, x¢ s W)

o RIeHRHE C R RUARBRINE BN AKRIEF Rk T

(Sor %0, Wy, 81,20, Wy, ., Sp—1,%7r_1, Wr, Sp)
AR P IRE BRI O SMOMLE B E AR A BT A B
Rl H b ERIUE A E AT S Eho Eivid E 3 dod ATRBUR K o

4.2.5 B4Z ¥ # K ( Objective Function )

BT RAT o AREESLFoR G - TERAETTERESHE
Al AR o FRIEIL - EAAR FRORETBELRARUAN - B
RREBINSAE TR ABF e EBERANE - RFEHEAKERAMZ
BTN - BEEREETLT
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s'es

Vi(s) = maxgex, (g(s, )+ ) PGs'ls x)vtﬂ(s'))

Ve X 4 18 E 42X ( Value Function ) » H & & A 78 #7 & R 5% BCH)
MEE - ARETHGAHF RN - Hbgls,x) AT TREZHM
P(s'|s,x) Bk B X R FAEAFAKAE s M B kG s' 2 F o
A RNEg(s, x) & 5 B B # X ( contribution function ) B LAt E % —
P PR R AF % > MBI B LS RATELEAN L
(D) fasmAi (2) BamA (3) mITmA (4) FhmA (5) Avgiae
BIFRRA (6) hmmmis (7)) E&MA -

B ¥ (RTRALRE T REHZ HFERA » M (6)haih R AL E o
MZHFRA BB EERELATH  REKBERZRAF G W ECY) -
A BEHZ IR AEI AT mH B FZE © AR IB(E o LT AE3F
4 3L BA AL IR SLh AL R R Z B4R R~ RAT AR AR AL B K e R o

1. Ak 9 i 46 A A B 14
C&HABE % oY SUBRAT A R S i 46 2 Bl 14 - A b UBRAT A B &2
FHREMRRRMGEEX - mA LB A BT E g
MHFERX - HP8&R % A3 AZIEL D 2 R, A Psaraftis and
Kontovas (2014) 32 & » S B RmHE AU+ A)?B 5 kA —B
EFH o uBMR - IBAR G AR R BRTEAAEFE HEFE
X AR IS & A EE o M AT E R SLIER I 2
KA AT H MR AL L3k R 2 B4R K o

2. MATRAZ S EF R
MFERA A B TR EBE > FEME N E G A Ry id AT
A RABZ 4T MERIohZ B RE - B R Rt A
FiBB MR UEIEIRATHAERAZITET R - #EHEH &
BRI R ik 2k ' ()R EZR kbl (p) » Biw ERTATR
A Z b E (@)’ EZR b1 (py)» RAKRUAELE - HE
WAEHE R TF

_ P11+ D202
B @1+ @

3. Juih Rk
AR E RS BREWSEVBELAARGEEZ— > Bk
AR ok RegAE By o BIRAE - 2 FEREEF L
MEGERRBRARER  GEEMEZMAEMRIE » BLAAEE
bR AT & Re8AF B Aoid Rk 551 8 (RQ)Re& 82 (s,S) K% o
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(DR=—: (RQ) K%
TEAMEBERN—H T ERE  BELBEHLE LT Q4
HE

()%= —: (s,S) k%

FTEAMEBERN—HFEEST  MELEMABEES -

4.3 TRARZEEDY

AR AR T PR AR - T BB R AR AR — BRSO B 6K
EASRAEIERAR » AT AT R AR -

43.1 &4

BAEAMZES

T EAARARAL 2 A

A Z EE

bz Eo

NEZEA

ikt &L

ARG &5

AR RRE TR 4

BRINFRHZE S

R & A a2 & A

EmiEsaz £ 4

RUYEMZ EL

RETG EHZES

REMBAIECIRYBHESL

HEMBAIECZRYEHESL

REMBEAHIECIHETIFEMESL

HEMEAICCZIRETH EMESL

Gi BAMMKBAIMEZIECUSUP
FREABERNGAALBZZAANES

G TEAMBASM BAIMEZIECUSUDP
FRE#E 2 RN AR S EZ THEALES

G ERMEMMBAMEZIECUSUP
FRE#EE RN I B T CRELES

W, s Bi€F 2 B HAESL

W, fs i € F 2 7 41484 2 A

W, fus#l Bi € F 2 %2445

SRS R R T

Sr s S S

~
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71° BAMEEAMAEATRKEZ EL

7P BAMEERTRE IR EZES

72 BAMESHATERKEZESL VTV IZ=N

70 wERfAAs E ERTIAATROREZ B A

I RIS E SRR E AR B R R EZES

J* REAMASEERTATHERAKEZES

PP o E SR ATAKEZES O UTTUTPUTR = IV
70 Az E AT AATEO R EZ £ S

TP R E AR IR B ES

TP xmanEERATERARKEZES

TP ximsE SR ATAKEZES U UTRUTE =N
H garsa G oFR AN EAS TR G 2 T 2 &
H eaAGEMY A RS Tz T mme
HgmagrreadadiEeiaunt HURUR = 72
F) i i e FZAHMEESL
Fl i i e F 2 S AMAs E L
F? e yi € Fz e fefafs £ £4
VY BHEHIEVZIRYEMESL
V! GHAIEVZREEMES
S; BIECRREKBEZNEES
A BH AR BB ARG EHIRE A
AL B A AFEIRAE R R Y EMIKE BT
A% A %%%‘#ﬁﬁﬁ?]%? RSN g S LN
A® BAAEIRE AT F R BHRE AT
c/louc/lluc,élzuaéP: J2uD

O A AL AR K RE At 0 B RMIK AR BT
Al EEAMASAE IR R A BUHE 0 AR Y KWK E ARk
A* EIAFAASRIKE B id 0 B R4 TR E AT
A RIFAAAE IR B R Y SR B
A UA'UA?UA3 = T?UD
A° RARAEALIRE AT BROTKEBLT
Al RAREMEKE AT LRY TR E AR
A RARFAMAE IR A F o BN SR AR
AP RARAMAEIKE AF > RO EMKE A
A°UALUA2UAS = J2UD
B BAAEIKREAGH LR ETHEMKRE LT
Bl B AR AR BT T EKE AT
B BAMMAKEALF BB ETHTHKE AT
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B3 B A AR BILiE - BB T K L
B°UB'UB?UB3 = J%2UD

B e fAfa AR IR RE Bt IR BT BWIKE B
B! Atk B A AR ETH EMIKEARE
TEAFEASAE IR R B 3% - BB G T35 Bk & ATk

=)
N

B AR e A AR E T EMREALT
B°UB'UB?UB3 = J%2UD

B AR AT ARE TS EMKELL S
Bl AR R AU > BT Sk ABE
B2 gizisiEik A H 0 BT MK EARE
B3 iRk B AR ARE TS EIKERL S
B°UBlUB2UB3=3J2UD

4.3.2 %

T Ak €E NFAAZ /A E KL

T #E sk € N UN##i € Cty B L

Criij EASASHE EF #BIECUSUPITRIEE R
ERERASRNBEJECUSZ B MMtE

Cruij HEAAMBKEF HBIECUSUPHARIEE R
ERAEBRANBECUSZBMHAE

Craiy Ak € FHBIECUSUPHBILEE %
Ehuihitj E PZHHIE

Craij M EAsAs Bk € F #5I € CUS UPITRLEE X
E ki EPZH BT

B; iECUS UPHRNBEZAFERA

P, §4hi € DUD= M

W, sk € N UN UNZF# KA

M R FHRZ GG YIS RmAR

Gy fisk € NA @R NE LM% 2 — B R MMAMEE R A

Fij iECBRZARRAE N E S ZFAEAL AN

P; juibisi € P2 ihig

I, ke NUNUNZE X b EE

Qi HRIECUPZHEE

a; BMieDUDZHEFME TR

b ®HieDUDZ HEHME LR

U, §4i € DUDx # 1585

U, §4i € DUDx 4 & 05

U, #si € NUN UNFFE 2z nsh
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T &9 8] 3 2 w5 ] 2

0y *”é‘%ﬁ*é]ev EMAIEFRHBANAH L FRIAO
E, i e NUN UN Z g8

7, i ENUN UN 2215018

A ENUNUNZ AT A S

MIENUNUNZETFTRE

EHmieDUDzAIEME

i €EDUDZ LI E

Viijm BHEk €VZ KR € O WA € CX M B BEmME Sty TAMM &

Viijm KAk eVZRRi€e D ENHBjEC
ZHEHENEMES AL EZAMEHRE

R, #:Ai € F ZRQ R uihih & >

Jix TECUSHER N KX THAELEF 2 EHF

~

N

~

4.3.3 3

—UE

ik BRI ABEROGE ) ENE K RIKEAANA LFAA O,

VielN, jeD, keE

Tijpe RBAAAMEM I ARZZOED ) ENE K RIEEAFAA LFAHO,
VieN,jeD, keE

Xijpe RAZAMEA I AEROEY ] BHE K RIEEAFAA LFR A O,
Vle]\f,jeD, ke€E

Yijw BERSIABRETHED | BRAE Kk RIEEAFAEL 1,FRA O,
VieN,jeD, keE

Gijie THAMMBER I ABERE TS RH ] BNF kK RICEAANA 1L,FAA O,
VieV, jeD, keE

Giji ERAAEAIAERETHEN | ENHEK RIEEANS LT A0,
VieN, jeD, ke€

vijk BAAIHAEZRjAENE K RIKEANA 1, FAA 0, VielV,jeCUS, keE
Ty REAAEAIAEE [ ALENE K RIKEANA LERA O,
VieN,jeC U S, keE

Tijp ERMABEGAITHAEE ] BENE K RKEARNS LT A,
Vie]\=f,jeC US, keE

Xije BEMIEjBbIng k RIKEAR A LFR A,

VieN,je P, keE

Xije REARRMEALE [ Bihin g k RIKEANE LFRAO
VieN,je P, keE

Xijek RARMAEAMIEjSmbEnNE kRKEFANL LFAAO
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Vie]\=f,je?, keE

e UL
Gkijm HBEBIZEHKORR ] FERIAEEE m ATH R E#H
7 ,VkeV,ieC,jeE, meS;

4.3.4 BAER

AR BAZ K BB ARk » AN AL ~ EAEFEAE A ~ AL B IR
THRACEFERA)  FaARA  REAE ~ FiFAERA » BiBR /N E
B2 T HAAAAAS B AR E ~ il A 0 ARRRTAEAKE -

1. AN T HA A8 91 € 42 fA 40 4

oA (D) :
Dl /. (Z‘_’”d IDIDRTEDY Z%}Z 2 (Z‘:’”" AR Z;’/’ +2 Z;W]
iel keCUS leE Jj€Oy IeE JjeOu I€E il keCUs IeE jeO, IeE jeOx IeE

(D -
2. IRATRA
R RZIRAT IR A B AR Z AR A » B3t A B it EaR
78 AR EATB R B o bR BEAF 1R 3 B 7 X A AT R R v i
Z B o AR E— R e 2 9 e il AT A & Rk 2 H ]
B > ABheig miF o (2)Fn ()5 3 A 2 N KRB BB EE i b2

BRAT AR A
Z Z ZZilCE,.hkvzkz e Z Z ZZil CE,.IL,.k ‘_’i’d + Z Z ZZilCE,.lL,k ‘_’ikl (2)
icl 2 keCUS [eE il 2UT " keCusS [eE 6:3 keCUS IeE
Z Z ZZ lCElkalkl + Z Z ZZ lCElLk T Z Z ZZICElkalkl (3)
icl  keP IeE icl T keP IeE *1 keP [eE

3. EamA
A (4)-(5):

Z ZBLE Viri + Z ZBL,.E,. ‘_)iL[l + Z ZBL,.E,. ;iL[l <4>

iel 2 IeE il 2ul” leE zefs IeE
DI FETED I ARD I (5)
jel ' IeE jel ! leE tefl [€E

4, FHRE DA
B AP R R AR L A e B L ezt Emf ek
BEE o RAHetEF KX A B EA » TAE TR USITR



o LA ZREBATIFW RN AT RE  DMEAF Joik F 8L
AR o (OF (Dol ARG GHPRREDH TR -

SSYSE+ Y S B+ S S (P 1)x (6)

jeD iel 2 IeE JjeD I€E ;e T L RE
YYSE Iy Yy Y BIDy, 2> Y (B /Dy, 0
jeD el ? IeE JjeD I€E ;1 or” JjeD IeE ,

5. FHEANAE AR A
PR B ARIFRTE ZF ML £ T48(8):

Z ZWiwa’ Z ZW,»)’,-]-;JF Z ZVK)_CWJ’ Z ZWz‘)_’zﬂJ’ Zﬁ ZWiiﬂJ’ Zﬁ ZW,-):’,;;
' (

(i,j)eA’ IE (i,j)eB’ I€E (i,j)eA’ IE i,/)eB? I€E (i,j)eA’ I€E (i,j)eB’ I€E

(8)
6. EEAfEASE A BR AR B fAE R A

Fom A (9):
I DIEIRD I I I R IIDIDI LIRS I A (9
ieH jeD IeE ieH jeD [eE ieH jeCUS [eE ieH jeP IcE

7. RRBREKE
F o4 (10):

ZZZZ ViimEiijm (10)

keV ie® jeC meS;

8. iR A
(D(R,Q) %
ERAAEHERN—HTERNE  BELAMAE T Q=
BhE R ABERw (1D -

DIDILLID VTR 30 10 3 M0 3 WA (1

iel! jeP leE iel ' jeP leE icl ! jeP leE
(2)(s,8) k=%

CEHAAMEHERA— B Es  NELBRAHETES
FRABSE K4 (12) -

DONEDWTEDIWDRIEDION AR (12)

iel! jeP IeE iel ' jeP IeE iel ! jeP IeE
Bt B AR XA
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S AP XCTD 2 JED 21010 Y ot Dot 3p o )

jel ® keCusS leE jeO, [eE jeO IeE ieI:3 keCuUS leE JjeOy leE jeOy leE

Z ZZilCE,szvikz + Z Z ZZiZCE,IL,k ‘_"”d + Z Z ZZilCE,lL,k ;ikl

iel 2 keCUS [eE el 2ul > keCuS IeE ie]:5 keCuUS IeE

+Z Z Z ZiléE,lL,k ;fkl + Z Z Z ZiléE,.lL,.k.jéI.cl + Z Z Z ZiléE,.zL,.kjéikz

icl ' keP IeE icl | keP IeE eil keP IeE

IR ZBLEVMZZBLE

iel 2 IeE il 2uT” leE o I€E

+ZZBLEXL1+ZZBLEXL,+ZZBLEXU

1'IeE tEll leE

DI DACIDES WD) <P,-/l>xw+ZZZ<E/l>Zﬂ

JjeD jel ? IeE jeD IeE ;12 T jeD IeE , °

*ZZZ@”MWZZEZWNMNZZZWWW

jeD jel 2 IeE JjeD IeE ;17207 jeD IeE

2 W D D Wt D D WE,+ Z DIt D D WX+ Z D Wy

(i.j)eA’ I€E (i.j)eB’ IE (i.j)eA’ 1B (i,j)eB" I<E (i,j)eA" I<E (i.j)eB’ IeE

+ZZZFk}Tz‘ﬂ+ZZZaJ—’w+Z IO AZEDINIP I

icH jeD leE ieH jeD IeE ieH jeCuUS [eE ieH jeP IleE

+ZZZ Z I/kijmgkijm

keV ie® jeC meS;

+3 D PRy D X+ Z D PRy D %y 4D > PRy D %y

iel! jeP leE iel' jeP IeE iel ! jeP IeE
X T RZY Y SR Y SR
iel ! jeP leE iel ! jeP leE iel ! jeP leE

(0)

4.3.5 Mt X

Subject to
DDt D F 2D X+ D v =1  Viel'Ul?jel, (13)
keCUS [eE keP [eE keD [eE keD IeE
DD VA XD K F XD T Y D Y=l WEDUIUI,jel,
keCUS [eE keP leE keD [eE keD IeE

(14)
Y S Tt Y Yt D Xt Y =1 Viel'UTUljel,

keCuS [€E keP I€E keD [eE keD [eE

(15)
ZZ;C;W:I Viel' (16)

jeP IeE

Yy, =1 viel (17

jeP IeE
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S, =1 viel (18)

jeP IeE

M X (13)-(15) » AR IEBALTIERA RTHEAENZR IR 2T
BEZEME  QHARES  ZABEE > b AASERAAE B
Eoal kT8 B A EEAEMEA LT ZAMEA o FRAI X (16)-(18) A4
FERNALEHEZIMEREZEE —joibiod o

Z Z inil + Z Z Zyy'/ + Z Z Z)_CW + Z Z ZJ_’UI

B0 . 0 IeE L 70 . 50 JeE . wl . Tl JeE L wl . T IeE
ieF y jeV,, ieF y jeV,, ieF ; jeV,, ieF ; jeV,, (
_ 19)
+Z ZZ)C;,-/+Z ZZyUISM5 VkeF weV
ieFZ jeVi leE iefz jevzw leE
= H 2
2 2t D 2 =0 Viel (20)
JjeD/Oy, [eE Jj€D/Oy,; leE
—Lr . _2
Y YRA X Yas0 Vel (o1
jeD/OEi leE jeD/OL; [eE

> Z;Z/“L Z z;[ﬂ:O viel (22)

jGD/OL:[, leE jeD/OL;; IeE

)IDRIEED VD ITTID W IR vjeD (23)
iel 2 [eE el 2uT° leE jel *ul” I€E

St 3 St X 2wy =l vjeD (24)
icl > I€E el *UT° [€E iel UT° [€E

(1A= % B IS %z’fi%&ﬁ"i Rl kR B B (20)-(22)81
BHEMEEAMER G M RELRE » Al BERBZEY - (23) L%
TR EREZAEY  COMATEELZTEREA LTS K

4 e

ZZZ yz+ZZZym+ZZmz+ Z IO N Z Zzyyﬂr Z szkl

iel /eOk leE icl 2 jeOk leE icl 2 IeE lEI u] JeOk leE lEI UI ]ED leE IEI UI 3 JeE
DIPIDAIE 520 S 1o L T
o J€O0, I€E jel . jeOy I<E o leE
(25)
g .. . 2
S Y YNNG <0 wer (26
iel ! IeE lefl leE ieI:I leE

(25)-(26) A& 0 BB MRH] - ATE ABESZ BRG] » B R KA b5
2 R4 -

= =2
Yov, =1 Viel (27)

leE
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Sy, <1 VieH (28)

leE

>v, =0 VieH (29)
leE
Sy, =1 VieHd (30)
leE

(2R & A2 BB EN TR E—REFEAE 5 (28)-(30)R 6T
A RASEE > AP (28) A EATME M AN BRI E N A
A TEBRGMMGRFERE  (QOAZAAERA DA BT ERZ
TS - R 5 (3004 % AT B B p) A7 B AL B ) & 2 T HA
A o JE IR B EF R o

szyl+zzzxik/+zzzyik1=0 VjeC (31)

ieG; IeE i€G; k€O, I€E i€G; keO ; I€E

IR ISIPIED 3 35 I IR/ (32)
ieG; IeE ieG; k€O, IeE i€G; keO ,; I<E
ZZW’J’ZZZX”"J’ZZZ%M:O VjeC (33)
ieaj IeE ieaj ked,- leE ieaj kegj leE

2.2V =0 vjes (34)
iEGj leE

ZZ\_/WZO VjeS (85>
ieaj leE

Zzz,ﬂ:o Vj e S: (36)
ieal- leE

ZZ;C;]IZO VjeP (87>
ieG/- leE

> 3%, =0 VjeP (38)
ieG; leE

> > %,=0 VjeP (39)
ieé,- leE

(3D-(3DAMIEE A E R ERB EBT —MRATHZWHEE DB AIRT
ATBZALR °

ajxij,S(T+Uj+l_/j+l+[].i)xl.ﬂSbjxiﬂ V(i,j)eA°’, l€E (40)

aj)_Cg/1S(T+U/.+(_]j +I+Ui))_Cg/1Sbj)_Cg/1 V(i,j)ezo,[eE (41)
= —_ e \N= = =0

a,xy <(T+U, +U;+1+U, ) xu <bxuy  V(ij)eA ,l€E (42)
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iyl — iyl —

a,x; <\T+U, +U +1)x,;, <b,x, V(i,j)eA'UA*UA’, IcE (43)
ijl

aj)_CgﬂS(T—l—Ui+l_]j +l);Cg//Sbf;Cg/1 v(i,j)ezluxzux3,leE (44>

J

— = = =1 =2 =3
a.xijzS(T—l—Uj-l-Uj-l-l)xl‘ﬂSbjxijl V(i,j)EA UA UA ,le€E (45)

aijS(T+Uj+l_/,-+l+U,.)yij,Sbjyiﬂ V(i,j)eB’, l€E (46)

aj;UIS(T+Ui+(7j+l+Ui))_}ylSbj;ijl V(i,j)eB’,lcE (47)

a.yiﬂS(T+Uj+U,-+l+U'i)ywSb_l.yw v (i,

J

j)eEO,leE (48)

ajyiﬂS(T+Uj+5j+l)yijl£bjyiﬂ V(i,j)eBluB2UB3,leEz (49)

aj)_;yls(T+Ui+(_]j +Z);[j,£bj)_ziﬂ V(i,j)e§1u§2u§3,leE (50)

=2 =3

a, vy <(T+U,+U; +1), <by,  ¥(i.j)eB UB UB ,/cE (5D

(40)- (5D AR ILRR|E DA C o975 ~ K AR o BN 7% R

Mz g TR E N

Z ljné‘Ek + Z Vt/né‘Ek + Z z xlvngEk + Z Z lWl

=i’ iel iel veO iel veO
+Zzywn§Ek+zzylvn Ek — ngnjm

iel ? veO iel 2 veO meS;
LS Vi VkeV,ned),]eC,meSj

(52)
VkeV,ne®d,jeC

(53)

(POBARUMERE B R R LB EZAEH T > M(B)A AL BT K

Rk B EZIASE B SRS -

ZZZ(5Ek"U’+ > Xint + Z Vint)

iel 3 keV IeE me0; ﬁ\@ meO r\V
DRP LIS FED HEMENA
*3 keV IeE me0; m\&c meO0; mV,}

(b)) & aTaEREMEZHTRA] -

xjk€(0,1) VieV,jeD, keE
%ij1€(0,1) VieN,jeD, ke
Z,€(0,1) VieN, jeD, ke€
yijk€(0,1) VieN,jeD, keE
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(54)
VieP UuS,keV

(55)
(56)
(57)
(58)



Fijx€(0,1) VieN,jeD, keE (59)

Biji€(0,1) VieN, jeD, keE (60)

v1€(0,1) VieN,jeC U S, keE (61)
7, €(0,1) VieN,jeC U S, keE (62)
7ijre(0,1) VieN,jeC U S, keE (63)

X1j1€(0,1) VieN,je P, keE (64)
X;j1€(0,1) VieN,jeP, ke (65)
%:,.€(0,1) VieN, jeP, keE (66)
Grijm = 0 VkeV ,ieC jeS mes; (67)

4.4 CAVE #E35

B T4 B RE LB AL AT By R AL A5k 0438 A2 - B B oRAR T — R A R E
X HEEE AR > SRLBH AT A BE T R ETEN - mEFET X
o E A% @ B YR % ( monotonically decreasing ) - H gk pb3E 48 A
CAVE i R EM T R AR AEE - CAVEEGRELZALRERE R
Bramz K RENBRTHEMRSEAFZTEABRNE > BRENF
B4 T
FHE—  REEMHAFE R (s, 0)

TR = TRBEIRAEINER
FER=  NBE T RAZEIE RN AR E

l. #8—: REIFMAETR 15, 0)
145 Godfrey & Powell (2002) » FAEEF 42 X 8GR (A
RN B PFAS B Z A EH EN Rk P HBZXEA
BE o MAERKILBERXZIMBEE T > RAAAREZHBETR
BEWEm— ARG BB HERKXZIRERN - BEEFT £
HETRAHBMBRTEAFZIANE » FIARAR AL KR T
BRI AT o W3 — BB O AL BIRFI A (1.43) - KRB 2 HBE/E A

EMAEE N mESOAR L, R REFHATER

ieCuS,keV,lcE °
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Z(gEikVyl + Z, Xim T Z Yim)

iel msd/- ﬁ%o merm\ch
+ Z (55‘.1{"@/1"' Z Ximt + Z Vimt)

iel 20Ul me0; NV me0; AV, (68)

+ z (5Eik‘fijl + Z )?iml + Z J:/1m1) < IBjkl

iel 2Ul? me0 ;N me0 ;Y

ViePuUS,keV,l€E

RBAH X (14K EHBEXREETRABN Y —EM T RE
BRXTH WS VEE - MAARYRL RRD —EM BRI
BAZXE SV EE RAREEREZAEY RV —E/TR
BT eESENRBERERIFERR -

1R ¥% Godfrey & Powell (2002)/9 » 324t T HmfE A K k15 F FH4t
% %3 : DUALMAX, DUALNEXT » oA F 444148 i 46 ® #7144 % 2
HFHEFK -

(1) DUALMAX
BE-FRAAT > BREE R TGV EERRZ T
R BHIRI 0 ERREN — TS AR BNt FIRGE
B At—TELRMAABETRERANILAR - ZREE
B8R 2] A%k RZ A FZE » DUALMAX & & AERHE t
2 R -
DUALMAX Z #afE /AR 4w F :

~

7Tj,t—‘r,t__‘ max {ﬁj,t—s,t}

s=0,..,7—1

(2)DUALNEXT
fn DUALNEXT £ #7 77 X, % # % #1 7 IR K 2 $H18 18 1F 2 37
— X FHHER . LRABF T AR ERAA —ERZIE
B NE P4 REEE BT R - ¥ DUALMAX &9 &
M ARR > EGRAFRARLE -
DUALNEXT Z AKX 4 F :

Tt—tt = Mjt—r+1,t

e SER ¥ B B 45 2 24 DUALMAX % 3,8 DUALNEXT 4+
sk 5 B b AHE K L DUALMAX 15 & 8 374 & ik o

2. PR RRBAEFTEKAELHNEN
FHEEARX S

Q = [min{s — e~,u*}, max{s + e*,uk*1}]
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B &R K (step size)e™, e, a BB X 4% s B8 > MkT
k = max{k € K:v* > (1 — a)v* 1 + an*(s)}
Fuktla e £ > QIARUT =0 Ms X ER AN t FRIRE jH 2

BR¥E tET,jEC-

TR NMEETRERAZENE RN A4 F
NEERATRIAZLENER N ZHIGME > kT
vr’l(ew = am + (1 - a)vgld

RIBFAE S RAhet, e, a -

% CAVE #BH AT

CAVE algorithm

Step 1. Initialize Tuning Parameters:

Initialize stepsize @ and tuning parameters €~ and €*

Step 2. Collecting Gradient Information:

Get dual from the resource restriction constraints.
Set updating gradients by DUALMAX or DUALNEXT

DUALMAX: ﬁ-j,t—‘[,t = S=Igla£(_1{ﬁ-j't_s't}

DUALNEXT: ﬁj,t—‘[,t — ﬁj,t—‘[‘l‘l,t

Step 3. Define Smoothing Interval of Value Function

Find k
k = max{k € I:v* = (1 — &)v*~ 1 + an(s)}
Smoothing Interval Q

Q = [min{s — £, u*}, max{s + e*,u**1}]

Step 4. Perform Smoothing

vr’few =am + (1 o a)vgld

B —+ - CAVE B E:##2
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AL E

P
RS

A

2

|¥1 CAVE #3542 B

Start

Initialize value functionin all time periods

Generate a sample path

t<o

Solve a fleet management

subproblem at time t

Solve arelaxed fleet
management network
problem

Store dual values from
constraint(1.43)

t € t+1

No
t=T?

Yes l

Initialize tuning parameters
e, et, and stepsize a

|
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Do DUALMAX/DUALNEXT to
set update gradients m for
every value function

y

Find updatinginterval Q for
every value function

Update all value functions

- k
vrlfew =an+ (1= a)vy,

n € n+i

No

Yes

B —+— - iR 32 CAVE #3502 E



0.1

o.1.1

B Bwm&EXR

AARRRESTHER CHIBE » 3047 ¥ LA2 34 Gurobi 8.1.1 R i&4T
Kt EREKEREE S 1.8 GHz #4% v Intel Core 15 :21&H 8 GB
1600 MHz DDR3 » it # macOS E#4T » kB IR A 11.2.1
AARERZETAMENRANERMKREALNE  HELEEREH
B 219 FRBEMBMAEME RN 2REMERNE L -
AEHBENBEREE T EUARETRER)H -

ERHBIHEXRE

AR RBA— L EBEE > AREARRFAREFEER - B —RA
A IO R THAHAIBNEANLZABFRTEH R - BH LA THE
B BF % LA AT v B 18 R A A RHEAS B AiAz - B mER 15 RAEA —RAE
HegR] KA o MAT A0 ERE I BB TR R A — R - B @ Z MR
BB TIRR—RAEM > MARARBAERELRE RN &
£ o @A Godfrey & Powell (2002)%1 KBt KIRITZ B4R 0 XK P BB
%% » CAVE#H P25 kKR4 20/(404n) » n BB $ ;5 AT 10 2E
Fe et B2 BB I0EHAE 1 -

A S HR R

AR RER BT HUEAR > MAMKET o B =4% 1 ¢ A ( Capesize ) »
B2 &7 (Panamax ) $232/@ A ( Handy ) o H 5% A b PR 512 %) T # &
3200, 2500, A K& 1500 #Ex k& » T B A A0 45 ihfe ik & Bl 23k Kb fg
MRAFIZ 3 RE S RAFEMETWH - AR EHHEBASLRE  RIFE L
BEREMA > BHHREMTRARZRETGHEAAY - 20 A8
MR L2k =B GRS E BB 46 6 RE T AR © T R EAS
Ao A ERHTRESY  WEEETRENATEALESE R
AARERBEMT > FRGA FREDURBED AHE > HRAM
W% BERAREFREMLERTY - 2RISR KA - ok
o ZmAl AR R Mm@ E Al aE R T RERZY  HRAME -

EHL MEMBRLLERFAMNEBAMEMNGEERA - B4R
o EHAEAEBAMMEMNE S AASEEARS  RZIATA
MEFEREHEZE G AASERRMERT RZTAR - AR ERKR
A EHLBEHREFAMENEDE > HRBERLTHREER - 42
HEEERAMEZ FHHEIZEE  KBEESHFHRASERLE -

49



RAA R NABARE A T-10 REEM 2 -

R E L EE R T ¢
A A wAgE | FREdY | AR | REAAM
- v 25
g A 3200 o 2 9
v 25
et oR 2500 B 1 7
=
B 5%

ZEy]

45/ A 1500

B ESERER

AAREEBAABERE B 1642 B2 54 11 AR EEA 6
A o A AR &R o A O SAAE T AA E 0-5 ALME M 1

5.12 Ao L nE

RHF R & 0 M 25 &k LA google map A3t B 2 AUATIERE 0 B0k 04T
Bhip b g RBE R - 12 B B AT OB sk - AT H LR R ARATE
BEE2 P o MAREE LT EAM - % 8 Hsk oM LA 8L &
% BmAAREEERERAHG BB PEAOEARTART RS
THARE 122 EH (FH—EBAES—FEGMEH ) - AFERAE
BREYFERAESD « mibBRBANERTH LT L /mibE > T H
RBOCERZ EeH  ERPEZThmbo - EmAHEER 13 8%
A 4 Bk - PR 3B O R R Al - M O T 4208
rElEt M 1-1 4R % -

SLREEARBE ARG E > BIRAR A E - B =+ =5 K ap A
Wb
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B—t+— £&H—%H

R PEERL - 68 %S B ZAZHERR T HHMNE
B REERREAE  AMBPESARKE Mo TS KA E
DEAR  FRAWMME  PRITRE LS REPAEDIFEH RS
Bl RAMA S TTRAS

B—t+=Anmbat—FH :

~

B=—+=> bbb —FH

poih A AT - R AT B LA BEES A RE S Mk
BITHRAGH &R~ B g & His o
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51.3 B 5Bk E

B S B AYEaY Ry s b= B AL X Bk
2L IS BHR G T AT ¢

B EEHAREEZ R G EBO > B —FwETF -

/

B=—+w  gahieieio nihE
e AL B% o hElS

HRAhERERBENE ST WwE T 5 -

/

GNPy 3 XA =R
e AL % ke AERB
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REBMAAGEREGER D » wE =+

>

b
‘—522"\) Sy
\\ -
¥

"

B =+ Bdpfezsta nihE
el b e hEES

/

MEELAEH Lo AREBARRXBEERDE  BAHREAA KRS
fs ik E o B mEREEE > - BAE M %A 3000-100000 & WARE - &
FEIE R R TR SERER o 2RBHEEL - RS RBBERT o
BHBZEER 2R ALER LEUREER  AMAREZAEEREL
SRR Z AR o ARIRE LB R SR A8 B AR A B AT o 43R Y
BATFT—RPFHAFASERE  £E2RE . T@FENAZ—-RFH2-3
EFRE  RBEBEERANZ—RFH0-1 £RE -

5.1.4 ihFEmASE A E

B bR (RQ) K8 (s,S)5Rek ¥ 2 RIS » it L hoith PIA%
1 RBRA SR EZ 3 R BPE R E pah i hih o B ILPIRAE
e A e B A DB 4 AR A A & 2 ik PAE 4B 4 5] A 1000,800,500
Wi g o M(RQAREZBRImBELEMABREZLS R Btn 3 A
1600,1200,800 =t & -

IR AT U ETRHBERE  mEB O HEATESARE - LT
AR £ G R 2019 £ £ IFO 380 ib1E 5 mAs & b4t B A4 & 47
BREAEREDE > BAARTBRERESABE - BHibbie 2 REN
MmERE ACEHREZHATEZKX -

o
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A& ¥ Psaraftis and Kontovas (2014) » A & 478k R iR A5 A
Wb K F AP+ AP - mBMEA DA RBZAF AR TN REE
MitFEF 28T RMARATHAZEARA BRERAFKLBLAX » X

KFAEREERHMRT > FEARZ AR R LT -

RFERA B AARBEELEREALBRREALE - RNBHE
FARER  ARFFHOREARETZ T - BEERA X FTHOBERARFE
KFArXhE > EAREMAN B/ RE » BRE K p EZIHEHRE
By AR R Z R B AN -
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daily consumption
w 5 &b 3 & 8 &
8 8 8 8 8 8 8

14
o
=]

60

B
o

daily consumption
S 8

=
(=}

o

daily consumption
= = N N w w
w o v o wv o v

o

BREMAHEHNZHGAwE -+ 28 :

Handy laden

/

—

4-

10.5

9.4

11

115

12 125
spee

0.3 10.8 11.2
speed

x lade

10.8

115

118

12.1 125 12.8 133 136 14
speed

e

daily consumption
g

Handy ballast

///
13 135 14 145 14.6 14.8
speed
a
114 12, 13 14 147
d
@ pan
_—
116 125 12.8 13.2 13.5 13.9 14.2 14.6 15
speed

f

B+t ST sz iEr2daailitn
a. AR A A 2 R E R AR

b, 488 A 2 A5 2 iR R 14 B

c. MR AL 2 2 ik kA M AL R

d. gy AN 72 s 2 3R B A6 B 14 B
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e. EEHABHBASZRE B AE
f B2 BHA EAZ R A E

Mo ATER R @ R L 0.5 BVE A RIS » R RIAS A 2 9T 475k 5 & $2 e ik
R RRE o d2fE A E A RAKIR 115 8 » ik 15 8 5 =48 A AL ARk
1058 Ak 46 LR ERARIKEK LG RHRI5H 5 &
L EA A RARER 1058 > KSR 148 B 2 RIKR 11§ &
Hik 15 B ME R R AL RARIR 9.5 8 ik 125 & e

5.1, BEF A HEEXE D&

7t Godfrey & Powell (2002) TIEEF AR E S0 WA
RAAZE —HBBETRAZBEXRESSTA 0 KT HAn46E—
WP BAHEEME &%Tﬁm&%%ﬁ%%ﬁ’éﬂi%ﬁﬁoﬂﬁ
BEFRAAHRRTRENF B FABRME - 5 F A7 0T IERETA R T K BT R
AR - AB Y AEHED] R %&@im RZRIRAR o T LAARHF R332 2 R AR T
BRZANGHAZEA 40 » ERRARFIZEIFREZH » UIEA
B1E 2 A ZTRAME - BBIRR - FAN t AT » RR A tH] BREFAEAS
FE AR TERRA Zp » EHAN tHAFM T » A Zp 045
B b8 1E H 2 AV, t(t+1){§-7%99 5 BR A tH2 BAR AL A £ j AT
EIA Ep 0 R E tEA AT A0 48 » BB t BB A AR K e
BA0%p AT EBLB =t AT RARELELE @A RN
THANZAARTHOEELIYE RN EB O AE G TEE
/Jnﬁ'?' RBFAGR T H A ML AT 26948 2 R ¥ n » R Lo %
» RIFQI i E R EABETREAZI MG - £EH L RIK
%ﬁﬁ%%%@uﬁﬁﬁﬁWk%%gﬁi’&%Eﬁﬁiﬁ%@%%
ZREERB G35 RN o BILAA TR FREIFZE0EKE S 0.7
RHEAGBENAZ=RANBEELERAEEN—F AL - RATE
B4 B =+ \
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6 discount value
=0.7
T time periods

t+1 t+2 t+7 t+2 t+3 t+7
Historical data ~ - 0 ~ _ =
at port j Vitesa Vitera " Viwre Viersers Vigrnerz 77 Vigriese
b ) x 82 o | x67 X8 x 82 cee | X6T
Portj O o o o o o ‘ o o
Time t t+1 t+2 t+71 t+1 t+2 t+3 t+7
AV‘ 4 4 ‘7
jtt+1 ; tt+2 1 tt+T 1 t+1,t+1 ] t+1,t+2 jt+1t+T

tbgrvg

B=—+A - BEFRZAMBEXET ETEE

b2 &R

KRB R o A =B AT » B RER AR AR E KRB
AR EARBEAHRE G R B2 B F SURZAZ F LB 047 A5
RE RS D KRB ZRRTEE TR ILBREEAGREEX -

5.2.1 BIRE R oM

1. BAREKRHER
AARE R BG REAREE 15 X © (RQ) v s KT By
Mo REFEREEFHARERIE - BB A 510 F2R5% > Y
QRIS s RO BB A RRAFEAALBE L ER > ME
B4 0 SAsFE5 R TAA & 0-5 ALME %I 4 »1h o BEMEF 2K
ZMBEXERA E—FHAARAZI IR RELBARAERwE =
+ AT
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Number of iteration

Bl =+ BEFRXMBETAH 0 Z BERERD

B A RABEF R B FH k5% Godfrey & Powell (2002) =
Bk B EEREA 0 CRLENBFSRENBEZEA A
EWGL e MEMBEXEARSL 0T » B EHEBENE » Th E
BFsEE TR EHEg 0 @B BRERDNTRRS
MERAIRIR TS - AR ZEZEETRAIEMERS » Bt
#d CAVE #HG S EMIZRTE2 — kst B34 - THZ LHE -
X E 300 BB = 1% » BAZAZRWIE - 2] 500 B EZ B 2@
FEBE  FHZMMMBERDNE 1580 HLETF -

i) 2 # S BC T B4 RMCA X AR R » AP IR E R 7 #2 X
ML 00 FRERELTHENBERS 0 Bks R -
FRi Lo =
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-5.00E+06

-1.00E+07

Number of iteration

B=+ @\EITEAMEES 0 X BIFMER]

THBE=1TA2 A 150 @B BREEZBRR  ABRWEEFRA O
BERER > MR EBRER R ERELEKR - MAZ 500@
Bl % EFAMAEE > £ 900 @B BRI s » B s @ s smdE R
B0 ERERMEE - RFVBFRETRE Rk 100 @@= B A2
{8 » B =+ — Ao ¢

2.00€407

1.80€+07

1.60£+07
1.40€+07
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=2

©

> 1206407

[}

= 1.00€407

=
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D, y

8 8.00E406
6.00£406
4.00E406
2006406
0.00£+00
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Last 100 iteration

=+ — kAL RILRE

& 2 BB R AR b =+ A E =+
Ho EBERA O Ao ERES - RERBET K
B AR E A 0 RE — BIRI12 4 Edcal - B ek R

12 o M B R AUCRUE o MH I B e S — 12 5 B bR
TP REVWBERSE 0 OHEAT - BARERERE - Bl
A A 0 9E LT R EZHT —& -

HEETRUAMAT  AERETE —aTHAX - RERA
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& & R 6945 K548 (sample path) » st =R E A 4 2 AR K
BEHARE - MARSERwB =+ BB =+=":

6.00E+07
5.006407
4.00£407

3.006+07

Objective value

2.00€+07
1.00€+07

Number of iteration

B=+— &p —BEIBAWEERSE 0 2 BHMEKR D

3.50€407
3.00€407
2506407
2.00E+07

1.50€+07

Objective value

1.00E407

5.00E406

0.00E+00

ERERREENEESNE R R R R R R R R R R AN NN LR R R R

-5.00E+06

Number of iteration

B=+= $p—Bar2XmiEds 02 B 2ZHEK0

2106007
2086407
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1956407

i

1856407
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last 100 iteration

Bl =+w ~ S A RLEE
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B =+—4& 500 @@ A& ZEERS > ME=F=47 1000 @F
B AR BATH S Ete A sig ] 0 Rl sk R dE £ —
£2 5 B &5 57 500 @EFr 1000 2 B & ECALE o B b R R IR
AZhEm& s BRMRERABRRRTEEATRAZIM
WEMR B ERE L

2. BUEASHRABIN A
BORM BRI BRI 15 R - FRRAALE  wELOB2
KAREE RN ASBR AN 3TN 24 A 424848 - b AL A
AR
AR BIAS & BRAE B - Po il AR R M IR0 A B AR R
W o BARRGIRI ZB AL ARB/ERNE I ME %
ELOHBENEERILEEHAE  NALEEARFEE I RiE—
FREEW22 BNE 12 RIKE - HAEERREDEF ”9i
2|F 12RPELSEGER > MRS 12 RIKER L ETHE -
=t a5 &Km
Time
Space 0 1 5 p 2 <> Virtual rent point
¢ o < © < 4 [C] Port (only for loading and unloading)
(O Virtual corresponding high sea point
9 S O U o 1 O "
---» Empty reposition
22 (@) O - =~ O O O ——» Covering a demand
» \a 0 0 O

B=+2z  8HM3ZBEHE

Mméo 21 BAA > B—FibhERL 7% 3 REL 12 ik >
MiEFAEE 12 XHENEREBRIEFZFAL - wE =+ kT :
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Time

<> Virtual rent point
[] Port (only for loading and unloading)

(O Virtual corresponding high sea point
/\ Port (Both loading and unloading and bunkering)

---» Empty reposition

<> Virtual rent point
[] Port (only for loading and unloading)

(O Virtual corresponding high sea point
<> Virtual return point

- --» Empty reposition

—— Covering a demand

------- » Rent/return a tramp

Space 0 4 14
0 o & O
3 [, O O
12 A YAN
5 O B O -0
B=17"8BAAM2] ZKBEH
MmALAS G930 0 R AT T AR L T HA AR ARAL B — AL B R ) o
TR ANGERER A BT REFERE  BRERAHE - — &
FRABAAASE D RIFAN » BREZLHEMEI T BNE 8 ReF
xS M ERAE=REGM BEZAFME 1] RER - wB =1
£
Time
Space 5 8 11
o O o o
4
7
ZRIRS S o

B =1+t T RMEMEALZEIEE

AN E HA AR ABAL JE 7SR, E AR ER 1R 4 AESF R > B M A 26 F F
W 2 REFNEE S AAAN— EEAfa Ay RE—FERFTELH 6 AN
FORMBE - HEANE 12 RAKEE 6 ZHEER B EH
FE AERIMERAHAAFENE - B =1\ :
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Space 2 9 12 13 14 < Virtual rent point

[] Port (only for loading and unloading)

(O Virtual corresponding high sea point

8 \,
\D\z—i - - <> Virtual return point
---» Empty reposition
6 O N (] O
BN —— Covering a demand

o o o o ~ © Mo » Rent/return a tramp

28 O O O < &

B =+ TEAFEALAS 2 3518

MEARETEBARERET  EHEBEXBEIRES —2 > 14
HASE AT HR A ARG o

5.2.2 BEHIT AR

KRR AT R R 2 BARE K35 - T B AT SLELE AS AR B a9 AR & UK A
Hemmati et al., (2014) A7 #E ASERAE R RE » B —7E T AL B R AE
(deterministic planning problem) » 3 € — 4L A5 B H ARG 2 4 B4

(Biofh ) 28E BEBEREEBRARARMHE > LAARER—
B 22 43k P 7R > FLB B Rl BAL LA R A B4 » 2R ™ Hemmati et al., (2014) Ff
Mz FAAY JERF s AR » SRk A RGN L N EAEE
fir o RARF XRRB A ARILHE > TABMRILAT AP ARERF
ATred » (2 XE B RHER E o RUARFH T SNEFAE A B R A A
R EBIZFG TR BB EANRIEAE R » &R HILF R 23R
BRARBARE PR EL - B REREERTRE GFLLRFM R &AM
B4 A2 ERAE A S A Gl R iR AR £ R o

AT AR F B TR AT » BEA R ZIZIF LB - £
TEBF I ERE —HEMBE TR Z Y EH2 G BARKE
MELZREEORY  AABERATARBRMGR TR - B%RA8
AR MERA c BREGEY— T EWAEEMERE AT ARABA
ASEREABLE - LG KL BEANE RBE  E1FBEKR
THRATRAIN S L RA - BAHEEILERE Z LR A KR T2
A AR A RAZES FRRPIRYG TRAHAN > AFE
AR - A A ERBAHRZTABRREMEE  BL£EMWA R
HEZ G E RS - SRAARZIBIAL - M EARF RERALE
AR AZE E 0 bR RE T AR R EHBRZEAZEE - KA
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REREREHBERAZEZE  HILBRLEHMBPRBZEE  RITKR
%ﬁ;ﬁﬂ%&ﬁkﬁéi‘}%ﬁﬁﬁf&%i%é% ETH M o A S i1bis B A
PR T EAARAEAS C BB A AR X AR BB HER LT

LD IPITIRNS 2D CHIED 3R DD B bl

iel 2 keCUS jeD iel 2 1€f3 keCUS j€0, keV jeC meS

(68)
(68) A L2 BAAK - ERURT AR MEBARRX - AFRH L
HMAHEGH  RERALBER - BEXE B A AFRTRA é%w”k
EABERY G EAERA (R XBR P R ZIRATRA ) > B
ﬁ%*%ﬁ%oﬁkﬁ*%ﬁé@@é%%%%’ﬁﬁﬁﬁ%%%aﬁ
B -AAHEEPEEETHUAZLHE - BmibRZEY GWIEE AR
KA REAEE R BREERG A4 LEHE -

Subject to

D VD K= viel'Ul’,jel, (69)
keCUS keD
Voot DX =1 Vil 'UI2UIl’ el (70)

keD

ZZxU ZZ;,;SMJ,(W VkeF weV (71)

lEFk /eV [eFi je\7,2A,
j— / 2

Z x;=0 Viel (72)
JjeD/Oy,
P ijVJ VjeD (73)
=il 2 "

<(T+U,+U; +1+U,)x, <byx,  V(i.j)eA’ (74)
= o= | e— = =0

a,x; <(T+U,+U,; +1+U,)x; <bx;  V(i,j)eA (75)
Zvijé‘E[k = Z i VkeV,jeC (76)
jel 2 mes,;
Cim S \3,{],” VkeV,jeCmeS, (77)
x;7€(0,1) VielN,jeD (78)
%;;€(0,1) VieN, jeD (79)
v;;€(0,1) VielV,jeC (80)
TFi00€(0,1) VieN,jeC 81)
Irijm = 0 VkeV ,ieC,jeE, meS; (82)
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(69)(70)5- %] % B # AsFo R A2 AABAS B F RS - THATAAE — T RE
BAEREAREEY  mEABAMEESEREEMERARE ER
o (THA S B A A ETRRZEMERWRE - (1252 8 FMEAF
RRHRYEmz AL MEEREZETY - (TR LHZLEHRH T
WIRH] > — & B ERRFE - (T4)(T5)R] & K o5 & R4 - (76)(7T7) A 4
AR EEBIHEURFANTEFBEZIATHERSD - ATEX
Rk s o x5 (78)-(82) 4 4 B -

&X%ﬂi#’éizﬁ“’n\%%ﬁﬁrﬂéﬁ*ﬁéﬁ AR BRI M A 4R B B R

BEHE RS %*ﬁ'ﬁ;?‘] DA RAEREAR G EE - mERATRER

ﬁﬁ%wﬁﬁ%ﬁ HE - BmBEARNARBRREE RERZHaX
T ) AT R z*vki%/? XERE £ Z PR AR A AR A

Group Geography Cargo sizes #Cargoes #Ships #Ship types

1 Short sea  Mixed 7-130 340 24
2 Short sea  Full load 8-100 3-50 2
3 Deep sea  Mixed 7-130 3-40 23
4 Deep sea  Full load 8-100 3-50 2

%+ ~ Hemmati ct al., (2014) Z & X FF A A2 FFa M i i &

. S PSP I R R F S L E N TR STE
B o DR B IR T AT PS8 B AR

XPRESS ALNS

Optimality Gap to Best Minimum Gap to Average Gap to
#Cargoes #Ships Gap (%) Known (%) Seconds Best Known (%) Best Known (%) Seconds
8 3 0.00 0.00 0.12 0.00 0.00 1.84
11 4 0.00 0.00 0.46 0.00 0.13 2.85
13 5 0.00 0.00 0.26 0.00 0.07 4.10
16 6 0.00 0.00 0.70 0.00 0.05 6.14
17 13 0.00 0.00 1.00 0.01 0.01 8.59
20 6 0.00 0.00 47.78 0.00 0.14 10.71
25 7 0.85 0.00 2428.02 0.00 0.22 16.47
35 13 9.83 0.60 3600.04 0.00 0.29 3591
50 20 16.41 1.90 3600.52 0.00 0.35 83.08
70 30 204.65 156.51 3603.32 0.00 0.70 210.66
90 40 364.12 276.11 3617.60 0.00 0.47 418.57
100 50 381.14 269.85 3651.22 0.00 0.35 587.52

%+ — > Hemmati et al., (2014) 4228 [E L A3 B EXAZE BT

T3 R %
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#Cargoes #Ships Instance #1 Instance #2 Instance #3 Instance #4 Instance #5
8 3 1391997 1246273 1698102 1777637 1636788
11 4 1052463 1067139 1212388 1185465 1310285
13 5 2034184 2043253 2378283 2707215 3011648
16 6 3577005 3560203 4081013 3667080 3438493
17 13 2265731 3154165 2699378 2806231 2910814
20 [ 2973381 3206514 3197445 3342130 3156378
25 7 3833588 3673666 4238213 4260762 4069693
35 13 2986667 3002974 3084339 3952461 3293086
50 20 7265169 7470529 6938306 8947342 7330386
70 30 10088768 10503191 10314521 10910832 10908679
90 40 13468846 13981808 12767716 14506983 13720466
100 50 13893237 14718351 13206559 14936198 14106741

R+ = AR E BHR B EARE S AG] T AT R AR

SRR ¥ AT N TBAR ST A RAFAE v R AEAR > R IBB| AR A B AT T4F
hoZ RAERR o MRATEBH] FX EMAMEHEFUNRRBEE - KB £
EFRR > BB E % EME B E 55 f AR RZ A F R - 4831
» BB SR B Z 40 A 8\3  17\13 ~ 20\6 ~ 25\7 -
35\13 + 50\20 » 70\30 ~ 90\40 & 100\50 B LN S 44 S BB F - 48
3t 45 B ) FEATRRR - MRBERE =2 K=+

EI 9 AR

8 cargoes_3 ships

Average seconds: 2

Instance 1 2 3 4 5
Best known result 1391997 1246273 1698102 1777637 1636788
Test result 1220492 1333341 1538130 1522621 1398483
Relative gap -0.1232079 | 0.0698627 | -0.0942064 | -0.1434579 | -0.1455931
%+ = ~ 8 cargoes\ 3 ships B3 4 R
17 cargoes_13 ships Average seconds: 3
Instance 1 *} 3 4 5
Best known result 2265731 | 3154165 | 2699378 2806231 2910814
Test result 1562086 | 3653299 | 3475931 3997616 2611745
Relative gap -0.3105598 | 0.158246 | 0.28767849 | 0.42454987 | -0.1027441
#+w ~ 17 cargoes\ 13 ships B34 %
20 cargoes_6 ships Average seconds: 3
Instance 1 2 3 4 5
Best known result 2973381 | 3206514 | 3197445 3342130 3156378
Test result 4181615 | 2601804 | 2800608 3956903 4982855
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Relative gap

| 040635021 | -0.188588 | 0.1241107 | 0.18394647 | 057866231

#* -+ & ~ 20 cargoes\ 6 ships ]3X 4 £

25 cargoes_7 ships

Average seconds: 5

Instance 1 2 3 4 5
Best known result 3833588 3673666 4238213 4260762 4069693
Test result 5595620 6130252 4402661 5169877 4310123
Relative gap 0.45962999 | 0.66870151 | 0.03880126 | 0.21336911 | 0.05907817
# -+ 75 > 25 cargoes\ 7 ships 2K 4 £
35 cargoes_13 ships Average seconds: 9
Instance 1 2 3 4 5
Best known result | 2986667 | 3002974 3084339 3952461 3293086
Test result 3252268 | 2127067 3096632 4640096 3203588
Relative gap 0.0889289 | -0.2916798 | 0.00398562 | 0.17397642 | -0.0271775
%+ -+ ~ 35 cargoes\ 13 ships B34 £
50 cargoes_20 ships Average seconds: 14
Instance 1 2 3 4 5
Best known result 7265169 7470529 6938306 8947342 7330386
Test result 6264164 6037626 5612082 9310371 8095104
Relative gap -0.1377814 | -0.1918074 | -0.1911452 | 0.04057395 | 0.10432166
# +/\ ~ 50 cargoes\ 20 ships R34 R
70 cargoes_30 ships Average seconds: 22
Instance 1 2 3 4 5
Best known result | 10088768 | 10503191 | 10314521 | 10910832 | 10908679
Test result 9738192 | 11333606 | 10336409 | 11365304 | 11166804
Relative gap -0.0347491 [ 0.07906312 | 0.00212206 | 0.04165329 | 0.02366235
%+ 7L ~ 70 cargoes\ 30 ships 83X 4 &
90 cargoes_40 ships Average seconds: 34
Instance 1 2 3 4 5
Best known result 13468846 | 13981808 | 12767716 | 14506983 | 13720466
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Test result 13687650 | 14121503 | 12089605 | 15162901 | 16119002

Relative gap 0.01624519 | 0.0099912 | -0.0531114 | 0.04521395 | 0.17481447
# =+ ~ 90 cargoes\ 40 ships B3 & %
100 cargoes_50 ships Average seconds: 37
Instance 1 2 3 4 5

Best known result | 13893237 | 14718351 | 13206559 | 14936198 | 14106741

Test result 15562201 | 17741605 | 13818000 | 21844909 | 21366100
Relative gap 0.1201278 [ 0.20540711 | 0.04629828 | 0.46254817 | 0.51460213

5.2.3

& =+ — > 100 cargoes\ 50 ships B 3K & %

LA R A2 AR Y £ BB LA AR
FREL E AT 43 4o 5% AR AR o RIRRAE A B0 8\3 » 17\13 ~ 35\13 » 50\20 »
70\30 ~ 90\40 » HENIBAZFRRE R BAAHAZE » Aubh|FRE B4ray
FRERHE I B AR EZ0 M - MA L RAER AT AT RIER £
BEBKR > o 25\7T 69| F— i+ = > e £F £ 100 B Bl AL E >
TZRABAEAARSAWREREY - £R RS E N R L RABIK
TRARGESH S K204 EBZ 0042 FR% > Bk AR E
REY RZBBERGHETS MEARARZBZAT » HEKRA
B — Rz RESE > XERFTIMERAHBREAZERK
BB KM RAEZXETABRAARE - MARFR EMWZHERALT G
"‘m/\ﬁi “MERBES RN 0 FRRALRT I SR SN EERRISIK

ITRAB NN ZARBEEHBE > MARSETRBETRMAERARS &

R ] F R ARG BAR £ B K o M3y T AR R R 0 AF A R R
KAGET B °

AR A A EH o AR EATRE

B IR A] 1R

EREFH AR BREERBEI T ALE  LAUREER -
B A RE BB FZHEABGAE] » BB LEE RGN K G
ENE o RmREELRME \%&Wﬁﬁﬁk$ﬁm%i vel s SRk y
AFT—RFHE -4 ERE BHEAAZ-RFH1-2ERE - &K
EBBFNAZ— R %h&ﬂé% cAEFRREFTRIERERELLR
A%%a% BB TR E AR IE » AR LB 1S E A —

THA 0-5 £RE » HBRAMKF A 20% 20% 20%, 20%, 20% ; W L
s@/\ffpﬁu%f—i%‘ 0-3 EREHRE » HHERMFA A 20% 20% 30%,
30% ;s RELBEARGE » —RF3H0-1 EH1E - BHRMEE L 50% 50%



AR H =BT R T RTT 1000 R20E > BRINEAH 15X -

Sl ke A (RQ RS » BEFTREAMBERSE 0 B0 b 0.7 B
Zt+AEZEwt+—AHLBRARELEREIR

objective value
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number of iteration
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number of iteration

-1.00E+07

B+ > L@k RABZELER
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6.00E+06

4.00E+06

2.00E+06

0.00E+00

-2.00E+06

objective value

-4.00E+06

-6.00E+06

number of iteration

-8.00E+06

Blw+— - BB KA RELER

BB =+ wtHwt— THERTERU IR LT ATHEE
BB E BN o AR AR o S35 15 DU B LI saR T A S48 1O
BOBEAZ 0 R o BEIS LRI A R ¢ (2 AR ARGR Y £ A %) 200 2
W% o BARE B AR T B ABFOICHL ©

R RA FH R RiE i R (RQLA(S,S) » 12 X H AR K 5 EE 4
HRER - B—RAINEES 15 X > kA b ReHBBEZY
B o B AT RN R A — RAE B KA 30 R - Rt E R wAE LR
RG22 ER - MBABERSM RSB BESRAMBERE O
H¥rde 5 RIHRA 0.7 M RBGERwE -+ —HE W+ = :
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number of iteration
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1.00E+07

9.00E+06

8.00E+06

7.00E+06

6.00E+06

5.00E+06

objective value

4.00E+06
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2.00E+06
1.00E+06

0.00E+00
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number oflteratlon

w+= > (s8R KB REER

ThEw+— Bot=FhmEZEE 3 KA B(sSEBE
200 18 [ 14 Bp st - (RQ) K Al R4 350 1A A 45 4 d6 il > B
(5,8) R A8 2 (R,Q) IR o 2R3 o 40 A4 PR ik 2 it - (2B KA R PR F IR 40
A% it ¥ o B bk Rk %ﬁ%ﬁkﬁ%%*ﬁ%%é%oﬁk
BB TN R RFAEF G » L FRRGFABRE  RATBERRES
J&T BA 2 th mid SR8 3 B ARME AN X E o Ml KA X ik B4R - 2
B v+ &

Time
Space 1 10 .. 13 22 29 0
P : g <> Virtual rent point
0 < & <& <
[C] Port (only for loading and unloading)

2 O O | O (O Virtual corresponding high sea point
/) /\ Port (Both loading and unloading and bunkering)
5 | O /

P -=--» Empty reposition
'

—— Covering a demand

£

O
O o
EI\\ O
O
. N3

D r
s O, O O 0 o/
I O o O o/ o
1 A A AN A AN ﬂf A

.gg+gg E%ﬁusz&g’/ﬁ«

Blva+ ook ARG F PRI S X A AMBERY > dEFPERME
MM E B MEKRBIAAEZEHBRER NG EFAEEE
10K > HZAEEES 5 BRBABR—ELHEMELS ANE
D RGEHTRAME » BAEEE 1 b » RE—RFAKLER2 - bR
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EEAERL2 AEBREMIIMZZY EMIEMEE I Rk — KA
L A g AR 2 REBEZHEY -

WE—FHOERAR T 0 BIREF AR 15 R BBRERSME
HAd0E% B 07> METRERRLWAHEL G EE TR
AR E A 0 B - s R R T Bt - B AT R
MO BEE AL PR 0.35 B - ISR Z BT @ AT - MERSER
o B+

£
€]

objective value

number of iteration

Wt+EA > BEFTRXMBERA 0 LOER 0.35 2 BAZEKR

AR Blwt+ B2 dhsrsp 2K AE > & 1000 = E % 8 & R Z L
w0 RENEEMERR - @EE TR > b4 £ Powell
OIS 15 FH P A2 - T PRPRLETRE ZWMAR TESA
8 M FBELBARN 0 RAES N8 £ R KD E & R R L AT
BEWNER - MBEZE AN T X ABlwEB K EREREA—RE
ER BT EbEEEME B A AL LR PFHEMS ARZE
BEZELRE -
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i

A E IR

HBEERINBRABRTHEAGBER B P XU EABETE - RiLE
MALGIT LA SRR E B E - SRS AH AR P ER
Ao A EAEFLE P ARS8 REEE  RIFRET Y
GRHARRIER > BRALS F BB RRE SR D o B Th %
EAHEATR - HAERH AR R E R RREIE - @ B EEHE
PR RANEAL  do TR SRR REAEER -  REZHEHELY
AL BT @ et ATERAN—F AL AP RE
IR ARG EAERBRGHE c SEBOEEEMAR B ELERE
B M AL ERI R EME VT - XAk @R T2 M R
MR BB TSN BAEHR VY BEARRLE—AY
HRAGERRE - 5T HERA  BERALLRAN— KL H o 7
AT A SLEF R AT A A A BB E R R £
2R RO ER A D - RENRABENTAR - RO EMURAE -
R EMBMEEERREFARGEL - AMEEH LK BABZK
W5 AR AAEE A TRE S RN - BITARERE ZAREL G -
A EVERABUNGBFT - oA B —HEAS 5 345 e R A
HIRAL  RARFERENTE ZF 402 T > LR RRFAR B IRRE
18 -

) R 38 2 S B AsAE B 2 SRR - AR LE BARAL T 2 RAF D o BB A
BRI AR AR S o ABE A Bk 2 A R KB AT SRR 2R B A
FEAS B £ RA AR L ARBE R Ty k- E) RE AL E A8 B 2 SUBK © WS RFF R
B PR % O ik S AR 2 XUk 2 Godfrey and Powell (2001, 2002) »
MG RART S 54 L EBUEE - REESABR > THRALAR S
B R ARSI B AL T P A SRR A 2 B R EN S e
TAS B2 BF R BS Kb o AR AS BB AT BL AT DL BAT B o A
R B BERES SR o e b AP BRI E b ok
F4hie 2 A AR RV R RILF R IEF S HIRIT ARG
EHRCEE AARAXTHERA AT ERELEH > bR BAT 4o
ZHEXB - REERETEH o A& Godfrey and Powell (2001, 2002)
P B2 AR FERFEMBMESL 0 mARRRT T —BAH
ER BTk ERBAREES O OERLS » EETE— -

EFEEFRER L AN LTAR - S5 AARE R oM - BF

] F BRI BB ] TR o 0 — SR 00 2 B AR (A R AR ALY
AR - 3R B AE A2 XA 46 B M BUE AT T - SR Se R ik

73



BLEE AR B AT BGR L o AR — X EBE TR A miEA
ZHE BRTBEITRANBEZTR - MERA AR RIREMBEXRESN
o BRBERALBRBERIKARETRE 244 o B4H4RAETFi&
ITHTMELERER > THARF AL REMBRERRIINE - BAH
AR X R ATRER  AFR L RS - AR F UK
Hemmati et al., (2014)i4Ttb3x - MERERIEAME R » ERBAAE
Z PR BAR B ARAEA — R ER A - SARE SRR R
BARE » ABBR XTI ER AR FREICZ B AR K
BFh o TRER ML B AT o2 MR 4T a2 - Mk iE RS & R A E
HEBK > HETARIRXERZHE > ARABE BRBERRNGRAEE
BRIEF A RZBEFIRZAT  ERELRBLEAERLE - BEETR
BRI RS E—REBEANER 2019 FZEREETH - &
HEHEME  RESH  BREMNEARALHECARLETRE &
AT ST MR B TR (B8R L@ BB ) > b ResFo (g
EFRAMBEZXEZ I S HETRARALE RS - T RR 305
BEAZBEIBRAMBEHEZERE - ATARHEABAEREE X
WYL HL 0 ZBAHOKAE o T Powell(201 1)42 ik A 8t 4, g 48 [ 4 &
BRAREERRBENE  REH LS OB RSB ARKE
ZHEBEHMEE -

B AR NALERGBREZI R © £HBEFEFHTFRRF I, K
RERBBEAI LI REMREZRLER  HEATHEABEATRZARET
EREDEBRAZLRA % 2E£FRRBELENRE KA AR 2R
BRI ERTEAE o M BATRA XK T - IR % A% ¥ # 2] Hemmati
etal, (2014) 2 A2 5 XRKkSD » & KA TRITIH - HILRRT AL
FIRARE L — 3R 2HEA > AR EREEFEARTE » REEBAR
KMBER - B s AAE Y e mbbEaMABEFIEIZEE  £A
@17 B ORBAE B AR v Reg4k A% o f& Papageorgiou et al., (2014) &9
P HBEFTRARZBEEMELE  RFTHLELSEN ok
B AARAR  FABEATRAXBEERZERBERE  REXK
HEREFEOREAE - AREEB FENLHELE > RITREARSE
BEpehERERD > RILARRE b RS HEBZEIEERRHE Mk
REHRA FRIFE 6 TR - RE o RR e E G P huiHRE - A
MRZ REEAE NS AR T LEN T HEMNE  HRML
BINE MHEAXIHABEEZERET S EERER > LEILHNERA
BENEARF  PEZARRRELBERARETERIINEZUE T ES
FERTAARZIARBEAREEZM » LAFFEBRREE - 293
ZAE AR PRI ESIER o

74



2% bk
EEal > THRESEME - B=IR 2017
BRAKIE » T ASE B2 | F —pr > 2016
FREGE] T K fsAata G Reb 2 A EAHREE |

Appelgren, L. H. (1969). “A column generation algorithm for a ship scheduling
problem. “Transportation Science, 3(1), 53-68.

Brown, G. G., Graves, G. W., & Ronen, D. (1987). Scheduling ocean
transportation of crude oil. Management Science, 33(3), 335-346.

Berman, O., & Larson, R. C. (2001). “Deliveries in an inventory/routing problem
using stochastic dynamic programming. “Transportation Science, 35(2), 192-213.
Erdelyi, A., & Topaloglu, H. (2010). “Approximate dynamic programming for
dynamic capacity allocation with multiple priority levels. “IIE Transactions, 43(2),
129-142.

Eide, L., Ardal, G. C. H., Evsikova, N., Hvattum, L. M., & Urrutia, S. (2020).
“Load-dependent speed optimization in maritime inventory routing. “Computers &
Operations Research, 123, 105051.

Fagerholt, K. (2001). “Ship scheduling with soft time windows: An optimisation
based approach.” European Journal of Operational Research, 131(3), 559-571.

Fagerholt, K., & Lindstad, H. (2000). “Optimal policies for maintaining a supply
service in the Norwegian Sea.” Omega, 28(3), 269-275.

Godfrey, G. A., & Powell, W. B. (2002). “An adaptive dynamic programming
algorithm for dynamic fleet management, I: Single period travel

times. “Transportation Science, 36(1), 21-39.
Godfrey, G. A., & Powell, W. B. (2002). “An adaptive dynamic programming

algorithm for dynamic fleet management, II: Multiperiod travel

times.” Transportation Science, 36(1), 40-54.

75



Hemmati, Ahmad, et al. "Benchmark suite for industrial and tramp ship routing
and scheduling problems." INFOR: Information Systems and Operational
Research 52.1 (2014): 28-38.

Kleywegt, A.J., Nori, V. S., & Savelsbergh, M. W. (2002). “The stochastic
inventory routing problem with direct deliveries. “Transportation Science, 36(1),
94-118.

Kleywegt, A.J., Nori, V. S., & Savelsbergh, M. W. (2004).” Dynamic
programming approximations for a stochastic inventory routing

problem. “Transportation Science, 38(1), 42-70.

Lin,D. Y., & Liu, H. Y. (2011). “Combined ship allocation, routing and freight
assignment in tramp shipping. “Transportation Research Part E: Logistics and
Transportation Review, 47(4),414-431.

Laake, J., & Zhang, A. (2016). “Joint optimization of strategic fleet planning and
contract analysis in tramp shipping. “Applied Economics,48(3), 203-211.

Magirou, E. F., Psaraftis, H. N., & Bouritas, T. (2015). “The economic speed of
an oceangoing vessel in a dynamic setting. “Transportation Research Part B:
Methodological, 76, 48-67.

Meng, Q., Wang, S., & Lee, C. Y. (2015). ““A tailored branch-and-price approach
for a joint tramp ship routing and bunkering problem. “Transportation Research
Part B: Methodological, 72, 1-19.

Norstad, 1., Fagerholt, K., & Laporte, G. (2011). “Tramp ship routing and
scheduling with speed optimization. “Transportation Research Part C: Emerging
Technologies, 19(5), 853-865.

Neves-Moreira, F., Amorim-Lopes, M., & Amorim, P. (2020). “The multi-period
vehicle routing problem with refueling decisions: Traveling further to decrease fuel

cost?.” Transportation Research Part E: Logistics and Transportation Review, 133,
101817.

76



Powell, W. B., Shapiro, J. A., & Simdo, H. P. (2002). “An adaptive dynamic
programming algorithm for the heterogeneous resource allocation
problem. “Transportation Science, 36(2), 231-249.

Papageorgiou, D. J., Cheon, M. S., Nemhauser, G., & Sokol, J. (2014).
“Approximate dynamic programming for a class of long-horizon maritime

inventory routing problems. “Transportation Science, 49(4), 870-885.

Powell, W. B. (2019). “A unified framework for stochastic
optimization. “European Journal of Operational Research, 275(3), 795-821

Sherali, H. D., Al-Yakoob, S. M., & Hassan, M. M. (1999). “Fleet management
models and algorithms for an oil-tanker routing and scheduling problem. “//E
transactions, 31(5), 395-406.

Simao, H. P., Day, J., George, A. P., Gifford, T., Nienow, J., & Powell, W. B.
(2009). “An approximate dynamic programming algorithm for large-scale fleet

management: A case application. “Transportation Science, 43(2), 178-197.

Topaloglu, H., & Powell, W. B. (2006). “Dynamic-programming approximations
for stochastic time-staged integer multicommodity-flow problems.” INFORMS
Journal on Computing, 18(1), 31-42.

Topaloglu, H., & Kunnumkal, S. (2006). “Approximate dynamic programming
methods for an inventory allocation problem under uncertainty. “Naval Research
Logistics (NRL), 53(8), 822-841.

Vilhelmsen, C., Lusby, R., & Larsen, J. (2014). “Tramp ship routing and
scheduling with integrated bunker optimization. “EURO Journal on Transportation
and Logistics, 3(2), 143-175.

Wen, M., Ropke, S., Petersen, H. L., Larsen, R., & Madsen, O. B. (2016).” Full-
shipload tramp ship routing and scheduling with variable speeds. “Computers &
Operations Research, 70, 1-8.

Wang, Y., Meng, Q., & Kuang, H. (2018). “Jointly optimizing ship sailing speed

and bunker purchase in liner shipping with distribution-free stochastic bunker
prices. “Transportation Research Part C: Emerging Technologies, 89, 35-52.

71



Zhen, L., Wang, S., & Zhuge, D. (2017). “Dynamic programming for optimal ship

refueling decision. “Transportation Research Part E: Logistics and Transportation
Review, 100, 63-74.

78



fit 4k —

MEk— HAARERZTRE Tl mARMEAEMTANEHR -

B oY ESR
%% HEHO
0 A AN JE 358 2b
1 “hrfesddad
2 FH&E 2 5B
3 HRAH
4 UE R ¥
5 SN
6 &R B
7 R
8 ZiE A
9 e 4. Koy
10 = A
11 CUB/LE s
12 “ A EH
13 LiEH
14 1HE N
15 2HBNE
16 SHRENE
17 AH BN E
18 SHEAE
19 6H BAE
20 THRE N
21 8 NG
22 OH NG
23 108 B2 5
24 11H BN E
25 128 NG
26 13HENE
27 BB
28 A JE 3% 25

Port Capacity
1 3
2 2
3 1
4 3
5 2
6 2
7 1
8 2
9 4
10 4
11 3
12 4
13 2
Range of bunker price
SINGAPORE min 339.50
max 412.00
HONG KONG = S0
max 419.50
SHANGHAI i Bl
max 424 .00
FUJAIRAH L 334.50
max 394.50
Cleaning cost
Handy Panamax Capesize
2500 3500 4500
Cleaning time
Handy Panamax Capesize
2 3 5
Berthing cost
Handy Panamax Capesize
20000 25000 30000
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A RASE S B S RIF S BRG] F M AR » A TFEF]H 5.2.1 8K
Bl F 2 58 o BORA AR B ARIEE BAS B Z 85% » K F capacity A58 &
K% & - bunker level % & AT &  Kind A4s4E » MAsHE 0 B @A E - 1
BT EHEA 2 AR - Location A E EAT/LE - AR AR o B HEN

Rtk T - Ballast A58 > ASAEK S A A KRR R - 0 B3iF - 1 AL

,gg °
Tramp imformation
number location |bunker level [ bunker level | capacity kind ballast

0 2 1599.05304 | 1599.05304 1500 0 0
1 8 1066.63392 | 1066.63392 1500 0 1
2 4 749.39712 | 749.39712 1500 0 0
3 9 787.70496 | 787.70496 1500 0 0
4 g 1204.30272 | 1204.30272 1500 0 0
5 9 638.06496 | 638.06496 1500 0 0
6 3 2039.79272 1 2039.79272 2500 1 0
7 2 1642.44864 | 1642.44864 2500 1 1
8 2 1361.2252 | 1361.2252 2500 1 0
9 6 1788.49728 | 1788.49728 2500 1 1
10 9 1776.52608 | 1776.52608 2500 1 0
11 2 986.82592 | 986.82592 2500 1 0
v 8 1959.48592 ] 1959.48592 2500 1 0
13 4 682.3584 | 682.3584 2500 1 1
14 3 1130.48032] 1130.48032 2500 1 0
15 8 1961.68064 | 1961.68064 2500 1 0
16 4 1599.95088 | 1599.95088 2500 1 0
17 6 941.33536 | 941.33536 3200 2 0
18 8 2222.6528 | 2222.6528 3200 2 1
19 4 11113264 | 1111.3264 3200 2 0
20 9 1310.8464 | 1310.8464 3200 2 1
21 S 947.32096 | 947.32096 3200 2 0
22 g 2018.84312]2018.84312 3200 2 1
23 3 1606.53504 | 1606.53504 3200 2 1
24 4 1183.1536 | 1183.1536 3200 2 1
25 3 1228.84368 | 1228.84368 3200 2 1
26 3 849.65592 | 849.65592 3200 2 0
27 4 6254952 | 625.4952 3200 2 0
28 2 1634.0688 | 1634.0688 3200 2 1
29 2 1454.5008 | 1454.5008 3200 2 0
30 4 2427.75936 | 2427.75936 3200 2 0
31 8 1632.0736 | 1632.0736 3200 2 1
32 6 1713.07872| 1713.07872 3200 2 1

80




M E AL AL E SN E BRI s EARAGRE EX 8
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Handy/Laden

Speed 10.5 11 115 12 12.5 13 135 138 14

Daily fuel consumption 12.33 1417 16.19 1840 20.80 2339 26.20 2798 2922

Handy/Ballast
Speed 11.5 12 12.5 13 135 14 14.5 14.6 14.8
Daily fuel consumption 13.29 15.10 17.07 19.20 21.50 2398 26.64 27.20 28.33
Panamax/Laden
Speed 10.8 11.5 11.8 12.1 12.5 12.8 133 13.6 14
Daily fuel consumption 15.10 18.24 19.70 21.24 2342 25.14 2821 30.16 32.90
Panamax/Ballast
Speed 11.6 125 12.8 132 13.5 139 142 14.6 15
Daily fuel consumption 1451 18.16 19.50 21.39 22.88 2497 26.62 28.94 31.38
Capesize/Laden
Speed 94 9.7 10 10.3 10.8 112 11.7 12.1 12.5
Daily fuel consumption 22.55 24.78 27.15 29.67 34.20 38.14 4348 48.10 53.03

Capesize/Ballast

Speed 109 11.1 114 11.8 122 12.7 13 14 14.7

Daily fuel consumption 22.20 23.44 2540 28.17 31.13 35.11 37.66 47.04 5445

AR AT BE 8 R & B Google map 3t 5 % 25 =T AT IEAE £ & » A 50 PR ¥ IRAT
B IRAT BEBERR BIRAT R i R
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i 4k =

sk =% 521 AR E WA S #MER > BEAFTKRALAERLT -

# X it

L AR - MEIREEN ] RAHREBHE BRI (EAFR
Bl FAA/ #EmR (AME),Fn RIKE(F kRFR)
Tramp(number): Origination of contract cargo with contract task (number)
with cleaning( 0:no / 1:yes ) = Destination of contract cargo, rent at
day 5, arrive at day 10, returns at day 13

2. HE - MEIKMBAMEAZZEAR  KE m X (A ),Fn RIK
5k REFR
Tramp current location reposition to > Destination, rent from day m, arrive
at day n

3. i — MRIKBAMLERSHE BRI » 2 F n RIKE
Tramp current location refuel to —> Destination, arrive at day: n

MR 3340 B A A o ARk 24 A R ARARARAS 0 5 AL T HARARAY o
EAEA
Tramp (1):
4 with spot task(8) with cleaning((0) —> 7,from day 3, arrive at day 6, returns
at time 10
Tramp (2):
2 with spot task(13) with cleaning(0) -> 10,from day 5, arrive at day 11,
returns at time 14
Tramp (3):
4 with contract task(6) with cleaning(0) -> 7,from day 5, arrive at day 8,
returns at time 12
Tramp (4):
4 with contract task(7) with cleaning(0) —> 10,from day 5, arrive at day 9,
returns at time 12
Tramp (5):
4 with contract task(8) with cleaning(0) -> 7,from day 5, arrive at day 8,
returns at time 11
Tramp (6):
3 with spot task(15) with cleaning(0) —> 10,from day 5, arrive at day 7,
returns at time 9
Tramp (7):
2 with contract task(10) with cleaning(0) -> 10,from day 7, arrive at day 13
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Tramp (8):
9 with spot task(19) with cleaning(0) -> 11,from day 7, arrive at day 13

Tramp (9):

9 with contract task(12) with cleaning(0) -> 11,from day 8, arrive at day 14
Tramp (10):

8 with contract task(17) with cleaning((0) -> 3,from day 9, arrive at day 18
Tramp (11):

9 with contract task(16) with cleaning(0) —> 5,from day 9, arrive at day 18
Tramp (12):

8 with contract task(14) with cleaning(0) —> 10,from day 9, arrive at day 19
Tramp (13):

3 with spot task(28) with cleaning((0) —> 13,from day 11, arrive at day 15
Tramp (14):

4 with spot task(30) with cleaning(0) —> 10,from day 11, arrive at day 15
Tramp (15):

2 with contract task(23) with cleaning((0) —> 10,from day 12, arrive at day 18
Tramp (16):

2 with contract task(22) with cleaning(0) —> 10,from day 12, arrive at day 18
Tramp (17):

9 with contract task(20) with cleaning(0) —> 13,from day 12, arrive at day 23
Tramp (18):

9 with contract task (25) with cleaning(0) —> 10,from day 13, arrive at day 22
Tramp (19):

3 with spot task (33) with cleaning(0) —> 7,from day 13, arrive at day 18
Tramp (20):

8 with contract task(28) with cleaning((0) -> 11,from day 13, arrive at day 19
Tramp (21):

8 with contract task(26) with cleaning(0) —> 10,from day 13, arrive at day 24
Tramp (22):

4 with spot task(32) with cleaning(0) => 10,from day 13, arrive at day 17
Tramp (23):

6 with contract task(29) with cleaning(0) —> 10,from day 14, arrive at day 20
Tramp (24):

8 with contract task(31) with cleaning(0) -> 7,from day 14, arrive at day 20
K HAAR
Tramp (1):
8 with spot task(4) with cleaning((0) —> 6,from day 2, arrive at day 9
6 reposition to —> 19,from day 12, arrive at day 13
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19 reposition to —> 6,from day 13, arrive at day 13

Tramp (2):

9 with spot task(11) with cleaning(0) -> 5,from day 3, arrive at day 12
5 reposition to —> 18,from day 14, arrive at day 15

Tramp (3):

8 with spot task(14) with cleaning((0) -> 4,from day 5, arrive at day 12
Tramp (4):

8 with contract task(5) with cleaning((0) —> 13,from day 5, arrive at day 17
Tramp (5):

9 with contract task(27) with cleaning(0) -> 10,from day 13, arrive at day 22
A A A

Tramp (1):

2 reposition to —> 15, arrive at day: |

15 reposition to —> 2, arrive at day: 20

Tramp (2):

8 reposition to —> 21, arrive at day: 1

21 reposition to —> 8, arrive at day: 4

8 reposition to —> 21, arrive at day: 5

21 reposition to —> 8, arrive at day: 6

8 8 with contract task(9) with cleaning(0) —> 11, arrive at day 12
Tramp (3):

4 with spot task((0) with cleaning(0) —> 10, arrive at day: 4

10 reposition to —> 23, arrive at day: 8

23 reposition to —> 10, arrive at day: 9

10 reposition to —> 23, arrive at day: 10

23 reposition to —> 10, arrive at day: 20

Tramp (4):

9 reposition to —> 22, arrive at day: 1

22 reposition to —> 9, arrive at day: 9

9 9 with spot task(24) with cleaning((0) —> 12, arrive at day: 18
Tramp (5):

9 reposition to —> 22, arrive at day: 1

22 reposition to —> 9, arrive at day: 3

9 9 with spot task(10) with cleaning(0) -> 3, arrive at day: 12
Tramp (6):

9 reposition to —> 22, arrive at day: 1

22 reposition to —> 9, arrive at day: 8

9 9 with spot task(20) with cleaning(0) -> 2, arrive at day: 12
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Tramp (7)

3 reposition to —> 16, arrive at day: 1
16 reposition to —> 3, arrive at day: 19
Tramp (8):

2 reposition to —> 15, arrive at day: |
15 reposition to —> 2, arrive at day: 17
Tramp (9):

2 reposition to —> 15, arrive at day: |

15 reposition to —> 2, arrive at day: 18
Tramp (10):

6 reposition to —> 19, arrive at day: 1

19 reposition to —> 6, arrive at day: 19
Tramp (11):

9 reposition to —> 22, arrive at day: 1
22 reposition to —> 9, arrive at day: 6
9 reposition to —> 22, arrive at day: 7
22 reposition to —> 9, arrive at day: 11
9 reposition to —> 22, arrive at day: 12
22 reposition to —> 9, arrive at day: 14
9 9 with contract task(30) with cleaning(0) —> 12, arrive at day 23
Tramp (12):

2 reposition to —> 15, arrive at day: 1

15 reposition to —> 2, arrive at day: 19
Tramp (13):

8 reposition to —> 21, arrive at day: 1
21 reposition to —> 8, arrive at day: 8
8 reposition to —> 21, arrive at day: 9
21 reposition to —> 8, arrive at day: 11
8 8 with spot task(27) with cleaning((0) —> 10, arrive at day: 21
Tramp (14):

4 refuel to —> 11, arrive at day: 2

11 reposition to —> 24, arrive at day: 3
24 reposition to —> 11, arrive at day: 22
Tramp (15):

3 reposition to —> 16, arrive at day: 1
16 reposition to —> 3, arrive at day: 20
Tramp (16):

8 reposition to —> 21, arrive at day: |
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21 reposition to —> 8, arrive at day: 3

8 8 with spot task(9) with cleaning(0) —> 10, arrive at day: 13
Tramp (17):

4 with spot task(1) with cleaning(0) -> 13, arrive at day: 6
13 reposition to -> 26, arrive at day: 9

26 reposition to -> 13, arrive at day: 21

Tramp (18):

6 refuel to -> 11, arrive at day: 2

11 reposition to —> 24, arrive at day: 3

24 reposition to —> 11, arrive at day: 6

11 reposition to —> 24, arrive at day: 7

24 reposition to —> 11, arrive at day: 15

Tramp (19):

8 reposition to —> 21, arrive at day: 1

21 reposition to -> 8, arrive at day: 12

8 reposition to —> 21, arrive at day: 13

21 reposition to —> 21, arrive at day: 14

21 reposition to —> 21, arrive at day: 15

Tramp (20):

4 refuel to —> 11, arrive at day: 3

11 reposition to —> 24, arrive at day: 4

24 reposition to —> 11, arrive at day: 12

11 reposition to —> 24, arrive at day: 13

24 reposition to —> 11, arrive at day: 21

Tramp (21):

9 reposition to —> 22, arrive at day: 1

22 reposition to —> 9, arrive at day: 7

9 9 with contract task(11) with cleaning((0) —> 11, arrive at day 13
Tramp (22):

3 refuel to —> 12, arrive at day: 3

12 reposition to —> 25, arrive at day: 4

25 reposition to —> 12, arrive at day: 23

Tramp (23):

9 reposition to —> 22, arrive at day: 1

22 reposition to —> 9, arrive at day: 2

9 9 with spot task(5) with cleaning(0) -> 6, arrive at day: 9
6 reposition to —> 19, arrive at day: 14

19 reposition to —> 19, arrive at day: 15
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Tramp (24):

3 reposition to —> 16, arrive at day: 1
16 reposition to —> 3, arrive at day: 7
3 reposition to —> 16, arrive at day: 8
16 reposition to —> 3, arrive at day: 20
Tramp (25):

4 refuel to —> 11, arrive at day: 3
11 reposition to —> 24, arrive at day: 4
24 reposition to —> 11, arrive at day: 10
11 reposition to —> 24, arrive at day: 11
24 reposition to —> 11, arrive at day: 12
11 reposition to —> 24, arrive at day: 13
24 reposition to —> 11, arrive at day: 20
Tramp (26):

3 reposition to —> 16, arrive at day: 1

16 reposition to —> 3, arrive at day: 9
3 3 with contract task(15) with cleaning((0) —> 7, arrive at day 15
Tramp (27):

3 refuel to —> 12, arrive at day: 3
12 reposition to —> 25, arrive at day: 4
25 reposition to —> 12, arrive at day: 9
12 reposition to —> 25, arrive at day: 10
25 reposition to —> 12, arrive at day: 23
Tramp (28):

4 refuel to —> 11, arrive at day: 3

11 reposition to —> 24, arrive at day: 4
24 reposition to —> 11, arrive at day: 6
11 reposition to —> 24, arrive at day: 7
24 reposition to —> 11, arrive at day: 9
11 reposition to —> 24, arrive at day: 10
24 reposition to —> 11, arrive at day: 17

Tramp (29):

2 reposition to —> 15, arrive at day: |
15 reposition to —> 2, arrive at day: 15
Tramp (30):

2 reposition to —> 15, arrive at day: |
15 reposition to —> 2, arrive at day: 14

2 reposition to —> 15, arrive at day: 15
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Tramp (31):
4 reposition to —> 17, arrive at day: 1

17 reposition to —> 4, arrive at day: 21

Tramp (32):

8 reposition to —> 21, arrive at day: 1

21 reposition to —> 8, arrive at day: 11

8 8 with contract task(19) with cleaning((0) —> 3, arrive at day 21
Tramp (33):

6 reposition to —> 19, arrive at day: 1

19 reposition to —> 6, arri \
6 reposition to —> 19, arri

19 reposition to
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