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The integrated planning of voyage scheduling and stowage for Roll—on/Roll—off (RoRo) vessels requires determining the order of
ports within each continent and simultaneously handling loading and unloading operations at each port, While previous studies
on the RoRo Ship Routing and Stowage Problem (RSRSP) focused on simplitied port routing scenarios, this paper extends the
problem to a more realistic version by incorporating 3D spatial constraints and inter—continental routes, This study addresses
practical considerations that were not covered in earlier research, such as the simultaneous loading and unloading at a single
port and adjusting dedicated deck heights for high & heavy (H/H) cargo, To cope with the complexity of the model, we develop
the Rule—based Stowage Planner (RSP) heuristic algorithm, which prioritizes stowage positions, maximizes the profit from optional
cargo, and enhances space efficiency for mandatory cargo, Furthermore, we introduce a hybrid algorithm that combines a
Simulated Annealing approach, which hierarchically explores high—quality initial solutions, with the RSP algorithm applied in the
stowage generation phase, Through extensive experiments, we validate the effectiveness and robustness of the proposed
algorithms by comparing them with existing methods in previous research,

Keywords : Stowage Plan(ZX{AI2l), Voyage Plan(&XAIZ), Roll-on/Roll—off(RoRo, 224, Simulated Annealing(22] S=2! 7[H),
Hybrid Algorithm(G0[22|E L2 |E)

1. 2 A X Jksth oidt 2F 2EA=S Mot gaplele

BT UWE oAME AYsks M 2Mz, g0 84t 7

she tllolMel HE SRS e, Maw, ey Ago Bl ALSIS SnoR SHHC uH ANARS = Bl d

2 pEECH e AEe MO M 9 2| Exjep zte 2 F RYOIM RiFe| MY TAet flX|E 2Ysts 2EN 2H =,

clojo| &2 2T, MaX AEle 4/ ooz EN e TRUE M, Aot otgY, slEel 22| Y S SEH A

gl Mub HiX|E ZMSH= 2NHE TESi) HiH 20X AEle ghe Uksich olet 22 Me—R2Y A=e s2X 2R dl=

EXN skxjo hst xIMo|D ch Mol ZMe cieny skl &% 28 $olo| st gelf g2l 2|4} Motz f{gth T LE|

ZAX 7| AR ME B0 M| U 25l 52 Tslel= MR H|E Z4eks CFE S2E SA| 18iske S8 REHES

Ho|1 ARMol 2HE Ao FiCh (Qvstebg et al., 2011a).  7kSoPl st 7|&2| B +=F £[x{5}t 2A] ofd| AFA FH4
= A7 olR{S AE AMA F ME A=l siddske A Mut 2RRgol ZelEichs HolM ofefvt et

=0t 29 A= siEske MAAEE AR SeRCEM, 7|E HFE2 TE HAAE 2 AT E TIHIMCL Qustebp

Received : 8 April 2025 | Revised : 26 May 2025 | Accepted : 27 June 2025
i Corresponding author : Jong Hun Woo, j.woo@snu.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.3744/SNAK.2025.62.4.271&domain=https://jsnak.org/&uri_scheme=http:&cm_version=v1.5

Hybrid SA 2

UI2|ES MBS 224 SR X HA SEAE oY 2 i

. (u Port 2
Port4

Port 3

* Port8

» Ports

Portg *

Port7

-
Continent A (P1-> P3->P2) [Load] ]

Voyage 1 [
L ) [ Continent B (P5-> P4->P6) [Unload] ]

g

Continent B (P5-> P4->P6) [Load] ]

4 )

Voyage 2

[ Continent C (P7-> P8->P9) [Unload] ]
\ J

Fig. 1 A diagram for inter—continental voyage planning
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Table 1 Model components

Indices
) Cargo
p.q | Port (g is auxilary index for comparison)
d Deck
l Lane
c Continent
v Voyage Plan
Sets

I Set of all cargoes
Iy | Set of all mandatory cargoes
1y Set of all optional cargoes
I, | Set of cargoes 7’ such that PF< PF< PY< PV
P Set of all ports
P. | Set of all ports, contained in Continent ¢
P, Set of ports visited on voyage v
D Set of all decks. Decks are numbered from the

bottom in increasing order

Set of all potential lanes on each deck. Lanes are
L numbered from port side to starboard side in

increasing order
C Set of all Continents
V| Set of all voyage

Parameters

L Length of one vehicle in cargo ¢
W, | Width of one vehicle in cargo 7
H Height of one vehicle in cargo 7
7; Revenue for transporting optional cargo ¢
N; Number of vehicles in cargo ¢
q;p Cost incurred if cargo 7 needs to be moved at port p
PF | Loading port of cargo i, PFeP.
PY | Unloading port of cargo i, PYe P,
W, | Width of deck &
L, | Length of deck d
DF | Lower bound for where deck d can be placed
DdU Upper bound for where deck d can be placed
d,, | Distance between port p and ¢
f Fuel consumption per distance (ton/km)
a Unit fuel cost(USD/ton)

JSNAK, Vol, 62, No, 4, August 2025

273



|0

Hybrid SA 22|52 Mot 224 it 8! MAf Seilel oAy 28 T

rir
njz
Hu
oy
OE
A
i
)

=y
=

= O

Il

i

0

10

H

rin

Rall

o
)
I
=

:IOI__I

o

olr

F[F

ol
>
=

0o 4

;
:|>E
i

a
i)
o

o
0

oz
c Mo
A

(]

o lo
nx o

oy
|
it}
ir
)

—
—

2 MY N
4> 0z
o

_,_c|'0
'_03 -

Ict

r
[

= o
N

J

rn
o c

)
ro
0 v
02
rlo

> Y o
fol
Mo
O_I_
mjo
to
4n

(=]
l:@l_ H
ol
¥
in

>
NS
L
>
rr
wW
S
FE
o

Ao nx oY
bl ol
o =
Fl =
o
N2

o

0=

o gy O
T T
S
¢ og J

ol
=
1>

rlo
Iy
=]
> 10

oM

—

ok
o
ox i

> e
Mo
AL)
ikl
=

-MPD-RSRSPS| 812 nHde o
A2 T 7 DRIEQ 28 582 T[HIRE ot
Z}_ — pS| g

8 ChSollA MAEl sf2e vheA| i Mol TS

SEHoZ 0|R0X|E U2

=
1o
>

"
N

0

i

K

mjo

o
A

%

]

>

=
ol W ot A 2 B2 s 2H

I
ro
opm
Hu
o
ofn
>
nin
1]
e
=
fjo
0>-

m
o
F[F
2
>

ol
o
rx
]
=
0
o
0
£
0ot
||-I(13
=
o
n>
0x
BT

L Htez, 2t ak=2] 2o

|, =0l &
N 2218 371 ZeH| eSS

=
d
ofr
0x
fjo
Jor
=
porok
il
0 >
a
T
=
[0
ME!
BT
_k'Jﬁ

i

>
Mo -
=
iy
0 r
mn
|'I:l
ol

]

_O'L
K
=
12

10
o i
of 0 %
1o
rot
o

|
&
ol
ir
1 s

3
o o

%
e 3
b
_l_I-I
= >

2

n < o

ol kn

O Ml
on
Hn
Jhu
N
)
ol
2
1o
02 0

—

X
rlo
H
rin
0%
e
x
N
2
i
o
© o

N
ox 0
o
i

M

oo
J

Table 2 Decision variable

. Binar 1 if cargo i is loaded on deck d, in lane I,
idlpe Y"1 at port p within continent ¢, 0 otherwise
v, Inteqer number of vehicles from cargo i on deck
idip g d, in lane I, when the ship leaves port p
h,; |Continuous| Height of deck d from the bottom deck
wy; |Continuous width of lane | on deck 4
1 if cargo ¢’is loaded in front of cargo ¢
Uy | Binary on deck d, in lare I, at port P¥, 0
otherwise
Z; Binary |1 if optional cargo i is taken, O otherwise
. 1 if the ship moves from port p to port g
Mpg | Binary during voyage v, 0 otherwise
O Integer Visiting order of port p to pqrt q during
voyage v, O otherwise
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Algorithm: Hybrid Simulated Annealing

Input: Instance data(cargo, ship, ports, continents, distance matrix)
SA parameters(initial temperature, cooling rate, max iteration, termination criteria)
Output: Voyage stowage plans, Simulation logs, Remaining space logs, Penalty logs,
Voyage results, Objective Function
1 Generate initial solution using 2-step initialization:
2 For each continent:
3 Select the optimal connecting port (connection to next continent).
4 Enumerate all port visit orders within the continent.
5 Choose port sequence minimizing intra-continental distance.
6 Connect all continents via selected connecting ports to form voyage plan.
7 Generate stowage plan using RSP based on this initial voyage plan.
8  Evaluate initial objective value (Revenue - Penalty - Voyage Cost).
9 Set current solution = initial solution, best solution = current solution.
10 Set temperature = initial temperature.
11 While termination criteria not met:
12 Generate a neighboring voyage plan (e.g., swap ports or change sequence).
13 Generate new stowage plan using RSP heuristic.
14 If stowage fails, discard neighbor and continue.
15 Evaluate new objective value of neighbor solution.
16 If objective improves, accept neighbor as current solution.
17 Else accept with probability proportional to exp(-Aobj / temperature).
18  Ifneighbor is better than best solution, update best solution.
19 Update temperature using cooling schedule.
20 Return Best solution(voyage plan, stowage plans), all logs and summary.

Fig. 2 Pseudocode for hybrid simulated annealing
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Table 4 Combinations of voyage and stowage algorithms

Stowage \ Voyage SA-2l SA GA TS
RSP P1 R1 R2 R3
SWO R4 R5 R6 R7
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Table 5 Average convergence time and execution time

RSP SWO
SA-2l | SA|GA| TS| SA-2I | SA|GA| TS
Convergence time(s) 2 4 (18| 32 11 15120 |73
Execution Time(s) 61 60 | 85 |266| 95 92 150|300
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Abbreviation Full meaning
3D Loading Constraints Mixed Pickup &
3L-MPD-RSRSP | Delivery RoRo Ship Routing and Stowage
Problem
CEU Car Equivalent Unit
GA Genetic Algorithm
H/H High & Heavy
MILP Mixed-Integer Linear Programming
MTZ Miller—Tucker—Zemli
NP-hard Non—deterministic Polynomial-time hard
RoRo Roll-on/Roll-off
RSRSP RoRo Ship Routing and Stowage Problem
RSP Rule-based Stowage Planner
SA Simulated Annealing
SAD| Simulated Anngqling with 2-stage
Initialization
SWO Saueaky Wheel Optimization
TS Tabu Search
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