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Abstract

In case of the container terminal, as something affecting in the productivity, the
terminal working plan for loading and discharging the container is probably
divided by berth allocation plan, yard allocation plan, loading and discharging plan,
gate operation plan.

Loading and Discharging plan is classified the gantry crane allocation plan,
loading, discharging plan to take the responsibility of the ship loading and
unloading work. The basic purpose of these working plans can reduce unloading
time that is for loading and discharging activities of container. Reducing the

discharging time can reduce not only additional cost at the position of the



shipping company, but also can increase the rate of service at the position of the
terminal. therefore it can be expected attracting shipping company. It can be said
that the total discharging time that is for loading and discharging activities of
containers are generally the work time and the setup time. Because the need time
for loading and unloading depends on machine's efficiency, it is the more reliable
in machine's efficiency than in a mathematical analysis. Therefore, the efficient
working plan can reduce setup time, and it is directly connected to reduce loading
and discharging time of containers.

In this paper, it suggest the mathematical model about yard's amount of the
materials for the allocation and hatch allocation per gantry crane to take the
responsibility of the ship loading and unloading work after the berth allocation and

the yard's amount of the materials.
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K< = 1 k
7 Y0 : otherwise

ti:I
T =

n - Deck Hold

) O )
T T

Minimize T (1)
Subect To
x ., < x',i=1,2,...,n-2 (2)
¥, < xt+xk i=1,2,...,n-2, k=2,3,...,m (3)
xT,, < x",i=n+1,n+2,...2n- 2 4)
¥, < x4 x¥ iz n+1,n+2,...,2n-2, k=1,2,....m- 1 (5)
Zx!‘ = 1, i=1,2,...,2n (6)
ti+ai£ T, i:1,2,...2n (7)
ti+ai£ti+1, i:1,3,...,2n' 1 (8)
xf=landxf=1-t+a,<t,i=1,...,2n- 1,j=i+1,...,2n, Yk (9

XE(: 1 and Xjk: 1 - tj + aj £t| or ti + a; étj s V(l,J)ED, Vki k (10)

ti+ai£t2n_i+1, i= 1,2,...,n (11)
t; =0, i=1,2,...,2n (12)
x¥e{0,1} , i=1,2,...,2n, k=1,2,...,m (13)
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Deck — Hold
@
(8) Hatch
Hold - Deck
: (11)
(12)
)
ai+ mlj
., my t, af, mf
Pseudo Code ,
Pseudo Code.
Line 1 : { Calculate

Line 2 : for i ;= 0to 1 do

(6)
Deck -~ Hold
(10)
(10) OR
Hatch

bound b[0], b[1] }

©)

Hold - Deck
(7)
(13)
Hatch
t,, a,



Line 3 begin

Line 4 { Initialize k and s}

Line 5 : for j ;= 1to n do

Line 6 : begin

Line 7 : s:=s+a,jl;

Line 8 if { s exceed the bound b[j] } then
Line 9 : { Assign sto crane k }
Line 10 : s = 0;

Line 11 : else

Line 12 : { Assign s - a[i, j] to crane k }
Line 13 : a = afij];

Line 14 : end if

Line 15 : end;

Line 16 : end;

Line 17 : while { exist exchangeable job } do
Line 18 : begin

Line 19 ;: T1 :=T;

Line 20 : repeat

Line 21 : { select exchangeable job i }
Line 22 : { exchange selected job i }
Line 23 : { calculate ending time T2 }
Line 24 : if T2 T1 then

Line 25 : T1 = T2;

Line 26 : ] o=

Line 27 : end if

Line 28 : until { All exchangeable job checked };
Line 29 : if T1 T then

Line 30 : { exchange job j }

Line 31 ;: T :=T1;

Line 32 : end if

Line 33 : end;

(Line 1) Deck Hold (Line 2 16).
(Line 17 33).
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otherwise (j=1,2,..
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Subect To

x{ - Bf< 0, Vi(iesn) , Vk (2)
xf - Hf< 0, Vi(iesh) , Vk @)
xf - 1f <0, Vi(iesr) , Vk 4)
x¥ - xK o, < EX,, i=1,2,...,n- 1, Vk, (ieSn;, i+ 1€Sn;) (5
Bi + B - 1< F} , Vk, Vii(i#j) (6)
ZGXE‘ = 1,Vi (k=1,2,...,6) 7)
ig Xi = Gy, Va, Vk (8)
xi = {0, 1 Vi, Vk ©)
BY . H, 1} = {0, 13} Vi, Vk (10)
EX., = {0, 1} Vi (iesn; , i+ 1esn;, Vi) (11)
F = {0, 1} Vk, V(i.j), i#] (12)
(7) G/IC
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TS :
QB 1 j
Qb : ]
Qry ]

Phase 1.
Step 1:

Step 2 :

Phase 2.
Step 1:

(k=1,2,...m)

(block)

(bay)

(row)

Set Sequence

k! G/C U,

it i > k! then Min{U;}

else Phase 2

Block Allocation

U, GIC k S, G,
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Step 2 :

Step 3 :

Phase 3.
Step 1 :

Step 2 :

Step 3 :

Step 4 :

Phase 4.
Step 1 :

Step 2 :

Step 3 :

Step 4 :

if j = @ then Phase 3
else Max { Qg } k

if Gy, = @ then k= k+ 1, Phase 1

else Step 1

Bay Allocation

Gy - -
R

Sp,eR and Qy € Gy ]

if j = @ then Phase 4

else Max {Qy} k

if G, = @ then k= k+ 1, Phase 2

else Step 1

Row Allocation

en , : :
R
S;eR and Q; € Gy ]
if j = @ then ceR c
else Max {Q} k . Step 3

if k = m then
U; Ui
i= i+ 1, k=1, Phase 1 Step2
else k= k+ 1, Phase 2

G/IC
G/IC
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2 3 4
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1 2 3 4
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B H | E D

5 10 32 2 14 5661014
Case 1

6 9 32 2 24 6611024

6 10 32 2 24 6661024
Case 2

6 10 32 2 24 6661024

6 10 32 2 24 6661024
Case 3

6 10 32 2 24 6661024

5 10 33 2 14 5666014
Case 4

5 10 33 2 14 5666014

5 10 32 2 16 5661016
Case 5

5 10 32 3 16 5661516

5 9 33 1 18 5615518
Case 6

5 9 33 1 18 5615518

6 10 32 3 24 6661524
Case 7

6 10 32 3 24 6661524

5 9 33 1 14 5615514
Case 8

5 9 33 1 14 5615514

5 10 32 3 14 5661514
Case 9

5 10 33 3 16 5666516

5 9 32 1 16 5610516
Case 10

5 9 32 1 16 5610516

G/IC « H G/IC
G/IC « E: G/IC
. GIC
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[ 44

B H | E D

5 9 33 1 14 5615514
Case 1

5 9 33 3 16 5616516

5 9 33 2 14 5616014
Case 2

5 9 34 6 16 5623016

5 9 32 1 16 5610516
Case 3

5 9 32 2 16 5611016

5 8 32 1 16 5560516
Case 4

5 8 32 1 16 5560516

5 9 32 3 14 5611514
Case 5

5 9 33 3 14 5611514

5 9 32 3 18 5611518
Case 6

5 9 32 3 18 5611518

5 8 32 1 18 5560518
Case 7

5 8 32 1 18 5560518

5 9 32 2 14 5611014
Case 8

5 9 32 2 14 5611014

5 9 33 1 16 5615516
Case 9

5 9 32 2 16 5615516

5 9 32 2 18 5611018
Case 10

5 9 32 2 18 5611018

G/IC « H G/IC
G/IC « E: G/IC
. GIC
4-5]
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[ 4-5]

B H | E D
5 9 32 1 16 5610516
Case 1
5 9 32 1 16 5610516
5 9 32 2 18 5611018
Case 2
5 9 32 2 18 5611018
5 9 33 2 16 5616016
Case 3
5 9 33 2 16 5616016
5 9 32 1 16 5610516
Case 4
5 9 32 2 16 5611016
5 9 32 1 18 5610518
Case 5
5 9 32 2 14 5611014
5 9 33 2 14 5616014
Case 6
5 10 33 3 14 5666514
5 9 32 1 14 5610514
Case 7
5 9 33 2 16 5616016
5 9 32 1 18 5610518
Case 8
5 9 33 2 16 5616016
5 9 33 2 18 5616018
Case 9
6 9 33 3 34 6616534
5 9 32 2 14 5611014
Case 10
5 9 32 3 14 5611514
« B : GIC « H G/IC
o 1 G/IC « E: G/IC
« D:GIC

4.2

1998 Kawasaki Container Terminal
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4-5]

W)

(A, B:

G/IC

4-6]

T/C

[ 4-6] GIC

Al B| C/ D| E| F| G| H

2

%5

457

J| K| L| M| N| O P| QI R| S| T| Ul V| W,

0 O 5/ 0| 0| 6/ O] O O 100 O] O] 75/ 7| 2| 2| 5| 0| 38 20 30 1| 1

7 %5 B B 12 6| 1| 1| 110 2| 2| 75 7| 2| 2| 5| 1| 4 4 37 1| 1

GgCc#l

GC# | 7 5 28 26/ 12 0| 1| 1| 1| 0 2| 2| O] O] O O O| 1| 16 24 7| 0| O

4-7]

4-5]
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- e Sl i Sl ‘aaCes [
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