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Optimum Allocation of Port Labor Gangs

{1) In the case of single ship
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Abstract

Nowdays much efforts for evaluating the productivity of port physical distribution system to
meet the rapid change of the port and shipping circumstances has been made continuously all
over the world.

The major part of these efforts is the improvement of the productivity of carge handling
system. The cargo equipment system as infrastructure in the cargo handling system is
organized well in some degrees, but the management system of manpower as upper siructure
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is still remained in an insufficient degree.

There is little study, so far,

on a systematic

research for the management of port labor gang, and even those were mainly depended on a

rule of thumb.

The object of this study is to introduce the method of optimal allocation and assignment for

the labor gang in single ship, which was suggested as a first stage in dealing with them

generally.

The problem of optimal allocation and assignment of the labor gang can be

(I )formalized with multi-stage decision process in form of difference equation,

(I )dealt with two stages in form of hierarchic structure and moreover,

(1) The optimal size of labor gang was obtained through dynamic programming from the

point of minimizing the summation of labor gang in every stage,

(V)For the problem of optimal assignment, the optimal policy was determined at the point

of minimizing the summation of movement between hatches.

25 WIS o MERES FA43 Wl o
37| Hsle] HmEMmAARY £EES Al
57198 =Ho] AAAHeR AY=lw ok
olf¥ =8P 1 Fag REE AL U
He] sldAlAvle] hFE4 mbd A Aoz,
A A% 2 TE#sels ¥ 4 s wiR
Al Aol A AME o] AR AFAE AFD
dev HiiEggely € 4 v ANERAAY
2] ALl ofFE uu|d 4Fo wEX U
A% o]t}

¥ub ohu]el, WEEEEXY sty 7R
UABAAT Ae Feiviel BEEREEIE
Aol A ojals, BEEREFE . FFEelzln
T 4 de Wik £84 ALE Y =Y
o] AAs S A=T il HEHEHN SA4L

A FrgEHE dolA, TR dHEsE £F
ol WEME, KEMS :FAsze éﬂﬁﬁ?ﬁﬂ"c
& s mxsEe agHa Hele

e £xE 93 e HI %-?:-
g daw gle Zeoloh adex B3,
A7 FikSET e FEE vad HYPHq
Sl oj A "’F%"*]Wl stow, &g AFE A

. olEdt Aol F33hed, TRK(D S
g wigtoz, odubAQl FAAA iR
%8h7 9 ROEELS o REMEE OFaz do.
wixSEH e By 3 REEAT 2 dde=
s 7L ARyl BRIV = Bt
of whe}, =3 FFete FHo] NdiEclst EF
talstel] wet EAL we{stn gl

2 A ol WY —'—11]% o
7198 3 <Az A E—AfES e R MRy
ghel Foy o BEMES BRNeZ KET 8



3 ERIL3le RSB E RESE BlostT
Bl HEE AASTA gk

2 WX AR R £ A
£+ 7lestz, £AHE BRI, FHRBHN

2. RiRE2| 3L

2.1 BAEE R MBS XAt

delel #pAne] HiSHO] kst Mkih%E
g B ;L €A B BEY A
}e 8o 5, e, HAAo # 7 MF
9 FEFRE T g gAA "o BT
otjel, ole|d BAle FFste Bl ok 4
Byfie] eEM Wl 2@ AA B AolH, o £
S BEER, WNeTT R Wiker 5o d&dF
Ao Yol wet 2t ot

oo e oleigt HEtA EAEE XT3
o AA BE—Eel A4 dEe HFHEE B
BOE fiimdte #AE GFVIE ok

A, SFEe HEAIMEE E(bde
gl Bag slxAdE dHsriz doh

RE FETFL Hogang® FAFFo2 H A
712 &x, 3o MFee 3lvtel gangdhol
AA3te Aoy Itr FAHoz= T
FE Awte 254 g9 FFo o shue
140 Bl gangol AYSAY B A%
d 3l}e] gangel AP AT Uk 2

N

24

”

*

(I1)E5e) 7o) shtel gangel FHdste
Asole BFe A%e shie dPoz HFs
Ak,

(I)shtel M%o| BH5el gangol Zshe

METHESE N S BERs N W BE 3

A3olE gangFWF HFE vrel AT
gez dudoze A7 BAHA Wk
Jelel #fes) HAFE S, AAFEFE

W,
i @A iAo jMFe EFE xij, © %
$ Z AFd ESsHs SHES ujE Fi,
PHI(Principle Hatch Index)P& th&3} Zo] &
#3712 Pk

P=Max x;(j=1,2 ,S) (2.1)
bl

(€7 1) THASHHS RS & o FkfExs
T nE, n>Pelc),

(H) Pe 3E%0] M3 Be 4% 2
shiftg Jeldlm lom, A7 gang ol
A bestnz HESETC okFe Budx
P shifte] s =ls ZFPJATe]l 285H™, T+
TREHHC) B2EF A%de, n=(W/R)
41 (&, ()& gaussianbracket& 2Ju]dn, W/
Re] gtol <9l welE n=W/Ro] ®t}h)olch

(8 2) FikfEel @8 WA MurE
SEyH ) of shiftd WTRHSE o Avle O&
3 gk

(1)MFFESET <
L XUi=w(i=1,2...,0,j=12,..,5)

(I)v] shift'® FTAZET

Re 0< Yuij <R <s

(@) 23 EDo] gangWAE EAIF Yo
DR @RESHHS 23833 gon, dishif
ty Fimol 7Ee Ade wEPe HAAFS T
omz (I)7} BgFry.

ol e AR JEHA HAL o
st FHkfEEEES ERLE2 @ uA,
Qoo By kol lolX el KmHAIKEES Ve
e HMEE x(k), =Sl EERES Yeh)

= 98E Uk & 59,
X(k)=[xk1, Xpzoorrer st:l (k:lyz ...... n)

U(k) ={Uug, Uggy eoneee Ugs ] (2.2)
Tigtekrsolc of shift¥d= 4878 BES

o 2AAg P33y W] HFe FEREFS
@9 gang®ol AZEe FUF FAsA HE



4 mBAUESEE B 13% F13R 1989

2, ol% jkiEe] WisteE g Ze EHHR

No g vehd & 9l
X(k41)=X(k)-U(k)

Nigpyg41- Nigj—
=1, Qeeeeer n) (2.3)
wpEh A, RREES IRIEREE WWoTR,
SEn) o] ALERES BSRESR Stv Sk
EfELZ EXMEE 7

el oldgh LErERE
st Aweriz sl

(1) dede X(ke, k =19 w7 Hx9
HioAmikieet U g AYx, fEERET
7 Bofcdker): 5lpe X(n+1)=0)o|B =,
b &+xks E X =20 Ao A 2
1) shte] AFole dtite] gangvhol filiE
7158, Yoo UksyE 0 B 19 e
W, PHI2l MW 55 cdt & o Ukce=19]

o] fill R o)

7]

2o

o},
(1) Yk=Taw 2 549, Azl @59 %

B HeelN WikE%e SR suz
Yk >V, 05,

(V) (E82) oA ERARE vieh o] k EgRgol
A uR A 7T e el e kg BAE

o gy
1 <Y, <R <s
(V)ZA e 432 F-H

kZY;(‘—‘ %Zukt: X, Uk =X, 0]
t t k

’

Xierty 1 SXi, ¢ 0] F},
(VD ExBE ne (GEED | <jste]
%l n<P ol¥ n=P
n>P  o|¥® n= (W/R] + 1

FH, o] BAE 2dMHE BH Xa+1D)=0
olrz, of Ayg A(2,3)d sy,

X(n+1)=X(n)~-Un) =0

X(n) =Un)

o BAE DHHTL

2.2 FMHEEH H Mol #hE

ol o] ZEFRFERE Wt otFfdAE A
AT FEEHE BENSL, I Bl MEHA A4
ol digte AHrziz o

durH o2, MkfEEs IF
oF & BARANT

(I)vishift'd FRELEHNHI WRESEHE
HALE e BHANA Hghlel FioRE

(I)&ENe] ol8e HAZ 7l BdHNAY
SEHAEMEE & 4 AUTh

Tiixfestd lolMe, AWvHo= 4£H79
FioRREY) 2A8 A% @o® e iLE
A "HBz, 949 (1), (I) FAT BEnd
Ade AUz Y= AL & dew, #E
et A E3 Eme R of dart Ao

WA, (I)el AimiuEe) whal TRk
M, WEEAAEN L shiftd prEd
#Hok ot FEEE AL /R

A%ol xelel

(W)= Zk( Zt}u‘”kd—(}tjuk,)‘)wmin (2.5)

aauh, (2.5 2 AlEe, x2A(1)E KH

z;uzk[—~ ;ZJM—WO] L= (2 5) ) 1?'@
=,

f(W) = 3(( Zuw)®) —»min (2.6)

oz REY & UFE ¢ F Aok

whebr, S8/ e) Rl iiE 4
of sted =d (1), (1
FoA EEK Q.6
Az

tholz, o] FlorEiges) Mol HiEdl st
AHRIIE Gk H2.3) 9 SBRERT Y @
7% AS, FHEE x( ) ZREEEH UC)
BHobe o) 53E 9EE HSER, o #AE
ARWE U(-) o FEs81o] sty ¥4 #
E7L oS s

), (1), T
)& HAER e EAR

,,58__



ZAME UK)= [y, Uggeeeee me] (k= 1,
2..m)e] Watad, Ylk) = Luwt 7 %)
719l BusrRHREE,

7*_."Yk=W>0

1<Yi(3¢] J4)<R<s
2(Y) =Y,
Y=Y,

o] 3 ol oA
;gk(Yk) — min
o] FAZ g,
A2,
fm(Wm) =

(2.7)
of BAlS EHEFSE

min (gm(Ym) + fm-1(Wm -

D<YmIW

Ym)) (m=1,2....n) (2.8)
&, fL(W1) = min(gl(Y1)] = gl(W1)

olth. L3, o EAlE, ZA(IE #H,
Y.=Y., W=W-1, R=R-1, $=S—|=

AR BASG RIS & & A

53], W/n7l Ard Ade e gHE
At

(GERE3) Z3E% W. shiftF (@A) nol
W/n7t A4-Y Ao, o shiftd E@EL’D\%“
& W/n, &Y(Q) = Y(@2) =...... Y{(m) =
W/no]th

(FEmH) 8=

kA, B2 AL seaME BEAS%
Be (EH3) o RE Jds 43T £ A
g}

¥, BCRECEMEY oiMe BEAlaE

BENIE BEY ©F L 153 8 Hirw §
HA EES A RRE, mEsteor & r|F o
BEME S8 AFE oFRE T 4 AUk

Uk, k1) = Uk) - Uk-1) (2.9
=(ulk, k-1 uk, k-1 ..... u(k, k-1)s)
@, oul(-)e, 0,1, -19 3}e e

BEFLSE ol BERS ) MY WE s

2 EH#SE, Uk, nk) 2 koM k-1eAz 4
¥ Ao HE REMEES Yy =
& Uk kDol golX +13 -19 ge 7xe
L£25€ 44 u* u'e EI187E &,

olFAAE M uM) e WY QB
ol SEFTIT)

Qulk, k=1) = ((u*(k, k—1),, u™(k, k—1),

u*, ut

e

...... (u*(k, k—1), u™(k,k~1))). (2.10)
@ tprnf.. (ot Drs A% Wis
ER AT
A, u*el ARE vek stW, SEhe A
Foezel o5 Dqlk k'l)E,
Dg(k, k-1) =
dgl+..... +dqv (2.11)
@, dal = pt,..., dgv = f -r
B3, vie M2 AAEE Deo £89 £ g

sa4= anl ot v EFEA Y ure e
shaye] n‘ﬂ T8E F UA "k 3y, o9
Ho 2 JoxFHol WG woj, 'y} & )

= FFEA7E dEhdE 49t deu, #s
Btole olg FASE Ho, Byl A9
T uhutE FAEE B, A(2.12)d ot
2} sty "ot

2(2.10) 2.2 EAEE qA e
7 He

ol 2 Ha
&g dk k-Dold EHAo)

d(k,k-1) = min Dq(k, k-1) 2.12)

21(2.10), (2. 12) 2.8 BB HF9
13 FEEHE God 2ol "o
h=n;in(§d(k.k—1>j) k =2,3,...n)
G=12...1)

(2.13)
P g Are T

olFHE

o 7] o) A,
A}

metd, o] EAE 2(2.3)9 o4 %L A=z
A, aga, @D dstd 7§ REAiioS
Bhe AgxAoR 3o 4(2.13) & TEF3e
BEEFENEEE T3 EAZ AFdo

r 882

J— 5 9 —



6 GEMEREE $ 13% F1%, 1989

. A A

AF7A e ERBEEE AA o] H L3517
2§

(ADAFF 4, Bsipiel 8on, & A%
o o mEe] xu =2, Xp=4 Xp =

1oxy =181 3%

Mol 8, p = 40122, 2z} shifte] @
Eo48hES (ERE3) 93 2gangel® ZE
gAA e HEFAAHAEE, E1F 2o
38 ZAE
1100
0110
0101
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Table 2. Optimum Policy
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