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In this paper a new service SCM model based on
service science is proposed. For taking into
account realistic situation Fuzzy-AHP(Analytic
Hierarchy Process) method is applied to
developing performance measurements of service

SCM. Also, the proposed framework is applied to

hotel industry.
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In the recent years, many Korean companies have
implemented ERP system to improve their
operation efficiency. However, most companies
have failed to produce tangible results even
though they spent a huge amount of money. It is
assumed that because they didn’t focus on the
process innovation but only focused on the system
implementation. Companies need to design
process and tools to make all detailed plans work.
S&OP is the key to integrate business process and
IT system in more efficient way. S&OP has been
described as “a set of decision-making process to
balance demand and supply, to integrate financial
and operational plan, and to link high level
strategic plan with detailed operations”.

The purpose of this study is to verify the
effectiveness of S&OP process in especially food
and beverage industry through the case study of
“H” confectionary company. The result shows that
S&OP is the core process for company to gain the
competitive advantage.
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The traveling purchaser problem(TPP) is a

generalized type of the well-known traveling
salesman problem(TSP), which has many real-
world applications such as purchasing the required
raw materials for the manufacturing factories, and
the scheduling of a set of jobs over some
machines etc. in supply chain management area.
Especially, it could be used in inbound logistics
optimization. In the last decade, TPP has received
some attention of the researchers of the
operational research area. However, it has not
received the same amount of attention like TSP
and VRP(Vehicle Routing Problem). Therefore,
there does not exist a review of the TPP. The
purpose of this survey is to review the TPP with
some formulations and to describe solution
procedures proposed for this problem. We also
suggest the future works in TPP.
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Recently, the companies should satisfy their
customers and the stakeholder’s environmental
desires and are required to employ eco-friendly
economic activities. Therefore, they have to
observe environmental regulations, basic factors
of eco-friendly economic activities. This study
navigates how environmental regulations affect
supply chain environmental management and
supply chain management performance.
Environmental regulations were selected as the
independent variables. As the detailed variables of
supply chain environmental management, design
for environment and reverse logistics were
chosen. As the detailed variables of supply chain
management performance, eco-efficiency,
financial performance, corporate image
improvement, productivity improvement and
advantageous negotiating position were selected.
After selecting those variables, environmental
regulations were assumed to affect supply chain
environmental management and supply chain
environmental management was assumed to
influence supply chain management performance,
and then hypothesis concerning the variables were
established to conduct regression analysis.

According to the study result, environmental
regulations positively affect supply chain
environmental management, and supply chain
environmental management positively affect
supply chain management performance. In
addition,

environmental management plays a mediating role

it is verified that supply chain
between environmental regulations and supply
chain management performance, and the analysis
result shows that design for environment and
cleaner production don’ t play a mediating role of

corporate image improvement.
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This paper addresses berth scheduling and quay
crane (QC) allocation problems in seaport
container terminals. Identifying the berth and QCs
as bottleneck resources, we present an
optimization model to simultaneously determine
the berth schedule and QC allocation, with the
objective of minimizing ship turnaround time.
Since the optimization model is a NP-hard, a
GA(genetic algorithm)-based berth scheduling
procedure is proposed to solve real problems.
Numerical experiments are performed to verify
the performance of the proposed models.
Experimental results show that our study can drive
a berth schedule and QC allocation decision of
satisfactory quality.

We consider a supply chain with a component
manufacturer and a customized end item
manufacturer in stage under a vendor-managed
inventory (VMI) agreement. The component
manufacturer continuously reviews both
component inventory and backorder status at the
end item manufacturer. Based on this information,

the component manufacturer dynamically



determines production scheduling and lot size
which is the multiple of the basic lot size. The
goal of this paper is to find the component
manufacturer's production policy which minimizes
the total supply chain cost. From numerical
experiment, we investigate the impact of the
variable production lot size on the supply chain
cost.

Today, environmental changes and technical
advances are changing the way of postal logistics
services, and are changing the awareness and
usage of Postal logistics of consumers. This paper
is a case study that shows the development of
demand forecast information system for local
postal logistics is used in simulation and it helps
decision for logistics facilities install or logistics.
The system is used in simulating and making
decisions on postal logistics network design
problems such as facilities location and
construction.

Specifically, postal demand forecasting system in
this paper has been developed to analyze the
impact of descriptive statistics showing the social
change and business cycle of South Korea to local
postal logistics, and to analyze changes in patterns
of South Korea local postal logistics user with the
passage of time, and accordingly time series
forecasting and casual forecasting for decision-

making.
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This paper addresses a distribution planning
scheme for satisfying fill-rate type target service
level under non-stationary demand environment.
The model considered in this paper is a serial
inventory system where N nodes are arranged in
series. For this problem we first propose a new

adaptive forecasting scheme which is aimed to
make up for the drawback of the existing adaptive
forecasting approach. And then we propose a
heuristic distribution planning procedure which
determines base-stock levels dynamically at each
time period by decomposing the considered model
into a number of independent single node models.
In order to solve these subproblems efficiently, we
utilize a result derived by Sobel(2004) that can
calculate an exact base-stock level for a single
node model under fill-rate constraint. A
simulation based experiment was performed to
evaluate the performance of the proposed
distribution planning scheme.
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In the paper, we present a variable neighborhood
search (VNS)-based heuristic for the Periodic
Vehicle Routing Problem (PVRP). The PVRP
generalizes the classical Vehicle Routing Problem
(VRP) by extending the planning horizon from a
single day to multiple days. The proposed
algorithm in this paper is based on concepts of
VNS and local improvement heuristics.
Computational results are presented for the 32
benchmark instances from literature, and the
solutions generated by the proposed method are
compared with best-known solutions so far. The
results indicate that the proposed approach has
produced competitive quality of solutions with
benchmark results, and for 12 out of the 32
instances, the proposed approach produced equal
or improved solutions.
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This paper proposes a new method to control a
search space varied during the optimization
process of PSO(Particle Swam Optimization)
algorithm. It is necessary to move a component

beyond the search space into a feasible search
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space because the obtained component using the
equations of particle and velocity of PSO method
may be out of the search space. Finally, this paper
makes a comparison between a new method and
TRC method which is popular and simple. The
results show that the new method outperforms
TRC method though the population size is varied.
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Order picking is one of the most crucial activities
in the warehouse management. In practice, batch
picking rather than pick-by-order is widely used
for picking efficiency. In this study, we consider
the finite volume capaciy of the picking cart in
batching the orders. We propose a two-stage order
batching algorithm for this practical problem. In
the first stage, we apply a heuristic algorithm for
the bin packing problem to minimize the number
of picking tours; and in the second stage, pairwise
exchange is applied for the two orders assigned to
two different tours, while satisfying the cart
capacity so as to minimize the total travel
distances of the picker. Simulation is used to
compare the average performance of the proposed
method for various routing methods of the picker.
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Development of Framework for Measuring Performance of Service

SCM Using
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In this paper a new service SCM model based on service science is proposed. For taking into account realistic

situation Fuzzy-AHP(Analytic Hierarchy Process) metho

d is applied to developing performance measurements of

service SCM. Also, the proposed framework is applied to hotel industry.
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Synchronizing Demand and Supply with Sales and Operations
Planning : A Case of Food Industry
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In the recent years, many Korean companies have implemented ERP system to improve their operation efficiency.

However, most companies have failed to produce tangible results even though they spent a huge amount of money. It

is assumed that because they didn’t focus on the process innovation but only focused on the system implementation.

Companies need to design process and tools to make all detailed plans work. S&OP is the key to integrate business

process and IT system in more efficient way. S&OP has been described as “a set of decision-making process to

balance demand and supply, to integrate financial and operational plan, and to link high level strategic plan with

detailed operations”.

The purpose of this study is to verify the effectiveness of S&OP process in especially food and beverage industry

through the case study of “H” confectionary company. The result shows that S&OP is the core process for company

to gain the competitive advantage.

Keywords: S&OP(Sales and Operations Planning), SCP(Supply Chain Planning), DP(Demand Planning),

DRP(Distribution Resource Planning)
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Management System, OMS) 5= +&31912H S&OP A
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4.34. 4TA
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Source : “H'AF W5-212(2009.12)
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% 33% F]H](Total Supply Chain Management Costs)
H|-g- HAF W Wk 2 2)u] & (Warranty / Return Processing Costs)
H71712) A4 (Value-Added Productivity)
% 33 A1¥4(nventory Days of Supply)
2k @8} Alo]Z EFQ)(Cash—to—Cash Cycle Time)
&AMt 37 & (Asset Turns)

Source : f3Hd5-3]9]4:(2005), “SCM 52 3 =7HI=", pp. 93
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A Literature Review of the Traveling Purchaser Problem
for Inbound Logistics Optimization

Myung-Jin Choi + Sang-Heon Lee'

"Department of Operations Research, Korea National Defense University

The traveling purchaser problem(TPP) is a generalized type of the well-known traveling salesman problem(TSP),
which has many real-world applications such as purchasing the required raw materials for the manufacturing
factories, and the scheduling of a set of jobs over some machines etc. in supply chain management area. Especially, it
could be used in inbound logistics optimization. In the last decade, TPP has received some attention of the
researchers of the operational research area. However, it has not received the same amount of attention like TSP and
VRP(Vehicle Routing Problem). Therefore, there does not exist a review of the TPP. The purpose of this survey is to
review the TPP with some formulations and to describe solution procedures proposed for this problem. We also

suggest the future works in TPP.

Keywords: Traveling Purchaser Problem, Inbound Logistics Optimization, Supply Chain Management

25 Al Fske T2 A| A0 tHBowersox and Closs, 1996).

1. A& S AHEEEE|(SCM, Supply Chain Management)2] tHFgt

243} 45 552570l dsiA= Danzig and Ramser(1959)

SaA A& (supply chain) ZEAAE YO0 29ER{ 7} VRP(Vehicle Routing Problem)o] ®Z2FE|S #¢kst o)
(mbound logistics)?t f-5EF(outbound logistics)®] 2714 o] 7}x] XA 18 QA4S wheldl ke YRS

ZZAAZ TAETGMin and Zhou, 2002), 2EEF= A o] 9t

o} HEZ o] oo BEL ZRA A0 (Johnson and SCME] ECHE 8 o]4r(issue)?] XYER X slEofol|A
Malucci, 1999) f5afe 594K YA dAES A8 = Ramesh(1981)7F €3] Lozt %Xﬂ (TPP, Traveling
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Purchaser Problem)& A|¢Fset o]z} 424 W7t OR(Operations
Research) #0F $7A459] T3 349 th/do] wof chofgt
3, afin, 22| Mol AAH ]I}, ey TP P°ﬂ gk A A
A FAE HE dvte Ae7H 3E H} glong i Ao Al
f? TPP2] &4

TPP+ 43| #ufjx EA(TSP, Traveling Salesman
Problem)®] URISHE e o3} o] o), 7k 8+
El= m79] A& (product) ol EAstL 7 AlEES Fuia
Fgol glom Jufrl= 2 Zof 2FaLA|(depot)oll HAIRICE ES
2 7 AlEE 54 % e Bufsts n7)e i (market)
olg} sttt o AlE2 Huske
ol wef 7hA o] Afolstm AFarx|ef zF mfA7ke| o] FH|E
(travel cost)& AFAo] &&lA Qltt TPPE= 7+ A& o] FLuj ot
Fe SEOAA Al g olFHEY e Fasehe
AeE mige] =5 A4ste wAE AojH 7 Ates
AEE 247t skt o] ko] ol A S+l 7hgskojof shat 2¢
1101]*1% ojuet AFE g 4 glon BE AlEe] Fie

ol At 5 AE

¢

RS

TR HIEA] FEEofoF gty ol EX A|E kE J*”HOP of
A oA g AFY A et 4 E FET ¢ Ue AHE=L
for all kand q,<{0, 1} for all k and i, q;; : WH& i A F+of7}

e AE kY %)Y EAE UTPP(uncapacitated TPP,
unlimited TPP, &2 unrestricted TPP)2} 3}aL 3t ufj&fof A]
THETEE S5 4 glo] BEFE ThE RelA F5A4A
of st= AL, & 2% Ty 7HL4°] e BAE
CTPP(capacitated TPP, limited TPP, &= restricted TPP)2}
ghoh, E3F mjgh ofFH[&o] HAA ALY EAE
STPP(symmetric TPP 22 undirected TPP)2} 3}aL H|tj %<l
EAE ATPP(asymmetric TPP 32 directed TPP)2} gttt

UTPPS] &el= Ramesh(1981)7} #Alell &% TPPE 474
3}7] o] A of Burstall(1966), Buzacott and Dutta(1971)¢] 2+
2741 (ob scheduling) AFollA Hx2 UYEHIL Singh
and Oudheusden(1997)2 2 A £, 9ol ¢4
(warehousing), 4Z%A|(routing problem), 121 Current
et al (1984)2] A4 2 AWEA|(SCPP, Shortest Covering
Path Problem) 5l UTPP7} &4 7153 Hol vl glow &
Al Y|EY A A7 (telecommunication network design) 20Fo
A& 245 vt Qlth(Ravi and Salman, 1999).

CTPP+ Laporte et al.(2003)0] Z|z=2 A¢kst o] Boctor
et al (2003), Riera—Ledesma and Salazar—Gonalez(2005a),
Goldbarg et al (2008), Mansini and Tocchella(2009) 5-f 2]
8 A+l BE Qle}, UTPP7F R &t Aol At =2

-
o
e

Foletd CTPP= thE% ol 213kt majole} & 4= Sl
o,

TSP 7 AlEo] 94 sfute] ool qut Pul7ksstan 2} v
Aol 02 shtel AFRL sk H9E 7P TPPE 5
S gejola, §FA kol gl Au| YA BA (UFLP,
Uncapacitated Facility Location Problem) 3t 24
(location) i, ji#/)7t olgHl&o] A7 %} ;o Bat 7HAdulE
(opening cost), A} oA TSl A& k9] 7+4 b7t AH] i
2HE 174 [E A28 H]R(serving cost)d ALE 7
gk TPPY 53t oot webA] th4 NP-hard £4¢
TSP} UFLP9] U3l gefol TPP T8t NP-hard - 2
Stk

2. TPP /e B 3
2.1TPP 7H&

TPP= w7k 051189 B34 (symmetry)oll w2t STPP
9} ATPPZ FEEn| STPP9} ATPP:= 717} ko] i &aF
(capacity) A% -5-5-ofl w2} CTPP2} UTPPE S AlRahe
Ao A= o] 5H 82 thA Aol met e sl TPP &
S (& DI o] AAEkAL 2,24, 2.342] STPP W ATPPY| 4
2| m g AT FRolA SR ZAIo THste] Kot AlRAC
2 {9E ER

H1 J|E TPP AT

-+
AT
r

Baigin

Ramesh(1981), Golden et al.(1981), Ong(1982),
Vop(1996), Pearn and Chien(1998),
Laporte et al.(2003), Boctor et al.(2003),

STPP Riera-Ledesma and Salazar-Gonalez(2005a),
Riera-Ledesma and Salazar-Gonalez(2005b),
Bontoux and Feillet(2008), Goldbarg et al.(2008),
Angelelli et al.(2008), Mansini and Tocchella(2009)
ATPP Riera-Ledesma and Salazar-Gonalez(2006)
Both Singh and Oudheusden(1997),

Teeninga and Volgenant(2004)

Laporte et al (2003)¢] AAIg+ STPP ¥ Riera—Ledesma
and Salazar-Gonalez(2006)7} A|A1g ATPPY|| A-4-%&= 37]
(notation)= tha-k 2t
vy ARALA]

M=y,



2EEF HAA3HE 913 &3] o A9 2z

K =1, - p,}AF A
V= UM: 3% (vertex) Fgt
E ={v, v] v, vEVi<jt: Tledge) A
= (V, E) : ¥ (undirected) YIEHZ
Py ‘]HZL TR MollA il 7Hs Rt Al
d: Zﬂﬁpk—J T e
g, W vl A Sl 7Hs g Al p ol
byt v vl A Arlsh= AlE p ol 7+
c.t W v, vte] o5 r|
oA g, d= ZE d,EK9} veM Ol A3 0<q,<d 4
D0 >d 5 WEsof G,

2.2 TPP 43

2.2.1 STPP
2.149] 7|5 vg 2 2% Laporte et al(2003)2] STPP %
FAYALHILP : integer linear—programming) 42|53
kot 2t} o SECNE wANEY] rREYS o7 AojEka
o|#3k So EHOH E(S)={v;, vIEE: v, vES,i<jIE ¥ B 1A
o] Sjof &3h= 3.9 % )={v,, v]EE: v,ES, vEV | S}Z
of oJgt Ak cut)EE Aot} ESF M=y} UW,EM : there
exists p,& K such that E e <d}& 54 A7t 39
Hyog H]—E/\] __\Eﬂgop]: O}t "7;(4/] é}g’ K#={ pkEK :
2, S g A o7t gl A WgeR 47 A
gt} °l ‘IH, STPPOX S & E= W3 ds 7HAIAl S e
solnt,

*51—6

C/}

@A
1 7o} & B
X,= { 27t Hel = for all eEE
0134 Qo
14k v7} o) 2
= { 7k o 2 for all v;eV
0 134 o
for all p,€K

C A vo| A LS p, O] Sk
2 - A vl A kaI‘r“o and all v,EM,

PR
min E c.x,+ 2 2 bz 5
eEE PEKvEM,

ZAL AT 25

subject to
T, = 2y, ) 2
ceflen) Yi forallv,;e V @
Z; T, 22y forall SS Mandallv,ES )

e€4(8)
z; =4

;ﬂ k=0 forall p, EK ()
21 < QY forall p,€E K andall v,e M, ©)
z.€1{0,1} foralleE E ©)
y,€{0,1} forall v,E M\ M @)
Y= forall v,EM" 8
2,20 forall p,E K andall v,EM, )

9] Seluyel B
o ojulg o] $e Haskicks ouloltt 4 @) g vt
o] 2

Nike) &
= e FEee %:*% 4%(vertlces ﬂr 7‘4015 + 74l
kel

)= A Ze Asls)

)= u

(4)L— Z/a_qkl EHZ‘“ 7]’—_~0]‘ ’51

)= g t““’ afoF Zl
FHl7RsstaL Tl AlEe) 5 2

Vig o

i
e g

A @) 4 ©)

THA|

2
st &FA ol Y= A TPP(CSTPP, capamtated
symmetric TPP)9] ~2|&go]2} & 4= 9}, o]2fat CSTPPY]
£ Aote A A= d=1 for all k X ¢,,£10, 1} for all k and i
of 275 F7tetH &Aool §le= A TPP(USTPP,

uncapacitated symmetric TPP)7} Ht}, 88| oF 5-5of u2
STPP9| 7|& AATE QoFstH (Gt 2)¢F 2t

gl
HI
i
e
re
+

Ramesh(1981), Golden et al.(1981), Ong(1982),
Vop(1996), Singh and Oudheusden(1997),
Pearn and Chien(1998),

Uncapacitated Teeninga and Volgenant(2004),
Riera-Ledesma and Salazar-Gonalez(2005b),
Bontoux and Feillet(2008)
Laporte et al.(2003), Boctor et al.(2003),
Both Riera-Ledesma and Salazar-Gonalez(2005a),

Goldbarg et al.(2008), Mansini and Tocchella(2009)
Angelelli e al.(2008)

Capacitated
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2.2.2 ATPP

ATPP 48|13 =2 93f) SCrvel Sof dia] A©S), §7(S), 1
23l 5 (S)E ofefel 2ol Z2t Aofgith(Riera—Ledesma and
Salazar—Gonalez, 2006). T3t M* K*= STPP "3 o)A 2} &

Ut ofujojct, o] Wi ATPP|AS & A= WIS 7= W
F Bolrt,

={v, vl€d:v, v,ES)

v, vj]EAZ vES, V/-EV\S}

v, VIEAIvEV S, v,ESL

e

199} 5 a7} ool et
HAl EHHA ol aea

01

o
27 gpou

IR AV NE

_ { 23
"Voagngen

for all v,;eV

for all p,€K
and all v,;EM,

z - W violl A Tl gt p o] e

SRR
e ﬂz Cat P,,ZE]K w,gflabki/‘:h 10

subject to
uEﬁ'Z(:[z'l})x" Y forallv,eV (11
“EE })“:": Y forall v,;EV (12)
D TuZU forall SS Mandallu,ES (13

a€8°(8)

n-,EEM 2 = dy forall p,E K (14)
24 < Quilhi forall p,€ K andall v;EM; (15)
z,£1{0,1} for all a€ A (16)
y;€{0,1} forall v, € M\ M am
y; =1 for all v, € M* (18
21, =0 forall p,€E K andall v;E M, (19)
TTPY| &4 (10 STPPY| 792 54t ofnjo|tt, 4]
(11) 12 7 W8 iR fYAr(in—degree) 2 FE2

—_

out—degree)7} 217} 10]0joF §FS QJu|gic} Al (13)L ZH 29

Uetli= 202 S(EMU ] HHEE v

A2 74 2AFOIA HEEA] v} AZHS B o}, Al14)= Al
_]

o) 45}3] o) e Fofslolor & Lehde, of ),

re

AA (connectivity) S
O

)

=
PEK*OIH A (14)= 2= g, & WA 7Fssteh. 4] (15)= w4 v,
£ edllof AlE p s 7 Es skl e AlES] % e 1
B 357k % qg 20 4§l YERdth A (16)F
] A (197H]= 459 3 9 Aezde e,
871 ATPP 8B g o FA|1H oz FHsHH Aol
= HiA TPP(CATPP, capacitated asymmetric TPP)2] 4=
glzgolg} & 4 9l om o]gjst CATPPY| &3 AgkS A A s}
£ d=1 for all k ¥ ¢, €10, 1} for all k and i & 27& F7}s}
W A o] = HYhA TPP(UATPP, uncapacitated
asymmetric TPP)7} Ht}, §=FA|oF 70l w2 ATPPY] 7]&
AATE QofstH GE 3)¥} Lt

o

?.

AT
e}
i
re
4

Singh and Oudheusden(1997),

Uncapacitated Teeninga and Volgenant(2004)

Uncapacitated
and Riera-Ledesma and Salazar-Gonalez(2006)
capacitated

TPP dj4S 93 HHEL HAe d1es
algorithm), A} €al8]5(approximation algorithm), 84

g, 221 v LE R A-E Ths ottt

(exact

3.1 FA 3| &igE(exact algorithm)

Ramesh(1981)9] lexicographic search+= A} (dictionary)
oA 54 Tolo YHE FMeke AS sl A s izt
A el g Eolnt, Aol BB thol(partial word)
of ofal} AFSHhierarchy)== A2t FARBH AA wigds 2
Agto g e EE(block)52 318t Ztlower bound)S AAFsH
o] 11 Zhofl Wk AFAA &Al3Klexicographic order) Y& 7
A AsERt B4 £5& 23R &9 sistgto] dEdl &
(trial solution)?] & Z3tAY AE7Fs3l (infeasible
solution)7} ¥ £59] AU ARE L vy 555 FAT,



98T A4S 99 29 FhA 24 FA2A A7 27

% 25714 AR o) A2E el 220] Ha} Bk

] ot
& WAL ZRE AR 7] 9 o] FH]Golut FEE AL SFufH]E
e wYAoR Al o 24 A6 BAsl = sht dare]
Y HEEOR ) vf- 2> 27]¢] FA o ARt AR
2oz Ag 7hssit,

Singh and Oudheusden(1997)2 & =3
o A2 REgte s sasto] 7t Fapiedol tisf A =ulEat
Fuju]-g-9] ol tigt sk Albshs R ARHAM (branch-
and—bound)= A|FSF3ITE, o] wf }3He UFLPo A2} fFAFSHA

A2 relaxation E3l AL HA|(bounds)= F-EAEH
e freotn BEgo] she] A=E 23 A9 4
3|7} AHE o] Laporte et al(2003), Riera—Ledesma
and Salazar—Gonalez(2005b, 2006)7} £2]d et (branch
and cut) &1 ek

At —4;‘40}] dyEEL ?—ﬂ/\'ﬂﬂ E3tEo] AgHrf
Ramesh(1981)9] 7 T
neighbour &118]& ﬂi‘)ﬂ OP"M I’L@% Adshs Zlom Al
2kslo] g84 3 (greedy way) 22 T2 BE wS HHEA
02 Allsto] H2E SAsl= WHOR lexicographic search

IS5 A WA s 2R sk gatelE)el 28]
3 Z-&313ict, Laporte et al (2003)2 &3] daelEo] &
2 AE9] MAH(Market Adding Heuristic : $=23E WE314]

LR a1

Zote AES Tlidhs S TR O R AR F7kste] 7
ZE QAR et E oz HA7H o AlES Hlehs
o] YAES FAsto] YAE oA 2arzte] AlES Hul
St w2 Aeste] @A A&l Frlote 1 ofgs 7 AR
ARHEO F7HE 7w Aol 23A7I= WS 286t
%ct, E3F Riera-Ledesma and Salazar—Gonalez(2005b) +
A dae|5o AL ©5E flel A saving) 718k
Fej2g 7]l common cut—pool 71HS g4t vt Qe

3.2 oA €125 (approximation algorithm)

Ong(1982)= Golden et al.(1981)¢ GSHE 7fAlgt
TRH(Tour Reduction Heuristic)E 7R3t TRH= m7i2]
S sl wide] FEHTHsubset) s Zohs 27|42

o4 Altatel o olpe] o] HhAaHA kS ) N Ao
271 2 vAEE 7 s WS AlAShs dateEolth

Ravi and Salman(1999)2 LP(linear programming)

relaxation®] 7|5Fek AR GalE| 55 ARSI, ol o]F H]

L(travel cost)ell Hiall d<=A(logarithmic) worst—case H|&

Feag 7y Ao A4Ad FIAEE GSH
(Generalized Savings Heuristic)& 713t Golden et
al.(198D)& & &+ Sith. GSHe AFuA|9h 7H W 7H87H 0
7P B 9 AES Bishe S Zedshs 27 A=
(tour)E FA3FL 2 HHE(iteration) oA W] HO—E— Wz} 2= 713}
HBETS 7 2w S A A 2ol Afdste] o ol
of vl g0l WAk ok wi7hA] WHES Aldshs dalelE
ojct,

Pearn and Chien(1998)2 Golden et al.(1981)Z} Ong(1982)
9] 7]¥& 7)A413t PS-GSH(Parameter Selection GSH), TS-
GSH(Tie Selection GSH), 1221 CAH(Commodity Adding
Heuristic)& AIFaFSIT}, PS-GSHe 8he] 20171 ufjatolAf
of ] AHof 7HEAE ko] olFH[E didof Hst
= 7aE A7rekar(weighted saving function)E A3k
Fe]2Eolal TS-GSHE PS-GSHO =3 &xtol|l A 2| #7124 of
o W2 E7Y AES ljsh= wige] thrlizh RS A
L2 9F 74 Ve S AlEisle datefEolth CAHE &
£ AEE 2e migelA Fujzkssichs 71 shofl il gjAE
of Sl A WA AlFol izt 2|4nlE siE sk PLEY
s AlEE FistA 2anlgs WEdhe WS HE =
etAL mig wehs Sl 2o ARE sk dadgE
olct,

Teeninga and Volgenant(2004)= Golden et al.(1981)%
GSH, Ong(1982)%] TRH, 181 Pearn and Chien(1998)¢]
CAHeol| &85+ AMAAE (pre—processing)et 743t A4}
(intensification procedures)& 7W¥alct, WAl 4=m7h)2t
A& SemAW)7} Fdska zk2k 25, 50, 100, 200791 -]
sl GSH, CAH, 12|22 TRH Al 7|9 ¢, AAd,
dropopt, ~L2]aL A 2]-dropopt A&l gt 45 vlaLste]
GSH 7]¥ 0] AAAZHcomputing time)}2 22 A AW A
Al Ak BT} 7 2 St 7T IS Bl

Riera—Ledesma and Salazar—Gonalez(2005a)= &+ 719

o= %}% 7Fsgt 789 whEA 2o §A(LS, Local Search)
etateich A WA ool thigt Ak Foi7l A3

—{>' m{

ox,

7Fe B2 U9 Pl &3ke wiEe T B2 £3HA S
CEF uRER o7 HAAY= Ao R [ A HAF|7} LE)
AW gl 5 A 2

5 5 o =0 =
Z]"l\f ]”_‘?ﬂ' E’ﬁk—‘ E@EE ‘I‘OPS_ A
AFO

ks A= Yol ARlsls Aow 1

4
oo
o=
i
rlo
I
l:i:ll
EO
4
2o
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o
oL
N,

(objective function value)?] F4E &g},
2o Eof Goldbarg et al.(2008)°] TA(Transgenetic
Algorithm)& A|QF}AL}, o]+ Jain et al(2003)8] 4% 44
A} 0% (horizontal gene transfer)¥ Margulis(1992)¢] W54
(endosymbiosis) 7'9-& 283t F2|AE S 2 CTPPY|| tfgt A
Aol A TAY] 45& Riera-Ledesma and Salazar—Gonalez
(20052)9] LS ¢112]E 9 Laporte et al.(2003)2] H-A|&et &
N 53} vwsdct, T3t UTPPo| tigh AdoA+= Riera-
Ledesma and Salazar—-Gonalez(2005a)¢] LS ¢ilgls 2
Bontoux and Feillet(2008)2] DMD-ATA(Dynamic Multi—

\SgYe)

Dimensional Anamorphic Traveling Ants)2} A%< H]| w3t
ol ek

Angelelli et al.(2008)2 54 TPP(D-TPP, Dynamic TPP)
o] AL 9t B (greedy) Fel2EQl Product—driven,
Market—driven, Consumption—driven, 2121 Tradeoff-
A QFstSitt,
Mansini and Tocchella(2009)%

driven criterias

Riera—Ledesma and

ek 4 A1
&4 (enhanced LS) OL"ﬂ‘: el E}Ok?,sj o] &-EHH (VNS
Variable Neighborhood Search) 7S A<t 6}3%;} Riera—

Ledesma and Salazar-Gonalez(2005a)7F &84 A &)
ksl vh 9191 Mansini and Tocchella(2009)&
Theet Zolof B RE-S gAdste] BAo] 2|9 ez E
Holu= AL fxst Aa7FeA (feasibility) S AA ¢oH
BRI AAE skl AR dardlss
A8kt Ee AA 7bedt A& Wi 9 FHdighol
Riera-Ledesma and Salazar-Gonalez(2005a)9] 7949 At
ol o] 2] FaL A 1A Fof] Mgtk AP E TS ApEs}
Hrt, VNSt o] %E29 <4 (a sequence of neighborhoods) N,
(), 4=1, | qmacs A748FAL F20130 ¢ 2 3 sofl Tl N, (s)ol
&8l 3l 5" 5 g7l A Wi AT S ol s=RE Ao
s"of thelf A et AAE 288l Aolet, of2gt FeiE 7]
e Hgsteo] UTPPYIA Riera-Ledesma and Salazar—
Gonalez(2005b), CTPPOA] Laporte et al.(2003)%] A&Ax}

o} vl awsiirt,

an

3.4 HEl T2 A8 (meta—heuristic)

ﬂﬂE% ﬂﬁralia 719 A8t dickeo] TPP A7 519 AL
1717] $18f ef Fejaeat Ak stof

7 ‘aﬂ S Ajkstaart.
71HE Mz TPPol| A&s}o]

Eﬂ c (hybrld) e A
Vo B(1996)= HEREA

54 EFA A (dynamic TS, dynamic Tabu Search)} Al&d|
oJE|E oJd(SA, Simulated Annealing)oll 78kt ARE 2|2
SHpost—optimization) AAE AASIGT}, 1 B 2{AES]
9= 8l F 7HA 53 e reverse elimination method
9} cancellation sequence methodZ A9teF3ic E3 27| 7
2 & S8l = 7HA Fel2E ARl ADD-procedure®}
DROP-procedure® Attt AAl= 2L w2 =2
este] A7kt A2E AAskE RHEA AAtoln] FAk=

< WS 28k 2o A AlZkste] o Agjulch 71 £ )
9 S THA 2w WA AlASHs el e AdE §

oH CTPP°ﬂ sl A= SA7E UTPPe| thallAles TS7h 93t A4
< 24}
Boctor et al.(2003)& Pearn and Chien(1998)2] &2|AE

714 Beksto] TSofl 7|9kt PH(Perturbation Heuristics) 7]
5t UTPPORE etAA o2 ALE 4= Q)= Pearn
and Chien(1998)¢] CAH 7|#-& H3t PHE= A 7FA 2 UTPP
9] 3 24< 918 UPH1Z} UPH2, CTPPS] a1 2-& $Igt CPH7F 1
Zolet, o] Al 7HAl 71 wi A A (market drop), "HEAY
(market add), "&2&Hmarket exchange), TSP #2|28, 2
AH]-84-% (cheapest insertion), ¥ A7 (double market
drop), ¥ " double market exchange)®] 7714] 7]E4]
HAE AR ohE o2 E3sto] Agsh= Alolth
Bontoux and Feillet(2008)2 ACO(Ant Colony
Optimization) &1 gEg 7|92 A9 713t5 ¢
Riera—Ledesma and Salazar—Gonalez(20052)2] LS ¥i1g]
52 A% DMD-ATA 431e)5E 7dsisich. UTPPO tis)
A&7 42 A 9 A (instance)ol 3= Laporte et
al.(2008)9] AT are)Eo) A At} vluskal 2487t

He Al

E 4. TPP 3 £8

T2 AT
Ramesh(1981), Singh and Oudheusden(1997),
2 A 3 Laporte et al.(2003),
druglEs Riera-Ledesma and Salazar-Gonalez(2005b),
Riera-Ledesma and Salazar-Gonalez(2006)
e .
oty 7= Ong(1982), Ravi and Salman(1999)
Golden et al.(1981), Pearn and Chien(1998),
Teeninga and Volgenant(2004),
ZelaH Riera-Ledesma and Salazar-Gonalez(2005a),
Goldbarg et al.(2008), Angelelli ef al.(2008),
Mansini and Tocchella(2009)
. Vop(1996), Boctor et al.(2003),
kol E]
e el E Bontoux and Feillet(2008)
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A R)2] & | Ao th3]A+= Riera—Ledesma and Salazar—
Gonalez(20052)9] LS ¥ie)5a} Blusto] 11 452 A58
o} o|Ae] =99 vHE Aeshd Gk 4)9F ),

4. TPP W
4.1 o]%E2 TPP(Biobjective TPP)

TPPO] Huls} A4L
£Ao]tHMansini and Tocchella, 2009),

BAT)A AYE = H]LQ 0] A}
% Fijnlg-9
Hae ol 5H 8o F7HE 2T 4= dth= Aolth, o]zt o4
< HY317] Y3to] Riera-Ledesma and Salazar—Gonalez
(2005h)%= ©]FE2] TPPQTPP, biobjective TPP)S A|¢kae]
t}, o]= TPP| 2 7|&(bi—criteria) HAC2 Fuju]&3} o]
H-§9] 2a3kE 7 9] #eH HAo s st} 2TPP| 4
H2 ahLte] Hlg3ro] dHAl(bound)E A8 A ThE Hlg3t
ol thet & Hoto] APEA F7Hdecision space)ollAe] 2t
# & 2| 43l(pareto optimal solution)E Ao ZH F H|&
8470 it (trade—off)ol| Tt B2 AlF3ict

o]?‘s}

4.2 %4 TPP(D-TPP, Dynamic TPP)

Angelelli et al.(2008) T 717 Lefshe 7]E At
oF 2] AjHe] 35l whet “HXWW sl AlE9] 45k
(quantity)o] Fa3-& 7Hdsk= D-TPPE Aletstgith. 7]&9]

FE0] FAA(deterministic)0] L A2 (static)l A 7H

3 2ol Wb D-TPPE A|7+e] 80| wlel A|AE 9] $H7o]
H3lel= B4 (stochastic) Aol 412 TPPet & 4= Qltt,

D-TPPollA] = 743t Al T 1% e o9 JE%
APl LA A AL AZEE) BEo]| wt AlSE & F
2l AHd(event)o] ABHH Al O] 2L HH I} QA AAR
oA AlTdrhes Aoz 54 AlES) ol dastH AArE%
A= SA daE e et DA Y] YRS el5EA
ek, D-TPPAIA g,= Aol didt B¥l57F eH4(non-

fJN

O_l.,

increasing function)2 A|7+e] 20| ulg} HYst gho] $-A|H
7 B At B 218 Sk girks BAAS vhdein] A

7 flthe A4S

A& E9sk= At = 002 7HEEY 6%, ¢fs TR il A o

m5h= Al k2] AR 0t ol A o] eake 242t omlgi, Eot ’\]

e 5o ukeh AlE aestel M(EM
M(EM)E ARE oA o3d8] AlEE drfishe A e, 0414

3] Al kS ook o] A 212 ofvietth, ol A%

o] FATS

Stolli D-TPPE o218}
£ FUATHS FHI S BuT s B

TEEE HAgfehHA BE A
qlole.

4.3 9AHA| 2k} TPP(TPP-B, TPP with budget
constraint)

Mansini and Tocchella(2009)7} A|¢tgt
TPP(TPP-B, TPP with budget constraint= 4% U
o] FH| &} FufjH]go] aHEH AT 7] & TPP T
F-of 2pstste] o) FH|go] HAG oA 2431 SufE|
& A FA ol Al AL ATk Al olet,

TPP-B| 2| 3ol 285 (AA)He 9 AR 7]&
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Effect of Environmental Regulations on Supply Chain Environmental
Management and Supply Chain Management Performance

Chan Kwon Park - Chae-Bogk Kim'

"School of Business Administration, Kyungpook National University

Recently, the companies should satisfy their customers and the stakeholder°@s environmental desires and are
required to employ eco-friendly economic activities. Therefore, they have to observe environmental regulations,
basic factors of eco-friendly economic activities. This study navigates how environmental regulations affect supply

chain environmental management and supply chain management performance.

Environmental regulations were selected as the independent variables. As the detailed variables of supply chain
environmental management, design for environment and reverse logistics were chosen. As the detailed variables of
supply chain management performance, eco-efficiency, financial performance, corporate image improvement,
productivity improvement and advantageous negotiating position were selected.

After selecting those variables, environmental regulations were assumed to affect supply chain environmental
management and supply chain environmental management was assumed to influence supply chain management
performance, and then hypothesis concerning the variables were established to conduct regression analysis.

According to the study result, environmental regulations positively affect supply chain environmental
management, and supply chain environmental management positively affect supply chain management performance.
In addition, it is verified that supply chain environmental management plays a mediating role between
environmental regulations and supply chain management performance, and the analysis result shows that design for
environment and cleaner production don°@t play a mediating role of corporate image improvement.

Keywords: Environmental Regulation, SCM, SCEM, SCM Performance
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Simultaneous Determination of Berth Schedule and
Quay Crane Allocation

Won-Bong Lee” - Pyung-Hoi Koo™!

‘DadaC&C
" Dept. of Systems Management &Engineering, Pukyong National University

This paper addresses berth scheduling and quay crane (QC) allocation problems in seaport container terminals.
Identifying the berth and QCs as bottleneck resources, we present an optimization model to simultaneously
determine the berth schedule and QC allocation, with the objective of minimizing ship turnaround time. Since the
optimization model is a NP-hard, a GA(genetic algorithm)-based berth scheduling procedure is proposed to solve
real problems. Numerical experiments are performed to verify the performance of the proposed models.
Experimental results show that our study can drive a berth schedule and QC allocation decision of satisfactory
quality.

Keywords: Berth planning, quay crane allocation, genetic algorithm, container terminal
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Implementation of a vendor-managed inventory agreement in a two-
stage push-pull supply chain - The effect of variable production lot size

Eungab Kim'
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We consider a supply chain with a component manufacturer and a customized end item manufacturer in stage
under a vendor-managed inventory (VMI) agreement. The component manufacturer continuously reviews both
component inventory and backorder status at the end item manufacturer. Based on this information, the component
manufacturer dynamically determines production scheduling and lot size which is the multiple of the basic lot size.
The goal of this paper is to find the component manufacturer's production policy which minimizes the total supply
chain cost. From numerical experiment, we investigate the impact of the variable production lot size on the supply

chain cost.

Keywords: Two-stage supply chain, Vendor-managed inventory, Production lot size, Continuous review,
Component production, Customized manufacturing

1. Introduction

In this paper, we consider a supply chain consisting of a
component manufacturer (hereinafter push facility) and a
customized end item manufacturer (hereinafter pull facility) in
stage under a vendor-managed inventory (VMI) agreement.

With the spread of supply chain management and information

technology, suppliers and manufacturers have payed more
attention to coordinating their production activities through the
agreements such as VMI (see, Kuk(2004)). Such agreements
usually transfer the management of inventory to the supplier
and imposing penalties for both overloading and underloading
the inventory. Through this transfer, a retailer can attain a high
customer service level with low inventory costs. VMI was first

successfully popularized in late 1980’s by Wal-Mart and
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Procter & Gamble, and later became one of the key programs
in the ‘quick response’ initiatives (Walter et al.(1999)). Lately,
it has been also widely implemented by many suppliers in
high-tech industries.

The pull facility faces customers from the market with the
option to reject and provides service for accepted customers
using components. Order rejection can be used in practice
when a firm with a limited production capacity has to face
unexpectedly huge demand. For instance, with the shortage of
nicotine patches, Ciba-Geigy Ltd., Marion Merrell Dow Inc.
and American Cyanamid Co. had to ration products to their
customers. General Motors adopted an order rejection policy
against buyers for its hottest-selling vehicles due to capacity
limitations (Yang et al., 2006).

The push facility continuously observes both the
component inventory level and the size of customers waiting
for service (hereinafter backorder). Based on this information,
it determines whether or not to start a production.
Furthermore, if it decides to produce, a decision must be made
on the production lot size, MQ where M is an integer and Q is
the basic lot size.

The goal of this paper is to find the push facility’s
production policy which minimizes the total supply chain cost.
In this paper, we also investigate the impact of the variable
order quantity on the supply chain cost.

Our model has a common feature with make-to-order
inventory-production systems in the literature. He and
Jewkes(2000) showed the order size for order-up-to policies as
the economic order quantity. He et al.(2002) studied a policy
with varying order quantity according to the backorder level.
Consideration of admission and production control is limited
in this area. Berman and Kim(1999) characterized an optimal
policy with a threshold admission control. Kim(2005)
extended Berman and Kim(1999) by considering a stochastic
lead time. Compared to the references, our model is distinct in
that order quantity is varied depending on the system status.

Our model can be viewed as a dynamic (r,n,Q,T) model
where the system reviews its inventory every T period. If the
inventory position drops below r, the system orders a quantity
of the smallest integer multiple of batch size Q so as to bring
the inventory position above r. The (r,n,0,T) model was first
studied by Hadley and Whitin(1963). Kiesmuller and

o,
<

7

Kok(2006) analyzed the waiting time of this model. Larson
and Kiesmuller(2007) found a closed-form cost expression
under a compound Erlang demand process. Maxwell and
Muckstadt(1985) showed that the power-of-two policy is near
optimal, assuming deterministic demand. The (r,n,Q) policy, a
special case of (r,n,0,T) policy with T=1, has been extensively
studied and we refer the reader to Chen(1998) for a complete
review.

The literature with dynamic admission and inventory
/production control is also found in make-to-stock and
assemble-to-order systems with multiple demand classes.
Using the framework of Markov decision problem, the
references identified the structure of the optimal admission
control and inventory rationing policy under different settings
of the problem (Ha(1997a), Ha(1997b), de Vericourt et
al.(2002), Benjaafar and ElHafsi(2006), EIHafsi(2008), and
Carr and Duenyas(2000)). A detailed literature survey for
admission and inventory/production control is found in
Teunter and Haneveld(2008).

Our model contributes to the current literature of make-to-
order production-inventory systems in the following two
essential aspects. First, we consider both production decision
and order quantity. Second, we explicitly incorporate setup
cost into the model and examine its impact on the optimal
policy. In particular, the second aspect has not been covered
yet in the references with joint dynamic admission and
inventory control. Since a setup cost is not considered, they
assumed that the batch size is one. In addition, production can
be interrupted before its completion, which is inappropriate in
real applications.

The rest of the paper is organized as follows. We describe a
problem in the next section. In Section 3, we provide a
formulation of our model. Section 4 identifies the optimal
policy. In Section 5, we present a numerical procedure that
finds the optimal performances. Section 6 discusses the results
of numerical experiment and the last section states

conclusions.

2. Problem description

Customers randomly arrive at the pull facility and are
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rejected if the backorder level reaches a threshold, N.
Therefore, N represents the maximum size of backorders.
Whenever each customer is rejected, a penalty cost of ¢, is
incurred. A backorder cost is assessed at rate ¢, for each
backorder. A customized manufacturing for each accepted
customer is processed using a component. Each customized
manufacturing time is a random variable with mean /.
Component production lead times are random with mean d"'.
At each instant a production order with mQ units of
component is placed, a setup cost of f{m,cy) is incurred where
m is an integer with 1 <m <M and ¢ is the setup cost of
producing Q units of components. We call M the indicator of
the maximum production lot size and Q the basic lot size. It is
assumed that f{m,c) is increasing in m. For each unit of
component in inventory at the pull facility, the push facility
pays a holding cost incurred at rate c,. Figure 1 illustrates a

schematic model of the problem described above.

Random arrival

PULL with rate A
facility Back \ <——— |customer
orders
A
: Random Rejection
manufacturing times
with mean «7

Supply under
VMI agreement

Customized
end item

pusH | fendom > Controlled
facility lead times
with mean d-' — Uncontrolled

Figure 1. A push—pull SCM under VMI agreement

3. Model formulation

For insights into the VMI implementation, we model the
problem using an Markov Decision Process (MDP). To this
end, we assume that customer arrival process follows a
Poisson process, and both customized manufacturing and
component production processes have an exponential
distribution. Respectively denote x, and x, the backorder and
component inventory level. The model is described by the
vector (x,,x,,0,m). The integer m is an indicator of the

production lot size. The indicator § describes the status of
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component production: §=1 implies that a production batch
with size mQ is in run while =0 means no production is in
process. Note that m)0 if §=1; m=0 if §=0. Also note that a
production can start only in state (x;,x,,0,0). The following
state transitions can be considered in (x,,x,,8,m):

* Customer arrival: When x,<N, x, increases by one.

« Customized manufacturing completion: x, and x, decrease

by one, respectively.
+ Component production completion: x, increases by mQ
and § becomes zero.

* Production batch placement with size kQ : §=1 and m=k .

Let v(x,,x,,0,m) be the optimal value function in state (x,,x,,
6,m). In the following, we define the value iteration (VI)
operator T on v(x,,x,,6,m), assuming that M is given. In fact, T
decides the optimal action in state (x,,x,,8,m) for the next state
transition. Let y=A+8+d. Transitions in current state (x,,x,,
6,m) can be either customer arrival and customized
manufacturing completion when §=0, or customer arrival,
customized manufacturing completion, and component
production completion when §=0. Then, Tv(x,,x,,5,m)

becomes

min{Pv(zr), 2,,0,0,0< k< M}, if6=0,m=0 (1)

R]f’(51,12_5s7?1)~ otherwise.

T(z, x, 6,;m) =

In (1), Pyv(x,,x,,0,m) is the value function corresponding to
the action of not producing component in state (x,,x,,8,m) and
it is given by

Pyl 2y 6,m) = (6,2, +eyz,) [y

+u/r{vlz, = 1,2, — 1L,6m)1(z,2, > 0)+v(z), 70,6,m)1 (2,2, = 0)}
+Mv{ole, +1,20,6m)1(z, < N+ (wlz),5,,8m) +cp)l(x, = N)}
+d/y{vlz), zy 6mN(E=0,m=0)+ v(z,. 7, +mQ. 0,001(6 = 1,m > 0)}.

@)

Pv(x,,x,,0,0) corresponds to the action of producing kQ
units of component in state (x;,x,,0,0). To see (2), we first note
that the expected length of time between state transitions is
1/y because all process times are exponentially distributed. In
(2), (cx;Fcyx,)ly is the expected backorder and holding costs
during 1/y, the terms multiplied by A/y represent transitions
generated with customer arrival, the term multiplied by u/y
implies transition associated with customized manufacturing,
and the terms multiplied by d/y imply transitions associated
with production of mQ components. From the definition of P,
and P,,

3)

P u(r]‘ J"._,,O![]) = f(fr.('ﬁ-) +P,,1‘f.rl. Ty, 1.k).
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From ch 8 in Puterman(2005), the Bellman's equation for

the average MDP is
@

g(M)+v(z,, 25, 6.m) = Tb(z), 25 6m), §=0,1, 0= m< M

where g(M) is the average cost during 1/y, given M. To find

the best value of M, we solve the following equation:

®)

M= argmin,, g(M).

If M is found using (5) via (4), the optimal production
control in state (x,,x,,0,0) is determined by mQ, 0<m< M,

depending on x, and x,.

4. The structural properties of the optimal
production policy

In this section, we investigated the structure of the optimal
production control. To this end, consider a VI algorithm to
solve for (4):

(6)

¥z, 2y, 6,m) = "}, 2, 6;m), n 20

where

min{ﬂ v" (2,25, 0.0).0 < k < Af}l ifd=0m=0

P (x, x, 6,m), otherwise

™

TV (@, @, 6,m) =

where P, and P, are defined in (2) and (3) and
V(x,,x,,0,m)=0 for every state (x,,x,,0,m). VI algorithm is most
widely used for solving MDP. It iteratively solves v*'=Tv",
n=0,1,... until |Tv"—v"|, the difference between the maximum
and the minimum of component-wide deviations of 7v" and v/
is within a termination criterion. It is usually set to 107 in the
literature. Therefore, VI algorithm of the average cost MDP
approximately finds a constant to which |Tv"—v"| converge.
This constant is known as the optimal average cost. If VI
algorithm stops at the (/+1)" iteration, v~ Tv' and g(M) is
given by the average of the maximum and the minimum of
|Tv*—v7|. The following theorem shows that v’ converges to v

and (4) has a well-defined solution.

Theorem 1. An integer /, a constant g(M), and a function v
exist such that
VT (2y,25,8,m) — (nd+7)g (M) — vl xp8m)

for all r=0,...,[-1asn—o0,

Proof. We apply the same argument as in Theorem 1 of
Carr and Duenyas(2000). x,c,/y is the cost of holding x,
components during 1/y. Suppose x,c,/y >Mcy. Then, it means
that the pull facility already has sufficiently large component
inventory. Hence, the push facility does not have any incentive
to produce MQ units. This argument limits the maximum size
of component inventory to x, <Mcy /c,. We also have x; <N
by assumption. Since the original problem can be transformed
into a finite state problem, by Theorem 8.4.1. in
Puterman(2005), the result follows.

Theorem 2. For the average cost problem defined in (4),
there exists a stationary production policy that is average cost

optimal.

Proof. From Theorem 1, our original MDP problem can be
formulated into a new MDP with finite state space. It can be
easily shown that this finite MDP problem generates an
irreducible aperiodic Markov chain. Furthermore, since only
two control actions can be applied to each state (x;,x,,0,0), the
action space is finite. Therefore, the result follows from
Theorem 8.4.5. in Puterman(2005).

Numerical investigation suggests that the optimal
production policy has the following set of the structural

properties even though we cannot prove it.:

Conjecture. (i) Let
7, (z):=min{z,: P, v(z) z,0.0)} 8)
where
m=argmin{l < k < M: Pu(z,,z,,0,0)}. 9)

Then, the sequence {r,(x,) <m< M} exists such that r,(x1)
decreases in m and it is optimal to produce mQ components if
Pt ()0 <7 (X))

(i1) r,(x,) increases in x,.

From Property (i), the production control is managed by M
switching curves and an increase in m given x, leads to
lowering a switching curve. From Property (ii), the switching

curve will be higher if x, increases. To illustrate the structure
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of r,(x,), we compute a numerical example. Customer arrivals
are Poisson with 1=0.5. Customized manufacturing and lead
time processes are exponential with =1 and d=0.1,
respectively. Setup cost of the basic lot size is ¢,=400, and
customer rejection penalty is ¢,=10. Backorder and inventory
cost rates are ¢,;=4 and ¢,=1 respectively. Maximum size of
backorders is N=13, and basic lot size is 0=10. The indicator
of the maximum production lot size is M=2. Setup cost with
m@Q units of component is f{im,cx)=400m, m=1,2. r,(x,) and
r,(x,) are found using the optimal solution procedure in
Section 5. As shown in <Figure 2>, production and admission
control depend on x, and x,. For example, in state (10,1), the
push facility produce 20 units of component and the pull

facility accepts an incoming customer.

X
> r7(X7) (RG)
— (X)) Reject customer
- === Admission control . & Do not produce
15 (R1)

Accept customer
& Do not produce

Reject customer

| (R5)
1 & Produce Q units

(R4)
Reject customer
& Produce 2Q units

Accept customer

(R3) 1
& Produce 2Q units ;

Xi
10 15

Figure 2. Optimal switching curves

5. Optimal solution procedure

In this section, we present a numerical procedure which
given M and Q, jointly finds the optimal value function v, the
optimal average cost g(M), and the optimal switching curves

{r,(x),1 <m<Mj}. Let e be the termination criterion.

1. Initialization: Set n=0 and v(x,,x,,6,m)=0.

2. Value iteration step: Implement a VI on v” via Equation

FFA FE AL 2
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().
3. Termination test: Perform the following convergence
test:
b,=min,, rrﬂ_m){i’b" (z,,5,8,m) =" (ml,zz,ﬁ,m)} (10)
b= ma.x(,l_i‘r,i‘",,{fb" (s 8:m) — 0" (2, 20,6,m) ). (11)
If (b,—b,) = €. for every state (x,,x,,0,m), let
" Nz z 6,m) = TV (2),25,8,m) — T4 (0,0,0,0). (12)

Increase n and go to Value iteration step. Otherwise, go to
Evaluation step.

4. Evaluation step:
Let v(T,Tpdm) = T (z,.z,.0,m), (M) =(b,+ b,)/2,

m=argmin{l <k< M:Pu' (;l','l,.L'z,D.U)}, and

7, (@, ):=min{z, : B, v"(,,2,,0,0)}. Stop the procedure.

Since we cannot prove the convexity of g(M) with respect
to M, we iterate the optimal solution procedure over the set of
possible values of M and find M which achieves the best

performance.

6. Numerical study

In this section, we examine how much the variable lot size
(MQ policy) contributes to lowering the cost, and under what
parameter conditions it is more effective over the basic lot size
control (Q policy). To this end, we present the specific sets of
examples rather than with randomly generated examples. Test
examples and results are reported in Table 1. We conduct 8
sets of computational experiments.

In all numerical experiments, we assume that Q is the
economic order quantity(EOQ); /2¢,M/e,. Columns 2-9 show
the parameters, column 10 EOQ. Column 11 g, the optimal
average cost of O policy, and columns 12-13 the optimal
performance of MQ policy. % in column 14 denotes the
percentage performance difference between Q and MQ
policies obtained from (g—g(A")) / g(M")x100. In numerical
experiment, f(m,cy)=mcy, that is, set up cost is linearly
increasing in m.

The details of numerical experiment and managerial
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insights are as follows:

« Impact of ci on the performance difference (Examples I-
4): We analyze the impact of setup cost by varying ¢,
from 100 to 250 in steps of 50. The result shows that the
% values is decreasing as ¢, increases. Since the increase
in ¢ restricts production, it is likely that the beneficial
effect of MQ policy under a higher setup cost will be

smaller than that under a lower setup cost.

* Impact of c; on the performance difference (Examples 5-
8): We analyze the impact of rejection cost by varying it
from 5 to 20 in steps of 5. To clarify the impact of ¢, on
the optimal performance, we considered a supply chain
scenario with heavy traffic and long lead time process.
The result 5-8 shows that the % value increases in cy,
which implies that MQ policy becomes more effective

than O policy when order rejection becomes expensive.

Table 1. Performance comparison of Q and MQ policies

Parameters Optimal performance

= Cx Cr o C-, A u N EOQ g M* gm*) %

1 100 13 3.5 1 0.55 1 0.015 13 11 47.81 3 40.37 18.4
2 150 13 46.80 3 41.51 12.7
3 200 15 45.84 2 41.76 9.8
4 250 17 45.03 2 4222 6.6
5 100 5 3 1 85 1 0.007 13 13 42.69 2 42.44 0.6
6 10 13 46.23 3 45.61 14
7 15 13 49.78 3 48.77 2.1

8 20 13 53.32 3 51.76 3.0
9 150 20 2 1 0.7 1 0.01 13 15 37.84 2 36.98 23
10 3 15 49.79 2 47.54 4.7
11 4 15 61.73 2 58.09 6.3
12 5 15 73.68 2 68.64 73
13 300 15 5 1 0.5 1 0.005 13 18 67.86 2 63.18 74
14 2 13 70.77 3 67.76 4.5
15 3 10 72.12 3 70.91 1.7
16 4 9 72.50 3 72.29 0.3
17 100 10 4 1 0.3 1 0.01 13 8 50.41 3 35.60 | 41.6
18 0.5 10 54.00 3 45.38 19.0
19 0.7 12 56.86 3 52.90 7.5
20 0.9 14 59.55 2 58.68 1.5
21 100 20 4 1 0.9 1 0.01 13 14 67.15 2 65.28 2.9
22 1.1 14 66.84 2 64.26 4.0
23 1.2 14 66.56 2 63.36 5.1

24 1.3 14 66.33 2 62.59 6.0
25 100 10 3 1 0.6 1 0.02 13 11 40.72 3 36.23 12.4
26 0.04 11 34.20 2 31.14 9.8
27 0.08 11 25.76 2 25.61 0.6
28 0.16 11 20.50 1 20.50 0.0
29 130 20 3 1 0.75 1 0.02 8 14 36.64 2 36.15 14
30 10 14 42.44 2 41.24 29
31 12 14 48.32 2 46.55 3.8
32 14 14 54.26 2 52.07 42
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* Impact of ¢, on the performance difference (Examples 9-
12): We analyze the impact of backorder cost by varying
¢, from 2 to 5 in steps of 1. To clarify its role, we
considered an expensive rejection penalty so that more
customers can be accepted. Examples 9-12 show that an
increase in ¢, enlarges % value. This implies that when c,
is large, MQ policy can be a more cost effective way than
O policy. It is also observed that an increase in ¢, does
not affect M.

Impact of c, on the performance difference (Examples

13-16): We analyze the impact of inventory holding cost
by varying ¢, from 1 to 4 in steps of 1. A scenario is
considered with expensive setup cost and long
production process so that larger inventory can be kept.
Examples 13-16 show that % value decreases in c,. That
is, MQ policy can be more valuable when holding cost is
small. We also observe that M weakly increases in c,. It
indicates that when ¢, is large, giving more flexibility to
production lot size with smaller basic lot size becomes

essential.

Impact of A on the performance difference (Examples 17-
20): We analyze the impact of customer arrival rate by
varying A from 0.3 to 0.9 in steps of 0.2. A scenario with
a small ¢ is considered so that frequent production can
be allowed, and with a high ratio of ¢,/c, so that rejecting
customers can be activated. Examples 17-20 show that %
value can decrease in A. In particular, case with A=0.3
shows that MQ policy can significantly outperform Q
policy under a light traffic. M" tends to decrease weakly
in A. It implies that under a low traffic, giving more
flexibility to production lot size with smaller EOQ is

essential.

Impact of 1 on the performance difference (Examples 21-
24): We analyze the impact of customized manufacturing
rate by varying y from 1 to 1.4 in steps of 0.1. To this
end, we considered a base example with A/4=0.9 and
increased the value of 4. Examples 21-24 show that an
increase in y enlarges % value, which means that it is
important to use MQ policy for fast customized
manufacturing. Interestingly, the increase in x does not
affect M even though one might think that an increase in

x will increase M. This is because customer admission

e
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control is not affected by the increase in . Hence, there
is no incentive to keep more component inventory by
increasing M.

Impact of d on the performance difference (Examples 25-
28): We analyze the impact of the lead time rate by
varying d from 0.02 to 0.16 in steps of twice. To clarify
its impact, we considered a small ¢, so that frequent
inventory replenishment can be placed. Examples 25-28,
we observe that MQ policy can be more valuable when
production process is slow than when it is fast, which is
consistent with references in the inventory control
literature.

Impact of N on the performance difference (Examples 29-
32): We analyze the impact of maximum size of
backorders by varying N from 8 to 14 in steps of 2. To
clarify its role, we consider large ¢, and ¢, with high ratio
of A/u. Examples 29-32 show that an increase in N tends
to increase % value, which indicates that for large N, MQ
policy can contribute to saving costs. Interestingly, M’ is
not affected by the increase in N even though more

backorders can be kept.

Next, we discuss the cross impact among multiple

parameters on the percentage performance difference between

g and g(M"). Since there are a number of combinations among

parameters, we present the cross impact of ¢, and A, which is

shown in <Figure 3>. We consider the first set of examples in
Table 1 as a reference set and vary A: 0.45, 055, 065, 0.75,

0.85. <Figure 3> shows that given cy, the percentage

performance difference between g and g(M’) becomes larger

30.0
4\ —— 1 =045
25.0 —=— 1 =055
\ —a 1= 065
20.0 .\ \ 2=075
% 15.0 \ 1=085
10.0 1
50 F—
L
0.0 Cy
100 150 200 250

Figure 3. ross impact of ¢y and A
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as traffic intensity decreases. This phenomenon is more
apparent when ¢ is low. This result implies that the variable
lot size control can be much more effective under a light

traffic and a small ¢y, compared with the basic lot size control.

7. Conclusions

We considered a supply chain with a component
manufacturer on the push mode and an end item manufacturer
on the pull mode under a VMI agreement, and studied a
production control with variable lot size depending on the
system status. Numerical investigation showed that the the
optimal control is characterized by switching curves. We
examined how much a variable lot size can contribute to cost
reduction and under what conditions it is much more favorable
over a basic lot size control. Numerical findings suggest that it
is crucial to examine the cross impact among multiple
parameters. For example, more meaningful observations were
derived from the cross impact of ¢y and A on g and g(M").

The methodology developed here provides a simple basis
for estimating variable production lot sizes and supply chain
costs based on test examples, which restricts the applicability
of our model. To provide managerial insights for component
and end product manufacturers, a more elaborate
computational study is needed based on real company data. To
do so, one needs a richer model than our model, which will be

a viable direction of further research.
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Today, environmental changes and technical advances are changing the way of postal logistics services, and are
changing the awareness and usage of Postal logistics of consumers. This paper is a case study that shows the
development of demand forecast information system for local postal logistics is used in simulation and it helps
decision for logistics facilities install or logistics. The system is used in simulating and making decisions on postal

logistics network design problems such as facilities location and construction.

Specifically, postal demand forecasting system in this paper has been developed to analyze the impact of
descriptive statistics showing the social change and business cycle of South Korea to local postal logistics, and to
analyze changes in patterns of South Korea local postal logistics user with the passage of time, and accordingly time

series forecasting and casual forecasting for decision-making.
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QI3 nag7 i
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J(normal equation)< 4] (
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wtebd 24 2k 24 b WEE 4 69 7 $AAS o

goto] A (1) Zro] Arfste] ek 4= ek,
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FHEFE H% =T o5S Azt Slol, o 9] 24
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Gste] 89 54 ANE 2 AUz 28T 4 g 75w
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3.4 AAE &4 75

SHER & is)
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Distribution Planning for a Supply Chain to Satisfy Target Service
Level with Non-stationary Demand

Ick-Hyun Kwon'

"Department of Systems Management Engineering, Inje University

This paper addresses a distribution planning scheme for satisfying fill-rate type target service level under non-
stationary demand environment. The model considered in this paper is a serial inventory system where N nodes are
arranged in series. For this problem we first propose a new adaptive forecasting scheme which is aimed to make up
for the drawback of the existing adaptive forecasting approach. And then we propose a heuristic distribution planning
procedure which determines base-stock levels dynamically at each time period by decomposing the considered
model into a number of independent single node models. In order to solve these subproblems efficiently, we utilize a
result derived by Sobel(2004) that can calculate an exact base-stock level for a single node model under fill-rate
constraint. A simulation based experiment was performed to evaluate the performance of the proposed distribution
planning scheme.

Keywords: supply chain management, non-stationary customer demand, service level, serial inventory system,
adaptive forecasting
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A Variable Neighborhood Search (VNS) Based Approach for
Periodic Vehicle Routing Problems

Taesu Cheong'

"School of Industrial and Systems Engineering, Georgia Institute of Technology

In the paper, we present a variable neighborhood search (VNS)-based heuristic for the Periodic Vehicle Routing
Problem (PVRP). The PVRP generalizes the classical Vehicle Routing Problem (VRP) by extending the planning
horizon from a single day to multiple days. The proposed algorithm in this paper is based on concepts of VNS and

local improvement heuristics. Computational results are presented for the 32 benchmark instances from literature,

and the solutions generated by the proposed method are compared with best-known solutions so far. The results

indicate that the proposed approach has produced competitive quality of solutions with benchmark results, and for 12

out of the 32 instances, the proposed approach produced equal or improved solutions.

Keywords: Periodic Vehicle Routing Problem, Variable Neighborhood Search
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T(depot)oll = AeF-EF(vehicle capacity)©] Q2 mtHe] A
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(Periodic VRP: PVRP)= A7|7to] 815 o4 (T>1)o]H, 4=
QA W2 A7 B WS4 (visiting frequency)7} A
olaitt, ZF =AM iT AZ7ITE ol §IEA] £ 31411 HHES)
of sl o] 5 WESlet YA Eot 7 oAy MR Ui

152 whEets 54 M3 HE YA T (visit day
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Aol A= ololl et s B7Igtch upx|eto g 7ol A
£ Y T dehs =03t
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(it
K-S
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2. 0¥ Fd A7

PVRPE= theeh -850t A3ttt ol 50, dejHlold
o 271491 42 B (Blakely et al., 2003), H71& 4
(Beltrami and Bodin, 1974 Kim et al., 2006), H#] 7] 4
(Baptiste et al., 2002), 714l A#7] 2] (Rusdiansyah
and Tsao, 2005), A% E=ATE 719 2] tfof 9l 27]2Q] Auj
2] (Francis, Smilowitz and Tzur, 2006) 5°] 312w 1 ¢] A
23 /e, ARE s, 297 A, =R 9% EA
o] AH|2 & 11§80k} theksith
PVRP= RH4{ ¢l VRPS} Blatsto] 727|759t 2 =8.4]

e AT E9AG L FAlof e sfof gofl whet, 7]
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ZEFoA Ak SiHE F tiFel F ©A (phase)= U
o] At}, Beltrami and Bodin (1974} (i) 25 A4 2& WA 2%
skaL, o]% 7 e AR HHEUAS AAsks AT () &4
FRANE PEUdE WA A4k, 11 o)% A U E &
FARE AAsks WA AXEIGT. 11 5 F HA WAlo] 7]
& 2olo 2 Ak YA oRA oAlE EH, Baptiste et al.
(2002), Christofiedes and Beasley (1984), Cordeau et al.
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PVRP w315 % vlet Fe| 28 7]Ho] 2AT S A
AE0] Qlth, 9 & =49, Cordeau et al. (1997)+= EFFE HA
(tabu search) 7ol 7|¥Fet sfi& A A5k om, B Ao
A AR o] %8l Fele Ao IR Uioll sk e xS o
A AR R o] FstAU, VDCE H7sts WAl o& A olstgirt,
Drummond et al, (2001)2 4% &1g)E (genetic
algorithm)} =22 7|47 o] AR vel FelAEE A4
a3l

2 =M B UE g FeiE F shuel VNSE 7]Et
o7 sk S AAIstLA} gith VNS+ Mladenovie and
Hansen (1997)0l A3 471% vle} FeAg oz 2AIRE 719
2 -$-g-Hofo] BsA= Hansen and Mladenovic (20015 2
sk BT of 712 Azt A|¢Fo] 9li= VRP (VRP with
time windows: Polacek et al., 2004), % VRP =4
(Kytojoki et al., 2007), vzt A7} &3k% VRP (Ghodsi
and Amiri, 2010), 7|4 o8 UAS WEshe U 3w
Al (Polacek et al., 2007) & TheFsh A& 7 25A ol -850
St & =23 B9, Aol Hemmelmayra et al.
(2009)°] PVRP &A= % & o] VNS 7|%-& #8543t 2
w2 VNS ZH| 9925 I 2 483 Hemmelmayra et al,
(2009)2+ Ee] VNS 7[%S 7|9k & slof s FejAE 7]y
= AljketaLat gttt

3. #A 4]

B Zoile PVRPY 42| BES AAJstA} gkt HA]
71374 O vk} 2t

- elu gt

H={1,2,...,T} A71ZE el g Aot
N={1,2,...n} SRR A

N*={0}UN 23(0) 2 o AF1,2,...,n) H
E={(1,):i#), VijeEN} & XA 7HA(arc) W3t
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0 137 ¥od
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YeZlo a9 gen

PVRPE ofeliel Zo] Ag/4sAdH e 53 71 <+ A

o}
Minimize
EIEAEkEKE(m}EECiniI;t o)
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Zcec,EkexY;kc =1 vieN (@)

TienTeec, Gidayh < Q VkE KVt €H )

Tien+ X = DeecidaVs, VIiENVKEKVEEH ()
Tien+ Xl = Tien+ Xt Vi € N* Wk € K, Wt € H 5)
~ ok 5 -
Tijenxte <N -1 vR cNVkeK vteH ©)
X €{01) VijEN*VKEKVtEH @
yEef01), ViENVKEK VcEC ®)
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o4 0 1) 2l T Aol Ak ok 5099
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W xlr oF yk 7to] S Akt Aokl (5)= EX U

toll 2 7k R AH 12 D A],—aH Fo ez A
A BAsth mprjalo g2 A|okAl (6) —‘%ﬁg%‘iﬂ =R
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4. FAA b5 N7
(Local Improvement Heuristics)

2 oM A8 7153l (feasible solution)7} Fo1A Q&
785, oI5 /MAdsk7] S5t %A1 A 7RSS 7 skarAt g,
ol 714 =214 A7 ol A Thsele ol shES HA

POEH HEEA o7 Zoj7 & /JAsh= AL Qu|dic}
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4.1 4% Y WA

(Intra—day Local Improvement Heuristics)

A U 7H**7l‘%ﬂ z %_‘XP iz ﬁlﬁﬂ A=) A

l@%ﬂ VDC ¥

o FHERI FoRE EH, & x}Eu ﬁi x}xﬂe H 3}7414
5 0 9]olo] L e 710] S ARE Al ;e sle] AT
BN 1 ELS YA T ol gEkA, 9 Wl A7 o
Al AR U A7 I AFEHR 7 A ez

411 AFEBHE W A7

(Intra—route Improvement Heuristics)

j+1 i+1 i+ i+1

(a)2-Opt

(b)Or-Opt

I8 1. XZ2YAEZ W JHM7|H oflx: (a) 2-Optet (b) Or-Opt
(Braysy and Gendreau, 2005)
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A-OPT& A= YA R A Vie 721§ AlAsEL A2 VA
9] 7121 & F7ksto] Y| L2 A ARG sl 7|HolH,
Or-OPT7|HE 4% 42 X4 Al&(a chain of consecutive

nodes)= AfEiAI5He 7]ol e,

4.1.2. AFLYZB= 2 A7

(Inter-route Improvement Heuristics)

7)& VRPE S8 A= =214 /A7 E0] ol s

et 19 2% 3R] shgehs e dlEg At
ST}, 2 71 olA] ZEelafof 8 AHe: A1l ol ol 7 A
SRR A% A Aok o} 3k
1 itl W
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m 0w
jJ‘l jt1 'j,l 1 i1
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(c)CROSS—Exchange

(d)GENI-Exchange

A2 7t JHM7 1 ollA): (a) 2-Opt*, (b) Exchange,
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(Braysy and Gendreau, 2005)
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(Inter—day Local Improvement Heuristics)
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NP-hard #A|2 ¢2% VRP(Garey and Johnson, 1979)=
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2 998 4 9t A A oK), AR T, A %
P Q 1, 2 2N PRI (FRIS (2§ 2
A~

T7HEQD QAR ) BT A A 1T

obe] Y112]&L Sun Java JDK 1.6.12 Fa@EeH, A
32 Intel Xeon 2.66 GHz ZEA|A} 4GB w27} A2t
g Esa mAad A s, 4 AgHE =
maxNolmprovement+ 50, maxlteration o] 10°2.2 A
Aste] astoly, of el L= 5.3Ho A AR A
ZE 7|20 E 7t ARdAtgd R QA S 24Tt

2

6.2. 42T % 24

Aol A8 ALHALe] Hlo]elel chat 4 At 71 B
Sofl qlovt, At el A o 6120 2708 Patol
SOl 9 2 et 2] AP 71 BRI 2
A b e Sl et & SAE L A A A AR
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£ AlFeka glot, 1 JRE vigo R ZF AR AA7A] 7] ol thef] AAMAZR: H 4 30%, At 258 o|ujol, 7]Ee] A
SRS deixl HA sfE & 1] AF Ak dlole FReF 7] dare]Fake] ek vlals =gk o] thE o] {E 4]
SHoITE, 3 12 ESF 2 =golA ARlet daeEe 4 A A A Ad) st BVl mek AEAQ] A & 10 7]
#AER 108 ¥HE este] 1 3 Mg £2 18 V1Sstglon, &31A] oottt B =RolAle e 1te] vluE Faf AlekE
opA e o (%sol) 71E7HA] ezl HAset B guejEe] A4 YuelEY Aes BUkekaAt b, i 1of phoF 2 LEOW 7<ﬂ
I} 719] Percentage Gap=(2)-1)/(1)x100@)& 7153t Ao ket ¥ae]Eo] 7|&7HA] aeixl HAs)e} FdstAY &
2, 0l8 A d1EEe e 9 YuEES Tl AXE 3 & HAEITHH BEEAR R8I
O] FAE Wrlohs AER o] gttt 7 AR Fol7] 433l 37 1004 Bz el o] F 3271 F 12709 A AR ol sy
1, M S8 9 AMsl 7+o| Hlm
AEAR M 2
S - %S0l

#s IN| | K] T Q (2K 4) Ed o = =2

P01 51 3 2 160 (=51 524.61 524.61 0.00

P02 50 3 5 160 | (1:17),(2:26),6:7) 1392.87 1335.31 0.94

P03 50 1 5 160 (1:50) 524.61 524.61 0.00

PO4 75 5 2 40 | @75 835.43 845.62 122

P05 75 6 5 140 | (1:30),2:34), (5:10) 2027.99 905,32 1.20

P06 75 1 10 40 | @75 836.37 859.48 193

P07 100 4 9 200 | (1:100) 826.14 829,62 0.45

P03 100 5 5 200 | (1:40),(2:46),(5:14) 2034.15 205412 0.98

P09 100 1 8 200 | (1:100) 826.14 838.60 1,51

P10 100 4 5 200 | (1:40),2:46),(3:14),4:1),(5:1) 1595.84 1633.96 2.39

Pll 139 4 5 235 | (1:103),(2:29),3:19),4:1), (5:1) 779.29 802.24 9.94

P12 163 3 5 140 | (1:148),2:8),(3:7) 1195.88 1250.18 4,54

P13 417 9 7 2000 | (1:377),(2:40) 3511,62 3692.68 5.16

Pl4 20 2 4 0 | (1:8),0:8),4:4) 954.81 954.81 0.00

Pl 8 2 4 0 | (116),2:16),4:6) 1862.63 1862.63 0.00

P16 56 2 4 40 (1:24),(2:24),4:8) 2875.24 2875.24 0.00

P17 40 4 4 20 | (116),2:16),4:9) 1597.75 161107 0.83

P18 76 4 4 30 | (1:32),2:39),4:12) 3147.24 3152.93 0.18

P19 112 4 4 40 | (1:48),(2:49),(4:16) 4834.34 4846,49 0.2

P20 134 4 4 60 (1:80),(2:80),4:24) 8367.40 8367.40 0.00

Pl 60 6 4 20 | (1:24),(2:24),4:12) 9184.04 9194.19 0.46

P22 114 6 4 30 | (149),(2:49),4:18) 421111 4303.44 0.76

P23 168 6 4 40 | (172),0:72),4:24) 6602.59 6753.62 9.99

P24 51 3 6 20 (1:36),(2:9),(6:6) 3687.46 3687.46 0.00

P25 51 3 6 20 | (1:36),2:9),6:6) 3777.15 378107 0.10

P26 51 3 6 20 (1:36),(2:9),(6:6) 3795.32 3795.32 0.00

P27 102 6 6 20 | (172),2:19),6:12) 91956.46 92169.18 0.97

P% 102 6 6 0 | (1:72),0:19,6:12) 22934.71 22461.35 -2.06

P2 102 6 6 29 | (179),0:18),6:12) 22909.36 2279191 -0.82

P30 153 9 6 20 | (1:108),2:27),6:18) 75016.58 76044.66 137

P31 153 9 6 20 | (1108),02:27),6:18) 78179.89 78007.86 -0.22

P32 153 9 6 20 | (1:108),02:27),6:18 80479.2 79580.02 112




HEol A daelE 7k F714 A2 Al 99

A FarEjgol 72l AR 7 & dfet wlalste] Fd
g 52 AHAE e AR EE & o ok E) & 12 A
Al P10-13E A <f3t v 2] AgAr ol dis] 7122l A &
27 2Adef ok eakgo] 2% oluiell & WER L Al A
Qe dare|Fo] vhE AdAiof vis) Aid o Azt At
E AN AR P10-13 E3F 7]E 241 a9} Hasto] 2
6% o] 2AHSIE Holil Q. ol & dalelFel 7€ &
Fol A Aleke S-S HIJLOM Y Qe g AAS W—O‘

_l>*‘§

= ATk, ERE, A% _° aLejEo) vl
A 27178 aAY “J—E—Q# HlE7h 52 APAR ol disf Hek

PVRPE= #H71= A, 71401 AlF /v, 22olle =9
A= QIRE SA0] AulAoflA QmRlo] 2714 WEYH A4 5
Tt B/ S 8Ropt EAet, & =2 PVRPE 12
st7] QI8 VNS ¥arelE 7]wke) WA A sy AAlstsieh Al
Ao R= WA o7l A9 15 A6t I3 A4 &
MATTHES A7fstglon, LPT7|uke] 278 44 dae]Ee
AAeEATt B3 271815 vl R Hot JjAE siE A6l
el VNS darelE 25 =8Jste] PVRPE $13 B4 s

= AlAsFT
Aok dueEe 4587 flaiA 71E BHolA 45
Tof| ARGE AR ElolEES Foto], 7]E ERllA AAE
7P £ shEat vlats] Hoteh & 3270 Akl 5 1270 Akl
sl 7]& 2jAdsliel vlaste] FAsHAL HAE S5 Ak
om, U] o2 AHSol tisiAle 2ERE AZE Yol 7]1&
Aeflol] ZARSHA A st5iTt, o] & Folf 2 w=mell Al Al &
glFo] 7]&o] Ak dareEEat vlaste] AAY &S 1t
Ao g]lstalrt,
F2 AT R AR 2
%7 2 g 7S F7H L

2 Aol a7 2718l AA7IHE 8 %
134’5‘}1] e HE 7 Yk olF sk x]azio] HAE
133 FFEA (assignment problem) 715k )2 2Ee
A|§-31 o] 5 BTHA 0 2 s dsty] 913t sy A7t sttt
gt A YarglES 27|34 E vlEete] Yare|E 13y Aol o
Aote 2E LY sisol teiiE Ad 7kset sieET
Agtstar glow, o] Agtel| tigt 7FA2l ez} Fasict, of
£ 501, 2718 Z& @A a7} BE S o ARgstaL, 7

gro] Aol vj- A tight)gh 25 A
ne }%‘)ﬂ el b 7H8-8e A
g} 7} 207 9e] 28] (RO),, B 2
4S5 B =RoflA 9w 3h el Zh 2 2139 VDC WS
VNS7|Hol| oJ&s}h= 1 dEEe] LS AE 7k
sfjoll =3k A1 75 Xﬂtﬂi 5okA] Sk Hek whekA Ad
E7F531 df(infeasible solution) F3F Y1E|Z& AojA] 5] _5
] o]t afjol| thaf & penalty)% Hafshs HAE Foff Kot
theFeh BlE AHEL o]E2 AT 5 9le &
glogel 7|geitt, ® o2 O,j—_rL.HLZﬂE~ PVRPY| 24 E9]
thFet BAIS0] EAsk=t], olES didsty] flel i =l Al
Agke gae] S-S ek ?i:rL o] gitk

A = Qe
ﬁ’GHEXP. o 7] A,

rlo

HZ‘J
r—{n
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A New Method to Control a Search Space of PSO Algorithm

Kyoung-Jong Park

Dept. of Business Administration, Gwangju University

This paper proposes a new method to control a search space varied during the optimization process of
PSO(Particle Swam Optimization) algorithm. It is necessary to move a component beyond the search space into a
feasible search space because the obtained component using the equations of particle and velocity of PSO method
may be out of the search space. Finally, this paper makes a comparison between a new method and TRC method
which is popular and simple. The results show that the new method outperforms TRC method though the population
size is varied.

Keywords: PSO, Search Space, Optimization Process, Particle, Velocity

g Hshe FAAF dae)E(Genetic Algorithm: GA)YhH=
1. AE 27 Ajet Ear7)5o] eke A AFRlA s FAE
oo sl gt A S & 41, 2008). PSO 71H2 24
A3} darejE(Evolutionary Algorithms: EARE @ 524 Z1& dojuj= A4S AN particle) 2 B35}, AAws

3 o2 2ok Z2A1E s dshy] ARt Hite 2 18MI7IFE A o) HA AHhg BT (swarm) 22 EHEIT]
4=]o] grhJulio et al., 2005). FZolE A, %, B17] w9 FAA dugE AEHEE o< (Simulated

A Yefo] F7-2 ot i PSO(Particle Swarm  Annealing: SA), BF- A X|(Tabu Search: TS) 5] e} &2

)

Optimization) 7|'Ho] T £2] 9 t}54 23} ZA= &4 2E(Meta Heuristic: MH) 7|HES oJd FE|Q] EAlolx 7

Eo] AREE| L Qlr}, o] 7hsab, ARgehe QAR ahatalE 9] ghE 2Ast] A
PSO 7]‘ng Eberhart & Kennedy (1995)01] o Ago2 o o] AR Y= sk U PSO 7|HL 7559
2/ UHFA D & A, 2008). PSO 712 A o] 215} 7kl 9 A (location)sH= JAFEQ] Wl A] &= (velocity), T

" o] A 2010W % FHojsta st AHe] A QS wop A7,

T Corresponding Author : Gwangju University, 592-1 Jinwol-dong, Nam-gu, Gwangju, 503-703, S. Korea
Tel: 82-62-670-2246 Fax: 82-62-670-2631 E-mail: kjpark@gwangju.ac.kr

" 201041 9% 5% £31, 109 8% FAHR M4, 109 14 AR B4,
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A3l (inertia weight: w), 7FA< ¢y, ), BATE] 27] &
< Mgl A A gfjof WA 2] (I St

PSO 712 F3AF datelEa} vt 7l d o] 2[4 s g4 7]
Wol Ak Ael muj, Euole] TS AXA okt 1 Al

of o] 71'8& YAES] gH o] BA K| et Mt 1Y 2
23 910 Yool HES YPRS Hofste] S ey
lolek, PSO 71%1€: 7 Aol waS ) wA el A

A

3l| pbest(personal best)et A4 YA}o] ¥HE-S 53 WAT
A 2 43] ghest(global best)7F A Asl= WEFO 2 &S 74
ARk, 1 3Pl A dE WA A A9EE ZFAAI
A sfet A HHsfe2 B 7Ho|E(guide) 2 E8H, 3 W
ol A A A =H A7t FYEeE o o] thefd2 Eo
AL 2] z[Asfof wha 7hgAdo] dare]Eol A= o] Tk
X35 & 1%, 2008).

PSO 7|92 v 7kt g o2 =gl Sarejg 2
9] e =2 FAHH(Eberhart & Kennedy, 1995).
PSO 7I"ellA N7jS} YA 7Hl ko] 7 A4S X2 o
+ AldiellM 92 AAsh= 58 7AW, 2 4R $iA=
29 4] (1) T Q)2 EAEHJulio et al., 2005).

[V

r
L
=
e

e gl i) ®

X 0= iy Vi @

AL (D t AlthollA] 1219F S2F o]-§-5to] Tk At (t+1)¢]
7k Ae] 9315 ke 7ig AukEel Aofet 1, ¢ Aol
Ao n®A YAte| olF HLE Sjulgith A (1) tha Althe]
A E o] 5 f AR YA|&} HEE n|AsHA 2HsHE=S A
@& WHsto] ARG sttt 4] (29 x€10,1] 2 &2 3
715 Alotsh= AoF ¢ Hconstriction factor)o]e}. X 7k 0 7}
THIAE thy A2 o]k A =7 =ei)E on|gt
t} A (2)9) oA} Hterm)S A% AAHturbulence factor)=
210 g5 219] % Q (stochastic perturbation)o]®, Yx7} A
2|4 sfof W] 2] =g A XA A s H WA '
MBS Sk S STt

@)% Z2& anE W) Sfel] xRz 4 )2 Zo] A% ¢
x} Fieldsend & Singh, 2002) R.Z E£&3}0] 2+ J2}] A2
A E T A ARS8 Stk (Mostaghim & Teich, 2003).

X“J"):RTXM (3)
A A= BATolA ZF ARRe] A1 7PAl8H7] S8l ALS-
ot A% QA= 23} daEjgolA e wHl A4 mutation

=
ol

ofN

operator)@} H|5=gh kS skar 7k iake] dA o e F

< tjsto] AAkETHMostaghim & Teich, 2003).

PSO 7]HollAl 2} Ak S thEe] 4] (4)E ol8st] A
Abgit,

voe ) =wlid +ar (P =) +¢r, (G —21) 4)

7k Y79 L= 7)Ql 2 X gk (pbest) PF HA 2|4k (gbest)

Gl lolE ATE o) SR AUB, P 2 Y]

olah g BAA2) Aol Aol 6,2 YAkEe] An 3

ob HARE o Wol st g AA| Mol A ARk AA 2 2%k
ojtt, 7t UAte] Lol kA 84= A ()F olgsto] 784l
ek 13k = [0, 1 Ato]S] YgEE %ﬂ% el wigeolaL A
T o o= HQL HAA AA Ak &
& g Wgoleta A wetulE wie A @A (global
experience)¥} 2|9 B4 (local experience) AFo]2] Edo]=
Z(trade—off) 5 2AITE &, w7t AAGE A &iof 2
THEAE FolA A B FEekes gt 2 Aol Arst
+ PSO 7% gk 25 A& B35 (2009)001A xsk3ct,

= A7 A 11}°1|A1L PSO 7ol tisA] AEH ez dH

SFAI, Al 28l A= PSO gaelgo] A=l 52t 7 el 4

o ko 2 50| Blojd 4= Q13- Btk Al 3A A= 7153l
FHE Yol dAEE 7Hs3 4 o g of5Al7E AR
& WS AQeth Al 4o Me 71 1, ARk oz ARG
L TRC ¥ vl wate 1 AdE MW} upx|Eko 2 A 5%

AEE S ERREEINE
2ol A, o

.q(xz,...,w,,)=1+9(i:2z,.)/(nk
fl(-'ﬂ])=
£ @) =0z 2 ) h (1)

A} (5)1A4 x,€[0,1]0132 no] 30Q1 7ol PSO ¥ate]&
ot (" DI 22 At dojiln, (O De HH

a2 _Iﬁ




PSO dxE]&e] g4 7

n

e

A [T ACTE TEShE g2 (OF 29 IHE 23 ZHE
9 o] B 0zt 1Afolofl ZAfsfoF HAT, F24 L] 73S
o T E ZHE AAZE 1S 26t FAELS & 4 9lrk

ojggt o= HAshE Fote LS Aol A7 A
& 7 WA, sl Gl FAElofor & A grol 7kl 4
G& HofuA FAEo] TR ZHE JFE vAE A= 8
o] "oy, &, 7| Y52 7hs sl G99 Yolvke =0l
oal] A wHE ZAETF FAHA Skl e ZHE
9 2 3tofl HHs7h A EAY B A A w5
317w ek

14 [ ] ’.- &

»

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
fi

a3 1. 7tss H2= UXE OISAIZIX| ¢ PSOE &let 2t

2 2. IR E 2™ ZE

TFBE PSO FAEL T BHo chEA BA A
Qo] 715a 99 ctolH YAHSo] Hofo} Bk AR
AL 7 ok 7 9 2] Ul ol o

jus
KR
=

}_

4 7474111011 °‘74L}
74]1]9} 7%%% H% ik s E—HVF % itk
Aol 7Fs sl 99 ol F2lol== of=idt ZAIH= ¢l

At W Eo] AAESIL Fieldsend(2004)= A 4)S
o £ ALK 1 7hss] G99 ol AR HA7E dojA

o o
LS

3t A =-e 7 103

o 742 SHEAQ g 3, APAYASHE RS Alotsel.
Van den Bergh(2001)& £x9| 375 WaslA A|stsla,
Clerc(1999)= YAt £E5 ot A WolM w, ¢, ¢, 9} 22
5 dEe sk WS ARSI, Aok YAkl x o #
= Asto] ARgSRlTh o] WSS A1 darelEs
2857 Hrkz 7hsdl 49 stor dRp7E S0l o 74A] gkt
nH HES Tt WA o2 HAsto] ARSI,
Yo = B4 A el AEH A4 (a priori
knowledge)& o8l WHE A THMostaghim & Teich,
2004), o] e £ wA thek a9 FHE wolE ¢ e
U 2 A3t = ko] A A Ao ofESHA] O URHA 2l &

Aol 2 s 4 xadh

3. A2 A<t 71H

714 Ak oldA ARE3E7] 412 W2 Coello et al.(2004)
oflA] AW E|SLL, Julio et al.(2005)914 AHS-E TRC 7IHeoltt,
o i YA7} 7hs sl FoS lolud Hlold £9 ZAA =
AAe) ghe TR 71E 43S A8EH, el (Y B
o7 AyHdt (¥ 3N Us AW At gl Le 2%
450] 313E 2k, Xk &t ATl n‘ﬂWH AR} kA 8
ﬁ/} ofdiet, vk 4k Xt 7k 7hs s 49 (L, Ulell il
o HASHA] 9k x4V (L EE XY >UO]D1 XV =, B
X =UR QAT olefzt e st Akl A7t
AL, T Aldioll A =gt WA 7hss] 99 o=

&% ek

/ /\

(1) (r+1)
Xk Xk

éxé T %1]:‘:0] =

7\
. 78\ 3 "
P

nk

38 3. TRC ol =g 2%

T2 TRC 71W2 dARE0] FAAE Yloluh i A A
o sty fio| ol e X4 ZAEC] FHEo] AA x|}
AT ol EARE HAFE et 2 dFEE A
o} t}2-9] (18 4)9} (18 5y 4] (5)& B HE= chEE A
3} BAIE mATo] 4271 100Y wie} 2002 ) TRC 7S 3
3hof d2 Aifolt,

TRC 71¥& A8 (ad O (Od HY & 2%1
2 HHs)o] M7t B 03} 1AJo]olA FAE o] nEA
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A two-stage batch picking algorithm and its performance analysis

Lianji Bai" - Suk Chul Rim

Department of Industrial Engineering, Ajou University

Order picking is one of the most crucial activities in the warehouse management. In practice, batch picking rather

than pick-by-order is widely used for picking efficiency. In this study, we consider the finite volume capaciy of the

picking cart in batching the orders. We propose a two-stage order batching algorithm for this practical problem. In

the first stage, we apply a heuristic algorithm for the bin packing problem to minimize the number of picking tours;

and in the second stage, pairwise exchange is applied for the two orders assigned to two different tours, while

satisfying the cart capacity so as to minimize the total travel distances of the picker. Simulation is used to compare

the average performance of the proposed method for various routing methods of the picker.

Keywords: order picking, batch picking, picking cart capacity, pairwise exchange

T S 10| RS 5551 9J8 & Ao
1. A& AR 25E A= 27 (picking) ¥, —’F-E# g2 EE— 0o
£ F&(accumulation) E& E5(sorting) 2}
L1295 97 7Ha ot oo 47 vl8-2 SFAE 9 F 148|9] 60%E AHA|
5}1, Ful8-9] 65%= AT T HlFo] A (Gademann
EFAE 9 tjrAQl EF o2 AlE9 Yillreceiving), 4 1, 2005), Al&Eo] G& thokal] A1 gl o5Y ot We
A (putaway), A% (Stonng), EZ(retrieval), 29 B7(order % AlE ] B3t 2| EEr] SHoA B F83% o] HiL

%0,
.41

picking), *&(packing), 2% (replenishment), %3}
(shipping) 5°l Slek o] FolA o g7e EFAES 25 oH 97 5(manual) FLo A= G 2AHGRKe]8) <
FollA Qg ]go)] 7P Wo] AQF= Sgoltt, o] gFJo]  (picker)h S F A BEolal, AE3t At
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PR G 2] o] 33Ul A4 43S 93 oo
279] wwaph o Fasict

of g7e oy 7|zl web vhg Zo] v 2FE
4= it} (De Koster et al., 2007)
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wAloleh, 241 9] oo whet low—level T (HA7F A%
Y = JN2HE EEE IE) B high-level 27 (Y
A7t &8 97 EY 55 Bl o]F st A ARk &2 A
Ao A% B7) man-on-board HAlo|gt1E FHho &
FE

(2) parts—to—picker system : AFEAI(AS/ROU 7R
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] SIA R o] FAA 75t HAlofeh,

12,2, 97 V& 72 ==
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T o S Goke WA 0RA, HA9 F

2= F7bethg, Adle] desta 97 & 2R

o] Hdaste] @Fof 247} A,
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1.2.3. 579 A7) w=t

97 BE 947 9729 AAZ o|FokuA 9

4% 39504 Mom A9 ol

PR Ba/do] oA Fof A% % #F 5o 2

o] Rk ofof ghct, sjite] ol sl 7k 7ol A
2 ol53slHA F7 EES |7} progressive

(sequential ¥+= pick—and—pass) zoning ¥4}, s}t
o ZEo| gja) BE oA EAo] THske] Fhate

simultaneous (= synchronized) zoning %4]0] ¢}

(3) Bucket Brigade 37 : 9AEY Y199 BAE 14
SHA] o8l FA o wststn] g7} 27) AE o5 9
At npAH 2 Aol 97 7HES 28 fAA ¢
AgE 3 SA] A fA Yo R wEoprt A% gAE Tt
U ARlolA A8 gAZRE 7 E§ Qla-iro} gy ik
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et al., 2000)
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Step 0: P,,=@ and V=0 for all m,
O=Q. m=1,
Step 1. If =@, stop.

=4
s
it

else among i€, choose the
largest Vi, (Break the tie randomly.)
Vo=V tV..
Ifv, <V, P,=P +{i}. o=0—{i}.
go tostep 1
else m=m+1. go to step 1.
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