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A Logistics Network Model for Postponement
Supply Chain

L. Schulze, and L. Li

Abstract— Logistics networks configuration is such kind of
problems concerning facility location, production ad
distribution planning along the whole process of mizrial flow.
Abundant research has been done in this field frormodeling by
considering different scenarios to methods such adifferent
heuristic methods. However, the models do not comr the
influence of the important postponement strategy orogistics
networks in the era of mass customization. Furtherore, the
multi-commodity models till now do not consider theinfluence
of commonality among products. In this paper, a logtics
network model considering product commonality and
postponement is formulated. This model is expected be used to
analyze the impacts of commonality and postponement
strategies on location-allocation decisions in logfics network
planning.

Index Terms—Ilogistics network design, location allocation,
supply chain, commonality, postponement.

I. INTRODUCTION

In the environment of global economy, enterprisastm
configure and utilize worldwide resources to kedp t
advantages of competition. How to source producis fthe
most appropriate manufacturing facility, how to [xethe
balance between inventory, transportation and nzextwfing
costs, and how to match supply and demand undeirtaiaty
are concerned by each company, especially thematitihal
companies [1]. It is impossible to realize the tefgec goal
without a well developed and realizable logistigstem.
High efficient international logistics system wilecome the
core competence for an enterprise to control cesich
high-level customer service, and hence realizeajlobsiness
successfully.

The importance of logistics network design, andrtbed
for the coordination of production and distributidecisions,
has long been evident. Facility location, as theisden at the
strategic level in logistics system, plays an intgor role.
Some strategic decisions concerned by facility tioca
include selecting the right suppliers, determinitige
appropriate  number
warehouses, determining the location of each fggili
determining the size of each facility, determinismurcing
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requirements, i.e., assigning activities to theilifaes,
determining distribution strategies, i.e., the ffowf raw
materials and finished products in the network. @bgctive
of design or reconfiguration of the logistics nethads to
minimize annual system wide cost subject to a wargd
service level requirements.

Abundant researches have been done to identifgrdiit
location-allocation problems, ranging from the sdied
p-median problem to uncapacitated facility locatwoblem
and capacitated facility location problem, to thersions
considering dynamic and stochastic properties efsilpply
chain network, multiple products, and/or multiple
layers/echelons with or without intra-layer flows, some
models integrating tactical and operational deosio the
logistics system, like production decisions, ingent
management, and routing, to some models consideisikg
management, financial aspects, and internatioctbfs, etc.
Correspondingly, models and different heuristicsthods
have been investigated.

As we all know that under the paradigms of mass
customization, many companies have been modifyiegdy t
supply chain with considering the strategies likenmonality
and postponement. However, in the location-allocati
models, these two strategies have not yet beendeoed.

Commonality reflects the sharing degree of the petsl
within a product family which is essential for ecaomies of
scale for the company. The sharing refers to comieatures
or attributes in either the product or the manuféoy
process for a set of products [2]. The commonahty reduce
the overall inventory cost by reallocating inveigsr to
upstream stages towards raw materials [3]. Wheaniory
decisions are integrated with facility location @d&ms, the
commonality strategy has to be considered as orterfin
facility location decision making when incorpora&tin
inventory decisions simultaneously.

Postponement is another issue to be highlighteahatfas
also been emphasized in the review article [4]. Stretegy of
postponement means that the differentiation poihtao
product will be skipped to the end of the produttmocess.

of facilites such as plants anghe |ater the postponement point is sited in a gsscthe

lower is the cost of providing variety. Boone et give a
detailed portray of the evolution of postponemenaaupply
chain concept in supply chain management [5]. They
addressed the challenges of extending postponesssdrch
beyond the manufacturing context. Schulze et akeha
discussed the logistics management issues anceggat
when products are individualized in the later stafyjsupply
chain [6]. It is implemented only during the proses in the
whole logistics network which can not produce iagtr
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This paper concerns such kind of logistics netwaevkih
distribute a family of products with different ldgeof
commonality. Furthermore, it is allowed
postponement in the supply chain. That is to saytia
production can be moved from plants to distribuenters.
Consequentially,
between suppliers and distributors.
location-allocation considering commonality
postponement are identified and described in tlEpep
together with the developed model.

The rest of the paper is organized as follows. iBec
describes the location-allocation problem in lagshetwork
planning for

problem. Section 4 concludes the paper by identifythe
future work, especially the potential solution teiclues for
the new model.

Il. LITERATURE REVIEW

Since from time to time, there are quite some reyapers in
the field of location-allocation, we summarizes thain
review papers in the literature in chronologicatlem, as
shown in Table I. Although these papers revievstirae field,
i.e., location-allocation, they present differenbdels and
methods for different facility location problemsifn different
aspects.

Goetschalckx et al. reviewed the mixed
programming models of location-allocation probleassthe

to adopfoundation, and then focused on the identificatibrelevant

factors included in the formulations, such as sasth feature,
dynamic characteristics, and status of facilitiéls Erenguec

transportation activities may lapp et al. reviewed mainly the researches of faciligation
The problem gfroblems which integrated production decisions. athors
andreported the decisions and models of the threestagmely

supplier stage, plant stage, and distribution stage
production/distribution planning [10].

Owen and Daskin reported on literature which exfic
addresses the stochastic and dynamic characteristic

product family with commonality andfacility location problems with a wide range of nebd
postponement. Section 3 introduces the models dich s formations and

solution approaches [11].
formulations focus on the difficult timing issues/olved in
locating facilities over an extended horizon. Stmtit
formulations attempt to capture the uncertaintypinblem
input parameters such as forecast demand or déstaaiges.
Snzder did recently another survey regarding thkigion of
stochastic features in facility location models][Ithe paper
mainly illustrated how optimization approaches cém
applied under uncertainty and the applications &ailify
location problems.

Vidal and Goetschalckx summarized the basic internal
features and factors to be considered for modetditation in
the existing literature [13]. Based on this catégaiion,
Goetschalckx et al. expanded the characteristicshef

summarized the models of nine different facilitycdtion
problems. Klose and Drexl reviewed further the pafeom
the mathematical modelling viewpoint and categatitiee
research into continuous location models, netwodation
models, and mixed-integer programming models [8].

and Sural focused on the hierarchical facility toamamodels.
They classified the problems based on flow pattsenyice
availability at each level of the hierarchy, andatsd
configuration of services in addition to the objees to
locate facilities [14].

Table I: Review papers on location-allocation peoibl

integer

Dynamic

Article Number_ of Papers Scope and Focus of Review
Reviewed
[7] 45 Models of nine different facility locationrgblems
[8] 52 Focus on the identification of the relevant factorthe production/distribution
formulations
[11] 97 Focus on dynamic and stochastic facilityaltion problems
[10] 115 Categorize the researches into three stageroduction/distribution planning
[9] 31 Integration of strategic and tactical modgland design of global logistics systems
[13] 199 Mathematical models, especially mixed integer progning models for different
location-allocation problems
[12] 142 Stochastic and robust facility location models #vloptimization methods under
uncertainty
Hierarchical facility location models with focus tmo types of mixed integer
[14] 107 ; ) . .
programming models: flow-based and assignment-fusisaulations
Development of general location-allocation problemd integration of different
[4] 120 g . S i S
decisions in the supply chain with facility locatidecisions

(Advance online publication: 22 May 2009)



TAENG International Journal of Applied Mathematics, 39:2, [JAM 39 2 03

The latest review was done by Melo et al., whichered a
big range of papers in the literature [4]. Thiscéetpresented
a refined review of the development of
location-allocation problems and a
introduction of properties and decisions of locatadlocation
problems from different aspects of supply chainghsas
inventory, production, and routing, etc. Reverggdtics was
emphasized since this topic has been receiving atteation.
Solution techniques from the literature were alsoarized.

In this section, the location-allocation problem thwi
considering commonality and postponement stratégiéise
logistics network is described. To formulate thelppem, it is
firstly required to present in which way the comrality and
postponement strategies are used.

PROBLEM IDENTIFICATION

from all of the components.
Swaminathan and Tayur developed a stochastic intege

genergbrogram to determine the optimal types of vanitxds as
comprehensiveell as their inventory levels [15]. They also exgd the

benefits of postponement through vanilla boxes umdgous
settings. Among other results, they show that posment
using the intermediate form of vanilla boxes, i.e.,
semi-finished products outperforms both extremenfoof
vanilla boxes as components or final products when
assembly capacity available is neither too slaaktoo tight

in the most real environments. However, in the rhotie
whole assembly or production process was pilotednat
location. Hence, the decisions of which componsintaild be
present in the different vanilla boxes and how ¢heanilla
boxes are allocated to the different products aeslunainly
to determine the time point to implement postpongme
strategy during the production process.

Swaminathan and Tayur analyzed the final assembly By extending the context of this example from pretthn
process problem with an example which incorporaté§ production and distribution in the supply chagtworks,

commonality and postponement. In the example, nemagt
decided to pilot an assembly process based on fasstied
products called vanilla boxes [15]. Fig. 1 showss filatitious
product family with three products f1, f2, andri®ade of four
components a, b, ¢, and d.

Product Family

Products:

Components: {O O} { @)

a

@)
b

Examples of Vanilla boxes
Vanilla box v1 containing (b, c) supports (f1, f2)

Vanilla box v2 containing (c, d) supports (f2, f3)

Fig. 1: Product Family

The bills of material for the products are f1 =lfa¢), f2 =
(b, ¢, d), and f3 = (a, b, d). These products shayee or less
the same components with one another. For exarfipbnd
f2 both have the components b and c. V1, V2, andak3
examples of feasible for the three products. V1lmnsed in
the assembly of f1 and f3 because these producisbea
assembled from it, by adding appropriate compondiiss a
vanilla assembly process enabled assembly of cimtom
products within much shorter lead times. To achitvs,
though, the manufacturer had to carry additionagimory of
vanilla boxes. However, in addition to the intermagel
vanilla boxes form, the vanilla boxes are extrenadiiywed to
be in the forms as components and as finished ptediihat
is to say, there are multiple points of differetitin, in that
there is no restriction on the type of vanilla kbat can be
stored as inventory. In general, when a custonggrazomes
in, the product may be already ready, or produgeddaling
additional components to a vanilla box, or assethbleectly

we formulate the location-allocation problem withultiple
products with sharing some common components, itipteu
echelons by considering a supply chain like the dem@cted
by [16] with four main layers composed of suppliers
manufacturers, warehouses and distribution centans|
customers, as shown in Fig. 2.

&
0 O O

Supplier Plant Warehouse  Customer

Fig. 2: General Logistics Network

In this logistics network, from the original supgk of
components, the final products are distributedh® final
customers with deterministic demands for each kaid
products. Because of the commonality among the ymtsd
the postponement can be implemented not only in the
manufacturing or assembly plants, but also in taeshwouses.
One possible result can be that production happelysn the
plants. That is to say, no vanilla boxes will bengported to
warehouses for the final assembly. In this caseemauses
are only optionally used for distribution. Anothawssibility
is that only part of the products are manufactatdist in the
plants, while the rested are assembled in the waisss from
the vanilla boxes when orders come. With this éfftre
customer requirements can be better matched arsdiezht
However, we need to find out the best configuratibrihe
location allocation problem by making quite a lbtlecisions
from originally selecting suppliers to distributirige final
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products.

To better understand all of these decisions, weneathe
hierarchical structure of a logistics network, beven in Fig.
3. This is a 4-layer/echelon network for finallylidering the
products shown in Fig. 1. Different icons are ugepresent
different potential facilities in the network, i.esuppliers,
plants, warehouses, and customers. Another poottahe
figure to be highlighted at first is that the icondark gray
represents that the corresponding facility is detkdn the

boxes. It is easy to associate with the decisiokimgaof
where to produce/store the products and vanill&box
The forth layer undoubtedly corresponds to thearusts
tagged from C1 to C10 in elliptic icons. Which puocts are
demanded by the customers is shown in the bradkdte
elliptic icons. For example, the customer C1 resgiproduct
f1. As can be noticed from the figure, each elligs#ark gray.
That is to say, each customer should be satistiédourse,
which customers are excluded in the service canladsa kind

network. Reversely, the icon in light gray mean® thof decisions. But this is outside of the scopewfmaper.

corresponding facility is not selected in the netwvorhis
expression method reveals one kind of decisiobs tmade in
logistics network design is what facilities to stleAnother
kind of decisions refers to the flows of the comitied from
which origins to which destinations, shown in tfigure as
arrows.

S1 (a) /, C1(f1)
R w1
R - (f1,12) c2(f1)
S3(a) Pl )
(f1,f2,13,v1,v2) — C3(f1)
S4 (b) S (f3W2 )
,v1,v2

s5(0) LAl vLve) C4(f2)
S6 (b) e C5(f2)

R (f1,12,13,v1,v2)

S7(c) C6(f2,13)
_ wa c7(2)
9 (0) (1.2.83.v1.v2)

o B C8(f3)
— (fL,f2,3,v1,v2) Cows
s11 (d) | e =) 1.£2.13) C9(f2,£3)
S12 (d) C10(f1,13)

Suppliers Plants Warehouses Customers

Fig. 3: Hierarchical Structure of a Logistics Netwo

The first layer includes twelve potential suppli¢agged
from S1 to S12, represented by rounded rectanggcians.
The letters in the brackets represent the compente
suppliers can provide. For example, the potentipbBers S1,
S2, and S3 have the component a, but S2 is naidedlin the

Although quantity information is not included iretfigure,
it is indeed necessary to make the decisions neglatd
guantities. Overall, the main decisions to be madé¢he
location-allocation problem we consider are categor and
listed as follows:
1) Where to build the plants and warehouses?
2)Which suppliers to be selected for what kind of &y
many components for the plants and warehouses?
3)What kinds of products and vanilla boxes and howyma
are built in each plant?
4)What kinds of products and vanilla boxes and howmyna
are built in each plant?
5) What kind of products and vanilla boxes and howyrsae
transported from which plant to which warehouse?

IV. MODEL FORMULATION

For the problem described above, we developed the
corresponding model. It is described as followarfrthe
aspects of data sets, parameters, variables, awnsfrand
objectives.

A. Sets

S: set of suppliers, indexed L§.
P : set of potential locations for plants, indexed py

W : set of potential locations for warehouses, indexg W .
F : set of products, indexed bf/ .

: set of customers, indexed Igy.

on.
The second and the third layers represent the tfiaten

network. Similarly, supplier S5 is selected to pdev R :set of components, indexed by

component b, while other two suppliers are excluded so V :

set of vanilla boxes, indexed k.

R': setof components used in produict

locations for facilities of plants and warehousespectively
with special icons. There are three potential plaoations
tagged as P1, P2, and P3, and five potential wassho
locations from W1 to W5. Since the icons represgnfilant

P2 and warehouses W3 and W4 are in light gray coIoV

obviously, the three facilities are not includedhie network.

The contents in the brackets in the light gray EOHSr

represent the potential products and vanilla béixascan be
produced in the corresponding facilities, while tloatents in
the dark gray icons represent the products andamilla

boxed that are finally determined to be producedha

corresponding facilities. In this case, the plaht$used to its
total potential capability in manufacturing produtt, f2, and
f3 and vanilla boxes v1 and v2 as well, while therethouse
W1 is only used to store final products f1 andefzen though
its potential capability can cover all the produatsl vanilla

": set of vanilla boxes used in produtt.
BV
F r

- vanilla box included composition of produdt.

: set of products which need componént
set of vanilla boxes which need componént
F": set of products which need vanilla bux
subset of suppliers that can provide comporfent
: set of customers which require produict
K =F ROV : set of all commodities represented in the
model, indexed by .
P subset of plants at which commodky can be made.

W : subset of warehouses at which commodtitgan be
stored.

O = S0 POW: set of potential origins for the
commodities, indexed b .
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D = POW [ C: set of potential destinations for the
commodities, indexed by .

O: set of potential origins for commodity .
D : set of potential destinations for commodky
F": set of final products possible in warehowe

The notations ofK , O, and D are defined for notational
convenience, with reference to [17] in their reshafFrom

the above definitions, we can géd" =S' for any
componentr O R, O = P" for any vanilla boxvOV ,

andO" =P" OW for any productf O F . Similarly,

possible destinations for a component r are plahtshich
products requiring this component can be made,

r — f
D =01 fOE" P
vanilla box v are warehouses at which productsirgmuthis
vanilla box can be finally assembled, i.8, = D\,DFVWf )

Finally, the set of possible destinations for aduat f is
definedasD" =W ' OC

B. Parameters

a": guantity of component required in the production of
one unit of productf .

b™ : quantity of component required in the production of
one unit of vanilla box/ .

c”: guantity of vanilla boxv required in the production of
one unit of productf .

d f

. : demand of customet for product f .

C, : fixed cost of selecting the origi@ .

(o]

>~

C. : operation cost of one unit of commodky at origin O .

[0}
C'O‘d : transportation cost of one unit of commodkyfrom
origin O to destinationd .

cs®: capacity of suppliess.

cp® : capacity of plantp .

cw": capacity of warehousw .

F*

U, : middle parameter to represent if the origin igvag if

: total element number of the skBt” .

U, =0, yes. IfU, =1, the origin is not active.

Ug : middle parameter to represent the amount of coafityno
K operated by origiro .

0y : lowest quantity of the commodity operated by origin
to have a discount for operation.

|,.: discountonc,if US >q,,0<l, <1,ifUS<q,,
l, =1.

N, - the number of the seBV .

C. Variables

X(';d : quantity of commodityK transported from the origin
0 to the destinatiord .
y‘]f\vl: quantity of productf which is produced from vanilla

boxesV in warehousew, f OFY,vOV'.

In the models in the literature, the variablesquite often
defined in three levels. The first level refers bnary
variables. They are defined to represent which irrig
selected for delivering a kind of commodity. Foample, for
each supplier, there is a binary variable to regred the
supplier is selected to deliver the material or. iBimilarly,
binary variables are defined for the potential tames of

i é)lants and warehouses. If the variable is equa) tmrmally,

it means this location is selected to build a ptarwarehouse.

. Furthermore, possible destinations for arhe second level means the variables which represen

qguantity of commodities delivered from an origin ar
destination in the network. The third level vatésbare used
to represent the flow quantity of commodities betweach
possible pair of origin and destination.

Logically, it is very clear to define the three déwv of
variable. However, the activities of the second tird levels
variables are dynamic during the optimization. They not
always active and can be assigned values. At fivstactivity
of the second level variables depends on the \afltiee first
level variables. Furthermore, the activity of thmérd level
variables depends on the value of the second \&r@bles.
Of course, indirectly, the first level variablesntml the
activity of the third level variables. For examplé,the
variable for a supplier is equal to 0, that meaisgupplier is
not selected to deliver the material. Hence, thi@abée at the
second level representing the quantity delivered thig
supplier is not active. Subsequently, the variattléhe third
level representing the flow quantity from this sligwpas the
origin can not be active either.

To solve the problem induced by the variables iredh
levels, conditional constraints are added to enshaé the
higher level variables can not be assigned vatuthi$ paper,
we release such constraints by using only the thaxel
variables. These variables can implicitly represehich
origin is selected to deliver which commodity ahd guantity,

by calculating U, and U('f through the functions

U, zzleo(d candUg = " X, .

kOK dOD dibD
As for the second set of variablglsfvv, they are required in

the situation when a product can be produced framerthan
one vanilla box, and coincidently, the vanilla bex@n be

stored in the same warehouse, that mem§\§f >1.

Consider the example introduced in Fig. 1, prod2atan be
produced from vanilla box v1 or v2. When using f2lneeds
component d, while when using v2, f2 needs compibhen
Hence, we need to determine how many product f2 are
produced from v1 and how many are from v2. For tlise,

two variables are required. The sum of them shbeléqual

to the difference of this product’s output and inhpfi the
warehouse. However, when the product can only beymed

by one vanilla box from the warehouse, that is &y, s
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nvi
can be directly equal to the difference of outmd aput.

When the vanilla boxes in the warehouses are tine sae
need to find out the optimal quantity for each pretdhat can
be produced from the same vanilla box. On the dihed, if
the vanilla box can be used only for one produstntthis
variable is directly equal to the quantity of theguct that
can be produced from all of the vanilla boxes itgaitnto the
warehouse.

D. Constraints

3 xf -d/ =0, fOF, cOC'
wow

S e I TR,

918" fOF" pOP vOv' pdP

-a" > x5, =0, wOwW, rOR

cicf

)

> v

= T K- T
fOFY aic’ poP’
wOwW', vOV'

> oxg,lat =Y yy =0,

Easy fOFY

wOW', rOR'

> x5 /et =Yy =0,

poPY
woOw', vOv'

D xG+ Do xg, <cs%, sOS
wiow

pOP

DD X DX (D e In,) < cpP,

fOF woW fOFY

pUP

(4)

(7)

DD X sow”, wOW

fOF o’

Constraints (1) ensure that customer demands tiséexh
by the warehouses. Constraints (2) ensure thattdted
amount of component r shipped to plant p is equ#ié total
amount required by all vanilla boxes and productslenat
this plant. Constraints (3) ensure the input of@pct into a
warehouse is equal to the output of the produanftbe
warehouse. Constraints (4) and (5) ensure thatirtpat
components and vanilla boxes are finally used fer final
products. All of the three constraints ensure #ibfinished

products, vanilla boxes, and components that emter [4IM

warehouse also leave that warehouse. Constrap{&jpand
(8) are the capacity constraints for suppliersntslaand
warehouses respectively.

fOFY (5

(6)

=1, then there is only one variable, and this vagabl E. Objective Function

min. 3 TcU, + > (GUs + X CaXeg)] (©)

oo kOK dibD
The objective function (9) minimizes the sum of fated

and variable costs.

V. CONCLUSIONS
This paper has summarized the development of logist

(1) networks planning by analyzing the review paperghe

literature. From the study, the research gap istified. A
new location-allocation model is formulated witmsaering
the commonality among the products and postponement
strategies in the logistics networks. The modellwamised to
make not only the general facility location deamsp like
where to build the plant or warehouse, the allocatdf
commodities, but also the decisions on where tlol b final
products and vanilla boxes in the plants or warshsu

Based on the proposed new location-allocation bl

(3)and model, further researches are to develop thiaudor

solving such problems. Some mathematical optinonati
techniques have been widely adopted. Exact algosithre
used to find the optimal solutions, and heuristios used to
find good, but no necessarily optimal solutionan@ation
models are also well-known with the mechanism talate
specified design alternatives created by the design

Furthermore, some management issues and hintsecan b
obtained by analyzing and comparing the resultsrgnbe
models with different scenarios, namely the modétls only
considering commonality or postponement, with coeishg
both commonality and postponement, and without
considering commonality and postponement.

Finally, one issue must be highlighted. Since thgimal
emphasis of the paper is to discover the influeofe
commonality and postponement strategies
location-allocation decisions in logistics systelemnming, the
basic model does not include uncertainty and tiegog.
However, considering that the spirit of commonalityd
postponement is to reduce the uncertainty of custom
demand, the model would be more practical if #xtended

on

) (8 for dynamic and stochastic logistics network sciersar
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