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Abstract: A simultaneous approach that incorporates inventory control decision into facility location model is proposed, which is used
to solve the multi-commodity logistics network design problem. Based on the assumption that the stochastic demands of the retailers
are normal distributed, a non-linear mixed integer programming model that simultaneously described the inventory decision and the
facility location decision is presented, in which the objective is to minimize the total cost that including location costs, inventory costs,
and transportation costs under the certain service level. The combined simulated annealing (CSA) algorithm is developed to solve the

problem. The model and effectiveness of the algorithm are clarified by the computational experiments.
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1 Intr oduction this article, which could increase the rationality and scien-

. . ) _ ftificity of the decisions.
In a high competitive environment, the manufacturing

companies must pay close attention to their inventory man- _ For the single commodity logistics network design
agement. To optimize their inventory system, the companiefroblem considering the inventory cost, the literatures [6-
should solve two critical problems. First, they must select8] ignored many factors which have influence on the inven-
the proper places that the commodities saving, namely, th&0y cost, and only added the cost as the non-linear function
sites and the number of stocking locations or logistics node®f the commodity quantity to the objective function; the it-
(LNs). Second, they must determine the amount of com-€rature [9] stgdled the joint Ioc_atlon-lnventory problem un-
modities to maintain in each LN. So in the logistics network der two special cases: the variance of demand was propor-
design problem, the facility location problem and inventory tional to the mean and the demand had zero variance, and
decision problem are two key subproblems and both of thenfeStructured the model into a set-covering integer program-
are highly related. But in many literatures, the above two™MNY model; the literature [10] developed a more efficiency

problems always were studied as the facility location prob_algorithm for the special cases in the literature [9]; the lit-
lem [1=3 and the inventory control probléfrs! separately. erature [11] analyzed the transportation cost considering the
The decision-making results in incompatibility and inconfor- Vehicle routing in the logistics network, but the order num-

mity at different levels, which could affect the rationality of Per was considered as a continuous variable in the formula-
the final strategy decisions. tion derivation; the literature [12] investigated the trade-offs

In addition. the demands of the retailers for the com- problem between the service level and service cost making

modities are always uncertain in the real world, but in the use of the e_ms;ed model in the Ilterat_ur_es [9'1.0]' and pro-
research on the logistics network design problem, the deposed a weighting method and a heuristic solution approach

mands were always considered as a deterministic variabletg"’ls(ad on genetic algorithms to solve the problem.

in order to simplify the analysis and modeling. Furthermore, The literatures that studied the logistics network design
the companies should maintain a certain stock to satisfy theproblem with multi-commodity are few for the present at
stochastic demands as far as possible. They are required tiome and abroad. The literature [13] simplified the inven-
control their inventory cost because the inventory cost is in-tory cost of the commaodities as in the literatures [6-8] and
creasing following the inventory amount, so the companiesproposed the Lagrange algorithm to solve the problem; the
must select the scientific inventory policies. Based on theliteratures [14-15] regarded the inventory cost as the lin-
assumption that the stochastic demand of the each retailezar function of commodity quantity; the literature [16] de-
is normal distributed, the problem that integrated the facility veloped the model framework of multi-commodity dynamic
location problem and inventory control problem is studied in capacitated facility location and reported on their computa-
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tional experience with standard mathematical programming
software, but the inventory cost in the model was a linear

function of demand quantity too.
2 Assumptions and notations

To formulate the model, the following notations are
used:: denotes the candidate LN site= 1,2,---,N ; j
denotes the retailey, = 1,2,---, M; [ denotes the com-
modity, [ = 1,2,---, L. F; is the fixed cost of locating at
candidate LN sité; V; denotes the storage capacity of can-
didate LNi; RP! is the reorder point of the inventory policy
in LN 4 for commodityl/, and when the inventory amount of
commodityl at LN i decreases t& P}, then an order is trig-
gered;Q! is the order quantity per ordex; is the occupation
of storage capacity per unit commodltydg- andug- are the
mean and the standard deviation of the demand at refailer
for commaodity; Dé- and sz_ are the mean and the standard
deviation of the demand at candidate Lfor commodityl;
LT! is the lead time (in days) from supplier to LiNor com-

Based on the above assumptions, we get:

M
j=1

M
j=1

The fixed location costs of LNs are disposable and the
other costs are invested per day, so in order to keep the con-
sistency of all cost in unit time, the location cost should be
shared in day in the planning horizon. The absorption rate
could be computed as following:

K

>

-
= 1+7) 1

1

7= 365
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3 Systemcostanalysis

According to the above assumptions, the Lperforms

modity /, namely, the supplier takes the required lead time g, inventory policy (R, Q1) to meet the stochastic demand

to fulfill an incoming order from LNi for commodityi; H!

is the inventory holding cost per unit commoditgt LN 3;

Ol is the fixed cost of places an order for commodiat LN

i; R! is the cost to ship per unit commodityrom the sup-

plier to candidate LN; 7T/ is the elapsed time between two

consecutive orders for commodityat LN i; ij is the dis-

tribution cost of per unit commoditybetween the LN and

the retailerj; 8, andd, are the weighted factors associated

with transportation cost and inventory cost, respectively;

is the united service level in the systetn< o < 1, thatis

to say, the fill rate of all demands for all commodities must

not less thanv in all LNs; K is the planning horizony is

bank interest rate an@is discount rate (calculated by); P

is the maximum number for the LNs that allowed to locate.
And set the binary variables as:

o

Yk

]

1, if a LN setup on sité
0, otherwise

1, if LN ¢ services retailey
for commodity!
0, otherwise

Note that whenX; 0 , there is no commodities
should pass LN and vice versa.

Some rational assumptions are proposed as following:

(1) Each factory in the network produces only one com-
modity;

(2) The demand of each retailer for each commaodity is
uncertain and satisfies a normal distribution. Moreover, all

the demands are independent.

(3) Each demand is serviced by only one LN, namely,
the demand could not be partitioned.

(4) LN ¢ performs an inventory control policy
(RP!,QY, that is to say, a fixed quantitR P! is ordered
to the supplier, once the inventory quantity falls to or below
a reorder poin)}, and the factory could satisfy the demand
of retaileri for commodity! after lead timeLT}.

(5) All LNs in the network should have the same ser-
vice level, namely, the fill rates for the demands in all LNs
are identical.

pattern. But even the order is triggered, the commodities
should receive aftel 7! days. So once an order is sub-
mitted, the inventory commodities should cover the demand
produced in lead im&T" with a certain probabilityv. The
probability « is known as the given service level of the sys-
tem. So the level-of-service constrains at L fér commod-

ity I can be expressed as follows:

P(D(LT}) < RP}) = o; Vi,l. (4)

where D(LT}) is the random demand quantity during the
lead time at LN; for commodityl.

Based on the inventory policyRP!, Q') and the as-
sumption of normally distributed deman&,P! can be de-
termined as follows:

where Z,, is the value of the standard normal distribution,
which denotes the uniform service level and is identical in
the network. For simplicity, we leZ = Z, in following
analysis. So the average holding cost rate in each Edt
commodityl, based on the expression (5), could be written

as:
H!Z\/ LT} U+ HLQ' /2. (6)

The first term H! Z\/LT!/U! in (6), is the average
expenditure associated with safety stock kept atiLN'he
second ternff! Q! /2 is the average expenditure incurred due
to the holding the order quantity!, which is the inventory
used to cover the demand arisen between two successive or-
ders. Thus, the operation cost during this period at; Lfbr
commodityl is given by:

RIQ!+ Ol + (H!Z\/ LTI\ U! + HIQL/2)T!.  (7)

Then we divide the expression (7) byl} (T! =
QL/D!), the operation cost rate incurred at LiNor com-
modity [ is given by the following expression:

0,
<R§+Q§) D§+HfZ\/Tﬁ@+HfQ§/2- (8)



ISIf)rticles el Y 20 6La5 s 3l OISl ¥
Olpl (pawasd DYl gz 5o Ve 00 Az 5 ddes 36kl Ol ¥/
auass daz 3 Gl Gy V

Wi Ol3a 9 £aoge o I rals 9oy T 55 g OISl V/

s ,a Jol domieo ¥ O, 55l 0lsel v/

ol guae sla oLl Al b ,mml csls p oKl V7

N s ls 5l e i (560 sglils V7

Sl 5,:K8) Kiadigh o Sl (5300 0,00 b 25 ol Sleiiy ¥/


http://isiarticles.com/article/5386

