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Abstract: This study introduces opportunity cost mto the distribution network, by defining a distribution
center which faced shortage of losses and built centralizing supply chain distribution network bi-level
programming model which included one manufacturer, more distribution centers and multiple retailers out of
stock loss. Combined with the traditional particle swarm designed approximation algorithm to optimize the model
and take an example, the effectiveness of the model and algorithm was verified.
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INTRODUCTION

In order to sale more products in an increasingly
competitive market environments, addicted to providing
diverse products, more and more companies should
increase the distribution centers and retail stores to meet
customer demand in different markets. However,
increasing distribution centers and retail stores in supply
chain distribution can merease the company’s invests in
the sell market, on the other hand, reducing the
distribution centers and retail stores in the distribution
network can increase the inventory fee and the loss
because of out of stock m the supply chain. Therefore,
how to reduce the supply cham distribution network
operating costs and improve the operating efficient, this
15 a case problem. Eppen G and Schrage L research a
supplier, a distributor center and multiple retail stores
supply chamn secondary distribution network model, on
the assumption that retail demand follow. supply chain
distribution network which demand is a constant and the
model 15 solved by a normal distribution, the early period
1s a constant in distribution centers and retail stores and
proposed the E-S model and get out of the approximate
optimal solution (Eppen and Schrage, 1981). After that
(Federgruen and Zipkin, 1984) developed the E-S model
and proved the optimal solution based on the mventory
optimization. Erkip et al. (1990) considered the time
correlation in the retails” demand and proposed the
extended E-S model. Lee (1996) considerded the
unfavorable factors in the centralized control and
proposed the separately control supply chain distribution
network model (Shen et al., 2003) establish the centralized

control supply cham distribution network model and
given the appropriate solution and application examples.
ReVelle and Laporte (1996) research the s the simulated
annealing algorithm. However, the distribution network
inventory cost and shortage cost distribution of the entire
supply chain network cost 13 not considered in the above
literature.

CONCEPT

Supply chain  distribution network  bi-level
programming is a two-stage decision problem. Tt includes
the upper decision problem and the underlying decision
problem. Bi-level programming model of supply chain
distribution network is established as follows.

Supply cham distribution network optimization can
be seen as a leader-follower problem. The distribution
center 15 a decision-making department leader; the
behavior of the retailer for the distribution center is
follower. Product introduction in decision-making
departments can be changed through the control and
management of a distribution center and its cost, thus
affecting the choice of retailers but can not control their
choices, the retailer then compare the costs of existing
distribution center. They choose what they needs
according to their characteristics.

According to this study, it come up with the
centralized supply chain distribution network system and
distributed supply chain distribution network system, the
main 1ssues include build mathematical model need to be
addressed in the centralized supply chain distribution
network.
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Fig 1. Bi-level programming model of supply chain distribution network

MATHEMATICAL MODEL

Symbol Description: p; is represented the retail il unit time
average demand; &, is represented unit time in the
standard deviation of the retail il demand; py; is
represented retail il and retail jl demand correlation
coefficient; 4 is represented distribution center id within
the umit time average demand, &, is represented the
standard deviation of the demand of distribution center 1d
In unit time; Py, is represented the demand correlation
coefficients of distribution center id and distribution
center jd; L
supplier m to the distribution center 1d; T, ; 1s represented
transport time from the distribution center id to retail store
1l; t,; 1s represented umt cost of transportation from

na 18 Tepresented transport time from the

suppliers m to distribution center id; t; is represented
from the distribution center id to the retail il unit
transportation costs; 5 is represented total inventory of
supply chain distribution network; X, is represented the
moment distribution center 1d inventory m 1+L;y; X 1s
represented the moment retail stores il inventory in
Lot Ty 6 18 represented match the coefficient of
mvestment and transportation costs; F,, is represented
fixed costs of distribution centers 1d; K, is represented
factor of safety stock distribution center i1d, K, 1s
represented factor of safety stock distribution center il; .,
is represented fixed cost coefficient related to the capacity
of the distribution center id; h,, is represented distribution
center id wunit inventory cost per unit time; hy is
represented distribution center il unit inventory cost per
unit time; py, is represented distribution center id unit
shortage cost per umit time; p; 1s represented distribution
center 1l umut shortage cost per umit time.

Z.4 18 represented demand part of the distribution
center id portion allocated by the supplier m; Y, is
represented the part of the distribution of retail il demand
in part by the distribution center id, W, is represented
transshipment capacity of the distribution center id.

mad

Assumptions of the model:

»  Distribution center needs Y, to follow a normal
distribution and related, Y, ~N{pwd.%

»  Needs of individual retailers Z, , follow a normal
distribution and related, Z, ~N(p.8.%)

»  Distribution centers in order to make a distribution
center inventory from one time to the various
suppliers reached, Orders in timel+L_; to reach the
distribution center d, part of the demand of the
distribution center d is allocated by the supplier m,
Yuue Y;; demand is allocated by the supplier m, the
part reaches the distribution center at 1+ ;, moment

»  Retailers froml+L,; tine to various distribution
centers in order to enable retailer to achieve S, order
in 1+L,;+ 7T,y arrives at retailers 1, part of the retailer
| demand 1s allocated by the distribution center d.
The demend of z4, 7., 1s allocated by the distribution
center d,the part reach retail stores | m 1+L, ;T4

* In each cycle L, suppliers assigned to various
distribution centers ordering makes various
distribution centers out of stock of the probability of
occurrence of 141, is possible

¢ In each cycle L, distribution center assigned to the
ordering of the individual retailer makes various
retailers n the probability of the occurrence of out
1+L .t T eyele 1s equally possible
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Firstly, defining the loss distribution centers out of
stock at the 1+ L_;, moment (out of stock costs) in
considering the distribution center, the amount of safety
stock, distribution center safety stock less than
distribution centers of the purchase amount from the
supplier and retailers from the purchase amount of the
distribution center and distribution center will be out of
stock. That the amount of the distribution center’s
inventory can not meet the demand of the retailer, so that
based on the above analysis of the derivation of
distribution centers out of stock, the derivation of the
distribution centers shortage cost that deduced the
following expression:

) = o iaimyy L1+
Insln(s; X) = ZEIPHEZ 3 mam - de T
= =

=1 telely g 1

Lmja
> Ymaatil (1)

t=1

The meamng of the above formulas is that N retailers
subtracted from part I of the purchase amount of the
distribution center and the first ID distribution center
safety stock, minus the first ID distribution center from
the difference between the sums of the amount of the
purchase of all the M suppliers throughout the
distribution center total shortage cost.

So, the whole needs in the system is that:

m +Lm,id n 4+l a+Tag
V= z Z Ym,mYu + z Z Zm,ﬂZ‘,t (2)
I =l t=ltly g

The meamng of the above formulas is that the system
from one moment to the T;y; moment the overall system
requiremnerits, so that the system mventory in 1+ L+ Ty
moment can be expressed as S-V, it can be seen that the:

ix]d+irﬂ=S—V 3
i=1 i=1

LR, M) = O(S, X, R) + l(S—V—ixm—irﬂ) (4)

i=1 i=1

Tt can be obtained by Lagrange multiplier method:

2

axl = (hxd + pid)(b(kxd) “Pa— s (5)
il

gr—"’:(hﬂ T p Dk, p, A (6)

il

where, the ®(s) is the standard normal distribution
function. It can be known from Eq. 6 and 7itfand only if
k. =k = A =k, = k the system has the best optimal
allocation. The H; can be expressed that demand of the

distribution center from 14L,; moment to 1+L,+T,
moment. The W,; can be expressed that the inventory of
the distribution center in 1+4L,;; +T,,; moment. So that it
can be get:

v+ W, = (xid *Hm) =+ Lm,id + Tia,n)“id + [Sia -

8
a+ Lot Ty )ym,id}lm]ym,xa\}: +1 (E.T‘d) (7)
1

)
_[Hm + Vyﬂ\,;d\IT;d,ﬂ + Lm,ml +1 (S_M)]
1

=

i

Among that the:
8 = Z VaiaSiay 5 +1 (8)
i=1
The following is that:
8y = (T + Lo + D¥aabia + [81d = (Tgy + Lo + 1V, 00l ]
;. ©)
Tndnl + Lm,ml +1 (8;)
|
gid =9, Y, +L, 4+ Ty + Hy
5 (10
AV T + L+ W (Sa)
1
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(11)
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So that, it can be seen:

. _ = E{Pid[gia - Bx\i}+ 13
min C(S,.,5,,X) = 3. (13)
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The resulting shortage cost of the distribution center
1s that:

C(S=X) = p;a[(t('t;d)

Jﬁm + Lm,id(E Bdeizd + 22 Pijﬁid‘sdeidea) +01y)

i=1 i<

Jﬁﬂ + Tm,ﬂ (Z dei + 22 Py 5115]12111]1 ] (1 6)
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Distribution network bi-level programming mathematical
model: The mathematical model of the bi-level
programming model can be expressed as follows:

¢+  The objective function of the upper planning of
distribution centers is to minimize the cost:

i=1 i<j

min W = p;d[¢(1m)J8m + Lm,m(E Sjayjzd + Z p1181d81dY1dYJd)+

bty (Jaﬂ + Taa (Z 8112121 + 22 pijsllajlzllz]l (1 7)
i

i<j

m mo 1
+E Lm,mthme + E Z th,ml(l + Lm,m)tm,m
i=l

i=1 i=l

Transportation costs and the shortage cost plus the
distribution center costs equal to the distribution center,
distribution center safety stock cost from suppliers to
distribution centers and minimum.
¢ Upper planning constraints:

m lgs L

Z (X,J + Z Zy“\,x\i) LWy, (1 8)

i=1 t=1 il

It can be expressed that distribution center inventory
safety stock 1s equal to the distribution center and
distribution center from upstream suppliers the sum of the
quantities) the largest transshipment amount of the
distribution center 1s a fixed value

DESIGN ALGORITHM

Design algorithm: Many scholars have discussed
bi-level programming model of the solution to problems,
due to the non convexity of bi-level programming, bi-level
programming problem is referred to as the “NP-Hard
problem.” This article built bi-level programming model in
the distribution network based on the uncertainty of
demand. The upper and lower planmng are mterlinked, the
lower level decisions should consider the upper level
decisions in the supply chain, in the upper objective
function has a lower level of the decision variables, the
lower level planning objective function also has the upper
decision variables. According to the above analysis, in

this study, based on the idea of iterative combined with
genetic algorithm and particle swarm algorithm. Firstly, the
lower decision variable 2z, was given an initial value and
then to solve the upper planning, the optimal value of the
upper is planning generation again into the lower level
programming. Lastly the lower programming was solved.
This method can be called a loop iteration algorithm. The
step for the loop iteration algorithm 1s n the follows:
Step 1: Initialize particle swarm (speed and location),
inertial factor, accelerating constant, the
maximum number of iterations and the
algorithm terminates minimum allowed error
Evaluate each particle’s initial adaptive value
To adapt the imitial values for the current local
optimal value of each particle and the adaptive
value corresponding to the position of each
particle as a local optimal value

Adapt the best initial value as the current
global best quality and to adapt the best value
corresponding to the location of the position
as the global optimal value

According to update each particle’s current
location

To limit the flying velocity of each particle, the
maximum flight speed of no more than set
According to:

Step 2:
Step 3:

Step 4:

Step 5:
Step 6:
Step 7:

V= wvf+clq(pf7xf)+czr2(p§7xf)

update each particle’s current location
Comparing the fitness of each particle is better
than the history local optimal value, if good,
will the current particle fitness as the particle’s
local optimal value, the corresponding position
of each particle as a local optimal value
In the current group of find the global optimal
value and the current global optimal value
corresponding to the position as a particle
swarmn global optimal value position
Step 10: Repeat step 5-9, until meet the set of mimmum
error or the maximum number of iterations

Step 8:

Step 9:

CONCLUSION

With the development of the mtegrated in supply
chain and increasingly facing uncertainty environment,
when the mventory in the distribution center can’t meet
quantity of the retailer’s order, the distribution center will
appear out of stock loss. In reality, this phenomenon is
often exists, out of stock loss 1s one of the cost which the
distribution center should considered. Therefore,
introduce the shortage of loss mto the distribution supply
chain system 1s made up of its reasonable and necessity.
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With the development of the logistics integration,
distribution centers are playing an mcreasingly important
role, how to reduce the stock loss 1n distribution center,
meet the retailer’s demand timely; improving the interests
of the whole supply chain is a key issue. Through
analysis the example, the model built in this article can
give a distribution system to provide the decision-making
basis.
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