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Abstract 0
Based on real situations of supply chain network among enterprise allia
paper takes certain factors in every round of supply chain into considerati ?ﬁhsh
robust model of supply chain network design. Before that, the strategy (@) sition-
coordination” is adopted to get solutions optimizing supp rfsyste focus on
the analysis of supplier selection cost and decision- -ma g g0 aln facilities,
which is integrated and coordinated through agti based ostl fter the model

establishment, examples are used to illustrate prac lity an& eness of the model
and algorithm.
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1. Introduction &6
When economic society e@% in B@h speed market competition gradually

becomes the competition of chain k among enterprise alliances [1]. Supply
chain optimization requw terprlse to provide services through the Internet and
to coordinate cooperat nstoi profits and performances on the chain [2]. This
is processed unde in enqu&rent which refers to uncertain factors turning up in
every round of cham dihg to real situations in markets, including random
demands fr ers, v, u eration expense and uncertain productive performance
[3]. To de risks ertain supplement by making supply chain system more
flexible and ré ponsweéh an optimization combining with management is demanded to
make use of techn S in management, information and process controlling. On one
hand, with lowe 7 supplier, manufacturer, retailer and transport enterprise are able to
solve issues ab gistics in and out of enterprises, mutually coordinating enterprises in
every poh@. n the other hand, resources from suppliers can be resorted to better
respc& stomer demands and enhance mutual cooperation and trust among joint

enter, 5].

e question is how an enterprise builds its supply chain. Besides, it needs to figure
@ow to ensure supply chain structure containing supplier and detailed analysis of
facility decision on the condition of low cost and stability, and how to optimize the
management of supply chain network. This paper states in details about model approaches,
building process of mathematical model and strategies of model solution, and applies
random data to complement analysis based on real examples.

2. Model Approach

A supply chain network can be divided into four types, including supplier responsive for
offering law materials, factory in charge of production, distribution center and consumer.
The chain is regarded as an abstract digraph consisted by nodes and arcs, while the above
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four types build nodes in the chain [6]. This paper does research on a system of multilayer
and net-like supply chain containing more than a supplier, a factory, a distribution center
and a consumer, which is presented as Figure 1.
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Figure 1. Flow Chart of Supply C\ ysterv@0

Since the system is complicated, strategy “degegiposition- coWion” is used to
optimize the system [7]. The first step is deco v@ i 3\} at the system is
plem ent | optimization. This

decomposed to several subsystems in lower class t®
paper mainly decomposes the target function, ly the ml m cost function of supply
chain. The second is coordination; based al optlml n by sub-systems, overall
target function, according to general e of t tem, is minimized to maintain
satisfying solutions to realize glob |zat \&:pecmc approach is performed

below
1). Systematically analyﬁ 0 estab sub-model of supplier selection, namely
n m

minimum formula of cost, al odel |ty decision, namely minimum formula of
facility-decision cost.
2). Resort suppll and faci ecision to minimize the mean of system overall

cost, meaning to formu&&cost and facility decision and come upon constraint
conditions in re bun d robust model for network design of supply chain.

3). Calc odel d intelligent algorithm with the combination of random
simulation ’artlcl algorlthm to resolve algorithm of system model; and apply
data rando prod the test of algorithm performances to carry out exampirical
analysis.

E Table 1. Regular Variable of Model Symbol and Parameter

Regular Variable

S s Note
Name y Name y (all data are
mbol mbol
natural numbers)
Supplier collection A Supplier number a acA
Factory collection B Factor number b be B
Distribution center Distribution center
: C c ceC
collection number
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Consumer collection D Consumer number d deD
Raw mgterlal E Raw material number e eeE
collection

Product collection F Product number f feF
Possible situation Possible situation
- S S SES
collection number

Table 2. Assigned Variables of Model Symbol and Parameter

Assigned Variable

. Sym .
Meaning bol Notice
Decision of supplier a for offering law Xae “1” for “yes” and “0” for
material “no” .
Decision of establishing factory b Yb 17 for “yes” a ! NA
N0’
e < %N
Decision of founding distribution canter ¢ Zc \ ’1 for{xpo 07 for
Decision of distribution center ¢ for offering K S forVand “0” for
consumer d products PN ~no
. N N Ximum value of
Productive capability of factory b kM) \ capability
. - T . Maximum value of
Productive capability of distribution cgrttﬁ\ Nc \ capability
N
Table 3. Controlled Vari@ of Mo mbol and Parameter
LT
\ (/Qontrolled Vartable
Meaning, ") Symbol
The amount of raw mate | e that fa rchasing from supplier a under GS
circum abc

The mount of p ‘?\hat dlstr tion center ¢ transporting from factory b Qs
mstance s bef

The mow uct f that |but|on center c delivering to consumer d RS
cdf

igler circumstance s

3.1. Sub-model of r Selection

The cost of @r selection mainly performs in purchasing costs, including price cost
and transporEati cost. Cost parameters of this sub-model are presented in Table 4.

T@ . Cost Parameter Definition of Supplier Selection Sub-model
P —

(@) Cost Parameter Definition of Supplier Selection Sub-model
@ Meaning bSOSIIm
Price of raw material e purchased from supplier a under circumstance s a,
Unit transportation cost of raw material e transported from supplier a to Vs
factory b under circumstance s abe
Supply capability of supplier a offering raw material e O,
Match relation between raw material e and product f A
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Presuming VseS R refers to the product of unit-price and amount of purchasing
cost, price cost or transportation cost, resulting in the following formula.

I:):I. = ZZZ(a;e + ﬁasbepzibe
a b e (]_)
The establishment of formula (1) must consider relevant constraint conditions in reality,
such as the value of supplier’s capability Oac and the satisfaction of purchased materials
demanded by production [8]. So under circumstance s, the formula for constraints among
S S
Gape , Xae, A , and Quet is shown below.

Zz/’l’ef chf = zGabe = 5 X

3.2. Sub-Model of Facility Decision in Supply Chain \/’

For facility-decision cost of supply chain, it performs in four aspects xed
operation cost, business-dealing cost, inter-facility transportatlon cost and | g cost
and they are presented as P2, P3, P4 and P5, respectlvely refer to r the cost
parameters of this sub-model.

Table 5. Cost Parameter Definition of.QDew ub-Model

Cost parameter definition of facility-decisjen sub-model

Fixed operation cost of factory m r cwcumﬁ@ S Ve

Fixed operation cost of distributi \nter E‘u\d@rcumstance S &
Unit cost of factory b prgd groduct fmcircumstance S Ko

Unit operation cost of distriut nter € o@oduct f under circumstance

P Q ,Usf

Unit transportation of prod Qr&nsported from factory b to s
distrip@grrcenter oundet circumstance s bef

Unit transportatw of pro elivered from distribution center ¢ to &
N\ tonsumer ef circumstance s bef
Wrcha n t of factory b under circumstance s Iy

Unit purchasm f distribution center ¢ under circumstance s W,

L

All calculati@: carried out on the condition that VS €S _ If P2 refers to the sum of
fixed opesatjon cdsts of b and c, then it is performed as the follows.

@) P=> VY, +> &2,
q b c (2)
@m arly, the following presents P3, the operation cost sum of b and c.
P = ZZZKSfQ;cf +Zzz,ucsf R
b f ¢ c f d (3)

When facility transported from b to ¢ and from c to d, it comes across unit transportation
costs whose sum is performed as P4.

P, = ; Z Z Ot Qoer + Z Z ;wcfdf R
c c (@

While P5 means the sum of unit purchasing costs of b and ¢, which is shown in the
following.
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P=YTiM,+> ¥N,
b c (5)
Considering relevant constraint conditions of formula (2), (3), (4) and (5), the following

three inequalities come into being.
ZQscf 2 z Rcsdf
b d

(1) The amount of purchase is no less than that of shipment.
ZQI:cf < Mb
b
(2) The overall production of a factory is not supposed to exceed its production
capability.
ZZQSd +ZZRcsdf <N,
b f c f

*
(3) The amount sum of purchase and shipment of a distribution center is no m Ws
throughput capacity. 0
3.3. Resorted Model of Supply Chain Network Design ﬂ’
\1 Ps\he s

Presuming VS €S | the cost of resorted model is ert@w of P1, P2, P3,
P =Pl+P2+P3+P4+P

P4, and P5, showingas s @o morWd, a new formula is

born.
*
ST Tl - 2D
a b ¢
ZZZKEfQScf@ZﬂS;@ZZO’SdQSd +
b f ¢ c f d b f ¢
Sy v Yo
c f d b \ c
Since the establishme all for based on circumstance s, it is necessary to
reconsider S collegtio . occurrencesof each circumstance has different probability,
so”s is introduce use érobability, aiming to build robust model (ROM) of
resorted sup am.
@ minP=>" p.P,
s (6)
Formula (6) is aI@wstraint according to the above four conditions.
4. Example @sis
Beca complicated project remains uncertain, this paper applies simulation to
calcu ue target functions and test random constraint. Besides, simulation technology

ve values of robust model, which simplifies the calculation. PSO is a way to realize

icial intelligence by imitating group behaviors of natural creatures; in particular, this

paper adopts foraging behaviors of birds, referring to group optimization through mass

collaboration among bird groups. Firstly, PSO initializes random particles meaning single

bird group; secondly, iterative screening is complemented based on bird groups’ speeds and

locations to constantly update individual optimum; finally, overall optimum is maintained
based on combination of all optimums [9].

Compared to genetic or immune optimization algorithm, hybrid intelligent algorithm
based on PSO is highlighted by real number coding, which is easy to operate and realize.
Thus the algorithm is witnessed with its promising prospects in optimizing issues [10].

For example, a supply chain network containing 3 suppliers (al, a2, a3) , three factories

q cle swarm optimization (PSO) are integrated to form hybrid intelligent algorithm
ar
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(b1, b2, b3) and three distribution centers (c1, c2, ¢3) for selection is made to meet demands
of four consumers (d1, d2, d3, d4). According to 1:1:1 ratio, three kinds of raw materials is
supposed to produce one product whose demand from consumers is called random variable
having probability distribute uniformly in [160,20], [200,10], [220,20] and [260,20].
Matching normal distribution, all costs, including raw material price, transportation cost,
operation cost of distribution center, purchasing cost, production cost and operation cost,
are uniformly distributed in [10,5], [5,2], [10,5], [20,10] and [5,2], respectively.

If four demands are crossly combined with only one kind of cost, four different
circumstances turn up. Presuming that the probability of each circumstance is 25%, fixed
operation cost of a factory and distribution under each circumstance will be respectively
10000 and 8000. Making the number (N) of particle swarm equal to50, operating algebra
200 and the time of vague simulation 3000, only one robust solution of supply chain
network design is obtained under four circumstances according to robust model of hybrid
intelligent algorithm mentioned above. While the most probability is 0.85; so the finale
selections are supplier al, a2 and a3, factory b2 and b3 and distribution center ¢

5. Conclusion

Supply chain network among enterprise alliances is
consumer demands. Taking consumers’ random denda
uncertain production capability into consideration, @
integrates supplier selection and facility decision t
network design. Besides, hybrid intelligent alggmithm for m%so utions is created based
on the combination of random S|mulat|on a . With |I%#n ion of a real example, this
paper proves the practicability and eff nes@ odel and algorithm which

effectively reduce market risks for i and improve cooperation and
optimization of those alllances in ains.
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