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Abstract—The authors has established the supernetwork
model of enterprise marketing in order to study equilibrium
on the network of enterprise marketing , and has analysised
of manufacturers , intermediate traders and consumers
behavior and optimal target. Then the optimal goal has
changed into the corresponding variational inequality. The
article has achieved the win-win equilibrium state and
solution algorithm of supernetwork model of enterprise
marketing. Finally, an example has given to validate the
effectiveness of the model and solution algorithm.
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. INTRODUCTION

Many marketing channels has formed marketing
network with the enterprise marketing environment getting
more and more complex. Marketing network is not only of
logistics network, but also is value added network.
Products is increase the value with it transfer process for
processing, packaging, transporting and stocking in
marketing channel, and the related member of enterprise
marketing network gain benefits. The enterprise
marketing network equilibrium has researched in past time,
but about its achievements has limited competition and
cooperation on same marketing channel, different
marketing channels members and different layers members
of same marketing channels on different network had not
studied. Super-network theory has provides new tools to
study the marketing network for difference and same
marketing channels in different layer. The supernetwork is
a complex network because it included many network,
which have multilayer and multi-level characteristics .

In this paper, the authors has established the
supernetwork model of enterprise marketing base on the
supernetwork theory, then has analysised each layer of
marketing network behaviors and optimal targets.
Furthermore, The authors has studied win-win balance
state and solution algorithm of supernetwork mode of

enterprise marketing.

Il.  THE CONTROL STRATEGY SELECTION
SUPERNETWORK MODEL OF ENTERPRISE MARKETING

Marketing network is a complex system for product
supply and demand between manufacturers and
intermediate trader (intermediate trader is refer all
organizations or individuals of participate in commodity
trading which locate in manufactures and consumers
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between , such as wholesalers and retailers, and so on),and
consumers  (consumers include organizations and
individuals ).Hypothesis enterprise marketing network
consists of M manufacturers, N intermediate traders and
0 consumers, each member is abstract a node, and a side is
builted from the supplier to the demander if the two node
between exists transaction relationship. According to each
member position and division of labor different, thus has
obtained a three layer structure supernetwork model of
enterprise marketing, as shown in figure 1.

manufacturer

Intermediate
trader

consumer

Figure 1. supernetwork model of enterprise marketing

In the supernetwork model of enterprise marketing ,this
paper hypothesis that manufacturers is product the same or
the same brand product which it with the same value; and
between adjacent layers can be freely trade, and
consumption market state is equilibrium. And following,
the author analysis manufacturer and intermediate trader
and consumer behavior and its optimization target..

A. Manufacturer behavior and its optimization target

Choice a manufacturer i (i =1,---,m) as the object.
For manufacturer i, its production cost function f, is

correlation g, In the case of fixed cost, In which ¢, is
intermediate trader to order product from manufacturer i .
Making a; express

intermediate trader

j(J=212,---,n)to order products from manufacturer i,
which is component of Q' € R™ a vector. Considering

the same layer members competition with each others, fi
is correlation with order quantity of other manufacturers .
In view of this, we will set f, to:

f.=1(Q) Vi €
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And we hypothesis fi is a continuously differentiable

non-negative convex function.
In addition, manufacturers 1 with intermediate

trader j transaction has certain costs C; ,which is include
transport costs, travel costs, and other related charges. It is
a function about 1 with | products trading quantity, C
as:

G =G (qij) V1, ) @)

And we hypothesis C; is a continuously differentiable
non-negative convex function.

With p, representation to unit product wholesale
price of manufacturer i, where the subscript 1 indicates
that it is the first layer of the variables. The total cost of i
is equal to its production cost and transaction cost. While
manufacturers 1 income is equal to the unit product
wholesale price multiply with trading volume. Thus,

producers | in the transaction process maximum profit can
expressed as:

maxz, =" pq,—(Q)-> ¢ @) ©
For Vi=12,--m;j=2,--,n , to have
q; =0 for all 1=12,---,m, the target function z,, of

manufacturers 1 is a convex function. In this way, the
solution of z, is also equal to solution corresponding of

variational inequality (Q",77°) € R™

0z, (0, 7, .
ZZ ‘ (q 77 (qij_qij)

i=1 j=1 IJ

oz (@) (4)
le qu 77| *
+),—————x(1,-7n)=0
Z on,

In which 7, is lagrange factor as @; >0
and Vi=12,---,m; j=,2,---,n . n is vector of all
manufacturer Lagrange factors.

B. Intermediate trader behavior and its optimization

target

Choice a intermediate trader j ( j=1,---,n) as the
object. For intermediate trader |, it needs to pay a certain
cost, such as inventory costs, product costs and equipment
repair costs. The cost is a function about Zimzlqij .same as

the manufacturers to optimize behavioral analysis, also
considering the intermediate trader between have

competing relationship, so, C; with correlation vector Ql.
We denote:
c;=¢,(Q) . vj 5)
And we hypothesis C; is a continuously differentiable
non-negative convex function.
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The intermediate trader pay certain transaction costs

when transactions with manufacturers. This cost is
function about the trading quantity, we denote:
Cij = Cij(qij) ! Vi’ J Q)

N

And we hypothesis Ci is a continuously differentiable
non-negative convex function.
The r].* is price of unit product. The (; as product
quantity which is intermediate | with consumer Kk
( k=1--,0 > d;
Q? € R .Therefore, the total cost of intermediate trader

J is equal the transaction cost and its products processing

costs, and its revenue is equal income of sale products to
consumer. Thus, intermediate trader ] in the transaction

process maximum profit can expressed as:
max z,; = rj* = Z::lqik - Q) _ZLC;(qij) )
For Vj=12,---,n, has Zizlqjk < Z:ilqij and
q;=0.

As the intermediate trader products processing cost
function and the function of the transaction costs are
continuously differentiable convex function, easy to verify

for all j=1,2,---,n, the intermediate | target function
Z,, is a convex function. In this way, the objective
function of the solution is also the corresponding solution

of variational inequality (Q", Q% Pz,) e R™

oz, (95,95, £;,) .
ZZ P (qij _qij)

,all composition  vector

i=1 j=1 q,]
ahv 62 (quq vp*') *
+zz 2 é ik 2 X(qjk _qjk) (8)
i=1 k=1 qjk
+Z": 02,y (G G £21) §
i P,
Among p,; to Vj=12,---,n to have the Lagrange

(o] m
factor on:kzlqjk < Zi:lqij and g, > 0.
C. Consumer behavior and its optimization target

Choice a consumer K (k=1,2,---,0)as the object.

Cjk
produce with intermediate trader |, such as transportation,
communication cost..

It is functions related of product trades quantity q, .

is transaction cost of consumer K transaction

Using p,, express price of consumer K to need of product,
then all demand price composition vector p, € Rf, itisa
function of:

d =d.(p,), VK ©)



And we hypothesis dk to be continuous and monotone

decreasing.
Consumer purchase units product to pay the total cost
equal the price of goods and transaction cost. of related.

With the consumer K as the case, for V]
( J=1,2,---,n) , the consumer K price equilibrium
conditions to satisfy the following expression:
. o =pag, >0
H+C () (10)
Z Py qjk -
Thus, the consumer K equilibrium conditions can be
expressed:
= Zq:k ) p;k >0
* j=1
d.()y (11)
< quk 1 Py = 0
j=1
For k=1,2,---,0, consumer optimization target can also

be expressed as the form of inequality, in order to solve the
balance point (Q%, p,, ) € R™":

ZZ( 0, (@)~ Pak] (a,—a5)

=1 k=1
+Z(quk _dk(p::)jx(p% _p;k)z 0
k=1 \_j=L

I, WIN -WIN EQUILIBRIUM STATE AND SOLUTION
ALGORITHM OF SUPERNETWORK MODEL OF ENTERPRISE
MARKETING

(12)

(Q",Q%.1", p,;, p) €K can make manufacturer

and intermediate trader and consumer are the greatest
extent possible to meet their requirements if Win-win
equilibrium state of supernetwork model of enterprise
marketing is presence. As existence

(Ql*,Q ,n*,p;j,p;k) € K meet the optimal condition

total of (4), (8) and (12).

That is to say the inequality (13) is solvable if win-win
equilibrium state of supernetwork model of enterprise
marketing can achieve. Reference [4] has proved that the
variational inqualities (13) is strictly monotone and have at
least one solution.

Equilibrium conditions of supernetwork model of
enterprise marketing to meet the existence, and only have
one solution.
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o, & oz, (0. 77)
un
qu 77|

*

ij

x(,—q

77i _77:)

)

i =1

i=

. 0z,

D

i=1 mn,

n 822J(quvq]k1p;j)

x(a. —q
g aqij (qu qIJ )
2 & 02, (G Gy ) (13
+ 12 Y x(g., —0q
=] aqjk (qjk q]k )
A CHLIRYLY)
=1 apzj'

+ Z(rj*-i-cjk(q;k)_p;ij(qjk_q;k)
j=1 k=1
+ Zq}k—dk(pi)}(pak—p;)zo
NGW We has given algorithm of win-win equilibrium

state of super- network model of enterprise marketing as
following.

initialization (Ql*,QZ*,n*,p;,p;k)e K , to make

T =1andtosetstep .

Iterative calculation:

Calculation of intermediater to manufacturer product
purchases quantity and to consumer product sales quantity

— ) — —7

from lterative calculation (Q ,Q ,7 ,o2J p3k) eK

of (Q") L% (a7 L% Q")
oq oq oq

aT . max 0 qTfl— ij ij ij
' ' +acf(qf*) )

ijy

aq,

]

_max(o aj —05[,02J +C1k(qJTk1)_p3Tle

T-1
2j

T-1
i

q

—T
the total cost of p,, which is consumer pay for the
units product:

;k = max[O, ;:k - (Z qul:l - dk (psTl)jj

-7 =T
Lagrange multiplier 77, +  p,; as following:

(O, 77:71 —ax quklj

=

Ezj' = maX(O, pzTJ_l - a(z q;_l - Zq}k_ljJ
i=1 k=0

Iterative calculation (Q*,q° 1 P55 Py) €K
>0

e . |pl-pl<e

yo)

77; =Mmax

For until

oy —a) <

any

o -

Jk‘_



‘p;k_p;kil‘gg ' ‘p;k_p;kil‘gg ' ‘77:_77:71‘35
(i=1--m,j=1---n, k=1---,0) to exit the

loop, otherwise, to make T =T +1, returning to the step
(2) continued iteration.
Such this, we can use the algorithm to achieve Win-

win equilibrium state (Ql*,Qz*,n*,p;j,p;k) e K. Thus
obtained the manufacturer wholesale price o, and
intermediate trader total distribution quantity rj* is:
A CHMECACH
li aq aq

=P
ij ij
IV. THE EXAMPLE ANALYSIS AND DISCUSSION

To construct a supermarket model which composed of
two producers , two intermediate and two consumer.
The production function of producers set:

f,(@)=2.50q; +3q,; f,(q)=2.50; +qq,

Among them, ¢, =q,, +0q,,;0, =0, +0,,
Transaction costs function between producers and
middlemen is set to:

Cll(qll) = 05q121 + 3'5qll '
C, (Q12) = 05q122 + 3'5qlz
Cy (q21) = 05q221 + 3'5q21’

Cy, (qzz) = 05q222 + 3'5q22

Commodity display and storage cost function of
middlemen is set to:

¢,(Q)=0.5(q, +0,)",
C, (Ql) = 0'5(q12 + qzz)2

Transaction costs function between brokers and
manufacturers set:

C.(6) = 0.5, +3g,
C.(0,) = 0502 +3q,
C..(0,) = 0.5, + 3,
C..(6,,) = 0.50%, +3a,

The intermediary and final consumption market
transaction cost is set to:

Cll(qll) = q11 +1 ’ ClZ (q12) = q12 +1
C21(q21) =0, +1, C, (qzz) =Q, +1

Consumer demand functions set:
d.(p,) =—2p, —1.5p,, +1000
d,(p,) =—2p,, —1.5p,, +1000

Parameter is set to:
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£=10"°,a=0.005,a, = a, =0.03,
f.=f3,=0.02

Using Matlab simulation, 500 iterations are
middlemen to optimal product manufacturers ordering
between trading volume weight, middlemen and
consumers are as follows:

Middlemen to order quantity production for:

q, =16.28, ¢, =14.96,

q, =14.52, ¢, =17.58

Products trade volume of consumers and
intermediaries for:

q;, =15.36,q;, =15.36,
q,, =16.25,q;, =16.25

Consumers pay for the unit price of the product is:

p; =276.70, p;Z =276.70
In addition, by formula (4) and (8) the wholesale price
and middlemen to production of products for the retail
price:
p, =209.83, p, =211.80,r, =260.24,

r, = 259.36

V. CONLUSIONS

This paper has established the supernetwork model of
enterprise marketing, and has obtained the marketing
network of producers, middlemen and consumers behavior
and optimal conditions, and then studied the enterprise
marketing super network model of win-win equilibrium
state, and an example is used to verify the validity of the
model and algorithm. The conclusion of the study on
enterprise marketing network each nets member decision
to provide a practical reference is of great value.
Establishment with three or more layers supernetwork
model of enterprise marketing is the further research
direction.
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