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Abstract

As known to us, the main profit source of supply chain is
derived from the improvement of relationships among
enterprises. In order to maximize the profit of the chain,
longitudinal and lateral relationships among enterprises
are comprehensively analyzed in this paper, with which
the supply chain profit is compared. The result indicates
that the cooperation is more propitious to the profit
enhancement than pure competition. Thus the optimal
relationship among the enterprises is established.
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1. Introduction

Since 1961, J. Forrester set about the research of
relationships among enterprises, it has become most
important in the supply chain research, and it also
represents the key point in the supply chain management
now [1]. The relationship among enterprises consisted of
two kinds of basic relationship: competition (non-
cooperation) and cooperation. Competition is the
characteristic of the market economy. The competition
will make the best of resources with efficiency and
development. But in this competitive market, the
enterprises may benefit the same or even more through
cooperation than through competition [2]. The key to
manage the supply chain is dealing well with the
competitive and cooperative relationships among
enterprises.

The longitudinal relationship between enterprises
whether in upper level or lower level in supply chain (i.e.
seller and purchaser) is the point of the research. A lot of
researches in this field have made qualitative and
quantitative analysis of it. Qualitative analysis such as
Sven A. Haugland’s discussion whether both parties must
follow cooperative strategy and establish the long-term
relation in competitive market . Laura did large-scale
investigation and found that competition is more efficient
than cooperation ™. Z. Lu analyzed the present
conditions and further trend of relationships among
enterprises and claimed that it will experience four stages,
from the traditional transaction to strategic cooperation

relationship 1. J. Yao deemed that the traditional supply
chain relationship based on rights is a competitive
relation which is merely to win or not, and strategic
cooperation relationship based on trust is a typical
win-win relationship . The development of enterprise
relationship was divided into three stages by Z.X. Chen
from the historical angle, from the traditional enterprise
relation, logistics to strategy relationship ™. Y.L. Sun
holds that the new strategy alliance requests the
enterprises adjust the view of value, and establish
competitive and cooperative relationship among
enterprises to win sustainable advantages . Y. Zhang
did research on it with the theory of transaction cost. In
her opinion, enterprises relationships are directly affected
by the factor of commitment, dependence and
professional investment etc, and this forms different
kinds of relationships which decide success or failure '],
Quantitative analysis are as follows: M. M. Zhong
analyzed the limited and unlimited transaction of
enterprises in upper and lower level on supply chain, and
compared the supply chain benefits with these two
strategies which are full cooperation and inadequate
cooperation™. D.M. Song established a model of
enterprises’ cooperation and competition, and adopted
“replication” in biology to emulate and participate in
human’ study and adjustment .The evolved stable
strategy was used to describe a long period of evolution
of enterprises’ cooperation and competition ™. W.B. Yao
made use of Game Theory to analyze the relationship of
the upper and lower supply chain in complete free
competitive market, complete monopolized market and
monopolized competitive market. He opines that
enterprises compete more under complete free
competitive market and complete monopolized market,
but enterprises cooperate more under monopolized
competitive market™™.Susan X. Li analyzed the selling
price of seller and economic ordering quantity of
purchaser under the circumstance of cooperation and
non-cooperation™! .

Comparatively, the research of competition and
cooperation relationships among enterprises which are in
the same position on different supply chain (lateral
relationship) is few. Most of the scholars agreed that
enterprises should cooperate with each other in
longitudinal relationship, but it is not clear that between
cooperation and competition which takes the lead in
lateral relationship. And it didn’t discuss which basic
strategy should be taken while enterprises are facing both



lateral relationship and longitudinal relationship. This
paper will discuss the lateral and longitudinal
relationship among supply chain enterprises, and
compare the supply chain profits on these two
relationship so that we can establish the optimal
relationship based on the maximal profit.

2. Model Assumptions

We suppose that one seller sells the same kind of
product to the two purchasers placed in the same market
(figure 1 shows below). The seller determines its price
and the purchaser decides the purchasing amount. The
seller has its own stack of storage to satisfy customers’
needs. And lack of storage is not allowed. The purchasers
also have its’ own storage. And lack of storage is not
allowed either, The biggest investment of purchaser is
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Fig.1: The relationship between seller and purchaser.

The model definition is as follows:

The selling price of the seller is P, the selling price
of the purchaser is P, .For the sack of convenience, we
suppose the relationship between these two prices is
linear, that is P, =kP,Kk>1.L represents the net
profits of the seller which is the percent of the sales
volume .The decision variable of the seller is P .The
purchaser’ demand is D and suppose that it is the
reduction  function of  the
D=aP”,a>0,0<<1.Qrepresents a purchasing

amount of every purchaser and it is the decision variable

selling  prices,

of the seller. C,, is preparation cost of the seller, C,

0s
is the unit ordering cost of the purchaser. hg,h,is the
percent of the selling price P. h P is the storage cost of
the seller and h, P is the storage cost of the purchaser.
C, is the total cost of the seller and C, is the total cost
of the purchaser . ZCb is the sum of the purchasing
cost of two purchasers, Zcb =2C,- G, is the profits
of the seller and Gb is the profits of the purchaser .

ZGb is the sum of the profits of two purchasers,

>'G, =26, .G is the total profits of the supply chain ,

G=G,+).G,-

In general, there are four basic relationships among
seller and purchaser. First of all, there is non-cooperation
between seller and purchaser and non-cooperation
among purchasers. (non-cooperation in both lateral and
longitudinal  relationship).  Secondly  there s
non-cooperation between seller and purchaser and
cooperation among purchasers. (non-cooperation in
longitudinal relationship but cooperation in lateral
relationship). Then, there is cooperation between seller
and purchaser and non-cooperation among purchasers
(cooperation in longitudinal relationship but non-
cooperation in lateral relationship). The fourth
relationship is that there is cooperation between seller
and purchaser and cooperation among purchasers
(cooperation in both longitudinal and lateral relationship).
The cooperation discussed in this paper is mainly in
stock and purchase .Comparing the total profits of supply
chain under these four situations, we can get the optimal
relationship between sellers and purchasers based on the
maximal profit.

3. The Model Establishment

The biggest profit of the supply chain G, the optimal
selling prices P and economic ordering quantity
Q under these four situations are discussed by
establishing the model.

3.1. Non-cooperation in both lateral
and longitudinal relationship

It is a typical two stages Game Theory between seller
and purchaser .The seller announces its selling price first
and then the purchaser decides its purchasing quantity.
Because of non-cooperation among purchasers, it is two
independent two stages Game Theory.

The profit of one purchaser is:

D Q
Gb = (Pr - P)D—acob —Ehbp

The cost of it is:
C,=PD +2C0b +9th
Q 2

The EOQ is:
Q* — 2CobD = 2(:0ba|37ﬂ7l (1)
h,P h,
The maximal profit of one purchaser is:

maxG, = (P, - P)D —,/2c,h,DP

The profit of the supplier is :




G, -LPp-2c —2hp @)
Q* 2
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Get (1)into (2), we can get:

G, = LaP"”’ —%W/ZaPl_ﬂcobthCos +h—5J

ob hb

Because of C,<C, , we can get

PD +./2c,,h,DP <C,

We can get the optimal selling price and EOQ.:
Yy
P* =|:Cobhb +CO _\/Cobhb (Cobhb +ZCO)] /

a

(the process of deduce in Appendix 1)

« 2ac,,
Q= \h

The maximal profit of the supply chain:
maxG = 2max(G, + G,) = 2(k -1+ L)aP™*#

_ 'Zap*(l_ﬁ)cobhb (Cob + Cos + hb + hs]
C

ob hb

3.2. Non-cooperation between seller
and purchaser and cooperation
among purchasers

When two purchasers cooperate, we can merge
these two demands and purchase to seller in one
purchaser. Because of non-cooperation between seller
and purchaser, the seller announces its selling price first
and then the purchaser decides its purchasing quantity.

The total profits of two purchasers are:

> G, =2D(P, - P) —Qcob —thp
Q 2
The total costs of two purchasers are:

> C, = 2F>D+%Dcob +%th

The EOQ is:

-p-1
Q" = 4c,,D _ |4cqyaP @)
\ h,P h,

The profits of the supplier are:
G, =2LPD-—c,,——=h.P 4)

S 0s S

Get (3) into (4), we can get:

G, = 2LaP™" — JaP™c h, [Cf’s +EJ

ob hb

Because  of ZCb <2C, , we can get

PD+gcob +%th= PD +,/c,,h,DP <C,-

Through deducing, we can get the optimal selling
price and EOQ.:

P = [C"bhb +2Cy =/, (Coph, +4C,) ]%ﬂ

2a

x 4ac,,
Q= \hpen

The maximal profit of the supply chain:
maxG =Y G, +G, = 2(k 1+ L)aP™*”

_. aP e h, [Cob FCs h, + hsJ

Cob hb

3.3. Cooperation between seller and
purchaser and non-cooperation
among purchasers

The seller and the purchaser cooperate and decide
the selling prices and purchasing quantity in order to get
biggest profits. Because of non-cooperation among
purchasers, it forms two independent supply chains
between seller and two purchasers.

The total profits of the sell and one purchaser is:

G=(k+ L—1)PD—%(COS +cob)—%P(hs +h) ©)

Q* _ \/ZD(Cob + Cos) :\/2a(cob +Cos) (6)
(hb + hs)P (hb + hs)PH/j

Get (6) into (5), we can get:
G = (k+L-DaP” —\/2(c,, + .. )(h, +h, )P

oG
Whena—P =0, we can get the optimal selling price of

the supply chain:
P _ (Cqp +Cos)(hy +hy) s
2a(k +L-1)°

The maximal profit of the supply chain:
maxG = 2(k + L-1)aP™ " ~2,/2(c,, +0,)(h, +h)aP ™

3.4. Cooperation between seller and
purchaser and cooperation
among purchasers

When two purchases cooperate and merge purchasing
quantity, the seller cooperates with one purchaser to
decide the selling prices and purchasing quantity.

The total profits of the seller and two purchasers is:



G=2(k+ L—l)PD—%:)(COS +cob)—%P(hs +h) ()

4D(c,, + Cy _
(h, +h)P
Get (8) into (7), we can get:

40((C0b +Cys (8)
(hb + hs ) P:Hﬁ

G =2(K+ L—1)aP"” —2|/(C,y +Coo)(, +h,)aP™”
oG
When ) =0, we can get the optimal selling price of

the supplier:
o[ o)y +h) | *0
Ada(k +L-1)°

The maximal profit of the supply chain:
maxG =2(k + L -1)aP" ™"

—2,(Cyy +Cos)(hy + )P ™)

4. The model analysis

We can conclude form the below four situation .we can
get tab.1, tab.2, tab.3 (at the last page-P6).
From Tab.1, we can get:

Pl* < PZ* (the process of deduce in Appendix
2),P; <P ™M P’ >P and P, <P, <P <P,
From Tab.2, we can get:
Q,>Q; >Q, >Q,
From Tab.3, we can get:
maxG, < maxG,.

As the same, maxG, <maxG,, maxG, <maxG,
(the process of deduce in Appendix 3), max G, < maxG,

(the process of deduce in Appendix 4). So the results are:
maxG, <maxG, <maxG,, maxG, <maxG,; < maxG, -

5. Conclusions

We can conclude based on the model analysis:

(1) P, <P <P <P, Q;>Q;>Q >Q, We can
conclude it from these situations that when cooperation
is in both lateral and longitudinal relationship, we can get
the lowest selling price and biggest purchasing amount.
when non-cooperation is in longitudinal and cooperation
in lateral relationship ,we can get the highest selling
price and smallest purchasing amount .

(2)maxG, < maxG, s maxG, < maxG, - Thatis to
say, the profit of the supply chain which is under
cooperation is bigger than which is under competition
whatever it is lateral or longitudinal relationship.

(3) maxG, is the biggest profit, which means the
profit of the supply chain is biggest when the chain is
both lateral and longitudinal cooperation.

(4) If enterprises should choose one, it lies in
parameter C,, K, L, @, B, Cy, Cy» hys h.

(5) The pattern of the lateral cooperation and the
longitudinal cooperation is different. The longitudinal
cooperation increase profit through storage, while the
lateral cooperation through merging purchasing quantity.

The result indicates that the cooperation is more
propitious to the profit enhancement rather than complete
competition. So the supply chain of enterprises should
establish the cooperation relationship.
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Appendix 1

If when PD+./2c, h,DP =C, ,The supply

chain gets maximum profit.
Provided PD = oP*” =17,
2
then t°+,/2c,h,t—-C, =0,

t=vaP’ = _\/2C°bhb +\/2C0bhb +4C,

2
~ Conhy +Cy _\/Cobhb (Cophy +2C;) ]%ﬂ

)

P

o

Appendix 2

and Pz* , equal to compare
Cophly +Co — \/Cob hy (€41, +2C,)
and
a
Cophp +2C, — \/Cob h, (Cooh, +4C,)
2a
ConIy = /Cophy (Coohy +2C;) and

To compare P,

, also equal to

1 1
Ecobhb _E\/Cobhb (CopN, +4C,) .

Pl* - Pz* = %Cobhb +%\/Cobhb (Cophy +4C,)

1
- \/Cobhb (o, +2Cy) :E\/ Cooly (\/ Cooly
+4/Couny +4Cy —2,/c,,h, +2C,)

Because of C,h, << C, we can get
1
EJCobhb (Yo, +4/4C, —2,/2C,)

1
~ EJCob h, ({/4C, —+/8C,) <0

Sowecanget P <P, .

Appendix 3
maxG, —maxG, =

(1 e h, +h
2(k =1+ L)aP, " —\JaP, e b, [C“’ * G +7bh+ H
Cob b

ob b
= 2(k—1+ )|+ — o N
(Cob + COS + hb + hs J IC bhb [\/Zapl*(ﬂfl) _ \/apz*(ﬁfl) ]
Cob hb °

Because of P, < P, , then
2(k =1+ L)|aP; ¢ — P4 |> 0.
We can get maxG, > maxG,.

Appendix 4

max G, — maxG,
=2(k + L) |P,¢7 —p;en |
+2,/(Cy +Co, )Ny +h, )P 6

2(k +L _1)|:(Cob + Cos )(hb + hs) (Cob + Cos )(hb + hs ):|

2(k + L—1) Ak + L—1)2
+ 2 (Cob + Cos )z(hb + hs )2 -2 2(cob +Cos )z(hb + hs )2 <0.
Ak + L—1)° 2(k+L—1)°

So we can get maxG, < maxG,.



Longitudinal

Relationship

Non-cooperation

Cooperation

_(Cob + Cos)(hb + hs)_%iﬂ

Chich e
Non- > Cobh) +CO B Cobho (Cobh) +2C0) P3 = 7
cooperation 17 a 2a(k + L -1)
Lateral
Relationship - —y
1-8 * C,+C h +h -
cooeation | pr | G+ 20 G G +4C) p; =| (o +Cs)y + 1)
P > = o 4a(k +L-1)
Tab.1: The optimal selling price of supplier from each situation.
Longitudinal Relationship,
Non-cooperation Cooperation
Non_ Q* _ 2 Za(Cob +COS)
. 3 *(B+1)
cooperation
Lateral P (hb + hs)P3
Relationshi
P Cooper *_ 4a(Cyp +Cos)
- *(B+1)
aion (h, +h,)P,
Tab.2: The purchasing quantity from each situation.
Longitudinal Relationship,
Non-cooperation Cooperation
maxG, = 2(k =1+ L)aP,“”
) maxG, = 2(k + L —1)aP,
Non_ —[2aP *(1*/3)C h Cop +Cos + hb + hs 8 ( ) 8
cooperation 1 ob'l h 2 \/2 h +h )P, &?
Lateral ob b - (Cop +Cos)(Ny + )Py
Relationshi
p

Cooper
ation

maxG, = 2(k -1+ L)aP,

maxG, = 2(k + L-1)aP, "

ob

Cop + Cos N h, + h,

h,

j —2(Cay + ) (N, + )P, 7

Tab. 3: The biggest profit of supply chain from each situation.




