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Abstract: Vertical cooperative innovation during supply chain may overcome the high investment in R&D and uncer-
tainty, and it also can avoid risks, shorten product development cycles. In this paper, a vertical cooperative R&D model is
built in the upstream monopoly supply chain based on game theory. The following conclusions is drawn: Monopoly in the
upstream vertical cooperative R&D model, with the absorptive capacity of enterprises and the overflow level of the in-
crease in corporate R&D results, the upstream and downstream businesses will increase profits. The upstream monopoly
enterprise cannot force the downstream companies to join the cooperative R&D alliance, and undertake research and de-
velopment costs too much. To maximize profits, the upstream companies can only travel companies in the following
bound for the standard to determine the number of member companies and the downstream cost-sharing ratio.
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1. INTRODUCTION

With the increasingly fierce market competition, enter-
prises realize that they can only survive by continuous inno-
vation. The enterprises shall realize product innovation by
relying on technical innovation so as to satisfy the changing
demands of the consumers. However, since the resources,
capacity and knowledge system possessed by an enterprise
are limited, it is very difficult to obtain innovative advan-
tages by relying one’s own strength. Therefore, cooperation
becomes especially important. The implementation of coop-
erative R&D can realize complementing of advantages of
each partner and enable them to jointly complete technical
innovation and product innovation as well as share the bene-
fits. In the recent decades, cooperative R&D model has been
very commonly executed in the enterprises [1].

In many industries especially manufacturing industry, the
cooperative R&D innovation among upstream and down-
stream enterprises with business contact is relatively fre-
quent. R&D activities of upstream (downstream) enterprise
will reinforce the competitiveness of downstream (upstream)
enterprises and increase their profits. This kind of R&D co-
operation is usually called as “vertical cooperative R&D
model”. Compared with horizontal cooperative R&D, people
has done fewer researches on vertical cooperation [2]. How-
ever, the cases of vertical cooperation in the production prac-
tice are considerable. With the proposal of the concept of
value chain, people become increasingly aware of vertical
cooperation as an effective approach to improve the overall
value of the supply chain. As a matter of fact, due to consis-
tent competitive relation, great barriers and disagreements
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exist during the cooperation of horizontal enterprises, includ-
ing corporate culture, moral risk, trust risk, etc. However,
there are no obvious competition and conflict of interest ex-
isting among upstream and downstream enterprises of the
supply chain. They usually have a dependency relationship
and thus it is very easy for them to reach a united front.

Among literatures studying vertical cooperative innova-
tion, two articles by Samiran Banerjee and Akira Ishii have
established a basic theoretic analysis framework for the re-
searches of the successor. Samiran Banerjee put forward a
vertical RJV model for the first time. This model has studied
the tactics that an upstream monopoly enterprise joins with n
downstream enterprises to form RJV model in a secondary
supply chain system with upstream enterprise as the inde-
pendent monopoly enterprise as well as discussed the influ-
ence of different cost sharing methods on RJV scale and total
profit. Besides, Samiran Banerjee still took the abovemen-
tioned vertical industry system as the study object and as-
sumed that n downstream enterprises form RJV to conduct
cooperative R&D at this point, while the upstream enterprise
is able to select the best selling prices according to the prod-
uct demands of the downstream enterprises. Also, the influ-
ence of fixed price model and floating pricing model adopted
by the upstream enterprise on the cooperative R&D tactics of
the downstream enterprises as well as how the downstream
RJV member enterprises prevent the speculative behaviors
of upstream enterprise have been studied. Akira Ishii [3] has
constructed a vertical industry system composed of two up-
stream enterprises and two downstream enterprises and as-
sumed that horizontal and vertical technology overflow ef-
fects exist in this system. Then, a vertical duopoly coopera-
tive R&D model has been established, and the influence of
vertical RJV on technical R&D has been studied. The re-
search indicated that vertical R&D cartel can bring more
social benefits compared with non-cooperative R&D behav-
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iors under the condition that the overflow level between sup-
ply chains is relatively low. Besides, when vertical enter-
prises can coordinate with R&D actions or share useful in-
formation, vertical RJV cartel can obtain the maximum so-
cial benefits [4]. However, this model has only discussed the
cooperative R&D tactics of vertical RJV under the condition
of output competition but failed to consider the cooperative
R&D tactics under the condition of price competition.

In the research of this paper, three-stage game idea is
adopted to launch the study of vertical cooperative R&D
innovation tactics and benefit with complete upstream mo-
nopoly. Due to information asymmetry and different market
positions, cooperative innovation participants launch Stack-
elberg price competition to finally reach a balanced status.
Meanwhile, the paper analyzes and concludes the coopera-
tive attitude of each enterprise and the best alliance scale by
comparing the indexes of various R&D statuses like profit,
output and R&D effect.

2. PROBLEM DESCRIPTION

When implementing technical R&D, the upstream enter-
prise leading in the secondary supply chain requires the
downstream enterprises to provide relevant technologies or
products. Besides, the benefits brought by the R&D results
of the upstream enterprise will spill to the downstream en-
terprises through the sales of intermediate products to benefit
the downstream enterprises. Therefore, when conducting
technical R&D, the upstream enterprise may unite with some
downstream enterprises to form a cooperative R&D alliance
and make the downstream member enterprises to obtain cer-
tain R&D profit or market competitive advantages and un-
dertake some R&D costs [5]. In literature, Samiran Banerjee
assumes that the R&D investment of the upstream enterprise
is F in a secondary supply chain composed of one upstream
enterprise and N downstream enterprise and the production
cost is reduced from cl to c2. In other words, it has mainly
studied the influence of cost-sharing tactics adopted by the
upstream enterprise like profit ratio or fixed ratio on the
scale of the downstream member enterprises given R&D
investment and effect. However, this paper fixes the R&D
investment and effect and fails to discuss if the cooperation
will of the downstream enterprises would influence the co-
operative tactics of the upstream enterprise or reveal the
trends of R&D effect and investment with the change of
quantity of downstream member enterprises.

Besides, the analysis of economists on the R&D alliance
is based on the technology overflow effect. Some empirical
researches indicate that overflow effect does not only exist in
the industry but also among industry supply chains. For a
long time, the analysis of overflow effect existing among
supply chains has often been ignored. Although some re-
searches point out that vertical R&D alliance can internalize
the technology overflow effect and motivate the R&D in-
vestment, the researches on form selection of vertical R&D
alliance are still rare [6].

Therefore, this paper has established a secondary supply
chain structure with complete upstream monopoly. Mean-
while, in consideration of the absorptive capacity and over-
flow effect of the enterprises, it has internalized the cost-
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sharing ratio, R&D effect and R&D input of the upstream
enterprise and discussed the influence of the cooperative
R&D tactics of the upstream enterprise on the scale of coop-
eration alliance, cost-sharing ratio, R&D effect and profits of
upstream and downstream enterprises when the upstream
enterprise conducts technical R&D [7].

In a secondary supply chain system with complete up-
stream monopoly, there is one upstream enterprise and N
downstream enterprises. When no cooperative R&D is car-
ried out, the production cost and transfer price of intermedi-

ate product of the upstream enterprise are o and P, respec-
tively; the downstream enterprises manufacture the interme-
diate product to homogeneous final product according to
one-to-one ratio and the competition of market where the
downstream enterprises are located will finally reach
Cournot equilibrium. Set the reverse demand function of
downstream enterprises as =a—0, and then the total out-

N
put of the downstream enterprises is QZZ%. Now, the
i=1

upstream enterprise starts to conduct technical innovation to
low the production cost by 6. The upstream enterprise can
select independent or cooperative R&D. If the upstream en-
terprise adopts independent R&D tactic, it will have to un-
dertake cooperative R&D cost and provide intermediate

product for downstream enterprises with a new price P;. If
the upstream enterprise adopts cooperative R&D tactic, it
plans to invite n (0<n<N) downstream enterprises to form a
cooperative R&D alliance to share the R&D cost. The R&D
cost ratio undertaken by the upstream enterprise is S, and the
downstream member enterprises jointly undertake the re-
maining (1—S). Besides, the upstream enterprise provides
intermediate product or downstream member enterprises at

the price of P., and provides intermediate product for down-

stream non-member enterprise at the original price of Po.

It is assumed here that Py Pss> P. represent transfer price
of intermediate price before R&D, during independent R&D

and during cooperative R&D respectively; ‘Igiaq;faq;f repre-
sent the outputs of downstream enterprises before R&D,
during independent R&D and during cooperative R&D re-

spectively; QS NONOH represent the total output of down-
stream enterprises before R&D, during independent R&D
and during cooperative R&D respectively; s s TGy repre-
sent the profit of downstream enterprises before R&D, dur-
ing independent R&D and during cooperative R&D respec-

. c c
tively; ai»Tq represent profit of upstream member enter-

prises and profit of upstream non-member enterprises during

. . 0
cooperative R&D respectively; 7,77, represent the

profit of upstream enterprise before R&D, during independ-
ent R&D and during cooperative R&D respectively; 6.0,
represent R&D benefit during independent R&D and during
cooperative R&D respectively; @ represents other produc-
tion cost of downstream enterprise beside the payment of
price of intermediate product; ! represents coefficient of
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difficulty of R&D; B represents technology (information)
overflow coefficient; k represents absorptive capacity.

3. MODELING
3.1. Initial Status before R&D

In order to seize the market share, the downstream manu-
facturers are engaged in a game about output to finally reach
count equilibrium [8]. Then, the profit function of each sin-
gle downstream enterprise is as follows:

N
71'3[ = |:a _zqgi _(po +w)i|qgi
i=1

Solve the output related to profit maximization, i.e.
o,

=0. Then the following can be solved.

g,
qo_ _ a—(p,+o)
“ N+1
N(a—p,—w)
():N 0.= 0
0, 44 N+l

The profit function of upstream enterprise is:
N(a—p,—w)

N+l M

ﬂ-f =(p, _co)Q,? =(py—¢)
Carry out first deviation of Py in formula (1) and make

on’
P =0 {5 obtain:
0

_atcg-o

Do 2

Therefore, the profit function of the upstream enterprise
is as follows:
N(a—c, - )’
ﬂ-;’ = (—0) )
4(N+1)

The profit function of the downstream enterprises is as
follows:

0 _ (a—c, —60)2
= e @)

The function of output of single downstream enterprise
and the total output is as follows:

qoza—co—a)
“AN+D) )
_N(a—c,—w)
0= 2(N+1)

3.2. Independent R&D Innovation

When the upstream enterprise conducts independent
R&D innovation, the production cost of the product declines

1
from €, to ¢ —6,. The R&D cost is 579_5,2. At this point,
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the transfer price of intermediate product changes from Po
to Ps. Then, the unit product cost of the downstream enter-

prises is (P, +@) . Therefore, the profit function of the
downstream enterprises is as follows:

N
T, = [a > a—(p,+ w)} 05
i=1

or,,

Carry out first deviation and make Py =0 to obtain:
di

s _a—(p,+m)
@ N+1

s _N(a—p,-m)
Q= N+1

During independent R&D innovation, the profit function
of the upstream enterprise is as follows:

) o1
7= (p, =, +0)Q0 ~ 18,

_N@a-p,-0)(p,—c,+6,) 1
N+1 2

7’952 (5)

Carry out first deviation of 7 in formula (5) and make

on’
3 =0 {0 obtain:
/4

s

_atc-0-6

b )

Substitute the value of P to the upstream and down-
stream profit functions to obtain the following functions:

= N(a-c,—0+6,) 1

2
! N+1 ZYGS
s l(a—c, —co+9s)2
@ 4(N +1)

Substitute the value of P; to the output function to obtain
the output of single enterprise and total output:

s _a—c,+0 -2w

T =N+
0 = N(a—c,+6, —2w)
AN+

Solve first derivative of the R&D effect from the profit
function of the upstream enterprise. In other words, make
om; _
26

s

0 .

The optimum condition can be used to solve and obtain:
0 = N(a—c,—w)
' 2(N+D)-N
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Substitute the value of &, to the upstream profit function
to obtain:

n,x _ ]V(a_co_a))2
“TA4N+1)-N/y

3.3. Cooperative R&D Innovation

If the upstream enterprise conducts cooperative R&D in-
novation with n (n< N') downstream enterprises, the pro-

duction cost €y declines to (¢ =6.). The R&D cost is
1
Eyﬂcz. The R&D cost ratio shared by the downstream

member enterprises is (1—S). Then, the cooperative R&D
cost ratio that shall be shared by single member enterprise
becomes (1-S)/n. As for downstream member enterprises
participating in R&D, the transfer prices of the intermediate
product changes from Py to P., while the transfer price of

intermediate product of non-member enterprises is still Py .
Vertical technology overflow exists between upstream and
downstream enterprises participating in cooperation [9]. At
this point, the profit functions of downstream member enter-
prises and downstream non-member enterprises are as fol-
lows respectively:

c C c s c c 1_S
n-di:|:a_zqdi_ z qdj_(pc-'-w_kﬁec)i|qdi_ " ﬂz
i1

Jj=n+l
i=123..n
n N
n:’j = a—zq; - Z q;,' —(p, + o) q:f,-
i=1 Jj=n+1

j=n+Ln+2,...N

The following formula can be obtained from first deriva-
tion:
. _(a—0+kP6)—(N—-n+1)p,+(N—n)p,
“ N+1
e _(a-—@)—(n+1)p, +np,
v N+1

The profit function of the upstream enterprise is:
7, =[p. —c, + 1+ kPO, Ing;,
e S
+ [Po —c, +(1+kpB)0, ](N - n)qdj _37952

Carry out first derivation to obtain:
b = a—w+c,+(kpB-1)6.+(N—-n)p,

¢ N-n+2
+¢, -0
Substitute p, = 7% to the formula above to ob-
tain:
_atce -0 (2-kp)6,
P T T N2
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Then, the profits of the upstream enterprise, downstream
member enterprise, and downstream non-member enterprise
are obtained respectively:

7= n a—co—C()+(N—n+1)(l+kﬁ)06)2
N+1 2 N-n+2
+N—n a—co—a)_n(2—kﬂ)96)(a—co—a)_l_(_)c)_ﬁyec2
N+1 2 N-n+2 2 2
. 1 a-c,—0 (N-n+D)(1+k 1-8 (6)
n-d,': 2( 0 +( )( ﬁ)eﬂ)Z__,yef
(N+1) 2 N-n+2 2
. 1 a-c¢-0 né,
= S (——- )
(N+]) 2 N-n+2
Make Ezo to obtain:
a0,
N(a—c,—w) 1+kB
2(N+D(2-kPB) S — n

(N+1)(N -n+2)
Therefore, the profit of the upstream enterprise is as follows:

c __ ]\/(a_co_a))2

M= 4N +1)(2-kPB) ®)
N*(a—c,—w) 1+kB
8(N +1)>(2—kB) vs— 2n

(N+1)(N-n+2)

4. MODEL ANALYSES

4.1. Comparative Analysis of Initial Status and Inde-
pendent R&D

In order to facilitate comparative analysis, various in-
dexes during initial status and independent R&D are summa-
rized in Table 1.

(1) When the upstream enterprise conducts independent
R&D innovation, the transfer price of intermediate product is
lower than that of intermediate product in the initial status.

*

Formula P;~ P =_7X< 0 indicates that the upstream

enterprise has realized technical innovation and lowered
product cost so as to lower the transfer price of its intermedi-
ate product when conducting independent R&D.

(2) During independent R&D innovation, the profits and
total output of the upstream and downstream enterprises are
greater than those in the initial status.

oo AVHD

T AN+1)-NTy
7 7 =8 @*0) —0+0)"

di di (a_CO _w)Z (9)
: 0, -w

s _ )" = s >0
Q-0 2N +1)

Therefore, the statement above is established.
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Table 1.  Profit function and benefit function of upstream and downstream enterprises under each R&D status.
Initial Status Independent R&D
atc,— . atc,—w-8;
Price of intermediate product Do = + p, = acofs
N(a-c¢,~w)’ . N@a-c¢,-w)
Profit of upstream enterprise V3 S = M o= (70)
4(N+1) 4N+1)-Nly
_ o (a—c,—w) , _la—¢,-0+6))
Profit of downstream enterprise T =5 Ty =—— 3 —
4(N+1) 4(N+1)
N(a-c,— ) N(a—c,+6 —2w)
0 __ 0 S 0 S
Total output S — =
otal outpu 0 2N+ (0] AN+
« N(a—-c,—w)
H g =—" 0 =
R&D benefit function ST ANTH-N

4.2. Analysis of Cooperative R&D Innovation Model

(1) When the enterprise conducts cooperative R&D inno-
vation, the R&D effect of the enterprise increases with the
increase of absorptive capacity and overflow level of the
enterprise; the profits of upstream enterprise and down-
stream member enterprises also increase with the increase of
absorptive capacity and overflow level of the enterprise.

We can see from formula (7) that:

—< >0
ok

Meanwhile, we can conclude from formula (6) that:

ai>0 aL>0 ﬂ>0
ok ok ok

¢ or,
%. . aﬂ>0 950

9B 9 9B

Therefore, as for the R&D effect, the profits of upstream
enterprise and downstream member enterprises are all in-
creasing functions concerning absorptive capacity k£ and
overflow level B. Since 0<k <1 and 0< B <1, the total

profit in the equilibrium state is maximum when £" =1 and

ﬁ* =1. At this point, various indexes of cooperative R&D
are shown as follows:

+ _ N(a-c,—w) 1
T (N+1 2n
(N+1) yS— .
(N+D)(N-n+2)
L‘_N(a—co—a))z+N2(a—co—w)z 1
u 2
4(N+1) 4(N+1) ¥S— 2n - (10)
(N+1)(N-n+2)
7 = 1 i a—co—a)+2(N—n+1)‘9:)2_I—SW:2
(N+1) 2 N-n+2 2
. 1 a—c,—o no’
Ty = ~( 0 - < )
(N+1) 2 N-n+2

4.3. Model Comparative Analysis of Independent R&D
and Cooperative R&D

The profit function and effect function of upstream en-
terprise and downstream enterprise under initial status, inde-
pendent R&D and cooperative R&D have already been
worked out above. In order to make it convenient to demon-
strate, Table 2 below is used for summarization and descrip-
tion.

(1) The profit of the upstream enterprise obtained during
cooperative R&D innovation is greater than that during in-
dependent R&D innovation, while the profit obtained during
independent R&D innovation is greater than that of initial

. omisni>n’
status, i.e. "¢ u v,

. s o . .
We can see from the expressions of 7, and 7, , it is ap-

. 0 4 s
parent that %, > 7, ; then prove 7, > 7,

c

B Nz(a—co - w)’
T, -, = ——————— (11)
4N +1)
1 o
4n AN +1)y-N
(N-n+2)

X

2N +1)yS-—

The formula above is apparently greater than zero, indi-
cating that the upstream enterprise can obtain bigger benefit
by adopting cooperative R&D innovation than independent
R&D innovation. Therefore, the upstream enterprise is more
willing to conduct cooperative R&D with downstream enter-
prises. As we know, number of downstream enterprisesV ,

initial production cost of upstream enterprise Co, processing
cost of downstream enterprises @, coefficient of difficulty
of R&D 7 and market scale a are all exogenous variables.
As a result, the profit and R&D benefit function of the up-
stream enterprise are only influenced by the number of
member enterprises n and R&D cost-sharing ratio S.

To make it convenient to understand, make:
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Table2. Comparison of independent R&D and cooperative R&D.
Independent R&D Cooperative R&D
o = N(a-c,—w)’
AN+
Unstr rori - N(a-c, - )’ ) ( )2
stream enterprise i — — -
p P “THUNAD)-NIy +N (a—c,—w) 1
AN g
(N+1)(N-n+2)’
. 1 a-c,—@® N-n+l
di = 2 ( 2 + 9()2
) (N+1) 2 N-n+2
Downstream member enterprises
n,s _(a—co—a)+0:)2 _ﬂyez
“ 4(N +1) 2 7
D ‘ ber enteror e 1 (a—co—w_ no, 2
ownstream non-memoer enterprises dj (N N ])2 2 N et 2
R&D benefit functi - Mazg o) = N(C(;COI; > : 2n
enefit function T — +
s _ S —
2AN+D-N P NI YN =nt2)
2 ‘. -5 (N —
n — ys_ N 1 Nn 2 = Then: ﬂ’-zh(N) n’-d,(N 1)
(N+DN —n+2) S 2[(a—co—a))+166(N)+20(.(N—1)}
(N+1) 2 3
N(a—c,—w) 1 ; )
0, =—"—"— ><{0(‘(N) B ZGC(N—I)}_ 1-S)yy (N-DB,°(N)—N6.°(N-1)
AN+ m 2 3 2 N(N=1)

7 = N(a-c, —-w)’ N Nz(a—c(J -w)’ 1
! 4(N+1) 8(N+1)* n

Carry out derivation of " against Sand’? .

an

21 0

s 17

an_ 2 L, om 0
am N+1|(N—n+2® (N—-n+2)

Apparently, the rise of R&D cost-sharing ratio Swill
lower the R&D effect of the downstream enterprise and re-
duce the profit of the upstream enterprise; the R&D effect
and the profit function of the upstream enterprise will in-
crease with the increase of number of downstream member
enterprises n. Therefore, the upstream enterprise will expect
the shared R&D cost as small as possible and the number of
enterprises joining in cooperative R&D more the better.

When ”; =N both R&D effect and profit of the upstream
enterprise reach the optimal.

2) When N is big
4N +2 5N 3N-4
—<S<—F—
9N +1)y 18y 18y(N+1)
cooperative R&D alliance expected by the downstream
member enterprises is less than the size of cooperative R&D

enough and

is satisfied, the scale of

alliance expected by the upstream enterprise, i.e. n; < n:.

* * _ .
To prove n,<n,=N is to

T (n=N)-mi(n=N-1)<0,

prove

We can see from the R&D benefit function, the following
formula is established when 7 =N and #=N—1.

6.(N) = N(a—c,—w)
2(N+1)yS—-N
0.(N-1)= N(a—c,—w) (12)

2(N+1)yS—g(N—l)

Substitute 6,(N) and 6,(N —1) into 7, (N)—7m,(N-1)
to obtain:
4N +2 SN 3N-4
— <SS —
9N +1)y 18y 18y(N+1)
7y (n=N-1)<0 is established.

When n,(n=N)-

Therefore, if the R&D cost-sharing ratio S satisfies the
conditions above, unlike the upstream enterprise which ex-
pects the participation of all enterprises in cooperative R&D,
the downstream member enterprises do not expect that, for
the more the downstream enterprises participating in the co-
operative R&D and the more fierce the downstream competi-
tion will be, thus resulting in the weakening of cost advan-
tage of member enterprises. Meanwhile, we can conclude by
analyzing the profit functions of downstream member enter-
prises and downstream non-member enterprises that the im-
plementation of technical R&D by the upstream enterprise
will result in the decline of profits of downstream non-
member enterprises. Besides, the increase of R&D effect of

upstream enterprise 6, and number of downstream member
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enterprises n will reduce the profits of downstream non-
member enterprises. Although the profit function of down-
stream member enterprise increases with the R&D activities
of the upstream enterprise, it will decline with the increase of
the number of downstream member enterprises or the in-
crease of shared R&D cost. Therefore, the profits of down-
stream member enterprises are the result of comprehensive
consideration of multiple factors. The cost sharing tactic
established by the upstream enterprise is the key factor influ-
encing the cooperation of upstream and downstream enter-
prises.

The analysis above indicates that the upstream enterprise
cannot independently decide the cost-sharing ratio of coop-
erative R&D innovation and the scale of downstream mem-
ber enterprises although it is in a monopoly position in the
whole supply chain. It has to obtain the approval of the
downstream member enterprises before launching coopera-
tion. If the cooperation scheme established by the upstream
enterprise is declined by the downstream enterprises, the
upstream enterprise has to independently undertake this
R&D task and pay all R&D cost [10].

(3) As for downstream member enterprises, two condi-
tions must be fulfilled in order to participate in cooperative
R&D. Firstly, the profit during cooperative R&D shall not be
lower than the profit without cooperation. Besides, the prof-
its of the member enterprises shall not be lower than the

. . c s
profits of non-member enterprises, ie. Ty =7T; and

c s
Ty 2Ty,

In the vertical cooperative R&D innovation tactics with
complete upstream monopoly, the upstream and downstream
enterprises are unequal in terms of cooperation position. The
upstream enterprise has led the establishment of the whole
R&D cost-sharing tactic. It will establish the most favorable
cost-sharing tactic when it is acceptable for the downstream
member enterprises. In order to make the downstream enter-
prises willing to join the cooperative R&D alliance, the cost-
sharing tactic established by the upstream enterprise shall

satisfy the participation constraint (”;i 2 ”;i) and incentive

compatible constraint (% 27, ). We can see from above that
the profits of downstream non-member enterprises will de-
cline after cooperative R&D. Therefore, the cost-sharing
tactic established by the upstream enterprise is only required
to make the downstream enterprises satisfy the participation

. c s .
constraint %y 2Ty, j.e.:

Convert this formula 1 (a—co—w N—n+19)2_
(N +1)° 2 N-n+2 °¢
2
-I_Sye?z(a_co_aHes) to obtain:
2 4(N +1)?
1 N-n+1 6 N-n+l 0 1-S
——|(a—c,~0+ 0, +—= 0, ——=5) |2—=90
(N+1)2[(a GOt T YN T 2)] > P

Substitute it to the expressions of 6, and 6. to solve the
cost-sharing ratio with the participation constraint satisfied:
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8n*(N—n+1)
Y[ NN +1 (N =n+2)* +4n(N =n+1)(N =n+2)(N +1)

+yN(N +1)*(N —n+2)* —=2Nn(N —n+1)

Make:

8n’ (N —n+1)
* N—-—n+2

+yYN(N +1)*(N —n+2)* =2Nn(N —n+1)

Y[ NV 412 (N =n+2)’ +4n(N = n+1)(N =n+2)(N+1)]

As for upstream enterprise, its R&D benefit and profit
are maximized when the cost-sharing ratio is established as
S

(4) In the interval of [O,N ], a maximum value exists in
the increasing function of profit function of the upstream
enterprise concerning the number of downstream enterprises
n. The maximum value exists when n” = N ; it is an increas-
ing function of the sharing ratio determined by the upstream
enterprise concerning number of downstream enterprises 7.
Therefore, a minimum value exists.

(5) This chapter has also drawn some other conclusions
through analysis and deduction:

Under the cooperative R&D status, the profits of down-
stream non-member enterprises monotonously decrease with
the increase of number of downstream members and the ex-
pansion of total scale of downstream enterprises.

Under the cooperative R&D status, the cost-sharing ratio
of the upstream enterprise is a concave function concerning
the number of upstream member enterprises. It has a process
which decreases first and increases later. When the number
of downstream member enterprises reaches stationary point,
the cost-sharing ratio of upstream enterprise reaches the
minimum. When establishing cost-sharing ratio, the up-
stream enterprise must consider the benefits of the down-
stream enterprises [11]. Under an acceptable condition of the
downstream member enterprise, the upstream enterprise can
gradually adjust it cost-sharing ratio. Besides, the cost-
sharing ratio of the upstream enterprise S does not monoto-
nously declines with the number of downstream member
enterprises. It presents a U-shaped trend which decreases
first and increases later.

Under the cooperative R&D status, both R&D effect
function and profit function of the upstream enterprise are
convex functions concerning the number of downstream
member enterprises and reach the maximum values at 7’
simultaneously. After the participation constraint of down-
stream member enterprises is considered, the R&D effect
function and the profits of upstream enterprise will not mo-
notonously increase with the increase of the number of
downstream member enterprises n. Instead, it presents a U-
shaped changing trend. When the number of downstream
member enterprises increases from 0 to ", the R&D effect
and the profit of the downstream enterprise increases gradu-
ally; when the number of downstream member enterprises
reaches n', the R&D effect and the profit of the upstream
enterprise reach the maximum; when the number of down-
stream member enterprises is greater than n’, the R&D ef-
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fect and the profit of the upstream enterprise will gradually
decline. Besides, with the expansion of total scale of down-
stream enterprise, the profit function curve of the upstream
enterprise will move downward as a whole, and the maxi-

mum profit at 7" will also decrease. However, since the up-
stream enterprise has considered the participation constraint
of downstream member enterprises when establishing cost-
sharing tactic, the scale of downstream member enterprises
determined by the upstream enterprise is not equal to N

(n*;tN).

CONCLUSION

Therefore, this paper has established a secondary supply
chain structure with complete upstream monopoly. Mean-
while, in consideration of the absorptive capacity and over-
flow effect of the enterprises, it has internalized the cost-
sharing ratio, R&D effect and R&D input of the upstream
enterprise and discussed the influence of the cooperative
R&D tactics of the upstream enterprise on the scale of coop-
eration alliance, cost-sharing ratio, R&D effect and profits of
upstream and downstream enterprises when the upstream
enterprise conducts technical R&D. The researches have
indicated that the profit obtained by the upstream enterprise
during cooperative R&D is higher than that obtained during
independent R&D, and the profits of the downstream mem-
ber enterprises obtained during cooperative R&D are greater
than the profits before cooperation in the vertical cooperative
R&D model with complete upstream monopoly. It means
cooperative R&D is not a zero-sum game but a “win-win”
situation. With the increase of the enterprises’ absorptive
capacity and overflow level, the R&D effect of the enter-
prises and the profits of the upstream and downstream enter-
prises will increase and reach the optimum when %" =1 and

B =1. Meanwhile, even if the upstream enterprise owns the
monopoly position and has a certain leading role in the mar-
ket, the upstream monopoly enterprise cannot force the
downstream companies to join the cooperative R&D alli-
ance, and undertake research and development costs too
much. To maximize profits, the upstream companies can
only travel companies in the following bound for the stan-
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dard to determine the number of member companies and the
downstream cost-sharing ratio.
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