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It is of great significance to build an efficient and cooperative innovation system and support system under the background of
China persisting in leading the development with innovation and speeding up the construction of an innovation-oriented country.
The collaborative relationship and profit distribution of each innovation subject will be analyzed through the study of the
innovation activity in the innovation chain. With consideration of the characteristics of the innovation chain such as high risk,
financing difficulty, cooperative partnership and so on and using the internal financing mode of supply chain for reference, the
game model of internal financing between members of the innovation chain will be established. The game equilibriums will be
solved and analyzed, and the optimal equilibriums will be achieved by designing the contracts to establish the internal financing
mechanisms in the innovative chain. For the risk asymmetry at each stage of the innovation chain, the contracts will be optimized
to construct the risk sharing mechanism to control the risk of the internal financing in the innovation chain. In order to make
innovations, this paper creates the financial support mode of the innovation chain, improves the innovation support system and

increases the efficiency of the innovation chain.

1. Introduction

China has entered an era of New Economic Normality, one
characteristic of which is the turn from a factors-driven and
investment-driven economy to an innovation-driven one.
To achieve this goal, China continues to invest heavily in
innovation. In 2018, R&D spending as a share of GDP was
2.18%, higher than the average level of OECD countries.
However, such investment has not led to a rapid increase of
TFP (total factor productivity), which, by contrast, is only
half that of OECD countries. This shows that the innovation
efficiency of China is still relatively low. The main reason is
the lack of synergy of the innovation system, such as the
disconnection between the research and development stage
and the production and commercialization stage of the
technological innovation, which renders many technological
innovations really unable to meet the market demand and
thus unable to be transformed. In addition, the support
system for innovation is not perfect, such as the financial
support system. Although the investment of R&D is

increased, the investment is unevenly distributed among
different industries, different regions and different subjects,
and a large number of firms are still facing the constraints of
innovation funds. To establish and improve the innovation
system and support system is the most important task in the
current scientific and technological innovation.

The innovation chain is an important means to realize
the innovation-driven economy. The famous economist,
Schumpeter, who put forward the concept of the “innova-
tion,” thought that in addition to the breakthrough in sci-
ence and technology and the production of new invention,
the innovation should also include their introduction into
the firms, so as to improve the productivity of the firms and
society [1]. That is, innovation refers not only to the R&D of
the new technology but also to the whole process of con-
verting it into the real productivity and the diffusion. It is a
complex system process from the source of innovation to the
successful transformation of technological achievements. It
is difficult for an individual innovation subject to complete
the whole process. The innovation chain, an efficient and
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collaborative innovation system, needs to be constructed by
innovation agents in different fields [2]. According to the
functions in the innovation chain, the innovation chain can
be divided into relatively independent three or five stages
[3, 4]. There is no recognized definition of the innovation
chain, but it is generally believed that the innovation chain
will produce and market the technological innovation results
in order to meet the needs of customers and make the
technological innovation diffuse among the main members
of innovation activities. Innovation subjects can improve
innovation by improving the ability of cluster collaborative
innovation [5]. This collaborative development relationship
has been empirically proved [6-8].

The innovative activities in the innovation chain require
financial support. Innovation is a high risk activity with a
great risk of loss that can be prohibitive for most of the
actors. In addition, the innovation activity needs a lot of
financial support, and more capital is needed to transform
the scientific research results into the real productivity and
then to become a high-tech industry, so a good financial
support is the necessary guarantee of the innovation chain.
How to deploy the capital chain around the innovation
chain, explore the new mechanism of the docking between
science and technology and finance, and promote the
capitalization and industrialization of scientific and tech-
nological achievements are of great value [9]. Scholars de-
sign mechanisms with the help of investment loans, project
financing, securities issuance and other tools to finance
innovative projects and support the operation of innovative
science and technology business incubators [10] and build a
relational loan model which is closely related to banks to
solve the financing problems of innovation subjects in the
innovation chain [11]. The innovation chain is often faced
with a shortage of innovation fund, and different financial
markets, different financial instruments, and different fi-
nancial arrangements have heterogeneous promotion and
support effect on each main body at different stages of the
innovation industrialization [12] [13]; therefore, it is nec-
essary to reasonably allocate the innovative funds. To op-
timize the allocation, the scholars allocate the financial
resources in the innovation network according to the re-
source tree and the technology roadmap [14, 15], and put
forward the innovation fund allocation mode in the inno-
vation chain based on the financial service demand of the
innovation-driven development and from the perspective of
coordination and integration of the innovation chain, the
industrial chain, the capital chain and the profit chain [16].

The internal financing mode between members of the
innovation chain is a new financial support model to pro-
mote an innovation-driven economy by innovation chain.
The innovation chain connects the subjects of innovation,
forms a certain profit community through the partnership,
and better realizes the process of knowledge economy and
the optimization goal of innovation system. The internal
financing mode between members of the innovation chain
can perfect the resource allocation mode in accordance with
the law of innovation and provide a new financial support
mode for innovation activities. On the one hand, the joint
fusion of the innovation chain and the capital chain is
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realized, which makes the capital chain be used for boosting
the innovation chain and the innovation motivation be
activated to realize the financing for innovation-driven
economy by the innovation chain. On the other hand, the
finance-assisting relationship in the innovation chain is
established, which strengthens the leading role of the core
innovation subject and the relationship between innovative
subjects, improves the coordination and cooperation
mechanism to strive to maximize the efficiency of scientific
and technological innovation activities.

Although there is a lack of research on the internal fi-
nancing of the innovation chain, the development of supply
chain finance is mature, which provides a reference for the
resource reconfiguration and cost optimization in the chain
ecosystem [12, 17]. Considering the characteristics of in-
novation activities in the innovation chain, we mainly draw
lessons from the downstream firms of the supply chain to
provide internal financing for suppliers. When the supplier
has a fund constraint, one of the main financing modes
provided by the downstream firm to the supplier is the
prepayment, the most important of which is to determine
the payment time, the price discount, the price dependency,
the economic order quantity, etc. [18-20], while the selling
price, the cost of purchase, the uncertainty of the product,
and the type of contract are also the influential factors of the
financing [21-23]. The supplier’s own funds affect internal
financing decisions [24]. The core firms give full play to their
coordination and control advantages in the supply chain and
use the spare funds of upstream and downstream firms to
provide financing for small and medium-sized firms in the
chain [25, 26].

The present research is mainly focused on the financing
model of a single innovation subject, and the research on the
financing mode of the whole innovation chain is, however,
inadequate. In fact, the profit of each innovative subject in
the innovation chain is correlated, which makes the inno-
vation chain to be a partnership and a benefit community, so
the internal financing model of the innovation chain can be
set up completely to relieve the financing constraint problem
of the innovation chain. Although the internal financing
model of the chain provides a reference for internal fi-
nancing in the chain ecosystem, it is necessary to design the
internal financing model of the innovation chain because of
the special relationship between innovation subjects and the
special operating mechanism of innovation subjects.

The objective of this paper is to contribute to the lit-
erature on innovation chains in two ways. First, it is among
the first to focus on the quantitative research of the inno-
vation chain. This paper is to construct models of innovation
chain to study innovation activity and income distribution
by game theory based on the analysis of composition and
operation mechanism of innovation chain, solve game
equilibrium and carry on optimization analysis to design
internal financing mode of innovation chain. That provides
quantitative research results for innovation chain research.
Second, it provides the theoretical basis and operation guide
for the financial support of the innovation chain. This paper
is to design the internal financing model between members
of the innovation chain and the risk control mechanism
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based on the relationship and the profit distribution among
the innovative subjects in the innovation chain, so as to
reduce the financial constraints of innovation subjects and
improve the innovation efficiency of the innovation chain.

The remainder of this paper is organized as follows. In
Section 2, the operation mode and the profit distribution of
the innovation chain are discussed. In Section 3, the internal
financing in the innovation chain and the profit distribution
mechanism are studied. In Section 4, the risk control
mechanism of internal financing in the innovation chain is
designed. Section 5 concludes the paper.

2. Operation Mode and Profit Distribution of
Innovation Chain

In order to design the internal financing mechanism of the
innovation chain, it is necessary to clarify the relationship
between the innovative subjects in the innovation chain. In
this section, we sort out the innovation process, analyze the
relationships of innovation subjects at each stage, build the
innovation chain to carry out the collaborative innovation,
and make clear the profit distribution among the innovative
subjects.

2.1. Innovative Activities and Profits in Noninnovation Chain

2.1.1. Assumptions of Innovative Activities. The innovation
process is divided into two stages: research and develop-
ment; production and commercialization. There is only one
the R&D institution at the R&D stage, and there are n firms
at the production stage, and 7 is exogenous and fixed. At the
first stage, the R&D institution has its own fund C and
invests K in R&D, and innovation result is a function of R&D
investment, X = v2K.The innovation result is bid in
competition by n firms, and firm i bids P; for the innovation
result, and it is only transferred to the highest bid firm &,
P, = max P;. At the second stage, the original marginal
production cost of firm i is z;. If firm k obtains the inno-
vation result, its marginal cost becomes z; — X; if there is
gradual innovation in the innovation chain, that is to say
X (K) < ming;. Given marginal cost condition, #n firms
compete through quantities, which indicates Cournot
competitiveness.

2.1.2. Innovation Activities and Profit of Innovation Subjects.
For the dynamic problems of innovation process, the reverse
solution analysis is adopted. At the second stage, after ob-
serving the marginal cost and the transfer result, firm i
chooses the quantity g; to maximize the profit ;. Suppose
the product inverse demand functionis p = 1 - Y, g;. The
production decision-making problem of firm k, who obtains
the innovative result, is as follows:

n}zaXﬂk—<l—Zq] (2 - X))‘ik (1)
j=1

The production decision-making problems of other
firms are as follows:

rr}iaxn —(1—261]

j=1

i)% i#k. (2)

By solving the optimization problems (1) and (2), the
quantity gF (k) and the profit #f (k) of each firm can be
obtained when the firm k obtains the innovation result, in
which the superscript E represents the equilibrium result.
The quantities are as follows:

E_(1+Z] 1Zj— (n+1)zk+nX))

A = (n+1) ’ (
3)

E_(1+Z;’:1zj—(n+1)zi—X) _

%= (n+1) - itk

For all firms, the profit of firm i is 7¥ = (gF )%

Firm i evaluates the innovation result by the difference
between the profit when the innovation result is obtained
and the one when the innovation result is not obtained. The

difference is as follows:
(24230, z;-2(n+ )z + (n— 1)X)

(n+1)

(4)

v, =Am =X

Therefore, the difference in the evaluation by different
firmsis v; —v; = 2X(z; - z;), which is entirely dependent on
the difference in the original marginal production cost z;.
The less z; is, the higher the valuation v; is. Under the
condition of complete information, it is clear that the bid of
firm i can be P; = max{v v t<nv}

Since the transfér price of innovation result mainly
depends on the number of technology leaders but not the
number of firms at the production stage, in order to focus on
the internal financing of the innovation chain, the pro-
duction stage is simplified to duopoly, that is, n=2.

(1) A Single Leader. Assuming that z, < z,, then v; > v,, firm
1 obtains the innovation result at the price P, = = maxv; = v,.
Then the profit of the R&D institution is as follGws:

T, = P, —4z,+X)-K. (5

—K:vz—Kng(2+2z1

The decision of the R&D institution is as follows:

max 7, = P, - K,
K

X2
s.t.
0<K<C.

The optimization problem (6) is solved to obtain the
following:

(i) If vV2C<2(1 + z, — 2z,), then the optimal innova-
tion result is X; = v2C, the R&D investment is

= C, the profit of the R&D institution, firm 1 and

the sum of both respectively are 7l =3/2
(1+2z, —22,)V2C - 1/3C, nf, = 1/9(1 - 2z, +z, +



2v2C)* and TE=nf +7f =1/901 -2z, +2,)
24+2/9(5 -z, — 4z,)V2C + 5/9C.

(i) If V2C>2(1 + z, — 2z,), then the optimal innova-
tion result is Xj =2(1+z, —2z,), the R&D in-
vestment is K, ¥ = 2(1 + z, — 2z,)%, the profit of the
R&D institution, firm 1 and the sum of both re-
spectively are 75, = 2/3 (1 + z, - 22,)%, b, = 1/9(5+
2z, - 7z,)* and IIF = 7, + | = 10/922 + 73/922 -
52/9z |z, +22/9z, — 94/9z, + 31/9.

(2) Multiple Leaders. Assuming that z; = z,, then v, = v,.
The two firms have the same bid and the R&D institution
randomly selects the trader, so firm 1 obtains the innovation
result at the price P, = v,with the probability 1/2. Then the
profit of the R&D institution is as follows:

1
7[0:Pl—K:vl—K:EX(2—4ZI+222+X)—K.

(7)

The decision of R&D institution still is optimization
problem (6), and the solutions are as follows.

(i) If v2C<2(1-2,), then the optimal innovation
result is X; = V2C, the R&D investment is K¥ = C,
the profit of the R&D institution, firm 1 and the sum

of both respectively are 7k, =2/3(1-z2))
V2C-1/3C, b, =1/9(1 -2z, +2V2C))*> and

I = ab, + 7, = 1/9(1 - 22,)* +2/9(5-7 z,)V2C
+5/9C.

(ii) If V2C>2(1-z,), then the optimal innovation
result is X3 =2(1-z;), the R&D investment is
K =2(1-2,)% the profit of the R&D institution,
firm 1 and the sum of both respectively are
nb =2/13(1-z,)% nf,=5/9(1-2,)" and I} =
b+t =11/9(1 - z,)%.

2.2. Innovative Activities and Profit Distribution in Innovation
Chain

2.2.1. Motivation to Set up Innovation Chain. In the case ofa
single leader, firm 1 obtains the innovative result, resulting
in a change in revenue v, — P, = v; — v, >0, so firm 1 has the
motivation to obtain the innovative result. In the case of
multiple leaders, firm 1 obtains the innovative result,
resulting in a change in revenue v, — P, = v, — v, =0, but
the innovation result can make it a single leader and
dominance in the follow-up competition, so firm 1 still has
the motivation to obtain the innovative result.

The R&D institution and firm k establish an innovation
chain to collaborate on innovation. The firm collects market
information and provides it to the R&D institution, which
makes the innovation activities of R&D institutions more
targeted. At the same time, the R&D institution can arrange
personnel to guide the firm to transform the innovation result,
so as to enhance the contribution of it. The same innovation
result X can improve more of the marginal production cost of
firm k. No matter how many leaders, firms have the motivation
to obtain the innovation result, so they can establish an
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innovation chain with the R&D institution. Especially for
multiple leaders, the leader has only a probability of 1/m to
obtain the innovation result (7 is the number of neck-and-neck
leaders). If the innovation chain is established, the probability of
obtaining the innovation result can be improved, which is also
one of the motivations to establish an innovation chain.

2.2.2. Innovation Chain Activities and Profit Distribution.
The innovation activities in the innovation chain can also be
expressed as a two-stage problem. At the first stage, the R&D
institution cooperates to innovate with the firm and transfers
the innovative result to the firm who pays the innovation
result transfer price. At the second stage, the firm works with
the R&D institution to transform the innovation result to
improve its marginal productivity, compete with other firms,
and finally allocate the excess profit of the innovation chain.

The R&D institutions and firm k establish an innovation
chain to collaborate on innovation, so as to enhance the
contribution of the innovation result. The same innovation
result X can make the marginal production cost of firm k
become z; — X, where y > 1. Then the production decision
of firm k is as follows:

max 7 = <1 -Ya _(zi_VX))Qk>' (8)

i=1

Firms, which fail to obtain the innovative result, still
make decisions according to problem (2). The quantities and
profits can be obtained by solving optimization problems (8)
and (2):

P (1 + Z?=1 zj—(n+ Dz + nyX))
e (T’l+ 1) ’ (9)

q

E E\2
Tl =(‘1k) .
If n=2 and the R&D institution forms the innovative

chain with firm 1 (i.e.,, k=1), then the solution can be
simplified to the following:

1
q =3 (1 -2z, +2z, +2yX),

E E\2
= (% ) .
In order to maximize the profit of the innovation chain,

the decision-making problem of the R&D institutions is as
follows:

(10)

max IT=m - K,
K

Xz
KZT, (11)
s.t.
0<K<C,

The optimization problem (11) is solved to obtain the
following:

(1) If 8y* —9<0 and V2C >4y (1 -2z, +2,)/ (9 — 8y?),
then the optimal innovation result is X3 = 4y (1-
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2z, +2,)/ (9 - 8y?), the R&D investment is
K% =8y?(1 -2z, +2,)*/(9 - 8y?)%, and the profit
of the innovation chain is I = (1 -2z, +2,)*/
(9 - 8y%). At this time, the R&D institution has
sufficient funds and does not need financing.

(2) If 8y =9 <0 and V2C <4y (1 -2z, +z,)/ (9 - 8y?),
then the optimal innovation result is X; = v2C, the
R&D investment is K¥ = C, the profit of the inno-
vation chain is IT¥ = 1/9((8y? -9)C +4 (1 -2z, +
z,) yV2C + (1 -2z, +z,)*). At this time, the R&D
institution needs financing for lack of sufficient
funds.

(3) If 8}12 — 93>0, then the optimal innovation result is
X3 = V2C, the R&D investment is K¥ = C, the profit
of the innovation chain is Hf =1/9((8y*-9) C+
4(1 -2z, +2,)yV2C + (1 -2z, +z,)*). At this
time, the R&D institution needs financing for lack of
sufficient funds.

The profit of the innovation chain need to distribute
among the members of the innovation chain. The profit of the
members of the innovation chain (R&D institution and firm
(1) consists of two parts: one is the basic profit, that is, the
profit in noninnovation chain; the other is the excess profit,
that is, the excess profit of the innovation chain distributed
according to the contribution of each member. There is only
one member of each type in the simple innovation chain, so
the excess profit of the innovation chain is distributed equally
among the members. The total profit from the innovation
chain of R&D institution and firm can be expressed as follows.
If s denotes the number of the leaders (i.e., s =1, the case of a
single leader; s=2, the case of multiple leaders), then the
profits of R&D institution and the firm respectively are 7, =
nk + (11§ —=11E)/2 and nf; = #f + (115 - 11E) /2.

3. Internal Financing and Profit Distribution
Mechanism in Innovation Chain

The R&D institution in the innovation chain need more
financing because of their own financial constraints, but
since they lack the collateral, the external financing is more
difficult, so the financing of the firms in the innovation
chain can be considered. On the other hand, the innovation
result can bring more profit to firms when the R&D in-
vestment of R&D institution increases, so firms also have
the motivation to lend funds to the R&D institution. In this
paper, we, with reference to the supply chain finance,
design the innovation chain internal prepayment financing
mode.

3.1. Prepayment Financing Activities in Innovation Chain.
For the insufficient capital of the R&D institution, the
constraint in the optimization problem (11) is a tight
constraint, that is, K¥ = C. At this time, increased R&D
investment can boost the profits of the R&D institution and
the firm, so the firm can pay the transfer price of the

innovation result in advance, and increase the R&D in-
vestment for R&D institution financing. The purchase prices
of production input elements(such as the innovative pro-
duction of the upstream subject) influence the profit of the
firm in the innovation chain, but the quality of the upstream
subject’s innovative product impacts more significantly the
profit. Therefore when the firm in innovation chain pays the
innovation result transfer price to the R&D institution in
advance, it is more desirable for the R&D institution to
deliver high-quality innovation, rather than hope to get a
price discount. Considering cost control and risk control, the
firm only pays part of the transfer price in advance.

The financing activities of prepayment in the innovation
chain can be divided into three stages. At the first stage, the
R&D institution finances B from the firm. At the second
stage, the R&D institution invests K in R&D, obtains the
innovation result X and then transfers it to the firm, which in
turn transfers the remaining cost, P, — B, to the R&D in-
stitution. The R&D institution obtains the first part of the
profit, that is, noninnovation chain profit P,. At the third
stage, the firm converts the innovation result into the
productive force, competes with other firms to get the profit,
and finally distributes the excess profit of the innovation
chain.

3.2. Prepayment Financing Mechanism and Member Profit in
Innovation Chain. 'The third stage problem is the same as
that in section 2.2.2, so the optimization problems (8) and
(2) are used to describe the problem, and the quantity and
profit of the firm are g% =1/3(1 -2z, +z, +2yX)and
= (qp)

The second stage problem is similar to that in section
2.2.2, which can be expressed as follows:

max [I=m - K,
K

K = X*/2, (12)
s.t.
0<K<C+B,

By changing C in the optimization problem (11) to C + B,
we obtain the solution of the optimization problem (12) as
follows:

(1) If 8y* —9<0 and V2C 24y (1 - 2z, +2,)/ (9 - 8y?),
then the optimal innovation result is X} =
4y(1 -2z, +z,)/ (9 — 8y?), the R&D investment is
KE =8y? (1 -2z, +2,)°/(9 - 8y?)% the profit of the
innovation chain is TIf = (1 -2z, +z,)*/(9 - 8y?).
At this time, the R&D institution has sufficient funds
and does not need financing.

(2) If 8y* —=9<0 and V2C <4y (1 -2z, +2,)/ (9 - 8y?)
<+/2(C + B), then the optimal innovation result is
X5 =4y(1 -2z, +z,)/ (9 - 8y?), the R&D invest-
ment is K% =8y2(1 -2z, +2,)*/(9 - 8y?)% the
profit of  the innovation chain is
Y = (1-2z, +2,)°/(9 - 8y?). At this time, R&D



institution has insufficient funds of their own, but
after financing, there will be a surplus of funds.
(3)If 8*-9<0 and +2(C+B)<4y(l-2z
+2,)/ (9 — 8y?%), then the optimal innovation result is
X;=+2(C+B), the R&D investment is
KE =C+ B, the profit of the innovation chain is
15 = 1/9((8y* = 9)(C + B) + 4(1 — 2z, + z,)yV2
(C+B) + (1 -2z, +2,)%). At this time, R&D in-
stitution has insufficient funds of their own, but after
financing, there will still be a shortage of funds.

(4) If 8y* =9 >0, then the optimal innovation result is
X; =+2(C+B), the R&D investment is EKf
= C + B, the profit of the innovation chain is IT, =
1/9((8y* = 9)(C + B) + 4(1 — 2z, + z,)y~/2(C + B)
+(1-2z; + zz)z). At this time, R&D institution has
its insufficient own funds, and there is still a shortage
of funds after financing.

At the first stage, the R&D institution in the inno-
vation chain finances B from the firm. With consideration
of the capital cost of the firm, the innovation chain makes
financing B as small as possible while maximizing the
overall profit in order to realize the internal financing of
the innovation chain. The problem can be expressed as
follows:

max (wIT - B),

s.t. B<MB,

(13)

where w is a sufficiently large positive number, indicating
that the target level of maximizing total profit is much higher
than the goal of minimizing financing, and MB indicates the
maximum amount of financing that the firm can provide.
The solution is as follows:

(1) If 892 —9<0 and V2C 24y (1 - 2z, +2,)/ (9 - 8y?),
then the optimal financing is B* = 0, the innovation
result is X =4y (1 -2z, +z,)/(9 - 8y?), and the
profit of the innovation chain is I1§ = (1 -2z,
+2,)%/(9 - 8y?).

() If 8?-9<0 and V2C<4y(l-2z, +z,)/
(9 — 8y%) < /2(C + MB), then the optimal financing
is B* =8y*(1-2z, +2,)°/(9~- 8y*)* - C, the in-
novation result is X = 4y(1 -2z, +z,)/ (9 — 8y?),
and the profit of the innovation chain is
I = (1-2z, +2,)%/(9 - 8)?).

(3)If 8y*-9<0 and +2(C+MB)<4y(l-2z
+2,)/ (9 — 8y%), then the optimal financing is
B* = MB, the innovation result is
X =42 ((1:5 + MB), and the profit of the innovation
chain is TT§ = 1/9((8y* — 9)(C + MB) +4(1 -2z, +
2,)y2(C+ MB) +(1 -2z, +2,)%).

(4) If 8)/2 — 920, then the optimal financing is B* = MB,
the innovation result is X,* = 4/2(C + MB), and the
profit of the innovation chain is IT¥ = 1/9((8y* -
9)(C+ MB) +4(1 -2z, +2,)yy2(C+ MB) +

(1-2z, +2,)%).
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In the case (1), the R&D institution itself has sufficient
funds and does not need financing. In the case (2), the R&D
institution needs financing, the firm’s capital is abundant,
and the internal financing of the innovation chain can reach
the optimal innovation and production level. In the case (3),
the R&D institution needs financing, but the firm’s capital is
not sufficient, the innovation chain financing does not reach
the optimal level, so the innovation chain needs external
financing. In case (4), the more R&D investment in the
innovation chain, the better, and both the R&D institution
and the firm fully invest in R&D and seek external financing.
However, in view of the assumption of gradual innovation
ypX <z,, case (4) is rare and needs to be discussed in the
context of disruptive innovation. So it will not be investi-
gated in this paper.

Finally, the total profit of the R&D institution and the
firm obtained from the innovation chain can be expressed as
follows. If s denotes the number of the leaders, then the
profits of the R&D institution and the firm respectively are
nk, = nk + (IIF - 115)/2 and nf, = #f + (11§ - 115)/2.

Under the same circumstances, IT§>II§>IIF >115,
ngy > nhy > nk > ntand nf, > nk > 7k > 7k, It means that
cooperation of innovation and production in the innovation
chain can bring the excess profit to the members (R&D
institution and firm) and the internal financing of the in-
novation chain can improve the excess profit.

4. Risk Control Mechanism of Internal
Financing in Innovation Chain

4.1. Risk Control Principles of Internal Financing in Innovation
Chain. The risk of the internal financing of innovation
chain is derived from the risk of the R&D stage and the risk
of the production stage. The main operation subject in the
R&D stage is the R&D institution, and the main operation
subject in the production stage is the firm. Due to the
particularity of R&D activities, the risk of the R&D stage is
much greater, and the risks of the two stages are seriously
asymmetric. So if the risk is to be shared among the
members of innovation chain, it may not be possible to
attract the firm in the production stage to join the inno-
vation chain. In order to construct the innovation chain
and control the risk of the internal financing in innovation
chain, it is necessary to let each member bear the risk of its
own main activity stage, reduce the risk of each stage and
control the chain contagion of the risk of the innovation
chain so that the risk of the main subject in the internal
financing of the innovation chain does not exceed the risk
of the noninnovation chain. The risk control of the internal
financing in innovation chain can be realized through the
reasonable risk sharing mechanism.

In the internal financing mode of innovation chain, there
are three capital transfers between the R&D institution and
the firm. The first one is for the firm to finance R&D in-
stitution; the second one is for the firm to pay the remaining
cost to the R&D institution when transferring innovation
result, and the third one is for firm to pay the excess profit of
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innovation chain to R&D institution at the end of pro-
duction. The first capital transfer is the realization of the
internal financing in innovation chain, and the risk of the
internal financing in innovation chain is curbed by con-
trolling the second and third capital transfers.

4.2. Risk Sharing Mechanism at the R&D Stage. The R&D
institution shall bear the risk of R&D stage and reduce its
transmission to production stage, namely, to ensure the
profit of the firm. When the innovation result is transferred,
the firm shall pay the remaining part of the price according
to the value of the actual innovation result X, and determine
the excess profit to be paid to the R&D institution.

4.2.1. Superquality Innovation Result. When the innovation
result exceeds the plan, the transfer price remains un-
changed, and the excess profit of the R&D institution is
calculated according to the actual result. Therefore, if
4 (X) — 4 (X}) 20, the firm pays P, (C) - B, and the
excess  profit of the R&D  institution is
1/2 (myy (X) - T (X)), where s denotes the number of the
leaders. Then they will wait for the third capital transfer.

4.2.2. Lower-Quality Innovation Result. When the inno-
vation result is lower than the plan, the total profit of the
innovation chain is lost, and the loss is borne by the R&D
institution. Firstly, the remaining cost is used to com-
pensate for the loss. Secondly, the excess profit of the
R&D institution is used to compensate. Finally, the
amount of financing is used to compensate. The
remaining loss is borne by the firm. We let s=1 to denote
the case of a single leader and s=2 to denote the case of
multiple leaders:

1) If e (X3) —m(X) =2(P, = B) <my (X) —mmyy
(X3) <0, the R&D institution compensates the loss
of the firm by repaying from the remaining cost, so
the firm pays (P, - B) - 1/2(m, (X}) -1y (X) +
m (X3:)—m,(X)), but the expected excess profit
remains unchanged, which is still
1/2(myy (X) - T (X)), and then they will wait for the
third transfer of funds.

) I 172(m (X7) —my (X7) = (P = B) <myy (X)
—m (XJ) <m (X)) -m, (X)-2(P,-B), the
R&D institution compensates the loss of the firm
with the full remaining cost and part of the expected
excess profit. The firm pays 0, the excess profit of the
R&D institution s 1/2(2m, (X)— 7, (X})—
m,(X})) + (P, — B), and they will wait for the third
capital transfer.

(3) If 1/2(m (X3) — m (X])) = Py <mpy (X) — 4 (X3)
<1/2 (m (X;)—m,4(X}))— (P, - B), the R&D
institution ~ repays the firm B-P,-1/2
(27,4 (X) = 74 (X)) = m,(X7)). The R&D institu-
tion cancels the remaining cost and the expected
excess profit to compensate for the loss of the firm
and at the same time repays part of the financing.

4) I, (X) - m, (X3) <1/2(m (X)) — 114 (X})) — Py,
the R&D institution repays the firm B. The R&D
institution cancels the remaining cost and the ex-
pected excess profit, and repays the financing to
compensate, but the firm still has to bear the
remaining loss.

4.3. Risk Sharing Mechanism at the Production Stage. The
firm shall bear the risk of production stage and reduce its
transmission to R&D stage, that is, to ensure the profit of the
R&D institution. At the end of the production, the firm
should pay the actual excess profit to the R&D institution
according to the actual profit 7.

4.3.1. Pay Total Excess Profit. In the case of superquality
innovation result or in the first case of lower-quality in-
novation result, the firm pays a total excess profit to the R&D
institution. If 7>, (X), the firm pays the excess profit
1/2(7—tmn(X)) to the R&D institution, if
12(m,(X) - m (X)) <<my(X), the firm pays
12 (7, (X) = 11, (X)), if 0<7<1/2 (4 (X) = 71,5 (X)), the
firm pays 7, where s denotes the number of the leaders.

4.3.2. Pay Part of Excess Profit. In the second case of lower-
quality innovation result, the firm pays part of the excess

profit. If @>m,(X), the firm pays 120Qn-m,
(X3) —m (X)) + (Py=B), if  1/2Q2m,(X) - m4(X7)
-m (X)) + (P, -B)<  m<m,(X), the firm pays
12(2m4(X) = myy (X3) = m (X)) + (Py = B), if 0<%

<1224 (X) = my4 (X)) — (X)) + (P — B), the firm
pays 7, where s denotes the number of the leaders.

4.3.3. Pay No Excess Profit. In the third or fourth case of
lower-quality innovation result, the firm pays no excess
profit to the R&D institution.

5. Conclusion

Through the research-development stage and production-
commercialization stage, we analyze the innovation activi-
ties and profits and find that the innovation chain which is
established by the R&D institution and the firm can bring
the excess profit. Based on the cooperative partnership
between the R&D institution and the firm and the char-
acteristics of innovation activities in the innovation chain,
the internal financing mechanism between members of the
innovation chain is constructed, in which the firm finances
funds for the R&D institution. The optimal financing
strategy is given to alleviate the constraints of innovation
funds and improve the excess profit of the innovation chain.
Finally, considering the risk property of the innovation
activities, we set up the risk sharing mechanism of each stage
to control the risk of the internal financing between
members of the innovation chain, which ensures the op-
eration of the internal financing mechanism.

In addition, the internal financing mechanism between
members of the innovation chain establishes the mutual



finance-assisting relationship of the innovation subject in
the innovation chain, which strengthens the leading role of
the core innovation subject. If the R&D institution is the
core, it can influence the firm through innovation results and
its transfer. And if the firm is at the core, it can influence the
R&D institution through financing. In a word, it could
strengthen the relationship between innovation subjects and
improve the coordination and cooperation mechanism, so
that it would improve the efficiency of scientific and tech-
nological innovation activities.
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