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Abstract
This paper focuses on the sustainable development of international trade and international logistics, and 
considers the construction of the two-way cooperation system in the international logistics based on the 
factors of the variational method. On the basis of the logistics perspective, the paper takes into account 
the customer value exploration, and abstracts its essence into the procedure of "logistics cooperation". 
For this international logistics dynamic coordination issue, on the basis of the long-term cooperative 
relationship between member companies in the international logistics, this paper adopts the variational 
method in the continuous time background to establish the differential game model for all the international 
logistics parties on the two-way cooperation system of the international trade and international logistics, 
by solving the model, it finds that when the quasi constraint equations have solutions, Nash equilibrium 
exists, and thus the corresponding optimal differential game can be obtained. These theoretical findings 
have clarified the significance of the long-term and stable relations of cooperation for the realization 
of the international logistics coordination, which has certain inspiration and reference value for the 
implementation of the dynamic coordination of the international logistics in China. Finally, the paper 
makes numerical analysis on the relevant conclusion.
Key words: INTERNATIONAL LOGISTICS, DYNAMIC GAME, VARIATIONAL METHOD, 
COOPERATIVE SYSTEM.

1. Introduction
International logistics management and coordi-

nation is an important management idea and method 
for modern enterprises to achieve the development 
in an increasingly competitive living environment. 
The characteristics of the independence and mutual 
interdependency in the interests and decision-making 
among the member companies in the logistics result 
in the gap of the expected efficacy between the cen-
tralized and the decentralized decision-making model 
in the international logistics. To solve this imbalance 
of individual and collective rationality, currently the 
countermeasures are mainly from the perspective of 
incentive and coordination [1]. On the other hand, due 
to the features of personalization and diversification 
in customer demand, the product life cycle is dramati-

cally shortened, more and more products are showing 
the features of strong seasonality and short sales cy-
cle. Therefore, the study based on Newsvendor model 
for the coordination issue of short sales cycle of the 
international logistics has become an important field 
of research in the current international logistics man-
agement [2]. Due to the features of the products, it is 
natural for people to focus on considering the one-
time transaction among members of the international 
logistics --- or game - relationship, and obtain a lot of 
relevant research results, including the design for the 
international logistics coordination strategy [3-5], in-
formation asymmetry measures [6-7], the horizontal 
competition model of supplier or retailer [8-9], the 
influence of the policymaker’s risk preference [10-
11], and so on.
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However, in fact, the cooperation relationship be-

tween international logistics companies in the short 
sales cycle often shows the long-term and dynamic 
characteristics. Time is undoubtedly an important 
factor in the cooperation and game relations between 
the international logistics members, and it even can 
be said that the entire international logistics cooper-
ation process is full of game in the continuous time 
background [12]. However, due to the fact that it is 
very complicated and difficult to describe the influ-
ence of the continuous time on the decision-making 
of the international logistics member businesses, it is 
hard to build the decision-making model. Therefore, 
currently there is lack of relatively in-depth research 
on the international logistics coordination issue based 
on the continuous time and dynamic game. However, 
in the practice of international logistics, the same or 
even more important is the content of the long-term 
game throughout the entire cooperation period, such 
as joint forecast, joint investment, advertising, as well 
as cooperation and other aspects.

As an initial attempt of research on this import-
ant field of study, this paper investigates an important 
issue in the international logistics dynamic coordi-
nation and game based on the analysis of dynamic 
coordination of international logistics and its analysis 
methods and tools: The differential game of two-way 
cooperation system of the international trade and in-
ternational logistics based on continuous time.

2. Dynamic, Variational and Differential Game: 
New Elements of International Logistics Coordi-
nation

In the common international logistics decision 
optimization issues, the general expression of the 
decision-making issue of the decision-makers is as 
follows:

                
( )max

∈

=
x R

y f x
, . . ∈s t x D                      (1)

The solution to this decision problem is the opti-

mal value *=x x of the decision variable x, where *x  
is a real number.

While for the dynamic optimization decision-mak-
ing issues with the time context, the decision making 
function of the decision-makers will be changed into:

            ( )
( )( )max =

x t
y f x t , ( ) ( )*=x t x t 	  (2)

Its optimal solution is ( ) ( )*=x t x t , where *x  is 
a function

Therefore, the issue of decision-making is essen-
tially the optimization issue for functional y, when the 
solutions and algorithms for the original optimization 
issues are not applicable, this paper will introduce the 

variational method in the discussion of the differen-
tial game for the international trade and international 
logistics two-way cooperation system in the follow-
ing sections.

In particular, for the game issue of the dynamic 
coordination of the international logistics in continu-
ous time, as the decision-makers (game participants) 
cannot guarantee that the optimal decision at one mo-
ment will still be the optimal in the time that follows 
up, therefore, the international logistics game partic-
ipant strategy (decision variables) should also be a 
function of the time, in other words, at this time the 
game between the members of the international lo-
gistics become a differential game, or the differential 
countermeasure.

Differential game stems from the research on the 
military confrontation strategy of two sides, which 
is also applied in the management area currently, in-
cluding the field of investment, duopoly competition 
issues, etc. [22~25]. There are a few researches car-
ried out by domestic scholars to introduce the differ-
ential game into the international logistics advertising 
strategy [26~28], However, due to the complexity of 
differential game issue itself, it can only obtain the 
analytic constant solution for the decision variables 
(functions) independent of the time, which in turn 
does not reflect the association with the time, and los-
es the essential value to analyze the differential game 
issue, hence with certain deficiencies.

3. The Two-way Cooperation System of the In-
ternational Trade and International Logistics: Re-
thinking the International Logistics Coordination

In the one-off international logistics trading rela-
tions, to explore how to realize the international logis-
tics maximum expected revenue (benchmarking) in 
the centralized decision-making model in the actual 
decentralized decision-making model, that is, based 
on the improvement of Pareto, the international logis-
tics expected revenue in the maximum decentralized 
decision-making model. Zhang Jianjun et al [21] has 
proposed the long-term cooperation relationship be-
tween the international logistics member companies, 
which also reveals the limitation of the one-time in-
ternational logistics partnerships. At the same time, 
it is necessary to further emphasize that not only the 
connection between the members of the internation-
al logistics businesses are long-term. The connection 
between the international logistics and its market and 
customers (or partnership) is also long term. This 
means that it is very necessary to include the man-
agement that customer requires into the research field 
of international logistics management, to combine the 
exploration of customer demand and customer val-
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ue and the optimization of the international logistics 
member businesses decision-making, i.e. greater of 
(or even maximization) the original maximum inter-
national logistics expected revenue.

However, it is worth noting that: In the current 
study and model of thinking, the demand of final cus-
tomers is considered to be the objectively established 
background --- though it may be a function of the 
sales price, it can also be a function of the amount of 
stock, it can even be unknown --- in the field of inter-
national logistics management, international logistics 
coordination, from the perspective of international 
logistics to discuss the exploration of customer value, 
there are relatively few relevant research. While in the 
field of business management, especially in the field 
of marketing, the development of customer value is 
one of the key issues that people attach importance 
to. Similarly, the focus on customer value is also a 
core issue in the demand management, and research 
on corporate revenue management has achieved fruit-
ful results. In so many studies, the positive impact of 
good cooperation of enterprises on consumer demand 
has been revealed. The British famous international 
logistics and international logistics management spe-
cialist John Christopher pointed out that: The com-
petition among enterprises has been replaced by the 
competition among international logistics. In this 
context, the cooperation in international logistics is 
an important factor in the international logistics com-
petition.

However, in the environment of international lo-
gistics, similarly, as the members of the international 
logistics businesses have independent interests, the 
customer value (demand) management (including 
cooperation maintaining issue) also encounters a big 
problem: Every business can perform its own demand 
management, but how the demand management of 
enterprises have interaction with each other (game) 
so as to improve the Pareto and thus achieve the op-
timal benefit?

In terms of international logistics cooperation is-
sue, it is very important to cooperate with the most 
downstream businesses which are in direct contact 
with customers and have a great impact on the final 
consumers --- however, customers’ cooperation judg-
ment and evaluation results on their direct contact en-
terprises (usually the most downstream international 
logistics enterprises) are not determined independent-
ly and completely by the own action of the business 
itself, it is also influenced by the efforts of all enter-
prises in the entire international logistics, such as 
on-time delivery, product (raw materials, spare parts) 
quality, advertising, etc. and all kinds of cooperation 

relations of the member enterprises in the internation-
al logistics, which means: From the perspective of the 
entire system of the international logistics rather than 
an individual business, to include the cooperation and 
its relationship with customer needs into the research 
of the international logistics coordination and game 
field as a direction with relatively important value. 
For this reason, this paper will attempt to analyze the 
game of international logistics parties to maintain 
and enhance the cooperation based on the concept of 
"Two-way cooperation system for international trade 
and international logistics". The so-called "two-way 
cooperation system of the international trade and in-
ternational logistics" is clearly defined in this paper 
as: The degree of customer’s trust for the entire inter-
national logistics.

It is noted that the two-way cooperation system 
of the international trade and international logistics 
is dependent on the effort and the cumulative time 
variable of the individual member of the internation-
al logistics enterprises. Therefore, the game between 
the member companies of international logistics has 
become a dynamic game with uninterrupted time, or 
differential game.

4. Assumptions of the Model and General De-
scription

Investigate the two-stage international logistics 
constituted by single manufacturer and single retailer, 
with long-term cooperation relationships:

First, explain the meaning of the related symbols:
(1). t: Time variable;
(2). ( ) ( )M RC t C t : Manufacturer / retailer’s level 

of efforts in maintaining the two-way cooperation 
system of international trade and international logis-
tics;

(3). ( ) ( )M RC t C t : Manufacturer / retailer’s main-
tenance costs for the two-way cooperation system of 
international trade and international logistics;

(4). ( )π SC t  The output of international logistics at 
time t;

(5). ( ) ( )∏ ∏M Rt t : Manufacturer / retailer’s earn-
ings at time t;

(6). ( ) ( )∏ ∏M RT t T t : Manufacturer / retailer’s 
benefits from the entire cooperation time;

(7). ( )Θ = Θ t : The two-way cooperation system of 
international trade and international logistics.

Assuming:
(1). According to the research in the marketing 

field, as the cooperation and maintenance costs are 
an increasing function of the level of effort, which 
shows the characteristics of strictly convex, assuming 
both can meet
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( ) ( ) ( )2

2
µ

= M
M M

t
C t e t , ( ) ( ) ( )2

2
µ

= R
R M

t
C t e t , where

 ( )µR t , ( )µR t  influence coefficient.
Similarly, the higher the maintenance level of both 

international logistics cooperation parties is, the high-
er the two-way cooperation system of the internation-
al trade and international logistics will be, and show-
ing strict characteristics of convex, it can be assumed 
that the two-way cooperation system of international 
trade and international logistics differential equation 
that meets the state change (according to Nerlove-Ar-
row model [29]) is as follows:

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) 0 0

ρ ρ ξ
θ−

′Θ = + − Θ
 Θ = ≥

M M R R

t o

t t e t t e t t t
t    

  (3)

In which, θo is the initial value of the two-way 
cooperation system of international trade and inter-
national logistics: and ( ) ( )0 0、ρ ρ> >M Rt t  are the 
influential factors of the maintenance level of coop-
eration of manufacturers and retailers to the two-way 
cooperation system of international trade and inter-
national logistics respectively; ( ) 0ξ >t represents the 
rate of decay of the two-way cooperation system of 
international trade and international logistics due to 
external factors.

Prove:
Firstly, consider the manufacturer's decision:
By the principle of optimality:
If ( )( )* ≤Me s t s  is the two-way cooperation system 

of the international trade and international logistics 

(2). Within an infinite length of time of coopera-
tion, the two parties of the international logistics have 
the same discount factor at any moment, denoted by
δ ;

(3). Assuming the distribution ratio of income de-
termined by the strength of the two parties between 
manufacturers and retailers is ( )[ ]6ω t , namely:

  

( ) ( ) ( ) ( )( )
( ) ( )( ) ( ) ( ) ( )( )

,

1

ω π

ω π

∏ = −

∏ = − − −

M SC R

R SC M R

t t t C t

t t t C t C t
       (4)

.                                             
( ) ( )( ) ( ) ( )( ) ( )2, , , , , 0,∏ Θ ∏ Θ ∈ +∞M M R MT e t t t T e t t t C          

 (5). Taking into account the monotonic increase 
of the income on the cooperation, assuming at any 
time t, the international logistics total revenue ( )π SC t
with cooperation ( )Θ t meets: ( ) ( ) ( )2π ϕ= ΘSC t t t , in 
which ( )ϕ t is the influential factor to the internation-
al logistics total revenue of the two-way cooperation 
system for the international trade and international 
logistics.

5. The Differential Game Model for the Two-
way Cooperation System of the International 
Trade and International Logistics

5.1 Decisions of the Two Parties in the Interna-
tional Logistics

From the above assumptions, it can be seen that:
All the expected revenue of manufacturers is:

( )( ) ( ) ( ) ( ) ( )( )
0

δω π
+∞ −∏ = − −∫M M SC M RT e t t t C t C t e dt

Thus the manufacturer's decision issue is:

  
                              

( )
( )( ) ( ) ( ) ( ) ( )( )

0

δω π
+∞ −∏ = − −∫M M SC M R

eM t
T e t t t C t C t e dtmax

                              
(5) 

for manufacturer from time t
Noted that:
For 0∆ →t ,there is:
And: ( ) ( ) ( )′Θ + ∆ ≈ Θ +Θ ∆t t t t t

( )( ) ( ) ( )( )* *, ,T′⇒ ∏ Θ + ∆ + ∆ ≈ ∏ Θ +Θ ∆ + ∆M MT T t T t T t t t t

Similarly, the decision issue of retailers is:

                               
( )( ) ( )( ) ( ) ( ) ( )( )

0
1max

ω

δω π
+∞ −∏ = − − −∫R R SC M R

R

T e t t t C t C t e dt
                     

(7) 

Taking into account the difficulty of solving the 
analytical solutions to the above-mentioned dif-
ferential game when the environment variables

( ) ( ) ( ) ( ), , ,µ µ ω ϕM Rt t t t  etc. change with the time, in 

order to simplify the problem, assuming that each en-
vironment variable is constant as follows:

( ) ( ) ( ) ( ) ( ) ( ), , , , ,= = =µ µ µ µ ω ω ϕ ϕ ρ ρ ρ ρ= = =M M R R M M R Rt t t t t t.
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5.2 Differential Game Model and Game Equi-

librium Analysis
Noted: ( ) ( )* *、M Re t e t are the solutions for the deci-

sion issue of manufacturers and retailers respectively:

( ) ( )( ) ( )( )
( ) ( )( ) ( ) ( )( )

, ,

, , 1

ω π

ω π

Θ = − −

Θ = − − −

M M SC M R

M R SC M R

L e t t t t C C

L e t t t t C C

The optimal revenue value function for manufac-
turer after the cooperation state t ( )Θ t  is:

( )( )
( )

( ) ( )( )* , , ,max δ+∞ −∏ Θ = Θ∫
M

M M Mte t
T t t L e s s s e ds      (6)

( )Θ t The initial optimal cooperation maintenance 
effort level, then ( )( )* ≤Me s t s  must be from time 
( )Θ + ∆t t , the two-way cooperation system of the in-

ternational trade and international logistics ( )Θ + ∆t t  

The optimal revenue value function for manufac-
turer after the cooperation state t ( )Θ t  is:

( )( )
( )

( ) ( )( )* , , ,max δ+∞ −∏ Θ = Θ∫
R

R R Rte t
T t t L e s s s e ds       (7)

Then the propositions are:
Proposition 1 Differential game issue of the two-

way cooperation system of international trade and in-
ternational logistics, with Hamilton-Jacobi-Bellman 
equation:

                  

( )( ) ( )

( )( ) ( )

* *

* *

, ,

, ,

max

max

δ

ω

δ

ω

ρ ρ ξ

ρ ρ ξ

−

−

∂ ∏ ∂ ∏
= − Θ + + − Θ ∂ ∂Θ


∂ ∏ ∂ ∏ = − Θ + + − Θ ∂ ∂Θ

M

R

M M
M M M M R R

e

R R
R R M M R R

e

T TL e t e e e
t

T TL e t e e e
t

                            (8)

initial optimal international trade and international 
logistics two-way cooperation system maintenance 
effort level.

As can be known from equation (6) that:

                     

( )( )
( )

( ) ( )( )

( )( )
( )

( ) ( )( ) ( ) ( )( )( )

( )
( ) ( )( ) ( )( )( )

*

*

1 *

, , ,

, , , , ,

, , ,

max

max

max

δ

δ δ

δ

+∞ −

+∆

+∆ +∞− −

+∆

+∆ −

∏ Θ + ∆ + ∆ = Θ

⇒ ∏ Θ = Θ + Θ

= Θ +∏ Θ + ∆ + ∆

∫

∫ ∫

∫

R

M

M

M M Mt te t

t t

M M M M Mt t te t

t

M M Mte t

T t t t t L e s s s e ds

T t t L e s s s e ds L e s s s e ds

L e s s s e ds t t t t

           (9)

Perform Taylor expansion on  ( ) ( )( )* ,′∏ Θ +Θ ∆ + ∆MT t t t t t :

                                   ( ) ( )( ) ( ) ( )( )1
, , , ,δ δ+∆ − −Θ ≈ Θ ⋅∆∫

t

M M M Mt
L e s s s e ds L e t t t e t                                    (10)

                               
( )( ) ( )( )

* *
* *, ,

∂ ∏ ∂ ∏′∏ Θ + ∆ + ∆ ≈ ∏ Θ + Θ ∆ + ∆
∂Θ ∂

M M
M M

T TT t t t t T t t t t
t

                             (11)
 

Substitute equation(10)and equation(11)into equation(9)to obtain the approximate value of

( ) ( )( )* ,∏ ΘMT t t :
( )

( )

* , max∏ Θ =
M

M
e t

T t

( ) ( )
( )

( )

( )
( )

( )
( )

* * * *
*

* *

* *

, , , 0 , ,

0 , ,

, ,

max

max

max

δ δ

δ

δ

− −

−

−

   ∂ ∏ ∂ ∏ ∂ ∏ ∂ ∏′ ′Θ ⋅∆ + ∏ Θ + Θ ∆ + ∆ ⇒ = Θ + Θ +   ∂Θ ∂ ∂Θ ∂   
 ∂ ∏ ∂ ∏′⇒ = Θ + Θ + ∂Θ ∂ 

 ∂ ∏ ∂ ∏ ′⇒ = − Θ + Θ ∂ ∂Θ 

M

M

M

M M M M
M M M M M

e t

M M
M M

e t

M M
M M

e t

T T T TL e t e t T t t t L e t e
t t

T TL e t e
t

T TL e t e
t

Thus obtain the Hamilton-Jacobi-Bellman equation for decision problem (6) and (4):

                              ( )
( ) ( )

* *

, ,max δ ρ ρ ξ− ∂ ∏ ∂ ∏
⇒ = − Θ + + − Θ ∂ ∂Θ M

M M
M M M M R R

e t

T TL e t e e e
t                          (12)

Retailer decision issue (7)’s Hamilton-Jaco-
bi-Bellman equation can be obtained by complete 

parallel analysis.
In particular, if
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( )( ) ( )( ) ( )( ) ( )( )* *, ,、δ δΘ = ∏ Θ Θ = ∏ ΘM M R RT t e T t t T t e T t t

then:
Proposition 2 International logistics differential 

game issue (4) (5), the differential game with the op-
timum two-way cooperation system of international 
trade and international logistics

( ) 0* δ θ
 

Θ = + − 
 

q qt e
p p

(where

 
( ) ( )

2 * 2 * 2 * 2 *
1 2 2 22 2

,
1 1

ρ ρ ρ ρ
ξ

ωµ ω µ ωµ ω µ
= + − = +

− −
M R M R

M R M R

a a a bp q ) 

and Nash equilibrium solution is 

( )
( )( )

( )
( )( )

( )

* * * * * *
1 1 2 2* *

2 2
,

1

ρ ρ

ωµ ω µ

 Θ + Θ +
 = =
 − 

M R
M R

M R

a t b a t b
e t e t

,
if the unknown parameters 1 2 1 2 1, , , ,a a b b c and 2c equa-
tion group(which is called quasi constraint equation 
group).

Hence Proposition 1 is proved.

( ) ( ) ( )

( )
( )

( ) ( )

( ) ( )

( ) ( )
( ) ( )

2 2 2 2 2
1 2 1 2

12

22 2
1 1 2 11 1 2 2

12

2 2 2 2 2
1 2 1 2

12

2 22 2 2
12 1 2

22

2 2 4
2 0

11

22 2
0

11

0
2 12 1

2 1 4
1 2

1

ρ ωρ ρ
ωϕ ξ δ

ωµ ω µω µ

ωρρ ωρ
ξ δ

ωµ ω µω µ

ρ ωρ ρ
δ

ωµ ω µω µ

ω ρρ ρ
ω ϕ ξ δ

ω µ ωµω µ

+ − + − + =
−−

+
− + − + =

−−

− + − =
−−

−
− + − + − +

−

M R R

M RR

RM R

M RR

M R R

M RR

MR M

R MR

a a a a a

a b a ba b a b b

b b b b c

aa a a a

( )
( ) ( ) ( )

( )
( )

2 22
1 1 1 2 2 12 2

22

2 22 2 2
12 1 2

22

0

2 1 22
0

1

1
0

2 1 2

ω ρ ρρ
ξ δ

ω µ ωµω µ

ω ρρ ρ
δ

ω µ ωµω µ














=

 − +
 − + − + =

−


− − + − = −

M MR

R MR

MR M

R MM

a b a b a ba b b

bb b b c

With solution( * * * * * *
1 2 1 2 1 2, , , , ,a a b b c c ).

Prove:

From ( )( ) ( )( ) ( )( ) ( )( )& * & *, , ,Θ = ∏ Θ Θ = ∏ ΘM M R RT t e T t t T t e T t t  get:
( )( ) ( )( ) ( )( ) ( )( )
( )( ) ( )( ) ( )( ) ( )( )

* *
& &

* *
& &

, ,
,

, ,
,

δ δ

δ δ

− −

− −

∂ ∏ Θ ∂ ∏ Θ
= − Θ = − Θ

∂ ∂
∂ ∏ Θ ∂ ∏ Θ

= − Θ = − Θ
∂ ∂

M R
M R

M R
M R

T t t T t t
e T t e T t

t t
T t t T t t

e T t e T t
t t

Substitute the above expression into the Hamilton-Jacobi-Bellman equation of the differential game 
issue, Hamilton-Jacobi-Bellman equation’s equivalent form is obtained:

( )( ) ( ) ( )( )( )( )
( )( ) ( ) ( )( )( )( )

, ,

, ,

max

max
ω

ω

δ ρ ρ ρ ξ

δ ρ ρ ρ ξ

 ′Θ = Θ + Θ + − Θ



′Θ = Θ + Θ + − Θ


M

R

M M M M M M R R
e

R R R R M M R R
e

T t L e t T t e

T t L e t T t e

Solving:
By the first-order conditions:

                                  

( ) ( )( )

( ) ( )( )

( )

( )

, ,
0

, ,
0

0
1 0

1

ρ ρ ρ ξθ

ρ ρ ρ ξθ

ωµ ρ
ω µ ρ

ρ
ωµ
ρ
ω µ

 ′∂ Θ + + −
=

∂


′∂ Θ + + − = ∂
′− + =

⇔  ′− − + =
′ =

⇔  ′ =
 −

M M M M M R R

M

R R R M M R R

R

M M M M

R R R R

M M
M

M

R M
M

R

L e t T e
e

L e t T e
e

e T
e T

Te

Te
 

                                            (15)

(13)

(14)
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Substitute(15)into(14)to obtain:

                          

( )
( ) ( ) ( )

( )
( )

( ) ( )
( )

2 2 2 2
2

2

22 2 2
2

2

2 12 1

1
1

2 1 2

max

max

ρ ωρ ρ
δ ωϕ ξ

ωµ ω µω µ

ω ρωρ ρ
δ ω ϕ ξ

ω µ ωµω µ

  ′ ′ ′ ′Γ Γ Γ Γ ′ Γ Θ = Θ + − + − ΘΓ
 − −  

′ ′ − Γ Γ ′ ′ ′Γ Γ Γ ′Γ Θ = − Θ + − + − ΘΓ   −  

M

R

M M R R R M R
M M

e t M RR

M M RR R M M M
R R

e t R MM

           (16)

Noted the order characteristic of the above differ-
ential equation group, assuming that it has the solu-
tion on Θ  for the m-order polynomial form, then due 
to the left of the equation is m times, the highest on the 
right is ( )2 1−m  times, therefore, from ( ) ( )、Γ Θ Γ ΘM R

, 
it can be known that 2=m .

Thus assuming function ( ) ( )、Γ Θ Γ ΘM R  has the 
following expression:

                  

( )
( )

2
1 1 1

2
2 2 2

 Γ Θ = Θ + Θ+
Γ Θ = Θ + Θ+

M

M

a b c
a b c                

(17)

Where ( ) ( )、Γ Θ Γ ΘM R  and 2c  are all unknown 
constants

Substitute (17) into equation (16) to obtain:

      

( ) ( )
( )

( )( )
( ) ( )

( ) ( )
( )

( )( )
( ) ( )

2 22 2 2
1 1 2 2 1 1 2 22 2

1 1 1 1 12

2 22 2 2
1 1 2 2 1 1 2 22 2

2 2 2 2 22

2 2
1

1

2 2 2 2
2

2 12 1

2 2 2 2
2

2 12 1

2

ρ ωρ ρ
δ δ δ ωϕ ξ

ωµ ω µω µ

ρ ωρ ρ
δ δ δ ωϕ ξ

ωµ ω µω µ

ρ
δ ωϕ

 Θ+ Θ+ Θ+ Θ+
Θ + Θ+ = Θ + − + − Θ+ Θ

−−


Θ+ Θ+ Θ+ Θ+
Θ + Θ+ = Θ + − + − Θ+ Θ −−

= +

⇒

M R R

M RR

R M M

R MM

M

a b a b a b a b
a b c a b

a b a b a b a b
a b c a b

aa
( ) ( )

( )
( )
( )

( ) ( )

( ) ( )
( )

2 2 2
2 1 2

12

22 2
1 2 2 11 1 2 2

1 12

2 2 2 2 2
1 2 1 2

1 2

2 22 2 2
12 1 2

2 22

2
2 2

2

2 4
2

11

22 2
11

2
2 12 1

2 12 4
1 2

1

2
1

ρ ρ
ξ

ωµ ω µω µ

ρρ ωρ
δ ξ

ωµ ω µω µ

ρ ωρ ρ
δ

ωµ ω µω µ

ω ρρ ρ
δ ω ϕ ξ

ω µ ωµω µ

ρ
δ

− + −
−−

+
= − + −

−−

= − +
−−

−
= − + − + −

−

=
−

M R

M RR

RM R

M RR

M R R

M RR

MR M

R MM

R

a a a a

a b a ba b a bb b

b b b bc

aa a aa a

a bb
( )

( ) ( )

( )
( )

2 2
1 1 1 2 2 1

22

2 22 2 2
12 1 2

2 2

2 1 2

1
1 2

ω ρ ρ
ξ

ω µ ωρω µ

ω ρρ ρ
δ

ω µ ωµω µ















 − +
 − + −



− = − + −

M M

R MM

MR M

R MM

a b a b a b
b

bb b bc

    (18)

Then from the known conditions of the proposi-
tion, it can be known that the solution to the equa-
tion group is also the solution to the quasi constrained 
equation 

* * * * * *
1 2 1 2 1 2, , , , , ca a b b c .

Thus function ( ) ( )、Γ Θ Γ ΘM R  has the expressio
n:

 
                

( )
( )

( )
( )

* * 2 * *
1 1 1

* * 2 * *
2 2 2

* * *
1 1

* * *
2 2

2

2

Γ Θ = Θ + Θ+
Γ Θ = Θ + Θ+
 ′Γ Θ = Θ+


′Γ Θ = Θ+

M

M

M

M

a b c
a b c

a b

a b

                 (19)

Substitute equation(19)into equation(15)to obtain:

 

                  

( )
( )( )

( )
( )( )

* *
1 1*

* *
1 1*

2

2

ρ

ωµ

ρ

ωµ

 Θ +
 Θ =



Θ +
Θ =



M
M

M

M
R

M

a t b
e

a t b
e

                  (20)

Substitute equation (20) into state change differ-
ential equation (3) to obtain:

( ) ( ) ( ) ( )
2

2 *2 * 2 * 2 *
1 2 12 2

1 1
ρρ ρ ρ

ξ
ωµ ω µ ωµ ω µ

  
′Θ = + − Θ + +     − −   

RM R M

M R M R

ba a bt t  (21)

The following is the solution of differential equa-
tions (21):

Note

( ) ( )
2 * 2 * 2 * 2 *

1 2 1 22 2
,

1 1
ρ ρ ρ ρ

ξ
ωµ ω µ ωµ ω µ

= + − = +
− −

M R M R

M R M R

a a b bp q

then the general solution to the differential equation 
(21) is: ( )

− ∫∫Θ = + 
 ∫

pdtpdt
qet e dt c

Where c is any constant
Thus, according to the state change differential 
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equation boundary conditions ( ) 0 0 0θ=Θ = ≥tt ,special 

solution of ( )Θ t  that meets the boundary conditions 

can be obtained: ( ) ( )*
0 0

θ −Θ = + ∫
tpt ptt e qe ds

i.e.:
( )*

0θ
 

Θ = + − 
 

pt q qt e
p p

Thus Proposition 2 is proven.
6. Case Analysis on the Two-way Cooperation 

System of the International Trade and Interna-
tional Logistics

The following is the calculation analysis on the 
examples for the above differential game:

The specific values for the given parameters are 
as follows:

0

0.5, 0.5, 0.3, 0.8
0.6, 0.9, 5, 0.3, 0.5

µ ρ µ ρ
ω δ ξ ϕ θ

= = = =
= = = − = =

M M R R

Substitute the above parameters into the quasi 
constraint equation to obtain:

* *
1 1
* *
2 2

0.016730924, 0.089190424

0.013526144, 0.054732274

= − =

= − =

a b
a b

Thus

( )

( )

2 * 2 *
1 2

2 * 2 *
1 1

2 2
0.472163741

1

0.366230815
1

ρ ρ
ξ

ωµ ω µ

ρ ρ
ωµ ω µ

= + − = −
−

= + =
−

M R

M R

M R

M R

a ap

b bq

Thereby to obtain the optimal differential game 
for the two-way cooperation system of the interna-
tional trade and international logistics is:

( )* 0.47
0 0.28 0.78θ − 

Θ = + − = − 
 

pt tq qt e e
p p

The Nash input equilibrium solution to the two-
way cooperation system of the international trade and 
international logistics is:

Manufacturer’s optimal differential game on the 
two-way cooperation system maintenance and effort 
level of the international trade and international lo-
gistics: ( )( )* * *

1 1* 0.47
2

0.015 0.096
ρ

ωµ
−

Θ +
= = −M t

M
M

a t b
e e

(2)Retailer’s  optimal differential game on the 
two-way cooperation system maintenance and effort 
level of the international trade and international lo-
gistics: ( )( )

( )

* * *
2 2* 0.47

2
0.0007 0.225

1

ρ

ω µ
−

Θ +
= = − +

−
R t

R
R

a t b
e e

The corresponding function changes are illustrat-
ed as follows:

Figure 1. The Change of the Two-way Cooperation 
System of International Trade and International Logistics 

Over Time

Figure 2. The Change of the Optimal Level of 
Cooperation Efforts in All Aspects of International 

Logistics Over Time

Figure 3. The Change of the Optimal Cooperation Benefit 
Time of All Parties in the International Logistics 

As can be seen from Figure 1, 2 and 3: In the range 
of the above parameters,

(1). The optimal game on the input of the mainte-
nance of the two-way cooperation system of the in-
ternational trade and international logistics changes 
over time

This reflects the time correlation of the game of 
both parties in the international logistics: Since game 
is closely related to time, the optimal game at some 
point may no longer be able to bring the maximum 
benefit to the decision-makers in the next time point 
may, therefore, dynamic game that changes with time 
is the game with practical value. This fully shows that 
the differential game method has great value in the 
dynamic game of the international logistics.

(2). The two-way cooperation system of interna-
tional trade and international logistics, and the coop-
eration input of the two parties of the international 



81Metallurgical and Mining IndustryNo.11 — 2015

Economy
logistics have the trend of time stability.

A notable feature that Figures 1 and 2 show is that 
the change of the two-way cooperation system of in-
ternational trade and international logistics, the coop-
eration input of manufacturers and retailers over time, 
after the early stages of relatively severe adjustment, 
tend to be stabilized in the latter stage. Figure 3 on the 
changes of the revenue of both parties of the interna-
tional logistics and the entire international logistics 
also verifies the similar conclusion.

This means that, in the long-term relationship of 
game, the international logistics system has the char-
acteristics of autonomy, which tends to be balanced, 
in other words, the dynamic changes in the interna-
tional logistics system will be effectively controlled.

Thus, the differential game analysis on the above 
two-way cooperation system of the international 
trade and international logistics reflects from the oth-
er side that the long-term stable cooperative relations 
between the partners of international logistics is con-
ducive to the stability of the international logistics.

In addition, in order to simplify the problem, this 
paper takes the relevant parameters as constant. How-
ever, in the above differential game on the two-way 
cooperation system of the international trade and 
international logistics analysis process, as whether 
these variational problems are solvable on the func-
tional, whether the solution can be expressed, with 
analytic form strictly dependents on the specific 
structure of the differential equation of the functional, 
while in practice, the descriptive forms of parameters 
typically are vastly different, therefore, in the non-de-
generate case, the analytical solution is difficult to be 
obtained, thus, it is necessary to make the research on 
numerical solution of such differential equation to be 
the important research object in this direction.

7. Conclusion and Outlook
The only source of income for international logis-

tics is the final consumer; therefore, the effort of all 
members of the entire international logistics to devel-
op the value for customers has a very important role 
for the revenue of the international logistics. Through 
the analysis on the nature of this issue, this paper ab-
stracts the issue into the issue of constructing the two-
way cooperation system of the international trade and 
international logistics. At the same time, considering 
that the relationship of cooperation and game among 
the members of the international logistics enterprises 
are usually long-standing in practice, this paper takes 
the cooperation time into account, and build the dif-
ferential game model for the two-way cooperation 
system of the international trade and international lo-
gistics in the scenario of continuous time and dynam-

ic game, and looks for the conditions for Nash equi-
librium, so as to draw certain valuable conclusions. 
These conclusions have illustrated the significance of 
cooperation, and will provide certain inspiration and 
reference for decision-makers in practice.
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With R&D Perspective
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Abstract
The supply chain has not been given the anticipated recognition it needs in garment industry. This is due 
to the overdependence on the old management techniques that have less priority for the supply. The article 
proposed a SCM(supply chain management) model with R&D perspective in order to solve the R&D 
efficiency and moral risk among of garment companies. It seeks to construct the cooperative model in the 
integrated supply chain through studying the investment strategy among the members. The model indicated 
that the garment company would increase the R&D investment when the average interest will be distributed 
in the supply chain cooperative R&D process. There are different results of  the importance of incorporating 
the supply chain into the activities of enterprises in the garment industry. The study shows that the garment 
companies interest should be distributed in average in their supply chain alliance. Especially, they must 
strengthen cooperation if they want to achieve the success when the market risk increased.
Key words: GARMENT COMPANY, R&D FORM, INTEREST DISTRIBUTION, SUPPLY CHAIN 
MANAGEMENT.

1. Introduction
Many firms have ventured into the garment indus-

try in China without the basics of management of the 
production and distribution procedures.[1]This infor-
mation shall be deeply analyzed in this document as 
a way to provided firsthand information to the firms 
on the essence of the supply chain.  Various garment 
firms shall be analyzed to identify the techniques they 
have employed to ascertain if they are fit for the suc-
cess of the business.[2]The great importance is the 
significance of supply chain management toward the 
improvement of the product quality. Besides this, 
how does the supply chain contribute to the improve-
ment of the innovation though such things as fashion. 
Various businesses have come up with methods that 

are not fit for the success of the businesses in terms 
of the supply chain, as a result called for the need to 
improve the supply chain methods that are already in 
use within most of the Chinese firms [3].

Some firms have already adopted proper supply 
chain management methods through they still lack 
proper management procedures. For a firm to fit prop-
erly to the ever changing needs in the supply chain, 
innovation should always be given a priority. Once 
the interests of the market shift, the supply chain 
should equally shift since the markets will be inter-
ested in latest designs and low priced products. An 
example for changes to the supply chain is through 
the removal of the supply chain intermediaries who 
mostly make additional expenditure on the customer 


