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A well-established distribution network is fundamental to the sound management of the green supply chain. To adapt to the
market demand and policies for green products, it is urgent to build an efficient and rational logistic distribution network for the
green supply chain. Many researchers have tried to design distribution networks through the coordinated optimization of the
green supply chain, in the light of realistic situation. However, there are very few optimization models that consider all kinds of
influencing factors. To solve the problem, this paper attempts to establish a coordinated optimization model of the complex system
of the green supply chain distribution network (GSCDN). Firstly, the authors plotted the structure and game logic of the GSCDN
and defined the upper limit of sales induced by the limited production capacity of producers. Secondly, the coordinated op-
timization conditions were configured for the distributor layer, producer layer, and market demand layer, and a coordinated
optimization model was set up for the complex system. Finally, the contractual coordinated optimization mechanism was detailed
for the complex system under the profit-sharing contract. The proposed model and solving algorithm were proved valid

through experiments.

1. Introduction

The growing market demand for green products brings
about multifaceted challenges and pressures to green pro-
ducers and sellers: expediting the delivery, reducing the cost,
improving the quality, and ensuring the timeliness of dis-
tribution [1-5]. It is impossible to cope with these through
the resource optimization and integration by a single pro-
ducer or seller. For a supply chain to stand out from its
competitors, all players of the supply chain, including raw
material suppliers, manufacturers, distributors, retailers, and
consumers, must cooperate with each other [6, 7]. As a
complex system, the distribution network is critical to
successful management of green supply chain [8, 9]. To
adapt to the market demand and policies for green products,
as well as the development needs of producers and sellers, it
is urgent to build an efficient and rational logistic distri-
bution network for green supply chain.

The slow service and high cost of supply chain logistics
mainly come from the lack of information sharing between
relevant parties and the conflicts between the inventory of
producers and the distribution by distributors [10-16].
Holjevac et al. [17] analyzed the structure and features of the
supply chain for engineering machinery producers and built
a cooperative game model for the supply chain to optimize
both inventory and distribution. Based on the shared sales
information of green supply chain, Liao [18] designed an
intelligent algorithm capable of precisely determining the
raw material demand and proposed a distribution optimi-
zation strategy based on inventory and demand. To balance
the logistics costs between suppliers and producers, De
Corte and Sorensen [19] fully considered such constraints as
the proportional supply by multiple suppliers, introduced
the cost subsidy to the game model of the supply chain, and
improved the particle swarm optimization (PSO) to support
the intelligent, fast, and optimal decision-making of batch


mailto:huzhihua@hgnu.edu.cn
https://orcid.org/0000-0001-5033-3688
https://orcid.org/0000-0003-4025-3865
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/4077151

size and frequency of distribution. Li et al. [20] examined
the features of e-commerce distribution models, sum-
marized the considerations of enterprises in determining
distribution models upon joining e-commerce platforms,
and established a game model for cooperative distribution
services. Based on this model, they evaluated how each
factor influences the operation state of platform distri-
bution service chain and the behavior decision-making by
the participants. The above review of domestic and foreign
literature shows the following: (1) Green supply chain
distribution network (GSCDN) is a complex organic
body. Under the rapid changes of the market, brand-new
supply chain management ideas are needed to deliver
satisfactory products to consumers at minimum cost and
fastest speed from the angle of green supply chain
management and construct a logistics network based on
supply chain. (2) In the management environment of
green supply chain, the optimization of logistics network
usually focuses on the logistics facility sites and distri-
bution paths. It is particularly important to build a
suitable optimization model.

Many scholars at home and abroad have tried to
optimize the site of distribution centers for supply chains
and streamline the distribution paths [21-29]. However,
relatively few of them have constructed distribution
networks for the coordinated optimization of green
supply chain. Also, not many researchers developed op-
timization realistic models, which consider factors like
cost, environment, and transport. Therefore, this paper
attempts to build a coordinated optimization model for
the complex system of GSCDN. Section 2 plots the
structure and game logic of GSCDN and defines the upper
limit of sales induced by the limited production capacity
of producers. Section 3 configures the coordinated opti-
mization conditions for the distributor layer, producer
layer, and market demand layer and sets up a coordinated
optimization model for the complex system. Section 4
presents the contractual coordinated optimization
mechanism for the complex system, under the profit-
sharing contract. Section 5 describes the solving method
for the model based on the adaptive genetic algorithm. The
proposed model and solving algorithm were proved valid
through experiments.

This paper systematically analyzes the coordination of
logistics network under the management environment of
green supply chain, constructs and optimizes a reasonable
GSCDN model, and tries to optimize the established net-
work. The research results provide a reference for the
building of an efficient GSCDN and beneficial evidence to
the optimal site selection of distribution centers.

2. System Structure and Game Logic

The concept of green supply chain was first proposed by the
manufacturing research association of Michigan State
University in 1996 in a study on “environmentally re-
sponsible manufacturing (ERM).” Also known as environ-
mentally-aware supply chain or environmental supply chain,
the green supply chain is a modern management model that
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fully considers the environmental impact and resource ef-
ficiency in the entire supply chain. Based on green
manufacturing theory and supply chain management
technology, the green supply chain tries to minimize the
environmental impact and maximize the resource efficiency
of products from material acquisition, processing, packag-
ing, warehousing, transportation, and utilization to waste
disposal.

The complex system of GSCDN consists of raw material
suppliers, producers, distributors, retailers, and consumers.
Among them, distributors own several distribution stations
and centers. By integrating the transaction relationships
between these parties, it is possible to plot the structure of
the complex system for a GSCDN (Figure 1).

Let i be the ith distributor participating in the operation
of the GSCDN, Vi€ {1, 2, ..., N}; let j be the jth producer in
the market of the green supply chain, Vj€{1,2, ..., M}; let]
be the green product market of the complex system, VI € {1,
2, ..., e}; let ¢ be the transaction method between a dis-
tributor and a producer; if ¢ =1, the two parties adopt
contractual sales; if ¢ =2, the two parties adopt free sales.

The green products and their production process have
the following advantages: saving energy, saving water, low
pollution, low toxicity, and being renewable and recyclable.
These products are the ultimate manifestation of the ap-
plication of green technology. Green products can directly
promote the transformation of our consumption concepts
and production methods. The defining feature of these
products is to achieve environmental protection through
market regulation. As the purchase of green products be-
comes fashionable among the public, enterprises are en-
couraged to obtain economic benefits through the
production of green products.

The logic map (Figure 2) of the complex system for the
GSCDN provides the game objectives of each subject in that
system. Retailers and consumers aim to reduce the cost and
improve the timeliness. Distributors eye high incomes facing
retailers or consumers and low costs facing producers.
Producers intend to have low costs facing raw material
suppliers and high incomes facing distributors. Raw material
suppliers strive to increase their incomes. In our coordinated
optimization network, there are three levels of participants:
producers, distributors, and retailers/consumers.

Distributors have price discrimination against pro-
ducers, varying in production capacity and market share. Let
R+N be an n-dimensional Euclidean space; let TC}. be the
contractual sales volume between N distributors and M
producers, where TC; € RN let fijl be the contractual sales
volume between the ith distributor and the jth producer,

which is a component of matrix TC}j; let EJG E be the max-
imum sales volume of a producer constrained by its pro-
duction capacity. After summing up the data of the
aforementioned parameters, the upper limit on the sales of a
producer brought by the limited production capacity can be

determined by

N
;5},- <&F. (1)
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FiGure 1: Structure of the GSCDN.
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F1GUrEe 3: Coordinated optimization of the complex system for the
GSCDN.

3. Construction of the Coordinated
Optimization Model

3.1. Coordinated Optimization Conditions of the Distributor
Layer. Figure 3 illustrates the coordinated optimization of
the complex system for GSCDN. Suppose that the green
product market meets the supply-demand balance. Since the
distributors deliver products in full truckloads, it is assumed
that the supply volume of a distributor equals its sales
volume. Let TC,j2 be the free sales matrix of N distributors
and M producers, where TCijze RN M Jet E,-jz be the volume
of free sales from the ith distributor to the jth producer, that
is, a component of matrix TC; . In the GSCDN, the total
distributed volume TC; by the ith distributor in the market
can be calculated by

M
TC, =) (&;+ &) (2)
j=1

Distributors differ significantly in business strategy,
green product preference, and corporate strength. There is
an upper limit on the volume of green products that a
distributor can provide to the market: 0 < TC; < E?E. Due to
the uncertain market demand of green products, the dis-
tributor’s selling and distribution can be divided into the
contractual sales between the distributor and the supplier in
the early phase and the free sales and distribution between
the distributor and the retailer and logistics company in the
latter phase. Let £'“%; be the upper limit on the contractual
sales volume of the ith distributor, where 0 < fll <& 11 “E Then,
the total volume of contractual sales £; can be calculated by

8=§$. (3)
i = ij



Let Cpgr.; and Cy4.; denote the distribution cost and
operating cost of freight transport by the ith distributor,
respectively. Then, the total operating cost of the ith dis-
tributor is composed of two parts: Cpg_;and Cy;4_;. When the
truckload distribution cost remains fixed, the operating cost
of the ith distributor Cy4_; depends on both the distribution
volume and the competition with other distributors in the
market:

o M
Max Z(GE}jfilj - CMA—i(TCilj)) + Z
I g
(M
> E<E
A
st M 1 2 GE
Zl(fij + £ij) < fi >
=
| &,20,&,>0.

Model (5) is a superposition between the income-cost
difference of the ith distributor in the contractual model and
that in the free model.

¢!

ij

The profit maximization model can be interpreted by
optimality conditions. The first part of the model is the
volume of contractual sales by the distributor to the market,
and the second part is the volume of free sales between the

i=1 j=1 afllj

—~

3.2. Coordinated Optimization Conditions of Producers.
Figure 4 illustrates the structure of the coordinated opti-
mization for GSCDN. In the green product supply and
distribution service chain, each producer is responsible for
processing and supplying green products and linking up
distributors, end consumers, and suppliers. It makes profit
from the price gap between raw materials and green
products. According to its own production capacity and the
actual situation of the distribution market, the jth producer
determines an upper limit £, of the sales volume for the
contractually purchased products, where 0 < f; < E}GE. Then,

N M (3, (TCH) +Cppi(TC
33 () 05) 05) (g
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Ci=Cpai+Cepi = Cll\/IA—i + C?\/IA—i + Cpp_i- (4)

Let GE}; and GE}; be the green product prices under
contractual model and free model between the ith distrib-
utor and the jth producer, respectively. Then, the profit of
the distributor, that is, the difference between the income
and cost of green product sales, can be maximized by

(GEiijizj - CMA—i(TC?j) = Crp (Tcizj ))’ (5)

(6)

According to the equivalence between variational in-
equality and optimization problem, the optimal solution to
the distributor’s profit maximization model (5) is equivalent
to the solution to the following variational inequality:

M (Tc (Tc M (Tc* (Tc*
Z <aCMA—z(TCz] ) + aCPR—z(Tczj ) _ GE};) . (511] _ 511]*) i Z <aCMA—l(TC1] ) + aCPR—z(TC1] ) _ GEIZJ*> . (glzj _ 5121*) >0.

o8

1 ij

(7)

distributor and the producer. The optimality conditions for
all distributors can be described as in the following varia-
tional inequality:

N M ) 2 i o
Z Z <8CMA_,(TC,] ) + aCPR—l(TCtJ ) _ GE?;) . (512] — ‘512]*) >0.

i1

o&

j=1 ij

~

(8)

the total sales volume &’ for the contractually purchased
products of the jth producer can be calculated by

M
%=2%. 9)
£

Let Cpy.j and Cyy4_; be the purchase cost of raw materials
for green products and the operating cost of freight transport
of the jth producer, respectively. Similarly, the total oper-
ating cost of the ith producer is composed of two parts: Cpy;
and CMA-j:
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FIGURe 4: Structure of the coordinated optimization for the
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Cj=Cpp_j+Cpra_j (10)

Let GE;; be the distribution price of the products sold by
the jth producer to the Ith consumer; let ;; be the volume of
green products sold by the jth producer to the market via the
ith distributor. Then, the profit of the jth producer, that is,
the price difference between end consumers and supplier,
can be maximized by

max BE; = ) GEé;. (11)
=1

When the market is clear, the volume sold by a producer
to market consumers is the sum of the contractual and free
sales volumes between the producer and its distributors:

Zfﬂ _Z(Elj+£zj) (12)
e N 2

RG;(8;) = Y &4GE; = ) Y GEt; -
=1 i=1r=1

According to the equivalence between variational in-
equality and optimization problem, the optimal solution to

() o

The profit maximization model can be interpreted by
optimality conditions. The first part of the model indicates
that the producer sells green products sold to its distributors
and consumers; the second part means that the producer is
willing to purchase raw materials from suppliers; the third

S0t s

r=1

™M=

]
—_

Cuna(TCy) +0 <§

)

Let EJGE be the maximum sales volume of a producer
constrained by its own production capacity. Considering the
limited capacity of the producer in distribution or delivery,
the upper limit of sales can be defined as

e
GE
Z fJ'l = 51
I=1

The profit of the jth producer can be maximized by

(13)

N
M 3 6,08 - Y (G} + GELE) - Cun(1C),
=1 i=1
(14)
(e N
5= 36, +6).
- GE
s.t.] ;ff’gff ’ (15)
N
0< Y & <8,
i=1
iz

In the producer’s profit maximization model (14), the
first term is the income of the jth producer by selling green
products to distributors and consumers; the second term is
the cost of purchasing raw materials from suppliers; the
third term is the operating cost of the producer selling green
products to distributors and consumers. Let r be the dis-
tribution strategy of each distributor. Then, the transaction
flow should remain constant in the profit maximization
function, according to the Lagrangian function. Let §; be the
Lagrangian multiplier. Then, the profit maximization model
of producer j can be rewritten as

(16)

N
—_
*
Il
—

the producer’s profit maximization model (14) is equivalent
to the solution to the following variational inequality:

(17)

part guarantees the conservation of transaction flow at
87 >0; that is, the producer invests all the purchased raw
materials in production and sells out its products. The
optimality conditions for all producers can be described as in
the following variational inequality:



+9; - GE;Z) (& - &)+

3.3. Coordinated Optimization Conditions for the Market
Demand Layer. GSCDN is a functional chain that provides
distribution services to the green product market. Distri-
bution efficiency and distribution price are the core attri-
butes of the distribution services. Based on these attributes,
retailers and consumers select the green products meeting
their needs. Let GE; be the highest affordable distribution
price of the Ith retailer or consumer in the market for the
purchase of green products, and let C; be the corresponding
transaction cost. In this case, the product demand can be
denoted as ;. Under the Wardrop equilibrium principle of
distribution road networks, the /th retailer or consumer in
the green product market should satisfy the following
conditions in order to select product/distribution service
through price comparison:

= GE, f* >0,

GE’, + G(&; 19
jl l(f]l) ZGE[, gﬂ =0. ( )

Formula (19) shows that a transaction will take place
only if highest affordable price &; of the retailer or consumer
for product purchase equals the sum between the selling
price GE’; of the distributor and the transaction cost C,E , of
the retader or consumer to acquire the products; that is,
f >0. If 5 <0, no transaction will take place.

In the supply demand network of green products, the
retailers also compete with consumers. The demand for

> Y(GE

I=1

Mk

.
Il
—

3.4. Coordinated Optimization Model for the GSCDN.
Under market regulation, the management of GSCDN
should reach the ideal equilibrium; that is, all parties of the
network should meet supply-demand balance. Specifically,

B+ (&) - GE]) - (§4- &)+ Y

Discrete Dynamics in Nature and Society

(18)

green products is related to the acceptable price of a retailer/
consumer and that of another client. Hence, the demand of
the Ith retailer or consumer can be expressed as

fz = 51 (BE)

This paper assumes that the green products in the same
batch have no quality difference; that is, BE=[BE;, BE,, .. .,
BE] € R.". Then, the optimality conditions for the coordi-
nated optimization of the Ith retailer or consumer can be
expressed as

(20)

M
=Y &, GE >0,
j=1

¢ (BE") (21)

M
<Y &, GE/ >0
=1

Formula (21) shows that if a producer transacts with a
retailer/consumer, then GE; > 0; in this case, the supply is
equal to demand. If GE; = 0, then the green products are
oversupplied, and the GSCDN management is out of
balance.

For all retailers/consumers, € {1, 2, ..., e}; the equi-
librium solution (TC’fl,BE*)eR+Me+e for their behaviors
must satisfy the following variational inequality:

Zg;} - fl(BE *

M
j=1

(22)

>> (6B~ GE}).

I=1

retailer/consumer should purchase its needed products at an
affordable price. Further, the entire supply chain network
must stay in the state of supply-demand balance. The pre-
vious analysis shows that the coordinated optimization

each distributor should balance its supply with sales, each ~ conditions for GSCDN are that (TC . TCIJ* TC;Z, 87
producer should balance its purchase with sales, and each ~ GEj) e RNVNMMerMre gatigfy the followmg inequality:

82 (0 (10 50 (TC) (e

222 i +8; ) (8- &)

e o 0¢&;.

i=1 j=1r=1 ij

+ZZ< aEJE ])+51+C1(5ij)‘GEl (&= &) (23)
=11 j

(8;-07)+ ).

=1

(Zfﬂ §(BE *) >~(GEI—GE1*)20.
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4. Coordinated Optimization Mechanism under
the Profit-Sharing Contract

The profit-sharing contract allows the parties to share the
total profit of the network by a certain proportion. Under
this contract, the distributors and producers have the same

i f(aCMA J(TCi ) +9Cppi(TCPT)

Considering the operating capacity of each enterprise,
the equilibrium solution to formula (24) must satisfy an
additional constraint:

(25)

The profit obtained by the ith distribution and that
obtained by the jth producer can be, respectively, de-
scribed by

M
RG; = ) 1,;RG;;,
j=1

RG; = Z(

(27)

'711)

AN oC -j TC* * * * *
+) Z(% +87+C(&5) - GE; > (&= &)

&(i%—ig) (s, -a)+g<zgﬂ £(BE)

objective of coordinated cooperation. During GSCDN
management, the ith distributor can have 1j of the total
profit, while the jth producer can have (1-#;) of the total
profit. Under the profit-sharing contract, (TC};, TC; 8*

jr
GE;)eRNMHNMMerMre qatisfy the coordinated optlmlzatlon
model for the GSCDN:

+ 6;> ) (Eij - 517)

(24)

>. (GE, - GE}) 20

Under the profit-sharing contract, the total profit on a
distributor-producer subchain can be calculated by

£ e £
o) (z 6108, o (1C5) ) - 20 (16,) €10 (1C,)
ij = i

(26)

5. Model Solving

This paper proposes an adaptive genetic algorithm to solve
the above model. The crossover and mutation operators,
which determine the convergence of the algorithm, can be
adjusted dynamically. Let g,,,, and g,,;, be the maximum
and minimum fitness of the population, respectively; let g/
and g be the fitness of crossover individuals and mutation
individuals, respectively; let g* be the mean fitness of the
population; let Wy . and Wy o, be the maximum and



minimum crossover probabilities, respectively; let Wppax
and Wpni, be the maximum and minimum mutation

probabilities, respectively. Then, we have
WT AN ’ >

WT = WTmax_<g,_g*>/(gmax_gmin)’ glzg*’ gmu;bgmin’

WTmin’ g, Zg*’ Imax = Imin-
(28)
Whmee 9<9°
WD _{ D max g g* (29)
WDmln’ g9 > g -

The proposed adaptive genetic algorithm can be
implemented in the following steps:

Step 1. Initialize the solving algorithm, set the population
size and the termination conditions, and encode the subjects
in the network, as well as their behaviors, prices, and sales.

Step 2. Set the initial number of iterations to zero, and
randomly generate the initial population U(0).

Step 3. Compute the fitness of each chromosome g=1/
(Z+YW).

Step 4. Select U(T+1) from U(T) by roulette wheel selec-
tion, and save the optimal solution by the elite strategy.

Step 5. Compute Wp and Wy by formulas (28) and (29),
respectively.
and mutation of

Step 6. Implement  crossover

chromosomes.
Step 7. Set the number of iterations to T=T+ 1.

Step 8. End the iterations when the termination conditions
are satisfied; otherwise, return to Step 3.

6. Experiments and Results’ Analysis

Under the profit-sharing contract, the game between the
relevant parties only focuses on profit allocation, when the
complex network management is being optimized. There-
fore, the sale volumes, transaction prices, and the total
profits of producer-distributor subchain were calculated by
the aforementioned functions about the operating behaviors
and incomes of relevant parties in GSCDN. The computed
results are presented in Tables 1-3.

From the tables, it can be seen that the enterprises in each
layer of GSCDN were consistent in coordinated optimiza-
tion state, using the eigenfunctions of these enterprises.
Under the profit-sharing contract, the producers and dis-
tributors had the same total profit in the subchain. Retailer 5,
a member of the e-commerce demand group, made a small
profit per transaction but earned a lot with the largest
trading volume. The supply to this retailer is the priority of
distribution services. By contrast, consumer 8 had a low
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elasticity in terms of green product demand. Despite a high
profit per unit transaction, the consumer had a small trading
volume.

In actual economic activities, producers vary with
business philosophy, production capacity, production pro-
cess, and so forth. It is important to study how the different
costs of producers influence the coordinated optimization of
the management of the complex system for the GSCDN.
Hence, the cost function of a producer was changed to
analyze the influence. Similarly, the operating cost of dis-
tributors also differs with business philosophy, distribution
model, and operating scale. Thus, the cost function of a
distributor was adjusted to examine its influence on the
coordinated optimization state of the complex system
management. After the cost functions of producer and
distributor are adjusted, the sale volumes, transaction prices,
and the total profits of producer-distributor subchain were
recalculated (Tables 4-6).

As shown in Tables 4-6, the coordinated optimization
results could be compared after the cost of producer 1 and
that of distributor 3 were increased. The comparison shows
that, under a stable market demand for green products,
producer 1 cut down the supply of green products due to
cost hike. Then, the supply-demand imbalance caused the
price of green products to rise and eventually reach the
equilibrium. Hence, the green products became pricier, and
the sales volume decreased. Facing the rising selling price of
producer, distributor 3 needed to pay more for stock re-
plenishment and thus purchased fewer green products.
Distributor 4 sold more green products, owing to its cost
advantage. During the coordinated optimization of GSCDN
management, the total profit of the subchain of producer 1
plunged, while that of the subchain of producer 2 rose to a
certain extent.

For the subchain with a vibrant market demand for
green products, the local government often subsidizes the
relevant producers and sellers to reduce their operating costs
of green supply chain, aiming to promote green product
transactions. In general, the local subsidies are coupled with
the sales volume of the target enterprise. In the presence of
government subsidy, the sale volumes, transaction prices,
and the total profits of producer-distributor subchain were
recalculated (Tables 7-9).

Under government subsidy, producer 1 saw a marked
decline in cost. The falling cost promoted the producer’s
sales of green products. For producer 2, the green product
sales dropped by a certain extent, due to the decline in
competitiveness. Overall, the falling cost of producer 1
brought a decrease to the profit of other subchains. However,
the government subsidy of green products greatly enhanced
the green product sales of the entire complex system. As a
result, the transaction prices of retailers/consumers de-
creased, while the market welfare increased.

To further verify the proposed model and algorithm, it is
assumed that the distribution center of a distributor in the
complex system provides retailers and consumers with
distribution services. The distribution center classifies the
retailers and consumers by the type of green products and
distributes the corresponding products to each type of
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TaBLE 1: Green product sales volumes in the GSCDN.

Sales volume/10,000 Producer 1 Producer 2 Retailer 5 Retailer 6 Consumer 7 Consumer 8
Distributor 3 83.25 85.25 101.67 34.82 35.16 0
Distributor 4 83.25 85.25 101.67 34.82 35.16 0
Supply-demand ratio 167.63 169.68 202.94 68.30 68.30 0

TaBLE 2: Transaction prices of green products in the GSCDN.

Transaction price/yuan Producer 1 Producer 2 Retailer 5 Retailer 6 Consumer 7 Consumer 8
Distributor 3 431.62 431.62 536.37 472.95 472.95 398.21
Distributor 4 431.62 431.62 536.37 472.95 472.95 398.21

TaBLE 3: Total profits of the producer-distributor subchain through coordinated optimization under the profit-sharing contract.

Total profit/10,000 yuan Producer 1 Producer 2
Distributor 3 16, 967.47 16, 967.47
Distributor 4 16, 967.47 16, 967.47

TaBLE 4: Green product sales volumes in the GSCDN after the adjustment of cost functions.

Sales volume/10,000 Producer 1 Producer 2 Retailer 5 Retailer 6 Consumer 7 Consumer 8
Distributor 3 75.32 75.32 75.32 37.46 37.46 2.86
Distributor 4 83.54 86.26 109.41 32.72 31.55 0
Supply-demand ratio 158.67 162.78 181.63 68.51 68.21 2.86

TaBLE 5: Transaction prices of green products in the GSCDN after the adjustment of cost functions.

Transaction price/yuan Producer 1 Producer 2 Retailer 5 Retailer 6 Consumer 7 Consumer 8
Distributor 3 375.21 375.21 546.83 462.75 462.75 396.20
Distributor 4 428.93 426.39 546.83 462.75 462.75 396.20

TaBLE 6: Total profits of the producer-distributor subchain through coordinated optimization under the profit-sharing contract after the

adjustment of cost functions.

Total profit/10,000 yuan Producer 1 Producer 2
Distributor 3 12, 310.97 17, 362.13
Distributor 4 10, 275.20 17, 821.06

TABLE 7: Green product sales volumes in the GSCDN under government subsidy.

Sales volume/10,000 Producer 1 Producer 2 Retailer 5 Retailer 6 Consumer 7 Consumer 8
Distributor 3 74.32 75.46 77.43 37.20 37.20 3.65
Distributor 4 85.43 86.72 109.72 31.45 31.45 0
Supply-demand ratio 158.76 162.50 185.35 68.12 68.12 3.65

TaBLE 8: Transaction prices of green products in the GSCDN under government subsidy.

Transaction price/yuan Producer 1 Producer 2 Retailer 5 Retailer 6 Consumer 7 Consumer 8
Distributor 3 379.24 379.24 545.98 467.61 467.61 382.65
Distributor 4 435.31 435.31 545.98 467.61 467.61 382.65
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TaBLE 9: Total profits of the producer-distributor subchain through coordinated optimization under the profit-sharing contract under
government subsidy.

Total profit/10,000 yuan Producer 1 Producer 2
Distributor 3 11, 510.07 17, 263.52
Distributor 4 10, 295.39 17, 330.40

TaBLE 10: Time windows for the distribution to retailers/consumers.

Serial number Time window Serial number Time window Serial number Time window
1 [5, 12] 8 [51, 56] 15 [70, 80]

2 [9, 17] 9 [55, 60] 16 [75, 85]

3 [23, 31] 10 (60, 65] 17 (85, 90]

4 [29, 36] 11 [65, 70] 18 [65, 75]

5 (31, 39] 12 [75, 85] 19 [70, 85]

6 [40, 45] 13 [85, 90] 20 [90, 95]

7 [45, 50] 14 [90, 95]

TaBLE 11: Initial green product demands of retailers/consumers.

Serial number 1 2 3 4 5 6 7 8 9 10
Demand/10,000 1 3 3 3 2 3 1 2 1 3
Serial number 11 12 13 14 15 16 17 18 19 20
Demand/10,000 3 2 1 1 1 2 3 3 2 1

TABLE 12: Mean target values of all solutions and the target values of the final solutions.

Serial number Target value of final solutions Mean target value of all solutions Gap (%)
1 125.8 327.6 56
2 126.9 3289 57
3 119.5 315.12 63.5
4 136.4 306.36 57.2
5 125 317.48 56.3
6 125 308.24 61.6
7 131 305.7 57.8
8 113 314.8 64.5
9 117.2 328.62 63.1
10 129.3 315.75 59.2
360
310
E 260
g
E:
=210
160
110

0 100 200 300 400 500

Number of iterations

Ficure 5: Convergence curve of our solving algorithm.
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retailers/consumers. Tables 10 and 11 provide the distri-
bution time windows and initial green product demands of
retailers/consumers.

The genetic algorithm searches for the solution to the
target model, starting with the string set of solutions.
Therefore, the heuristic algorithm might yield different re-
sults for the same model. Before implementing our solving
algorithm, it is necessary to compute and compare the target
value of the final solution to our model with the mean target
value of all solutions. This is the way to test the effectiveness
of our coordinated optimization model and its solving al-
gorithm. The relevant results (Table 12) show that the final
solutions had very small differences with each other and
saved about 60% of distribution price compared with the
mean target value of all solutions. Therefore, our model and
its solving algorithm were proved effective. Figure 5 presents
the convergence curve of the solving algorithm. As shown in
Figure 5 and Table 12, our model achieved ideal convergence
and mean target value, which verify the correctness of the
model.

7. Conclusions

This paper mainly derives a coordinated optimization model
for the complex system of GSCDN. Based on the proposed
structure and game logic of the network, the upper limit was
deduced for the sales volume of the producer, under the
constraint of the producer’s limited production capacity.
Next, the coordinated optimization conditions were deter-
mined for the distributor layer, the producer layer, and the
market demand layer, and the coordinated optimization
model was established for the complex system. Further, the
coordinated optimization mechanism of the complex system
was provided under the profit-sharing mechanism. After that,
the operating process of the complex system was simulated
through experiments, and the sales volumes, transaction
prices, and the total profits of producer-distributor subchains
were computed after the adjustment of cost functions and the
green subsidies by the government. The distribution time
windows and initial green product demands of retailers/
consumers were presented. In addition, the mean target
values of all solutions and the target value of the final solution
were computed. The results fully demonstrate the effective-
ness of our distribution optimization model and its solving
algorithm.
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