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Abstract: In the process of purchasing materials, small enterprises are often unable to meet the minimum availability of suppliers in the process of purchasing due to the 
lack of economic strength and storage capacity of goods. Therefore, they will encounter difficulties in the process of purchasing.To solve this problem, the group-led 
centralized procurement strategy for small enterprises has become a new craze. In this paper, we transform the problem of centralized procurement lot into a multi-objective 
optimization problem by establishing a multi-objective optimization model with cost, quality and logistics as sub-objectives, and use genetic algorithms to solve the multi-
objective optimization problem in order to achieve Pareto optimality among each purchaser and supplier. Finally, an example of procurement by the China Energy Investment 
Corporation is used to verify that the multi-objective optimization model for the collection of lots constructed in this paper can effectively promote the cooperation between 
purchasers and suppliers, and stimulate the competitive vitality of enterprises in the market. 
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1 INTRODUCTION 

As global competition intensifies, the social economy 
has entered an era where differentiation and high value-
added services are emphasized. Then, Professor Hososawa 
of Waseda University in Japan first proposed the idea of 
material management as a "third source of profit" in 1970, 
arguing that there was an "iceberg benefit" to material 
management costs: the material management costs shown 
in the financial statements were only the tip of the iceberg. 
The material management costs shown in the financial 
statements are only the tip of the iceberg, but those that are 
consumed internally, hidden beneath the surface and 
unknown to the managers are the main body of the huge 
iceberg. Therefore, strengthening material management is 
a new way for enterprises to obtain profits in the new era. 
By studying material purchasing management, the 
efficiency of material purchasing can be improved and the 
direct and indirect costs of purchasing can be reduced. As 
an important part of supply chain management, 
procurement management not only fundamentally affects 
the operating costs of enterprises, but also is an important 
part of the core competitiveness. Cebiand Otay introduced 
procurement management as a strategic component to 
enhance the performance and flexibility of the entire 
enterprise supply chain [1]. Then, procurement 
management has become a research hotspot for many 
scholars and practitioners [2-4]. Proper procurement 
practices have the efficacy of ensuring product quality, 
improving procurement efficiency, reducing inventory 
levels, controlling overall procurement costs, and 
preventing delivery delays, all of which contribute to the 
competitiveness of a company [5-9]. Efficient procurement 
activities have a significant positive catalytic effect on 
business performance. Therefore, companies have taken 
many measures to improve procurement management to 
maximise profitability, such as supplier evaluation and 
selection [10, 11], material inventory management [12], 
and procurement contract development [13]. 

With the intensification of competitive pressure in the 
industry, enterprises often face great challenges in the 
process of procurement, especially those with small 
procurement lots and unable to form a scale. Economic 
scale indicates the strength of supply chain control, and 

smaller companies often lack sufficient judgment in the 
procurement process, which may lead to an upstream 
supplier-dominated procurement environment [14]. In 
addition, the desire to reduce operating costs and eliminate 
inventory risk can lead to low inventory capacity, making 
it difficult to purchase critical materials in large quantities 
and resulting in higher procurement costs [15]. However, 
suppliers set minimum order quantities to ensure their own 
economic efficiency, which lead to the actual demand of 
SMEs (Small and Medium Enterprises) not meeting the 
minimum order quantities of suppliers. In order to ensure 
their own interests, when suppliers choose purchase orders, 
they often choose to establish cooperative relationships 
with companies with larger orders. Enterprises with small 
and unstable purchasing sizes are not the best choice for 
suppliers. In order to solve this realistic problem, SASAC 
(State-owned Assets Supervision and Administration 
Commission of the State Council) has proposed to require 
central enterprises to integrate the needs of the whole 
group, to form a synergy through centralized procurement. 
Then, through centralized and unified negotiation, 
subcontracting and other flexible procurement methods, 
the procurement efficiency can be improved and business 
operation costs can be saved. In addition, the development 
of e-commerce, the widespread use of intelligent mobile 
terminals and the continuous improvement of the third-
party logistics industry have contributed to the fact that the 
technology and logistics of joint procurement can meet the 
requirements of centralized procurement operations [16]. 

Collect the procurement requirements from the subsidiaries 

Corporation

supplier

Determine the Requirements
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Subsidiaries 2
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 Centralized procurement

Figure 1 The structure of centralized procurement 

Therefore, it is an inevitable trend in the current 
economic environment for large group enterprises to carry 
out centralized procurement jointly with their subordinate 
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units. The structure of centralized procurement is as 
follows in Fig. 1. 

Then, we introduce a multi-objective optimization 
model for centralized procurement and propose a novel 
method to solve the proposed model. In section 2, we 
conduct a literature review of the centralized procurement 
model and the multi-objective optimization problems. In 
section 3, we introduce the Pareto-optimal model for the 
centralized procurement which includes the proposed 
framework of the centralized procurement model, the 
establishment of a multi-objective optimization model and 
the use of a NSGA-II to solve the model in order to obtain 
the results between each purchaser and supplier by finding 
the Pareto-optimal boundary time. Section 4 verifies the 
reliability of the model using a case study of procurement 
by the China Energy Investment Corporation. The main 
contributions of this study are summarized in the section 5. 

2 LITERATURE REVIEW 
2.1 The Centralized Procurement Model 

Centralized procurement strategy is a horizontal 
cooperation between different units within a large group of 
companies with common procurement needs, coordinated 
by a centralized procurement management body at group 
level, and carried out by a unified centralized procurement 
execution agent. The centralized procurement strategy 
reduces procurement costs and improves economic 
efficiency by integrating the procurement needs of each 
unit. Then a suitable and applicable procurement method 
must be found to determine the total volume of purchases 
and the distribution of orders between units. The key issue 
in the centralized procurement is to weigh up the interests 
of each purchaser and supplier, so as to achieving Pareto 
optimality [17, 18]. 

Purchasing quantities, purchasing costs are the 
important part of the centralized procurement. For 
companies, limiting storage capacity is the most effective 
way to reduce the operating costs of purchasing units [19]. 
In addition, quantity discounts is a classic part of the actual 
purchasing problem [20], so centralized procurement 
models need to consider both quantitative and qualitative 
criteria in the discount constraint. In addition, 
transportation distances are also a real-world factor in the 
procurement problem. Based on this analysis, we consider 
multiple realistic factors such as minimum order quantity, 
inventory constraints, quantity discounts, and 
transportation distances to construct a practical multi-
objective optimization model for procurement in the 
centralized procurement process. 

2.2 Multi-Objective Optimization Problems 

Multi-objective optimization problems have their 
complexity in solving, so many studies have transformed 
them into a single-objective optimization problem. Jiang et 
al. transformed the simple summation of the buyer and 
seller utility functions into a single-objective problem and 
adopted an artificial immunity algorithm to solve the 
optimal solution [21]. In contrast to the simple summation 
of objective functions, Gao et al. added weight coefficients 
to each objective function and then used an artificial bee 

colony algorithm to solve the multi-objective optimization 
problem [22]. 

However, there are several drawbacks in converting a 
multi-objective problem into a single-objective problem: 
(1) the sub objective functions are simply summed or
produced to obtain a single-objective optimization
function, which does not take each sub objective into
account in the final solution process; (2) the optimal result
of single-objective optimization does not guarantee a win-
win situation because it is a zero-sum game for each sub-
objective; (3) the result obtained by single-objective
optimization can only guarantee that a single objective
function is optimal, not necessarily Pareto optimal. In
summary, converting a multi-objective problem into a
single-objective problem will lose the significance of the
multi-objective problem.

Therefore, the best way to solve the multi-objective 
optimization problem is to retain its essence as a multi-
objective optimization model. There are two current 
methods for solving Pareto bounds: the exhaustive method 
and the algorithmic solution. The exhaustive method refers 
to listing all possible negotiation solutions to determine the 
Pareto optimal solution and its Pareto boundary, but this 
method is theoretically feasible but difficult to implement 
in the actual solution process. Algorithmic solution refers 
to solving the Pareto bound of a multi-objective 
optimization model using a number of algorithms, such as 
vector evaluation genetic algorithm [23] (VEGA), multi-
objective genetic algorithm [24] (NPGA), non-dominated 
ranking genetic algorithm [25] (NSGA), etc. 

Erickson et al. applied the NPGA algorithm to solve 
the groundwater quality management problem of pump-
and-treat remediation to achieve minimizing remediation 
design costs and maximizing the quality of contaminants 
remaining at the end of the remediation period [25]. Based 
on NSGA, an improved non-dominated ranking genetic 
algorithm with elite strategy (NSGA-II) was also proposed 
[26]. Song et al [27] used the NSGA-II algorithm to solve 
multi-objective land allocation problem. Compared with 
NSGA, NSGA-Ⅱ is widely used by scholars to solve multi-
objective optimization problems due to its faster 
computing speed and better robustness [28-30]. Zhang et 
al. applied NSGA-Ⅱ to obtain Pareto-optimal solution of 
the multi-objective optimization technique for the bistable 
laminates and the presentation of a trade-off relation 
between the mechanical performances and configurations 
of bistable laminates has been established [31]. In order to 
solve the problem of SO2 and NOX standardized discharge, 
NSGA-II was applied to obtain the Pareto optimization 
curve to explore the trade-offs between economic and 
environmental goals [32]. 

3 PARETO OPTIMAL MODEL FOR CENTRALIZED 
PROCUREMENT 

This section introduces the main framework of the 
centralized procurement model. Then, we focus on the 
main part of the model construction process, the 
establishment of the multi-objective optimization model 
and the solution of the algorithm. 
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3.1 The Framework of Centralized Procurement Model 

In this part, we propose a framework of centralized 
procurement model to aggregate the requirements of units 
within a group into a larger purchase order. Then, it can 
obtain the volume discounts from suppliers and reduce the 
total procurement cost of the entire group. The framework 
of centralized procurement model is constructed as shown 
in Fig. 2. First, aggregate the dispersed order requirements 
of each unit to obtain the overall purchasing quantities. 
Second, the objectives in the model then include three 
components of purchasing cost, material quality and 
delivery delays, which are used in a comprehensive 
assessment of centralized purchasing activities. At the 
same time, strong suppliers often set minimum order 
quantities in order to ensure profitability. However, based 
on competitive market pressures, units tend to reduce their 
operating costs. One of the most common ways of doing 
this is to reduce storage capacity. Therefore, this paper 
considers three constraints in the model, including the 
supplier's minimum order quantity setting, inventory 
constraints and purchasing demand constraints [33]. 
Finally, an improved genetic algorithm is proposed to find 
the optimal purchasing volume and allocation scheme. 

Figure 2 Centralized procurement batch model framework 

3.2 The Model Design of Multi-Objective Optimization 

In this subsection, we construct the multi-objective 
procurement optimization model of centralized 
procurement that breaks the limitations of single-objective 
models: (1) In the constructed multi-objective model for 
centralized procurement, cost, quality and logistics are 
used as sub-objectives to achieve a combination of three 
dimensions of objectives and sub-objectives: lower 
procurement cost, higher material quality and less delivery 
delay. (2) This model covers multiple objective constraints 
provided by suppliers and purchasing units, such as 
minimum order quantities, inventory capacity and discount 
levels. By constructing this model to better ensure the 5R 
(Right quality, Right time, Right cost, Right quantity and 
Right place), objectives of centralized procurement are 
used to minimize procurement costs while ensuring high 
quality supply. 

The model constructed is based on the following 
assumptions: (1) Assume that each unit has conducted a 
comprehensive analysis of its centralized procurement 
material requirements and centralized its procurement 
plans; (2) Assume that suppliers are able to meet all the key 
materials required for centralized procurement and that 
there are no supply shortages in their production chains; (3) 
Assume that the actual order quantities for group 

procurement are usually minimum lot multiples. In the 
process of constructing the model, in addition to the 
integrated procurement cost target, this paper retains the 
material quality target and the delivery target by 
calculating the non-conformance rate and the number of 
delivery delays respectively. The specific construction 
process is as follows, and the meaning represented by each 
variable is detailed in Tab. 1. 

Table 1 The description of the variable in the target function 
Symbols Description

i The set of materials, i = {1, 2, ..., I}. 
n The set of units, n = {1, 2, ..., N}. 
l Range of quantity discounts, l = {1, 2, ..., L}. 

Qin Quantity of material I purchased by the nth unit. 
qin Actual demand for material i in the nth unit. 
pi Price of material i. 

xl 
1 if the subordinate unit receives a quantity discount, 0 
otherwise. 

yl Quantity Discount Level. 

gn 
Transport distances between suppliers and material 
requirement units. 

h Unit transport costs. 
Hin nth unit to material i inventory cost. 
Fin Maximum inventory capacity of the nth unit for material i. 
mi Defect rate of material i. 
ti Delays in material delivery. 
G Minimum order quantity set by the supplier. 

First, the overall objective function of the pooled 
procurement model is determined and expressed as 
follows: 
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Secondly, the cost objective is to present an empirical 
and technical framework for purchasing decisions, 
including material purchase costs, transportation costs and 
inventory costs. Next, the procurement cost objective 
function of the pooled purchasing model is determined, 
consisting mainly of material purchase costs, 
transportation costs and inventory costs, which can be 
described as: 
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Subsequently, the quality of purchased materials is of 
paramount importance to the production process, as 
substandard materials not only affect productivity but can 
also lead to safety incidents. Then, the quality objectives of 
purchased materials should be considered as important 
objectives to be achieved in procurement activities. 
Instead, it is expressed in terms of purchased materials. 
Therefore this model takes into account the quality 
objectives of the purchased goods and selects the 
substandard rate of the purchased materials to represent its 



Fengxia DING et al.: Pareto Optimality of Centralized Procurement Based on Genetic Algorithm 

Tehnički vjesnik 29, 6(2022), 2058-2066            2061 

quality objectives, and its specific objective function is set 
as: 

2
1 1

Min
I N

in i
i n

Z Q m
 

       (3) 

In addition, the on-time delivery of materials has a 
significant impact on business operations and generation, 
meaning that throughout the supply chain, in order to 
produce and deliver the final product on time, purchased 
materials also need to be delivered to the production site on 
time. Therefore, the model takes into account the delivery 
targets in the procurement process and uses the late 
delivery rate of materials to represent: 

3
1 1
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        (4) 

This model takes into account the minimum order 
quantity constraint, the inventory capacity constraint and 
the purchasing demand constraint, as companies have 
limited purchasing size and inventory capacity. For 
suppliers, they will specify a minimum order quantity to 
ensure their own profitability, so the total number of 
purchases from each unit should make up a centralized 
purchasing lot larger than the minimum order quantity. For 
companies, inventory capacity is often limited due to cost 
and profitability considerations, so the quantity of material 
purchased is subject to inventory capacity constraints and 
is below the maximum inventory capacity. At the same 
time, in order to ensure the normal production operation of 
the enterprise, the quantity of materials purchased should 
be greater than the actual demand. The specific constraints 
for each are as follows. 

Minimum order quantity constraint: 

1 1

I N
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Stock capacity constraints: 

   , 1, 2, ..., , 1, 2, ..., in inQ F i I n N      (6) 

Demand constraints: 

   , 1, 2, ..., , 1, 2, ..., in inQ q i I n N      (7) 

In summary, the multi-objective optimization model of 
centralized procurement is summarized as follows: 
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3.3 Solving Pareto Optimal Bounds Based On Genetic 
Algorithm 

Numerous scholars have often chosen to design 
procurement models for multi-objective problems in the 
form of penalty cost parameters to reflect the quality and 
delivery time of key materials, which in turn can transform 
the multi-objective model into a single-objective problem. 
As artificially set parameters are subject to greater 
subjective evaluation, the accuracy of the calculation 
results cannot be guaranteed in the process of weighting. 
Therefore, this paper chooses to retain the nature of the 
procurement model when solving its multi-objective 
problem. If the multi-objective function is to be optimal at 
the same time, a Pareto optimal set needs to be found. The 
Pareto optimal set can be reached at the Pareto boundary 
by plotting it in the solution space. At present, the 
mainstream solution algorithm is genetic algorithm, of 
which NSGA-II is the most representative. NSGA-II 
algorithm is proposed by Deb et al. on the basis of NSGA 
[26], which is more superior to NSGA algorithm. 
Compared with the NSGA algorithm, the NSGA-II 
algorithm uses a fast non-dominated sorting algorithm and 
introduces an elite strategy, which makes its computational 
complexity greatly reduced while improving the speed and 
robustness. Therefore, the NSGA-II algorithm [34] will be 
used to solve the multi-objective optimization model of the 
collection lot constructed in this paper and to find the 
Pareto optimum of the centralized procurement. 

Following the previous definition of variables, the next 
section describes how to solve the constructed multi-
objective model using the NSGA-II algorithm and obtain 
the Pareto optimum. 
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3.3.1 Chromosome Coding 

Chromosome coding is an important component of 
genetic algorithms. Considering the characteristics of the 
set-pick batch model, the chromosome coding is decimal 
coding. The one-dimensional vector consists of two main 
parts: the decision area and the target area. The decision 
region represents the value of the decision variable, i.e. the 
quantity of a material purchased by each unit, represented 
by gene Qin, which represents the quantity of material i 
purchased by enterprise n. The genes in the target region 
are represented by the genes Z1, Z2 and Z3, which represent 
the three-dimensional values of the objective function, i.e. 
procurement cost, material quality and procurement 
timeliness. Thus, the chromosomes are coded as. 




1 11 12 1 21 22 2

1 2 1 2 3

, , ..., , , , ..., ,

, ..., , , ..., , , ,

n n

i i in

Q Q Q Q Q Q

Q Q Q Z Z Z

 
 (8) 

3.3.2 Crossover Operation 

A uniform crossover operator is introduced during the 
crossover operation, with the same crossover frequency 
between crossover points, to ensure the stability and 
diversity of individuals, as follows. 

Step 1.Random selection of any individual Pc and in 
the breeding population with crossover probability β1 and 
β2. 

Step 2. Choose m intersection points 

 1 1m m i n      at random among individuals β1 and

β2; then, the individuals are divided into m + 1 parts in the 
interval (0, m) denoted by F; the starting point is set to δ0. 

Step 3. Swap the genes of individuals (δF, δF+1) and in 
the individual β1 and β2 to obtain a new individual ψ1 and 
ψ2. The crossover operation is complete. 

3.3.3 Variation Operations 

During the mutation operation, the adaptive mutation 
operator is defined as: 

 0 max1mP P t G    (9) 

where is Pm the probability of adaptive mutation, P0 is the 
pre-set value of mutation probability, t is the current 
evolutionary generation and Gmax is the maximum number 
of iterations.  

From Eq. (9), it is revealed that when evolution starts 
with a small value of t, the mutation probability of an 
individual is relatively large, which helps the algorithm to 
perform a better global search. As the number of iterations 
t increases, the probability of variation for each individual 
decreases, meaning that the target satisfaction for each 
individual is essentially the same in general. Therefore, as 
the probability of variation is gradually adjusted to smaller 
values, the algorithm is able to discover and find better 
individuals through better global search capabilities. 

3.3.4 Selection Operation 

In order to ensure the diversity of the population and 
to prevent the generation of locally optimal solutions, the 
algorithm introduces a congestion comparison operator 
and an elite strategy for the selection operation, which are 
described as follows. 

(1) Crowding distance as well as the crowding
comparison operator. The crowding distance id is 
calculated by the crowding comparison operator, which 
indicates the distance between an individual and other 
individuals in the same population; the longer the crowding 
distance, the better the population diversity. After 
calculating the non-dominance ranking and the crowding 
distance, the individuals of the population all acquire two 
attributes, non-dominance ranking irank and crowding 
distance id, two attributes that distinguish between 
dominance and non-dominance of any two individuals in 
the population. Therefore, define the congestion 
comparison operators id and jd, when individual i is better 
than individual j denoted as i > j, satisfying when and only 
when irank < jrank or irank = jrank, id > jd. 

(2) Elite strategy. The elite strategy refers to the
process of combining the best individuals from the parent 
population with the new generation of individuals 
produced by genetic manipulation, which in turn produces 
the next generation of the population. This helps to 
maintain the best individuals from the parent generation 
into the next generation and allows the best individuals to 
be retained by stratifying the individuals in the population, 
thereby improving the population. 

3.3.5 Implementation of the Genetic Algorithm 

First, a random parent population (chromosome 
population)  1 2, , ..., N     is systematically created

and subjected to non-dominated sorting. Then after 
recombination and crossover operations, a child population 
of size N is created β1. Next, the parent population is 
merged with the offspring population and a fast non-
dominance sort is performed, while the crowding degree of 
each individual is calculated, and then the appropriate 
individuals are selected to form a new parent population 
βt+1 based on the non-dominance relationship and 
individual crowding degree. Finally, a new offspring 
population Ct+1 is generated through genetic operations 
such as selection, crossover and mutation. The cycle 
continues in turn until the maximum number of 
evolutionary iterations is reached. 

4 INSTANCE VERIFICATION 

China Energy Investment Corporation is a central 
backbone energy enterprise with a full industrial chain of 
coal, power, transportation and chemical businesses. Now 
its branches need to centralize the procurement of a new 
batch of key components and materials W for the railway 
transportation process. Due to the national policy each 
branch chooses to aggregate the procurement requirements 
to China Energy Investment Corporation for unified 
manner. As the China Energy Investment Corporation has 
a fixed supplier of components, there is no need to select a 
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supplier. The data related to the procurement process of 
each branch was investigated, such as the quantity, 
transport distance, transport cost, inventory cost and other 

basic parameters purchased by each branch, and the details 
are summarized and presented in Tab. 2. 

Table 2 Basic parameters of sub-company 
Production materials D1 

Subsidiaries M1 Subsidiaries M2 Subsidiaries M3 Subsidiaries M4 Subsidiaries M5 
q（Actual demand/10000 units） 12 9 15 21 13
g（Transport distance/kilometer） 6 4 12 9 11

h（Unit transport cost/thousand dollars 
per kilometer） 

0.3 0.3 0.3 0.3 0.3

H（Inventory cost/thousand dollars） 2 3 3 2 3
F（Maximum stock capacity/million 

units） 
15 10 20 25 15

Production materials D2 
Subsidiaries M1 Subsidiaries M2 Subsidiaries M3 Subsidiaries M4 Subsidiaries M5 

q（Actual demand/10000 units） 8 10 17 13 14
g（Transport distance/kilometre） 6 4 12 9 11

h（Unit transport cost/thousand dollars 
per kilometre） 

0.3 0.3 0.3 0.3 0.3

H（Inventory cost/thousand dollars） 2 4 4 3 3
F（Maximum stock capacity/million 

units） 
15 10 20 25 15

Production materials D3 
Subsidiaries M1 Subsidiaries M2 Subsidiaries M3 Subsidiaries M4 Subsidiaries M5 

q（Actual demand/10000 units） 10 11 14 17 16
g（Transport distance/kilometre） 6 4 12 9 11

h（Unit transport cost/thousand dollars 
per kilometre） 

0.3 0.3 0.3 0.3 0.3

H（Inventory cost/thousand dollars） 3 4 4 3 4
F（Maximum stock capacity/million 

units） 
15 15 20 20 20

The process of pooling requires the participation of 
both the purchaser and the supplier, so the relevant 
parameters for each production material provided by the 
supplier are also summarized, such as the purchase price 
set by the supplier and the purchase quantity discount, etc. 
The specific relevant parameters are summarized in Tab. 3. 

Table3 The basic information of materials supported by supplier 
Materials 

W1 
Materials  

W2 
Materials  

W3 
p / Price/yuan 3 6 2 
m / Material Defect Rate 0.10 0.15 0.10 
t / Material Delivery Delay 0.05 0.10 0.05 

In the process of purchasing, the supplier will provide 
different price concessions according to different purchase 
quantities in order to promote cooperation with the 
purchaser. The supplier provides a detailed price 
concession for the China Energy Investment Corporation, 
denoted by y, and its specific expression of the concession 
is shown in Eq. (9). Secondly, the transportation cost 
between the purchaser and the supplier is a constant, which 
is set to 0.5 thousand dollars/kilometer in this paper and 
expressed as h = 0.5; the minimum order quantity provided 
by the purchaser is also a constant, which is set to 2.1 
million units in this paper and expressed as G = 210. 
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0.3 >100000
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4.1 Model Initialization 

According to the basic parameters in Tab. 1 and Tab. 
2, a specific multi-objective optimization model can be 
obtained, and the final multi-objective optimization model 
has been omitted to save space. The NSGA-II algorithm is 
used to solve the multi-objective optimization model, 
setting the population size to 150 and the maximum 
number of evolutionary generations to 100. The Pareto set 
with the values of the sub-objective functions is shown in 
Fig. 3. 

Figure 3 The objective values of the Pareto set 

4.2 Model Optimization 

Fig. 2 shows that the upper and lower limits of the 
targets z1, z2 and z3 are very different. In the process of 
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solving the model, there will be errors in the subsequent 
calculations due to the large gap between the upper and 
lower bounds of the different target values. If a certain 
objective value is large, it will dominate the subsequent 
congestion distance calculation process. In this paper a 
large objective value of z1 will have a negative impact on 
the subsequent distance calculation in the target space, 
therefore, the objectives at different scales are treated in 
this paper. By looking at the upper and lower limit values 
of each objective function, the specific output is shown in 
Tab. 4. Next, normalise them using the so-called ideal and 
minimum points. 

Table 4 The lower and upper bounds of the objectives 
Upper limit value Lower limit value 

Target function Z 10235.420 10390.760
Target function z1 10197.156 10353.051
Target function z2 24.104 24.383
Target function z3 13.604 13.882

Furthermore, in the context of multi-objective 
optimization, a simple method for selecting a solution from 
a solution set is the pseudo-weight vector approach 
proposed by Deb [35]. Separately, the pseudo-weight wi of 
the ith objective function can be calculated by the 
following equation. 

    
    

max max min

max max min
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i i i i

i K

k k k k
k

f f x f f
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f f x f f


 


 
    (10) 

Eq. (10) calculates the normalized distance of the 
worst-case solution with respect to each objective i. It is 
worth noting that for non-convex Pareto fronts, the pseudo-
weights do not correspond to the results of optimization 
using weighted sums. However, for convex Pareto fronts, 
the pseudo-weights represent positions in the target space. 

After 13 iterations through the optimized model, the 
Pareto optimal set is obtained, which indicates that each 
purchaser and supplier reaches a purchasing agreement at 
this point. It is worth noting that the Pareto-based multi-
objective problem generates a Pareto set that includes non-
dominated solutions that do not improve one objective 
without degrading the others, and the specific quantities 
purchased by each purchaser for each material are 
presented in Tab. 5. Under this procurement solution, the 
total objective for this pooling process is 10263.94, the 
procurement cost is $10225.77 thousand, the quality of the 
material is 24.34 and the material delivered on time is 
13.84. 

Table 5 The solved Pareto Optimal Solution 
Subsidiaries M1 Subsidiaries M2 Subsidiaries M3 Subsidiaries M4 Subsidiaries M5 

Materials W1 14.74 9.29 15.40 21.10 13.76
Materials W2 12.62 10.00 17.07 13.00 14.05
Materials W3 10.48 11.22 14.08 17.17 16.00

4.3 Model Analysis 

Hypervolume is a well-known performance metric for 
multi-objective problems. The Hypervolume metric was 
first proposed by Zitzler et al [36] and represents the 
volume of the hypercube enclosed by the individuals in the 
solution set and the reference points in the objective space. 
As the dimensionality increases, the Hypervolume 
becomes computationally intensive, Fleischer proposed 
that the set is Pareto optimal when the Hypervolume metric 
of the set is maximized [37, 38]. In Fig. 4, it visualizes the 
Hypervolume calculation of this model in this case, where 
the Hypervolume values converge over the course of the 
iterations. 

Figure 4 The results of the proposed model under case 

Furthermore, when the Pareto solution of a multi-
objective optimization model is unknown, the operational 
metrics of the algorithm become a new method of analysis. 
The run metric shows the difference in the objective space 
from one generation to another and uses the survival of the 
algorithm to visualize improvements. The metric is also 
used to determine the termination of a multi-objective 
optimization algorithm if no default termination criterion 
is defined. For example, Fig. 5 shows a significant 
improvement of the algorithm from generation 6 to 
generation 7. 

Figure 5 The running metric of the generation 

5 CONCLUSION 

This paper focus is on the problem of centralized 
procurement by large enterprises and various small 
enterprises. The main contributions of this paper are 
divided into three parts. Firstly, a multi-objective 
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optimization model of centralized procurement is 
proposed, which contains the procurement cost, 
procurement quality and procurement logistics efficiency 
as sub-objectives. In the process of building the multi-
objective optimization model, the capacity limits of the 
stored materials of each purchaser and the purchasing 
quantity limits of the suppliers are introduced into it. In 
addition, the quantitative and qualitative criteria of the 
discount constraints in the procurement process and the 
minimum order lot size are also taken into account. 
Secondly, the NSGA-II genetic algorithm is used to solve 
the problem and obtain the Pareto solution to achieve the 
optimal procurement solution among the buyers and 
suppliers. Thirdly, the effectiveness and practicability are 
illustrated by a numerical example of the China Energy 
Investment Corporation. From a research point of view, the 
model proposed in this paper transforms the centralized 
procurement problem jointly carried out by the group 
enterprise and its subordinate units into a multi-objective 
optimization problem. From a practical point of view, the 
construction of this model helps to provide a decision-
making method for enterprises to carry out bulk 
procurement of continuously consumable materials, reduce 
transaction costs and maximize procurement efficiency. 
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