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Summary 
Analysis of current state of construction industry functioning in 
Ukraine allows us to identify a number of problems having 
negative impact on sustainable development of construction 
industry, especially in terms of its organization. Therefore, it is 
absolutely essential to study existing methods of organization 
system supplying construction sites with necessary material 
resources. Companies can develop their own logistics 
departments, which independently solve logistics issues related 
to transportation organization and management, accounting and 
inventory management, acquisition and warehousing, 
intercommunication (ability to obtain both final and intermediate 
information during transporting materials). Using a complex of 
methods is substantiated: the hierarchy analysis method (Saati’s 
method), the network method, the defect elimination algorithm 
DEA, the transportation problem that finds optimal problem 
solutions for construction sector with the purpose of rational 
supplying uninterrupted construction with building resources in 
the designed model “provider-transportation-costs”. 
Key words: organization system, management decisions, 
modeling, production systems. 

1. Introduction 

The study of construction industry functioning in 
Ukraine in recent years allows us to identify a number of 
problems that have negative impact on the state of modern 
construction industry development as a complex 
organizational, technological and economic system. This 
has a significant impact on economic development, 
because construction sector provides efficient production 
of quality products and services, which is the basis for 
innovations development. 
One of these problems is lack of reliable specialized 
logistics system that would interconnect the systems of 
logistics support and assembly of materials and products, 
and their centralized supply to construction sites. This 

situation is determined by the fact that many practical 
problems of logistics supporting construction production 
are still insufficiently studied. To solve the problem of 
production cluster development, we need flexible method 
of modeling such processes, which reflects communication 
diversity between suppliers of raw materials, transport 
conditions, production, products supply, prices. More than 
that, it is necessary to design models that use objectively 
sufficient number of variables, reproduce situation essence 
and do not require much time to form initial modules [1]. 
In addition, designing system model should not depend on 
individual factors, it should be universal, when any 
situation changes will be considered by original data. The 
model should take into account all interconnections, and 
its size might be affected only by the number of factors 
involved [1, 2]. 
 
2. Theoretical Consideration 
 

Analysis of current state of construction industry 
outlined the main ways to solve urgent problems of its 
development. They lie in making management and 
organizational decisions meet requirements related to optimal 
logistics support, coordinated relationships of main 
construction industry sectors (construction and installation, 
industrial and production, infrastructure), optimal 
organization of production process and construction 
management, unification of construction technologies, 
implementation and application of information technologies 
into construction industry sector [3]. 

Many scientific works of modern scientists are devoted 
to solving problems related to logistics systems. Their study 
provided an opportunity to analyze current achievements in 
the field of issues related to construction industry organization 
in the context of implementing methodological approaches to 
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enterprises and organizations management of different 
industries on the basis of logistics. 

Scientific works [4,5,6,7] consider complex variants of 
travelling salesman problems (TSP) and vehicle routing 
problems (VRP) in production and service sector. Developed 
heuristics are evaluated using reference and derived data sets. 
Paper [8] provides us with broad and relevant concepts 
overview which lies in the basis of advanced planning system 
APS. Particular attention is paid to modeling supply chains 
and successful implementation of APS into industry. 
Paper [9] provides us with a wide range of resources on many 
different aspects of supply chain management, including 
modern programs. It identifies innovative strategies and 
practical solutions aimed at solving problems faced by 
enterprise in the process of management supply chain and 
logistics. General methods and specific approaches to a wide 
range of important, inspiring and unresolved issues in this 
area are described in detail. 

Researches in construction industry sector enabled us to 
reveal necessity and relevance of new theoretical and 
methodological preconditions (new paradigm) in developing 
strategy for optimizing movements of material flows in the 
context of changing environment and market transformation. 
While analyzing tendencies of using logistics approaches for 
construction industry development, it was defined that 
logistics is a system of professional performance with high 
degree of reliability making effective decisions creating new 
foundations, relationships between industries, taking into 
account interconnections for construction maintenance 
including management of material and information flows that 
accompany them. 

The logistics department at the enterprise works closely 
with production planning units. This is determined by the fact 
that production depends on timely delivery of raw materials, 
components in the required quantity and quality. Accordingly, 
logistics specialists, providing material flow (and, 
consequently, organization of enterprise supply), should 
participate in decision-making on products introduction into 
production [5,6,7]. 
 A great role in timely and quality work performing is 
played by commercial organizations that organize purchase of 
material resources. Failure to meet logistics support 
obligations creates a number of negative factors: construction 
schedules are disrupted, workers’ working time is lost, 
construction equipment is idle, construction costs increase, 
and the firm’s credibility declines. 

Existing system of production and technological supply 
of construction sites has significant shortcomings, among 
which an important place is occupied by insufficient 
communication with suppliers and transport organizations. In 
order to improve this intercommunication, to ensure effective 
interaction in the process of providing construction sites with 
materials and products of enterprises supplying construction 
organizations, it is necessary to carry out processes of renewal 
(reforming) of construction organizations performance. 

World experience shows that construction industry reforming 
is carried out more successfully provided that problems of 
logistics sector have been taken into account. In our opinion, 
it is relevant today to use logistics management methods at 
Ukrainian enterprises. Analysis of international experience 
shows that when using logistics to manage production cluster 
development in construction industry, terms of 
implementation are reduced by approximately 20-30%, and 
costs are reduced by 10-15% [10]. 

Logistics systems are very diverse according to types of 
activities at enterprise. For some enterprises, logistics lies in 
the ability to work with databases, for others – it is a supply or 
warehousing activity. But according to their purpose (the 
main of which – is to reduce costs while fulfilling planned 
tasks, and thus increase efficiency of production activities) 
logistics systems should cover almost all (except accounting, 
personnel, etc.) activities [12,13]. Companies can develop 
their own logistics departments, which independently solve 
logistics issues related to transportation organization and 
management, accounting and inventory management, 
acquisition and warehousing, intercommunication. 
Further research focuses on problem solving taking into 
account one of “logistics mix” component of construction 
logistics – transportation organization and management. 
Transport logistics is responsible for solving this problem, 
and its main functions are classification of suppliers and 
pricing policy. 

For clear functioning of transport and logistics system of 
construction production cluster, it is necessary to build 
(create) an appropriate structure that will correspond to 
logistics support of construction production according to 
technology and organization. From the point of view of 
mathematics, it is necessary to find optimal solution to the 
problem of securing construction sites for enterprises of 
production cluster, using management base of transport and 
logistics system. Materials and products from each supplier 
are delivered to the site in the form of route (transport) kit, 
and after their delivery to the construction site, technological 
kit is formed [11,12,13] within the project of 
kit-transport-construction complex. 
Logistics tasks complex aimed to achieve defined goals 
should include scientific substantiation and development of 
fundamentally new or implementation of previously 
developed methods that will allow to make decisions based 
on comprehensive multi-purpose evaluation and selection of 
successful options for wide practical application. Methods 
and means that are most common today can be divided into 
the following groups: mathematical models and mathematical 
support, organizational, informational and regulatory support, 
computer technology and automated systems of integrated 
organization and management. 

To solve the problem of multicriteria selection we have 
used decision support procedure “Analytic hierarchy process” 
(AHP) [15,16]. Based on it, powerful decision support 
systems have been developed, such as “Expert choice”. 
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The hierarchy analysis method is based on paired 
comparisons of alternatives by different criteria using a 
special scale of 1 to 9 and subsequent alternatives rating by all 
criteria and objectives. Relationship between criteria is taken 
into account by building a hierarchy of criteria and using 
paired comparisons to identify the importance of criteria and 
sub-criteria. Using HAM allows to include into the hierarchy 
all expert-analyst’s knowledge and imagination about studied 
problem. The method is specified being simple, it gives high 
correspondence to intuitive representations and can be 
quickly implemented at program level to create fragments of 
automated decision support systems [15,16]. 

HAM advantage is due to the following two factors. 
First, criteria weights and objects evaluation from the point of 
view of subjective criteria are assigned on the basis of paired 
comparisons, and not directly as a result of direct will 
expression. Secondly, criteria are presented in the form of 
hierarchy because such structure is inherent in concept of 
“criterion” itself, that means that criteria, taking into account 
their nature, are hierarchical. Using only criteria values, you 
can simplify situation by evaluating either for upper levels of 
criteria tree, or for the lowest. HAM is open to further 
development and improvement, for example, method 
adaptation for being used in conditions of uncertainty, conflict 
and risk caused by them [16]. 

In order to manage production cluster in the construction 
industry on the basis of information and analytical training 
process, it is most rational to apply modern methods and 
models of logistics systems, which are based on network 
modeling. Mathematical apparatus of network models is 
based on graph theory. The basis of network planning and 
management is network model (NM), which models a set of 
interconnected works and events that are part of the process 
of achieving a certain goal. Expanding the boundaries of 
using network analysis methods allows to solve a wide range 
of problems [1,2,17]. It enables us to build complex system 
model like a set of simple systems and to define formal 
procedures of system qualitative characteristics. In addition, it 
enables you to design a mechanism for interaction of 
management system components in order to define main 
characteristics and determine data necessary for studying 
system, as well as conduct initial study of management 
system and make preliminary sequence of its components. On 
the basis of network models, it is possible to build interrelated 
process at macro level, to carry out its information analysis, to 
check its conformity to established criteria and selection rules, 
to carry out research of the most effective variant. Important 
difference between network models and linear programming 
is ability to correct amount of work performed. Network 
models allow us to study construction logistics without 
changing topological structure of the graph [1,2, 23]. 

It allows to expand horizontal economic relations 
between production cluster enterprises and construction 
companies, functioning in each region as transport and 

construction complex, which general view is shown in the 
model “supplier-transportation-costs” (Fig. 1). 
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Figure. 1. Provider-Transportation-Cost Model 

 
One of the tasks of construction logistics, particularly 
promotion of material flow (building material, structures, 
details, semi-finished products) from supplier to 
construction sites, allows to solve a well-known method of 
linear programming – the transportation problem, but in 
classical form a number of factors is not taken into account. 
It is more correctly to solve general problem of selecting 
supplier using also the hierarchy analysis method, which 
will allow to present classical problem in the form of 
abstract model. Proposed method lies in designing the 
model based on decision support with the help of 
hierarchical decomposition of the problem and alternative 
solutions rating. 

In standard problem formulation we are given n supply 
location, from which products (material flow) can be 
transported to each of the m consumption location. 
Productivity of i-th supply location is equal to Ai, and 
consumption of j-th location – Bj, where Ai and Bj values 
are fixed in the given planning period. To improve 
(enhance) classic transportation problem in the context of 
selecting suppliers, we use HAM. We should determine 
material transportation scheme for the given planning 
period when total transportation costs are minimal. Let’s 
take into account that only one type of material is 
transported [1]. 
Graphical interpretation of general problem is shown in 
Figure 2. 



IJCSNS International Journal of Computer Science and Network Security, VOL.21 No.7, July 2021 
 

 

90

 

 
Figure 2.  A typical simplified diagram of a transport and 

logistics system and a production cluster in the construction industry 
 

Designing the model, we will rely on V.I. Sergiev’s 
experience [18], who selects suppliers using five main 
criteria: 1) quality (compliance with specifications and 
consumer expectations, defects percentage); 2) reliability of 
supplier; 3) price including all costs for supply; 4) quality of 
service (level of after-sales service, speed of reaction to 
demands); 5) terms of payment and possibility of 
unscheduled deliveries. All these criteria may have 
completely different meanings for different situations, 
which must be taken into account when obtaining 
quantitative estimates. Such criteria advantage can be 
considered the fact that it is suitable both for new supplier 
evaluation and for evaluation based on experience of 
cooperation. The only difference will be that evaluation 
procedure will be based on different sources of information. 
Alternative approach is presented in Lysons and Gillingham 
publications [19, 20, 22], who define a number of different 
criteria for new suppliers and those with whom the buyer 
has experience of cooperation. For new suppliers, they 
consider it obligatory to include seven criteria: 1) finance; 
2) production facilities and equipment; 3) human resources; 
4) quality in broad sense of TQM approach; 5) results of 
activity; 6) environmental protection and ethical norms; 7) 
information technology. For the situation of supplier’s 
activity evaluation on the basis of experience of cooperation 
Lysons and Gillingham give an example of using four 
complex criteria, and each of them has the same weight: 1) 
quality; 2) price; 3) supply; 4) partnership. Each of these 
indicators is calculated as a combination of directly 
measurable components, which can be of different weights. 
Statistics of certain aspects of cooperation with the supplier 
acts as components. 

Based on carried out researches in the field of supplier 
selection criteria, we have chosen essential from our point 
of view criteria, and their number can be changed. Let’s 
consider algorithm work in the following example. Supplier 
selecting problem will have the following hierarchy model, 
taking into account the following alternatives and criteria 
(Fig. 3). Alternatives (suppliers) include the following 
enterprises: A1 - CJSC “BLOCKS”, A2 - CJSC “ZZHBK 
№1” (concrete product plant) and A3 - OJSC 
“PAVLOGRADZHITLOBUD” “Budmeister”. The set of 

criteria includes the following six parameters: 
Specialization (S), Quality (Q), 3) Standby power (SP), 
Reliability of supply (RS), Funding status (F), Price (P). 

Supplier rating 

Specialization  Quality Standby 
power 

Reliability of 
supply 

Funding status Price 

А1 

Setting goals 

Criterion 

Alternatives 

А2 А3 

P Q SP RS F S 

Figure 3. The tree of goals for the problem of modeling the rating 
of suppliers 

 
Using paired comparisons method with elements evaluation 
scale, proposed by T. Saati [16], matrix of paired 
comparisons for selected six criteria is constructed. The 
results of comparisons are presented in table. 1. 
 

Table 1. Matrix of paired comparisons of the significance of 
criteria for the problem of selecting suppliers 

 

 
We calculate local priority vectors Wr, using method of 
determining eigenvector [15, 21]. This requires: 
Find maximum eigenvalue max

r  of matrix of paired 

comparisons Vr: 
det 0r rV E   ,     (1) 

where Еr – is a unit matrix of dimension Kr×Kr,   - 
eigenvalue of matrix Vr. 
 
Let’s solve characteristic equation: 
 

 max 0,r r r rV E W      (2) 

 
Under normalization condition: 

1

1
Kr

r
k

k

w


 ,            (3) 

 



IJCSNS International Journal of Computer Science and Network Security, VOL.21 No.7, July 2021 
 

 

91

 

де 

11 12 1

21 22 2

1 2

...

...

... ... ... ...

...

r r r
Kr

r r r
Kr

r

r r r
K K K Kr r r r

v v v

v v v
V

v v v

 
 
 

  
 
  
 

, 

1

2

...

r

r

r

r
Kr

w

w
W

w

 
 
   
 
 
 

,  

 
 

1 0 ... 0

0 1 ... 0

... ... ... ...

0 0 ... 1

rE

K Kr r

 
 
 
 
 
  

,          (4) 

 
Calculated eigenvector Wr is taken as a local vector of 
priorities of r-th hierarchy level: Wr =  [0,38    0,17    
0,10    0,15    0,07    0,13]. 
 
Suppliers are compared in relation to six characteristics, the 
corresponding vector of priorities is constructed. Based on 
suppliers rating, table 2 has been formed. 

Table 2. Weighting of each of the above six priority eigenvectors of 
the corresponding characteristic 

 

To obtain suppliers rating, we have carried out the procedure 
of “weighing” of each of the above six priority eigenvectors 
of the corresponding characteristic (5). 
 

This procedure result is each supplier’s general 
evaluation: A1 = 0.36; A2 = 0.32; A3 = 0.31. After suppliers 
rating, classic transportation model is used, which proves 
general problem solving for the model “supplier-cost” on the 
basis of using the method of defect elimination algorithm. 
The scheme of problem solving for the model 
“supplier-transportation-costs” – logistics system 
management for implementing programs for production 
cluster development in the construction sector, taking into 
account suppliers rating, is presented in Fig. 4. 
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Conclusions 

As a result of performed system research, the system 
model “supplier-transportation-costs” was designed and 
tested on the example, which takes into account many 
different aspects and forms logistics system of supply and 
transportation. It is substantiated that using system concept 
enables us to study various aspects of single logistics sector 
(for example, not only supply system, but also transportation 
system) in the form of general integrated logistics system. 
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