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Abstract. The most common problem among a vast variety of design and performance 
management problems for the industrial enterprises supply chain networks is determining transport 
and storage processes’ characteristics in the areas of high population density.  The divergence of the 
logistic structure development in the area has a major influence on the choice of location for the 
warehouses and the characteristics of the corresponding material flows. This article addresses the 
issues of determining transport and warehousing systems characteristics in a major population 
center and its suburbs. In particular, this means the warehouse location and the delivery lot sizes. 
The article suggests a procedure for solving this problem based on a set of mathematical models 
using linear and non-linear optimization via the standard algorithms of common computer software 
like Microsoft Excel, Mathcad, MatLab, etc. 

1 Introduction  
Efficient functioning of the industrial enterprises in 
modern conditions is impossible without a detailed 
elaboration on the questions of organization design and 
performance management. This concerns not only 
manufacturing systems of said enterprises, but also the 
corresponding supply chains, which facilitate the 
material flows with the help of transport and 
warehousing resources of industrial enterprises and 
external party contractors. The importance of solving the 
design and operation problems for industrial enterprises 
and their supply chains is for the most part determined 
by the following: the added complexity and growing 
intensity of the material and assistant flows accompanied 
by market globalization, and the tightening of the 
requirements for the products’ flow and transformation, 
which provides competitive ability for the enterprise. 
Therefore, the parameters of the material flow structure 
from the supplier to the consumer and the storage buffer 
locations are considered the most significant 
characteristics for organization design and performance 
management of the industrial enterprises’ supply chains. 
It stands to mention that choosing the locations for the 
storage buffers is especially important for servicing the 
ultimate consumers in large residential areas, which will 
be hereafter referred to as megapolises. 

This circumstance ascertains the viability of this 
research. The goal of the research is to develop a 
procedure for determining transport and warehousing 
network's characteristics (as a structural unit of a supply 
chain) for an industrial enterprise in a megapolis 

environment. The aforementioned procedure should take 
into account the specific features of logistic processes in 
megapolises and the surrounding territories. These 
features include the following: 
� products are transferred in delivery lotes in the 

transport and warehousing network using vehicles of 
a certain capacity; 

� vehicles travel in the complex set of roads,  equipped 
with traffic lights and other means of traffic 
regulation; 

� warehouse upkeep and rent cost (whether rented or 
owned) is related to its location, which is determined 
by the specifics of the city infrastructure. 
The warehouses’ locations and the volumes of 

transferred goods between the nodes of the supply chain 
network are considered the most important 
characteristics of the transport and warehousing network 
for this research. 

It is also worth mentioning that in order to assure 
feasible results, the proffered procedure should be 
implemented by the aid of the standard computing 
algorithms using software like “Microsoft Excel”, 
“Mathcad”, “MatLab” etc.  

This paper is organized as follows. Section 2 contains 
the results of the literature review and analysis in the 
field of determining the supply chain characteristics for 
enterprises. In section 3 the problem of determining the 
transport and warehousing network's characteristics in 
industrial enterprises in a megapolis environment is 
posed. Section 4 includes the procedure for solving the 
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problem. Section 5 provides the results and conclusions 
of the research and also the direction for future work.  

2 Literature review 

The first stages of the research include the literature 
review for the field of interest. The results of this review 
and analysis are presented in the following. 

Many of the works are focusing on determining the 
supply chain characteristics in relation to delivery lot 
sizes and locations of various supply chain elements. 
The techniques used are mostly linear and non-linear 
optimization models. The main objectives are the total 
operating expenses in the supply chain and some cost 
indicators derived from those.  The suggested solving 
methods are Lagrangian relaxation-based method [1], 
genetic algorithms [2, 3, 4, 5], game theory methods [6], 
heuristic methods [7, 8, 9, 10], decision-making methods 
[11, 12, 13], fuzzy optimization [14], ant colony 
algorithm [15], particle swarm optimization [16], 
modified fruit fly optimization [17], other linear and 
non-linear techniques [18, 19, 20, 21]. 

A range of works concerns the development and 
implementation of techniques and tools based on 
Economic Order Quantity and Economic Production 
Quantity models for determining the characteristics of 
the supply process. The proposed modifications of the 
aforementioned models account for a large product range 
[22], the uncertainty of the demand, delivery lot sizes 
and  the corresponding operation cycles [23, 24, 25], 
lead times [26], backorders [27], vendor-buyer 
relationships, in regard to consignment stock among 
other things [28]. The proposed solving methods are 
numerical methods [25], genetic algorythms [22] and 
game theory methods [28].  

The analysis of the works mentioned above prompted 
the following conclusions:  
� the aforecited works treat transport processes in a 

simplified, amplified way and they do not account for 
the specifics of the corresponding process (the 
arrangement of goods in the cargo area, the traffic in 
an urban environment), technical features of the 
vehicle (active storage of the truck body, carrying 
capacity, mean velocity on the route etc.) and 
transportation rates (the transportation cost 
proportional to distance or duration of the traffic 
route – for intraregional and transregional 
shipments); 

� the suggested mathematical models do not account 
for the expenses concerning upkeep or rent of the 
fixed assets in the supply chain structure; for 
instance, the rent cost per stacking capacity unit of a 
distribution warehouse for serving the customers in a 
megapolis will vary considerably depending on the 
location of a warehouse in said megapolis. 
In conclusion, the aforementioned studies do not 

make allowance for a wide range of specific ways to 
organize logistic processes in the areas with high 
population density. Therefore, these studies can only be 
effective for the approximate, rough design of the supply 
process of the industrial enterprises. This circumstance 

serves to prove the high relevance and applicability of 
the conducted research. 

3 Problem definition 

This section of the article contains the generalized 
problem definition for determining the transport and 
warehousing system’s characteristics in industrial 
enterprises in a megapolis environment. It concerns the 
main principles of the procedure, the input data and the 
decision variables.  

3.1 Main principles 

� The main object of the research is a transport and 
warehousing network. This network is an element of 
a supply chain of an industrial enterprise for which 
the products are transferred in a certain geographical 
area from a number of suppliers to a number of 
consumers through an only distribution warehouse 
where the products are temporarily stored. 

� The goods are essentially put in standardized 
packages assembled on flat pallets. 

� The goods are stored in a rented warehouse in a 
certain geographical area, which includes a 
megapolis and its suburbs. Given that, there is a 
functional relation between the warehouse 
characteristics (storage area, active height and cost 
per stacking capacity unit of the warehouse) and the 
warehouse location specifics. For this research, it will 
be practical to suggest that the location of a 
warehouse is determined by the shortest distance 
between the warehouse and the nominal center of the 
megapolis. The center is a location where the 
aforementioned characteristics of a warehouse reach 
extreme values [29, 30]. This point is illustrated by 
fig. 1. 

� The goods are transferred from each supplier to the 
distribution warehouse and from there to each 
consumer with the aid of road transport with certain 
technical features (carrying capacity, velocity etc.) 
and certain costs. In case of intraregional shipments 
the costs can be divided into fixed (related to serving 
the vehicle) and variable costs (determining the 
monetary equivalent of 1 hour’s work of a vehicle). 

� The goods are transferred from each supplier to the 
warehouse in fixed volumes in regular intervals of 
time equivalent to the preferable supply interval. The 
goods are transferred from the distribution warehouse 
to the ultimate consumers daily and in fixed volumes. 

� It is required to determine the optimal location of the 
warehouse and the optimal delivery lot sizes for the 
shipments from the suppliers to the warehouse. These 
parameters should ensure the minimal total expenses 
for warehouse upkeep and rent and for transportation 
within the confines of the examined transport and 
warehousing network. 
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3.2 Input data 

z  – number of items on stock in the transport and 
warehousing network; 

m , n   – accordingly, the number of suppliers and 
consumers in the examined geographic area; 

Fig. 1. Description of the calculated functions for the warehouse characteristics in relation to its location, and the procedure for 
determining the functions. 

zk ...,,1�  – subscripts of stock items; 
mi ...,,1�  – subscripts of suppliers; 
nj ...,,1�  – subscripts of consumers; 

UL , UB , UH  – accordingly, reference values (m) for 
the length, width and height of a cargo unit for the store 
item; 

)( jix , )( jiy  – location coordinates (km) of supplier i 
(consumer j) in the Cartesian system, based on a map of 
the examined geographical area; 

)( jiR  – preferable supply interval (workdays) for 
supplier i to the distribution warehouse (from the 
warehouse to consumer j); 1�jR  workday; 

max
kiQ  – maximal delivery lot size (pcs/shipment) for 

stock item k for supplier i; 
kjI  – expected daily volume of shipments (pcs/ 

shipment) for stock item k from the warehouse to 
consumer j; 

)( jir  – active storage (pcs/unit) of the truck body for the 
vehicles used by supplier i (consumer j) – calculated 
based on reference values of mass and dimensional 
parameters of the truck body and cargo units, which can 
be evaluated by known formulas [29]; 

)( ji�  – mean velocity on the route (km/hr) of the 
vehicles used by supplier i (consumer j) [29]; 

0
)(

T
ji� , 1

)(
T

ji�  – accordingly, fixed (c.u../run) and variable 

(c.u./(unit�hr)) costs for  the vehicles used by supplier i 
(consumer j); 

min(max)x , min(max)y  – minimal (maximal) possible 
values for the abscess and ordinate coordinates 
accordingly; 

TIk  – coefficient accounting for the specifics of the 
transport infrastructure [29]; 

TL
jik )(  – coefficient accounting for standing time at the 

traffic lights for the vehicles used by supplier i 
(consumer j), – it is determined based on the mean 
velocity on the route )( ji�  using a known formula [29]; 

h�  – vertical distance between the storage units, which 
is defined by the storage technique, e.g. the design of the 
rack; 

Sk – space occupancy coefficient for the warehouse, 
which is defined by the storage technique; e.g. for rack 
storage 45.039.0 ��Sk ; 
T  – length (workdays) of the given time period; 

� 	WSW RS , � 	WHW RH , � 	WcW Rc  – functions for 

determining the warehouse area WS  (m2), active height 
WH  (m) and rent cost per stacking capacity unit of the 

warehouse Wc (c.u./(unit�pd)) in relation to the distance 
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the determination coefficient 
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W
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– subscript of a warehouse in the sampling; 
– number of warehouses in the sampling; the 
functions are approximately calculated based 
on this sampling; 

– coordinates of a warehouse w. 

linear approximation; 
non-linear approximation with an 
asymptotic fade-out. 

� 	WSW RS � 	WHW RH � 	WcW Rc
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from the center ),( cHWSR  (km). Each function is defined 
based on the warehouse sampling in the examined 
geographical area (the parameters, such as location, area, 
active height and cost per unit are known). This is 
accomplished by implementing the following stages (fig. 
1):  creating the alternative approximations (linear, 
logarithmic, exponential etc.); optimization of the 
approximating function coefficients ),( cHSa , ),( cHSb , 

),( cHSc  and center coordinates ),( cHSx , ),( cHSy  using 
the generalized reduced gradient method; choosing the 
best approximation based on the maximal value of the 
determination coefficient. The procedure for determining 
the approximation coefficients concerning the 
warehousing system parameters is described in [30]; 

),( cHSx , ),( cHSy – coordinates (km) of the nominal 
center used to calculate the area of the warehouse (its 
height and cost per unit). 

3.3 Decision variables 

kiQ  – delivery lot volume (pcs/shipment) for stock item 
k for supplier i; 

Wx , Wy  – coordinates (km) of the distribution 
warehouse in the Cartesian system, based on a map of 
the examined geographical area. 

4 Solving procedure 

The procedure for determining the transport and 
warehousing system characteristics in industrial 
enterprises in a megapolis environment is defined by the 
succession of certain stages. The detailed description 
will be given further. 

The first stage for implementing the procedure is to 
compose the calculated parameters for the optimization 
models which will be used in the next stages. The 
mentioned parameters are defined in Table 1. 
 

Table 1. Calculated parameters, units of measure and equations. 

No.  Parameter Unit Equation 

1 Stock item k, supplied by supplier i 

1.1 Volume of the daily demand pcs/ 
workdays 

� 	
i

ki
kiki R

QQI �  

2 Supplier i, consumer j 

2.1 Shortest distance to the warehouse km � 	 � 	 � 	2)(
2
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3.2 

Distance from the nominal center to 
the warehouse used to calculate the 

area of the warehouse (its height and 
cost per unit) 
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3.5 Assumed storage cost for the supply 
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3.8 Total transportation cost in the given 
time period c.u./ pd � � 	 � � 	 � 	WWoutTWW

ki
inTWW

ki
T yx�yxQ�yxQ� ,,,,, ��� 
�  

3.9 Total rent and transportation cost in 
the given time period c.u./ pd � � 	 � 	 � � 	WW

ki
TWWWWW

ki yxQ�yx�yxQ� ,,,,, ��� 
�  

Note: � �... – means the result of rounding down the value to a nearest whole number. 

 

Fig. 2. Calculated functions for the warehouse’s characteristics in relation to its location, and the procedure for determining said 
functions. 

The next stages of the procedure are best described 
by the flow chart in fig. 2. It seems to be impossible to 
calculate all the decision variables for the given problem 
by a single optimization model and its implementation 
via the standard methods, because there are too many 
miscellaneous variables. Therefore, the procedure 
suggests a consequent (step-by-step) optimization for 
groups of variables using certain guidelines. 

The third stage of the procedure shows the 
implementation of two optimization models for 
determining the delivery lot volumes with minimal (the 
goods are transferred to the warehouse at a fast rate in 
small delivery lots) and maximal (the goods are 

transferred rarely and in large delivery lots) needed 
warehouse capacity (boxes 1 and 2 in fig. 2). 

The fourth stage of the procedure describes the 
optimization of the location of the warehouse of a 
minimal and maximal capacity (boxes 3 and 4 in fig. 2).  
It is based on the optimal (see stage 3) delivery lot 
volumes. Thus, upon implementing this stage the first 
two alternate solutions for the problem (sets of optimal 
values of the decision variables) are derived. 

The fifth stage is used to create the last alternative 
solution for the problem. To begin with, the optimal 
location of the warehouse is determined using the total 
cost minimization criteria (box 5 in fig.2). The total cost 
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is related to the delivery lot size, which is in turn 
determined by maximizing the warehouse capacity (box 
2 in fig.2). At that, the expected warehouse capacity is 
restricted by the threshold values calculated in stage 3 of 
the procedure (boxes 1 and 2 in fig. 2). After that the 
delivery lot sizes are optimized using the threshold 
criteria of minimal difference between the total cost and 
the assumed storage cost in the given time period. Using 
this objective function allows for the minimal difference 
between expected and needed warehouse capacity. 

In the last (sixth) stage of the procedure, the choice 
between all of the alternative solutions is made. The best 
choice is enabled by using the minimal total rent and 
transportation cost criteria for the given time period.  

Therefore, the suggested procedure supposes the use 
of linear (boxes 1, 2 and 5 in fig, 2) and non-linear 
(boxes 3, 4 and 6 in fig, 2) optimization models. The 
models’ structure allows for efficient implementation 
using the standard computing algorithms – simplex 
algorithm and evolutionary algorithm (genetic 
algorithms) – in common software, such as “Microsoft 
Excel”. 

5 Conclusions and directions for future 
work 

This article contains a detailed procedure for 
determining the supply chain characteristics in industrial 
enterprises in a megapolis environment. As a result of 
the relevant works analysis it was concluded that the 
examined problem is highly relevant. The problem was 
posed and the corresponding main principles, input data 
and decision variables were determined. The procedure 
for solving the aforementioned problem was suggested, 
which is based on implementing a set of mathematical 
models  including linear and non-linear optimization of 
delivery lot sizes and warehouse coordinates 
accordingly. These models can be efficiently used with 
standard computer software; however, they have the 
following demerits: 
� when optimizing integer data of delivery lot sizes, it 

is possible that the strict correspondence between the 
real and provided demand volume proves impossible; 
in that case making an emergency supply or  
allowing stockouts should be taken into account and 
included in the threshold criteria and the objective 
function of the corresponding optimization model; 

� no theoretical comparison of the sensitivity of 
transportation or rent cost to the warehouse 
coordinates is made in the optimization process; the 
analysis of said sensitivity would allow for 
determining the preferable order of optimization. 
The follow-up research will allow eliminating the 

aforementioned demerits. It is planned to refine the 
procedure and subsequently put it into practice. 
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