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The paper analyzes and successively assesses the 
problem of information delays in a sample logistics 
system, in which customer inquiries are sent to adja-
cent or dedicated units in the logistics chain. Within 
such a framework time and unit costs of customer 
service and inquiry are analyzed. A detailed model of 
the logistics system is thus elaborated using a math-
ematical approach and its graphical representation. 
The accompanying case study includes the analysis 
of the detailed situation in which two models are 
compared that do not differ in the structure of logistic 
units but are characterized by different information 
flow paths. Simulation results are presented through 
a thorough graphic, numerical and descriptive analy-
sis. Finally, the problem of information transmission 
in the logistics system is summarized.
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1. Introduction

Supply chain optimization is one of the key 
conditions for ensuring economic efficiency 
of all types of companies [1], [2]. One of the 
organizational and functional goals of all com-
panies is to ensure a smooth supply of mate-
rials or input products to the production line 
while avoiding excessive levels of material 
reserves in their warehouses [3]. As follows 
from [4], one of the key conditions is to have 
correctly set up processes in the company and 

to use adequate methodologies and approach-
es within Business Continuity Management 
(BCM). This issue is challenging for compa-
nies engaged in the production of products of 
the same type and is even more challenging for 
companies that allow different ranges of prod-
uct configuration within customer orders [5]. 
It turns out that servicing specific customer 
orders is one of the decisive factors in the ef-
ficiency of the logistics system in the produc-
tion supply segment [6]. In addition, ongoing 
market, technological and other changes place 
increased emphasis on an adaptive approach to 
BCM [7]. The key research issue in this context 
is the search for specific optimized models of 
logistics inventory management and their dis-
tribution in direct relation to the processing of 
customer orders and financial costs necessary 
for their processing. As stated in [8], customer 
orders are the primary starting point for defin-
ing the production schedule which must be set 
so that production can be carried out smoothly 
without time delays. The paper focuses mainly 
on the issue of modelling flexible automated 
systems using robotic and/or cobotic systems 
in which the continuity of supply of production 
lines is the primary and necessary prerequisite 
[9]. This type of production systems, which we 
can refer to as intelligent production systems, 
is today a common and rapidly developing part 
of the digital economy and is one of the corner-
stones of the Industry 4.0 initiative [10]. The 
subject of this paper is to focus on modelling 
the time delay of customer orders in relation to 
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3. Mathematical Model

In order to clarify the issue of handling custom-
ers' inquiries, specific assumptions are made, 
which are subsequently used to create the de-
sign underlying the construction of a simulation 
tool enabling simulation experiments to be car-
ried out. First of all, it is assumed that customers 
inquire about their orders before setting them. 
The units of the logistics chain are arranged in 
series; however, some units are backed by sub-
units which support their functioning. At a giv-
en moment the contents of the inquiry matrix is 
analyzed by the Customer Service Department 
(CSD). This means that customers' inquiries 
are subject to a thorough analysis by appropri-
ate units in the logistics chain responsible for 
making products, which results in time delays. 
There is also a need to send inquiries between 
logistic units. When feedback from the logistics 
system to the inquiry is received by the CSD 
and is eventually processed, the customer is 
informed whether or not her/his order can be 
fulfilled, and what quantities and how many 
orders are feasible and at what date. Then the 
customer can either accept or decline this. After 
a specified time the order matrix is blocked and 
no more inquiries can be placed in the logistics 
system without additional calculations. The or-
der inquiry matrix is transformed into the final 
accepted order matrix. The order inquiry matrix 
takes the following form:

0 0
, , 1, ..., , 1, ...,m nZ z m M n N = = =    

 (1)

where 0
,m nz  is the inquiry about the possibility 

of making the n-th order of the m-th customer 
expressed in contract unit numbers at the initial 
state.
The vector of suppliers takes the following 
form:

D = [dl], l = 1, ..., L                  (2)

where dl is the l-th supplier for the manufactur-
ing system. 
The adjustment matrix of customers' orders to 
suppliers takes the following form:

Ω = [ωl/(m, n)]                       (3)

where ωl/(m, n) is the adjustment of the l-th sup-
plier to the n-th order of the m-th customer. At 
the same time ωl/(m, n) = 1 if the n-th order of the 

of customers' inquiries basing on the math-
ematical model of the problem introduced in 
[17], along with the hereby considerably devel-
oped respective project. The specific output of 
the mentioned paper is the mathematical model 
created using a heuristic approach representing 
a proposal for the method of calculating the 
cost of servicing customers' inquiries. A sim-
ilar methodological approach for the creation 
of models in the field of logistics systems was 
used by the authors of this paper (e.g., in [18]), 
where the output is the design of a simulation 
model for optimizing the production process of 
a company containing geographically located 
workplaces. Subsequently, paper [19] presents 
a model for finding minimum costs of opera-
tion of a production company while, paper [20] 
brings a proposal for a model for organizing 
the company's production activities for a giv-
en set of orders, which would be effective both 
in terms of time and cost. The importance of 
the issue of cost optimization in the areas of 
production, logistics, supply chain and others 
becomes evident from a number of publica-
tions in which the authors present method-
ological approaches and models for solving 
specific optimization tasks. As a follow-up to 
this one, paper [21] can be cited in which the 
authors present a model for cost optimization 
based on product quality, number of deliveries 
and a cost margin. A model for supporting the 
reduction of total costs in the areas of supply, 
production and distribution using the method-
ology of integer non-linear programming is 
introduced in [22], further demonstrating the 
possible contribution of optimization models 
and specifically providing a reduction of to-
tal costs by approximately 20% in the given 
case. From the point of view of the heuristic 
approach methodology used, it can be stated 
that the possibility of using this approach for 
the implementation of models in the field of 
production, logistics and supply chain is evi-
denced by the publications mentioned in the 
Introduction, i.e. [11] and [12]. Additionally, 
a study definition of the vendor-managed in-
ventory (VMI) and Supply Chain Management 
(SCM) models with respect to the size of the 
order, the shortest possible route and the fre-
quency of supply is presented in [23], among 
aspects in relation to the cost side.

partial delays in the flow of information during 
the production process. If we take into account 
the fixed architecture of the production line, 
then the time delay within the system can be 
effectively modeled using a heuristic approach 
[11], [12] which is the case described in this 
paper. The reason for finding a suitable model 
for minimizing – or better eliminating – time 
delays is the fact that information delays can 
have a significant adverse effect on the perfor-
mance of the entire system, and especially in 
large systems [13]. 
Logistics systems are characterized by a cer-
tain autonomy depending on the tasks they 
perform. Various logistics areas each of which 
is responsible for the performance of specific 
tasks are subject to optimization. Optimization 
tasks are accompanied by criteria that we can 
implement in a single or multi-criteria form. 
The criteria usually relate to the cost of the 
contract, its time and quality. However, little 
attention is paid to the issue of handling cus-
tomer inquiries. This paper deals with an issue 
that is extremely important for modern busi-
ness and logistics systems, namely the ubiqui-
tous striving to minimize the operating costs 
of each enterprise. In our case, it concerns an 
area often neglected by decision-making oper-
ators, namely the costs of handling customer 
inquiries. Their minimization can unequivo-
cally lead to the minimization of costs in the 
entire business area. The problem presented in 
this paper is a complex problem that takes into 
account many factors that should be taken into 
account when developing the algorithm of con-
duct within the imposed criterion of minimiz-
ing the costs of developing a client inquiry. The 
serial arrangement of active units in the logis-
tics chain requires precise scheduling of infor-
mation operations. The problem to be solved 
concerns the comparison of information flows 
along two different trajectories. In connection 
with all the above facts, the aim of the paper 
is to present a specific example of creating a 
model describing delays of the flow of order 
processing of individual customers in direct re-
lation to the evaluation of the cost of providing 
production logistics. The measurement of the 
company's operating costs should be carried 
out in all measurable areas of its operation in 
accordance with all the principles of logistics 
cost accounting. Specifically, it is a time mea-

surement, i.e. modelling of the time from order 
submission to final product. As an initial part 
of model creation, the logistical structure of the 
system is presented, including the time param-
eters. Based on this, time matrices representing 
delays in transits between individual logistic 
units and subunits are introduced. In the final 
phase, a specific direct link between individual 
delays and unit costs is presented, upon which 
the final value of the costs of serving a given 
set of orders from individual customers can be 
obtained. 

The present paper is structured as follows. After 
this introductory part, Section 2 brings a review 
of related work, while in Section 3 the math-
ematical model of the logistics chain encom-
passing a thorough specification and detailed 
analysis of the respective project matters for se-
quential and non-sequential systems is provid-
ed. Subsequently, Section 4 presents the numer-
ical analysis of both mentioned systems using 
data generated at random for a case study. The 
results obtained in the case study are modified 
in Section 5 in order to achieve a satisfactory 
result. Section 6 summarizes the conducted re-
search and concludes the paper.

2. Related Work

If we focus more specifically on cost models, 
then these are one of the primary starting points 
and tools for planning and cost management, 
among others, in the field of industrial produc-
tion and logistics systems [14]. Effective cost 
management ultimately reduces the scope of 
potential uncertainty and therefore refines the 
management process. Furthermore, the authors 
in [15] state other benefits of cost models in the 
form of the possibility of estimating the price 
of the product, supporting the elimination of 
errors during its design and, what is import-
ant, taking into account the customer's require-
ments within the individual stages of the deci-
sion-making process. Increasing the quality of 
logistics services usually results in an increase 
in their price. Following this fact, one of the 
goals of creating cost models is ensuring that 
the increase in costs does not exceed an accept-
able level [16]. This paper provides an analysis 
of the problem of minimizing servicing costs 
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RPS: the ready product storage;
SUP: the supply center;

0
/( , )l m nd : the supply zone.

Figure 1. Passing inquiries to preceding units in 
sequence.

Figure 2. Passing inquiries to chosen units.

Model 1 is discussed in detail in Table 1 and Ta-
ble 2, with costs of passing the inquiry between 
logistic units are shown in Table 1, and those of 
handling delays in units presented in Table 2. 
Let the following assumptions be made con-
cerning the time of inquiry delay for the n-th 
order of the m-th customer for both models:

0
,

,

m n

m n
CSD z
τ

←
: from the order matrix to the customer

service department,

0
,

,

m n

m n
CSD z
τ

→
: from the customer service department

to the order matrix,

,m n
RPS CSDτ ← : from the customer service department

to the ready product storage,
,m n

RPS CSDτ → : from the ready product storage to the
customer service department,

,m n
CSD MANτ → : from the customer service department

to the manufacturing unit,
,m n

CSD MANτ ← : from the manufacturing unit to the
customer service department,

,m n
MAN RPSτ ← : from the ready product storage to the

manufacturing unit,
,m n

MAN RPSτ → : from the manufacturing unit to the
ready product storage,

,m n
REG MANτ ← : from the manufacturing unit to the

regeneration unit,
,m n

REG MANτ → : from the regeneration unit to the
manufacturing unit,

,m n
PRS MANτ ← : from the manufacturing unit to the

production support unit,
,m n

PRS MANτ → : from the production support unit to
the manufacturing unit,

,m n
CMS MANτ ← : from the manufacturing unit to the

charge material storage,
,m n

CMS MANτ → : from the charge material storage to
the manufacturing unit,

,m n
SUP CMSτ ← : from the charge material storage to 

the supply center,
,m n

SUP CMSτ → : from the supply center to the charge
material storage,

0
/ ,

,

l m n

m n
d SUP
τ

←
: from the supply center to the l-th

charge material subsupplier,

0
/ ,

,

l m n

m n
d SUP
τ

→
: from the l-th charge material sub-

supplier to the supply center.

It is assumed that the key logistics operating 
points are responsible for processing the proper 
inquiry from the preceding unit as well as re-
plying to these inquiries to the subsequent unit 
in the logistics chain. The following formulas 
then represent the times needed for processing 
these tasks after receiving an inquiry from the 
preceding unit and before sending its own in-
quiry to the subsequent unit as shown in Table 
2. The same concerns the reverse way of send-
ing the processed inquiry. 

m-th customer can be made from the charge ma-
terial delivered by the l-th supplier, otherwise 
ωl/(m, n) = 0. The order inquiry matrix elements 
are subject to analysis to determine whether 
they can be made by the company or not. After 
the analysis, orders which can be made in the 
company remain in the order matrix, otherwise 
they are removed from it or modified. The or-
der inquiry matrix is transformed into the order 
matrix after obtaining the required information 
as follows:

0 0 1 1
, ,m n m nZ z Z z   = → =               

 (4)

At the same time, 0 1
, ,m n m nz z=  if the n-th product 

for the m-th customer can be made, otherwise 
0 1

, ,m n m nz z≠ , i.e. the n-th product inquiry of m-th 
customer is modified (if rejected, then 1

, 0m nz = ). 
Moreover, if 0

, 0m nz = , then CSD cannot serve the 
nonexistent inquiry. It is assumed that the time 
of processing inquiries in units depends on the 
number of units of a certain order which results 
in the need for adding an extra time for calcu-
lating the time of processing bigger customers' 
inquiries in units. Another assumption concerns 
the times of passing inquiries between units. 
It is assumed that problems may arise while 
sending larger inquiries, e.g. a large inquiry 
can be divided into a few parts depending on 
its volume before passing it to the correspond-
ing units. Let us assume that it is necessary to 
minimize the time of dealing with customers' 
inquiries in logistic units, as well as the time of 
sending them between logistic units in case the 
expected acceptable values are exceeded. The 
matrix of amount coefficients is introduced in 
case of processing inquiries in units:

, , 1, ..., , 1, ...,m n
el m M n NγΓ = = =        (5)

where 
0

,, m nm n
el

z
γ ξ

ζ
= + , ξ is the base quantitative

coefficient, and ζ is the minimizing denomi-
nator for handling inquiries in logistic units. 
There is a need for minimizing the amount 
coefficient of inquiries in case it exceeds the 
set value while processing them in the lo-
gistic units. Let cζ be the maximal allow-
able value that cannot be exceeded in case 
of processing an inquiry of the m-th custom-
er for the n-th order in each logistic unit, so:

if 
0

,, m nm n
el

z
cςγ ξ ξ

ζ
 

= + > ⋅  
 

,          
 (6)

then ,m n
el cςγ ξ= ⋅ .

The matrix of amount coefficients is introduced 
in case of passing inquiries in units:

, , 1, ..., , 1, ...,m n
pass m M n NγΓ = = =      (7)

where 
0

,, m nm n
pass

z
γ ξ

υ
= + , ξ is the base quantitative

coefficient, and υ is the minimizing denomi-
nator for information transfer between logistic 
units. There is here a need for minimizing the 
amount coefficient of inquiries in case it ex-
ceeds the set value while passing them between 
the logistic units. Let cυ be the maximal allow-
able value that cannot be exceeded in case of 
passing an inquiry of the m-th customer for the 
n-th order to the dedicated logistic unit, so:

0
,, m nm n

pass

z
cυγ ξ ξ

υ
 

= + > ⋅  
              

(8)

E.g., if 
0

, 0.01m nz
ξ

υ
> ⋅ , then , 1.01m n

passγ ξ= ⋅  and

it is necessary to assume that υ > ζ. 
To obtain the knowledge on whether or not an 
order can be made in the company, it is neces-
sary to send an inquiry to all units responsible 
for all key manufacturing, as well as storing and 
supply operations. This inquiry can be tracked 
while being passed between units in sequence. 
The following approaches of solving the prob-
lem of servicing customers' inquiries exist: 

 ● passing inquiries to the preceding units in 
sequence (see Figure 1), and 

 ● passing inquiries to the chosen units (see 
Figure 2).

Let the following symbols represent logistic 
units which are included in the above figures:

Z: customers;
CMS: the charge material storage;

CSD: the customer service department;
REG: the regeneration unit;

MAN: the manufacturing unit;
PRS: the production support unit;
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RPS: the ready product storage;
SUP: the supply center;

0
/( , )l m nd : the supply zone.

Figure 1. Passing inquiries to preceding units in 
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Figure 2. Passing inquiries to chosen units.
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2. The same concerns the reverse way of send-
ing the processed inquiry. 

m-th customer can be made from the charge ma-
terial delivered by the l-th supplier, otherwise 
ωl/(m, n) = 0. The order inquiry matrix elements 
are subject to analysis to determine whether 
they can be made by the company or not. After 
the analysis, orders which can be made in the 
company remain in the order matrix, otherwise 
they are removed from it or modified. The or-
der inquiry matrix is transformed into the order 
matrix after obtaining the required information 
as follows:

0 0 1 1
, ,m n m nZ z Z z   = → =               

 (4)

At the same time, 0 1
, ,m n m nz z=  if the n-th product 

for the m-th customer can be made, otherwise 
0 1

, ,m n m nz z≠ , i.e. the n-th product inquiry of m-th 
customer is modified (if rejected, then 1

, 0m nz = ). 
Moreover, if 0

, 0m nz = , then CSD cannot serve the 
nonexistent inquiry. It is assumed that the time 
of processing inquiries in units depends on the 
number of units of a certain order which results 
in the need for adding an extra time for calcu-
lating the time of processing bigger customers' 
inquiries in units. Another assumption concerns 
the times of passing inquiries between units. 
It is assumed that problems may arise while 
sending larger inquiries, e.g. a large inquiry 
can be divided into a few parts depending on 
its volume before passing it to the correspond-
ing units. Let us assume that it is necessary to 
minimize the time of dealing with customers' 
inquiries in logistic units, as well as the time of 
sending them between logistic units in case the 
expected acceptable values are exceeded. The 
matrix of amount coefficients is introduced in 
case of processing inquiries in units:

, , 1, ..., , 1, ...,m n
el m M n NγΓ = = =        (5)

where 
0

,, m nm n
el

z
γ ξ

ζ
= + , ξ is the base quantitative

coefficient, and ζ is the minimizing denomi-
nator for handling inquiries in logistic units. 
There is a need for minimizing the amount 
coefficient of inquiries in case it exceeds the 
set value while processing them in the lo-
gistic units. Let cζ be the maximal allow-
able value that cannot be exceeded in case 
of processing an inquiry of the m-th custom-
er for the n-th order in each logistic unit, so:

if 
0

,, m nm n
el

z
cςγ ξ ξ

ζ
 

= + > ⋅  
 

,          
 (6)

then ,m n
el cςγ ξ= ⋅ .

The matrix of amount coefficients is introduced 
in case of passing inquiries in units:

, , 1, ..., , 1, ...,m n
pass m M n NγΓ = = =      (7)

where 
0

,, m nm n
pass

z
γ ξ

υ
= + , ξ is the base quantitative

coefficient, and υ is the minimizing denomi-
nator for information transfer between logistic 
units. There is here a need for minimizing the 
amount coefficient of inquiries in case it ex-
ceeds the set value while passing them between 
the logistic units. Let cυ be the maximal allow-
able value that cannot be exceeded in case of 
passing an inquiry of the m-th customer for the 
n-th order to the dedicated logistic unit, so:

0
,, m nm n

pass

z
cυγ ξ ξ

υ
 

= + > ⋅  
              

(8)

E.g., if 
0

, 0.01m nz
ξ

υ
> ⋅ , then , 1.01m n

passγ ξ= ⋅  and

it is necessary to assume that υ > ζ. 
To obtain the knowledge on whether or not an 
order can be made in the company, it is neces-
sary to send an inquiry to all units responsible 
for all key manufacturing, as well as storing and 
supply operations. This inquiry can be tracked 
while being passed between units in sequence. 
The following approaches of solving the prob-
lem of servicing customers' inquiries exist: 

 ● passing inquiries to the preceding units in 
sequence (see Figure 1), and 

 ● passing inquiries to the chosen units (see 
Figure 2).

Let the following symbols represent logistic 
units which are included in the above figures:

Z: customers;
CMS: the charge material storage;

CSD: the customer service department;
REG: the regeneration unit;

MAN: the manufacturing unit;
PRS: the production support unit;
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Table 2. Costs of handling delays in units for Model 1 and Model 2.

Times of 
inquiry 
analysis

Preceding 
unit

Subsequent 
unit

Unit cost 
of delay 
analysis

Total cost of delays Used in 
model

,m n
CSDτ •←

0
,m nz RPS _ ,unit m n

CSDc •←
,, , _ ,m n m n unit m n

CSD CSDl CS
m n
e Dc cγ τ← • ← • ← •= ⋅ ⋅ 1

,m n
CSDτ → • RPS 0

,m nz _ ,unit m n
CSDc •→

,, , _ ,m n m n unit m n
CSD CSDl CS

m n
e Dc cγ τ→ • → • → •= ⋅ ⋅ 1

,m n
CSDτ •←

0
,m nz MAN _ ,unit m n

CSDc •←
,, , _ ,m n m n unit m n

CSD CSDl CS
m n
e Dc cγ τ← • ← • ← •= ⋅ ⋅ 2

,m n
CSDτ → • MAN 0

,m nz _ ,unit m n
CSDc •→

,, , _ ,m n m n unit m n
CSD CSDl CS

m n
e Dc cγ τ→ • → • → •= ⋅ ⋅ 2

,m n
RPSτ ← • CSD MAN _ ,unit m n

RPSc •←
,, , _ ,m n m n unit m n

RPS RPSl RP
m n
e Sc cγ τ← • ← • ← •= ⋅ ⋅ 1

,m n
RPSτ → • MAN CSD _ ,unit m n

RPSc •→
,, , _ ,m n m n unit m n

RPS RPSl RP
m n
e Sc cγ τ→ • → • → •= ⋅ ⋅ 1

,m n
MANτ ← • MAN RPS _ ,unit m n

MANc •←
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ← • ← • ← •= ⋅ ⋅ 1

,m n
MANτ → • RPS MAN _ ,unit m n

MANc •→
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ→ • → • → •= ⋅ ⋅ 1

,m n
RPSτ ← • MAN MAN _ ,unit m n

RPSc •←
,, , _ ,m n m n unit m n

RPS RPSl RP
m n
e Sc cγ τ← • ← • ← •= ⋅ ⋅ 2

,m n
RPSτ → • MAN MAN _ ,unit m n

RPSc •→
,, , _ ,m n m n unit m n

RPS RPSl RP
m n
e Sc cγ τ→ • → • → •= ⋅ ⋅ 2

,m n
MANτ ← • MAN CSD _ ,unit m n

MANc •←
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ← • ← • ← •= ⋅ ⋅ 2

,m n
MANτ → • CSD MAN _ ,unit m n

MANc •→
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ→ • → • → •= ⋅ ⋅ 2

,m n
MANτ ← • MAN REG _ ,unit m n

MANc •←
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ← • ← • ← •= ⋅ ⋅ 1,2

,m n
MANτ → • REG MAN _ ,unit m n

MANc •→
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ→ • → • → •= ⋅ ⋅ 1,2

,m n
REGτ ← • MAN REG _ ,unit m n

REGc •←
,, , _ ,m n m n unit m n

REG REGl RE
m n
e Gc cγ τ← • ← • ← •= ⋅ ⋅ 1,2

,m n
REGτ → • REG MAN _ ,unit m n

REGc •→
,, , _ ,m n m n unit m n

REG REGl RE
m n
e Gc cγ τ→ • → • → •= ⋅ ⋅ 1,2

,m n
PRSτ ← • MAN PRS _ ,unit m n

PRSc •←
,, , _ ,m n m n unit m n

PRS PRSl PR
m n
e Sc cγ τ← • ← • ← •= ⋅ ⋅ 1,2

,m n
PRSτ → • PRS MAN _ ,unit m n

PRSc •→
,, , _ ,m n m n unit m n

PRS PRSl PR
m n
e Sc cγ τ→ • → • → •= ⋅ ⋅ 1,2

,m n
CMSτ ← • MAN SUP _ ,unit m n

CMSc •←
,, , _ ,m n m n unit m n

CMS CMSl CM
m n
e Sc cγ τ← • ← • ← •= ⋅ ⋅ 1,2

,m n
CMSτ → • SUP MAN _ ,unit m n

CMSc •→
,, , _ ,m n m n unit m n

CMS CMSl CM
m n
e Sc cγ τ→ • → • → •= ⋅ ⋅ 1,2

,m n
SUPτ ← • CMS 0

/( , )l m nd _ ,unit m n
SUPc •←

,, , _ ,m n m n unit m n
SUP SUPl SU

m n
e Pc cγ τ← • ← • ← •= ⋅ ⋅ 1,2

,m n
SUPτ → •

0
/( , )l m nd CMS _ ,unit m n

SUPc •→
,, , _ ,m n m n unit m n

SUP SUPl SU
m n
e Pc cγ τ→ • → • → •= ⋅ ⋅ 1,2

0
/ ,

,

l m n

m n
d
τ

← • SUP 0
/( , )l m nd 0

/ ,

,_

l m n

unit m n
d

c
← • 0 0 0

/ , / , / ,

, , _, ,

l m n l m n l m n

m n m n unit m n
ld d d

m n
ec c cγ

← • ← • ← •
= ⋅ ⋅ 1,2

0
/ ,

,

l m n

m n
d
τ

→ •
0
/( , )l m nd SUP 0

/ ,

,_

l m n

unit m n
d

c
→ • 0 0 0

/ , / , / ,

, , _, ,

l m n l m n l m n

m n m n unit m n
ld d d

m n
ec c cγ

→ • → • → •
= ⋅ ⋅ 1,2

Table 1. Costs of passing inquiries between logistic units for Model 1 and Model 2.

Times of  
sending the 

inquiry
From To

Unit cost of 
sending the 

inquiry
Cost of sending the inquiry Used in 

model

0
,

,

m n

m n
CSD z
τ

←
0

,m nz CSD 0
,

,_

m n

unit m n
CSD z

c
← 0 0 0

, , ,

_, ,, ,

m n m n m n

m n m n uni nm n
p

t m
CSD z CSD z CSss za D

c cγ τ
← ← ←

= ⋅ ⋅ 1, 2

0
,

,

m n

m n
CSD z
τ

→ CSD 0
,m nz 0

,

,_

m n

unit m n
CSD z

c
→ 0 0 0

, , ,

_, ,, ,

m n m n m n

m n m n uni nm n
p

t m
CSD z CSD z CSss za D

c cγ τ
→ → →

= ⋅ ⋅ 1, 2

,m n
RPS CSDτ ← CSD RPS _ ,unit m n

RPS CSDc ←
_, ,, ,m n m n unit m n

RPS CSD RPS S
m n
pas CSD RPs S C Dc cγ τ← ← ←= ⋅ ⋅ 1

,m n
RPS CSDτ → RPS CSD _ ,unit m n

RPS CSDc →
_, ,, ,m n m n unit m n

RPS CSD RPS S
m n
pas CSD RPs S C Dc cγ τ→ → →= ⋅ ⋅ 1

,m n
CSD MANτ → CSD MAN _ ,unit m n

CSD MANc →
_, ,, ,m n m n unit m n

CSD MAN CSD A
m n
pas MAN CSs D M Nc cγ τ→ → →= ⋅ ⋅ 2

,m n
CSD MANτ ← MAN CSD _ ,unit m n

CSD MANc ←
_, ,, ,m n m n unit m n

CSD MAN CSD A
m n
pas MAN CSs D M Nc cγ τ← ← ←= ⋅ ⋅ 2

,m n
MAN RPSτ ← RPS MAN _ ,unit m n

MAN RPSc ←
_, ,, ,m n m n unit m n

MAN RPS MAN P
m n
pas RPS MAs N R Sc cγ τ← ← ←= ⋅ ⋅ 1, 2

,m n
MAN RPSτ → MAN RPS _ ,unit m n

MAN RPSc →
_, ,, ,m n m n unit m n

MAN RPS MAN P
m n
pas RPS MAs N R Sc cγ τ→ → →= ⋅ ⋅ 1, 2

,m n
REG MANτ ← MAN REG _ ,unit m n

REG MANc ←
_, ,, ,m n m n unit m n

REG MAN REG A
m n
pas MAN REs G M Nc cγ τ← ← ←= ⋅ ⋅ 1, 2

,m n
REG MANτ → REG MAN _ ,unit m n

REG MANc →
_, ,, ,m n m n unit m n

REG MAN REG A
m n
pas MAN REs G M Nc cγ τ→ → →= ⋅ ⋅ 1, 2

,m n
PRS MANτ ← MAN PRS _ ,unit m n

PRS MANc ←
_, ,, ,m n m n unit m n

PRS MAN PRS A
m n
pas MAN PRs S M Nc cγ τ← ← ←= ⋅ ⋅ 1, 2

,m n
PRS MANτ → PRS MAN _ ,unit m n

PRS MANc →
_, ,, ,m n m n unit m n

PRS MAN PRS A
m n
pas MAN PRs S M Nc cγ τ→ → →= ⋅ ⋅ 1, 2

,m n
CMS MANτ ← MAN CMS _ ,unit m n

CMS MANc ←
_, ,, ,m n m n unit m n

CMS MAN CMS A
m n
pas MAN CMs S M Nc cγ τ← ← ←= ⋅ ⋅ 1, 2

,m n
CMS MANτ → CMS MAN _ ,unit m n

CMS MANc →
_, ,, ,m n m n unit m n

CMS MAN CMS A
m n
pas MAN CMs S M Nc cγ τ→ → →= ⋅ ⋅ 1, 2

,m n
SUP CMSτ ← CMS SUP _ ,unit m n

SUP CMSc ←
_, ,, ,m n m n unit m n

SUP CMS SUP M
m n
pas CMS SUs P C Sc cγ τ← ← ←= ⋅ ⋅ 1, 2

,m n
SUP CMSτ → SUP CMS _ ,unit m n

SUP CMSc →
_, ,, ,m n m n unit m n

SUP CMS SUP M
m n
pas CMS SUs P C Sc cγ τ→ → →= ⋅ ⋅ 1, 2

0
/ ,

,

l m n

m n
d SUP
τ

← SUP 0
/( , )l m nd 0

/ ,

_ ,

l m n

unit m n
d SUP

c
← 0 0 0

/ , / , / ,

, , ,, _

l m n l m n l m n

m n m n unit m n
d SUP d SUP d SU

m
pass P

nc c cγ
← ← ←

= ⋅ ⋅ 1, 2

0
/ ,

,

l m n

m n
d SUP
τ

→
0
/( , )l m nd SUP 0

/ ,

_ ,

l m n

unit m n
d SUP

c
→ 0 0 0

/ , / , / ,

, , ,, _

l m n l m n l m n

m n m n unit m n
d SUP d SUP d SU

m
pass P

nc c cγ
→ → →

= ⋅ ⋅ 1, 2
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Table 2. Costs of handling delays in units for Model 1 and Model 2.

Times of 
inquiry 
analysis

Preceding 
unit

Subsequent 
unit

Unit cost 
of delay 
analysis

Total cost of delays Used in 
model

,m n
CSDτ •←

0
,m nz RPS _ ,unit m n

CSDc •←
,, , _ ,m n m n unit m n

CSD CSDl CS
m n
e Dc cγ τ← • ← • ← •= ⋅ ⋅ 1

,m n
CSDτ → • RPS 0

,m nz _ ,unit m n
CSDc •→

,, , _ ,m n m n unit m n
CSD CSDl CS

m n
e Dc cγ τ→ • → • → •= ⋅ ⋅ 1

,m n
CSDτ •←

0
,m nz MAN _ ,unit m n

CSDc •←
,, , _ ,m n m n unit m n

CSD CSDl CS
m n
e Dc cγ τ← • ← • ← •= ⋅ ⋅ 2

,m n
CSDτ → • MAN 0

,m nz _ ,unit m n
CSDc •→

,, , _ ,m n m n unit m n
CSD CSDl CS

m n
e Dc cγ τ→ • → • → •= ⋅ ⋅ 2

,m n
RPSτ ← • CSD MAN _ ,unit m n

RPSc •←
,, , _ ,m n m n unit m n

RPS RPSl RP
m n
e Sc cγ τ← • ← • ← •= ⋅ ⋅ 1

,m n
RPSτ → • MAN CSD _ ,unit m n

RPSc •→
,, , _ ,m n m n unit m n

RPS RPSl RP
m n
e Sc cγ τ→ • → • → •= ⋅ ⋅ 1

,m n
MANτ ← • MAN RPS _ ,unit m n

MANc •←
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ← • ← • ← •= ⋅ ⋅ 1

,m n
MANτ → • RPS MAN _ ,unit m n

MANc •→
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ→ • → • → •= ⋅ ⋅ 1

,m n
RPSτ ← • MAN MAN _ ,unit m n

RPSc •←
,, , _ ,m n m n unit m n

RPS RPSl RP
m n
e Sc cγ τ← • ← • ← •= ⋅ ⋅ 2

,m n
RPSτ → • MAN MAN _ ,unit m n

RPSc •→
,, , _ ,m n m n unit m n

RPS RPSl RP
m n
e Sc cγ τ→ • → • → •= ⋅ ⋅ 2

,m n
MANτ ← • MAN CSD _ ,unit m n

MANc •←
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ← • ← • ← •= ⋅ ⋅ 2

,m n
MANτ → • CSD MAN _ ,unit m n

MANc •→
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ→ • → • → •= ⋅ ⋅ 2

,m n
MANτ ← • MAN REG _ ,unit m n

MANc •←
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ← • ← • ← •= ⋅ ⋅ 1,2

,m n
MANτ → • REG MAN _ ,unit m n

MANc •→
,, , _ ,m n m n unit m n

MAN MANl MA
m n
e Nc cγ τ→ • → • → •= ⋅ ⋅ 1,2

,m n
REGτ ← • MAN REG _ ,unit m n

REGc •←
,, , _ ,m n m n unit m n

REG REGl RE
m n
e Gc cγ τ← • ← • ← •= ⋅ ⋅ 1,2

,m n
REGτ → • REG MAN _ ,unit m n

REGc •→
,, , _ ,m n m n unit m n

REG REGl RE
m n
e Gc cγ τ→ • → • → •= ⋅ ⋅ 1,2

,m n
PRSτ ← • MAN PRS _ ,unit m n

PRSc •←
,, , _ ,m n m n unit m n

PRS PRSl PR
m n
e Sc cγ τ← • ← • ← •= ⋅ ⋅ 1,2

,m n
PRSτ → • PRS MAN _ ,unit m n

PRSc •→
,, , _ ,m n m n unit m n

PRS PRSl PR
m n
e Sc cγ τ→ • → • → •= ⋅ ⋅ 1,2

,m n
CMSτ ← • MAN SUP _ ,unit m n

CMSc •←
,, , _ ,m n m n unit m n

CMS CMSl CM
m n
e Sc cγ τ← • ← • ← •= ⋅ ⋅ 1,2

,m n
CMSτ → • SUP MAN _ ,unit m n

CMSc •→
,, , _ ,m n m n unit m n

CMS CMSl CM
m n
e Sc cγ τ→ • → • → •= ⋅ ⋅ 1,2

,m n
SUPτ ← • CMS 0

/( , )l m nd _ ,unit m n
SUPc •←

,, , _ ,m n m n unit m n
SUP SUPl SU

m n
e Pc cγ τ← • ← • ← •= ⋅ ⋅ 1,2

,m n
SUPτ → •

0
/( , )l m nd CMS _ ,unit m n

SUPc •→
,, , _ ,m n m n unit m n

SUP SUPl SU
m n
e Pc cγ τ→ • → • → •= ⋅ ⋅ 1,2

0
/ ,

,

l m n

m n
d
τ

← • SUP 0
/( , )l m nd 0

/ ,

,_

l m n

unit m n
d

c
← • 0 0 0

/ , / , / ,

, , _, ,

l m n l m n l m n

m n m n unit m n
ld d d

m n
ec c cγ

← • ← • ← •
= ⋅ ⋅ 1,2

0
/ ,

,

l m n

m n
d
τ

→ •
0
/( , )l m nd SUP 0

/ ,

,_

l m n

unit m n
d

c
→ • 0 0 0

/ , / , / ,

, , _, ,

l m n l m n l m n

m n m n unit m n
ld d d

m n
ec c cγ

→ • → • → •
= ⋅ ⋅ 1,2

Table 1. Costs of passing inquiries between logistic units for Model 1 and Model 2.

Times of  
sending the 

inquiry
From To

Unit cost of 
sending the 

inquiry
Cost of sending the inquiry Used in 

model

0
,

,

m n

m n
CSD z
τ

←
0

,m nz CSD 0
,

,_

m n

unit m n
CSD z

c
← 0 0 0

, , ,

_, ,, ,

m n m n m n

m n m n uni nm n
p

t m
CSD z CSD z CSss za D

c cγ τ
← ← ←

= ⋅ ⋅ 1, 2

0
,

,

m n

m n
CSD z
τ

→ CSD 0
,m nz 0

,

,_

m n

unit m n
CSD z

c
→ 0 0 0

, , ,

_, ,, ,

m n m n m n

m n m n uni nm n
p

t m
CSD z CSD z CSss za D

c cγ τ
→ → →

= ⋅ ⋅ 1, 2

,m n
RPS CSDτ ← CSD RPS _ ,unit m n

RPS CSDc ←
_, ,, ,m n m n unit m n

RPS CSD RPS S
m n
pas CSD RPs S C Dc cγ τ← ← ←= ⋅ ⋅ 1

,m n
RPS CSDτ → RPS CSD _ ,unit m n

RPS CSDc →
_, ,, ,m n m n unit m n

RPS CSD RPS S
m n
pas CSD RPs S C Dc cγ τ→ → →= ⋅ ⋅ 1

,m n
CSD MANτ → CSD MAN _ ,unit m n

CSD MANc →
_, ,, ,m n m n unit m n

CSD MAN CSD A
m n
pas MAN CSs D M Nc cγ τ→ → →= ⋅ ⋅ 2

,m n
CSD MANτ ← MAN CSD _ ,unit m n

CSD MANc ←
_, ,, ,m n m n unit m n

CSD MAN CSD A
m n
pas MAN CSs D M Nc cγ τ← ← ←= ⋅ ⋅ 2

,m n
MAN RPSτ ← RPS MAN _ ,unit m n

MAN RPSc ←
_, ,, ,m n m n unit m n

MAN RPS MAN P
m n
pas RPS MAs N R Sc cγ τ← ← ←= ⋅ ⋅ 1, 2

,m n
MAN RPSτ → MAN RPS _ ,unit m n

MAN RPSc →
_, ,, ,m n m n unit m n

MAN RPS MAN P
m n
pas RPS MAs N R Sc cγ τ→ → →= ⋅ ⋅ 1, 2

,m n
REG MANτ ← MAN REG _ ,unit m n

REG MANc ←
_, ,, ,m n m n unit m n

REG MAN REG A
m n
pas MAN REs G M Nc cγ τ← ← ←= ⋅ ⋅ 1, 2

,m n
REG MANτ → REG MAN _ ,unit m n

REG MANc →
_, ,, ,m n m n unit m n

REG MAN REG A
m n
pas MAN REs G M Nc cγ τ→ → →= ⋅ ⋅ 1, 2

,m n
PRS MANτ ← MAN PRS _ ,unit m n

PRS MANc ←
_, ,, ,m n m n unit m n

PRS MAN PRS A
m n
pas MAN PRs S M Nc cγ τ← ← ←= ⋅ ⋅ 1, 2

,m n
PRS MANτ → PRS MAN _ ,unit m n

PRS MANc →
_, ,, ,m n m n unit m n

PRS MAN PRS A
m n
pas MAN PRs S M Nc cγ τ→ → →= ⋅ ⋅ 1, 2

,m n
CMS MANτ ← MAN CMS _ ,unit m n

CMS MANc ←
_, ,, ,m n m n unit m n

CMS MAN CMS A
m n
pas MAN CMs S M Nc cγ τ← ← ←= ⋅ ⋅ 1, 2

,m n
CMS MANτ → CMS MAN _ ,unit m n

CMS MANc →
_, ,, ,m n m n unit m n

CMS MAN CMS A
m n
pas MAN CMs S M Nc cγ τ→ → →= ⋅ ⋅ 1, 2

,m n
SUP CMSτ ← CMS SUP _ ,unit m n

SUP CMSc ←
_, ,, ,m n m n unit m n

SUP CMS SUP M
m n
pas CMS SUs P C Sc cγ τ← ← ←= ⋅ ⋅ 1, 2

,m n
SUP CMSτ → SUP CMS _ ,unit m n

SUP CMSc →
_, ,, ,m n m n unit m n

SUP CMS SUP M
m n
pas CMS SUs P C Sc cγ τ→ → →= ⋅ ⋅ 1, 2

0
/ ,

,

l m n

m n
d SUP
τ

← SUP 0
/( , )l m nd 0

/ ,

_ ,

l m n

unit m n
d SUP

c
← 0 0 0

/ , / , / ,

, , ,, _

l m n l m n l m n

m n m n unit m n
d SUP d SUP d SU

m
pass P

nc c cγ
← ← ←

= ⋅ ⋅ 1, 2

0
/ ,

,

l m n

m n
d SUP
τ

→
0
/( , )l m nd SUP 0

/ ,

_ ,

l m n

unit m n
d SUP

c
→ 0 0 0

/ , / , / ,

, , ,, _

l m n l m n l m n

m n m n unit m n
d SUP d SUP d SU

m
pass P

nc c cγ
→ → →

= ⋅ ⋅ 1, 2
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 ● matrix of delay unit costs of passing the 
information inquiry between the preceding 
and subsequent logistic units in the reverse 
mode:

,
( 1) ( 1) ,

, ..., 1, 1, ..., , 1, ...,

m nC c

A m M n N
α α α α

α
→ + → + =  

= = =   
(14)

where ,
( 1)

m ncα α→ +  is the delay unit cost of the
information flow between logistic units in 
the reverse mode;

 ● matrix of servicing times of incoming cus-
tomers' inquiries in logistic units:

,_ ,

, ..., 1, 1, ..., , 1, ...,

in in m nT

A m M n N
α ατ

α

 =  
= = =   

(15)

where _ ,in m n
ατ  is the time of servicing the in-

coming inquiry for the m-th customer or-
dering the n-th product in the α-th logistic 
unit; 

 ● matrix of delay unit costs of servicing in-
coming customers' inquiries in logistic 
units:

,_ ,

, ..., 1, 1, ..., , 1, ...,

in in m nC c

A m M n N
α α

α

 =  
= = =   

(16)

where ,_in m ncα  is the delay unit cost of ser-
vicing the incoming inquiry for the m-th 
customer ordering the n-th product in the 
α-th logistic unit; 

 ● matrix of servicing times of the outcoming 
inquiries of customers in logistic units:

_ , ,

, ..., 1, 1, ..., , 1, ...,

out out m nT

A m M n N
α ατ

α

 =  
= = =   

(17)

where _ ,out m n
ατ  is the time of servicing the 

outcoming inquiry for the m-th customer 
ordering the n-th product in the α-th logis-
tic unit; 

 ● matrix of servicing times of outcoming 
customers' inquiries in logistic units:

_ , ,

, ..., 1, 1, ..., , 1, ...,

out out m nC c

A m M n N
α α

α

 =  
= = =   

(18)

where _ ,out m ncα  is the delay unit cost of ser-
vicing the outcoming inquiry for the m-th 
customer ordering the n-th product in the 
α-th logistic unit;

 ● matrix of delay times of passing the infor-
mation inquiry between the main logistic 
units of the logistics chain and their sub-
units:

, ,

1, ..., , 1, ..., ,
1, ..., , 1, ...,

m nT

A B
m M n N

α β α βτ

α β
→ → =  

= =
= =        

 (19)

where ,m n
α βτ →  is the time of the information 

flow between the α-th main logistic unit 
and its β-th logistics subunit; 

 ● matrix of delay unit costs of passing the 
information inquiry between main logistic 
units of the logistics chain and their sub-
units:

, ,

1, ..., , 1, ..., ,
1, ..., , 1, ...,

m nC c

A B
m M n N

α β α β

α β
→ → =  

= =
= =        

 (20)

where 
,m ncα β→  is the delay unit cost of the 

information flow between the α-th main 
logistic unit and its β-th logistics subunit; 

 ● matrix of delay times of passing the infor-
mation inquiry between subunits and their 
main units:

, ,

1, ..., , 1, ..., ,
1, ..., , 1, ...,

m nT

A B
m M n N

β α β ατ

α β
→ → =  

= =
= =        

 (21)

where ,m n
β ατ →  is the time of the information 

flow between the β-th logistics subunit and 
the α-th logistic unit; 

 ● matrix of delay unit costs of passing the 
information inquiry between subunits and 
the main units of the logistics chain: 

, ,

1, ..., , 1, ..., ,
1, ..., , 1, ...,

m nC c

A B
m M n N

β α β α

α β
→ → =  

= =
= =        

 (22)

Let us introduce the matrix of times of servic-
ing customers' inquiries for products included 
in the order inquiries matrix:

, 1.. .[ ], 1, . .., , , ,m nT m M n Nτ= = =      (9)

At the same time , ,, m n m nm nτ τ τ← • → •= + , where in the 
case of Model 1 we get:

0
,

0
/( , )

0
/( , )

, , , ,

, , ,

, , ,

, , ,

, , , ,

m n

l m n

l m n

m n m n m n m n
RPS CSD MAN RPSCSD z

m n m n m n
REG MAN PRS MAN CMS MAN

m n m n m n
SUP CMS CSDd SUP

m n m n m n
RPS MAN REG

m n m n m n m n
PRS CMS SUP d

τ τ τ τ

τ τ τ

τ τ τ

τ τ τ

τ τ τ τ

← •

← •

← • ←

←

• ← •

← • ← • ← • ←

←

•

← ←

← ←

← ←

= + +

+ + +

+ + +

+ +

+ + + +

+

0
,

0
/( , )

0
/( , )

, , , ,

, , ,

, , ,

, , ,

, , , ,

m n

l m n

l m n

m n m n m n m n
RPS CSD MAN RPSCSD z

m n m n m n
REG MAN PRS MAN CMS MAN

m n m n m n
SUP CMS CSDd SUP

m n m n m n
RPS MAN REG

m n m n m n m n
PRS CMS SUP d

τ τ τ τ

τ τ τ

τ τ τ

τ τ τ

τ τ τ τ

→ • → →→

→ → →

→ → •→

→ • → • → •

→ • → • → • → •

= + +

+ + +

+ + +

+ +

+

+

+ + +

while in the case of Model 2 we get:

0
,

0
/( , )

0
/( , )

, , , ,

, , ,

, , ,

, , ,

, , , ,

m n

l m n

l m n

m n m n m n m n
MAN CSD RPS MANCSD z

m n m n m n
REG MAN PRS MAN CMS MAN
m n m n m n
SUP CMS CSDd SUP

m n m n m n
MAN RPS REG

m n m n m n m n
PRS CMS SUP d

τ τ τ τ

τ τ τ

τ τ τ

τ τ τ

τ τ τ τ

← • ← ←←

← ← ←

← ← •←

← • ← • ← •

← • ← • ← • ← •

= + +

+ + +

+ + +

+ + +

+ + + +

0
,

0
/( , )

0
/( , )

, , , ,

, , ,

, , ,

, , ,

, , , ,

m n

l m n

l m n

m n m n m n m n
MAN CSD RPS MANCSD z

m n m n m n
REG MAN PRS MAN CMS MAN

m n m n m n
SUP CMS CSDd SUP

m n m n m n
MAN RPS REG

m n m n m n m n
PRS CMS SUP d

τ τ τ τ

τ τ τ

τ τ τ

τ τ τ

τ τ τ τ

→ • → →→

→ → →

→ → •→

→ • → • → •

→ • → • → • → •

= + +

+ + +

+ + +

+ + +

+ + + +
.

Consequently, the general matrix of the total 
costs of responses to customers' inquiries is in-
troduced as follows:

in case of Model 1:

1 1

,
mod mod ,

1, ..., , 1, ...,

m nC c

m M n N

 =  
= =

in case of Model 2:                                       
 (10)

2 2

,
mod mod ,

1, ..., , 1, ...,

m nC c

m M n N

 =  
= =

where 
1

,
mod
m nc  is the cost of returning the m-th cus-

tomer's inquiry for the n-th product in Model 1, 
and 

2

,
mod
m nc  is the cost of returning the m-th cus-

tomer's inquiry for the n-th product in Model 2. 
In order to generalize this process, we introduce 
the following matrices:

 ● matrix of delay times of passing the infor-
mation inquiry between the preceding and 
subsequent units:

,
( 1) ( 1) ,

1, ..., , 1, ..., , 1, ...,

m nT

A m M n N
α α α ατ

α
→ + → + =  

= = =   
(11)

where ,
( 1)

m n
α ατ → +  is the time of the informa-

tion flow between the α-th preceding lo-
gistic unit and the subsequent logistic unit 
α + 1;

 ● matrix of delay unit costs of passing the 
information inquiry between the preceding 
and subsequent units:

,
( 1) ( 1) ,

1, ..., , 1, ..., , 1, ...,

m nC c

A m M n N
α α α α

α
→ + → + =  

= = =   
(12)

where ,
( 1)

m ncα α→ +  is the delay unit cost of the 
information flow between the α-th preced-
ing logistic unit and the subsequent logis-
tic unit α + 1;

 ● matrix of the delay times of passing the 
information inquiry between the preceding 
and subsequent logistic units in the reverse 
mode:

,
( 1) ( 1) ,

, ..., 1, 1, ..., , 1, ...,

m nT

A m M n N
α α α ατ

α
→ + → + =  

= = =   
(13)

where ,
( 1)

m n
α ατ → +  is the time of the informa-

tion flow between logistic units in the re-
verse mode;
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 ● matrix of delay unit costs of passing the 
information inquiry between the preceding 
and subsequent logistic units in the reverse 
mode:

,
( 1) ( 1) ,

, ..., 1, 1, ..., , 1, ...,

m nC c

A m M n N
α α α α

α
→ + → + =  

= = =   
(14)

where ,
( 1)

m ncα α→ +  is the delay unit cost of the
information flow between logistic units in 
the reverse mode;

 ● matrix of servicing times of incoming cus-
tomers' inquiries in logistic units:

,_ ,

, ..., 1, 1, ..., , 1, ...,

in in m nT

A m M n N
α ατ

α

 =  
= = =   

(15)

where _ ,in m n
ατ  is the time of servicing the in-

coming inquiry for the m-th customer or-
dering the n-th product in the α-th logistic 
unit; 

 ● matrix of delay unit costs of servicing in-
coming customers' inquiries in logistic 
units:

,_ ,

, ..., 1, 1, ..., , 1, ...,

in in m nC c

A m M n N
α α

α

 =  
= = =   

(16)

where ,_in m ncα  is the delay unit cost of ser-
vicing the incoming inquiry for the m-th 
customer ordering the n-th product in the 
α-th logistic unit; 

 ● matrix of servicing times of the outcoming 
inquiries of customers in logistic units:

_ , ,

, ..., 1, 1, ..., , 1, ...,

out out m nT

A m M n N
α ατ

α

 =  
= = =   

(17)

where _ ,out m n
ατ  is the time of servicing the 

outcoming inquiry for the m-th customer 
ordering the n-th product in the α-th logis-
tic unit; 

 ● matrix of servicing times of outcoming 
customers' inquiries in logistic units:

_ , ,

, ..., 1, 1, ..., , 1, ...,

out out m nC c

A m M n N
α α

α

 =  
= = =   

(18)

where _ ,out m ncα  is the delay unit cost of ser-
vicing the outcoming inquiry for the m-th 
customer ordering the n-th product in the 
α-th logistic unit;

 ● matrix of delay times of passing the infor-
mation inquiry between the main logistic 
units of the logistics chain and their sub-
units:

, ,

1, ..., , 1, ..., ,
1, ..., , 1, ...,

m nT

A B
m M n N

α β α βτ

α β
→ → =  

= =
= =        

 (19)

where ,m n
α βτ →  is the time of the information 

flow between the α-th main logistic unit 
and its β-th logistics subunit; 

 ● matrix of delay unit costs of passing the 
information inquiry between main logistic 
units of the logistics chain and their sub-
units:

, ,

1, ..., , 1, ..., ,
1, ..., , 1, ...,

m nC c

A B
m M n N

α β α β

α β
→ → =  

= =
= =        

 (20)

where 
,m ncα β→  is the delay unit cost of the 

information flow between the α-th main 
logistic unit and its β-th logistics subunit; 

 ● matrix of delay times of passing the infor-
mation inquiry between subunits and their 
main units:

, ,

1, ..., , 1, ..., ,
1, ..., , 1, ...,

m nT

A B
m M n N

β α β ατ

α β
→ → =  

= =
= =        

 (21)

where ,m n
β ατ →  is the time of the information 

flow between the β-th logistics subunit and 
the α-th logistic unit; 

 ● matrix of delay unit costs of passing the 
information inquiry between subunits and 
the main units of the logistics chain: 

, ,

1, ..., , 1, ..., ,
1, ..., , 1, ...,

m nC c

A B
m M n N

β α β α

α β
→ → =  

= =
= =        

 (22)

Let us introduce the matrix of times of servic-
ing customers' inquiries for products included 
in the order inquiries matrix:

, 1.. .[ ], 1, . .., , , ,m nT m M n Nτ= = =      (9)

At the same time , ,, m n m nm nτ τ τ← • → •= + , where in the 
case of Model 1 we get:

0
,

0
/( , )

0
/( , )

, , , ,

, , ,

, , ,

, , ,

, , , ,

m n

l m n

l m n

m n m n m n m n
RPS CSD MAN RPSCSD z

m n m n m n
REG MAN PRS MAN CMS MAN

m n m n m n
SUP CMS CSDd SUP

m n m n m n
RPS MAN REG

m n m n m n m n
PRS CMS SUP d

τ τ τ τ

τ τ τ

τ τ τ

τ τ τ

τ τ τ τ

← •

← •

← • ←

←

• ← •

← • ← • ← • ←

←

•

← ←

← ←

← ←

= + +

+ + +

+ + +

+ +

+ + + +

+

0
,

0
/( , )

0
/( , )

, , , ,

, , ,

, , ,

, , ,

, , , ,

m n

l m n

l m n

m n m n m n m n
RPS CSD MAN RPSCSD z

m n m n m n
REG MAN PRS MAN CMS MAN

m n m n m n
SUP CMS CSDd SUP

m n m n m n
RPS MAN REG

m n m n m n m n
PRS CMS SUP d

τ τ τ τ

τ τ τ

τ τ τ

τ τ τ

τ τ τ τ

→ • → →→

→ → →

→ → •→

→ • → • → •

→ • → • → • → •

= + +

+ + +

+ + +

+ +

+

+

+ + +

while in the case of Model 2 we get:

0
,

0
/( , )

0
/( , )

, , , ,

, , ,

, , ,

, , ,

, , , ,

m n

l m n

l m n

m n m n m n m n
MAN CSD RPS MANCSD z

m n m n m n
REG MAN PRS MAN CMS MAN
m n m n m n
SUP CMS CSDd SUP

m n m n m n
MAN RPS REG

m n m n m n m n
PRS CMS SUP d

τ τ τ τ

τ τ τ

τ τ τ

τ τ τ

τ τ τ τ

← • ← ←←

← ← ←

← ← •←

← • ← • ← •

← • ← • ← • ← •

= + +

+ + +

+ + +

+ + +

+ + + +

0
,

0
/( , )

0
/( , )

, , , ,

, , ,

, , ,

, , ,

, , , ,

m n

l m n

l m n

m n m n m n m n
MAN CSD RPS MANCSD z

m n m n m n
REG MAN PRS MAN CMS MAN

m n m n m n
SUP CMS CSDd SUP

m n m n m n
MAN RPS REG

m n m n m n m n
PRS CMS SUP d

τ τ τ τ

τ τ τ

τ τ τ

τ τ τ

τ τ τ τ

→ • → →→

→ → →

→ → •→

→ • → • → •

→ • → • → • → •

= + +

+ + +

+ + +

+ + +

+ + + +
.

Consequently, the general matrix of the total 
costs of responses to customers' inquiries is in-
troduced as follows:

in case of Model 1:

1 1

,
mod mod ,

1, ..., , 1, ...,

m nC c

m M n N

 =  
= =

in case of Model 2:                                       
 (10)

2 2

,
mod mod ,

1, ..., , 1, ...,

m nC c

m M n N

 =  
= =

where 
1

,
mod
m nc  is the cost of returning the m-th cus-

tomer's inquiry for the n-th product in Model 1, 
and 

2

,
mod
m nc  is the cost of returning the m-th cus-

tomer's inquiry for the n-th product in Model 2. 
In order to generalize this process, we introduce 
the following matrices:

 ● matrix of delay times of passing the infor-
mation inquiry between the preceding and 
subsequent units:

,
( 1) ( 1) ,

1, ..., , 1, ..., , 1, ...,

m nT

A m M n N
α α α ατ

α
→ + → + =  

= = =   
(11)

where ,
( 1)

m n
α ατ → +  is the time of the informa-

tion flow between the α-th preceding lo-
gistic unit and the subsequent logistic unit 
α + 1;

 ● matrix of delay unit costs of passing the 
information inquiry between the preceding 
and subsequent units:

,
( 1) ( 1) ,

1, ..., , 1, ..., , 1, ...,

m nC c

A m M n N
α α α α

α
→ + → + =  

= = =   
(12)

where ,
( 1)

m ncα α→ +  is the delay unit cost of the 
information flow between the α-th preced-
ing logistic unit and the subsequent logis-
tic unit α + 1;

 ● matrix of the delay times of passing the 
information inquiry between the preceding 
and subsequent logistic units in the reverse 
mode:

,
( 1) ( 1) ,

, ..., 1, 1, ..., , 1, ...,

m nT

A m M n N
α α α ατ

α
→ + → + =  

= = =   
(13)

where ,
( 1)

m n
α ατ → +  is the time of the informa-

tion flow between logistic units in the re-
verse mode;
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 ● minimizing the cost of responses to cus-
tomers' inquiries: QC → min.

For the case in which customers send their in-
quiries to the logistics system in sequence, this 
means that each subsequent unit is to service 
the incoming inquiry immediately after the pre-
ceding one sent it to the following unit, which 
obviously leads to forming queues that are sub-
ject to the following analysis. 
Thus, let us introduce the matrix of the awaiting 
times of incoming customers' inquiries in units:

, ,

1, ..., , 1, ..., , 1, ...,

m nT

A m M n N
α αδτ

α

 ∆ =  
= = =

 

  
(29)

where ,m n
αδτ   is the awaiting time for servicing 

the incoming inquiry for the m-th customer or-
dering the n-th product in the α-th unit.

4. Case Study

In order to verify the specification assumptions 
of the presented mathematical model, the whole 
simulation process was carried out for the given 
input data. The data for the implementation of 
the tasks in this case study were selected us-
ing the randomization function supported by a 
pseudorandom code generator. Two logistics 
models were subject to thorough consideration 
in accordance with the same arrangement of 
units.
The difference is visible when it comes to pass-
ing the information concerning customers' in-
quiries. Model 1 is characterized by sending 
inquiries in sequence, while Model 2 is the 

non-sequential one. For simplicity reasons, the 
number of logistic units as well as the number 
of information messages between logistic units 
are identical. First, the ranges for the sequen-
tial and non-sequential flow of clients' inquiries 
were selected. Table 3 shows the range of input 
data sampling for the two analyzed models (se-
quential and non-sequential flow). It should be 
noted that the range of randomized input data 
for both models is identical. The differences 
are generated by random selection of the input 
data. The criterion of minimizing the cost of re-
sponses to customers' inquiries is implemented 
for this case study.
Subsequently, data for Model 1 (sequential flow 
of query information) including transfer as well 
as processing times and unit costs correspond-
ing with these times were derived (see Tables 
4 and 5). Likewise, the same kind of data were 
derived for Model 2 (see Tables 6 and 7).
Table 8 brings the number of the n-th order el-
ements for each m-th customer drawn accord-
ing to the drawing ranges. There are 12 ranges 
of input data draws for the number of specific 
orders. The ranges of the draws were selected 
beginning with 0 to the maximum chosen num-
ber. The maximum values were changed every 
10 units. Finally, a decision was made to further 
implement random data in the 0-80 range.
The results of the simulation processes depend-
ing on the number of orders are shown as the 
minimal values of total costs obtained in 100 
simulations (see Table 9).
To illustrate the problem, only the results ob-
tained by means of drawing for the range 0 
– 80 were subject to the further analysis (see 
Figure 3).

Table 3. Draw ranges for sequential and non-sequential flow of inquiries.

Draw range

Model 1
sequential flow

Model 2
non-sequential flow

min max min max

Query transmission times  1  2  1  2

Unit costs of sending inquiries  3  4  3  4

Query handling times 10 50 10 50

Unit costs of handling inquiries  5 10  5 10

, ,

, ,

, ,

0
, , ,

1 1
1

, ,
1 1

1 1

, ,

1 1 1

, ,

1 1 1 1

,

m n m n

m n m n

m n m n

A
m n m n m n

A A
in inm n m n

A B A
out out m n m n

B A B A
in inm n m n

o

m n

c

C
z

c

c c

c

c c

α α α α
α

α α α α α α
α α

α α α β α β
α β α

β α β α β β
β α β α

β

ξ τ
ζ

τ τ

τ τ

τ τ

τ

+ → + →
=

→ + → +
= =

→ →
= = =

→ →
= = = =

  
= + ⋅ ⋅     

+ ⋅ + ⋅

+ ⋅ + ⋅

+ ⋅ + ⋅

+

∑

∑ ∑

∑ ∑∑

∑∑ ∑∑

, ,

1 1

m n m n

B A
ut outcβ

β α= =


⋅ 


∑∑

(27)

Finally, the total logistics cost of servicing de-
lays resulting from customers inquiries is as 
follows:                                                            
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Let us further assume that there are two follow-
ing criteria to be implemented: 

 ● minimizing the time of responses to cus-
tomers' inquiries: QT → min, and 

where ,m ncβ α→  is the time of the information 
flow between the β-th logistics subunit and 
the main α-th logistic unit; 

 ● matrix of servicing times of incoming cus-
tomers' inquiries in logistics subunits:
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where _ ,in m n
βτ  is the time of servicing the in-

coming inquiry for the m-th customer or-
dering the n-th product in the β-th logistics 
subunit; 

 ● matrix of delay unit costs of servicing in-
coming customers' inquiries in logistics 
subunits: 
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where ,_in m ncβ  is the delay unit cost of ser-
vicing the incoming inquiry for the m-th 
customer ordering the n-th product in the 
β-th logistics subunit; 

 ● matrix of servicing times of outcoming 
customers' inquiries in logistics subunits:
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where _ ,out m n
βτ  is the time of servicing the out-

coming inquiry for the m-th customer ordering 
the n-th product in the β-th logistics subunit; 

 ● matrix of delay unit costs of servicing out-
coming customers' inquiries in logistics 
subunits:
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where _ ,out m ncβ  is the delay unit cost of servicing 
the outcoming inquiry for the m-th customer 
ordering the n-th product in the β-th logistics 
subunit. 
Then the logistics cost of servicing the m-th 
customer's inquiry ordering the n-th product is 
calculated as follows:
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 ● minimizing the cost of responses to cus-
tomers' inquiries: QC → min.

For the case in which customers send their in-
quiries to the logistics system in sequence, this 
means that each subsequent unit is to service 
the incoming inquiry immediately after the pre-
ceding one sent it to the following unit, which 
obviously leads to forming queues that are sub-
ject to the following analysis. 
Thus, let us introduce the matrix of the awaiting 
times of incoming customers' inquiries in units:
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where ,m n
αδτ   is the awaiting time for servicing 

the incoming inquiry for the m-th customer or-
dering the n-th product in the α-th unit.

4. Case Study

In order to verify the specification assumptions 
of the presented mathematical model, the whole 
simulation process was carried out for the given 
input data. The data for the implementation of 
the tasks in this case study were selected us-
ing the randomization function supported by a 
pseudorandom code generator. Two logistics 
models were subject to thorough consideration 
in accordance with the same arrangement of 
units.
The difference is visible when it comes to pass-
ing the information concerning customers' in-
quiries. Model 1 is characterized by sending 
inquiries in sequence, while Model 2 is the 
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number of logistic units as well as the number 
of information messages between logistic units 
are identical. First, the ranges for the sequen-
tial and non-sequential flow of clients' inquiries 
were selected. Table 3 shows the range of input 
data sampling for the two analyzed models (se-
quential and non-sequential flow). It should be 
noted that the range of randomized input data 
for both models is identical. The differences 
are generated by random selection of the input 
data. The criterion of minimizing the cost of re-
sponses to customers' inquiries is implemented 
for this case study.
Subsequently, data for Model 1 (sequential flow 
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as processing times and unit costs correspond-
ing with these times were derived (see Tables 
4 and 5). Likewise, the same kind of data were 
derived for Model 2 (see Tables 6 and 7).
Table 8 brings the number of the n-th order el-
ements for each m-th customer drawn accord-
ing to the drawing ranges. There are 12 ranges 
of input data draws for the number of specific 
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ber. The maximum values were changed every 
10 units. Finally, a decision was made to further 
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ing on the number of orders are shown as the 
minimal values of total costs obtained in 100 
simulations (see Table 9).
To illustrate the problem, only the results ob-
tained by means of drawing for the range 0 
– 80 were subject to the further analysis (see 
Figure 3).
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Finally, the total logistics cost of servicing de-
lays resulting from customers inquiries is as 
follows:                                                            
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Let us further assume that there are two follow-
ing criteria to be implemented: 
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where ,_in m ncβ  is the delay unit cost of ser-
vicing the incoming inquiry for the m-th 
customer ordering the n-th product in the 
β-th logistics subunit; 
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where _ ,out m n
βτ  is the time of servicing the out-

coming inquiry for the m-th customer ordering 
the n-th product in the β-th logistics subunit; 

 ● matrix of delay unit costs of servicing out-
coming customers' inquiries in logistics 
subunits:

_ , ,

1, ..., , 1, ..., , 1, ...,

out out m nC c

B m M n N
β β

β

 =  
= = =   

(26)

where _ ,out m ncβ  is the delay unit cost of servicing 
the outcoming inquiry for the m-th customer 
ordering the n-th product in the β-th logistics 
subunit. 
Then the logistics cost of servicing the m-th 
customer's inquiry ordering the n-th product is 
calculated as follows:
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Table 6. Transfer and processing times for Model 2 (non-sequential flow of query information ).

Table 7. Unit costs for Model 2 (non-sequential flow of query information).

Table 4. Transfer and processing times for Model 1 (sequential flow of query information ).

Table 5. Unit costs for Model 1 (sequential flow of query information ).



192 193R. Bucki and P. Suchánek Business Cost Modelling of Information Processing in Supply Chain Units

Table 6. Transfer and processing times for Model 2 (non-sequential flow of query information ).

Table 7. Unit costs for Model 2 (non-sequential flow of query information).

Table 4. Transfer and processing times for Model 1 (sequential flow of query information ).

Table 5. Unit costs for Model 1 (sequential flow of query information ).
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In the simulation we assumed that the final val-
ues of the costs of handling customer inquiries 
in logistic units are the product of the minimiz-
ing coefficient for handling the given order ,m n

elγ , 
the unit costs of handling inquiries in the ade-
quate units, and the expected service time. We 

then assumed that the final values of the trans-
fer cost of customer inquiries between logistic 
units is the product of the minimizing coeffi-
cient for the transmission of inquiries for a giv-
en order ,m n

passγ , the unit costs of sending inquiries 
between adequate, units and the expected time 

Table 9. Simulation results depending on volume of orders.

No. Range Model 1 Model 2 Difference

1. 0 - 120 116942.02 118406.44 -1464.41

2. 0 - 110 116232.73 117366.76 -1134.03

3. 0 - 100 115193.00 117163.97 -1970.97

4. 0 - 90 113649.32 115111.43 -1462.11

5. 0 - 80 114415.10 115960.63 -1545.52

6. 0 - 70 114861.21 115975.94 -1114.72

7. 0 - 60 112940.99 114040.42 -1099.43

8. 0 - 50 109304.88 110286.64   -981.76

9. 0 - 40 109138.79 109872.07   -733.28

10. 0 - 30 106334.22 107105.89   -771.67

11. 0 - 20 102028.04 103010.35   -982.30

12. 0 - 10   97268.86   98464.90 -1196.04

Figure 3. Initial state of order matrix for draw range 0 – 80.

Table 8. Initial orders corresponding to drawing ranges.
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Table 11. Minimized values of amount coefficients ,m n
elγ  and ,m n

passγ .

z(m, n) No. of 
orders 

Real ,m n
elγ Minimized ,m n

elγ Real ,m n
passγ Minimized ,m n

passγ
0

,, m nm n
el

z
γ ξ

ζ
= + ,m n

el cςγ ξ= ⋅
0

,, m nm n
pass

z
γ ξ

υ
= + ,m n

pass cυγ ξ= ⋅

(1, 1) 61 1.611 1.300 1.061 1.050

(1, 2) 21 1.210 1.021

(1, 3) 71 1.711 1.300 1.071 1.050

(1, 4) 78 1.778 1.300 1.078 1.050

(1, 5) 20 1.201 1.020

(2, 1) 9 1.093 1.009

(2, 2) 58 1.580 1.300 1.058 1.050

(2, 3) 56 1.558 1.300 1.056 1.050

(2, 4) 2 1.022 1.002

(2, 5) 11 1.107 1.011

(3, 1) 38 1.379 1.300 1.038

(3, 2) 70 1.699 1.300 1.070 1.050

(3, 3) 78 1.777 1.300 1.078 1.050

(3, 4) 19 1.189 1.019

(3, 5) 68 1.682 1.300 1.068 1.050

(4, 1) 75 1.748 1.300 1.075 1.050

(4, 2) 38 1.382 1.300 1.038

(4, 3) 67 1.672 1.300 1.067 1.050

(4, 4) 37 1.373 1.300 1.037

(4, 5) 19 1.194 1.019

(5, 1) 29 1.289 1.029

(5, 2) 4 1.037 1.004

(5, 3) 59 1.592 1.300 1.059 1.050

(5, 4) 61 1.615 1.300 1.061 1.050

(5, 5) 75 1.754 1.300 1.075 1.050

Difference: 5.112 0.228

of inquiry transmission. Table 10 includes ini-
tial data necessary to calculate coefficients ,m n

elγ  
as well as ,m n

passγ . The goal of this course of action 
is to make the process of sending and handling 
inquiries more realistic, as the obtained values 
depend on the volume of the order: it is obvi-
ous that the larger the order is, the higher the 
coefficients are. They require minimizing to an 
acceptable value of cζ and cʋ (see Table 11).
Coefficients ,m n

elγ  and ,m n
passγ  are graphically com-

pared for both models in Figure 4 and 5.

Comparing the coefficients 
0

,m nz
ξ

ζ
+  and cς ξ⋅ ,

it becomes obvious that Model 1 has an advan-
tage in 16 cases, while in the remaining 9 ones 
there is an equilibrium of results taking into ac-
count the applied input data.
Comparing the coefficients 

0
,m nz

ξ
υ

+  and cυ ξ⋅ ,
it becomes again obvious that Model 1 has an 
advantage in 16 cases while in the remaining 
9 ones there is an equilibrium of results taking 
into account the applied input data (see Table 
12 and 13).
Based on the resulting data, it is then possible to 
obtain information on the total cost of handling 
a client inquiry in the case of: 

 ● execution of the n-th order for the m-th 
customer, 

 ● execution of the n-th order for M clients, 
and 

 ● execution of N orders for the m-th customer. 
Table 14 presents the total results of the simula-
tion process for the presented cases. 
The following part of the paper shows the com-
parison of the total cost of handling customer 

inquiries by orders and customers (see Figure 
6). Furthermore, Figure 7 describes graphical-
ly the absolute difference between model 1 and 
model 2 for C_(1, 2, 3, 4, 5), n and C_m, (1, 2, 
3, 4 , 5).
An important element of this study is conduct-
ing the point comparative analysis of the in-
formation flow of clients' inquiries. In order to 
conduct this analysis, 10 criteria, i.e. total costs, 
unit transfer costs, unit handling costs, unit 
transfer times, unit handling times as well as 
C_1, n; C_2, n; C_3, n; C_4, n and C_5, n have 
to be taken into account. The arithmetic mean 
method, the weighted average method and the 
percentage method were implemented to com-
pare the sample models (see Table 15).
Based on a thorough comparative analysis of 
the two models of information flow in the lo-
gistics system for selected data from the rang-
es provided, it can be concluded that the first 
model is characterized by a much better re-
sult in terms of customer order handling costs. 
This was additionally demonstrated using the 
weighted average method and the percentage 
method, while only the arithmetic mean meth-
od shows identical results. However, the overall 
comparison substantiated by the scoring anal-
ysis graph proves that Model 1 has a decisive 
advantage in terms of cost of handling customer 
inquiries. As it can be seen in the automatical-
ly generated radar diagram, Model 2 could be 
useful for given input data if only unit transfer 
costs, unit handling costs and C_2, n; C_3, n 
and C_4, n are taken into account. Moreover, it 
should be clearly emphasized that the discussed 
simulation results are related to specific input 
data and do not constitute the basis for drawing 
conclusions in case of changing input data and 
subsequent simulations. 

Table 10. Initial data to calculate coefficients ,m n
elγ  and ,m n

passγ .

Base quantitative factor ξ = 1

Minimizing denominator (handling)  ζ = 100

Maximum allowable value (handling) cζ = 1.300

Minimizing denominator (information transfer) ʋ = 1000

Maximum allowable value (information transfer) cʋ = 1.050
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Table 10. Initial data to calculate coefficients ,m n
elγ  and ,m n

passγ .

Base quantitative factor ξ = 1

Minimizing denominator (handling)  ζ = 100

Maximum allowable value (handling) cζ = 1.300

Minimizing denominator (information transfer) ʋ = 1000

Maximum allowable value (information transfer) cʋ = 1.050
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Table 12. Simulation results for Model 1 (for orders randomly drawn in the range 0 - 80 ).

Table 13. Simulation results for Model 2 (for orders randomly drawn in the range 0 - 80 ).

Figure 4. Comparison of 
0

,m nz
ξ

ζ
+  and cς ξ⋅ .

Figure 5. Comparison of 
0

,m nz
ξ

υ
+  and cυ ξ⋅ .
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Figure 6. Comparison of total cost of handling customer inquiries by orders and customers.

Figure 7. Absolute difference between model 1 and model 2 for C_(1, 2, 3, 4, 5), n and C_m, (1, 2, 3, 4, 5).

Table 14. Numerical results of simulation taking into account query handling costs for Cm, n, CM, n and Cm, N.

Model 1 Model 2

z(m, n) Cm, n Cm, n

(1,1) 3971.80 Cm, 1 21561.13 4317.61

(1,2) 4738.20 Cm, 2 21686.57 5086.49

(1,3) 5318.20 Cm, 3 22693.62 6018.26

(1,4) 4795.52 C1, n Cm, 4 26259.41 5411.51 C1, n

(1,5) 3618.69 21280.57 Cm, 5 22214.38 4160.91 24994.77

(2,1) 2924.40 Total cost: 114415.10 3328.34 Total cost:

(2,2) 4203.40 4778.00

(2,3) 4439.70 5339.77

(2,4) 2893.54 C2, n 3329.83 C2, n

(2,5) 3450.50 20730.04 3795.34 20571.28

(3,1) 3401.98 4190.92

(3,2) 3770.78 4120.33

(3,3) 4528.79 5394.27

(3,4) 4155.68 C3, n 4685.70 C3, n

(3,5) 3959.65 24835.93 4610.19 23001.41

(4,1) 4434.59 4944.96

(4,2) 3789.11 4491.99

(4,3) 4110.41 4456.96

(4,4) 4689.50 C4, n 5337.54 C4, n

(4,5) 4065.21 24678.77 4687.90 23919.36

(5,1) 3479.98 4070.34

(5,2) 3158.68 3853.84

(5,3) 4395.28 5261.36

(5,4) 4301.15 C5, n 4891.33 C5, n

(5,5) 4463.63 22889.79 5396.93 23473.81

Total cost: 114415.10 Total cost: 115960.62



200 201R. Bucki and P. Suchánek Business Cost Modelling of Information Processing in Supply Chain Units

Figure 6. Comparison of total cost of handling customer inquiries by orders and customers.

Figure 7. Absolute difference between model 1 and model 2 for C_(1, 2, 3, 4, 5), n and C_m, (1, 2, 3, 4, 5).

Table 14. Numerical results of simulation taking into account query handling costs for Cm, n, CM, n and Cm, N.

Model 1 Model 2

z(m, n) Cm, n Cm, n

(1,1) 3971.80 Cm, 1 21561.13 4317.61

(1,2) 4738.20 Cm, 2 21686.57 5086.49

(1,3) 5318.20 Cm, 3 22693.62 6018.26

(1,4) 4795.52 C1, n Cm, 4 26259.41 5411.51 C1, n

(1,5) 3618.69 21280.57 Cm, 5 22214.38 4160.91 24994.77

(2,1) 2924.40 Total cost: 114415.10 3328.34 Total cost:

(2,2) 4203.40 4778.00

(2,3) 4439.70 5339.77

(2,4) 2893.54 C2, n 3329.83 C2, n

(2,5) 3450.50 20730.04 3795.34 20571.28

(3,1) 3401.98 4190.92

(3,2) 3770.78 4120.33

(3,3) 4528.79 5394.27

(3,4) 4155.68 C3, n 4685.70 C3, n

(3,5) 3959.65 24835.93 4610.19 23001.41

(4,1) 4434.59 4944.96

(4,2) 3789.11 4491.99

(4,3) 4110.41 4456.96

(4,4) 4689.50 C4, n 5337.54 C4, n

(4,5) 4065.21 24678.77 4687.90 23919.36

(5,1) 3479.98 4070.34

(5,2) 3158.68 3853.84

(5,3) 4395.28 5261.36

(5,4) 4301.15 C5, n 4891.33 C5, n

(5,5) 4463.63 22889.79 5396.93 23473.81

Total cost: 114415.10 Total cost: 115960.62



202 203R. Bucki and P. Suchánek Business Cost Modelling of Information Processing in Supply Chain Units

Table 16. Reducing unit costs in Model 2.

Experiment  
number

Total costs Cost difference 
between models

Unit cost saving 
value in Model 2Model 1 Model 2

1 114415.10 112383.31 2031.80 -1.000

2 114415.10 112741.04 1674.06 -0.900

3 114415.10 113098.77 1316.33 -0.800

4 114415.10 113456.50 958.60 -0.700

5 114415.10 113814.24 600.87 -0.600

6 114415.10 114171.97 243.14 -0.500

7 114415.10 114350.83 64.27 -0.450

8 114415.10 114386.61 28.50 -0.440

9 114415.10 114404.49 10.61 -0.435

10 114415.10 114411.65 3.46 -0.433

11 114415.10 114415.22 -0.12 -0.432

12 114415.10 114422.38 -7.28 -0.430

13 114415.10 114458.15 -43.05 -0.420

14 114415.10 114493.93 -78.82 -0.410

15 114415.10 114529.70 -114.59 -0.400

16 114415.10 114887.43 -472.33 -0.300

17 114415.10 115245.16 -830.06 -0.200

18 114415.10 115602.89 -1187.79 -0.100

19 114415.10 115960.63 -1545.52   0.000

5. Data Modification 

In order to illustrate the difference trend in total 
costs between Model 1 and Model 2, we decid-
ed to reduce the unit costs in Model 2 by values 
given in Table 16, which is graphically shown 
in Figure 8. The unit cost saving value was ap-
plied for each inquiry of the n-th product of the 
m-th customer in Model 2. As a result of this 
procedure, it can be noticed at which sample 
values of unit costs model 2 becomes more ef-
ficient for handling customer inquiries.

It should be mentioned that the value decreas-
ing unit costs was equally applied to each unit 
cost cell both in the case of handling the client 
inquiry in each logistic unit, and to each cell 
representing the transmission of information re-
lated to the inquiry between units.

Subsequently, in order to illustrate the differ-
ence trend in total costs between Model 1 and 
Model 2, we also decided to decrease the unit 
times in model 2 by values given in Table 17, 
and graphically depicted in Figure 9. It can be 
noticed at what sample values decreasing the 
unit times Model 2 becomes more efficient for 
handling client queries.

First of all, draw ranges for the sequential and 
non-sequential flow of inquiries were intro-
duced. Transfer and processing times, and unit 
costs are drawn both for the sequential and the 
no-sequential flow of query information for 
Model 1 and Model 2. The numbers of the n-th 
order elements for each m-th customer are con-
sequently drawn according to 12 drawing rang-
es. Simulation results depending on the num-
ber of orders are shown as the minimal values 
of total costs obtained in 100 simulations. The 
results obtained by means of drawing for the 
range 0 – 80 were then analyzed. The matrix of 
amount coefficients is introduced in the case of 
processing inquiries in units as well as the ma-
trix of amount coefficients, upon which expect-
ed realistic values are calculated. By comparing 
various aspects of the systems, the point com-
parative analysis of the information flow of cli-
ents' inquiries illustrates in detail the simulation 
result. Finally, modifications to Model 2 are in-
troduced which lead to determining the breaking 
values for reducing the respective unit costs in 
order to minimize the total costs for this model. 
To conclude, the lower the number of orders, the 
lower the need to minimize handling and trans-
fer information times. In our case the draw range 
0 – 50 did not require minimizing these times. 

Table 15. Point comparative analysis of information flow of clients' inquiries.
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6. Conclusion

This paper elaborates on the problem of delays 
in logistics manufacturing system, with the ob-
jectives to provide a graphic and mathematical 
illustration of the problem of modelling delays 
of customers' inquiries in the system, as well as 
to propose a method for calculating the costs 
of customers' inquiries. These objectives were 
met, and the intended outcome achieved. The 
flow of inquiry information and its allocation in 
the logistic units were illustrated in detail, also 
taking into account information processing. 
Additionally, the comparative point analysis of 
the two analyzed models, taking into account 
10 criteria, was also provided. 

In order to make the paper an illustrative study 
case, we had to simplify certain assumptions. 
Namely, input data was generated using a pseu-
do-random code generator, where each new 
generation of input data translates into output 
data to be analyzed. For the set of input data 
chosen for simulation in the analyzed illustra-
tive case, the sequential model turned out to 
be the winning model in terms of total cost of 
servicing the customer inquiry, although the 
non-sequential model proved to be useful many 
times for other sets of input data too, mostly 
due to the fact that the data is randomly gen-
erated. 
The paper shows one example of passing cus-
tomer inquiries between logistic units and pro-

cessing them in these latter. It seems obvious 
that meeting the cost criterion requires mini-
mizing either times of passing and processing 
inquiries or/and unit costs of these operations. 
Therefore, future work should focus on rear-
ranging the routes of passing customers inqui-
ries. Also, future research can be corroborated 
using process mining techniques that analyze 
the time-stamped events recorded in business 
information systems. 
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