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Abstract. Management of industrial enterprises’ logistical systems is based on application of rather
heterogeneous and not always certain information. Presence of different types of uncertainty in the
complex hierarchical system of industrial enterprises’ logistical management gives grounds for analysis
support of management solutions based on the fuzzy set theory. Use of the fuzzy set theory allows to link
together and adequately consider all the necessary heterogeneous information. In this regard, information
on functioning of the logistical system must be presented in a specific form as membership functions. It is
justified in the article that the tools of the fuzzy set theory can be applied for description of parameters of
the industrial enterprises’ logistical system and justification of decision-taking in the sphere of logistical
management. Within the framework of the system of information and analysis support of industrial
enterprises’ logistical management it is proposed to use tools of problem “determination of the fuzzy set
image” and its variety – “definition of the sub direct fuzzy set image” in order to choose the best variant of
combination of key efficiency indicators of logistical management complying with the present complex of
criteria. Application of the fuzzy set theory also allows to determine fuzzy values of factors, as a result of
which the enterprise’s logistical system has obtained the existing or objective set of features. For analysis
of factors influencing the key efficiency indicators of the industrial enterprise’s logistical management it is
proposed to use tools of problem “definition of the fuzzy set pre-image at a fuzzy binary relation”.

1 Introduction
Development and taking of management decisions in the
logistical management system must be based on obtaining
and processing of specific information messages. The
author has proved that in order to increase efficiency of
the industrial enterprise’s logistical management the
necessary information must be generated and processed
by a special system of information and analysis support of
logistical management [2].
According to the author, the system of information and
analysis support of logistical management must ensure:
selection of a system of key parameters-characteristics of
functioning of the industrial enterprise’s logistical system;
agreement of strategic and tactical objectives of logistical
management with the adopted system of indicators;
 conversion of the selected indicators into a form
necessary for their processing and analysis by the system
of information and analysis support of logistical
management;
 analysis of actual values of parameters-characteristics of
functioning of the industrial enterprise’s logistical system
for their compliance with the system of target criteria;
identification of a potential connection of deviations of
the logistical system’s actual parameters and the
management decisions taken;
*

 analytical check (forecasting) of consequences of the
planned management decisions in the sphere of logistical
management for their compliance with the preset system
of target criteria.
According to the author, the system of information
and analysis support of logistical management is a key
link of interfunctional coordination in the industrial
enterprise management system.

2 Theoretical framework and literature
review
In order to ensure stable development of the logistical
system it must have such system property as homeostasis
[9]. The author believes that the system of information
and analysis support of logistical management
constitutes one of the conditions for achievement of the
homeostasis state by the logistical system ensuring its
adaptability to external and internal disturbances.
Efficient functioning of the industrial enterprise’s
logistical system is maintained on account of entry and
processing of relevant information in its management
system.
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In the author’s concept the system of information and
analysis support of the industrial enterprise’s logistical
achievement of homeostasis by the enterprise’s logistical
system and meant for: measurement of key indicators of
the industrial enterprise’s logistical system; complex
evaluation of logistical management efficiency based on
the criteria entered in the system; monitoring of
consequences of management decisions in the logistical
sphere.
Information and analysis support of the industrial
enterprise’s logistical management is provided by this
system on account of available inverse relationship with
the logistical system of the enterprise itself and the
logistical system of the next level including the industrial
enterprise and its counterparties.
Subject to the author’s methodology, the system of
information and analysis support is a necessary link of
the industrial enterprise’s logistical management, which
obtains the necessary information on the enterprise’s
logistics activity, converts it into a specific form
necessary for analysis, analyses it in terms of
effectiveness and uses the obtained results for evaluation
of efficiency of current management decisions in the
sphere of logistical management and monitoring of
consequences of planned management decisions.
The system of information and analysis support of
the industrial enterprise’s logistical management consists
of: subsystem of formation and evaluation of key
indicators of logistical management, matrix model of
information and analysis support of logistical
management and monitoring of management decisions in
the sphere of logistical management.
The author of this research believes that the
subsystem of formation and evaluation of key indicators
of logistical management must be based on the concept
of balanced scorecard. The offered subsystem of
formation and evaluation of key indicators of logistical
management provides for a transfer from verbally stated
objectives to relevant groups of indicators of logistical
management and indicators themselves. A set of
indicators establishes selection of a certain interpretation
of objective statement from a potential range of these
statements. The indicators, which reflect a specific
objective, are united into relevant groups by objectives.
The analysis conducted by the author of this research has
shown that currently there is no ready set of groups of
key indicators of logistical management and relevant
criteria suitable for application in the author’s system of
information and analysis support of logistical
management.
In the course of the research it has been determined
that in order to increase mobility of initial data collection
and to simplify their analysis for entry in the subsystem
of formation and evaluation of key indicators of the
industrial enterprise’s logistical management it is
necessary to use six groups of key indicators. They,
primarily, include such groups of indicators as financial
indicators, as well as time, expenses, customer
satisfaction and inventories.
It should be also noted that the methodological
approach to creation of a complex of information and
analysis support of the industrial enterprise’s logistical

management is defined as a system contributing to
flow process management offered in the research
assumes application of the sixth group of key indicators,
which contains the author’s logistical indicators
reflecting specificity of the industrial enterprise’s
activities. These indicators reflect the level of
inefficiency of material flow organization at the
considered industrial enterprise.
In several cases, including at carrying out activity in
the sphere of logistics, there appears a need to take
decisions in conditions of lacking complete and certain
(clear) information. For some of such situations classical
mathematics assumes application of the probability
theory. However, fuzziness of some phenomena does not
always have a probabilistic nature. Besides, it is often
impossible to apply the probability theory due to lacking
test data. Use of the probability theory as applied to
uncertain quantities does not give a proper effect,
whereas the source of uncertainty at decision-taking is
not a contingency but fuzziness [2,4,6,13]. In order to
solve this problem it was necessary to introduce a new
definition of uncertainty, and one of such definitions was
provided by the fuzzy set theory offered by Professor of
the University of California Lotfi A. Zadeh [5,20]. His
work “Fuzzy Sets” [20], which appeared in 1965, laid
the basis of the fuzzy set theory and establishment of
intellectual systems able to interact adequately with the
human being.
As opposed to the customary set theory, where there
are only two potential memberships of the subset
element: it can be either a member or not a member of
this subset, in the fuzzy set theory fuzziness is
formalized by introduction of the definition of the degree
of membership of an element in a fuzzy set.
The fuzzy set theory was further developed in the
1980-s, when computer systems using fuzzy control
algorithms started to appear. The fuzzy set theory laid
the basis for building complex process control systems,
as well as found application in home appliances,
diagnostic and other expert systems [7,10,14,15,17-19].
The fuzzy set theory allows to convert expert
estimates in terms of the natural language into the
quantitative form, which allows to simulate economic
entities based on opinions of experts observing these or
similar entities.
Sufficient heterogeneous information is needed for
logistical system management. These are values of
different parameters, their potential variation parameters,
as well as verbal information obtained from experts in
the form of so-called linguistic variables.
Presence of different types of uncertainty in the
complex hierarchical system of industrial enterprises’
logistical management gives grounds for information and
analysis support of management decisions in these
systems based on the fuzzy set theory, which allows to
take justified decisions in view of different types of
uncertainty [1,8,11,16].
Application of the fuzzy set theory allows to link
together and adequately consider all the necessary
heterogeneous information. At the same time, all the
information on functioning of the logistical system and
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objective functions must be presented in a specific form
as membership functions.
The circumstance, that at description of different
systems, including logistical systems, effective values of
their functioning parameters are mostly fuzzy – there is
no actual border between one effective value and other
values close to it, counts in favor of application of the
fuzzy set theory. An insignificant change of the system
parameter usually leads to a small change in efficiency,
therefore, application of the fuzzy subset membership
function better corresponds to a real situation than
application of preset (clear) parameters of logistical
system efficiency.
In several cases at complex system management
there is no need to take a clear decision for each point of
time, whereas expenses on obtaining of information
necessary for this decision and change of system
parameters can exceed the effect obtained from this
management decision. There frequently appears a
situation, when not clear values but the most probable
estimate of these values, as well as their potential change
range can be set for several system parameters.
Conditions and specificity of management problems
generally permit fuzzy decisions. A significant factor of
setting fuzzy conditions and objectives is complexity of
multi-level logistical systems of industrial enterprises
and presence of numerous links between their
subsystems. Setting of clear restrictions and objectives is
actually possible only for simple single-level systems.
In view of the above-mentioned, tools of the fuzzy
set theory can be applied for description of parameters of
the industrial enterprises’ logistical system and lay the
basis of the industrial enterprise’s logistical model and
justification of decision-taking in the sphere of logistical
management. At creation of this model constituting the
nucleus of the author’s system of information and
analysis support of the industrial enterprise’s logistical
management [2], the author has used the concept that
any enterprise being an open logistical system is in the
process of continuous changing. The enterprise’s internal
processes and their interaction (or, at least,
interinfluence) and changing environmental conditions
precondition continuous changes in various parameters
of the enterprise’s activity, including logistical
parameters. Measurement of these parameters reflects
their current values at a certain point of their changes
and is a unique photo recording “floating”, not exactly
clear values of the dynamic process. The author believes
that this uncertainty justifies application of the fuzzy set
theory for study and evaluation of logistical systems.

A. Methods Description

1) Analysis and evaluation of key indicators of the
industrial enterprise’s logistical management efficiency
2) Evaluation and monitoring of management decisions
in the logistical sphere
Let us review, what opportunities are provided by the
fuzzy set theory for solution of the set problems. At
analysis and description of elements of the fuzzy set
theory necessary for conducting of this research the
material presented in [12] was taken as a basis.
In several cases for evaluation of efficiency of any
activity, including logistical management, the set of
criteria and calculation of the integrating efficiency
indicator are used. However, calculation of the
integrating efficiency indicator does not always solve the
problem on evaluation of the logistical system
management optimality degree. In several cases
calculation of the integrating indicator does not give an
answer to the question on optimality of this or that
combination of key parameters of the logistical system.
One and the same value of the complex logistical
management efficiency indicator can be obtained at
different combinations of parameters of the developed
evaluation system. At the same time, specific features of
an individual industrial enterprise result in specificity of
combinations of objective evaluation criteria. The
problem lies is selection of one best combination
complying with the preset complex of criteria out of
several combinations of the logistical system parameters
with close integral values. For such selection within the
framework of the methodology of information and
analysis support of the industrial enterprise’s logistical
management the author proposes to use the tools of
problem “determination of the fuzzy set image at fuzzy
binary relation” and its variety – “determination of the
subdirect fuzzy set image”.
Statement of problem “determination of the fuzzy set
image” can be presented as follows: there are several
economic entities, each of which has a set of specific
properties (features), and there is a criterial set of these
features, in accordance with which the economic entities
are evaluated. After solution of this problem we can find
an economic entity, which has at least one feature from
the criterial set.
Within the framework of this field of research sets of
indicators formed by the subsystem of formation of key
indicators of the industrial enterprise’s logistical
management are used as economic entities [3]. Such sets
consist of a set reflecting the current state of the
logistical system, indicators of past and future (forecast)
periods. The criterial set of features is based on the
requirements to be met by the key indicators of logistical
management converted into fuzzy sets (ratings). After
solution of this problem we can evaluate, which of the
considered sets of ratings has a larger degree of
membership in the criterial set of requirements.

Parameters of the logistical system, which values are
fuzzy sets, are used for reflection of the economic reality
and simulation of the economic entity. Within the
framework of the industrial enterprise’s logistical model
tools of the fuzzy set theory are used for solution of two
tasks:

Let us consider this problem in terms of the fuzzy set
theory. It is necessary to find an image of fuzzy set A
(criterial set of features x) in set Y (economic entities
y), provided that we know fuzzy binary relation R from
set X to set Y (sets of properties (features) of economic
entities). After solution of this problem we find

3 Materials and methods
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membership degree q for each element y in the image of
fuzzy set A at the preset fuzzy binary relation
(presentation) from set X to set Y – R. Values of features
x, binary relations r and membership degree q of element
y in the image of fuzzy set A subject to the laws of the
fuzzy set theory must be within interval [0;1], i.e., the
closer value q to one, the larger degree of compliance of
the complex of the economic entity’s properties with the
preset criterial set of features A.

In general terms, fuzzy set B constituting a
subdirect image of set A can be written as  =  .
In view of the introduced symbols in the matrix form
this problem can be solved as follows:
 , , … ,  

 , , … ,   
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The so-called cut-off operation () can be presented
as follows:
1   
 = 
(5)
  >

where  , , … ,  – degree of membership of
features  , , … ,  in the fuzzy set (criterial set),
which
is
written
as
 = ( | );   ; … (  );
– elements of matrix R (fuzzy binary
 … 
relation from set X to set Y) , which preset fuzzy
values of features  for elements y (economic entities)
of fuzzy set Y ;
 ,  , … ,   degrees of membership of elements
 ,  , … ,  in the image of fuzzy set , which can be
interpreted as a degree of conformity of the complex
of economical entities’ properties with the preset
criterial set of values of these features;
 – number of features ;
 – number of elements y (economic entities);
Solutions of expression (1) in the coordinate form
are
(( ;  ) ; … ( ;  )) = 
……………………………………
 (( ;  ); … ( ;  )) = 





Values of symbols of expression (3) coincide with
the values presented in expression (1). The difference
   
            
becomes clear from recording of expression (3) in the
coordinate form

In general terms, fuzzy set B constituting a direct
image of set A can be written as B = AƇ R.  – selection
symbol (max – min). In the matrix form this problem can
be solved as follows:




Based on the calculation results by formulas (4) we
obtain set B = AR = ( | );   ; …   ,
on the ground of which we can evaluate, which
economic entity y has a larger degree of membership in
the subdirect image of fuzzy set A. Analogously to
determination of the image, the larger value q, the larger
the compliance of the economic entity with the preset
criterial set of features A by the complex of properties.
Within the framework of the matrix model we can also
analyze factors influencing the key efficiency indicators
of the industrial enterprise’s logistical management. For
this purpose, within the framework of the methodology
of information and analysis support of the industrial
enterprise’s logistical management the author proposes
to use tools of problem “determination of the fuzzy set
pre-image at a fuzzy binary relation”.
Statement of problem “determination of the fuzzy set
pre-image” can be presented as follows: there is a set of
factors, which values are unknown, and an economic
entity having a set of specific properties (features), and
there are known cause-and-effect relations between the
factors of influence on the economic entity and the
properties (features) of this entity. Upon solution of this
problem we have to restore fuzzy values of factors, as a
result of which influence the economic entity has
obtained the existing or desirable (target) set of features.
Within the framework of the system of information
and analysis support of logistical management problem
“determination of the fuzzy set pre-image” is
transformed as follows: a) we select a set of factors
significant for logistical management (fuzzy set A), b) we
set in a fuzzy form the degree of influence of the
selected factors on the key efficiency indicators of
logistical management (cause-and-effect relations
between the factors of influence on the economic entity
and the properties (features) of this entity), i.e. in this
case relations of transfer from fuzzy set A to fuzzy set B,
(fuzzy binary relation R of transfer from set X to set Y),
c) we determine current and preset target values of key

(2)

Based on the calculation results by formulas (2) we
obtain set  =    = ( | );   ; … ;   
on the ground of which we can evaluate, which
economic entity y has a larger degree of membership
in the image of fuzzy set A. The larger value q
(potential range of values [0;1]), the larger the
compliance of the economic entity with the preset
criterial set of features A by availability and value of
properties.
Apart from problem “determination of the fuzzy
set image”, for analysis and evaluation of key
efficiency indicators of the industrial enterprise’s
logistical management we can use a variety of this
problem – “determination of the subdirect fuzzy set
image”. The difference is that as a result of solution of
this problem we determine a set of indicators, which
has not one but all the features specified in the
criterial set and which best of all corresponds to this
set by the complex of its properties.
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efficiency indicators of logistical management in the
form of ratings by groups of indicators (set of specific
properties (features) y) (known fuzzy set B). Solution of
this problem results in fuzzy values of factors, under the
influence of which the logistical management system has
obtained the existing or desirable (target) set of
indicators.
Let us consider this problem in terms of the fuzzy set
theory. It is necessary to restore fuzzy set A on the basis
of known fuzzy set ȼ, if we know fuzzy binary relation R
of transfer from set X to set Y , i.e. in this case relations
of transfer of fuzzy set A to fuzzy set ȼThere can exist
the following relations between fuzzy sets ȼand A: B =
A R (determination of -pre-image), B = A  R
(        -pre-image) and B = A  R
       -pre-image) [6]. Selection of this or
that model determines the relevant function of
membership of fuzzy set A and its calculation procedure.
Let us consider calculation of -pre-image. In the
matrix form this problem can be solved as follows:

( ,  , … ,  ) 





…
…



…












Let us consider implementation of the second
function of the matrix model – evaluation and
monitoring of management decisions in the logistical
sphere.
For implementation of this function within the
framework of information and analysis support of the
industrial enterprise’s logistical management it is
proposed to use the tools of problem “fuzzy inference
models”. According to the author, these tools of the
fuzzy set theory can be efficiently used for monitoring of
management decisions in the logistical sphere.
The content of this transfer can be presented as
follows. The inference basis is formed by statement r =
%if a, then b&, which is called implication in classical
logics. In the fuzzy set theory statement r is transformed
into %if A, then B&, where A and B are fuzzy sets
interconnected by fuzzy relation R. This fuzzy relation is
also called implication and denoted by symbol A ' B.
After determination of the specific function of
implication A ' B it becomes possible depending on
input fuzzy set * to build output fuzzy set (effect)
 * = * + (A ' B).
In accordance with the author’s approach the
algorithm of the fuzzy inference model application is
adapted to the sphere of information and analysis support
of logistical management. Logical premise A+ is a
specific set of management actions, each of which has a
different degree of “power” (intensity) preset by the
fuzzy values within range [0,1].
According to the author, such management actions
(X i ) in the sphere of logistical management include:
operating-calendar planning of finished product output;
operating process control;
maintaining of quality standards;
 inventory control and management at all production
stages;
implementation of logistical information systems;
investments in production automation;
 implementation of advanced cost management systems
-costing” or “target costing” or “kaizen costing”);
investments in R&D in the sphere of logistics, etc.
In this case the complex of results of these
management decisions can be presented as effect B+.
The following output parameters of the industrial
enterprise’s logistical system are considered to be results
of these management actions (efforts) (Y i ):
improvement of product quality;
cutting of the production lead time;
performance improvement;
cutting of logistical costs;
inventory minimization (optimization) at all production
stages;
cost reduction;
profit mark-up, etc.
Logistical concept or opinion of a group of experts
must be used as implication A ' B in the form of fuzzy
relation R. This approach allows to make forecasts based
on the opinion of several groups of experts, and
aggregation operation must be used to obtain an overall
conclusion.

= ( ,  , … ,  ) (6)

 ,  , … , 

– fuzzy values of factors, as a
where
result of which influence the logistical management
system has obtained or could have obtained key
efficiency parameters  ,  , … ,  ;
– elements of matrix R in the fuzzy form
 … 
preset the degree of influence of the selected factors p of
the key efficiency indicators of logistical management q.
 ,  , … ,   fuzzy values of key efficiency
parameters of the logistical management system.
degrees of membership of elements  ,  , … ,  in
the image of fuzzy set , which can be interpreted as a
degree of conformity of the complex of the economic
entities’ features with the preset criterial set of values of
these features;
 – number of factors ;
 – number of elements y (key efficiency
parameters);
                 
expression (6) in the coordinate form on the analogy of
expression (4)
((   ); (    ); … (   )) = 
………………………………………………… (7)
((   ); (   ); … (   )) = 
The cut-off operation (), on the analogy with
expression (5) can be presented as follows:
 = 

1 !"#  
 !"# > 

(8)

Based on the calculation results by formulas (7) and
(8) we restore the initial set (- pre-image)
A =BR =  $ ;   ; …    which
after application of fuzzy relation R was transferred to
fuzzy set  = ( | );   ; …   .
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Values  … 2 are determined analogously. Then,
we will obtain fuzzy sets, which determine the result of
the action of the management decision taken

Let us consider in detail the procedure of finding
effect B+ of the complex of management actions A+. In
order to simplify description of the algorithm let us
restrict complex A+ by five potential management
actions, and their result B+ - also by five output
parameters.
Then, the output management decisions will take the
form
of
fuzzy
set * = {( | ); ( | )(- |- )(/ |/ )(2 |2 )} .
Let us assume that for finding of implication A ' B in
the form of fuzzy relation R the opinion of two experts
(group of experts) is used. Their fuzzy sets have the
following form << if 3 , then 3 >>, i= 1,2 and can be
presented as follows

*
=  $
()
*
()
= ( |


2




  = 6 7


2

8

8


22

(10)


2

7 9


22

(11)

Matrix elements are as follows:


=  4 ; 
=  4 ; … ; 22
= 2 42 for matrix
(10) and analogously for matrix (11). The rule of the cutoff operation (), for this variant of comparison can be
presented as follows:



4 = :

1
4

   b
  > 4

(12)

Then, on the basis of matrixes (10), (11) and output
management decision A+ we will build local inferences
* and * . As an inference rule let us take +=.



( ;  ; … ; 2)  6 7
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( ;  ; … ; 2)  6 7


2

8
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2

(13)

7 9= ( ;  ; … ; 2 )

(14)

7 9=

3

);  

<?

; … 2 2
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(16)
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4 Conclusions
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Values  3 and  <? are selected by comparison
of resulting sets q from formulas (13) and (14) for
determination of local inferences.
Fuzzy inference models allow not only to
determine the membership function for effect B of
fuzzy expression A ' B, but also to solve a reverse
problem: by setting fuzzy set B as objective we can
find input set A, as a complex of management actions
in the logistical sphere. In this case the problem is
realized as finding of the pre-image of fuzzy set B
(prime cause of obtaining the base set of key
indicators).
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