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The article shows that almost all modern enterprises currently in their economic activities

are faced with the need for strategic planning. The importance of strategic planning is

especially important for enterprises that show investment and innovation activity. The

classic SWOT analysis (Strength, Weakness, Opportunity, Threats) is one of the simple

practical methods used to study various types of risks, strategic forecasting of the development

of enterprises, regions and economic sectors. At the same time, the use of SWOT analysis

in its classical form is not sufficiently acceptable and effective. The author proposes to use

a fuzzy-logical approach and the theory of fuzzy sets for a more adequate presentation and

evaluation of the results of the SWOT analysis. An algorithm for fuzzy SWOT analysis is

proposed, the choice of membership functions and the range of their definition are justified.

The key internal and external factors are given, the consideration of which allows you to

choose the most effective strategy of an innovative enterprise. Further research involving

the ranking of strategies will also allow us to construct a model of an optimal portfolio of

strategies.
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Formulation of problem
Strategy formulation is the process of developing

long-term goals for an effective management of
environmental factors. The ever severe dynamic
competitive environment has led to increasing
complexity of strategic decision making in giant
organizations. Strategy formulation is one of basic
processes in achieving long range goals. The use of
SWOT analysis in its classical form is not sufficiently
acceptable and effective. Therefore, there was a need
to use a fuzzy-logical approach and the theory of
fuzzy sets for a more adequate presentation and
evaluation of the results of the SWOT-analysis.

Analysis of last researches and publications
Recently a number of publications describing

the use SWOT analysis with elements of fuzzy logic and
fuzzy sets (Zumstein D. (2007) [1], Taghavifard M.T.,
Mahdiraj H.A, Alibakhshi A.M., Zavadskas E.K. and
Bausys R. (2013) [2]). Fuzzy SWOT analysis can be
successfully used to assess and analyze all sorts of
project management tasks (investment, innovation,
development, design and market launch of products,
etc.) (Chernov V., Dorokhov O., Dorokhova L.
(2016) [3]).

Setting objectives and the purpose of the study
The notion of fuzzy theory has been applied in

strategic planning, but to our information, it seems
that there is a high scope for application of fuzzy
sets in SWOT matrix. In this article an algorithm is
presented for rectifying the deficiency and problems
of the fuzzy SWOT matrix through the use of fuzzy
sets. Also the focus of this paper is to construct a
model of an optimal portfolio of strategies of
innovative enterprises.

Presentation of the main material of research
SWOT analysis is the most frequently used

method of strategic analysis and planning in the
theory and practice of strategic management. Until
now, in most cases, SWOT analysis is applied in the
following way: elements or attributes in SWOT are
classified sharply, that is, an attribute is classified
precisely and only for one area (Strength, Weakness,
Opportunity or Threats in Fig. 1).

In fact, in SWOT dominates a «negative-or-
positive» and a «internal-or-external-thinking».
However, it is often inadequate to classify objects
sharply, as Fig. 2 shows: although element 1 and 2
are located nearly at the same position, they sharply
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belong to different, opposite classes: element 2 is
internal and negative, element 1 is external and
positive.

As this example point out: it makes sense to
consider transitions between different classes step
like. With a fuzzy SWOT analysis (Fig. 2), the
classification problem can be avoided, since the
classified elements can be partly internal, external,
positive and negative at the same time.

Algorithm of the proposed fuzzy SWOT analysis
consists of six standard stages as follows (in Fig. 3):

– membership function;

– aggregation;
– defuzziûcation;
– prioritization;
– extracting strategies;
– final prioritization.
There are more than a dozen typical forms of

curves to define membership functions of fuzzy sets:
triangular, trapezoidal, Gaussian, bell–shaped,
sigmoidal, double sigmoidal, the product of two
sigmoidal functions, z–functions, s-functions and
their generalizations. At present, however, in fuzzy
modeling systems due to the logical transparency

Fig. 1. Sharp SWOT matrix
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Fig. 2. Fuzzy SWOT matrix

Fig. 3. The general scheme of the algorithm of the proposed fuzzy SWOT analysis
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and the possibility of obtaining the output results
with the required accuracy, the most widespread are
the triangular and trapezoidal forms of membership
functions (Fig. 4).

These forms of membership functions can be
used to formalize fuzzy gradations of input parameters
in rules.

The triangular membership function is uniquely
defined by three parameters (a, b, c), where a is the
left base of the membership function, b is the center
of the membership function, and C is the right base
of the membership function. Its value at x is
calculated as follows (Fig. 4,a):

(õ)=0, õa;

(õ)=(õ–a)/(b–a), aõb;

(õ)=(c–õ)/(c–b), bõc;

(õ)=0, õa.

For (b–a)=(c–b) we have the case of the
symmetric triangular membership function.

For the trapezoidal membership function, it is
necessary to set the values of its four parameters (a,
b, c, d), where a is the left base of the membership
function, b is the left border of the mode, c is the
right border of the mode, d is the right base of the
membership function. The value of this membership
function at point x is calculated according to the
expression (Fig. 4,b):

(õ)=0, õa;

(õ)=(õ–a)/(b–a), aõb;

(õ)=1, bõc;

(õ)=(d–õ)/(d–c), ñõd;

(õ)=0, õd.

For (b–a)=(d–c) the trapezoidal membership
function takes on a symmetrical appearance.

The type of membership function is optional
but to simplify the computation of the area location
in next stages, we suggest the triangular membership
functions. A “triangular membership functions” can
be speciûed by three parameters (xp, xm, xo) as follows
[4]:

y=triangle(x; xp; xm; xî),

where in this paper, xp, xm and xî are called
pessimistic, probable and optimistic values
respectively.

For each internal factor a suitable membership
function is developed in the range –10 to 10. As
each factor may exhibit two sided meaning, therefore
the negative part shows the weakness and the positive
part of the fuzzy membership function signiûes the
strength of the factor.

As we know, to describe complex objects
requires a large number of parameters-usually dozens
of parameters in the case of economic objects. For
complex economic objects there is a need to split
them into subsystems, each of which has fewer
parameters forming the «input-output» groups. The
set of such groups of parameters fully describes the
complex object chosen for the study.

When grouping parameters, it is important that
the input parameters are not interrelated. On the
contrary, if such parameters are used in the study,
then their impact on the state of the object can be
overestimated. It follows that for each group of
parameters it is advisable, firstly, to rank the input
parameters by the degree of their influence on the
target parameter, and, secondly, to evaluate the
mutual influence of the input parameters in one
group.

To solve this problem, it is possible to use an
expert method, but with the lack of information it is
advisable to involve correlation analysis, which allows
to identify statistically significant relationships
between the parameters.

To simplify the interpretation of the value of
the correlation value of each correlation coefficient
is associated with a corresponding linguistic value of
the coupling strength between the according to Table 1.
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Fig. 4. Triangular (a) and trapezoidal (b) forms of membership functions of fuzzy sets
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Table  1

Linguistic description of the strength of the connection
between the input parameters based on the correlation

coefficient

Numerical value of the 
correlation coefficient 

Binding force akj 

rkj almost absent 

0 kjr <0,2 very weak 

0,2 kjr <0,3 weak 

0,3 kjr <0,5 moderate 

0,5 kjr <0,7 average 

0,7 kjr <1,0 strong 

 
At the next stage of the study, a table of

parameters connectivity is formed (Table 2), on the
basis of which the expert additionally analyzes the
input parameters. In Table 2 p1,p2,…,ðm –
characteristic, pt1,pt2,…,ptm – target parameter.

Table  2

Table of connectivity options

pt1 pt2 … ptm  

p1 a11 a12 … a1m 

p2 a21 a22 … a2m 

… … … … … 

pN aN1 aN2 … aNm 

 

To extract strategies on the basis of internal
and external factors, it is necessary to aggregate the
membership functions of the factors at aggregation
stage. In this regard, we deûne a three dimensional
surface based on the membership functions of internal
and external factors. This is applicable using a suitable
t-norm such as min operator. Each point of this
surface in SWOT matrix is derived from the
intersection of membership functions of relative
external and internal factors i.e.:

S(x,y)=min{I(x), E(y)},

where S(x,y) is the membership function of fuzzy
SWOT matrix and I(x) and E(y) are the member
ship function for internal and external factors
respectively.

As input internal factors for SWOT analysis it
is offered to choose [1,2]: great and effective
relationship, great team work culture, great liquidity,
delay in product designing, employees low level
motivation, insufficient publicity, imperfective
processes, inexperienced managers, imperfective
planning, human resource shortcomings, human
resource shortcomings in required technologies, job
stress, imperfective organizing, low creativity and

innovation.
As input external factors for SWOT analysis it

is offered to choose [1,2]: upper hand organization
support, cooperator companies, proûtable market,
supply exclusivity, customers’ dissatisfaction,
universities’ capabilities in product designing,
employee’s low paid salary, high price of product,
threats increasing in IT ûeld.

In defuzzification stage, three á-cut surfaces
parallel to SWOT matrix plane are defined for cutting
the aggregated surface resulted in previous stage. The
value of each of the three surfaces is between 0 and
1 and depends on experience of strategist.

Prioritization is done based on ccj value, each
fuzzy area with greater ccj has higher priority.

Every fuzzy area is the aggregation result of
two internal and external factors and can result in
strategy if the two factors are related together.
Extracted strategy should be based on SWOT matrix
quadrant. If the fuzzy area is two or four quadrant,
the extracted strategy should be based on quadrant
including greater part of the fuzzy area, if extracting
strategy is not possible, strategy should be based on
the smaller part of fuzzy area.

Extracted strategies can be [1,2]: monopolizing
the designing and supplying products, mobile based
products and services development, out sourcing
design of products to universities, assigning the
company as exclusive reference of designing and
supplying the products, acquiring small and hi-tech
companies, redesigning processes to improve
company agility, out sourcing designing and
producing to small companies, changing current
organizational structure to horizontal structure,
instituting suppliers evaluation system, instituting
innovation and creativity framework, changing after-
sale services structure to improve speed and quality
of services, holding management skills instruction
courses for managers, holding annual fairs, improving
employees’ salary structure, Improving employees’
welfare measures, employing elites with required
proûciency.

At final prioritization stage, the aforementioned
stages are performed and analyzed for three á value.
Consequently, the score of strategies with three 
values is resulted. The priority of any strategy varies
according to á value. In this stage, the weighted
average for all strategies is calculated as

r=Sipi ,

where i is speciûed by strategist and pi is priority of
each strategy depending on i values. Final
prioritization is based on r value. Strategy with
smaller r value has higher priority.

Conclusions and recommendations for further
research

In this article some of the weaknesses of the
SWOT matrix are pointed out and efforts were made
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to solve them using the fuzzy evaluations. The major
approach of the presented algorithm was that in most
cases the internal and external factors can not be
fully recognized as positive or negative, because their
impact on the organization could be observed within
a wide spread which may include both positive and
negative effects.

On the other case, the aggregation of internal
and external factors which leads to extract a strategy
in a usual matrix would depend on the intensity and
inûuence of the factors in proposed algorithm.
However, these fuzzy membership functions and the
extracted strategies can be well prioritized and it
may be possible to concentrate upon strategies with
higher priority in implementation stage.

Fuzzy theory can convert quantitative to
membership function in addition to qualitative factors
and has recognized methods for this propose. Amount
of necessary calculations is almost high like most of
other fuzzy techniques. Selecting pair of factors that
lead to meaningful strategies is difûcult and need
experience.
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ÍÅ×²ÒÊÎ-ËÎÃ²×ÍÈÉ Ï²ÄÕ²Ä ÄÎ ÑÒÐÀÒÅÃ²×ÍÎÃÎ
ÏËÀÍÓÂÀÍÍß ²ÍÂÅÑÒÈÖ²ÉÍÎ¯ ÒÀ ²ÍÍÎÂÀÖ²ÉÍÎ¯
ÀÊÒÈÂÍÎÑÒ² Ï²ÄÏÐÈªÌÑÒÂ

Ì’ÿ÷èí Â.Ã.

Ó ñòàòò³ ïîêàçàíî, ùî ïðàêòè÷íî âñ³ ñó÷àñí³ ï³äïðèºì-
ñòâà â äàíèé ÷àñ â ñâî¿é åêîíîì³÷í³é ä³ÿëüíîñò³ ñòèêàþòüñÿ ç
íåîáõ³äí³ñòþ ñòðàòåã³÷íîãî ïëàíóâàííÿ. Çíà÷åííÿ ñòðàòåã³-
÷íîãî ïëàíóâàííÿ îñîáëèâî àêòóàëüíî äëÿ ï³äïðèºìñòâ, ÿê³ ïðî-
ÿâëÿþòü ³íâåñòèö³éíó òà ³ííîâàö³éíó àêòèâí³ñòü. Êëàñè÷íèé
SWOT àíàë³ç (Strength, Weakness, Opportunity, Threats) º îä-
íèì ç ïðîñòèõ ïðàêòè÷íèõ ìåòîä³â, ÿêèé âèêîðèñòîâóºòüñÿ
äëÿ âèâ÷åííÿ ð³çíèõ âèä³â ðèçèê³â, ñòðàòåã³÷íîãî ïðîãíîçóâàííÿ
ðîçâèòêó ï³äïðèºìñòâ, ðåã³îí³â ³ åêîíîì³÷íèõ ñåêòîð³â. Ó òîé
æå ÷àñ âèêîðèñòàííÿ SWOT àíàë³çó â éîãî êëàñè÷í³é ÷³òê³é
ôîðì³ º íåäîñòàòíüî ïðèéíÿòíèì ³ åôåêòèâíèì. Àâòîð ïðîïî-
íóº âèêîðèñòîâóâàòè íå÷³òêî-ëîã³÷íèé ï³äõ³ä ³ òåîð³þ íå÷³òêèõ
ìíîæèí äëÿ á³ëüø àäåêâàòíîãî óÿâëåííÿ ³ îö³íþâàííÿ ðåçóëü-
òàò³â SWOT àíàë³çó. Çàïðîïîíîâàíî àëãîðèòì íå÷³òêîãî SWOT
àíàë³çó, îá´ðóíòîâàíèé âèá³ð ôóíêö³é íàëåæíîñò³ ³ ä³àïàçîí
îáëàñòåé ¿õ âèçíà÷åííÿ. Íàâåäåíî êëþ÷îâ³ âíóòð³øí³ òà çîâí³øí³
÷èííèêè, îáë³ê ÿêèõ äîçâîëÿº âèáðàòè íàéá³ëüø åôåêòèâíó
ñòðàòåã³þ ³ííîâàö³éíîãî ï³äïðèºìñòâà. Ïîäàëüø³ äîñë³äæåííÿ
³ç çàëó÷åííÿì ðàíæóâàííÿ ñòðàòåã³é äîçâîëÿòü òàêîæ ïîáó-
äóâàòè ìîäåëü îïòèìàëüíîãî ïîðòôåëÿ ñòðàòåã³é ³ííîâàö³é-
íèõ ï³äïðèºìñòâ.

Êëþ÷îâ³ ñëîâà: íå÷³òêèé SWOT àíàë³ç; íå÷³òêà êëàñè-
ô³êàö³ÿ; ³íñòðóìåíòè óïðàâë³ííÿ; ïðîãíîçóâàííÿ ðèçèê³â;
íå÷³òêå ìîäåëþâàííÿ; ñòðàòåã³÷íå ïëàíóâàííÿ.

ÍÅ×¨ÒÊÎ-ËÎÃÈ×ÅÑÊÈÉ ÏÎÄÕÎÄ Ê
ÑÒÐÀÒÅÃÈ×ÅÑÊÎÌÓ ÏËÀÍÈÐÎÂÀÍÈÞ
ÈÍÂÅÑÒÈÖÈÎÍÍÎÉ È ÈÍÍÎÂÀÖÈÎÍÍÎÉ
ÀÊÒÈÂÍÎÑÒÈ ÏÐÅÄÏÐÈßÒÈÉ

Ìÿ÷èí Â.Ã.

Â ñòàòüå ïîêàçàíî, ÷òî ïðàêòè÷åñêè âñå ñîâðåìåííûå
ïðåäïðèÿòèÿ â íàñòîÿùåå âðåìÿ â ñâîåé ýêîíîìè÷åñêîé äåÿ-
òåëüíîñòè ñòàëêèâàþòñÿ ñ íåîáõîäèìîñòüþ ñòðàòåãè÷åñêîãî
ïëàíèðîâàíèÿ. Çíà÷åíèå ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ îñîáåííî
àêòóàëüíî äëÿ ïðåäïðèÿòèé, êîòîðûå ïðîÿâëÿþò èíâåñòèöè-
îííóþ è èííîâàöèîííóþ àêòèâíîñòü. Êëàññè÷åñêèé SWOT-àíà-
ëèç (Strength, Weakness, Opportunity, Threats) ÿâëÿåòñÿ îäíèì
èç ïðîñòûõ ïðàêòè÷åñêèõ ìåòîäîâ, êîòîðûé èñïîëüçóåòñÿ äëÿ
èçó÷åíèÿ ðàçëè÷íûõ âèäîâ ðèñêîâ, ñòðàòåãè÷åñêîãî ïðîãíîçè-
ðîâàíèÿ ðàçâèòèÿ ïðåäïðèÿòèé, ðåãèîíîâ è ýêîíîìè÷åñêèõ ñåê-
òîðîâ. Â òî æå âðåìÿ èñïîëüçîâàíèå SWOT àíàëèçà â åãî êëàñ-
ñè÷åñêîé ôîðìå ÿâëÿåòñÿ íåäîñòàòî÷íî ïðèåìëåìûì è ýôôåê-
òèâíûì. Àâòîð ïðåäëàãàåò èñïîëüçîâàòü íå÷¸òêî-ëîãè÷åñêèé
ïîäõîä è òåîðèþ íå÷¸òêèõ ìíîæåñòâ äëÿ áîëåå àäåêâàòíîãî
ïðåäñòàâëåíèÿ è îöåíêè ðåçóëüòàòîâ SWOT àíàëèçà. Ïðåäëî-
æåí àëãîðèòì íå÷¸òêîãî SWOT àíàëèçà, îáîñíîâàí âûáîð ôóí-
êöèé ïðèíàäëåæíîñòè è äèàïàçîí îáëàñòè èõ îïðåäåëåíèÿ.
Ïðèâåäåíû êëþ÷åâûå âíóòðåííèå è âíåøíèå ôàêòîðû, ó÷¸ò
êîòîðûõ ïîçâîëÿåò âûáðàòü íàèáîëåå ýôôåêòèâíóþ ñòðàòå-
ãèþ èííîâàöèîííîãî ïðåäïðèÿòèÿ. Äàëüíåéøèå èññëåäîâàíèÿ ñ
ïðèâëå÷åíèåì ðàíæèðîâàíèÿ ñòðàòåãèé ïîçâîëÿò òàêæå ïî-
ñòðîèòü ìîäåëü îïòèìàëüíîãî ïîðòôåëÿ ñòðàòåãèé èííîâà-
öèîííûõ ïðåäïðèÿòèé.

Êëþ÷åâûå ñëîâà: íå÷¸òêèé SWOT àíàëèç; íå÷¸òêàÿ
êëàññèôèêàöèÿ; èíñòðóìåíòû óïðàâëåíèÿ; ïðîãíîçèðîâàíèå
ðèñêîâ; íå÷¸òêîå ìîäåëèðîâàíèå; ñòðàòåãè÷åñêîå
ïëàíèðîâàíèå.


