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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.
(20106) [3)).
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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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Fig. 3. The general scheme of the algorithm of the proposed fuzzy SWOT analysis

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;
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— aggregation;

— defuzzipication;

— 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
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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):

u(x)=0, x<a;

u(x)=(x—a)/(b—a), a<x<b;

u(x)=(c—x)/(c—b), bx<c;
u(x)=0, x=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):

u(x)=0, x<a;
u(x)=(x—a)/(b—a), a<x<b;
u(x)=1, b<x<c;
n(x)=(d—x)/(d—c), csx<d;
u(x)=0, x=d.

For (b—a)=(d—c) the trapezoidal membership
function takes on a symmetrical appearance.
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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 specibied by three parameters (x°, x™, x°) as follows
[4]:

y=triangle(x; x°; x™; x°),

where in this paper, x?, x™ and x° 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 signibies 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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Table 1
Linguistic description of the strength of the connection
between the input parameters based on the correlation
coefficient

Numerical value of the Binding force au
correlation coefficient & K
Ty almost absent
0< ‘rkj ‘ <0,2 very weak
0,251, | <03 weak
0,3< ‘I‘kj ‘ <0,5 moderate
0,5< ‘rkj ‘ <0,7 average
0,7< ‘I’kj‘ <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 p,,p,,....,Pn —
characteristic, p,;,Pp,---,Pim — target parameter.

Table 2
Table of connectivity options

Pu P Pim

P1 a ap Am
P2 A a» m
JuN ani 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 desine 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.:

ps(X,y)=min{w(X), ue(y)},

where pg(x,y) is the membership function of fuzzy
SWOT matrix and p,(x) and pg(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
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innovation.

As input external factors for SWOT analysis it
is offered to choose [1,2]: upper hand organization
support, cooperator companies, proeitable market,
supply exclusivity, customers’ dissatisfaction,
universities’ capabilities in product designing,
employee’s low paid salary, high price of product,
threats increasing in IT sbreld.

In defuzzification stage, three 6-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 cc; value, each
fuzzy area with greater cc; 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
prosiciency.

At final prioritization stage, the aforementioned
stages are performed and analyzed for three 0 value.
Consequently, the score of strategies with three o
values is resulted. The priority of any strategy varies
according to 6 value. In this stage, the weighted
average for all strategies is calculated as

rqzsaixpi ’

where q; is specibled by strategist and p, is priority of
each strategy depending on «; 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
ineruence 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 difbicult and need
experience.
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HEYITKO-JIOTTYHUI IIAXIT 1O CTPATETTYHOI'O
TUIAHYBAHHA THBECTUIIIIHOT TA IHHOBAIIIMHOT
AKTUBHOCTI IIAITPUEMCTB

M’awun B.I.

Y ecmammi nokazano, wo npakmuuro eci cyuacHi nionpuem-
cmea 6 0anuil 4ac @ c6oill eKOHOMIYHIU QisAbHOCII CIMUKAIOMbCs 3
HeobXiOHicmI0o cmpameeiuHo20 NAAHYBAHHS. 3HAYeHHS cmpameei-
YH020 NAGHYBAHHS 0COOAUBO AKMYANbHO 051 RIONPUEMCME, K NPO-
A64510Mb IHeeCMUYIUHY ma iHHoeayiuHy akmueHicms. Kiacuunui
SWOT ananiz (Strength, Weakness, Opportunity, Threats) € 00-
HUM 3 RPOCMUX NPAKMUYHUX Memodie, AKULl UKOPUCTO8YEMbCS
04151 8UBYEHHS PI3HUX 8U0DI6 PU3UKIE, CIMPAMe2iYH020 NPOCHO3Y8AHHS
PO3BUMKY NIONPUEMCME, Pe2iOHi6 | eKOHOMIMHUX ceKkmopis. Y moil
ace yac euxopucmanus SWOT ananizy 6 iioeo KaacuuHitl Yimkii
ghopmi € Hedocmammubo nputHAMHUM | epekmuHum. Aemop npono-
HYE BUKOPUCIOBY8AMU HeHimKO-A02iMHULL NiOXi0 | meopito HeHimKUux
MHOXCUH 0451 OinbUl A0eKE8AMHO20 YS6AeHHs | OUIHIOBAHHS pe3yab-
mamie SWOT ananizy. 3anpononosano aneopumm newimxoeo SWOT
aHanizy, obrpyHmoganuil eubip yHKuyii HarexcHocmi i dianasou
obaacmell ix eusnayenns. Hageedeno katouoei 6Hympiwini ma 306HiuiHi
YUHHUKU, 00AIK AKUX 0036045€ GuOpamu Haubinbul epexmusHy
cmpameeito iHHosayitinoeo nionpuemcmea. [lodanvuii docaioncents
i3 3aAyHeHHAM PAHJICYB8AHHA cmpamezitl 0036045Mb MAK0dIC NoOy-
dysamu modenab ONMUMANbHO20 nOpmens cmpameeii iIHHO8AUiLI-
HUX nionpuemcms.

Kmoyvogi ciosa: Heuitkuit SWOT aHani3; HediTka KJjiacu-
(ikauist; iIHCTpYMEHTH yNpaBiiHHS; MPOTHO3YBAaHHSI PU3UKIB;
HEeYiTKe MOJEJIOBaHHSI; CTpaTeriuHe MJaHyBaHHSI.

HEYETKO-JIOTMYECKUH ITOAXO K
CTPATETMYECKOMY IINIAHPOBAHUIO
WHBECTULIMOHHON U UHHOBALIMOHHON
AKTUBHOCTHU NPEAITPUATUN

Mawun B.T.

B cmamuve nokaszano, umo npaxmuuecku éce cogpemenHbie
npeonpusmus 6 Hacmosiujee 6pemMs 6 Ceoeli IKOHOMUHECKoU Oesi-
MeAbHOCMU CMAAKUBAIMCS ¢ HeOOX00UMOCHbIO CHIPAMeSUHeCK020
NAGHUPOBAHUS. 3HAUEHUe CIPAMeSUMecK020 NAGHUPOBAHUS 0COOEHHO
AKMYanbHo 045 npeonpusmuil, KoOmopwle NPoAGAIIOM UHBECMULU-
OHHYIO U UHHOBAUUOHHYI0 akmuerHocmb. Kiaccuueckuii SWOT-ana-
aus (Strength, Weakness, Opportunity, Threats) seisemcs 00HUM
U3 NPOCMbIX NPAKMUMECKUX MEM0006, KOMOPbill UCNOAb3Yemcst 045
UBYMEHUS PA3MUYHBIX 8UO08 DUCKO8, CIPAMe2UuecK020 NPOeHO3U-
DOBAHUSL PA3GUMUSL NPEONPUSIMULL, DEUOHO8 U IKOHOMUUECKUX CeK -
mopos. B mo sice epems ucnonvzosanue SWOT ananusza 6 eeo kaac-
cuueckoll ghopme s645emcsi HEOOCMAMOUYHO NPUEMAEMbIM U dPpeK-
MUeHbIM. A6Mop npedaazaem UCNOAb308AMb HEUEMKO-A02UMECKULE
n00X00 U Meopur0 HeYeMKUX MHOMNCeCme 045 0oaee a0eK8amHo2o
npedcmaenenus u oyenku pesyssmamose SWOT anaauza. [lpedno-
JceH aneopumm Heuémroeo SWOT ananuza, obocrosan evl60p GyH-
Kyull npunaonexcHocmu u OUanazoH obaacmu ux onpeoeneHusl.
Tlpusedenvt kawuevle GHympenHUue U GHewHUe BaKmopsl, y4ém
KOmopbix noseoasiem vlopams Haubonee sghhexmuenyio cmpame-
2U UHHOBAUUOHHO20 npednpusmusl. JlarvHeluue uccaedo8anus ¢
npueAeueHUeM PaHICUPOBAHUS CIPame2uli N03604sm MaKice no-
cmpoums MoOeab ONMUMAABHO20 nopmbens cmpameeuti UHHOBA-
YUOHHBIX NPeOnPUSMULL.

KmoueBble ciaoBa: HeuéTkuit SWOT ananmus; HedyeéTKas
KJ1accuUKalst; THCTPYMEHTBI YITPaBJIeHHUs ; TIPOTHO3UPOBaHKE
PUCKOB; HEYETKOE MOJEIMPOBAHME; CTPATETUYECKOE
IJIAHUPOBAHUE.
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