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Abstract. Soft computing modeling of business planning is considered. Our ultimate aim is to 
provide new proactive and innovative resolutions for designing a soft computing simulation 
tool for learning business planning. In our Learning Business Plan Project we have established 
a theory on business planning which assumes that we should replace the traditional business 
planning with a more creative approach and thus we should focus more on invention and devel-
opment of  business ideas. We have designed a model of five stages according to our theory, 
and we apply soft computing and cognitive maps for our model simulations. In simulation we 
particularly apply linguistic cognitive maps which seem more versatile than the corresponding 
numerical maps. Two modeling examples are also provided.   
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1   Introduction 

This paper considers a novel approach to business planning from the soft computing 
modeling standpoint, in particular, we focus on the processes in which invention and 
innovation are involved when new business ideas are created. Our ultimate aim is to 
provide new proactive and innovative resolutions for designing a soft computing 
simulation tool for learning business planning. Our economical and behavioral-
scientific theories stem from the ideas suggested by [2-4], and according to them, in-
stead of conducting the traditional business planning, we should be more creative and 
flexible as well as we should focus more on invention and development of business 
ideas.  

Our approach, which is studied in our Learning Business Plan Project (LBP Pro-
ject), models the invention of business ideas by combining theories on creativity in 
order to provide a new proactive and innovative resolution for learning business plan-
ning. Our approach also attempts to combine certain relevant philosophical aspects 
and results of the behavioral sciences (more details are provided e.g. in [5]).  

We thus assume that human intelligence is creative and capable of interacting with 
reality, and these assumptions lead us to certain methodological and theoretical 
choices in our model construction. Our models, in turn, are simulated in a computer 
environment by using soft computing methods. In practice we make both concept map 
and cognitive map configurations on the business planning problems of the real 
world, and then we construct the corresponding soft computing models in order to 
simulate our phenomena [1,6,8] (Fig. 1).  
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Fig. 1. The Framework for Our LBP Modeling 

Below we introduce our approach which combines our theories and computer 
simulations. We also provide simplified examples which hopefully illuminate how we 
will proceed in practice. Since more concrete results will be published in the forth-
coming papers,  we at present mainly expect comments and feedback on our approach 
from the scientific community. 

Section 2 briefly introduces the theoretical basis of our project. In Section 3 we 
consider our linguistic approach to cognitive map modeling. Section 4 provides two 
examples, and Section 5 concludes our paper. 

2   Theoretical Basis of the LBP Project 

In [5] a model including five stages for business planning is constructed (Fig. 2). 
First, the business idea is created; second, we develop our idea; third, we evaluate the 
idea by performing certain transformations, financial calculations and feasibility 
analysis; fourth, we have the implementation stage for our idea, and finally, we apply 
various re-evaluation and follow-up procedures. At present we focus on stages one to 
three. 

Hence, we have designed a model which adds action and creativity as essential 
constituents to business planning whereas the previous models have focused on stage 
three. These five stages constitute a complicated network the nodes and interrelation-
ships of which we consider in a computer environment.  
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Fig. 2. Five Principal Stages in Business Planning ((3)-(5) comprise Stage three) 

However, we still lack sufficient knowledge on the dynamics of the five stages 
above, and the available knowledge seems contradictory and confusing. At present we 
focus on the interrelationships between the stages one to three, and hence this prob-
lem area is only studied in this paper. 

Another problem is that all business ideas are not novel, but rather they can be  
imitations of the existing ideas. One reason for this is that the concepts of invention, 
creativity and imitation are quite confusing in entrepreneurship research and their 
analyses has lead to various debates. However, there seems to be a general acceptance 
for the assumption that creativity  and ability to innovations are connected to opportu-
nity recognition in entrepreneurship research. For example,  one definition is that en-
trepreneurial creativity  means the entrepreneur’s recognition of opportunities for de-
velopment and the exploitation of resources. Hence the concepts of creativity and 
recognition of opportunity seem to have almost similar meanings.  

To overcome this confusion we have applied Eijnatten’s ideas on novelty [3]. He 
draws a distinction between individual and collective entrepreneurial novelty with 
improvement. Eijnatten suggests that, first, if we know both the goal and path we can 
only make improvements, second, if either of them is unknown, we renew our prac-
tices, and finally, if both of these aspects are unknown, we can reach the real novelty.  

Eijnatten’s approach enables us to understand how to recognize, create and mimic 
or depict opportunities. We can thus assume that if we know both the path and the 
goal, we can depict our business idea. If we recognize something, it is either the goal 
or path. If we create something, it refers to entities which are still non-existent to us, 
and we encounter unknown goals and paths. We thus have three basic alternatives and 
their different variations, viz. depicting, recognizing and creating opportunities to be 
exploited, as well as various degrees of known or unknown (Fig. 3).  

By connecting the foregoing assumption to our model of learning business plan-
ning means that the more creative is our business idea, the more unknown it is to us.  

Since the role of a client is also crucial to business, we can add this dimension to 
our model. Thus the degree of knowing leads to three zones of innovativeness, viz. 
depiction, recognition and creation in a three-dimensional space which constitutes the 
goal, path and client. In each zone these three dimensions have to be in balance, and  
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Fig. 3. Dynamics of Innovativeness in Business Planning 

thus the creativity of the business idea is dependent upon person’s ability to integrate 
these dimensions. If we provide answers to this process in business planning, we can 
model the dynamics between the five foregoing stages. In Section 4 we provide a 
simulation model of this idea. 

3   Modeling with Soft Computing 

The foregoing theoretical frameworks also presuppose simulation models which are 
good in practice. To date it has been problematic to model these phenomena in a 
computer environment because the conventional quantitative models have been fairly  
complicated whereas qualitative computer modeling as such arouses difficulties. By 
virtue of soft computing, on the other hand, we can construct both usable quantitative 
and qualitative models which also correspond well with human reasoning [6-7,10-11].  

At general level, we apply the modeling depicted in Figure 1. Hence, we first de-
sign configurations by using concept and cognitive maps and these maps include our 
variables and their interrelationships [1,8]. Then we construct computer models which 
base on the idea of cognitive map modeling. 

If (empirical) data on the behavior of a cognitive map is unavailable, we only oper-
ate with a priori cognitive maps, and thus our constructions are only based on our 
theories and expertise, otherwise we can also construct a posteriori maps, and then we 
can apply such methods as statistics (e.g., regression and path analysis), fuzzy sys-
tems, neural networks, Bayesian networks or evolutionary computing [9]. According 
to [9], most cognitive maps are still a priori maps and thus manual work seems to play 
an essential role in this context. However, more automatic or semi-automatic proce-
dures are expected in this area. 

To date numeric cognitive maps have been usual and they provide us a fairly good 
modeling basis as well as they are quite simple systems from the mathematical stand-
point. They also allow us to use feedback or loops in our models, and this feature is 
problematic at least in the Bayesian networks.  
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However, the numeric cognitive maps also arouse some well-known problems. 
First, most of them have been a priori maps. Second, they can only establish mono-
tonic causal interrelationships between the variables. Third, only numerical values 
and interrelationships can be used, and thus they are less user-friendly than the lin-
guistic maps. Fourth, time delays are problematic because some phenomena can take 
place in a short term whereas others can occur in a long term [6].  

The author has suggested that we use appropriate linguistic cognitive maps instead 
in order to resolve most of the foregoing problems [6]. In linguistic maps we use 
fuzzy linguistic variables and we establish the interrelationships between these vari-
ables by using fuzzy linguistic rule sets [6-7,10-11]. Hence, this approach, allows us 
to employ both quantitative and qualitative variables, use more versatile variable val-
ues and interrelationships, apply non-linear and non-monotonic modeling and con-
struct more user-friendly systems. In addition, we can construct a posteriori linguistic 
cognitive maps in an automatic or a semi-automatic manner if we apply statistics and 
neuro-fuzzy systems [6]. 

4   Simple Modeling Examples 

Consider first Eijnatten's model above (Fig. 3). In this context our modeling can base 
on Figure 4 and we thus use three input variables, Path, Goal and Client. These vari-
ables represent the degrees of knowing, and we can assign such values to them as 
known, fairly known, medium, fairly unknown and unknown. The output variable 
represents the degree of creativity, and we assign to it the values depicting, recogniz-
ing and creating. The relationships, which are established with fuzzy rules, are analo-
gous with positive correlation (either linear or non-linear), i.e., the more unknown the 
input situation, the more creative is our business idea and vice versa (if we use the 
scales known - unknown and depicting - recognizing - creative). 

 

Fig. 4. The Modified Eijnatten's Fuzzy Model 

Hence, we operate with such fuzzy rule sets as 
 

1. If path is unknown and goal is unknown and client is unknown, then our 
business idea is creative. 

2. If path is medium and goal is medium and client is medium, then our busi-
ness idea is recognizing. 

3. If path is known and goal is known and client is known, then our business 
idea is depicting. 
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Our inference engine operates with the foregoing rules and appropriate reasoning al-
gorithms, for example, with the Mamdani or Takagi-Sugeno algorithms. 

A more concrete example is the zero-order rule set in Figure 5 which was generated 
by using grid partition method in Matlab's Fuzzy Logic Toolbox. In this case the input 
values of 1 mean fully unknown situation and correspondingly the output value of 1 
means fully creative business idea. In the real world, however, our variables constitute 
networks of variables, and this standpoint is taken into account in our LBP modeling. 

 

Fig. 5. Eight Fuzzy Rules for Eijnatten's Model. Inputs (which can be in any order): 0 = known, 
1 = unknown. Output: 0 = depicting, 1 = creative. 

Our second example considers our application of Eijnatten's chaotic growth of an 
high-tech enteprise [3]. He maintains that the founding of a high-tech start-up may be 
seen as an entrepreneurial process of successfully escaping the known valley ("busi-
ness as usual"), climbing the mountain ("exploring the radical innovation"), and gliding 
into a new unknown valley ("the new business process"). For example, the product of 
service prototype may change or the business focus may change. Hence, coming from 
a relative stable state the enterprise is entering a relative unstable one. It will experi-
ence all kinds of dilemmas and contradictions, and literally "feels" the turbulence.  

One version of Eijnatten's idea is a cognitive map which models the variation in 
sales of a given enterprise when the need for innovations varies more or less ran-
domly or in a "chaotic" manner in a given period of time. We can thus assume that 
whenever our sales is increasing sufficiently, our enterprise meets new challenges 
(e.g. more competition in the markets) and we have to contribute more to innovations, 
otherwise our sales can decrease.  

If we apply the simplified cognitive map in Fig. 6, our sales is dependent upon the 
variation in the needs for innovations (which is determined by various factors in prac-
tice) and our contributions to meet and fill these needs. If we focus on sales, we can 
generate such rules as 

 
1. If the previous sales was fairly small and our contribution to innovations 

is slightly less than the true needs for innovations, then our sales is small. 
2. If the previous sales was fairly large and our contribution to innovations is 

slightly more than the true needs for innovations, then our sales is large. 
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Fig. 7 depicts a corresponding tentative zero-order fuzzy rule set for the output vari-
able Sales which was generated by using the grid technique.  

If we construct fuzzy reasoning systems with linguistic rule bases for each variable 
as well as a meta-level system which applies these systems in simulation, we obtain a 
cognitive map system analogous to the prevailing numerical cognitive maps but in our 
case we can use more versatile interrelationships between the variables. The historical 
curves in Fig. 8 are based on this modeling approach and they show a simulation in 
which our sales is at first fairly small and our contribution to innovations is slightly 
less than the true need for innovations. In addition, our contribution is kept at a con-
stant level. We notice that in this case our policy leads us to a zero-level sales. 

The foregoing simplified examples hopefully illustrate our simulation approach 
with our novel linguistic modeling method. At present, we are constructing cognitive 
maps for the stages one to three, and these results will be presented in the further  
papers. 

 

Fig. 6. An Example of Eijnatten's Chaotic Model 

 

Fig. 7. Tentative Fuzzy Rules for Sales (Inputs: previous sales, contribution to innovations, 
need for innovations. Output: sales) 
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Fig. 8. Historical Curves in the Chaotic Model 

5   Conclusions  

Soft computing aspects of business plan modeling was considered. Our aim is to pro-
vide new proactive and innovative resolutions for designing a soft computing simula-
tion tool for learning business planning. We have suggested two main ideas for this prob-
lem area. First, in our LBP project we have combined creativity to business planning 
and thus succeeded in establishing more usable logical and theoretical grounds for 
further modeling.  

Second, in a computer environment we have applied soft computing and concept 
and cognitive maps to our simulations and tool construction. In this context we are 
applying novel linguistic maps and thus we can construct better models and tools. 
Two modeling examples was also sketched.  

We still have unresolved problems concerning the nature of human behavior in 
business planning as well as in the corresponging simulation designs, and these  is-
sues will be considered in the future studies of the Project.  

Acknowledgements 

We would like to express our gratitude to the Finnish Ministry of Trade and Industry 
as well as to the European Union Social Fund for financing our Project. I also express 
my thanks to the referees. 

References  

1. Axelrod,  R.: Structure of Decision, The Cognitive Maps of Political Elites, Princeton Uni-
versityPress Princeton (1976).  

2. Carrier, C.: Pedagogical challenges in entrepreneurship education, in P. Kyrö and C. Car-
rier (2005): The dynamics of learning entrepreneurship in a crosscultural university con-
text, Entrepreneurship Education Series 2/2005, Hämeenlinna: University of Tampere,  
Research Centre for Vocational and Professional Education.  



 Application of Fuzzy Cognitive Maps to Business Planning Models 127 

3. Eijnatten, Frans M. van: A chaordic lens for understanding entrepreneurship and intrapre-
neurship, In Fayolle, A.. Kyrö, P. & Uljin, J. (Eds.) (2005): Entrepreneurship Research in 
Europe: Perspectives and Outcomes, Cheltenham.  

4. Hindle, Kevin: An Enhanced Paradigm of Entrepreneurial Business Planning. Swinburne 
University of Technology, Swinburne (1997).  

5. Kyrö P. and Niskanen V.A.: Modelling innovativeness and creativity in business planning, 
Proceedings of the KES '06 conference, (2006). 

6. Niskanen, V. A., Fuzzy Linguistic Cognitive-Map Modeling in Human Sciences, submit-
ted to consideration to Fuzzy Sets and Systems, (2006). 

7. Niskanen V. A., Soft Computing Methods in Human Sciences. Springer Verlag Heidelberg 
(2003).  

8. Novak J.: Learning, Creating and Using Knowledge, Concept Maps as Faciliative Tools in 
Schools and Corporations. Lawrence Erlbaum Associates  Mahwah New Jersey (1998).  

9. W. Stach, and al.: Genetic Learning of Fuzzy Cognitive Maps, Fuzzy Sets and Systems 
153 (3) (2005) 371-401. 

10. Zadeh, L.: Fuzzy Logic = Computing with Words, IEEE Transactions on Fuzzy Systems, 
vol. 2, 103-111 (1996).  

11. Zadeh, L.: Toward a Theory of Fuzzy Information Granulation and Its Centrality in Hu-
man Reasoning and Fuzzy Logic, Fuzzy Sets and Systems vol. 90, no. 2,  111-127  (1997). 


	Application of Fuzzy Cognitive Maps to Business Planning Models
	Introduction
	Theoretical Basis of the LBP Project
	Modeling with Soft Computing
	Simple Modeling Examples
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




