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Previous study of butterfly life-cycle algorithms (BLCA) has been done to construct a novel
algorithm by impersonating the life-cycle of a real butterfly. The algorithm was tested in
measuring the company’s growth performance using a balanced scorecard (BSC) strategic
planning model. This paper is proposed to continue the previous study by expanding the
concept in measuring company growth, not only using BSC but also SWOT analysis as the
strategic planning model and then to develop its application through coding procedure and
more focused to code the assessment of BLCA. Then, we build the application using Java
programming language. As a result, the model could be applied in companies to measure
company’s growth performance by comparing those two strategic planning models.

1 Introduction

Company is an organization that makes money by producing goods
or services. In economics point of view, company growth can be
measured in many ways, such as sales, number of employments, and
asset growth. In a company, age and size of a company are found to
be relevant to a growth determinant. Financial and productivity also
found that it could influence the potential of a company’s growth
[1]]. The importance of knowing company growth may influence the
future for a company, which determines their planning decision to
improve the quality of their company.

There have been many studies that have conducted research
based on natural phenomena. For example, there are ant colony
optimization, artificial bee colony, genetic algorithm, particle swarm
optimization [2f], and butterfly life cycle algorithm (BLCA) 3| 4].
In the previous study of BLCA, butterfly was chosen as one of
the objects to be researched because of its perfect metamorphosis.
Thus, each life-cycle of this butterfly can represent the growth of a
company from start-ups to a mature company. By applying BLCA
to a balanced scorecard (BSC) strategic planning model, the model
is constructed to measure the company growth performance [3} 4]

By analyzing the butterfly life cycle, various algorithms are
constructed. One of those are optimization algorithms for soft com-
puting and localization [} 6]]. There is also a research that creates

an algorithm to measure the company’s growth by impersonating
butterfly life cycles. Assuming the company as butterfly, the five
stages of company (inception, survival, growth, expansion and ma-
turity) are defined as five stages of butterfly life cycle, which are
egg, caterpillar, instar, chrysalis, and butterfly [3} [7], where each
stages have a different parameter that affects the growth.

While the previous study are using BSC to create the parameters,
we conclude that the parameters could be gained from analyzing
the company SWOT. SWOT analysis is a strategic planning model
to help a company or organization to define their strengths, weak-
nesses, opportunities, and threats. This model is usually used as
a qualitative method to analyze the internal and external environ-
ments of an organization. In this paper, we will assume qualitative
outcomes of SWOT analysis to define the setting of quantitative
targets, so we could measure the company’s growth performance by
using the result value of the SWOT analysis model.

Therefore, the contribution of this paper is to continue the previ-
ous study by expanding the concept in measuring company growth,
not only using BSC but also SWOT analysis as the strategic planning
model and then to develop its application through coding procedure
and more focused to code the assessment of BLCA. Testing and
reviewing the result of BSC and SWOT analysis strategic plan-
ning models to measure the company’s growth is also part of this
study. This study is composed of four stages including: literature
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review, algorithm deep analysis, model constructing, and model test-
ing. The details about the stages will be described in the research
methodology section.

2 Literature Study

2.1 Related Works

Constructing algorithms based on natural phenomena has been a
common thing. Algorithms that have been made are applied to solve
real life problems. For example, ant colony optimization (ACO) for
finding path, artificial bee colony (ABC) for swarm intelligence [2].
There is also a study about that inspired by the natural phenomenon
of chameleon’s safeguarding behavior. By observing chameleon’s
nature behavior, the studies produced a novel mechanism to assess
a company resilience potency [8]]. Also, after observing and study-
ing butterfly life cycle, the study is conducted to create butterfly
life-cycle algorithm (BLCA) for performance evaluation [4].

2.2 Butterfly Life Cycle Algorithm (BLCA)

The previous study of BLCA has been done with constructing a
novel algorithm by impersonating the life-cycle of a real butter-
fly. The algorithm was tested in measuring the company’s growth
performance, where all indicator parameters of company growth
performance were analogized from parameters of the constructed
BLCA [3]. BLCA introduces the first 2 steps in butterfly for as-
sessing company performance, where the first step is egg state,
which contains three parameters and neutral conditions. Next step
is caterpillar and instar stage, containing 4 parameters (with neutral
condition) and the quality of egg [4]].

In egg state, egg quality is affected by temperature [9,[10], hu-
midity [10} [11], predator [12] and neutral conditions [4]], which
occur when all parameters are in good condition. The probabilities
for positive condition are 0.20, 0.25, 0.25, 0.30 (neutral, tempera-
ture, humidity, predator). In negative condition, the probabilities are
0, 0.25, 0.25, 0.50 [4]. By using a roulette wheel, it acquires a value
of condition index [13]].

The five stages of company growth are inception, survival,
growth, expansion and maturity [14]. These stages are analogous
to the five stages of the butterfly life cycle (egg, caterpillar, instar,
chrysalis, and butterfly) [3]].

2.3 Balanced Scorecard (BSC)

BSC is a strategic management system that provides basics of busi-
ness vision and strategic plan which contains feedback about both
internal and external business processes. There are four different
perspectives to measure company performance, those are financial,
customer, internal business process, and innovation and learning, as
in Figure 1.

The financial perspective is used to examine the whole company
finance area, customer perspective used to determine sources of the
current company’s market position and examines customer satisfac-
tion, the internal business perspective is used to determine the most
effective action, and the innovation and learning is used to examine
company availability for innovative changes. The goal of BSC is to
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direct, manage, and change in support of the longer-term strategy in
order to manage performance of a company [15].

Financial
Perspective
Internal
Custorner .
. -4—»  Business
Perspective .
Perspective

Innovation and
Learning
Perspective

Figure 1: BSC Perspectives [16]

BSC concept found helpful to listing financial and non-financial
performance measures [[17]. BSC itself is usually used by compa-
nies to measure their business strategy, such as: passenger transport
companies performing at Polish Market [16] and increase the banks
performance in service quality [18]].

2.4 SWOT Analysis

SWOT Analysis is a strategic planning model used to help a person
or organization identify strengths, weaknesses, opportunities, and
threats, as in Figure 2. SWOT analysis is divided into two dimen-
sions of factor: internal factor and external factor. The internal
factors are identified by examining the company environment, while
external factors are identified by examining the elements outside its
environment [|19].

In conducting a SWOT analysis, there are several steps that
must be carried out, those are: data collection, weight distribution,
giving a rating, weight multiplying, score calculation, and analy-
sis [20]. Data collection can be described as a process to search,
identify, and determine each internal and external factors of an orga-
nization. Weight distribution considered as giving weight of each
factor which the more important factor will weigh more. Giving a
rating means, positive rating will be given to strengths and opportu-
nities and negative rating will be given to weaknesses and threats.
Weight multiplying means multiplying each weight to the given rat-
ing. Score calculation will show how an organization should react
to certain factors, both internal and external factors. And last is
analysis, which is the step to analyzing all the internal and external
factors.

The use of SWOT aims to analyze the condition of the company
which later with SWOT can provide the best corporate strategy
design [21]. SWOT analysis can be considered as a growth strategy
that the strategy utilizes the company’s internal strength to get op-
portunities that exist in the external environment in order to increase
the company’s growth.
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Figure 2: SWOT Analysis Diagram [20]

3 Research Methodology

In Figure 3, it can be shown that there are four stages of study to
conduct this research. The basic idea of this research was referring
to the butterfly life cycle algorithm (BLCA) [3} 4] that has been
made before. Through the first stage, the concept of butterfly is
reviewed and several ideas about the method to use is discovered.
In the BLCA research [4]], a balanced scorecard (BSC) is chosen to
be applied as a method to measure company growth. Furthermore,
this research will show comparison between the BSC and SWOT
analysis method that refers to BLCA to measure the company’s
growth.

Research Objectives || | Research 1| Research Methods
| Stages |
Literature Desk based research
To define problems Review I and literature study
To define parameters . -
of BSCand swoT || | A8 T oy eervation
. 1| Deep Analysizs |~
analysis
9 Designing model
To develop BSC and u:isrllgnagsi:)n:n d
SWOT analysis Model Design 8 Vi
constructing model
model basedon | and usine Tava
Bautterfly Life Cycle Construction o ag in
Algorithm _— programming
language
To test the i . Test using dummy
constructed model Il 4 Model Testing input data

Figure 3: Research Methodology Block Diagram

In the algorithm deep analysis stage, the states are divided into
five stages: egg, caterpillar, instar, chrysalis and butterfly [3]. These
stages are illustrated as 5 stages of business growth, which are in-
ception, survival, growth, expansion and maturity [14]. By using
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the BSC and SWOT analysis, the models are formed, where all indi-
cator parameters of company growth performance were analogized
from parameters of the BLCA [3| 4].

In the model design and construction stage, we use Microsoft
Visio Professional 2016 to create the Unified Modeling Language
(UML). By using that tools, class diagram and component diagram
is constructed as the initial stage in constructing the model. Further-
more, the models are developed through coding procedure using
Java programming language.

In the testing stage, dummy data will be employed to test the
model that has been constructed. The dummy data [4] will be
randomized in the system for the testing purpose.

4 Result and Discussion

In this part, through four stages of study, the model for the study is
constructed. The egg’s quality is determined by using equation (1),
where « signifies as egg quality, and @y denotes as egg’s quality
standard p; embodies a roulette-wheel conception for j-th parame-
ter’s effect probability, 6; is an occurrence states for j-th parameters
and n denotes day summation in egg state (should be 4) [4]]. The
formula to calculate accumulate average (AA, for both AA for BSC
in AAgsc and AA for SWOT in AAgwor) are determined using equa-
tions (2) and (3) respectively, where equation (2) used to calculate
using BSC method and equation (3) for SWOT method (those are
one of contributions of this study). In the equations (2) and (3),
F symbolized as finance, C presented as customer, BP defined as
business process, and L signified as learning. We assume finance,
customer and business process as external factors and learning as
internal factor.

The weights of internal and external factor are considered as
equals value. The internal value in BLCA are defined into one
parameter, where external value are defines into three parameters,
which detailed in equation (3).

n X pifipi
@=ay )y “——— ()
i=1 n
F+C+BP+L
Adpsc = () 2)

2(F+C+BP)
<—3 ) + ZL] )

AAswor = [ )

The company growth calculation is starting from egg state,
where the company’s age is below or equals to four years. The
caterpillar state will start when the company’s age is between five
and seventeen years inclusively. These phenomenons are analogized
from life cycle of butterfly’s metamorphosis [3} 4]]. In this paper, we
conduct the company growth calculation only until the caterpillar
state. The pseudo-code of this code procedure can be seen in Algo-
rithm 1. It is a part of whole algorithm to embed two methods BSC
and SWOT into BLCA [34]. It is one of contributions from this
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study.

Algorithm 1: Company Growth Calculation

Result: company performance

Initialize environment;

Calculate accumulate average;

Generate external factor;

Calculate contribution;

Initialize current year = 1;

while current year < 14 do

if current year < 5 then

Initialize i = 0O;

while i < current year do
Add Q for BSC with accumulate average;
Add Q for SWOT with accumulate average;
company performance = Q - contribution;
Increment i;

end

else

Initialize i = O;

while i < current year do
Add Q for BSC with accumulate average;
Add Q for SWOT with accumulate average;
Increment i;

end

Add Q with averageEggQModel;

Divide Q with (current year - 4);

while i < current year do
Q = Q - negative contribution;
Q = Q + positive contribution;
company performance = Q;
Increment i;

end

end
Increment current year;

end

Each environment has four components which are inputted and
initialized in environment class. The components are normalized
into one value by averaging all components. AA of BSC model
are detailed in equation (2) and the SWOT model are detailed in
equation (3). These equations describe two different models that
commonly used to measure the company’s growth, including its
economic strength. In SWOT model, the environments are divided
into two factors (internal and external) [19].

The external factor is generated randomly based on the selec-
tion in the roulette wheel. There are three components which are
involved in the egg stage, those are temperature, humidity, and
predator. However, the neutral condition is able to occur when all
parameters are in good condition. The threshold are detailed in
equations (4).

0.00 < pyes <0.20
0.20 < premp < 0.45
0.45 < ppum < 0.70
0.70 < pprea < 1.00

“)
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Clear design of the application could be seen in the Figure 4 and
Figure 5 as it represents the component diagram and class diagram
of the constructed algorithm. The interface of input dashboard and
output graph of BSC and SWOT analysis calculation result for the
company growth performance are shown in Figure 6 and Figure 7.

<<component>> @ <<component>> gl
Butterfly = Environment

<<component=> (, <<component=> g]
Company @ Perforrmance

Figure 4: Component diagram of the constructed model

Butterfl
e Enviroment
- neutral T
- financial - tnance
- cugtomer
e - businessProcess
- contributionlVeg Ko—
0.* 1.1| -leaming 0.1
- contributionPos
+ teExternalFactor() - aecumulatedivg
s At ate Arcntalat s AT
- cal culateContributiond)
+ setaAllData()
+ getContributionPos() taeth Dt dds
+ getContributionMeg() gethccumulatedive()
[f! J 0.1
Company fnal ogy
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- swol_envs -
+ addEnvs() BalancedScorecard SWOT
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Figure 5: Class diagram of the constructed model

] BLCA to Calculate Company Growth = x

Uplead File:

No Financial Customer Business Process Growth
1.0 0.8999999761581421 |0.800000011920929 |0.800000011920929 |0.8999999761581421
2.0 0.8999999761581421 |0.800000011920929 |0 9071 |0.800000011920929
3.0 0.800000011920929 |0 )79071 |0.8999999761581421 |0.8999999761581421
40 0 )79071 |0 )79071 |0.800000011920929 |0.800000011920929
5.0 0.8999999761581421 |0.8999999761581421 |0.800000011920929 |0.800000011920929

Figure 6: Input Dashboard

Balanced Scorecard swot

==

Figure 7: Output Graph
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Based on Figure 7, the difference of result using BSC and SWOT
analysis may not be noticeable. However the exact value of the re-
sult’s average is different. The average result of BSC is 0.8604 and
SWOT is 0.8558, which the value difference is 0.0046.

5 Conclusion and Further Works

Through four stages of study, two strategic planning models to mea-
sure company growth performance are constructed. Those are BSC
and SWOT analysis models which are represented by butterfly life
cycle. The model are developed through coding procedure to make
an application so users can use it to measure their own company
growth. This paper also expands the conception in measuring com-
pany growth, not only using BSC but also SWOT analysis where
all the parameters are constructed and analogized from butterfly
life-cycle. The result shows that there is a slightly different value
between the two models that has been constructed. The value differ-
ence is 0.0046, which means that BSC and SWOT analysis might
result in a similar value when both of parameters that are used are
the same.

For the improvement of BLCA, the further study should be per-
formed. For example, analyze the butterfly in the next stage for the
growth by reviewing the other references or try making different
parameters for the two strategic planning models, so users can really
see the company growth’s performance from two different strate-
gic planning models. Furthermore, by developing BLCA into other
organizations such as a university’s growth could also be interesting.
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