
University of Helsinki

Faculty of Social Sciences

Economics

Risto Karinkanta

System Dynamic Simulation
of Pricing

Pro Gradu

Helsinki 2.5.2016

Supervisor: Professor Klaus Kultti



Tiedekunta/Osasto  Fakultet/Sektion – Faculty
Valtiotieteellinen tiedekunta

Laitos/Institution– Department
Politiikan ja talouden tutkimuksen laitos

Tekijä/Författare – Author
Risto Karinkanta 
Työn nimi / Arbetets titel – Title
System Dynamic Simulation of Pricing
Oppiaine /Läroämne – Subject
Taloustiede
Työn laji/Arbetets art – Level
Pro Gradu 

Aika/Datum – Month and year
 2.5.2016

Sivumäärä/ Sidoantal – 
Number of pages
 56

Tiivistelmä/Referat – Abstract

Klassisessa mielessä hinnoittelu on tärkein yksittäinen ajava tekijä kuluttajien valinnalle. Säätämällä hinnoittelustrategiaansa 
voi yritys hakea tuotteelleen sellaisen aseman, joka maksimoi sen voiton. Tässä työssä keskitytään defensiiviseen 
hinnoitteluun, jossa olemassa oleva yritys kohtaa uutta kilpailua markkinoilla. Kilpailijat tuovat markkinoille uuden tuotteen, 
joka on laadultaan matalampi, mutta hinnaltaan alhaisempi. Olemassa olevan yrityksen tulee valita strategiakseen joko 
hintatason alentaminen säilyttääkseen markkinaosuutensa tai vstaavasti hintapreemion säilyttämisen, jolloin asiakaskuntaa 
menetetään. Työssä esitellään systeemidynaaminen malli, jolla markkinoiden kehitystä seurataan ja mallin toimintaa 
tarkastellaan arvioiduilla parametreilla.

Mallin teoreettinen tausta perustuu Bassin diffuusiomalliin, jota käytetää innovaatiodiffuusion simulointiin. Tässä työssä 
käytämme mallia ja sen matemaattista viitekehystä simuloidaksemme matalamman hintatason diffuusiota markkinoille. 
Bassin mallin mukaan kun yhä laajempi joukko uusia kuluttajia siirtyy käyttämään uutta tuotetta, kiihtyy tuotteen adaptaatio 
yhä laajemmille kuluttajajoukoille. Lopulta merkittävä enemmistö kuluttajista siirtyy käyttämään uutta tuotetta.

Työtä varten kehitettiin kompleksi systeemidynaaminen malli, joka ottaa huomioon kuluttajien hintapreferenssit, arvioidut 
hintapreemiot korkeampilaatuiselle tuotteelle sekä Bassin mallin mukaiset sisäisen ja ulkoisen vaikutuksen parametrit. Malli 
tuottaa uskottavia estimaatteja hinnoittelulle käyttämällä työtä varten valikoituja kuvitteellisia, mutta uskottavia parametreja.

Avainsanat – Nyckelord – Keywords
Hinnoittelu, simulaatio, systeemidynamiikka, strategia 
Säilytyspaikka – Förvaringställe – Where deposited
 
Muita tietoja – Övriga uppgifter – Additional information



Tiedekunta/Osasto  Fakultet/Sektion – Faculty
 Faculty of Social Sciences

Laitos/Institution– Department
Department of Political and Economic Studies

Tekijä/Författare – Author
Risto Karinkanta 
Työn nimi / Arbetets titel – Title
System Dynamic Simulation of Pricing
Oppiaine /Läroämne – Subject
Economics
Työn laji/Arbetets art – Level
Pro Gradu 

Aika/Datum – Month and year
 2.5.2016

Sivumäärä/ Sidoantal – 
Number of pages
 56

Tiivistelmä/Referat – Abstract

In a classical sense pricing is the most important preference driver for consumer choice. By adjusting the pricing strategy of a 
product a company seeks to position itself such that it maximises its profits. In this work we study a defensive case, where an 
incumbent company faces new competition in the markets. Competitors bring in new products with inferior quality but lower price. 
The incumbent company must face a decision between deteriorating the price and maintaining customers or maintaining the 
current price premium, but losing customers. In the study we will introduce a system dynamical model to simulate market 
development and demonstrate its operation with approximated parameters.

The theoretical background lies in the Bass diffusion model, which is used to simulate diffusion of innovations. In this work we will 
use the model and its mathematical framework to simulate diffusion of lower price level to the markets. The Bass model states 
that as the number of new consumers for product accumulates, the pace at which which even more people adapt to the new 
product increases. Finally the vast majority of the consumers are adapted to the new product.

A complex system dynamical model was developed which takes into consideration consumer price preferences, considered price 
premium for superior product and strength of internal and external effect of the Bass model. The model produces reasonable 
estimates for pricing with the used imaginary but reasonable parameters.

Avainsanat – Nyckelord – Keywords
 Pricing, simulation, system dynamics, strategy
Säilytyspaikka – Förvaringställe – Where deposited
 
Muita tietoja – Övriga uppgifter – Additional information





Preface

This work was written in a fast pace, but by taking all the conditions in the

consideration, I would say the quality is rather high. I hope that my university

will receive its well earned financing from the government – I have been given

quite enough time to spend in the university! I wish well for my alma mater and

everyone who has supported my studies.

in Helsinki 2.5.2016,

Risto Karinkanta

i



CONTENTS CONTENTS

Contents

1 Introduction 1

2 Study Goals 3

3 Equilibrium Models 4

3.1 Cournot and Bertrand Competition Model . . . . . . . . . . . . . 4

3.2 Bertrand Competition Model . . . . . . . . . . . . . . . . . . . . 5

3.3 Competition with Differentiated Products . . . . . . . . . . . . . 6

3.4 Model Comparison . . . . . . . . . . . . . . . . . . . . . . . . . . 8

4 Qualitative Pricing Models 8

4.1 Cost-Plus Pricing . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.2 Value-Based Pricing . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.3 Market-Based Pricing . . . . . . . . . . . . . . . . . . . . . . . . . 10

5 Dynamic Factors of Pricing 11

5.1 Diffusion of Products . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.2 Bass Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

5.3 Decision variables . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

6 Review of the Dynamic Pricing Models 15

7 Diffusion Model 24

7.1 System Dynamic Modeling . . . . . . . . . . . . . . . . . . . . . . 24

7.1.1 Basics of TRUE-software . . . . . . . . . . . . . . . . . . . 28

7.2 Operating Model . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

7.2.1 Technical Description . . . . . . . . . . . . . . . . . . . . . 32

ii



CONTENTS CONTENTS

8 Analysis 38

8.1 Model parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

8.2 Simulation strategies . . . . . . . . . . . . . . . . . . . . . . . . . 39

8.3 Simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

8.3.1 General observations . . . . . . . . . . . . . . . . . . . . . 39

8.3.2 Constant premium . . . . . . . . . . . . . . . . . . . . . . 45

8.3.3 Decreasing premium . . . . . . . . . . . . . . . . . . . . . 46

8.3.4 Market share adjusted premium . . . . . . . . . . . . . . . 47

8.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

9 Conclusions and discussion 50

References

iii





1 INTRODUCTION

1 Introduction

In a classical sense pricing is the most important preference driver for consumer

choice. Hence it is also the most important strategic choice for supplying compa-

nies. By using different pricing strategies a company may seek different positions

in the market. With normal goods the amount demanded is decreasing as the

price level increases, but in practice the elasticity of demand is dependent on the

consumer preferences. If products supplied by companies are not homogeneous,

analysis is more complex as the differences in demand toward different products

may be caused by either qualitative or price-related differences.

In practice most products have qualitative differences that affect consumer de-

mand. In a strategic sense companies seek different positions by adjusting their

products’ price levels or by seeking qualitative difference and creating differen-

tiation to competitors. Porter (1980) among others has described four basic

strategies (figure 1) that companies may place themselves in. In a four-square

the dimensions are choice between low cost or high product differentiation and

choice between wider or narrower product offering.

Figure 1: Basic strategies by Porter (Porter, 1980).
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1 INTRODUCTION

Bowman and Faulkner (1997) have continued this thinking by creating Bowman’s

strategy clock (figure 2), where a companies may position themselves in eight basic

configurations by offering consumer either price or quality premium – or both. It

is to be noted that in the quadrants 6-8 the company is in a very difficult position

and the position can be maintained only in a monopoly situation.

Figure 2: Bowman’s strategy clock (Bowman ja Faulkner, 1997).

Hence in all strategic games related to market shares the case is ultimately about

the price-quality position a company wants to seek. It is also noteworthy to

notice that positions are never static – consumer purchasing power and preferences

may vary causing change or technological development and new innovations may

hinder the quality premium position selected by the company. If a company in a

quality premium position does not want to, or cannot, maintain its lead position

other companies start to reach the company and impair its premium with new

innovations. In the end the company must make decisions between maintaining

current market share or price level. This leads into an interesting situation, where

a company must balance its price level to maximize its profits. In this work we

study this kind of situation against a theoretical framework.

Dynamic markets, where new companies challenge and occasionally replace in-

cumbent companies was described as creative destruction by Schumpeter (1942).

Creative destruction means a process, where new, higher-quality, cheaper or oth-

erwise superior products eventually capture the market. This is in the core of
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market economics. It is extremely motivating to study a subject that tries to

grasp into processes behind the very essence of capitalism.

Next we will start defining the scope and goal of this study.

2 Study Goals

In this work we focus on Business-to-Business (B2B) sales, where both the suppli-

ers and the consumers are professionals and have capability to estimate products

and their properties openly and critically. We study a case, where company has

selected a quality premium positions, which it cannot maintain in the long run.

New companies will enter markets and detoriate the excess profits. The position

will generate initially superior profitability, but the quantity sold will decrease in

time. In the long run the market will find an equilibrium, but it is not trivial

how long ”the long run” is – if it takes years for an equilibrium to be formed, it

might be worthwhile to skim the superior profits while the position lasts. Thus

our goal is to study how long it takes to reach an equilibrium and to study what

kind of price position will maximize the profits – is it more profitable to skim

excess profits quickly and to lose markets to competitors, or is lowering prices

and slowing down customer base losses a better strategy.

We will split the work to three essential parts:

1. Theoretical framework: addressing the basic theory of equilibrium and dif-

fusion models

2. Model description: creating a simulation model based on the theory

3. Analysis: studying the results of the model

We will demonstrate that multiple possible decision variables exist for companies

making strategic decisions. Some of them will be shortly introduced, but this

work will focus on effects of pricing decisions. Thus for example effect of adver-

tising efforts are ruled out from this study. The main tool used in this fork is a

diffusion model. Multiple other tools may exist, such as complex game theoretical

frameworks, but these are ruled out of the focus of the work. In this work we will

demonstrate a single, usable software tool to simulate effects of pricing.

We begin our work by studying theoretical frameworks for classic equilibrium

models.
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3 EQUILIBRIUM MODELS

3 Equilibrium Models

We begin the theoretical review by studying classic equilibrium models of pricing.

With these models one may study the end equilibrium of specified scenarios. The

most known duopolistic and oligopolistic competitive market models are devel-

oped by Cournot (1838) and Bertrand (1883). These were furthermore developed

into Bertrand-Edgeworth model (Edgeworth, 1925).

Models are well used and are suitable for analysis of multiple competitive situ-

ations. Hence a review of these models is relevant for this study, although they

cannot analyze the pricing dynamics as such, only the stable equilibrium.

We will discuss these equilibrium models with identical and differentiated prod-

ucts according to Nixon (2001).

3.1 Cournot and Bertrand Competition Model

We will begin studying Cournot model (1838) in a simple, duopolistic case of two

suppliers. We can construct an equilibrium price between two companies with

homogeneous products as

P = 1−
n∑
i=1

qi, (1)

where qi indicates the quantity supplied for company i and P indicates the de-

mand function. The marginal production cost c as a function of production is

defined as

c(qi) = cqi. (2)

The profit πi for company i is

πi(q1, q2, . . . , qn) = qi(1−
n∑
j=1

qj)− cq1

= qi − q2i − qi
∑
j 6=i

qj − cqi.
(3)

Here each company i considers production of other companies j as fixed. Hence

we can solve optimal solution for i as
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3 EQUILIBRIUM MODELS 3.2 Bertrand Competition Model

∂πi
∂qi

= 1− 2qi −
∑
j 6=i

qj − c = 0, (4)

which can be solved as

qi =
1−

∑
j 6=i qj − c
2

. (5)

As we assume that every company i has rational and identical behaviour, we can

solve the optimal q∗ with n companies as

q∗ = qc =
1− c
n+ 1

, (6)

where qc is the Cournot-Nash equilibrium. Equilibrium price will be

pc =
1

n+ 1
+

n

n+ 1
c. (7)

We can see that as n increases, the price pc lowers proposing that increased

competition decreases equilibrium price.

3.2 Bertrand Competition Model

Bertrand (1883) criticized the Cournot model for focusing on supply quantities,

not the price. In the Cournot model the determining factor is the quantity, but

Bertrand wanted to seek a model for using price as the strategic choice of the

companies. In the Cournot model the single market price is the result of the

model, not the driving variable. The Bertrand model lets each company set its

price level and the output is dependent on this.

The result of Bertrand is that if the marginal cost c of all companies is equal, all

companies i will set their price to

pi = c. (8)

The rationale behind this is that if a single company would set their price level

higher than their competitors, they would lose all the market share. Hence the

company must lower its cost to the competitors level and companies will have a
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single equilibrium, as other companies have always the incentive to set a lower

price level. However, the price level cannot be lower than the marginal cost c,

as otherwise the company would make deficit. Hence the production will be set

to a such level that all companies have the same price at the marginal cost level.

This result is not changed for any number of companies N > 1.

Thus the difference in this framework is that in the Bertrand model the price

level will be set first and the production quantity will be derived from this. The

model is technically rather simple due to assumptions of constant and equivalent

marginal costs and assumption of similar products. Next we will study the case

of differentiated products.

3.3 Competition with Differentiated Products

Models described in the previous chapters assumed homogeneous products. This

assumption limits modeling. We will change our model such that we have two

differentiated products and the quantity supplied will be

q1 = 1− p1 + αp2

q2 = 1− p2 + αp1,
(9)

where α implies the correlation between two prices such that for positive values

products are substitutes and for negative complementary products. We can shove

this as

p1 = ao − a1q1 − a2q2
p2 = ao − a1q2 − a2q1,

(10)

where

a0 =
1 + α

1− α2

a1 =
1

1− α2

a2 =
α

1− α2
.

(11)

Now we can demonstrate the payoff function as
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πi = qi((a0 − a1q1 − a2q2)− c), (12)

which can be solved as

∂πi
∂qi

= a0 − 2a1q1 − a2q2 − c = 0

q1 =
a0 − c− a2q2

2a1
.

(13)

We still assume identical companies that yield in symmetric equilibrium such that

q1 = q2 = qc, (14)

where qc is the Cournot equilibrium output. This solves as

qc =
a0 − c

2a1 + a2
=

1 + α− c(1− α2)

2 + α
(15)

with resulting price

pc =
1 + c(1− α)

(2 + α)(1− α)
=

1
(1−α) + c

2 + α
. (16)

For Bertrand equilibrium we define company profits as

πi = pi(1− p1 + αp2)− c(1− p1 + αp2), (17)

which can be maximized by

∂πi
∂pi

= 1− 2p1 + αp+ c = 0

p1 =
1 + c+ αp2

2
.

(18)

For symmetric equilibrium we have once again

p1 = p2 = pb, (19)

7
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where pb is the Bertrand equilibrium price. This yields for price as

pb =
1 + c

2− α
(20)

and for output

qb =
1− c(1− α)

2− α
. (21)

3.4 Model Comparison

In general both the Bertrand and Cournot model are both suitable frameworks,

but for different kinds of markets. Generally, if production quantity and prices

are easily adjusted, the Bertrand model may be more efficient tool. In the other

hand in an auction-based market Cournot framework may be more efficient. In

the Bertrand framework companies set prices and start production. Thus, prices

are fixed while output is perfectly flexible. In the Cournot framework, outputs

are fixed while the price is flexible in the sense that it clears the market. Thus

the choice between the two frameworks are dependent on the relative flexibility

of price and production in the market.

From the described models we can see that with differentiated products applies

1 + c

2− α
<

1
(1−α) + c

2 + α
, (22)

if α > 0. This means that the Bertrand competition will be more competitive

and prices will be lower.

Next we will move from quantitative equilibrium to qualitative pricing models

to widen our understanding of basic pricing strategies from the microeconomic

perspective.

4 Qualitative Pricing Models

Classic equilibrium models described in the previous chapter are a useful metric

to study pricing in an oligopolistic competition. Next we will describe shortly

certain most relevant qualitative pricing strategies that drive companies pricing

efforts.

8
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4.1 Cost-Plus Pricing

The most simple type of pricing is according to Maheswar (2005) cost-plus pricing.

In cost-plus pricing the price of the product is defined simply from the level of

production costs and the required level of profit margin. This way it is easy to

create easily understandable price level. The upsides of this pricing method are

easy understandability and definability. It is easy to study and develop in the

product management. Also for companies with wide portfolios it is easy to use

without higher level of insight.

The method does not, however, take into consideration the needs of consumers

or market situations and it may be exceedingly simple, inefficient and rigid pric-

ing model. Cost-based pricing can be considered as an extremely technical way

of studying pricing, even too simple. The method is unable to take into con-

sideration the properties of different customer segments or competitor position.

Thus historical price development may have significant impact on the prices in

the future. It is also unable to take opportunity costs in the account.

Despite its problems the cost-based pricing is extremely used due to its simple

properties and easy usability and understandability. Method is most suitable for

marketing bulk products or while studying monopsonic markets.

4.2 Value-Based Pricing

Nagle and Hogan (2005) describe value-based pricing as a modern way to set price

level and it responds best to current theories of pricing as a piece of marketing

mix. Marketing mix means the ensemble of tools that can be used to promote

sales – and pricing is one of the most significant parts of it.

In a value-based pricing the product price level is set a such level that it cor-

responds the level of additional utility enjoyed from the use of product. Hence

the price level will be set to a such level that by buying the product a consumer

enjoys a higher level of utility by spending on the product than by not spending

– thus using product creates additional utility for a consumer.

The pricing method is suitable for markets, where the value or utility of the

product is more easily defined, such as in the situations of shortage or many

niche markets. Also highly emotion-driven markets, such as cosmetics, provide

opportunities to promote value-based pricing. By using value-based pricing the

9



4.3 Market-Based Pricing 4 QUALITATIVE PRICING MODELS

company is forced to consider the product from the consumer’s point of view.

This is useful exercise for executives, even if the pricing is done by using other

methods.

The problems with the pricing method is difficulties of defining the utility. Espe-

cially in the complex markets such as highly differentiated technology products

the additional utility enjoyed from a single part of complex product is very dif-

ficult to define. In the international or otherwise wide markets the consumer

groups may fragment in the multiple parts that respect different aspects. Hence

it is impossible to define one universal optimal value-based price for a product.

4.3 Market-Based Pricing

According to the Best (1997) market-based pricing (or market-oriented pricing)

pricing is defined according to the market studies or prevailing market situations.

In the method pricing is done by studying the offering of the competitors, where

the price level is set to a such level that company can acquire a certain, ex-

ogenously defined level of market share. Thus the method focuses more on the

competitor offering level than the consumer demand and preferences. Market-

based pricing can be considered as a game-theoretical approach to the pricing.

The model is suitable for companies that have strategic reasons to reach a high

level of market share. This kind of situation may prevail in the software or

technology oriented businesses, where standard-creation may create brand loyalty

and pricing hysteresis. It can also be used to signal competitors.

In the context of this work the market-based pricing is the most relevant method

as it focuses on competitor behaviour and general level of pricing in the markets.

The perceived utility of the consumer, however, is considered as an exogenous

parameter.

In the table 1 we have a short summary of the key properties of three qualitative

pricing strategies.

Next we will move towards the very core of the study, the dynamic modeling of

price diffusion.

10



5 DYNAMIC FACTORS OF PRICING

Table 1: Summary of qualitative pricing strategies.

Model Description

Cost-plus pricing

• Focuses on production costs and profit

margin

• Does not consider consumer utility or

competitors

• Simple and understandable

• Most commonly used method

Value-based pricing

• Focuses on customer value and utility

• Most profound method

• Value often difficult to define

Market-based pricing

• Focuses on competitivity

• Commonly used method

5 Dynamic Factors of Pricing

In the previous chapter qualitative methods for evaluating price choices were

studied. These are all relevant frameworks to understand problematic behind

product pricing. However, the goal of this work is to study pricing also in the

quantitative level. To understand the dynamics of pricing we need to understand

the concept of diffusion, or how the information about product properties is

spread within the customer population.

5.1 Diffusion of Products

Diffusion of products or diffusion of innovation means a process, where a new

product or innovation is accepted in the markets. Rogers (1962) divided markets

into five customer segment according to their diffusion potential (figure 3):

11



5.1 Diffusion of Products 5 DYNAMIC FACTORS OF PRICING

• Innovators. Usually well educated or entrepreneurial individuals who easily

try using new products.

• Early adopters. Are in tight connection with their environment and easily

embrace new innovations from the others.

• Early majority. Embrace new innovations faster than average, when prod-

ucts breach out to the common knowledge.

• Late majority. Embrace new innovations slower than average, start using

innovations when the majority of markets has started using the product

and create pressure to start using it.

• Laggards. Start using innovations only when it is absolutely necessary. Are

suspicious to any new innovations, like to stick to their old habits.

Figure 3: Rogers’ adaptation / innovation curve (Rogers,1962).

Diffusion models are commonly used in the marketing and product development

analysis. In this work we use the idea of innovation diffusion in a new way to apply

it in the diffusion of price level in the markets instead of diffusion of products.

Diffusion of innovation studies a situation where a new, upgraded or completely

different kind of substitute product enters and penetrates the market. In the

diffusion of price one studies a situation, where new, similar but cheaper product

enters markets. It can be studied that when studying the velocity of penetration

the behaviour is similar in diffusion of product with new, innovative products and

diffusion of price with new similar, but cheaper product.

The concept of diffusion of price is not thoroughly studied from the perspective

of market share development, but the term is used when studying stock exchange

12



5 DYNAMIC FACTORS OF PRICING 5.2 Bass Model

price level adaptation (eg. Daniels et. al, 2003). Diffusion of innovation, however,

is widely studied in the empirical and mathematical level. We will use these

studies in this work and apply them to diffusion of price.

5.2 Bass Model

Next we will start describing a mathematical model to understand changes in the

market shares. The most relevant model described is the Bass (1969) model. The

Bass model describes mathematically the diffusion of innovation explained in the

previous chapter. In the original and simplest use the model explains the diffusion

velocity of a single product, but the model has also been used for diffusion of

multiple successive generations of product (eg. Norton and Bass, 1987). In this

context we study a situation, where consumers are using old, superior quality

product but the product is challenged by a new innovative product, which has

good-enough qualities for the majority of consumers, but its price is lower. Thus

the new competitor will start penetrating to the market.

Figure 4: Diffusion of products (Martinez et al., 1998).

In the original Bass model (1969) diffusion f(T ) at time period T equals to

f(T ) = (p+ q(F (T ))(1− F (T )), (23)

where p is the parameter for coefficient of innovation describing growth outside

current customer base, q is the parameter for coefficient of imitation describing

growth generated by existing customers and F (T ) at time period T is the number

of cumulated consumers. If at the period T = 0 cumulated diffusion F (T ) = 0,

only the coefficient of innovation affects the diffusion velocity. When the number

13
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of consumers grows, also the cumulated consumers start generating new customers

via term qF (T ). In the end when the majority of the population have started

using the new, innovated product, the diffusion velocity decreases due to term

(1−F (T )). Hence the shape of the cumulated diffusion is according to the figure

4.

5.3 Decision variables

The original Bass model studies diffusion in terms of two parameters, p and

q. This is very elementary model and it has been developed further to include

decision variables. Typical decision variables a company can adjust are price of

the product and amount spent on marketing product. One of the models with

decision variables is Generalized Bass Model (Bass et al., 1994). The model

includes an addition to the original Bass model as

f(T ) = (p+ q(F (T ))(1− F (T ))x(T ), (24)

where x(T ) defines ”current marketing effort” at time period T . It is important

to note that although the term is called as current marketing effort it may also

include other effecst on decision variables, such as lag terms or other carryover

effects. It may also contain other decision variables, such as the price. In practice

x(T ) is a general, non-negative function that may have multiple forms. A general

form for x(T ) is suggested by Bass et al. (1994) as

x(T ) = 1 +
∆Pr(T )

Pr(T − 1)
β1 +

∆ADV (T )

ADV (T − 1)
β2, (25)

where β1 and β2 are parameters, Pr(T ) is the price at period T and ADV (T ) is

the advertising effort at period T . Expected sign for β1 is negative and for β2

positive.

This form can be furthermore developed by using a baseline values Prb(T ) and

ADVb(T ) such that the form becomes
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x(T ) = 1 +
Pr(T )− Prb(T )

Prb(T )
β1

+
ADV (T )− ADVb(T )

ADVb(T )
β2

+
∆Pr(T )

Pr(T − 1)
β1 +

∆ADV (T )

ADV (T − 1)
β2.

(26)

Focus of this work is on the effects of strategic pricing decision. Thus the effect

of advertising on the diffusion will be let outside the scope of this study. It is,

however, worth noting that a large amount of academic focus has been used to

study its effects either on its own or in combination with pricing.

Next we will take a wider look to the dynamic pricing models to understand the

extent of the models proposed.

6 Review of the Dynamic Pricing Models

In the previous chapter we studied the basic model for diffusion proposed by Bass

(1969) and certain possible additions to the model. In this chapter we will study

a group of meta-analyses provided by Bass et al. (1994), Radas (2005) and Ying

and Sui (2011).

Bass et al. (1994) and Radas (2005) have studied a group of models in a meta-

analysis studies. In total Bass et al. (1994) and Radas (2005) describe 23 models

for dynamic pricing. These models are described in table 2.

Table 2: Diffusion models (Bass et al., 1994; Radas,

2005).

Source Model description

von Bertalanffy (1957)

dF (t)

dt
=

1

1− θ
F θ(t)(1− F 1−θ(t)) (27)

F(t) = cumulative distribution function

q = coefficient of imitation

θ = constant

Continues...
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Source Model description

Bass (1969)

dF (t)

dt
= (p+ qF (t))(1− F (t)) (28)

F(t) = cumulative distribution function

p = coefficient of innovation

q = coefficient of imitation

Robinson and Lakhani

(1975)

dF (t)

dt
= (p+ (q − p)F (t)− qF 2(t)) · e−kPr(t) (29)

F(t) = cumulative distribution function

p = coefficient of innovation

q = coefficient of imitation

Pr(t) = price

k = constant

Bass (1980)

dY (t)

dt
= (p+ (q − p)F (t)− qF 2(t)) · e−kPr(t) (30)

F(t) = cumulative distribution function

p = coefficient of innovation

q = coefficient of imitation

Pr(t) = price at time t

k = constant

Dolan and Jeuland

(1981)

Same as Robinson and Lakhani (1975).

Jeuland and Dolan

(1982)

Same as Robinson and Lakhani (1975).

Continues...
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Source Model description

Bass and Bultez (1982)

S(t) = m(p+ qF (t))(1− F (t)) (31)

S(t) = sales at time t

F(t) = cumulative distribution function

p = coefficient of innovation

q = coefficient of imitation

m = total number of adopters over product life

Easingwood, Mahajan

and Muller (1983)

dF (t)

dt
= (p+ qF δ(t))(1− F (t)) (32)

F(t) = cumulative distribution function

f(t) = probability density function

p = coefficient of innovation

q = coefficient of imitation

δ = constant

Horsky and Simon (1983)

S(t) = (α + βln(A(t)) + qY (t− 1))(m− Y (t)) (33)

S(t) = sales at time t

Y(t) = cumulative sales up to time t

α = constant

β = advertising effectiveness

A(t) = advertising at time t

m = market potential

Continues...
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Source Model description

Teng and Thompson

(1983)

f(t) = (p1 + q1F (t) + (p2 + q2F (t))A(t))(1−F (t)) (34)

f(t) = probability density function

F(t) = cumulative distribution function

A(t) = advertising at time t

p1, p2 = coefficients of innovation

q1, q2 = coefficients of imitation

Thompson and Teng

(1984)

f(t) = (p1+q1F (t)+(p2+q2F (t))A(t))e−kPr(t)(1−F (t))

(35)

f(t) = probability density function

F(t) = cumulative distribution function

A(t) = advertising at time t

Pr(t) = price at time t

p1, p2 = coefficients of innovation

q1, q2 = coefficients of imitation

k = constant

Continues...
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Source Model description

Kalish (1985)

dY

dt
= (g(

Pr(t)

uY (t)/m
· I − Y (t)) · k (36)

dI

dt
= (1− I) · (f(A(t)) + bI + b′

Y (t)

m
(37)

Y(t) = cumulative sales up to time t

Pr(t) = price at time t

m = market potential

A(t) = advertising at time t

I = Information or awareness level

g and u = functional operators b, b’, k = constant

Simon and Sebastian

(1987)

S(t) = K + (p+ q1F (t) + q2f(A(t))F (t))(M(t)− Y (t))

(38)

S(t) = sales at time t

Y(t) = cumulative sales up to time t

M(t) = population at time t

F(t) = cumulative distribution function

p = coefficient of innovation

q1, q2 = coefficients of imitation

K = constant

Continues...
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Source Model description

Dockner and Jorgenson

(1988)

f(t) = (p1 + q1F (t) + (p2 + q2F (t))f(A(t)))(1− F (t))

(39)

f(t) = probability density function

F(t) = cumulative distribution function

A(t) = advertising at time t

p1, p2 = coefficients of innovation

q1, q2 = coefficients of imitation

Bewley and Fiebig (1988)

F (t) =
1

1 + e−α+βt(µ,k)
(40)

F(t) = cumulative distribution function

α, β, µ, k = constants

t(µ, k) = (((1 + kt)1/k)µ − 1)/µ, whenµ 6= 0, k 6= 0

t(µ, k) = 1/klog(1 + kt), whenµ = 0, k 6= 0

t(µ, k) = (eµt − 1)/µ, whenµ 6= 0, k = 0

t(µ, k) = t, whenµ = 0, k = 0

(41)

Continues...
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Source Model description

Kamakura and Balasub-

ramanian (1988)

S(t) = (p+ qY (t))Pr(t)β1(ΘM(t)Pr(t)β2 − Y (t)) (42)

S(t) = sales at time t

Y(t) = cumulative sales up to time t

Pr(t) = price at time t

M(t) = population at time t

Θ = ultimate penetration level

β1 = impact of price on adoption speed

β2 = impact of price on market potential

p = coefficient of innovation

q = coefficient of imitation

Chatterjee and Eliash-

berg (1990)

Based on an aggregated micro-model.

Horsky (1990)

S(t) = (
θM(t)

1 + exp(−K+w(t)−kPr(t)
δ(t)

−Y (t))(p+qY (t)) (43)

S(t) = sales at time t

Y(t) = cumulative sales up to time t

Pr(t) = price at time t

M(t) = population at time t

w(t) = average wage rate

θ = fraction of potential buyers in population

δ = dispersion of both distributions

K = time saving attribute of new product

k = utility saving attribute of new product

p = coefficient of innovation

q = coefficient of imitation

Continues...
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Source Model description

Jain and Rao (1990)

S(t) = (mPr(t)−η − Y (t− 1))
F (t)− F (t− 1)

1− F (t− 1)
(44)

S(t) = (m− Y (t− 1))Pr(t)−η
F (t)− F (t− 1)

1− F (t− 1)
(45)

S(t) = sales at time t

Y(t) = cumulative sales up to time t

Pr(t) = price at time t

F(t) = cumulative distribution function

η = price elasticity

m = market potential

F(t) = cumulative distribution function

Jain (1992)

f(t) = (p+ qF (t))e−k1Pr(t)+k2A(t)(1− F (t)) (46)

f(t) = probability density function

F(t) = cumulative distribution function

Pr(t) = price at time t

A(t) = advertising at time t

p = coefficients of innovation

q = coefficients of imitation

k1, k2 = coefficients

Continues...
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Source Model description

Jeuland (1993)

S(t) = e−(k1+k2A(t))F (t)(p1 + p2log(A(t)) + qF (t)) (47)

S(t) = sales at time t

F(t) = cumulative distribution function

Pr(t) = price at time t

A(t) = advertising at time t

q = coefficients of imitation

p1, p2 = coefficients of innovation

k1, k2 = coefficients

Bass, Jain and Krishnan

(1994)

dF (t)

dt
= (p+ (q − p)mF (t)− qmF 2(t))x(t), (48)

x(t) = 1 + β1
Pr′(t)

Pr(t)
+ β2

A′(t)

A(t)
(49)

F(t) = cumulative distribution function

f(t) = probability density function

Pr(t) = price at time t

Pr’(t) = rate of change in price at time t

A(t) = advertising at time t

A’(t) = rate of change in advertising at time t

p = coefficient of innovation

q = coefficient of imitation

m = market potential

β1, β2 = constant

Continues...
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7 DIFFUSION MODEL

Source Model description

Putsis (1998)

(Purchases/Household)t

= at + bt + ctYt + dtSL
i 6=j
t−1

+(e− a)tSLt−1 + etSL
2
t−1 + et

(50)

SLt−1 = percentage of owners for own products

SLi 6=jt−1 = percentage of owners for competitors

Y(t) = income at time t

p(t) = price at time t

a, b, c, d, e = constants

Furthermore Bass et al. (1994) describe 19 of the represented models with more

details. These are represented in figures 5 and 6. It is to be noted that the many

models proposed do not have empirical evidence behind them. This appears

to be typical for diffusion studies as gaining access to the pricing materials of

companies is often restricted. This restriction applies also for this work and the

study is theory-only construction.

7 Diffusion Model

Based on the qualitative and quantitative frameworks described in the previous

chapters, we can begin to construct a price diffusion model to study.

7.1 System Dynamic Modeling

Next we will study system dynamics as a methodology to evaluate market share

dynamics. System dynamics was developed in the 1950s as a model to simulate

complex systems. The background of the method is in the industrial process

modeling, but it has been used also for simulating society and market dynamics

(Radzicki ja Taylor, 2008).

System dynamics focuses on observing interactions between different agents as

a function of time. Practically it is a way to represent graphically a system of
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7 DIFFUSION MODEL 7.1 System Dynamic Modeling

Figure 5: Diffusion models including price and/or marketing variables 1/2 (Bass

et al, 1994).
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Figure 6: Diffusion models including price and/or marketing variables 2/2 (Bass

et al, 1994).
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equations that are solved numerically and presented graphically. The interactions

between agents can be very complex and often analytical solution does not exist,

especially in the case of set of differential equations. Thus system dynamical

representation can be not only the most illustrative but also easiest way to develop

and present a complex model.

Figure 7 illustrates an idea of system dynamical operations. Figure represents

development of work motivation: every text of the picture represents a variable

that other variables affect; every arrow represents an interaction between the

variables. Thus in practice arrows are functions that map variables into each

other. The model illustrated in the figure 7 could also be formed as a system of

12 equations, but in a graphical form the interaction is easier to understand.

Figure 7: Example for system dynamic model explaining work motivation.

The goal of using system dynamical tools is to construct an easily understandable

simulation model. It suits especially well for supporting management decisions.

Sometimes models created for executive decision support are called as ”Manage-

ment flight simulators” (Sterman, 1992), as they enable quick and adjustable

reporting tools. The management can vary the input variables in the model and

study how the situation develops with different strategies. This allows studying

outcomes from different strategies easily and quantitatively.

The goal of our modeling is to construct a system dynamic framework to study

pricing scenarios. The model will be quantitative and numerically operated, but

the results should be view with a critical mind. In a complex numerical model
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small changes in the initial values may cumulate into major distortions, as small

errors tend to cumulate according to the law propagation of uncertainty. Thus

the model should be analysed such that they give an estimate of the outcome in

general.

The tool selected for this program is TRUE analysis software (Houel, 2013). Soft-

ware is free and thus allowing its use in the research context without additional

costs. Software is very flexible and it visualized data clearly. Visualization is

critical for practical usability of the model. The simulation model itself and the

programming work has been done from the scratch.

Next we will describe the technicalities of the software.

7.1.1 Basics of TRUE-software

TRUE-software consist of three kinds of element: stocks, flows and prints. Stocks

represent variables, where an increase in one stock decreases level of another stock

– variable value represents in a sense“physical quantity”. Flows represent interac-

tions between stocks. Prints are charts and other data elements for visualization

of the model data.

Flows are divided into two groups: real flows and virtual flows. Real flows rep-

resent flows that decrease one stock and increase another respectively. This is

an analogy for a physical flow. Virtual flows, on the other hand, are interactions

that do not affect the stocks directly, but they affect other flows. Thus they work

as parameters and variables of the simulation model.

Figure 8 illustrates functionality of different elements. In the figure vertical bars

are stocks and circles are flows. A red arrow represents a flow decreasing the

stock value, a blue arrow represents an increasing flow and a dotted line is a

virtual flow, which only affects other elements, in this case the element “Flow”.

One virtual flow type in the figure is a constant parameter, another virtual flow

type is changing as a function of time.

In addition to the physical flow another way to perceive stocks and flows is to

describe stocks as mathematical variables and flows as mathematical functions

mapping variables to each other. In the end a system dynamic modeling is merely

a graphical way to represent a system of equations or differential equations and

their solutions as well as paths leading to the solution. It is, however, to be noted

that the solution at the end of the simulation is not necessarily an equilibrium.

28



7 DIFFUSION MODEL 7.1 System Dynamic Modeling

Figure 8: Two stocks (Stock1 and Stock2), a real flow between them and virtual

flows affecting the real flow (constant Parameter and variable Virtual Flow).

The model simulation proceeds at discrete time steps. Thus the model cannot

describe genuinely continuous functions, but only discrete functions divided into

sufficiently small steps. The size of the steps depends on the needs of the model.

However, model discretization helps programming work as controlling the points

of discontinuity are mathematically easier to manage. In this work one time step

of the model represents one month. The used model run time is five years and

thus the model consists of 60 discrete time steps.

Simulation results can be illustrated either as a chart or directly as graphs. In

this study we will focus on results in a graphical form.

Model programming operates only via managing flows. Stocks in the software

are passive elements that are controlled by flows. The programming language

used to operate flows is W, a language developed specifically for this software.

The language contains all the basic properties and structures of a programming

language, such as loops and variable management. Many specific properties,

such as statistical or other mathematically more complex operations must be

programmed to the software by hand.

The software supports sensitivity analysis on optimization only indirectly. Soft-

ware can be run multiple times with different run parameters. By using this

software can be set to perform sensitivity analysis by varying one or more vari-

ables in the separate runs and compare the results.

Rerunning also enables optimization by searching, but the optimization algo-

rithm must be developed outside the basic functions of the W language. For this

project a simple optimization algorithm has been developed. In this study we
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use the golden section optimization algorithm (Kiefer, 1953), which is described

technically later in the study.

7.2 Operating Model

In the model we use diffusion model, but the model is used in a different way

than in the original use. The model is developed into two separate parts – one

for studying price diffusion, that is the rate at which the general price level in

the markets diffuses towards the lowest offered level in the markets, and another

for simulating the rate at which the market share is lost, that is how fast existing

customers change their customership to the competitors at the established general

price level.

Diffusion model uses a variation of the Generalized Bass Model (Bass et al., 1994),

where the rate of the price diffusion f(T ) at the time period T is

f(T ) = (p+ q(F (T ) + ∆Pr(T )β)(1− F (T )), (51)

where ∆Pr(T ) is the percentage difference between the competing company price

level and the general price level in the markets and β is a parameter for price

sensitivity. Thus the model describes how fast the price level in the markets

diffuses towards the lowest offered price level in the markets by the competitor.

In the long run the price level of all companies drifts to the lowest price level, as

has been suggested by the Bertrand competition model.

The rate of market share loss from the incumbent company to the lower price

level competitors is calculated depending on the new general price level and the

higher incumbent price level. More specifically the “general price level” represents

a mode price of a market (or market segment) and the prices have a distribution

around the mode. The distribution we use is the gamma distribution, which

is defined as a function of mode and one parameter, the gamma distribution

parameter. Gamma distribution is chosen to represent the price distribution to

different customers in the last five years. The distributional form is also used in

other studies as a distribution for price (eg. Hong ja Shum, 2006).

The function of the model is illustrated in the figure 9. Customer price require-

ments, that is price level at which they are willing to buy products, are gamma

distributed around the mode price. The price level from the incumbent company
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sets to a certain level, and customers that consider this price too high are in the

left side of the distribution mass from the offered price. However, if the incum-

bent product is considered superior in a quality, we must add a price premium

for this quality. Thus the observed point from the distribution shifts to the left

by the amount of the premium. Now the portion of the customers that are in

the left side of the point price - premium in the distribution are such customers

that they prefer changing to the lower prices as the price level of the incumbent

company is too high even after the price premium. These customers will be lost

during the contract period.

Figure 9: Market share loss model. The distribution describes customer price

preferences, in this case the acceptable price level at which they consider in-

cumbent products satisfactory. Company loses the proportion of customers have

price preferences such that the company price level less the perceived premium is

higher than the maximum willingness to pay. Company loses customers that are

not ready to pay the offered price, even with quality premium.

This model forms an analytical backbone for the study. It is to be noted that in

this work the applicability of innovation diffusion to the price diffusion has no

empirical support or other verification in a scientific publishing and the model

requires peer review.
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7.2.1 Technical Description

The theoretical background of the system dynamic model is described earlier in

this work. Next the focus will be on mathematical and technical description of

the model. The model is based on a scenario, where the incumbent company

has full market share. A single competitor representing all the other competitors

exists and the loss of market share goes only in one direction, from incumbent

company to the competitors.

The consumer markets are split into three separate segments: high, mid and low

price sensitivity segments. For each segment a separate value of price preference

(β1, β2 ja β3) and price premium is defined. Other parameters are common for

all segments.

The model is simplified such that three market prices exists, one for each segment.

These market prices are model prices, that is the most common price level in the

markets. Model price is used instead of average price, as in the model the prices

paid by the customers are distributed according to the gamma distribution. The

gamma distribution is not symmetric and thus the mode price is at the highest

peak of the distribution. If the used distribution were normal distribution or

other symmetric distribution the mode and average prices were the same.

Mode prices in the markets drift towards the lowest price offered in the markets,

which is the level of offered by the competitor. The competitor price level is

smaller than for the incumbent company, because they offer products that are

“good enough” in relation to the incumbent product – they are cheaper, but the

incumbent product has a certain quality premium over them.

Thus in total four prices are offered to the markets: the incumbent company has

three price levels for each market segments and competitor has one price level

for all segments. The competitor price level is the same for all segments as they

play a price game – their goal is to offer as low price as possible to gain market

share. The drift of mode price in all the segments towards the lowest level is

called price diffusion, as the information about competing products and their

lower price spreads in the market. This price diffusion forms the first part of the

model.

Next the loss of market share in each segment is dependent of the mode price of

the market and the price level offered by the incumbent company – the higher the

difference between mode price and offered price, the higher share of the customers
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is lost. This form the second part of the model.

The competitor price level is affected by the market share they have. As the

market share and sales volume increases the competitor can decrease its price

level due to additional economies of scale. The competitor is assumed to offer the

lowest possible price and thus the economies of scale is defined to go completely

to the price reduction. This behaviour is a simple assumption for simplicity.

The system dynamic model is based on varying the following parameters:

• Consumer low level price preferences (β1)

• Consumer mid level price preferences (β2)

• Consumer high level price preferences (β3)

• Coefficient of innovation (external effect) (p)

• Coefficient of imitation (internal effect) (q)

• Product price premium for low price preferences(shift to the left in the

distribution)

• Product price premium for mid price preferences (shift to the left in the

distribution)

• Product price premium for high price preferences (shift to the left in the

distribution)

• Gamma distribution parameter (defines the distribution spread)

• Company pricing strategy (can be varied)

• Competitor pricing strategy (can be varied)

• Average contract period (defines the exit rate of consumers from the left

side of distribution)

• Discount factor

A single round of a model consists of following steps in a strict order:

1. Competitor sets its price level as a sum of production costs and premium
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2. Company sets its price level as a sum of the competitor price and the pre-

mium

3. Customer satisfaction is calculated as a function of competitor market share,

internal effect and external effect

4. Price diffusion in the separate segments is calculated as a function of cus-

tomer satisfaction, price levels and consumer price preferences

5. The new mode price for each segment is calculated as a function of price

diffusion and price levels

6. Loss of market share from each segment is calculated according to the new

mode price, incumbent company price level and model constant parameters

7. New price level of the competitors is calculated as a function of new market

shares as higher market share provides economies of scale allowing even

lower price levels

8. Gross margin and EBIT of the incumbent company is calculated as a func-

tion of price and amount of sales

Next we will study the mathematics of the model more precisely.

Price Diffusion Model The price diffusion model calculates how fast the gen-

eral price level in the markets drifts towards the lowest price level offered. In a

model we first calculate how satisfied customer is to the competitor’s products as

s = p+ qF (T ), (52)

where s stands for satisfaction, p is the coefficient of innovation (external effect

from marketing), q is the coefficient of imitation (internal effect from existing

customers) and F (T ) is the competitor market share at time period T . The

satisfaction s applies equivalently for all customer segments i.

Thus we have the rate of price diffusion f(T ) at time period T as

f(T ) = (s+ ∆Pr(T )βi)(1−F (T )) = (p+ q(F (T ) + ∆Pr(T )βi)(1−F (T )), (53)
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where ∆Pr(T ) is the percentage difference between the competing company price

level and the general price level in the markets and βi is a parameter for price

sensitivity for segment i.

Market Share Loss Model According to the new general price level we cal-

culate a portion of market share that will be lost. The logic of the method is

illustrated in the figure 9.

The portion to be lost is calculated as an approximation of the gamma function

yi =
γ(zi, k)

Γ(k)
, (54)

where yi is the percentage of the markets to be lost,

Γ(k) = (k − 1)! (55)

and as an approximation

γ(k,Θ) =
zk

k
e−z(1 +

z

k + 1
+

z2

(k + 1)(k + 2)
+

z3

(k + 1)(k + 2)(k + 3)
), (56)

where k is the constant parameter describing the shape of the gamma function

and z is a scale parameter such that

z =
VPrice

Θ
=
V Pri − Premiumi

ModPri/(k − 1)
, (57)

where for segment i V Pri is the price level of the company, Premiumi is the

parameter for price premium and ModPri is the mode price in the markets.

The calculated approximation yi is the percentage of the market share to be lost.

From this we can calculate the number of lost customers in a segment i as

Lossi =
yiSalesi
Leni

, (58)

where for segment i Lossi is the customers to be lost, Salesi is the sales in the

market segment and Leni is a parameter for average duration of the sales contract.

Term Leni is used, because customers are not lost immediately but only after the

end of the current contract period. This delays losses to somewhat later period

of time.
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Company Profit Margin For the company we calculate

GM =
1

12 · (1 +Discount)t

∑
(Pricei − ProdCost) · Salesi, (59)

where t is the period of time, GM is the gross margin of the company, Discount

is the used discount factor, ProdCost is the production cost and for segment i

Pricei is the segment sales price and Salesi is the annual sales. This is divided

by 12 as the studied unit is the gross margin in one month, which is the time step

of the model. The value is discounted to the present value.

From the gross margin we can calculate the operating profit (EBIT, earnings

before interest and taxes) as

EBIT = GM − FixedCost0 · Inflationt

(1 +Discount)t
, (60)

where EBIT is the earnings before interest and taxes, FixedCost0 are production

costs at time period 0 and Inflation is the effective inflation increasing costs.

The model can be used to maximize either the gross margin or EBIT according

to the needs and availability of data.

Optimization The program can be used for sensitivity analysis and optimiza-

tion seeking. The technical method for optimization is the golden section search

(Kiefer, 1953), which is one of the most used computational optimization methods

for simple cases.

The search method optimizes function f(x) by calculating two values of the func-

tion f1 and f3 from points x1 and x3 that are so far away from each other that

the optimal value will lie between these points. Between these points two more

values f2 and f4 are calculated from points x2 and x4. These points will be placed

between x1 and x3 at a ratio of the golden ratio (≈ 1, 618).

From these results we move the boundary of search either from point x1 to x2 or

from point x3 to x4. Which boundary we move depends on value f4. If the value

of the function f4 is higher than value f2 (in the figure f4a), we move the right

boundary towards the center. Respectively if the value of the function f4 is lower

than value f2 (in the figure f4b), we move the left boundary towards the center

instead. The process is illustrated in the figure 10.
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7 DIFFUSION MODEL 7.2 Operating Model

Figure 10: Graphical description of the golden section search.

We continue the iteration of moving the boundaries, where the optimal point may

lie. The iteration process is ended when the boundary condition

|x3 − x1| < τ(|x2|+ |x4|) (61)

is satisfied. Here τ is the parameter for search precision and x1−4 are the boundary

values described earlier.

The golden section search is suitable only for calculating unimodal minimum or

maximum, as in the case of multiple minima or maxima the search algorithm will

reach randomly the first encountered extreme value. The method is, however,

simply and computationally efficient way to search the maximum value in the

most simple cases.

The function to be optimized in this model is of the form

max(f(x)) = Salesθ ·GrossMargin1−θ, (62)

where Sales is the variable for sales, GrossMargin is the variable for company

gross margin and θ is a parameter with value between [0,1]. Parameter θ can be
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8 ANALYSIS

used to weight between maintaining the current sales level and generating gross

margin. For low values of θ the model emphasizes more maintaining the gross

margin level and for high values the model emphasizes maintaining the sales level.

Value of θ should not be set to zero as this may lead to over-emphasizing profits

at the expense of losing sales at extreme levels. This may have other strategic

consequences for the company, although it were the optimal level in the contexts

of this model only.

In this chapter the model was described in a detailed way. Next we will begin

the analysis of the model by using TRUE-software.

8 Analysis

So far in this study we have described theoretical background for pricing diffu-

sion model as well as a detailed model to study. In this chapter we will discuss

thoroughly different results and implications from the model defined.

8.1 Model parameters

Table 3: Common parameters of the system dynamic model.

Parameter Value

Consumer price preference (low) 0.05

Consumer price preference (medium) 0.3

Consumer price preference (high) 0.7

Company product price premium (low) 40

Company product price premium (medium) 35

Company product price premium (high) 25

Coefficient of innovation, p 0.008

Coefficient of imitation, q 0.05

Gamma distribution parameter 5

Average contract period, months 12

Discount factor 0.05

Competitor pricing strategy EUR 40 over production costs

In the section 7.2.1 we described a group of parameters required for running a

model. In the table 3 we have listed a set of parameters. These parameters
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8 ANALYSIS 8.2 Simulation strategies

are held constant in the analysis, unless otherwise stated. We have no empirical

data available and hence the data can be criticized to be ad hoc at certain level.

The results are, however, useful for representing the validity of the model and to

observe phenomena from the model. For real-world uses more specific data must

be gathered for any specific cases.

The only variable left outside the listing in section 7.2.1 is the company pricing

strategy, which is in the focus of our interest. Another exogenic variable for the

model is the sales preference θ – the weight of sales in the optimization model.

The table 4 describes the parameters for optimization used in the model.

Table 4: Parameters for the optimization.

Parameter Value

Price range minimum EUR 5

Price range maximum EUR 50

Optimization precision ± EUR 2

8.2 Simulation strategies

We have derived strategies for modeling different kind of response to market share

by adjusting the requested quality premium. These are described in the table 5.

8.3 Simulations

Next we will focus on simulations and the actual results acquired from the sim-

ulation. We will study the three strategies first in a general level and next each

one independently in a deeper level. Finally we will run our optimization script

and compare the results.

8.3.1 General observations

Company may select multiple strategies for pricing. In figure 11 three strategies

are compared – a strategy with constant price premium to the competitor, a

lowering premium and strategy with adjusted price premium in a proportion to

lost market share. In all cases the price premium at the beginning of the model

at T = 0 is 45 euros. In the graph the loss of market share is represented as a

function of time.

39



8.3 Simulations 8 ANALYSIS

Figure 11: Loss of market share in different segments and strategies as a function

of time (price premium EUR 45).
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Table 5: Model premium strategies.

Constant

premium

The premium is

maintained constant.

P (t) = c (63)

P(t) = premium at time t

c = constant

Decreasing

premium

The premium

decreases at constant

pace.

P (t) = c(1− t

tmax
) (64)

P(t) = premium at time t

c = constant

t = current time

tmax = length of the observed

time period

Market share

adjusted

premium

The premium

decreases at the

proportion of lost

market share.

P (t) = c
Su,t

Su,t + Sc,t
(65)

P(t) = premium at time t

c = constant

Su,t = salest to observed

company at time t

Sc,t = salest to competitor at

time t

At a constant premium we see behaviour explained by the theoretical Bass model:

the most price sensitive consumers are more eager to leave to the competitors
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and their number is increasing as larger proportion of customers has learned to

use competitor’s products. For mid-level sensitive consumers the amount of lost

customers is starting to increase in the end of the model. With the strategies of

adjusted premium the increase in lost customers is not seen, but the number of

lost customers is decreasing or it starts to level fast.

The model is sensitive for different values of price premium. Figure 12 com-

pares the rate of lost market share in different segments with smaller spread of

prices (values 37-35-33 euros) or larger spread (values 40-35-30 euros). We notice

significant change in behaviour, especially in the most sensitive segment.

Figure 12: Market share loss with different premiums as a function of time.

Figures 13, 14 and 15 represent the market share loss rate of the most sensitive

segment with different levels of price. In all figures are represented different price

premiums between 5 euros (P1) to 50 euros (P10) with even spacing of 5 euros.

Figure 13 represents results with a constant price premium, figure 14 the steadily

decreasing premium and figure 15 represents values with adjusted price premium

in proportion to the lost market share. By comparing the figures we note that

the loss of market share is smaller with adjusted price premiums.

Figure 16 compares how the market price level and the company price level devel-

ops in the two models, the constant premium model and market share adjusting

model. We notice that for the market share adjusting model the price level is

more dynamic and reflects the strategy. The flexibility in the price level accounts

for the slower rate of market share loss – this is the essential payoff of the model.

In the next sections the numerical results are studied more thoroughly.

In the next sections we will go through the different strategies and price premium

optimas for them.
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8 ANALYSIS 8.3 Simulations

Figure 13: Market share loss in the most sensitive segment with constant premi-

ums between 5 to 50 euros as a function of time.

Figure 14: Market share loss in the most sensitive segment with constantly low-

ering premiums between 5 to 50 euros as a function of time.

Figure 15: Market share loss in the most sensitive segment with market adjusting

premiums between 5 to 50 euros as a function of time.
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Figure 16: Company price level and modal market price for premium of 50 euros

with two strategies.
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8.3.2 Constant premium

As a strategy the constant premium is very straightforward – selecting a proper

price level and maintaining it through the model run time of 60 months. We

study the optimum of the price for the constant premium model. By using our

optimization algorithm the optimal level of premium is reached at 26.8± 2 euros.

The market share loss rate is represented in the figure 17. At this level of premium

the company acquires gross margin of 38 319 061 euros. The accumulation curve

is represented in the figure 18.

Figure 17: Market share loss rate for the optimal level at premium of 26.8 euros

with constant premium with θ = 0.1.

Figure 18: Cumulative profit (Gross Margin) for the optimal level at premium of

26.8 euros with constant premium with θ = 0.1.

Similar simulations are run with parameter θ = 0.0 and θ = 0.5. For θ = 0.0

the optimal level is reached at 30.9± 2 euros at which level the cumulative gross
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Table 6: Optimization results for different weight factors with constant premium.

Weight factor θ

Optimal

premium /

EUR

Cumulative

GM /

EURm

Total sales

in the end

(’000)

Weighted

score

0.0 30.9 38.6 88 38 602

0.1 26.8 38.3 103 34 480

0.5 10.6 33.5 146 16 838

margin is 38 601 500 euros. Respectively for θ = 0.5 the optimal level is reached

at 10.6± 2 euros at which level the cumulative gross margin is 33 529 928 euros.

Summary of results for three different weights for sales preference θ are displayed

in the table 6.

8.3.3 Decreasing premium

The next is the decreasing model that decreases the premium at at constant

pace to the end of the model run time. By using our optimization algorithm the

optimal level of premium is reached at 36.9 ± 2 euros. At this level of premium

the company acquires gross margin of 34 732 273 euros. The market share loss

rate is represented in the figure 19. The accumulation curve is represented in the

figure 20.

Figure 19: Market share loss rate for the optimal level at premium of 36.9 euros

with lowering premium with θ = 0.1.

Similar simulations are run with parameter θ = 0.0 and θ = 0.5. For θ = 0.0
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8 ANALYSIS 8.3 Simulations

Figure 20: Cumulative profit (Gross Margin) for the optimal level at premium of

36.9 euros with lowering premium with θ = 0.1.

Table 7: Optimization results for different weight factors with decreasing pre-

mium.

Weight factor θ

Optimal

premium /

EUR

Cumulative

GM /

EURm

Total sales

in the end

(’000)

Weighted

score

0.0 27.2 34.7 126 34 744

0.1 36.9 34.7 125 31 243

0.5 15.9 32.0 152 16 089

the optimal level is reached at 27.2± 2 euros at which level the cumulative gross

margin is 34 744 334 euros. Respectively for θ = 0.5 the optimal level is reached

at 15.9± 2 euros at which level the cumulative gross margin is 32 025 671 euros.

Summary of results for three different weights for sales preference θ are displayed

in the table 7.

8.3.4 Market share adjusted premium

The last model is the market share adjusted model, which is the most dynamic

model responding to the market impact. By using our optimization algorithm the

optimal level of premium is reached at 34.4 ± 2 euros. At this level of premium

the company acquires gross margin of 37 345 130 euros. The market share loss

rate is represented in the figure 21. The accumulation curve is represented in the

figure 22.

Similar simulations are run with parameter θ = 0.0 and θ = 0.5. For θ = 0.0
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Figure 21: Market share loss rate for the optimal level at premium of 34.4 euros

with market share adjusted premium with θ = 0.1.

Figure 22: Cumulative profit (Gross Margin) for the optimal level at premium of

34.4 euros with market share adjusted premium with θ = 0.1.
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Table 8: Optimization results for different weight factors with market share ad-

justed premium.

Weight factor θ

Optimal

premium /

EUR

Cumulative

GM /

EURm

Total sales

in the end

(’000)

Weighted

score

0.0 19.8 37.5 105 37 506

0.1 34.4 37.3 112 33 581

0.5 9.6 33.7 145 16 901

the optimal level is reached at 19.8± 2 euros at which level the cumulative gross

margin is 37 506 552 euros. Respectively for θ = 0.5 the optimal level is reached

at 9.6± 2 euros at which level the cumulative gross margin is 33 675 409 euros.

Summary of results for three different weights for sales preference θ are displayed

in the table 8.

Next we will continue to summarize our findings.

8.4 Summary

Table 9 summarizes the optimal premiums at different sales preferences θ for each

strategy.

From table 9 we note that as the weight on remaining sales θ increases, the

optimal price premium level is lower. This is according to the theory as with

lower weight on gross margin and higher weight on sales the price level must be

kept lower to maintain higher level of customers.

The weighted scores for constant premium strategy and market adjusting pre-

mium strategy are very close to each other - for θ = 0.5 the difference is only 63

points or 0.4 %. Thus the model appears to be almost indifferent between these

two strategies in terms of results – the decreasing premium strategy is clearly

inferior to other strategies. However, when we look at the selected price premium

level we note that for constant premium strategy the optimal premium is very

much different for all the strategies. This behaviour is not completely systematic

– for example constant premium strategy has higher price premium for θ = 0.0

and θ = 0.5, but lower for θ = 0.1.

Based on these results it appears that a simple constant premium strategy is most

likely a viable option – it not only seems to maximize the profit in the models that
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Table 9: Optimization results for different strategies; optimal strategies and pre-

mia values bolded.

Strategy

Weighted

score

for

θ = 0.0

Optimal

pre-

mium /

EUR

Weighted

score

for

θ = 0.1

Optimal

pre-

mium /

EUR

Weighted

score

for

θ = 0.5

Optimal

pre-

mium /

EUR

Constant

premium
38 602 30.9 34 480 26.8 16 838 10.6

Decreasing

premium
34 744 27.2 31 243 36.9 16 089 15.9

Market

adjusting

premium

37 506 19.8 33 581 34.4 16 901 9.6

emphasize gross margin at the cost of customer base, but it is also the simplest

model to implement in the price strategies.

9 Conclusions and discussion

The goal of this work was to study a case, where company has a defensive position

in the markets. Company has selected a quality premium position, which it

cannot maintain in the long run. The purpose of this study was to find a method

to maximize the profits of the company. We defined three parts for the work as

following:

1. Theoretical framework: addressing the basic theory of equilibrium and dif-

fusion models

2. Model description: creating a simulation model based on the theory

3. Analysis: studying the results of the model

The theoretical frameworks presented were classic equilibrium models, qualitative

pricing models and dynamic diffusion models. The most relevant model is the

Bass model, which describes innovation diffusion of new products to the markets.

The model is originally constructed to demonstrated diffusion of new products,

but in this work we will use the model to simulate diffusion of new price level to
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Table 10: Model parts.

Model part Description

Diffusion model

The model defining the diffusion of modal price in the

market. Based on generalized Bass model (Bass et. al,

1994). The model formulation is unchanged, but the

way to use (price diffusion instead of innovation

diffusion) is new.

Market share

loss model

The model is formulated for this study. Model is sound

and provides meaningful results, but it lacks peer

reviewed analysis.

the market. This hypothesis is intuitively understandable framework, but it lacks

empirical evidence as it has not been used in this manner in any academic study.

Thus this work challenges the academic community to find empirical evidence

to either confirm the model, to give tools for readjustment or to undermine the

model. The work as such requires academic peer review as such to confirm the

thinking.

The actual model was constructed as a system dynamic software tool. To tool

used to create the software is TRUE system dynamics. The model can be re-

quested from the author by email, if the software raises curiosity. As we have no

actual empirical data to use in the model we have selected a group of believable

parameters to illustrate the use of the model and the software. We have illus-

trated also operational strategies for pricing behaviour. The model is able to give

recommendations on the pricing and its results do not appear to be implausible.

In the end the results of this work may be credible, but they require academic

attention beyond typical academic thesis work to confirm the used model. Thus

the work can be expanded into multiple directions by using empirical evidence

from a few cases or continuing the theoretical development of the Bass model in

price diffusion.

The theoretical model has parts which are based on peer reviewed academic

articles and add-ons that are developed for purposes of this study. These parts

are summed up in table 10.

Accoding to the results the constant premium model strategy of the pricing ap-

pears to be not only the optimal strategy but also the simplest strategy. Thus

the constant price strategy appears to be very attractive. To answer the question

about pricing in a more general level is ambiguous. There is no single answer if
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it is more profitable to decrease prices slower or faster. From table 9 we can see

that when emphasizing high value to only profit maximization price skimming is

profitable – the price level should be kept higher. However, when we add even

a small weight to maintaining customer base the opposite is true, the optimal

solution has also smalles price premium. Thus apparently price reduction seems

to be rational in most cases.

Beyond the model and its results the work gives also elementary understanding

of defensive market and can be used as an elementary guide for certain concepts

of pricing, such as the difference between expense-based cost-plus pricing and

market-based pricing. Hopefully reading this work has been able to give its reader

insights into these topics.
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