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Abstract
In this work, we propose a simulation model to study the software market, and in particular the competition among on-
premise and on-demand vendors of customer relationship management software. In this market two kinds of vendors,
on-premise and on-demand vendors, and corporate customers interact. Vendors have an initial capital and a specific
number of developers. They invest a fraction of their capital in their product quality and try to sell their products making
a profit. Corporate customers buy software products for their employees, trying to minimize their cost and maximize
their utility. The proposed model is able to reproduce the real trends of the market as regards both the price of soft-
ware and the market shares of the vendors, despite there is relatively little empirical evidence available about the various
mechanisms at play, and few experimental data. Our model could be used as a tool to forecast future market trends, or
to plan business policies of investment and pricing. Any firm could calibrate this model depending on its past business
trends in order to obtain simple guidelines to follow in the planning of business winning strategies.
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1. Introduction

In recent years, the contractual relationship between soft-

ware vendors and corporate customers has been deeply

transformed due to diverse factors, both economic and

technological. Software appears overpriced and the com-

mon thought of customers is of paying a too high price

for software, which also supports low value processes or

unused processes of a vendor. Customer willingness to

pay is decreased and the opposition to the purchase of

updates and of upgrades has increased. Nowadays, cor-

porate customers know that they cannot become an effi-

cient enterprize with the traditional software approach,

and so pricing models based on periodic payments, in

particular software as a service (SaaS), are strongly gain-

ing ground.

SaaS, also called on-demand (OD) software, is a soft-

ware application delivery model. Providers of SaaS have

got the possession of the physical location, of the hard-

ware, and of the system maintenance. Corporate users

access software via the Internet from anywhere, and at any

time. Users usually pay a subscription, and can run a sin-

gle instance of a software on a robust infrastructure. SaaS

applications are in fact delivered from a ‘‘multi-tenant"

system; there is a single instance of software running, and

many individuals or corporate customers use this system

for their own necessities. According to a Gartner survey:1

‘‘more than 95 percent of organizations expect to maintain or

increase their investments in software as a service (SaaS), and

more than one-third have migration projects under way from

on-premises to SaaS.’’

These data are extracted from a survey made in June and

July 2011 on 525 organizations in nine countries, spanning

12 vertical industries. The aim of this research was to

understand the trends for SaaS adoption in enterprizes.

Enterprize users declared to have adopted SaaS mainly for

the easy and speed of deployment and for its cost-effec-

tiveness, even if more than of one-third of respondents

complain, for example, the limited integration with exist-

ing systems and the network instability.
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This research also found that industries that are not

using or considering SaaS solutions so far, are planning to

use and consider SaaS solutions in a near future. In short,

service oriented software is changing the world of soft-

ware, and new software pricing trends are by now a reality

that we cannot disregard.

Among the 10 leading publicly listed software vendors

in US, Europe and Asia with respect to the presence in the

OD software segment, we can cite Google, Intuit,

Microsoft, NetSuite, Oracle, Salesforce.com for US west

coast; RightNow for US mid-west; Sage and SAP for

Europe; and finally CDC for Asia.2 Among OD software

applications offered by these 10 top vendors, customer

relationship management (CRM), enterprize resources

planning (ERP), accounting, e-commerce, human resources

management (HRM), and supply chain management

(SCM) can be reported.

In this paper we propose a model to analyze the pricing

trend, and the overall business sustainability of SaaS. The

model is based on the heterogeneous agents approach,3

where the agents represent the software vendors of a verti-

cal software market, and their corporate customers. The

vendors follow either traditional licensed software pricing

approach, or SaaS approach. The model is simulated to

assess the behavior of price trends and of vendors’ market

shares. In particular, the model analyses a CRM software

market in which vendors of perpetual licenses and vendors

of SaaS compete. The model parameters are taken from

other papers in the literature, or from real market data.

The paper is organized as follows. In Section 2 we dis-

cuss other works related to this paper, in Section 3 we pres-

ent our model in detail. Section 4 presents the results of the

simulations, including a sensitivity analysis and a Monte

Carlo analysis in the Sections 4.2 and 4.3, respectively.

The conclusions of the paper are reported in Section 5.

2. Related work

Many models appeared on the subject of simulation of the

software market. They face the issue from very different

points of view, and gave specific and precious insights into

the development of this work. Among others, we quote the

papers by Mustonen,4 Bonaccorsi and Rossi,5 Bitzer and

Schröder,6 Lin,7 Economides and Katsamakas,8 and Cocco

et al.9–11

Bonaccorsi and Rossi5 proposed a simulation model in

order to identify the relevant factors in the diffusion of

open source, modeling the adoption decision of heteroge-

neous interacting agents. Lin7 studied how users’ skill and

network effects can influence the software market, charac-

terized by proprietary firms, and open-source firms. Bitzer

and Schröder6 analyzed the influence of entry and compe-

tition of open-source software on innovation and technolo-

gical progress in software markets. Economides and

Katsamakas8 compared industry structures based on an

open-source platform with those based on a proprietary

platform, analyzing the competition and the industry impli-

cation in terms of pricing, sales, profitability, and social

welfare. The work of Mustonen4 explained the simulta-

neous existence of commercial alternatives to copylefted

programs and why commercial alternatives to copyleft pro-

grams may not exist. The works of Cocco et al.9–11 ana-

lyzed the influence of Free Libre Open Source Software

(FLOSS) firms in the software market, nowadays mostly

dominated by large proprietary firms.

The research papers that gave specific and precious

insights to develop our model are the works of Haruvy

et al.12 and Ghosh,13 that suggested some variables of our

model, and the works of Bucholtz,14 Yankee Group,15 and

SugarCRM16 that suggested the orders of magnitude of

the prices of the different software solutions.

Haruvy et al.12 examine a model in a monopoly setting

where open source code is free but complements another

product sold commercially. The work of Ghosh13 studied

instead the role of FLOSS in the economy, its direct impact

on the ICT sector, and its indirect impact on the ICT-

related sector. Bucholtz14 provided a comparative price

analysis of four leading CRM solutions for midmarket

organization. The CRM solutions included in this analysis

are Microsoft Dynamics CRM 2011, Sage SalesLogix,

Salesforce.com, and SugarCRM. Yankee Group15 provided

a comparative analysis about total cost of ownership of a

hosted versus premise-based CRM solution. In particular,

they analyzed the costs of SalesLogix and salesforce.com

implementations. Finally, in SugarCRM16 the pricing

options for CRM products are analyzed.

3. Model

In this work, we propose a model to represent the time evo-

lution of a vertical software market, i.e. a market where a

specific kind of software applications compete. In particu-

lar, we refer to the CRM software market, which we derive

empirical data from. We stipulate that relevant changes to

the market can occur on a monthly basis, so our time steps

are of 1 month. The main modeled agents are software

vendors and customers.

There are two kinds of vendors, producing either on-

premise (OP) or OD products, which we call OP and OD

vendors, respectively. Vendors have an initial capital and

number of developers (which for the sake of simplicity

does not change with time), they decide how much to

invest in their product quality, and try to sell their products

making a profit. We model their business and their main

characteristics.2,17,18

Customers represent corporate customers, which buy

software products for their employees, trying to minimize

their cost and maximize their quality.
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3.1. OP and OD vendors

All vendors produce a software application, characterized by

quality Q(t) and price P(t). OP vendors represent traditional

software vendors, whose product is run on hardware located

in the premises of the customer. OP vendors also produce a

secondary product, representing the services of assistance,

consultancy and maintenance associated with the use of the

primary product. The secondary product is complementary

to the primary one, so the purchase of the primary cannot be

separated from the acquisition of the secondary one.

The primary product of ith OP vendor has a price equal

to P
OPp
i (t), paid by consumers at the moment of the pur-

chase. The secondary product has a price equal to POPs
i (t),

paid by users monthly.

In the case of OD vendors, there is no distinction

between primary and secondary product. The marketed

product is only one. It is a complete product that includes

delivery, support, and on-going maintenance. The pricing

model adopted by these vendors entails periodic payments

POD
i (t) on a monthly subscription base (for ith OD vendor).

Corporate customers pay a monthly fee based on usage

(the number of people at the company using the software).

The ith vendor enters the market at time tE
i . In our simu-

lations, OP vendors enter at the start of the simulation,

whereas OD vendors enter later.

3.2. Investment policies

Each ith vendor enters the market with a fixed number of

developers, Ni, and an amount of initial capital Ai = kIN Ni.

The initial capital available per developer, kIN is higher for

OD vendors, because they have to setup hardware and net-

work for providing their services. We set kIN = 50, 000 for

OP vendors, and kIN = 80, 000 for OD vendors, in a nom-

inal currency, whose value is set close to US$.

All vendors allocate a percentage b of their capital for

the initial development of their products. This is deter-

mined by a random draw, being b a normal variable with

average and standard deviation equal to 0.9 and 0.03,

respectively.

For OP vendors, the quantity Ci(t
E
i ) allocated to develop

the product is given by

Ci(t
E
i )=bAi ð1Þ

In the case of OD vendors, they bear the same costs of

OP vendors, but need to invest also in hardware and net-

work, therefore Ci(t
E
i ) is given by

Ci(t
E
i )+CH , i(t

E
i )=bAi ð2Þ

where CH , i(t
E
i ) is the initial investment needed to set up

the server farm. Consequently, the sum devoted to develop

the initial OD product is: Ci(t
E
i )=bAi � CH , i(t

E
i ), where

CH , i(t
E
i )=aAi.

After the initial development, vendors use the labor of

their developers to perform maintenance, and to develop

new versions of their products. This costs to them sNi units

of money each month, being s the average developer’s

wage. We set s= 3000 units of money for all vendors. In

addition to this ‘‘standard’’ work, vendors also bear further

costs aimed to increase their human capital, and thus the

final quality of their products (see next section for a defini-

tion of ‘‘quality’’).

We stipulate that the investments made by vendors in

order to update their software product quality are always a

fixed percentage of the initial investment Ci(t
E
i ). This is

because the initial investment determined the initial posi-

tioning in the market segment of the product, and the ven-

dors try to keep this positioning throughout the simulation.

OP vendors update their products at time intervals DOP

equal to 18 months, investing in quality an amount of cap-

ital, CU , i(t), proportional to Ci(t
E
i )

CU , i(t)=mi(t)Ci(t
E
i ) ð3Þ

In addition, each month OP vendors invest smaller

amounts of capital, CQ, i, to maintain product quality to an

acceptable level. These investments are smaller than

CU , i(t) and are defined by

CQ, i(t)= ri(t)Ci(t
E
i ) ð4Þ

In the case of OD vendors, small amounts of capital

CQ, i(t) are invested each month for maintaining product

quality to an acceptable level and for the maintenance of the

product, and small amounts of capital CH , i are invested in

hardware and network. These amounts are again proportional

to Ci(t
E
i ) and CH , i(t

E
i ), respectively, and are defined in

CQ, i(t)= ri(t)Ci(t
E
i ) ð5Þ

CH , i(t)=wi(t)CH , i(t
E
i ) ð6Þ

The parameters mi, ri and wi, in equations (3)–(6), are

normal variables (see Table 1 for their definition). All

investments made by each company are equally distributed

among the developers of the company, and increase their

productivity by hi.

Of course, companies invest only when their financial

balance, Bi(t), allows it, that is if Bi(t). 0. During the

simulation, the expenses and the revenues are recorded for

each vendor at each time step. The following equation

shows the balance, Bi(t), of the ith vendor at time t:

Bi(t)=Ai +
Xt

k = tE
i

Ei(k) � (1� yi)�

Xt

k = tE
i

½CU , i(k)+CQ, i(k)+ sNi � CH , i(k)� Ii(k)� ð7Þ

Cocco et al. 3
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where most of the symbols are defined in the previous part

of this section; Ei(t) indicates the earnings of the ith vendor

at time t, yi indicates the percentage of earnings allocated

to the charter members as dividends, and Ii(t) represents
the bank loan received at time t. We set yi = 0:5 for all

vendors.

When the balance in (7) is less than zero, the vendor

requests a bank loan. If this loan exceeds its initial capital,

the company goes bankrupt. This happens only to vendors

active in the market for at least six months.

3.3. Quality of the software products

Each software product is characterized by a specific qual-

ity Qi. The quality reflects all of the software features that

contribute to its perceived value, for instance functionality,

reliability, efficiency, and usability. The quality of the

products is defined as in the work of Haruvy et al.12 by

using the differential equation

dQi

dt
= hi(t)Ni � dQi ð8Þ

where hi(t) is the per-capita human capital of the ith ven-

dor at time t, and d is the quality depreciation rate equal to

0.03 per month, as given by Haruvy et al.12

The per-capita human capital, hi(t), models the individ-

ual productivity and is defined in the following equation,

as given by Ghosh:13

dhi

dt
= ½p(uhi)

g(nSQ, i)
1�g� ð9Þ

where:

� p is a constant parameter reflecting the productivity

of human capital accumulation process;
� u is the fraction of time spent on human capital

formation;

� g weighs the fraction of human capital and informa-

tion and communications technology (ICT) capital

in human capital accumulation process;
� n is an implicit measure of the use of ICT in human

capital formation;
� SQ,i is the capital per employee invested in the qual-

ity of the product from tE
i to current time t.

The parameters p, u, g and n are constant parameters

equal to 0.025, 0.1, 0.9 and 0.1, respectively, as provided

by Ghosh.13

3.4. Pricing of the software products

Software vendors adopt pricing strategies fundamentally

different from those of other industries.19,20 Indeed, soft-

ware products differ by traditional products because they

do not lose quality as a result of their usage, although there

is a loss of value over time. Moreover, a high production

cost is needed to produce the first copy, but the cost of fur-

ther copies is negligible.

Another feature of software products is the existence of

network effects. The value of software depends on its prop-

erties, but also on the number of users who adopt it: the

larger the number of users, the better it is for all of the

users. The network effects have a significant impact on

pricing strategies of software vendors, who use them to

hinder the market entry to competitors, and bind the cus-

tomers to the current provider, with high switching costs.

To model vendors’ pricing strategies, we propose pric-

ing mechanisms which vary over time for the two types of

vendors. The initial price of the product, set at time tE
i ,

when the vendors enter the market, is given by the follow-

ing pricing rules. The initial price, P
OPp
i (tE

i ), of primary

OP product of ith OP vendor is defined as

P
OPp
i (tE

i )= ½1+ �i�
Nf (t

E
i )Ci(t

E
i )

KiNC(t
E
i )

ð10Þ

where:

Table 1. Values of the parameters of OP and OD vendor equations.

Parameter Description On-Premise Vendors On-Demand Vendors

kIN Initial capital per developer: 50,000 80,000
Ni Number of developers for each vendor: N(m= 135,s= 21) N(135,11)
b Fraction of capital invested for initial development

of the product:
N(0:45,0:02)

ai Fraction of capital invested for hardware expenses: — N(0:45,0:02)
s Developer’s wage: 3000
ri Fraction of capital invested monthly: N(2× 10�3,3:3× 10�4) N(3× 10�3,3:3× 10�4)
oi Fraction of capital invested monthly in hardware

and network expenses:
— N(4:5× 10�4,2:5× 10�5)

mi(t) Fraction of capital invested for updating the products: N(5× 10�3,3:3× 10�4) —

Note: N(m,s) represents a normal distribution with average m and standard deviation s.

4 Simulation: Transactions of the Society for Modeling and Simulation International
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� øi is the percentage of profit that ith vendor wishes

to obtain; it is characterized by a normal distribu-

tion with average equal to 0.15 and standard devia-

tion equal to 0.02;
� Ci is the investment made by the company to enter

the market;
� Nf is the number of companies in the market;
� NC is the number of customers in the market;
� Ki models the amortization period of the production

costs of the software for ith vendor.

This definition assumes an ideal market in which the

customers choose the vendors with the same probability.

Here P
OPp
i (t) is a license fee per end-user and defines also

the price of secondary product, POPs
i , calculated as a per-

centage of P
OPp
i (t).

The price of the OD products is defined as follows:

POD
i (tE

i )= ½1+ �i�
Ci(t

E
i )

KiNC(t
E
i )

� �
ð11Þ

This price is a fee per end-user/month, aimed to obtain

a realistic price similar to the real ones.

Equations (10) and (11) stem from the literature on the

pricing schemes for SaaS and perpetual software20,21,22

and define the price at the time a vendor enters the market

as in Cocco et al.10,11 Over time, the vendors determine

the price of their products following a pricing mechanism

called derivative-follower pricing scheme, described by

Rohitratana and Altmann.22 It assumes that vendors decide

to increase, to decrease, or not to vary their price, depend-

ing only on their revenues, and neglecting the market con-

ditions and the demand of customers.

In this pricing scheme, vendors evaluate their revenues

at fixed time intervals Dt (set to 3 months). If the revenue

at t+Dt is higher than the revenue at t of at least 5%, all

is fine and the vendor does not vary its pricing mechanism.

Otherwise, if this condition is not satisfied, vendors must

decide whether to keep the price constant, to increase the

price trying to increase the revenues, or to decrease it try-

ing to attract new customers. This is decided with a ran-

dom draw of equal probability. The increase or decrease of

the price is a constant quantity, z, that for OP vendors is

z = 30, whereas for OD vendors is z = 2.

Once price has been changed, it is maintained for at

least 6 months, before a different pricing strategy can be

applied. All of the prices set can never be lower than a

threshold PTh, representing the minimum price required to

amortize production and periodic costs. In other words, it

is not possible to set a price that cannot at least amortize

the investment and operational costs.

Parameters Ki (in Equations (10) and (11)) are cali-

brated setting them equal to the years in which the vendors

expect to have a positive return on the investments. The

amortization period must be determined on the basis of an

amortization plan, taking into account the useful life of the

software to be adopted and its cost. The parameters Ki refer-

ring to the price of the OD products assume higher values

than those of OP products. This is because, in the case of

OD vendors, revenues are collected throughout the course

of the subscription and not up-front, and consequently hav-

ing a long amortization period becomes very important.

In order to better reproduce the real pricing mechan-

isms, we included a discount mechanism for purchases of

OP products over a given number of copies, as suggested

by Bucholtz.14 In addition, we took into account the costs

of switching from OP products to OD products and vice

versa. According to the Yankee Group,15 we defined them

as the sum of the cost of the OP or OD product and of the

costs incurred for basic customization and integration and/

or for ongoing operational support.

Regarding the upgrades, their prices depend on how

much customization and integration of the application

must be made to the software application. It is not easy to

compare OP with OD solutions because the upgrades in

OD solutions occur on the average three or four times a

year, and thus their cost can be accounted for together

with the maintenance cost. For this reason, we assumed

that these prices are included in the secondary price in the

OP case, and in the monthly fee in the OD case.

Note that the prices described above are prices per end-

user per month. In the OP case, the corporate users pay

according to the number of their end-users. In the OD case,

they pay according to a pay as you go model, that calcu-

lates the real usage of software, which can vary over time.

Hence, the corporate customers pay for the number of end-

users who actually use the software. This number varies in

the range between (eu � 0:3eu) and eu being equal to the

number of the corporate customers’s end-users.

Of course, the pricing mechanism just described is a sim-

plification of the real pricing mechanisms. Its calibration

aims to obtain price values similar to real prices.14,15,23,24

3.5. The customers

In our model, the customers are corporate customers. The

number of customers in the market, NC , is equal to 40,000.

Every customer buys software for an installation eu that

may vary between 100 and 1000 end-users. In fact, we

decided to study a software market aimed at small and

medium corporate customers.14

The budget allocated by customers to buy software is

not limited, so there is no constraint forcing to buy only

low-cost software. The pricing remains, of course, an

important factor influencing the choice, as explained

below. Initially, a customer evaluates all products on the

market, chooses a product using a utility function and buys

it; in this way, it binds itself to a vendor.

From time to time, customers can compare their prod-

ucts to other products in the market, to verify if their

Cocco et al. 5
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current product is the most convenient choice. At each

time t, a number of customers Nr�e =
NC

12
is drawn at ran-

dom to re-evaluate their purchase choice. This means that

this re-evaluation happens, on the average, each year.

When new ith vendor enters the market, at time t = tE
i , a

substantial number of users Nr�e =
NC

3
is drawn at ran-

dom, representing the customers interested to evaluate the

new product just launched.

The customers drawn to re-evaluate their and other prod-

ucts look for the best product in the market. They compare

the values of the utility functions associated with their prod-

ucts to those of all the other products in the market, and in

the end they decide whether to replace or not their products.

In general, a utility function U denotes the subjective

evaluation about the attitude of an asset or service to meet

an economic need, i.e. a use value.5,7,25 In our model it

depends on: quality, price, attitude toward the new SaaS

pricing model h, network effects e, switching costs r, and

on a multiplicative normal noise x.

For the jth customer and for the primary product of the

ith vendor, U is defined as

Uj, i(t)= aQQ
OPp
i (t, x)� aPP

OPp
i (t, x)+h(t, x)

+ aNeej, i(t, x)� aScrj, i(t, x) ð12Þ

The first two terms take into account the quality and the

price of the products. The third term, h, models the cus-

tomer feeling toward a new SaaS technology, so it models

how customers evaluate the benefits and the risks associ-

ated with the adoption of OD products, as illustrated in

section 3. The value of h varies with the size of corporate

customers.2,26 These references affirm that the greatest

potential growth in SaaS comes from the smaller business

areas. In this area the companies typically invest in soft-

ware less than large enterprizes, and are generally running

outdated solutions. Consequently, they see OD solutions

as a way of increasing their competitivity without facing

the high up-front costs typical of OP solutions. For this

reason, h 2 N (0:1, 0:02) for customers with a number of

end users, eu, higher than 500, whereas h 2 N (0:2, 0:02)
for customers with a number of end users, eu, lower than

500, being N (m,s) a normal distribution with average m

and standard deviation s.

The network effect term e depends on the number of

customers of a software solution. It describes the fact that

the utility that a consumer derives from the consumption

of a product depends (positively or negatively) on the num-

ber of other customers who consume the same product. In

our case, the larger the number of customers of the ith ven-

dor, the better it is for them. The network effect is defined

as follows:

� if Nc, i(t)\ Nc,M1, the number of customers is too

low and there is no network effect;

� if Nc, i(t). Nc,M2, the software usage is very spread

and network effect saturates to 1;
� if Nc,M1 4Nc, i(t)4Nc,M2, then

e=
(Nc, i(t)� Nc,M1)

NC,M2 � Nc,M1

ð13Þ

where:

- Nc,i(t) is the number of customers of i-th vendor at

time t . 0,

- Nc,M1 = aNC is the threshold above which the net-

work effect starts; a= 0:2, and
- Nc,M2 = bNC is the threshold above which the net-

work effect saturates to 1; b= 0:7.

The random term x represents a multiplicative normal

noise, with average 0 and standard deviation 0.1. It per-

turbs the generic term f (x), in (12), in the following way:

� if x . 0, then f (x, x)= f (x)(1+ x);
� if x \ 0, then f (x, x)= f (x)

1+ jxj.

The last term in Equation (12) accounts for the switch-

ing cost r. Note that the values of quality, price and

switching costs must be normalized. To this purpose, we

proceed in the following way. Assuming that the minimum

price is Pmin and the maximum price is Pmax, the normal-

ized price PN
i is a function of the generic price, Pi, and is

given by the following equation:

PN
i =

Pi � Pmin

Pmax � Pmin

ð14Þ

In this way, all of the quantities in the utility function

are in the range ½0, 1�.
All of the terms in the utility function are multiplied by

the ax coefficients, each computed for each customer

through a random draw from a normal distribution N (m,s),
with average m= 0 and standard deviation s = 0:1.

In conclusion, the utility function values calculated by

the jth customer for each ith vendor, are the sum of the fea-

tures of the ith product, weighed by the coefficients ax and

by the random term x. In this way, each user has a differ-

ent perception of the products in the market, with respect

to the other customers.

4. Simulation results

The foregoing model was run to study the software market,

in particular using empirical data from the CRM software

market, by using a simulation-based approach. Given the

limited quality of the available data, it makes sense to ana-

lyze the business trends in an ideal CRM market, where
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the parameter values are chosen following empirical data

and studies found in the literature. We call this setting the

base run. The parameter values of this set are described in

Tables 1 and 2. We studied the competition among OP and

OD vendors, analyzing the behavior of the market over a

simulation interval equal to T = 96 time steps (months),

hence considering a span of 8 years, enough to ascertain

the main trends of a vertical software market.

4.1. Base run results

In the base run, we run the model setting all of its para-

meters as reported in the previous sections and in Table 2.

The values reported are taken from the literature, from

market analysis and some of them are set in order to

obtain prices that match the real prices in the market. We

analyzed the competition between five OP CRM vendors,

which enter the market at tentry = 0, and six OD CRM ven-

dors, which enter the market in pairs, at tE
i = 10, 20, and

30. This matches the real situation, where the entry of OD

vendors occurred after that of OP ones. The results

obtained in this simulation setting are reported in Figures

1–4 and in Table 3.

The figures show the time trends of quality and prices,

for the two kinds of CRM products (OP and OD), and the

distribution of customers among vendors. Table 3 shows

the number of customers at t = tE
i and at t = T , the end of

simulation, for all of the different vendors in the market.

These data highlight how OD vendors are able to conquer

quite a large market share since the moment they enter the

market, and to compete with OP vendors.

Figure 1 shows how the quality of OP and products var-

ies over time. We can note that the values of OP quality is

Table 2. Parameter values for the base run.

Parameter Description Base run

ax Coefficients of the utility function N(0,10�1)
w Normal noise N(0,10�2)
e Network effect (Nc,i(t)� Nc,M1)

NC,M2 � Nc,M1

η Attitude toward OD products N(0:1,0:02) eu > 500
N(0:2,0:02) eu < 500

�

ρ Switching Costs ρOD�OP,ρOP�OP = 0:28 * P
OPp
i

ρOP�OD,ρOD�OD = 0:1 * POD
i

�

Note: ρx�y indicates the switching costs from x firm to y firm.

Figure 1. Quality of OP primary (dashed lines), OP secondary
(dotted lines) and SaaS (OD; solid lines) products (base run).

Figure 2. Prices of OP primary products (base run); the prices
of secondary products are about a quarter of the prices shown.

Figure 3. Price of SaaS (OD) products (base run).
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larger than that of OD products, in agreement with the fact

that OP solutions are more customized than OD ones.27

The quality values are very high because of the chosen val-

ues of the initial investments and human capital. However,

the reported considerations about quality do not change if

we assume lower values of these parameters. The steady

increase in ‘‘quality’’ for all vendors reflects the money

continuously poured by vendors to improve the functional-

ities of their products, and the fact that, in this simulation,

no vendor is driven out of the market, going bankrupt,

although a couple of OD vendors end with a very low

number of customers. Note that the investment policies

used in this work stem from analysis of the market and

from our experience. In fact, knowing the actual values of

the investments made by the real firms is practically

impossible. For this reason, most of our assumptions aim

to calibrate the model in order to obtain realistic orders of

magnitude of prices, a target that was achieved.

Figures 2 and 3 show the prices of OP and OD prod-

ucts, respectively. The prices of OP CRM vary between

about 300 and 1000 for primary products, and between

about 80 and 260 for secondary products (not shown in

the figure because they are simply a fraction of the price

of the corresponding primary product); the prices of OD

CRM vary between about 180 and 350, matching the real

prices (in US$) in the market. OD prices look much sta-

bler than OP ones, which anyway do not vary so much.

Clearly, the model settings and the rule that prices cannot

drop below the actual costs yield such a stable behavior.

Other settings might yield more dynamic price trends.

In Figure 4, we show the time trends of the distribu-

tions of customers among the vendors. The initial (when

the vendors enter the market) and final data of this graph

have been already presented in Table 3. OP vendors get

the whole market share in the beginning. Then, their cus-

tomers decrease when OD vendors enter the market,

because many of them decide to switch to OD software.

All vendors are able to stay in the market for 96 time steps

(months), although two OD vendors in the end are left

with very a small market share, namely with 58 and 69

customers only (see Table 3).

Note that, due to the lack of experimental data, all para-

meters of this simulation have been calibrated in order to

obtain prices that do not differ too much from those that

nowadays we observe in the real CRM software market.

The market trends we obtain reflect the real trends of the

market, where only few vendors are able to survive with

big market shares, whereas the remaining survive with

much smaller market shares.

Figure 4. Customer distributions among OP (dotted lines) and
SaaS (solid lines) vendors (base run). The Figure below (b)
expands the y-axis to highlight the customer distributions with
smaller values.

Table 3. Number of customers of all vendors in the base run, when the vendor enters the market and at the end of the
simulation, T.

Vendor OP customers OD customers

at t= 0 at t= T at t= tEi at t= T

1 2657 5361 2055 7578
2 1219 1009 769 1890
3 713 831 481 58
4 17,259 14,018 509 69
5 18,152 5981 931 1789
6 876 1913
Customers 40,000 27,200 5,621 13,297
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In particular, at t= T one OP vendor gets a market

share equal to 35% at t= T , and another OD vendor gets

a market share equal to 19%. Two other OP vendors get

market shares equal to 13% and 15%. All other seven ven-

dors together get a market share of only 18%. For the sake

of brevity, we are not able to report the results of other

simulations, made varying key parameters such as the

leaning to invest in quality, or the price variations decided

when the market share decreases. We report instead in the

following section a sensitivity analysis of the model with

respect to some of its parameters.

4.2. Sensitivity analysis

To study the sensitivity of the model to the various terms

in the utility function, and hence its influence of the para-

meters, x, r, h, e and aj on the survival of the vendors, we

run several simulation sets. In the following, we briefly

describe the obtained results.

The analysis performed highlighted that the presence of

x in the base run has accomplished the purpose for which

it was introduced, keeping all the vendors active in the

market, without ousting many of them since the beginning.

In fact, the multiplicative normal noise x impacts on the

distribution of customers among the vendors. Decreasing

the value of x, the number of vendors with no customers

or with a very low number of customers increases, even if

the total market shares of OD and OP vendors do not vary.

So, parameter x influences the distribution of customers

among the vendors, independently of their type.

As regards coefficients ax, the analysis shows that their

calibration in the base run does not privilege any type of

vendor. However, the customers’ purchase choices can be

heavily influenced by the setting of these coefficients. For

instance, if we define them as belonging to the normal dis-

tribution N(0:1, 0:1) (compared to N (0, 0:1) used in the

base run), the purchase choices become directed towards

the least expensive products, because most coefficients

become positive. Therefore, OP products, which have a

higher price than OD products, experience a reduction of

their utility function values, with respect to their competi-

tors. In contrast, if we define ax coefficients as belonging

to the normal distribution N(� 0:1, 0:1), the purchase

choices are mainly directed towards the most expensive

products, because most coefficients become negative.

The performed analysis shows also that the network

effect coefficient, e, the switching costs r, and the para-

meter h which models the customer feeling toward new

technologies, do not significantly influence the distribution

of customers. For instance, as regards parameter h, the

purchase choice for OD products persists also decreasing

the value of this parameter, which by definition increases

the value of the utility function of OD products.

A further analysis was performed to investigate the sen-

sitivity of the model to the value of the simulation period

T, the number of vendors Nf , the number of customers NC ,

and the number of customers Nr�e drawn at every time for

re-evaluating their purchase choices. The analysis per-

formed highlighted that these parameters have a low influ-

ence on the distribution of customers among the vendors,

and hence on the total market shares got by the two types

of vendors.

4.3. Monte Carlo analysis

In addition to the sensitivity analysis, a Monte Carlo (mc)

analysis was performed to the purpose of confirming the

results of the sensitivity analysis, and assessing the robust-

ness of our model.

For computational reasons, and given that no signifi-

cant difference in the outputs of the model has been found

with respect to the total number of customers and vendors,

and with respect to the number of customers drawn to re-

evaluate their purchase choices, the mc analysis was per-

formed running a smaller version of the base run, called

Run1.

In this set, we assumed a total number of customer

equal to 20,000, a number of OP vendors equal to 3, a

number of OD vendors equal to 4, and finally a number of

customers drawn to re-evaluate their purchase choices

equal to Nr�c =NC=24, with all of these numbers being

smaller than those of the base run.

In Tables 4 and 5, we describe all simulation sets run,

defining the parameter values which vary from set to set.

Run1 was run in order to assess the robustness of the pro-

posed model and the results presented in Section 4.1.

Instead Run1.1–Run1.7 were run with the aim of confirm-

ing the results obtained from the sensitivity analysis.

We repeated each simulation set 100 times with the

same initial conditions, but with different seeds of the ran-

dom number generator. For each mc run and for each ven-

dor we recorded the customer number at the entry time

and at the exit time. In addition, for each mc run we com-

puted the number of surviving vendors. In Tables 6 and 7,

we show the results of the mc analysis. In particular, we

report the 25th, 50th, 75th, 85th and 95th percentiles of the

number of customers for the survivor firms and the aver-

age number of survivor vendors across all mc simulations.

The mc analysis confirmed both the robustness of the

model and the results of the sensitivity analysis. As regards

the robustness of the model, overall all performed simula-

tions presented a consistent behavior, confirming the

robustness and the validity of the results presented in

Section 4.1. In fact, the parameter settings of the Run1

(see Table 4) do not privilege heavily any type of vendor

and only a few vendors are able to survive with big market

shares, whereas the remaining survive with much smaller

market shares (see Table 6).

Concerning the sensitivity analysis, we studied the

impact of the coefficients ax and of the parameters e, h

Cocco et al. 9
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and r on the customers’ purchase choices. We found that,

the customers’ purchase choices can be heavily influenced

by the setting of coefficients ax and of the parameter x,

but by the setting of parameters e, h, and r.

Indeed, a rise of the coefficients ax from N (0, 10�1) to
N (10�1, 10�1) (see Run1 and Run1.1 in Table 4) directs

the purchase choices towards the least-expensive products,

and consequently the OD firms conquest much higher

market shares than OP firms (see Run1.1 in Table 6). In

contrast, a drop of the coefficients ax from N (0, 10�1) to
N (� 10�1, 10�1) (see Run1 and Run1.2 in Table 4) directs

the purchase choices towards the most expensive products,

and as a result the OP firms conquest much higher market

shares than OD firms (see Run1.2 in Table 6).

The parameter x was introduced in the utility function

with the aim of keeping all of the firms active in the mar-

ket. An its drop from N(0, 10�2) to N(0, 10�4) (see Run1

and Run1.3 in Table 4) or from N(0, 10�2) to 0 (see Run1

Table 4. Parameter values for Run1, Run1.1, Run1.2, Run1.3, and Run1.4.

Parameter Run1 Run1.1 Run1.2 Run1.3 Run1.4

ax N(0,10�1) N(10�1,10�1) N(� 10�1,10�1) * *
w N(0,10�2) * * N(0,10�4) 0
e (Nc,i(t)� Nc,M1)

NC,M2 � Nc,M1

* * * *

η N(0:1,0:02) eu > 500
N(0:2,0:02) eu < 500

�
* * * *

ρ ρOD�OP,ρOP�OP = 0:28 * P
OPp
i

ρOP�OD,ρOD�OD = 0:1 * POD
i

�
* * * *

Note: * indicates that the parameter values are defined as in Run1.

Here ρx�y indicates the switching costs from x firm to y firm.

Table 5. Parameter values for Run1, Run1.5, Run1.6, and Run1.7.

Parameter Run1 Run1.5 Run1.6 Run1.7

ax N(0,10�1) * * *
w N(0,10�2) * * *
e (Nc,i(t)�Nc,M1)

NC,M2�Nc,M1

0 * *

η N(0:1,0:02) eu > 500
N(0:2,0:02) eu < 500

�
* 0 *

ρ ρOD�OP,ρOP�OP = 0:28 * P
OPp
i

ρOP�OD,ρOD�OD = 0:1 * POD
i

�
* * 0

Note: * indicates that the parameter values are defined as in Run1.

ρx�y indicates the switching costs from x firm to y firm.

Table 6. Monte Carlo analysis: percentiles of the number of customers and total average number of survivor vendors for Run1,
Run1.1, Run1.2, Run1.3, and Run1.4.

Run 1 Run1.1 Run1.2 Run1.3 Run1.4Firm Percentile

t= tE t= T t= tE t= T t= tE t= T t= tE t= T t= tE t= T

OP P0:25 1445 2132 667 639 402 1644 0 106 0 169
P0:50 5491 3767 4648 1403 6142 4362 3869 3437 2465 3407
P0:75 10,692 4870 11,240 1795 11,223 10,317 13,243 5921 14,907 5151
P0:85 14,772 5329 15,473 2214 13,366 12,068 16,362 7527 18,036 6766
P0:95 16,206 7785 16,822 2615 18,547 13,920 18,242 9538 18,998 7940

OD P0:25 1 756 75 1776 1 209 0 227 0 138
P0:50 196 2262 740 3966 2 612 2 2298 2 1290
P0:75 1839 3698 2515 6111 4 1150 1427 4319 573 5084
P0:85 4576 4949 3733 7058 1347 1761 3345 4959 3608 6396
P0:95 5828 5893 5316 9159 4393 2403 5420 5965 6110 8022

Survivor average — 7 — 7 — 6.9 — 6.1 — 5.8
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and Run1.4 in Table 4) implies the exit from the market of

some vendors, and hence an average number of survivor

vendors smaller than seven (see Run1.3 and Run1.4 in

Table 6).

Finally, as regards the parameters e, h and r, their set-

ting in Run1 does not imply any significant impact on the

customers’ purchase choices. Indeed, also a drop of these

parameters to 0 (see Run1.5 and Run1.7 in Table 5) does

not imply any significant impact on the customers’ pur-

chase choices, and the results of these runs do not show any

substantial difference with respect to those of the Run1.

To conclude, we highlight that the model is fairly com-

plex and is based on several parameters, most of them

essential to a realistic software market model. However,

even if the results obviously depend on the chosen para-

meters’ values, the performed analysis demonstrated that

the chosen parameters’ values for the base run can be con-

sidered broadly correct, because they do not force the pur-

chase choices of customers toward a specific vendor or

toward a specific type of vendor.

5. Conclusions and future work

In this paper we have presented a simulation-based

approach to analyze one of the latest trends in the software

market: SaaS. To the best of the authors’ knowledge, this

is the first time that the software market has been modeled

detailing the investment and pricing policies and the pur-

chase preferences of customers.

Since there is relatively little empirical evidence avail-

able about the strengths of the various mechanisms on

hand, and few experimental data to initialize or validate

the simulations, many of the model’s parameters were

calibrated according to existing literature and market anal-

ysis. The proposed model was able to reproduce the actual

trends of the market.

To study the sensitivity of the model to the different

parameters and to justify the chosen parameter values, a

sensitivity and a mc analysis were conducted. The

sensitivity analysis confirmed how the outputs of the

proposed model are more sensitive to the variations of

some key parameters with respect to others. The mc

analysis confirmed that the response of the model to dif-

ferent initial values of the parameters is stable, allowing

us to generalize the considerations done for the base run

presented.

In conclusion, we obtained a sufficiently realistic repro-

duction of a market, that follows the trends of the real

market, concerning both the survival of the firms and the

features of the products. Clearly, the presented model and

test simulations are only a first step toward the direction

of producing a robust and reliable model of the real mar-

ket. They show the potentiality of our model, highlighting

as OD software gains ground and attracts an increasing

interest of the enterprizes’ customers. Of course, more sig-

nificant results could be obtained calibrating the model

with more real data about pricing and investment policies

of the vendors.

Our final goal is to develop a useful predictive model,

able to forecast market trends, and to optimize investment

and pricing policies. By using it, a vendor could use the

past business trends of itself and of its competitors, in

order to obtain optimal policy settings to be followed for a

business winning strategy. Presently, we are working on

getting more real data to calibrate the model, and on

enhancements of it.
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Table 7. Monte Carlo analysis: percentiles of the number of customers and total average number of survivor vendors for Run1,
Run1.5, Run1.6, and Run1.7.

Run1 Run1.5 Run1.6 Run1.7Firm Percentile

t= tE t= T t= tE t= T t= tE t= T t= tE t= T

OP P0:25 1445 2132 1803 1497 769 1979 2433 1323
P0:50 5491 3767 4638 3509 3153 3545 6195 2914
P0:75 10,692 4870 13,237 5474 10,657 5127 10,279 4826
P0:85 14,772 5329 14,447 6214 16,483 6027 11,765 6680
P0:95 16,206 7785 16,374 7815 18,977 7579 17,282 8309

OD P0:25 1 756 2 1004 0 878 3 858
P0:50 196 2262 683 2235 0 2647 681 2437
P0:75 1839 3698 3080 3921 880 4053 2360 3609
P0:85 4576 4949 3606 4139 2137 4679 3976 4557
P0:95 5828 5893 4878 4906 5798 5324 4867 5613

Survivor Average — 7 — 7 — 6.9 — 7
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Appendix

Symbol Description

OP On-Premise.
SaaS Software as a Service.
OD On-Demand.
CRM Customer Relationship Management.

P
OPp
i

Primary product price of the ith vendor.

POPs
i

Secondary product price of the ith vendor.

POD
i

OD product price of the ith vendor.
Qi Product quality of the ith vendor.
hi Per capita human capital of the ith vendor.
d Quality depreciation rate.
tEi Entry time of the ith vendor.
Ni Number of developers of the ith vendor.
Ai Initial capital of the ith vendor.
kIN Initial capital per developer.
Ci(t

E
i ) Initial investment of the ith vendor to

develop the product.
CH,i(t

E
i ) Initial investment to set up the server

farm of the ith vendor.
CU,i Investment of the ith vendor to update

its product.
CQ,i Investment of the ith vendor to maintain

product quality to an acceptable level.
CH,i Investment of the ith vendor in hardware

and network.
Bi Financial balance of the ith vendor.
Ei Earnings of the ith vendor.
Ii Bank loan of the ith vendor.
ni Percentage of the earnings of the ith vendor

allocated as dividends.
z Adjustment constant of the price.
eu Number of end-users of corporate customers.
Nr�e Number of corporate customers which

re-evaluate their purchase choice.
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