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Abstract

A product line approach is a disciplined methodology
for strategic reuse of source code, requirement
specifications, software architectures, design models,
components, test cases, and the processes for using the
aforementioned artifacts. Software process simulation
modeling is a valuable tool for enabling decision making
for a wide variety of purposes, ranging from adoption
and strategic management to process improvement and
planning. In this paper, discrete event simulation is used
to provide a framework for the simulation of sofiware
product line engineering. We have created an
environment that facilitates strategic management and
long-term forecasting with respect to software product
line development and evolution.

1. Introduction

A software product line is defined as a set of software-
intensive systems sharing a common, managed set of
features that satisfy the specific needs of a particular
market segment or mission and are developed from a
common set of core assets in a prescribed way [8]. A
product line approach is a disciplined methodology for
strategic reuse of source code, requirement specifications,
software architectures, design models, components, test
cases, and the processes for using the aforementioned
artifacts.  Software product line engincering promises
large-scale productivity gains, shorter time-to-market,
higher product quality, increased customer satisfaction,
decrecased development and maintenance cost [8].
However, those benefits are not guaranteed under all
situations, and they are affected by many factors such as
the initiation situation, the adoption and evolution
approaches, the market demands, and the available
resources. The goal of this research is to develop a

simulator that facilitates software product line decision
making at an early stage by providing time and cost
estimates under various situations.

In this paper, discrete event simulation theory and
Constructive  Product Line  Investment  Model
(COPLIMO) [2] are used to create an environment that
facilitates  strategic management and long-term
forecasting with respect to software product line
development and evolution. Specifically, the simulator
facilitates the study of the effect of a number of process
decisions, including choice of evolution approach, upon
factors such as effort and time-to-market. The simulator
not only gives statistical results at the end of the
simulation, but also visually presents how major product
line engineering activities progress and interact over
time. The simulator is built upon DEVSJAVA [1], a
general-purpose Java-based discrete event simulation
framework. The tool is extensible and allows other
simulation frameworks and cost models to be used.

The remainder of this paper is organized as follows.
Section 2 presents background information. Section 3
describes the simulation model and the simulator.
Results are discussed in Section 4. Section 5 contains
related work and Section 6 draws conclusions and
suggests future investigations.

2. Background

This section describes background information on
Software Product Lines, software process simulation,
DEVSJAVA [1], and COPLIMO [2].

2.1. Software product lines

Software product line development involves three
essential activities: core asset development, product
development, and management [8]. Core asset
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development (domain engineering) involves the creation
of common assets and the evolution of the assets in
response to product feedback, new market needs, ctc.
Product development (application engineering) creates
individual products by reusing the common assets, gives
feedback to core asset development, and evolves the
products. Management includes technical and
organizational management, where technical
management is responsible for requirement control and
the coordination between core asset and product
development activities.

There are two main software product line adoption
approaches: big bang and incremental [10]. With the big
bang approach, core assets are developed for a whole
range of products prior to the creation of any individual
product. With the incremental approach, core assets are
incrementally developed to support the next few
upcoming products. In general, the big bang approach
has a higher return on investment but involves more
risks, while the incremental approach has lower entry
costs but higher total costs. The four common software
product line adoption situations are: independent,
project-integration, reengineering-driven, and leveraged
[10]. Under the independent situation, a product line is
created without any pre-existing products. Under the
project-integration situation, a product line is created to
support both existing and future products. Under a
reengineering-driven scenario, a product line is created
by reengineering existing legacy systems. And the
leveraged situation is where a new product line is created
based on some existing product lines.

Some common product line evolution strategies are:
infrastructure-based,  branch-and-unite, and  bulk-
integration [10]. The infrastructure-based strategy does
not allow deviation between the core assets and the
individual products, and requires that new common
features be first implemented into the core assets and
then built into products. Both the branch-and-unite and
the bulk-integration strategies allow temporal deviation
between the core assets and the individual products. The
branch-and-unite strategy requires that the new common
features be reintegrated into the core assets immediately
after the release of the new product, while the bulk-
integration strategy allows the new common features to
be reintegrated after the release of a group of products.

2.2. Simulation

A software process is a set of activities, methods,
practices, and transformations that people use to develop
and maintain software and associated products, such as
project plans, design documentations, code, test cases,
and user manuals [4]. Adopting a new software process is

expensive and risky, so software process simulation
modeling is often used to reduce the uncertainty and
predict the impact. Software process simulation
modeling can be used for various purposes and scopes,
and have been supported by many technologies [3]. The
software product line process simulator described in this
paper is for long-term organization strategic
management, and is implemented in DEVSJAVA [1], a
Java implementation of the Discrete Event System
Specification (DEVS) modeling formalism [1].

The external view of a DEVSJAVA model is a black
box with input and output ports. A model receives
messages through its input ports and sends out messages
via its output ports. Ports and messages arc the means
and the only means by which a model can communicate
with the external world. A DEVSJAVA model is either
“atomic” or “coupled”. An atomic model is undividable
and generally used to build coupled models. A coupled
model consists of input and output ports, a finite number
of (atomic or coupled) models, and couplings. The
couplings link model ports together and are essentially
message channels. They also provide a simple way to
construct hierarchical models.

To execute atomic and coupled models, DEVSJAVA
uses distinct atomic and coupled simulators that support
incremental simulation model development. These
simulators can execute in alternative settings (i.c.,
sequential, parallel, or distributed). An important feature
of the DEVS framework is the ability for models to
secamlessly execute cither in logical or (near) real-time.
Furthermore, due to its availability of its source code and
object-oriented design, DEVSJAVA can be extended to
incorporate domain-specific (e.g., Software Product Line)
logic and semantics.

2.3. COPLIMO

In the simulator, COMPLIMO [2] is used as the cost
model to provide cost estimates. COPLIMO is a
COCOMO 1II [9] based model for software product line
cost estimation, and has a basic life cycle model and an
extended life cycle model. The basic life cycle model has
two sub-models: a development model for product line
creation and a post-development model for product line
evolution. Although the basic life cycle model has many
simplification assumptions, it is thought to be good
enough for early stage product Iline trade-off
considerations [2]. The basic model also can be easily
extended to the extended life cycle model, which allows
products have different parameter values instead of the
same values. In the implementation, the cost model is
designed as a plug-in model, thus other cost models can
be plugged in to meet other needs.



3. Approach

A simulation framework and a software cost model
were used to develop the simulator. Although
DEVSJAVA [1] and COMPLIMO [2] are currently used,
they can be replaced by other suitable simulation
frameworks and cost models. This section presents the
abstract software product line engineering model, the
specifics of the simulation models, the assumptions, and
the simulation tool.

3.1. Abstract product line model
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Figure 3.1. SPL adoption approaches

Software product line engineering typically involves a
creation phase and an evolution phase [10]. Currently
the simulator provides two options (big bang and
incremental) for the creation stage and two options
(infrastructure-based and branch-and-unite) for the
evolution stage. In the following, we will discuss the
costs associated with those cases in detail.

With the big bang adoption approach, core assets are
first developed to meet the requirements for a whole
range of products. Products are then developed by
reusing the core assets [10]. Figure 3.1 illustrates the
process flow. Costs associated with this approach
include core asset development costs and new product
development costs.

With the incremental adoption approach, the core
assets arc incrementally developed to meet the
requirements of the next few upcoming products, new

products arc developed by reusing the existing core
assets, and existing products are updated after the change
of the core assets. Figure 3.1 depicts the process flow.
Costs associated with this approach include core asset
development costs, new product development costs, and
existing product maintenance costs. Compared to the big
bang approach, the incremental approach has higher
product development costs because of the incompleteness
of the core assets, and extra product maintenance costs as
the result of a short-term planning penalty.
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Figure 3.2. SPL evolution approaches

Infrastructure-Based

With the infrastructure-based product line evolution
strategy, the process for building a new product is the
following: core asscts are updated by incorporating new
common requirements, and the new product is developed
and existing products are updated. Figure 3.2 shows the
process flow. The COPLIMO |[2] basic life cycle model
assumes that a change to a product causes the same
percentage of change on reused code, adapted code, and
product unique code. So if the change rate caused by
new product requirements is o, then the costs for one
product development iteration include the costs of
maintaining the core assets with a change rate of a, the
costs of developing the new product, and the costs of
maintaining existing products with a change rate of a.

With the branch-and-unite product line evolution
strategy, the process for building a new product is the
following: the new product is developed, core assets are
updated to incorporate new common features, and
existing products arc updated (including the newly



created product). Figure 3.2 illustrates the process flow.
If a is the change rate caused by new product
requirements, then the costs for one product development
iteration include the costs of developing a new product
with (1-a) percentage of the reuse rate, the costs of
maintaining the core assets with a change rate of o, and
the costs of maintaining existing products (including the
newly created one) with a change rate of a. Product
maintenance costs are higher in this case because it has
one more product to update, the newly created one. The
new product is first created with new features that are not
supported by the core assets, then after the core assets are
updated to incorporate the new features the new product
neceds to be updated to keep consistent with the core
assets. The new product development costs are also
higher with this approach, because of the lower reuse
rate.

3.2. Model development

Twelve DEVSJAVA [1] models were developed to
model software product line engineering activities.
Figure 3.3 shows a UML diagram depicting the
hierarchical structure of the model. Some time
constraints are imposed in the simulator: for each atomic
model, jobs are processed one by one in FIFO order (or in
combination with some priority).

The PLPEF (Product Line Process Experimental
Frame) is the top level coupled model and contains a
Product Line Process instance and an Experimental
Frame instance.

The Product Line Process models software product
line engineering activities. It contains an instance of
Technical Management, Core Asset Development, and
Employee Pool, and a finite number of Product
Development instances. The number of Product
Development models to be included depends on the
number of projected products in the product line. The
Product Line Process receives market demands and
dispatches them to Technical Management. It sends out
requirements (generated by Technical Management and
Maintenance Requirement Generator) and development
reports (generated by Core Asset Development and
Product Development), which can be used for process
monitoring,.

The Employee Pool models human resource
management. It receives resource request and resource
return messages, and sends out reply messages to grant
resources.  Currently, Employee Pool manages the
resource requests in either a pure FIFO manner or a
FIFO manner where new development jobs are given
higher priority. Before starting any development activity,
a resource request must be sent to Employee Pool. A

project cannot be started until the requested resources are
granted from the Employee Pool. If the number of
employees in the employee pool is not less than the
requested number of employees, the requested amount of
employees will be granted. Otherwise, if the number of
available employees meets the minimum employee level
(a model parameter, between 5/8 and 1), then the number
of available employees will be granted. In that case, a job
can be started with fewer resources but longer
development time. In other cases, the employee pool will
not grant any resources until enough resources are

returned.

Technical Employee Product
Management Fool Development

1
CoreAsset Market Transducer
Cevelopm ent Demands

1
£ T 1

[ Devempmert | [ Development | | Mairtenance Requirement
| ] ] Generatar

Figure 3.3. Model hierarchical structure

The Product Development models the application
engineering activity. It has a Development instance for
product creation and inter-product synchronization
(development instance), a Development instance for
inner-product maintenance (maintenance instance), and a
Maintenance Requirement Generator instance. When the
Product Development gets the first requirement, the
development instance starts product creation, once that is
done, the Maintenance Requirement Generator sends out
a requirement to maintain the product for N years (the
number of years in the product life cycle), which starts
the maintenance instance. After N years, the
Maintenance Requirement Generator sends out a stop
message, which stops the maintenance activity and the
acceptance of new development requirements.

The Development models a general software
engineering activity. When a new requirement is
received, Development sends a resource request to the
Employee Pool, waits for the reply from the Employee
Pool, starts developing activity when the resources are
granted, then returns resources to the Employee Pool and
sends a report to Technical Management upon
completion. The Development model will stop accepting
new requirements when it receives a stop message on its
stop port, which means the product reaches the end of its
life cycle and needs to be phased out.

The Maintenance Requirement Generator models
product maintenance requirement generation. Once a
new product is released, it sends out a requirement to
maintain the product for N years (the number of years in



the product life cycle), and sends a stop message when
the product reaches the end of the product life cycle.

The Core Asset Development models domain-
engineering processes. Currently, it is modeled in the
same way as the Development model. The domain
engineering is not modeled as the same as the application
engineering, because in practice technical management
often collects the core asset feedback from product
development and issues the core asset requirements in the
context of product development.

Table 3.1. Behavior of technical management

Stage Approach Activities
Creation | Big bang 1. Create core assets if they
do not exist
2. Create new product by
fully reusing core assets
Incremental 1. Increase core assets if

necessary
2. Create new product by
fully reusing core assets
3. Update existing products
Evolution | Infrastructure Update core assets
-Based 2. Create new product by
fully reusing core assets
and updating existing
products (excluding the
newly created product)
Branch-and- 1. Create new product by
Unite partially reusing core
assets
2. Update core assets
3. Update existing products
(including newly created
product)

—_

The Technical Management models requirement
generation and control as well as the coordination
between core asset and product development. It receives
market demands (which are processed in FIFO order),
generates requirements for core asset or product
development, and accepts development reports. Which
requirements will be generated, when will they be
generated, and where they will be sent depend on the
selected product line adoption and evolution approaches.
Technical Management coordinates core  asset
development and product development activities through
keeping the requirement generation in a certain order.
Table 3.1 summaries the behavior of Technical
Management according to the given strategies.

The Experimental Frame consists of a Market
Demand instance and a Transducer instance. It feeds
Product Line Process with inputs and receives Product
Line Process’ outputs.

The Market Demand models the demands for new
products from the market. It sends out a new product
request after a certain interval, which can be set through
the model parameter, “interval”.

The Transducer observes product line engineering
activities for a certain amount of time. During the
observation period, it receives development requirements
and reports, and tracks the generating and finishing time
of each requirement. At the end of a simulation run it
will output some statistical information to a file.

3.3. Assumptions

In the simulator, we made a number of assumptions as
follows.

1. All the employees have the same capability and can
work on any project.

2. If task B needs to make use of the results from task
A, task B cannot start until task A is finished.

3. Product maintenance starts right after the release of
the product and the maintenance activity holds the
staff until the product is phased out.

The assumptions made by the COPLIMO [2] basic
life cycle model are:

4. All products in the product line have the same size,
the same fractions of reused (black-box reuse) code,
adapted (white-box reuse) code, and product unique
code, and the same values for cost drivers and effort
modifiers.

5. For each product in the product line, the size, the
values of cost drivers, and the values of effort
modifiers remain constant over time. For cach
product, the fractions of reused code, the fractions of
adapted code, the fractions of product unique code
remain constant during the time when core assets
stay the same.

6. A change to a product will cause the same
percentage of change to reused code, adapted code,
and product unique code.

Assumption 2 states that concurrency between
interdependent tasks is not supported in the current
version, which will be supported to some extent in the
future. Assumption 4 can be relaxed by using COPLIMO
[2] extended life cycle model, which allows products to
have different parameter values. Assumption 5 can be
relaxed by allowing users to specify the change trend.
Assumption 6 can also be relaxed by allowing users to
specify the change rate on different portions of the
products. Because COPLIMO is currently used as the
underlying cost model, its assumptions are adopted in the
simulator. If another cost model is used, these
assumptions would be replaced by those made by the new
cost model.
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Figure 3.4 Simulation tool in execution

3.4. Simulation tool

The simulation tool was developed in Java and runs in
the DEVSJAVA [1] environment. Figure 3.4 shows the
user interface. The upper part of the interface shows the
current running model and its package, which are
“PLPEF” and “productLineProcess”, respectively. The
middle part shows the models and their hierarchical
relationships.  The bottom part contains execution
control components. The “step” button allows running
the simulator step by step, the “run” button allows
executing the simulator to the end, and the “restart”
button allows starting a new simulation run without
quitting the system. The “clock™ label displays the
current simulation time in the unit of months, and
selecting the “always show couplings” checkbox will
allow couplings between models to be displayed. The
simulation speed can be manipulated at run time to allow
execution in near real-time or logical time (slower/faster
than real-time).

Figure 3.4 shows that at time 27.783, Core Asset
Development is idle, Products 1 is under initial
development, Product 2 and 3 are waiting for resources,
and Products 4 and 5 are in planning. The messages tell
that Product 2 just received requested resources and
Product 3 just sent out a resource request. Because of the
lack of resources, the Employee Pool cannot grant the
requested resources and is waiting for more resources to
be returned, which in turn puts Product 3 in wait.
Technical Management is idle, Market Demand
generates new product requirement in every 12 months.
Finally, and Transducer is observing the simulation.
This case shows a situation where limited resources cause
development activity delay.

At the end of each simulation run, a result table is
generated similar to Table 3.2. The table has two
sections that are divided by a blank line. The top section
lists the created products, their first release time (FR),
time-to-market (TTM), initial development effort (DPM),
initial development time (DT), accumulated development
and maintenance effort (APM), accumulated



development and maintenance time (AT), and the
number of finished requirements (FR). The bottom
section summarizes the total product line evolution effort
(TPM), the time when all the requirements arc finished
(FT), the average annual development cffort (APM), the
number of requirements generated (TR), and the average
time-to-market (ATM). The unit of effort is person-
months and the unit of time is months.

Table 3.2. Simulation Result

FR TIM DPM DT APM AT FR
core 278 278 5822 278 6516 505 3
po1 481 481 2177 203 4430 1590 4
p02 481 36.1 217.7 203 4430 1590 4
p03 68.4 444 2177 203 4430 1590 4
p04 798 438 2177 203 4242 1496 3
p05 1001 52.1 2177 203 4054 1403 2
TPM  2810.1
FT 220.1
APM 1532
TR 20
ATTM 449
4. Results

In this section some simulation cases are presented to
illustrate the use of the simulator and to demonstrate the
analytical capability of the simulator.

4.1. Overview

The inputs to the simulator include general
parameters and product (core asset) parameters. The
general parameters are used to describe software product
line process attributes and organization characteristics.
These parameters include the maximum number of
products that will be supported by the product line, the
number of products that will be created during the
creation stage, the product line adoption and evolution
approaches, the number of employees in an organization,
and the market demand intervals. The product (core
asset) parameters are primarily determined by the
employed cost model (COPLIMO, in this case). These
parameters include the size of the product (core assets) in
source lines of code, fraction of product unique code,
fraction of reused code, fraction of adapted code,
percentage of design modified, percentage of code
modified, and percent of integration required for
modified software. In addition, a number of parameters
related to reuse and maintenance are included, such as
software understanding of product unique code, software
understanding of adapted code, unfamiliarity with

product unique code, unfamiliarity with adapted code,
and average change rate caused by new market demands.

To study the effect of resources, adoption approaches,
and ecvolution approaches on software product line
engineering, we ran the simulator seven times using the
same basic parameter values. Accordingly, we varied the
number of resources, the type of adoption approach, and
type of evolution approach.

Table 4.1. Scenarios
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4.2. Effect of resources

The inputs to Scenarios 1, 2 and 3 only differ in the
values of number of employces (50, 40, and 30,
respectively). The results differ in time-to-market, as
shown in Figure 4.1. At the beginning, there is little
difference, as time progresses, the gap of time-to-market
between  resource-constrained and  non-resource-
constrained scenarios increases. The reason is that as
more products are developed, more resources for product
maintenance are required, thus less resources are left for
new product development, which may increase the
resource waiting time and in turn result in a longer time-
to-market. The cffort associated with Scenario 3 is
smaller than the other two cases. That is because in
Scenario 3, when Product 10 is released at 202.69,
Product 1 and 2 are alrecady phased out (at the time
168.1). Accordingly, no effort is needed to update those
two products due to the change of the core.

4.3. Effect of adoption approach

The inputs to Scenarios 1 and 4 only differ in product
line adoption approach (big bang and incremental,
respectively). The results differ in time-to-market, as
shown in Figure 4.2. As specified by the inputs, the core
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assets are developed in two steps with the incremental
approach. The first increment happens right before the
development of Product 1, and implements half of the
core assets. The second increment happens right before
the development of Product 4, and implements the rest of
the core assets. For the first three products, the
incremental approach appears to have shorter time-to-
market, mainly because fewer core assets means less time
is required for asset development. As request for Product
4 comes, with the incremental approach, the development
of the new product can not be started until the rest of the
core assets have been implemented. So, we see a big
jump in time-to-market from Product 3 to 4. The
incremental approach results in higher total effort
(6173.36) than the big band approach (5338.47). That is
the nature of its process flow.

4.4. Effect of evolution approach

The inputs to Scenarios 1 and 5 differ in product line
evolution approach (infrastructure-based and branch-and-
unite, respectively). Figure 4.3 shows the comparison of
the results in time-to-market. As specified by the inputs,
the evolution stage starts from Product 7. For Product 7,
the branch-and-unite approach has smaller time-to-
market because the product gets developed carlier and
does not have to wait for core asset updates. For the later
products, the branch-and-unite approach results in longer
time-to-market because it requires extra effort to rework
new products and imposes more task dependencies, thus
reducing concurrency. The total effort of the branch-
and-unite approach (5340.37) is only a slightly higher
than the infrastructure-based approach (5338.47). That
is because when Product 9 and 10 are released, some
early products have already been phased out, so the costs
for updating existing products are reduced.

4.5. Effect of adoption and evolution approaches

A situation an organization might face is the need to
determine which software development and evolution
approaches best fit its goals. Scenarios 1 and 4 — 7 show
the alternatives the organization might have. Scenario 7
is the casc where a traditional software development
approach (single product only) is taken, where products
are created and evolved independently.

Figure 4.4 shows the comparison of the results in
time-to-market. As we can sce, the big bang with
infrastructure-based approach has the shortest average
time-to-market, and the incremental with branch-and-
unite approach has the longest average time-to-market.
The traditional approach has the shortest time-to-market
for the first two products, the longest time-to-market on

the third product, then its time-to-market stays between
the incremental and the big bang approaches, afterwards
its time-to-market starts climbing dramatically but still
stays in between the branch-and-unite and infrastructure-
based approaches. In our experiment, the reuse rates are
not very high (30% for both black-box and white-box
reuse) and the product is relatively small (100KSLOC),
so the traditional product development time is only
slightly longer (about 5 months) than product line
engineering approaches. In the case of branch-and-unite
evolution approach, the dependencies imposed by that
approach overweighs the benefits of reusing the core
assets. The total effort of Scenario 1 and 4-7 are
5338.47, 5340.37, 6173.36, 6194.03, and 8760.55,
respectively.  As we have expected, the traditional
approach requires considerably more cffort. By large-
scale reuse, product line approaches generally result in
smaller code size to development and maintain. Thus,
the total effort on creating and evolving the products in a
product line is smaller.

4.6. Validation of model and results

Several steps have been taken to verify and validate
the model. First, the results of the simulator have been
compared with the results of COCOMO II [9] to make
sure the mathematic calculations are correct, and the
results are the same (ignoring rounding errors). Second,
the results of the simulator have been compared with the
common knowledge about the product line, and we feel
the results confirm to the common knowledge. Third, a
initial small set of experts have reviewed the simulation
results, and they feel that the results are consistent with
what have been observed in the real world and the
abstract model reflects the real process flow at a high
level. In future investigations, we plan to continuc
soliciting expert feedback and compare simulation results
with real product line data.

5. Related work

Cohen [7] presents an approach for making a software
product line investment determination. The approach
uses three factors to justify software product line
investment:  applications,  benefits, and  costs.
Applications include the number of projected products in
the product line, the time they will be developed, and
their annual change traffic; benefits consists of the
tangible and intangible goals the organization wishes to
achieve through a product line approach; costs are the
life cycle costs associated with core assets and individual
products. Costs arc affected by some factors, such as



costs of reuse, degree of reuse, and core assets change
rate. Our cost estimation method is consistent with the
Cohen approach but provides more capabilitics.

Regnell et al. use a simulator to study a specific
market-driven requirement management process |[5].
The goal of simulator is to help in exploring bottleneck
and overload situations in the requirement engineering
process, investigating which resources are needed to
handle a certain frequency of new requirements, and
analyzing process improvement proposals. The specific
process is modeled using queuing network and discrete
event simulation [6]. Our simulator also uses discrete
event simulation, but its purpose is to study life cycle
issues for a product family instead of a portion of a
software engineering process for a single product.

Riva and Delrosso recently discussed issues related to
software product family evolution [11]. They state that a
product family typically evolves from a copy-and-paste
approach to a mature software platform. They point out
some issues that harm the family evolution, such as
organization burcaucracy, dependencies among tasks,
slower process of change, and the new requirements that
can break the architectural integrity. Their notion of
product family used in that paper is different from the
definition of a product line [8]. Creating a product
family by copy-and-paste is not a product line approach,
because the product line approach emphasizes a
disciplined strategic reuse, not opportunistic reuse. A
product line is actually a product family that has already
evolved to a mature software platform. Our simulation
results also show that in some cases dependencics
imposed by product line approaches result in slower
market response than the traditional software
engineering approach.

6. Conclusions and future investigations

Software product line engineering promises of reduced
cost while still supporting differentiation makes adoption
and continued use of the associated approaches attractive.
However, in order to make appropriate planning,
decision tools are necessary. In this paper, we described
a simulator that is intended to support ecarly stage
decision-making. The simulator provides both static and
dynamic information for the selected software product
line engineering process. The statistical result generated
at the end of the simulation can be used for trade-off
analysis. Stepping through the simulator helps analyzing
product line processes, uncovering problems, and
improving the understanding of software product line
evolution.

Currently the simulation tool supports the study of
independent product line initiation using big bang or

incremental product line adoption approaches and
infrastructure-based or branch-and-unite product line
evolution strategies. Our future investigations include
providing estimates for other software product line
initiation  situations and approaches, allowing
concurrency between inter-dependent tasks to some
extent, providing probabilistic demand intervals,
incorporating other cost models, and removing a number
of the simplification assumptions. Furthermore, we plan
to validate the model by comparing the results with real
product line data and getting more expert feedback.
Also, we want to combine the simulator with an
optimization model, so users can specify their end-goal
criteria and then allow the simulator to search for the
best results.
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