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Variability Management Mechanism for Domain Engineering and Case Study in SunRoof
Control Domain

Jeong Ah Kim

Abstract: This study aims to suggest variability mechanisms for software product line development and to explain the results of case study. Software product line engineering is
an extension of software engineering and many organizations constantly engage in reengineering and refactoring to adopt the software product line engineering. Software product
line engineering has two engineering processes: domain engineering process and application engineering process. Feature Identification and feature model are key success factor
to construct variability model. Feature model describes the variable parts to be extended or replaced and common part to be reuse by themselves. Feature model gives the
directions to the following architecture design and component implementation. However, feature model is not the design strategy and variability mechanism for product line
implementation. Therefore, these are the obstacles for organizations that are unfamiliar with feature model and variability mechanism to adopt software product line engineering.
Several variability mechanisms for software intensive software are suggested but these are not applicable for embedded software since it has different development process and
structure. In this paper, variability elements in architecture design and component design of embedded software are identified as state variable, state transition information, and
algorithm. Variability management mechanisms are defined for these elements. To provide the detail strategy and to evaluate the suggested variability management methods,

process and results of real case study are described.

Keywords: domain engineering; embedded software product line; feature model, sunroof product line; variability management

1 INTRODUCTION

The software product line has been a software
development paradigm that arose from an effort to maximize
the quality attributes of software such as reusability and
maintainability. The result of combining this paradigm with
the existing field of software engineering is Software Product
Line Engineering (SPLE). Software reuse, which began to
gain attention in the 1990s, aims at reducing the effort
required to develop or maintain a new system similar to a
legacy system, and eventually reducing software
development costs [1]. It has since departed from reuse at the
level of the library or source code, originating from the reuse
of subroutines in the 1960s, and the scope of reuse has been
expanded to include domain knowledge, development
experience, and design decisions. In line with the conceptual
extension and expansion of software reuse, software re-
engineering technology has advanced to create better
software by analysing and reconstructing a legacy system,
and to reduce the maintenance cost of the software. The
gradually expanded reuse technology has recently evolved
into a software product line engineering technology that takes
into account both business and technical interests. Since the
"product family engineering (PFE)" approach and address
the commonalities and variabilities of software products with
a focus on architecture in the 1980s [5, 16, 20]. The programs
of an SPL are distinguished in terms of features, which are
end-user visible characteristics of programs [3]. Based on a
selection of features, stakeholders can derive customer
specific programs that satisfy functional requirements [14,
19].

Software product line engineering has two engineering
processes: domain engineering process and application
engineering process [9]. Domain engineering process
produces the core assets that will be assembled based on
feature selection. Application engineering processes generate

the product instance from core assets based on product
requirements. For helping the organization to adopt the
software product line engineering, a reference model is a
good guide to define the process and strategies. In this
research, domain implementation method and case study
results of sunroof software product line for variability
management in domain engineering are presented.

2 BUSINESS DOMAIN FOR SOFTWARE PRODUCT LINE
ENGINEERING

This chapter introduces the company that has applied
SPL as well as the background of such an application of SPL
technology, and briefly introduces the domain to which SPL
technology is applied. The company OOO Holdings is
participating in this case study. It is a company that produces
various parts used in the automotive body domain, and its
representative product includes sunroof controller software.
The adoption of SPL technology has been carried out by the
Electrical System Department of the Future Technology
Research Center.

These days, automobiles are evolving into electronic
devices. As a result, the nature of the industry is changing
from a hardware-oriented industry to a software-oriented
industry. Automobile assembly OEMs are demanding
various strict standards for software quality improvement
from electrical system component developers in keeping with
this trend [7, 6]. In terms of process, certifications such as
CMMI [4] or A-SPICE [21] are required, and in terms of
safety, the functional safety grades proposed by ISO-26262
[8] are required depending on the importance of parts.

This company hoped to shorten the development period
of products for various customers and efficiently reuse the
products that were developed by improving the engineering
skills of developers through appropriate development
methods. Domestic automobile parts development firms have
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only one or two developers, with a shortage of human
resources. In order to overcome this, this company decided
to adopt software product line engineering technology as a
solution to increase the reusability and maintainability of
software.

1. SR Controller [CA]

1.1. Ket Processing [CA]

1.1.1. Chattering [CA]

1.1.2. Key Combing [CA]

1.2. Operation Mode Management [CA]

(some more)

1.3. Control Service [CA]

1.3.1. Operating Power Control [CA]

1.3.2. Anti-Pinch [CA]

(some more)

1.3.6. Mode Management [CA]
1.3.6.1. Wake Up Mode [CA]
1.3.6.2. Sleep Mode [CA]

1.3.7. Motor Control [CA]

(some more)

1.4. Fail Safe [CA]

(some more)

1.4.5. Hall Sensor Diagnosis [CA]
1.4.5.1. Hall Sensor Algorithm1 [CA]J[A]
1.4.5.2. Hall Sensor Algorithm2 [CA]J[A]

(some more)

1.7. Parameter Configuration [CA]

1.8. Key Type [OE]

1.8.1. 3-Way Type [OE][A]

1.8.2. 3-Way 2nd Type [OE][A]

1.9. Blind Control [CA][O]

(some more)

1.14. EEPROM [OE]
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Figure 1 Some part of feature model

The sunroof is one of the components constituting the
body of an automobile. Although it is an optional part, it is
gradually being applied to an increasing number of vehicles.
Recently, not only general sunroofs but also panoramic
sunroofs have been developed and used. As a device for user
convenience, it is also a product that requires emotional
functions such as low noise as well as safety.

3 RESEARCH METHODOLOGY
3.1 Domain Modelling of Sunroof Control SPL

SPL domain analysis activities consist of term definition,
feature modelling, legacy system analysis, and domain
requirement specification. Term definition and feature
modelling are generally carried out in parallel. Legacy
system analysis is an additional activity as an extractive
approach is taken in this case study.

Feature model is the most important model for managing
the variabilities in domain. Product lines for information
systems present variabilities both in non-functional and
functional features [5]. This task aims to clearly identify the
commonalities and variabilities of the products included in
the product line. Feature models are arguably one of the most
intuitive and successful notations for modelling the features
of a variant-rich software system. A feature is a characteristic
or end-user-visible behaviour of a software system [18].
Features are used in product-line engineering to specify and
communicate commonalities and differences of the products
between stakeholders, and to guide structure, reuse, and
variation across all phases of the software life cycle [17, 22].

Fig. 1 shows the partial feature model and feature
diagram of Sunroof Domain. Eighty features are identified.
Three optional features and nine alternative feature groups
(20 features) are identified as variable features. FORM
methodology defined the semantic of feature model [10, 11],
Feature model explains the variability information of domain
with feature and feature attributes. Feature attributes define
the feature category with CA (Capability), OE (Operational
Environment, and IT(Implementation Techniques). CA
means that feature belongs to capability category such as
functional requirements. OE means that feature belongs to
Operating Environment category such as operation systems
and network systems. IT means that feature belongs to
implementation techniques such as processes and rules Also,
feature attributes define the feature variability with M, A, O.
Variability is modelled with M (Mandatory), A (alternative)
and O (optional). M means that feature should be included in
product instance. O means that feature can be included
selectively based on feature selection at product
configuration time. A mean that one of feature set should be
included in product instance. The domain requirement
specification is usually performed at the end of the domain
analysis activities.

3.2 Variability Mechanism for Sunroof Control SPL

Domain implementation aims to make modules
recognized through architectural design into reusable
modules as much as possible. Making it into a reusable
module means turning the module into a verified library,
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which can save 30 to 40% of the effort of testing the module
when developing a product. In order to achieve this effect, it
is necessary to find a way to quickly and easily reflect the
modified contents in the module while avoiding the influence
of other modules based on a thorough consideration of what
variable information the module has to process when there is
a change in the variable information. It is similar to a general
software module design activity except for the task of finding
variable information and applying it to the design. The
domain implementation work is described for the activity of
creating a document based on the source code [13].

3.3 Module Design for Processing State Variable Management
Information

To separate control and operation, we need a special
component for managing the control of state information. We
have a "XYZ" module constituting the software is one of the
modules that perform state management and plays a role in
managing the operating state of the slide. This module has
the variable attribute <<VOP>>. <<VOP>> stereotype is
variability in implementation of function so that there are
optional elements inside the module. The feature with the
variable attribute <<VOP>> is as follows.

1.8.3. Slide Position Control [CA]

1.8.3.1. Comport Position Control [CA][O]
Figure 2 Feature model with optional feature

The control of the "Comport" position is optional
depending on the slide controller. As a result, the action for
managing the slide operation state for the operation
command transmitted by the user input is affected. The
results of modelling the state management behaviour with
and without the Comport position control are as Fig. 3. At the
request of the company, detailed items such as transition
conditions are excluded.

The operation state behaviour model without the COM
port mode is as shown in (b) of Fig. 3. There are a total of 10
states that comprise the state diagram. The modes are divided
for each operation state in which the slide can be operated.
The state returns to "Oper Ready" when each operation is
completed.

The operation state behaviour model with the COM port
mode is as shown in (a) of Fig. 3. With the addition of the
Comport mode, the "Comport_Open" and "Comport_Close"
states have been added. The product line behaviour model
created by combining the two operation state behaviour
models is as follows.

The appearance of the product line driving state
behaviour model is the same as the component mode driving
state behaviour model as the behaviour model with the
Comport mode includes the behaviour model without the
COM port mode.

In the product line operational behaviour model, variable
information is added to the "Comport Open" and
"Comport_Close" states. Variable information is indicated in
the state by the stereotype as shown (c) of Fig. 3. The marked

information, the "Comport Position Control" feature that
determines whether to select the two states is written along
with the meaning that the two states are optional states. The
product line behaviour model of the module created in this
way is used to create a behaviour model instance for a
product by selecting a feature to develop a product in the
subsequent application stage. In this case study, two
instances are created.
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3.4 Module Design for Processing Variable State Transition
Information

The case where the variable information becomes a state
transition condition is similar to that of the variable state
condition information discussed in the previous section. The
difference is that the state itself is variable information in the
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former case, whereas the transition condition under the same
condition is managed as variable information in this case.
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Figure 4 State Behaviour model with variability mechanism
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When the "Switch Command Composer" module has the
variable attribute <<VAP>>. In other words, it has
alternative variable elements inside. Now it is time to check
what the variable elements are. This module plays the role of
combining specific switch commands according to the type
of input switch. As the domain model suggests, the slide
product line supports two types of switches: "3 Way Switch"
and "3 Way 2nd Switch." However, regardless of the switch
type, the number of output commands is the same at eight
(Manual Open, Manual Close, Manual Tilt Up, Auto Open,
Auto Close, Auto Tilt Up, Switch Fault, None).

Based on this, the output command can be deemed as a
state and the corresponding module can be designed using the
state transition diagram. As a result of comparing the above
two figures, the state remains the same as previously
identified, but the conditions for transitioning the state are
different. Unlike the behaviour model of the previous "XYZ"
module, there is a variation point in the transition condition.

When a transition becomes a variation point, the method
of adding as many transition lines as the number of variable

elements to the state diagram is used in general. However,
when using this method, the state diagram may look messy.
Therefore, a method in which only the transition condition is
described separately may also be used. In this case study, the
second method is used to design the control behaviour for
generating the switch command of the product line module
as shown in the Fig. 4.

3.5 Module Design for Processing Variable Algorithm
Information

This section briefly explains how to perform detailed
design when an algorithm variation point is identified in the
design target module.

For the module implementing the algorithm, the detailed
design is divided into two parts.

e  Declaration of interface function
e Algorithm function

The declaration of the interface function is a technology
for easily selecting a module implementing a specific
algorithm for each product to be produced and reflecting it in
the product architecture. This part allows the processing of
the variable information of the module that has the algorithm
itself as a variable element.

The algorithm function is almost dependent on the inside
of the module and operates as a variable element itself.
Therefore, this part needs to be designed in the same way as
designing general software modules. The flow can be
described in detail or the algorithm can be described using
Pseudo Code or Flow Chart.

3.6 Module Design for Processing Variable Operational
Condition Information

It is common to define a layer composed of modules in
charge of logic operations under the principle of separating
control and operation in the module architecture. Since these
modules generally have an algorithm for operation, unlike
the previous state management type, it is not possible to
design the behaviour of a module based on a certain
specification. If the logic that performs the module function
is divided into several branching statements by the same
condition and the actions performed in each branching
statement are similar, it is possible to find a variation point in
them.

1.x.x. Flashing Control[CA]
1.x.x.1. Flashing Request Priority [CA]J[A]
1.x.x.2. Flashing Behaviour [CA][A]
(Some more)
Figure 5 Feature model with alternative feature

The "ABC" module constituting the software is
responsible for performing a specific operation according to
the state of the module performing the logic operation. This
module has the variable attribute <<VAP>>. This means that
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there are alternative elements inside the module. The feature
with the variable attribute <<VAP>> is as Fig. 5.

The above feature information shows that the priority of
flashing requests and the type of command for error handling
vary depending on the product. Because of checking how the
previously developed system reflects the priority change
factor in the system, the method of directly modifying the
operation logic that generates the conditional statement and
the instruction corresponding to the condition of the module
has been used. That is, two variable factors have been
identified.

e  Command priorities
« Behaviour attributes for operation processing (number
of times, waiting time, etc.)

If the source code is directly modified whenever there is
a change in the two variable elements identified, the
efficiency of development can be reduced through repeated
modification of the module and tests for each product
development. In this case, the most effective way to remove
the variable information from the source code is to separate
the priority information and the command information
created according to the combination from the source code,
allowing modification of such information from outside the
source code. This method allows only the logic that reads and
processes priority data, as well as the logic that determines
the command to be generated in response to the key input
based on the priority, to be implemented in the corresponding
module. The "ABC" module designed by reflecting this
concept is as Fig. 6.

Managing Select Managing
Priority Priority read Priority

Manipulation Manipulation Manipulation
Code Selected Priority rea Code

Figure 6 Refactoring to separate command and behaviour for implementing a
command

The "ABC" module has two sub-modules. The first
"Flashing Priority Elector" selects the request with the
highest priority among the errors to be inspected. Information
about priorities is not included in the module. The second
"Command Maker" module generates commands to fulfil the
selected request. Command information that must also be
created is managed separately from the module. Such a
module design separates variable elements from the source
code to allow the module to accommodate and process
various combinations.

4 RESULTS AND DISCUSSION

Product line module implementation serves two
purposes. First, it aims to create concrete implementation
models based on the conceptual modules acquired from
architecture design. Second, it aims to determine the
technique for implementing the variable information
reflected in the design. This section describes the

implementation rules based on the C language used for
automotive electrical system software development.

4.1 Definition of Implementation Rules for Logical Model

An object-oriented language such as Java provides
various methods to implement the module defined in the
architecture as an independent component at the language
level. However, as for the C language, there is a limit to
implementing the logical module defined in the architecture
as an actual independent module at the language level. This
is because calling it an actual module makes it impossible to
forcibly block the access restrictions of the developed
module. As a result, developers make arbitrary use, and
architecture and consistency are gradually lost as
development progresses. In order to prevent such a problem
in advance, it is necessary to define the rules for developing
modules in the C language.

Things to consider when writing the rules are as follows:
e What is the physical implementation unit of the module?

Is it a folder? Is it a file? Is it a function?

e How should the layer of design be implemented in the
architecture?

e How should the interface defined in the architecture
design be implemented?

As there are more team members involved in software
development, it becomes increasingly difficult for
architectural design to be consistently implemented into
codes in the absence of such rules. If some developers
implement the module as a file while other developers
implement the module as a function included in the file,
module management becomes impossible from then on. In
this case study, the following criteria are applied based on the
module architecture for implementation.

Table 1 Implementation strategy for architecture
Architecture Element Implementation Unit

Layer folder/Package
Module Module file (.c)
Module Interface Header file (.h) for each module
Internal Module in Function

The implementation based on the above criteria leads to
the development of the following code structure. There
should be as many C files as the number of modules defined
in the module architecture in the package.

4.2 Determination of the Mechanism of Variable Element
Implementation Inside of Module

How to implement the variable elements inside the
module described in the product line module design should
be determined? The most easily used variable information
processing mechanism in the C language is to utilize the
macros and the pre-processor provided by the C compiler. A
macro is the easiest way for organizations or developers to
deal with variable elements for the first time. However, with
an increase in the number of features, the source code
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becomes messy, reducing readability. Accordingly, a more
advanced technique should be applied thereafter.

The mechanism applied to implement the variable
information applied in this case study is as follows.

In this case study, three implementation mechanisms
were mainly used: macro, declaration of data, and external
HMI program.

Table 2 Implementation mechanism for variability type

Variability Type Variable unit Implementation Mechanism
Control State Behaviour Model Macro Macro definition for
feature
Transition . Macro
Condition Behaviour Model Macro definition for feature
Priority in Key
Operational combination Text script
Condition Command based on Data Definition
key combination
Parameter Parameter value External HMI Program
development
. . . Function
Algorithm Implementation logic Macro

An example of processing variable information using the
macro pre-processor provided by the C language can be
found in the Switch Command Composer module. The
detailed design of the module shows that all variable
elements are included in the module. Each variable element
has a structure in which one variable element is selected
according to feature selection. When implementing a module
with this structure, macros are used in general.

<<\AP>>

compseSwCmd() Switch Command Composer

<<\JAP>>
Select

Composer

<<\JA>>
3WayTypeCompser

<<VA>>
3Way2ndTypeCompser

Figure 7 Variability management in module inside

The source code implementing the above design is as
follows. In the _selectComposer() function, the function to
be called is determined based on the feature selection.

When information related to operating conditions is
completely removed from the source code, variable
information can be changed using a simple text-based script.
The written text script can be used in various ways depending
on the development environment. In this case study, the
method of generating the corresponding data based on the
script file is selected due to the limitation in the performance
of the hardware. The sample code below is generated based
on a text script that specifies the priority of commands. There
are 11 predetermined commands, and the priority of each
command and the corresponding behaviour attributes are
specified and initialized as variables using the data structure

In this case study, the variability of the parameter value
is handled by developing an HMI program that sets the

parameters using the LIN network before operating the
product. The Fig. 9 shows the developed HMI program.

skesfesk okosk

* File name : SwitchCommandComposer.c

* Purpose  : Demonstration of a simple program.
*

********************/

#ifndef _ SWITCHCOMMANDCOMPOSER C__
#define _ SWITCHCOMMANDCOMPOSER C__

#include "SwitchCommandComposer.h"

void compoSwCmd(void) {
_selectComposer();
}

void _selecComposer(){

#ifdef FEATURE_3WAY_TYPE
_3WayTypeComposer();

#elif FEATURE_3WAY2ND_TYPE
_3Way2ndTypeComposer();

#endif

}

void 3WayTypeComposer(void){

switch (enuSwCmd)  {
case SW_CMD_NULL :
if(COND_SW_OPEN _ON)
enuSwCmd = SW_CMD_ MNL OPEN;
else if(COND_SW_CLOSE_ON)
enuSwCmd = SW_CMD_MNL CLOSE;
else if COND_SW_TILTUP_ON)
enuSwCmd = SW_CMD_MNL _TILTUP;
else
enuSwCmd = SW_CMD_NULL;
break;
()
default:  break;
}

}
void _3Way2ndTypeComposer(void) {
switch (enuSwCmd) {
case SW_CMD_NULL :
if(COND_SW_OPEN_ON) {
enuSwCmd = SW_CMD_MNL_OPEN;
else if COND_SW_CLOSE_ON)
enuSwCmd = SW_CMD_MNL CLOSE;
else iffCOND_SW_TILTUP_ON) enuSwCmd=SW_CMD_MNL TILTUP;
else
enuSwCmd = SW_CMD_NULL;

break;

()

default : break;

} // end of switch(enuSwCmd)

}

Figure 8 Example of variability implementation (determination of function call
based on feature selection)

4.3 Creation of Design Documents using Source Code
Comments

A case of application to simplifying detailed design
using comments when implementing source code is
presented. For electrical system software developers, this
may be a strategy that can be used in situations where it is not
possible to spend a lot of time documenting the design
content.

As of now, tools that automatically generate
documentation based on source code comments include
JavaDoc and Doxygen. Since JavaDoc is dependent on the
Java language, Doxygen is used when development is based
on the C language. As Doxygen provides various comment
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formats and commands, it has the advantage of automatically
obtaining various types of documents. Doxygen, however,
cannot contain all the details of the design, and it should be
used for the purpose of assisting the simplification of the
design.

/***********************/

/*  Macro */
/*************************/

#define PRIORITY MAX NO 11

#define COMMANDI1  0x00
#define COMMAND2  0x01
#define COMMAND3  0x02
#define COMMAND4  0x04
#define COMMANDS  0x08
#define COMMANDG6  0x10
#define COMMAND7  0x20
#define COMMANDS  0x40
#define COMMANDY9  0x80
#define COMMANDI0 0x100
#define COMMANDI1 0x200

#ifdef VARIANT _TABLE

SRR sk Rk sk Rk R R KRRk Rk R Rk R SRR R RSk Rk

/*  Priority Logic variant Table */
st sk s s R Sk o/

typedef struct {

unsigned char Priority;
unsigned char Mode;
unsigned char Work Count;
unsigned char On_Time;
unsigned char Off Time;
unsigned char failcheck;
unsigned char Stop_Control;
} fault_Handling_Table

const fault Handling_Table priority TBL[PRIORITY _MAX NO] = {
/* Priority, Mode, Work Count, On_Time, Off Time, Fail check,
Stop_Control */

{0,0,0,0,0,0,0},

N
#endif
Figure 9 Example of variability implementation (determination of function call
based on feature selection)

An example of writing comments on source code using
the comment command of Doxygen is shown Fig. 10.
Comments can be added to the beginning of files, functions,
and variables. Below is an example that was written at the
beginning of the file.

The command supported by Doxygen starts with @ to
write a brief introduction, date of creation, version, rights,
etc. Additional information can be included by using the
@note and @par commands. In this case study, additional
information such as @par Feature:Fault Priority is added to
indicate that the module implements a specific feature.

In the comments applied to the function, the @note
command can be used to specify whether the function is an
internal module function or an interface function, in addition
to the basic description of the function. Although these
comments are not enforceable, they can be used to make a
promise between the developers that the module will be used

through the interface by providing such information to the
developer. The following function is the interface function
provided by the ABC module. In order for another module to
interact with this module, this function must be called. When
this function is called, the function that internally determines
the priorities and the internal function that executes the
selected command are called in turn.

I
sfe 3k sfe ke s she s sfe e sfesfe sk sfeoke sfeskeok sk
* @brief ABC Module.
* @details xxx Software
* Product Line Project.
* @author 000
* @version 1.0.0
* @file abc.c
* @copyright Copyright by ooo.
* @warning Target is unknown.
* Complier is unknown
* @note
* @par
* Project: xxx Software Product Line Project.
* @par
* Target: Unknown.
* @par
* Complier: Unknown.
* @par
* Features: Fault Priority
************************/
Figure 10 Example of Variability management of document based on feature
section

4.4 Discussions

To evaluate suggested design method, two products are
selected among the products defined in the product line to
introduce the virtual process of production activity and the
implications.

The task of selecting a feature for product development
from the feature model is performed. The criterion for
selecting a feature is the customer's requirements. The
requirements of the customer need to be analysed to
determine which features satisfy the requirements. In reality,
product requirement analysis and feature selection are
performed almost simultaneously. Examples of possible
product configurations based on the variable elements
examined in the product line module development are as Tab.
3.

Table 3 Association between feature and product instance

Feature Product A Product B
Comport Position
Control 0 X
Switch Type 3 Way Switch 3 Way 2™ Switch

Fault Priority Priority Script 1

Product A Parameter

Priority Script 2
Product B Parameter

Parameter

value value
Slide Position XX Device based YY Device based
Calculation Method Algorithm Algorithm

The product architecture instance development process
receives the product feature list, product requirements, and
product line architecture created in the previous tasks as
inputs, and proceeds in the following order:
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design. As for such a module with a variable attribute, the
module itself can be excluded from the product architecture
according to the feature selection. After removing the

e Creating product architecture instances using the product
feature list
e Modifying the product architecture considering new

product requirements unselected module, all the variable attribute information in
o Only the results of the first task are presented in this the product line architecture is removed.
study. The Fig. 11 shows the difference between the product

module architecture derived from product line module
architecture. There was no module with a variable attribute
<<VO>> in the architecture of the slide control software.
This means that the product architecture is consistent with the
product line architecture.

When creating a product architecture based on product
features and product line architecture, it is necessary to
ensure that selectable modules are present in the product line
architecture. In other words, it is necessary to check whether
a module with a variable attribute <<VO>> is included in the

Ll

manageFaultS|

monitorMotorStatus()

manaeSIideOpE&on() mange: ode()

run2msTask() gn run20msTask()
J
q] Logical 2ms Task | Logical 20ms Task
1
updateConfPara()

Molor Status Fault Stalus
Monitor Manager

HMI Operation
Status Manager

Composer

getinputinformation()

Slide Position
Calculator

Runtime
Parameter
Reader

doConfParaSetup()

doConfParaSetupReady()

Runtime
Parameler
Writer

Configuration
Parameter
Writer

Motor
Interface

Input nterface ConfigOtation
Parameter
Batt Reader
Switch Ignition
Slide Voltage
Psition Checker Checker Checker

Checker

read()

write()

12C Driver

Figure 11 Product module architecture derived from produ.ct line module architecture

5 CONCLUSIONS

In this paper, domain implementation methods based
variability management techniques are suggested to make the
component to be more reusable based on feature selection at
product instantiation phase. In SPL, a product based on
selected features can be generated or composed using the
components developed in domain implementation [12-16].

Software product line engineering is not a treasure trove
over the rainbows. This technology is a development
paradigm that has emerged to improve the reusability and
maintainability of software and can be embodied in various
forms. The implementation may be a software platform, or it
may be software developed in a component-based method.
Software product line engineering has been considered as
powerful methodology for platform development and
reusable architecture construction. However, construction of
software product line requires high qualified engineers and
large investment in time and cost. As other software
development methodology, guides for adopting the software
product line engineering and techniques for variability
management are the critical. Many software product line
have been constructed in software intensive domain,
therefore, there are many guidelines and variability

management techniques in software intensive domain.
However, very few case studies are available for embedded
software domain so that small-sized companies and novice
engineers at software product line engineering are not easy to
manage the variability. In this paper, design methods for
variability management in embedded software were
suggested and a case study of automotive sunroof control
software product line is described as domain implementation
guides. State, state transition, algorithm are the main variable
parts in embedded software domain. Data structure and
interface are also variable parts but these are already defined
in other domains. Suggested mechanisms contribute to help
the embedded engineers to identify the variable parts. Also,
these helps to decide the implementation strategies and
patterns of software modules to be more extensible including
variable parts.
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