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Software Product Line Engineering

Prologue

F Soft software lives long; Hard software has no life
F We are developing software as if it is hardware

F Product line software engineering is about making

software soft

F Product line engineering shows what software

engineering ought to be
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Agenda

@ Traditional Software Engineering

@ ProductLine Engineering and Variability

Management

@ Feature-Oriented Product Line Engineering

@ ProductLine Adoption Issues
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Traditional Software Engineering
F Typical software engineering process
) . . . Validation
Re‘;‘;!:?;i“‘s For single application! testing
Design Int(eegltfiantigon
POSTECH
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Traditional Software Engineering

¥ Development of single application system
F Requirements analyst

« Elicit and specify requirements for a single
target system

¥ Designer

« Design for the specified requirements
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But what happens

F Software maintenance requires

Adding new functions

Removing existing functions

Changing functions

Correcting errors and improving performance
+ But
» Source code modification without refactoring
» Copy-and-modify reuse

POSTECH
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Traditional Software Engineering

¥ Copy-and-modify reuse

Product 1 » Product 2

¥

Product 3 » Product 5 »

Product 4 Product 6

A 4

e 3

Product 7 »
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As the results

P Proliferation of versions

¥ Design and code decay
+ Bad structure
» Spaghetti code
* Unused code

» Brittle code

I Software maintenance can cost as much as 80%
of the entire lifecycle cost
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The problem

I Software is developed like hardware

F There is little effort to build “Softness” into
software

F The traditional approach can no longer support
development of products with
» Diverse market needs
* Time-to-market pressure

 Fierce feature competition
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Softness of Software

¥ Why important
- Functionality of products implemented as software
(e.g., more than 10M lines of code for TV products)
- Diverse market needs

- Time-to-market pressure (e.g., new TV models
every 3-6 months)

- Software as valuable asset of an organization

» Accumulated systems development knowledge is
packaged as reusable asset
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Softness of Software

F Softness

* Maintainability
Adaptability
Portability

* Interoperability

Reusability

POSTECH
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Related engineering principles and techniques

¥ Modularity

F Abstraction

F “Layering”

¥ David Parnas’

* Information hiding
* Program families

F Meta programming and application generators

¥ There are many mechanisms to use; How do we
know what to “hide”
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Evolution of Reuse Concepts

| |
| 1
| |
7 H 7 H 7
70’s ; 80’s ; 90’s
Code Reuse .7 : ‘84 87 ;
Reusable Code Components | Object-Oriented Libraw (e.g., The Booch C++ Component, libg++, etc.)
» Tt ]
Design Reuse
87 ) : .
______________ ____|__Design Patterns '94 PLOP conference
i ' ‘96|  Anti Patterns
o j _92 ‘93 Software Architecture
DoD Programs
Architecture Style
76 DeRemer and Krol Module Interconnection Language (MIL)
k- Tttt Tt . ": """ === Architecture Description Language
‘94
84 Domain Analysis
! Jim Neighbors Draco .
68 ! L% CBSE
______________________________________________________________ TR,
Doug Mcliroy H Software
'77 Yoshihiro Matsumoto ~ Software Factory E ‘96  Product Line

‘76 David Parnas Progfam Families
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Agenda

@ Maintainability and Reusability

@ Product Line Engineering and Variability

Management

@ Feature-Oriented Product Line Engineering

@ ProductLine Adoption Issues

POSTECH
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Product Line Engineering

I Systematic Reuse in the Context of a Product
Line: “Building softness into software”

* Product line: “a family of systems sharing a
common set of features”
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¥ Software Product Line t
Engineering (SPLE) is an
emerging software
engineering paradigm,
which guides organizations
toward the development of
products from core assets
rather than the
development of products
one by one from scratch.
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Product Line Software Engineering

Traditional Software Engineering

- Development and
Product 1 » Product 2 » Product 3 » Product 5 » maintenance of many
L l‘\ ‘ A 4 similar software
D k Product 4 »" Product 6 » pl"OdUCtS
\, ‘\\ 4 - High software
. \ 4 ! A maintenance cost

1
1
1
N \ 1
1
1
T
1

] - Development and maintenance
of common architecture and
core asset components

- Software products are
instantiated from the core asset

Core Asset Components components based on the
common architecture

- High reusability and low
software maintenance cost

Software Product Line Engineering
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SEI: Software Product Line Practice

== Carnegic¥llom
== Software Engineering Institute

Product Line Development

Core Asset
Development

Product
Development

POSTECH http://www.sei.cmu.edu/plp/essentials/

Copyright ©2013
SE Lab., Dept. of CSE
POSTECH, RO. Korea

Celsius Tech

Carmesrie Wil
Software Engineering Institute

CelsiusTech: Ship System 2000

A family of 55 ship systems

i

integration test of 1-1.5 million
SLOC requires 1-2 people
rehosting to a new platform/0S
takes 3 months

cost and schedule targets are
predictably met
performance/distribution behavior
known in advance

customer satisfaction is high
hardware-to-software cost ratio
changed from 35:65 to 80:20
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Cummins Inc.

s e Vsl
== Software Engineering Institute

Cummins Inc.: Diesel Engine Control

Systems

Owver 20 product groups with
over 1000 separate engine
applications

product cycle time was
slashed from 250 person-
months to a few person-
months

Build and integration time was
reduced from one year to one
week

guality goals are exceeded
customer satisfaction is high
product schedules are met

POSTECH http://www.sei.cmu.edu/plp/essentials/
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F Important technical elements of product line
engineering
« Commonality and Variability

* Architecture (structure, “bone”)

- Stability based on common properties

« Variation points and Variants

- Flexibility based on expected variations

« Encapsulation of design decisions that may change

- Information hiding, abstraction, etc.
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Technical Advances

¥ Paradigm change
* From single systems to product line/family

* “Good software engineering” focusing on maintainability and
reusability

¥ Commonality and variability analysis
* Feature analysis
¥ Domain-oriented Architectures and Components (from
objects and collaborations)
» Variation points and variants
* “high option potentials”
¥ Domain specific languages and generators

1 —
rea 22

Basic Principles

P How do we develop product line software?

» Variability analysis: Think about what may change!

- Looking across a family of applications in the product line
+ In different markets
- Looking ahead for anticipated changes
« Expected requirements from a market analysis
« Emerging markets
« Study of emerging technologies
— Exploring product usage contexts
« Both static and dynamic dimensions

» Building variability into software
- Architecture: Variation points and variants
- Component: Hide (encapsulate) design decisions that may change!
« Abstract and expose unchanging functional properties as interface!

POSTECH
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Commonality and Variability

Copyright © 2013
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POSTECH

Functional Variability

Contextual Variability

Binding Time Variability

Evolution of Functional and Contextual Variability

Spatio-Temporal

Space
Contextual Variability
Product
Eveluton CFunctionaI Variability>

Temporal
Space

L L L
T T 1 . .
Compile Time Installation Time  Run Time Binding
Time

- i m

Capability
Layer

Feature Model Example: ECS Product Line

Functional Variability

ECS

Operation

Driving ?ﬁr_vjce e Quality Attributes
Passenger /N
. ge"r‘é'.ﬂg Call Indication Emergency Motor Group Speed  Door Safety
Maintenance Operation  Handling Handling Door Handling Control panagement . e
| Control ) AN Smooth and Efficiency
Emergency | : . *._ Comfortable Run
Manual Medical , | ., Comfortable Rul
VIP Car Call Emergency S i Position
Handling Door Open Low  Normal High Accuracy
Hall Call N (190~300 (200~500 (1000~2300
Handling Car Call { *~._ Door Close Door Hold ft/min)  ft/min) ft/min)
Cancellation ' -
f .
Operating CPU
Environment Tl M‘ff’r
Layer Piad N L
16-bitMPU  32-bit MPUY Hydraulic Electric
7 \
. Position Control Speed Profils
Scheduling peed Profile
Domain Current Position  Preceding Position Next Preceding Leveling Profile  Running Rope
Technology o Position PRGN Profile Compensation
Layer Preemption . - ~
Compensation / Exponential  Uniform

Implementation

I
Priority \/
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= |mplemented-by relationship

Technique Determination Normal Distribution
Layer Method Calculus
—— Composed-of relationshi iti
O Optional feature P P C?/TIT;POSIII.OH R;Ies "
" - - - Generalization relationship requires Preemption
POSTECH A\ Altemative feature VIP excludes Car Call Cancellation.
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Contextual Variability

¥ Product contexts
- Different/evolving operating environments (e.g.,
technologies)
Different legal and cultural constraints
Different marketing strategies
Different/ evolving market needs
Dynamically changing usage contexts

POSTECH
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Usage Context Example: Elevators Contextual Variability

Safety &
Comfortability

Freight Elevator

POSTECH Hospital/Bed Elevator
SOSTE RO Koree .iq 27
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Software Product Line

Engineering

Three Perspectives of Feature Binding

Binding Time Variability

.—‘~

- Asset or product
development time

- Pre- operatlon time

Soard

—~&

POSTECH - Operatlon time

Copyright ©2013

What features will be
included in the products?

When they will be included?

When they will be available?

opyr
SELeb, Dept ol CSE.
POSTECH, RO. Kore 28

£ - Asset or product
’) development time

Feature-Oriented Domain Analysis (FODA)

Technisal Repart

CHUSELOBTR 21

ES0-00.19-228
vtz 15

Feature-Oriented Domain Analysis
(FODA)
Feasibility Study

|fﬂﬁt

Kyo C. Kang
Shalom G. Cohen
James A. Hess
William E. Novak

A. Spencer Peterson
Domain Anstyus Prome

Softwars Englnaring lstitsite
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Pt Paneayns 15213
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Scholar
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2864 citation counts!
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Feature-Oriented Domain Analysis (FODA)
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Feature-Oriented Domain Analysis (FODA)

Fourth International Workshop on ® :
Variability Modelling of 13th International Software
S Software-intensive Systems Product Line Conference (SPLC)

"Celebrating 20 Years of Feature Models" ,

Johannes Kepler University Linz, Austria — January 27-29, 2010

Kye Chul Kang, Ph. D.

FODA. Twenty Yoars of Parspectve on
Fualuw Mode's

Altwr recunang his B0, from the Unisrsity of
Michigan in 1982 Dr Kang woeked 83 & widing
professor ai the Unwendty of Mchagan and 28 a
s of the bechiecal alal at Bl
Comvmunc ations Revamch and ATAT Bell
Laboratones. He joined the Camepe Mekon
Botunis Encunaning Institits 53 & aanesr mambses of the lchueal sal o 1987 He
brobnner at the Pahang Linweraity

Generative
and
Component

Copynght © 2013
SE Lab., Dept. of CSE
POSTECH, RO. Korea

Product Line Feature Modeling

Goals/Objective )
Usage Context Drive

(user context, social context,
business context,
and operating environment)

Drive

Quality Attribute

\ 2

| Functional/Capability | _Implemented-by
Require or exclude - Feature

A4

Operating Environment/
Design Feature

(Domain and implementation techniques)

>
Strongly supported, weakly supported, -
hurt, or broken-by

POSTECH
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Software Product Line Engineering

Feature Space Overview
Tttt !
i Feature Space (Different Viewpoints) !
| I
| |mm T T !
|| Problem Space i ! Solution Space | i
[m——————— 1 | 1 1 i P e A
| . Features | : Feature | | | Artifact Space |
| | I | | |
i o ; ! I L_,!| ProductLine |!
i — 1 Goal/Objective i i Capability |- | : | Asset |
| B = . |
e r
' World | | : i | i | ! Architecture i
I H [ I !
! Problem —+———> i i .| Operating o |
I I »| »
! : ! : Usage Context ! : Environment e | i : Architesture i
I 1 I [ I
! i ! : 1 | il i Deployment i
I . : A : {11 1] [LArchitecture |||
B B e R |
|1 | Quality Attribute | | Design Feature [« | | | Module !
| : | | . | Architecture |
: : ! : ! ! ! & Components| | |
R ] I e — |
| |
P
Legend
| |
\ | Feat Artifact | —————> —— o >
i Space i CaetZ;(;?y Catelzgagry Drive Mapped-to  Implemented-by
POSTECH
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Modeling and Development Process

- Real world problem

!

Goal/objective,
usage context
feature modeling

- Goallobjective features
- Usage context features

Quality attribute
— feature
- Product line modeling
quality requirements
—_—p

- Product line functional requirements

Legend —
Activity
—— Data flow

POSTECH

comraneas [
st . bep. o1 o2
SOSTECH, 0, Koren

- Quality attribute
features

Solution space
feature modeling

- Capability features
- Operating environment features
- Design features

- Available technologies

- Product line assets
- 5

Product line
artifacts design
and development

35
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Example: Elevator Control System Real World Problem

Real World Problem:

Context:

The number of floors of multistory
buildings is increasing.

Problem:

Moving objects between floors
becomes difficult.

POSTECH
Copyright ©.2013
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Example: Elevator Control System Problem Space Features

F Goal/objective features

* Represent what a system should achieve in order to solve
real world problems.

* Important to determine the scope of a product line.

- Product line analysts, market analysts, and developers can establish an
explicit boundary of a product line and can share a common
understanding about the ultimate goals of the product line.

Escalator or elevator?

“Moving objects between different floors of a building in

an efficient way.”
‘ Refined to

“Moving objects between different floors of a building @)
vertically in an efficient way using a cage with doors.”

Elevator!

POSTECH
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Software Product Line Engineering

Example: Elevator Control System Problem Space Features

F Usage context features

* Represent any contextual setting in which a product is
deployed and used.

* Include physical environments, user profiles, social or legal

issues, business concerns, etc.

ECS Product Line
Usage Context

e ~—~ hEEN
Pas’sftpe‘nger Fre.ight
Hospital " Skyscraper Restaurants :
(Patienton a bed) Apartment  (Business offices) Car Garage (Food delivery)
Legend
O - Composed -of
POSTECH Mandatory  Optional  Alternative Specialization

oo [
SE Lab., Dept. of CSE
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Generalization/ Implemented-by

Example: Elevator Control System

Problem Space Features

drive quality attribute features.

F Goal/objective features and usage context features

SRR (OIS Refined Goal/Objective Feature

Important Quality

of a hospital vertically in an efficient way using a cag
e with doors.

Feature Attribute Feature
P Moving people between different floors of a building Door Safety,
assenger ! - . : h "
vertically in an efficient way using a cage with doors. Usability

Moving people (e.q. patients, doctors, and nurses)

- - - Smooth and
. wheelchairs or hospital beds between different floors

Hospital Comfortable Run,

Position Accuracy

Move people (e.q. workers or travelers) between diff

Skyscraper | erent floors of a skyscraper vertically in an efficient w High Speed
ay using a cage with doors.

Freight Damage

. Move freight between different floors of a building ve Prevention,

Freight . : - : .

rtically in an efficient way using a cage with doors. Low Speed,

Position Accuracy
POSTECH
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Example: Elevator Control System Problem Space Features

F Quality attribute features

* Represent non-functional requirements that a system should
meet along with its functional requirements.

ECS Product Line
Quality Attribute

Usability Smooth and Freight Damage :osmon
Comfortable Prevention ceuracy
B Run
o b ‘
Usability for ~ Usability for ... o °
Visual Senior Citizens Car Shaking Car Slope
Impairments Prevention Prevention

Legend

O e *\. Composed-of Generalization/ Implemented-by
POSTECH Mandatory  Optional ~ Alternative Specialization

Copyright © 2013
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Example: Elevator Control System Problem Space Features

F Goal/objective features and usage context features
drive quality attribute features.
» Mappings between usage context (UC) features and quality attribute (QA)

features:
R 2o | vy | Gomoriable | £O5on | H9h | gomage | Low
UC Features Run Prevention
Passenger \% \%
Hospital \% \ \% \
Skyscraper \Y \% \%
Freight \% \% \%

POSTECH
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Example: Elevator Control System

Solution Space Features

F Goal/objective features and usage context features drive

solution space features.

EEE COIE Refined Goal/Objective Feature Solution Space Feature
Feature
Moving people between different floors of a building Car Call Handling,
Passenger vertically in an efficient way using a cage with Elevator Air Conditioner Control,
doors. Elevator Light Control
Moving people (e.q. patients, doctors, and nurses) Medical Emergency, Door Hold,
Hosbital wheelchairs or hospital beds between different | Low Speed (About 190 ~ 300 Ft/Min),
P floors of a hospital vertically in an efficient way Large Capacity for Hospital Bed
using a cage with doors. (About 1000 ~ 2500kg)
Move people (e.q. workers or travelers) between
Skyscraper different floors of a skyscraper vertically in an Double-Deck,
yscrap ter . SKySCTaper y High Speed (About 1000 ~ 2300 Ft/Min)
efficient way using a cage with doors.
Move freight between different floors of a building
Freight vertically in an efficient way using a cage with Door Hold,
9 toora Y Y using 9 Low Speed (About 60 ~ 190 Ft/Min)
Move car between different floors of a building (e.g. Car Call Handling,
Car parking garage or _manufacturer’s _storage) Elevator Light Control,
vertically in an efficient way using a cage with | Large Capacity for Car (About 3000 ~
doors. 5000 Kg)

USTECH
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Example: Elevator Control System

Problem Space Features

F Goal/objective features and usage context features

drive solution space features.

» Mappings between usage context (UC) features and solution space (SS)

features:
ST Call | SV AT | Medical | Double- | Door by '-?Ofgg ;é:r::;:y

UC Features Handling Control Emergency Deck Hold 190 Ft/Min) E
Passenger \% \%

Hospital \% \% \ \%

Skyscraper \% \% \Y

Freight \Y \%
‘ Car \% \Y \Y \Y

POSTECH
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Software Product Line Engineering

Example: Elevator Control System Solution Space Features
F Quality attribute features drive solution space features.
Quality Attribute
Features Position Smooth and Freight Damage Low Cost
Solution Accuracy Comfort Run Prevention
Space Features
Absolute - )
Position (Optional)
Calculation
Relative + .
Position (Optional)
Compensation of Current Position + -
+
’ Exponential
;evglmg Profile (Alternative) =
rofile
Uniform +
Profile (Alternative)
Rope Compensation +
Weight Balancing Control ++
++ (strongly support), + (weakly support), - (hurt), -- (break)
POSTECH B
SosTEcH RO Kerea iq 44 |

Example: Elevator Control System Solution Space Features

F Capability features

* Represent end-user visible characteristics of system such as
service, operation and function.

Elevator Control System

Driving Services Operations

Capgcity

- Call Indication Motor
P . otor Speed
assenger VIP Handling  Handling Emergency Control S
Maintenance Handling ; o T -
Door Low Normal High
Control (190~300 (200~500 (1000~2300
Hallcan ~ GarCall ftmin)  fmin)  ftmin)
Handling Handling Hospital
Emergency Door  Door  Door
Open Close Hold
Car Call
Cancellation Legend

O y Composed -of ~ Generalization/  Implemented-by
POSTECH Mandatory  Optional ~ Alternative Specialization

o [
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Software Product Line Engineering

Example: Elevator Control System Solution Space Features

F Operating environment features

* Represent target environments where a product is deployed and

2013-09-12

Hydraulic  Electric

Geared Gearless

POSTECH

SE Lab., Dept. of CSE
POSTECH, RO. Korea

operated in.
CPU Real-time Operating »
s System Position Sensor Weight Sensor
16-bit 32-bit T ork o o g 0
MPU MPU Nuclues xWorks pSOS  Absolute Relative Digital Analog
MO}"" Communication Interface

Mainte—ﬁénce Hall Car
N Tool Interface Interface Interface

. *\. Composed-of Generalization/ Implemented-by
Mandatory Optional Alternative
46

Group Controller Monitoring  Motor
Interface Interface  Interface

Legend

O

Specialization

Example: Elevator Control System Solution Space Features
F Design features
* Represent domain technologies and implementation techniques.
Position Control Speed Profile Scheduling
Leveling Running Rope l
Current  preceding Next ; ' i P i
s Profil reemption
Position Position Preceding TOIG Profile Compensation
Position IS |
) ) - - Priority
Calculation  Compensation Exgonﬁntlal Uniform  Motor Control Method Determination
rotile Profile Method
Absolute Relative Starting Driving Stop
Position Position Normal Control Control Control
Distribution TS
Calculus Express Low Speed
Moving Moving
Legend -
O . Composed -of Generalization/ Implemented-by
POSTECH . Mandatory Optional Alternative Specialization
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Software Product Line Engineering

Example: Elevator Control System

Solution Space Features

B Capability (CA), operating environment (OE), and design (DE) features
are mapped each other.
» Mappings between CA features and OE features:

OE Features CPU Real-time | Position Weight Motor Hall Car
CA Features (OF] Sensor Sensor Interface | Interface
Elevator Control System \% \Y
Run Control \Y \Y \Y
Hall Call Handling \%
Car Call Handling \%
* Mappings between CA features and DE features:
DF Features eI BZY:*%?r:g Speed Profile | Scheduling LAl 2 (el
CA Features Seliiiicl Control RSl
Run Control \% \% \Y
Call Handling \%
Motor Handling \%

POSTECH
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Example: Elevator Control System

Feature Selection

ECS Product Line
Usage Context

= —=—=

1 Passenger |

e T
I Hospital ' Skyscraper

(Patient on a bed)J (Business offices)

Apartment

Usage Context

Features

QA Features
Door . Shuetlin e Position
Usability | Comfortable
Safety Run Accuracy
UC Features
Passenger \
Hospital \ \ \
Skyscraper \%
Quality Attribute ECS Product Li
roduct Line
Features Quality Attribute
I Smooth and Vo= T
I Comfortable ! | Position Low
| Run | | Accuracy ) Cost
ig osition
QA Features ” R Design Control
’ Position Features
Solution o Low Cost
Space Features Y L
Current Position
Absolute | i
Position (Optional Pl |
Calculation (Op )} Calculation lCom_pen—
Relative . . . 1_ sation_’
Position (Optional) |1 - ~ =R
- — | Absolute |I Relative
Compensation of Current Position “ + L Position ) PositionJ

++ (strongly support), + (weakly support), - (hurt), -- (break)

POSTECH
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Software Product Line Engineering

Agenda

@ Maintainability and Reusability

@ ProductLine Engineering and Variability

Management

@ Feature-Oriented Product Line Engineering

@ ProductLine Adoption Issues

POSTECH
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Method Concept

Artifact Space

Conceptual Architecture
Process Architecture
Deployment Architecture

Reusable components

Feature Space
I Capabilities ]
[ Operating Environment Mapping
[ Domain Technologies
[ Implementation Techniques ]
[ Composition rules, issue and decisions

Featurmk Architecture and component sel

on and instantiation

Application Development

The core of FORM lies in the analysis of domain features and the use of these
features to develop reusable and adaptable domain artifacts.

POSTECH
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Software Product Line Engineering

Feature-Oriented Product Line Engineering

P FORM (Feature-Oriented Reuse Method)

Product Line Asset Development Process
MPP Feature g‘;‘;iz’;tll:?‘l_) Architecture
Development MPP Modeling - Refinement
Design
y Feature cots Conceptual N Deok ¢
Madel J ¢ tual  [Architect rocess éploymen
MPP "\:Aea:;(u{ € l [ PL Pattirns A:;Ifif:c;‘l?re rch e? are Architecture | Architecture
Feature | M0d€ Reg. | PL offlg?
Model Product Line Reg. . . Jec
MPP Requirement Design Object Model Component
Refinement . Modeli Design
PL Analysis odeling 9
Req.
Refined MPP 1 i
!, Product Line Assets
Legend ]
Prqduct Architecture Compor\ent e
Requirement ! Adaptation & Data
Analysis and Selection & Code
y ! Adaptation . Flow
—Eeamm?elﬂm— —Gﬂ“ﬂﬁ“"“—
Activi
Product Development Process

* MPP: Marketing and Product Plan * PL: Product Line * Req.: Requirements

Kyo C. Kang, Jaejoon Lee, and Patrick Donohoe, Feature-Oriented Product Line Engineering, IEEE Software, Vol. 9, No. 4, Jul./Aug. 2002, pp. 58-65.
POSTECH

Copyright © 2013
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Marketing and Product Plan (MPP)

Different cultural traits and
legal constraints

O
Different computing knowledge backgrounds

O o °

o

-
Different computing environments "

POSTECH
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Software Product Line Engineering

Marketing Plan

A marketing plan includes a market analysis with an assessment of the
market, and a marketing strategy with a plan for realizing the business
opportunities with products that meets the needs.

The market analysis includes:
- need assessment
- customer profiles
- end-user skill levels
- cultural and legal constraints
- business opportunities
- price range
- time to market

The marketing strategy may initially include:

- an outline of product delivery methods : how the products will be delivered
to customers

POSTECH
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Elements of MPP Product Line Initiation

=R

Marketing Plan (Business
Concerns)

Product Plan
(Engineering Concerns)

‘Marketanalysis ‘ ‘ Product features ‘

- Product functional features
= Feature lists
= Feature description

- Non-functional features
= Usability, scalability, etc.

- Market segment

= Needs assessment

= User profile

= Cultural and legal constraints
- Business opportunities

= Time to market,

= Price range, etc.

Product features
delivery methods

‘ Marketing strategy ‘

- Feature coverage
- Feature binding time
- Feature binding techniques

- Product delivery methods
- Other business considerations

POSTECH
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Software Product Line Engineering

Elevator Cont

FORM Application:
rol System (ECS) Product Line
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Product Plan

The product plan includes

* Product features:

POSTECH
Copyright ©.2013
SE Lab. Dept. of CSE
POSTECH, RO. Korea

Once the marketing plan has been defined, it is important to spend some
effort on identifying the characteristics of products in a product line in
terms of features and developing a plan for incorporating features.

* Product feature-delivery methods:

* Feature release plan for future:

w*
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MPP for ECS

Product Line

Product Line Initiation

Marketing and Product Plan for ECS Product Line

Market Segments | High-Rise Office Building General Hospital Apartment
User/Maintainer Dedicated engineers with No computer knowledge is No computer knowledge is
Profile computer science backgrounds. assumed. assumed.

Legal Constraints

Because an elevator is part of a building, it must comply with standards relating to earthquake
resilience, fire standards, electrical wiring rule, and etc.

Feature Delivery
Method

Feature selection from a
predefined set of features
(Feature Selection Method)

Prepackaged Method Prepackaged Method

Product Features

Call Handling, Indication
Handling, Door Control, Motor
Control, Car Call Cancellation,

Group Management, etc.

Call Handling, Indication
Handling, Door Control, Motor
Control, Emergency Driving,
Hospital Emergency, etc.

Call Handling, Indication
Handling, Door Control,
Motor Control, etc.

Quality Attributes

Door Safety, Usability, Efficiency

Door Safety, Usability,
Smooth and Comfortable Run, Door Safety, Usability
Position Accuracy

Product Feature
Binding Time

Product Delivery Time

Product Build Time Product Build Time

POSTECH
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Feature Model Example: ECS Product Line Product Line Analysis
Capability ECS
Layer
- N Operation
Driving S?rVIce Quality Attributes
Passonger . /N
Driving Motor
Mai Service Call Indication EEET%T_HCY s Group Speed  Door Safety
aintenance Operation  Handling Handling Door andling Management %\ Efficy
E | | Control /\O NN Smooth and iciency
Manual mergency . “++ Medical / ", \\ Comfortable Run >
vip Car Call Emergency i | RN APosmon
Handling Door Open Low  Normal High couracy
Hall Call IN (190~300 (200~500 (1000~2300
Handling Car Call i “+._ Door Close Door Hold ft/min)  ft/min) ft/min)
Cancellation [AERER
£ \;
Operating CPU
Environment T Mimr
Layer .7 ho Lo
16-bitMPU  32-bit MPUY Hydraulic Electric
7 \
. Position Control Speed Profils
Scheduling peed Profile
Domain Current Position  Preceding Position Next Preceding Leveling Profile  Running Rope
Technology b . o Position PR Profile Compensation
Layer reemption . - ~
| Compensation / Exponential  Uniform
. ' Y/
Implementation Priority W
Technigue Determination Normal Distribution
Layer Method Calculus
. —— Composed-of relationship Composition Rules
O  Optional feature
A Alfernative feature --- Generalization relationship VIP requires Preemption )
POSTECH l —— Implemented-by relationship VIP excludes Car Call Cancellation.
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Software Product Line Engineering

Object Identification Example Desian Obiect Modelin
from the Feature Model g ] g
Feature Model Identified Candidate Objects
ECS
Driving Service
Diving ) — | |
Passenger Maintenance Manual VIP | Emergency Ospeergtci%n Driving
} Passenger|[Maintenance||Manual VIP Emergency Ser\/\ce_
Composite
Operation
Call Handler ) <<ODoor Hold>>|
- Indicator Door
Call Indication ~ Door Motor  Emergency Manager
Handling Handling ~ Control  control ~ Handling n
| ‘ <<@Ca ol <<@Emergency
Handling>>
i Hall Call || Hending>> Mator Safoty
Hall Call 1 Car Call Manager
% Car Cal Handler Manager
Handling  Handling Door Hold Handler g
Speed Profile
Speed Profile Legend
[0.1 1 ] 0.1 o Optional Feature/
<<® Leveling Profile>>| | Running | [<<® Rope Compensation>>| External Variability
Leveling Profile  Running Rope |.~ Leveling Profile Profile Rope Compensation o Optional Feature/
o Profile  Compensation Internal Variability
- o Alternative Feature/
Exponential ~ Uniform A External Variability
<<A Exponential>> <<A Uniform>>
B ! N ; Alternative Feature/
POSTECH Exponential Profile [| Uniform Profile Internal Variability
Copyrghi 62015 l
SE Lab. Dept. of CSE
POSTECH, R.O. Korea ﬂ 60

<<AOne Call One
Sends- Notifies-hall-cali-to <coriacess Handling Method >>
<<interface>> |nall-cali-t Hall Call <<@Group Management>> interface One Call One Scheduler]
Hall Panel [/Toagled | Handler Group Scheduler [ Uses Schedule
lamp-by Strategy <<AMoving Direction
Call Handler
— Checks elevator status
<<@CarCall |Sends- | <<@Car Call nds-scheduled floor
Handling>> | car—call-td Handling>> Send
<interface>> [/Toggled-| Car Call [\ ends—
otifies—car—cali~to -
Car Panel |lamp-by Handler commands—to - ¢« poor Hold>>
Z<@Car Call /Gets-status-of Door <<interface>>
Ci Manager | Controls Door Driver
. Receives- Car Call
<<interface>> Handl )
Hall Status  [ndication- R Service . <<interface>>
atatfrom Position Position
Display Manager Gets—current— !
i Requested— floor | Calculator | Detects Sensor
ndicator  Fngication-by
<<interface>> T Notified—
Car Status service—
Display | Receives= mode—
\dr\dt\cjt\on* change-by Motor <<interface>>
jata-from Sends- | Manager | Controls | Motor Driver
commands-to
/Gets-status—of
Drivil
. <<@VIP>>( | <<@Emergency>> ving
Passenger| Maintenance||Manual VIP € Service )
mergency Composite Speed Profile
Legend
Optional Feature/ <<@Emergency - <<@Emergency 1 0.1
External Variability Handling>> Diagnosed-by Handling>> [0.1 [ ]
Optional Feature/ <Sinterface>> Safety <<® Leveling Profile>>| | Running | <@ Rope Compensation>>
O Internal Variability Safety Sensor Checks- Manager Leveling Profile Profile Rope Compensation
) emergency- Sends-
Alternative Feature/ call message—to
A External Variability
- <<@Medical <<@Emergency
Alternative Feature/ <<interface>> <interface>> Emergency>> Handling>> <<a Exponential>> <<A Uniform>>
Internal Variability Smoke Vibration <E<‘”‘e”a°9>> External Exponential Profile || Uniform Profile
mergenc! . .
POSTECH Sensor Sensor Bugon Y 1 lcommunication
Copyrgh 62015 .
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Feature Binding Analysis

E Feature binding: When and how features are included to products
and delivered to customers.

- Asset or product PL Engineer
development time

1,
“‘ |I A Design %
Driver
- Pre-operation time

574
(delivery, installation, etc.)

POSTECH

e [
St Lo beptof o
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[} - Operation time
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Feature Binding Units Feature Binding Analysis
Capability ECS
""" Driving Service o Operation
- -
//P ------- E; v \\
assenger riving ing b===<<. = e T e
N Service 3| Handling |23~ {noicationn, | Dooi™, v
[*Waintenance Operation S Handlingl} “\ Handling | Control } - I Control \
N - |
Rt -7 I I/ -~ \ | ,’I - {
Y A N . s,
N /all call N el TS <) \
1 \.-=-" 1 Handling e +Door Open  Door Close ™ N \
Ve AL /i carcary,  § oo X Door Holdj, )
VIP 14 Emergency s Handling/  }  / "TSSIITTeeeall Sl \
NN N AN N2 \
7 'L\ - (\ Open By Open B e | \
! \ ‘~.5.h9-€..-9¥§|10_6_dfg Door Control ':‘ ‘\‘
i 1 H \
. T I T \‘
Operating | i .. COMPOSItion RUIES wuruureersensanny / Motor s,
Environment | requjresi i P i G AU
Layer H \ 7 VIP requires Preemption I‘ - ~ o
\ \ J VIP excludes Car Call Cancellation: /| Hydralic  Electric }
+ — {
[ N A T e STl L
Domain [ ‘\ ,/, Y - ,"Speed Profile //
Technology | N T Legend Y U o~
Layer v N, = O Optional feature P ~3 SN S
- . /
: A AX Alternative feature { Leveling Profile ), Running | ('ComR:r?:aticn\
| Preemption P ~ 1{_Profile i tZompensation 4
\ » . . . . BN -
\ —— Composed-of relationship % Exponential  Uniform
\mplementation Pri(;riry ......... Generalization relationship ~——e == =
Technigue \ Determination —— Implemented-by relationship evalinoliicTie
Layer | Method [
\ 7
‘\\ Psa
- Do '_'_': Binding unit NAME | Feature Biding Unit Name
POSTECH
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Variation Point Identification Feature Binding Analysis
Simplified Feature Model
with Feature Binding Units Design Object Model
Sends- Notifies-hall-call-to
ECS <<interface>> |hall-call-td Hall Call <<@Group Management>>
Hall Panel g:gg‘gyd’ Handler Group Scheduler
_,Z'_T_""'o Call Handler Checks elevator status
Call <<@Car Call [Sends- Je<<@Car Calb | nds-scheduled floor
Driving Service ‘ Handii ‘ Handling>> | car-cal-i] Handling>>
andling /‘y<<mterlace>> /Toggledr| Car Call [+
A lamp=|
A “.‘ -~...‘ » Car Panel ﬂu}b" Handler Eouhesfcarcallflo ‘
Billg' H .
viP ~ CarCall « H 1 H
E Handling = Z<@cacal | + Service
H '-_Cancellatlon» . Indicator | Requested— Manager
H W, CarCall |& indication-by
lo
N | | ’Handler‘ Y Notified—
service—
mode—
Tann® change-by
Motor H H
| o | Binding ¢pendency
Driving
. [<<@VIP>>| [ <<@Emergency>> .
Passenger|[Maintenance| [Manual VIP Emergency Serwcq
Composite
___ Binding
Relation
POSTECH
Copyrghi 62015 .ﬂ
SE Lab. Dept. of CSE
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Subsystem Architecture Architecture Design

Car Mode Door Door Emerg Door Motor

Hall call  change open close ency status status
call } : :
| | I
1 | I
<< @ Car Call I | 1
Handling >> v v v
—» Hall status
Elevator
status —* Car status
————— » Hall call button lamp on/off
A
<< OGroup N . IA
Management>> Scheduled == (‘éca' Ca&;ame"a“"”' oz 3 @~~> Car call button lamp on/off
=0
S
Hall Manager | fioors ar Manager g
\23
~—==—> Door control
= Motor control
A
T @ Emergency message
3
<<@Emergency <<@Medical E g
Handling>> Emergency>> @
va
ve
<
Safety Medical Position Weight Legend o e
sensor emergency sgnsor s_ensor :l Subsystem o Optional Fesure/
input input  input Internal Variability
e Data fi Alternative Feature/
ata fow A External Variability
====§ Control flow A Alternative Feature/
POSTECH

Internal Variabilit
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Process Architecture

Architecture Design

Hall call
=

|:| Served floor/legal floor list

<<!@Group
Management>>Hall call

Hall Call
Handler

Scheduled floors

Hall call
Hall call >
button |€¢-------] -
Lamp on/off

Hall Manager Subsys.

Management>>

<<@Group

Scheduler

[

Management>>

=
Elevator status

Served floor

Requested floors, served floor

legal floor ST

Car call
Car call [<--
<<ecar call <<@Car Call <<@Car Call
Handling>> [~ "-__] [ Handling>> lcancellations>] _<<OVIP, O <<Oleveling Profile Door hatus
Carcall I o Car Call Call cancel/ Emergency>> ORope Compensation>> |  Door
button Handler Service Car Controller Door chntrol | Controller
Manager (Motor, position, door) Motorftatus [~ miotor
——————— I
Served floor Vowor dntrei | Controller
/legal floor list
Mode Mode charjge <<@Emergency
change [e------- e Handling>>
button | Lamp on/cff Safety
Manager
Car Manager 9
SubSyS. Safety afety Position
o Sensor Sensor Sensor Sensor
Legend Car indication Input Input Input Input
Quous g Car status HaI_I status Handling>> Emelg' e};'vc Weight Position
display display Safety sensor butgton Yy sensor sensor

Object

and Reply
—> ————»
Data Flow  Control Flow
Copyright ©2018
SE Lab., Dept. of CSE
POSTECH, RO. Korea 66

What is Product Development?

Product Development

F Product development proceeds by:

analyzing user’s requirements,
selecting appropriate and valid product line

model,

and
adapting components as needed.

F Product development is a process of developing a specific
product making use of the product line asset developed
during the product line asset development process.

identifying the corresponding architecture models,
completing the product development by reusing software components,

features from the feature

POSTECH
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Feature Selection for High-Rise Office Building ECS

Capability
Layer

ECS

Operation

Driving Service

Passenger Driving
. Service Call Indication ’
Maintenance Operation  Handling Handling Door Handling Control
Control

Medical
Emergency

Manual

Door Open

Emergency I
VIP
Hall Call
Handling

Product Development

elected Feature

Quality Attributes

Speed  Door Safety

/,’,\“}\\ Smooth and
*\. Comfortable Run

Position
Accuracy

'
\
'
'

Low  Normal High
(190~300 (200~500 (1000~2300
ft/min)  ft/min) ft/min)

i

Operating cPU

Environment s

Layer e T - -~
16-bit MPU  32-bit MPU

Hydraulic

Electric

/

X

Position Control

Speed Profile

Copyright ©2013
SE Lab., Dept. of CSE
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- s

Scheduling
Current Position  Preceding Position  Next Preceding mpe
T Position Profile  Compensation
Preemption . e
Compensation / Exponential
I \/
Implementation Priority Voo
Technique Determination Normal Distribution
Layer Method Calculus
O Optional feature —— Composed-of relationship Composition Rules
i - -~ Generalization relationship VIP requires Preemption
Alternative feature i
POSTECH A = Implomented-by relationship VIP excludes Car Call Cancellation.

Feature Selection for Hospital ECS p
Capability
Layer ECS elected Feature
- N Operation
Driving Sﬁr_\/j(}:e Quality Attributes
Passenger Tt
Driving
. Service Call Indication é\:l)(n]?tgl Group Speed  Door Safety
Maintenance Operation  Handling Handling Door Management %\ Efficienc
| | Control K ‘. RN Yy
Manual oo e S \ AN
. '
VIP v
Door Open Low Normal High
Hall Call N P (190~300 (200~500 (1000~2300
Handling CarCall ™ ft/min)  ft/min) ft/min)
Cancellation ' )
y s X
Operating CcPU
Layer .7 hEN B N
16-bit MPU - 32-bit MPU Hydraulic ~ Electric
,' X
. Position Control Speed Profils
Scheduling peed Profile
Domain Current Position  Preceding Position  Next Preceding Running
Technology . o Position - Profile
Layer Preemption ) / - ) tf
niform
]
Implementation Priority W
Technique Determination Normal Distribution
Layer Method Calculus
—— Composed-of relationshi iti
O  Optional feature P P CerT;posltl.on R;Ies .
i - -~ Generalization relationship requires Preemption
A\ Alternative feature i
POSTECH .II — Implemented-by relationship VIP excludes Car Call Cancellation.
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Subsystem Architecture Selection
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Process Architecture Selection

With the Group Management and —
Car Cancellation features,

without the Emergency Handling
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Software Product Line Engineering

.

Agenda

@ Maintainability and Reusability

@ ProductLine Engineering and Variability

Management

@ Feature-Oriented Product Line Engineering

@ Product Line Adoption Issues
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Process Adoption Issues

F How to change to PL-based organization
* How to evolve: staged process model for reuse adoption
» Key process areas
— Best practices

* Metrics
- Key indicators: cost of production, time to market, project completion time,
etc.
- Relationship between reuse, quality, and productivity
- Relationship between reuse and ROI for sustainability of a reuse program

F Process models

* Proactive vs. reactive vs. extractive models
- Best practices

* PL process vs. agile methods
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Software Product Line Engineering

Management Adoption Issues

F ROI analysis
+ Estimating ROI from a reuse program
 Estimating benefits from strategic market position
F Asset management (How to make PL-based
development happen in an organization)
* Who should develop assets (with variation points)

Who should maintain assets (variation management)

Who will be responsible for quality assurance

Who should enforce the use of assets

Models (best practices)
- Centralized vs. distributed
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Variability Management Adoption Issues

F Discovery and Modeling
* Functions
* Non-functional attributes
» Usage and operating contexts
E Configuration
+ Decision model
» Rationales
+ Goals and Issues
F Management
» Centralized
+ Distributed
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Software Product Line Engineering

Epilogue

F For good software engineering, maintainability
and reusability must be built into software
while designing!

F For softness , design must base on
commonalities and variations of a product line

« Think about what may change!
—-Look across similar applications

—-Look ahead for anticipated changes
- Look at product contexts as well as functionality
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Epilogue

Thank you!
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