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Learning Objectives of this Module

* Present Scope, Commonality, & PERIODIC TABL,' OF THE ELEMENTS
Variability (SCV) analysis as a
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& frameworks
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Learning Objectives of this Module

 lllustrate the application of SCV
to Android
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Overview of Software Product-Lines

° A software pdeUCt ///79 (SPL) iS a Product Product Product Product
. Variant 1 Variant 2 Variant 3 Variant 4
form of systematic software reuse '

e An SPL a set of software-intensive
systems

e These systems share a common,
managed set of features satisfying
the specific needs of a particular
market segment or mission

e They are developed from a
common set of core assets in a
prescribed way

Bundled & Third-Party Apps

Application Frameworks

Virtual Machine
Runtime

System Libraries

Operating System Kernel
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Overview of Software Product-Lines

» Frameworks can help define &
Improve core SPL assets by factoring
out many reusable general-purpose
& domain-specific services from
application responsibility

Product Product Product Product
Variant 1 Variant 2 Variant 3 Variant 4

Bundled & Third-Party Apps

Application Frameworks

Virtual Machiné

System Libraries Runtime

Operating System Kernel

See www.sel.cmu.edu/productlines for

more info on software product-lines



http://www.sei.cmu.edu/productlines
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Scope, Commonality, & Variability Analysis

» Key software product-line & framework structure & behavior can be captured
systematically via Scope, Commonality, & Variability (SCV) analysis
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Scope, Commonality, & Variability Analysis

* This process can be applied

_ _ o PERIODIC TABL.' OF THE ELEMENTS
to identify commonalities &
variabilities in a domain
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www.cs.lastate.edu/—cs309/references/CoplienHoffmanWeiss CommonalityVariability.pdf



http://www.cs.iastate.edu/~cs309/references/CoplienHoffmanWeiss_CommonalityVariability.pdf

Overview of Frameworks Douglas C. Schmidt

Scope, Commonality, & Variability Analysis

Product Product Product Product
Variant 1 Variant 2 Variant 3 Variant 4

» Often used to guide the
development & application
of software product-lines & Bundled & Third-Party Apps
frameworks

Application Frameworks

Virtual Machine

System Libraries Runtime

Operating System Kernel
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Scope, Commonality, & Variability Analysis

+ General method
SYNEES

 Identify common portions of execute()
a domain & define stable onPreExecute()
) ) dolnBackground()
InterfaCGS (fall’|y easy) onProgressUpdate()
onPostExecute()
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Scope, Commonality, & Variability Analysis

Params — Types used in background work
Progress — Types used when indicating progress
Result — Types of result

* General method mrams, Progress, Resulti

execute()
onPreExecute()
dolnBackground()
onProgressUpdate()
onPostExecute()

 Identify variable portions of 4

a domain & define stable
interfaces (harder) DownloadAsyncTask

onPreExecute()
dolnBackground()
onPostExecute()
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Scope, Commonality, & Variability Analysis

Params — Types used in background work
Progress — Types used when indicating progress
Result — Types of result

 General method

» Create different implementations

execute()
onPreExecute()
dolnBackground()
onProgressUpdate()
onPostExecute()

A

DownloadAsyncTask

onPreExecute() onPreExecute()
dolnBackground() dolnBackground()
onPostExecute() onPostExecute()

of the variable portions as plug-ins
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Scope, Commonality, & Variability Analysis

Result — Types of result

Params — Types used in background work
Progress — Types used when indicating progress

execute()
onPreExecute()
dolnBackground()
onProgressUpdate()

onPostExecute()

A

DownloadAsyncTask

onPreExecute()
dolnBackground()
onPostExecute()

onPreExecute()
dolnBackground()
onPostExecute()

en.wikipedia.org/wiki/SOLID (object-oriented design) has more info



http://en.wikipedia.org/wiki/SOLID_(object-oriented_design)

Overview of Frameworks

Douglas C. Schmidt

Applying SCV to Android

« Scope defines the domain
& context of Android & its
various frameworks &
components

. e.g.,

* Resource-constrained
mobile devices

e e.g., limited power,
memory, processors,
network, & price
points

APPLICATIONS

Home Dialer SMS/MMS M Browser Camera Alarm Calculator

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock

APPLICATION FRAMEWORK

Window View

. Notification
Manager Content Providers System

Activity Manager Manager
Telephony
Manager

Location

Package Manager Manager

Resource Manager

ANDROID RUNTIME

Core Libraries

LIBRARIES

Surface Media

Manager Framework SQLite

WebKit

OpenGLIES " Mmoo,

FreeType SSL

HARDWARE ABSTRACTION LAYER

Graphics Audio Camera Bluetooth GPS Radio (RIL) WiFi

LINUX KERNEL

Display Driver Camera Driver Bluetooth Driver Sharegtmg;nory Binder (IPC) Driver

Audio Power

USB Driver Drivers Management

Keypad Driver WiFi Driver
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Applying SCV to Android

APPLICATIONS

Home Dialer SMS/MMS M Browser Camera Alarm Calculator

« Scope defines the domain
& context of Android & its
various frameworks &

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock

APPLICATION FRAMEWORK

CO po n e n tS Activity Manager :1\2::';;:' Content Providers S:;f:m Nﬁ;ﬁ;ggsn
° €. g .y Package Manager Tﬂfﬁ;‘;ﬁ’ Resource Manager h"acna;ig‘;?

LIBRARIES ANDROID RUNTIME

I‘igﬁgceer Fral\r:lieﬂzrk SQLite VVebKit 4 S

OpenGLIES © vancio  FreeType ssL

HARDWARE ABSTRACTION LAYER

Graphics Audio Camera Bluetooth GPS Radio (RIL) WiFi

LINUX KERNEL

Shared Memory

Diriver Binder (IPC) Driver

Display Driver Camera Driver Bluetooth Driver

Audio Power

USB Driver Keypad Driver WiFi Driver Drivers Management

* Touch-based user
Interfaces
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Applying SCV to Android

APPLICATIONS

Home Dialer SMS/MMS M Browser Camera Alarm Calculator

« Scope defines the domain
& context of Android & its
various frameworks &

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock

APPLICATION FRAMEWORK

CO po n e n tS Activity Manager :1\2::';;:' Content Providers S:;f:m Nﬁ;ﬁ;ggsn
° €. g .y Package Manager Tﬂfﬁ;‘;ﬁ’ Resource Manager h"acna;ig‘;?

LIBRARIES ANDROID RUNTIME

I‘igﬁgceer Fral\r:lieﬂzrk SQLite VVebKit 4 S

OpenGLIES © vancio  FreeType ssL

HARDWARE ABSTRACTION LAYER

Graphics Audio Camera Bluetooth GPS Radio (RIL) WiFi

LINUX KERNEL

Shared Memory

Diriver Binder (IPC) Driver

Display Driver Camera Driver Bluetooth Driver

Audio Power

USB Driver Keypad Driver WiFi Driver Drivers Management

» (Largely) open-source, vendor- & hardware-agnostic ecosystem
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Applying SCV to Android

APPLICATIONS

Home Dialer SMS/MMS M Browser Camera Alarm Calculator

« Scope defines the domain
& context of Android & its
various frameworks &

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock

APPLICATION FRAMEWORK

COI I l po n e ntS Activity Manager :ra’::'gcg Content Providers S:site:m Nﬁﬂﬂgggsn
° €. g .y Package Manager Tﬁ:ﬁ:;? Resource Manager hoacna:féc;:

LIBRARIES ANDROID RUNTIME

I‘igﬁgceer Fral\r:lfeﬂzrk SQlLite WebKit 9 e

OpenGLIES © vancio  FreeType ssL

HARDWARE ABSTRACTION LAYER

Graphics Audio Camera Bluetooth GPS Radio (RIL) WiFi

LINUX KERNEL

Shared Memory

Diriver Binder (IPC) Driver

Display Driver Camera Driver Bluetooth Driver

Audio Power

USB Driver Keypad Driver WiFi Driver Drivers Management

» Focus on installed-base of Java app developers

See developer.android.com for more info on Android



http://developer.android.com/

Overview of Frameworks Douglas C. Schmidt

Applying SCV to Android

APPLICATIONS

Home Dialer SMS/MMS M Browser Camera Alarm Calculator

« Commonalities describe
the attributes common
across all instances of

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock

APPLICATION FRAMEWORK

Android v Window . N Netiicaton
« Common framework Padage Marager | Nahage? | ResowceMangr | G
00/77,00/78/’”5 LIBRARIES ANDROID RUNTIME
. ey Varcger™ PEieort MRCOTE Al . S sl
° €.0, Activities J OpenGLIES © vancio  FreeType ssL
SerViceS1 Content HARDWARE ABSTRACTION LAYER

Providers , & oraphice Roae Camers Bluetooth GPS Radio (RIL) WiFi
Broadcast Receivers LINUX KERNEL

Shared Memory

Display Driver Camera Driver Bluetooth Driver Diriver Binder (IPC) Driver

USB Driver Keypad Driver WiFi Driver [?,-Li]\fei?s Marfaog:gent

17




Overview of Frameworks Douglas C. Schmidt

Applying SCV to Android

APPLICATIONS

Home Dialer SMS/MMS M Browser Camera Alarm Calculator

« Commonalities describe
the attributes common
acrOSS a” inStanceS Of APPLICATION FRAMEWORK

An d ro | d Activity Manager :ﬂ:fgg Content Providers S:;f:m Nﬁt‘;ﬂggggn

Location
Manager

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock

Telephony

Manager Resource Manager

Package Manager

LIBRARIES ANDROID RUNTIME

I‘igﬁgceer Fral\r:lfeﬂzrk SQlLite WebKit 9 e

Audio
Manager FreeType SSL

OpenGLI|ES
HARDWARE ABSTRACTION LAYER
Graphics Audio Camera Bluetooth GPS Radio (RIL) WiFi
LINUX KERNEL

Shared Memory

Diriver Binder (IPC) Driver

Display Driver Camera Driver Bluetooth Driver

e Common application
frameworks

e e.g., Activity Manager, Package Manager, Telephony Manager, Location
Manager, Notification Manager, etc.

USB Driver Keypad Driver WiFi Driver [?,-L;\fei?s Marfaog:gent
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Applying SCV to Android

APPLICATIONS

° Commonalities descrlbe Home Dialer SMS/MMS M Browser Camera Alarm Calculator
the attrlbl'!tes Common Contacts Voice Dial Email Calendar Media Player  Photo Album Clock
across all instances of ABBICATIONEERAMEWDREK

An d ro | d Activity Manager :ﬂ:fgg Content Providers S:;f:m Nﬁt‘;ﬂggggn

Package Manager Tﬁ:ﬁ:;? Resource Manager h"acna;ig‘;?

LIBRARIES ANDROID RUNTIME

I‘igﬁgceer Fral\r:lfeﬂzrk SQlLite WebKit 9 e

nudio FreeType SsL

OpenGLI|ES Manager

HARDWARE ABSTRACTION LAYER
Graphics Audio Camera Bluetooth GPS Radio (RIL) WiFi

LINUX KERNEL

Display Driver Camera Driver Bluetooth Driver Sharegtmg;nory Binder (IPC) Driver

USB Driver Keypad Driver WiFi Driver [?,-L;\fei?s Marfaog:gent

e Common Infrastructure

e e.g., Intent framework, Binder, Webkit, Hardware Abstraction Layer, OS
device driver frameworks etc.
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Applying SCV to Android

 Variabilities describe
the attributes unique to
different instantiations of
Android

* Product-dependent
components

e e.g., different “look &
feel” variants of
vendor-specific user
interfaces, sensor &

device properties, etc.

APPLICATIONS

Home Dialer SMS/MMS M Browser Camera Alarm

Calculator

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock

APPLICATION FRAMEWORK

- Window . View Notification
Activity Manager Manager Content Providers System Manager
Telephony

Manager

Location

Package Manager Manager

Resource Manager

ANDROID RUNTIME
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Surface Media SQLite WebKit

Manager Framework

OpenGLIES © vancio  FreeType ssL

HARDWARE ABSTRACTION LAYER

Graphics Audio Camera Bluetooth GPS

Radio (RIL) WiFi

LINUX KERNEL

Display Driver Camera Driver Bluetooth Driver Sharegtmg;nory Binder (IPC) Driver

USB Driver Keypad Driver WiFi Driver [?,-Li]\fei?s Marfaog:gent
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Applying SCV to Android

» Variabilities describe , APPLICATIONS
. . Home Dialer SMS/MMS IM Browser Camera Alarm Calculator
the attributes unique to

different instantiations of
. APPLICATION FRAMEWORK
And ro | d AcErvity Manager Window View Notification

Manager Content Providers System Manager

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock

Telephony

Location
Manager

Package Manager Manager

Resource Manager

LIBRARIES ANDROID RUNTIME

Surface Media
Manager Framework

SQLite WebKit Core Libraries

OpenGLIES © vancio  FreeType ssL

HARDWARE ABSTRACTION LAYER

Graphics Audio Camera Bluetooth GPS Radio (RIL) WiFi

LINUX KERNEL

Display Driver Camera Driver Bluetooth Driver Sharegtmg;nory Binder (IPC) Driver

USB Driver Keypad Driver WiFi Driver E?rliix'rjej?s Marf;::gent

* Product-dependent
component assemblies

e e.g., different bundled apps, CDMA vs. GSM & different hardware, OS, &
network/bus configurations, etc.

SCV can also be applied recursively for all the Android frameworks & layers
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Summary
o Scope, COmmana//tJ/, & Va/‘/.ab/.//.ty Product Product Product Product

Variant 1 Variant 2 Variant 3 Variant 4

(SCV) analysis is an advanced
systematic reuse technique

It helps developers alleviate
problems associated with
maintaining many versions

large amounts of similar software o »

. . t
created to satisfy new & diverse
reauirements , : Virtual Machine

22
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Summary

APPLICATIONS

Home Dialer SMS/MMS M Browser Camera Alarm Calculator

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock

APPLICATION FRAMEWORK
Window View

5 Notification
Content Providers Sy

Activity Manager Manager System Manager

Telephony

Package Manager Manager Resource Manager Location

Manager

LIBRARIES ANDROID RUNTIME

anage e Core Libraries
Manager Framework SQLite ‘WebKic Brarl

OpenGLIES (o0 " FreeType ssL m

HARDWARE ABSTRACTION LAYER

Graphics Audio Camera Bluetooth GPS Radio (RIL)

LINUX KERNEL

Display Driver Camera Driver Bluetooth Driver Sharegmgror)‘ Binder (IPC) Driver

USB Driver Keypad Driver WiFi Driver 5\:\?‘:‘\?5 MnE:;é:en(

 The frameworks in Android form
software product-lines that enable
systematic software reuse across a

wide range of apps & infrastructure
platforms
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