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Module Introduction

APPLICATIONS

Home Dialer SMS/MMS IM Browser Camera Alarm Calculator

* Give examples of
frameworks related to
Android

e developer.android.com

Contacts Voice Dial Email Calendar Media Player Albums Clock

APPLICATION FRAMEWORK

Window
Manager

Notification
Manager

View

Content Providers System

Activity Manager

Location

Telephony
Manager

Manager Resource Manager

Package Manager

LIBRARIES ANDROID RUNTIME

Surface Manager Media Framework

OpenGLJES FreeType

SGL SSL

Display Driver Camera Driver

USB Driver Keypad Driver

SQLite

WebKit

Libe

LINUX KERNEL

Shared Memory

Bluetooth Driver Divar
Audio

WiFi Driver Distars

Core Libraries

Binder (IPC) Driver

Power
Management

Android frameworks are available in

open-source form



http://developer.android.com/
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Learning Objectives of this Module

Understand why hardware has
historically improved more
consistently than software

10
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Learning Objectives of this Module

Application-specific functionality

J

Networking

Recognize key characteristics of
frameworks that help improve
software productivity & quality

Database

We'll give pithy examples of frameworks from Android to reify key concepts
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Hardware == Better, Faster, Cheaper

* Processor & network performance has increased by -
many orders of magnitude in past decades

Single-core 10

Megahertz to 3+ -

Gigahertz multi-cores 1,200 bits/sec to
10+ Gigabits/sec

12
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Hardware == Better, Faster, Cheaper

» Extrapolating these trends another decade or so yields
high-performance commoditized hardware infrastructure

* Processors with 100's—1,000'’s
of cores

« ~100 Gigabits/sec LANs
 ~100 Megabits/sec wireless
e ~10 Terabits/sec Internet backbone

www.dre.vanderbilt.edu/—schmidt/dedicate.html has more on commoditization



http://www.dre.vanderbilt.edu/~schmidt/dedicate.html
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Software == Buggier, Slower, & More Expensive?

e Unfortunately, software quality &
productivity hasn’t improved as
rapidly or predictably as hardware

S OFTW ARE Software Development Fa!lures

RUNAWAYS

Lessons Learned from Massive
Saol Fwam Project

SECOND EDITION

DEATH
MARCH

Kweku
EBDWARD YOURDOMN Ewusi-Mensah

Rnfutf f} —‘—'H’:ca'
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Software == Buggier, Slower, & More Expensive?

* This is particularly problematic for
mission-critical concurrent &
networked software-reliant systems

See www.dre.vanderbilt.edu/—schmidt/comm-lessons.html for more info



http://www.dre.vanderbilt.edu/~schmidt/comm-lessons.html
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Why Hardware Improves Consistently

Advances in hardware & networks stem largely from maturation
of standardized & reusable interfaces, protocols, & modeling tools

X86 chipsets

16
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Why Software Fails to Improve as Consistently

In general, software has not been as standardized or reusable as hardware

Customized
Form Factors

Proprietary &
Stovepiped
Application &
Infrastructure
Software

Standard/COTS
Hardware &
Networks

Historically software developers have manually rediscovered & reinvented
“point solutions” that are expensive to develop, integrate, validate, & sustain
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Why Software Fails to Improve as Consistently

In general, software has not been as standardized or reusable as hardware

Customized
Form Factors

Proprietary &
Stovepiped
Application &
Infrastructure
Software

Standard/COTS
Hardware &
Networks

Consequence: Small changes in software/hardware have
a big (negative) impact on system quality & sustainability
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A Solution: Software Frameworks

A framework is an integrated set of software components that collaborate
to provide a reusable architecture for a family of related applications

[P o

— Product
Variant 4

Bundled & Third-Party Apps
Framework-
Application Frameworks based App &
, , Infrastructure
System Libraries Virtual Machine Runtime Software
Operating System Kernel
| =il Hardware &

' ” Networks

* Frameworks promote “systematic reuse” by factoring out many general-
purpose & domain-specific services from traditional application responsibility

Customized

Product Form Factors

Variant 1

Standard/COTS

www.dre.vanderbilt.edu/~schmidt/reuse-lessons.html has info on systematic reuse



http://www.dre.vanderbilt.edu/~schmidt/reuse-lessons.html
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Key Characteristics of Frameworks
Software frameworks
exhibit several key
characteristics that
differentiate them g ;

from other forms of
systematic reuse

www.dre.vanderbilt.edu/—schmidt/CACM-frameworks.html has more info



http://www.dre.vanderbilt.edu/~schmidt/CACM-frameworks.html
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Key Characteristics of Frameworks

They eXhi_bit “Inversion of Application-specific functionality
control” via callbacks

« AKA, “Hollywood Principle” m

See www.dre.vanderbilt.edu/—schmidt/Coursera/articles/hollywood-principle.txt



http://www.dre.vanderbilt.edu/~schmidt/Coursera/articles/hollywood-principle.txt
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Key Characteristics of Frameworks

* They exhibit “inversion of
control” via callbacks

« AKA, “Hollywood Principle”

\

Activity Service

Content
Provider

Broadcast
Receiver

KDVM & Linux Process/

Activity \
~ launched
—

v

User navigates
to the activity

l ™

App process |
killed

|

Apps with higher priority

need memory

> onCreate()

v

onStart() onRestart()

‘ A

onResumel()

v

| Activity |

. running

Another activity comes

nto the foreground
: grou User returns

to the activity
)

<+

4+

onPause()

The activity is
no longer visible .
User navigates

+ to the activity

onStop() J

|
The activity is finishing or

being destroyed by the system

v

onDestroy()
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Key Characteristics of Frameworks

Application-specific functionality

* They provide
Integrated domain-

specific structures l I .
& functionality /

23
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Key Characteristics of Frameworks

Application-specific functionality

* They provide
Integrated domain-
specific structures
& functionality

A= 1R

Apps
Social Media

Application
domains

@

GUI

&4

Database

24

Infrastructure
domains
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Key Characteristics of Frameworks

 They provide Params — Types used in background work
integrated domain- Progress — Types used when indicating progress
specific structures HEEUN = PS5 O [l —
& functionality T aras. Progress, Resul
e .9, abstract & | e ] " T
concrete classes, rexecute() -
control flows, etc. onPreExecute()

doinBackground() -
onProgressUpdate() ( | /700K methods

onPostExecute()

Template method

25
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Key Characteristics of Frameworks

Application-specific functionality

Social Media

e They are “semi-
complete” applications

Networking

&4

Database
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Key Characteristics of Frameworks

Application-specific functionality

e They are “semi-
complete” applications d O

N=2twokiny

o

Hook Database

methods

27
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Key Characteristics of Frameworks

e They are “semi-
complete” applications

execute()
onPreExecute()
doinBackground()
onProgressUpdate()
onPostExecute()

£

Overridden
hook methods

DownloadAsyncTask

-

« Completing a onPreExecute()
framework involves doInBackground()
Instantiating objects & onPostExecute()
subclassing & overriding
“hook methods”

28
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Summary

* The quality of software (& the S
productivity of software developers)
has historically lagged hardware (&
hardware developers)
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Summary

* The quality of software (& the
productivity of software developers)

has historically lagged hardware (&
hardware developers)

 Particularly for mission-critical
concurrent & networked software

30
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Summary

* Much cost, effort, & defects stem
from continuous rediscovery &
reinvention of core concepts &
components across software industry

31
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Summary

Application-specific functionality

©
Mobile

Apps
Social Media

* Frameworks improve productivity &
guality of software development by

 Reifying proven software designs &
implementations in selected domains

Database

32
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Summary

* Frameworks improve productivity &
guality of software development by

« Amortizing quality assurance efforts

Build Scoreboard

Doxygen
Build Name  Last Finished Config Setup| Compile
Dosygen  Sep 05, 2002 - 03:24|[Config] |[Eull] | EMIEEEE
Linux

Build Name Last Finished Config
Debian_Core Sep 05, 2002 - 14:36 [Config]
Debian_Full Sep 05, 2002 - 12:19 [Config]
Debian_Full Reactors Sep 05, 2002 - 11:59 [Config]
Debian_GCC 3.0.4 Sep 05, 2002 - 13:45 [Config]
Debian Minimum Sep 05, 2002 - 08:51 [Config]
Debian_Minimum_Static Sep 04, 2002 - 00:53 [Config]
Debian_Nolnline Sep 05, 2002 - 12:31 [Config]
Debian_Nolnterceptors Sep 05, 2002 - 09:10 [Config]
Debian_WChar GCC 3.1 Sep 05, 2002 - 01:23 [Config]
RedHat 7.1 Full Sep 04, 2002 - 02:34 [Config]
RedHat_7.1_No_AMI_Messaging Sep 05, 2002 - 04:56 [Config]
RedHat Core Sep 05, 2002 - 14:34 [Config]
RedHat_Explicit Templates Sep 05, 2002 - 08:56 [Config]
RedHat GCC 3.2 Sep 05, 2002 - 06:53 [Config]
RedHat_Implicit Templates - e
RedHat_Single Threaded Sep 05, 2002 - 10:55 [Config]
RedHat Static Sep 05, 2002 - 15:24 [Config]
Lynx
Build Name  Last Finished Config Setup| Compile

7wy DD RS [+ ) i1 s

Tests Status
Inactive

Status %
Inactive
_ Inactive
_ Inactive
_ Compile
_ Compile
N s
_ Compile
_ Inactive
_ Compile
[ =
_ Compile
_ Compile
_ Inactive
_ Inactive
| 1active
_ Compile
_ Inactive

o

etup Compile Tests

Tests Status

Qatimn

B

<]

www.dre.vanderbilt.edu/scoreboard

& artifacts
v 33
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http://www.dre.vanderbilt.edu/scoreboard
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Summary
Software
Factorles

Assembling _"'5—11_ S i—l Domain-Specific Modeling

Applications [ 58 % T g Languages

with Patterns, || . _ gg” e . =

Models, i S il = 'm’;l |

Frameworks, o aam iy L_I»: ———

and Tools 2 e e s
| " r :

Jack Greenfield and Keith Short
“nh "sl{'\'o Cook and "stu.m Kent e
Foweword by Joln Crupi o i

- = =
Generators »

* Frameworks improve productivity &
guality of software development by

« Amortizing quality assurance efforts PSRRI  S

& artifacts w3.isis.vanderbilt.edu/projects/gme

We have a long way to go to match hardware engineers use of modeling tools



http://w3.isis.vanderbilt.edu/projects/gme
http://w3.isis.vanderbilt.edu/projects/gme
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Learning Objectives of this Module

Local

e Understand how frameworks App-Specific Invocations
: : Functionali .
compare with other systematic unctionality Math
reuse techniques ——| ADTs =
.| Files
—| Strings
.| IPC
Event ggg‘; | GUI
Loop
—| Locks

Networking

Strings

Application- / callbacks .

Invocations Speciﬁc

Functionality : O c
Files »— Logging
Locks
Database @

Middleware Bus
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Learning Objectives of this Module

Black-box White-box

» Recognize the different
categories of frameworks

Again, we give pithy examples of frameworks from Android to reify key points
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Comparing Systematic Reuse Techniques

» Class Library Architecture

Local
» Class is a reusable implementation App-Specific Invocations
o Functionality >
unit in an OO language Math
» Classes are typically passive —| ADTs
.| Files
—| Strings
»| IPC
Glue
Event R
Loop Code » GUI
»| Locks

See en.wikipedia.org/wiki/Library (computing)#Object and class libraries



http://en.wikipedia.org/wiki/Library_(computing)
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Comparing Systematic Reuse Techniques

Networking
ADTs
Strings [+ Aoolican
. Ication- allbacks
- Framework Architecture vocations Spocific e

Functionality

« Framework is integrated set of classes | fjjes ||
that collaborate to form a reusable -

architecture for a family of apps Locks
« Frameworks own the event loop(s) Database @

See st-www.cs.illinois.edu/users/johnson/frameworks.htmi



http://st-www.cs.illinois.edu/users/johnson/frameworks.html
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Comparing Systematic Reuse Techniques

®

» ‘ Logging |@

Middleware Bus

o
L
@ (oo

« Component-based & Service-
Oriented Architecture
« Component is an encapsulation unit with

one or more interfaces that provide
clients with access to services

« Components can be deployed &
configured via meta-data contained in
assemblies

See www.dre.vanderbilt.edu/—schmidt/report-doc.html for more info



http://www.dre.vanderbilt.edu/~schmidt/report-doc.html
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Comparing Systematic Reuse Techniques

e Class Library Architecture

Frameworks are generally more
flexible/powerful than other
systematic reuse techniques, but also
more complicated to develop & use

e Framework Architecture

« Component-based & Service-
Oriented Architecture
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Categories of Frameworks

e Black-box frameworks only
require understanding external
Interfaces of objects

* Framework elements typically
reused by parameterizing &
assembling objects

42
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Categories of Frameworks

* White-box frameworks require
understanding the framework
Implementation to some degree

* Framework elements typically

reused by subclassing &
overridding

www.laputan.org/drc/drc.html has more on black-box & white-box frameworks



http://www.laputan.org/drc/drc.html
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Categories of Frameworks

e Each category of OO framework uses different sets of patterns

Context >

-

contextinterface()

Strategy

algorithminterface()

ConcreteStrategyA

ConcreteStrategyB

ConcreteStrategyC

algorithminterface()

algorithminterface()

algorithminterface()

» Black-box frameworks reply heavily on object composition
patterns, such as Strateqy & Decorator

en.wikipedia.org/wiki/Strategy pattern has more on the Strategy pattern



http://en.wikipedia.org/wiki/Strategy_pattern
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Categories of Frameworks

* Each category of OO framework uses different sets of patterns

AbstractClass

Tl

TemplateMathod{} & -
PrimitiveOoeralion )
PrimitiveCliparationzi)

i:'"rirna:tiunﬂper.q'rium (i

PrimitiveOperationZ()

:

* White-box frameworks rely heavily on

ConcreteClass

Inheritance-based extensibility patterns,

PrimitiveOperation1()
PrimitiveOperation2()

such as 7emplate Method & State

en.wikipedia.org/wiki/Template _method has more on 7emplate Method pattern



http://en.wikipedia.org/wiki/Template_method
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Categories of Frameworks

e Each category of OO framework uses different sets of patterns

* Many frameworks fall in between
white-box & black-box categories

46
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Categories of Frameworks

e Each category of OO framework uses different sets of patterns

* Many frameworks fall in between
white-box & black-box categories

* In general

* White-box frameworks are easier
to develop, but harder to use

47
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Categories of Frameworks

e Each category of OO framework uses different sets of patterns

* Many frameworks fall in between
white-box & black-box categories

* In general

* Black-box frameworks are harder
to develop, but easier to use

48
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White-box Framework: Android AsyncTask

e Android’s AsyncTask

. ) : Ul . My : Default < || : Worker
provides a simple white- hread »é AsyncTask || Executor "% Runnable
box framework to create [
long-running operations Template method
th.at need to communicate / Perform long-
with the Ul thread —execute . running task

:[ execute L /
__\ > dolnBackground
onPreExecute >
TonPostExecute” (—————— ==
-
Display Initialization
results in Ul actions

developer.android.com/reference/android/os/AsyncTask.ntml has AsyncTask info



http://developer.android.com/reference/android/os/AsyncTask.html
http://developer.android.com/reference/android/os/AsyncTask.html
http://developer.android.com/reference/android/os/AsyncTask.html
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White-box Framework: Android AsyncTask

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

mrﬁé}éfﬁéfﬁ}bé ress, Resullt |

 execute
* Must be subclassed onPreExecute
dolnBackground
onProgressUpdate \\
Template method onPostExecute Hook methods

/\

DownloadAsyncTask

onPreExecute
doIinBackground
onPostExecute
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White-box Framework: Android AsyncTask

class DownloadAsyncTask
extends AsyncTask<String, Integer, Bitmap> {

protected void onPreExecute() {
dialog.display(); - Perform on Ul thread

}
protected Bitmap dolnBackground(String... url) {
e Hook methods can be return downloadlmage(url[0]);
overridden } Download in background thread

Perform on ‘ protected void onPostExecute(Bitmap bitmap) {
Ul thread performPostDownloadOperations(bitmap);
dialog.dismiss();
}
}

51
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White-box Framework: Android AsyncTask

public class ThreadedDownloadActivity
extends Activity {

public void runAsyncTask(View view) {

final String url =
urlEditText.getText().toString();

new DownloadAsyncTask().execute(url);

 Instance must be created } Ul thread calls template
on the Ul thread & can method to trigger image
only be executed once } download in a new

AsyncTask

52
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Black-box Framework: Android AsyncTask
e Android’s AsyncTask

provides a simple black- |- Dc_)vynloach : Downloaﬁl . Executor ; Work;r
box framework for AT Asynclas >3 Runnable
controlling the # &
behavior of thread(s)
running in background 7 execute 1
[J execute L
- dolnBackground
--onPreExecute _|_ ST
HonPostExecute ————————
-

developer.android.com/reference/android/os/AsyncTask.ntml has AsyncTask info



http://developer.android.com/reference/android/os/AsyncTask.html
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Black-box Framework: Android AsyncTask

. Executor - Worker

9é§ 2— Runnable

POOL_EXECUTOR)

dolnBackground _

. Download _ || : Download
Activity 95 AsyncTask
setDefault
Executor (AsyncTask. THREAD _
7 execute 1
_ [ | execute _
* Client can select the >
desired Executor < I
T onPreExecute - _|_
_lonPostExecute I'—rl u

SERIAL_EXECUTOR,
THREAD_POOL_EXECUTOR,

Allows multiple long-
running tasks to run in
parallel in multiple threads

or custom Executor

o4
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Black-box Framework: Android AsyncTask

. Download _ || : Download || : Executor . Worker
Activity 95 AsyncTask »ééé Runnable
setDefault

Executor (AsyncTask. THREAD_ POOL_EXECUTOR)

7 execute 1
| execute 1

- |

pd
~

dolnBackground _

—onPreExecute

5 |

T~

on PostExecuté D

Executor treated as a
“black-box”

* i.e., only requires
understanding of
external interfaces

Executors can be
plugged in as a
strategy to AsyncTask

www.dre.vanderbilt.edu/—schmidt/PDF/ICCDS.pdf has C++ black-box example



http://www.dre.vanderbilt.edu/~schmidt/PDF/ICCDS.pdf
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Summary

* Frameworks are powerful—but can
be hard to develop & use by app
developers due to inherent/accidental
complexities of various domains
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Summary
« Frameworks are powerful—but can , :
be hard to develop & use by app Client = _ cvcopes-> ObJ‘iCt/Se"Va”t
developers due to inherent/accidental [ Skel ]h
complexities of various domains <PECODES>
. Proxy [ Adapter
» Patterns (especially pattern . <
languages) help to alleviate ayers ORB Core

<<CREATES HANDLERS>>

many framework complexities SSCREATES EIDLERS ) Half-Sync/ |
Half-Async

A
Monitor Object

N
<<SYNCHRONIZES>>
<<CONTAINS>> <<CONTAINS>>

Reactor | <<contains>>

Connector

Acceptor

—

Strategy [<<contams>>

N
Abstract <<LINKS>> Component
<<creaTees| actory S Configurator

R — I

Wrapper Facade
OS APls Pl sy ‘—>m

www.dre.vanderbilt.edu/—schmidt/PDF/ORB-patterns.pdf has more info



http://www.dre.vanderbilt.edu/~schmidt/PDF/ORB-patterns.pdf
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Summary

e It's often better to use & customize
“off-the-shelf” frameworks than to
develop frameworks in-house




Overview of Frameworks Douglas C. Schmidt

Summary

 Components & services are easier for
app developers to use, but aren’t as
powerful or flexible as frameworks
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Summary Application

Developers

COMPONENTS, SCRIPTING, & MODELING TECHNOLOGIES

COMPONENT MIDDLEWARE
TECHNOLOGIES

CUSTOMIZED FRAMEWORK
TECHNOLOGIES

 Components & services are easier for COTS FRAMEWORK

app developers to use, but aren’t as TECHNOLOGIES
: Infrastructure
powerful or flexible as frameworks D
_ evelopers
» Successful software projects are Off-the-Shelf
therefore often best organized using Framework
the “funnel” model Developers

www.dre.vanderbilt.edu/~schmidt/PDF/Queue-04.pdf has more on frameworks



http://www.dre.vanderbilt.edu/~schmidt/PDF/Queue-04.pdf
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Learning Objectives of this Module

* Present Scope, Commonality, & PERIODIC TABL,' OF THE ELEMENTS
Variability (SCV) analysis as a

4

Li | Be

6941 9.012
12
Yy

method for developing &
applying software product-lines
& frameworks

, DC 20036, 1-800-227-5558

62 @
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Learning Objectives of this Module

 lllustrate the application of SCV
to Android

APPLICATIONS
Home Dialer SMS/MMS M Browser Camera Alarm Calculator

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock

APPLICATION FRAMEWORK

ity M. Window c Provi View Notification
Activity Manager Manager ontent Providers System Manager
Location

Telephony 5
anager

Manager Resource Manager

Package Manager

LIBRARIES ANDROID RUNTIME
Surface Media SQLite WebKit Core Libraries

Manager Framework A
.

HARDWARE ABSTRACTION LAYER

OpenGL|ES Mﬁ‘,“g;‘;r FreeType SsL

Graphics Audio Camera Bluetooth GPS Radio (RIL)

LINUX KERNEL

Shared Memory

Driver Binder (IPC) Driver

Display Driver Camera Driver Bluetooth Driver

USB Driver Keypad Driver WiFi Driver S:fe'?s Ma::?;;men:

63
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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

« They are developed from a e ———
. System Libraries .
common set of core assets in a Runtime
Operating System Kernel

prescribed way

64
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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

66
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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

5 6
4
1041 | 120

wlEe
8568

, DT 20036, 1-800-227.5558

www.cs.lastate.edu/—cs309/references/CoplienHoffmanWeiss CommonalityVariability.pdf



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

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/
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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

4
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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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Douglas C. Schmidt

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

Core Libraries

LIBRARIES

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
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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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