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GEDEGE

Software Modeling and Design

URIFEERSITY

Origins of Modeling
— Small scale plans in art and architecture
Modeling in science and engineering

— Abstraction of system at some level of precision and
detail

— Analyze model to get better understanding of system

Computer-Aided Design (CAD)

— Computer models of product before product
manufacturing

Software Modeling

— OMG: Modeling is designing of software applications
before coding
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asoEGE RT Software Design Methods
URIFERSITY 1984 - 1993

* 1984 — Support for concurrent task structuring

— Design Approach for Real-Time Systems (DARTS)
* 1986 - Support for distributed applications

— DARTS/DA
* 1989 - Support for real-time Ada design

— ADARTS

» 1993 - Support for concurrent, real-time, & distributed
OO design

— CODARTS
¢ H. Gomaa, “Software Design Methods for Concurrent and Real-
Time Systems”, Addison Wesley SEI Series, 1993.
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GEDERGE

UML and COMET

UBRIFFESITY

* Unified Modeling Language (UML)
— OMG Standardized notation for describing design
— Methodology independent

» Concurrent Object Modeling and architectural design
mEThod (COMET)
— Object Oriented Analysis and Design Method
— Targeted for concurrent, distributed, and real-time

applications

— Uses UML notation

e COMET = UML + Method

¢ H. Gomaa, “Designing Concurrent, Distributed, and Real-Time
Applications with UML”, Addison Wesley Object Technology
Series, 2000
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GEQREGE

Designing Software Product Lines with UML

URIFEERSITY

» Software Product Line (SPL)

— Family of products / systems (Parnas, Weiss, SEI)
OO Analysis and Design for Product Lines (PLUS)

— Extends COMET, other methods for single systems

— Model commonality and variability among members
of software product line

Apply standard UML extension mechanisms
— Stereotypes, constraints, tagged values
UML 2.0

— Notation for depicting software architectures and
components

H. Gomaa, “Designing Software Product Lines with UML”", Addison
Wesley Object Technology Series, 2005
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SEomaE Evolutionary Process Model
Silismnarsy for Software Product Lines

Product Line Requirements and
Analysis Models,
Product Line Architecture,
Reusable Components

Product Line
Requirements

Product Line

>l  Engineering
Product
Line
Reuse
Library
Application
Requirement . icati
qui S Application Application
- Engineering pf—————--—o-p
Unsatisfied Requirements, Errors, Adaptations 8
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D‘ﬁs“mm Product Line Engineering

Requirements

Modeling —I
N .
Analysis
Modeling [
Design
Modeling
Incremental
Component
Implementation j
Software Testing |
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asoEGE Designing Evolutionary Systems and
Silismnetsy Product Lines

» Software Product Line
— Model commonality and variability
— Feature modeling used to explicitly capture variability
» Evolutionary System
— Software system evolves from version to version
— Can model as software product line
— Each version of system is member of SPL
— Model different features as system evolves
» Evolutionary Software Design
— Evolution built into design method
— Architecture-Centric Evolution

11
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sEomcE Evolutionary Architecture-Centric
FITtre Development for Systems and SPL

» Kernel First Approach
— Develop initial version of system or kernel of SPL
— Kernel is similar to single system

» Evolutionary Development Approach

— Consider evolution as an iteration in software
development

* Model-based evolution
— Feature-based Impact Analysis

— Consider impact of optional and alternative features
on kernel

* Emphasis on dynamic modeling

12
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Requirements Modeling
What should Evolutionary Design Method provide?

GEQREGE

URIFEERSITY

* For evolutionary systems and product lines

— Support variability and evolution in use case
modeling

— Integrate feature modeling with other UML views

Requirements
Modeling

L Analysis
Modeling ﬁ
L Design
Modeling
Incremental
Component
Implementation j
Software Testing |— 13
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eEoRGE Use Case Modeling for

warvrenssEvolutionary Systems and Product Lines

Categorize use cases using UML stereotypes
Model commonality

— «kernel» use cases

Model variability

— «optional» use cases

— «alternative» use cases
— Model variation points in use cases
 Specify variability within use case
Model use case evolution
— Additional optional and alternative use cases
— Additional variation points in existing use cases

14
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Dﬁ‘s"&ﬁ Kernel Use Case Model for Microwave Oven SPL

Categorize use cases
using UML
Stereotypes

* Kernel use case

<<kernel>> e
Cook Food

Timer
User

. 15
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Evolution of Use Case Model:
GEORGE )
Microwave Oven SPL
UBITEES|TY
* Add optional use cases
* Add variation points <<kernel>>
- E.g., optional Light, Cook Food
- Alternative One-line
or Multi-line Display
<<optional>>
i
Timer
User
<<optional>>
Display Time of Day
<<optional>>
Cook Food with Recipe
: 16
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AT Feature Modeling for
LAIASUN Evolutionary Systems and Product Lines

* Feature (Kang, SEI)

— Function or characteristic that differentiates between
members of the software product line

* Feature modeling

— PLUS integrates feature modeling with other UML
modeling views

» Feature modeling in PLUS
— Determine features from use cases and variation points
— Concentrate on modeling variability

* Evolutionary Systems and Product Lines
— Feature modeling guides evolution

17
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GEDERGE

Feature Modeling with UML

UBRIFFESITY

 Use static modeling meta-class notation
— Meta-classes depict features and

feature groups «optional
. . feature»
* Features are categorized using UML Light
stereotypes
— «common feature» requires
— «optional feature»
. «common
— «alternative feature» featurex
— «default feature» Microwave
— «parameterized feature» Oven Kernel

* Model Feature Dependencies
— Requires
Copyrightmsm‘ua”y includes 18



pﬁs"g‘ﬁ Features and Feature Groups in UML

URIFEERSITY
I

Feature Relationships: Constraint on using features in group
E.g., «exactly-one-of feature group»,
«zero-or-one-of feature group»

«exactly-one-of
feature group»
Display Unit

{mutually exclusive feature} ?

«default «alternative
feature» feature»
One-line Multi-line
Display Display

19
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Analysis Modeling
What should Evolutionary Design Method provide?

GEDERGE

UBRIFFESITY

« For evolutionary systems and product lines
- Dynamic modeling is very important
- Evolution of interaction models
- - Evolution of state machines

Analysis

Modeling

Design
Modeling

Requirements
Modeling

Incremental
Component

Implementation j

| Software Testing |

20
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Dynamic Interaction Modeling
LYEASON  Feature Based Impact Analysis

GEQREGE

» Kernel First Approach

— Develop kernel interaction diagrams to realize
kernel use cases

— Realized by kernel and default objects
* Product Line evolution approach

— Consider impact of optional and alternative
features on SPL kernel objects

— Results in optional and variant objects
» Example of Kernel First Approach

— Microwave Oven SPL

— Kernel use case: Cook Food
* Product Line Evolution — impact analysis

Copyright 2008 H. Gomaa

Kernel Communication diagram for Cook Food use case

GEDRGE
URIFWERGLTY «external input device» «external timer»
I . .
: Keypad : Clock
| | :
«product line system» \b 6: Start Key Input \L 8: Timer Even|
: MicrowaveOvenSystem
«input device interface» «timE_r»
: Keypadinterface 8.1 . OvenTimer
Decrement
Cooking
Time
8.2:
Finished
«state dependent control» «entity»
: MicrowaveOvenControl : OvenData
// ! -
8.4 : Stop Cooking — ]
«output device 8E.3. Timer
«output device interface» interface» xpired
: One-levelHeatingElement : One-lineDisplay <—
Interface Interface 8.3a: Display
End prompt
| |
\‘/ 6.3: Start Cooking Output \‘/ 8.3a.3: End
8.5 : Stop Cooking Output Prompt
. | «external output device» «exts;r:l?é é):tput
Copyrigh - one-levelHeatingElement ) PVIER
: One-lineDisplay




GEORGE

URIFERSITY

Impact Analysis of
Beeper and Light Features

* 2 optional objects added
* Impact on control object

* Feature

8.4a.1: Beep Output $

Copyright 2008 H. Gomaa

UBRIFFESITY

dependent messages

8.4a [beeper]: Beep
e ¢6.2b [light]: Switch On

8.4b [light]: Switch Off

«output device
interface»

: Beeper Interface

6.2b.1: Switch On
¢ 8.4b.1: Switch Off

«external
output device»

: Beeper

Evolution of State Machines
Feature Based Impact Analysis

» Kernel First Approach

— Develop kernel state machines for state dependent

control objects
* Product Line evolution approach

— Consider impact of optional and alternative features

on kernel state machines
» Feature dependent state transition
— Use feature condition as guard on state transition

» Event [Feature Condition]

» Feature dependent action

— Action is only executed if Feature Condition is True

— Action [Feature Condition]

Copyright 2008 H. Gomaa
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ASON Kernel statechart for Microwave Oven Control

Cooking

8.3: Timer Expired Door Shut

With Item

entry/6.2: Start
Cooking

exit/8.4: Stop
Cooking 6.1: Start/

6.2a: Start Timer

 Incoming message to object-> input event on statechart
« Output event on statechart -> outgoing message from object

Copyright 2008 H. Gomaa

e Impact on Statechart for Microwave Oven Control

VEITEESITY
Feature dependent actions:
- Action is only executed if Feature Condition is TRUE
- Action [Feature Condition] e.qg., [light], [beeper]

/m 8.3: Timer Expired/
8.4b: Switch Off [light]

entry/
6.2: Start Cooking,
6.2b: Switch On
[light],

Door Shut
With ltem

exit/
8.4: Stop Cooking,
8.4a: Beep

[beeper] 6.1: Start/
\ / 6.2a: Start Timer

Copyright 2008 H. Gomaa

Ready To
Cook



GEQREGE

Evolution of State Machine Models
I
* Model state machine variability
— Inherited vs Parameterized State Machines
e |nherited State Machine

— Different state machine for each alternative or optional
feature

» Disadvantage:

— Each feature & feature combination needs an inherited
state machine

— Could lead to combinatorial explosion of inherited
state machines
» Often better to design parameterized state machine
— Feature dependent state transitions and actions

27
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eEoRGE Design Modeling
varnreer=y What should Evolutionary Design Method provide?

* Software Architectural Patterns
* Evolutionary Component-Based Software Architectures

Requirements
Modeling

.
Analysis
Modeling j
Design
Modeling
Incremental
Component

Implementation j

Software Testing |

28
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aEoRGE Component-based
Distributed Software Architecture

 Distributed component
— Logical unit of distribution and deployment
— Well-defined provided and required interfaces
* Modeling Components in UML 2.0
— Components modeled as UML 2.0 structured classes
— Depicted on UML 2.0 composite structure diagrams
— Provides support for
» Composite and simple components
* Interfaces, ports, connectors
* PLUS component categorization using stereotypes
— Application role category
— Reuse category

. 29
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sEomcE Software Architecture for Microwave
Tt Oven — Before Evolution
[

«kernel» «variant» «kernel-param-vp»

«input component «input component| «input component»

DoorComponent WeightComponent KeypadComponent

il 1 1
= Key
«kernel»
«control component» ] [Pt i
MicrowaveControl O ipnrtcé\ﬂaie
C required
interface
concurrent
component
1T 1T
, «varmant»
«variant» «output
«output component» component»
HeatingElementComponent MicrowaveDisplay| 30
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-

Connector

— Joins required port of one
component to provided port of
another component

“Plug compatible” components
— One interface

— Realized by different
components

E.g., Microwave Control can be
connected to one-line or multi-
line version of Microwave Display

If interface needs to be extended
— Use component inheritance

Copyright 2008 H. Gomaa

P

UBRIFPEES

[k

Design of “Plug Compatible” Components

«kernel»

1

«control component»
MicrowaveControl

RDisplay

PDisplay

«interface»
IDisplay

displayPrompt (in promptid)

displayTime (in time)

clearScreen ()

displayTOD (in TOD) {feature = TODClock}

Key IDisplay

O]
(@)
C

Copyright 2008 H. Gomaa

port
provided

interface PDisplay

required
interface

concurrent
component

«kernel»
«control component»
MicrowaveControl

—

Il RDisplay

IDisplay

31

Design of individual components

IDisplay

PDispla

16



GEORGE

Design of Optional Components

|Beeper

- Feature dependent interfaces & components i

PBeeper
«interface» I—I
IBeeper «optional»
{feature = Beeper} <output component>
initialize () BeeperComponent
beep ()
ILamp
i PLamp
«interface» [ ]
ILamp )

{feature = Lamp} «optional>»
initiali «output component
's”v'v‘i'(‘cifgn% LampComponent
switchOff () 23
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GEDEGE
Evolution of Microwave Oven Architecture

UBRIFFESITY

* Feature dependent components, connectors and messages
» Messages correspond to feature dependent actions on state machine

* Microwave Control
- Feature dependent actions on state machine: Switch On[light], Beep [beeper]

prodct ine system»
MicrowaveOvenSystem

«kernel «defaulty
«input component» «input component»
DoorComponent BooleanWeightComponent

«kemel-param-vp»
«input component»
KeypadComponent

RMWControl RMWControl

Cooking 8.3: Timer Expired/
8.4b: Switch Off [light]

entry/ Door Shut
6.2: Start Cooking, With Item
6.2b: Switch On

Tlight],

exit/

8.4: Stop Cooking,
8.4a: Beep

[beeper]

G -

6.1: Start
6.2a: Start Timer

Ready To
Cook

PDisplay

«defaulty
«output component»

«optional»
output componenty

Copyright 2008 H. Gomaa
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GEDEGE ) . ]
Evolution of Microwave Oven Architecture

«product line system»
MicrowaveOvenSystem

«kernel» «default» «kernel-param-vp»

«input component» «input component» «input component»

DoorComponent BooleanWeightComponent KeypadComponent
— —

RMWControl RMWControl RMWControl

* Feature dependent components,
connectors and messages
 Messages correspond to
feature dependent actions on
state machine

PMWControl

PHeater PDisplay

LT

«default»
«output component»

«optional»
output componenty
BeeperCi

35
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. 36
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GEQREGE

IYIASON Software Architectural Patterns

« Software Architectural Patterns [Buschmann, Shaw]

— Recurring architectures used in various software
applications

Goal: Design Software Architecture from
— Software Architectural Patterns
Architectural Structure Patterns

— Address structure of major subsystems
Architectural Communication Patterns

— Reusable interaction sequences between
components

37
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SEORGE Architectural Structure Patterns
S nvERerTY for Software Product Lines

» Layered patterns very important for evolution
— Layers of Abstraction
— Kernel
» Client/Server patterns
— Basic Client/Server
— Client/Broker/Server
— Client/Agent/Server
» Control Patterns very important in RT Design
— Centralized Control
— Distributed Control
— Hierarchical Control

. 38
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ASON Layers of Abstraction Pattern

» Structure system into hierarchical layers [Parnas]
— Each layer provides services for higher layers

» Layers of Abstraction in Product Lines
— Allows design of variable and extensible software

— Kernel components at lowest layer
— Optional and variant components at higher layers

» Software Evolution
— Add components at higher layers
— Depend on services provided at lower layers

39
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Flexible Layers of Abstraction Pattern
ACON in Factory Automation SPL

PBITEESITY
«layer»
User Interface Layer
T 7
. S
/ i

/ «layer»
/ Hierarchical Control Layer
/ /! /

«layer»
Distributed Control Layer

«layer» /
Production Vi 4
/
-
r / /

I
|
|
|
|
|
|
|
Il server Layer y f
N |
. ~__ |
/
AN / /
N / /
N «layer» K

N
AN Workflow Server
Layer /

T
b |
N |
N | !
/
4
S
N
N «layer»
40

N Kernel Server
Layer
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GEDEGE Centralized Control Pattern

L RsLTY E.g.I Microwave Oven Control Architecture

«kernel» «variant» «kernel-param-vp»
«input component» «input component»| «input component»
Door(%_o\mponent Weightcrg]mponent KeypaFI_(]:omponent

* Centralized Control Pattern
— One control component
» Executes statechart
— Receives sensor input
from input components
— Controls external
environment via output

components
) «control
input component»| - component»
Key

Copyright 2008 H. Gomaa

Distributed Control Pattern

UBRIFFESITY

«control event «control event «control
component» —_ component» i component»
: Distributed -— : Distributed < : Distributed
Controller event Controller event Controller actuator

sensor
Input actuator  sensor
/ \ Output  Input 7

actuator ~ Sensor Output

\ Output  Input /

«input «input «input
component» component» component»
: SensorNode : SensorNode : SensorNode

« Several control components
* Control is distributed among the components
» Each component controls part of system
* Executes statechart
» Control components communicate with each other to provide
overall control

Copyright 2008 H. Gomaa
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GEQREGE

Hierarchical Control Pattern

«coordinator
component»
: Hierarchical
Controller
Sl command
A// command \L T response \\
— response
«control «control «control
component» component» component»
: Distributed : Distributed : Distributed
Controller Controller Controller
sensor actuator s8nsor actuator sensor actuator
Input / \ Output Input f \Oulput Input / \ Output

«input «output «input «output «input «output
component» component» component» component» component» component»
: SensorNode : ActuatorNode : SensorNode : ActuatorNode : SensorNode : ActuatorNode|

* Hierarchical Controller
» Coordinator component
- Provides high level control
- Sends commands to each control component 4

Copyright 2008 H. Gomaa

Architectural Communication Patterns
for Software Product Lines

GEDERGE

UBRIFFESITY

» Asynchronous communication patterns
» Synchronous communication patterns

3 . Concurrent
* Very important for evolutionary component
design:
. Asynchronous message
 Broker Communication Patterns
. . Synchronous message
— Broker forwarding
— Broker handle . Response to synchronous message

— Discovery

» Group Communication Patterns
— Broadcast
— Subscription/notification

X 44
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AR— Software Architecture for Microwave Oven -
LTAASUN asynchronous communication Pattern

~ «kemnel» «variant»
«input component» «input component» «_kerntel—param—vp;»
“WeghiConponer

sendControlRequest

doorEvent sendControlRequest
( ) ¢ (weightEvent) ©

=
sendControlRequest(keypadEvent)
«kernel»
«control component»
: MicrowaveControl

displayPrompt(promptld)
displayTime(time)
startCooking(level) \
stopCooking()
«variant»
«variant» «output component»
«output component» : MicrowaveDisplay
HeatingElementComponen
45
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GEDRGE H H 11 H
Mf\SﬂN Subscription/Notification Pattern
UBITEES|TY
«user interface
S1: subscribe component»
" fi rin
=
N2a: eventNotification
«server component» $2: subscribe «user interface
: EventHandlingServer component»
N2b: . secondOperatorinterface
: eventNotification
L eventT V\S3: subscribe
fiz?]:g::z;tm N2c: eventNotification «gzz: ;g:]ee,:‘at:e
: EventMonitor hird rinterf
« Subscription/Notification Pattern
- Client subscribes to join group
- Receives messages sent to all members of group "
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aEoNGE Building Systems and SPL from
Software Architectural Patterns

» Consider architectural structure patterns
— Different patterns can be combined
» Start with layers of abstractions pattern
— Incorporate client/server patterns
— Incorporate control patterns
» Apply architectural communication patterns

47
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=eomse  BUIldINg Emergency Monitoring System
From Software Architectural Patterns

«user interface
component»
alarmRequest || CPeraennefac ] A pehitectural Structure Patterns

i t, out
(ma:z?mugsata‘;u » Layered pattern
» Client/Server patterns

UBRIFFESITY

«data collection
component»
: EventMonitor

e et [ e Architectural Communication
(in request, out Notification  Patterns
monitoringData) . Synchronous
i . » Asynchronous
» Broker
» Subscription/Notification
alarmNotification
«server component» «servert
: AlarmHandlingServer : l\zgmg)?%eg%:ta
Server 48
OPYIgIT ZUU8 H. GOMaa

24



AL Software Architectural Patterns in
LTEASUINN Emergency Monitoring and Distributed Control System
I

* Evolve Emergency Monitoring System

«user interface
component»
: Operatorinterface

«data collection
component»
: EventMonitor

i event event
Notification
«server component»

: EventHandlingServer

| 49
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A Software Architectural Patterns in
LTAASLIN Emergency Monitoring and Distributed Control System
* Evolve Emergency Monitoring System
* Integrate Distributed Control pattern
using Subscription/Notification pattern
«user interface
component»
: Operatorinterface
«control
«data collection component»
Cravavone
- ontroller
event /
/ Notification
oo /e 1)\ o
subscribe
«server component» «input «output
: EventHandlingServer component» component»
: SensorNode : ActuatorNode M 50

Copyright 2008 H. Gomaa
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GEQREGE

Overview

URIFEERSITY
I

Software Modeling and Design
Software Modeling and Design Methods
Designing Evolutionary Systems and Product Lines

Designing and Evolving Systems from Architectural Design
Patterns

Executable Models of Software Designs (with R. Pettit)
Dynamic Software Reconfiguration

51
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GEDERGE

Modeling Executable Software Architectures

UBRIFFESITY

» Design and analyze concurrent software architecture
* Behavioral design patterns

— Concurrent component

— Connector

—Mapped to Colored Petri Net template
* Map concurrent software architecture to CPN model

— Select and Interconnect CPN templates for
components and connectors

* Analyze CPN model
— Application behavior

— Application performance

* R. Pettit and H. Gomaa, “Modeling Behavioral Design Patterns of Concurrent
Objects”, Proc. Int. Conf. on Software Eng. (ICSE), Shanghai, May 2006. s,

Copyright 2008 H. Gomaa
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szoxes  Concurrent Software Architecture

URIFEERSITY

» Uses component / connector paradigm
« Component (application object)
— Concurrent object with single thread of control
— Use COMET concurrent object (task) structuring criteria
— Define behavioral design pattern for component
e Connector
— Provides message communication between components
e CPN behavioral design template provided for each
— Component
— Connector

1'tokenVarl 1'tokenVar2
Transition

Colored Petri Net notation

53
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GEDERGE

Asynchronous I/O Pattern

UBRIFFESITY

 1/O component

—Handles external input/output on demand
* CPN pattern

— Thread of control maintained by control token

— Each component has its own control token
* CPN Transition executes function

— Processing time associated with transition
» Colored tokens to differentiate role of tokens

— Control token

—Input event

— Output message

. 54
Copyright 2008 H. Gomaa
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GEQREGE

Asynchronous I/O Pattern

<<external I/O device>>

inputEvent <P, asyncMsg To internal
external —> connector
InputSource Interface object
7
rd {Execution = async;
- / 10 = input
Process Time = <process time>
@ /O component / ;
_____________ AR
CPN I/0 component template 4
p p P«uo» {execution = async; 10=In}
~~ N
Evert Eventisy
@ Teinput_event | Process mput processinpLInpUL event @
inputEvent TCTRL Controt asyncMsg
CTRL
1CTRL
Fost
A
TCTRL B<process tmep
(b)

Copyright 2008 H. Gomaa

GEDERGE

UBRIFFESITY

e Connector

Connectors

— Provides message communication between
concurrent components

* Queue - Asynchronous communication
 Buffer - Synchronous communication
* Interface to connector uses CPN places

— Facilitates interconnection between concurrent
component templates and connector templates

Copyright 2008 H. Gomaa
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ezezez Synchronous Communication Pattern

been passed

Copyright 2008 H. Gomaa

MZzgs%  Synchronous Communication Pattern

UBIFFESITY

synchronous message

producer

~
~ Adata
—

consumer

Producer ]
—» send

Producer
<4 Retum ¥

(b)

Control,

1*CTRL

‘CTR|

Copyright 2008 H. Gomaa

"

(GTRL)

14(data, CTRL)

T*CTRL

\
CPN buffer connector template

Synchronous buffer models synchronous communication
Producer sends message and waits for reply
One message at a time allowed in the buffer
Producer and consumer are blocked until message has

57
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asoEGE Constructing CPN Model from UML
Concurrent Design Model

1. Develop COMET/UML design model
— COMET structuring criteria
2. Construct Architecture-Level CPN Model
— Represent each component & connector by CPN template
— Templates developed using DesignCPN
— Interconnect CPN templates
3. Model characteristics of individual component
— Customize CPN templates for application
4. Exercise model in DesignCPN simulator
— Analyze functional behavior
» Detect and correct design problems
— Analyze performance characteristics

» Does software architecture meets timing constraints?

59
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seorae  Connecting CPN Templates to form CPN

vaiwresiTy - Architecture
I/0O component async message

<<extemal input device=> <10 "

cruiseControlRequest
CruiseConlral CruiseCanlral

LeverDevica | —————— | |Leverinterface ‘—_—F-—l~ CruiseControl

7 o s |
/ crulseControlLeverlnput £

{Execution = asyng; ~
1O = input
Process Time = 100ms.

CurseCanTTavarRut

CPN 1/0 component template

Copyright 2008 H. Gomaa CPN queue connector template
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GEQREGE

Overview

URIFEERSITY
I

Software Modeling and Design
Software Modeling and Design Methods
Designing Evolutionary Systems and Product Lines

Designing and Evolving Systems from Architectural Design
Patterns

Executable Models of Software Designs
Dynamic Software Reconfiguration (with M. Hussein)

61
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sEomcE Dynamic Software Reconfiguration in
wEivensiTy Safety Critical Systems

Safety Critical Systems
— Highly available, Time critical

Examples: air traffic control systems, spacecratft,
automotive and aircraft control systems

Challenge
— Evolve the configuration of software application
* Atrun-time

— Application must be operational during dynamic
reconfiguration

H. Gomaa and M. Hussein, “Software Reconfiguration Patterns for
Dynamic Evolution of Software Architectures”, Proc. Working
IEEE/IFIP Conf. on Software Architecture, Oslo, Norway, June, 2004.

62
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Masss Approach

= Most product line research aimed at deriving different family
members from
— Product line architecture + implementation
— At Configuration Time
— NOT at Run Time

= Research approach

— Model all configurations of safety critical system as
product line members

— Dynamically change from one family member to a
different family member at Run Time

— Develop Software Reconfiguration Patterns

’ 63
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GEORGE Evolutionary Product Line Life Cycle
Siiise ety - Build, then Deploy

Product Line Requirements and Analysis

Models,

Product Line Architecture,

Reusable Components

Product Line |
Requirements
s
Product Line
Engineering Product
Line
Reuse
Library
Target System Executable
Requirement Application | Target System
—_equirements | B . =
Engineering
Unsatisfied Requirements, Errors, Adaptations "
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easorseReconfigurable Evolutionary Product Line Life Cycle
SRilNnmstTY Reconfigure after Deployment
I

Product Line Architecture,
Reusable Components,
Reconfiguration Patterns

Product Line

Reconfigurable Components

Requirements
— Prqduct Reconfiguration Patterns
l_-'ne . Product
Engineering Line Reconfiguration
Reuse Requirements
Libra
brary_J l
Executable Reconfigured
Target System Target Executable
Requirements Application System | Target System |Target System
Engineering Reconfiguration
Unsatisfied Requirements, Errors, Adaptationg
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Bﬁ?ﬁﬁ Software Reconfiguration Patterns
* Concept

— Develop software reconfiguration patterns for well-
known software architectural patterns

— Reconfiguration Pattern

» Specifies how set of components cooperate to
dynamically change system configuration

» Software Reconfiguration Patterns developed
— Master-Slave pattern
— Centralized Control pattern
— Client / Server pattern
— Decentralized Control pattern
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Decentralized Control Reconfiguration
Pattern

GEQREGE

* Decentralized Control components communicate
with each other
— Components must notify each other if going
quiescent
— Component can cease to communicate with
neighbor but can continue with other processing

«control event «control event «control
component» i component» - component»
: Distributed et : Distributed et : Distributed
even even
Senson Controller Controller Controller actuator
Input actuator  sensor actuator ~ Sensor Output
Vi \ Output Input / \ Output  Input /

«input «output «input «output «input «output
component» component» component» component» component» component»
: SensorNode : ActuatorNode : SensorNode ActuatorNodt : SensorNode : ActuatorNode
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seoRcE Reconfiguration State Machine

UBRIFFESITY

. J

« Reconfiguration state machine model ~ Generalized ~N
« Component transitions to a state ReconfigurationA _
where it can be reconfigured Statechart Activate
- Active State .
- Component is operational Reactivate 2 S ivate
- Quiescent State [Processing Passivate
- Component Idle Transaction] [ldle]
- Can be removed from ( Passive )
configuration Transaction
Ended
-
68

Copyright 2008 H. Gomaa

34



csoxas Example of Reconfiguration Scenario

URIFERSITY

« Reconfigurable factory automation SPL architecture

a) Before
reconfiguration

* Uses: Master-Slave, Client / Server, & Decentralized Control patterns

Line
Workstation
Controller M - 1

Line Workstation
Controller M + 1

b) After reconfiguration

Copyright 2008 H. Gomaa

Line
Workstation
Controller M - 1

| Line Workstation
Controller M + 1
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Summary and Conclusions

UBRIFFESITY
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Software Modeling and Design
Designing Evolutionary Systems and Product Lines
— Evolution built into software design method
— Architecture-Centric Evolution
Designing and Evolving Systems from Architectural Patterns
Executable Models of Software Designs
Dynamic Software Reconfiguration
Other related research
— Software performance modeling (with D. Menasce)
Multiple-view meta-modeling (with M. Shin)
Tool support for SPL development and product derivation (many)
SPL model-based testing (with E. Olimpiew)
Separation of concerns in multiple-view models (with Saleh & Shin)
Software process modeling (with L. Kerschberg)
rg:igign of Service-Oriented Architectures (with J. Street) 70
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