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Goal of Presentations

U Show how architectures can be used to
— Specify solution to problem
— Analyze solution

UEvaluate use of different architecture styles for
case studies
— Key Word In Context (KWIC)
— Instrumentation Software
— Mobile Robot Architecture
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Review — Definitions

4 Perry & Wolf
— Software Architecture = { Elements, Form, Rationale }

U IEEE Std 1471-2000
— Fundamental organization of a system embodied in
« Its components
« Relationships among the components
« Relationships to the environment
« Principles guiding its design & evolution

QShaw & Garlan (cont.)
— [A level of design that] involves
» Description of elements from which systems are built
* Interactions among those elements
« Patterns that guide their composition
» Constraints on these patterns
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Review — Key Architectural Concepts

UComponent
— Unit used as a part of some system
— Locus of computation and state

W Connector

— Element that models
* Interactions among components
» Rules that govern those interactions

W Configuration (Form)
— Connected graph of components & connectors which
describes architectural structure
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Review — Software Architecture

Goals

O Manage software complexity
— Elevate abstraction level
— Match developers’ mental models

QExplicitly address system’s conceptual
underpinnings
— Act on blueprint of system
— Increase reuse & component marketplace potential
— Reduce development costs

— Shift development approach to component-based
philosophy

Review — Focus Of Architectures

U System structure

— Correspondence between requirements &
implementation

» Components + rules of composition + rules of behavior

UKey role in software lifecycle
— A framework for satisfying requirements
— Technical basis for design

— Managerial basis for cost estimation & process
management

— Effective basis for reuse
— Basis for consistency & dependency analysis
— Basis for implementation
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Review — Focus Of Architectures (cont.)

UFramework for understanding system-level
concerns (properties) & goal
— Global rates of flow
— Communication patterns
— Execution control structure
— Scalability
— Paths of system evolution
— Capacity
— Throughput
— Consistency
— Component compatibility
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Review — Focus Of Architectures (cont.)

UUses:
Representation
Design Process Support Static
Analysis Dynamic
Evolution Specification-Time
Refinement Execution-Time
Traceability

Simulation/Executability




CS 578 Software Architecture -- Scope of Software Architectures,

Canonical Case Studies

Center

o
IcISIE] | software

23 January 2006

Center

o
IcISIE] software

Scope Of Software Architectures

O Every system has architecture 0 Possible decision factors
Q Architecture is reflection of - gsgzltsm engineering & building

Case Study: Key Word In Context (KWIC)

— System requirements &
— Trade-offs that made to satisfy
them

Performance

* Safety

- Co

Security

Fault tolerance
Adaptability
mpatibility with legacy

software
— Planning for reuse
— Distribution profile
— Potential for changes to
* Processing algorithms
« Data representation
« Structure/functionality
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KWIC Architecture: Functional with Shared Data
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Shared Data Pros & Cons

© Efficiency
» Shared data
= Efficient data representation
= Sequential data access

© Intuitive structure

® Changeability
» Data format not abstracted away
= Functional elements dependent on data
representation

® Support for reuse
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KWIC Architecture: ADT ADT Pros & Cons
Master
Control © Intuitive structure

© Changeability
output — Data format abstracted away inside ADTs

— Modification of processing algorithm isolated to
\\ individual modules

! © Support for reuse
— Fewer assumptions about rest of system

‘ ® Expansion of functionality
! — Sacrifice either conceptual simplicity or performance
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KWIC Architecture: Implicit Invocation Implicit Invocation Pros & Cons
Master © Intuitive structure
Control .
© Data format abstracted away and “activated”
N © Changeability
Circular . — Functional enhancements easy
Input Shift ) Alp_habetl_zer Output - Via event registration

| — Computation separate from data representation
’ « Either can be changed independently of other

! © Support for reuse
, — Modules rely on events, not other modules

! ©® Processing order

Output ® Efficiency
Medium — Data-driven solution leads to a bigger footprint
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KWIC Architecture: Pipe—&—Filter
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Pipe—&—Filter Pros & Cons

© Intuitive structure & processing flow

© Support for reuse
— Filters operate in isolation
— Expect only data of particular format

© Changeability

— Easy addition of new filters (via filter insertion)

® Impossible to evolve into interactive system
— e.g., Deleting user-selected line would require shared storage
 violates approach

® Efficiency
— Each filter copies all data to its output ports
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Case Study: Instrumentation Software

O Oscilloscopes are instrumentation devices that
— Transform electrical signals into visual images
— Perform measurements on signals
— Support multiple user displays

QO Oscilloscopes are complex
— Perform many measurements
— Require lot of storage
— Interface with other instruments & computer networks
— Provide sophisticated Ul

O Goal: develop reusable system architecture for oscilloscopes
— Develop common “core” architecture
— Grow product line around that core
— Allow expansion into other domains
* e.g., Patient or auto monitoring
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Oscilloscope Architecture — OO

Oscilloscope
Object

Waveform Signal
Object Object

Max-min X-Y
Waveform Waveform

® No overall model of how data types fit together

® Problem partitioning functionality

— e.g., should measurements be associated with data or represented
externally

20

© 2001-2006 Neno Medvidovic, Edward Colbert, and Alexander

Egyed




CS 578 Software Architecture -- Scope of Software Architectures,

Canonical Case Studies

Center

o
IcISIE] | software

23 January 2006

Center

o
IcISIE] software

Acquisition
Manipulation

Visualization

© Intuitively appealing
® Wrong for application domain

= Actual oscilloscope functions cross layers
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Oscilloscope Architecture — Layered

Oscilloscope Architecture — Pipe & Filter

.— Couple —> Acquire —>= To-XY — Cli >
Signal P <o P
. Trace
Times Waveform
Trigger .
Measure —>
Subsystem Measurement

© Functions not isolated into separate partitions
© Data flow nature of signal processing is reflected

© Allows combination & substitution of software/hardware
components

® Does not enable user to interact with system
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Coupling Kind, Rate Trans Size

' '

. Trace
Times Wavdform

O Solution: add control interfaces to filters
© Exposes modifiable parts of filter
© Decouples signal processing functions from Ul

® Poor performance
— Each filter copies data
— Slow filters present bottlenecks
— Alleviated by flexible pipes (connectors)
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Oscilloscope Architecture — Modified Pipe & Filter

SigTaT{ Couple }7:‘Acquwe >{T0—XY }*»{ Clip }—>
Masurement

Case Study: Mobile Robotics

4 Manned or partially manned vehicles

U Uses
— Space exploration
— Hazardous waste disposal
— Underwater exploration

U Issues
— Interface with external sensors & actuators
— Real-time response to stimuli
— Response to obstacles
— Sensor input fidelity
— Power failures
— Mechanical limitations
— Unpredictable events
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Basic Mobile Robot
Architectural Requirements

UAccomplish goals in face of
— Obstacles
— Uncertainty from incomplete/unreliable information

— Dangers introduced by environment
¢ Fault tolerance
« Safety
¢ Performance

U Exhibit flexibility
— Experimentation (plug and play)
— Reconfiguration
— Regular modification
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Mobile Robot Architecture —
Control Loop

. ® Obstacles
Controller ®Uncertainty
©Dangers
© Flexibility
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Mobile Robot Architecture — Layered

8 Supervisor |V
7 Global Planning ® Obstacles
s Control ©Uncertainty
5 Navigation ©Dangers
® Flexibility

4 Real-World Modeling

3 Sensor Integration

2 Sensor Interpretation

1 Robot Control

“EmromErS
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Mobile Robot Architecture — Implicit Invocation

O Task trees
— Hierarchies of tasks
— Tasks temporally
interdependent
— Allows specification of
selective concurrency 28

0 Tasks communicate by
multicasting messages

— Server directs messages to
registered tasks
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Mobile Robot Architecture — Implicit Invocation

Analysis
— E © Obstacles
v ®Uncertainty
©Dangers
Message © Flexibility

Server Task
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Compiler Architecture Revisited

Seguential Parallel
Lexer
|
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Parser Lexer Parser Semantor
4
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Semantor
| Internal
A .
Representation
Optimizer
|
Y
Code
Generator
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Mobile Robot Architecture — Blackboard

Environment Motor
Monitor Controller

High Level Overall
Path Planner Supervisor

BLACKBOARD

Raw Input Interpreters

Obstacles
Uncertainty
Dangers

Flexibility

NN N N
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Compiler Architecture Pros & Cons

U Sequential
©Conceptual simplicity
©Architecture reflects control flow
®Performance

QParallel
©Performance
©Adaptability
®Synchronization

®Coordination
* Analysis and testing
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Summary

UArchitectures can be used to

— Specify solution to problem
» Designing a system that meets requirements
» Making trade-offs to made to satisfy requirements

— Analyze solution

» Understanding system-level concerns (properties)
& goal

— Manage software complexity
* e.g. canonical solutions
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