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Software Architecture

Lecture 1
Introduction

João Pedro Sousa

George Mason University

outline

what is software architecture?

relation to software engineering

relation to engineering

architectural views

module, C&C, deployment

the rest of the course
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every system has an architecture

just like every building has an architecture
and someone who acted as an architect

an architecture may be
elegant and effective, or

clumsy and dysfunctional
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examples of software architecture
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more examples
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more examples
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more examples
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more examples
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more examples
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more examples
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description of a
system’s architecture

usually informal prose
plus box-and-line diagram

lots of appeal to intuition

little precision, rarely formal

The Architecture of This System

Next Section 
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unlike buildings
software is hard to “see”

architectures produced by
different people looking at the same code
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good architecture bestows:

strength
durable

safe

beauty
balanced proportions

utility
fit planned uses

reliable

fault-tolerant

…

usable

intelligible

maintainable

…

desired features

quality of service
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[Vitruvius, ~40 BCE]

the challenge

develop systems “architecturally”
apply codified architectural design expertise

build systems by assembling existing parts 

use standards for integration

assure that the system has the desired properties

reduce development and evolution costs

turn Software Architecture into an
engineering discipline

from ad hoc definition to codified principles
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what is software engineering?

quotes:

software engineering is, in fact,
a form of engineering
David Parnas (modules, hiding, & OO)

<it> is not, but it should be
Steve McConnell (Code Complete, Rapid Development)

programming is an art and a science
Donald Knuth (computational complexity, analysis of algorithms)
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definitions abound. They have in common:
Creating cost-effective solutions ...
... to practical problems ...
... by applying scientific knowledge ...
... building things ...
... in the service of mankind

engineering enables ordinary people
to do things that formerly required virtuosos

engineering entails making decisions under the
constraints of limited time, knowledge, and resources

what is engineering?
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what is engineering?

before the 19th century the kinds of
systems that engineers studied and built
had little technological or mechanical aspects

AERO

1930
CHEM

1880
BIO

1950

ELEC

1850

CIVIL

500 BC

ENVIR

1920

MECH

1800

MARINE

1500

MATL

1700

S/W

1970

Honour, E. “Characteristics of Engineering Disciplines”
13th Int’l Conference on Systems Engineering, 1999

by 1920, AT&T had job titles for
System Engineers, who built and maintained
The System: their national network
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2000

1980

1950

1970

1990

1960

Programming-
any-which-way

Programming-
in-the-small

Programming-
in-the-large

Programming-
in-the-WWW

Software architecture

NATO SE conference

Programming-in-the-large

Software development environments

Subroutines

Separate compilation

Heavily distributed systems
Integrated product lines

Component-based systems

Information hiding

Inheritance
Abstract data types objects

Packages -> Product Lines

2010

Programming-
in-the-

physical-world

Self-aware and adaptive systems
Service-oriented systems

software engineering

adapted from Mary Shaw

computing embedded on everyday objects
computation in mobile phones
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managing software production
who does what, when – lifecycle/process/risk management

methods, tools, skills

best practices/tools of the trade
systematic testing/peer reviews

separation of concerns/aspects

rapid prototyping/configuration management/evolution

product lines/design patterns

correlating structure and properties
software economics: size/complexity <-> cost

Software Architecture:
design patterns <-> *-ility tradeoffs

many angles
into software engineering

SWE 443 – Software Architecture © Sousa 2011 Lecture 1 – Intro – 20

software architect:
a recognized trade within SE

human-computer interaction

applications

development/execution envs.

middleware

OS/storage management

networking

hardware

interfaces with:
psychology, ergonomics, human factors

SE
developer

architect
tester/QA

manager
HCI designer

EE

CS

methods/tools/process
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what is software architecture?

Definitions abound. They have in common:

the structure

or structures of the system 

which comprise elements 

their externally-visible properties 

and the relationships among them
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SA & programming
address different issues

Architecture Programs

interactions among parts implementations of parts

system-wide views local views

declarative operational

more stable components dynamic allocation

system-level performance algorithmic performance

software engineering is, 
in fact, a form of engineering
David Parnas

programming is an art and a science
Donald Knuth
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SA makes a difference

design Reviews at ATT
Architecture Review Board created 1988

facilitates architectural reviews for projects

results
reviewed over 350 projects from 1989-95

“a correct architecture has the largest single impact on 

cost and quality of the product” (Maranzano 1995)

“based on experience … we found an average savings of at 

least one-half staff year per project reviewed, and 

substantially larger savings on several projects reviewed.”

estimated cumulative savings: approx 175 staff years

SWE 443 – Software Architecture © Sousa 2011 Lecture 1 – Intro – 24

SA in the 2000’s

incorporation of architectural notions
into mainstream design languages (e.g., UML-2),
and tools (e.g., Rose)

methods based on architectural design and refinement 
(e.g., Model-Driven Architecture – MDA)

some architecture analysis tools

architectural standards for enterprise systems
(e.g., RM-ODP, TOGAF)



1/26/2011

13

SWE 443 – Software Architecture © Sousa 2011 Lecture 1 – Intro – 25

SWE 443 – Software Architecture © Sousa 2011 Lecture 1 – Intro – 26

SA correlates design patterns/styles
with quality attribute tradeoffs

using formal/quantitative models
of systems and environment
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focus on run-time structure
& quality attributes

performance

security

availability

recoverability

safety

interoperability

portability

scalability

maintainability
extensibility

testability

buildability

and more...

usability 
learnability

fit user goals

customizability

responsiveness

…
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outline
what is software architecture?

architectural views
module viewtype

component & connector viewtype

allocation viewtype

styles

the rest of the course
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one system, many views

a view is a representation 
of a set of system 
elements and the 
relations among them

not all system elements

a view selects
element types and
relation types
of interest,
and shows only those

All information

Some information

why?
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one system, many views

an architect examines the system in three ways

how is it structured as a set of code units?

how is it structured as a set of elements
that have run-time behavior and interactions?

how does it relate to non-software structures,
such as hardware and development teams?

module viewtype

component & connector viewtype

allocation viewtype
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module viewtype
describes the code structure

elements are modules
code unit that implements a set of functionalities

relations among modules include 

A is part of B
defines a part-whole relation

A depends on B
defines a functional dependency relation

A is a B
defines specialization and generalization
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different notations exist

for module views

UML class diagrams:

A

B

Aggregation

E

F

Generalization

is a

C

D

Dependency

examples in a moment
informal:  stacked boxes, box-and-line...
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module viewtype
used for code construction and budgeting

construction
module views are the blueprints for the code 

modules are assigned to teams for implementation

modules are often the unit for refining the design
(e.g., module interfaces)

analysis
traceability and impact analysis 

budgeting, project management: planning and tracking
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module and C&C show different aspects 

example program:
produce alternating case of characters in a stream

main

split lower upper merge

config input/output

Legend

Module

Uses

split

lower

upper

merge

Legend

Filter

Pipe

Binding

module view C&C view
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C&C viewtype
describes how the system works

elements
components (boxes)
principal units of run-time computation and data stores

connectors (lines)
interaction mechanisms – identity and behavior of their own

relations
attachment of components to connectors

properties
information for construction & analysis

quality attributes

others, depending on style (more in a moment)
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different notations exist

for C&C views

ConnectorComponent

Port Role

ACME diagrams:

other notations (normally box-and-line)

examples in a moment
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C&C viewtype
used for behavior and QoS analysis

construction
how the system will appear at run time

what kind of behavior must be built in

pathways of interaction and
communication mechanisms

analysis of runtime properties
availability
performance
security
reliability…
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allocation viewtype

elements
software elements
as defined in module or C&C views

environment elements
such as hardware and development teams

relations
allocated-to
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notations for allocation views
depend on the style

development organization

configuration managementcomputing platform

normally informal, style-specific notations

examples in a moment



1/26/2011

21

SWE 443 – Software Architecture © Sousa 2011 Lecture 1 – Intro – 41

outline
what is software architecture?

architectural views
overview of the first half semester

module viewtype
component & connector viewtype
allocation viewtype
styles

the rest of the course

SWE 443 – Software Architecture © Sousa 2011 Lecture 1 – Intro – 42

architectural styles:
specialization of element and relation types

within each viewtype, recurring forms have been widely 
observed in different systems

these forms are worth capturing because they have known 
properties and can be re-used:

“tools” in the architect’s “bag of tricks”

an architectural style
is a specialization of element and relation types 
together with a set of constraints on how they can be used

styles exist independently of any system

two different systems can use the same style

different parts of the same system may use different styles
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remember

viewtypes reflect the three broad ways
an architect looks at a system:

units of implementation (module viewtype)

run-time units (C&C viewtype)

relation to non-software structures (allocation viewtype)

within a viewtype, many choices remain:
what kinds of elements are allowed

how they relate to each other

how are they used or configured

different styles result from making different choices
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three major styles
in the module viewtype

decomposition style
hierarchical decomposition of modules

supports concurrent development

generalization style
specialization hierarchy

supports reuse; managing large numbers of definitions

layered style
virtual machines

supports portability, reuse
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decomposition style
in the module viewtype

elements are modules

relations restricted to A is part of B 

what it is for
a starting point
frequently, assigning functions to modules
is a prelude to detailed design

change/impact analysis

basis for work assignments
provides elements in the allocation view
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decomposition style
in the module viewtype

examples in UML

B C D

A

(classes)

A

B

D

C

(packages)
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decomposition style
in the module viewtype

Software Decision Module 
Application Data Type Module 

Numeric Data Type Module 
State Transition Event Mod.

Data Banker Module 
Singular Values Module 
Complex Event Module 

Filter Behavior Module
Physical Models Module 

Aircraft Motion Module
Earth Characteristics Module
Human Factors Module 
Target Behavior Module
Weapon Behavior Module

Software Utility Module
Power-Up Initialization Module
Numerical Algorithms Module 

System Generation Module
System Generation Parameter Mod.
Support Software Module

Behavior-Hiding Module 
Function Driver Module

Air Data Computer Module
Audible Signal Module
Computer Fail Signal Module
Doppler Radar Module
Flight Information Display Module
Forward Looking Radar Module
Head-Up Display Module
Inertial Measurement Set Module
Panel Module
Projected Map Display Set Module
Shipboard Inertial Nav. Sys. Mod.
Visual Indicator Module
Weapon Release Module
Ground Test Module

Shared Services Module

Mode Determination Module 
Panel I/O Support Module 
Shared Subroutine Module 
Stage Director Module 
System Value Module 

outline/tree examples
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generalization style
in the module viewtype

elements are modules

relations restricted to A is a B

properties
inheritance semantics: interface vs. implementation

what it is for

basis for object-oriented designs

supports evolution and extension

reuse
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generalization style
in the module viewtype

reflected in programming languages

Circle extends Shape

Polygon Circle Spline

Shape

...
Polygon Circle Spline

Shape

...

examples in UML
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layered style
in the module viewtype

elements are layer modules

relations restricted to A allowed to use B
a special case of A depends on B

stylistic rules
every piece of software is assigned to exactly one layer

software in a layer is allowed to use software in
{any lower layer, next lower layer}

software in a layer {is, is not}
allowed to use other software in same layer

what it is for
separation of concerns/incremental development
portability

style variations:
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layered style
in the module viewtype

boxes and arrows

A

B2B1 B3

C

stack of boxes

examples (interpret each one)

A

B C

D

concentric rings

B1

A

B2

B3

C
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layered style
in the module viewtype

Telephony HW

(POTS Card/Fax Card)

Java Telephony API

Java 

Applications
Applets

Java Run-Time

XTL TSAPI TAPI Other APIs

(JTAPI page 7)

example: JavaPhone

is this a good description?
(interpret it according to the style variations)
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many styles
in the C&C viewtype

data flow
batch sequential
dataflow network (pipe & filter)

acyclic, fan-out, pipeline, Unix
closed loop control

call-and-return
main program/subroutines
information hiding

objects, naive client-server

interacting processes
communicating processes

LW processes, distributed objects
event systems

implicit invocation
publish-subscribe

data-oriented repository
transactional databases

true client-server
blackboard
modern compiler

data-sharing
compound documents
hypertext
Fortran COMMON
LW processes

hierarchical
tiers

interpreter
N-tiered client-server
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pipe & filter style
in the C&C viewtype

pipefilter

elements are pipes (data flow) and filters (computation)

relations restricted to P.in/out attached to F.port

what it is for
functionality related to data streaming and transformation
e.g. media streaming, image processing…
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event publish-subscribe style
in the C&C viewtype

! ! !?
?

?

events

elements are objects/threads and events

relations restricted to A publishes E, A subscribes E

two style variants
implicit invocation: one responder will be passed the event

publish-subscribe: zero or many subscribers (no guaranties)

what it is for
high degree of separation between functional units
e.g. Google Android
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three major styles
in the allocation viewtype

deployment style
allocates software elements, i.e. code, to
processing and communication nodes

properties include those necessary to calculate (and achieve) 
performance, availability

implementation style
allocates software elements to structures in the 
development environment’s file systems

properties include files and capacities

work assignment style
allocates software elements to organizational work units

properties include skill sets
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deployment style
in the allocation viewtype

FTP
SSL
SQL
Mail server

DNS
Web server

UNIX
Java Office suite

Configuration
Management
Database

Routertrusted

T1 line

Mainframe

Internet

example: informal notation
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views help manage the complexity of

describing an architecture

viewtypes
determine the kinds of things a view talks about

three primary viewtypes: module, C&C, allocation

each viewtype has many styles
module: decomposition, generalization, layered, …

C&C: pipe & filter, client-server, pub-sub…

allocation: deployment, work assignment…

in Summary
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why study SA?
http://money.cnn.com/magazines/moneymag/bestjobs/2010/
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outline

what is software architecture?

architectural views

the rest of the course

http://money.cnn.com/magazines/moneymag/bestjobs/2010/

