|CS 121: Software Methods and Tools

ICS 121 Topic 8:
Design

Introduction to Design
Review of Architectural Design
Modules
Structured Design
Integration Testing

Goals and Objectives

« Develop a coherent representation of a software system
that will satisfy the requirements

« |dentify inadequaci es in the requirements

« Develop review plan that demonstrates coverage of the
requirements
— yields confidence in design

« Develop test plan that covers design
— yields confidence in bath design and implementation
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Basic Design Process

« The design process devel ops several models of the
software system at different levels of abstraction
— Starting point is an informal “boxes and arrows” design
— Add information to make it more consistent and complete
— Provide feedbadk to earlier designs for improvement

More formal Finished
—| design — design

Informal
design
outline

Informal
design
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Introduction to Design
Requirements
Validation
vy v
Requirements Analysi
Specification
How ?
Implementation and
Integration
Testig
Operation and
Maintenance
Revalidation
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Relationship to ather lifecyde phases

TDECS

Requirements
— Specifies the “what” not the “how”
— Provides conceptual boundaries
« keeps design f ocused
Impl ementation
— Design stops and coding begins when design specifications are
sufficient for coding assignments

« each assignment, theoretically, can be given to a programmer unaware of
the overall system architecture

Dagn

Design Activities
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Architectural design
— Subsystem identification
« services and constraints are specified
— Module design
« modular decomposition is perf ormed; relationships specified
Detailed design
— Interface design
< moduleinterf aces are negotiated, designed and documented
— Data structure and algorithm design

« module details (data structures and algorithms) to provi de system
services are specified
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Design Activities, refined Design Activities, continued

« Architectural design
— Identification of the sub-sysems and abstract specification of their servicesand their

PR specification
« Abstract specification i

— For each sub-system, an abdract specification is produced / \
Interf ace design Data
Lo ] N hitect Abstract Interf c t Algorith
— For each sub-system, itsinterface with other sub-systemsisdesigned and mde':i;: ra""specii;&om" Z;i;ﬁe J» Odrgg?g"nenja Sg::i‘;r';e J» dgeosrilgnmJ
documented (e.g. using formal methods)

Component design l / l / l/ l/ l / l
— Servicesare allocated to diff erent components and the interfaces of these

components are desgned ‘ System Software Interface Compone ata structur Algorithm
Data structure design |
— The data structures used in the system impl ementation are designed in detail and
specified
« Algorithm design
— Thealgorithms used to provideservices are desgned in detail and specified
| Topics Design ’ | Topics Design 8
Desi gn Produds Desirable Characteristics  Common Problems
¢ Uniform « Depth-first design: only
« Refined requi rements specifi cation « Complete partial satisfaction of
L. . requirements
» Description of_systems_to be constructed « Rigorous « Filure to consider potential
— Software architecture (diagram) + Confirmable, verifiable, changes
— modular decomposition (hierarchy) testable « Too detailed: overly
- abstract module mterface specifications « Supportable by tools const.ra ns impl gmentanon
— detailed module designs D itized to chande « Ambiguous. misinterpreted
. . . ¢ Desensi g i i
« Documentation of decisi ons and rational e A ot 9 during implementation
. . . * Accommoaates ¢ Undocumented: designers
Dat.adlfztlonary of all defined objects independent coding become essential
* Validation review plan « Inconsistent: system cannot
* Integration test plan be integrated
M:S Dw 9 M:S Dw 10
Top-Down Design Architectural Design
¢ Architectural Design
« Recursively partition a problem i nto sub-problems until — decompoasition of large systems that provide some related set of
tractable (solvable) problems are identified services + establishing a framework for control and
communication
EI Systemlovel — Architectural styles establish guidelines

/ — arelatively new area of research
subsysiem ﬁ ﬁ « No generaly accepted architectural design process
level
— some important sub-processes

/ \>< / \ « System structuring: structuring of the system into a number of
subsy stems, where a subsystem is an i ndependent sof tware unit
module level « Control modeling: establishing ageneral model of control relationships

between the parts of the system
» Modul ar decomposition: decomposing each identif ied subsystem into
modules
TDEC 8 Dﬂ 11 TDEC 8 Dﬂ 12
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Software Architecture Architectural Style

« Components

« Example architectura styles
— The elements out of which the system is built

— Batch sequential
— Examples: filters, databases, objects, ADTs — Pipe and filter
¢ Connectors — Main program and subroutines
— The interaction or communication mechanisms — Blackboard
— The glue that combines the components — Interpreter
— Examples: procedure calls, pipes, event broadcast, messages, - Client-server

secure protocols

— Communicating processes
« Constraints

— Event systems
— Limitations on the composition of components and connectors — Object-oriented
— Layered Systems
Architectural Design: Architectural Design:
System Structuring Control Modeling

« Model of the system structure and decomposition
« how subsystems share data
« how they are distributed

¢ Control of subsystems so that services are delivered to
theright place at theright time

.
< how they interface with each other Two ge::le":ld approlacheﬁ
— Centralized control
.
Three standard models « One subsystem has overall responsi hility f or control and starts/stops
— Repository model: how subsystems exchange and share inf ormation other subsystems
— E.g, al shared dtais held in acentral database or each sub-sysem maintainsits _ . .
own database call-return "LO;S' (sequential)
— Distribution model: how data and processing is di stributed across arange — manager model (concurrent)
of processors — Event-based control

— E.g., Client-server ar peer-to-peer processes
— Abstract machine model: the interf acing of subsy stems as abstract
machi nes each of which provides aset of servicesto others
— E.g., each stbsystem def ines an abstract machine

« each subsystem responds to externall y generated events (from other
subsystems or the environment)

— broadcast model
— interrupt-driven model

TDEC 8 Dw 15 TDEC 8 Dw 16
Architectural Design: Architectural Design:
Modular decomposition Hierarchy
 After decomposition of the system into subsystems, * Hierarchies support modular decomposition
subsystems must be decomposed into modules — Usesrelation: ausesb only if the correct functioning of a
— Thereis no rigid distinction between system decomposition depends on the existence of a corredt implementation of b
and modular decomposition « modular decomposition can be specified by uses, where
) . — Level Oisthe st of all programs that use no other program
* Two |mp0rtant approaCheS for decompos ng wbsystems — Leveli (i>0)istheset of al programs that useat |east oneprogram on
into modules: level i -1 and noprogram at level =i.
— Dataflow (structured design) — Note: theuses relation does not dways provide ahierarchy
« system is decomposed into functional modules which accept input dataand - Is—corr‘posed—of relation: a is—compa_;eq-of b ifb isa
transform it to output data component of a and encapsulated within a
* process-basad decomposition « modular decomposition can be specif ied by is-composed-of, where
« achieves mostly procedural abgractions

— non-terminals are virtual code
— Object-oriented (object-oriented analysi s and desi gn) — terminals are the only unitsrepresented by code
« system is decomposed into a set of communicating objects — Then, the uses relation isspecified over theset of terminals only
« object-based decomposition

— Note: theis-composed-of relationis acyclic
Topic8 « achieves both procedural + d%ractions 17 Topic8 Design 18
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Modules Architecture, Subsystems and Modules

« Definition: asoftware entity encapsul ating the « Architecture consists of interacting subsystems

representation of an abstraction and providing an abstract — determined by application domain

interfaceto it « Subsystems
¢ Moduleinteraction — a component whose operation does not depend on the services

— Modul e hides impl ementation details so that the rest of the system is provided by other subsystems

insulated and protected from the details AND vice versa — communicates with other subsystems via defined interfaces
— Modul es communi cate only through well-defined interfaces . . .
oo X — is decomposed further into modules by design methods

« Negotiating module interfaces . Modul

— design interf ace to component to be insensitive to change ules

— determine likely usage patterns and purposes — acomponernt that provides one or more services to other

— disseminate minimal i nf ormation as usef ul generalities modules

« abstract Interfaces: one specification, many possible implementations

— not normally considered an independent subsystem
— suppress unnecessary detail of adesign decision

M 8 Dw 19 M 8 Dw 20
Modular Decomposition: Modular Decomposition:
Abstraction Information Hiding
« Abstraction is atool that supports focus on important, inherent ¢ Information hiding is a decomposition principle that requires that
properties and suppression of unnecessary detail each module hidesits internal details and is specified by aslittle
— permits separation of conceptual aspects of asystem from the information as possible

implementation details
— allows postponement of design decisions
« Three basic abstraction mechanism
— procedural abstraction
« specification describesinput/output

« forces design units to communicate only through well-defined
interfaces

— enablesclientsto be protected if internal details change
« Sample entities to encapsulate

« implementation describesalgorithm B :‘bstrﬁ datatypes
— data abstraction - agor le
« specification describesattributes, values, properties, operations - input an output formats
« implementation describes representation and impl ementation - proc ng sequenc&la
— control abstraction — machi ne dependencies
« specification describesdesired eff ect — policies (e.g. security issues, garbage collection, etc.)
« implementation describes mechanism
TDEC 8 Dw 21 TDEC 8 Dw 22
Modular Decomposition: )
Cohesion and Coupling Types of Cohesion
« Cohesion  coincidental
— multiple, completely unrelated actions A (Bad)

— the degree to which the internals of amodule are related . logica '
. COUpl i ng — series of related adions, of ten selected by parameters

— the degree to which the modules of adesign are related + temporal

. . . — seriesof actionsrelated in time
» Theideal system has highly cohesive modules that are « procedura
loosel y coupled — series of actionssharing sequence of steps
— high cohesion -> well-designed reusable module + communicational
. . . — procedural cohesion but on the same data
- ->
low coupling -> coherent design, resistant to change . irformational
— series of independent actions on the same data
« functional : exactly one action v (Good)
TDEC 8 Dﬂ 23 TDEC 8 Dﬂ 24
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Types of Coupling

* content A (Bad)
— onemodule directly ref erences content of another

¢ common
— both modules have access to same gl obal data
« control
— one module passes an element of control to another
e stamp
— one module passes a data structure to another;
which only uses part of the passed i nf ormation

« data
— onemodule passes only homogeneous dataitems

v (Good)

TDEC 8 Dagn 25

Some examples of coupling

¢ Control coupling

— One module passes control flags (parameters or global
variables) that control the sequence of processing stepsin
another module

— Stamp coupling (alternative definition)

— Similar to common coupling (modules that share global data)
except that globals are shared selectively among routines that
require the data

— Ada packages support stamp coupling since variables defined in
a package specification are shared between al modues which
use the package.

TDEC 8 Dagn 27

Structured Design Process

« |dentify flow of data and incorporate detail and structure
iteratively
— given specification loop
« identify dataflow and transformations
— nouns & data
— verbs as ransformations
« derivedataflow diagrams
« identify "natural aggregates’
— identify highest level input and output urits
— remaining unitsare central transforms
— formlevel of structure chart
— control module (coordinate)
» input module (aff erent)
» central module(s) (transform)
» output module (eff erent)
— form sructure chart

— until implementation isi mmediate
TDEK:S Dﬂ
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Some examples of cohesion

¢ Logica cohesion
— Input/Output libraries
— Math libraries
¢ Tempora cohesion
— Program initialization
¢ Communi cational cohesion
— “calculate data and write it to disk”

— Closely related: sequential cohesion
« the output of one element i stheinput to another

TDEC 8 Dagn 26

Structured Design

» Systemis completely specified by the functionsthat isto
perform
— Top-down, iterative refinement of functionality
« break the [system] function into subfunctions
« determine hierarchy and datainteraction
— Function refinement guides data ref inement
— Hierarchical organization is a tree with one modul e per subf unction
« Prosand Cons
— modules are highly f unctional
— best suited when state inf ormation is not pervasive
— data decisions must be made earlier
— changesin dataripple through entire structure
— little chance f or reusabil ity

TDEC 8 Dagn 28

Data Flow Diagrams

« Depict software system by flow of data from onelogical
processi ng unit (transformation) to another
— do not include control information
— data flow diagram elements
round-cornered rectangle = transf ormati on
vector = dataflow
vector operation = dataflow link
- * (and)
— +(or)
— + (exclusve or)
arc with data flow link = bracketing to overri de precedence
— and over or ove exclusiveor
rectangle = data store

circle = user interaction (input/output)
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Data Flow Templaes Structure Charts

« Depict software structure as a hierarchy of modules and

c data communication

— may have control information defining selection and loops
— structure chart elements
« rectangle = module
« four types of module based on data flow
— control (coordinate)
— input (aff erent)
— centra (transform)
— output (ef ferent)
« vector = control relationship
« arrow with circular tail = direded data relationship
— data couple (open)
— control couple (closed)
« round-cornered rectangle = datastore
« circle = user interaction (input/output)
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Structure Chart Templates
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