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Chapter 6 Objectives

- Design principles

- Object-oriented design heuristics

- Design patterns

- Exceptions and exception handling
- Documenting designs
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6.1 Desigh Methodology

- We have an abstract description of a solution to our customer’s
problem, a software architectural design, a plan for
decomposing the design into software units and allocating the
system’s functional requirements to them

No distinct boundary between the end of the architecture-
design phase and the start of the module-design phase

No comparable design recipes for progressing from a software
unit’s specification to its modular design

- The process taken towards a final solution is not as important
as the documentation produced
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6.1 Desigh Methodology
Refactoring

- Design decisions are periodically revisited and revised

- Refactoring

- Objective: to simplify complicated solutions or to
optimize the design
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6.2 Design Principles

- Design principles are guidelines for decomposing a system’s

required functionality and behavior into modules

- The principles identify the criteria

- for decomposing a system

- deciding what information to provide (and what to conceal) in the resulting

- Six dominant principles:

modules

Modularity

Interfaces

Information hiding
Incremental development
Abstraction

Generality
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6.2 Design Principles
Modularity

Modularity is the principle of keeping separate the various unrelated
aspects of a system, so that each aspect can be studied in isolation (also
called separation of concerns)

If the principle is applied well, each resulting module will have a single
purpose and will be relatively independent of the others

— each module will be easy to understand and develop

— easier to locate faults (because there are fewer suspect modules per
fault)

— Easier to change the system (because a change to one module affects
relatively few other modules

To determine how well a design separates concerns, we use two concepts
that measure module independence: coupling and cohesion
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6.2 Design Principles
Coupling

- Two modules are tightly coupled when they depend a great
deal on each other

- Loosely coupled modules have some dependence, but their
interconnections are weak

- Uncoupled modules have no interconnections at all; they are
completely unrelated

-Uncoupled - ~Loosely coupled - -Tightly coupled -
-no dependencies

-some dependencies -many dependencies
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6.2 Design Principles

Coupling (continued)

- There are many ways that modules can be dependent
on each other:

- The references made from one module to another
- The amount of data passed from one module to another

— The amount of control that one module has over the other

-« Coupling can be measured along a spectrum of
dependence
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6.2 Design Principles
Coupling: Types of Coupling

Content coupling

Common coupling

Control coupling

Stamp coupling

Data coupling

-Control coupling
-Stamp coupling

-Data coupling

~Common coupling

-Uncoupled

-TIGHT COUPLING

-LOOSE COUPLING

-LOW COUPLING
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6.2 Design Principles
Content Coupling

- Occurs when one component modifies an internal data item in
another component, or when one component branches into
the middle of another component

Module B
Module D
A
; -Generate D
i C

: Call D
Component B \ [ \

S|

E
Goto D1 Component D 5 " - mes »
—— Goto D1 2
D1
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6.2 Design Principles

Common Coupling

- Making a change to the common data means tracing back to all
components that access those data to evaluate the effect of

the change

Component X

Global: A1
A2
A3
Variables: V1
V2

Component Y

Common data area
and variable names

Component Z

Change@to zerg

Increment@

VI =V2 + At

Pfleeger and Atlee, Software Engineering.: Theory and Practice Chapter 6.12



6.2 Design Principles
Control Coupling

- When one module passes parameters or a return
code to control the behavior of another module

- It is impossible for the controlled module to function
without some direction from the controlling module
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6.2 Design Principles
Stamp and Data Coupling

- Stamp coupling occurs when complex data structures are
passed between modules

- Stamp coupling represents a more complex interface between modules,
because the modules have to agree on the data’s format and organization

- If only data values, and not structured data, are passed, then
the modules are connected by data coupling

— Data coupling is simpler and less likely to be affected by changes in data
representation
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6.2 Design Principles

Cohesion

- Cohesion refers to the dependence within and among a
module’s internal elements (e.g., data, functions, internal
modules)

—Coincidental

-LOW COHESION
-Logical

-Temporal

-Procedural

-Communicational

-Functional

-HIGH COHESION
nformatio
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6.2 Design Principles

Cohesion (continued)

Coincidental (worst degree)

— Parts are unrelated to one another

Logical

— Parts are related only by the logic structure of code

Temporal

- Module’s data and functions related because they are used at the same
time in an execution (avoid it through object constructors and
destructors)

Procedural

- Similar to temporal, and functions pertain to some related action or
purpose (module appears cohesive only in the context of its use)
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6.2 Design Principles

Cohesion (continued)

- Communication

- Operates on the same data set (the cure: place each data element in its
own module)

- Functional (ideal degree)

- All elements essential to a single function are contained in one module, and all
of the elements are essential to the performance of the function

- Informational

- Adaption of functional cohesion to data abstraction and object-based
design

The design goal: put data, actions, or objects together only when they

have one common purpose (e.g., OO design component is cohesive if all
of the attributes, methods and action are strongly interdependent.)
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6.2 Design Principles

Interfaces

- An interface defines what services the software unit provides
to the rest of the system, and how other units can access those
services

- For example, the interface to an object is the collection of the object’s public
operations and the operations’ signatures, which specify each operation’s
name, parameters, and possible return values

- An interface must also define what the unit requires, in terms
of services or assumptions, for it to work correctly

- A software unit’s interface describes what the unit requires of
its environment, as well as what it provides to its environment

Pfleeger and Atlee, Software Engineering: Theory and Practice Chapter 6.18



6.2 Design Principles

Interfaces (continued)

- A software unit may have several interfaces that make
different demands on its environment or that offer different

levels of service

— -Module

-Data

-Operation 1

-Operation 2

-Operation 3

-Interface A

-Operation 1 ()
-Operation 2 ()

-Operation 4

()

=

-Operation 4

-Interface B

-Operation 2 ()

-Operation 3 ()

=
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6.2 Design Principles

Interfaces (continued)

- The specification of a software unit’s interface describes the
externally visible properties of the software unit

- An interface specification should communicate to other system
developers everything that they need to know to use our
software unit correctly

Purpose (functionality of each access function)

Preconditions (assumptions such as values of input parameters,
program libraries)

Protocols (the order in which access function should be invoked)

Postconditions (visible effects such as return values, raised exceptions,
changes to shared variables)

Quality attributes
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6.2 Design Principles

Information Hiding

- Information hiding is distinguished by its guidance for
decomposing a system:

- Each software unit encapsulates a separate design decision (e.g., data format,
operations on data, choice of algorithms) that could be changed in the future

- Then the interfaces and interface specifications are used to describe each software
unit in terms of its externally visible properties

- Using this principle, modules may show different cohesion levels

- A module that hides a data representation may be informationally cohesive
— A module that hides an algorithm may be functionally cohesive

- A module that hides the sequence in which tasks are performed may be procedurally
cohesive

- A big advantage of information hiding is that the resulting software
units are loosely coupled
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6.2 Design Principles
Sidebar 6.2 Information Hiding in OO Designs

- In OO design, we decompose a system into objects and their abstract types

- In this sense, each object hides its data representation from other objects

- The only access that other objects have to a given object’s data is via a set of access functions that the
object advertises in its interface

- This information hiding makes it easy to change an object’s data representation without perturbing the
rest of the system

- However, data representation is not the only type of design decision we may want to
hide
- May need to expand our notion of what an object is, to include types of information besides data types

- Objects cannot be completely uncoupled from one another, because an object needs
to know the identity of the other objects so that they can interact.

- Might mean that changing the name of an object, or the number of object instances, forces us also to
change all units that invoke the object

- Such dependence cannot be helped when accessing an object that has a distinct identity but it may be
avoided when accessing an arbitrary object
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6.2 Design Principles

Incremental Development

- Given a design consisting of software units and their
interfaces, we can use the information about the
units’ dependencies to devise an incremental
schedule of development

- Start by mapping out the units’ uses relation

- relates each software unit to the other software units on
which it depends
- Uses graphs can help to identify progressively larger
subsets of our system that we can implement and test
incrementally

Pfleeger and Atlee, Software Engineering: Theory and Practice Chapter 6.23



6.2 Design Principles

Incremental Development (continued)

- Uses graphs for two designs
— Fan-in refers to the number of units that use a particular
software unit (high fan-in)

— Fan-out refers to the number of units used by particular
software unit (low fan-out)

_%Design 1 A Design 2
—
D B | C | D | E | F

B C
V Y
E F G

O«
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6.2 Design Principles

Incremental Development (continued)

- We can try to break a cycle in the uses graph using a
technique called sandwiching

— One of the cycle’s units is decomposed into two units, such
that one of the new units has no dependencies

- Sandwiching can be applied more than once, to break either
mutual dependencies in tightly coupled units or long
dependency chains

_—" A1
A B, — LR .
= o
h 4 h 4
N S —C] c

(@) -(B) -(0)
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6.2 Design Principles

Abstraction

- An abstraction is a model or representation that
omits some details so that it can focus on other
details

- The definition is vague about which details are left out
of a model, because different abstractions, built for
different purposes, omit different kinds of details

Pfleeger and Atlee, Software Engineering: Theory and Practice Chapter 6.26



6.2 Design Principles
Sidebar 6.3 Using Abstraction

- Suppose that one of the system functions is to sort the elements
of a list L. The initial description of the design is:

Sort L in nondecreasing order
The next level of abstraction may be a particular algorithm:

DO WHILE I 1is between 1 and (length of L)-1:

Set LOW to index of smallest value in L(I), ...,
L(length of L)

Interchange L(I) and L (LOW)
ENDDO

- The algorithm provides a great deal of additional information,
however, it can be made even more detailed
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6.2 Design Principles
Sidebar 6.3 Using Abstraction (continued)

- The third and final algorithm describes exactly how the sorting operation will
work:

DO WHILE I is between 1 and (length of L)-1

Set LOW to current value of I

DO WHILE J is between I+1 and (length of L)
IF L(LOW) 1is greater than L (J)

THEN set LOW to current value of J
ENDIF

ENDDO

Set TEMP to L (LOW)

Set L(LOW) to L(I)

Set L(I) to TEMP
ENDDO
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6.2 Design Principles

Generality

- Generality is the design principle that makes a
software unit as universally applicable as possible, to
increase the chance that it will be useful in some
future system

- We make a unit more general by increasing the
number of contexts in which can it be used. There are
several ways of doing this:

- Parameterizing context-specific information
- Removing preconditions

- Simplifying postconditions
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6.2 Design Principles

Generality (continued)

- The following four procedure interfaces are listed in order of

increasing generality:
PROCEDURE SUM: INTEGER;
POSTCONDITION: returns sum of 3 global variables

PROCEDURE SUM (a, b, c: INTEGER): INTEGER;
POSTCONDITION: returns sum of parameters

PROCEDURE SUM (a[]: INTEGER; len: INTEGER): INTEGER
PRECONDITION: O <= len <= size of array a

POSTCONDITION: returns sum of elements 1..len in array a

PROCEDURE SUM (af[]: INTEGER): INTEGER

POSTCONDITION: returns sum of elements in array a
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6.3 OO Design

- Object oriented methodologies are the most popular
and sophisticated design methodologies

- A design is object oriented if it decomposes a system
into a collection of runtime components called objects
that encapsulate data and functionality

- Objects are uniquely identifiable runtime entities that can be designated as the target of a
message or request

- Objects can be composed, in that an object’s data variables may themselves be objects,
thereby encapsulating the implementations of the object’s internal variables

- The implementation of an object can be reused and extended via inheritance, to define
the implementation of other objects

— 0O code can be polymorphic: written in generic code that works with objects of different
but related types

Pfleeger and Atlee, Software Engineering.: Theory and Practice Chapter 6.31



6.3 OO Design

Terminology

A class is a software module that partially or totally
implements an abstract data type

- If a class is missing implementations for some of its
methods, we say that it is an abstract class

« The class definition includes constructor methods that
spawn hew object instances

- Instance variables are program variables whose
values are references to objects
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6.3 OO Design

Terminology (continued)

- The runtime structure of an OO system is a set of
objects, each of which is a cohesive collection of data
plus all operations for creating, reading, altering, and
destroying those data

- An object’s data are called attributes, and its
operations are called methods

- An object may have multiple interfaces, each offering
a different level of access to the object’s data and
methods

- Such interfaces are hierarchically related by type: if one interface offers a strict subset of
the services that another interface offers, we say that the first interface is a subtype of
the second interface (the supertype)
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6.3 OO Design

Terminology (continued)

Date
Sale
" I |-day: 1..31
-subtotal : Money
sale date _month . 1 . . 12
-tax : Money .
-year : 1nteger
-total : Money
-—addItem(Item)
-removeltem(product No.) Item
-computeSubtotal () *
- -product No.
—computeTax ()
-name
-computeTotal ()
-voidSale () -description
-price : Money
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6.3 OO Design

Terminology (continued)

- Variables can refer to objects of different classes over
the course of a program’s execution, known as
dynamic binding

- The directed arrows in the figure below depict the
relationships between constructs, and the
adornments at the ends of each arrow indicate the
multiplicity (how many of an item may exist)
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6.3 OO Design

Terminology (continued)

- Four OO constructs: classes, objects, interfaces, and
instance variables

Run-time Code Type
entities modules declarations
' « ig instance of J ~ implements = .
Object = Class ™ Interface |g-
0..1 : 0..1 1 0.1
. | references
subclass subtype
Instance variable [= s of type
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6.3 OO Design

Terminology (continued)

- Building new classes by combining component classes,
much as children build structures from building blocks

is done by object composition

- Alternatively, we can build new classes by extending
or modifying definitions of existing classes

— This kind of construction, called inheritance, defines a new
class by directly reusing (and adding to) the definitions of an
existing class
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6.3 OO Design

Terminology (continued)

- Example of inheritance

Sale

Date

subtotal: Money
fax: Money
oial : Money

addltem{ltem)
removeliem{product No.)
computeSubtotal{)
computeTax{)
computeTotal()

voidSale{)
AN

sale date

day:1..31
month: 1..12

year: integer

Item

Buk Sale

subloial: Money
tax : Money
foial : Money

addDiscount{threshold, rate)
removeDiscount{rate)
computeDiscounted Subtotal()
computeDiscounted Tax{)
computeDiscountedTotal()

productNo.
name
description
price : Money

Discount

threshold : Money
rate : Percentage

Pfleeger and Atlee, Software Engineering.: Theory and Practice
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6.3 OO Design

Terminology (continued)

- Polymorphism occurs when code is written in terms
of interactions with an interface, but code behavior
depends on the object associated with the interface at
runtime and on the implementations of that object’s
method

- Inheritance, object composition, and polymorphism
are important features of an OO design that make the
resulting system more useful in many ways
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6.3 OO Design

Inheritance vs. Object Composition

- A key design decision is determining how best to
structure and relate complex objects

- In an OO system, there are two main techniques for
constructing large objects

— Inheritance

— composition

- A new class can be created by extending and
overriding the behavior of an existing class, or it can

be created by combining simpler classes to form a
composite class.
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6.3 OO Design

Inheritance vs. Object Composition (continued)

Each construction paradigm has advantages and disadvantages

- Composition is better than inheritance at preserving the
encapsulation of the reused code, because a composite object
accesses the component only through its advertised interface

By contrast, using the inheritance approach, the subclass’s
implementation is determined at design time and is static

- The resulting objects are less flexible than objects instantiated
from composite classes because the methods they inherit from
their parent class cannot be changed at runtime

- The greatest advantage of inheritance is the ability to change
and specialize the behaviors of inherited methods, by
selectively overriding inherited definitions
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6.3 OO Design

Inheritance vs. Object Composition (continued)

Engineer software Engineer
,ﬁl engCapabilties I Engineer
Software
Engineer
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6.3 OO Design

Law of Demeter

- Law of Demeter: Allows reducing dependencies by
including in each composite class methods for
operating on the class’s components

- Benefit: client code that uses a composite class needs
to know only about the composite itself and not about
the composites’ components

- Designs that obey the Law of Demeter have fewer
class dependencies, and classes with fewer
dependencies tend to have fewer software faults
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6.3 OO Design

Law of Demeter (continued)

Design 1
Accounting
Date
+'| generateBil{AccountNo.) b .
+ 5 day:1..31
/ I_'_IAoomrm subfotal: Money | ----—_— month- 1,12
i tax: Money i
,’I : total : Money YEAHINEgeN
; v
[ additem{liem)
§ 0 Cisiome ant removeltem{productNo.)
b (=Ll computeSubtotal{) ltem
ro addess | _________ computeTax()
g I‘l balance : Money > computeTolal) [------- > ﬁ;olt::ctNo.
" ' newSale{) . 7| voidSale() description
\ R /’/ __- 7| price: Money
RS T =TT printName()
SR o= C printPrice()
Design 2
Accounting
Sale Date
generateBil{AccountNo.) a day-1.31
Account No. subtotal: Money = fF------- mtrr;ﬂl"' 1.12
tax: Money .
i total : Money yEar niEgey
1
Y addltem{ltem)
CustomerAccount removeltem{product No.)
name computeSubbotal{) ltem
address | _________ > computeTax{) ——
balance : Money computeTolalf) @ [------- > productNo.
newSale() vo_idSale() . :ame_ o
printSalesiems{) printitemList{) p::r";ﬂo:ey
printName{)
printPrice{)

Pfleeger and Atlee, Software Engineering.: Theory and Practice

Chapter 6.44



6.3 OO Design

Dependency Inversion

- Used to reverse the direction of a dependency link between two classes

- Dependency inversion works by introducing interfaces

Create an interface that the client can depend (include specifications of all the methods

the client expects from the server class).

Package together the original client class and the new interface into a new client module

Create a wrapper class for the server

Advantage: client and server code depend only on the new ClientServerinterface

(increases maintainability)

NewClient
. . ChentServer
Client Client | (uses), interk
!
| ((uses))
:
A4
Server Server

NewClient
- ClientServer
Client | (uses), interk
AN
ServerWrapper

Server
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6.4 Representing OO Designs in the UML

- The UML is a suite of design notations that is popular
for describing OO solutions

- The UML can be used to visualize, specify, or
document a software design

- UML especially useful for describing different design
alternatives, and eventually for documenting design
artifacts

Pfleeger and Atlee, Software Engineering.: Theory and Practice Chapter 6.46



6.4 Representing OO Designs in the UML
UML in the Process

Use case diagrams
UML activity diagrams
Domain model
Component diagrams
Deployment diagrams
Class diagrams
Interaction diagrams
Sequence diagrams
Communication diagrams
Activity diagrams
State diagrams

Package diagrams
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6.4 Representing OO Designs in the UML

UML in the Process (continued)

- How UML is used in the development process

|| commumnleat
ton

B dtaokams
— 4 object

—Requirements | — Aychitecture

|
|
|

—Domaiin modeLIE
|

HME y

T component sa— ——1,
actb\ﬂtg Adlaoranis g |7 VA §
package

ALAGYrams

Ldilaovraunsc
oJ

PVt
deploymen

Adioovoussc
)

[resiviey

ALAGrams ALagrams
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6.4 Representing OO Designs in the UML

Sidebar 6.4 Royal Service Station Requirements

Royal Service station provides three types of services

The system must track bills, the product and services

System to control inventory

The system to track credit history, and payments overdue

The system applies only to regular repeat customer

The system must handle the data requirements for interfacing with other system
The system must record tax and related information

The station must be able to review tax record upon demand

The system will send periodic message to customers

Customer can rent parking space in the station parking lot

The system maintain a repository of account information

The station manager must be able to review accounting information upon demand
The system can report an analysis of prices and discounts

The system will automatically notify the owners of dormant accounts

The system can not be unavailable for more than 24 hours

The system must protect customer information from unauthorized access
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6.4 Representing OO Designs in the UML
UML Class Diagram

- UML class diagrams describe the object types and
their static relationships

- Depict associations among objects and relationships between types and
subtypes

- Diagrams should illustrate the attributes of each object, their individual
behaviors, and the restrictions on each class or object

- Look for and seek

- Actors, physical objects, places, organizations, records, transactions,
collections of things, operations procedures, things manipulated by the
system to be built
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6.4 Representing OO Designs in the UML
UML Class Diagram (continued)

- Royal Service Station use case diagram

Royal Service Station

—
Services
Services
] Maintenance Parts Ordering -
el eadin

Fuel Ordering
(—___ System
Controlling

Inventory

Accounting
Services
Billing
Services -

Credit Card System
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6.4 Representing OO Designs in the UML
UML Class Diagram (continued)

- What needs to be “processed” in some way?
- What items have multiple attributes?
- When do you have more than one object in a class?

- What is based on the requirements themselves, not
derived from your understanding of the
requirements?

- What attributes and operations are always applicable
to a class or object?
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6.4 Representing OO Designs in the UML
Initial Grouping of Attributes and Classes: Step 1

Attributes

Classes

Personal check
Tax

Price

Cash

Credit card
Discounts

Customer
Maintenance
Services

Fuel

Bill

Purchase
Station manager
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6.4 Representing OO Designs in the UML
Initial Grouping of Attributes and Classes: Step 2

Attributes Classes

Personal check Customer

Tax Maintenance

Price Services

Cash Parking

Credit card Fuel

Discounts Bill

Name Purchase

Address Maintenance reminder
Birthdate Station manager
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6.4 Representing OO Designs in the UML

Guidelines for Identifying Behaviors

- Imperative verbs

- Passive verbs

- Actions

- Membership in

- Management or ownership

- Responsible for

- Services provided by an organization

Pfleeger and Atlee, Software Engineering.: Theory and Practice Chapter 6.55



6.4 Representing OO Designs in the UML
Initial Grouping of Attributes and Classes: Step 3

Attributes Classes

Personal check Customer

Tax Maintenance

Price Services

Cash Parking

Credit card Fuel

Discounts Bill

Name Purchase

Address Maintenance reminder
Birthdate Station manager

Overdue bill letter
Dormant account warning
Parts

Accounts

Inventory

Credit card system

Part ordering system

Fuel ordering system
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6.4 Representing OO Designs in the UML

First Cut at Royal Service Station Design

Bill
Account date_issued
account_number ~ due date
balance prev_balance
rwn(::s& dormant : boolean current_balance
address SUSP?rner 0 list_purchases()
i kR compute_total
birthdate bill_reminder() pute_ 9]
dormancy_warning() Payment
date
amaunt
Purchase
date
dizscount
Maintenance Bill Dormancy subtotal
Reminder Overdue Warning
T Credit Card
Text text text Tax Payiment
fotal card name
compute_tax() expiration_dafe
compute_total() approved : boolean
Vehicle Fuel Parking [ Credit Card system |
Maintenance price_per_gallon available_spaces |
labar gallans daily_rate
- current_quantity weekly_rate
BEicet) arder_trigger = 100 manthly_rate
price() duration
order_fuel() price()
Part
parf_number
price

current_quant ity
order_trigger = 2
order_part()

|
|

[ Fuel-ordering system | ——[ Inventory
| | |
L L

Part-ordering system |
| |
L 1
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6.4 Representing OO Designs in the UML
Types of Class Relationships

—association

—composition

—aggregation

-
_OIL

—D ~generalization
- ———>
>

—-dependency

—navigation
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6.4 Representing OO Designs in the UML
Other UML Diagrams

- Class description template
- Package diagrams

- Interaction diagrams

- Sequence diagrams

- Communication diagrams
- State diagrams

- Activity diagrams
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6.4 Representing OO Designs in the UML

Other UML Diagrams — Class Description Template

Class name: Refuel
Category: service
External documents:
Export control: Public
Cardinality: n
Hierarchy:
Superclasses: Service
Associations:
<no rolename>: fuel 1n associlation updates
Operation name: price
Public member of: Refuel
Documentation:
// Calculates fuel final price
Preconditions:
gallons > 0
Object diagram: (unspecified)
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6.4 Representing OO Designs in the UML

Other UML Diagrams — Class Description Template (cont)

Semantics:
price =

Public interface:
Operations:
price
Private interface:
Attributes:
gallons
Implementation:
Attributes:
gallons
State machine: no
Concurrency: sequential
Persistence: transient

gallons * fuel.price per gallon
tax = price * purchase.tax rate
Object diagram:
Concurrency: sequential

(unspecified)
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6.4 Representing OO Designs in the UML

Second Cut at Royal Service Station Design

(5 Message
Text
Bill
Account date_jssued AN
dCCOUnT_namber due date A
balanee prev_balance
Customer dormant : boolean current_balance [ |
Fiam e suspend() list_purchases() : ;
= Maintenance Bill Dormanc
a(_:ldr‘ess r‘e_acTova_TeO compute_total() Reminder Overdue Waminy
birthdate bill_reminder() 9
dormancy_warningr) o Payment
date
amaount
Purchase
dafe
subtotal
Credit Card
I$ REFE Payment
| card name
fota expiration_date
compute_tax() approved : boolean
campute_total() _
Discount
buys discount
Service
descripfion BT
fax I
priced) —
Yalilee Refuel Parking  Permit e TFICE ;r!.mlallon a:“r]”nuprlnrggrl:ld
T:;::rmn“ gallons |  [durafion: {day, week, month} S\;Cilll;at;l;_espaces Eur'r'e_n‘Pr_q_u%nTi‘ry Erice_
- price(] pricer] weekly_rate arder_trigger =100 |current_quant ity
price(] | updates monthly_rate order_fuel(] order_trigger = 2
order_part()
updates
Part updates
price
Tax

Pfleeger and Atlee, Software Engineering.: Theory and Practice Chapter 6.62



6.4 Representing OO Designs in the UML

Final Cut at Royal Service Station Design

(5 * | Message
#text
Bill
. i t
Account -date_issued AR
—account_number, " | -due date Z\_\
-balance -prev_balance
Customer ~dormant : baolean -cuprrent_balance | |
:name ! 1 this e haTE ] Maintenance Bill Dormancy
address +reactovatel) = Sl : L
-birthdate +review accounts) L S i i Warning
] +bill_reminder() Q_* Payment -letter template| |-letter femplate| | -letter template
+dormancy_warningr) ehate
1 -amount
B
Purchase
-date
-subtotal
1% —tax rate Cr'::‘::‘f::d
Vehicle _:rrg?al -card name
: p = -expiration_date
+maintenance_reminder() +compute_tax() ~approved : boolean
1 +compute_fotal()
treview records()
+generdte report(l
1 Discount
malntains buys -discount
¥
Service
-description
fax [ Inventory |
rorice? —
| | 1 1 {2
: M '\fehicle REK Sarking fermit il ETrkinq price P:rl"mlgallon Pcrrsrﬁnsmmt?;-d
aintenance : -available_spaces = _per_ =part_|
S ~gallans| |-durafion: {day, week, month} —daily_r'a'rep “Current_quantity e |
i +price()| [*price() . -weekly_rate -order_trigger =100 | | zcurrent_quant ity
B 7 E | updates 1 -monthly_rate +order_fuel() =order_trigger = 2
+generate_report() 1 +arder_part()
. updates 1
Part * updates
-price
~tax
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6.4 Representing OO Designs in the UML
Other UML Diagrams — Package Diagram

- UML package diagrams allow viewing a system as a small collection of
packages each of which may be expanded to a larger set of classes

Shows the dependencies among classes that belong to different
packages — important during testing

— ]

———— Messages

Accounting e

[]
I

1
— ¥ I

- . - Inventory

Transactions
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6.4 Representing OO Designs in the UML
Other UML Diagrams — Sequence Diagram

- Shows the sequence of activities or behavior occur (e.g.,
example of Refuel class of Royal Service Station)

;!

Customer Credit Card System Purghoes ‘

. > il il
verify_credit
(credit_card num,

|_J refuel ()
—|— amount)

w new_purchase >
aPPLd\ (account , date, refuel,
new_fuel
(account, date,
gallons)

gallons)
update(gallons)
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6.4 Representing OO Designs in the UML

Other UML Diagrams — Communication Diagram

- A communication diagram depicts a sequence of
messages between objects, but it is superimposed on an

object and uses the links between object as implicit
communication channels

Custonaey

1: parking ( )l

Senviee

Statton

3: new_purchase (account, date,
parhjmg, duration)

Purchase

2 check, availability( ) l

Parking

l 4: new_parking (duration)

5 update_availaba’r,tg 0
<

Parking Permit

Pfleeger and Atlee, Software Engineering: Theory and Practice Chapter 6.66



6.4 Representing OO Designs in the UML
Other UML Diagrams — StateDiagram

- A state diagram shows the possible states an object can
take, the events that trigger the transition between one

state to the next, and the actions that result from each state
change

Account

account _number
balance Account
dormant : boolean
sssss d
ma‘:fov‘geo /_ good standing \\
review accounts new_purchase(amaoun 1l " 4 i) q 5
i I Ihalance = balance + amount Ime =1 rmon paymentiamaun
!::l’yrl'ﬁr;:ﬁ‘ln;;rmf:rglingo Q Q alance = balance - amaurnt
[time = 2 manths] »
active | dormant |
ri
* new_purchasefamount entry / dormanc y_warning(}l
I'balance = balance + amouft

ftime = 90daysand
halance = 0] ftime = 1 manth]

rermi
e
payment{amaourn 1]
I'halance = halance- amount
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6.4 Representing OO Designs in the UML
Other UML Diagrams — State Diagram (continued)

State diagram for Fuel class in the Royal Service Station

Fuel / Fuel \

price_per_gallon
cu:lr'e n‘I.'r_gum‘l‘I' It}iﬂ 0 restockigallons)
arder_trigger - feurrent_guantity = current_guantity + gallons
order fuel()
W[current_quantih,r = nrder_triggerL Q
normal stock L low stock ]
U [current_guantity = |:|r|:|er_trigger]k U
update{gallons) update{gallons)
freurrent_guantity == current_guantity - gallons freurrent_guantity == current_guantity - gallons

\ /
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6.4 Representing OO Designs in the UML
Other UML Diagrams — Activity Diagram

- Activity diagrams are used to model the flow of
procedures or activities in a class

- A decision node is used to represent a choice of which
activity to invoke .

| Activity A|—| Activity B|—( )72

Activity C|  [Activity D|

Vi
\ .
R s
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6.4 Representing OO Designs in the UML
Other UML Diagrams — Activity Diagram (continued)

- Activity diagrams are
used to model the flow -
o

of procedures or
activities in a class

verify stock |

- An activity diagram for

) okay - ve?if ve} T ~ okay N
the inventory class e | fuel Stgck_, ..__PartS__.St%ck '
- It may have two S N 2
decisions (order fuel || order parts
- to verify that there are | o

enough fuel

- to verify that a part is in
stock
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6.5 OO0 Design Patterns

- A design pattern codifies design decisions and best practices for
solving a particular design problem according to design principles

Design patterns are not the same as software libraries; they are
not packaged solutions that can be used as is. Rather, they are
templates for a solution that must be modified and adapted for
each particular use

Design patterns provide more specific guidance than design
principles do, but they are less detailed than software libraries

The main goal is to improve a design’s modularity

- Added complexity (e.g., extra classes, associations) improves
modularity at the expense of quality parameters (e.g.,
performance, ease of development)
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6.5 OO0 Design Patterns
Template Method Pattern

- The Template Method pattern aims to reduce the amount of
duplicate code among subclasses of the same parent class

— It is particularly useful when multiple subclasses have similar but not identical
implementations of the same method

— This pattern addresses this problem by localizing the duplicate code structure in
an abstract class from which the subclasses inherit

- The abstract class defines a template method that implements
the common steps of an operation, and declares abstract
primitive operations that represent the variation points

- The subclasses override the primitive operations to realize the
subclass-specific variations of the template method
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6.5 OO0 Design Patterns
Template Method Pattern (continued)

- Create “list_line_item()” method in Services class that prints the line
item fields. This method calls a local abstract method class “price()” to
print the item’s price. Each of the service subclasses overrides the
“price()” method to reflect how the price for that service is computed

Service

description
tax

list_line_item()

price()

Mﬂ‘:’e*hicle Refuel Parking Permit
= it gallons duration: {day, week, month}
i 'orO price() price()
price

Part
price
tax
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6.5 OO0 Design Patterns

Factory Method Pattern

The Factory Method pattern is used to encapsulate the code that creates objects

The similar but not identical methods are the constructor methods that
instantiate objects. Create an abstract class that defines an abstract constructor
method (Factory Method) and subclasses override the Factory Method to

construct specific objects

Example: Injection molding presses demonstrate this pattern. Manufacturers of
plastic toys process plastic molding powder, and inject the plastic into molds of
the desired shapes. The class of toy (car, action figure, etc.) is determined by the

mold.

InjectionMold

+inject()

r

ToyDuckMold

ToyCarMold

+inject()

+inject()

o0

Reference: https://sourcemaking.com/design_patterns/factory_method

Pfleeger and Atlee, Software Engineering.: Theory and Practice Chapter 6.74



6.5 OO0 Design Patterns
Strategy Pattern

The Strategy pattern allows algorithms to be selected at runtime

since the choice of best algorithm may not be known till application
IS running

- Examples: user-authentication algorithm to use depends on the
login request (left) and modes of transportation to an airport (right)

User Session TransportationToAirport Strategy

= policy [ Authentication Policy

authenticate ()

T i

Password Challenge-Handshake Public/Private Keys ‘ ‘ |
password checksum public key
private key
authenticate () authenticate () m\_,
authenticate () ‘ =1
o 0o O
City bus Personal car Taxi

Concrete strategies (options)

Reference: https://sourcemaking.com/design_patterns/strategy
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6.5 OO0 Design Patterns

Decorator Pattern

Extend an object’s functionality at TatarnatFlix Wovie
1 check_avail{Movie) 0.1 + |title
ru ntl me cngct_?ugﬁomvif) on_‘lror.llnf: boolean
: - bl fols fen
— Decorator is a subclass of the object it joo- pe od
decorates o
Account Loan
- Decorator contains a reference to the o - 2 (duebate
object it decorates return(Movie)
Flexible alternative to using componert
inheritance at design time to create —Decercler_@—
subclasses that support new features =
Example: System for movie rental - L | —
ul ser ubscMmprion
1 1 limi monthly fee
base object (Account), each possible e —
feat f ti bcl f dindi ol AURE
eature or an accountis a subcCiass O q (f(Mo)_)
unreques vie
Decorator class. BRSNS
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6.5 OO0 Design Patterns

Decorator Pattern — More examples

Analogy: wrapping a gift, putting in a box, and wrapping the box

Example: Interested in adding borders and scrollbars to the windows

Design 1

Window

+draw()

AN
[ |

Window_With_Vertical_Scrollbar Window_With_Border

AN

Window_With_Horizontal_Scrollbar
Window_With_Vertical_and_Horizontal_Scrollbar

ﬂl

Window_With_Vertical_and_Horizontal_Scrollbar_and Border

Design 2

«interface»
LCD

+draw()

ﬁl

Window

+draw()

Decorator

+draw()

AF_

Border

VerticalSB

HorizontalSB

Reference: https://sourcemaking.com/design_patterns/decorator

Pfleeger and Atlee, Software Engineering.: Theory and Practice

Chapter 6.77




6.5 OO0 Design Patterns

Observer Pattern

- An application of the publish—subscribe architecture style

- Useful when software needs to notify multiple objects of key events. Defines a one-to-
many dependency between objects so that when one object changes state, all its
dependents are notified and updated automatically

- Examples: text editor offering multiple views of a document being edited (left) and
auctions (right). Each bidder has a paddle used to indicate a bid. The auctioneer starts the
bidding, and "observes" when a paddle is raised to accept the bid. The acceptance of the
bid changes the bid price which is broadcast to all the bidders in the form of a new bid.

Document 1 * [ Document Observer oeroeoe s

insert() update (info)

delete() 1. Acceptbid |

query()
r'eg|_s+er'(Documen+Obsewer') ' 2. Broadcast new high bid
-notify()

ity 1 I
— Cooo
= 'RR

Toolbar Bidders

| Observers
update(info)

Reference: https://sourcemaking.com/design_patterns/observer
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6.5 OO0 Design Patterns

Composite Pattern

A composite is an object designed as a Epr
G R R Client 9”—,8,ﬁa
composition of one or multiple objects g
with similar functionality 2 \get_vall),
print()
Composes objects in terms of a tree |
structure to represent part (or whole) - —— —_—
5 name : strin
of the hierarchy get kO vl it ’
_ N e
The composite pattern promotes the SpcimL
uses of a single uniform interface (e.g., | | | |
Expr class Plus Winis | [ Waltiply | [ Oivide
P
e v_alua're 0 ev._:llucn'e 0 evglua're 0 e v_aluafe 0
Useful whenever we have "composites EEGESS FHCERS| (DS [

that contain components, each of

, ab - Example: mathematical expressions modeled
which could be a composite

as tree structure in which nodes represent

For instance, menus that contain menu various operators and variable operands
items, each of which could be a menu

or directories that contain files, each of
which could be a directory
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6.5 OO0 Design Patterns

Visitor Pattern

- Collects and encapsulates operation fragments into their own classes

- Each operation is implemented as a separate subclass of abstract Visitor class

- New operations can be added without changing the composite object’s code

- Operations can be performed on elements of an object structure without changing the classes on

which it operates

- Example: accept(Visitor) — single class for performing
operations. For instance, accept() method in Divide always

calls VisitorDivide().

Client

Visitor

Expr

FE_ETT]
get_right(l
ger_named?
get_vakl)
accept(}

)

vizit lariab fegVariable)
wisitPlusiPius)

wirit M inuscH inus}
wisit Mt wit ap g wit e}
Wit ividrCividlie ]

LN

Evaluate

Binary Expr
get_left()
get_right()
accept()

Variable

wigitWariakle(Variak e}
vigitPlus(Pluz)

wisit A inustM inus)
wisitahultiphy(Multiph)
¥isitDivid(Dividie)

name : string
wal i int

get_namer]
get_val()
accept()

Flus Minus Multiply Divide

accepf(] [occept) | [occeptl) | [acceptd)

Print

visit¥ariable(Variable)
vizitPlus(Plus)
visit#hinus(a inus)
visitAultiply[Multiply]
visitDivid(Dividie)

ListOperands

visitvariable(Variable)
visitPlus(Plus)

wisitM inus(Ah inus)
wisitMultiphytMultiplhy)
visitDivid(Dividie)

Example: When a person calls a taxi company
(accepting a visitor), the company dispatches a
cab to the customer. Upon entering the taxi, the
customer, or Visitor, is no longer in control of his
or her own transportation, the taxi (driver) is.

N

"U) ‘oo
Cab company )
dispatcher Customer Taxi
Object structure is Concrete element of Visitor
list of Customers Customers list
SendCab()
(AcceptAVisitor)
Enter(Cab)
(VisitCustomer) “1
Transport(Customer)

Reference: https://sourcemaking.com/design_patterns/visitor
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6.6 Other Design Considerations
Data Management

- Data management takes into account the system
requirements concerning performance and space

- Four steps:

- Identify the data, data structures, and relationships among them
— Design services to manage the data structures and relationships

- Find tools, such as database management systems, to implement some of the
data management tasks

— Design classes and class hierarchies to oversee the data management functions
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6.6 Other Design Considerations
Data Management for the Royal Service Station

Service
ir:lescr'iphon S
rice ——" i description tax Labor
% T otl chimnge 0.05 =
2 rotate tives 0.25 5
Vehlcle = veplace timing belt 5 e
labor
pricel ) Maintenanes X part | B 'pﬂrt_mwhcr
1 1IXFE2
2 B
Par'l' = FEISERT
part_number
price
i part | part_number price tax
TFE2 g 40
EEIWVWY =4 1.70
Chapter 6.82
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6.6 Other Design Considerations
Exception Handling

- Allows making programs become more robust

- Helps separate error checking and recover from a
program’s main functionality
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6.6 Other Design Considerations
Exception Handling (continued)

attempt transmission (message: STRING) raises TRANSMISSIONEXCEPTION

using

local

try

rescue

end

// Attempt to transmit message over a communication line

// the low-level procedure unsafe transmit, which may fail,
//triggering an exception.

// After 100 unsuccessful attempts, give up and raise an
exception

failures: INTEGER
unsafe transmit (message)

failures := failures + 1;
if failures < 100 then
retry
else
raise TRANSMISSIONEXCEPTION
end
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6.6 Other Design Considerations
Designing User Interfaces

- Must consider several issues:
- identifying the humans who will interact with the system

- defining scenarios for each way that the system can
perform a task

— designing a hierarchy of user commands
- refining the sequence of user interactions with the system

- designing relevant classes in the hierarchy to implement the
user-interface design

— decisions

- integrating the user-interface classes into the overall system
class hierarchy
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6.6 Other Design Considerations
Designing User Interfaces (continued)

After
BILL

Before

Royal Service Station
65 Ninth Avenue

New York City, NY 'Customer name:

BILL
Issue date:

Customer: Purchases
Date: Date Type Amount
Purchases OK? A
Date Type Amount ;| | ¥

Total: —
Total:
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6.6 Other Design Considerations
Designing User Interfaces (continued)

Account Bill Bill Screen
AccoUnT_fambar date_issued size
Ealance e ~ due date | width
D“mﬂg}j' iR prev_balance customer name
sUspen current_balance i
reactovatel) ot _h 0 o i)
review accounts() IS PGS asL)
Bill_reminder() compute_fotal()
dormancy _warningi)
Okay Button Textbox
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6.6 Other Design Considerations
Frameworks

- A framework is a large reusable design for a specific application
domain

- GUI editors, web applications, accounting systems
Different from software product lines

- Product lines are developed by a company for its own use

- Frameworks tend to be publically available resources like
toolkits

- High-level architectures whose low-level details need to
be filled-in
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6.7 OO0 Measurement

OO0 Size Measures

- Objects and methods as a basic size measure

- Lorenz and Kidd’s nine aspects of size

Number of scenario script (NSS)

Number of key classes

Number of support classes

The average number of support classes per key classes
Number of subsystems

Class size

Number of operations overridden by a subclass (NOO)
Number of operation added by a subclass

Specialization index = (NOO X depth) / (total class methods)
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6.7 OO0 Measurement

Lorenz and Kidd Metrics Collection in Different Phases of Development

Requirements | System Program

Metric Description Design Design Coding | Testing
Number of scenario script X
Number of key classes X X
Number of support classes X
Average number of support X
classes per key class
Number of subsystem X X
Class size X X X
Number of operations overridden X X X X
by a subclass
Number of operations added by a

X X X
subclass
Specialization index X X X X
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6.7 OO0 Measurement

Use Case Diagram of the Royal Service Station

fﬂﬂ;
—_— ]
——]

Customer

Manager

E

Maintenance
Services

Time

Royal Service Station

Fuel
Services
Parking
Services

Controlling
Inventory

Accounting
Services

Billing
Services -

ey

Parts Ordering
System

[—___ System

Credit Card System
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6.7 OO0 Measurement

Class Hierarchy for the Royal Service Station

Customer

name 1
address

+ Py

d

Account

account_number
balance
dormant :boolean

birthdate

1

1:

Vehicle

maintenance_reminder|

1

suspend ()
rzag:to\ute()

review gecodnt s
ill_reminder

dormancy_Wwarhirey

Li

1
B.*

Purchaze

date
subtotal
tax rate
tax
total

campute_tax
compute_total()
review records()
generate repart ()

AR

Fayment

Credit Card

card name
expiration_date
approved :boolear]

= text
Bill farmat
i gated_issued
ko——— due ate
prev_balance
current _balanck | | |
Iist_purchasegj Maintenance Bill Dormancy
cormpute_tot Remind cr Cverdue Warning
?_ Payment lettertemplafle |letter templatie | letter template
date
amount

Metric Min | Max ] DEcount
maintains burys] discount
Mumber of (R
Key Classes 21 21 dei:;ﬁf:n
: tax [[Inventory |
Class Size 0 9 el —
Number of | |
Operations 0 1 _ | 1 1 1
Overridden * [ Vehicle | [Refuel Parking Permit Farking —_ Fudl Fart Product
Aain gallons| [durafion:{day, week month available_spaces Pl Ice_ﬁuer_galtl_otn part_number
labour = - daily_rafe current _quant ity price _
Mumber of - priced]] [price0 weeldy rate order_frigger =100| |current_quantit
Operations O O ngq % H updates 1 |maonthly_rate order_Tuel() order_trigger =
Agded generate_report () 1 order_part
updates 1
T Part updates
Specialization 0 1 prie

Index
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6.7 OO Measurement
OO Design Quality Measures

« Chidamber and Kemerer have also devised a suite of
metrics for object-oriented development

- Focused on design quality (not size)

- Weighted methods per class= 2" ._; ¢;
- n: number of methods and c: complexity of each method
— Depth of inheritance
— Number of children
— Coupling between objects
— Response for a class
— Lack of cohesion of methods
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6.7 OO0 Measurement

Chidamber-Kemerer Metrics applied to the Royal Service Station’s System Design

4

Account

account_number
balance

Bill

date_issued
due date
prev_balance

Customer dormant ¢ boolean current_balance
Tame 1 1 | suspend() list_purchases()
address ———| reactovate(]) compute_tatal()
birthdate review dccounts() =
Bill_reminder() = |~ " Payment
1 dormancy_warning() e
e 1 amaunt
Vehicle Bt i:
maintenance_reminder()
1 dit Card
Payment
A card name
Eas expiration_date
. approved : boalean
. . Credit Card ‘
Metric Bill | Payment Account | Customer | Vehicle
Payment
Weighted Methods I Class 2 0 0 5 0 1
Number of Children 0 1 0 0 0 0
Depth of Inheritance Tree 0 0 1 0 0 0
Coupling Between Objects 1 2 1 5 2 2
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6.7 OO0 Measurement

Calculating the Degree of Cohesion

- Given class Cwith n methods, M, through M,

- Suppose {/} is the set of instance variables used by
the method M

- We can define Pto be collection of pairs (/,, /) where
/.and /, share no common members
- P={, )] Ilnl=0}
- Qs the collection of pairs (/., /) where /.and /,,
share at least one common member
- Q={L,1]|1lnl =0}
- Lack of cohesion in methods for Cto be
- |A-1Qlif |A > |Q|

- Zero if otherwise
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6.7 OO0 Measurement

Measuring From a Sequence Diagram

Metric Min | Max

Average operation size 5 5

Average number of parameters per
operation

Customer ‘ Purchase ‘ ‘ Parking Permit

. > -
2: check_
availability ()

|_J 1: Parking ()

space is \\\ 3:new_purchase
available : (account, date, parking,

L_lduration)
4:new_parking
(duration)
i
5: update_
availability(}
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6.7 OO0 Measurement

Where to Do OO Measurement

- Measurement is only valuable when it increases our

understanding, prediction, or control

- Metrics are available for many types of documents
including

Use cases

Class diagrams
Interaction diagrams
Class descriptions
State diagrams

Package diagrams
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6.7 OO0 Measurement

Where to Do OO Measurement (continued)

Ldetric

Use cases

Class

diagram

Interaction
diagram

Class
description

State
diagram

Package
diagram

Number of scenario scripts

INumber of key classes

»

Number of support classes

»

ll\velage number of support classes per key class

»
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6.9 Information System Example

Data Model of Opposition Programs
Broadcast by Piccadilly’s Competition

- Domain elements and relationships that the Piccadilly database
will maintain

- A closer examination will reveal that there are considerable
commonality

Advertising Agency ﬂﬁ;ﬁﬁgﬁge campaigns| Predicted Rating

agency_hame rating_date
Message: A
agency_address Calculate average rating_time

agency_phone_number ratings rating_value
create_agency rating_type
delete_agency create_rating

calculate_budget Return: delete rating
summarize_campaigns Average ratings calculate_average_ratings
reference_agency_names reference_rating_value
update_agency name update_rating value
reference_agency_address reference_rating_date

update rating date
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6.10 Real-Time Example
Design by Contract

Had Ariane-5 been implemented using an object-oriented
approach, the reuse would have been either in terms of
composition or inheritance

In composition approach: the SRI (inertial reference software)
is viewed as a black box and called from the main system

In inheritance approach: the SRI structure and behavior are
open to view, inheriting as much structure and behavior from
parent classes as possible
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6.11 What This Chapter Means For You

- The design process describes the system components using a
common language with which to communicate

- Object orientation is a particularly appealing basis for such
design, because it allows us to describe and reason about the
system from its birth to its delivery in the same terms: classes,
objects, and methods

- Consistent notation makes it easier for your team to
understand the implications of using a particular object or class

— Consistency assists the maintainers and testers, enabling them to build test
cases and monitor changes more easily

— Because the requirements, design, and code are expressed in the same way, it is

easier for you to evaluate the effects of proposed changes to the requirements
or designs
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