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Introduction O BJ E CT I V ES

|dentify Classes

Domain Class Model
demonstrate the differences between object diagrams and class diagrams,

Relati hi . o o o o
elationships explain the three types of operations possible in class diagrams,

Design Class Diagrams j,crate how associations are represented in class diagrams,
CRC Cards show how associative classes are drawn in class diagrams, and

Design Goals show how generalization and aggregation are represented in class diagrams
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Introduction INTRODUCTION

Identify Classes

Domain Class Model

Functional models represent system behavior

Structural models represent system objects and their
Design Class Diagrams I’e|a'[i0n8hipSZ

Relationships

CRC Cards ’ PeOple
“Places
Design Goals . ThlngS
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o ISTRUCTURAL MODELS

|dentify Classes

Domain Class Model

Main goal: to discover the key data contained in the problem

Relationships domain and to build a structural model of the objects
Design Class Diagrams

CRC Cards

Design Goails Structural

- Box
Modeling A ¥ [
- material
Person +fill
+empty
-name

Solution Domain
Problem Domain (Design)
(Analysis)
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e THINGS IN THE PROBLEM DOMAIN

Identify Classes

Domain Class Model

Problem domain—the specific area (or domain) of the users’
Relationships business need that is within the scope of the new system.

Design Class Diagrams  1hings” are those items users work with when accomplishing tasks

that need to be remembered
CRC Cards
Examples of “Things” are products, sales, shippers, customers,

Design Goals invoices, payments, etc.
These “Things” are modeled as domain classes or data entities

In this course, we will call them domain classes. In a database
course you call them data entities
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S TWO TECHNIQUES TO IDENTIFY “THINGS”

Identify Classes

Domain Class Model

Brainstorming Technique

Relationships “Use a checklist of all of the usual types of things typically found and

Design Class Diagrams brainstorm to identify domain classes of each type

Noun Technique

* ldentify all of the nouns that come up when the system is described and
Design Goals determine if each is a domain class, an attribute, or not something we need
to remember

CRC Cards
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e BRAINSTORMING TECHNIQUE

Identify Classes

* Are there any...

Domain Class Model

Relationships

Design Class Diagrams -

Design Goals
Airplane Employee Division Sensor Warehouse  Flight
Book Customer Departmen  Timer Office Call
Vehicle Doctor t Controller Factory Logon
Document Patient Section Machine Store Logoff
Form User Task Force  Sorter Desktop Contract
Sys Admin Workgroup Printer Purchase
Container Order
Payment
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S BRAINSTORMING TECHNIQUE STEPS:

Identify Classes

Domain Class Model

1.ldentify a user and a set of use cases
Relationships
2.Brainstorm with the user to identify things involved when carrying out the use case—

Design Class Diagrams That is, things about which information should be captured by the system.

3.Use the types of things (categories) to systematically ask questions about potential
things, such as the following:

1.Are there any tangible things you store information about?
Design Goals 2.Are there any locations involved?

3.Are there roles played by people that you need to remember?

CRC Cards

4.Continue to work with all types of users and stakeholders to expand the
brainstorming list

5.Merge the results, eliminate any duplicates, and compile an initial list
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Introduction NOUN TECHNIQUE

Identify Classes

Domain Class Model A technique to identify problem domain classes (things) by finding, classifying, and

. refining a list of nouns that come up in in discussions or documents
Relationships

Popular technique. Systematic.
Design Class Diagrams

Does end up with long lists and many nouns that are not things that need to be stored
CRC Cards by the system

Difficulty identifying synonyms and things that are really attributes

Design Goals . .
Good place to start when there are no users available to help brainstorm
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Introduction

Identify Classes

Domain Class Model

Relationships

Design Class Diagrams

CRC Cards

Design Goals

NOUN TECHNIQUE EXAMPLE

Identified noun

Notes on including noun as a thing to store

Accounting

We know who they are. No need to store it.

Back order

A special type of order? Or a value of order status? Research.

Back-order information

An output that can be produced from other information.

Bank

Only one of them. No need to stare.

Catalog

Yes, need to recall them, for different seasons and years. Include.

Catalog activity reports

An output that can be produced from other information. Not stored.

Catalog details

Same as catalog? Or the same as product items in the
catalog? Research.

Change request

An input resulting in remembering changes to an order.

Charge adjustment

An input resulting in a transaction.

Color

One piece of information about a product item.

Confirmation

An output produced from other information. Not stored.

Credit card information

Part of an order? Or part of customer information? Research.

Customer

Yes, a key thing with lots of details required. Include.

Customer account

Possibly required if an RMO payment plan is included. Research.

Fulfillment reports

An output produced from information about shipments. Not stored.

Inventory quantity

One piece of information about a product item. Research.

Management

We know who they are. No need to store.

Marketing

We know who they are. No need to store.

Merchandising

We know who they are. No need to store.
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S NOUN TECHNIQUE STEPS:

Identify Classes

1.Using the use cases, actors, and other information about the system— including inputs and outputs—identify all nouns.

DomC”n CIQSS MOdeI = For the RMO CSMS, the nouns might include customer, product item, sale, confirmation, transaction, shipping, bank, change request, summary report, management,
transaction report, accounting, back order, back order notification, return, return confirmation...

ReldhonSh'ps 2.Using other information from existing systems, current procedures, and current reports or forms, add items or categories of information
needed.
H H * For the , these might include price, size, color, style, season, inventory quantity, payment method, and shipping address.
Design Class Diagrams * For the RMO CSMS, th ht includ lor, styl hod, and sh dd

3.As this list of nouns builds, refine it. Ask these questions about each noun to help you decide whether you should include it:
CRC CCI rds * Is it a unique thing the system needs to know about?
= Is it inside the scope of the system | am working on?

= Does the system need to remember more than one of these items?

Design Goals

Ask these questions to decide to exclude it:
= Is it really a synonym for some other thing | have identified?
= Is it really just an output of the system produced from other information | have identified?

= Is it really just an input that results in recording some other information | have identified?

Ask these questions to research it:

= Is it likely to be a specific piece of information (attribute) about some other thing | have identified?

* Is it something | might need if assumptions change?
4. Create a master list of all nouns identified and then note whether each one should be included, excluded, or researched further.

5. Review the list with users, stakeholders, and team members and then define the list of things in the problem domaif.-11



Introduction DOMAIN CLASSES

Identify Classes

Domain Class Model Aftribute— describes one piece of information about each
instance of the class

Relationships * Customer has first name, last name, phone number

Design Class Diagrams ldentifier or key

* One attribute uniquely identifies an instance of the class. Required for
CRC Cards . ) ] ] T
data entities, optional for domain classes. Customer ID identifies a
customer
Design Goals

Compound attribute

* Two or more attributes combined into one structure to simplify the
model. (E.g., address rather than including number, street, city, state,
zip separately). Sometimes an identifier or key is a compound

attribute.
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rreter ATTRIBUTES AND VALUES

Identify Classes

Domain Class Model ~ Class is a type of thing. Obiject is a specific instance of the class.
Each instance has its own values for an attribute.

Relationships

Design Class Diagrams

All Customers have attributes: Each customer has a value for each attribute:
CRC Cards Customer ID 101 102 103
First Name John Dagny Henry
Design Goails Last Name Galt Taggart Reardon
Home Phone 555-9182 423-1298 874-1297
Work Phone 555-3425 423-3419 874-8546
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e ASSOCIATIONS AMONG THINGS....

Identify Classes

Association— A naturally occurring relationship between classes
(UML term)

Domain Class Model

Relationships

Design Class Diagra

Design Goals Mr. Smith

“contains” “contains”
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Infroduction JUS'I' 'I'O CLARIFY. .

Identify Classes

Domain Class Model  Called association on class diagram in UML
* Multiplicity is term for the number of associations between classes: 1 to 1 or 1 to many

Relationships * We are emphasizing UML in this unit

Design Class Diagrams Called relationship on ERD in database class

* Cardinality is term for number of relationships in entity relationship diagrams: 1 to 1 or 1 to many

CRC Cards o ] . . . .
Associations and Relationships apply in two directions
Design Goals * Read them separately each way

= A customer places an order

* An order is placed by a customer
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S MIN AND MAX MULTIPLICITY

Identify Classes

] Associations have minimum and maximum constraints
Domain Class Model

= Minimum is zero

* The association is optional

Relationships
* Minimum is at least one

Design Class Diagrams * The association is mandatory

CRC Cards Mr. jones has placed no _Multiplicity is zero or more-
order yet, but there might optional relationship

Design Goals be many placed over time
A particular order is placed ~ Multiplicity is one and only
by Mr. Smith. There can'’t one-mandatory relationship

be an order without stating
the customer.

An order contains at least _ Multiplicity is one or more-
an item, but could have mandatory relationship
many items 116



et TYPES OF ASSOCIATIONS

Identify Classes

Domain Class Model Binary Association
" Associations between exactly two different classes

Relcﬁonships = Course Section includes Students

* Members join Club
Design Class Diagrams
Unary Association (recursive)

CRC Cards = Associations between two instances of the same class

* Person married to person

* Part is made using parts

Design Goals

Ternary Association (three)

N-ary Association (between n)
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Introduction

Identify Classes

Domain Class Model
Relationships

Design Class Diagrams

CRC Cards

Design Goals

SEMANTIC NET

Shows instances and how they are linked

* Example:

John

Mary

/
Sara

ltem 1

Order 1

l[tem 2

Order 2

ltem 1

ltem 2

ltem 3

ltem 1

Order 2

ltem 2

ltem 3
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e DOMAIN MODEL CLASS DIAGRAM

Identify Classes

Class

* A category of classification used to describe a collection of objects

Domain Class Model

Relationships .
Domain Class

Design Class Diagrams  ° Classes that describe objects in the problem domain

CRC Cards Class Diagram

= A UML diagram that shows classes with attributes and associations (plus methods if it models

i software classes)
Design Goals

Domain Model Class Diagram

* A class diagram that only includes classes from the problem domain, not software classes so no methods

1-19



e DOMAIN CLASS NOTATION

Identify Classes

Domain class has no methods
Domain Class Model

Class name is always capitalized

Relationships NUNT .
onsnp Attribute names are not capitalized and use camelback notation (words run together

Design Class Diagrams and second word is capitalized)

CRE Cards The name of the class
Design Goals Customer
custNumber
Name Attributes: all objects in
billAddress the class have a value
homePhone for each of these

officePhone
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ek SIMPLE DOMAIN MODEL CLASS DIAGRAM

Identify Classes

From the Semantic Net (shown previously)

Domain Class Model
* A customer places zero or more orders

, , * An order is placed by exactly one customer
Relationships . .
* An order consists of one or more order items

Design Class Diagrams An order item is part of exactly one order

CRC Cards
custNumber
que O * OrderID 1 * ”emID
billAddress OrderDate quantity
homePhone places—> amount contains—s> price
officePhone
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S UML NOTATION FOR MULTIPLICITY

Identify Classes

Domain Class Model
Relationships

Design Class Diagrams

CRC Cards
0..1 0..*

Design Goals

1.1 1.*




e DOMAIN MODEL CLASS DIAGRAM

Identify Classes

Relationships custNumber 1 1..* AccountlD 0..* 1 branchiD
fullName ~— accountType - managerName
Design Class Diagrams  billAddress dateOpened branchLocation
homePhone balance mainPhone
CRC Cards officePhone

Design Goals

1.*

trans|D
transData
transType
transAmount
1-23




Introduction

Identify Classes

Relationships
Design Class Diagrams

CRC Cards

Design Goals

DOMAIN MODEL CLASS DIAGRAM

ccourseNumber
title
creditHours

0..*

sectionNumber

0.

CourseEnrollment

grade

& studentlD

startTime
roomNumber

name
major
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Introduction

GENERALIZATION AND SPECIALIZATION RELATIONSHIPS

Identify Classes

Domain Class Model
Generalization /Specialization

Relationships * A hierarchical relationship where subordinate classes are special types of the superior classes. Often
called an Inheritance Hierarchy
Design Class Diagrams

Superclass

CRC Cards * the superior or more general class in a generalization/specialization hierarchy

Subclass

Design Goals
" the subordinate or more specialized class in a generalization/specialization hierarchy

Inheritance

* the concept that subclasses inherit characteristics of the more general superclass
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Introduction

Identify Classes

Domain Class Model
Relationships

Design Class Diagrams

CRC Cards

Design Goals

GENERALIZATION/SPECIALIZATION EXAMPLE

Truck

MotorVehicle
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e GENERALIZATION / SPECIALIZATION EXAMPLE

Identify Classes

Domain Class Model

Relationships 1..*

Design Class Diagrams 1
accountID

Design Goals Dateopened
balance

A

\ﬁF

InterestRate checkStype
minBalance 1-27




e WHOLE PART RELATIONSHIPS

Identify Classes

Whole-part relationship— a relationship between classes where one class is part of

Domain Class Model .
or a component portion of another class

Relationships

Design Class Diagrams = Aggregation— a whole part = Composition— a whole part
relationship where the component relationship where the parts can no

CRC Cards part exists separately and can be longer be removed (filled in
removed and replaced (UML diamond symbol)

Design Goals diamond symbol, next slide) — Hand has fingers
— Computer has disk storage devices — Chip has circuits

— Car has wheels
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e WHOLE PART RELATIONSHIPS EXAMPLE

Identify Classes

Domain Class Model

Relationships

. . Processor
Design Class Diagrams

B

P compurer PG

CRC Cards

Design Goals

Storage
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Infroduction RELATIONSHIPS

Identify Classes

Domain Class Model 1here are actually three types of relationships in class
diagrams
*Association Relationships

* These are associations discussed previously, just like ERD relationships

“Whole Part Relationships

Design Goals *One class is a component or part of another class

Relationships

Design Class Diagrams

CRC Cards
"Generalizations /Specialization Relationships

" Inheritance

Try not to confuse relationship with association
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e DESIGN CLASS DIAGRAMS

Identify Classes

Domain Class Model . o .
stereotype a way of categorizing a model element by its

characteristics, indicated by guillemets (<< >>)

Relationships

persistent class an class whose objects exist after a system is shut down

Design Class (data remembered)
Diagrams

entity class a design identifier for a problem domain class (usually
CRC Cards persistent)

boundary class or view class a class that exists on a system’s
Design Goals automation boundary, such as an input window form or Web page

control class a class that mediates between boundary classes and
entity classes, acting as a switchboard between the view layer and
domain layer

data access class a class that is used to retrieve data from and send
data to a database

1-31



Introduction

Identify Classes
Domain Class Model
Relationships

Design Class
Diagrams

CRC Cards

Design Goals

DE

Attribut
Visibility |

Method
Visibility

Sale

-salelD: int {key}
-saleDate: date
-priorityCode: string
-shipping&Handling: float
-tax: float

-grandTotal: float

Customer

-accountNo: string {key}
-name: string
-billingAddress: string
-shippingAddress: string
-dayPhone: string

1.1 -nightPhone: string

+additem ()
+cancelSale ()
+makePayment ( )

+updateName ()
+updateAddress ()
+processSale ()

PhoneSale

-clerklD: string
-callingPhone: string
-processTime: int
-noOfPhoneSales: int

InternetSale

-URLaddress: string
-timeOfDay: string
-timeToOrder: int
-noOfWebSales: int

+confirmEmail ()

StoreSale

-storelD: string
-noOfStoreSales: int

+cancelSale ()




S NAVIGATION VISIBILITY

Identify Classes

D in Class Model
omain L-fass flode * The ability of one object to view and interact with another object

Relationships * Accomplished by adding an object reference variable to a class.

= Shown as an arrow head on the association line—customer can find and interact with sale because it

Design Class has mySale reference variable

Diagrams

CRC Cards Customer Sale
-accountNo: string {key} -salelD: int {key}

. -name: string -saleDate: date

Design Goals -billingAddress: string -priorityCode: string
-shippingAddress: string >| -shipping&Handling: float
-dayPhone: string -tax: float
-nightPhone: string -grandTotal: float
-mySale: Sale
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e NAVIGATION VISIBILITY GUIDELINES

Identify Classes

D . I I ° ° ° ° M H
omain Class Model  ne-to-many associations that indicate a superior /subordinate

Relationships relationship are usually navigated from the superior to the
Design Class subordinate

Diagrams Mandatory associations, in which objects in one class can’t exist
CRC Cards without objects of another class, are usually navigated from the

more independent class to the dependent

Design Goals . . . .
When an object needs information from another object, a

navigation arrow might be required

Navigation arrows may be bidirectional.
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Promotion

«controller»

season SaleHandler
year
description
startDate -
endDate PromoOiffering
_| price
_.-="" | specialPrice
1 "i . ar”
L Customer
- Customer Sale Saleltem
0..* accountNo {key} - - :
name -accountNo: string {key] -salelD: int {key} -saleltemlID: int {key}
Productltem SaleTrans billinaAdd -name: string -saleDate: date -quantity: int
: ,'ng_ ress -billingAddress: string -priorityCode: string -price: float
productlD {key} date _ shippingAddress -shippingAddress: string -shipping&Handling: float -backorderStatus: string
vendor transactionType dayPhone -dayPhone: string -tax: float
gender amount nightPhone -nightPhone: string -grandTotal: float
description paymentMethod
1.7%
1 1
|

0..* 0.*

Inventoryltem Sale PromoOffering Productltem Inventoryltem
ir]venlc-rle {key) S.aleltem 1 salelD {key) -price: float -productID:lsIring {key} -in_VET‘ItOI'.wDZ string {key}
size « | quantity saleDate ‘| -specialPrice: float -vendor: string -size: string

| 0.. : . -gender: string -color: string
color price riorityCode iption: stri i i

. l/ \ p ty -description: string -options: string
optlons backorderStatus |1..* shipping&Handling -quantityOnHand: int
quantityOnHand 1| tax -averageCost: float
averageCost grandTotal -reorderQuantity: int
reorderQuantity
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et DESIGNING WITH CRC CARDS

Identify Classes

Domain Class Model
CRC Cards—Classes, Responsibilities, Collaboration Cards

Relationships
OO design is about assigning Responsibilities to Classes for how they

Design Class Di i
Segn s Fagre® - Collaborate to accomplish a use case

CRC Cards Usually a manual process done in a brainstorming session

= 3 X 5 note cards

* One card per class

Design Goals

* Front has responsibilities and collaborations

" Back has attributes needed

1-36



Infroduction CRC CARD EXAMPLE

Identify Classes

Domain Class Model Class Name Collaborating classes

with return data

Relationships
Customer

Design Class Diagrams UpdaTe name Sale (ID)
Update address Payment (ID)
CRC Cards Request purchase
history
Design Goals Process sale cusTomer'mumber‘

Make payments customerName
customerAddress
shippingAddress :

Attributes on back
Responsibilities d.GYPhOrle
hightPhone
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Introduction

|CRC A

«controller»
SaleHandler

SaleTransaction

-transactionID: int {key}
-saleDate: date

Idenhfy Classes +processNewSale () -transac‘flonType:strmg FromoOffering
ddltemsToSal -amount: float . T
+addltemsToSale () -payMethod: string
+makePayment () [
Do, +processPayment () F’mmoE}FFer'lng
provide price:
I
Rel
- Customer Sale Saleltem
e | -accountNo: string {key} -salelD: int {key} -orderltemlID: int {key}
De: NewSaleWlndow he -name: string . -sqlel;)ate: date _ -quantity: int
§ -billingAddress: string -priorityCode: string -price: float
; lei 11 -shippingAddress: string -shipping&Handling: float -description: strin -
CR - ? E - LMM S -dayPhone: string -tax: float -backofderStatus?string -
display v e | -nightPhone: string -grandTotal: float Productltem
+updateName () +addlitem () +updatelnformation () |” provide description
De +UpdateAddress () +updatelnformation () +cancelltem ()
: | +processSale () +requestShipping () +requestBackorder ()
IﬂQUlI‘ﬂO nitemWindow Ui +requestHistory () +updateStatus ()
. wi +cancelSale ()
wﬁmm SaleHandler Dr +makePayment ( )
df‘-/r!l‘p ey e | | -
Inventoryltem
PromoOffering Productltem Inventoryltem - I"yi
-catalogID: string {key} -productlD: string {key} -inventorylD: string {key} prwd ﬁtd&tgf q[M{ﬁMf@
e | -productlD: string {key} -vendor: string -size: string up q iy
-price: float -gender: string -color: string ovder new supply

Eventually

-specialPrice: float

-description: string

-options: string
-quantityOnHand: int
-averageCost: float
-reorderQuantity: int

+getPrice ()

+getDescription ()

+updateQOH ()

es can be added ;g




Infroduction COUPLING

Identify Classes

Domain Class Model
* A quantitative measure of how closely related classes are linked (tightly or

Relationships loosely coupled)

. . “Two classes are tightly coupled of there are lots of associations with another
Design Class Diagrams

class

CRC Cards *Two classes are tightly coupled if there are lots of messages to another
class

Design Goals

“It is best to have classes that are loosely coupled

*If deciding between two alternative designs, choose the one where overall
coupling is less

1-39



Introduction COHESION

Identify Classes

Domain Class Model

Relationships * A quantitative measure of the focus or unity of purpose within a single class

(high or low cohesiveness

Design Class Diagrams . . . . o ere s .
J 7 * One class has high cohesiveness if all of its responsibilities are consistent and

CRC Cards make sense for purpose of the class (a customer carries out responsibilities
that naturally apply to customers)

Design Goals *One class has low cohesiveness if its responsibilities are broad or makeshift
“It is best to have classes that are highly cohesive

*If deciding between two alternative designs, choose the one where overall
cohesiveness is high

1-40



e PROTECTION FROM VARIATIONS

Identify Classes

Domain Class Model
* A design principle that states parts of a system unlikely to change are

Relationships separated (protected) from those that will surely change

Design Class Diagrams " Separadte user interface forms and pages that are likely to change from

application logic

CRC Card . . ST .
e * Put database connection and SQL logic that is likely to change in a

. separate classes from application logic
Design Goals

*Use adaptor classes that are likely to change when interfacing with other
systems

“If deciding between two alternative designs, choose the one where there is
protection from variations

1-41



Infroduction I N D I RE CT I O N

Identify Classes

D in Class Model . . e . . .
omain Class Mode * A design principle that states an intermediate class is placed between two

Relationships classes to decouple them but still link them

* A controller class between Ul classes and problem domain classes is an

Design Class Diagrams exCImple

CRC Cards * Supports low coupling

“Indirection is used to support security by directing messages to an
Design Goals intermediate class as in a firewall

“If deciding between two alternative designs, choose the one where
indirection reduces coupling or provides greater security
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e OBJECT RESPONSIBILITY

Identify Classes

Domain Class Model
* A design principle that states objects are responsible for carrying out system

Relationships processing

* A fundamental assumption of OO design and programming
Design Class Diagrams

* Responsibilities include “knowing” and “doing”

CRC Cards * Objects know about other objects (associations) and they know about their
attribute values. Objects know how to carry out methods, do what they are asked
Design Goals to do.

* Note that CRC cards and the design in the next chapter involve assigning
responsibilities to classes to carry out a use case.

“ If deciding between two alternative designs, choose the one where objects are
assigned responsibilities to collaborate to complete tasks (don’t think
procedurally).
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