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Development Cycle #2

vAdd functionality to Buy Items use case:
– cash, credit, and check payments are accepted
– A different authorization service is used for

each credit type (i.e. Visa, MasterCard, etc.)
– The same authorization service is used for all

checks written by customers
– POST is responsible for communicating with

each authorization service (usually a bank)

2

Buy Items Enhancements

– Check and credit payments are for the exact
purchase amount only

– The credit card reader is a dumb device that
only sends the card information to the terminal

– Communication with an external service is via
a phone modem

– A phone number must be dialed each time an
authorization is requested

3

Start Up Enhancements

vAssume the time and date are correct
vMinimal initialization required to support

the enhanced Buy Items use case
vNo initializing information is stored in the

database

4

Buy Items Omissions

– No inventory maintenance
– Stand alone store support only (no chain stores)
– Manual entry of UPCs (no bar code reader)
– No tax calculations
– No coupons or special pricing policies
– Cashier does not have to log in
– No record is kept of individual buying habits
– No POST control of the cash drawer
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Buy Items Omissions (cont.)

– Cashier ID and POST ID are not shown on the
sales receipt (but store name, address, and date
& time of the sale are shown)

– All completed sales are recorded in an
historical log (but, no inventory control)

– Only one payment type is used per sale
– All payments are “in full”, no partial or

installment payments are allowed

6

Relating Multiple Use Cases

vThe different forms of payment may be
expressed as separate use cases

vUpdate the use case diagram to show the
relationships between these use cases

vThe UML supports the uses and extends
associations between use cases

v Payment options are primary candidates for
both the uses and extends relationships
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Use Case w/uses Relationship

Point-of-Sale Terminal System

Cashier Customer

Pay by Cash

Exchange Items

Pay by Check

Buy Items

Credit
Authorization

Service

Accounts
Receivable

Check
Authorization

Service

Pay by Credit

etc.

«uses»

{to all pay-
ment methods}

{to all pay-
ment methods}

«uses» «uses»

«uses»«uses»
«uses»

8

Use Cases with uses Relationship

vWhen use cases are in a uses relationship,
the use case documents need to express the
association in prose

vThe use case that uses the behavior of
another should indicate the connection with
the initiate keyword in the use case text
– If  X  payment, initiate Pay by X

vExpanded Use Cases, pp. 324 - 328
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Extending the Conceptual Model

vThe new concepts in phase #2 include:
– CreditCard, Check
– CashPayment, CreditPayment, CheckPayment

(i.e. Transaction types)
– CreditAuthorizationService,

CheckAuthorizationService (Obvious!)
– AccountsReceivable

vNoun Phrase identification from Use Cases:
10

Objects in Conc. Model (Phase #2)

StorePOST SaleItem

Sales
LineItem Cashier Customer Manager

Product
Catalog

Product
Specification

Cash
Payment

Credit
Payment

Check
Payment

Credit
Card Check

Credit
Authorization

Service

Check
Authorization

Service
Accounts

Receivable

Credit
Approval
Reply

Check
Approval
Reply

Drivers
License

Credit
Approval
Request

Check
Approval
Request

11

Generalization

– CashPayment, CreditPayment, &
CheckPayment are all very similar, so
generalize them with a common superclass

Cash
Payment

Credit
Payment

Check
Payment

«type»
Payment

supertype - more general
concept

subtype - more specialized
concept
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UML Notation for Generalization

Cash
Payment

Credit
Payment

Check
Payment

«type»
Payment

Cash
Payment

Credit
Payment

Check
Payment

«type»
Payment

vEither form is acceptable
vClass hierarchies are called Taxonomies
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Generalization: the “is-a” Relationship

vAny derived object can be used where an
object of the base type is required

Payment

CashPayment CreditPayment CheckPayment

14

Inheritance & Generalization

vThe subclasses inherit attributes,
associations, & operations from the parent

Cash
Payment

Credit
Payment

Check
Payment

Payment

amount :  Money
SalePays-for

15

Avoid “Partitioning” Subtypes

v Partitioning leads to duplication
– avoid “cut & paste” operations

vOnly partition when functionality differs
between subtypes

Male
Customer

Female
Customer

Customer Correct subtypes.

But useful?

16

Inheritance

vLikewise, don’t generalize unless there is
common behavior among the subclasses

Cash
Payment

Credit
Payment

Check
Payment

Payment

amount :  Money

Check

Identifies-credit-with Paid-with
*

Each payment subtype is
handled differently.

Additional associations

Supertype motivated by
common attributes and
associations.

Sale
Pays-for

CreditCard

1

1

1 1

17

AuthorizationService Generalization

Credit
Authorization

Service

Check
Authorization

Service

Check
Payment

AuthorizationService

address
name
phoneNumber

Additional associations

Supertype motivated by
common attributes and
associations.

Store
Authorizes-payments-of*

Authorizes

Credit
Payment

Authorizes

**

*

1 1
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Avoid being too “fine grained”

CreditPayment
Approval
Reply

CheckPayment
Approval
Reply

CreditPayment
Approval
Request

CheckPayment
Approval
Request

CreditPayment
Denial
Reply

CheckPayment
Denial
Reply

CheckPayment
Authorization

Reply

CreditPayment
Authorization

Reply

Payment
Authorization

Reply

Payment
Authorization

Request

Payment
Authorization
Transaction

date
time

Concepts too fine grained?
Useful to show this degree of
partitioning?

Each transaction is
handled differently, so
it is useful to partition
them into discrete
types.
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Alternate Transaction Taxonomy

CreditPayment
Approval
Request

CheckPayment
Approval
Request

Payment
Authorization

Reply

Payment
Authorization

Request

Payment
Authorization
Transaction

date
time

CreditPayment
Approval
Reply

CheckPayment
Approval
Reply

CreditPayment
Denial
Reply

CheckPayment
Denial
Reply

20

Abstract Classes

v Some classes are too abstract to be
instantiated as objects
– Sensor, Car, Animal, etc. (can’t find one!)

vAbstract classes are “placeholders” in a
taxonomy, since they serve a useful
abstraction purpose

vBut, can not be instantiated!

21

Abstract Types (Classes)

Payment

CashPayment CreditPayment CheckPayment

Payment

CashPayment CreditPayment CheckPayment

If a  Payment instance may
exist which is not a
CashPayment, CreditPayment
or CheckPayment, then
Payment is not an abstract
type.

Payment is an abstract type .
A Payment instance must
conform to one of the subtypes:
CashPayment, CreditPayment
or CheckPayment.

abstract type

(a)

(b)

22

Abstract Class Notation in UML

Cash
Payment

Credit
Payment

Check
Payment

Payment

amount :  Money

abstract type indicated by
italics

23

Modeling Changing States

vDo not model “states” using subclasses
– Do this in the base class, or use state diagrams

Paymentnot useful

these subtypes are
changing states of the
supertype

Unauthorized
Payment

Authorized
Payment

PaymentState better

Unauthorized
State

Authorized
State

Payment Is-in 1*
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