2026/03/13 11:25 1/34 50000

goboogooboboooobobooooon

s.ubn

0000000000000 000DO0OO00OoooOogO((Specification) i 000OCO0OO0OOOO
O(guideline)J0 00 00DO0DOO0O0OD0OO0O0DOODOOODOOODODO(QRequirements Engineering 000 O

goboooobboooboooboobooobbooobboobobooobobooobbuooooo
goobooooboboooboooboobooobbuooobboobobbooobLDbooobbooobo
goobooobbooobooobbooobbuooobboobbbodbLbooobbooob o
dobooobbooobbooobooobobooooo

5.1000n

goobooooboboooobooobobooobbooobboobobooobbooobbuooooo
gobogobboooboooon
e JODODOO
cOODOOODODO
gboboogoboodoobooobboooboon
gobogoboooooo
gboboogooooooo
gooooooo
googd
googod

[¢]

o

[¢]

[¢]

[¢]

[¢]

sli1bgggooon

oooboboboooo@ooboo)yhobobooobooboboboooooboboooooo
goboooboboooboo
dobooobbuooobboooboo
gobooobobodoobobooobbuooobboobbbooobboobobbooobbooon
gobooobbooobooobobog
ooobobooobobobooobobobobo@wobhoboo)yooobobo
cO00bObUOObbbOUOU0bbUOOoUbLbOOoOobLDbbOOoOobLDbUooobLbOoOoLDbbOOOn
gobooobbooobbooobobooobba
c0bOUOOUbbOOUObLbOOUbLbUOOUObbOUOObLDbbOOODLD
gooo
ocJO0D0O0OO0000ODOOOUODOOUOUODODOOUOODDOODOUODODOOOOO (Domain
expert)(0 000000000 O00O0ODOOOOODOOOOOOO
cO0O00OUOO0DDOUOUOUODLDUOUDbDDODOUOUOUDDOUOUOUDDbDUUOUODbDOUOUODDbDbOOOD
googod
gobooobooo
cODODOUOOODDOOO
s JO000ddobooobbooobooobbooobboobbboobLboOon

goboooboboodbobbooobbooobooobboobbbooobboon
gobbooobbooobbooobooobbuooobbooobbooobo

JunWwuO OQooQo
000000000000
CSIE, NPTU

Total 262738 - https://junwu.nptu.edu.tw/dokuwiki/



Last update: 2021/09/13 13:13 se2021:requirement https://junwu.nptu.edu.tw/dokuwiki/doku.php?id=se2021:requirement

 JO000000Rs-s)D000000000000000000Do0ooDOoooOn
000000 (business logic)d OO0 OO (businessrule) D 0000000
 JO000000oooggo
e IJU0O0UDUOOOOUDLDDUOOOUODLDOOOULDDOOUOUOLDDOUOOOO

gobooobobodbobooobbooobbooobooobbooonoo
gobooobbodbbbooobbooobbuoobobooobboooo
gobooobboobobooobbooobboooboooboboooo

5120000000

gobooobboooboooobooobbuooobboobbboUbbuooobbUoOon

e JOUOOOOOOODOOOOOOOOOO
cgooooobtbbotobototoooooooooobooobooooooooooooooo
gooooooooooooooooooooooooooboboboononoooononogod
O0do0o0oooooooooooooooooooooooooooooooooon
O0oooOoooooo
e 000
cO0UOO0O00OO0O0OOOOOO0O0OOO0OOn
cooooooooboooooooooooooooooooooooooooooo
Oo0dooooooooooooooooooooooon
ODo0dooooooooooooooooooooooooooooooooooooooon
Oo0doooooooooon
O0do0oooooooooooooooooooooooooooooooooooon
goooooooog
o 00000 (Open Interview)
 JO00000000000000C000O000000000O00Oo0oOooOooOooon
0000000000000 0000000000
o 000 00O (Structured Interview)
000000000000 00000000000000D0OO0Od (Interrogation)d
OO0 (Conversation)JUC ODOOOODODOOOOOOOOO
s JO00000000000000OOOOOOO00O0000000O000O00O00O00O00O00O00O000
goooooooooon
coooooooobooboooobobobooboooooooooon
cO000OO0O0O0OO0OO0OOOOUOOUOOOCbOOOOOOUOOOOOn
cO000OO0O0OOOO0OOO0O0OOO0OOOO0OOOOn
e JO00OO00OOOOOOOOOOOOOOOOO
ocJooaon
s JO000000000000000O0OOOOOOOO0O
s JO0 0000000000000 0000000O00O000O000O00O0OoOOobooOoaa
goooooo
s JO0000000000000O0OOOOO0O00O0O0O0O

c QOO0
gbobogobooobobooobboon
gobogoboooooobooooboog
0o0o0o0oobobooobooooboooboboon
obooobbuoooboboooon

e JODODOOODODO

e JODOOOODOD

e LikertUOODDOOOOODOODOOUOODDOOOOODOODOOOODOOOOO

gbobogoboobooooboo

https://junwu.nptu.edu.tw/dokuwiki/ Printed on 2026/03/13 11:25



2026/03/13 11:25 3/34 50000

eJ000O0O0OODUOUOUODDUOOLDDOOUODDOUOUOUUDDbObDOUODD
cODOOOUODDOODDO
= Jooognf
s JOoogooo
 JOo0ogn
e 000000 DUOUOODDLDDOODDOUOOUODDDOUOUDDOUOUODDOUOOO
oooooooooo
e J0DOOOO
cO0DODOUOOODLOO” DbbUOOoUbbUooobbor obo
gob” gobbooobbooobooobbooor b
goboogobobooobboooobooobobuooobbooobboonbo
gobogoboodooboooboobooooboooobooobooobobooooo
gobogoboodbobooobbuoooboooboboo
gobogoboodoobooobbuoooobooobobooobbooobboooono
gboboogoboodoobooobboooboon
gobogobod4guiboogobboonobooobbd4guubbooonbboonono
goooooon
gobogobbooobooobbbooobbuooobbooobboo
gobodgobuooobooobbooobobuoobobooobooooboooboboonoo
gobogoboodbobooobboooobooobboobbooobboon
goboooboodobooboooboobooobooobobooobbooobboooono
goboooboboodbobooobbuooobbooobbooboboo

[¢]

[¢]

o

o

[¢]

[¢]

o

o

e ODOO
cJODOOOODDOODDOO
cUObbUoOobbbooobbuooubbooobooobbuooobbooobDboOoon
goobogobobooobooobbooobboon
gobogoboodobooboooboooooobooobobooobooobobooooo
gobogoboooboobooan
gobogoboooooboo
gobogobboooboooboobooobbooooon
goooooo
goobodd
gooooooo
goboooood
goboogoboooooo
0o0booobooooobooobobooobooobobooobboooobooooo
gooognd
cbObOOoobbOooobboobbooobbooobooobn
e JJ00OOOODDOODDOOO
o 0O
s JO000dbobooobbooobooobbooobboobbboobboOon
gobooobboobobooobboooobo
s JO00O00odbobboodbbooobbuoobobboobLbooobbuoooboboo
s JO00O00doboodbbooobbooobboobooboon
cgOonono
s JO00O00b0boo0bbooobbooobobooobboon
 JO00000000000O0000bO0O00O0b0b0oOo0obObO0o0obDbooUobobOoOn
gobooobbodbbbooobobooobooobobooobooobobooo
HEN
 JO000dobooobbogobooobbuogoboooobooobboon

o

o

[¢]

[¢]

[¢]

[¢]

o

o

[¢]

JunWwuO OQooQo
000000000000
CSIE, NPTU

Total 262738 - https://junwu.nptu.edu.tw/dokuwiki/



Last update: 2021/09/13 13:13 se2021:requirement https://junwu.nptu.edu.tw/dokuwiki/doku.php?id=se2021:requirement

doodooooooooooooogd
s J000000oo0obooouooooooboooooooooogoao
s JO000o00ooooooan
s 000000000000 ooouooon
goooooooon
o OO0
 JO0000000000O000O0b00oo0oooon
o JADO OO
= 000 O (Joint Application Development, JAD)0 0000000000 OOOOOO
doooooobooooooooobooooooooooooon
s 00000000000 ooooooon
= 0O
e JOOO
cOUIOoUouooonooooooooouonoonooooooooo
OdooojADOooooooooooooooojAbbooooooo
gddooooooodooouoooooon
goooooo
o JADODDDO00ODDO0O0NDODOODNDOOOO0DDOODDOOOODO
doooooooooo
good

o JADODODO0ODOO0ODOODODOODOODn
s JO00OO00ooDog
s JO000000O0O0
s JOoogoooo
cODOOOO
gooo
cUO00DOUOOO0DLOOUObLDOOUbLbUOOODbLbOUOObLDbLOOODLD

gobooobobooobooobbooobbuooobbooooo
gooo

cO0O0ODOOJADDO0OCO0ODOOODOODOODOOODOUODOODDbOODO

gobogoboodobooobbooobooobobooobooboo
gobooooobod

cOono0O
cQOonono

520000

ggbobobdoooobbboooooboboooooboooooub bbb bboooobboboo
gobogobobooobobooonoo

52100000

e JI00D0ODUDOODODO(WHhat)DUDODODODODOODODOODO (How)
c 00O UOOO0OObOUOOoOouooon
» 00000 (functional requirement)
e JOODODODOODODOO
e 0000 O0O0OODODOOODO0OOUOOODODUO0OOUOODODOOOOOOOOO
eJO000O0OO0OOOODODOOOO0OOOO0OO0OODOO0OO0OOODOOOO

oo o o
e OO OOOOOOOOOOODOOOOOOOOOOo0oOoOo0oOo0oon

cUODbOUOObDOOUODbDOUOOUDbDObDOOO

https://junwu.nptu.edu.tw/dokuwiki/ Printed on 2026/03/13 11:25



2026/03/13 11:25 5/34 50000

c 00000000000 O0D0ODOOOPINODO

» 000000 (non-functional requirement)

e IOOOOODODO

e 100000000 DODOUODOONDOODOODOODODO (measurable)

O00D000000ORUIPOODDODOODOOODODOOODOODOODOOODOO
o dDOODO(responsetime) 000000 D0DO0ODOOOOODOOODOODO

00
OO0 (usability) )OO O0DO0D0DO0OO0D0OO0OO0OO0OO0O0OO0ODOODOO
OO0 O(reliability)JD OO0 O0O0DO0O0O0O0O0OO0OOOO0ODOOOOOOOOO
OO0 (performance)J0 0000000000000 OOOODOOOOOO
gooooooooo
000 (maintainability)JD 0 0000000000000 O0OOOOOOO
godooooooodoodgao
o 0

 J000000000000000000000000O0OO
02500 O
Oo0DOOoooooc++000
doddoogogg2seddddddgoooogo
o3 oooguoo
O00D00000D0300O000PINDO

[¢]

[¢]

[¢]

[¢]

522000000

e JO000O0O0OD0DOUOOODLOOODLDDOOODLDOUOOLDDOUUODLDUODLODOOOLDDOOO
goboooboobodoooboooobooobooobobooobboobobooobbooon
gobogonoo

e U0

cOd00D00O0O@MUDOUbOOO)YQDOODOOUODOODOUDODODOODOODOOD
 JO0OO000DOooonoooo
 JO00000D0O000bOO00O0bObOooobbOOn

cODOO" ODDbOOUObDOO" bUUObDbUOOoUbUOOoUOobbOoUbboOobbUoooboo

O00000ooO0obob0oooooooDobOobO@UooDoooooboboboooooog
OO0DO0OO0DOO000O0obOooDOOooboOoboooobooooO)

e JODOOO0ODDOODD
cJO00O0OO0DOUOUODDUOUDODUOUOUDDOUUODDbDUUOUUDbDDOUOUODDbOOOD
gobogobbooobobooonon
o 00000000000 DO00DOOD0OD0O0ODOODd (Event)
o 0O
« JO0" O000000DOCD"OD000O00O00ODbOO00O0ooOOobDOoooOoboOgon
s JO000ddobooobbooobooobbooobboobbboobLboOon
OO0oOOoO0DbOooo” booocdcpb’oboobooboooooo@uoboonD)yooo
gbobobooooobobuobooobobobuooooboboboooboboba
o 00 (ATM)
» JO00000000D0OC000AMODODOOO0ODOOO0O0OoDoOOooooood
OATMODOODOODOODOOATMOOODODOODODODODODODOODOODOODOOO

gbobogoboodbobooobobooooobooobboobbooobboon
gbobogoboboodboobooobboooobooobboobobooobboon
aoo

. 0000D0(@DO)D0000

JunWwuO OQooQo
000000000000
CSIE, NPTU

Total 262738 - https://junwu.nptu.edu.tw/dokuwiki/



Last update: 2021/09/13 13:13 se2021:requirement https://junwu.nptu.edu.tw/dokuwiki/doku.php?id=se2021:requirement

o J0O+00+00000O0O0
o 0000000000000 DODO0OODDOO (summary)[

5.2.3 Event Diagram
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5.2.4 Event Table
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* Context Diagram
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* Event Table

* UML - Use Case Diagram/Form
* SysML Requirement Diagram
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* SysML Requirement Diagram

5.4 Context Diagrams

Context diagrams are very useful for a high level overview of the system
It is a representation of the system boundary and all the actors that interact with the system
It helps visualize:
o What is inside and what is outside the system boundary
o Who are the actors that interact with the system
o Which actors are human and which are external systems
o What are the basic information flows into and out of the system
Example
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HI §

Fig. 4: O O Context Diagramsd O

figure 400000000 DOOO0ODOOOOODOODOOOODO

e System and its boundary: Oval

e Actors: Human mark

e Information Flows : lines with arrows

e Arrows from actor to the system represent actors supplying information to the system

e Arrows from system to the actor represent the system returning information to the actor

e Double-headed arrows represent both actor and system exchanging information with each

other
e The arrows should contain text with a brief description of the information flow being exchanged

Enters account and

transaction information & Gets ATM status
O gets transaction information
confirmation receipts .
AN B - . 2N
Customer . ' ATM Service
ATM

| Another System

O ' _1_0
. Gets Gets customer *

N CL'SE[?r,‘;er transaction AN\
aCtivity
Bank Manager nformation data Customer
Accounts System

System

Fig. 5: 00 0 0O O O O Context Diagramd O

000000 0OezERDO O O O Context DiagramO O O O O figure 6]
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Fig. 6: ezERDO Context Diagram
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5.5 Use Case Diagrams

Introduced in 1986 by Ivar Jacobson.
An important aspect of the UML
Help us to find and record the system’s behavioral (i.e., functional) requirements (not all)
Use cases describe a system from the actors’ perspective
Use case modeling
o |dentify system boundaries
o |dentify system actors:
= something (human or non-human) that has behavior and interacts with the system
Identify actors’ goals for the system
Identify business events that fulfill these goals
Model (success/failure) scenarios for these events
Write use cases to document these scenarios

[¢]

[¢]

o

o

ATM System
W o) - N <
_, | Withdraws Funds | | Monitors ATM STEITUBJJ' e
] __,r:? '\._._%_ _F____,z-" \N-h_ - (.
e —_ — -
L P - .
T — — T L R S ____,--"
B S N e Y £
> { Makas Deposits ) | Replenishes Cash J
S S N .
i — R .
/\ M\\x‘\ ATM Service Rep
Customer Y r,f*f_ -'““-\x
| Manages Account | e B
L ) = I( "
e _..---’/ I-’TJpIn:nEld Transadin;\‘-l -
I k\-\.._\_ Data / -_"—--____:\_b
™y T —_— ‘
{ . .ffnquiras Customer™,
= Activily !
_ ——-""} I\M.___ " .
I Cystomer Accounts System
Bank Manager

Fig. 7: Use Case Diagram O

5.5.1 Actors

e An actor is “anything outside of the system that exchanges information with it, including users
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and other systems”
e An actor is “an entity that interacts with the system for the purpose of completing an event
e Actors play roles (e.qg., client, salesperson, etc.)
e An actor is not a person, but the role the person plays
¢ A person can have many roles (e.g., user, manager)
e And a role can be played by many persons (e.g., clients)
e An actor can be a person or any (non-human) external entity (e.g., external system, device,
external service organization) that the system will interact with
e Types:
o Primary Actor: one who receives value from the system
= You need to identify all primary actors upfront because the goal of your system is to
deliver value to these actors
o Secondary Actor: one who provides service to the system in one or more use cases
= i.e., helps create value for primary actors
= j.e., would not exist without primary actors or system
= You can discover these later because your system doesn’t need to fulfill their goals
e Personalities
o Initiator: an actor who initiates events that trigger a use case (e.g., customer places an
order)
o External Server: an actor who provides a service to the system in the use case (e.g.,
query to a credit bureau to process a loan)
o Receiver: an actor that receives information from the use case (e.g. IRS receives
corporate tax return)
o Facilitator: an actor that supports another actor’s interaction with the system (e.qg., data
entry clerks)
e Actor Specification Cards which are defined as follows:

Actor Specification

Actor Name:

Personality: (initiator, external,

receiver or facilitator) Abstract: (Yes/No)

Type: (Primary/Secondary)

Role Description:
Actor Goals: (no need to fill this box for secondary actors)

Use Case Involved with: (events that fulfill goals above; a goal will map to one or more use cases;
a use case will map to one or more primary actor goals; no need to fill this box initially, only after use
cases have been identified.

e Example

Actor Specification

Actor Name: Customer
Type: Primary Personality: initiator Abstract: No

Role Description: A customer is a person who has opened an account with the bank. The customer
is the main reason for the existence of ATM machines. The customer interacts with the ATM to obtain
convenient banking services at times when he/she cannot or is not convenient to obtain such
services at the bank's premises.

* Withdraw cash
* Deposit funds

* Make transfers
* Inquire balances

Actor Goals:
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* Withdraw funds

Use Case Involved with: |* deposit funds

* manage account (make transfers, inquire balances)

O ezERDO O OO O OO O Actor Specificationd D OO0 OO O

Actor Specification

Actor Name: O O O

Type: Primary Personality: initiator Abstract: No

Role Description: 0 00 OezERDOO D OO ODOODOODODOOezERDOO D OO OODO OO OO ERD[
OOMySQLD OO DODODODOOooOOooDOon

*0 0O ERD

Actor Goals: *0 0O MySQLO O O

*Dogoooboaoo

*ERDO O

Use Case Involved with: |*MySQLO OO OO

*0000000 (Odatabase0 0D OO 0O)

5.5.2 Use Cases

* |s a complete set of artifacts of the use cases describing how actors interact with a system
e Artifacts are any diagrams, models, cards, tables, documents and other descriptions that define
and describe the system requirements
» We will focus on two artifacts initially: diagrams and textual descriptions
e The use case model should fully describe the entire “functional scope” of the application
e Each use case within a use case model has its own smaller functional scope, which
encompasses the functional responsibility of the use case
e Collectively, all use cases combined should encompass the entire functional scope of the
system (i.e., the whole is equal to the sum of the parts).
e Related Artifacts
o Context Diagram: not really part of a formal Use Case Model, but it is often included
because it provides a great high level representation of the system
o Use Case Diagram: shows the system boundary, actors and all use cases involved
o Activity Diagrams: use case descriptions are sometimes diagrammed using this type of
UML artifact
o Use Cases: text descriptions that describe all possible scenarios of how actors interact
with the system to deliver the required system functionality (i.e., functional scope).
e Finding Use Cases
o List all goals for all primary actors
= (e.g., obtain a loan, obtain banking services)
o |dentify business events that will accomplish these goals (e.qg., apply for a loan, withdraw
cash)
o Each business event or goal that yields observable value to a primary actor maps to a use
case
o Actor specification cards are useful for this
o Goals are not always fulfilled by the system (e.g. ATM has no cash), so Use Cases need to
model “sunny day” (i.e., optimistic) and “rainy day” (i.e., pessimistic) scenarios.
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5.5.3 Use Case Diagram Symbols

e System boundary: rectangle

e Use cases: Ovals

e Actors: Human mark

Relationships: Line with or without arrows

Meaning of the direction of arrows

Arrows have a different meaning in Use Case Diagrams than in context diagrams
Direction of arrows do not represent information flow.

Instead, they indicate who initiates the use case.

TSystemd
Use riggere
o _Actor O
Actor _Initiates Use ¥
Interaction | Sgee | T2
with the 7 A\
Q System Actor
T Use
N\ *{ Case )
Actor —
System Boundary

Fig. 8: 00 Use Cased 0O 1
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ERD#&E

MySQL&E HEE

MySQL Server
User
FETHEFTEHENE
ezERD ¥
Fig. 10: ezERDO Use Casel
5.5.4 Use case modeling process
/ Identify the Develop Base Use #‘/
Major Actors Case Descriptions
V/ Develop Context Elaborate Base Use 1'”‘,/
Diagram Case Descriptions
\/’ Initial Use Case Mode| Extend,
Descriptions Include & Generaliz
Use C Map Use C t
v Diagrams Ubject Models v
Define/Refine Develoy .
Conceptual Instam_:g v = REC]LIIFE':I In
Business Objects Scenarios the pFOjE'Ct
Prepare for Initial Use Expand Use Test Use Organize
Usze Case Case Case Model Cases & the Uze
Madeling Madeling Doc Cases

Ongoing Use Case Management

Fig. 11: Use case modeling process

5.5.4.1 Initial Use Cases

e Prepare a list of all use cases based on the actor goals identified in all Primary Actor

Specification cards

e Per the UP, not all use cases need to be identified at this stage; more use cases will probably be

discovered during the elaboration phase

responsibilities of that use case

Use Case Form
o Contents

o Use case number and name

Focus on general descriptions initially (i.e., Initial Use Cases)
Per the UP, you will add details later as you further elaborate the use cases

For each Use Case, fill in a Use Case form to record all the information you have about the
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o Names of the
o Description of

actor or actors who interact with the system
the use case (the description can be shortened if needed at this point to

avoid redundancy with the flows of events)

Use Case ID

Use Case

Actors

Description

Priority

(only if you have this information at this point)

Non-Functional Requirements|(only if noteworthy at this point)

Assumptions

(only if noteworthy at this point)

Source

Example:

Use Case ID ucC-100

Use Case Withdraw Funds

Actors (P) Customer
The customer inserts card in the ATM, logs in with a pass code, and makes
a selection from the available choices to withdraw funds. Once in the funds
withdrawal screen, the customer is prompted to enter the amount to

Description withdraw. After the amount is entered, the system will check for availability
of funds for that customer. Provided that funds are available, the system
will dispense the amount requested in cash and then debit that amount in
the customer’s bank account records.

Priority High

gggjﬁenr;gﬁﬁsal Cash dispensed within 10 seconds after amount is entered

Assumptions Customer speaks English

Source Bank’s Operational Procedures Manual

Example for the ezERD:

Use Case ID ezUC-001

Use Case ERDO O

Actors Pooo

Description O000000OezERDOOODOERDOOODO
Priority Medium

Non-Functional Requirements|0 O O OWYSIWYGO 0 O OO0 OO OERDOQOD OO OOERDO O OO

Assumptions

goboooobooboooooo

Source

0oooo@oooon)

5.5.4.2 Base Use Cases
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BaseUse Cases
Initial Use Cases Name:
Name: Actors:
Description:
Actors:

|::> Pre-condition:
Description:

Flow of Events:

Post-condition:

Assumptions:
Etc.

Fig. 12: Base use casesl] initial use case

e The base use cases describe the specific behaviors and interactions that take place between
actors and the system, within the scope of the use case.
e An base use case provides a complete description of the normal set of primary interactions
between the actors and the system, within a use case
o i.e., “sunny day”, “success” or “optimistic” scenarios only, i.e., the scenarios that fulfill
actors’ goals
o No need to model “rainy day”, “failure” or “pessimistic” scenarios yet - this comes later
e Purpose
o Understand the primary interactions between the system and user as well as system
behaviors in the use case
o Provide detailed description of “sunny day” scenarios
o Begin to identify/document exceptions or alternative scenarios, but don’t model these yet
o Begin to identify non-functional requirements and assumptions associated with the use
case
o Document the priority of each use case in the development effort
e Contents
o Same as with initial Use Cases:
» Use case number and name
= Names of the actor or actors who interact with the system
= Description of the use case (the description can be shortened if needed at this point
to avoid redundancy with the flows of events)

= “Optimistic” flow of events of the use case, i.e., “sunny day” scenarios

» Pre-Conditions and Post-Conditions of the use case

= Priority of the use case

= Known non-functional requirements (e.qg., performance, security) specifically

associated with the use case

Any other assumptions concerning this use case

= A list of exceptions or alternatives found during the definition of activities in the
flow of events
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Use Case ID

Use Case

Actors

Description

(brief)

Pre-conditions

Flow of Events

Post-conditions

Alternative Flows (briefly described)

Priority

(High, Medium or Low)

Non-Functional Requirements|(only those associated with this use case, if any)

Assumptions

Outstanding Issues

Source

e Developing Base Use Cases

o

(e}

o

o

o

Take each initial use case description and expand it

Focus on defining the basic or ideal processing flow of an event

Usually there is a mapping of one base use case for each initial use case description
However, as more is understood about the requirements, multiple base use cases may be
discovered as the details of a single initial use case description are better understood
The use case model can be simplified by splitting complex and long use cases into
smaller, simpler and more manageable use cases

e The Flow of Events

o

o

o

(e}

o

o

o

The flow of events describes the basic activities (i.e. behaviors and interactions) that
occur during the interactions between the actors and the use case

It records the order in which activities are performed

Activities are documented as a series of steps

Some use numbered steps, others use free text

Numbered steps establish reference and sequence

They describe the primary activities in the use case

The use case should be written so that users can easily understand and validate them

¢ Pre-conditions and Post-conditions

o

(e}

o

Important to know the functional SCOPE of a use case’s responsibilities and the
implications of a complete use case execution.

Use cases do not stand alone, they represent functionality that is performed within the
context of other use cases

Some use cases depend on others, with one use case leaving the system in a state that is
a precondition for another use case to be able to execute

The system states that delimit a use case’s functional scope and its place within a larger
set of use cases are known as pre-conditions and post-conditions

Preconditions describe the state or status the system must be in, prior to the execution of
a use case. What must be true before the use case can execute?

Postconditions describe the state or status of the system as a result of the execution of
the use case.

Examples
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* To evaluate a loan request, a loan request must have been submitted

= To withdraw funds from an ATM, the customer must have logged in and
authenticated

= To process an order cancellation, the order must have been received, but not

shipped
» To process a merchandise return, the merchandise must have been shipped
Use Case ID UC-100
Use Case Withdraw Funds
Actors (P) Customer
Description Customer logs in, selects withdraw funds, enters an amount and receives

cash and receipt

Pre-conditions

Welcome screen is on

Flow of Events

. Customer slides card in and out

. Machine prompts customer for password

. Customer enters password

. System authenticates customer

. System presents user with a choice menu

. Customer selects Withdraw Funds option

. System asks customer to select account

. Customer selects account

O oOoINOOLBA[WIN|F

. System asks customer for amount to withdraw

10. Customer enters amount

11. System dispenses cash and prints receipt

12. System logs customer out

Post-conditions

Welcome screen is back on

Alternative Flows

Customer may not be authenticated; customer may not have sufficient
funds; machine may not have enough cash

Priority

High

Non-Functional
Requirements

Cash dispensed within 10 seconds after amount is entered

Assumptions

Customer speaks English

Source

Bank’s Operational Procedures Manual

000 0OezERDO OO O base use caseld O O

Use Case ID ezUC-001

Use Case ERDO O

Actors (P) Customer

Description Customer logs in, selects withdraw funds, enters an amount and receives

cash and receipt

Pre-conditions

Welcome screen is on
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Flow of Events

. Customer slides card in and out

. Machine prompts customer for password

. Customer enters password

. System authenticates customer

. System presents user with a choice menu

. Customer selects Withdraw Funds option

. System asks customer to select account

. Customer selects account

Ol dJO LA WIN|IF

. System asks customer for amount to withdraw

10. Customer enters amount

11. System dispenses cash and prints receipt

12. System logs customer out

Post-conditions

Welcome screen is back on

Alternative Flows

Customer may not be authenticated; customer may not have sufficient
funds; machine may not have enough cash

Priority

High

Non-Functional
Requirements

Cash dispensed within 10 seconds after amount is entered

Assumptions

Customer speaks English

Source

Bank’s Operational Procedures Manual

5.5.4.3 Fully Elaborated Use Cases

e Elaborating on the Base Use Cases
o Base use cases provide an excellent perspective of the system, but we need to add more
detailed information about the system’s behavior to complete the analysis
o Base Use Cases describe “sunny day” scenarios that fulfill the goals of the actor(s)
involved (e.qg., get cash)
o During the execution of a use case there will be variations such as alternatives and
exceptions that occur as a result of the interactions between the actors and the system.
o Elaborated Use Cases also include “rainy day” scenarios, some of which don’t fulfill
actors’ goals (e.g., insufficient funds, no cash in the ATM machine)
o Later, we will also add Included and Extended Use Cases, and also Generalizations
e What is added in the Elaborated Use Case
o More details about the activities performed during the flow of events of a Base use case,

as needed

o Conditional and alternative flow of events to document exception and alternative
processing as needed

o Splitting the Base Use Case into two or more narrowly focused Elaborated Use Cases,
when the Base Use Case is too broad or complex

o Adding non-functional requirements specifically associated with the Use Case (e.qg.,
performance, capacity, availability, security), as needed

o Adding constraints imposed on the Use Case (e.g., must operate on Linux OS and Oracle

database)

e Conditional vs. Alternative Flow of Events
o The are both very similar
= Conditional flow of events are described within the use case
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= Alternative flow of events are described in separate but related Use Cases
o When to use Conditional Flow of Events:
= Variations are key to understanding the Use Case
= Variations occur frequently
= Variations are short and simple
o When to use Alternative Flow of Events:
= Variations are long and complex
= Variations have different priorities
e Conditional Flow of Events
o As more elaborated functionality is discovered, conditional logic can be a useful approach
to represent the functional complexity
o Be sure to keep the conditional logic at a manageable level of detail.
o The objective is to understand the functionality, not to write the software code
o Use IF statements to initiate conditional flows; EX.:

7. If ATM machine is out of cash

7.1 Notify customer of no cash availability
7.2 Log customer out

7.3 Notify ATM service group

Elaborated

Base aborated

Use Case il Use Case w/

o foo | Conditional
rzzz | Flow of Events

Fig. 13: O base use casell 00 O elaborated use case (with conditional flow of events)

¢ Use case form with conditional flows:

Use Case ID
Use Case
Actors
Description
Pre-conditions
1.
2. If xx go to 8 (conditional flow)
Flow of Events 3.
4. If yy go to Use Case UC 101-Al (alternative
flow)
5. Etc
" 8. (list/describe relevant events and return to 3)
Conditional Flows 9. Etc

Post-conditions

(if simple, briefly describe it; if long or complex,
move to a separate Use Case)

Priority (High, Medium or Low)

Alternative Flows
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Non-Functional Requirements (only those
associated with this use case, if any)
Assumptions
Outstanding Issues
Source
e Another way to describe conditional flows:
Use Case ID
Use Case
Actors
Description
Pre-conditions
1.
2. If xx (conditional flow listed when it occurs)
2.1
Flow of Events 2.2
3.
4. if yy go to Use Case UC 101-Al
5. etc

Post-conditions

Alternative Flows

(if simple, briefly describe it; if long or complex, move to a separate
Use Case)

Priority

(High, Medium or Low)

Non-Functional Requirements

(only those associated with this use case, if any)

Assumptions

Outstanding Issues

Source

e Example: Elaborated Use Case with Conditional Flows:

Use Case ID UC-100

Use Case Withdraw Funds

Actors (P) Customer

Description Customer logs in, selects withdraw funds, enters amount, gets cash
Pre-conditions Welcome screen is on
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. Customer slides card in and out

. Machine prompts customer for password

. Customer enters password

NI

. If password is incorrect

4.1 go back to step 2

4.2 if password is incorrect 3 times

4.2.1 Retain card and notify user

4.2.2 go to step 13

Flow of Events

. System authenticates customer

. System presents user with a choice menu

. Customer selects Withdraw Funds option

. System asks customer to select account

O (N O W

. Customer selects account

10. System asks customer for amount to withdraw

11. Customer enters amount

12. System dispenses cash and prints receipt

13. System logs customer out

Post-conditions

Customer is logged out an welcome screen is back on

Alternative Flows

Customer may not have sufficient funds; machine may not have enough
cash

Priority

High

Non-Functional
Requirements

Cash dispensed within 10 seconds after amount is entered

Assumptions

Customer speaks English

Source

Bank's Operational Procedures Manual

¢ Alternative Use Cases

Base
Use Case

LIC 101-81

LIC 101 UC 101-A2

Alternative
Use Cases

LIC 101-A3

Fig. 14: alternative use cases

e Normally there are several possible variations, alternatives and exceptions that can occur when
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a use is executed. Ex.:

o What if loan applicant has a bad credit history?
o What if loan applicant doesn’t qualify?)
e These alternative behaviors can represent significant functionality, so it is necessary to model
the implications of these alternatives
e We do this in Alternative Use Cases
e Which describe the Flow of Events that are triggered when such exceptions occur in the Use

Case
¢ An alternative Use Case

is not independent; it is tied to the Use Case that originated it

e Alternative Flow of Events
e Documents the specific behaviors that will occur in an Alternative Use Case

¢ An alternative Use Case

can involve such things as:

A different processing option based on user input
» A decision taken within the use case flow of events, or
¢ An exception condition that triggers a different set of behaviors

Not all alternative events need to go in separate Use Cases; they can be documented quickly

and briefly in the base use case description

The Alternative Use Case has a new field indicating the “Insertion Point” (where it starts

executing in the Base Use Case

Use Case Document for Alternative Flows

Use Case Form for Alternative Flows

(same ID as the base Use Case ID, but with suffix Al, A2, etc.; e.g., UC

Use Case ID 101-A1)

Use Case

Actors (same as Base Use Case’s Actors)
Description

Insertion Point

(step in Base Use Case where this alternative flow should be inserted)

Pre-conditions

(clearly indicate under which conditions trigger the alternative flow)

Alternative Flow of Events

1.
2.
3.

Conditional Flows

(within the Alternative flow)

Post-conditions

Priority

Non-Functional Requirements

Assumptions

Outstanding Issues

Source

Example:

Use Case ID UC-100

Use Case Withdraw Funds
Actors (P) Customer
Description Customer logs in, selects withdraw funds, enters amount, gets cash

Pre-conditions |Welcome screen is on
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Flow of Events

1. Customer slides card in and out

2. Machine prompts customer for password

3. Customer enters password

4. If password is incorrect

<html>&nbsp;&nbsp;&nbsp;&nbsp;</html> 4.1 If card used was reported stolen
execute UC-100-Al

<html|>&nbsp;&nbsp;&nbsp;&nbsp; </html> 4.2 go back to step 2

<html|>&nbsp;&nbsp;&nbsp;&nbsp;</html> 4.3 If password is incorrect 3 times

<html|>&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp; </html> 4.3.1
Retain card and notify user

<html|>&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp; </html> 4.3.2 go to
step 13

5. System authenticates customer

6. System presents user with a choice menu

7. Customer selects Withdraw Funds option

8. System asks customer to select account

9. Customer selects account

10. System asks customer for amount to withdraw

11. Customer enters amount

12. System dispenses cash and prints receipt

13. System logs customer out

Post-conditions

Welcome screen is back on

éllg\eNr;\atlve Customer may not have sufficient funds; machine may not have enough cash.
Priority High

Non-Functional
Requirements

Cash dispensed within 10 seconds after amount is entered

Assumptions

Customer speaks English

Source Bank's Operational Procedures Manual

Use Case ID UC-100-A1

Use Case Withdraw Funds Alternative for Stolen Card Use
Actors (P) Customer

Description Notify security when use of a stolen card is detected

Insertion Point

UC-100, flow 4.1

Pre-conditions

User entered incorrect password and card had been reported stolen

Flow of Events

1.Immediately notify bank security

2.Place a call to local authorities

3.Take multiple pictures with ATM camera

4.Interact with user as if it were a normal transaction

5.Disable cash dispensing functions temporarily

6.Introduce processing delays to keep customer distracted
7.Retain card

8.Timeout if user stops interacting with ATM 30 seconds or more
9.Timeout if new user inserts a legitimate card

10.System logs customer out

Post-conditions

Welcome screen is back on

Alternative Flows
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Priority

High

Non-Functional Requirements

Assumptions

System has local authority notification feature

Source

Bank’s Operational Procedures Manual

5.5.4.3.1 Extended Use Cases

e When developing a use case model, there will be times when significant behaviors will be

identified, which extend

e Extended behaviors are
o Future extensions
future extensions

the behavior of the base use cases

commonly used to model:

to the system (it is a good development practice to include all known
in the analysis model)

o Extended versions of the system (e.g., “Premium”, “Professional”)
o Possible extensions, which can be added or removed later
» These additional behaviors are documented using Extend Relationships and Extended Use

Cases

e Advantages of the Extend Approach
o Helps represent the system’s extended behavior in the Use Case without cluttering,
complicating or enlarging the base flow of events.
o Rather, significant extensions can be drawn out and represented separately
o The Base Use Case flow does not have to be re-written and the Use Case Model does not
need to be re-drawn to reflect this new behavior.
o As new extensions are discovered they can be added to the model

o As extensions are

discarded they can be easily removed from the model

e Adding Extended Use Cases
o The Base Use Case is extended at specific points in its Flow of Events named “Extension

Points”

o The extending behaviors are executed at these points when the required conditions for

extension are met

o Control is returned to Base Use Case at the same point in Flow of Events where the

extension was trig

gered

If the extendimgz condition 15 met

Extended Flow — the extendmg flow is executed

Extending Flow

Fig. 15: Extended Flows

» Notation for the Extended Relationship
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Extended

i.e. the use

case being
extended

Fig. 16: Extended Use Case 1

Loan

Fig. 17: Extended Use Case 2

Use Case

Process

Application

Extending

<<extend>>__.- Use Case A
=" i.e., the
4:-#*"' flows
extending
& the original
il use case

-
= -

Extending

<<gxtend>> ~ =~
lse Case B
Additional
<<extend>> - 4 Flows for Business

-
-

Loans

T
e

-
.

Additional

Flows for Real
Estate Loans

<<extend>> "~~~

e Use Case Form for Extended Flows

(same as the base Use Case ID, but with suffix E1, E2, etc.; e.g., UC

Use Case ID 101-E1)

Use Case

Actors (same as Base Use Case’s Actors)
Description

Extended Use Case

Extension Point

(step in Base Use Case where this extension occurs)

Guard Conditions

(precondition in the Extended Use Case that triggers the extension)

Alternative Flow of Events

1.
2.
3.

Conditional Flows

(within the Extended flows)

Post-conditions

Priority

Non-Functional Requirements

Assumptions

Outstanding Issues

Source
Use Case ID UC-100-E1
Use Case Print bank statement for a fee
Actors (P) Customer
- Allows customer to print a bank statement with balances and
Description

transactions in the last 30 days for a $1 fee

Extended Use Case

UC-100 Withdraw Funds
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Extension Point

UC-100; after flow step 12

Guard Conditions

Statement printing option is implemented and enabled

Flow of Events

1. Ask customer if he/she would like a printed bank statement

2.If customer says yes

2.1 Notify customer of a $1 charge for this service

2.2 Prompt customer to continue or cancel

2.3 If customer selects continue

2.3.1 Print statement

2.3.2 Debit $1 from customer’s account

2.3.3 Display thank you note

Post-conditions

Return to UC-100 and continue on flow step 13

Alternative Flows

Priority

Low

Non-Functional Requirements

Statement must print within 20 seconds

Assumptions

Source

Bank'’s Operational Procedures Manual

5.5.4.4 Refactoring and Included Use Cases

The concept of “refactoring” comes from software programming - as software gets corrected,

maintained, updated, etc. its code often becomes disorganized and/or suboptimal

It involves re-organizing

Re-factoring: “is a technique to restructure code in a disciplined way” - Martin Fowler

the software code without changing its functionality, to make it easier

to understand and maintain

Included Use Cases

Refactoring is applied today to many aspects of system development, not just programming
In Use Cases, it involves the “Included” Use Cases

o Included Use Cases provide a way to model similar behaviors that can be used across

multiple use cases

o As the Use Case is elaborated, you may identify flow of events that are repeated in

several Use Cases

o You can extract them into generic “Included” Use Cases, and then “Include” them
whenever you need them

o Examples:

= User logs in and gets authenticated
= Check product availability in inventory
o Advantages of Included Use Cases

= [dentify commonalities among use cases

» Manage redundancy within the use case model

= Facilitate change in the use case model - when things change in the Included case,
you only need to make the necessary changes once

= Begin to assemble Included Use Case “Libraries” of common behaviors that can be
re-used in other projects
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Fig. 19: Included Relationship 1
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Fig. 20: Included Relationship 2

¢ Using Included Use Cases
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o Identify all Included Use Cases with the prefix “IUC” instead of “UC”

o Indicate in the Base Use Case the point in the Flow of Events where the included use case
is included

o In the Included Use Case, document all Base Use Cases that use that Included Uses Case

¢ Use Case Form for Included Flows

Use Case ID (use IUC suffix instead of UC; e.g., IUC 001)

Use Case

Description

Including Use Cases (list Use Cases that use in this included Use Case)

Pre-conditions

1.
Alternative Flow of Events 2.
3.

Conditional Flows (within the included flows)
Post-conditions

Priority

Non-Functional Requirements
Assumptions

Outstanding Issues

Source
e Example
Use Case ID UC-100
Use Case Withdraw Funds
Actors (P) Customer
Description Customer logs in, selects withdraw funds, enters amount, gets cash
Pre-conditions Welcome screen is on

. Include IUC-001 Log in and Authenticate Customer

. If not successful, go to step 10

. System presents user with a choice menu

. Customer selects Withdraw Funds option

. System asks customer to select account

Flow of Events
. Customer selects account

. System asks customer for amount to withdraw

. Customer enters amount

O (IO P WIN P

. System dispenses cash and prints receipt

10. System logs customer out

Post-conditions Welcome screen is back on

. Customer may not have sufficient funds; machine may not have enough
Alternative Flows cash
Priority High

Non-Functional

Requi Cash dispensed within 10 seconds after amount is entered
equirements

Assumptions Customer speaks English
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Use Case ID IUC-001

Use Case Login and Authenticate Customer

Description Customer logs, gets authenticated, card is checked against stolen reports
I(?;Sl’ggmg Use UC-101 Withdraw Funds; UC-102 Deposit Funds; UC-103 Other transactions

Pre-conditions

ATM has detected a card in the slot

Flow of Events

1. Customer slides card in and out

2. Machine prompts customer for password

3. Customer enters password

4. If password is incorrect

<html>&nbsp;&nbsp;&nbsp;&nbsp;</html> 4.1 If card used was reported stolen
execute IUC-001-Al

<html|>&nbsp;&nbsp;&nbsp;&nbsp;</html> 4.2 go back to step 2

<html|>&nbsp;&nbsp;&nbsp;&nbsp; </html> 4.3 If password is incorrect 3 times

<html>&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp; </html> 4.3.1
Retain card and notify user

<htmlI>&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp; </html> 4.3.2
System logs customer out and ends this transaction

5. System authenticates customer

Post-conditions

System is back on the next flow step right after this included case was invoked

Alternative
Flows

Priority

High

Non-Functional
Requirements

Authentication should take place within 20 seconds after password entered

Assumptions

Customer speaks English

Source

Bank's Operational Procedure Manual

5.5.4.5 Generalization Relationships

“implies that the child Use Case contains [i.e., inherits] all the attributes, sequences of

behavior, and extension points defined in the parent use case, and participates in all
relationships of the parent use case.”

Notations

Like classical generalization and inheritance
A more powerful version of “Include”
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Fig. 21: Generalized Use Case 1
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Fig. 22: Generalized Use Case 2

5.5.5 Important Rules about Use Case Models

e Alternative Use Cases don’t need to be diagrammed -> they an integral part of the originating

Use Case (if you decide to diagram them, apply the same rules for Extended Use Cases)

¢ Use Cases should not connect with other Use Cases in the diagram

e Actors should not connect with other Actors in the diagram

e Only Actors connect (interact) with Use Cases

e But there are 3 exceptions:
o Extended Use Cases connect with their respective extending Use Cases
o Included Use Cases connect with the Use Cases that include them

o Use cases can connect to other use cases and actors can connect to other actors when

there is a “generalization” relationship
e Extended and Included Use Cases may or may not connect directly with Actors

e Extended and Included Use Cases don't “stand alone” a they are always associated with

another use case.
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