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What is KUPE?

 KUPE (Konkuk Unified Process for Education)

— A software process based on RUP
— Revision of OSP (by Tailored to SE classes in universities) and OOPT

e Characteristics of KUPE
— 3 Stages

1. Iterative : Multiple development cycles
2. Incremental : System grows incrementally as each cycle is completed
3. Architecture : Stage > Cycle > Phase > Activity

1000/ pjan and 2000 . 3000
: g Build —_— Deployment
Elaboration
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1. 3 Stages

1000 plan and 2000 ) 3000
: —_— Build —_— Deployment
Elaboration

« Stage 1000 : Plan and Elaboration
— Planning, defining requirements, building prototyping, etc
— Corresponding to Inception/Elaboration phases in the RUP
« Stage 2000 : Build
— Construction of the system
— Corresponding to Construct phase in the RUP
« Stage 3000 : Deployment
— Implementation of the system into use
— Corresponding to Transition phase in the RUP
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2. Iterative Development

« Multiple iterations in the Build stage
 Each iteration took about 2 to 8 weeks

1000 2000 3000
Plan an.d —_— Build — Deployment
Elaboration
2 2 2
Cycle 1 —_ Cycle 2 —_ Cycle n

2110 Revise 21120 Sync. 2 30 2 40 2 50 2 60
Plan Artifacts Analyze Design Construct Test
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3. Incremental Development

1000 p|an and 2000 , 3000
: g Build g Deployment
Elaboration
2 2 2
Cycle 1 . Cycle 2 —_ Cycle n
Use-Case A Use-Case A Use-Case D
Simplified Version - Full Version Full Version
Use-Case B Use-Case C Use-Case C

Full Version Simplified Version p  e00 Full Version

EPENDABLE SOFTWARE 5
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4. Architecture of KUPE

Stage

Plan and ,
Elaboration " Build Deployment
Cycle 1 —)m Cycle 2 —_— m Cycle n

A 4

m Revise Sync.
Plan Artifacts Analyze Design Construct Test
—"
Define Define Refine Define Define Define
Real Use Cases Reports & Ul System Archi. Interaction D. Design Class D DB Schema
“E"E"Li';iﬁsm*ﬁ 6
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Stage 1000.
Plan and Elaboration

1000 2000 3000
Plan ar!d — Build —_— Deployment
Elaboration
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Stage 1000. Plan and Elaboration

« Stage 1000 Activities

Business Use Case

KU tvessiry

Test Case

AN
a. ongoing
Plan and b. optional
. c. may defer
Elaboration d. varied order
Define Create Preliminary Define
Draft Plan > Investigation Report Requirements
Record a Implement b,d Define Draft AEE
Terms in Glossary ™ Prototype System Architecture
Define Define Business Define System
> Concept Model

Refine Plan
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Activity 1001. Define Draft Plan

1001 Define
Draft Plan

« Description
— Write a draft plan for schedule, resources, budget, objective, etc
— Input : related documents of previous similar projects
— OQutput : a draft project plan
« Steps
1. Write motivation and objective of project
Write scope of project
Identify and write functional requirements
Identify and write non-functional requirements

Estimate resources (human efforts(M/M), human resources, duration,
budget)

vk wn
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Activity 1002.
Create Preliminary Investigation Report

1002 create Preliminary
> Investigation Report

« Description
— Write an investigation report on alternatives, business needs, risk, etc
— Input : draft project plan
— Output : an investigation report

« Steps

1.

vk wn

Write alternative solutions

Write project’s justification (business needs)

Identify and manage risks, and write risk reduction plans
Analyze business market

Write managerial issues

10
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Activity 1003. Define Requirements

1003
>

Define
Requirements

« Description
— Write a requirement specification for a product
— Input : draft project plan, investigation report
— Output : a requirement specification

« What is a requirement? (IEEE Std 610.12-1990)

— A condition or capability needed by a user to solve a problem or achieve an
objective.

— A condition or capability that must be met or possessed by a system or
system component to satisfy a contract, standard, specification, or other
formally imposed documents.

— A documented representation of a condition or capabilities as in (1) or (2)
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Activity 1003. Define Requirements

« Functional requirements

A requirement that specifies a function that a system or system
component must be able to perform

Analyzed and Realized in Use-Case model

« Non-functional requirements

e Rec

Constraints on the services or functions offered by the system as
timing constraints, constraints on the development process,
standards, etc.

Portability, Reliability, Usability, Efficiency(Space, Performance)
Delivery, Implementation, Standards
Ethical, Interoperability, Legislative(Safety, Privacy)

ommended reference : IEEE Std. 830-1998
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Activity 1003. Define Requirements

« Steps
1. Gather all kinds of useful documents
Write an overview statement (objective and name of the system, etc.)
Determine customers who use the product
Write goals of the project

Identify system functions

« Functional requirements

« Add function references(such as R1.1, ...) into the identified functions

« Categorize identified functions into Event, Hidden, and Frill
6. ldentify system attributes

« Non-functional requirements

7. ldentify other requirements (Optional) should perform /
« Assumptions, Risks, Glossary, etc. Event visible to users

vk wn

Categorization

should performs /

Hidden invisible to users

Frill optional
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Activity 1004. Record Terms in Glossary

1004 Record

= Terms in Glossary

» Description
— Similar to "Data Dictionary”

— Dictionary of terms and any associated information(constraints and
rules)

— Input : requirements specification
— OQutput : a term dictionary
« Steps
1. Describe meaning of terms specified in requirements specification
2. Write alias of each term
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Activity 1005. Implement Prototype

1005 Implement b,d

> Prototype

e Description

— Develop a prototype system to permit use feedback, determine
feasibility, or investigate timing or other issues

— Input : requirements specification
— Output : a prototype

« Steps
1. Develop a prototype

15
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Activity 1006. Define Business Use Case

1006 Define

> Business Use Case

« Description

— To obtain a deeper understanding of the processes and requirements
identified so far

— Identify business tasks as business use cases, and illustrate their
relationships in use case diagrams

— Input : requirements specification

— OQOutput : a business use case model (High-level use case)
» Business Use Case Diagram
» Business Use Case Description

e ' |2

Cashier Customer

Items

o
' DEPENDABLE SOFTWARE 1 6
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Activity 1006. Define Business Use Case

« Steps
1. Determine system boundary in order to identify what is external
versus internal, and what the responsibilities of the system are
» Typical system boundary includes:
— Hardware/Software boundary of a device / computer system
— Department of an organization
— Entire organization

Cashier Customer

System boundary 17

EPENDABLE SOFTWARE
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Activity 1006. Define Business Use Case

2.

Identify the actors related to a system or organization

An actor is anything with behavior, including the system under
discussion(SuD) itself when it calls upon the services of other systems

Actors are not only the roles played by people, but also organizations,
software, and machines

Primary Actors
— Have user’s goals fulfilled through using services the system provides
— Primary actors can be other computer systems (i.e. watchdog)
Supporting Actors
— Provide services to the system under design
— Often a computer system could be a supporting actor

Actor

18
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Activity 1006. Define Business Use Case

3. ldentify user goals for each actor
4. Record the primary actors and their goals in an actor-goal list

Process sales
Process rentals
Handle returns

Cashier Cash in
Cash out
Add users
Modify users

System Admin. Delete users

Manage securities

PENDABLE SOFTWARE 1 9
LABORATORY
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Activity 1006. Define Business Use Case

5. Define use cases that satisfy user goals
 Identify use cases by actor-based
— For each actor, identify the processes they initiate or participate in
 Identify use cases by event-based
— ldentify the external events that a system must respond to
— Related the events to actors and use cases
« Name them according to their goals

6. Allocate system functions identified during the requirements
specification into related use cases

7. Categorize identified use cases into primary, secondary, and optional
use cases
* Primary use cases . major common processes
* Secondary use cases : minor or rare processes
« Optional use cases : processes that may not be tackled
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Activity 1006. Define Business Use Case

8. Identify relationships between use cases

« Write major steps or branching activities of one use case as several
separate use cases using “include” relationship, when they are too
complex, long, and duplicated to understand

« Use “extends” relationship when an exceptional activity is occurred in use
case

Pay by
< <incluy' Cash
<<include>> . Pay by < <extends>> Exceed
; Credit ) Limits
< <im Pay by
Check

21
LABORATORY
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Activity 1006. Define Business Use Case

9. Draw a use case diagram

| D
%i\@

Cashier Customer
Refund
Items
9. Describe use cases
« Describe the detail information of use cases
—  Name, Actor, Description
Use Case The name of use case
Actors Associated actor
Description Abstract information of use case

EPENDABLE SOFTWARE
LABORATORY

KU
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-0 000

High

Low

Activity 1006. Define Business Use Case

11. Rank use cases according to the followings:
d.

Significant impact on the architectural design

Significant information and insight regarding the design
Include risky, time-critical, or complex functions

Involve significant research, or new and risky technology
Represent primary line-of-business processes

Directly support increased revenue or decreased costs

The ranking scheme may use a simply fuzzy classification such as high-
medium-low

High ranking use cases need to be tackled in early development cycle

Buy Items It's the triggering event of all processes

Add New Users Affects security

Medium Log In

Refund Items

Cash out Minimum effect on the architecture
Start Up

Shut Down
23
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Activity 1007. Define Business Concept Mode

1007 Dpefine Business
> Concept Model 1

« Description
— Identify "business concept” in the target domain which can be
candidates for “classes”

— Input : requirements specification, term dictionary
business use case model

— Qutput : a business concept model
« Steps

1. Identify business terms or business concepts from requirements specification
or through interviews with domain experts

2. Define identified terms as business concepts
« Implementation details can't be business concepts
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Activity 1008.
Define Draft System Architecture

1008 pefine Draft a,c.d
¥ System Architecture

« Description
— Construct a rough preliminary system architecture model

— Input : requirements specification
business use case model

— OQutput : a draft system architecture

« Steps
1. Define logical/physical layers of the target system
2. Separate the whole system into several subsystems
3. Assign business use cases into each subsystem
4. l|dentify and draw up hardware resources

25
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Activity 1009. Define System Test Case

1009 pefine System
Test Case

>
« Description
— Define test Case of the system
— Input : requirements specification, business use case model
business concept model
— OQOutput : system test plan

« Steps
1. Identify requirements, use case

2. Planning system test cases accordance with use case models
Category partitioning, brute force, etc

3. Mapping the test plan with functional requirements specification
Identify 100% functional requirements coverage

'DEPENDABLE SOFTWARE 2 6
LABORATORY
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Activity 1010. Refine Plan

1010
-> Refine Plan

« Description
— Refine the draft project plan generated in activity 1001
— Input : all outputs of OSP stage 1000
— Output: a refined project report

« Steps

1. Review draft project plan, based on requirements specification, business use
case model, business concept model, and draft system architecture

2. Refine project's scope, duration, cost, and other resources
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1000 plan and
Elaboration

Stage 1000.

Plan and Elaboration
-Case Study-

2000
—_— Build —_—

Konkuk University

3000

Deployment

28
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Activity 1001. Define Draft Plan

« Motivation
— Ol A" C|XtQl 5 2=

* Objective

- 28% 2l Ofj==0f et 3= FSHE A7t &= A

« Functional Requirements
_ AFBRIE AN @E ma|siot

o AE2 ALEAZL Wt HE 4 St AFAE A2 id/pwet

« AN ”HEZ XHS =F G2 QICt

Me 18 50 238 Welt

o Qlaf TIE A AE Ao M TRt BHE KZeiCt,

- BElXte TREO YR U AN S &0l 4 Aot
. X £F A 0]0f If3t YL =C}

O 2o= &

|
o

. ®Z3 X2 EE T 4 ALt
. Y 22 U TS ol ¥ 4
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Activity 1001. Define Draft Plan

« Non-Functional Requirements
— QM FEH2 S| S0r0f oLt
— Q2ff 7rA2 XG5l Of oLt

_ malgl= 40| Hojof BiCh,

« Resource
— Human Efforts : 1-0.5 M/M
— Cost : 250,000

33
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Activity 1003. Define Requirements

« Functional Requirements (Rev. 1001)
— ALEXIE AE HE zt2| st}
. AIHS AFRRIV YBte CHE A4 SHH AFR A A id/pwet R ME 2 JpEICH
. M EE Te 5 g 4 9t
. AIRXHE m2IE AR MO AHE A AAIsof Bt
Id/pw 7t LR Z0Tt QUM I} FHsEHEE BhL}
— 270 270}20| 7}s SiC}.

- M= 1Y 5042 2= eCrt
. QIaf T Al A Ty Shol = WA 0H xp2EiCt
- T0| REE 2 QA WHO| FX| YEE Bt
2E|Ats ZEIEe| HE S AE EEE 2ol g = Ut
. 8% BF Al Olof T3 2YS Frt
. REW 8XE EE Y4 QUL
. H 2= 9 TS sol o 4 ULk
. HH 29|32 = B 4 QL
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Activity 1003. Define Requirements

CRef# | Funcion | Category

R 1.1
R1.2
R 1.3
R14
R 2.1
R2.2
R 3.1
R 3.2
R 3.3
R34

System Access

Make Account

|dentify Balance

Recharge Balance

Request Print

Check Balance
|dentify Paper
Recharge Paper
|dentify User
|dentify Money

Event
Event
Event
Event

Event

Hidden

Event
Event
Event

Event
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Activity 1004. Record Terms in Glossary

Balance AME 7ttt 232 EAISH A
Paper ArE 7tset 8| THE
User Z2E ALEAFESl AE

ABLE SOFTWARE

36
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Activity 1006. Define Business Use Case

« Define System boundary

Manager

-1 O o
— Manager : 22| A| A AR, 88X S5 HE|SH| |5 &=
actor

ABLE SOFTWARE

37
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Activity 1006. Define Business Use Case

« Use-cases by actor based (User)

Make
Account
Identify Recharge
Balance Balance

« Use-cases by actor based (Manager)

Recharge Identify
Paper User

DABLE SOFTWARE
LABORATORY

Identify
Paper
Identify
Money

38
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Activity 1006. Define Business Use Case

« Use-cases by event based

Check Balance

KU EKONKEUK
UNIVERSITY

« Allocate system functions into related use cases and categorize

EPENDABLE SOFTWARE
LABORATORY

_Ref. # | __Function | Use Case Number & Names

R 1.1
R 1.1
R1.2
R1.3
R14
R 2.1
R22
R 3.1
R 3.2
R 3.3
R34

System Access
System Access
Make Account
|dentify Balance
Recharge Balance
Request Print
Check Balance
Identify Paper
Recharge Paper
|dentify User
|dentify Money

1. Login

2. Logout

3. Make Account
4. Identify Balance
5. Recharge Balance
6. Request Print

7. Check Balance

8 ldentify Paper

9. Recharge Paper
10. Identify User
11. Identify Money

Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary

Primary

39
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Use case diagram

equest Print -

-

Recharge Balance

- DEPENDABLE SOFTWARE

Activity 1006. Define Business Use Cases

<<:indude>:‘lr

'
'
'
.
'
h

KU woversr
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Recharge Paper
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Activity 1006. Define Business Use Cases

e Describe use cases

Use Case Login
Actors User, Manager
Description - ARt or ZE|RHE A ARIE ARESEY| fI8 id, pw
Z Qol3f "iL[}
= H7 & .
- O] use case= 2 22 id/pw 2F MEE 3 HE
£ =2I510] id, pw’t LX[5t= B2 AlLH”H ArES
S ¢l otrt.
- 2P BR userz2 ZE|XQl B2 manager2 21
el 5til oS TEhetrt,
Use Case Logout
Actors User, Manager
Description - AEAt or ZE[AZE A|AES ALE SHA| OF7] fleh

use case O|C}.
- A8 590 HEfE ofA[Stn E£7|ztHS = ZOFZECY

() DEPENDABLE SOFTWARE 41
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Activity 1006. Define Business Use Cases

e Describe use cases

Use Case Make Account
Actors User, Manager
Description O| use caset id/pw & & BH=C}
2 22 id & LX[St= id7t Y= B AREAHA
e st
Use Case Identify Balance
Actors User
Description X 2301 &l ArEXte] Ao STHE Tl = of
Ol EA|SHCY.
Use Case Recharge Balance
Actors User
Description S Ao s 8 E=rt
SAM 2300 & ArEARS] AFo| sl s HTF T
AS ST BILY

S e
1)
a ;’%DEPENDAE!LE SOFTWARE
N LABORATORY
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Activity 1006. Define Business Use Cases

Use Case Request Print
Actors User
Description O use case= =Y O+ YUE Y=Lt
zhol 2Hol = EHo| SEE FQ QIS Y Bict
Use Case Check Balance
Actors Event
Description =8 2 o|=0f| 02} THAS H|WSHO] =3 7t
s & & Atetot
Use Case Identify Paper
Actors Manager
Description O| use case= #e[At2 202l0H 20 ZEIH9

SX| TS golgict

@

:

| DEPENDABLE SOFTWARE
LABORATORY

2
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i
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Activity 1006. Define Business Use Cases

Use Case Recharge Paper
Actors Manager
Description - O use casex= 25 &X|o| Ui+ &Y &=Lt
Q23 8X|9| O BHF Z2UE 0| 8X|S 2B
Use Case Identify User
Actors Manager
Description 2E|At2 2000t H0 ddE AZe BEE =
o| & £ oIt
- 2 T M-l
Use Case Identify Money
Actors Manager
Description #e[AtE 2005 B0 X|F7HK|2] & o= =
ol & = ULk

| MY

ﬁ DEPENDAELE SOFTWARE
LABORATORY
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Activity 1006. Define Business Use Cases

« Rank use cases

| Rank___| Use Case Number & Names

High 1. Login Primary
High 2. Logout Primary
High 3. Make Account Primary
High 4. |dentify Balance Primary
High 5. Recharge Balance Primary
High 6. Request Print Primary
High 7. Check Balance Primary
High 8 Identify Paper Primary
High 9. Recharge Paper Primary
High 10. Identify User Primary
High 11. Identify Money Primary

EPENDABLE SOFTWARE 4 5
LABORATORY
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Activity 1007. Define Business Concept Mode

 Identify the business concept

Account Balance Print
Manage Access login

logout Charge

'DEPENDABLE SOFTWARE
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Activity 1009. Define System Test Cases

 Identify requirements and use cases

| Ref. # | __Function | Use Case Number & Names

EPENDABLE SOFTWARE
LABORATORY

R 1.1
R 1.1
R1.2
R1.3
R14
R 2.1
R22
R 3.1
R 3.2
R 3.3
R34

System Access
System Access
Make Account
Identify Balance
Recharge Balance
Request Print
Check Balance
|dentify Paper
Recharge Paper
Identify User
Identify Money

1. Login

2. Logout

3. Make Account
4. Identify Balance
5. Recharge Balance
6. Request Print

7. Check Balance
8 Identify Paper

9. Recharge Paper
10. Identify User
11. Identify Money

KU EKONKEUK
UNIVERSITY

47
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Activity 1009. Define System Test Case

« Define system test plan and mapping with system function
— Brute force HA|0Z M

Test
Number

Test &5

KU

EKONKEUK
UNIVERSITY

B

EPENDABLE SOFTWARE
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200 Al
20t AlE

AE 48 Al

3
12

stol A

|

A
2

ST A

A HE A
SEN
=10l A

™ ro
ey B

ol o
| [l

=8 AlY

Pl
00

A 22 2ol Al

10

I

il

1

Description Use System
P Case Function

7|o test

202 HEZ =&

279 A|Z2 sto 229

23012 7|5 test
2ot AN MY 7I5

1. Login
2. Logout
3. Make Account

. Identify Balance

4
5. Recharge Balanc
e
6

. Request Print
7. Check Balance
8 ldentify Paper
9. Recharge Paper
10. Identify User
11. Identify Money

R 1.1

R1.2

R13

R14

R 2.1
R22
R 3.1
R 3.2
R 3.3
R34
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1000 plan and
Elaboration

é.bEPENDAELE SOFTWARE

Stage 2000.

—>

Build

2000

Build

Konkuk University

—>

3000

Deployment

49


http://cse.konkuk.ac.kr/
http://cse.konkuk.ac.kr/

6 Phases of '‘Build’ Stage

Plan and .
FEIaboration —)F Build —)F Deployment

m Cycle 1 —)m Cycle 2 —_ m Cycle n

210 Revise Sync.
Plan Artifacts Analyze Design Construct Test

EPENDABLE SOFTWARE 5 O
LABORATORY
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Phase 2010.
Revise Plan

21.1%] Revise 214 Sync. 21 21 21 21
Plan Artifacts Analyze Design Construct Test

()} DEPENDABLE SOFTWARE
N4 LABORATORY
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Phase 2010. Revise Plan

2110
Revise Plan =

Description

— Correct and enhance the project plan and requirement definition
based on the intermediate deliverables

— Input : intermediate deliverables

— OQOutput : A refined project plan, a refined requirement specification
Steps

52
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Phase 2020.
Synchronize Artifacts

21.1%] Revise 214 Sync. 21 21 21 21
Plan Artifacts Analyze Design Construct Test

‘ ()} DEPENDABLE SOFTWARE
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Phase 2020. Synchronize Artifacts

2120 Synchronize
> Artifacts B

e Description
— Configure and manage various types of artifacts (Project Repository)
— Control versions and variations
— Input :
— Output :
« Steps
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Phase 2030. Analyze

« Phase 2030 Activities

|

Il

B B B

EPENDABLE SOFTWARE
LABORATORY

Analyze

KU tvessiry

b. ongoing
c. optional

a. if not yet done

AN

a
Define Essential Refine
Use Cases e Use Case Diagrams

Define
Domain Model

Refine b Define System
Glossary — Sequence Diagrams

Define

Operation Contracts

Define ¢ Refine System
State Diagrams Test Case

8

Analyze (2030)

Traceability Analysis

56
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Activity 2031. Define Essential Use Cases

a
2131 pefine Essential
Use Cases

« Description
— Add event flows to business use case(high-level) descriptions
— Input : business use case descriptions (activity 1006)
— Output : An essential use case descriptions
— Standard applied : expanded use case format
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Activity 2031. Define Essential Use Cases

« Step
1. Select each use case from business use cases

2. Identify system functions related to the selected use case from
requirements specification
3. Identify related use cases to the selected use case from business use
cases
4. ldentify courses of events for each use case from the requirements
specification
« Typical courses of events (main event flow)
« Alternative courses of events
« Exceptional courses of events
5. Write essential use cases based on typical and alternative courses of
events flows by applying expanded use case format.
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Activity 2031. Define Essential Use Cases

« Expanded Use Case Format

Use case: Use Case Name

Actors: Actor Name

Purpose: The purpose of Use Case
Overview: The overview of Use Case
Type: Primary, Secondary, or Optional
Cross References: System functions in Req. Spec
Pre-Requisites: An essential pre-condition

Typical Courses of Events: Abstract scenario about the flow of events
Alternative Courses of Events:
Exceptional Courses of Events: define exceptional cases
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Activity 2031. Define Essential Use Cases

« Example: "Buy Iltems”

Use Case Buy Items

Actor Customer, Cashier

Purpose Capture a sale and its payment

Overview A Customer arrives at a checko.ut with items to purchase. The Cashier recor.ds the ?tems and collects a
payment, which may be authorized. On completion, the Customer leaves with the items.

Type Primary and Essential

Functions: R1.1, R1.2, R1.3, R1.7, R1.9, R2.1, R2.2, R2.3, R2.4

Cross Reference .
Use Cases: Log In use case

Pre-Requisites N/A

(A) : Actor, (S): System

1. (A) This use case begins when a customer arrives at the POST to checkout with items to purchase.

2. (A) The Cashier records each item.(E1)
Typical Courses of Events 3. (S) Determines the item price and adds the item information to the running sales transaction.
4. (A) On completion of item entry, the cashier indicates to the POST that item entry is complete.
5. (S) Calculates and presents the sale total.
6. (

A) The Cashier tells the customer the total.

Alternative Courses of Events

Exceptional Courses of Events E1: If invalid item identifier entered, indicate error.

'DEPENDABLE SOFTWARE
LABORATORY


http://cse.konkuk.ac.kr/

Activity 2032. Refine Use Case Diagrams

2132 Refine
> Use Case Diagrams ™

« Description
— Validate and modify the ‘Business Use-Case Diagram’
— Input : business use case model, essential use case descriptions
— Output : A refined use case diagram
— Standard applied : UML's use case diagram
« Step

1. Review business use case diagrams according to essential use case
descriptions

2. Refine use case diagrams by adding or refining use cases and relationships
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Activity 2033. Define Domain Model

2133 Define
-»> Domain Model 1

« Description
— Define domain concept model by reviewing input artifacts
— Input : essential use case descriptions, business concept model
— Output : A conceptual class diagram
— Standard applied : UML's use case diagram

« What is domain model?
— A representation of conceptual classes identified from a real world
— llustrates meaningful conceptual classes in a problem domain.
— Conceptual models
— Widely used as a source of inspiration for designing software objects.
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Activity 2033. Define Domain Model

« Step
1. List concepts(domain class) from use cases or business concept
model

* Guideline 1
— ldentify concepts by making a list of candidate concepts from the
‘Concept Category List’
* Guideline 2

— ldentity the noun and noun phrases in expanded use cases
description and consider them as candidate concepts or attributes

'DEPENDABLE SOFTWARE 6 3
ORATORY
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B

Activity 2033. Define Domain Model

« By using guideline 1
— 'Concept Category List’ may contain many common categories that
are usually worth to consider

Physical or tangible objects

POST

Specifications, designs, or descriptions of things

Product Specification

Places Store
Transactions Sale
Payment

Transaction line items

Sales Line Item

Roles of people Cashier
Containers of other things Store
Things in a container Item

Other computer or electro-mechanical systems
external to our system

Credit Card Authorization System

EPENDABLE SOFTWARE

LABORATORY

KU EKONKEUK
UNIVERSITY
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Activity 2033. Define Domain Model

« By using guideline 2
— The fully dressed use cases are an excellent description
— Scenario of the use case or use case descriptions can be used.

Main Success Scenario (or Basic Flow):
arrives at a with and/or to purchase.
starts a new
enters .
. System records and presents )
and running . Price is calculated from a set of price rules.
. System presents total price with calculated.

. Cahier tells Customer the total, and asks for

. Customer pays and System handles payment.

. System logs the completed sale and sends sale and payment information to
external (for accounting and commissions) and inventory system
(to update inventory).

9. System presents
10. Customer leaves with receipt and goods (if any).

EPENDABLE SOFTWARE 6 5
LABORATORY
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Activity 2033. Define Domain Model

2. Assign class names into concepts
« Use the existing names in the domain
« Do not add things that are not there

3. Identify associations according to association categories

Association Category Identified Associations

A is a physical part of B Drawer — POST

A is a logical part of B SalesLineltem — Sale

A is physically contained in/fon B ::S;T__Ss;;;e

A is logically contained in B ItemDescription — Catalog
A is a description for B ItemDescription — Item

A is a line item of a transaction or report B SalesLineltem — Sale

A is known/logged/recorded/reported/captured in B | Sale - POST

A is a member of B Cashier -Store

A is an organizational submit of B Department - Store

EPENDABLE SOFTWARE 6 6
LABORATORY
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Activity 2033. Define Domain Model

4. Assign priorities into identified associations
« High priority association categories are
— Alis a physical or logical part of B.
— Ais physically or logically contained in/on B.
— Als recorded in B.

» Should avoid showing redundant or derivable associations

5. Assign names into associations
« "Type Name” - "Verb Phrase” - "Type Name"
« Association names should start with a capital letter.

Captures Paid-by

ABLE SOFTWARE
LABORATORY

67
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Activity 2033. Define Domain Model

6. Add multiplicity into the ends of an association

1 *

7. ldentify attributes by reading

« requirement specifications, current use cases under consideration,
simplification, clarification, and assumption documents

« Attributes should be simple attributes or pure data values

— Boolean, Date, Number, String, Time

— Address, Color, Geometrics(Point, Rectangle,...), Phone Number, Social Security
Number, Universal Product Code(UPC), ZIP or postal codes, Enumerated types.

Cashier Cashier POST

Uses

name
currentPOST ~ hame 1 1 | number
/V

EPENDABLE SOFTWARE 6 8
LABORATORY
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Activity 2033. Define Domain Model

8. Draw them in a conceptual class diagram

Slaes |
Lineltem Records-sale-of tem
quantity 0..1 1
1.% .
Contained-in Stocked-in
1 1
sale Store
tC:I' o address
me name

() DEPENDABLE SOFTWARE
N 4 LABORATORY

KU EONKUK
UNIVERSITY
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Activity 2034. Refine Glossary

2134 Refine
Glossary

>
* Description
— Lists and refines all the terms in order to improve communication
and reduce the risk of misunderstanding
— Input : term dictionary, essential use case descriptions, conceptual class diagram
— OQOutput : A refined term dictionary
« Step

1.  Refine terms defined in the Plan and Elaborate Phase(use cases, attributes,
concept, etc.) during development cycle.

2. Record terms as following format:

Category

Payment Concept (Class) a cash payment

DABLE SOFTWARE 7 O
LABORATORY


http://cse.konkuk.ac.kr/

Activity 2035.
Define System Sequence Diagrams

E 2135 Define System

*  Sequence Diagrams

« Description
— Illustrates events from actors to systems.
— To investigate the system to build
— Input : essential use case descriptions, use case diagram
— Output : A sequence diagram

71
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Activity 2035. KUSE
Define System Sequence Diagrams

« What is a system sequence diagram(SSD) ?

— A picture that shows the events that external actors generate, their
orders, and inter-system events

— All systems are treated as a black box

— The emphasis of the diagram is events that cross the system
boundary from actors to systems

— SSDs should be defined for

« Main success scenarios
« Frequent, complex, or alternative scenarios
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Activity 2035.
Define System Sequence Diagrams

« Step
1. Draw a black box representing the system based on a use case

2. ldentify each actor that directly operate on the system from the
typical(normal) course of events in a use case

« Draw a line for each actor

i I :System

Actor 1 Actor 2

(0 ' DEPENDABLE SOFTWARE 73
A ORATORY
Sl 4
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Activity 2035.
Define System Sequence Diagrams

3. Determine system boundary

- Hardware/software boundary of a device or computer system
- Department of an organization or Entire organization

+ ldentify the system(external) events that each actor generates by
according to typical course of events in a use case

« Name system events
- Should be expressed at the level of intent rather than of the physics
- Name a system event with a verb and an objective like “enterltem”

Scenario: Buy Items % :System

Cashier

\ A

Y

enterltem(UPC, quantity)

endSale()

makePayment(amount)

A

System Boundary

’ ()} DEePENDABLE SOFTWARE 74
i LABORATORY
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Activity 2035.
Define System Sequence Diagrams

4. Include the use case text which corresponds to system event to the

left of the system sequence diagram

USE CASE: Buy Iltems

Typical Course of Events

1. This use case begins when a
Customer arrives at the POST to
checkout with items to purchase.

2. The Cashier records the

universal product code(UPC) from
each item. If there is more than

one of the same item, the Cashier can
enter the quantity as well.

3. System determines the item price
and adds the item information

to the running sales transaction.
The description and price of the
current item are displayed.

- DEPENDABLE SOFTWARE

LABORATORY

Cashier

KU EONKUK
UNIVERSITY

:System
enterltem(UPC, quantity)
endSale() |
makePayment(amount) |
75
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Activity 2036. Define Operation Contracts

2136 Define

»  Operation Contracts

« Description
— Define contracts for system operations

— Input : system sequence diagram, conceptual class diagram
— OQOutput : Operation Contracts

« What is a contract?
— A document that describes what an operation commits to achieve
— Written for each system operation to describe its behavior

— System Operation Contract : Describes changes in states of overall
system when a system operation is invoked
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Activity 2036. Define Operation Contracts

« Step
1. ldentify system operations from system sequence diagrams

« A system operation : an operation of the system that executes in
response to a system event in sequence diagram.

2. Fill in operation name sections with contract’s names
 Name: enterltem(upc: number, quantity: integer)
3. Fill in responsibilities sections

» Responsibilities: Enter sale of an item and add it to the sale.
Display the item description and price.

4. Fill in post-condition sections

« Post-conditions are declarations about the system state that are true
when the operation has finished.

5. Fill in pre-condition sections

« Pre-conditions define assumptions about the state of the system at the
beginning of the operation.

6. Fill in other (optional) sections

"DEPENDABLE SOFTWARE 7 7
ORATORY
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Activity 2036. Define Operation Contracts

« Operation Contracts Format

Name
Responsibilities
Type

Cross References
Notes

Exceptions

Output

Pre-conditions

Post-conditions

'DEPENDABLE SOFTWARE
LABORATORY

Name of operation, and parameters

An informal description of the responsibilities that the operation must fill
Name of type(concept, software class, interface)

System function reference numbers, use cases, etc.

Design notes, algorithms, and so on.

Exceptional cases

Non-Ul outputs, such as messages or records that are sent outside of
the system

Assumptions that the state of the system before execution of the
operation

The state of the system after completion of the operation

KU

EKONKUK
UNIVERSITY
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Activity 2036. Define Operation Contracts

« Contracts and Other Artifacts

USE CASE: Buy Items

Typical Course of Events

1. This use case begins.
2. ..
3. ..

Use-Case

EPENDABLE SOFTWARE
LABORATORY

S

:System

Cashier

enterltem(UPC, quantity)

. A

endSale()

A

makePayment(amount)

System
Sequence
Diagram

-y

Operation: endSale

Pre-conditions:
Post-conditions:

System

endSale()
enterltem( )
makePayment( )

Operation: enterltem

Pre-conditions:
Post-conditions:

System
Operations

Operation:
makePayment

Pre-conditions:
Post-conditions:

Contracts

79
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Activity 2037. Define State Diagrams

2137 Define c
> State Diagrams

« Description
— Describes all possible states of the system, use cases, or objects
— Input : essential use case diagram, conceptual class diagram
— OQutput : A state diagrams

« Three kinds of State diagrams:
1. Use case state diagram
2. System state diagram
3. Class state diagram

80
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Activity 2037. Define State Diagrams
« Event

— A significant or noteworthy occurrence

— Ex) a telephone receiver is taken off the hook

« State

— Condition of an object at a moment in time

— Ex) a telephone is in the state of being “idle” after the receiver is
placed on the hook and until it is taken off the hook

« Transition
— A relationship between two states that indicates that when an event
occurs and the object moves from one state to another

— Ex) when the event “off hook” occurs, transition occurs from the “idle”
to "active” state
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Activity 2037. Define State Diagrams

» Use Case State Diagram

— A state diagram that depicts the overall system events and their
sequence within a use case

Use Case: Buy Items

enterltem

\ enterltem /
WaitingForSaIe/ >\Enteringltems

A

endSale

y

makePayment K
QaitingForPayment

-
5
B
| 3 | DEPENDABLE SOFTWARE 8 2
) LABORATORY
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Activity 2037. Define State Diagrams

« (lass State Diagram

— A state diagram that depicts state changes of a class across all the

use cases

— Identify a class from interaction diagram
— A union of all the use case state diagrams

enterltem(upc,qty) —

1: [new sale] create() —

3: makelLineltem(spec,qty) ——>

:POST

2: spec := specification(upc)
:Product
Catalog

EPENDABLE SOFTWARE
LABORATORY

‘f

I “POST"” Class

\_

i terltem
Waiting en . .

~

J

83
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Activity 2037. Define State Diagrams

« System State Diagram
— Identify system events from system sequence diagram
— Determine sequence of system events
— Assign system events into transition of state diagram
— This is an optional activity
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Activity 2038. Refine System Test Case

2138 Refine System

-> Test Case

« Description
— Refine system test plan by using additional information
— Input : essential use case description, system test plan, sequence
diagram
— OQOutput : refined system test plan

« Step:
— Refine the results of activity 1009 with the results of analyze process
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Activity 2039. KUSE
Analyze (2030) Traceability Analysis

2139 Analyze (2030)

> Traceability Analysis

« Description

— Analysis the connection of results which are the results of analyze
(2030) step

« l|dentify the connection of use cases, system sequence diagram and
operation contracts

— Input : Essential use case description, sequence diagram
operation contracts
— Output : Traceability analysis result
« Step
— Writing the relations about the results of each step
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Activity 2039. KUSE
Analyze (2030) Traceability Analysis

« Example of Analyze traceability

System Function Use Case Operation

R 1.1 System Access »Login : enterinfo
R 1.2 Make Account

R 1.3 Identify Balance
R 1.4 Recharge Balance
R 2.1 Request Print

R 2.2 Check Balance

R 3.1 Identify Paper

R 3.2 Recharge Paper

R 3.3 Identify User

Logout : reglogin
Make Account
Identify Balance

Recharge Balance

: reglogout

: reqMakeAcc
: enterAccinfo
Request Print : reqAccount
Check Balance
Identify Paper

Recharge Paper

: reqBalance
: enterFee

W 0~ O N B~ W N

: reqRecharge

Wi

0

=
a

R 3.4 Identify Money Identify User : enterSheet
Identify Money : regPrint
12: regPaperldentify
13: enterPaperNum
14: reqCharge

[
w

: reqUserinfo
: regMoneylnfo

S :DEPENDABLE SOFTWARE 87

LABORATORY
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Phase 2030. Analyze

« Phase 2030 Activities

|

Il

B B B

EPENDABLE SOFTWARE
LABORATORY

Analyze

KU tvessiry

b. ongoing
c. optional

a. if not yet done

AN

a
Define Essential Refine
Use Cases e Use Case Diagrams

Define
Domain Model

Refine b Define System
Glossary — Sequence Diagrams

Define

Operation Contracts

Define ¢ Refine System
State Diagrams Test Plan

8

Analyze (2030)

Traceability Analysis

89


http://cse.konkuk.ac.kr/

)

Activity 2031. Define Essential Use Cases

Use Case
Actor

Purpose

Overview

Type
Cross Reference

Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

DEPENDABLE SOFTWARE
LABORATORY

Login
User, Manager
User2t manager?t A|AEIO| &

o] Qo) 2100 8 4 Az=

rOt

FCF.

=
ID/PW & & 20 A|Zat H[Z M2 7t LX|St= B2 user or manager2
239l st
LXSt= AEO| gle 8% 292 E[X| =L
Primary
Functions: R 1.1,
Use Cases:
N/A
(A) : Actor, (S) : System
1. (A) : ID/PWE & LY.
2. (A): 2012 @H3iCt
3. (S): €X|5k= AEO| AKX AAL = EXY Sh= B2 user or manage=

& 20| BiC}

E1. @X[5t= A0l Sl= 87 HHEX| E=C
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Activity 2031. Define Essential Use Cases

Use Case Logout

Actor User, Manager

Purpose H=5El User or Manager2| E&= S =20}

Overview g%oétgofr;e;?‘eﬁ HZE user or manager?| &S F=5tD XR7|%}
— .

Type Primary

Cross Reference Functions: R 1.1

Use Cases:
Pre-Requisites LoginO| M2 &[0Of SHC},
. (A) : Actor, (S) : System
Typical Courses of 1. (A): 2I0f2e QA sic}

e 2. (5): A2 42 ZESID £7|3HO 2 SOzt
Alternative Courses of
Events

Exceptional Courses of

Events e

DEPENDABLE SOFTWARE
LABORATORY
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Activity 2031. Define Essential Use Cases

Use Case Make Account
Actor User
Purpose MEZ2 AEA AE S d-gotot.
0 . MMe AEel id/pwE 28 = dd HHEZ =2 ME2 ALEA AE2
verview A g 4 QUCH AR MAMBHAHS SUBE g7t Qs Z0)T AN =lCt
Type Primary
Cross Reference Functlons:'R 1.2
Use Cases:
Pre-Requisites N/A
(A) : Actor, (S) : System
) 1. (A) : A 492 8T}
Typical Courses of 2. (A): ID/PWE 3 Birt
3. (S): ID/PWE =0l 510 7|E ALE A} H| W SHC}
4. (S): AE Mo Metot 42 AFEX AEE M ot

Alternative Courses of
Events

Exceptional Courses of . - N
Evonts E1. SetidE 71T AZO| 0|0 EXfsts B MHSHA| Y=Lt

DEPENDABLE SOFTWARE
LABORATORY
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Activity 2031. Define Essential Use Cases

Use Case |dentify Balance

Actor User

Purpose AEAL AZof| EOtU= TS =+l otrt,

Overview ALEAS| THl =01 2 F Al HOrRl= TS =2tQlsto] =3 otLt
Type Primary

Functions: R 1.3
Use Cases:

Pre-Requisites AHEALE loginOf Al [0 OF otCt,

(A) : Actor (S) : System
1. (A) : Tt =015 R Birt,

OH
-1 T

Cross Reference

Typical Courses of

|_ O =
Events 2. (5): ST AFSXIO| Ttk S stol = Z2 Bict,

Alternative Courses of
Events

Exceptional Courses of
Events

'DEPENDABLE SOFTWARE
LABORATORY
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Activity 2031. Define Essential Use Cases

Use Case Recharge Balance
Actor User
Purpose S AFEAL A0 TrlsS ST St
Overview e 22 g BF NS AEA AZo TS S oot
Type Primary
Cross Reference Functlons:'R 1.4
Use Cases:
Pre-Requisites AHEALE loginOf Al [0 OF otCt,
(A) : Actor, (S) : System
Typical Courses of 1. (A =S Y ot}
Events 2. (A): T STHS QEtLY.
3.9 : & &2 5 TF ArEA AEO| TS ST oo

Alternative Courses of
Events

Exceptional Courses of
Events

DEPENDABLE SOFTWARE
LABORATORY
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Activity 2031. Define Essential Use Cases

Use Case
Actor

Purpose
Overview

Type

Cross Reference

Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

DEPENDABLE SOFTWARE
LABORATORY

Request Print

User
AtERIC 2FE H

)
ro
2
M|
A
o
rot
il

AEXIS 28 Z 2hof Y™ El Ofj4= TtE QI E T
Primary

Functions: R 2.1, R 2.2

Use Cases:

AMEXIE loginO| M &|0{OF BHC},
(A) : Actor, (S) : System

1. (A) : Q12ff O+~ Y™HSID AME Q7F DL}
2. (S): Qlaff Of==0f 2t Hest == Al ALt
3. (S) : AHEAL AZd el Tredat H| W ST}

4. (S): =42 7|F otCf.

5. (S): 2 E TIH St

E1. 23 Of==0f H|sl ZtHOo| X2t 42 QM E
E2 X 0| 5 42 Qlaf7t £ X| &=Lt

o
rot

A
ot
of
0
rr

=
(o]
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Activity 2031. Define Essential Use Cases

Use Case
Actor

Purpose
Overview

Type

Cross Reference

Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

DEPENDABLE SOFTWARE
LABORATORY

Check Balance

Event-based

Claff Tl Al Tt He 258 =0 2 H[w ohCf,
AFE XLl 20 ofsh QI T A
A= HAotCt.

Primary

Functions: R 2.1, R 2.2
Use Cases: Request Print

A0 2 28 =0 2 ot

(A) : Actor, (S) : System
1. (S-A): AFERIL| Q2 @ ES &2

2. (S): AFEAL AlF 2l Zrefur B0t ol el 7ts 5= A
3 StCt
E1. ZHA0| 250 32 Q4 E7t =S =L}
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Activity 2031. Define Essential Use Cases

Use Case |dentify Paper

Actor Manager

Purpose A" ZE| X7 22l Ho| F2 &X|& 2ol & += Ut

Overview A|AE D2 X}O| QEO| et Z2IE 0| e 8X| RS SHoIsiD}
Type Primary

Cross Reference Functions: R 3.1

Use Cases:
Pre-Requisites Manager2 219! £|0] U0{OF BHC}
. (A) : Actor, (S) : System
Typical Courses of 1. (A) : A|XHIOf éxl Ttk =ols 2N otCt

Events =2 oy
o e J— — e
2. (s): e 8X| TEZ =20l = = iy,

Alternative Courses of
Events

Exceptional Courses of
Events

DEPENDABLE SOFTWARE
LABORATORY
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Activity 2031. Define Essential Use Cases

Use Case |dentify Paper

Actor Manager

Purpose A" ZE| X7 22l Ho| F2 &X|& 2ol & += Ut

Overview A|AE D2 X}O| QEO| et Z2IE 0| e 8X| RS SHoIsiD}
Type Primary

Cross Reference Functions: R 3.1

Use Cases:
Pre-Requisites Manager2 219! £|0] U0{OF BHC}
. (A) : Actor, (S) : System
Typical Courses of 1. (A) : A|XHIOf éxl Ttk =ols 2N otCt

Events =2 oy
o e J— — e
2. (s): e 8X| TEZ =20l = = iy,

Alternative Courses of
Events

Exceptional Courses of
Events

DEPENDABLE SOFTWARE
LABORATORY
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Activity 2031. Define Essential Use Cases

Use Case
Actor

Purpose
Overview

Type

Cross Reference

Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

DEPENDABLE SOFTWARE
LABORATORY

Recharge Paper

Manager
A28 BHa|xio| R &0| mhat A|ABlo| 8X] REte SH Bk

AAR 22|X2F 2 o Ol BFE A|A”e| BX| THEFZ &7 ot
Primary

Functions: R 3.2

Use Cases:

Manager2 219! &[0 LO{OF SIC}.
(A) : Actor, (S) : System

1. (A): s 8X| O0f==S L ot}
2. (A): BX| B2 ol

3. (s): R e+

g
lo

W= 8% SOl =X| B=Ct

LS =

KU

EONKUK
UNIVERSITY
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Activity 2031. Define Essential Use Cases

KU oy
Use Case |dentify User
Actor Manager
Purpose ZtE| X7 AR RS2 HEE =09l oiCt
Overview e[ Xe| ™o wet AFHRBXI=E2| id/pw, £t "EE =tQIotCt
Type Primary
Cross Reference Functlons:'R 3.3
Use Cases
Pre-Requisites

Typical Courses of
Events

Manager2 219 &[0 RU0{0f SHC}
(A) :

A
Actor, (S) : System

1. (A): AFSXF MR Stolg @
2. (S): AHEBAE2| BEE &
Alternative Courses of
Events
Exceptional Courses of
Events

Hetet.
=l ofCt.

S DEPENDABLE SOFTWARE

LABORATORY
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Activity 2031. Define Essential Use Cases

Use Case |dentify Money
Actor Manager
Purpose T =S =2l oot
Overview 22| Xre] 2o W X7k k2| & == =l oot
Type Primary
Cross Reference Functlons:.R 34
Use Cases:
Pre-Requisites Manager2 210! £|0] QL0{0F StC},
. (A) : Actor, (S) System
'IIE'yplcaI Courses of 1. (A) : 20! 8ol i Q% sict
vents 2 (5): RIBNF S £ 2ol 22 sict

Alternative Courses of
Events

Exceptional Courses of
Events

'DEPENDABLE SOFTWARE
LABORATORY
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Activity 2033. Define Domain Model

 List concepts from use cases or business concept model

Account Balance Print
Manage Access login

logout Charge

102
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Activity 2033. Define Domain Model

« Assign class names into concepts
« Draw a conceptual class diagram

User Manager Printer
Account Management
Manager System

 Identify and add associations

Association . ..
Associations
Category

ManagementSystem - Printer
ManagementSystem - Account
Account — User

Account — Manager

A has B

EPENDABLE SOFTWARE
LABORATORY
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Activity 2033. Define Domain Model

« Add Roles and Multiplicity

Account
Manager

Account
Manager

Management
System

Management
System

1

Has

Has

Has

1

Has

User

Manager

Account

Printer
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Activity 2033. Define Domain Model

« Draw a conceptual class diagram and add attributes

- Userins
Managerins
: : +d: string
+d: Etl'll'!g +|:|'|l"|': Etnng
+pw: siring +balance: int
has
has
Printer ManagementSystem has AccountManager
+paper: int has +allProfit: int

() DereNDABLE SOFTWARE 1 05
A TORY
Sl 4
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Activity 2034. Refine Glossary

Paper:int X[ Tk
allProfit:int A ==

currentMode:String A EQ1E A He| 2 E
(user, manager)

currentScreen:String A 23 29| AE| EO
NES = il ﬁl’g*”’g A, oL X

id:String Ofo|C|
pw:String H2HS
balance:int User A2l Tt H&

EPENDABLE SOFTWARE '] O 6
LABORATORY
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Activity 2035. =
Define System Sequence Diagrams

Use Case Name of
Actor-Activated Event

EPENDABLE SOFTWARE

1. Login

2. Logout

3. Make Account

4. |dentify Balance

5. Recharge Balance

6. Request Print

8 Identify Paper
9. Recharge Paper

10. Identify User
11. Identify Money

enterinfo
reqLogin
reqLogout
reqMakeAcc
enterAcclnfo
reqAccount
regBalance
enterfFee
reqRecharge
enterSheet
regPrint
req ldentify Paper
enterPaperNum
reqCharge
reqUserInfo

reqMoneyinfo
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Activity 2035.
Define System Sequence Diagrams

Use Case : Login

1. AEAtid, pwE
orLt.

oz

2. AMEXZFRIQE 87

ot
3. A¥at Ex
ol 52l ot

EEE

%

User

enterinfo(id, pw)

System

Reglogin()

v

\ 4

KU wevsmsy

108
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Activity 2035.
Define System Sequence Diagrams

Use Case : Logout

1.

AHE Xt} logout2 8N
oLt

A2-EONM =7]8 2 Y

& E7 St

%

User

reqlLogout()

System

v

KU wevsmsy

109
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Activity 2035.

Define System Sequence Diagrams

Use Case : make Account

1. MEAZHAY 8= 8

A sict
2. AL MM M
SEEXIE R
3. Hw s a0g e

A sict

'DEPENDABLE SOFTWARE
LABORATORY

User

reqMakeAcc()

System

enterAccInfo(id, pw)

v

reqAccount()

v

v
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Activity 2035.
Define System Sequence Diagrams

Use Case : Identify Balance

1.

AEA7E Tl HE =l
= 2% ottt

2. AN2EO| ol E AFEAtO
d2& &9 ot

%

User

reqBalance()

System

v

111
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Activity 2035. KUSE
Define System Sequence Diagrams

Use Case : Recharge Balance E;E System

User

1. AMBALSE 5942 ¢

2. AR R =™ME Q2 enterFee()

ﬁ
o
n

A

3. A|AHEO 2
o
=

reqRecharge()

v

) bocrenoasie soFTware 112
; B TORY
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Activity 2035.
Define System Sequence Diagrams

Use Case : Request Print

1.

2.

3.

AFBAE7} Q14 Dj42 ¢
2 St
A8 222 24

o

ct.
Al 20| Fhoy 2ol =
Ol4fE T Bt

%

User

enterSheet()

System

reqPrint()

v

v

KU wevsmsy
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Activity 2035.
Define System Sequence Diagrams

Use Case : Identify Paper

1. BEXPE 8K T 2
S 23 st

2. AAHO| e 8% T
2 =3 st

%

Manager

req ldentify Paper()

System

v

114
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Activity 2035. KUSE
Define System Sequence Diagrams

Use Case : Recharge Paper E;E System

Manager
1. BaRL EEE 8 of g
£ 99 ot}
2. 22X =H¥E 2H st enterPaperNum()
3. A|AHIO] Y=l Of= T >
5 8X|E 57 siCt

reqCharge()

v
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Activity 2035.
Define System Sequence Diagrams

Use Case : Identify User

1. HE[RIE AR BEE
27 ot

2. ANLEO| MEA=9 E
2E =9 ot

%

Manager

reqUserlInfo()

System

v

116
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Activity 2035.
Define System Sequence Diagrams

Use Case : Identify Money

1. HEAFYZEE R
H oot

2. AIAHO| FN o HE
£ =5 oo

%

Manager

reqMoneyInfo()

System

v

117
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Activity 2036. Define Operation Contracts

 |dentify system operations from system sequence diagrams

Name of .
Actor-Activated Event AL I LE

1. Login
2. Logout
3. Make Account
4. |dentify Balance
5. Recharge Balance

6. Request Print

8 Identify Paper
9. Recharge Paper

10. Identify User
11. Identify Money

EPENDABLE SOFTWARE
LABORATORY

1:enterinfo()
2:reglLogin()
3:reqlogout()
4:reqMakeAcc()
5:enterAccinfo()
6:reqAccount()
7:reqBalance()
8:enterFee()
9:reqRecharge()
10:enterSheet()
11:reqPrint()

12:req Identify Paper()
13:enterPaperNum()

14:reqCharge()
15:reqUserlInfo()

16:reqMoneyInfo()

1:enterinfo()
2:reglLogin()
3:reqLogout()
4:reqMakeAcc()
5:enterAccInfo()
6:reqAccount()
7:reqBalance()
8:enterFee()
9:reqRecharge()
10:enterSheet()
11:regPrint()
12:reqPaperldentify()
13:enterPaperNum()
14:reqCharge()
15:reqUserInfo()

16:reqMoneylInfo()
118
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Cross References

Exceptions

Pre-Conditions

Post-Conditions

Activity 2036. Define Operation Contracts

Fill contracts according to the format

_____Name | enterinfo
H =

Resposibilities

N/A
N/A
N/A

id, pw SEE 2tHO| =3
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

____ Name ___lreqlogn

Resposibilities id, pwE =I5t 2013 Al SO
Type System
Cross References R 1.1
Notes
: id, pw 7t &X| SHX| o™ 2 F HA[X|E =}
Exceptions o 279 29| ¥
Output N/A
Pre-Conditions N/A
. Account 2| user, manager instance®} id, pw H| i
Post-Conditions QX[ HO Bt HXOZ 210 S SIH X3}

NDABLE SOFTWARE 1 2 O
LABORATORY
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

_____Name ___| reglogout

Resposibilities
Type
Cross References
Notes
Exceptions
Output
Pre-Conditions

Post-Conditions

DABLE SOFTWARE
LABORATORY

AMA"0M 230 oHCt
System
R 1.1

270l g
N/A
N/A
A AEIO|M 2012 EICt

EH O]OfOF BtLF.

121
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

Resposibilities AMNEX A dEdE2 28 it
Type System
Cross References R1.2
Notes
Exceptions N/A
Output N/A
Pre-Conditions N/A

Post-Conditions AMEXF AE M MELZE =L

PENDABLE SOFTWARE 1 2 2

LABORATORY
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Resposibilities

Cross References

Exceptions

Pre-Conditions

Post-Conditions

Activity 2036. Define Operation Contracts

Fill contracts according to the format

_____Name | enterAccinfo

WHE AR AY HEE U

System
R1.2

N/A
N/A
N/A

o
212

rot
oz

rot

fot
r2
T
il
rot

i
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

____ Name ___regAccount

Resposibilities
Type
Cross References
Notes
Exceptions
Output
Pre-Conditions

Post-Conditions

ABLE SOFTWARE
LABORATORY

SEMZ A8 48 2F ottt

System
R1.2
Setid7l EMe 42 4d5tA| E=Ct

User class2| instance
N/A
AMEX AEZ 4 otCt.

—

124
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

Resposibilities

Type

Cross References

Notes
Exceptions
Output
Pre-Conditions

Post-Conditions

ABLE SOFTWARE
LABORATORY

Xtol Y g0l K Bt
System
R 1.3

N/A

N/A

AEA 2391 SE 0]0fOF S}
(=

U §2E =9 otLt.

ot

125
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

| Name | enterFee

Resposibilities Y S A otk
Type System
Cross References R14
Notes
Exceptions N/A
Output N/A
Pre-Conditions ArEA 291 FEf O[O OF BtCY.
Post-Conditions ot gd2 =3 oo}

ABLE SOFTWARE
LABORATORY

126


http://cse.konkuk.ac.kr/

Activity 2036. Define Operation Contracts

 Fill contracts according to the format

_____Name | reqRecharge

Resposibilities ot SHS 27 ot

Type System

Cross References R 1.4
Notes

Exceptions N/A
Output User.balance ¥ 24
2 O| Al S
Pre-Conditions )oljé_;lg g;;,&'o_: igﬂoilggﬁ et

Post-Conditions AMEXL AEO U2 S oL

PENDABLE SOFTWARE 1 2 7

LABORATORY
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

_____Name | enterSheet

Resposibilities
Type
Cross References
Notes
Exceptions
Output
Pre-Conditions

Post-Conditions

ABLE SOFTWARE
LABORATORY

olaffet Of=F |3 oL},
System

R 2.1

N/A

N/A

AHEXF 2191 AEH 0| 0fOF BiC},
ot Qlaf Oj+=F = it

128


http://cse.konkuk.ac.kr/

]}EPEN

Activity 2036. Define Operation Contracts

 Fill contracts according to the format

Resposibilities

Type
Cross References

Notes
Exceptions
Output

Pre-Conditions

Post-Conditions

DABLE SOFTWARE
LABORATORY

CIfE /F otrt.
System
R21,R22

(@]
=

O~ * 2= ECH 52

=
2
=|.é
.
rA

ot
mn
Ral

—_— —
.

rr

ser.balance B4
Of =7} RUAO{OF SHC},
2T El O|O{Of BFLCY.

FS ARE ARO[ O] Za FlC.
==& z=7[=} StC}.

I

e 22mC ro &orAd
noE
ool Hure =
(=
0o &

JE oo o W
2 e

—_——-—r -

o g

129
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

_____Name ____| regPaperidentify

Resposibilities
Type
Cross References
Notes
Exceptions
Output
Pre-Conditions

Post-Conditions

ABLE SOFTWARE
LABORATORY

AA"o X T 2ols 2F

rot

Ct.
System
R 3.1

N/A

130
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

_____Name ___| enterPaperNum

Resposibilities
Type
Cross References
Notes
Exceptions
Output
Pre-Conditions

Post-Conditions

DABLE SOFTWARE
LABORATORY

MY 8% Y2 Y BiLt

=55 2
System

R 3.2

N/A

N/A

22| At 2321 HEf 0] 0{OF TtCt,
giEet X Oi+E =5 oiCt

131
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

_____Name | reqCharge

Resposibilities
Type
Cross References
Notes
Exceptions
Output

Pre-Conditions

Post-Conditions

ABLE SOFTWARE
LABORATORY

AMA"o X 5HE 8F oot
System
R 3.2

N/A
Printer.paper 4

2| At 2¢1 B O|O{OF ShEY.
EX| Of= =0 Z[0] AO{OF St

ZEIHO| X THEs ST otof.
otHel Yot X| OfF =7|%} Strf

132
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Activity 2036. Define Operation Contracts

 Fill contracts according to the format

Resposibilities RE MEX AEL EE =0ls 27 oL
Type System
Cross References R 3.3
Notes
Exceptions N/A
Output N/A
Pre-Conditions 2e|XF 2291 e O] O{OF BtCY.
Post-Conditions AEXEEE 5 ot
DABLE SOFTWARE 133

LABORATORY
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Activity 2036. Define Operation Contracts

» Fill contracts according to the format

_____Name ____| reqMoneyinfo

Resposibilities
Type
Cross References
Notes
Exceptions
Output
Pre-Conditions

Post-Conditions

ABLE SOFTWARE
LABORATORY

o2 golg 9F stict,

System

R34

N/A

N/A

B2|XF 2291 AEf 0]ofof Bt

A2Bo| Y +o2g 5

ot

Ct.

134
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Activity 2038. Refine System Test Case

Test et Use System
Test &= Description Case Function

EXYSHe A"l Id, pwS ST 29 A| ]
T2 0o 219 7|5 test - Login

Z'._‘-7(HC>P7<| He A8e Id pwE =5t 21

1-1 20 A

- Ol AlA i
s 219 MEHQ1|)\'| 2102 = =8 21
202 Al™ - . .
2 |' | Ol__i_ 7|o test 2 LOgOUt R 1.1
N X MM OO|E|Z 9lais XA T =
3 AE Ed Al ’:i's(tb OIS BHo0 AT 48 7Is 3. Make Account R1.2
4 Xiol 5ol Al Ttol =0l HE S& O & test 4. |dentify Balance R13
5 Y S A U2 et Y FH TS test > Recharge Balanc g 14
6 I HE Al ol Oj=~Z YUHStD 2 7|5 test 6. Request Print R 2.1
. XFOHO| S5t AFEJOIA] Ol4} Dj= of2is
_ K| OH AlSA = ST o o [ T= -H 7
7-1  TAHI Az T OIA IS test 23 7. Check Balance R 22
N FIOHO| 8 AFEJOJ A Ol4H Dj&2 Qlais)
_ K} OH Al 1 T o o [ T= -H=
7-2  TAHI AN T Ol T|L test 23 7. Check Balance R22
8 X ol Ald X e =28 HES Sl 7[5 test 8 Identify Paper R 3.1
9 X 5T Al SN X =2 YH5t2 X[ M test 9. Recharge Paper R 3.2
10 AMBAL S5 2ol Al TH ABA 55 E test 10. Identify User R 33
1 =9 =0l A S A =9 test 11. Identify Money R34

EPENDABLE SOFTWARE 1 3 5
LABORATORY
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Activity 2039. KUSE
Analyze (2030) Traceability Analysis

« Relations between system function(requirements spec), use cases
and operations

System Function Use Case Operation

R 1.1 System Access »Login : enterinfo
R 1.2 Make Account Logout : reglogin
R 1.3 Identify Balance Make Account : regLogout

R 1.4 Recharge Balance
R 2.1 Request Print
R 2.2 Check Balance

Identify Balance
Recharge Balance

: regMakeAcc
: enterAcclnfo

Reqguest Print : regAccount

W 0 ~ o U B~ W N

L

il

[
[#)]

R 3.1 Identify Paper Check Balance : regBalance

R 3.2 Recharge Paper Identify Paper : enterFee

R 3.3 Identify User Recharge Paper : reqRecharge

R 3.4 Identify Money Identify User : enterSheet

Identify Money : regPrint

12: reqPaperldentify
13: enterPaperNum
14: reqCharge

=
w

: reqUserinfo
: reqMoneylnfo

S :DEPENDABLE SOFTWARE 1 3 6

LABORATORY
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Phase 2040.
Design

21.1%] Revise 214 Sync. 21 21 21 21
Plan Artifacts Analyze Design Construct Test

-
1)
a ;’%DEPENDAE!LE SOFTWARE
N LABORATORY

' 4
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|

Phase 2040. Design

Phase 2040 Activities

KU tvessiry

b. Varied order

a. In parallel with interaction diagram51

Design

o
—

Design Define Reports, Refine £
Real Use Cases ™ Ul and Storyboards System Architecture |™
Define Define Design @ - Design
Interaction Diagrams ™ Class Diagrams Traceability Analysis 1

F

Define
Database Schema

“EPEN D.

ABLE SOFTWARE
LABORATORY
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Activity 2041. Design Real Use Cases

2141 Design
Real Use Cases

« Description
— It describes real/actual design of the use case in terms of concrete
input and output technology and its overall implementation.

— If a graphical user interface is involved, the real use case will include
diagrams of the GUI and discussion of the low-level interactions with
interface widgets.

— Input : Essential Use Case Descriptions
— Output : Real Use Case Descriptions

'DEPENDABLE SOFTWARE 1 3 9
TORY
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Activity 2041. Design Real Use Cases

« Steps
1. Select each use case from essential use cases

2. Add user interface widgets into the expanded format, and concrete
implementation details into the typical courses of events

R — X
UPC Q Quantity G

Price e Descrpt.G
Total G Balance @

Tendered Q

enter tom [ End sale [l Make Payment)
Window-1 m a 0

EPENDABLE SOFTWARE 1 4 O
B Ol
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Activity 2041. Design Real Use Cases

Use Case
Actor

Purpose

Overview

Type
Cross Reference

Pre-Requisites

Ul Widgets

Typical Courses of Events

Alternative Courses of Events

Exceptional Courses of Events

'DEPENDABLE SOFTWARE
LABORATORY

Buy Items — Version 1 (Cash only)
Customer, Cashier

Capture a sale and its cash payment

A Customer arrives at a checkout with items to purchase. The Cashier records the items and collects
cash payment, which may be authorized. On completion, the Customer leaves with the items.

Primary and Real

Functions: R1.1, R1.2, R1.3, R1.7, R1.9, R2.1
Use Cases: Log In use case

N/A
Window-1

(A) : Actor, (S): System

1. (A) This use case begins when a customer arrives at the POST to checkout with items to purchase.
(A) For each item, the Cashier types an UPC in A of Window-1. If there is more than one of an
item, the quantity may optionally be entered in E. They press B after each item entry. (E1)

3. (S) Adds the item information to the running sales transaction. The description and price of the
current item are displayed in B and F of Window?1.

4. (A) The Cashier tells the customer the total.

E1: If an invalid UPC is entered, indicate an error.
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Activity 2042.
Define Reports, Ul, and Storyboards

2142 pefine Reports,
Ul, and Storyboards

« Description
— Design Ul storyboard and Ul components.
— Input : Requirements Specification, Real Use Case Descriptions
— OQutput : Ul Storyboard, Ul Component Design Specification

142
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Activity 2043. Refine System Architecture

2143 Refine b

= System Architecture

« Description
— Refine draft system architecture developed in the plan stage
— Input : Draft System Architecture
— OQutput : A package diagram, a deployment diagram
— Standards Applied

« UML's Package Diagram
« UML's Deployment Diagram

143
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Activity 2043. Refine System Architecture

* Steps (1~3: Deployment diagram , 4~7: Package diagram)
1. Define a 3-tier layered system architecture
* Presentation Layer : Windows, Reports, and so on
« Application Logic Layer : Tasks and rules that govern the process
» Storage Layer : Persistent storage mechanism

Presentation POSTApplet
Application Authorize
Logic payments
Storage Datahase|

3 q EPENDABLE SOFTWARE
k

144
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Activity 2043. Refine System Architecture

2. Decompose the application logic tier into finer layers
« Domain object layer
— Classes representing domain concepts

« Service layer

—  Service objects for functions such as database interaction, reporting,
communications, security, and so on

Presentation POSTApplet
o Payment Sale “Domain Layer”
Application
Logic Database B ) B
Interface ReportGenerator Services Layer

>
Storage Datahase|
D

PENDABLE SOFTWARE 1 4 5

LABORATORY
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]}EPEND

Activity 2043. Refine System Architecture

3. Assign each tier into different physical computing nodes, and/or

different processes

Client computer ‘ Presentation

Application Application
Server « Logic

Data Server « Storage

ABLE SOFTWARE

POSTApplet
Payment Sale
Database
Interface ReportGenerator
I
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Activity 2043. Refine System Architecture

4. ldentify packages

« Place elements together

— that are in the same subject area-closely related by concept or
purpose, or that are in a type hierarchy together

— that participate in the same use cases or
— that are strongly associated

Core |
POST Store Manager
Sales |
Sale .Sales Cashier Customer
Lineltem
Products I
ltem Product Product
Catalog Specification

' oerenpasie SoFTWaRE 147
By TR
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Activity 2043. Refine System Architecture

5. Layers of the architecture :

e vertical tiers

Partitions of the architecture :
« horizontal division of relatively parallel subsystems

| Domain |
1 1 1
Core Elements Sales Products
Vert{ical :
Laders Services |
1 1 1 1
Relational Database e Object Database .
Communication Reporting
Interface Interface
- Haorizantal Partitions -

EPENDABLE SOFTWARE
LABORATORY
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Activity 2043. Refine System Architecture

6. Determine package dependencies
Dependency relationships indicates coupling between packages.

'DEPENDABLE SOFTWARE

Domain

Core Elements

<

Sales

Dependency

149


http://cse.konkuk.ac.kr/

Activity 2043. Refine System Architecture

7. Assign visibility between package classes.

Access into the Domain packages

— Some packages, typically the presentation package, have visibility into many
of the classes representing domain concepts

Access into the Service packages

— Some packages, typically the Domain and Presentation packages, have
visibility into only one or a very few classes in each particular Service package

Access into the Presentation packages
— No other packages have direct visibility to the Presentation layer

'DEPENDABLE SOFTWARE 1 50
TORY
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Visibility into many classes
from other packages.

Activity 2043. Refine System Architecture

Service package.

Domain /\
-— £~ ~N .
Sale Payment Product Product
Catalog Description
RDB Interface Security
DBFacade Broker Proxy Security User
Facade
get(id) : Object
save(Object) addUser(User)
\
Visibility into one or
Y only a few classes in each 151
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Activity 2044. Define Interaction Diagrams

2144 Define

| Interaction Diagrams

« Description
— Collaboration diagrams illustrate object interactions in a graph or
network format.
— To illustrate how objects interactions via messages to fulfill tasks.
— Input : Real Use Case Descriptions
— Output : An interaction diagram
— Standards Applied

- UML's Sequence Diagram or Collaboration Diagram
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Activity 2044. Define Interaction Diagrams

 Interaction diagram is a generalization of two more specialized
UML diagram types:

— Collaboration diagram
— Sequence diagram

« The both can be used to express similar message interactions

» Collaboration Diagram
— Illustrates object interactions in a graphs or network format
« Sequence Diagram

— Illustrates interactions in a kind of fence format, in which each new
object is added to the right.
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]}EPEN D.

Activity 2044. Define Interaction Diagrams

Sequence Diagram vs. Collaboration Diagram

Type

Sequence
Diagram

Strengths

Clearly shows sequence or time
ordering of messages

Weaknesses

Forced to extend to the right,
when adding new objects with
consuming horizontal space

Collaboration
Diagram

Space economical and flexible
to add new objects in two
dimensions

Better to illustrate complex
branching, iteration, and
concurrent behavior

Difficult to see sequence of
messages

ABLE SOFTWARE
LABORATORY

154
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Collaboration diagram example

Collaboration Diagram for Purchasing Bus Ticket

- _ = o——1 Expert j
purchaseTicket 1: s=findSeat{route, preference)
:Bus Depot
(route, preference) Ezpert
_—
2: update(route, =)
:Schedule
1.1: r=find{route) 1.2: s=find(r)

¢

‘Eoute Qeq

;|.fr

'DEPENDABLE SOFTWARE
LABORATORY


http://cse.konkuk.ac.kr/

l { EKONKEUK
UNIVERSITY

Sequence diagram example

sd Available Reports(Financial Analyst : analyst) : chom)

[ ][] [ ][] [ e ] [ ]

: P — = 8 == F === I=
| \ | | | | A | |
| Inpet Parameter | | | | Retern Valoe | |
| onmmemseconty ! i : ; l :
t  geriaosr O inos (v ) I l |

] )] | | | |

T | ‘ | |

ol ) i # [ I ‘

| " sakthtecots | Ll] l | |
| |

j=meeid | | | : :

T—‘ | | ; | [

L) 1 | | | |

et et gpent () M - |

| 1 | [eir— —U |

| e > eosndnn : . v c 5 3

| L ) e | I | |

| | e— | Il |

= | | 'U |

$ ‘n. a, | [ e ‘

| | | | |

| | | | | |

Pt betimest e | | | 1 i > |

[ | l z | 'U
Lt 2

e Kb rcoLowd b + 160093 : t ! '

L] 234 ( et ) | =1 | |

: I 'U | |

[V - | _I |

| T T | |

e J e o |

LJ | | | |
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Activity 2044. Define Interaction Diagrams

« Steps

1.
2.

Draw up actors

Deploy objects or classes participating each use case from the real
use case descriptions and conceptual class diagram

Design a system of interacting objects to fulfill the tasks.
» Regard the use case description as a starting point
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Activity 2044. Define Interaction Diagrams

 lllustrating Classes and Instances

Sale Class
:Sale Instance
s1:Sale Named Instance

EPENDABLE SOFTWARE 1 5 8
LABORATORY
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Activity 2044. Define Interaction Diagrams

lllustrating Links and Parameters

Msg1( )l

— A link is a connection path between two instances.

1: addPayment(amount:Money)

lllustrating a Return Value

Msg1( )l

1: tot := total( ): Integer

ﬁ

("]

¢}
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Activity 2044. Define Interaction Diagrams

« Message Syntax
— return := message(parameter : parameterType) : returnType
— Standard UML message syntax

Msg1( )l
1: addPayment(amount: Money)
:POST :Sale
« lllustrating Messages to ‘Self’ Msg1( )l
(‘'This")
:POST
1: clear() T

-
5
B

| 3 | DEPENDABLE SOFTWARE '] 60
) LABORATORY
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Activity 2044. Define Interaction Diagrams

 lllustrating Iterations

— Iteration
Msg1( )l
1*: li := nextLineltem( ): SalesLineltem
:POST :Sale
— Iteration Clause
Msg1( )l
1*: [i:=1..10] li := nextLineltem( ): SalesLineltem
:POST :Sale

EPENDABLE SOFTWARE
LABORATORY

161
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Activity 2044. Define Interaction Diagrams

« lllustrating Creation of Instances
— Creating message with optional initializing parameters”

 lllustrating Conditional Messages

Msg1( )l

1: [new sale] create(cashier)
:POST :Sale

o

T %
h
b
() DerenDABLE SOFTWARE 1 62
N LABORATORY
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Activity 2044. Define Interaction Diagrams

 |llustrating Message Number Sequencing
— The first message is not numbered

— The order and nesting of subsequent messages are shown with a
legal numbering scheme

MSg1( ) > 1: msg2() =
:ClassA :ClassB

1.1: msg3()l

:ClassC

()} DEPENDABLE SOFTWARE 1 63
A 4 ORATORY
E .\ 4
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Activity 2044. Define Interaction Diagrams

 lllustrating Mutually Exclusive Conditional Paths

“ unconditional after
either msg2 or msg4”

:ClassE
/ “1a and 1b are
mutually exclusive conditional paths”

T 2: msg6( )
msg1()
— 1a: [test1] msg2() =——>
:ClassA :ClassB
l 1b: [not test1] msg4() l 1a.1: msg3()
1b.1: msg5() —
:ClassD :ClassC

-
7
2

;" 3 .,%DEPENDAE!LE SOFTWARE 1 64
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Activity 2044. Define Interaction Diagrams

lllustrating Collections

— A multi-object, or set of instances, may be shown with a stack icon

[
sales:Sale

'DEPENDABLE SOFTWARE
LABO

RATORY

165
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Activity 2044. Define Interaction Diagrams

 [lllustrating Messages to Multi-objects

— A message to a multi-object icon indicates that it is sent to the
collection object itself

Msg1()

-Dale :SalesLineltem

1: s :=size() : int — | J

T %
Y
a ;’%DEPENDAE!LE SOFTWARE 1 66
N LABORATORY
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Activity 2044. Define Interaction Diagrams

 lllustrating Messages to a Class Object

— Messages may be sent to a class itself not an instance, in order to
invoke class methods

Msg1()

1: d1 := today( ): Date =2 | J
2818 Date

ﬁﬁs;;‘%DEPENDAE!LE SOFTWARE 1 6 7
4 LABORATORY


http://cse.konkuk.ac.kr/

KU wevsmsy

Activity 2045. Define Design Class Diagrams

2145 Define Design @
Class Diagrams

>

« Description

Describes more details in conceptual class diagram

Add navigability, dependency, data type, operation signature,
parameters, return types, and so on.

Input : Interaction Diagram, Conceptual Class Diagram
Output : A Design Class Diagram

Standards Applied
« UML's Class Diagram

168
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Activity 2045. Define Design Class Diagrams

« Steps
1. ldentity all classes
Draw them in a class diagram
Add attributes
Add method names
Add type information to the attributes and methods
Add the associations
Add navigability arrows
Add dependency

© N LA W
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Activity 2045. Define Design Class Diagrams

« Step 1. Identify all classes
— by scanning all interaction diagrams
— listing classes mentioned

POST
Sale

ProductCatalog ProductSpecification

Store .
SalesLineltem

Payment

'DEPENDABLE SOFTWARE 1 70
ORATORY
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|

Activity 2045. Define Design Class Diagrams

Step 2. Draw a class diagram
— includes classes found in Step 1

POST

ProductCatalog

Store

ProductSpecification

'DEPENDABLE SOFTWARE
LABO

RATORY

Sale

SalesLineltem

Payment

171
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Step 3. Add attributes

— Include the attributes previously identified in the conceptual class
diagram that are also used in the design

POST

Activity 2045. Define Design Class Diagrams

ProductCatalog

quantity

ProductSpecification

description
price
UPC

Store

Sale

address

date

isComplete
time

SalesLineltem

quantity

Payment

amount
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Step 4. Add method names
— Identify method of each class by scanning the interaction diagrams

— The messages sent to a class in interaction diagrams must be defined
in the class
— Don't add
 creation methods and constructors
 accessing methods
* messages to a multiobject

—_

3: makelLineltem(spec, qty)

Activity 2045. Define Design Class Diagrams

()} DEPENDABLE SOFTWARE

D

Sale
date
isComplete
time

makeLineitem()
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Activity 2045. Define Design Class Diagrams

POST ProductCatalog ProductSpecification
quantity description
. price
endSale( ) Specification( ) UPC
enterltem( )
makePayment( )

Sale SalesLineltem
Store date quantity
isComplete
address time subtotal( )
name
becomeComplete()
addSale() makeLineltem()
makePayment( )
total( ) Payment

amount

i ;DEPENDABLE SOFTWARE 1 74
y LABORATORY
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Activity 2045. Define Design Class Diagrams

« Step 5. Add type information

— Show types of attributes, method parameters, and method return
values optionally.

— Determine whether to show type information or not

» When using a CASE tool with automatic code generation,
exhaustive details are necessary

 If it is being created for software developers to read, exhaustive
detail may adversely effect the noise-to-value ratio
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Activity 2045. Define Design Class Diagrams

POST
ProductCatalog ProductSpecification
description : Text
endSale( ) , , specification(upc : integer) : ProductSpecificatiop) price : Quantity
enerltem(upc : integer, qty : integer) upc : UPC
makePayment(cash Tendered : Quantity)
Sale SalesLineltem
date : Date PR
Store isComplete : Boolean quantity - Integer
address - Address time : Time subtotal( ) : Quantity
name : Text
becomeComplete()
addSale(s:Sale) makeLineltem(spec : ProdSpecification, gty : integer) Payment
makePayment(cashTendered : Quantity) )
total( ) : Quantity amount : Quantity

Return type of metho%

void : no return type 1

)
’ 3 ' DEPENDABLE SOFTWARE
Ny

e Konkuk University 176


http://cse.konkuk.ac.kr/

Activity 2045. Define Design Class Diagrams

« Step 6. Add associations

— Choose associations by software-oriented need-to-know criterion
from the interaction diagrams

« Step 7. Add navigability arrows
— According to the interaction diagram
— Common situations to define navigability
« A sends a message to B
» A creates an instance B
« A needs to maintain a connection to B

KU wevsmsy
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Activity 2045. Define Design Class Diagrams

POST class will probably

e s o

to a Sale object. uni-directoinally to Sale

< object.
\\ \\
A \
\‘ \\
N Sale
POST N
AN date
1 Captures 'y | isComplete
time
endSale() 3\
enerltem() 1
makePayment( ) becomeComplete()
makelLineltem()
makePayment( )
total()
Absence of navigability

arrow indicates no
connection from Sale to
POST.

DEPENDABLE SOFTWARE 17 8
y LABORATORY
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Activity 2045. Define Design Class Diagrams

- Step 8. Add dependency relationship
— when there is non-attribute visibility between classes
— Non-attribute visibility : parameter, global, or locally declared visibility

Store 1
address : Address 1
njdmse | Text ProductCatalog Contains ProductSpecification
addSale() . 1 description : Text
Looks-in — 1 1 | price : Quantity
specification( ) “ | upc: UPC
Houses
1 1 Jescribes
POST Sale .
Contains SalesLineltem
1 Captures date : Date ——
endSale() isComplete : Boolean 1% quantity : integer
enerltem() 1 | time : Time " | subtotal()
makePayment() becomeComplete( )
makeLineltem()
Logs-completed » * | makePayment()
total( ) Payment
1 Paid-by T | amount : Quantity
E@“Mﬁw ’
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Activity 2046. Design Traceability Analysis

2146 Design

| Traceability Analysis

« Description

— Analysis the connection of results which are the results of analyze
and design step

« l|dentify the connection of use cases and class, methods and test cases
— Express the traces about requirements to test cases

— Input : Real use case description, design class diagram,

functional requirements, System test cases
— Output : Traceability analysis result

'DEPENDABLE SOFTWARE 1 80
LABORATORY
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Activity 2046. Design Traceability Analysis

« Steps:
1. ldentify the related information of essential and real use cases
 1:1 or more

2. Identify the traces between operation contracts(2036) and operations
in interaction diagram(2044)

« Express the direct contacts or hidden contacts

3. Identify the relations of the results of step 2 and class diagram (class,
method)

4. Writing the results of the analysis

5. If the operations which are not expressed directly in this step (e.q.
GUI related operation like text input), they should be written by 2053
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Activity 2046. Design Traceability Analysis

« Draw up the traces between operation contracts(2036) and operations in
interaction diagram(2044)

— Direct : Operation which is connected directly
— Hidden : Operations which are used to operate the function invisibly

Use ¢ase : Reéquest Priht %3 System

1L A=A I GAE o User:

C e B ; : : ;
2. MEAZLEHE 88w | - enterSheet(): :
B : - - ™
3. AlAgo| Tl SHol '

S E T oo

% Direct

1: entersheet()

2 regPrint()

X ' 'U
10 : showPrint B ' : ;

() DEPENDABLE SOFTWARE
N 4 LABORATORY

IOZ
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Activity 2046. Design Traceability Analysis

« The results of step 3 and 4

: User

1: enterSheet()

2 [\ L

: checkBalance()

3 orint) \ ’N

10 ; showPrint

Account
User )
-+id: String Manager
+pw: String =
+Balance: int -+id: String
+pw: String
+check(d: String, pw: String): boolean

oolean +check(id: String, pw: String): boolean
+check(d: String): boolean

geer
_+naper: int \

print(paper: int): voX
e ape T
+chargePaper(paper: inf

biny erlofa.
| +ayBalance(money: int): void

oid Managementﬁvstw

+alProfit: int o=
+currentMode: String +userlist: Arraylist<User>
+currentScreen: String +manager: Manager

+eurrentLogin: Account

+reqLogin{id: String, pw: String): void

+reqlogout(): void +checkLogin(id: String, pw: String): boolean
+HnitQ: void +makeAccount(id: String, pw: String): boolean
+reqMakeAcc(): void +showBalance(: int
+regAccount{id: String, pw: String): void "

wvoid

+regBalance|

+eqldenaryraper(). vaid
+reqCharge(paper: int): void
+reqUserInfo(): void
+reqMoneyInfoQ): void

EPENDABLE SOFTWARE 1 8 3
LABORATORY
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Activity 2046. Design Traceability Analysis

Operation in sequence diagram Operation in interaction diagram Method Class
+1: enterinfo —————penterinfo() regLogin(id:String, pw:String):void
*2: reqLogin ——»reqlogin reqLogout():void
“3: reglogout checkLogin(id, pw) init({}:void
& regMakehcc check(id, pw) regMakedcc(}:void
+5: enterAccinfo check(id, pw) reqAccount({id:String, pw:String):void
' 6: regAccount saveCurrentLogin reqBalance(}:void
' 7:regBalance showMessage eqRecharge(money:int):void
' 8: enterfee reglLogout()

'9: reqRecharge init()

10: enterSheet showMessage()
l11; reqPrint reghMakedcel)
'12: regPaperldentify show()

!13: enterPaperMum enterAccinfo()
| 14: reqCharge regiccount()
115: reqUserinfo makehcc()

l16: regMoneylinfo check()

check()
showMessage()
reqBalance()
showBalance()
getBalance()
showMessage()

ManagementSystem

weqPrint{paper:int):void
reqldentifyPaper{):void
reqCharge(paper:int):void
reqUserinfo():void

reqMoneyinfo():void
checkLogin{id:String, pw:String):boolear
makeAccount(id:String, pw:String):boole
showBalance():int
rechargeMoney(money:int):void AccountManager
checkBalance(paper:int):boolean
print({paper:int}:void
showUserlnfo():void
check(id:String, pw:String):boolean
check(id:String):boolean
getBalance():int

User
enterFee() wrechargeMoney(money:int):void
reqRecharge() printUserinfo(}:User
rechargeMoney() payBalance(money:int):void
rechargeMoney() i'checl-c{id:string, pw:String):boolean Manager
showMessage() check(id:String):boolean g
enterSheet() print{paper:int}:void
reqPrint() getPaper():int Printer
checkBalance() chargePaper(paper:int):void
getBalance() Wext input GUIMain
print() screen output
payBalance()
print()
showPrint(}

EPENDABLE SOFTWARE 1 84
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Activity 2047. Define Database Schema

2147 Define

nd Database Schema

« Description
— Design database, table, and records
— Map classes into tables
— Input : Design Class Diagram
— Output : A Database Schema
« Steps:
1. Map classes into tables
2. Map relationships between classes into relations between tables

3. Map attributes into fields of tables
4. Design Schema

185
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Activity 2041. Design Real Use Cases

Use Case
Actor

Purpose

Overview

Type
Cross Reference

Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

DEPENDABLE SOFTWARE
LABORATORY

Login
User, Manager
User2t manager?t A|ARIO| F&5517| @8 201 €

ID/PW £ & 2Ot A|H 1t H
279l BtCf,
UX|St= AHO| Q= 42

o
+
>0
|.|'|
Ju
rot
n

=
LHD T} LX|SH= EF user or manager2

239l £[X| =Lt
Primary

Functions: R 1.1,

N/A

(A) : Actor, (S) : System

(A) : 2tEHOf| ID, PW & = Lt

(A): 2O HES %EEF

(S) : Account@| User instance=2| id, pwet H| ! StC}.

(S) : €X|S}= instance’t EXSt= % user2 2101 L}

(S) : Account2| Manager instance%ol id, pw2} H|u SC},
(S) : €X|5t= instance?t EXHSH= B manager £ 2191 SHC}
(

Nouhkwn =

)
S : e 2 AZE 7IF S

O}'l—
Lol_

E1. @X[5t= A80| @l 8% BHEA
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Activity 2041. Design Real Use Cases

Use Case Logout
Actor User, Manager
Purpose H & El User or Manager| &2 ZEHC}
Overview gggoétgﬁa%mﬁéﬁ H =l user or managerl| M&S SR8t x7|3}
Type Primary
Cross Reference Functions: R 1.1
Pre-Requisites LoginO| M &[O{Of L,
(A) : Actor, (S) : System
Typical Courses of 1. (A): 20X HES +ELT
Events 2. (S) : ManagementSystem?| 21X 210 HEHE &x7[3} otCt.

3. (5): Z7|gBo 2 Sopzict

Alternative Courses of
Events

Exceptional Courses of

Events A

DEPENDABLE SOFTWARE
LABORATORY
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Activity 2041. Design Real Use Cases

Use Case
Actor

Purpose

Overview

Type
Cross Reference

Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

LABORATORY

Make Account

User

M22 AFSXH AE S YAt
S8 AP id/pwS Y 3 WY HES 2 H22 A8K TS Y
88+ ot M2 AT AEE SUS a7t St FS0IB M4 EITE

Primary
Functions: R 1.2
N/A

(A) : Actor, (S) : System
A) A8 HdHES F
(S) |I—|AHA—| 3|. og II_

(A) : 2HHO| id, pwE Y= DHCL.

A): 448 28 HES FELCL

(S) : Account9| user instance?| idE =@l 5t0| 7|E ALE X}t H| W Bt
CF.

S) : X5l id7t Q= E2
MM SO X7 MEE ¢ I =|

e wn =

o

otol AFEXAF A8 S

user instanceE MM
otCt.

E1. 3 2%t idE 7t%l A[Fol 0|0 EXfjot= 82 d-dotA| &

O

rr

Ct.
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Activity 2041. Design Real Use Cases

Use Case |dentify Balance
Actor User
Purpose AEAL AZof| EOtU= TS =+l otrt,
Overview ALERLS| Thl =0l 2F Al HOrRl= THelE =+21510] =3 otrt
Type Primary
Cross Reference Functions: R 1.3
Pre-Requisites AHEALE loginOf 4l =[O0 OF otCt,
. (A) : Actor, (S) : System
ypneel (Ce Ees @ T () Tl B0l HES ar)
Events

2. (S): ®X 29I=l yser instance®| A balance?tS =& $tCt,

Alternative Courses of
Events

Exceptional Courses of
Events

'DEPENDABLE SOFTWARE
LABORATORY
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Activity 2041. Design Real Use Cases

Use Case
Actor

Purpose

Overview

Type
Cross Reference

Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

'DEPENDABLE SOFTWARE
LABORATORY

Recharge Balance

User
off = AFEAL AZO|| TtHZS 5™ otC}
Uy dre ZoH OFE | T A2 XL AZo| T2 5™ ofCt

Primary

Functions: R 1.4
AMEXIE loginO| Ml E[0{0F BHC},

(A) : Actor, (S) : System

1. (A) : 2tHO| NS Y™ oLt

2. (A): M ST HES FELL

3. (S): &= B2 ZoH OtF S user instance.balance Ol 37} A|ZICH.

El. S W2 MEoH] &1 2F HA[X|S £

EONKUK
UNIVERSITY
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Activity 2041. Design Real Use Cases

Use Case

Actor

Purpose
Overview

Type

Cross Reference

Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

LABORATORY

Request Print

User
AMEXC| 2 HZ BHof CIME T ot}
AHE XLl @2 Brof A H =l O TtF CIME

Primary

Functions: R 2.1, R 2.2

A-EXIE loginO| 2l |0 OF L},
(A) : Actor, (S) : System

r
ot
rok
o

1. (A): 20| 2 QI 0f~F | otk

2. (A): 2IM HES FELT.

3. (S) : ManagementSystemOj| A] Of==0f| Cct2t EL% A A SECE

4. (S) : check balance use caseE Sl 2t= H| W BHC}

5. (S) : 2tAH0O| 2=5H ERROR EHIAIXI E otC}.

6. (S): Q2| UH—.—Qf printer®| paperg H|I'I-0P01 252 4% 3= ot}
7. (S) : printer c’I paperg O THE Zr4 A|ZICE

8. (S) : allProfit 2 27 TH& 7t *|i“:f

9. (S) : user instance.balance® 2223 ZA A|ZICE

E2 07t S99 3% TASHK| =Lt
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Activity 2041. Design Real Use Cases

Use Case
Actor

Purpose
Overview

Type

Cross Reference
Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

'DEPENDABLE SOFTWARE
LABORATORY

Check Balance

Event-based

Claff Tl Al THAlL He S =2l 2 H|w ot}
AFE XLl 20 ofsh QI T A
A= HAotCt.

Primary

Functions: R 2.1, R 2.2
Use Cases: Request Print

AAE Qi 28 20| S5 St
(A) : Actor, (S) : System

1. (S-A) : AFHEXIS| Q2 H S 22 A|AHIO| THoH =012 @ HBiCt
2. (S) : user instance 2| balance2t €2 23S H|u3st
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Activity 2041. Design Real Use Cases

Use Case |dentify Paper

Actor Manager

Purpose A" ZE| X7 22l Ho| F2 &X|& 2ol & += Ut

Overview A" 22X 2o mat Z2IE0| g2 8X| THEE =Helottt
Type Primary

Cross Reference Functions: R 3.1

Pre-Requisites Manager2 210! &£[0] [0{OF BtC},

(A) : Actor, (S) : System
1. (A) : X =2 HHEZ 2L
2. (S) : printer 2| paper ¢t2 &3 2L}

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

'DEPENDABLE SOFTWARE
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Activity 2041. Design Real Use Cases

Use Case
Actor

Purpose

Overview

Type
Cross Reference

Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

'DEPENDABLE SOFTWARE
LABORATORY

Recharge Paper

Manager
A28 BHa|xio| R &0| mhat A|ABlo| 8X] REte SH Bk

A|AEI T2 X7 @ HSE 02 02 A|AHIO| X

—_— 0 —

Primary
Functions: R 3.2
Manager2 219! 0| QU

(A) : Actor, (S) : System

1. (A) : 2tHO| S8 0j+=F 2H ot

2. (A): X 5 HES FEC

3. (S): YHE X| &= THF printer®| paperdt= 37 AlZICt
E1. &8 22 07t AL 250 8% 50| £[X] =L

s S oot

KU
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Use Case |dentify User
Actor Manager
Purpose ZtE| X7 AR RS2 HEE =09l oiCt
Overview 22| Xre] 2o Mt AFEAHS 2| id/pw, T
Type Primary
Cross Reference Functions: R 3.3
Pre-Requisites

Manager2 219! &[0f L0{OF SHC}
Typical Courses of A
Events

Actor, (S) : System

1. (A) : AH XL 2Ol HES -2
Alternative Courses of
Events

—= T = l:l-
2. (S) : Account 2| 2= user instance &
Exceptional Courses of

>
£ =9
Events E1. user instance Of] O} MEV} 9l AL =S

Activity 2041. Design Real Use Cases

KU EONKUK

UNIVERSITY
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Activity 2041. Design Real Use Cases

Use Case
Actor

Purpose

Overview

Type
Cross Reference
Pre-Requisites

Typical Courses of
Events

Alternative Courses of
Events

Exceptional Courses of
Events

'DEPENDABLE SOFTWARE
LABORATORY

|dentify Money

Manager

5 002 2ol Bt

2e[Ae] 2 F0 et X|g7tX[e] & += 5 =l oftCt

Primary

Functions: R 3.4

Manager2 219! &[0 LO{OF SIC}.
(A) : Actor, (S) : System

1T (A): A = HES FELL
2. (S) : allProfit 2+2 =& ot

KU

EONKUK
UNIVERSITY
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Activity 2042.
Define Reports, Ul, and Storyboards
- 2191 X7| 3tH Of Al

Lagin HEMA

198
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Activity 2042.

Define Reports, Ul, and Storyboards
o AFEXL 2HEH Of[A

1= = =] 3
e 2l
£H
O A
Ol 2
logout

199
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Activity 2042.

Define Reports, Ul, and Storyboards
o« OfL{X 22| 2 O A|

=2

1T
e | m]
A rg £

>.
i

ra

ro

Lagout

200
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Activity 2044. Define Interaction Diagrams

« Seqguence diagram2 2 %9
— Identify User use case example

% : ManagementSystem : AccountManager : Userins

: Manager
! 1: reqUserInfo() - :

2 ¢ showUserInfal) ;

-

loop user| o find )
31 printlserInfol)
.;_-;: ________________
4
..-_:_" _____________________________
5

:..::_' _______________________________

& ! showMessage

'DEPENDABLE SOFTWARE

LABORATORY
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Activity 2044. Define Interaction Diagrams

— Request Print use case

X

: User i
11 enterShieet() \
=U
2 ¢ regPrint() - !
10 : showPrint
' DEPENDABLE SOFTWARE
LABORATORY

202
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Activity 2045. Define Design Class Diagrams

User \&

+id: String Manager
+pw: String
+Balance: int +d: String
+pw: Siring
+chedk(id: String, pw: String): boaolean
+check(id: String): boolean +check(id: String, pw: String): boolean
+getBalance(): int +checdk(id: String): boolean

+rechargeMoney{maney: int); void
+printUserInfo(): User
+payBalance{money: int): vaid

Printer

+paper: int

+print{paper: int): void
+getPaper(): int

+chargePaper(paper: int): void ManagementSystem
+allProfit: int Accounttanager
+urrentiMode: Siring +userlist: ArrayList<User:
+currentScreen: Siring +manager: Manager
+reglogin(id: String, pw: String): void teurrentlogin: Account
+!'E_'II|-DEIC"TI'ED: woid +checkLogin(id: String, pw: String): boolean
Hinit{): void ] | g ———————— +makeAccount(id: String, pw: String): boolean
+reqMakeAcc(): void _ ) +showBalance(): int
+reqAccount(id: String, pw: String): vaid +rechargeMoney(money: int): void
+reqBalance(): void . +chediBalance({paper: int): boolean
HengdﬂargE(mu_ney: |n_t): void +print{paper: int): void
+reqPrint{paper: int): void +showUserInfo(): void

+regldentifyPaper(): void
+reqCharge(paper: int): void
+reqUserInfol): void
+regMoneyInfol): void

'DEPENDABLE SOFTWARE 2 O 3
LABORATORY
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Activity 2046. Design Traceability Analysis

« Tracing operations in interaction diagram with class diagram

: User

1 enterSheet()

2 lreqﬂnn! '\

: checkBalsnce() |

9 SRR A NN AU AR

\\ l 7 : print() l o

a: printf)

10 ; showPrint

User
+id: String Manager
+pw: String =
+8alance: int +id: String
+pw: String
+check(id: String, pw: String): boolean
: String):

boolean +chedk(id: String, pw: String): boolean
+check(id: String): boolean

a3yBalance(money: int): void |

Prc{ter
4paper: int \
print{paper: int): vok
TP
+chargePaper(paper: int) \oid Managementﬁvshq

+allProfit: int AccountManager
pIEEttiodez g suserlist: Arraylist<User>

+currentScreen: String +manager: Manager
+currentLogin: Account

+reqLogin{idi String, pw: String): void

+regLogouty(): void +checklogin{id: String, pw: String): boolean
Hinit(): void +makeAccount(id: String, pw: String): boolean
+regMakeAcc(): void +showBalance(): int

+reqAccount(id: String, pw: String): void
+reqBalance(): void

Heqlaentryraper(): vaid
+reqCharge{paper: int): void
+reqUserInfo(): void

o +regMoneyInfo(): void
' DEPENDABLE SOFTWARE 2 04
LABORATORY
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Activity 2046. Design Traceability Analysis

« Tracing operations in interaction diagram with class diagram

Operation in sequence diagram
+1: enterinfo

: reglogin
*3ireqlogout

& regMakehcc

+5: enterAccinfo

' 6: reqAccount

' 7:regBalance

‘8. enterFee

'9: reqRecharge

'10: entersheet

l11; reqPrint

'12: regPaperldentify
!13: enterPaperMum
| 14: reqCharge

115: reqUserinfo

l16: regMoneylinfo

]

'DEPENDABLE SOFTWARE
LABORATORY

Operation in interaction diagram
—————penterinfo()
—#reglogin
checkLogin(id, pw)
check(id, pw)
check(id, pw)
saveCurrentlogin
showMessage
reglLogout()
init()
showMessage()
reghMakedcel)
show()
enterAccinfo()
regiccount()
makehcc()
check()
check()
showMessage()
reqBalance()
showBalance()
getBalance()
showMessage()
enterFee()
reqRecharge()
rechargeMoney()
rechargeMoney()
showMessage()
enterSheet()
reqPrint()
checkBalance()
getBalance()
print()
payBalance()
print()
showPrint(}

Method
regLogin(id:String, pw:String):void
reqLogout():void
init({}:void
regMakedcc(}:void
reqAccount({id:String, pw:String):void
reqBalance(}:void

eqRecharge(money:int):void
weqPrint{paper:int):void
reqldentifyPaper{):void
reqCharge(paper:int):void
reqUserinfo():void
reqMoneyinfo():void

Class

ManagementSystem

checkLogin{id:String, pw:String):boolear
makeAccount(id:String, pw:String):boole
showBalance():int
rechargeMoney(money:int):void
checkBalance(paper:int):boolean
print({paper:int}:void
showUserlnfo():void

AccountManager

*check{id:string, pw:String):boalean
check(id:String):boolean
getBalance():int

4w rechargeMoney({money:int):void

printUserinfo(}:User
payBalance(money:int):void

User

i'checl-c{id:string, pw:String):boolean
check(id:String):boolean

Manager

. print{paper:int}:void

getPaper():int
chargePaper(paper:int):void

Printer

Wiext input
screen output

GUIMain

205
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KU tvessiry

Phase 2050. Construct

« Phase 2050 Activities

F Construct

Implement Class Implement Implement
& Methods Definitions Windows o Reports I
Implement Write Unit
DB Schema(SQL, etc.) Test Code

“EPEN DABLE SOFTWARE 2 O 7
LABORATORY
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Activity 2051. KUSE
Implement Class & Methods Definitions

2151 Implement Class
& Methods Definitions

« Description
— Implement class & methods in accordance with design class diagram
— Describes the description of class and methods
It is used to design unit test cases
— Input : Design class diagram, real use cases, Interaction diagram
— Output : Class & Methods description
« Steps:
1. Identify all classes and methods in design class diagram(2045)

2. Writing description of the target by using below format
3. Implement

'DEPENDABLE SOFTWARE 2 O 8
BORATORY
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Activity 2051.

Implement Class & Methods Definitions

Type
Name

Purpose

Overview (Class)

Cross Reference

Input (Method)
Output (Method)
Abstract operation (Method)

Exceptional Courses of Events

'DEPENDABLE SOFTWARE
LABORATORY

Class or Method
The name of class o method

Writing the purpose of class or method
Information of class or method

Functions: Writing related system functions
Use Cases : Writing related use cases

Writing all of inputs of methods
Writing the output of methods
Writing operation information of methods briefly

Writing exception state and handling information

KU

EKONKUK
UNIVERSITY
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Activity 2052. Implements Windows

2152 Implement
Windows

« Description
— Define relations between GUI and operation
« Implements GUI class between actor and system

— Input : Interaction diagram, design class diagram, real use case
description, Ul Story board, operation contracts

— Output : GUI implements results and description, Refined Class
Diagram

« Steps:

1. Define GUI system operation between Actor and System in interaction
diagram

2. Draw the refined interaction diagram by adding GUI operation

3. Draw up the description (using below format) of GUI operation in diagram

210
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Activity 2052. Implements Windows

_____Name ___| A name of operation

Resposibilities Writing the paper number to text box
Type GUI
Cross References R 2.1

Notes Shows the value of text box in screen
Pre-Conditions User should be logged in before
Post-Conditions Paper text box shows the input value

EPENDABLE SOFTWARE 2 1 1
LABORATORY
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Activity 2052. Implements Windows

« An example of operations in Request Print use case

: ManagementSystem
2 AccountManager : Userins : Printer

KU

EKONKEUK
UNIVERSITY

 Us i 9 GUIMain : ManagementSystem S y—— — —
. i X | -
1: entersheet]) o sulser
ru 1: enterSheet) - ; ; i E
2 reqPrint() - E i 2: printButton() s ] E ; E
i Lt 31 regPrint() . 5
E 4 : checkBalance() - E 5 ; getBalance() i E
-l B . L‘ """""""" U
H 7 ; :
— H 8 print) L :
E il 9 : payBalance() - H i
10 : print() |—.| -
11 : showPrint L1 E u
10 : showPrint T 12 ; showPrint T I :
User2} System AFO|Ofl GUIZ} =7}
enterSheet (text input with only GUI) | Text Input
reqPrint Connection with printButton

showPrint Print message Connection with showPrint

EPENDABLE SOFTWARE
LABORATORY
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B

Activity 2052. Implements Windows
* Request Print use case
R 1: enterSheet() - E
2 printButton() s ;
Lot 3.1 regPrint) . : : E
4 : checkBalanice () > ; 5 ; getBalance() ; 5
B o
S :prntd "‘u 9 : payBalance() > ? é
E 10 5 print() u - E
11 : showPrint L] ; : u
12 : showPrint _. ; i E :
| Name | enterSheet
Resposibilities Text box O QI Ofj=5 U= otCt.
Type GUI
Cross References R 2.1
Notes Text box O &t =KX= 2tHO| HEA|DICE,
Pre-Conditions FA 2391 AFEf
crenoAoLE Sormuare Post-Conditions Paper text box Off &3 Zf FA 213
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Activity 2053. Implement Reports

2153 Implement
Reports

« Description
— Reports which have information of analysis, design results is refined
and implemented in this process again
— Input : All of information
— OQutput : Analysis, design reports

) :DEPENDABLE SOFTWARE 2 1 4
’ ORATORY
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Activity 2055. Write Unit Test Code

2153 Write
Test Code

« Description
— Writing test code for performing unit testing
— Input : Implements results, class & methods definitions
— Output : Unit test code
« Steps:
1. ldentify all methods in design
2. Writing unit test code accordance with the definition of methods

215
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Activity 2051.
Implement Class & Methods Definitions

e C(Class definitions

Type Class
Name ManagementSystem

GUI & =gtot @l S22 M ACTOR 2t2
Purpose AZ BAE 7HXH Ot E 7|5 == X &A5H |

2|5t class
Overview

Functions: All

Cross Reference Use Cases - All

Exceptional Courses
of Events

KU

EONKUK
UNIVERSITY
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Activity 2051. KUSE
Implement Class & Methods Definitions

Type Class
Name AccountManager
M oz|of 2t 7|50 Cist
Purpose User, manager A°8 | 2} | S0 CH
class
Overview

Functions: R 1.2, R13,R14, R21, R 2.2
Cross Reference

Use Cases :
Exceptional Courses
of Events
Type Class
Name User
Purpose User A8 &2 MEE {Iet class
Overview
Functions: R 1.1, R 1.2, R1.3, R 14, R 2.1, R
Cross Reference 2.2, R33

Use Cases :

Exceptional Courses
of Events

'DEPENDABLE SOFTWARE
LABORATORY
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Activity 2051. KUSE
Implement Class & Methods Definitions

Type Class

Name Manager

Purpose Manager A’8 HE X&E2 ?I2t class
Overview

Cross Reference Functions: R 1.1

Use Cases :
Exceptional Courses
of Events
Type Class
Name Printer
Qlaf A|AHEIOl m2lE "HE 22| 8l 7|5 2|
Purpose £ 2t class
Overview

Functions: R 3.1, R 3.2, R 34

Cross Reference ,
Use Cases :

Exceptional Courses
of Events

'DEPENDABLE SOFTWARE
LABORATORY
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Activity 2051. =
Implement Class & Methods Definitions
« Method definitions

Type Method
Name regLogin in ManagementSystem class

o i M2 Kda|sty| o5t
Purpose User, manager 2| login 282 XN2[5}7| ¢

method

Functions: R 1.1

ees aemnes Use Cases : 1. Login

Input (Method) id: String, pw: String
Output (Method) N/A
1. X7 Lot id, pwt &7 230 82

Abstract operation L _
o )
(Method) < | accountManager class®| checkLogin

2+E 2= oL

Exceptional Courses
of Events
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Activity 2051. KUSE
Implement Class & Methods Definitions

Type Method
Name regLogout in ManagementSystem class
° HE X257 {st
ST User, manager?2| logout 8= X 2|57 2t
method

Functions: R 1.1

Cross Reference Use Cases : 2. Logout

Input (Method) N/A
Output (Method) N/A

. 1 Actor°| logout HHE YHZ 20t init -5
Al\lzs::‘ac;)operatlon =3 SIx 20 AX 9 5t5 X735}
(Metho (currentScreen currentMode) otCt

Exceptional Courses

of Events e


http://cse.konkuk.ac.kr/

Activity 2051.
Implement Class & Methods Definitions

Type Method
Name rechargeMoney in User class
Purpose User A1E instanced]| ZtH F7H

Functions: R 1.4

Cross Reference
Use Cases : recharbe balance

Input (Method) Money:int

Output (Method) N/A

Abstract operation 1. XY instancel| balance?f= input 22 =
(Method) 0|2 money B2 7t AIZICE

Exceptional Courses

of Events IN/A

KU

EONKUK
UNIVERSITY
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Activity 2051. KUSE
Implement Class & Methods Definitions

Type Method
Name regPrint in ManagementSystem class
Purpose User 2| 212l 78S X 2[5t7] {|gt method

Functions: R 2.1, 2.2

eEs Maiaines Use Cases : Request Print

Input (Method) paper:int
Output (Method) N/A

1. AccountManager?| checkBalance A E
£ 2= ot}
2. checkBalance A& A=l A7t QI 7t
Abstract operation 52 4% AccountManager@| print O 2
(Method) C 2} Printer2] print HAEE = 6tH

3. olaf BIhs0 Z —‘?—01|E1 TPPNERSER
Ct.

Exceptional Courses

of Events N/A

'DEPENDABLE SOFTWARE
LABORATORY
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Activity 2051. KUSE
Implement Class & Methods Definitions

Type Method

Name makeAccount in AccountManager class
User, manager A’80f| €2 id7} ZXi5t=X|

Purpose check 5t= H&E

Functions: R 1.2
Use Cases : 3. Make Account

Input (Method) id: String, pw: String
Output (Method) Boolean

1. userlist EfMZ &9 H Zt user instance E &
E —l—

Cross Reference

check IAEZE 2= oL}
2. Manager mstanceol check HIAEE 2=
OHZ|-
: 3. ZtinstanceQ| check HAE & ZLt7}
Abstract operation E ERYSIK| U= HO MZL user

(Method) instanceE Md 2 userListdl & LT

4. *”“OF M user instance?] id, pwE M sl
1 balance £7|3} & trueE 2|H oH:f
3. ”o idS 7Tl A’80| EXot= 47 false
E EEE

Exceptional Courses

of Events e

DEPENDABLE SOFTWARE
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Activity 2052. Implements Windows

« An example of operations in Request Print use case

: ManagementSystem
: AccountManager : Usering : Printer

7

.

' 7
7
i
i
|
:

+ User

1: enterSheet()

¥
SN I T

2 ¢ regPrint() o i
- :

3 : checkBalance() . 4+ getBalance() 5

72 print()

".;U & : payBalante() ==|_| i

9 print() T -':L:I

10 : showPrint

225

()} DEPENDABLE SOFTWARE
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Activity 2052. Implements Windows

« An example of operations in Request Print use case

: Us

: ManagementSystem
e .
T
H GUIMain : ManagementSys
' : AccountManager
'
' T
' . \
' : 1 T
! : User H ' 1
. ' \ H 1
l : ; : ;

1: enterSheet() 11 enterSheet()

B

ru i hl
'
'

! 2 printButton() —
P ' 3t regPrint()
=

2 ¢ regPrint()

h J

¥

| ' 4 : checkBalance ()

' =u 9 : payBalance()

—U :
: ! 10 & print() 0 '
: v : 'U
I : 11 ¢ showPrint ' ;

— E 12 : showPrint T

10 : showPrint

enterSheet GUI TF =X (text ¥ =) | Text Y=

reqPrint printButton 1t A2

showPrint  Print message showPrint 2 & Z

EPENDABLE SOFTWARE
LABORATORY
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Activity 2052. Implements Windows
____ Name __lentersheet

Resposibilities Text box O QI Oj=F U= OtCH.
Type GUI
Cross References R 2.1
Notes Text box O &t <AIE <t HO| HEA|SHCL
Pre-Conditions FH 2301 AE|
Post-Conditions Paper text box O &= 4t HA|
 Name  |printButon
Resposibilities Print button & +£LC}.
Type GUI
Cross References R 22
Notes Print button= §E1 regPrint HIAEE &I,
texte| S TE oL
Pre-Conditions ;l]x-l 20 SHl, paper text box Off &% & &

=

nl

SystemManagement class2| regPrint H| 2~ &

Post-Conditions SE810] printE X SHC}

EPENDABLE SOFTWARE
LABORATORY
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Activity 2053. Implement Reports

* Report 2Hd
— 1000 result
— 2030 result
— 2040 result
— 2050 result

« = XM= @M pptof =&t

"DEPENDABLE SOFTWARE 2 2 8
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Activity 2055. Write Unit Test Code

« 29| method descriptions O[&235}0 unit test code 2i-d
— Method description?2| input, output, abstract operation & 0| &

@Test

public void testSetlight() {
special setlight(50, 50, 500, 600):
this assertEquals(]l. special getlight()):
special setlight(600, 50, 500, 600):
thiz assertEquals(2, special getlight()):

special setlight(700, 800, 500, 600)
this.assertEquals(4,special. getlight()):
special setlight(50. 800, 500, 600):
this azsertEquals(3. special getlight()):

@

i .,%DEPENDAE!LE SOFTWARE 2 2 9
) LABORATORY
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Phase 2060.
Test
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KU tvessiry

Phase 2060. Test

« Phase 2060 Activities

Test
F Unit Testing —>F In:crczg:iar;clgon —»F System Testing —

- Performance - Acceptance - Documentation
—

Testing — Testing Testing

Testing
Traceability Analysis

“EPENDABLE SOFTWARE 2 3 1
LABORATORY



http://cse.konkuk.ac.kr/

Activity 2061. Unit Testing

2161
Unit Testing

« Description
— unit testing is a software testing method by which individual units of
source code, sets of one or more computer program modules

together with associated control data, usage procedures, and
operating procedures, are tested to determine whether they are fit

for use.
— Perform unit testing and identify the results of testing
— Input : Unit test code, implement results
— Output : Unit testing results, reports
« Steps:
1. Performing unit test with test codes and implement results of each
methods (JUnit)


http://cse.konkuk.ac.kr/

Unit test code example

;%venentAlgorith mA = new movementAlgorithm();
est
public void testInit() {

mA.init();

asserﬂbmdlimk.left)'

asserthotMulI(mA. right);

@Test

public void testGetleftQueue(){
mA.init();
asserthothzll(mA. getLeftQueve());

@Test

public void testGetRightQueue(){
mA.init();
asserthotizl1(mA.getRightQueue());

queue testaqueue = new aueve();

OTest

public void enqueuetest() {
assertfquals(1,testqueuve.size());
asserthothull( testaueve. trail);

@Test
public void mintest(){
asserthothull( testaueve.min());

@Test
public void maxtest(){
asserthothzll(this. testqueve.max());

KU vavesmy

Runs: 3/3 B8 Errors: 0 & Failures: 0

" o B testMa [Runner: JUnit 4] (0.000 s)

gi| testinit (0.000 <)
%] testGetRightQueue (0.000 s)
¥l testGetLeftQueue (0.000 s)

Runs: 3/3 8 Errors: 0 8 Failures: 0
o i testQueue [Runner: JUnit 4] (0.000 §)

¢k enqueuetest (0.000 s)
g] mintest (0.000 s)
g maxtest (0.000 s)

233
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Activity 2062. Integration Testing

2162 Integration
Testing

« Description
— Integration testing is the phase in software testing in which individual
software modules are combined and tested as a group

— Input : Class & Method definitions
— OQutput : Integration testing results, reports

'DEPENDABLE SOFTWARE 2 34
ORATORY
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Activity 2063. System Testing

2163
System Testing

« Description

— System testing of software or hardware is testing conducted on a
complete, integrated system to evaluate the system's compliance with
its specified requirements.

— Input : Implements results, system test plan and cases
— OQutput : System testing results, reports

« Steps:
1. Identify system test cases before defined

2. Set the test data of test cases for testing
3. Performing system testing with system test plan and cases (JFeature)

'DEPENDABLE SOFTWARE 2 3 5
BORATORY
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]}EPEN D.

Activity 2063. System Testing

« Set the test data of test cases for testing
— Example of test case 1-1 & 1-2

KU tvessiry

EXMst= AEe| Id, pwE UG
est

AMEE 5l 23¢9 7|5 te

Cl AlEE 5t 21901 7|5 t

1:id YHEHO| test, pw LHEH0| test AU =
-2 :id YO test2, pw YHE2HO| asdf Y H
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Activity 2064. Performance Testing

2164 porformance
Testing

« Description
— Performance testing is in general, a testing practice performed to
determine how a system performs in terms of responsiveness and
stability under a particular workload.

— Input : Implements result (program)
— OQutput : Performance testing results, reports
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Activity 2065. Acceptance Testing

2165 Acceptance
Testing

« Description
— Acceptance testing is a test conducted to determine if the
requirements of a specification or contract are met
— It is used to determine the final acceptance
— Input : Requirements specification, system
— Output : Acceptance testing results, reports
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Activity 2066. Documentation Testing

2166 pocumentation
Testing

« Description
— Documentation testing is a type of non-functional testing
— It intends to check the quality of documentation
— Input : All documents in process
— Output : Documentation testing results, reports
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Activity 2066. Testing Traceability Analysis

2167 Testing
Traceability Analysis

« Description
— ldentify the relations between design and test cases
— Input : Testing results, traceability documents
— Output : Testing — design traceability reports

« Step

1.
2.

Identify system test cases and unit test cases

Identify the relations between requirements and system test cases
« System test cases should be covered all requirement specification

|dentify the relations between methods (component) and unit test
cases
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Traceability analysis example

System Test Case System Function Essential Use Case Operation in sequence diagram Operation in interaction diagram Method Class Unit Test Cases
1-1. 239 Alg R 1.1 System Access t:h Login ?:1‘ enterinfo ——enterinfo() reglogin(id:String, pw:String):void
1-2. 230 Al E; R 1.2 Make Account \ 2. Logout — 2: reqlogin ——»reqlogin reqLogout(:void
2. 230t2 A / R 1.3 Identify Balance 3. Make Account 3: reqlogout » checkLogin(id, pw) init:void
3 AN AN / R 1.4 Recharge Balance s: 4. Identify Balance Xm reqMakeAcc * check(id, pw) reqMakeAcc(:void
4. THof gol Al / R 2.1 Request Print \s. Recharge Balance 5: enterAccinfo check(id, pw) reqAccount(id:String, pw:String):void
S Tl FT AE / R 2.2 Check Balance 6. Request Print 6: reqAccount saveCurrentLogin reqBalance():void
6. QI3 HE AJH / R 3.1 Identify Paper e 7. Check Balance 7: reqBalance N showMessageg eqRecharge(money:int)void Managementsystem
7-1. T {3 AIY R 3.2 Recharge Paper i: 8. Identify Paper N\ 8: enterfee reqLogout() eqPrint(paper:int):void
7-2. T M3 Al R 3.3 Identify User 9. Recharge Paper 9: reqRecharge  init() reqldentifyPaper(:void
8. 88X gol Ald R 3.4 Identify Money Q:m Identify User 10: enterSheet showMessage() reqCharge(paper:int):void
9. 8X| X AE 11. Identify Money 11: reqPrint reqMakeAcc() reqUserlnfo():void
10. AHRRF 2 ol AlY 12: reqPaperldentify show() reqMoneylInfo():void
1.5 &l Alg 13: enterPaperNum enterAccinfo() checkLogin(id:String, pw:String):boolean
14: reqCharge reqAccount() makeAccount(id:String, pw:String):boolean
15: reqUserinfo * makeAcc() showBalance()int

16: reqMoneyinfo check()
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rechargeMoney(money:int)void AccountManager
checkBalance(paper:int):boolean

print(paper:int):void

showUserInfo(:void

check(id:String, pw:String):boolean

check(id:String):boolean

\
\\_

* getBalance()

showMessage() getBalance():int User
A\ ¥ enterfee rechargeMoney(money:int)void
| ¥reqRecharge( printUserlnfo(:User
% rechargeMoney() payBalance(money:int):void
rechargeMoney() Ycheck(id:String, pw:String):boolean Mirisger
"showMessage() check(id:String):boolean
\entevSheetO print(paperintjvoid
reqPrint() getPaper()int Printer
+ YcheckBalance() charg i
Y ge.tealanceo Wtext input SO
¥ print() screen output
*payBalance()
Yprint()
¥ showPrint()
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Activity 2061. Unit Testing

« 20550 A 2 SH unit test codeE 0| 836}0] testing< report 2Hd
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Activity 2063. System Testing

« |dentify system test cases before defined
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Activity 2063. System Testing

« Set the test data of test cases for testing
— Example of test case 1-1 & 1-2
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Requirements
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