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Abstract The software development process (SDP) plays an important basic role in software
engineering education. Every software is developed in accordance with a specific SDP which contains
all phases of software development. SDP education helps students to understand the overall techniques
and the process of software engineering. This paper introduces a software development methodology
(i.e., process) — ‘OOPT (Object Oriented Process with Traceability),” which was proposed for use in
university software engineering classes. The OOPT is based on object-oriented software development,
and it defines concrete requirements as well as outputs of each process/phases. It also contains the
unit/system testing and a traceability analysis. We have used the OOPT in software engineering
classes at Konkuk university for eight years. This paper conveys our experience as well as future
extension and improvement plans.
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Determine objectives,
altematives and
constraints

Evaluate altematives,
identify, resolve risks

Risk
—_analysis

REVIEW m
Requirements plan Simulations, models, benchmarks
Life-cycle plan [ Concept of
Operation /sy
Product
B Tequirements ot/ Detaled

Development | Requirement design
validation

Integration

Plan next phase Sud toet plon

Develop, verify
next-level product

a8 1 yAE wd T2 A2[3]

Fig. 1 Development process of a spiral model[3]

Atd A WHE '5__&* OMT(Object Modeling
Technique)[6], OOSE(Object-Oriented Software Engi-
neering)[7], Fusion Methodology[8] &°] 2o, 27t
o AHAS ®y] WHe Ea ), mdy S 3
AL FASL Utk FF 27 WYY 2EEE Sl
UML(Unified Modeling Language)©] AR H3lom,
UMLE AR &xEgo] /i WEcze dMd
B3 Z2AH2 Fol Aok

OMT+= AZES S M-S fs) 244 mdzy Py
Fste WHECE OMTY 29y WHE UMLY 9]

o r|

A wdelgt & £ s wE UMLH #AKF =g
WS 7R3 ok OMT W& A 2d(object
model), §2 =@ (dynamic model), 71T =9 (func-
tional model) 3714 F7F2 EdS& wes WAog 3
e 74 2dS HIoha, ddste FE=E v |
o AA ZEle ZS tolojadst fAg e 2
Hres Zd2 AP Zolx, TH Bl AaEl
AL 4 tololad FHE 2 T =2doth
OOSE= 2 Aloj=g 7tz 3 /g el
2 a7, 24, AR, 7,
WHEelt OMTS vl7kA=Z UMLS] £7] W) 7}
7e tolojade A& &3 Atk O0SES] ZAlz
A&EF AREARE EAF 2 Alols tolo] o
ZAgstaL, 01—3— Wz 27A Ao 5 HAR,
e APshe w2 74 Hollth v ¥ 2=
fr2s Ao 2E o & OOSE ZAzo] tiat 1

m[o rlr

2 3 EHH Egt ==z HI*(RatlonaI Unified Process)
PAHd BF Z2Z A2 Rationalol A Akt UML
7)ol A A Ak Hﬁiolt}[lO 1] #W8d 5%

Requirements
Model

Analysis

Use Case
Diagram
Model

Design
Model
Analysis
diagrams
tate transition
diagrams

9 2 OOSE Z2AM|2[7]
Fig. 2 The development process of OOSE[7]

Implementation

Problem
domain object
diagram

Interaction
diagrams

Use case
diagrams

Business value is delivered incrementally in
time-boxed cross-discipline iterations.

Inception | Elaboration Construction Transition
I1 El1 |E2 | C1 c2 Cc3 C4 (T1 | T2
Business Modeling
Requirements
Analysis & Design "
Implementation | —1 —
Test
x‘
Deployment
1 1 1
Time >

a9 3 gME T ZEAE Z DA B EA[11]
Fig. 3 RUP phases and disciplines[11]
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3. Object Oriented Process with Traceability
(OOPT)

B =R ARbelE OOPTE #HAY B3 Z=2A
25 U3} £ZEJ0IFE Fdoll & IEIlEE &
A AAAF 2ZE A HEe|t HHFAA
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NEES F5F F UEE FHH 24, H2"E T &
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1000 2000

Plan and
Elaboration

3000

Build Deployment

a9 4 OOPT ZEA 2
Fig. 4 The development process of OOPT

WA SOl st FJ=uls wedsty] 95t whHEA
(Iterative)°]2. & (Incremental) &2 AZEAE
MEE & J=F 7450 don, A el 3719
stage® Z3PHET}E 1™ 4= O0OPTY 7H A4 #4
o] A2 digk 1®o|th Stage 1000 Plan and
elaborationo| A& ZEAEQ QA Hojo} e A
kRl Algol] theted Wa¥skal, Stage 2000 Build B
ME AZAHA YA B FHE, Stage 3000 Dep-
loyment A= AA A|=F FHo] s WP}
w7} g 5o AA ZEAAYE BkEste] Ay Hn)

3.1 Stage 1000: Plan and Elaboration

Stage 10002 _/J\_:LE%]‘H HHL ZIZAEEZ 7|85}

A&she Zdo] Q) =,
@1 FAE e 1 Hiek #4843 4
I AYse SARE ZEAEZS A 9o,
Stage 10002 ¥ 50| YERd 10 DAY activity
2 FA9H, 24749 A Ug B a3 IEEL
¥ 19 YelY dth Stage 1000014 SHPEL 7t 1;/_}
o] activity 52 B3] HEHog ‘ZgAdE A9
'S SAsHA Pk Activity 1001014 WA 7]E 2

|

JNEQ

9 Yesl TP Tzde A AN vED.
1000 A. ongoing
B. optional
Plan a".d C. may defer
Elaboration D. varied order
1001 1002 1003

Define Draft Plan Iu?\::::negatlon Repo t Define Requirements
1004 A 1005 B,D 1006 ACD

Record Terms in  —————>
Glossary

Define Business —>

Implement Prototype Use Case

1007 1008 1009

Define Business ~~———> Define Draft —_— Define System >
Concept Model System Architecture Test Case

1010

Refine Plan

8 5 O0OPT9] stage 1000 activities
Fig. 5 Stage 1000 activities of OOPT
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¥ 1 Stage 1000 activity E2] HAl
Table 1 Description of stage 1000 activities

Step Activity description Principal Output

Write a draft plan (e.g.

1001, schedule, budget, etc.)

Draft project plan

Write an investigation
1002. | report (alternatives, needs, | Investigation report
risk, etc.)

Write a requirement . e
1003. e d Requirement specification
specification

Dictionary of terms and
1004. | any associated informa-
tion

Term dictionary

Develop a prototype

1005. .
system (optional)

Prototype product

Write the business use | Business use case
cases diagram, description

1006.

Identify “business concept” .
1007. | . fy © . P Business concept model
in the target domain

Construct a rough prelimi- | A draft system architec—

1008. .
nary system architecture | ture
Define test f th
10009. chne test case ot the System Test Cases
system
Refi hy f j
1010. cfine the draft project Refined project report

plan

Activity 1002E 2 (AE)7F 9 o] AZEgolg &
A Mgsfor shertel did S HIzY2: B
A BEAS He GAEAN, BEY AZEY0] i I8
AEM e oA £ W& o TFeh

Activity 100391M= 71%/87)%5 LFAGES =&
uid, o3 A Z2=EEe /A AEs) B
= TH1005). Activity 10072 100314 72et o
APES A9 FEY R Aoz} WiFgse dAR
A, OOPTOIA 71 83 AlZHe] "ok OOPTE
Z+ QAN f2 Aol2rt 111 BAE o|REE 3
B, fr2= Ao)2=E FAHOZ AAF] WA gFar Al
28l QAL FEozr St A gAY f2
Aol Az=¥E BH3= A9 5 f2 Aol
224 ol gL AsAAN FAH3 Hsta, &4
ke FAS AX YAl AMg-Eh

A"l AE(1009) ABAME Stage 1000014 =&
ook ke FR3 AEE T shuelth QAR
o] ¥ gtz oA AR AL Al2~"le] 8 TAR}
o sl & 7Ystar ' o] AlHA Alz=E HZE
Aolz= (2 AFME MTste Aol F23Ith 1010 &
AE AHA HEFHoZE “ZRAE s AGA7L &
AHY, o] EAES 7low “‘RA"ES HEsy] 93
“URAEE HEA Do AA FHdAE 71E39)

&S AYStE= technical presentation©] obd, btk

-

7l&F o8 HE3E= business presentatione 3=

= 3 29 F S 9, Folx
AQE Abglo] obd A2 TA|
#E)AH(Manager) 7} zk5ojop
55 vE AP & F A ske Aol o] dAY
g 57 Fo sholth

3.2 Stage 2000: Build

‘ZIAE N AGATIE SAAEG, UHFe]) BaE
FH BAFAS AF3HoZ F5uH, oA FAFL
Z AZEY Y e A1&E = o Stage 2000 Build
o33 2ol o AlolFE FA4E F JoH, 7t Ato]
2 278 6719 FHol=zE AR v & 29 1™
62 stage 20009] 7} cycle 3ol tigh A% @ 9]
ol WHE-S 7 dAEo] Ho|= MR yiEE o] g Hrh

ol J% Mt z® tu ao
2
il
2
=
o
i
r

fo  t

e e

3 2 Stage 2000 cycle 59 %A
Table 2 Description of stage 2000 activities

Step Activity description Principal Output
2010 |Refine or modify the plan
2020 |Synchronize the plan activity | synchronized plan
2030 |Analyze the system

2040 |Design the system

Revised plan

Sequence diagram, etc.

Class diagram

Construct the class, method,

2050 GUI ete Implementation
Execution the tests of each .
2060 activities Testing reports
1000 2000 3000
Er:::r:?ign Build Deployment

2100 [ 2200 | 2n00
cycle1 | Ccycle 2 Cyclen

2110 2120 2130 2140 2150
Review Plan Sync Artifacts Analyze Design Construct

a8 6 OOPT9 stage 2000 cycle
Fig. 6 Stage 2000 activities of OOPT

Test

Stage 2010 Revise plan®} 2020 Synchronize Arti-
factse ©o|d AlolES ¢RI F, o] Fag W&
o] FRIHY, o]& 7 dAe WE&EA dBHoE W
Fsl= dAlolth. AAAHJA 2 2030 AnalyzeF-E
AlZFsle] 2040 Design, 2050 Construct % 2060 Test
SAR 3 Rdi Zo] FAHoT A, AR,
T4, "H&"ol XgHEtt. 7 dAe Ho FAHQ
Activity S FAFh

3.2.1 Stage 2030: Analyze

AAA At A A Stage 2030 Analyzet 9
el EAHARL Activity 2 A EO] Atk o] ALt
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2030
A. If not yet done
Analyze B. ongoing
C. optional
2031 A 2032 2033
Define Essential —————>  Refine Use Case > Define >
Use Cases Diagrams Domain Model
2034 B 2035 2036
- fr— Define System > Define —
Refine Glossary A h
Sequence Diagrams Operation Contracts
2037 c 2038 2039
Define State —_— Refine System ————> 2030 Phase
Diagrams Test Case Traceability Analysis

I3 7 O0PT9] stage 2030 activities
Fig. 7 Stage 2030 activities of OOPT

¥ 3 Stage 2030 activity £ HA)
Table 3 Description of stage 2030 activities

Step Activity description Principal Output

Add event flows to business .
2031 Essential use cases
use case

Validate and modify the use|Refined use case

2032
case diagram diagram

A conceptual class

2033 | Define domain concept model | .
diagram

2034 |List and refines all the terms|A refined dictionary

Illustrates events from .
2035 A sequence diagram
actors to systems

Define contracts for system .
2036 . v Operation contracts
operations

Describes all possible states
2037 |of the system, use cases, or|A state diagram

objects
2038 Refine system test plan and Refined system test plan
case
Analysis the connection of |Traceability analysis
2039 .
results in 2030 step results
3} A EI 0] 7H“e ZAEE o] T FE
AlZE AL o] @A A %4 Be BES AT F A

ke AEe] . T Holze Ui
F AREAL 2he] T Eg-e] BAC tig S XY
3to] A|z=Ele] 7]22Q1 F2olu, A3 oS -‘?4*—4,0}5
Aoty 2% 73 & 3 stage 20309 Activity 2
Alell tigk 23 Foltt

WA 2031 Define Essential Use Casei-El A|&3}e]
7122} 10079014 7W8l¥ Business Use CasesS HUh
oo HAWE @3 9+ Essential Use Case® 243t}
Class Diagram9] 98< 7/1(2033)3 Fol=, 7 5
23+ ZFQl System Sequence Diagram (SSD)S A2
3HA BTH2035). SSDE A28 202 AAWE Sequ-
ence Diagram . 24, 7/jst AT E o] A|AES Ead
Wag e & oo JEYnks &85te] 9 odH
9} sk Al2~® 7Fo] event sequenced = Zgolt)

NE

axEO] g Y E 515

SSD+ 20319} Essential Use Case & A=Y,
% 94 % System SequenceZ FolA|, e A]lAE o]
AZaok & system operationsOE Ao FTH2036).
Activity 2039 ZF S7ANRE 2 Aol A|2~H
2 59 =E/944 BAE EF B AdHe=w
xdstE Aot o9 e -’? AL o] ¢
RHE H2E @A2060)71A] A& o7 wHEsiA 8
ok 44 B4s B8 S:VL"WL B HZ=®7A] A1z
o g FdHe #AE s 4 A 52 EAF
A Al o]lE A geteta FAstEY B8] 2 4
= =

3.2.2 Stage 2040: Design

2040 Design ©@AlolA= 2030 AnalyzeolA]
WEES B FASEY, FAS Ased
e AHRE $/FvEeE AS BxE 3tk Stage
2040 SA digt F4L 29 87 & 49 YERt 9l
WA g AZEYole] GUIUTE 133 2031«1
Essential Use CaseE Real Use CaseZ &7(2041)8+ ¥
ttFgt UML Diagrams &-838te] F& tolo]ails

LA 9AFTE ‘Sequence Diagram, ‘Collaboration

e e
fo 1
o

2040
A. In parallel with interaction diagrams.
Design B. Varied order
2041 2042 2043 B
Design Real ~———> Define Reports, Ul ————> Refine —
Use Cases and Storyboards System Architecture
2044 2045 A 2046

Define _
Interaction Diagrams

Define Design
Class Diagrams

—— Design —
Traceability Analysis

2047

Define
Database Schema

23 8 OOPT stage 2040 activities
Fig. 8 Stage 2040 activities of OOPT

3 4 Stage 2040 activity 52] A
Table 4 Description of stage 2040 activities

Step Activity description Principal Output

2041 | Define Real Use Cases

Real use cases

Design UI component

2042
0 and storyboards

UI concept

Refine draft system
architecture

2043 Package diagram

Illustrate how objects

2044 |, . .
interactions via messages

interaction diagram

Describes details i .
2045 S¢ S ans l.n Class diagram
conceptual class diagram

Analyze the connection
the results of 2040 steps

Desi datab tabl
2047 | CS1BN CAtabase, table, | ) gatabase schema
and records

2046 Traceability analysis result
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)

Diagram’ % ‘Statecharts Diagram

2 BF FYx
tholojag ol WSS A9-7] A5 /‘]' He ZAOEA,
fr& Aol & th Jle] thelolaRles ISR (A
FoZH), AojH LEAE(FY) 7P°ﬂ o™ AFUA
olA¥} dlole7t oA FRlsty, = Fask HFos
F7vslA #h

2040 Design @AY= GUIO| W3k =23 18
F3ll, 2050 Construct(Zl) @AAA A& 4 U= YA}

Q1-7& 7Fe] Semantic GapS 4 3lsoF 3th JAVAU
Visual C++ 55 & Mdshs LXES o= GUIE =3
sh= Zlo] dubAoly, g dd FE2 2030 Analyze
WAl 1A etk kA, 20405 B3 TEE
&Y main GUI 59 Interface/Abstract =5 713
o7 FAT T, AHA FEAAME A AMES golBey
T AAAA F= Aol FUHHeE a7dn o=
204404 A 9lslE= Sequence Diagram< E3 #A4€m,
ZFZH o7 2045 Design Class Diagramel W3t I o
o] w&tA data—flow diagram®]y flow-chart 5& 9|
|3 F7HQ HAE dle Aol HARle & 4 Utk
Activity 2046911 = ©]d stageET vRVIAZ F
Y BAE FPgrh 2040 stagedlX FHEE FF
d BAE old AFS AXH E4T U&E°] S
tolojadoz JdAse BAE BAMA ARFHo=
xdste A4S FIgh
3.2.3 Stage 2050: Construct
2050 Construct ©AIE 20408 #HF A=
DiagramS 7|¥ke 2 A =20 I 2 AFE o
AZ AAZ FEF Ze29 method RE o] &3 &
ANE BZE Aolx Adste HHA EFdEch o
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3 5 Stage 2050 activity S2] A
Table 5 Description of stage 2050 activities

Step Activity description Principal Output
Implement class & Class & Methods

methods by class diagram | description

2051

. . GUI implements results
. Define relations between . .
2052 . and description, refined
GUI and operation R
class diagram

Refined and implement the| Analysis, design step
reports again reports
2054 |Implement DB Schema DB scheme

Writing test code for unit

2053

2055 . Unit test code
testing
2050
Construct
2051 2052 2053
Class &
Methods Definitions Windows Reports
2054 2055
Implement — Write Unit

DB Schema Test Code

23 9 OOPT stage 2050 activities
Fig. 9 Stage 2050 activities of OOPT
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BaA UL A4 i "HAXME 235 =t 2050
A E o]d BAESY AFRE T T 9
2 mz2 FAN BAS SRR ¥

3.2.4 Stage 2060: Testing

Stage 2060 SAAAME LolA FHI3 2+ HI=E A
Aol A BT FF Eﬂi‘%‘% FPg}. Stage
2060 GAOA AYHE H2E FFHE F 6 AR T
d=o] AR —’Fﬁ"ﬂ’ﬁL gurHo g o9 A|g
(Unit Testing)® A]2¥] A& (System Testing)o] A}
S5t o]e]e] g HAEL AFHE ZHo] YubHo]
o o 28 10 ¥ X 62 OOPTE 2060 stagee] &
Z=E=9 U3t Aot}

@9l A1PE o)A stagedld AT w4
(Unit Testing Code)E ©]-&3}] 4=33HTH(2061). Al

Ald ZE=E

g AIFE ol gAE oA AHs Al AF AF
(System Testing Plan)ol]l A&Axo =z 28-S 433}

7] $13+ "l ~E dlo]El(Test Data)S HAJst, F33HA
HTH2063). Holgt M, HFTHOZ 2067 Testing
Traceability AnalysisE F33= AHolth 274 1
AA S AT fr2 Alo|=RE AFEA, dgEE
Code/Class ¥ s3== ©@9/A2H BH=E Ao|xE
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2060
Test
2061 2062 2063
Unit Testing Integration Testing System Testing
2064 2065 2066

Performance Testing

2067

Testing
Traceability Analysis

Acceptance Testing

Documentation

Testing

219 10 OOPT Stage 2060
Fig. 10 Stage 2060 activities of OOPT

3.3 Stage 3000: Deployment
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3 6 Stage 2060 activity S2] HA|
Table 6 Description of stage 2050 activities

Step

Activity description

Principal Output

2061 | Unit Testing

Unit testing reports

2062

Integration Testing

Integration testing reports

2063

System Testing

System testing reports

2064

Performance Testing

Performance testing reports

2065

Acceptance Testing

Acceptance testing reports

2066

Documentation Testing

Testing reports

Testing Traceability

2067 i Traceability reports
Analysis
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Table 7 Description of projects with OOPT

. - T Subject e
Year Subject Description (selecteegnkl)y Zai‘}slcteam) Specification
Sys fi Devel he sys fi
2010 mten? or ev§ op the system for - Safety web mail system
service services.
- Smart DJ coffee maker
2011 000 coffee Develop the coffee maker _ Customized coffee maker,
maker system.
Etc.
000 data - - Seletctal?le parking
Develop the specific data navigation system
2012 management .
management system. - ASSIO data management
system
system, Etc.
OOPT had lack of the process about
Develop the _ Children education paint considering of GUI, while the focus
2013 00O Painter specific-verifiable painter - . P of the project was GUIL > We
- VAT paint, Etc. . N
program. modify the OOPT process to
consider GUI implementation.
This project made confusion
Develop the simulator which | - RE-ason Elevator Control | between elevator operation
00O elevator . . . . . .
2014 simulator is able to show operation simulator algorithm and elevator simulation. 2>
s (control) of the elevator. - No Wait ECS, Etc. Educating the importance of
requirements analysis was possible.
Develop the English learning | TALKIDS GUI was still difficult to design in
00O child English | program which is able to T . . OOPT. Opinions that writing
2015 . .. - English education for kids
learning program | show characteristics of each document needs too many effort
. (Sound), Etc. .
team for children. existed.
Read 40 programs written in
h 1 d find the This j did fit the OOAD
. 00O Clone the _C ?nguage and fm _t | - Pleasant Clone Checker s project di HOF 1t the . .
2016 replication programs (This because clone checking algorithm is
Checker . . - One More Chance, Etc. ..
project does not use compiler the main issues.
techniques).
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“Analyz N\ ”%% 2 ¢ / Flnd Type\ - \\me\““ Preprocessor )
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~ ~ — % T
—— et ) ot Delete T
Analyze\ AN B ( Printf <& 3 B
3 S~ % % e & e ta
_Function D&,&’ %, " Calculate ™ % ,Calculate ™
— & Line Sync- Variable
Analyzew [ % ~Divide ™ K Rati / Calculate™ N ync-Rate
Change I ~Code Line- ) Function /\ ———
Annotation- " Delete ) ~Syn: 75'?'/
\@notatlon
System Function Use Case Operation
R1 Display Main ——— Display Main i 1: displayMain()
R11 Init — Init 2 initQ)
R12  Select Folder —— Select Folder —— 3 selectFolder)
R2 Display Result —— Display Result 4 displayResult)
R21  Analyze File —— Analyze File 5: analyzeFileQ
Clnae
R21.1  Analyze Line —— Analyze Line 6: analyzeline()
R212  Make AST ——> Make AST 7 makeASTO
R2.12.1 Analyze Function —— Analyze Function 8 analyzeFunction() Controier
R2.1.2.2 Analyze Variable —— Analyze Variable 9 analyzeVariable()
R2123 Analyze Preprocessor ~ —— Analyze Preprocessor 10: analy;
R2.1.24 Analyze Annotation —— Analyze Annotation 11: analyzeAnnotation()
Analyze
R22  Change Center ——— Change Center 12: changeCenter()
R221  Compare File —— Compare File 13: compareFile)
R22.1.1 Compare Line ——— Compare Line 14: compareLine()
R22.1.2 Compare Function ———> Compare Function 15: compareFunction() S
R221.3 Compare Variable ———» Compare Variable 16: compareVariableQ
R22.14 Compare Preprocessor ~—— Compare Preprocessor 17: compa
R22.1.5 Compare Annotation ——— Compare Annotation 18: compareAnnotation()
R23  Display Sync ——+ Display Sync ——— 19: displaySync0
¥ petPreprocessorSync
* oetamnotaiontynct
e
tisPreprocessortmptreprocsssortiomes: void
S = S [e] = A=}
a3 11 7t stage 5o F8 AAYIFU(F2 Aolx, FH4 A 2
Fig. 11 Screen dumps on results of OOPT stages (use case diagram, traceability analysis)
= o (6 Pt o ek E x
m
Test &8 Description Use Case | ust
No. Function| | Clone Checker ] [
1-1 | & M) AL HEs BOH ZRI B (1. Select R1 Softwars ModeTrg & Arays Team 11
N Controllerfolderpath®| & SO0I2t=X| gelet | Folder 58%
c}.
1-2 | B0 MY | G MY HES =38 O &G MUY 0| | 1. Select R1
AE B UEHLHER] $Igict Folder
1-3 | B0 M [ 8K} Meet BCio| 227t YYX2Z 1. Select R1
Ag Es|EX| golsict Folder 201011003
1-4 | BC MY | BIPYHQ BC JRE HHHAS F2 2| 1. Select R1
Ay F AR BY o2 UEHHEX] $Q19 | Folder
c}.
1-5 | B0 MY | B ME0] HRE|AS 2 ARSI | 1. Select R1
NE £0| Y35l =X gelpich Folder b

a3 12 # A3 clone checker B|ZEA0)|A 9 HAZE =&

Fig. 12 A screen dump of the test case and the clone checker’s final output
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