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PART 1 Pairwise Testing

Tool

Available Tools

1. CATS (Constrained Array Test System) *) [Sherwood] Bell Labs.

2. QATS (Orthogonal Array Test System) [Phadke] AT&T
3. AETG Telecordia Web-based, commercial
4. IPO (PairTest) ) [Tai/Lei]
5. TConfig [Williams] Java-applet
6. TCG (Test Case Generator) ") NASA
7. AllPairs Satisfice Perl script, free, GPL
B. Pro-Test SigmaZone GUT, commercial
9. CTS (Combinatorial Test Services) IBM Frae for non-commercial use
10. Jenny [Jenkins] Command-ling, free, public-domain
11. ReducsfravZ STSC, LS. Air Force Spreadshest-based, free
12. TestCover Testcover.com Web-based, commercial
13. ppa *) [Colburn/Cahen/Turban]
14. Test Vector Generator GUI, free
15. QA1 k sharp technology
16. CTE-¥L Berner & Mattner GUI, free
17. AllPzirs [McDowsll] Command-ling, fres
18. Intelligent Test Case Handler (replaces CTS) IBM Frae for non-commercial use
19, C&Maker Diaz & Hilterscheid GUI, commercial

20. PICT Microsoft Corp. Command-ling, free
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How to Install PICT

|/ [T4]Superman_Ver.2 2015-06-01 2=

in

oz =
_§_, [T4]5uperman_\er.2 2015-06-01 2=, 2U={@AR E4 26,201KB
®L bitnami-redmine-3.0.3-0-windows-insta_. 2015-05-26 2. ZE2 ZDE7) 170,051KB
i pict33 2015-06-01 2=..  Windows Installer... 933KB

.
Ou 1L picT - ||| PcTZH

Te~ | o= =~y IO~ 27 M4 ED =~ O €
A andymous  + o= ’ SRS LT} 2= 27
N HRE i
) }, 21 A3 B pair 2015-06-01 2=.. Microsoft Excel §... 2KB
= - |:|:3 .:|: A5 pairresult 2015-06-01 @=..  Microsoft Excel J. 11K
‘f;‘ 0 Rw_car .| pairwise_t4_test 2015-06-01 @=.. HAE 2A 2KB
= iy L 2H
= =] pict 2005-11-10 2=, S8 == 348KEB
e CRNINE (F) - =
! e LUD-UL-AU0 B E Lhrome W
| @ PICTHelp 2006-02-20 @F_ .  Cl HTML 171KB

€ yFy3




PART 1 Pairwise Testing

How to Use PICT PICT= cmdZ 0|23l A sllofst

: .

BN C:#WindowsWsystemn32#cmd exe =[5

Microzoft Windows [Verzion 6.1.76611
Copuyright <c2 2002 Microsoft Corporation. All rights reserved.

IG:HUsersHanunymuus)cd C:tlzerstanonymousiiDesktopWPICT

C:tlzersfanonymousiDesktopWPICT >

1,942 pair.xls
18, 864 pairresult.xlsx
1.5%2 pairwise_t4_test.txt
356,352 pict.exe
174.488 PICTHelp.htm

545,238 HI0 pict [pictfilename] > [resultfilename]
221,870,491 ,.648 H}O -

C:tHlsersttanonumoustiDesktopWPICT *pict pairwise_t4_test.txt > test.xls * 8 5
Constraints Warning: All or no values satisfy relation [Parent—Buttonl in {"PBtn [reSU|tf||ename] Optlon
fendMs=g",. "PBtnGoalfet', "PBtnChkGoal', "PBtnReszet'' 1 txt - = EHl A =
Constraints Warning: All or no values satisfy relation [Child-Buttonl in <{"CHMP". i Tl
"CMG™. "CHMD'> 2. Xls == <Al
Constraints Warning: All or no values satisfy relation [Child-Practice—Buttonl i

n {"CPBtnli". "CPBtn2". "CPBtn3". "CPBtnSound". "CPBtnNext">

Constraints Warning: All or no values satisfy relation [Child-Game—Buttonl in {'

CGBtnSound", "CGBtnMext', "CGBtnExit', "CGUWordEng"'>

Constraints Warning: All or no values satisfy relation [Child-Dic—Buttonl in <{"C

DBtnSound', "CDBtnExit". "CDWordEng''>

Conztraints Warning: All or no values satisfy pelation [Parent-Text] in {"PGoali

nt', "PRewardint'}




Mode Select

Input-Button

Input-Text

i

Parent-Button

Child-Button

Child-Practice-Button

Child-Game-Button

Child-Dic-Button

Parent-Text

Child-Game-Text

Child-Dic-Text

# Value

100 Account Parent Password

101 Account Child Name

102 Account Parent Child Name

103 Account Null

200 Parent Mode

201 Child Mode

310 Parent.btnSendMsg

311 Parent.btnGoalSetting

312 Parent.btnCheckGoal

313 Parent.btnReset

320 Child.btnPractice

321 Child.btnGame

322 Child.btnDictionary

330 Child.Practice.btnWord[1]

331 Child.Practice.btnWord[2]

332 Child.Practice.btnWord[3]

333 Child.Practice.btnSound

334 Child.Practice.btnNext

340 Child.Game.btnSound

341 Child.Game.btnNext

342 Child.Game.btnExit

350 Child.Dic.btnSound

351 Child.Dic.btnExit

410 Parent.txtGoal _Null

411 Parent.ixtGoal_Integer

412 Parent.txtReward_Null

413 Parent.txtReward_Integer

420 Child.Game.txtWord_Eng

421 Child.Game.txtWord_IEng

422 Child.Game.txtWord_Any

430 Child.Dic.txtWord_Eng

431 Child.Dic.txtWord_!Eng

432 Child.Dic.txtWord_Any
Total 103680

Error Constraints ~ Single Constraints

[Error]

[Error)

(Error)

[Error]

[Error]

[Error]
[Error]

4327

[Single]

[Single]
(Single]

2402

Property Constraints.
[Property AP]
[Property AC)
[Property APC]

[if AP] || [if APC] [Property PM]
[if AC] || [if APC] [Property CM]
[if PM)

[if PM] [Property PMG]
[if PM]

[if PM]

[if CM] [Property CMP]
[if CM] [Property CMG]
[if CM] [Property CMD)
[if CMP]

if CMP]

[if CMP]

[if CMP]

[if CMP]

[if CMG]

[if CMG]

[if CMG]

[if CMD]

[if CMD]

[if PMG]

[if PMG)

[if PMG]

[if PMG]

[if CMG]

[if CMG]

[if CMG]

|t cmp)

[if CMD)
[if CMD]

53
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Apply Constraint

PICTR} partition categoryS
A5 M- &35t constraint.

Mj pairwise_t4d test - 02 %t

Do) FEEE MAO) BV ESTH)

Setting - AP, AC, APC

Mode-Button : FM, CH

Parent-Button : PBtnSenstg, FEtnGoalSet, PBtnChkGoal, PBtnReset

Child-Button : CMP, CMG, CMD

Child-Practice-Button - CPBtnl, CPBtnZ., CPBtn3, CPBtnSound. CPBtnMest > (:Eitf}g;()r)L
Child-Game-Button : CGEtnSound, CGBtnMext, CGEtnExit

Child-Dic-Button : COBtnSound, COBtnExit

Parent-Teuxt : PGoalint, PRewardint

Child-Game- Text : CGWordEng

Child-Dic-Text COWardEng

IF [Setting] = "&4P" THEN [Mode-Button] = "PH":

IF [Setting] = "APC" ANWD [Setting] = "A&P" THEW [Mode-Button] = "PM";

IF [Setting] = "AC" THEN [Mode-Button] = "CHM";

IF [Setting] = "APC" &HD [Setting] = "AC" THEW [Mode-Button] = "CH";

IF [Mode-Button] = "PM" THEM [Parent-Button] in {"PBtnSendMsg”, "PBtnGoalSet”, "PBtnChkGoal”, "PBtnReset”}:
IF [Mode-Button] = "CM" THEW [Child-Button] in {"CMP", "CHG", "CMD"};

|F [Child-Button] = "CMP" THEM [Child—Practice-Button] in {"CPBtn1", "CPBtn2", "CPBtn3", "CPBtnSound”, "CPBtnMext"};
[F [Child-Button] = "CMG" THEM [Child—Game-Button] in {"CGBtnSound”, "CGBtnMext”™, "CGBtnExit", "CGWordEng”};
[F [Child-Button] = "CMD" THEW [Child-Dic-Buttonl in {"C0BtnSound”, "COBtnExit", "CDOWordEng”l;

IF [Parent-Button] = "PBtnGoalSet” THEM [Parent-Text] in {"PGoalint”, "PRewardint'};

l

Constraint 8 &
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PICT result

(1= - R Y B O FUR N

e el e =
[FERR SRR SO

A B
Setting _|MDde—EuttDn Parent-Button

APC
AP
AP
AC
APC
AC
AP
AC
APC
APC
APC
AC

CM
PM
PM
CM
PM
M
PM
CM
CM
PM
M
CM

C

PEtnReset
PBtnSendMsg
PBtnReset
PBtnChkGoal
PBtnChkGoal
PBtnSendMsg
PBtnReset
PBtnGoalSet
PBtnSendMsg
PBtnGoalSet
PBtnChkGoal
PBtnSendMsg

D

Child-Button
CMD
CMG
CMP
CMG
CMP
CMP
CMD
CMD
CMD
CMG
CMD
CMG

E

F

Child-Practice-Button Child-Game-

CPBtnSound
CPBtn3
CPBtn2
CPBtn2
CPBtnNext
CPBtnSound
CPBtn3
CPBEtnl
CPBtnNext
CPBtnSound
CPBtn3
CPBtn2

CGEtnSounc
CGBtnNext
CGBtnExit
CGEtnExit
CGEtnSounc
CGBtnNext
CGBtnSounc
CGEtnMNext
CGEtnExit
CGBtnExit
CGBtnNext
CGEtnSounc
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PART 2 Review

T4 : Specification Review

® ZI CHA|(Stage 1000, 2030, 2040)H Spec =AM 7 H=SHX| A E.
e =S 2SI H50| AFE
® StageO}LCt A=0| CE

° 80lo| U EO| ATY 25



e EEHTH H
® Stage 1000

prnt Message

Actor Child 9
Description Parent®2 £ E 22 messageE #I2t2 L0
=9

L REEES

Actor Child

Description Child7} Wordtrain Game® S8l &2 H=7t 2
2E =T0 ==HSHH CHS Level2 O|F

o A
° Uy 4

M

Child
Desr:nptmn Parent2 2 H &2 MessageS GUIN S5

Next Leve

Actor Child
Description Exp?} 508 2| bij5=2 WOICH Level0| S}



T4 : Specification Review

® = Jot £

® Stage 2040
[ UseCese [ PaentMode |

Actor User
Purpose Parent Mode2 S0{ZtC}
Overview Parent Mode2 §0{7} T2 10f 2ot A AHBICE

Cross References System functions: R1.1, R1.3 Parent Mode

Use Case: Parent Mode, Account

Pre-Requisites N/A 7} e
(A): User / (S): System "
1. (A) btnParentMode & & Il 22189 3 AF JBEH.
! 2. (S) Parent.txte| LS templ| X% Primary
Typical Courses of Events 3. (S) checkParentAccout()==true %2l R11 B3
4. (S) checkPassword(txtPassword.getText(),temp)==true 2 ¢l —
5. (S) Parent Mode GUI 4 M/A
Alternative Courses of Events 3. false™ return ¥ account() '-“;' o
Exceptional Course of Events 4, SRCHH MEIRX| - 777:,:,3_.,5 PER: LI
THRICH EOUTaS ot Evets 3 (5] Panword® Y3SHE HE =E
1 o 1 4 (P Passwordi BE 2 %9 HES £ &
® ‘ME[FX] 5. (5) Parent Mode® 2%
fltemative Courses of Bveris 2 SR F=] WoHE "2 AccourtE 0%

Exceptional Course of Events 4 FoM TS Password?t &3 BCHe Message &4

I
I
I
I
I
|
|
I
I
I
|
|
|
I
I
I
|
|
|
I
I
I
|
|
: Type Primary and Real
I
I
|
|
|
I
I
I
|
|
|
I
I
I
|
|
|
I
I
I
I
I
|



® Stage OfLC} CrE H 9|

® Stage 2030 -> Stage 2040
[ UseCase | Goalseting | | GoalSettng

Actor Parent Parert
Purpose Childo|AH 7 28 9 BAS MHSICH Chidof A ¥ Bpd W Reward® HHSCL
: hild7F W i 0 ps
Overview i e del LR Chid?} Wordtrain Game® 81 0(0f 2 U Bl
SUHI 0| BE Reward§ QML)
Cross References R2.2 Primary
Pre-Requisites Parent Login® 338}0}F $tCt R22
(P) Parent / (S): System " Parent Loging &&
(P) Goal Setting2 82 (P} Parent 7 (Sk: W
Typical Courses of Events g g; mui'é_égcglgog%;qa X| OJAIE 2o{HL oM 1. (P} Goal Setting@ 23
" X sa =S 2 2 (S) ¥ Goalt2| YEE HO|E
4. (P)Goal2 MHE Level 2 Expot, 10| M2 HA M 3 (P Goal® MW Ep2l O OHE Reward 473
Alternative Courses of Events N/A N/A
Exceptional Course of Events N/A N/A
| UseCase Goal Setting
Actor Parent
Purpose ChildolH 28 282 % 24 48
i i g AE in]
— gré:figg(;rtgrag;amez Sl ojoF ¥ Y ExpE HHSI
Type Primary and Real
| | System function: R2.2
® O|ALE E0{E= O|HEH Cos eerences e
Pre-Requisites Parent 24 A 44
(P): Parent / (S): System
1. (P) btnGoalSetting %EIII -
. 2. (P) txtGoal, txtReward®| Goal, Reward
Typlcal Cooras ot Evits 3. (S) Superman.setGoal(txtGoal.getText()) 2 M4 H
4. (S) Superman.setReeward(txtReward.getText())2 &8
5. (S) Superman.txt®| Superman.goal, Superman.reward %

Alternative Courses of Events N/A
Exceptional Course of Events N/A

|
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
[ Type Primary
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
|
I
I
|



® Stage OfLC} CrE H 9|
® Stage 2030 -> Stage 2040
| UseCase | Reset

Actor
Purpose
Overview

Cross References
Pre-Requisites

Typical Courses of Events

Alternative Courses of Events
Exceptional Course of Events

o
Jtot
o
T
rjm
IO}

|
|
|
|
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I T
I ype
I
I
I
I
I
|
I
I
I
I
I
|
I
I
I
I
I
|
I
|
|
|
|
|

18

Parent
RE FEE X7|5lsict,
Parent® ZE ot Childe| 2& FE X7|=}$iCt
Primary
R2.4
Parent Loging ‘d&540F THC},
(P): Parent / (S): System
1. (P) Reset 24
2. (5 H¥ g ZQX| ACIHE =7

3. (P) EHYUHE 29
4. (5) 2E & =7[3}

3, | A8}3 Parent Mode2 S0t
N/A

Farerit
BE HEE E=7Insct
Parentl 20 Child?| 2E & 7|l

Primany
24
Parent Loging E&
O o Rusat S B &
& (5 2E e xJ|E
(Y
LY

Actor
Purpose
Overview

Type
Cross References

Pre-Requisites

Typical Courses of Events

Alternative Courses of Events
Exceptional Course of Events

Parent
SE HRE x7(3
Parent® X3} Childe| 2E HE £7|3t
Primary and Real

System function: R2.4
Use Case: Reset
Parent, Superman, Child Z{x{| 4
(P): Parent / (S): System
1. (P) btnReset 22|
2. (S) Parentreset() A ¥
3. (S) Parent.txt, Goal.txt, Exp.txt, Message.txt, Reward.txt, Child.txt
x7|3t
N/A
N/A



T6 : Specification

° & HE 9l 22U AN

Use Case ™H2|7f WordButton@ 2 E|{ Q!

Review

C.

2. AlphaButton

Use Case AlphaButton

Actor User

Purpose HoE 449 g d=seich

. AFETHIE E0 YIE 84 o8 d95E 90 ol g4
BHE EYECH

Type Primary

Cross Reference R2

Pre-Requisites

T2 dY9 F x£7|54

Typical Courses of Events

(A) : Actor, [3) : System
1(a): ABTTH YT AN gn8 SN
2 (5): B0 ¥mH HY HEE 8o

Alkernative Courses of Events MSA

Exceptional Courses of Events | N/A

— stage 2030 v40{ A AlphaButton@ 2 47X
0|2 ZrME|X| 2t specification £ 22 =7

7C:)|_C|>_I:II_|- II-)\‘l




C
® Mg 7% 8l =3¢ ¢
Q

ﬁ

registOf o] ‘A S 2= 5t AER’

11. regist

Use Case regist

Actor User

Purpose ArETel 7IRE WY SRECH
Owverview AHETEI UHE 0|28 WY EEEC
Type Primary

Cross Reference R4.2.3

Pre-Requisites S A= AUE BEE M

(A) : Actor, (3) : System

1.(A): MM 0 HES SEECH

2. (5) : Game 2| regist & HEFICL

Typical Courses of Events 2. (%) : Ranking 2| addRank & ZESIH score & 7| 2R
HEteez 5o dy oo HEgch

4. (3) : Controller 2] returnToMenu & ZEFTHCH

5. (3) : MainScreen T{'d2 FEEICH

Alternative Courses of Events | MN/A

Exceptional Courses of Events | M/A
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T6 : Specification Review

® Stage 7t Lf-E XO| &Y

2030, 2040 CHA|O= > Z 0 ket M=0] Bl

=H Heolx 70 o aFaE e

#y 1oo0d ol Holx @2 7|0l F7HE

Regist Use case?} 1000HiC) version? S2ME EZE HEHAM =7 o5y AHES.

8 1000HC) 24 M2 2 version HE

=2 20ofCfal TEHE[0] 10000 A APd|et 4 =tQl. L4, Regist HE{ = HZ O

o
>
)
N
(@)
w
S
N
(@)
N
(@)
=2
I
m
1=
Ll
¥0
0
I
)
=2
o
_(')_I-
i=
oo
o
=
(@)
o
(@)
=2
abi
N
i
1
oz
[S)
ot
(@]
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T6 : Specification Review

® Stage 7t L{{E

AtO| E 74

TimeOf| CHoll 1000ALHO| Fo|gt 7| sut 203000 Fo|gt 7| S0 LS.

13. Time

System

Y A= ALY HE AdE 28T 52 AlE 8T
HEA i =0sie di2 S0tk #ick

12. Time
Uze Caze Time
Actor System
Purpose HYe H& AlfHE BA|EC
Overview EtolHo o2k 52 AlZiol 24T BAI=CH
Type Primary
Cross Reference R4.25
Pre-Requisites Y A= Aol IESO LE.
(3) ; System

Typical Courses of Events

.05 : % A= Aue HE AlZlE s #£o= JEHECO

Alkernative Courses of Events

2 (5): A2 22 MTE Adc
3.(5: 5 MIlE HoY F4¥E
N/A

Exceptional Courses of Events

1. 52 M0l 0® d= AHBEE SR % A= AR
FHEE o =2 S0HIC

Yy

— Kot AjZtab H2 Al
=l 2=

CHot BAl 37

— J12{L} 1000EHCHOf| A 2
A2 SOp7}H Bhekt
20304 CH0f A 0] A O]
S2E D FH MY 052
Sopzict's AR of it

g27t 2= e
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® Q/EMX}
Stage 1000

2. AlphaBotton

User

g0 Yo HY 75§ dEED

6. GameBotton

User

4. WordButton
User
Ao SHof Y J7|=s& Mg

dY A= AL 7sE dSEo

— ButtonO| O}l Bottone 2 QEFX EH74



103 OfR e BHGHA| &Lt Pass
1
100.200.310 SOYHZHE MES, 0 OC BE 201, ME fAX|BE2 £ 20t Pass
100.200.312 foguTdes 435, 80U O HE SE0E A ZHES SE Pass
100.200.313 SoUHYHE M4FS Bod oC WE LECES, 2|4 HES S2LL Pass
100.200.311 SoduZHS 43S UOH BE HES 20 S HE HES SED Pass
100.200.311.410 HOH TS 8T, MO OC HE L2083 ME HES S EOE, B0 OLRYHE 51X gL Pass 1S3 E H. appled ST 7, Sound HES 2L Pass
100.200.311.411 20U H S 4T B0 0 BE LSS0 T Y HES S20E, To] 1002 YHTICH Pass =& 52 5l appled YHT 5 ExitBIES 220 Pass
100.200.311.412 BOUHZHS M5, 20U O HE LE0S D 4T HES SECHS, B0 OLE U T Bhx| AeCh Pass  HEE 7S 7, ALS AT 5, Sound HES =20 Pass
100.200.311.413 SO HUHT 84S HoU DD HE LE0S I 4 HES SE0S, 24 10002 $ETICH Pass HES F2 7. ANHE LT 7 Exite{E2 F20t Pass
102 200 310 SO0 AHA0| 0|ES NG|, B0 O HES S20HE, ME HYXHES =20} Pass HE=S 52 5. 456asdfiZ LT 5|, Sound H{ES FECL Pass
102.200.312 ool Atilo| 0|52 4H S, ¥O O E HES S2012, Check Goal HHES F2C} Pass HEES 5 7, 456asdfiS L=TH 5, Exit HES FELH Pass
102.200.313 209 Ao 0|22 4EE| B0 OC HES 2012 Resst HES =0t Pass A HES £E 5l appleS 22T 5, Sound HHEES SECH Pass
102.200.311 Hool RpMo| 0|22 e B0 0C HES L2012 Goal 42 HES SECt Pass M HES S8 5 apples YD T ExitHES FECH Pass
102.200.311.410 Hoo iAol 0|22 HE S E0 OC HES S201E, Goal M2 HES S 23, of27 s ASisHA| Y=ot Pass LA HES 58§l ALNE 2T 5, Sound HES =EL- Pass
102.200.311.411 SOl xtAlo| 0|22 QB S| B0 O HES S20HE, Goal M E HES 25 1002 YTITH Pass A HES £ FlALE 2T A Bt HES =2 Pass
AND 200 344 447 HOooalTLAIal AlE S JdFel Hn mr WES LErlS Raal MIEIHES L SEcl AlO M- 0IS#ALTI oL Pace AR HEE £ 2 5, 456asdfiE YT 5|, Sound HEZ S ECL Pass
102.201.320.333 2ot A4 0|58 SWF, MM 2 HEE FECS, e HES SE S MEE HES FECO Pass M wmE=s L= 5| 456asdfS Q3 5|, Exit =S S2r}, Pass
102.201.320.334 BootAbAe| 0|52 BF5, AN EE HES FEOS, U5 HES FE 5l NextHiES FECH Pass
6 E2 =g tdWordt| AD}E Q2480 M2 E HES =0} Pass
:101 201321.420.340 A0 0SS HFT, M4 DC HES SECHE, AY HES £ 25, beWordof apple BT, S HES £ 20 Pass :%; ;%;: mw.)rdj: ALE ch-g‘a:j_: o tﬂ;%ié[}_ e
101.201.321.420.341 THAlC| 0|22 RS, AHA DC HES SE0OE, A B ES S25|, ttWordo] appleS 2231, Next HES S2Ct Pass  y=o o3c| piWordo] 456asdE 212512, Sound HES =201 Pass
101.201.321.420.342 THAlO| 0122 G, AHA DC HES LECE A BES S25| tdWordo] appleS 225t1, Exit HES S2C+ Pass  y=2 L=c) siWordo 456asdfS 2ZBID, Next HES L 20} Pass
1101.201.321.421.340 THAo| 0|2 QW AM DEHES SEMOE, AY HES S25, txtWordd] AfIHE UHEID, AEEHES SEC} Pass = Hoiw=s o= 2| 402 225t Sound HHES 20} Pass
[101.201.321.421.341 TS| 0|22 YT, A BEHES 203, AY BES £25, ttWordo]| AtTHS 235tT, Next HES F2Ct Pass = yolm=2 L= 5| AHIIE 21240HS), Next B =2 S20} Pass
[101.201.321.421.342 TAC| 0|22 ST, AHA BEHES LE0E, AR HES S25, tiWord0 ALZIE 235D, Exit =S S2CH Pass = ol =S L= 5|, 456asdfiE QA 3HS|, Sound ES ==C}  Pass
[101.201.321.422.340 Aol 0|25 4FH, A4 BEHMES SBOE, AY HES F25, tiWordo] 456asdfiS LHStD, Sound HIES B0 Pass = Hol =S L= 5| 456asdfS U2BLE|, Next HES L=k Pass
101.201.321.422.341 TpAlo| O|S S HHS], A4 BEHES FE0HS, AY HES S25, tdWordo| 456asdfS UHBI D, Next HiES 20k Pass | g2 o= = Ap= 933 5| Sound H{=2 2} Pass
|101 201.321.422.342 Mol o158 €3S, AM BEEHES SE0E, Al HES £ 25 tWordo| 456asdfjS 2ot L, Exit iES 20t Pass | mE2 L= | 456asdfiZ YT 5|, Sound HES 20} Pass
|102-201-321-420-34U 2ot Aol 0|52 BF5, AN EE HES FEOS H Y HES FE 5, appleS YATHF, Sound HHES FECH Pass = M BES S2 5, AZE 25 5, Sound HIES S20} Pass
102.201.321.420.341 BoolatAle| 0|22 MW, A DC HES S22, AU HES L2 5| apple2 YHT5|, Next HES =20} Pass = 1T W= S L= ol ACCAadRE GIEA S Cannd W =S L2 Daee
102.201.321.420.342 500} 7440 |22 MBS, AHA DE HES L2013, AIY HES £2 5, appleS LTS, Exit {ES 20} Pass
102.201.321.421.340 2o A4A0| 0|22 SFS, AHA BE BEZ S204S, AY HES 55 5, IS 2335, Sound HEZ L20t Pass
102201 321 421341 2ot AHAe| 0|82 BF5, AN EE HES FEOS, A Y HES FE 5, MIE UHTF, Next HES F2CH Pass
[102.201.321.421.342 oot 4ol 0| B2 EEE Y BE HES FEOGS. AY HES FE 5. ME TS BEdtHES S20 Pass
102.201.321.422.340 200} A4A0| 0|22 HES, AHA D HEE L2013, AIY HES £2 5, 456asdfS Y2ABHS|, Sound HIES =20 Pass
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PART 3 Static Analysis

Static Analysis Tool

® Checkstyle
® PMD

® findbugs
® Jdepend

B2 = report= xml
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PART 3 Static Analysis

Checkstyle

® CheckStyle2 3 EFEO| HH £AFEE HYSIER EkF= E70|Cf

® JHEXIS0| B X|7|X|= %X S x|

¢ JPAO| RELEIZS RE = AL, FAHHY 2y 24
I

VS
x
dr3E =M 2 ZeloliA X|7|7| 2 otH, 30| EOot&

® CheckstyleOf|A] 7|2 2 2 K| &St ruleset2 AIEY 82
® 14719| ZtH|2n2| B 14974 9| rule
- 16677{ 2| warning 2/



PART 3 Static Analysis

Checkstyle

® CheckstyleO| | X Z&t= ruleseto| YHE =&
® 47l2| ZIH|a 2| &l 4071 2| rule

- 14171 9| warning &4

Folders || Files | Categories | Types | Wamings | Details | MNew | Fixed

Category Total Distribution
Annotation 1

Metrics 21

Maming 43

Whitespace 1602

Total 1667



PART 3 Static Analysis

Checkstyle : Annotation

Checkstyle Warnings - Category Annotation

Summary
Total High Priority Normal Prionty Low Priority
1 0 1 0

Details
Details

ControllerTest java:25, AnnotationLocationCheck, Priority: Normal

Annotation 'lgnore’ have incorrect indentation level 4, expected level should be 1.

Check location of annotation on language elements. By default, Check enforce to locate annotations immediately after documentation block and
before target element, annotation should be located on separate line from target element.

Example:

@Overnide @Mullable public String gethamelfPresent() { ... }



PART 3 Static Analysis

Checkstyle : Annotation

® ControllerTestjava:25 - S A 7|0 Ciet X|A

ETest

E-.
I

K3
Ln

Elgnore ("Not yet™)

public volid testChildMode ()] throws FileHotFoundException, URISyntaxException {
Controller cnt = new Controller():

cnt.childMode () ;

assertEquals ("name", cnt..getTemp (]} ) :

assertEquals (false, cnt.checkChildAcocount ("name") ) ;
assertEquals (true, cnt.checkChildhecount ("LIOOZ 0%y ) ;

= L]

Lo T N o gy i }

[ L T L R LT o B o6 B S I o

[ % I
gt



PART 3 Static Analysis

Checkstyle : Metrics

Checkstyle Warnings - Category Metrics

Summary

Total High Priority Normal Prionty
21 0 21

Details

Folders Files | Types || Wamings Details

Type Total Distribution
ClassDataAbstractionCouplingCheck 11
ClassFanCutComplexityCheck 2
JavaNCS5Check 8

Total 21

Low Prionty
0



® (ClassDataAbstractionCouplingCheck
> S 20 ArEE B HB A EFRISl =& AlLrSHD.

> X 77HIFR| 7F B A AL

Controller java: 15, ClassDataAbstractionCouplingCheck, Priority: Normal

Class Data Abstraction Coupling is 8 (max allowed is 7) classes [BufferedReader, BufferedWriter, FileReader, FileWriter, GUI_Account,
GUI_Check Password, GUl_Child_Mode, Superman].

This metric measures the number of instantiations of other classes within the given class. This type of coupling is not caused by inheritance or the
object oriented paradigm. Generally speaking, any abstract data type with other abstract data types as members has data abstraction coupling;
therefore, if a class has a local variable that is an instantiation (object) of another class, there is data abstraction coupling. The higher the DAC, the
more complex the data structure (classes) of the system.

GUI_Wordtrain_Game java:37, ClassDataAbstractionCouplingCheck, Priority: Normal

Class Data Abstraction Coupling is 16 (max allowed is T) classes [BufferedWriter, EmptyBorder, File, FileWriter, Font, GUI_Child_Mode,
Imagelcon, JButton, JFrame, JLabel, JPanel, JTextField, Random, Superman, Voca, Wordtrain].

This metric measures the number of instantiations of other classes within the given class. This type of coupling is not caused by inheritance or the
object oriented paradigm. Generally speaking, any abstract data type with other abstract data types as members has data abstraction coupling;
therefore, if a class has a local vaniable that is an instantiation (object) of another class, there is data abstraction coupling. The higher the DAC, the
more complex the data structure (classes) of the system.



PART 3 Static Analysis

Checkstyle : Metrics

® (ClassDataAbstractionCouplingCheck

- Controllerjava:15 — 87}|2| &= &t

015 poblic class Controller
16 {

017 Jf/WVariabhles
A nrivate FParent narent:

BufferedReader in = new BufferedBeader (new FileReader (getllaszs() .getClassloader () .getRescurce
rent.txt") .getfFath() .replace("%3c", "“W"))1);
temp=in.readLine () ;

if (checkParentlhccount (temp) ==false)

new GUI Account (this);
¥

el=se

new GUI Check Password(this,this.superman);
3



® ClassFanOutComplexityCheck
> RXSH0] AFRSH= classO| 74

~> Z|CH 207077t K| 7F M-8 4.

Files | Wamings | Details

GUI_Wordtrain_Game.java:37, ClassFanOutComplexityCheck, Prionty: Normal

Class Fan-Out Complexity is 24 (max allowed is 20).

The number of other classes a given class relies on. Also the square of this has been shown to indicate the amount of maintenance required in
functional programs (on a file basis) at least.

GUI_Wordtrain_Practice.java:31, ClassFanOutComplexityCheck, Prionty: Normal

Class Fan-Out Complexity is 21 (max allowed is 20).

The number of other classes a given class relies on. Also the square of this has been shown to indicate the amount of maintenance required in
functional programs (on a file basis) at least.



PART 3 Static Analysis

Checkstyle : Naming

Checkstyle Warnings - Category Naming

Summary

Total High Prionity
43 D
Details

Folders | Files | Types

Type
LocalanableMNameCheck

MemberNameCheck
PackageMNameCheck
TypeNameCheck
Total

VWarnings

Details

Normal Prionty
43

Total Distribution
1

5

25

12

43

Low Prionty
0



PART 3 Static Analysis

Checkstyle : Naming

® LocalVariableNameCheck
> Local HZ=9| 0|£0| H|A|6t= format0 =7} ?
> Naming©| FEFE Ol LIR0| QIC{Ht ALRO| CHS X

WordtrainTest java:38, LocalVanableNameCheck, Priority: Normal

Name 'voca_next' must match pattern "*[a-z][a-zA-Z0-9]*%".

Mo description available. Please upgrade to latest checkstyle version.

public wvolid testPrintWordList () throws ICExcepticn, URISyntaxExcepticn {
Wordtrain word = new Wordtrain():
Voca wvocal[] = new Vocal3]:

Voca wvoca next[] = new Voca[3]:



PART 3 Static Analysis

Checkstyle : Whitespace

Checkstyle Warnings - Category Whitespace

Summary

Total High Priority
1602 0
Details

Folders | Files | Types

Type
EmptylLineSeparatorCheck
FileTabCharacterCheck
WhitespaceAfterCheck
WhitespaceAroundCheck
Total

Warnings

Details

Normal Prionty
1602

Total Distribution
119

25

84

1374

1602

Low Prionty
0
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Checkstyle : Whitespace

® EmptyLineSeparatorCheck
> £7|3} Ao BHo| W, S HRE T AL

® FileTabCharacterCheck e

D15 private String name:

> AAFAE LH tab Al__g_ [’J:_lﬁ private int level;

private Superman superman;

® WhitespaceAfterCheck

9 EE‘ -I|:—| O‘” _gH_II_I Ol rél _9_ Child java: 90, WhitespaceAfterCheck, Priority: Normal

", is not followed by whitespace.

® WhitespaceAroundCheck

> 2 50| 3ol Te

038 public void wordtrainPractice (Controller ctr) throws URISyntaxException
{
050 new GUI Wordtrain Practice (ctr,this.suoperman) ;

0591 }

Checks that a token is followed by whitespace.



PART 3 Static Analysis

Checkstyle : T6

CheckStyle Result

Warnings Trend

All Warnings Mew Warnings Fixed Warnings
1201 0 0
Summary
Total High Priority Normal Prionty Low Prionty
1201 0 1201 0
Details

Files || Categories | Types | Wamings | Details

Category Total Distribution
Metrics 1

Maming 11

Whitespace 1179

Total 1201



® Program May Dependable2| 2FX}
® Joll Tl A0 mef AATES HARSHA Al S HotE == QUL
C

® Eclipse —plugine = A8 4= o, Bz HMEZQIO|M ALE 7t

or

S}LCF.

® PMDO|AM XN&ot= ZHHAE| 282 H, &4 s Z2O8 20 ¢l Javall| &=

7t 2] 47

I
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® JiE|12|e| 2 & 167X

Basic (rulesets/basic.xml) Code size (rulesets/codesize.xml)
Naming (rulesets/naming.xml) Javabeans (rulesets/javabeans.xml)

Unused code (rulesets/unusedcode.xml) Finalizers

Design (rulesets/design.xml) Clone (rulesets/clone.xml)

Import statements (rulesets/imports.xml) Coupling (rulesets/coupling.xml)

JUnit tests (rulesets/junit.xmil) Strict exceptions (rulesets/strictexception.xml)
Strings (rulesets/string.xml) Controversial (rulesets/controversial.xml)

Braces (rulesets/braces.xml) Logging (rulesets/logging-java.xml)



PMD Result

Warnings Trend

All Warnings Mew Warnings Fixed Warnings

14 1 149
Summary

Total High Priority MNormal Priorty Low Priority
14 0 14 0
Details

Packages || Files | Categories | Types || Wamings | Details | New | Fixed

Category Total Distribution
Braces 1
Code Size 6
String and StringBuffer 7

Total 14
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PMD : Basic

o [{E=Z2| /WEAS0| S2|ot= 3] catch

equals()E @H2ZI0|Y & I OtC} hashCode()E 2

==
il —

$0
<
T
rr
o

ru rlo

O]

L
n

® UnconditionallfStatement
® CollapsiblelfStatements

® MisplacedNullCheck
o ..

> T4, T6 2% basic ruleO| & warning 274 £|X| S



® Wordtrainjava:96 — if/else 20X ZS A2 O3

Wordirain java. 96, fElseStmtsiMustlUseBraces, Prionty: Normal

Avoid using if...else statements without curly braces.

Avoid using if. else statements without using surrounding braces. If the code formatting or indentation is lost then it becomes difficult to separate the

code being controlled from the rest.

ff this is OK
1T (foo) =++; if (str.charkt (0) ==
{
return true;

}
el=e

ff but this is not
if (foo)
X = X+1:
else
x = x-1; retaorn fals=se;

temp.charAt (cemp.length({) -1} )
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GUI_Wordtrain_Game java: 37, CyclomaticComplexity, Priority: Normal

The class 'GUI_Wordtrain_Game' has a Cyclomatic Complexity of 4 (Highest = 10).

Complexity directly affects maintenance costs is determined by the number of decision points in a method plus one for the method entry. The decision
points include 'if, "while’, for', and 'case labels’ calls. Generally, numbers ranging from 1-4 denote low complexity, 5-7 denote moderate complexity,
2-10 denote high complexity, and 11+ is very high complexity.

public class Foo { // This has a Cyclomatic Complexity = 12
1 public void example () {
2 if {a == b)
3 if {al == bl}
fiddle () :
4 } else if a2 = bZ) |
fiddle () : . o .
V eee Decision pointe| 2 &t/d
fiddle () :
: Z|Cf 1074
5 } else if (o == d} | 9 -1 C 107
& while (o == d] {
fiddle()
}
T } elge if (e == £} |
8 for (int n = 0; n < h; nt++



Controller java:66, AvoidDuplicateliterals, Priority: Normal

The String literal "%5c"” appears & times in this file; the first occurrence is on line 66.

Code containing duplicate String literals can usually be improved by declanng the String as a constant field.

private wvoid bar() {
buz ("Howdy™) ;
buz ("Howdy™)
buz ("Howdy™) »
buz ("Howdy™)
}
private void buz(String x) {}



PART 3 Static Analysis

PMD : Unused Code

Type
Unusedl ocalVariable

UnusedPrivateField
Total

Total Distribution
1
5
6

Game java: 22, UnusedPrivateField, Priority: Normal

Avoid unused private fields such as 'name’.

Detects when a private field is declared and/or assigned a value, but not used.
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FindBugs

® AUt 212 EM 2, HETHE CfSHof A 7H ST

® data flow, control flow 2M4 5= O|&95tL}.

e HO I|HE X}=zO 2 AOFA &E{F=LC} (ex : race condition, null Pointer
exception &)

® source code( *java ItY) HLC}= byte code( *.class ItQ)E 7|Hto= 2 M
X

| 545}

— —

0%t

=)
=



PART 3 Static Analysis

FindBugs

FindBugs Result

Warnings Trend

All Warnings
24 0

Summary

Total High Priority
24 -

Details

Files | Categories | Types | Warmings | Details

Type

DM_DEFAULT _ENCODING

EQ_COMPARETO _USE_OBJECT EQUALS
NP_ALWAYS NULL EXCEPTION
NP_NULL_ON_SOME_PATH_EXCEPTION
OBL_UNSATISFIED OBLIGATION EXCEPTION_EDGE
REC_CATCH_EXCEPTION
SBSC_USE_STRINGBUFFER_CONCATENATION
SF_SWITCH NO_DEFAULT

URF_UNREAD FIELD

UR_UNINIT_READ

UUF_UNUSED_FIELD
UWF_UNWRITTEN_FIELD

Total

New this build

Fixed Warnings
0

Normal Prionty
20

High || Normal

Total Distribution
|
S

L = L) 07 R = = kb bk [

]
=

Low Prionty
0



PART 3 Static Analysis

FindBugs

®DM_DEFAULT_ENCODING : byteOj A string@ 2 H=I5t= 2 EFX].

OEQ COMPARETO_USE_OBJECT_EQUALS : string0]| CH{3t compareTo A& (priority queue)
O®NP_ALWAYS_NULL_EXCEPTION : 2t nullQl pointerE A& (false warning 7}'—*4 =L}
O®NP_NULL_ON_SOME_PATH_EXCEPTION : nullg! 7}540| Q&= pointerE AtE (
®OBL_UNSATISFIED_OBLIGATION_EXCEPTION_EDGE : stream clean up 411
OREC_CATCH_EXCEPTION : 2t MGIX| = exceptiondf CHSt try-catch X 2|
®SBSC_USE_STRINGBUFFER_CONCATENATION : HIE & LA string AFE (HEZHA X3}
®SF_SWITCH_NO_DEFAULT : default?t = switch&

®URF_UNREAD_FIELD : never read area. X| = A =™

®UR_UNINIT _READ : uninitialized read

O UUF_UNUSED_FIELD : A2 E|X| &= field

O UWF_UNWRITTEN_FIELD
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PART 3 Static Analysis

JD d Package TC CCAC CaCe A I D V
epen Classes [14[14 /0 1 |2 |0.0%|67.0%|33.0%]1

GUI 121210 1 |1 |0.0%|50.0%50.0%/1

b h
X Z0t7t 71K = 2|0 Package[TC/CC/ACICalCe] A | | | D |V
oroject 47 47 0 10 |1 |0.0%100.0%0.0%

Concrete Class
Abstract Class

Fo=aALE AHH0[AL] Tl =P g2 Ak

=1

Afferent Couplings

SR 7[R0 S58= #= WX 7H=

rr

Efferent Couplings

ST o7 | X7 ES55H 0 = I | K] 71
Fus EE

0= 2 7 A1E o7 [X|. 12 FAHE o7 |A].

Main Sequence= FE{2| He|.
Main Sequencet Z=APS{0|BIA] QPEIFIO|ALE, 2 IR0 BHA
=gbaeh o7 | x|,

0= 7121 1942 et




Term
Number of
Classes
Afferent
Couplings

Couplings
Abstractness

Instability

Distance

Cycles

|
|
|
|
|
|
I
I
I
|
|
|
I
I
|
|
|
[
I
|
|
|
|
: Efferent
[
[
|
|
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
|
|
|

Description
The number of concrete and abstract classes (and interfaces) in the package is an indicator of the extensibility of the package.

The number of other packages that depend upon classes within the package is an indicator of the package's responsibility.
The number of other packages that the classes in the package depend upon is an indicator of the package's independence.

The ratio of the number of abstract classes (and interfaces) in the analyzed package to the total number of classes in the analyzed package.
The range for this metric is 0 to 1, with A=0 indicating a completely concrete package and A=1 indicating a completely abstract package.

The ratio of efferent coupling (Ce) to total coupling (Ce / (Ce + Ca)). This metric is an indicator of the package's resilience to change. The
range for this metric is 0 to 1, with I=0 indicating a completely stable package and |=1 indicating a completely instable package.

The perpendicular distance of a package from the idealized line A + 1 = 1. This metric is an indicator of the package's balance between
abstractness and stability. A package squarely on the main sequence is optimally balanced with respect to its abstractness and stability. Ideal
packages are either completely abstract and stable (x=0, y=1) or completely concrete and instable {(x=1, y=0). The range for this metric is 0 to
1, with D=0 indicating a package that is coincident with the main sequence and D=1 indicating a package that is as far from the main
sequence as possible.

Packages participating in a package dependency cycle are in a deadly embrace with respect to reusability and their release cycle. Package
dependency cycles can be easily identified by reviewing the textual reports of dependency cycles. Once these dependency cycles have been
identified with JDepend, they can be broken by employing various object-onented techniques.



PART 3 Static Analysis

JDepend

Afferent Couplings Efferent Couplings|/Abstractness Instability Distance
0 1 0.0% 100.0% (0.0%
Abstract Classes Concrete Classes Used by Packages Uses Packages

None project.AlphaPanel None org.junit
project. AlphaPanel$1
project. AlphaPanel$2
project. AlphaPanel33
project. AlphaPanel34
project. Controller
project. FindWord
project. FindWord Test
project. Game
project. GamePanel
project. GamePanel$ 1
project. GamePanel}2
project. GamePanel$3
project. GamePanel}4
project. GamePanel}5
project. GamePanel$6
project. GameTest
project.Main
project. MainPanel
project MainPanel$1
project. MainPanel$2
project. MainPanel$3
project. MainPanel$4
project. MainPanel$5



PART 3 Static Analysis

JDepend

X 217t 74K|= 2[0]
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PART 3 Static Analysis

JDepend

o = 7mo| e 2 37| YUBiM Hoja| 7|Eto = mlof JHee S Eict
o 0| Jursto =M at SA|E40) £20] EICt
® Dependency T2} MO cydic 227} A7 || &| B, B7hE2 20| SHLIE SRl 20| EiCt

High level Layer

,

Middle layer

'

—» Low Level layer

Cycles

[ summary ] [ packages ] [ cycles | [ explanations ]

There are no cyclic dependencies.

Higher level components

New “super component”

|

—> Low Level <*— Middlelayer <*—  High level

f

|

Lower level components

Package Package Dependencies
Classes |(GUI
Classes

Gul Classes
GUl
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PART 5 Summary

Total Test Result

Static Analysis Tool

Checkstyle

JDepend

1667 warnings
14 warnings
29 warnings

Dependency average 40%

1201 warnings
43 warnings
24 warnings

Dependency average 0%
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THANK YOU
--------- ANY QUESTIONS?



