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2. System Test

2.1. Brute Force Test

Result

Test
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2 |2 2go o 4 (20241 292) P
3 |g=Jsu A == o5 0 P
4 | ZH ey HesBiN deE SEREI AHE S2E =X P
5 | Xm0 S OO HAIK 22 5 0| stpioz =3 P
6 |MZM AZDC 6N 014 U AT P
7 |=z=azac g e P
8 |A2std=nc O 2 AIS P
9 |meln ZC Yo AS(BeIK SBOR B H0II=X) P
10 |32 0l& 2210| QOB HISHBOR 0|S5=X AIE P
11 |32 014 202101 Q101 2JI50H S 201l 22 R HAROZ
OIZO0IXI =X Al 7
12 |FAE= U HES S 20|30 2 S0IUS B2
HAROZ 0N 0|20 X=X AlE P
13 | 22X HDSHUNMN S2E 20l= 58 UMK =IHe B2 .
M OXIS 220 & HO0l=X HAE
14 |ZH AN A Q2 HAIKNE 225 = MOz 27 & ¢ =X P
15 |2 Qmo| ==0| =X 2ol P
16 | 04 Jbsst MHED| =0 MWD US KB B =X ol P
17 | SO HBEUS O REII80] XLt DI ALK S =Xl =tol F

= 174 2| Test Case = 164 2| Test CaseE S ot 94.12%0] Ct.

2.2. Category Partitioning Test

Category Partitioning Test2| Z < at™H, S HIO0IECt= Al JHX 822 L= 2 18
HZ JH el E LA A Dci’.fiﬂEi LSO B2 AEX2 EH Xl Ol I E 2t Ef DVME
OIAIXI2t= S JFXl StEI D2l oF ETH6tH HI0IeH S B Tt MR X el Jtel el It

Z M &tC.

XM System Testl M Eet&l B2 3J+X OICH R B, MessagedtHl 122] 2| ValueE
30tXIZ 20/ single &= 200t LCH SH M, Action CategoryOll X 12 =JHAHKI

ValueE Z=Jtot %L MBI M, Data-lE 0l & 2 Xl 0§ & CategoryE Z=Jtot i Lt.
Group | Category | Index Value Reference
View View 1 &= stH
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THD O 100 Ol AHY Y
ol=E3CE | 29 |Z2AX2EL I (111111) [10]
e —
30 [AIEX2EY [ [10]
31 | |56 L2 2= [0 [10]
5HLIO 32 |0~601 & m [12]
DVMO{l A
inpj!
A
=5
E=209
ES
33 |70 2 m [12]
34 [ 8~2004 & [12]
ZH 35 | REsHZH E2Y ) [6][7]
=
36 |SEoHK LS 2M B2 M [6][71[14]
HAR 37 [&ZHOIOtY [6][7]
e
38 | AZHY ) [6][7]

All test cases: 14 x 3 x 9 x 2 x 3 x 3 x 2 x 2= 27,216

2.3. TSL Generator
HIOIEHS A2 38D 2HH SO Q= 2SI 20t TSL GeneratorOl Al 0] 0ff CHEH | = A
=

XMelE ot JHAI XD E B2 =5 T =0tULt. Category Partitioning Test2 £ 6 =
27,216 Ji 2| Test CaseE & S 10, TSL GeneratorOil A 2/ =& S H2lot)| fIoi M2

Z 0 Test Case2| =5 59(0.22%)1 = & 2 A AL

2.3.1. Input: DVM

Environments:
Stub configuration:
multiple stubs.

Parameters:
View:
d=23tH. [property P1]
S= HE 5HH. [property P2]
MO AS LY 3HEH. [property P3]




M A= e =5 tH [property P4]
ZH 2 HER StH, [property P5]
JtE ZH stH [property P6]
HH Z Xl 2HH [property P7]
S= £9 sty [property P8]
MHE OIEACE & 51K [property P9]
0153 E 2 A, [property P10]
MO =5 3tH [property P11]
M 2el 3¢, [property P12]
maJ|et s ot [property P13]
et ot [property P14]

Message:
Msg type 1 i 10 &2l @A, [single]
Msg type 4 =4 R & [single]
Msg type 3 & Z Hl 0l [single]

Action:
CANCEL. [if P3||P4||P5]||P6 | P7]| P10 || P11 ]| P12
[| P13]
3= 0lah &= =X &2D1. [if P2||P3||P4||P5]| P10 || P11 || P12
P13]
S0l HE Yok, [if P1]] P3]
=5 HdEi6HD]. [if P2]
oI5 E gtHO Z MEGH]. [if P2]
ZH =& A8 [if P5]
ZH 88 2S06tI]. [if P6 || P7]
M2 =t [if P12]
M2 AH. [if P12]
=2 M:
AL AEist S =2 M2 IJF0Y M. [if P2]
AMNEX L= 22Xt deiet 22 I 10H Ol A [H. [if P2
P12]
OIZ3C &F:
2e| X ZEY M. [if P10]
AMNEXZ2EL ). [if P10]
ootk =2 2= M. [if P10]

OfLI2I DVMUIM THODF A= 28 S8F2 =+

0~601 2 . [if P12]
700 2. [if P12]
8~2000 & . [if P12]
ZH 3
SEE AM LY 0, [if P6 || P7]
SEOHN 22 ZH 2L M. [ifP6 || P7 || P14]
SZF 0L

SZEOL O M. [if P6 || P7]
SZH O, [ifP6 | P7]
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2.3.2. Output: DVM.tsl

Test Case 1 <single>
Message : Msgtype 1 T &0 @F

Test Case 2 <single>
Message : Msgtype4 =4

Test Case 3 <single>
Message : Msg type 6 S = ZH0{ &0l

Test Case 4
Stub configuration
View
Message
Action
S=2

= ==

Z2HEE
HdZH o F

Test Case 59
Stub configuration
View

ZH 32

(Key = 1.1.0.3.0.0.0.0.0.)

: multiple stubs
 E=2tH
. <n/a>
D oI HE 20|
. <n/a>
. <n/a>

5Ll DVMOIAl D0 Ql= 22 =29 = : <n/a>

: <n/a>
: <n/a>

(Key =1.14.0.0.0.0.0.1.0.)

: multiple stubs
;| =T
. <nfa>
. <n/a>
. <n/a>
. <n/a>

otLESl DVMOIA THDJE e 88 72 == <nla>

. 72otkl €2 Z2H 322 M

2 2 : <n/a>
2.3.3. Test Result
TC# Key Input Expected Result Result
1 <single> A XED|DEB B XHELDIDJFA P
9 XEIZ22E MWD NEIIZ2E2E WD 2
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. ™ g R Al
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QE HAIXZ 245 =
E§.6PO:I Eiﬂglomt =8
BXEDIAN =2E
OI=ZHEZ A X ED|
| AMEIINE Q1= 5 olet 500l A
3 <single> AEDIIZ2H &2 H ol o1 o .
SOl ALK E 2=A1E 213 Al B AHEHD[ Ol M
h 88 | ges sz e
2 0f OF &
4 X2 HU M 3Ol sz de 3oz
11.0.3.0.0.00.0. |07 EH(EH)E S & 25 0] OF &,
=2 M SHEUM _
5 EEIEEES | gs sivies
or o BT O OF &,
1.2.0.2.1.0.0.0.0. | =&.
S e 500l A _
6 EEEES T et
e & 3| 0f OF &,
1.2.0.2.2.0.0.0.0. | #S.
S HE 300 A o _
24 4Ctolal glHoz
7 DVM L 420+ 134 Iﬁ?ﬂEImOk L
12.04.1.0.000 |0I&0 855 daig. [~ =
S22 MEH SHOAN _
D QS oY O
8 DVM U§ ot oopel | M2 U etRes
12.04.2.0000 |S=ESHHE
S e 530 A = _
9 REPTRIETE esti= g s8ss
e o enatr M BHE O OF &
1.2.0.51.0.0.0.0. |HES d=E
S HE 300l A e _
10 HEH QM S estle g% Ses
= o A‘IEH%" @%Elo-lol: gl-
1.2.0.5.2.0.0.0.0. |HES HHE
WD eSS ok )
_ . Sz de g0
of 04 =| A =5=1
h ﬂ;?!“ AEMES T macofor 2
1.3.0.1.0.0.0.0.0. | &EE.
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100 012401 ] SHLtHE

DVMOIl A XH DOt =

55 &F%2 =t
|

2 MOE &K

MO 2tel st M

AMEX EE= 22 Xt

HEist S22 It

100 012401 ] SHLtHS

DVMOIl A XH DO U=
s

56 1.12.0.9.2.0.3.0.0.

SEIIHTEF 0l F=It

CHANE 2HE.

sz =89 %
8~200) 2} KD E
ALRIBHCH
SEINS LLSUUN | oo so soo
57 | 1.13.0.1.0.0.0.0.0. | CANCELHES ';e; ;l&of;ﬂ‘_i
w20 B =
SEJ|8 LGB A _
olstsoz
58 | 1.13.0.2.0.0.0.0.0. | 32 0l4 0}R& Y E Iﬂ;él}mot Z
FX et - o
SEGIK 22 Z X N -
2T ATH Ofl 2 5 O
50 | 1.14.0.0.0.0.0.1.0. | 8EE 2D YS [ :.?4'0?; Ol et <t 20l
ZHE AT St - =

= 59 2| Test Case = 59 2| Test CaseE S 1ot 100%0] CF.

3. Static Analysis

3.1. Checkstyle

ATERNHE HED

ﬁF
H
rn
=1
0
=2
x
un
2

= Hl8 & 22 &0l RAE=5t
2

J =
MOICH DY AYE S HolH A A TEE RAE+ ot 20 &30/ =L

&4 £ 0ICt. CheckstyleZ2 DVM

Checkstyle2 2 A& S H2lot) SAtoli== X
LIZMES HAME 2= 0
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3.1.1. Pre-modification

CheckStyle Audit
Designed for use with CheckStyle and Ant.

Files Errors

22 2530

S 22002 T 0l M 25300H2] Oflef ot 2L X & Z Al 0ll= Google Style GuideE
2 AEdH M javadoc comment, import & AFX & A& 2410 20| T2 M E N A
HEGHA 22 A ZEE O A/JULH import & ALE = HZ 2| Z =L intellij0il A M 3dt=
IE FEIEN et ZZHENA HESHK LCHD THHBI/ALCEH et Z2HE 9
config/checkstyle/checkstyle.xmlE ==& &t04 ol
ODZ2BEZZ2HENAN Z=E S22 G20t 20

"J(U

Index Property Description
1 SOMI| gaol 22tz &8 =0
Indentation TZ2HEWNAMNM=42t22 DEE 24610
=g Aol
2 . . AtEHUI A DHIT K BHE 722 ASCIH 2 A0l
Package naming convention T 0 o= AS 2 AP0 B
3 KHEHOIA 22 A OIS =2 B A0l OF SFHH,
S MY IR A HAHS H 2k=E
CH & K+OI O OF &f.
. . 2HA 0SS 2HGtD BAIEZ & Ao 0F
Class naming convention =
2HBHHHE MESHD F 22U LHE=E
OotE = . &, 240 It URL, HTML 2 20|
BHEOZ MELH=ZER HES
4 AHHEOIIA B~ 0182 H Bl 2Xt=
A2 NE AHGHD, 222 R 22 A
HIH EX4=E HEXE AEGH0E &
Variable naming convention OIS0l B XICt 20l AJAOF &
Ol HEiE2 1 B9 AIE & E L0t
> UETE 20| 0| 0{0F &. &, LAl H22
HE B2 A= Mol
5 AHEEOILA DI~ E 2] 0182 S AHK OF GFH,
, , S HHY ER H HH= 422 U2
Method naming convention ARSID 1022 o= oo X 22X =
CHE2Xt= AFEH OF &t
6 Whitespace around =23 Flile 380l A0 0F &
7 Import statement import 20l Al **2t 22 S Ef= LloHOF &
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import = AFOl JH &0l 81010 &

8 Operator rule :Ixiglj Ofgp 2 ST adlisres 2
HMECZ T2 MEQ IHI|Xl, 2L, Ha S UIO0IY HHMAEO| XIAHAXK L2 220 A
MY E2 I dEE/JUCEL SHMI| HEE2 22 S8 UL HEE SHMIIE
42102 AIES 22 E&t A HELUCE O 2 S2S {F =482 4ot HLE import
SHAM 72 SHM BEZUCE DLl import 2 2 E 75 = Y2 HHE
A&l 0F 5t= A2 Controller 22HA2] 3R GUI 28 XelE T2 O0tA 3tI| & ol
‘qui.” 2t 20| AtE5ot= 20l HEE = U false alarm2 2 £ QICt.

HdotMoz DG HHEQ SLTH UK LOLM JIISHO| EX £ 2 A2 ZHHBHUCH
Xetol#+2 SE =Y &=0l ol =32 A D5HACH

3.1.2. Post-modification

CheckStyle Audit
Designed for use with CheckStyle and Ant.

Files Errors

22 121

=S 0lef =1 95.4%(2530 -> 121) 240t DY 2B E 2 &Y 22 WL UASS
SOIBIUCH 2 021 S2 CNumber, K, S AB0| HOT)f Qs 2aHA, B4, HAS
OO (3t HOZ ZRM0| HS 22010, WL LD HOI5HH +FoHK L= AO=2
2 2|6t A Ct. Checkstyle OliE 2 =&st = DY AHE0 & XIHAKXN L Y= AE
=013 Ot
Problems found

# File Line Problem

1 /home/runner/work/ctip/ctip/src/main/java/gui/AdditemMenu java 18 Classes implementing Serializable should set a serialVersionUlD

2 Jhome/runner/work/ctip/ctip/src/main/java/gui/AdditemMenu java 20 Found non-transient, nen-static member. Please mark as transient or provide accessors.

3 Jhome/runner/work/ctip/ctip/src/main/java/gui/AdditemMenu java 28  Found non-transient, non-static member. Please mark as transient or provide accessors.

4 [home/runner/work/ctip/ctip/src/main/java/gui/AdditemMenu java 29 Found nen-transient, non-static member. Please mark as transient or provide accessors.

= ot UL

Total(16291) = GUI (101JH) + Logic (6171) Ol Al GUI= M 2I5tD 24
PMD= SummaryE oi=1 UK H D LHAE M= =0l LIEQ
=2 /o Uz 22 2 AHoHALCT.

/=

Ol I

3

—

Pl QI =0,

# Problem Priority Number
1 Found non-transient, non-static member. Please .
. , Medium (3) 1
mark as transient or provide accessors.
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https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#beanmembersshouldserialize
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#beanmembersshouldserialize

2 Assigning an Object to null is a code smell. .
Consider refactoring. Medium (3) 3
3 | Avoid using Literals in Conditional Statements Medium (3) 36
4 Ensure that resources like this BufferedReader .
TP Medium (3) 2
object are closed after use
5 En_sure that resources like this ObjectinputStream Medium (3) 1
object are closed after use
6 Ensure that resources like this PrintWriter object are .
closed after use Medium (3) 3
7 | Eound 'DD'-anomaly for variable. Low (5) 9
8 | Eound 'DU'-anomaly for variable. Low (5) 5
9 | Non-static initializers are confusing Medium (3) 1
Total 61

1 Slogichl M ZHAE 2

N =82 Z9M0I0H, 4282

Z Ml 7, 82 DataflowAnomalyAnalysis £ S0[2J] (=0l 2 6942 2H = &0l

2 21 2 AT
PMDE JHE &l 245t

o M
S == 31 50

E H2Ct oo &A=

2 27Xl 4,5, 62 CloseResource

P# Problem
Name

File, Line

Description

1 BeanMembers
ShouldSerialize

logic/CNumber.java, 12

member 2 == 0| transient,
static= 2 ({ =Lt
get/set &It Z R &

2 NullAssignment

logic/Controller.java, 34
logic/Controller.java, 549
logic/Payment.java, 59

3 AvoidLiteralsInif
Condition

logic/Controller.java, 144
logic/Controller.java, 220
logic/Controller.java, 221
logic/Controller.java, 254
logic/Controller.java, 277
logic/Controller.java, 283
logic/Controller.java, 310
logic/Controller.java, 314
logic/Controller.java, 357
logic/Controller.java, 400
logic/Controller.java, 467
logic/Controller.java, 491
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https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#nullassignment
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#nullassignment
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#avoidliteralsinifcondition
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#closeresource
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#closeresource
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#closeresource
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#closeresource
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#closeresource
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#closeresource
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#dataflowanomalyanalysis
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#dataflowanomalyanalysis
https://pmd.github.io/pmd-6.26.0/pmd_rules_java_errorprone.html#nonstaticinitializer

logic/Message.java, 35
logic/Message.java, 38
logic/Message.java, 48
logic/Message.java, 58
logic/Message.java, 69
logic/Message.java, 78
logic/Message.java, 89
logic/MessageQueue.java, 76
logic/MessageQueue.java, 79
logic/MessageQueue.java, 82
logic/MessageQueue.java, 85
logic/MessageQueue.java, 88
logic/MessageQueue.java, 91
logic/MessageQueue.java, 94
logic/MessageQueue.java, 153
logic/MessageQueue.java, 159
logic/MessageQueue.java, 190
logic/MessageQueue.java, 194
logic/MessageQueue.java, 196
logic/MessageQueue.java, 201
logic/MessageQueue.java, 205
logic/MessageQueue.java, 207
logic/MessageQueue.java, 211
logic/Title.java, 21

CloseResource

logic/MessageQueue.java, 49
logic/MessageQueue.java, 126

BufferedReader=
AtE256t1D closeE ot Al

(o] XoJ =)
[E=R0 U =

CloseResource

logic/MessageQueue.java, 52

ObjectinputStreamE
A &3t closeE oAl

(o] Xo) =)
(K= 0 =

CloseResource

logic/MessageQueue.java, 50
logic/MessageQueue.java, 53
logic/MessageQueue.java, 127

PrintWriterE AIE3l12
closeE oAl £ US.

DataflowAnoma | logic/Controller.java, 232-235 (=8 2=x)

lyAnalysis logic/Controller.java, 235-235 gt LHol M & olst
logic/MessageQueue.java, 34-37 H=IF HE 2D & A2
logic/MessageQueue.java, 35-38 £2 A2 0otutt
logic/MessageQueue.java, 47-63 H 0t Ot
logic/MessageQueue.java, 48-56
logic/MessageQueue.java, 125-133
logic/MessageQueue.java, 218-225
logic/MessageQueue.java, 225-225

DataflowAnoma | logic/Controller.java, 470-505 (==& E=x)

lyAnalysis logic/Controller.java, 489-505 g LHol M B 2lst
logic/MessageQueue.java, 50-122 | 8140} &= LHHIM AFE2
logic/MessageQueue.java, 129-174 | &I Xl 2 U S. AL HIGHALE
logic/MessageQueue.java, 187-253 | H+=E AISotl= 22

Y
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9 | NonStaticlnitiali | logic/CNumber.java, 14 =Jlst =01 M- Xt
zer MAZE HOHCH Al =,

Sl 222 OtLI X2t
He AHE &R &1
sSHs =+ US
static2 2 =& oLt
AHot=e s HE

Mo OIS 2H & AX, 2t LME 0l X =8 Yes HH6H0H HEE 0 A

=8g > JAEF F2lotULt.

PMD Source Code Analyzer Projectdil Al & 2| &t Error Prone= & 98HEZ 11 5 &A= 22

GINSHOl 1O, MBHHOZ AR 2B At R4 =20t =X @2 I =&ot=0 2

AMZ2HOl ALK &S A0t M2AZ N 2E &S 520 =4otCHD BILS WHRLCH

3.3. Spotbugs

Summary

Warning Type Number
Bad practice Warnings 8
Internationalization Warnings 4
Performance Warnings 2
Dodgy_code Warnings 21
Total 35

210531 A& = report Jl= & 35002 & 100 Lot ACH 1 = logic 3| X Gl A 324, gui
IHIIXIOIA 3oHS] E 00 LR LCEH
gui I XI0IA st = ML

e High Priority Warnings : 4}
e Medium Priority Warnings : 34

e Bad Practice Warnings

Index [ Warning Code Warning 24 0| R
1 | NM_CONFUSING: CNumber.getDvmID() | CHE2XF 0 28 (12
Confusing method names & E’F')'\'Q' S M=ol
Payment.getDVMId() 2 A4 5FRACE.
2 NM_CONFUSING: CNumber.setDvmID(int) | CHE X+ 01 =2 LHE
Confusing method names & _ gu,\_(:” S M=ol
Payment.setDVMId(int) | & A5t ACE.
3 NM_FIELD NAMING _CO | CNumber.DvmID He 0822 A2 X2
NVENTION: Al ZHGH OF St LY.
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Field names should start
with a lowercase letter

4,5 [RV_RETURN_VALUE_IG [ MessageQueue.java offergl == 2| returngt =
NORED BAD PRACTIC |:[line 75, 195, 206, 212] | & Atot0H 2 F It
E: Method ignores 2SR =X & 210
exceptional return value Z QSHC.

e Internationalization Warnings
Index [ Warning Code Warning &4 0| =

6~9 | DM_DEFAULT_ENCODI | MessageQueue.java AL QX0 DY EAS
NG: Reliance on default | :[line 65,66, 135, 136] | =Jt2 MEa0F A|AE
encoding SEX0I A0 AIHE K

2=
new
InputStreamReader (socket.
getInputStream(), Standard
Charsets.UTF §8)
e Performance Warnings
Index | Warning Code ol 2 &

10 [ SBSC_USE_STRINGBUFFE | CNumber.java Loop @t 0fl M String
R_CONCATENATION: [line 70] concatenateE & Z 20Ul =
Method concatenates strings StringBuffer2 At £ 35t0
using + in a loop appenddt ] Loop S& =0l

String2 =2 #H&tot= 210l
ZC(.

CtBt LoopE 312 &=
NOZ &G 0IE =B
g e s Ne=E
M2 =L

11 SIC_INNER_SHOULD_BE_S | Title.java Outer Class 2| referenceS
TATIC_ANON: Could be [line 48] Ol Z235tAl 20t 2Y inner

refactored into a named static
inner class

class2 Ct static inner
classE€ 12 &GN

A &3dt= 2201 £C 6HXI8F
IntelliJOil A M Ctot=MHE
Comparator.comparingInt (
Item: :getExpirationDate)
£ DEE HHP= A0 O

Z 02 QICt.

Dodgy Code Warnings
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Index | Warning Code ol 2 &
12~ [ BC_UNCONFIRMED_CAST: | Controller.java: JFrameZi Xl € gui2l 2t
30 Unchecked/unconfirmed cast | [line 339, ClassZ cast2r [
349, castabledt X| &0l5t=
169, 220l &Moot Xl &0t
520, gt a5t Z 0 0IC.
133,
91,
254,278,271,258,
228,245,264
214,284,
185,
444,
478,
460,
73,
427,
528,
301,
391,
381]
31, | NP_DEREFERENCE_OF R | MessageQueue.java |readLine()2 Z 1+0il CHH
32 | EADLINE_VALUE: [line 68, 147] null checkingO| & X &tCt.
Dereference of the result of
readLine() without nullcheck
o FIEIEZEEUUSFD A ZINEZT D 2, &Mt DE X, M 222
&4 G QUL
o 21 = =2 U S REE=R ZN=HIEMES €0
I AIGHSI CF.
o (=2 HINII LFIUS returnE 4= U= return valueES 2 AFoH Xl 2 H UL, CastE Al
castableS 2 AlGHA|l 20 LMBIUCH LF A2 HHE = U= 2DEE
A Hoforets =2 ol OFetCt
Metrics
2105 lines of code analyzed, in 37 classes, in 2 packages.
Metric Total Density*
High Priority Warnings 4 1.90
Medium Priority Warnings 3 1.43
Low Priority Warnings 28 13.30
Total Warnings 35 16.63
(+ Defects per Thousand lines of non-commenting source statements)
e NMIHAHSZ DE 2t2l £=0fl Hl & Warning DensityJ}t 16.632 2 &2 0| 0 Al coding
rule2 & X210 2EE HHIMUCHLD M2,
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3.4. SonarQube

Y UHEOAM 1002 HHO2 =800l DE AHWO| YMIULH HESHHIAY SFR= 3
410 MMM While 20l 2 £HS FIIotHU A4 Z0] &4t true@l 29 & =8
2RI A= HOAJLL Y FE2 HLEO =E= 2= 8 HEHOICH

src/main/javallogic/Payment java

Change this condition so that it does
not always evaluate to "true"

¥¥ Bug

Change this condition so that it does
not always evaluate to "true"

src/mainfjava/Logic/Message_Queue java

Use try-with-resources or close this
"ServerSocket"” in a "finally" clause.

¥ Bug

src/main/javal/logic/C_Number java

Change this condition so that it does
not always evaluate to "true"

¥ Bug

Save and re-use this "Random”.

¥¥ Bug

src/main/java/L ogic/Controller2 java . ", )
Change this condition so that it does

Add an end condition to this loop. not always evaluate to "true™

¥¥ Bug ¥¥ Bug
Checkstyle, SonarQubel| HH 1€ =& 6t= JHE 0

IS A2 5|9

TIZMENA Z== EHY 2 Critical, Major, Minor,

CriticalZ2 28 %

Oldds 8ol & A

(5:]]

0z 10

o]

I
o +HIHT= AHAUC

src/mainfjava/gui/AdditemMenu_ java

2 & Cognitive Complexitiy 01

¥¥ Bug

Add an end condition to this loop.

¥¥ Bug

Use try-with-resources or close this
"Socket" in a "finally” clause.

¥¥ Bug
AN IZE

InfoOl C}.

—

A9 o

Et 2! (Blocker, Critical, Major, Minor, Info)2 2 22&Ct. 1 =

25h A

—

A 1372 S S AL

2A0IACH IS0l CHEt

Refactor this method to reduce its Cognitive Complexity from 21 to the 15 allowed
@ Code Smell » Critical v

O Open * Not assigned *+ 11min effort Comment

. Why is this an issue?

3daysago~v L40 %
W Notags =

Refactor this method to reduce its Cognitive Complexity from 24 to the 15 allowed

@ Code Smell Critical ¥+ (O Open + Not assigned v 14min effot Comment

src/mainfjava/gui/inputLine java

Refactor this method to reduce its Cognitive Complexity from 18 to the 15 allowed.

@ Code Smell = Critical * (O Open + Not assigned * 8min effort Comment

src/mainfjavallogic/Controller java

Refactor this method to reduce its Cognitive Complexity from 41 to the 15 allowed

@ Code Smell + Critical * (O Open * Not assigned * 31min effot Comment

Refactor this method to reduce its Cognitive Complexity from 22 to the 15 allowed.

@ Code Smell = Critical * (O Open * Not assigned * 12min effort Comment

src/mainfjavallogic/MessageQueue java

Refactor this method to reduce its Cognitive Complexity from 23 to the 15 allowed

@ Code Smell + Critical ¥ (O Open ~ Not assigned + 13min effort Comment

. Why is this an issue?

Why is this an issue?

. Why is this an issue?

Why is this an issue?

. Why is this an issue?

4daysago v L151 9%
W Notags =

4daysagow L94 %
W Notags =

4daysago v L210 9%
¥ Notags =

4 days ago v L456 S
W Notags =

4daysagow L46 %

¥ Notags =
[Critical]
Major2 2FE D& AW2 AN SHASE HUAMNCZ =8, 55 2DE A, 218
loggerE E38ot= s DY AELL 0 CHet LHEOIRULE. Stack| 22, S50t 2 QSHA
H O™ Deques M= ds ot JA=0l 0l =22 EtEot= X0l S0 B EHEHTH
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src/main/java/gui/AdditemMenu java

Make this anonymous inner class a lambda Why is this an issue? 4daysagow L20 S Y~
@ Code Smell* €@ Major v O Open~ Not assigned » 5min effort Comment W Notags »

src/main/javalgui/CardPayUl java

4 duplicated blocks of code must be removed. Why is this an issue? 4daysago~w S T~
@ Code Smell v @ Major + O Open ~ Not assigned » 50min effort Comment W Notags =
Make this anonymous inner class a lambda Why is this an issue? 4daysago~ L19 % T~
@ Code Smell + € Major + O Open~ Not assigned = 5min effort Comment W Notags «

src/main/java/gui/DVMMenu java

Make this anonymous inner class a lambda Why is this an issue? 4daysagov L18 S T~
@ Code Smell* & Major v O Open~ Not assigned » 5min effort Comment W Notags «
Replace the synchronized class "Stack™ by an unsynchronized one such as "Deque”. Why is this an issue? 4daysago~ 128 % T~
@ Code Smellv & Major v O Open v Not assigned » 20min effort Comment W Notags »
Replace the synchronized class "Stack” by an unsynchronized one such as "Deque". Why is this an issue? 4daysago~ L31 % T~
& Code Smell» @ Major *+ O Open v Not assigned » 20min effort Comment ¥ Notags =
Replace this use of System.out or System.err by a logger. Why is this an issue? 4daysagov L79 % T~
@ Code Smell+ & Major + O Open~ Not assigned + 10min effort Comment ¥ Notags =
[Major]

A2 Checkstyle0fl A & 2

o &t
ARG 20R HHE =

Minor 8& &
of

= U LXIGIG L Infoz 2= I E
AUS TODO DUE 2tcHs

2tetet S HIO0ICH

HJIHI |>

A —

3.4.1. Reliability

Color: Reliability Rating Size: Bugs

Reliability Overview
Oa B ¢ [bOp OE

100%

Reliability Remediation Effort

0 100 200 300 400 500

Lines of Code
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3.4.2. Maintainability

Maintainability Overview

6h 40min

5h

3h 20min

Technical Debt

1h 40min

100
3.4.3. Duplication
Duplications Qverview
/ \
80 \
| \
60
»
2
=4 —
5 ) N
E 40 /.J
a
Ve ™~
20 \ /
N
@ @ED QD0
100

SonarQubeZ &M HJI 2ME = U= LHIS=2 2ot =80

E45 &8¢ E'RDP = false alarm2 2 ZHEHGEKE CY.
=2 Mot el SHEQO| e JF MECHD THESHTH

Color: Maintainability Rating Size: Code Smells

OA B c Ob 0O

200 300 400

Lines of Code

Size: Duplicated Blocks

200 300 400

Lines of Code

500
/‘-
500
R0 1 2dol=

Maintainability 2t Duplication <

100%

100%

Al
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3.5. JaCoCo

X X 2 S (gui package, logic package) 2 logic package 0l T 5l Al 2 JUnit Test &t 4 0|
Ol = 01 ™ Ct. [t A logic packageOil Al =&t

3.5.1. JUnit Test Report

28 0 0
tests failures ignored
Classes

Class Tests
CNumberManagerTest 5
CNumberTest 1
ControllerTest 1
DVMTest -
[temTest 1
MessageQueueTest 1
MessageTest 7
PaymentTest 3
TitleTest 5

0.101s

duration

Failures

o O O O O O o o O

= 2812 TestsJt &M | UL,
maindt &8 X HAE =
HAE == 8+11+42+13+2+23+17+9+12 = 1374 O| C}.

o FHAE == 137401 Xl Test === 281 Ol Ct.

L OoIC.

o 28JH2| Tests= HHE Xl E=(02 XMelz HHAE G| Hd=2 fFE2S X

Methods #== 694 0|

281 2| Tests & assert=0| 120+ A}

Ct.

MUEIN O Z Test & assert=2 2| %=}

3.5.2. JaCoCo Report

logic

Element Missed Instructions~  Cowv.
@ controller e 13%
® MessageQueus — 24%
© Message || 31%
@ Title = 21%
® CNumber = 92%
@ Payment | | 39%
[Cit I 21%
® CNumberManager 91%
@ ltem 100%
@ Title.new Comparator() {.} 100%
Total 1,873 of 3,108 36%

Missed Branches

247 of 212

==

[

=
S
P

—/

JUnit testsBt =& 61 A CF.

100%

successful

&l

[

Ct.

Cov.
0%
23%
57%
35%
T1%
100%
n/a
100%
nfa
n/a
20%

Ignored

0

Lo T e R o Y s Y s Y s Y s T s

X " &

— — M

Duration

0.004s
0.055s
0.001s
0.004s
0.002s
0.003s
0.015s
0.012s
0.005s

Success rate

100%

100%

Xl 2l 5t 12 getter, setter= XL & 604 logic packagel &

C=Z HAEI 2=0k

Tests ==J 131 0| C}.

Missad
127

- A
=

S o m bk woe @

=)
=]
a

Cxty
136
56
31

Missed
358
136

17
11

Lines~ Missed

398
185
85
39
42
41
26
27
6
2
256

37
1

(== R R - I I

-1

Methods
46
19
24
13

Missed

(ST = = = = = I =)

Classes
1

1

1

1

1

1

1

1

1

1
10
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logic package (il A instruction coverage= 36%, branch coverage= 20%E
JI =5t L.

Controller, MessageQueuelll (IR 22 ZEJH ST JAKXICH13% 24%cte 2

CoverageE = U L.

Controller, MessageQueueE X 2|8t Class= 0l Al = 25 80% 0l &2 CoverageE
S AL

getter setter Bl A E=(Z 3674)= 2+ EHotH HIAESHCHH, Coveragedt 2 O AU
At

Instruction &2 BranchJl HHE Al £ 2 method==2 Ui 201 LHESHA LY.
JHEE N =90 & 2 RoICHD M2T = methodS 0l CHol A= IR Q1 JUnit testS

Index | Class Method Description(Optional)
1 Controller manEditltem(int)

2 reqFindDVM()

3 cardPay()

4 smartPay()

5 inputCNumber()

6 inputSelect()

7 selectPayment(int)

8 returnitem(Title, boolean)

9 printCNumber(String, int, int)
10 selectDVM()

11 manSelectTitle()

12 infoNoUsableDVM()

13 regMainMenu()

14 manShowltem(int)

15 infoCNumberError()

16 manShowTitle()

17 printSelectPay(int)

18 infoNoltem()
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19

showlnputLine()

20 showMainMenu()

21 showUsableDVM()

22 showCardPay()

23 showSmartPay()

24 cancelPay()

25 setK(JFrame)

26 setDel(int)

27 cancelltem()

28 returnMain()

29 getK()

30 getDel()

31 setTitleList(ArrayList)

32 setDvmStack(Stack)

33 setCm(CNumberManager)
34 setMqg(MessageQueue)
35 getDvmStack()

36 getMq()

37 MessageQueu | msgReceive(int)

38 © dequeue()

39 msgSend(Message)

40 run()

41 getlP()

42 setLoc(int)

43 setStk(int)

44 setMsgQueue(Queue)

45 setStkMsgQueue(Queue)
46 setLocMsgQueue(Queue)
47 Message translate(int, int, int, double,
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double, int, int, boolean)

48 setMyld(int)

49 setXAddress(double)

50 setYAddress(double)

51 setBoolData(boolean)

52 Title setHold(Integer)

53 setName(String)

54 setPrice(int)

55 setltemList(ArrayList)

56 updateStock(int, boolean) M 2Fel B0 CHoll A
HAE otE.

57 getName()

58 getPrice()

59 CNumber setTitleld(int)

60 setDvmID(int)

61 Payment setTitleld(int)

62 setDVMId(int)

63 setErrorLog(String)

64 DVM setCurrentX(double)

65 setCurrentY(double)

66 getCurrentX()

67 getCurrentY()

68 CNumberMana | setCList(HashMap)

69 5 setChCList(HashMap)

Test M=t A& =0l HIoH 2500, & assert& == 631 =2 Test 1) & assert
== 2.25)40ICt. Test 10 & assert #=Jt & Ct 10 THEHEICY,

Controller, MessageQueue JUnit Test0ll =41 X 2| & Test=0l| 20J40ICt. OI E &
=& 350 =35t getter, setter TestE 2t &6t A =I+8HCHH Coveragedt Xl 2 0l
Hiol =2 =22 S22 210! It & CF.
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4. Quality Measurement

4.1. Product Quality Factors

4.1.1. Reliability
N

Holl &l AH[ 2 &=06t=AXl Use Case &
H

DVMe =8 X &

|>
Im
i

FE A 2F 102 H

Ol

4111.Usecase1-3& 2|AE 3tH =
3 1 2 3 4 5 7 8 9 10 A
20 | P | P P P P P P P P | 10110
411.2. Usecase2- e S= &
3= 1 2 3 4 5 7 8 9 10 7
20 | P | P P P P P P P P | 10/10
Except P P P P P P P P P 10/10
4.1.1.3. Use case 3 - At X S EH F A
3| = 1 2 3 4 5 7 8 9 10 H
2% | P | P P P | P P P P P | 10/10
4114. Usecased- ANEX QI=SEHS o1&
3 1 2 3 4 5 7 8 9 10 A
23 | P | P P P P P P P P | 1010
Alter P P P P P P P P P 10/10
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Except P P P P P P P 10/10
41.15.Usecase5- M1It st HS CHU

sl | 1| 2 | 3| 4| 5| 6 10 | B2

23 [ P | P = P P P P | 1010

Except P P P P P P P 10/10
4.1.1.6. Use case 6 - 720i Jt=8H XHEHD| OHLY

3l 1 2 3 4 5 6 10 S anay

20 | P | P = P P P P | 1010

Except P P P P P P P 10/10
41.1.7. Usecase 7 - At X} XHEHD| & EH

3| == 1 2 3 4 5 6 10 B

23 [ P | P = P P P P | 1010

Except P P P P P P P 10/10
41.1.8.Usecase8-Z2H =4 == =&

3| == 1 2 3 4 5 6 10 &

20 | P = P P P P P | 1010

4119.Usecase9- 22X == 24
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3| = 1 2 3 4 10 o

2 P P P P P 10/10
4.1.1.10. Use case 10 - 2tH Z X

3 1 2 3 4 10 o

2 P P P P P 10/10

Alter P P P P P 10/10
Except P P P P P 10/10
4.1.1.11. Use case 11 - I9t&E &2 X

3= 1 2 3 4 10 &

20 [P | P | P | P P | 10110

Alter P P P P P 10/10
Except P P P P P 10/10
4.1.1.12.Usecase 12- Z2 Xl =&

3| = 1 2 3 4 10 o

2 P P P P P 10/10
4.1.1.13.Usecase 13-Q/=i5 MM

Sl== 1 2 3 4 10 o

2 P P P P P 10/10

411.14. Usecase 14 - 21SHS

35




3| = 1 2 3 4 10 o

20 | P | P P P | 10/10
41115.Usecase15-82 &8

3 1 2 3 4 10 o

20 | P | P P P | 10/10
4.1.1.16.Usecase 16 - M2 =& HHI0IE

3 1 2 3 4 10 A

2 P P P P P 10/10

Alter P P P P P 10/10
4.1.1.17. Use case 17 - 22| Xt Ol

=l 1 2 3 4 10 R

2 | P | P | P | P P | 10110
Except P P P P P 10/10
4.1.1.18. Use case 18 - 1 0 22|

3= 1 2 3 4 10 7

20 | P | P | P | P P | 10110
Except P P P P P 10/10
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=

}

4.1.1.19. Use case 19- 9/ x| & &0l
3l 1 2 3 4 5 6 7 8 9 10 |
23 [ P | P P P P P P P P P | 10110
4.1.1.20. Use case 20 - X 2 & =0l
3l 1 2 3 4 5 6 7 8 9 10 a3
23 [ P | P P P P P P P P P | 10110
4.1.1.21. Use case 21 - HI Al X| &l
3l 1 2 3 4 5 6 7 8 9 10 o
23 [ P | P P P P P P P P P | 10110
Alter P P P P P P P P P P 10/10
4.1.1.22. Use case 22 - Hl Al X| %=2l
2l 1 2 3 4 5 6 7 8 9 10 o
23 | P | P P P P P P P P | 10110
4.1.2. Correctness
AT LK et 32 &Ml Use Case = ReliabilityJt 1002 Use Casell HIE 2
= N ot AL
221 2] Use Case = 22Jli 2| Use Case 2 5 Reliability?t 100%0| 2 2 Correctness=
100%0| Ct.
4.1.3. Usability
Index Description Result
1 13| OIRA 2222 HEO S&ol=I1? P
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2 MIJF200H AS [, 1038] OILHS] DR A
ZI ot IEXl Ol S6t=It7?

3 ot 0ls Al &3S IJ|JF BokX

4 LY 27 E 2AJ| HE S AlZ2K(

5 HZH &S 5tHOl XISH

6 HZH ASHSE CHAl =tolg

7 ZE2 JJ[JH12f Ol & 1Dt

8 Or=el g=50l 8l M E=3td

U | O0O|™mMm| T|TT| O

9 TEHESOI AIZFH2Z & +
10 AHEtJ|E 0l Eot= &0l thet
11 HE AJ1Jt &0l 2I9t?

12 ZH 43/ 25 HEO &
13 MO A= A& I Z 44 Al2H0

m| M| | OT| T

1391 S 10012 & =0A SUIA 222 Usability= 77%0I Ct.

4.1.4. Maintainability

30U M =48t 2t Static Analysis =& &
Checkstyle: 5/5

M

e PMD: 4/5

e Spotbugs: 4/5

e SonarQube: 5/5
JIE

ID, =4, 22| X2 & otE2E: 0/20

18 /408 0| 2 2, Maintainability= 45%0] C}.

4.2. Process Quality Factor

4.2.1. Schedule

2t AHIOIK 8 D12t L 3 Eez +

0
e
i

ro

Jon



22 HE #1 B2 H#2 B2 H #3 22 H#4 EYH#5
OOPT Stage OOPT Stage OOPT Stage | OOPT 1st Cycle OOPT 2nd
1000 2030 2040 Cycle
Planning Analysis Design Implementation | Implementation
& Unit Test & Unit Test 2

5JHe] AHIOIKI = 448 AHOIKIE It EAHZ =34

Visibility= 80%0| Ct.

4.3. Total Quality

4.3.1. Project Planning

o

O© 8 Z Schedule

4.3.1.1 SRS

Xl ot?l &= 32 dadHez HdE &= 32)H= U&= A& ot
32/32*100 = 100%

4.3.1.2 SDS

X ot?l &= 300 S E4HLZ M &= 302 Hl&= A&t ot ALt
30/30*100 = 100%

4.3.1.3 OOPT - 1000

HHM ol =490 S AL HdE &= 4942 HIES Al ot AT
49/49*100 = 100%

4.3.1.4 OOPT - 2000

SA ot?l =771 S EEdH22 H-dE &€=01 7602 &5 A Ltot AL

76 /77 * 100 = 98.7%
EH#: (100 + 100 + 100 + 98.7) / 4 = 99.7%

J1 &l Total Quality: 0.2 * 99.7% = 19.94

4.3.2. Development
N 40% =

Reliability(25%), Correctness(25%), Usability(25%), Maintainability(25%)

Reliability : 360 / 360 * 100 = 100%
Correctness : 22 /22 * 100 = 100%
Usability : 10/ 12 * 100 = 83%

Maintainability : 18 / 40 * 100 = 45%

39



I Total Quality = 0.4 * 82 % = 32.8

4 .3.3. Verification & Validation

HAE 40% =
Spec Review(25%), System Test(25%), Static Analysis(25%), Unit Test(25%)

Spec Review : 25/25

System Test : 23.5/25

Static Analysis : 25/25

Unit Test : 12.5/25

Bl A E Total Quality : 0.4 * 86% = 34.4

Total Quality :19.94 + 32.8 + 34.4 = 87.14

1st Cycle, 2nd Cycle, T |
I 1stCycle [ 2ndCycle [l TH|
100

75
50

25

Dev V&V Total
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