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1. Specification Review

a. 1000 Planning

i 1003 : Define Requirements
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ii. 1004 : Record Terms in Glossary
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iii. 1006 : Define Business Use Case
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a. % Set time?] Specification®t AFA A A E o] 5 -
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2. 1003 : Requirement&}o] =7]3 &4
a. R.3.1 Select alarm num, R.3.2 Remove alarm num :
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b. R 5.1 Change world : 1006 7] | 4] Change country®=
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R 6.1 Turn on brightness control : 1006 A9l A Control
> gAaEA 5Y o
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R 6.2 Turn off brightness control : 1006 €Al 4 Control
> g ARA 9 g
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R 6.4 Change brightness : 1006%+ 4] 4 change
Brightness -> A4 54 &%
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R 6.3 Control brightness : 1006 &tAl o A Abe}A -> ZHA]
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- 33 g
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iv. 1009 : Develop System Test Case

1. 1006 : Define Business Use Case ¥}9] %7]3} ¥4

a.

b. 2030 Analysis

2H Show current time test®] Use case :Show current
time < 1006 A | A Define ¥ A &<

— Use case: Show current time 4}H| 20l
3W Show current date test2] Use case :Show current
date & 1006Aloll A Define ¥ A &<
— Use case : Show current time 4tH| 20l
no

49 Stop ringing= R 1.2.2% WA] Fo] 92} R 1.3.2%

19" Ringing timer —> Ringing test® &4 &%
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i. 2031 : Define Essential Use Cases

1. Use Case Specification WA 2] 3£7] Levelo] 2] &
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‘4. Start stopwatch” 9] “(S) stopwatchTime #ko] 2%
0.01 @9 = =713t} o 4 0.01 @99 A7} 5 g
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“14. Start timer” 9] “E.1 2+ 949 9] Zto] 0o] € 2%
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“22. Change brightness” oA ActorE User® %7] ->
Hidden Type©] 2 & Actor= System©] W= ¥ 7]
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“1. Set time” 9| A Set Time —> Set time2o. 2 W7 Q7
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“5. Stop stopwatch”, “6. Reset stopwatch”, “7. Lap
stopwatch”o| A ‘25 Y A'gt+= 8L ‘Stopwatch' 2 5
Jg_ul—
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“8. Select alarm num”, “9. Remove alarm num” ol 4
‘num’ & ‘number’F ¥ ¥ sl Y 9w

o 2% B0l

“10. Set alarm time” ol A Set Alarm Time -> Set alarm
timeo 2 W7 o

- 3% 29l

“11. Turn on Alarm” 4] Turn on Alarm -> Turn on
alarme. & W7 a7

- 3 =9l

“12. Turn off Alarm” | 4] Turn off Alarm -> Turn off
alarmo. 2 W73 o
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g. “18. Change World” o4 Change World -> Change
world®2 W74 &7

P
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5 W= % F5A A
a. “10. Set alarm time” oA 2% @8y = -> t} 2 Use
caseE 9| Specification®} < &
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b. “10. Set alarm time” 2] Exceptional courses of event
ol A “E#” ¥} £ FEA7E 9l -> thE Use caseE 9
specification® &9 &%

— Tx-l 2|'°|

c. “13. Set timer time” 2] Exceptional courses of event
of| Al “E#” 3} & A §l —> thE Use caseE Y
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P
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d. “21. Control brightness” 2] Alternative courses of
events oA “¥17] level 39AI7F HE stz
T A T

P
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6. ez}

a. "10. Set alarm time” 9] Pre-requisites®l| 4] “User7} &
WS A2 St dor) EE
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b. “14. Start timer” €] Exceptional courses of eventol 4]
‘E.1'-> ‘El o2 ¥ v
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i. 2032 : Refine Use Case Diagram

a. Use CaseE 9| 9|55 20319419 Specification¥}
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ii. 2033 : Define Domain Model
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WorldtimeMode ¢ d7} &%
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iv. 2035 : Define System Sequence Diagram

1. Use case Specification¥}¢] U x] &4

a.

“1. Set time” 9] Specificationol| 4] ¥7]3} input/output?]
MG A AR 243 Diagram?] input/output 25-7F ©H&
> A A7V E AL

- e oA =&

“1. Set time” 2] Planning ¥A 9] Specification®] A+
worldel] o gt setting? g+o] Change worldell Al & >
Sequence Diagramol| Al worldES H7Ast= 312 AbA Q1
- JEEL ofH =&

“3. Stop ringing” ¢ “(S) Beep ©] A3 A 3=7} A A
¥ o, AF8-2Fe] 83 o] £l 2 Beeps HETH o
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A

s £3d ] Sequence Diagramol A 78 -> F7135t=
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“10. Set alarm time” 2] “7. (A) CH ES A}&35lo] AL
ety 2“8 (S) AT AIHS st &gt} o
gk ¥3l o] Sequence Diagramell A &3 -> F7}38F=
e AL

“19. Change SW”¢] Sequence Diagram ©| A “3:
selectSW” ol th3l Specification 58 -> F7}5l= A
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2. Sequence Diagram &4

a.

“1. Set time” 9] Sequence Diagramell A Button?] input<
RV TR a8 A g2 Fo] glo] EF o] >
AAAI71 715 AL

- =73 =l

“2. Change mode” 9] Sequence Diagrameol| A th&
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v. 2038: Refine System Test Case
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2, 3 9] System function®] 21¥E2+=R 1.2.1 & R 1.2.2 -
1.29} R 1.30% W7 o

Test &8 ChangeWorld -> Change World Test®
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vi. 2039: Traceability Analysis

1. AYHXA ¢ Use Case
a.

c. 2040 Design

oFA specificationo| Al WA & #] &S Use CaseE°] th
Hel —> 9] Use CaseE2 A HAs7| & AL
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i. 2041 : Design Real Use Cases

wal

B

“10. Set alarm time” 2] Exceptional courses of
eventsol| A 9] n|7} B35 &

Axd A
— 7 =9l

7]

“3. Stop ringing” ] “2. (S) : User?] £.4o] ol Ay
3x7 }X]b}‘ﬂ onOffgkS false® WA 3} ringS

HET o A “3%7F AU onOff 3LS false = H 7 5]
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“14. Start timer”, “15. Stop timer”, “16. Reset timer” 2]
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“17. Ringing” 9] “Al. (S) System= Alarm, Timer = =7}
old Ao A = Ringing®] &% t}.” Ringing —>
ringing) 2.2 W7 Q%
- 33 =29l
“19. Turn on brightness control” o]l A Alternative
courses of events® ¥7] g -> F7} 8%
— TI-I 2|'°|
“22. Change brightness” | 4] Actor”} User —> Hidden
Type¢| 2% Systemo.= W7 &
- 33 29l
“23. Change SW”9] “4.1.3 (S) changeSWZ
& &3} (timekeeping A 9]) ¢, “4.1.4 (S) display %
s=3hth”, “4.2.3 (S) displayE &3k}, “o) A Zhzh
changeSW¢} display —> changeSW(O) %} displayO= ¥ 7
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“2. Change mode” 9] “2. (S) display(selectedSwli+ 1)<
TE (= A Age REo Qldo|t)) of A
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3 Stop ringing” ] “2. (S) : Userd 8.3 o] o2 A}t
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f.  “21. Control brightness” 9] Alternative courses of
eventsoll A " #7] level 2 3WA 7 HE 2
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7+ 2N 71 24H o] ¥t} oA 24H->1H H U} 23H-
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i. 2043 : Define Interaction

1. AAAQ A
a. HIix Ao A Sequence Diagram®] Use case”} F-91¢1%]
A= HA|F o] QA ¢Fo} Use case H=Z -3+
TAES Fotalr| 7t A e > 74 8%

b. M= ¥ Sequence Diagramo] 1}¢}of sl= = 7}
Interaction®] notationS A AF7| vl# (ex. T+ 3=

gelel 271
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2. Use case Specification®¢] &< =] &4

a. “1.”(Set timeo. & F4)2] “4.3.1 (A) : AFEA7} HES
FE1} 4.3.2 (S) : changeValue(currentState :int ,
button : int)E T &3Ft}.” 7} Sequence Diagramol 4]
dojz MAH 88 ->FA o
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b. “4.”(Change mode® F73)9¢] “2-1. (S)
changeMode(currentState) & & 3Hc}.”of o g 1] -8-o]
Sequence Diagrameoll 4 F+&td -> =4 a7
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c. “4.”(Change mode® F7%)¢] Sequence Diagramoll 4] “6 :
display(Q”ell th&t ]-&©] Specoll A Fetg -> =4 8%
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d. “Remove alarm num” 2] “1. (A) User’} D HES
&2} 3 W&o] Sequence Diagramol A “1 :
pressButtonB" 2 Z& ¥7]¢ > 4 2%
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“Set alarm time” 9] Sequence Diagramol| A Z&
“display”ell tjgh U-&o] SpecellA] Fetg -> 4 a7
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“Turn on alarm”, “Turn off alarm” 9] “2. (S)
checkAlarmArray()& & &3} "o gk U 8-0] Sequence
Diagramoll A ZAF o2 d2] HA4H -> Spec ¥4 a7
— J|UEo| oA =&

“Start timer”, “Stop timer”, “Reset timer” 9] Sequence
Diagramol A “5 : display(timerTime)” ©] Specol & “5.
(S) display =S &322 37] -> 54 o9
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“Change world” 9] “1.1.1 (S) : reqChangeWorld() &

s =3t} “1.2.1 (S) : reqChangeWorld() & s.&3t}.”7}
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“19.”(Turn on brightness control® F74)o A “(S)
switchBC() & 3.%3}9] brightness °l true &

A 43t} 7F Sequence Diagramell A F&xo] 91& ->
T8 8
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“19.”(Turn on brightness control® F74)¢] Sequence
Diagramol A daylong®| parameter’} +&& o] 9L ->
T8 8

— JHREL o)A =&

“20.”(Turn off brightness control® FA)o| A “4. (S)
switchBC() & 333} brightness | false & #] %3t}
5. (S) initializeBCO) & &%3}9 brightLevelS ‘0" &2
ZA 3} "7} Sequence Diagramol A FEhE o] S ->
T4 8

- WL oA =&

“21.”(Control brightness® F74)9 Sequence
Diagramoll Al 2= displayel]l 99 =2 HE7F =718 >
Spec?} Y 8

- =3 =l

“Change brightness” €] Sequence Diagramol 4] “1 :
daylong” @] parameter”} &%
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“23.”(Change SW=Z F4)2] Sequence Diagramol A =&
“display”ell tjg v-&o] SpecellA Fetd -> 4 o
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3. Sequence Diagram &4
a. “5.”(Stop ringing 2.2 FA)| A “6 : reqStopRinging” &
Q8 glo] Bl
- e oA =&
b. “Start stopwatch” Sequence Diagram®| “1 :
pressButton” oA BB ES FE0+= W&o AFH ->
Zx g}

— =™ =9l

c. “Stop stopwatch” Sequence Diagram®] “1 :
pressButton” | 4] BHES F&th= Ul&o] A=kE ->
T4 o
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d. “Set timer time” 9] Sequence Diagram®] “Set alarm
time” o2 & ¥ 7%

— JI|UElo| o] =8

e. “Change world” 9] Sequence Diagram®] “Change

country’ &t 25 %719
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iii. 2047 : Perform 2040 Traceability Analysis

1. AoH A && Use Case
a. A specificationol Al A5 A] 282 Use CaseE°| tH
B -> &9 Use CaseES UA| HASHE A

d. 2050 OOI : HZAAIE 212
i. System Test

a. 2, 3H 9] System function®] 2" 2}=R 1.2.1 3 R 1.2.2 -
>ZZFR1.2¢9 R 1.302 ¥4 o7
b. 18 Test 38 ChangeWorld —-> Change World Test®
Qo
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R
o

rn
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2. System Re — Testing

a. Brute—-Force Testing

BRER Bage ARl A4 AsE HAE Aol 2E Fushel
T3y,
i. Test cases
2= Ref.# | test case ID description 2} H] a1
Time R 1.1 | T.timekeeping. | AF&A}FY] incorrectdt ¢ = ol
keeping 1 Hh-&-sh=A] 75},
R 1.1 [ T.timekeeping. | 9=7} XA HHYE HojL}x 2100
2 FSS Ao oo =
S 7he
1970 2o g
Py
R 1.1 | T.timekeeping. | BHES +Z v Monthgte] A&
3 W9 o] o] EA)3S
HESFY T,
R 1.1 | T.timekeeping. | ALY A2 A A] monthzkel
4 U= dayH 97 AHE S
g g,
R 1.1 | T.timekeeping. | Hour ¢3¢ 2] gto] XA HE <o
5 =S AUk
R 1.1 | T.timekeeping. | minuted 9] zko] XA H L] ¢t
6 =AEgS AU
R 1.1 | T.timekeeping. | dayd¢] ghko] X AH ¢ ot
7 EAES AU
R 1.1 | T.timekeeping. | second% ] zto] XA W
8 ot EAES AUt
Stop R 2.1 | T.stopwatch.l |BHES o]&3d] ~EAE=
watch A ZA D 4 Q=A ATk
R 2.1 | T.stopwatch.2 |BBES o]&3&)] A8z
AANAZA 5= A=A ASFUt
R 2.1 | T.stopwatch.3 | 2829 % 9d<o] 1/100x%
4ol 2 SAEEA ASEY T
R 2.1 | T.stopwatch.4 | 28X gko] B4 HF 59% 59% 99




ooz A Hd 2EA
szl AAEE AU

R 2.2 | T.stopwatch.5 B Eo g ~EQX7}
AR o2 AAAE &
HSHY T,

R 2.2 | T.stopwatch.6 |BHE o]ele] gddo =
2B X7 AA G A H A s
AEdYt

R 2.3 | T.stopwatch.7 |DBES o] &3] ~&Jx7}
AgH oz gAd S ASdUnt

R 2.4 | T.stopwatch.8 [|ABES =2 &4 lap timeS
HAES A5dYrt.

R 2.4 | T.stopwatch.9 |BHES FE v t}A] &
2gr9) X 9] A A THE BAITES
HESFY T,

R 2.2 | T.stopwatch.10 | €A AAH A& XS BHES
ol &3l AN BS54
A= S A=)

R 2.3 | T.stopwatch.11 [ lap time®] 7] =% ] o] A
2 A S & 7% lap time©]
AR S AU

Alarm | R 3.1 | T.alarm.1 AT 47HA] g5 F AEsE

ehetol sl S AN =8-S
HEdYt

R 3.2 | T.alarm.2 el odedo] &gk HFof A
2AE S ASFUY

R 3.3 | T.alarm.3 A7ggk Al Zbe) dto] A E S
AsHYh

R 3.3 | T.alarm.4 ek AJ7Fo] AAF = ol A
ARdEES A5dYt

R 3.4 | T.alarm.5 orgho] shtete A E o &
74 % indicator7} & gHS
A

R 3.5 | T.alarm.6 A <rzko] glvbd indicator”f
24554 S Asdd

Timer |R 4.1 | T.timer.1 A& A7} Erolw o] AJ7hg A E

T IS A5G

R 4.2 | T.timer.2 Elo]m & BHES o] &3
SAA RS o Aol 124
HAaEs AUy




R 4.2 | T.timer.3 Elojm o] A7 Al7te] Tru ¥ &
A 7ol ZFAadA] Fee
HSFY T,
R 4.3 | T.timer.4 Elolm & HAAAZ & uf Alzlo]
told #HAasHA] S
AEdYt
R 4.3 | T.timer.5 ElolH A2 AEjo A CHESR
E= gk Al EpelH7E FA4 8 S
HSdY o}
R 4.4 | T.timer.6 DHES o] &3] Efo] 9] Az
g AE-S A5k
R 4.2 | T.timer.7 45l Bro]M7F RE ®stel =
A9 S HeEy
R 4.2 | T.timer.8 timerE =7} SA & 5238
HAEIY
World [R5.1 | T.worldtime.1 | 2% BoExrto] LetE W3S
Time HSHY
Brightn | R 6.1 | T.brightness.1 | AA3} dt7]e] 27| 3} o)
ess 258k A3y
R 6.2 | T.brightness.2 | ¥7] 24 7]50o] AdH o= T2
FRES 4TI B =l
185t
R 6.3 | T.brightness.3 | ¥17] A€l A] ajd A ] ¥17] <]
st vEl R 7les
AsdYh
R 6.4 | T.brightness.4 | @%, U Azt wpE 8tr] 24
7159 4 455 ASFYt
Change [R 7.1 | T.changesw.1 6714 BE F 4714 REE
SW A9 = &S APy
R 7.1 | T.changesw.3 = 3l Hslo] o7
T3S A5y
commo |[R T.common.1 HE CE o] &3] =7}
n 1.3.1 Ao R FEEEA
kg o,
buzzer |R T.buzzer.1 buzzer’} &2 uj ojuj sk
1.3.2 HEO Z T buzzers: YA I
JeS ASFY
R T.buzzer.2 buzzer?] #Eo] A ZFsl= o2 HEo
1.3.2 Aol HE 7] 5ol A8 e
HsgY . 7=




&2k
R T.buzzer.3 buzzer?}s ¥ 3% ¥ AF P
1.3.2 sAEES AT
R 4.5 | T.buzzer.4 A A3 ek A 7ol buzzerZ} P
sts| As3hs Ay Th
R 4.5 | T.buzzer.5 A4 HE AR buzzerZ} P
A5t A Ay

i. Test Result
T 65:96%131/471 -> 91.30% [42/46]
A 34.04% 16/471 -> 8.70% [4/46]

iii.  Fail Scenario

Ref.# Test case ID Test Scenario
R 1.1 T.timekeeping.2 2100 o| Ao 2 Z=7}3},
1970 2o =2 &7t

INPUT : year 2100°]%o A B
INPUT : year 1970 month 1 day 1914 dayel] AAEZ

5D

R2.1 T.stopwatch.4 598 59% 99 o] o w &7}

INPUT : B -> 1A%+ tl7]

R 4.3 T.timer.5 Elom A A] G|l A = W Sko] B x| e

R 4.9 T timer.7 INPUT : AA->B->AA->B->B->C

R 6.2 T.brightness.2 T3 ¥ BHE ws3
INPUT:D->B->B->D->B

R 1.3.2 T.buzzer.2 o HEo] e Ve S et

INPUT : &&o] &8+ 5 C




b. Category Partition Testing
i. Categorize

1. CPTE MuA 28

category values

Mode timekeeping

stopwatch

worldtime

timer

swmode

alarm

brightness control

Status in edit

in normal

Function increase

decrease

next unit

next mode

start

stop

reset

laptime




next world

mode check

select

next alarm

on

off

next level

ringing

i. Property & Constraints

category values [property prop] constraints

Mode timekeeping [property TKP]

stopwatch [property STW]

worldtime [property WRT]

timer [property TMR]

swmode [property SW]

alarm [property ALM]

brightness control [property BC]

Status in edit [property INEDT]

in normal [property INNOR]

Function increase [property increase] [if (TKP || TMR || ALM)
&& INEDT ] [property
increase]




decrease [property decrease]

[if (TKP || TMR || ALM)
&& INEDT ] [property
decrease]

next unit [property nextunit]

[if (TKP || TMR || ALM)
&& INEDT][property
nextunit ]

next mode [if INNOR]

start [if (STW || TMR) &&
(INNOR)]

stop [if (STW || TMR) &&
(INNOR) ]

reset [if (STW || TMR || ALM)
&& (INNOR)]

laptime [if STW && INNOR]

next world

[if (WRT) && (INNOR)]

mode check

[if SW && INNOR]

select

[if SW && INNOR]

next alarm

[if (ALM) && (INNOR)]

on [if (BC) && (INNOR)]

off [if (BC) && (INNOR)]

next level [if (BC) && (INNOR)]

ringing [single]

Current unit country [if TKP && (increase | |

decrease || nextunit)]

year

month

day




hour

[if increase | | decrease ||
nextunit |

minute

second

[if TMR && (increase | |
decrease || nextunit)]

iii. Test case & result

No TID Test case Description

1 CPT.Ring.1 Test Case 1 <single> BE 23l A
Function : ringing ringo]

<=7

2 CPT.Timekeeping.1 Test Case 2 (Key = 1.1.1.1.) | timekeeping
Mode . timekeeping mode 74 A],
Status ©in edit country unit®]
Function : increase A =
Current unit : country Z7}VatE=7)

3 CPT.Timekeeping.2 Test Case 3 (Key = 1.1.1.2.) | timekeeping
Mode © timekeeping mode 7 A,
Status : in edit year unit®]
Function : increase A o =
Current unit : year =7}atE=7)

4 CPT.Timekeeping.3 Test Case 4 (Key = 1.1.1.3.) | timekeeping
Mode : timekeeping mode 74 A,
Status © in edit month unit©]
Function : increase Ao =
Current unit : month =7}atE=7)

5 CPT.Timekeeping.4 Test Case 5 (Key = 1.1.1.4.) | timekeeping
Mode : timekeeping mode 7 A,
Status :in edit day unit®]
Function : increase Ao =
Current unit : day Z7Vat=7)

6 CPT.Timekeeping.5 Test Case 6 (Key = 1.1.1.5.) | timekeeping
Mode . timekeeping mode 574 A,
Status © in edit hour unit®]
Function : increase Ao =
Current unit : hour =7V}

7 CPT.Timekeeping.6 Test Case 7 (Key = 1.1.1.6.) | timekeeping
Mode : timekeeping mode 74 A,
Status © in edit minute unit©]
Function : increase A o =
Current unit : minute = 7Vek=7}




8 CPT.Timekeeping.7 Test Case & (Key =1.1.1.7.) | timekeeping
Mode . timekeeping mode 7 A,
Status : in edit second unit©]
Function : increase A o =
Current unit : second =7V}

9 CPT.Timekeeping.8 Test Case 9 (Key = 1.1.2.1.) | timekeeping
Mode . timekeeping mode 74 A,
Status . in edit country unit®]
Function : decrease A o =
Current unit : country AadE=7)

10 CPT.Timekeeping.9 Test Case 10 (Key = 1.1.2.2.) | timekeeping
Mode . timekeeping mode 74 A,
Status © in edit year unit®]
Function : decrease A o =
Current unit : year 7+ E =7t

11 CPT.Timekeeping.10 Test Case 11 (Key = 1.1.2.3.) | timekeeping
Mode . timekeeping mode 74 A],
Status © in edit month unit®]
Function : decrease At =2
Current unit : month 7 3h=7)

12 CPT.Timekeeping.11 Test Case 12 (Key = 1.1.2.4.) | timekeeping
Mode . timekeeping mode 74 A],
Status : in edit day unit©]
Function @ decrease A o =
Current unit : day aE=7)

13 CPT.Timekeeping.12 Test Case 13 (Key = 1.1.2.5.) | timekeeping
Mode © timekeeping mode 7 A,
Status : in edit hour unit®]
Function : decrease Ao =
Current unit : hour aEt=7)

14 CPT.Timekeeping.13 Test Case 14 (Key = 1.1.2.6.) | timekeeping
Mode : timekeeping mode 74 A,
Status : in edit minute unit©]
Function : decrease Ao =
Current unit : minute st

15 CPT.Timekeeping.14 Test Case 15 (Key = 1.1.2.7.) | timekeeping
Mode . timekeeping mode 574 A,
Status © in edit second unit©]
Function : decrease Ao =
Current unit : second a7

16 CPT.Timekeeping.15 Test Case 16 (Key = 1.1.3.1.) | timekeeping
Mode . timekeeping mode 574 A,
Status :in edit country® t&
Function : next unit unite =2 =+
Current unit : country Jo7t=7}




17 CPT.Timekeeping.16 Test Case 17 (Key = 1.1.3.2.) | timekeeping
Mode . timekeeping mode 7 A,
Status :in edit yveard th&
Function : next unit unite =2 =+
Current unit : year Jdo7t=7}

18 CPT.Timekeeping.17 Test Case 18 (Key = 1.1.3.3.) | timekeeping
Mode . timekeeping mode 74 A,
Status © in edit month®] t}&-
Function : next unit unite = =+
Current unit : month do7k=7}

19 CPT.Timekeeping.18 Test Case 19 (Key = 1.1.3.4.) | timekeeping
Mode . timekeeping mode 74 A,
Status © in edit day9| v
Function : next unit unite = =+
Current unit : day Jol 7=}

20 CPT.Timekeeping.19 Test Case 20 (Key = 1.1.3.5.) | timekeeping
Mode . timekeeping mode 74 A],
Status © in edit hour?] v}
Function : next unit unite = =+
Current unit : hour dol7t=7F

21 CPT.Timekeeping.20 Test Case 21 (Key = 1.1.3.6.) | timekeeping
Mode . timekeeping mode 74 A],
Status : in edit minute ] Th
Function : next unit unite. = #+
Current unit : minute Jo7=7}

22 CPT.Timekeeping.21 Test Case 22 (Key = 1.1.3.7.) | timekeeping
Mode © timekeeping mode 7 A,
Status : in edit second?] T
Function @ next unit unito =2 2+
Current unit : second Hol7=7)

23 CPT.Timekeeping.22 Test Case 23 (Key = 1.2.4.0.) | timekeeping
Mode ! timekeeping mode°| A T}&
Status : in normal mode® %+
Function : next mode dol7b=7}
Current unit : <n/a>

24 CPT.Stopwatch.1 Test Case 25 (Key = 2.2.4.0.) | stopwatch
Mode : stopwatch mode°l| A T}&
Status : In normal mode® %t
Function : next mode dol7b=7}
Current unit : <n/a>

25 CPT.Stopwatch.2 Test Case 26 (Key = 2.2.5.0.) | stopwatch
Mode : stopwatch mode°l] A
Status : in normal stopwatch 9]
Function : start start Z
Current unit : <n/a> 2H53F=7}




26 CPT.Stopwatch.3 Test Case 27 (Key = 2.2.6.0.) | stopwatch
Mode . stopwatch mode°l] A
Status . in normal stopwatch ]
Function : stop stop®] Z
Current unit : <n/a> 2H53F=7}

27 CPT.Stopwatch.4 Test Case 28 Key = 2.2.7.0.) | stopwatch
Mode . stopwatch mode°l] A
Status : in normal stopwatch ]
Function : reset reseto] %
Current unit : <n/a> ZF3=7)

28 CPT.Stopwatch.5 Test Case 29 (Key = 2.2.8.0.) | stopwatch
Mode . stopwatch modee°l] A
Status : in normal stopwatch 9]
Function : laptime laptime©] #+
Current unit : <n/a> 71 &% +=7}

29 CPT.Worldtime.1 Test Case 31 (Key = 3.2.4.0.) | worldtime
Mode : worldtime modeo] A L
Status . in normal modeZ %+
Function : next mode do{7t=7}
Current unit : <n/a>

30 CPT.Worldtime.2 Test Case 32 (Key = 3.2.9.0.) | worldtime
Mode : worldtime modeo] A L
Status © in normal country = 2+
Function : next world Jo7t=7}
Current unit : <n/a>

31 CPT.Timer.1 Test Case 33 (Key = 4.1.1.5.) | timer mode
Mode : timer 47 Al, hour
Status © in edit unite] At =
Function : increase = 7Vek=7F
Current unit : hour

32 CPT.Timer.2 Test Case 34 (Key =4.1.1.6.) | timer mode
Mode ! timer T4 A,
Status : in edit minute unit©]
Function : increase Ao =
Current unit : minute =7Vt

33 CPT.Timer.3 Test Case 35 (Key =4.1.1.7.) | timer mode
Mode . timer T4 Al
Status © in edit second unit©]
Function : increase Ao =
Current unit : second =7V}

34 CPT.Timer.4 Test Case 36 (Key =4.1.2.5.) | timermode
Mode : timer 47 A], hour
Status © in edit unite] A=
Function : decrease st
Current unit : hour




35 CPT.Timer.5 Test Case 37 (Key =4.1.2.6.) | timer mode
Mode . timer T4 Al
Status : in edit minute unit©]
Function : decrease A o =
Current unit : minute Aas=7)

36 CPT.Timer.6 Test Case 38 (Key =4.1.2.7.) | timer mode
Mode . timer T4 Al
Status © in edit second unit©]
Function : decrease A o =
Current unit : second FAFNS s

37 CPT.Timer.7 Test Case 39 (Key = 4.1.3.5.) | timer mode
Mode . timer T4 Al
Status © in edit hour?] v}
Function : next unit unite = =+
Current unit : hour dol7t=7F

38 CPT.Timer.8 Test Case 40 (Key =4.1.3.6.) | timer mode
Mode . timer T4 A,
Status © in edit minute @] oS
Function : next unit unite = =+
Current unit : minute doy7p=7}

39 CPT.Timer.9 Test Case 41 (Key =4.1.3.7.) | timer mode
Mode . timer T4 A,
Status : in edit second9] T
Function : next unit unite =2 =+
Current unit : second Hol7=7)

40 CPT.Timer.10 Test Case 42 (Key =4.2.4.0.) | timer
Mode ¢ timer modeo] A L
Status : in normal mode® %+
Function : next mode Hol7h=7}
Current unit : <n/a>

41 CPT.Timer.11 Test Case 43 (Key = 4.2.5.0.) | timer
Mode : timer mode°l] A
Status . in normal timer2] start
Function : start zk 2457t
Current unit : <n/a>

42 CPT.Timer.12 Test Case 44 (Key = 4.2.6.0.) | timer
Mode : timer mode®l A
Status : in normal timer?] stop©]
Function : stop 2 2537
Current unit : <n/a>

43 CPT.Timer.13 Test Case 45 Key =4.2.7.0.) | timer
Mode : timer mode®l A
Status . in normal timer2]
Function : reset reseto] &
Current unit : <n/a> 2H53F=7}




44 CPT.Swmode.1 Test Case 47 (Key =5.2.4.0.) | sw mode©l A
Mode © swmode A2 mode®=
Status : in normal Z do7t=7})
Function : next mode
Current unit : <n/a>

45 CPT.Timer.2 Test Case 48 Key = sw mode©°l| A

5.2.10.0.) o} mode &

Mode : swmode Aes = A
Status : in normal Z do7t=7)
Function . mode check
Current unit : <n/a>

46 CPT.Timer.3 Test Case 49 Key = sw mode©°l A

5.2.11.0.) 39 mode

Mode © swmode A 371 7
Status : in normal o] Fox] =7}
Function : select
Current unit : <n/a>

47 CPT.Alarm.1 Test Case 50 (Key =6.1.1.5.) | alarm mode
Mode : alarm 44 A], hour
Status : in edit unite] A=
Function : increase =7Vsl=71
Current unit : hour

48 CPT.Alarm.2 Test Case 51 (Key =6.1.1.6.) | alarm mode
Mode © alarm T4 Al
Status © in edit minute unit®]
Function : increase Ao =
Current unit : minute =7 ek}

49 CPT.Alarm.3 Test Case 52 (Key =6.1.2.5.) | alarm mode
Mode © alarm 47 Al, hour
Status © in edit unite] A=
Function : decrease st
Current unit : hour

50 CPT.Alarm.4 Test Case 53 (Key =6.1.2.6.) | alarm mode
Mode © alarm T4 Al
Status © in edit minute unit©]
Function : decrease A o =
Current unit : minute st

51 CPT.Alarm.5 Test Case 54 (Key = 6.1.3.5.) | alarm mode
Mode © alarm T4 Al
Status © in edit hour?] o}
Function : next unit unite = =+
Current unit : hour o7t =71

52 CPT.Alarm.6 Test Case 55 (Key = 6.1.3.6.) | alarm mode
Mode : alarm T4 A,
Status : in edit minute®] T




Function : next unit unit® & %=+
Current unit : minute Jo7+=7}
53 CPT.Alarm.7 Test Case 56 Key =6.2.4.0.) | alarm
Mode : alarm modeo] A L
Status : In normal mode=® %t
Function : next mode Ho{7t=7}
Current unit : <n/a>
54 CPT.Alarm.8 Test Case 57 (Key =6.2.7.0.) | alarm
Mode : alarm mode®l A
Status . in normal reseto] %
Function : reset ZF3=7)
Current unit : <n/a>
55 CPT.Alarm.9 Test Case 58 Key = alarm
6.2.12.0.) modeo| A o5
Mode ¢ alarm alarme &
Status  in normal HolEE=r)
Function : next alarm
Current unit : <n/a>
56 CPT .Brightnesscontrol. | Test Case 60 (Key = 7.2.4.0.) | brightness
1 Mode . brightness control control
Status . in normal modeo] A L
Function © next mode mode=® 2+
Current unit : <n/a> Ho7t=7}
57 CPT.Brightnesscontrol. | Test Case 61 Key = brightness
2 7.2.13.0.) control
Mode : brightness control mode°l] A
Status . in normal 715 0] A=
Function : on HAA| =7}
Current unit : <n/a>
58 CPT.Brightnesscontrol. | Test Case 62 Key = brightness
3 7.2.14.0.) control
Mode : brightness control mode°l] A
Status . in normal 715 0] A=
Function : off AR =7}
Current unit : <n/a>
59 CPT .Brightnesscontrol. | Test Case 63 Key = brightness
4 7.2.15.0.) control
Mode . brightness control mode°l| A 7]
Status  in normal ZAo] A=
Function : next level o] F-of X =7}
Current unit : <n/a>

T 96:29%(52/64)--> 93.22%(55/59)

A9 3H%2/554D -> 6.78%(4/59)




iv.  Fail Scenario

# TID Description Test scenario
3 CPT.Timekeeping.2 timekeeping mode 74 A, year | 2100 o] o 2 A<
unite] A= S7tsk=7} i
INPUT : year
210001714 B
10 CPT.Timekeeping.9 timekeeping mode 74 A, year | 1970 o|st= d =7}
unite] A& 7+ As=7}) e 7k},
INPUT : year 1970
month 1 day 1A day©l
AME E FD
41 CPT.Timer.11 timer mode®] A timer?| start 2 [ E}o]™ O0Zxol A Startd A
2537} ring¢] ¥t}
INPUT : timer®E=o)| A B
59 CPT.Brightnesscontrol. | brightness control mode || A 7S FTE3 AE A

4

715 o] A= AA =7}

INPUT:D->B->B ->
D->B

c. Pairwise Testing

i. PICT Script

1 PTE A4 A8

mode: timekeeping, stopwatch, worldtime, timer, swmode, alarm, brightnesscontrol

status: inedit, innormal

function: increase, decrease, nextunit, nextmode, start, stop, reset, laptime,
nextworld, modecheck, select, nextalarm, on, off, nextlevel, ringing

currentunit: country, year, month, day, hour, minute, second, none

[F[mode] IN {"stopwatch", "worldtime",

non

swmode", "brightnesscontrol"} THEN




[status] IN {"innormal"};

non

[F[mode] = "timekeeping" THEN [function] IN {"increase", "decrease", "nextunit",
"nextmode", "ringing"};

I[F[mode] = "stopwatch" THEN [function] IN {"nextmode", "start", "stop", "reset",
"laptime", "ringing"};

[F[mode] = "worldtime" THEN [function] IN {"nextworld", "nextmode", "ringing"};

[F[mode] = "timer" THEN [function] IN {"increase", "decrease", "nextunit",

"nextmode", "start", "stop", "reset", "ringing"};

[Flmode] = "swmode" THEN [function] IN {"modecheck", "select", "ringing"};

non

IF[mode] = "alarm" THEN [function] IN {"increase", "decrease", "nextunit",
"nextmode", "nextalarm", "ringing"};
[F[mode] = "brightnesscontrol" THEN [function] IN {"on", "off", "nextlevel",

" n

"nextmode", "ringing"};

[F[mode] = "timer" THEN [currentunit] IN {"hour", "minute", "second", "none"};
[F[mode] = "alarm" THEN [currentunit] IN {"hour", "minute", "none"};

[F[status] = "inedit" THEN [function] IN {"increase", "decrease", "nextunit"};
[F[status] = "innormal" THEN [function] IN {"nextmode", "start", "stop", "reset",
"laptime", "nextworld", "modecheck", "select", "nextalarm", "on", "off", "nextlevel",
"ringing"};

[F[status] = "innormal" THEN [currentunit] IN {"none"};
[F[status] = "inedit" THEN [currentunit] IN {"country", "year", "month", "day",

non non

"hour", "minute", "second"};

i. Test Cases

1. 497}A] Test cases

# TID mode status function currentunit P/F
1 |PT.Alarm.1 alarm I inedit I increase I hour P
2 |PT.Timekeeping.l | timekeeping innormal  ringing none | P
3 |PT.Swmode.l | swmode innormal select none | P
4 | PT.Timer.1 | timer innormal nextmode none | P
5 |PT.Swmode.2 | swmode innormal modecheck none | P
6 | PT.Worldtime.1 | worldtime innormal  ringing none | P
7 | PT.Timekeeping.2 | timekeeping inedit nextunit minute | P
8 |PT.A1arm.2 | alarm innormal nextalarm none | P
9 |PT.Timer.2 | timer innormal start none | P
10 |PT.Worldtime.2 | worldtime innormal nextworld none | P
11 |PT.Timer.8 | timer inedit increase second | P




PT.Brightnesscontrol. |brightnesscontro

121 1 innormal nextmode none ‘ P
13 ‘PT.Timekeeping.S ‘ timekeeping inedit decrease second ‘ P
14 ‘PT.TimerA ‘ timer innormal reset none ‘ P
15 |PT.Timer.5 | timer inedit decrease hour | P
16 |PT.Timekeeping.4 | timekeeping inedit increase month | P
17 |PT.Wor1dtime.3 | worldtime innormal nextmode none | P
18 |PT.Timekeeping.5 | timekeeping inedit nextunit day | P
19 |PT.Alarm.3 | alarm innormal nextmode none ‘ P
20 |PT.Timer.6 | timer inedit nextunit second ‘ P
21 |PT.Timekeeping.6 | timekeeping inedit increase year ‘ F
22 |PT.Timer.7 | timer inedit increase minute ‘ P
23 |PT.Swmode.3 | swmode innormal  ringing none | P
PT.Brightnesscontrol. |brightnesscontro
2415 1 innormal off none ‘ F
25 |P.Timekeeping.7 | timekeeping I inedit I nextunit year ‘ P
26 |PT.Alarm.4 | alarm innormal  ringing none ‘ P
27 |PT.Stopwatch.1 | stopwatch innormal reset none ‘ P
28 |PT.Timekeeping.8 | timekeeping inedit increase country ‘ P
29 |PT.Stopwatch.2 | stopwatch innormal stop none | P
30 |PT.Timer.8 | timer innormal  ringing none | P
31 |PT.Timekeeping.9 | timekeeping inedit nextunit country | P
32 |PT.Stopwatch.8 | stopwatch innormal  laptime none | P
33 |PT.Timekeeping.lO | timekeeping inedit nextunit month ‘ P
34 |PT.Timekeeping.11 | timekeeping innormal nextmode none ‘ P
35 |PT.Timekeeping.12 | timekeeping inedit decrease day | P
36 |PT.Stopwatch.4 | stopwatch innormal nextmode none | P
PT.Brightnesscontrol. |brightnesscontro
3712 1 innormal on none ‘ P
PT .Brightnesscontrol. |brightnesscontro
38 (3 1 innormal nextlevel none ‘
39 |PT.Timekeeping.13 | timekeeping inedit decrease year |
40 |PT.A1arm.5 | alarm inedit decrease minute |
PT .Brightnesscontrol. |brightnesscontro
41 |14 | innormal  ringing none ‘
42 |PT.Stopwatch.5 | stopwatch innormal ringing none |




43 |PT.Timekeeping.14
44 |PT.Timer.9

45 ‘PT.Timekeeping.15
46 ‘PT.Alarm.ES

47 ‘PT.Timekeeping.lES
48 ‘PT.Stopwatch.G

49 |PT.Timekeeping.17

timekeeping
timer
timekeeping
alarm
timekeeping
stopwatch

timekeeping

inedit
innormal
inedit
inedit
inedit
innormal

inedit

decrease
stop
increase
nextunit
increase
start

decrease

country
none
day
hour
hour

none

"W v ™ YW W W 9

month

i. Test Result

& 1 95:24%(46/42) -> 93.88% (46/49)

A 1 476%2/42) -> 6.12%(3/49)

iv.  Fail Scenario

# TID

Description

Test scenario

21 PT.Timekeeping.6

timekeeping mode =% Al, year
unite] A= F7sk=7}

2100 o]Ao & A<
=y

INPUT : year
210001714 B

24 PT.Timekeeping.13

timekeeping mode 7% Al, year
unite] A& A 3=7}

1970 o|8}& Y7}
BlE=Eda=

INPUT : year 1970
month 1 day 194 day®l

AXE = F D

39 PT.Brightnesscontrol.5

brightness control mode°l 4
715 0] A= A A =7}

g Fna el
BHES &l o r=u
=]

INPUT:D ->B->B ->
D->B

3. Static Analysis




a. Findbugs

Summary

Total

High Priority

Normal Priority

Low Priorty

38

11
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b. 9% : Main.java:5

A9 W57k EA G,

ST_WRITE_TO_STATIC_FROM_INSTANCE_METHOD

W& : Static fieldol] 22+ WA= QA" A7 EATU U

A

Rink  Typne

15 ST_WRITE_TC_STATIC_FROM_IMSTANCE _METHOD
17 ST_WRITC_TC_STATIC_FROM_IMSTANGE _MET-O0D
17 ST WRITE TC STATIC FROCW IMSTAMCE METHOD
1 ET_WRITE_TC S1ANC_FROM_IMSTANCE_METS00
15 ST_WRITE _TO_STATIC_FROM_IMATANCE _METHO0
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15 ST_WRITE_TC_STATIC_FROM_IMSTANCE _METHOD
17 ST_WRITC _TC_STATIC_FROM_IMSTANGE _MET 100
17 ST WRITE TC STATIC FROCMW IMSTAMCE METHCD
1L S1_WRIE_ QO S1ANC_FROM_IMNSIANCE_ME 1500
15 ST_WRITE_TC_STATIC_FROM_IMSTANCE _METHOD
15 ST_WRITE_TC _STATIC_FROCM_IMSTANCGE _METHOD
gkt S1OWEIE 1O S1ANS TROM IMNSTANCE ME TS0
17 ST_WRITE_TO_STATIC_FROM_INSTANCE_METHOD
15 ST_WRITT _TO_STATIC_FROM_IMATANGE _MCT 100

MALICIOUS_CODE

1

EI_EXPOSE_REP

172 3 Setter MM =5 AHEE71 & AF=HYTh

Coalapiery
ETYLE
STYLE
STYLE
21YLE
STYIT
STYLE
SIYLE
STYLE
STYIT
STYLE
2IYLE
ETYIF
STYLE
SIYLE
STYLE
STYIT




c. YA : SWMode.java:96, 98

2. EILEXPOSE_REP2

a. W& : 9% mutable A4A & WH-olA FxdS5UT

O
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c. YA : SWMode.java:82, 85

b. PMD
i. Summary
Total High Priority Normal Priority Low Priority
517 1 491 25

i.  Best Practice

1. SystemPrintln
a. W& : System.out.println®] AF-&%
b. &2 ¥ &g 7w AA
c. 9¥A : DWS_controller.java:521

2. MethodReturnsInternalArray
a. W& AT R i E S =Sy
b. A R o7 S AEshAl e
c. A : SWMode.java:96,98

3. PositionLiteralsFirstInComparisons




c. A : SWMode.java:62, 64
iii. Error Prone
1. AvoidDuplicateLiterals
a. W& s gH o] iAo w yehtta syt

b. 824 ¥ : enume®]} static final2 A A sFo] AFEEA L

c. 9A:
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3. UseEqualsToCompareStrings
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c. CheckStyle

Report generated by Cobertura 2.1.1 on 6/16/20 12:30 AM.

Summary
Total High Priority Normal Priority Low Priority
2630 o 2630 o
Details
Files H People ” Categories ” Types ” Warnings ” Qrigin ” Details ‘
File Total Distribution
AlarmMode.java 133
BrightcontrolMode java 111
DWS_controller java 989
Date java 31
GULl java 289
Main java 5]
Ring java 111
SWhMode java 164
StopwatchMode java 137
Time java 43
TimekeepingMode.java 231
TimerMode java 289
Uljava 2
Worldtime . java 15
WorldtimeMaode java 79
Total 2630
i.  Outline
Project Coverage summary
Name Packages Files Classes Methods Lines Conditionals
Cobertura Coverage Report | 100% | 17 91% [ 101 1 | es% [ 18320000 | 43% [ 5302400  26% [ a3i7Mesel @ 16% | Lo2/seanl
Coverage Breakdown by Package
Name Files Classes Methods Lines Conditionals
Model | 91% [T d0mT 65% [ 1820000 a3% [ 532l 26% [ a7lieae] 16% [ S2E880
Coverage Report - Model
Package ' # Classes age '}
Model 24 15% [ INSESEEN 3.214
Classes in this Package Branch Coverage
AlarmMode 330 [ S 3.273
BrightcontrolMode 279 [ S 1.727
DWS controller ov [INNOESIN 6.806
DWS controllers1 oo IO 6.806
/A 1
1.667
1.667
1.667
1.667
1.667
1
2
2.091
StopwatchMode 1.5
StopwatchMode$1 1.5
Time 1
TimekeepingMode 4.867
TimekeepingMode$l 4.867
TimerMode 3.333
TimerModes$1 3.333
ur 0
Worldtime 1
WorldtimeMode 1.5
WorldtimeModes$1 1.5



i. Test fail

1. 32709 Test &5 = 1671 Fail — Jenkinsoll A &2l & =3 o+

Test Result : Model

16 A (10)
1
32 H|AE (20)
Took 6 sec.
[FLA e 212
£ HI2E
Class HBAIZ HE (ula LAHE (ula) Pass (dla) F (um)
Test 47 ms 4 0 0 4
BrightcontrolModeTast 42 ms 1 0 5 6
BingTest 0.52 sec 1 4] 2 3
SWModeTest 7ms o 0 2 2
St Test 19 ms 4 0 0 4
Test 0.41 sec 3 - 0 5 41 8
TimerModeTest 5 sec 2+ 0 2 - 4
WorldtimeModeTest 13 ms 1 0 0 1




Mujst BE EIAE

HAE &
¢ Model.AlarmModeTest.changeValue()

¢ Model.AlarmModeTest.getAlarmTime(),
¢ Model.AlarmModeTest.isAlarmindicator()

< Model.AlarmModeTest.removeAlarmNum()
= Model.BrightcontrolModeTest.checkBC(),

= Model.RingTest.checkAlarm()

2 Model.StopwatchModeTest.lapTime()

¢ Model.StopwatchModeTest.resetStopwatch()
2 Model.StopwatchModeTest.startStopwatch()
¢ Model.StopwatchModeTest.stopStopwatch()

¢ Model.TimekeepingModeTest.displayDay()

¢ Model.TimekeepingModeTest.displayMinute(),

¢ Model.TimekeepingModeTest.displayYear()
¢ Model.TimerModeTest.startTimer()

< Model.TimerModeTest.stopTimer()

= Model.WorldtimeModeTest.changelndex()




