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1 Introduction

1.1

1.2

1.3

1.4

1.5

= TAE 20198 A=Uuol 2ZEQOSSIHE oo Z2HES HYsI| ¢
off e 2AMO|CE ZEME = Digital Watch (DW) SystemOll A AF&" 5= s SWE

S
ToIst= AO0ICH & ZM= 53] ZEMEQ| structured designs CHEC}
Scope

1.2.1 Project Team

Watch BACK (Team 1)
1.2.2 Constraints

HW (&= AANQE HASTHX| ASHX| b0, sw2dh 52 = JUES ook
1.2.3 Product Utilization

o] @RE T MF S2AHO SWE HUsy| Yot ZEZEEIQYOR A2 %

—

ct.

0

1.2.4 Development Environment
IDE: Eclipse
Compiler: Cygwin
Definition, acronyms, and abbreviations
SW: Software
HW: Hardware
Reference
IEEE Std. 830-1998

Overview

2 Overall Description
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2.1

2.2

2.3

2.4
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Product Perspective

e ME2 &M =5AA0 A8E + A= ME0l € = ULE HW (HE)0| Qg 5
A2 Milsta, Maleh Ziks Hw (&FE)0| S=ettt. &R Hwol 2let S%2 sw &
console2tHO = X 2|5}0] | & FFE =st=E ottt Al HWE 4709 H

Product functions

2.2.1 Date-Time

2.2.2 Stopwatch

1/100%= EHRI2 HFO0| 7ts3iLt.
Lap time 7|=0| 7}53tL}

2.2.3 Backlight

2.24 Alarm

2E0| =8 M A B, C D T OIF HES +28 22[7F JHZLCL
User characteristics
Constraints
=R ®Bo|¥e -2t

7] ANz 2019 01 012 00A| 002 00Z0|C},
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2.5 Assumptions and dependencies
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Backlight= &H| AlAS] 2 LEDE Hs A2=2 FHE|0{O} oI EHE[= A2

ME HH = Ao 2 TiM|THo
UZS2 PCOl beep2Z CHA|SICE
3 Structured Analysis
3.1  System Context Diagram

3.1.1 Basic System Context Diagram

Speaker

3.1.2 Event List

Input/Output Event Description
Button A Input HE A9 U
Button B Input HE Bo| ¢
Button C Input HE co| ¢
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Button D Input HE Dol

Display otHO| X YEE =3

Alarm AN YzS SEX TXof it e Y
Light SN WElO|EE A X|  X|of CHE HE ME

3.1.3 The System Context Diagram

Display

Button A Input
Button B Input
Button C Input
Button D Input Alarm

Speaker

S Light

3.2 Data Flow Diagram
3.2.1 DFD level 0

3.2.1.1 DFD

ButtonA N
‘\'Bu‘!tcn A Input

Display -
Button B - Button BInput

DWS Alarm o

Controller —
Button C Input 0
-~ )

Button C -

- Speaker

Button D Input .

Button D —

| Tick

Digital Clock

3.2.1.2 Process Specification

3.2.1.2.1 Process 0
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Reference Number | 0

Name DWS Controller
Input Button A Input, Button B Input,
Button C Input, Button D Input
Output Display, Alarm, Light
Process HE A B C DE Yoz 2o 10 Chist
Specification HMEEZE XNeg|stn, g, An>7, LEDO| z+Zt

Display, Alarm, LightE =& 5l= A[AHEO|LCE

3.2.1.3 Data Dictionary

Input/Output Event | Description Format / Type
Button A Input HE A9l & Bool
Button B Input HE B ¢UH Bool
Button C Input HE Ccol Bool
Button D Input HE Do ¢ Bool
Display o 2o o EEE =otot char[8][3]
g2 87/iel FHLE LH O
AW, Z4e REZE=Z g9
T SEHOoF ot EFSO
Ct2CH.

t2fAf 2017 22l 2XtE 8742

= *E%HOFOPLXIE Ye{ECt
0-6HX|Oll= BT T =23|
Of 3= MEZE, J2|1 7HX|0f
= AlZtg BEdg o =Xt 2
ol LS XETC)

ojlf CiojHE2 mdolN HtE
g 7S &ALt

E

X & X|of th | On/Off

AN
Alarm iﬂH %.:f%

Light G H2tolEE ZE X & X|Of | On/Off
.|

3.2.2 DFD Level 1
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Button A Input

Butten B Input

Button C Input

Selected Button

Button D Input

3.2.2.2 Process Specification

3.2.2.2.1 Process 1
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- Mode

Display

Panel &
Speaker

»  Current Time Control

Alarm

Time Difference

> Alarm

“ Stopwatch

Light

“ Backlight

Reference Number

1

Name Button Detect
Input Button A Input, Button B Input,
Button C Input, Button D Input
Output Selected Button
Process CH7|stn QUCHZE Button InputO| oLtz Zt

Specification

a
X el AlZEE At BHel A2t &
=0k oA

et o sfLtel

-

x|
ot =7t Button Input2

= FH=20f

inputs &
Button InputZt {1EHSH Selected Button2 =
LHELHD, CH7| AlZH S¢F Y=ol gi= 8%

O = No Buttong LHELHC},

3.2.2.2.2 Process 2

Introduction to SW Engineering (2019)

Reference Number

2

Name DWS Manager

Input Selected Button, Mode

Output Mode, Current Time, Time Difference,
Stopwatch, Alarm, Backlight, Backlight

Process Button DetectOilA{ LHE'H Selected Buttonzt

Specification

I, ZEE input2Z 7HX|H, Selected Button

22 O &5 dOF St=XE

Z27g%t
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3.2.2.2.3 Process 3

Reference Number

3

Specification

Name Panel & Speaker Control

Input Mode, Current Time, Time Difference, Alarm,
Stopwatch

Output Display, Alarm

Process Panel & Speaker CommandE 210{2tA|, StE

flofof A

et

£ =2 Panel0]| DisplayS

3.2.2.2.4 Process 4

Specification

Reference Number | 4

Name Backlight Control

Input Backlight

Output Light

Process Backlight data storeQ| 2O 2} Light2

On/OffE Z7J3tCt. Backlight data store0&=
MELO|EZF IHMOF St= AlZat S X} MAYH

27t AU,

3.2.2.3 Data Dictionary

Input/Output Description Format / Type
Event
Button A Input HE A2l & Bool
Button B Input HE B ¢UH Bool
Button C Input HE Co| ¢4 Bool
Button D Input HE DO 29 Bool
Selected Button | Button DetectOlAl T2 A[ZF | int
el button inputg & M=
lof mep FaiE HE. HE

Introduction to SW Engineering (2019)
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A B C DO ZAR ZZ 1,234
£, B AlZF S HEQ9 ¢
Ho| QIS F0= 022

2F Lt

Mode

oixf ZEof Cfgt §2E ME
St= 5 =Rl FX2M data
store.

HHM 5 alarm_buzzing2

2ol =212 A= FUAX

(1) OrX|(0)E A&t

FHM &= category_alphats
{270l CHY "EE XMES
o 1Y [fol= timekeeping
2E, 29 o) stopwatch
2E, 3¢ Moz alarm 2E
£ 2[O|gtrt.

NH® 25 category_betas

7 oER el MRmel 7]
58 gEtts 2288 MY
shk.

EERY 82

stopwatch_indicator=
stopwatch?t 7AM _A=X|(1), 7H
M A=X|(0)F Mot
CHY®HA &5 alarm_indicator
= LEO| d8E0 A=K
JEX] E2X(0)E MY
category_alpha, category_beta
2 xed = A= BRE2 OF
eieb ZCh

(1,1,): timekeeping

SIE BE

(1,2): timekeeping_change_sec
S>AIZE 23 (= BE)

(1,3):
timekeeping_change_hour
>AIZE 28 (Al #3)

(1,4):

timekeeping_change_min

struct Mode {

Bool alarm_buzzing;
int category_alpha;
int  category_beta;
Bool
stopwatch_indicator;
Bool

alarm_indicator; }
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S>AlIZE 238 (2 BE)
(1,5):
timekeeping_change_year
>AIZE 23 (8 BE)
(1,6):
timekeeping_change_month
>AIZE 23 (2 HE)
(1.7):
timekeeping_change_day
S>AIZE 23 (g BE)
2,1):

stopwatch

SAEQX V7B BE
(2,2):

stopwatch_LAP
SAEUR (@ ErY £3)
(3.1):

alarm_change_hour
>E AIZE 2 (A BE)
(3.2):
alarm_change_minute

SR AIZ 8T (B BB

Current Time

Digital watch2| X AlZtE X
&= data storeO|CE i A

Zhat= %o 7k Ut

struct Time {
intYY;// 9k
int MT; // &

int DD; // &
int HH; // Al
int MM; // &
int SS; // =
int MS; // ms
int WD; // 8¢
}

Time Difference | B AlZtat Current Time2| %} | struct Time
O|E XMt data storeO|Ch.

Alarm 2ol et §EE M| | struct Alm {
I3t data storeO|Lt. Time alarmTime;
2Eo| 22|=5 27Tt A[ZDt | Bool snooze;
2 A A2 = 0-5Z% ALO| | Int ring;

o] HHE =0 SO0LH false |}
Watch BACK 13
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7} E|& snooze, CTSSQt H|m
Tlof g 228 LS
= ring2 2 FHE0 UCH
Snooze= Current TimeQ| &7t
OECt A1 5HCH 22 O H
£ @80l =0T Current
Timel| =7t 57t &7 FX|
false <YEfZ} EICE

StopwatchZ2 FHEE|1D U&= Al

7t2 XZst= data storeO|LCt.

Stopwatch

2ERIXof it E2E M5t
7| ?I3t data storeO|LCt.
Stopwatch TtEH& Time EtY
9| o= stopwatchTime,
startTime, lapTime, initialTime=
ZFEIC

stopwatchTime2  AEQIXZE
ZZED UAes AE NET
Ch AERIXE ZiE O x|
s7ln Aes AlE HED

Ct.

startTime2 7t% X222 A

o
g S 2 A2 NY

lapTime2 HEIYS XMEStCL
initialTime=  stopwatchTime2)

e XMZESICt Ol startTime
Xt
o

J

of ¥ HTo= AEE k2
A2tg RCEE
7

rn
&3
Mo
Rl

stiowatchTimeO| ZE
ol o|™IK|L 7|E2 EHH

=7 fIeolLt. MER

o
0z

initialTime2 0|83l 52
= AEQ| stopwatchTimes X
otof, 582 YxHEtz Of
oM 582 & = AR

Ct.

o

struct Stopwatch {
Time
stopwatchTime;
Time startTime;
Time lapTime;
Time initialTime;

}

Backlight

Backlightol Cist FEE XN
= data storeO|LC}.
BacklightTimeOil= ®i2t0|E7}

Struct Backlight {
Time BacklightTime;

int value;
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char([8][3]
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rot
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3.2.3 DFD Level 2

3.2.3.1 DFD

Button A Input

Button B Input

Button C Input

Button D Input

Introduction to SW Engineering (2019)

Selected Button
[
Manager
2

Button
Selector

1.5

Tick
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Mode

Current Time

Time Difference

Alarm

Stopwatch

Backlight
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Mode

Current Time

Time Difference

Alarm

Stopwatch

Panel &
Speaker
Control
CEi

Backlight
Control
4.1

Panel

Interface
3.2

Panel Command

Speaker Command
Speaker
Interface

3.3

LED Command

LED

Interface

Backlight

3.2.3.2 Process Specification

3.2.3.2.1 Process 1.1

4.2

Display

Alarm

Ver.

3.1

Reference Number

1.1

Name Button A Interface
Input Button A Input
Output Button A input
Process Button A2| &HE X|oIC) HEAF B &
Specification 2A A7 S0 trueE, O¥X| %AW
falseE HretotCt
3.2.3.2.2 Process 1.2
Reference Number | 1.2
Name Button B Interface
Input Button B Input
Output Button B input
Process Button BS| &S ZX|SICE CHEX £ A
Specification ZX Bl S0 trueE, X UoH

falseS Hretotct,

3.2.3.2.3 Process 1.3

Reference Number

1.3

Name

Button C Interface

Input

Button C Input

Output

Button C input

Introduction to SW Engineering (2019)
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Process

Specification

Button Co| S ZX|SICt CHEA = o
2X 7t B0 trueE, 11X YW

falseE Hretotct.

3.2.3.2.4 Process 14

Reference Number

1.4

Name

Button D Interface

Input

Button D Input

Output

Button D input

Process

Specification

Button D2| YUHES ZX|SICt CHEA = A
22X D7l SO0|W trueE, A YUCH

falseS gHghotCt,

3.2.3.2.5 Process 1.5

Reference Number

1.5

Name

Button Selector

Input

Button A Input, Button B Input,
Button C Input, Button D Input

Output

Selected Button

Process

Specification

Button Selector= CH7|St2  QUCHZE Button

InputO| StLtEtE SO CHe| A[ZHS A%}

CHe| A[ZH SQF F7FE Button Input2

OOl Mg F&8 HEEZ YH = b
)

= 3Ltz 4

fl

Horm nxo o
N rir

2 "= O E jnput
=9 D>C>B>A0f| mat Et
Button Input?t Selected Button2Z
EHsl| 2| EotCt Selected ButtonO| A, B, C, D
.2, 3,45 WELHH, CH7| AlZh

1
gl 420= No Button, 5 0

L]
oM 1
F o
rm Ho
Jo >
x

o oy

e

1]

&}

r
-
o

mo ol r@ rx Ot mn

3.2.3.2.6 Process 2

Reference Number

2
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1

Name

DWS Manager

Input

Mode, Selected Button

Output

Mode, Current Time, Time Difference, Alarm,

Stopwatch, Backlight

Process

Specification

Button DetectOA] LHE'YH Selected Buttonét

o, BEE inputeZ ZtZICt

DWS Manager?t st= 28 &=A0=2 LIES
™ Ch3at ZCf

1. Selected ButtonZ O ZZE2 £als{0
St=X|E Z7dstrt.
ozt

|

o

20l
= YO X2 FEFH XNE

(@]

22 N1 Alarm Time= 20199 1& 1€ 0A

02 0X 00msZ x7|3}stC},
2|1 Model| CHEHR, &
A

= oo (HZ2F,
Chsf Ct=xt 20| Bh3ott.

(1,1) timekeeping
a BEE (1,22 HHECE
b HE At gl&
c ZEE NE HiECt
d Backlight 77|

(1,2) timekeeping_change_sec
a BEE (1,)E HHELCE
b &M AlZ =1 37
c BZEE (1,3)2 HiErt
d Backlight 7{7|

(1,3) timekeeping_change_hour
a BEE (1,)E HHECE
b o Al AlZE 1 &7t
c ZEE (14)& Hi&Ct
d Backlight 77|

(1,4) timekeeping_change_min
a BEE (1,)E HiEot
b oM AlZt & 1 S
c REE (1,52 HRHECE
d Backlight 77|

=2l= HdEoME ofH HEZ =2
2 St
22l= HEoM HESl YHO| JYoH A
o

=

22, Selected
s

Button =AM E A0 7H ZF Atzto) QHe =Y
2 23)2t Selected ButtonOf|

F
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(1,5) timekeeping_change_year
a ZEE (1,1)E HELCH
b oX AlZt &1 St
c REE (1,6)2 HHELCE
d Backlight 7{7|

(1,6) timekeeping_change_month
a REE (1,ME HHECH
b oX AlZt &1 57
c BEE (1,7)2 HHECH
d Backlight 7{7|

(1,7) timekeeping_change_day
a ZEE (1,1)E HELH
b oXl AlZt &1 57t
c ZEE (1,2)2 HHRCH
d Backlight 7{7|
MILO|E A[Ef AlZ =

4

S A2
(2.1) stopwatch
AEUX|T} o AT B
AKX xRN BE =5

= T7|glettt,

QL

oroF AF X7 AT JEOIH
stopwatchTime2| Z{2 initialTimeO||
MNEstn mEE (2,22 HZASIC}

b AEYXIT} o AT BS:

AEXIE ALCL

J2|1  stopwatchTime2|  ZkS
ME 022, startTimeO& Current
Time2| #S XEotCt.

2EYR7F AT E&
2ER/XE 2L
stopwatchTime2| US

initialTimeOfl X &3tCt,

c BEE (3,1)E HHECH

d Backlight 7{7|
(2,2) stopwatch_LAP

a stopwatchTime2| Zt2 lapTime
O] X 7ZgHct.

b ZEE (2,1)2 HHZCH

c ZEE (3,1)2 HiECt

Introduction to SW Engineering (2019)
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d Backlight 7{7|

(3.1) alarm
a BEE (32)E HhECE
b & 485 ALt TLf
c BEE (1,1)E HELC
d Backlight 7{7|

(3.2) alarm_change_hour
a ZEE 31)E HHECt
b L& AL AlZE1 &7t
c REE (33)& HHECt
d Backlight 7{7|

(3.3) alarm_change_minute
a BEE (3,1)Z HHECE
b & Al &1 37
c REE 322 HhErt
d Backlight 7{7|

Timekeeping ZEOM= A AlZt2 #HEY
M AKX AR A|Ztar WHE2}O|EZE TH A Of
St AlZE B A, stopwatch2 H-%H
AlZtap BH2FO|EZF JHMOF St= Ao HiE
Of == ohCt E3H IWME HHS= otd

7t

olM Ax o 2A g9 X 24
ALtE|O, ZCHX|ZF & JEfOIAM ChAl €
W EHMULZ X7|gF= 1E0| Zotk|
ULt

Alarm 278 ZEOIME 22 AlZH ME Al0]
Timekeeping ZEOMKME AlZH THRE HOf
Lt7] 27 2&7|5F 2g0] Zote|of T

oHH 20| 22 WE Mt DE FEH
W2FO|EZL HAX|=0|, O] &% Backlight =

Mol value ZfS XEMoZ HALO|ETL THA

i
ot

L2

0

Xpeto| E7, oo &F stopwatch®b alarm
A& 2he[stCt
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7t M Current Times S 7|3t8tCt DWS7}
HAE mjorct HH MAL WX A4S =3
ot Time Difference®t2| AtO[ZHEE Current
TimeOf| X{&otCt.

a2 ANZE eoTdo| SHA 2™t ofH
A Current TimeO| 2780| Z[™ stopwatch?}
74Xl ZL0| s 2X™E Current TimeS Bt
8O 2 stopwatchTimeT E7JTHC}

N OHTE Y2 x1SoE FR: YU
SUBICE BIOp UTO| AW 4 g A

ZFO

[m]
=
(¥ 40 22|22 Current Timel| =
ax 5 =

& £) Mode?l| alarm_buzzing2
false2 HH|F0, AlarmS| snoozets "
USE AL X[YCt HHHO| YEO| 22=
5% Li ol HE 0| S0|2H
alarm_buzzing= false2 A5t snoozeE
false2 X|ZSICE = O ALO[SO|M HEHZ
LEO| ot 22l= Sl YEo| HFEE
OlM &8t AlZ0] E|04, snoozeE trueZ
of Lee AW ECH ZEo| AFEEX

a0 s 22 o otEE=2

52 nx ox
ro oxd =2

r

alarm_buzzing= false2 =L}

3.2.3.2.7 Process 3.1

71 Orx|gte 2 Current TimeZ}
BacklightTime2| A|, 20| Z&&2 &< Backlight
£ ALk

Reference Number | 3.1

Name

Panel & Speaker Control

Input

Mode, Current Time, Time Difference, Alarm,
Stopwatch, Backlight

Output

Panel Command, Speaker Command

Process

Specification

Data storeE2| ZE2 A2} PaneldiN =
52 945 l=|I=’°| MEQl Panel Command®},
X0 CHEH  Speaker
CommandE T43%ICL 0| O & FEE

ne

|}
mjo

0

u
Rl
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Panel Interface@t Speaker Interface®i| st
Ct.

Panel Command& char EFRQ| 8*3 HiZ =
oAX ool o™ g2 FHSOF St=XE
Y=Ll 0-6HX| 0= H'é T =slof
St HEE, 2|1 7(Oﬂ._ NS #g
o o =At7h 2w oS MESICL
o|mj CIolHEE LLH"*Oﬂ/\‘l HZ =g
U= E IS E|AULCE

Zt BCd olH 72 ofefet ZLt

1

<Timekeeping 2&>
0 Day of Week(2 ¥):

7 9o YL o & FA =Y
1 Month
2 Day

3 Alarm Indicator
LEo| HYE(UM A =, OfLH S

4 Hour
5 Min
6 Sec
7 Year

<Stopwatch 2 E>
0 "ST"
1 Hour
2 Min
3
4 Stopwatch Min
5 Stopwatch Sec
6 Stopwatch MilliSec
Y&

<Alarm 2E>
0 "AL"
1 Month
2 Day
3 Alarm Indicator

Leo] dYE(UM A =, OfL|H S

4 Alarm Hour
5 Alarm Min
6 "
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2
Timekeeping ZEO0|AM AFEXIZL AIZHS H

Shn QICHY #F F9 Azt ©Helo)

LV
o
2 np oY

AUofop obCt Mt REOl A7 F{RE A
oxf HEstn Ue Al HHRIE YOt
O|E 7 Ao ™ML HE I =Xp= 1
20 oF M ZreOICt

Speaker CommandO| M= Current Timel}

Hlwsf =0 KXot

Speaker Command?| Zt& On2E, %X
[}

¥e FLoE offz Mt

Alarm  Time&

3.2.3.2.8 Process 3.2

Reference Number

3.2

Name

Panel Interface

Input

Panel Command

Output

Display

Process

Specification

Panel & Speaker CommandS 2 0{2tA], 3I=
ojof SH ZEHSI=Z Panel®i| DisplayS

HE et

3.2.3.2.9 Process 3.3

Reference Number

3.3

Name

Speaker Interface

Input

Speaker Command

Output

Alarm

Process

Specification

Speaker Command?} OnO|2tH &S 22
1, offetH 22|X| RE=E Speaker0®f Alarm

HEettth

o

3.2.3.2.10 Process 4.1

Reference Number

4.1

Name

Backlight Control

Introduction to SW Engineering (2019)

Watch BACK 23



Ver. 3.1

Input Backlight

Output LED Command

Process Backlight data store {0 E0{Ues M2 =
Specification Xte| ME HHY LED Command® L= HiCH

3.2.3.2.11 Process 4.2

Reference Number | 4.2

Name LED Interface

Input LED Command

Output Light

Process Light Command0j 2} X2 Moo= 3iH
Specification =M MaE dE

3.2.3.3 Data Dictionary

Input/Output Description Format / Type

Event

Button A Input DFD Level 12| Data | Bool

Dictionary W&1f 5

Button B Input DFD Level 12| Data | Bool

Dictionary W&1f 5

Button C Input DFD Level 12| Data | Bool

Dictionary &3t &

Button D Input DFD Level 12| Data | Bool

Dictionary &3t &

Selected Button DFD Level 12| Data | int

Dictionary &3t &

Mode DFD Level 12| Data | struct Mode
Dictionary W&1f 5
Current Time DFD Level 12| Data | struct Time

Dictionary W&1f 5

Time Difference DFD Level 12| Data | struct Time

Dictionary W{&xt &

Alarm DFD Level 12| Data | struct Alm
Dictionary W{&xt &
Stopwatch DFD Level 12| Data | struct Stopwatch
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Dictionary &1t ¢

Backlight DFD Level 12| Data | struct Backlight
Dictionary &1t ¢
Panel Command | 232 87 &0 Cf | char[8][3]
of §EE MEDICH
Speaker HWOl &&= Z2{0F | On/Off
Command St=X[(On) Zrotof o}
=X|(Off) & YEIC}
LED Command Hi2LO|E 2 (M | On/Off
MANE HEBiC)
Display mjdo| dxf §EE = | char[8][3]
HotCt
Alarm e 22(7] On/Off
Light Backlight #17| (==X} | On/Off
AHZE HERLZ])
3.2.4 DFD Level 3
3.24.1 DFD
Button A Input - Mode
- _w Current Time

Interface

0

Button C Input Button C
Interface -

.“‘ £}

Button D Input Button D
Interface
14

Introduction to SW Engineering (2019)
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Button Button p
7 . 7
15 21 -/ )

Tick
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Time Difference
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Mode

Panel Command
— >

Trigger

Panel &
Speaker

Current Time

Controller

311 Enable

Time Difference -

Disable Speaker Command

Ring
) Changer
Alarm - 312

— >

Stopwatch

Trigger LED Command

Backlight Backlight

4.1.2

Controller
4.1.1

Backlight

3.2.4.2 Process Specification

3.2.4.2.1 Process 1.1

Reference Number | 1.1
Name Button A Interface
Input Button A input
Output Button A input
Process Button AS| YUHZ ZX|SIC} CHEA}L Es &
Specification 22X A7t S0P trueE, JEX| YCH
falseE gtetotrt,
3.2.4.2.2 Process 1.2
Reference Number | 1.2
Name Button B Interface
Input Button B input
Output Button B input
Process Button B2| &S ZX[otCt CHEX Es &
Specification 22Xt B7t 0™ trueE, X YSH
falseE gtetotrt,
3.2.4.2.3 Process 1.3
Reference Number | 1.3
Name Button C Interface
Input Button C input
Output Button C input
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Process

Specification

Button Co| S ZX|SICt CHEA = o
2X 7t B0 trueE, 11X YW

falseE Hretotct.

3.24.2.4 Process 1.4

Reference Number

1.4

Name

Button D Interface

Input

Button D input

Output

Button D input

Process

Specification

Button D2| YUHES ZX|SICt CHEA = A
22X D7l SO0|W trueE, A YUCH

falseS gHghotCt,

3.2.4.2.5 Process 1.5

Reference Number

1.5

Name

Button Selector

Input

Button A input, Button B input,
Button C input, Button D input

Output

Selected Button

Process

Specification

Button Selector= CH7|St2  QUCHZE Button

InputO| StLtEtE SO CHe| A[ZHS A%}

CHe| A[ZH SQF F7FE Button Input2

OOl Mg F&8 HEEZ YH = b
)

S OfLIZ F

fl

Horm nxo o
N rir

2 "= O E jnput
=9 D>C>B>A0f| mat Et
Button Input?t Selected Button2Z
EHsl| 2| EotCt Selected ButtonO| A, B, C, D
.2, 3,45 WELHH, CH7| AlZh

1
gl 420= No Button, 5 0

L]
oM 1
I m
rm Ho
Jo >
x

o oy

e

1]

&}

r
I~
lo

mo ol r@ rx Ot mn

3.2.4.2.6 Process 2.1

Reference Number

2.1
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Name

Button Operator

Input

Selected Button

Output

Mode to change, Current Time, Time

Difference, Alarm, Stopwatch, Backlight

Process

Specification

Button DetectO| Al LHE'H Selected Buttongt

o, BEE inputeZ ZtZICt

Button OperatorZl dt= Y2 &=AMHE LIE

St CHE1F ZCh

Selected Button22 O{H ZEHZ Al 0f

x|2 ZA™SICY.

220 22l= JEfMM= O HES =&

T YO0l HXEE ATEH M|t
22l= HEf0M HESl YOl JUH &

22 111 Alarm Time= 20199 1& 1€ 04

02 0Z 00msZ Z=7|=3}etCt,

2|12 Model| LHEHR, AEE, Selected

Button =MZ 2{0{7tH Z} &0 X= EHY

2 oo} Button Operator= (CH&

Selected ButtonOi| CHS{ CrZdb &0 Hh3oh

Ct.

1.
St
ot

L X
—
2+0
=
(o)

(@]

(1,1) timekeeping
a RES (12)2 HHEL
b B3 At gl&
c BZEE 2NE HiErt
d Backlight 747|
(1,2) timekeeping_change_sec
a BEE (1,1)E HHECt
b & AlZt =1 Bt
c BZEE (1,3)2 HiErt
d Backlight 7{7|
(1,3) timekeeping_change_hour
a BEE (1,1)E HHECt
b o Al AlZE 1 &7t
c ZES (142 HHEL}
d Backlight 747|
(1,4) timekeeping_change_min
a BEE (1,)ZE HHECE
b ¥ AlZ & 1 57t
c BEE (1,52 Hi&rt
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d Backlight 7{7|
(1,5) timekeeping_change_year
a ZEE (1,M)E HELH
b &l AlZt &1 St
c REE (1,6)2 HHELCE
d Backlight 7{7|
(1,6) timekeeping_change_month
a ZEE (1,1)E HELH
b oX AlZt &1 57
c BEE (1,7)2 HHECH
d Backlight 7{7|
(1,7) timekeeping_change_day
a ZEE (1,1)E HHRCt
b o AlZt €1 57t
c EEE (1,22 HiELCH
d Backlight 7{7|
MILO|E A[Ef AlZf = WX Al
(2.1) stopwatch
AEYUXT}E o AT HL
QK PENO BE ¥E2E
= Z7|3etht,

DrOF AEQIX|7F HZl AEHO|

QL

stopwatchTime2| @{Z initialTime0||
I-|I|'o|-_l oEE (2,22 |:|17:lo|-|:|-
b £ERX|I7} o AT FL:

AEAXIE AL

J2|1  stopwatchTime2| ZS
ME 022, startTimeO& Current
Time2| #S XEotCt.

2 ERXZE AT B
2ER/XE 2L
stopwatchTime2| US

initialTimeOfl X &3tCt,

c ZEE (3,1)2 HHELCH

d Backlight 7{7|
(2,2) stopwatch_LAP

a stopwatchTime2| Zt2 lapTime
Off &Zetet.

b REE (2,1)2 HHECt
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c ZEE (31)& HHECH
d Backlight 7{7|

(3.1) alarm
a ZEE (322 HtErt
b &t
c ZEE (1,1)2 HELC
d Backlight 7{7|

(3.2) alarm_change_hour
a BEE 3,N1E HHECH
b &g AlZt AlZH 1 B9t
c ZEE (33)2 HiECt
d Backlight 7{7|

(3.3) alarm_change_minute
a ZEE (3,1)Z HtErt
b &€& A4 &1 57
c ZEE (32)2 HHECH
d Backlight 7{7|

Timekeeping EEO|A= HIf AlZS

O AEIX AR AjZhat @ajo] 7}

St= AlZ e &7H H P, stopwatch®

ot 2Eol 22 ME HMelsta DE

238S {74 2ot

| Backlight T+
= ZEMoz HiZI0|ETL HA
&

H
Current TimeOf|

—
el

3.2.4.2.7 Process 2.2

Reference Number

2.2

Name

Mode Changer

Input

Mode to change

Output

Mode

Process

Specification

YE RCE RCE HERCEL
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Reference Number

2.3

Name

Real-Time Manager

Input

Selected Button

Output

Mode, Current time, Stopwatch Time, Lap

Time, Alarm Time, Backlight

Process

Specification

Real-Time Manager= ZZAM A GAF AIZH &

oF d7l= HH Al 2XE 2o
|.

r

odgtg ot 10 % ASHKIQF LE A
(S Be[stot

7t WA Current TimeS S7|3tstCt DWS
b AJE motch AE MAS HXf A2
=22t Time Difference?te| X}O|TE 2

Current TimeOf X & stCt,
O|lf Current TimeO| 2099'H0| E1}s} =X
X 3sHoF oot 2HF XpAAEA A[ZHO|
2 2100H0| EICH, Of2{e| Current Time
ol YojLt7| M| Current Time2| YYO|=
ZHAlE2 100 Ol&fo| Zrol MEECH EHO|
L} Current Time.YYO|= 20190 A 2099
|o] 2Ol MZE|ZX|2t, Time Differencet
KAAEA HH= 2780] QUCH ek XHA
AFA 2099EE ZISt=E ZR0= Time
Difference®|A] YY -= 812 dl{OF L}
Current TimeO| 2099F2 Z=1t5HX| A2 &
20|& Time Difference?|

TimeDt -8} FH EICH

a2 ANZE 6070 XA EF™otct ol
Al Current TimeO| 20| T|™ stopwatchZt
AZX A0 s E™HE Current Time= Ht
SO =2 stopwatchTimek E7Y$HCH
N HRZ2 Y2 ANHs2E FESH=
St} otoF AEto| HE = Gle Al

=
S22 2 Current Timel| =

=
=
=
=

HT

r

(e
o
v To
oA
&3
=2

B mo gy
Q
[7,]
@D
tu
nx
o
els
41 Ho

) ModeQ| alarm_buzzing
O, Alarm2| snooze= H
A& X[t BHHO

ne
o
el
mo Hu
i)
rr
U
P
=
=2
T
rm
18}
1%
el
mjn
<
to
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alarm_buzzing2 false2 A&°d3}1 snooze
falseZ X|otCE = O ALO|Z20|A &

H
e

rr mo z o

gl= SoHl ol 28 SE

o
o — T

-

20
{

mx

5|, snoozeE trueE
EICE Yol d™E(X] o

\J

—

s =24 ot tElE=Z

St > oo o
ou pu

Mo od =2 ne ol mu rg
4o mQ m

oX

=2

alarm_buzzing= false2 =L}
7t Orx|gto 2 Current TimeX}
BacklightTime2| A, &0 #2 &%

BacklightE ZiCt.

3.2.4.2.9 Process 3.1.1

Reference Number

3.1.1

Name

Panel & Speaker Controller

Input

Mode, Current Time, Stopwatch Time, Lap

Time

Output

Enable, Disable, Trigger of Commands

Process

Specification

PanelO A Z=HE Y5 FE9 FEQ Panel
Command®}, 2K ZX[Of  CHSH
Speaker CommandE& Tg%tCt. J2[1 Show
£ Trigger, Alarm=2 Enable/Disable $tC}.
a2 g/ie| Y22 L0 A2,
°| 2cdz gifel Y0 E=50F st=

=0| Ct2C} M2t Zo[7f 29 EXtd
7Helel Higz Zt dFoAM o g2 =2
OFst=%|E YHZEL 0-6HX|0= i
| S50 st= FEE, 2|1 7HX|0
F 4 oy ==

.

Zto
i

C}.

ﬂJQ
ord
o
MHo

u
e

|
-

o J
oxdrr 12 & o 0% 1N

b

>
[ r\l

rqu

rE

ru°J

>

_>,'_

X

o3

£

ne

-1

19 =<.>=* mI

mo ;

Rl

2o O ofEHo EAIZ Zt2 offet

my N rot

<Timekeeping 2E>
0 Day of Week(2 ¥):
Z @Yo Lyl ¢f £ X =H
1 Mont
2 Day
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3 Alarm Indicator
LE0| 2HEAM A =5,

4 Hour
5 Min
6 Sec
7 Year

<Stopwatch 2 E>
0 "ST"
1 Hour
2 Min
3
4 Stopwatch Min
5 Stopwatch Sec
6 Stopwatch MilliSec
Y&

<Alarm 2E>
0 "AL"
1 Month
2 Day
3 Alarm Indicator

20| 2HEAM A =,

4 Alarm Hour

OfL|BI Zu

OfL|H =4

=

=

5 Alarm Min

6"

7
Timekeeping ZEO|AM ARXIZL A|ZHE B Y
St QUCHE HE S AlZE BRo] =AHE
70 OF IO} [MEfA ROl ARZE 9o
SR HASD A= AlZE TS Loz,

3.2.4.2.10 Process 3.1.2

Introduction to SW Engineering (2019)

Ol 781 Ao TEotct HE ¢
20| oF A Zreolrt,
Speaker CommandOA= Current TimeXZ}
Alarm Time2 H[wd| =0 YX[otCHH
Speaker Command?| #t& On2ZE, %X
U2 H20|= off2 MEICL
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Reference Number

3.1.2

Name Ring Changer

Input Alarm

Output Alarm

Process ALQ| ring eE B7HAA LF A2E LG
Specification | e 92 oot

Process 3.1.3

Reference Number | 3.1.3

Name Show

Input Trigger

Output Panel Command

Process TriggerZ|™ Panel & Speaker Controller0f| A 2]

Specification

Ztof| M2t 2t #4942 it HHI—'|2 87K 2
Foloz Lo Qlon zzio|] ez 3
Mol grfol Foo| =Hsjof sl= %‘5%%
ofziet ZLt.
<Timekeeping 2 &>

0 Day of Week(2 ¥):

Z ado| Auiyl o £ 2X £

1 Month

2 Day

3 Alarm Indicator

ato| MME|QUM A =2 OfL|H Zu

4 Hour

5 Min

6 Sec

7 Year
<Stopwatch 2 E>

0 "ST"

1 Hour

2 Min

3

4 Stopwatch Min

5 Stopwatch Sec

6 Stopwatch MilliSec

7 nn
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<Alarm 2E>
0 "AL"
1 Month
2 Day
3 Alarm Indicator
L0 HEAM A =, OfLIH S

=

4 Alarm Hour

5 Alarm Min

6"

7
Timekeeping ZEO|AM ARXIZL AIZHE B
S5l= B0 panel commandl| 7& QIE A0
MEE X0 UAs =AE Aol HF

o
S0l SRt 1X0] 3 By Zurol

3.2.4.2.12 Process 3.1.4
Reference Number | 3.1.4
Name Alarm
Input Enable, Disable
Output Speaker Command
Process 23 ool el AODHE HAL 2o F,

Specification

2Es =2/HY OOh

3.2.4.2.13 Process 4.1.1
Reference Number | 4.1.1
Name Backlight Controller
Input Backlight
Output Trigger
Process Backlight data store #t0ll S0{U= Moz =

Specification

Aol M-S HHY LED CommandZ L= MLt

3.2.4.2.14 Process 4.1.2
Reference Number | 4.1.2
Name Light
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Specification

oS LIEHACE

Input Trigger
Output LED Command
Process LED Command®| ztof 2fsf Hs{Fl Moo=z

3.2.4.3 Data Dictionary

Input/Output Description Format / Type

Event

Button A Input DFD Level 12| Data Dictionary | Bool
Ljget =&

Button B Input DFD Level 12| Data Dictionary | Bool
Ljget &

Button C Input DFD Level 12| Data Dictionary | Bool
Ljget ¢

Button D Input DFD Level 12| Data Dictionary | Bool
Ljget ¢

Selected Button DFD Level 12| Data Dictionary | int
Ljget ¢

Mode DFD Level 12| Data Dictionary | struct Mode
Ljget &

Current Time DFD Level 12| Data Dictionary | struct Time
Ljget &

Time Difference DFD Level 12| Data Dictionary | struct Time
Liget 5

Alarm DFD Level 12| Data Dictionary | struct Alm
Liget 5

Stopwatch DFD Level 12| Data Dictionary | struct Stopwatch
L&t &

Backlight DFD Level 12| Data Dictionary | struct Backlight
L&t &

Mode to change BE U8 S92 U2= HHE | struct Mode
Ct

Panel Command DFD Level 22| Data Dictionary | char[8][3]
LE1 s

Speaker Command | DFD Level 22| Data Dictionary | On/Off
LE1 s

LED Command DFD Level 22| Data Dictionary | On/Off
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3.2.5 DFD Level 4

3.2.5.1 State Transition Diagram (Display & Speaker Controller; Filter Controller)

[Trigger “Show” [Trigger “Backlight”
/Tick[Button && !Alarm] v
Trigger “Show” Backlight
; |
[Tick[Alarm] /Tick[Button || Time] /Tick
Er!able Alarm Disable “Alarm” Trigger “Backlight”
Trigger “Show” Trigger “Show”

Alarm

3.2.6 Overall DFD

» Maode

*  Current Time

. N Toager @
N
Selected Button R
= e
— * TimeDifference -
/1 s @ R

Bumen C nput T
- Alarm -
-
ek
+  Stopwatch
Button Dt @

Backlight
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