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Introduction
1.1 Purpose

Digital WatchOff ER7%t SystemE THS7| ¥AM SWHRZ SXdt=s ZZEEIYS

Qe @A B, HRII52 FAIT 2Afo|Ct
1.2 Scope
121 JHEE

Team #5 Ji-Rung: 2540l O|&%, AStE, &

1.2.2 HistAtet

123 HEQ ZHEL

124 iy

IDE: Eclipse, Text editor
Compiler: GCC (MinGW, Cygwin)
1.3 Definition, acronyms, and abbreviations
SW: Software
HW: Hardware
14  Reference
IEEE Std. 830-1998
KU_CES_2019_2 Software Engineering Lecture Note
"SOFTWARE ENGINEERING (10th)”, by lan Sommerville

KU_CES_2019_2 Software Engineering Lecture for LAB

#5 Ji-Rung team
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1.5

Overview

Ver.2.0

Digital Watch System (DWS)2| Data Flow Diagrami} State Transition Diagram, Data

Dictionary, Process Specification

2 Overall Description

2.1

2.2

Product Perspective

oy ME2 5|
AE Melsta, Me[eh Zot= HW (2FH)0f E3Hotct 4
console3tHO 2 XI5 7|59 S SOE Z0ols

=
HED LCD 2tHS 7HE A= oLt
Product functions

2.2.1 Date-Time

2.2.2 Stopwatch

AlZto| Za

i
ne
_r‘_ul_
"
|-J
am
ox
H>
=)
10
>
[~}
o
ne
i)

1/100 = EHRI2 =7d0| 7hs5tCt
Lap time 7|Z0| Z7hs3trt.

2.2.3 Backlight

2.24 Alarm

2H E=AA0 AHEE + s HME0l 2 + ACL HW HE) 2 S

M Hwof ot S22 sw &

20l 22 M a, b c d & OFF HES F28 22|7t HTICH
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2.3

24

2.5

User characteristics

MERHE EXAIAE WEots WAL, Z2HMES 2 A0[Cf,

AFEAE TXRRAIAIS] 4702 HE
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il
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o
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30
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Constraints

EHRel ®7|¥e E-Y ofCt

Z7| AlZt2 2019 01& 012 00A| 00& 00ZO|Ct,
2019-1-1 2E 2099E7X| BEA|Z} 7tSSIC,

gzt MM I A|, 28 HtEA| MH™s|of BtC},

=0 =2 o= i =

Assumptions and dependencies

HE Q2

rlo

FIHE QEoZ CHAISIT}

HE0| oz 71 YHERAS I 2H8=%= D>C>B>AO|Ct

AlZt

—

o

XSt [ MEHE

oS! MEHEl H20| 208t0

F|_F
rlo
>
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Backlight= &X| AlA|2| % LEDE A= A2z FAE[O{Of SFX|ZF

MS B = A= CHMTHT.

U222 pCl BeepZ CHAM|THCH

Structured Analysis

3.1

System Context Diagram

3.1.1 Basic System Context Diagram
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Button

Display

»  Watch Controller - Back light

3.1.2 Event List

Event Name
Button A input
Button B input
Button C input
Button D input
Display
Back_light

Alarm

Speaker

Description

Detect push of the Button A
Detect push of the Button B
Detect push of the Button C
Detect push of the Button D
Display command to Display
Backlight command to Back light

Alarm command to Speaker

3.1.3 The System Context Diagram

Display Display
Button A Input
Button B Input
Button C Input
Button D Input Back_light
Button »  Watch Controller > Back light
Alarm
Speaker

3.2 Data Flow Diagram

3.2.1 DFD level 0

3.2.1.1 DFD

#5 Ji-Rung team
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Button A
Button A intput
Display
Button B - Display
Button B intput
L Back_light Back light
Wattch Control ack_lght—mw- & &
Button C ___Button Cinput
Y Alarm
|
Button D intput } Speaker
|
Button D [
Tick
|
|
I
Digital Clock

3.2.1.2 Process Specification

3.2.1.2.1 Process 0

Reference No
Name

Input

Output

Process Description

0

Watch Control

Button A input, Button B input, Button C input, Button D input, Tick
Display, Back light, Alarm

Z} {Button A input, Button B input, Button C input, Button D input}, &=
= {Tickig Sofl Adtet AlZHo| af Aibsh A2 W2t {Display,

Back light, Alarm}2 & &3tCt,

3.2.1.3 Data Dictionary

Data Name
Button A Input
Button B Input
Button C Input
Button D Input
Display

Alarm
Backlight

Tick

Data Name

Description Format / Type
Detect click of the Button A True / False, Periodic
Detect click of the Button B True / False, Periodic
Detect click of the Button C True / False, Periodic
Detect click of the Button D True / False, Periodic
Display command to Display String

Speaker command to Speaker On/ Off

Backlight command to Back light On/ Off

Tick is triggered at as one millisecond Periodic

Description Format / Type

#5 Ji-Rung team



Button A Input Detect click of the Button A

Button B Input Detect click of the Button B

Button C Input Detect click of the Button C

Button D Input Detect click of the Button D

Display Display command to Display String
Alarm Speaker command to Speaker On/ Off

3.2.2 DFD Level 1

Buiton A g
~
Button A intput
~
~.
-
Button B
Button B intput_
Button C intput_
Button C —
-
-
Button D intput
e
-
Button D

»-
Detect Pushed = Pushed Button
o Button

= Main Contal <

3.2.2.2 Process Specification

3.2.2.2.1

Reference No
Name

Input
Output

Process Description

32222

Reference No
Name

Input
Output

Process Description

Process 1

1
Detect Pushed Button

2 ~ Back_light
— e

True / False, Periodic
True / False, Periodic
True / False, Periodic

True / False, Periodic

Back light

Speaker

Ver.2.0

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

Pushed Button

Of TickOFCt AFEXE7F Z=ZFe Button ABCD 4127t A= X

0 ool wer = HOo[HE XMFetot.

Process 2

3

Watch Control
Pushed_Button, Tick
Display, Alarm, Back_light

EAE,

Of TickOFCH Pushed Button X740 QA& HIO|HE ZX[SHH 2t O

OlE{0f [E SXS AL,

— o=
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Data Name

Pushed_Button

Current Time cel BE Zto|EzZg|
tmTZHE AtE510]

3.2.2.3 Data Dictionary

Description

Ct.

3.2.3 DFD Level 2

3.2.3.1 DFD

v
1
> ButnB
o e
Tick .
~
v
incpu 13
> BuonG
o Imerfac Tick
* Bution D
Button D input L4
A+ Butonr
Interfac

“Time.h" 0|

Sx| A7

.......

Watch Controller2 7= Interrupt;

#5 Ji-Rung team

Bl

H
rok

Format / Type

struct Button {

int index; //0-3

char name; // ‘A" = 'D’

}, Periodic

struct tm {
int tm_sec;
int tm_min;
int tm_hour;
int tm_mday;
int tm_mon;
int tm_year;
int tm_wday;
int tm_yday;
int tm_isdst;

—»|  Backlight
Inter
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3.2.3.2 Process Specification

3.2.3.2.1 Process 1.1

Reference No
Name

Input
Output

Process Description

32322
Reference No
Name
Input
Output

Process Description

3.23.23

Reference No
Name

Input
Output

Process Description

32324

Reference No
Name

Input
Output

Process Description

1.1

Button A Interface

Button A Input, Tick

Button A

ot TickO| Button A Input=

Button A7l & & L= Boolean

Process 1.2

1.2

Button B Interface

Button B Input, Tick

Button B

St TickOll Button B Input2

Button B7t =& Ct= Boolean

Process 1.3

13

Button C Interface

Button C Input, Tick

Button C

St TickOl Button C Input2

Button C7t =X CH= Boolean

Process 1.4

14

Button D Interface

Button D Input, Tick

Button D

ob TickO| Button D Input2

Button D7t =XICt= Boolean

#5 Ji-Rung team
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32325
Reference No
Name
Input
Output

Process Description

3.23.26

Reference No
Name

Input
Output

Process Description

3.2327

Reference No
Name

Input
Output

Process Description

Ver.2.0

Process 1.5

1.5

Pushed Button Detector

Button A, Button B, Button C, Button D, Tick
Button 1, Button 2

Tick OFCtH Button Interface®|A| C|O|E{7} SO0{2t=X| =2QIstCt pHat
HE DY=0| QU™ Button 20| XISt HE A B C7I Y™

Button 10{ X Z&SHCH,

Process 2.1

2.1

Alarm Controller

Button 1, Button 2, Ring Time, Alarm Time, isRingAlarm

IsRingAlarm, Ring Time, Alarm

Alarm time storage2| alarm_setO| TrueO|® tickOtCH Alarm time
storage®| alarm timeDt current time® H|W$tCH S Zi0| ZO(X|H
isRingAlarm2 TrueZ2 M5t Alarm2 ELHH Ring Timeg 022
7|28t a 12200} Ring Time2 1 S7A|ZICE Ring TimeO| 50 =
2SI isRingAlarm2 FalseE A7t Alarm2 SHA[BHCL Ring Time
O 50i =&35t7| T Button1 HE+ Button 20| HE 20| 47|H
Z Al isRingAlarm= FalseE2 &85t AlarmS S M| BT

Process 2.2

2.2

Watch Controller

Button 1, Alarm Time, Current Time, Tick

Display Command, Alarm Time, Current Time, isRingAlarm

AMEXIF &0l S2lAl &'Ef 0l M Button AB.CE X Zol

™, Button Watch € &=C}. Button Watch € &1L+ Current Time 2

ot O =
[ 1= —

2to ™ Display Command £ Display Interface 0ff £ CH.
0

Current Time & 2 & 20t Display 0l & AlZ2t= Z6t= Display
Command € &80

Button CE 23 U M, tHS TS siEdt= Display
CommandE E3t1, Button AS Y ZUS O, AZtS S
Do ZYstn 10| sfEshE Display CommandS ZESHCE A|ZH
23 ZEO0|M Button BE Y3 Z2™ Current TimeE S7HAI7|1L
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3.23.2.8

Reference No
Name

Input
Output

Process Description

3.23.29

Reference No
Name

Input
Output

Process Description

Ver.2.0

HO| LtEFHCE O] ZEO|AM Button CE YU 2om ZIHAIZ Cf
(=)
=

Back light Controller

Button 2, Light Time, isRingAlarm, Tick

Back_light Command, Light Time

isRingAlarmO| false® i, AF&XI7F Button DE ZZ&SHH Back_light
Command& Back light Interface0fl =Tt Of Tick OFCH Light Time=
Z7kAZ|0, Light TimeO| 2XECt 7{X|H Command £ FX|¢t
Ct.

Process 2.4

24

Speaker Interface
Alarm Command
Alarm

Alarm Controller2 £E Alarm CommandE 20} Speaker TerminalO|
o[t 4 UEZE o2 A|DEZ HBIA|F{FE Interface.

3.2.3.2.10 Process 2.5

Reference No
Name

Input
Output

Process Description

2.5

Display Interface

Display Command

Display

Watch Controller2 £E Display CommandE 20} Display Terminal

Of Olgie &= UEF OIZE A|DEE HSIAHFE= Interface.

3.2.3.2.11Process 2.5

Reference No
Name

Input
Output

2.6

Back light Interface
BackLight Command
BackLight

#5 Ji-Rung team



Process Description

Data Name
Button A
Button B
Button C
Button D
Button 1
Button 2
Ring Time

Light Time

Alarm Time

Ver.2.0

Back Light Controller2 S£E| BackLight Command& 2O Back Light
TerminalO| OJsig =+ QUAEF OILZI ADEER HEANAFE

Interface.

3.2.3.3 Data Dictionary

Description
HE A7t =% Ch= Boolean ¢
HE B7l &%iCt= Boolean 4
HE C7t =X Ch= Boolean
HE D7t =& CH= Boolean

HE A B, CE N3t &
A

>

>+

o
£

o
£

\J mg
o
i)
Mo
r
{0
3.
=
[¢"]
()
o
>
o
ra
—Ho
Hu
ok
rn
=

Backlight?t 74Zl = millisecond T2 S2
AlZto|ct,
TEH tmE ARESHO AlZf R 21 Alarm

Setting 0| £E X ZotCt.

3.24 DFD Level 3

3.25 DFD

isRingAlarm L

#5 Ji-Rung team

Format / Type

True/ False, Periodic
True/ False, Periodic
True/ False, Periodic
True/ False, Periodic
struct Button, Periodic
struct Button, Periodic

Unsigned Int

Unsigned Int

struct tm{
int tm_min;
int tm_hour;

boolean isAlarmSet;



isRingAlarm
Buton 2
4
s
s
Trigger
, L Tarm Command
7 _Enable ™
o " Disabl
rm Time 2 - -
- -~ - ——
) -

211 )
Alarm Controller
/
212
\ /-
“ “Enable L, | Check
- - Time.
‘Current Time
Alares Time
Seting
Alsrm i AR
Rl isEnable
2214
5
e Q‘l-mm Display Command———
-
Display Comirasd

~——eee g

IRingAlarm
| siop
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i
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DS e
S 227
Stopwach gy Command——p-
Mode

S Tick —
Disable
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T
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N
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Cument Time
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3.2.5.1 Process Specification

3.25.11

Reference No
Name

Input

Output

Process Description

3.25.1.2

Reference No
Name

Input

Output

Process Description

3.25.13

Reference No
Name

Input

Output

Process Description

32514

Reference No
Name

Input

Output

Process Description

Process 2.1.1

2.1.1

Alarm Controller

Ver.2.0

Button 1, Button 2, Ring Time, Alarm Time, Current Time

Trigger, Enable, Disable

3.2.3.2.69| Process Specification?t &

Process 2.1.2

2.1.2

Check Alarm Time

Enable

EnableZ|™ Alarm TimeOfA] 20|

Current TimeO| YX|St= K| =HQIBHCY

Process 2.1.3

213

Alarm Off

Trigger

isRingAlarm

TriggerZ|™ Ring Alarm2 DisabledtC}.
isRingAlarmOi| FalseS X &tC},

Process 2.1.4

2.1.4
Ring Alarm
Enable, Disable

Alarm, isRingAlarm

OnE|®}=X], Alarm Timedt

EnableZ|® isRingAlarmOfl TrueE X Z&St1, Speaker InterfaceO]

AlarmA 3 & HUWCH

#5 Ji-Rung team



3.25.1.5

Reference No
Name

Input

Output

Process Description

3.25.1.6

Reference No
Name

Input

Output

Process Description

3.25.1.7

Reference No
Name

Input

Output

Process Description

3.25.1.8

Reference No
Name

Input

Output

Process Description

Ver.2.0

Process 2.2.1

2.2.1

Mode Controller

isRingAlarm, Button 1, Setting Alarm, Setting Time, Alarm Time,
Curremt Time, Stop Time, Lab Time

Enable, Disable, Trigger

3.2.3.2.79] Process Specification?t &

Process 2.2.2

2.2.2

Time Keeping

Enable, Disable, Tick

Display Command

Mode Controller0fAl &2 2Xf AlZH HEE Display Interface0i|

Display CommandE £#35t= ZZ2 A A,

Process 2.2.3

2.2.3

Time Setting

Enable, Disable, Tick

Display Command

AR AlZE B Ci&2 LEHLE ZE2 Display CommandE Display
Interface0ff E=Hdt= Z2 M2

Process 2.2.4

2.24

Switch Setting Time

Trigger

Setting Time

Trigger=|™ Setting TimeO| XMZE Ztol Wer ChZak 20| Setting

Times +dBICEL = > Al > 2> > & > 2> = 0 =9
XE At QJYRUCHH A AHo =2 HZFDICL

#5 Ji-Rung team
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3.2.5.1.9 Process 2.2.5

Reference No
Name

Input

Output

Process Description

2.25

Manual Increase Time

Trigger

Current Time

Trigger=|™ Current Times Setting TimeOf| XMZEl ZLof 2t SIHA|

ULk olE S0 Setting Timel| 0| SHUASH & YEE 157
ZIC 2ref Eol 0] MAXZH & =7[gie 2 BHetoirt

3.2.5.1.10 Process 2.2.6

Reference No
Name

Input

Output

Process Description

2.2.6

Stopwatch Out
Enable, Disable, Tick
Display Command

Stop TimeOf| & 22 DisplayZ ZZote ZZN A

3.2.5.1.11 Process 2.2.7

Reference No
Name

Input

Output

Process Description

2.2.7

Stopwatch Mode
Enable, Disable, Tick
Display Command

Stopwatch ModeOfl Ci$} Display CommandE £&dts ZZA|A.

3.2.5.1.12 Process 2.2.8

Reference No
Name

Input

Output

Process Description

2.2.8

Stopwatch Reset

Trigger

Stop Time

TriggerZ|™ Stop Timeg 7|3} siF& ZEMA.

#5 Ji-Rung team
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3.2.5.1.13 Process 2.2.9

Reference No
Name

Input

Output

Process Description

2.2.9

Stopwatch Measurement

Enable, Disable, Tick

Stop Time

Stopwatch Mode?} Enable=|R{= [, Button BE Enable /™ Tick Of
Ct Stop Time2 Z7FA|ZICH

3.2.5.1.14 Process 2.2.10

Reference No
Name

Input

Output

Process Description

2.2.10

Show Lab Time

Enable, Disable, Tick

Display Command

MEEO A= Lab TimeE EZHSIE=S Display0 Display commandE&

2L}

3.2.5.1.15 Process 2.2.11

Reference No
Name

Input

Output

Process Description

2.2.11

Record Lab Time

Trigger

Lab Time

TriggerZt E|® ZA|Q| Stop Time2 Lab TimeOf X & stCt

3.2.5.1.16 Process 2.2.12

Reference No
Name

Input

Output

Process Description

2.2.12

Alarm Setting

Enable, Disable, Tick

Display Command

Increase® Alarm TimeOf CH3t HEE BEAZE ZEZ Display

CommandE &3l Display Interface0| Z&d}

#5 Ji-Rung team



Ver.2.0

3.2.5.1.17 Process 2.2.13

Reference No
Name

Input

Output

Process Description

2.2.13

Alarm

Enable, Disable, Tick
Display Command

Alarm Time2| Z{S LIEtHE Display CommandE £83st= TZ A

3.2.5.1.18 Process 2.2.14

Reference No
Name

Input

Output

Process Description

2.2.14

Switch Setting Alarm Time

Trigger

Setting Alarm

Trigger=|™ Setting Alarm2| Zt0i 2} ChZdf 20| HZ T

Al > 2 > A

3.2.5.1.19 Process 3.2.15

Reference No
Name

Input

Output

Process Description

2.2.15

Increase Alarm Time

trigger

Alarm.Time

Alarm Setting Mode”t Enablek|®{2 [{f, Button B7} Trigger =T,
Alarm Time2| tm_hourdt tm minO| 1% S7tstH siE ZH0| XMZEE
Ct. tm_hour2| &% 242 CHACHH CHA| 00| MFE L tm_min2| &%
60= CH SCHH CHA| 00| XMZE L

3.2.5.1.20 Process 2.2.16

Reference No
Name

Input

Output

Process Description

2.2.16

Alarm On/Off

Trigger

Alarm.isEnable

AH&ZEZE Alarm Mode?t Enable =S [f, Button B7t AZL|H,
TriggerZt EICt Of TriggerOFCH Alarm Time2| isAlarmSetO| trueO|™
false 2, falseO|H truez= HZTICL

#5 Ji-Rung team
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3.2.5.1.21 Process 3.2.16

Reference No
Name

Input

Output

Process Description

2.2.17

Auto Increase time

Enable

Current Time

Time ManagerOf 2|3l TriggerZ|™ Current Time2| A[ZH2 1 F7tHA|

ZICEH 2FOF Current TimeO| MAXO| E=E3I™M Current Time2 x7|3t
FC}.

rot

3.2.5.1.22 Process 2.3.1

Reference No
Name

Input

Output

Process Description

2.3.1

Back Light Controller

Light Time, Tick, BackLight Button

Trigger, Enable, Disable

BackLight ButtonO| ZTEEZ|H Initialize Light Time2 Triggerstd
Increase Light Time2 EnableSt1l Back Light2 EnabledtH, Light Time
O 2&7} E|™ Increase Light Time2 Disabledtll Back Light2
Disable®tCt.

3.2.5.1.23 Process 2.3.2

Reference No
Name

Input

Output

Process Description

2.3.2
IDLE
Enable, Disable

CH7 | & Ef

3.2.5.1.24 Process 2.3.3

Reference No
Name

Input

Output

Process Description

2.3.3
Light Off
Trigger

Backlight ZEMAE Disable®tC}.

#5 Ji-Rung team



Reference No

Name
Input
Output

Process Description

Data Name

Setting Alarm

3.2.5.1.25 Process 2.3.3

2.34

Back Light

Enable, Disable

Back Light Command

3.2.5.2 Data Dictionary

Description
Increase Alarm TimeO|A @iX{f A-SID
ol |§
MNT =

AlarmO| tm_hour@IX|, tm_min@IX

4 2{F = Boolean %t

Setting Time Manual Increase TimeO|A X d7Fst
A= AO| OofF AHQIX| LefF= 7k

Stop Time StopwatchOl A FHHEE A[ZSHD LM
millisecond B2 SE AlZtE X ETiCt.

Lab Time Lab EtQ XZO| triggerZl®™ 1 TAlQ|

Stop Time2 X% 3tCt.

3.2.6 DFD Level 4

Ver.2.0

EnableZ|™ Back Light CommandE& ELH{Ct7} DisableZ|® 2Z&=CH

Format / Type

True/ False, Periodic

Enum { sec, hour, min, year,
month, day }, Periodic

Unsigned Int

Unsigned Int

3.2.6.1 State Transition Diagram (2.3.7 Backlight Controller)

Tick [lisRingAlarm && D]
/Enable "Back Light"

Back Light

Tick [lisRingAlarm && D]
/Emable "Back Light"

#5 Ji-Rung team

ON

Tick |Light Time == 2000]
/Disable "Back Light"

\ Rack Light OFF
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3.2.6.2 State Transition Diagram (2.7.7 Alarm Controller)

Tick [isAlarmOn() && isAlarm Time()]
/Enable "Ring Alarm"

v

Start Ring

lick [isAlarmTime{Current_TIme)]
/Enable "Ring Alarm”

Tick [Light Time == 5000 || (BUTTON_INPUT)]
/Misable "Back Light"

Stop Ring

3.2.6.3 State Transition Diagram (2.2.7 Mode Controller)

- RecodeLabTime

" Tick [tisRingAlarm && Bution Neme == C | Swite
T

h Setting

Stopwatch

Tick [lisRingAlarm && Button Name — B | v stton. Mame == ]
Disable “Stopwatch Measurement .

Stopwatch
Rest —

Alarm
R

ON/OFF

Tick [isRingAlarm & Biton Name =B |

Trigger“Alam On/OFF );
Al — Tk~

D Settin
\  Fnable “Alirm Mode™

‘ —

~ p
~ Alumseing 4=
o \\\ Switch
—~

Tiek 1R & Bution Name
Trigger "Switch Secting Alamn Tine”

3.2.7 Overall DFD
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