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Introduction

1.1

1.2

1.3

1.4

1.5

Purpose
Digital watch SystemOlA ALY = U= SWE FHSH7| ot 2FAdES M &
MO|Lt.
Scope
121 HLE
Team 4

1.2.2 MstAtEt
HWESAA)QE AS7HX| D2fstx| 0 SWE0 135 = JYTE ot

123 N8 &HEX

J
e =l
M
o

H2E = X &FAAQ SWE JHESHY| Sl ZREERYCR oS

Ct.

+
0

124 ety
IDE: VS 2017
Compiler: GCC (MinGW)
Definition, acronyms, and abbreviations
SW: Software
HW: Hardware
Reference
|EEE Std. 830-1998

Overview
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Overall Description

2.1 Product Perspective

e MEF2 28 &23AA 0 AH8E &+ e ME0l 2 = ALL HWHE)0| 2let &
A2 Mok, Me2leh Ziats HWEIE)O SHSCh 2H HWO ofgt S%2 sw 8l
consolestH = XME|5t0] 7|52 S5 RFE &SRR oot AlA HWE= 4702 H

2.2 Product functions
2.2.1 Date Time
SITHO| XLt A[ZHS HAISICL 2% A2 HA|= 24A|2 HASHC
2.2.2 Stopwatch

AlZte] dmtE ez, 53 = AZE e e

=

L

1/100 = EHRI2 F7Y0| 7HS3tCt

Lap time 7|=0| 7}53ILt
2.2.3 Backlight

Sosts 2RO MZS MO FABCH
2.2.4 Alarm

alarmO| MM E|™ alarm indicatorZF 7{ TICt

L20l 22 M a, b, ¢, d T OFF HES FEH 22[7t HZEICE
2.3 User characteristics

24  Constraints

SRol HI|He 2l O|Ch ZX7| AIZE2 20194 01€ 01Y 00A| 00& 00%O|LCt,

2019-1-15E 2099E7tX| HA|7} 7hsSSICh S 288 I A, 22 2EAl 2733
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Of ot

2.5 Assumptions and dependencies

BE @2 J|BE YR ChA
HEO| O3 T Y2 EAS U LHAIED>C>B>A OIC AlZHS MY 0 MeE
S20| Zuols EHS 24 Lo YSS EAISHE HO2 L

Backlight= &H| AlAS] 2 LEDE H= A2 FHE0{OF oA EHE[= A2

Mg dtfe o= rhFect
LTS PC2| BeepZ CHM|THCE
3 Structured Analysis
3.1 System Context Diagram

3.1.1 Basic System Context Diagram

LED
Button »  Watch
Sound
3.1.2 Event List
Input / Output Event Description
A Button input A Button &
B Button input B Button 2
C Button input C Button 23
D Button input D Button Y
Display LEDO|| Display Command, Backlight Command& &

Sound Sound®| Beep Command& Mg

Team 4 8



3.1.3 The System Context Diagram

A Bution input
i ) LED
B Button input Display
C Button input
D Button input
Button »
Sound

3.2 Data Flow Diagram

3.2.1 DFD level 0

3.2.1.1 DFD
A button input
A button )
Display LED
B button B button input
Watch
Control
C button C button input
E Sound
D button D button input _ Tick
Digital clock
3.2.1.2 Process Specification
3.2.1.2.1 Process 0
Reference No. 0
Name Watch Control
Input A Button input

B Button input
C Button input

D Button input

Team 4



Output

Display

Sound

Process Description

A, B, C, D ButtonOjA| HEE Hop X2|5t11

LED % SoundZ Z=H3st= A|AH

3.2.1.3 Data Dictionary

A button

Input / Output

Description Format / Type
Event
A Button input | A Button 23& ZX| True/False, Interrupt
B Button input | B Button 22& ZX| True/False, Interrupt
C Button input | C Button 222 ZX| True/False, Interrupt
D Button input | D Button YHS ZX| True/False, Interrupt
Display LEDO|| Display Command, struct
Backlight Command ™ &
Sound Sound9%| Beep Command & Beep
3.2.2 DFD Level 1
3.2.2.1 DFD
A button input
Display LED

B button

C button

D button

D button input

Input
Control

Button input Data

Team 4
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3.2.2.2 Process Specification

3.2.2.2.1 Process 1

Reference No.

1

Name Input Control
Input A Button input

B Button input

C Button input

D Button input
Output Button input Data

Process Description

A, B, C, D ButtonO| M %2 HO|HE 24
Z=2|0f 2} Button input Data StorageZ
AFE Z2MNA

3.2.2.2.2 Process 2

Reference No.

2

Name Output Control
Input Button input Data
Output Display, Sound

Process Description

Button input Data StorageO|A| &2 [j|O| E
£ LEDO| HEA[SHAHL(Display) 22| WHE
=(Sound) M0{5t= T2 M

3.2.2.3 Data Dictionary

Input / Output

Event

Description Format / Type

Button input A
Data

i
=
=

=]
|

2 NE

Team 4

B, C, D ButtonOf|A{ 22 |0l H
7|99 2 |nput Control® AHH

He HEO it 32 g2

Integer, periodic
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3.2.3 DFD Level 2

3.23.1 DFD

IMain Control

Display
Command Display Display
Interface >

Current Time

Alarm
information

Status
information

A button
interface
11

A button input

A Button

B button
interface
12

B Button

Button
Information
15

Button input

Interface
Data

25

C button
interface
13

Command

Status

information Current Time

D button
interface
14

D Button

Backlight
Control
23

Backlight
Interface
26

Backlight
Command

11|

orzf S 28 XtM3)

0

A button
A button input interface

A Button

B Button

interface
1.2

B button input

Button
Information
1.5

Button input
Data

C Button

C button
interface
1.3

C button input

D button
interface
1.4

D Button

Team 4 12



Main Control

Display
Command

Display

21

Interface
24

Alarm

information

Status

information Current Time

/

R Beep
Button input Beepzcgontrol Interface
Data Beep 25

Command
1
" Tick
Status "
information Current Time

Backlight

Backlight

Control
23

T|’|:k
3.2.3.2 Process Specification

3.2.3.2.1 Process 1.1

Backlight
Command

Interface
26

Reference No.

1.1

Name A Button Interface
Input A Button input
Output A Button
Process Description | A Button2| Y& ZX|5l1, O] Button
InformationOf| ™ EStCt,
3.2.3.2.2 Process 1.2
Reference No. 1.2
Name B Button Interface
Input B Button input
Output B Button
Process Description | B Button2| &2 ZIX|5t1l, O|F Button

InformationO| ™ EHstCt.
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3.2.3.2.3 Process 1.3

Reference No.

1.3

Name C Button Interface

Input C Button input

Output C Button

Process Description | C Button2| Y&E ZX|5td, O|E Button

Information®| T &SHCt.

3.2.3.2.4 Process 1.4

Reference No.

14

Name D Button Interface

Input D Button input

Output D Button

Process Description | D Button2| 222 ZX|st1, O] Button
InformationOfl T ESHCt

3.2.3.2.5 Process 1.5

Reference No.

1.5

Name Button Information

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

Output Button input Data

Process Description 22 2t2to| oY R E Jgsh <
Mza=2|of a2t 17H2| Button datas M
+go=2 M3t Data storageOf XZE T
c}.

3.2.3.2.6 Process 2.1
Reference No. 2.1

Name Main Control

Input Button input Data, Status information,
Alarm Information, Current Time, Tick

Output Display Command, Status information,

Current time, Alarm Information

Team 4
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Process Description

LEDOf| 2tot YESZ= Mol Hil HE&
£ Status information, Alarm
Information, Current time0f] &1
Display Command& Display interface=

Mokt

3.2.3.2.7 Process 2.2

Reference No.

2.2

Name Beep Control

Input Button input Data, Status information,
Alarm Information, Current Time, Tick

Output Status information, Alarm information,

Beep Command

Process Description

gatof 2ot dEE2 Mojsl HE H
£ Status information, Alarm
information0f &1 Beep CommandZ

Beep interface2 ™ EStCt,

3.2.3.2.8 Process 2.3

Reference No.

2.3

Name Backlight Control

Input Button input Data, Status information,
Tick

Output Backlight Command

Process Description

DHEO| st HETt Button input
Data storageOl UCHH H|Ofsf
Backlight Command& Backlight

interface2 ™ &t}

Team 4

15



3.2.3.2.9 Process 2.4

Reference No.

24

Name Display Interface
Input Display Command
Output Display

Process Description

Display CommandZ %2 H&

Ol Display®tLCt.

i
—
m
O

3.2.3.2.10 Process 2.5

Reference No.

2.5

Name Beep Interface
Input Beep Command
Output Sound

Process Description

mjo

Beep CommandE 2™ Beep
Sound$HC}.

3.2.3.2.11 Process 2.6

Reference No.

24

Name Backlight Interface
Input Backlight Command
Output Display

Process Description

Backlight Command& Z2 ™ LEDQ| =
XS 2O Z Display$tLt.

3.2.3.3 Data Dictionary

Input / Output

Description Format / Type
Event
Status Zt 2 E(Time keeping, Alarm, Integer, Interrupt
information Stopwatch)E XMZ&dt= H

2t ArEfi(sec set, hour set, minute

set, year set, month set, day set,

alarm hour set, alarm min set, start,

stop, lap time)& XM &= H

Team 4
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[e] =13

=20 O

St= B

Backlight

St= B
Alarm et

ol 2tst 8 E (alarm power,

AEf(turn on, turn off) S M%&

AEfi(turn yellow)E M%

information alarm indicator, beep time)E X%

6= data storage

Current Time X Al7t2 X & SH= data storage | struct, Periodic
Display Main controlO| A Display Interface | Integer, Periodic
Command oA BEAIE EEL e =5 4=

= ™Mot

=2 =

Beep Command | Beep Control0| Al Beep Interface 2

M= HE

Backlight Backlight ControlOf|A{ Backlight

Command InterfaceOf| Al EAIE HELQ} A

Mz Mg

3.24 DFD Level 3

3.24.1 DFD (Main Controller)

Display Command
Status

Information
Display Command / stopwatch
Alarm

Information
Y

Button input H
Enahble;

Data

Current Time

Trigger -
Lneger .. nn

! Trlgge‘r_,-""—

Enable

Disablg’
. /Enable

Display Command

year set
2186

Team 4

‘Disable

Tl " Main
: Controller

A

Disable, ‘Enable

Display Command

T\ck’,," ks

Disable .*

Enabler” .-

.-._Enable
Disabig <"~
\ Enable

Disable | Enable ".‘1\D\sable "

Display Command

Display Command

Lap time

-

" Trigger
Display Command

indicator
2118

time mode
212

Display Command

Display Command

Display Command

struct, Interrupt

Beep, Interrupt

Display Command

Display Command

Integer, Interrupt

17



3.2.4.2.1 Process 2.1.1

Reference No.

3.2.4.2 Process Specification (Main Controller)

2.1.1

Name Main Controller

Input Button input Data, Status information, Alarm
Information, Current Time, Tick

Output Enable, Disable, Trigger, Alarm Information,

Status Information

Process Description

AEED & M=o w2t M HME
BHOp A0 Sh= Process7t S
2kZ+0f| ProcessOll Enable, Disable, Trigger
£ TEotrt ESH Alarm 2780 2
2 Alarm Information, AEHO]| CHst

HEZ Status information0| X ZstC}

3.2.4.2.2 Process 2.1.2

3.2.4.2.3 Process 2.1.3

Reference No. 2.1.2

Name time mode

Input Enable, Disable

Output Display Command

Process Description | 21X§ A|Zt 3tHE E25l= A2 E Display
Interface0| & EotCt.

Reference No. 2.13

Name sec set

Input Enable, Disable

Output Display Command

Process Description | X H7 3lHZ £5l= M2 E Display
InterfaceOf & EHotC.

Team 4 18



3.2.4.2.4 Process 2.1.4

Reference No. 2.14

Name hour set

Input Enable, Disable
Output Display Command

Process Description = AlZt 27 2tHE ZHSH= LS E Display
Interface0| & EStCt.
3.24.2.5 Process 2.1.5
Reference No. 2.1.5
Name minute set
Input Enable, Disable
Output Display Command
Process Description & H74d 2tHZ Z=dt= M=E Display
Interface0l & EotCt.
3.2.4.2.6 Process 2.1.6
Reference No. 2.1.6
Name year set
Input Enable, Disable
Output Display Command
Process Description A& H7 3tHS FHS= LS E Display
Interface0| & EotCt.
3.2.4.2.7 Process 2.1.7
Reference No. 2.1.7
Name month set
Input Enable, Disable
Output Display Command
Process Description 2 H74d 2tHE &= MZE Display

InterfaceOfl ™ &otCt,

Team 4
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3.2.4.2.8 Process 2.1.8

Reference No. 2.1.8

Name day set

Input Enable, Disable
Output Display Command

Process Description

3.2.4.2.9 Process 2.1.9

Reference No. 219

Name plus one

Input Status Information, Trigger, Tick
Output Display Command

Process Description

REEREEE

HeE 1 S E =8

Display Interface0il ™ Zr$tCt,

3.2.4.2.10 Process 2.1.10

Reference No. 2.1.10

Name Set min

Input Status Information, Trigger, Tick

Output Display Command

Process Description | MEHEl HF 7|24 =2 X790 4

S £ Display Interface0f ZetCt

3.2.4.2.11 Process 2.1.11

Reference No.

2.1.11

Name stopwatch mode
Input Enable, Disable
Output Display Command

Process Description

Stopwatch ZEE £&3st= M= E Display

Interface®f ™ ot

Team 4
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3.24.2.12

3.24.2.13

3.24.2.14

3.24.2.15

Process 2.1.12

Reference No. 2.1.12

Name start

Input Enable, Disable

Output Display Command

Process Description | Stopwatch ZEO|Al AlZH £HES A|ZfstCt
£ MZE Display Interface0f ™ZHCt

Process 2.1.13

Reference No. 2.1.13

Name Stop

Input Enable, Disable

Output Display Command

Process Description | Stopwatch ZEO|AM A7 £HE FETHstCt
£ MZE Display Interface0f ™ot

Process 2.1.14

Reference No. 2.1.14

Name Lap time

Input Trigger, Tick

Output Display Command

Process Description | Stopwatch ZEO|A A= = Al THS
Z£83le M S E Display Interface0| ™ot
Ct.

Process 2.1.15

Reference No. 2.1.15

Name Alarm mode

Input Enable, Disable

Output Display Command

Process Description | Alarm 2 E 2HES F3st= M= E Display

Interface0fl ™=t

Team 4
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3.2.4.2.16 Process 2.1.16

Reference No.

2.1.16

Name Alarm indicator
Input Trigger, Tick
Output Display Command

Process Description

Alarm indicator?| HE{(On/Off)E HdL2

2 KNIt F Display Interfaced| ™ EHC}H

3.2.4.2.17 Process 2.1.17

Reference No. 2.1.17

Name Current
Input Trigger, Tick
Output Current Time

Process Description

Current TimeOf| Ci$t HEE Current Time

Data storage0i| ™ EstCt.

3.24.3 DFD (Beep Controller)

Status
Information
Beep
command
Button input Enable _.-
Data \
7 Beep -~ Disable
, Controller
CumentTime — * 994 s
—_— S h”__ld,*'.::‘nl‘inanle
— Beep
Alarm - Tick Disable™-. "= command

information

Team 4
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3.2.4.4.1 Process 2.2.1

Reference No.

3.2.4.4 Process Specification (Beep Controller)

2.2.1

Name Beep Controller

Input Status information, Button Input Data,
Current Time, Alarm information, Tick

Output Enable, Disable

Process Description

HEEY & M=90f Mt A HMZE §
HE dot EE 2ot A0 2= Process

3.2.4.4.2 Process 2.2.2

Disable?| MO{E ™E oLt
Reference No. 2.2.2
Name Turn off
Input Enable, Disable
Output Beep command

Process Description

20| S2|X| H=tt=s A= Beep

Interface®f ™ EorCt

3.2.4.4.3 Process 2.2.3

Reference No. 2.23

Name Turn on

Input Enable, Disable
Output Beep command

Process Description

527t el HX|7| @ 58 Button
inputO| S0{2t Controller?t Disable® {7t

A LEE SEI0h

Team 4
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3.24.5 DFD (Backlight Controller)

Backlight
Status
Information \ Enable
.." Disable
Button input ; Backlight *
Data controller
231 s
Backlight
% Tngger cackugrt
Current Time c -
Tick

3.24.6 Process Specification (Backlight Controller)
3.2.4.6.1 Process 2.3.1

Reference No. 2.3.1

Name Backlight controller

Input Status information, Button input data,
Current Time, Tick

Output Enable, Disable, Trigger

Process Description

HEEY 4E M=o 2t & Hiz
HE 90t Button input dataS 2HOF = 0f|
SF= Process7t HMSIEE ZH2ZH0|| Process

Ol Enable, Disable, Trigger2| MO{E Tt

=2 ==
Cf

3.2.4.6.2 Process 2.3.2

Reference No. 232

Name Idle

Input Enable, Disable
Output Display command

Process Description

Backlight?t #AXIX| 42 AtEfats A2

Display Interface0f|

Team 4
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3.2.4.6.3 Process 2.3.3

Reference No.

2.3.3

Name

Turn yellow

Input

Trigger, Tick

Output

Display command

Process Description

7b RILt

rz
fot
B

2% 7t backlightE ZCH=
Idle &EfZ =O}ZtCH=

Interface0f ™ ESHCH

|->
fot

% Display

3.2.5 DFD Level 4 (State Transition Diagram for DWS)

3.2.5.1 STD of Main controller

TS 88 s e e o
me mce Cisane <epraron mose

riematon = e
‘Erac e s Dssoe en sar

Tk 84 e etoratn b= v Sra]
— Erane st o Crsae A meoe
Az mode

Tik{s 4 Toms s £F
sarm s = vt e

Tosss
~r Erace Secser Dismoie Tore made’

THELE i A4 sl nfermatian = srars o)
Togge: "o ore”

|
Teia 18 mam|rtamaton ts ura Lo - pius one
Erate Trme roce Daste o e
TH{C 84 wam nfereaicn ' et fma] e
Enatie Ty sar Duabie um..:
s ]

Byrl

Team 4
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/Enable "Time mode"

Ti
l l Tick[C && alarm information I= current time] It
{ Enable "Alarm mode”, Disable "Time mode"
Time mode
. Tick[A .&& Time modg &8 A Tick[A&& alarm information |= cumrent time]
Tick[AZS alarm information I= current time] 7 Enable "Time mode". Disable "Sec sef” rent el
alarm infprmation != current time] { Enable "Sec set”, Dizable "Time mode” : mation = G\-}\—IQU( "
JEnable "Time mode” 5 g™ mm‘de:" gnable
Disable "Hour set” »  Secset [€ ek 85, arm Mot .
< | pisabl® |
Tick[C&&alarm information != current time] -
{Enable "Hour set”, Disable "Sec set” v 5%"

\

Hourset [«
<

y 'y <
Tick[A Tick[C&&alarm information != current time] Tick[C S&Al de&aaldrm] information '= current time]
&b alarm information != current time] i Enable "Min sef", Disable "Hour set” i Enable "Hour sgif', Disablg "Nin set”
/Enable "Time mede" h
Disable "Min set”
Min set €
<
<
Tick[C&& IAlarm mede &&alarm information = current fims]
Tigk[A && alarm information != current fime] / Enable "Year set’, Disable "Min set h 4
/ Bnable "Time mode", Disable "Year set”
Yearset [€
Tick[B&S Imax && alarm information != current time]’
Tick[C && alarm information != current time] Trigger "plus one"
{ Enable "Month sef". Disable "Year set” lus one
Tick[A && alarm|infermation != current time] h J Tick/ P
{ Enable "Time mode”, Disable "Month set”
<
Month set €
<
Tick[C && alarm information != current time] Tick[B&& max && alarm information 1= current time]
{ Enable "Day set”, Disable "Month set” Trigger "Set min"
TickC && alarm information I= current time] h 4
{ Enable "Sec sef", Disable "Day sel" Tick/ Setmin
Day set [€
<
<

Tick[A && alarm information I= current fime]
[ Enable "Time mode”, Disable "Day set”

Tick[C && alarm information '= current time]
{ Enable "Time mode”, Disable "Stopwatch mode”

Tick[A && alarm information != current fime]

{Enable "Alarm made", Disable "Min set" Tick[C && alarm information |= current time]
{ Enable "Stopwatch mede", Disable "Alarm mode™ SlupWa[ch
mode:

Alarm mode

Tick[B && alarm information 1= current time]

Tick[B && alarm information != current time] / Disable "Stopwatch mode”, Enable "Start’

Tick[A && alarm information != current time]

/ Disable "Start", Trigger "Lap time"
Start - - Lap time
Tick[B && alarm information != current time]
§ X X x i Enable "Start”
Tick[B && alarm information != current time]
{ Trigger "Alarm indicator”
Tick[B && alarm information != current ime] Tick[B && alarm information != curent time]
{ Enable "Start”, Disable "Stop” / Enable "Stop", Disable "Start”
Alarm h 4
indicator Stop Tick[A && alarm information != current time]
Tick[A && alarm informafion != current time] [ Trigger "Lap time

[ Enable "Stopwatch”, Disable "Stop"
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3.2.5.2 STD of Beep controller

®
{ Enable "Turn off"
¥
Turn off
[y
) : . . Tick{Button input
Tick[Alarm information == current time}/ Alamn informa{ion+55 =|=} culrlrent timel/
Disable "Turn off’ Enable "Turn off"
Enable "Turn on Disable "Turm on”
¥
Turn on
3.2.5.3 STD of Backlight controller
/Enable "ldle"”
Idle
-~
Tick /Enable "Idle" Tick[D && bl_info == 0] /Disable"ldle”, Trigger "Tum yellow"
Tum yellow

3.2.6 Overall DFD

A b input Displzy Command

Display Command

Disgiay Command

& busien input

R Display Command,
Buton input
Dats

Cumrent Time

D bution ingus

Display Command Display Command

Display Command

Displsy Command plus cne
1%
Disclay Command

Status

Information \ -

Disglay Command
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