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Introduction

1.1

1.2

13

1.4

1.5

Purpose

Digital watch SystemO|Al ALY = U= SWE FH57| ¢
AOJLC},

Scope
1.2.1 e
Team 4
1.2.2 HThAte
HWESAIA)RL HS7HX| 25HA| @fa, swzit 58 = U= 5 ot

123 ME° HEL

N

HE
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H2E = X &FAAQ SWE JHESHY| Sl ZREEIRYCR oS

oIC}

1

124 7Mestg
IDE: VS 2017
Compiler: GCC (MinGW)
Definition, acronyms, and abbreviations
SW: Software
HW: Hardware
Reference
IEEE Std. 830-1998

Overview
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Overall Description

2.1 Product Perspective

e MEF2 28 &23AA0 AH8E & e ME0l 2 = UALL HWHE)0| 2let &
A2 Melsta, Me2leh Zits HWEIE)O SHSCh 28 HWO| ofst SE2 sw 8
consolestH = XE|510] 7|52 S5 RFE &SRR oot AlA HWE= 4712 H

2.2 Product functions

2.2.1 Date Time
SO UXLQb A[ZHE HA|SICE 2% A2 HA= 24A|2 BTG

2.2.2 Stopwatch
AlZtel e 2aFn, EF =22 AjZts EeEnt
1/100 = EHRI2 £780| 7hs5tCt
Lap time 7|S0| 7tS3ICt

2.2.3 Backlight
EHO= AL MZS LEMoZ BmA[SIC

2.2.4 Alarm

alarmO| A™ ™ alarm indicator7t 7{FICt

220 28 M a,b, ¢, d T OF HES FE2H 22[7F JHZICE
2.3 User characteristics

24  Constraints

SRol HI|He 2l O|Ch Zx7| AIZE2 20194 01€ 01Y 00A| 00& 00%O|LCt,

2019-1-158 2099 7HX| HA|7} 7hsoitt. 2EES 28 I A, =2 HEAl 2734
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2.5 Assumptions and dependencies
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3 Structured Analysis

3.1  System Context Diagram

3.1.1 Basic System Context Diagram

3.1.2 Event List

LED
Button »  Watch
Sound
Input / Output Event Description
A Button input A Button &
B Button input B Button 2|
C Button input C Button &
D Button input D Button 3

Display
Sound

LEDOf| Display Command, Backlight Command& &

=

Sound®|| Beep CommandE ™ &
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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 ButtonO|A] HEE O} X2[stn

LED % SoundOff £&3t= A[AH

3.2.1.3 Data Dictionary

A button

Input / Output

Description Format / Type
Event
A Button input | A Button S ZX| True/False, Interrupt
B Button input | B Button HS ZX| True/False, Interrupt
C Button input | C Button &S ZX| True/False, Interrupt
D Button input | D Button Y&HE ZX| True/False, Interrupt
Display LEDO|| Display Command, Array
Backlight Command ™ &
Sound SoundO| 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 ButtonOf|A] 22 HO|HE M
=20 2t Button input Data StorageZ
HFE Z2hA

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 StorageOf|A] &2 [ O|E
£ LEDO| HEA[SHALt(Display) A2[E LHE
£ (Sound) MOt ZENA

3.2.2.3 Data Dictionary

Input / Output L.
Description Format / Type
Event
Button input A, B, C, D ButtonOi[A 22 GIO[H | Integer, periodic
Data £ 7|Bt2Z |nput Control2 HHX
e 2 (4 HEo et §2S
Yoz HeS) MYt
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3.2.3 DFD Level 2

3.2.3.1 DFD

Display
Command

Display
Interface
24

Wain Control
21

‘A button’
A button input interface Alarm
11 A Button information Current Time
ey =
S / —
B button N / ~
B butten input interface |_ B Button

/ —

/‘\\‘ -
Beep Control
w

12 T

C Button
C button
C button input interface
13
D butten
D button input D Button
14

Button
Information
15

Button input
Data

Beep
Interface
25

Beep
Command

o Tick

Backlight
Control
23

Backlight
Interface
26

Backlight
Command

o Tick

Ot s 38 XtA|9])

A button
interface
1.1

A button input
A Button

B button
interface

B button input B Button

Button
Information
1.5

Button input
Data

C Button

C button
interface

C button input

D Button

interface
1.4

Display
Command

Display
Interface
2.4

Main Control
21

Alarm )
information Current Time

; Beep
Button input
Datap - > Beepz(_lzo ntrol In tez rfsa e
\\\ -

Backlight
Control
23

Backlight
Interface
26

Backlight
Command
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3.2.3.2 Process Specification

3.2.3.2.1 Process 1.1

Reference No.

1.1

Name A Button Interface
Input A Button input
Output A Button

Process Description

A Button2| ¢

Informationf|

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| 22 ZX|st1, O|E Button
InformationOi] T E5tCt,

3.2.3.2.3 Process 1.3

Reference No.

13

Name C Button Interface
Input C Button input
Output C Button

Process Description

C Button2| &

Informationf|

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| 122 ZtX[sl1, O] Button
Information®f| 7 EotCt
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3.2.3.2.5 Process 1.5

Reference No.

1.5

3.2.3.2.6 Process 2.1

Name Button Information

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

Output Button input Data

Process Description Hto ZZto| O] {8 E ot 2
Mza=2|0f 2t 17H2| Button datas M
+YOo 2 M Data storageOf A& et
Ct.

Reference No. 2.1

Name Main Control

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

Output Display Command, Alarm Information

Process Description

LEDO]| 2ot YE == XM O8H Display
Command& Display interface2 &3t
Ct.

3.2.3.2.7 Process 2.2

Reference No.

2.2

Name Beep Control

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

Output Beep Command

Process Description

LEo 2ot S2SS MOS Beep
CommandE Beep interface2 ™o
Ct.

Team 4
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3.2.3.2.8 Process 2.3

Reference No.

2.3

Name Backlight Control
Input Button input Data, Tick
Output Backlight Command

Process Description

DHEO| CH$t HETt Button input
Data storage0i| RACHH H|O{3H
Backlight Command& Backlight

interface2 ™ EStC}

3.2.3.2.9 Process 2.4

Reference No.

24

Name Display Interface

Input Display Command

Output Display

Process Description Display Command& 2o H 22 HH

£ BTl LEDOI Display2HLt.

3.2.3.2.10 Process 2.5

Reference No.

2.5

Name Beep Interface
Input Beep Command
Output Sound

Process Description

Beep CommandE 2™ Beep=
Sound®tCf.

3.2.3.2.11 Process 2.6

Reference No.

2.4

Name Backlight Interface
Input Backlight Command
Output Display

Process Description

Backlight Command& 22 LEDS| =
X2 2O 2 Display®tCt.

Team 4
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~——— Information

3.2.3.3 Data Dictionary

Input / Output

S Description Format / Type
Alarm Lo 2ot YEE XYSt= data | Array, Interrupt
information storage
Current Time HXf AlZHE MESHE data storage | Datetime, Periodic
Display Main controlO| A Display Interface | Array, Periodic
Command A BEAIE SR e =9 4=

g §g

Beep Command | Beep Control0|A] Beep Interface2 | Beep, Interrupt
Mz ™E

Backlight Backlight ControlOfl A{ Backlight True/False,

Command InterfaceOf| Al HEAIE HEQ} 2 Interrupt

Mz Mg

3.24 DFD Level 3

3.2.4.1 DFD (Main Controller)

Display Command

Status
Display Command

Display Command stopwatch

Alarm mode VY
Information " ‘ Lap time Display Command
Button input : ". -" Tick .-
Dalap Enable! .‘.Dwsab\e ¥
! ' Trigger
Current Time isable Display Command

Alarm mode
21

Enable .

Alarm

. Display Command
indicator

Disable Tngger >

Tick .-~

Enable
N T Display Command

Set min
2110

time mode
212

Display Command

Display Command | plus one

219

Enable

Display Command

Display Command

day set

Disable,
218 S

Display Command Display Command

year set
218

Display Command
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3.2.4.2.1 Process 2.1.1

Reference No.

3.24.2 Process Specification (Main Controller)

2.1.1

Name Main Controller

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

Output Enable, Disable, Trigger, Alarm Information,

Status Information

Process Description

HEEDY 4 M=o mat & HIE
£ 2ot =0 = Process7t YR
2

2= B
& Zt20f ProcessOl Enable, Disable, Trigger
9|

3.2.4.2.2 Process 2.1.2

2|
MO E MYstCh =Sk Alarm A-of| 2
St L8 Alarm InformationOl| X ZtCt,
Reference No. 2.1.2
Name time mode
Input Enable, Disable
Output Display Command

Process Description

M AlZE stEHE EHotls U2 E Display

Interface®f ™ &orCt

3.2.4.2.3 Process 2.1.3

Reference No. 2.13

Name sec set

Input Enable, Disable
Output Display Command

Process Description

Team 4
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3.2.4.2.4 Process 2.14

Reference No. 2.14

Name hour set

Input Enable, Disable
Output Display Command

Process Description

o ofi| L
= EEonl-t

Interface0f ™ E$HCt

AlZt 2% 3t M= E Display

3.2.4.2.5 Process 2.1.5

Reference No. 2.15

Name minute set

Input Enable, Disable

Output Display Command

Process Description & 2738 2tHE o= M2 E Display

InterfaceOf T EotC.

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 28 otHE == A2 E Display

Interface0f ™ ESHCt

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

o A =
g 238 2

re
mjo

Interfaced

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. 2.1.9

Name plus one

Input Status Information, Trigger, Tick
Output Display Command

Process Description

Status InformationOf| A] £t
Bie| HE 1 ZIHA|ZICH

—

Interface0f ™ Z$HCt,

2o et o

=
o
A= E Display

[
=
[

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

rlo

Jal
T
=2
a
m
x

Status InformationOf| A &f
Bl HE T[22 X7
C
=

£ Display Interface0f H

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 £&35t= AMZE Display

Interface®f ™ ot

Team 4
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324212

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|A A|ZH £HE A|ZsiC}
£ MZE Display Interface0f EstC},

Process 2.1.13

Reference No. 2.1.13

Name Stop

Input Enable, Disable

Output Display Command

Process Description | Stopwatch ZEO|A AlZt £HZ FELHstrt
£ MZE Display Interface0f ™ $HCt

Process 2.1.14

Reference No. 2.1.14

Name Lap time

Input Trigger, Tick
Output Display Command

Process Description

Stopwatch ZEOA ThreadE d-dsl A=
U AlQl oS o, el Z2A|

| = o
AL A2 5YS

Process 2.1.15

Reference No.

2.1.15

Name Alarm mode
Input Enable, Disable
Output Display Command

Process Description

Alarm B E 3tHE ZZ3t= L= E Display

Interface0f ™ EoHCH

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®| &EH(On/Off)E FFAHS

2 X&st F Display Interfaced| ™ E$IC}

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 Timed|| CH3t MEE Current Time

Data storage®i| ™ EotC}

3.2.4.3 Data Dictionary (Main Controller)

Input / Output

S Description Format / Type
Alarm ool HEZO|M MOzl Lol Cf | Array, Interrupt
Information oF SE(ZE ON/OFF, €7 2FAl

7t &3 RE, Y8 indicatonE ME

oot
Status ool HEZE2{0|A plus one/set min | Integer, Interrupt
Information processE TAY [ sec, hour, min,

year, month, day set processd Ol=
HENQIX| 27| 2I8H, ?I2| set process

S yaoz wsksiol Mt

Team 4 21



3.24.4 DFD (Beep Controller)

Beep
command
Button input
Dala \ oo EnEitleB'd:i:'
7 Beep ‘-7 Disable
_ i Controller |
Current Timg —— —_:r“ 221
A ‘,.-h:“:.E‘nhable
- Tl Beep
Alarm o »# Tick Disable-. “h command
information "

.+ Tick

3.24.5 Process Specification (Beep Controller)

3.2.4.5.1 Process 2.2.1

Reference No.

2.2.1

Name Beep Controller

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

Output Enable, Disable

Process Description

HEZD ¥ 2Ma9of met R R N

=2 T
HE dot §EE 2ot 20| 2= Process
7t SWSIE S ZFZH0f| ProcessOll Enable,
Disablel| MO|E TE L)

3.2.4.5.2 Process 2.2.2

Reference No. 2.2.2

Name Turn off

Input Enable, Disable
Output Beep command

Process Description

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

Interface®f ™ ot

—

Team 4
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3.2.4.5.3 Process 2.2.3

Reference No. 223

Name Turn on

Input Enable, Disable

Output Beep command

Process Description | 5X7| A1tE(0f 7HX|7| & £7 Button
inputO| £0{2t Controller?t Disable® {7t
X gEs =EICh

3.24.6 DFD (Backlight Controller)

Backlight
Command

Enable -~
EE— %.-""Disable
Button input ¢+ Backlight
Data » »  controller
o231 A
AT e Backlight
TiE:;( Trigger Command
Tick

3.2.4.7 Process Specification (Backlight Controller)

3.2.4.7.1 Process 2.3.1

Reference No. 2.3.1

Name Backlight controller
Input Button input data, Tick
Output Enable, Disable, Trigger

Process Description @ ZAEEZ & Mz=¢/0f w2t A HIjZ
E2E B0} Button input dataS O} =0
Sr= Process7t LMSI=E Zt2H0f| Process
ol Enable, Disable, Trigger®| HMO{E HEtst
ct
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3.2.4.7.2 Process 2.3.2

Reference No. 2.3.2

Name Idle

Input Enable, Disable
Output Display command

Process Description

BacklightZt 7{X|X|
Display InterfaceOfl

3.2.4.7.3 Process 2.3.3

Reference No. 233

Name Turn yellow

Input Trigger, Tick
Output Display command

Process Description

ot H

=82 O02 & MZ, BacklightE 2

=7 A4 Idle SEIZ SOUCE M= S

ZSl= o

=

Display Interface0f|

3.2.5 DFD Level 4 (State Transition Diagram for DWS)

3.2.5.1 STD of Main controller

Team 4 24



/Enable "Time mode"

kA

l Tick]C && alarm information 1= current time] [ Enabl
) [/ Enable "Alarm miode”, Disable Time mode” _

Time mode
A, . - .
. Tick[A&E&.alarm information = current time] Tick[A&& alarm information I= current fime]
i . T'Ck["\_s‘& [ Enzble "Sec zat’, Diszbla "Time mode” 4 Enable "Time mode", Disable "See set’
alarm infprmation != current time]

{Enable "Time mode"

Diszble "Hour sat" » Secset [%
-
=

Tick{C&&alarm information != current time]
{ Enable "Hour set", Disable "Sec sel"v

Hour set [«
A -
Tick[A Tick{C&&alarm information != current time] Tick[C &&Alarm inf ion = current tima]
&5 zlarm infermation 1= currant tims] / Enzble "Min set’, Disable "Hour sat" J Enable "Hour sk, Disable "Min set’
fEnable "Time mode"
Disable "Min set” —
Min set [
"
=

Tick[C&& lAlarm mode &&alarm information = current time]
! Enable "year sat", Disable "Min sel"v

-

k[A && alarm information I= cument time)
Enakble "Time mode", Disable "Year set"

Year set

A A

Tick[B&& 'max && alarm infermation != current time)’

Tick[C && alarm information 1= current time] Trigger "plus ane”
{ Enable "Month set”, Disable "Year set" plus one
Tick[A && alarm|information = cument time] ¥ Tick!
[ Enable "Time miode", Disable "Month sat” -
Month set %
o
Tick[C && alarm information != current time] Tick[B&& max && alarm information = currant time]
[ Enable "Day set’, Disable "Month sa1" [Mrigger "Sat min"
Tick[C && alarm information != current time] Y a Set min
{ Enable "Sec set", Disable "Day set" Tick/
Day set %
=
]
Tick[A && alarm information = curent time]
{ Enable "Time mode", Disable "Day set"”
Tick[A &2 alarm information I= current time]
/ Enable "Alarm mode”, Disable "Min sat” Tick[C && alarm information = current time]
i Enable "Stopwatch mode”, Disable "Alarm mode"
» Alarm mode S“;megc”

Tick[S &4 alarm information = current time]

o 5 il
TickS && slarm information = curent time] / Disable "Stopwatch mode”, Enable "Start

TicklA &2 alarm information = current time]

| Disaiie "Start’, Trigger "Lap time”
Start € - - - Lap time
Tick]B 22 alarm information I= curant time]
y o ) 7'y | Enzble "Start”
e/ & alarm information = curment time]
1 Trigger "Alam indicaar”
v TikE &8 alzrm information 1= currant time] | | Tiek[B 88 alarm information 1= curant time]
| Enzble "Start, Dissbie "Stop” | | / Enable "Step!, Disadle "Start’
Alarm y
indicatar Stop Tizk]# &8 slarm infarmation I= curent time]
TickA && alarm information b= currant time] { Trigger "Lap time

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

®
{ Enable "Turn off”
v
Turn off
Iy
) . ) ) Tick[Button input
Tick[Alarm information == current time]l/ Alarm informa{ion+55 ==p culrlrem timel/
Disable "Turn off” Enable "Turn off"
Enable "Tum on Disable "Turn on"
v
Turn on

3.2.5.3 STD of Backlight controller

/Enable "Idle"

Idle

Tick /Enable "Idle" Tick[D] /Disable"ldle", Trigger "Turm yeliow"

Turn yellow

3.2.6 Overall DFD

Team 4 26



