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1

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

Team 4 7



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
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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 ButtonOjA| HEE Hop X2|5t11

LED ¥ SoundOf =&5t= 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, String
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 Button0Oj|A| &2 HO|HE M
#=2|0f 2} Button input Data StorageZ
HAFE ZZM2

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| Al Bf2 Cf|O|H
£ LEDO| EA|SIALH(Display) &2/ &
Z(Sound) MO{ot= Z2 M

3.2.2.3 Data Dictionary

Input / Output

- Description Format / Type
Button input A, B, C, D ButtonO A 22 H[O|E | Integer, periodic
Data £ 7|82 2 |nput Control® A

= ZE (7 HEO i EEE
Yoz et MFstot)

Team 4 11



3.2.3 DFD Level 2

3.23.1 DFD

" Display
A button MamZC;)ntrol . Interface
A button input interface Alarm . Display 24
11 A Button information Command
B button
B button input interface | B Button
1.2 Button Current Time Beep Sound
Information Interface >
C Button 15 Beep 25
C button Command
C button input interface
19 Button input
Data
D button
D button input interface D:Button Backlight Backlight
14 Control Interface
23 Backlight 26
Command
. Tick
Lol 2| |- | "'l
Otef s & XtMIS))

A button
interface
1.1

A button input

B button
interface

B button input B Button

1.2 Button :
Information > Button input
C Button 15 Data

C button
interface
1.3

C button input

D button
interface
1.4

D Button

Display
Interface
24

Main Control
21

Display
Command

Alarm
information

Current Time

Beep
Interface

Beep Control
2,2 25

Beep
Command

Button input
Data

Backlight
Control
2.3

Backlight
Interface
2.6

Backlight
Command

" Tick

Team 4
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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 Button?| ¥&Z ZX|5t1, O|E Button
InformationOfl ™ EStC,

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] Button
InformationOf] ™ EotC,

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| =2 ZX|5t1, O] Button

InformationO| T =HSkCt.

3.2.3.2.4 Process 1.4

Reference No.

1.4

Name D Button Interface
Input D Button input
Output D Button

Process Description

D Button®| ¥HZ

=
InformationO| T =H$kCt.

Team 4
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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 Ht2 ZH2t0| G|O|E OEE =Tl 2
Mz=<lof wet 17§2] Button datag
+Hoz BB Data storagelf XZ& st
Ct.

Reference No. 2.1

Name Main Control

Input Alarm Information, Button input Data,
Current Time

Output Display Command

Process Description

LEDO| 2ot HEE=S MO Display
CommandZ Display interface®2 &gt
Ct.

3.2.3.2.7 Process 2.2

Reference No.

2.2

Name Beep Control

Input Alarm Information, Button input Data,
Current Time

Output Beep Command

Process Description

Lo 2ot ESS MO{sH Beep
CommandZ Beep interface2 ™ =st
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
Output Backlight Command

Process Description

DHE0] Cizt HE T} Button input
Data storage®| RACHH X Ofsf
Backlight CommandE& Backlight
interface2 &L}

3.2.3.2.9 Process 2.4

Reference No.

24

Name Display Interface

Input Display Command

Output Display

Process Description Display CommandE o™ 22 HH
£ Sl LEDO]| Display$HCt.

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®tCt.

3.2.3.2.11 Process 2.6

Reference No. 2.4

Name Backlight Interface

Input Backlight Command

Output Display

Process Description Backlight CommandE& 2™ LED2| =
X2 T 2MOZ DisplayBtLt.

Team 4 15




Alarm

Information

Button input

Data

Current Time

3.2.3.3 Data Dictionary

Input / Output L.

Description Format / Type

Event

Alarm Lo ot YEE MESH= data | Array, Interrupt
information storage
Current Time X A|Zt2 XS data storage | Datetime, Periodic
Display Main controlO| A Display Interface | String, Periodic
Command oA #AIE FEF & 28 M=

= dg
Beep Command | Beep ControlO|A| Beep Interface2 | Beep, Interrupt
M= Y
Backlight Backlight ControlO|A] Backlight True/False,
Command InterfaceOl Al HEA|E HEL S Interrupt

M= HE

3.24 DFD Level 3

3.24.1 DFD (Main Controller)

Display Command

Display Command
Display Command / stopwatch

Ak Display Command

Lap time

* ‘Disable i

oA

Enable; ;

I Enable":-"
Enable / ./ -Disable

Enabkbsa0le

Display Command

[ /Disable ./

Enap.le"',,-"‘

Display Command

indicator
2116

" Disable

-3 Main
-+ Controller
L2141

Display Command

time mode | Display Command

212

Display Command

Display Command *. “Enable

‘Disable | Enable '.I“._lesanle

Display Commanfl day set Disablg"éname | Disab,é-‘.'._Fnable Display Command

Display Command! Display Command

year set
216

Display Command

Team 4 16



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 Alarm Information, Button input Data,
Current Time

Output Enable, Disable, Trigger, Alarm Information

Process Description

HEE 0L A0 = Process?t Hlst
EE ZFZ10| ProcessOll Enable, Disable,
Trigger®| MO{E MESCE E3H Alarm A
Hof| &tst L€ S Alarm InformationOf| A%
SHC}

—

3.2.4.2.2 Process 2.1.2

Reference No. 2.1.2

Name Time mode

Input Enable, Disable
Output Display Command

Process Description

M AlZH 2tEHE EHS= L2 E Display

Interface®f ™ EorCt

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 2.1.4

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 = 2 &7 2tHE &=Hdt= M E Display
InterfaceOf & &okCt.

3.2.4.2.9 Process 2.1.9

Reference No. 2.19

Name +1

Input Trigger, Tick

Output Display Command

Process Description | &°d32HO| 2t MEAEI HEZ 1 SIF A
7ICHe ASE Display Interface| ™ EH$HCEH

3.2.4.2.10 Process 2.1.10
Reference No. 2.1.10
Name Set min
Input Trigger, Tick
Output Display Command

Process Description

280 whaf HE E

—

x

-
ot

uf

Ct.

BeE J|E2UlR

ZX7|3}stChE A S E Display Interfaced| ™

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 2EE ZF8st= M E

Interface®f ™ ot

Team 4
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3.2.4.2.12 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

3.2.4.2.13 Process 2.1.13

Reference No. 2.1.13

Name Stop

Input Enable, Disable

Output Display Command

Process Description | Stopwatch ZEO|A A7 £ S FETHSiCH

3.2.4.2.14 Process 2.1.14
Reference No. 2.1.14
Name Lap time
Input Enable, Disable
Output Display Command

Process Description

EEOHH Thread
3HES =S,

AL A2 5H sht,

—

g 488 d=

Stopwatch

2 AlQ] HEfol ZZ A

1o mI
A J

74I

3.2.4.2.15 Process 2.1.15

Reference No.

2.1.15

Name Alarm mode
Input Enable, Disable
Output Display Command
Process Description | Alarm Z2E 2HES F3st= M= E Display
Interface0l & EotCt.
Team 4 20




3.2.4.2.16 Process 2.1.16

Reference No. 2.1.16

Name Alarm indicator

Input Enable, Disable

Output Display Command

Process Description | Alarm indicator® Z£%3t= A= & Display
InterfaceOf| & EHoHCt.

3.2.4.3 Data Dictionary (Main Controller)

Input / Output L.
Description Fromat / Type
Event
Alarm ool HAEZ0|M MOzl 2ol Cf | Array, Interrupt
Information o FE(YE ON/OFF, L& HEA|
2t &2k e e indicatonE A&
ot

3.24.4 DFD (Beep Controller)

Beep
command

Enable
Button input

Data \ ’, - Dlsable
o A Bee
- ;  Beep ; P

: v Trigger command
Current Time —— 4 Controller  r---===-----
. 221 /
Alarm L Tick " Tick

information

Team 4 21



3.2.4.5.1 Process 2.2.1

3.24.5 Process Specification (Beep Controller)

Reference No.

2.2.1

Name Beep Controller

Input Button Input Data, Current Time, Alarm
information

Output Enable, Disable, Trigger

Process Description

JEE 0L =AU &= Process7t 25t
T2 Zt2ZH0| ProcessO| Enable, Disable,
Trigger2| MOIE TEBHCL

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| 22|X| Hett=s A= Beep

Interface®f ™ EorCt

3.2.4.5.3 Process 2.2.3

Reference No. 2.2.3

Name Turn on

Input Trigger, Tick
Output Beep command

Process Description

5&7F ZtE[0] JHX|7| & 53 Button
inputO| £0{2t Controller?t Trigger & {7t

A LEE SEI0h

Team 4
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3.246

DFD (Backlight Controller)

/" Backlight

Display

Enable .-

" Disable

Button input ; Trigger Display
Data i controller’ Fez=SEsssEes ommand
| 231
" Tick
L 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
Output Enable, Disable, Trigger

Process Description

rir

Button input dataE '2tOp X740 S
Process?} EHMSIE 2 ZH2H0)| ProcessO|

Enable, Disable, Trigger2| XM O{& ™ Estct

3.2.4.7.2 Process 2.3.2

Reference No. 2.3.2

Name Idle

Input Enable, Disable
Output Display command

Process Description

Backlight”t AX|X| Gi2 HEigt= M2 E
Display Interface0| 2t

Team 4
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3.2.4.7.3 Process 2.3.3

Reference No.

2.3.3

Name

Turn yellow

Input

Trigger, Tick

Output

Process Description

Display command
StH E¥2 O02 & M, BacklightE 2
Z=7E AL idle SEIZ SORCE MBS

seretct

Display InterfaceOfl

3.2.5 DFD Level 4 (State Transition Diagram for DWS)

3.2.5.1 STD of Main controller

Tick{AY Enabip “Time motie"
Disabe frear set

Tick{A) Enatie Jime mode”
Disable Hiur set”

TICKCY Enable “Hour ser

f(2) Enable “Time mode™
Disable "Min ser”

Hour set
85 arm odey
Tick{CY Enabie Min et
Disable "Hour sef” it o)
Mnset  —

TKC) Enale “Year set |
Disabie Min ser”

Tic{AY Enabip “Time mode”
Disabie oot sel”

1 Year set '—

Tick{C) Enable Month
Disable “Year set”
Moot set

Tk(CY Enadle “Sec sef
Disable "Day ser”

Tick{C} Enatie "Day ser
ible "Month set”

TicK{AY Enable “Time mode”
Dssadle ‘Day ser”

8 XHM3)

Team 4

Tik{) Enable “Stopwatch
mode”
Oisald “Start”

[ sm

Y “Lap time”
Ensdle "Stat"
TiiBY Enable "Start| [ick(BY Enabie “Stop™
Disae "Stop” Disatle "Starf”
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nable "Time

mode”
l Tick[C) Enable "Alarm
mode”
Time mode Disable "Time meds"
" o] 4 . - Tick[A)
Tick[A]" Enable "Sec set hclf[A].f Enable "Time mode' y . "
Tick{A]/ Enable [Time mode™ : \ " ; " " Disable “Alarm mode
[E%;sable "ridur et Disable "Time mode Disable "Sec set’ Enable "Hour set*
> Sec zet
Tick[C) Enable "Hour set” ._.__...--
Disable "Sec sef" v 1 Tick[B&& Imax)/
Trigger "+1"
Hour st 25 +1
Tick[CY Enable “Min set' | TeHC S8 Sarmynodel
ik Al Enable “Time mode” Disable "Hour sef Disable "Min jat’
Disable "Min s=t”
Min sst
Tick[C] Enable "ear sef"
Tick[A]/ Enablk "Time mofie” Disable "Minsel”  J
Disable Trear set Vear set FCNB%& ma:(l]{“
Trigger "Set min .
»  Setmin
Tick[C) Enable "Maonth set
Tick]A]/ Enablf: "Time mode" Disable "fear sef” |
Disable "Yonth set"
Month sef
Tlck[_C].fEnabIe “Day saf"
Tick[Cf Enable "Sec sef Disable Month set”
Disable "Day set”
Day set
]
Tick[Al Enablz "Time mode"
Disable "Day sei"
Tick{Ay -
Enable "Alarm mode” TickiCy E"::: Stopwalch
h P e
i = - Stopwatch
»| Alarm mode —wmg—> mode
h
/ Tick[A) Enable "Stopwatch | | Tick[B) Disable "Stopwatch
mode” mode”
- Tick[AY - gt
— Enable "A{am‘r modg‘ TickBY/ Disabl "Start Enable “Start TickjA)/ Disable "Start”
Disable "Hour set"  / fe.apje "Alarm mode Enable "Lap fime”
Tick[BY isable "Alarm indicator” Start ) Lap time
Enable "Alarm indica
Disable "Alarm y Yy Tick[B)/ Disable "Lap time"
Enable “Start”
. A.I_amm Tick[B)/ Enable "Start”| [Tick{B]/ Enable “Stop”
indicator Disable "Stop™ \ Disable "Start”
Stop
—

Team 4
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3.2.5.2 STD of Beep controller

[ Enable "Turn off"

Turn off

3

‘ . ‘ ) Tick[Button input || Alarm information ==
Tick[Alarm information == current time]/ current time+5s)/
Disable "Turn off" Enable "Turn off"

Trigger "Turn on"

Turn on

3.2.5.3 STD of Backlight controller

Enable "Idle"

Idle

A

Tick /Enable "Idle" Tick /Disable"ldle", Trigger "Turn yellow"

Turn yellow

Team 4



3.2.6 Overall DFD

Display Command

Display Command

Display Command fstopwatch
Display Command

Display Command

A button input:

Alzrm

nformation
Display Command

Display Command

8 button input

Bution
Information -
15 Current Time

Dispiay Command

C button input:
Button input
Data

D Button

D button ingut
Display Command

Display Comma

Display Commang

Besp
command
|

Besp
command

Display Command|
year set
216
(

— ¥ =P
Contraller

" 221

splay Command

+ Backlight
cantroller
231

Tick

7 Disabie
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