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1 Introduction

1.1 Purpose

Digital watch SystemOlA AL £ Ues SWE TS| ot aFAgdsS Mt 2

MO|Ct.
1.2 Scope
1.2.1 JHHEl
DS Lab. Team 2
1.2.2 MgtAre
HW (EFAIA)RE HS7HX| D2{stx| gfa, SW22 #5g + UA=E St}
123 HE2 28k

WO 2t2E = HA EFAAQ SWE JHESHY| flot ZREEIQOR oS &

ot

IDE: Eclipse, Text editor Compiler: GCC (MinGW, Cygwin)
1.3 Definition, acronyms, and abbreviations
SW: Software HW: Hardware
14  Reference
IEEE Std. 830-1998

1.5 Overview
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2 Overall Description

2.1 Product Perspective
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2l console BIHOZ M2|80] 7|59 S& QLEE SIOISIEE SICH A|AH HWE 4 7
7.

O HED} LCD 2HZ 7HE AL =2 BiCh
2.2 Product functions

2.2.1 Date-Time

2.2.4 Alarm
alarmO| MM E|H alarm indicator?t 7 XIC}

ol 2 AP0 22[(beep )2 EHELL

Lol 22 Mf a,b, ¢, d & OFF HEZ FEH A2|7F JHTICH
2.3 User characteristics

MNAE 712822 dX| A|ZHS display ot A&, C HES F2T timekeeping -
> alarm -> stopwatch &=AMZ ZEE BT £ QCt e ZE oA ABC HES
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Specific Requirements
3.1 External interface
3.1.1 User Interface
UH: J|EE9| a, b, ¢, and d (CHE 7|2 &E 7t5)

20 BB )

Il

3.1.2 HW interface

No. Description

Button A

Button B

Button C

Button D

Zt4, Day of week, mode indicator = Il 2X} "AA
Month

Date

Alarm indicator

Hour

Minute

N o1l A W N 2 OUON W >

Second

4
>
[m
o
0

Team 2
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3.1.3 SW Interface

3131 ¢

HE AB,C and D

3132 =

Mode

Description
8 Q9 < 9

H X
i EIAll_I'__'—I—

(Alarm on indicator)
Timekeeping mode

Stopwatch indicator,

AT Al (A, &)
Stopwatch mode

Stopwatch time (&, =, 1/100X)

Alarm indicator,

2| ol =]
g 2 A2

Alarm mode

(Alarm on indicator)

3.1.4 Communication interface
3.2 Functional requirement

3.2.1 Change mode

g g 22

i

Mz HAs

A% 4 Aok

Timekeeping mode — Alarm Mode — Stopwatch mode — Timekeeping mode

ol el HZAZ Z mode & 7|2 HEHY ZO0f ottCt
U] Team 2
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3.2.2 Timekeeping mode
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3.2.4 Backlight
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Mode2}

3.2.5 Alarm mode
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3.3 Performance requirements
HE0| tiet B8 £=+& 1ms O|SHO|Ct.
3.4  design constraints
SASD 7i& YRYES O|85t0] ZAstet.
35 Software system attributes
3.6 Other requirements
4 Structured Analysis
4.1  System Context Diagram

4.1.1 Basic System Context Diagram

Monitor
Button A input . display
Button Binput ~\
Button Cinput  /
Button D input | DWS
] .
Button ‘,. Control Backlight
AN s
speaker
Speaker

4.1.2 Event List

Input / Output Event Description

Al

rm
=
nr
o
oy

Button A Input

Button B Input

rm
(]
r
o
o
Ral

Button C Input

| 2 5| E
rm
[s=]
mr
o
oy
Ral

Button D Input

Display AA =t =4
Speaker e 2 =Y
Light S}H Backlight = =

4.1.3 The System Context Diagram
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4.2 Data Flow Diagram

4.2.1 DFD Level O

4.2.1.1 DFD
Monitor
Button A Button A input display
rd ™
/
Button B i t pws
utton inpu
Button B | Cor:)trol ) Backlight
. .\'-\‘ /
—
speaker
Button C i
utton D input Tick Speaker
Button D '
Digital Clock

4.2.1.2 Process Specification

4.2.1.2.1 Process 0

Reference No. 0

Name DWS Control
Input Button A, Button B, Button C, Button D Input, Tick
QOutput display, light, speaker

Process Description & AB,C,DE input2 = 20} display, light, speaker=

=gotct
4.2.1.3 Data Dictionary
Input / Output Event Description Format / Type
Button A Input HEAEE &% True / False, Periodic
Button B Input HEp &7 Z7X True / False, Periodic
Button C Input HE c =3 Z7 True / False, Periodic
Button D Input HEDEE X True / False, Periodic
Display AlA Sl 25 Time Keeping / Alarm / Stopwatch
Speaker obat Ap| = ON / OFF
Light S} Backlight &3 ON / OFF

[HAE 93] Team 2 15
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4.2.2 DFD Level 1

4221 DFD

Button A input

display

/" Monitor &

Button B input N
Button Backlight &
Detection “  Button —— Speaker
1 Control
Button C input \ 2
- speaker

Button D input Tick

4.2.2.2 Process Specification

4.2.2.2.1 Process 1

Reference No. 1

Button Detection

Name
Input Button A, Button B, Button C, Button D Input
Qutput Button

H£ A,B,C,DS input2 2 2+0} Button Data 0l O] =
SRl §

Process Description

4.2.2.2.2 Process 2

Reference No. 2

Monitor & Backlight & Speaker Control

Name
Input Button
Output Display, light, speaker

Button= input2 = 20t @ E = A A display, light,

speaker= L2 HCH

Process Description

4.2.2.3 Data Dictionary

4.2.2.4 State Transition Diagram (Name of Controller)

] Team 2
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4.2.3 DFD Level 2
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42.3.1 DFD
Button A input P
’ Button A 2
7 AN
\‘& Interface
Tick 11
Button B input
/ Button B /
\*‘ Interface [ Button |
ik "N( 12 | Detecton | ——  Button
) e \ 15
Button Cinput T 3
— K Button C B
x { Interface '3
Tick 13
2 Tick
Button D input Button D
e Interface
Tick 14
Main Display command [ Monitor Display
Control ————————{ Interface
31 2.4
Button ) — =
Alarm [ Speaker Speaker
Control ———— | Interface
2.2 Speaker command | 25
( ‘Backlight, / ' Backlight Light
Control e tterE | IR R
2.3 Light command nierace:
: 2.6
4.2.3.2 Process Specification
4.2.3.2.1 Process 1.1
Reference No. 11
Name Button A Interface
Input Button A Input, Tick
Output Button A Signal
Process HEAZFH YUY 2= 20N O|Z CX[B ==
Description H2A|ZICE

Team 2 17



4.2.3.2.2 Process 1.2

Reference No.

Name
Input

Output

Process Description

4.2.3.2.3 Process 1.3

Reference No.

Name
Input
Output

Process

Description

4.2.3.2.4 Process 1.4

Reference No.

Name
Input

Output

Pracess Description

4.2.3.25 Process 1.5

Reference No.

Name
Input
Output

Process

Description

10
>
[m
o
Ju
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1.2
Button B Interface
Button B Input, Tick

Button B Signal

HEBZFH U oS HOM Ol S LAIR tlez

1.3
Button C Interface
Button C Input, Tick
Button C Signal
HE c22H Y8 U2 5 L0 0| S TR E H2 2

HotA|7ICH

—

1.4
Button D Interface
Button D Input, Tick
Button D Signal

HEDZRH Y U S HOIM O[S LA =2

15
Button Detection
Button A,B,C,D signal
Button
Button A,B,C,D signal2 2050 M| 0f BHA| A&t

HE2 Z278¢! 0|=, Button data0fl A Zetct.
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4.2.3.2.6 Process 2.1

Reference No. 21
Name Main Control
Input Button
Output Display Command

ttonS SO A REM O{EH =S SHTA

Z27E5Y display commandS L &2 HC},

. - o
Process Description 2B ccb

[

4.2.3.2.7 Process 2.2

Reference No. 2.2
Name Alarm Control
Input Button
| Output Speaker Command
Process Description o] 22 Mot 7HE [ff speaker commandS LI & HCF

4.2.3.2.8 Process 2.3

Reference No. 23
Name Backlight Control
Input Button
Output Light Command
Process = B2 puttons =9 backlightS Ax| 2850 light
Description command= L 2 WHEE,

4.2.3.29 Process 2.4

Reference No. 2.4
Name Monitor Interface
Input Display Command
Qutput Display
Process A H B2 display command = S8l 4 2tH S
Description 7&"86.}[}.

Team 2 19



4.2.3.2.10Process 2.5

Reference No.

Name
Input
Output
Process HER-
Description

4.2.3.2.11Process 2.6

Reference No.
Name
Input

Output

Process

Description

4.2.3.3 Data Dictionary

4.2.3.4 State Transition Diagram

Team 2
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2.5
Speaker Interface
Speaker Command
Speaker
speaker commandE S0 speakerOf| A 2| =

==oic),

[k

2.6
Backlight Interface
Light Command
Light

AU BE2 |ight command S & A ST,

20
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4.2.4 DFD Level 3

4241 DFD

Current time Display Command

J Display
] Timekeeping - -
Alarm Indicator ~ Enable o Display Command
Disable L
. 213 T
Trigger ’ ——— Currenttime
H Tick Trigger Increase //’/
Main Lo 8 walue = = Aarmtime
Controller B
2.1.1 ) /
Trigger Change
Ve ) Tick alamn 4 Display Command
/ ic o A i i
/ Alsrm time 215
- — A Alarm Indicator
—— ~
— -~
Current time Trigger- T sipiny
Tick Alarm
mode Display Command
Trigger 216
Tick Display
Stopwatch
) Trigger Tick mode oi
Trigger 1. isplay Command
1 Trigger
Tick N Me:
Y Tide Sopuatch
peset time
Stopwatch Measure 118 Display Command
time Lap time
2110 219 .
Display Command
Alarm time Current time
! Al __.«/ Sound \\.__
] arm Beep | Speaker Command
P Controller IS . OFF
Button | [ 222/
| 221 /Disable "7~
/" __ Speaker Command

Alarm Indicator

ackl'lgh-t-“-.‘“\. Light Command

OFF  —
- 232/
Backlight
Button E— Controller -
231

Ve -Backlight- \ Light Command
Trigger | ON —
‘\\ 233 "/"

] Team 2 21
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4.2.4.2 Process Specification

42421 Process 2.1.1

Reference No.
Name
Input
Output

Process

Description

42422 Process 2.1.2

Reference No.
Name
Input
Output

Process

Description

4.24.2.3 Process 2.1.3

Reference No.
Name
Input
Output

Process

Description

42424 Process 2.1.4

Reference No.
Name
Input
Output

Process

Description

Ver. DS-2019.DWS.TEAM2

2.1.1
Main Controller
Button, Current time

Enable, Disable, Trigger

2 BE2 huttonf current timeS S5l O™ stateS

H =

trigger2t K| A& BIC},

2.1.2

Display Timekeeping mode

Current time, Alarm Indicator, Enable, Disable

Display Command

= 2k S M, 2 252 current time, alarm

e e e )

ZAE

Team 2

213
Change Time Unit
Trigger, Tick

Display Command
SIAIZHEE AL MTHERIE
> M2 HH O 20HE EYSt

EFQ|0f| &HA| gt S7HAITIC

2.14
Increase Value

Trigger, Tick

1S 7HAIZICH EF9l= D e{ohA] E=Ct
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42425 Process 2.1.5

Reference No.

Name
Input
Output

Process

Description

42.4.2.6 Process 2.1.6

Reference No.

Ver. DS-2019.DWS.TEAM2

215
Change Alarm Unit
Trigger, Tick

Display Command

>
]
i
el
iy
>
v

Ar
v

=
v

JhA|zZICH

u_

2.1.6

Name
Input
Output

Process

Description

Display Alarm mode
Alarm Time, Trigger, Tick

Display Command
Alarm mode?} trigger =& T HA| H7HE alarm timeS Z &35}0]
oo B ofECt
Alarm time0| A Z| O] QUACHH, alarm indicator2| & Ef & HF 2L},

42427 Process 2.1.7

Reference No. 2.1.7
Name Display Stopwatch Mode
Input Trigger, Tick
Output Display Command
Process Stopwatch mode?} trigger |22 Of
A2EHAAIE 202 20jF 0, A2 H7 F0|UACHH 259K E HECL SHE
Description A|ZHZ reset SHX| QOHE RS HZGHH XAHEO 2 reset EICH

4.24.2.8 Process 2.1.8

Reference No.

218

Name Measure Stopwatch Time
Input Trigger, Tick
Output Display Command
Process At £EE 5t SOl Ot JACHE AERIXIE AE AI7| 2, A5AE
- HEEYS AUS 7 E2Z2 AT T HE 8 R FECH A 5 E
Description
HRGHR o R ES MAFS = gict
Team 2 23



42429 Process 2.1.9

Reference No.
Name
Input

Output

Process

Description

4.2.4.2.10Process 2.1.10

Reference No.

Ver. DS-2019.DWS.TEAM2

2.1.9
Measure Lap time
Trigger, Tick

Display Command

Trigger=| A2 W7HA| 2| 2 Z2 K] A|ZHS H A7

SO 2O &L,

2.1.10

Name
Input
Output

Process

Description

4.2.4.2.11Process 2.2.1

Reference No.
Name
Input

Output

Process

Description

4.2.4.212Process 2.2.2

Reference No.
Name
Input
Output

Process

Description

Reset Stopwatch time

Trigger, Tick

SRR T ~AZHAX AZI2 02 2 7| =50

[

221
Alarm Controller
Button, Alarm Indicator, Alarm time, Current tim

Enable, Disable, Trigger

Alarm indicator 7t ON & 0] 9! = &TEf 2 I,

S Al 7 E 2 AlZHo] HR[EHE 2o 2
F

[
e

r
r

=2 o
o 7= .
22 FAT

ne

-

20| 82/ S HE Ug wop,

e

ct

njo

2.2.2
Sound Beep OFF
Enable, Disable
Speaker Command

Enable=|™ speaker command 0 off2 T EHSIC

Team 2
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4.2.4.2.13Process 2.2.3

Reference No. 223
Name Sound Beep ON
Input Trigger, Tick
Qutput Speaker Command
Process Trigger | ™ speaker command®| on2 2 {510 A 2|7}
Description 22| L5 it

4.2.4.2.14Process 2.3.1

Reference No. 231
Name Backlight Controller
Input Button
Output Enable, Disable, Trigger
Process Y= 22 HE 20| O] T, 225 S 2t backlight £
Description AaliotLy,

4.2.4.2.15Process 2.3.2

Reference No. 23.2
Name Backlight OFF
Input Enable, Disable
Output Light Command
Process Enable &| ¥ light command0| off£ & 8HC},
Description

4.2.42.16Process 2.3.3

Reference No. 233
Name Backlight ON
Input Trigger
Output Light Command
Process Trigger TH light command¥| on @ 2 FTE5I0 22X} 2
Description A HZATIH

Team 2 25



4.2.4.3 Data Dictionary
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Input / Output Event Description Format / Type
Alarm time Y LB AIZ hh-mm
Current time SR HHE AL YY-MM-DD-hh-mm-ss
Alarm Indicator L OE U HEA True / False

4.2.4.4 State Transition Diagram

4.2.5 DFD Level 4
4251 DFD
4.2.52 Process Specification
4.2.5.3 Data Dictionary

4.2.5.4 State Transition Diagram

DFD Level 4

Measure

Stopwatch time Ticll(B]

er “Measure Stopwati

/ Trigger “Display Stopwatch m

ck[C]
Tick[A] /T er “Change Time unit”
Tick / Disable “Display Timekeeping mode” Charue
/ Enable “Timekeeping mode” Tnuer “Change Time unit” Time unit
Display k
Timekeeping mode nable 'Dlsplay Timekeeping mode”
Tick[B]

Trigger “Increase Value”
Tick /Trigg

/ Trigger “Change Time unit”

Tick[C]
/ Disable “Display Timekeeping mode”

Trigger “Display’Alarm mode”

Increase Value

Tick
/ Trigger “Change Alarm unit” | 1ick()

Trigger “Increase Value”

Tick(C]

/ Trigger “Display Stopwatch mode”
!

Display

Display Alarm mode
Tick[A] Stopwatch mode |
/ Trigger “Measure Lap time” Tick[A]
Tick Tick[A] Tick[A] Trigger Alarm mode”
iooer 1 0
Tidk(s] / Trigger “Display Stopwatch mode’ / Trigger “Reset Stopwatch mode’ / Trigger “Change Alarm uni
/ Ttigger “Measure time”

Measure
Lap time
Tick(A]
Trigger “Measure Lap time”

Team 2

Change

Alarm unit :
/ Trigger “Change Alarm unit”

Reset
Stopwatch mode

26



DFD Level 4

Tick
/ Enable “Sound Beep OFF”

Ver. DS-2019.DWS.TEAM2

Tick[Alarm Indicator && Current Time == Alarm Time]

/ Disable “Sound Beep OFF”
Trigger “Sound Beep ON”

N
Sound Beep Sound Beep
OFF ON
./ Tick[Button] \.
/ Enable “Sound Beep OFF”
Tk Tllgl'([D!])I “Backlight OFF”
/ Enable “Backlight OFF” / Disa e BacklentOf
< Trigger “Backlight ON
Backlight Backlight
OFF ad L ON
Tick
/ Enable “Backlight OFF”
4.2.6 Overall DFD
Cutrent time ——————"" Doy Display Command
T Tenetsepey =
M bdcaior — Enable ey Display Command
Button A input Button A Dliable o
= Interface + 213 A =
Tick 11 Trigger T Cumenttime
Tick i '
Button Binput ST Main Trigger e e Aamitme
— Controller Tick fr=
Interface - Button
L 12 ") Detetion  ——  Button / £ Trigger Orarge
Button Cinpet 15 Tick Mo Display Command__
= Button C Alarm time us
Interface * Alarm Indicator
Tick 13 i ~——
Current time. Trigger
Button Dingut Button D Tick Y-t )
= Interface Trager T;ﬂ. Display Command
Tick 14
Tick Oaglay
sopcn s
T Trigger Tick o Display Command
Cuenttime rigger
Tick , eser " Mo
. Sopuoch
Narmtime - el S o
oot Speaker Command 5017:::0' m L Display Command
bl g i 2 s ) —
Alarm Displav Command
Controller Disable
221
Backlight Light Comenand
orf .
Trigger Enable 32
Sound Speaker Command Drable
Alarm Indicator Beep -
Tick el Backlight
Controller
231 Trigger
Backight Light Command
oN g

233
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