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1 Introduction

1.1

1.2

1.3

1.4

1.5

= TAE 20198 A=Uuol 2ZEQOSSIHE oo Z2HES HYsI| ¢
off e 2AMO|CE ZEME = Digital Watch (DW) SystemOll A AF&" 5= s SWE

S
ToIst= AO0ICH & ZM= 53] ZEMEQ| structured designs CHEC}
Scope

1.2.1 Project Team

Watch BACK (Team 1)
1.2.2 Constraints

HW (&= AANQE HASTHX| AfHX| b, sw2d 52 = JUEE oioh
1.2.3 Product Utilization

o] @RE T MF S2AHO SWE HUsy| Yot ZEZEEIQYOR A2 %

—

ct.

0

1.2.4 Development Environment
IDE: Eclipse
Compiler: Cygwin
Definition, acronyms, and abbreviations
SW: Software
HW: Hardware
Reference
IEEE Std. 830-1998

Overview

2 Overall Description
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2.1

2.2

2.3

2.4
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Product Perspective

e ME2 &M =5AA0 A8E + A= ME0l € = ULE HW (HE)0| Qg 5
2 Milsta, Maleh Ziks HW (&FE)0| S=etth. &R Hwol 2let S 2 sw &
console2tHO = X 2|5}0] | & FFE =st=E ottt Al HWE 4709 H

Product functions

2.2.1 Date-Time

2.2.2 Stopwatch

1/100%= EHRI2 HFO0| 7ts3iLt.
Lap time 7|=0| 7}53tL}

2.2.3 Backlight

2.24 Alarm

2E0| 28 M A B, C D T OIF HES +28 22[7F JAZLCL
User characteristics
Constraints
=R ®Bo|¥e -2t

7] ANz 2019 01 012 00A| 002 00Z0|C},
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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

Button Speaker

3.1.2 Event List

Input/Output Event Description
Button A Input Detects if button a is pressed
Button B Input Detects if button b is pressed
Button C Input Detects if button c is pressed
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Button D Input Detects if button d is pressed
Display Displays current information
Alarm Rings alarm

Light Changes font color

3.1.3 The System Context Diagram

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

Display

Alarm

Panel

Button

3.2 Data Flow Diagram
3.2.1 DFD level 0

3.2.1.1 DFD

Button A =

Button B

Button C -

Button D -

3.2.1.2 Process Specification

3.2.1.2.1 Process 0
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Display 7
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Reference Number | 0

Name

DWS Controller

Input

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

Output

Display, Alarm, Light

Process

Specification

HE A, B, C, DE 3oz ot 10 CHgt
F

Z+ZF

d2E Melstn, mg, £0/#, LD 4

Display, Alarm, LightE ZZdl= A|AH

3.2.1.3 Data Dictionary

Input/Output Event | Description Format / Type
Button A Input Detects if button a is pressed Boolean
Button B Input Detects if button b is pressed Boolean
Button C Input Detects if button c is pressed Boolean
Button D Input Detects if button d is pressed Boolean

Display mfdof| dx HEE £oICE If | Modified Data
g2 7ol F9e= L0 R | for 7 parts of
Ct. 7702l #+<9of Z+Zof i3St | Panel
= 2o HYO|ct o] mf, mfE
oM HZ =5HE &= AEE 7t
SE[ACE

Alarm Rings Alarm with Speaker On/Off

Light Changes Text Color with LED On/Off

3.2.2 DFD Level 1

3.22.1 DFD

Introduction to SW Engineering (2019)
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Button A Input

Buitton 8 Input_gb 5
Button Selected Button DWS
Detect i Manager
1
Button-€ Input =

Button D Input

3.2.2.2 Process Specification

3.2.2.2.1 Process 1
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Mode Display

Panel &
Speal

+ Current Time

Stopwatch Time
Start Time
Lap Time

Alarm Time

Backlight YRl
- Control
4

Backlight

Reference Number

1

Name

Button Detect

Input

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

Output

Selected Button

Process

Specification

CiZ] AlZt s@F 3Lt 0]42| Button InputO|
UCHH TR A[ZHES A[ZStR THR] A2t &
b Z=7t2 Button Input® 2H=CH O NS

K=}
=
HEEL 28 2= HES T oILE 7

ro

AlZh St Y8 "= 0f2f Button Input
T HE M9l D>C>B>A0 Mz} T
tLtO| InputBt MEHS]  Selected
Button2 2 L{EHC}
Ozl AlZt s 2=0|

Buttons L{E'HCE.

mn ooy 4r
40 ot
il

OF

Button

Bl 8%0= No

3.2.2.2.2 Process 2

Reference Number

2

Name

DWS Manager

Input

Selected Button

Output

Mode, Current Time, Stopwatch Time, Start

Time, Lap Time, Alarm Time, Backlight
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Process

Specification

input2 2 Selected Buttont Mode?7t E0{&
Ct. Olf S0{2 Selected Buttonz} ModeO|

CHsi Chsdb 20| St

(Mode[1], Mode[2])2t Selected ButtonOf CH3H
Ct2ar 0| ghaSotrt.

(1,1) timekeeping
a ZEE (1,22 Ht&ct
b
c ZES 22 HHEC
d Backlight

(1,2) timekeeping_change_sec
a ZEE (1,1)E HELCH
b & AlZt =1 37t
c REE (1,3)2 HHELCE
d Backlight

(1,3) timekeeping_change_hour
a ZEE (1,1)E HELCH
b X AlZ AlZE 1 St
c ZEE (1,42 HELD
d Backlight

(1,4) timekeeping_change_min
a BEE (1,)E HHEC}
b X AlZ & 1 57t
c BEE (1,52 Hi&rt
d Backlight

(1,5) timekeeping_change_year
a ZEE (1,1)E HpRCH
b ox AlZ d 1 57
c ZEE (1,6)2 HHELH
d Backlight

(1,6) timekeeping_change_month
a BEE (1,1)E HHCH
b o Al & 1 37t
c REE (1,7 HHRCt
d Backlight

Introduction to SW Engineering (2019)

Watch BACK 11



Ver. 2.0

(1,7) timekeeping_Change_day
a BEE (1,)E H#ct
b ¥ AlZt &1 F7
c REE (122 HHECE
d Backlight
(2.1) stopwatch
a if(Stopwatch indi == 0)
Stopwatch Time = 0
Start Time = 0
else if(Stopwatch indi == 1)
LAP Time = Stopwatch Time
HEE (22)% HtECt
b if (Stopwatch indi == 0)
Stopwatch indi = 1
Stopwatch Time += Start Time
Start Time = Current Time
else if (Stopwatch indi == 1)
Stopwatch indi = 0
Start Time += Current Time - Start
Time
c REE (3,1)& HHRCt
d Backlight

(2,2) stopwatch_LAP
a
b ZEE (21)2 HHELt
c REE (3, NE HfECH
d Backlight

(3.1) alarm
a ZEE (3,22 HHELCH
b
C
d Backlight

(3.2

~

alarm_change_hour

o o

LT AlZ AIZEH1 Bt
c REE (3,3)2 HIECt
d Backlight
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(3.3) alarm_change_minute

o o
w

acklight

[ = IDEMA AM A E
ot M7= AMA AlZtIe] XE EFYF=
o

otd, AZ|of HH AF{AKL SF

Lo AfzZtol Z2|X| H=CHH, 1msOt
= tickoll 23 S| A[ZHS 1ms§E|D1
T} SEX|QF QAtof= AlZHO] Za|7|of,

ZIZMNAE P 2, dels Al ud_;I.;

TS 1msOtCE (1 — B2 HSHEH =Ch &

o maMAgE o AlZto| Ch27lo, AHE
M ma A0 O BZO| HEAE £ 4
=

HATYAIZE += (1
if(stopwatch indi)
Stopwatch Time=2 X A|ZF-Start Time
if(alarm indi)
(A ZE<ATYA| <R EA|ZE + 5)
Alarm Buzzing = 1
else

Alarm Buzzing =0

3.2.2.2.3 Process 3

Reference Number

3

Name

Panel & Speaker Control

Input

Mode, Current Time, Stopwatch Time, Lap

Introduction to SW Engineering (2019)
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Time, Alarm Time

ottt

Output Display, Alarm
Process Panel & Speaker CommandS 210{2tA|, 3I=
Specification oo A =S E PanelO| DisplayE

3.2.2.2.4 Process 4

Reference Number | 4

Specification

Name Backlight Control

Input Backlight

Output Light

Process Backlight2| Zt0i|l M2} LightE A oHC}

3.2.2.3 Data Dictionary

OHX|= &0l S2[A/UA=X[(D),
OFEIX|(0)& MEetCt.

1HX|= Timekeeping, Stopwatch,

Alarmzt 22 2 /2 ZE=0

Oict §2E MZEeCt.

2HX|= TimekeepingO A A[ZHS

285 7IsME of 2R/

Input/Output Description Format / Type
Event
Button A Input Detects if button a is pressed Boolean
Button B Input Detects if button b is pressed Boolean
Button C Input Detects if button c is pressed Boolean
Button D Input Detects if button d is pressed Boolean
Selected Button Returns a button if there is at least | Button A
one button input. Otherwise | Button B
returns ‘No Button’ Button C
Button D
No Button
Mode X 2=0| Chet HEE XS} | integer array size
= 5ZtWel HiE. of 5.

Mode[]

""[0]: Alarm
Buzzing

" o 2R
Rr & BR

""[3]: Stopwatch

Indicator

Introduction to SW Engineering (2019) Watch BACK
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X)), HA™ A=X|(0).

AHX|= alarm indicator?t 71X
A1), HH A=X1(0)
e/ 2=28/7F 7kset Aol
= Ch2a 2ok (Hef 2=2F
(1,1,): timekeeping

SIE BE

(1,2): timekeeping_change_sec
>AZE 23, = B3

(1,3): : timekeeping_change_hour
>AIZE AF, Al #HE

(1,4):

timekeeping_change_min
>AIZEEE, = & #E

(1,5):

timekeeping_change_year
>AIZEAY, @ #E

(1,6):
timekeeping_change_month
>AlZH 23, 2 B3

(1,7):

timekeeping_change_day
S>AZE 23, € B3

2,1:

stopwatch

>AF/UA 72 BE

(2,2):

stopwatch_LAP

S>ASHR, HOEY =9

(3.1):

alarm_change_hour

>R AIZE 28, Al B
(3.2):

alarm_change_minute

SR AIZ M £ Y

"[4]:

Indicator

Alarm

Current Time

Stores current time

Time

Introduction to SW Engineering (2019)
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(YY/MM/DD/
HH/MM/SS/MS)
Stopwatch Time Stores the time Stopwatch was | Time()
activated
Lap Time Stores lap time(s) Time()
Alarm Time Stores the time when alarm is set | Time()
to ring
Backlight Stores if the watch is on backlight | Boolean
mode or not
Display mfdof odxf §2E ECh If | Modified Data
22 7702l #I¥22 LtF0f R | for 7 parts of
Ct 7702 90| 2440 st | Panel
= dEo HOoICE o M, md
oM B2 =25HE = AEE 7t
SE| UL
Alarm Rings Alarm with Speaker On/Off
Light Changes Text Color with LED On/Off
Start Time 2EHRZE ALE ARG A[ZE | Time()
= NSt

3.2.3 DFD Level 2

3.23.1 DFD

Button A Input
Button A
* Interface

il

1.
Button B Input JERHRISINES
* Interface
12
Button C Input NSNS
» Interface
13

Button D Input SFTRREEEY
Interface

14

Introduction to SW Engineering (2019)

- Selected Button
Button DWS
Selector - M"‘;QH
15

Mode

» Current Time

Stopwatch Time
Start Time

Lap time

*  Alarm Time

Watch BACK

Backlight
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Mode

Current Time

Stopwatch Time
Start Time
Lap time

Alarm Time

Backlight

3.2.3.2 Process Specification

3.2.3.2.1 Process 1.1

o Control

Panel Display
2 Interface
P Danel & Panel Command 3.2
¢ Speaker

Control

b 31

Speaker Command Speaker Ao
8 Interface
3.3

Backlight -
ight
4 LED Command LED ’

4 Interface
42

Ver. 2.0

Reference Number | 1.1

Name

Button A Interface

Input

Button A Input

Output

Button A input

Process

Specification

Button AS| Y2 ZX|BHC}.

3.2.3.2.2 Process 1.2

Reference Number | 1.2

Name

Button B Interface

Input

Button B Input

Output

Button B input

Process

Specification

Button BS| &2 ZX|BHC}.

3.2.3.2.3 Process 1.3

Reference Number | 1.3

Name

Button C Interface

Input

Button C Input

Output

Button C input

Process

Button Co| YEHE ZX|

rot

ot

Introduction to SW Engineering (2019)
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Specification

3.2.3.2.4 Process 1.4

Reference Number

1.4

Specification

Name Button D Interface

Input Button D Input

Output Button D input

Process Button D2| YHZ ZX|BHC}

3.2.3.2.5 Process 1.5

Reference Number

1.5

Specification

Name Button Selector
Input Button A Input, Button B Input,
Button C Input, Button D Input
Output Selected Button
Process CH2| AlZh &¢F StLt 02l Button InputO|

UACHH G| A|ZtS A[ESta B A2 S
ot F7t2 Button Input2 ZECE Ol HE
£5 & StLZ F
2= 03 Button Input
D>C>B>A0 w2t £
InputZt  MEHS]  Selected
Button2 2 L{EHC}
Ozl AlZt s 2=0|

Buttons L{E'HCE.

Button

Bl 8%0= No

3.2.3.2.6 Process 2

Reference Number

2

Name DWS Manager
Input Mode, Selected Button
Output Mode, Current Time, Stopwatch Time,

Lap Time, Alarm Time, Backlight, Start Time

Watch BACK
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Process

Specification

input2 2 Selected Buttont Mode?7t E0{&
Ct. Olf S0{2 Selected Buttonz} ModeO|

CHsi Chsdb 20| St

(Mode[1], Mode[2])2t Selected ButtonOf CH3H
Ct2ar 0| ghaSotrt.

(1,1) timekeeping
a ZEE (1,22 Ht&ct
b
c ZES 22 HHEC
d Backlight

(1,2) timekeeping_change_sec
a ZEE (1,1)E HELCH
b & AlZt =1 37t
c REE (1,3)2 HHELCE
d Backlight

(1,3) timekeeping_change_hour
a ZEE (1,1)E HELCH
b X AlZ AlZE 1 St
c ZEE (1,42 HELD
d Backlight

(1,4) timekeeping_change_min
a BEE (1,)E HHEC}
b X AlZ & 1 57t
c BEE (1,52 Hi&rt
d Backlight

(1,5) timekeeping_change_year
a ZEE (1,1)E HpRCH
b ox AlZ d 1 57
c ZEE (1,6)2 HHELH
d Backlight

(1,6) timekeeping_change_month
a BEE (1,1)E HHCH
b o Al & 1 37t
c REE (1,7 HHRCt
d Backlight

Introduction to SW Engineering (2019)
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(1,7) timekeeping_Change_day
a BEE (1,)E H#ct
b ¥ AlZt &1 F7
c REE (122 HHECE
d Backlight
(2.1) stopwatch
a if(Stopwatch indi == 0)
Stopwatch Time = 0
Start Time = 0
else if(Stopwatch indi == 1)
LAP Time = Stopwatch Time
HEE (22)% HtECt
b if (Stopwatch indi == 0)
Stopwatch indi = 1
Stopwatch Time += Start Time
Start Time = Current Time
else if (Stopwatch indi == 1)
Stopwatch indi = 0
Start Time += Current Time - Start
Time
c REE (3,1)& HHRCt
d Backlight

(2,2) stopwatch_LAP
a
b ZEE (21)2 HHELt
c REE (3, NE HfECH
d Backlight

(3.1) alarm
a ZEE (3,22 HHELCH
b
C
d Backlight

(3.2

~

alarm_change_hour

o o

LT AlZ AIZEH1 Bt
c REE (3,3)2 HIECt
d Backlight

Introduction to SW Engineering (2019)
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(3.3) alarm_change_minute

o o
w

acklight

Sk DWS OiLIN= ZZMA A AZE &
ot M7l MA AlZtIe] XE BFSF=
o

otd, AZ|of HH AF{AKL SF

Lo AfzZtol Z2|X| H=CHH, 1msOt
Ch 2= tickOll St X AlZtS 1ms§EIE”'
ZICh SRR ALtof= AlZtol Zz=[7]of,

ZIZMNAE P 2, dels Al ud_;I.;

TS 1msOtCE (1 — B2 HSHEH =Ch &

o maMAgE o AlZto| Ch27lo, AHE
M ma A0 O BZO| HEAE £ 4
=

AMAIZE +=(1 - a)
if(stopwatch indi)

Stopwatch Time=2 X A|ZF-Start Time
if(alarm indi)

(A ZE<ATYA| <R EA|ZE + 5)

Alarm Buzzing = 1

else
Alarm Buzzing =0
3.2.3.2.7 Process 3.1
Reference Number | 3.1
Name Panel & Speaker Control
Input Mode, Current Time, Stopwatch Time,
Lap Time, Alarm time, Start Time

Introduction to SW Engineering (2019) Watch BACK 21
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Output

Panel Command, Speaker Command

Process

Specification

PanelO A =2g 7 HE9 HEQl Panel
CommandE Td5td, &= =X 2RO
Ot Speaker CommandE +-d3tCt O|F O]
£ YEE Panel Interface, Speaker InterfaceO|
HEotrt
Panel Command= 87t2| H{EZE 0~6HX|=
Ct=db 20| Fd &L
2Eo HEF (Mode[1)E A1,
<Timekeeping>

1 Day of Week

2 Month

3 Day

4 Alarm Indicator

5 Hour

6 Min

7 Sec
<Stopwatch>

1"ST"

2 Hour

3 Min

4 Alarm Indicator

5 Stopwatch Min

6 Stopwatch Sec

7 Stopwatch MilliSec
<Alarm>

1 "AL"

2 Month

3 Day

4 Alarm Indicator

5 Alarm Hour

6 Alarm Min

7
DHof AlZtES ot QUCHH, ZEO] A7 &
(Mode[2))E &1, 7HX|0f Zrd 2
etk
Speaker Command= Ctg3t 20 T,
Current TimeZ} Alarm TimeO| YX|$HCHH,

Speaker Command?| #fS On2E HESI,

Introduction to SW Engineering (2019)
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3.2.3.2.8 Process 3.2

Reference Number

3.2

Name

Panel Interface

Input

Panel Command

Output

Display

Process

Specification

Panel & Speaker CommandS 2 0{2tA], 3l=
flofof StAH =HSEZE Paneld| DisplayE

et

3.2.3.2.9 Process 3.3

Reference Number

3.3

Name

Speaker Interface

Input

Speaker Command

Output

Alarm

Process

Specification

Speaker Command?t OnO|2tH L&HZ 22
1, offetH 22|X| R¥Z=ZE Speaker® Alarm

= TEBHC}
3.2.3.2.10 Process 4.1
Reference Number | 4.1
Name Backlight Control
Input Backlight
Output LED Command
Process HE D7l Selected Button2Z Z0{2t

Specification

Backlight® 7{0f & Z<2, LED CommandZ&
Ong WELD, J=EX &2 42 offE ME

ot

3.2.3.2.11 Process 4.2

Reference Number

4.2

Introduction to SW Engineering (2019) Watch BACK 23
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Name

LED Interface

Input

LED Command

Output

Light

Process

Specification

SHCj2E Off2

LED Command?Zt OnQ! Z <2,

MES LIEHHEE LightE OnS 2 LML}

LEDO|A = Xt2|

LH =i T

3.2.3.3 Data Dictionary

Input/Output Description Format / Type

Event

Button A Input Detects if button a is | Boolean
pressed

Button B Input Detects if button b is | Boolean
pressed

Button C Input Detects if button c is | Boolean
pressed

Button D Input Detects if button d is | Boolean
pressed

Selected Button | Returns a button if | Button A
there is at least one | Button B
button input. Otherwise | Button C
returns ‘No Button’ Button D

No Button

Mode

Level 19| Data

Dictionary2t Z&.

Level 12| Data Dictionary2t

pd X=3
EO.

Current Time

Stores current time

Time()
(YY/MM/DD/HH/MM/SS/MS)

backlight mode or not

Stopwatch Time | Stores the time | Time()
Stopwatch was
activated

Lap Time Stores lap time(s) Time()

Alarm Time Stores the time when | Time()
alarm is set to ring

Backlight Stores if the watch is on | Boolean

Panel Command

=8d 7 F=20 o

of Y2 MYt

Panel_Command[8].

Data for 7 parts of Panel,

Introduction to SW Engineering (2019)
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Parts to Highlight
Speaker Sends Alarm | On/Off
Command Information to HW
LED Command Sends  Text  Color | On/Off
Information to HW
Display mjdof X F2E F | Modified Data for 7 parts of
Hotct mE2  7702] | Panel, parts to highlight
T2z L of RUACEH
7702 Yoz
sigste Heol Y
O[Ct O] mf, ZjEofA
HE Y 5+ YRS
7t S &AL,
Alarm Rings  Alarm  with | On/Off
Speaker
Light Changes Text Color with | On/Off
LED
Start Time AEHKZE ALZ S| Time()
7] AR AlZhE M
et
3.24 DFD Level 3
3.24.1 DFD
Button A Iput = e
Mw:wmnge » Current Time

12

Button C Input JEFSRSEES
& Interface

13
Button D Input RG]
Interface

14

Introduction to SW Engineering (2019)

Selected Button
Button Button
Selector 8 Operator
[ 21

Selected Button

Tick -
I

Real
Time
Manager
23
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Stopwatch Time
»  Start Time
Lap Time

*  Alarm Time

Backlight
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Mode

Panel &

Current Time Speaker

Controller

b 311

Stopwatch Time
Start Time
Lap Time

Alarm Time

Backlight

3.2.4.2 Process Specification

3.2.4.2.1 Process 1.1

Backlight
Controller & . —
411 o

Panel Command
>

Trigger

Enable

Disable Speaker Command

LED Commandt

v 4 +
v

Ver. 2.0

Reference Number

1.1

Name Button A Interface
Input Button A input
Output Button A input
Process Button A2| =S Z XS},
Specification
3.2.4.2.2 Process 1.2
Reference Number | 1.2
Name Button B Interface
Input Button B input
Output Button B input
Process Button BS| &S ZX|THCE
Specification
3.2.4.2.3 Process 1.3
Reference Number | 1.3
Name Button C Interface
Input Button C input
Output Button C input
Process Button CO| YUHES ZX|tCt

Specification

Watch BACK
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3.2.4.2.4 Process 1.4

Ver. 2.0

Reference Number

1.4

Specification

Name Button D Interface

Input Button D input

Output Button D input

Process Button Do| Y&HEZ ZX|SHCE

3.2.4.2.5 Process 1.5

Reference Number

1.5

Specification

Name Button Selector
Input Button A input, Button B input,
Button C input, Button D input
Output Selected Button
Process CiZl AlZh &2+ kLt 0|42l Button InputO|

UCHH CHR| A|ZHS A|ZStD CHR A2 &
Ot =72 Button Input2 =Ch Ol XS
+E HEERZ g8 U= HEES T SILE F
=Ho}

THel AlZt S¢F Y3 &= 02| Button Input
£ & HE M=% D>C>B>A0 a2t Et
StLESl  Button Input@t  MEHSH  Selected
Button@ 2 L& HC}

OiZl AlZt s 20| gl d20de= No

Buttons L{E'HCE.

3.2.4.2.6 Process 2.1

Reference Number | 2.1

Name Button Operator

Input Selected Button

Output Mode to change, Current Time, Stopwatch
Time, Lap Time, Alarm Time, Backlight

Process REO| oRX[7t 02 B2,

Watch BACK
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Specification

(Mode[1], Mode[2])1} Selected ButtonOil CH3H
Ct=1F 20| gh3otLt.

(1,1) timekeeping
a ZEE (1,22 Ht&ct
b
c BEE 21)& HHECE
d Backlight

(1,2) timekeeping_change_sec
a ZEE (1,1)E HHELC
b oM AlZ =1 37
c ZEE (1,3)2 Hp#ct
d Backlight

(1,3) timekeeping_change_hour
a ZEE (1,1)E HtErt
b o Al AlZE 1 &7t
c BEE (142 HEC
d Backlight

(1,4) timekeeping_change_min
a ZEE (1,1)E HtErt
b oM Al & 137
c BZEE (1,52 HiErt
d Backlight

(1,5) timekeeping_change_year
a BEE (1,HE HiECt
b M AlZt H 1 St
c ZEE (1,62 Hi&Ct
d Backlight

(1,6) timekeeping_change_month
a BEE (1,)E HHECE
b X Al & 1 St
c ZEE (1,7)& Hi&rt
d Backlight

(1,7) timekeeping_Change_day
a ZEE (1,1)E HHECt
b oM AlZ €137
c ZEE (1,2)2 Hi&Ct
d Backlight

Introduction to SW Engineering (2019)

Watch BACK 28



Ver. 2.0

(2.1) stopwatch

Start Time

(2,2) stopwatch_LAP

(3.1) alarm

(3.2) alarm_change_hour

(3.3) alarm_change_minute

a if(Stopwatch indi == 0)
Stopwatch Time = 0
Start Time = 0
else if(Stopwatch indi == 1)
LAP Time = Stopwatch Time
BCEE (222 HbELCH
b if (Stopwatch indi == 0)
Stopwatch indi = 1
Stopwatch Time += Start Time
Start Time = Current Time
else if (Stopwatch indi == 1)
Stopwatch indi = 0

Start Time += Current Time -

c REE (3,1)& HHECH
d Backlight

a

b REZ (2,1)& H}ELt
c BEE (3,1)2 HECH
d Backlight

a ZEE (32)2 HHECH
b

C
d Backlight

a

b Y8 AlZ AIZH 1 B7t
c REE (3,3)2 HIECt
d Backlight

a

Introduction to SW Engineering (2019)
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d Backlight

3.2.4.2.7 Process 2.2

Reference Number

2.2

Name

Mode Changer

Input

Mode to change

Output

Mode

Process

Specification

g8E ZE2 REZS HHECE

3.2.4.2.8 Process 2.3

Reference Number

2.3

Name

Real-Time Manager

Input

Selected Button

Output

Mode, Current time, Stopwatch Time, Lap

Time, Alarm Time, Backlight

Process

Specification

Real-Time Manager= ZEA A AL AlZL &
oF M7|= HE AlZtotel @XE EFHMNF=
(]

o
dats St A0 HFH AKX HE
AZHE 2E[stot

oFoF ALHO| AlZto| H2|X| 2=CHH, 1msOf
Ch Bh= tickOl 3 SXf A|ZHS 1ms§E|E

i Mol AlZHO] ZE|7|of, BE
ZENAS TH 3, Aot A2 BES

=
oS CotH ot =

T A 1msUfEf (1-

oF TEMAYZ A AZHO] CH2 7|0, KtF
M T2 Hlioﬂ met Y=o 7t5XE & =
ALH.

ATAIZE += (1 - a)
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if(stopwatch indi)
Stopwatch Time=24 X A|ZF-Start Time
if(alarm indi)
if(LEEA| ZE <SR A| ZE< L ZEA|ZE + 5)
Alarm Buzzing = 1

else

Alarm Buzzing =0

3.2.4.2.9 Process 3.1.1

Reference Number

3.1.1

Name Panel & Speaker Controller

Input Mode, Current Time, Stopwatch Time, Lap
Time

Output Enable, Disable, Trigger of Commands

Process PanelOf|Af Z=3E 7 2&E9 HEQl Panel

Specification

Command& T4dt, &2 X LX[0f
Cist Speaker Command& T/d%tCh d2|2
ShowE Trigger. Alarm2 Enable/Disable 3t
Ct.
Panel Command= 87t2| H{EZ 0~6HX|=
Cteat 20| :rLA-IEIE|-
ZEO| RS (Mode[1))E Y1
<T|mekeep|ng>

1 Day of Week

2 Month

3 Day

4 Alarm Indicator

5 Hour

6 Min

7 Sec
<Stopwatch>

1"ST"

2 Hour

3 Min

4 Alarm Indicator

5 Stopwatch Min

6 Stopwatch Sec

Introduction to SW Engineering (2019)
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7 Stopwatch MilliSec
<Alarm>

1 "AL"

2 Month

3 Day

4 Alarm Indicator

5 Alarm Hour

6 Alarm Min

&L
oHoF AlZtE +Fotn UACHH
(Mode[2)E X, 7HX|0] ZHY ¢
oot
Speaker Command& CtSat 20| T EICE
Current Timell Alarm TimeO| & X|SHCHH,

2 On2 2 H™EStD,

Speaker Command?| Zf2

J8X| g2 d20= off ™ETICH
3.24.2.10 Process 3.1.2
Reference Number | 3.1.2
Name Show
Input Trigger
Output Panel Command
Process e otHO| Ho|HE HOo|2t= HHEZ W&

Specification

Ct.

3.2.4.2.11 Process 3.1.3
Reference Number | 3.1.3
Name Alarm
Input Enable, Disable
Output Speaker Command
Process 23 ool el AODHE HALE 2o F,

Specification

= =24 2ok

3.2.4.2.12 Process 4.1.1
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Reference Number | 4.1.1

Name Backlight Controller

Input Backlight

Output Trigger

Process Hi2tO|E Ziof M2t LightE Z-d3pAIZICE 2

Specification X2 JHXl= A2 LEDOIM FHSt= A=
okt

3.2.4.2.13 Process 4.1.2

Reference Number | 4.1.2

Name Light

Input Trigger

Output LED Command

Process Eg|A & =7, #28E= M MEZ HHECE

Specification 2 2, JeftiE Sot=2LCh
3.2.4.3 Data Dictionary

Input/Output Description Format / Type

Event

Button A Input Detects if button a is | Boolean
pressed

Button B Input Detects if button b is | Boolean
pressed

Button C Input Detects if button c is | Boolean
pressed

Button D Input Detects if button d is | Boolean
pressed

Selected Button | Returns a button if | Button A
there is at least one | Button B
button input. | Button C
Otherwise returns ‘No | Button D
Button'. No Button

Mode Level 19| Data
Dictionary2t Z&.

Current Time Stores current time Time

Introduction to SW Engineering (2019)
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((YY/MM/DD/HH/MM/SS/MS)

Information to HW

Stopwatch Time | Stores the time | Time()
Stopwatch was
activated
Lap Time Stores lap time(s) Time()
Alarm Time Stores the time when | Time()
alarm is set to ring
Backlight Stores if the watch is | Boolean
on backlight mode or
not
Panel Command | Sends Current | Panel_command[8]

Data for 7 parts of Panel,

parts to highlight

Information to HW

Speaker Sends Alarm | On/Off
Command Information to HW
LED Command Sends Text Color | On/Off

-

7| AlEeh AlZEE M

ot

Mode to Change | Mode that Button | Timekeeping/
Operator wants to | Stopwatch/
change Alarm

Start Time AERX|ZE A LS S| Time()

3.2.5 DFD Level 4

3.2.5.1 State Transition Diagram (Display & Speaker Controller; Filter Controller)

/Trigger "Show"

/Tick[Alarm]
Enable "Alarm”

/Tick[Button && !Alarm]
Trigger "Show”

/Tick[Button || Time]
Disable "Alarm”

Trigger "Show"

3.2.6 Overall DFD

Introduction to SW Engineering (2019)
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/Trigger "Backlight”

Backlight §

/Tick
Trigger “Backlight”
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Button A Input ose
Panel & Trgeer
Curent Time s
Button B Contraller
I 211
Bution Button Stopwatch Time P
Selector Operator Start Time
15 2 Lap Time
Button C Button C
gt Interface
13
eal- Alam Time Backlight
F;;:‘ Il,";f Controller | Troeer
23 4
Button D Bution D
Interface
14
Backiight
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Panel Command
—

Spesker Command

—

LED Command
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