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1 Introduction

1.1

1.2

1.3

1.4

1.5

Purpose
= =AE 20198 A=Ostuo] 2ZEQNSIHE Holo| Z=HEZ A5 ¢

off 2= BAMO|Ct ZZME = Digital Watch (DW) SystemO|Al AFBE 5= s SWE

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

[

A

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

ol =E & AX 2BAZC| SWE HLHY| YU TREEQOR M 4

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 Product Perspective
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2.2  Product functions

2.2.1 Date-Time

2.2.2 Stopwatch

1/100= EHRI2 FHO| 7SIt
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
2.3 User characteristics
24  Constraints
=R ®Bo|¥e -2t
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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

313

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

The System Context Diagram

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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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

HESS YO SHS Mstn 1 Z2us

Panel, Speaker, LEDO| &2 stCt,

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 Displays Current Information on | Modified Data
Panel for 8 parts of

Panel
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

Button A Input

Button B Input

Button C \nput.

Button D Input

3.2.2.2 Process Specification

3.2.2.2.1 Process 1.1

Introduction to SW Engineering (2019)

Selected Butte
elected Button B
Manager
12

Mode Display
.

Panel &
Speaker
Contral
21

= Current Time
Alarm

, Stopwatch Time
Lap Time

*  Alarm Time

Backlight Light
Control
22

- Backlight
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Reference Number

1.1

Name

Button Detect

Input

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

Output

Selected Button

Process

Specification

CH7| AlZH SOt StL} 0]At2| Button InputO] !
CHH CHR AlZHS AIESED CHR| AlZE ¢t =
7}2 Button Inputg 2H=Ct M=o ezt
=0{2& Button Input SOA StLES| Button
Input@t MEHSY Selected Button2 = L{ 2 HC}
CHZl Algt 0| d20= No

Button= L{EHLCE

| -
¢t Be

3.2.2.2.2 Process 1.2
Reference Number | 1.2
Name DWS Manager
Input Selected Button
Output Mode, Current Time, Stopwatch Time, Lap Time,
Alarm Time, Backlight
Process Selected Button2| 2{0f 2} data store2| #&
Specification = B
3.2.2.2.3 Process 2.1
Reference Number | 2.1
Name Panel & Speaker Control
Input Mode, Current Time, Stopwatch Time, Lap Time,
Alarm Time
Output Display, Alarm
Process Data store=2| Zt0il M2t Display?t Alarmea
Specification AT
3.2.2.2.4 Process 2.2

Reference Number

2.2

Name

Backlight Control

Introduction to SW Engineering (2019)

Watch BACK 10




3223

3.2.3.1
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Specification

Input Backlight
Output Light
Process Backlight2| ZtOi| et LightE & otCt

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

Mode

Stores current mode

Timekeeping /
Stopwatch /

Alarm
Current Time Stores current time Time
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 Displays Current Information on | Modified Data
Panel for 8 parts of
Panel
Alarm Rings Alarm with Speaker On/Off
Light Changes Text Color with LED On/Off

3.2.3 DFD Level 2

DFD
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Button A Input

Button A

Interface
1.1.1

Button B Input Button B

Interface
1.1.2

Button C Input e

Interface
1.13

Button D Input AT

Interface
1.14

Mode
Current Time

Stopwatch Time -
Lap time

Alarm Time

Backlight

3.2.3.2 Process Specification

3.2.3.2.1 Process 1.1.1

Backlight
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v Mode

»  Current Time

Selected Button

Button
Selector
1.15

, Stopwatch Time
Lap time

Tick™

> Alarm Time

: Backlight

Panel Display
Interface "
Panel & Panel Command 2.1.2
Speaker
Control
2.1.1
Speakéf Command Speaker Alarm

Interface
213

LED Light
Interface

222

Control

221 LED Command-

Reference Number

1.1.1

Name

Button A Interface

Input

Button A Input

Output

Button A input

Process

Specification

24

Button AS| &=

= gdXl

r

o
n

3.2.3.2.2 Process 1.1.2

Reference Number

1.1.2

Name

Button B Interface

Input

Button B Input

Output

Button B input

Process

24

=

Button BS| S ZX|

%

Ct.
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Specification

3.2.3.2.3 Process 1.1.3

Reference Number

1.1.3

Name Button C Interface
Input Button C Input
Output Button C input
Process Button C2| YHS ZX|BiCL
Specification
3.2.3.24 Process 1.1.4
Reference Number | 1.1.4
Name Button D Interface
Input Button D Input
Output Button D input
Process Button Do| |&HE ZX|SHCE

Specification

3.2.3.2.5 Process 1.1.5

Reference Number

1.1.5

Name

Button Selector

Input

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

Output

Selected Button

Process

Specification

CiZ] A2t &t StLt 0]442l Button InputO] A
CHH CHRl A[ZHS AJRfStD TRl A2 3¢t =
7t2 Button Input2 2ECh =20 o2t
£0{2= Button Input ZOA SFLEQ| Button

Input@t MEHSH Selected Button2 2 L EHC}

7] AlZt ¢t 3ol Q= d%0= No
Button2 L{E'HC}
3.2.3.2.6 Process 1.2
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Reference Number

1.2

Name

DWS Manager

Input

Mode, Selected Button

Output

Mode, Current Time, Stopwatch Time,

Lap Time, Alarm Time, Backlight

Process

Specification

Mode®} Selected ButtonOf [t2} data store2|

w=s Hastt

3.2.3.2.7 Process 2.1.1

Reference Number

2.1.1

Name

Panel & Speaker Control

Input

Mode, Current Time, Stopwatch Time,

Lap Time, Alarm time

Output

Mode, Current Time, Stopwatch Time,

Lap Time, Alarm Time, Backlight

Process

Specification

Input 2t=0l M2t data store=2| ZE=2 HE
ot

3.2.3.2.8 Process 2.1.2

Reference Number

2.1.2

Name

Panel Interface

Input

Panel Command

Output

Display

Process

Specification

Panel Command®| [}2} Panel HWO| =22 LY

8=2 glHeCh

3.2.3.2.9 Process 2.1.3

Reference Number

2.3

Name

Speaker Interface

Input

Speaker Command

Output

Alarm

Process

Specification

Speaker CommandOf| 2t Speaker HWOI| &

= =22 AS HEh
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Reference Number | 2.2.1

Name Backlight Control

Input Backlight

Output LED Command

Process Input22 S0{2 Backlight #t0 [2} LED
Specification CommandS A&stct,

3.2.3.2.11 Process 2.2.2

3.2.33

Reference Number

2.2.2

Specification

Name LED Interface

Input LED Command

Output Light

Process LED CommandZ backlightE 7{2t= E&HO| &

O{2™ backlight® 2&7+ 7ICH

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

Mode

Stores current mode

Timekeeping /
Stopwatch /

Alarm

Current Time Stores current time Time

Stopwatch Time Stores the time Stopwatch was | Time
activated

Lap Time Stores lap time(s) Time

Introduction to SW Engineering (2019)
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mode or not

Alarm Time Stores the time when alarm is set | Time
to ring
Backlight Stores if the watch is on backlight | Boolean

Panel Command

Sends Current Information to HW

Data for 8 parts

of Panel
Speaker Command | Sends Alarm Information to HW On/Off
LED Command Sends Text Color Information to | On/Off
HW
Display Displays Current Information on | Modified Data
Panel for 8 parts of
Panel
Alarm Rings Alarm with Speaker On/Off
Light Changes Text Color with LED On/Off
3.2.4 DFD Level 3
3.24.1 DFD
Button A Input Button A x Mode

Interface .
111

Button B Input Button B

Interface
112

Button C Input Button C

Interface
113

Button D Input gIRN:T )

Interface
114

Mode
Current Time

Stopwatch Time
Lap Time

Alarm Time

Backlight

Introduction to SW Engineering (2019)

Mode
Changer
122

Tick

Real-

Time
Manager

123 .

Panel & Trigger

Speaker
Controller Enable

2.1.1.1 :
Disable
Backlight
Controller
Trigger

2.2.1.1

Watch BACK

Selected Button - / ‘
Button ¢
Operator —
121 4

_«  Current Time

Stopwatch Time
Lap Time

*  Alarm Time

~*  Backlight

Panel Command

— >

Speaker Command

—

LED Command
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3.2.4.2 Process Specification

3.24.2.1

32422

3.2423

32424
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Reference Number

1.1.1

Name Button A Interface

Input Button A input

Output Button A input

Process Button AS| Y= ZX|HCH
Specification

Process 1.1.2

Reference Number | 1.1.2

Name Button B Interface

Input Button B input

Output Button B input

Process Button BS| =& ZX|BHCL.
Specification

Process 1.1.3

Reference Number | 1.1.3

Name Button C Interface

Input Button C input

Output Button C input

Process Button Co| Y= ZrX|tCt
Specification

Process 1.1.4

Reference Number | 1.1.4

Name Button D Interface

Input Button D input

Output Button D input

Process Button D2| ¥ =S ZX|StCt

Specification

Watch BACK
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3.24.2.5 Process 1.1.5
Reference Number | 1.1.5
Name Button Selector
Input Button A input, Button B input,
Button C input, Button D input
Output Selected Button
Process CHZ7| A|Zt =t StLt O]&F2| Button InputO| R4
Specification CHH CHR AlZHS AIZfStD EHR| AlZE ¢t =
7t2 Button InputE =Ch SM=20 w2t
=0{2= Button Input S0|A BFLEQ| Button
Input@t MEHSY Selected Button2 2 L{ 2 HC}
Cizl AlZb s¢b @™ol gl d20= No
Buttons LHE'HC}
3.24.2.6 Process 1.2.1
Reference Number | 1.2.1
Name Button Operator
Input Selected Button
Output Mode, Current Time, Stopwatch Time, Lap Time,
Alarm Time, Backlight
Process DEE 91, MEE HEO U2t data storel|
Specification usS W
3.2.4.2.7 Process 1.2.2
Reference Number | 1.2.2
Name Mode Changer
Input Mode
Output Mode
Process YHE REz ZEF HHECL

Specification

3.2.4.2.8 Process 1.2.3

Introduction to SW Engineering (2019)
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Reference Number

1.2.3

Name

Real-Time Manager

Input

Selected Button

Output

Mode, Current time, Stopwatch Time, Lap Time,

Alarm Time, Backlight

Process

Specification

MElEl B{E0| m2t HOo|ES BT}

—

3.2.4.2.9 Process 2.1.1.1

Reference Number

2.1.1.1

Name

Panel & Speaker Controller

Input

Mode, Current Time, Stopwatch Time, Lap Time

Output

Enable, Disable, Trigger of Commands

Process

Specification

ool HEEZ2o|Ct ZEO w2t HoHE ¢
1, HolHE #+dst FES WEICH

3.2.4.2.10 Process 2.1.1.2

Specification

Reference Number | 2.1.1.2

Name Show

Input Trigger

Output Panel Command

Process o otHO| HojHE EOol2ts Y-S LEIC

3.2.4.2.11 Process 2.1.1.3

Specification

Reference Number | 2.1.1.3

Name Alarm

Input Enable, Disable

Output Speaker Command

Process Y o mel, AOHE HAL Boh F, &

s

gs 2| B

3.2.4.2.12 Process 2.2.1.1

Introduction to SW Engineering (2019)
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Reference Number | 2.2.1.1
Name Backlight Controller
Input Backlight
Output Trigger
Process HH2LO|E 4ol 2l LightE Ed3tA|ZICH 2=
Specification 2 AKXl A2 LEDUAM FHdt= Aoz o
Ct.
3.2.4.2.13 Process 2.2.1.2
Reference Number | 2.2.1.2
Name Light
Input Trigger
Output LED Command
Process EZ|A & =, Z8kl= Mol MEZ HHELL 2
Specification Zx =, #eftiE Sot2Ct
3.2.4.3 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
Selected Button Returns a button if there is at | Button A
least one button input. Otherwise | Button B
returns ‘No Button'. Button C
Button D
No Button
Mode Stores current mode Timekeeping /
Stopwatch /
Alarm
Current Time Stores current time Time
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

Introduction to SW Engineering (2019)
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to ring

Backlight

Stores if the watch is on backlight | Boolean

mode or not

Panel Command

Sends Current Information to HW

Data for 8 parts

of Panel

Speaker Command

Sends Alarm Information to HW On/Off

LED Command

Sends Text Color Information to | On/Off

HW

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”

Alarm

/Trigger "Backlight”

Backlight

/Tick
Trigger “Backlight”

3.2.6 Overall DFD

Button A Input @

Button B Input Button
Interface
112

Button C Input

Button D Input Button D
Interface
114
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121
Tick RealTime #  Aarm Time
Manager B
123 Backlight Trigger
Controller

2211
#  Backlight
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