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1 Introduction

1.1 Purpose

1.2 Scope

121 ZHLE

Team #2

1.2.2 HTtAFE
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124 Hgedy
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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Product Perspective

Overall Description
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Product functions
2.2.1 Date-Time
2.2.2 Stopwatch
2.2.3 Backlight
2.24 Alarm

User characteristics

CIXE AlA

2.2
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2.5

Constraints
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3 Specific Requirements
3.1 External Interface
3.1.1 User Interface
2. A B C and D
=8 StHELH)

3.1.2 HW Interface

/54 &30\

| Tus [ s Jein | |

10:58sg/,

® ® @

No. Description

Button A
Button B
Button C
Button D

Oln|m|>»

Zi, Day of week, mode indicator & ZIHl 2X} “AA
Month
Date

Alarm indicator

Hour

Minute

||| W N -

Second

Team #2 9



3.1.3 SW Interface
3131 4=
HE A B, C and D

3132 =9
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Mode Display

Description

Timekeeping mode

29 8 9 A, & X
( Alarm on indicator )

Stopwatch mode

Stopwatch indicator,
#x A2 (A, 2),
Stopwatch time (&, =, 1/100 X)

Alarm mode

Alarm indicator,
ir ﬂf *II .EJ

(Alarm on indicator)

Team #2
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Functional Requirement
3.2.1 Change Mode

3.2

1A

Timekeeping mode — Alarm Mode — Stopwatch mode — Timekeeping mode
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3.2.4 Backlight
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Alarm modeO|A] B HEZ FE2EH & 482 710

X|™ Alarm on indicator?} 7{ZICt.

3.3 Performance Requirements

HEO et 818 == 1ms O|StO|Ct.
3.4 Design Constraints

SASD 7iE WHES 0|85t dATHCt
3.5 Software System Attributes

3.6 Other Requirements

¢t =0 ZotE 5 A= Tt AHLIO|AE ALESHOF SHLf.

= - L=

Structured Analysis
4.1 System Context Diagram

4.1.1 Basic System Context Diagram

III%HHEIIII

4.1.2 Event List

Click A HE A7l =85S ZEL}
Click B HE Bt sXlaS YElCt
Click C HE C7t =SS YICh
Click D HE D7} XSS L2Ct
Display Command 20 = HEE 2T ®BA|BIC
Buzzer Command Buzzerg 22|A| oHCt
Team #2
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=2 & ALk 2Fo| A

S Display

— Buzzer

Input/Output Event
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4.1.3 The System Context Diagram

Display ]
Command Display
Click A S
Click B
Click C
Click D
Button
Buzzer
~_ Command
;;k;;k;; ;;‘;
4.2 Data Flow Diagram
421 DFD level O
4211 DFD
Button A _
Display
Command
- ,/
e R
Click C
Buzzer
~ Command

Click D
ic b -

_— L Buzzer
— Tick -

Button D

4.2.1.2 Process Specification

4.2.1.2.1 Process 0

Reference No. o |

Name Controller

Input Click A, Click B, Click C, Click D, Tick

Output Display Command, Buzzer Command

Process Description - 9 22 HEN A 7|5, AlZte] S 30| Ciet HO|HE

H
ool R A Ql X 2|E St Display®@t Buzzerg ZZEFStC}

Team #2 14



4.2.1.3 Data Dictionary
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Input/Output Event Format/Type

Click A HE A7t SRSE YECh
Click B HE B7t ERl22 LEICt
Click C HE C7t EXaS alct
Click D HE D7t sX232 et
Display Command 20 == HEE
Buzzer Command BuzzerZt 21X 22|12 7

422 DFD Level 1

4221 DFD
Display
Display
Light On
Button A B Command -

~_ Click A -

Button B . CI|ckB )

SO EA|GHCH
HEX|of Ciet BI0IH

Input Functions
cickc Inte;face Contzroller —

Time and

Button C g
ClickD -

Button D

4.2.2.2 Process Specification

42.2.2.1 Process 1

Reference No.

Name Input Interface

Input Click A, Click B, Click C, Click D
Output Input, Light On Command
Process Description - 23 E2 Click & §&% ¢

- 2M22|7t =2 Light On0f CH

HIOIE S == TtLt.

—_

- Light On7|&0| Ot ==

EEEEET

= = 1

Team #2

Boolean, Interrupt
Boolean, Interrupt
Boolean, Interrupt
Boolean, Interrupt
Int
Int

Buzzer g Buzzer
Command-~

Buzzer &
Display
Controller
4

AN

Display A
Command Display

Tick

15



Ver. 2019_DWS_0.5

42.2.2.2 Process 2

ReferenceNo. 12

Name Functions Controller
Input Input
Output Time and State
Process Description - Input 2 82 H|O|EE R EO el X 2|5 Lt
- ;—.; 71sE9 %Eﬂ. 2 Time and State Data Store0| X Ztst

4.2.2.2.3 Process 3

ReferenceNo.____J3

Name Time Ticker

Input Tick

Output Time and State

Process Description - At SES A|AHE Lo 2HEE = UEE Time and
StateOf| A|Zts LT F7|2 KETHCt

4.22.24 Process 4

ReferenceNo.____ 4

Name Buzzer & Display Controller

Input Time and State

Output Buzzer Command, Display Command

Process Description - Time and StateO| X%} El G[O|E{E 21 0{ A| Display2t

Buzzer®l| @& = == otC}

4.22.25 Process 5

Reference No s |

Name Light On

Input Light On Command

Output Display Command

Process Description - Light On H 20| YHE|H Backlight 3HS E2ICtH

4.2.2.3 Data Dictionary

Reference No s

Name Light On

Input Light On Command

Output Display Command

Process Description - Light On H20| Y HE|H Backlight B =2 StC}.

Team #2 16



4.2.3 DFD Level 2

4.23.1 DFD

Ver. 2019_DWS_0.5

4.2.3.2 Process Specification

Buzzer State [y
Buzz

mmmmm

Buzzer State

B
C

uzzer Off
mmmmm

mmmmmmm

4.23.2.1 Process 1

Name

Input

Output

Process Description

1 (Refined)

Input Interface
Click A, Click B, Click C, Click D, Buzzer State
Input, Light On Command, Buzzer Off Command

U B2 Click & 2% ¢85 Aot

Buzzer State Data Store2 £ E Buzzer’l 4N JU=X| YO}

LU, M=\ 7t 71 =2 buzzerE e Y2 +=8ls}

£ [O|HE =9 otCt.

LM =27t =2 Light On0f| CHBE Y2 Light On 22 0
SIC

4.23.2.2 Process 2

2 (Refined)

Functions Controller

Name

Input

Output

Process Description

Input

Time and State, Alarm Time
- Input2 2 8t2 O|0|HE Z =0 wat X 2|siF=Ct.

2t 7| 552 32 Time and State Data store0f| X &sHCH
BuzzerZ K| 22{0F &X| & = A= LT AZLOIO|HE
Alarm Time Data Store0| X &$HCt,

Team #2
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4.2.3.2.3 Process 4.1

ReferenceNo.___ {41

Name Buzzer Controller

Input Time and State, Alarm Time, Buzzer Off Command

Output Buzzer Command, Buzzer State

Process Description - BuzzerZt X 22|11 J=X| S2[X] &1 A=AX[E Buzzer

State Data StoreOf A& StC}.

- Time and StateOf| A& & XY A[ZHS 2110 Alarm TimeOf|
MEE gt A|Ztap Hlwsto] & A|ZH0| 22 I Buzzer
CommandZ BuzzerE 22| $tCt.

- Buzzer Off Command?t & 3 &|H BuzzerE 1A SHC},

42.3.24 Process 4.2

Reference No

Name Display Controller

Input Time and State

Output Display Command

Process Description - Ii}rgf and StateOf| MZE G|O|HE 210{M Displayd| =3

Team #2 18
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4.2.3.3 Data Dictionary

Buzzer State BuzzerZt X 22|11 Y=X| 22X $10 A=X|0f CHet Int
Data Store.

Alarm Time Buzzer?} 22{0f & A[Zt0]| CHS Data Store. Int

Buzzer Off Command Buzzerg 22|X| %A st= & HO|H. Int

424 DEFD Level 3

4241 DFD

Buzzer
Buzzer - Command

Controller

Buzzer Off 411

Command

AN
Tick

Buzzer State

“7 " Disable

Enable

S T Enable
Disable .. N

Disable *+_ .

Tick.

Display

mmmmmmm Command

4.2.4.2 Process Specification

42421 Process 2.1

2.1 (Refined)

Name Functions Controller

Input Input

Output Enable, Disable, input

Process Description - TimeKeeping, Alarm, Stopwatch & 31X ZE2 MEHE 7]

S otLtz Y™ &2 Input HO[Eet & =& UL}

Team #2 19
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4242.2 Process 2.2

ReferenceNo.___J22 |

TimeKeeping

Name

Input

Output

Process Description

Process Description

Enable, Disable, input

Time and State

o AlZtE =8 = U= 7IS0ICh
inputO| A O|™ time setting2 2 M &tstC
inputO| C O|H Ct5 ZEQ

AlarmS 2 AMslsiC
A

8la
™
re
(721
@
=
=.
(e}
=
3
o
=2

time setting2 2 ™=SHH A A[ZHO .
SALEICE setting timel| A7t 78 222 MSFEH X Al & 9L,
2 Y2 ¥ 22 15 £ ROl QYU LECE =38 &2 7|

=
Ol = BRES 8% = A =k
time setting®l &%, inputO| A O™ CtA| TimeKeeping2 = T gtot
Ct. O] I setting timeO| B4} A|ZF2 2 S ALEICE
time setting® 4%, inputO| B O™ XY MEHE =74 HEFO| AI7H
20l 14 SItotct.
time setting® &%, input0| C O|H =8 £ E3 Ct3 FE222 &
4 = ALt
Zb Azt gt x| oighol Fal ™ ot =
ZEAIZ|H 00| &1, Al 2F2 230f|M ot B § S7tA|I7| B 00| &2
= T2 590 g | o S7HAI7|

CtECE 8 £10]4,6,9, 112 3% 2 FE2S 300 ot H O &S
ZFAIZ|H 10] £ & £20] 201 32 & £25 280|A ot #
S7tAIZ|B 10| £l 1 E £50| 1 2| g2l FR0= & &S 319
Mot O S7HAIZ|H 10| ECh 2 225 S7HAI7|8 €, &, =t
=5 8 EclZ g + AUtk E0M 2US o H O S7HA|F
T 20| ECt
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42.4.2.3 Process 2.3

ReferenceNo. 23

Alarm

Name

Input

Output

Process Description

Enable, Disable, input

Time and State, Alarm Time

U I 5 HYISIAHLE LB AZHE Y T = JE 7|%0|Ef.
OFE*S ZE7|0f H|=Zg3t Z|{ AL 0A] 0= 22 A|ZH0] E£7|3} E|Of AL
inputO| A O|&H & A7t EH o2 MEtsict 2 A7 BHo 2 MEts)
M 7|= L AZHO| =7 L& AIZHQI alarm set timeOf| S ALEICE alarm
set timeQ| AlZt 8 EE22 A, 2 =22 & + Y°OH & LI =2
T8 222 HI|H OA| A| 222 =™ 5= A =ICt

inputO| B O| M EHS 243} ShC

inputO| C 0| ™ C}& ZE QI StopwatchZ M &+stC}

A2t A2t 4™ 22, inputO| A O CHA| Alarm2 2 M eHiCt Of Ij
alarm set timeO| 22 A|ZtS 2 S ALEICE

Qe A7 EH 21 A2, inputO| B O] ™ XY MEHEI 7 HEO| AIZF gt
O 14 F7tatrt

ek A7 E-H2 E 2, input0| CO|EH =7 EES OIS FEoZ HZ
o= ALt

2t A2t 2f2 ZICHEL0] "ol A RUCE Al RE2S 230 M oF H T S7HA[7]
H 00| |11, 2 22 590 A T ¥ o Z7tA|Z|H 00| EICH

MM 2t A|ZE2 Alarm TimeOl| A& $HC},

42424 Process 2.4

ReferenceNo.______J24 |

Stopwatch

Name

Input

Output

Process Description

Enable, Disable, input

Time and State

SHKE LAHSI L laptimeS 7|2
7JS 0 0= 02 =2 7|3} [0/,
27|35} &0 QUL
AEO-IXVf T S M, inputO| B O|H AFX|E HELS

SHAI7HHE '% I, |nput0| AO|H ﬁ%-.—JXI Al

SHX7L T SO|AHLE HHUS M, inputO| CO|H
TimeKeepngE Hetotrt,
2EHRIL YA S M, |nput0| A O 1 +=7t0| AF K| AIZtS

laptimeO| =2} Oj| [[‘|°'° i, |nput0| A OB 1 £7to| AEQX| AJZHS
laptimeOf| % &StCt

laptimeO| 2tHO0j| [ AS M, inputO| B O|H CIA| AZAX[Z 2tHE T
SHotLt,

inputO] A O] HHI| AFX| A|ZHS 02 0 0RE|EZE 27 BHCt

Il
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42425 Process 3

3 (refined)

Name Time Ticker

Input Tick

Output Time and State

Process Description - II‘mEf and StateOf] M E ARSI AZHS 1= HH o2 FIHA|A

- 1EOICHA AlZEel = gi= 1
7t X 22 022 4F5t
0] 5901 Al o # O S/t
= 1 37HAIZIE Al gk

A AlZtel & gt

t Al %

st 2 1 S7HA|ZICH Y 22 X A|Zte| € gtof
2t ShA|Z4O| CH2CH & g40] 291 AR A 7S 280 M o H I ZIHA|7|
H A S 192 X736l & /2 1 S7HAIZICE & 440] 4, 6, 9, 11
Ol 42 L Z2+2 300IAM ot 1 O BIHA|7|H L 22 122 X735t st
2221 BHAIZICE & 240l O Q9 H2 Y S 310M St O B
A7 L gfE 192 X£7|3} 5l ¥ 242 1 S7HAIZICEH € 240l 120]
Mot O S71EH 2 S 192 d™ota x| A|Zte] HE ZH2 1
S7tAIZICH AE 2E0] 209901 M F H O S7tE|H AE gfS 201922
Mot

42426 Process 4.2.1

ReferenceNo.______J421 |

Name Display Controller

Input Time and State

Output Enable/Disable

Process Description - WX YE 220 M2t Time and Statel| H|O|EH & 2} MO 2 0{FELC}

42427 Process 4.2.2

ReferenceNo.______J422 |

Name TimeKeeping Display

Input Enable/Disable
Output Display Command
Process Description - WX A AIZE 27 1S A9 BtEHE B =L
- X AP AZE B TS Al 20| 2dzt £ 0 AL H Alarm

IndicatorE |9 &L}
- X A7 i, A AIZES ZHO| 2 O0{FELCE

- N2 AE IS o, R/R/N/Y/E/HE/AY BRI Y 2R
o2 MEEl 220t Zuolrt

42428 Process 4.2.3

ReferenceNo.______J423 |

Name Alarm Display
Input Enable/Disable
Output Display Command
Process Description - YEAIZD LE AIZEEE 7|5 AlQ 2tEHE B FECG
- ZE A EE AT 2 7S Al 2EO| gt K0 A2 H Alarm

Indicatorg [ =Lt
- R A7 o, ek AlZE
- LR AIZEEE T
7hukO|
a 71— .

r
o
=2

=)

AT
rlo
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42429 Process 4.2.4

ey N v

Name Stopwatch Display

Input Enable/Disable

Output Display Command

Process Description - 2ERA| A2t} laptimeS 2RO 2O =L}

- 2584 *|7+°' 0, 2S/K AlZ+S 20| BO{FECE
- laptime¥ M, &=l laptimeS 2O 2O ECt

4.2.4.3 Data Dictionary

Input/Output Event Format/Type

Time and State AN AlZHE NHESH= Data Store. 'C"'UH AlZE Int
2 XE0 20199 1€ 1L 22 E 4L
0f QULCE,
Alarm Time U AIZtE Xﬂﬁ}é Data Store. £|Z& Y& |nt
AlZt2 0A| oR2 = A7HE| O QUCE
Buzzer Time Buzzer ControllerZ} &OOF 2 &4X| A|Z+dL  Structure
4= PN s

4.2.4.4 State Transition Diagram for Controller 2.1

Tick [Click A]
/ Disable "TimeKeeping State”
Enable "TimeKeeping Setting”

Timekeeping
State

Timekeeping

—>

Setting

Tick [Click Al
/ Enable "TimeKeeping State”

Tick [Click C]
/ Disable "Stopwatch State”
Enable "TimeKeeping State”

Tick [Click C
/ Disable "TimeKeeping State”
Enable "Alarm State”

Stopwatch

Tick [Click C] State
/ Disable "Alarm State”

Enable "Stopwatch State”
) . Tick [Click Al
Tick [Click A] / Disable “Stopwatch State”
/ Enable "Alarm State” Enable “Lap State”

Tick [Click A]
/ Enable "Stopwatch State”
Disable “Lap State”

Tick [Click Al
/ Disable "Alarm State”
Enable "Alarm Setting”

Alarm Setting

State
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4245 State Transition Diagram for Controller 4.1.1

Turn Off

Buzzer

If [Current Time == Alarm Time] If [Buzzer Off Command]
/ Enable "Turn On Buzzer” / Disable “Turn On Buzzer”

Turn On

Buzzer

4.2.4.6 State Transition Diagram for Controller 4.2.1

Tick [TK Setting Display]
/ Disable “TimeKeeping Display”

Timekeeping Trigger “TimeKeeping Setting Display” . .
; Timekeeping
Setting Dicol
Display Tick [TK Setting Display Out] Isplay

/ Enable "TimeKeeping Display”

Tick [Mode Change]
/ Disable "TimeKeeping Display”
Enable “Alarm Display”

Tick [Mode Change]
/ Disable “Stopwatch State”
Enable "TimeKeeping State”

Stopwatch

Tick [Mode Change] Dlsplay
/ Disable "Alarm Display”
Enable “Stopwatch Display”

Tick [Click A]

Tick [Alarm Setting Display Out] / Disable "Stopwatch Display!
/ Enable “Alarm Display Enable “Lap Display”

Tick [Click A]
/ Enable "Stopwatch Display”
Disable “Lap Display”

Tick [Alarm Setting Display]
/ Disable “Alarm Display”
Trigger "Alarm Setting Display”

Alarm Setting

Display
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4247 State Transition Diagram for Controller 5.1

If [Light On Command]

/ Trigger “Light On” Tick [Wait for 2 Sec] /

4.2.5 Overall DFD

Buzzer
Command

Enable

Buzzer
Controller
411

Buzzer

Buzzer Off
Command

Buzzer State

Display
Command

Disable

Enable

Input Function 8 P " Display
Interface Controller Ime an G Command -
> State - Display
. Enable
Disable NN
- N Display
N Disable Pt

ck i S
- Tick Tick /

Light On

Displa
Command hed

Command

Trigger
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