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Introduction

1.1

1.2

1.3

14

1.5

Purpose
Scope
121 JHLE
Team #2
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IDE: Eclipse, Text editor
Compiler: GCC (MinGW, Cygwin)
Definition, acronyms, and abbreviations
SW: Software
HW: Hardware
Reference
IEEE Std. 830-1998
Overview
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2 Overall Description

2.1

2.2

2.3

Product Perspective

Product functions

2.2.1

2.2.2

2.2.3

224

Date-Time

Stopwatch
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1/100 = CHRIZ2 Z£HO0| 7453ILt Lap Time 7|&20| 7Hs S}t
Backlight
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User characteristics
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3 Specific Requirements
3.1  External Interface
3.1.1 User Interface
28: A, B ,C andD
=2 HELIE)

3.1.2 HW Interface

/sy 630

| | aw | e [ et [ |

10:S8s

® ® @

No. Description

Button A

Button B
Button C
Button D

Ojln|o|>»

ZHd, Day of week, mode indicator & ZIHE 2X} “AA°
Month
Date

Alarm indicator

Hour

Minute
Second

N | s W |-
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3.1.3 SW Interface
3131 ¢
HE A B, C and D (& 7|2EQ| A S, Z X 7|2 &Eh

3132 =H

Mode Display Description

oY 8 Y A, & %
( Alarm on indicator )
Timekeeping mode

Stopwatch indicator,
A AlZ (Al &),

Stopwatch mode Stopwatch time (&, Z, 1/100 %)

Alarm indicator,

il‘ ﬂl‘ All .EJ

Alarm mode (Alarm on indicator)
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Functional Requirement

3.2

3.2.1 Change Mode

Timekeeping mode — Alarm Mode — Stopwatch mode — Timekeeping mode

Jo!

3.2.2 Timekeeping Mode
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3.2.3 Stopwatch Mode
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3.2.4 Backlight
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3254 &2 28 4

-

Alarm modeO|M B HES +2H 2 285 AL & & AULh 2780[ A

X|®H Alarm on indicatorZ} 7{ZIC}.

3.3 Performance Requirements

HEO CHet BHS £+ 1ms O|SHO|CY.
34 Design Constraints

SASD 7IE YWY EZS 0|80 ZAetrt.
3.5 Software System Attributes

3.6  Other Requirements

o =0 ZotE = Us Feot QAHLO|AS ALESHOF SHCf

—

4 Structured Analysis
4.1 System Context Diagram

4.1.1 Basic System Context Diagram

Buzzer
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41.2 Event List

Input/Output Event

Click A H = A7l exlgE EEECL
Click B HE B7l X3S EEICL
Click C HE c7t x2S ZECL
Click D BE D7t =53 a0
Display Command ZU0 S El= SEE 2HO| EA[THT}
Buzzer Command AT AlZ D 2780 LE AlZfo| X" o, EE 0| SaICt

4.1.3 The System Context Diagram

Display _
Command Display
Click A =

Click B
Click C
Button
Buzzer
~ Command
T

4.2 Data Flow Diagram
4.2.1 DFD level 0

4.2.1.1 DFD

Button A =g

o Click A

Display :
Command Display
P

Button B g E!Lck B

Click C
r__’__gr_gr__if_if_ B uzzer
— —_ Command
Click D <o
—

) Buzzer
| Tick
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4.2.1.2 Process Specification

4.21.2.1 Process 0

ReferenceNo. 0 |

Name Controller

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

Output Display Command, Buzzer Command

Process Description - §8Z2 HED AX| 7|5 &2 =M LHEH 2
X2l & StAL ClaZ2f 0|2t HME XISt

4.2.1.3 Data Dictionary

Input/Output Event Format/Type

Click A HE A7l RS2 YEICL Boolean, Interrupt
Click B HE B7I XSS YEICL Boolean, Interrupt
Click C HE c7t exlS& ¥ElCt Boolean, Interrupt
Click D HE D7t sxle2 YEICt Boolean, Interrupt
Display Command ﬁ?dﬁl NSEl= EE MO BAISE Structure
Buzzer Command ST AlZtoF 2785 Y A[Z0] ¥X|  Boolean

4.2.2 DFD Level 1

4221 DFD

Click A Buzzer
Command Buzzer

 Click B
. S Buzzer &
i c ttat'Tl Functions Functions Command Display
Click C . e ._I:o o 3 Controller
e = 4

Click D

‘Tick Display 1 .
. Command Display
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4.2.2.2 Process Specification

42221 Process 1

ReferenceNo. 1

Name Input Interface

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

Output Input

Process Description - 23 BI2 |nputE T SM=E 133l Ct2 =2 M
22 7k 2R dFeI

4.22.2.2 Process 2

ReferenceNo.___ 2

Name State Controller

Input Input

Output Functions

Process Description - X 2=& 20 QC}

- 9% WS Inputo] HA) BEOIM OfE A o}

4.2.2.2.3 Process 3

Reference No ER

Name Functions

Input Functions

Output Command

Process Description - 2 7|S=0]| Ot §2E #A1 ol g &2
Funct|0n0'|| w2t Zat20| O{EH EHE =X EHELD

42224 Process 4

Name Buzzer & Display Controller

Input Command

Output Display Command, Buzzer Command

Process Description - Y& 22 CommandOf M2} Buzzer@t Display=

control $FC}.
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4.2.2.3 Data Dictionary

Input/Output Event Format/Type

Input faT HE ¥, Int
Functions 2t 7|l & s=H)0F 5l= EE. Int
423 DFD Level 2

4231 DFD

Alarm

{command
Buzzer Time

Buzzer State Time
Keeping K

Display

ENCORN Clicke

Display
‘Command

_ AL
Display

State
Controller

Functians
cicke
e

Click D

/

W

Light On
Command

Dipley
4.2.3.2 Process Specification
42321 Process 1(Refined)
1(Refined)
Name Input Interface
Input Click A, Click B, Click C, Click D, Buzzer State
Output Input

Process Description - 23 @2 Inputs & U= E 123l CHS Z2HAE 7= £88 2FTILCL
o -

- Buzzer State2 Buzzer’t 22|10 UEX| {2 E U WH=Ch Buzzer’t 22| ZL2
Buzzer/t 1= A 2t £ E & 3
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4.2.3.2.2 Process 3.1

ReferenceNo. 31

Name Function Interface
Input Command
Output TK Command, AL Command, SW Command,
Light On Command, Buzzer Off Command
Process Description - Command?} Buzzer’l 22|= JEj2t= 2 YT M BuzzerE T2t T HTHCH

o
oo .
- Command?} Buzzer?t S2|& &E[7} OFL| 3, Light On 7|s0| &3 E|® Light On
shata FHEoHC
- 9 & &% 20| Command?t £ ZE0| Ot BEY 42 8P 20| BEe M
= .

4.2.3.2.3 Process 3.2

Refeence o 32—

Name TimeKeeping

Input TK Command

Output Display Command, Buzzer Time

Process Description - TimeKeeping TimeO| A% 21 QIC} 0| TimeKeeping Time2 Buzzer Tme2 2 X%

Ho=2 #UL{{TICE
- TK Command?} TimeKeepingE Displaydt2til &tH 2} H0f| X210, DisplaydhA| 2t
5l= 42 DisplaydtX| ¥=Lt

" Ao 2 SEAGICE =7 A|ZHO| Displaydl 2H XA 5t 8 A[Zte] Ol 2=0| M
BHE| =X HOJX|AH TCE,

- EE FUSls G2 UalW 8 AUE
AlZEE 12 FI1 AE FIt5H= 38
e UalH =T AE 1Y :

74 @& Fotoks 3EE WalH 3

7t =

Bl
e
N
0
fu
rE
_(')_I-
o

— oo HA — — .
- AZFEE 2EO|M SHOiE Of, =7 AlZH HEAEO0| /2 TimeKeeping Time2 2
HEEICH F A|7H0] HEALEO| Sl ™ ~FA|IZ2 H 7| =Ct
- @I A|ZH2 Buzzer controller®l Al Buzzer Time2 2 Y=L

4.2.3.2.4 Process 3.3

e X

Name Alarm

Input AL Command

Output Display Command, Alarm Buzzer Time

Process Description - & A|Zt2 00A| 00222 7|3 & QAL

- X&EFHo= YT AIZHE Alarm Buzzer Time2 2 E L

- AL Command?} Alarm& Displayst2til otH 2HO| E[ 21, DisplaydtX| 2t
3l= AL Displaystx| &=Lt

- € AL 23 ZE0ME EE A2 0= 20| MEE[Q=X| Display0i| Z|<

H ok

- B2 EUt5he HEE WE|H - A|ZE 18 =7 AE Ftets ®EHE UZ|H
=8 AMZEE A7 FIBICE o 2 20| ZCHX[E ES M O BEE =761t
= Ze8 2oH F|X o= HCL

- ®X{ A|ZtE Buzzer controller®|AH| Alarm Buzzer Time2 2 Y EL}
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4.2.3.25 Process 3.4

ReferenceMo. 34

Name Stopwatch
Input SW Command
Output Display Command

Stopwatch Time2 7|2X8o2 S=1 X[ ELCH
- SW Command?} Stopwatch& Dlsplayol-E|-_T|_ 30 330l =21, Displaydtx| L2t
1 5l= &2 DisplaystX| =Lt

Process Description

- SW Command7|' Azt 88 7|5c2 YHE|H, Stopwatch A|Zt0| SELL,
- SW Command?} AlZt BE 7|s22 °|=IE5.E|E, Stopwatch AlZtE HECE
- SW Command”| ®EtY 7|& 7|52 2 L& L|H, Display® 1 «=7t2| Stopwatch

Time2 7| Z2tCt.
- SW Command?} Stopwatch AlZt £7|2t2 R HE|H Stopwatch A|ZHE £7|31 SO

4.2.3.2.6 Process 3.5

ReferenceNo.___J35 |

Name Light On

Input Light On Command

Output Display Command

Process Description - Light On Command?} £ 3 [, Displayl| M & TEHMo 2 2% Z0F HHHFECL

4.2.3.2.7 Process 4.1

Name Buzzer Cotroller
Input Buzzer Time, Alarm Buzzer Time, Buzzer Off Command
Output Buzzer Command
Process Description - Buzzer State2 X|&£X 2 2 Buzzer?| #E|E Input Interface0| Al E2{FLCE
- Buzzer TimeO| M B+2 A|ZFD} Alarm Buzzer TimeO| € X|5t= ”‘?J—?'—E‘l 5% S0t

=]

=
BuzzerE Z22|H EHSHCL
- Buzzer’/l €2l= &°

2| x| =0t

OtO| Buzzer Off Command?} € &= Z2, SA| BuzzerE £

4.2.3.2.8 Process 4.2

Name Display Controller

Input TK Display, AL Display, SW Display

Output Display Command

Process Description - Z 7|&=2| 280 2t Displayli EE2& EWFC

Team #2 19
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4.2.3.3 Data Dictionary

Input/Output Event Format/Type

TK Command TimeKeeping 0| M O] BHO| =AHE[0{0f St=X| HE{F  Method
= HlolH.
AL Command é-Iarm HAM HEH BH0| =AE|00F t=%|] EHF= H0| Method
SW Command Stopwatch O A O FHO| =AE[0{0f St=A| EHF=  Method
G ol H.
Light On Command OfZt2 EE =X €2{F+= H0|H Boolean
TK Display DisplayOf o] Z24E|0{0F & TimeKeeping?| G| 0| E Method
AL Display Display®ilA 234 E|0{0F & Alarm®| H|O|E Method
SW Display DisplayOfl M E34E[0{0F & Stopwatch2| H|0|H Method
Buzzer Time BuzzerO| Al H1H AlZHS Y2{F= OH|0|H Int
Alarm Buzzer Time  BuzzerOf| | Y& A7t ¥2{F£= |0 EH Int
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424 DFD Level 3

4241 DFD

Buzzer State <

TK Function

—___ ClickB

— Enable
. t State — -
Interface Controller

_ 21 " Disable

AL Function

Click C
_,_o—'—'_'_'_'_'__'_

Click D -
~ - Enable
T

T
s TN
s Disable™, ™

Y
-

SW Function

-

Buzzer State

Buzzer
Command
e
Buzzer Off III
Command

Buzzer Time

i

Display
ommand

-
\ Enable .~ -
\ Tick - i
7 _.‘Disable
P

TK Function TK Data

Enabl i
AL Function nEme Display

Command

" Disable

#

RS
~_ =~ Enable
R
., Y

SW Function . NN
Disable™. ™.

SW Data

~
7 Tick
.

Light On
command
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4.2.4.2 Process Specification

42421 Process 2.1

ReferenceNo.______ 21 |

Name State Controller

Input Input

Output TimeKeeping State Enable/Disable, Alarm State Enable/Disable,
Stopwatch State Enable/Disable

Process Description - @M 2EE €1 Lk

- @i REg WEY S Ut
- oM 2c2 HEHE State LHE Input® M

42422 Process 2.2

Reforence o, 20—

Name TimeKeeping State

Input Enable/Disable

Output TimeKeeping Function

Process Description - TimeKeeping & EN0 A Input2 Z Click A7t E0{2= E2 A2t € ZE=2

DisplayE HE A& B A2 2F BE0AM Click A7t E0{2 X Display®&
TimeKeeping JEHE CHA| E[EE2[AH FEHCL

- Input2 2 Click A7t E0{e= 3% AT 28 222 SO A|ZHEFE 2E
Ol M Click A7 EH ™ A2t 88 20| M Click A7 2™ TimeKeeping
DE2 CHA E[E2|A St

- A 23 ZEOM Input@E Click C7t E02= 2% =, AlZL 2 ¢, &, ¢
(8Y) £ =ME £8d F4& Y = ACH 0 F2Ho] HEHZQI=X(0f O
ot HEE METICE

- Input2 2 Click B7t 0™ MBI E AZH =& L72H9| gt 1Y S7I5HA Shoh
- Input@Z Click D7t £0{ 2™ Displaydll Light On 7|s& s&35l2t0 ST}
o

- Input2Z Buzzer Off 7t E0{ 28, Buzzer Off ZHIHS HEHSHCE

42423 Process 2.3

| ReferenceNo. 23

Name Alarm State

Input Enable/Disable

Output Alarm Function

Process Description - Alarm SE{O|M Input2 2 Click A7} 20l = 22 YE AlZH2F

BE 2 DisplayE HE A& B&stn L& A4 248 ZEE S
ZCE 2 Al 28 2E0|M Click A7 S0{2 ™ DisplayE Alarm

- ¥EhAZEEE BEUM Input2 2 Click C7t E0{e= L AlZh
= Al =Mz =38 A= dEE 5= QI

- InputSZ Click B7} S0{ M MEHEl A|ZE £F £2t0| 22 14 &
7}SHA BHCE

- Input2 2 Click D7t £0{2H Display0] Light On 7| &5& 3|2}
1 E3gict

- Input@Z Buzzer Off 7t S0 2 M, Buzzer Off FEH IS HEHTICL

Team #2
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42424 Process 2.4

Name
Input
Output

Process Description

Stopwatch State

Enable/Disable

Stopwatch Function

- Stopwatch Time2 7|2¥ 22 5210 QUX| GICta &1 L,

- Click B7} Y&/ & O, Stopwatch Time0| S22 x| = E2
0] = Stopwatch Time2® S 2| &} Stopwatch TimeO| SE211 §)
= 8R0= AlZHE A Ok

- Click A7} YHE|E I, Stopwatch TimeO| S21 YX| FE= B2
Ols £& =719 AIZHE EtY)Z Displayd| 20{F=H s},
Stopwatch Time0| S211 UX| 2 E20|= Stopwatch TimeZ
7|3} SHCL

- Input2E Click D7t E0{ 2™ Display0f| Light On 7|58 +=d5}2
0 S

- InputS 2 Buzzer Off 7t E0{ 2, Buzzer Off & DIE FHTICL

A

42425 Process 3.1(Refined)

3.1(Refined)

Name
Input
OQutput

Process Description

Function Interface

TK Function, AL Function, SW Function

TK Command, AL Command, SW Command

- TK FunctionO|] YHE[AUE I Buzzer Off S Light On L 20| Of
H A2, TimeKeeping®| Hl B &S =3I

- AL FunctionO| YHE|AE I Buzzer Off 32 Light On Y =HO0| Of
H 22, AlarmOi| A B EE =35I

- SW Function0| &[S U Buzzer Off 52 Light On 20| Of
£l B2, StopwatchO| Al BE& EH3HC}

- Buzzer Off &3 0| O} Z2, Light On 2 =0|H Light On 22 F
HE EHTICH

- Buzzer Off @H Y Z 2 Buzzer Controller0| Al E & E=THCE

4.24.26 Process 4.1.1

Name Buzzer Cotroller
Input Buzzer Off Command
Output s

Process Description =

uzzer2| &E{E Input InterfaceOl| | =Lt

Buzzer State2 X|&EOE B
2 A|ZtDt Alarm Buzzer TimeO| 2 X|8t= =72 EH 5% Z0F

Buzzer TimeO| A &
BuzzerE 2|4 BZ
Buzzer’t 22|= ¢t
2| x| Y¥=Cf

ot

(=

=]
0fl Buzzer Off Command7t L& E|= d 2, SA| BuzzerE 2
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42427 Process 4.1.2

N

Name Turn On Buzzer

Input Enable/Disable

Output Buzzer Command

Process Description - Buzzer?t £2|E 5 THCE

4.24.2.8 Process 4.2.1

ReferenceNo. 421

Name Display Controller

Input TK Data, AL Data, SW Data, Light On Data
Output Enable/Disable

Process Description - 20| M2} Display &EfE HFHHFLCE

- Light On 80| E0{2 ™ A <EHO| &2 80| Display EME =
gtMo = HHYELCE

42429 Process 4.2.2

ReferenceNo._____J422 |

Name TimeKeeping Display

Input Enable/Disable

Output Display Command

Process Description - TimeKeeping2| dE & Display StC}.

424210 Process 4.2.3

| ReferenceNo. 423

Name Alarm Display

Input Enable/Disable

Output Display Command

Process Description - Alarm?2| 2 E Display $HCf

424211 Process 4.2.4

Name Stopwatch Display

Input Enable/Disable

Qutput Display Command

Process Description - Stopwatch2| EE Display 2L
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4.2.4.3 Data Dictionary

Ver. 2019_DWS_0.1

Input/Output Event Format/Type

TK Function TimeKeepingdl| A =3}j0f & 7|5
AL Function AlarmOf| Al =30k & 7|5
SW Function StopwatchOf| M =3{0F & 7|5

Buzzer Controller?t &OFOF & X A|ZtDt
o= AL

Buzzer Time

4244 State Transition Diagram for Controller 2.1

Tick [Click A]
/ Disable “TimeKeeping State”
Trigger “TimeKeeping Setting”

Timekeeping Timekeeping

State

Setting

Tick [Click A]
/ Enable “TimeKeeping State”

Tick [Click €]
/ Disable “TimeKeeping State”
Enable “Alarm State”

Structure
Structure

Structure

Structure

Tick [Click €]
/ Disable “Stopwatch State”
Enable “TimeKeeping State”

Stopwatch

Tick [Click C]
/ Disable “Alarm State”
Enable “Stopwatch State”

Tick [Click A]
/ Disable “Alarm State”
Trigger “Alarm Setting”

| Tick [Click A]
/ Enable “Alarm State”

Alarm Setting
State

Team #2
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Ver. 2019_DWS_0.1

4245 State Transition Diagram for Controller 4.1.1

Turn Off

Buzzer

Tick [Buzzer Time == Alarm Buzzer Time] Tick [Buzzer Off]
/ Enable “Turn On Buzzer” | / Disable “Turn On Buzzer”

Turn On

Buzzer

4246 State Transition Diagram for Controller 4.2.1

Tick [TK Setting Display]

- - / Disable “TimeKeeping Display”

T|me|(eep| ng Trigger “TimeKeeping Setting Display”
Setting
Display

Timekeeping

Tick [TK Setting Display Out] Display
/ 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 [Alarm Setting Display]
/ Disable “Alarm Display”
Trigger “Alarm Setting Display”

Tick [Alarm Setting Display Qut]
/ Enable “Alarm Display”

Alarm Setting

Display
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Ver. 2019_DWS_0.1

4.2.5 Overall DFD

« Tiek
_Enable 4
Disable”
[
Buzzer OF |
Command
Enable s
s’ T Function K Command,” _ Enable .
& ™ g Tick -
Disable . Freable

Enable
Input .

AL Function
Disable

- Enable
Disable ™

Disable

/

. Enable
SW Function -

Display

Disable Cemmand

s
- S
. /
SW Command™, /" SW Data

“liek

Light On
Data
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