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1.3 Definition, acronyms, and abbreviations

HW : hardware
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PTS : Public Transportation System

SW : Software
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System Context Diagram

3.1.1.1  Basic System Context Diagram

Card
/ —
 Emm—
_— LED
——
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x Terminal
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Digital
Clock

3.1.1.2 Event List

Input / Output Event

Description

Terminal Sensor

TEZI Mo B Zls I wSFtES HE

Input
U CHE7| A2 QHOAM AlAHEL AOLE 74K
pdated AAAIZ 20| Hi

CHEE7| A|AE"D QHOAM AlAHEL ZAOLE 74X
Display LED 23O =g Y&

(Wait Mode / Correct Mode / Warning Mode)

Settlement Status

Company Ol A ELiFE Fit 2tz off FE

Recorded Data

HOZo =HAMIZO 7[F2 2 BE

Reset Data

HOE FHAMNYIZES =7|=AE Ojf & 28 8=
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3.1.1.3  The System Context Diagram

Terminal
Sensar

3.1.2 Data Flow Diagram
3.1.2.1 EDFD level 0

3.1.2.1.1  DFD

Terminal
Sensor

InEm

s

Settlement
Data
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3.1.2.1.2

Process Specification
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Reference No.

0

Name Terminal System

Terminal Sensor Input,
Input

Settlement Satus

Updated, Display, Calculated Result,
Output

Reset Data

Process Description

FHENIIZS V1=

Company Z £ H

HO|HE T&ettt.

O -

Sensor 2R EH 2 JtE HEE
7FX|2 Terminal System QtoOf QU=
HEY Hugt = card & A4,

LED 20| =253 Terminal

YEE &
O
| s —

Status & 7FX|11 Terminal 8 Reset &

Settlement

3.1.2.1.3 Data Dictionary
Input / Output o
Description Format / Type
Event
Terminal Sensor | Tt 7] AlAM0| Ef E|RUS Of True / False,
Input WsS7IES| & Interrupt
T ALE QHO A A AEE
Updated g 7HX |2 Updated Data
dUAZE 7t HE
TR ALE QHO A A AHE Wait / C .
ai orrec
Display A1E 7HX| :
~ P / Warning
LED =30 =8 =

Settlement Data

Company Ol A ELfZE E4t
2tz Off HE

Settlement Data
Periodic

Recorded Data

Hojgo +5AL47|I=0 7I5E
Z2H 8=

Recorded Data

Reset Data

FHEMZ|IS TEE =TS Z

qE

Reset
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3.1.2.2

3.1.2.2.1

DFD level 1

DFD

Ver. 3.0

Extracted
card data
e

Data Storage

Terminal
Data Storage

Terminal
Data
updared
—
Card data =
Display
[3

Card

4:%0\

iy ”

Son O gﬁﬁ Terminal
Settlement i)

,
Data =]

3.1.2.2.2  Process Specification
Reference No. 1
Name Receiver
Input Terminal Sensor Input
Output Extracted Card Data

Process Description

Sensor E8H Hot2 R E FIE
HEE HOE ALH oto] Zash
7tE HEBHS Card Data Storage 2

HESCL
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Reference No. 2
Name Main Control
Card Data, Terminal Data,
Input
Settlement Data
Updated, Display, Calculated Result,
Output

Reset Data

Process Description

Card Data Storage Ol A{ Card Data &
21 Terminal Data Storage Of| A{
Terminal Data & Y& 2OtM FIEE
AANZE QEE Card 2 EWI LED
SO ZH YEE EDZ EW1
Terminal Off +HZAXN 7|8 BEE
HUHCH

Company 2FE 22 Settlement Data &
7|H9tS 2 Reset Data & Terminal Ol
HHCE
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3.1.22.3 Data Dictionary
Input / Output o
Description Format / Type
Event
Card Data CHU |28 EH 22 y
Storage 7tE ME &L
Terminal Data CHUT| A[AH” LHES| U&= y
Storage Tty HEOo| NMEA
Extracted Card | Receiver Z2 AN Z L2 E
= Structure
Data FEEL|O LI Card Data
Card Data Storage E5H
2Hor= ALt 2239t Card Data
i ing) - EfLEIA|Z
Card Data time(String) : Ef-LEIA| Structure
transportation(Character) : W-&<=Et
on_board(boolean) : S35}XI0{ &
balance(int) : X+t
Terminal Data Storage 25 H
2ot A0 E RSt Terminal Data
Terminal Data terminal_id(String) Structure
. EH27| 28 ofolC]
count(int) : Ef23l
14 Team 1




3.1.2.3 DFD level 2

3.1.23.1 DFD
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Terminal
Sensor

Conwverted
Card Data

Extracted
card data
—_—

Card Data card
Data Storage

Input
Sensor

- Tick

1.2

Settlement
Data

Reset Data

Recorded

Data _
— Terminal

Updated
Card Data

Card Data
Interface
2.9

Updated
R —

Hardware
Interface
2.5

Display

— LED

3.1.2.3.2  Process Specification

Reference No.

1.1

Name Card Data Interface
Input Terminal Sensor Input, Tick
Output Converted Card Data

Process Description

HMZRE 22 ofg2atizE
CxghsE e

Reference No. 1.2
Name Card Data
Input Converted Card Data
Output Extracted Card Data
Y2 HOolHZ East HolHIts
Process Description Card Data Storage £ F=310{
H&otot,
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Reference No.

2.1

Name Fundamental Management System
Card Data, Terminal Data,
Input .
Settlement Status, Tick
Reset Accept Data, Payment Data,
Output

Updated Card Data, Display Data

Process Description

Settlement Status 2} Terminal Data,
Card Data & =80t 2| Sl ALt

t
= Output Data & ™S iCt,

Reference No.

2.2

Name Settlement Interface
Input Reset Accept Data
Output Reset Data

Process Description

Reset Accept Data € 2O} Terminal Of
Reset Data File & HHC}

Reference No.

2.3

Name Terminal Data Interface
Input Payment Data
Output Recorded Data
Payment Data £ 2220} Terminal Of
Process Description FHAHM | & File Off EE Recorded
Data & EUHC|
Reference No. 2.4
Name Card Data Interface
Input Updated Card
Output Updated
Updated Card Data & 2HOFA]

Process Description

Card 2 E Update Al7|= HEE
HUHCE
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Reference No.

2.5

Name LED Interface
Input Display Data
Output Display

Process Description

Display Data & ZOtA{ LED 2tHO
Z3Y Display SEE EHCH

Reference No.

2.6

Name Company Interface
Input Settlement Data
Output Settlement Status

Process Description

Company Terminatorl 25 E
Settlement Data & 2fOFA]

FM.S ZE2MAZ Settlement Status £
HHOH

Reference No.

2.7

Name Terminal Interface
Input Terminal Data
Output Terminal Info

Process Description

Terminal A| 28 HOf| = Terminal
Data Storage ZFE{ Terminal Info £ 0}

FMS ZZ M AR Terminal Data & E AL}

3.1.233

Data Dictionary
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Input / Output

Event

Description

Format / Type

Updated Card
Data

Fundamental_Management_System
(Process 2.1, 0|3} F.M.S)
ZZM20M Me2|= o L2
Jte HAl Go|E

time(Character) : E§ 1 EIA|ZF

AL
L

N

Sotxtol

transportation(Character) :
on_board(boolean) :
balance(int) : Xt

Terminal_ID(Character) ;: TH2f7

chy) B g4

ID

count(int) :

Structure

Display Data

Display(String) : &Ef 27
fee(int) : =<
Calculated Balance(int) :

balance-fee

Structure

Reset Accept
Data

time(Character) : CFHEREr 7|15

reset(boolean) : 7|3} 0f

I &Y

Structure

Payment Data

FMS ZZMA0AM X2z o
L2 AN 7|E00|H

Ef 1A 2
MEACH

time(Character) :
transportation(Character) :
on_board(boolean) : £8}XI0{ &
fee(int) :
Terminal_ID(Character) : Tt27| ID
Chaby| EfO Bl

:LOH

count(int) :

Structure

Settlement
Status

Company Interface T2 A A0 A
X2 2o FM.S Z2A A0
e = Yol HolH

boolean

Terminal Info

Terminal Interface =2 M| A0 A
HME|E|0f FMS ZZMA0
LEHEE|= Terminal B &

Terminal_ID(Character) : EtZ7| ID

count(int) : E13l4

Structure

18
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3.1.24 DFD level 3
3.1.241 DFD
F‘.esetAcceptT
Data
—_—
Display Data
—_—
Cisplay Data
Terminal G
,
tick
= W iina —_—
Da-rteaﬂsl-;?f;ge & il Display Data
Settlement »
Status
Updated
Card Data
3.1.24.2 Process Specification
Reference No. 2.1.1
Name Calculator
Input Card Data, Terminal Data, Tick
Output Calculated Data, Terminal ID
Terminal Data 2} Card Data & U
Process Description 2ot AlLtE HHEeF 2hs o F0| )
Terminal ID & ELU|=Ct
Reference No. 2.1.2
Name Controller
Calculated Data, Terminal ID,
Input
Settlement Status
Output Enable, Disable, Trigger
P Descripti U2 Data & ZYSHO =4O
rocess Description L
P St= Process & A MA|ZICE
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Reference No.

2.13

Name Check Settlement
Input Trigger
Output Reset Accept Data

Process Description

SATAIZE % 180 ==0 & [j

ZZ N7 MYl /0] Reset Accept
Data & Settlement Interface &
M&otLt

Reference No.

2.14

Name Terminal Record
Input Trigger
Output Payment Data

Process Description

Calculated Balance>=0 & [
ZEN2A7F Al E[0] Terminal Data
Interface 2 Payment Data &
HEotet,

Reference No. 2.15

Name Wait

Input Enable, Disable
Output Display Data

Process Description

Hardware Interface O Display
Data(Wait) & &

Reference No. 2.1.6

Name Print Result

Input Calculated Data, trigger, tick
Output Display Data

Process Description

Calculated Balance>=0 & [If
T2 MA7F A £ Hardware
Interface Of Display Data(Correct)&

A
HE

20
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Reference No.

2.1.7

Name Print Warning
Input trigger
Output Display Data

Process Description

Calculated Balance<0 & [If
T2 MA7F A £ Hardware
Interface O Display Data(Warning)&

HEotot.

Reference No. 2.1.8

Name Check Card

Input trigger

Output Updated Card Data

Process Description

Calculated Balance>=0 & [
T2 MATF AW £ Card Data
Interface O Updated Card Data &

&t

3.1.243 Data Dictionary
Input / Output o
Description Format / Type
Event

Calculated Data

FIEQEe TRV HEE HHof
Calculator T2 A0 A A AtSH
!

time(Character) : Ef 1 EIA|ZF
transportation(Character) : W-&=~tF
on_board(boolean) : £8}X}0j&
balance(int) : Xt

fee(int) : =<

Calculated Balance(int) :
balance-fee

Terminal_ID(char) : Et27| ID
count(int) : THZ7| Ef Sl

Structure

21
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State Transition Diagram (Controller 2.1.2)

Tick [Calculated Balance == 0]
/ Disable "Wait"
Trigger Print Result
Trigger Check Card
Trigger Terminal Record

/ Enable "Wait'

Tick [Time % 180 == 01/
/ Disable "Wait'
Trigger Check Settlement

Y

Enable "Wait"

Tick [Calculated Balance < 0]
Disable "wait'
/ Trigger Print Warning

J Enable "Wait'
Display Data (Wait)

Tick [TimeSe 180 == 3]
/ Enable "Wait"
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3.1.25 DFD level 4

3.1.25.1 DFD

Calculated
e —
3.1.25.2  Process Specification

Reference No. 2.1.1.1
Name Calculator Selector
Input Card data, Terminal Data, tick
Output Trigger

Card data @ Terminal Data &
Process Description 2MB|M ZF5Z Process & MEHBH A

HAAZICH
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Reference No.

2.1.1.2

Name Cal_Bus_On_standard
Input Trigger, Card Data, Terminal Data
Output Calculated Data, Terminal ID

Process Description

Tick[time2's date - time1's date ==
&& transportation=="B’
&& on_board == false
&& time2-time1>15 ]
29| Trigger 7t 22 /L 42,
S H20| &5 5l 8% 7I28sS
A 4Sh= Process 2 Calculated
Data @t $1&l| Terminal ID & Z2{$tCt.

Reference No.

2.1.1.3

Name Cal_Bus_On_transfer
Input Trigger , Card Data, Terminal Data
Output Calculated Data, Terminal ID

Process Description

Tick|
time2's date - timel’s date ==0 &&
transportation=="B’
&& on_board==false
&& time2-time1<=15]
9| Trigger 7t =S 5FE B2,
S HAO BS ot 82T &5t
HRE HLSh= Proces 2 Calculated Data 2t
NEE| Qe Terminal IDE ZETICE

24
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Reference No.

2114

Name Cal_Bus_On_unchecked
Input Trigger , Card Data, Terminal Data
Output Calculated Data, Terminal ID

Process Description

Tick
[(time2's date - time1's date ==0 &&
transportation=="M" &&
on_board==false&&transportation2!=t
ransportation1 ) ||
time2's date - time1's date != 0]
19| Trigger 7t 22 FL 42,
= HA0| B o= 495 08 8=
A AtSH= Proces 2 Calculated Data 2t
MY OJAE Terminal ID & E=3HCY,

Reference No.

2.1.15

Name Cal_Metro_On_standard
Input Trigger , Card Data, Terminal Data
Output Calculated Data, Terminal ID

Process Description

Tick[

time2's date - timel1’s date ==0 &&

transportation=="M'

&& on_board == false

&& time2-time1>15]
19| Trigger 7t 22 /L 42,
= X[5HE0 ©S ot 82T 7=
232 A= Proces 2 Calculated
Data 2t #1 X}l Terminal ID & Z=23tCt.

25
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Reference No. 2.1.1.6

Name Cal_Metro_On_transfer

Input Trigger , Card Data, Terminal Data
Output Calculated Data, Terminal ID

Tick[
time2's date - timel1’s date ==0 &&
transportation=="M’
&& on_board == false
&& time2-time1<=15]
29| Trigger 7t 2H2 55 4
= X5HHEO| BS ote 32T &5

23S AHASHE Proces 2 Calculated
Data 2t K& Q= Terminal ID &

Process Description

40

1

>

=it
Reference No. 2.1.1.7
Name Cal_Metro_On_unchecked
Input Trigger , Card Data, Terminal Data
Output Calculated Data, Terminal ID

Tick[

(time2's date - timel's date == 0 &&
transportation=="M" &&
on_board==false &&
transportation2!=transportation1)

Process Description (time2’'s date - time1’s date != 0)
]
9| Trigger 7t 22 5FL 42,
S X[5HE0| ©s ot 493 DjEut
232 AHASHE Proces 2 Calculated
Data 2 X E|0{U= Terminal ID &
Z I}
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Reference No.

2.1.1.8

Name Cal_Bus_Off standard
Input Trigger , Card Data, Terminal Data
Output Calculated Data, Terminal ID

Process Description

Tick[
time2's date - timel's date ==0 &&
transportation=="B’
&8& on_board==true
&& time3-time2>15
&&transportation2 ==

transportation1]

238 A= Proces 2 Calculated
Data @} & X} Terminal ID & =&tC}

Reference No.

2119

Name Cal_Bus_Off transfered
Input Trigger , Card Data, Terminal Data
Output Calculated Data, Terminal ID

Process Description

Tick[

time2's date - timel’s date ==0
&& transportation=="B’

&& on_board==true

&& time3-time2<=15
&&transportation2 ==

transportation1]

Qo] Trigger 7t =S £5¢
= H2A0M SHAL St B2F @
232 AHLSHE Proces 2 Calculated
Data @+ $1X| Terminal ID & Z2{$tCt.

J

3

ol
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Reference No.

2.1.1.10

Name Cal_Metro_Off _standard
Input Trigger , Card Data, Terminal Data
Output Calculated Data, Terminal ID

Process Description

Tick[
time2's date - timel's date ==0
&& transportation=="M’
&& on_board==true &&
time3-time2>15
&&transportation2 ==
transportation1]
O| Trigger 7t 2UE FFL 42,
X|otEoM StAt ot BRF 7|=
232 A= Proces 2 Calculated
ot ixf Terminal ID & ZHTiCt

(o]

2
=
=

Reference No.

2.1.1.11

Name Cal_Metro_Off_transfered
Input Trigger , Card Data, Terminal Data
Output Calculated Data, Terminal ID

Process Description

Tick[
time2's date - timel’s date ==0
&& transportation=="M’
&& on_board==true &&
time3-time2<=15
&&transportation2 ==
transportation1]

xHS == A

29| Trigger 7t ZHE Y 82,

Z X|SIEO A StKt St 2T &S
238 A= Proces 2 Calculated
Data @} & X} Terminal ID & =&tC}

28
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3.1.25.3  State Transition Diagram (Calculator Selector 2.1.1.1)

Tickl Tick[
time2's date - time1's date ==0 time2's date - time1's date ==
&if transportation=="8" && O BidL trans?clr’catio ‘™
on board == false &8 time2- B8 on board == false

fe timel=15] &a time2-time1<=15

J#rigger Cal_Bus On standard
/i trigger Cal_Metro On trans

-~

Pl

& 6@

. ()
# 0 e,

RN A ¢ Fa % 5
A8 O PN ¢¢°’9QT e
& i ._ o
."‘:"bi’l\.cf' Tlchr tfv’."ao”}@’
& : fime2's date - fifel’s date == ;

{8l transporfaffon=="M" &8
on_board=ftrue &&

transporation2d=fransportation)

Il

time2's date - fiie1’s date = 0

1
/i trigger Cal Bus_Cn_uncheck

Tick]
time2's date - time1's date ==
(B transportation=="M" && Tiek]
on_bgard:—true&& 5 time2's date - time1's date ==
transportation2!=transportation1) O 88 transportation=="M'
&& on_board==true

time2's date - time1's date I= 0 88 transportation2 ==

transportation?

&8 time3-time2<=15]
Jf trigger

Cal_Metro Off transfere:

1
/f trigger Cal Metro On uncheck

Thckl

time2's date - {inge1's date ==
&b transpprpation=="8"

&8 on_Hogrd==true
uftransppriation? ==
transppriationi

B time3time2<=15]

/! trigger Cal Off transfered
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3.1.2.6  Overall DFD

Terminal
Sensor

Input

Comverted
Card Data

Data Storage >
Updated
Terminal Card Data Updated
Data
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3.2 Fundamental Management System
3.2.1  System Context Diagram

3.2.1.1  Basic System Context Diagram

—@—
0
1

Digital
Clock
3.2.1.2 Event List
Input / Output Event Description
Accumulated Data 2t2t9| Terminal A +Z& =l data

Settlement System O A{ Z4HEl Bus Company X| 2

Final Bus Data
= Hold & Z2783%t= HIolH

Settlement System Of|A] 4HEl Metro Company X|&

Final Metro Data = Hold £ ZAXSH= [|0|E

3.2.1.3  The System Context Diagram

Accumulated :
Final Data
Terminal | —22 Company
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3.22 Data Flow Diagram
3.22.1 DFD level 0
32211 DFD

Ver. 3.0

Accumulated
Data
—_—

Final Bus
Data
—_—

Bus
Company
Metro
Final Metro Company

Data
A H
I Tick
1

Digital
Clock

3.22.1.2

Process Specification

Reference No.

0

Name Settlement System
Input Accumulated Data
Output Final Bus Data, Final Metro Data

Process Description

CHEVIZRH 22 §ES 2o i
Al 220t Athks FASH0] HA AR}

X[oFe SM= =28

3.2.2.1.3 Data Dictionary
Input / Output Event | Description Format / Type
Accumulated Data | Terminal 0|A &=l data Periodic
Settlement System OflA{ Bus Company =
HUlE GEE XM File E=
Final Bus Dat N File / Hold
nalBus DAt I srer Ajztol ot glof Yge /
2= Signal Data
Settlement System OflA{ Bus Company =
. BUE YEE M File E= .
Final Metro Data XAFSE A|ZH0| OF g0 9leS File / Hold
2 2{3== Signal Data
32 Team 1



Ver. 3.0

3.2.2.2 DFD level 1
3.2.2.2.1 DFD
Final Bus
Data T
|ated Bitractel] n— ’
“”S‘E”QE Data [;aat: Settlement Company
Terminal |—>| Receiver |— DataStoage —> | Process
Final Metra| Company
Uit S —
A
| Tick
|
3.22.2.2 Process Specification

Reference No.

1

Name Data Receiver
Input Accumulated Data
Output Extracted Data

Process Description

Terminal 0lAf Accumulated Data &
=gror FAto 23t =0
HAEl Data BF =l HESHECL

—

H o

Reference No.

2

Name Settlement Process
Input Extracted Data, tick
Output Final Bus Data, Final Metro Data

Process Description

Bus&Metro Data Storage £25-H
Extracted Data Bt 2OpA| Zi2F At 2 Bus
Company o Final Bus Data & Metro

=

Company O Final Metro Data & ™&
=2 Hold Signal 2 ™&3%HCE
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3.2.2.2.3 Data Dictionary

Input / Output

Description Format / Type
Event

Terminal Data O] A Settlement
Process Ol A 2 +'St= Ci|O|E{ Tt
FEot £AOolH

Extracted Data time_Bus(character) : Bus EfZ1 A|Zt Structure
time Metro(character) : Metro EfT1 A[Z+
fee_Bus(int) : HHA& =& ZX| 7|5
fee Metro(int) : X[6PFE =8 ZX| 7|5

3.22.3 DFD level 2

3.2.2.3.1 DFD
Accumulated .
Dok Data CDE";?Ed Extracted
— | Interface | — dit:  pusdata
11 Storage

Extracted Extracted
Bus Data Fetro Data
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Process Specification
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Reference No.

1.1

Name Data Interface
Input Accumulated Data
Output Converted Data

Process Description

Terminal 25 E 2tHE
7|22 HHOtM

2+t Extracted data Bt

Reference No. 1.2

Name Provider

Input Converted Data
Output Extracted Data

Process Description

Data Interface 25 E Extracted
Data & 2OtA| Data Storage £
H&otCt,

Reference No.

2.1

Name Time Checker
Input tick
Output Enable, Disable, trigger

Process Description

Wait Process & A& A|7|Ct
Time%180 ==0 O| X7{0| BH=s}E
Wait Process & SX|A|7|1L Settlement

Starting Process & A@A|ZI &
L2 E|™ Wait Process & AEA|ZICH
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Reference No. 2.2

Name Wait

Input Enable, Disable
Output Hold

Process Description

Enable &EHf A| Hold HIO|E{E Bus
Company Interface 2t Metro Company
Interface 2 ™&PIC}

Reference No.

2.3

Name Settlement Starting Process
Input Extracted Data, trigger
Output Settled Bus Fee, Settled Metro Fee

Process Description

Time%180==0 =Z0| BI=%| 0
ZEMAT HME|™ Extracted Data &
2tZt 0|23l Settled Bus Fee, Settled

Metro Fee &

Zt2+ Bus Company
Interface, Metro Company Interface =

H&etot.

Reference No.

24

Name Bus Company Interface
Input Settled Bus Fee, Hold
Output Final Bus Data

Process Description

Wait 4} Settlement Starting

Process Ol Al Output =l HMEE &0}
Bus Company 2 &4t 22 Hold
OIO[E& TSetrt.

O =
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Reference No.

2.5

Name Metro Company Interface
Input Settled Metro Fee, Hold
Output Final Metro Data

Process Description

Process 0| A] Output &l

HO|HE &gttt

O =

Wait 2} Settlement Starting
YEE @Ot
Metro Company 2 4 22 Hold &

3.2.23.3 Data Dictionary

Data Interface Ol Al THZE7|0f|
FHNE 4oy & €L3%t

—

HO[E 2 Hgtet ol E

time(character) : Ef = A[ZH

Converted Data transportation(character) : WSt Structure
on_Board(boolean) : StX O£
fee(int) =5 Z2H| 7|=
Terminal_ID(character) : TI27| 19 ID
count(int) : THE7| Ef 3=
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3.22.34 State Transition Diagram Time Checker 1.3.1

Enable "Wait"

Tick [Time % 180 == 0] Tick
/ Disable "Wait" / Enable "Wait"
Trigger Settlement Starting Process

Settlement Starting
Process
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3.2.24 Overall DFD
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