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Automatic Generation of Dependency Relationships

between UML Elements for Change Impact Analysis

MAsSAYUKI KOoTANIT! and KorcHiRo OcHiMIzu!

In this paper, we propose a set of new generable basic dependency rela-
tionships (BDRs) useful for change impact analysis, by analyzing dependency
relationships of UMLL.5 to extract effective factor for change impact analysis.
We also propose a method that generates BDRs from phases of a develop-
ment process and UML diagrams included in the phases. The method uses the
Dependency Generation Model consisting of comparison rules, addition rules
and selection rules. The change impact analysis can be realized by tracing
the BDRs generated among UML diagrams and their components. Finally, we
show the effectiveness of our approach based on the experimental results both
on the generation of BDRs and the impact analysis using them for UML di-
agrams produced through case studies of elevator control system development
and ATM system development.
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Fig.1 A notation of dependency relationship.
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Fig.2 An outline of dependency relationship generation.
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Fig.3 The procedure of basic dependency relationship generation.
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Fig.4 A notation example of “Abstraction” semantics.
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Fig.5 A notation example of “Binding” semantics.
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Fig.6 A notation example of “Permission” semantics.
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Fig.7 A notation example of “Usage” semantics.
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Table 2 An example of comparison rule.
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Table 3 Generation model elements.
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Fig.9 An analysis example of dependencies among phases in Unified Process.
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Table 4 Selection rule.
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Table 5 A part of concept notations in UML diagrams of Elevator Control System.
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Fig.12 The outline of evaluation.
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Table 6 Generated basic dependency relationships (Base data 1).

IL~R—% ATM

FIE> 27 I VAT
EfRE 1189 1059 #A
BEERE 1333 1215 #B
BRI 20 42 #(A-B)
/AR 164 198 #(B-A)
BRE 98.3% 96.0%
BEEE 87.7% 83.7%
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Table 7 Generated basic dependency relationships (Base data 2).
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Table 8 The extraction rate based on Base data 1 and 2 (Elevator Control System).

Va7
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3ty | mE= | meax
N 7): (UMLOR/E3) ER e ] wn |7 TF BRE | BA¥
BS

(1) ] ArrivalSensor 10 (14 10| 0 4 | 100% | 71.4%
(FUYIRBATI I k) [na) [2] [83.3%]

> ElevatorButtoninterface | 6 6 4 2 2 | 66.7% | 66.7%
ATV A9 72—2)| [6] [21 [66.7%]

3 ElevatorControl 48 | 71 48 0 23 | 100% | 67.6%
(Z22Z/3av kA=) [48] [0] [100%]

4 ElevatorStatus&Plan 9 16 9 0 7 100% | 56.2%
HA7Yzon/TvF1471) | [9] [01 [100%)]

5 ElevatorController 8 9 8 0 1 100% | 88.9%
(ATYTINFRY) [45] [37] [17.8%]

(2) 6 Select Destination 99 | 13199 | O | 32 [ 100% | 75.6%
(L—RT—2R) [117] [18] [84.6%]
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Table 9 The extraction rate based on Base data 1 and 2 (ATM system).
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Fig. 13 Divided concepts.
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Fig. 14 The case of traceable divided concepts.
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Table 10 Impact analysis result of Elevator Control System.
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Table 11 Impact analysis result of ATM system.
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Table 12 Basic statistics of samples of Elevator Control System.

EEE (B %)

BEREE (B %)

IL~R=—% B

HBv2FL | # | g | Bk | T E; FINETET §§
SO
ISV 11 100 | 100 | 100 0 1.0 100 | 56.4 | 29.6
AVETT—2R
SRV IN 8 66.7 | 100 | 79.7 | 16.8 50 [ 714 628 | 84
avhkO—Jb
STV H 5 100 | 100 | 100 0 625 | 100 [ 769 | 16.2
I 5454
SN 2 100 | 100 | 100 [0} 56.3 | 684 | 62.3 8.6
/}7\?\ 7 9 286 | 100 | 624 | 357 [ 56.3 | 100 | 88.1 | 17.7
ATk

A—RT—2R 4 97.4 | 100 | 989 | 1.3 | 756 |81.1 | 779 | 23
YTYRT L 3 100 | 100 | 100 (o] 60.5 | 100 | 86.8 | 22.8

(© 2008 Information Processing Society of Japan



2281 UMLOOOOOOOOOOOOCOOOOOCOOOOO0O0O0

013 ATMO0O0OO0O0OO0O0OOD0O0OO0O0OODOOOOO
Table 13 Basic statistics of samples of ATM system.
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Table 14 Correspondences between traceability in Ref. 14) and basic dependency relationships.
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Fig.15 An example of impact analysis in Elevator Control System.

goooo
O100dbob3bbobodbobdoobooobooobDbooobobuooobooo
goodooob0oob0oobO0oobbOobOOo0bDU0OooOUooDoOoDOo UMLOODODO
000000000000 0D00000000 ElevatorStatus&Plan 000 OO0 OO El-
evatorStatus&PlanServer 00 0 00000000000 COCO0OOOOOOOODOOO
gooooooboooboobooboboboboobooboobooboobooooo
goobooooobooooo
goooooobOoob0obDbOobOo0o0obOOo0obOooDbOooDboDo0obooOooDDbOoD
goooooooDbooobOooooDbooooDbooobOboooDboooooo

000ooooog Vol 49 No. 7 2265-2291 (July 2008)

8.6 UUI0O0OOUOOOOODOOODDOO

guuubooouooooooo

gobooooodoobooboooobooooooobooooboooooooboOoobooo

e JO00OOODOOUDLDOOLOOOOLOOUOLOOO 200000O0OOLOO0UOOOOODOOG
goboboooobooooobooos3ubbooooooooboooooobooOoooon
ooooooood

o JO0O0O0OOOLODOOCODOCOULOLOLDOOOOOOLOLODOOOOOODLOODDOO
ocooboooooooOooOoOooooOobOOoOoOouUMLODOOODOOOOOODOOOOO
gooooooodoobooooooobooooooboooobobooooboOoOoOoooon
gobooooboboooooooooo

gboboooooooboooobooooooooo

e (000000 ODODOOOUOLDODODOOOOOODOOOOODODDOODODDODO
goooooooooooooooooooooooboboooooooboooooon
ooooooobod

o 0000000 DOOOODOOODOODLOOOODDOO

9. O u

0o uML200000000O0DOO0OO0DODODOOODODODOOODODODOOOODOOOOO
0dobOo0oooobOooo UMl2o0000O0D0DOOO0OO0ODODOOOODOOOO

JdboooO0bOo0bOoboo0obOO0obOoooo0obDOooOobOOo0obOoboDOO UMLL.S
000000000 “Dependency” OOOOOOOCOCOCOUML200000000000
000000000000 00000 “Dependency” DO0ODOOOOOO “Abstraction”
0 “Usage” DO00*'0UML2.000000000000000000*000000000
000000o0odoooooOO0o0o0o00oooooooooooooUoooooooog
doo0o0OU0oooooooOoooDoDOoO0oO0oO0oOoOop200000OOooOoOODOOOOO
0000o00oO0o0000000oooooo0 1500000000000 0ooOooOooooOQ
“Dependency” 0 400 000000CCOO00O00OO 20000000000000A0
gobooooOoooOooooooooboo UyMLrs00OO0OobooOoOoOoOoOoDoOoDo

1 UML2.0 00000 “Binding” O “Permission” 000000000000 0O0DOOODOO
x2 UML2.00000000000000O0

(© 2008 Information Processing Society of Japan



2283 UMLOOOOOOOOOOOOCOOOOOOCOOOOO0O0

015 O000ODOOoDOooOobooodg
Table 15 Differences of basic dependency relationship by versions.

UML 1.5 UML 2.0
Abstraction FA—#& R
UMLo  |Binding L -
BEBIR  permission ERIE -
Usage EERE. BEREE SRR, BREE
Mz |JE-EhEb0 36— ap—
BEER  |asmmorh  |[EEE R
HEAKFEROBEER AfEX 4fE8

ooooooooooOoOooooboooooooOboouML20000000UMLL000
gbooooooooooboooobooooooboooboobooobDOobooooOoDo
00000000000 4000000000 UML200O0O0O0OO0O0OOO0OOOOO0O0ODO
00000000o0oooooo uML20000000000O0OODOOOOCOO

goouML2000000000000CO000ODODOOOOOOOOOOOOOOO
gobobooooooboooosgobooooooooboobooooooouMLDODbOOOODDO
goooooobogoobooouML200 UMLOOOOOODOOODOOOOOOODO
gooooboooooooobooooooooooobooooobobobooDbobobooDo
goooooouML2o00b0O0ooOooooooooooboooooooobooDo
gooooboooooooooooobooobooooooooboboboDbobobooDOo
gobooooooooooooboooooooobobooboooobooobboOobooooDoOoo
oooooooooooooooooooOoOobobboboboooooo UuML20000000
goboodooood

goboboooooboobooooooboooooobobobobooooooobooOooooDooo
oooooo uML2o0O0OOOO0OO0O0O0O00O0O0O0O0O0O0OUML2000000000
goboooooon

10. 0 OO0

goboboobobooooooooooobooooooboobooooooboobocoooooDooDooo
00000000000oO0oU()0ooU oCLOUbUDUOULODOOUOUODODOO
000000000000 000000000000000000000000000

000ooooog Vol 49 No. 7 2265-2291 (July 2008)

00000D000OoOCLOODDO0O0ND0DNDONO0DDO0NDN0DDO0NDOO0nDnOooD
O0000000000000(()0000000000000000000000000
0000000000000?9¥000000000000000N0NNNONoNoono
O000000000000000000000000(1)0()000000000000
000000000000 00000000000000000000000000000
O0000000000000000000@)0000000000000000000
0000000000 UMLOOOOOO0000O0O000000000000000000
00000000000000000000000000000000000000000
00000000 OooOOoOoDOO000O00000000000000000000000
0000000000000 00000 9000000000000000000000
0000000000000 0000000000000000000000000000
000000000000
(2)000000000000D00000000000000000000000000
0000 Ovon Knethen 0000000000000 QuaTrace® 0000000000
00000000000 0000000D00000000000000000000 ‘00
0D0’'0000000000000000000000000000000 ‘0000°000
0000000000000 000000000000000000000 ‘0000’0
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
000000000

00000 Unified Process 10 0000000000000000ODOO0OOODOOY0O
000000000000000000000000000Y 000000000000
000000000000 0OY 000000000
00000000D00D00000000000000 UMLOODODOOOO0OOO0OO
0000000000000 UMLOODOODOODO0000D0000008520000
0000000000000 000O0Hayes 00 0000000000000 O0O UMLO
000000000%0000 UMLOOOOOOOOD0OOO UMLOOOOOOOOOO
0 16)D

11. 0 0O O

oooooouMLIL,O000000O0O0O0000O0OCOOO0OODODOOO0O0O00OO

(© 2008 Information Processing Society of Japan



2284 UMLOOOOOOOOOOOOCOOOOOOCOOOOOO

gooooooooooooooooooooooooboobobobo04000oooDOO
goboodooooobooooobooobooooobobooooo

COMETOOO0OO00OO00O0O0O0O0O0O0O0 ATMUOOO00000000000000

oooobooooooooboboobouMLOOOOOOODOODOODOOOOOOOOODOOOO
gobodoooooboooooooo

gboobcobodooobooboobooobooooobooboOobooboOobOoOooOobo

gooooooooooooooboobooooooboooooooobooocboboooooDooo
gobooooooobooooboooobooo

U0 oOoooOoooocobobooobOOoobooOobobo200000 1601623900000

goooobooodoboodoooooooboooobooboOoOoOoooobOoboObOoOoooDboo
goboooooboooooooboooooooo

o o 0O 0O

1) Keller, A., Blumenthal, U. and Kar, G.: Classification and Computation of De-
pendencies for Distributed Management, Proc. 5th IEEE Symposium on Computers
and Communications (ISCC 2000), pp.78-83 (2000).

2) Fasolino, A.R. and Visaggio, G.: Improving Software Comprehension through an
Automated Dependency Tracer, 7th International Workshop on Program Compre-
hension, pp.58—65 (1999).

3) von Knethen, A. and Grund, M.: QuaTrace: A Tool Environment for (Semi-) Auto-
matic Impact Analysis Based on Traces, 19th IEEE International Conf. on Software
Maintenance (ICSM ’03), pp.246-255 (2003).

4) Ramesh, B. and Jarke, M.: Toward Reference Models for Requirements Traceabil-
ity, IEEE Trans. Softw. Eng., Vol.27, No.1, pp.58-93 (2001).

5) Pons, C., Giandini, R. and Baum, G.: Dependency Relations Between Models in
the Unified Process, Proc. 10th Intl. Workshop on Software Specifiaction and Design
(IWSS ’00), pp.149-157 (2000).

6) Visaggio, G.: Structural Information as a Quality Metic in Software Systems
Organization, Proc. 1997 International Conference on Software Maintenance
(ICSM ’97), pp.92-99 (1997).

7) Gomma, H.: Designing concurrent, distributed, and real-time applications with
UML, Addison Wesley, Inc. (2000).

8) Jacobson, 1., Booch, G. and Rumbaugh, J.: The Unified Software Development
Process, Addison Wesley Longman, Inc. (1999).

9) Hayes, J.H., Dekhtyar, A. and Osborne. J.: Improving Requirements Tracing via

000ooooog Vol 49 No. 7 2265-2291 (July 2008)

Information Retrieval, Proc. 11th IEEE Intl. Requirements Engineering Conference,
pp.138-147 (2003).

10) Briand, L.C., Labiche, Y. and O’Sullivan, L.: Impact Analysis and Change Man-
agement of UML Models, 19th IEEE International Conf. on Software Maintenance
(ICSM 03), pp.256—265 (2003).

11) Object Management Group: Unified Modeling Language (UML), version 1.5.
http://www.omg.org/cgi-bin/doc?formal/03-03-01

12) Settimi, R., Cleland-Huang, J., Khadra, O.B., Mody, J., Lukasik, W. and DePalma,
C.: Supporting Software Evolution through Dynamically Retrieving Traces to
UML Artifacts, Proc. 7th Intl. Workshop on Principles of Software FEwvolution
(IWPSE *04), pp.49-54 (2004).

13) Ibarahim, S., Idris, N.B., Munro, M. and Deraman, A.: A Software Traceability
Validation For Change Impact Analysis of Object Oriented Software, The 2006
World Congress in Computer Science, Computer Engeneering, and Applied Com-
puting (SERP ’06), pp.453-459 (2006).

14) Jirapanthong, W. and Zisman, A.: Supporting Product Line Development through
Traceability, Proc. 12th Asia-Pacific Software Engineering Conference (APSEC05),
pp.506-514 (2005).

15) Yau, S.S., Collofello, J.S. and MacGregor, T.: Ripple Effect Analysis of Software
Maintenance, Proc. IEEE COMPSAC, pp.60-65 (1978).

16) 00 0OO0OUMLOOODOOOOO0OOOODO0OO000O00D0000000000O0DOVol.J84-
D-1, No.6, pp.671-681 (2001).

g U

Al O0OOOO
Uleb000obooO0oOodolleooboobooooooooooooobooOonoonoo

goboboobododoooooboooooooobooooboooboOooobobooobobDoDooo
goooboooodooooobooooobooboobooooooboooobooOoOoObOoOooooDon
gobodobboooboooobooooboboooobooobooooobooOooa

A.2 ElevatorControl 00000000 UMLOOOODODOOO
01700 1800 1900000 0DO0O ElevatorControl 0O OO0 OD0OOO UML DO

00000000000 00000000000000000 “ArrivalSensor” 00000
O00000000000000 “ArrivalSensor” 000000000 102000000
ooboogo

(© 2008 Information Processing Society of Japan



2285 UMLOOOOOOOOOOOCOOOOOOCOOOO0O0O0

016 0OOOO
Table 16 Comparison rule.
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Table 17 Concept notations in UML diagrams of Elevator Control System (1/3).

g = T —X TBRE —XT —X IV RA7 L& |7T—X (FRIE
— —Z BAE B I |72 —X TERER 7x—X "5 7z—X ES
y—7vk 7 Bt TORHBEENEENS] | TOAH <o <&
21— —AK VA Include ElevatorUser #  |ElevatorUser(A)
[z
A-RT—=2R Include R ElevatorUser(0)
= . 5,6
722K Contained 1561
ArrivalSensor T |ArrivalSensor(A) ArrivalSensor(C)
A—RT—2R A7—bhFr—bE Contained 2] 34]
— = . ELS ‘ArrivalSensor(O) ‘ArrivalSensor (O) ‘ArrivalSensor(O)
A—-AT—2X 7IT4ET4H Contained m 115, 16] 122, 23, 24, 29]
1—R7—2 aOSKRL—Y 3y Contained ArrivalSensorinterface El ArrivalSensorinterface(C)
nej
A—RT =2 =7 YA Contained EXS ‘ArrivalSensorinterface(O) ‘ArrivalSensorinterface(0)  |:ArrivalSensorsinterface(O)
1-25—2 I-RT—2 Similar .14 nel 23 241
Select Destination 82 | Select Destination(UC)
ek e Similar 11.2)
= - Request Elevator 182 |Request Elevator(UC)
-
T8 AP Similar .2l
FoH RS TypeSim Dispatch Elevator ##¢ | Dispatch Elevator(UC)
2]
752 Include Stop Elevator at Floor 182 | Stop Elevator at Floor(UC)
¢ o 2
Nyir—3 Include @
Floor El Floor(C)
NKyir—y 2R Include 3]
Cw A 3) Cw A 3) P FloorButton B FloorButton(C)
Ny o= Ny =y Similar 341
I3 Ny =3 Similar EX3 ‘FloorButton(O) ‘FloorButton(O)
- . . ) 15.17) [22, 25, 26, 29]
792 ATV SimType, Contained FloorButtoninterface El FloorButtoninterface(C)
952 2F—hFr—rE Contained 18l
_ _ . . £ :FloorButtoninterface(O) :FloorButtoninterface(O) :FloorBottonsinterface(O)
P TUOT4ETAR Contained 16.14] nn 25, 26]
ISR 52 Similar, Include FloorLamp = FloorL.amp(C)
[3.4]
A7V R A7V I Include ETS “FloorLamp(0) FloorLamp(O) “FloorLamp(0)
. = . 9] 15.17) [22, 25, 26, 29]
P74 AP TypeSim
A7 k P FloorLamplinterface El FloorLamplinterface(C)
ATV ATF—hFv¥—rE TypeSim ne
NN _ . . Eik :FloorLamplnterface(O) :FloorLamplnterface(O) FloorLampsMonitor(O)
A7VzU b TIOTAETAH TypeSim 19,141 n7 125, 26]
RN R AN Similar, Include DirectionLamp Bl DirectionLamp(C)
[3.4]
AVIR—%Y & AVIR=%Y bk Include TS DirectionLamp(O) DirectionLamp(0) DirectionLamp(0)
. . - 79 15,17 22, 25, 26, 29)]
D7 S SN avR—%vk Similar o 0 1 ! !
DirectionLampinterface |2 DirectionLamplinterface(C)
BN /=R Include nej
. . . EL3 DirectionLamplnterface(0) _|DirectionLampinterface(0) _|DirectionLampsMonitor(0)
J—=R J—=R Similar 7.9.14] nn 125, 26
ATF—hFvr—rH REE Include Elevator k<] Elevator(C)
[3.4]
R R Similar, Include ElevatorButton (] ElevatorButton(C)
[3.4]
FHF P F A E T4 g IR
TOTAETAH FovavRE Include EXS ‘ElevatorButton(O) ‘ElevatorButton(0)
V7PN V7PN Similar, Include 115.16] 122, 23, 24, 29]
_ R - ElevatorButtoninterface |2 ElevatorButtoninterface(C)
a7RL—>a vl A7VzU b Include e
N N 5 by ESES :ElevatorButtoninterface(O) :ElevatorButtoninterface(O) |:ElevatorButtonsinterface(O)
V=YK A7V Uh Include 5.14] el 23, 24]
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Table 18 Concept notations in UML diagrams of Elevator Control System (2/3).

115]

ES I [7 1 —X TERER 7z—X 5 T1—X WIYAT LR |7z (HAUE
TOAHIHE E = EFNo] ToHE <O <O
ElevatorLamp ] ElevatorLamp(C)
[3.4]
EX3 ElevatorLamp(O) :ElevatorLamp(O) ElevatorLamp(O)
n 15, 16] (22, 23, 24, 29]
ElevatorLamplnterface ] ElevatorLamplnterface(C)
EX3 ElevatorLamplinterface(0) | :ElevatorLamplinterface(O)
714 ne
Motor E Motor(C)
3.4
E3 “Motor(O) Motor (C) Motor(O)
7.91 [15.16] [22. 23, 24, 29]
Motorinterface E Motorinterface(C)
nel
Rk :MotorInterface(O) :MotorInterface(O)
7.9.14] ne
Door ] Door(C)
[3.4]
ik :Door(0) :Door(0) Door(0)
7.91 (15, 16] 122, 23, 24, 29]
Doorinterface ] Doorlnterface(C)
8]
EX3 :DoorInterface(O) :Doorinterface(O)
7,914 nel
DoorTimer ] DoorTimer(C)
ET3 DoorTimer(0) :DoorTimer(O)
714 nel
ElevatorManager ] ElevatorManager (C)
ns)
EX ElevatorManager(O) ‘ElevatorManager (O) ElevatorManager (O)
(56,14 6 (23, 24]
ElevatorControl ® ElevatorControl(C)
ney
ESC3 ElevatorControl(0) :ElevatorControl(O) ElevatorController(0)
[56.7.9.14] nel (23, 24]
ElevatorStatus&Plan El ElevatorStatus&Plan(C)
ney
S Elevator Plan(0) Plan(0)
[56.7.9.14] ne
LocalElevatorStatus&Plan | & LocalElevatorStatus&Plan(C)
[21b]
B LocalElevatorStatus&Plan(O)
(23, 24]
ElevatorStatus&PlanServer |& ElevatorStatus&PlanServer(C)
8]
ESCS ElevatorStatus&PlanServer(0)
(27, 28]
OverallElevatorStatus&Plan |& OverallElevator (C) |OverallElevator )
ne [21b]
B OverallElevatorStatus&Plan(O)
[27, 28]
ElevatorScheduler ] ElevatorScheduler(C)
nal
B ElevatorScheduler (O)
[27.28]
SchedulerSubsystem ] Scheduler(C)
ns)
EX :Scheduler(O) :Scheduler(0) :Scheduler(0)
[56.7.9.14] 15,16,17] [22, 23, 24, 25, 26, 27, 28, 29]
ElevatorControlSystem k% ElevatorControlSystem(C)
(4]
EiE :ElevatorControlSystem(O) ElevatorControlSystem(O)

[22, 29]
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Table 19 Concept notations in UML diagrams of Elevator Control System (3/3).

E= I |7 x—X "ERER 7 =X "5 T1—ZX WIVRF it [7x—X "9 RU8EN
TORHE S i KENo] TO&H TORH TORH
ElevatorSubsystem ] ElevatorSubsystem(C)
nel
Rtk :Elevator 0) Elevator 0)
[15,16,17] [22, 23, 24, 25, 26, 27, 28, 29]
FloorSubsystem £ FloorSubsystem(C)
ns)
RiE “Floor 0) Floor 0)
[15,16,17] [22, 23, 24, 25, 26, 27, 28, 29]
Elevator Starting Up R Elevator Starting Up(S)
(10.11,13]
Elevator Starting Down REE Elevator Starting Down(S)
11.13]
Elevator Moving R Elevator Moving(S)
(810,11,13]
Elevator Stopping R Elevator Stopping(S)
(8.11,13]
Elevator Door Opening R Elevator Door Opening(S)
(8.11,13]
Elevator at Floor i Elevator at Floor(S)
(811,13
Checking Next Destination | Checking Next Destination(S)
(8.10,11,12,13]
Elevator Idle R Elevator Idle(S)
(8.10,11,12,13]
Door Closing to Move Up [ Door Closing to Move Up(S)
10,11,13]
Door Closing to Move Down [ Door Closing to Move
Down(8)
11.13]
Preparing to Move Up R Preparing to Move Up(S)
12,13
Preparing to Move Down | Preparing to Move Down(S)
12,13
Moving to Floor R Moving to Floor(S)
12.13]

*(UC)2—RT =R, (A)+F2%, (C)+IFA, (O-ATIzIhk, (5)-RE

A3 ATMUOOO0OOOOO UMLOOOOOOOO
02000 2100 2200 2300 2400000000 ATMOOOOOOOOOO UML
ooboooobooobobooooboooooooa
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Table 20 Concept notations in UML diagrams of ATM system (1/5).

LS |7 2 —X "E% 7x—X THRNETUVY, 7x—X ATV MRE |T7z—X "BNETIVY, 71X WIVRT L 7x—X "9 RIF:H
TORFIHE E N/ FENo] TR TOHH TOHH TOHH TDHH
Withdraw Funds Function  |#8E|Withdraw Funds(UC)

M

Client Withdraw Funds Hae Client Withdraw Funds(UC)
Function 9]

Server Withdraw Funds HEEE Server Withdraw Funds(UC)
Function 9]

Query Account Fuction 88| Query Account(UC)

(1

Client Query Account e Client Query Account(UC)

Function 9]

Server Query Account HaE Server Query Account(UC)
(9]

Transfer Funds Function  |##E|Transfer Funds(UC)

(11

Client Transfer Funds Hae Client Transfer Funds(UC)

Fuction €]

Server Transfer Funds Hae Server Transfer Funds(UC)

Function 91

Validate PIN Function #4E | Validate PIN(UC)

(1

Client Validate PIN Function

Client Validate PIN(UC)
(9]

Server Validate PIN Hae Server Validate PIN(UC)
Function €]
Add Cash Function 8| Add Cash(UC) Add Cash(UC)
m (9]
Startup Function H##E| Startup(UC) Startup(UC)
M (9]
Shutdown Fuction H#HE| Shutdown(UC) Shutdown(UC)
M [9]
Bank pid) Bank(C)
[2, 4, 5]
BankingSystem kil BankingSystem(C) BankingSystem(P)
[2] [8,10]
ESS :BankingSystem(O)
[27, 28]
Customer Ed Customer(C) Customer(C)
[4.5] [8]
Customerinterface B Customerlinterface(C) Customerlinterface(C)
[10,11] [25]
Rk :Customerlnterface(O) :Customerinterface(O)

[12,13,16,17,24]

[29, 30]
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Table 21 Concept notations in UML diagrams of ATM system (2/5).

2 il 7 = —X &k 7r—X TBRETFUVY, 7r—X ATV U NEB, |7z—X "BREFUVS, 71X WITVRT L, 7r—X "9 RURE
TOLBMESNIRENO] | TOHH TOHARE] TOHAH TDHE TDHRE
ATMCustomer & |ATM Customer(A) ATMCustomer(C) ATMCustomer(C)
[ [2,3] [8.10]
ES7S :ATMCustomer(O) :ATMCustomer(O) :ATMCustomer(O)
[12,13,16, 17, 24] [27, 28] [29, 30]
Operator #  |Operator(A) Operator(C) Operator(C)
m [2.3] 1o
S :Operator(O) :Operator(0) :Operator(O)
[24] [27, 28] [29, 30]
Operatorinterface B Operatorlinterface(C) Operatorinterface(C)
10,11 [25]
ESN :Operatorinterface(O) :Operatorinterface(O)
[24] [29, 30]
ATM 7 ATM(C)
[2]
ATMinfo il ATMinfo(C)
[4.7]
ATMControl # ATMControl(C) ATMControl(C)
nn [25]
ESS :ATMControl(O) :ATMController(O)
[12,13, 16,17, 24] [29, 30]
CardReaer Lit] CardReader(C) CardReader(C)
[2.3] [8.10]
ESYS :CardReader(0) :CardReader(0) :CardReader(0)
[12,16, 24] [27, 28] [29, 30]
CardReaderInterface il CardReaderlnterface(C) CardReaderInterface(C)
[10,11] [25]
ESES :CardReaderInterface(O) :CardReaderInterface(O)
[12,13,16,17, 24] [29, 30]
ATMCard 7 ATMCard(C) ATMCard(C) ATMCard(C)
[2.71 [ [25]
EYS :ATMCard(0) :ATMCard(0)
[12,13,24] [29, 30]
CashDispenser i CashDispenser(C) CashDispenser(C)
[2,3] [8,10]
ER :CashDispenser(0) :CashDispenser(0) :CashDispenser(0)
[16, 24] [27, 28] [29, 30]
CashDispenserinterface 2} CashDispenserinterface(C)  |CashDispenserinterface(C)
[10, 111 [25]
ESYS :CashDispenserinterface(O)
[16,17,24]
ATMCash il ATMCash(C) ATMCash(C) ATMCash(C)
[2,7] [ [25]
S :ATMCash(0) :ATMCash(0)
[16,17, 24] [29, 30]
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Table 22 Concept notations in UML diagrams of ATM system (3/5).

S

Tr—X TER,
TORFHE S cHENO]

7—X TBNETUVY
TORH]

T7x—X ATV U NEB,
TOHR]

7—X "TBNETIVY,
TOHH]

Tr—X WITVRT L
TR

PERTEEFTE
TOHH

it

ReceiptPrinter id) ReceiptPrinter(C) ReceiptPrinter(C)
[2.3] [8.10]
EXY :ReceiptPrinter(0O) :ReceiptPrinter(0) :ReceiptPrinter(0)
(16, 24] [27, 28] [29, 30;
ReceiptPrinterinterface il ReceiptPrinterinterface(C) ReceiptPrinterinterface(C)
(10,111 [25]
£ :ReceiptPrinterinterface(0)
(16,17, 24]
Receipt i) Receipt(C)
[2]
Account fid) Account(C)
[4, 5]
ES7S :Account(0)
[19]
CardAccount il CardAccount(C)
4.7
ES7S :CardAccount(Q)
15, 26]
CheckingAccount il CheckingAccount(C)
[4, 5]
ES :CheckingAccount(O)
[26]
SavingsAccount o SavingsAccount(C)
[4.5]
ESS :SavingsAccount(O)
[26]
DebitCard B DebitCard(C)
[4, 5]
ESZS :DebitCard(0O)
15,19, 26
BankTransactionServer ES7S :BankTransactionServer(O)
[26]
ATMTransaction il ATMTransaction(C) ATMTransaction(C) ATMTransaction(C)
[4. 6] [ [25]
ESVS :ATMTransaction(O) :ATMTransaction(O)
[12,13,16, 17, 24] [29, 30;
WithdrawalTransaction ESN :‘WithdrawalTransaction
Manager Manager(0)[26]
\WithdrawalTransaction i) WithdrawalTransaction(C) WithdrawalTransaction(C)
[4, 6] [25]
QueryTransactionManager |5k :QueryTransactionManager(O)
[26]
‘QueryTransaction il QueryTransaction(C) QueryTransaction(C)

[4. 6]

[25]
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Table 23 Concept notations in UML diagrams of ATM system (4/5).

xS fiE| 7z —X &K, 7r—X "BOETIVY, 7r—X ATV MREB |7z—X "BRETUVY, Tr—X WITVRT Ly Tr—X 92
TORFIHE S N EENO] TOAH TOAH TOAH TOAH TOAH
TransferTransaction £ TransferTransactionManager
Manager (0)[26]
TransferTransaction i TransferTransaction(C) TransferTransaction(C)
[4, 6] [25]
PINValidationTransaction |k :PINValidationTransaction
Manager Manager(O)[15, 19, 26]
PINValidationTransaction  |&¢ PINValidationTransaction(C) PINValidationTransaction(C)
[4. 6] [25]
TransactionLog ESZS :TransactionLog(O)
[19, 26]
ATMClientSubsystem B ATMClientSubsystem
@181 (P)[o, 11]
S :ATMClient(O) :ATMClient(O) :ATMClient(O)
[15, 19, 24, 26] [27, 28] [29,30]
BankServerSubsystem i) BankServerSubsystem
(@181 (P[]
ESYS :BankServer(0O) :BankServer(O) :BankServer(0)
[12,13,16, 17, 24, 26] [27, 28] [29, 30]
Idle PN Idle(S)
[14,18, 20, 21, 23]
Waiting for PIN REE Waiting for PIN(S)
[14,21]
Validating PIN JREE Validating PIN(S)
[14,27]
Waiting for Customer IREE Waiting for Customer
Choice Choice(S)[14, 18, 211
Terminating Ree Terminating(S)
[18, 23]
Ejecting PN Ejecting(S)
[18, 23]
Printing N Printing(S)
[18, 23]
Dispensing REE Printing(S)
[18, 23]
Processing Withdrawal JREE Processing Withdrawal(S)
[18.22]
Closed Down Ree Closed Down(S)
[20, 23]
Processing Customer Input |1R#& Processing Customer Input(S)
[20, 21]
Terminating Transaction  |{R%& Terminating Transaction(S)
[20, 23]
Processing Transaction REE Processing Transaction(S)

[20, 22]
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Table 24 Concept notations in UML diagrams of ATM system (5/5).

S flEm| 7 = —X &Kk, 7—X "BRNETIVY, 7I—X ATV U MREEB |7z—X BRETIVY, Tr—X WITYRT L 7r—X 92U
TORAMEES N ™ENo] | TOHAA] TOARH TOARHT TOAF TOARHT
Processing Transfer g Processing Transfer(S)
[22]
Processing Query HReg Processing Query(S)
[22]
Confiscating REE Confiscating(S)
[23]
*(UC)+2—RT—2R, (A)=F7¥%, (C)7FR, (P)/yT—, (0)ATYxIk, ()R
(OO 190 100 16000) oboboooobooo
(OO 200 40 800D0) - 1946000196900 0000000000D19M40000000DO
gobobooobooooboooboobooobobooboboboobo
oo od

o0 s300000 1s000000000DO00O00O0O00O0O0O0ODO
goboboooooooboooobbooo 200b0000b0O00Ob0ODOD
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