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Abstract The UML is a widely accepted standard in object-oriented modeling. As the UML is
semantically rich, we can describe in detail the system that will be developed, but we cannot guarantee
the correctness and consistency of the designed model. Therefore, it is important to minimize the error
by verifying user models in an early stage. In this paper, we propose a method for verifying the
consistency of UML structural diagrams and behavioral diagrams using OCL verification rules and
meta-metamodel. The consistency is a nature for checking whether the structural diagrams and
behavioral diagrams are coherently designed according to a specific requirement. First we build
meta-metamodels of the structural diagram and behavioral diagram that are described with the UML
diagrams and the related elements, we derive rules for verifying the consistency from each
meta-metamodels, and then formally specify with the language such as OCL for automatic verification.
Finally, we verify the usefulness of the rule through a case study.

Key words : UML, OCL, Consistency, Metarnodel, Meta-validation

1T.ME

UML(Unified Modeling Language)[1,2]= Z2JAA&
24y "#ye] 53E EFE oA JAle BFEoE
ARgEO] g}k UMLE 383 FH_AE 7HXBEE 7)
delaa} e Al2WE vigRe #d wEr ot
2 AAEA B9 4 JAT, UMLE 248 tolo

tg g 4 Jddge AFEFENH
ilkyuha@yumail.ac.kr
o FAY c dddidta AR T aF
bwkang@yu.ac.kr
=R 1 2003d 29 25
Arbgtg : 2003d 89 21

2y i FFgEge BANA Bk A X9
tolojade] JPe M ZoA2vt JPPLE 0 F
7V FEHER M 20)9A AT HES
2RE Haslsle o] dasith 24 FFFL 37t
A 12T F g & FAA4(completeness), YHA
(consistency), d&Ad(correctness)eltl. S#AAZ ALE
27F 2% ol oy 2r)e] AR L AN
AR ARE ZHFE] AT FHolth 279 AHA 8
TARe] $AEA tolojade] HAEHYS o 4HA
o] Ak & £ Uk #HAPL AHERIF AT @ F
79 teloladn g F7Y tjoloja@alele gfn



UML 2 thololasish B9] thelolagel Yuy Heds 1159

o AXARE AF37] A% JFolt F AR} 7
Aske 971A9] UML tholoj1#de dhe] 87130
2RE ZA4d FelBE a5l 4B WA AEEHR
=AE AFIe Aotk FFGL AHEA) AP o
ooy UML EF9 YXGEE HZ) 93 A
Aolth. B AP tholoja@e] HFgte] #Be A
4 F d#dd 2¥3& Fu vel-welZD (meta-
metamodel) ¥} OCL(Object Constraint Language){3,4]
2 28" #5773 L o83l UML structural Tho|
o] behavioral tholola#e] AL HEI=
WHE APt dFe z7|gAZA UMLY 971A]
t}olo]1 9] ‘ﬂE]-E‘E'—B (metamodel) & A#3}S struc-
tural thelo]Ti# T} behavioral tholojzzlel wiel-we}
2dg Fxdvh 282 fxE dE-reEdaiE
structural theloj2¥ 3}t behavioral Thololzd o) Aw
A& AZE 9% HETHE A=Y fxE AT
AL HES A3l 2dE BE88A ol +
J=E 37 A8 FFHY el FAG B d7e
AME UMLY EE2Y ARAE A5 e OCL
& <] 83t e AP AT R i) A
2dE B A= ASTEY 84 AEFA

2 =89 74L& b 2o 2FelA= UML tho)
ol el dFA HE U BT JIE AT #
3t A £4%T) 3FME 2z tololay@ e vetR

9-& v#dte structural theleligl e} behavioral o
olojage] WE-HEEESE FEsln thololayzry
AL BT AN e vE-vElRdaiy o
oloj1#zre] YBNE AFIY] AT HEFHIAL F=
33, fE3 AE7IL OCLE B¥Hoz WA g
5 ME dA 2ds 53lo dBA HEAAY /4
e A5 AR e R 63N dES ez #
F AFHAE A

9} E}OMJ%‘H
BAE 7122 doloi1uyl e %11*% AFshe W
I = WRoEA

Ao} A3 AF[5]E tholojay A}
ol #AE EXstm I BA uEle F ¥ oy
HoliE fxdte EFY dolojanozryg ® g
polojago g WS AL o2 WE Siiiiéll
°V°‘° g AF =2d 5§, 24 23 SO =&
4 [6]°ﬂ*1‘: Adstnzt e Alads HPE}
e #(views)ol we} A4 g chojo] gy Alele 3

3 BdX4E e 4 #3e FHY e =4
& T 2 BLANS F o 44 ¥eEuA s
= Aol

APy AFPH B AFE WEHELI A
78], 2A=7% A9 11] AU 7 AT
Hhl12], AekdolZ|et AFS13-17I 2 Aol
Ak

sietrdrie AFPHe 27 APeEA UML ©
oloia e werdS *r°1' 83, WEhd thojojad A
olel BAYE nigte %*é% e A% A

TS fFEgic vEfﬂ' TES AL 2438 ol
oj1ge] Hg3sle] YBAHE HFIe Aol o) W
e AESR HEHE A= A3 HEI7) A6
EA% Aoj= E"‘;?‘}i}ﬂ] Hed, 22 97} UML to]
o1y Zt FHALE FHHI BEF] dn Y
o} ASTEE E?ﬂ?f}ﬂ"“ F£3 o] ot
o=z ASUHe shEA [9,101 #HEFslaA
e dololals 53 P HZE WA
I a2 2YE grammarE LY RS
3 Wtk (1112 thojdahe T Sle
component$} componentAle]e] TAS FHI MNP
Y Z(conceptual graph)E AFE5lY &3 YYo=
AMR2ZE &S tholo|adle oz wake}
olEE FHEMAS RS MdanZe HEFoR
Thojolaziateie] AFgE BEE Aot o] WY

Heted e /g =g AHg3ste] tholoj 1y
AS AFsaA; s Ao, UML tho|ojady
Z 248 Agad=e] 4 84z WEse I
SHAAE MdAse AHo] BRI h mA o] wHe
AR AZAGE a7k
AUl 27st AZH[12]e UML thelojaye 3
FHow YAk FPANM FAY FREA class 3
HE £330 FHY HEEA AU JRE EF
3led, AAQ ARQ class AR EFQ HEA At
Fo X deAE Fotd FHrdR AR
Alole] d#FE HEATh o] WHHS A HFT=
£ RH3= class9) AU ¥R 24 s
o TEe AT dANE ASINEE SR K
3 Wo] a1, &3 97 UML tolojz#izhe] 74291
A4 AL AXFHY A gk

AFAAE o] &3 AFTWHL AAAFrdo] A
stAl ZAdEolel g JUehle AREAE AMEEY
2de] FEaS FF3eE olth o] WYL AR
44 v {3 B3AZ B85, 99 == 43T 2
< ARzAE 53T AGAdE ZPI AGxHe
AFA2Ee] HF dngEos AMesy, PA"E A

-

il
4

riéjz_&ngOEI:Iz:



1160 AERG I =TA:

Hdo AZ ¢nEe d8s ¥ #FI (17
A= AFA 01%*1 MCL(Model Constraint Lan-
guage)S ©]83tx, [13-16]914+= OCLE ol&3tn 3
o} tejojagd YA E AEAe] AFULE AA
3}1] &3 Utk AFAoIE o83 HAFWHL AA=
42 1{5% FAZ BE] A% ZATFHOl 87
H, AF5THS ZEs) 4 Atdeis aydc
#Ze AFEe FEEH AT FE A YNE o
&8t Bde] AZF7AS st AFuAe B
dg FY¥Foz wWHstd AFAzdd dYozH
AREE AFHFsn Utk ol9} & AFEE (13-
1717} 2& Fo) Utk
£ dve ve-veirds A3 —?% Hre 2 o
olojiel ABAE AHFSe WoEA, EFFe=
UMLS #FAfAol2 AME-ET = OCLE <43t
o #AEdoh B AFolA AMEsta e Ay A
Zﬂ:rL = I2%8 13 23 O 3AFAFL d1 go] 4
F Utk A, #AFY 712FYe2A UML 34
i-rﬁ 2t telojzde wWEelRdS fE3n, FEF
Hel2d-g ulgo R structural Theloja#i} beha-
vioral the]o]1q] Atoje] #AYE EHs= vie-vig
2ds fedtt A4, de-deRde vgez -
ructural Theo)o} 2@} hehavioral Thojojad Alo]g]
A eAs Sostn B3PS HEI7 A wIS
=gt AA, A28 ZES7EL OCLS 183 4
FHoz FHGCE WA, AR AAHT ol
£ AYH Py 143l OCLE THF A=A
7 SE WA FHE AFA2F6 gE uiR
Fo 2 7iE9 OCLEA =TE o|&3le] Aot
£ dFelAs 9438 A5 4 IO Yehe

‘ UML Standard Metamodels of UML 9 Diagrams ‘:

. Meta-Metamodel of Structural
User HequlrememsJ l Diagrams & Behavioral Diagrams i

—-{7U89( Diagrams

Formaily Specified
Diagrams

Consistency Verification Rules l

Formally Specified Rules
with OCL

s

! Unified Specification l

I

Meta-¥ atidation ot UML Structural Diagrams an.
Behavioral Diagrams

Verification Tool

a9 1 We-vegeds A5y
:?-Z

AZEYS] Y &8 A DA A 12 T(Q0312)

A WERAe] BREE Hagdl) HAsto wg
B AFHe o2 FAF AR thojejady

2 A% BA%E YL Fasem, AL 7
Pyl RE9 22 Z¥etn 4W dBA A%
F2He dsted veh-vlEREe fEsk] Hoh We Al
oz dojojaute] BAE ety 1gw dEE
A7) AEPRS Aot BN BEY 3
29 PF7A) 3P BAL Ak UML ¥E A
skelojel OCLE AMSITh Weh-deeds A2

EEAIZA OCLE 882X e 2e E7E
A& 4 sk AR, UML ®EFo] @A uetd Ao E

Ao 2 UML FALAas AdRAL 3=
AZFHL BARE O o Agsite ode A
o B, OCLE 71&9) Bge 3B el uls
o ZEagHddel Y2 T dem AEFH

< WAB717F golsta olasly] 4ok AA, OCLL
AEAA dom=A Eo] AHoHo] glornz HFS

A% AFst golsitke oldg stk YA, “15}—
HEEd S AREeER UML Hejojad 97) 25
aEst] AAHA BHAN LB BAES 4}9}2} T
At oA, 971 UML thelolzigiel Wetmdg 7ut
o2 de-derds Aggend Fggdd Hgs
T We-vazds 298 4 ook

o

3. HIE-HIEIRE R BAHY 2

Structural Thojoj1se Al2~Ee] FHZ WL =y
3l7] 913 tejejagiem UMLY 97} thojolidl
% class, object, component, deployment To]lo]1®
o] &7]e] Z3tc}. Behavioral Tholoj1e A)2E] 2
SHA HE 23] A% ojo)1AS L3 use
case, sequence, collaboration, statechart, activity T}
ojoja®e) 7o) £@TH18). ol#3F structural THO]
o133} behavioral tholo]2e] melRdS §E3Fe.
ZH telo| 1y BANS F4T F U3, AR o
T BA e 225 nodg £ U dutre=
Het=d& tolojage] A¥(prototype)d ZE AL
2 tolojayge 7[EH FxE R¥He Hold, e
HelzdL welrde] dexdolzin & 4 ok
UML specification{1]o]E UML #4249 A3 9
v A4 FAE AWy 93 vgrdly
AT S o83tk o3 FIwle 1y 29 2ol
49bAe] 22 ‘45}‘4‘:} H49e] deg-velzd 2 o
grde shFxE Aoss RdaA UMLAAE
MOF& 7&45101%‘_“3}. E AT structural Tholojx#l
9] vel-WEl=Ed behavioral Tholoie] wel-n
Etxdo] o] g sigdct F Ax TAQ deEd



UML 72 thololadsh 9] tholojade] Yad WeaZ 1161

structural / behavioral
meta~metamodel

meta-
metamode!

metamodel of nine

metamodel diagrams

/ user diagram user diagram

/ user objects E use object

a9 2 dEetndg el 484

2 UMLY 74849 9L AYste AeZ UML
semantics[19]9]1 A=  ‘Behavioral Elements’, ‘Model
Management’, ‘Foundation’ packageZ ol HEIR
e Atz Yok B J79 UML 978A] thojol 1l
o gk wemde] o] Al sidgct Al HA @A
Q1 ARg-A} tholo]a(user diagram)S WEIRHE V)
22 AHATL A4 delojagelrt. ¥ WX P
ARAL A (user objects)s AHEA Tholojae] ut
2] gixgzolt} ols} £ FZ WdA HFF GAA
WE-dERzde fegezsn aAd deExdzrt
o AARE At £ Y1, BAAH 2AE T I
A4 BALSE HAY £ Aok o} structural Tl
ol e] wel-vetedd behavioral theloj13ie] o)
g-reled S 3 ARERyE AR tholojael B
g3 dBde H1EE + Jrh

We-vend e verds ez TG H&
2de UML 97) thelo]zsiel st Ztt g,
Z} thojo]ay L TS TAHL/Ae OT Aleld #
AE 83 & 2z elzde FAXS 7HRE Yol
ola#dae] HALKALE AN 1Y 3L class Tl
gy vielzd-g FEF Aojch ojFA BEH 9N
delrds Zdzt dAol FARE F o7k RR &
Structural thejo} 233t Behavioral thelojage gz F
Bate Z4zbo) thslel vle-weled-S A3t wel-
HelRdoiy 2t tolojafe shte] 72 T3}
3 tholojaPzrel #AeLwS w2 s 7]
A9} A7) A Atolel] viX] gt

. ' - Use case
Class Dnagramr . Package (Use cse D.)
consist ¥ v'gongist realization
generalization._ ... v dependency
. i !
dependency Class ' . ta interface
... .., realization ; .
y . consist
association . consist
instance -
Component Object : Para— . :
A s t
EComponent D) || (obiect D [ AU et | Operation:

29 3 Class tholojadle] wjeledd

Structural tholojz@e] wiel-wlel2 -2 structural
tlololndlel] &3te 7 thololail e ity AR
FH3I class, objectd B BALAE FHIA Alo)
of Wi Et FEF structural Tholo)1 o] wEl-d)
Brde 09 48 ¥t §2F Ae-dERLDAE
class, object, component, node$} #2 TALEI} F
AL o)1, 845 Atold] Yyrdlgeneralization), 3
3 PHaggregation), 2]Z&(dependency)@AI7}  Slth
Behavioral tololi@ ] del-vglnde 19y 59
o] fxgth Behavioral tholel2d o] del-end e
object$} state® FACE callaction, signal, event$t
22 53 847 FAH] Uk

olg} & WEl-dElEd 2 clojoj 1Azt HA
ol L& Fth F 9] delolzAty WA
A E2AQdRe BALLE T = ok A AE-

g

i Component
Class Diagram Diagram
..... q. -——
Interface
Class < ---- 4 Component
...................... -
State A
machine '
Q
Object Node
- :
Object Diagram [ De[;l{;)gyg;nt

19 4 Structural tholojz o] miel-welz e

Collaboration Link
Diagram
9 Sequence
l Diagram

Activity Diagramk>—  Object

1

Statechart
Diagram

A —

-
'
Collaboration

¥4

State

State
Machine

9 [
Event }o—r Signal ]«--_..- .

Usecase
Diagram

% 5 Behavioral Tholoj13 9] wegl-velndg

i

Use Case —

9
l ActionJ




1162 ARFAE =FA AZESY L L4 A DA A 12 Z200612

e Rd g 7122 UMLY 97A] tojolaslizie] #7
E #FEsPE 9 6% 2ok Structural thojo]zy el
Hel-velRdol e class Tholola 3t object tholod
Zrso] BAe] 2418 o]F3, behavioral thelojzglg
wiel-vjete g o]l e sequence Tholol2WF collabo-
ration thelo]igo] @A H4AE ojBrh

29 6oM 12 class thelojadal statechart Thol
olgy #AE BB F oclasse Y WS
298 sux @ ds Y¥HSR statemachined A
£HHIR, pp.335) wEbM class theloiriale] class 9t
statechart t}0]012139 9] statemaninerlolols ADEA
7} ith Statechart telol1#olis statest event,
action®} & FARAT TFEITL Events Areio]
E 2EANE F e ASE e, actiond AHE
WA ¢ U8 FHE TS, pp333]. Event
(callevent)x= class® operation® @ 2238 5= 1o
BE[18, pp.282] statemachine®} event® class®l ope-
rationAtelol] ARAAE PR

2% class tholol#yt use case Ghololayzbel #
A& ZTEF Use case tholojay e Ajxggol g%
& Zd#sn 23] g8 Agsls dojojuge
2 use case®}t A2 Fd¥ck Use case rhojoinr

& class®] HE& gy HolB=E oo P}
= class?} class Thololig o] EAsledol SH1g,
pp.233]. WA class thelo]la#e) class$}d use case
tejolad e] use caser URTVAE pEch

32 class dolola@d sequence thololzsike] @
AE Jehd Aojtl Sequence thojol1zg e Ajzt 1y
o] W} objectEel FRIE wARY £AE EEH
thojo] gy olt18, pp.246]. whebM sequence thojo]
Yol }EhI= objects object tholeiidel] uEpRysl

¢ structural <-> behavioral
Ustruetural <~ structural or  behavioral <-> behavioral

Sl objectd] BHYE Helshe class ThololnPolx
viebbop vt WA sequence Tholojzile] object®h
class tholoj1# e class® V9RAE 7Math Sequ-
ence Thololmgiol A callaction® 28] operationd
invoke¥th ©l#l callaction® o}E¥ operationd 52
sl o] ohdal F&stunA st A EAEe
operationd F&3ledok OH18, pp.212]. @b sequ-
ence Tiolojziglol  callactiono] ojsie  wAEE
message®} object tholoilg e operation Atelels €
FRAE B, class cojolaggo Ael® opera-
tionHE FTHAZE E2AUE F object Tt} linkst
EAFTCE § YR ThE 3 YR ARE B
¥ o gtk webA sequence thelolag@e] T AR}
olg] WjAlAlY Mgl HBae ohject Tholejzge]
A7 link7} EAstedol §vHI18, pp.209).

4% class thololzigds) activity thelojzdlizkel @
AZ VeERdoh Activity theolej 19 statechart Thol
olngel 59 ALEA FE(activity)dir BFog
7he Aoags BoFE telojadolnl swte, tran-
sition, object B2 FARLHIS, pp.260]. Activity o
olojagelde H9 Aojige ot dEHE
object® FFAIITHIE, pp3ldl whebA] Activity ©hel
ojz2@ ¢} object object Teloiz#e] objectd} H
TAE 70 € $ len, 9 cass thelein
#2] classt® ARB[AE 7

= class tololzigs) collaboration thojojz#izh
8] 4BFEAE Jebdd Collaboration thole]zyde
sequence Thojol i} FAlE 449 dolojaygoen
A sequence Tholol1g@E WA 7] Fargs wjajx}e]
NTE e A28 W AHEE collaboration TR
olage AHSE P2y 2IL P2 o ALk

CLS  class theloiag

OB]  : object vhelojigd

COM : component THolo]ty
DEP : deployment thelelzg
USC : use case thejolg
SEQ : sequence holoj ¥l
COL  : collaboration ©ho}o]29)
ACT : activity thejoizg)
STC : statechart Tro}o] 23

I 6 thejeldli e #A



UML 72 thelogls) 9] thololads) da4 Wtz

¥ 1 Structural Dolo} 183} behavioral Trojo}1ulizie] AP AZE 8 1

ns structural relationship behavioral
tjoloj 1 component component tolol 1)
1 class operation dependency event statechart
class class realization staternachine statechart
2 |class class realization use case use case
class class correspond object sequence
3 |class operation correspond message(call) sequence
class association correspond link sequence
4 |class class correspond object activity
class class correspond object collaboration
5 |class operation correspond message(call) collaboration
class association correspond link collaboration
¥ 2 Structural ©Fo]o}2@ 3} behavioral Tholol1zre] A HHFEQ8 A 1O
- structural relationship behavioral
tleloj gy comiponent component t}oloj 1)
object object correspond object sequence
6 [object operation correspond message(call) sequence
object link correspond link sequence
7 |object object correspond object activity
object object correspond object collaboration
8 | object operation correspond message collaboreation
object link correspond link collaboreation
9 object object realization statemachine statechart
object operation dependency event statechart
10 | object object realization use case |use case

1163

thojojzgo]tt Collaboration The]o) 18 sequence
tiololaWa mpRIIRE object, link, message & T
Aaiz 718 pp.243], 29 69 33 #ZL HA
A class Bolol@ T} collaboration Thelojiye Ad
FAE 7FAY. Structural Tholo] 1 9] class tho]ojL
#@3} behavioral Tholo) 1ol &3te Tholola# AJo)
o BAE A £ 134 2ok 1 BAE class thol
o]Z1& 9] operation®] statechart tholo]2&e] evente}
dependency BAIE 71Ate RS YEhY class thel
o}a el class statechart THo]oi2®9]  state-
machine® realization BAE 7Hde A& TH3n
Ut

I 69 62 object thololaHI} sequence THolo]
a#7ke) #AE Jebdth Object thojoj1y@e oj=
3t &7tol| objects} ZLE 7he] BAE BASHE Thelo]
o]tk Object tholo2g¥-2  class ©reololazle] &
1he] Qx¥sel Fom (2 pp.80l, ¥ 69 33 &
AR A object Thojej2 2} object, operation, link:
217t sequence Thololz® el object, message, link$t
AFAAE 7

& object tho]ola#@ Y activity Tholela#zkel B
AE etk F tojojagzte] #AE 19 69 4%
At B2 FHAAXA object TololZHY  objects}
activity Tho]o]2#@ 2} object Alole] AAAAE 74Arh,

8& object Tholo]z:Wi} collaboration TFelojz@7r
9] #AE Yepdth. & dolojzie] BAle 19 6
o} 59} B2 FHANAM object el PY  object,
operation, linke 2+t collaboration EBroloizr g
object, message(call), link%} SAFAAAZE 717t}

& object Tholo]TWF} statechart Tholol2zte
HAE JEIth 29 69 13} 2L HANM object
tolojz@ o] operation, objectt Z+zt statechart Tho)
ojz17 9] event, statemachine$} FHBAS 7R}

102 object Tholo)2H} use case Thelojayzre)
FAE vEhdth a9 69 29 ZE& FHANA object
tholoja#e] objectE use case TololaH;Y use
case®} AR/JAE A

Structural tho]o}23€] object tho]lo] T} beha-
vioral tholojide] &3l= clolojidyl Alole] FAE
AHshd ¥ 29 24



1164 AR S =R AT E Y o]

W & A DA A 12 3(0012)

¥ 3 Structural tho]o]1# 3} behavioral Tojolad W A AZ:8A

Structural tho]oj1#e] &3l tho]oj1# 3} beha-
vioral tho]o|ndle] &3 tholojzte] Y@ B
AL ol x structural T}olojayd] &3l tho)
]2} behavioral Tholol1@el] &3l ooy
Zrzke) R 44 A Ax EAgch AP
X 37 2tk

112 class tolo|2# 3} object Tholollzke] #A
& vEhllE Zolth object Thelol2@ & class tholof
age] Qdzwxel . wEhA object thelejiyl g
object® class Tholola#e] class$t J2E2AUAE
7}tk EF link= association®] 3}9] instanceo] =
218, pp.209] object Tholols 9] link9} class Thol
ojZ1# 9] association Alelellw AB/FA Y EA)3)

12% class tholo]2# 3 component Tho]ojzz7he]
AAZ ®HF Zoltk. Component tlolo]iyhe 4l
e, elojEde, HeolE, A, A ZL A9
component®t 153Fe] FAE B tholojaygo)
t}. Component £dllv ZHPLE TFTY £ QJom=
component thejo] 19| component®t class thojoi
o) classE ABAAE 74

132 deploymemt wojo]1# 3} component Tho]o]
aPe] #AE vebdth Deployment tholo{ade
A x=¢t I x=o] EA81E componentd] 7L
el tholo]la@l 024 components deployment
tolo] a9 nodet FHBAE AT

14 use case tholo]a# 3} sequence thojol1®yzh
9 #AIE Yehl= Aolth Use case Tholojiyle]
Use casex 335 HAH35 A8 AE55S %2
2 Audch A3 AAFEER AddesE
o] 1o} olwf AIUFEES 3} sequence TholojL
HoZ JHITHIL pp224]. WetA use case Thojol
39 use case$} sequence Tholo]1#@Alole= A
TAZE EAFCL

15% sequence tholo]2# 3 collaboration thelelzr
#Azte] BAE Jebdth Sequence Tholol1#3 col-
laboration tholol2#-& EF interaction Tholo]1¥ 9]

H3 tjojo{ g component = relationship comporient- L2l - B
1 class class instance object object
class association correspond link object
12 |class class dependency component component
13 | deployment node dependency component component
14 |use case use case realization sequence sequence
sequence object correspond object collaboration
15 |sequence message correspond message collaboration
sequence link correspond link collaboraiton

dFo2ZA AAY P& ZLHI}] A ooy
olt}. Sequence THolo]l1#WE] object, message, linke
Z}2} collaboration thelo]1# o] objet, message, link
o} d#BAE 7M.

a9 69 16 activity theo]o]1¥¥3} statechart o
ojjayzre] #AAE Jrehdoh Activity tholoaye
statechart thojoja#e] 593 AL-ZA, activity o
olojigo] activityoll Al activity® 7he= AAEES B
AFE= WA statechart Telo]i# stateolA] stateZ
7he ANEESE BHAZUH2, pp.l129]. Activity Tholo]
aze yell= object A7) statechart tholo]2el
o Yehle L ofUEE FAHOE HY| oY 17
use case U}o]o]283} collaboration tholelzzztel
H#AE vEPED:. Use case Tho)oj@ o) use cased
AAzE A & We shie) collaborationd AHE-3CH
[18, pp.219]. & collaboration TolojaYe 3t use
cased]A] o8] AH g PF& Bz F wf AL
18 use case ©holo1#3} activity Tholo]l1lzhe]
#AE vebdol Activity ool 18L& use cased} @
B8 4 Yok Use case WA ojdE &EFE°] dojyt
I 253 Y5A gER/AVE oW AJAE FHetst
71 938A AR 195 use case TFOlO|Z1@ 3 sta-
techart wholo]agzre] #|AE vtebdth Statechart
tolola@e & A7t 2] use casedl BAA FHst
= YT A9yl 98 Ao 16, 17, 18 19¢ &
AdE 77 sht rAe gebsty] =3dd FAE
ojt}.

4. A3 e R HEH HAM

HAEZTEL E 194 E 294 AXNE 488 HdF84
E 722 fxdv A5 488 #AE HAE
golo]ay Aleld] AALAE HAHdA stz Y
71e #nsks Aotk 2y 73 o] sequence THolo]
235} object Tholola R olE object®} classE A
842 st 4B BAE 7HAH M sequence Tho
o}1y WYeol] A8 o]W object’® object Thelo]al
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Seguence Diagram Object Diagram

object A
: Class A

object A

R EENUSE——
:Class A

ag 7 dolo Izt hEasd] EoR

el EAsloel gde #EHE 4& F Itk F
sequence Tolo]a@e] el 2 objecte WHEA]
object Tholo]a oA #|F object7t EABIAoF 3}
= Zojt}.

oA e 22 AFFIAL F=8 F ok

« 7311 : Sequence thelol1@e] Z} objectol] &3}
£ object”} object Thojol1#l o] EAF o} et
olg} e FAZWHE OCLE o)gsly HYPze=w

F33hE og 2o}

Contents1() : Set(Object_b) = self.r_objecth;

Matchparentb() : Set(BehavioralDiagramElement) =
self.r_behavioraldiagramelement;

Matchparentd() : Set(DiagramElement) =
self Matchparentb()->collect(clc.parent())->flatt
en—>asSet;

Matchchilds() : Set(StructuralDiagramElement) =
self Matchparentb()->collect(clc.childs())~>flatt
en->asSet;

Matchchildob() : Set(ObjectDiagramElement) =
self Matchchilds()->collect(clc.childobj())~>flatt
en—>asdSet;

Matchchildobj() : Set(Object) =
self Matchchildob()->collect{(clc.childobj())->flat
ten->asSet;

Matchseqd(ob:Object_b): Boolean =
(self Matchchildobj()->exists(clc.object_name =
ob.object_name));

context SequenceDiagramElement inv rulell:
self.Contents1()->forAll{oblself Matchseqd(ob))

Contents1()€ sequence T}o]ojaogRE =RE
object® FEPle= Fol™, Matchseqd) FFe =
W Z} objecto] 23l object”} object Thojo]13 o
EAsteAs Bdste 5otk 28 69 6BAAA
sequence TFolo]1ge] callaction®]l EiA A=
messaged] #F3E operationd] EEEH= AAd &
Asteiol gt} webd o e 7L K= S+
At
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+ 7312 : Sequence Thelolz#e] 2} message(call)dll
™-8-3= operation©] object tho]o1 el T ob-
jectoll E)glefof 3},

AZFH12E OCLE F¥AHoz R ok

Fag=

Contents2() : Set(Message_b) = self.r_messageb;

Matchselobj(me:Message_b) : Set(Object) =
self Matchchildobj()->select(clc.object_name =
me.endobject_name);
Matchchildope(me:Message_b) : Set(Operation) =
self Matchselobj(me)->collect(clc.childoperation(
))->flatten->asSet;
Matchmessage(me:Message_b) : Boolean =
(self Matchchildope(me)—>exists{(clc.operation_n
ame = me.operation_name));

context SequenceDiagramElement inv rulel2:
self.Contents2()->forAll(melself Matchmessage(me))

Contents2()= sequence UTlojo]adozHE XRE
messageE Fhle F5o|9, Matchmessage() 5
£ Zdhd 2 messageo] L3l operation©] object
toloj@le EA3=AE B Folth 1Y 6
o] 6#ANAN sequence THolo{L#olA AF Atold)
message?] AZAAA = link7} EA3HE object Thol
ooz 3T AA ) link?t A ojo I
o gty o928 2L 7L 4L ¢ ok
« 313 : Sequence thelol1We] Zt messaged] 9F

A H&ste link7} object Thololad el &4

slejof g},

AZTE13& OCLE A¥3Foz HAHE ve
2},

Contents3() : Set(Link_b) = self.r_linkb;

Matchchildlin() : Set(Link) =
self. Matchchildob()->collect(clc.childlink())->fla
tten—>asSet;

Matchlink(li-Link_b) : Boolean =
(self Matchchildlin() —>

exists{(cl(c.startobject_name = li.startobject_name
and c.endobject_name = li.endobject_name)

or (c.endobject_name = li.startobject_name and
c.startobject_name = li.endobject_name)));

context SequenceDiagramElement inv rulel3:

self.Contents3()->forAll(lilself Matchlink(1i))
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Contents30)= sequence HolojaPozRE ZEE
linkE =8kl §4eld, Matchlink() e ZFEhd
7} linkell th-&3l= link7} object Tholoja@e) ZA) s}
SAE #d3e Feolty, 2y 69 7RANA activity
tholo] 1@ 3} object Tholoj1 P ARAAE iepiTh
Activity ThololZ@e o8] use caseol ZA object’}
Fe P& 2EYed AMEEHY, oY veue
object= object Tholol 2] objects} AFAAE 1A
o s o83 2o 73E 48 & U
« 7214 : Activity Doloj2# e 2t objectol] &5}

£ object?} object Tholo]a o] EA|3}cjo} gt

A=H314E OCLE Aoz FHsA ok
z

Contents4() : Set(Object_b) = self.r_objectb;

Matchobject(ob:Object_b) : Boolean =
(self. Matchchildobj()->exists(clc.object_name =
ob.object_name));

context ActivityDiagramElement inv rulel4:
self.Contents4()->forAll(ob|self Matchobject{ob))

Contentsd()+ activity tTiolojladiogHE =XEE
object® ZFHE Fgoln, Matchobject) TFe F
Zhd 2z} objecto] ™h&3l= object”t object Tholol1H
o] EAs=AE Adste Folth. 1Y 69 WAL
object Tho]o]2# 3} collaboration Thololahe] #A S
yeldit}. Collaboration the]o] 232 Interaction Thol
ol ¥ FREA AAEY P& EdHsis o
ol e 2N 53] AAFRY AL B3} Col-
laboration Wejo} 1L sequence Tololiyw Zol
object, link, message®} & 84E F5HoE XE
stz glon 1 HZFe] fAlEth A 11, 12, 13
I e FHAG ¢si4 Object tho]o]zdgi o] collabo-
ration thelolndly siAe 4@ AFSHEL o
Zo] =2 4 Ut
« 7315 : Collaboration thelolzz®2] 2z} objecte]l ™

231 object’} object Tholo1d el &Aool

gt
+ 7316 : Collaboration olol1¥9] Z} message

(calDel W-g3hH= operation®l object Tholoj1H <]

&% objectthell EAjstojolgi}.

* 7217 : Collaboration tho]oj2#2] Z} messaged]

AAPA ) L3 link7} object thelo]ay hel

EA)s}edof g}

AZE7FH 15, 16, 179 A9 A¥H BA= BFT

AZEHS 2 S8 A 0 A A 12 Q0312

2 11, 12, 13% o] =& & Utk 2™ 69 9FA
= object tholo]a#} statechart Tlojolzeztel o
AZ yebdc) Statechart tholo]a#-L objects] A%E
& 2dY3E RO E object?] statemachined HAF
o stateolA state® 7te AEES ZZITHIS,
pp.333]. Statemachine® ZA 7} AHF7 Feto AlA
o] wAEH 1o &AM A e FH £X4E
FAS 3 FFolx, Atde W FRE A BAsS
Reolet, WA statechart THo]o)1# ] statemachine
3} object Tholol2# 9] object Aloldle ARAAE 7}
AY &3 2 3L {28 5 Aok

+ F3A18 : Statechart tho}e}13:e] statemachined] o

23le object?} object Tholo]zz ol Zajdleio}

gt

A TH18E OCLE FFFHoz FAsE thed
2.

Contents8() : Set(Statemachine_b) =
self.r_statemachineb;

[

Matchstatemachine(st:Statemachine_b) : Boolean
(self.Matchchildobj()->exists{clc.object_name
st.object_name));

context StatechartDiagramElement inv rulel8:
self. Contents8()->forAll(st|self Matchstaternachine(st))

Contents8()-2 statechart Tho]o]aYPo2BE HE
Zeghlle  g4olw,  Matchstate-
machine)® &8l 2zt statemachined] 83
object”} object Tholojage] EAEe ANE BIIE
rolty. 1§ 69 9% statechart The]o) 13} object
tholojazke) #AE JeEPd) StatemachineWl 9] 3t
9] Event(callevent)e A#E object®] operation
o2 wdzyd £ glov= i g AEFIL &
=% 4 Aok
« 77319 : Statechart the]o]a3 2] statemachinel}] <
eventdl t-&38}= operation®] object Tho]o]1=e]
8 objectlol]l EAstoof Fhot.
AZTE19E A¥F oz HANE g7 #doh
Contents9()F statechart Tholo]idgeo2RE HE
event® Z#= Fgro]w, Matchevent()= ZFhd z}
eventd] ™-33}= operation®] object Tholojzi¥e] o
< objectllo]l EAElE AE BHIE Fgolth a9
62] 10 use case tho]loi1#l i} object thololzk
2] BAE Yehdth Use case tholo]ayhL class?)
Byxo mulgdsie Aolmz oo @ class7t

statemachine$
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class tholoj® o] EAistol dcth. @A class
9] QI2®¥A]l objectds FAHBAE JHATE Use
case THole]1¥s} object Thololaztele R 2
& FHE $ET + A,

Contents9() @ Set(Event_b) =
self.Contents8()—>collect(clc.childevent())->flatt
en->asSet;

Matchselobj(ev:Event_b) : Set(Object) =
ev.parentstm()-> collect(s|
self Matchchildobj()->select(olo.object_name =
s.object_name))->flatten->asSet;
Matchchildope(ev:Event_b) : Set(Operation) =
self Matchselobj(ev)->collect(clc.childoperation(
N->flatten—>asSet;
Matchevent(ev:Event_b) : Boolean =
(self Matchchildope(ev)->exists(c|c.operation_na
me = ev.event_name));

context StatechartDiagramElement inv rulel9:
self.Contents9()->forAll(eviself. Matchevent(ev))

TFA20 : Use case Tholoj1#e] use cased] o83t
= object”} object tholojz1g) ol EAsle]of Fh)
AZFH20S OCLE HYHog #HANE g3
2t}

Contents10() : Set(Usecase_b) = self.r_usecaseb2;

Matchusecase(us:Usecase_b) : Boolean =
(self Matchchildobj()->exists(clc.object_name =
us.object_name));

context UsecaseDiagramElement inv rule20:
self.Contents100)->forAll(us|self Matchusecase(us))

Contents100)& use case The|ojiyomiE RE
use caseZ ZTHNE §4o]®, Matchusecase()= S}
A 7} use caseol W33l object”} object Tholojz
ol EAQs=xg Adshe golth

Object thololzdlisl Qlawx FAE A3 Use
Class tholoj2slo] thgt HEFAE UM F=F object
tolojade] AL RFALEHA = 5 Aok o
g 18 69 1,2 3,45 3= 44 9,10,6, 7, 8 &
Aoty FAM gs AEHHE FEE 5 Ak

5. USEE 0|88 7o 23

OCLE BA® #3& OCLE AFe BT

[20.21,22,2324]18 o83t HAHF & Uk OCL B
T F 71 9ol 7i%E M e USERZZ
g mas 2 d7das USEE o83ty #F
THY 4-&3L B3t USEE #5331 3k vl
oS USE B4 g wdstn tgolojadle J
g3l ARt ASHES OCLE RE3e HF o
ololade] H&Ft USEE o83 #HFo AARA
< 9 83} Zo] XHY 4 3k USEY oL
3A validation® meta-validation® 2 TE& 5 Stk
Validation2 AME2}7} 2443 tholoj 2@ e] constraint
Hgste] tholojae] S HAFshe Aol
A18-2+e] ‘data’® AZdlE Aol mata-validation
AFeA7E AAE cholojaglo]  well-formedness
rulesE HE3sld ‘dololad xA'e] FHEE HFE
E Aoltt, Well-formedness rules= UML t}eo]o]1d
o] FEgs Bt 4G9 FHLEA UML speci-
ficationl A& well-formedness rules® OCLEZ @
st gtk 2 AFoME USEZE meta-validation®l)
olg38le] oA HEF HEFAY AAE HFITH

rUser diagramil | Metamodel |

ellformednes
Rules

rlo JN

Y A
WSE specificatiﬂl | USE specificatiori

USE command

Y y
r Userobject_J l User diagrams ]

USE TOOL

Y Y
r Va!idationJ | Meta—validationl

1% 8 USEY] ol4%

Meta-validation& £2]o] & metamodel S 433}
o USE BAZ Rt ASA2H ggez AHg
3t} o)w) AL uA sl AETFEE well-formed-
ness rule?}t 2o] st FAo) Agdich dHE o
ME 71%E insert, create, set I} &2 USE BHAE
ol g3le HEgtRde] QIAEA ZF AMER} flolo| 1S
A3l AAE Q2¥EA tholoja#e well-forme—
dness rule®m ZE ZFFo) HEHA tholo1ilY
ARANE AZsA 8ok £ AFedAe o8d A5
Aol 2NAAL 2 3% structural HE-HEEY
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7} behavioral WE-HEIRDE GFE3Pn ol HF
9 %7 WEgEdz et 423 de-HERde
USE9 8oz A3y & shie B§d HA=
FAET 4FAM 53 AZTEHLE well- forme-
dness rule®t 22 9v|2 USE BAH &9 XS
gt

AZTH FE48 A4S A8 g 2L 49
E =93 o 97N 5B AFAS
gyl JaaesiEA B3gd 4 de FNE AT
dFe AT eyt TAE EAE FgUEL
BAE Zolsln 1 HAAE uigod 4E BAARE
=3 sn wEAdA gome] shgHbd =&S
FE Aayolrh o] AlxEle] HAA APE F U
object tholelzdel o7k 1y 9o vEht Qlth

e

5:Student q:Question 1. Teacher

test set

Sverify_result(

$analyze_qusstion))
Mest_guestion()

%submit_question()
®set_question()

Scollect_question()

a% 9 oA A" object tholo| 1A

T a3 99 ULEe sequence Trolola#E ¥
1043 Jehd 4 ik

i1: submit_guestion(); :
2: collect_gquestion()

3 test_question() J

18 10 A A2Ee] sequence tholol 1@

USESY 48mAs tholojadle] FAHLAE HA 3}
E 2B ARAE wAsRe REoE FAEHY dn
golojade) THLAE BT e Fdx FE
Edsta a3 attribute?} operationg EH3A = of
gtk tholojade) AHesuxsls AEFAY e A
3= OCL ez F&ste wAe st Ayt
USES} BAT2E cHe# 2o

model model_name

class class_name

attributes
attributes_name

oo

€ A 30 A A 12 50012

operation

operation_name

end

constraints

context verified_element inv rule_name:
verification_condition

2¥ 99t 27 10 telejadle] AXAE AT
%8l E  USE®] meta-validation®) 7o) uwe
metamodel®] 3hte] AxE22 AT FFAch &
structural WEl-wE}=2d 7} behavioral WEH-HEIZD
9 599 velEdy shtel dzwxrt "ok 12"
28 BAse WHL create, insert, setF T FH
o}7} Qt} Create® U2Ex mdo] FHaA4g A4
e WHolola, inserte TALA Alolo BAE 4
Al s oot Set HHole FAHLA &4
o e 4R AFE HHololth WHol e o
3 2t

icreate component_name:component

linsert (component_name, component_name) lass_
name into association_name

Iset acomponent_name.attributes_name = 'name’

ARY A2w2: 2de 39 1137 o] EHED A
282 pde ferde s QQadzolnz YE
tlolo]2W T e object Trololny HEl2 FHHCH
DiagramElement A7} thejoinye] FHAES 3
o 9% behavioral thololae] FHREA ¥
109] sequence Thololge] EBHHO} 313, LEZ
£ structural tolojayel § FHEA Y 99
object Tholoiago]l E@HY Uct ZA <} HF|Alo]d
v QgAY BAEY Rz Zzte] d¥HS
JHAA Ak 9¥8He OCLE AFae P o
8% 982 It

AR AxEA 2do] o HEA o] HEHh
29 99 ¥ 10 tholojaHe] YT/ HEWEES 3
438 Axe g 129 2ok dolojad] AFHA11
AN AZSFH207A 9 FHE HEF F} LF true
2 vebgch mebd 238 99 object thololzdw 2
¥ 109 sequence Tholo]a#e AdA HFTA A W
=30 2A34E 4¢ & Aok

AZTEHY 4L 4Hsly) 93t 19 139 2
& 987} & sequence Tholojy-g =Yjith 18
13& BAIE FE3) o] fAXg Ede] 2F7t Atk
AZ274 125 sequence Tholo}z#e] Zb messageo]
281 operation©] object tholol1# 9] sF object
Wol| EAstoiof Foke Rtk & siStudent A7}
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i)
ol¥

29 12 AEFEe 4425

t.Teacher a:Question s:Student

i1: submit_guestion(); :

12: select_guestion() -

3: test_question()

T »
] '
] '
] i
. ]
1} 1}
' '
i ’
] i
] 1
i} .
] ]
. i

13 13 257} A= sequence Tholola#e] ¢

3% select_question() AR q:Question ZA|o]
operation®. 2 oo} glojof gl ot}

w2tx] 2@ golli=  s:iStudent AA A FEEE=
select_question WAIXE Wi gQuestion AF =
select_question®} 22 operation®] AL o] YA &
LBE olg HAFde AZTII2E UFIX £ 2
7t stol gt} a9 142 29 99 29 139] tho
ofael #3t] HAETHE FHEHL A vgue
Ao},

AcivityDiagramElement.ruel 4
dlaborationomgramaemerm rulets brue

cliaborationDiagramElomert:rets rue
laborgtionDiagramEiement: rulet? jrue

SequenceDwgrmE_lngnem ruet rue
DisgramElement:rulel2  false
eDiagramElemert::ruie13  rue
StetechariDiagramElement:ruie18  hrue
StatechartDiagramElement:.rute19 Tue

UsecaseDiagramElement:rue20  true

it constrsiot tsied.

I9 14 257} U veloads) AETy A4

E ¥ gF pug

£ dFdME UML EE 93 243 behavioral
tholojage] &3l tholoj1dF structural THole]1
Hel &te tholo]nilzte] YA L HAFFHe WHHe
24 structural tholojaye] wel-vel2d 3} beha-
vioral Tholojzie] dlel-wlelrd gl 2R HE
Frzd OCLE HHF a4 HFTTFAL ol&std A
Z3ke WERS PEE AdsAdg. dWEAEE A3
4 behavioral tho]l2@H structural thelojzye]
He-Het2dE F23t9, ve-Helmds S st-
ructural te]o} 2@ 3} behavioral Thololzeizte] WA
AE A4St ¥4 AF8AE mosiynh a8ln
APE HAFTRAE FHoZ AR AZFES fxst
aok F=E ASTEL ¢ 48 oy HAE 2
e A3t 5AHoZ OCLE AME3ld A¥Homw
B, riAY e g YA oz PAFH 7L OCL
#AEFQ USEE o83ty 1 848 #EFsn

USEE OCL #EETEA 71 golyd 71%E& 71X
= =7I7M13] A 2 =TE olgsld AFse

o
M
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HA A ol&te] BHE A
7} ZA%E tojojadgel AR
w3k wEPe Aok ot
ZEe SN A4S AFAILEH)
ERge] glov AR 43 tholojags HEE)
71 93ME USE BHAE 53l9 Yxdd25
Aokl &Y FYo) Wad dth oI FAe
UML Ed3$ AYsle =79 mde] AFE A3
= =7t BeElHo] e ddd 719t weiA FF
ATrHAZE ot FAHPE AEsI H3 ARERT)
4% tojolag i HEHA glo] HFI
2% A7 Basith =3 AL de-relzdy A
ZHAE Ho} AAsln AgsA BEste tolojay
78] 4#ARE Ho e AFE 5 UxEE s
Hol Hasjct
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