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Class Y
field f:F -
attribute a3,a4:Int -
state s3 -
state s4 -
transition -

start is -
source init
desitination s3 -

end

t10 is
source s3 -
input f.el -
when f.e3.num := a4 -
do a3 := a3 + 1 -
desitination s4 -

end

tll is
surce s4
input f.e2
do ad := 0
output f.e3
destination s3

end

end
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000000 BasiceMSCOOOOOUODOODODOOOOOODOOOODOOODOODOODO
OO00000000o0o0obO00obO0o0oboobbO0o0o0obooboboobbgb Basic MSC
gbobuoogobobooonoo
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msc basic_concepts; inst Initiator: process |ISAP_Manager_Ini, Responder;

endmsc;

instance Initiator: process |SAP_Manager_Ini;
condition Disconnected shared all;
in ICONreq from env;
out ICON to Responder;
action setting_counter;
set T(5);
condition wait shared;
timeout T;
out IDISind to env;
condition desconnected shar ed;
endinstance;
instance Responder;
condition Disconnected shared all;
in ICON from Initiator;
out ICONind to env;
condition wait shared;
endinstance;

U 32 000000bboboogoboon

msc basic_concepts; inst Initiator: process |SAP_Manager_Ini, Responder;

Initiator:

Responder:

all:
Initiator:

Responder:

Initiator:

endmsc;

instance process |ISAP_Manager_Ini;
instance;

condition Disconnected;

in ICONreq from env;

out ICON to Responder;

in ICON from Initiator;

out ICONind to env;

condition wait;

endinstance;

action setting_counter;

set T(5);

condition wait;

timeout T;

out IDISIind to env;

condition desconnected shar ed;
endinstance;

U 33 b0budugobobuooon

18



3.1.3 0000

gogdooboobbbuooooouobbbboooooouobobibibU core-
gion O OOOOODUOUOOOdooooooouououoooooobbobobbbbobboo
000000 (instance decomposition/composition)d Basic MSCOOOOO0O0O0O00OO
godobooooobbbboooooooooooobobobobobbobbboouuoouo
00 (inline expression)0MSCO OO OOOOOOO MSCOODODOOOOO MSCOO
(MSC reference) D00 00MSCOODOODODODODODODOOODOOOOODODOOO High-
level MSC(HMSC)OD O DODOOODODOOMSCOODDODOOOOODODODOOMSCOO
O0O00O00ooooooMSCODODOODOO0ODOODODoOOoDoOOobOOoOobDoooDo

HMSCOOOOOO (start symbol)D 0 HMSCOOOOOODO 1000000000
000000000 (end symbo)DMSCOOOOOOOOO (connection point)d00 0 00O
guoddooooooobbbbbd

HMSCOOODOOOO 340000000000D0D0O0O0ODODODOO0OOODbDDbOOO
OO00000D000 “disconnected”T 30 0 0O O MSC“message_lost” 0 “time_out” 0 O [
O 0O “disconnection” U0 0 OO0 OOOOOO

O00000D0O0O00DOO0O00D0O0 “disconnected” O 0 0O OO OMSC “message_lost” 0
“timeout” 000000000000 MSC*disconnection” 000000000 “dis-
connected” 0000000 O0OOO0OOOODOOO

msc aternative;
expr L1,
L1: condition disconnected seq (L2 alt L3);
L2: message lost seq (L4);
L3: time_out seq (L4);
L4: disconnection seq (L 1);
endmsc;

msc aternative

(message_lost) ( time_out )
\ /

[ disconnection )

034 0000000000D00D0DOD0ODO
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4 [

Joboogdubood

goboboogobbboooboboogoobooo

4.1 0OU0O0O0OOOOOOOO0O0OO

gbudbboobogbuogbbooboboooboobboobuoobbobboad
gboogooobogbubbogbboobooonooboogbuoooboobobon
goo4.100

Message Sequence * Dynamic Model * ObML code
(MSC) (ObTS/ObCL)

Execute or Test
on ObML

041 000000000000000000O00O0DOOO0

2000bu0gobboobboooboooboobobobobobooobboobobog
000 MSCOOOOOOOOOOOOO ObTS/ObCLODOODOOMSC -~ ObCL OO
gboggbougbbudbuoboobbuooboboobbuoobboobboo
gbogbobodbdobooobuoobobobbuodoobuoobooboboobbon
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OO0oooooooooobCLOODOO ObCLODODOOOOOO ObMLOODOOO
0000000000 ObMLOOODO/O0000000000000000O0O 41000
gbogbodbooobuogboboobbooboobbodgbooboboobbon
goboboooobooo

gouodgbboggboogobooboobbuoobuooboboobooboobboan
OOoo0Ooo MSCOMSC - obCLOODOO0OOO0OO0O0OO0O0OO00OD0O0ODOO00O0DbO0ODbOOn
gbbboogobbboognbo

4.2 JUO00O0O0O0OO0OOOOOOO0O MSC

OOobOooooboobboooooMSCOOooboooboobooboooooboooo
OO000o0boOo0ooobooboobobooob0oonDg BasieMSCOODOOoOgMsCO
00/000000000000000  HMSCOOOOO0OO0O0OO0O0OO0 MSCOOOOO
OOoOoMSCOOODOOOOOOODOOOO0O0DOOODODO00DOO00DOO0O0DDOO Basic
MSCO HMSCODOOODOOUODOOODOOOOoOooooOo AODDOODOODOOoOoDOO
OOooOoMSCOODODOODODODOODOOOOO

4.2.1 Basic MSC

OO00000BasicMSCOOOODOODOODDOOOODOODODOODODODODODOODOO
gboogooobogobuogbbooboobbuogbbouooooboobobon
gbobuogobodgbooobuoobobuoobooobuoobooboboobbon
OO000O00OBasci MSCOUOOODOODOODOOO Basic MSCO MSCOOOOODOODO
OO00o0oobd0bobobobooobooobooogognD BasieMSCOOOOoOOoOO
BasicMSCOOUODOODOOOOOOODOODOODOOOOO

gooobdad

gbuogobogbbbuogbbodgbuoobbuoobboobobooobuoonn
gboobodbbodgboooboobbugoobooobooboobboobbon
Oobooobooooobooobooboooboooobooboob“USER"oonoogoo
gbobobuoggobbbooobbobboooobobuoooobboooobobobogao
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goobodboobooboobobbo4200b00000000000 4300
OO0O0000“USER”O0DCOOOO00OO0ODCODOODO“ATM”O “BANK’ODOODODDO
goboo

goboo

googoobobobbobboobbbbbbbbdoodooooooooooon
gooooobobbobobbbbbbobbboboidoooooooooooooooon
godbbdboobbugbobuogugboooboobbuooobuoobobooon
gboodgbuogobobuogbbuoobbuooooboobboobbobooobobon
gbobbooggbobbbodoooobbboooobbbboooobbbuooooon
gbobobuoooobboooobobod

OO000D000OIntOD0 String0D00000O00OO0OOOOOODOOODOODODOO
0000300000000 000000DLO00D00t0D0D0OD0ODO String0 0000
0000000000000000 ((()D000000000 Int0DO00O0O0O String O O
00000000000000000000000O (") ODOoDoDoooooooooooo
gobobbooogobobbooooobobboogoobboooobobbobuoooon
gboobogooobogooboo

gobbouoooobobooooobobuooogoobobouooooobooo

e JOUOUOODODULOUOLDDDLDUOUODLLOOUOLODLOOOUObLDUOUbLDDO
goooo

gbbooogobboooobboboooobbbuooobbon

gobbuogoobboogouobobboooobooboboooboon

OOoooboboboeMSsChoooooooooobobooboooogonog

gboboggboggboogbobbodbbodbboouobuogbooooo
gbobobooogobbooooboboogobobuooonooon

OO00000000DbO0DbO0bO0DO00b0ob0ObD0mst0O0DbOOOOOOOO
googobbboogobuoobbobuoobboobbooobuoooboobobon
gboobbobuoobuoobbuoobbuoobbuobooobuooobooooboon
gbobbuoooobbbuouooobbboboooobooo
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Oo0ooooooobooobooboo 4200000000000 0 4300000
00000000 “msg”00000000O “ATM”00 “USER"0D00D0O0DODODOOODO
O0000000D000000 “input password.” 000000000 “passin” 0000
“USER”00 “ATM’000000000D00D000DOO0DODOO String0 O “password”
O00000D00D0D0000 “checkaccount” 00000000 “ATM” 00 “BANK” OO
O00000000000D000000 Int00 “num” O String 0 O “password” O 20
0000000000000 000000000 “msg”0 “passin”’00 00O “checkaccount”
0000000000 0o0oooon

gboooboogn

gobodooggobboooobbuooogoobogon

goobdad

gbbbuooobbbodoogobbooooobboooobobbogo

HEN

Basic MSCOOUOOOOOOODOODODODOODODODODOOOODODODOODOO
gobob200000bobooggobbooooobobogo

gooo

gbuodgbbdoboobudbbobobuoobobobbuoobbooboobobbod
gobooodgg

gobooo

gouogbdogogbboobodgbbogbboobooboobobbuoobobood
gboboggbuogoboboobuodgbbogbboboobbuobuoobboboon
gbooguogbbuodbooobobuoobbuoobboouoboobbooboon
000000000000000000 action000000000 noted OO (:)0O
00000000000000000000000000000O000 (;)booooo
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OOoo0ooboobooogoogooobCLOobonooooboooboobuoboboobgo
gbogbobbbogbuooobboobbuoobboobboobuooboboobbon
gbbbuoogoobbboodobbbboooon
gbobogbbuogobogbbooob 44200000000 bbooob 430000
OO00OOount” OO0O00O0O0OO0O0ODOODOOOOODODODOOODODOOODODOO
gbobbbooogbobbbouoooobbboooobbbooooobbbooooon
gbobbuoogoobbbooobobbboooboboo

gboboboogoboo

gouodbboobuogbuogbooobuoobooobboobuoobboooban
gbobdgobbouooobbooogobboooobbbooobobobooon

Basic MSCOOOOOOOO

BasicMSCOOUOOOOOOOOOODODOOODOOOO

e O UO0O0O0ODLDLDOOOOLDLDOUOOODLDODDObLDUOUOLDDOODLDOO
gbobooogobbuooooboboo

gbobbodoggobbuoooobobog

BasicMSCOOUOOOOOOOOOOOOOODOOOOODOODOODOOOOOD
gboboodgbbobogoboggobbuoogbbouooobobbuooboobga
gboboboooobboooooboboooon

BasicMSCOOOOOODOOOOODOOOOOOODODOODOODODODOOODOOO
gbboogoboboogooboogobuooobboooobbooooboog
gobooooggn

gobobbuoggbbbooobobooobobbouoobbuoooobooa
gboboogooboooogooo
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msc Input_Password

USER ATM BANK

— 1 /] 1

msg("input password.")

passin(password: Stri ng)‘

count = count + 1

checkaccount(num:Int, password: String)

O 4.2: BasicMSCOODOOOOOOOOO

msc Input_Password,;
inst USER, ATM, BANK;
instance USER;
in msg("input password.”) from ATM;
out passin(password:String) to ATM;
endinstance;
instance ATM;
out msg("input password.") to USER,;
in passin(password:String) from USER;
action count = count + 1;
out checkaccount(num:Int, password:String) to BANK;
endinstance;
instance BANK;
in checkaccount(num:Int, password:String) from ATM;
endinstance;
endmsc;

O 4.3: BasicMSCOODOOOOOOOOO
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4.2.2 HMSC

O00O0O00OHMSCO MSCOOO/OOO0OOOOO0DODOOOOO0O0OOOOOoOoooOO
0000000/00000000000000000000 HMSCOOOOOooO 100
OOoboooooooboooooooogpMSsCcOoboobooooooonoooooooo
OO0O0000D000o0b0o0bD0b0o0booodbbitelse 00D 0oooooooO
OO0O00O00OHMSCOOODOODOODOOrootd HMSCO MSCOODOODOODOODODO
OO0DO0000OHMSCODOOODODODODOOOoOOoobooooeEMSCOODOooOoooOoo
goboboooogon

HMSCOOO MSCOODOO MSCODOOOOoOoOOooOOobOooooooboooooo
gbbboooobbobooobbboogbobbbuoobbbooooboo

gooo

OO00000000oOoifbdbb0b0elseif00000000OO0OOO0OOOODDOO
gbobogobuogobouoooboooobbuoobooobooooboboobobon
gbooobobbbodgbboobooboobbobboobooboobboobon
gboogboobodbbuodobbuoougbbbboobboobobobobooo
gboogbuogbbuoobobobbuoobogbuoobbobuoooobbooboon
O00000000000000000000000000 noteJ 0000000 (:)0OO
OO00O0oooobooogoobooobCLOoboooobooobobooobobooboooboo
gboobobuogbobbuoobbooobuooboooboboobuoobboobon
gbobboodgobood

HMsCOOOoOooooooooooooboobooooboosoboooooboo

lL.gbbbooooobboooobbbooooobooon
2.2.0000bbbooobobobbobboooobobbouoon
.uuggbbbouoogoboobbboooobbboo

OOobOoboboooogMSCOoooooooobobooooooDoooonon
gobobuogggoboood
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HEN

OO00OOHMSCOOOOOODOODOOOOOOOBasiceMSCOOO /00000000
00000000000 /00000000000O0O0O00000Q

00 MSC

HMsCOOooOoooooo MsCOOoO 1gooobooooboooobooobooo
MSC O OBasic MSCUO HMSCOOUOOOUOODOOOOOoOooOo MSCOODO 200000
goo

HMSCOOOOOOOO

HMSCOOODOOODODODOOOODOOOoOOoDbOoDOo

e JJIOHMSCOODODOOOODODOODODOODODOBasicMSCOODO /000000
gbooboogoggn

seqUUUUOODODODOOOOOOOOO0OOODOOOOOn

conditionJ 0O 0O0conditiond0 000000 OOO

f-else0 0 000condition 000 000Oif~else0 000 0OO0OOODO

MSCOODOODOOOifelseD OO OOOMSCOODOODOODOODOOODO

HMSCOOOOODDOOOOODOOOD440000000000000045000000
O0000000D000 “ount” OO0 “count” 0 30000000 O0O0OODODOO
O00D0D0D000000D0O0O0O0O0000 “disconnected” — 0O O MSC“failure” -0 O
“disconnected”0 0 0000000

27



msc setup_attach

y
<di sconnected >

(count > 3) (count <= 3)

_/
( fallure ) ( connection )

< connected >

0 44: HMSCOODOODOOODOODOO

msc setup_attach;
expr L1;
L1: condition disconnected seq (L2);
L2: if (count > 3) seq (L3);
elseif ((count < 3) and (count == 3)) seq (L4);
L3: failureseq (L1);
L4: connection seq (L5);
L5: condition connected seq (L6);
L6: end;
endmsc;

O 4.5: BasiceMSCOODOOOOOOOOO
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4.3 MSC - ObCL UOUOOOON

MSC - ObCL OOODOOO0OOOMSCOOODODOOOOODOOOOOOOOOO
OO0O000O00obOo0obOoOoobOooo obCLOobObOoooooobobobooooboo
ObCLOODOOO0ODO /0000000 /00000000/0000000O0O0OoOooooO
gbobbuoogbobbbooobbboogbbbbuooobbbod

4.3.1 00000

oboooboooobooobogobooMLObOoOooObDooobooooobg
OO000D00b0o00oboouoboobOU BeolUOIntOODOOO String0O00OOODO
gbobbuoooobbbuoooobbboo

4.3.2 0O00O0O0OOOOODOO

gbuogbboobobobobbuoobboobuoobboodoboobboobooon
gboobobuogbbodbbobobuoooobbooooboouobboobbon
gooo

Ooooboooboobooobobooboobbo0obbodl GENERIC.EVENT O
gbobobuoooobboobbbuooobbbooooobbuoooobobobooon

OOobooobooboboobobobooboooboboobooboooD vaPoooooooo
OO0 “ATTRIBUTED” 00O OO0OO0OO

event ATTRIBUTED
inherit GENERIC_EVENT

attribute val:Int

end

OO000000DO0D0O0000b00b0ObOobOOoboOobobDBasiceMSCOOODOOoOO
gogobogbobogbbuoobob200bbuobobodgbobooooooobooon
gbob1gbboobuoooggbbbboooooboobboooognobbboooan
oboobooboobobobooboobobboboobodtbobboboong
OO0000 nt000000O0String0 0000000000 0OOO0OO Stringd0O0OO0O
O0O00booobooob0boob0OUdb0GENERIC EVENTUOOODOOODOOOOO
Oooooobooboboboboooooboooobooobobooboobooobognbodlnt
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OO00O0bOobOobooon Sstring 000000000 200000000

O4600000000000000ODDDODOOMSCA,B,COOOOOOO “FIELDY”
O “FIELD2” 0000000000000 00000YIELD1” 0000000 “el”, “e2”,
“e37, “e6”U “e7” U0 “FIELD2" 0D 00O O0O “e4”, “ed” 0000000 O0ODOO0O0O

0470000000 “FIELD1”O0O000O0ODODOOO “FIELD1”O0D0000OO0O0OO0
OO00oobooooobooO0 nt00000000 oUO0ODOOGENERIC_EVENT
Doobobobooobob Itgbgooooobobobooobobg20U Int
OOo0O0oO00 “FIELDIINTEVENT" OO00O000000000D0O0OString0O00OOOO
OO0O0“IELDIINTEVENT” OO 0O0O00OD0O00O00000O Stringd00000OODO
OO0000000000D0100 String0 00000 “FIELDI.STREVENT” OO OODO
OO00000D00It00000000 0000000 “FIELDI.STREVENT” 0D OO
O GENERIC EVENTOOOOOOOOOOOOOO

4.3.3 UO0O0O0OOOOOOOO

godbbgobboogubooobuogboboobboobooobuoobobbon
gbbbuooobbbdoodoooobbooooobboooobobooo

OOo0oooobooooboboboooboobogn “GENERIC.EVENT? ODOODOO
OO0 “el1”0“2” OO0 “ATTRIBUTED” OO0 000000 “3"000000000O00O
oooo “Frooobooog

field F
event el,e2:GENERIC_EVENT
event e3:ATTRIBUTED

end

guodbuogobuoobbugooboobuobboobboobodgboobbod
OO0b00o0boo00 e300 000000000DO0OO0OOOOOOODOOOODOOD
OO000DO00O0000D00DO0D“e3val”’ 00 00000ODOO

OO0O000DL0O000bO00ob0b0o0ooobOooboDbO BasieMSCODOOODOO
obooobobooobbobboobbobooboobuoobDoomtbbooboooDog
OO0DoO00ooooOoOStringD000ODOOO0OOODOO3000000000O0O0ODOO0OO
gbobobuoogoon

0480000000 “FIELD1"ODODOOOO0OOOODDOO “FIELD1”O000DOODOOO
O00000D0O0O0O0O0DOO0OO“IELDIAINTEVENT”O0OO “FIELD1.STREVENT”
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obo4r70oooooobooboobon

msc A msc B
USER X Y USER X
L] ] 1 1 L]
el() - _ €6("msg")
e2(x:Int, y:String) I |
e3(z:Int, l:Int
(ziInt, I:int) > msc C
| mode =1 | USER X
ed(z:Int) L1 L]
|va|=z+10| num:vaJ|
_e5(val:Int) _e7(val:Int)
I I I I I

FIELD1(USER-X) FIELD2(X-Y)
el() e4(z:Int)
e2(x:Int, y:String) C e5(val:Int) ]

e3(z:Int, l:Int)
e6('msg)
e7(va:lnt)

04600000000
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FIELD1

el()
e2(x:Int, y:String)
e3(z:Int, l:Int) Int parameter max value: 2 =
e6("msy’) -
e7(val:Int) String parameter max value: 1
ObCL code ~
--- FIELD1 Event Class ---
event FIELD1 INTEVENT
inherit GENERIC_EVENT
attribute varl,var2:Int <
end
event FIELD2_STREVENT
inherit FIELD1_INTEVENT
attribute str1:String
\_end J
0470000000003
ObCL code ~
FIELD1 --- FIELD1 Field Class ---
el() field FIELD1
e3(z:Int, I:Int) > event el:GENERIC_EVENT
e7(val:Int) = event €3,67:FIELD1_INTEVENT
e2(x:Int, y:String) > event e2,e6:FIELD1_STREVENT
e6("msg") \_ )

048 00000ggooo
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4.3.4 UO00O0O0OOOOOOOOO

gbubobodgbbodgugboobooobbooobboobboboboobon
gbooguogbogoboobbubbobuoobuobboobuooooobboon
gooo

godbbogbbuodgbobobbuodboobobbobboooboooboonbog
gooobobbobbbbbbobbbbbbobobbbbooooouuuuoooooon
gboobobuodgbbodobobuodobbodgbbobbooobobooboobon
gboboobobuogbbuodbooboobbuoobbobooboboobbbobooon
gbobogobuogbogobooobbuoobbobooboooboboboboobobon
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gobbobbodgogoobooogooobbbbuooooobbbobuoooooon
000/000000000000000000000000000000O0oOooOo0O0
00000000000000/00000000000000000000O0DOO0O0
gbobogoboooobuogbbogbuoobbobobbogbooobooboban
Oooobobobooboooobobob “et”0000O0O00OD0O0OOODODOOOO
gooobdad

02400000000 “v"0OobCLOODOODOOODOOOOODODODODOOO
gbgbboobuogbbuooboooobboobobboobuooboboobobon
gobbuogoobbobooon

gboboboooobbbuooobbon

OO0D00DO0D0O0D0O00000O0D000Og BasieMSCOOOOODOODOOODODOO
gbboogoobodgbbuogug2bugbobobboobbooboboooboon
gioggbudbboobboobbuobuoobooobobobuooboooboon
Ooo0oo0oooooobD 4600070 “FIELD1” O “FIELD2” OO “Y” O “FIELD2”
gobobogooboboogan
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HEN

OO0000000000 BasicMSCOODOODODODODOODODODODODODOOOOO
HMSCOOODOOOOODOOooOooOoOoOoooobooboboooooooobooobooo
gbobobooggoboboboooobobobooogbobobooooobbbooooon
gooobobobbbbbbbbbbbooobbbbbooboouogoooooooon
gbobbooogbobbbooooobbboooobbbooooobbbooooon
O46000X700000000000000 “mode”d “num” 0 mtO000O0OOO
OO0000000 Int000 %70 String0 00 “y 00000000000 IntOODO
‘mode” DO DOOODOODOOO®YY"ODLOUODLOODOODOOODIntDOODO “val’OOODOODO
gooo

HEN

gbobooodobbouooobbuooogn
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gboboobdaog

gbobogdgboboubbudgboobbuoobuoobobobobobbobobooboon
gboboboooobbbogoboboogobobobuoobobobooooobooo

OO000000O00bO00bO0o0ob0o0ob0oobOobDbDBasiceMSCOOOOODOOOO
00000000000/00000/00000001000000MSCOO0O0OOO
O00000HMSCOOOOOO/0000/00MSCO/0000 1000000 HMSC
ObOooo0dbod4.900 4.1000

HMSCOODOUODODODOOODODOOOoOooOOoboOoboooooeMSCOoooooo
OOobDOooooooboMSCOOooOooOOoOooOOoboOooobbOoOoboooobooo
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gbobobooogon

00000000000 /00000000000MSCOOOOOOOOOOOOO
OOooooMSCOOUOODOODODOOODOoOOooOOoooMSCOOO 1obobOoo
OO000DO0O0bO0o0bO0O0oooooooooHMSCOOOooDOoooooMScooo
OooboMSCOOOOOODOODOOoOOooDOooooooboob HMSCOODOOoDOD
OOobooobbooooooMsSCOOoOOobDoOobOoooooooooooboog HMSC
00000000000000000000000/000000o0ooooooooon
O %10"0000 “"0000000000b00b00b00o0ooob0 HMSCcOOoDbDgo
OOoooMSCOODOOOOOMSCOOODODODODOOODOOobOOOoDOoo MsCcOO
OHMSCOODODODODOOOOOODOO

gbuoggbugbobobbuoobboobuoobboooboobboobooon
gobbobobboooboouuooouuuuuuougooooooooooooon
Oo0o0obooboobooooobobOobobobDoooboboboobuoboooond Int
OO00000 “var’OString0 00000 “str» 000000000 0O0OODOOOOOOO
gobobooggobobboooobobobooogoobooooobbbooooon
gbbboogbobbboooobbboogbbbooon

gbooobobobobbbbbbbboboubugdooooooooooobobbon
41300 4140000
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msc A msc B
USER X Y USER X
L1 L1 1 1
el() ~ e5("msg”)
e2(x:Int, y:String) | [
e3(z:Int, I:Int
( ) > msc C
| mode = | | USER X
ed(zint) - l?l
|val:z+10| |num:val|
_e5(val:Int) _e7(vaint)
[ [ [ [ [
msc element |al |a2 a3 |ad bl cl
object name |X [X X X X X
inputevent [el |e3 e |e4
action mode = | val =z +10 num = val
output event |e2 |ed4 e5 [=9) e7
msc A msc B msc C

O 4.9 MSCOODOOOOO
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msc sample

hmsc element hmscl hmsc2 hmsc3
state befor transition conditionl | condition2 | condition2
conditional statement mode == mode ==
reference msc element al,a2,a3,a4 | bl cl

state after transition condition?2 | conditionl | condition3

0 4.10: HMSCOOOOOODO
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msc sample 7
|
hmscl < condition >
msc A
>§ Y
el
al e2
I
e3
a2 | mode=1 a4
e4 ed
I val =z + 10
a3| ed e5
I | |
< condition2 >
hmscl condition2 hmscl / condition2
(mode == 1) (mode == 2)
msc B msc C
X X
| I
bl ) cllnum=vad
€6 e7
( condition ) ( condition3

O 4.11: HMSCOODOOOODOO MSCODOODOO
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X Y

|
< conditionl > < conditionl >
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--- 0ObCL code ---
-— X
class X
field F1:FIELD1;F2:FIELD2

-0000000 F10ooo
attribute mode,num,x:Int
attribute y:String

state conditionl

-Xoggo

FIELDIOOOOOOO)
-Int 000

-String O U0
-0gog

state sl11,s12,s13,condition3 -0 OO0

transition

start is
source 1init
destination conditionl
end
t10 is

source conditionl
input Fl.el

do Fl.e2.varil
Fl.e2.stril

destination si11

output Fl.e2
end
t1ll is
source sii
input Fl.e3
do mode := F1l.e3
Fl.e4.varl
destination s12
output F2.e4
end
t12 is
source sl12
input F2.eb

when mode = 1
do Fl.e6.strl := "msg"
destination conditionl
output Fl.e6

end

t13 is
source sl12
input F2.eb
when mode = 2
do num := F2.e5.varil;

Fl.e7.varl

destination condition3
output Fl.e7

end

end

X3

y

.var?2;

-0000/00000000o0o0oo
U000 start

-uggn

-uggno ti1o
-ugn
-gggooo
-gggooood

-ugn
-ugoboo

-ugoon 11

:= F1.e3.varl

-uggn

:= F2.eb.varl

0 413: XO00OOODOODOOOO (ObCLODODO)
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4 N
-—Y
class Y -YOoooo
field F2:FIELD2
attribute var:Int
state conditionil
state condition?2
transition
start is
source init
destination conditionl
end
t10 is
source conditionl
input F2.e4
do val := F2.ed4.varl + 10
F2.eb.varl := val
destination condition2
output F2.e5
end
end

0 414:YOOOOOOOOOO (ObCLODODO)

4.3.5 0O0O0OOOO
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MSC - ObCLOOODOO0ODOOODOO0ODOOO0O00O00O0OOooooOonO obCLOO
gbobobuoogodgobobod

ooboo4130000odbooboobobobobobobooooooooon «x7
OO0O00000 17000 “mode” 0 OO OODOOODOO

system Sys

object x1(mode := 0):X
end
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5.5 ObCLOOOOOO

OobO0b44200000000000000OKCLODOODOODODOO
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ATMOOOOOOOOOOO “atm1”00BANKOOODOODOOODOOO “accl” O
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\
system s

object atmil(
ATM_balance := 100
) :ATM

object accl(
count := 0;
account_baiance :
account_num
pass

) : BANK
end

- /

100;
100:
112345"

5.5.2 HUOOOOODOO
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D000 “ATM Idle 000000000000000O05.600000000000bML
O000 “ATM_Idle” OO O “Checked_ ATM Balance” 000000000 OO0OOOO
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e BANKDDDDDD(ObCLDDD)
—-—-— BANK Class
Class BANK
field F2:FIELD2
attribute count:Int
attribute account_balance:Int
attribute account_num:Int
attribute pass:String
state ATM_Idle
transition
start is
source init
destination ATM_Idle
end
t10 is
source ATM_Idle
input F2.checkaccount

when ( F2.checkaccount.varl = account_num )
and ( F2.checkaccount.strl = pass )
do count := 0
destination ATM_Idle
output F2.o0k
end
tll is
source ATM_Idle
input F2.checkaccount

when ( ( F2.checkaccount.varl = account_num )
and ( F2.checkaccount.strl <> pass ) ) and ( ( count < 2 ) )

do count := count + 1
destination ATM_Idle
output F2.ng

end

t12 is
source ATM_Idle
input F2.checkaccount

when ( ( F2.checkaccount.varl = account_num )
and ( F2.checkaccount.strl <> pass ) ) and ( count = 2 )
do count := 0
destination ATM_Idle
output F2.ng2
end
t13 is
source ATM_Idle
input F2.checkamount
when ( F2.checkamount.varl = account_num )
and ( ( account_balance + ( F2.checkamount.var2 ) > 0 )
or ( account_balance + ( F2.checkamount.var2 ) =0 ) )
do account_balance := account_balance + ( F2.checkamount.var?2 )
destination ATM_Idle
output F2.o0k
end
t14 is
source ATM_Idle
input F2.checkamount
when ( F2.checkamount.varl = account_num )
and ( account_balance + ( F2.checkamount.var2 ) < 0 )
do count := 0
destination ATM_Idle
output F2.ng2
end
end
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5.6 DD OOOOOOOOObCLOOOOOOO
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oooon
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--- BANK Class
Class BANK
field F3:FIELD3
attribute count:Int
attribute account_balance:Int
attribute account_num:Int
attribute pass:String
state ATM_Idle
transition
start is
source init
destination ATM_Idle
end
t10 is
source ATM_Idle
input F3.checkaccount
when ( F3.checkaccount.varl = account_num )
and ( F3.checkaccount.strl = pass )
do count := 0
destination ATM_Idle
output F3.o0k
end
t11l is
source ATM_Idle
input F3.checkaccount
when ( ( F3.checkaccount.varl = account_num )
and ( F3.checkaccount.strl <> pass ) ) and ( count < 2 )
do count := count + 1
destination ATM_Idle
output F3.ng
end
t12 is
source ATM_Idle
input F3.checkaccount
when ( ( F3.checkaccount.varl = account_num )
and ( F3.checkaccount.strl <> pass ) ) and ( count = 2 )
do count := 0
destination ATM_Idle
output F3.ng2
end
t13 is
source ATM_Idle
input F3.checkamount
when ( F3.checkamount.varl = account_num )
and ( ( account_balance + ( F3.checkamount.var2 ) > 0 )
or ( account_balance + ( F3.checkamount.var2 ) =0 ) )
do account_balance := account_balance + ( F3.checkamount.var2 )
destination ATM_Idle
output F3.o0k
end
t14 is
source ATM_Idle
input F3.checkamount
when ( F3.checkamount.varl = account_num )
and ( account_balance + ( F3.checkamount.var2 ) < 0 )
do count := 0
destination ATM_Idle
output F3.ng2
end
t15 is
source ATM_Idle
input F3.checkbalance
when F3.checkbalance.varl = account_num
do F3.balanceout.varl := account_balance
destination ATM_Idle
output F3.balanceout
end
end
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MSC2 —
MSC3 —
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MSC5 —

HMSC —
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L » eventl
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— event4

— eventb —f
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0 0O A

MSCII textual [ [

OO000D0O00000000D00D0D0000 MSCO textwal DODOOOO

Al O0O0OOO0O0O

A1l 0O0OOO

OO0D00D000000000bDobOD textwadl OOOOOOOOOODO

<lexical unit> ::= <word>
| <special>
| <note>
| <keyword>
<word> ::= <alphanumeric>x*
<alphanumeric> ::= <letter>|<decimal digit>
<letter> ::= [a-zA-Z]+
<decimal digit> ::= [0-9]+
<special> ::= <parenthesis>|<end>|<full stop>|<comma>|<colon>
<parenthesis> ::= <left parenthesis>|<right parenthesis>
<left parenthesis> ::= " ("
<right parenthesis> ::= ")"
<end> ::= ";"
<full stop> ::= "."

<comma> ::= ", "

<colon> ::= ":"
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<note> note:<text>

<text> {<alphanumeric>

<other character>
<special>

|
|
| <underline>
| <space>

| <apostrophe>}*

<other character> ::= <operator>|<boolean operator>

<underline> ::=
<apostrophe> ::= "’"

<name> ::= -7<word>(<underline><word>) *
<string> ::= \"<text>\"

<operator> ::= 4! U=t [ [u e usn
<boolean operator> ::= "and" |"or" |["not" |[">"

<keyword> ::= action
condition
else if
end
endinstance
endmsc
expr

from

if

in

inst
instance
msc

out

seq

to

note

Int
String

Al12 0O0O0OO

“// 0000000000000 0000O

<comment> ::= //<text>
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A.2 Basic MSC

A.2.1 Message Sequence Chart

<message sequence chart> ::=
msc<msc head>\(<msc body>|expr<msc expression>\)endmsc<end>

<msc head> ::=
<msc name><end><msc interface>

<msc name> ::=
<name>

<msc interface> ::=
<msc inst interface>

<msc inst interface> ::=
inst<instance list><end>

<instance list> ::=
<instance name>(,<instance list>)*

<instance name> ::=
? (USER) <name>

<msc body> ::=
<msc statement>x*

<msc statement> ::.=
<old instance head statement><instance event list>

<old instance head statement> ::=
instance<instance name><end>

<instance event list> ::=
(<instance event><end>)+

<instance event> ::=
<orderable event><non-orderable event>

<orderable event> ::=
<message event>|<action>

<non-orderable event> ::=
<instance end statement>

A.22 OOODOOO

<instance end statement> ::=
endinstance

A23 0O0O0OOO

<message event> ::=
<message output>|<message input>
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<message output> ::=
out<msg identification>to<input address>

<message input> ::=
in<msg identification>from<output address>

<msg identification> ::=
<message name>\((<parameter list>|<string>)x*\)

<message name> ::=
<name>

<parameter list> ::=
<parameter name>:<type>(,<parameter list>)*

<parameter name> ::=
<name>

<type> ::=
Int|String

<input address> ::=
<instance name>

<output adderss> ::=
<instance name>

A24 0OD0ODODO

<action> ::=
action(<assignment expression>|<note>)

<assignment expression> ::=
<object attribute name>=(<name>|<operator>
|<parenthesis>|<decimal digit>|<string>)*

<object attribute name> ::=
<name>

A.3 HMSC

<msc expression> ::=
<start><node expression>*

<start> ::=
<label name><end>

<label name> ::=
L<decimal digit>

<node expression> ::=
<label name>:(<node>seq\(<label name>\) |end)<end>
|<label name>:<if-else>
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<node> ::=
<msc name>|condition<condition name>

<if-else> ::=
if\(<boolean expression>\)seq\(<label name>\)<end>
(else if\(<boolean expression>\)seq\(<label name>\)<end>)*

<boolean expression> ::= <note>
| (<kname>|<boolean operator>|<parenthesis>
|<operator>|<decimal digit>|<string>)*
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ATMUOUOOOOOOnO

B.1 ATMOOOOOOOOO0OO
ATMOO0O0O

ATMOOODOODOOOOOO

e 00O : withdraw

e [100: deposit

e (10 00O: balance_inquiry

e OO ODOOOOMONOO: maintenance

OO000000D100ATMO 100000000000 0DOOOODODOO0OOO
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obogobouogobooood

e 0000: 00 (USER)OO OO (USER.EMPLOYEE)
e 000DDODO:

— UO00O0OO00O000 Select_Service_usecase
— O0O00O0 Withdraw_usecase

— 000 Deposit_usecase

— [0 000 Balance_Inquiry_usecase

— 000000 Maintenance_usecase

ooobooboobooboobooBIOOOO

<<uje5/-
<<USes>,
—t G
USER <<“;> : i

Balance Inquiry USER_EMPLOYEE
7

O B.1: ATMOOODOOODOOOO
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OO00000000 Select_Service_usecase
O00ooooooooooo ATMOOOOOoOOooooooooooooooono

ERERERE
00 (USER)

0000 (uses) 00O OO0

e 1000 Withdraw_usecase
e (100 Deposit_usecase

e [0 00O Balance_Inquiry_usecase

oooobn
googg

Oogdbobbbouggbobooguobobobuoooobobon
LATMOO0DOOOO0OOOOOOOODOOODObOOOoO
LOogdgobbodao1l1gobobod
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O 000 Withdraw_usecase
O00o0o00oooATMOOOODODOOOoooOooOoooooo

ERERERE
00 (USER)

oooonod
googg

lL.gbbodoooobbuoooobbbuooobbbooobbn

2 ATMOO0OO0OOO0OO0ODOOODOOODOOODObOOO

. 0000boooogoooood
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10, ATMODOOOODOODODOOOOOODOODOODOObOOoOobOOoODOoDOoDO
11.ATMOOOODOOOOOOODOOOOOoOOooooobooooo

goooo

e OO OUOODLDLDDOOO:
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Jooboobooobobbobbobbobbobboboobooboon
gobooo

e JO0ODODOOODOATMUOIDDOODOO:
gboboboggobboogobboboogobobuooobobboooon

e 00O UOLOO0ODLDDLDLDLDOUOOLULOUOL: O 0OLDLOLDDLDOUOLOOODLOLDODDOO
gbobouooobboooobbo
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0 0O O Deposit_usecase
OO00000000D0ATMOODOOOOOOOODOOOO

ERERERE
00 (USER)

oooonod
googg

ooodbobbboooobbbooobbbouooobbboo
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00 OO0 Balance_Inquiry_usecase
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O0000O0O Maintenance_usecase
O00o0o00oooATMOOOODODOOOoooOooOoooooo
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B2 JU00Ob0Ugobobouoooooooooon

oooood 00 00 00

cardin USER - ATM | 0000 Oo0oooo
request_service | USER -~ ATM |O00O0O0O0O |D000O0OOOO
msg ATM - USER | 00000 |0DO0OD0ODODOO

O Bl 0000000000 OOOOObOOOobooOOonDGg

oo0ooood |00 00 00

passin USER - ATM |0 0O0O0O oooooono
amountin USER - ATM (OO ooooo
confirm USER - ATM | 00O gooono
moneyout ATM - USER | OO goooog
cardout ATM - USER |O000O0O oo0oood
msg ATM - USER |O000O0OO oo0oooood
checkaccount | ATM - BANK | 000000000 (0000
checkamount | ATM - BANK |0 000O0O0O 0000000 /Ooooo
ok BANK - ATM | OO oo0oood
ng BANK - ATM | OO OO0ooogot
ng2 BANK - ATM | OO oo0ooogoo 2

U B2 000000000O00OO0O0DOO0ODOO
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Oo0ooog |00 00 00
moneyin USER - ATM | 00O gooono
confirm USER - ATM (OO ooooo
cardout ATM - USER |O000O0O oooood
msg ATM - USER |O0O0O0OOO oo0oooood
checkamount | ATM -~ BANK |0 000000 (0000000 /0000O
ok BANK - ATM | OO oo0oooo

0 B3 000000000D0O0OODOOOO
OO00oOoogo (00 00 00
passin USER - ATM | 0000 0O0ooogo
cardout ATM - USER | 0000 oo0oooo
msg ATM - USER |O0O0D0OOO oo0oooood
msg2 ATM - USER | OO ooogo
checkaccount | ATM - BANK | 000000000 (O0O0OO
checkbalance | ATM - BANK (0000 ooooooad
balanceout BANK - ATM | OO oooooog

0 B4:0000000O00O0OO0OODOOODOO

0O0pooogo (00 00 00

maintenance | USER_EMPLOYEE - ATM | 00O O0o0obOoobon
msg2 ATM - USER_EMPLOYEE | OO oooono

msg ATM - USER_.EMPLOYEE 00000 (ODD0O0ODOOODO
money_supply | USER_.EMPLOYEE - ATM | 00O ooooo

U B5H 00000DOODOOODOO0ODOOODOOD
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B.3 00000OO0OO0OOOOOMSC

B.3.1 0O000O00O0dod

msc ATM_SYSTEM

Y
< ATM_ldle >+
(Select t,ervice)
@ected SerV|ce>

(service_name == "withdraw" )

(WITHDRAW )

O B.2: msc ATM_SYSTEM
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msc WITHDRAW

1. ((num == account _num

and (password == pass))
2. (((num == account _num
and (password != pass))

and (count < 2))
Selected_Service 3. (((num == account__nunj
and (password != pass))
and (count = 2)
4. (val <= ATM bal ance)
(val > ATM bal ance)
((num == account _nun) and

) (account _bal ance + (-val) >= 0))

7. ((num == account _nun) and

Ik

oo

C Passin_Message

\
{ BeforePassin )
—>( Error_Handle2 )—
\ 4

C Input_Password )

C Invocation )—
°
@) ®

<Checked_BANK_Bal anc}
( Input_Amount ) T

v Check_BANK_Bdl an%

<Checked_ATM_BaI anc> ©®

® ATM_Idle

C Error_Handle3 )7

( Error_Handlel

Y

O B.3: msc WITHDRAW

7

(account _bal ance + (-val) < 0))




msc Select_Service
USER
——1

cardin(account_num:Int)

ATM
——1

»

msg("select service.")

>

[ num = account_num |

request_service(service _name:String)

>

|

O B.4: msc Select_Service

msc Passin_Message

USER

msg("input password")

ATM
1

0 B.5: msc Passin_Message

msc Input_Password

USER
——1

passin(password: String)

ATM
——1

checkaccount(num:Int, password: String)

BANK
——

0 B.6: msc Input_Password




msc Input_Amount

USER ATM BANK
——1 ——1 I;I

ok() |count:0 |

. msy("input amount.”)

<

amountin(money_val:Int)

| val = money va |

. msy("confirm amount.")

confirm()

>

0 B.7: msc Input_Amount

msc Check BANK_ Balance

ATM BANK
——1 ——1
checkamount(num:Int, -val:Int)
I I

O B.8: msc Check_ BANK_Balance

msc Invocation

USER ATM BANK
—1

account_balance =
account_balance + (-val)

ok()

ATM_baance=
ATM_baance - val

moneyout(val:Int)
cardout(num:Int)

O B.9: msc Invocation
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msc Error_Handlel

USER ATM BANK
——1

— ——
ng() [count = count + 1 ]

~ msg("input password again!") [

O B.10: msc Error_Handlel

msc Error_Handle2
USER ATM BANK

——1 ——1 I:I
ng2() | count =0 |

A

_msy("sorry try again!")
[ I I

O B.11: msc Error_Handle2

msc Error_Handle3

USER ATM
1

msg("sorry try again!")

O B.12: msc Error_Handle3
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B.3.2 O0O0OO0O0O0OO
msc ATM_SYSTEM;

expr L1;
L1: condition ATM_Idle seq (L2);
L2: Select_Service seq (L3);
L3: condition Selected_Service seq (L4);
L4: if(service_name == "withdraw") seq (L5);
L5: WITHDRAW seq (L1);
endmsc;

msc WITHDRAW;

expr L1;
L1: condition Selected_Service seq (L2);
L2: Passin_Message seq (L3);
L3: condition Before_Passin seq (L4);
L4: Input_Password seq (L5);
L5: condition Checked_Account seq (L6);
L6: if((num == account_num) and (password == pass)) seq (L7);
else if (((num == account_num) and (password != pass))
and (count < 2)) seq (L8);
else if (((num == account_num) and (password != pass))
and (count = 2)) seq (L9);
L7: Input_Amount seq (L10);
L8: Error_Handlel seq (L3);
L9: Error_Handle2 seq (L11);
L10: condition Checked_ATM_Balance seq (L12);
L11: condition ATM_Idle seq (L13);
L12: if((val < ATM_balance) or (val == ATM_balance)) seq (L14);
else if(val > ATM_balance) seq (L15);
L13: end;
L14: Check_BANK_Balance seq (L16);
L15: Error_Handle3 seq (L11);
L16: condition Checked_BANK_Balance seq (L17);
L17: if ((num == account_num)
and ((account_balance + (-val) > 0)
or (account_balance + (-val) == 0)))
seq (L18);
else if((num == account_num) and (account_balance + (-val) < 0))
seq (L9);
L18: Invocation seq (L11);
endmsc;

msc Select_Service;
inst USER, ATM;
instance USER;

out cardin(account_num:Int) to  ATM;
in msg("select service.") from ATM;
out request_service(service_name:String) to ATM;
endinstance;
instance ATM;
in cardin(account_num:Int) from USER;
action num = account_num;
out msg("select service.") to  USER;
in request_service(service_name:String) from USER;
endinstance;

endmsc;
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msc Passin_Message;
inst USER, ATM;
instance USER;

in msg("input password.")

endinstance;
instance ATM;

out msg("input password.")

endinstance;
endmsc;

msc Input_Password;
inst USER, ATM, BANK;
instance USER;

out passin(password:String) to

endinstance;
instance ATM;

from ATM;

to USER;

ATM;

in passin(password:String) from USER;
out checkaccount(num:Int, password:String) to

endinstance;
instance BANK;

BANK;

in checkaccount(num:Int, password:String) from ATM;

endinstance;
endmsc;

msc Input_Amount;
inst USER, ATM, BANK;
instance USER;
in msg("input amount.")

out amountin(money_val:Int)
in msg("confirm amount.")

out confirm()
endinstance;
instance ATM;

in ok() from BANK;

out msg("input amount.")

in amountin(money_val:Int)

action val = money_val;

out msg("confirm amount.")

in confirm()
endinstance;
instance BANK;
action count = O;
out ok() to  ATM;
endinstance;
endmsc;

msc Check_BANK_Balance;
inst ATM, BANK;
instance ATM;
out checkamount (num:Int,
endinstance;
instance BANK;
in checkamount (num:Int,
endinstance;
endmsc;
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ATM;
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from

USER;
USER;

to
from

USER;
USER;

-val:Int) to  BANK;

-val:Int) from ATM;



msc Invocation;
inst USER, ATM, BANK;
instance USER;
in moneyout(val:Int) from ATM;
in cardout(num:Int) from ATM;
endinstance;
instance ATM;
in ok() from BANK;
action ATM_balance = ATM_balance - val;
out moneyout(val:Int) to  USER;
out cardout(num:Int) to  USER;
endinstance;
instance BANK;
action account_balance = account_balance + (-val);
out ok() to  ATM;
endinstance;
endmsc;

msc Error_Handlel;
inst USER, ATM, BANK;
instance USER;
in msg("input password again!") from ATM;
endinstance;
instance ATM;
in ng() from BANK;
out msg("input password again!") to  USER;
endinstance;
instance BANK;
action count = count + 1;
out ng() to  ATM;
endinstance;
endmsc;

msc Error_Handle?2;
inst USER, ATM, BANK;
instance USER;
in msg("sorry try again!") from ATM;
endinstance;
instance ATM;
in ng2() from BANK;
out msg("sorry try again!") to  USER;
endinstance;
instance BANK;
action count = O;
out ng2() to  ATM;
endinstance;
endmsc;

msc Error_Handle3;
inst USER, ATM;
instance USER;
in msg("sorry try again!") from ATM;
endinstance;
instance ATM;
out msg("sorry try again!") to  ATM;
endinstance;
endmsc;

83



B4 0000O0O0O0OO0OO0OOO ObCL

--- withdraw.obcl ---

-—- FIELD1 O Event Class

-—— FIELD1 O OATMO USERO O OO OO OO

event FIELD1_INTEVENT
inherit GENERIC_EVENT
attribute varl:Int

end

event FIELD1_STREVENT
inherit FIELD1_INTEVENT
attribute strl:String

end

--— FIELD2[] Event Class
--- FIELD2 0 OATMO BANKO OO OOOOMO
event FIELD2_INTEVENT
inherit GENERIC_EVENT
attribute varl,var2:Int
end
event FIELD2_STREVENT
inherit FIELD2_INTEVENT
attribute strl:String
end

--—- ATMO USERO 0O OO Field Class

field FIELD1
event confirm:GENERIC_EVENT
event cardin,amountin,moneyout,cardout:FIELD1_INTEVENT
event msg,request_service,passin:FIELD1_STREVENT

end

-—— ATM0O BANKO O O[O Field Class
field FIELD2
event ok,ng,ng2:GENERIC_EVENT
event checkamount:FIELD2_INTEVENT
event checkaccount:FIELD2_STREVENT
end

--—- ATM Class
Class ATM

field F1:FIELD1; F2:FIELD2

attribute num:Int

attribute val:Int

attribute ATM_balance:Int

state ATM_Idle

state sl1l1,Before_Passin,Checked_Account,sl14,s15,Checked_BANK_Balance

transition

start is
source init
destination ATM_Idle

end

t10 is
source ATM_Idle
input Fl.cardin
do num := Fl.cardin.varl ;

Fl.msg.strl := "select service."

destination si1
output Fl.msg

end

t1l is
source sli
input F1l.request_service
when Fl.request_service.strl = "withdraw"
do Fl.msg.strl := "input password."
destination Before_Passin
output Fl.msg
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end
t12 is
source Before_Passin
input F1l.passin
do F2.checkaccount.varl := num ;
F2.checkaccount.strl := F1l.passin.stril
destination Checked_Account
output F2.checkaccount

end
t13 is
source Checked_Account
input F2.ok
do Fl.msg.strl := "input amount."

destination si14
output Fl.msg
end
t14 is
source sl4
input F1l.amountin
do val := Fl.amountin.varl ;
Fl.msg.strl := "confirm amount."
destination s15
output Fl.msg
end
t15 is
source sl15
input Fl.confirm
when ( val < ATM_balance ) or ( val = ATM_balance )
do F2.checkamount.varl := num ;
F2.checkamount.var2 := -val
destination Checked_BANK_Balance
output F2.checkamount

end
t16 is
source Checked_Account
input F2.ng
do Fl.msg.strl := "input password again!"

destination Before_Passin
output Fl.msg
end
t17 is
source Checked_Account
input F2.ng2
do Fl.msg.strl := "sorry try again!"
destination ATM_Idle
output Fl.msg
end
t18 is
source sl15
input Fl.confirm
when val > ATM_balance
do Fl.msg.strl := "sorry try again!"
destination ATM_Idle
output Fl.msg
end
t19 is
source Checked_BANK_Balance
input F2.ok
do ATM_balance := ATM_balance - val ;
F1.moneyout.varl := val ;
Fl.cardout.varl := num
destination ATM_Idle
output {F1.moneyout,F1.cardout}
end
t20 is
source Checked_BANK_Balance
input F2.ng2
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do Fl.msg.strl := "sorry try again!"
destination ATM_Idle
output Fl.msg
end
end

--- BANK Class
Class BANK
field F2:FIELD2
attribute count:Int
attribute account_balance:Int
attribute account_num:Int
attribute pass:String
state Before_Passin
state Checked_ATM_Balance,ATM_Idle
transition
start is
source init
destination Before_Passin
end
t10 is
source Before_Passin
input F2.checkaccount
when ( F2.checkaccount.varl = account_num )
and ( F2.checkaccount.strl = pass )
do count := 0
destination Checked_ATM_Balance
output F2.ok
end
tll is
source Before_Passin
input F2.checkaccount
when ( ( F2.checkaccount.varl = account_num )
and ( F2.checkaccount.strl <> pass ) ) and ( count < 2 )
do count := count + 1
destination Before_Passin
output F2.ng
end
t12 is
source Before_Passin
input F2.checkaccount
when ( ( F2.checkaccount.varl = account_num )
and ( F2.checkaccount.strl <> pass ) ) and ( count = 2 )
do count := 0
destination ATM_Idle
output F2.ng2
end
t13 is
source Checked_ATM_Balance
input F2.checkamount
when ( F2.checkamount.varl = account_num )
and ( ( account_balance + ( F2.checkamount.var2 ) > 0 )
or ( account_balance + ( F2.checkamount.var2 ) =0 ) )
do account_balance := account_balance + ( F2.checkamount.var?2 )
destination ATM_Idle
output F2.ok
end
tl4 is
source Checked_ATM_Balance
input F2.checkamount
when ( F2.checkamount.varl = account_num )
and ( account_balance + ( F2.checkamount.var2 ) < 0 )
do count := 0
destination ATM_Idle
output F2.ng2
end
end
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B.5 000000 O0O0OOOOObCLOOOOOOO

gbbouogobbbodoooobboooobbboooobbn
gbobobou3ggggobooo

Fl.cardin(varl=Int 100)
Fl.request_service(str1=String "withdraw")

F1.passin(stri=String "error")
F1l.passin(stri1=String "error")
F1l.passin(stri1=String "error")

F1.amountin(varil=Int 15)
Fl.confirm

goboboo20000b0o00

Fl.cardin(varl=Int 100)
Fl.request_service(strl=String "withdraw")

F1.passin(stri=String "error")
F1.passin(stri=String "error")
F1.passin(str1=String "password")

F1.amountin(varil=Int 15)
Fl.confirm

gobobool1ggggooo

Fl.cardin(varl=Int 100)
Fl.request_service(strl=String "withdraw")

F1l.passin(stri1=String "error")
F1l.passin(str1=String "password")

F1.amountin(varl=Int 15)
Fl.confirm

ogbbobod

F1l.cardin(varl=Int 100)
Fl.request_service(str1=String "withdraw")

F1.passin(str1=String "password")

F1.amountin(varil=Int 100)
Fl.confirm

00000000

F1l.cardin(varl=Int 100)
Fl.request_service(str1=String "withdraw")

F1l.passin(str1=String "password")

F1.amountin(varil=Int 200)
Fl.confirm
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B.6 ATMUOUOUOUOO MSC

OODODATMOODODODOOOOOOoOoOoMSCoOOO

B.6.1 0O0O0O0oogood

msc ATM_SYSTEM

ATM_ldle

A

( SER\tICE ) ( Maintenace )
I I

O B.13: msc ATM_SYSTEM

msc Maintenance

USER_EMPLOYEE ATM
| — ——1

maintenance() -
msg2(ATM _balance:Int)
msg("'supply money.")
money_supply(money:int)

ATM_balance =
ATM_balance + money|

msg2(ATM_balance:Int)

<

O B.14: msc Maintenance
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msc SERVICE

(service_name =

Y
< ATM;I dle ><
C Sel ect_fervi ce )
éel ected Servi ce>

wnhdraw ) (service_name =

= "balance_inquiry")

l
(WITHDRAW ) T @ALANCE INQUIRY)

(service_name == "deposit")

C DEPOSIT )

O B.15: msc SERVICE

89




msc DEPOSIT V

<I nputed_Money >

(num == account _num ‘

()
l

< ATM 10t >
A

O B.16: msc DEPOSIT
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msc BALANCE_INQUIRY

1. ((num == account _num

and (password == pass))

_hum :
= pass)) <Se|ected_serV|C€ >

_num

2. (((num == account
and (password !
and (count < 2))

3. (((num == account

and (password !=

and (count = 2)

pass))

Passin M wsage)

\4

< Before Passin2>

\ 4

Input_Password )

<Checked Account>

( Error_Handlel

®

(num == account _num

@

( Check_Balance )

\

<Checked_Bal ance2>

\ 4

( Balance_output )

Error_Handle2 )

\ 4

< ATM 10l >

O B.17: msc BALANCE_INQUIRY
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msc Input_Money

USER

ATM BANK
——

——1

msg("input money.")

moneyin(money_val:Int)

| val = money val
. msg("confirm amount.")
confirm()
checkamount(num:int, val:Int)
I I I

0 B.18: msc Input_Money

msc Check Balance

ATM
——1

BANK

ok() |count =0 |

A

checkbalance(num:Int)

O B.19: msc Check_Balance
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msc Invocation2

USER ATM BANK
——1 ——1

account_balance =
account_balance + val

ok()

ATM_balance =
ATM_balance + val

~cardout(num:Int)

<

O B.20: msc Invocation?2

msc Balance_output
USER ATM BANK
— — —

balanceout(account_balance:Int)

msg2(account_balance:Int)

cardout(num:Int)
| | |

0 B.21: msc Balance_Output
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B.6.2 0OO0OO0O0OOO
msc ATM_SYSTEM;

expr L1;

L1: condition ATM_Idle seq (L2);

L2: if(note: start service) seq (L3);
else if (note: start maintenance) seq (L4);

L3: SERVICE seq (L1);

L4: Maintenance seq (L1);

endmsc;
msc SERVICE;
expr L1;

L1: condition ATM_Idle seq (L2);

L2: Select_Service seq (L3);

L3: condition Selected_Service seq (L4);

L4: if(service_name == "withdraw") seq (L5);
else if(service_name == '"deposit") seq (L6);
else if (service_name == "balance_inquiry") seq (L7);

L5: WITHDRAW seq (L1);

L6: DEPOSIT seq (L1);

L7: BALANCE_INQUIRY seq (L1);

endmsc;

msc Maintenance;
inst USER_EMPLOYEE, ATM;
instance USER_EMPLOYEE;
out maintenance() to  ATM;
in msg2(ATM_balance:Int) from ATM;
in msg("supply money.") from ATM;
out money_supply(money:Int) to  ATM;

in msg2(val:ATM_balance) from ATM;
endinstance;
instance ATM;
in maintenance() from USER_EMPLOYEE;
out msg2(ATM_balance:Int) to USER_EMPLOYEE;
out msg("supply money.") to USER_EMPLOYEE;
in mone _supgly(money:Int) from USER_EMPLOYEE;
action ATM_balance = ATM_balance + money;
out msg2(ATM_balance:Int) to USER_EMPLOYEE;
endinstance;
endmsc;

msc DEPOSIT;

expr L1;
L1: condition Selected_Service seq (L2);
L2: Input_Money seq (L3);
L3: condition Inputed_Money seq (L4);
L4: if (num == account_num) seq (L5);
L5: Invocaton2 seq (L6);
L6: condition ATM_Idle seq (L7);
L7: end;

endmsc;
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msc BALANCE_INQUIRY;

expr L1;

endmsc;

L1: condition Selected_Service seq (L2);
L2: Passin_Message seq (L3);

L3: condition Before_Passin seq (L4);
L4: Input_Password seq (L5);

L5: condition Checked_Account seq (L6);

L6: if((num == account_num) and (password == pass)) seq (L7);
else if(((num == account_num) and (password != pass))
and (count < 2)) seq (L8);
else if (((num == account_num) and (password != pass))

and (count == 2)) seq (L9);
L7: Check_Balance seq (L10);
L8: Error_Handlel seq (L3);
L9: Error_Handle2 seq (L14);
L10: condition Checked_Balance sep (L11);
L11: if (num == account_num) seq (L12);
L12: Balance_Output seq (L13);

L13: condition ATM_Idle seq (L14);
L14: end;

msc Input_Money;
inst USER, ATM, BANK;

endmsc;

instance USER;
in msg("input money.") from ATM;
out moneyin(money_val:Int) to ATM;
in msg("confirm amount.") from ATM;

out confirm() to  ATM;
endinstance;
instance ATM;

out msg("input money.") to  USER;

in moneyin(money_val:Int) from USER;

action val = money_val;

out msg("confirm amount.") to  USER;

in confirm() from USER;

out checkamount (num:Int, val:Int) to  BANK;
endinstance;
instance BANK;

in checkamount(num:Int, val:Int) from ATM;
endinstance;

msc Check_Balance;
inst ATM, BANK;

endmsc;

instance ATM;

in ok() from BANK;

out checkbalance(num:Int) to  BANK;
endinstance;
instance BANK;

action count = 0;

out ok() to  ATM;

in checkbalance(num:Int) from ATM;
endinstance;

95



msc Invocation2;
inst USER, ATM, BANK;
instance USER;
in cardout(num:Int) from ATM;
endinstance;
instance ATM;
in ok() from BANK;
action ATM_balance = ATM_balance + val;
out cardout (num:Int) to  USER;
endinstance;
instance BANK;
action account_balance = account_balance + val;
out ok() to ATM;
endinstance;
endmsc;

msc Balance_Output;
inst USER, ATM, BANK;
instance USER;
in msg2(account_balance:Int) from ATM;
in cardout(num:Int) from ATM;
endinstance;
instance ATM;
in balanceout(account_balance:Int) from BANK;
out msg2(account_balance:Int) to USER;
out cardout(num:Int) to  USER;
endinstance;
instance BANK;
out balanceout(account_balance:Int) to ATM;
endinstance;
endmsc;

96



B.7 ATMUOUOUOUOO ObCL

--- ATM_sys.obcl --—-
-—- FIELD1 O Event Class

--- FIELD1 O OATM0O USER_EMPLOYEEO OO OO OO O
event FIELD1_INTEVENT
inherit GENERIC_EVENT
attribute varl:Int
end
event FIELD1_STREVENT
inherit FIELD1_INTEVENT
attribute strl:String
end

-—- FIELD2 [ Event Class

--- FIELD20 0OATMO USERO O OO OO OO
event FIELD2_INTEVENT
inherit GENERIC_EVENT
attribute varl:Int
end
event FIELD2_STREVENT
inherit FIELD2_INTEVENT
attribute strl:String
end

--- FIELD3 [ Event Class
--— FIELD3O OATMO BANKO O OOOOOO
event FIELD3_INTEVENT
inherit GENERIC_EVENT
attribute varl,var2:Int
end
event FIELD3_STREVENT
inherit FIELD3_INTEVENT
attribute strl:String
end

--- ATM[ USER_EMPLOYEEU U0 [0 Field Class
field FIELD1
event maintenance:GENERIC_EVENT
event msg?2,money_supply:FIELD1_INTEVENT
event msg:FIELD1_STREVENT
end

--- ATMO USERO 0O OO Field Class

field FIELD2
event confirm:GENERIC_EVENT
event cardin,amountin,moneyin,moneyout,cardout,msg2:FIELD2_INTEVENT
event msg,request_service,passin:FIELD2_STREVENT

end

--— ATM[O BANKO O OO Field Class

field FIELD3
event ok,ng,ng2:GENERIC_EVENT
event checkamount,checkbalance,balanceout:FIELD3_INTEVENT
event checkaccount:FIELD3_STREVENT

end

--—- ATM Class
Class ATM
field F1:FIELD1; F2:FIELD2; F3:FIELD3
attribute ATM_balance:Int
attribute num:Int
attribute val:Int
state ATM_Idle
state sl11,s13,Before_Passin,Checked_Account,
s16,s17,Checked_BANK_Balance,s22,s23,
Inputed_Money,Passin2,Account2,Balance2
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transition
start is
source init
destination ATM_Idle
end
t10 is
source ATM_Idle
input Fl.maintenance
do Fl.msg2.varl := ATM_balance ;
F1.msg.strl := "supply money."
destination sil
output {F1l.msg2,Fl.msg}
end
t1l is
source sli
input F1.money_supply
do ATM_balance := ATM_balance + F1.money_supply.varl ;
F1.msg2.varl := ATM_balance
destination ATM_Idle
output Fl.msg2
end
t12 is
source ATM_Idle
input F2.cardin
do num := F2.cardin.varl ;
F2.msg.strl := "select service."
destination s13
output F2.msg
end
t13 is
source s13
input F2.request_service
when F2.request_service.strl = "withdraw"
do F2.msg.strl := "input password."
destination Before_Passin
output F2.msg
end
t14 is
source Before_Passin
input F2.passin
do F3.checkaccount.varl := num ;
F3.checkaccount.strl := F2.passin.strl
destination Checked_Account
output F3.checkaccount

end
t15 is
source Checked_Account
input F3.ok
do F2.msg.strl := "input amount."

destination s16
output F2.msg
end
t16 is
source sl16
input F2.amountin
do val := F2.amountin.varl ;
F2.msg.strl := "confirm amount."
destination s17
output F2.msg
end
t17 is
source sl17
input F2.confirm
when ( val < ATM_balance ) or ( val = ATM_balance )
do F3.checkamount.varl := num ;
F3.checkamount.var2 := -val
destination Checked_BANK_Balance
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output F3.checkamount

end
t18 1is
source Checked_Account
input F3.ng
do F2.msg.strl := "input password again!"

destination Before_Passin
output F2.msg
end
t19 is
source Checked_Account
input F3.ng2
do F2.msg.strl := "sorry try again!"
destination ATM_Idle
output F2.msg
end
t20 is
source sl17
input F2.confirm
when val > ATM_balance
do F2.msg.strl := "sorry try again!"
destination ATM_Idle
output F2.msg
end
t21 is
source Checked_BANK_Balance
input F3.ok
do ATM_balance := ATM_balance - val ;
F2.moneyout.varl := val ;
F2.cardout.varl := num
destination ATM_Idle
output {F2.moneyout,F2.cardout}
end
t22 is
source Checked_BANK_Balance
input F3.ng2
do F2.msg.strl := "sorry try again!"
destination ATM_Idle
output F2.msg
end
t23 is
source s13
input F2.request_service
when F2.request_service.strl = "deposit"
do F2.msg.strl := "input money."
destination s22
output F2.msg
end
t24 is
source s22
input F2.moneyin
do val := F2.moneyin.varl ;
F2.msg.strl := "confirm amount."
destination s23
output F2.msg
end
t25 is
source s23
input F2.confirm
do F3.checkamount.varl :
F3.checkamount.var2 :
destination Inputed_Money
output F3.checkamount
end
t26 is
source Inputed_Money

num ;
val
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input F3.ok
do ATM_balance := ATM_balance + val ;
F2.cardout.varl := num
destination ATM_Idle
output F2.cardout
end
t27 is
source s13
input F2.request_service
when F2.request_service.strl = "balance_inquiry"
do F2.msg.strl := "input password."
destination Passin2
output F2.msg
end
t28 1is
source Passin2
input F2.passin
do F3.checkaccount.varl := num ;
F3.checkaccount.strl := F2.passin.strl
destination Account2
output F3.checkaccount
end
t29 is
source Account2
input F3.ok
do F3.checkbalance.varl :
destination Balance?2
output F3.checkbalance
end
t30 is
source Account2
input F3.ng
do F2.msg.strl := "input password again!"
destination Passin2
output F2.msg
end
t31 is
source Account2
input F3.ng2
do F2.msg.strl := "sorry try again!"
destination ATM_Idle
output F2.msg
end
t32 is
source Balance2
input F3.balanceout
do F2.msg2.varl := F3.balanceout.varl ;
F2.cardout.varl := num
destination ATM_Idle
output {F2.msg2,F2.cardout}
end
end

--- BANK Class
Class BANK
field F3:FIELD3
attribute count:Int
attribute account_balance:Int
attribute account_num:Int
attribute pass:String
state Before_Passin
state Checked_ATM_Balance,ATM_Idle,sl14,Passin2
transition
start is
source init
destination Before_Passin
end

num

100



t10 is
source Before_Passin
input F3.checkaccount
when ( F3.checkaccount.varl = account_num )
and ( F3.checkaccount.strl = pass )
do count := 0
destination Checked_ATM_Balance
output F3.ok
end
tll is
source Before_Passin
input F3.checkaccount
when ( ( F3.checkaccount.varl = account_num )
and ( F3.checkaccount.strl <> pass ) ) and ( count < 2 )
do count := count + 1
destination Before_Passin
output F3.ng
end
t12 is
source Before_Passin
input F3.checkaccount
when ( ( F3.checkaccount.varl = account_num )
and ( F3.checkaccount.strl <> pass ) ) and ( count = 2 )
do count := 0
destination ATM_Idle
output F3.ng2
end
t13 is
source Checked_ATM_Balance
input F3.checkamount
when ( F3.checkamount.varl = account_num )
and ( ( account_balance + ( F3.checkamount.var2 ) > 0 )
or ( account_balance + ( F3.checkamount.var2 ) =0 ) )
do account_balance := account_balance + ( F3.checkamount.var2 )
destination ATM_Idle
output F3.ok
end
tl1l4 is
source Checked_ATM_Balance
input F3.checkamount
when ( F3.checkamount.varl = account_num )
and ( account_balance + ( F3.checkamount.var2 ) < 0 )
do count := 0
destination ATM_Idle
output F3.ng2
end
t15 is
source Selected_Service
input F3.checkamount
when F3.checkamount.varl = account_num
do account_balance := account_balance + F3.checkamount.var?2
destination ATM_Idle
output F3.o0k
end
t16 is
source Passin2
input F3.checkaccount
when ( F3.checkaccount.varl = account_num )
and ( F3.checkaccount.strl = pass )
do count := 0
destination si14
output F3.o0k
end
t17 is
source sl4
input F3.checkbalance
when F3.checkbalance.varl = account_num
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do F3.balanceout.varl := account_balance
destination ATM_Idle
output F3.balanceout

end

t18 is
source Passin2
input F3.checkaccount
when ( ( F3.checkaccount.varl = account_num )

and ( F3.checkaccount.strl <> pass ) ) and ( count < 2 )

do count := count + 1
destination Passin?2
output F3.ng

end

t19 is
source Passin2
input F3.checkaccount
when ( ( F3.checkaccount.varl = account_num )

and ( F3.checkaccount.strl <> pass ) ) and ( count = 2 )

do count := 0
destination ATM_Idle
output F3.ng2

end

end
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