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MACHINE ATM_R4
REFINES ATM_R3

SEES ATM_R4_implicitContext
VARIABLES

account refined class instances

atm refined class instances

atmB class instances

bal inherited attribute of account

atm_card inherited attribute of atm

atm_cashA inherited attribute of atm

atm_wdam inherited attribute of atm

atm_acbalA inherited attribute of atm

idle state from refined statemachine, ATM_SM

active_atm state from refined statemachine, ATM_SM
validating  state from refined statemachine, active_atm_SM
transOption  state from refined statemachine, active_atm_SM
invalidCard state from refined statemachine, active_atm_SM
performTrans state from refined statemachine, active_atm_SM
trans state from refined statemachine, transOption_SM

reqWD state from refined statemachine, transOption_SM

reqCB state from refined statemachine, transOption_SM
sentReqWD state from statemachine, reqWD_SM

recvdReqWD state from statemachine, reqWD_SM

sentReqCB state from statemachine, reqCB_SM

recvdReqCB state from statemachine, reqCB_SM
processedWDFail state from refined statemachine, performTrans_SM
processedWDOK state from refined statemachine, performTrans_SM
processedCB state from refined statemachine, performTrans_SM
endTrans state from refined statemachine, performTrans_SM
rspWDOK state from refined statemachine, performTrans_SM
rspWDFail state from refined statemachine, performTrans_SM
rspCB state from refined statemachine, performTrans_SM
processWDFail state from statemachine, processed WDFail SM
sentRspWDFail state from statemachine, processed WDFail SM
processWDOK state from statemachine, processed WDOK_SM
sentRspWDOK state from statemachine, processed WDOK_SM
processCB state from statemachine, processedCB_SM
sentRspCB state from statemachine, processedCB_SM
atm_acbalB attribute of atmB

atm_cardB attribute of atmB
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INVARIANTS

atmB.type : atmB € P(atm)
sentReqWD.type : sentReqWD € P(reqWD)
recvdReqWD.type : recvdReqWD € P(reqWD)
sentReqCB.type : sentReqCB € P(reqCB)
recvdReqCB.type : recuvdReqCB € P(reqCB)
processWDFail.type : process WDFail € P(processed WDFuail)
sentRspWDFail.type : sentRsp WDFail € P(processed WDFail)
processWDOK.type : processWDOK € P(processed WDOK)
sentRspWDOK.type : sentRspWDOK € P(processedWDOK)
processCB.type : processCB € P(processedCB)
sentRspCB.type : sentRspCB € P(processedCB)
atm_acbalB.type : atm_acbalB € atmB +~ N
atm_cardB.type : atm_cardB € atmB - ValidCard
reqWD_SM partitions _reqWD : partition(reqWD, sentReqWD, recvdReqWD)
reqCB_SM_partitions_reqCB : partition(reqCB, sentReqCB, recvdReqCB)
processedWDFail SM _partitions_processedWDFail : partition(processedWDFuail, processWDFuail, sentRsp WD
processedWDOK_SM _partitions_processedWDOK : partition(processed WDOK , processWDOK , sentRsp WDOK)
processedCB_SM_partitions_processedCB : partition(processedCB, processCB, sentRspCB)
Invariantl : Va-a € (recvdReqWD U recvdReqCB) = a € dom(atm_card)
Invariant2: Va-a € (recvdRegWDUrecvdReqCB)Aa € dom(atm_card)Aa € dom(atm_cardB)=
atm_card(a) = atm_cardB(a)
EVENTS

Initialisation

begin
account.init : account := &
atm.init : atm = <&
atmB.init : atmB = O
bal.init : bal := &
atm_card.init : atm_card == @
atm_cashA.init : atm_cashA = @
atm wdam.init : atm_wdam = &
atm_acbalA.init : atm_acbalA := @
idle.init : idle := @
active_atm.init : active_atm = &
validating.init : wvalidating := @
transOption.init : transOption := @
invalidCard.init : invalidCard = @
performTrans.init : performTrans = @
trans.init : trans .= <
reqWD.init : reqWD := @&
reqCB.init : reqCB := @
sentReqWD.init : sentReqWD = &
recvdReqWD.init : recvdReqWD := @&
sentReqCB.init : sentReqCB := &



An Event-B Specification of ATM_R4

Page 3 of 77

recvdReqCB.init : recvdReqCB := &
processedWDFail.init : processed WDFuail := @&
processedWDOK.init : processed WDOK = @
processedCB.init : processedCB := &
endTrans.init : endTrans := @
rspWDOK.init : rspWDOK = @
rspWDFail.init : rspWDFuail := @
rspCB.init : rspCB := &
processWDFail.init : processWDFuail := @
sentRspWDFail.init : sentRspWDFail := @
processWDOK.init : processWDOK := @
sentRspWDOK.init : sentRsp WDOK = @&
processCB.init : processCB := &
sentRspCB.init : sentRspCB := @
atm_acbalB.init : atm_acbalB := @

atm_cardB.init : atm_cardB = @

end
Event createAccount =
refines createAccount

any
self contextual instance of refined class account
where
self.type : self € account
then
skip
end
Event deposit =

refines deposit

any
self contextual instance of refined class account
where
self.type : self € account
then
skip
end
Event insertCard =

refines insertCard

any
selfATM contextual instance of class atm
c

where
selfATM.type : selfATM € atm
c.type : ¢ € ValidCard
ATM_SM_isin_idle : selfATM € idle
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insertCard.Guardl : selfATM ¢ dom(atm_card)

then
ATM_SM_enterSuperState_active_atm: active_atm := active_atm U {selfATM}
ATM_SM_leaveState_idle : idle := idle \ {selfATM}

active_atm_SM_enterState_validating : walidating := validating U {selfATM }
insertCard.Actionl : atm_card := atm_card U {selfATM — c}

end
Event reloadCash =
refines reloadCash

any
selfATM contextual instance of class atm
where
selfATM.type : selfATM € atm
ATM_SM_isin_idle : selfATM € idle
reloadCash.Guardl : atm_cashA(selfATM) < MIN_CASH
then
reloadCash.Actionl : atm_cashA(selfATM) := MAX_CASH — atm_cashA(selfATM)

end
Event ejectCardl =
refines ejectCardl

any
selfATM contextual instance of class atm
c
where
c.type: ¢ € ValidCard
selfATM.type : selfATM € atm
active_atm SM_isin invalidCard : selfATM € invalidCard
ejectCardl.Guardl : selfATM € dom(atm_card)
ejectCardl.Guard2 : atm_card(selfATM) = ¢
then
ATM_SM_leaveSuperState_active_atm: active_atm := active_atm \ {selfATM }
active_atm_SM_leaveState_invalidCard : snvalidCard := invalidCard \ {selfATM}
ATM_SM_enterState_idle : idle := idle U {selfATM}
ejectCardl.Actionl : atm_card := atm_card \ {selfATM +— c}

end
Event withdrawOK =
refines withdrawOK

any
selfATM contextual instance of class atm
c
am

ac

where
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am.type : am € N
ac.type : ac € account
selfATM.type : selfATM € atm
c.type : ¢ € ValidCard
reqWD_SM_isin recvdReqWD : selfATM € recvdReqWD
withdrawOK.Guardl : selfATM € dom(atm_cardB)
withdrawOK.Guard?7 : selfATM € atmB
withdrawOK.Guard6 : selfATM € dom(atm_wdam)
withdrawOK.Guard2 : atm_cardB(selfATM) = ¢
withdrawOK.Guard3 : bal(ac) > am
withdrawOK.Guard4 : card_account(c) = ac
withdrawOK.Guard5 : am = atm_wdam(selfATM)
then
performTrans_SM_enterSuperState_processedWDOK : processed WDOK := processed WDOK U
{selfATM }
active_atm_SM_enterSuperState_performTrans : performTrans := performTransU{selfATM }
transOption_SM_leaveSuperState_reqWD : reqWD := reqWD \ {selfATM }
active_atm_SM_leaveSuperState_transOption : transOption := transOption\{selfATM }
reqWD_SM_leaveState_recvdReqWD : recvdReqWD := recvdReqWD \ {selfATM}
processedWDOK_SM_enterState_processWDOK : processWDOK := processWDOK U{selfATM }
withdrawOK.Actionl : bal(ac) := bal(ac) — am
withdrawOK.Action2 : atm_acbalB(selfATM) := bal(ac)

end
Event withdrawFail =
refines withdrawFuail

any
selfATM contextual instance of class atm
c
am
ac

where

am.type : am € N

ac.type : ac € account

selfATM.type : selfATM € atm

c.type : ¢ € ValidCard

reqWD_SM_isin recvdReqWD : selfATM € recvdReqWD
withdrawFail.Guardl : selfATM € dom(atm_cardB)
withdrawFail.Guard?7 : selfATM € atmB
withdrawFail.Guard6 : selfATM € dom(atm_wdam)
withdrawFail.Guard?2 : atm_cardB(selfATM) = c
withdrawFail.Guard3 : card_account(c) = ac
withdrawFail.Guard4 : bal(ac) < am
withdrawFail.Guard5 : am = atm_wdam(selfATM)

then

performTrans_SM_enterSuperState_processedWDFail : processed WDFail := processed WDFailU
{selfATM }

active_atm_SM_enterSuperState_performTrans : performTrans := performTransU{selfATM }

transOption_SM_leaveSuperState_reqWD : reqWD := reqWD \ {selfATM}
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active_atm_SM_leaveSuperState_transOption : transOption := transOption\{selfATM}

reqWD_SM_leaveState_recvdReqWD : recvdReqWD := recvdReqWD \ {selfATM}

processedWDFail _SM_enterState_processWDFail : processWDFuail := processWDFail U
{selfATM }

withdrawFail.Actionl : atm_acbalB(selfATM) := bal(ac)

end
Event checkBalance =
refines checkBalance

any
selfATM contextual instance of class atm
c
ac

where

selfATM.type : selfATM € atm
c.type : ¢ € ValidCard
ac.type : ac € account
reqCB_SM_isin recvdReqCB : selfATM € recvdReqCB
checkBalance.Guardl : selfATM € dom(atm_cardB)
checkBalance.Guard4 : selfATM € atmB
checkBalance.Guard2 : atm_cardB(selfATM) = c
checkBalance.Guard3 : card_account(c) = ac

then
performTrans_SM enterSuperState_processedCB : processedCB := processedCBU{selfATM }
active_atm_SM_enterSuperState _performTrans : performTrans := performTransU{selfATM }
transOption_SM_leaveSuperState reqCB: reqCB := reqCB \ {selfATM}
active_atm_SM_leaveSuperState_transOption : transOption := transOption\{selfATM }
reqCB_SM_leaveState _recvdReqCB : recvdReqCB := recvdReqCB \ {selfATM}
processedCB_SM_enterState_processCB : processCB := processCB U {selfATM }
checkBalance.Actionl : atm_acbalB(selfATM) := bal(ac)

end
Event ejectCard2 =
refines ejectCard?2

any
selfATM contextual instance of class atm
c

where

selfATM.type : selfATM € atm

c.type : ¢ € ValidCard

transOption_SM_isin_trans : selfATM € trans

ejectCard2.Guardl : selfATM € dom(atm_card)

ejectCard2.Guard2 : atm_card(selfATM) = ¢
then

active_atm_SM_leaveSuperState_transOption : transOption := transOption\{selfATM }
ATM_SM_leaveSuperState_active_atm: active_atm := active_atm \ {selfATM}
transOption SM leaveState_trans : trans := trans \ {selfATM}
ATM_SM_enterState_idle : idle := idle U {selfATM}
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ejectCard2.Actionl : atm_card := atm_card \ {selfATM +— c}

end
Event ejectCard3 =
refines ejectCard3

any
selfATM contextual instance of class atm
c

where
selfATM.type : selfATM € atm
c.type : ¢ € ValidCard
performTrans SM_isin endTrans : selfATM € endTrans
ejectCard3.Guardl : selfATM € dom(atm_card)
ejectCard3.Guard?2 : atm_card(selfATM) = ¢

then
active_atm_SM_leaveSuperState_performTrans : performTrans := performTrans\{selfATM}
ATM_SM_leaveSuperState_active_atm: active_atm := active_atm \ {selfATM }
performTrans _SM leaveState_endTrans : endTrans := endTrans \ {selfATM}
ATM_SM_enterState_idle : idle := idle U {selfATM}
ejectCard3.Actionl : atm_card := atm_card \ {selfATM +— c}

end
Event start =
refines start

any
selfATM constructed instance of class atm
where
selfATM.type : selfATM € ATM \ atm
then

atm_constructor : atm := atm U {selfATM}
atm.atm_cashA_initialise: atm_cashA(selfATM) := MAX_CASH
ATM_SM_enterState_idle : idle := idle U {selfATM}

end
Event walidateCardFail =
refines wvalidateCardFail

any
selfATM contextual instance of class atm
c
p

where
selfATM.type : selfATM € atm
c.type : ¢ € ValidCard
p.type : p € Pin
active_atm SM_isin validating: selfATM € validating
validateCardFail.Guardl : selfATM € dom(atm_card)
validateCardFail.Guard2 : atm_card(selfATM) = ¢
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validateCardFail.Guard3: card_pin(c) # p
then

active_atm_SM_leaveState_validating : wvalidating := validating \ {selfATM }
active_atm_SM_enterState_invalidCard : nvalidCard := invalidCard U {selfATM }

end
Event walidateCardOK =
refines wvalidateCardOK

any
selfATM contextual instance of class atm
c

p

where
p-type: p € Pin
selfATM.type : selfATM € atm
c.type : ¢ € ValidCard
active_atm SM_ isin validating: selfATM € validating
validateCardOK.Guardl : selfATM € dom(atm_card)
validateCardOK.Guard2 : atm_card(selfATM) = ¢
validateCardOK.Guard3 : card_pin(c) = p

then

active_atm_SM_enterSuperState_transOption : transOption := transOption\U{selfATM}
active_atm_SM_leaveState_validating : validating := validating \ {selfATM}
transOption_SM_enterState_trans : trans := trans U {selfATM }

end
Event retry =
refines retry

any
selfATM contextual instance of class atm
where

selfATM.type : selfATM € atm
active_atm SM_isin_invalidCard : selfATM € invalidCard
retry.Guardl : selfATM € dom(atm_card)

then

active_atm_SM_leaveState_invalidCard : invalidCard := invalidCard \ {selfATM}
active_atm_SM_enterState_validating : walidating := validating U {selfATM }

end
Event doAnother =
refines doAnother

any
selfATM contextual instance of class atm
where

selfATM.type : selfATM € atm
performTrans SM_isin endTrans : selfATM € endTrans
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doAnother.Guardl : selfATM € dom(atm_card)
then

active_atm_SM_enterSuperState_transOption : transOption := transOption\U{selfATM }
active_atm_SM_leaveSuperState_performTrans : performTrans := performTrans\{selfATM}
performTrans _SM leaveState_endTrans : endTrans := endTrans \ {selfATM}
transOption_SM_enterState_trans : trans := trans U {selfATM }

end
Event sendReqWD =
refines request WD

any
selfATM contextual instance of class atm
am

where

selfATM.type : selfATM € atm

am.type : am € N

transOption SM_isin trans : selfATM € trans
sendReqWD.Guard3 : selfATM € dom(atm_card)
sendReqWD.Guardl : atm_cashA(selfATM) > MIN_CASH
sendReqWD.Guard5 : am < MIN_CASH

then

transOption_SM_enterSuperState_reqWD : reqWD := reqWD U {selfATM }
transOption_SM_ leaveState_trans : trans := trans \ {selfATM}
reqWD_SM_enterState_sentReqWD : sentReqWD := sentReqWD U {selfATM }
sendReqWD.Actionl : atm_wdam(selfATM) := am

end
Event sendReqCB =
refines requestCB

any
selfATM contextual instance of class atm
where

selfATM.type : selfATM € atm
transOption SM isin trans : selfATM € trans
sendReqCB.Guardl : selfATM € dom(atm_card)

then

transOption_SM_enterSuperState reqCB : reqCB := reqCB U {selfATM}
transOption_SM_leaveState_trans : trans := trans \ {selfATM}
reqCB_SM_enterState_sentReqCB : sentReqCB := sentReqCB U {selfATM }

end
Event recvReqWD =

any
selfATM contextual instance of class atm
where

selfATM.type : selfATM € atm
reqWD_SM_isin_sentReqWD : selfATM € sentReqWD
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recvReqWD.Guardl : selfATM € dom(atm_wdam)
recvReqWD.Guard?2 : selfATM € dom(atm_card)

then

reqWD_SM_leaveState_sentReqWD : sentReqWD := sentReqWD \ {selfATM}
reqWD_SM_enterState_recvdReqWD : recvdReqWD := recvdReqWD U {selfATM }
recvReqWD.Actionl : atmB := atmB U {selfATM }

recvReqWD.Action2 : atm_cardB(selfATM) := atm_card(selfATM)

end
Event recvReqCB =

any
selfATM contextual instance of class atm
where

selfATM.type : selfATM € atm
reqCB_SM_isin_sentReqCB : selfATM € sentReqCB
recvReqCB.Guardl : selfATM € dom(atm_card)

then

reqCB_SM_leaveState_sentReqCB : sentReqCB := sentReqCB \ {selfATM}
reqCB_SM_enterState_recvdReqCB : recvdReqCB := recvdReqCB U {selfATM }
recvReqCB.Action2 : atm_cardB(selfATM) := atm_card(selfATM)
recvReqCB.Actionl : atmB := atmB U {selfATM}

end
Event recvRspWDFail =
refines response WDFajil

any

selfATM contextual instance of class atm

b

where
selfATM.type : selfATM € atm
b.type: b €N

processedWDFail SM_isin sentRspWDFail : selfATM € sentRsp WDFail
recvRspWDFail.Guardl : selfATM € dom(atm_card)

then
performTrans SM_leaveSuperState processedWDFail : processed WDFuil := processed WDFail\
{selfATM}
processedWDFail SM_leaveState _sentRspWDFail : sentRsp WDFail := sentRsp WDFail \
{selfATM}

performTrans SM_enterState rspWDFail : rsp WDFail := rspWDFail U {selfATM }
recvRspWDFail.Actionl : atm_acbalA(selfATM) :=b

end
Event recvRspWDOK =
refines response WDOK

any

selfATM contextual instance of class atm

b
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where
selfATM.type : selfATM € atm
b.type: b €N

processedWDOK_SM_isin sentRspWDOK : selfATM € sentRspWDOK
recvRspWDOK.Guardl : selfATM € dom(atm_card)
then

performTrans_SM_leaveSuperState_processedWDOK : processed WDOK := processed WDOK \
{selfATM}

processedWDOK_SM_leaveState_sentRspWDOK : sentRsp WDOK := sentRsp WDOK\{selfATM }

performTrans_SM_enterState _rspWDOK : rsp WDOK := rspWDOK U {selfATM }

recvRspWDOK.Actionl : atm_acbalA(selfATM) :=b

end
Event recvRspCB =
refines responseCB

any

selfATM contextual instance of class atm

b

where
selfATM.type : selfATM € atm
b.type: beN

processedCB_SM_isin _sentRspCB : selfATM € sentRspCB
recvRspCB.Guardl : selfATM € dom(atm_card)

then
performTrans_SM_leaveSuperState_processedCB : processedCB := processed CB\{selfATM }
processedCB_SM leaveState_sentRspCB : sentRspCB := sentRspCB \ {selfATM}
performTrans_SM enterState rspCB: rspCB := rspCB U {selfATM }
recvRspCB.Actionl : atm_acbalA(selfATM) :=b

end
Event withdrawATMOK =
refines withdrawATMOK

any
selfATM contextual instance of class atm
b
am

where
am.type : am € N
selfATM.type : selfATM € atm
b.type: b €N
performTrans SM_isin rspWDOK : selfATM € rspWDOK
withdrawATMOK.Guardl : selfATM € dom(atm_card)
withdrawATMOK.Guard2 : selfATM € dom(atm_wdam)
withdrawATMOK.Guard3 : selfATM € dom(atm_acbalA)
withdrawATMOK.Guard5 : atm_wdam(selfATM) = am
withdrawATMOK.Guard? : atm_cashA(selfATM) > am
withdrawATMOK.Guard4 : atm_acbalA(selfATM) = b
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then

performTrans _SM_leaveState rspWDOK : rspWDOK := rspWDOK \ {selfATM }
performTrans_SM_enterState_endTrans : endTrans := endTrans U {selfATM}
withdrawATMOK.Action2 : atm_cashA(selfATM) := atm_cashA(selfATM) — am

end
Event withdrawATMFail =
refines withdrawATMFail

any

selfATM contextual instance of class atm

b

where
selfATM.type : selfATM € atm
b.type: b €N

performTrans_SM_isin_rspWDFail : selfATM € rsp WDFail
withdrawATMFail.Guardl : selfATM € dom(atm_card)
withdrawATMFail.Guard?2 : selfATM € dom(atm_acbalA)
withdrawATMFail.Guard3 : atm_acbalA(selfATM) = b

then
performTrans _SM leaveState rspWDFail : rsp WDFuail :== rspWDFail \ {selfATM }
performTrans _SM_enterState_endTrans : endTrans := endTrans U {selfATM}

end

1

Event checkBalATM
refines checkBalATM

any

selfATM contextual instance of class atm

b

where
selfATM.type : selfATM € atm
b.type: b €N

performTrans SM_isin rspCB: selfATM € rspCB
checkBalATM.Guardl : selfATM € dom(atm_card)
checkBalATM.Guard2 : selfATM € dom(atm_acbalA)
checkBalATM.Guard3 : atm_acbalA(selfATM) = b

then

performTrans_SM leaveState rspCB: rspCB := rspCB \ {selfATM}
performTrans_SM_enterState_endTrans : endTrans := endTrans U {selfATM}

end
Event sendRspWDFail =

any
selfATM contextual instance of class atm
where
selfATM.type : selfATM € atm

processedWDFail SM_isin processWDFail : selfATM € processWDFail
sendRspWDFail.Guardl : selfATM € dom(atm_cardB)
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sendRspWDFail.Guard2 : selfATM € dom(atm_acbalB)
sendRspWDFail.Guard3 : selfATM € atmB

then
processedWDFail SM leaveState processWDFail : processWDFail := processWDFail \
{selfATM }
processedWDFail _SM_enterState_sentRspWDFail : sentRsp WDFuail := sentRsp WDFailU
{selfATM }

sendRspWDFail.Actionl : atmB := atmB \ {selfATM}
sendRspWDFail.Action?2 : atm_acbalB := {selfATM} 4 atm_acbalB
sendRspWDFail.Action3 : atm_cardB := {selfATM} < atm_cardB

end
Event sendRspWDOK =

any
selfATM contextual instance of class atm
where
selfATM.type : selfATM € atm
processedWDOK_SM_isin processWDOK : selfATM &€ processWDOK
sendRspWDOK.Guardl : selfATM € dom(atm_cardB)
sendRspWDOK.Guard?2 : selfATM € dom(atm_acbalB)
sendRspWDOK.Guard3 : selfATM € atmB
then
processedWDOK_SM_leaveState_processWDOK : process WDOK := processWDOK\{selfATM }
processedWDOK_SM_enterState_sentRspWDOK : sentRsp WDOK := sentRsp WDOK U{selfATM }
sendRspWDOK.Actionl : atmB := atmB \ {selfATM}
sendRspWDOK.Action2 : atm_acbalB := {selfATM} < atm_acbalB
sendRspWDOK.Action3 : atm_cardB = {selfATM } < atm_cardB

end
Event sendRspCB =

any
selfATM contextual instance of class atm
where
selfATM.type : selfATM € atm
processedCB_SM_isin processCB: selfATM € processCB
sendRspCB.Guardl : selfATM € dom(atm_cardB)
sendRspCB.Guard2 : selfATM € dom(atm_acbalB)
sendRspCB.Guard3 : selfATM € atmB
then
processedCB_SM_leaveState_processCB : processCB := processCB \ {selfATM}
processedCB_SM_enterState_sentRspCB : sentRspCB := sentRspCB U {selfATM }
sendRspCB.Actionl : atmB := atmB \ {selfATM}
sendRspCB.Action?2 : atm_acbalB := {selfATM} 9 atm_acbalB
sendRspCB.Action3 : atm_cardB := {selfATM} 4 atm_cardB

end

END



