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A discussion on the verification of concurrent systems
for considering critical execution order

HAaN-Myung CHANG!®)
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Abstract: We aim to establish verification methods of concurrent systems for considering critical execution
order. Our basic idea is to formalize the critical execution order and its specification using the process algebra
CSP, and to show how to make an assertion expression systematically in order to verify it. In this paper
we pay attention to detecting simultaneous events with sensors as the critical execution order, and give the
verification methods using a simple vending machine example. Formalizing the critical execution order is

effective as a specification after the design phase.

1. 0000

gogbooboobbooboobooboobboo
goobobbboooooooobobbbbobooooooo
gobgooboobooboboobooboobboob
00000000000000000000 1), 7000
goboobooboobboobooboobboob
gbopoooobobobobooboboboboooo
gobgooboobooboboobuooboobboon
gobogbobooboobboobooboboo

gooboboobo uMLObDOobOobobobobo
000000000 bD000bO00Ob0DbURoescoe OO
O00000000o0o0ooooo csePYUooOoUuoono
0000 FDR(3]0 O 0000 DO OO race conditionsd [
000000000000 QUHsiungDOOO0OOOOO

! pOD0OO000O0DODOO0O0O0ODDDOOO
) chang@nanzan-u.ac.jp

b)  sawada@nanzan-u.ac.jp

) yoshie@nanzan-u.ac.jp

2014 Information Processing Society of Japan

goob uMLOOOOOOOOooOoooooooooog
00000000000 4000000000o0oooo
gogbooboboboboooboobuooboooboon
gogoooooboooo
goboobooboobbooboobooobog
gogbooboboobboobooboobboooboon
gogbooobobobuoobooboooobooboon
gogboobboobboobooboobbooboon
gogbooboobboooboobuoobboooboon
goodooopbobobooooobbobbbbooooooa
gogboobobobobuooboobuoobboooboon
gogboobobobbooboobuoobbooboon
gogboobobobobuooboobuoobboooboon
gogboooooooobgo
goboobooboboooboobooboboooboo
00oooooo CcSspOO0DO0OOOODOOOODOO
gogboobobobbooboobuoobbooboon
goboobobobobuooboobuoobboooboon



gogoooooood
IPSJ SIG Technical Report

| 1xvree
: STM

AR 2B AR MEE

Event B

Event B / Action B

Event A

01 00000000

Fig. 1 Concurrent state transition machine
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channel send, recv: Stm.Event

CH_FIFO(stm, seq, size, state) =
#seq < size & send.stm?event ->
CH_FIFO(stm,seq”<event>,size,state)
[1
#seq > 0 & RECV_FIFO(stm,seq,size,state,<>)

RECV_FIFO(stm,<>, size, state, _) = STOP
RECV_FIFO(stm,<event>"seq,size,state,front) =
if member(event,AcceptedEvents(stm, state))
then recv.stm!event ->
CH_FIFO(stm, front~seq, size,
StateTransition(stm,state,event))
else RECV_FIFO(stm, seq, size,
state, front~<event>)

02 CcspO0oO0oOooOoonO
Fig. 2 Definitions of the queue in CSP
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0000 C(env [l sync |] stms) [| events |] chs
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[l stm:TargetSTM @ STM(stm, Init(stm))

[l stm:TargetSTM @
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coin / B <-on,L<-on

button / L <- off, C <- get, G <- output; C <- on

lever / B <- off, C <- back; C <- on

03 0Do00oooooog

Fig. 3 Vending machine controller

off /| VM <- ok

on [ on_device_driver

detected / VM <- notify

off / off_device_driver; VM <- ok

04 0OO0ODOO
Fig. 4 Sensor
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Fig. 5 An example of detecting simultaneous events
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Fig. 6 Events related to detecting simultaneous events
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(detected, notify, off)
00O0bOobOOooOoooooooon
Button = (send.button.pushed,
recv.vm.button,
recv.button.off)
U000 send.button.pushed 0 00O OO pushed OO
dO0O0Orecv.vm.button OO OOOOO0DOOOONO
U button OO OOOOrecv.button.off DO OO OO
off J00DODOODODOO
3.2.2 CONFLICT_F
O0OD0O0O0O00O notifyOODOOODOOODOOODODOO
O00ODO0O0O0 CoNFLICT_ FOODOODOO
CONFLICT_F(sensors,first,conflicts) =
DETECTED ({first}); NOTIFY({first});
NOTIFY(diff(conflicts,{first}))
[11
DETECTED_OFF (diff (conflicts,{first}))
[11
OFF(diff (sensors,conflicts))
CONFLICT_FO O OO
sensors: U OOOOOOOOO
first: OO0DO0OOOOOODOODOODOO
conflicts:Ofirst U0 0OO0O0OOOOOOOOONO
obooooooog
o0oo0oOooOo00;0000Db00D0Oooooloog
00000D0O00DO00DODO0O0000O0qgiff(s1,s2) 00
O0s100 s200000000
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0000D0000DO00D00D00D0DotfMOOoOnong
0oO00O00D0O0DO0obOO0bOOoo0ooDOooDooDobooog
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DETECTED(ss) = |||(d,_,_):ss @ d -> SKIP
NOTIFY(ss) = |||(_,e,_):ss @ e —> SKIP
OFF(ss) = ||l(_,_,0):s8 @ o -> SKIP

CONFLICT_FO 3000000000O0O00O0O0000
0000000000000 netifyOOOOOOOO
Uob00OO0000D0OC0O000000 first O notify OO
000000000000 netifyO0OOOOOOOO
0000000000000 O0first 0 notifyO0 Q0O
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200000000 DETECTED_OFF(ss) 0000 first
OO0000000 detected0OOO0O off 000000
UO0D0DO0O00D0C000000D0000 detectedO OO0
doboffO000000000CO0DOOOO00OOO0OODODOO
0000000000000 0000DETECTED_OFF (ss)
ooooooooocoooon
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DETECTED_OFF(ss) =
ooooglll(d,_,o):ss @ d => o -> SKIP
0003000000000 000bO000O0DO0ODO
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ODoff0000D00O0ODO0ODOODOODOODOODOODOO
000000 off00000D0O0ODODOOODOODOO
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CONFLICT_ SO ODOOODO
CONFLICT_S(sensors,conflicts) =
[Jfirst:conflicts @
CONFLICT_F(sensors,first,conflicts)
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sensors: UOOOODOOOOOO
conflicts: JOO0ODODOODOODOODOODOODO
ooo
OD0OODOCONFLICT_ SODODODOODOODOO conflicts
00O0000o0o0obO0bOO0oO0oDOOooOooDOobOooooog
0000 CoNFLICT_FOOODODOODOODOO
3.2.4 CONFLICT_I
00000DO0O0O0O0000000D0DODOD CONFLICT_I
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let
ss = {s | s<-Set(sensors), conf<-s}
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[ls:ss @ CONFLICT_S(sensors,s)
CONFLICT_ID DO OO
sensors: UOOOODOOOOOO
conf: 0O00OO0ODOODODOODOODODO
O000Set(s)J sO00000DODODODOOOCONFLICT_I
00000b000dfOO conf0O0DOUOODOOONO sensorsy
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ok / VM <- button
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Fig. 7 STM for detecting simultaneous events

recv.conf.lever,
recv.lever.off)
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CONF_BUTTON =
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SYSTEM_B = SYSTEM [|SY1|] CONF_BUTTON

SY1 = union(Button,Lever)
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SPEC = send.vm.pushed -> SPEC
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SPEC [F= SYSTEM_B \ diff(Events,SY2)
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CONFLICT(sensors,first,conflicts) =
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