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Behavioral Analysis of Embedded Software
Using a Variant of UML State-diagram

SHIN NAKAJIMA®t

State-Transition Systems are employed to represent behavioural specification of embedded
software. State Diagram of UML, having an execution semantics, is not adequate in regard
to the semantics of the event system and the state-machine scheduling. This paper proposes
a small extension to the semantics of the core part of UML State Diagram to perform design
verification using the model-checking techniques.
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Fig.1 Embedded system model.
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Fig.2 Statechart example.
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OriginalSimpleRule() = cl (t1,t2) = (unify(source(t1), source(t2))
Ziule true = <true, ps>) A ps £ 0
StepRTC() A unify (target(t1), target(t2))
end = <false, 0>
StepRTC() = t10 t20000000000000000O0

if not empty(eventQueue)
then
currentEvent := dequeue(eventQueue) ;
newState := currentState;
for each t in Gamma
do
newState := nextState(t, newState);
add (eventQueue, executeEffect(t));
end;
currentState := newState;

03 RTCOOO
Fig.3 RTC execution steps.

active : State — Power(Rule)
active (s) = {t € Rule |
unify (source(t), s) = <true, >}

(2) active 00D OUOOOO0OODO currentEevnt O
000 weWOOOOOOOOOOO en-
abled D00 0ODODO
enabled : State x Event

— (W — Power(Rule))
enabled (s, e)(w) = {t € Rule |

t € active(s) A el(t,e)(w) }
el : Rule x Event — (W — Bool)
el (t,e)(w) = (trigger(t) = e) A guard(t)(w)

(3) enabled JO0ODOOOO0DOODOOODOODOODO
000000000 GammaOOODODO

(4) OO VteGamma UOOOOOO0OOOOO
gooooooboooooooo
nextState(t,s) = 31 s’ € State e

unify (source(t),s) = <true, p>

A target(t).p =8’
000 Otarget(t).p 000000 t0000O0O
goobobooooooooooogobooobo
gooboooooboboboooboooogoo
goobobooboobooobooobo

0000 (3)00000 GammaOODOOOOO
opogoo

(1) active DOOOOOUOOOODOOOOOOOO
conflict 0O OO0
conflict : State — Power(Rule)
conflict = {t € Rule |

3t € active(s) e c1(t,t’) }
cl : Rule x Rule — Bool

goooboooobooboobooooobooo
gooboooooboobooboooooog
gbobooboobooobobotib t20
gooog

(2) conflict 00DOODODOOOODOOODOOOODO
0000000000000 promoted OO
gooooobobooobobooboo »-0o
oogd
promoted : State — Power(Rule)
promoted(s) = {t € Rule |

= (3 t’ € conflict(s) o t’ > t) }

(3) 0D0O0DDO0O0UODOO0O0ODO0O0O fireableDOO0OO
fireable : State x Event — Power(Rule)
fireable(s, e) = (enabled(s, e) — conflict(s))

U promoted(s)

(4) 000000000000000 Gamma(s,e)
00000 Gamma(s,e) C fireable(s,e) 00O
goooooooo
Vt,t” € Gammayf(s,e) @ ~cl(t,t’)

A (t € fireable(s,e) A (3t @ = cl(t,t))
= t € Gamma(s, ¢))
0000t € fireable(s,e) 00000000
gobooooobooboboooooboo
00 UML/STDOOOOOOOOOOO
gboobooboooooobooboobooobooo

00000 -00000UML/STDOOOODOOO

Oo0000odnD cover OO0 OOOOODOOODOOO

gooooboooobobooobooboooboooog

oooo'™o

t1 > t2 = source(t1) > source(t2)

sl > s2 = cover(s2,sl) A —cover(sl,s2)

cover : Tx(X) x Tx(X) — Bool

cover(a,b) =

3 <flag, p> e (unify(a, b) = <flag, p>)

Nflag Aa.p=Db
000O00DO0O0 «0OO00 bODOOOOCODOO

gbooooboobooboboobooooobooboo
goboooooooooo -oobooooooo

00000000000 00000 UML/STDOO

OO00O0O0O0OD0O0O000000000 Statecharts O

00000000000000000'0



Vol. 46 No. 11

00000 enabled(currentState, currentEvent)(w)
O000000ODOCCO0ODOCOUdcurrentEvent
0000o00o0ooO00oOoooooOoooooooog
oooooooooOoOooOoOoOO RTCOOOOO
0000000oo00ooooooooooooood
000000000000 implicit consumptiond O
000
OopD20000 vtl, t2e Gamma O0O0OODOO
O0000000ooooooooooootl O 2
oooOoooooooooOoooooooooood
000000 300000000ooooooooog
ooooo
O00OeventQueue 00O FIFOOOOOODDO
00000000 O0™® 0000000 E.000
O000000o0O0DOO0o0O0Oooooooooood
O F, OeventQueue 0000000000000
oouUMLOOOO0OO0O0OO0OO0O0O0O0O0O0O0 E.000
ooo0oOoOoOoooooooooooooooood
O eventQueue 000 O00O00ODOOO

23 0O O O
0l000DO0ooooooooooooooooo
00000o0oooooooooooooooo
0o0oo0oO0o0ooooooOooooooooooo
O00000000oDoooooooooooooog
0000000000 000O00oooooooood
000000000000000D00oooooog
000D00000000o0o0ooo0ooooooooog
ooooO0o0o0o0oooooooooooooood
oooooooooooooooog
OoouMLOOOOOOOODOO100 RTCO
ooooooloo0o0oooooooooooood
o0o0o0OoooOoooDOoUoOoOooooooooood
00oooo0o0ooooooooooooooooon
1000000000000000000000O00O0O
00000000 FIFOOOO0O000000®g
00000000000000o0oooooooooa
000000000000 000000000o0o0g
oo0o0O0o0o0oO0ooooooogooooooood
ooooOOoOoOooooopoUOOooooooOoOoood
o0o0oDO0oOoUooooDOoUoOooooooooood
0000000000 implicit consumption[T]
oooooooooooOoooooooooooo
O000O000oOo0oooOOoOooooooooooog
o0o00OoOooooooooOoooooooooodg
00000000d0o0o0ooooooooooooog
00000000000000000oooooog

uUMLOOOOOOOO0O0O0O0OOO0O0O0O00O0O00000O000000000 2647

gboboooooouooobooocboOoooooobooo
goood
goboboobooooooooooooooooooo
gobooooooooooboobooooooooooboo
g0o0ooo0o0oo0ooO0oo000oooOoo0oo0o0o0oo0uUML
gobooooooooobooobo0ooooobooDoboo
goooooooooboooooooboobo0oooooo
gbooooooooboooooooooooooo
gobooooooooboooooooooooood
00000000 OD0o0Oooo®0
obooooboooooooobooooooooo
gobooooooooooocoOoooobooobooo
goboooooooooboooooooooooboooo
goboooooooooooocboooooooboo
gooouMLOOOOO0OO0OO0OOOOOO0OOOOO
goooooooooooooboooooooboonoo
gooooooooon
gooboooboooooooooboooooooon
gobooooooooooooooooobooood
goboooooooooooooooooooon
goboooooooooboboooouoooobooo
gobooooooooooooobocOoooobooobo
gbooboooooooobooooooooobooooo
goooooooooooocoooooobooooo
goooooooooooooocooooooooo
goooooo0oooooo 20000000000
gooooo
ooouMLOOO0OO0O0O0O0O0O0O0O0O0000O0O0
goooboooooooooboooooooood
gobooooooboooooooOooOoooboboOoobo
gobooooooos3sbobooooooobooobooo
obood
oooooooooboboobobobobobooooaon
UML/STDOOO0OO0O00O0O00O0O0O0O0OOOOO
goooOoOo0o0ooooooobo 200000000
gooooooooooooooooooooboonoo
goooooo22000000000000000
goooooo

3. DO0O0OO0oOoOOobOOoOoooooboon

gbobooo23000000000000000A0
gboooobooooooooooocoooooboooo
gboooooooooo

3.1 0O0O0O0O

01000000000000o0o0 Rrecoooo
gooooboOoooooooooooooDbono



2648 goooooooo

\
1 put(X) @‘ \ i 1 put(X) ‘_j@'
I

04 0D0000DOOOO System
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ProposedSimpleRule() =
while true
do
ProposedStepRTC ()
end

ProposedStepRTC() =
if not empty(eventPool)
then
eventSet := topMostEvents(eventPool);
newState := currentState;
for each t in Gamma
do
if provided(currentState, t, providedClauses)
then
newState := nextState(t, newState);
add (executedRule, t);
add(eventPool, executeEffect(t));
end;
set (eventPool,externalEvents);
add(eventPool,defferedEvents) ;
currentState := newState;
end
05 0D00000DO0O00OO0OOOOOOOD

Fig.5 Proposed execution steps.
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if
: (stateTV == Working) ->
if
: eventOff -> stateTV = Waiting;
stateWaiting = StandBy; nullWorking()
:: eventOut -> stateTV = Waiting;
stateWaiting = Disconnected; nullWorking()
:: else —>
if
:: (stateImage == Picture) ->
if
: eventTxt -> statelmage = Text
:: else -> skip
fi
:: (stateImage == Text) —->
if
:: eventTxt -> statelmage = Picture
:: else -> skip
fi
:: else -> skip
fi;

fi
0 6 PromelaO00O0O0O0O
Fig.6 A Fragment of Promela.
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