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Abstract In this paper, we give a formal semantics for Statechart via a translation into Algebra
of Communicating Shared Resources(ACSR). Statechart is a very rich graphical specification language,
which is suitable to specify complicated reactive systems. However, the incorporation of graph into
specification and rich syntax makes Statechart semantics very complicated and ambiguous. Thus, it
is very difficult to verify the correctness of Statechart specifications. Also, we propose the formal
verification method for Statechart specifications by showing equivalence relation between two
Statechart specifications. This makes it possible to combine the advantages of a graphical language
with the rigor of process algebra.
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START = T_START,

T_START = (lick,1).SHORT + {}'T_START;

SHORT = ('enter_SHORT,1).T_SHORT;

T_SHORT = (tick,1).(’exit_SHORT,1).LONG +
(start,1).('exit_SHORT,1).START + {}T_SHORT;

LONG = {‘enter_LONG,1).T_LONG;

T_LONG = (start,1).(’exit_LONG,1).START + {}T_LONG;

¥ 2 AEF Ao)rle] ACSR HA(Ete)H &

g G272 AW As5 Aol7)E State-
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711 9o sensorolA 7HA G sense oWES AP
A AASEE tick oMEES X oMIEE WolgalX
Aawo] Hhedith 143 &2 Aol Aol
W FATE Adole AR A7t gla u&s)
of WiFE Ajzke] Aol A s E HE F
Timere 3709 2Ho|EZ 7IXx gl=d START =
HolEL timere] %7] 2Ho|Eo]i SHORTS LONG
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o] olth wrebd Y 19 timer WAYA START
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pid
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NITTMER

NLOMG

NHE

[in(NNO) oF {NLONG)|
fgo s

NFARM

NG

enable  lmm
go_l

Ln(NSIIORT)

fenable, oy

H Jgos
enble_hwy [n{NSHORT)]
igo 1 fenable_farms

a8 3 A" AET A7l wA

NTIMER = NLONG;

NSHORT = (‘enter_SHORT,1).NT_SHORT;

NT_SHORT = (go_L,1).("exit_SHORT,1).NLONG
{ENT_SHORT;

NLONG = (‘enter_LONG,1). NT_LONG;

NT_LONG = (go_S,1).("exit_ LONG,1).NSHORT
{}NT_LONG;
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7} Za3 #BAA7E #Ar) Statechart HATHS
B T Alzdle] HdsAl BEdeA
o]@Eth 28} ACSR WAl VERSA[I6] 2= ¢

ARl F A2EY) o] FUIAE AFT #

o} 2, T w7k} Hlo] A& o] (bisimulation)

DOO]— 7=

7}A 2

H

3o mlo -{0

=) NTLC == TLC?
ufi failed-—following pair could not be matched:

<(NTLC' \{enable_farm,enable_hwy,go_S,go_L},(TLC")
" \{startenable_larm,enable_hwy tick}>
-—{ollowing pair was maiched:
<NTLC, TLC>
false (by priorilized strong equivalence)
true (by prioritized weak equivalence)
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TLC = (TLC’ || P_additional || TD)\(start, enable_
farm, enable_hwy, f YES, t_YES,
f NO, t NO, f LONG, t LONG, f SHORT, t_
SHORT, enter_NO, exit_NO,
enter_YES, exit_YES, enter_LONG, exit_LONG,
enter_ SHORT,
exit_ SHORT enter_START, exit START, tick};
TD=(TSTART || ENABLE FARM || ENABLE_
HWY || F_YES Il T_YES |l F_.NO || T_NO ||
F LONG |l T_LONG || F_SHORT | T_SHORT
[l ENTER_NO || EXIT_NO ||
ENTER_YES || EXIT_YES |l ENTER_LONG ||
EXIT LONG |INENTER_SHORT
|| EXIT_SHORT | TICK);
TSTART = (start,d).{}rec X.(Ustart,5).X + TSTART)+
{}’TSTART;
ENABLE_FARM =
X.(("enable_farm,5).X +

(enable_farm,4).{}:rec

ENABLE_FARM)  +
{}ENABLE_FARM;

ENABLE HWY =
X.(("enable_hwy,5).X +

ENABLE HWY) + {}ENABLE_HWY;

F_YES = (£ YES4){})rec X.(('f_YES5.X + F_YES)
+ {}F_YES;

T_YES = (t_YES4).{}rec X(('t_YES5).X + T_YES)
+ {IT_YES;

FNO = (£ NO4).{}rec X.(("f NO5).X + F_NO) +
{}:F_NO;

T_NO = (t NOA.{yrec X.(('t_NO5LX + T_NO) +
{HT_NG;

FILONG = (f LONG4).{}rec X('fLONGH.X +
T_LONG) + {}:F_LONG;

(enable_hwy,4).{}rec

A4 A 6 A A 6 S Q00.12)

T_LONG =

(t_LONG4) {}irec X.(Ut_LONG)H).X +
T_LONG) + {}T_LONG;
F_SHORT = (f SHORT4).{):rec X.('f_SHORT/5).X -+
F_SHORT) + {}F_SHORT;
T_SHORT = (t_SHORT4).{}rec X.(('t_SHORT}5).X
+ T_SHORT) + {}T_SHORT;
ENTER NO = (enter NOA){} irec X.((enter NO5).X
+ ENTER_NO) +
{}ENTER_NO;
EXIT_NO = (exit NO4).{}rec X.(('exit NOH).X +
EXIT_NO) + {}EXIT_NO;
ENTER_YES = (enter_YES,4) { }:rec
X.(('enter_YES)5).X + ENTER_YES) +
{ENTER_YES;
EXIT_YES = (exit_YES4).{}rec X.(('exit YESH).X +
EXIT_YES) +
{(EXIT_YES;
ENTER_LONG = (enter_ LONG,4) {}:rec
X.(('enter_LONG,5).X + ENTER_LONG) +
{}ENTER_LONG;
EXIT_LONG = (exit_LONG4).{}'rec
X.(('exit_LONG;5).X + EXIT_LONG) +
{FEXIT_LONG;
ENTER_SHORT = (enter_SHORT 4).{}:rec
X.(("enter_SHORT5).X + ENTER_SHORT) +
{):ENTER_YES;
EXIT_SHORT = (exit_ SHORT4).{}:rec
X.(("exit_SHORT,5).X + EXIT_SHORT) +
{}EXIT_SHORT;

TICK = (tick4){}rec X.(('tick5.X -+ TICK) +
{HTICK;

P_additional = ( P.NO | P_YES | P_LONG ||
P_SHORT);

P_NO = P_NOf;

P_NOf = (£ NO,1)P_NOf + ( enter_NO,1).P_NOt +
{}P_NOf;

P.NOt = ('t_NO1P NOt + ( exit NO,1).P_NOf +
{}:P_NOt;

P_YES = P_YESE

P_YESf = ("f_ YES,1).P_YESf + (

enter_YES,1).P_YESt + {}P_YES{;
P_YESt = ("t_YES,).P_YESt + ( exit_YES,1).P_YESf
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+ {}'P_YESt;
P 1LONG = P_LONGH; :
P_LONGf = ("f_LONG,1).P_LONGf + (
enter_LONG,1).P_LONGt + {}:P_LONGH;
P_LONGt = ("t_LONG,1).P_LONGt + (
exit_LONG,1).P_LONG{ + {}:P_LONGt;
P_SHORT = P_SHORTT;

P_SHORTf = (£ SHORT,1)P_SHORTf + (
enter SHORT,1).P_SHORTt + {};P_SHORT;
P_SHORTt = ("t_SHORT,1).P_SHORTt  + (
exit SHORT 1).P_SHORTT + {}P_SHORTY;

TLC' = ( TIMER |l SENSOR |l HWY || FARM i
TG ;

T_G = ('tick D.T_G + (tick,D.{TG + (TG

TIMER = START;

START = ('enter_START,3). T_START;

T START = (tick,D.("exit_START,1).SHORT
{HT_START;

SHORT = ("enter_SHORT,3). T_SHORT;

T_SHORT = (tick,1).('exit_SHORT,1).LONG +

(start,1).("exit_SHORT,1).START Co

{}*T_SHORT;

LONG = (’enter_LONG,3). T_LONG;

+

T_LONG = (start,]).('exit LONG1).START  +
{+T_LONG;
SENSOR = NO;

NO = (‘enter_NQO,3).”T_NO;

T_NO = (sense,1).('exit_NO,1).YES + {}'T_NO;

YES = (enter_YES,3).T_YES; ‘

T_YES = (sense,1).("exit_YES,1).NO + {}T_YES;

HWY = HG;

HG = (t_YES,1).((t_LONG,2).("start,1). HY + HG)

©+ (_LONG,D.(G_YES2).('start, D.HY + HG) +

{3HG;

HY = (1 SHORT,1).{’enable_farm,1).HR + {}HY;

HRR = (enable_hwy,1).("start,]) HG + {}HR;

FARM = FR;

FG = (t NO,1).(start,]).FY + (t_LONG,1).('start,]).FY
+ {}FG;

FY = (t_SHORT,1).(’enable_hwy,1).FR + {}FY;

FRR = (enable_farm,1).(’start,1).FG + {}FR;

£8 B. THEH AMSE H0{7]12] ACSR &AM

NTLC = (NTLC' |l NP_additionalll
enable_farm, enable_hwy, f_YES, t_YES,
f NO, tNO, fLONG, t_LONG, f SHORT,
t_SHORT, enter_NO, exit_NO,
enter_ YES, exit_YES, enter LONG, exit LONG
enter_SHORT, exit_SHORT,go_S,go_L};

NTD = (NENABLE FARM || NENABLE HWY [
NEF_YES || NT_YES || NF_NO || NT_NO ||
NF_LONG || NT_LONG || NF_SHORT
NT_SHORT || NENTER_NO || NEXIT_NO: ||
NENTER_YES fl NEXIT_YES Il
NENTER_LONG I NEXIT_LONG Il
NENTER_SHORT
{| NEXIT_SHORT || NGO_S Il NGO_L);

NENABLE _FARM =
X.(("enable_farm,5).X +

NENABLE_FARM) +

. NTDM

(enable_farm,4).{}:rec

{*NENABLE_FARM;
NENABLE_HWY =
X.(("enable_hwy,5).X +

(enable_hwy,4).{ }:rec

NENABLE_HWY) +
{;NENABLE_HWY;

NF_YES = (L YES4).{}rec X((fYESH.X +
NF_YES) + {}NF_YES;
NT_YES = (tYES4.{(rec XAt YESHX  +

NT_YES) + {}}NT_YES;

NF_NO = (f NO4).{brec X.(("f NO5S).X + NF_NO)
{}!NF_NO;

NT_NO = (t_NO4).{}rec X.(('t_NO5).X + NT_NO)
{:ENT_NO; '

NF_ILONG = (f LONGA.{}rec X.(("f_LONG5).X
NF_LONG) + {}:NF_LONG;

NT_LONG = (t LONG4).{)rec X.(("t LONG,5).X
NT_LONG) + {3NT_LONG;

NF_SHORT = (f SHORT4).{}rec X.((f_SHORT)5).X
+ NF_SHORT) + {}NF_SHORT;

NT _SHORT = (t_ SHORT 4).{}rec X.(("t_SHORT}5).X
+ NT_SHORT) + {:NT_SHORT;

NENTER_NO = (enter_NO,4).{}:rec
X.((enter_NO,5).X + NENTER_NO) +
{ENENTER_NO;

NEXIT _NO = (exit_NO,4).{}'rec
NEXIT_NQO) + {JNEXIT_NO;,

NENTER_YES = (enter YES4){}rec X.(("enter_YES,

+

4

3

+

X.((exit_NO5). X+
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5).X + NENTER_YES). + {}NENTER_YES;
NEXIT_YES = (exit YES4).{}rec X.((exit YES5).X

+ NEXIT_YES) + {}NEXIT_YES;
NENTER_LONG = (enter LONGA4).{}rec X.(("enter,

LONG5).X + NENTER_LONG) + {}:NENTER_

LONG;

NEXIT_LONG = (exit LONGA4).{brec  X.(("exit_
LONG5).X + NEXIT_LONG) + {hNEXIT_
LONG;

NENTER_SHORT=(enter_SHORT,4).{}!rec
X.(('enter_SHORT5).X + NENTER_SHORT) +
{NENTER_YES;

NEXIT_SHORT=(exit_SHORT,4).{}:rec
X(('exit SHORT5.X + NEXIT_SHORT) -+
{}'NEXIT_SHORT;

NGO_S = (go_S4).{trec X.(('go_S5,5).X + NGO_S) +

{}NGO_S;

NGO_L = (go_L4).{}rec X.(("go_L5).X + NGO L) +
{}NGO_L;

NP_additional = ( NP_NO || NP_YES || NP_LONG ||
NP_SHORT);

NP_NO = NP_NOf;
NP_NOf = ("f NO,1).NP_NOf + ( enter_NO,1).NP_NOt

+ {:NP_NOf;

NP NOt = ('t NO,1)NP_NOt + ( exit_NO,1).NP_NOf
+ {}:NP_NOt;

NP_YES =NP_YESf;

NP_YESf = ('f_.YES,1).NP_YESf + ( enter_YES,

1).NP_YESt + {}:NP_YESF

NP_YESt = ("t_YES,1)NP_YESt + ( exit_YES]).
NP_YESf + {}NP_YESt;

NP_LONG = NP_LONGf;

NP_LONGf = ('f_LONG,1).NP_LONGf +
LONG,1).NP_LONGt + {}:NP_LONGH;

NP LONGt = ("t_LONG,1)NP_LONGt + (
LONG,1).NP_LONGT + {}NP_LONGt;

NP_SHORT = NP_SHORTT;

NP_SHORTY = ("f_SHORT,1) NP_SHORTf + ( enter_
SHORT,1).NP_SHORTt + {}:NP_SHORTT;
NP_SHORTt = ("t_SHORT,1).NP_SHORTt + ( exit_
SHORT,1).NP_SHORTT + {}NP_SHORT;
NTLC' = ( NTIMER || NSENSOR || NHWY ||
NFARM ) ;
NTIMER = NLONG;

( enter_

exit,_

A A6 A A 6 Z(200012)

NSHORT = (‘enter_SHORT,3).NT_SHORT;

NT_SHORT = (go_L,1).("exit_ SHORT,1).NLONG +
{:NT_SHORT;

NLONG = (‘enter_LONG,3)NT_LONG;

NT_LONG=(go_5,1).("exit_LONG,1).NSHORT
H{}NT_LONG; ‘

NSENSOR = NNO;

NNO = (“enter_NO,3).NT_NO;

NT_NO = (sense,1).(exit_NO,1).NYES + {:sNT_NO;

NYES = (‘enter_YES,3).NT_YES;

NT_YES = (sense,1).("exit_YES,1) NNO + {ANT_YES;

NHWY = NHG;

NHG = (t_YES,1).((t_LONG,2).("go_S,1) NHY + NHG)
+ (t_LONG,D.((t_YES,2).('go_S,1)NHY + NHG)
+ {}NHG;

NHY = (t SHORT,1).("enable_farm,1).NHR + {}:NHY;

NHR = (enable_hwy,1).(’go_L,1).NHG + {}:NHR;

NFARM = NFR;

NFG = (£ NO,1).('go_S,1).NFY + (t_ LLONG,1).('go_S,
D.NFY + {}NFG;

NFY = (t_SHORT.,1).("enable_hwy,1).NFR + {}:NFY;

NFR = (enable_farm,1).('go L, 1)NFG + {}NFR;
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