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e Automata
A =(Q.qp,2,—)
Q 1s a nonempty set of states
do 1 the 1nitial state
2 1s a nonempty set of actions
—> 15 a subset of QxX=xQ
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° Let A — (Qaq()aza%)a A’ — (Q’aqo’az’ae,) be
automata
e 7 C QxQ’ is a simulation between A and A’ iff

9oy
it q,Zq,’ and (q,,a,q,) 1s in — then there exists q,” such that
q,Zq,” and (q,’,a,q,’) 18 in =’












e Let A=(Q,90,2,—), A’ =(Q°,qy,2",—") be
automata

e 7 C QxQ’ is a bisimulation between A and A’ iff

9029y’

it q,Zq,” and (q,,a,q,) 1s in — then there exists q,” such that
J,Zq,” and (q,’,a,q,’) 1S in =’

it q,Zq,” and (q,’,a,q,’) 1s in —’ then there exists g, such
that q,Zq,” and (q,,a,q,) is in —







e Let A =(Q,qy,2,—) be an automaton and (a,,...,a,)
be 1n X*
* (a,...,a ) 1s recognized by A ift

there exists ¢y, ..., g, such that for all i=1..n, (q,_;,a,,q;) 1S In

—

 We write trace(A) for the set of all (a,,...,a, ) in 2*
recognized by A



° Let A — (Qaq()aza%)a A’ — (Q’aqo’az’ae,) be
automata

e A and A’ are trace equivalent iff
trace(A) = trace(A’)






Let C be a class of automata
Decision problem SIM(C)

Input : finite automata A, A’ in C
Output : determine if A and A’ are linked by some simulation

Decision problem BIS(C)

Input : finite automata A, A’ in C
Output : determine if A and A’ are linked by some bistmulation

Decision problem TRA(C)

Input : finite automata A, A’ in C
Output : determine if A and A’ are trace equivalent



e If C 1s the class of all automata then
SIM(C) 1s P-complete
BIS(C)isin P
TRA(C) 1s PSPACE-complete

e Open problem
How hard 1s 1t to solve SIM(C), BIS(C) and TRA(C) when
C 1s arestricted class of automata?



* Automata
Al — (Ql,qol’ZI,el), ERX/ Ak = (Qk’qok’zk’ek)
AIX. . .XAk — (Q,q()azae)

Q=0Q!x...xQkK
do = (Go'>---»90°)
> =>lU...Uzk

(q;%..-,9{9,a,(q,',...,q,")) is in — iff there exists i in
{1,...,k} such that (q,},a,q,") is in —! and for all j in
{1,....k}, if i # j then q;) = q]



Let C be a class of automata
Decision problem SIM*(C)

Input : finite automata A, B!, ..., Bin C
Output : determine if A and B!x...xB¥ are linked by some simulation

Decision problem BIS*(C)

Input : finite automata A, B!, ..., Bin C

Output : determine if A and B'x...xB¥ are linked by some
bisimulation

Decision problem TRA*(C)

Input : finite automata A, A’ in C
Output : determine if A and B'x...xB¥ are trace equivalent



e If C 1s the class of all automata then
SIM*(C) 1s EXPTIME-complete

BIS*(C) 1s PSPACE-hard and in EXPTIM]|
TRA*(C) 1s EXPSPACE-complete

(1]

e Open problem
How hard 1s 1t to solve SIM*(C), BIS*(C) and TRA*(C)
when C 1s a restricted class of automata?



Let C be a class of automata
Decision problem SIM*3(C)

Input : a finite automaton A in C and a finite set U of automata in C

Output : determine if there exists a nonempty subset {B!, ..., B} of
U such that A and B'x...xB¥ are linked by some simulation

Decision problem BIS*3(C)

Input : a finite automaton A in C and a finite set U of automata in C
Output : determine if there exists a nonempty subset {B, ..., B}
of U such that A and B!x...xB¥ are linked by some bisimulation

Decision problem TRA*3(C)

Input : a finite automaton A in C and a finite set U of automata in C

Output : determine if there exists a nonempty subset {B!, ..., B} of
U such that A and B'x...xB¥ are trace equivalent



e If C 1s the class of all automata then
SIM~3(C) 1s EXPTIME-complete

BIS*3(C) 1s PSPACE-hard and in EXPTIMI
TRA*3(C) 1s EXPSPACE-complete

(1]

e Open problem
How hard 1s it to solve SIM*3(C), BIS*3(C) and TRA*3(C)
when C 1s a restricted class of automata?



e Conditional automata
A =(Q.qp,2,At,—>)
Q 1s a nonempty set of states
do 1 the initial state
2 1s a nonempty set of actions

At 1s a nonempty set of atoms

— 18 a subset of Qx2Ax2AxZx2Ax2Ax () where 2At
denotes the set of all subsets of At



({x}.9,8,9,{x})

q q;
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({Z},@,C,{X,y @) ({ ’@9b7@9{y})
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° We WIH Say that ((q09{X9y9Z})9a9(q1’{yaz}))a
((qla{Y9Z})aba(q29{Z})) and ((qza{Z})aca(q()a{xa}IaZ}))

are 1n —

(q09{X’y’Z}) ¥ (qla{yaz})

(Qza{z})



e We will say that ((q,,{X,y}),a,(q;,{y})) and
((q;,{y}),b,(q,,9)) are in —

(Qo-1X,y}) s (q;.1y}))

(9,,9)



e Let A =(Q,qy,2,—) be an automaton, A’ =
(Q’,qy°,2",At’,—’) be a conditional automaton and

X, bea subset of At’

e 7 C Qx(Q’x24Y) is a simulation between A and A’

with respect to X,,” iff
GoZ(qy > X’)
it q,Z(q,’,X;’) and (q;,a,q,) 1s in — then there exists q,’

and X,’ such that q,Z(q,’,X,’) and ((q;’,X;),a,(q,",X,"))
1S 1n —’
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e Let A =(Q,qy,2,—) be an automaton, A’ =
(Q’,qy°,2",At’,—’) be a conditional automaton and

X, bea subset of At’

e 7 C Qx(Q’x24Y) is a bisimulation between A and A’

with respect to X,,” iff

GoZ(qp »Xo ")

it q,Z(q,’,X;’) and (q;,a,q,) 1s in — then there exists q,’
and X, such that q,72(q,’,X,’) and ((q,’,X;),a,(q,",X5"))
1s in —’

it q,Z(q,’,X,’) and ((q,",X;’),a,(q, ,X,’)) 1s iIn —’ then
there exists ¢, such that q,Z(q,’,X,’) and (q,,a,q,) 1s iIn —
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e Let A =(Q,qy,2,At,—) be a conditional automaton,
X, be a subset of At and (a,,...,a,) be in X*
* (a,...,a, ) 1s recognized by A with respect to X,, itt
there exists q,, ..., q, and there exists X,, ..., X  such that
for all 1=1..n, ((q;_,X;_1),a;,(q;,X;)) 1s In —

 We write trace(A,X,) tor the set of all (a,,...,a,) In
2" recognized by A with respect to X,




trace(A,{x,y,z}) = {(),(a),(a,b),(a,b,c),...}
trace(A,{x,y}) ={0,(a),(a,b)}

trace(A,{x}) ={0,(a)}
trace(A,9) = {()}

({x}.9,8,9,{x})

Qo ,

d;

A ({Z},@,C,{X,y @) ({Y ,@,b,@,{}’})

d>



e Let A =(Q,qy,2,—) be an automaton, A’ =
(Q’,q,° .2 ,At’,—") be a conditional automaton and

X, be a subset of At’

* A and A’ are trace equivalent with respect to X,,” itt
trace(A) = trace(A’,X;’)



Let C be a class of automata and D be a class of conditional automata
Decision problem SIM(C,D)

Input : a finite automaton A in C, a finite conditional automaton A’ in D and a set
X’ of atoms

Output : determine if A and A’ are linked by some simulation with respect to X’

Decision problem BIS(C,D)

Input : a finite automaton A in C, a finite conditional automaton A’ in D and a set
X’ of atoms

Output : determine if A and A’ are linked by some bisimulation with respect to X’

Decision problem TRA(C,D)

Input : a finite automaton A in C, a finite conditional automaton A’ in D and a set
X’ of atoms

Output : determine if A and A’ are trace equivalent with respect to X’



e If C 1s the class of all automata and D 1s the class of

all conditional automata then

SIM(C,D) 1s EXPTIME-complete
BIS(C,D) 1s PSPACE-hard and in EXPTIM!
TRA(C,D) 1s EXPSPACE-complete

(1]

e Open problem
How hard 1s 1t to solve SIM(C,D), BIS(C,D) and
TRA(C,D) when C 1s a restricted class of automata and D
1s a restricted class class of conditional automata?



