Heterogeneous/homogeneous model checking cus.s-s0

123 /122



Heterogeneous/homogeneous model checking cus.s-s0

system T system T system T

AN N 7

{ model checking: } model checking:

does T = ® hold ? does T correctly

implement 77 ?
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Heterogeneous/homogeneous model checking cus.s-s0

system 7~

AN

formula

model checking:
does T |= & hold ?

trace inclusion checking

trace equivalence checking

system 7

system 7"

N

/

model checking:

does 7 correctly
implement 77 ?
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Heterogeneous/homogeneous model checking cus.s-s0

system 7~

AN

formula

model checking:
does T |= & hold ?

trace inclusion checking
trace equivalence checking

system 7

system 7"

N

/

model checking:

does 7 correctly
implement 77 ?

PSPACE-complete
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Heterogeneous/homogeneous model checking cus.s-s0

system T formula ®| | |system T system 7"

AN

N

model checking:

model checking:
does T |= & hold ?

does 7 correctly
implement 77 ?

trace inclusion checking

trace equivalence checking

PSPACE-complete

bisimulation equivalence checking
“does T ~ T hold ?"
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Heterogeneous/homogeneous model checking cus.s-s0

system T formula ®| | |system T system 7"
model checking: model checking:
does 7 |= & hold 7 does T correctly
implement 77 ?

trace inclusion checking
trace equivalence checking PSPACE-complete

bisimulation equivalence checking «—| O(m - log n)
“does T ~ 7" hold ?"

= Ffstates
m = #ttransitions

128 /122
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Heterogeneous/homogeneous model checking cus.s-s0

system 7~ formula ¢

AN

model checking:
does T |= & hold ?

trace inclusion checking
trace equivalence checking

bisimulation equivalence checking «+—

“does T ~ T’ hold ?”

system T system 7"
model checking:

does T correctly
implement 77 ?

—| PsPa

CE-complete

O(m - log n)

refinement checking via simulation

“does T < 7" hold ?"
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Heterogeneous/homogeneous model checking cus.s-s0

system T system T system T

AN N

model checking: model checking:
does T |= & hold ?

does 7 correctly
implement 77 ?

trace inclusion checking

: : «—/| PSPACE-complete
trace equivalence checking

bisimulation equivalence checking «—| O(m - log n)
“does T ~ 7" hold ?"

refinement checking via simulation «— O(m - n)
“does T <7 hold ?"
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Refinement checking via simulation GRAS.5-31

given: 2 finite transition system 7; and 75
over the same set of propositions AP

question: does 7; <X 75 hold ?
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Refinement checking via simulation GRAS.5-31

given: 2 finite transition system 7; and 75
over the same set of propositions AP

question: does 7; <X 75 hold ?
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Refinement checking via simulation GRAS.5-31

given: 2 finite transition system 7; and 75
over the same set of propositions AP

question: does 7; <X 75 hold ?

O O composite
system
T T T=TWT
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Refinement checking via simulation GRAS.5-31

given: 2 finite transition system 7; and 75
over the same set of propositions AP

question: does 7; <X 75 hold ?

O O composite
system
T T T=TWT

e compute the simulation preorder <7 on T
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Refinement checking via simulation GRAS.5-31

given: 2 finite transition system 7; and 75
over the same set of propositions AP

question: does 7; <X 75 hold ?
composite
system
T=T1WT

e compute the simulation preorder <7 on T

e check whether for all initial states s of Tq
there is an initial state s, of 75 s.t. 51 X7 %
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Computing the simulation preorder <71 GRAMS.5-32

given: finite TS T = (S, Act, —, S, AP, L)
possibly with terminal states

goal:  compute the simulation preorder <7
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Computing the simulation preorder <71 GRAMS.5-32
given: finite TS T = (S, Act, —, S, AP, L)
possibly with terminal states
goal:  compute the simulation preorder <7

~~ simulation equivalence classes

~» simulation quotient 7/~
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Computing the simulation preorder <71 GRAMS.5-32
given: finite TS T = (S, Act, —, S, AP, L)
possibly with terminal states
goal:  compute the simulation preorder <7

~~ simulation equivalence classes

~» simulation quotient 7/~

method: iterative refinement of relation RC S x S
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Computing the simulation preorder <71 GRAMS.5-32

R = {(51,52) €ESXS : L(s)=L(s) };
WHILE 7R is no simulation DO

choose (s1,%) € R s.t. 5§ — s;, but there is
no transition s, — s with (s1,s3) € R

o ® = R\ {n2)

return R
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Computing the simulation preorder <71 GRAMS.5-32

R = {(51,52) €ESXS : L(s)=L(s) };
WHILE 7R is no simulation DO

choose (s1,%) € R s.t. 5§ — s;, but there is
no transition s, — s with (s1,s3) € R

o R = R\ {(,9)
R is the coarsest simulation on T
and therefore R = <1

return R «—
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Computing the simulation preorder <71 GRAMS.5-32

R = {(51,52) €ESXS : L(s)=L(s) };
WHILE 7R is no simulation DO

choose (s1,%) € R s.t. 5§ — s;, but there is
no transition s, — s with (s1,s3) € R

o ® = R\ {n2)

return R

#iterations: O(|S[?)
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Computing the simulation preorder <71

GRM5.5-32A

R = {(51,52) €ESXS : L(s)=L(s) };
WHILE 7R is no simulation DO

choose (s1,%) € R s.t. 5§ — s;, but there is
no transition s, — s with (s1,s3) € R

o ® = R\ {n2)

return R

#iterations: O(|S[?)

representation of R by simulator sets

SimR(sl) = {5265 : (Sl,SQ)ER}
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Example: computation of < GRMS.5-33

S1 2 53

ur
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Example: computation of < GRMS.5-33

s S S3 |n|t|a||y
Sim(s;) = {51752) 53}
th Sim(uy) = Sim(w) = {u, w}
Sim(v) = {v}

v ty t Sim(t)) = Sim(t;) ={t, t}
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Example: computation of < GRMS.5-33

s S S3 |n|t|a||y
Sim(s;) = {51752) 53}
e Sim(uy) = Sim(w) = {u, w}
Sim(v) = {v}
v t 2 Sim(t) = Sim(t2) ={t1, 2}

th Ay, as uy — v, tp A Sim(v)
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Example: computation of < GRMS.5-33

s S S3 |n|t|a||y
Sim(s;) = {51752) 53}
e Sim(uy) = Sim(w) = {u, w}
Sim(v) = {v}
v t 2 Sim(t) = Sim(t2) ={t1, 2}

th ﬁ Up, as th — V, U 7L) Slm(V) Slm(l.ll) = {Ul}
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Example: computation of < GRMS.5-33

s S S3 |n|t|a||y
Sim(s;) = {51752) 53}
e Sim(uy) = Sim(w) = {u, w}
Sim(v) = {v}
v t 2 Sim(t) = Sim(t2) ={t1, 2}

th ﬁ Up, as th — V, U 7L) Slm(V) Slm(l.ll) = {Ul}

s1 A s3, as sy — Uy, s3 7/ Sim(uy)
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Example: computation of < GRMS.5-33

s S S3 |n|t|a||y
Sim(s;) = {51752) 53}
e Sim(uy) = Sim(w) = {u, w}
Sim(v) = {v}
v t 2 Sim(t) = Sim(t2) ={t1, 2}

th ﬁ Up, as th — V, U 7L) Slm(V) Slm(l.ll) = {Ul}

s1 A S3,ass — U, S35 Sim(ul) Sim(sl) = {51,52}

148 /122



Example: computation of < GRMS.5-33

s S S3 |n|t|a||y
Sim(s;) = {51752) 53}
e Sim(uy) = Sim(w) = {u, w}
Sim(v) = {v}
v t 2 Sim(t) = Sim(t2) ={t1, 2}

th ﬁ Up, as th — V, U 7L) Slm(V) Slm(l.ll) = {Ul}

s1 A S3,ass — U, S35 Sim(ul) Sim(sl) = {51,52}

) ﬁ S3,as S — U, S3 74) Sim(ul)
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Example: computation of < GRMS.5-33

s S S3 |n|t|a||y
Sim(si) = {51752) 53}
e Sim(uy) = Sim(w) = {u, w}
Sim(v) = {v}
v t 2 Sim(t) = Sim(t2) ={t1, 2}

th ﬁ Up, as th — V, U 7L> Slm(V) Slm(l.ll) = {Ul}

s1 A S3,ass — U, S35 Sim(ul) Sim(sl) = {51,52}

S A 83, as s — Uy, 53/ Sim(uy) | Sim(sy) = {s1, 5}
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Computing the simulation preorder <71 GRMS.5-34
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Computing the simulation preorder <71 GRMS.5-34

FOR ALL s € S DO
Sim(s)) = {s2€S:L(s1) = L()}
WHILE ds; € S Js, € Sim(s;) 3s; € Post(s;)
s.t. Post(sy) N Sim(s)) = & DO

choose such states s;, s»

D Sim(s;) := Sim(s) \ {s2}

return {(s1, 52) : 52 € Sim(s;)}
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Computing the simulation preorder <71 GRMS.5-34

FOR ALL s € S DO
Sim(s)) = {s2€S:L(s1) = L()}
WHILE ds; € S Js, € Sim(s;) 3s; € Post(s;)
s.t. Post(sy) N Sim(s)) = & DO

choose such states s;, s»

D Sim(s;) := Sim(s) \ {s2}

return {(s1, 52) : 52 € Sim(s;)}
s1

S1

/)
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Computing the simulation preorder <71 GRMS.5-34

FOR ALL s € S DO
Sim(s)) = {s2€S:L(s1) = L()}
WHILE ds; € S Js, € Sim(s;) 3s; € Post(s;)
s.t. Post(sy) N Sim(s)) = & DO

choose such states s;, s»

D Sim(s;) := Sim(s) \ {s2}

return {(s1, 52) : 52 € Sim(s;)}

. sint)

/)
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Computing the simulation preorder <71 GRMS.5-34

FOR ALL s € S DO
Sim(s)) = {s2€S:L(s1) = L()}
WHILE ds; € S Js, € Sim(s;) 3s; € Post(s;)
s.t. Post(sy) N Sim(s)) = & DO

choose such states s;, s»

D Sim(s;) := Sim(s) \ {s2}

return {(s1, 52) : 52 € Sim(s;)}
S1 Sim(s;)
V=€t
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Computing the simulation preorder <71 GRMS.5-34

FOR ALL s; € S DO

choose such states s;, s»

D Sim(s;) := Sim(sy) \ {52} «—

return {(s1, ) : 52 € Sim(s;)}

Sim(s;) = {s2€S:L(s1) = L(=)}

WHILE ds; € S Js, € Sim(s;) 3s; € Post(s;)
s.t. Post(sy) N Sim(s)) = & DO

s1 AT &

: sint4)
o= st
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Computing the simulation preorder <71 GRMS.5-34

FOR ALL s € S DO
Sim(sy) = {€5:L(s)) = ()}

WHILE ds; € S Js, € Sim(s;) 3s; € Post(s;)
s.t. Post(sy) N Sim(s)) = & DO

choose such states s, s
D Sim(s) := Sim(sy) \ {s2} complexit};:
return {(s1, 52) : 52 € Sim(s;)} O(m-|SP)

51 Sim(s;) m = Ftedges
9 <@ Post(sp) > |S]
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Computing the simulation preorder <71 GRMS.5-34

FOR ALL s € S DO
Sim(sy) = {€5:L(s)) = ()}

WHILE ds; € S Js, € Sim(s;) 3s; € Post(s;)
s.t. Post(sy) N Sim(s)) = & DO

choose such states s, s
D Sim(sl) = Sim(sl) \ {52} complexit}2/:
return {(s1, 52) : 52 € Sim(s;)} O(m-|S]?)

51 Sim(s;) m = Ftedges
9 <@ Post(sp) > |S]
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O(m - |S[?)-algorithm for computing <7 s
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O(m - |S[?)-algorithm for computing <7 s

reformulation of the algorithm to compute X7
by means of
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O(m - |S[?)-algorithm for computing <7 s

reformulation of the algorithm to compute X7
by means of

e counters 4(s, ) for |Post(s) N Sim(s})|
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O(m - |S[?)-algorithm for computing <7 s
reformulation of the algorithm to compute X7

by means of

e counters 4(s, ) for |Post(s) N Sim(s})|

e aset V that organizes all pairs (s], 52)
where (s, 5) =0
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD

0D
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D

0D
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D
V:i=A{(s1,%) : é(s1, ) = 0}

0D



FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D

V= {(s1, %) : (s1, %2) = 0}
WHILE V # & DO

0D



FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D
V:i=A{(s1,%) : é(s1, ) = 0}
WHILE V # @ DO

choose (s1,5) € V and remove (s;, s,) from V

0D
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D
V:i=A{(s1,%) : é(s1, ) = 0}
WHILE V # @ DO

choose (s1,5) € V and remove (s;, s,) from V

FOR ALL s; € Pre(s]) with s, € Sim(s;) DO

Sim(sy) := Sim(s) \ {s2}

0D
0D
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D
V:i=A{(s1,%) : é(s1, ) = 0}
WHILE V # @ DO
choose (s1,5) € V and remove (s;, s,) from V
FOR ALL s; € Pre(s]) with s, € Sim(s;) DO
Sim(s) := Sim(s) \ {s2}
FOR ALL w € Pre(s;) DO

0D
0D
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D
V:i=A{(s1,%) : é(s1, ) = 0}
WHILE V # @ DO

choose (s1,5) € V and remove (s;, s,) from V

FOR ALL s; € Pre(s]) with s, € Sim(s;) DO
Sim(s) := Sim(s) \ {s2}
FOR ALL w € Pre(s;) DO
0(s1, ) :=0(51, ) — 1

0D
0D
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D
V:i=A{(s1,%) : é(s1, ) = 0}
WHILE V # @ DO

choose (s1,5) € V and remove (s;, s,) from V

FOR ALL s; € Pre(s]) with s, € Sim(s;) DO
Sim(s) := Sim(s) \ {s2}
FOR ALL w € Pre(s;) DO
0(s1, ) :=0(51, ) — 1

IF 6(s1,u2) =0 THEN insert (s, ) in V FI
0D
0D
0D
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D
V= {(s1, %) : §(s1, %) = 0}
WHILE V # @ DO
choose (s1,5) € V and remove (s1,s) from V
FOR ALL s; € Pre(s;) with s, € Sim(s;) DO
Sim(sy) := Sim(s1) \ {2}
FOR ALL w, € Pre(s;) DO
0(s1, ) :=0(s1, ) — 1
DIF 0(s1, u2) =0 THEN insert (s1,p) in V FI

g
o

0D
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D
Vi=A{(s1,%) : 6(s1, ) = 0}
WHILE V # @ DO

choose (s1,5) € V and remove (s1,s) from V

FOR ALL s; € Pre(s;) with s, € Sim(s;) DO

Sim(sy) := Sim(s1) \ {2}

FOR ALL w, € Pre(s;) DO
0(s1, ) :=0(s1, ) — 1

in total:

O(m-|S])

IF 6(s1, ) =0 THEN insert (s3, ) in V FI
D

0D

g
o
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D

Vi={(s1, ) : 8(s1, ) = 0}
WHILE V # & DO

choose (s1,5) € V and remove (s1,s) from V
FOR ALL s; € Pre(s;) with s, € Sim(s;) DO
Sim(s1) := Sim(s1) \ {52}

()]
(-}

174 /122



FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D

Vi={(s1, ) : 8(s1, ) = 0}
WHILE V # & DO

choose (s1,5) € V and remove (s1,s) from V
FOR ALL s; € Pre(s;) with s, € Sim(s;) DO

Sim(s1) := Sim(s1) \ {s2} cost per iteration
O(m)

()]
(-}
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FOR ALL s, € SDO Sim(sy) :={s: L(s1) = L(s,)} OD
FOR ALL s{,5 DO (s}, s;) := |Post(s,) N Sim(s{)| 0D

Vi=A{(s1,%) : §(s1, ) = 0}

WHILE V # @ DO «—| Htiterations < |S[?

choose (s1,5) € V and remove (s1,s) from V
FOR ALL s; € Pre(s;) with s, € Sim(s;) DO

Sim(s1) := Sim(s1) \ {s2} cost per iteration
O(m)

()]
(-}
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An O(m - |S]|)-algorithm for computing <7 s

. algorithm by Henzinger, Henzinger, and Kopke
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An O(m - |S]|)-algorithm for computing <7 s

. algorithm by Henzinger, Henzinger, and Kopke

relies on the following observations:
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An O(m - |S]|)-algorithm for computing <7 s

. algorithm by Henzinger, Henzinger, and Kopke

relies on the following observations:

e suppose s; — s; and sp — sj are transitions s.t.
sy € Sim(s) and s, € Sim(sy).
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An O(m - |S]|)-algorithm for computing <7 s

. algorithm by Henzinger, Henzinger, and Kopke

relies on the following observations:

e suppose s; — s; and sp — sj are transitions s.t.
sy € Sim(s) and s, € Sim(sy).

e suppose that s will be removed from Sim(s;).
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An O(m - |S]|)-algorithm for computing <7 s

. algorithm by Henzinger, Henzinger, and Kopke

relies on the following observations:

e suppose s; — s; and sp — sj are transitions s.t.
sy € Sim(s) and s, € Sim(sy).

e suppose that s will be removed from Sim(s;).

Then: if Post(s;) N Sim(s;) = {s5} then 51 A s
and s can be removed from Sim(s;).
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An O(m - |S]|)-algorithm for computing <7 s

. algorithm by Henzinger, Henzinger, and Kopke

relies on the following observations:

e suppose s; — s; and sp — sj are transitions s.t.
sy € Sim(s) and s, € Sim(sy).

e suppose that s will be removed from Sim(s;).

Then: if Post(s;) N Sim(s;) = {s}} then s A 5

and s can be removed from Sim(s;).
T

idea: collect all such states s, in Remove(s;)
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Idea of the HHK-algorithm GRMS.5-364

If s) is removed from Sim(s;) then regard all direct
predecessors s of s; and remove all states in

Remove(s;) = Pre(Simy4(sy)) \ Pre(Sim(sy))

from Sim(s;).
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Idea of the HHK-algorithm GRMS.5-364

If s) is removed from Sim(s;) then regard all direct
predecessors s of s; and remove all states in

Remove(s;) = Pre(Simya(s;)) \ Pre(Sim(s;))
from Sim(sy). l.e., we put
Simyig(sy) := Sim(s;)
Sim(s1) := Sim(s;) \ Remove(s;) for s; € Pre(s])
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Idea of the HHK-algorithm GRMS.5-364

If s) is removed from Sim(s;) then regard all direct
predecessors s of s; and remove all states in

Remove(s;) = Pre(Simya(s;)) \ Pre(Sim(s;))
from Sim(sy). l.e., we put
Simgig(sy) := Sim(s;)
Sim(s1) := Sim(s;) \ Remove(s;) for s; € Pre(s;)

s

Simo,d(s{)
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Idea of the HHK-algorithm GRMS.5-364

If s) is removed from Sim(s;) then regard all direct
predecessors s of s; and remove all states in

Remove(s;) = Pre(Simya(s;)) \ Pre(Sim(s;))
from Sim(sy). l.e., we put
Simyig(sy) := Sim(s;)
Sim(s1) := Sim(s;) \ Remove(s;) for s; € Pre(s])
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Idea of the HHK-algorithm GRMS.5-364

If s) is removed from Sim(s;) then regard all direct
predecessors s of s; and remove all states in

Remove(s;) = Pre(Simya(s;)) \ Pre(Sim(s;))
from Sim(sy). l.e., we put
Simyig(sy) := Sim(s;)
Sim(s1) := Sim(s;) \ Remove(s;) for s; € Pre(s])
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Idea of the HHK-algorithm GRMS.5-364

If s) is removed from Sim(s;) then regard all direct
predecessors s of s; and remove all states in

Remove(s;) = Pre(Simya(s;)) \ Pre(Sim(s;))
from Sim(sy). l.e., we put
Simgig(sy) := Sim(s;)
Sim(s1) := Sim(s;) \ Remove(s;) for s; € Pre(s;)

Remove(s;)
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Idea of the HHK-algorithm GRMS.5-364

If s) is removed from Sim(s;) then regard all direct
predecessors s of s; and remove all states in

Remove(s;) = Pre(Simy4(sy)) \ Pre(Sim(sy))

from Sim(sy). l.e., we put

Simgig(sy) := Sim(s;)
Sim(s1) := Sim(s;) \ Remove(s;) for s; € Pre(s;)

=\ Sim(s,
Simo,d(s{)

Remove(s;)
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Idea of the HHK-algorithm GRMS.5-364

If s) is removed from Sim(s;) then regard all direct
predecessors s of s; and remove all states in

Remove(s;) = Pre(Simy4(sy)) \ Pre(Sim(sy))

from Sim(sy). l.e., we put

Simgig(sy) := Sim(s;)
Sim(s1) := Sim(s;) \ Remove(s;) for s; € Pre(s;)

o)
.'

Remove(s;)

Post(s,)
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Idea of the HHK-algorithm GRMS.5-364

If s) is removed from Sim(s;) then regard all direct
predecessors s of s; and remove all states in

Remove(s;) = Pre(Simy4(sy)) \ Pre(Sim(sy))

from Sim(sy). l.e., we put

Simgig(sy) := Sim(s;)
Sim(s1) := Sim(s;) \ Remove(s;) for s; € Pre(s;)

o)
.'

Remove(s;)

s1 AT 9
Post(s,)
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HHK-algorithm (first version) GRS.5-365

FOR ALL states s; DO
Simoa(sy) =S
Sim(s)) == {s, € S : L(s)) = L(s}) }

0D
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HHK-algorithm (first version) GRS.5-365
FOR ALL states s; DO
Simoi(sy) ;== S
Sim(sy) := {sy € S: L(s)) = L(s3) }

0D
WHILE 3 state s; with Sim(s]) # Sim(s;) DO
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HHK-algorithm (first version) GRS.5-365

FOR ALL states s; DO
Simoi(sy) ;== S
Sim(sy) .= {s € S : L(s]) = L(5) }

0D

WHILE 3 state s; with Sim(s]) # Sim(s;) DO
choose such a state s{;
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HHK-algorithm (first version) GRS.5-365

FOR ALL states s; DO
Simoi(sy) ;== S
Sim(sy) .= {s € S : L(s]) = L(5) }

0D

WHILE 3 state s; with Sim(s]) # Sim(s;) DO
choose such a state s{;

Remove(sy) := Pre(Simyi4(sy)) \ Pre(Sim(s}));
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HHK-algorithm (first version) GRS.5-365

FOR ALL states s; DO
Simoi(sy) ;== S
Sim(sp) == { € S : L(s}) = L(5) }

0D

WHILE 3 state s; with Sim(s]) # Sim(s;) DO
choose such a state s{;
Remove(s;)) := Pre(Simy4(sy)) \ Pre(Sim(s}));
FOR ALL s € Pre(s]) DO
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HHK-algorithm (first version) GRS.5-365

FOR ALL states s; DO
Simoi(sy) ;== S
Sim(s}) == {s} € S: L(s}) = L(s}) }
0D
WHILE 3 state s; with Sim(s]) # Sim(s;) DO
choose such a state s{;
Remove(s;)) := Pre(Simy4(sy)) \ Pre(Sim(s}));
FOR ALL s € Pre(s]) DO
Sim(s;) := Sim(s;) \ Remove(s;)
0D ;
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HHK-algorithm (first version) GRS.5-365

FOR ALL states s; DO
Simoi(sy) ;== S
Sim(s}) == {s} € S: L(s}) = L(s}) }
0D
WHILE 3 state s; with Sim(s]) # Sim(s;) DO
choose such a state s{;
Remove(s;)) := Pre(Simy4(sy)) \ Pre(Sim(s}));
FOR ALL s € Pre(s]) DO
Sim(s;) := Sim(s;) \ Remove(s;)
0D ;
Simgg(sy) := Sim(s;)
0D
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HHK-algorithm (first version) GRS.5-365

FOR ALL states s; DO
Simoi(sy) ;== S
Sim(s}) == {s} € S: L(s}) = L(s}) }
0D
WHILE 3 state s; with Sim(s]) # Sim(s;) DO
choose such a state s{;
Remove(s;)) := Pre(Simy4(sy)) \ Pre(Sim(s}));
FOR ALL s € Pre(s]) DO
Sim(s;) := Sim(s;) \ Remove(s;)
0D ;
Simgg(sy) := Sim(s;)
0D

return {(s1,3) : s5 € Sim(s)}
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HHK-algorithm (first version) GRS.5-365

FOR ALL states s; DO if s is terminal then so is s
Simoi(sy) ;== S )
Sim(sy) :== {s} € S : L(s}) = L(s) and .7 }

0D

WHILE 3 state s; with Sim(s{) # Sim(s;) DO
choose such a state s{;

Remove(s;)) := Pre(Simy4(sy)) \ Pre(Sim(s}));
FOR ALL s € Pre(s]) DO
Sim(s;) := Sim(s;) \ Remove(s;)
0D ;
Simgg(sy) := Sim(s;)
0D

return {(s1,3) : s5 € Sim(s)}
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HHK-algorithm (first version) GrS.5-360

FOR ALL states s; DO
Simgi(sy) = "undefined”
Sim(sy) :== {s) € s: L(s}) = L(s}) and ... }
0D
WHILE 3 state s; with Sim(s]) # Simy4(s]) DO
choose such a state s]
IF Simgg(s)) = "undefined”
THEN Remove(s;) := S \ Pre(Sim(s}))
ELSE Remove(s;) := Pre(Sim,4(s;)) \ Pre(Sim(s;))
FI
FOR ALL s € Pre(s;) DO
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Example: HHK-algorithm GRMS.5-37

S1 S 53

us
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Example: HHK-algorithm GRMS.5-37
S1 S s3 initially:
Simgig(t) = L for all states t

Sim(s1) = {s1, %, 3}
v ws Wy
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Example: HHK-algorithm GRMS.5-37
S1 S s3 initially:
Simgig(t) = L for all states t

Sim(s1) = {s1, %, 3}
v ws Wy

choose state s; = v with Simgg(v) # Sim(v):

204 /122



Example: HHK-algorithm GRMS.5-37
S1 S s3 initially:
Simgig(t) = L for all states t

Sim(s1) = {s1, s, s3}
v ws Wy

choose state s; = v with Simgg(v) # Sim(v):
Remove(v) = S \ Pre(Sim(v)) =S\ {1}
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Example: HHK-algorithm GRMS.5-37

S1 S s3 initially:
f Simgig(t) = L for all states t
2 .
Sim(sy) = {s1, 2, s3}
v ws Wo

choose state s; = v with Simgg(v) # Sim(v):

Remove(v) = S\ Pre(Sim(v)) =S\ {u}
Sim(uvy) := Sim(u) \ Remove(v) = {u}
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Example: HHK-algorithm GRMS.5-37

S1 S s3 initially:
Simgig(t) = L for all states t
Sim(s1) = {s1, %, s3}

v ws Wy
choose state s; = v with Simgg(v) # Sim(v):
Remove(v) = S \ Pre(Sim(v)) =S\ {1}
Sim(uvy) := Sim(u) \ Remove(v) = {u}

1

up — v can't be simulated by any
of the states in Remove(v)
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Example: HHK-algorithm GRM5 537
S1 S s3 initially:
Simgig(t) = L for all states t
Sim(sy) = {s1, %, s3}
v wy wy :
choose state s; = v with Simgg(v) # Sim(v):

Remove(v) = S\ Pre(Sim(v)) =S\ {u}
Sim(uvy) := Sim(u) \ Remove(v) = {u}
Simgig(v) := Sim(v) = {v}
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Example: HHK-algorithm GRMS.5-37

S1 S s3 initially:
f Simgig(t) = L for all states t
2 .
Sim(sy) = {s1, 2, s3}
v ws Wo

choose state s; = v with Simgg(v) # Sim(v):

Remove(v) = S\ Pre(Sim(v)) =S\ {u}
Sim(uvy) := Sim(u) \ Remove(v) = {u}
Simgig(v) := Sim(v) = {v}

choose next state s;
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Example: HHK-algorithm GRMS.5-37

S1 S s3 initially:
f Simgig(t) = L for all states t
2 .
Sim(sy) = {s1, 2, s3}
v ws Wo

choose state s; = v with Simgg(v) # Sim(v):
Remove(v) = S \ Pre(Sim(v)) =S\ {1}
Sim(u) = Sim(u) \ Remove(v) = {u;}
Simgig(v) := Sim(v) = {v}

choose next state s; = s with Simy4(s1) # Sim(s):

no change in Sim(...), as Pre(s;) = @
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Example: HHK-algorithm GRAS.5-38

S1 L) s3 initially:
Simig(t) = L for all states t
Sim(sy) = {s1, %, s3}
v wy wy :
s; = v: Sim(u) = {w}, Simgyg(v) = Sim(v) = {v}
s, = si: Simy4(s;) = Sim(s;) = {s1, 52, s3}
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Example: HHK-algorithm GRAS.5-38

S1 L) s3 initially:
Simig(t) = L for all states t
1)) .
Sim(sy) = {s1, 2, s3}
v ws Wy :

s; = v: Sim(u) = {w}, Simgyg(v) = Sim(v) = {v}
s1 = si: Simga(si) = Sim(s;) = {s1, 5, s3}

choose next state s; = uy with Simgy(uy) # Sim(w):
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Example: HHK-algorithm GRAS.5-38

S1 L) s3 initially:
Simig(t) = L for all states t
Sim(sy) = {s1, %, s3}
v wy wy :
s; = v: Sim(u) = {w}, Simgyg(v) = Sim(v) = {v}
s, = si: Simy4(s;) = Sim(s;) = {s1, 52, s3}

choose next state s; = uy with Simgy(uy) # Sim(w):
Remove(u) = S \ Pre(Sim(wt)) =
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Example: HHK-algorithm GRAS.5-38

S1 L) s3 initially:
Simig(t) = L for all states t
Sim(sy) = {s1, %, s3}
v wy wy :
s; = v: Sim(u) = {w}, Simgyg(v) = Sim(v) = {v}
s, = si: Simy4(s;) = Sim(s;) = {s1, 52, s3}

choose next state s; = uy with Simgy(uy) # Sim(w):
Remove(u) = S\ Pre(Sim(u1)) = S\ {s1, 2}
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Example: HHK-algorithm GRAS.5-38

S1 L) s3 initially:
Simig(t) = L for all states t
1)) .
Sim(sy) = {s1, 2, s3}
"4 wi wy :

s; = v: Sim(u) = {w}, Simgyg(v) = Sim(v) = {v}

s, = si: Simyyg(s;) = Sim(s;) = {s1, 5, 53}

choose next state s; = uy with Simgy(uy) # Sim(w):
Remove(u) = S\ Pre(Sim(u1)) = S\ {s1, 2}
Sim(s1) := Sim(s1) \ Remove(u) = {s1, 52}
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Example: HHK-algorithm GRAS.5-38
S1 L) s3 initially:
Simig(t) = L for all states t

Sim(s1) = {s1, s, s3}
v ws Wy :

s; = v: Sim(u) = {w}, Simgyg(v) = Sim(v) = {v}

s, = si: Simyyg(s;) = Sim(s;) = {s1, 5, 53}

choose next state s; = uy with Simgy(uy) # Sim(w):
Remove(u) = S\ Pre(Sim(u1)) = S\ {s1, 2}
Sim(s1) := Sim(s1) \ Remove(u) = {s1, 52}

sy — uy can't be simulated by any state t € Remove(u)
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Example: HHK-algorithm GRAS.5-38
S1 L) s3 initially:
Simig(t) = L for all states t

Sim(s1) = {s1, s, s3}
"4 wi wy :

s; = v: Sim(u) = {w}, Simgyg(v) = Sim(v) = {v}

s, = si: Simy4(s;) = Sim(s;) = {s1, 52, s3}

choose next state s; = uy with Simgy(uy) # Sim(w):
Remove(u) = S\ Pre(Sim(u1)) = S\ {s1, 2}
Sim(s1) := Sim(s1) \ Remove(u) = {s1, 52}
Sim(sp) := Sim(s,) \ Remove(uy) = {s1, 52}
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Example: HHK-algorithm GRAB.5-39

S1 S 53

initially:
- Sim(s;) = {s1, 2, s3}
v wi wh Sim(uz) = {ul, u2}

v: Sim(u) = {w}, Simyy(v) = Sim(v) = {v}
u: Sim(s;) = {s1, 2}, i=1,2, Simyg(tn) = Sim(uy) = {u}

choose state 57 = wy:
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Example: HHK-algorithm GRAB.5-39

51 2 B Jnitially:
- Sim(sy) = {s1, 2, 3}
v wi wh 5im(u2) = {ul, u2}

v: Sim(u) = {w}, Simyy(v) = Sim(v) = {v}
u: Sim(s;) = {s1, 2}, i=1,2, Simyg(tn) = Sim(uy) = {u}
choose state 57 = wy:

Remove(u,) = S\ Pre(Sim(uw,))
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Example: HHK-algorithm GRAB.5-39

S1 S 53

initially:
- Sim(s;) = {s1, 2, s3}
v wi wh Sim(uz) = {ul, u2}

v: Sim(u) = {w}, Simyy(v) = Sim(v) = {v}
u: Sim(s;) = {s1, 2}, i=1,2, Simyg(tn) = Sim(uy) = {u}
choose state 57 = wy:

Remove(u,) = S\ Pre(Sim(w,)) = S\ {s1, s, 3}
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Example: HHK-algorithm GRAB.5-39

S1 S 53

initially:
- Sim(s;) = {s1, 2, s3}
v wi wh Sim(uz) = {ul, u2}

v: Sim(u) = {w}, Simyy(v) = Sim(v) = {v}
u: Sim(s;) = {s1, 2}, i=1,2, Simyg(tn) = Sim(uy) = {u}
choose state 57 = wy:

Remove(u,) = S\ Pre(Sim(w,)) = S\ {s1, s, 3}
Sim(s;) := Sim(s,) \ Remove(w,) = {s1, 5}, i=1,2
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Example: HHK-algorithm GRAB.5-39

51 2 B Jnitially:
- Sim(sy) = {s1, 2, 3}
v wi wh Sim(uz) = {ul, u2}

v: Sim(u) = {w}, Simyy(v) = Sim(v) = {v}
u: Sim(s;) = {s1, 2}, i=1,2, Simyg(tn) = Sim(uy) = {u}
choose state 57 = wy:
Remove(u,) = S\ Pre(Sim(w,)) = S\ {s1, s, 3}
Sim(s;) := Sim(s,) \ Remove(w,) = {s1, 5}, i=1,2
Sim(s3) := Sim(s3) \ Remove(w,) = {s1, 5, 53}
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HHK-algorithm (second version) GRG.5-40

223 /122



HHK-algorithm (second version) GRG.5-40

e an O(m - |S|)-algorithm for computing <7
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HHK-algorithm (second version) GRG.5-40

e an O(m - |S|)-algorithm for computing <7

e relies on the techniques sketched so far
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HHK-algorithm (second version) GRG.5-40

e an O(m - |S|)-algorithm for computing <7
e relies on the techniques sketched so far

e but avoids the explicit use of the “old”
simulator sets Simy4(s),
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HHK-algorithm (second version) GRG.5-40

an O(m - |S|)-algorithm for computing <1
relies on the techniques sketched so far

but avoids the explicit use of the “old”
simulator sets Simy4(s),

adds dynamically elements to Remove(s)
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Loop invariant of the HHK-algorithm GRAS.5-40-100P
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Loop invariant of the HHK-algorithm GRAS.5-40-100P

(1) Sim(s;) 2 {s; € S: 5 =1 5}
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Loop invariant of the HHK-algorithm GRAS.5-40-100P

(1) Sim(s)) 2 {s; € S: 5 21 5}
(2) Remove(s]) C S\ Pre(Sim(s;)),
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Loop invariant of the HHK-algorithm GRAS.5-40-100P

(1) Sim(s)) 2 {s; € S: 5 21 5}
(2) Remove(s]) C S\ Pre(Sim(s;)),
i.e., for all s, € Remove(s;):

Post(s;) N Sim(s])) = @
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Loop invariant of the HHK-algorithm GRAS.5-40-100P

(1) Sim(s;) 2 {s; € S: 5 =1 5}
(2) Remove(s]) C S\ Pre(Sim(s;)),
i.e., for all s, € Remove(s;):

Post(s;) N Sim(s])) = @

hence: if s — s] then 5; A7 5
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Loop invariant of the HHK-algorithm GRAS.5-40-100P

(1) Sim(s;) 2 {s; € S: 5 =1 5}
(2) Remove(s;) C S\ Pre(Sim(sy)),
i.e., for all s, € Remove(s;):

Post(s;) N Sim(s])) = @
hence: if s — s then 51 A1 5,
(3) if s, € Sim(s;) and s; — s] then

e either Post(s,) N Sim(s}) # &
e or s, € Remove(s)
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Loop invariant of the HHK-algorithm  cuus 5401002

(1) Sim(s) 2 { €5 :5 =1 %}
(2) Remove(s;) C S\ Pre(Sim(sy))
(3) if s, € Sim(s1) and s; — s] then
e cither Post(s,) N Sim(s;) # @
e or s, € Remove(s;)
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Loop invariant of the HHK-algorithm  cuus 5401002

(1) Sim(s) 2 { €5 :5 =1 %}
(2) Remove(s;) C S\ Pre(Sim(sy))
(3) if s, € Sim(s1) and s; — s] then
e cither Post(s,) N Sim(s;) # @
e or s, € Remove(s;)

if Remove(s]) = @ for all states s; then by (3):
s € Sim(s1) A s; — s = Post(s,) N Sim(s]) # &
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Loop invariant of the HHK-algorithm  cuus 5401002

(1) Sim(s) 2 { €5 :5 =1 %}
(2) Remove(s;) C S\ Pre(Sim(sy))
(3) if s, € Sim(s1) and s; — s] then
e cither Post(s,) N Sim(s;) # @
e or s, € Remove(s;)

if Remove(s]) = @ for all states s] then by (3):
s € Sim(s1) A s; — s = Post(s,) N Sim(s]) # &
hence: {(s1,s5) : s, € Sim(s])} is a simulation
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Loop invariant of the HHK-algorithm

GRMS5.5-40-LOOP2

(1)
(2)

Sim(s;) 2 {s, € 5: 5 21 %}
Remove(s;) C S\ Pre(Sim(s}))
if s € Sim(s;) and s; — s then
e cither Post(s,) N Sim(s;) # @
e or s, € Remove(s;)

if Remove(s]) = @ for all states s] then by (3):

s € Sim(s1) A s; — s = Post(s,) N Sim(s]) # &

hence: {(s1,s5) : s, € Sim(s])} is a simulation

since =7 is the coarsest simulation, (1) yields:

s € Sim(sy) iff 5 X1 5
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HHK-algorithm (second version) GRS 5408
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HHK-algorithm (second version) GRG.5-408

FOR ALL states s; DO
Sim(sy) :={s; € 5 : L(s1) = L(s)}
0D
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HHK-algorithm (second version) GRG.5-408

FOR ALL states s; DO

Sim(sy) :={s; € 5 : L(s1) = L(s)}
0D Remove(sy) := S\ Pre(Sim(s}))
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HHK-algorithm (second version) GRG.5-408

FOR ALL states s; DO

Sim(sy) :={s; € 5 : L(s1) = L(s)}
0D Remove(sy) := S\ Pre(Sim(s}))

WHILE there exists a state s; with Remove(s]) # @ DO
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HHK-algorithm (second version) GRG.5-408

FOR ALL states s; DO

Sim(sy) :={s; € 5 : L(s1) = L(s)}
0D Remove(sy) := S\ Pre(Sim(s}))

WHILE there exists a state s; with Remove(s]) # @ DO
choose such a state s|
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HHK-algorithm (second version) GRG.5-408

FOR ALL states s; DO

Sim(sy) :={s; € 5 : L(s1) = L(s)}
0D Remove(sy) := S\ Pre(Sim(s}))

WHILE there exists a state s; with Remove(s]) # @ DO

choose such a state s|
FOR ALL s, € Remove(s;) DO
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HHK-algorithm (second version) GRG.5-408

FOR ALL states s; DO
Sim(sy) := {s; € 5 : L(s1) = L(s)}
oD Remove(sy) := S\ Pre(Sim(s;))
WHILE there exists a state s; with Remove(s]) # @ DO
choose such a state s|
FOR ALL s, € Remove(s;) DO
FOR ALL s; € Pre(s;) DO
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HHK-algorithm (second version) GRG.5-408

FOR ALL states s; DO
Sim(sp) := {s; € S : L(s1) = L()}
oD Remove(s;) := S\ Pre(Sim(sy))
WHILE there exists a state s; with Remove(s]) # @ DO
choose such a state s|
FOR ALL s, € Remove(s;) DO
FOR ALL s; € Pre(s;) DO
IF s, € Sim(s;) THEN
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HHK-algorithm (second version) GRG.5-408

FOR ALL states s; DO
Sim(sp) := {s; € S : L(s1) = L()}
oD Remove(sy) := S\ Pre(Sim(s;))
WHILE there exists a state s; with Remove(s]) # @ DO
choose such a state s|
FOR ALL s, € Remove(s;) DO
FOR ALL s; € Pre(s;) DO
IF s, € Sim(s,) THEN
Sim(s;) := Sim(s1) \ {2}
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HHK-algorithm (second version) GRG.5-408

FOR ALL states s; DO
Sim(sp) := {s; € S : L(s1) = L()}
oD Remove(sy) := S\ Pre(Sim(s;))
WHILE there exists a state s; with Remove(s]) # @ DO
choose such a state s|
FOR ALL s, € Remove(s;) DO
FOR ALL s; € Pre(s;) DO
IF s, € Sim(s;) THEN
Sim(s) := Sim(s1) \ {s2}
Remove(s;) := Remove(s;) U

op 15 € Pre(s) : Post(s) N Sim(s1) = @} FI
0D
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HHK-algorithm (second version) GRG.5-408

FOR ALL states s; DO
Sim(sp) := {s; € S : L(s1) = L()}
oD Remove(sy) := S\ Pre(Sim(s;))
WHILE there exists a state s; with Remove(s]) # @ DO
choose such a state s|
FOR ALL s, € Remove(s;) DO
FOR ALL s; € Pre(s;) DO
IF s, € Sim(s;) THEN
Sim(s) := Sim(s1) \ {s2}
Remove(s;) := Remove(s;) U

op 15 € Pre(s) : Post(s) N Sim(s1) = @} FI
0D
pg Remove(s)) := 2
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HHK-algorithm (second version) arS.5-400

choose such a state s} with Remove(s}) # &
FOR ALL s, € Remove(s;) DO
FOR ALL s € Pre(s)) DO
IF s, € Sim(s;) THEN
Sim(s;) := Sim(s1) \ {2}
Remove(s;) := Remove(s;) U

FI {s € Pre(s,) : Post(s) N Sim(s;) = &}
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HHK-algorithm (second version) arS.5-400

choose such a state s} with Remove(s}) # &
FOR ALL s, € Remove(s;) DO
FOR ALL s € Pre(s)) DO
IF s, € Sim(s;) THEN
Sim(s;) := Sim(s1) \ {2}
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s;) = &}

s Sim(s])

FI
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HHK-algorithm (second version) arS.5-400

choose such a state s} with Remove(s}) # &
FOR ALL s, € Remove(s;) DO
FOR ALL s € Pre(s)) DO
IF s, € Sim(s;) THEN
Sim(s;) := Sim(s1) \ {2}
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s;) = &}

Sim(sl)

Sim(s})

/)

FI
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HHK-algorithm (second version) arS.5-400

choose such a state s} with Remove(s}) # &
FOR ALL s, € Remove(s;) DO
FOR ALL s € Pre(s)) DO
IF s, € Sim(s;) THEN
Sim(s;) := Sim(s1) \ {2}
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s;) = &}

Sim(s)
Sim(s)
2 é@j Post(s,)

FI

252 /122



HHK-algorithm (second version) arS.5-400

choose such a state s} with Remove(s}) # &
FOR ALL s, € Remove(s;) DO
FOR ALL s € Pre(s)) DO
IF s, € Sim(s;) THEN
Sim(s;) := Sim(s1) \ {2}
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s;) = &}

Sim(s)
Sim(s})
R <@ Post(s,)

FI
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HHK-algorithm (second version) arS.5-400

choose such a state s} with Remove(s}) # &
FOR ALL s, € Remove(s;) DO
FOR ALL s € Pre(s)) DO
IF s, € Sim(s;) THEN
Sim(s;) := Sim(s1) \ {2}
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s;) = &}
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HHK-algorithm (second version) arS.5-400

choose such a state s} with Remove(s}) # &
FOR ALL s, € Remove(s;) DO
FOR ALL s € Pre(s)) DO
IF s, € Sim(s;) THEN
Sim(s;) := Sim(s1) \ {2}
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s;) = &}

t At s
s = J st i
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Termination of the HHK-algorithm GRAS.5-40A
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Termination of the HHK-algorithm GRAS.5-40A

for each pair (s, s1) of states: s, is inserted in
(and removed from) Remove(s;) at most once
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Termination of the HHK-algorithm GRAS.5-40A

for each pair (s, s1) of states: s, is inserted in
(and removed from) Remove(s;) at most once

IEF s, € Sim(sy) THEN
Sim(s,) := Sim(s)) \ {s2};
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s,) = &}

FI
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Termination of the HHK-algorithm GRAS.5-40A

for each pair (s, s1) of states: s, is inserted in
(and removed from) Remove(s;) at most once

IEF s, € Sim(sy) THEN
Sim(s,) := Sim(s)) \ {s2};
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s,) = &}

FI

if s is inserted in Remove(s;) then there exists a state s,
s.t. ...
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Termination of the HHK-algorithm GRAS.5-40A

for each pair (s, s1) of states: s, is inserted in
(and removed from) Remove(s;) at most once

IEF s, € Sim(sy) THEN
Sim(s,) := Sim(s)) \ {s2};
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s,) = &}

FI

if s is inserted in Remove(s;) then there exists a state s,
st. s— s and ...
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Termination of the HHK-algorithm GRAS.5-40A

for each pair (s, s1) of states: s, is inserted in
(and removed from) Remove(s;) at most once

IEF s, € Sim(sy) THEN
Sim(s,) := Sim(s)) \ {s2};
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s,) = &}

FI

if s is inserted in Remove(s;) then there exists a state s,
s.t. s = 5 and Post(s) N Sim(s;) = {s,} immediately
before s, has been removed from Sim(s;)

261 /122



Complexity of the HHK-algorithm GRMS.5-41
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Complexity of the HHK-algorithm GRMS.5-41

show that the HHK-algorithm can be realized in time:

O(m-|5|)

where m = number of edges

S = state space
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Complexity of the HHK-algorithm

show that the HHK-algorithm can be realized in time:

O(m-|5|)

where m =

S

m

2

number of edges

state space

|51

GRMb5.5-41
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Complexity of the HHK-algorithm GRMS.5-41

show that the HHK-algorithm can be realized in time:

O(m-|5|)

where m = number of edges
S = state space
m > |S|

and AP is fixed
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Complexity of the initialization

266 /122



Complexity of the initialization

FOR ALL states s; DO
Remove(s;) := S\ Pre(Sim(s;))
Sim(sy) := { s} € S : L(s]) = L(s}) and
if 55 is terminal then so is s;  }
0D
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Complexity of the initialization

FOR ALL states s; DO
Remove(s;) := S\ Pre(Sim(s;))
Sim(sy) := { s} € S : L(s]) = L(s}) and
if 55 is terminal then so is s;  }
0D

time complexity: O(|S| - AP) = O(|S])

(as in the bisimulation algorithms)
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Complexity of the while-loop
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Complexity of the while-loop

WHILE there exists a state s; with Remove(s]) # @& DO
choose such a state s;

FOR ALL s, € Remove(s;) DO
FOR ALL s € Pre(s;) DO

IF s, € Sim(s;) THEN
Sim(sy) := Sim(sy) \ {s2}
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s;) = &}
FI

0D
0D

Remove(s;) := &
DO
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Complexity of the while-loop

WHILE there exists a state s; with Remove(s]) # @& DO
choose such a state s;

FOR ALL s, € Remove(s;) DO
FOR ALL s € Pre(s;) DO

IF s € Sim(s;) THEN
Sim(sy) := Sim(sy) \ {s2}
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s;) = 2}
FI
0D
0D

Remove(s;) := &
DO
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Complexity of the while-loop

WHILE there exists a state s; with Remove(s]) # @& DO
choose such a state s;

FOR ALL s, € Remove(s;) DO
FOR ALL s € Pre(s;) DO
IF s, € Sim(s,) THEN : )
SiM(Sl) = Slm(sl) \ {52} I(g(t,(;ta:Sl)
Remove(s;) := Remove(s;) U
{s € Pre(s,) : Post(s) N Sim(s;) = 2}
FI
0D
0D

Remove(s;) := &
DO
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Complexity of the while-loop

WHILE there exists a state s; with Remove(s]) # @& DO
choose such a state s;

FOR ALL s, € Remove(s;) DO
FOR ALL s; € Pre(s;) DO
IF s, € Sim(s;) THEN ) _
ol = T ) '(;(t;t_a; o
Remove(s;) := Remove(s;) U
{s € Pre(sy) : Post(s) N Sim(s;) = &}
FI
0D
0D

Remove(s;) := &
DO
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Complexity of the while-loop

WHILE there exists a state s; with Remove(s]) # @& DO
choose such a state s;

FOR ALL s € Remove(s;) DO | i, total: O(m-|S))
FOR ALL s; € Pre(s]) DO
IF s, € Sim(s;) THEN in total:

Sim(sy) := Sim(s1) \ {s2} O(m- |$|)
Remove(s;) := Remove(s;) U
{s € Pre(sy) : Post(s) N Sim(s;) = &}
FI
0D
0D

Remove(s;) := &
DO
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Summary: linear vs. branching time GRAS 542
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Summary: linear vs. branching time

l[inear time

GRMb5.5-42

branching time

temporal
logic

LTL

CTL

implementation
relation

trace equivalence
trace inclusion

bisimulation
simulation
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Summary: linear vs. branching time GRAS 542

linear time branching time
temporal LTL CTL
logic PSPACE-complete in P
implementation trace equivalence bisimulation
relation trace inclusion simulation
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Summary: linear

vs. branching time

GRMb5.5-42

linear time branching time
temporal LTL CTL
logic PSPACE-complete in P

implementation
relation

trace equivalence
trace inclusion

PSPACE-complete

bisimulation
simulation

in P
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Summary: linear

vs. branching time

GRMb5.5-42

linear time branching time
temporal LTL CTL
logic PSPACE-complete in P

implementation

trace equivalence

bisimulation

relation trace inclusion simulation
PSPACE-complete in P
bisimulation ~: O(m - log|S|)

stutter bisimulation = or =®: O(m-|S|)

O(m - |5])

simulation <:
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