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Boolean equation systems

sequence ¢ X;=0 for 1<i<n

GE {W,V;}
O 1= OA0 | dVvO | true | false | X;

U X=XAY
VY=Y
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Where do BESs stem from?

Always an a action is possible
v X.([true]X A <a>true)

b
a / a

b

x=b.y+a.0, y=Db.x+a.0 y

’
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Parameterized Boolean Ec

La QuSo

uation Systems

sequence G X;(di,...,C

GE {W,V;}
O ::= OA0 | OV | true

fa
Vd:D.¢ | 3d:D.¢ [

L)=0 for 1<i<n

se | X;(t,...,t,) |

J

Mateescu, Local model-checking of
an alternation-free value based modal
mu-calculus. VMCAT' 98, Pisa 19938.
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Unique number generator

Vm:N.[a(m)] OVn:N.[a(n)n+m
X(i:N)=a(t(i)).X((i))

Y&Nﬁ ; )k)/\v%n (n‘ %1511 (fi=1 %nim
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WCRL/mCRL2 toolset

P(d:D)=2ic | 2 £ Ci(d,e)—
ai(fi(d,e))-P(gi(d,e))
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<
S

includes time
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Does VY (i:N)=Y(i+1)A 1<3 hold for i=0?

vY,=Y,A 0<3
vY =Y A 1<3
vY =Y. A 2<3
VY=Y A 3<3
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Completeness via Gaufd elimation

Theorem
If a for each single equation it can be proven

c X(d,,...,d,)=0

c X(d,,....d,)=y

where X does not occur in y then each
PBES can be solved.

[ faculteit wiskunde en informatica

April 3, 2006 SENVA meeting, Amsterdam 9



LaQuSo

TU/e technische universiteit eindhoven

The techniques for simplifying a single equation

Propositional and predicate simplification

Removal of constant and unused variables
Removal of boolean variables by substitution

Approximate to exact transtormation

Patterns for equation systems

Invariants
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Propositional verification and invariants:

Does Y hold for some i?

vY(i'N) Y(i+D)AVMN. (m=i)—Z(i+1,m)
N, MN)=Z(1+1,m) AVN:N.(n=l)—>n=m

vZ(l
VY (EN)=Y (I+1) AZ(1+1,1)
VZ(I:N,mN)=Z(1+1,m)Al=m Invariant in Z: i>m

VY (i:N)=Y(i+1)AZ (i +1,3) vY(i:N)=false
vZ(IENmN)=Z(I+1,m)Afalse  vZ(i:N,mN)=false
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Simple{oatterns to solve a PBES

(minimal fixed point).

Consider
w X(d)=0(d) A (w(d) v X(t(d))) (1)

where X does not occur in ¢ and .
Then (1) equals

u X(d)=Vj:N.((ViN.i<j>—y(f(d)))—o(fi(d)))
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TU/e
Simple{oatterns to solve a PBES

(maximal fixed point).

Consider
v X(d)=0(d) A (y(d) v X(t(d))) (1)

where X does not occur in ¢ and .
Then (1) equals

v X(d)=3i:N. y(f{(d))AVj:N.(j <i—>d(fi(d)))
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