
Lecture 22

A decision procedure for the satis

fiability problem for model logic.

Problem : Given Go ,
check whether it

is satisfiable.

Method : A tablear-based decision

procedure

%-tableau : It is a tre T =

(V , E ,
vo

,
d) ,

where J : V-> Atgo,

satisfying certain condition
.

What is ATg ?
Given Go ,

we have SF(9) ,
the

set of all pubformulas of go.
A set ACSF(90) is said to be



down-closed if the following
conditions hold :

· if 9 , VGEA ,

then G ,
EA o

, GEA.

· if 9 , 192EA ,
then 29. ,923[A.

· if TPEA ,

then pA.

AT(9) = the set of all down-closed

of SF(90)sub sete

AISF(CO) , define theGiven any
of A (de (A) as follows

:
down-closure

de (A) = [BCSF(9) /AEBE AT(e)]

Assumption : Go is in negation -
normal

form (NNF)
What is NNF I

I is
said to be

A modal formula
in NNF is it has the following



syntax : P17b/g/qv9)D4

Lemma : Any model formula is equivalent
to a modal formula in NNF

HW .

Prove this lemma.

Chint : <Da : = D7q ; 769 := Dig .

L(qvy) : = 19mY ; <(4) : = 79V74]

get back to our Go-tableauLet us now

It is a the (V , E ,
No

, d) ,

where to is

the not and J : V- > AT(90) satisfies :

* %EJ(%).

* whe never v Ev'
, if DPEX(v) , then &ES(v)

* wherever DGEd(0) ,

there is a o

such that w Ev' and GEJ(U)

Algorithm .

Step 1 : if de (2003) = E .

STOP FAIL



else pick Ao Ede (E403) and
contract T = (900] , 5 ,

00
, X(0) = Ao).

Step 2 : while [there evest vEV ,

with

DPE)(v) such that there

is no v'with (v , v)EE

and GEX(v))]

do

consider B = [N/D* EJ(0)3039]

if dc(B) = - STOP FAIL

ele pick BoE de (B).

define T = (VE
,

vo
,
d'),

V = vU50]
E = EU S(0 , 01)]

&S (v) = (b(t) if
Ev

Bo ,
otherwise .

Observation : The algorithm terminates.

To show this ,
let us define the notion



of modal depth of a formulaP ,

denoted

byund (9) : und(p) = md(+ b) = 0 ;

und (GMT) = und (GVY) = man Sand (9) ,und (4)];
und (Dq) = und(D9) = und(q) + 1.

Now
,

let T demote the tablear formed.

↑We have : (i) depth (T) < md (40) ,

where

the problem is to check the satisfiability
of Po ; (ii) the branching digue of T

-

in linear in the size of the enput

formula Go (that is , thenumber of coune-
-
hors and modal operators present in 90).

In other words , hanching deque of I
in 0 (1401).

the algorithm terminates .Hence,

Conestness of the algorithm.

Result : Go
is satisfiable iff the

algorithm applied onGo turminates

succesfully.



Proof. Suppose %o is satisfiable . Let

M : (W ,
R

,
V) and wotW be such that

M ,
Wo # Go ·

We can accame
that M

is a tre with root wo(by a previous
proposition) .

We now have to show

that the algorithm terminates success

fully . To this end ,
let us first

SF(90)
- as

define a funchon
M : W-2

follows : M(w) = [pESF(90) /M ,
wF9].

ThenM(w) EATo (Check !)

Also , 90 E M(W .) E de (1903) .

So,

de(23) #P ·

So
, Sif 1 is taken

care of. Now we
have to take care

of Shef 2 . This we will continue

in the next class.


