ADVANCES IN COMPUTER SCIENCE RESEARCH

THE SET OF FORMULAS OF PrAL*
VALID IN A FINITE STRUCTURE IS UNDECIDABLE

Anna Borowska

Faculty of Computer Science, Bialystok University of Technology, Biatystok, Poland

Abstract: We consider a probabilistic logic of programs. In [6] it is proved that the set
of formulas of the logic PrAL, valid in a finite structure, is decidable with respect to the
diagram of the structure. We add to the language Lp of PrAL a sign |J and a functor 1g.
Next we justify that the set of formulas of extended logic, valid in a finite at least 2-element
structure (for Lj.f) is undecidable.
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1. Introduction

In [6] the Probabilistic Algorithmic Logic PrAL is considered, constructed for ex-
pressing properties of probabilistic algorithms understood as iterative programs with
two probabilistic constructions x := random and either,, ... or ... ro. In order to de-
scribe probabilities of behaviours of programs a sort of variables (interpreted as real
numbers) and symbols +, —, %, 0, 1, < (interpreted in the standard way in the ordered
field of real numbers) was added to the language Lp of PrAL.

In the paper [5] the changes of information which depend on realizations of
probabilistic program was considered. That’s why the language Lp was extended by
adding the sign |J (called the existential iteration quantifier) and the functor lg (for the
one-argument operation of a logarithm with a base 2 interpreted in the real ordered
field). The new language was denoted by L.

The paper [6] contains an effective method of determining probabilities for prob-
abilistic programs interpreted in a finite structure. The effectiveness of the method
leads to the decidability of the set of formulas of Lp, valid in a fixed finite structure
(provided that we have at our disposal a suitable finite part of the diagram of the struc-
ture). Here we shall justify that the set of probabilistic algorithmic formulas of L},
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valid in an arbitrary, finite at least 2-element structure, is undecidable with respect to
its diagram.

We shall start from a presentation of the syntax and the semantics of the language
L;. We use the syntax and the semantics of Lp proposed by W. Danko in [6].

2. Syntax and Semantics of L

A language Lp is an extension of a first-order language L and includes three kinds of
well-formed expressions: terms, formulas and programs. As mentioned above, the al-
phabet of L} contains two additional elements: the arithmetic one-argument functor
lg and the sign |J (the existential iteration quantifier). An interpretation of L} relies
on an interpretation of the first-order language L in a structure 3 (We take into con-
sideration only finite structures. By finite structure we mean a structure with a finite,
at least 2-element set A.) and on the standard interpretation of the language Lg; in the
ordered field of real numbers (cf. [6]).
The alphabet of the language L}, contains

— aset of constants Cp, which consists of a finite subset C = {cy,...,c,} of symbols
for each element of the set A = {ay,...,a,}, a subset Cy; of real constant symbols
and a subset Cy, of logical constant symbols,

— an enumerable set Vp = {V U VgJVp} of variables, where a subset V =
{vo,v1,...} consists of non-arithmetic individual variables, a subset Voz =
{x0,x1,...} contains real variables and a subset Vy = {qo,41, - ..} contains propo-
sitional variables,

— a set of signs of relations ¥p = {¥ Uy}, where the subset ¥ consists of non-
arithmetic predicates and the subset P = { <%, =g} contains arithmetic predi-
cates,

— an enumerable set of functors ®p = {PUPy }, which consists of the subset Dy =
{+, —,*,1g} of symbols for arithmetic operations and the subset ® of symbols for
non-arithmetic operations,

— the set {—,A,V,=,<} of logical connectives,

— the set {if, then, else, fi, while, do, od, either, or, ro, random,’ } of symbols for
program constructions,

— the set {3,V} of symbols for classical quantifiers (for real variables only),

— the existential iteration quantifier |,

I For each probability distribution defined on a set A we generate a different random assignment. We
use a number / to distinguish them.
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— the set {(,)} of auxiliary symbols.

In the language L} we distinguish two kinds of terms (arithmetic and non-
arithmetic), formulas (classical and algorithmic) and programs.

The set of terms Tp = {T U Ty} of L} consists of a subset of non-arithmetic
terms 7T and a subset Ty of arithmetic terms.

Definition 2.1 The set T of non-arithmetic terms is defined as the smallest set of
expressions satisfying the following conditions:

— each constant of C and each variable of V belongs to 7',

— if ¢; € ® (¢; — an nm;-argument functor (n; > 0)) and 7i,...,T, € T then an
expression ;(Ty,..., T, ) belongs to T.

Definition 2.2 The set 73; of arithmetic terms is the smallest set such that:

— each constant of Cy and each real variable of Vi belongs to 7,

—if 1,1, € T then expressions t| +to, t} —to, t] *t, 1g#; belong to T,

—if o is a formula of L then P(a) belongs to Tg. (We read the symbol P as follows
"probability that".)

Definition 2.3 The set Fy of open formulas is the smallest set such that:

- if Ty,...,Tw; € T and y; € ¥ (y; — an mj-argument predicate) then
\|I‘/'(’C1,. .- >ij) € Fop,

—if o, B € Fp then expressions —a, aV 3, a AP, o = B, o < B belong to Fp.

Definition 2.4 The set I1 of all programs is defined as the smallest set of expressions
satisfying the following conditions:

— each expression of the form v := T or v :=random;, where v € V, 1€ T is a
program,

—ify € Fp and M, M, € I1 then expressions M; M,, if y then M, else M, fi, while ¥
do M od, either, M or M; ro (p is a real number) are programs.

We establish that in an expression |JKo (where K is a program) the letter o
denotes a formula which does not contain any iteration quantifiers.

Definition 2.5 The set Fp of all formulas of the language L}, is the smallest extension
of the set Fy such that:

—ift1,1p € Ty then t; =g 1y, t; < 1 belong to Fp,

—if a, B € Fp then the expressions —o, oV 3, a A B, oo = B, o < P belong to Fp,
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—if o € Fp and x € Vi is a free variable in o then 3xo., Vxo belong to Fp,
—if K € ITand o € Fp then K« is a formula of Fp,
—if K € Il and o € Fp then |J Ko belongs to Fp.

A variable x is free in a formula « if x is not bounded by any quantifier.

Let L} be a fixed algorithmic language of the type < {ny }o,cap, {mi}by,cw, >
and let a relational system 3 =< AUR; {03 }o,c0p, {Wi3 }yew, > (Which consists
of the fixed, finite, at least 2-element set A, the set R of real numbers, operations and
relations) be a fixed data structure for L.

We interpret non-arithmetic individual variables of L}, as elements of A. Real
variables are interpreted as elements of the set R of real numbers.

Let’s denote the set of possible valuations w of non-arithmetic variables by W.

Definition 2.6 By the interpretation of a non-aritmetic term t of Lp in the structure
S we mean a function tg : W +— A which is defined recursively.

—1If Tis a variable v € V then vg (w)“ w(v).

—If T is of the form ¢(ty,...,T,), where Ty,...,T, € T and ¢ € ® is an n-argument
functor then ¢(Ty,...,T,)s (W)Y d3(Tig(W), ..., T.g(W)), where Ty5(w), ..., T,g (W)
are defined earlier.

To interpret random assignments (i.e. constructions of the form v :=random;) in
a probabilistic way we assume that there exists a fixed probability distribution defined
on A

pr:A[0,1], Y pi(ai) =1.
i=1

Definition 2.7 (cf. [6]) A pair < S,p >, where p is a set of fixed probability
distributions p; defined on A and 3 is a structure for L}, is called a probabilistic
structure. In this structure we interpret probabilistic programs.

By M we denote the set of all probability distributions defined on the set W of
valuations of non-arithmetic variables such that

wWes 01, Y uw) <1,
wieW

By § we mean the set of all states, i.e. all pairs s =< u,wy >, where u is
a probability distribution of valuations of non-arithmetic variables and wg is a
valuation of real variables of V.
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Definition 2.8 (cf. [6]) A probabilistic program K is interpreted in the structure
< 3,p > as a partial function transforming the set of states into the set of states

K<5’p> 5= S.

Let K(vy,...,vy) represent a fixed program in L};. An arbitrary program K con-
tains only a finite number of non-arithmetic variables. We denote this set of variables
by V ={vi,...,vn}. Since A ={ay,...,a,} is also a finite set, then a set of all possi-
ble valuations of program variables will be also finite. We denote it by {w1,...,w,},
where n = u".

Let’s notice that programs do not operate on variables of Vez. Thus we can inter-
pret an arbitrary program K as partial functions transforming probability distributions

defined on the set of valuations of program variables (cf. [6])
K<37p> M= M.

If u is the input probability distribution of valuations of program variables (input
probability distribution for short) then a realization of a program K leads to a new
output probability distribution ,u/ of valuations of program variables (output proba-
bility distribution for short). A distribution u (,L/) associates with each valuation w of
program variables a corresponding probability of its appearance.

The interpretation of program constructions (used in this paper) can be found in
the Appendix.

An arithmetic term of the form P(a) denotes the probability, that the formula o
of L is satisfied at a distribution u (cf. [6])

[P(a)]s(s) =Y, ewat(w), where W* = {w e W : 3, w = a}.

! ! !/
Let s =< u,wg > be a state and let s =< u,wg > represent the state s =
K<S,p>(s)-
Given below is the interpretation of a formula Ko (ot € Fp and K € IT).

o (s) if K.g oo (s)is defined and s = K_g 5= (s)
K = <3,p> <3.p> <3.p>
( a)<3’p> () { is not defined otherwise

The satisfiability of a formula Ka, where a € Fp and K € I1, is defined in the
following way (cf. [6])
<3,p>,sEKaiff <3,p>,s |= o, where s = K 5o~ (5).

The next definition establishes the meaning of the existential iteration quantifier
(K €11, o € Fp).
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(UK®) g po ()Y 0D (i) g oo (s).

We can informally express the formula | J Kot in the following way o,V KoV K2aV ...
The satisfiability of a formula | JKo (K € I1, o € Fp) is defined as an infinite
alternative of formulas (K'a) fori € N.

Example 2.10 Now we shall present a formula which contains the iteration quantifier.
Let’s consider the formula : Ko Ko such that

Ko: v :=0;
K: if (vi =0) then v; :=randomj; v, := 0; else v, := 1; fi
o x=Pl;=1Vwr=0)

where Ky and K are programs interpreted in the structure < 3,p > with a 2-element
set A = {0, 1}. For arandom assignment v; :=random; we define the probability dis-
tribution p; = [0.5,0.5]. The set of possible valuations of program variables contains
4 elements: w; = (0,0), wp = (0,1), ws = (1,0), wg = (1,1). We carry out compu-
tations for the input probability distribution u = [0.25,0.25,0.25,0.25]. P(y) denotes
the probability that 7y is satisfied (at a distribution u). Let’s notice, that formula 3
describes the following fact
(x=0)V(x=0.5)V(x=0.5%0.5)V(x=0.5%x05%05)V....

3. The proof of the main lemma

As we have mentioned (it is proved in [6]), the set of probabilistic algorithmic formu-
las of PrAL valid in a finite structure for Lp is decidable with respect to the diagram
of the structure. By the diagram D(3) of the structure 3 we understand the set of
all atomic or negated atomic formulas ¢(c;,,...,c;,) = ¢, (¢ is a functor of L) and
y(ci,...,ci,) (yis a predicate symbol of L), which are valid in 3.

The proof of decidability of PrAL essentially uses the Lemma which reduces the
problem of validity of sentences of Lp to the (decidable) problem of the validity of
sentences of the first-order arithmetic of real numbers. Finally, it appears that the set
of formulas of PrAL, valid in all at most u-element structures for Lp, is decidable.

We shall show that if the language L} contains additionally the sign |J and
the functor lg (for the operation of a logarithm) we can define natural numbers and
operations of addition and multiplication for natural numbers.

Let’s assume that 0.5' abbreviates the expression 0.5 0.5 % ... 0.5,

i times

10
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Lemma 3.1 Let < 3,p > be an arbitrary fixed probabilistic structure (for L) with a
finite set A = {ay,ay,...,a,}, where u > 1. Let Kj and K be as follows

Ko: vi:i=ay;
K: if (vi =a,) then
eitherg s v :==ay; vy :=ay; or vy :=a,_1; vy :=ay; ro
else vi :=aj; vp:=ay; fi

For an arbitrary natural number i > 0, if u = [y, o, ...,4,2] is an input probability
distribution then as a result of realization of program Ko; K’ we obtain the following
output probability distribution

U = KoK’

<5p>(u)=[o,...,o,1—0.5<l’*1>, 0,...,0 ,0.5,0,...,0,0.57.
9 h-f ‘,—‘ N— r—

u—1 times u2—2u—1 times u—1 times

Proof. Let us assume that < 3,p > is a fixed probabilistic structure (for Lj.ﬁ)
with a finite at least 2-element set A = {aj,a,...,a,}. Let’s consider an arbitrary
program Ko; K’ (i € N ). The set of possible valuations of program variables contains
u? elements: wi = (aj,a;), wa = (ar,a), ..., w, = (a1,a,), wur1 = (az,a1),
Wupr = (a2,a2), ..., wou = (a2, ay), ... We_yi1 = (au,a1), we_yio = (ay,a2), ...,
w,e = (ay,a,). We carry out computations for the input probability distribution
U =[ui,u,...,u,.]. The proof of the Lemma 3.1 will proceed by induction on the
length of programs.

(A) The base of induction.

First we shall justify that the realization of the program Ky; K leads to the prob-
ability distribution
# =KoK_gp-(u)=[ 0,...,0 ,0.5,0,...,0,0.5].
~—— ~——
u?—u—1 times u—1 times
We shall determine the necessary probability distributions (cf. the Appendix).

vii=a1]cgps (1) = [+ st + o F a2 F 2+ s Mt
#2u+-'-+nuu27 O,,O]
——

u?—u times

i = au]l<gps> () = [ 0,0 s + pr + oo+ pe b2 + M2 + -+
——

u?—2u times
M2 g2y My 4. A 1,2,0,...,0

u times

11
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Vi = auesps() = [0,...,0 01 + 1 + oo F oy 0+ 2 o F
~——

u2—u times

M2y 255 Hu +:u2u+"'+:uu2]

[VZ = au]<3,p>(.u) = [05"'707/-11 + A+ +;uu)07"')07:uu+1 + Uy + .o+
S~—— S~——

u—1 times u—1 times
H2u, Oa-'-707-"707-~-707#u27u+1 +:uuzfu+2+"'+:uu2]
SN—— SN——
u—1 times u—1 times

Let’s denote the subprogram vy := ay; v, := a,; by Nj.

N1<S.,p>(.u) =[v:= au]<3,p>(["l = au]<3,p><.“)> =
= [ 05 s 70 ’(.ul Rl LT R +;uu2—u+l) + (lu2 + 2+ +:uu2—u+2) ot (luu +

u?—1 times

:u2u+~--+:uu2)] =
:[0,...,0,y1+y2+...—|—yuz]:[0,...,0,1]
~—— ~——

u?—1 times u?—1 times
By N, we denote the subprogram vi := a,_1; v2 1= ay;.

N2<S,p>(ﬂ) == au]<$,p>(["1 = au71]<5,p>(/v‘)) =
=[ 0,0 (g1 o) F (2 g2+ e ) e (et
——

u?—u—1 times

Wyt ... +u,2),0,...,0] =

u times
[ 0,....0 i+t +12,0,....00=[ 0,....0 .1,0,....0
[ —— HiT i Hu H/—J [ —— H/—/]
u?—u—1 times u times u?—u—1 times u times

The subprogram vy := ay; v, := a,; we denote by Ns.

N3<S,p>(.“) =[vy:= au]<8,p>(["1 = al]<3,p>(.“)) =
= [07 50, (:ul My +uuu2—u+l> + (:u2 T2+ +:uu2—u+2) +ot (;uu +
——

u—1 times

M2u+-'~+‘uu2)7 0770]:
——

u?—u times

=10,....,0,u1 +m+...+u2,0,...,0] =[0,...,0,1,0,...,0]
SN—— SN—— SN—— SN——

u—1 times u?—u times u—1 times  y2—y times

Let’s denote the subprogram eithery s Ny or N, ro by E.

E<S,p>(.“) =0.5% (N1<S,p>(ﬂ)) +0.5% <N2<S,p> (u)) =
=0.5%[0,...,0 ,uy +o+. .. +pp2]+0.5%[ 0,...,0 Juy++...+u,2,0,...,0]=
~—— ~—— ~—

u?—1 times u?—u—1 times u times

12
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=[0,....,0 ,0.5%(u+...+,.2),0,...,0,0.5% (1 +... + )] =

u?—u—1 times u—1 times

= 0,...,0 ,05,0,...,0,0.5]
S~—— N——

u?—u—1 times u—1 times

[(Vl = au)?]<3,p>(:u) = [ 07 ce 70 s y2 15 M2y 250 e nuuz}
u?—u times
[_'(Vl = au)?]<57p>(ll'l) = Lll],yz, vty 0,...,0

u times

K<S,p>(ﬂ) = E<S,p>([(vl = au)?] <S,p>(l«l)> +N3<S,p>([_‘(vl = au)?]<3,p>(.“)) =
=1 0,...,0 ,0.5 % (Upe_,y1 + Me_yyr + - + 1,2),0,...,0,0.5 % (upo_, 1 +
~—— ~——

u?—u—1 times u—1 times
M2+ w2) 0,0, (o + . Fpey,), 0,...,0] =
N—— SN——
u—1 times u?—u times
= [0,...,0,(}11 +u A+ +nuuz—u)7 0,...,0 ,0.5 =% (:uuz—u-i-l T M2y Tt
u—1 times u?—2u—1 times
We),0,...,0,0.5% (/Ju2—u+1 +Ue ot —i—,uuz)]
u—1 times
Finally

K<S,p>(KO<S,p>(,U>) = K<S,p>([vl = au]<3,p>(.“)) =
=[0,...,0 ,0.5%((t1 +tyus1+-- - Fupe_yp) W +tp2+. Ao _0)+o F
u?—u—1 times

(b + piou + -+ 1,2)), 0,--.,0,0.5 % (1 + pur + -+ 2 yp1) + (2 + a2 +
——

u—1 times

et e yg) o (et gt )] =
=[] 0,...,0 ;0.5 (uy+m+...+1.2),0,...,0,05% (uj +m2+ ... +u,p)| =
~—— S~——

u?—u—1 times u—1 times

=[0,...,0 ,05,0,...,0,0.5].
SN—— N——

u?—u—1 times u—1 times

(B) The inductive step.

The inductive assumption. For a certain natural number k, if u = [uj, o, ... ,1,2] is an
input probability distribution then as a result of realization of the program Ky; K* we
obtain the following output probability distribution

13
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KoK*< 3,p >(n) =
=1[0,...,0,(1 =0.55 DY s (uy + o4 ... +p2), 0,...,0 ,0.55% (g +mr+ ... +
SN—— SN——

u—1 times u?—2u—1 times
12),0,...,0,0.55% (uy +up+ ... +up)] =
u—1 times
=10,...,0,(1—=0.5%"1) 0,....,0 ,0.5%,0,...,0,0.5/]
~—— ~—— ~——
u—1 times u2—2u—1 times u—1 times

We shall apply the inductive assumption to show that if we take u =
[u1,142,...,1,2] as the input probability distribution then after the execution of the
program Ko; K**! we obtain the following output probability distribution
KOKk+1 (H):[07707(1_05k)*(H1+H2++/Ju2)7 07"'70 9

~—— ~——

<S,p>
u—1 times u?—2u—1 times
0.5 D s (uy + a4 ...+ 1,2),0,...,0,0.56 D s (uy + o+ ...+ p)] =
——
u—1 times
=10,...,0,(1-0.5%), 0,...,0 ,0.5%t1 0,...,0,0.5KFD)]
S~—— —— S~——
u—1 times u2—2u—1 times u—1 times

We can express a composition of programs in the following way (cf. the Ap-
pendix)
KOKi—g{p> (Au) = K<3,p>(KOK£3’p> (/J))

Hence by the inductive assumption
k _ k—1
Kog oo (KoK¥g oo (1)) = Ko5.0(0,-,0, (1= 0.5% D) s (e g2+ 410,

u—1 times

0,...,0 , 0.5 (u+w+...+up),0,...,0,0.5 % (ug +wp+ ... +up)]) =
SN—— SN——

u?—2u—1 times u—1 times

=10,...,0,(1-0.5%"D 4+0.5%), 0,...,0 ,0.5%0.5%0,...,0,0.5%0.5¢ =
u—1 times u2—2u—1 times u—1 times

=10,...,0,(1-0.5%), 0,...,0 ,0.5%t1 0,...,0,0.5kF1)]

which accomplishes the inductive proof.
O

Lemma 3.2 Let < 3,p > be an arbitrary fixed structure (for L) with a finite set
A={ay,as,...,a,}, where u > 1. The set of formulas of PrAL™" valid in < 3,p > is
undecidable.

14
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Proof. Let < 3,p > be an arbitrary fixed structure (for L}) with a finite at least
2-element set A = {ay,...,a,}. Let’s consider the formula B of the form Ky|JKa,
where Ky, K are the programs considered in the Lemma 3.1 and « is as follows

owx=Pvi=ay_1\v2y=ay).

The computations are carried out for the input probability distribution y =
[ur, 42, ...,u,2] and for programs Ky and Ko;K’, where i € N.. Let’s denote
Ko<5,p> (1) by 1. We know that

n= KO<S,p>(:u) = [Vl = au]<3,p>(lu) = [0770 N 7 e o T RS s +:uu2—u+]hu2 +

u?—u times

2+ e 2ot o+ 2]

By the Lemma 3.1 we obtain that for an arbitrary number i > 0

u =KoK o _(u)=10,...,0,(1—0.50-1) 0,...,0 ,0.5,0,...,0,0.5].
~—— S~—— S~——

<Q,p>
u—1 times u2—2u—1 times u—1 times

We recall, that P(vi = a,_1 Avy = a,) =t (W), where wo_, = (ay_1,a,).
We can notice that for i € Ny we have i (w,>_,) = 0.5 and additionally 1(w,2_,) = 0.
Therefore the formula B: Ky|J Ko describes the following fact

(x=0)V(x=0.5)Vx=0.25V(x=0.125)V...V(x=0.5)V...

Let’s notice, that we can define an arbitrary natural number & in the following
way. Let k be a real number

Nk)iff < 3,p > = (k=0VIx((k = —lgx) AKoUKa)).

Since the natural numbers were generated among real numbers and operations of
addition and multiplication exist in the structure R =< R;+, —,*,0,1, <>, we can
define these operations for constructed natural numbers. For arbitrary xg, x1, x»

Xo+X1 = X3 iff<3,p > ):N()C())/\N(X])/\XQ = Xxp +Xx1,
Xox x1 =x iff <3.p > = N(xo) AN(x1) Axp = xo*x.

Since Th(< N;+,%,0,1 >) is undecidable (cf. [2,11,7]), the set of formulas of
considered algorithmic logic, valid in a fixed, finite at least 2-element structure (for

L}) is also undecidable.
O

15
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4.

Appendix (cf. [6])

By the interpretation of a program K of L} in the structure < 3,p > we mean a
function K_g o~ : M — M which is defined recursively.

— If K is an assignment instruction of the form v, :=t (forv, € V,r=1,...,h and

16

T € T) then

[vr 1= T g po () = 4 where

u (wj) = Ypewnpu(w) for j=1,...,n and

Wt = {W eW :w(v,) =13(Win) /\VVEV\{V,} w(y) = Win(v)}'
wi, denotes an input valuation of program variables.

If K is a random assignment of the form v, :=random; (forv, € V,r=1,...,h
and p; being a probability distribution defined on A) then

[v, :=randomy] g ;- (u) = u, where

# (wj) = pi(w;(vr)) * Lwewrp(w) and

W= {weW :V,ep\(y,y w(v) = win(v)}.

We interpret the program while —y do v := v od (for v € V and v € Fp) in the
following way
[Y?]<3.p>(u) = [while =ydo v :=ved] 5, (1) = u, where
vy Ju(wi) forwi =w; A 3w =Y
wwj) = {O otherwise
We denote this program construction by [y?].

If K is a composition of programs My, Ma and Mg o~ (1), Mp3 o~ (u) are de-
fined then

[My; M2]<S,p>(lv’) = M2<S,p>(M1<S,p>(;U))-

If K is a branching between the two programs My, My and M;_g ;- (u),
My 3 5~ (u) are defined then
[if v then M else M fi] 5 o~ (1) =

=M 5> (V<505 W) + Mg o= ([7V?] <305 (1))

If K is a probabilistic branching, p € R,0 < p < 1 and Mg 5~ (1), Mp3 p~ (1)
are defined then

[eitherp M, or M, r0]<S,p> (u)=p * M3 o> (u)+(1—p) kMo 3 o (u).
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ZBIOR FORMUL LOGIKI PrAL*
PRAWDZIWYCH W SKONCZONEJ STRUKTURZE
JEST NIEROZSTRZYGALNY

Streszczenie Rozwazamy probabilistyczna logike algorytmiczna. W pracy [6] znajduje si¢
uzasadnienie, ze zbidr formut logiki PrAL, prawdziwych w skoriczonej strukturze, jest roz-
strzygalny ze wzgledu na diagram struktury. Dodajemy do jezyka Lp logiki PrAL znak |J
i funktor lg. Nastepnie uzasadniamy, ze zbiér formut rozszerzonej logiki, prawdziwych w
skoriczonej co najmniej 2-elementowe;j strukturze (dla L?;), nie jest juz rozstrzygalny.

Stowa kluczowe: probabilistyczna logika algorytmiczna, egzystencjalny kwantyfikator
iteracji



