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The model of the stochastic generator of the
test programs and a method of its analyse

S.Filimonov

Abstract

A method of analyse of the main properties of the stochastic
generator of the test programs using its mathematical model in
the form of regular stochastic source is proposed.

The test programs produced by stochastic generators are used for
the functional testing of the processors. The problem of the synthesis
of efficient stochastic generator can be solved by developing of the gene-
rator’s mathematical model and of the methods of analyse of its main
properties.

This kind of generator must produse for the processor under test the
sequences of the instructions, which must be informationaly connected
and match the conditions of the processor’s faults detection [1].

The next mathematical model of the stochastic generator is worked
out, having the form of regular stochastic source:

I=<@G,fe AP S P(S)> (1)
where G is the generating stochastic multigraph with marked edges:
G=<V,D,P(D) > (2)

V' is the set of vertices, D is a set of edges, P(D) = {F;(D;)}, Fi(D;)
is the distribution of the probabilities, defined on the subset of edges
D; , exiting from the vertex v; € V; f is a function, which make a
correspondence between the edges of the graph G and the symbols of
the vocabular A : f(dy) = ai, ar € A; S = {si(vr,v4)} is the set
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of pathes in the graph which connect selected start vertex v; with the
selected end vertex v 4; P(S) is the set of the probabilities, recalculated
from the sets of edges of the graph to the set of its pathes.

The source (1) produce the stochastic regular language:

LT) ={<zi,pi>:[3si € S: f(s1) = 2]} (3)

and the strings z; of which correspond to the functionaly full programs
of the processor under test [2].

Let to represent the generation graph (2) by a pair a matrices having
dimention |V| x |V|. The first matrix is defined as

Mg = | i (4)

where o;; is a regular expesion of the next form: a;; = [Zé\(at)]ij, oA
designates addition operation, defined on the set of regular expresions;
a; is a regular expresion, corresponding to the event of generation of
the symbol a; = f(d;), d € Dj;, D;j is a set of parallel edges, which
interconnect vertex v; with vertex v;, t = 1,m;;, mi; = |D;j.

The second matrix is defined as

Me(p) = llpill; ()
where p = (p1,p2,...,Pt,---,Pm) is a vector of probabilities defined on
Dij-

Correctly established P(D) must match next relation

VI m

> > )y =1 (6)

it

The matrices (4) and (5) together equivalently represents the graph
(2) and can be used as base for researching its properties [3].

Let us denote by S™ the set of pathes of length n in graph (2)
by S;; the set of pathes from v; to v;. It can be mentioned that the
intersections S N S™ and S N S;; can be empty.

Let us to define the operation of catenation on the set of matrices

(4): llewsll # 1851l = llvij ]| where v = Y2 (cvik * Bi;)-
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Proposition 1 The element v;; of the matriz [Mg]", which is the re-
sult of n-th catenation of the matriz (4) corresponds to the set of strings
zij, generated by pathing through the ways from Sjs of the graph (2).

Proof. The result of the catenation of the row ¢ with the column
j of the matrix (4) corresponds to the set of strings z;; = f(SZQJ)
Therefore, the result of the catenanion of all rows of the matrix (4)
with all its columns represents a [M¢]* matrix, the elements v;; of
which corresponds to all possible sets z;; of strings of length of 2.

The proof of the proposition will be given by continuing the above
ponders on n-th catenation of the matrix (4).

Consequence 1 The element yr4 of the matriz [Mg]" corresponds to
the language L™ C L(L'), which contains n-length strings.
Let to denote the characteristical matriz of the symbol a; as

Mc(a) = [[hill; (7)

where hij = 1 when ay € f(D;j), and hij = 0 otherwise when a; &
f(Dij). Let to define the conjunction operation ||hy;||&||hi; || = [|hg}]| on
the set the characteristical matriz of the form (7), where hi} = :;ZE( e N

%j), # denote disjunction, and N\ denote conjunction of elements of

matrices.

Proposition 2 The sequense z = ajas...a;...a, belongs to the lan-
guage (3) if, and only if next relation is true:

[Me(ar)]&[Mc(az)&e ... &[Mc(ar)]&e . .. &[Mc(aq)] # 0],
where |0 is a matriz of zeroes.

Proof. The h;; is an indicator function of generation of the symbol
a; pathing through edge d; € D;;, by definition. The conjuction of the
element A, of 4-th row of the matrix Mg(a;) with the element hy; of
the j-th column of the matrix M (ag2) produces an indicator function of
generation of string ajas pathing through the way si € SZZJ Moreover,
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hij = 71();&( ik \ hg;) is an indicator function of generation of the string

aias pathing through all the ways of Sf]

Therefore, if [Mg(a1)]&[Mg(a2)] # ||0]|, then there is at least one
path s;, € 52, for which next relation is true: f(sz) = ajas.

Continuing this thouts for all the symbols from the string z the
proof of the proposition will bi done.

Let to define the operation of the calculation of the minimum on
the set of probabilities:

min(p1,p2), if p1 # 0 and py # 0;

P1; if p; = 0;
A(p1, = )
(Pop2) =4 5, if py = 0;
0, ifpy =p2=0

Let to define a matrix of the minimal probabilities the matrix of
the next form

MG(pmin) = Hpminij“a (8)

which is given from the matrix (5) using next rule:
Pminij = %(pt)ij-

Let to define a matrix of the maximal probabilities the matrix of
the next form

MG(pma:r) = ”pma:rina (9)

which is given from the matrix (5) using next rule:
Prmazij = m?X(pt)ij-

We can now define the extremal multiplying operation on the set
of matrices of the form (8) and (9) [[pLy, i1 [Pl s; | = 1P/ ;1 where
1Peztijll = %(p;mmk X Pminkj) for the matrix of the form (8), and

pg’xtij = maxy(p), .0 ik X Pmax kj) for the matrix of the form (9).

Observation 1 The operation of the extremal multiplying is associa-
tive due to associativity of the minimum calculation operation.
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Let to define the matrix [Mq(pegt)]" as n-th external power of the
matrix Mg (pext)-

Proposition 3 The minimal (maximal) value of the probability of ge-
neration of the string z;; = f(SZ;) pathing through ways of graph
(2) from Si"j is equal to the value of the element pegtij of the matrix
[Ma (peat)]”, where Mg (pegt) is the matriz (8) (matriz (9)).

The justice of this proposition follows from the properties of the
given operations.

Consequence 2 The minimal (mazimal) value of the probability of
generation of the string of lengh n of language (3) is equal to the value
of the element peyira of the matriz [Ma (pegt)]™, where Mg (pegt) is the
matriz of form (8) (form (9)), given from the matriz (5) of the graph

(2).

Let to define as a matrix of the quantity of the strings the matrix
of the next form

Mg (m) = [lmll, (10)
where mi; = |D”|
Proposition 4 The number of the strings, generated when pathing
through the subset S;j of ways of graph (2) is equal to the value of

the element my; of the matriz [Mg(m)]", which is the n-th power of
the matriz (10).

The justice of this proposition is obvious.
Consequence 3 The number of the strings of length n belonging to
the language (3) is equal to Y, 2_j ™Mij, where mgj is the element of
the matriz [Mq(m)]"™.

Observation 2 The number of the loops around the vertices of graph
(2) is equal to Sp [M¢(m)].
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Consequence 4 The number of the loops of length n of the graph (2)
is equal to Sp [M¢(m)].

The proposed method is quite effective for the purposes of research-
ing of the properties of the stochastic generators, represented by the
model of the form (1).
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