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A problem condition

Objects of research are frequently charac-
terized by the big complexity, multitude of
interconnected factors influencing against
each other in obvious or not the obvious
form, external and internal, operated and ca-
sual influences [1]. To formalize such
process so that everything, that influences an
object state, has been considered - is difficult
and often impossible problem.
The person on the basis of the experience and
erudition, mental capacity, which cannot be
modeled more or less precisely in present,
can, on the basis of the supervision on a
number of signs, estimate the process as a
whole. Even if these estimations are made in-
sufficiently precisely, all of them are very
important for decision-making.
Therefore inclusion of the person (the expert,
the making decision person, the executor
etc.) in a contour of a certain information
system (IS), under certain circumstances, will
allow increasing substantially its efficiency.
However, the person, possessing the big abil-
ities, has also the specific goals. As it is un-
derlined in [2] persons wishes to operate,
first, according to the interests; secondly, the
person knows a coordination of the present
and future interests; thirdly, it can arrive ac-
cording to the knowledge.

2. Ways of problem solution.

In our opinion, it is possible to supply person
actions, fourthly, with its propensities to an
"optimistic" or "pessimistic" estimation of
object state.

With that end in view in [2] function of pos-
sibility which characterizes internal potential

suitability of object, in difference from the
probability considering a consequence of ac-
tions of external factors on object of research
is used. The person appoints to object degree
of possibility (number from an interval
[0,1]), their set is named possibility of dis-
tribution. With the help of possibility of dis-
tribution are allocated and estimated causal
relationships of characteristics appearing, ob-
ject factors in this or that environment.
Necessity of introduction of function "possi-
bility" as authors [2] consider, and it is im-
possible to disagree with it, follow from this,
that there are extreme cases when the likelih-
ood information on an object state is absent
or the object is in an abnormal condition i.e.
when its condition can strongly differ from
likelihood forecasts.

Let's consider a problem of an estimation of
object state by the expert on the basis of pos-
sibility function. The problem description we
will give according to [3].

1. The purpose - determining by expert
doubtful data about control object for main-
tenance of the most effective organization of
administrative influences.

2. Alternative variants of the decision - there
are available n linguistic variables, each of
which characterizes a certain state of re-
search object. Then the choice of i linguistic
variable characterizing the most true condi-
tion of a material stream, will be i th variant
of the decision of the given problem.

3. External conditions - objectivity of the ex-
pert, the presence of traditional conditions at
which the object usually shows the properties
and co-operates with an environment.

4. Outcomes - in created model of the deci-
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sion of the given problem as criterion the vo-
lume-quantitative characteristic of the shown
properties of object during the considered pe-
riod acts at concrete - the established influ-
ences on it.

5. A rule of a choice of decisions. It is neces-
sary to establish a rule with help of which it
is possible to choose a set of preferable deci-
sions or the unique decision at a choice of the
most suitable linguistic variable.

3. The Elements of the theory and base
model

The term «a linguistic variable» is offered for
the first time Lotfi Zadeh [4]. The basic as-
sumption motivating the linguistic approach
[5], consists that perception the person of de-
pendence of function of an accessory uy(P) -
object P to indistinct set F from X7, X2, ..., X
generally insufficiently precisely and is well
formalized to make possible tabulation us (P)
as size function x;, x3, ..., X,. For more rough
and, hence, less exact description of this de-
pendence it is supposed, that value tabulation
X1,X2 ..., X and us(P) - linguistic (for exam-
ple, use of terms is "more", "less", «within
normy, etc.), instead of numerical, also lin-
guistic methods for the interpolation of the
table of relations R defining us (P) on values
absent in the table of sizes X7, X2, ..., X are used-
Linguistic value x;, i=1,2, ..., n, in other
words, is the answer to question Q;: « What
value of size x;? »- also that corresponding
value py (P) is the answer to question Q:« If
answers on Qy, Q2 ..., Q, an essence ry, Iz,
..., I'y accordingly, what size us(P)? The pur-
pose of such interpretation of sizes xz, X, ...,
X, ur(P) is record of distinguishing algorithm
Ry in a kind BerBsimmerocst the questionnaire
consisting of questions which are set consis-
tently, and a question set on a step j, depends
on the answer to the previous questions.

Let U - universal set, X = {x;} - the approx-
imate quantitative characteristic of object in i
- m an interval of estimate of i-th a linguistic
variable, where i - quantity of linguistic va-
riables. Variable X receives value from uni-
versal set U. Let u € U an object state at

Table 1

which it is expected that it will receive con-
crete quantitative value. Then [2]
Ilxi(u) = Poss{X =u}, i =1,2,...,n, (1)
Where Ilx; (u) - degree of possibility of an
estimation i-zh a linguistic variable.

IIx; (u) it is defined according to [6] as fol-
lows:

0 M; < B;
Mi—ﬂl
IIxi(u) =7 --—--—-- ﬂ,’< M;<a; (2)
a;.pi
1 M; = a;,

where a;, fi; - accordingly the top and bottom
borders of quantitative values at a concrete
state of object which can be characterized i"
a linguistic variable.

Values ¢; and f; are determined by the expert
subjectively on the basis of the knowledge of
a state of a material stream. M; - quantitative
values which are put in conformity to typical
values by i linguistic variable.

4. An offered variant of specification of
base model
Values of function of possibility are degrees
of possibility for each linguistic variable.
This function on an interval [0,1] is defined.
However, the estimation of function of pos-
sibility, at top a and bottom g borders, estab-
lished for the expert can be essentially speci-
fied, if possibility quantitatively to estimate
some factor W characterizing its propensities
to an "optimistic" or "pessimistic" estimation
is represented. If to consider this factor ex-
pression (2) becomes:
0 M; = pi(W)
M;.pi(W)
Ixi(u) =<------------- iW)< M;<ai(W) (3)
ai(W) -p (W)
1 M; = ai (W),

As an example in table 1 are resulted depen-
dences a, f, M from a corresponding linguis-
tic variable about concrete quantitative val-
ues at a concrete state of object (assemblage
of units for days on one of the enterprises).
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1. |Considerably above norm 1200 1250 1130 1210 1180
2. |Above norm 1150 1210 1050 1150 1110
3. |Norm 1100 1170 1005 1130 1035
4. |Below norm 1050 1105 950 1100 1010
5. |Considerably below norm 950 990 900 970 920

On fig. 1, on the basis of the data resulted in the table, corresponding functions of possibility

are constructed.
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Fig.1. Construction of functions of possibility.

In real conditions to estimate quantitative
values characterizing a state of object of re-
search on homogeneous linguistic variables
not always it is obviously possible. For ex-
ample, in the absence of the sufficient infor-
mation on concrete event or the incompetent
answer to a concrete question given by the
expert. Here "homogeneous" linguistic va-
riables are meant by the term the variables
characterizing the same event, for example
only volume of output or only supply by
power resources etc. At the same time, using
of indirect data on concrete process would al-
low to reduce in some cases considerably un-
certainty of a state of object.

5. A composite rule of a conclusion Lotfi
Zadeh

In this connection Lotfi Zadeh [4] has devel-
oped a composite rule of a conclusion. We
will consider, in what the essence of the
named rule consists.

Let there are two statements A and B. For es-
timation of B on the validity of the statement
A, are used a rule modus ponens from the
traditional logic. However, in some cases, it
is necessary to use this rule not in exact, and

in the approached form. In this case L.Zadeh
suggests [4] to use instead of a rule modus
ponens a composite rule of a conclusion and
proves in [4], that modus ponens there is a
special case of a composite rule. Its essence
consists in the following.

Let A - an indistinct subset of an axis OX,
and F - the indistinct relation in OX * OY.
Forming cylindrical indistinct set “4, with the
basis 4 and its crossing with indistinct rela-
tion F, turns out indistinct set ZANF (see fig.
2).

Projecting then this set on axis OY, turns out
value in the form of an indistinct subset of
axis OY. As y = f (x) and x = A4 - indistinct
set of an axis OX, receive value y in the form
of an indistinct subset "4, A, F and B accor-
dingly. Then by definition of set 4

HA(X%,Y) = p A(X) 4)
and, hence,
Hanr (6)) = u-a06) 0 ur (x,y) = pa(x)N
HF (X)) (5)

Projecting set ~ ANF on axis OY, receive
#e(y) = Ut 4(x) )N pr (x,9), (6)

i.e. expression for function of an accessory of

a projection (shade) ~ ANF on axis OY.



20

Revista Informatica Economica nr.3(47)/2008

According to composition definition in [4] B

it is suggest to present in a following mode:
B = A°F, (7)

where © - a composition sign. If 4 and F
have final carriers composition operation is
reduced to makcumuHHOMY to reduction of
matrixes.

0

» X

Fig.2. An illustration of a composite rule of a conclusion for indistinct variables

For interpretation of a composite rule of a
conclusion Zadeh Lotfi offers the follow-
ing.
Let U and V - two universal sets with base
variables u and v accordingly. Let R (u), R
(u, v) and R (v) designate restrictions on u,
(u, v) and v, and respectively, represent in-
distinct relations in U, U* V and V. Then, a
composite rule of a conclusion asserts, that
the decision of the equations of appoint-
ment

Ru)=Aand R(u,v) =F (8)
looks like

R(v)=A°F, (9)

where A°F - a composition A and F. In
this case it does conclusion R (v) = A°F
from this, that R (u) = A and R (u, v) = F.
After carrying out of some object re-
searches, the conclusion has been drawn,
that at a choice of strictly certain state-
ments characterizing its condition, a com-
posite rule of a conclusion can be applied
to an estimation of reliability of registered
given (knowledge). In particular, indirect
data on volume of consumed fuel, concen-
tration of a smoke in an exhaust pipe, level
of vibration and a specific rumble at en-
gine work give the chance to judge relia-

bility of data on quality of its repair and to
compare to the data registered by the master of
a repair repair truck in corresponding maga-
zine.

6. Application of a composite rule

Let's consider application of a composite rule

on a concrete example.

Let's assume, that work of the equipment of the

enterprise is characterized by the linguistic va-

riables, stating estimation U of its work (1 -

worked smoothly, 2 - worked as times, 3 -

worked with very big faults, did not work, 5 -

there are no data) and volume of output V (1 -

more than replaceable norm, 2 - within norm, 3

- there is less than norm, 4 - there is less than

norm, 5 - there are no data).
U=V=1+2+3+4+5.

Let

A = worked smoothly = 1/0 + 2/1 + 3/0 + 4/0 +

5/0

F = worked within norm = 1/0 + 2/0 + 3/1 +

4/0 + 5/0.

Then

min (1 anp (0.9), pr (0.5)) = 0.5,

min (4 anp (1), ur (0.9)) = 0.9,

min (u 4np (0.2), pr (1)) = 0.2,

min (1 anp (0), ur (0.2)) =0,
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min (min (u anp (1), pr (0.9)) = 0.9, (0), pr
0) = 0.

U 4o (U, v) =max, [min4 (u), ming (u, v) =
0.9.

However, during researches for the pur-
pose of a choice of number of linguistic
variables, there were difficulties according
to efficiency of the control of data, on the
basis of indistinct representations about an
object state. In this connection it is neces-
sary to enter some measure characterizing
approximate error IS.

Let S be a set of conditions of object. We
will enter concept of dim restriction R
(8S*V), where V € [1,0] - area of values of
function of an accessory to a concrete con-
dition of the object, defined by means of
linguistic variables on the basis of value
judgment of experts.

According to character of conditions of ob-
ject, there are every possible linguistic va-
riables {H;} ; which describe a stream, will
name further their typical. However, it is
necessary to notice, that a class {H;! i
much more already, than a class of every
possible real situations. Therefore there is
a problem of an establishment of a meas-
ure of distinction between a concrete situa-
tion and "nearest" the typical.

The approach based on minimax criterion
of reference is offered. We will enter a set
of dim restrictions {R; (S*V)} x which cha-
racterize a class {H;} ;. Reference we will
make by a rule:

H;:p@S, R)=inf,j=12, ..., k,(10)
where p (S;, R;) - a distance measure be-
tween real S; and «the nearest typical» R;
which is set in a kind
P(Sj, R)) = supsesfu sjurj (S) - p sjorj (S) (1)
U sjurj (S) = max { usi(S), pr; (S) }  (12)
1 sjnw (S) = min { psi(S), puzj (S) }, s €S(13)
usj (S) - function of an accessory of the
dim relation characterizing a real situation,
HRj (S) - set.

We define area of values p. According to
definition of function of an accessory wus;
(S) and ugj (S) belong to a piece [0,1].
Hence, according to formulas (12) and (13)
U sjurj (S) and u sjingj (S) also belong to a
piece [0,1]. Substituting values u sjur; (S)

and u sjngj (S) in the formula (11), we find area
of values of the entered measure of distance 0 <
p<1(14)

Can be constructed and other measures of dis-
tance, however, such measure most naturally
follows from a combination of principles of
"optimistic" and "pessimistic" approaches to es-
timations of concrete situations. In a case when
typical and real situations coincide, the distance
measure addresses in «0».

7. The formulas characterizing the account
of an "optimistic' and ""pessimistic’ spirit of
the expert.

Using formulas (12) and (13), and also (11), it
is possible to deduce the formulas characteriz-
ing borders a and f taking into account an "op-
timistic" and "pessimistic" spirit of the expert:

ai(m = ai(l’V)onm = ai(l’V)necc’ (15)
where ai(W)oum=-0i+ a; (1 - usjuri (S) = ail2
- usjuri ()], (16)

a i(u/)necc =a 1[2 - K SjinRj (S)]; (17)
ﬂt(n/) = ﬂi(l’V)onm 'ﬂi(n/)necc, (1 8)
where Bi(W)onm= Bi-Bi(l - psjuri(S) = Bil2
- usiuri (S)], (19)
ﬂi (I/V)necc = ﬂl[Z = K SjnRj (S)]' (20)
Amendments on a corresponding spirit of the
expert are presented in the form of some size .
For a popr =+ a (W)/2, Ppess =-a (W)/2. For B Pope

=+ﬂ(W)/2, 7pess=-ﬂ(m/2°

The size p, can be used as the amendment to an
estimation the concrete expert of a condition of
object of research.

Conclusions

So, in the given work the size which gives the
chance to enter amendments to estimation the
concrete expert of a condition of object of re-
search is received. The variant offered here for
specification of base model of expert estima-
tions intended for conducting the account of a
"pessimistic" and "optimistic" component of
the expert, can be used with success at creation
and development of the systems intended for
structurization of again registered data and
knowledge, for example, such as «matrixes of
elements of knowledge», described in [7] and
other sources.
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