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uestionnaire systeus represent the
stochestic feed-vack, which is absolutely
nocessari when an effective control of
autnan beinzs coallitions is to be real-
ized. As usual, a man gives nis answers
to the guestions put to him by an inquery,
unprecisely and fuzzy. ihe nore compli=-

cated tihe questions, tne more general,un-

clear. and fuzzz the human answers. an
efficient questionnaire system for public
opinion investisation wust be able to
deal with tne fuzzy human answers in such
a way that .aaximum informetion necessary
for amaking a certain decision should be
obtained from them. I the proposed paper
a method based on the fuzzy system theory
of Zadeh, is carried out. %he method
gives an optizmal transformation of the

uzzi data obtained as a result of the
public 3£inion investigation into struc-
ture, quite suitaocle for decision-miking.
~ simple algorithn for computer realiza-
tion of tue considered method and some
practical examples illustrated how the
ue;?od works are given and discussed as
well.

INTRODUCLIION

The systeus for puolic opinion in-
vestigation or questionnaire systems re-
presont a stochastic feed-back that is
8o0svlutely necessary for effective govern-
::s of groups of people. The inaccurate

potentially uncertain and indetermin-

ate environment where tae everz day act-
ions of people take place has looged nu-
man vocabulary witn such words as "likely,
“probably", ''possibly", "perhaps","maybe”,
“approximately", "wore or less", "almost",
“nearly", "us thouga", "so to say", "to
all appearsnces", etc. Usually a m&an uses
wese words wuen foruulating uis answers
to cuestions put to nim. Tie wore couplex
the ouestions &re, the more unclear aad
fuzzier vecome man's answers. To deal
with scch kind of ansviers is beyond the
capacities of a systen pased on categori-
cal "Mlacx and white'" reasonings of tae
type “yes-not" or on logical formalisms
8uppos that in the end every ‘formula
leads to the two alternatives "true" and
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“"false" only. An effective questionnaire
system must know how to manipulate with
freely tormulated fuzzy answers by the
inquired men, in order “o obtain from them
as much information as possible, necessary
for taking a decision. The advantages re-
ceived as a result of the doing away with
restrictions on the answers of the inqui-
red men are evident. In the foruier quest-
ionnaire systems the inquired man's func-
tions have obeen reduced to putting a cross
or a circle round either one or anotaer
answer planned beforenand by the inquirer
(questionnaire or%anizer). the system
manipulated with freely formulated an-
swers

- the sketcnness and triteness of the
generated answers are avoided;

- the rise of descredited question-
naire realization (as a result of in-
correct planning of aanswers) is winimized;

-~ the individual specific features of
information given by the questionnaire
parvicipators are preserved to the highest
degrees :

.in figure 1 a simplified sketch of
management of group of people placed in a
real ineccurate and potentially uncertain
environment is shown. The questionnaire
system is presented as a necessary interr
mediate link that ensures an optimal func-
gioni?s of block of control (governing

ocKk).

SSIONS AND

FUL2Y SUB3&TS, LINGUISTIC
[100p 4 lelid N i

lefore describing the sistem for pro-.
cessing of ule answers received oy quest-
ionnaire reali:ation, the proolem of find-
ing quantitative estiuates of given veroal
combination (linguistic expressions) is
considered. For solving this problem tae
fuzzy system theory approach of Zaden (4]
is used.

A subset Ue of given set of elements
U can be determined b¥ weans of binary
function b(u) defined for any ueU as

{ iz ueld
s‘u)‘{Oif uiU..



In a number of cases tne strict de-
finition of a specified subset of given
set of eleuents is hampering; Ior exauple
« a deteruination of tne subset of "adult
gen” of tne set of "all people”. In taese
cases it is convenient to use the concept
of fuzzy set defined as follows.

Let U be a set of objects (in gene-
rel, nonnumerical) and 4(«) ve & numeri-
cal function such that Osf(u)s4

for any ue U .

4 set U; of all ordered pairs
($(u) u), ue U is called conven-
tionally a fuzzy subset of U , corres-
ponded to the function 4 end 1s repre-

sented as
W = U

f is called a membership function. In a
cese if U is a finite or countable with

;lunnts W, U4,,... tonen U, is denoted
y ;

u"(*’,u" fl'ugl...?
waere i+ F(ue)

svery membership function 7 denotes some
fuszy subset of [J . The value takes
for a given element uelU is a numarical
characteristic (musure; of the grade of
seabership ("closeness") of U to the fuzzy
subset U, .

Tne operation NOT and POWSR & (< ?0)

on a given fuzzy subset Uy and 4ND or OR
on two given subsets U, and Ug Eﬁ?, Uyl

are defined as rollows:
Nor : W, = (4-4)IU (1)
poue : Uj = #Y|U , 470 (2)

AND : WgAUg = min (£9)IU (3)
OR : Wy V Ug:= max (F9)I1U (&)
If the set Uis a finite or countable

one, i.e. U : {u.,u‘, .. § » thens
Uy = { (4-4)lue, (-F)1Ua, - b (1)
u;.{;,“lw,;;‘lu,,...j (2)
U AU = (min (4090w ) )

U‘VU,'(”"‘(A,S:)IU:,--J (&)

Bvery linguistic expressioa repre-
geats a primary term or & cozvination of
prinary terus, the negation ‘not", the
oonnectives "and" and “or" and sowe lin~-
gulstic hedges. (Only comoinations ad-
alssible in tie natural langusges are
considered). : :

The prmarg terms are labels of spe-
cified fuzzy subsets (e.g. 'yo e
%g14%, “large", "small", Wglever',
w“gtrong”, “"pretty", “capable", etc.).

the linzuistic hedges express soms

quancititive characteristics of tine pri-
aary, terus (e.g. “yery", "much", "littley
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“glightly", "more", "less", "more or
less", "scarcely", "gubstantially", 'un-
considerably", "enoufh", etc.).

The fuzzy subset (i.e.) its wember-
ship function) corresponded to a given
linguistic expre¢ssipn is fouad by means
of operctions - 1 +&} executed on the
subsets wnose labels are primary terms.
It is to be noted that:

- operation HUT is used in cases of
words like "no", "not", “‘neither", "no-
body", “never", etc.

- operation AMD is used in cases of
words "and", "out" and other words with
similur meaning (''whereas", "waile", etc.)

- operation OR is used in cases of
words "or", “either ... or", "neither...
nor" (in combination wita NOD)

- operation rONER& is used in cases
of linguis”‘c hedges (for every 'nedge tae
velue ofxX is fixed); for exauple “very"
snd "much” correspond te U.e operation
SOACENIRATION (« = 2), “1ittle" and
"glightly" - to the operation DELATION.(=
0,3)etc. (ilore detailed - see [1])¢ :

DESCRIPLION OF GeS

The proposed general questionnaire
systen (GQS) uses the operations on fuzzy
sets described in tae previous chapter in
order to provide quantitutive estimates
of tne fuzzy answers received by the in-
guiry. Tne system overcomes a basic di-

ficulty that arise when dezling with the
fuzzy system theory apparatus - & deter-
nination of membership function values.
suaking use of the knowledge of question-
naire participators, GQS ind estiuates
of tiose priaury terms for which is ex-
pected to be uzed wostly in Aupan answers.
A genural sciene oI Ual is shown in fi-
pure 2.

1.The purpose of tae system is to
catch as completely as possiole the basic
tendency aad nuances of public opinion of
proolems crosii vsforenald oy proceeding
tie nezds of i convrol block (see fig.
1) ia invormation. :

2. By guestior=forw making it also
proceeded frow Ine information necessary
to tue control block.

3. an cuxilicry sour o2 ingulry is
neld simultaneously witn tae yuestion-
naire realization. the p se of tais
tour is to find soae quantitative esti-
nates oi i€ prinary Lerus walc tre ex—
pected to ve used ia vae irguired gen's
GNnSWeIs. i

The primary teras taat uave to Dde
estimated are offered to a part of the
4uesvionncire parvicipants in teeé torm of
1ists 91 wduissiole &nswers couposed by
vue inquirer tor each of tne quesvions
put in tne auxiliery tour.



The participacors are to evaluute tae
ruucions of memversuip of eaca ovjekt of
the considered set to the fuzzy sub-
sets that correspond to the primary terms.
The number 5f participators that take part
in the auxiliary tour is determined on the
basis of some statistical considerations
connected with the coniidence intervals of
the membership function estimates 2 .

4, The processing of tne auxilia
tour's results consists merely in fin 3
avarage values of primary terms estimates
for each analysed objects.

5« The questionnaire (i.e. the basic
tour of inqugry) is c.rried out with all
participators. They are requested to write
ireely composed .ppropri.te answers to the
offered questions. Jdnly ¢ “uirect" word-
ordcr oi the sentence of tne answers is
required to oe used, that is
subject attrioute - suvject = pradicate =
pridicacive attrioute (ovject, alverb).

- Bbe The answers c¢re processed in the
following sequenca: ,

i. The whole text of eacn answer is
broken to simple clauses. .

- ii. Cnly the pracicotive attributes
of the cliuses &re teken into account,
since they vear the essential information
about the auvtitude ol tne inquired ones to
a considered gquestion.

iii.Tae prudicative attributes of each
simple clause is vaken up us & linguistic
expression ¢nd is estimateu by means of
tecanique stated in tne previous chapter.

ive “ne s:me tecnnique is applied to
express a i eneral estimate of the wnole.
answer using tne estimates of the simple
clauses and opperations corresponding to
the connectives vetween them (if there is
no special coanectives, the operation AND
is apglied).

7. 3y the analysis oi each simple
clause a separation of primary terms, lin-
guistic hedges, negations, connectives is
made. If the separated primary terms have
not peen estimated by tne auxiliary tour
of inquiry, their inrluence on the estima-
tesof the wiole answer in which they take
part is Sested, i.ec. @ nunoer of values
representing; tuhe ''unknovmn' primary term's
estimate i3 zenerated and tne corresyond-
ing values of tihe ansvers ure foundi it
vaese vilues dJo not differ substant allz,
one oif thnem it téxen «s an answer's esti-
mate, otherwise tue answer is considered
&s 4 non-processed aad the primary term
which iniluence was tesved, has to be me-
morized.

6. After processing of &ll answers g
decision for repetition of tne auxiliary
tour of inguiry or for mak a list of
new ouestions must bde taken in dependence
on the percentaps of the processed answers
(or on some other considerations connec-
tad with tuae qualitutive feutures orf the
information accunulated as a result of tne
.questionnaire realization.

On figure 3 & 1rlow-chart representing
the basic principles or tie questionnaire
processing is given.
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Let us illustrate the functions of GGS by

an egxzmple:
. auxillary tour of inquiry is
realized with University students in or-.

der to receive the estimates of the pri-
mary terms offered to them as answers %o

a question about the abilities (the talent)
of the teachers W, U,, Uy and 4 in reu=

ding their lectures to the students:
foJ

primary terms estimates of

%% g |
‘i"-':ya e 0,7 0,7 0,4 0,3
‘interesting 0,8 0.9 041 0.9
qmmm 0.6 0.6 043 0.5 |,
comprehensibly 04 0.8 Oolt Ou4 _
well 007 0.1 0.8 002
with erudition 0.9 Q.4 0-8 007 .

‘“interesting"

Let us explain some operations on |\
fuzzy subsets applied by the processing
of tae questionnaire. i

Tne set J =:Luﬂ, Upy Ugy Uy k is a_-
set of the lecturers. . 3
According to toe table above, the grade of
membership of each lecturer to the fuzz; '
suvset Uw (reading in a captivating way .

and to the fuzzy subset Uy (arousing in-
terest) or tae estimates of the primary
terms "“in a captivating way" and "interes-
ting", respect. are:

v“in a captivating way" = U4 = {0.7|u4.
0.71upy Oettlug, Oe31u,}
= Uy = {0.8]uq,
0-9|u2. 0.1‘“3. O.9|u.4}
If it is necessary to find the esti:
nates of teras:'not in a captivatini way'
and “not interesting", the applicatdon of

operation (1') gives: ~
"nov in a captivating wgy" = W =

{0e31ugy Oe3Juys OeBluy, 047 Juy

“"not interestiing = =
{0.21qs 0.11uy, 0.9iug, 0u11u,}
{ae quantitative estimate of the ex-

ression Shat consists of the two primary
germs connected with "and" , according to

"), is
sgn)a captivating way and interesting" =

u AlUg= 0.71 ‘0e7luyy Oe1iu ;.
| ivhat l0.3|31§ s 3

The estimate of the expression with
"or", according to (4'), is
“in a captivating way or interesting" =
u,;\/ug'{().ahl.‘ 0.9“12, Dot u3.
Ce2|u,
Let us find tﬁekestimates of the



uipressions “very much interesting" and

“not very interesting ‘and not in a capii-

vating way'. The application of operation

P?’ER..-(. withol = 2 faccording to (2'))
ves:

ﬁver;y much interesting" = very much (U,)

= very (U9)2A= (U,)“
E {O.4|u1, 0.5 uyy O|u3, o.6|u4}
"not very interesting and not in a capti-
vaving way" = ( u’)ZA u* w

= {o.3|u4, 0.2| uyy O.6lu3, O;ZHQJ
/The hignest grade of membership to the
fuzzy subset "not very interestfng and
not a captivating way" has tie lecturer
u3~§006)/0

24 Bgethe realization of the question
naire, the ingquired A has given the fol
lowing answer to the question:"Does u,

read his lectures good?" = "u1 reads his

lectures in a captivating wpy and very in
teresting. Well, I must say? he spoaiz a
little quickly or not quite comprehensi-
ble, but it doesh't hinder him to be a
ood and exceptionalli erudite lecturer".
he corresponding estimates received b
the procesain% of the answer (using tge
data for u, from table above) are:

in a captivating way = 07 2

very interesting = (interesting)“=
= 0.6 = 006“‘ .

s 1ittle quickly = (quicklyf‘=0+5.

0.69°2 = 0.77

not quite compre-
hensible = not (comprehen-

sible)x=? =

1 - 0042 I=A 0084
good = well =0.7
exceptionally erudite_ (eruditef"z;s <

= 0.92*2 = 0.75

Tne estimates of the simple clauses are
correspondingly: ;

first cluse: nin(0.7, 0.64) = 0.64
second clause: max O.7§.¢.84 = 0.84
third clauses min(0.7, 0.75) = 0.70

The estimate of the whole answer is

min(O.G‘h 0084. 0070) = 0.64
0.64 is the grade of membership of the
lecturer to the fuzzy subset "good
lecturer".

Javing on disposal the avaruge estie
mates of all answers, G4S can offer de-
cisions, cdserning the career of ui,u?,
u, and u, as lecturers, to the block o

control (see ft§.1).

; GQS is realized on the com uter
JIINSK 32. The software realization is in
language of assemblorl the details of the
realization are not discussed here.
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CONCLUSIONS.

was applied for finding the
quantitative estimation of the attitude
of the Sofia University students to the
whole process of instruction (lectures,
exercises, out-of-class work, how the
students spend their free time, etc.).

A merit of the system is its "ability" not to

to be "deranged" when chancing upon fuzzy,
ure human linguistic expressions (it is
wn that the functioning of all des-
cribed formerly systems of artificial in-
telligence is paralysed when they coma
across such fuzzy terms). This makes us
think that GQS is a step towards a compl.-
ete artificial intelligence synthesis. &s
to the control of complex systems like gr
oups of f:gfle. GQS could be a really use
ful and spensable adviser to the block
of control (governing). Some shortco s
of the system like unskilful handling o
synonyms and others are & result of the .
salient features of the natural langua=—

ges [3]).

NOLECLATURE

L quantitative estimate of

an - avarage quantitative es-
timate of the m-th ques-
tion

Ap = answer of the n=th ingui—
red to the m~th question

e % number of non-processing
answers to the m-th ques—
tion

) - total number of the ques-

tions offered by the
questionnaire

- number of a guestion

m
N - total number of the ques-
tionnaire participators
n - number of an inquired man
PT - primary terms
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