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CLAS - A ~'ORMAL AID TO DATA ELEM~;NTS
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Duson l\lALBASKI, Donilo OBRADOVIC

Uni versity ofNovi Sad, Focutty o('J'eclmic,,1Sciences,
'J i-g lJ. Obradovica 6, 21000 Novi 5.'1(1. YIJf.{(l~II1 vio

Abstract: The method CLAS (Continuous Logic Attribute Synthcsis ) is u formalisat ion
of the standard method ruun ed Synthesis of Attributes used for identifi cation of ent ities
and at t r ibu tes in informat ion sys te ms design. It differs from the original method in a
sense that the subject iveness in the procedu re of evaluation of parameters is
elim inated by in t roducing formalised quantitative measures for elementary cr iter ia .
Also, the three global identification criter ia which may cause II con t radict ion arc
reduced to one by the use of cont inuous logic funct ions.
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I. INTROD UCTIO N

One of the major issu es in systems a nalysis, part icu lar ly for process-or iented
me thods is the pro blem of data idcutificaticn , e .g. the problem of reCOb'1\izing a datu m
as un entity or at t r ibu te. It is well known (11that those properties uru nut inherent fur
data, m eaning that a datum ca n be interpr eted as an en t ity, at tribu te or even
relationsh ip depending un the environment,

This paper deals with a semi- forma l method fur data classificatio n named
Sy nllwli is of Attributes [L], which is based on t he statist ical model of t ill' infurmat ion
system analyzed . Items of da ta (we will nume them da ta clements for t he sake of
clearness), or rather the part of t hem conside red in ou r discuss ion, arc class ified into
the following catego ries: entit ies, st ro ng entity at tributes a nd weak entity attributes.
The meani ng of t hese term s is standard lind is thorough ly expla ined in (11. Stat is tics
are introduced a s an aid to classification because , as m entioned , the type of data
elemen t depends on other date elements in the system and their relation the one on
hand, as well as because of some u ncertainty of choice wh ich is u nfortunately true
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It is r e dily noticed that th b se of the method incorporates four me su r s
wl cse values are not precise: h re we have in mind the tel' s II f n'' (in t el finiti n

f ::I C W 11 as "lar 11, "sma 111 d "m diurn" C un in i m . T r e I ture f
tl OSC measures C early uggests th the eval ti n proces s 1 ute
subjectiv and the ' of tl original Attribute Synthesis method w s d
lev I f u )jectivene much a possible. It i d n tough 1 us f his ogr 11

and isu judgem nt be eel on them, ere is ief description of th ori fin ' 1 ethod,
[1].

Let (e1 .. . ,ek) a id (P l' ... JJn ) e the sets da a elei e t nd proc sses

respectiv ly. We start with a matrix M, h x n, the Ierne t (i ,j) of which i equal t 1 if
d a lament ei is us d in the process Pj and 0 the i e.

N xt, w define set f three vectors, the f st b ing a vecto u with It. elee ts
wh r

vIi] =M[i, ] + ... +M[i,n.) i = 1 ... ,k.

pparently, each ele ent of vector u is equal to tl e nu n er f r ce ses the
c r pone ing c t ele n ei's used in, This vector i c 11 d vector of abs lute usag
and serves as a quantitative me sure ofNI' The second 11 .S lam 1 vect r f glol al
SillU 1 une u sage cen ted by q whose 1 ments are

Il k
q[ ']::: L M{ ',j]M[l,j]dlj

j =li=l

wh ere dlj is 0 for 1 =j nd 1 otherwis . It i not diffi .ul to realise that q (i] is th
nurn er of other data clements usee in c njunction i h he dat lem nt e. , so i
v ue is rel tee tht P' am tr N 2' The paramet r 3 is SCI'ib b the u e of thi d
v cto r : vector of -el ive sun ltaneous usage t with h ele nts. n 01 r t efi e this

vee r we) ust fir t st: bli h auxili 1'y matrix R, h h with elemen
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RII" j : f M II,j IMI',}, 1%1
J= I u[i ]

where R [I, s] = 0 for t = s by definition . The eleme nt R [l , s] is a mea sure of
simu ltaneous occurrence of duta elements el and e. relat ive to the total nu mber of
occurrences of et• Based on R the elemen ts of relative simultaneous usages arc
ca lcu lated as

"L a(i,s, z)

'IiI : -"""-' ---",..­
qli )

I The value a(i, s, z) is equal to 1 if R(i,s ] is greater than parameter Z and 0
other wise. The parameter Z is used as a border between large and small elements of R
and it is usually take n to be arou nd 70%.

Now, the axioms defining candidates for the three types of data clements tu rn
into the following ones: a data element c j is a candidate for :

en t ity if v til and q (i) are small and i [i] is small,

st rong entity attribute if v [i ] and q [i ] are small and t (i) is large,

weak entity a t tribute if v (i) , qliJ are medium.

The finul s tep in the (or iginal) method is to decide upon the va lues of these three
elements. This is done th ro ugh the use of histograms (with adopted value of e),
provided that the procedure is the same for all three of them. Let p be any of vectors v,
q or t , Then the h istogram is drawn with the x-axis represent ing the va lues of
elements, and y-axis containi ng the number of elements that are equal to x , us seen on
Figure 1. Such histogram tends to the normal distribut ion for vectors IJ and q , while
for t it has two peaks. In any ca se, two points xl and x2 on the x- axis are visually
determined and values of p smaller than x l are taken to be small, the ones larger than
x2 to be large, and the res t is medium. The underlying argu me nt is given in (1], so we
shall not discuss it in detail.

x,

Figure 1.
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The choice of xl and x 2 is made visually in such way that the major ity of elements
fall in the "medium" range.

The semi-subject ive decis ion described has at least two considerable drawbacks.
First ly, the borde rs X l and x2 are defined visually and even the sensitiveness of this
method is impossible to predict, not to mention the potential errors. Second and, to
our opinion worse, disadvantage is the luck of unique classification criterion because
the decision on the type of data element is made on the basis of three criteria (u, q and
/) which are not necessarily disjunctive. It would be obviously mu ch bette r if the
classificatio n criterion was unique since it would eliminate or at least redu ce the
appearance of situat ions where the values of v, q and t are contradictory (such thing do
happen).

2. QUANTIFICATION OF ELEMENTARY CRITERIA

To solve the two uforemontionod problems, e .g. to minim ize the level of
subject iveness present in the origina l method as well as to reduce the number of
criteria, the method named CLAS (Continuous Logic Attribute Synthesis ) is developed.
It is gene rally based on continuo us logic functions, and specifically on the method LSP
- Logic Scoring o[ Preference int roduced by J. Dujmcvid ({2 ], [6), described also in [3» ,
and which is intended for different purposes than data identifica t ion.

The main idea is to replace all Boolean logic statements in the model (such as
"data clement IS entity" or "Data element IS attribute" etc.) by continuous logic
statemen ts that are not only true or false , but can instead take all values between
100% meaning "true" and 0% meaning "false". Thu s instead of stat ing for instance "e, is
an entity" we say ~ei is an entity with 80% confidence".

In order to introduce a backgr ound for continuous logic we mu st first transform
the measures u[i], q (i] and t lil, i = 1, ... ,h, into elementary criteria rtmgillg between 0%
and 100%. Also the transformed values mu st in some way represen t the position of
particular vector element relative to the other elements. Let bll(x ) be the number of
u-valucs (elements of vector v) that arc smaller than X where x is a free variable. Let
c/x) be the number of those that arc equal to x. Then

fll (x ) = bll(x ) [%)
k-cll (x )

is the percentage of elements of vector u smaller than x , thu s representing the
measure of the relative posit ion of the elemen t equal to x in vector u. So, if [ II(X) is large
we may conclude that the u-element vii ] equa l to x is a large one in the environment
defined by v. all the other hand since [ II is in range [0, 100%) it can be in ter preted as a
continuous logic score of the statement "v[i] is large". Finally, having in mind that v{i]
is measure for the cri terion N i' W(J conclude that [ II( v [i ]) can serve as a continuo us
logi c score of the statemen t "The nu mber of processes in which data element ei is used
is large". Exact ly the same argument holds for q and I leading to twu additional
elementary crite ria, {q lind fj •
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Using' the same epprouch we define six additio nal elementary criteria: three of
then gu ' gq lind g l represent the logic score of stateme nts "v I q I t are small", and the
rest hu , hq lind ht serve as a score of statements "v ICt t are medium". It is easy to form
their definition based on the relat ive position of the corresponding vecto r respectively
as

elx) = 100 - !lx ) [%)

" lx) = 100 - 2 ubs (flx) - 50) [%[

where f is t, for v- value s, fq for q- values a nd f
l

for r-values.

Heturning to the sta rting identificat ion criteria we see that a data clement cj is (in
the ideal case) an ent ity if -

fu ( v lil> = 100% fq(q lip = 100% and c tU li j) = 100%.

Consequently, it is an (ideal) strong en tity attribute if

gu( v til ) = 100% Cq( q [i]) = 100% and f/ i lij ) = 100%.

Finally, it is n weak en ti ty attribu te if

hv( v [i] ) =hq( q til ) = ht( t (il ) = 100%.

3. AGGREGATION OF CRITERIA AND TESTING

Looking a t the results uf previou s paragraph we see that three global cr ite ria may
be constructed. The firs t is the one which would give a con tinuous logic value of
sta te ment "e, is a n en t ity" a nd it has to be constructed of the elementary crite ria
fu( vliP ,{qtq[ ij ) a nd C,(t lij ). We denote it by P(ej )' Next, the global continuo us logic
score of state ment "c j is a str~mg entity attribu te" is evalua ted th rough gu( v[il) and
Cq( qlil) andft( i (i l ) and denoted by Gk ,). The sta teme nt "c. is u weak entity utt r tbu te"
is evaluated through the global criterion H (ej ) consisted of compo ne nts h",( v li l ),
hq( q( i l ) lind h/l [il ). To decide upon the type of data element e j we compa re the
corresponding values of F, G and Hand assib'll to it the type given by the sta temen t
with the largest score. It turns out, as seen later in th is pnragrraph , tha t it is possibl e to

establish lcgt cel tests for every global score individually, enabling thus to determine its
level of correctness irrespect ive of the other two.

The global cr iter ia P, G and H arc formed from t he elementa ry criteria by means
of agbtregat ion using continuous logic funct ions. Since the aggregation procedure is
exact ly t he same for each global criterion we will present only the method for
ca lcu lat inz F (c .) from r. «[, and g, . The aggregat ion function used is one of gene ral

.., '" q
cont inuous logic functions which have the form ([21 , (3])

E - (I" E' + w E" + + w E ' )11'- " I 1 2 2 ... III //I

0% s E. El' ... ,Em s 100%

o s: WI' . .. ,W m :::;; 1 ; WI + ... + Will = 1

r may be any real number,



1 Jb s i, D. bradovic / C - A forn 1 id to cia .a elements ide. iflc ion

where E, are nt y erit ria in our c se fv t fq and ft. ), wi e weight to s
d notin he cific imp l' an f very e em ntary crite ' 0 11 7 and factor r determines
th t f con inu 10 'c funeti . Briefly) the con tin ous 10 .c f nctior s
divided ' t di june iv type functi ns with r > ,c junctive type functio s with r < 1
and tl ve age (r = ) whieh is of neither type. n order to mak a distinction

1 gic fune i n have a prefix "quasi" ( uasi-conjuncti n quasi-dis] netio ).
If n mp 1 ei ts f u i-disju ctiv type i larg the pr p ·'ate u cti n te d

so 1 rge th 1ar er r he unction is arger while . rge values of quasi-
nc ions are tained nly if all components are simult: ne usly large.

The n t r ric iv type f qu i-co ju 1 tio is the mi ri u n function, where th
ea re tric iv type of quasi-disjunction (the counte part of former ) i the maximum
unc 1

1 e select' g t e ype of logic function to b use for aggi egation we first notice
th t for t he cr iter ion F here is no re son to make any dis inction between th: reh tive

r TIC of ny ompon n e entary criteria, so

WI ;:;;W2 =W3 =3

he 19 f· cto r offv ' w 2 is th weight ' c 0 of fq n l is the s " e for

upo h yp of h nction is slightly more complicate qu stion.
th fur ct io hould of th conjunc ive yp inc ic is ne essary that II

e 1 n y cri er i b s isfied imult e usly, the 1'e 11 ein h t 11 d le ent
ype is det e ine by all three them at the same time. 'I'hi me ns that r < 0

meaning th t th logic n i type is conjunctive . F r tho e function there exists
wide ctrum f po ibilities from the value near to arithmetic ean (r - ) to the

t t . j ti nih r =- . Since there is no more' rforrnation wh t ever which
waul e use to specify h x ct v ue of r, we e f rce t u e me kind of av r ge

rd hi a 0 t fune iced mean u i-conjunc i n f r \ hi h
r - - 0.73 [4], [5). hus, the ggreg tia of fu ,fq and gt is d ne by the us of iterion
F e) f th or rn

el 1 nt. It i an en ity if
h 1 rg t n and w ak

ft- .7 r .73

li wi e.

red

[

fu-0 .73
F( i) =

N

'I

-, - ~ -

f F, G
gh h u

c us 1 c
n
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......here ..., E is a negat ion of E. This kind of negation is directly used for testing the
opposite state ments of the ones that define data element types.

Apart from that fairly simple case, every statement cun he tested for lcgicel
correctness using the foUowing reasoning : let e j 00 the data clement which is u
ca ndidate, let us say, for ent ity (the line of reasoning is ident ical for other two types).
Th is means that F (e,) > max (G (e j), II(e j»' By usin g continuous logi c it is possible to
compu te the logical level of state men t "ej is an entity and it is nei ther strong nor weak
entity attribute". The corresponding expression is

C ( F(ej ), ..., G(e j ) , ..., lI(ej»

where C is one of conju nctive functions (the formula of type (1) with r < 0). Obviously,
the same is possible for G and H .

4. CONCLUSIONS

The CLAS variant of Attribute Synthesis method gains its re lative advantages by
introducing continuous logi c in to the classificat ion process. The main advantages if it
n<e

• The level of subjectiveness is decreased, leaving only one parameter z (used in
calculation of vector t ) to be adopted provided that the range of its possible
values is rather narrow. At the Slime time the visual determinution of other
variabl es based on h istograms is completely elim inated.

• The number of independent crite ria is reduced from three to one (maximum
of F, G and H) eliminating thus the possibility of contradictory resul ts.

• A powerfu l tool of cont inuous logic funct ions is available enabling various
kinds of tests for state ment correctness .
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