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"HaX 0B ¥ MHEMHBAUHEN MEOXECTES Oruz=Eaxces,

Abstract . COZEDESHNE . Streszczenie

This is new simplified version of ideas given in: W, liarek,
.Z. Pawlak: Information Storage and Retrieval Systems, Hathema-
ftical Foundations, Theoretical Computer Seience 2(1978) pp.

4,331-354, and in Z, Pawlak: Mathematical Foundations of Infor-

mation Retrieval, CC PAS Reports No 101(1973), concerning infor-
mation systems. :

Presented approach offers more adequate tools for dealing
with problems releated to information systems. In particular,
the notion of independence of attributes is defined, as well as
minimization,problém for attributes is formulated.

HagopManEOHERe CUCTOMH

Hpnaonnrcr HOBa&Z BEPCHA QODMSIEIAIAN HNOHATHSI UEGCQLMELHO K~
Ho# cmcTemu, paccMaTDEBESMCH B paforax B.Mepra u S.0zpasza
"Information Storage and Retrieval Systems, Mathematical

Foupdatlehs“. Theoretical Computer Scieces 2 /1978/, pp 331 -

5

354, E Z.laBrgra "Mathematical Foundation of Information

Retrieval". CC PAS Reports No 101 /1973/, xoropea zeer soanci-
ECCTH BReZeEWS UPocTO# {OPMYIHLOBKE UDCGIEN, CBEIAHELT

Ho#t obGrzcTeb. B TACTHOCTH YTOYEZESTCH NCHATHR 3J8BWCHXOLDH JI7mHe

€ Lak-



Systemy informacyjne:

nego rozpatrywanego w praéach W. Marke i .Z. Pawlake "Information
Storage and Retrieval Systems. Mafhema'lfical Poundations®. Theori-
cal Computer Sciences 2 (1978) pp. 331-354 i Z. Pawlaka "Mathe~
matical Foundation of Information Retrieval", CC PAS Reports

'Fo 101 (1973), ktéra pozwals na prostsze niz poprzednio formutow: .

wanie probleméw z tego zakresu. W szczegélnosci sprecyzowano po-

" jecie zaleznosei atrybutéw oraz minimalizacji zbioru atrybutdw. -

Podano nowg wersje formalizacji pojecia systemu mfdi'macyj-

This ie somewhat modified version of ideas given in ]_1:

and [2].
1. INFORMATION SYSTEW

Definition. An information eystem is 2 4-tuple

S = <.x, A, kQ.r g7 ’

'~ is a set of objects,

~ is a set of attributes,

X

A

Q - is & set of descriptors,

g = is an informstion function from XxA into

Let Q,C Q, a€A, denote subset of Q defined ag follows:

Qa ={q€Q :’Z s{x,a) =q/ l‘

Thus Qe

attribute a&. We shall also refer to the elements of Q, as vzlue:

ig the set of all descriptors assigned to the

of a.
The following notation will be used in the paper:

a) Inf(S) = Q" - the set of all informations in §
b) For x in X, 4, 1is to mean a function from A 1into

such that Qx(a) =q if and only if g(x,a) = q
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We refer to fx ag the informetion about x in S

¢) For {79 Inf(S), Xf ={x&X:'gx= f‘ﬁ .

If'__i,p = ¢7 ’ \P ig called an empty information, otherwise

the information is non emptye.

o

If Xp=1, then ¥ ig celled selective information. -

If all informstions im S &re selective, then S ie referred

to ag an selective systeme.

If all informatioms in S ‘are not empty, then 8 1is called

complete.

. Definition. Let S = £ %,4,Q, ¢ ) be an information sy~ -
gtem. Then ";/(a.eA) is = binary relation defined by xaj vy :‘i.ff_‘,
¢ (x,8) =¢ (y,a)s And let fsv be a binary relation on X- defined

L
asgs

va’y_iff. g=='9 .
S 3 X ¥y

Theorem %:» , /;’ are equivalence relations and
~. ~
5. © :
. 8- ‘aje A 830

where © is a product of partitioné (equivelencé relations)
}; defined in @ usual uay.' ‘ . '
7’ for each a€A is an equivalence relation, because
1° x 2: x, tor -$ (a) = ¢_la)
P Ay = yoax “heéausa ‘
m‘v'b'yov'_ "
Syle) = g (e) = S la) = S, (a) R

®. 0f course éiery pubset ‘.‘A'C A"’ ‘generstes ajn equivalent ‘rela-
tion ~ - ~

e B, .
ais A i

2

in‘pazticular S =A .

BARIEIEERS

w?—

3° 1z x:z‘:y- and y/“{/ z, them x ¢ z, because if

. a
3:(&) = g () and
gyla)= g,la)
then -
g la) = g, la)
Similaerly, g’ is an equivalence relation;
. o . . .
1 Jf:g’ X, bepause 3. = 34, N
2° -if x /‘-5/ y, then ¥ 3—/ x, becauge : O

$:73y » 35 %

3° - if x_g’ y and
because

Pinally, if

' Wnd this 1mp1ies _

e X g

ach g“a) Fyte)

hence L
Zelag) = 9y(ay)
. "gx(ﬂa) ‘-‘Qy(az)

gx(an‘)v =: ?y‘(a‘nl) ;

y/g' z, ~then ~ x /\.’z:',

S

xg y, then §x= jy

ST IAQELT A e Ag(x?,;; 7 =

R
EiEA i

. The converse implication is similer.

Sem gy M Gye g ey S-S
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2. LTTRIBTTES

~
in e system S (5°C §) irr 3°C 8.

5 L .= P, P
Defirition. in informetiprn system S is seid to be included

o~

Definition. Two informetion systems S’, S are said to be

equivalent iff 7~ = /Q\/ .

g {

”

Let S°, S be two information systems.

.

Vs
r 1=%", ¢ CQ 4°C4s, and

¢ =S s

then we shall sey that S°.is wesker then S ,

than S° (S5°Z S). Of course if S°< 5 then 5" D S.

It S1, 82 are information systems then s'= S.‘ U 82 will

pe celled join of S1 and S2 - and defined in the following

manner:
X = X.‘ [ xz,
A= A.‘ \/Azg
- C=Q v Qav
§ =94V 92

and -
= ¢

57
Xqx Ag 1

'

/+ .=
LyX 12 2

noreover

/ :
(x1 n.x-z) £ (A.‘A 52)

g

2/ |
(x1/\ 12) X (A.‘[\ Aa)'

or S 1is stronger

A

~ 9 -—
Tvery infcrmation csysiem S = {X,A,Q, > may te representac
a8 join of cne attribute systems S =\ 5., where I, =
. fa it gk -

= <X,ai,QeiSi7 y 8,6 4 =.:{ Byrererd 5 .

Let S.‘, S be informetion systems such ‘hat

2
Xy = X A, = & Qe F 2y
. 1 [ | 21 =4 ‘5
/\:" f\-/2 2 <. -
I 8 C a for all acA({A’) we shall call 54 Iim
than S,, or S, cruder than S, (5,0 S,).

~ A
Ir s, L sy then 5, C Sy
L :
(:1, 82 are equivalence relations aefined by attribuis @

syétema S1, S2 respectively) .

Definition. let a,be 4 be two atiributes in an infeorus-
tion system S. Attribute a 1is said to be ineluded in b
A 7~
{a=» b) (or b is dependent on a) iff acb; a end b =are

A~ N~
equivalent (a,~b) iff a = b.

If a-> b then theré exist a function

b 3 QE — Qb;

.which means that the value at atiribute a uniquely definee the

value of attribute b,

- Definition. The set ‘A of attributes in 5 is called

_independent in' 5. iff for every ACA /.7 ; if there ic
‘a.eubget’ AT A such that A% = A, then the set of attributes

A will be called dependent in S.

Definition. The emallest set -Ac A such that 2% is
independent in S = { X,A,Q,37 will be called reduct of *,
snd the corresponding system, » s’ = < X,A ',‘ Qy 31) - reduced
system ( .¢/ . is the restriction of the function § to the
set 4%,
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Theoren For every information system S, there exists
. = L d
arn equivalent reduced information gystem S .
Theorem If an information syetem S 1is complete, then
ineolo

s ig reduced (the converse implication is not true).

Theoprem If S is 2 reduc.ed information system, ‘then
all its different attributes are pairwise independént (converse
ig not true).

Froblem. Given an information system S.

Finc‘x‘an algorithm transfering S to & reduced forme

This problem may be algo stated as follows:

et X be a set and = "Zﬂ qreees /7n9 a- finite
’famlly/{)}" equivslence relations. on X (partitions of X) end

let /7 be defined as
~

‘ /7 . Cf) r_,
nien *
(/ - is a product of partitions .

#ind the smallesi subset " C Tl such that “7\7/; = % ‘

3. THE LARGUAGE OF S

nn the system S we agsociate the language O({’ s*
Let ug first define gyntax of 0(— s*
An zlphabet of ¢C g (denoted = g) is the following:

. ,
© qcZg, & CZg
2° o,1éfs

° A ',+6is

- o

-1 -

5° ‘I,A,:v c Z
. =S

o =

6 3 Zs

Terms J g 8re defined as follows
1° 0,1 € S;
2° AxQC fr

3° utt'efr then
t, T .17, t+t‘€d

4 Nothing else i in: 9/3

&
Formulae Jg 8re the following expressions
© nreY; B

2°

. 2 Sy
it 1,80 € JS, then t = t* € Jg
3° 12 Y, \V = J’s, then

TV PV Y \PAW eo‘

Nothing else is in J’s .

Ve

(¥

4°

Semantics of the language will consist of two parts:

42“‘1

semantics of terms and semantics of formulae.

Semantics of terms is the function<’,

q—» CD (x),
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where
1° 6ot =9, ‘.6%(1) =X
2% G'T(a,q) = {xex : gla) = q}
2° 6 (~t) = X\E(H)
6‘5.(1: . %) G’S—(t)n 6’5«(t’)

gsmh 5, (+).

Semantics of formulae is the following function

6‘5:: ? — {T,F} N

Gt + )

ere

10 6§(T) = T, gg(F) = F

2° (7=t*) =
0 Gkt = T if 65",.(t) = &{t7)
* F if %,(t) 4 b}(t')
T if (V) =F
®  6¢04¥) - o
P if 6F(¥W) =1

© Er (YW =65(Y) v Y

5° 5§(‘~H AY?) = %(Lr) A 6'5(%)

Definition , A term t is primitive if t is of
the form

(31$q1) . (aZ’qE) Cees (an.cqn):

- 13 -

where 4 = {51,...,51)} " and Qqaeesqy € Q.
Definition A term t is in normal form if t is of
the form '

.t1 + it 4 e + tr,

with r>» 1 and t.l,...,t primitive terms.

r
Definition Let Y CX. We pay that Y is atomic, if

there exists & primitive term +t such that

s‘g’,(t) =Y

( Bote thet non empty atomic dets are exectly equivzlence

~/
clasges of the relation S ,)

Definition. ILet Y € X. We say that Y 1is descritalic

if there exists a term t such that
G'S.(t) =Y.

to denote the set of all primitive

We will N
e will use prim
terms and g-nor to denote the set of all normal terms.

Theorem. Let t,t* g be two different primitive

prim
terms. Then
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Theorem. There exisis an algorithm which for an arbitre-

ry term 3 constructs a normal term t*  suchb that
» ' 4
65t = 607

Corollary. Let Y& X. Then Y is describable if and

only if Y 1is a set theoretical union of atomic getse

- 15 =
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