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Abgtract * Coixepmaune e Streszczenie

In the part I we introduced a syntax and semantics for the
theory of information storage and retrieval. Here we present a

development of this theory.

MaTemMaTuuecHoe ONUCARUE [pouecca NOMCHA

¥ XpaxeHLA MHGOpMaUuK. Bropad 4acts

B mepsoil wacTu GHJ BBEZEH CUHTAKCHC ¥ MOJEIM XPAHCHWA ¥ IIo-

ucxa uutopuamym. Cefiuac DPMBOAMTCH DACUMDEHMS BBEAEHHOI TeopHU.

Matematyczne podstawy gromadzenia

i wyszukiwania informacji. Czesé 2

W czesdci pierwszej wprowadzilismy skiadnig¢ i modele teorii
przechowywania i wyszukiwania informacji. Przedstawiamy rozwinie-

cie wprowadzonej teorii.




§ 1. DEZSCRIBABLE SETS

Definition 1.1. Let 5 =<X,4,I,U> be a system of i.3.7.

A set YeX is called describable within S iff there is * e
such that fJtf. = Y.

Lemma 1.1. Describable subsets of X form boolean algebra.
Proof: It follows by the choice of sxioms for tarms in our
system.

Lemma 1.2. If £ is finite selective system then every subset
Y&Z is describesble.
Proof: Assume tx is a term describing {x} {such a term exists

by selectiveness of 5). Form ;;; L
mes |33 60 J{s} -

Remark. In this point there is a difference beiween finite and
infinite i.s.r. systems. Indeed assuming the language J&
finitary (i.e. ellowing only for f{inite coajunciions and disjunc-
tions) with A infinite it is easy 1o produce infinite selective
system with nondescribable subset (usizg cardinality argument).
Since the fact that every subset is describable implies selective-
nese we get - by lemma 1.Z.

Theorem 1. If S iz finite i.s.r. system then S is selective

_ZD every subset o X is sescribsble within S.
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§ 2. DPERATIONS OF I.S.R. SYSTEMS

Definition 2.1. Let § = <I,A,_I,U> be &n i.s.r. system.
Let {13} jor be @ partition of the set I.
An induced family of systems {Sj}JeJ is formed as follows:

sy = <x,A3,13, ;> where

J
() A% = jq1. M

_ J
() vy = yhad
In the same way the family of languages {'Cdi is induced clearly
nLj co:»rrespo‘nda to Sy ' l
ﬁefinition 2.2 Iet {SJ}.')GJ be a family of i.s,x;. systems l
(84 =<X.Aj,IJ,UJ>) and moreover i £ jw>atand =g - ;NI
We define: |
@ 5, =<X,A,I,U> where A - Uad, 1=U I, 0= ‘Uaj.
Jed jed j€J jed

Note that I%I induces partition I = I‘L(I - I°).

And thus we naturally obtain reasiriction of S to 14
Definition 2.3. ILet §; -<Xi,Ai,Ii,Ui> i =0,1 be two
i.s.r. systems. We say that S°£S1 itf

{a) XOQ X,

(b) a°g4!

(c) 1,€1,

@ tylenx, = Tyle)

CIFARY PN
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Lemma 2.1. Assume S =<X%X,4,I,U> is i.s.r. system, {Ij}jﬁJ
is a partition of I and {SJ.} jed is induced family. Then for’

each J€J, SJ-SS.

Proof: The conditions (a), (b), (c) and (e) are obvious.
Since the carrier of Sj is X therefore our condition (d)

takes form /\‘j Us(a) = U(a) which is condition (b) of 2.1.
aeh

This shows adequacy of definitions 2.1. and 2.3.

Lemma 2.2, Under obvious assumptions SJ ‘j?J SJ

Theorem 2. Assume SOS S, and let t bea term of the language
,(ho. Then "t"so = |¢ "81“ X

Proof: By induction on the complexity of +t.
If t is an atomic term L.,e. t 1is c, then the condition
2.3.{(d) gives the result, If t is T or F it ie equally

obvious.
Assume now +t = -7 t, then

It !so = “"‘t1 "So =% - it1"so =X - ("1‘1"51"}{0)
(here inductive assumption is ueed)‘

L= ('t1ls1nxo)

L]

(Fn %) = Utells,n To) = (X = Jrqfls )% =

#

Pels, 0 % = |t||s1" Xy

Asgume t = t.l . t2 then

“So = |t1lsc; n Itzﬂso = |t1 Hs1f\ X, n s ﬂs1 nx, =

[t4 s, o Bt2lls, 0% = [t 1A%
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The case t = t, + tz is simildr. Implication is eliminated in

obvious way.

Definition 2.4. (a) so-;-: s, iff S,c6, and X =X,
C . (4 o _ 1
(v)- So T 54 iff 5,€B, and A" =4
Lemma 2.3 If S &5, then I_ =1
Lel *oe oX "1 ) 1

Proof: by 2.3.(e) A0 =4l for i€I. If I, -I #¢
then by conditions on I and A ‘iLejI A, = A°, iLejI1fAi. = A1).
0 ) .

v 3 U 1y _ U 1., _ 1[
Thuse iGLjI1 Ay = A u(ieI1-I° ;) = A. Thus 1€1,-1 4 ShosEr A

which contradicts the fact that I1 is @ partition.

Theorem 3. If SOQS then there are i.s.r. systems 82 and

4
S3 such that
C c
T S203
S0 ST
c c
x S3 1

proof: We define S, as follows: X, =X,, Ay =4, U= U1PAO.

Similarily 83 is defined as follows X3 =X
U3(a) = Uylaln X .

Ve leave to the reader checking of the details.

Theorem 4: {a) If S is i.s8.r. system and Y<I then there 12
5" such that S ¢ S° and Y is describable within s’

(b) If S is finite i.s.r. system, O is a boolean algebra of
describable sets (within S) and B is any boolean algebra oI

subsets of X such that & € 8 € P(X) then there is S’ such

-9_'

that S -? 5’ and B is exactly boolean algebra of describsble

subsets of 5°.

Proof: (a) If Y 4is deacribable within S then put S%= S.
sssume Y 18 not describable within S. Add new element i'*l
and two another elements a’, a" both not in AuwI. Form

a7 = Au{a', a"} , 17 = qui'} ) Ay = {a', a”} , U'(a”) = ¥,
U’{a") = X-Y.

Clearly Y is describable in S°.

{(b) Follows from (a ) and following observation:

If Ye B and (<D (X,B boolean algebras of sets) then the
smallest boolean algebrs [a, Y] containing (x and .Y is

included in B .
§ 3. IMPLEMENTATION RESTRICTIONS

Definition 3.1. A family e P(X) is called conus iff

(A)a (B) (Bga—>BE ()

Definition 3.2. A sufficient informstion in selswtive i.s.r,

system S is & conus X ocontaining all gingeltons..
Definition 3.3. A term t is conforming s.i. ¢ iff ftjedX

Lemma 3.1. The set of terms conforming s.i. & forms & sub-
family of T closed under e , S '

Definition 3.4 If (X is a s.i. for S we define
Gy vty 7 Ul = gl & DVl g dh,dgf o)

Lemma 3.2. "™~ 1is an equivalence.
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lote that in practical applicatione relation ~~g plays

important role.

Definition 3.5. Every term t,<% such that [t4]< ¢
i3 called sufficient extension of t for Of .

Lemma 3.3. The set of sufficient extensions of t for (X is
closed under ® . However it needs not to be closed under +.

In practical situations we consider systems with numeration.

- Definition 3.6. Let LT, £ > Dbe an ordered set. If S =<X,A,
I,U> is an i.s.r. system sand € : X 1211 then ¢ is called
epsumeration on T.

Clearly ¥ induces sn i.s.r. on €% X, isomorphic to S.

Definition 3.7..Tem t is called segmential in ordered i.s.r.
system <8, > iff .b‘€*(‘|t fs) is e segment in <T,<>.

" The segme_aét are particularily convenient in the process of
retrieval. Thus we may wish to have certain terms in segmential

form.

Lemma 3.4. The family of segmential terms in <£S,¢7> 1is closed
under ¢ .

Let TN be a family of terms such that ($108 ), (84 # t,—>
Ht1lls/\“t2“5 = ¢) then we have

Lemma 3.5. There is well ordered set < 7,< > end enumeration

g: X g;—lo—> T such that each term 1€ML is segmential.

lYorsover we may order that fixed term +t€77 generates an

initial segment of T,

Proof of 3.5. being straightforward we omit here.
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The problem which families of terms may be segmentalized seems
to us to be of big importance. We do not know any sufficient
and necesssry condition. Yet we give here certain sufficient

condition.

Let M be a family of terms, S an i.s.r. system.

M d4s said to satisfy condition C with respect to s iff
decomposes into two subfamilies M” and M” such that '

(a) Every two different terms in 711’ have disjoint values (inrs)
(b) There is a decompomition ¥ of N’ such that for every class
W of ¥ there is at most one term te MY such that

|t|s‘iﬂg tls moreover

If W is a class of the decomposition X (as before) then there
are at most two terms in W which values (in S) are not included
in that of <.

We have:

Theorem 5: . If TIL satiisfies condition C with respect to &S
1=1

. then there ig ordering < T<7 and ©: X ooto—~> T such that

all terms in t are segmential in <S,€ > .
Proof of this theorem will be published elsewhere.

In the further work we shall present the hierarchical approach

within our framework.
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