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1. Introduction
This paper is concerned rvith a nathematical approach to some prob_lens beirrg i'volved in information itorag" 

"rrd 
,ååi";;f systems, whenthe retrieval _request is 'ot precise. a' iripr""ìs" q";;; luo ¡" either in_complete or have solne errors.

studies on rnathematical foundation of information storage and retrie_val systern have been first published in th. p;p;--¡il;j
ied systenrs could. be found in the

constant value on the hole iutervalthe points rno. In mo the function
has a local maxirrrurn In :Í@). ,lhc pair¡ 1*,,, Ir), i:T",;:;'N',1¿ = llt, ch¿Lracterize the o'alyr*¿'ro¡ot.-nce. A rnass sircctra ls a srjqrlcnceof pairs (tn,, I,), i : l, n. Thc va
of the substancc and the values .I

'lheoreticalTy, to a certain

ectra. pr¿cticaly, the measured rnass
the a_lralysis aud on the cha_racteris_
ay, the mass spectrum obtained in
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an analysis d.oes not coincid.e with any catalogued. spectra and so iliffi-
culties in its identification aÍe risen. If \Me consid'er the catalogue stored
in a cotlputing system, the information communicated to the System-as
a query, i.e. tñ" measured nass-spectrum, does not coincide exactly with

"tr! itriot-ation stored. in the files. The d.ifferences appear to I¿, and they
lead to d.ifferences in the ord.er of the sequence (m¡, I¿), i:1,n.

ler a special type of information sto-
ierarchical systems, which allorvs the
have studied. two rnore problems on

T' åå 
u.'t!,n:l'l:l 

":i i,l 3i' Ji" î'ilä
carl ,,approxiutate" the erroneoús query.

óui itrrLay is based on the mathenrãtical mod.el introduced. by lVI. Marek
and,z. Pawlak and some other results due to w. I,ipski and M. Jaegerma-nn.

2. n¡lfor¡nation Storage and lletrieval Systerns in lllarek - Fawlak Sense

I,et X be a set of objects (like books, d.ocument sor chernical substances),
wich must be id.entified- mosily by their description. For description there
is used. a linite set of criterions, which will be referred to as the set of
attributes. Let I be the set of attributes. An object has, in respect with
an attrthtte, one d.escriptor. F'or example, if we consider the documents
as objects, an attribute of them could be their issue data. A coffespon-
ding descriptor can be 1980. The
symbols from a set A consid.ered. a

valence relation R¡ on the set of
criptors for the same attribute. Th
{A¿}t-t of A into families of equiva 

N

then Aa ) by -2¿ the description- language- corres-
ponding îó a sort of interrnediate language between
proposition

Byan dre
a quadruple consisting of a set of
descriptors A, the set of attributes
a subiet of X to each descriptor fro
be described in the system b^y a vector of descriptors from A, exhausting
all oosible attrtibutes from I'

'opo.rrrtron 2.1. An i,nformøtion storøge and, retrieaø|, systern (i.s.r.
systern) is ø quad'ruþle

J : (x,A, Rr, U)

whcre X is the set of objects, tke cør J ; A i,s the set of d'escri.l-,

totrs and, Rr'is øn, equiaâIenóe ön A dex.,tJ rnøþs A into {p(X)
(U : A -. (B6D ønd' satisfies cond'ítions:
(l) i.[ a.Rþ ønd, a f b, t'hen
(2) U{U(b)lbR a}: X Íor ea
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DErrrNrrroN 2.2. Let J: (X,A,R¡,U) bc øn,i.s.r. sjtstem ønd x e X,
tken,
(a) an informøtion on x in J is ø function f,: I -+ A such, thøt for ølI ieI,

f"(i) = A a.nd, x = U(f.(i));
(b) ø d.escriþtion of x in J is t,: nÍ,(ù.

{Jsing the abovc defined r"riEl the authors introduce in [i] the
notion of describable sct of objects. Since not all subsets of x aie- des-
cribable, as a general fact, there has been investigated the structure of
the farnily of the describabie set. There has also bèen investigated. some
dynarnical aspects of the systern, the case of adding or rertrovãl of some
atribtrtes ard,,,/ot descriptors from the system. There has been introduced
some algebraic operations orr i.s.r. systems.

In the next sections we r,vill introduce a systern r,vith a hierarchical
structure of attributes. This structure allows the system to verify the
correctness of the clueries and. to point up the errors.

fn the subsequent r,ve shall consider the language of our hierarchical
system as a subset of the scmigroup generated by the set of descriptors.

3. 1'he Scmigroup of tr)eseriptors

I,et A be the set of d.escriptors. The finite set of symbols ,4 will be
used .as an alphabet. I,et Ax be the semigroup with unity generated. by
the alphabet A, with the concatenation operation, verifying tñe condition-:
(1) for a7l a,b, c € A ø(bc) : (ab)c
(2) there exists T, the unity syrnbol, such that Ta: a.T : ø, for all

a.eA.
I,et us consider a symbol .F-, such that (3) Fa: aF: F, for all

ø e A. The symbol F will be called the error symbol.
The set A* U {F} forms a senr.igroup rvith unity and. zero elements,

In A'r U {F} we will consider the rvell known partial orderíng of words:
ur,)ror¡lrtroN 3.1. The uords rltrrltz e A* &re in the rel,øtion ,ttt 4 ?/12

'iff 
-there-__exists 

a þøir û., b e Ar' such thøt m, : alntb and øt leøst one fromø,b + 7-.
The words rftt, ,tltz are incornparable, m, # mr, iff neither lltt 4 ffiz

nor unz 4 my Obviously, a < F anð, a 2 T lor all a e A.
fn this way A* U {F} is a partial ordered semigroup in respect with -

the relation (. The element F is a maximal element ind. î i rrrinirrral
element. It comes immediately that iÎ m, 4 m, and. ø e A* [J {F} then
rnr < fnza and, m, 4 ailtz. Moreover, az )- &, for all e e A.

4. Ítrierarehieal Infor.mation Storage and Retrieval Systems.

I.et A be a set of d.escriptors and Y the set of attributes. We will
consid,er a partial application.

ò:Y x A--'Y with Y\Imag,ò lØ.

INFORMATION STORAGE AND RETRIEVAL SYSTEMS
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The natural extension of E to Y x /* is Ð(8(2, ø), b) : E*(2, ab),
Ior z e Y and. 8*(2, 1) : z lor all z e Y. We will note 8*(y,m) :8(y,!n),
fn, e A*.

DErðrNrTroN 4.1. It will bc called, hierørchí.ca.l,'information storøge and.
retrieaøl systern, ø syitem.' S: (X,Y, A,8,U), akere X is a fi,nite set of
objects, Y is ø finite set of attríbutes, A is tlte set of clescriþtors, the þartíal
a.þþlicati tn

Ð: Y x (1*'.., Tl -Y is an injcction ønd.
U:Y x A -+ (p(X) is ø þørtiøl aþþlication, suchthøt the following con-

dilions to be fulfiled :

(r) UU,,r) : U U(ìe, a), b)
beA

(2) iÎ ø * b, then U(y, o) a U(y,b) :Ø
(3) UU, ø) :Ø. if ønd' only if tkere exísts ct. z eY suck thøt Eþ, a) : z.

Coming back to out example of the spectra, the set of objects X
will be the set of catalogued chemical substances.

It could. be considered the chemical substance described only by the
sequence of fragrnents masses ,,ni, i : l, n,. The sequence is ord.ered. in
respect with the correspond.ing ionic curents. In this case the set of des-
criptors A will be the set of natural numbers, but we must note that in
a description of an object the order of the d.escriptors will be essential.

Based on the extension of à, the extension of U to the set Y XT
could. be done. It comes about, frorn the axiom (1) that

U(ò(y, e)'b) : U(y, ab), for all a',b e A. Indeed, U(8(y, a), b) :
: UU(¡(y, a), b), r) : UU(Eg, øb), c) : U(y,ab). Let us note that øF :

ce A ce A: Fa: F implies UU,F) : U(i,øF) c. U(y, ø) for all ø e A. For that
rve can prlt Uþt,F):Ø. On the other hand., from øT : Ta,: T, anð.
from U(y,a) = U(J,øb) lor all ø,b e 1, results U(y,T) - UU,Ta.).
That mean, U(y, T) : Xy, n'here X, is the set of objects having the attri-
bute y and the descriptors ranging over the set of a1l possible descriptors
of y, noted by Au.
Irerrce IlU,n : 

.\uUA,ø) 
: Xy.

W'e can proof : Il mr=þrn, and, Ttxutlt¿ e A1'U {F}, then U(J,mr) À
a u(J, mr) : Ø

Ind.eed, let us suppose lhat rn, : llteffit anð. m, : rnbm", tbett
Uþt, møm') : U(8(-y, m), øm') : U(2, arn')
Uþt, mbm"): U(8(-y, m),brn") : U(z,bm")
On the other hand, from the axiom (1), it follows that U(2, atn') CUþ,o)
and. U(2,bm") CU(2,b).
But as a. + b, the axiom (2) implies
U(2, a) (\ U(r, b) : Ø, and moreover,
U(2, arn') À U(r,brn") :Ø and so,
U (!, *r) a U (1, mr) : Ø.

5 INFoRMATIoN SToRÀGE,AND RETRIEVi\I, SYSTEMS 
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The function à, defined i' that 
'ranner, allows us to structure the

set of attributes Y. r,et us 4q"o_t" by yo the set of initial 
-atrtibutes 

yo ]: Y\Imag à. The hierarchical next set is

Yr: {à(y, ø)ly =Yo, o - A}.
Similarly

Y,,: {ò(Ð(

ff we assume that

8(y, ot) ør), ..., ûu) : 8(jt, øúz ... o,) r*,hen 3 e I;,0,

ût&z...a.r,=A*j.

no: gr,,
with n a finite integer, then the system h¿rs a hierarchical structure r,vithno more than n levels.

Dr,ìrtrNrt'roN 4.2. An attribulc y e.Y. is callcd. þroltcr if the set An ::.{o,Í llu.(y:..o.) +.Q} is- such thãt lAyl > 2. |À,airit" cardinal of 
'thc

set Ar,), ønd lU(tt, &)l > l.
r)DFrNrIroN 4.3. An attribute y ,ís a gen,erøl ctiterion of ctassificøtioniÍ UuU,e):x

o'Ay
pRoprjr{Ty 4.1. Lct S: (X,y, A, g,U) bc a,h,ierarchicøl i.s.r. system,.I!Y..is n_set of .þroþu. øttribuics..anct y .=y'is a geie,røl ü¡l:r¡"i,i 

"Í";i;;';;_lication thcn y is øio initiat ailributc.
Proof. fndeed, let us asslllrle that y = y,, LJ Ub,,b): X and let

z eYo, such that 8(2, ø.) --y a'd. rA,r > 2. we fà=1", irorr, the cond.r'tio'I definition 4.I, that U(2, æ) --- [J U1A1r, r.), b) : l) UU, b) : X.
But, if .n' 1!, ..{.i}, .1rr"1 uøi7¡:ø .,.,d h.,r'c-"' gìi"l:1, which isln constradrctioll rvith thc hypothesis.

.. r,F.ui\r¡-. !..1 !Í S:(X, y, A, 3, U)
calion 8 acrifics thc þroþerty ; Ð@, nr,)'

l'rooJ. I,et us assulne that the
such that^ 8.(y, n.t) - y. Therr 3(y, n,a)
tivity oI Ð implics rn&: a and'itrrs á
the hypothesis.

We will sholv in the sequel that the restriction of the f¡lction à. i'respect with an initial attri6ute is a labeled rooted tree.
r)ErrrNrl'roN 4.4.. A directe.d, grølh I-), uhe.re y is ø finiteset of nodes ønd I is ø rclation" wiric o ø node h,is succeíor.
DEr¡rNrTroN 4.5. A directed, e ø rooted. tree if

(l) for all. y eY, (v, r,) ø I lth
(2) il.Ur, y") = r ãnã 

.'U.2, !3)'e .fo, øu y,, !2, ),, - y
(there are no circuitil - -'
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(3) there exists only one yo eY suck thøt l-r(yo):Ø (yo is the root of
the tree).

rrrBonnu 4.1. Let S : (X,Y, A,8;U) a' h'ierarclc'icø1,, i.s'r. system"- ',ction 8:Y X A* +Y in' resþect uitk
,:",,#:"y_j,i(k"üu;,'J,f *^,4'ro"

lorvs that Ð(Y, o) * Y lot all a' n A
and all y e Y, i.e. the graph has. no 19ops.

Z. íIh" inlectivity õt 5'irnpties that tle graph ha-s 1o circuits.
Z. lS-y ="Y0, then for ali z = Y and a-e A 8(z,a) # y, a:nd so y

is the root of the tree.
.ur.l.ur,¡r.nv 4.1. The triþte (y, 8, 14) is q, set of rooted, trees witlt' tke

roots from the set Y\.Lnag 8.

5. The Latfice of Qucries

The extension of the application u lead.s to thc following application.uo 
'i[?1'f: lhiJå1i'i3"^ P'.i),ï^'!;i!*

u ö"",i: ,.';,;"K(,i,'ii":'{ 'J-:r 

",i,:;i
exists q e Aü' such th'øt 8(y,cì : z .or 8(z,q) : y

rrjpor.p^, 5.1. Ttte ari'i.nia equiaaLtnòe 
-has tkc follouing þroþerties:

a\ (y,m\x (y,þ) otn: þ,ttt,, þ = A'' U {F};
tll )ft', j', z ¿ \t Lomþara'btc ct'ttribuL,', (y, o) x (2, mø) í'ÍÍ 8('" m) : y',
.i"U,F) x (z,F), for øll y,z eY.

lþ'p. Thcn U(y, m) À U(Y, þ) :Ø'

?' f]i,.*, that there exists w n= Y
aud 8(ø, Ç) : z. Then
ø) a:nð.

, þo) : U(w, qma') atd' þa : 8!'o,
8(*, þ) :-y, anð. ! : 8(u, Çm) :

U(y, ø) : U(ò(2, nr,), a) : U(2, mø),

hence (y,n) x (z,mø)--- -"1 'i;;ít y'Li-'or'rð, UU,F):Q testlt's that (y,F) x (''F)' for all

Y, z eY'- It results immediately the followtng
.oon""or.r, 5.1. ry tke attributes y," z are cornþørøble, then (i, ø) x

xþ,ø)iÍÍr:y.'L& äA. tt. set of equivalencr classes from Y x (4* U {F})' il l."tl
pect ivith the equivalence 

-relation ¡ defined, above. The representattve
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elements of equir.alence classes are paths in the rooted tree beginning
with the corresponding root.

DrtrrrNrrroN 5.2. The elentents of tke set ot uitt be call,ed, queries.

. rn the sequcl we assume that all initial atrtibutes will be general
cr,iterion of classification.

fn the set c4 we could consider a partial ordering:
(y,m) < (y,n) oU(y,m) = U(y,n)

.rFruotrllr 5.2. If (J,tn) < (y,n), thett, there exists þ =,4*\ {T}Lhal n : mÞ

2,ü!õ

er,e maximal

Proof. We will shorv that (y,T) 4 (y,m) < (y,F), for all (y,rn).
1) f,"t us note that for all y e Y..,.Imag B,U(y,T):p^Uþt,Tø):

: X r U(t,m); and. thus (y, T) = (jt,11x).

.?). F'rom YA,l):.Ø, for all y = Y, results thal U(y,m) = tl(y,F)
and thus (y, m) < (y, F').

We rvill ptÍ (y, f) : 0 and (y, F) : I
I,et us define the g.l.b., (y, rn) A 0, n) as follows
(y,*) A@,n):0 iT ! *z or nr,=þn

(,y, *) A U, n) : (y, q), wherc o l,ir I T=trì þ = A*

Similarly, the l.u.b. is defined by (y,m)V þ,n):l if y *z or m=gn
and (y,m) AU,n): (y,þ), where þ: niln-lnq,(l€A*

milm:nq

n

suclt

'and,m):
clefi-

ln
tn

n

colÌor?r?ÀtìY 5.3. The set cLis a d'istribut'iue la.tice .a'itlo elements 0 a,nd, l.
DErrri\r,troN 5.3._Iet S: (X,y,A,g,U) bc ø hierørchical i,.s.[ system

ønd, of tke corresþond.i,ng set of 
-queries. 

TJle'set of max,irnal elements

D: {(y,m) e (dt '..{l})lY (y,n) = ot, (y,m) >- þt,n)\
is cø|,led, tke set of clescriþtions

DDrrrNrtroN 3.6. The set
cøl i.s.r. syslem.

ol'..{1} is called. tke lønguage of the h,ierørcki-
inS
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6. Relationslrip Between the Hierarchical Systems and the
Marek-Pawlal< Systcms

'r'rrEolìEM 6.1. ry S : (X, Y, A,8, U) is ø lùerarcleicøl i.s.r. systenr,
th,en there exists ø relation R, on Yo x A su,ch, I,ltctt the system J : (X,
Yo x A, R*U) is a Mareh,-Pãulah one.

Proof . I,et Rn be the equivalence rel¿rtíon dc,fined by :

þt,ø)Ilr(z,b)+z:y
r! ty, q) + (y, ö), that is 8(y, ø) + õ(!, D), then from the condition (2)
definition 4.1 results U(!, o) f) tlb,,b) :Ø. MorroveL, if y e Yo, then-it
is a general criterion of classification aud p^U,t,e): X.
Thus the axioms of Marek-Pawlak system are fulfilled.

Trr]loRrili 6.2. If S : (X, Y, A,8, U) is ø h,icrørckicøl i.s.r. systent
and D its corrcsþonding set of d.cscriþtions, th,en exists a Mareh-Pa.wløh
system J : (X, D, R,, U) such th,at the finest þartition d,efined, by S on X
be tke same lo thøt dcfined. by J on X.

Proof. I,et 11, the equivalence relation defjned on D in the following
way:

(Y, m)Ìlr(2, n) iff z : 1, z, y e 1'"..Imag à.

The mapping Ü is the restriction of U to D.
I,et us note that il (y, rn), (), n) - D andm # n, then Uþt, t?t) n UU, n):Ø
On the other hand, from the definition of D results that the set {U(y,m)\,
(y,n) = Disthefinestpartition of X reaTiz.edbythesysternS: U U(y,m):X
That is, J is a Marek-Pawlak system !'ntleD

nErirNrl'rcll{ 6.1. Let us consid,et' S: (X,Y,A,8,U) ø hierørchicøl sys-
tent ultil tt, leuels. Then ac sltell, cøIl restriction uith þ leuels a, h'ierørchical
system Sp: (X,Y¡, Ap, 8o,Up), wlterc Yþ 'is tlte set of øttributes front, the
first þ lcaels of S, Ap ÇA, øn,d. Up, ùp are the restrictions of U and, 8 to
Yo x Ap.

I,et us note that to the sequence of hierarchical systems Sr, Sr, . . .,
S' restrictions q'ith 7,2, .. ., r¿ levels of the system S, correspond,s a
sequence of enclosed. Marek-Pawlak systems 3t,?2, ..,J,,.
The set of partitions defined by that systems coincid.e with the partition
defined by the original hierarchical system S,

7. Objcets Reúrieval in fliorarchical i.s.r. Systems

Drlr.'rNrrroN 7.1. Let S : (X,Y, A,8, U) be ø loierarchicc¿l i.s.r. sjtstew.
An information on x e X, in resþect witk øn attribute ! eY, is ø þartiø|,
inj ectia e aþþlic atio n,

f*:Y -rY X A such that

(!) " = UU"UD
Q) .f ,(8(1, !0.: f,,\S(f "U)!,-.Íor. aU ),-e DonTÍ,: (W" will suppose thatDoni/) *Ø for ali i à,T). rf * =k has no"ä.r.'tipìor'to, o,i'attributl,rve put .f,ll): U,F).

Turior{r,:r{ 7.1. I.f_(y,fl!) e D is a descriþti_on 9f x e x, ürcn u(y,m) :
_: UU.GÍ,),-,(!)), wh,òh the sltstem S høs ío leuelí.
Proof. Wè wilf plove at firstihe folloiving

Ll;ur'r.r .7.1. ^r.f ,y e, l)o1nf ^, rhctt, uõiquety rhert t'xisrs a dcscriþtore e A so lltat _f ,.b') : A, ò." 
'

r'deed, from the axionr (2) anð. from thc i'jectivity of f, results that
!.U' n),:.ò(/,(l)). But as ò'iÁ a parrial iirj""ii* oi'pri"rtio", it resultsthaL (1, a.) - Í,b,).

, corn'ing back to thc proof of the theorera, ret us co'sid,er (tt. m\ :
- Q,, frr, . . ., ot).ar"rd.lct *'jU(y, m) t)enotin1 iv i, :-¿(i,' .ri' . .Y'O'"lr:
- d(Y,-.2, ø,,-r) it foilou's that':

U(y, m) : Uþu-t, qà CU(),,,-r, a,_) C... C U(y, ør).

results that ) x. lf Í,(y): (y,b),
), b). + Ø, and s temra¡a] 

"iãåults-thJi

7 U11rt); ln from àþ, ør¡ : Or--hat f.(1tr) : (

f,GjU"UD : (.!,, ø,), t(/"(ùf"b,)))) : 8(y,, ø,) : y,
Finally, rt'e c¿n trjte

: (!n_t, au), which mcans that
u"$Í")"*'uD.
Y, A, 8, U) is cølled. sclectiae if

be ø hieyøt,chicctl í.s.r.
crn'd. X : 2". IÍ the rest

cøl rooted tree, then the

. Prgof ' As it is knorvrr, a dichotomic tree with n levels has 2,, termi-nal nods.

_ For all -(1,,y) 
=..D,-Ub,,nt) 

>- l, since y has only proper attributes.Bnt as card X : 2,, thcrð rcsrrlts t¡.at ()þt, nr¡ - l-'n:r' itt 1y, ø ¿- D.That is, the system is selectir.e.
If U, nr,) e ¿ is a q'ery, the' the system,s ans\ryer will be the sct

U (y, nt) .

D¡)r,rNrlroN 7.3. It.is said. thøt the obj.ect x e x is id,entificd,, if there
?l'1t;.,Íor 

e'n y e=Y, n uniquc descriþtion'l¡,nir) =-o 
"i"ri"tnh 

u'¡1,,*f :
- 1Á.4'

TrlÐoRr-)Ií 7.3. I.Í-.the h,ierarclticøI i.s.r. system s is selectiue, tken eaeryobject coulcl be identífied.
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g pfoble1lls :

can bc attached
over, to establish
sed' to suPPlY an

problem:
i.s.r. sYstern
tf can d'ecid'e

be Y is linite and

ite s' If the QgerY
ied' descriPtor from
bo is a d'esc¡iPtor

oll '

and after ranging the hole querY' if

'""i' 
'îiì; 

a.'"it Ïs ò -"rroneirs if at

ake Place'

S. Verrification of Queties

thc ¡ossibilit¡' of crror rcco-
rccovcrcd. whcthcr a set of

t1eïY was found" That imPlY
ePláce it bY all the sYmbols

etnents frorn D'

11 
INFoRM^TION STOR'ACE AND RETRIEVAL SYSTtrMS 43

T.he foll0wi[g property holds: For all descriptions (a,n') = D,, there

exists ø e As such thlt U(s, ø) O tl(r, m) * Ø. Indeed, as [J. U(s, ø) fl
ø-4"

n ,there = /" sothat U(s, ø) ) U(a,rn)*Ø-

8.1. ¿ agì and V be the øttributes from
the root u. V anrt 'þ :.A:.such-tka't 8(u'þ):z'
tke - A, sttck thøt U(z,b) O U(s, ø) *Ø'

Pyoof. Il t ta,i\ : z, thcn U(u, þ) +Ø and U(', þ)) U!y'þll 
=: tit, /rí' ê1";'Ïr*i" ís a l¿ - ,4i srich that (u, þbh) e D,, U(z,b) )

-¡ltì'' ittm-. Fto* Ufu,þt¡h) O U(s,a) #Ø rcstrlts U(z'b) O U(t' a) #Ø'
l"t-Èó'r,, = )' Imag 5 and let bc z,w e V'

DrlruNrl'roN 8.1. Tke set of descriþtors

P,: {ø = -4.1[/(s, a) ) U(ra,b) +Ø, r'vhen Ð (u,b): z]

is to be sa'icl the set of cons'istett't clescriþtors uitk z

'i'HrioRrìrl 8.2' IÍ 8(tø, ö) - z, Lhen Pu = P,'. 
^,

ni"i¡. ri Pu:in è Á,(uçt,ø) )uþu:,b) +Ø, ò(zø, ó) : z\ atd

P,o: {Ø =,4"1U(s, ct) ÀU(y,c) *Ø, 8(y, r) :u}, tl:.eta

P,: {ø = .4,1U(s, ø) | U(S(y,r), b) *Ø}. Ftonl U(y,t) ) U(Ð(y' c) å)

results Lhat iÎ n = P,,, Llne:n ø e f)r.
r)r)r¡rNrlroNB.2.¿In'initiøtþroþerattr'íl¡utesiscalled'.uerificø.tion

øttri,bäi-for the rootecl tyce .I/ if for-øtt' !o,*.) .= Doi.the terminal attribute-l':" 
t (o ," *) kas tie set of .roniistent clescriþtor t 

_,P ,, . .2ut4_ 
tha't ,lP ,l : 7 .

f,et us'á"not" the attributä lrom the i level- of I/ with Vo anó' 7et Ao.-,

be the descriptors r,vith i'vhich Vo are reachcd to Therr no: 
,-U-.O' 

are the

correspond.ing d,escriptors of the rrelilic¿rtion attributc. wc rvi1l'define the
application :

d:I/nxAo,,n(P(P)
a pair Tormed. by au attribute and his corresponding "

or,'a list of consistelt dcscriptols lrom '4"
Let us cons,id,cr )t,z e= V, ct(y,cù: P*d(1.b). -^P,.JÍ

suckthctt 8('u, ø) I y and ò(zpl;Ó) : z, then Prl) P,=P*'
Proof. 11

P, : {a =,4"1U(s, a) ) U(w, a) * Ø, 8(w, a) : Y}

P": {n = A"l(J(s,,x) )U(a,b) +Ø, 8(w,b): z},

let be u = V, such that 8('w, c) :'¿u, L};ret

P,: {n = A"l(l(s, a.) ¡ Û@, c) * Ø, ò(ø, c) : u}.
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From U(u, c) : U u(8(u, c), P) results
þt tl

U(u, c) = U(*, a) ) U(w, b)

The lists P, of consistent d.escriptors in respect lvith an attribute s

supplies additional information which could. be viev,ed. as a scnrantical
information. A qnery rvith the correspor:ding descriptor of the verification
attribute allows to verify if the found objects, got as a result of searching,
have or not the verification descriptor. In this \r'ay there could. be found
errors in queries, in spite of their ò -- correctness. Moreover, the verifi-
cation attribute coud be useful to localíze the errors.

Iret us consider a function

<¡:Y X A --+Y x A
defined as follows:

a(y, a) :
(8(y, o), ø) if U(1t, ø) * Ø

(y, F) iÎ U(y, e) : Ø

The function could. be extended to I' x ,4* U {F}). For U, T) and (y, F)
the function is d.efined by the relatioirs :

<'t(Y, T) : (l',7')
.b',F) : (Y' n) if 8(2, a) : Y

At the sarne tirne

co(11r, ørør) :
(y", o.r) iÎ U(y,, ø,a,) +Ø
(yr, or) iÎ U(yr, ørar) :gi

and U(yr, øt) +Ø,

r¡'here -/z : òþr, ør) and j": 8(yr, ør)

This extension is based indecd on the defirrition of <o :

if. TJ(yr, ørør) * Ø then <t(yr, arar) : ò(ð(y'ør), ar), ør) : (),,r, (tz)

iÎ U(yr, &$z) :Ø anð, U(yr, ør) * Ø, then at(yr, ørar) : o,(ò(y,, ar), ur) :
: a(jr,F) : (yr, ør).

Gcnerally,
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dicate p related r'vith a query (y, *) and. a iorrespo'di'g verification des-criptor ø e As:

p(,l(^(v,1n))) - !? :: 
. ø tt (aQ' m))

' lltf cted(a(y,m)).
D*rrrNrTrolr 8.3. It is søi,d thøt the query (y, m) aerifies the criterions for a. = A, if p@þ(y, mD) : t. " "

9. Errol Loedization

Let (yo, anø,) T¡g a query for which U(yo, aoør) ¡ Ø.We rnakc the ÍoÍlowi"g 
"'otutio",-

-/r : 8(-/0, ør) atd yr: }þto, øoar).

what we ',vant to know is to find out whether the query is co'siste'twith the descriptor a e A,.no, ìùtl*[,"';i'äi itJ liJ¿i""r",
- if p(d.(a()r, ør))): 1, then the query verifies the s_criterion;

last character is wiped out and.
p.(d'(oþto, øo)D :1 theå the correci

= ,4" his

1) The query is scaunccl to cstastcp ihe .1""i¡ì', 
""riii"¿ ìr, ;;rË;î the next

r.. .,,1 11, p(d,('Utm))) :1, the quer ,s answerls the sct U(y, rn) ;

:^eous and.the .pa.ir þt,m,) is checkeà;p.-ih";'r;";ä*" foilows as faras a correct pair ís got.
2) whcn IJ(u'm).:0, thc function o is appried i' r,¡rd.er to obtainthe grcatest pair''('u,q1 t"r'*ir-i"r,^ärrl'or *ø. TËå" ã"';ài, p,g) is chc-cked up in iespeòt' ílitn tr'"""ä'iiiàitTá"'#JriËä[' ;:= o"

.for x' A, B, u) is 'i.s.r.
q. e for øll corresþo iott, d.es

out if an error occ ry ønd,

6(!r, ar . " an) :
(yn¡t, at) iÎ U(jtr, a't .

(yo, oo-t) iÎ U(yr, a, .

U(jr,or...an-) *Ø

a) +Ø
et) : Ø and

It is clear that the function ro wipes out all syrnbols after an error and.
supplies an incomplete, but à-correct query. We will define now a pre-
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Proof. I.et (yr, ar.. ' a,,)'.b" 9 query.with & 
^= 

A.r. his verification

¿"."¡pití, ìÃa ä(yt'-o' " 
"'0.):Ø' 

Ãpplviug the function ., rve get'

d(it, &, ... &,,) : Uu, øe-1) rf U(1'n r' an-) *Ø'
If p(d(o(yo, øo-'))).: th ør' rf g@'@(yr' øa-t))):
: 0, then the parrs ., (!n-¡-t, nx. ¡) are- tested

*hil" . pair for wh 1 is to be found' In that

case the first error í'

10. Euors RecovelY

In this section we d.eal with the case when the query (y' o'' ' ' ø*) has'

l" t"tp""f-*itft u corresponrling.descript'ot a e A.,' àî,error at most'^- 
î W" u¡utt urrir*à ihut o,ii, the õrro'eous character and. U(yl'%''.'

. ;,i -ø. nv *,- , l.1i¡r, o, i.'.' ø"-,1) we shal1 d'enote the last attribute

reached to. f,et us buiìä"up tft" iet'of queries (!r' &t " ' ø'-lx)' where

u = Ay, ranging over the seL of d.escriptors of y,''
From this sðt *e select the correct d'escriptors,

R,,: {u u Ar,,lu(yr,or -'. a,, pj *Ø Api/-@Un, "))) 
: U

The set
E : {(yr, q.r . . . e,,-t e)la e R*}

will be referred. to as the approximation sct of the initial effoneous quely'""' fl W"-.r.árf .r...*" iËat ao is the erroneotls character. It follows,

t oo*iog that there is but ott" ""jo', 
Lihat' a¡1-1 ' ' ã', is a correct subword'

Let us consid.er the set

R¿: {ø - Ar,l(u(y7,&!...ø"-ta-) +Ø Ap(d(t(y¡, "))) 
:1}

then the approximation set for the crroneous cprery is

E : {(yr, a't ... a4-1d-Q4¡t . '. øu)l ø e R, and'

(J(yr, or... a¡-1a&¡-r, ... en) +Ø A p@@(yr, a1 ' " a"))) :1)

3) If we assume that ø, is ertoneous, then

LRr: {o= Ar,lTJ(!r,a) *Ø \p(d'('t(itr, "))) 
:1}

"no¿ 
rn" approximation set could, be_got as done before, taking into account

that a., . . . a* is a correct subrvord :

.6it .Ëta 
E : {(jr, eØ2... ø*)la = Rr, [J(Jr, &Øz ... ø") +Ø A

H AP(d(^(Yr' ø"' ø"))) :1)
uttr'r"o"", if s: (x,y,A,g,u) is a hierarchical i.m.r..system, r.or all

qo"ri* g'*l ¿ d,'cóntainingat'tnost one error, the system's answef 1s

U u(v, þ)-
þt,þ)= E

DDFTNTTT.N 10.r. h is said, tkat øn elloneoLts query coul,d, be corrected,ifcørd.E:7.
10.1. A guery (yr, et...e,) uith an e.yror u,ith øncould, be cor_t'ecte 'isls a unique-øtlVlbute y
R, be thc set of -c

errol and let us consid.er the set of
fr,om y, ¡,vith the descriptors æ
there is the attribute yfal such
cr* the. descriptor for which t(y;
query ir (_yr, at, .. . a* . . . a,,).-'
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