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Introduction. Regularly observed is that the volumes of stored and processed data increase exponen-
tially. This implies special requirements to the methods and tools of data searching and processing [1].

The relevance of query results represents one of indicators characterizing the quality of infor-
mation retrieval. The notion of relevance does mean semantic matching between the search query and
the result [2]. The relevance characterizes the extent to which the content found as a result of infor-
mation retrieval, does satisfy respective information request. In various cases the relevance calculation
approaches do differ [3...5]. Herein, we propose to consider the relevance as a quantitative measure of
the search result compliance to the query. Low relevance of some query sample is a consequence of
the uncertainty of request or the searched object’s parameters values.

When searching objects, we do face two types of uncertainty causes: query uncertainty and object
description uncertainty [6]. The query uncertainty may include semantic ambiguity of the text data and
the object description uncertainty corresponds to the measurement uncertainty, text data uncertainty,
characteristics processing error etc. One of the most common types of uncertainty is the uncertainty of
objects’ temporal characteristics description, e.g. dates of events, history exhibits dating, etc. Uncer-
tainty of objects’ temporal characteristics description does reveal in the cases where the events’ time
range is artificially expanded.

Analysis of recent research and publications. In [1] exposes the discussion on possibility of di-
rect search using mobile phones to find some information on the Internet. The proposed search strate-
gy allows to minimize the relevant documents’ total volume and to rank the found documents aiming
onto the system efficiency and accuracy improvement. The [2] examines the main factors influencing
the relevance, closely considering one of the algorithms to determine the relevance of a document to
the request formulated and the impact of search engines’ own resources. The source [3] discusses the
current methods of text fragments’ relevance calculating on the basis of case models’ analysis for the
subsequent annotations construction in the form of extracts, i.e. annotations, consisting entirely of
original text fragments sequence. Suggested is a new method of calculating the text fragments’ rele-
vance based on an assessment of the subjects’ balance within the normalized subjects’ space, obtained
through non-negative matrices factorization, (used as the matrix decomposition in the latent semantic
analysis model). The [4] is devoted to seeking an approach to finding solutions at knowledge bases
using document metadata, when the document’s relevance is estimated with a set of metrics that for-
malize these semantic networks’ proximity. In [5] proposes a method for assessing the text response
relevance in computer-based training systems. In [6] considered are the fuzzy database queries, query
uncertainty and object description uncertainty.

The Aim of the Research consisted in developing a methodology to quantify the query results
relevance. Proposed is to use fuzzy sets when describing objects and database queries to facilitate the
relevance evaluation.

Main Body.

Describing temporal characteristics to evaluate the query relevance. So often only approximate-
ly known is when the searched event has occurred. The historical object’s temporal characteristics cor-
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rect description essentially influences the historical events further representation. Both an unclear de-
scription of the temporal characteristics, and the use of different formats in the object description are
hindering further analysis, search and evaluation of historical events’ time period.

To describe the temporal characteristics various formats are used: an exact date / time, e.g.,
March 19, 1946; a time interval, e.g., 336...323 BC; various terms with different degrees of detail,
e.g., the second half of 3™ century BC, the last third of 2™ century BC. Such temporal characteristics
description makes difficult or ever impossible objects’ searching and grouping by time characteristics.

To solve the problem, proposed is to describe the temporal characteristics of objects and queries
in the form of fuzzy variables.

Here we admit (PO, T, MTo) set as the object’s fuzzy variable, where PO — variable’s name, 7 —
universal set, MTo — fuzzy subset of T set. The query fuzzy variable correlates to (PZ, T, M1z) set,
where PZ — variable’s name, 7 — universal set, M7z — fuzzy subset of T set.

The fuzzy set of time characteristics MT is defined as a set of ordered pairs MT: I{MMy(l‘)/ t,
where MT — fuzzy set time characteristics, p,,7{f) — membership function, t — time response [7].

The characteristic membership function in most cases has a trapezoidal shape (Fig. 1). The small-
er is values’ difference between a and b temporal characteristics as well as ¢ and d, the closer is the
given fuzzy variable to the crisp one. If fuzzy variable becomes crisp one, the membership function
takes a rectangular form, with a=b and c=d. In most cases, the time characteristics getting a maximum
fuzziness, the membership function takes a triangular shape, with b=c. l.e. comparing a triangular and
a trapezoidal functions, provided they do cover the same time span, the triangular function has a larg-
er uncertainty.

Evaluating the query and result relevance.

We shall distinguish key relevance types according to the type of object found upon request: the
object is not fully consistent with the requirement subject; the object is fully compliant; the object par-
tially corresponds to the query.

1. The found object is completely inconsistent with the query (Fig. 1). This occurs when the query
does not result in finding any object which coincides with the request’s at least one value, i.e. the func-
tions of the object and the query does not intersect. In this case proposed is to calculate the degree of
remoteness between the found object and the query:
_(‘bi_cj""|ai_dj|) 1
- 5 , (1

where DR — degree of divergence between the found object and the request parameters;
i — coefficient indicating that the query temporal characteristics belong to the request’s fuzzy
variable;
j — coefficient indicating that the temporal characteristics belong to the object’s fuzzy variable;
a;, b, ¢, di— parameters of query fuzzy variable, satisfying the condition @, <b, <¢; <d, .

DR

a;, b, ¢;, dj— parameters of object fuzzy variable, satisfying the condition a; <b, <c, <d,.

The greater is the divergence/remoteness between the found object and the query, the less such
found object does match the respective query.

2. The found object is completely consistent with the query. This occurs when the query results in
finding an object coinciding with all request’s parameters i.e. the object is fully consistent with the query.

3. The found object is partially consistent with the query:

— The query fully absorbs the found object, i.e. the query resulted in finding an object that
matches the request by all object parameters, but the request contains some parameters not represented
with the found object. That can be due to the case when high uncertainty request formulated either the
object has more precisely defined parameters than these requested.

— The found object does completely absorb the request, i.e. the query resulted in finding an ob-
ject that matches the request by all parameters, but contains some parameters not represented at the
request. This can occur when the object has a high uncertainty or the request has been more accurately
formulated than the object’s features.
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— The found object does partially overlap the request, i.e. the query object found coincides with
the query by several values of the request. In these cases when the found object corresponds to the re-
quirement only partially, proposed is to calculate relevance as

S

2

S n

P=

where P — relevance;
S;— area of object-to-query intersection;
Sy— area of non-coincidence region, located between the object and the query.
Now we proceed to series of transformations:
di—artci— b
Sr_ Sy _ 2
S—S1 Spo+Sp—28, di—ajtc;~b; cdizaitci=b _2(dk_ak+ck_bkj
2 2 2
— di—artci—bi
dj_aj+Cj_bj+di_ai+Ci_bi_2dk+2ak_2ck+2bk’

where Spp — object area;
Spz — query area;
§ — area of region covering both the object and the query;
ay, by, ¢, diy — parameters of intersection region satisfying the condition a, <b, <c¢, <d, .

P:

Therefore the query result relevance will be
di—ar+ci— b

P= .
dj—aj+c,-—bj+d,-—al-+ci—b,-—2dk+2ak—20k+2bk

2)

The smaller is the relevance factor the lesser would be found object-to-query compliance index.

Fig. 2 shows the functions that completely covers the query object. In Fig. 2, a the area of query-
to-object intersection is larger than in Fig. 2, b, as the request does completely cover the object, and
the object area in Fig. 3, a is larger than the object area in Fig. 2, ». Additionally, the area where the
object and the request do not intersect, in Fig. 2, @ is smaller than in Fig. 2, b. Thus, the larger is the
query-object intersection area and lesser the area in which the object and the request don’t intersect the
better relevance will be found.
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The Fig. 3 shows the functions, where the object does completely cover the query. In Fig. 3, a the
area of query-to-object intersection is larger than in Fig. 3, b. Additionally, the area where the object
and the request do not intersect, in Fig. 3, a is smaller than in Fig. 3, . The area on which the object
and the request do not intersect, in Fig. 3, b is greater than in Fig. 2, b, thus the query relevance shown
in Fig. 3, b is worse than in Fig. 2, b.
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Fig. 4 shows the functions, at which the object is partially covering the query. The best relevance
of the examples presented, is attribute to the query represented in Fig. 4, e as it has the largest area of
object-to-request intersection as well as the smallest area in which the object and the request do not
intersect. The worst relevance case in a query displayed in Fig. 4, d, as it has the smallest area of the
object-to-request intersection as well as the biggest area in which the object and the request do not in-
tersect. At Fig. 4, a and Fig. 4, b the intersection areas are the same, but in Fig. 4, a the relevance is
better, since the area in which the object and the request do not intersect, in Fig. 4, a is much less than
in Fig. 4, b.

Results. In this paper some particular cases of the correspondence between object and query are
considered. For objects not fully complying with the required parameters, it is proposed to calculate
the degree of the found object’s and request’s remoteness by the formula (1). The results confirm that
the larger is the distance between the found object and the request, the greater is the degree of the
found object’s non-matching to the request. For objects partially compliant to the request, it is pro-
posed to calculate the relevance using formula (2). The research evidenced that the less relevant query
object is, the lesser such found object corresponds to the request. The effected study includes a search
by the archaeological museum’s exhibits that relate to the ancient department (Ancient Greece). Upon
request, it was necessary to find artifacts dated of the 3™ century BC. As a result the whole found sam-
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pling of thirteen objects included two objects, fully complying with the request: Terracotta ‘Tanagra’
figure of a woman wearing a sunhat (3" century BC) and Red-figure Pelike. Attica (330-320 BC), and
two objects that partially match the request: Aphrodite. Terracotta (4" — 3™ century BC) and Vessel in
the form of a horse’s head (3™ — 2™ century BC). Untrained users who conducted an automated search
of objects spent about 3 minutes on familiarization with the search principle, filling the query data and
search properly.
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Conclusions. In this paper described is the methodology of quantifying the query results rele-
vance. The suggested information technology uses fuzzy sets to describe objects and databases query
to facilitate searching and objects grouping by temporal characteristics, as well as the evaluation of
query results relevance. This methodology includes a description of the three types of found object’s
compliance to the query: the found object is fully inconsistent with the request, the found object is ful-
ly compliant, the found object does partially correspond to the request. The presented method allows
quantitative evaluation of the queries results’ quality; for objects that are fully inconsistent with the
required specification, calculated is the degree of remoteness between the found object and the re-
quest; for objects partially matching the request, calculated is the relevance index.
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AHOTAIIS / AHHOTALIUSA / ABSTRACT

B.A. Kpicinos, K.O. I'opoonuya. MeToauKa OLiHKH PeJIeBAHTHOCTI pe3y/bTaTiB 3anuTiB 10 6a3 naHuX. 301IbIICH-
Hs 00csriB 30epexeHol 1 00pobroBaHol iH(pOpManii BUCyBae 0COOIMBI BUMOTH JI0 METOAIB 1 3aCO0IB IMOLIyKYy Ta 00poOKH
indopwmarii. OqHIM 3 TTOKAa3HUKIB, [0 XapaKTEPU3YIOTh SIKICTh MOIIYKY iH(pOpPMALil, € PEeIeBaHTHICTD PE3YNIbTATIB 3aIHTY.
Meroto € po3poOKa METOMKH JUTS KITBKICHOT OLIHKY PEIeBAaHTHOCTI pe3yJibTaTiB 3anuTiB. OLiHKa peJIeBaHTHOCTI pe3ybTa-
TiB 3aIUTIB BOXJIMBA ISl KOPEKTHOTO romyky iHdopmaii. [IpencrasieHa MeToquka BUIULSIE 1 OL[HIOE Pe3yJbTaT 3aIHUTY
JUISL TPHOX BHUJIIB BiJIMOBIHOCTI 3HaiiieHOro 00’ exTa 3amuty. st 00°€KTiB, SIKi TIOBHICTIO HE BiANOBIAAIOTH BUCYHYTUM BH-
MOraM, [IPOIIOHYEThCS OOUMCITIOBATH CTYIIHD BianeHOCTi 3HaiieHoro 06’ekra i 3anuty. [IpeacTaBieHa MeToanKa BUKOPH-
CTOBY€ amapaTr HEYITKMX MHOXHH U ONMMCAHHS 00’€KTiB 1 3amMTIB 10 0a3 JaHWX 3 METOIO MOJIETIICHHS MOIIYKY 1 TpyIy-
BaHHS 00’€KTIB 32 YACOBHMH XapaKTEPUCTUKAMH, a TAKOXK JJO3BOJISIE KITBKICHO OLIHIOBATH PEJIEBAHTHICTH PE3YJIbTATIB 3aIlu-
TiB JUIst KOPEKTHOTO MOIIYKY iH(pOopMaIii.

Kniouoei cnosa: HEHiTKI MHOXKUHH, PEJICBAHTHICTh, HEYITKUHN 3aIUT.

B.A. Kpucunos, E.A. I'opoonuyas. MeToaANKa OLEHKH PeJeBAHTHOCTH Pe3yJIbTATOB 3alMpPoOCcOB K 6a3aM JaHHBIX.
VBenuueHne 00beMOB XpaHUMOMN 1 00pabaTeiBaeMol MH(GOPMALUK BEIABUTAET 0COObIe TPeOOBAHMUS K METOJaM ¥ CPEACTBAM
rorcka 1 00padorku uHpopmanuu. OJHUM U3 TTOKa3aTelNel, XapakTepu3yoInX KauecTBO NOMCKAa MH(GOpPMALH, ABISETCS
PEJIEBaHTHOCTb PE3YJIbTaTOB 3anpoca. Llesbo sBisieTcs pa3paboTka METOJUKHU VISl KOJIMYECTBEHHOMN OLICHKH PEIeBAHTHOCTH
pe3yibTaToB 3ampocoB. OLEHKa PEIeBaHTHOCTH PE3yJIbTaTOB 3alPOCOB BaXKHA ISl KOPPEKTHOrO TOMCKAa HH(GOPMALUH.
IIpencraBneHHasi METOMKA BBIACIACT U OLICHUBACT PE3YJIbTAT 3alpoca Ul TPEX BUJOB COOTBETCTBHS HaiiJIeHHOro 00beKTa
3anpocy. st 00beKTOB, IOJHOCTHIO HE COOTBETCTBYIOIINM HPEIbSBICHHBIM TPEeOOBAaHMAM, IpeUIaraeTcs BBIUUCIATH CTe-
NIeHb yJAJICHHOCTH HalJeHHOro o0bekTa U 3ampoca. [IpeacTaBieHHas METOAMKA UCIIONB3YET alllapaT HEYeTKHX MHOXKECTB
JUISL ONIUCaHMsl 0OBEKTOB M 3aIpocoB K 0a3aM JAHHBIX C LENbI0 OOJICrYeHHs TOUCKA M TPYIITUPOBKU OOBEKTOB MO BPEMEH-
HBIM XapaKTepHCTHKaM, a TAKKe IMO3BOJISIET KOJINYECTBEHHO OL[CHUBACT PEJIEBAHTHOCTh PE3yJIbTATOB 3alPOCOB JJISI KOPPEKT-
HOTO [TOMCKa HH(POPMALIUH.

Kniouegvie cnosa: HedeTKNEe MHOXXECTBA, PEJICBAHTHOCTh, HEUETKUH 3a1poc.

V.A. Krisilov, E.A. Gorodnichaya. Methods of assessing the database queries’ results relevance. Increase in the
volume of stored and processed information imposes special requirements to methods and tools for information search and
processing. One of the indicators characterizing the quality of information retrieval is the query results relevance. This article
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purpose is to develop a methodology to quantify the relevance of query results. The query results’ relevance evaluation is
important for the correct information retrieval. The presented method identifies and evaluates the query results for the three
types of found object compliance to the request. For objects that do not completely correspond to the required specification, it
is proposed to calculate the diversity factor between the found object and the query, as in some cases it is impossible to find
an object that would at least partially satisfy the requirements. The presented method uses fuzzy sets to describe objects and
queries to databases in order to facilitate objects’ searching and grouping by temporal characteristics, as well as allows to
evaluate quantitatively the query results’ relevance for the correct information retrieval assessing.
Keywords: fuzzy sets, relevance, fuzzy query.
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