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Abstract— We show how Zadeh's calculus of linguistically
guantified propositions can be applied to avoid dulicate names
in a publication database of a research instituteThis problem,
in its most general form, is studied in the literatire by various
communities. Here we focus on a specific scenarin which a
need for its solution arises. Moreover, we make aattempt to
apply fuzzy logic based concepts to solve it. Thepproach
proposed yields promising results for the data fomhich it has
been initially conceived and seems to be applicabl@so in a
more general context. Its primary advantage is thecase and
intuitiveness of customization. The main parameterdake the
form of linguistic quantifiers whose meaning is argably
familiar for an average user and which are fairly esy to be
tuned to the changing requirements.

. INTRODUCTION

management systems. Rough, “syntactical” errors lzan
fairly easily eliminated by a proper use of maskaidation
rules, etc. However there is a class of errors lwlio not
lend themselves for such an easy eradication. Hleee
prominent role plays the problem of avoiding thsigrsment
of different names to the same entity. This maylehappen
due to a simple mistake, due to information intégrafrom
different sources, etc. A practical business exaniplthe
integration of a number of address databases afnfiat
customers. The same person may appear in manyagatab
and should be properly identified despite possiifferent
structures of integrated databases, different Idetaf
description, possible spelling errors, etc.

The identification of duplicate names is not ai#divask.
Our approach should be primarily seen as an attdmpt
model the way a human being is dealing with sutdsk. We

HE promises of the Information Society are nowadaysssume that the decision of a human being is basettie

becoming the reality. More and more domains oflibar

assessment of the truth of the propositidR:(&.g. most)of

are supported by information systems. They arengett importantwords in string 1 have eatchingword in String

more sophisticated, more reliable and even adapdeeern
information systems usually have a complex stractwith
many elements (subsystems) working together toraptish
goals set by the human user. Most often the wedikdsin

2". This is the rationale of our approach.

This problem is studied under different names amd i
different contexts [3] as, e.g.record linkage data
deduplication name matchingtc. In the database cleansing

this chain of collaborating components is the humagontext it boils down to the identification of seakedifferent

operator. A system processes data which is ofteuieed
automatically but still there are many applicatiovigere the
data has to be entered by a user. In such a casgrtirs are
unavoidable. The most evident context in whichapens is
the entering of data to a database. Often it ire®Imnassive
amounts of data, more and less experienced usergétehe
same time the quality of the content of a datalimssually
critical for the mission of the system. Thus anyorf
reducing chances for errors is worthwhile to beeutaken.
The problem of validating data has been addressed
many research communities, notably in the areaatdlzhse
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records in a database representing the same elmtitys
more general form it is assumed that records mag bath
different structures and different values of thedds.

In this paper we consider a more specific problem o
matching values of text fields (strings), usuallgying the
role of a name of an entity represented by a greeord. In
the next section we state the problem in detaitsiging on
its practical importance. Then we briefly surveg tolutions
known in the literature. Next we remind the pritefpof the
Badeh calculus of linguistically quantified propamis
which is a theoretical foundation of the soluticogosed in
this paper. A detailed presentation of this solutfollows
and is exemplified by a numerical example in thetne
section.

. THEPROBLEM

In the paper we consider a fairly simple systemcths
especially prone to various mistakes, inconsistnatc. in
data. It is a system meant to support reporting ofsearch
institute concerning the publications prepared hg i
employees. The system has been in use in its reeesion
for 10 years. It is used to automatically preparamber of
reports used both for reporting to some supervisory



institutions as well as for various internal, demsmaking
related, purposes. Its heart is a database of qaiioins
which is accessible over the Intranet via a Micfosdctive

Server Pages (ASP) driven Web interface. Everyareser
is obliged to register his or her publications pding usual
details such as the title, list of the authorse tiif the edited
volume or name of the conference. Among very diffier
mistakes made by the users the one concerningatines of
the conferences is especially cumbersome for tistesy
administrator who is responsible for the qualitytioé data
collected in the database. There are two tablegh&
database (managed by the Microsoft Access softweniEh

or

“1st international conference on advances in medical

signal and information processing (MEDSIP' 2000)

and

)

“International Conference on Advances in Medicah8ig
and Information Processirig

In the exemplary pairs of the conferences namesrl)
(2) one may observe various problems: differentdivay of
the same concept Third” and “3rd"), typing errors

are of interest here. One is the main RESULTS tab(¢Semnal), varying length of the names in a pair etc.

collecting data on all different types of publicets and
other achievements of the institute employees. Soeteails,

A similar problem — although to a lesser extenbraerns
titles of edited volumes in which the institute dayees

such as title, are recorded directly there. Sorheradetails place their papers, names of publishing housesapnres of
e.g., concerning the conference at which a papes wmstitutions at which the researchers have accaimpdi some
presented, are stored in a separate CONFERENCHS talachievements to be reported in the institute. Thia real
Both tables are linked using usual referential gritg  nightmare for the administrator who has to mainttie
constraints. database correcting improper entries and removing
When a user enters information on his or her cenige duplicates concerning the same event, instituttonseveral
paper he or she is provided with a list of confessntaking times per year.
place in the current year whose descriptions hasenb  Several administrative measures were planned tadavo

already entered by other users as it often happwatsa
number of researchers participate in the same pamde.
Nevertheless quite frequently it turns out thatrehare
several records in the CONFERENCES table refetortie

duplicate entries in a database — for example doting a
policy that the user cannot himself enter a comfeze
description to the database but has to requesivaree the
administrator to enter it. However it was quickbalized that

same conference.

A partial explanation for this “phenomenon” is thetten
it comes to registering papers with the system fiero
happens in a hurry at the end of the year — a wredline
for completing one’s record of achievements. Thssially
this is the reason for not noticing by the usersrany for the
conference on the list presented by the systens Woild
not be a big problem as long as the duplicatesdcbel
automatically identified by the system as havingatly the
same description. However, usually this is not ¢hse. In
particular the field which theoretically should eko
discover the duplicates, i.e., the name of the ex@mice, has
usually different form in the duplicate records. isThs
sometimes due to some typing errors but also due
ambiguous multipart long names of the conferencbiw
are selectively and “creatively” interpreted by tmadar
users. The system cannot prevent that using standeans,
i.e., checking if the name of just registered coatiee
already appears in the database. This line of defarorks
when the name given by the user is exactly the smsrtbat
earlier recorded in the database. However checkivg
content of the CONFERENCES table one can spot
following examples:

such measures make the system inconvenient to nde a
defies its whole mission. Thus it has been decided
supplement the system with a module helping to cavoi
duplicates. Namely, when a user tries to add aerente
description to the database its name is checkednin
intelligent way against the names of recorded cemnfees so
as to discover potential duplicates and warn tlee. us
It is worth noticing that there are in fact two sagos for
the use of such a module. They may be referred tmdine
and off-line. The former boils down to a short description
given above, i.e., newly added conference is clibekminst
the existing ones. In the latter all conferenceomed in a
database are checked against each other. Themiidée of
tloe execution is triggered by the user, the sedmyndhe
administrator whose goal is to discover all potnti
duplicates. The type of the mode may have an inflaeon
the construction of an algorithm. For example, hie first
scenario it may be assumed that the databasess,dle.,
there are no duplicates. Then finding several piaten
matches for a newly added conference should beilfppss
interpreted as a mere consequence of the use agheorffor
tlenference names) words in the name of the corderen
rather than as the sign of the conference beinga r
duplicate. We will refer to that once again at &mel of this
“Third Warsaw International Seminar on Soft Commtin paper.
WISSC-3'03 The planned implementation of the module was preded
) by a study of the existing approaches to the proléa so
called deduplication Due to the experience of the current
“3rd Warsaw International Semnar on Soft Comptting authors [11,12] they were also called for an adwkgeally it
has been decided to implement a new intelligerdréhgm —

and



after all, this is a research institute in the idld! This paper

presents an effort undertaken.

Ill. SOME KNOWN APPROACHES TO THENAME MATCHING
PROBLEM—A VERY BRIEF REVIEW

The problem defined in the previous section is ecijc
case of the broader problem déta deduplicationwhose
various interpretations are listed in the introdutt Here we
are concerned with name matching techniques whiehaa
part of the solution to this problem. Their dowrearth
interpretation boils down to string comparison.
techniques have been developed for this task dveyears.
Basically they consist in computing some kind ohifarity
(or dissimilarity) measure between two strings. &fiermid
et al. [3] distinguish a few classes of such mess@metrics)
which are meant for identifying strings which aristarted
versions of each other. These classes correspondritmus
causes of this distortion. We will briefly discusisem
referring the reader to [3, 2] for details and Hert
references.

The first class of character-based measures addréiss
typing errors, i.e., is meant to discover the mdiehween
such strings as, e.g., “international” and “inteynal”. Here
belongs a famousedit distance also known as the
Levenshtein distanceDissimilarity between two strings is
computed as a minimal number of insertions, deatetiand
replacements of single characters needed to transtme
string into another. Different weights may be agsted with
particular operations. Many extensions of this téghe have
been proposed making it possible to identify, etbe
abbreviations of the same word. Some efficient rtgms
mostly relying on the use of dynamic programmingeha
been devised.

Another metric which is widely acclaimed as givipgod
results (at least for short strings) is theo distance metric
and its variations. This method consists in idgitd
common characters in both strings, i.e., charadtera one
string which have an identical counterpart, pogsgightly
misplaced, in another string. The sets of commaraztiers
are computed separately for both strings — thewllysare
different. Finally the measure is computed as atfan of
these two sets of common characters. Thaeo-Winkler
variant of this distance metric additionally taket® account
the length of the longest common prefix of compasteithgs.

There are alsawo level distance metricsvhich are
defined as follows:

: 1X :
sim(s,t) =— max sim'(a;,b;)
Kélj:L...,L 40

Man

The second class of token-based measures is maariym
to identify strings distorted by the misplacememission
etc. of words, i.e., to discover the match betwserh strings
as, e.g., “International Conference on SystemsnSei&’ and
“15th International Conference on Systems Science”.
Basically the methods in this class divide thengtrinto
tokens (words) and then apply various techniques of
documents matching developed in the framework &f th
information retrieval such as the tf x IDF weiglgtiror
probabilistic approaches in the spirit of languagedeling.
The measures of the first class are also applicabte to
neutralize typing errors.

Finally, there are methods addressing the probldm o
identifying strings which are misspelled due taitliéfferent
written and phonetic forms. Here belongs a veryutenp
SOUNDEX algorithm which basically works by computia
compressed form (code) of the string using somesrab
some extent specific for a given natural langudden two
strings are identified if their codes are equalerEhexist
some variations of this general mode of operation.

There are also many hybrid methods combining
advantages of different approaches mentioned abeoe.
example, classical information retrieval relatedhtéques
are rather useless in case of spelling errors. Mewi we
apply these techniques tegrams instead of whole words,
they become spelling-error-proof.

On a very abstract level some common feature tdafiy
all of abovementioned methods may be observed. Name
usually some partial scores are computed reflecthmsy
similarity (dissimilarity) of words (tokens) and wle strings
which are later somehow aggregated to obtain thal fi
measure.

Such an aggregation should be as human consistent a
possible. Therefore, we assume that the decisi@ahfman
being is based on the assessment of the truth ef th
proposition: Q (e.g. most)of importantwords in string 1
have amatchingword in String 2”. Its very essence is a soft
aggregation of partial scores (results of substring
comparisons),

In our approach we propose to employ the linguistic
guantifier driven aggregation for this purposes. &ample,
as mentioned above, we will identify two stringsigentical
if, €.9.,most of their important words are very similém the
following sections we first briefly remind Zadeh}oposal
to model expressions of this form and next we pseplaow
particular components of expressions of this typeh as
important word similar word may be interpreted. An
approach similar in the spirit to the one proposedhis
paper has been developed by the authors of [6]thuas

where strings andt are represented by sets of its substringsmeant for rather different purposes.

(tokens), i.e.,s={a} and t={b} and sim’' is a secondary
distance metric. For example, such a metric in ktite
secondary distance metric Jaro-Winkler metric will be
referred to asevel2Jaro-Winkler

Another approach giving good results consists iimgus

IV. ZADEH' S CALCULUS OFLINGUISTICALLY QUANTIFIED
PROPOSITIONS- A TOOL TOAGGREGATEPARTIAL MATCHING
DEGREES

As a tool we will use the Zadeh [9alculus of

substrings (also known asrgrams) as the units Of ying istically quantified propositions The propositions

comparison between two strings —
characters.

instead  of - sing{g,qer consideration are of the following form:



Mostelements of seX posses propertg

3)
that may be formally expressed as follows:

Q S(x) 4
XOX

where Q is a fuzzy linguistic quantifier(e.g., "most"),

X ={x,...x,} is a universe of discourse, ang()is a

property (of the elements of) which is assumed fuzzy, and
truth(S(x;)) = 4s(x;). In a more general form the

propositions (3) may be expressed as follows:

Mostelements of seX possessing properfypossess also

propertyS (5)
that may be formally expressed as follows:
QF S(x) (6)
xOX

where propertyF is fuzzy too, andtruth(F (X)) = g (X) . If
OxOX w=(x) = 1, i.e.,F = X, then (5) and (6) reduce to (3)
and (4), respectively.

The linguistic quantifier can be absolute (e.ghdiat 5,
"more or less 100", "several’), and relative (e'g,few”,
"more or less a half”, "most”, almost all”).

In the framework of the Zadeh calculus of linguiatly
quantified statements the truth values of the statgs (6)
are calculated using the concept B&fCount, a scalar
cardinality of fuzzy sets2Countf) = Z,0x 4(X). The truth

V. LINGUISTIC QUANTIFIER GUIDED AGGREGATION FOR
NAMES MATCHING

The problem considered in the paper in the assumed
context boils down to a definition of the similgrineasure
of two strings representing names (titles) of sagméties.
Our goal is to define such a measure which is tingiiand
easily customizable for a human operator. In thstrabt
form the basic version of the proposed measure bwy
expressed as follows:

sim(S1,S2 = truth@ of importantwords inS1have a
matchingword inS2 9)

where sim§1S2 denotes the similarity measure between
two compared stringsS1 and S2 In order to make this
definition operational we have to further define #lements
set in (9) in italics. In what follows we will det® the
symbols of measures, membership functions, etogushall
letters and their corresponding properties, fuzets,setc.
with the same symbols using the capital letters, €fg.,
cimp and CIMP on the next page).

Quantifier Q is to be selected from among a list of
guantifiers defined in the system. A good starfioint may
the one defined by (7). In fact, this is exactlg tthoice of a
quantifier which makes our proposed definition iofiarity
easily and intuitively customizable. We will retegick to this
issue after discussing the remaining componen{8)of

The degree of importance of a word will be detesdiby
two factors: its position in the string and itsquréness in the

values are calculated as follows. The propefiesdF are Wwhole collection of the names under consideratiomay be
interpreted as fuzzy sets¥ The quantifiers are modeled byargued that the words closer to the beginning @$thing are
fuzzy sets in the real line or the interval [0,d] fhe absolute more important in the following sense. If they dupaar in

and relative quantifiers, respectively. We will usaly
relative quantifiers or, more specifically, propontal,
nondecreasing quantifiers. A fuzzy set represensinch a
linguistic quantifierQ may be exemplified by the following
membership function:

1 for x> 08
Ho(X)=12x-06 for 03<x<08 (7
0 forx< 03

Then, due to Zadeh [9:]

YL (e (i) Ops(yi)
Zinzl:uF vi)

whereld denotes the minimum operator.

truth(QF S(x)) = tg
xOX

} (8)

the second string then there are higher chancdsbtith
names (strings) refer to the same entity. Otherwilsese
chances are lower. However it should be taken dctmunt
that some words are very common for the namesgiven
class of entities. In our case the names of confe® very
often contain the words “conference”, “internatiinatc.
Thus their influence on the judgment regardingdineilarity

of strings has to be reduced. In information retigheory
(cf., e.g., [1]) there are two basic mechanismsctviare
relevant for this purposes. Firstly, so-called stopis are
usually removed from the documents in the prepings
step. These are primarily the words which do netycany
meaning on their own — such as the articles, cdivescetc.
One should be very careful applying this technigquehe
context considered here as the names of entiteeseather
short and each word may be fairly important for the
comparison among them. Another technique is more

The membership function (7) may be treated asromising for our purposes and consists in assignieights

parametrized by two parametefsand B — in (7) they are
equal 0.3 and 0.8, respectively. Thus later we nefiér toQ
asQ(A,B).

to particular words in such a way that words appegafat
least once) in many documents are assigned lowightge
than those which are relatively rare. The most [Brpu

The basic Zadeh's approach to modeling linguistiyrmula for calculating the weights in such a waythe

quantifiers is very clear and intuitively appealiagd is the

famousinverse document frequen¢iDF), which has the

most widely used. There are many other possibillowing form:

approaches, e.g., via the use of the OWA oper§iprs

IDF(W) =logN/ n; (20)



where:w; is a word,N is the total number of documents in acorresponding concepts regarding the whole striagd
given collection, andy is the number of documents in thisappearing in (9). This will be discussed in the tnex

collection containing the word;. Formula (10) is explicitly
used in the weighting schemes of the vector spamtehand
implicitly, with a slight variation, in the probdisitic model
— two leading generic models considered in therin&dion
retrieval theory.

In our approach we combine the position of the wiard
Thealculate the truth degree of the formula (14) gisthe

the string with its normalized IDF measure.
normalization consists in dividing the measure ofiieen

word by the highest IDF measure of the other words
appearing in the same string. The combination ath bo
components contributing to the importance measudra o
word is done using d-norm, notably via the minimum

operator. Thus the formula for the importance wfoad may
be expressed in the natural language as follows:

wimp(w,S) = truth(The wordv is nearthe beginning of
the stringSand isuniquein the collection of the strings)
(11)

where the nearness to the beginning is modeletéfuzzy
set NEARBS such that:

tearss(W, S = 1 —f(wposi,S) / [9)
where wposf,S) is a position of the worev in the stringS

(counting from 0) andy denotes the length of the string (in
words), and is a scaling function, which in our preliminary

experiments is assumed for simplicity to be thecfiom

paragraphs after formalizing the expression (14usTlet us
assume that we have a measure cmeteh(,) expressing
the degree to which a characterin the wordw; has a
matching character in the wont, as well as a measure
cimp(c,w) expressing the degree of importance of the
characterc in the wordw. Then we are in a position to

formula (8) which takes now the following form:

wsim(wy,w,) = truth( Q CIMP CMATCH(c)) =

cOwy

o Z!Vzlll(#cmp(ci) O liematcH (S, W, Wo))
il tcimp(Gi)

(15)

Then the concept of a word in the striSg having a
matching wordn the stringS,, denoted as wmatoh(S1S2),
is finally modeled by the following natural langeag
expression:

wmatchvy,S1S2 = truth(There exists a womh, in S
claing the wordvy)

what is formally expressed as:

Wmatch(lvl,Sl,SZ = trUth(DN2|:|82 WSIM(W]_,WZ)) =

maXy, s, Wsim(w, wo) (16)

f(x)=x. We have also experimented with another version #there the existential quantifief] is modeled by the

the scaling function:

f(x) = Q(X) (12)

maximum operator.
The degree of importance of a charaadn a wordw,
denoted as cimpfw), will be determined first of all by its

whereQ is a linguistic quantifier defined by its membépsh position in the string: the closer the characteth® string

function given by (7).

beginning the more important it is. There may bkeot

The (degree of) uniqueness of a word is measuriey usreasonable factors to differentiate the importanéethe

the IDF formula (10) and thus the overall formuta the
importance corresponding to (11) is as follows:

wimpWw;,S) = tiearss(Wi,S) O IDF(w;)/maxy IDF(w,S)
(13)

Now we have to clarify the concept of a word in sitiing
S, having a matching worth the stringS,, cf. the formula
(9). Here and later on by defining a concept wé méan its
natural language
calculating the extent to which a particular eletreatisfies
the definition, and this extent is expressed imteof a truth
value. Briefly speakingy, in the stringS; is a matching word
for wy in the string inS; if w; is similar to w, and the
positions of both words in their strings alese Similarity
of the words is in turn defined using the followingtural
language expression:

wsim(wi,w,) = truth@ of importantcharacters imv; have a
matchingcharacter irw,) (14)

where theimportanceof a charactech; in the wordw; and
the concept of having a matching characterin the word
W, is defined, somehow in a recurrent way, similadythe

like definition with a formula for

characters in a string. For example it may be atgiat
consonants are more important than vowels when adgnmp
two strings. In our experiments we have tested sl an
extended definition of the character importance weler
basically the importance of a character is modekidg the
concept of nearness to the beginning of the word:

cimp(c,w) = truth(The charactaris nearthe beginning of
the worg) a7

which in turn is modeled by the fuzzy set NEARBW:

Hnearew(C, W) = 1 —g(cposE,w) / W)

where cpos{w) is a position of the charactelin the string
w (counting from 0) andw| denotes the length of the word
(in characters), ang is a scaling function, which in our
preliminary experiments is assumed to be the fancti
g(X)=x. Also some experiments with= f, wheref is defined
as in (12) were undertaken.

The last concept we have to formalize is that of a
character in the word; having a matching charactém the
word w,, cf. the formula (14). We consider in the wordw,
as a matching character forin the wordw; if ¢; andc, are
identical and their positions in their strings atkse



Closeness of the positions is in turn modeled byftlzzy set customization of the whole procedure. Namely, ciramthe

CLOSE such that:
Heroseli, j,WiWo) = 1 —h(abs(-j)/(jwi|+Ww2l))

guantifiers employed in (9) and (14) one may retad
harden the requirements set for the matching ofwhele
strings and words, respectively. For example, cimanthe

where abs() is an absolute value &f | is the length of the most quantifier in (14) toalmost all will require more
word w; andh is a scaling function which in our experimentg(important) characters to match in order to declare two
is assumed to ble(x)=x. Now we can define the formula for words as matching. Such a change may be executédeby

cmatch€,w;,W») to be as follows:

cmatch€,wy,w,) =

m8vl3<((02 =) U e ose(CPOLC, W), CPOKCy, Wo), Wy, W)
2

c,[

Finally we can express the measure of similarityvben

system administrator in a response to the user ledmtp that
the lists of potential duplicates shown by the exystire too
long and missing the point. Customizing the systgnusing
such intuitive measures may be very comfortable or
administrator who is not an IT specialist, whainidact the
case in the system considered in this paper.

two string S1and S2 as the truth degree of proposition (9) For the discussion of the proposed solution soraetjzal

which, by using formula (8), takes the followingrfu

sim(S1,S2) = truth( Q WIMPWMATCH(w, S1, S2)) =
WS,

p Zliilll(MNlMP(VW ) O taymatcr(w, S1, S2))
© I e ()

(18)

Let us summarize the steps needed to calculate
similarity degree given by (18) in the form of tfalowing
pseudocode:

res =0;
sumimp = 0;

foreach wlin S1
{imp = wimp(w1,S1);
bestmatch = 0;
foreach w2 in S2
{m=wsim(wl,w2);
if (m > bestmatch)
{bestmatch = m};
}
res = res + tnorm(bestmatch, imp);
sumimp = sumimp + imp;

res = Q(res/sumwi);

where the functions wimp and wsim correspond to th

measure defined in this section and the functi@hand
tnorm implement the concept of a linguistic quaeatifindt-
norm, respectively. The details of these functicer®e
obvious and will be omitted here.

The basic structure of the proposed algorithm foe t

names matching is fairly similar to some of thosntioned
in the literature. Namely there are three levdis: level of
strings, words and characters. The partial scdresrolarity
are computed on the levels of words and charaetetdater
aggregated on the higher level. Our main goal washeck
how linguistic quantifiers may be applied to guitlee
aggregation process on different levels. Thanksthigir
intuitive interpretation they very good serve thepgoses of

aspects should be taken into account. Namely gueearios

of its use may be considered:

I. by a regular user when the database may be assomed
be clean, i.e., the administrator of the system juas
checked the list of the conferences removing egsti
duplicates and correcting improperly entered
descriptions,

II. by a regular user when the database should be adsum
to possibly contain a number of duplicates as & inat

¢ been checked by the administrator for some time,

HF by the administrator when the goal is to discoviér a

potential duplicates existing in the database erilikthe

previous two scenarios where a list of potential
duplicates for a given record is to be returned.

Most interesting is the distinction between the tivet
scenarios. It is worth noticing that the conceptlefnliness
of the database may be assumed fuzzy and assovitted
membership function related to the period of tintegpsed
since the last check done by the administrator. Shaater
(longer) this period for a given database the higtaver)
its membership degree to the set of clean datablsésct,
time should be here rather understood in termeehtumber
of records added to the table under considerationthge
considered system this is the table of confereacesonly
additions to it are allowed for regular users timgsdo not
have to take into account possible modificatiofi$jus the
cleanliness of the database may be taken as another
parameter of the proposed algorithm. For example i&
clean database a relatively long list of poterdigblicates is
%iscovered for a given record entered by the usenay
rather be a result of a non-specific name (of derence in
our case) rather than of a real duplication of data

In order to further discuss the proposed solutiba t
following should be noted:

» the proposed measure of similarity given by (18) is
not symmetric,

» the proposed measure makes it possible to order
known strings (here: names of the conferences) so
that a potential duplicate for a given string goes
first; however it does not give a clear cue which
strings from the beginning of the list should L st
considered as potential duplicates and which
already not.



The first observation may be seen as a nuisancia lfatt

Among them there are 123 pairs of actual duplicdtethis

may be quite reasonable to accept and helpful. Thigenario we have compared results of our algonitiitin the

asymmetry will manifest itself, e.g., when compgrastring
with another one which is its prefix. The first g@r string
will match the second to a lower degree than tloerss will
match the first. This may be a proper behavior he t
scenario | mentioned in the previous page. Nanitetgay be
assumed that correct names of the conferencessawlyu
longer than their duplicates entered by regularausgeople
are often lazy! Thus there is really a higher cleatiat a
shorter name is a duplicate of the longer thanothosite,
what is properly reflected by the asymmetry of pneposed
measure. Of course, this rationale may work or foota
given community of the system users. If it is neeeg the

following algorithms discussed in [2]: TFIDF, Jardaro-
Winkler, Level2Jaro-Winkler. All these algorithms,
including our, yield as a result of the compariszfntwo
names a number from the interval [0,1]. Thus weluata
their  effectiveness computing the F1 measure
(F1=(2*Precision*Recall)/(Precision+Recall)) for rigus
threshold values equal 0.5, 0.6 and so on, andsimgpdhe
highest value of F1 measure for given algorithmusTfor
each algorithm the following steps are executed dach
threshold value. The similarity of all 44980 paicd
conference names is computed. Then all pairs fochwie
computed similarity degree is higher than the tho&tvalue

proposed measure may be made symmetric by takigg, eare considered as candidate-duplicates. The poacis

the minimum or the maximum of the two degrees Sin®)
and sim&,S1).

computed as the fraction of actual duplicates among
candidate-duplicates and the recall is computedthas

The second observation possibly requires additionfiaction of candidate-duplicates being actual dgiés

efforts to make the system more successful in évgithe

duplicates. The simplest solution is to presentuser with

an ordered list of all conferences known in thetesys
arranged in such a way that at the top are thosesssd as
most similar to the one entered by the user, th@se with

the highest value of the similarity measure (1&wever, if

the lists are getting longer and longer the usexg become
reluctant to consult them and they will prefer tatee the

conference than to check if it already exists & slistem. In
such a case a technique known astkimesholding strategy
[8,12] may help to decide where to cut a list anakenit

more user-friendly. A simple thresholding stratempnsists

in assuming a similarity threshold value. Then otilgse

pairs of the conference names are treated as dtglichose
similarity degree is higher than assumed threshalde.

VI. NUMERICAL RESULTS

We have implemented a prototype versions of odt®

algorithm in PERL and C#. We run a few experimémthe

among all actual duplicates (i.e., 123). The rssok this
comparison are collected in Table I.

TABLE |
COMPARISON OFSELECTEDALGORITHMS USING F1 MEASURE
Algortihm F1
Level2Jaro-Winkler 0.6754
TFIDF 0.6204
Our algorithm 0.5198
Jaro 0.4268
Jaro-Winkler 0.3247

In the second tested scenario (referring to theasoe Il
mentioned in previous section) only conference rabng
actual duplicates are concerned. There are 17%eaf in the
database. Algorithms are evaluated in the followétgps.
Each of 179 names is in turn treated as a nislivieof the
nference just entered by the user and is compeitecthe
remaining 178 names. These 178 names are ordered no

real system whose CONFERENCES table contained g'ﬂgcreasingly according to their similarity degree NM

records. A few of them were removed during prepseirey

computed by given algorithm. Then the measure ef th

as they were incomplete and never used in fact. A(hverage Precision At Seen Relevant Documents (Atee

conference names were capitalized for the purpoktsese
experiments.
We experimented with different settings of the pagters

of our algorithm The best results reported belowewe

obtained for the following setting:

e« word importance is computed using the scalin@

function (12), wher&)(0.1, 0.75) is used (cf. (7))

cf., e.g., [1], is computed, i.e., positions of alttual
duplicates ofNM (there is at least one!) are found in the
ordering of all names and the average precisionsoreaat
all these position is computed. The overall effemtess
measure of given algorithm is the averaged AtSeeasnre
ver all 179 names treated in turnNigl. The results of the
omparison are shown in Table II.

. the quantlflers n (15) and (18) take the form COMPARISON OFSELECTEDALGORITHMS USING ATSEEN MEASURE

Q(0.2,0.85)
* max(simBl,X),sim&,S1)) is taken as the final
similarity degree
Our basic experiments cover different
mentioned in the previous section. In scenari@llirecords

are compared with each other. In order to make the

experiment in line with the pragmatics of the regstem
only conferences taking place in the same yeac@mrgared.
This yields 44980 pairs of conferences to be coegar

scenarios

TABLE II
Algortihm AtSeen
Level2Jaro-Winkler 0.8343
TFIDF 0.8120
Our algorithm 0.7488
Jaro 0.6245
Jaro-Winkler 0.6092




First results obtained seem to be promising. Inhbof6]

scenarios our
particular the AtSeen effectiveness measure showrable
Il is fully satisfactory for the practical case sidered. As
there are rarely more than 3 duplicates concerthingsame
conference then the 0.75 level of this measure st on
a short 5 item list of most similar names indicatgdthe
algorithm all actual duplicates are always present.

As mentioned earlier the main advantage of the gseg
approach is high interpretability of its parametass in fact,
almost all measures underlying the proposed alyariare
expressed in (quasi)-natural language and theresepted
using Zadeh’'s calculus of
propositions.

VILI.

We showed how linguistic quantifiers may be applied
the construction of a name matching algorithm tauged to
discover the duplication of names in records ofiblipation
database. One of the main advantages of theirsuseré the
ease and intuitiveness with which a configuratidnttee
system may be executed. In this respect furtheceffmay
be obtained by the direct use of tpeotoform concept
[10,5]. The formula (18)
linguistically quantified propositions whose buiidi blocks,
notably the linguistic quantifiers, may be seleatiegpending
on the current need. The interpretation of thigamehy in
terms of the protoform may support “navigation’itin

Of course further experiments on different datasets

CONCLUDING REMARKS

algorithms works sufficiently welln |

linguistically quantified

[7]

(8]

9]

[10]

[11]

refers to a hierarchy of

[12]

needed to prove advantages of the proposed algorith

Moreover, there are still some more parametersrttzat be
tuned yielding possibly even better results. A gahsecheme

of parameters tuning has to be conceived and vellab

subject of our further research.
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