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Abstract

Similarity measures are used to quantify the resemblance of two sets. Simplest ones are cal culated by ratios of the document’ s number
of the compared sets. These measures are simple and usually employed in first steps of evaluation studies, they are called cardinal
measures. Others measures compare sets upon the number of common documents they have. They are usually employed in
quantitative information retrieval evaluations, some examples are Jaccard, Cosine, Recall or Precision. These measuresare called
nominal ones. There are more or less adapted in function of the richness of the information system’s answer. Indeed, in the past, they
were sufficient because answers given by systems were only composed by an unordered set of documents. But usud systemsimprove
the quality or the visibility of there answers by using arelevant ranking or a clustering presentation of documents. In this case,
similarity measures aren’t adapted. | n this paper we present some sol utionsinthe caseof totaly ordered and partialy ordered answer.

Introduction

The quantitative evaluation of a system’s information
retrieval process is often based upon the comparison of
answers. For example, in large scale evaluation, system’s
answers are compared each to other (comparative
evaluation) or to a referential set of “good” answer
(diagnostic evaluation) (Hirschmann, 95). The calculus of
the similarity between two answers C and C' depends on
the richness of the information presentation format.

Indeed, basic information retrieval systems produce
lists of documents without any particular order. Answer
sets arein those cases compared in function of the number
of documents they have (cardinal comparison) or the
number of common documents they have (nominal
comparison).

Actual information retrieval systems propose ranked
list of documents as answer, the rank is given by the
relevance degree from the document to the answer. It may
be total or partial. For example, web engines give a
completely ordered list of documents as answer, thisis a
total order. But many systems use the clustering process
in order to improve the visibility of information set.
“Document clustering algorithms attempt to group
documents together based on their similarities.../... This
can help users both in location inter esting document more
easily and in getting an overview of the retrieved
document set”. " Information Retrieval community has
long explored a number of post-retrieval document
visualization techniques as alternatives to the ranked list
presentation .../... document networks, spring
embeddings, documents clustering, and self organizing
map. Of the four major techniques, only document
clustering appears to be both fast enough and intuitive
enough to require little training or adjustment time from
the user.” (Zamir, 99) In these case answer sets are

partially ordered. Indeed, only clusters (i.e. classes) are
ranked in order of relevance, documents are equally
ranked in acluster',

Searchers (Tague 1996) (Borlung 1998) quotes many
studies which highlight the delay induced, in the
satisfaction of an informational need, by a possible
modification of this order of presentation. Ordinal
measures must be used in order to take it into account in
the calculus of the similarity, indeed, cardinal or nominal
ones do not do it. But there are none realy ordina
measures proposed for evaluation context. Indeed,
measures proposed are most of time cardinal or nominal
ones like Recall, Precision or Jaccard (Losee 90). The aim
of this paper isto propose other ones.

In the first part of this paper we we'll describe the
usual measures proposed in the case of evaluation tests:
measures based upon nominal or cardinal comparisons.
Then, in the second part, we'll present the total ordered
formalism, the property the similarity measures must have
in this case and examples of possible similarity measures.
In the third and last part we'll present the most general
case, the partial order. We'll explain why measures
proposed in total order case can’'t be used there and how
we can define new ordered similarity measures.

In the following section we will called :

D : adocuments given as answer.

C and C’ two sets of documents defining two answers
to be compared.

! We can noticed that the partial order caseisageneralization of
the total order case; atotal order isapartid order with clustersof
one document.



1. Noorder case

1.1. Cardinal comparisons

Let suppose that there is not information upon
documents of C and C'. The simplest possible comparison
between C and C' may be made upon the number of
elements they have. It is called the cardinal of sets C and
C’ and it's noted |c| and |c1 Corresponding indicators
areratioslike:

9,
€] Ic[+[c]
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1.2. Nominal comparisons

Let’s consider now that each document of C and C’ is
identified as a singular way i.e. like with a name. It’s so
possible to make nominal comparison, i.e. to identify the
common documents of C and C'. The similarity between
C and C will grow with the number of common
documents. They are mathematically represented by
C C C and graphically represented asin Figure 1.

c

Figurel

The number of common elementsis |C C'| :

Another important element is |C E C) which is the
number of different documents of C and C' and calculated
as: |CE C|=[C[+|C]- |cCCl.

Most of usual similarity indicators are based upon this
numbers. They differs from ones to other with the
denominator number, calculated in order to normalize the
measures from 0 to 1. As examples we can quotes (Boyce
94)(Losee 90):

The Jaccard’ s coefficient |CC C'| [Eq 1]
ICE C]

The Dice’ s coefficient 2 |CCC‘| [Eq 2]
d+[ci

The cosine (Salton 83) |C ¢ C'| [Eq 3]
Il |c]

The Overlap coefficient |CC C'| [Eq 4]
min(|C|.|C))

Measures of Recall and Precision used in the case of
large scale evaluations or comparative test protocols like
TREC (Voorhees 98) are also nominal ones.

2. Thetotal order case

Let suppose now that the documents of C and C' are
personalized by a name and presented in a totally ranked
way. Let us call D and D’; the documents of rank i and j
fromCand C'.

If C (respectively C') is composed of m (respectively
m’) documents we will have:

C:{Dl, D2, ceny Di, . Dm} and
C=D'1D’,...,D},...,.D'm}.
The graphical representation islike Figure 2.

As before, the similarity indicators between C and C'
will grow with the number of common documents. The
rank give more detail about C and C' and permit to define
other criteria. What are they?

Figure 2

2.1. Possible similarity criteria in a ranking
order case

2.1.1. Thereativedifferencein order

L et suppose that D; found astherank i in C isthe same
document as D’; found at the rank j in C'. The closest i
and j are, the nearest C and C’ should be and the higher
the similarity should be. We'll call this criterion the
relative difference in order. It represents the difference in
the order of presentation of D; relativeto D’;.

In the following example (Figure 3) (A, B) and (C, D)
have identically one common document, nevertheless the
similarity between A and B is higher than between C and
D because the relative order difference of D; of A and D’
of B islessthanthe onesof D, of Cand D’ of D.

Figure 3

2.1.2. Thetopranking

Order of document are generaly made upon a
relevance criterion, so common documents presented at
the end of the answer are less relevant than the ones
presented in the beginning. This criterion must appear in
similarity calculus, we'll cdl it the top-ranking. The more
common documents are presented early to the users, the
more similar the compared sets must be considered. As
previous, | et suppose that D; and D’; is the same document
found at therank i in C and at the rank j in C'. The higher
i and | are, the smaller the similarity must be.

In the following example (Figure 4) the common
documents > of A and D’; of B are presented both
previous to the user than Ds of C and D', of D. (A,B) and



(C,D) have both 1 document in common but, regards the
top-ranking criterion, the similarity between C and D is
higher than between E and F.

o

Figure4

How construct similarity measures quantifying these
criteria? The solution proposed by Tague (Tague 95) isto
combine in the same similarity measure an indicator
quantifying the similarity in terms (i.e varying with the
number of common elements) with an indicator
quantifying the similarity in order. This last one is called
the delay indicator dy and is increasing with the ordering
difference of theset Cto C'.

2.2. Delay : indicator of the order’s difference
between sets.

There exists many methods to construct delay
indicators. Tague's idea is to calculated an adaptation of
the rank correlation coefficient employed in statistic.

2.2.1. Dday derived from the coefficient correlation
of rank

The correlation coefficient of rank quantifies the
difference of two sets in terms of order. It's decreasing
with the number of permutation used to rank the elements
of C according to the elements of C'.

The adaptation presented by Tague (Tague 95) is
called R and it's calculated like:

Qir(D)- mm+1°/4
R(C,C") = El

\/m(mz - 1)/1225_ r(Di)2 - m(m+:l)2/48
€i=1 u
[Ea 9]

Where m isthetotal element number of C,
r(D;) the rank of the document D; in C' if it’s present.

She calculates the delay dy(R) as afunction of R.

This delay indicator is good because global but is not
able to make appear the two previous criterions: the
relative order and the freshness of information. Delay a,
and my, presented below doit.

2.2.2. Dday calculated varyingtherelative order

The criterion defining the relative difference is : the
closeri and j are, the higher the similarity must be and so
the smaller the weight delay must be. So the similarity is
decreasing with (i) or (j-i). The corresponding weight
induce by the difference in order may be quantify by
indicatorslike:

i- il

max( m, m)

_o -l
a, =1- [Eq €], a, =1- e [Eq 7]

R Y a =—t_ [Eq9
n+m boi-

2.2.3. Delay calculated varying the freshness of
information

By using the same reasoning the similarity in terms of
top-ranking is decreasing with the rank i and j. The delay

induce may be quantify by indicatorslike:

m=1. il [Eq 10, _(max(nm)  [Eq11]
: (max(n, m))* & |||| j|
m =1- M [Eq 12], m = [Eq 13|
nm |||J|
m=1 ML [Eq 14, gy nem [Eq 15]
n+m illl
2.3. Construction of ordered smilarity
measur es
231 Type 1. Measures with general deay
indication

Let's consider S(C,C') as any nominal measures like

Jaccard, Cosine, Dice, Recall, Precision previousy
describein[Eq 1, 2, 3,4]....

Tague construct it's similarity measure by using the
indicator d,(R) as in the further equation :

Sx(C.C)=d,(RS(C,C) [Eq 16]

This calculus is possible because the indicator d, (R)

is global to C and C' and so is coherent with the other
general similarity indication S(C,C’). Other globa delay
function may becalculated for examplewith the means:
a [Eq 17] or [Eq 18]
asaars m=aa n
In this case ordered similarity quantifying the relative
differencein order may be:

S,.(C,C")=a,S(C,C) [Eq19]

And the similarity quantifying the top-ranking
difference may be:

S, (C.C)=m3(C,C’) [Eq 20]

And it's also possible to combine delay like in the
following formula:

S,.(C,C")=a, mS(C,C") [Eq 21]

2.3.2. Type2: Measureswith precisedelay indication

Let suppose now that we want to link directly the
criteria of relative difference or top-ranking to the
concerned common documents. In this case,
corresponding similarity measures can look like the
following three measures :

50(C.C)=4 4a,D, ¢D))| [Eq22]
i=1 j=1
Sw(C.C)=a a m|p, ¢ D' [Eq 23]

I
Y

I
Y



So(C.C)=a aamp.co,|  [EA
i=1 j=1

Type 1 measures are based upon a global indicator,
which is not very precise. There is an opposite problem
with type 2 measures : freshness of information or relative
order is taken into account in a precise way but the
comparison of the two sets elementsis just made upon the
intersection |Di C D'j|-

There is no solution to this dilemma in the total order
formulation. Nevertheless, there is one if we consider the
more general model of partial ordered sets presented

below.

3. Thepartial order case

As we seen in introduction, systems tend to use
clustering agorithms to improve the visibility of
information. They produce classes of documents, classes
are presented to the user in a ranking way, documents are
usually equally ranked in aclass. Thisis a partial order of
documents graphically represented in Figure 5.

Figure5
Let G and C'; be the classes of rank i of the sets C and
C,0 C{C,Cy, ..., G, ..., G} and C={C'1,C, ..., C},
—..Cm}.

Let's Dj; and D’j; are the documents of sets C; and C';.
So G={Day, D12, ..., Dy, ...}, and C'j={D'13, D12, ..., D'yj,

..}

In this case, the previous similarity measures (Eq 16,
19, 20, 21, 22, 23, 24) can't be adapted because of the
classes formalism. Indeed :

- Let's remember that S(C,C’) is a nominal measure
like for example [Eq 1, 2, 3, 4]. If we considers
the formula, S(C,C’) can't be calculated without
breaking the classes hierarchy. In this case we
totally loose the clustering information.

- The indices i and j haven't the same sense as
before. It's convenient now to speak about r(Dyj),
the rank of the document Dj; of Ci. The partia
order hypothesis is that all the documents of a
class have the same rank but what rank? Taking i
as r(Dy;) isnot the only possible solution.

The similarity measure S(C,C’) and the delay indicator

must be adapted.
3.1.1. Possble adaptation of
indicator

nominal  similarity

As we said before, the calculus of S(C,C’) has no
senseif we keep the classes formalism

We advise to considered [Eq 25] as an indication of
the sets C and C' nominal similarity.

Sc.c)=4 a S(C,.C) [Eq 29
i1 j=1
Indeed, in this case, C; and C'; are nominal setsand the

classical similarity may be calculated.

3.1.2. Possible delays adaptation

In apartial order case, there is a dilemma in the choice
of the rank r(D;;) of the document D;;. The simplest choice
is: r(D,) =i [Eq 26]

The formulas like [Eq 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15] aren’'t changed except in notation. For example [Eq 6]
iswritten :

R

! max( m, m’) max( m, m)

[Eq27]

Let’s considered now the case where the rank of the
documents in a class depends on the documents class
number. Let’s call m(j) the element number of classC;.

We can considered that the document D rank are
determined with :

» thefirst element of theclass:
i-1
r(D;)=4 m(j)+1
j=1

» thelast element of theclass:
(D) =& mj)
» The mearj{tal ement of the class
r(DiJ.)zié’;l1 m(j) + (i) [Eq30]
j=1

[Eq 28]

[Eq 29

2
The calculus of delay indicator are exactly made as in
example in [Eq 27].Tague (Tague 95) advise to calculate
r(Dij) asthe meansrank ([Eq 30]).

It's possible now to adapt type 1 and type 2 similarity
measure varying the chosen adaptations. But, the
problems enunciated at the end of the section 2 are the
same. Nevertheless, the formalism of partial ordered sets
let’s us think that there is another type of possible ordered
similarity measures, measures of type 3.

3.1.3. Type 3 ordered smilarity measures
combination of typeland 2.

Formalism of partial order case make the construction
of ordered similarity measures as[Eq 31] possible.

oc.ch=4 4 sc.cpiGy [Fa3

j (i, j) is defined by five particulars conditions’ in
order to make appears the relative order and the top-rank
of information.

26y " i il [Lmx[Lm], j Gi)>0
Gy il [Lmoj, ™
) 2 i (=1
(iii) ijl [Lm]x[1,m],] (i,j)isstrictlydecreasinginj3 i (i fixed)
(v) il [LmIX[LmT, ] () isstrictly decreasingini 3 j( fixed)

(v) " il [Lmg]j (i,i)isstrictly decreasingini.



We can noticed that information on similarity in
document and in order delay are quantified in the more
precise way as possible, i.e. for each class. So that's the
reason why type 3 measure have both properties of type 1
and 2.

3.2. Example of type 3 measure

Let’s suppose that S(C;,C’)) is the Jaccard indicator
(Eg1]),andj (i, j) thecombination of gm(n) defineas

i G, =d™i- i) +1) am(ii- §+1) [Eq 32
d™(n)= /6y’ & n-10
with Jomy - 6my +8m7 - amy 418 My

and Mp=max(m,n’)

It's possible to construct similarity measure of type 3
like :

rc.cy=4 & ac.c) dm(fi- j|+1) d™(i{i- i|+)

i=1 j=
[Eq33]

The measure P4 has been tested in a real evaluation
context : the diagnostic evaluation of a system having a
personalized filtering process upon the user’s profile. The
aim and general methodology of the study is presented in
(Michel 2000). A comparative study of the results given
by a classical Jaccard measure and this one show that the
delay induce by the relative order and the top ranking
really justified the use of an ordered similarity measure
(Michel 99).

Conclusion

Similarity measures are of three types : cardinal,
nominal and ordinal ones. Cardinal ones are the simplest,
they may be used in al the sets description case. Nominal
ones are more precise if the sets have individual
descriptions of al elements and ordinals one if, therefore,
thereis also an ordered classification of the elements. Sets
of documents proposed as answer of information retrieval
problems may be totally or partially ordered. In section 2
and 3 we propose some solutions and construct ordered
smilarity measure by combining two criterion : the
similarity in terms of documents (called the nominal
similarity) and the similarity in terms of order (called the
delay). We can noticed that this two criterion can't be
applied simultaneously in the total ordered case.
Nevertheless, they can in the partial order case. This
results from the measures construction choice, but also
from the fact that, on reverse than in mathematics, the
total order is, in the context of information retrieval, a
particular case of the partial order.
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