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Abstract

In the context of Information Filtering and Retraé\vhe usage of
pre-processing steps like Stopword-list, Stemmind @hesaurus
Substitution is very common. Indeed the usage afehpre-

processing steps seems to be sound at the fidst loonal proofs

for the adequacy of those steps are still abserthi$ paper those
proofs are given with the assistance of the Topised Vector
Space Model. Additionally the hidden implicit assqutions of the

above mentioned pre-processing steps are worked amot

evaluated regarding their impact on practical usage

1. Introduction

More and more unstructured documents are geneuatad computers today.
The development of Internet supports this trendliBling documents is easier
than ever before. The number of available documsmgsowing faster than ever.
By now information has become one of the most irtgydr resources for
business and research. But the fact that morendton is available than ever
before, doesn't necessarily lead to better decisidRestricted capacity of
human’s information processing forces us to redheeamount of information
presented to the human. Today one of the greatedlenges is the efficient
filtering and retrieval of information. Whilénformation Filtering (IF) selects
documents from a dynamic stream of documents usorge kind of (static)
profile, Information Retrieva(lR) selects relevant documents from a statiofet
documents based on a specified (ad hoc) query [B332]. Because of the high
similarity of those tasks, most concepts and mofielsF or IR can be adapted
for both tasks [Kuro2004].
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In today’s literature a bunch of models and apphneads presented to solve
this task in a more or less adequate and efficrarner. [BaRi1999; Kuro2004]
When looking carefully at the different approachess striking that most
approaches apply some pre-processing steps on éotsinUsually these pre-
processing steps are: Stopword-lists, Stemmingiansbme cases Thesaurus
Substitution.

A Stopword-list(e.g. [Drott]) contains words, which are assun@dhdve no
impact on the meaning of a document. Such a ligallys contains words like
‘the’, ‘is’, ‘a’, etc. During the preprocessing allords matching the Stopword-
list are removed from the document.

The termStemmingstands for the reduction of word forms e.g. ‘halUse
‘mice’ to word stems e.g. ‘hous’, ‘mic’ (also knovas Strong-Stemming) or to
basic word forms e.g. ‘house’, ‘mouse’ (also knoas Weak-Stemming). For
pre-processing of English documents tlsRPER stemming algorithm [Port80] is
often used, other algorithms for example are: thec8ssor Variety Stemmer
[HaWe74], then-Gram Stemmer [AdBo74] and others like [Paic90]mast IF
and IR approaches documents are preprocessed roynstg algorithms. This
results in the replacement of (theoretically) adird/forms by their stem or basic
word form. It is assumed that the reduction ofatigiht word forms to their stem
or basic word form has no significant influencetiba content of the document.

Finally, Thesaurus Substitutiois defined as the replacement of different
synonymous words by one leading word. For exampé synonyms ‘auto’,
‘automobile’ and ‘motor-car’ can be replaced by tkading synonym ‘car’.
Which one of the synonyms is the leading synonyrussally defined in an
arbitrarily manner. The usage of Thesaurus Sulbistituin document pre-
processing is often justified by the observatioatteynonymous words have
nearly the same meaning. From this follows thabis not matter which one of
the synonyms is used in a document.

While many IF and IR approaches make use of Stognists, Stemming and
Thesaurus Substitution a formal proof of the adeguaf this kind of pre-
processing is not given. Indeed, the usage of bo@expresented pre-processing
steps seems intuitively to be admissible, but kivisl of argumentation is not an
acceptable scientific procedure. In this paperwikpresent a formal proof of
adequacy of the usage of Stopword-lists, Stemmimth Ehesaurus Substitution
on the base of the Topic-based Vector Space M&kK(1I2003] [Kuro2004] as
explanation model. Additionally we will acquire timaplicit assumptions, which
arise from the usage of these pre-processing steps.
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We will begin with a short introduction into the fio-based Vector Space
Model in section 2 and continue with three lemmas dur formal proof in
section 3. Finally we present a summary in section

2. TVSM at aglance

The Topic-based Vector Space Model (TVSM) [BeKu20RB8ro2004] is a
vector-based approach for document comparisoreicdimtext of IF and IR. The
key features of this approach are the explicit egion of dependences between
terms, its flexibility regarding the specificatior inter-term similarities and the
integration of stopwords, stemming and some kindtt@fsaurus within the
model. For our aim it is sufficient to narrow timroduction to the TVSM on the
theoretical base of the model. A more detailecbhiiction regarding a possible
implementation and linguistic details can be foumd [BeKu2003] and
[Kuro2004].

The fundamental assumption of the TVSM is the erist of al-dimensional
vector spacdk. Each axis intercept of this vector space may lwnlg positive
values (including zero) and represents an elementaryctdpig. literature,
computer, medicine). (HIinR is the set of real numbers, whilkis the set of the
natural numbers)

R=RZ, withdON @)

Further the TVSM assumes that terms (which arehis tontext equal to
words) are the atomic elements of documents. Th& smntains all possible
terms, while a vectofi represents the affiliation to the topics of a térof the
setT.

OioT: tORrR O [fofo..] @

1 The reason for having only positive axis intetsdp that a topic, which is for example
represented by the word ‘literature’, cannot havaes kind of reverse relationship to an
other topic. In opposition to topics this is natdrfor word meanings. A word like
‘warm’ stands in a reverse relationship to ‘coBlut these words are attributes and not
suitable for being a topic and they are highly dejemat on the writer's point of view. A
full discussion of this problem would go beyond #stepe of this paper; this problem is
addressed in detail in [Kuro2004].
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The vector Iengtlﬁ‘ represents how good a term is able to indicatpi in
general. A low value means that the term is nonii@ant at all (this usually
holds for stopwords). Words that are strongly eslato a topic are good
indicators for the topic and have a vector lengthrrone.

literature
1‘{997ethe
a, an, the = s&ftware
7 = iprogram, programs

~~ computer

X .. mouse, mice
———MITUS,VIFrUSes

medicine

Figure 1: Interpretation of the TVSM vector space.

The whole circumstances of the representation rofigen the TVSM vector
space are exemplified by Figure 1. In this simgtifiexample the vector space
has only three topic-dimensions: medicine, literatand computer. For example
the term ‘Goethe’ is represented by a vector tlwantp at the direction of the
topic ‘literature’. Whereas the terms ‘virus’ andrtises’ point at a direction
between the topics ‘medicine’ and ‘computer’ beeatlese terms are related to
both topics. Both terms (‘virus’ and ‘viruses’) leagven the same vector due to
they refer to the same topics. While ‘Goethe’ avidus’ are represented by long
vectors (vector length is near one) the vectothefstopwords ‘a’, ‘an’ and ‘the’
are short (to be exact: the vector length of stapwads null, which is for
readability reasons not displayed in Figure 1),abse these stopwords can not
be related to any topic.

Figure 1 advises us to use the angl)gj between two term vectors as an
indicator for topic-related similarity between thwo termsi and j. For
normalization reasons we will define the similamtytwo terms as the cosine of
the angle between those terms:
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sim(i, j) = cosw, ; 0J[0..1] 3)

The angle mapping using the cosine function is wmignd all results are
positive in this case, because of the positive @isrcept constraint for the
vector space. This constraint results in all anddetng not larger than 90
degrees:

w, ; O[0°..907] 4)

We defineD as the set of all documents. A document is reptesein the
TVSM as a weighted set of terms. A document veeris assigned to each
documenk of the seD. The document vector is defined as follows:

B
ol

OkOD: d, = Jd=1 5)

ol

k ‘

Zak,ift
ior

with 3,

and with &, ; being the occurrence number of term documenk (also known
as term frequency). This definition of documenttaex standardizes all vectors
to a vector length of value one. This standardiratis derived from the
assumption that all documents have some contenthaté document cannot be
without any relation to a topic, because in thisecthe document would consist
only of stopwords. Documents consisting only ofpstords do not exist in
common natural languages, because they have noimgedinis does not mean
that a document must be related to exactly onevortopics. A document may
even be related to all topics (which can be trueafo index or broad overview
document).

The topic related similarity sirk{) between two documenksand| is defined as
the scalar product between the corresponding docuwectors. Because the
document vectors are standardized, the scalar pradjuals the cosine of the
angle between the document vectors. Before we campute the similarity
between two documents we first have to computevithees for|d, | and |0,
respectively:
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onl
=
1

Z ak,iﬂ‘ (6)
T

)
\/ZZak’iakyjfifj

ior jar

with Tt = ‘f, Hfj ‘ [Gosw, ; being the scalar product between the term vectors

of termsi andj.

Now the similarity between two documents can bemated as:

sim(k,1) =d,d, 7
:égk_é'
O (19,
1 - -
B e a iti a .t
6&% « %T: "
1 .
=== a,a tt,
5.[3, %—1% R

This similarity definition provides values near adior documents, which
have different topics and values near one for dastrhaving the same topic or
the same affiliation to several topics. Referring-tgure 1 a document contain-
ing the terms ‘software’, ‘programs’ and ‘mice’ wdube very similar to a
document containing ‘program’, ‘mouse’ and ‘virlmgcause the vectors of all of
these terms are oriented into the direction of¢henputer’ topic-axis.

This description of the TVSM does not include agoaithm how terms
should be assigned to topics. But the lemmas predém the next section can be
used to define some requirements on such an digari& proposal for such an
algorithm is presented in [Kuro2004].
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3. Lemmas

This section presents three lemmas; any of themsgavformal proof of the
adequacy for the usage of one of the in sectioredemted pre-processing steps.
All proofs in this paper base on the TVSM as exatem model. Due to the
formal approach the embedded assumptions, whichhatéen in the pre-
processing approaches, will come to the fore dypiogfing.

3.1. Stopword-Lemma

The Stopword-Lemma will proof the adequacy of teage of Stopword-lists
for the pre-processing of documents. This proofebasn the widely spread
assumption that a stopword is a term without amgl kif significance regarding
a topic. Formally we have to define a set of apstords T as a subset of the
set of all termsT. Because stopwords cannot be assigned to any, theicerm
vectors of all stopwords have a length with theigatero:

d
t

0 OioT, 0T

=[f[f|cosy, =0 ifiOT, OjOT, ®)

|

= f

From this assumption follows that the scalar prodictwo term vectors is

always null if one of the terms is a stopword. Wdsihis conclusion we can

derive the similarity between two docu@ents by amalking the non-stopwords

into account. We can compuLék‘ and 5| respectively by merely using the
non-stopwords. This fact can be derived from thiewing equation:

‘Sk‘ = \/ZZ% a,; bt ©
T jor
= | 2 Yagaghl 2 > aga
iOT =T, joT 0T, jor

=0

Z Zak,i ak,jf;fj + Zak,iak,jfifj

iOT-T, | jOT-To i0T,

z z ak,i a'k,jf;fj

iOT-T,, jOT-Tg

=0
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The next equation shows that the similarity betwaem documents can be
derived by using only the non-stopwords. This destrates, that the removal of
stopwords as preprocessing step is an acceptabpifgtation if all stopwords
have no relation to any topic.

sim(k,I)

PIPILHE s (10)

iagr jar
> 2aga it + > > aga i
iOT-T,, jOT i, jom

=0

Z Zak,ial,jf;fj + Zak,ial,jf;fj

ioT-T, | jOT-T, i,
%f—/
=0
Y 2 aga i
iar-T, jDT—TD

3.2. Stemming-Lemma

Using the Stemming-Lemma we will show under whidswmptions the
often-used reduction of words to their stem (stretegnming) or basic word
form (weak-stemming) is an adequate simplificatjprocedure. To enhance
readability we will abstract in this subsection nfrothe two stemming
possibilities and write only stemming as shortautstrong- and weak-stemming
and use the term ‘stem’ synonymously for stem$iéndtrong-stemming case or
for word forms in the weak stemming case. For thenfl proof we have to
make the following definitionsT; is the set of all stems and it is a subset of the
setT. [ T — Tis the stem assignment function and it assignsath éerm
the proper stem. The reverse relationis": T, — [J(T)assigns to all stems
the set of possible word forms including the stéself. Finally, we have to
assume that all possible results of the reversatioal are disjoint, because
otherwise the stem assignment function is not wmigkormally, all these
definitions and assumptions look like this:

Witold Abramowicz (ed.), Business Information Sysse Proceedings of BIS 2005, PoznBoland



FORMAL PROOF OF ADEQUACY OF DOCUMENT PRROCESSING INF ANDIR. 9

T, 0T (11)
0@)OT, oioT

0% (0) OT DoOO™ (0) OoOT,

d@)=o OoOT,,i00™ (0)

[:i00% (o) 000 (p) Co#p

A common assumption in the IF and IR context i$ #zech word form has the
same relations to a topic or a combination of tejis the stem of the word form.
Formally this means that the term vectors of wadnis and their stem point into
the same direction and have the same length:

w =

1,0

g

=0° O ‘fl‘:

&

0i OT, 0 =0 ) 12)

U
1l

0,i
i f'0

This leads to the conclusion that the term vecfa stem and the vectors of
the word forms of the stem are equal. Using thisclsion it is possible to
compute‘sk‘ and ‘Sl‘ respectively by reducing all word forms to steras,
shown in the following equation:

‘Sk‘ = \/Z Z ak,iak,jfif,- (13)

ioT joT

=12 2 2 2 agagtt

o0Tgi00 ™ (o) POTy jOO *(p)

= 122 2 2 agagki

o0Ty pOTyioo (o) jOO ~*(p)

=2 26| 2 X aga,

00Ty pOTpy i00 (o) jOO ~*(p)
=2 2L 2 a Y A
o0T5 pOTy i00 (o) joo ' (p)
= z Z alk,o a'k,j totp
o0T, pOTy
with a'k'O = Zak,i and a'kyp = Zak,i
i00?(o) oo™ (p)

The reduction of all word forms to stems impliesttithe stem replaces all
word forms and that the occurrence of the stem iwitihhe documents is
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incremented by each replacement. Further, the asiityilof documents can be
computed in an analogous wa§, | and |Q,| by only using stems and their
incremented occurrences.

smkl) =7 2T a8, 0 s
83, =17
_ 1 D e
_‘SKHS, mZD,%ak’oal'ptOtp
with &\, = D a anda| = > &,
i00™(o) oo (p)

This demonstrates the adequacy of stemming aspquessing step for IF
and IR, if the following assumptions hold: Firdietassignment of a stem to its
topics must be equal to the assignment of all wiordhs of the stem to the
topics. Second, the sets of word forms, which asigaed to two arbitrary
stems, have to be disjoint. The last assumptiors adm hold for all words in
every language. For example the German word formeH8 can be the basic
word form for “Sucht” (in English ‘addiction’) orhe singular present form of
“suchen” (in English ‘to search for’).

3.3. Synonymy-Lemma

This subsections shows under which circumstances dasually used
Thesaurus Substitution is acceptable. You willg®that the Synonymy-Lemma
is structurally equivalent to the Stemming-Lemmbe basic assumption of the
Synonymy-Lemma is the existence tfal synonymybetween some words.
Total synonymy means that two synonyms e.g. ‘cad @automobile’ mean the
same, independently from the context they are usedor the formalization we
define T, as the set of all leading terms (remember thatihgaterms can be
defined in an arbitrarily manner), which is a subskT, the set of all terms.
Further, we defineF : T — T, as the leading term function. This function
returns for every term the leading term, which gsagiated with the term. The
reverse leading term functiok ™ : T, — [I(T) returns for every leading term
the set of all terms, which are associated with ldaling term including the
leading term itself. From the assumption of tojalanymy we can derive that all
result sets ofF * must be disjoint for different input values. Fotlpave can
write:
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T, OT (15)
F@)OT, oioT

F0o)OT OoOF (o) OoOT,

F@i)=o0 OoOT,,iOF (o)

[:i0F o) DiOF(p) Do#p

From the synonymy assumption also follows thatténe vectors of different

synonymous terms have to be equal. This means, plogyt into the same
direction and have an equal length.

a)loza)o,izoo U to

> Tt

iE

Oi0T,o=F(i) (16)

Having this formal munition, we can deriVe «| and d ‘ respectively by the
use of the leading terms, similarly to the Stemmiiegnma.

= \/zzak,i ak,jfifj 7

ior jor

= D > a A, L

olT; pdT;
with &\, = > 3 anda , = Zak]
iOF (o) jOF(p)

The substitution of synonymous terms by a leadémmtimplies the increment
of the occurrence of the leading term for each damestitution. The similarity of

documents can be derived with the use of leadimngeby the following
equation:

imk,1) =—— a tt
Slm( ) Jkdléj;ak'IaldtltJ (18)
AR
with &' ;= Zak and &) , = Zaij
iOF (o) JOF*(p)
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The above equation shows that the use of Thes&ubstitution is
theoretically possible, if the assumption of tagghonymy is true. But in fact,
total synonymy is an artificial construct for masttural languages. Rather we
can observe that most common synonymous words tialyein some contexts
the same meaning and in other contexts a diffexenb meaning. For example,
the words ‘rock’ and ‘stone’ have in most contextsynonymous meaning. But
in the context of fruits ‘stone’ has the meaninghe hard seed, which is inside
of some fruits, while the word ‘rock’ is not used this context. This kind of
synonymy is known apartial synonymylf ‘stone’ is substituted by ‘rock’ (or
vice versa) some information may got lost in thetest of fruits. Especially two
technical terms may have a synonymous meaning mmnan language while
they have different meanings in some special figleg. ‘costs’ and ‘expenses’
have usually a synonymous meaning in common largwelgjle they have a
different meaning in the field of business admmaion. In this field ‘costs’ are
burdens, which result immediately from the usagearhething, but which do
not necessarily cause a payment. While ‘expengespayments which do not
necessarily are the result of an event or the ushgemething.)

So we see that the usage of Thesaurus Substitutgrbe problematic due to
the embedded artificial assumption of total synopymhich is covered within
this approach.

4. Summary

This paper gives a formal proof of the adequacyhef usage of the widely
used preprocessing steps in the context of IF &drhese steps are namely:
Stopword-list, Stemming and Thesaurus Substitutitime Topic-based Vector
Space Model is used for the proof as an explanatiodel. Additionally the
implicit assumptions of the usage of those pressiog steps are presented. The
result of this paper can be summarized as follovire usage of a Stopword-list
is an acceptable simplification due to the only liosipassumption is that all
stopwords have no relation to any topic. This aggion can be met easily. The
usage of Stemming is acceptable in most caseguglththe implicit assumption
of disjoint word form sets, which are assigned &stestem, cannot be held in
some cases. The number of those cases is depemdém processed language.
Finally the usage of Thesaurus Substitution haset@valuated as problematic
due to its implicit total synonymy assumption. Td@struct of total synonymy
is artificial for most natural languages. This fatakes the usage of Thesaurus
Substitution problematic especially for documentick have a broad topic
spectrum.
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It is also mentionable that the Topic-based Ve&pace Model is not only
suitable for a direct appliance in IF and IR, butid also suitable as an
explanation model for the formal deduction of newights in the IF and IR
context. The formal adequacy of usual preprocesstiigs puts the application of
them on TVSM based IF and IR methods on a well gged base. This is a
feature of the TVSM which is not meet by most ottieand IR models like the
Vector Space Model [Salt1968], the Binary IndepengeRetrieval [RoJ01976],
the Generalized Vector Space Model [WZRW1987] dmel tatent Semantic
Index model [FDDL1988].
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