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Stemming

CHRIS D. PAICE
Lancaster University, Lancaster, UK

Definition

Stemming is a process by which word endings or other
affixes are removed or modified in order that word
forms which differ in non-relevant ways may be
merged and treated as equivalent. A computer program
which performs such a transformation is referred to as
a stemmer or stemming algorithm. The output of a
stemming algorithm is known as a stem.

Historical Background

The need for stemming first arose in the field of
information retrieval (IR), where queries containing
search terms need to be matched against document
surrogates containing index terms. With the
development of computer-based systems for IR, the
problem immediately arose that a small difference in
form between a search term and an index term could
result in a failure to retrieve some relevant documents.
Thus, if a query used the term “‘explosion’ and a
document was indexed by the term *“‘explosives,”
there would be no match on this term (whether or not
the document would actually be retrieved would
depend on the logic and remaining terms of the query).
The first stemmer for the English language to be fully
described in the literature was developed in the late
1960s by Julie Beth Lovins [11]. This has now been
largely superseded by the Porter stemmer [14], which
is probably the most widely used, and the Paice/Husk
stemmer [12]. Stemmers have also been developed for
a wide variety of other languages.

Foundations

Definitions

In an IR context, the process of taking two distinct
words, phrases or other expressions and treating them
as semantically equivalent is referred to as conflation.
The two expressions need not be precisely
synonymous, but they must refer to the same core
concept (compare ‘‘computed’” and ‘‘computable’’).
In this article, the term “‘practically equivalent’” is
used to mean that, for the purposes of a particular
application, the words may as well be taken as
equivalent. The term conflation is sometimes used as
though it is equivalent to stemming, but it is in fact a
much broader concept, since it includes (i) cases where
the strings concerned are multi-word expressions, as in
““access time’” and “‘times for access’’, and (ii) cases
where the strings are not etymologically related, as in
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““index term’” and ‘‘descriptor’’. In case (i) special
string matching techniques may be used, whereas in
case (ii) reference to a dictionary or thesaurus is
necessary. The present account deals exclusively with
the conflation of etymologically related single words.
There are various possible approaches to word
conflation, including the following.

1. Direct matching. In this method, the character
sequences of two words are compared directly, and a
similarity value is computed. The words are then
considered to match if their mutual similarity exceeds a
predefined threshold. To give a simple example, the
first six letters of the words “‘exceeds’” and
‘“‘exceeded’” are the same, so these words together
contain 12 matching letters out of 15. Hence, a
similarity of 12/15 = 0.80 can be computed. Use of a
threshold (say, 0.70) allows a decision as to whether
the words can be considered equivalent. With such a
method, setting the threshold is problematic. Thus, the
similarity between ‘‘exceeds’” and *‘excess’” is 0.62,
which is below the stated threshold. However,
allowing for this by lowering the threshold to 0.60
would cause “‘excess’” and “‘except’’ (similarity 0.67)
to be wrongly conflated.

2. Lexical conflation. In this case a thesaurus or
dictionary is used to decide whether two words are
equivalent. Obviously, this method can be used even
for etymologically unrelated words. A problem here is
obtaining a suitably comprehensive and up-to-date
thesaurus, and one which explicitly lists routine
variants such as plurals.

3. Cluster-based conflation. This method, investigated
by Xu and Croft [15], involves creating clusters of
practically equivalent words by analyzing the word
associations in a large representative text corpus. Each
query word is then supplemented by adding in the
other words in its cluster. In contrast to method (2), the
clusters created are specific to the text collection in
question. However, the creation of the clusters can be
very time-consuming.

4. N-gram conflation. In this method, each word is
decomposed into a collection of N-letter fragments (N-
grams), and a similarity is computed between the N-
gram collections of two words; a threshold is then
applied to decide whether the words are equivalent.
This approach was pioneered by Adamson and
Boreham[1], who used sets of bigrams, where N = 2.
For example, after eliminating duplicates and sorting
into order, ‘‘exceeds’ can be represented by the
bigram set {ce, ds, ed, ee, ex, xc} and ‘‘exceeded’’ by
{ce, de, ed, ee, ex, xc}. Out of 7 distinct bigrams here,
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5 are shared between the two words; hence a similarity
of 5/7 = 0.712 can be computed.

5. Stemming. Stemming refers to the removal of any
suffixes (and sometimes other affixes) from an input
word to produce a stem. Two words are then deemed
to be equivalent if their stems are identical. This
method is much favored because it is fast: all words
can be reduced to stems on input to the system, and
simple string matching used thereafter. The remainder
of this article focuses on stemming in this narrow
sense.

Prefixes and Infixes

In English, stemmers are usually designed for
removing suffixes from words. The removal of
“intimate’” prefixes such as ‘‘intro-,”” *‘pro-’" and
“‘con-"" generally results in words being wrongly
conflated (consider “‘intro-duction,”” ‘‘pro-duction’’
and “‘con-duction’’).

However, there may be a case for removing looser
prefixes such as ‘‘hyper-"’ or ‘‘macro-.”” Also, prefix
removal may be desirable in certain domains with
highly artificial vocabularies, such as chemistry and
medicine. As explained below, there are some
languages in which removal or replacement of
prefixes, or even infixes, is in fact essential.

Performance and Evaluation

Since stemmers were originally developed to aid the
operation of information retrieval systems, it was
natural that they were first assessed in terms of their
effect on retrieval performance, as well as on
““dictionary compression’’ rates. Researchers were
frustrated to find that the effects on retrieval
performance for English language material were small
and often negative [10]. Removal of ‘‘-s’* and other
regular inflectional endings might be modestly helpful,
but use of heavier stemming could easily result in a
loss of performance [7].

Stemming errors are of two kinds: understemming, in
which a pair of practically equivalent words are not
conflated, and overstemming, in which two
semantically distinct words are wrongly conflated.

Non-English Stemmers

Stemming is appropriate for most (though not all)
natural languages, and appears to be especially
beneficial for highly inflected languages [9]. There is
neither space nor need to describe non-English
stemmers here, except to note that some languages
exhibit much greater structural complexity, and this
warrants special approaches. Thus, a typical Arabic
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word consists of a root verb of three (or occasionally
four or five) consonants (e.g., “‘k-t-b’” for “*to write’’),
into which various prefixes, infixes and suffixes are
inserted to produce specific variant forms (“‘katabna’’:
“‘we wrote’” and ““kitab’’: **book’”).

Some researchers have concentrated on extracting the
correct root from a word [3], but Aljlayl and Frieder
have demonstrated that better retrieval performance is
obtained by using a simpler “‘light stemming’’
approach, in which only the most frequent suffixes and
prefixes are removed [4]. Their results showed that
extraction of roots causes unacceptable levels of
overstemming.

Key Applications

As noted earlier, stemmers are routinely used in
information retrieval systems to control vocabulary
variability. They also find use in a variety of other
natural language tasks, especially when it is required to
aggregate mentions of a concept within a document or
set of documents. For example, stemmers may be used
in constructing lexical chains within a text. Stemming
can also have a role to play in the standardization of
data for input to a data warehouse.
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Answer the following questions:

1)
2)
3)
4)
5)

6)
7

8)

9)

How would you describe stemming? What is
its purpose?

What often resulted in a failure to retrieve
relevant documents during searches in the
past?

What is conflation?

Is there any difference between conflation and
stemming?

What tools have to be used when strings are
not etymologically related?

Describe direct matching.

What does the term of threshold refer to in the
text?

What is the disadvantage of cluster-based
conflation?

What are bigrams?

Match the following terms and their definitions:

1)
2)
3)
4)
5)

a)
b)

c)

d)
e)

lexical conflation
cluster-based conflation
N-gram conflation
understemming
overstemming

a method using a corpus of texts

a method based on bigrams

a situation where more-or-less equivalent
words are not conflated

a method using a dictionary or thesaurus

a situation where two semantically distinct
words are wrongly conflated

Mark the following statements as true or false:

1)
2)

3)

During the conflation, the expressions need to
be synonymous.

The words mother and father are
etymologically related.

In stemming, two words are considered
equivalent provided their stems are identical.

4)
5)
6)

7)

Hyper- in hyperactive is a suffix.

The term affix covers both prefix and suffix.
Stemming appears beneficial for highly
inflected languages.

The light-stemming approach is based on
removing the least frequent affixes.



Vocabulary

account [s'kaunt] ® ) - vycet; Ucet

actual ['ek.tfu.sl] [-tju-] [-tful] =) - vlastni
actually ['ak.tfu.a.li] [-tju-] [-tfu.li] =) - vlastné
affix [a'fiks] =) - affix (pFedpona, pfipona)

to aggregate st ['=g.r1.gat] ® - (na)hromadit
néco

algorithm ['&l.ga.r1.d°m] = - algoritmus
bigram ['baigr&am] - bigram (skupina dvou
pismen, slabik ¢i slov)

cluster ['kias.tar] @ [-ta] =) - hrozen, skupina,
klastr

comprehensive [ kom.pri'hent.siv] @ [ karm-] =
- komplexni, obsahly

conflation [kan'flert] ) - spojovani
compression rate [kam'pref.on] & [rert] =

- kompresivita

consonant ['kon.sa.nant] @ ['ka:n-] =

- souhldska

core [kor] @ [ko:r] =) - jadro; jadFinec

corpus ['ko:.pas] @ ['ko:r-] ® - korpus, télo;
soubor textd

distinct [d1'stinkt] = - rlzny rozdilny
duplicate ['dju:.pli.kert] @['du:-] ) - duplikat;
duplikovany (srovnej vyslovnost s ,to duplicate”)
inflectional [in'flekfanal] = - sklofovaci,
sklonujici, sklonovatelny

equivalent [1'kwiv.?l.ent] &) - ekvivalentni
etymological [,et.1'mpl.5.d3i] @[-'ma:.ls-] =

- etymologicky, vztahujici se k puvodu slova
exclusive [1k'skluz.s1v] 7 - vyhradni

exhibit st [1g'z1b.1t] ) - vykazovat néco

failure ['fe1.ljor] @ [-lja:] ) - nelispéch

hence [hents] = - tudiz

however [hau'ev.ar] @ [-=2] =) - viak, aviak
identical [ar'den.t1.k?l] @ [-ta-] =’ - identicky,
stejny

lexical ['lek.s1.kel] =7 - lexikalni

lexical chains ['lek.s1.kel] =) [tfern] =) - lexikalni
fetézce

loose [lu:s] = - volny

mutual ['mju:.tfu.al] =) - vzdjemny

predefined [pri:di‘faind] @ [pri:ds'faind]

- pfedem definovany

prefix ['priz.fiks] = - pfedpona

query ['kwra.ri] @[ 'kwir.i] ) ={) - dotaz
remainder [r1'mein.dar] @ [-da] =) - zbytek
root [ru:t] =/ ={) - koFen

routine [ru:'tizn] = - obvykly

semantic [s1'man.tik] @ [-t1k] =) - sémanticky,
vyznamovy

stem [stem] ®/ - kmen; stopka

surrogate ['sar.s.gat] @ ['s3:-] & - ndhradnik;
nahradni

suffix ['saf.1ks] = - pfipona

synonymous [s1'non.1.mas] @ [-'na:.na-] =

- podobného vyznamu

thereafter [dea'ra:f.tar] @[ der'af.ta] &) - poté
thesaurus [0a'so:ras] ® - tesaurus

threshold ['8ref.Asuld] @ [-Aould] = - prah
thus [dAs] = - tak, a tak

to aid st [exd] ™) - napomahat né¢emu

to arise, arose, arisen [2'rarz] ) - objevit se;
vyvstat

to assess st [a'ses] ® ' - hodnotit néco

to conflate [kan'flert] =) - spojit, spojovat

to decompose st [ diz.kam'pauz] @ [-'pouz] =

- rozlozit néco

to deem [dizm] ®) - povaZovat

to duplicate st ['dju:.pli.kert] @ ['du:-] =

- duplikovat néco

to eliminate st [1'lim.1.nert] = - eliminovat néco
to exceed st [1k'sizd] ) - pFekrocit néco

to extract st [1k'straekt] ) - extrahovat,
vytahnout néco

to favor st ['fer.ver] @[-va] ) - davat né¢emu
prednost

to focus on st ['fau.kas] @ ['fou-] = - zamé&Fit se

na néco



to investigate st [In'ves.t1.gert] &) - vy3etfovat
néco

to merge st [m3:d3] @[ m3z:d3] = - spojit néco,
sloucit

to obtain st [ab'texn] ® ) - ziskat néco

to pioneer [,para'niar] @ [-'n1r] ) - razit cestu
to retrieve st [r1'trirv] ®) - vyhledat, vyzvednout
néco

to supersede st [,suz.pa'sizd] @ [-pa--] =

- nahradit néco

to supplement st ['sap.lz.mant] = - doplnit néco
to treat st [trizt] =) - zachazet s né¢im

to warrant st ['wor.2nt] @ ['wo:ir-] ) - opraviiovat
néco

variability ['vea.ri.a.bl] @['ver.i-] & - variabilita
variant ['vea.ri.ant] @ ['ver.i-] ® ) - varianta
warehouse ['wea.haus] @ ['wer-] ) - skladi$té

whereas [wea'raez] @ [wer'aez] = - kdeZto

Phrases

In contrast to st - Oproti né¢emu

Obviously, ... - Samoziejmé



