Stemming Algorithms for Information Retrieval and
Question/Answer Systems

Semming refers to the process of removing affixes (prefixes and suffixes) from
words. In the information retrieval context, semming is used to conflate word forms
to avoid mismaiches that may undermine recall. As a smple example, consider
searching for adocument entitled “How to write”. If the user issues the query
“writing” there will be no match with thetitle. However, if the query is semmed, so
that “writing” becomes “write”, then retrieva will be successful. In many languages
semming isimperative for retrieva performance. For ingtance, in Hebrew, ssemming
increases the number of documents retrieved by between 10 and 50 times (Krovetz
1993). In English gainstend to lessdramatic. Nonetheless, slemming has been shown
to produce relidble retrieva improvement (Krovetz 1993, Hull 1996, c.f. Harman
1991).

Furthermore, affixes often carry information such as part of speech, plurdity, and/or
tensethat is crucid for the development of more sophisticated question/ansver
information systems. For ingtance, congder the sentence “The sugy nitfels untrooled
the drutable jupan.” From the word order and affixes, done, you know that more than
one thing did something to one thing. Y ou know this hgppened in the past and thet
what was done was the opposite of trooling. Question/answer sysemswill rely on
such gructura cues and hence will require a high precison semmer asa

preprocessing Step.

The most widdly cited semming agarithm was introduced by Porter (1980). The
Porter semmer gppliesaset of rulesto iteratively remove suffixes from aword until
none of the rules apply. The Porter semmer has a number of well-documented
limitations (Krovetz 1993, Xu & Croft 1998, Arampatzis, van der Weide, Bommd &
Koger 1999). Fird, it is not regtricted to produce word stems. So, for ingance,
“generd” becomes “gener” and “iteration” becomes “iter”. As a consequence, the
stemmer can conflate words that have very different meanings (or senses). Second,
even when it does produce aword stem it is often overzedlous. “Doing” becomes
“dog’ and “punish” becomes “pun”. Findly, like many exising semmersit ignores
prefixes completely, o “righility” and “unrdigbility” remain as unrelated tokens.
The Lovins semmer (Lovins 1968) is amilar in mechanism but has alarger set of
auffixes (each of which may included multiple morphemes) and does not gpply its
rulesiteratively. While it tends to be more conservative than the Porter semmer fill
suffers from over conflation and non-word stems.

Krovetz (1993) argued that meaning is essentiad to the semming decison. He
atempted to resolve some of the limitations of the Porter and Lovins semmers, by
restructuring the rule set so that it would produce word gems, using a non-iterdtive
dripping mechanism and by checking a dictionary for the current string before
removing asuffix. Typicdly, adictionary will list word forms separatdy only if they
have different meanings. However, the Krovetz dgorithm relies heavily on the
integrity of the dictionary and tends to be too conservative. So, “predictions’ becomes
“prediction”, while “ prediction” becomes “predict” and they are not conflated when
they should be.



Xu and Croft (1998) used a normdized co-occurrence mechanism to make inferences
about whether word forms were of the same meaning. They created a corpus-specific
semmer that showed improved retrieval performance and was able to capture some
subtle meaning related effects. For instance, their semmer did not conflate the words
“ges’ and “gases’. Inthe Wall Street Journd corpus, on which they were working,
“gases’ was used in the sense of “inert gases’ or “hot gases’, while “gas’ nearly
adwaysreferred to petral. For this corpus, then, corflation was undesirable.

The Xu and Croft (1998) agorithm does not actually remove suffixes, but insteed
defines equivaence classes of words that should be conflated. Finding these
equivaence dasses can be computationdly expensive and does not identify the stem
and suffixes independently making it unusable in the question/answver context outlined
above.

At the Key Centre for Human Factors and Applied Cognitive Psychology we are
currently working on a ssemming agorithm that leverages dgorithms for cregting
meaning representations (Latent Semantic Analys's, LSA, Landauer, Foltz, & Laham
1998 and Hyperspace Andog to Language, HAL, Lund & Burgess 1996) to produce a
method that is computationaly efficient and suitable as a preprocessing gepin
question/answer sysems. The agorithm uses a set of prefix and suffix stripping rules,
but applies them in pardld generating multiple possible “parses’ of the word. For
ingtance, the word “prediction” would be parsed both as “ pre diction” and “predict

ion”. As aconsequence, we are tentatively cdling the dgorithm the pardld or P
semmer. The preferred parse is sdlected using a number of heuristics including:

1 chooselongest gem

2 choose highest frequency sem

3 choose gem that has highest normalized co-occurrence with origind word
using the em measure (Xu & Croft 1998)

4. choose stem that has the closest meaning vector (using LSA or HAL) to the
origind word

The current project involves ng the P semmer (including the various heurigtic
possihilities) againg existing semmers including the Porter semmer and the Krovetz
stemmer. In the past, semmer assessment has dway's been donein terms of the
impact on retrieva performance rather than on the actua number of correct
semmings. As we are interested in gpplying the dgorithm in nor+treditiond
information retrieva circumstances, such as question/anser systems, we intend to
measure the performance of the semmersin terms of the number of correct
semmings produced.
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