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Abstract. In this paper we show that keyword variation of a morphologically
complex language, Finnish, can be handled effectively for IR purposes by
generating only the textually most frequent forms of the keyword. Theoreti-
cally Finnish nouns have about 2,000 different forms, but occurrences of
most of the forms are rare. Corpus statistics showed that about 84 — 88 per
cent of the occurrences of inflected noun forms are forms of only six cases
out of the 14 possible. This number — maximally 2*6 — of keyword’s variant
forms makes it feasible to try them all in a search. IR results of the frequent
keyword form variation coverage were tested with three to twelve keyword
variant forms in two test collections, TUTK and CLEF 2003’s Finnish mate-
rial. The results show that the frequent keyword form generation method
competes well with the gold standard, lemmatization, with nine and twelve
variant keyword forms.

1 Introduction

Various methods for handling of the morphological variation of keywords in informa-
tion retrieval (IR) have been used already for decades. Some of them are more com-
plex than others, while some are amazingly simple but produce still quite good results
in IR. So far it has been shown among other things that even a quite simple rule-based
non-lexical stemmer can improve precision and recall of textual searches for lan-
guages that are morphologically quite rich, cf. [1, 2, 3]. In computational linguistics
quarters it seems to have been a common belief that full coverage lemmatization is
needed for languages that are morphologically complex [4], even in monolingual sin-
gle term IR. This belief has been shared also by some IR researchers [5, 6.].

In the same time as simple conflation methods have been used in IR, not much at-
tention has been given to heuristically based language aids that do not even aim to
cover all the inflection of the keywords but are based, for example, on the statistically
most frequent word forms of the language in question. We have earlier shown that our
inflectional stem generation method and its further simulated developments compete
quite well against the gold standard, FINTWOL, in a best-match IR for Finnish [7, 8].
In this paper we shall further question the need of a full coverage lemmatizer in
monolingual IR of a morphologically complex language.
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On a general level, our background motivations can be stated as follows:

1. The average precision and recall (P/R) of retrieval needs to be kept as high as pos-
sible without using excessively complex language technology tools; the need of
lexicon-based lemmatizers in basic monolingual IR is not as high as often believed
even for a morphologically complex language.

2. Performance of new methods introduced is compared to the state of art, usage of a
lemmatizer, which is more challenging than use of raw words that has become all
too common in IR, cf. e.g., [2, 9, 10, 11]. We have argued in [8] that the perform-
ance gained with raw words is quite meager and variable e.g. for Finnish, and thus
the increases of performance given for different morphological processing methods
are not as positive as they are shown to be. If comparisons are made, they should
be made with respect to the state of the art or gold standard, not with respect to the
worst possible result. With morphologically complex languages the best retrieval
result is usually given by a lemmatizer, such as e.g. TWOL for different languages
[4]. This line of argumentation is taken in the present study.

The structure of our paper is following. First we shall show the case distributions
of Finnish nouns with corpus statistics. After that the discrepancy between grammati-
cal forms and actual forms in a corpus is pinpointed. After this our research problems
are stated, tested and discussed.

2 Case Distribution of Finnish Nouns

It is well known that the distributions of words and word forms are not even in texts.
Some word forms occur often, some are rare. Even the distributions of different mor-
phological categories have rates of their own, and both semantic and morphological
factors play a role in distribution of word form frequencies [13, 14, 15, 16, 17, 18, 19,
20]. Karlsson [18, 19] shows with some semantically distinctive word types, how the
case distributions of the words differ in Finnish. A word denoting to a place, Helsinki,
has besides dominating nominative and genitive singular mainly occurrences of loca-
tive cases. A person’s name like Martti occurs mostly in nominative singular. Same
sort of analysis is given e.g. by Kosti¢ et al. [20] for Serbian, although they seem to be
hesitant about the semantic origins of the phenomenon. We shall not explore the se-
mantic factors of case distribution any deeper, but analyze the distribution of cases on
morphological level only.

Karlsson [21, pp. 308], citing research of Anneli Pajunen and Ulla Palomiki, pre-
sents figures about the distribution of cases for nouns in Finnish. The materials are
from four different textual types of the Syntactic archives of Finnish, each comprising
5,000 word form tokens. In this data already the so called grammatical cases, nomina-
tive, genitive and partitive, cover 63.5 per cent of the overall distribution of case
forms. If some marginal cases are included in this number, the resulting coverage is
67.5 per cent, over two thirds. Out of the other cases eight are so called locative cases
(inner locatives: inessive, elative and illative), outer locatives (adessive, allative and
ablative) and general locatives (essive and translative), and their share is 30.3 per
cent, of which 17.8 per cent are inner locatives. Thus grammatical cases together with
the inner locatives make 85.3 per cent of the occurrences of cases in the material.



Is a Morphologically Complex Language Really That Complex in Full-Text Retrieval? 413

Résédnen [22] gives a share of 78.2 % for the same six cases based on an analysis of
6 562 word form tokens in three small factual text samples.

When slightly bigger corpora are considered, almost the same distribution is found.
In the whole collection of the Syntactic archives of Finnish consisting of 64,391 word
form tokens of nouns, 88.2 per cent of the nouns are in the six most frequent cases
[23, pp. 1180].

As e.g. Baayen [13, 14] and Biber [15, 16] emphasize, generalizations about lin-
guistic phenomena should be based on large enough corpora. We were able to analyze
or get information about two larger Finnish corpora. These were analyzed by a mor-
phological lemmatizer, FINTWOL. We first analyzed the word form types of the in-
flected index of the TUTK collection [24], 719,011 word form types out of
12,109,779 word form tokens of the database, by running them through the
FINTWOL program. All the noun interpretations given by FINTWOL, even ambigu-
ous, were taken into these figures, and thus the figure is an approximation.

Our other and largest analyzed corpus was based on a 32 million word form token
HUT corpus, which is one of the largest available corpora for Finnish. Out of the 32
million word form tokens about 11,3 million were analyzed by FINTWOL unambi-
guously as nouns [25]; these figures from data provided by [26]. In these two different
and independent FINTWOL analyses case distributions for the six most frequent
cases listed in Table 1 were found.

Table 1. Case distributions in the HUT and TUTK corpora

Cases Number of noun Percent-  Number of noun Percent-
tokens with one age types with all age
unambiguous TWOL analyses
TWOL analysis in in the TUTK cor-
the HUT corpus pus

Nominative  3,758334 33.14 135,241 26.27

Genitive 2,900884 25.58 109,385 21.24

Partitive 1,428117 12.59 80,158 15.57

Inessive 819,333 7.23 31,007 6.02

Mlative 593,513 5.23 41,778 8.11

Elative 520,101 4.59 38,392 7.45

SUM of the  10,020,282/11,33  88.36 per 435 961/514,795 84. 68
six cases 9,099 cent per cent

After stating this, we shall shortly return to the number of forms of Finnish nouns.
The usual figure given for the number of grammatical forms of Finnish nouns is about
2,000 [21: pp. 356]. This is achieved by the counting 2 (number) * 13 (cases) * 6
(possessives) * 12 (particles) = 1872. Figure 1,872 is a minimum, maximally the
number is slightly over 2,000 if all the variant forms and rare cases etc. are counted
for. As we can see from the figures, possessive endings and particles are mostly in
charge for the huge number of grammatical word forms, because they can be
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combined to every inflected case form. Thus it is of interest to analyze the real occur-
rence of all the possessives and particles in nouns in a large enough corpus. Accord-
ing to the analyses [26, 29], only 3rd person possessive suffix had a share of 1,83 %
when singular and plural are joined, other possessives had negligible distributions.
From particles —kin had the biggest share, 0,25 %,. other occurrences of particles were
negligible.

Relying on these analyses of four different corpora or sub-corpora, it can be argued
that about 84 — 88 per cent of the case occurrences of Finnish nouns in (newspaper
style) factual text are tokens of six cases only. That is about 43 % of the whole reper-
toire of Finnish cases. Furthermore particles and possessive endings that make the
theoretical number of Finnish nouns so huge are so rare in running texts that they are
not of practical importance.

3 Research Problems, Data and Methods

On the basis of these analyses we propose that reasonable or good IR performance
can be achieved for Finnish by only taking maximally care of the six cases and their
variation in keyword nouns. It is also possible that even with only three cases, nomi-
native, genitive and partitive, quite realistic performance can be expected. The num-
ber of cases to be tried out in our tests will thus be three to six. This will mean three to
twelve distinct forms of the search keys to be sought for in the database, as singular
and plural forms of the cases are distinct. We shall call our method FCG, frequent
case (form) generation. Procedures that are tested in this paper are presented and ex-
plained in Table 2.

Table 2. Frequent case form procedures to be tested.(* about, accurate number may be bigger
in some cases due to variant forms in GEN PL and PTV PL; NOM = nominative, GEN =
genitive, PTV = partitive; inner locatives = inessive, elative and illative, PL = plural, SG =
singular)

Case forms in the proce- | Number of keyword forms |Name of the proce-

dure in the procedure dure
NOM-GEN-PTV, only | 3 FCG_3
singular

NOM-GEN-PTV, singu- | 6 FCG_6
lar and plural

NOM-GEN-PTV, singu- | 9% FCG_9

lar and plural, inner loca-
tives singular only
NOM-GEN-PTV, singu- | 12% FCG_12
lar and plural, inner loca-
tives singular and plural

If we contrast the numbers in column two of Table 2 to the theoretical number of
Finnish noun forms, we see that in procedure FCG_12 only 0.64 % of the grammati-
cal noun forms are counted for (12/1872). In FCG_3 only 0.16 % of the possible
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forms are used (3/1872). Thus the theoretical morphological complexity of Finnish in
number of word forms boils down quite a bit and we still believe that reasonable or
even good IR performance will be achieved with our procedures.

The emphasis of noun forms in the procedures is due to the well known fact that
most of the information content of the texts is carried by nouns, and for that reason
mostly nouns are important in queries [27: pp. 169]. Corpus analyses also show that
about 35 — 45 per cent of the word tokens in running Finnish texts are nouns. On type
level the percentage is 65 — 75 % [28, 29]. Thus the importance of other word classes
than nouns in IR is small, and the variation in e.g. verbs does not affect retrieval. Be-
sides nouns we also put adjectives in the FCG procedures in variant case forms; verbs
and words of other word classes in topics (besides stop words) were taken into queries
in the form they were in the topic.

Our research problem is twofold:

1. Does frequent case form generation of keywords work in IR of a morphologically
complex language?

2. If it works, what is the best balance between number of generated keyword form
variants and achieved mean average precision in retrieval?

We shall test our case procedures with two collections: TUTK and the Finnish
CLEF 2003 material using the InQuery search engine. Both collections have almost
the same number of Finnish newspaper articles: TUTK has 53,893 articles from three
newspapers from years 1988 — 1992 [24], and CLEF 2003 has 55,344 articles from
one newspaper from years 1994 — 1995 [3, 30]. In TUTK [24, 31] we have 30 test
topics. The original four relevance levels of the collection are combined in this study:
relevance level 3 of TUTK, level of most relevant documents, is called stringent,
relevance levels 2 and 3 — level of most relevant and relevant documents — are joined
as normal and all the three relevance levels, 1 — 3, are joined as liberal relevance; The
rest of the documents, both un-judged and those judged as irrelevant, are taken as ir-
relevant in this study. In CLEF 2003 we have 60 test topics and binary relevance.

Queries for the test runs were formed partly manually from the topics. After auto-
mated initial inflectional stem generation and InQuery query structure generation, the
needed case endings were edited to the inflectional stems of the query words, cf. [8].
Thus we simulated carefully the effects of automated rule-based frequent case form
generation. Word form generators for Finnish have been implemented since the
1980°s [12, 32, 33], but they were not available for this study.

As an example we can take one query from the CLEF 2003 collection. Query #144
for the FCG_3 process is as follows:

#ql44 = #sum(#syn(sierra sierran sierraa) #syn(leone leonen leonea) #syn(kapina
kapinan kapinaa) #syn(timantti timantin timanttia) #syn(vaikutus vaikutusta
vaikutuksen) #syn(kapina kapinan kapinaa) #syn(poliittinen poliittista poliittisen)
#syn(epdvakaus epidvakauden epidvakautta) #syn(sierra sierran sierraa ) #syn(leone
leonen leonea) #syn(timanttiteollisuus timanttiteollisuuden timanttiteollisuutta));

The queries are of the form #SUM#SYN() #SYN()...), and thus they are strongly
structured [34]. Morphological variant forms of the keyword are treated as synonyms
of the key, and InQuery treats them as instances of one key [35, 36].
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Results of the FCG procedures are compared to results of FINTWOL lemmatiza-
tion and Snowball stemming, which have earlier been shown to work well in Finnish
best-match retrieval [3, 7, 8]. Results with plain keywords are shown for comparison
as a worst case performance.

4 Results

Results with the TUTK collection are presented in Table 3. Differences in the tables
are actual percentages, not relative. (* In the Plain method keywords are taken as such
straight from the topics in the forms they happen to be there.)

Table 3. Results of test runs in the TUTK collection on three relevance levels

Method Liberal relevance = Normal relevance  Stringent rele-
Mean average Mean average vance
precision (per precision (per Mean average
cent) - interpo- cent) - interpo- precision (per
lated lated cent) - interpo-

lated

FINTWOL - 37.8 35.0 24.1

lemmatized in-
dex, compounds
split in the index

FCG_12, 32.7 (-5.1) 30.0 (-5.0) 21.4 (-2.7)
inflectional index

FCG _9, 32.4 (-5.4) 29.6 (-5.4) 21.3 (-2.8)
inflectional index

FCG _6, 30.9 (-6.9) 28.0 (-7.0) 21.0 (-3.1)
inflectional index

Snowball, 29.8 (-8.0) 27.7 (-1.3) 20.0 (-4.1)
stemmed index

FCG _3, 26.4 (-11.4) 23.9 (-11.1) 18.9 (-5.2)
inflectional index

*Plain, inflec- 19.6 (-18.2) 18.9 (-16.1) 12.4 (-11.7)

tional index

Results from the CLEF 2003 runs are in Table 4. Non-interpolated figures for
FINTWOL, Snowball and Plain are from [3] and they are shown for comparison.

Results are quite similar in both collections, although FCGs perform better in the
CLEF collection overall. FCG_3 performs very poorly in CLEF 2003 collection, and
it outperforms plain words only slightly, while in TUTK the difference between
FCG_3 and Plain keywords is clear. FCG_6 performs much better in CLEF 2003 than
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Table 4. Results of test runs in CLEF 2003 collection

Method Mean average precision  Mean average precision
(per cent) - interpolated (per cent) - non-

interpolated

FINTWOL

- lemmatized index, 37.6 50.5

compounds split in the

index

- lemmatized index, 34.7 (-2.9) 47.0 (-3.5)

compounds not split in

the index

Snowball, stemmed 35.8 (-1.8) 48.5 (-2.0)

index

FCG_12, inflectional 34.0 (-3.6) 46.4 (-4.1)

index

FCG_9, inflectional in-  33.7 (-3.9) 46.1 (-4.4)

dex

FCG_6, inflectional in-  30.1 (-7.5) 41.5 (-9.0)

dex

FCG_3, inflectional in-  24.2 (-13.4) 32.6 (-17.9)

dex

Plain, inflectional index  22.7 (-14.9) 31.0 (-19.5)

FCG_3, but still hangs 6.5 — 9 per cent-units below Snowball and FINTWOL. In nei-
ther collection FCG_12 brings much gain to FCG_9, it is only 0.1 — 0.4 per cent-units
better than FCG_9.

Our best case procedures, FCG_9 and FCG_12 perform well in both collections
and they are only 3.6 — 4.4. per cent behind FINTWOL in CLEF 2003 and 2.8 - 5.4
per cent in TUTK depending on the relevance level.

We tested the statistical significance of the differences between the best meth-
ods in both collections using the Friedman test. Tested methods were FINTWOL,
Snowball, FCG_12, FCG_9 and FCG_6. Although FCGs do not outperform Snow-
ball in CLEF 2003 on any level, the differences between FCG__9, FCG__12,
FCG__6 and Snowball are not statistically significant. The difference between
FINTWOL using split compound index and FCG__6 was statistically significant
(p = 0.005) in CLEF 2003. Difference between FINTWOL with compounds not
split and FCG__6 was also statistically significant (p = 0.02). Differences between
FINTWOL, FCG__9 and FCG__12 were not statistically significant in CLEF
2003.

In the TUTK collection the differences were more often statistically significant.
Table 5 presents the statistical differences in the TUTK collection when the Fried-
man test was used. Only significant differences are listed.
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Table 5. Statistically significant differences between the best methods in the TUTK collection

Liberal rele- | Normal rele- | Stringent  rele-
vance vance vance
FINTWOL > ALL > ALL > ALL but
FCG_9

FCG_12 - > Snowball p
0.02
FCG_9 - > Snowball p
0.01
FCG_9 > FCG_6 p
0.03

5 Discussion

According to the results it seems that the nine forms of FCG__9 are optimal for the
search in both collections. By adding three more keyword forms to the query, only
marginal gains are achieved. This is shown more clearly in Figure 1, where mean av-
erage precisions from both collections are compared to the number of variant key-
word forms (for TUTK only the liberal relevance level curves are shown).

40
35 .
/‘/2—;4'.
. 30
1 <>/
25 —m— Avg. precision, CLEFO03
20 .
—e— Avg. precision TUTK,
15 liberal rel.
i
5
o t t
3 6 9 12

Number of word forms

Fig. 1. Number of variant keyword forms and mean average precisions of FCG procedures

The figure shows that the mean average precisions of the queries almost stop rising
in both collections after nine forms. This may be due to two reasons: either there is no
large gain to be achieved with any of the added forms after nine forms, or the three
additional forms in process FCG__12 are not the right ones (plural forms of inner
locatives). From the results of frequency analysis it is possible that also singular
forms of two outer locative cases (adessive and allative) or general locative cases (es-
sive and translative) could be better forms to be used in addition to the nine forms.
This was not tested any further. It is possible that a slight improvement of average
precision over FCG__12 can be achieved by using different case forms beyond the
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Mean times in CPU seconds

14

12 —

Plain FCG_3 FCG_6 FCG_9 FCG_12 FINTWOL

Fig. 2. Mean runtimes in CPU seconds with 60 queries of CLEF 2003

nine forms of the procedure FCG__9. In single queries this is at least certainly true, as
the semantic types of the keywords may favor some other cases than those used in
our FCGs.

Our experiments showed also that the use of three to twelve full form variants of
each keyword is computationally tractable. Results of the CPU time tests for the
whole set of 60 queries in CLEF 2003 are shown in Figure 2 (mean CPU seconds of
five consecutive runs, system time + user time of Unix’s fime function added to-
gether; test system was a Sun Sparc Station with two 1,015 GHz processors and 4 GB
memory under a timesharing load of a few concurrent users).

As can be seen from Figure 2, adding keyword forms to FCG procedures does not
increase runtimes very much. The increase in mean CPU time is only about 20 %
when maximal 12 keyword forms are used instead of three. Plain unprocessed key-
words are fastest to run, and slightly surprisingly FINTWOL queries are not faster to
run than FCG processes.

In earlier publications we compared other types of morphological variant handling
to lemmatization. Inflectional stem generation was found to be almost as effective in
average precision as lemmatization, but it resulted in slowly processed very large que-
ries [7]. When inflectional stems were enhanced with regular expressions which re-
stricted the choice of possibly matching words from the index, queries were faster to
run and more manageable in size, but they had lower average precision [8]. When
compared to these results, FCG style of keyword handling seems to be the most opti-
mal in both average precision and runtime for inflectional indexes. The best FCG
processes achieve about 86 % of the best gold standard results in TUTK and about 90
% of the best results in CLEF 2003. If best FCGs are compared to FINTWOL in
CLEF 2003 with non-split compound index, FCG_12 achieves about 98 % of the
mean average precision of FINTWOL and FCG_9 about 97 %. As this performance
level is achieved without runtime penalties in inflected indexes, the results can be
considered very good.

Thus the use of frequent case form generator as shown in this paper would be a vi-
able alternative to be used in real query systems, such as web search engines, which
do not many times have any means for handling the morphological variation of key-
words in many languages. It should also be noted that the mean number of keywords
given by a web-user is less than three [37]. We had long queries made out of long
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topics, but they ran fine. Our method has also other advantages besides a reasonable
average P/R: it works with inflected form indexes and will not suffer as much from
out of vocabulary words as lemmatizers; FCGs should also be simple to implement
for new languages, even if they are language specific and need linguistic expertise.

6 Conclusion

The purpose of this paper was to evaluate use of only the most frequent keyword forms
in a monolingual full-text retrieval of a highly inflectional language, Finnish. The forms
to be used in retrieval were first analyzed from several text corpora of variable sizes.
Corpus analysis showed that six cases constituted about 84 — 88 % of the token level
occurrences of case forms for nouns — thus covering 84 — 88 % of the possible variation
of about 2000 distinct inflectional forms of nouns. This shows that, while a language
may in principle be morphologically complex, in practice it is much less so. Based on
this finding, four different simulated frequent case form generation procedures (FCGs)
were tested in two different full-text collections, TUTK and CLEF 2003.

The results show that frequent case form generation works in full-text retrieval in a
best-match query system and competes at best well with the gold standard, lemmati-
zation, for Finnish. Our best FCG procedures, FCG_9 and FCG_12, achieved about
86 % of the best average precisions of FINTWOL in TUTK and about 90 % in CLEF
2003. The runtimes of the FCG queries were also shown to be comparable to those of
the other methods. Thus the hitherto unused method, frequent case form generation
for morphologically complex languages, appears as a simple and effective alternative
to more traditional methods like lemmatization or stemming in IR.

It was also shown that corpus statistics of inflectional form distributions were useful
for choosing a limited set of basic case forms to cover in a language technology applica-
tion of a single highly inflectional language. This finding together with general knowl-
edge about token frequency distributions suggests that the method is suitable for other
languages too, and thus our results need not be language specific only. Morphologically
less complex languages may be served with simpler FCGs with quite few word forms.
As the presented method is easily testable for any language of even modest morphologi-
cal complexity, it can be evaluated on a language by language basis.
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