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ABSTRACT This paper describes and evaluates a simple and generbadtu
the handling of Swedish compound nouns, carried out in thé sp
This paper describes and evaluates a simple and generibedtt  of the work reported in the two above-mentioned papers. &&yiat
the handling of compound nouns in Swedish and other languaggally, semantically and phonologically, Swedish compounndns
in which compounds can be formed by concatenation of singlgre similar to English compound nominals except for the -obvi
words. The basic idea is to split compounds into their corapts ous difference: English orthography inserts spaces betwem-
and treat these components as recognition units equivial@ther  ponents, while Swedish omits them. These observationsestes
words in the language model. By using a principled gramnasetl  to us that Spies’ strategy should be an appropriate waydolathe
language-processing architecture, it is then possibleetoramo-  problem: splitting compounds into their components, aedttng

date input in split-compound format. these components as recognition units equivalent to othedsin
the language model. In contrast to Spies, however, our rézeg
1. INTRODUCTION is for continuous speech, and is embedded in a spoken laaguag

) ] ] ] understanding system. It is thus necessary not only to répeg
In many languages, including German, Dutch, Swedish, Bimaind 1t also to reassemble and make sense of the split compdiveds,

Greek, compound nouns can be formed by concatenation of Sigreans to do this being provided by the language-processods m
gle nominals. For example, in Swedish “folk” and “musik” da@ es of the system.

put together to form “folkmusik” folk musig, and this in turn can
be combined with “grupp” to form “folkmusikgruppf@lk music  We believe that our methods should handle verbal and othelski
group), and so on. In most previously reported work, such as thef compounds equally well; however, since noun compouniing
widely publicized SQALE project, compounds have beené@at  Swedish is more productive, and the other kinds of compoass |
the same way as any other words. However, as the vocabulay scommon in our material, we have chosen here to concentrate on
grows, the productive nature of compounding makes this kind nouns. Inflectional morphology is a less serious problenwiadsh
approach increasingly less feasible; the most obviousatidin of  than in German (in particular, Swedish verbs are not inftebie
the problem’s seriousness is the magnitude of the out-oflyalary  either number or person). For this reason, we decided thanéu-
(O0QV) rate. For example, in an experiment on SQALE trainingohological decompositioa la Geutner would probably not justify
texts [8, page 186], using 20 000-word lexicons for both Germ the additional complexity introduced.
and English resulted in a 7.5 % OOV rate for German and 2.5 % for
English. The German lexicon had to be extended to 64 000 word3ur approach has been fully implemented within a Swedish-to
to obtain OOV rates similar to those of the 20 000-word lemitmr ~ English version of the Spoken Language Translator [10, The
English. system is capable of translating spoken utterances fromAthe
Travel Planning (ATIS) domain from Swedish into Englishingsa
Results like those quoted above strongly suggest thatrigeedm-  vocabulary of about 1 500 words. Continuous speaker-irhigre
pounds in the same way as other words is not satisfactory. Tvgpeech recognition is performed by a Swedish version of B&ID
recent papers address this issue. Spies [12] reportsgesulan  PHER (TM) recognizer [9], and language processing is pexvioly
isolated-word large-vocabulary German dictation apfiite in  a Swedish version of the SRI Core Language Engine [3, 6].
which the components of compounds, rather than the comgound
themselves, were treated as units. Geutner [7] describesra m The rest of the paper is organized as follows: Section 2.ritesc
elaborate method, also implemented for German, in whidlwfat-  the corpus material used for othe experiments. Sectionsgrities
phological decomposition of words was used. Both authgrerte experiments involving the Swedish speech recognizer aland
unspectacular but encouraging initial results. Section 4. describes further experiments on the full spéeats-
lation system. Section 5. presents our conclusions.

1The work reported here was funded by Telia Research AB urer t
SLT-2 project.



2. CORPUS

The current version of the SLT system operates in the ATISadom
For English, there is a carefully collected corpus of ab@2@0 ut-
terances. No corresponding corpus existed for Swedish \hen
current project started in 1995. We have gone through seivera
ations of creating successively more realistic Swediskioes of
the ATIS corpus. The experiments described here were peefbr
using Version 1 of Swedish ATIS (hereafter “ATIS-S-1"). Acse
ond version of Swedish ATIS, constructed since then, isrdest
briefly in Section 5., and a third version is currently beingeacted.

ATIS-S-1 was produced by the following process. First, acfet
about 5000 original English ATIS utterances was randonigcsed
from the full English ATIS corpus. Four randomly selectedh-su
sets, each of about 2 800 sentences, were then each trdrstate
Swedish by each of four different Telia employees. Findhg re-
sulting Swedish sentences were divided, roughly equadiiyéen
100 native speakers of the Stockholm dialect of Swedisteiaing
and recording. In total, 11275 sentences were recordedhimhw
10831 sentences were used for training and 444 held outdiinge
The primary goal of this initial corpus collection effort siaapid
creation of training material for a first version of the Svatdiec-
ognizer. A secondary goal was to provide basic text ressuiae
use in the development of the Swedish language-processiay m
ules.

The orthographic transcriptions of the ATIS-S-1 sentemee® fur-
ther processed to create two different versions of the Extus. In
the first, “split” version, all compound words, includingmbers,
were split into their components. In the second, “unspléf'sion,
only numbers were split. In both cases, the numbers weretspli
cause it would be futile to try to list them in the lexicon; tse@me

Split Unsplit
WER with respect to
compound components | 7.9% 8.2%
(method 1)
WER with respect to
full compounds 8.3% 8.7%
(method 2)

Table 1. Word-error rates obtained in the experiments.

ing the WER were used: In the first one, corresponding to tke fir
row of Table 1, a splitting function, which (for the purposktioe
experiments) is used for mapping compounds to their comgsne
was applied to both the hypotheses from the recognizer atiteto
references. (This function modifies only the unsplit datée) then
compared the newly formed hypotheses and references thget t
WER. Thus, in this case the WER was calculated with respect to
the compound components.

In the second method, corresponding to the second row oélie,t
the same splitting function, but with mappings of numbensaeed,
was used in the reverse direction to map all the compound egemp
nents in both hypotheses and references back to their cardpou
The result was then used for computing the WER. Thus, in tige ¢
the WER was calculated with respect to the full compounds.

¢ From the point of view of language processing, it is the rtzofd-
faced) diagonal that is of primary relevance, since what \@atw

to compare are recognizers that output either split or itnsptds.
These figures show a modest improvement in WER. The other diag
onal has been included to provide a fair comparison from tietp

approach was taken in the German SQALE experiments [8, pagéview of speech-recognition performance.

186].

The split and unsplit versions of the ATIS-S-1 text were used
train two different versions of the Swedish recognizer. The
versions of the recognizer differed only in terms of vocabyland
language model. The recognition vocabulary consistedeo$¢h of
all surface words in the relevant version of the corpus. Tigeim
language model was calculated directly from the corpushowit,
for example, backing off surface words to classes.

3. SPEECH-RECOGNITION
EXPERIMENTS

To compare the split and unsplit approaches at the recogniti
level, we performed two experiments with respect to wordrenate
(WER), using data from the full set of 444 test sentences 3484
unsplit words and 3 758 split words. In one experiment, $in-
ing data and a split lexicon were used for language modeiliniye
other, unsplit training data and an unsplit lexicon weredusgéhe
results are shown in Table 1.

Since the total number of words is different in the split andplit

As for the unsplit case in method 1, we have the methodolbgica
problem that compound words as well as their componentsnare i
the recognizer lexicon. There is thus a good chance thatethe r
ognizer will output the components, whereas the refereantamns

the compound. This will then be counted as one substitutibn f
lowed by one or more insertions. It can be argued that theueonf
sion between a compound and its components is not a majar erro
Method 1, applied to the unsplit case, removes this amlyiguit
gives a performance figure that can be compared with thecsysé.

Method 2 can be said to simulate a language-processingnsyste
the sense of reassembling the compounds. In most casese-this
verse mapping is straightforward, but there are cases iohwpo-
tential compound does not actually constitute a compounetevit
occurs in a sentence. For example, the temporal noun phmzise-
dag eftermiddag” NMlonday afternoophas a corresponding com-
pound “mandageftermiddag”. However, the two forms diffier
meaning (and are also prosodically distinct). Since methode-
ates a compound from every sequence of words that in somextont
could be a compound, it does not take this difference intoat
and in this sense the figures in the second row of Table 1 arerimp

cases, the WER with respect to compounds can be measured in tRct.

ways. More specifically, the following two methods for cdtu

As a comparison, the WER in the unsplit cagghout the reverse



mapping is 9.3%. This number is relevant to tasks like dimtat Split | Unsplit | Unclear
where a confusion between a compound and its componentsiwoul better | better

be considered an error. Judge 1 19 12 10

Judge 2 24 11 6

4., SPLIT VS UNSPLIT COMPOUNDS Judge3| 19 10 12

IN SPEECH UNDERSTANDING

Table 2: End-to-end evaluation comparison, giving each judge’s
preferences for utterances where the translation wastedfday
compound splitting.

The results in Section 3 show that compound splitting preduz
modest improvement in the recognizer's WER. In the contéx o
speechdnderstandingsystem like SLT, however, the most relevant
criterion for success is the effect on end-to-end perfooearin-

other question of practical importance is the extent to whiftee 4.2, | anguage proc ng for split Compounds
language-processing modules need to be altered to acccatenod

input in split-compound form. Language processing in SLT is carried out by the Core Languag
Engine (CLE), a general language-processing system, wiash
4.1. End-to-end performance evaluation been developed by SRI International in a series of projeatsirsg

in 1986. The original system was for English only. The Swiedis
To test the effect of compound splitting on end-to-end sygter-  version [6] was developed in a collaboration with the Swediis
formance, we used the 444-sentence test set as input to peo-ex stitute of Computer Science. The CLE is extensively desdridse-
iments involving language processing as well as speeclgnéco where [1, 2, 3], so we only give the minimum background neagss
tion. The two sets of N-best speech hypothesis lists werg @@z for understanding our handling of compounds.
cessed through the successive stages of Swedish languslgsisin
Swedish-to-English transfer, and English language géoetaFi-  The basic functionality offered by the CLE is two-way traatiin
nally, the two sets of English outputs were pairwise compaan-  between surface form and a representation in terms of a-luaged
guage processing was carried out using a robust fallbackanésm  formalism called Quasi Logical Form (QLF). The modules ésns
(described elsewhere), so that a translation was alwaykipeal. tuting a version of the CLE for a given language can be divided
into three groups, which we refer to as “code”, “rules,” apadef-
We have noticed when testing and demonstrating the SLTrsysteerences”. The “code” modules constitute the languagesiewigent
that people give widely different judgments as to whetheaadla-  compilers and interpreters that make up the basic proggesigine;
tion is “acceptable”. Indeed, it seems unlikely to us thé tiotion  the other two types of module between them constitute a deisia
can be given a clear definition independent of a specific &bofe  description of the language.
use. We have also observed, however, that there is muchegreat
agreement on theelative quality of different translations. Given The “rules” contain domain-independent lexico-gramnaitifor-
two candidate translations of the same utterance, it is allymot ~ mation for the language in question; they encode a reldtiprize-
controversial to claim that one is better than the otherhat they tween surface strings and QLF representations. Thus, fogiaan
are in practice equally good. surface string, the rules define a set of possible QLF reptaisens
of that string. Conversely, given a well-formed QLF repraae
Our experiments involved 444 test utterances, 41 of whigk gae tion, the rules can be used to produce a set of possible sdidam
to different translations when compound splitting wasddtrced. realizations of the QLF. The code modules support compitatif
These 41 utterances were examined by three independergsjudghe rules into forms that allow fast processing in both dicets:
who were all native speakers of English and fluent in Swedisich  surface-form— QLF (analysis) and QLFs surface-form (genera-
utterance was presented together with the two candidaislations  tion).
produced by the “split” and “unsplit” versions of the systera-
spectively: each judge was asked to state whether tramsiativas ~ The relationship between surface form and QLF is in geneaalym
better or worse than translation 2, or alternatively thétheetrans- to-many. “Preference” modules contain data in the form affisti-
lation was clearly better than the other. The order in whiehttvo ~ cally learned distributional facts, based on analysis ohaio cor-
translations were presented—that is, “split” before “ditispr vice  pora [4]. Using this extra information, the system can ditish
versa-was decided randomly in each case. The results are sumnigtween plausible and implausible applications of thesrulgh a
rized in Table 2. Agreement between the judges was good: ljn onfairly high degree of accuracy.
five sentences out of the 41, a pair of judges gave oppositg jud

ments, one marking the split version as better and the otheking 1 he Principled grammar-based architecture of the CLE mizsieni
it as worse. ple to modify the speech-language interface [5] to acconateouh-

put in split-compound format. Since morphology and syntdgs
It is interesting to note that although the unsplit versiasun sev- have the same form [33.9], all that was necessary was to change
eral cases better than the split one, the errors in the splistations  the status of compounding rules from “morphology” to “syitén
were never actually caused by failure on the part of the CIe (s a little more detail:
Section 4.2) to reassemble a split compound.

e Declarations were supplied to identify some morphologgsul



as specifically compounding rules.

e A switch was added, which, when On, allowed the designated

morphology rules to be used as syntax rules.

After a little experimentation, it also turned out to be auteseous
to add a few dozen lexicon entries, to cover words that coald p
tentially be constructed as compounds, but in reality arecom-
pounds. These were automatically generated from the lexigo

3.

4,

using a simple algorithm. No other changes to the system were

made, and the adaptation process required only two perspn af
work.

5. CONCLUSIONS

To summarize the results of our experiments on ATIS-S-1 oued
that compound splitting introduced an undramatic but talegim-
provement in both WER and end-to-end system performance.
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