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Abstract
Current techniques in word alignment disregard words with a low frecpubecause they would not be useful. Against this belief, this
paper shows that, in particular, the notionhapax legomena may contribute to word alignment to a large extent. In an experiment, we
show that pairs o€orpus hapaxes contribute the majority of the best word alignments. In addition, we showtlieatotion ofsentence
hapax justifies a practical and common simplification of a standard alignment mhetho

1. Introduction consider a word for alignement. (Giguet and Luquet, 2006)

Alignment is an important task in natural language pro- define a threshold pr_oportional to the inverse term length.
cessing for a variety of purposes like the constitution of I addition to their infrequency, a presumed drawback
lexical resources, machine translation or cross-lingwal i ©f hapaxes is that they often include newly coined words
formation retrieval. (neologisms) and misspelled words (Schrader, 2006). Ne-

The purpose of this paper is to contribute to the domain ologismg should be considered words on their own right.
of alignment between two languages. Our work focuses AS for misspelled words, their number depends mostly on
on the impact ohapax legomena!. Contrary to common the q_uallty of the corpus. According to (leh_lmoto, 2004),
knowledge in the field, we show that hapaxes contribute to WhO interprets the results of (Evert anddeling, 2001),

a considerable extent to word alignment. In addition, we €ach error in a corpus occurs only once in average. Mis-
show that the distribution of words in our corpus logically SPelled words are thus typically hapaxes, but their propor-
leads to a justification of a practically fast implementatio  tion remains relatively low.

of a standard alignment method.

. . _ . 2.2. Positive aspects of hapaxes
The paper is organised as follows. Section 2 briefly . .
recalls main results about hapaxes in corpora. Section 3  Various experiments have been conducted so far on ha-

introduces the cosine method to compute word alignmentsPaX€s- Hapaxes generally represent about 40% of words of

and gives some theoretical insights. Section 4 describes? €OrPUS. This number may vary according to the following
the data used in our experiments and details experimentaPSPECts:

results: hapaxes are useful for alignment as they con&ribut  § Therichness of the vocabul ary: the proportion of ha-
to up to 91% of the best word alignments. Section 5 shows paxes reflects the quantity of different words used in
how the notion of hapax in a sentence leads to an efficient the text. Counts on Shakespeare’s most read plays

simplification of the cosine method. yield up to 58% hapax@s
2. Hapaxes e The degree of synthesis of the language: isolating,
2.1. Common negative attitude towards hapaxes synthetic or polysynthetic. The more synthetic a lan-

guage, the more inflected words, and consequently,
the more different words. The proportion of hapaxes
increases accordingly. On a corpus of Inuktikut, a

A hapax is a word that occurs only once in a single text
or corpus. A general belief in the field holds that:

Hapax legomenon and other so-called rare highly synthetic language of Canada, (Langlais et al.,
events present an interesting problem for corpus- 2005) report more than 80% of hapaxes. In such a
based applications: due to their low frequency, case, rejecting hapaxes is tantamount to consider only
they fail to provide enough statistical data for ap- 20% of the data, which may obviously hinder the rel-
plications like word alignment or statistical ma- evance of any subsequent processing.

chine translation. (Schrader, 2006 " :
( ) In addition to account for a large proportion of word

As a matter of fact, by definition, hapaxes are discarded tokens, the relation of hapaxes to unknown words has al-
from the data in those approaches which filter out any word ready been demonstrated (Baayen and Sproat, 1996), (Car-
with a low frequency. This is usually the case in statisti- toni, 2006). This aspect makes them useful to estimate the
cal machine translation or word alignment. For example, behaviour of unseen words, in machine translation for ex-
(Cromieres, 2006) sets a lower bound on frequencies toample.

'From the Greekhapax legomenon “what has been uttered 2Word frequencies avalaible at Mt. Hararat High School
once”. In the following we shall use the pluttadpaxes for con- web site: http://ww. nta75.org/ curriculun -
venience. Engl i sh/ Shakes/i ndex. htm .



In accordance to these facts, the purpose of this article ~ An angle ofr/2 implies that the cosine equals 0. This

is to show that hapaxes are useful in word alignment. happens when each component of the scalar product is
) zero,i.e., when the intersection of the lines on which the
3. The cosine method source and target words appear together is empty. This

Ideally, word alignments consist of translation pairs happens almost all the time when we consider all possible

(sourceword, target word). Practically, alignment methods pairs of wprds. Consequently, efficient implementations
deliver scores that reflect the probabilitytafget word be- ~ Of the cosine method do not compute angles between all
ing an accurate translation séurce word. Various meth- ~ POSsible pairs of vectors. Instead, they restrict the cempu
ods, generally classified as heuristic or statistical, havetation to those pairs of vectors associated with words that

been developped to compute word to word alignments, se2PPear at Ieas_t once on the same line. This narrows vectors

a survey and assessments in (Och and Ney, 2003). d_own to the dimensions that are relevant for the computa-
We propose to use the cosine method in order to cal-fion. Suffix arrays (Manber and Myers, 1993) are an effi-

culate word alignments. It is a standard technique for the Cient data structure to implement this, see also (Nagao and

computation of similarities or distances between distripu Mori, 1994), (Yamamoto and Church, 1996) and (Zhang

tions. It has been widely used in various domains, from and Vogel, 2005).

Named Entity discovery (Shinyama and Sekine, 2004)

to conceptual vectors for semantic tasks (Lafourcade and 4. Hapaxes in word alignments

Boitet, 2002), (Turney and Littman, 2005). 4.1. The data
In the case of word alignment between two parallel cor- e used the training corpus from the IWSLT 2005 ma-
pora, the basic steps are the following: chine translation evaluation campaign to conduct our ex-

. . . , . periments. It consists in 20,000 pairs of aligned short sen-

o start W'J.[h an aligned bicorpus @‘Imes_,l.e., " SEN" " tences in Japanese and English (average sentence length
tences in a source language with their corresponding;, gqjish: 9.4 words). Japanese sentences are segmented
tr_anslat_lons_ Ina targe_t Ianguage. Each line becomes nto words using Chasen (Matsumoto, 2000). Sentences in
dimension in a vectorial field; the corpus are independent. A sample of aligned sentences

e for a given wordw, build its associated vecta# in is shown on Figure 2. o _
this vectorial field by taking the number of occur- The proportion of hapaxes in this corpus is 49% for the

rences ofiv on theith line as the value of thiéh com- Japanese part and 45% for the English part, figures which
ponent of vectos; are conform to other figures reported in the litterature (see
above, Section 2.2.).
¢ do this for each word in the source language and each
word in the target language; 4.2. Results with the cosine method

. . ) Tables 3 and 4 give samples of word alignments ob-
o for a given pair of wordsv, andw; in the source and tained using the cosine method

the target languages, compute the angle between their 1o method can lead to apparently surprising results.

associated vectors, anduw: E.g., the alignment betweelii] & (‘to sting’) and bee il-
— A7, - T, lustrates the fact that even a “perfect” alignment (angle of
(ws, W) = acos (1l7||><||U7||> (1) zero) does not mean that the words are translations of each
s t

other. It only depicts the reciprocal presence of the two

wherei- 7' is the scalar product of vectoiand and words on any line: in this corpus, bees are mentioned only

| | is the norm of vectof. This value is the score ~ when a patient has been stung.
of the alignmentws, w;) The example above shows that word alignments with

an angle of zero are just a safe subset of all possible word

Since all components af; andw; are positive, the pre-  pairs. The purpose of the next section is to show that ha-
vious computation yields only positive values in the range paxes contribute to this safe subset for a good part.
of 0 to /2.

Intuitively, we would like the cosine measure to corre- 4.3. Distribution of alignments
spond to the idea that the lesser the angle, the better the The distribution of pairs of words according to their an-
quality of the word alignment. In other words, we would gle on our data is shown by the graph on Figure 1. Align-
like to interpret the cosine measure as a kind of transla- ments are divided according to their scores into three pop-
tion distance. Thus, the word alignments in which we are ulations.
interested are those with a measure close to zero. The first and largest one (not plotted) is a set of pairs

Theoretically, an angle of 0 means that andw; are with angler /2 (81,263,082 pairs). It consists only of pairs
parallel,i.e., the two words appear exclusively on the same of words which never appear on the same line. Such align-
lines and their number of occurences on these lines is pro-ments are to be rejected.
portional: w; = Awy. In practice, on our data equals 1 The second population starts arounf4 and extends
most of the time. The desired interpretation of an angle of to 7/2. It consists of pairs of words which are a priori no
zero is that both words would be perfect translations of one translations because of their bad scores (see the lasts8 line
another (lexical equivalence), but this may not be true all of Table 3). For clarity, pairs with an angle greater than 1.5
the time (see 4.2. for examples). and less tham /2 are not plotted (402,793 pairs).
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Table 1: Japanese and English average hapax frequencies,
computed on the sentences hapaxes appear in.

Number of | Sentences
sentences| containing
containing exactly Avg. +

a hapax 1 hapax std. dev.

Japanese 3,975 | 3,288 (83%)| 1.24+ 0.67
English 3,038 2,567 (84%)| 1.22+ 0.63
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Table 2: Japanese and English average word frequencies
Number of words

2000 | —

0 . ‘ L ; . . words such that | Avg. + std. dev.
0 oz o4 o8 o8 ! 2 b Total | nbr. occ./sentences=1
Figure 1: Smoothed distribution of pairs of words. Japanesg 9,982 9,540 (95.57%) | 1.01+ 0.07
English | 8,191 7,766 (94.81%) 1.01+ 0.08

The third population is the pairs with angle around 0.

There are 4,491 such pairs, 91% of which contain hapaxes2 094) are actually obtained by aligning a single hapax

in both languages with an angle of 0. Rejecting hapaxes ywith a sequence of hapaxes (this produces as many align-
would thus reduce this population to almost nothing: the ments with an angle of 0 as there are hapaxes in the se-
efficiency of the cosine method in good candidates for quence), and 28% (1,154) are valid single-to-single hapax
translations pairs would be of less than 500 pairs for 20,000 gjignments.

sentences involving almost ten thousand words in each lan- Note that the 4,098 hapax-based alignments cover

guage! _ , 2,552 Japanese words (26% of the total number of

Hapaxe_s are responsible for such a large proportion OfJapanese words) and 2,415 English words (29% of En-
the best alignments because, te@pus hapaxes appear-  gjish words). Consequently, the 1,154 single-to-single
ing respectively in a source and a target sentence of a samgignments actually cover the vocabulary implied in hapax-

line are, by definition, aligned with an angle of 0. For pagseq alignments up to 45% for Japanese and 48% for En-
lack of place, we leave aside the discussion of the fact thatglish. In other words, one can rely on these few alignments

alignments ofsequences of hapaxes from a given line are 1y (which are most certainly among the best alignments,

also safe. see Table 5) to cover respectively 12% and 14% of the total

4.4. Distribution of hapaxes vocabulary of our data.

As illustrated previously (Table 4), many alignments ) o )
with an angle of 0, which are mainly obtained by hapaxes, 2. A simplification of the cosine method
are not va!id Word—tq—word alignments (although they aré 5 1 Sentence hapaxes vs. corpus hapaxes
part of valid translations of sequences of hapaxes). This ] o )
happens because, when a sentence contains more than one e Will now show that the distribution of words in sen-
corpus hapax, every source hapax gets aligned with ev- tences, and spe_mﬂc_glly, _the notion of h_apaxes in sentences
ery target hapax with an angle of 0. On the other hand, c@n léad to a simplification of the cosine method. To our
if there is only one source hapax and only one target ha-Knowledge, this common simplification is never justified.
pax on a line, the resulting alignment is guaranteed to be  In a first step, we determine how frequent a word is
correct. More generally, if there is only one source hapax in the sentences it appears ire., we compute the total
and several target hapax on a line, (resp. one target hapafumber of occurences of a word in the corpus divided by
and several source hapax) it is reasonable to consider thathe€ number of sentences it appears in. Since a hapax in
the translation of the source hapax is the sequence of tar2 COrpus is necessarily a hapax on the sentence it appears
get hapaxes (resp. the translation of the target hapax is thdn, the number ofentence hapaxesin a sentence is greater
sequence of source hapaxes). To study this phenomenorthan or equal to the number oérpus hapaxes.
we further inspect the distribution of hapaxes in our data. Table 2 summarizes the results. In average, 95% of the
The average hapax frequencies on the corpus is showrwords have a frequency of 1 on the sentences they appear
on Table 1. Although the number of hapaxes in the cor- in. They include hapaxes in the corpus. On the whole, the
pus is almost half of the words, they appear in only 20% average frequency is 1.01, very close to 1: almost all words
of the English sentences (3,975) and 15% of the Japanes@re hapaxes in the sentences they appear in.
sentences (3,038). More importantly, the sentences con- Consequently, instead of considering the real number
taining a hapax generally do not contain more than one ha-of times a word appears in a sentence, counting its pres-
pax: most of them (83% in Japanese and 84% in English)ence or absence should be enough. This reduces to see
contain exactly one hapax, with an average of 1.23 hapaxesach word of the corpus assentence hapax (caution: not
per sentence. necessarily @&orpus hapax). By doing so, the components
Among the alignments based only on hapaxes, 51%in the vectorsw; andw; now take their value in the set



{0,1}, and equation (1) simplifies to: Such pairs oftorpus hapaxes align more than 25% of the
entire vocabulary on our data. These best alignments cor-
(w/\wt) — ucos ( | Ss NSy | ) respond. to one of the th'ree main populations of a[ignments
S’ | Se | x|S;| we obtained by the cosine method, the two remaining and
largest ones covering alignments that turn out to be no
wheres; is the set of lines in the source corpus on which translation at all. In addition, word alignments with a mit-

w, appears (sam_e faf,)°. S igated score are almost inexistent. These results clearly
The next section shows that this simplification does not demonstrate that the common attitude of rejecting hapaxes
alter the quality of the alignments obtained. may lead to an important loss in efficiency.

We also showed that the notion sdntence hapax jus-
tifies in a logical manner a practical and common simplifi-
) _ cation of the cosine method. This simplification appears to
5.2.1. Comparison in scores be very reliable since it yields an average difference of onl

In order to show that the previous simplification can be o 209 in scores when compared with the original method,

a systematic comparison between the alignments obtainec 10 to 15 times in speed is observed.

by the two methods, the original one serving as a baseline.

5.2. Comparison between the original and the
simplified methods
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Table 4: Sample of pairs of words with angle 0.
Conference of the European Association for Machine

Translation (EAMT-05). Budapest, Hungary: The Eu- Japanese meaning freq. English | freq.
ropean Association for Machine Translation. D to sting’ 2 bee 2
75U ‘Brazil’ 2 Brazil 2
Erabe ‘manners’ 2 manners 2
Appendix: f\@ ‘climate’ 1 temperate| 1
. 1 ‘mustard’ 1 vinaigrette | 1
Sentence and word alignments ettt | ‘travel agency’| 1 bureau 1
ANa] ‘impossible’ 1 incomplete| 1
- g . G5 ‘pot’, ‘vase’ 1 itchers 1
¥FT & #ZE) = Fw T Please write down your name i Rsatellite’ 1 sZteIIiting 1
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AR and address . ek ‘riding horse’ | 1 riding 1
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Figure 2. Excerpt of the data used to conduct the experi-

He will be back next week .

I’ll put it up on the rack for
you .

Are there any seats for this
evening ?

Do you have any cheaper
rooms ?

May | have a commuter
ticket for Dover ?

I would
fancy .

like someplace

With salt and pepper ?

Where can | get the knives
and forks ?

| made a reservation from
Tokyo .

ment. Each line is a pair of aligned sentences.

Table 5: Sample of pairs of aligned “single hapaxes” (ha-
paxes from sentences with one hapax only). In this sample,
only one alignment is wronge{ocodile).

Japanese meaning English
3 ‘peach’ peach
J\ e ] ‘landscape painting’ || landscape
Y ‘mass’, ‘church service’ mass
ELL ‘lottery’ lottery
TIL NI ‘album’ album
A4 =Nk ‘suite’ suite
=7 3t — ‘UFO’ UFO
N— 7L ‘bagel’ bagels
7 ‘ulp’ crocodile
A X ‘AIDS’ AIDS




