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Abstract
Weinspectthepossibilityof creatingnew linguistic utterances(smallsentences)similar to thosealreadypresentin anexisting linguistic
resource.Usingparadigmtablesensuresthat thenew generatedsentencesresemblepreviousdata,while beingof coursedifferent. We
reportanexperimentin which1,201new correctsentencesweregeneratedstartingfrom only 22 seedsentences.

1. Intr oduction
In this article, we are concernedwith the addition of

new sentencesthat resemblethosecontainedin analready
existing linguistic resource.

For a definite task, just collecting texts, for instance
from theWeb,doesnot suffice asthedatarequiredareal-
waysverydependentonthetaskathand.Collectingalarge
amount of representative datais time consuming andmon-
etarily expensive.

The previous reasonsleadto the ideaof automatically
expandingan existing corpus. Startingfrom a corpus al-
readytunedfor the task,onewantsto automatically pro-
ducemoreandmoreutterancesor sentencesin thetaskdo-
main that resemble in a certainway the sentences of the
initial corpus.

2. Linguistically Justified Production of New
Sentencesfr om ObservedOnes

2.1. Commutation Series,Paradigms
Our method relies on the notion of paradigms. A

paradigm is built on a number of seriesof commutations
among sentences.For instance,thesentencesontheleft be-
low show aseriesof commutationsof Japanesewith Span-
ish, French, etc. Thesecommutationsdo not just exchange
nationality-relatedadjectives; they crosstheboundariesbe-
tween(derivational)morphology andsyntaxasthelastex-
amplesclearlyshow: seafood, almostall kindsof food. An-
othermorecomplex exampleof commutations,is shown on
theright below. Commutationshappenbothatthefront and
at theendof sentenceswith a certaindegreeof freedom.

I like Japanesefood. Japanesefoodwouldbefine.
I like Spanishfood. I’ d preferJapanesefood.
I like French food. Japanesefoodis finewith me.
I like seafood. I’ d like to haveJapanesefood.
I like almostall kindsof food. DoesJapanesefoodsuit your
. . . . . . [taste?

Paradigmsarerevealedby theexistenceof severalseries
of commutationsaroundagiven sentenceof thecorpus,the
seedsentence. Figure1 shows this in the form of a table
with severalcolumnsstartingfrom theseedsentenceI like
Japanesefood., placedat thetop left corner of thetable.

In fact,paradigmsmayinvolve many differentcommu-
tationseries.Thus,the exact representationof a complete
paradigm shouldbeamulti-dimensionalspace.For reasons
of visibility, andbecausethis is alwayspossible,we usea
projectionon two dimensions: boththeborder line andthe
bordercolumncontainthesamesentencesin thesameor-
der, so that the table is symmetrical. We call suchtables
“completetables”.

As is examplified in Fig. 1, paradigm tablesareusually
ratherhollow. For instance,in Fig. 1, the total number of
cells in thevisible partof the tableis

���������	�
���
, with

only 10 inner cells filled with sentencesfrom the corpus.
Ourgoalwill beto fill in theothercellsof thetable.

2.2. Analogy
Sentences in the inner cells of paradigm tablesmeeta

linguistic relationship with the top left sentenceand the
corresponding cells on the border. This relationship is an
analogy, usually noted ����������� , which states
that � is to � as � is to � 1. It may be characterisedon
differentlevels of abstractionandbetweendifferent types
of objects(HOLYOAK and THAGARD, 1995). We shall
only be concerned with the formal type of analogy de-
scribedin linguistics(PAUL, 1920). Sentencesgeneratedin
this way, although not necessarilycorrect(de SAUSSURE,
1995), aremuchmorelinguisticallyconstrained(ITKONEN
and HAUKIOJA, 1997) than simple strings of characters
producedby, say, n-gram modelsusedin generation. We
usea purely formal characterisationof analogy between
stringsof symbolswhich is basedon the verification of a
similarity criterion:

����������� �
��� �! "�$# � ��� �% "�&#��� �' "�(# � ��� �( "��#

andof a contiguity criterion:

����������� � )+*  -,��!,/.102,��3,/. � ,��4,/.!05,��6, .
��� �' -�$# standsfor theedit distancebetween� and � with
deletions andinsertionsasthesoleedit operations. ,��!, . is
thenumberof occurrencesof thesymbol * in thestring � .

By contrapositive implication, thesecriteria may be
usedto testwhether ananalogical equation hasa solution.
For instance,thecontiguity criterionimpliesthatthereis no
solutionto theequationbelow2.

I like Japanese
food.  I prefer Japa-

nesefood. � I enjoyed the
food.  x

With this,onecanalreadymarkcellsin paradigmtables
wherenosentencecanbecreated.In Fig. 1, suchcellshave
beenmarkedwith a 7 .

1For example,thesentenceI prefer Italian food. is to I prefer
Japanesefood. as the sentenceI like Italian food. is to I like
Japanesefood.

2If 8 is thenumberof ls in thesolutionof theanalogicalequa-
tion, thenaccordingto thecontiguity criterion, 8 should meetthe
following constraint:9;:38&<�=':>= . This is impossible.
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I like
Japanese
food.

I prefer
Japanese
food.

I’ d prefer
Japanese
food.

I feel like
Japanese
food.

I enjoyed
thefood.

I prefer
French
food.

I like
Italian
food.

I like
seafood.

I’ d like
local
food.

. . .

I prefer
Japanese
food.

? ? ? ? I prefer
Italian
food.

I prefer
seafood.

. . .

I’ d
prefer
Japanese
food.

? ? ? ? . . .

I feellike
Japanese
food.

I feellike
seafood.

. . .

I en-
joyed
thefood.

? ? ? ? ? ? ? . . .

I prefer
French
food.

? ? ? ? ? ? ? . . .

I like
Italian
food.

I prefer
Italian
food.

? ? ? ? ? . . .

I like
seafood.

I prefer
seafood.

I feel like
seafood.

? ? ? ? ? . . .

I’ d like
local
food.

? ? ? ? ? . . .

I likeMexi-
canfood.

I feel like
Mexican
food.

? ? ? ? ? . . .

I’ d like the
local food.

? ? ? ? ? . . .

I like West-
ern food.

I’ d prefer
Western
food.

? ? ? ? ? . . .

I’ d like so-
me Italian
food.

? ? ? ? ? . . .

I’ d like
Western
food.

I’ d prefer
Western
food.

? ? ? ? ? . . .

I like Chi-
nesefood.

I preferChi-
nesefood.

? ? ? ? ? . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Figure1: A chunk of theparadigm tablefor theseedsentenceI likeJapanesefood.Thetableis symmetricalrelative to the
diagonal. Cellsmarkedwith 7 areexplainedin 2.2..

Our goal is to fill in theblankcellsof paradigm tables
with new sentences.Consequently, we alsoneeda proce-
dure to enumerate sentencesthat meet the criteria previ-
ouslymentioned.i.e. to solveanalogical equations.Oursis
basedon thecomputationof edit distancesbetweenstrings
of symbols(LEPAGE, 1998), andoutputs the first encoun-
teredsentencethat meetsboth criteria. For instance,the
following solution is output for the following analogical
equation.

I likeJapa-
nesefood.  I feel like Ja-

panesefood. � I like
seafood. A@ � @ � I feel like

seafood.

3. GeneratingNewSentencesin Paradigm
Tables

Any innercell in a completeparadigm tablestandsfor
ananalogicalequation. Whenthecell is filled, this means
that the analogical equationhas a solution which is ob-
served in thecorpus.Whenthecell doesnot containany-
thing, wemaywantto solve theanalogical equation. There
aretwo possibleissues:eithernosolutionexiststo theana-
logicalequation, andthecell remainsempty;or thereexists
a solution,a sentence,which canbeinsertedinto thetable.
By definition,sincesucha sentenceis not observed in the
corpus,it is new.

To evaluatetheefficiency of our method, we pickedup
22seedsentencesat random from theBasicTraveller’sEx-
pressions Corpus (http://www.c-star.org). This
is a collectionof sentencesrepresentative of various travel
situations,like hotels,restaurants, postoffices,trains,etc.
Thereare97,769uniquesentences,with anaverageof 5.85
words persentence.Becausethis corpus is quite large, for
eachof our 22 seedsentences,we kept only several thou-
sandsentences asa sub-corpusby filtering with a typical
keyword for theseedsentence.

We computedall completeparadigm tablesandsolved
all possibleanalogical equations. All sentencesgener-
atedby analogy were checked by handfor grammatical-
ity. Table1 summarizestheresultsin thecolumns entitled
“completetable”: the number of attestedsentencesin the
paradigm tableis comparedwith the total number of cells
in the table,this latternumber representsthe total number
of theoretically possiblesentencesin the paradigm. Also,
thenumber of new correctsentences is comparedwith the
totalnumberof new generatedsentences.
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4.
B

Corr ectnessof the NewGenerated
Sentences

As column4 of Table1 shows, the number of correct
sentences generatedwith 22 complete paradigm tablesis
quite high although we limited ourselves to sub-corpora:
1,427 new correct sentenceswere obtained. Column 2
showsthatthepercentageof correctsentencesis alsohigh:
almost2/3 (62%).

Weencounteredproblemsto classifythegeneratedsen-
tencesinto incorrect andcorrectones.Hereaftera starin-
dicatesa sentencethatwe finally rejected:

Letmethinkaboutyourpassport for a while, please.C
Okay. Letmeweighyour passport.C
Where’s thepassport control officeandimmigrationcard?

Otherexamples aresimpler. The following sentences
reflectthefactthatouranalogical equationsolverworkson
acharacterunit level.

C
I’ dt’sWesternfood.C
What’s e differencyourin pricebetweenthem?C
Whatergular pricedo youhavein mind?C
Is this thebedifferencestin pricebetweenthem?

A spellchecker of English could help in rejectingsuch
incorrect sentences,but simply filtering by the vocabulary
of thecorpus is not satisfying, asanadvantageof analogy
is precisely its ability of generatingnew wordsby morpho-
logical formation. Also, a trigrammodel of Englishwords
maywell beableto rejectsentenceslike D Mayyoushowme
your passport., but it maywell rejectI like classicalfood.3

becauseof classicalfood, although somepeople may find
it correct.

Our purposehereis to inspectwaysof improving the
productionof new sentencesin paradigm tablesdirectly so
asto increasethereliability (in percentage)of thegenerated
sentences.

5. DensifyingParadigm Tablesto MakeNew
GeneratedSentencesMor eReliable

A first observation of the complete paradigm tablesis
thata line with a lot of cells that cannot be filled (marked
with an 7 in Fig. 1) is to beinterpretedasa line whichdoes
not satisfyinglycommute with the othersentenceson the
borders.In otherwords,themembershipof suchasentence
to theoverall paradigm is weak,andit maybequestioned.
As aconsequence,weshouldlook for solutions to decrease
thenumber of holeswhich cannotbefilled in paradigm ta-
bles.

A secondobservation is thatacell whichcouldbefilled
with a new sentenceis filled with morereliability whenit
is surroundedby a greater number of sentencesobserved
in thecorpus. As a consequence,we shouldtry to increase
thenumberof attestedanalogicalsentencesin theparadigm
table.

Thesetwo tasksof minimising the number of theo-
retically “unfillable” cells andmaximising the number of
cellsfilled with sentences from thecorpuscanbedescribed
in similar terms: the first goal consistsof increasingthe
paradigmaticdensity, thesecondoneconsistsof increasing
theobservedparadigmaticdensity.

3Producedby theanalogy:I like French music.: I like classi-
cal music.:: I preferFrench food. : x.

6. Comparisonof Completeand Densified
Paradigm Tables

We performed similar countings aswith the complete
paradigmtables,for new densifiedtablesobtainedautomat-
ically by programon thesameseedsentences.Theresults
are shown in Table 1. On the left part of this table, the
increasein the ratio of attestedsentencesover all theoreti-
cally possiblesentencesis to beinterpretedasameasureof
the increaseof theparadigmaticdensity. This densitywas
more thandoubled, from E>F to

��G F . On the right part
of Table 1, the ratio betweenthe number of new correct
sentences andthetotal numberof new generatedsentences
standsfor the quality of the analogical generation. It in-
creasedfrom 62 % to 70 %. Clearly, the densificationof
the paradigm tablesusingour methodincreasedthe relia-
bility of thenew generatedsentences.

Going backto our initial goal, which is the automatic
production of new sentencesto be addedto a linguis-
tic resource, during the above-reported experiments, we
were able to generate1,427 new correct sentencesfrom
only 22 seedsentences(and restrictingourselves to sub-
corpora) using complete paradigm tables. By densifying
the paradigm tables,only

�H�
GJIK�  �
� E �L�MG F of the new
correct sentenceswereleft aside. In otherwords,thepro-
portion of new correct sentencesretainedin the densified
tablesis

�
� F , which makes1,201new correct sentences.
Combined with the increasein reliability, this shows that
densificationprivilegesquality over quantity.

7. Conclusion
We have inspectedthepossibilityof increasingthesize

of acorpusby usingparadigm tables.Thesentencesgener-
atedwith this method still have to becheckedby handfor
morphological, syntactical,semanticandpragmaticalcor-
rectness.Standard techniquesof n-grams,spellcheckers,or
syntaxcheckerscould andshouldbe usedto filter out in-
correct sentences.We inspectedthe possibility of making
the proposedmethodintrinsically morereliable. For that,
we proposedto “densify” paradigm tablesobtained from a
seedsentenceby first reducing the number of unsolvable
analogiesandthenaugmentingthe relative number of ob-
served analogicalsentences.This densificationincreased
the paradigmatic densitysimultaneously with the reliabil-
ity of thesentencesgeneratedby analogy.
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I like Japanesefood. I preferJapanesefood. I’ d preferJapanesefood. I feel likeJapanesefood.

I enjoyedthefood. ? ?
I preferFrench food. ? ?
I like Italian food. I preferItalian food.
I like seafood. I preferseafood. I feel likeseafood.
I’ d like local food.
I like Mexicanfood. I feel likeMexicanfood.
I’ d like thelocal food.
I like Westernfood. I’ d preferWesternfood.
I’ d like someItalian food.
I’ d like Westernfood. I’ d preferWesternfood.
I like Chinesefood. I preferChinesefood.
I like Spanishfood.
I’ d like somefamouslocal
food.

Do youlike Italian food? Do you feel like Italian
food?

Figure2: Thedensifiedparadigm tablefor theseedsentenceI likeJapanesefood.

I like Japanesefood. I preferJapanesefood. I’ d preferJapanesefood. I feel likeJapanesefood.

I enjoyedthefood. ? ? O I feelenjoyedthefood.
I preferFrench food. ? ? O I feelpreferFrench food.
I like Italian food. I preferItalian food. O I’ d preferItalian food. O I feel like Italian food.
I like seafood. I preferseafood. O I’ d preferseafood. I feel likeseafood.
I’ d like local food. O I’ d prefer local food. O I’ d’d preferlocal food. O I feel’d like local food.
I like Mexicanfood. O I preferMexicanfood. O I’ d preferMexicanfood. I feel likeMexicanfood.

I’ d like thelocal food. O I’ d preferthelocal food.
O I’ d’d prefer the local
food.

O I feel’d likethelocal food.

I like Westernfood. O I preferWesternfood. I’ d preferWesternfood. O I feel like Westernfood.

I’ d like someItalian food.
O I’ d prefer some Italian
food.

O I’ d’d prefer someItalian
food.

O I’ d feel like someItalian
food.

I’ d like Westernfood. I’ d preferWesternfood. O I’ d’d preferWesternfood. O I feel’d like Westernfood.
I like Chinesefood. I preferChinesefood. O I’ d preferChinesefood. O I feel like Chinesefood.
I like Spanishfood. O I preferSpanish food. O I’ d preferSpanishfood. O I feel like Spanishfood.
I’ d like somefamouslocal
food.

O I’ d prefer some famous
local food.

O I’ d’d prefer somefamous
local food.

O I’ d feel like somefamous
local food.

Do youlike Italian food?
O Do you prefer Italian
food?

O Do you’d prefer Italian
food?

Do you feel like Italian
food?

Figure 3: Filling aparadigm table.Cellswith an 7 haveno analogical solution.Cellswith a P wereproducedby analogy.

completetable densifiedtable completetable densifiedtable
seedsentence observed/ possible observed/ possible correct/ all new correct/ all new

label sentences sentences sentences sentences
20dollars 62 / 1770 = 3 % 62 / 731 = 8 % 371 / 421 = 88% 365 / 403 = 91%
CatchTaxi 16 / 171 = 9 % 16 / 70 = 22% 23 / 28 = 82% 18 / 21 = 86%
FeelBlue 40 / 630 = 6 % 33 / 224 = 14% 51 / 86 = 59% 40 / 63 = 64%
GetPostOffice 19 / 136 = 13% 19 / 42 = 45% 14 / 21 = 67% 14 / 21 = 67%
HardTime 8 / 66 = 12% 6 / 35 = 17% 22 / 29 = 76% 13 / 15 = 87%
JapFood 50 / 820 = 6 % 43 / 418 = 10% 178 / 468 = 38% 137 / 290 = 47%
LeftTrain 15 / 105 = 14% 14 / 36 = 38% 13 / 16 = 81% 11 / 14 = 79%
LetmeSee 32 / 595 = 5 % 22 / 304 = 7 % 26 / 50 = 52% 19 / 22 = 86%
OnBusiness 12 / 66 = 18% 10 / 36 = 27% 14 / 39 = 36% 9 / 26 = 35%
OutOffice 30 / 435 = 6 % 27 / 81 = 33% 26 / 83 = 31% 19 / 46 = 41%
PleaseTaxi 57 / 946 = 6 % 53 / 475 = 11% 111 / 157 = 71% 83 / 120 = 69%
PreferSeafood 27 / 153 = 17% 27 / 77 = 35% 26 / 47 = 55% 26 / 42 = 62%
SeePass 20 / 171 = 11% 19 / 78 = 24% 40 / 49 = 82% 36 / 41 = 88%
TakeTrain 20 / 231 = 8 % 20 / 57 = 35% 39 / 39 = 100% 37 / 37 = 100%
TrainTime 21 / 276 = 7 % 19 / 44 = 43% 11 / 25 = 44% 10 / 24 = 42%
WantBookRoom 8 / 45 = 17% 8 / 25 = 32% 6 / 6 = 100% 6 / 6 = 100%
WantCoffee 39 / 351 = 11% 37 / 126 = 29% 30 / 53 = 57% 25 / 46 = 54%
WhatPrice 26 / 378 = 6 % 24 / 195 = 12% 157 / 272 = 58% 107 / 170 = 63%
WhereOffice 18 / 231 = 7 % 14 / 121 = 11% 77 / 136 = 57% 52 / 82 = 64%
WorkTrading 27 / 435 = 6 % 25 / 104 = 24% 85 / 93 = 91% 69 / 73 = 95%
YenDollars 30 / 351 = 8 % 29 / 182 = 15% 64 / 149 = 43% 62 / 104 = 60%
YouFeelTired 30 / 253 = 11% 30 / 76 = 39% 43 / 48 = 90% 43 / 46 = 94%
average 607 / 8,615 = 7 % 557 / 3,537 = 16% 1,427/ 2,315 = 62% 1,201/ 1,712 = 70%

Table1: Resultsfor 22 seedsentences.
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