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Abstract

We inspectthe possibility of creatingnew linguistic utterancegsmallsentences3imilar to thosealreadypresenin anexisting linguistic
resource.Using paradigmtablesensureghatthe new generatedentencesesemblerevious data,while beingof coursedifferent. We
reportanexperimentin which 1,201new correctsentencesieregeneratedtartingfrom only 22 seedsentences.

1. Intr oduction

In this article, we are conernedwith the addition of
new sentenceshat resemblehosecontainedn analready
existing linguistic resouce.

For a definite task, just collecting texts, for instance
from the Web, doesnot suffice asthe datarequiredareal-
waysvery depemlentonthetaskathand.Collectingalarge
amount of representatie datais time consumimg andmon-
etarily expensve.

The previous reasondeadto the ideaof autonatically
expandingan existing corpws. Startingfrom a corpts al-
readytunedfor the task, one wantsto autoratically pro-
ducemoreandmoreutterance®r sentencef thetaskdo-
main that resembe in a certainway the sentencs of the
initial corpus.

2. Linguistically Justified Production of New
Sentenesfrom Obseved Ones

2.1 Commutation Series,Paradigms

Our methal relies on the notion of paradigms A
paradgm is built on a numker of seriesof commuations
amorg sentences-or instancethesentencesntheleft be-
low showv a seriesof commuationsof Japanesewith Span
ish, Frendh, etc. Thesecommuationsdo not justexcharge
natiorality-relatedadjecties; they crosstheboundarieshe-
tween(derivational)morphology andsyntaxasthelastex-
amplesclearlyshow: seafoogalmostall kindsof food An-
othermorecomplex exarmple of commuations,is shovn on
theright belon. Commutatios hapgenbothatthefront and
attheendof sentencewith a certaindegreeof freedanm.

| like Japaresefood. Japaresefoodwouldbefine

| like SpanishHfood. I"d preferJapanesdood.

| like Frend food. Japaresefoodis finewith me
| like seafood. I"d like to haveJapanesefood.

DoesJapanesefood suityour
[taste?

| like almostall kindsof food.

Paradignsarerevealedby theexistenceof severalseries
of conmutationsarownd a given sentencef thecorpus, the
seedsentence Figure 1 shows this in the form of a table
with severalcolumnsstartingfrom the seedsentence like
Japanesefood, placedatthetop left correr of thetable.

In fact, paradigns mayinvolve mary differentcommu
tation series. Thus, the exact representatiorof a complete
paradgm shouldbeamulti-dimensionakpace For reasos
of visibility, andbecawsethis is alwayspossible we usea
proectionon two dimensiams: boththe border line andthe
border columncontainthe samesentencei the sameor-
der, sothat the tableis symmetical. We call suchtables
“completetables”.

As is examified in Fig. 1, paradgm tablesareusually
ratherhollow. For instancejn Fig. 1, the total nunmber of
cellsin thevisible partof thetableis 14 x 8 = 112, with
only 10 inner cells filled with sentence$rom the corpus.
Ourgoalwill betofill in theothercellsof thetable.

2.2 Analogy

Sentencein the inner cells of paradgm tablesmeeta
linguistic relationslip with the top left sentenceand the
corresponihg cells on the border This relatiorshipis an
andogy, usuallynoted A:B :: C:D, which states
that A isto B as C is to D!. It may be characteised on
differentlevels of abstractionand betweendifferent types
of objects(HoLYoAK and THAGARD, 19%). We shall
only be concened with the formal type of analoy de-
scribedin linguistics(PauL, 1920. Sentencegenergedin
this way, althowgh not necessarilycorrect(de SAUSSURE,
19%), aremuchmorelinguistically constraired (I TKONEN
and HAUKI0JA, 1997) than simple strings of charactes
producedby, say n-gram modelsusedin generdon. We
use a purely formal charaterisationof analagy between
stringsof symbolswhich is basedon the veiification of a
similarity criterion:
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A:B:C:D = {

andof a contiguity criteriort
A:B:=C:D = Va,lA|,+|D|,=|B|,+IC|,

d(A, B) standdor theeditdistancebetweenA and B with
deletiors andinsertionsasthe soleedit operatias. |A| , is
thenunberof occurencesof thesymbola in thestring A.
By contramsitive implication thesecriteria may be
usedto testwhethe an analaical equation hasa solution.
Forinstancethecontiguity criterionimpliesthatthereis no

solutionto the equationbelon?.

| like Japanese, | prefer Japa- .. | enjoyed the X
food. " nesefood. ~ food. :
With this,onecanalreadymarkcellsin paraligmtables

wherenosentenceanbecreatedIn Fig. 1, suchcellshave

beenmarkedwith ae.

'For example, the sentence prefer Italian food. is to | prefer
Japaresefood. asthe sentencd like Italian food. is to | like
Japaresefood.

2If n is thenumter of Isin thesolutionof theanalogicakqua-
tion, thenaccordingto the contiguity criterion,n shoud meetthe
following constraint:1 + n = 0 + 0. Thisis impossible.



I like ][ 1 prefer | T'd prefer [ T feel like | enioved [ prefer | 1 like | like I'd Tike
Japanese Japanese Japarese Japanese thef(;o)c/j Frent Italian seafood local
food. food. food. food. ) food. food. " | food.
[ prefer [ prefer
Japarese ) ) . ) Italian | _prefer
food. food. seafood.
d
prefer . . . .
Japarese
food.
[feellike .

| feellike
Japarese
food. seafood.
I en-
joyed . . . . . . .
thefood.
[ prefer
French ° ° ° ° ° ° °
food.
I like [ prefer
Italian Italian ° ° ° . °
food. food.
I like I prefer [ feel Tike R R R . R
seafood. seafood. seafood
'd Tke
local ° ° ° . .
food.
- . [ feel Tike
| like Mexi- .
canfood. ][\(/I)(;agcan ° ° ° . °
["d Tike the o o o . o
local food.
. 'd  prefer
| like West- Western . . . . o
ernfood. food
["d Tike so-
me ltalian ° ° ° ° .
food.
rd ike || Td prefer
Western Western ° . ° ° °
food. food.
[ Tike Chi- || TpreferChi- . . . . o
nesefood. nesefood.

Figurel: A chunk of the paradign tablefor the seedsentence like Japaresefood. Thetableis symmetricakelative to the

diagmal. Cellsmarkedwith e areexplainedin 2.2.

Our goalis tofill in theblankcells of paradign tables
with new sentencesConseqently, we alsoneeda proce-
dure to enumeate sentenceshat meetthe criteria previ-
ouslymertioned.i.e. to solve analogcal equatioms. Oursis
basedn the computationof edit distancedetweerstrings
of symbols(LEPAGE, 1998), andoutpus the first encoun
tered sentencehat meetsboth criteria. For instance the
following solutionis output for the following anal@ical
equaion.

I likeJapa- | | feellikeJa- . | like
nesefood. * panesdood. ** seafood ° z

3. Generating New Sentencesin Paradigm
Tables

Any innercell in a comgete paraligm table standsfor
ananalogicalequatian. Whenthe cell is filled, this mears
that the analogcal equationhasa solution which is ob-
senedin the corpus. Whenthe cell doesnot containary-
thing, we maywantto solve theanalogcal equatian. There
aretwo possibleissues:eitherno solutionexiststo theana-
logical equatia, andthecell remairs empty;or thereexists
asolution,a sentencewhich canbeinsertedinto thetable.
By definition, sincesucha sentencés not obsened in the
corpus, it is new.

= T seafood

__ | feel like

To evaluatethe efficiency of our methal, we picked up
22 seedsentenceatrandon from the BasicTraveller's Ex-
pressios Corpws (http://ww. c-star.org). This
is a collectionof sentencesepresentdve of various travel
situationslike hotels,restaurats, postoffices, trains, etc.
Thereare97,m9 uniquesentencesyith anaveragge of 5.85
words per sentenceBecausehis corpusis quite large, for
eachof our 22 seedsentenceswe keptonly several thou-
sandsentence as a sub-copus by filtering with a typical
keyword for the seedsentence.

We computedall comgete paradgm tablesandsolved
all possibleanalaical equatiors. All sentencegjener
atedby analoy were checled by handfor grammatical-
ity. Tablel summariesthe resultsin the columrs entitled
“completetable”; the numter of attestedsentencei the
paraligm tableis comparedwith the total numter of cells
in thetable,this latter numter representshe total numker
of theaetically possiblesentenced the paradgm. Also,
the numker of new correctsentenceis compaed with the
total numter of new genergéed sentences.



4. Correctnessof the New Generated
Senterces

As column4 of Table1 shaws, the numbe of correct
sentence geneatedwith 22 complde paradgm tablesis
quite high althoudh we limited oursehes to sub-capora:
1,427 new correct sentencesvere obtained Column 2
shavs thatthe percemageof correctsentencess alsohigh:
almost2/3 (62 %).

We encainteredproblemsto classifythegenerateden-
tencesnto incoarrectandcorrectones. Hereaftera starin-
dicatesa sentencehatwe finally rejected:

Letmethinkaboutyour passpat for a while, please
*Okay Letmeweighyour passport.
*Whee's thepassprt contol office andimmigration card?

Other exanples are simpler The following sentence
reflectthefactthatouranalogcal equationsolverworkson
acharacteunit level.

*Idt’s Westernfood.

*Whats e differencyourin price betweerthem?
*Whatergular price do youhavein mind?

*Is thisthe be differencestn price betweerthem?

A spelicheckr of Endish could helpin rejectingsuch
incomrect sentenceshut simply filtering by the vocalulary
of the corpus is not satisfying asan advartageof analoy
is predsely its ability of geneatingnew words by morpho-
logical formation. Also, atrigrammodé of Englishwords
maywell beableto rejectsentencebk e *Mayyoushowme
your passpat., but it maywell reject! like classicalfood?
becawse of classicalfood, althowgh somepeope may find
it correct.

Our purposehereis to inspectways of improving the
productionof new sentence@ paraligm tablesdirectly so
asto increaethereliability (in percemage)of thegeneated
sentence.

5. Densifying Paradigm Tablesto Make New
GeneratedSentercesMor e Reliable

A first obsevation of the compete paradign tablesis
thata line with alot of cellsthat canna befilled (marked
with ane in Fig. 1) is to beinterpréedasaline which does
not satisfyingly commue with the other sentencesn the
borders.In otherwords,thememltershipof suchasentence
to the overall paradgm is weak,andit may be questiond.
As aconsequece,we shouldlook for solutiorsto decrease
the numkber of holeswhich cannotbefilled in paradgm ta-
bles.

A secondbbsendtion is thatacell which couldbefilled
with a new sentencas filled with morereliability whenit
is surrauindedby a greate numker of sentencesbsened
in the corpus. As a conseqence,we shouldtry to increase
thenumberof attestedanal@ical sentences the paradign
table.

Thesetwo tasksof minimising the numkber of theo-
retically “unfillable” cells and maximising the numker of
cellsfilled with sentencefrom thecorpus canbedescriled
in similar terms: the first goal consistsof increasingthe
paradigmaticdensity thesecondneconsistf increasing
theobservegaradigmaticdensity

SProducedy theanalogy:! like French music.: | like classi-
calmusic.:: | preferFrend food.: x.

6. Comparisonof Completeand Densified
Paradigm Tables

We perfamed similar courtings as with the complete
paraligmtables for new densifiedablesobtainedautomat-
ically by progam on the sameseedsentencesTheresults
areshavn in Table 1. On the left part of this table, the
increasein the ratio of attestedsentencesver all theoreti-
cally possiblesentencefs to beinterpretedasa measuref
theincreaseof the paradgmatic density This densitywas
more thandouled, from 7 % to 16 %. On the right part
of Table 1, the ratio betweenthe numter of new correct
sentencgandthetotal nunberof new gereratedsentenes
standsfor the quality of the analogica gereration. It in-
creasedrom 62 % to 70 %. Clearly, the densificationof
the paradign tablesusing our methodincreasedhe relia-
bility of thenew geneatedsentences.

Going backto our initial god, which is the automatic
production of new sentencego be addedto a linguis-
tic resouce, during the above-reprted expeiiments, we
were able to generatel, 427 new corred¢ sentencegrom
only 22 seedsentencegand restricting oursehesto sub-
corpora) using comgete paradgm tables. By densifyirg
the paradgm tables,only 226/1,427 = 16 % of the new
correctsentencesvereleft aside. In otherwords, the pro-
porttion of new corre¢ sentencesetainedin the densified
tablesis 84 %, which makes1,201new corre¢ sentences.
Combired with the increasen reliability, this shows that
dersificationprivilegesquality over quartity.

7. Conclusion

We have inspectedhe possibility of increasinghe size
of acorpushy usingparadign tables.Thesentencegener
atedwith this methd still have to be checled by handfor
momholagical, syntactical,semanticand pragnatical cor-
rectness. Standad techniquesof n-grams,spelicheckrs,or
syntaxcheclers could and shouldbe usedto filter out in-
correct sentencesWe inspectedhe possibility of making
the proposedmethodintrinsically morereliable. For that,
we proposedto “densify” paradign tablesobtaineal from a
seedsentencey first redicing the numbe of unsohable
analgiesandthenaugnentingthe relative numkber of ob-
sened analogicalsentences.This densificationincreased
the paradgmatic densitysimultaneosly with the reliabil-
ity of the sentencegeneatedby analogy
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[ I'like Japaresefood.

| I prefer Japanesefood.

| I'd preferJaparesefood.

| I 'feellike Japanesdood. |

| enjoyedthefood.

| preferFrend food.

| like Italian food.

| preferltalian food.

| like seafood.

| preferseafood

| feellike seafoal.

I"d like local food.

| like Mexicanfood.

| feellike Mexicanfood.

I"d like thelocal food.

| like Westernfood.

I"d prefer Westernfood.

I"d like soméitalian food.

I"d like Westernfood.

I"d preferWesternfood.

| like Chineséfood.

| prefer Chinesefood.

| like Spanishfood.

["d Tike somefamouslocal
food.

Do youlike Italian food?

Do you feel Tike [alian
food?

Figure2: Thedensifiedparadgm tablefor the seedsentencé like Japaresefood.

| I'like Japaresefood. | 1 preferJapanesefood. | 'dpreferJaparesefood. | I feellike Japanesefood. |
I enjoyedthefood. . . Al feelenjoyedthefood.
| preferFrend food. . . Al feelpreferFrend food.
I like Italian food. | preferltalian food. Al d preferltalian food. Al feellike Italian food.
I like seafood. | preferseafood Al d preferseafood. | feellike seafoal.

I"d likelocal food.

Al'd preferlocal food.

Al'd’'d preferlocal food.

Al feeld like local food.

| like Mexicanfood.

Al preferMexicanfood.

Al'd preferMexicanfood.

| feellike Mexicanfood.

I"d like thelocal food.

AlI'd preferthelocal food.

Al'd'd prefer the Tocal
food.

Al feeldlikethelocal food.

| like Westernfood.

Al preferWesternfood.

I"d preferWesternfood.

Al feellike Westernfood.

I"d like soméitalian food.

AT'd prefer some Ttalian
food.

AT'd’d prefer someltalian
food.

AT'd TeelTike someltalian
food.

I’d like Westernfood.

I"d preferWesternfood.

Al'd'd preferWesternfood.

Al feeld like Westernfood.

| like Chinesdood.

| prefer Chinesefood.

Al'd prefer Chinesdood.

Al feellike Chinesdood.

| like Spanishfood.

Al prefer Spanshfood.

Al'd prefer SpanisHood.

Al feellike Spanistfood.

["d Tike somefamouslocal
food.

Al'd prefer some famous
local food.

AT'd’d prefer somefamous
local food.

AT'd feellike somefamous
local food.

Do youlike ltalian food?

ADo you prefer Ttalian
food?

ADo youd prefer ltalian
food?

Do you feel Tike Ttalian
food?

Figure 3: Filling aparadign table.Cellswith ane have no analogcal solution. Cellswith a A wereproducedby analay.

completetable densifiectable completetable densifiectable

seedsentence obsered/ possible obsered/ possible correct/ all new correct/ all new

label sentences sentences sentences sentences
20dollars 627 1770 = 3% | 627 731 = 8% 3717 421 = 88% 365/ 403 = 91%
CatchBxi 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%
GetPostCfice 19/ 136 = 13% | 19/ 42 = 45% 14/ 21 = 67% 14/ 21 = 67%
HardTime 8/ 66 = 12% 6/ 35 = 17% 221 29 = 76% 13/ 15 = 87%
Japfeod 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%
OutOfiice 30/ 435 = 6% | 27/ 81 = 33% 26/ 83 = 31% 19/ 46 = 41%
Please@xi 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%
SeeRss 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%
WantBookRom 8/ 45 = 17% 8/ 25 = 32% 6/ 6 = 100% 6/ 6 = 100%
WantCofee 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%
WhereOfice 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%
YouFeelTred 30/ 253 = 11% | 30/ 76 = 39% 43/ 48 = 90% 43/ 46 = 94%
[ average [[ 607/ 8615 = 7% [ 557/3537 =16% | 1,427/2315 = 62% | 1,201/1,712 = 70%

Tablel: Resultsfor 22 seedsentences.



