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Abstract

In some contexts, well-formed natural language
cannot be expected as input to information or
communicationsystems. In these contets, the
use of grammatindependentnput (sequence®f
uninflected semantic units like e.g. language-
independentcons) can be an answerto the users’
needsHowever, thisrequireghatanintelligentsys-
tem shouldbe ableto interpretthis input with rea-
sonableaccurag andin reasonabléime. Herewe
proposea methodallowing a purelysemantic-based
analysisof sequence®f semanticunits. It uses
an algorithm inspired by the idea of “chart pars-
ing” known in NaturalLanguageProcessingwhich
storesintermediateparsingresultsin orderto bring
the calculationtime down.

Intr oduction

As themasof internationatommunicatiorandex-
changencreasesiconsasa meanto crossthe lan-
guagebarriershave comethroughin somespecific
contets of use,wherelanguagendependensym-
bols are needede.g. on somemachinecommand
buttons). The renaved interestin iconic communi-
cationhasgivenriseto importantworksin thefield
of Design(Aicher and Krampen,1996; Dreyfuss,
1984;0ta, 1993),0n referencébookson the history
anddevelopmentof the matter(Frutiger 1991; Li-
ungman,1995; Sassoorand Gaut 1997), as well
asnewer studiesin the fields of Human-Computer
InteractionandDigital Media (YazdaniandBarker,
2000)or Semioticg(Vaillant, 1999).

We are here particularly interestedin the field
of Information Technology Icons are now used
in nearlyall possibleareasof humancomputerin-
teraction, even office software or operatingsys-
tems. However, there are contets where richer
information hasto be managedfor instance: Al-
ternatve & Augmentatre Communicatiorsystems
designedfor the needsof speechor languageim-

pairedpeople to helpthemcommunicatéwith icon

languagesik e Minspeak,Bliss, Commun-I-Mage);
SecondLanguagel earning systemswhere learn-
ers have a desireto communicateby themseles,
but do not masterthe structuresof the target lan-

guageyet; Cross-Languagénformation Retrieval

systemswith avisualsymbolicinput.

In thesecontexts, the useof iconshasmary ad-
vantages:it makes no assumptionaboutthe lan-
guagecompetencesf the users.allowing impaired
users, or usersfrom a different linguistic back-
ground(which maynotincludea goodcommandf
oneof the majorlanguagesnvolved in researcton
naturallanguageprocessing)to accesshesystems;
it may triggera communication-motiated,implicit
learning process,which helpsthe usersto gradu-
ally improve their level of literagy in thetametlan-
guage However, iconssuffer from alack of expres-
sive power to convey ideas,namely the expression
of abstiact relationsbetweerconceptsstill requires
the useof linguisticcommunication.

An approachto tacklethis limitation is to try to
“analyse”sequencesf iconslike naturallanguage
sentencesareparsedfor example. However, icons
do not give grammaticainformationascluesto au-
tomatic parsers.Hence,we have defineda method
to interpretsequencesf iconsby implementinghe
useof “natural” semanticknowledge. This method
allows to build knowledgenetworks from iconsas
is usuallydonefrom text.

Theanalysiamethodthatwill be presentethereis
logically equialentto the parsingof a dependenc
grammarwith no locality constraints. Therefore,
the compl«ity of afully recursive parsingmethod
grows more than exponentiallywith the length of
theinput. This makesthe reactiontime of the sys-
tem too long to be acceptablen normaluse. We
have now defineda new parsingalgorithm which
storesintermediateresultsin “charts”, in the way
chartparsergEarley, 1970)do for naturallanguage.



1 Description of the problem

Assigninga significationto a sequencef informa-
tion itemsimpliesbuilding conceptuatelationsbe-
tweenthem. Humanlinguistic competenceonsists
in manipulatingthesedependeng relations: when
we saythatthe catdrinksthe milk, for example,we
perceve thattherearewell-definedconceptuaton-
nectionsbhetween‘cat’, ‘drink’, and ‘milk'—that
‘cat’ and‘'milk’ play givenrolesin a givenprocess.
Symbolicformalismsin Al (Sowa, 1984)reflectthis
approachLinguistic theorieshave alsobeendevel-
opedspecificallyto give accountof thesephenom-
ena(Tesniére1959;Kunze,1975;Mel’ Cuk, 1988),
andto describeéhetransitionbetweersemanticand
variouslevels of syntacticdescription: from deep
syntactic structureswhich actually reflect the se-
manticscontents to the surface structurewhereby
messageareputinto naturallanguage.
Humannaturallanguageeflectstheseconceptual
relationsin its messagethrougha seriesof linguis-
tic clues. Theseclues,dependingon the particular
languagesgan consistmainly in word orderingin
sentencepatterns(“syntactical” clues, e.g. in En-
glish, Chinesepr Creole),in word inflectionor suf-
fixation (“morphological” clues, e.g. in Russian,
Turkish), or in a given blend of both (e.g. in Ger
man). Parsers aresystemslesignedo analysenat-
urallanguagenput,onthebaseof suchclues,andto
yield arepresentationof its informationalcontents.
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In contexts whereiconshave to beusedto convey
comple meaningsthe problemis thatmorpholog-
ical cluesare of coursenot available, when at the
sametime we cannotrely ona precisesentenceat-
tern.

We thus should have to use a parserbasedon
computingthe dependenciessuchas somewhich

have beenwritten to copewith variable-vord-order
languageqCovington, 1990). However, sinceno
morphologicaklueis availableeitherto tell thatan
iconis, e.g.,accusatie or dative,we have to rely on
semanticknowvledgeto guiderole assignment.In

otherwords,anicon parsethasto know thatdrink-

ing is somethinggenerallydoneby living beingson
liquid objects.

2 The semanticanalysismethod

Theiconparsemwe proposeerformssemanti@nal-
ysis of input sequencesf icons by the useof an
algorithmbasedon best-unification:whenanicon
in the input sequencédasa “predicative” structure
(it maybecomeheheadof atleastonedependenc
relationto anothemode,labeled“actor”), the other
iconsaroundit arechecledfor compatibility Com-
patibility is measure@sa unificationscorebetween
two setsof featurestructurestheintrinsic semantic
featuresof the candidateactor andthe “extrinsic”
semanticfeaturesof the predicatve icon attached
to aparticularsemantiaole (i.e. the properties'ex-
pected’from, say theagenbof kiss, thedirectobject
of drink, or the conceptqualified by the adjectie
fierce).

The resultyielded by the semanticparseris the
graphthatmaximizeshe sumof the compatibilities
of all its dependengcrelations. It constituteswith
no particular contextual expectations,and given
the stateof world knowledge storedin the iconic
databasé theform of semantideaturesthe“best”
interpretatiorof the users’input.

Theinputis a sequence®f iconssy, sg, ... Sy,
eachof which hasa setof intrinsic features:

IF(s;) = Fi
(whereF; is a setof simpleAttribute-\alueseman-
tic features,usedto represenintrinsic featuresof
the concept—lile {<human, +1><nal e, +1>}
for Daddy).

Someof the symbolsalso have selectionalfea-
tures,which, if groupedby casetype, form a case
structure:

CS(SZ) = {<c1, Fil)a <02a F’i2>, ce <cn7 En>}
(where eachof the n ¢; is a casetype such as
agent object goal.., and eachF;; a setof sim-
ple Attribute-\aluesemantideaturespusedto deter
minewhatfeaturesareexpectedrom a given case-
filler—e.g.<human, +1>isafeaturethattheagent
of theverbwrite shouldpossess).

Every couple(c;, F;;) presentin the casestruc-
ture meanghat F;; is a setof Attribute-Value cou-



pleswhich areattachedo s; asselectionafeatures
for thecasec;:

SF(si,cj) = Fij <= (c;, Fyj) € CS(si)

For example,we canwrite:

SF(write,agenf={<human, +1>}

The semanticcompatibilityis the value we seek
to maximizeto determinehe bestassignments.

1. At thefeaturdevel (compatibilitybetweertwo
features)it is definedsoasto “match” extrinsicand
intrinsic features Thisactuallyincludesasomehav
complex definition, taking into accountthe mod-
elling of conceptuainheritancebetweensemantic
features;but for the sale of simplicity in this pre-
sentation,we may assumethat the semanticcom-
patibility atthe semantideaturelevel is definedas
in Eqg. 1, whichwould bethe casefor a“flat” ontol-
ogy'.

2. At thefeaturestructurdevel, i.e. wherethese-
manticcontentof iconsaredefined semanticom-
patibility is calculatedbetweentwo homogeneous
setsof Attribute-\Value couples:on onesidethe se-
lectionalfeaturesattachedo a givencaseslot of the
predicateacon—strippechereof thecasaype—,on
the othersidetheintrinsic featuresf the candidate
icon.

Thebasicideahereis to definethe compatibility
asthe sumof matchingdn thetwo setsof attribute-
valuepairs,in ratio to the numberof featuresbeing
comparedo. It shouldbe notedthatsemanticcom-
patibility is notasymmetricnorm: it hasto measure
howv goodthe candidateactorfills the expectations
of agivenpredicatve concepin respecto oneof its
particularcases Hencethereis afiltering set(SF)
andafiltered set(ZF), andit is the cardinalof the
filtering setwhichis usedasdenominator:

C(ZF,S8F) = C({fi1s---» fim}:s {fo1s-- -, fon})
_ gl Lieftm €(f1i, f27) )

n

(wherethe f; andthe f,; aresimplefeaturesof the
form (a4, v1;) and(ay;, vo;), respeciely).
A thresholdof acceptabilityis usedto shedout
improbableassociationsvithoutlosingtime.
Evenwith no grammarrules,though,it is neces-
saryto take into accountthe distancebetweentwo

The differencein computingtime maybe neglectedin the
following reasoning sincethe actualformula taking into ac-
countinheritanceinvolves a maximumnumberof computing
stepsdependingnthedepthof thesemantideaturesontology
which doesnotvary duringthe processing.

iconsin the sequencewhich malke it more likely
thattheactorof a givenpredicateshouldbejust be-
fore or justafterit, thanfour iconsfurther, out of its
context. Hencewe alsointroducea “fading” func-
tion, to weightthe virtual semanticcompatibility of
a candidateactorto a predicate by its actualdis-
tanceto the predicatan the sequence:

V(si, ¢j, sk) = D(si,s).C(ZF (sx), SF(s4,¢5))
3)

where:

V(si, ¢, si) is thevalueof theassignmenof can-
didateicon s, asfiller of therole c; of predicates;;

D is the fadingfunction (decreasingrom 1 to O
whenthedistancebetweerthetwo iconsgoesfrom
0to o0);

andC(ZF (sx),SF (s, c;)) the(virtual) semantic
compatibility of the intrinsic featuresof s, to the
selectionalfeaturesof s; for the casec;, with no
consideratiorof distancgasdefinedin Eq. 2).

3. Eventuallyaglobalassignmeniof actorg(cho-
senamongthosepresenin the context) to the case
slotsof the predicate hasto be determined An as-
signmentis anapplicationof the setof icons(other
thanthe predicatebeingconsidered)nto the setof
casef thepredicate.

The semanticcompatibility of this globalassign-
mentis definedasthe sumof thevalues(asdefined
in Eq. 3) of theindividual case-fillerallotments.

4. For a sequencef icon containingmorethan
onepredicatve symbol,the calculusof the assign-
mentsis donefor every oneof them. A globalin-
terpretation of the sequencés a setof assignments
for every predicaten thesequence.

3 Complexity of arecursive algorithm

In formerworks, this principlewasimplementedy
arecursve algorithm(purely declaratie PROLOG).
Then,for asequencef N conceptsandsupposing
we have the (meanvalue of) V (valeng) rolesto
fill for every predicate et us evaluatethe time we
needto computethe possibleinterpretationsf the
sequenceyhenwe arein theworstcasej.e. the N
iconsareall predicates.

1. For every assignmentthe numberof seman-
tic compatibility valuescorrespondingo a single
role/filler allotment,on an {(actor, candidate) cou-
ple (i.e. atthe featurestructurelevel, asdefinedin
Eq.2)is: (N —1) x V.

2. For everyicon, the numberof possibleassign-
mentsis:



C({a1,v1),{az,v2)) = 0

C(<a’vl>’<a57}2>) = +1
V1.V2
=gy @

(we supposehat N — 1 > V, becausewve are
only interestedn what happensvhen N becomes
big, andV typically liesaround3).

3. Foreveryassignmenthe N — 1 allotmentpos-
sibilities for the first caseare computedonly once.
Then,for every possibility of allotmentof the first
casethe N — 1 possibilitiesfor the seconccaseare
recomputed—hencéhereare(N —1)? calculations
of roleffiller allotmentscoresfor the secondcase.
Similarly, every possibleallotmentfor thethird case
is recomputedor every possiblechoiceseton the
first two cases—sothereare (N — 1)® computa-
tions on the whole for the third case. This goeson
until the V** case.

In the end, for one single assignmentthe num-
berof timesa caseffillerscorehasbheencomputeds
o1 (N = 1)F.

Then,to computeall the possibleinterpretations:

1. Numberof timesthe systemcomputesavery
possibleassignmentf thefirsticon: 1.

2. Numberof timesthe systemcomputesavery
possibleassignmenbf the secondicon: Y1 Py,
(oncefor every assignmenbof the first icon, back-
tracking every time—still supposingwe arein the
worst case,i.e. all the assignmentgpassover the
acceptabilitythreshold).

3. Numberof timesthe systemcomputesevery
possibleassignmenof the third icon: Y 1Py x
N-1py, (oncefor every possibleassignmenbf the
secondicon, eachof them beingrecomputednce
again for every possible assignmentof the first
icon).(...)

4. Number of times the system computes
every possible assignmentof the N icon:
(NfIPV)Nfl_

5. Number of assignmentsomputedon the
whole: every assignmeniof the first icon (there
are V=1 Py, of them)is computedjust once, since
it is at the beginning of the backtrackingchain;
every assignmenbf the secondicon is computed
N-1py, timesfor every assignmenof thefirsticon,
so (N=1Py)? times, ... every assignmenbf the
Nt iconis computed ¥ —1 Py)¥ times.

ifa17éa2

if v1 andwvy areequalintegers
if v1 andvy aredistinctintegers
if oneof thevaluesis real

(1)

Total number of assignmentcalculations:
E{CVZI (N_IPV)k'

6. Every calculationof an assignmentaluein-
volves, aswe have seen,Y"}_, (N — 1)* calcula-
tions of a semanticcompatibility at a featurestruc-
turelevel. So,totally, for the calculationof all pos-
sible interpretation®of the sentencethe numberof
suchcalculationshasbeen:

v N
SN 1) x Y0 (VAP
k=1 k=1

7. Lastly, thefinal scoringof every interpretation
involvessummingthe scoresof the N assignments,
which takesup N — 1 elementary(binary) sums.
This sumis computedevery time an interpretation
is set,i.e. every time the systemreachesa leaf of
thechoicetree,i.e. everytime anassignmentor the
Nth iconis reachedthatis (V=1 Py)Y times. So,
thereis anadditionalcomputingtime which alsois
a function of NV, namely expressedn numberof
elementarysums:

(N=1) x (VtPy)N
Hence,if we label a the ratio of the computing
time usedto computethe scoreof arole/filler allot-
mentto thecomputingtime of anelementanbinary
sun?, thenumberof elementaryperationsnvolved
in computingthe scoresf theinterpretation®f the
wholesequencés: v N

(N=-1).(" TPy Ve Y (N - )RS (VIPy)k
k=1 k=1
(5)
4 The chart algorithm

To avoid this major impediment,we definea new
algorithmwhich storesthe resultsof the low-level
operationaiselesslyecomputedtevery backtrack:

2a is a constantin relationto N: the computationof the
semantiaccompatibility at the featurestructurelevel, definedin
Eg. 2, roughly involvesn x m computationof the semantic
compatibility at the featurelevel, definedin Eq. 1 (n beingthe
averagenumberof selectionalfeaturesfor a given role on a
givenpredicateandm theaveragenumberof intrinsic features
of the entriesin the semantidexicon), which itself involvesa
sequencef elementarypperationgcomparisondjoatingpoint
numbermultiplication). It doesnot dependon N, the number
of iconsin thesequence.



a. The low-level roleffiller compatibility val-
ues, in a chart called ‘conpati bil -
ity tabl e’. Thevaluesstoredherecorre-
spondto thevaluesdefinedat Eq. 2.

b. Thevalueof every assignmentin ‘assi gn-
ment s_t abl e’. Thevaluesstoredherecor
respondto assignment®f multiple caseslots
of a predicate,as definedat point 3 of Sec-
tion 2; they arethe sum of the valuesstored
atlevel (a), multiplied by a fadingfunction of
thedistancebetweertheiconsinvolved.

c. Thevalueof theinterpretation®f thesentence,
in‘i nterpretations_tabl e’. Theval-
uesstoredherecorrespondo global interpre-
tationsof the sentenceasdefinedat point4 of
Section2.

With this system,at level (b) (calculationof the
valuesof assignments)the value of the roleffiller
couplesare re-usedfrom the compatibility table,
and are not recomputednary times. In the same
way, at level (c), the computationof the interpre-
tations’ valuesby addingthe assignmentsvalues
doesnotrecomputegheassignmentsaluesat every
step,but simply useshevaluesstoredin theassign-
mentstable.

Furthermore the systemhasbeenimproved for
the casesvhereonly partial modificationsaredone
to the graph,e.g. whenthe userswantto perform
anincrementalgenerationpy generatinghe graph
againat every new icon addedto the endof the se-
guenceprwhenthey wantto deleteoneof theicons
of thesequencenly, optionallyto replaceit by an-
otherone. In thesecasesa greatpartof the infor-
mation remainsunchanged.To take this property
into accountthe systemstoreshe currentsequence
andthe chartsresultingfrom the parsein memory
allowing themto be only partially replacedafter
wards.

Finally, we have implementedthreebasicinter
facefunctionsto be performedby the parser The
first oneimplementsa full parse,the secondpar
tially re-parsesa sequencevherenew icons have
beenaddedthethird partially re-parses sequence
whereicons have beenremaoved. The threefunc-
tionscanbedescribedsfollows.

Parsing from scratch:
1. Spot the icons in the nev sequencewhich

arepotentialpredicategwhich have a valeng
frame).

2. Runthroughthe sequenceand identify every
possiblepair ((predicate,rolgcanddag).
For eachone of them, calculatethe semantic
compatibility
C(ZF(candidatg SF (predicate,rolp.

Storeall the valuesfoundin conpati bi | -

ity table:
predicatel rolel candidatel | value
predicatel rolel candidate€ | value
predicatek roleV candidateV | value

(and eliminate valuesunder the thresholdas
soonasthey appear).

3. Gothroughthesequencandidentify the setof
possibleassignmentfor eachpredicate.

For every assignment, compute its score
using the values stored in conpat i bi | -
ity tabl e, and multiplying by the fading
coeficientsD(1), D(2), ...
Storethevaluesfoundin:

assi gnnent s_t abl e (Tah 1).

4. Calculatethelist of all the possibleinterpreta-
tion (1 interpretationis 1 sequencef assign-
ments). Storethemalongwith their valuesin
interpretations_table.

Add a list of icons to the currently stored se-
quence:

1. Add theiconsof list of iconsto the currently
storedsequence.

2. For every pair ((predicate,rolgcanddag).

whereeitherthe predicate or the candidateis
anew icon (is a memberof list of icong, cal-
culatethevalueof

C(ZF(candidatg SF (predicate,rolp.

andstorethevaluein:
conpatibility table.

3. Calculatethe new assignmentsnadepossible
by thenew iconsfrom list of icons

¢ theassignmentsf new predicates;

o for every predicatealreadypresentn the
sequencédefore, the assignmentsvhere
atleastoneof therolesis allottedto one
of theiconsof list of icons



( predicatel
( predicatel

(rolel, candidatef11(1) ), ...
(rolel, candidatefi2(1) ), ...

=

(roleV , candidatef;;(V) )} ) | value
(roleV , candidatef12(V) )} ) | value

( predicatek , { (rolel ,candidatefk.,;(.l) ), ... (roleV ,candidatefy, (V) )} ) | value

Tablel: Assignmentdable

For eachof them,calculateits value,andstore
itinassi gnnents_t abl e.

e Forevery predicatethereare
(N —1)!

N-—1 _
Py = (N—1-V)!

4. Recomputehe table of interpretationgotally

(no get-around). , _ _ _
possibleassignmentgsee Section3). Since

thereare N predicatesthereis a total num-
ber (in theworstcase)of N x VN —1 Py, differ-
ent possibleassignmentsi.e. differentlines
to fill in the assignmentsable. So, the time
to fill the assignmentablein relationto N is
N!/(N —1-V)! multiplied by aconstanfac-

Remove a list of iconsfrom the currently stored
sequence:

1. Remore theiconsof list of iconsfrom the se-
guencestoredin memory

2. Remwe the entries of conpati bil -

ity _table or assignnments_table tor.
involving at leastone of the icons of list of _ _ _
icons e After the assignmentsablehasbeenfilled, its

valuesare usedto computethe scoreof the
possibleinterpretationsof the sentence.The
computatiorof the scoreof every singleinter
pretationis simply a sumof scoresof assign-
ments: sincetherepossiblyare N predicates,
theremightbeupto N figuresto sumto com-
putethe scoreof aninterpretation.

3. Recomputehetableof interpretations.

5 Complexity of the chart algorithm

First, let usevaluatethecompleity of thealgorithm
presentedn Section4 assuminghat only the first
interfacefunctionis used(parsingfrom scratchev-
erytimeanew iconis addedo thesequence).

In theworstcase:the N iconsareall predicates; e An interpretatioris anelemenibf thecartesian
no possibleroleffiller allotmentin the whole se- productof the setsof all possibleassignments
guencds belav thethresholdof acceptability for every predicate. Sinceevery one of these

) o setshas ! Py, elementsthereis atotal num-
e For every predicate,every combination be- berof

tween one single role and one single other
icon in the sequenceis evaluated: there
are (N — 1) x V such possible couples

(N — 1)1V

(Tpv)Y = (N-1-V)I¥

(actor, candidate).

Sincethereare(worstcase)V predicatesthere
areN x (N — 1) x V suchcombinationgo
computefor the whole sequencein orderto
fill thecompatibilitytable.

After thecompatibilitytablehasbeerfilled, its

valuesareusedto computethe scoreof every
possibleassignmenfof surroundingcons)for

every predicate(to its caseroles). Computing
the scoreof an assignmentnvolves summing
V valuesof the compatibility table, multiplied
by a valueof the fadingfunction D, typically
for a small integer Thus, for every line in

theassignmenttable(Tablel), thecomputing
timeis constanin respecto N.

interpretationgo compute. As eachcompu-
tation might involve N — 1 elementarysums
(thereare N figuresto sumup), we may con-
cludethatthetimeto fill theinterpretationda-
bleisin arelationto N which may be written
s0: (N —1) x (N-1Py)N,

In theend,thecalculationtimeis notthe prod-
uct, but the sum, of the timesusedto fill each
of thetables.So,if we labela andb two con-
stants,representingrespectiely, the ratio of
the computingtime usedto get the score of
anelementaryroleffiller allotmentto the com-
puting time of an elementanybinary addition,
andtheratio of thecomputingtime usedto get
the scoreof an assignmenfrom the scoresof



theroleffiller allotmentgaddingup V' of them,
multiplied by valuesof the D function),to the
computingtime of anelementanbinary addi-
tion, the total computingtime for calculating
the scoresof all possibleinterpretationof the
sentences:

(N=1)."1Py)N +aVN(N -1)+bN (V- LPy)
(6)

6 Discussion

We have presentednew algorithmfor acompletely
semantigarseof asequencef symbolsin agraph-
basedformalism. The new algorithmhasa tempo-
ral compleity like in Eq. 6, to be comparedo the
compleity of a purely recursve algorithm,like in
Eq.5.

In theworstcasethesecondunctionis still dom-
inated by a function which grows hypereponen-
tially in relationto N: the numberof possiblein-
terpretationsnultiplied by thetime usedto sumup
the scoreof aninterpretatiod. In practice the val-
uesof the parameters. and b are fairly large, so
this memberis still small during thefirst stepsbut
it grows very quickly.

As for the othermemberof the function, it is hy-
pereponentialin the caseof Eq. 5, whereast is of
orderbN (N—1Py), i.e. itis O(NV+1), in thecase
of Eq. 6.

Practically to make the semanticparsingalgo-
rithm acceptablethe problemof the hypereponen-
tial growth of the numberof interpretationshasto
be eliminatedat somepoint. In the systemwe have
implementeda thresholdmechanismallows to re-

ject, for every predicate the unlikely assignments.

This practically leaves up only a small maximum
numberof assignments theassignment&able,for
every predicate—typically3. This meansthat the
numberof interpretationsis no longer of the or-
der of N=1Py)N, but “only” of 3V: it becomes
“simply” exponential.Thisimplementatiormecha-
nismmalesthepracticalcomputingtime acceptable
whenrunningon an averagecomputerfor input se-
guence®f nomorethanapproximatelyl5symbols.
In orderto give a comprehense solutionto the
problem, future developmentswill try to develop
heuristicgo find outthe bestsolutionswithout hav-
ing to computethe whole list of all possiblein-
terpretationsand sortit by decreasingalue of se-
manticcompatibility For example,by trying to ex-
plore the searchspace(of all possibleinterpreta-

SNamely (N — 1).(N =1 Py)V.

tions) from maximumvaluesof the assignmentsf

may be possibleto generateonly the 10 or 20 best
interpretationswithout having to scoreall of them
to startwith.
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