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Abstract

Creoleis one of the main topicsin variols elds conceriing the language origin and the
langua@ charge, suchassociolingustics, the developmenal psychdogy of languag, paleoan
thropdogy andsoon. Our purposein this paperis to developanevolutionarytheow of language
to studythe emepgenceof creole. We discusshow the emegenceof crede is dealtwith in the
perspectie of population dynamics. The proposalof evolutionary equatiors is a modi cation of
thelanguagedynanics equationsby Komanova et al. We shov experimentalresults,in whichwe
could obsene the emegenceof creole. Furthemore,we analyzethe condition of creolizati in
termsof similarity amonglanguaes. We conclule that a creolebecones domirant when pre-
existinglanguagsarenotsimilarto eachotherandrathersimilarto thenewly appeaedlanguage
(would-be-crede); however the new langiagemustnot betoo similar, in which casepre-&isting
languagsremainandcoexist.

Keywords: PopulationDynarrics, Creole, Similarity amorg Languayes, Language Dynarrics
Equatiors

1 Intr oduction

Generdly, all humanbeings canleam ary humanlanguagein the rst languageacauisition. Oneof
the main purpcsesof languageuseis to communcatewith others Therefoe, it is easyto consder
thatthe languageleamerscometo obtan the languagewhich they hearmostin the communty, i.e.,
in mostcase, childrenwill develop their parental languagescorrectly. Whenpeopk do not have a
commonlanguageto commuricate with eachother suchas plartation ecoromies, slave trade, and
soon, they cometo usea simpli ed languagecalled pidgin to bridge communi@tion gapsbetwea
spe&ersof mutualy unintelligible languages. After that, the childrenof the pidgin spe&ers may
obtan afull- edged new languagecalledcreoleastheir native language[6]. Thus,childrenhave an
ability to learnandcreat the mostcommuncative languagein thecommuniy.

In the strean of simulaton studes of languageevolution [4], the emegenceof creok is also
studed [10]. Briscoe[3] hasreportedsorhisticatedmodelsof humanlanguageacqusition by means
of amulti-agentmodel. However, beausethenumbe of agentswas nite, theresuts wereoften had
to be genealized to explain gereral phenanenain the realworld, from which the mostmulti-agent
modelshadsufered.

To overcomethis drawbackof multi-agentmodelsfrom adifferentviewpoint, Nowak et al. devel-
opedmathematal theay of the evolutionary dynamicsof language[13]. By de ning similarity and
paydf betwea languages, basedon the assimptionof the universalgrammay Komarwa et al. [8]



proposedlanguage dyramicsequations in which the transtion of population among nite numberof
languagegdesribedby differentid equatons. However, in the framavork of evolutionary dynamis
of language theemepgenceof crede wasnotdisaussedyet.

Our purposein this paperis to develop the evolutionary theoly of languagein orderto invesigate
the emepgenceof creok. We have already seencreolizationby introducing the assumption thatlan-
guage acaquisition of childrenis affected both by thedistribution of population andby theexposuerate
to otherlanguageghan their parental one[9]. In this paperwe analyethe condtion of relationshp
amonglanguagedor crede to emege andto bedominant.

In Section2, we disausshow we constder creoization in the context of popuation dynamics.
In Section3, we descibe the languagedynamic equations and our modi cation of the equatons.
Section4 repors our experiments.We preenta discussionanda corclusian in thelasttwo sectons.

2 Creolizationin Population Dynamicsof Language

In this sectian, we descrbe creok from the viewpoint of population dynamics.We shavedthe emer
gene of crede in popuation dynanics of language[9], which is cawsedby trarsition of popuation
amonggrammarsandthe exposue probaility of children. Here,we disctsshow the emegence of
creok is consdered in population dynamics.

2.1 Creoleand Population Dynamics

We presypposehattheemegenceof creolestrictly depemlsonthepopuationdistribution, asoppcsed
to traditonal linguistic explanations [2,6]. From the viewpoint, a crede is consderedas sucha
grammarGc that; A) xc(0) = 0, Xc(t) > ¢ orB) x¢(0) = 0, xc(t) > g, wherex¢(t) dendesthe
distribution of the population of G attimet, and . and 4 dende certan thresholds to beregardel
as coexisteh and dominart, respetively. Thesede nitio ns representthat someindividualscome
to speaka languagethat no one spole at the initial state andcorsequatly, A) a x ed number of
individualskeepsthe grammayrandB) the distribution of the languagespealer occupes the mostin
thecommuniy.

2.2 Similarity amongLanguages

The S matrixin population dynamicsderotesthe similarity betweergrammarswhichis detemined
by theprobability s thataspe&erwhousesagrammaiG; will sayasentegethatis undestandible
by spe&ersof andherlanguageG; ; thus,eachof S = fs;j; gis acongantdiachronically. GeneraV,
the S matrix is uniguely calcdated when the grammarsand the probaility for eachsenenceare
given. Suppos thatanindividual who usesG; utters a senencein L (G;) with the uniformly same
probability, thens;; is the numberof commonsent@&cesbetweenL (G;) andL (G;) divided by the
numberof senencesin L (G;). Therefae, diagmal elementsf the S matrix arealways1. Under
theassunption, Fig. 1 shaws the relaionship amonglanguagesin the S matrix. The shaekd partin
the gure dendesthatL(G1) andL(G,) shae commonsertences In this case s, is greder than
S»1, becaisethecommonpartis rather smallin L (G1) thanin L(G;). Thesizeof L (G) concensthe
geneative capaliity of thegrammarBecaus the power of expressivenessis corsidera to besimilar
amonglanguageswe shout regardthatthe sizeof L (Gj)'s aresameandthats;j is neary equalto
Sji. Thus,theS matrix shoud beanappoximatdy symmetrcal matrix.

In the above discusion, it is assumedtha the memberof concévable grammarsis nite and
preck ned. In thissensecreokis alsoincludedin themandhasthesimilarity with theotherlanguages
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Fig.1 Therelatonshp amonglanguagesn the S matrix

in the S matrix. Thisis justied by the persgctive of the universaal grammar We presypposethat
creok mayocaur accoding to the similarity to the othe languagesandthuswe study the condtions
of thesimilarity for credization.

3 Population Dynamicsof Grammar Acquisition

We introducemodi ed languagedynamicsequatons after reviewing Komarwa et al. [8]'s original
ones

3.1 Komarova et al.'s LanguageDynamic Equations

Komarwaetal. [8,13] propcseda mathematal theay for the evolutionary andpopulation dynamis
of grammaracqusition. In their mode| given the principlesin the universalgrammay the seart
spae for cardidategrammas is assmnegto be nite, thatis fGy;:::;Gng. Letx;(t) betheratio
of the popuation of G; spe&ers,where jnzl Xj(t) = 1. Thus,the modelis de ned in popuation
dynamicsin which individuds chang their own grammarfrom gereratian to geneation The lan-
guage dynamic equatonsaremainly compasedby (i) thesimilaiity betwea langlagesasthe matrix
S = fsj g and(ii) the probability that childrenfail to acqure their parental languageasthe matrix
Q = fq; g. gndividualsreprodicechildren,the numbe of whichis deteminedby the tness such
as: fi(t) = jnzl (sij + sji)xj(t)=2. Thelanguagedynamicsequaions aregiven by the following
differentialeguations

dx (1) _ X

at g; fi(t)xi(t) (t)x; (1) (G =2%::5n) (1)

i=1

where (t) = P L, fi(t)xi(t) andtheterm™  (t)x; (t)' makesthe total popuation sizekeep con
stant

In those equdions the tness f; for eachgrammaris regarced as its communi@bility, which
representsa probability thata sent@ceuttered by anindividualis recaynized in thecommunity Total
distribution of childrenof G; spe&ersbecanesf;x;. By thede nition of the Q matrix, childrenare
allowedto make mistales during languageacqusition. It is possble for a child to learngrammarG;
from her parents andto endup speakng grammarG; . The probability of sud transtion is de ned
asQ = fg;j g. Intheirwork, it is alsoassumedhatonly adut individualstalk to the otherlanglage
groyos, while childrencommuni@tewith only their parents. In this circumstanceit maybedif cul t
to corsiderthatthe childrenmistale their parertal grammairfor anottrer one



3.2 Niyogi's Model

Niyogi [11,12] gives actualexampks of the Q matrix with linguistically well-groundedgrammars
togeher with the trigger learnng algoiithm (TLA) [7]. However, thereis an unreaistic Markov
strudurewhich implies thatsomechildren canrot leam certan kinds of language ,aswe pointed out
in [9].

3.3 Our Modi cation

Thusfar, we have modi ed the languagedynanics equatonsto include somecongraints conerning
trangtion amonglanguages9]. We have shavn by compute simulaions [10] that the popuation
could be changed when children are exposednot only to their parertal languagebut alsoto other
languages It is rea®nably supsedthatthe trangtions deperl on the distribution of population of
languagesfor childrento be exposed. Therefae, the Q matrix shoutl chang through geneatiors.
Our primerevision is to introducethe probability  thatchildren areaffected by the otherlanguage
spe&ersthantheir parerts. We call  the exposuse probability. A child hearsnot only parenal lan-
guage but alsoothe languagesn propation bothto therateof theexposure andto thedistributian
of popuation of grammargSeeFig. 2(a)). The probability which the childrenlearnalanguagefrom
their parens comesto (1 ). Notethat doesnot exclude children's parental language;it is also
includedin in proportionto thedistribution of population aswell asthe othe langlages.
Sincethedistribution of population changesin time, the Q matrix shoul includethetime param-

call Q(X (t)) the modi ed acauracy matrix. Togetherwith the S matrix anda given , alearring
algarithm deteminesQ(X (t)). Thus,thenew languagedynamicsequationis asfollows:

. X
dxélt(t) = G Ofimxi®)  Ox @) (=1L 2)

i=1

3.4 The Learning Algorithm

We introducea simple learring algorithm which resdves Niyogi [11]'s prodem mentimed above.
Thelearring algoiithm becanesasfoll ows (SeealsoFig. 2(b)):

1) In achild's memory theresuppmsedto bea scoe tableof grammars.
2) Thechild receivesasent@ceuttered by anadut.

3) For eachgrammarif a senteceis accepablefor the child, the grammarscaesa point in her
memory

4) 2) and3) arerepateduntil the child recevesa x ed numberof sentecesthatis regardel as
enaighfor theestimaion of thegrammar

5) Thechild adops the grammawith the highestscoe.

Here,we introducedthe expoaure probability  thatprescibestheratio a child talksto pemle othe
thanherparents. Thus,the estimate grammarof thechild is G; suchthat:

X
j = argmaxd  sgx(+ (L )syg 3)
] k
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Fig.2 Introducing the exposure probability andthelearring algorithm

Fromthe learnng algorithm, we give the modi ed accuagy matrix Q(X (t)) = fgj (t)g in [9] as
follows: P

o Sk Xk + (1 )si)" L
0 ksxk@®+ (@ s b

(X (1) = B (@)

4 Experiments

In this sectim, we showthe experimentalresut of the languagedynamics equdions of popuation
basa transtion in Section 3. We examinethecondtionsthatcrede appearsandcomeso bedominart
in combhationsof the S matrix.

4.1 Settings

Here,we give paraméersfor theexperiments.Sinceit is clearthat creolizationis themostobenable
incase = 1, weexamirethiscasethroughthe experimants. We analyzethe caseof threelanguages
with the symmetryin s; ands;; from the reasm explainedin Section2.2, thatis, the S matrix is

formedasbelow: 0 1
1 ab

S=@a 1 cA: (5)
b cl1

Theinitial popultionsaregivenasx(0) = x»(0) = 0:5;x3(0) = 0. Therefoe,we parametizea, b
andcin Eqn(5), andthenresarchthemutualdependeny in which Gz becomegrede.

4.2 Conditions of Creoleto be Dominant

The expelimentaimsat nding boundariesin the paramete spaceasto which languagewould be
dominant. We referto this situaion asdominant creolization Fig. 3(a) showsthatthe creok G3 is
dominant, in whichthethreslold for alanguageto bedominanisde nedas 4 = 0:9. TheS matrixis
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Fig.3 Thereldionslip betwea& dominait crede andthe S matrix

setto (a;b;c) = (0;0:174 0:174), thatis b= c. Thevalue of a = 0 denoesthat thereis nocommon
sentecein G; andG»,. BecausdhelanguagesGi andG; play sameroles the dynamic of x1 and
X» arecompleely the same. In the gure, the languageG3 which no one spole at the initial stae
comedo occlpy thepopulation with therateof morethan ¢, while x; andx, decliredconcurently.
Namely thisis theemepgenceof adominant crede in population dynanics.

Whenthevaluesb andc increasesslightly, the dominant languagechangesto anoher onewhile
the shae of creok G3 is getting smalle. Fig. 3(b) represens the dynamicswith the S matrix set
to (a;b;c) = (0;0:176 0:182). The gure dendesthatG, becomeslominant, while G eventwally
disappeare thowgh it hadthe samepopulation with G, attheinitial state. Whenwe trangosedthe
valueof b andc as(a;b;c) = (0;0:182 0:176), the dynamicsdoesnot charge but the dominar
languageis replaced(SeeFig. 3(c)).

Changngthevaluesof bandc coninuously, we obsevedthe sheetboundary of thechange of the
dominantlanguagebetwea them.Fig. 4 shavs thatthebourdariesfor thecrede (G3) to bedominart
for severalvaluesof a. Thecrosses( ) in the gure representhe paranetervaluescorrespomlingto
Fig. 3(a)-(d), respectively. Becausehe paranetersb andc work similarly G; andG., thebourdaries
aresymmetricalongtheline b= c. In the gure, thelong curve of the outmos bourdary (a = 0:00)
intersectirg between(a) and (b) in Fig. 4 stand for the bourdary of the chang of the dominart



0:19

0:18 |

Fig.4 Conditionsfor DominantCreole( 4 = 0:9)

language.Inside of thelines, G3 is the dominar language(Fig. 3(a)), above of the uppe line, G, is
dominant (Fig. 3(b)) andbelow of thelowerline, G, is (Fig. 3(c)). Evenif thethreslold for dominar
language, 4, wereease to be lower, this bourdary had not changed. It is alsothe casewith the
differentvalueof a. Thus,thelong sideof boundariesamongdominant languageis independent of 4
for agivenvalueof a. Thebrokenlinesin Fig. 4 aretheboundariesof the dominant credization for
smallervaluesof 4 ata = 0:00.

Next, we consicer the shat sideof the bourdariesin Fig. 4, thatis the line crossingperpadicu
larly to theline b= c (dottedline). Thisalsorepresentsritical condtions whethe crede occuredor
not for severd valuesof a. Theseboundariesare,however, differentfrom the onementioredabove.
In Fig. 3(d) with (a; b;c) = (0;0:188 0:189), we obsewvedthatG3 still remainedasthe mostpopu
louslanguagealthoughtheratex s wasalittle lessthan 4 = 0:9. If 4§ waseasedo lower, Gz atthe
paraméersof (c) would be regardedascreok. Hence,the posiion of the shat line canshift along
theline b = c with thevalueof 4. It is easyfor usto recaynizethathigher 4 shrinks the areaof
creolzation in the paraneterspace andvice versa

Asthelargerthevaluesbandc, thelarger population transferfrom G, andG, to G3, respetively,
and the width betweenthe upper and lower boundares grows. At the sametime, however, x3(t)
corvergesto smalle valuesatt ! 1 with largerbandc. At last x3(t ! 1 ) fallsshot of 4 atthe
shot sidebourdariesin Fig. 4. Thisis becasethe morepopuation shifts from G3 to G; andG» by
thelargervaluesof bandc. Inversely for thesmalle bandc, sayb c¢. 0:135 in spite of thelarge
shareof x3, thetime neadedfor G3 to dominae the all popuation comesto be longe thatwe could
not obseve further credization.

To obseve further detils of theregion of creole we paranetrizeda in Eqn(5). In Fig. 4, regions
of creolecometo narrowwith increasinga. Sincea large value of a promotes communi@bility
betweerG; andG, andenlargeghetransiton betwea them,nolarge population shifts from themto
G3. Therefae, theincreaseof a restuts in no domimntcreolization
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4.3 Summary of the Results

The condtions of the off-diagoral elemens a, b andc in the symmetre similarity matrix S for the
emegenceof dominantcrede is:

a. 01 (6)
0:13. b' c. 02 (7)

In thisrange chargesof a, bandc restt in thefollowings:

1) Whenbandc arelarge, a mustbe small;in which caseb andc might muchdiffer. In this case,
theshae rateof Gz becomesathersmallatthetime of cornvergence.

2) Onthecontrary, whena is smallenoudp, b andc shoutl be small. In this case G3 domirates
andcorvergesin ashat periad.

5 Discussion

5.1 Conditions of Creolizationin Natural Language

We obtdned the condtion of similarities amonglanguages,in which a creok emegesandis to be
dominant. Letuscorsiderwhatthis conditionimpliesin the contet of natumal language.Suppos two
languages saysupe-straum andsub-gratumlanguages. The conditiona .  0:1 (Egn(6)) indicates
thatthesetwo languagesarenot similar. The two languagesmustbe lesssimilar to eachothe than
to crede. If they aresimilar enowgh, the communi@tion gap betweenuses of thesetwo language
is not so wide that they canunderstam eachothe to someextent Thus, no pidgin or creoleis
neeckd. The condtion, Eqn (7), saysthatthe values b andc shoud not be too small but shoud be
relaively small. If the pre-&isting languagesaresimilar enaughto the creole thatis, the seondin
equadity of thecondtion, Eqn(7), doesnot hold, the crede emepges but the usersof the pre-«isting
languagescancommuni@atewith the creoleusers thenthe speakersof the pre-&istinglanguage do
notdiminish. Theformer partof the condtion, Eqn(7), meanghatwhenanewly appeaedlanguage



hasno similarity to two pre-existing langwages,it hardly becanesa creole! Eqn(7) alsocon nes
the similarity of the pre-&isting languagesto the creok within a narow range (b ' ¢). Whenthe
similarity of crede to the superstratun languageis enowgh larger than that of to the sub-gratum
language the superstratumlanguagecomesto be domirant,andvice versa

5.2 Languageand Dialect

In this pape, we thorougHy andyzed the parameterregion at which crede is dominait. Whenwe
look at the whole paraneterspace we found the following four categyoriesaboutdominarce and
creolzation:

i) Dominart andCreolizdl; like Fig. 3(a)

i) Dominart andNot Creolized; like Fig. 3(b)
iii) Coeistent(nodominantlanguage)andCreolizal like; Fig. 5(a)
iv) CoeistentandNot Creolized; like Fig. 5(b)

Accordng to our preliminary investigaton, the paraneterregion of the coeistent catayories(
iii) andiv) ) is a;b;c & 0:3, wherethe similarities amonglangwagesarerelatively high andat this
ratethe languageuses cancommuncatewith eachotherto someextent This situaton is beter to
be regarced as dialectsratherthan different independen language. Thereis, in geneal, no clea
bourdary betweerdialeds in alanguageanddifferentlanguagesrom the purelinguistic viewpoint.?
Fromourresuls, thesimilarity of 0:3 maybearoughcriterion for dividing betweerthem.

6 Conclusion

In thispape, we aguedthattheemepgerceof crede in popuation dynamicsof languagesandshaved
thatthe emegenceis affectal by the similarity amonglanguagesaswell asthe distribution of popu
lation of the languagesin the communty. We obtanedresuls for the condtion of the similarity for
dominant credization asfollows.

A) Thepre-existert languagesarenotsimilarto eachother but to the newly appearedanguage.

B) Thenewly appearedanguagemustnotbetoo similarto the pre-«istentlanguags. Otherwise,
the pre-«istert languagesremainandcoexist.

C) Thepre-«istert languageshave apprximately samedistanceto the newly appearedanguage
with regardto similarity.

Creolizationhasnot beendealtfrom the viewpoint of population dynanicsandsimilarity among
pre-«isting anda creole althoughsimilarity amongcredes hasbeeninvedigated[1]. Our contribu-
tionis to addessa predction abou similarity amonglanguages for crede to develop. This predction
shoud betestd empirically by obseving grammarsof various credes andtheir original super-and
substratun languages

!Sincethe similarity hereis not the extent of the mixture of grammarsin two languags, this implication doesnot
contradictthefactthatgrammarof a creoleis not a blendof thoseof super andsub-stratuntanguags.
2Thebourdaryis oftensettledpolitically suchasSerbianCroatianandBosnianin BosniaandHerzeyovina. [5]



We amgueal the reldionshp betweena languageanddialeds. Sincethe differencebetwea lan-
guage anddialed concensthe grammatial featues, it is not possble to distinguish themonly with
the similarity, muchlesscreok. This is animportant probdem in the preset popuktion dynanics.
Therefae, furtherprogessis neeadto develop linguistic featuresinto the population dynamics.We
needto study in further gereralizel andactualcondtions, to clarify the bourdary corditions of cre-
olization.
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