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Abstract

Creole is one of the main topics in various �elds concerning the languageorigin and the
language change,suchassociolinguistics, thedevelopmental psychology of language, paleoan-
thropology andsoon. Ourpurposein this paperis to developanevolutionarytheory of language
to studythe emergenceof creole. We discusshow the emergenceof creole is dealtwith in the
perspective of populationdynamics.Theproposalof evolutionary equations is a modi�cation of
thelanguagedynamics equationsby Komarovaet al. We show experimentalresults,in whichwe
couldobserve theemergenceof creole.Furthermore,we analyzethecondition of creolization in
termsof similarity amonglanguages. We conclude that a creolebecomesdominant whenpre-
existing languagesarenotsimilar to eachotherandrathersimilar to thenewly appearedlanguage
(would-be-creole); however thenew languagemustnotbetoosimilar, in whichcasepre-existing
languagesremainandcoexist.

Keywords: PopulationDynamics, Creole, Similarity among Languages, LanguageDynamics
Equations

1 Intr oduction

Generally, all humanbeings canlearn any humanlanguagein the �rst languageacquisition. Oneof
the mainpurposesof languageuseis to communicatewith others. Therefore, it is easyto consider
that the languagelearnerscometo obtain the languagewhich they hearmostin thecommunity, i.e.,
in mostcases, children will develop their parental languagescorrectly. Whenpeople do not have a
commonlanguageto communicatewith eachother, suchasplantation economies,slave trade, and
so on, they cometo usea simpli�ed languagecalledpidgin to bridge communicationgapsbetween
speakersof mutually unintelligible languages. After that, the childrenof the pidgin speakersmay
obtain a full- �edged new languagecalledcreoleastheir native language[6]. Thus,childrenhave an
ability to learnandcreate themostcommunicative languagein thecommunity.

In the stream of simulation studies of languageevolution [4], the emergenceof creole is also
studied [10]. Briscoe[3] hasreportedsophisticatedmodelsof humanlanguageacquisition by means
of amulti-agentmodel.However, becausethenumber of agentswas�nite, theresults wereoften hard
to be generalized to explain generalphenomenain the realworld, from which themostmulti-agent
modelshadsuffered.

To overcomethisdrawbackof multi-agentmodelsfrom adifferentviewpoint, Nowaketal. devel-
opedmathematical theory of theevolutionary dynamicsof language[13]. By de�ning similarity and
payoff between languages, basedon the assumptionof the universalgrammar, Komarova et al. [8]



proposedlanguage dynamicsequations in which thetransition of population among�nite numberof
languagesdescribedby differential equations. However, in theframework of evolutionary dynamics
of language, theemergenceof creole wasnotdiscussedyet.

Ourpurposein thispaperis to develop theevolutionary theory of languagein orderto investigate
theemergenceof creole. We have alreadyseencreolizationby introducing theassumption that lan-
guageacquisition of childrenis affectedbothby thedistributionof population andby theexposurerate
to otherlanguagesthan their parental one[9]. In this paper, we analyzethecondition of relationship
amonglanguagesfor creole to emergeandto bedominant.

In Section2, we discusshow we consider creolization in the context of population dynamics.
In Section3, we describe the languagedynamics equations andour modi�cation of the equations.
Section4 reportsourexperiments.Wepresentadiscussionandaconclusion in thelasttwo sections.

2 Creolization in Population Dynamicsof Language

In this section, we describecreole from theviewpoint of population dynamics.Weshowedtheemer-
gence of creole in population dynamicsof language[9], which is causedby transition of population
amonggrammarsandtheexposure probability of children. Here,we discusshow theemergenceof
creole is considered in population dynamics.

2.1 Creoleand Population Dynamics

Wepresupposethattheemergenceof creolestrictly dependsonthepopulationdistribution,asopposed
to traditional linguistic explanations [2, 6]. From the viewpoint, a creole is consideredas sucha
grammarGc that; A) xc(0) = 0, xc(t) > � c or B) xc(0) = 0, xc(t) > � d, wherexc(t) denotesthe
distribution of thepopulation of Gc at time t, and� c and� d denote certain thresholds to beregarded
as coexistent and dominant, respectively. Thesede�nitions representthat someindividualscome
to speaka languagethat no onespoke at the initial state, andconsequently, A) a �x ed number of
individualskeepsthegrammar, andB) thedistribution of the languagespeaker occupies themostin
thecommunity.

2.2 Similarity amongLanguages

TheS matrix in population dynamicsdenotesthesimilarity betweengrammars,which is determined
by theprobability sij thataspeakerwhousesagrammarGi will sayasentencethatis understandable
by speakersof anotherlanguageGj ; thus,eachof S = f sij g is a constantdiachronically. Generally,
the S matrix is uniquely calculatedwhen the grammarsand the probability for eachsentenceare
given. Suppose thatan individual who usesGi utters a sentencein L(Gi ) with theuniformly same
probability, thensij is the numberof commonsentencesbetweenL(Gi ) andL(Gj ) divided by the
numberof sentencesin L(Gi ). Therefore, diagonal elementsof the S matrix arealways1. Under
theassumption, Fig. 1 shows therelationship amonglanguagesin theS matrix. Theshadedpart in
the �gure denotesthatL (G1) andL(G2) share commonsentences. In this case,s12 is greater than
s21, becausethecommonpartis rathersmallin L (G1) thanin L(G2). Thesizeof L (G) concernsthe
generativecapability of thegrammar. Becausethepowerof expressivenessis considered to besimilar
amonglanguages, we should regardthat thesizeof L (Gi )'s aresameandthatsij is nearly equalto
sj i . Thus,theS matrixshould beanapproximately symmetricalmatrix.

In the above discussion, it is assumed that the memberof conceivable grammarsis �nite and
prede�ned. In thissense, creoleisalsoincludedin themandhasthesimilarity with theotherlanguages
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Fig. 1 Therelationship amonglanguagesin theS matrix

in the S matrix. This is justi�ed by the perspective of the universal grammar. We presupposethat
creole mayoccur according to thesimilarity to theother languages, andthuswestudy theconditions
of thesimilarity for creolization.

3 Population Dynamicsof Grammar Acquisition

We introducemodi�ed languagedynamicsequationsafter reviewing Komarova et al. [8]' s original
ones.

3.1 Komarova et al.'sLanguageDynamic Equations

Komarovaetal. [8,13] proposedamathematical theory for theevolutionary andpopulation dynamics
of grammaracquisition. In their model, given the principles in the universalgrammar, the search
space for candidategrammars is assumedto be �nite, that is f G1; : : : ; Gn g. Let x j (t) be the ratio
of thepopulation of Gj speakers,where

P n
j =1 x j (t) = 1. Thus,themodelis de�ned in population

dynamics in which individuals change their own grammarfrom generation to generation. The lan-
guagedynamicsequationsaremainlycomposedby (i) thesimilarity between languagesasthematrix
S = f sij g and(ii) theprobability that children fail to acquire their parental languageasthe matrix
Q = f qij g. Individualsreproducechildren,the number of which is determinedby the �tness such
as: f i (t) =

P n
j =1 (sij + sj i )x j (t)=2. The languagedynamicsequationsaregiven by the following

differentialequations:

dxj (t)
dt

=
nX

i =1

qij f i (t)x i (t) � � (t)x j (t) (j = 1; : : : ; n); (1)

where� (t) =
P n

i=1 f i (t)x i (t) andthe term`� � (t)x j (t)' makesthe total population sizekeep con-
stant.

In those equations, the �tness f i for eachgrammaris regarded as its communicability, which
representsaprobability thatasentenceutteredby anindividualis recognized in thecommunity. Total
distribution of childrenof Gi speakersbecomesf i x i . By thede�nition of theQ matrix, childrenare
allowedto make mistakes during languageacquisition. It is possible for a child to learngrammarG i

from herparentsandto endup speaking grammarGj . Theprobability of such transition is de�ned
asQ = f qij g. In their work, it is alsoassumedthatonly adult individualstalk to theotherlanguage
groups,while childrencommunicatewith only their parents. In this circumstance, it maybedif�cul t
to considerthatthechildrenmistake their parental grammarfor anotherone.



3.2 Niyogi's Model

Niyogi [11,12] givesactualexamplesof the Q matrix with linguistically well-groundedgrammars
together with the trigger learning algorithm (TLA) [7]. However, there is an unrealistic Markov
structurewhich implies thatsomechildrencannot learn certain kindsof language,aswe pointedout
in [9].

3.3 Our Modi�cation

Thusfar, we have modi�ed thelanguagedynamicsequationsto includesomeconstraints concerning
transition amonglanguages[9]. We have shown by computer simulations [10] that the population
could be changed whenchildren areexposednot only to their parental languagebut also to other
languages. It is reasonably supposedthat the transitions depend on thedistribution of population of
languagesfor children to be exposed. Therefore, the Q matrix should change through generations.
Our primerevision is to introducetheprobability � thatchildrenareaffected by theotherlanguage
speakersthantheir parents. We call � theexposure probability. A child hearsnot only parental lan-
guagebut alsoother languagesin proportion bothto therateof theexposure� andto thedistribution
of population of grammars(SeeFig. 2(a)). Theprobability which thechildrenlearna languagefrom
their parents comesto (1 � � ). Note that � doesnot excludechildren's parental language;it is also
includedin � in proportion to thedistribution of population aswell astheother languages.

Sincethedistribution of population changesin time,theQ matrixshould includethetimeparam-
etert, that is, Q is rede�ned asQ(X (t)) = f qij (t)g, whereX (t) = (x1(t); x2(t); : : : ; xn (t)) . We
call Q(X (t)) the modi�ed accuracy matrix. Togetherwith the S matrix anda given � , a learning
algorithm determinesQ(X (t)) . Thus,thenew languagedynamicsequationis asfollows:

dxj (t)
dt

=
nX

i =1

qij (t)f i (t)x i (t) � � (t)x j (t) (j = 1; : : : ; n): (2)

3.4 The Learning Algorithm

We introducea simple learning algorithm which resolvesNiyogi [11]'s problem mentionedabove.
Thelearning algorithm becomesasfollows(SeealsoFig. 2(b)):

1) In achild'smemory, theresupposedto beascore tableof grammars.

2) Thechild receivesasentenceuttered by anadult.

3) For eachgrammar, if a sentenceis acceptablefor thechild, thegrammarscoresa point in her
memory.

4) 2) and3) arerepeateduntil the child receivesa �x ed numberof sentencesthat is regarded as
enoughfor theestimation of thegrammar.

5) Thechild adopts thegrammarwith thehighestscore.

Here,we introducedtheexposureprobability � thatprescribestheratio a child talksto people other
thanherparents.Thus,theestimated grammarof thechild is G j � suchthat:

j � = argmax
j

f �
X

k

skj xk (t) + (1 � � )spj g: (3)
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Fig. 2 Introducing theexposureprobability andthelearning algorithm

From the learning algorithm, we give the modi�ed accuracy matrix Q(X (t)) = f qij (t)g in [9] as
follows:

qij (X (t)) =
(�

P
k skj xk (t) + (1 � � )sij )n� 1

P
l (�

P
k sklxk(t) + (1 � � )sil )n� 1 : (4)

4 Experiments

In this section, we showthe experimentalresult of the languagedynamics equationsof population-
based transition in Section3. Weexaminetheconditionsthatcreoleappearsandcomesto bedominant
in combinationsof theS matrix.

4.1 Settings

Here,wegiveparametersfor theexperiments.Sinceit is clearthat creolizationis themostobservable
in case� = 1, weexamine thiscasethroughtheexperiments.Weanalyzethecaseof threelanguages
with the symmetryin sij andsj i from the reason explainedin Section2.2, that is, the S matrix is
formedasbelow:

S =

0

@
1 a b
a 1 c
b c 1

1

A : (5)

Theinitial populationsaregivenasx1(0) = x2(0) = 0:5; x3(0) = 0. Therefore,we parametrizea, b
andc in Eqn(5), andthenresearchthemutualdependency in whichG3 becomescreole.

4.2 Conditions of Creoleto be Dominant

The experiment aimsat �nding boundariesin the parameter spaceas to which languagewould be
dominant. We refer to this situation asdominant creolization. Fig. 3(a) showsthat thecreole G3 is
dominant, in whichthethreshold for alanguageto bedominant is de�nedas� d = 0:9. TheS matrixis
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Fig. 3 Therelationship between dominant creole andtheS matrix

setto (a;b;c) = (0; 0:174; 0:174), thatis b = c. Thevalueof a = 0 denotesthat thereis no common
sentencein G1 andG2. Becausethe languagesG1 andG2 play sameroles, thedynamics of x1 and
x2 arecompletely the same. In the �gure, the languageG3 which no onespoke at the initial state
comesto occupy thepopulation with therateof morethan� d, while x1 andx2 declinedconcurrently.
Namely, this is theemergenceof adominant creole in population dynamics.

Whenthevaluesb andc increasesslightly, thedominant languagechangesto anotheronewhile
the share of creole G3 is getting smaller. Fig. 3(b) represents the dynamicswith the S matrix set
to (a;b;c) = (0; 0:176; 0:182). The �gure denotesthatG2 becomesdominant,while G1 eventually
disappeared though it hadthesamepopulation with G2 at the initial state.Whenwe transposedthe
value of b and c as (a;b;c) = (0; 0:182; 0:176), the dynamicsdoesnot change but the dominant
languageis replaced(SeeFig. 3(c)).

Changingthevaluesof bandc continuously, weobservedthesheerboundaryof thechangeof the
dominant languagebetween them.Fig.4 showsthattheboundariesfor thecreole (G3) to bedominant
for severalvaluesof a. Thecrosses( � ) in the�gure representtheparametervaluescorrespondingto
Fig. 3(a)–(d),respectively. Becausetheparametersbandc work similarly G1 andG2, theboundaries
aresymmetricalongtheline b = c. In the�gure, thelong curve of theoutmost boundary(a = 0:00)
intersecting between(a) and (b) in Fig. 4 stands for the boundary of the change of the dominant
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language.Inside of thelines,G3 is thedominant language(Fig. 3(a)), above of theupper line, G2 is
dominant (Fig. 3(b)) andbelow of thelower line, G1 is (Fig. 3(c)). Evenif thethreshold for dominant
language,� d, wereeased to be lower, this boundary hadnot changed. It is also the casewith the
differentvalueof a. Thus,thelongsideof boundariesamongdominant languageis independent of � d

for a givenvalueof a. Thebrokenlines in Fig. 4 aretheboundariesof thedominant creolization for
smallervaluesof � d at a = 0:00.

Next, we consider theshort sideof theboundariesin Fig. 4, that is the line crossingperpendicu-
larly to theline b = c (dottedline). Thisalsorepresentscriticalconditionswhether creole occurredor
not for several valuesof a. Theseboundariesare,however, different from theonementionedabove.
In Fig. 3(d) with (a;b;c) = (0; 0:188; 0:189), we observedthatG3 still remainedasthemostpopu-
louslanguagealthoughtheratex3 wasa litt le lessthan� d = 0:9. If � d waseasedto lower, G3 at the
parametersof (c) would be regardedascreole. Hence,theposition of theshort line canshift along
the line b = c with the valueof � d. It is easyfor us to recognizethat higher � d shrinks theareaof
creolization in theparameterspaceandviceversa.

As thelarger thevaluesbandc, thelargerpopulation transferfrom G1 andG2 to G3, respectively,
and the width betweenthe upper and lower boundaries grows. At the sametime, however, x 3(t)
converges to smaller valuesat t ! 1 with larger bandc. At last, x 3(t ! 1 ) falls short of � d at the
short sideboundariesin Fig. 4. This is becausethemorepopulation shifts from G3 to G1 andG2 by
thelargervaluesof bandc. Inversely, for thesmaller bandc, sayb � c . 0:135, in spiteof thelarge
shareof x3, thetime neededfor G3 to dominate theall population comesto be longer thatwe could
notobserve furthercreolization.

To observe furtherdetailsof theregion of creole, weparametrizeda in Eqn(5). In Fig. 4, regions
of creolecometo narrowwith increasing a. Sincea large value of a promotes communicability
betweenG1 andG2 andenlargesthetransition between them,no largepopulation shifts from themto
G3. Therefore, theincreaseof a results in nodominantcreolization.
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4.3 Summary of the Results

The conditions of theoff-diagonal elements a, b andc in thesymmetric similarity matrix S for the
emergenceof dominantcreole is:

a . 0:1 (6)

0:13 . b ' c . 0:2 (7)

In this range,changesof a, bandc result in thefollowings:

1) Whenbandc arelarge, a mustbesmall; in whichcasebandc mightmuchdiffer. In this case,
theshare rateof G3 becomesrathersmallat thetime of convergence.

2) On thecontrary, whena is small enough, b andc should besmall. In this case G3 dominates
andconverges in ashort period.

5 Discussion

5.1 Conditions of Creolization in Natural Language

We obtained the condition of similarities amonglanguages,in which a creole emergesandis to be
dominant. Let usconsiderwhatthiscondition implies in thecontext of natural language.Supposetwo
languages, saysuper-stratum andsub-stratumlanguages.Thecondition a . 0:1 (Eqn(6)) indicates
that thesetwo languagesarenot similar. The two languagesmustbe lesssimilar to eachother than
to creole. If they aresimilar enough, thecommunicationgapbetweenusers of thesetwo languages
is not so wide that they can understand eachother to someextent. Thus, no pidgin or creoleis
needed. The condition, Eqn (7), saysthat the values b andc should not be too small but should be
relatively small. If thepre-existing languagesaresimilar enoughto thecreole, that is, thesecondin
equality of thecondition, Eqn(7), doesnot hold, thecreole emerges but theusersof thepre-existing
languagescancommunicatewith thecreoleusers, thenthespeakersof thepre-existinglanguages do
notdiminish. Theformer partof thecondition, Eqn(7), meansthatwhenanewly appearedlanguage



hasno similarity to two pre-existing languages,it hardly becomesa creole.1 Eqn (7) alsocon�nes
the similarity of the pre-existing languagesto the creole within a narrow range (b ' c). Whenthe
similarity of creole to the super-stratum languageis enough larger than that of to the sub-stratum
language,thesuper-stratumlanguagecomesto bedominant,andviceversa.

5.2 Languageand Dialect

In this paper, we thoroughly analyzed the parameterregion at which creole is dominant. Whenwe
look at the whole parameterspace, we found the following four categoriesaboutdominance and
creolization:

i) Dominant andCreolized; like Fig. 3(a)

ii) Dominant andNot Creolized; like Fig. 3(b)

iii) Coexistent(nodominantlanguage)andCreolized like; Fig. 5(a)

iv) CoexistentandNot Creolized; like Fig. 5(b)

According to our preliminary investigation, the parameterregion of the coexistent categories(
iii) andiv) ) is a;b;c & 0:3, wherethe similarities amonglanguagesarerelatively high andat this
ratethe languageusers cancommunicatewith eachotherto someextent. This situation is better to
be regarded asdialectsratherthandifferent independent languages. Thereis, in general, no clear
boundarybetweendialects in a languageanddifferentlanguagesfrom thepure-linguistic viewpoint.2

Fromour results, thesimilarity of 0:3 maybea roughcriterion for dividing betweenthem.

6 Conclusion

In thispaper, wearguedthattheemergenceof creole in populationdynamicsof languagesandshowed
thattheemergenceis affected by thesimilarity amonglanguagesaswell asthedistribution of popu-
lation of the languagesin thecommunity. We obtainedresults for thecondition of thesimilarity for
dominant creolization asfollows.

A) Thepre-existent languagesarenotsimilar to eachother, but to thenewly appearedlanguage.

B) Thenewly appearedlanguagemustnotbetoosimilar to thepre-existentlanguages. Otherwise,
thepre-existent languagesremainandcoexist.

C) Thepre-existent languageshave approximately samedistanceto thenewly appearedlanguage
with regardto similarity.

Creolizationhasnot beendealtfrom theviewpoint of population dynamicsandsimilarity among
pre-existing anda creole, althoughsimilarity amongcreoleshasbeeninvestigated[1]. Our contribu-
tion is to addressaprediction about similarity amonglanguagesfor creole to develop. Thisprediction
should betestedempirically by observing grammarsof various creolesandtheir original super-and
sub-stratum languages.

1Sincethe similarity hereis not the extent of the mixture of grammarsin two languages, this implication doesnot
contradictthefactthatgrammarof a creoleis nota blendof thoseof super- andsub-stratumlanguages.

2Theboundaryis oftensettledpolitically suchasSerbian,CroatianandBosnianin BosniaandHerzegovina. [5]



We argued the relationship betweena languageanddialects. Sincethe differencebetween lan-
guage anddialect concernsthegrammatical features,it is not possible to distinguish themonly with
the similarity, muchlesscreole. This is an important problem in the present population dynamics.
Therefore, furtherprogressis neededto develop linguistic featuresinto thepopulation dynamics.We
needto study in further generalized andactualconditions,to clarify theboundaryconditions of cre-
olization.
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