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1 Introduction

How can we explain the origins of our uniquely human compositional system of communi-
cation?! Much of the recent work tackling this problem (e.g Bickerton 1990; Pinker ~ Bloom
1990; ewmeyer 1991; Hurfor 199  explicitly attempts to relate mo els of our innate
linguistic en owment with neo- arwinian e olutionary theory. hese are essentially func-
tional stories arguing that the central features of human language are genetically enco e
an ha eemerge o ere olutionary time in response to natural selection pressures.

n this paper put forwar a new approach to un erstan ing the origins of some of the
key ingre ients in a syntactic system. show using a computational mo el that composi-
tional syntax is an ine itable outcome of the ynamics of obser ationally learne communi-
cation systems. n a simulate population ofin i i uals language e elops from a simple
i iosyncratic ocabulary with little expressi e power to a compositional system with high
expressi ity nounsan erbs an wor or er expressing meaning istinctions. his hap-
pens without natural selection of learners  in ee without any biological change at all
or any notion of function being built into the system.

his approach oes not eny the possibility that much of our linguistic ability may be
explaine in terms of natural selection butit oes highlight the fact that biological e olution
is by no means the only powerfula apti e system at work in the origins of human language.

he origins of syntax

Pinker  Bloom (1990 argue that an analysis of the esign features of human language
an of syntax in particular lea s to the conclusion that the best way of un erstan ing their
origins is as biological a aptations. he central questions that shoul be aske in their iew
are




o the cogniti e mechanisms un erlying language show signs of esign for
some function in the same way the anatomical structures of the eye show signs
of esign for the purpose of ision? hat are the engineering eman s on a
system that must carry out such a function? n are the mechanisms of language
tailore to meet those eman s? (Pinker Bloom 1990 1

Pinker an Bloom claim that the features of grammar which they are intereste in form
part of the innate en owment of humans an work together to make communication of
propositional structures possible. or example the existence of linear or er phrase struc-
ture an ma or lexical categories together will allow a language user to  istinguish among
the argument positions that an entity assumes with respect to a pre icate (p. 1 suggest-
ing that their presence in human languages requires a biological a aptationist explanation.

here ha e been many authors (see e.g. Hurfor 199 for a recent re iew who ha e
argue that it is useful to look at syntax as a pro uct of natural selection ewmeyer
(1991 199 for example looks in etail at the features of the Principles an Parameters
mo el of syntax an gi es them ane olutionary explanation. he reasons for this are clear
as Pinker  Bloom (1990 0 point out olutionary theory offers clear criteria for when
a trait shoul be attribute to natural selection complex esign for some function an the
absence of alternati e processes capable of explaining such complexity. Human language
meets these criteria.

will show in this paper that for at least some features of syntax there are in fact al-
ternati e processes capable of explaining such complexity an that some of the qualitati e
e olution of human language procee e without natural selection. he kin of e olution
we will be looking at is not biological but relies on a notion that themsel es act as
complex a apti e systems (Hurfor this olume; or enthis olume; Briscoe this olume;

irby 199 a; irby 199 b; hristiansen 199 ; eacon 199 ; irby 199 a; Briscoe 199 ; ell-
Mann 199

he particular feature of syntax that will be explore in thislight an one which sub-
sumes many of Pinker an Bloom slist is . ann (199  gi es the follow-
ing e nition of the principle of compositionality a uni ersal of human language

he meaning of an expression is a monotonic function of the meaning of its
parts an the way they are put together.

his e nition makes it clear that although compositionality is often taken to be a property
of semantics it is actually a property of the system that links forms an meanings.

computational approach

f we are to fully un erstan the ways in which a learne culturally transmitte sys-
tem such as language can e ol e we nee some sophisticate population mo els of learn-
ers. imple theorising about the likely beha iour of complex a apti e systems is not goo
enough. s iyogi Berwick (199 point out our intuitions about the e olution of e en
simple ynamical systems are often wrong. ecently many researchers ha e respon e
to this problem by taking a perspecti e (for example Hurfor 19 9; Hurfor
1991; Mac ennan 1991;Batali 199 ; liphant199 ; angelosi Parisi199 ; teels199 ; irby

Hurfor 199 ; Briscoe 199 ; Briscoe this olume Batali this olume Hurfor this olume .



his paper follows on from this line of work an also borrows from language learning
algorithms e elope in computational linguistics (namely tolcke 199 in or er to see if
a signi cant portion of the e olution of syntax can procee without biological change. n
many ways this work is a logical extension of the work of Batali (199 who simulates a
population of recurrent neural networks.

nor er for it to be a successful mo el of the cultural a aptation of language the computa-
tional simulation has to ha e a set of key features. hese set out our minimum requirements.

n general we wish to make the mo el as simple as possible initially an see if the complex
beha iour that we are looking for emerges without extra assumptions. he basic require-
ments are

1. n i i uvalsthat . nother wor s all the knowle ge in the popula-
tionislearne byin i i ualsobser ing other sbeha iour. ollowing liphant (199
use this term to contrast the mo el with ones which assume that learning procee s
through explicit reinforcement.

gra ual turno er of members of the population o er time. By ensuring that mem-
bers of the population are not immortal we can see that there is true historical cultural
transmission of knowle ge through the system.

o selection of in i i wals. nor er to show that biological e olution is not a factor
in the results of the simulation the eath of members of the population shoul be
completely ran om an notrelate inany way to their success at communication.

nitial non-linguistic population. hosein i i uals that make up the initial population
shoul ha e no communication system at all. his means that any biases that emerge
in later states of the simulation are purely a pro uct of the learners an the population
mo el.

hebasic structure of the mo elis similar to thatuse by liphant (199 . igurelshows
liphants iagram of how we can mo el populations of obser ational learners. he sim-
ulation maintains a population of in i i ual learners which pro uce obser able beha iour.
ccasionally in i i uals will iean beremo e from the population. hesein i i uals
will be replace  with new in i i uals which learn from the bo y of obser able beha iour
that the population has pro uce .
here is actually not much more than this to the computational mo el. 1l that remains
isto e ne what is meant by obser able beha iour an expan onhow wemo elin i-
i uals that can pro uce an learn this beha iour.

or amo el of a population of communicating in i i uals we clearly nee something for
ourin i i ualstotalkabout inotherwor s wemustpro i e thesimulation with a set of
or the purposes of emonstrating emergent compositionality it is impor-

tant that this set of meanings be structure insome way. fmeaningswerenot ecomposable
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igure1  framework for mo elling populations of obser ational learners (from liphant
199

then it woul be impossible for there to be a compositional system for communicating those
meanings.

ach meaning in the simulation is a triple of attribute- alue pairs. he three attributes

can be glosse as an . hesetof possible aluesis i i e intotwo
classes which can be glosse as an . he an attributes can be
paire with only whilst the attribute can be paire with only . he
class contains the alues an . he class contains
the alues an . n example meaning in this scheme coul
be which we can think of as being

equi alenttothe nglishsentence oltan knowsMary . ssentially thein i i uals mean-
ings are all about who i what to whom. or purely implementational reasons meanings
with the same alue for as are isallowe . hislea stoa complete semantic
space ma e up of 100 possible meanings.

he in i i wals in the simulation communicate through a serial channel with iscrete
symbols concatenate into a string. hey ha e e of these basic symbols an
which can be thought of as phonetic gestures. n principle there is no limit on the length of
an utterance an the shortest possible utterance is one symbol long.

he obser able beha iour in the mo el (which correspon s to the top part of liphant s

iagram isma e up of pairs of meanings an symbol strings. hisbuil sin an assumption

that the inten e meanings of utterances are at least some of the time accessible to learners.




nor ertobe abletopro uce utterances thein i i ualsin the mo el mustha e some way

of representing a communication system internally an a way of in ucing such a represen-

tation from experience. here are many ways in which we might implement this. n Batali

(199  for example the communication system is represente as a set of connection weights

in an arti cial neural network an these weights are learne using a stan ar algorithm.
he techniques use in the simulations escribe in this paper are escribe in etail in
irby (199 b buta a our of them will be gi en here.

ach in i i ual represents its communication system as a context-free grammar. mpor-
tantly the space of possible grammars is huge an almost all of them are ery un-language-
like. n other wor s by choosing a grammatical framework like this we are not buil ing
in any unwante inherent biases towar sa compositionally structure system. ontext free
grammars allow us to express a range of systems from completely non-compositional to
highly compositional.

Ithough in this chapter o not inten to go into much of the purely technical etail
behin the simulations it is worth illustrating what a context-free grammar looks like an
how it can be compositional = non-compositional. he two examples below shoul make
this clearer.

he rstisa( erysimple non-compositional grammar thatpro uces the string

meaning
oltanknowsmary
his grammar has only one rewrite rule for the category (i.e. sentence. he gram-
mar can be interprete as stating sentence that means
can be expresse as the string of symbols . his

grammar is ob iously non-compositional since the meaning of the sentence is not built up
from the meaning of parts of that sentence.
he secon example grammar also pro uces the same string meaning pairing

knows
oltan
mary

his grammar can be interprete as stating sentence can be ma e up of something of
category  followe by something of category followe by something of category  if
the meaning of that sentence is constructe by assigning the meaning of the rst to
thesecon  to an the to . n turn something of category that means




can be expresse as a string of symbols something of category  that

means can be expresse as an something of category  that means

can be expresse as . his grammar contrasts with the pre ious one in

being compositional in that the meaning of the whole is built up from the meanings of its
parts.

he initial in i i uals in the population ha e no linguistic knowle ge at the start of the
simulation runs no-one is able to say anything. or anything to get off the groun there must
be a way for no el forms to be pro uce . tis assume that occasionally in i i uals e en
though they ha e no normal way in which to express a certain meaning will nonetheless
pro ucesomein ente string of symbols.

here are ifferent ways in which this might be one. he simplest approach is to pro-

uce a completely ran om string of symbols.  nother possibility use by Hurfor (this

olume is to break own the meaning that is to be expresse into its atomic components
an thentry to synthesise asymbolic representation of the sum of those components per-
haps by checking a lexicon for any matches to these atomic meanings. o for example if
anin i i ual was trying to express
then Hurfor s technique woul check to see if there wasa way tosay oltan Mike an

nows inisolation an put together an utterance by combining these parts.

Howe er Hurfor s (this olume goalis notto mo el the emergence of compositional-
ity so his approach may not be the best one to use in this simulation. n ee a ap-
proach to some extentis boun tobuil -in the central feature of compositionality  that the
meaning of the whole is compose of the meanings of its parts. Moreo er ray (199 this

olume suggests that language e olution i not procee through the synthesis of small
components into larger syntactic units but rather that protolanguage consiste of holistic
(i.e. non-compositional utterances for complex meanings.
i en this it woul seem sensible to opt for a ran om in ention technique. How-
e er this is rather unrealistic for some cases. or example imagine that you as an nglish
speaker o not know the wor for a new ob ect that you ha e ne er seen before. tseems
implausible that if younee e to express a meaning that mentione this ob ect somewhere
init youwoul utter a completely ran om string of phonetic gestures
nstea whene erin i i ualsin entanew form for a particular meaning they o not
intro uce new structure but equally they o not throw away structure that is alrea y part
of the language they ha e acquire . he computational implementation of this in ention
strategy is escribe in etailin irby (199 b. Brie y the in ention algorithm use by the
simulation generates ran om strings where the speaker has no grammatical structure but
for meanings that can be partially expresse with a particular grammar will only ran omise
those parts of the string that are not to correspon to expressible mean-
ing.




achin i i ualin the simulation acquires a grammar base on experience of meaning-form
pairs pro uce by the rest of the population. he simulation uses a simpli e ersion of
an algorithm e elope by tolcke (199 for in uction of context free grammars with se-
mantics. ull etails of the metho ologyaregi enin irby (199 b . ssentially the learning
process in ol es two steps

1. nrecei ing a meaning-form pair the algorithm imme iately buil s a
grammatical mo el for that pair which makes no generalising assumptions about it.
n other wor s thein ucer will simply a  a (completely non-compositional rule to
the grammar that states irectly that a legal sentence in the language has the gi en
form an correspon s to the gi en meaning. ( or example an incorporate rule for
the nglish sentence  oltan knows Mary woul thuslook ery like the rst simple
grammar rule gi en in section . .1.

Ha ing built a grammatical mo el of a single utterance the algorithm seeks
to merge this mo el with the existing mo el for any pre ious utterances. Merging
in ol es making changes to the rules in the grammar in such a way that two or more
rules in the grammar become more similar to each other. he rational behin this
is that learning can be iewe as compression of training into a compact hypothesis
( sborne Briscoe 199 . ftwo rules in the grammar become i entical then one is
re un ant an is elete . he merging algorithm thus ten s to pro uce minimal
length grammars for the obser e utterances.

n practical terms the way in which the in uction algorithm seeks to merge the gram-
mar will intro uce constraints on the space of possible grammars that the learners can ac-
quire. or example the learners escribe in this paper cannot acquire recursi e grammars
(although see irby (1999 for a simulation in which recursion is possible . his is not a
serious concern howe er since the simple who i what to whom meanings that they
ha etocon ey are not recursi e anyway.

i en a computational mo elofanin i i ual wenee to setoutthe ways in which a pop-
ulation of in i i uals interacts. he population in the simulations reporte here isma e up
of tenin i i uals at any one pointin time organise inaring. notherwor s each member
of the population has two neighbours. igure shows how this populationisup ate o er
time.

ach cycle through the inner loop of gure the speakeris instructe to pro uce a
ran omly chosen meaning. specially at the start of the simulation the speaker may well
not be able to pro uce a string that correspon s to that meaning with the grammar that
it has internalise . t this point one of two things may happen; either the speaker says
nothing or the speaker may try an in ent a new string (as escribe earlier . he rate at
which in entions are intro uce can be easily controlle in the simulation. or the results
reporte here speakers pro ucein entions ona erage one time outofe ery fty. f onthe
other han thespeaker  pro uce a string which correspon s to the meaning thenit oes
so although noise is simulate in the mo el by replacing this string with a ran om one one
time out of a thousan . he key points here are



eleteran omin i i ual

:

eplace with blank
in i1 ual

hoose one of two
neighbours

Make utterance with
neighbour as speaker an
new in i i ual as hearer

igure ~ he main loop use in the simulations.

ach in i i ual learns only from utterances (form-meaning pairs pro uce by its
neighbours.

he makeup of the population changes o er time.
n i i ualsarereplace entirely atran om.

he probability that onein i i ual will hear all forms for all the possible meanings is
anishingly small.

esults

his section looks in some etail at one particular run of the simulation escribe abo e.

he beha iour of the simulation is consistent from run to run so a careful analysis of one
case is worthwhile.

he initial population is ma e up of tenin i i uals all of which ha e no knowle ge of

language thatis they ha e empty grammars. he simulation loop escribe in gure is
then initialise an left to run until the beha iour of the population stabilises (after se eral
thousan generations . Perio ically arious measures of the population s beha iour an
knowle ge are taken

1. he number of meanings that an in i i ual can express (without in en-
tion .
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igure he population a erage of si e meanings an co erage o er 00000 sentences
where a sentence is an instruction to a speaker to pro uce aran om meaning. he graph
is i i e into three stages signifying ma or phase changes in the grammars of the popu-

lation.
he number of rulesinanin i i ual s grammar.
he actual grammars of the in i i uals in the simulation can be irectly
inspecte so that we can analyse any internal structure to the language thate ol esin

the community.
graph of the population a erage of meanings an si e o er a run of 000 cycles through

the simulation is gi enin gure
he graph has been partitione into three stages between which the population appears

to make phase transitions into ra ically ifferent types of beha iour. n particular the




relationships between the two measures graphe an also the structure of the grammars
changes ra ically at these points. hese stages are present in e ery run of the simulation
although the timing of the transitions is ariable.

n the rst few cycles of the simulation run nothing much happens. oin i i ual in the
population has any grammar so they ha e no way of pro ucing utterances. ach time an
in i i valisaske topro ucea string for a particular ran omly chosen meaning they con-
sult their grammar an  isco er they ha eno way of pro ucing a string so they say nothing.

onsequently the new in i i uals ha e no exemplars for acquisition an also en up with
empty grammars. ecall howe er that there are occasional ran om an
e ents. hene er one of these occurs the new in i i ual has something to internalise a
pairing of aran omly constructe string of symbols an aran omly chosen meaning. hen
if thisin i i ualis later calle upon to pro uce an utterance with that meaning that same
string of symbols will again appear in the input of a new learner.

his process of ran omin entionan re-uselea s to the situation that is stable through-

out the rst emergent stage in the simulation. he population can express only a small
percentage of the meanings using a small grammar. n fact the grammars in this stage are
basically ocabulary lists with each complex meaning being expresse as an arbitrary un-
analyse string of symbols. nesuch ocabulary list foraran omin i i ual picke out of
the population at this stage is shown below

Meaning (glosse in nglish tring
aceabbceeeabeea
cea aeeabbe
ec ceaab a
a abeeb
a bbbbabee aeee
a ababccceca cbce
ceeaebeebcecab ee
abac be
a b cceaa

e

otice that only 11 out of the full 100 meanings can be expresse by thisin i i ual an
there is no consistent way in which the meanings are relate to the strings. or example
is expresse as while is expresse as the completely
unrelate string . his complete lack of structure is con rme when we look at a tree
iagram pro uce by usingthe grammar of thisin i i ual to parse the string
( gure

he secon stage in the simulation results is marke by asu en change in the population
measures. he number of meanings co ere increases ramatically as oes the si e of the
grammar. More importantly the number of meanings becomes greater than the number of

10



igure phrase structure tree showing the utterance meaning
ote the complete atness of the structure. he numbers attache totheno es
are the actual arbitrary category labels assigne by the learning algorithm  notice (as is-
cusse pre iously thatthe each terminal symbol has an associate preterminal category. o
the symbol has bneen arbitrarily assigne the category label by the learner.

rules in the grammar. tis clear from this that the language is no longer simply beha ing as
a list of unanalyse  ocabulary items for complex meanings as it was in .

n fact the grammars at this stage are far more complex an by antine than the earlier
ones. he etails of what is going on in the language of the population at this stage are
har to gureout. here are howe er a few points that shoul be note . irstly there are
now syntactic categories that are interme iate between the sentence le el an the le el of

in i i ual symbols. mportantly some of these interme iate categories or ha ea
semantics of their own. e can see this from the example tree in gure . Here as we can
see from this parse tree the substring means in the context of the string . his

utterance is therefore partly compositional.

fter a secon abrupt change the population switches into a thir an  nal stage. his
stage appears to be completely stable an in all runs no signi cant changes occur after this
point. he transition is marke by asu enincrease of the number of meanings that can be
pro uce tothe maximum aluean a ropinthesi e of the grammars.
look at the beha iour of anin i i ualin this stage re eals a marke contrast with the
typical beha iour earlier in the simulation. ome of the utterances of a typicalin i i ual are
shown below

11



igure tree showing meaning . he arrow shows how
the meaning of the whole is partially compose from the meaning of one of its lower con-
stituents.  otice again that arbitrary numerical category labels ha e been assigne by the
in ucer. here are two types of label here howe er. e ha e preterminal labels as before
such as an 9 which stan in for the terminal symbols but there are also interme iate
categoriessuchas 10 an 1 which begin to look more like the stan ar lexical categories
we n inreal language which rewrite to strings of preterminals.



Meaning (glosse in nglish tring
aec e
aa e
acc e

Cc ec e
ca e

a eec

ceccca

hisin i i ualis able to express all 100 possible meanings because there is a regular corre-
spon ence between meanings an forms. ach string is compose of three substrings which
correspon to the pre icate the patient an the agent in that or er. he table below an
the example treein gure make this clearer.

Meaning | tring
e
ec
a
cc
ca
a
c
ee
ae
ce

ot only is this language completely compositional but by irectly inspecting the gram-
mars of thein i i uals it can be shown that the language also groups all the ob ects (

an un er one syntactic category ( an all the actions (
an un er asecon category (. nother wor s this language
enco esaclassicnoun erb istinction syntactically.
he language is a language in that the erb is the rst wor in the sentence an

the semantic roles of the two following nouns is etermine by wor or er such that the

rst noun is the patient an the secon is the agent. he emergentor ering iffers from run
to run but the general pattern is the same anoun erb istinction enco e in the lexicon
with the agent patient istinction enco e by wor or er. hee entual grammar si e in
this runis 1 rules. his works out as one top-le el sentence rule 10 lexical rules (one for
eachnounan erb an  preterminal rules (one each for the symbols an  as the
symbol happens not to be use in this language .




igure tree showing meaning . Here the arbitrarily
assigne category label ~wecoul glossas erb an thelabel as noun .

hat we ha e seen in this run an ine ery run of the simulation that has been attempte
is the emergence of simple yet language-like syntax from ran omness in a population that
is  constraine tolearn a compositional language.

he communication system of the population that quickly emerges from nothing is an
impo erishe i iosyncratic ocabulary of one-wor utterances  in fact nothing more
than an in entory of calls expressing unanalyse meanings. his system is passe on only

culturally through obser ational learning by new in i i uals an there is nothing else
inherite by later generations from earlier ones.

fter many generations the system that is use to express meanings balloons in com-
plexity. tterances are no longer unanalyse strings of symbols. hey are ma e up of com-
mon chunks of se eral symbols. ome of these chunks e en ha e meanings of their own
although they are not regularly use to signify these meanings in a larger context. he lan-
guage of the population now goes through ra ical an unpre ictable changes o er time as
the range of meanings that are rea ily expressible changes wil ly. he language appears to
be brittle in some way an liable to break an lose its expressi e power su enly.

t some point all this changes an the population con erges on a simple system a syn-
tactic system. ow e ery sentence is ma e up of nouns an  erbs ( rawn from a concise
lexicon lacking synonymy an homonymy ina xe or er whichenco esmeaning istinc-
tions compositionally an e ery possible meaning can be expresse .

hy does this model wor

he in i i uals in the simulation simply obser e each others beha iour an learn from
it occasionally in enting at ran om new beha iours of their own. rom this apparent
ran omness organisation emerges. i en that so little is built into the simulation why is a



igure he cycle of language acquisition an use which maps -language ob ects to -
language ob ectsan ice ersa. hesetransformations act as bottlenecks for the information

owing through the system. or a particular feature of language tosur i eo ertime itmust
be faithfully preser e through these mappings.

compositional syntax ine itable?

o answer this question we nee to look at how languages persist o er time in the pop-
ulation. anguage exists is two forms both in reality an in the simulation ( homsky 19 ;
Hurfor 19 ; irby 199 a

his is (internal language as represente in the brains of the population. tis
the language user s knowle ge of language. n the simulation the -language of an
in i i ualis completely escribe by its grammar.

his is the (external language that exists as utterances in the arena of use (Hur-
for 19 . nthesimulation wecan escribe -language by listing the form-meaning
pairsof anin i i ual

hese two types of language in uence each other in profoun ways. -language is a
pro uct of the -language of speakers. Howe er the -language of language learners is a
pro uct of the -language that they ha e access to (see gure . particular -language or

-language can fail to persisto er time because the processes that map from one to the other

an back again are not necessarily preser ati e.

ecan ii eup -language into units that may or may not persist
through time. he persistence of an -language o er time is relate to the success of the
replicators that make up that language. nother wor s the languages which are more easily
transmitte from generation to generation will persist.

ithin a population certain replicators actually compete for sur i al. hatis the success
of one mustbe measure relati e to the success of others in the population at that time. hese
competing replicators are those rules which potentially express the same meaning. f there
are two ways of saying then on a particular exposure to this meaning the
learner can ob iously only hear one of them. herefore on one exposure only one of the
rules (or more properly set of rules that can be use to express has a chance
of being in uce by the learner.



t face alue it woul seem that the two competing rules (or rule-sets will ha e an
equal chance of being the one chosen for pro ucing the meaning so the replicati e success
of all rules in a language shoul be equal. his woul be true

. Howe er if one rule can be use to express more meanings than another then
all other things being equal that rule will ha e a greater chance of being expresse in the
-language input to the learner. n this case the more general rule is the better replicator.

or a more concrete example consi era situation where in the population of -languages
there are two competing rules. ne is a rule that expresses as an unanalyse
string of symbols  essentially as one wor . he other rule expresses as a
string of symbols but can also be use to express any meaning where someone .

o the latter rule can also be use to express an soon. urther imagine
that both rules ha e an equal chance of being use to express . he more
general rule is still a better replicator because for any ran omly chosen set of meanings we
can expect it to be use more often than the i iosyncratic rule. ts chances of sur i al to the
next generation are far more secure than thei iosyncratic rule.

f course the more general rule will not be learne as easily as the i iosyncratic rule.

n the simulations escribe abo e an i iosyncratic pairing of one meaning to one form
takes only one exposure to learn but the most general rule takes se eral. Howe er the
i iosyncratic rule only co ers one meaning whereas the most general rule co ers 100. tis
clear therefore that the probability of a acquiring a particular rule gi en a ran om sample
of meanings increases with the generality of that rule. he success of -languages which
contain general rules seems secure.

he picture that emerges then is of the language of the population acting asana apti e
system in its own right. nitially the rules are minimally general each pairing one string
with one meaning. tsome point a chance in ention or ran om noise will lea a learner to

gobeyon the ata inmaking a generalisation that the pre ious generationha notma e.

his generalisation will then compete with thei iosyncratic rule(s for the same meaning(s .

i en that generalisations are better replicators the i iosyncratic rules will be pushe out
o er time. he competition will then be replaye amongst generalisations always with the
more general rules sur i ing.

he ine itable en state of this process is a language with a syntax that supports compo-
sitionally eri e semantics in a highly regular fashion. he grammar for such a language
appears to be the shortest (in terms of numbers of rules that can express the entire meaning
space. he shorter the grammar the higher the generality of each of the rules  the shortest
grammar that can still o the ob of expressing meanings is therefore the one ma e up of
optimal replicators.

here is an interesting way in which this replicator-base theory can be teste using
the simulation. f the emergence of compositionality is ue to the ifferential success of
competing replicators then there shoul be effects intro uce by changing the frequency of
particular meanings. or example if one meaning is expresse particularly frequently by
speakers any rule that contributes to the pro uction of a string for that meaning will be a
goo replicator. n the simulation results presente so far i iosyncratic rules ha e ie out
because they contribute to a relati ely small portion of -language. Howe er if one meaning
is particularly frequent then weshoul n thatani iosyncratic form for that meaning will
sur i e longer.

o test this the simulation was run again but the maximum number of utterances was

ouble to 00. he meaning was ma e far more frequent so that it ma e



up approximately half of the utterances. he results of such runs are consistent with thei ea
that replicator ynamicsare ri ingthee olution of language in the simulation. he pattern
of change in the simulation is similar to the one escribe earlier with three stages showing
e olution towar s compositional syntax. enin the nal stage howe er ani iosyncratic

non-compositional way of saying sur i e .
his mechanism  whereby frequent meanings can withstan the pressure to become
compositionally expresse may explain some features of human languages. or example
in morphology suppleti e forms ten to correlate with highly frequent meanings. he past
tense form of the frequent erb is the non-compositional not . he or inal
ersions of the nglish numbers after are compositional etc. but
the more frequent an are not.
onclusion

nthispaper ha eargue the case for anappreciation of the role of truly linguistice olution
(as oppose to biological e olution in the emergence of syntax. Human language is unique
amongst communication systems in being compositional. t is also unique in the natural
worl in being a phenomena that persists o er time through obser ational learning. hese
two facts are clearly connecte . nce an obser ationally learne communication system is
off the groun (see liphant (this olume for iscussion of why thisisnota tri ial problem
for e olution the ynamicsintro uce make the emergence of compositionality ine itable
without further biological change.
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