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55 R 77 (Research Method) JH 4

t& 48 7% (Traditional):
o F 24 (Archaeology), A 2% (Anthropology) & 31442 (Biology) il & ;
o i8S HEEREME S F (Language Database)f#) 57 ;

B (New):
o AL (Computational Simulation)
ZMERL (Multi-agent system);
N T A4 M 2% (Artificial Neural Network);
o AT AHEAITITE 5 A A R /N4
(major groups of computational simulation on linguistic problems)

Language Evolution and Computation Research Unit (LEC),
Edinburgh University (Jim Hurford and Simon Kirby);

Artificial Intelligence Laboratory, Vrije Universiteit Brussel (Luc
Steels);

Santa Fe Institute (SFI) (John Holland);

Language Engineering Laboratory (LEL), CUHK (William Shi-yuan
Wang T 1:71);
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WEIGE— 2 1ME RS (Multi-agent System)

A& (Agent) (Steels 1999):
1) B A A7 % (Autonomous
entity);

2) HA&HELLHE ) (abilities);

AR BE J1(Abilities):
1) i iZ4% (Memory): @1, H
e SR 1E S
2) ¥&Z) (Activities): n, HH
HAMARZ IR (Interaction), #%
RS (Replacement);
3) FEAMAEH A A
(Heterogeneity);

H#5(Objectives): MINAIE IS AT i f5 B EE AT
1) LRI AL R U % 1 55 (sharing of common rules);

2) )Rt 4t (global structure);

3) ML P A IR E@?‘%i%(human-environnaegﬁg';tion);
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(Features of multi-agent system)

& AT ANMAEAT by (individual activities) TS 31 82 44 % 3 (collective
behavior);

18 H T 1 I (diachronic) LA & 8t & 2 (phylogenesis);
32 LI TR TR] 1) 308 ol A A4 I i >R 1) 5% T (cross-group influences);

585 77 R AR B E

(Similarity to Language Emergence)

H T~ %2 _E(bottom-up approach): #f5t~AiE 5 (language on individual level)
Xt AR IAEE (environment) FTEEATE 5 (language on community level).Z 52

M)

WIS & R (linguistic features) [t 7 if & 4t 7= 4 (diachronic,
phylogenetic emergence) 1L A4 2] ¥4 (synchronic, ontogenetic
acquisition);

W9 AS It (communication) A4 2 45 i) (social structure) X i 5 521 ;

WL AL 7= 2E 18 (Emergentism) 1R AE W 55 (Innatism) 5 15 75 & e RO fERE ;
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Theoretical Background on Language Emergence -- Innatism vs. Emergentism

= KA (Innatism) (Chomsky 1995;

(deep structure)

Jackendoff 1997) Semantics
0 EERARESTRANSR, BN Ezf;?c”;f&g‘;‘mﬁgg; Lexicons
(Semantics) flr *’J(Phonology) INERER
Lﬁfz(Syntax) Eﬁj\*fhﬁ El/]ln SR jTB E Synlax 44— Phonology
(Language ACC]UISItIOﬂ DGVlCE){j%XE {Intrinsic cnmpetencle t (surface structure)
nnatism
= HEAF4R (Emergentism) (Knight et al. Sormanti
2000)): | emantics
o RSV R R E SO e Lexicons
S RN YLl TR ' 4«7
(Domain-general abilities)yH {4 1M S 1 Syntax Phonology
Emergentism
BA TR E S (Our approach): gent

K H 2 AMREH (multi-agent models) A1 H K i _F ¥ 5 1% (bottom-up approaches)>k
PR = 77 A BT 1K) a7 B JEE i R AE B ) (minimal sets of innate capabilities) 12
T4 R IEE S 72 A 1 8 &8RP (dynamics of such emergence).
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Design of model, and Example — Lexicon-syntax coevolution

H [1¥] (objective)

0 AR BEEAE{E T RS (holistic signaling system)
0] & 15 = (compositional language) [ % 7% :

o A B v (32 58] P (dominant/canonical word order)) AJ 15
MHE LS 3 g 7 (A BE 1 (sequencing ability)) 5% 14
1Mk ;

o Y AR R 3 ] PRI Sl BRI R
(emergence of lexicons and convergence of dominant word
order)

0 AT ] AL S5 ) AR
(emergence of simple social structure based on
communication);
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Design of model, and Example — Lexicon-syntax coevolution
PR 4> (components)
a l/D[ﬂE[IJ%JtE‘, = - R s#ZF (rule-based system);
ztkﬂE[ = ’J :
R )77 (memory);
U 3R 45 (rule acquisition);
T 5 A AN 55 4 (communication and rule competition);

a VEAL SRR Y fi A (indices to trace the evolution);
a fEE S5 B H IR (indices to test the social structure);

R WA EBHFEFTFEIESHRERGRERN

Key point: how to make those computer’s operations meaningful for
specific research problem;

limly




Department of Elecironic Engineering The Chinese Umvers:ll'_l.r 5% __p

. of Hong Kong ot <.,
M HRIES: ANRS (rule-based system)

& Y (semantics):
o “Predicate<Agent, Patient>": e.g., “Jz<4, A[>", “GEI<4, = >
o “Predicate<Agent>": e.g., “Ma<ii>";

ESHN (FF+9mE) (Linguistic rules):
a) 1AV KL (Lexical rules): 15~ - ,EFF'”[ *F(M-U mappings)) :
1) &Fﬂ wILHL: e.g., “Ha<I>"/a b ¢/ (0.4)

2) 2 { A

a) 1 e.q., “fz<#, #>"o/d e/ (0.3) or “F|"«/c/ (0.5)

b) i e.g., "fz<Id, #>"o>/c * 1/ (0.4).
b) 1] F N (Word order rules): }‘AF[;’HL’(’ }J(FE# }J) | 1F< 5 ﬁp J9f\
“Predicate<Agent>": SV, VS
“Predicate<Agent, Patient>": SVO, SOV, OSV, VSO, VOS, OVS
(S: Agent ,E,f[fﬁﬁ V: Predicate ,E,f[fﬁr’ O: Patient ,E,ﬁj’gﬁj“ﬁj)

15<J), #>"<slc * {1 (0.4) - )
‘W eslc] (0.5) — R, H>"/c et/ (0.4) SOV or VOS
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1) B B (memory): PAFICIZAE (H 4328 R 4 (Classifier
System) (Holland 2001) 2533 11 5K)
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A Com(i+k) . Empty new
M-U mappings heard Buffer

(0] )
E | Com(i+1) Buffer i Rulelist
= M-U mappings heard :F . Iéearmr:g (FEUIE
“Previous eneralization) . |\ -4 rules
Com(i) eI Phrase rules
M-U mappings heard Holistic rules
Using linguistic & nonlinguistic information in B
production and comprehension Nonlinguistic ‘
information

ZZ 17 (Buffer): 55 #1212 (short-term memory) LLRT )£ 5

N (Rule list): KHIiZ{Z(long-term memory), 124 > 15 1)iE = ) I
H 28

10
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2) FLM3R1Z(Rule Acquisition mechanisms)
w FHHLGIE (Random creation): fE—E AT T, XNV HH1
W2 7 1358 43 R BE AL G 3 ;
n OPEE H I AR =X ) $E HY (detection of recurrent patterns);
MR ZFS, JEFWREE:

M-U mappings
Meaning Utterance New Lexical Rules
“fight<dog, fox>" -« a b c d ‘dog"- a b
¥ —[':D Synonymous
“chase<bear, dog>"9 a b d e “dog” - d rules
“fight<dog, fox>" - c d f “fight<dog, #>"
3 ¢ —) <> Phraserule
“fight<dog, bear>"<¢# ¢ d | g cd”g
“fight<dog, fox>" 49 € f g a ‘"dog" -p-e f

TN T g Mmoo
d

“fight<wolf, dog>"-ap e C <p-c f rules

11
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= (5 B (Cues):

o SEEGE A emEE: BRERIRN;

o B A A

a BRI A5 1 (Reliability of Cue): FMNER &1 P& 18 A Ge
= XML EA:

Speaker , ,
Meaning selection

= Y
-n g . T D
o Rules competition in production part 'Enwronmental,
& I cues '
§ Building Utterance based on the winning rules || t——— 4 ———— !
: |
%” Listener ¢
®
5] Y
@ Listener obtains utterance and cues

Y

Rules competition in comprehension part

Vi <~

adjustment of winning rules of speaker's and listener's

12
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MMERHAT A
3) Tﬁi%ﬂ %}ﬁ[}ﬂ”ﬁ%(Communication and rule competition)
P E LR
1) A RBEINERNELHE (rule selection)
o E DA R AT DR ER T SR )
O KRR DAY 3 1
2) PN [E] TR R 55

(strength-based competition in production and perception)

1

Production Part Meaning to express: "fight<dog, fox>"
Activated rules Apglr'(?:rbrla:;rd Combined Strength (CS) Utterance created
1 holistic rule “fight<dog, fox>"¢=2/a b/ (0.6) CS1=0.6 /a b/
3 word ‘dog” €= /b/ (0.8)
wor “fight<#, #>"€-=2 /c e/ (0.5) VSO (0.6) CS2 = 1/2(1/3(0.8+0.5+0.2)+0.6) =0.55 /cebg/
rules g
Tfox" €2 /g/ (0.2)
1wordrule  “dog”€<=2/b/ (0.8) VSO (0.6) _ _
1 phrase rule  “fight<#, fox>"€= /e */ (0.8) OSV(0.5) C°5- V2(1/2(0.8+0.8)%0.6) = 0.7 e bt
Comp’.‘r__’e;;?nsfon Utterance heard: /e b/ Cues acquired:  ‘eat<dog, meat>"(0.5) “run<fox> (0.5)
Detectable word “eat<dog, meat>"(0.5)
Activated rules Related cues order rules Combined Strength (CS) Intended meaning
1 holistic rule “eat<dog, meat>"€=> /e b f/ (0.4) "eat<dog, meat>"(0.5) CS1=1/2(0.5)+1/2(0.5) = 0.45 ‘eat<dog, meat>"
3word  “cat”€>/e/ (0.7)
rules  “fight<#, #>” €2 /b/ (0.8) SVO0 (0.6) CS2=1/2(1/3(0.7+0.8+0.6))+1/2(0.6) = 0.65 “fight<cat, dog>"
“dog” €= /f/ (0.6)
1word rules  ‘run<#>"€-/b f/ (0.3) ‘run<fox> (0.5) CS3 = 1/2(0.3)+1/2(0.5) = 0.4 “run<fox>"

Interpreted Meaning: " fight<cat, dog="
13
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BT TR AR (indices to trace the evolution)

L. BN HIZR7NBE T (Rule expressivity (RE)) — “PIJBRE PRI 25
PR BT fi6. 24 55 1) e B SR H

Z number of meanings that agent i can express

RE =
number of agents

2. IEFAERAAR R (Understanding rate (UR)) — ~PIJREXTANMA R BE 1%
A FH T8 S R0 000 1 A B AR 1 e s SR EE

Z number of understable meanings between agentiand |
UR =1

number of all possible pairs of I, |

14
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HEAT R FdR (indices to trace the evolution)

RE and UR SV/VS order rules convergence SVO/SOV/OSVNSONOS/OVS order rules
43(100) . . . . S 1 ; ; ; 1 T T oy -

— || e RE of holistic rulgge® V== — avg of SV — avg of SVO
Ruwr 5| ——- RE of compogitional rules £ === avg of VS || £ f SOV
i g 5 9 5 avg o
S ) UR 4 e 1 S °r — avg of OSV
e o~ % e -oa oesk A | avg of VSO
.E%D(EE 5t © os @© ogl avg of VOS
= =) > AP e avg of OVS
@ 2E0r 075 075 1 -
= i b} © |'|
w1875 | Toaor Toaor ‘
[o] o o
8 1205 | %D.ES %D.ES
£ 5 © s © s
S B(125) @« ]
= h T s, A A

oo @ ! i 120 200 ;S‘D "....--;DU 0.5 L L - o 0.5 SR T L . -

. ROUndS Of Communications o A0 100 150 200 2A0 300 o A0 100 150 200 2A0 300
Rounds of Communications Rounds of Communications

Simulation condition: 10 agents, 500*5 communications, RC=0.8

YL -1 3, [ﬁjiﬁq’ = (Lexicon-syntax coevolution)

IKA) JJ(Driving force): 43 H 3 f# (Mutual understanding) 1A 55 HE 7~
(environmental cues);

HE Ak (Coevolution): ZH-& 1R 4 FH 5
ISt T 41L& I AR A A TR] 98

=516 (conclusion)

0 WSS 5 RGN G ROE 5 5 A2 BT R 2 TV ARV B 3 R A A2
o A BT (N 3= SRl ) ) pH R E ) AL TR

R LT PP, R T

15
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T AT ] BLA S S P AR
(emergence of simple social structure based on communication)
FEARIX:

ATy R (node), MBI R O 1 A R R 82 (edge) s I M4 TR 2SI
AR ERE A (weight); ARBE — @ (EN, KA.

HE=ZE M BIHEIA  (indices to test the social structure) (Newman 2003;
XI55, 2005)

1. JE43Ai (Degree distribution (Pk)): 3422 KT S 4 i i 20 A

2. BEZR B (Clustering coefficient (C)): FHAeHlii W 4% rp =15 & 18] (R 2R 1
Ot (FVRARIE R A 2 K0T R AF B IE£);

3. PR K E (Average shortest path length (L)): T 17 56k 2 18] 52 %0 FE B9 1
SEAE, R R % TR A A R

16
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FT AT RLH ] At S G R A
(emergence of simple social structure based on communication)
HEE/IFIP=4 (emergent social network):
o CEMR &, L EIRAD, Sl pt s Mg B /M AU (Small-World
Network) (Watts 1998);
0 Pk & B I R0 25 1 BE 73 Al AN B A TR AT, BT AR R R 28 AN S o b B2 1 4%
(Scale-free Network) (Barabasi and Albert 1999);

The Chiinese University £24/

of Hong Kong .. £ ..

a0 E - '—:-‘

— AD of Sim.1 I — CofSim1 PPl | P‘k of Sirﬁ.z |
/| == AD of Sim.2 "l ==- Cofsim.2 o .| b2 I
200 wnmnn L of Sim.1 n&r

1

[
=]

k= &
H c
3L === L of Sim.2 o7t =1
s G20F
ot @ 06F 3
2 S o
st o 05F o 15}
o £, E
0¢ = =
5 a
15 Snat E 10r i
& = ! ]
or ozt P(k) of Sim.1 id
5t . ® %
H a1 G
5 - - [ )
- * - + <] »
] Al 1 1 I i) v .1 1 1 1 L L Sy L e 1 + P |
O &0 100 180 200 260 300 350 400 450 400 O &0 100 180 200 260 300 350 400 450 400 o 5 10 15 20 2% AW b 40 45 D
Rounds of Communication Rounds of Communication Degree, k()

Simulation condition: 50 agents, 500*25 communications, RC=0.8, Adjw=0.01, ThresW=0.5

£54 (conclusion):

FEBETE = 072, Ty B HAT /M SR PR R A 2 A L [R] I = 2.

17
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Discussion and Conclusion
AR THE RN
(crucial points in model design)
0 R, ZELE BN

(assumption, parameters and their validities)

a é:nk ;{%5 *H?%ﬁj\fﬁ (analysis of results)
a ;@%é&?& H@ E@B (matching empirical data)

‘ O
S o7 i}

(empirical linguistic data)

JLmf g
(synchronic) (diachornic)

18
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Discussion and Conclusion

FHITE AL 7 TH 8 B F R (other evolutionary linguistic topics):

o B 5 (language emergence);

HAAIE = i Ak (phylogenetic emergence of language);

AMATE = JLI 3] #5 (ontogenetic emergence of language);
a ik 5 K JE(language change);

55 #f(language contact);

FE4s GE R NHE S REHE % B 520 (linguistic innovation and social structure):;
o WS H 5T (language death);

i SR RE S B, L2

WifEit 5 (endangered languages): HIRIEIES: A, &ib.

19
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’fﬁw\ﬁiﬁﬁﬂé (computational simulations):

o MRFEFLAYE H kil 43 (separation by objectives (Holland 2005))
Hi I s A5 1 (data-driven): % Tifik i 2 (weather prediction model);

UEW R A E7E 7 (existence-proof): A & HIHLEE A (self-reproduction
machine);

PR (exploratory):  FRATTHIFR A (our model);

o ARPE BRI B i T B X)) (separate by action and tools adopted)
ﬂjjffj% M (approach-based modeling): e.qg., /MK F25 Y 2% fe

iﬁz %ﬁ% !(mathematical-based modeling): e.g., LK. 3ha5)
Pl i 5 XA/

1"|i’.f‘ﬁﬁ/$ﬁjﬁ (other applications of computational simulation):

o Pttt A @ (optimization);
o N L3 fE(artificial life/intelligence)
o o AthE Ak AH 2% 0] i (other evolutionary phenomena)

20
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