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Symbolic communication involves both generation and sharing of novel expressions and meanings. In this study,
we try to understand the mechanism of the generation and sharing by introducing a computational model of
communicative agent, which is a hybrid system of a discrete symbolic system and a continuous sense-making
system. They are implemented by a rewriting rule system and a fully-connected neural network, respectively.
We explored a mechanism of the generation caused by the sense-making system in this paper. It is shown that
bifurcation (structural change of dynamics) occurring in the neural network as dynamical system is the mechanism
of generation. When the neural network shows chaotic behavior after the bifurcation, the generations can occur.
We discuss that the structural change by bifurcation and the trajectory instability in chaotic system represent the

nature of sense-making and the dynamism of symbolic communication.

1. OO0

goboobouoboboooboboobooo,0booog
gooodo,00dodddddddooooooooooad
goo.dooooooooo,0booboboogo,boob
goooooooooooboboboboboboobooo.

00 (=000000DL0)00D00O0OUDOUDUDUDO
(000D000D00000)0000000 (00)00000
goboobbooobooboooooboboobooob
g.0bgo,0000b00,b0000b00bo,0obo0oboo
goobooooobooboobooooboooboo.ooob
00ooU0o0ooUo0oo (ooo)ooUoooooo
ooUoo00oo0o0. o0oUoO00o (uooooo)ooo
(b0)ODoOooOoUOOOUODUODO (UUOODUODOUOOO
0)ooooooooOoo. ooo,000ooooooo, oo
goobobooooobobooboobo,oooobooooob
gooooooooo.

goboooooobobooobbbobbobobobboooooogg
0000000000 [Gumperz 82], 00000000000
000000000 [Steels & McIntyre 99, Gong et al. 05,
Marocco & Nolfi 07], 00000000000 0O0OO.

gooooooboooboooboooboooboooooboooo
gooobobodoo,oobobooooboobooboo,oon
goobooooobooboboboobobooboobo. oooob
gooobooboboboboboboboboboboboob
gooboboOo,000b0o0ooooobooboobooooon
0000000 (=00)000000000 (=00)00
0oooUoo0oooUoo,0000o0ooUoO (=000
oooooo)0ooooUuoUoUoUoooo. Doooo
goboooboboobbooboobboobooboobob
[Torii & Hashimoto in press]. 0000000000000
goodooboooboooboo,bo0obooobooboooo
gooooooo.

U00:*'0000000000000 0000000, 923-
1292 00000000 1-1, Tel: 0761-51-1756, E-mail:
{tak.torii, hash}@jaist.ac.jp.

2. 000

01000 (p0 00000000000 OOOOOO
000DDO000. 000000000 SO0000000
ONOODOO.O0DOODO SOo0*(00)ednn*?r
00000000000000000D0O00. 00,0000
0000 NOODOOOOOODOOOOO0O0,00000 m
0D00DO00.000,e0 0400000000000 4
000000000000,00m0 NODODOODOOOO
ooooo.

00000000000 00000 e0000O00DOO. O
0,0000000000 ¢*0000,0000 #0000
0000400000 (0000000 AO0D0O). 00,0
0oooDo0o0 »4A 000000000 »S0000,000,
00000oDO0O0oooo P 00000 (0000 S). O
UD,0000 fP 0000 L 00000000 (0O D).
000000000 (A,S8,P)0 100000,200000
00D0000000,000000000000000000
00O000.0000,00 ADOO0 PODODODOO SO,
0000 SO0000D00000 NOOO. 000000 S
00D000000000000 ADDO PODOOOOO0O
0000000, 00 ADDOODOOO,0000 20
0000.00 PO0OOOCODOOO,00000000 (00
400000)000.

01 000000000000000

x1] OJ0O0O0OOO0OOOOOOOOODbOOOObOObOOObDOOobOOooOoo
oooooo.ooo,0oboboooooooooooboog.

x2 000000,00000000000C000,0000000
0o0o00o000. 000,00 (UoO)ODOoooOooooO.



The 24th Annual Conference of the Japanese Society for Artificial Intelligence, 2010

2.1 0OOODOOOO S

000 k/r—e0000 k0000000,00000
00000 e0000D0O0O0OOODOOOOD r00000O0O.
00000000000000000000000,0000
00000000000 00000000000. 0000,
000000000000000000000000000
000 (00O [Kirby 02, Torii & Hashimoto in press]) 00
0000000O0. 00 ADDO POOOOODOOOOOO,
OO0 (e*/FfPYyooooooo (r4/eP)00o0oooo.

22 0J00D0OD0OOOO N

000 (00 »+4/rP00000000)00 Winner-take-all
00®000. 0000,40000000000, 00 x4,
U0 x40000000000,00,0000000 x60
go.o00ooooooob ywOoDb 100000000, 0O
00, w; [-6,6] 00000, 2 [0,1] 0000, I {0,1} O
gboooo.00000 00 2000000.

t+1 t _t t
Yi = E wy;z; + I
J

o 1
Cl+e¥

(1)

zj (2)
ooboobo w; 00O 3000,000000000000
00000, 000, gy [-0.13,013) 0000, 6; [0,1] O
00000.030 HebbOOOOOOOO.
Awij = 1i5(2: —

0ij)zj 3)

3. Uu

1000 0000 10000000000 (00000)00
0,000000000009000000. 000000
000 2P D00000000D0 (0D0)00000000

020,000000000000000,00000 €°
000000« (00 POOOOOO)O00O0OOOO0
O00. 00,00 (Generated) 00000000000 (O
00000D0)0000O0. 00000, 00000 P00
0000000000 L2 00D000000000000. O
0000 2 D0,00000000000000 20000
000,000000 POODOODO,D00000000
000000000000 0000000000000000
0 [Hashimoto et ol. 09]. OOODOOO0O0OOOO0ODOO
000000000000 [Torii & Hashimoto in press].

100
90 -
80
70 -
60

The num. of rg
Generated r,
The num. of e

Generated e °

50 -
40
30 -
20 -
10

The num. of diff.

0 . . . . . . . . .
0 100 200 300 400 500 600 700 800 900 1000
Turn

0200 000-°000000000 (qUOO0).

+x3 0000000000COO00COO0O0,000000000A0.
gooooooooooooooooO. booooooooooboo
‘r,00 ‘ooooo.

0200000,000000000000 [580,670] OO
0000000,0000000 80000000000, O
0 pPOO0O (*°)000D00000D0000O0D0O NOO
0.000,0000000000000 NOODOOOOO
(00000000000)000000 (03),020000
00 »° 0000000000000 [580,670) 00000
0 710,750 0000000000000000000%,

700

v

800
03 00000U0oooooouUon (qgoooo).

30

25
ﬁ
|
5
5

-20
500 55

Neuronal state
a4 o m
o o o

o

a4
a o

\
50 750 850 900

4000000000000 000O0O0C0O0O0O0O0OO
00D000D0*. 000 580000 NOOODOODOOOO
0o00o0o0o00,00000000 (580,670 0000, NO
000000000000 ™. 00 Ny OODOOOODOO
goboooob ooboooooooboobogoooao
50000.0500 NgqOOOOOOOODOODOOOOO
D0000O0D0D00O00O. 00000 2000000
0000o00og [580,670) 0000, 0000000L0DOO
gobooooobooooooooooobo.ooo,oooo0o
pU0 N, OO qOO0OO0OO0OO0OO0OOOO0OOODOODOODOO,O
O N OOOOOOOOODODOOOOOoOooooo.

Neuronal state

oo

-20 -
500 700
Turn

0400000 (NgO)ODOOOODOODOOOOOOO.

550 600 650

4. 00O

Os5000000000000000000 NOOOOO
gooooooooooooooooooo.booogooo
000000000000000o0o0000,HebbOO0O00d

x4 000 [580,670] O [710,750) 00 0OO0O0DOOOOOOOOO
O0000000C000. Winner-take-all 0000000000
000000000o0000000o0o0 (0oo00)o0oooooo
oo.

x5 00000 ND,00000 (w,n,6) 00000000000
ooboooooooo,o00000 s00000000000O00O.

*6 00000000000 Lyapunov 0O0OO0O00O0O0O0O0O.



The 24th Annual Conference of the Japanese Society for Artificial Intelligence, 2010

05

Correlation
o

-0.5

At RARSD TR 4 S

0 100 200 300 400 500 600 700 800 900 1000
Turn

05 N,0OOOODOOODO (00 q0).

goboobooooooooooboboobooo. boooboob
goooooooobooo,o0oooo0ooooboobooooon
(booDoDO0OoO0OUO00DDOOO). DDOO,000000
gooooooooooobooooooooo. ooooooon
(bO0)OooOooUooUOooOooOoo,0b00o0ooOooUooU
gooooooooodooooooooboooooooon
goooo. booboo0oo0o,00000 NOOOOOD
0000D00,00000000 +”P 00000000, OO
gboobooooooboobooooooboboooboooaon
000000 (UooUoo)UoO0O. DooUooUoOoo
goooboooooooooooooooooooo,ooon
gooooooooooboooooboooooo,obbooooon
goooooooooooooooo.oooooooooon
gboboooooooobooooooobooooboboooon.
ooo0O0O000000 NOOOOOoOooooooooo
gboboooboooobo,00ob0,00o00booobooboooo
o.o00bo,000o00ooboooboooobooobboooo. b
000000,00000 (D0OO0DO0O0O Sp,SqUODOOO
0o0o0o0o0ooUoUO0)oO0o0ooUOoO. Ooo,
U0*"mO000000000000. 060,00 mOOO
gboooooobooboooooboo, 00 pooboOooO
uboodod qgbhoobooboodoooobbooooon
gooo,0o00b000000. bo0oO,00000000
o,00 mOO0O0OO0OO0OOOOOODOO. OO00O0OO000ODO
0SO00000oooooooobobobbo0o00o0oooo
goobooodooo,obooocoooobocooooboooooon
o.ooo0,000000000000b00 mOOOOQOO
g,00oooooooooooooooooobooboooon
goboboooooooboooooooobo.

05

Correlation
o

05 °

ERs

0 100 200 300 400 500 600 700 800 900 1000
Turn

06 NoOOOOOOOOO NqOOOOOOOoODoOoOoO.

«*7 000000000000 NOOOOOoOooooooo.

5. 00O

gbooocooobobooobooooboboooooono
goooooooboooo,oobooooooooooo
gooooboooooooooooooooobooobooo.goo
000000000 (0000000000 o0)oDo0oo0OO
goooooooooo. cobooo,00bo0oooboooo
000,00000000000 (=0000000)0O0OO
ooooo0O0,0000o0o0o0oooUn (booooo
00o0o0o0o0o0)00oooooo0. 00o0ooooooo
g,0000000000b0o0000oboo0ooooboooo
goooooooooooboooooooooooooooo
oo.

gooo

[Gong et al. 05] Gong, T., Minett, JJW., Ke, J., Hol-
land, J.H., and Wang, W.S.-Y.: Coevolution of lexicon
and syntax from a simulation perspective. Complexity,
Vol.10, No.6, pp.50-62, (2005).

[Gumperz 82] Gumperz, J.J.: Discourse Strategies — Stud-
ies in Interactional Sociolinguistics 1, Cambridge Uni-
versity Press, (1982).

[Hashimoto et al. 09] Hashimoto, T., Nakatsuka, M., and
Konno, T.: Linguistic analogy for creativity and origin
of language, submitted to The Evolution of Language,
the 8th International Conference, (2009).

[Kirby 02] Kirby, S.: Learning, bottlenecks and the evo-
lution of recursive syntax. In Ted Briscoe, editor, Lin-
guistic Evolution through Language Acquisition: For-
mal and Computational Models, Chapter 6, pp.173-204,
Cambridge University Press, (2002).

[Marocco & Nolfi 07] Marocco, D. and Nolfi, S.:
gence of Communication in Embodied Agents Evolved
for the Ability to Solve a Collective Navigation Prob-
lem. Connection Science Press, Vol.19, No.1, pp.53-74,
(2007).

Emer-

[Steels & Mclntyre 99] Steels, L. and Mclntyre, A.: Spa-
tially Distributed Naming Games. Advances in Complex
Systems, Vol.1, No.4, pp.301-323, (1999).

[Torii & Hashimoto in press] Torii, T. and Hashimoto, T.:
Modeling Generation and Sharing of Novel Expressions
and Meanings in Symbolic Communication. Int. J. Bio-
Inspired Computation, (in press).

[00 & 00 9] D0O00O0O0OO0OO: 00ooUooooog -
ooooooOooo,0oooog, (1996).



