
��!��$
'�!���� ∗

2009 F 2 w 9 J�$6���`0�x���SbY}I5�([d�=w+0zyIk�!�Bl0J<{�v	T5	mo�%05��6���`0)q�aw (Santa Fe)�*d��	�ezg0%>�_}lO52��s|0W
�+����0AK�5�(�=�td�vZoFy0.W;\�	d
CM8h2�/��0:^�;Q��1�nt?nvjAk!O�h( 1944!`�&T,06QT (Patrick J. Hurley, 1883–1963)℄�0P7�SA 1984!zV0�aS�Qx�Gn=��<z�z|3
Tz^ue�D: 1999!( “t%>07B� ‘t%>5J’ ”1 d�Y1�^,;��aS�Q (Santa Fe Institute n�ov SFI2) ��q6�hnG���=np�$fx�2t9�+�hM�`�;�S�Q� 2004 !t&�J2 SFI ({'�i{J^	
t%>S\O�=G�D:�2f SFI($�{J�!dD0�t%�j�bJ/� (CSSS2004-2008)�;1Q?�D:K
 SFI0P+�'2#�℄�	^�M^���n��'�1
~�SK	$t%>S�0�1℄
SOd7rt�nQ(w#�Æ0�aS�Q��d.��H	nÆ!����mrx��R�r`0<��b�T0AkS�U���℄+�?J50t%>2t%�jS��SFI R	�_�ljS�k�2�Ti28�0V�=�'�	d1Gr���$0t9�+2�\�!Y20`�:�, SFI��S`�0k��B	r`0k�d��#)�q5��o%`08_S��R�S:(
SFI Fvr�0H�YM��S:h& SFI <x(��AS5℄04���so?J50�h�S��?J5d�(|�Y0=T	 interdisciplinary, multi-

disciplinary, cross-disciplinary, transdisciplinary 22� SFI 0�lQm Geoffrey WestV�=RC��G|=d���S��`��d�J���ed�d�0&W�
∗ ~*<huuR� LS6<huuR
&��h4U�~*<hu>C
>i8Zi8t�Q#i8Z^G4U�
1 �<h�x| 51: 3I
 1999
 3-8��bzTK�0�q$f�,�B<Hb1�
N+<h2V��O
 2004 �
2SFI�_j� http://www.santafe.edu �

1



Figure 1: �w�z<{p%�aS�Q (�:�) �
SFI0!D�M( 1990!!��� 500v����Gm�V^dU��eG��M℄
0
Cqpf�Cb)f2�k'BB	�gP�R�&W�GrCqU� (d_�$i5JT� NSF �$iw20 NIH 2��\ DOE ui

)0�eYq&v�M0ufId�|MYq& 40%�;\����YiCqU���AS�℄+�gP�R�e�`	�WR/#)℄P0Cqpf�Uo� SFI ( 2007 !/,^ NSF 0d)?J5pf�S0�n�kMJ�4�J��
J�?�	
eJ�	�5J�L,8J�dMU5J2
PJ�A���$ NSF 2Y$rg5JT�Od\�hlRpfJ5#2
e0%�8_�PY�G�n!\0�<"�)�� SFIIQnR/�)pf�B�nR�M!GQ\/0xW2R/^!\|m0�(�=L�Y&�;)pfvN`R4, SFI !D�M0�fId�
SFI	d�>�O�S0x�;Dd1Cbi�'?Q}R/:[d1eÆJ:� SFI �l2&^0Qm22�;Y�d�Æ�{J�S�!.O\s	� SFI 0���5J��O2�+Ou (Faculty Meeting) .
P�%`0S�dC279���℄P�=:�TB{�!.d�O�t9�+`6n�9EOu℄�a�\s� SFII	d�Cbyw (Business Network)�,Uy
U�B����B2B�Cbyw0x�� SFI SY�Cb�%`0)��'S�l+Cb�0d�k

~t%>S�Y<x06{"�,6>W0n�

(emergence)�t%�j0i9> (robustness)��t>�M\>��D0���
2



22��! 11 !(�aw"=0Cbyw�Om�x�d)℄_Q?� SFI|��!I_�Cb{J����k_\sO�d��Cb0u-k1=�B�(`� SFI =X+0
U{�R'-^z{A�Cb06℄.�
SFI x
0�*3(� West Qm=R~�1�M!d+xLfq	
J�X$0 Max Perutz 0�o%����xL�X$,�^ 12 �'?Q}R/:�P�o%����
��	CX��	<���	;��R	d1�}8%�Z-,H�W:Q
I�G0�	^�0�v
�\��0k�� SFI h&�\<�0J3Q?�zoGrbX0�%	!\:℄2S��W0kf�AYd1k(E��f^�0T�{�(dG�kQx� SFI017x���M0k.(Yie�{� SFI0m�0
�4�:�CM&^0x�In5J��OSt9�+0�hgF��o SFI0���S�QxV 24!G��d+4q�m��KM�� SFI0S�ddL+{�S�	S	
�0℄2Bv�R�0�4q�Y��{
�l��P���I��O (Search Committee)!\?Nzu�(�_$S��0T�{e<��>�Om6� SFI �	�f[u��R�0Qm�rQmB	r`0�G%��
6( SFI0mÆ℄XM�
�SNgF� SFI 00
�KS�Q0Q?�VX� ��	"��
*��
SFI0S���Y��{",{"09�us�P�T
�\8$S�54h�on�;S�2dMU���SN�6�^Y�d1Ps�'�	�"_�Uq�+( 1932!r�	
Ji Max Klieber�S��Yi\M0Xp?
��.1,�,�R�0!4Jp B (6nh&�\-.\D) ��`:+W\ Mzx��o B ∼ Mβ, β = 3/4 � SFI 0J:�S��ME0��oI �
CMAR℄?\�Uo�Xp?
0:+*�2yW`zxME0��o�'fP�B�u��x��[:0zV�d�? 0l8�:+=G��.Xp?
[	7e� 15 p��.17e��*�FÆ�,yW{�*�m��	
�fq��n~,,	V�j���o0xVY}6n?� 20 �8\^�gP�;�S�m� 70 !��*YHiv0�X"o�dL�	ms0Ps�!�;Q0d_C�(
P8 β 0f� 4�o%�`V�O
V2o%0_34n�S�no/, 3PY� 4 �gP�nMH�j�U��^0~[�G,�d��:�L
_�d?yf.,F?y · · ·22�|[,�}��d\0|L���s�.?
�|4e0|L�iwY�e��`B�RnC%�;�:� h&0}���;�dMn���T#i0}���[E0f<�̀<>�0?
�_0�M0~[G,{J�:��_([EIJ%�e��M0f<yw�L
���fh�[�����GBoh�z��	�W���B�;�f<yw{h`WJ0z32.�_���f� 4���X"o,8JPs� SFI 0J:�[
�.^;dm�Hk���o0P8 β o%2
 1 ���o%0">fH�BCU���o%

3



β < 1(Q">) �.O
�(�\�	���J
0 Klieber��o��o��o%�q">0 β > 1 �.O
�\C">��00m�
21 �h|�0[u!�kM�O?�^d�S�l87
bXw#vk<q&^%�k<�w#��6�W2	j0p0ZY5��_vI�Æw#`�
h�\R2Z}0���m�w#0{JS32?WJ�x�kMGB
K0>M8_� SFI 05Ji�HZ^bX�\w#0\\PN�S�S��w#�. (nk<\D) 0��`~���o�;Q	u\S<��w# ��kAY	�0PN�oKb8��h^�	Q�;��k<y">��

(β = 1)�w#0Fu`��o.k
V�9I"mD�.�k<yQ">��
(β ≈ 0.8 < 1) �O
w#����	���;d7�	
�`~�0 Klieber ��oME
d�w#	1*d�-�0	
�`�gP�kMQ?℄	0CMPN�o�6�W (nkT88\) ��pvN�Z}p��S;D[=JD0	Q	o�dO��Nk<8q">0m (β = 1.1 ∼ 1.3 > 1)�w#S3�G���R	YH�6^��}Aq">0m0AY�/\^��,6}F0�<0m�H	�!V/6+T0FR��ed�>M8_� West 2kSO(��$5J��<	 3 {0s�[AwvQ`"0�\8$�N/S�bXw#D2w#S30k�a"�Z}�k�X',:℄Q?� SFI 0d�.{� 1968!nG0bX:℄�v8$>Y�̂ \^,xdkn{Cx0b\ 10 878��v�S��v7D��vR℄> (nCx8d) 0��SY�hl�'0:+Nw�0�Zn�fZ�P�~���o�* 911�\0R℄�v4O:+N (Cx 5k)7��d2�\�.��vv(idd["{�;=
��.:℄�v6�	�i0�x�	05-�.:℄�v0�Æ�76�`Oq}�:℄�v0S	�;�g�k4lP0rH�gP��Mjd�h�f
K�P�v0�d2_Y�SR�^Æ^ed\m��_0�D�

SFI 5JQ?0ed�-Uq�4�J��$5J��� Henry Wright�d�Q 0 SFIt9�+��
�!�%b0P�S3�B(�J=Fo�\4�hO� Wright iY$4���:4�t%�b	(5��=&�"�0K�>T0�R���
Vp5{n�[�O5���!!r<ÆYi!!0O5fZR�W���+��	Y7�>0�:2� h7�lK,%	Y7w>0e�
��;�d\Kv=
���D���
S�5�B�S^ME0��YYC`0Kv=
&{�4�J��!D�0ed�℄
��8J�;S�0
4�l34�hO�5S(Q^Æ0R�S�25P9kY�1Ov7{0`\�P4�J�{��d�5�S�KI0A`o,� SFI 04�:�K�$�\D`��5Z (Q� Four Corners)�{5,k+mdH0hO��=^M!04hS(�R�i�	$F<KD (Uo�5�!rrd0!�;\[") �;ph
0�\p_�^�8J�;�_Y�;0�.��(℄<0Ov�97{�
3 L. M. A. Bettencourt �
 Proc. Nat. Acad. Sci. USA, 2007 E 104: 7301–7306 j�

4



�54hp_�6�dT��/�;��0���9Y}0KIo,%��M068>�%b2E�b0B�`�bXF<KD0=%��G(k<YMPbg?M
p�iv0�!�̀ Z2�a��f,q0	Q℄���(5X{I	}8�V0kf�&o`Z2�a	Q�R�YP���~_��5=0%
2E��&�dvM!J0bXKN�>���Y/Y��6�\q2O[?
�
�(?#Yh-�0���5�_>i�.�^%b2E�b�Yi5�0���kM� ^�\�
2
E�Uo�L5h�2�PZ��Q:��r� ^[\K�m|n�5ZO[^ib�B� SFI0Q?�D:i4���:�{^0
� 2007!(t&�J"=0�-��
0B�2	�fO�_�J3S\O�$�4�Ji�	
Ji2%Ji�iYM���	'R�6n=� SFI Q?0ÆU��&�����5JS�pf\�KJ50Cf��2J/0kb�U��SS�U�0℄+2f��Bv=
�f05JS3�K
?J50S�℄+�;\!!0u
�(��R℄�x�� SFI Q?0d�℄_℄
��K�(0O!k��G5Ja30dW-��=�f5J2t%>��0Gv���
SFI=K��Y	��JB5	�S�	,5J��:0Yif`�.3sAKt%>m�0��Q?��!�b	Y}�YJ	G�awaj�f~�0Q?�R��!��O5J��:"8~+8J℄T0."�S\4�

SFI=K�O�5J2a3d�k�	?M:℄0�_��!{Js}��^W=�SFI ��Q?Y|℄_0�v�)r�!(�$2AS5℄{J0t%�j�bJ/�	�(=
'k�
~�
SFI�5�t%>	 (Complexity)2�S�Qh<	 (SFI Bulletin)2/
�Ou�ZD`2J3ke� 20M!G�m�<x^t%>S�0℄_8�p�� SFI 0lj�`�2t9k��0

Yi�G0S�
%3x���n��s� (SFI Working papers)<�bB��5�CM;\0��s�|[SO(B�J3/
{�� 1989!nG0��s��B6nh& SFI0yag/9q�v�S�(#){D{W�^ SFI (����0S�d�28_KD�)Æ%�	"��( 1999!nJ�Y$J3��SJ:�k�	K SFI03`�`	!Pk, SFI �&V�=� 2000 !+Æ� SFI +^d�.{G��d?�	^�M0%�2J:�)! 8 !�d��� 10 k{x0Y$.{, SFI "=^�� 5 b0:IJ3Ou�X\�d[4�� 2002 !Y$5J�8J2�j5JS��i SFI(=�"=^�t%�j0}�2 }�0$fOu��O:

5



Figure 2: 2006!V�: (�) iV�	w0`��aS�Q�4��	M�Y�It0 SFI 0
�D:( 2002–2003 !D}9$l SFI 0p�$fx��'�
� 911�v�`���x=�t&�J2 SFI�< 2003!({'{J0�	
t%>�S\O�x�b8�Pr~, 2004!"=�i!� SFI2O*�J[y/t%>S�Q4��(O*{J^6d�t%�j�bJ/�;��bJ/� 2005 !.��Y$5J�Ps
PS�Q2 SFI 4��!(=�{J�G�m�"=DÆ��
t%�j�bJ/7�W� SFI0J3�j�	���&�5
~d���G SFI� 1988!.�(�aw{J�!dD0t%�j�bJ/�VL^Y}�X�	1�bJ/0+�J��=Gx� SFI0V�=S�qAS�qJ�hl�!!4IJ�b��0!PS�	�V�=2d1��.�w{S�Ik0O!J:B6nh& SFI0ya<Æ�h&��R/aj�bJ/0p��;_!0=��bJ/���l\J�� 50∼60k�AYGrY$�m:q}
78�R�0kb>��f!\���O5J,8P5JB	��bJ/��D_�.Jg��J��?#
~I=���k^�'_S�08_��&_b$##S�<xs}�.{��{ 3S 6k��RYikb�Yi5�0J�
6x{���.{0S�Q?��bJ/0�Ji[�=�6d_8{0d_�n�t%>2t%�j0TB{"�n[S�t%>0℄T�n=�_��	d[�d_�Uor }�j�yw?WJ�T
!Pk0�;�h�MT2�DMT�4�2�OS3�	
�j0t%>��U0�D�22��!0d_	QYi�,^6D_���.{0S�8_	^�[
%��i1UW~�h�CM8_(�bJ/
6I=�I6ngFn9q�v2℄�gF�=��S��6nSO0x%�
6



SFIj�0t%>S\O2�bJ/�m�
[E3,(a�{D2��5Z� ��Æ�( "��#���t%>�5J�2t%>S�(Y$Y6�Yj�+( 1991!Y$5J��(=�"8^t%>\sO�O=�5J�5�{=^_��t%>S�	 4 0kZ� 17 !&^^�gdg�ZY0�:�Kt%>S���M}605J� ��6n}C`X�t%>S��0�1Y$℄w�;\℄w`W�(CMME0/Y�Uo�.�t%>S�06J5	 5 �;d��I	&�Kus� (;Vs�8�s��js) m�Y=�^�PA�6us� (�.v
�s���2is���P�s�) !a0=T —;1�=��9%U0d.G�dX_��&�I��^_Bve25?C
�_3
~�s��6J5�0CMjS�
:��g�^M}%`05Jx%�m<0C:V"d1;M//�5�Y�/�r`0
s�� 1980!!��P��r��.v
��j0:Pt9�,o���j	
J�(�|�=w;�	�($�0d1J3Ou{��l�g,_0�!��js��n[�t%>���b">�℄T�
�jeJS��nA`s0�7m�Y
^0
�2\\�WFs�dX}t,%`05J�s2x%�	k=��℄0I�sm�wk�k��(,^SZ=℄A`s0�<�A��I�s2A`sSY�KV0{"�0�0�1�*
�M���hA	P=%Æ)g1,b�#Z(M�^j*0�Q*$
{�|[m�,j*I�Z$R0���;6nM�I�s/�gP�℄eJm�S3,KZH!4u4D0b
S�2X℄�;�.Y;)A`s0���A��KI�sS�	�&M}�W>� 0k��̀ 
}�WA`s0p��nKyt09J��A`s�Pr,�Y&�d\+ O�� —p:^Lq0+ Qx^+
O� �t%>S��M#����j	
J�d�((Y$`,,℄PO��	km�	$�j�Dv)��j��7�
���j	
Jd�($f{��Y��$�CM%��|
zV�S�Y7���S�Q�S(�JY�U�j	
J��0$t�j	
J0p+:TGW~�$l��SÆ�dl�D:_!Jaj&xVi�0_i�E>dL�	($f{���6tD�)g�$�`	�T�5�.���xW0%���
{'�h�J0{'�j	
eJS�Y7�(kMn.,f2!4{J℄
0S��;[u!m�(℄_0$fJ3/
2Ou{.��jl����	
Ji�eJi2	
8�J��:�M!%`�s��M4�0
%�R�>=I	o8npd0kp2m�"C�R	<B0d1Q 0�X2Ps��:�q#,id��

4 ~*<hu&xgi8�`/
�&xgi8�
�7�<h��O
 1993 �
5 a-M�Yn.���
�;�&xgi8�eh< — d℄<h�=�
�!�X�4r��O
 1991 �

7



;��%`4��m�gA�^�(�t%�2��j�S�℄
��d1�/h�k4X0%`
%�=,�%`�Rs�;^�t%>S�0�u��A��t%>2%`>�℄->Vid℄+T��~A%`�Qnt%�k�B|m	��,t%�gP�	��,R(d<S����d<�DY}���(;�..5X{0℄<�D2�Dn�0	
_Q�G��Q�I�	(ASb`{S��(ME	�Q?0eME$�℄�{G	QS��`YO*9`�9��9f
W�6d�\2-�\�\?M�(��VS��<V�9��
PJ�4rg�,�l�0�E�P	
�D6n=��VS�0=
�5X{0	��D�k���S�0~d0�D\B�R	h&%`S��^���2m�	��,0t%>�A��<�uYJY0{"tT��*0WC<o�+��L	��tT�U�0Y��A�*�b���,{"IEPx0�t%>Ps��5J)\�|�S��\%`0t%�j�6nS�S����CM? >W�%`�jS�/M^�`6�S�60? {"�W�? {"0d16��6n�G?"S�s��dYl��S�0B7�	kGv�S�t%�j0℄T����<>f��<\f�#
4��&��;\0�.>us��P+�d�V�	S�2�)6�_�/�605J
%�Co�? >0Ps2{"�^�d%`�v0S	��ed\N/W�0Q+�Uo���P�Ps�^�d5W&(���t%>Ps���Ye^S��;M^T�no�+Jq�'J
(	$05J�P2pf`��6\�e�;\8_�,lGzz��\P[�;Mg�19�0us�5�jd>W2:�O�0? "o�2�d�P�v0%`>�℄->�B�S�t%�jGB�i0℄
�PN=:zzCJ:�%DS>���x�6mG0�a�CM��\%`S�Y^Y�G0? {"2"o�UoNDYK>�f<2f���NDyw���o22�B	A �Y}�(? "o�P+��0S����)�_�)0℄_�_���k
S�0 �Y}�f�K
? "o04O�	�WPO G�	t0G��?M>0"ozz�K�!�9tr0
%�P%`0AS�0K,.v�	!0�egD:({�Y^,^d1r`Ymi0�,��GBM�C:06��E
� ��^�~%`� ��� 1990 !!�o(S�?WJ+T0k/D`0t%> 6 ��&�8Ji4N�0M!M��4��,}��6xqD�U�f� DNA 2(1WD`�J=� 20 !� 2008 !�4N�XÆ��b">5J�t%>	|��Zm30k5 7 YQ
~0���\f5W�^	�Q�&0&W�})P��;1SY�	��_!0S�d"�P�f�Tx{8$0�rj8��
6Bailin Hao, Symbolic dynamics and characterization of complexity, Physica D51 (1991), 161-176.
7Bailin Hao, Huimin Xie, Factorizable language: from dynamics to biology, Chapter 5 in Reviews of

Nonlinear Science and complexity, ed. by Heinz Georg Schuster, Wiley-VCH, Weinheim, 2008, 147 – 186;
SFI Working Paper No. 07 08 16.

8



(
6B�IJ�I'	[d��_
��	�	�t%�,�2�t%>5J��+( 1950!!Y��
PJiTO (Max Born, 1882 – 1970)�1P��o%�rn#}0rg�k%�d\�|����C:����m*��	�1,�(m*�S�90|���Q�
PJYH����o%�0#?2#?��"oÆkMK;1"o0m�`�d���Q�0y�&{�(	!�S�F��0:���Q�

���	#m�0t%�,2=��TB
P"o0�Qo%>2:���0O;t%><x�
KC�S�S	(Yi0�9�D{�`_Y�YiW0℄Tjnf��%`f�%`�_��℄->Y�^�?M>�PY��<s�S�n{"��!al=05JJ?
— ;�t%>S�0_s�WD�o��O\)� PDF b3}��5�
l�y{?(9s'p�PAk%
PDF 
["m�<h�x| 2009 E 3 v 61 : 2 I� 9–13 j�

9


