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Abgract: A quditaive and quartitative framenork for the fundamenta theory of sysem stiences as well as ome
details are gven on the bass o me new experimenta evidence, ideds and achievements concerning evolution in
many fields such as nodern physcs, nolecule biology and brain anaomy , etc. Sme concepts such as interaction ,
ewlution, adgptablity, and conplexity are discused. Intuitiond anrotations about catagrophe, bifurcation ,
dtractor , cheos, fractd and synergy are d gven. The essence and the vaue o irformation , and the closed rdation
between irformation and ronlinearity are invedigated. It is no doubt thet al the works are to be consdered in detail ,
dthough we have ome rigorous resuts in particlar seps.

It isthe terth part of the pgper. The sdif organization node on corrplex networks is discussed by the mean fidd
theory , and the resuits are conpared with the numericad smulaions. The avdanche dynamics of the nodd are
invedigated for different topologca gructuresd the amal world networks. Moreover , we present the eseentid relation
between the above theory and the datidica physcs.

Key words: SOC; avdanche; criticd thresold; conplex networks; smal world network ; Bak- Sheppen node

:2005-08-26
(70271076 ,70571079)
(1938- ) , , ; (1963- ) , , ; (1972) , ,



1
: : (edge of cheos) (soif
organized criticlality , 00) , , ) ,
Bak Tang Wesrfdd 1987 [”,
, [2’1_
(23 . _
1 1/f L
, , (
) ch
( ) , ,
, o) ’
L -Bak
,  1/f
“ " (fingerprint) .
| , [6.7]
51
(
(avalanche dynarrics) ) .
( (punctuated equilibrium)) .
(8]
1 1 (
1/t ),

Bak  Sheppen (Bak- Sheppen e

11987  Bak B
1990 Bak Chen  Curetz bt :

. Kaufman  Johnsen , NKC -



1 « ) 3
,NKC NKC )
. Bak Chen Tang 1990 er
[13] [14] ’ [15] (5] [16]
' (51
2
( )
, Erdos  Renyi (ER) ,
. 1998 \Wats  Srogatz i
. (dx
degree separation) , Milgram 1960 L ,
Barbaras  Albert
«C ), ; :
( ) 1 L
(o]
N, ]
dij | ] i ,j y dij =N
dij 1] y i
i ; ki i k .
p(k) ,p(K) k
3
) Bak- Sheppen
, Bak- neppen ,
1993 Bak  Sheppen
(Bak- Sheppen ), , Bak- Sheppen

(avalanche dynamics)

[2]



4 2006 1
Bak- Sheppen ,
, ( )
Bak- Sheppen BN , f, [0.1]
[} i:1|2| lNl l ( fi)l [Oll]
3 I - 1 3 I ] I + 1 . d
Bak- Sheppen ,
(o]
. Kulkarni
Bak- Sheppen (connectence) ™ ; :
. . Arcangdis
Bak [21]
. Yang Bak- Sheppen 2
Bak-Sheppen ), ,
Davidodn == Bak- Sneppen 1/ , 1/f ,
. Head Bak-Seppen Y ( Bak- Sheppen
) Bak- Sheppen , ,
. Head , Bak-
Sheppen , , .
Bak- Sheppen , Wetts Barabas ~ Newman
[17 ,19,25]
Bak- Sheppen Bak-
Sheppen , p=1 ,
, ; , Bak- Sheppen p ,
Bak ;
p , , Kulkarni
il p il
3.1 Bak- Sheppen
Bak- Sheppen Wats  Srogatz .
: 2k, p( )
(breaking and rewiring) .
; , k =2k.
Bak- Sheppen N , o fi
[011] il i:1121 yN; 1 ( fly S
fi ) [0,1] | S| : S
3.2 Bak- Sheppen
p=1

K



Bak- Sheppen (evol utionary oo oooooe
tree) , 1. b0<bs<l. s ——
& \h('”._:—.(‘-im
o R S S
i i time
j b, i j
(1 ) 1 Bak Sheppen
t p (1),
Ap(t) =p(t+1) -p(1) =- (1- bp(t) +b k (1-p(1))p (D), (1)
(1) ,
k. (1) , t , 1-b b,
t+1 . (D , t 1-p(t) k (1
-p (1))p (1) t : b b,
t+1
Ap (t) =0,
bp =p(-1+b+bk (1-p)) =0, 2
p p(b) [26] (2, p=1 Bak-
Sheppen
= 3 +1 k ©
b> b (2
p =1 ﬁ (4)
(3 k b. (4)
pzl'&-g)bgzbb bi’ ®
b b (5)
P b- k (6)
(6) , b b b
p=1 Bak- Sheppen
b p ( 2). [0,
1] . b, o) p=1 30
N = 2000. : k=2,
k =4, 2 ,p=1 Bak- Sheppen b=
0.203, (3 h=1/(1+ k) =0.2; b> b 2 P b-h
: : (3 (4
b. ? N
Waits  Srogatz p=1 (1) t
t (1-3)p (1), p(1). :
k =4
3x(2/N)

(3+(2/N))



2006 1

6
(2/N) ; , N (3+2(N - 1)/N) (2/N)
5 = (3+ (O/N))(2/N) + (3+ (4/N))(2/N) + + (3+2(N - 1)/N) (2/N)
- 2N
_1 2N(N-1)| _4N-1 1
= N2[3N + N J =N N (7
(7) : N ,
Bak- Sheppen fe p 3
N =5000, p 10 ,
500000,
0.4 0.45
0.35
03 1 04
0.25 1 0.35
P 0.2 fc
0.15 1 0.3
0.1 1 0.25
0.05
0 0.1 0.2 0.3 0.4 0.5 0.20 0.1 02 0.4 0.6 0.8 1
b 14
2 Bak- Sneppen 3 p  Bak Seppen
b P b
3 , ( p 0,000 0.1, ,
p 0.1 1 \ . Paczuski ten Bak-
Sheppen
L (
) 1 1 [17] 1
3
p , 4 Bak- Sheppen T
Bak  Sheppen Bak- Sheppen e ,
b, ( b
) ) b ) . p H 20 il
2000 , P (p 0,001 0.1,
, , Kulkarni Bak- Sheppen
21 Kulkarni p=0.01
1 1 p = 0 01
1.5 ’
14l | Kulkarni , ,
1.3} “ "
i i? | (shorteut) ,
1 1 p L
2: ©p 0.7 Bak-
o 01 02 0.4 » 0.6 03 1 Sheppen , [28]
T =15
4 Bak- Sheppen ( 0.086) , Bak- Seppen 0C
P ! ( , [22,23] ).



[1]

[2]

[3]

[4]

[5]
[6]

[7]

4
Richnond
Slorom (20301 , LotkarVolterra( G.V)
; Pareto ,
Bak- Sheppen ,
Bak- heppen ,
. Yamaro Bak- Sheppen ,
- Marcel Bak- Sngppen
(2
1 Bak 1
(auto-catalytic) (conpeting) ,

Bak P, Tang C, Wiesrfidd K. SHf-organized criticaity : An explanation of 1/f moise [J]. Physcad Review Leters, 1987, 59:
381 - 334.
. [D]. : ,2002.

Li W. The scding behavior and avdanche dynamics in ewolutions[ D]. Wuhan: The Doctora Dissertation of Huazhong Normdl
Univergty ,2002.

. [J]. ,2004 , 12(4) :38- 41.
Me K Y.On the sf organized criticdity and the evol utionary behavior of conplex sygems[J].Journd of Sysem Didectics,2004 ,
12(4) :38- 41.

, , : GEBYAIP

, 2002, 22(8) : 17 - 21.

Fan W T,Ding Y M ,Gng X Q. A posdhble gpproach to the framenork of the fundamenta theory of sysem science(part four) [J].
Sydem Eng neering: Theory and Practice ,2002 ,22(8) :17 - 21.
Bak P. How Nature Works: The Stience of Sdf-organized Griticdity [M]. Berlin: Soringer , 1996.

, , : ( )l

, 2003, 23(5) : 1- 14.
Ding YM ,Fan W T,Gng X Q. A possble gpproach to the framenork of the fundamenta theory of sysem stience(part seven) [J].
Sydem Engineering: Theory and Practice ,2003 ,23(5) :1 - 14.

, . Lorenz [J1. ,2001 , 21A (4) : 559 - 569.
Ding Y M ,Fan W T. The cheotic behavior and datidicad dahility of a dusger of Lorerz mgpping[J]. Acta Mathematica Sciertia,
2001 ,21A (4) :559 - 569.



2006 1

[8]
[9]

[10]
[11]

[12]
[13]
[14]

[15]

[16]

[17]
[18]
[19]
[20]

[21]
[22]

[23]
[24]
[25]
[26]
[27]

[28]
[29]

[30]
[31]

[32]

Jensen HJ. SHf-organized criticdity [M]. Cambridge: Cambridge Universty Press, 1998.

Bak P, Seppen K. Punctuated equilibrium and criticdity in a nple modd of ewolution [J]. Physca Review Letters, 1993, 71:
4083 - 4086.

Bak P, Chen K, Creutz M. Sdf-organized criticdity in the game of life [J]. Nature, 1989, 342: 780 - 781.

Kaufman S A ,Johnseen S. Goewolution to the edge of cheos: coupled fitness landscapes, poised dates, and coevol utionary
avalanches [J]. Journd of Theoreticd Biology , 1991 ,149: 467 - 505.

Bak P, Chen K, Tang C. A fored-fire nodd and ome thoughts on turbuence [J]. Physcd Letters A, 1990, 147: 297 - 300.
Chen K, Bak P. Isthe universe operating & a sdf-organized criticad date ?[J]. Physcd Letters A, 1989 ,140: 299 - 309.
Oam Z, Feder HJ S, Chritensen K. SHf organized criticdity in a continuous, nonconservetive cdluar autamation nodeling
earthquakes [J]. Physcd Review Letters, 1992, 68: 1244 - 1247.

Bak P, Chen K. Aggregate fluctuations from independent sectora shocks: SHf-organized criticdity in a nodel of production and
inventory dynamics [J]. Ricerche Ecoromiche, 1993, 47: 3- 30.

Meng T C, Rittd R, Zhang Y C. Indadic diffraction and color snget guwon clugers in high-energy hadron- hadron and |eptorr
hadron collisons [J]. Physcd Review Letters, 1999, 82: 2044 - 2047.

Wetts D J, Srogaz S H. Qdllective dynamics of andl world networks [J]. Nature, 1998, 393: 440 - 442.

Milgram S. The svdl world problems [J]. Psychology Today , 1967, 2: 60 - 67.

Barabas A L, Albert R. Emergence of scding in random networks [J]. Science, 1999, 286: 509 - 512.

Kukarni RV , Adams E, Sroud D. Bwlutionary dynamicsin the Bak- Sheppen modd on smdl world network [J]. Phydcd Leters
A, 1999, 263: 341 - 345.

ArcangdisL D, Hermann HJ. Sdf-organized criticaity on smdl world networks [J]. Physca A, 2002, 308: 545 - 549.

Yang CB, Ca X. Junp of the minima dte and a new corrpédlation function in Bak Sheppen modd | 1] . Europesn Physcs Journd
B, 2001, 22: 375- 379.

Davidson J, Liithie N. Corimmon on 1/f noise in the Bak- Sheppen nodd [J]. Physcd Review E, 2001, 63: 101 - 102.

Head © A. Anisotropic B:ak-3eppen nodd [J]. Journd of Phydca A, 1998, 31: 3977 - 3982.

Newman M =J. The gructure and function of conplex networks [J]. SIAM Review 45: 167 - 256.

Boguna M, Satorras R. Epidemic reading in corrdaed cormplex networks [J]. Phydcd Review E, 2002, 66: 047104,

Paczuski M, Madov S, Bak P. Avdanche dynamicsin evolution, grosh, and depinning models [J]. Physcd Review E, 1996,
53: 414 - 443.

Boer J D, Jackoon A D, Wettig T. Giticdity in gnple nodesd ewvolution [J]. Physcd. Review E, 1995, 51: 1059 - 1074.
Richmond P, Slonon S. Rower-laws are boltzman laws in digguise [J]. Avalable at : http ://arxiv. org/abs/cond- mat/0010222 ,
2000.

Slonmon S, Generdized Lotkar Volterra nodd s of dock markets [J]. Advances in Qomplex Sysems, 2000, 3: 301 - 322.
Yamaro T. Regulation efects on market with Bak- Sheppen nodd in high dimendon [J]. Internationa Journd of Modern Phydcs
C, 2001, 12(9) : 1329 - 1333.

Marced A. Bwlution of economic erforces under heterogeneous political environment condition within a Bak- Sheppen like dynamics
[J]. PhyscaA, 2004, 332: 394 - 402.



