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Abstract: The paper demonstrates that
holon networks can be used effectively for the iden-
tification of nonlincar dynamical systems. The em-
phasis of the paper is on modeling of complicated
systems which have a great deal of uncertainty and
unknown interactions between their elements and
parameters.

The concept of applying a quantitative model
building, for example, to environmental or ecolog-
ical systems is not new. In a previous paper we
presented a holon network model as an another
alternative to quantitative modeling. Holon net-
works have a hierarchical construction where each
level of hierarchy consists of networks with recipro-
cal actions among their elements. The networks are
able to evolve by self-organizing their structure and
adapt their parameters to environments. This was
achieved by an autonomous decentralized adapta-
tion algorithm.

In this paper we propose a new emergent evolu-
tion algorithm. In this algorithm the initial holon
networks consists of only a few clements and it
grows gradually with each new observation in order
to fit their function to the environment. Some ex-
amples show that this algorithm can lead to a net-
work structure which has sufficient flexibility and
adapts well to the environment.

1 Introduction

The necessity to control large-scale and compli-

cated nonlinear dynamical systems is increasing.
For the problem of grasping the behavior of

nonlinear systems, in a previous paper we proposed

holon networks being able to scll-organize thicir struc-

ture and adapt their parameters to environments|1].
The cvolution of the networks was achived by an
autonomous decentralized adaptation algoritlm,
Holon networks, being constructed by a num-
ber of elements and hence having high degree of

parameter freedom, have great flexibility of their
functions. DBut, at the same time, such networks
are computationally expensive.

In this paper we present a new evolution algo-
rithm to reduce the computation times. In this al-
gorithm the initial holon network consists of only a
few elements and it grows gradually with each new
observation in order to fit its function to the envi-
ronment. It is shown for output estimation prob-
lems of sequential circuits that this algorithin leads
to a network structure which adapts well to the
enviromnent(output series) and acquires the envi-
ronmental dynamics.

2 Holon network

One of the common properties of the nonlinear sys-
temns, including natural or artificial systems, for
instance atmospheric plienomena, economical sys-
tems and social systems, is that nonlinear systems
have complicated reciprocal actions among a lot of
clements constructing the whole systems.

The concept of representing the property us-
ing a holon character has been proposed as holonic
control and holonic loop[5].

The purpose of holon networks is to realize the
concept as a model with respect to the input-output
relation of the complicated systems.

2.1 Fundamental properties of holon net-
works

First, the structure of holon networks is open-end
multi level hierarchical construction where each level
of hierarchy consists of networks constructed by the
elements connecting each other within the level (sce
fig.1).

Second, holon consisting the networks is kind
of like sub-whole, having a dual character. One
side of the dual character is the phase of under
controlled behavior by integrated whole system to
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Fig. 1: Open-end multi level hierarchical construc-
tion.

which the holon belongs, other side is the phase of
maintaining itself each individual autonomy as a
like whole[4]). We call dependent phase for the for-
mer, autonomous phase for the latter respectively.

And last, the function of a holon is defined as
the function of the network consisted by its lower
level holons, on the other hand the network struc-
ture is changed by balance of the dual character of
each holon. '

In holon networks the dual character acts as the
forces of making two reciprocal actions, which are
complementary to each other and important factors
in technological application. One of the reciprocal
actions of holon networks, called wertical interac-
tion, is the interaction between a holon and the
holons within the network defining the function of
the holon, and other reciprocal action, called hori-
zontalinteraction, is the interaction between holons
within a layer.

Finally, the function of a hiolon, being constructed

by a number of lower level layer holons, have great
flexibility. Hence the function of a high level holon
is able to realize great adaptability to its environ-
ment even if the function of lower holon is compaur-
atively simple one.

2.2 Binary holon networks

As mentioned above, the structure of a holon net-
work is the open-end hierarchical construction. But,
the open-end, i.c. infinite construction cannot be
realized by material construction. Hence we con-
sider a finite hierarchical construction with mate-
rial holons and an infinite hicrarchical construction
with imaginary holons. We call the former ma-

terial holon network and the latter hidden holon
network(see fig.2).

. the highest level layer
material holon network T <
J

. snvironmant for lhe highest level layer
of materlal holon network

" the lowest level |aycr hidden holon network
Fig. 2: Material holon network and hidden holon
network.

One of the final purposes of building the holon
network model is to define, on the model, explicitly
quantitative two reciprocal actions, especially the
vertical interaction. However, as the first model, we
employ binary holon networks: cach variable of the
holon consisting of the networks takes binary values
and in this paper, the material holon networks are
constructed by two level layers.

The binary holon networks have many points of
similarity to random boolean networks[2] or cellular
automata[3]. The state transition rule of the lowest -
level layer holon is described by

zi(t + 1) = Bi{z:(t), wir (t)y1(¢),
cowin(@Qyn (), w(t)) (1)
yi(t) =z:(t) (E=1,---,N) 2

wliere N is the number of the lower level layer
holon, w;, yi, zi(€ {0,1}) denote input, output, state
of the lowest layer holon 7 respectively, the B; is
boolean function, and the u';,»,-(e {0,1}) denotes
connection weight from the holon j to the holon
i(sce fig.3). In binary holon networks, the nctwork
structure of a layer is decided by the values of the
wij.

The highest level holon is defined as the network
constructed by the lowest level layer holons, and its
output ¢ is defined as

9(t) = b{n (), -, yn ()} &)

wliere h is a boolean function. We define the output
of a holon network as the output of its the highest
level holon, 4.

The § varies depending on the lowest level layer
holons: boolean function B;, the w;; defining the
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Fig. 3: Input-output rclation of the lowest level
layer holon 1.

horizonielinteraction among the lowest holons, and
the initial state 2.

2.3 Parameterizing the dynamics of bi-
nary holon networks

In random boolean networks, the complexity of their
dynamical behavior changes depending on the pa-
rameter K which is the number of elements linked
to per element{2]; it is kind of neighbors in cellu-
lar automata. On the other Land, in cellular au-
tomata, the complexity is changed by the parame-
ter A which is complexity of transition function|3];
it is related to biases in boolean networks.

The main differences from boolean networks and

cellular automata are that in binary holon nctworks
-each element(the lowest level layer hiolon) may have

individual number of linked elements and individ-
ual transition function different from each other’s.
(Of course, this fact don’t imply that all clements
must have different linked number and boolean func-
tion from each other.)

Thercfore, for parameterizing the dynamics of
binary holon networks, we will employ parameters:
ki[1](called the individual connection intensity) and
F, instead of the K and the A respectively.

The kq, implying the number of holons linking
to the lowest level hiolon 1, is defined as follows.

N
L‘.,‘ = Zw,-j. (4)
j=1

In this paper, we wiil employ as the I; four
boolean functions: AND, OR, XOR( mcans ¢x-
clusive or ) and XOR. Then, the parameter F,

is defined as the number of the lowest level holons
which have XOR or XOR boolean functions.

F.=) F (5)
i=1
where F; = 1 when B; is XORor XOR,and F; =0
when B; is AND or OR.

3 Autonomous decentralized evo-
lution

In this section, we propose an autonomous decen-
tralized evolution method of holon networks. First,
for the N = 20 networks, we present a brief quan-
titative overview of the structural relations among
the dynamical regimes in rule space of binary holon
network as revealed by the k; and the F, param-
cters. Sccond, an autonomous decentralized adap-
tation algorithin is described by using these struc-
tural relationships and the holon’s character.

3.1 Quantitative overview of binary holon
network dynamics

We mecasure the complexity of binary holon net-
works dynamics by using Shaniion’s entropy H and
pseudo Lyapunov exponent M[6).

For a discrete process A of S states, Shannon’s
entropy H is given by

S
H(A) = Zp,' log p;i. (6)
=1
Fig.4 shows the average entropy per the lowest
level holon, M, as a function of the average con-
nection intensity per the lowest level holon, K|, for
different values of F.. The K given as follows.

N
= =5 k.
I % }; (7)

First, note that the markable feature at around
K = 2 for all F,. values. The resemble result to
this feature has been reported in random boolean
networks|2].

Sccond, note that as F, increase, H also in-
crease for most of K points except for around K =
2 and K = N. Again, resemble results to those
observations have been presented in cellular au-
tomata. This becomes more clearly by plotting H
as a function of F.: the function, having same fea-
ture or shape comparing with as a function of A, is
given{3] (sce fig.5).
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Fig. 4: Average single holon entropy H over K
space for approximately 2000 binary holon network
runs. Each point represents a diflerent network
structure: different arrangement of boolean func-
tions and weight of connection lines.

In order to measure the complexity with respect
to chaotic behavior depending on structural pertur-
bation, we employ Lyapunov exponent for a binary
time series, in this paper we call pseudo Lyapunov
exponent, M. The A is defined as follows. We de-
fine a state vector X as follows.

X = [zo, 2, -, 2n]" (8)

where z; dcnotes the state of lowest level layer
holon 1.

Setting an initial state vector X0 to a network,
we observe the state vector transitions X}, X2, .-+,
XM without any inputs coming from outside of the
network: called autonomous network.

At each step m(= 1,2, -, M), setting the state
vector X,’)"-l to the network, provided the Ham-
ming’s distance from X*~! is equal to 1, we ob-
serve one autonomous transition step and calculate
the Hamming distance H™ between X' and X".

m-—1

For some state vector X;"7", we calculate en-

seible average of the distance H™, < H™ >. Then

M
Z log < H™ > . (9)

m=1

r_ 1 -
A —A}l—lgoﬂf

Fig.6 shows pseudo Lyapunov exponent, X, as
a function of F,.. Note that fig.6 is similar to fig.5.
And we observe same simnilarity with respect to pa-
rameter K. But, X is not completely equal to H.
Fig.7 shows relation between H and X'. This figure
suggests that binary liolon networks around A’ = 0(
called the edge of chaos ) are able to realize be-
havior with from high entropy(cheotic or complez
behavior) to low entropy({simple behavior).

Therefore, if we keep a binary holon network to
the edge of chaos, then we can expect high efficient
adaptation ability to the process with from high
complexity to low complexity. The following evo-
lution algorithm uses this feature of binary holon
network as main strategy for adaptation to envi-
ronment.

3.2 Autonomous decentralized adapta-
tion algorithm

Here, we present an autonomous decentralized adap-
tation algorithin for evolution of binary holon net-
works. In this evolution algorithm the initial holon
networks consists of only a few clements. It grows
gradually with cach new observation in order to fit
its function to environment.

In each gencration 7, the connection intensities
k; which are main parameters of the algorithm, are
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Fig. 7: Average entropy H versus psendo Lyapunov
expnent A

(:lldilgé(l by balance of the two phases of holon. The
change in connection intensity, §k;, is calculated as
follows.

ki(1) = K () {fur(H) + far(N)} fi(k:)
_ N{C(Ho— Hy) — N} i(k)

1+ emp%i)

More details with respect to exerting of the dual
character of a holon are follows.

Throughout for all holon, the dependent phase
of a holon against its higher level holon is affected
by the antonomous phase of the higher holon, while

(10)

the two phases of a holon are independent phases
to each other[4].

The dependent phase of the highest level holon
works to iinprove fitness to the environment. This
phase has influence on §K and fy in equation (10)
as follows.

_ N
(o) = ——F—F—F— 11
O ey W
fu(H) =C(H, — Hy) (12)

where grad and C denote constant coeflicients, the
H, and Hy denote entropy of output time series of
environment and holon network respectively. Note
6K and fy; have influence on indirectly the k; as
coefficient.

The autonomous phase of the highest level holon
works to keep the networks at the edge of chaos.
This autonomous phase has influence on the depen-
dent phase of its lower level layer holon as fy (V) =
- in equation (10).

The autonomous phase of the lowest level holon
works to keep present state: B; and k;. This au-

tonomous phase has influence on fi(k;) in equation
(10) as follows.

fi(ky) = 14+ ki — ke (C(Hy, — Hy) =N >0)
SRIT 14k (CUL - Hy) - X £0)

where ke; is defined as follows.

N
kei =Y wi; Fj. (13)
i=1

Finally, we present the cvolution algorithin as
the following:
step 1: Get a holon network of initial generation,
by taking N = 1 and setting randomly By, w1, z).
step 2: In cach generation 7, calculate fitness af(r)
to its cnvironment( sce equation (16) ).
step 3 Compute 6k;(1) by equation (10).
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step 42 Ifk;(1)46ki(7) is less than N — F,. or not less
than F,, then generate one the lowest level holon
and 8ki(7) = 0. The boolean function of gencrated
holon, By, is decided by sign of ék;(7) as follows.

B = { XOR orXOR (6k; > 0)
N~ OR orAND (8k; <0)

step 5 Increase w;; randowmly, under 8k;(r) con-
ditions: if 6k; > 0 then increase kc;, clse increase
k,‘ - kC,’.
step G: After for all i = 1,2,---, N execute from
step 3 to step 5, go back to step 2 at next generation
7+ 1.

4 Simulation results

‘Here, we use as a dynamical system the following
sequential circuit:

z(t+1) = f{z(t),u(t)} (14)
y(t) = g{x(t),u(t)} (15)

where u, y, (€ {0,1}) denote input, output, state
vector of the system respectively, and a transition
function f.and an output function g are unknown
boolean functions.

The input-output sequences of the above sys-
tem are fed to our holon network.

In this simulation the fitness a(7) is defined as
follows.

T

a(T)=1—% ‘ Z

t=r—D+1

ly(t) — 9(1)] (16)

Fig.8 shows the fitness as a fuuction of cvolu-
tional generations. Despite change of environment(
i.e. the functions f and ¢ } at the 80 generation,
the fitness converges optimal value cflectively.

The fact that the fitness is maintained at the
optimal value for some generations suggests that
holon network acquires dynaics of the sequential
circuit not only static mapping from input sequence
to output sequence of the circuit. And the eflicient
adaptalion to changing environment suggests that
the new evolution algorithm can reduce the expen-
sive computation times.

5 Conclusion

It is shown that holon networks ave useful for mod-
eling of complicated nonlincar dynamical systems.
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Fig. 8: Fitness as a function of generations for
adaptation problem to sequential circuits dynam-
ics.

Holon networks have great deal of flexibility and
adaptability by using the evolution algorithm. The
main concept of the algorithm is to keep balance of
the two phases of holon. Using the new algorithm
presented in this paper, it is possible to reduce the
expensive calculation times. Furthermore, we are
studying on more quantitative analysis of the dual
character of holon and on building the continuous
value holon networks.
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