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Complexity and

Scientific Laws

MY STORY BEGINS in 1686 with Gott-
fried W. Leibniz’s philosophical essay
Discours de métaphysique (Discourse
on Metaphysics), in which he discusses
how one can distinguish between facts
that can be described by some law and
those that are lawless, irregular facts.
Leibniz’s very simple and profound idea
appears in section VI of the Discours, in
which he essentially states that a theory
has to be simpler than the data it ex-
plains, otherwise it does not explain
anything. The concept of a law becomes
vacuous if arbitrarily high mathemati-
cal complexity is permitted, because
then one can always construct a law no
matter how random and patternless the
dara really are. Conversely, if the only
law that describes some data is an ex-
tremely complicated one, then the data
are actually lawless.

! /I % 6778



19

L/
L/

%

"%

%



%

%

%
%

%

%

%

%

%

%

%

$ )+

?@A% 677637A368% B?B

%



Computational Modeling Approaches
-- Diverse Spectrum

SPECIFIED ABSTRACTED
I -

differential equations

A
i oo Markov chains
| T Boolean models
! ; &
mechanisms Bayesian networks
(inclu ding T statistical mining
structure) : T ot
influences
relationships
aliC: Pacific Nortinycst National Laboratory
Batielie Bio ", \wlecular LS. l}e:--.%.'artnu:mI '::1 Encrgy &

Systems



Computational Modeling Approaches
-- Diverse Spectrum
( %. %/

SPECIFIED () 1 2 ABSTRACTED

W ~ I——

differential equatlc:]ls 2
&
ot 1 /Plarkozf:hain53

; T Boolean models
: hani 4
1 ‘T ' . .
: mechanisms Bayesian networks
(including T statistical mining
structure ; T
) influences w
relationships
et | |
Baflelle 84 g S

Syslems



Ro Qo



* ( 4* 4(
/ ; ; / : p;

/H# ®., H& &/
H& ®, /H# &

/< 33+
%



~ X A

%

22

5 %

5



%

% 6 !
16

1
5
1
?

@@A

72 8
4
72 81 Surprisingly enough, we -
% % 1 have found that parameter values that give rise to a stable steady
state in the deterministic limit continue to produce reliable
% 1! 72 oscillations in the stochastic case, as shown in Fig. 5. Therefore,
the presence of noise not only changes the behavior of the system
by adding more disorder but can also lead to marked qualitative
differences.
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. Fig. 8. Phase portrait as in Fig. 4 but for a situation inwhich the system falls
time {l‘lf} into the stable fixed point (Ra,Co). The dotted arrow to the left of the fixed

point illustrates a perturbation that would initiate a single sweep of the

Fig.5. Timeevolution of A for the deteministic Eq. [1] () and stochastic (b) {former) oscillatory trajectory.

versions of the model. The values ofthe parameters are as inthe ca ption of Fig.
1, except that now we set & = 0.05 h~'. For these parameter values, + < 0, so
that the fixed point is stable.
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Fig.2. A computation of Sys. For readability, the processes, enclosed in boxes, have
no address. Causality (both on transitions and processes) is represented by the (Hasse
diagram resulting from the) arrows; their absence makes it explicit concurrent activities.

Fig. 1. Graphical presentation of Transeriptional Regulation by Peeitive Feedback

[25].
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