Abstract

We investigated the

scaling behaviour of
the computational effort

of global minimization algorithms
for a simple model of protein-
folding with respect to the sys-
tem size .

We studied a “demixing” model
of two species of Lennard-Jones-
particles with a Monte-Carlo
and a stochastic tunneling method
on the lattice and in the
continuum and compared these
results to a multi-start algo-
rithm.



Motivation

We investigated the scaling
behaviour of the computational
effort (V) of global minimiza-
tion algorithms with respect
to the system size (V)

NCPU — A y Nﬁ
to obtain

(a) an estimate for realistic
applications in the context
of protein-structure-prediction
and

(b) a criterion to fundamentally
distinguish different algorithms



Model

Two types (yellow,red) of par-
ticles interacting with a Lennard-
Jones-Potential in 2D

1: different color
2: same color

(a) Local Minima = lattice con-
figurations on A lattice

(b) NP-hard

(c) Global Minimization
= Demixing
average pathlength ~ N
Demixing makes the model
more complex than it would
be for identical particles.



Typical paths to escape from local
minima :




METHODS FOR. THE CONTINUUM MODEL
MCM (Scheraga et al.):
Monte-Carlo on local minima

Ensemble ~ exp (—%)
Tunneling (Levy et al.) :

Monte-Carlo on local minima
with a Tunneling approach

f(Z) =1—exp(=F2[f (T) = fuul)




Multi-Start :

Choose random initial config-
urations and perform local min-
imization.

METHODS FOR THE L TTICE MODEL

Multi-Start :

Choose random initial config-
urations and swap nearest neigh-
bours as long as this lowers
the energy.

MC on lattice = MCM in the

continuum :
Ensemble ~ exp (—%—7@1) sampling




Conclusions

Thermodynamic minimiza-
tion algorithms yield power-
law scaling

Nz ~N°
N*~N 2!
N ~N !

whereas the Multi-Start
algorithm shows an exponen-
tial behaviour.

Extrapolation from
met-enkephalin

N = =1
to
-hemoglobin
N=1 =1 1

NEED L ORITHM ITH LO ER
SC LIN E ONENTS






