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Ingle - and double - stage
parallel implementations of
genetic algorithms for parameters
estimate of metabolic pathways

Advances in genomics and -omic sciences have begun to produce unprecedented amounts of data that await for analysis Parallel implementation (single stage)

and interpretation. Reliable explanations of how processes are requlated require an accurate modeling approach at the

systems level; quite often these models of biochemical networks rely on several unknown parameters which need to be . . - . . .

estimated. Estimate of model parameters from experimental data remains a bottleneck for major breakthrough in Systems SRR B In this first implementation we have
Biology; it consists in the solution of an inverse problem which requires the use of an efficient optimization algorithm. The \\\ \ \ / one repeated stage of parallelism. A
genetic algorithm (GA) is a widely known method which yield reliable values for model parameters with a large computational si‘:igerefcfcc?;essgf:; géﬁegﬂsﬁ:
dema.nd'. , . . : ationfof the fitness for an individual,
Our aim is to develop a parallel iplementation for parameter estimate basgd onGAto fu_lly deplloy the large computational . . . . to N different CPUs. Then it takes
power of a modern grid such as that set up at the Enea Portici site. Our implemen-tation relies on: ces e the result and prodedes with the re-

Ecell software from Keio University (Japan) for simulations of biochemical networks \\\ \ / maining steps (3-5) of GA. This pro-

LSF - load sharing facility - a job scheduler for (multi) cluster (SGE and Globus are supported as well) _ cedure is conceived to be used on a

single (better if homogeneous) clus-
ter with many CPUs since all the re-
The genetic algorithm: Introduction . . . . S ts sults from them are coordineted by

\\\ \ a single node and latency periods

to collect informations from differ-

_ ent clusters might be relevant.

Parallel implementation (double stage)

Very often modeling of biochemical network
is affected by parameters lack:
) kinetic costants, initial concentrations,...

In this second implementation we have
two repeated stages of parallelism. A
master process spreds different GA ses-
sions, each with a smaller population, to
N different CPUs. Each GA session works
as explained in the case of the single stage
procedure. When all GA sessions have
finished, the master node takes the best
individuals from each of them and se-
lect a new starting population and the
Cluster 1 Cluster 2 Cluster n du;.er.‘fe?: ;Or‘fg}ff idbzgau?ed ::1 asmhprocnez:
tures with small distributed clusters with
1_‘D .:’ not many CPUs(note that we use reduced
populations). In this case the central node
ooy Tl e Beluficnl has a low communication with the sec-
\\ / ondary GAdse]?Si?ns and the I;)rocecids fure is

- . - not atenc rio i
The genetic algorithm: Standard Operating Procedure SuperGeneration Operators] dustﬁff;l;mimm gﬁemfo:;,:;ﬁ
exchange performed by the master node
. is important to avoid a secondary GA ses-
|Solution| sion be trapped in a local solufion since

the small size of its population.

According to GA analogy, unknown parameter
like the genes of a DNA string, undergoing sex
stages of selection and mutation to finally yic

the fittest individuals, i.e. the best experimen..

In the following picture the standard GA procedure is shown. In order to efficiently parallelize GA we
determined some units (“ecell session” and “GAoperators”) which can be run on a single CPU:

D Metabolic Model Fxperimental Dat Exa m p I es
o ¥ We start with a Metabolic Pathway Model
: ‘;hith missing parameta?rs anii a Is’et of time We used our implementations for GA in the case of the Circadyan Cycle metabolism. We used ecell3-
epentent experimental results. Proceding : ol : i : :
g et GO, we vr e B Liv - model-editor, which is an Ecell tool, for drawing the biochemical network model:
C: - +—1 ) — | T e ALETaTSTE : o
1) Generate a random initial genoma set. 2) Calculate each individual’s fitness 3~ [€;(t) — f(, ki, t)]?
where £(t) are a set of experimental observations and f;(k,. t) are the
corresponding simulated quantities (k; represents the unknown
LK arameters, 1 is time). ,
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= z This is the evolution of the cost function (~ 100CPUs, generations=1000, population=100, 10° total indi-
Time VidualS):
3) Individuals from the current population are selected 4) Muttt snch Chepmenoene in fhe clispeing i i s S
to generate an offspring with a small variance ' i
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3. R O Comparison between evolution of the cost function of single and double stages procedures:
¢ =
:“' i ks Pkt
e  resultlstg e S
b < 100000010601, =
result 2 stg:
Ky = 19652181 264 R
_ o = 10.008944354,
soluir: | wl
Ky =10 ]
5) Go to step 2 with the new population, or R Y
stop if exit criteria(a threshold for the J Sl .
cost function or a maximum generation limit) Although the double stage procedure yields good results, the single stage one usually performs better.
are satisfied That is mainly due to the use of a larger population which is a very important parameter in GA.
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