Modelling Antibiotic Production using Standard and Sequential

Hybridised Symbolic Annealing

M ark A. Porter

Advanced Process Control Group

Dept. of Chemical & Process Eng.

Universityof Newcastle

Newcastle upon T yne

NE1 7RU, UK m.a.porter@ncl.ac.uk

+44 (0)191 222 5332

M ark J. Willis

Advanced Process Control Group

Dept. of Chemical & Process Eng.

Universityof Newcastle

Newcastle upon T yne

NE1 7RU, UK mark.willis@ncl.ac.uk

+44 (0)191 222 7242

Gary A. M ontague

Advanced Process Control Group

Dept. of Chemical & Process Eng.

Universityof Newcastle

Newcastle upon T yne

NE1 7RU, UK gary.montague@ncl.ac.uk

+44 (0)191 222 7265

Abstract

T his paper considers the development of databased mathematical structures capable of predicting the biomass and antibiotic concentrations of an industrial fermentation process. T he models are developed using both a standard SYMBolic Annealing (SYMBA) strategy, and a hybridised formof SYMBA.

Results reveal that the empirical model structures identified using the standard formof SYMBA produce much more accurate predictions than its hybrid counterpart. However, the models discovered using the hybrid variant are more interpretable in that theyallowthe researcher to identifyimportant growth characteristics of the fermentation process.

1 INTRODUCTION

Previous research has concentrated on artificial neural networks and genetic programming to tackle the problem of modelling fermentations. However, the former reveals little information about the process due to its `black-box´ nature, while the latter tends to be veryCPU intensive. In an attempt to capture the positive aspects of both of these approaches, we propose a novel technique for predicting the biomass and antibiotic concentrations of a fermentation process, which is based on Simulated

Annealing (SA), Aarts et al. (1989).

2 RESEARCHDETAILS

During this work, a modification of an SA algorithmis utilised in order to performthe optimisation of structure i.e. SYMBA, Porter et al. (1998). T he structures identified bythis algorithmare either directlyevaluated to generate concentration estimates, or incorporated into a pair of differential equations in order to predict the growth rates and hence concentrations of the two variables of interest.

Our hybrid version of the algorithmnamelySequential

Hybridised Symbolic Annealing (SHSA) allows two structures to be developed in series (one for each variable being predicted). In sequential mode, the interaction between each structure evolution process is prevented, as opposed to the algorithmused in Porter et al. (1999).

Experience has shown that operating in series allows solutions to be discovered that produce more orthodox growth profiles.

T o identifyeach algorithm´s potential to discover models with varying degrees of step-ahead predicting capabilities, experiments were performed wherebypredictions were generated at a frequencyequal to the sampling rate (every

7-8hrs) and at an hourlyrate.

3 CONCLUSIONS

Results fromthis studyhave shown that the predictive accuracyof the models identified using standard SYMBA are far superior to those using the hybrid variant. In fact, it has been found that is it sufficient to re-evaluate the models predicting at a rate equal to the online samples in order to generate accurate predictions per hour. However, for SHSA it has been found that the algorithm must be operated with the models directlypredicting per hour for sufficientlyaccurate predictions to be discovered. T his results in much higher runtimes being observed. However, in both cases the CPU requirements were still quite acceptable.

Bibliography

Aarts E. & J. Korst (1989), Simulated Annealing &

Boltzmann Machines , John Wiley& Sons.

Porter M. A., M. J. Willis & G. A. Montague (1998), A

Comparison of Symbolic Annealing & Genetic

Programming for Data-based Modelling, Proc. of the 3 rd

Ann. Genetic Programming Conf. , Madison, Wisconsin.

Porter M. A., M. J. Willis & G. A. Montague (1999),

Modelling Antibiotic Fermentations using Parallel

Hybridised Symbolic Annealing, Proc. of the 18 th Conf.

on Mod., Ident. &Cont. , Innsbruck, Austria.