MB - GP IN MODELLING A NDPREDICTIO N

Carlos Oliver - Mor al es

DISCA - IIMAS - UNAM

Ci rcuit oEscolar, Cd. Universit ar ia

O4510 MexicoCit y, MEXICO

Katya RodríguezVázquez

DISCA - IIMAS - UNAM

Ci rcuit oEscolar, Cd. Universit ar ia

O4510 MexicoCit y, MEXICO

Abstract. The paper descri bes a hybri d approach for dynamic syst em modell ing. This pr oposal i s mai nl y based on a Least Squares algorit hmand a Mul ti - Branch Genet ic

Programming (MB - GP) encoding. Havi ng mult iple branches representing an individual al lows us to get si mpler mathemati cal expressions, and t herefore, r educes the computat ional evaluation t ime.

1 I NTROD UC TION

The encodingproposed i n this worki sil lustrat edin Fi gure

1. It is composed of an n number of branches, n+1 coeffici ent s (one for each branch and t h e constant t erm) and the additi on funct ion. The branches are mat hematical expressions representi ng functi on t erms and encodi ng as tradi tional GP struct ures; however, the maxi mum depth of theses branches are much more lower t han t he one of an approach usi ng tradi tional GP encodi ng. Coeffi cients of each branch are est imated bymeans of a Least Squares algorit hm. The additi on function has the aim of addingt he product of each branch with i ts associat ed coefficient i n order t o cons truct the model.

Cross over ope rator was specifi cally defi ned for the MB -

GP encoding. Crossing over two parent individuals consists of sel ect ing randomly a branch in each parent and swapping selected branches. Mutat ion consist s of randomly s electing a branch, elimi nating t he select ed br anch, and finall y, substi tuting it for a new branch created randoml y from primit ive functi ons.

ADD ER r

1

r

2

r n

C 1 C 2 C n

· · ·

· · ·

C n +1

Figure 1. MB - GP encoding.

2 P RELIMINAR Y R ESU LTS

The data used i n this work(local behaviour of temperature in a large peri od of t ime) was measured near Mexico City, at Texcoco Lake. Temperat ure (T), relati ve humi di ty(H), solar radiation (R) and wi nd speed (V) and direct ion (D) were recorded. The ti me i nt erval was 15 mi nutes .

Based on gathered data, 15% of informati on correspondi ngto 324 observations was used for modelli ng. Experiment s were carried out depending on each encoding (MB - GP and Koza - styl e GP). Cos t function was predict ive error - based metric. For each experiment, 20 runs were eval uat ed i n order to provi de relevant st atist ical informat ion. The model, which exhibited the best performance from 20runs,is shownand usedto predi ct futureobservati ons (test ingdata).Basedon

Koza - styl e GP (K oza, 1992), the foll owing expressi on emerged:

(+ (divd T

T - 1

( - (+ ( - (.*V

T - 2

R

T - 2

) ( - H

T - 1

R

T - 3

)) (di vd

(divd (e xp V

T - 2

) (exp D

T - 3

)) (.* ( - TT - 1 D

T - 2

) (divd

0.54707 D

T - 3

)))) (cos (sin (si n (sin V

T - 2

)))))) (+ T

T - 1

(di vd

(exp (divd - 0.77074 D

T - 1

)) ( - (+ (exp (exp V

T - 3

)) (cos R

T -

2

)) (cos (cos (.* D

T - 2

T

T - 2

)))))))

In t hi s case, translat ing previous expression into a ma themat ical function turns int o a difficult t ask due t o complexityin st ructure. It is al so clear that this expressi on corresponds to a complex function.

In the case of MB - GP, the foll owing expression was generated,

(model T

T - 1

R

T - 1

(.* T

T - 2

R

T - 1

) R

T - 3

(.* R

T - 3

T

T - 2

) 0.95716

0.021437 - 0.00087839 - 0.020309 0.00090912 0.02055)

Equi val ent to,

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) 3 2 0009 . 0 1 2 0008 . 0

3 0203 . 0 1 0214 . 0 1 9572 . 0 0255 . 0

- - + - - -

- - - + - + = t R t T t R t T

t R t R t T t T

3 C ON CLU SIONS AND F UTUR E W OR K

An alt ernative representat ion in GP for dynamic system modelli ngand predict ion was present ed. This MB - GP approach h as used smal l values of GP paramet ers but these prelimi naryresul ts s howed this encodi ng coul d produce simpl e funct ions and reduce the search space wi thout penali sing complex soluti ons. MB - GP showed also to be consist ent in all experi ments.

A CKNOWLEDGEMENT S

Author s gratefullyacknowledge the financialsupport of CONACyT under the project J34900 - A. Theyalso thank Dr. Rojano who pr ovided the data.

R EFERENCES

K OZA , J.R. (1992) Genetic Programming: On the Programming of

Compu ters by Mea nsof Natural Selection . MIT Press.