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Abstract.  In recent investigations we considered GMDH algorithms for solving problems with a large number of
arguments based on successive selection of the most informative arguments. These algorithms build models very quickly
but the accuracy of obtained modelsis often not very high. The models quality being built in such a way depends on the
quality of informative arguments selection. To increase this quality in the algorithm with successive selection, the
inverted structures are used. As a result we have the quality enhancement but the speed of the model building is
somewhat reduced. To solve this problem the parallel algorithm is implemented. Thus the main goals of our work are
improvement of the method with successive selection of arguments and the parallel algorithm implementing in this
method for the enhancement of the quality and effectiveness of the infor mative arguments definition.

This paper considers the main aspects of the algorithm and results of its performing. The test experiments for the
parallel implementation of algorithm with successive selection of arguments using inverted structures on a cluster
system are carried out. The results of these experiments confirm effectiveness of the method.
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1 Introduction

Inductive GMDH algorithms suppose examination ¢fpalssible variants of task solving and selectibthe best
variant (model). We include to the sample as mogairaents as possible to build the most exact mddieever if
number of arguments is very great then examinatibmll variants takes too much time and is ofterpassible.
Therefore, there is the problem of accelerationthef combinatorial algorithm namely by means of infative
arguments selection. The problem has been invéstiga [1], [2] where it was suggested to estinmie level of
arguments informativity regarding to the moduletloé argument correlation coefficient with the outpariable
(MCC). The algorithm of the argument informatividgfinition [3] is on the bases of our investigatidio improve the
effectiveness of this algorithm we propose to usmethod with successive selection of argumentsiengarallel
implementation.

2 Problem statement

The problem of structural identification may be siolered as determination of the best in certaisesseparation of
input variables< into informative and noninformative ones.
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So, as a whole the problem of identification caissis forming by sampling dat#/ =(X:y) a certain sefl of

models of different structure of the formp, = f(x,éf) and search of the optimal model by minimum of ¢fnen
criterion CR(0)

" =argmin CR(y, f (X,6,)), (1)

where estimates of parameté?,s for every f 00 is solution of one more problem as

6, =argmin Q(y, X.6;) )

in which Q() # CR() is performance criterion of solution of the prohlef parametric identification of every
particular model, generated in the problem of $tmat identification (2), ands, is the number of parameters being
estimated.

For definition of model structure we will use theustural vector that defines which exactly vectismsn matrix X
will be included in the model. We call m-dimensibwector d ={d,,...,d,} , which consists ofs units andm-s
zeroes,s = 0,m, which indicate the presence (fer= 0,m) or the absence (fad; =0) of the corresponding component
of the input vectok in the verified model, as the structural vectoeréithe numbes is called complexity of a model.

Then structure of modef is a matrix X, consisting of vectorsx;, j=1,...,s from matrixX defining by structural
vectord.

Every model f in O differs from other models of this set by its stuwet That is why the number of all models of
O is equal to number of structural vectors, whichlddye built form input variables.

The number of s arrangement units variants in medsional binary vector is equal @’ =m therefore,
m-s)!

the number of all structural vectors is calculdtgdormula

szzm:cgzzm—l. ©)

s=1

When the arguments number is greater than 30, thaustive search for the acceptable limit of tireeoften
impossible.

3 Solving of the problem

Let us start with an examplem=20, n=50, 5,=10, and analyze the dependence of the critekidron the model
complexitys.

As it is evident from (3), removing of an argumdntm the set arguments halves the time of searching
Consequently, for the acceleration of finding oé thest model it is needed to find such argumentshmvill not
substantially influence on the model and to renttxegn from the set, leaving most informing. Suchrapph is offered
in [1], where it is suggested to estimate the l@ferguments informativeness regarding to the rieodfithe argument
correlation coefficient with the output variable. [3] it is shown that the level of arguments imfativeness can be
estimated considering how many of the best mod@itain this argument.

On the basis of these results, let us considealt@rithm of successive selection of informativguanents. Models
are selected by this algorithm using the combinataalgorithm COMBI (discovered by V. S. Stepashkmeith
successive complication. The complexity of buildmgdels is increasing until the calculation tim@émissible. The
best models and arguments included to these madelexamined then only. A new set which consistg ohthose
arguments taking active part in forming the bestet®is thus formed. Further models are built ¢ tlew set and the
sequence of such operations are again repeatédhansiet will contain so many arguments that itildldoe possible to
perform an exhaustive search.

We describe algorithm of successive selection fofrimative arguments (Alg. 1) as the following steps
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step 1: using formula (3) calculats,,, , where s, defines the maximum of all models complexity wa taild
during the given time limit;

step 2: build all models of complexity=1..s,,,, using COMBI algorithm with successive complication

step 3: select a subset &fthe best models by an external criterion;

step 4: rank all the arguments being contained in fRisnodels by the coefficient;, i=1...m, specifying the
frequency of am-th argument occurrence in the best models;

step 5: form a new sample by removing the arguments thighleast values af;

step 6: perform the exhaustive search of models if theamh of arguments in the new sample is acceptable o
return to the step 1 otherwise.

Let us investigate the effectivenees of this atpamiat first theoretically.
When the task witlm=20, s,=10 is solved by COMBI with successive complicatiive amoun®,, of all possible
models containing no more thagarguments is calculated with the use of formula (3)
P =5C/, = 616665 @)
j=1

The models amount built by the Alg. 1 to get theuteof the exhaustive search with 20 argumenggjigal to 76842
that is considerably less than it was by the CONRIE665, see (4)). As for the computing time, tigriries are as
follows: 3 sec for Alg. 1 and 24 sec for COMBI. Ttembinatorial algorithm with the exhaustive sedints the same
model in 48 sec.

Let us consider the same task fio= 200 using the Alg. 1.

Tab. 1. Amount of models on each stage of the algorithm with successive
selection of infor mative arguments, m=200

Stages m Smax Pm
Stagel 20C 2 2010C
Stage 51 3 22 151
Stage 3 50 3 20 875
Stage 4 25 5 68 405
Exhaustive 4 4 15
search

Total amount olmodels Alg. 1 63 14:

This algorithm takes 4 sec for solving the probléta.very quickly for this amount of arguments. tBhe accuracy
of the built models is not sufficient.

To raise the quality of arguments extraction weppee to use the algorithm with inverted structfdg. 2). This
algorithm is based on algorithm with successiveain of informative arguments, but with an adxuiti On every
stage we will consider the models of complextypgether with the “conjugate” models of complexitys notably the
models with invert structures. For sample invercture of 10100 is a 01011 structure etc.

We describe algorithm of successive selection mitkerted structures (Alg. 2) as the following steps

step 1. using formula (3) calculats,., , where s, defines the maximum of all models complexity we taild
during the given time limit;

step 2: build all models of complexity =1..s,,, using COMBI algorithm with successive complication

step 3: select a subset &fthe best models by an external criterion;

step 4: rank all the arguments being contained in fhisnodels by the coefficiend;, i=1...m, specifying the
frequency of am-th argument occurrence in the best models;
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step 5: build all models of complexitys=n-s,_,,..n—1 (models with inverted structures) using COMBI aitjon
with successive complication;

step 6: select a subset &fthe best models by an external criterion;
step 7: rank all the arguments being contained in fhisnodels by the coefficien, i=1...m, specifying the
frequency of am-th argument occurrence in the best models;

step 8: form a new sample by removing the arguments thighleast values aj, whereq, = %

step 9: perform the exhaustive search of models if thewam of arguments in the new sample is acceptable o
return to the step 1 otherwise.

Let us consider the task for= 200 using this algorithm and compare it with Al§Tab. 2).

Tab. 2. Comparison of the algorithms effectiveness, m=200

Algorithms ~ Amount Time Complexity AR

of models (sec) ()
Alg. 1 63 141 4 4 31.97
Alg. 2 905 806 126 12 1.74

This algorithm solves the problem with 200 argureeméing 65 stages. As a result we get all realraegs in
model and very high quality increase. But the speetie models building is considerably reducedoraer to raise the
algorithm speed we suppose to use the paralleladeth

4 Theresults of experiments

To study effectiveness of the parallel implementatof algorithm with successive selection of argoteeusing
inverted structures we carried out test experimentsolving high dimensional problem of structuaatl parametrical
identification with the use of cluster system :[4].

The experiments were executed as follows: the dasigtrix X of size 50x150 (150 records for 50 arguments) was
generated. Vectoy was formed as a linear combination of the first &aeguments so that the true model looked like
y=-3X1-3Xo+5Xa-X4-Xs+3XgHX7- X +Xg+X9 With addition of noise. We used criterion of regiila for the best model
selection.

Table 3 represents maximum complexity on each stégfee algorithm for separation of all steps onp2dcessors
and implementation on one processor. It was cakedlauch that maximum models being built by eadtgssor on
each stage do not exceed 300 000 for Alg.1. Amadriuilt models by Alg.2 was twice as much. As &bkhows
maximum complexity and therefore total amounts ofleis is higher in case of using parallel impleragan.

Tab. 3. Maximum complexity on each stage

Amount Maximum complexity Maximum complexity
Stages of selected used 1 processor, used 24 processors,
arguments Alg.1, Alg.2 Alg.1, Alg.2
1 50 4 6
2 45 4 6
3 41 4 6
4 37 5 7
5 34 5 7
15 15 15 15
Total amount of models, Alg.1 1168872 24039735
Total amount of models, Alg.2 2337744 48079470
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Finally enumeration of greater amount of modelsvedl finding a model with a higher amount of truguaments
(tab. 4).

Tab. 4. Trueargumentsin the best models
True arguments in the bt mode

Uniprocessing, Alg.1 x1, x2, x3
Uniprocessing, Alg.2 X1, X2, x3, X6, x8
Multiprocessin, Alg.1 x5, X6, X7, X8, X
Multiprocessin, Alg.2 X2, X3, x4, X6, X7, X8, x9

True model x1, X2, x3, x4, x5, x6, X7, x8, x9, x10

Table 5 demonstrates the algorithm efficiency fosviing of the even loading on all processors ted tluster
system (main processor is responsible for integssar communication).

Tab. 5. Run-time of Alg.2 for 24 processor s

Number of process Time, seconc
1, main 1089.6
2 1087.7
3 1088.2
24 1088.!

5 Conclusion

The results of test experiments for the parallgblementation of algorithm with successive selectiérarguments
using inverted structures on a cluster system ooréifectiveness of the algorithm.

The use of algorithm enables to essentially acatddhe retrieval of the best subset of argumerdd@solve problems
with considerably larger number of arguments comgbaro the ordinary combinatorial GMDH algorithm Rvit
exhaustive search of arguments.
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