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Comparative analysis of methods of best regression
structure search

Volodymyr Stepashko, lana Bondarska

Abstract. Most critical part of linear regression algorithmsiis selection of structures to be checked. One way to reduce
the number of such structures isto make some primary estimations of structures quality and to divide the structures into
groups according to this estimation. One technique that uses this approach is La Motte-Hocking algorithm.

This paper represents research results of La Motte-Hocking method efficiency in comparison with the
combinatorial algorithm.

Results of research and some possible ways to improve results are presented in this paper. The outcomes are
planned to be used for updating the combinatorial GMDH algorithm.
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1 Introduction

This paper resents results of comparison betwedhads of best subset search. Search of best gsieustihe most

critical and time consuming part of modeling algfum. There are approaches that avoid checkinglahadlels and
they are considered below.
Research was done in the next directions:

« comparison between speed of combinatorial and Laavidocking algorithms;

« modification of La Motte-Hocking algorithm to impre speed of method

Results of research and some possible ways to iapesults are presented in this paper. The outs@ree
planned to be used for updating the combinatorbD®l algorithm.

2 Theoretical Part
2.1 Overview of problem of best linear regressionubset search
The problem of best linear regression subset sezmtbe described as search for model with minirahle

of quality criteria among models from &
d’ = min(CR(M (d)), (1)

where

m-total number of arguments,

d[1x m] -structure vector,

M (d) -- partial moded,

CR(M (d)) -- value of quality criteria for model M(d),

Q,, -- set of structures.

Structure vectord consists of 0 and 1 and defines what argumens han-zero coefficient in a model.

Partial model does not include all arguments antkfied by structure vectds parameter vecta and value
of quality criteria on the available data set.ddbwhich includes all arguments is named full miode

Complexity of model is defined by number of arguisen it.

The simpliest method of best subset search is ahgaf all possible structures, combinatorial aition. But
it cannot be used for models with great numbergfiments. Other approaches are:
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« dividing structure set to groups, excluding growpth worse quality critera value from search (La
Motte-Hocking method);

» step-by-step including and excluding regressoramfrmodel according to change of quality
criteria(stepwise regression).
2.2 Overview of La Motte-Hocking method
Method is based on next property of RSS:

R1, R2 - partial structures )
if R10 R2,then RSS;, 2 RSS,,

It is obvious from (2) that if there is some pairtnodel R" and there is some subset of modé‘l@} R, created
by excluding some additional arguments frd?ﬁ, value of RSS of modeR™ will be lower bound of values of RSS
R} _

In La Motte-Hocking method first step is dividiagvhole set of models into groups. Then searclkifopned in
each group separately.

for models from{

Additionally parameter k and complexity of modeirs specified. Method consists of following steps:

1. All possible k-models (structures with k argumestsluded) are generated. Then they are ordered
according to their RSS value (ascending).

2. Subgroup of models is built on the basis of k-masligh best value of RSS. From k-model additionally
(m-k-s) arguments are excluded. Search for bestehiondhis group is performed.

3. RSS of best model in the group is compared with BBSext k-model. If RSS of model is not greater
than RSS of next k-model, than best model has beemd. If not, steps 2,3 are repeated for next k-
model.

RSS is used as quality criteria. Most of critetiave following structure:
QR=g(s9)RSS+ f (9), (3)
where
s— complexity of modelg(s), f(s) — some strictly increasing functions.
If complexity of models is fixed, model with bestlue of RSS will be best model for any qualityemié that has
structure given in (3).
Method’s advantages:

* result of method is same as for combinatorial one;

* method generates much less models than combiriadoga

Disadvantages:

= slow perfomance for small set of arguments;

= absence of procedure for defining parameter k;

= impossible to estimate number of structures thiitbei generated.

2.3 Ways for enhancing La Motte-Hocking method

For great complexities method slows down quicklyeie are two main reasons for this:
* increasing of number of k-models that should bét lanid estimated,;
» increasing number of models in each group.

Possible ways for enhancing La Motte-Hocking method
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1. do not build all k-models, only some number of Bestodels (proposed by method authors);
2. do not check all models in group, use more efficreathods of search.

The main disadvantage of first approach is profigtithat search should be performed in all grougfngéd by k-
models. Another problem is absence of procedurddéining parameter k for each stage of method.

Second approach is using more efficient methodseafch in each group, e.g. stepwise regressiokwoaad
regression. Backward regression is step-by-stejuéixg arguments from modé&hose arguments excluding of which
leads to least increasing of quality criterion aexeluded. The problem of such approach is thatltesd backward
regression not always same as results of full chedpecially for small complexities. That is whyr fsmall
complexities this method is not accurate.

Second approach was implemented and investigateariant article.
3 Research Results

3.1 Goal and Subject of Research
The goal of current research is comparison betwdiélerent methods of best subset search. Subjetts o
comparison are speed of method and accuracy oligedlext methods were investigated: combinatariathod, La
Motte-Hocking method, modification of La Motte-Hdrg method, stepwise regression.
Parameters of input sample:
e sample size 25;
« level of noise 50% of maximal value of output paesen.
Value of parameter k for La Motte-Hocking methodi atis modification is 3. Maximal complexity of mddéat

can be found using these methods is (m-k-1).

3.2 Comparison of Methods Accuracy
Accuracy of method can be defined as level of diifiee between result of this method and resulboflinatorial

70000 method. Difference can be measured as number of
50000 different arguments in structures or differencewsen
50000 values of quality criterias, e.g. RSS.
B It's better to compare accuracy of result for each
" 40000 -
&’30000 e level of complexity separately. Since best model fo
20000 [ - —a ) whole set of structures can be found by full checiong
best models for each level of complexity, if methed
10000
accurate on each level of complexity, it's accu@iehe
0 T
0 2 4 6 8 ooz 18 18 whole set of structures
Complexity
e Combinatorial Algorithm As it seen from figure 1, for small complexitiestiro
—=— La Motte-Hocking Algorithm . . . .
Stepwise Regression modification of La Motte-Hocking method and stepsvis
Modified La Motte-Hocking .
regression are not accurate. Accruacy of La Motte-

Fig. 1 Comparison of accuracy for best subset search xedfievels of Hocking method can be improved by fitting value of
complexity

parameter k. Possible algoritm for choosing valiue o

1. Optimal value of parameter
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k=((m-s)/2)+2(4)

2. If number of structures of complexity=2%° -1, method will not be efficient

3. Value of parameter k is chosen according to fornjja

From step 3 of above algorithm it's clear that roetban’t be efficient for small complexities of netsl (e.g if there

is need to find structure of complexity 3 for totaimber of arguments 20, combinatorial algorithri ghieck 1140

structures. La Motte-Hocking method will first baiill possible structures of (20-3)/2=8 -- 125 8#0ctures ).

3.3 Comparison of numbers of checked models

Number of checked models is main criteria of meth®peed. For combinatorial method number of cheécke

Number of models

200000

180000

75

160000
140000 -
120000 -

100000
80000

60000 /
40000 /,
20000 S \
V \
0 5 10 15

—&— Combinatorial algorithm

—=#— La Motte-Hocking algorithm
Modified La Motte-Hocking
Stepw ise Regression

Complexity

20
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Modification of La Motte-Hocking method is mord
efficient than standard La Motte-Hocking method $o
near to m/2. Results for check of all structuresmf
complexity 1 to maximal possible complexity (m-satg
given on figure 3. They show that for full check
modification of La Motte-Hocking method is not morg Number of Arguments

efficient than standard La Motte-Hocking method.t Bu

for large complexities there is some economy.

models for one level of complexity can be foundngsi

following formula:

s M (5)
(m-9)ld

where m-total number of arguments-complexity of

model.

Maximal value of C; is reached for s=m/2. For La

Motte-Hocking method and its modification number of
checked structures is not stable and cannot benatstil.

Figure 2 presents number of checked structuresafor

methods on fixed levels of complexity.
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3.4 Comparison of Running Time of Methods

Running time of metods is also very important iatiic of method speed, it takes into acnumber alitiachal
calculations done in method. Figures 4,5 show coisg@a between running time of investigated metha@saphics are
proportional to number of checked structures arel@an made conclusion that methods are not slowenth thecause
of large number of additional calculations. Howeeafculations in modified La Motte-Hocking metholdosld be

optimized.
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Fig. 4 Comparison of running time for fixed levels of cdmypty
Fig. 5 Comparison of running time for full check

3.5 Comparison of number of structures for differen values of parameter s
Efficiency of La Motte-Hocking method depends orlues of parameter k. If great value of parameteis k
specified, search within each group will be doneywguickly

25000

but number of k-models that should be generateceatichated,

will increase greatly. On the other hand for smallues of k

20000
first stage of method when k-models are generaiéda done

15000 quickly but second part, search in k-groups, wélMery slow.
Another point that should be considered when paranteis

10000 +
defined is that to finish search, k-model shouldcoenpared

Number of structures

5000 with model of much smaller complexity. So, whenfatiénce

between s and m-k is great, it will be hard to figbup of

0 ; ; ; complexity k that has RSS value smaller than RSiBevaf
0 2 4 6 8 . .
parameter k group of complexity m-k (e.g. when models of comjie 17
| ——Number of structures | and 5 are compared).
Fig. 6 Comparison of models number for different valuds o ) . .
parameter k. Complexity of model 10, total numbearguments 20 Figure 6 introduces dependency between diffevahtes of

parameter k and number of models that is checkaedbvious that optimal value of parameter k iam@n-s)/2
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3.6 Investigation of efficiency of La Motte-Hockingalgorithms and it's modification for

different number of arguments.

Previous research presents some findings

4500000
4000000 according algorithm’s accuracy. Now it is also
3500000 T important to check how La Motte-Hocking
53000000 / method and its modification work for large
gzsooooo / complexities, above 20.
w
: |
© 2000000 + Investigation of efficiency was done in next
21500000 / way: maximal number of structures is for s=m/2.
= 1000000 / Both algorithms found models of  such
500000 . .
. | | | | ”: Lr-*“}v. complexity for different values of m. Method

0 5 10 15 2 25 20 5 wn | considered ineffective if number of structures to

umber of Arguments be checkeds> C;g =184756

—4— La Motte-Hocking Algorithm

—=— Modfied La Motte-Hocking Algorithm Results of investigation are presented on

figure 7

Fig. 7 Comparison of efficiency of La Motte-Hocking methand
its modification

Number of structures that is checked in modifiedhod of La Motte-Hocking is much more less tharstandard
method. Also increasing of number of structureseisy slow, so method can be considered efficienctomplexities

near to 35.

4 Conclusions

Results of investigation of method for best sulssarch were introduced in article. Detailed redoit®ach method

are below.

La Motte-Hocking method. Method is accurate, resualways same as for full check, but for smalihplexities it
is not as efficient as full check method. Methockificient for complexities near 30 arguments. Reafor slowing

down is great increasing of number of k-models.

Modification of La Motte-Hocking method. Method nalways gives same result as full check. For imiprgpv
accuracy of method it's possible to fit parametéo kumber of arguments to be excluded. Methodaeerefficient for

complexities near to m/2. Method is efficient famnber of arguments up to 35.

Optimal algorithm of subset search can be builcbsbination of investigated methods and usingedfit

methods according to number of structures thatldhmeichecked.
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