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ONE APPROACH FOR THE OPTIMIZATION
OF ESTIMATES CALCULATING ALGORITHMS
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Abstract: In this article the new approach for optimization of estimations calculating algorithms is suggested.
It can be used for finding the correct algorithm of minimal complexity in the context of algebraic approach for
pattern recognition
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Introduction

This work is made in the context of algebraic approach [1] (in what follows, we use the notation and definitions
from [1,2]) for pattern recognition. The task of recognition is considered. We have a set M of possible objects.

It is presumed that M =M, x...x M, there M, are sets of possible values of i-th feature, and some
semi-metrics are defined on each of them. The set M is divided into | classes K,...,K,. The task of
recognition is defined by the conventional learning information 1, ={S,,...,S,,,a(S,),...,a(S,,)} . and the
finite sample, B(S') = (,Bil,..., ,B") of test objects. Here S,,..., S, are descriptions of training sequence
objects S; = (ay;, @5, @) @; €M, i=1m,j=1n, and a(S;)=(cty,....e ) are information
vectors of objects S,, with respect to the properties P; (S)E{S e K J-}, J zl,_l . Correspondently
B(Sh) =(B,,.... B, ) are information vectors of S’ .

The task is to find algorithm in the algebraic closure of some set of recognition operators that calculates

information vector for each S e S. As such system the defined below class of ECA (estimates calculating
algorithm) is considered.
Yu.l. Zhuravlev have proved [1] that there exixts a correct polynomial in the algebraic closure of ECA, i.e.

polynomial that provides no errors on the control information s AB(SH,.... B(SN}.

Estimates calculating algorithm A is defined as A= B-C, where B(Io,gq) = HF“- ol HFJ- (S") w is
recognition operator, C(HFU- qxl) = Hﬁij qul is solving rule.
[(S") = %I (S) + % °(S"). v
i 1 i i
r's) == Y () p(@)B(@S',S) @
1 SeK;weQy
i 1 i YIS
r'(sh=—=2, > 7(8)p(w)B(ws',a8). 3)
QO SeCK; weQp

Following notation is used:

e The jth class and its additon are denoted aslzszj ~{S,,....S,} and
CK, ={S,,.... S, }\ K;.
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o Let {Q} is the set of all subsets of {1,...,n}. Some subset 2, of Q is attributed to an algorithm. Its
elements @, ={i,,...,Ii, } €{CQ,} are called support sets and p(aw,) = P +...+ Py, are their
weights, p(@,) >0.

e 7(S") >0 are weights of training objects.

o B(a)Si,a)S) is proximity function. We use proximity functions only of the following type. Let
&,..,€, are non-negative numbers, let also @S ={a,,....a,}, @S ={by,...,b, }then
B(0S, &S') = L pa(ayby) < 5i1’----'/.3ik(aik'bik) < &, '

0, otherwise

B(aS',@S) =1-B(aS', &S).

Denote a set of recognition operators by {I§}. Let B',B”e{lg}, B'(IO,'Sv‘J'):Hl“ij

gxI
B"(|O,S~q): "

[ , b is a scalar. Following operations bB’, B'+B", B'-B" can be defined on this

axl

set as shown below.

(6B) (15, §%) = or; | @
ax
(B'+B")(1,,S%) = I, +T; ©)
gx|
(B,'B”)(Ioagq): rij,'rij” (6)
axl

The closure M({Ig}) with respect to operations (4)-(6) is associative algebra with commutative
multiplication. Operators from M({Ig}) can be presented as polynomials of operators from {Ig}. If

BeM ({I:D;}) then B = Z B, - B, -...- B, . The maximum number of multipliers in its items is called the
degree of recognition operator.

The family M ({A}) of algorithms A= B-C suchthat B e M ({I§}) is called algebraic closure of {A}.
Finally we will need some more terms from [3] to continue the statement. The informational matrix Hﬂiv i qul is
considered. Suppose M ={(i, j)}, i=1....q, j=1...I. M, ={(,))| B =a}, a €{0.1}.
Operator Be M ({I§}) is called admissible if there exists at least one pair (i, j) € M, such that for all
pairs (U,v) e M, T (S')>T,(S") . This pair is called marked. It is proved also [3] that the greater value
d(, j,B)= (urp)ieuo(l"j (S")—T,(S")) is the smaller degree of item will be needed to construct the correct

polynomial.

Thus in order to construct a correct algorithm of minimal complexity or to make inductive procedure of
constructing it (like for example one in [4]), we need to find the algorithm of maximum d(i, j,B) in some
family of algorithms. This article is devoted to solving of maximization task in two particular subsets of ECA.
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y-optimization

First, denote by {B}, the subset of ECA with the following parameters:
e X, =0,x =1,
e Q, consists of all support sets of equal fixed power k. p, =1/k,i=1,...,n,
« yel0l]",
e &,..,&, arefixed.
Let we have (i, j) € M, . The taskis tofind 7~ [0,1]™ such that

mnax (Mmin (T (S") -, (5" )= min (I, (S)-L,(5" NI ™

As shown in [1], in case of this special format of support vectors, the estimations (1)-(3) can be transformed
into simple view:

Tj(8") =xI(8") +xI7(8") =T (S"),

r'(s) == 3 3 /(S p@)B(aS',aS) -

1 SeKjweQp

- X 2 (S)(S(S,S"): p(@)V'+(5(S,S")- p(@)V°)

1 SeK;

. 1p,(a,b)<
Here &(S,S') e{0}"is the characteristic vector &,((ay,...,a,),(B;,....b :{ Pa@y,b) < 2,

0,p,(a,,b)>¢,’

5(5,5") e{0,3" isits denial: &, =1-6,, q(S,5) =>4, .

k-u-1 0 i u-1 k—u
Vi(s.s') = zcn ais.s1Cas.sh10 VY (8:S ):uZCn as.51Ca(s.5)
So in the {B}, family of ECA, the estimation T, (S")—T,(S") is linear function on 7 €[01]", that is

i uy _ =~ . . .
[(S)-T,(8")=L;,,(¥). So the task transforms into another one, ie. to find
arg_max , mi)nM Lijuu(7), there L., (7) :lei juvYs- This task in tun can be

}’G}/ uvieMo o o s=1 o
transformed into t tasks of linear programming, there t =| M, | (we enumerate all those linear combinations
as Ly,..., L, inany order):

7 =argmaxL (7))
el i}
7, =arg max L; ()
Y

L) <L)
L) <L)
y €[01]"

These tasks can be solved with, for example, simplex method. So the precise solution of the initial task can be
found.
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v,€-0ptimization

The second task is more complex. As in previous chapter we choose parametrical subset {B}M of ECA first;
e X =0,x=1,
e (), consists of the single support set (the method can be simply generalized to include cases of
small number of support sets),
« yelod",
* &,.,520.

The task is the same as in previous section, i.e. to find in {B} the algorithm with the maximum value of
d(, j,B).

The algorithm for solving of this task consists of two parts. First one is the construction of auxiliary finite
system of parallelepipeds P:

1. Build new sequence of objects {S,,...,S/}: for all S e Izjadd differences S'—S to the
sequence.
2. Find the minimal system P of parallelepipeds [—¢,, & ]x...x[—€,,€,] containing all different
combinations of objects from {S,,...,S/}.
To construct the system P we must for all subsets S < {S,,..., S/} find out if its combination is possible, i.e.
if there exists any parallelepiped E =[-¢&,,&]%...x[-¢,,¢€,] such that S"e S ifand only if S" € E,

and for all possible combinations add the minimal parallelepiped spanning it to the system. In practice there is
no need to enumerate all different subsets of {S,,...,S/}. If we have found any impossible one, every

combination containing it is impossible too.
The following theorem can be proved:

max min (T (S"-T,(S")) = max mln (F (S")~T,(S")). Indeed for any e-neighborhood

£€[0,00)" (Uv)eMq P (uyv)e
[-&,&]1%...x[-¢,,€,] the maximum one from P containing in it will give not more estimations.
The second part is to calculate estimations themselves and solve the task. From (1)-(3) we have
[(S) =0y +-+9.7,9 {03 k=1..n
L) =09"7n+.+0,"7,9:" €{0L}s =1,
And the difference is

Fj(Si) ~L(S) =g+ 407, — 0" == 07, _ (8)

v L 9. =1 s=1..,n
7= 0, otherwise' =~

So the solution is

Indeed for any y €[01]", difference 8) is smaller than
L(S)-T,(SY) =g+ 497, — 9% —.— 9,7, The initial task transforms into finding
argmax min F (S )—T,(S") and the precise solution can be found too.

£eP (uv)eM

Though the squtlon is precise the necessity to construct system P makes the task extremely difficult with
multidimensional data. In order to make calculation faster we suggest proximate method for the same task.

The method starts with the parallelepiped spanning the whole sequence {S;,...,S}. Then on every step we
enumerate all admissible combinations of t-1 objects and leave the best one for next step, there we consider
neighborhood spanning those best combination. Here t is the number of objects in current parallelepiped. The
best combination is one that maximizes the value of d (i, j, B).
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The following diagram shows results of hands-on testing of this method in comparison with the precise one.
The table of descriptions of forty-eight patients was considered. It consists of three classes of correspondingly

seventeen, twenty and twelve objects and thirty-three features. As the M, in turns every object was
considered. All other objects from its class were considered as the training sequence. All objects from other
classes formed M, . For example the twentieth object generated the following (20-th) test:

M, ={(20,2)}

M, ={(12),(2.2),..,(17,2),(38,2),(39,2),..., (48,2)}

{S{'---’St,}:{sls’ S19!5217522""’837}-

100%
w |V Y VYV WYY

60% 1 O Difference

40% - OProximate

d(l,j,B)

20%

0% LI s B B e B B B B B B N B B B B

— < N~ o ™ © (<] N o] [e¢] — < N~ o ™ ©o
— — — - N N N ™ (e0] ™ < < <

Number of test

It's easy to see that in most cases the precise solution or solution of acceptable precision has been found.
And while the precise solution takes about two minutes to find (in case of twenty training objects and the
difficulty extremely grows with increasing of their number), the proximate algorithm performs all forty-eight
tests within about ten seconds.

Conclusion

In this article we have suggested the new approach for optimization of estimations calculating algorithms. It
can be used for finding of the correct algorithm of the minimal complexity in the context of the algebraic
approach for the pattern recognition.

Also we have considered two parametrical subsets of ECA and have found precise algorithms for solving
optimization task for them.

Finally the fast proximate method with acceptable precision has been suggested.
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