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The work raises an important question in the theory of recognition of discrete objects associ-
ated with the General scheme of construction of the most complex resulting logical classification
tree. The General step-by-step scheme of construction of such tree is offered, and the estimation
of complexity of the received graph-circuit models is given. Numerical estimates in the long term
allow us to develop effective models of minimization schemes of logical classification trees. The
result obtained is of fundamental importance in the problem of estimating the stability of the
maximum logical classification tree with respect to the permutation of tiers and the effect of such
a permutation on the overall complexity of the tree. The work is relevant for all methods of pat-
tern recognition in which the resulting classification function can be represented as a logical tree.
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This work is a logical continuation of a cycle of works [1,2,3] dedicated to such an im-
portant issue associated with the logical trees classification, as a matter of minimizing, the
study of stability on the reshuffling of tiers, evaluation of complexity of the largest trees. Here
is explored the complexity of graph circuit patterns (logical classification trees) which are con-
structed in the learning process of the system of recognition (the logical tree classification ac-
tually represents the generated function recognition). For this estimated the complexity of the
wood that is used in the scheme of distributed choice signs [4] for recognition of »— dimen-
sional discrete sets (objects).

Note that the main focus of the work will be paid exactly the upper estimate of the com-
plexity of the logical tree. This is especially important due to the fact that these assessments
reveal that memory must have real, autonomous system of recognition, which is constructed by
the algorithms given in the works [5,6].

At the beginning, we will assume that fixed some system of signs B,P,...P,
(0<P<k-1), (i-1,2,..,n), and a system of symbols O,,0,,...,0, ,. We also consider that
the signs B, P,,..., P, - sorted (for example in the order in which they are recorded here).

Will consider all regular logical tree, i.e. in which the tops of the i— tier of the stands of
signs P, (1<i<mn), and the tops of the (n+1)— tier are symbols O,,0,,...,0, , value func-

tions f,(R,...,P) .
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Let the given regular tree D . Through the label |D| , the number of all the different labels
, that

is the number of nodes [1]. The problem lies in the fact that among all regular trees D to find
this tree, for which the value |D| will be the biggest. The maximum tree label D,

max

that are received as a result of the process of placing labels on the tree D . Obviously |D

Definition 1. The set of all vertices, standing in circles with numbers i, which / <i<ys,
(1<1<5<n) will call stripe. Stripe, consisting of circles with numbers i, /<i<s, let

through D! . Through |Df| denote the number of all the different between the labels that are in

stripe D! . Prove the following.
Statement 1. Let in the i — tier of regular wood D with different tops are different tags.
Then the parts D, at different level are different.

This follows directly from the functions of the above process of placing tags. Indeed, if
the i— tier with different tops are different tags, then all level i —1 tier will stand the different
tags. In addition, all tags that are at the tops of the (i —1)— tier, in this case, will be different

from all the labels that stand at the mountain tops, the i ,i+1,...,n, (n+1) - tier.

Reflecting similar, you can see all the tags of the (i —2) — tier, which are at different level
also vary among themselves and from all levels of labels i,i+1i+2,...,n,n+1. From the
(i—2)— tier, we can move to i —3, from i—3 to i—4, and so on.

So, all tags of the (i—j) - tier (1< j<i-1), which are at different level, differ between
themselves and all the labels that stand at the tops of the i— j+1,i— j+2,....,n,(n+1) - tiers.

And this in turn means that the statement is proved.
Note that the above, it is still the next statement.
Statement 2. Provided the Statement I all tags that are in stripe D, , different from all

the labels are in stripe D! .
Let us now directly to the construction of the tree D, . Recall that all vertices o in the
i—tier of dependent traits P, P, ,,...,P,. Thus, each vertex o of the i— tier is a certain func-
tion £, (B.P,;....B).
Yes, P, €{0,1,2,....,k; -1}, (j=i,i+1,...,n) and all the functions f, taking values in the
set {0,,0,,...,0,_,}, then the number of all functions of the appearance f, (P,P,,,....P,) will

be equal K**+~* The number of vertices of the i —tier is K,K,..K, .
It is obvious that the different peaks of the i — tier, then and only then can stand various
functions f, (this can be interpreted as what the various tops i— tier stand different tags)

when KK,..K, , < K*Sa-%0 If KKK, | > K" % then in the i - tier of arbitrary trees
D would though there will always be two different peaks with the same labels.
As the size K,K,,...,K, , and K KiKivr- Ko growth, according to grow i, then m , there is

s M)
that:
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K\K,..K,  <K*HKmiko
KK,..K, >KSmkmak } M
Story number m call lower breaking.
Consider first the case when the first ratio (1) equality, that is K,K,...K,, , = K*%mi-f
In this case, the number of all vertices of the m — stage coincides with the number of all
functions f,(P,P,,,...P,) .
The tree D,,
in line with some function f, (P,P,,,...,P,), with different vertices o, and m— tier put in

is constructed in the following way: each top of the m— tier a is placed

X

line with the various functions f, and f;. As a result, we get some tree D".Show D" =D

max *
that the tree D take the maximum number of tags.
Let set up a tree D . It is necessary to show that |D| > |D| . Let us break trees D" and D

on stripes (D). _,,(D")".,,D. ,,D""

m-1° m=12"n+1

. From the construction of tree D" and affirmations (1),
(2) it follows that none of the labels stripe (D)., does not coincide with any of the stripe

(D)., . Hence we obtain:

n+l

D'| =D, [+ - @

For atree D will have the following:

|D|=|D},, |+ |Dr] (3)

According to Nel in different tops stripes (D°)! , are different tags. This in turn means
that:

(DY, 2|D) |- @)

Obviously, all the tags o at the tops of tiers m,m+1,....,n+1 is a function f, that de-
pend only on the signs P ,P, . ,....P, .

So we actually performed the original task and built exactly complicated tree D" .
Since all tags that are on the m— floor of the tree D, will use all functions that depend
P .,P P, on:

m>* m+l2°*
oy, <[y )
2), 3), (4), (5) get |D* >|D| that for any tree D . This means that D" there is a maxi-
mum.

Now we calculate the number of labels in the tree D”. To build D" directly follows that
0|2 |,

So in stripe (D)., at different level are a variety of tags

(D), =I1+K +K K, +. . +KK,*.*K, =1+ K.K, .
j=2

So this means:
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D=1+ KK, K, . (6)
=2
If K,=K,=..=K, =r,(r22), then the ratio (6) has the form:
o =1
D == )
r—1
Moreover, the ratio K K,..K, , = K" "*=~% in this case is:
L G (8)
On the basis of the ratio of (8), consider the equality:
=K. )

We are interested in the case where this equation has a solution in integers /, and that is
the solution.

Note that the equation (9) has no more than one solution in the integers /, because the
left part (9) is strictly increasing and the right is strictly comes with growth /.

Consider only case r = K , since this case is mostly of interest to practice. Then the ratio
(9) has the form: K' =K K" The last value is equivalent to the following:

I=K"". (10)

The next step we fix / in (10) and will change » . Show that the ratio (10) then and only
then has a solution in integers /, when » has the form n = K®+§ , where §— is a number.

Indeed, if n = K® +8, then putting / = K° aget K"/ =K<~ =g® =/,

So, in the case n=K°+8 of we have: m—1=1=K?".

Away and (7) are:
~ K" —1 ~ K" ~ KK5+1

|D* = ~ = . (1)
k-1 k-1 k-1

Note, if K =2 the value (11) has the form:

D[~ 27 (12)

K41

o and 27" according to (11) and (12) are different from D' not

Also, numbers

more than per unit.
This is easy to show that the number of all the vertices d of any regular tree D when is
K, =K,=..=K,=r=K equal to:

B Kn+l -1

d= . 13
X1 (13)
Note that while K =2 we have d =2"" —1= 2",
Value:
E= d* (14)
|D

describes generally the effect obtained during the transition from tree D to D. Substituting
into (14) value (7) and (13) we get:
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. d _K-1 K™ N K
K"-1 K"-1 K"
K-1
The latter comes from the fact that n = K° +8 1a m = K° +1.
Since the value K° is greater than & , then it can be put n ~ K°.

:anerl :KB.

Thus, when K, =K, =..=K,=r=K and n=K°+3§, in the transition from D to D
the complexity of the tree D decreases almost n times. This number d and |D*| case,
K, =K,=..=K,=r=2 and n=2"+3, §=1,2,3,4(table 1).

Table 1.
Case logic tree r =2, 86=1,2,3,4
5 1 2 3 4
n=22+8 3 6 11 20
d 15 127 4095 2097151
|D* 7 31 511 131071

We are left to show that if # you can not submit the form n = K° +§ , then the equation
(10) has no solution in positive integers / .

Note first that for any integers of positive numbers K and n, there (k,n>2) is one
thing & that:

K <n<K™. (15)

Note that if n=K®+8 then & satisfies (15).

The latter follows from that K >2 and K° > 3§ .

So, let & satisfies condition (15). In this case the possible three cases:

) n-K°=3§;

2) n-K°<3§; (16)

3) n-K°>3$.

In the case of (16.1), as has been shown above, the equation (10) has a solution in inte-
gers of positive numbers /.

Show that in cases (16.2) (16.3) equation (10) has a solution in integers numbers / .

Consider the case (16.2) numbers:

I=K°+j-8,

[+1=K°+j-8+1, (17)

Where j=n—K°. Inthe case of (16.2) j <& and n= K"+ j. Calculate the value K"
and K"V data / and /+1:

K :KK5+/-/ :KK5+/'—(K5+‘/'—6) _ Ks ,

an(m) :KK5+j—/—1 _ KK5+j—K5—j+6—1 _ stl. (18)
On the other hand:
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[+1=K°+j-8+1>2K°~(8-1)=K*K*"' —-(6-1)=K*"+

HE-D*K —(5-1) 2 K™ + (K™ = (3-1)) > K> = K0

The latter follows from that K°' >&-1.

So, we have in the case (16.2)

[<K"™",

[+1> K", (19)

From (19) and the fact that the left and right parts of the equation (10) while increasing
[, respectively, is strictly increasing and decreasing, it follows that in the case of the equation
(10.2) has no solution in integers numbers / .

Consider the case of (16.3). In this case, we have:

I=K°+j—(8+1

tJ ©+hl (20)
I+1=K°+j-95
Here j=n-K°.

We calculate with these numbers K" and K"V :
I K4 (KO 4+ j—(8+1) _ o+l
K= gK+ +J ) _ K3 ,

J G :KK5+j—(K5+j—6) —KY. @1

From (20) and (21), you can get:

[=K°+(j—B+1) <K+ j<K’+(K-D)*K° =K' = K",

[+1=K°+j-8>K°=K""", (22)

Note that here we use the ratio (K—1)*K°>j. The latter follows from that
K°<n< K.

With ratio (22) and with the fact that in equation (10) left and right parts with an increase
n, in accordance with strictly increasing and decreasing, it follows that in the case of (16.3)
equation (10) has no solution in integers / .

Thus from the above it follows that when the number K,d,n of satisfying criteria (15),
(16) and (21), then the number m of the layer break in the tree D" is found by the formula:

m=1+1=K°+j-8+1. (23)

Note that here j=n—K°.

If the number K,5,n of satisfying criteria (15) and (16.3), then the number m of the
layer break is according to the formula:

m=I1+1=K°+j-§. (24)

Again, note that here j=n—K°.

Result. So all the goals in the work have been achieved. The General scheme of con-
struction of the maximum logical classification tree is proposed, and the complexity of the ob-
tained graph-circuit models is estimated. The paper presents a numerical evaluation of the
complexity of the logical tree of classification. The obtained result is of fundamental impor-
tance in the problems of minimization of logical classification trees. At the end, we note again

that the result is relevant for all methods of pattern recognition in which the resulting classifi-
cation function can be represented as a logical tree.
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3ATAJIBHA CXEMA ITIOBYAOBU CAMOI'O CKJIAJHOT'O JIOTTYHOTI'O JEPEBA

KJIACPI(I)IKAI_IIi B 3AJJAYAX PO3INIBHABAHHS IMCKPETHUX OB‘EKTIB
I. loBxan

Kageopa npoepamnozo 3abe3neuenns cucmem,
JIBH3 “Vaceopoocvkuii nayionansHull yHieepcumem”,
eyn. 3anvroseyroi No89b, 88000 YVoiceopoo, Yrpaina
igor.povkhan@uzhnu.edu.ua

Po6oTa migHiMae BaX<JIMBe MUTaHHS B TEOpPil po3Ii3HaBaHHS AUCKPETHHX 00‘€KTIB IOB‘s3aHE
3 3araJbHOI0 CXEMOIO MOOYIOBU CaMOT0 CKIJIAQJHOTO Pe3yJIbTYIOYOro JIOTiYHOro JepeBa Kiacugi-
kauii. [IpexcraBieHHs pe3ysabTyI040] CXeMH PO3Ii3HABaHHS HA OCHOBI JIOTTYHOTO JepeBa, 103BO-
Jsie 3a0e3NeynT! MiHIMaibHy (GOpMy CHCTEMH pO3Ii3HABAHHS Ta BHCOKY SIKICTh Kiacugikamii.
B po6oTi npornoHyeThCs 3arajbHa IOKPOKOBA cXeMa MoOYA0BH TaKOr'o JIOTIYHOTO JiepeBa, Ta Ja-
€TBCSI OLIIHKA CKJIQIHOCTI OTPUMAHUX Ipad)-CXeMHHUX MOJIeIeH.

[ToGynoBany cxeMy po3mi3HaBaHHS y BUIIISAL JIOTIYHOIO JepeBa MOXKHA MPEICTaBUTH abo B
JAH®, a6o B KH® dopwmi. Tak nepeBo posmizHaBaHHS, sIKE SBISIE COO0I0 NEBHE MPABUIIO KJIACH-
¢ikarii, MOXXHa MPEICTABUTH 32 TOIMIOMOTOI0 BiAMOBIMHOI JIOTiUHOI QyHKII. OTKE BaKIMBOIO
po06JIeMOro IIpY T00YJOBI CXeMH pO3Ii3HABaHHS (BiANOBIIHOTO JIOTIYHOTO JepeBa) TAKOTO THUITY
Oyze mpobieMa CHHTE3y JIOTiYHOT (QYHKIIIT, ika eKBIBAJICHTHA JaHOMY JIepEBY pO3Mi3HaBaHHS. 3i
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301IBIICHHSIM YMCIa apryMeHTIB JioriuHol (yHKUIl (pe3ysbTyI4oro AepeBa) LIBHAKO 3POCTAE
CKJIQIHICTh OZIHOTO 3 eTamiB CHHTe3y QYHKUIT — eTamy MiHiMi3auii. BuxomoMm 3 gaHOro MosoKeH-
HSl MOXKe OyTH HE 3HaXODKeHHsI 11 MiHIManbHOT (OPMH, a IPESICTABICHHS Y BUMIISAIl IEKOMITO3HU-
uii ¢pyHKUii (BiANOBiAHUX AepeB). BaxkMBUMHU nepeBaraMu METOLy JepeBa Ul MiHiMizauii Jo-
riuaux QyHKIIT € Te, 10 3 AePEBOM IOCHTH NMPOCTO MPALOBATH IIPH BEJIUKIiH KibKOCTI apryMeH-
tiB. Kpim ToOro0, Ay’ke mpocTo aBTOMaTH3yBaTH MPOIEC MiHIMi3aLil 3a paXyHOK HalUCaHHS [POC-
TO1 KOMII‘IOTEPHOI TPOTpaMHu.

3ayBa)xnMO, 1110 B poOOTi TaKOX BHBEACHI YMCIIOBI OLIHKH B MEPCIEKTUBI JO3BOJIAIOTH PO3-
pobutn edekTHBHI MOJeNi cXxeM MiHiMizali oriyanx aepeB kinacudikarii. OTpumaHuii pe3ysb-
TaT MPUHLUIIOBO BXIMBHUH B 3a1a4i OLIHKU CTIHKOCTI MaKCHMMaJIbHOIO JIOTIYHOTO JAepeBa Kia-
cudikarii 11010 MepecTaHOBKH SPYCiB Ta BIUTUBH TaKOl MEPECTAHOBKU HA 3arajbHy CKIIAIHICTh
nepesa. JlaHe MUTaHHS Mae NPUHIMIIOBUH XapaKTep, TOMY IO BIUIMBA€ HA 3arajibHy CKJIAIHICTh
oTpHUMaHOi cxemu Kiacudikamii Ta o0csr mam‘sti HeoOXigHol aJs 30epiraHHs Ta poOOTH BiAmO-
BiZIHOI CHCTeMH po3mi3HaBaHHs. Po0O0OTa akTyaibHa /UL BCIX METOAIB pO3Ii3HaBaHHsS 0Opa3iB B
SIKUX OTprMaHa (GyHKis knacudikaril Moxe OyTH MpeICTaBIeHa Y BUIJISIII JIOTIYHOTO JIepeBa.

Kniouosi crosa: 3apadi po3nizHaBaHHs 00pa3iB, JOrivYHe AepeBO, rpad-cXeMHi MO,
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