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Annotation

The method of dividing the training sample into non-intersecting groups of objects
based on the property of their connection according to the defined subset of boundary
objects of classes is considered. Grouping is used to find the coverage of the sample with
reference objects. The formation of a new feature space for representing objects is described
by nonlinear mapping of non-intersecting set of features onto the number axis.
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O HeTMHEHHOM 0TOOpaKeHNH HA0OPOB MPU3HAKO HA YHCJIOBYIO OCh

MaxmymxanoB Mupaxasion NLixoM:KoHOBUY
YHUBEPCUTET TOYHBIX U COLIMATIBHBIX HAYK, CIICUAIBHOCTD «ICKYCCTBEHHBIN
WHTEJJIEKT» MaruCTpaHT

OnekTpoHHas moura: mirjalolmahmudjonov020@gmail.com

AHHOTAIIUH
PaccmaTtpuBaercs Meroj pazOueHus 00ydarolieil BHIOOPKM Ha HeEMepeceKarouuecs
rpynmnbsl 00ObEKTOB Ha 0a3e CBOMCTBA CBS3AHHOCTH HMX MO ONPEACIISIEMOMY IMOJIMHOMKE-
CTBY TPaHUYHBIX OOBEKTOB KJAaccOB. PazOueHue Ha TPYyMMbl UCMOJIB3YETCS sl TOUC-
Ka TOKPBITUS BBIOOPKU OOBeKTaMu-3TajioHaMu. OnuckiBaeTcs (popMUPOBaHUE HOBOTO
MIPU3HAKOBOTO MPOCTPAHCTBA JIJIsi TIPEACTABICHUS] OOBEKTOB IMyTeM HEJIMHEWHOTO OTOO-
paXeHUsT HEMEPECEKAIOMNUXCSI HAOOPOB MPU3HAKOB HA YHUCIIOBYIO OCh.

Knroueswvie cnosa: pacrno3HaBanue 00pa3oB, JOTHUECKUE 3aKOHOMEPHOCTH, KJlacTep-
HBIM aHaAJIN3 JaHHBIX, 000J0YKA KJIACCOB, O0BEKTHI-ITAJIOHKI.
Introduction

The main goal of cluster analysis of the data presented in the training selection is to
justify the selection and implementation of recognition algorithms. To select models of

recognition algorithms, it is necessary to have information [1] about various structures of


mailto:mirjalolmahmudjonov020@gmail.com
mailto:mirjalolmahmudjonov020@gmail.com

SHARQ FALSAFASI 2-SON 1-JILD FEVRAL 2026 1-QISM

connections between objects and features. As one of the means for such information is
represented by data cluster analysis methods. The structure of relationships between class
objects depends on the proximity measure used and the transformations of the feature space.
Along with various methods of data normalization, transformations include forming a new

space based on the original and removing non-informative features.
On the nonlinear mapping of feature sets to the number line

A method for forming a new feature space using hierarchical agglomerative grouping.
Using this method, a set of values from non-intersecting set of features is mapped onto the
number line. Display results are used as new (latent) characteristics in the description of

objects.

The rule for combining characteristics at each step of hierarchical grouping is
designed for a training sample with two non-intersecting classes, objects which are
described using a set of n quantitative characteristics X (n). For ease of presentation, let’s
denote the classes as 4; and 4>, the set of initial numbers of quantitative characteristics as 7,
the characteristics obtained at the p-th step of the hierarchy agglomerative grouping, - how

i xP,j € i,p =0, At p=0 I={1,.,n}. If the number of classes is / > 3, then we can

proceed to the division into two classes by considering the objects of the class. 4; how A4,
=K, t = 1,...,[, and 4, how 4, = CK, Ordered set of feature values xf,j eEi,p=0

We divide the objects from Ej into two intervals [c{p, c2 2. (c3 ,c4 P, each of which is

considered as a gradation of a nominal characteristic. The criterion for determining the c] P

boundary is based on testing the hypothesis (statement) that each of the two intervals
contains the values of the quantitative feature of objects only from the class A; or A,. Let

uju? be the number of values of the sign x]p, j € 1, class A, i=1, 2, respectively in

intervals c{p, c2 (c3 ,c4 ] |A;] > 1, 9 —ordinal number of an eclement of an

increasingly ordered sequence Tj seees Bgoeens T x]p values for objects from E, defining

- - jp _ jp _ jp _ s
the interval boundaries as ¢; =Tj, € =Tj, 3 =T . Criteria (5)

L 14 (.ul - 1) + Ui (:ul - 1) Zd 121 1 M (|A3 ll ug—i)
( )( )~ _max
i=1|Ai| (IAil - 1) 2|A1||A2| c{p< cép<cép
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allows you to calculate the optimal value of the boundary between the intervals [cfp, cgp]

and [c{p, cgp]. The expression in the left brackets (5) represents intra-class similarity, the
expression in the right brackets represents inter-class difference.
The extremum criterion (5) is used for the quality of the weight ij (0 < ij < 1 attribute

ij At ij = 1 value of a feature ij objects from classes A1 and A2 do not intersect.

The value of a combination of two features b? object S,={ afu}ua, S, € Ey, in pairs

rij

xP, xP),0<p<nij€ELi#j, is calculated as
i’ p ] Ji

b = n: '(ti Wlp( ag;— Cép) tj W})( afj‘ Cgp)) (1-nj)ti; W?j( az; afj‘ Céjp) i jo€Ei
Tij ij (C;p_ Cip) (Cép_ C{p) (C;JP_ C;JP) b ’
tij’ ti, tJE{-I, ]}, TlijE[O,]]
Where wP, w”, w?, - weights of signs, defined according to (5) respectively by the
i ij g g g P y by

p
i

p

set of values of the characteristics x;, xf and their product x; x}’ ; values t;;,t;,t; € {-1,

jr
1}, n;;€[0,1] are selected by the extremum of the functional
min b?.. — max b?

Sonpml) sk, 'Y

5 - e min ]
max b... — min b... tiptitj€ {~1,1},n;;€[0,1]
S.€E, 'Y  S.€E, TU

pp,i,j) =

The extremum of functional (6) is interpreted as the distance between objects and

classes. Al and A2 according to the set of values for a pair of features (xl?j ) x]p ),0<p<
ni,jeL i#j.
Let's denote by {lej}i, jen D = 0, square matrix of size (n—p)*(n—p), value of an

element zfj under which p = 0 is defined as

p ..
D _ Wi; I'__]I

%ij {significance (5)to (b} WLy, i#],
through I'y, >0, - a subset of characteristic numbers from X (n). Let's present the

step-by-step implementation of the hierarchical agglomerative grouping algorithm.
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Step 1. p =0, Ac = 0, n = 1. Perform I'y,={ n} Margin, = -2, n = n+1, for now

n <n.

Step 2. Calculate the values of the matrix elements { lej}l-’ jer to

Step 3. Highlight ¢ = {zfzv | zl, > max (wh, wh)andu#v,u,vell.Ifp =9,

sometimes go 9.

Step 4. Calculate An = min zh . Highlight A ={(s,¢),s,t€ 1| zP, = Anand
¢

Zu, v

s <t

Determine the pair {i,j},i < jhow

A [A=1],
{t,j} = {{s, th{s,t} € Aand p(p,s,t) > max _@(p,u,v).
(u,v)EA(s,t)

Step 5. If An > Ac or Ain = Ac and Margin; < ¢(p,i,j) then y; =T; UT;,T; =0,
Margin; < o(p,i,j),to go 7.

Step 6. Output feature numbers from I';, T; = @, I=11{i}, to go 3.

Step 7. p = p+1, [ =1 \max(i,j), k = min(i,j), Ac = An. Replace feature values in object

o R _
description S, = {am et =1 ..,mon

» _{afgl, u€el\k,

a =
U p —=
brij' u = k.

Step 8. For each pair (u,v), u,v €1 determine the value

p

zh, ', uwelI\{k},  veEl
Z'U.U =

significance (5) to {a?,}™,, u=k vel
If n—p >1, to go 3.
Step 9. End

Space dimensional reduction is possible in the form of a recursive process of volume
unity of signs. The set of features obtained at the next step of recursion is is the initial for

the algorithm in the next step. Ideally describing class objects can be reduced to a single
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latent feature. In general, the completion of the rectors is determined by the condition & =

0) at
p = 0 on the 3 algorithm step.



