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Abstract. This article addresses the subject of creating mathematical methods in order to opti-
mize time and computing resources when processing “big data.” One of the ways of solving this
problem is the creation of NoSQL systems, an advantage of which is the flexibility of data models
as well as the possibility of horizontal scaling, parallel processing and the speed of obtaining
results. From the viewpoint of “big data” analysis, there have been other methods developed
such as machine learning, artificial intelligence, distributed processing of streams and events,
and visual data research technology.

Furthermore, the aim of the research is to develop mathematical methods for processing “big
data” based on the system analysis of the data structure properties known as “m-tuples based
on ordered sets of arbitrary cardinality (0SAC).”

The data structure “m-tuples based on OSAC” is the Boolean, which is ordered by right-side enu-
meration of the elements of the basis set with cardinality n from the lower boundary of the pos-
sible change of the index value for each element of the tuple to the upper one. We formulated
certain properties for the data structure investigated. These properties result from rules of logic
when forming this structure. We also described mathematical methods based on these proper-
ties. Boolean graphs are illustrated with drawings and the outlined vertices of the graph corre-
spond to the declared properties of the given data structure. We derived analytical dependencies
to determine these Boolean elements. These Boolean elements do not require the execution of
algorithms that implement the particular operations of intersection, union, and membership be-
cause the desired result is already determined by these properties.

The properties of the data structure in question with regards to m-tuples based on 0SAC allow us
to determine some interdependencies between m-tuples by their location in the structure. Their
location 1s determined by a pair of indices (j, m) without executing computing algorithms. In
this case, the time estimate for obtaining results changes from a cubic 0(n3) to linear O(n) de-
pendency.

Key words: “big data,” data structure, ordered set of arbitrary cardinality, m-tuples, Boolean
graph, minimization of time and computing resources.

Problem statement. At the present stage of information technology develop-
ment, the task of processing, storing, analyzing and managing “big data” remains a
serious problem. Recently, there have been many new and diverse “big data” genera-
tors such as social networks, web networks, cellular networks, multichamber video

surveillance systems, distributed multi-level, multi-tasking and multi-user SCADA
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systems, etc. At the same time, important problematic aspects of the uses of “big
data” are the methods and tools to analyze them [1].

Publication analysis regarding topic research. At the present time, the stor-
age and processing of “big data” in systems specifically based on relational data-
bases is not always highly efficient. In order to store data in a relational database, we
need to perform several steps: develop a data storage structure, filter and convert
data to the required format, and load data into the database. Any of these stages can
be a long and time-consuming process.

One of the ways of solving this problem is the creation of a new class of NoSQL
(Not Only SQL) systems. The advantage of a NoSQL system is the flexibility of data
models which include the use of horizontal scaling and parallel processing. Results
from this system can be obtained rather quickly.

From the viewpoint of “big data” analysis, there have been other methods de-
veloped such as machine learning, artificial intelligence, distributed processing of
streams and events, and visual data research technology.

Article [2] describes the models of interoperability and navigation through big
data, allowing information to be extracted from large and complex collections of
semi-structured data. The difference between the proposed models and the tradi-
tional relational data model is that the information about the structure of big data
arrays is defined in terms of the domain identifier and business key. Using a do-
main/key mathematical model allows us to create a structure that can remove all re-
strictions, except for domain restrictions and key restrictions. However, the practical
implementation of converting a collection of semi-structured data into a normal
domain/key form remains an open question.

In article [3], the author considers mathematical methods and principles for
constructing expert systems. The work describes such concepts as the system of al-
ternatives, incompatibility modules, the module of the ban, implication modules,
and production modules. It shows the implementation of the inference in the system
of alternatives. According to the author, the method of alternative systems is de-
signed to organize and process data when solving problems associated with the
search for options. Another way of using this method is to create an expert system
knowledge base in the form of a system of alternatives for solving recognition and
classification problems. The paper also discusses methods for restoring regular and
context-free languages. These methods are used by the author in the automated ex-
traction of knowledge from the knowledge system of the expert system.
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The principles of building an expert system for diagnosing an object by un-
structured diagnostic features (UDF) are presented in article [4]. The paper shows
that the values of the UDF can be determined by a set of patterns. The main idea of
the diagnostic method is to determine the similarity coefficient of the diagnostic ob-
ject compared to its pattern. The knowledge base of the expert system is determined
by the graph. The vertices of the graph are the set of UDFs and its arcs are the set of
patterns defining the values of UDFs. After calculating the similarity coefficients of
the diagnostic object compared to its pattern, their values are assigned to the arcs.
After that, the author calculates the probability of establishing a connection be-
tween the initial vertex of the graph with its terminal vertices. The paper concludes
that if the degree of diagnostic discernibility corresponds to a given value, then the
diagnostic process is complete. Otherwise, the process continues on to the next UDF.

In article [5], the authors consider the diagnostic concept of how information
systems (IS) work based on LV (Latent Variable) models. The system determines the
process parameters that exceed established monitoring levels based on the array of
archived data collected by SCADA. These parameters are associated with the opera-
tion of equipment, the behavior of the technological process or the disruption of op-
erating modes. The approach is based on the ability of personnel to formulate an ex-
pert assessment of the trends in the technological process and equipment operation.
Knowledge-based decision support systems can be applied to automate the process
of forming an expert assessment. At the same time, LV models must be unique and
interpretable. It also requires processing large arrays of missing data and monitoring
their integrity within the LV area as established by the training set. Restrictions on
the use of LV models built on the archival data of the system consist of limiting the
space of latent variables determined by those archived data. LV models also cannot
be used to extrapolate the modes of information system operation for which there
are no monitoring statistics.

Formulation of the aim of the article. The aim of the research is to develop
mathematical methods for processing “big data.” It is based on the system analysis
of the data organizational and structural properties known as “m-tuples based on
ordered sets of arbitrary cardinality (OSAC).” The use of this data structure in the
NoSQL database with the “key value” data model will allow optimizing the main
characteristics of the “big data” such as reducing the amount of stored and proc-
essed information, an increase in the speed of searching, processing and transmit-
ting data while preserving their value and reliability.
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Main part. The description of the basic terms and definitions, as well as some
properties and mathematical methods to work with “m-tuples based on OSAC” are
given in the works [6 — 8].

In this paper, we consider mathematical methods for determining the truth of
expression (1), whose operands are elements of Boolean 2%, represented by “m-
tuples” based on an ordered basis set X of cardinality n.

yroocyr .
my,Jy my,Jp , (1)
m, <m,

where y,’;, j —m-tuple, Boolean element 2%; n — cardinality of ordered basis set X; my,
m; — tuple lengths; ji, j» — indices (index numbers) of m-tuples in ordered sets Y,:l
and Y, .

As an example for our research, we can define a symbolic alphabetically or-

dered basis set X of cardinality n = 8. The decomposition of the Boolean 2% into sets
is given in Table 1.

Table 1
Representation of a Boolean 2% by sets Y, (n=8)
m Y, ko
2 3
Ylg =lab,cd,e,f,gh 8
2 1 ={(@b)(@.0)(a.d) @) (@./)1(a.2)ah).b.0.b.d) b)) b.2)-bh), 28
(N do @ Niddn e Nieeh .94 . gh)
3 Yy ={(a,b.0)(a.b,d)(a,b.e)(ab. /). (abg).(abh)(@cd).(aco).@ac /), 56

@cgach(addlad Nad g adhae)aegaenaf,g),

(@ f,h),(a,g,n),(b,c,d),(b,c,e),(b,c, /),(b,c, 8).(b,c, 1), (b.d, e),(b,d, [),(b,d, g),
(b, be f){beg)beh)b.f,.2)(b.f.bghcde)cd )cd.g),
(.dh)(c.e. /) (c.e8).ceh).cf.8:(cf.hcen.def)deg)(deh),
(d.f.8).(d, f,h),(d,g,h).(e.[,8).(e.[,h).(e.g: 1), (&, 1)}

4 Y; ={@b,c.d)(abcoabec Nabe g abeh)@bde abd,f), 70
(@bd,g) abdh abe /) abeg abeh abf.2 abf.habghacde),
(@cd f)acd.gacdhacef)lacegaceh)acf,g)acf.h(acgh),
(@d.e )adeg) ad.eh ad f,2) ad f,hadgh aef e f M (aegh),
(@ f,gh),0b.cde)bcd,f)bcdg),bcdh),bce,f)bceg)bceh),bef,2),
b f.hbeghbde ) bdeg)bdehbdf,2bd f,hbdghbef,2),
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(e f,h),(begh)b f.gh(cdef)lcdeg)cdeh)df,g.cdf,hcdgh),
GefrolcefMceghict.ehidef.9def. M deghdf.ghef,sh)

5 Ys8 ={@b,c.d,0abcd, )abcdg)abcdhabce ) abceg)@bceh),
(ab,c,f,2).(ab.c, f,h),(ab,c,gh)(abdef)(abdeg)abdeh)labdf,g),
(a9b7d’f,h)’(a5b’d’g’h)?(anDeﬂf,g)’(a’b’e’fih))(a’b’e)g;h),(aﬂb’f’gﬂh)ﬂ(aﬁci d,eﬁf)7

(a,c.d,e,g)(a,cd,eh)(acd,f,2),(acd,f,h),(acdgh).acef,g) acef,h),
(a,ce,g h)(ac f,gh).(adef 2)(ade,f h),adegh)ad,f,gh).(aef,gh),
bedef)badeg badeh bad f,.9(bed f,hbedghbcef.Q).
(b.ce f,h).(bcegh)bef,gh).bdef,2.,bdef,h),bdegh).,bd,f,gh),
be.f.ghcdef.9{cde . cdeghicdf.ehcef.gh def.gh)

6 I/68 :{(a,b,c,d,e,f),(a,b,c,d,e,g),(a,b,C,d,e,h),(a,b,C,d,f,g),(a,b,c,d,f,h),
(abcd,gh)(abce,f,2) abcef,h(abceghabcf,gh(abdef.g),
(abd,e f,h),(a,bdegh)(abd,f,gh).(abef,gh,acdef,2)(acde,f,h),
(acdeghacdf.ghacef.gh adef.ghbcdef,2) bcdef.h),
bedeghbad f.ghiboef.ghbdef,ghicdef,gh)

7 Y;g ={(a,b,c,d,e,f,g),(a,b,c,d,e,f,h),(a,b,c,d,e,g,h),(a,b,c,d,f,g,h),
(a,b,c,e,f,g,h),(a,b,d,e,f,g,h),(a,c,d,e,f,g,h),(b,c,d,e,f,g,h)}
8 Y88 = {(a,b,c,d,e,f,g,h)}

56

28

where K — cardinality of set Y.

n n!
- (m) C(n-m)tm!’ @

We can represent Boolean 2X on the basis of an ordered basis set X of cardinal-
ity n = 8 in the form of a graph (see Fig. 1), where each vertex of the graph corre-

m

sponds to an element Y, .

The Graph of Boolean (n=8)

1 idaibdubdubdyidybdybiybiybiyedyt dupdertrlcrlocrlyrlytlytrltyltrtypplyrplytoplytorl sl gttt

Tuple kength m

Tuple index

Figura 1 - The graph of Boolean 2X when n = 8
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where n — the number of parallel segments of the graph corresponding to the num-
ber of elements of basis set X; m — the ordinal number of the segment that corre-

sponds to the length of Boolean element Yy, .; j — the ordinal number of the graph
vertex that corresponds to the ordinal number of Boolean element Yy, . in ordered

subset Y of Boolean elements of the same length; k' — the number of vertices on

the m™ segment of the graph, corresponding to the subset cardinality; (j, m) — coor-
dinates of the graph vertex.

We define table 2 which shows if expression (1) is true for element

8 . .
y,’;l j, = Y11 = a. In other words, we define set 12:1,,2 = {1‘2}, where each of its elements

j» unequivocally determines tuple y,’;l,,-z for which expression (1) is true.

Property of membership for Boolean elements 1. Expression (1) is true for
n-m,
m, —m,

elements of set Y, .

Property of membership for Boolean elements 2. Expression (1) is true for

n

n—m,
m, —m,

] elements of Boolean 27*.

my=m;+1
Property of membership for Boolean elements 3. If j; == 1, then expression (1)
n-m
is true for the first [ ! } elements of set Y, .
2 1

Table 2

. . 8 n 8
Determination of set /2,, for Boolean element Y,, ; = Y,

m; ngmz 122 (V1 j1) = (n:lz__mnilj
2 ng =1+7 nj2, () = mﬂ
3 J2§=1 +21 n23(vt)) = [;jzﬂ
4 J2§; =1+35 n24(v1) = @:35
5 J2§=1 +35 nj2s5(r)) = @:35
6 ng =1+21 ni26(yt1) = @:21

8 .
Tl ub=1:7 | w2080 - [Z]ﬂ
[7

8 .
8 J2g=1 ”128(y18,1)= 7]=1
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where nj2, ,(y,, ;) — cardinality of set 2, .

3

n—mlJ

2 1

Figure 2 shows the Boolean graph with the cardinality of the basis set n=_8.
Closed polylines outline the sets of Boolean elements represented by tuples of

8
length m; > m, for which each element yfnl , is a subset of each set element /2, .

Closed polylines 51, ... , 56 outline Boolean elements
with length m: including elements with length m —
and coordinates (1,1), (1.2}, ..., (1,6) as subsets

"-:'1_._.: 5 =l
T
== =]
2
1="-|_ : —— T
=
=53
; —
n - s
i E0 an ] a0 o i) LI an e
Tuple mdex §
Figura 2 - Boolean graph with closed polylines for determining
8 8
sets /2,, toelements y, |
Example 1.

We have n, mi=1, ji=1, my, j2, mi<ms.

Required to determine if expression (1) is true for element Iy

Decision:

o[ n—m
nj2, = m, _mlJ. 4
Answer:

Expression (1) is true for expression 1< j2 £I’l]2m2,
We can define table 3 which shows if expression (1) is true for ele-

n 8
ment Y, i =Y, = b.
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Table 3
Determination of set 12,8,1Z for Boolean element y,’;,,.l = }/ﬁ 9
my | 77| o8 1 2m2.0 it 1) | W 2m2 (V1)
my.n

2 |2 1 1 7

1| 8+13 6
3 2 1+6 6 21

11]22+736 15
4 | 2] 1+15 15 35

1 |36+55 20
5 12 1+20 20 35

1]36+50 15
6 | 2| 1=+15 15 21

11]22+27 6
7 |2 1+6 6 7

1 8 1
8 2 1 1 1

. . 8 o
where 77 — the ordinal number of element y, . intuple y, . ; /2, , —setof indices

j», that unequivocally determines a set of elements y, . for which expression (1) is

true. At the same time, element y, . islocated in 7 in tuple y, . ; nj2,, - cardi-

my,j, ; m2,n
) 8
nality of set /2, .
Figure 3 shows the Boolean graph with the cardinality of the basis set n=38.

Closed polylines outline the sets of Boolean elements represented by tuples of
length m, > m, for which element yi , is a subset of each of the elements of set / 2?,,2 .
On the basis of table 3, we can create table 4 which shows if expression (1) is
true for element yﬁ , when n has any value possible.
Clased polylines 51, 52 outline Boclen elements

withs lengih a2 inchading an clement with
cooadmates (2,1} as subseis

Tyt legrh |

Figura 3 - Boolean graph with closed polylines for determining

8 8
sets /2, to element yp,

ISSN 1562-9945 85



«CucremHi TexHosnorii» 3 (122) 2019 «System technologies»

Table 4

. . n n
Determination of set /2, for Boolean element Y, ,

n . . : n_ . n_
my | 7 I 0 = {,2,,,2’q’l,...,jzmz,n,,as,} 1 2m2, (Y1, j1) 122 (Y1, j1)
2 2 J255,=1 2, ,= { "o ]

. - < Amy—m = -1 o = n=m )2
J220 tast =22 [n jl]—l Vo2 g —my |
(31
1 J2501 =12, +1 02 n=Ji -
. . . 217 ny —my — (77—1)
T2 1tast W25 1294 —n—j
=n-i
3 2 j23,2,1 =1 = { n—ji ] nj2 =[ n—n ]
. ) my —my — (17 —1) my —my
123,2,last = n]2372 _(n=Jj1)_ n_i _[(n-T1)_
1 A 3-1
1 i = i +1 n—j _(n-1
J nj2 in = 1 = =
3,11 3 nj23, My —my — (1) 2
J23 ) 0 = W23 F W23 _(n-j,
2

n . . . n_ . n_
my | 7 T2 0 = {,2m2’q,l,..,,jzmzq,],,as,} 7 2m2, (Y1, j1) 122 (Y1, j1)
H 2 72400 =1 2 ={ n= ]

o 72 =my — (=)
j2y,2,last = njzy,2 n—my
. nj2,=
1 i =2 +1 = n= g [ﬂ‘mlj
Jeul— Wep n]2#,1— pi—my — (7 —1)
jz[u,l,last= I’lj2[u + njz,u,l
n-1, 2 J2y 101 =1 nj2, 1,
22 ast = W21 = 12 = n=
n—1-m —-(n-1)
n—2)_ _[ n-m )_
[ [l
1 J2, 401 =12, +1=n n- J1 e
” T A m —(n-1) n-2
T2\ tast =W 2y T2y =0 __[n=2)_4
- n-2
"2 Pnor =l ”Jznz_(n o 1)J
, . _
n—1
J2up0 =12, =1 _(n=2)_4 "2 [n—l]_l
n—-2
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. P . . n
where /2, ,, — the minimum sequence number j; of element y, . in set sz , for

which expression (1) is true when element y, ;. is located in the 4™ place in tuple

y,’j,z,jz 5 72, e — the maximum sequence number j; of element y,’,’,z,jZ in set Y,,fz , for
which expression (1) is true when element y,';ll’jl is located in the ™ place in tuple
n
ymZ!iZ °
Example 2.
We have n, mi=1, j1=2, my, ja, mi<ma.

Required to determine if expression (1) is true for element y,’,‘zz’i2 .

Decision:
. _ n— I’n1
n]2m2 - m2 _ml}) (5)
. [ n—j
n]2m2,77=2 - mZ _ml _IJ ’ (6)
. [ n—j
nlzmz,n=1 - m2 _ml}i (7)
jzmz,nzz,l =1, ®
jzmz,n:Z,last = njzmz,nzz ’ (9)
jzmz,q:l,l = nlzmz + 1 ’ (10)
i2m2,77=1,last = njzmz + njzmz,ryzl (11)
Answer:

Expression (1) is true for expression (2, ,,<j» < j2, ,,,) V (j2,,,<)2 <

J 20, s )-

The algorithms considered in example 1 and example 2 relate to algorithms of
linear execution time O(n).

Conclusions. In this article, we considered certain properties of data structure
“m-tuples based on ordered sets of arbitrary cardinality.” These properties follow
the rules of logic when forming ordered ascending elements of the given data struc-
ture. It allows us to determine interdependencies between m-tuples by their location
in the structure defined by a pair of indices (j, m) without executing computing algo-
rithms. At the same time, there are certain operations for Boolean elements. These
are the operation of intersection, union and membership. For these operations the
functional dependency of the time estimation to obtain the results using the meth-
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ods described changes from cubic O(n3) to linear O(n) depending on cardinality n of
basis set X. This approach allows us to speed up data processing time significantly
and minimize the time and computing resources to real time.
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Tpagpoananumuyeckue memodsl 06pabomku «60nbwUXx OAHHbIX>» HA OCHOBE AHANU3A
csolicms ux cmpykmypHoU op2aHu3ayuu

B cmambe paccmompeHbl BONPOChI CO30QHUS MameMamuyeckux Memodos onmuMu3ayuu
BPeMeHHbIX U BbIYUCUMENbHbIX Pecypcos npu obpabomxe «b6oabLIUX OaHHbIX». 00HO U3 Hanpase-
Huli 0513 peweHus 0aHHol npobiemsl — co3daHue NoSQL cucmem, 0oCmouHCcMBOM KOMOpbIX ABASA-
emcs 2ubkocme Mooesneli OaHHbIX, BO3MOXHOCMU 20pU30HMALHO20 MACWMAbUPOBAHUA U napa-
JlesibHol 0bpabomku, 6sicmpoma nosydeHus pesynbmamos. C MOYKU 3peHus Memooo8 aHANu3a
«bo/IblUUX  OaHHbIX» OajibHeliee pazsumue NOJYYUAU MALWUUHHOE 0ByYeHue, UCKYcCmBeHHbIl UH-
meJiiekm, pacnpedesieHHas 06pabomxa NomMoKos U cobbimud, BU3YasibHbIe Memoobl UCCIE00BAHUS
OGHHbIX.

Llenbio uccnedosaHus sAsrsemcs pazpabomka mamemMamuyecKux Memooos 06pabomku
«b0JIbLLIUX OGHHbIX» HA OCHOBE CUCMeMHO20 AHAJ/IU3A CBOLUCMB CMPYKMypbl 0P2AHU3AUUU OQHHbIX
muna «m-apHble KOpmeXxu Ha 0CHOBE YNnopsi00YeHHbIX MHOXeCm8 NPOoU3B0/IbHOU MOUJHOCMUY.
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C0/l muna «m-apHbie kopmexu Ha ocHose YMIIMy» - 6yneaH, ynopsdoyeHHsIl no npasocmo-
pOHHeMy nepebopy 37emeHmos 6a308020 MHOXECMBA MOWHOCMU N 0M HUXHeU 2paHUybl BO3MOX-
HO20 U3MeHeHUA 3Ha4YeHUsA UHOeKca ON1A Kax0020 37eMeHma Kopmexa K sepxHel epaHuye. Cop-
MyJIUPOBAHbI Hekomopble csolicmsa uccnedyemoli (0L, komopbie asasomcs credcmsuem o2ude-
CKux npasun ¢popmuposaHus 0aHHol cmpykmypsl. ONUCaHbI OCHOBAHHbIE HA 3MUX CBOUCMBAX MA-
memamuyeckue memoosl. [paghsl 6yneaHa npounIOCMpupo8aHsl pucyHkamu. O4epyeHHsle Bepuil-
Hbl 2pagha omseyatom 3adeknapuposarHeim ceoticmsam COL. [ns onpedeneHus smux 3/71emeHmos
byn1ieaHa sbiBedeHbl aHanumuyeckue 3agucumocmu. Jna amux snemeHmos bysneaHa He mpebyemcs
BbINONHEHUE a/120pUMMOB, Peanusyux uccredyembie onepayuu nepecedeHus, 06beOUHeHUs,
npuHaoexHocmu onepaHdos, m.K. UCKOMbIL pe3ysbmam onpedeneH 8 camom csolicmse CO/.

PaccmomperHsbie 8 cmamee cgolicmsa (04 muna «m-apHsle kopmexu Ha ocHose YMITM» no-
380/1410M onpedessimb HeKOMopble 83aUMO3ABUCUMOCMU MEKOY M-APHbIMU KOPMEXaMu Nno ux me-
CMONOJIOXeHUI 8 CmpyKkmype, onpedesiseMomy napol uHOeKcos (j, m), 6e3 UCNOSHeHUs BbIYUC/IU-
mesibHbIX an20pummos. [lpu 3mom OueHKa BpeMeHU NoJlyYyeHUs pe3yibmamos u3MeHsemcs C Kyou-
yeckol Ha 0(n3) Ha nureliHyo O(n).

Tpagoananimuyxi Memodu 06pobKu «senuKux AaHUX» HA OCHOBT aHani3y snacmusocmel
ix cmpykmypHoi opz2anizayii

Y cmammi po32naHymo numaxHA cCmBopeHHA MameMamuyHUx mMemodig onmumMi3ayii mumya-
COBUX mMa 00BYUCMIOBANLHUX pecypciB npu obpobyi «senukux OaHux». OOuH 3 HanpsmKis Ons
supiweHHs 0aHoi npobnemu € cmsoperHs NoSQL cucmem, nepesazoto AKuUX € 2Hy4YKicmb modesnel
OGHUX, MOX/IUBOCMI 20pU30HMAJILHO20 MAclumabyBaHHs ma napanensHoi 06pobKu, wWBUOKicmb
OMPUMAHHSA pe3ysbmamis. 3 MoyKu 30py mMemoois AHANI3Y «BeUKUX OaHUX» NoOabWul po3su-
MOK OMpUMQJIU MALIUHHE HABYGHHS, WMYYHULl THMesekm, po3nodiieHa 06pobKka nomokis i nooid,
BI3ya/IbHI Memoou OOCNIOKeHHA OaHUX.

Memoto OocnioxeHHs € po3pobKa mMamemamuyHux Memoois 0OPOOKU «BeUKUX OGHUX» Ha
OCHOBI CLUCMEMHO020 aHATI3y Bacmusocmel CmpyKmypu 0p2aHi3ayii 0aHUX muny «m-apHi KOpmexi
H@ 0CHOBI BNOPAOKOBAHUX MHOXKUH 00BI/IbHOT NOMYXHOCMI».

€Ol muny «m-apHi kopmexi Ha ocHosi BM/Il» — 6yneaH, ynopsdkosaHuli 3a npasobidHuUM
nepebopom esnemeHmis 6a3080i MHOXUHU NOMYXHOCMI N BI0 HUXHbOT MEXT MOX/IUBOT 3MIHU 3HA-
YeHHA THOeKCY ONIA KOXH020 esniemeHma Kopmexy 00 BepxHboi mexi. Copmynbo8aHO Oeski
snacmugocmi 0ocnioxysaroi COL, AKi € HACNIOKOM N1021YHUX NPABUA YOpMYBAHHS OAHOT cmpyKkmy-
pu.  OnucaHo 3AaCHOBAHI HA Yux BAACMUBOCMAX MamemamuyHi memoou. [pagu 6yneaHa
npoimocmposari pucyHkamu. OkpecneHi sepwiuHu 2pagha 8i0nosioarme 3a0eK1aposaHuM BaAACMU-
socmam COJ. [ins suzHayeHHs yux enemeHmis OyneaHa suse0eHi aHanimuyHi 3anexHocmi. s yux
esleMeHmMiB 6yneaHa He NOMpPIGHO BUKOHAHHS QI20pUMMIB, WO peanizyoms 00CNIOxXy8aHi onepayii
nepemuHy, 06'€0HAHHS MA HAJIRXHOCMT ONepaHOis, MoMy WO WYKAHUL pe3ybmam BU3HAYeHUl y
camiti snacmusocmi CO/.

PosensHymi 8 cmammi snacmugocmi (0 muny «m-apHi Kopmexi Ha ocHosi BM/I» 0o3so-
JIAI0Mb BU3HAYAMU O0eAKT B3AEMO3ANEKHOCMT MIXK M-APHUMU KOPMEXamu 3a ix po3mawiy8aHHAM y
CMpyKmypi, WO BU3HAYAEMbCA nNapoto iHOekcis (j, m), 6e3 BUKOHAHHA O06YUCTIOBANLHUX
anzopummis. [pu yboMy OYiHKA YaCy OMPUMAHHS pe3yibmamis 3MiHIOEMbCA 3 KybiyHoi Ha O(n3) Ha
niHilHy 0(n).
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