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ORDERING OPERATIONS IN ALGEBRAIC SYSTEM OF AGGREGATES
FOR MULTI-IMAGE DATA PROCESSING

Background. The range of hardware for surveillance, monitoring, and measuring is quite wide now. It gives new op-
portunities for obtaining large amounts of data which describe behaviour of an object (subject, process, phenomenon)
of observation. Since observation is a process fulfilling in a course of time as well as usually it is resulted in obtaining
multimodal data sets, it is reasonable to represent this time-based multimodal data as a multi-image of an object of
observation by employing the apparatus of the Algebraic System of Aggregates.

Objective. The objective of the research is to define ordering operations of the Algebraic System of Aggregates and to
present an approach of their application for processing a multi-image of an object of observation.

Methods. The research is based on both the Algebraic System of Aggregates and the concept of multi-image which
enable complex representation and processing of multimodal data. There are logical, ordering and arithmetical opera-
tions in the Algebraic System of Aggregates. Ordering operations can be used for time-based processing of real ob-
jects, subjects, processes data represented as multi-images.

Results. The ordering operations on aggregates are proposed and described. These operations allow to process data of
multi-images with respect to time; in particular, they enable reordering of tuples and tuple elements.

Conclusions. The processing of complex data structures of multimodal nature, which are defined, generated, meas-
ured, or recorded in terms of time, can be fulfilled based on mathematical apparatus of the Algebraic System of Ag-
gregates, in particular, by using the ordering operations presented in this paper. It can be useful in different areas for
data processing of real-world objects (subjects, processes, phenomena), characteristics of which can be measured as
multimodal data by multiple sensors and presented as aggregates and multi-images.

Keywords: algebraic system of aggregates; ordering operations; multimodal data; multi-image.
Introduction An aggregate A is a tuple of arbitrary tuples, ele-
ments of which belong to certain sets:
Nowadays, the range of hardware for surveil-
lance, monitoring, and measuring is quite wide. It
gives new opportunities for obtaining large
amounts of data which describe behaviour of an
object, subject or process of observation. These da-

A=[M @) 1Y, = (A AL,

where {A} is a tuple of sets M, , (A) is a tuple of

ta can be used for implementation of the Digital
Twins technology [1—4].

A Digital Twin is complex data representation
of the object (subject, process) which fully de-
scribes its features and can be used for prediction
of its further behaviour as well as modelling its
critical states.

Since observation is a process going on in
course of time as well as usually it is resulted in ob-
taining multimodal data sets, the apparatus of the
Algebraic System of Aggregates |5, 6] can be used to
obtain a multi-image [5, 6] which can be considered
as a mathematical background for a digital twin of
the object (subject, process) of study.

The Algebraic System of Aggregates (ASA) is
an algebraic system, a carrier of which is an arbi-
trary set of specific structures — aggregates [5, 6].
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elements tuples <aif ):’il corresponding to the tuple
of sets (al.j € Mj) .

It means that for defining the aggregate we
need to indicate the sets, elements of which belong
to the aggregate within appropriate tuples, and next
we need to place the tuples of the elements be-
longing to these sets in the same order because
there is a strict relation between them: the ele-
ments of the first tuple belong to the first set, the
elements of the second tuple belong to the second
set, etc.

For example, if we have both systolic pressure
and diastolic pressure values of a patient as well as
the heart rate values we can present all the meas-
urements as one complex data structure — the ag-
gregate:
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A=[M, My, M,|(185166,175166,171,152),
(76,73,74,73,71,76),(74,81,76,93,97,97,96)].

To process aggregated data, we need to apply
certain operations to them. Such operations should
enable logical, ordinal, and arithmetical actions on
aggregates. All these operations are proposed by
the apparatus of the ASA.

Problem Statement

The objective of the research is to define or-
dering operations of the Algebraic System of Ag-
gregates and to present an approach of their appli-
cation for construction of a multi-image of an ob-
ject (subject, process) for further analysis and proc-
essing, including its use in the Digital Twin tech-
nology.

Basic Statements of ASA

Since the ASA is an algebraic system [7—10],
it consists of sets (M, F, R), where M is a non-
empty set (carrier), elements of which are elements
of the system; F is a set of operations; R is a set of

relations.

The basic relations of aggregates are: Is Equal
(=), Is Less (<), Is Greater (>), Is Equivalent (=),
Includes (o), Is Included (<), Precedes (<), Suc-

ceeds ().

Operations on aggregates include logical ope-
rations, ordering operations, and arithmetical opera-
tions. The logical operations on aggregates are: Un-
ion, Intersection, Difference, Symmetric Differen-
ce, and Exclusive Intersection [4]. Ordering opera-
tions include: Sets Ordering, Sorting, Singling, Ex-
traction, and Insertion. Arithmetical operations in-
clude: Elementwise Addition, Scalar Addition, Ele-
mentwise Subtraction, Scalar Subtraction, Element-
wise Multiplication, Scalar Multiplication, Element-
wise Division, and Scalar Division.

As it is mentioned above, the carrier of ASA
is an arbitrary set of specific structures called ag-
gregates. Tuple elements in an aggregate can be
both crisp and fuzzy values. The notation a; means
that a value is crisp and the notation a; is used for

a fuzzy value. A tuple element can be undefined;
its notation is _ or _ depending on the value type.
A tuple may be empty:

A=[M M, ..M, |aa),...a)

m

(@)-n(a) aysna,) ]

An aggregate which consists only of empty
tuples is called empty:

A=[M (D],

An aggregate which does not include any
component is called a null-aggregate, its notation
is Ay:

Ay =[D(D)]

The null-aggregate plays a role of a neutral
element in the algebraic system of aggregates.

The sequence order of sets and corresponding
tuples in an aggregate defines how operations on
the aggregate will be fulfilled. The sets in the list of
sets may repeat. Such case means that the aggre-
gate includes several tuples which consist of ele-
ments of the same type.

An undefined aggregate is the aggregate which
includes tuples of defined sets but unknown ele-
ments values:

A=[M (O

The undefined aggregate defers from the emp-
ty aggregate where tuples also belong to defined
sets, but the tuples are empty. The practical value
of the notion of an undefined aggregate is that it
allows us to predefine aggregates when some data
sequences are not obtained yet (e.g. we know from
which sensor we will receive data, but the sensor is
currently off and, thus, data are still unavailable).

The aggregate length is a quantity of tuples in
it. The corresponding notation is | 4 |. The length

of the null-aggregate is equal to zero: |4,[=0.

The tuple length is a quantity of elements in it. The
notation is |a |. A cumulative length ||A|| of the

aggregate A is a sum of the lengths of the aggregate
tuples. The cumulative length of the null-aggregate
is equal to zero: || A ||=0.

Aggregates can be compatible, quasi-compatible
or incompatible. Aggregates A, and A, are com-

patible (A4, = A4,) if they have equal lengths and

both the type and sequence order of these aggre-
gates are the same. Aggregates A, and A, are

quasi-compatible (A, = A,) if the type and sequ-

ence order of these aggregates coincide partly.
There is no requirement of the equality of aggre-
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gates lengths in this case. Otherwise, aggregates A,
and A, are incompatible (4, = 4,).

Besides, aggregates A, and A, can be hid-
denly compatible, A(=)A,, if A =A, or
A, = A, but at the same time {A4,} ={A4,} what

means that both aggregates have the same set of
sets but the order of these sets differs. For exam-
ple, the aggregates D, and D, defined below are

hiddenly compatible:
D, =[R,N|(12.5,46.9,11.7),(31,18,14,5)],
D, =[N,R|(0,1,2,3,4,5),(643.90,214.81,301.14)].

Hidden compatibility is important for the Sets
Ordering operation what is discussed in the next
section.

Ordering Operations in ASA

The ordering operations have a specific im-
portance in the ASA because they allow us to
compose and to operate with complex data struc-
tures called multi-images [5, 6]. A multi-image is a
complex representation of multiple data sets de-
scribing an object (subject, process) of observation
which are obtained (measured, generated) in the
course of time. In mathematical sense, the multi-
image is an aggregate, the first data tuple of which
is a non-empty tuple of time values. These values
can be natural numbers or values of any other type
which can be used for evident and monosemantic
representation of time. Thus, the multi-image can
be defined in the following way:

=T, My, My (1t ) (a0, ),

N N
~{a ,...,anN)]],

where T is a set of time values;
ell,...,N].

If there is a tuple, elements of which are con-
stant in time, in the multi-image then the corre-

T2n;, L€

sponding set in the tuple of sets is marked as M
and the tuple of identical elements is defined by
one element which is supposed to be valid for eve-
ry time value. For example:

I=[T,R,R N|(1,23,4,5),(3.2,4.7,1.1,5.6,0.3),
(5.11,5.11,5.11,5.11,5.11),(116,125,114,73,0)]
=[T,R,R,N|(1,2,3,4,5),(3.2,4.7,1.1,5.6,0.3),
(5.11),(116,125,114,73,0)].

Operations which enable reordering of the ag-
gregate elements are necessary for data processing
in terms of time.

Let us consider the following ordering opera-
tions of ASA:

1. Sets Ordering .

2. Ascending Sorting T .

3. Descending Sorting { .

4. Singling ||.

5. Extraction x.

6. Insertion x.

A Sets Ordering operation reorders an aggre-
gate according to a template aggregate. The tem-
plate aggregate can be arbitrary, undefined or emp-

ty.
Let us consider the aggregate A defined as:

A=[My, M My, My a7 Ca ),
<a32>722=1,...,<a,.”;>;’NN=1]].
Besides, let the template aggregate be defined as:
Ay =M My, My,.... M\ | )].

Then the result of Sets Ordering operation on the
aggregates A and A, is the aggregate A, de-

S
fined as:

Ares = A = Atem = [[{Atem}|<A>]] = [[M15M23M3a---5

My Kap)l (@i, ntay i)

2\hn
i1:1’<ai2> ) iy=l

i=1°
Let us consider two arbitrary aggregates A,
and A, .

If A, = A, then the result of Sets Ordering
operation is an aggregate A, which is equal to A4, :

Ay =A E A, =[{A}KAD]=[{4}[<A)] = A,

If A = A, and there is no hidden compati-
bility between A4, and A, then the result of Sets
Ordering operation is an empty aggregate A, :

Ay = A F Ay =[{4,}(D)].
If A, = A, and there is no hidden compati-
bility between A, and A, then the result of Sets
Ordering operation is an aggregate A;:

Ay = A F Ay =M} Ka)y 31,
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where (al)i e M?, M} e{A,}, (af);} (A,
(As) = (A)).

If A (=) A, then the result of Sets Ordering
operation is such aggregate A, that A, = A4,
and (A;) =(A)):

N
A3 = Al F A2 = H{A2}|<aij>i=1]] j=1°
where (a/)7, e (A).

Let us consider sorting operations: Ascending
Sorting and Descending Sorting. These operations
enable reordering of all tuples according to new —
sorted — elements order (ascending or descending)
of a certain tuple (called a primary tuple) among all
tuples of the aggregate.

-

Let A1 = [[MJ |<a,j>,=jl]} /}/=1
l<k<N,k+#2 and n >n, >ny,n,=n,. Then

and 3k such as

the result of Ascending Sorting operation of A,

according elements of tuple a* is the aggregate
A, such as:
—k 11
A2:A1Ta :[[Ml,Mz,...,Mk,...,MN|<aa,aﬁ,...,
1 11 1 2 2 2 2
av,...,aw,anﬁl,...,anl),(aa,aB,...,aV,...,aw),...,

k .k k
(a*,a a,,...,

k N N N
wrdgses a,y,....(a, ags.a, NB

k k k ke ,j N
where a; < ay <..<a;<..<a,a, e af)2,,J =

=L.,N, mela,B,..,v,..,o], [ <m<n and n=n,
ifannk or n=n; if n;<n.

The result of Decending Sorting operation of
A, according elements of tuple a k' is the aggre-
gate A, such as:

A, =Ata* =M ,M,, ..M, ..M,\a,..,

1 1,1 1 1 2 2 2 2
av,...,aB,aa,ank+1,...,anl),<am,...,av, ..,aﬁ,aa>,...,
k k k k N N N
<am,...,av,...,aﬁ,am),...,wV sy, -

If k=1,k=2 or k=N the sorting operation

is fulfilled by the same principle.
If ny=n,=..=n,=..=n, the result of As-

cending sorting operation is:
—k o . o
A2:A1Ta :[[Mj|<aé,aé,...,aé,...,a({)>]]j=1

and the result of Descending sorting operation is:

A, = A lak= [[Mj |<a({;,...,a\{, ..,aé,a({)]]jj\.’:l )

A variant of the sorting operations is the sort-
ing operations with appending (Ascending Sorting
with Appending and Decending Sorting with Append-
ing) which allow to increase length of shorter tup-
les according to the length of the primary tuple by
adding a value x (xe[d, ,ql, qe Mj, 1<j<N)

either to the end or to the beginning of the sorter
tuples.

The result of Ascending Sorting with Append-
ing at the end of the sorter tuples of the aggregate
A, is the aggregate A,:

A, =A@ x)=[M.,M,,..M,,..M, [{a],

1 1 1 1

1 2,2 2 2

Agsoes@ysenns @y nkH,...,anl),(aa,aﬁ,...,av,...,am>,...,
k k k k N N N

<aa,aB,...,av,...,aw>,...,<aa Ay sesd, 3 X5 ey X,

N

v 2

where |<aév,aév,...,a XXy =n, .

The result of Ascending Sorting with Appen-
ding at the beginning of the sorter tuples of the ag-
gregate A, is the aggregate A,:

A, = AN (x,a*)y=[M M,,..M,,..M,|a,

1 1 1,1 1 2 2 2 2
Apsoer Aoy m,ankﬂ,...,anl),<aq,aﬁ,...,av,...,am),...,
k .k k k N N N
<aa,aﬁ,...,av,...,aw>,...,<x,...,x,aa YA N Y1,

where |(x,...,x,aév,agv,...,aVN>| =n,.

The result of Descending Sorting with Ap-
pending at the end of the sorter tuples of the ag-
gregate A, is the aggregate A,:

A, =A@k x)y=M ,M,,..M,,..M,|a,

1 1,1 1

1 2 2 2,2

...,av,...,aﬁ,aa,ank+1,...,anl),<am,...,av,...,aﬁ,aa),...,
k k k .k N N N
<am,...,av,...,aﬁ,am>,...,<aV sy 50, 3 Xy X0

The result of Descending Sorting with Ap-
pending at the beginning of the sorter tuples of the
aggregate A, is the aggregate A,:

Ay = AV (,@*) =M, My, M s M |(al, .,

1 1,1 1 1 2 2 2,2
Aysones A, A nk+1,...,anl),<aw,...,av,...,aﬁ,aa>,...,
k k k k N N N
(a(u,...,av,...,aﬁ,am),...,(x,...,x,aV sy 50, Y-
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Let us consider Singling operation on the ag-
gregate A, defined as follows:

_ 1 1 1 1
A =M, ..M, N |(al,...,am,...,am+p,am+p+l,
1 k k k k k
...,anl),...,w1 ,...,am,...,amﬂ),amwﬂ,...,ank),...,
N N N N N
(a ,...,am,...,am+p,am+p+l,...,anN)]],

where 1<k <N, and let 3m, VI such as a,’;:

:ak :...:a

m+1 1<’/n<(nk

i p> p,1<p<n,.

The result of Singling operation on the aggre-
gate A, by the tuple a k" is the aggregate A, such as:

_ —k _ 1 1
A, =Alla*=[M,,...M,, MN|<al,...,am,
1 1 k k k k
amﬂm,...,anl>,...,<a1 sees Qs @y pseens @y pI
N N N N
(a, ,...,am,am+p+l,...,anN)]].

Let us consider Extraction operation on the
aggregate A, which is defined as follows:

k k
A =M. .M,,.., N|<a >, (@ enal
k k N
Aps @y p5ees @ > »{a; >,N”_]]

Then the result of Extraction of the element
a ,’fl from the aggregate A, is the aggregate A,

such as:
_ k _ 1
Ay =Axal =[M,..M,,...M |(a, )l e
k k k N
<al 5"‘5amfliam+15‘ ’ > < >l}\llv_ ﬂ

The operation of Conditional Extraction is de-
fined 0r1 the assumption of a given condition such

asa da <d ora >dvdeM.Forex—

ample: A; = 4, xam|a’k":d.

Let us consider Insertion operation on the ag-
gregate A, which is defined as follows:

A =M. M, .. M,|a| >, Lpens(afak

k ,k k
Ay sy )

N\ h
s "’<aiN>iA[,V=1H’

where 1<m< N and let 3d
1<k<N.

such as deM,,

Then the result of Insertion of d to the ag-
gregate A, is the aggregate A, or the aggregate

A3 such as:

Ay = A x(d=<ak)=A x(d=ak )

:IIMI""’M/(’ N|<a >l I ERN s< lk,-..,a’l:l_l,
k k k Ny
d,am,am+l,...,ank),...,<al.N>i$’:l}],

Ay =Ax(d=ak)=A,x(d=<ak )

k
ZIIMlﬁ"'iMkﬂ |<a >l 19 5<a15"'7am_15

ak d,ak

m’ mi12 G

ay n ) ,<aN>, "l

The operation of Conditional Insertion is de-
fined on the assumption of a given condition such

as d=ak, d<a* or d>ak vdeM, . For ex-
ample:

_ k
A3 - Al A (d = am)|d<a,';, m=m...m,’

_ k
Ay =Ax(d~ am)ld:a',;’ —
Thus, the ordering operations in the ASA en-
able reordering of both tuples in the aggregate and
elements in tuples.

Multi-Image Processing Approach

The precondition of a multi-image construc-
tion is that obtained (generated, measured) data
sequences are of different modalities and they are
recorded (generated, measured) with respect to
time.

While the logical operations of the ASA are
used for preparing complex data representations
(aggregates and multi-images) [5], the ordering op-
erations can be used for processing of complex da-
ta structures (aggregates and multi-images).

Let us consider an example of the ASA order-
ing operations application for processing of com-
plex representation of multimodal data about a pa-
tient’s health status. Let these data sequences be
obtained from two digital sensors: thermometer
and pulsometer. Then, let the data belong to the
following data sets:

M, =[35.0,...,

values (°C);
=[50,...,110] is a set of pulse values (bpm);

39.9] is a set of temperature
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T =[1,...,31] is a set of time values (day of a

month).

We assume that some of measurements are
taken simultaneously and the other measurements
are taken sequentially (in different days). Every
case of measuring is presented as a certain multi-
image. Thus, let us consider the following multi-
images:

L =[T\M,M, |<tit>f’i=1’<ai1]>§1=1’<ai22>172=1]] =
[T,M,,M,[{9,10,12,13,17,18,19,20),
(36.5,36.5,36.8,36.6,36.3,36.4,37.0,36.5),
(74,81,76,93,97,97,96)],

Iy =T, My, M (2,38 1B 1 b2) f ]
= [T, M,, M, |(2,3,11,14,21,28),(75,76,74,73,75,75),

(36.4,36.1,36.3,36.2,36.5,36.3)].

Let us assume that the task is to obtain a sin-
gle multi-image which sums up the results of the
patient’s health status monitoring being fulfilled
during a month.

To solve this task, at first, we need to discover
the level of compatibility of these multi-images.

It is evident that /, = I, (they both are mul-

ti-images and therefore the first tuple in both of
them belongs to the set of time values). At the
same time, {/,}={[l,} but {/,}={l,}. Therefore,

I,(=) I,. To make these multi-images fully com-

patible, we should apply the operation of Sets Or-
dering:

I, =1, I, = [T, M,, M, |(2,311,14,21,28),
(36.4,36.1,36.3,36.2,36.5,36.3),(75,76,74,73,75,75)]..

In 1, Ka?)] | <Kt; )8 4| (in practice, it can

happen if the pulse rate was not measured at the
last day of patient’s observation). Let us use Inser-

tion operation to append the tuple (a?)]_, by val-
ue x=9J:

Iy =1 x(x=a3)=[T, Mt’Mp|<tir>§r:l=<a}]>§l:l=
(@?)$ |1=IT. M,. M, |(9.10,12,13,17,18,19,20),

(36.5,36.5,36.8,36.6,36.3,36.4,37.0,36.5),
(74,81,76,93,97,97,96,2)].

Next, we can compose data of all multi-
images into one global multi-image /,. It can be

done by using logical operations [5], in particular,
Union operation. For obviousness, let us do it se-
quentially.

At first, let us apply Union operation to /;

and [, . Since I, =1,, the resulted multi-image
I,, is as follows:

]1’2 = I] U [2 = [[Ta M[aMp |<t[r>}:‘.:17<e[11>}14:]7
()14, ] = [T, M,, M,[(9,10,12,13,17,18,19,20,2,

3,11,14,21,28),(36.5,36.5,36.8,36.6,36.3,36.4,
37.0,36.5,36.4,36.1,36.3,36.2,36.5,36.3),
(74,81,76,93,97,97,96,0,75,76,74,73,75,75)].

Let us sort /,, in ascending order of time

values to obtain the final result for this compound
data structure:

[1’2 = [1’2Tt_: IIT7MI7M[7 |<tir>11':‘:1’<eill>l4

i=1
(el.zz)}j:l]] =T, M,,M,|(2,3,9,10,11,12,13,14,17,18,

19,20,21,28),(36.4,36.1,36.5,36.5,36.3,36.8,36.6,
36.2,36.3,36.4,37.0,36.5,36.5,36.3),(75,76,74,81,
74,76,93,73,97,97,96,,75,75)].

Let us consider another example from the
field of health care. In this example we assume
that the data are received from two sources of dif-
ferent nature: some data sets are a result of using
digital sphygmomanometer and other sets are ob-
tained as a result of blood tests. Thus, we operate
with the following data sets:

M 9= [80,...,190] is a set of systolic pressure

values (mmHg);
M & = [55,...,100] is a set of diastolic pressure

values (mmHg);

M, =[132,...,161] is set of haemoglobin val-
ues (gram/litre);

M, =[2,...,15] is set of erythrocyte sedimen-
tation rate values (mm/hour);

T =11,...,31] is a set of time values (day of

a month).
Let us consider the following multi-images
obtained from the given measurements:
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[3 = [[Ta Ms dep |<ti)i:l’<c}1>2:1’<ci22>;‘2:l]]
=[T,M

o0 Mgy 1(2,9,16,23),(185,166,175,152),
(76,73,74,73)],

Ly =T My M, K107 (d )] u0d )]

=[T,M,, M, |(2,9,16,23),(144,142,145,154),

(17,15,15,13)].

esr

It is evident that /7, =1, because {/;} Z {/,}

but both multi-images have the same type of the
first tuple since they both are multi-images.
Since [;=1,, to unite these multi-images

meaningfully, we need to append tuples, elements
of which belong to different sets, with empty values
in order to make them equal in length to the joint
tuple (time values tuple) of the multi-image /5 ,.

For this purpose, we should apply Insertion opera-
tion four times to the second and the thirds tuples
of both /5 and I, . As a result, we obtain the fol-

lowing multi-images:

N

I3 =T, Mgy, My, (1)} ()} e L] =
[7, M,

p3

M4, 142,9,16,23),(185,166,175,152,2, 2,
2,2),(76,73,74,73,2,2,2,2)],

AN

Iy =T, My, Mo (1) i (d ]} (d )}
=[T,M,,M,, |(2,9,16,23),(144,142,145,154, 2,
@,2,2),{17,15,15,13,2,2,2,D)].

esr |

Then, we can apply Union operation to IA 3
and ;4 :
I, =1,Ul,=[T,M,,
DD DD A= T My, My,
M,, M, 1(2,9,16,23,2,9,16,23),(185,166,175,152,
2,9,3,2),{76,73,74,73,,3,23,2),({144,142,
145,154,9, 9, 3,),{17,15,15,13, 3,3, J, B)].

Mdp!Mh!Mesr |<tit>8

i =1°
i=1

Let us sort /3, in ascending order of time

values:

]A3,4:]3,4T7:[[T=Ms

depaMhaMesr|<t,'r>8

i=1>

<f‘i:>§l=1’<fi§>§2= 1’<fl';4>§4=1]] = HT’MSp!Mdps
M, M,, |(2,2,9,9,16,16,23,23),(185,,166,2,
175,2,152,2),(76,2,73,3,74,3,73,2), (144, B,

142,,145,3,154,9),17,2,15,3,15,3,13,3)].

BT

I3=

Since there is duplication of time values in
the multi-image 13’4, we should apply Singling

operation to it in order to obtain the resulting mul-
ti-image:

15,=1,,17=1T.M,.M

4
3, sp? dp’Mh’Mesr|<ti{>'

i=1’
T

T, M,

EOMING FONERC ORI Atei

M

oMM

esr

1(2,9,16,23),(185,166,175,152),
(76,73,74,73), (144,142, 145,154),(17,15,15,13)]..

Thus, the ordering operations of the ASA al-
low us to process data in terms of time according
to that when they were measured, generated, re-
corded, etc. These operations are the mathematical
background for multi-images processing to be ful-
filled by using a domain-specific programming lan-
guage such as ASAMPL [6].

Conclusions

The processing of complex data structures of
multimodal nature which are defined, generated,
measured or recorded in terms of time can be ful-
filled based on mathematical apparatus of the Al-
gebraic System of Aggregates. The ASA enables
multimodal data processing by using a range of op-
erations and relations. In particular, the ordering
operations presented in this paper allow to process
multi-images of objects, subjects or processes to be
under observation. It can be useful in different ar-
eas, including healthcare, for data processing re-
lated to real-world objects, subjects, and processes,
characteristics of which can be measured as multi-
modal data by multiple sensors and presented as
aggregates and multi-images.

The further research should be focused on de-
velopment of methods and algorithms for imple-
mentation of the multi-image concept [5] which
enables overall description of an object, a subject,
or a process of observation carried out in the
course of time. In its turn, the multi-image con-
cept can be considered as a possible mathematical
background for complex data structures processing
in Digital Twins technology.
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I.A. Ounuka, €.C. Cynema

OMEPALLII BNOPAOKYBAHHA B AlITEEPVYHIV CUCTEMI ATPEFATIB 4J1 OBPOBNEHHA OAHVX MYNIbTUOEPA3Y

Mpobnematnka. Ha cborogHi cnekTp anapaTtHoro 3abe3neyeHHs AN CrOCTEPEXEHHS, MOHITOPUHTY Ta BUMIPIOBaHb € JOBOMi
Lwmnpokum. Lle Hagae HOBI MOXNUBOCTI ANS OTPUMaHHS BENUKUX HabopiB gaHux, siki onucyloTb noBefdiHky o6’ekta (cyb’ekta, npolecy,
sBMLLIA), WO nignsrae BUBYEHHO. OCKINbKU CNOCTEPEXEHHS € NPOLIeCOM, WO BigbyBa€eTbCsl B Yaci Ta sikMi y 6aratbox BUNaaKax 3aBep-
LWYETLCS OTPMMAHHSAM YMCIEHHMX HAOOPIB MyNbTUMOAANBHUX AAHMX, OOUINBHO NoAaBaTh Taki KOMMMEKCHI AaHi y BUrnsai Mynbtnobpa-
3y 06’ekTa CnocTepexeHHs, Lo Moxe 6yTU BUKOHAHO 3 BUKOPUCTaHHSAM anapaty anrebpuyHoi cuctemm arperaris.

MeTa gocnigxkeHHA. Bu3HayeHHs1 onepauivi BNOpsSiAKyBaHHA anrebpuyHOi cucteMu arperatis 1a oOpMyBaHHS METOAUKM X 3a-
CTOCYBaHHS Ans 06pobneHHs AaHux MynbTnobpa3sy o6’ekTa CroCTEpEXEHHS.

MeToauka peanisauii. [JJocnigaxeHHs rpyHTYeTbCst Ha 3acToCyBaHHI anrebpuyHoi cucteMm arperaTiB Ta KoHuenuii MynbTuobpasy,
SKi YMOXITUBIIIOIOTb KOMMNIEKCHE NOoAaHHSA Ta 06pobneHHs MynbTUMoaanbHuX gaHunx. B anrebpuyHin cuctemi arperatis BU3Ha4eHo no-
riYHi onepadii, onepauii BNOpsAKyBaHHA Ta apudmeTuyHi onepadii Hag arperatamu. Onepadii BNopsAKyBaHHS MOXYTb BUKOPUCTOBYBa-
TUCS ANS PO3B’si3aHHsA 3adad, Lo NoB’s3aHi 3 06pobrneHHsM gaHux MynbTMobpasiB peanbHux 06’ekTiB (Cy6’ekTiB, Npouecis, sBULLY) 3
ypaxyBaHHsAM yacy.

PesynbTatn pocnimxeHHs. 3anponoHOBaHO Ta onvcaHo ornepadii BnopsakyBaHHs arperaTis. Lli onepadii Aatotb 3mory o6po6-
noBaTH AaHi MynbTMOOpPasiB 3 TOUKM 30pYy Yacy, 30KpemMa, BOHW YMOXIMBIIIOIOTL NepeBnopsaKOBYBaHHS KOPTEXIB Ta iX eneMeHTiB.

BucHoBkn. O6pobneHHs1 KOMNAEKCHNX CTPYKTYP AaHUX MYNbTUMOAANbHOI NPUPOAMN, SIKi BU3HAYalOTbCs, FEHEpPYTbCS, BUMIpHO-
10TbCSA ab0o 3annCyThCs 3 ypaxyBaHHSAM Yacy, Moxe OyTy BUKOHAHe Ha OCHOBI 3aCTOCYBaHHSA anapaTty anrebpuyHoi cuctemu arperaris,
30Kpema onepauin BNopsiAKyBaHHS, LLO 3anponoHOBaHi y Ui ctaTtTi. Lle Hagae MOXnuMBICTb pO3B’si3aHHS 3adadv Y pi3HOMaHITHUX rany-
39X, ge € notpeba B 06po6neHHi xapakTepuUCTUK peanbHux 06’ekTiB (Cy6’ekTiB, MpoLECiB, ABULL), SKi MOXYTb BYTU BUMIpsIHI 32 AONOMO-
roto Habopy AaBadiB | NoAaHi Sk MynbTUMOAANbHI AaHi y BUMMSAAi arperaTiB Ta MynbTuobpasis.

Knro4yosi cnoBa: anrebpuyHa cuctema arperaTis; onepadii BNOpSAKOBYBaHHS; MyNbTUMOAANbHI AaHi; MynbTnobpas.

W.A. Ounuka, E.C. Cynema

OMEPALIM YMOPAOOUMBAHUA B ANTEEPAUYECKON CUCTEME ATPEFATOB [ OBPABOTKM OAHHBIX MYNbTU-
OBPA3BA

MpobnemaTtnka. Ha cerogHALWHMIN AeHb CNEKTp annapaTHoro obecneyenns Ans HabnoaeHs, MOHUTOPYHIA U U3MEPEHNI SBNS-
eTCs AOCTaTO4HO LWMPOKUM. OTO AAET HOBble BO3MOXHOCTY AN NonyyYeHnst 60nblunx HabopoB AaHHbIX, KOTOPbIE ONWCHIBAOT NoBeae-
Hue obbekTa (CybbekTa, npouecca, SiBNeHus), nognerawwero mdydyeHuto. Nockonbky HabnogeHuwe siIBNsieTCS NPOLEeCcCOM, KOTOpPbIv
OCYLLIECTBSIETCA BO BPEMEHWN M KOTOPBIN BO MHOTUX Cly4yasix 3aBepLUaeTcs Nofy4YeHNeM MHOXECTBEHHbIX HabopoB MynbTUMOAANbHbIX
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AaHHbIX, LuenecoobpasHo nNpeacTaBnsATb Takme KOMMIEKCHbIE AaHHble B BuAe MynbTvobpasa obbekTa HabnogeHns, 4To MOXeT ObiTb
BbINOSHEHO C UCMOSb30BaHMEM annaparta anrebpanyeckol cUCTeMbl arperaTos.

Llenb uccnepgoBaHus. OnpegeneHne onepauni ynopsgounsaHus anrebpanyeckon cuctemMbl arperatoB 1 oopMupoBaHue me-
TOAVKM NX NPUMEHeHNs Ansa 06paboTkn AaHHbIX MynbTuobpasa obbekTa HabnoaeHus.

MeToauka peanusaumn. ViccnegoBaHne OCHOBLIBAETCH Ha MPUMeHeHUW anrebpanyveckoll CMcTeMbl arperaTtoB M KOHLEenuuu
MynbTMobpasa, KoTopble NO3BOMSOT KOMMMEKCHOe NpeacTaBneHne n o6paboTky MynbTUMOAAnbHbIX AaHHbIX. B anrebpaudeckon cuc-
TemMe arperaTtoB OnMpeferieHbl Normyeckne onepauuu, onepauun yrnopsaoyvMBaHua M apudMeTMdeckue onepaumn Hap arperatamul.
Onepauun ynopsiaoumMBaHnus MOTyT UCMONb30BaTbCS ANA peLleHns 3afad, CBA3aHHbIX ¢ 06paboTkoi AaHHBIX MynbTMOOPa3oB pearnb-
HbIX 06beKTOB (CyObeKTOB, MPOLLECCOB, SIBNIEHUI) C y4ETOM BPEMEHMW.

PesynbTatbl nccnepgoBaHus. [NpeanoxeHsl 1 onncaHbl onepauymn ynopsaounBaHna arperatos. 9Ty onepauumn no3sBonsoT o6-
pabaTbiBaTb AaHHble MybTMOOPA30B C TOYKM 3PEHUSt BPEMEHM, B HAaCTHOCTU, OHU MO3BOMAOT NepeynopsiAoHeHne KOPTEXeNn U ux ane-
MEHTOB.

BbiBoabl. O6paboTka KOMMMEKCHbIX CTPYKTYP AaHHbIX MYNbTMMOAANbHOW NMpUpoabl, KOTOPblE ONpeaensaTCs, reHepupylTCs,
N3MEPSIIOTCS UMK 3anNMCbIBaOTCA C Y4ETOM BPEMEHU, MOXET BbITb BbINONHEHa Ha OCHOBE NMPUMEHeHUs annapaTa anrebpavyeckon cuc-
TeMbl arperaToB, B 4YaCTHOCTM onepauuin ynopsiAoUvBaHus, NpeasioXeHHbIX B 3TOW cTaTbe. OTO AaeT BO3MOXHOCTb peLleHust 3aaad B
pa3HoobpasHbix obnacTsax, rae ecTb noTpebHocTb B 06paboTke xapakTepucTUK peanbHbiX 06bEeKTOB (CyObeKToB, NPOLECCoB, SBMe-
HWI), KOTOpble MOryT BbITb N3MEPEeHbl C MOMOLLLIO Habopa AaTYMKOB U NPeAcTaBeHbl kak MynbTUMOAANbHbLIE AaHHbIE B Buae arpera-
TOB M MynbTUMOOpPa30B.

KnioueBble cnoBa: anrebGpavyeckas cuctema arperaTos; onepauuv ynopsaouMBaHvs; MynbTUMOAAMbHbIE AaHHbIE, MyNbTu-
obpas.
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