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ABSTRACT

Context. In many engineering tasks where the monitoring of changes in the characteristics of an observation object, subject, or
process is required, it is necessary to process multimodal data recorded with respect to time moments when these characteristics are
registered. In this paper, the author presents a new approach to solving the problem of multimodal data structures timewise process-
ing, which allows to simplify the processing of such data by using the mathematical apparatus of an algebraic system of aggregates
and thereby reduce the requirements to computing resources. The algebraic system of aggregates operates with such specific data
structures as aggregates and multi-images. These complex data structures can be obtained as a result of data measuring, generating,
recording, etc. The processing of such multimodal data can also require discrete intervals processing.

Objective. The goal of the work is to formalise the relations between basic mathematical objects defined in the algebraic system
of aggregates, such as elements, tuples and aggregates, as well as the data structures based on these mathematical objects, namely,
discreet intervals and multi-images.

Method. The research presented in this paper is based on both the algebraic system of aggregates and the concept of multi-image
which enable multimodal data timewise processing. A carrier of the algebraic system of aggregates is an arbitrary set of specific
structures — aggregates. An aggregate is a tuple of arbitrary tuples, elements of which belong to predefined sets. Aggregates can be
processed by using logical, ordering, and arithmetical operations defined in the algebraic system of aggregates. A multi-image is a
non-empty aggregate, the first tuple of which is a tuple of time values. Such tuple of time values represents a certain discrete interval.
To process discrete intervals and multi-images, a set of relations is defined in the algebraic system of aggregates. This set includes
relations between tuple elements, relations between tuples, and relations between aggregates. The relations between tuples enable
arithmetical comparison, frequency comparison, and interval comparison. This mathematical apparatus can be used for both complex
representation of object (process) multimodal characteristics and further timewise processing of data represented as multi-images.

Results. The approach to discrete intervals and multi-images processing based on relations, which are defined in the algebraic
system of aggregates, has been developed and presented in the paper. The author provides examples of the developed approach prac-
tical implementation.

Conclusions. The results obtained in the research presented in this paper has shown that the relations defined in algebraic system
of aggregates enable processing of complex data structures named multi-images in data modelling, prediction and other tasks. To
allow data processing with respect to time scale, discrete intervals can be employed. A discrete interval is a tuple of time values. In
the paper, the author shows how relations for discrete intervals comparison can be used for solving practical tasks. Besides, the au-
thor presents the software tools which can be used for practical implementation of the given theoretical approach by employing the
domain-specific language ASAMPL.

KEYWORDS: Multimodal Data Processing, Aggregate, Multi-Image, Discrete Interval.

ABBREVIATIONS dT i< 2 tunle of diastol; lues:
ASA is the algebraic system of aggregates; dp 15 @ tupic of C1astolic pressure values,

. ASAMPL is .the programming language for mulseme- aij , aik , ai1, ai2: ail , ai2 ,ab a(lp a%, aé’ a}e’ ag, rl1 , ﬁ
dia data processing based on algebraic system of aggre- L
gates. are tuple elements;

N1, Ny, N;j are tuple lengths;

NOMENCLATURE My, Ms, Mw, M, M; are sets;
A is an aggregate; N, Np, Ng, Ne are powers of sets;
. is a non-empty set (carrier); Tis a set of time values;
7 is a set of operations; T 18 atime valu.e';
2 is a set of relations; I, I, 1, are multi-images;
i, 0y, J, K, g, p are indices; M; is a set of temperature values;
a,a, a’, al , a_t, gare tuples of arbitrary val- M, is a set of pulse values;

ues: Mgp is a set of systolic pressure values;

t_ , t_2 are tuples of time values; Mgp is a set of diastolic pressure values.
d{ , d? are tuples of temperature values;
o T e P INTRODUCTION
d}) , d% are tuples of pulse values; Nowadays, there is a wide range of tasks in engineer-
— ing, health care, education, and other fields [1-3], where
dép is a tuple of systolic pressure values; data are complex structures, values of which are defined,
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measured, generated, recorded in terms of time. Since
such data can be obtained in arbitrary time moments as
well as they are a subject of digital processing in com-
puter systems, time readings defining moments when
certain data values are obtained are digital values which
belong to discrete intervals.

Complex data in this context can be presented as a
multi-image [4-6]. A multi-image is a complex represen-
tation of multiple data sets describing an object (subject,
process) of observation which are obtained (measured,
generated, recorded) in the course of time. In mathemati-
cal 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 repre-
sentation of time. The advantage of multi-image use is
that since we have a complex representation of multimo-
dal data sequences defined in terms of time, it gives new
opportunities for data modelling, prediction and other
similar tasks. To process multi-images, we need to oper-
ate with relations between them and their components.
Since a multi-image is an aggregate, relations defined in
the Algebraic System of Aggregates (ASA) are used. In
this paper we present the relations of ASA and propose a
general approach for their use.

The object of study is the process of multimodal data
processing with respect to time stamps of data values.

The subject of study is relations between compo-
nents of complex data structures, namely, between dis-
crete intervals and between multi-images.

The purpose of the work is to formalise logical ap-
paratus of the algebraic system of aggregates and elabo-
rate an approach to its practical implementation.

1 PROBLEM STATEMENT
- n Y n
Let tuples a' :<ai1> ' and a’ :< ,2>2

) , elements of
i=1 i=

which are unique discrete values such as either aik < aikﬂ ,

k k

or & >a, is true for all (aik,aik+1),

Vie[l..n-1], aik eR, k = [1, 2] be discrete intervals.
Then the problem is to establish relations between these
discrete intervals which enable their arithmetical, fre-

quency, and interval comparison which can be used for
multi-image logical processing.

pairs

2 REVIEW OF THE LITERATURE

The foundations of interval algebra and interval-based
temporal logic were presented in [7] where Allen pro-
posed 13 relations between intervals. Allen and Hayes [8]
extended Allen's interval-based theory by formally defin-
ing the beginnings and endings of intervals which have
properties normally associated with points.

Nebel and Biirckert, in [9], introduced a new subclass
of Allen’s interval algebra called ORD-Horn subclass.
The authors proved that reasoning in the ORD-Horn sub-
class is a polynomial-time problem and showed that the
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path-consistency method is sufficient for deciding satisfi-
ability. Allen and Ferguson, in [10], presented a represen-
tation of events and actions based on interval temporal
logic. One of important features of the logic is that it can
express complex temporal relations because of its under-
lying temporal logic.

n [11], Schockaert, De Cock, and Kerre formulated a
notion of a fuzzy time interval and proposed fuzzy Allen
relations which are the generalization of Allen’s interval
relations. The authors applied the relatedness measures to
define fuzzy temporal relations between vague events.

In [12], Bozzelli et al. studied the expressiveness of
Halpern and Shoham’s interval temporal logic which is
“interval-wise” interpreted and enables expressing prop-
erties of computation stretches, spanning a sequence of
states, or properties involving temporal aggregations,
which are inherently “interval-based”. Griininger and Li,
n [13], identified the first-order ontology that is logically
synonymous with Allen’s interval algebra, so that there is
a one-to-one correspondence between models of the on-
tology and solutions to temporal constraints that are
specified using the temporal relations.

These and other similar researches consider time as
intervals and moments as well as such time values con-
sidered as single data, without structuring with data of
other types. Thus, in our research we work on another
approach which stipulates complex representation of mul-
timodal data as aggregates and multi-images.

3 MATERIALS AND METHODS
ASA is an algebraic system, a carrier of which is an
arbitrary set of specific structures — aggregates
[4,5].
Definition 1. An aggregate A is a tuple of arbitrary tu-
ples, elements of which belong to predefined sets:

A= vy I(a) 1= A (AL )

where {A} is a tuple of sets M;, (A) is a tuple of ele-
AN

ments tuples <aiJ > 11 corresponding to the tuple of sets
i=

Since ASA is an algebraic system [14], it consists of
sets (4, 7, R),, where .« is a non-empty set (carrier),
elements of which are elements of the system; # is a set
of operations; # is a set of relations. The carrier of ASA
is an arbitrary set of specific structures called aggregates.

Aggregates can be compatible, quasi-compatible or
incompatible [4, 5].

Operations on aggregates include logical operations,
ordering operations, and arithmetical operations.

The logical operations on aggregates are: Union, In-
tersection, Difference, Symmetric Difference, and Exclu-
sive Intersection [4].

Ordering operations include: Sets Ordering, Sorting,
Singling, Extraction, and Insertion [5].
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Arithmetical operations include: Elementwise Addi-
tion, Scalar Addition, Elementwise Subtraction, Scalar
Subtraction, Elementwise Multiplication, Scalar Multipli-
cation, Elementwise Division, and Scalar Division.

The basic relations in ASA [4, 5] includes Is Equal, Is
Less, Is Greater, Is Equivalent, Includes, Is Included,
Precedes, Succeeds. Let us present the whole set of the
relations in detail.

Relations in ASA include:

— Relations between tuple elements;

— Relations between tuples;

— Relations between aggregates.

Relations between tuple elements are Is Greater (>), Is
Less (<), Is Equal (=), Proceeds (<), Succeeds (>). The
first three relations (<, >, and =) are based on elements
value and the last two relations (< and >) concern ele-
ments position in a tuple. Naturally, elements must be-
long to the same tuple.

Let us consider elements of the following tuple:

a=(a.a,a3,8,)=(119,1118).

Then we can establish the fact of the following rela-
tions between the tuple elements:

Qy\<yPy;a=azsa; < &z a >ap.

Relations between tuples enable the following types
of tuples comparison:

—  Arithmetical comparison;

—  Frequency comparison;

—  Interval comparison.

Arithmetical comparison can be applied to two tuples

N N I n ) n
a' and a?, where a! :<ai1 > and a’ = <ai2> , if
1 /iy=1 2[iy=1

ai1 eM and ai2 € M . Arithmetical comparison is ele-
1 2

mentwise and based on the following relations:
— Is Strictly Greater (>);
— Is Majority-Vote Greater (3»);
—Is Strictly Less (<);
— Is Majority-Vote Less (<<);
— Is Strictly Equal (=);
— Is Majority-Vote Equal (<>).
The relation Is Strictly Greater between two tuples al

and a° is defined as follows:

a1>a2ifai1>ai2,i=[1 Nl np=n,. 2)

The relation Is Majority-Vote Greater between two

tuples a! and @’ can be defined as follows.
Let N :<1,2,...,n>,where

nl, if nl < nz;
n= .
nz,lf nl > nz,
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and let EINp;t@, EiNq;«t@ such as Npqu:N,
NpANg=@ and |Np|>[Ng|. Then vpeN,,
VgeNg:

1 201 2 1 .2
a »a’ifay>ap, a;<ag. 3)

The relation Is Strictly Less between two tuples

a' and a? is defined as follows:

al<a?ifal <a?,vi=[l.n],n =n,. (4)

The relation Is Majority-Vote Less between two tu-

ples a! and a® can be defined as follows.
Let N =(1,2,...,n), where

n,if np<n,
. b
nz,lf nl >n2

and let EINp;t@, EiNq;t@ such as Npqu:N,

NpANg=@ and |Np|<[Ng|. Then wpeN,,
Vg eNg:

A 2ol o2 2

a «xa 1fap2ap,aq<aq. ®)

The relation Is Strictly Equal between two tuples

a' and a2 is defined as follows:

al =a? ifail=ai2,Vi=[1..n1],n1:n2. (6)

The relation Is Majority-Vote Equal between two tu-

ples a! and a® can be defined as follows.
Let N :<1,2,...,n>,where

nl,if nl ﬁnz;
ny,if Ny >n,,

and let INg =D, such as
NpUNgUNe =N,
INe|>[Np|, [N
JeeNg:

HNp¢®, EINq:t@
NpMNgMNe =9 and
|Nq|. Then VpeN,, VqeN,,

p|’ p|:

2 .1 _ .2 1 _ .2
ag <ag,a =ag . 7

1201
a <>a 1fap>ap, q

Let us consider the following tuples:

al :<a},a§,a§,a§>:(l 1,9,11,18);

a’ :<a12,a22,a32,a§>:(2,7,4,10) :

171
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a’ :<af,a§,a§,ai,a§>=(7,19,4,10,8);
at = <a14,a2,a3 a4> (11,9,11,18);

ad = <af,a§,a§,a2,a5> (14,9,11,10,8).

Then we can establish the fact of the following arith-
metical relations between these tuples:

cat<at;
R

o))
\

Frequency comparison can be applied to two tuples

- iy - n - n

va' and Va® where a' =<a.1>1 and a’ =<a.2> t

h/ij=1 2 /i,=1

Frequency comparison is based on the following rela-
tions:

— Is Thicker ();
— Is Rarer (<);
—Is Equally Frequent (~).
The relation Is Thicker between two tuples a' and
2 is defined as follows:
al>a’iflal|> az‘. (8)

The relation Is Rarer between two tuples a! and a®
is defined as follows:

al <a?if

al

<a2.

)

The relatlon Is Equally Frequent between two tuples

is defined as follows:

al|-e].

Thus, if there are three tuples:

a' and a’

a1~

(10)

al —<a11,a£,a§,a}1,a5> (14,9,15,18,6);

2

a <a1 ,az,a3,a4> 2 7,4, 10

a3 = <al3,a2,a3,a4, ~(7,19,4,10,8).

To define how much thicker or how much rarer is a
certain tuple in comparison with another tuple, we intro-
duce a frequency measure which can be calculated as
follows:
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D . (11)

For example, for tuples al , a’
Ni2 :125, N73 208, N3 =1.

and a’ given above:

Interval comparison can be applied to two tuples a'

and a’, where a1 = <a1 >nl and a2 <a2 >n2 , if

I i=l 2 ih=1
aill eM and ai22 € M . Interval comparison [6] is based
on relations of Allen’s Interval Algebra. However, it has
a significant difference from Allen’s Interval Algebra in
that it operates with discrete intervals. Let us define this
notion and introduce the compact notation for relations
between discrete intervals.

Definition 2. A discrete interval is a tuple, elements of
which are unique values ordered either in ascending or in
descending order.

The relation Is Before between two discrete intervals

a' and a® is defined as follows:

al «a’if arl] < alz. (12)
1

The relation Is After between two discrete intervals

a' and a2 is defined as follows:

a' >a’ifa >a’ . (13)
2

The relation Coincides With between two discrete in-

tervals a' and a2 is defined as follows:

A 2012 .1 2
a©oa“ifa =a 8, =ay andny=n,. (14)

Note that this relation does not fully correspond to re-
lation Equal of Allen’s Interval Algebra because in ASA
we deal with discrete intervals, thus, two discrete inter-
vals can coincide in the first and last values, but other

values can be unequal. For example, if we have two tu-
ples (2,3,8,10) and (2,5,6,10), their discrete intervals
coincide but are unequal.

The relation Meets between two discrete intervals a'

and a2 is defined as follows:

Al 220l 2
a «a“ifa =af. (15)

1

The relation Is Met By between two discrete intervals

a' and a2 is defined as follows:
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The relation Is Finished By between two discrete in-

1 202 1 tervals a! and a’ is defined as follows:
a —a“if an2 =q. (16) ervals a’ an is defined as follows

The relation Overlaps between two discrete intervals a' »a’if all < a12 and a}ll = aﬁz : (24)
a! and a’ is defined as follows:
Relations between aggregates consist of relations be-
- — tween sets of aggregates and relations between tuples of
al ea?if all < a12 and arl1 < ar21 and alz < ail . (17)  aggregates.
' ? ! Relations between sets of aggregates are
Is Equivalent (=), Includes (2), Is Included (c).
The relation Is Overlapped By between two discrete The result of these relations depends of the aggregates
compatibility [4, 5]. Let us consider aggregates Aj, A,,
A;, Ay, As, and Ag defined according to (1):

intervals a' and a® is defined as follows:

Lya2ira2 _al 2 1 1_.2 1
a ca“ifa <ajanda’ <a_ anda; <a . (18) n ny
- 1 1
n, ] Ny Al_[IMl’MZ"“ MN|<aI1> ,...,<a >

iy =1

The relation During between two discrete intervals

a! and a’ is defined as follows: 0 n
Ar=[M{M,,...M <a.2> <a2>
- 2= [My,M; N {3 - v /i
a' wa’ifal >af andal <a’ . (19)
1 2
3
. . . . 3 3 3 n 3 ns
The relation Contains between two discrete intervals As=[M{,M5,...,Mg |<ai > ""’<ai >
— — 1/i=1 S lig=1
a! and a2 is defined as follows: :
A2l 22 1 2 nt 4
a ~a“ifa <a a >a‘ . 2 4 4/ 4\M 4\
ifal <a? anda, >a2 (20) A4:[[M1,_..,MW|<ai > <aw> I (@5
Hiy= by =1
The relation Starts between two discrete intervals a'
- nd n
and a’ is defined as follows: As=[M,M, |<a_5> i ’<a:5 > > L
Il i1=1 i2 1h=1
a' «a’ifaj =a anda <a . @1
1 2

s\ g\
. . . A6:[[M2,M1|<ai > ,<ai_ > ]]
The relation Is Started By between two discrete inter- 2=\ /=

Is a' and a2 is defined as follows:
vam an 18 delined as Torows Thus, compatibility of the aggregates in (25) is as fol-

lows: A = Ay A= A A= As; Ay = As; A=Ay

a' »a’ifal =a’anda! >a2 . @2 AEA.
L Then relations between sets of these aggregates are:
A=At (A DA {ATc{A.
The relation Finishes between two discrete intervals The rest of aggregates do not have these relations be-

al and a2 is defined as follows: tween their sets. It can be indicated by using negation:

Al walif al > a2 and arl]1 _ aﬁz . (23) (A ZE {Ash; (A 2 {As] {Ash & {Ag)

Let us note that in spite of that {Al1} D {A3} the sets
of these aggregates have common set M1. To establish
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this fact formally, we can employ logical operation Inter-

section [4]: {A}Nn{A}=M; or more formally
Afn{A}=D.

Let us formulate relations between sets for any two
aggregates.

The relation Is Equivalent between two aggregates A;
and A, can be defined as:

(A} = (A} ifA, = A, (26)

The relation Includes between two aggregates A, and
A, can be defined as:

(A} D {A} i A=Ay and|A]> A

and {Ay} =(My,....My ), (M,...Mg ) e {A}. (27)
The relation Is Included between two aggregates A,
and A, can be defined as:

(AL {A} if A=Ay and |A|<|Ay]

and {A} =(Myp...., My ), (M,....M ) e {Ay}. (28)

Relations between tuples of aggregates are identical to

relations between single tuples defined above relations of
three types:

— Arithmetical relations;

— Frequency relations;

— Interval relations.

However, possibility of their application depends of
the aggregates compatibility: relations between tuples can
be established only for compatible and quasi-compatible
aggregates.

Hiddenly compatible aggregates must be first trans-
formed to compatible [5] and then a relation between
tuples can be considered.

Let us also note that if tuples to be a subject of inter-
val comparison are not discrete intervals (see Definition
2), at first, they must be sorted by using operator Sorting
[5] and next they can be compared.

Relations between tuples of aggregates can be estab-
lished with evident indication of the tuples to be com-
pared:

(m@h)-(mEh)s (A} «(aeh).

If a certain relation is true for several tuples, it can be
indicated in the following way:

<A1(a1,a2)>l><A2(a1,a2)>.
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If a relation is established for all tuples, it can be de-
clared as follows:

(A)=(A).

Let us give several examples. At first, we consider
two aggregates A;, A, such as A; =A;:

Ar= [M,M;,M3(3,4,8,9),(3,1,16,12),(48,13)] ,

A= [M,M5,M53(1,5,7,8),(8,10,11,12),(12,15)] .

The following relations can be established between
these aggregates:

(A1= 1k (A)~(A): (A@)) > (m@h).

Next, let us consider two aggregates Az, Aq (As = Ay):
A= [M[,M,[(8,10,11,12),(17,31)],
A= M}, My, My [(2,4,8),(5,7,2,6,1)] .

These aggregates can be compared by using the fol-
lowing relations:

iy (A@h) = (Aa))

In all examples given above we operate with integer
elements, but any other data types can be handled in a
similar way.

Besides both relations between aggregates and rela-
tions between their components, we consider relations
between multi-images.

Definition 3. A multi-image is a non-empty aggregate
such as:

= [T,Mp,...My [{t,...t),

1 1 N N
(i ool

where T is a set of time values; t>n;,ie[l,...,N].

(29)

Since a multi-image, by definition, includes a tuple of
time values as the first tuple, let us formulate the follow-
ing lemma.

Lemma 1. If |, and |, are multi-images, then |; = I,.

Since compatibility is a special case of quasi-
compatibility, let us state Lemma 2 which follows from
Lemma 1.

Lemma 2. 31; and 31, suchas |, = I,.

These lemmas allow us to conclude that all types of
relations defined in ASA can be used for any set of multi-
images.

Let us employ this theoretical background for solving
practical tasks.
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4 EXPERIMENTS
Let us consider the following discrete intervals:

a —<alaaz’a3> (13,4);
< a3.a3.a7,a3 )= (8,9.12,13,16);
<al 8,4, a4> (1,3,5,6);

at - (ai'.a3.af.af) = (8,10.14,16);
a_s:<a15,a§,a§,a§,a§,ag>:(2,4,5,6,7,8);
.- (.10

a’ <a17 al.al, aZ,a5> (5,7,10,15,18) ;

el

8 =<a{g a§,a§,a4> (8,10,11,12)
a’ =<a{’ ag,ag,az,a5> (5,7,12,15,16);

al0 = <a110,a§° > (4,7,8) .

Then, we can establish the fact of the following inter-
val relations between these tuples (Fig. 1):

al «a’; a® 5 a; a2 wat; a’—a%;

Now let us solve the task related to health care. There
are two patients whose health status was being monitored
during a month by using several digital sensors: ther-
mometer, pulsometer, and sphygmomanometer.

Four parameters, namely, temperature, pulse rate, sys-
tolic pressure and diastolic pressure values were being
measured in the first patient and only two parameters
(temperature and pulse rate) were being measured for the
second patient.As a result of the monitoring, several data
sequences have been obtained and composed as two
multi-images: by one multi-image for each patient.

Our task is to compare these multi-images in order to
let doctors conclude on comparative health status of two
patients.

The data obtained from sensors belong to the follow-
ing data sets:

M; =[35.0,...,39.9] is a set of temperature values (°C);
Mp =[50,...,110] is a set of pulse values (bpm);
Mgp =[80,...,190] is a set of systolic pressure values
(mmHg);

© Sulema Yevgeniya, 2020
DOI 10.15588/1607-3274-2020-1-17

Mgp =[55....,

(mmHg).

There is also T=T[1, ...,
values (days of a month).

Let the data collected from sensors during the moni-
toring process of the first patient’s health status be as
follows:

100] is a set of diastolic pressure values

31] which is a set of time

t' =(2,3,7,11,14,20);
d = (36.4,36.1,36.3,36.2,36.5,36.3);
_}O (75,76,74,76,75,75);
dl) = (185,166,175,166,171,152);

ddp (66,70,70,68,71,72).

Then the obtained multi-image of the first patient’s
health status is:

L= [T.M{,M Mgy, Mg, [t'.d{,d},dgy. dg, 1=
= [T.M{, M, Mgy, Mgy [(2.3,7.11,14,20),
(36.4,36.1,36.3,36.2,36.5,36.3),(75,76,74,76,75,75),

(185,166,175,166,171,152),(66,70,70,68,71,72)] .

Also let the data collected from sensors during the
monitoring process of the second patient’s health status
be as follows:

sp>

t? =(2,7,12,16,20);

df =(36.8,36.6,36.3,36.4,37.0);

d2 =(72,81,76,93,97).

Then the obtained multi-image of the second patient’s
health status is as follows:

|2 = I]:TaMtaM p |t23dt29d%)]] =
= [T.M{,M [(2,7,12,16,20)] =
= [(36.8,36.6,36.3,36.4,37.0),(72,81,76,93,97)].
5RESULTS

We can establish the following relations between
these multi-images:

I} >y, (30)
(ho) o (L), (31)
o1y, (32)
(h@)) < (@), (33)
(KT ap)o(1(Tap). (34)
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The relations (30), (31), and (32) give general com- 16
paration of multi-images and allow us to conclude that
some of measurements in both aggregates belong to the
same data sets and, therefore, they can be compared 8
({1} o {l,}); data have been measured at the same pe- :’

riod of time (<I1(f)> © <I 5 ('E)> ); the first multi-image
provides us with large amount of data (1; > 1, ). ASAMPL

The relations (33) and (34) enable comparison of pa-
tients’ health status: in most cases the second patient had

higher temperature (<I1(a_t)> < <I2(a_t)> ); the heart rate

of the first patient was more stable because spread of val-

m Testcode 1

Figure 2 — ASAMPL program code comparison

To allow the work with program code in ASAMPL,
the software tools for ASAMPL program code compila-

0 - . .

G++

= Test code 2

ues is less in the corresponding tuple of the first multi-
image (<|1(T %)>L)<I2(T £)>, where T means that

each tuple has been sorted in ascending order [5] before

interval comparison).

These relations are supposed to be applied to logical
rules used in data analysis software which can be devel-
oped by employing a domain-specific programming lan-

guage such as ASAMPL [6].

6 DISCUSSION
The proposed theoretical approach has been realized

for multimodal data processing by using programming
language ASAMPL. The experiments showed that the
proposed approach of timewise aggregated data process-
ing enables considerable decreasing of the code size

tion and execution have been developed. They include the
complier [15] and the integrated development environ-
ment (IDE) [16]. The developed ASAMPL compiler en-
ables lexical analysis, parsing, and interpretation of the
program code. The compiler is interconnected with the
IDE. The developed ASAMPL IDE allows a programmer
to develop code in programming language ASAMPL and
debug it by analyzing the syntax errors. The developed
IDE simplifies the work on a program code development
by allowing the user to edit it in the full-fledged text edi-
tor with the functions of automatic code completion, color
highlighting of key words, compiling and running devel-
oped programs. Fig. 3 shows the program code analysis
and compilation process in ASAMPL IDE.

CONCLUSIONS
The Algebraic System of Aggregates provides the
theoretical background for timewise multimodal data
processing. In particular, it defines relations between tu-

(Fig. 2). ple elements, tuples, and aggregates. This set of relations
enables wide range of algorithms of processing the com-
plex data structures such as multi-images.

@ ASAMPL-IDE - [ TestProject | -8
File Edit View Run Window Help
BB EA L BOwaC |7
Project Explorer Test3.asampl Testd.asampl testS.asampl Test2.asampl
) [ TestProject 1| PROGRAM FlayAndSaveVideo { ~
1] Testt.txt o Libraries |
[ Test2.asampl B3 }
[B) Test3.asampl il Handlers {
[B) Testa.asampl : }
[ tests.asampl b Renderers {
B
9 }
10 Sources {
il
12 videoln from
13 audioln from
14 audioOut from
15 }
16 Sets {
17
18}
19 Elements {
[20 time =
(21 num=5;
22 }
3. Tuples{ e
< >R
Build log..
Program Compiled Successfully...!
Testd.asampl

D:\Code\example\TestProject\Testd.asampl

Figure 3 — ASAMPL program code in the IDE
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A multi-image is a complex representation of multiple
data sets describing an object (subject, process) of obser-
vation which are obtained (measured, generated, re-
corded) in the course of time. Thus, the relations defined
in ASA enable processing of complex data structures pre-
sented as multi-images in data modelling, prediction and
other tasks.

To allow data processing with respect to time scale,
discrete intervals can be employed. A discrete interval is a
tuple of time values. In the paper, we show how relations
for discrete intervals comparison can be used for solving
practical tasks. Besides, we present the software tools
which can be used for practical implementation of the
given theoretical approach by employing the domain-
specific language ASAMPL.

The scientific novelty of the obtained results consists
in the development of a new mathematical approach to
timewise multimodal data processing which differs from
the theory of sets by both including the feature of ordering
and introducing new relations between elements, tuples,
and complex mathematical structures called aggregates.

The practical significance of the proposed approach
consists in simplification of timewise multimodal data
processing and minimisation of requirements to comput-
ing resources.

Prospects for further research are to develop meth-
ods and algorithms of multimodal data processing based
on ASA, including methods and algorithms of dynamic
synchronization and aggregation.
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OBPOBJEHHSA MYJbTAMOJAJTBHAX JAHAX 3A JOITOMOI'OIO BTHOIMEHD AJITEBPATYHOI CHCTEMH
ATPET'ATIB
Cyaema €.C. — kaHl. TexH. HayK, IOLEHT Kaeapu MPOrpaMHOro 3a0e3NeueHH s KOMII IOTepHUX cucTeM HalioHanbHOro Tex-
HIYHOTO yHiBepcuteTy YKpainu «KuiBcekuii mositexHiunuii inctutyT iMeri Iropst Cikopebkoroy, Kuis, Ykpaina.

AHOTALIA
AKTyanbHicTh. B 0arateox iH)KCHEpHHMX 3ajavax, IMOB’S3aHUX 3 HEOOXITHICTIO MOHITOPHHTY 3MiH XapaKTepHCTHK 00’ €KTa,
cy6’ekTa abo mpolecy CIOCTEpeKEeHHs, € moTpeda y 00poOIeHHI MyITbTUMOJABHAX JaHUX, IO PEECTPYIOTHCS 31 BCTAHOBICHHIM
MOMEHTY 4Yacy iX BUMiproBaHHs. Y Il CTaTTi aBTOp MpPEACTaBIIsIE HOBUIA MiAX1A O BUPIMIEHHS 3a/1a4i Y4aCOBOTO OOPOOJICHHS CTPYK-
TYp MyJIbTUMOJAIBHUX IAHHX, SIKMH JTO3BOJISIE CIIPOCTHTH OOPOOJIEHHS TaKMX JAHHUX 3a PaxXyHOK BUKOPHCTAHHS MaT€MaTHIHOTO
amapara anreOpaidHOi CHCTEMH arperariB if THM caMHUM 3MEHIIHTH BUMOTH, III0 BICYBAIOTHCS JI0 OOUMCITIOBAIBHHUX pecypciB. Anre-
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OpaiduHa cuCTeMa arperaTiB ornepye TAKUMHU CrelniuHUME CTPYKTYpaMH JaHUX SIK arperatd, MyJIbTHOOpa3y Ta AUCKPETHI iHTepBa-
. Metoro miei po6oTH € opmarizamis BiJHOICHh MEX 0a30BUMH MaTeMaTHYHUMHE 00’ €KTaMH, 10 BU3HAYCHI B ayreOpaiuHiil cuc-
TEeMi arperaTis, a came, eJIeMEHTaMH, KOPTE)KaMH Ta arperataMu, a TAKOX CTPYKTYPaMH JaHHX, SIKi IPYHTYIOTbCS Ha [IMX MaTeMaTH-
YHHUX 00’€KTax, a came, AUCKPETHUMH iHTepBaJlaMil Ta MyJIbTHOOpa3aMu, 110 I03BOJIHMTH BUKOHYBAaTH ¢(pEKTUBHE OOPOOICHHS MyJib-
THMOJIAJIBHHX JIAHUX, 1[0 BU3HAUYCHI 3 ypaXyBaHHAM 4acy IX peecTparlii.

Mertona. [locnipkeHHs, pe3yJIbTaTH SKOTO IPEJCTaBIIeH] y Liil CTaTTi, IPyHTYEThCS HA BUKOPHCTaHHI OCHOBHHX ITOJIOKEHb aJre-
OpaiyHOi cHMCTeMH arperaTiB Ta KOHIEMIii MyJbTHOOpa3y, sSKi JO3BOJSIOTH CIIPOCTHTH OOPOOJIEHHS CTPYKTYP MYJIBTHMOJATBHUX
JaHMX, 10 BuU3HaueHi y yaci. HocieM anreGpaiyHOl cucTeMM arperartiB € MHOXKHMHA CTPYKTYp JaHHX, IO HAa3HBAIOTh arperaraMu.
ArperaT sBIsie cO00I0 KOPTEXK KOPTEXKIB, €IEMEHTH SKUX HAJISKATh Hamepe] BU3HAYCHHM MHOXKHHAM. B anreGpailuniil cuctemi ar-
peraTiB BU3HAYCHI JIOTi4YHI omepaLii, oneparii BIOpsAAKYBaHHA Ta apUpMeTHUYHI onepamii Hag arperataMu. MynsTHOOpa3oM Ha3uBa-
IOTh HETIOPOXKHIN arperar, MepIInii KOPTEX SIKOTO € KOPTEKOM 3HAYCHb Yacy. Takuid KOPTEK YaCOBUX MITOK SIBIISIE COOOIO TUCKPET-
Huil iHTepBain. s oOpoOiaeHHS AUCKPEeTHUX iHTEPBAJIB Ta MyJIFTHOOPa3iB B anreOpaidHiil CHCTEMI arperariB BUZHAY€HO MHOXKHHY
BifHOIIEHb. L[ MHOXMHA BKJIIOYAE BiJHOMIECHHS MiX €JIEMEHTaMH KOPTEXKIB, BITHONMIEHHS MiX KOPTEKaMH Ta BiJHONIEHHS MDX ar-
peratamu. 30KpeMa, BiIHOLICHHS MK KOPTEXKaMHU JI03BOJISIOTh BUKOHYBAaTH apr()METHYHE IOPIBHSIHHS, YaCTOTHE MOPIBHSIHHS Ta
iHTepBaJIbHE MOPIBHAHHSA. MaTeMaTHuHHI anapat anreOpaiyHoi CHCTEMH arperaTiB MOKe BUKOPUCTOBYBATHCH SIK IS KOMIJIEKCHOTO
MOJIaHHSI MYJIBTHMOJAIBHHUX XapaKTepHCTHK 00’ekTa (Cy0’eKTa, MpOLecy) MOCIHiKEHHS, TaK 1 A MOJAIbIIOr0 0OpOOIeHHS IUX
JaHMX, 3B’ 3aHUX 3 YACOBUMH MITKaMH i OJAHUX y BUIIIAI MyJIbTHOOPA3y.

PesyabTaTi. Y cTaTTi po3p00ieHo Ta MPEACTABICHO HOBHHM MMi/XiA 10 00pOOICHHS MYIbTUMOJAIBHUX JIAHHUX, 30KpeMa, TUCKpe-
THHX 1HTEpBAJiB Ta MyJIbTHOOPA3iB, KU IPYHTY€EThCSA HA BIIHOIICHHAX, 0 BU3HAUCHI B anreOpaiuHiii cucreMi arperaris. Hasene-
HO MPHUKJIAAN IPAaKTHYHOTO 3aCTOCYBaHHs PO3POOJICHOTO MiAXO0Iy.

BucnoBku. Pe3ynpraty, mo oTpuMaHi y oMy JOCHTIIPKEHI, TO3BOJISIOTH 3pOOUTH BHCHOBOK IIPO T€, IO BiHOLICHHS, SIKi BH-
3HaueHi B anreOpaivHiii cucTeMi arperariB, MOXyTh OyTH 3aCTOCOBaHI 11 0OPOOIEHHS CKIIaJHNUX CTPYKTYp JAaHUX, IO MAlOTh Ha3By
MyJIbTHOOpPA3y, B 3aja4ax aHali3y JaHHX, MOJEIIOBAHHS, IPOTHO3YBaHHs Towo. J{isi 00poOiIeHHs JaHuX, [0 BU3HAYEH] y MPUB’ 311
JI0 JIesIKoT LIKaJIN Yacy, MOXKYTh 3aCTOCOBYBATHUCH IU(MPOBI iHTEpBaIK. Y CTATTE aBTOP JIEMOHCTPYE, K BiJHOIICHHS VIS TOPIBHSIHHS
uudpoBHX iHTEPBaAIIB MOXYTh BUKOPUCTOBYBATHCH ISl BUPIILICHHS MPaKTUYHUX 3a1ad. KpiM TOro, aBTop mpeacrapisie mporpamHi
IHCTPYMEHTH, SIKi MOXYTb OyTH 3aCTOCOBaHi JJIsl IPAKTUYHOI peaizamii 3apornoHOBAHOTO TEOPETUIHOTO MiIX0LY 3 BAKOPHCTAHHIM
crenianxi3oBaHoOi MOBH mporpamyBaHHs ASAMPL.

KJIFOYOBI CJIOBA: 06po06iieHHsT MyTbTUMOAANBHIX IaHHUX, arperar, MyJIbTHOOpa3, AUCKPETHUH iHTEpBal.

VJIK 004.6

OBPABOTKA MYJbTUMOJAJBHBIX TAHHBIX C UCTTOJIb30BAHAEM OTHOIIEHUI AJITEBPAMYECKOM
CUCTEMBI ATPET'ATOB
Cyaema E. C. — kanza. texn. Hayk, JOIEHT Kadeaphl MPOrpaMMHOTO 00eCIeUeH s KOMIIBIOTEPHBIX CUCTeM HaruoHaibHOTO
TEXHUYECKOT0 YHUBepcuTeTa YKpaunsl «KueBckuii monurexHuuecknit MHCTUTYT uMeHH Urops Cuxopckoro», Kues, Ykpanna.

AHHOTAIUA

AKTYyaJIbHOCTb. BO MHOTMX MH)KCHEPHBIX 3aj1auax, CBS3aHHBIX ¢ HEOOXOAMMOCTHIO MOHUTOPHMHIA U3MEHEHUH XapaKTEPUCTHK
00BeKTa, CyObeKTa WM Ipoliecca HabIIoeHHs, TPeOyeTCsl OCYIIECTBISATh 00pabOTKy MyJIbTUMOJATIBHBIX JaHHBIX, PETUCTPUPYEMBIX
C YCTAQHOBJICHHEM MOMEHTa BPEMEHH UX M3MepeHus. B maHHoi cTaTthe aBTOp IpecTaBisieT HOBBIM MOAXOM K PEIICHUIO 3a/ladl Bpe-
MEHHOH 00paboTKU CTPYKTYp MYJIbTHMOIAIBHBIX IAaHHBIX, KOTOPBII MO3BOJIIET YNPOCTUTH OOPabOTKY TaKMX NAHHBIX 3a CUET
UCIIOJIG30BaHMUSI MAaTEMAaTHYECKOro ammapara anre0pandeckoil CHCTEMbl arperaroB M TEM CaMbIM YMEHBIIUTh TpeOoBaHMS,
HPEIbSBIACMbIE K BBIYHCIUTEIBHBIM pecypcaM. AureOpanueckas CHCTEMa arperaroB OIEPUPYET TaKMMM CHeLU(PHIECKUMU
CTPYKTYPaMH JaHHBIX KaK arperaTbl, MyJIbTHOOpa3bl U JUCKpPETHbIC MHTEpBaIbL. Llenbio naHHOM pabGoThl sABIseTCS (hopManu3ams
OTHOLICHUH MeX/y 0a30BbIMH MaTeMaTHYECKMUMH OOBEKTAMH, OIPEICICHHBIMH B alreOpandeckoi CHCTEME arperaToB, TAKUMH KakK
9JIEMEHTBI, KOPTEKH U arperarhbl, a TakkKe CTPYKTYpaMH IaHHBIX, OCHOBAHHBIMHM Ha 3THX MaTEeMaTHYECKHX OOBEKTaX, a MMEHHO
JUCKPETHBIMH HHTEpBAIAMH M MyJbTHOOpa3aMM, YTO MO3BOJHT OCYIIECTBISITH 3(Q(PEKTHBHYI0 00pabOTKY MyJIETHMOIANTBHBIX
JAHHBIX, ONIPE/ICJICHHBIX C y4ETOM BPEMEHH X PETHCTPALUH.

Mertoa. HccnenoBanue, pe3yabTaThl KOTOPOTO MIPEJICTABICHB] B JAHHON CTaThe, OCHOBAHO HA MCIIOIB30BAHHU OCHOBHBIX I10JI0-
JKEHHH anreOpanyeckol CHCTEMBI arperaToB M KOHIEHIINY MYJIbTHOOpa3a, KOTOPBIE YIPOIIAIOT 00paboTKy MyJIbTUMOJAIIBHBIX JIaH-
HBIX, NIPE/ICTaBICHHBIX BO BpeMeHH. Hocurenem anredpanyeckoil CUCTEMbI arperaToB SBISETCS MHOXXECTBO CTPYKTYP IaHHbBIX, Ha-
3bIBaGMbIX arperaramu. Arperar HpeicTaBiisieT co00H KOPTEK KOPTEXEH, 3JIeMEHThl KOTOPbIX NPUHAUICHKAT NPEAONpPEIeICHHbIM
MHOXeCTBaM. B anrebpanueckoii cucTemMe arperaToB OIpe/iesIeHbl JIOTHYECKUe ONepaliy, ONepalii YHIOPSIoueH s U apudMeTHye-
CKHE OIepaliy HaJ arperaraMu. MynabTHOOpa3oM Has3bIBAacTCS HEIYCTOH arperar, HEepBblii KOPTEXK KOTOPOTO SBIISETCS KOPTEXEM
3HAUCHUH BpeMeHH. Takol KOPTeX BPEMEHHBIX METOK IPEACTABIAET CO00H MUCKPeTHBIN MHTepBa. [yt 00paboTKM AUCKPETHBIX
HMHTEPBAJIOB U MYJIBETHOOPA30B B alnreOpandecKoil CHCTEMe arperaTtoB ONpeeineHO MHOKECTBO OTHOIICHUH. DTO MHOXKECTBO BKIIIO-
YaeT OTHOIICHUSI MEXy DIEMEHTaMH KOpPTeXell, OTHOIIEHHS MeXIy KOPTeXaMH M OTHOIICHHS MEXIy arperatamu. B gactHocTH,
OTHOILCHUSI MEXIY KOPTEXaMHU ITO03BOJISIIOT OCYIIECTBIIATH apu(hMETHUECKOE CPaBHEHHE, YaCTOTHOE CPABHEHHE M MHTEPBaJbHOE
CpaBHEHHME. JTOT MAaTeMaTHYECKHIl amnmapaTr MOXKET MCIOJB30BaThCsl KaK JUIl KOMILIEKCHOTO IPECTaBICHUS MYJIbTHMOAAIBHBIX
XapaKTEepUCTHK 00BeKTa (CyOBeKTa, mpolecca) UCCIeI0BaHus, TaK U Mocieayomell o0paboTKu 3TUX AaHHBIX, CBSI3aHHBIX CO Bpe-
MEHHBIMHM METKaMH U HPEJCTABICHHBIX B BUJIC MyJIbTHOOpa3a.

PesyabTarbl. B craTbe pa3paboTaH U NPEACTaBICH HOBBII MOAX0] K 00pab0oTKe MyJIbTUMOAIBHBIX JaHHBIX, B YACTHOCTH, JIUC-
KPETHBIX MHTEPBAJIIOB M MYJIETHOOPA30B, OCHOBaHHbIN Ha OTHOIICHHUSX, KOTOPBIC OINpEJEICHbl B alireOpandyeckoil cucTeMe arpera-
TOB. [IpHuBeIeHBI IPUMEPHI IPAKTHIECKOTO UCIIONB30BaHMs pa3paboTaHHOTO OAXO0A.
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BriBoabl. Pe3ynbrarhl, momyyeHHbIE B JaHHOM HCCIIEIOBAaHNUH, O3BOJISIOT CAENATh BBIBOA O TOM, YTO OTHOIUEHHS, ONpeIesICH-
HBIE B aNIreOpandecKoi CHCTEME arperaToB, MOTYT OBITh UCIIONB30BaHBI 111 00OpaOOTKH CIOKHBIX CTPYKTYP JaHHBIX, HA3bIBAEMBIMU
MyJIbTHOOpa3aMu, B 33/1a4aX aHaIM3a JAaHHBIX, MOJACIHUPOBAHNUS, IPOTHO3UPOBAHUS U APYTrHX. {11 0OpabOTKH HaHHBIX, OTPEIeIICH-
HBIX B IPUBSI3KE K HEKOTOPOW IIKale BPEMEHH, MOTYT HCIONB30BaThCs IU(POBEIE UHTEPBANEL. B cTaThe aBTOp IOKa3bIBAET, KAk
OTHOIICHHUS JJI CPaBHEHHS LU(PPOBBIX HHTEPBAJIOB MOTYT HUCIIOIb30BATHCS [UIS PEIICHNUS IPaKTHIeCKUX 3anad. Kpome Toro, aBTOp
HPEJICTABIISIET IPOrpaMMHBIE HHCTPYMEHTBI, KOTOPbIE MOT'YT OBITh HCIIOJIb30BAHBI JUIS NPAKTHYECKON pealn3aluy JaHHOTO Teope-
THYECKOI0 MOJIX0/1a C UCIIOJIb30BAHUEM CIICUAIM3UPOBAHHOIO A3bIKa MporpammupoBanus ASAMPL.

KJ/IFOYEBBIE CJIOBA: 06paboTka MyIbTUMOJAIBHBIX JAHHBIX, arperat, MyJabTHo0pa3, TUCKPETHBIH HHTEPBaI.
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