44

IHOOPMALIANHI TEXHONOr I, CACTEMHUIA AHANI3 TA
KEPYBAHHA

DOI: 10.20535/1810-0546.2018.6.151546
UDC 512.6:004.62

I.A. Dychka, Ye.S. Sulema”
Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine

LOGICAL OPERATIONS IN ALGEBRAIC SYSTEM OF AGGREGATES FOR MULTIMODAL
DATA REPRESENTATION AND PROCESSING

Background. The range of computer software applications which operate with multimodal data becomes wider and
wider. To develop efficient algorithms for data processing, the representation of multimodal data as complex struc-
tures is required. Existing approaches are mostly oriented to independent data sets representation and they are not ef-
ficient for complex representation of multimodal data.

Objective. The development of a mathematical approach which can be used for complex multimodal data representa-
tion and processing in computer systems.

Methods. The Algebraic System of Aggregates is developed for enabling complex representation of multimodal data.
There are logical, ordering and arithmetical operations in the Algebraic System of Aggregates. Logical operations can
be used for preparing complex data representations in a form of aggregates which are supposed to be a subject of fur-
ther data analysis. The precondition for such representation is that data sequences are of different modalities and they
are recorded with respect to time.

Results. The logical operations on aggregates are proposed and described. They allow to construct different composi-
tions of multimodal data what in its turn enables complex data representation for compound description of objects
and processes in different areas including healthcare. The multi-image concept which enables overall description of
an object, a subject, or a process of observation carried out in the course of time is also proposed and discussed.
Conclusions. The Algebraic System of Aggregates is a tool for complex data representation. It enables multimodal
data processing by using a range of operations and relations. The key difference in the fulfilment of logical operations
in the Algebraic System of Aggregates and logical operations on sets is that an aggregate is a form of complex repre-
sentation of data sequences where the order of data in each sequence of each type is important and influences on the

order of data in the result of a certain logical operation.

Keywords: algebraic system of aggregates; multi-image; multimodal data; logical operations.

Introduction

Nowadays, the range of computer software
applications which operate with multimodal data
becomes wider and wider. To develop efficient al-
gorithms for data processing, we need to represent
multimodal data as complex structures. From
mathematical perspective, such representation can
be supported to some extent by tuples algebra and
multisets theory [1—10]. Tuples Algebra (TA) is a
mathematical system which enables modelling the
theory of polyadic relations [1—4]. The TA is an
algebraic system, carrier of which is an arbitrary set
of polyadic relations expressed in specific struc-
tures, such as C-tuple, C-system, D-tuple, D-
system, which are called TA-objects [2, 4].

Let us assume that there is a family of differ-
ent sets named kinds. Then every kind is associated
with a certain set of attributes. A domain of each
attribute is a set related to a certain kind. Attribute
domains correspond to variables domain in
mathematical logics and they correspond to feature
scales in information systems.

* corresponding author: sulema@pzks.fpm.kpi.ua

A flexible universe consists of a certain family
of partial universes which are Cartesian products of
domains for a given sequence of attributes. The se-
quence of attribute names which define the given
partial universe is named a relation schema. TA-
objects formed in the same relation schema are
named homotypic.

Thus, the TA is an interpretation of mathe-
matical logic. It allows to use it for modelling and
analysis of logical reasoning and, therefore, for
knowledge representation. It makes the TA attrac-
tive for using in multimodal data representation.
However, in many cases, we face a necessity to
represent multimodal data not as a set of inde-
pendent data but as a complex object described by
these data sequences. Thus, we need to use another
approach to meet the requirement of multimodal
data sequences complex representation.

Problem Statement

The objective of the research is to develop a
mathematical approach which can be used for
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complex multimodal data representation and proc-
essing in computer systems.

Algebraic System of Aggregates

An Algebraic System (algebraic structure) is an
object which consists of sets (M, F, R) which sat-

isfy some system of axioms, 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. An algebraic system with an empty set of
relations is called an algebra and a system with an
empty set of operations is called a model [11].

A tuple is an ordered set of elements.

X =U,nX " is a set of all tuples of arbitrary
length which consists of elements of a set X. In

particular, 2< is a set of all dyadic tuples. [3]

The Algebraic System of Aggregates (ASA) is an
algebraic system, a carrier of which is an arbitrary
set of specific structures — aggregates [12].

An aggregate A is an ordered set of tuples of
arbitrary lengths /, m, n, ..., q

Q1,900 (b1, 09y. . 0,),(C15Co5 ey Cpdyens

Wi, Waseo s W),

elements of which belong to a certain set:
al (S Ml’bj (S szck (S M3""’WM (S MN . Thl,lS, the

aggregate is a tuple of arbitrary tuples.

Since the order of sets which are used for
composing of tuples in the aggregate is important
for carrying out operations on aggregates, let us use
the following notation of the aggregate:

A = HM],M2,M3,...,MN|<a1,az,...,al>,
(B1sbase s Dy €15 Coevis €y AW Wy, W)
—[M,My,Ms,...My|ab,c,..,w].

The meaning of this notion is that at first we indi-
cate the sets, elements of which belong to the ag-
gregate within appropriate tuples, and then we
place the tuples of the elements belonging to these
sets in the same order because there is a strict rela-
tion between them: the elements of the first tuple
belong to the first set, the elements of the second
tuple belong to the second set, etc. The sequence
order of sets and corresponding tuples defines how
operations on aggregates will be fulfilled.

The sets in the list of sets may repeat. Such
case means that the aggregate includes several tu-
ples which consist of elements of the same type.

Tuple elements can be both strict and fuzzy
values. The notation g; means that a value is strict
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. Its notation is () :

A = IIM],M2,M3,...,MN|<al,a2,...,al>,
<®>,(c],c2,...,cn>,...,(wl,wz,...,wq>]].

An aggregate which consists only of empty tu-
ples is called empty:

A=[M M M....M 5 |{2),(2),(D),..
=[M;,My,M5,.... M \ |(2)].

»(2)]

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

A, =[2l(2)].

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

An undefined aggregate is the aggregate which
includes tuples of defined sets but unknown ele-
ments values. It defers from the empty 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 notation of the undefined aggregate is:

A :[[MI’M2’M3""’MN|<_>a<_>9<_>""a<_>]]
=[M, My, M5,.... My [{)].

The aggregate length is a quantity of tuples in
it. The corresponding notation is | A4 |. The length
of the null-aggregate is equal to zero: |A4|=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: ||Agl|=0.
Let us consider two aggregates 4, and A, as

compatible if they have equal lengths and both the
type and sequence order of these aggregates are the
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same. We use notation A4, = A, for compatible

aggregates.

Let us consider two aggregates A, and A4, as
quasi-compatible if the type and sequence order of
these aggregates coincide partly. There is no re-
quirement of the equality of aggregates lengths in
this case. We use notation A, = A, for quasi-
compatible aggregates.

Otherwise, let us consider the aggregates A,

and A, as incompatible. We use notation A, = 4,

for incompatible aggregates.

The logical operations on aggregates are:

1. Union U.

2. Intersection .

3. Difference \.

4. Symmetric Difference A.

5. Exclusive Intersection —.

Let us consider these operations.

A union of two aggregates A, and A, is the
aggregate A, which includes components of both
aggregates and is formed according to the following
rule:

1. If A, = A, then elements of i-tuple of A4,

are added into the end of i-tuple of A4;:
A =[M,M,,...My|a},aj,....a}),

141 1 11 1
(1,6 s b))y s (Wi, Woy W) ],

As=[M ,M,,....M y|(a},a3,...,a?),

(b7,03,...,00), . (Wi w3, Wi,
A3 = AIUA2

11 1.2 2 2
:IIMI,M2,...,MN|<a1,a2,...,al,al,az,...,ar>,

(bl,b3s... by, b7,b3,...,07),

sYmo
1.1 1,2 .2 2
...,(wl,wz,...,wn,wl,wz,...,wp>]]. (1)

2. If A= A, then the tuples of A, are
added into the end of the tuple of tuples of A,
and the corresponding sets of A4, are added into
the end of the sets sequence of 4;:

Ay =[M{,M;,.... M\ |{a,a,,...,a,),
(b1, byyeesbyy)ye s (W Waye o, w )],
Ay =[MEM2,...,M%|(c,,cy,....cC,),
(dy,dyyeesdy)y s (205205052 )]s

A;=4,UA4,
=M M. MNMEMS,... .M} |(a,a,,...,a,),
(b1,byy e isby) ey (W Wy ooy W, ), (C15Caye ey C ),

(dyydyyosd )y (2200 2] ()

3. If A, = A, then elements of i-tuple of A,
are added into the end of i-tuple of A, if elements

of these tuples belong to the same set; otherwise,
the rule for incompatible aggregates is applied:

A =M, M)....M_,...M\|(a],a),...
(bisbyyeisby)se s (S foees [,

(Wi Woseo o, w )],

,ap),

Ay=[M,M3,....M,...
<dl’d2"-~’dq>""5<f12’f22"'

1545292+ ’
(21,2255 2))]

Mil(at.a3,....a0),

N

Ay =AUA, =M, M3,....M,....M}\,M3,...,

X

211 1 )
Mg (a;,a;,...,a;,ai,a3,...

1 1 1 2 2 2
<f] 5f2""5ft,f] ’fz a"'afv >,"'5<W]5W2,"'awn>’

(d1ydaseasdy)sees(Z 220 2] A3)

,a2)(by,bsy....b,),...,

An intersection of two aggregates A, and A,
is the aggregate A, which includes only common

components of both aggregates and is formed ac-
cording to the following rule:
1. If A, = A, then A; includes elements of

both aggregates, which are common for them, in
every tuple:

Al :I[M],Mz,...,MN|<a11,a;,...,all>,

(bl,bs,...,bLY, . (wiwi, . wh],

Ay =[M,M,,....M y|(ai,a3,...,a}),
(b,03,.b ), (Wl W3, W],

Ay=ANA=[M,M,,...Myl|(a,,....a] ,

2 2y pl 1 2
Arsees @y )s(Dpypsvis by s bgseesbg ),
1 12 2
<wn|,...,wnx,wpl,...,wpu)]], “)
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where a,] € al a,] ca?’ ,ie(l,. ),arzj € al, Az=[[Msz,---,MN|<al2,022,-.-,ar2>,
) 2 2.2 2
al ca ajel,....B): b, eb‘,b,lnk eb’ kel (Bf 03,y ) s (Wi W W,
b2 b, b2 eb’sel,..,8) wh cwlwh ew?, Ay = ANA, =M, My,..., M yl(a},....a} ),
ue(l,...,\y; w,z,y ewl,wlz,y ewlyel,...,p. (b,lnl, ,b,lnv>, ,(w}ql, ..,w},h)]], (7)
2.1f A= A, then A; is a null-aggregate: _ _ _ _
where a,]. eal,a,], ea{ie(l,...,a);b},, ebl,b,ln ¢ b2,
Al [[MI’M2’ M/lv|<al>a2""’al>’ ‘ 1 ’ I 2 ‘ ‘
(by,b, b ) (Wi, W, w )l ke(l,...,y);wnu EW,W, €W auel,... n).
H s sUm/ioee s s W/l
2.1f A; = A, then A; isequal to A4,:
_raf2 a2 2
Ao = IMT Moo Mcl(Er €06y A =IM{ ML, MY\ ayar....ap),
(i dysesdy) (22000525, (Brobyyeesby s (W Wy w, )],
A=A NA,=[o|(e)]=A4.. 5
= A4 =[a( o ) Ay =IME M2, M2 (e Caennne,),
3.If A, =4, .then A5 includes elements of (dyydysend )y (20 20 r 20
both aggregates, which are common for them, only
in tuples of common sets, thus, the number of sets
shortens: Ay=ANAy = 4
Alz[[Ml’MZI"“ M R ..,M}V|<a11,a%,...,a,1>, :[[MllaMZIS'--aM]lV|<al,a23"-aal>,<blab23'--9bm>9"-,
(b1 Byseeis By (s i [Ny (W Was W), Wi wa,os W)l ®)
s sy s s 3. If A, = A, then A; includes elements of
Ay =M, My, My, M [(af,a3,...a7), A, , which are absent in A4,, in tuples of common
(dl,dz,...,dq>,...,<f12,f22,...,fv2>,...,(zl,zz,...,zl,ﬂ], sets and all tuples of sets defined only in A;:
Ay= AN A, A =M, M),....M.,...M\|a},a5,...,a}),
My M @) a a2, a (bisbyyees b))y (L S S W Was )],
1 a 1 5]
oo f LR PN, (6) Ay=[M M3,...M,,...,M§l|(a},a3,....a}),
- dada LX) f ,f 5. 5f VAT S IR 4 )
where al eala[ ca’ 1e<1 ..,oc);arzjeal, 1o aeeeslghr- e b2ty o]
a,zj ca’ , jedl,...,B); fte efl,fti e?,ee(l,...,px A3=4, \Azz[[Ml,le,---,M yeees
vz;,eﬁa fVZhEFSh€<L---s®>~ MI]V|<aill" ><b19b2a i) > <ft5 ’f >5""
A difference of two aggregates A; and A, is (WisWayeoyw N, )
the aggregate A; which includes only components _ _ _ _
present in A, and absent in A,; it is formed ac- Where @] ea',aj ga’ie(l,...a) [ e f.f} e /2,

cording to the following rule:
1. If A, = A, then A; includes elements of
Ay, which are absent in 4,, in every tuple:

A =M ,M,,...Myl|al,al,....a}),

(bl,b3,...,bLY, . wlwlh, . wh],

ecl,...,p).

A symmetric difference of two aggregates A,
and A4, is the aggregate A; which includes both
components present in A4; and absent in 4, and
components present in 4, and absent in A4, ; it is
formed according to the following rule:
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1. If A, = A, then A; includes elements of
A, , which are absent in A,, and elements of 4,,
which are absent in A4, in every tuple:

Al = IIM19M29'-~aMN|<a117aé"-~9all>a

(bl,byycsb) )y (Wi wh, Wi,

Ay =M, M,,...My|al,a3,... a2,
(bF,03,...,00), (Wi Wi, w ],

Ay=A|AA, =M\, My,.... M y|(a],....a

1,
2 2y ypl 1 32 2
Arveesly )y (bpyseeas by by sy ),
1 12 2
(wn],...,wnx,wpl,...,wppﬂ], (10)

where a,]_ ca
1

2 2

2 eal,a,_ ear,
J

1 2 .
a; €a’,i e(l,...,oc),a,j

Je (LB bl e b b bk el )bl ¢ b,

1,1

2 12 Lol ) .
bqs eb’,se(l,...,8); W, EW.,W, &W uell,...,\);

2 12 2
W, EWL,W, ew e, w.
2.1f A, = A, then A, is equal to the union
of A, and A4,:
Al:IIM119M219'--5M]1V|<al,a29'--aal>a

(b1, bys. by s (W Way W],

Ay=[MEM3,... ., M2 |(c),co....c,),
(dy,dyye.sd )y (215225, 2,)],5

Ay= A0, =[M{,M},.... My M2 M3,...,
M a,ay,...,a;), (b1, by b))y (W Way oy W),
(€15€25msCp ) (dysd e sd )y (21522504452 )]
=A,UA,. (11)
3. If A, = A, then A; includes elements of
A, , which are absent in A4,, and elements of A4,,
which are absent in A4, in tuples of common sets,

all tuples of sets defined only in A,, and all tuples

of sets defined only in A4,:
A =M, M},... M. .M}|aia,...a})

(bisbyyeeishy )y s Foees s (W Wy W, )],

Ay =M., M},... M. M|t ad3,..,a?%),

Uy

(s )y (S s N2 200 2]
Ay =AANAy =M ,MJ,.... M ,....M\,M3,...,
M,2<|<a,ll,...,a,la,a,21,..

1 1 2
<ft15-'-’fzp: V2o

(d1ydasad)sees(Z 2202,

.,afﬁ>,<bl,b2,...,bm>,...,

L ey W Wae oW, ),

®

(12)

L al az,ie (1,...,a>;a,2/_ zal

where a,]_ €a,a; ¢
1 I

b

agj € aza.j € <19'5B>7 fti € flaf[i efzae € <177p>7
vzh ¢ fl vzh e flhel,... o).
An exclusive intersection of two aggregates A
and A, is the aggregate A; which includes only
components of A; common for both aggregates

and is formed according to the following rule:
1. If A, = A, then A; includes elements of

A, , which are common for both 4, and A4,, in
every tuple:

A =[M,M,,....My|al,a),....a}),

1 1
(bl,bs,...,bLY, . (wlwi,.. wh],

A2=[[M1,M2,...,MN|<6112,022,.. 612>,

U,

(b,03,.., b0 ) (Wi WE, W],

Ay=A=Ay=[M,M,,...My|(a,....a; ),

(Bpys-vesby )se. (13)

,(w,lll,...,w;)}]],

1 1 1

where a; ea’,a; € a’ie <1,...,oc);b,1nk eb!,
1 1

b,lnk ebz,keﬂ,...,y);wlu ew],w,llue

! wliue(l,...,0).

2.If A;= A, then A; is a null-aggregate:
A =[M{ M;,...M}\(a,a,,...a,),

(b13byye s b))y s (Wi Wos W],

Ay =M, M3, ,MEl(cpcy...nc,),
<d]7d27"'adq>7"‘:<Zl’z23""zp>]]’

Ay=ArAy=[o)(2)]=A4,. (14)
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3. If A=A, then A; includes elements of
A, , which are common for both 4, and A4,, only

in tuples of common sets, thus, the number of sets
shortens:

A =M, M),....M_,...M)\\|(a],a),...,a}),

(b1 By B)seecs (s S eeis F s W Was W, ],
Ay =[M M3},...M_,..MZ%|a} ad3,... a2,
(dydysecisd )y S SE e F (20,200 2],
Ay=A-A,

=[Mipees M (@)@ ) (fseens S, (15)

where a,li € al,a}i ca’ie (1,...,a>;ftle e f,

f,le e fleel,...p).

Logical operations in the ASA are non-
commutative because the sequence order is impor-
tant in tuples; it differs them from logical opera-
tions on sets.

In addition to logical operations, there are or-
dering operations and arithmetical operations. Order-
ing operations include: Sets Ordering, Tuple Or-
dering, Ascending Sorting, Descending Sorting,
Singling, Extraction, Conditional Extraction, In-
sertion, Conditional Insertion. Arithmetical opera-
tions include: Elementwise Addition, Scalar Addi-
tion, Elementwise Subtraction, Scalar Subtraction,
Elementwise Multiplication, Scalar Multiplication,
Elementwise Division, Scalar Division.

The basic relations of aggregates are: Is Equal,
Is Less, Is Greater, Is Equivalent, Includes, Is In-
cluded, Precedes, Succeeds.

The ordering operations, arithmetical opera-
tions, and relations of aggregates are not a subject
of this paper.

Multi-Image Concept Based on ASA

A multi-image [12] is a complex representa-
tion of various data about an object, a subject, or a
process of observation which is obtained (meas-
ured, generated) in the course of time. Thus, the
multi-image in mathematical sense is an aggregate,
the first data tuple of which is a tuple of time val-
ues. These values can be natural numbers or values
of any other type which can be used for evident
and monosemantic representation of time.

Let us define the multi-image as it follows:

I = IITaMl"”sMN|<t15'-~3t1>3<a13-~ a

Wi w, DL

where T'is a set of time values.
It is important that t>n; ie[l,...,N]. If
t=n; then relation between elements of the time

tuple and any other tuple is bijective. From practi-
cal point of view, it means that all multimodal data
have been obtained (measured, generated) simulta-
neously. Otherwise, some data values are missing
(because they have not been measured or generated
in certain moments of time) and, thus, they are
undefined values.

Logical operations of the ASA can be used for
preparing complex data representations (aggregates)
which are supposed to be a subject of further data
analysis. The precondition is that data sequences
are of different modalities and they are recorded
with respect to time.

Let us consider an example of the ASA logical
operations application for complex representation
of multimodal data about a patient’s health status.
Let these data sequences be obtained from several
digital sensors: thermometer, pulsometer, and
sphygmomanometer. Then, let the data obtained
from these sources belong to the following data
sets:

M, =[35.0,...,39.9] is a set of temperature

values (°C);

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

M, =[80,...,190] is a set of systolic pressure
values (mmHg);

M, =[55,...,100] is a set of diastolic pres-

sure values (mmHg).

We assume that some of measurements are
taken simultaneously and the other measurements
are taken sequentially (in different days) as well as
different combinations of sensors are used. Every
case of measuring is presented as a certain aggre-
gate of data. Thus, let us consider the following
aggregates of data:

Ay =[M,,M,|(36.4,36.1,36.3,36.2,36.5,36.3),
(75,76,74,73,75,75],

Ay=[M,,M,|(36.536.536.8,36.6,36.3,36.4,
37.0,36.5),(74,81,76,93,97,97,96)],
Ay=[M,,, M, |(185,166,175,166,171,152),(76,73,
74,73,71,76)],

sp?
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Ay =M, M, |(36.536.536.8,36.6,36.3,36.4,
37.0,36.5),(177,159,174,155,167,150,177,135)].

Then, if we need to obtain a complex repre-
sentation of measurements taken in two consecu-
tive days, we use (1) because the aggregates are
compatible:

G =A,UA,=[M,, M,|(36.4,36.1,36.3,36.2,
36.5,36.3,36.5,36.5,36.8,36.6,36.3,36.4,37.0,
36.5),(75,76,74,73,75,75,74,81,76,93,97,97,96)].

The consolidation of data obtained for the
same time but from different sensors can be fulfil-

led according to (2) or (11) because the aggregates
are incompatible:

G2:A1UA3:A1AA3:|IMI,MP, Sp’Mdp|<36'4’
36.1,36.3,36.2,36.5,36.3),(75,76,74,73,75,75),
(185,166,175,166,171,152),(76,73,74,73,71,76)].

To unite data recorded in two consecutive
days when some measurements obtained from the
same sensor (temperature) and some of them are
of different nature (pulse and blood pressure), we

need to use (3) because the aggregates are quasi-
compatible:

Gy=AUAy=[M, M, , M, |(36.4,36.1,36.3,
36.2,36.5,36.3,36.5,36.5,36.8,36.6,36.3,36.4,
37.0,36.5),(75,76,74,73,75,75),(177,159,174,
155,167,150,177,135)].
If we need to find out the most frequently oc-

curring measurement values for both days of meas-
uring, we can prepare the aggregate by using (4):

Gy=ANAy=[M,, M,|(36.4,36.3,36.5,36.3,
36.5,36.5,36.3,36.4,36.5),(76,74,74,76)].

The fact of receiving heterogeneous data (from
different sensors) can be discovered by using (5)
or (14). At the same time, common values for the
data obtained from the same type of a sensor can
be got by using (6):

Gs=A,NA,=[M,|(36.4,36.3,36.5,36.3,36.5,

36.5,36.3,36.4,36.5)].

Discrepancy in the data recorded on a certain
day from the data recorded on another day can be
discovered by obtaining the following aggregate ac-
cording to (7):

Gg = A\ Ay = [M,, M, |(36.1,36.2),(75,73,75,75)].

To algorithmizes receiving the date from cer-
tain sensors from several available, we can use (8):

Gy = A\ A3 = A, =[M,, M, (36.4,36.1,36.3,36.2,
36.5,36.3),(75,76,74,73,75,75)].

The use of (9) allows us to compose the ag-
gregate for discovering discrepancy in specific data
(temperature) recorded on a particular day with
keeping the record of other data (pulse) which was
not measured at another medical monitoring event
(when blood pressure was measured instead):

Gy = A\ Ay =[M,, M, (36.1,36.2),(75,76,74,73,
75,75)].

If we need to discover discrepancy in two data
sequences recorded on different days, then we
should use (10):

Go = A A Ay =[M,, M, |(36.1,36.2,36.8,36.6,37.0),
(75,73,75,75,81,93,97,97,96)].

The use of (12) enables composing the aggregate
for discovering discrepancy in specific data (tempera-
ture) recorded on different days with keeping the re-
cord of all other data (pulse and blood pressure)
which was measured in one medical monitoring
event and which was not measured at another medi-
cal monitoring event correspondingly:

Gio = A1 AAy =[M,, M,, M,,|(36.1,36.2,36.8,
36.6,37.0),(75,76,74,73,75,75),(177,159,174,
155,167,150,177,135)].

To find out the values obtained on the first
day of measuring, which are the most frequently
occurring in measurements on both days, we can
prepare the aggregate by using (13):

Gy, = A=Ay =[M,, M, |(36.4,36.3,36.5,36.3),
(76,74)].

For a similar task, by using (15), we can ob-
tain the data received on the first of two days from
the same type of a sensor and discard data of other
types:

Gy = A~A, =[M,|(36.4,36.3,36.5,36.3)].

Thus, we can compose different aggregates
depending on a task, modality of data, recording
time, type of data source, and other conditions.

In the examples given above, the time is pre-
sent indirectly. However, to compose the multi-
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image we need to add time values in the aggre-
gates. If 7' =[1,...,31] is a set of time values (days

of a certain month) then the multi-image of aggre-
gate A, can be the following:

I, =[T,M,,M,|(2,3,7,11,14,20),(36.4,36.1,36.3,
36.2,36.5,36.3),(75,76,74,73,75,75)].

The practical meaning of this example is that
a patient’s health status has being monitored e.g.
from June 2 to June 20. In total, the patient’s
temperature and heart beat rate were measured 6
times (on June 2, 3, 7, 11, 14, and 20). Every time
both parameters have been measured. For instance,
on June 11, the patient had temperature of 36.2 °C
and pulse of 73 bpm. In general, the multi-image
gives an overall view on the patient’s health status
and if there is a range of different observations be-
ing measured during long time and stored in a
medical archive then it can be a proper data set for
prediction of future health problems and any other
either retrospective or proactive investigations.

We suppose that further data processing can
be carried out by using a domain-specific pro-
gramming language, such as ASAMPL [12].

Conclusions

The algebraic system of aggregates is a tool for
complex data representation. It enables multimodal
data processing by using a range of operations and
relations. In particular, logical operations presented
in this paper allow to construct different composi-
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I.A. Ounuka, €.C. Cynema

NOFIYHI OMEPALII B ANFEBPUYHIN CUCTEMI AFPETATIB ANS MOOAHHSA TA OBPOBMNEHHS MYNbTUMOOANBHUX
OAHUX

Mpo6nematuka. Cohepa 3acTtocyBaHb NPOrpamMHOro 3abesneyeHHs, sike onepye MynbTUMOAANbHUMW OAHVMMM, CTAE BCE LUMP-
wot. OAns po3pobneHHs epekTUBHUX anroputMiB obpobneHHs MynbTUMOAanbHUX OaHUX HeobXxigHe X modaHHs SIK KOMMIEeKCHUX
CTPYKTYp. IcHytoui nigxoan GinbLUICTIO OPIEHTOBAHI Ha He3anexHe NOoAaHHSA AaHWX Pi3HOT NPUPOAMN, LLO 3HUXKYE eDEKTUBHICTb iX 3acTo-
CyBaHHS ANsi KOMMNIIEKCHOrO NOAAHHSA MyNbTUMOLANBHUX AaHUX.

MeTa pocnipkeHHA. Po3pobneHHss matemaTuyHoro 3abesneyeHHs Ansi KOMMMEKCHOro nofdaHHs Ta obpoGneHHs MynbTUMO-
OanbHUX AaHUX Yy KOMTIOTEPHUX CUCTEMAX.

MeToauka peanisauii. AnrebpuyHa cuctema arperatiB po3pobrneHa Ans KOMMNIEKCHOro NoAaHHs MynbTUMOAANbHUX AaHuX. Y Hil
BM3HAYEHO IOriYHI onepadii, onepauii BnopsakyBaHHS Ta apudMeTuyHi onepauii Hag arperatamu. J1orivHi onepauii MOXyTb BUKOPUCTOBY-
BaTuUCa Anst hopmyBaHHsi KOMMNAEKCHOro NoAaHHs NoTpibHMX AaHuX y dhopMi arperaTiB AN noganbLuoro ix aHanisy. lNepegymoBowo Takoro
NOAAHHS € Te, Lo AaHi MalTb HanexaTu pisHMM MoganbHOCTAM Ta 6yTu BU3Ha4YeHMMM B Yaci, TOBTO ABNATU cobOK NOCMiAOBHOCTI.

Pe3ynbTatn pgocnigkeHHsA. 3anponoHoBaHO Ta onucaHo noriyHi onepauii Hag arperatamu. Lli onepauii gatoTe MOXnuBICTb
OTPMMYBATK Pi3HOMaHITHI KOMMNO3ULiT MyNbTUMOAANbHUX AAHWX, WO POOUTL MOXIMBMM KOMMMEKCHe MOAaHHA AaHuX Ans BcebiYHOoro
onvcy 06’eKTiB Ta NPOLECIB Y Pi3HOMaHITHWX ranyssax, B TOMy 4icni B MeguuuHi. Po3pobrneHo Ta npeAcTaBneHo KOHUEMNLUito MynbTnoo-
pasy, sika Jae 3Mory KOMMIeKCcHO onvcyBaTh 06’ekT, cyb’ekT abo npouec Ha OCHOBI AaHWX, OTPUMaHMX M Yac CNOCTEPEXKEHHS, sike BU-
KOHYETbCS 3 ypaxyBaHHsIM Yacy.

BucHoBku. AnrebpuyHa cuctema arperartiB € 3acob60M Anst KOMNIIEKCHOrO NoAaHHA AaHux. BoHa gae amory o6pobnioBatu Mynb-
TUMoAanbHi AaHi, BUkopucToBytoun Habip onepadii Ta BigHoweHb. OCHOBHOK BiAMIHHICTIO MiXX MOriYHMMKU onepauisMu B anrebpuyHin
cucTemi arperaTiB Ta NOMYHUMK OnepalissMu Hag MHOXWHaMWU € Te, WO arperaT fBnsie cobOoK KOMMMEKCHe NoAdaHHs Habopy AaHuXx,
NPeLCTaBneHnX y BUINSAI NOCMiAOBHOCTEN, e NOPSAOK CrilyBaHHSA €NeMEHTIB KOXXHOI MOLANbHOCTI € BaXTMBUM i TakuMm, LLO BMNIIVBAE
Ha pesynbTaT onepadii.

Knio4oBi cnoBa: anrebpuyHa cucrema arperatiB; MynbTMobpas; MynbTUMOAanbHi AaHi; NorivHi onepadii.

W.A. Onuka, E.C. Cynema

NOrMYECKWE OMEPALNM B ANMEBEPAUYECKOW CWCTEME AFPEFATOB [N MPEACTABIIEHUA W OBPABOTKM
MYJNbTUMOIANBHNX OAHHbBIX

MNpo6nemaTtuka. Chepa mcnonb3oBaHWs NporpaMmMHOro obecneyeHuns, onepupytowero MynbTUMOAanbHbIMW AaHHbIMKW, BCe 6onb-
we pacwmpsietcs. Ons pa3paboTkm 3 HeKTMBHBIX anropuTMoB 06paboTku MyrnbTMMOAANbHbLIX AaHHbLIX HEOOX0AMMO MX NpeacTaBneHne B
BME KOMMIEKCHbIX CTPYKTYp. CyllecTBytolume NoAxXoAsl B GONbLUIMHCTBE OPUEHTVMPOBAaHBI HA HE3ABMCUMOE NpeAcTaBreHne AaHHbIX pas-
HOW NpupoABbl, YTO CHXKAET 3PPEKTUBHOCTL NX UCMIONB30BAHNS A5 KOMMNIEKCHOTO NpeAcTaBneHns MynbTUMOAanbHbIX JaHHbIX.

Llenb uccnepoBaHus. PazpaboTka maTtematnyeckoro obecnedeHunst Ans KOMMNEKCHOro npeacraBneHnss 1 obpabotkn mMynbTu-
MoZarnbHbIX AaHHbIX B KOMMbIOTEPHBIX CUCTEMAX.

MeToamka peanusauuu. Anrebpavdeckass cuctema arperatoB paspaboTaHa Ans KOMMNEKCHOro NpefcTaBneHus MynbTUMO-
AanbHbiX AaHHbIX. B He onpepeneHsbl nornyeckne onepaumu, onepauuy ynopsigounsaHus 1 apudmeTmyeckme onepauuv Hag arpera-
Tamu. Jlornyeckve onepauuy MOTyT MCMONb30BaTbCA AN POPMMPOBAHMSA KOMMIIEKCHOrO MPeACTaBneHns HeoOXOAMMBIX AaHHbIX B
dopme arperatoB Ans WX AanbHenwero aHanvda. HeobxoaMmbiM ycrnoBvMeM ANst Takoro npeacTaBfeHus ABNSeTCs TO, YTO AaHHble
[OOIMKHBI NPUHAANEXaTb pasHbiM MOAANbHOCTAM M BbITb OnpeAeneHHbIMY BO BPEMEHW, TO €CTb SIBMSTHCS NOCNEA0BaTENIbHOCTSIMU.

PesynbTathbl uccnepoBaHus. Pa3paboTtaHbl 1 onucaHbl ormyeckne onepaumn Hag arperatamu. OTu onepaumm no3BonsT Mno-
ny4aTtb pa3HoobpasHble KOMMO3ULMK MyNbTUMOAAMBHBIX AaHHBIX, YTO AenaeT BO3MOXHbIM NpeAcTaBneHne AaHHbIX ANs BCECTOPOHHE-
ro onucaHusi O6BEKTOB U NPOLIECCOB B pa3nuyHbIXx obnacTtsix, B TOM uucne B meauumHe. PaspaboTtaHa v npeactaBneHa KoHUenuus
MynbTrobpasa, KoTopas No3BONSET KOMMNIIEKCHO OMNMCbIBaTh OOBLEKT, CYOBEKT MU MPOLIECC HA OCHOBE AaHHbIX, MOJyYEHHbIX BO BPEMS
HabntogeHus, OCyLLECTBAEMOro C y4eTOM BPEMEHM.

BbiBogbl. Anrebpanyeckas cuctema arperaToB sIBMSIETCH CPEACTBOM sl KOMMNMEKCHOro npeacTaBneHnst AaHHbix. OHa no3so-
nsiet obpabaTtbiBaTh MynbTUMOAAMbHBIE AaHHbIE, UCMONb3ys Habop onepauunii 1 oTHowweHn. OCHOBHOE OTNNYME MEXAY NOrM4YecKUMmn
onepauusamm B anrebpanyeckoin cucteme arperatos W NIOrM4ecKVMM onepauusaMn Hag MHOXeCTBaMM COCTOUT B TOM, YTO arperar npea-
cTaBnsieT cobo KomMnnekcHoe npeAcTaBneHne HabopoB AaHHbIX, MPeACTaBNEHHbIX B BUAE NocnefoBaTenbHOCTEN, rae nopsiaok cre-
[OBaHVSA 3MEeMEHTOB KaXKA0N MOAANbHOCTU SABMAETCS BaXKHbIM Y BMMSET Ha pe3yrnbTaT onepaumu.

KnioueBble crnoBa: anre6pavyeckas cucTema arperatos; MynbTMoGpas; MynbTUMOAaribHble AaHHbIE; NOrMYeckue onepauum.
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