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THE EMERGENCY SIMULATION WITH
THE HELP OF FOUR-LAYER HIDDEN
MARKOV MODEL

O6’ckmom docnidacenns € npouec nidbopy cunepzemuuino 06YMOoBIeHOL Napu 00 eAeMeHmie CKAAOHUX CUCTEM
npu npoexmyeanii, 6uzomosienii aéo pemonmi. OOnum 3 HalubirLw NPOOIEMHUX MiCUb 6 NI06OPI € HeobxiOHicmb
YUCENLHO OUTHUMU PE3YTbMAM 06 €N eIEMENNIE 3 YPAXYBAHHAM AGHUX, AOUMUBHUX GLACTMUBOCTEN CACMENMIE
1 NPUX0BANUX NPOABIE POOOMIU NAPU, HEBLACTNUBUX CLCMEHAM OKPeMOo (emepocenmuicmy ). Biocymuicmo epaxy-
BAHHSL eMEPOHCEHMHOCE MONHCE ICTOMHO CHOMEOPUMU 8UOUMY KAPMUHY NPOUECI8, SIKI NPOMIKAMb 8 CUCTNEMAX,
o pobumo 6azamo icHyOUUX MOOeLell MAKUX NPOUECI8 HeddeK8amHUMU.

B x00i docnidocenns suxopucmosysanu memoou 006ysanis ingopmayii 3 Macusie 3nanv, NPUXOGAHUX Ol
NPAMOZO CNOCMEPENHCEHHS. S0KPEMA SUKOPUCMOBYEANU YOMUPLOXULAPOB] NPUX0BAHT MAPKOBCKUe Modeli 3 00-
damxosum npuxosanum wapom. Hasuanms modeneil suxonysaiu memodom bayma-Benwa, adanmosanum nio
pobomy 3 dodamrosum wapom. B sxocmi nasuarvnux 6ubipox eUKOPUCMOBYEaANU 0aHi, OMPUMAHL 6 Pe3yIbmami
cmamucmuunoi 06pobku ingopmauii, docmynioi npu cnocmepedxcerii 3a 06’ €KmMom, eKCNePMHUX OUiHOK, a MAKONC
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oami, ompumani 6 c6iMOBUX KOMN IOMEPHUX MEPENCAX.

Bunpobysanns memody i modeni na pearvhux MeouuHux i mexuivnux o6’'ekmax niomeepounu ix Kiiniuny
i mexniuny egexmusnicms. 30kpema, 3a604KU UbOMY 6 MeOUUNI 2aNY3i:
—na 65 % 3MEHWULACS YACTOMA BUHUKHENHS MPOMO0eMOOIL 2iN0K ezene6ol apmepii i 2auboKuX 6ei cmezna

1 20MINIKU;

— Ha 43 % amenwuLacs Hacmoma niciaonepayitinux Kpogomeu;
— na 36 % sMenuUIACs 3a2a0bHA KIbKICMb NPUSHAUEHUX JIKAPCOKUX 3AC0016, CNPAMOBANUX HA KOPEKUiO

3eo0pmanms Kpoei.

Y mexniuniii 2anysi pesyromamu eunpobysanv niomeepounu 36inviuens mepminy excniyamayii 2ymomema-

aeseux amopmusamopis na 14,5 %.

Ile nog’azaino 3 mum, us0 3anpoNoHOBaANULL MEMOOd MA€ Psi0 0COOIUBOCMEL, 30KPEMA, 8 HbOMY Bnepule Ol OUiHKU
eMePOHCEHMHOCTT 3ACMOCOBARA YOMUPUUAPOBA NPUXOBAHA MAPKOBCHKA MOOEb.

Pesynomamu, ompumani 6 pobomi, 00360JULU 3ANPONOHYEAMU 3A2ALbHY CXEMY THMEIEKMYaNIvHol cucmemu
NIOMPUMKYU NPUTHAMMS PIUeHHS NP0 BUOLD CUHepzemuuecki 00YMOBLCHOT NAPU eAeMenmie ONsl CKAAOHUX CUCTEM

PI3HO20 NPUSHAUEHHS.

Kmouosi cmoBa: cunepzemuunull epexm, 6paxyeanns emeporeHmuocmi, NPUXOBAHA MAPKOBCLKA MOOELb,

NPUXOBANULL ULAD, AOEKBAMHICTb MOOEI.

1. Introduction

In many applications of human activity, there are situa-
tions when to some object it is necessary to select a pair
from a finite set of homogeneous objects. Selection should
be performed by selecting the nearest element of this set
according to a given set of characteristics.

If the characteristics are uniquely measurable or calcu-
lated, the recognition is trivial. If at least one characteristic
is stochastic or indistinct, then the problem is unsolvable
without the use of artificial intelligence technologies, using
methods of identifying knowledge in conditions of un-
certainty.

The most difficult is the requirement to take into ac-
count not only the total systemic effect of using two or
more elements. In this case, the person making the decision
about the choice can face the so-called synergistic effect
or its consequence — emergence, the effect of which can
block all the benefits from the combination of these two
elements in the system. The most convincing example of
this phenomenon is the unexpected sharp negative side

effect from the additional prescription of some separate
«innocent» drugs to some patient. From this follows the
urgent need not just to pick up a couple, longing for the
obvious characteristics (there is not enough heat release from
30 kg of uranium-235, — take 60 kg!), but also a careful
analysis of the various hidden circumstances of this asso-
ciation, so as not to run into an atomic explosion (critical
mass 235U — 50 kg).

Thus, the task of pair matching is simultaneously tasks
of image recognition and optimization problems, since the
image is sought in some sense the best!

2. The ohject of research
and its technological audit

The object of research is the process of choosing a syner-
getically conditioned pair for the initially specified element
of a complex system.

Technological audit is a way to diagnose the innovative
attractiveness of the proposed theoretical and practical solu-
tions in the field of complex systems with binary elements.
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And it allows to receive the characteristic of innovative
potential at creation of new and reconstruction of exis-
ting information technologies of support of the decision
of practical problems in this area.

Conducting a technological audit provides an opportu-
nity to formulate a strategy for making profits based on
the results of innovation at the previous stages — plan-
ning and designing future benefits. It is assumed that the
developer uses the results of innovative activity directly
in the process of designing technical facilities or planning
medical intervention, applying new methods in many sec-
tors of the national economy and social sphere.

As a result of the performed technological audit in
the medical (prescription of a pair of drugs) and tech-
nical (selection of a pair of shock absorbers) areas it is
revealed that existing models of interaction of elements of
complex systems can’t be considered adequate. After all,
they do not provide an opportunity to take into account
the phenomenon of emergence as an additional effect of
their interaction. Further progress in these areas is possible
only in the case of creating new models that can not only
detect such emergence, but also evaluate it numerically.

The invariance of such models with respect to the
object-object’s elements- emergence of elements’ interac-
tions allows us to assert that such an approach will be
relevant in many other spheres of human activity.

3. The aim and ohjectives of research

The aim of research is creation of intelligent decision
support system for selection of available synergistically
resulting pairs in the system of the existing elements, the
optimum in terms of parameters of the system as a whole.
Creation and implementation of DSS use the method of
evaluation and ranking system effects (emergence) of com-
bination of pairs of elements in an uncertain environment,
built on the four-layer hidden Markov models.

To achieve this aim, it is necessary to solve the fol-
lowing tasks.

1. To develop a method of supporting the decision-
making on the application of one of the elements-applicants
in a pair to the already existing element of the system.

2. To develop an emergence model based on a four-
layer hidden Markov model.

3. To carry out practical tests of the research results
and evaluate their technical and social effect.

4. Research of existing solutions
of the prohlem

Among the main directions of elimination of these prob-
lems, identified in the resources of the world scientific
periodicals, the following can be singled out:

1) identification of the direct use of pairs of elements
in complex systems that work together and generate syner-
gistic effects with undesirable emergence [1-5];

2) application of methods and means of fuzzy modeling
and multi-criteria choice in intellectual decision support
systems [6-8];

3) application of methods for creating and recognizing
visual images as an intermediate representation of the state
of the structure of complex systems [9—14];

4) application of intelligent Data Mining methods, in
particular neural networks or hidden Markov models [15—19].

Let’s consider these directions in more detail.

1. As mentioned above, in almost all objects of any
sphere of human activity, it is almost always possible to
find paired elements that, when designing or repairing (re-
constructing) the object, it is desirable to carefully select
according to certain characteristics, in order to prevent
further negative effect and to provide great harm to the
object as a whole. It is possible to imagine the opposite
task: to select couples so that the additional positive effect
of their joint work was maximum. It is assumed that the
selected pair of objects will continue to «work» together.
Examples of such pairs include paired elements of com-
puters and their accessories [1], radio stereo systems [2],
metrological devices [3] — in technology, rhymed lines [4] —
in poetry, crews of space expeditions [5] — in psychology
and many other.

2. Existing methods for processing arrays of fuzzy num-
bers [6] are not designed to handle hidden subsets of the
latter. In addition, there are many problems and methods
for solving them, when pairs of fuzzy numbers can’t be
varied separately [7]. In these problems, it is necessary
to find pairs of numbers that are closest to a given num-
ber, and evaluate each number separately in a pair — the
closer, the better. Such formulation does not give rise to
a model suitable for estimating the emergence of pairs.
They do not approach the solution of the problems of
choosing synergistically determined pairs and the methods
proposed in [8] for searching for fuzzy repetitions when
organizing the reuse of items that are stored.

3. There are many methods designed to search for nearby
elements in image arrays (or within a single image) [9].
But for this, the complex system, which is considered in
the work, must first be converted to a visual image [10].
In addition, the methods of creating and recognizing visual
images as an intermediate display of the state of the struc-
ture of complex systems [11] are computationally complex
and require powerful computers and a lot of time [12].
The role of this negative factor increases significantly when
processing multi-threaded hidden Markov models working
in complex complexes [13]. Do not solve the problem of
«mining» hidden information and numerous methods for
recognizing texts, even if they use hidden Markov mo-
dels [14].

4. The application of the existing ata Mining intel-
lectual methods will be considered using the example of
constructing hidden three-layer Markov models of some
system Q of the form Az={m, A, B} [15] (Fig. 1).

As can be seen in Fig. 1, the model consists of three
layers:

1) layer of the initial elements;

2) layer of elements-applicants in a pair to the original;

3) layer of external manifestations of the system to the
combined effect of the initial element from layer No. 1
and the selected element from layer No. 2.

Thus, such «classical> Hidden Markov Model will be
called a three-layer model and will be denoted as HMM-3.
The initial element Qy is determined by the correspon-
ding possible set of these elements Q and the matrix T,
which contains the probabilities of election as the original
specific element Qy from the set Q.

The need for matrices A and B follows from the fact
that the «classical» hidden Markov models are represented
as the result of two random processes: with an interme-
diate implicit S and a final explicit C output [16, 17].

;12
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SPACE OF C
SYSTEM
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Fig. 1. Scheme of the three-layer hidden Markov model HMM-3

So the matrix A reflects the subject area and answers
the question, what is the probability of the object’s tran-
sition being modeled with the help of HMM-3, from the
initial to the hidden state [18, 19]. If the subject area —
drugs and the patient, they accept, then the matrix A
is the probability of assigning to the source drugs (from
the set Q) second drugs from the set of applicants S. Of
course, the initial value of this matrix (without regard
for emergence) depends on many factors: the availability
of drugs, their cost, delivery time, the psychological state
of the patient, the time elapsed since the last tests, the
doctor’s commitment, and the like.

Matrix B is in fact the answer to the question, how will
such compound of drugs react? Of course, the importance
of the elements of this matrix depends to a great extent
precisely on the patient, which in many cases turns out
to be unpredictable.

The more patients took part in the evaluation of the
effect of such treatment, that is, the better the statistics
in the basis of training HMM-3, the more accurate the
model.

An important disadvantage of HMM-3 from the point
of view of emergence modeling is that in HMM-3 there is
only one hidden layer — layer No. 2, and
in the object with the emergence of such
conditional layers, at least two. After all,
except for a layer of elements-applicants in

theory of statistical Markov models in which the system
is modeled, is regarded as a Markov process with unob-
served (hidden) states.

To test the adequacy of the methods, as well as
the accuracy and reliability of the models, the labora-
tory and practical bases of the Center for Reconstruc-
tive and Rehabilitation Medicine (University Clinic) of
the Odessa National Medical University (ONMU) and
JSC «Odessa Factory of Rubber Technical Products» (Uk-
raine) are used.

6. Research resulis

6.1. The decision support method for applying one of
the applicant elements to a pair of already existing system
elements. Let’s define the terms used in the work. Let’s
start with a phenomenon like «synergy» [20].This is the
effect of interaction of two or more factors, characterized
by the fact that it significantly exceeds the simple sum
of the actions of each of these factors separately (the
phenomenon of «emergence» — the presence in any sys-
tem of special properties that are not inherent in its ele-
ments) (Fig. 2).

COMPLEX SYSTEM FOR ADDING

a couple of the original, it is also neces-
sary to have a layer of actual emergence.

The latter, first, hidden from external
observation, and, secondly, it can take dif-
ferent, are unknown in advance neither
in content nor in value of the form for
which it is necessary to expand HMM-3

-
— ONE OF THE

ELEMENTS-
APPLICANTS

The only element-
REPRESENTATIVE

to HMM-4 and create an additional layer
of emergence.

5. Methods of research

The basis for creating a method for
supporting decision-making on the appli-
cation of a pair of elements is the theory
of determining the hidden parameters of
the state of complex systems under uncer-
tainty. To develop this method, let’s use the

ADDITIONAL EFFECT
OF REPLACEMENT OR
ASSOCIATION
(Emergence)

N EFFECT OF
\CEMENT OR
3SOCIATION

Fig. 2. The main and additional effects from the application

of elements as a pair
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For example, synergy in medicine is understood as the
combined action of medicinal substances on the body, in
which the total effect exceeds (this is the emergence) the
action exerted by each component separately.

If the way to assess the emergence of various effects
numerically, then these manifestations can be compared and
even ranked, giving the user the opportunity to choose the
«best» emergence at its own discretion. So, the «best emer-
gence» is availability in any system: the largest (least) number
of special properties that are not inherent in its elements.
Let’s note that in numerical ranking, the positive and nega-
tive from the point of view of the influence on the system,
emergence can be brought in one line by changing the sign
of the «negative» emergence to the opposite or vice versa.

Next, let’s introduce the concept of «synergistically
conditioned pair» (SCP).

Synergistically conditioned pairs are such messages of
individual elements that in this combination demonstrate
a <«better» emergence among a finite set of other pairs
in which the first elements are identical and the second
ones are different. Belonging to SCP in the method under
investigation is the basis for the advantage of such pair
over all others in making the choice of the second ele-
ment. Now let’s consider the following problem of choosing
a synergetically conditioned pair for an element using ar-
tificial intelligence methods and parameters of the «best»
emergence (Fig. 3).

Let there be some object and a description of its system
properties (structure, parameters of elements and connec-
tions between them, the influence of the latter on the system
as a whole, interaction with the environment, etc.). There
is also a finite set of other elements with corresponding
descriptions that are not relevant to the system.

Let also one of the elements of the system fail (one
of the shock absorbers is destroyed) or does not fulfill
its function in the system (drugs against high blood pres-
sure do not provide complete normalization of the latter).

Set of objects that
are considered to be
a pair

«Best»
recognition

parametric
support

Fig. 3. Scheme to the problem of choosing a synergetically conditioned pair to an element
of the system using artificial intelligence methods and parameters of the <best» emergence (Al — artificial
intelligence system)

«BEST»
Il EMERGENCE

In this case, there may be a problem of replacing it or
adding to it a synergistically conditioned pair of related
elements (for example, using additional drugs simulta-
neously with those already taken). The problem is solved
by a complete search (on a computer modell) All pairs
of drugs that are formed if in the initial add one by one
of the drugs from the set of drug candidates and ana-
lyze these pairs for the emergence value (Fig. 3). Further
constructed according to this principle, the DSS transfers
a ranked series of emergence to the Person (in the exam-
ple under study it is a physician), which takes the final
decision on the course of further treatment.

In Fig. 3 Al is any of the models of artificial intelli-
gence that is capable of performing Data Mining — that is,
«extracting» knowledge from unordered sets of information.
Examples of such models can be neural networks or hid-
den Markov models [17]. It is clear that any intellectual
model must first be taught to make estimates on examples
of interaction with a real object, for example, a specific
patient or a group of patients. Such training samples are
invaluable property of each DSS because they can be as-
sociated with personal tragedies of previous patients who
were treated without taking into account the synergistic
effects of drug pairs.

In this paper, this method is used to estimate and
compare the emergence. Let’s suppose that it is possible
to create images (models) of pairs of elements and analyze
the result of their compatibility at the level of these ima-
ges. Then the intelligent DSS selects the «best» image
elements and presents them to the Person, makes the final
decision on the selected pair. Let’s look for a parameter
for estimating the effect of using a pair of elements in
the form of a cumulative number that, by analogy with
complex numbers, consists of two incompatible mathe-
matically parts: clear and fuzzy (Fig. 4). Next, let’s build
a completely ordered set of digital numbers — that is,
a linearly ordered set in which for each nonempty subset
there is a least element in accor-
dance with the user-defined order.

Since in the general case both
parts consist of some sets of num-
bers, therefore, each of them must
be reduced to one number by any
convolution.

To do this, the user must select
the axiom of combining all clear
and separately fuzzy parameters
of each pair to one number, these
are user settings.

In the paper, the axiom of
a union is as follows. First, the
ranking of all pairs of elements is
performed, and the size of clear
parts is analyzed.

Further, from the rank of the
series, those pairs are withdrawn,
in which the removal criteria cal-
culated from the fuzzy part data
exceed a certain threshold (it is
also a user setting). m <«best»
pair are chosen by the greatest
value of the clear part in the
pairs with the remaining after
all seizures.

L4
-

Aggregate
element
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AGGREGATE NUMBER OBTAINED FROM THE COMPARISON OF THE PROPERTIES
OF THE ELEMENTS AND THE FORECAST OF THE INFLUENCE ON THE OBJECT

YIUNFUZZY PART FUZZY PART
| i
N I\

Axiom of choice
(algorithm of

reduction
to a single number)

Determination
of rank in the

list
Y

Ranked LIST OF ELEMENT-APPLICANTS
EXCEPT REMOTE

axiom of calculation
criterion of seizure for
each group of
properties

Check for each
group and removing

\

)

Fig. 4. The method of estimation and ranking of a completely ordered set (COS) of aggregate numbers

The method of supporting the adoption of synerge-
tically determines decisions on the choice of a pair of
elements for a certain system uses various data sources
that do not <«lie on the surface»: modeling, experiments,
expert assessments, and the like. Some data may reflect
the active resistance of the patient or his relatives in the
use of certain drugs [21].

6.2. Modeling of emergence using a four-layer hidden
Markov model. The four-layered Hidden Markov Model
in our case is a combined reflection of such entities:

— object (complex system) Q as a whole;

— set of elements of Q, which can claim to hit the

spaces of the initial elements; the cardinality of the

set of Q — K elements;

— set of elements-applicants S for a union with ele-

ments from the set Q, the cardinality of the set S —

KxN elements;

— set of elements-emergence E, which can arise (or

may not!) as a synergetic effect on conjugation over

one of the elements of the sets Q and S; the cardinal-
ity of the set E — KxNxXR elements;

— set C of the reactions of the object Q to the ap-
plication to it (in it) of a pair of one of the elements
of the sets Q and S; the cardinality of the set C —
KXxNxRxM elements.

For modeling and numerical estimation of the emer-
gence phenomenon, there is a four-layered Hidden Markov
Model of the form As={m, A, E,B}.

The assignment of the matrices n, A, E and B, which
includes the A4 models, as well as examples of their map-
ping to specific parameters of the medical industry, are
given in Table 1.

The scheme for constructing a four-layer hidden Mar-
kov model HMM-4 of the form A;={n, A E,B} is shown
in Fig. 5.

The task of training HMM-4 parameters is in fin-
ding, for a given sequence of outputs or a set of such
sequences, a better set of transition probabilities for states
and outputs. This task usually consists in deriving the
maximum likelihood estimate of these HMM-4 parameters
for a given set of output sequences. In this article, the
well-known Baum-Welch algorithm is used [17].

Tahle 1

The purpose of the matrices and an example of the reflection of HMM-4 parameters on the subject area —
determination of the «best> drug pair in medicine

HMM-4 PARAMETERS

MEDICAL EXAMPLE

T {my, T,
initial HMM layer

.., Tz} — the probability matrix for the presence of one of the K elements in the

Drugs that are already used in treatment, but their thera-
peutic effect is insufficient

5(m, n) — elements-applicants for the union with elements from the set ; n=1,..., Ny

N; of new drugs-applicants for addition to the initial
treatment pair

A, — probability matrix of the union of the initial element with one of the elements of the set 5(r, )

Determined in HMM training

ments of the set 5(rt, n)

E(r, n) — emergencies that can arise when the initial element is combined with one of the ele-

Unavailable for observation (latent) change in the cha-
racteristics of the patient'’s condition when taking a pair
of drugs from the set 5(x, n)

with one of the elements in the set 5(r, n)

E; a — probability matrix for the emergence of emergence when the initial element is combined

Determined in HMM training

[(m) —observed signals — object properties available for monitoring {m=1, ..., M}

Available for observation of changes in the characteristics
of the patient’s condition when taking the current pair of
drugs from the set 5(r, n)

object is in the m-th state

B — probability distribution of the appearance of a signal observed from the set £(m), when the

Determined in HMM training

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/2(41), 2018
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SPACE OF S
ELEMENTS-
APPLICANTS

SPACE OF Q
INITIAL
ELEMENTS

SPACE OF
C SYSTEM
REACTIONS

SPACE OF
E

EMERGENCE

Fig. 5. Scheme of four-layer hidden Markov model HMM-4

6.3. Practical use of research results. The results ob-
tained in the work make it possible to propose a general
scheme of intellectual decision support system for choosing
a synergistically determined pair of elements for complex
systems for various purposes: in medicine, «<SSUPREMED»
and in the «SUTEDECH» technique (Fig. 6).

In the Center of Reconstructive and Rehabilitation Medi-
cine (University Clinic), ONMU tested the intellectual sys-
tem SUPREMED supporting the adoption of synergistically
determined drug prescribing decisions, which provides the
user with a ranked range of medications allowed for use.
The «SSUPREMED» system is used to determine the optimal
combinations and dosages of drugs aimed at correcting the
state of the coagulating blood system in patients in the
postoperative period in the departments of anesthesiology and
intensive care and surgery. The tests of the «<SSUPREMED»
system show that its use allowed achieving such clinical results:

— by 65 % (2.3 times compared with the control group),

the incidence of thromboembolism of the branches of

the pulmonary arteries and deep veins of the thigh

and lower leg are decreased,;

— by 43 % (1.8 times), the frequency of postoperative

bleeding is decreased,

— by 36 % (1.6 times), the total number of drug-related

medicines aimed at correcting the blood coagulation

system is decreased.

In JSC «Odessa Factory of Rubber Technical Products»
tests of the intelligent system «SUTEDECH» were carried
out supporting the adoption of synergetically determined
solutions in the selection of a pair that provides the user with
a range of permissible for use combinations of rubber shock
absorbers of the same brand. The system «SUTEDECH»
was involved in the selection of pairs of shock absorbers
of the brand AKSS-300M (Ukraine), which were tested
for joint operation under rated load conditions. The tests
of the SUTEDECH system show that its use allowed
achieving such technical results: the service life increased

by 14.5 %.

SEARCH THE «BEST» PAIR FOR
THE EMERGENCE TO THE

The aim is increasing the proportlon of a successful (from the point of view of the system as a whole) recognition (selection) of a
ically conditioned pair of elements when adding or replacing the latter

TRAINING HIDDEN MARKOV MODEL SYNERGISTIC

DUE TO PAIR

REPRESENTATIVE ELEMENT

INFORMATION SOURCES IN THE
BASE AND DATABASE

EXPERT EVALUATION OF EXPERTS IN
THE FIELD OF THE OBJECT

EXPERIMENTAL STUDIES

CONSTRUCTION OF THE SET
OF AGGREGATE NUMBERS

HMM TRAINING USING
THE BAUM-WELCH
ALGORITHM

TRANSITION TO
HIDDEN EMERGENCE

CONSTRUCTION OF
EMERGENCE IMAGE

IMAGE PROCESSING
USING NM

CREATION AND
EVALUATION OF
A COMPLETELY
AGGREGATE
NUMBERS

IMAGE PROCESSING
BY DIRECT
OBSERVATION

Fig. 6. The structure of «<SUPREMED» and «SUTEDECH» systems
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7. SWOT analysis of research resulis

Strengths. The main positive influence of the research
object on its internal factors is the opportunity created
by it to predict the course of concealed emergence and
thereby prevent complications from the unsuccessful choice
of the pair. This allows to significantly improve the ef-
ficiency of the DSS in general, in particular, using the
results of the research in the medical industry.

Weaknesses. The main negative influence of the object
of research on its internal factors is the need for a very
careful approach to the selection of a training sample.
After an additional layer of HMM-4 after multiplication
of probabilities makes the statistical result of each element
of the observed matrix B insignificant, and therefore not
obvious for selection as optimal.

Opportunities. Opportunities for further research in this area
are related both to the development of the theoretical frame-
work for improving the structure of hidden Markov models,
and to the improvement of methods and tools for their training.

Threats. As in any case, the main threats to this activity
stem from the rate of change of the states of complex sys-
tems not only from the chosen solution, but also from many
other factors that are not taken into account by either the
model or the DSS as a whole. Previously, four-layer hid-
den Markov models for emergent modeling were not used.
Therefore, there are no complete analogues of the proposed
models and methods in world practice.

1. A method has been developed to support the de-
cision-making on the selection of one of the applicant
elements in a pair to an already existing element of the
system. The method differs in that the main parameter of
the choice preference is the cumulative number consisting
of the basic, «passport» joint action of the elements and
with emergence, which in this case arises.

2. An emergent model based on a four-layer hidden
Markov model is developed. The model differs in that
it contains an additional fourth (second hidden) layer,
which in turn consists of a variety of emergence, arising
from the synergetic influence on the system as a whole
of individual pairs of its individual elements, and the pro-
bability matrix of such occurrence.

3. Practical tests of the research results are performed.
The following test results are obtained:

— in the medical industry, the incidence of thromboem-

bolism of the branches of the pulmonary artery and deep

veins of the thigh and lower leg are decreased by 65 %;

— frequency of postoperative bleeding is decreased by

43 %;

— by 36 % the total number of drug-related medicines

aimed at correcting the blood coagulation system is

decreased;

— in the technical field, the lifetime of rubber-metal

shock absorbers is increased by 14.5 %.
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