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Abstract. The article considers the knowledge base model of a hierarchical functional system
for predicting the development of complications of myocardial infarction, based on the concept of
knowledge base bundle. The knowledge base model helps the medical staff to make a decision in the
diagnosis of complications after myocardial infarction. For decision making, the Bayes formula is
used based on the clinical data of patients after myocardial infarction. The knowledge base model
is implemented using the "KARKAS" system - toolkit to create knowledge base models. The
following are given: decision-making scenario, examples of rules, knowledge base frames and the
type of hierarchical functional system of the knowledge base model. The expert system can be
consulted online using the @Ribs_karkas_bot chat bot.
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Introduction.

Methods for constructing knowledge base models are often based, albeit on
imprecise, but generally objective information about an object. However, situations
are possible when, when building models of knowledge bases, the information
obtained from an expert is of decisive importance, usually of a qualitative nature.
They reflect the substantive features of the object being studied and are formulated in
a natural language. The description of the object in this case is fuzzy.

It should also be noted that in this case the coefficient of certainty is assigned
not only to the rules, but also to the facts of the knowledge base.

One of the problems that arise when creating expert systems is to account for the
inaccuracy and unreliability of any information. The first expert systems introduced
such a concept as robustness of the system, that is, the ability to produce a plausible

conclusion from incomplete, not accurate information.



In addition, there is the task of assessing the degree of unreliability of logical
conclusions and recommendations with inaccurate initial information and information
received as a result of a dialogue with the user.

Among the diseases, diseases of the cardiovascular system take the first place,
especially complications of myocardial infarction. Therefore, the problem arises on
the basis of the first manifestations of the disease before the start of medical
intervention to try to predict the occurrence of complications of myocardial
infarction.

The purpose of the given work is dedicated to development a knowledge base
model for predicting complications after myocardial infarction using tools for
creating knowledge models of the "KARKAS" system.

Inference engine based on Bayes formula for expert system.

Consider one of the methods of reasoning in the presence of uncertainty, based
on the Bayes formula from the theory of probability, implemented in the "KARKAS"
system inference engine [1, 2].

Suppose there is some hypothesis H and its a priori probability that the
hypothesis H is true. This probability P(H) is set at the very beginning (a priori
probability) of consultation with the expert system.

Further, it is assumed that there is some evidence E relating to this hypothesis,
then on the basis of this information it is possible to clarify the a priori probability of
the truth of the hypothesis H (a posteriori probability). According to the Bayes

formula, we have:

P(H|E)=P(E|H)xP(H)/(P(E|H)xP(H)+P(E| H)x P(H)),

where P(H) — a priori probability of a hypothesis H in the absence of any
evidence; P(H|E)— a posteriori probability of a hypothesis H in the presence of
evidence E; P(H)=1-P(H) — the probability of the event not occurring H;

P(H |E),P(E|H) — conditional probabilities.



Using the Bayesian formula, it is possible to accumulate information from
various sources in order to confirm or not confirm a certain hypothesis.

The algorithm inference engine of the "KARKAS" system using the Bayes
formula is implemented as follows:

Step 1. Let be a prior probability P(H), which is stored in the database of facts.

Step 2. Choose a evidence E.

Step 3. Calculate P(H |E).

Step 4. Replace P(H |E) in place P(H).

Thus, obtaining a new evidence leads to a new update (increase or decrease) of
probability P(H). Each time the current value of this probability will be considered a
priori for applying the Bayes formula.

Knowledge base model for the "INFARKT" expert system.

With the help of the "KARKAS" system, the "INFARKT" expert system was
created, which can carry out consultations both offline and online using the Telegram
@Ribs_karkas_bot chat bot [3]. In fig. 1 is a screenshot of the start of a consultation

using a chat bot.

MpreeT! A GOT-MOMOLLHKMK RTipsnit-
karkas.com.ua! Bel moxxeTe
MARPOKOHOYNILETHUPDOEATECA MO BE=IDpadHHON Teme.
finfarction OTBeWalTe NoXxanyMcra Ha Mol
sonpocel (HabrpalfiTe LM pel yKazaHHEeIe B
OTEEeTax):

IC MIHDAPKT BEsLABMMAeT ABS MMAMNOTE3LI “
OCNOXHEHHOS 11 rnagxkoe (Ges ocnoxxHeHKMA)
TeUeHMe MHGapKTa MUoOKaRAa Y SoNsHOro:
ManoTeza 1 = ocnosxXHeHHOe TeusHMe
MHGapKTa, anpropHan B2epoATHOCTE = 0LG45
ManoTeza 2 = rnagkoe TedeHre HdapkTa,
anpuopHana BEepoATHOCTE = L3255

v it-karkas.com.ua

KomMmNerOTepHanA cMcTemMma KAPKAC.
IKCAePTHERIE 111 3KCMNepTHO-OGyYa oL me
crcTemel. MT-TexHonorm. KomneroTepHan
clrcTema KAPRAC

HKenyAouWKoEan He4oCTaTOWHOCTE: Belna A vy
SOoNbHOMD OCTpan AeBoxeNyo0uKoEan
HeAoCTaTOWHOCTE 7

1-HeT yra=zaduii

2-He Be1no

3-Belna, HO He yKa3aHo, Kakan
4-Be3 oTexka NerkKinx

5-C ymepeHHBIM OTEROM Nerk X
B-C BelpareHHEIM OTeKOM Aer KX

Fig. 1. Online consultation using the Telegram @Ribs_karkas_bot chat bot



Step 1. Initially, the consultation of the "KARKAS" inference engine system puts
forward two hypotheses: complicated and smooth (without complications) myocardial
infarction in a patient. The a priori probability of the first hypothesis is 0.645, and the
second is 0.345 (fig. 1).

Step 2. Then, in a process of consultation with a doctor or nurse, the inference
engine calculates the chances of these hypotheses based on the patient's symptoms and
history (Fig. 2).
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Fig. 2. Selection of symptom indicator (offline mode)

Chances and probabilities are related by the following formula:
O(H)=P(H)\A-P(H)),

so for the first hypothesis: O(H,)=1.816, and for the second hypothesis:
O(H,) =0.550.
Step 3. In fig. 3 shows a screenshot of the operation of the inference engine in

the third step of the consultation.
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Fig. 3. Calculation of the chances of hypotheses (offline mode)

If the first hypothesis is accepted, then the analysis of the calculated posterior
probability begins, which serves as the basis for diagnosing the degree of development
of the corresponding complication of a heart attack. In the third step of the consultation,
the posterior probability for the first hypothesis is 0.966.

To predict complications of myocardial infarction based on data from the initial
phase of the acute period, a start-period is used. Start-period is defined as the time from
the first manifestations of the disease to the start of medical intervention. For example,
start-period 1 is 24 hours, start-period 2 is 48 hours. The rules specifying the diagnosis
use these two start-periods.

If the second hypothesis is accepted, then the inference engine ends up and a
message is issued that there are no complications after a heart attack.

Step 4. In fig. 4 and fig. 5 shows the types of results of consultations with the
"INFARKT" expert system, respectively: offline and online.
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Fig. 4. Type of result of consultation with the expert system "INFARKT"

(offline mode)
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Fig. 5. Type of result of consultation with the "INFARKT" expert system
(online mode)
Format of rules, frames and hierarchical functional system of the
knowledge base model of the expert system "INFARKT"
In fig. 6 presents the values of a priori probabilities of the symptom
"Hypertension™ with respect to hypotheses: a smooth and complicated course of

myocardial infarction.
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Fig. 6. A priori probabilities of the symptom (hypertension) for two
hypotheses (offline mode)

The attribute list contains 28 symptoms of the disease. For express diagnostics, 7 of
the most informative were selected using statistical methods, which are presented in the
following order of decreasing informativeness: ventricular failure; age; heart failure;

collapse; pulse; paul; the number of heart attacks; a characteristic of a previous heart
attack (Fig. 7).
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For each question attribute (symptom) and its corresponding value (answer to
the question):

coefficient confidence first (Cfl) means a prior probability for the first
hypothesis (complicated course of myocardial infarction in a patient);

coefficient confidence second (Cf2) means a prior probability for the second
hypothesis (smooth course of myocardial infarction in a patient).

When the user answers the question about the presence of a symptom, the
inference engine forms the fact: attribute = value, Cf1, Cf2, where the coefficients of
confidence are recalculated according to the Bayes formula. The calculation of
confidence ratios was based on clinical data from [4].

The format of the attribute record for the knowledge base.

Attribute Name: Ventricular insufficiency.

Did the patient have acute left ventricular failure?

Answers:

1. There is no indication, Cf1 = 1.000, Cf2 = 1.000.

2. Was not, Cf1 = 0.649, Cf2 = 0.906.

3. It was, but not indicated what, Cf1 = 0.094, Cf2 = 0.020.

4. Without pulmonary edema, Cfl1 = 0.063, Cf2 = 0.037.

5. With moderate pulmonary edema, Cf1 = 0.059, Cf2 = 0.016.

6. With severe pulmonary edema, Cf1 = 0.135, Cf2 = 0.021.

Example frame and knowledge base rules.

Frame 1.

Slot name | Slot type | Inheritance

Ventricular failure | Substitution |

Age | Substitution |

Heart failure | Substitution |

Collapse | Substitution |

Pulse | Substitution |

Paul | Substitution |

The number of heart attacks | Substitution |



Characteristics | Substitution |

Goal slot

Chance forecasting (complicated) | Calculate.
Chance forecasting (smooth) | Calculate.

Rule 2. A & B #.

IF

A Chance forecasting (complicated)> 1

B Chance forecasting (smooth) <1

THEN

The course of myocardial infarction = Complicated.
Rule 10. A & B #.

IF

A Chance forecasting (complicated) <1

B Chance forecasting (smooth) = 1

THEN

Forecasting = smooth myocardial infarction.

In fig. 8 shows a view of the hierarchical functional system for determining the

value of the consultation goal — "Forecast".
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Fig. 8. Type of hierarchical functional system for determining the value of

the consultation goal — ""Forecast' (off-line)

Rule 12. A #.

IF

A A posteriori probability [] 0..0.009

THEN

Start-period 1 (fibrillation) = Will develop later than 6 weeks.
Start-period 2 (fibrillation) = Will develop later than 6 weeks.
Rule 30. A #.

IF

A A posteriori probability [] 0.737..1

THEN

Chronic heart not enough 1 = Will not develop.

Chronic heart not enough 2 = Will not develop.

Rule 41. A #.

IF



A A posteriori probability [] 0.015..0.017

THEN

Thromboembolism after the start-period 1 = Will develop in 1 day, later the
start-period.

Thromboembolism after the start-period 2 = Will develop at 2 days.

Rule 64. A #.

IF

A A posteriori probability [] 0.662..1

THEN

Outcome 1 = The patient will survive.

Outcome 2 = The patient will survive.

Frame 65.

Slot name | Slot type | Inheritance

Start-period 1 (fibrillation) | Substitution | n

Start-period 2 (fibrillation) | Substitution | n

Acute l.ventricular netsu.1 | Substitution | n

Acute l.ventricular lack.2 | Substitution | n

Chronic heart not enough 1 | Substitution | n

Chronic heart not enough 2 | Substitution | n

Arrhythmia after the start-period 1 | Substitution | n

Arrhythmia after the start-period 2 | Substitution | n

Thromboembolism after the start-period 1 | Substitution | n

Thromboembolism after the start-period 2 | Substitution | n

Gap after the start-period 1 | Substitution | n

Gap after the start-period 2 | Substitution | n

Repeated heart attack after a start-period 1 | Substitution | n

Repeated infarction after a start-period 2 | Substitution | n

Exodus 1 | Substitution | n

Exodus 2 | Substitution | n

Goal slot



Forecast | ?

Conclusions.

A knowledge base model is proposed for predicting complications after myocardial
infarction based on a hierarchical functional system using the Bayes formula.

Based on the viewed knowledge base model, a prototype of the "INFARKT"
expert system was created, which helps doctors diagnose infarction patients, assess their
condition and forecast the development of the following complications of myocardial
infarction: fibrillation, acute left ventricular failure, chronic heart failure, arrhythmia,
thromboembolism, rupture myocardium, repeated heart attack.

The "INFARKT" expert system can provide advice both offline and online using
the @Ribs_karkas bot chat bot.

A trial version of the "KARKAS" system is available at https://it-karkas.com.ua
(offline mode).

The @Ribs_karkas_bot chat bot (Telegram messenger) is available online: to do
this, send a message using the chat site https://it-karkas.com.ua to activate it.

Consultation with the "INFARKT" expert system in case of 28 symptoms takes
10 minutes, and the option of express consultation (7 symptoms) takes 3 minutes.

When using chat bot consultation can be carried out mobile using a smartphone.
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Annomauus.

B pabome paccmampueaemcs moodenv 6Oasvi 3HAHUN UEPAPXUYECKOU DYHKYUOHATLHOU
cucmemvl 01 NPOSHO3A PA3GUMUS OCLONCHEHUU NPU UHGApKmMe Muoxkapod, Ha OCHO8e NOHAMUS
paccroenus 6azvl 3nanuil. Mooenv 6a3zvl 3HaHULl NO380AA€M NOMOYb MEOUYUHCKOMY NEPCOHATLY
NPUHAMb peuieHue npu OUACHOCMUKe OCI0MCHEeHUU nocie ungapkma muokapoa. /s npumsamus
peweHuss  ucnoav3yemcs @opmyra batleca Ha O0cCHO8e KIUHUYECKUX OAHHBIX NAYUEHMOS,
nepenecwiux uHgapkm muoxapoa. Moodenv 6a3vl 3HaAHUN Peanu308aHa € NOMOWBIO CUCTEMbL
"KAPKAC" — uncmpymenmapus 0as cosz0aunusi mooenei 6Oa3z 3Hanuil. llpusedenvl: cyenapuil
NPUHAMUSL  peueHus, npumepvl Npaeul, peiumos 0azvl 3HAHUL U  6UO UEPAPXUUECKOU
@yHKyuonanvholl cucmemvl mooenu 60azvl s3Hanull. Kowcynbmayuio ¢ 3KCHEpMHOU CUcmemou
MOJACHO OCYUIeCmBIsAMsb OHAAUH pedcume ¢ nomouvio wam-ooma (@Ribs karkas bot.

Knrwoueswie cnosa: uepapxuyeckas pyHkyuonaivHas cucmema, 6a3a 3SHaHul, SKCNEPmMHas

cucmema, gopmyna batieca.
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