KJIacTepy, UMM HIKYe HOro 3HAUeHHs, THM Kpallle CTPYKTypa kiacrepis; indexc Maulik-Bandoypadhyay —
SIKIIO JAHWH IMOKa3HUK BHCOKHI TO OYJI0 OTPHMAHO MPaBHIBHY KillbKiCTE KIIACTepiB; iHdekc Score Function
— BUMIpIOE OJIN3BKICTh BCEPEAMHI KIacTepy, BUCOKHI MOKA3HUK BKa3ye Ha HAWKpally CTPYKTYpY; IHOeKc
wiinbnocmi CDbw — onTumanbHe pO3OMTTS Ha KJIAacTepw Te, A€ TMOKa3HUK HaWBUINWK; iHOexc /lesioa
Bondyina — BinoOpaxkae CepeiHIO CXOXICTh MDK IMEBHUM KIACTEPOM Ta HAaWOLIBII ONM3BKUM J0 HBHOTO
kactepoM [2].

VY Beb-momatky Zhy&Bor 6yno peanizoBaHO MOIYJIb OIIHKH SKOCTI, SIKAH MOKHA BUKOPHUCTOBYBATH
JUIS  pe3yJbTaTiB KiacTepu3allii, 0 OTPHUMaHI B pI3HUX MPOrpaMHUX MpoAykrax. Kiacrepusariro
npoBoauH 3a gormomororo: Zhy&Bor, IBM SPSS Modeler, Knime Analytics Platform. Bxigaumu ganuMu
o0Oupaucs MOKa3HUKH SKOCTI OOpOIIHA, SKEe HAJAXOIUTh Ha XJIIOHEe BUPOOHMIITBO. [Ipy 0lHAKOBUX yMOBax
KJlacTepu3alii pe3ylbTaTh OLIHKY 11 SIKOCTI BiAPI3HAIOTHCS, alie B OLIBIIOCTI BUMAAKIB 1HIEKCH BKa3ylOTh Ha
edexruBnicTh Zhy&Bor. MosxHa 3pOOMTH BHCHOBOK, IO OI[HIOWYH SIKICTh PE3yJIbTaTiB KiacTepu3arllii
MEBHOTO aJITOPUTMY HEOOXiHO BUKOPHCTOBYBAaTH BCi 3allPONOHOBAHI 1HACKCH, TPOBOJUTH JIOCIIPKCHHS
npu pizHuX ymoBax. OauH abo JeKiIbKa MOXKYTh IaTH HEOTHO3HAYHUHN Pe3yJIbTar.
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ASSESSING FOR LONG-TERM VARIABILITY OF BLOOD PRESSURE USING
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The paper shows that the modern intelligent information technologies can implement important additional
functions for improving the efficiency of digital blood pressure monitors for home using. Our approach
allows to assess the long-term variability of blood pressure indicators for self-measurement at home between
visits to the doctor. Such approach can be implemented on the internal processor of a home blood pressure
monitor.

Acrterial hypertension (high blood pressure) is one of the most common diseases of the cardiovascular
system that suffer about 30% of the adult population [1]. Assessment of the dynamics of changes in blood
pressure (BP) carries important information in the diagnosis of arterial hypertension. However, even 24-hour
monitoring of blood pressure, which is carried out for medical reasons using special devices, does not allow
assessing the long-term variability of blood pressure between doctor visits, which is no less important for
making correct diagnostic decisions [2, 3].

Analysis of available publications shows that the intellectual capabilities of home blood pressure
monitors are far from exhausted. The rapid development of microelectronics and intelligent methods for
signal processing against a background of interference make it possible today to realize a number of
important additional functions in tonometers.

Let us consider measured by home monitor values SBP, i=12,... of systolic blood pressure, which

were observed in a particular user over a sufficiently large period of time (weeks, months, years), as the
implementation of a random variable P with a probability distribution R, .

We denote the carrier of this distribution by the set
QN ={P: Regp > 0},
and Mg, let be the average value of SBR, i=12,....
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Let further Q) =[100,120] be the range of normal values of SBP accepted in medical practice for

healthy people. To simplify the discussion, we will not distinguish between the norm ranges of different age
and gender groups.

We consider four options for the mutual arrangement of sets Qg and Q&) relative to the axis of
values P (Fig. 1).
® it

Fig. 1. The relative position of the sets Q. and Q%

Case 1. Qg c QY ie. the range Qg of measured values is fully included in the normal range
QY of systolic blood pressure.

Case 2. (Qge NQW) 2D, O (Qgee NQW ) = D, ie. the range Qg partially enters the region

moreover, the average of the measured values belongs to the normal range Q. of systolic blood

pressure: Mg, € Q9
Case 3. (Qur NQU) 2D, Qup Qe NQW) =D, ie. the range Qg partially enters to the

region Q(S%’P and the average of the measured values do not belong to the normal range Q(S%)p of systolic

Q(O)

SBP 1

blood pressure: Mg, & Q9

Case 4. (Qgr NQY) =, those the range of measured values Qg extends beyond the normal
range Q) of systolic blood pressure.

In the first situation, the patient should be considered as healthy. In the second situation, the results of
individual measurements did not correspond to the normal range Q.. But since the average Mg, of the

measured values belongs to the region €22 | such a patient can be classified as conditionally healthy with

a tendency to hypertension. In the third situation, and especially in the fourth, there is nothing left to do but
to attribute the person to a group of patients with varying degrees of arterial hypertension.
Note that for the practical implementation of the proposed approach, it is not necessary to have the

entire array of measured values. For each measurement SBP, it is enough to override the minimum SBP,,,
and maximum SBP, of full array by scheme

SBR,,; =SPPR, if SPP <SBR,, ;.
SBR,.; =SPPR, if SPP >SBP,, i,

and refine the current average M g, using a recurrence formula
1
Mgepi =Meggp i +T[SBR ~Mggpial,

by setting the initial conditions Mg, , =0 and also SBP,;, =SBPR,,, = SBFR,.

Applying the recurrence formula for calculating the modified variance estimate for a sample of
independent random observations proposed in [4], it is also possible for each measurement SBP, i=12,...
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to reevaluate the current value of the mean square (standard) deviation o, of the systolic blood pressure
for a particular patient.
To prevent distortion SBPR,,,, SBP,.., Mg, and o, is advisable to provide an additional button in

the tonometer, with which the user can block the recalculation of these values at the slightest suspicion of an
error in the current result due to random artifacts.
With each measurement we can also calculate the current values of Pearson coefficient of variation

(¢}
Vgp = S 100%

SBM

in?

and index

(E)
= & .100%,
N

I SBP

characterizing the ratio of the number of measurements at which the systolic blood pressure exceeded
the threshold SBP =140 mmHg to the total number of measurements.
In addition, for each measurement, we may calculate the value
Agpi =SBP —Mg,, 1=12,..

characterizing the deviation of the current result SBP; from the previously found average value Mg,

and compare the value Ag,; with the current value of the standard deviation g .

As a result, with a simple refinement of the internal software, the home blood pressure monitor can
additionally display on its screen quality information about the current functional state of the patient in the
form of understandable graphic images (emoticons). One of the options for the formation of such
information is presented in table 1.

In a similar way, we can calculate the values DBP,;,, M g+ Opgp s Vo + 1oew @llowing us

to estimate the variability of diastolic blood pressure DBP,, i=12,.....

DBP,

max !

Table 1.
One of the option for generating quality information (when SBP >100 mmHg)
Sign
A Condition Text message Emoticon
SBP
+ Aggp >150 4 Dangerous condition!
+ 0,505 < Agep <1,5¢ Be careful!
+ or - |ASBP| <0504, Stable condition!
< <
- 0.505er < Asge <154 The condition is improving
- Aggp > 15045 You are in good condition

An example of a visual scale of a personalized assessment of the current value of systolic blood
pressure, automatically constructed according to 85 measurements for a particular patient [5], is shown in

I.=©= ° © o

1 1 —>
100 124,1 136,5 142,7 148,9 161,4 P, mmHg

Fig 2. An example of a personalized SBP scale for a particular patient
Conclusions. The proposed approach allows to implement the basic principle of personalized
diagnosis: "Treat the patient, not the disease."”
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A qualitative assessment of the results of blood pressure measurements, implemented in a home blood
pressure monitor, helps a user who does not have a medical education make independent decisions aimed at
optimizing his lifestyle, a reasonable distribution of the regime of load and rest, determine the need for
additional intake of medications prescribed by a doctor, and evaluate possible dangerous situations requiring
urgent medical attention. Of course, the proposed approach in no way claims to replace, and even more so to
cancel the established medical recommendations for the diagnosis and treatment of hypertension.
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IF'POBUI LITYYHUM IHTEJIEKT B ITPAX )KAHPY RPG
IIECTOITAJIOB C.B. (sshestopalo1984@gmail.com),
I'PUT'OPIOK . K. (emillio_18@hotmail.com)
Onecbka HallloHaJ bHA aKaJeMisl XapuoBUX TeXHoJOri# (Ykpaina)

Ilpeocmasnene nouamms izposoeo wmyunozo inmenekmy. Ilpoananizoeani nHedoniku ILLI 6 iepax
acanpy role-playing game (RPG). Hasedeno mnesoani 0ii I ¢ cyuacnhux AAA npoexmax npu nowtyky
20JI06H020 2€pos 60po2aMU. 3a3HaAYeHA «HeadeKeamuay Nnoeedinka 6opocie nio kepienuymeom LI npu
KOJIeKMUBHII amayi Ha 20J106H020 2eposi, Wo NIOMBEPONHCYE He0OXIOHICMb 800CKOHANEHHs cyuacHo2o 1L
Iloxazano icmopito cmanoenenns I 6i0 nouamkogoco emany (Ha OCHO8I Npagun) 00 CYYACHO20 —
aoanmuenoco. Pozensanymo ocnosni memoou peanizayii’ 1111, 3asnaueno, wo eapuo cnpoexmosanuti I
00360JI51€  HeI2pOBUM NePCOHANCAM 8eCmu cebe Oinbld pedaniCmuyHo, wo pobums OilbW YIKAgUM elimniell
ma 3aHypIoe epasysi 6 epy.

Ha croroaninmHiil geHp irpu 3aiiMar0Th 94U He Tieplie Miciie B cdepi po3sar B cBiTi. [IpakTnaHO KOXHA
JIOAMHA NPUHAHMHI poOyBaiia TpaTd B KOMII'TOTEPHI, KOHCOJIBHI a00 MOOUIBHI irpu. OnHUM 13 HaHOINIbII
MOMYJISIPHUX KaHPIB chorojieHHs € xanp role-playing game (RPG). B nanomy »aHpi, OKpiM «BigirpaBaHHs
podi», ynMaine 3HadeHHs Mae irpoBuid mTyuHui iHTenekt (ILLI), skuii cyTTeBO BIUIMBAE Ha CHOPUNHSTTS
reiiMIuieio B 1inioMmy. OCHOBHOIO CKJIaI0OBOIO OyAb-KOI CydacHOI I'pH € He HajcydacHa rpadika, Qizuka a
3axoIuToounii reimiieid. YKomHa aroanHa He Oyze rpaTd B TPy JIHMIIE Yepe3 rapHy KapTHHKY Ha MOHITOpI.
st Toro, mo6 reiiminiel OyB miKaBuM, HEOOX1IHO, 00 OyJH JAETAIBHO MPONpaIbOBaHi irPOBI MEXaHIKH Ta
noBejiinka kepyemux komm rorepom mepconaxkiB (NPC — Non-Player Character — weirpoBuii mepcoHax)
OyJia MaKCUMaJIbHO HaOJNMKEHOIO JI0 TIOBEIIHKU peallbHUX JII0AeH, TBApHH 1 T.J.

IrpoBuii mryynuii intenekr (anrn. Game artificial intelligence) — waGip mporpamHuX METOmIB, sIKi
BUKOPUCTOBYIOTHCSI B KOMI'IOTEPHUX irpax Ajisi CTBOPEHHS I03ii iHTeJieKTy B NMOBEHdiHII NEPCOHAXIB,
kepoBaHux komi'torepoM (NPC). ILII, kpiM MeTOAiB TPagUUiHHOTO IITYYHOTO 1HTENEKTY, BKIIOYAE TAKOXK
ITOPUTMH TEOPIi yNpaBIiHHS, pOOOTOTEXHIKH, KOMITTOTEpHUX rpadikiB Ta iHhopMaTuky B mijiomy [1].

OctaHHIM 9acoM crioctepiratoTh cyTTeBi nmpodiemu 3 [I sk B HeBelNHMKHX irpax, Tak i B irpax piBH
AAA. HeBnany podorty I mosxHa cioctepiratu B pi Big Bethesda — The Elder Scrolls V: Skyrim [2], komnun
CTPaXXHUKH a00 BOPOTH HE PearyroTh Hi Ha PyX TOJIOBHOTO repos (1HKOJIM He TOMIYaloTh HOTO HaBITh MpU
HaOJVDKEHHI BIPUTYI), HI Ha 3ByKH. [Ipy 1[bOMY, HaBiTh, IPU BUSBJICHHI TOJIOBHOTO T€POsi, CTPAKHUKU 200
BOPOTH II€PECTAIOTh HOro MEepeciigyBaTH, SKIIO BiH BiAJAIATHCS BiJ HUX OYKBaJbHO Ha JEKiIbKa METPIB.
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