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NMUUBOKA HEO-DA331 HEMPOHHA MEPEXA TATi HABYAHHSA

Onrumizaitist IMBUAKOIT HABYAHHS TTMOOKUX HEMPOHHUX MEPEX € HAI3BUUAWHO aKTyaTbHUM IMTUTAHHSIM.
CyyacHi Iiaxoau Opi€EHTYIOThCS Ha BUKOPUCTAHHSI HEMPOHHMX MEPEX Ha OCHOBI IepcenTpoHy PoszeHoOarTa.
AJie oTpUMYyBaHi pe3yJbTaTH He SIBISIOTHCS 33 I0BUTbHUMU IS iHAYCTPiaJbHMX Ta HAYKOBUX ITOTPEO B KOHTEKCTI
IIBUIKO/Ii1 HABYaHHSI HEHPOHHUX MepeX. TaKoxK TaKWii MifXil HATUKAETHCS Ha MPOOJIeMU 3HUKAYOTO Ta BU-
Oyxarouoro rpagieHTa. st BupiieHHs mpo0JIeMHU B CTaTTi 3aIIpOIIOHOBAHO BUKOPHUCTOBYBATH Heo-(da33i HEMpOoH,
BJIACTUBOCTI SIKOI'0 OCHOBaHi Ha F-1iepeTBopeHHi. B cTaTTi po3riissHyTO BUKOPUCTAaHHSI Heo-(da33i HelipoHa SIK
OCHOBHOT'O KOMITOHEHTa HelipoHHOI Mepexi. [TokazaHa apxiTekTypa rimboKoi Heo-da33i HelipoOHHOI Mepexi
a TaKOXK aJITOPUTM 3BOPOTHBIO ITOIIMPEHHS ITOXUOKH IS 1€l apXiTeKTypH 3 TPUKYTHOIO (DYHKIIIE€IO TIpUHAI-
JIEXKHOCTI 11 Heo-(a33i HelipoHa. [IprBeneHi OCHOBHI IepeBaru 111010 3aCTOCYBaHHS Heo-(a33i HelipoHa sIK
OCHOBHOT'O KOMITOHEHTY HEIPOHHOI MepexXi. B cTaTTi onucaHo 3a paxyHOK SIKMX BJIaCTUBOCTe! Heo-(ha33i He-
ipOHA BUPILIYIOThCS TUTAHHS MOKPAIICHHS IIIBUAKO/Ii1 Ta 3HUKA0YOTO Y1 BUOyxarouoro rpajaieHTa. [TopiBHsIHO
3alPOBOHOBAHY apXiTeKTypy Heo-¢a33i INMIMO0KOI HEHPOHHOI MepexKi 3i cTaHIaPTHUMU ITMOOKUMU MepexKaMU
Ha OCHOBI IlepcenTpoHy PosenbiiarTa.

HEO-®A331 HEMPOH, BATATOILIAPOBA HEMPOHHA MEPEKA, F-ITEPETBOPEHHI

E.B. Bonganckuii, T.E. Auronenko. I'ny0okas Heo-(a33u HelipoHHas ceTh U ee o0ydyenue. OnTUMU3aLUs
OBICTpOICICTBUS OOYUYCHUS INTyOOKUX HEHPOHHBIX CETEH SIBJISIETCS Ype3BbIYAiiHO aKTyaIbHbIM BoripocoM. Co-
BpeMeHHbIE TIOJIXOIbI OPUEHTUPYIOTCS Ha UCITOJIb30BaHME HEMPOHHBIX CeTeil Ha OCHOBe TepcenTpoHa Po3eH-
6siatTa. Ho mostyyaeMble pe3ynbTaThl HE SBIISIIOTCS YAOBIETBOPUTEIbHBIMU JJISI MHAYCTPUATBHBIX U HAYUHBIX
MOTPEOHOCTEN B KOHTEKCTE OBICTPOACHCTBUSI OOYUEHMST HEMPOHHBIX ceTeid. TakKe TaKoil MoaXo/1 HaThIKaeTCst
Ha Mpo0JIeMbI MCUE3aI01IIeTO U B3PbIBAIOIIETOCS rpaareHTa. {715 pereHus Mpo0JeMbl B CTaThe TTPEII0XKEHO UC-
I10JIb30BaTh HeO-(ha331 HEMPOH, CBOMCTBA KOTOPOIro OCHOBaHbI Ha F-npeoOpa3oBanuu. B ctaThe paccMoTpeHO
HCMOJb30BaHue Heo-(ha33u HelipoHa Kak OCHOBHOTO KOMITOHEHTa HeiipoHHoii ceTu. [TokazaHa apxuTekTypa
IyOOKO#1 Heo-(da33u HEMPOHHON CeTH, a TaKKe aJITOPUTM 00paTHOTO PacIIpOCTPAHEHMST OIIMOKM JJIST DTOMU
ApXUTEKTYPBI C TPEYTOJbHON (DYHKIIMEH MPUHAIIEXKHOCTHU 1T Heo-(da33u HeipoHa. [IpruBeneHbl OCHOB-
Hble TIPEUMYIIECTBA MO MPUMEHEeHNI0 Heo-(ha33u HeiipoHa KaKk OCHOBHOTO KOMITOHEHTa HEWPOHHOI CeTH.
B cTarbe onmcaHo 3a cyeT KaKux CBOMCTB Heo-(a33u HellpoHa pellaloTcst BOIMPOCH YIyqIleHUsT ObICTPOAEHCTBUS
1 MCYE3aloIIero Win B3pbiBatolielics rpaareHTa. [IpoBeneHo cpaBHeHUE TTPEIJIOXKEHHOM apXUTEKTYPhl HEO-
(ha33u r1y6oKOM HEMPOHHOI CETU CO CTAHAAPTHLIMU IITYOOKUMU CETAMU Ha OCHOBE IiepcenTpoHa PoseHbarra.

HEO-®A33U HEMPOH, MHOT'OCJIOMHAS HEMPOHHAS CETb, F-TIPEOBPA30OBAHUE

Ye. Bodyankiy. T. Antonenko. Deep neo-fuzzy neural network and its learning. Optimizing the learning speed
of deep neural networks is an extremely important issue. Modern approaches focus on the use of neural networks
based on the Rosenblatt perceptron. But the results obtained are not satisfactory for industrial and scientific needs in
the context of the speed of learning neural networks. Also, this approach stumbles upon the problems of a vanishing
and exploding gradient. To solve the problem, the paper proposed using a neo-fuzzy neuron, whose properties are
based on the F-transform. The article discusses the use of neo-fuzzy neuron as the main component of the neural
network. The architecture of a deep neo-fuzzy neural network is shown, as well as a backpropagation algorithm
for this architecture with a triangular membership function for neo-fuzzy neuron. The main advantages of using
neo-fuzzy neuron as the main component of the neural network are given. The article describes the properties of a
neo-fuzzy neuron that addresses the issues of improving speed and vanishing or exploding gradient. The proposed
neo-fuzzy deep neural network architecture is compared with standard deep networks based on the Rosenblatt
perceptron.

NEO-FUZZY NEURON, MULTILAYER NEURAL NETWORK, F-TRANSFORM

Beryn

B ueit yac mtyuyHi HelipoHHi Mepexi (ILITHM)
OTPUMAJIH LIMPOKE PO3MOBCIOIKEHHS TSl BUPiLLIEHHST
3aa4 OIpalloBaHHS iH(opMallii pi3HOI MPUPOIU 3a-
BISIKM CBOIM YHiBepCaJlbHUM aIIPOKCUMYIOUMM Bjiac-
TUBOCTSIM 1110 IOCSITAIOThCSI B TPOLIECi X HABYaHHS Ha
OCHOBI ICHYIOUMX AaHUX CIlOCTepexkeHb. bilbil BuU-
COKMX Pe3yJIbTaTiB MOXJIMBO JOCSITH 3a JOMOMOTOIO
rbokux HelipoHHUX Mepexx (THM) [1-5], koTpi xoua
II MepeBepllyIOTh 3a SKICTIO pillleHHS 3aaay Tpaau-
LiIiHI HEMPOHHI MepexKi, ajie IX HaBYaHHs I1OB’sI3aHO
3 HU3KOI CYTTEBUX OOUYUCIIOBAIBHUX MPOOJIeEM

Ta BUMAara€ OLIbIIMX BUTPAT yacy. B ocHOBI OLIbIIOCTI
IIIHM nexuTb, Tak 3BaHUI, eJIeMEHTapHUU Tepcen-
TpoH Posenbmarra [6], Tpy IbOMY K (DYHKIIiSI aKTH-
Ballii BUKOPUCTOBYEThCSI TpajulliliHa curmoiga ado
rirepOoiyHMii TaHTeHC. TphOXIIapoBUil MEPCENTPOH
3a0e3re4yy€e BHUCOKY SKIiCThb allpoKCHMAallil JOCTaTHbO
CKJIaIHMX (PYHKIIi, 3amaHuUX B OOMExKeHiil oOJacTi
BU3HaueHHs [8]. CripoOu MoKpaluT SIKiCTh OTpUMa-
HOTO pillIeHHSI LIJISIXOM 30iJbIIeHHS KiJIbKOCTI Mpu-
xoBaHux MapiB ITHM HatukaroTbcsi Ha Mpoobsemy,
MOB’sI3aHy 3, TaK 3BAaHMM, 3HMKAIOYUM Ta BUOYXOBUM
rpagieHToM [9], rosiBa KOTporo mos’si3aHa 3 HopMoIo
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XHYP3

CUTMOINAIbHUX aKTUBALiHUX (PYyHKILIA. ¥ 3B’SI3KYy 3
M I'HM 3amicTh curmoigaabHux QYyHKIiH 3a3BUYai
BUKOPUCTOBYIOTh linear rectified family, xapaKTepHUM
MpeacTaBHUKOM KOTpOro € rectified linear unit (ReLU),
SIKUM HEe CTpaXKJa€e Biz MpobseM, MoB’ sI3aHUX 3 00UuC-
JIEHHSIM rpafieHTa. BukopuctaHHs Takux (yHKIIIN He
BUKJIMKA€E MPoOJeM, MOB’sI3aHUX 3 00UMCIECHHSIM Tpa-
JiEHTA, a iX ITOXiIHI-KOHCTAHTH JO3BOJISIOThH CIIPOCTH -
TH JIeJbTa-IIPAaBUI0 HaBYaHHS KOXKHOTO OKPEMOTo He-
iipoHa. PazoM 3 Tum, BUKopuctaHHs ¢pyHKIii Rel UHe
BilITTOBima€ BMMoOraM ampOKCUMALifHUX TeopeM, SIKi
nexatb B ocHoBi IIIHM Ta, monepen BCboro, BUMOraM
teopeMu LlubGenko [7]. Takum uynHom, THM 3abe3-
MeYyoTh KYCKOBO-JIiHiIHY ampoKcHUMallilo, BHCOKa
SIKICTb KOTPOI IOCSITAETHCS 30UIbIIEHHSIM YKCIa IIPU-
XOBaHMX I1apiB Mepexi. [1pu iboMy 30iIbIIEeHHS KiJlb-
KOCTI 111apiB 3MEHIIIYE IBUAKO/Ii0 MPOLIeCYy HaBYUaHHS
Ta BUMarae OuTbIMX 00’ eMiB JaHUX 1 HAaBYaHHS.

1. ApxiTekTypa rim06okoi Heo-(ha33i HelipoHHOT
Mepexi
HeiiponHa mepexa, sIKy MU PO3IJISIIAEMO, MA€E
TpaauliliHy OaraTolIapoBy apXiTeKTypy IIPSIMOIO I10-
IIUPEHHSI, BKJII0Yalouy B 3araiIbHOMY BUTIAAKY S 111apiB
olpalltoBaHHs iH(opMallii.
Ha BximHuii (Hy/b0BUMIA) T1ap TTomaeTbest x(k) e R"
BEKTOP BXiTHUX CUTHAJIB.
(k) = (5 (K), %, (K)o, (K)
ne k=1, 2, ..., N — HoMmep crocTepexkeHHs B HaBYaJIb-
Hili BUOOP1Ii a00 IHAEKC MOTOYHOTO AUCKPETHOTO Yacy.
BuxigHuM curHajiom Mepexi € BeKTop
(k)= (k),p;(k),...s 9, (k)" € R™.
Jauti, 1151 cipollieHHS 3aI1icy MMO3HaYeHb OyAeMO TaKOX
BUKOPHUCTOBYBATHU BUL
ol (k)"

x(k)= 0" (k)= (" (k),...,d" (K)....
ol (k),....ol (k).

[
(k)= (k)= (o (k),...,
TakuM 4MHOM, BXiTHUM CUTHAJIOM p-ro 1apy (p=I,
2..., §) € BEKTOp
o (k)= (ol (k)0 (K)ol (KD € RO

ip-i

a BI/IXiI[HI/IM - BEKTOpD
(k)= (0" (k),....ol" (k). (k) € R

ITpu uboMy Heo-ha33i HelipoHHa MepeXKa MiCTUTh Zn )
HEWpPOHiB. p=l
Bysnom 1i€i apxiTekTypu € Heo-(as3i HelpoH
(H®H) [10-12] 3 M, ; BXOJAMH Ta OJHUM BHXOIOM
[”] - Ha puc. 1 306paxeto apxitektypy i,-ro NFN,’ Lp]
p To Iapy Mepexi.
Koxen i,-nit (i,=1,2,..., n,) Heo-(a33i HeWPOH
p-ro (p=1,2,..., s) mapy Heo-(da33i HeHPOHHOI Mepe-
Xi MiCTHTB £, | HeniHiiHMX cnHarciB NS’

i, » KO-

[p]
3KEH 3 KOTPUX BKJIIOUA€ /1 PYHKLIN HAJIEXKHOCTI Wit
(I=1,2,..., h) i TaKy X KiJIbKiCTb CUHAIITUMHUX Baro-
BUX KoedilliEeHTiB w“’] /> SIKi HAJIAIITOBYIOTHCS B PO~

Ieci HaBYaHHS. TaKI/IM YUHOM, LA apx1TeKTypa Mae
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s

2 -1 HCJIIHIMHUX CUHAIIC1IB Ta thpnp_l (bYHKHII/I
p=1

Haﬂe}KHOCTl }.Ll i) ]I(O[p 1]) Ta TaKy XK KUTBKIiCTh HaJla-

LITOBAHIX CHHATTHHHIX BArOBUX KoediLiie i Wi
BuxiHMit CUTHAT KOXHOTO HEJiHifHOTO chHarcy
NS!?' moxe GyTn sanucanmii y Burisi
plp-

A1 (ol ﬁ:[MIMU] (o) )
1yl 1 1] )
=1

plp-1 \ Ip-1 ppll Ip-1

a BUXiTHUIM cuTHaJ Heo-(da33i HeMpoOHY NFN“’]
B]_IU'IOMy

ol = zf,,,,l( )= ¥ 2 (ol

Ip- -1=1 p 1=1 /=1
751 BUXiZHOTO 11apy Mepexki curHaj (2) MoXHa Ta-
KO 3arucatu y popmi

—om_ Z ”sl( i[:l]) Szh: s11“”s 1’( ’[ssll]) )

17=1

). @

Is— l’
Jlani, BBOOSIYM B po3rn;u:[ CUHANTUYHI Baru Ta
GyHKIIiT HaJIe)KHOCTi

wi?! _( ” W[P] wizl )T

pp 1 plp- 11’ Iplpal> " Vipipih

)=

_(M[:]pll( [:;l])"" [':i]p—ll(oi[p!:l])" [:]pl (o’[:l]))r
po3mipHOCTI (A% 1), a TaKOX

(p) _ yplel le] wiel T
Wi, (w,l, Wiio e ”])

uEw&p”)

Ip-1

_(M[p]( [~ 1])’. (7] ( [P~ 1]),_““['5’]’%]( [~ 1]))

ppl Tp1 ip1

Ta

po3MipHOCTI ( nph x 1), MOXXHa 3anucaTu
(r] (,lp-1] lpJT [p]{ [p-
T, (Oi,,,, ) W, ( %,

ol = w[p]TMEP]( [p- 1]) 3amicTh (2)

lp l

]) 3aMicTb (1),

iy, =o' —w[S]TMES]( b 1]) 3amicts (3).

B sxocTti (pyHKIIiTI HaJIeXKHOCTI HEeJIiHIAHUX CUTHA-
JIiB NS“"_1 aBTOpM Heo-(da3z3i HelipoHa [10-12] BuKo-
PUCTOBYBAIU TPAAULIiAHY TPUKYTHY (DYHKILiIO, sIKa 3a-
JIOBOJIbHSIE BUMOT'aM OAMHUYHOTO po30uTTs PycrmiHi:

pLEPI] ([p ]):

pp- i/

O[P-l] o7l o

- 1

[;]1 [p,,li1 ﬂfoz[:i le [cu -1 :[:jl )

Ciyipal = Ciyiyyl-1

=1 7] _ 1] 4

Ziplpaltl oil’*l , if o[l’ 1] c [C[P] [1’] ) @
C[p] _c[p] iy 11’ ipiyil+1

iphyl+1 ™ Ciyi, !

0, inake,

me o 1=1.2,...,

ipip il

h — LEHTPpU TPUKYTHUX (PYHKIIiit
HaJ'[e)KHOCTi. Y BuUnaaky, KoJau BCi HeNiHiMHI cuHancu



Mepexi NS i[ﬁfl MaroTb OIHAKOBE YMCJI0 h LIEHTPiB, KOTpi
pO3M0iJieHi piBHOMIPHO MO OCSIM BXiIHUX CUTHAJIIB,
BUpa3 (4) Moxe OyTu nepernucaHuii y Oi1bIl 3pydYHOMY
BUIJISIL:

4
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[TIMBOKA HEO-®A33! HEVIPOHHA MEPEXA TA IT HABYAHHS
IIpu HbOMY:
(7] [ ]
W; pip-1l-1

)
ME 11, ,1( - ]) 11+1( i 1]) L.

YMmoBHu (4)-(6) 03HAYAIOTh, IO B KOXXEH MOMEHT
yacy k B KOXHOMY HEJIiHIHHOMY CMHAIICi TUIBKW JIBi
cycinHi (yHKIIiT HAJIEXKHOCTi MOXYTh CIipaiioBaTu. Lle
MPUBOIUTD 10 TOTO, IO B LIeH K€ MOMEHT HaJIalllTO-
BYIOTHCSI TIJIBKM ABa CYCiIHI CMHANITUYHI BaroBi Koe-
dilieHTH, TOOTO HA KOXKHOMY KpOLli HABYaHHS yTOU-
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N
hY'n, n,. OCKiNbKN KOXeH HeNliHiitHMii CHHATIC Me-
p=1
pexi peainizye nmo cyti F-neperBopenns [17], ue mo-
3BOJISIE SIK 3aBrOJHO TOYHO aliPOKCUMYBATU OYIb-SIKY
00MexKeHY OHOBUMIPHY (PYHKIIiIO IIPU TOCTATHHO Be-
JukoMy h. 30inblIeHHsT yncia (pyHKUii HalexXHOCTI
He YCKJIaJIHIOE HAaBYaHHS Mepexi.

Takum unHoM, KoxkeH NFN € riopuaomM Heo-da33i
cucteMu Banra-Menaens ta F-niepeTBopeHHH, 1110 3a-
Oe3reyye BUCOKI allpOKCHUMaLliliHi BJ1aCTUBOCTI Mepe-
Xi B LIIJIOMY.

2. HaBuyanna rimooKoi Heo-da33si
HeiipOHHOI Mepexi

Hapuannst GararomapoBoi Heo-¢a33i Mepexi pe-
aJli3yeTbCsl Ha OCHOBi 3BOPOTHHOrO MOILIMPEHHS TMO-
XUOKHU.

IIpouec HaBYaHHS HeO-(a33i MepexKi 3BOAUTHCS 10
MOIIYKY CUHANITUYHUX BarOBUX KOe(illiEHTIB
wi? =12, .50=12,..k;

p !p-1
i,= 1,2,...,np;ip_1 = 1,2,...,np_l
LIISIXOM MiHiMi3allii IIpUIHSTOIL LiIbOBOI (DYHKIIII Ha-
BYAHHS.
B sixocTi kpuTepiro HaB4aHHSI BAKOPHUCTAEMO CTaH-
JapTHY KBaApaTU4IHy (QPyHKIIitO

=1ﬁe,§ (k)=lief. (k), (7)
2/ 25

ne e (k)=(; (k)-wl k- Dl (ky)?
¥, (k) — 30BHilIHiit HABYATLHMIT CUTHAL.
I'papienTHa MiHiMizanis (7) mast KOXHOTO CUHAI-
TUYHOTO BaroBOro KoedillieHTY BUXiTHOTO 1l1apy w[ ] N
MoOXe OyTH oIrcaHa peKypeHTHOIO MIPOLIEAYPOIO
de; (k)
awll

igig_q/
n(k)u O (k)
(tyr n(k) — mapameTp KpOKy HaB4YaHHs), abo y
BEKTOPHIl popmi
wi (k)= (k= 1) =m(k)(r,; (k) -
(k= D)l (ol (k). )

st Bubopy n(k) MOXe OyTHM BHMKOpHCTaHa Ipo-
Heaypa, sika € TiOpHUIOM ONTUMAJIbHOTO aJrOPUTMY
Kaczmarz-Widrow-Hoff Ta croxacTmyHOi ampokcu-
Maiiii [18, 19].

Wl ()=l (k= 1) =7 (ke (Rl ol )
1 ()=, (k=1) -l k)2,

Ig Ig 1

Wi (k) =wil (k=1)-n(k)

tt3 i

8
wh! (k 1) ®)

11A W

ge 0<o <1 — ¢axkrop 3a0yBaHHSI.

6

HanamtyBaHHST CMHANTUYHUX BaroBUX Koedilli-
€HTIiB IPUXOBAHUX IIAPiB peali3yeThCs 3a JOIOMOT 00
aJITOPUTMY 3BOPOTHOTO TIOIIMPEHHS TTOXUOKHU, IS
Yyoro Moxe OyTM BUKOpMCTaHa Iipoueaypa tuiry (8)
y BUTJISAII

Wl )= (k1)) o)
i i ol
1 o0 160 ol
P owl  dol (k) ow,
OCKiJIBKH
aO[S] fl’s 1/( 1[5511]) : “I sl 11( 1[;11])
T g R g
pi (]
A ifo,[ Ueldrl di ),
o0, 1 [ 7 .
=i o el dfl il L) an
% 0, iHaKIIe,

anroputm (10) octaTouyHO MOXe OyTH 3alMCaHUI
y (hopmi
[s-1] [s 1]
w[s—lis—Zl (k) ’5 lls 2[

k);ae Zw,sl]v ],

u o)
sls-1 Ls—1 [S 1] S 2]
* aol[i:l] ls lls 21( ls 2 (k))
AnasoriyHo (12) moxe O6yTu 3anMcaHuii AJITOPUTM
HaJalTYBaHHS /151 p-TO HEHPOHHOTO 11apy, Py YOMY

nmoxuobka Heo-(a33i HelipoHa p-To 1apy Ma€ BULJISIIN:
[p+1]

OF PZ‘ 9E 90,
90~ & 0P a0l

(k=1)-

(12)

Jie NeJIbTa-II0OXN0Ka Ma€ BUTIISL
o7+

[17] [p+1] ~lp
J ao[p] ; 0 [p]

(13)

Tomi aj1s1 BCix BaroBux Koe(biHleHTlB MOXHa 3aIu-
catu

f:l (41 80[””] aolp]
ao[p] owl?l 7

i=1
lplp "

11 1[
Jle JeJbTa MOXUOKU OepeThCcs 3 HACTYIHOTO IIapy, a
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HecknagHo 6aunTH, 110 HaBYaHHS Heo-(as3i He-
WPOHHOI Mepexi, apXiTekTypa SIKOi B LIIJIOMy HaBe-
JleHa Ha puc. 2, 3 00YMCITIOBAJILHOI TOYKKU 30pYy IPO-
crie B mopiBHsiHHI 3 [ITHM ta T'HM nobGynoBaHumu
Ha OCHOBI TpaJuLiiHUX IepcenTpoHiB Po3eHOsara,
OCKUIbKY MOXiAHI TPUKYTHUX (PYHKIIIM HAJIEXKHOCTI €
KOHCTaHTaMMU.

3. EkcnepumMeHTAJIbHI TOCTiKEHHS

[TopiBHIOBaIMCS MixX COOOI0 PE3YJIbTaT HABYAHHST
Ha SIKiCTb alIpOKCHMallii 0araTolapoBOro nepcenTpo-
Hy 3 curMoinanbHuMu Ta ReLU-dyHKiissmMu akTuBa-
11ii Ta 3aIpPOIIOHOBaHOI Heo-(da33i Mepexxi. KoxxHa Mo-
Jiejib Maia 4 IpuxoBaHUX apy Ta no S0 HeMpoHiB Ha
KOXXHOMY MpPUXOBaHOMY Iiapi. Pe3ynbratu ekcrepu-
MEHTIB IOKa3aJix, 110 Heo-(da33i Mepexa Jocsrae Tiel
K IKOCTi 1110 i 6aratolapoByii MEPCeNnTPOH 3a MEHIIY
KUJIbKICTh €10X HaBYaHHSI.

Bucnosku

3anponoHOBaHO apXiTeKTypy Ta aJIropuTM Ha-
BUaHHSI TIMOOKOI Heo-¢as33i HeMUpoHHOI Mepexi,
OCHOBHOIO BIAMIiHHICTIO $IKOI Bil TpamMLiHMWX 0a-
raTolapoBUX HEHPOHHUX MEPEX 3 MPSMUM IOIIU-
peHHSIM iHdopMallil € BUKOPUCTAaHHS B SIKOCTi BY3JIiB
Heo-(a33i HeHpPOHIB 3aMiCTh TPAIMLINHUX eJIeMeH-
TapHUX MepcenTpoHiB Po3eHOsara. 3amporoHoBaHa
Heo-(}a33i HeiipoHHa Mepeska Ma€e BUCOKI allpOKCHUMa-
LiIiHI BJIACTUBOCTI Ta XapaKTePU3YETHCS MiABUILICHOIO
LIBUIKICTIO HABYAHHS CBOIX CUHANITUYHUWX Bar, 3aB/is-
KM BUKOPUCTAHHIO TPUKYTHUX (DYHKIIIHA HaJIEXHOCTI
B HEJIiHIMHUX cuHarcax Heo-da33i HeipoHiB. Kpim
TOro, 3alporoHOBaHa Inuboka Heo-(as3i HelipoHHa
Mepexa € JOCUTb ITPOCTOI0 3 TOUKU 30py OOUMCITIO-
BaJIbHOI peaJi3allii.
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NEURAL NETWORK APPROACH FOR EMOTIONAL RECOGNITION IN TEXT

The article is devoted to one of the most popular trends in the field of IT today — natural language processing,
in particular, the extraction of emotions from the text using the neural network approach. The main task was to
solve the problem of the high costs of time and human resources for companies to receive feedback from users
and process emotional reactions of the second one. That to decide the task it was necessary to make modelling
and learn neural network using own architecture based on the backpropagation algorithm that to recognize the
emotional component in the text. The emotional component of reviews was used as a metric for evaluating user
reactions. It was decided to work with five types of emotions that will help to provide better results. The neural
network architecture consists of interconnected layers: embedding, bidirectional LSTM, pooling, dropout layers

and two dense layers.

For the neural network learning was selected an open dataset consisted of 47,288-tagged posts from Twitter.
As a result, the F-measure on the test dataset was 0.62 and which is a worthy indicator in comparison with large

business solutionsro.

CLASSIFICATION, DATA, EMOTIONS, NEURAL NETWORKS, RESPONSES, TEXT, TONALITY

Introduction

In the modern world, automation has affected all
spheres of human life. It is impossible to imagine life
without computer technology: everything around us is
connected with the IT industry. Humanity is evolving
and the IT industry is developing too.

People generates huge number of data every day. It
is can not be unnoticed that finally led to the emergence
of a science about big data [1].

It is important to understand that the data cannot be
benefit by themselves. In addition, it is important to use
them in real problems. For example, all posts and pho-
tos in social networks, queries in search engine, and the
benefits of choosing videos and music, and this is not
an empty data set, but an important digital resource. It
was the big data pushed to a revolution in the field of
computer sciences — the development of artificial intel-
ligence and machine learning [2].

A new round of software evolution is just beginning,
but today you can feel its impact, which lead to the de-
velopment of products built based on relevant data us-
age approaches will soon.

1. Analysis domain

Information technology is changing the nature of
modern business. Companies are trying to automate
internal processes to reduce the cost of maintaining a
large staff and speed up work. Today, the number of
spheres that non-automated are decreasing.

Huge amount of text data forces business represent-
atives to hire staff for data processing. Companies that
are not capable of holding a large staff who will make
market analysis cannot cope with the problem of text
data analysis.

The problem is actual for both small and large busi-
nesses, because nobody is interested in additional costs.

However, not all business processes are able to auto-
mation, especially in areas of data processing and anal-
ysis where human skills are needed. These areas include
face recognitions in photos and real-time video [3], text
processing [4].

For such tasks, decisions should use actual ap-
proaches in the world of information technologies —
neural networks.

Neural networks are built on the principle of the hu-
man brain that allows them to be trained on the pro-
vided data [5].

So feedback from users to business is needed.

2. Problem Statement

The main task is to solve the problem of the high
costs of time and human resources for companies to
receive feedback from users and process emotional re-
actions of the second one using the neural network ap-
proach.

It is necessary to make modelling and learn neural
network using own architecture based on the backprop-
agation algorithm [6] that to recognize the emotional
component in the text.

That to prepare training data it is necessary to make
data collection. First, to choose the text data that will be
used for learning neural network, as well as its validation.

Also it is important to improve the quality of the
learning process to make comprehensive data pre-pro-
cessing. The dataset should be divided into a training
one, which will be used during the training process and
atest one, it is necessary to make a conclusion about the
ability of the neural network generalization [7].
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The key criterion of the neural network operation is
the accuracy of emotion classification [8]. To do this, it
is important to choose a metric that will help to evalu-
ate the classification accuracy. The F1 score metric will
allow to get a more realistic measure of the accuracy
classifier.

Potential customers of this application will be com-
panies of medium and large sizes, which are engaged in
sales and provision of services. An important advantage
for companies will be to reduce staffing in order to solve
these types of problems and in particular to analyze the
reaction of consumers of a product or company’s ser-
vices on the Internet.

3. Decision making

It is necessary to use various methods for text analy-
sis that to receive user reviews on the certain product. It
is required to understand how products satisfy the users
and what emotions they feel.

The emotional component of reviews is used as a
metric for evaluating user reactions. This metric allows
you to determine the overall customer attitude to the
product. Usually reviews are divided into 3 categories:
positive, negative and neutral [9,10-13].

If to divide all reviews into positive and negative, we
will lose information that is useful for companies. In real
life, comments and reviews are rarely absolutely posi-
tive or completely negative. The emotional colour of a
comment has a whole palette of emotions. According to
the spectrum of emotions, we can study the reaction of
the market in detail and make conclusions [8].

However, some hidden emotions are difficult to de-
tect even for person. Specific and unpopular emotions
do not have a big impact on the overall user reaction,
because of business is interested in indicators of the
consumer market as a whole, and not of the user indi-
vidually. Therefore, it is necessary to choose the basic
emotions that it makes sense to extract but the result of
the analysis will have business value.

Selection of emotions from the text should not be
limited by binary classification [9]. If we will divide text
data only to positive and negative classes, then the re-
sults of the analysis will lose flexibility and will not suf-
ficiently characterize what emotions the users had ex-
actly.

Nevertheless, during research the number of emo-
tions should not exceed seven [8], otherwise, there will
be an information that does not have an impact on the
user reaction.

Thus, several classes should be extracted for classi-
fication, since binary classification entails a lack of in-
formativeness in the results. In addition, an information
overload should be avoided by optimizing the learning
process of neural network on some layers.

As the investigated emotions were chosen: 1 — hap-
piness; 2 — sadness; 3 — anger; 4 — aggression. They
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have good informational content in tasks of comments
and feedback processing from users. Types of emotions
are common and well expressed in text messages. It is
suitable characteristic for user reactions analysis. Also,
we decided add fifth emotion — neutral, because of not
brightly expressed emotions (unemotional colouring of
the text).

It was decided to work with five types of emotions
that will help to provide better results.

4. Neural network architecture

The neural network architecture was created. Our
interconnected layers are consist of embedding, bidi-
rectional LSTM, pooling, dropout layers and two dense
layers, so let us describe each layer more detail.

In general, embedding is a form of words represen-
tation [14]. It helps to connect human and machine in
language understanding. This type of layer provides dis-
tributed representations of text in n-dimensional space.
Word embedding is a family of natural language pro-
cessing methods aimed at mapping semantic meaning
into geometric space. It is implemented by associating
a numerical vector with each word in the dictionary, so
that the distance between any two vectors encompass-
es part of the semantic relations between two related
words. For example, “coconut” and “polar bear” are
words that semantically rather different, but embed-
ding will present them as vectors that will be located at a
great distance from each other; but the words “kitchen”
and “dinner” are related words, so they will be located
closer to each other.

Word embedding is computed by applying dimen-
sion reduction methods to co-occurrence datasets be-
tween words in the body of the text and implemented
using the GloVe approach.

The next layer is bidirectional long short-term
memory (bidirectional LSTM). LSTM is a type of re-
current neural network capable of learning long-term
dependencies [15]. LSTMs are designed to eliminate
long-term dependency problems and the specialty is to
memorize of information for long periods of time.

A bidirectional recurrent neural network (BRNN)
[16] connects in opposite directions two hidden layers
with the same input. The output layer of the recurrent
neural network can receive information from past (pre-
vious) and future states (next) simultaneously due to the
form of generative learning. BRNN has been created to
increase the amount of incoming information available
to the network, as shown in Figure 1.

For example, multilayer perceptron (MLP) [17] and
time delay neural network (TDNN) [16] have limita-
tions on the input data flexibility, because of require-
ments of the input data recording. The standard recur-
rent neural network (RNN) [15] also has a limit, since
future input information from the current state can
not be reached. On the contrary, the BRNN does not
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require the recording of input data. Moreover, future
input information is available from the current state. It
allows future data to be taken into consideration dur-
ing training and improve the train ability of the model.
BRNN is especially useful when the presence of the
context of the input data improves the result. For exam-
ple, accuracy can be enhanced by the words that placed
consecutive in the sentence when we are recognizing
word by context.
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Fig. 1. BRNN scheme
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The next layer is pooling [18] is a non-linear com-
paction of matrices with numbers. Numbers in matrices
are words that pass non-linear transformation. The most
used function is the max function in GlobalMaxPooling
[18]. Therefore, transformations affect non-intersect-
ing rectangles or squares, where each is compressed into
a number that has a maximum value. The pooling can
significantly reduce the spatial data volume and is inter-
preted as follows: if at the previous operation some data
attributes have already been identified, then for further
processing such detailed data are not use, and they are
condense to less detailed. In addition, unnecessary
parts filtering helps the neural network not to be retrain.

Than the training data are combined and transferred
to a dense layer. Moreover, further layers do not have
spatial structure, but have a relatively small dimension
to return the final result of the classification.

To improve the learning quality of the model, the
dropout layer was included in front of the output layer
[19]. The dropout is a method for regularization of arti-
ficial neural networks, and the goal is to prevent overfit-
ting. The essence of the method is that in the process of
learning from the neural network subnet is randomly al-
located and training for subnet is provided. The training
subnet comes from excluding of neurons from the full
original network (dropping out) with probability p, thus
the probability that the neuron will stay in the network is
q = 1-p. In the process of learning the excluded neurons
do not contribute to any stages of chosen backpropaga-
tion algorithm, therefore excluding at least one of the
neurons is equivalent to learning new neural network.

It was decided to make the output layer as a fully
layer with the five neurons equal to the number of clas-
sified emotions. The Softmax function was chosen as

the neuron activation function [20]. The Softmax func-
tion is a generalization of the logistic function for the
multidimensional case. The function converts a vector
zof dimension Kinto a vector ¢ of the same dimension,
where each coordinate o; of the obtained vector is rep-
resented by a real number in the interval [0,1] and the
sum of the coordinates equal 1. Softmax is given by the
following formula:

et

Yoet

where z; is the value at the output of the i-th neuron
before activation, but N is the total number of neurons
in the layer. The Softmax function is used in machine
learning for classification problems when the number of
possible classes are more than two. The coordinates o;
of the resulting vector are interpreted as the probabilities
that the text belongs to class i.

As a loss function for this model, it was decided to
choose categorical cross entropy [21]. Categorical cross
entropy is used to categorize one label and it means that
only one category for each data point is applicable. In
other words, a data sample can belong to just one class.
Categorical cross entropy compares the distribution
of predictions, that is, activations in the output layer,
one for each class, with the true distribution, where the
probability of the true class is set to 1 and 0 for other
classes. In other words, the true class as a one-hot en-
coded vector is represented, and the closer the model
outputs to this vector, the less the loss. Categorical cross
entropy is used in conjunction with the Softmax activa-
tion function.

o(z), =

5. The neural network training

For the neural network learning, an open data-
set from the github repository was selected [22]. The
dataset consist of 47,288-tagged posts from Twitter in
English. The data set was chosen due to the large num-
ber of textual data samples with already labelled classes
of emotions. The mark-up was made in five classes: joy,
sadness, anger, aggression and a neutral class of emo-
tions to designate text samples where the emotional
component is not brightly expressed. The number of ex-
amples of each class are neutral — 9643, happy — 16297,
sad — 15938, hate — 4301 and anger — 1109.

The dataset was pre-processed where we used nor-
malization and lemmatization [23]. During normaliza-
tion- the texts were cleaned of punctuation marks, all
letters were switched to lowercase. Then lemmatization
was performed — the words were reduced to their nor-
mal form, and the stop words were deleted.

The next step of data preparation for training was to
bring data samples to a form that would be convenient
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for using them as input parameters of a neural network.
So using the tools of the Keras library [24] text was vec-
torized. Each word in the text was associated with a
numeric index in the dictionary. As a result, each data
sample represented by a vector of numbers. Each vector
was supplemented with zeros to a constant length that
the length of the text does not affect the final ability of
the neural network to generalize.

The vectorized data representation then was split
into two subsets — train and test datasets, in a ratio of
3 to 1. The train dataset was used at the entire training
stage, and the test dataset was used to evaluate the qual-
ity of the model prediction on data that in the training
were not involved.

So implementing the model, the Keras library was
used [24] and own neural network architecture was cre-
ated and used.

The vector of tokens of constant length was fed to
the input of the model. The sequence of tokens was
transferred to the Embedding layer. As a layer of em-
bedding, it was decided to use the pre-trained word
vectors GloVe [25]. GloVe is an unsupervised learn-
ing algorithm for generating vector representations for
words. The training is performed on aggregated global
word-match statistics from the corpus, and the result-
ing representations demonstrate linear substructures of
the vector word space. The GloVe model is trained on
non-zero elements of the global word match matrix and
shows how often the words occur with each other in a
given corpus. This matrix requires one pass through the
entire corpus to collect statistics. Subsequent training
iterations are much faster, because of number of non-
zero elements of the matrix is usually much smaller than
the total number of words in the body. However, in this
model have already used filled matrix with ready-made
word vectors, since the pre-trained GloVe model was
used.

The output data of the embedding layer is a matrix
of 30 by 200, where each word is associated with its vec-
tor representation and, the data passes through the layer
of a bidirectional recurrent neural network. The input
sequence is served in the usual order of time for one
network and in the reverse order of time for another.
The outputs of the two networks at each time step are
combined. This structure allows the network to have
both reverse and direct information about the sequence
at each time step. At the result the output, we have less
matrix of 30 to 64.

The GlobalMaxPoolingl D approach [18] for time
data takes the maximum vector for measuring steps.

Thus, a multidimensional table with a form
[10, 4,10] becomes a global multidimensional table
with a form [10, 10] after merging.

12

Suppose we have a simple sentence with 3 words,
and some vector representation of these words. In the
case of GlobalMaxPoolingl1 D, the maximum vector of
this sentence is taken.

The pooling layer helps get rid of data redundancy,
which allows the neural network to take up less memory
and learn faster. Than output data passes through two
fully connected Dense layers, between which we dis-
able 5% of random neurons and it helps the model to
avoid overfitting. At the same time, the last Dense layer
in the neural network contains 5 neurons that equal to
the number of classes of emotions. Each neuron has a
Softmax activation function. Figure 2 shows the final
architecture of the designed neural network.

) put: | (None, 30)
mput_1: nputLayer
output: | (None, 30)
. . mput: (None, 30)
embedding 1: Embedding
output: | (None, 30, 200)

mput: | (None, 30, 200)

(None, 30, 64)

bidirectional_1(lstm_1): Bidirectional(LSTM)
output:

nput: | (None, 30, 64)

global_max_poolingld 1: GlobalMaxPoolinglD -
(None, 64)

output:

input:

(None, 64)
(None, 20)

dense 1: Dense

output:

mput: | (None, 20)

(None, 20)

dropout_1: Dropout

output:

input:

(None, 20}
(None, 5)

Fig. 2. Neural network architecture

dense 2: Dense

output:

As a result, the neural network is trained using the
backpropagation algorithm [6]. Training by this meth-
od involves two passes through all layers of the network:
direct and reverse. The input vector is fed to the input
layer of the neural network with a direct pass. Than in-
put vector propagates through the network layer by lay-
er. As a result, a set of output signals are generated and
gives the actual response of the neural network to this
input image. During the direct pass, all synaptic weights
of the network are fixed. During the back pass, all syn-
aptic weights are adjusted in accordance with the error
correction rule: the actual output of the neural network
is subtracted from the desired and as a result is an er-
ror signal. This signal subsequently propagates through
the network in the direction opposite to the direction of
synaptic connections, hence the name — algorithm of
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backpropagation. Synaptic weights are adjusted to max-
imize the output signal of the network to the desired.

The backpropagation algorithm is as follows:

1. Initialize synaptic weights with small random
values.

2. Choose the next training pair from the training
set; submit the input vector to the network input.

3. Calculate network output.

4. Calculate the difference between the network
output and the required output (the target vector of the
training pair).

5. Adjust network weights to minimize errors.

6. Repeat steps 2-5 for each vector of the training
set until the error on the entire set reaches an accept-
able level.

In the process of training to assess the accuracy of
the neural network the accuracy metric was used. It is
interprets as the proportion of correct answers.

6. Results

As a result, at the testing stage, the resulting model
was evaluated on a test dataset. It is consisted of 9457
text records from the Twitter microblogging service. As
a metric, the F-measure was used — average harmonic
of precision and recall. Precision is the proportion of
correctly predicted instances among all found, and re-
call — the proportion of correctly predicted instances
relative to the total number of relevants. The F-measure
on the test dataset was 0.62 and which is a worthy indi-
cator in comparison with large business solutions and
other solutions of the problem.
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MOJAEJTIOBAHHA BUBOPY KOPUCTYBAYA B YMOBAX OBMEXEHb
XON0AHOIro CTAPTY PEKOMEHOALLIMHOI CUCTEMU

14

PosrisinyTo npobaemy niATpUMKY BUOOPY KOPUCTYBaua B peKOMEHIAliHHUX CUCTEMAX 3 ypaxyBaHHSIM 00-
MeXeHb, 1110 BUHUKAIOTh B yMOBAaX XOJIOTHOTO CTapTy. BUKOHAaHO CTpyKTypu3alliio TaHOi ITpo0IeMU Ta BUAIECHO
TaKi acIeKTH XOJIOTHOTO CTapTy, 5K IMOsIBa HOBOTO KOPUCTYBaya, MosiBa HOBOTO 00 €KTY iHTepecy CIoXuBava,
3MiHa KOHTEKCTY BUOOPY 00’ €EKTIB KOPUCTyBaueM, 3MiHa iHTepeCiB CIIOKMBaviB 3 YaCOM. 3alIpOIIOHOBAHO Opi-
€HTOBAHY Ha CUCTeMY OOMEeXeHb MOJIE/Ib BUOOPY 00’ €KTIB Y HOpMAJIbHOMY PEXXKUMi poOOTH peKOMEHIALIiiTHO1
CHCTEMM, a TAKOXK OPIEHTOBAHY Ha 0OMEXXEHHSI MOJIE/Ib BUOOPY 00’ €KTiB B yMOBaX X0JIOAHOTO cTapTy. OOMeKeHHS
y 3aITPOITIOHOBAHMX MOJIEJISIX TIPEICTABIICHI Y BUTJISIAI MPEIMKATiB Ha 3MiHHUX, 1110 XapaKTepU3YyIOTh BJIACTUBOCTI
CIIOXXMBAYiB Ta 00’ €KTIB IX iIHTEpeCy, a TAKOK KOHTEKCT BUOOPY cioxkuBada. [lepeBara 3arrporroHOBaHNX MOJIE-
JIeli MOJISITa€ y MOKJIMBOCTI OOMEXKUTHU BXiAHi JaHi, TAKMM YMHOM, 11100 BOHM BiIMOBigaaIy HaiiOLIbII CyTTEBUM
3aKOHOMIPHOCTSIM BHOOPY CIIOXKMBAYiB Yy JaHOMY KOHTEKCTi Ha TaHOMY iHTepBaJli yacy, 1110 Ja€ MOXJIMBICTh
CIPOCTUTHU ITOOYAOBY peKOMEH IALIil JIJIS1 HOBUX CITOXMBaYiB i HOBUX 00’€KTiB. 3alpOIOHOBAHO TiIXiJI 10 T10-
OynoBM peKOMeHallili B yMoBax oOMexkeHb xosionHoro crapty. [Tiaxin nependayae popmyBaHHs OOMEXEHb Ha
OCHOBI iHTEJIEKTYaJIBHOTO aHaJTi3y BXiTHUX JaHUX PEKOMEHIAliifHOT CUCTEMH, a TAKOXK TTOJIaJTbIIIe BAKOPUCTAHHS
X 00MesKeHb IIPU ITO0YI0Bi peKOMeHIallill B yMOBaX XOJIOAHOTO CTapTy.

PEKOMEHJALIIMHA CUCTEMA, OBMEXEHHS, ITIEPCOHANI3ALIII PEKOMEHIAIIN, XO-
JIOOHUM CTAPT, KOHTEKCT BUBOPY KOPUCTYBAUYA

Jlemunckuii B.A., Jlemmnckas M.A. MoaeanpoBaHue BBIOOPA MOJIb30BATEISA B YCJIOBUAX OrPAHUIEHHI X0J10/1-
HOI'0 CTAapTa PEKOMEHIATEIbHOI cucTeMbl. PaccMoTpeHa rpobiiemMa IMoaaep KKy BIOOPa M0J1b30BaTelIsl B PEKO-
MEH/IaTeJIbHBIX CUCTEMaX C y4eTOM OrPaHMYCHUI, BO3HUKAIONIUX B YCJIOBUSIX XOJIOIHOTO CTapTa. BBIMOIHEHO
CTPYKTYPUPOBaHUE TAaHHOM MPOOJeMbI U BbIICJIEHbI TAKKE ACTIEKThI XOJIOJHOTO CTapTa, KaK MOsIBJIEHUE HOBOTO
TTOJTE30BaTEJIs, TIOSIBJICHE HOBOTO 0OBEKTa MHTEpeca IOTpeOunTe TSI, U”3MeHeHNEe KOHTEKCTa BEIOOpa OO BEKTOB
TTOJTb30BaTeIeM, U3MEHEHIE WHTePECOB TIoTpebuTeteii co BpeMeHeM. [IpemioxkeHa opueHTUpOBaHHAS HA CHU-
CTeMy OrpaHUYEHMIA MOJIE/Ib BBIOOpA 00BEKTOB B HOPMAJIBHOM PEXKMME Pa0OThl PEKOMEHIATEIbHOM CUCTEMBbI,
a TAaKKe OPMEHTUPOBAaHHAS Ha OTPaHMUYCHUST MOJIE/Ib BHIOOPa 00BEKTOB B YCIOBUSIX XOJ0AHOrO crapra. Orpa-
HMYCHUS B TIPEIIOKCHHBIX MOJIEJISIX TIPEACTABICHBI B BUIE MTPEIMKATOB Ha TEPEMEHHBIX, XapaKTePU3YIOIIHX
CBOIICTBa MTOTPeOUTENIC M OOBEKTOB UX MHTEpeca, a TakKKe KOHTEKCT BhIOOpa mmoTpeduTesist. [IpenmyriecTBo
MPEIIOKEHHBIX MOJIEJIeH 3aKITI0YAeTCS B BOBMOKHOCTH OTPAaHUYNTh BXOIHBIE JaHHBIE, TAKUM 00pa3oM, YTOObI
OHU COOTBETCTBOBAJIM HANbOJIee CYIIeCTBEHHBIM 3aKOHOMEPHOCTSIM BBIOOpA IMMOTpeOUTENIEl B JAHHOM KOHTEKCTE
Ha JaHHOM MHTEPBajie BDEMEHU, YTO IT03BOJISIET YIIPOCTUTH IIOCTPOCHUE PEKOMEHIALIMI /11 HOBBIX ITOTPEeOu -
TeJIel U HOBBIX 00beKTOB. [1peIoXKeH MOAX0/ K MOCTPOSHUIO PEKOMEHIALIUI B YCIIOBUSIX OTPAHUYCHUI XO-
JionHoro ctapta. [Tomxon mpeamnonaraet hopMUpoOBaHKUE OrpaHUYEHU I Ha OCHOBE MHTE/UIEKTYaJIbHOTO aHAIM3a
BXOIHBIX JAHHBIX PEKOMEHIATETLHOM CUCTEMBI, a TAKXKE JabHEIIee NCOb30BaHUE 3TUX OTPaHUYEHUH TPU
MMOCTPOCHUM PEKOMEHAAINI B YCIOBUSIX XOJIOIHOTO CTapTa.

PEKOMEHJIATEJIBHAS CUCTEMA, OTPAHUYEHU S, TEPCOHAJIM3ALINS PEKOMEHJIALINHN,
XOJIOOAHBIN CTAPT, KOHTEKCT BBIBOPA TT1OJIb30BATEJIAI

Leshchynskyi V., Leshchynska I. Modeling the user’s choice in the constraints of the cold start of the recom-
mender system. The problem of supporting user choice in recommender systems is considered, taking into account
the limitations that arise when solving a cold start problem. Structuring of this problem was carried out and such
aspects of a cold start were highlighted as the emergence of a new user, the emergence of a new consumer inter-
est object, a change in the user selection context, a change in consumer interests over time. A system-oriented
model of object selection in the normal operation mode of the recommender system was proposed, as well as a
model-oriented model of object selection under cold start conditions. Restrictions in the proposed models are
presented in the form of predicates on variables that characterize the properties of consumers and objects of their
interest, as well as the context of consumer choice. The advantage of the proposed models is the ability to limit the
input data, so that they correspond to the most significant laws of consumer choice in this context at a given time
interval, which allows us to simplify the construction of recommendations for new consumers and new objects. An
approach to building recommendations in the context of cold start restrictions is proposed. The approach assumes
the formation of constraints based on the intellectual analysis of the input data of the recommender system, as well
as the further use of these constraints in constructing recommendations in cold start conditions.

RECOMMENDATION SYSTEM, CONSTRAINTS, PERSONALIZATION OF RECOMMENDA-

TIONS, COLD START, CONTEXT OF USER CHOICE
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XHYP3

Beryn

PekomeHpaliiiHi cUCTeMU NpU3HAYEHI IS ITif-
TPUMKM BUOOpPY CHOXMBaya B yMOBax BilICYTHOCTI
JIeTaJIbHUX 3HaHb CHOXMWBaya MPO BJACTUBOCTI MHO-
>KMHM aHaJIOTiYHMX TOBapiB Ta mocayr. Taki cucteMu
3HANILIN IITMPOKE 3aCTOCYBAHHS B c(hepi e1IeKTPOHHOT
KOMeDpLIil, HalpuKJIaj, y caiTax 3 Ipoaaxy TOBapiB y
Mepexi IHTepHeT, caiiTax OpOHIOBAHHSI Ta IIPOIAXY
KBUTKiB, OpOHIOBaHHS TOTENiB, Yy cepi po3sar, Ijs
npojaxy @inbMiB Ta My3uku [1].

DOyHKITIOHYBaHHS TaKUX CHUCTEM O0a3yeThcsl Ha
MPOrHO3yBaHHi MOTped KOHKPETHOIO CIOXMUBaya. 3a
pe3yjabTaTaMu MNPOTHO3YBaHHSI (POPMYETHCS MepCo-
HaJli30BaHU MepeJsiik ToOBapiB Ta IMOCIIYT, SIKMA MOXe
OyTH LIiIKaBUM LILOMY CITOKMBaYeBi.

®opMyBaHHSI PEKOMEHIOBAHOTO TIEPEIIiKy TOBa-
piB Ta MOCJYT BiAOYyBa€eThCsS HA OCHOBI aHasi3y BUOO-
Py CXOXUX CITOXMBayiB a00 BCTAHOBJIEHHSI CXOXOCTi
XapaKTEepUCTUK TOBapiB. TakoX BUKOPUCTOBYIOThCS
JIONATKOBI 3HAHHSI ITPO MPeAMETHY 001acTh. 3a3BUYail
TaKi 3HaHHSI ONUCYIOTh CIIOCIO Ta YMOBU BUKOPUCTAH-
Hs1 TOBapiB Ta MOCJYT, 110 1X BUOMpae KOPUCTYBau pe-
KOMEHIALiHOoI cucteMu [2].

OpHi€elo i3 BaxXJIMBUX MPo0IeM, sika BUHUKAE TIPU
pO3po0Li Ta BIPOBAaIKEHHI TaKUX CUCTEM, € MPO-
b61ema xonogHoro crtapty. Llg mpoGiema moB’si3aHa
13 BIACYTHICTIO a00 HEIMMOBHOTOIO iH(opMallil Ipo KO-
puCTyBauiB, ToBapu a00 3B’sI3K1 MixK HUMU. 3a3BUYait
BOHA BUHMKAE TIPU TOSIBI B peKOMEHAalliiHiil cucteMi
HOBUX KOPUCTYBayiB, TOBapiB, a00 MpU CYTTEBil 3MiHi
IHTepeciB iCHYI0YMX KOpUCTyBayiB [3].

TpamuuiiiHi migxoau 10 MOOYyI0BUA PEKOMEHI0OBA-
HOTO IepesiiKy 00’€KTIiB 0a3yI0ThCs Ha BUKOPUCTaHHI
ICHYIOUMX JaHUX IIpo BUOip KopucTyBauya. Y pasi pe-
€CTpallii y peKOMeHIalliiHili cCcTeMi HOBOIO KOPHC-
TyBaya iH(opMalis mpo ioro BuOip BiacyTHs. BiH
BBAXKAETHCSI «XOJOJHUM», TOOTO BUHUKAE MPOOJIEM
XOJIOMHOTO CTapTy.

IcHyloUui migxoau A0 BUPpILIEHHS IPOOJeMU XO-
JIOJHOTO CTapTy OPiEHTOBAHiI Ha PO3B’SI3aHHS 3ajady,
IO BimoOpaxKkaloThb OKpeMi acleKTH 1€l Ipobjemu,
MOB’sI3aHi i3 BifICYTHICTIO iH(opMallil Tpo KOPUCTY-
BayiB Ta 00’€KTH X iHTEpecy. 30KpeMa, MOJICTIOEThCS
MOBeiHKa KOPUCTyBaya, HOro MoTOYHi Ta cTpaTerivy-
Hi IHTEpecHu, a TaKOX KOHTEKCT IMPUUHSTTS pillleHb
3 BUOOpy ToBapiB abo mocayr. B po6oti [4] Monenb
IVWHAMIKJ 3MiH iHTEpeciB KOpUCTyBada (TEMITOpaJib-
HO1 AMHAMiK¥ 3a BU3HAUYEHHSIM aBTOpa) OyIy€eEThCs 3a
JIOTIOMOT'0OI0 METOJIly Ipaldi€HTHOIo CITycKy. B po0ori
[5] 3ampomoHoBaHo rpagoBe TpeACTaBICHHSI 3MiHU
iHTepeciB KopucTyBaya. Ilpu BUKOpUCTaHHiI Mopdei
3aCTOCOBYETHCS BUIMAAKOBUM TolIyK. Binabll ckiau-
Hi aCIeKTH, MOB’sI3aHi i3 OIMMCOM MOBEIIHKM JEKilb-
KOX KOPUCTYBayiB, MOJIETIOIOTHCS 3a IOMIOMOIOI0 He-
ipoHHOI Mepexi [6]. JleMorpadiuHi XapaKTepUCTUKU

KOPUCTYBaya BUKOPUCTOBYIOTLCS MPU MOOYI0BI peKo-
MeHaliil B po0oTi [7]. BukopucTaHHS KOHTEKCTHUX
JIAaHUX PO3TJITHYTO B poOorTi [§].

Psan poGiT BukopucToBy€E (iNbTpallilo BXiZTHUX Oa-
HUX Ha OCHOBI aKTUBHOTO HaB4YaHH4 [9, 10]. ['onoBHa
iZiest TaKKX poOiT MoJisirae B TOMY, 11100 10 IoYaTKy Io-
OyIOBM peKOMEHIAIiil ITimiOpaTy peieBaHTHI BXigHI
JIaHi.

Takox BUKOPHUCTOBYEThCSI MOJIeJIb Ha 0a3i 6araro-
1apoBoro rpady, 1o Bigodpaxkae 3pi3u o BUOOpy Ko-
puCTyBauiB y pi3Hi nepioau yacy [11].

OjHak B LIJIOMY HaBe/leHi MiIX0A1 He BUKOPUCTO-
BYIOTb CUCTEMHE MPEACTaBICHHS CUTYyallii XOJ0AHOTO
CTapTy 3 ypaxyBaHHSIM BCiX 11 €JIEMEHTIB Ta iX B3aEMO-
nii.

CyKyYITHICTb B3aEMO/IiI0YMX CITOKMBaYiB Ta 00’ €KTIB
3aJla€ THYYKY CUCTeMY OOMeKeHb JIJIsl BUOOpY HOBOTO
CcroXuBaya y CuTYyallii XoJlogHoro crtapty. Taka cucre-
Ma 0OMeXeHb 3MiHIOETbCS 3 YaCOM, aarTyIOuUCh 10
3MiH yrnono0aHb croxuBaviB. BoHa mae MOXIUBICTb
3MEHIIUTU MHOXWHY BapiaHTiB BUOOPY HOBOTO CIIO-
>KMBayda HaBiTh 3a BiICYTHOCTI ITOBHOI iH(opMaliii Ipo
oro iHTepecu.

ToMmy cucTeMHe NpeacTaBIeHHsS BUOOPY HOBO-
ro KOpucTyBaya pekoMeHmalliiiHoi cucteMu 3 hop-
MaJli3alli€lo oOMeXeHb, MOB’SI3aHUX i3 MOXJIMBUMU
iHTepecaMu iCHYIOUMX CITOXXMBayiB, BJIACTUBOCTSIMU
00’€KTIB, IO € LiKaBUMMU JIsI CIIOXKMBAYiB, a TaKOX
MOXJIMBUMU KOHTEKCTHO-OPIEHTOBAaHMMMU CIOCO0a-
MU BUKOPMUCTAHHS 1LIUX O0’E€KTIB € aKTyaJbHOO 3aja-
Yelo.

IToOynoBa Takoro npeAacTaBIeHHS Ja€ MOXJIUBICTh
peatidyBaTu KOMIUIEKCHMI MiXiJ 10 MOOYA0BU PeKo-
MEHIalliii, 110 3aCHOBaHMWI Ha BMIUIEHHI 0OMEXEeHb
METOJAaMM iHTEJIEKTYaJIbHOTO aHaji3y JaHuX Ta I10-
JIaJIbILIOMY BUKOPUCTAHHI OTPUMaHUX OOMEXEHb IS
BiZOOpY peeBaHTHUX BXiTHUX JaHUX, MPU3HAYCHUX
JIJISI TOOYIOBY PEKOMEHIALIii.

2. ITocTanoBKka 3aaayi

MeTot10 cTaTTi € po3poOKa OpieHTOBAaHUX Ha OOMe-
KEHHS Moesiei cuTyallili BUOOpy KOprucTyBaya peKo-
MEHJALHOT CUCTeMHU Y HOpMaJbHOMY peXrMi po0o-
TH Ta Y yMOBaX XOJIOJIHOIO CTapTy.

JI1st mOCSATHEHHSI 1€l METU BUPILIYIOThCS TaKi 3a-
Jayi:

— CTPYKTypu3allisl CUTyallii XOJOIHOIro CTapTy 3
ypaxyBaHHSIM iH(opMallii Tpo KOpUCTyBaua, 00’ €KTH,
KOHTEKCT Ta yac BUOODY;

— PO3poOKa OPiEHTOBAHUX HAa OOMEXEHHS MOJe-
Jieit BUOOpY KOpUCTyBaya Yy HOpMaJlbHOMY PeXHMi po-
00TH peKOMeHIalliiiHOI CUCTEMU Ta B YMOBAX XOJIO/I -
HOTO CTapTy;

— po3pobKa y3araJbHEHOIO MiAXOoAy A0 IT00YI0BU
OpIEHTOBAHOI HA OOMEXXEHHSI MOAEi BUOOPY KOpUC-
TyBaya peKOMeH/aLliiHOT CUCTEMMU.
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3. ®opmyBaHHS peKOMeHIalliii B YMOBaX 00MeKeHb
XO0JI0IHOTO CTAPTY PeKOMeHAANiiiHOl cMCcTeMU

[Ipobaema X0d0AHOTO CTapTy BUHUKAE B Pe3yJib-
TaTi aJropuTMy B3aEMOMIIlI MiX KOpPUCTYBayeM Ta
o0’ektamu #oro iHtepecy. Taka MOCIiZOBHICTb 3Mi-
HIOETbCSI BHACJiIOK TIOSIBU HOBHUX CIIOXMBadJiB Ta
00’€KTiB, a TAKOX BHACJIiIOK 3MiHU KOHTEKCTY BUOODY
LMX 00’€KTIB y CTaTHUILIi 00 AUHAMILI.

Tomy AOLUIBHO BUAUIMTH TaKi BUMAAKM BUHMK-
HEHHS XOJIOMHOTO CTapTy:

— TI0sIBa HOBOTO KOPMCTYBAua;

— MOsiBa HOBOT'O 00’ €KTY;

— 3MiHa KOHTEKCTY BMOOpPY O0O0’€KTIiB KOpPUCTYyBa-
yeM;

— 3MiHM iHTepeciB COXMBaviB 3 4YaCOM, 1110 IIpU-
3BOJSITDH 10 JMHAMIYHOI 3MiHM KOHTEKCTY BUOOPY TO-
BapiB Ta IOCJIYT.

ITpoGyiema MosiIBU HOBOTO KOpHCTyBaya PEKOMEH-
JaliiiHOI CUCTEMHU XapaKTepU3YEThCSI HEMOBHOTOIO
iH(opMallii Mpo HBOTO Ta YTPYIHIOE peasi3aLilo user-
based migxoay n0 moOyI0BU peKOMeHaalii. 3a3BUuait
MoTpibHa iH(opMmallis MPo HOBOIO CIIOXMBadya Mae
JIBa ACITeKTU:

— NepCOHAIbHI JaHi KOPHUCTyBaya;

— JIaHi Mpo Horo iHTepecu CIioxuBayva.

MiHiManbHU# Habip NepCcOHAJbHUX JaHUX ¥
OibIIOCTI BUMAAKIB BBOAUTHCS JO CUCTEMM EJIEK-
TPOHHOI KOMEpLil MHpU peecTpalii KOpHUCTyBaya.
PexomenpauiiiHa migcucreMa MOXe IX OTpuMaTu i3
0a3y mJaHUX BIAMOBIZHOIO CAUTy €JIEKTPOHHOI KOMEp-
wii. OnmHaK 1MX JaHUX HEJOCTaTHBLO ISl TTOOYI0BU
TOYHUX PEKOMEHAALLIHA.

JlaHi 1Ipo iHTepecH CIIoXXMBaya 3a 3aMOBUYBAHHSIM
MpeACcTaB/ICHI iCTOpi€l0 MOro IOIIYKiB TOBapiB Ta I10-
CJIYT, a TaKOX IMOKYMOK ITUX TOBapiB il BUCTABICHUX
HUM peWTUHTrIB. IcTopis molnyKy BimoOpaXaeTbcsl y
BUIJISIII MOCJIiIOBHOCTI MEPEJISIHYTUX CTOPIHOK CalTy
iHTepHeT-Mara3uHy, BUOpaHUX rpyI TOBapiB, BCTAHOB-
JIeHUX (QiIBTPIB HA XapaKTEPUCTUKU TOBApiB, TOLIO.

IcTopist mokynok 36epiraerhbcst B 0a3i JaHUX CUCTE-
MM €JIEKTPOHHOI KOMEPILii i pa30M i3 iCTOpi€l0 MOLIYKY
3a/1a10Th HESIBHUI 3BOPOTHUM 3B 130K Bifl CIIOXKKMBaya.

PeiiTunr BimoOpaxkae SIBHMII 3BOPOTHHMI 3B’SI30K,
OCKiJIbKM B JAHOMY BUIAAKy BUKOPUCTOBYETHCS 1IKA-
JIa OLIiIHKY TOBapiB a00 MOCJIYT, 1110 OYJI1 BUOpaHi CIo-
JKUBavYeM.

YV Bunaaky HOBOro KOpMCTyBadya HaBeACHI JaHi Bill-
CYTHI B peKOMEeHAaLiiHil cucTeMi, 1110 He Ta€ MOXKJIU -
BOCTi cchopMyBaTH TOUHI peKOMEHIallii.

JlogaTKoBi AaHi PO KOpPUCTyBaya 3a3BUYail OTpU-
MYIOTb i3 colliaabHux Mepex. Ctil 3a3HaunTH, 1110 TIPU
aHaJli3zi CoLiaJIbHMX MepeX BUKOPMCTOBYIOTHCS JBa
MiIXOOU.

3riiHO MEepUIOro MiXOAy 3 MepexXi BUIYYalOThCS
JI0JaTKOBI ITepCOHaJIbHI JaHi KOpUCTyBaya, HalpUKJIal
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Mpo oro BIogoOaHHs, OCBITY, peTrioOH MPOXWBaHHS,
TOLLO.

Jpyruii nigxing nepeadadae aHali3 MOBiIOMIEHb KO-
pUCTYBauiB colliaibHOI MepexXi. BUKOpUCTOBYIOTHCS
METOJM iHTEJEeKTyaJIbHOIO aHallidy TeKCTy JIsl BU-
JIy4EHHS TIOHSTh, O0’€KTIB, Ta 3B’SI3KiB MiXX HUMMU.
Ha ocHoBi aHanizy oTpuMaHUX 3HaHb (DOPMYETHCS
OIUC KOHTEKCTY MPUUHATTS pillleHb KOPUCTYBAUEM.
Hanpukian, aHajiz noBiIoM/IeHb PO IUIAHU Ha YU-
KEeHJI, TPO MePCOHAIbHI iIHTEPECU BUKOPUCTOBYETHCS
MepexXaMU Mara3uHiB [l TPOTHO3yBaHHS Ta Migdopy
BiATMOBITHOTO AaCOPTUMEHTY TOBApPiB IS CITOXKMBaya.

IIpoGaema XxosomHOro CTapTy MHpU IOSIBI HOBO-
ro o0’ekry, ToOTO TOBapy abo MOCIYyrH IOB’si3aHa i3
BiICYTHICTIO iH(opMallii IIpo HOro XapakTepUCTUKMU.
Taxki xapakTepUMCTUKM TaKOX JIOLIJIbHO PO3AUIUTH Ha
JIBi TPYTIN.

Ilepma rpyna BimoOpaxkye iHTepec KOpPHUCTyBadiB
JIo 11bOro 00’eKTy. JlaHa iHdopMallist B LIiJIOMY € HesIB-
HOIO i MOXe OyTH OTpHMaHa JIMIle Ha OCHOBI aHaIi3y
PEUTHUHTIIB TOBapy, BUCTABICHOIO JIE€KiJIbKOMa KOPUC-
TyBayaMu abo icTOpii MOKYIIOK.

ITpoGiiema XOJ0AHOTO CTapTy MpU TOSIBI HOBOIO
TOBapy B JaHOMY BMINAIKYy ITOB’s3aHa i3 BiICYTHICTIO
iHdopmaliii po oro BubIp, 110 He A03BOJISIE chOp-
MyBaTU peKOMeH/allil 3rifHo user —based migxomy.

Jpyra rpyna xapakTepuCTUK BigoOpaka€ BJIaCTU-
BOCTI TOBapy, 110 € LiKaBUMU JJIs KOPHUCTyBada peKo-
MeHaliiiHo1 cuctemu. Ha mpakTuili Taka iHpopmaittist
KYIIYETBCS y crieniaizoBaHuX ¢GipM, 10 BeAyTh 0a3n
JAHUX i3 TeXHIYHUMU XapaKTepUCTUKAMU IIUPOKOTO
crnekTpy ToBapiB. BigcyTHicTb 1€l iHdopmaliii He nae
MOXJIMBOCTI c(hopMyBaTu peKOMEeHAallil KOpUCTyBa-
YyeBi 3a JOIOMOroIo item-based migxomy.

ITpoGyiema X0JI0AHOTO CTapTy MPY 3MiHi KOHTEKCTY
BUOOpPY KOPHCTYyBauya BUHUKAE Y TPhOX BUITaKAX:

— 3MiHa MepcOHAJbHUX BMOA0OAHL KOPUCTYyBaya
IIpY 3MiHi IJT00aJbHOI0 KOHTEKCTY, TOOTO 3MiHi MicCIIs
MPOXXMBAaHHS, HaBYaHHSI, pOOOTH, TOIIIO.

— B pe3yJbTaTi MoJiniieHHs: abo cepilo3HUX 3MiH
y XapakKTepuCTUKax 00’€KTiB (ToBapiB, MOCYT): TO-
SIBU TOBAPiB Ta MOCJIYT i3 HOBUMU MOKJIUBOCTSIMU, 1110
BIUIMBAIOTh Ha CINOCIO iX BUKOPUCTAHHS, HAPUKJIAL
eJIEKTPOBEJIOCUIIEAN 3aMiCTh BeJIOCUIIEIiB, cMapTdo-
HU 3aMiCTb TeJIe(OHIB, TOIIO;

— 3MiH y OpraHi3aliiiHili cUCTeMi, B paMKax SIKO1
orepye CMOXUBay; MPUKJIaJaMu TaKUX KOHTEKCTHUX
MepeMiH € 3MiHa KOPITOPATUBHOI KYJIbTYPHU MiATIPUEM -
CTBa; 3MiHa opraHi3aliiiHOi B3aEMOJii y AepxKaBi (Ha-
MMPUKJIAA OHJIAiH-0aHKIHT, eJIEKTPOHHE YPSITyBaHHST).

IIpoGaema Xo0QHOro CTapTy HA OCHOBI AMHAMIY-
HO1 3MiHM KOHTEKCTY BUOOpPY TOBapiB Ta IOCIYT 3a-
3BUYAll PO3MISIAAETHCS SIK MpobeMa MocTiiiHOTO abo
LUKJIIYHOro XonomHoro craprty [3]. Bona moB’g3aHa
13 HUKJIIYHUMM 3MiHaMM IHTEpEeCiB CIIoXuBayviB. Taka
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npobyieMa € XapakTepHOIO s CIOXMBAyiB, 110 He-
PETYJISIPHO B3aEMOJIIIOTH i3 peKOMEHAALIIMHOK CUCTEe-
Mo10. BinnoBinHo, iX icTOpis MOIIYKY i BUOOPY TOBa-
piB Ta MOCJYT 3 YacOM TlepecTtae OyTU peseBaHTHOIO.
Taxki crioxkrBaudi MalOTh PO3TIISAATUCH SIK «XOJIOOHI» B
paMKax peKOMeHIaliiiHOI CUCTEMMU.

CTpyKkTypu3alilo MpodJeMu XOJOIHOro CTapTy
3riIHO HaBEIEHOI0 OMUCY IIpeaCcTaBIeHO y TaoI. 1.

Taommug 1
XapakTepucTHKM CUTYAlii X0JI0JHOTO CTAPTY
Curyatist HenosHi nani JlomaTkoBi gaHi
Hosuit [lepcoHasbHi HesiBHui 3BOpOoTHUMIA
KOpUCTYBau JIaHi; 3B’30K:
iHGopMallis iCTOpisl IOLIYKY;
po iHTepecu iCTOpisI MOKYTIOK.
KOpHCTyBaua SBHUMIT 3BOPOTHUTA
3B’S130K: PEUTHUHT.
IlepconanbHi gaHi, 1110
MOXYTb OyTH OTpUMaHi i3
COLliaJTbHUX MEPEeXK.
HoBuii Indopmartisa | HesBHI xapakKTepUCTUKU
00’exT PO Xapak- 3 TOYKHU 30PY
(ToBap, TEPUCTUKHU KOpPUCTYBava: peUTHHT.
IIOCJIyTa) 00’exTy BnactuBocTi 06’€XTiB,
MOXYTb OyT OTpUMaHi
BiJl crieniani3oBaHUX
¢ipM, 1110 BeIyTh Oazy
crenudikalii.
3MiHa KOHTEK- Croci6 IlepcoHanbHi naHi,
CTy BUOOPY | BUKOPHCTaH- 1110 BimoOpaxaloThb
KOpHCTyBaya HS 00’ €KTY I00aJIbHI 3MiHI
CMOXMUBAYEeM | Y KOHTEKCTi BUKOPUCTaH-
HsT 00’ €KTIB CIOKMBAYEM.
JlomaTKoOBi 3HAHHS PO
TOBapH, 1110 BUZHAYAIOTh
cdepy ix 3aCTOCYBaHHSI.
3arajibHi 3HaHHS PO
MiIXoAu 10 BUKOPUCTaH-
H$1 00’€KTIB Y MPeJAMETHi it
obuiacri
Hwkiuni 3anexHictb | IHTEepBan yacy, Ha IKOMY
3MiHM TOTPeO 3MiHU BinOyBa€ThCS LIMKI 3MiHU
KOpHUCTyBaya iHTepeciB iHTepeciB croXxuBaya
Big yacy

BukoHaHa cTpykTypu3allisi MpoOJeMU XOJOJHO-
IO CTapTy MoKa3sye, 110 B YCiX YOTUPbOX BUIMAAKaX LIS
npobJyiemMa ToB’s13aHa i3 BUHMKHEHHSIM HESIBHUX 00-
MeXeHb IpU MoOyaoBi pekoMeHaaui. KoxHe i3 Ta-
KUX OOMEXeHb XapaKTepU3y€EThCs HAOOPOM 3MiHHUX,
3HAUEHHSI SIKMX BiIOMi B HOpMaJIbHOMY pexkKuMi (hyHK-
LIOHYBaHHS peKOMEHIalliifHOI CUCTEMHU Ta € BiACYTHi-
MU Y CUTYaIlii XOJO0THOTIO CTapTy.

TakuMm YMHOM, MOJE/Ib CUTYallil XOJIOAHOIO CTapTy
JOLJIBHO PO3IJISIAaTd B IapaiurMi MOACIIOBaHHS Ha
OCHOBiI oOMexeHb. Lli oOMexXeHHs 3amaloThes Yepe3
MOXJIMBI 3HAUEHHSI 3MiHHUX, SIKi XapaKTepU3yIOTh BU-
0ip crioxkuBava. [HIIMMU CJIOBaMM, MOXKJIMBI iHTEp-
€CHU CMOoXMBaya BUZHAYAIOTHCS LIISIXOM OOMEXeHb Ha
3HAUEHHSI 3MIiHHUX, 10 XapaKTepu3yloThb TOBApU Ta
IMOCYTH, KOHTEKCT, 4Yac BUOOPY, TOIIIO.

Hanpuknan, npu BUOOpi KOpUCTyBayeM MOHITO-
Py B SIKOCTi OOMEXEHb MOXYTh BUCTYIIAaTU 3HAYEHHS
3MiHHMX, 110 XapaKTepU3yIOTh PO3MIp JiaroHalli eKkpa-
HY, TUI MaTPULIi, TUIT PO3’€MY IS MiIAKJTIOUEHHS CUT-
Hay, Tolo. BinnoBigHo, BUOIp 1eKiJIbKOX CXOXHUX 3a
IHTepecaMu KOPHUCTYBadiB TaKOX Ma€ CHiJbHI oOMe-
JKEHHSI TIOB’sI3aHi, HAIIPUKJIA] i3 KaTeropi€to 00’ €KTIB,
iX BapTiCTIO, TOLLO.

st momanbiioi (popMatizanii cUTyallii X0JIOAHOIO
CTapTy PO3IJSIHEMO CIIOYaTKy MpeACTaBIeHHSI BUOODPY
croxmuBaya y oOMeXXeHHSsIX.

OOMeXeHHS, 1110 BIJIMBalOTh Ha (DOPMYBaHHS pe-
KOMEHJAlliii, MOXHa pO3rJsiaaT K KOH IOHKIIiIO
npeaukaris, O, Hal 3MiHHMMM, L0 XapaKTepU3yIOTh
KOpHCTyBaua, 00’€KTH Ta IX B3aEMOIIO y Yaci:

C={0 (X))} X, ={x,....xs .}, (1)
ne C — MHOXMHAa OOMEXEHb; X, — 3MiHHA, 110 BU-
3Haya€ BJIACTUBICTb KOPUCTYyBava, 00’ €KTY, KOHTEKCTY
abo yacy.

Toxi, Ha ocHOBI pe3yabTaTiB podoTH [12], cutyaitist
BUOOpY KopucTyBaya M Moxe OyTM IMpeacTaBieHa
MHOXUWHOIO 3MiHHMX X ={xj} , 110 XapaKTepu3yloTh
pi3Hi acnekTu (opMyBaHHSI peKOMeHalliii, MHOXU-
HOI0 00OMexxeHb C , OITMUCOM CTaHy IIpeaMeTHOI o01ac-
Ti D, a TaKOX 3B’SI3KaMU y MpeIMeTHii oonacTi R :

M =(X,C,D,R). 2)

Omnuc npeaMeTHOI 00J1acTi 3a4a€ BiTHOIICHHS MixX
3MiHHUMM i3 TIPEAUKATIB Y BUIJISIII MHOXWHU TIpe-
ukaris @,, ToOTO BU3HAYa€ Taki 3HAYEHHS 3MiHHMX,
IUIs SIKUAX ipeaukat O, Oyzae MaTu 3HaYEHHs «iCTUHa»
y IaHil mpeaMeTHil 00J1acTi.

D:{vj:ijj:vj|xjeX}, 3)
lie v; — 3HAYCHHsI, sIKe MPUIMae 3MiHHA X; y Ipel-
MeTHii obnacti D .

r 3a7a€ BimoOpaKeHHs 3MiHHMX Ha 1X 3HAYEHHS Y

JlaHill IpeaMeTHilA 00J1acTi:
rX—D 4)
3B’S1I3KM  MiX  BJIAaCTUBOCTSIMHU  CITOXMBauyiB,
00’€KTiB, KOHTEKCTY Ta Yacy y IpeIMeTHiil ob6iacTi 3a-

JIaI0ThCSI HA OCHOBI #7-apHUX BiIHOLLIEHb HA 3HAYEHHSIX
3MIHHUX X =z

R={R (Vjs:esvir-o.)}- (5)

JlaHi BimHOIIEHHS JAalOTh MOXJIMBICTh BU3HAYUTU
ICTMHHICTB IIpeiuKaTa Q; TAKUM YMHOM:

O, =true[3r A3R;. (6)

3rigHo (6) I  MOIETIOBAaHHS CUTYyallii BUOOpPY
CMHoXK1Baya HEOOXiJHO CIIOYATKY /JIsl KOXKHOI 3MiHHOT
BU3HAUUTU MHOXUHY ii JOMYCTUMMX 3HA4YeHb, a Ta-
KOX BCTAHOBUTM MOXJIMBI 3B’SI3KU MJIs1 3HAYEHb LIUX
3MiHHMX Y IpeaMETHilt 001acTi.

Hanpuxnaza, npu modynoBi oOMexXeHb Ha OIKIC MO-
HIiTOpY HEOOXiJHO 3aJaTy JOIMYCTUMi 3HAUEHHs HOro
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B.O. JlewmHcbkunid, 1.O. JlewmHcebka

napameTpiB. ToOTo cuTyaliss BHOOpYy KOpuCTyBada
Ma€e 0OMeXEeHHS BUY:

0, = Po3sdinbna_30ammuicms A
A Hacmoma n ACKpagicms A (7
A KOHMPACMHICMb A...
PeanbHuii MOHITOpP B iHTEpHET-Mara3uHi Oyje MaTu
KoMOiHallito 3HaueHb BULY:

R =2560%1440 A
A 60T A 300K A (8)
A3000:1A...

BinHomenHs mixk O, Ta R, BCTaHOBJIIOIOTHCS Ye-
pe3 BimoOpaxkeHHs » , TOOTO [IJIsl JaHOTO MPUKIIady:
Pozdinvna_30amuicme — 2560%1440,
yacmoma — 60 I'l, 9
sackpasicms — 300 Ko,
xoumpacmuicmo — 3000

OpHak y OiUTbII 3araJJbHOMY BUIIAAKY y iHTEpHET —
MarasuHi Ipoaa€eThcsl Habip MOHITOPiB, TOOTO:

Po3zdinbna_s0amuicme — 2560%1440,
Pozodinbna_soamuicme — 1660%1200,
Po3zdinvua_30amuicms — 1920*1080...

(10)

IIpencraBneHuii mpukiam Mokasye, 10 opieHToBa-
HUI HA OOMEXXEHHS OIMC CUTYallii BUOOPY KOPUCTY-
Baya A€ MOXKJIMBICTb 3MEHIIUTH KiJIbKICTb 00’ €KTIB,
1110 TTPOTTOHYIOThCS CIIOXMBAYEBi. Y TaHOMY MPUKJIaIi
3MEHIIEHHS BiIOYBAETHCS IIJISIXOM BpaxyBaHHS [10-
IMyCTUMUX KOMOiHallili 3HaYeHb BJIACTUBOCTE TOBa-
piB.

Takox O0OMeXeHHSI MOXYTb BpaxoByBaTU KOMOi-
Hallilo BJaCTUBOCTEI CITOXMBAva: BiK, perioH MPOXKHU--
BaHHS, TOLLIO.

KoHTeKCT BpaxoBY€ETbCSI y OOMEXEHHSIX Ha OCHOBI
JI0JaTKOBOI iH(opMallii IIpo BIACTUBOCTI MPEeAMETHOL
00J1aCTi, HampUKJIa MPo CIOCiO 3aCTOCYBaHHS PeKo-
MEHJ0BaHOIO TOBapy.

[Tpukian KOHTEKCTY BUKOPUCTaHHSI MOHITOpY i3

caitty elmir.ua HaBeeHO Ha puc. 1.
JONONIHUTENbHO NMpUMeHeHa NPOABUHYTAsA TEXHONOIUA
MHOIF0O30HHOINo BEPTUKAZIbHOINo CoBMelW,eHUA, KoTopas
obecrneynBaeT CBEPXBbICOKUMA KO3 (PULMEHT CTaTUYeCKOro
KOHTpacTa, chopMupys 6onee ApKyto, XUBYO KapTUHKY. Ha
3TOM gucnnee 6e3 Tpyaa MOXHO paboTaTb B CTaH[APTHbIX
O(UCHBIX MpOrpaMMax, Ho 0co6eHHO 3t eKTUBEH Takou
3KpaH gnsa npocMoTtpa ¢oTorpadun, eeb-cTpaHuy,
¢dunbMoB U Urp, U paboTbl C MOWHBIMU FrpaUYECKUMM
NPUNOXEHUAMMN. TexHonorusa 0I'ITVIMM3MpoBaHHOi;I

Puc. 1. IIpukjiag KOHTEKCTY BAKOPUCTAHHS 00’ €EKTY

I3 mpukiany npeacTaBieHOro Ha puc. 1 KOHTEKCTY
BUKOPHUCTAHHSI MOHITOPY BUAHO, 1110 KOHTEKCT 3a/1a€
MHOXUHY CIIOCO0iIB AI0T0 3aCTOCYBaHHS i mepeadayae
MOXJIUBOCTI pOOOTH K 3 O(piCHMMM Ta rpadiyHUMU
mporpamMamu, Tak i 3 irpoBumu nogarkamu. O4eBUIHO,
1110 KOHTEKCT BIIMBAa€E Ha BUOIp KOpPUCTyBaya, B TOMY
YMCJIi i B CUTYallil XOJIOMHOIO CTapTy.
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PosrnsiHeMo onmuc KOHTEKCTHUX OOMEXEeHb Yy
MpeAMeTHil 00JIacTi 3rigfHO HaBEJAEHOIO IIpUKJa-
ny. @parMeHT KOHTEKCTY XapaKTepU3yEThCS TaKUMU
3MiIHHUMM:

X| = «6epmuKanbHe CyMiujeHH:»;
X, = «oghicHe 3acmocy8anHs»;
X, = «poboma 3 epaghikoro».

BinnosinHo, ¢hopMasibHe MpeacTaBieHHs KOHTEK-
CTHOTO 0OMeXeHH (; IUIS JAHOTO CIIPOLLEHOTO IIPHU-
KJ1ay Ma€ BUTJISIL:

an

3B’A3KM MiX BJIACTUBOCTSIMU KOHTEKCTY B Ipe.-
METHii 00J1aCTi MalOTh BUTJISIL:

O, =X AXy AX5.

R, = (v, =true) A (v, =true) n (v, =true). (12)

Bubip kopucrtyBaua 3 (opMasbHOI TOYKHU 30py
O3Hayae€, 110 Moro BUMora(BakKJIUBi JjIs1 1Oro BacTU-
BOCTI TOBapiB Ta IIOCJIYT) 3aA0BOJIBHSIIOTHCS B paMKax
obMmexeHb mogei (2). ToMy ajist motpeba croxupada
B Mae OyTu icTMHHOIO B Mofeai M cutyaliii BUOopy,
TOOTO Ma€ MicClie yMOBa :

(X,C,D,R)|=p. (13)

Ockinbku obMmexeHHs1 C 3a1aloTh 3B’SI30K MixX
eJeMeHTamu monelli M , To ymoBa (13) Moxe OyTu me-
penucanay surisigi C |= B.

VYMOBM XOJOIOHOrO CTapTy 3adaloThCsl ITiAMHOXMU-
Hoto ooMexeHb C/. Moaenb BUOOpY KOpucTyBaya B
YyMOBaX 00MeKeHb XOJIOHOTO CTapTy Ma€ BUTJISIIL

M, =(X,Cl,D,R),ClcC. (14)

Taxi oOMexXeHHs 3ajIexXXaTh BijJl TOTO, sSIKa CUTYallist
XOJIOAHOTO CTapTy BUHMKIIA. Hanpukian, 1 HOBOro
KOpHMCTyBaua Taka MiIMHOXXMHA MAa€ BUTJISIL

Cl = Cltem U CContext U CTemporal s ( 1 5 )

ne Cp,, — obMmexeHHsa mo o6’extaM; Cgyy
KOHTEKCTHI 00MexXeHHs; Cr,pppryy — TEMIIOPAIBHI
OOMEXEHHSI.

3anpornoHOBaHUI MiAXia 10 MOOYyI0BU PEKOMEH-
Jalliii B yMOBax XOJIOAHOIO CTapTy peKOMEeHIALIMHOL
CHCTEMU BUKOPUCTOBYE pOo3po0sIeHy Mozenb M, .

KitouoBa KoOHUEMIsI, $IKYy TOJOXEHO B OCHOBY
MMiaxony, TOJIsIra€e y Bigdopi peJieBAaHTHUX BXiTHUX Ja-
HUX Ha OCHOBi (DOpPMYBaHHSI MPEeAUKATHUX OOMEXKEHb,
IO XapaKTePU3yIOTh KOHTEKCTHO-OPIEHTOBaHI 3aK0-
HOMIipHOCTi BUOOpyY croxuBayiB. I1igxia ckiagaeTbes
3 TaKuXx ¢as.

®aza 1. BusHaueHHsT MOIEepeaHbOT MiAMHOXIHA
obMexeHb Cl B 3aJ1€XKHOCTI BiJl TPUUMH BUHUKHEHHS
CUTYyallil X0JIOJHOIO CTapTy.

®aza 2. YTOYHEHHSI TIIMHOXWHHU OOMEXEHb 3
ypaxyBaHHSIM iHTepBaJly Yacy aKTyaJlbHOCTi 3HaY€Hb
3MIiHHMX Y IpeAMETHili 001acTi.

®a3za 3. [TobymoBa 3aylesXkHOCTE Ha OCHOBI aHaJTi-
3y BXinHux naHux. Ha naHiit ¢a3i BUKOPHUCTOBYIOThCS
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MiIXOAX IHTEJEKTYyaJabHOIO aHAIi3y MaHUX IS MO0y~
JIOBU TIPUUYMHHO-HACTIAKOBUX TEMITOPAJTbHUX 3aJI€XK-
HOCTEH.

®aza 4. BukopucTtaHHS OTpUMaHUX 3aJIeXKHOCTEH
JUISL MATOTOBKM HAOOpY BXiIHUX AAHUX PEKOMEHIIa-
LIAHOT CUCTEMM.

Ha naniii ¢a3i Moxke OyTu BUKOHaHAa sIK (biabTpa-
1is1, TaK i KOPUTYBAaHHS BXimHUX maHuX. MeTa (iiab-
Tpalii nojsira€ B ToMy, 1100 BigiOpaTu maHi, 110 Bil-
MOBiAIOTh iHTEpecaM CIOXMBaya Ha BU3HAUYEHOMY
iHTepBaji yacy. MeTa KOpUryBaHHSI TOJISITAE B TOMY,
1110 JeTaIi3yBaTH JaHi, 1110 BiAMOBiIal0Th OA30BUM 3a-
KOHOMipHOCTSIM BUOOPY Y TaHiil peaMeTHilA 001acTi.

®a3za 5 BukopucTaHHS TpaauLiiHUX METOMAIB IO-
OyI0oBUY peKOMEHJalliil, HalpuKIaa MeTOIy Kojdabopa-
TUBHOI (biJIbTpallii.

4. BucHoBku

PosrimsgHyTro mpobiieMy MiATPUMKHM BHOOPY KO-
pucTyBaya Ipu XOJOAHOMY CTapTi peKOMeHAaliiiHOI
cucremu. JlaHa mpobGieMa BUHUKAE BHACiTOK He-
JIOCTaTHBOI iH(OopMallii PO KOPUCTYBauiB, 00’€KTU
ix iHTepecy abo 3B’s13Ku Mixk HUMU. Ha npakTulii xo-
JIOAHUI CTapT peKOMEHALiIMHOT CUCTeMU BUHUKAE B
pe3y/IbTaTiB MOSIBU HOBUX KOPUCTYBayiB, TOBapiB, abo
CYTTEBOI 3MiHU IHTEPECiB iCHYIOUMX CITOKMBAYiB.

BukonaHa cTpykTypu3allis gJaHOI mpoOjaeMu aajia
MOXJIUBICTb BUIIJIATU Pi3HI acCMeKTU XOJOJHOIO
CTapTy: II0siBa HOBOIO KOPHMCTyBaya; IosiBa HOBOI'O
00’€KTY; 3MiHa KOHTEKCTY BUOOPY 00’ EKTIB KOPUCTY-
BayeM; LIMKJIIYHI 3MiHM IHTEpPECiB CIOXWBAYiB 3 4a-
COM.

3anponoHOBaHO MOJE/b BUOOPY O0’E€KTIB y HOP-
MaJIbHOMY peXXHUMi poOOTH peKOMeHIAIliiHOI cucTe-
MM y BUJISIAI CUCTEMM TIPpeIUKATHUX OOMeEXKeHb, 1110
BU3HAUYAIOTh JOMYCTUMi KOMOiHallil BIaCTUBOCTEM KO-
PUCTYBauiB, 00’€KTiB, KOHTEKCTY, a TAKOX AUHAMIKU
3MiH iHTepeciB KOPUCTYBaUiB.

3anponoHOBaHO MOEIb BUOOPY 00’ EKTIB B yMOBax
XOJIOAHOTO cTapTy. [laHa Mojeb BUKOPUCTOBYE ITiJl-
MHOXWHY 0OMeXeHb 1151 (hOpMYBaHHSI peKOMeHIalliii
Yy HOpMaJIbHOMY PeXX1UMi poOOTH.

3anpomnoHoBaHi Mozei 3a0e3MeuyoTh MOXIINBICTh
Bin(iabTpyBaTH BXiIHi JaHi 3 ypaxyBaHHSIM HAMOiIbIII
CYTTEBHMX 3aKOHOMIpPHOCTEI BUOOPY CIIOXMBAYIB y Ja-
HOMY KOHTEKCTi Ha JaHOMY iHTepBaJli yacy, 110 Ja€
MOXJIUBICTb CITPOCTUTH MOOYI0BY peKOMEHIAL 151
HOBHUX CIMOXHMBAYiB i HOBUX 00’ €KTIB.

3anponoHOBaHO MiAXia A0 MoOYyI0BU peKOMeHIa-
LiiAi B yMOBax 0OMEXeHb XOJogHOro crtapty. Iligxim
nepeadayae (GopMyBaHHS ITiIAMHOXWHU IPUYNMHHO-
HACJIiIKOBMX Ta TEMIIOpPaJbHUX OOMEXXeHb Ha OCHOBI
IHTEJIEKTYaJIbHOTO aHasi3y BXiIHMX JaHUX PEKOMEH-
JALiiHOI CUCTEMU, & TAKOXK MOJAJIbIlIe BUKOPUCTAHHS
LIMX OOMEXXeHb ITpU MOOYI0Bi peKOMeHAallili B yMOBax
XOJIOMHOTO CTapTy.

Cnucok JiTepaTypu:

[1] Ricci F., Rokach L., Shapira B. Recommender systems.
Handbook. - Second Edition. — 2015. — 1008 p.

[2] Aggarwal C. Recommender systems: The Textbook. —
New York: Springer. — 2017. — 498 p.

[3] Bernardi L. et al. The Continuous cold start problem in
e-commerce recommender systems // The Computing
Research Repository (CoRR) in arXiv. — Vol. 1508.01177.
—2015. — P. 1-6.

[4] Koren Y. Collaborative Filtering with Temporal Dynamics
// International conference on knowledge discovery and
Data Mining (ACM SIGKDD). — 2009. — P. 447-456.

[5] Xiang L., Yuan Q. Temporal recommendation on graphs
via long-and short-term prefence fusion // International
Conference on Knowledge Discovery and Data Mining.
—2010. — P. 723-732.

[6] Elahi M., Ricci F., Rubens N. A survey of active learning in
collaborative filtering recommender systems // Computer
Science Review. — 2016. — Vol. 20. — P. 29-50.

|71 Lika B., Kolomvatsos K., Hadjiefthymiades S. Facing the
cold start problem in recommender systems. // Expert
Systems with Applications. — 2014. — Vol. 41(4). —
P. 2065-2073.

[8] Adomavicius G. et al. Incorporating contextual information
in recommender systems using a multidimensional
approach // ACM Transactions on Information Systems.
—2005. — Vol. 23(1). — P. 103—145.

[91 Luo C., Cai X. Self-training Temporal Dynamics
Collaborative Filtering // The Pacific-Asia Conference
on Knowledge Discovery and Data Mining (PAKDD’14).
—2014. — P. 461-472.

[10] Zhu Y. et al. Addressing the item cold-start problem by
attribute-driven active learning // IEEE Transactions on
Knowledge and Data Engineering. — 2019. — P. 1-14.

[11] Chalyi S., Pribylnova I. The method of constructing
recommendations online on the temporal dynamics of
user interests using multilayer graph // EUREKA: Physics
and Engineering. — 2019. — Vol. 3. — P. 13-19.

[12] Junker U. QUICKXPLAIN: Preferred explanations and
relaxations for overconstrained problems// Proceedings
ofthe 19th National Conference on Artificial Intelligence
(AAAI’04). —2004. — P. 167—172.

Hadiitwaa do pedroaecii 3.04.2019

19



BUNOHWKA MHTEJIJIEKTA. 2019. Ne 1(92). C. 20-25

XHYP3

INTELLIGENCE

YK 519.62

| 2

JI. O. Bosogin, I. B. AdanacreBa
ITporpamua inxeHnepisi, XHYPE, m. XapkiB, Ykpaina, volodindmitriyl121@gmail.com
IMTporpamua inxeHnepist, XHYPE, m. XapkiB, YkpaiHa, iryna.afanasieva@nure.ua

AHANI3 METOAIB CETMEHTALLII 30BPAXXEHb ABTOMOBIJIbHUX
PEECTPALINHNX HOMEPIB

[IpoBeneHo aHai3 ICHYIOUMX METOJIiB CEerMeHTallii 300paxkeHb. bysio po3pobieHo MoaMdiKOBaHUIT AITOPUTM,
SIKWIA CETMEHTYE 300paXkeHHS PEECTPaLliiHUX HOMEPiB aBTOMOOIJIS1. 3arporioHoBaHa MOAMQiKallisi Tpu3HaYeHa
JIJISI CETMEHTallil HeTeKCTypoBaHUX 200 c1abKO0 TEKCTypOBaHUX 300pakeHb. MeTa — BUlijIeHHSI 00’ €KTiB (B TOMY
YUCJIi IEKiTbKOX) Ha 300paXkeHHi i BupasieHHsI (hoHY.

[l aHami3y MeTomiB 0OpaHo 300pakeHHsI, TUIIOBI JIJIsI TTOCTaB/IeHOol 3agadi. PeecTpaliiiHi 3HaK1 aBTO-
MoOiseit OyJ10 po3zisieHo Ha 3 TpyIiu.

PesynbTaTi MalIMHHUX €KCIIEPUMEHTIB MOKa3asiu, 1110 KOMOiHallisi METO/IiB 1a€ XOPOIlli Pe3yJIbTaTH SIK JIJIsT
OIHOTO, TaK i IJI AEKiIbKOX 00’€KTIB, 10 MaIOTh HaBiTh HE3HAYHI BiIMIiHHOCTI BiJ (DOHY 3a SICKpaBicTIO. Y Be-
JINKUX 00’ €KTIB, 1110 CKJIAJAIOTHCS 3 ACKUJIBKOX YACTUH Pi3HOI SICKPABOCTI, BIAIOCS BUALTATU KJTIOYOBI YaCTUHU.

Taxum YMHOM, TOCSITHYTO MEeBHY YHiBePCaIbHICTh pO3p00JIeHOr0 MOIN(DIKOBAHOTO AJITOPUTMY LOJI0 Pi3HUX
TUTIB 300paKeHb PEECTPAlIiifHOTO 3HAKYy aBTOMOOIJIS, 110 MPEICTABIEHO MOPiBHSIHHSIM.

CEITMEHTALIS, 30BPAXXEHHS, PEECTPALIIM HOMEP, PO3ITI3HABAHHS, AJITOPUTM,
METO/, AHAJII3

J.0. Bononun, 1.B. AdpanacbeBa. AHAJIM3 METOIOB CETMEHTANMH H300PaKEeHHiT ABTOMOOM/IBHBIX PErHCTpa-
IOHHBbIX HOMepOB. [IpoBeneH aHaIu3 CYIIEeCTBYIOLIMX METOJ0B CerMeHTalluu U300paxkeHuii. beut pa3paboran
MOAUGDUIMPOBAHHBIN aITOPUTM, KOTOPBI CErMEHTUPYET M300paxkeHrne perucTpallmoHHOr0 HoMepa aBTo-
mobwis. IlpeanoxeHHass moauduKalus IpeaHa3HayeHa 111 CerMEHTallui HETEKCTYPUPOBAaHHBIX WM C1a00
TeKCTYPUPOBaHHBIX M300paxkeHuii. Lleab — BelaesieHre 00beKTOB (B TOM YKCJIe HECKOJbKMX) Ha M300pakeHUM
U yaajeHue (oHa.

J1J1s1 aHamM3a MeToA0B U30paHbl U300paKeHMs1, TUIIMYHEBIE U151 ITOCTaBIeHHOM 3am1aun. PerucrpaiiioHHbIe
3HAKM aBTOMOOMJICH ObUIM pa3/ieicHbl Ha 3 TPYIIIIbI.

Pe3ynbTaThl MAIIMHHUX 9KCIIEPUMEHTOB MOKA3aJIM, YTO KOMOMHAIIMS METOMOB JAeT XOPOILIKE Pe3yJIbTaThl
KakK JUIsl OMHOTO, TaK M HECKOJIbKMX O0BEKTOB, UMEIOIIMX 1aXKe HE3HAUMTEIbHbIC OTJMYMS OT (DOHA MO SIPKOCTH.
B KpymHBIX 00BbEKTaX, COCTOSIIINX U3 HECKOJIbKUX YacTel pa3IMuHOM IPKOCTU, YAATIOCH BBIICTUTH KJIIOUEBbIE
YacTH.

Takum obpa3om, JOCTUTHYTA OIpelesieHHas YHUBEPCaIbHOCTh pa3pab0TaHHOTO MOAU(MUILIMPOBAHHOTO
aJrOpUTMAa MO Pa3IMYHBIM TUIAM M300PaKEHUI PEerucTPallIMOHHOTO 3HaKa aBTOMOOWJISI, YTO TIPEICTaBIEHO
CpaBHEHMEM.

CEIMEHTALIMY, U30BPAXXEHUE, PETUCTPALIMOHHBIMI HOMEP, PACITO3HABAHME,
AJITOPUTM, METO, AHAJIN3

D.O. Volodin, I.V. Afanasieva. Analysis of images segmentation methods for car registration numbers. The
analysis of existing methods of image segmentation was held. A modified algorithm was developed, which segments
the images of the car registration number.

The proposed modification is intended for segmentation of non-textured or poorly textured images. Purpose —
to select objects (including several) in the image and delete the background.

For the analysis of methods selected images that are typical for the task.The registration marks of the cars
were divided into 3 groups.

The results of machine experiments showed that the combination of methods gives good results for both one
and also for several objects, which have even slight differences from the background on brightness. In large objects,
which consist of several parts of different brightness, it was possible to identify the key parts.

Thus, a certain versatility of the developed modified algorithm has been achieved for different types of images
of the registration mark of the car, which is represented by comparison.

SEGMENTATION, IMAGE, LICENCE PLATE, RECOGNITION, ALGORITHM, METHOD,
ANALYSIS

Beryn

PosnizHaBaHHSI 00’€KTIB Ha 300paXkKeHHSX OmHA 3
rajgy3eil iHpopMalLiiiHUX TEXHOJOTIM IO HaNHOIIbII
iHTEHCMBHO PO3BUBAEThCSl. HeoOXigHICTh B TakoMy
po3Mi3HaBaHHI BUHMKAE B CAMUX PI3HUX Taly3s1X — BiJl
BilAICHKOBOI CITpaBH i cucTeM O0e3MeKU JOMEINYHOI fdia-
THOCTUKH Ta KOHTPOJIIO TOPOXKHBOTO PYXY.

MeTo10 poOOTU € OOCHIIXKEHHSI ICHYIOUUX METO-
JiB i po3pobKa MoaU(iKOBAHOTO aJrOPUTMY PO3Mi3-
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HaBaHHSI CUMBOJIIB, 110 3a0e3MevyloTh aHali3 Ta 00-
poOKy iHpopMallii Ha 300paxkeHHi 3 METOIO imeHTrdi-
Kallil peecTpaliifHoro 3HaKky aBTOMOOIJIS.
Po3mizHaBaHHSI CKJIaga€Tbcsl 3 TPbOX OCHOBHMX
eTarliB: IEPBMHHOI OOPOOKM, CErMeHTallil Ta PO3IIi3-
HaBaHHs. [lepBuHHa 00pobOKa cKJlagaeThcsl 3 OiHa-
pizatii [1] BximiHOTO 300paXeHHs, 1110 CKOPOUy€E 00-
car iHgopmMalii st nogaisoro aHanizy. Ilpouec



AHAJI3 METOZIB CEFMEHTALIIT 306PAXEHbL ABTOMOBI/TbHUX PEECTPALIIHNX HOMEPIB

OiHapizalii — 11e MepeTBOPEeHHsI KOJIbOPOBOro (abo B
rpagalisix ciporo) 300pa*k€HHsI B IBOKOJIbOPOBE YOp-
Ho-0ine. ITicas 6iHapi3alii BigOyBa€ThCsl CerMeHTallist
HOMEpPHUX 3HaKiB i po3Ii3HaBaHHSI OKPEMUX CHMBO-
JIiB, 1110 300pak€HO HAa HOMEPHOMY 3HaKYy.

1. 3arajbHa MaTeMaTHYHA MOJE]Ib CeTMEHTaT

Hexait D(m x n) — pactp abo 00J1acTb I10J1s 30py, Ha
SJKOMY 3a1aHO 300paxeHHs B(i, j); D, c D — obnactb
k-to o6’ekra k =1, 2, ..., 5; Dy D — obactb hoHy.
Beaxaemo Dyu D,u ... uDgU Dy = D, D;n D;= D, i #].

Posrnsimaemo auckpetHe 300paxkeHHs B(i, j), i=0,
vy m, j =10, ..., n. 300paxXeHHsI € CYKYITHICTb 300pa-
KEeHb OKpeMUX 00’ €KTIB i (hoHY.

3aBgaHHS cerMeHTallii 300paKeHb I10JISITa€ B II00Y-
JIOBi MpeaurKaTa BUAY:

(i) = k, K110 (I,j)e D,
0, ko (i, j) € D,

Ha 3micToBHOMY piBHi 11€ 03Havae, 1110 KOXXHa TOY-
Ka (i, j) OD 306paxxeHHs1 B(i, j) OTpUMYy€E CMUCIOBY MiT-
Ky 3 HOMepoM p(i, j). CTporo Kaxyuu, B ineasi TOUKU
3 OJTHOIO MITKOIO YTBOPIOIOTH 00JIACTh OJHOTO OKpe-
MOTo0 00’eKTa, MiTKOI0 0 po3MiYa€eThCst 001aCTh (POHY.
MaremaTuyHa MOJeJIb Iepeadayae po3MiTKy Helepe-
CiYHUX 00’€KTiB 200 BUAMMMX 1X YACTUH MPU 3aKPUTTi
ofHoro ob6’ekTa iHIIKMM. B pe3yabTaTi 1eKOMITO3ULList
3arajbHOI 3a7ayi IMepeTBOPIOETLCS Ha ITi3agadi: cer-
MEHTALlisl, pO3IMi3HaBaHHS, MOiMNIIeHHs ((GiabTpalis,
YCYHEHHS LIyMiB, MTiAKpeCcIeHHs rpaHulLlb Ta iH.). [Ipu
Takiii ITOCTAaHOBLIi, iHTepIIpeTallis i PO3yMiHHS 4acT-
KOBO 3aCJIOHEHUX OO’EKTIB BiTHOCSIThCSI BXE 10 00-
JIacTi po3Mi3HaBaHHSI, a HE 10 CerMeHTallii.

2. Knacudikamnis

IIpouec xitactepu3zalii 300pakeHb — IOIIYKY B
HUX OJHOPiTHUX 00JacTeil, HAa3MBAETHCS CEerMeHTalli-
€10. BoHa BBaxa€eTbCsl APYrUM €TaroM aHajizy 300pa-
K€Hb, 1Ie¢ — 06a30Ba Mpoueaypa MpakTUYHO Y BCiX 3a-
BIAHHSIX 0OPOOKM 300paXkeHb 3a IOIMIOMOI0I0 CUCTEM
KOMIT IOTEPHOTO 30DY.

CermeHTallist BKJIIO4a€e B cede eleMeHTH (iabTpalii
LIYMiB i BUniJIeHHs 300paxeHb. Kimacugikaiis Mmeto-
JIiB CerMeHTAallil ONMMCYEThCS B pi3HUX poboTtax [2, 3],
MPUCBSTYEHUX TaHOMY MTUTaHHI0. YacTo iX miapo3aiis-
FOTh Ha Ti, SIKi BUIIJISIOTH 00J1aCTi OZHOPIMHOIL SICKpa-
BOCTI 200 KOJIbOPY, i Ti, IKi BU3HAYalOTh OJHOPITHOCTI
IHIIMX BJIACTUBOCTEM, HalyacTile TeKCTypH. [HIImiA
BaxXKJIMBUI KpUTEPiii, 3a SIKUM MOXHa KiIacupikyBaTu
METOJIM CerMeHTallil, — 11 XapaKTePUCTUKKU 00JIaCTeM.
BoHu, B omHOMY BMMaAKy, MOXYTb OyTH 3aJlaHi 3a3/1a-
JieTiap (Hampukiaa, 0ibaioTeka eTajJloHiB, TEKCTyp), a
B iHIIIOMY — iX HEOOXiIHO OTpMMATH B MPOLIECi cer-
MEeHTallii.

st cerMeHTalil 300paxeHb OyJo po3pobdiie-
HO KijJibKa YHiBepCaJIbHUX aJITOPUTMIB 1 METOIB.

OCKIiJIbKM CIIJIBHOTO PIillIEeHHd IS 3amadi cerMeHTa-
11ii 300pakeHb HE iCHYE, YacTO Li METOIU TOBOAUTHCS
MOEAHYBATHU 31 3HAHHSIMU B IPEAMETHil 001acTi, 11100
eeKTUBHO BUPillyBaTH MEBHY 3aJa4y B ii TPeIMETHOL
rajaysi.

OCHOBHI METOJAM CEerMeHTallil, MOPiBHSIHHS SIKHUX
PO3TJISIAAEThCS B NaHill poOOTi, HaBeAeHO Ha puc. 1.
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Puc. 1. Knacudikanis meronis cermenramii

KopensiiiiHi MeToau 3aCTOCOBYIOThCS B pa3i, SIKIIIO
Bimomi 3pa3ku 00’ekTiB. BoHU e(eKTuBHI B cUcTeMax
MPUKJIAAHOTO TejiedaueHHs i BiAHOCAThCS Oilblie 10
rajysi po3mnizHaBaHHs 300paxeHb [4]. [Toporosi me-
TOAM 3aCTOCOBYIOTHCS MPU iCHYBaHHi CTAOiILHUX Bifl-
MiHHOCTEl B SICKPABOCTi OKpeMux obsiacteil. Metonu
HapoOIllyBaHHS KOPAOHIB €(eKTUBHI MpU HASIBHOCTI
CTiliKO1 3B’SIBHOCTI BCEpEIMHI OKPEMUX CErMEHTIB.
MeTon BUIUIEHHS KOPIAOHIB CJIiJi BUKOPUCTOBYBATH,
SIKIIIO MeEXXi OOCHUThb YiTKi i cTabinbHi. g omucy Ta
cerMeHTallil BIaCTUBOCTEM 300paxkeHb (OTHOPITHOCTI,
PEryJsIpHOCTi) BUKOPUCTOBYIOTb TEKCTYpHi METOIU,
sIKi YMOBHO MOJIUISIIOTHCS HA ABI KaTEropii: CTaTUCTHAY-
Hi Ta CTpYKTYpHi. [IprKiIagoM CTaTUCTUYHOTO ITiIXOMy
€ BHUKOPUCTAHHSI MaTpHULb 30iriB, 110 (GOPMYIOThCS
LJISIXOM BUXITHUX 300pakeHb; CTPYKTYPHOTO — MO3a-
ika Xaapa. Meroam, 3acCHOBaHi Ha aHaJIi3i KOJIbOPY, 10
CBOI1 CyTi € KOMOIHOBaHUMU.

3. MeToau anami3y pi3HHII SICKpaBOCTEN

3. 1. Ipanuunuii memoo

ITpunyctumo 3agaHo 300paxkeHHs B(i, j), s = 1
(onuH 00’€KT), SICKPaBiCTh TOUOK 3HAXOAUTHCS B MEXK-
ax [T}, T,], a sAckpaBicTb TOYOK (POHY HE BXOHASATH.
Axmo B(i, j) € [T}, T,], To TOUKy (i, j) BBAXXaeEMO Ha-
JIEXKHOIO 10 00J1acTi 00’€KTa, B iHIIOMY BUMAAKY — 00-
jnacti ¢ony. Y pasi s>1 nmoBuHHI OyTH Bimomi Bigpi3-
ku [T%,, T%], B MeXax IKUX 3HAXOIATHCS SICKPABOCTI
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k-x o6’exTiB. Lli Biapi3K1 He MOBUHHI MEPETUHATUCS.
Po3miTka TOUOK 3AilACHIOETBCS 3a JOMOMOIOIO BiJO-
OpaKeHHSI.

ITpoGeMHOI0 YaCTMHOI LILOTO METONA € BU3HA-
YEHHS$ MOPOTOBUX BeJAMYUH. /1 1IbOTO MPOBOAUTHCS
aHaJli3 TicTorpamu sickpaBocTeil. Y BUIAAKY 3 OMHUM
00’exToM (s = 1) Ha ricrorpami Ma€ OyTu ABa MaKCH-
MYMMU Ta IIOPiI' 00OMPAETHCS MiXK LIMMM TBOMA MaKCHU-
MyMaMU.

3.2. Budinenns kopdonie

ITpu Takomy crocobi cermeHTalii 00’€KTU TMpe-
CTaBJISIIOTBCS 1X MeXamMu. ['paHUYHUMU NPUAHSITO
BBaxKaTW TOUKM Pi3KOro meperaay (yHKIl sickpa-
BocTi. JlJIs 3HAXOMXXKEeHHSI TPAaHWYHUX TOYOK BUKO-
PUCTOBYETbCS 4MCebHE audepeHLioBaHHs [5].
HaitnomupeHilmnuM € Tpami€HTHUI METOH, BiZOMMIA
TaKoX SIK METOJ, KOHTpacTyBaHHSI ab0 IMpPOCTOPO-
Boro audepeHlioBaHHs [6]. 3acTOCOBYIOUM MACKy
(binbTp) M0 300paKeHHsI, OTPUMYIOTh TaK 3BaHE 30-
OpaxxeHHs rpanieHTiB. BoHO Bipi3HSETHCS Bil BUXi-
HOTO MiIKpecIeHUMU IepernagaMmu sickpaBocTi. Touka
(i, ) HAJIEXXUTb KOHTYPY, SKIIO SICKPaBiCTh 300paXeH-
H$I TPAJiEHTIB NIEPEBUIILYE TEBHUI TOPIT, SIKUI1 MOXe
BU3HAYATUCS 3aricTorpaMaMu.

3.3. Auaniz koavopy

CermMeHTallis IUISIXOM aHaJli3y KOJIbOPY 3aCHOBaHA
10 CYTi Ha 1ioro BHi3HaBaHHI. O3HAaKaMU CIIyXaTb, Ha-
MPUKJIaa, TPU KOMIOHEHTU (KOOPAUHATH) Bif (yHK-
11i1 BUMMPOMiHIOBaHHS [7] B KOXHi Toulli (i, j):

C =[B(RK,(Mdnr,1=1,2,3.
A

CnexrpanbHi KpuBidyTauBocTi Kj(A), K>(A), K3(A),
MOXYTb BiioOBigaTh (yHKIIiSIM TPbOX BUJIB K0JIOO-
YOK JIIOJICBKOTO OKa, OIHAK Ha MPaKTHUIlli BAKOPUCTO-
BYIOThCSI 0arato iHIIMX CUCTeM KOAYBaHHS KOJipHUX
KOMITOHEHT, BKJIIOYAIOUM IBOX- i YOTUPHOX- KOMIIO-
HeHTHi cuctemu [8]. CermeHTalLis MOXKE TTPOBOAMTUCS
MeTOJlaMM, BUKJIaIECHUMM B IIill CTATTi IIOKOMITOHEHT-
HO, a BITi3HaBaHHSI — LLISIXOM AelindpyBaHHS 3Ha-
YeHb KOOPAMHAT KOJbOPY.

4. MeToau HApOILYBAHHS KOPIAOHIB

4. 1. Llenmpoionoeo 36 ’13y6aHHs

Jl1s 3acTOCyBaHHS 1IbOTO METO/LY HEOOXiHa ampi-
opHa iHgopMalisT mpo 00’€eKTH, a came, ogHa abo
KiJIbKa CTapTOBUX TOYOK. 3aJal0ThCSl CTAPTOBI TOUKU
ap, ..., i, IKUM BiIIOBIIHO MIPUCBOIOIOTHCS MITKH A,
<ees M. TOUKM, IO MAIOTB MITKY A;, YTBOPIOIOTb O€3J1i4
S;. [licast BUGOPY CTAPTOBUX TOUOK IPOBOAUTHCS MTPO-
1IeC PO3MITKU, B XO/Ii SIKOTO PO3IJISIAAIOTHCS BCi TOUKHU
AMHOXUH ;. k1o cycinHdg 3 A Touka N Taka, 1o

|B(4) — B(N)| <T,

i HEe Ma€ MITKM, TO To4lli N MIPUCBOIOETBCS MITKA A;.
ITicasg po30uTTs Ha 0bJacTi MOX/IMBE TTPOBEIEHHS
3JIMTTSI 00J1aCTei, TOOTO MPUCBOEHHS TOUKAM 3 MiTKaMU
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Ay 1 A, enuHoi MiTkM min(A,, A,). [Ipu noBinbHOMY
MOPSIAKY PO3MITKM METOA HAMOUIbII MPUAATHUNA JJIsI
IIPOCTUX 300paxkeHb (3 OAHUM 00’eKTOM). IJIs1 OLIbII
CKJaJHUX 300paxkeHb 3aCTOCOBYETHCS TaK 3BaHU
XBWJILOBHI CITOCIO MEperisiTy TOYOK.

4.2. Xeunvosuii memood

ITicst BUOOPY CTApTOBUX TOYOK IIPOBOAUTHLCS MPO-
1iec, 10 CKJIamaeThes 3 itepaniil. Ha KoxHiit 3 itepa-
LIl PO3MIANAIOTECS TOYKM MHOXHWH S, KPiM THX, LIO
Oysii BKIJIIOUEHI B S; Ha JaHii itepauii. g Touku (7, j)
pO3MISAHAIOThC 11 cyCigHi Touku. OmHIEI0 3 HUX MOXKe
OyTH IPUCBOEHA MITKa A;, IKIIO BUKOHYETHCS YMOBA,
1110 OMKCcaHa B MOIepeaIHboMY ITyHKTI. TTicist Toro sk
aHaJli3 BUKOHAHO /ISl BCiX TOYOK MHOXUH S, KpiM
THUX, 110 OyJIM JOJaHi Ha IaHill iTepallii, IPOBOAUTHCS
aHaJIi3 TOYOK 3 S; 1 ;. TOUKM MHOXWH S}, nofaHi Ha k-1
iTeparii, HasuBaroTbcAd GpoHTOM Fj(2;), 3’€qHAHHS,
110 TIpeAcTaBjeHo opMyJioo 1.

UFE (%), (1)

Ha3MBAETHCS XBUJICIO.

4.3. Memod 60dodinie

Meton BomomiiiB € Momuikali€ld XBUIbOBOIO
MeToay. BBomuThest MHOXMHA TOYoK S ={i, j, B (i, )},
1110 Ha3UBAEThCSI MOBepXHel0. Ha moBepxHi BBOAUTHCS
MOHSITTS LWUISIXY BiZ TOYKM S, 10 TOUkH S,. Lsixom
Ha3UBAETLCA MOCIHINOBHICTL {.S,,, S, + 1, ..., 8,— 1, S,},
ne S; e cycigapoto 1o S;+1. Hezpocraroya nuisixom Ha-
3UBAETHCS TaKa MOCTiTOBHICTB {S; }, 1110

NS, (s Jins Blis jn))s S (s s Blins )
:m=n< B(i,, j,)< B(i,, J,)
Touka se.§ Ha3MBAETHCS JIOKAILHUM MiHIMYMOM,
SIKIIO HE iICHYE HE3pOCTalyvoro ILIIXy 3 Mo4YaTKoOM

B Touli s. ITicasi BU3BHAYEHHSI JIOKAJbHUX MiHIMyMiB
MepexoasiTh A0 TaK 3BaHOIO MPOLIECY 3alOBHEHHS

min
OaceitHiB. 3HaxomsiTh sickpaBicTb B= _ (B(i, j)).
Ly

IIpoBonsTh iTepallii, Ha KOXHill 3 SIKMX 30UIbIIYIOTh
SICKpaBiCTh B Ha OIMHMUIIIO, TTOKM HE JOCATHYTb MaK-
CUMAaJIbHOTO PiBHS sickpaBocTi. Ha KoxHiil iTeparii
MPOBOASITH PO3MITKY TOYOK 3 SICKpPaBiCTIO B MeToioM
XBUJIb. B pe3yabrati oTpuMyeEMO pO30OUTTSI 300pakKeH-
Hs1 Ha OaceliHu. [HOMi BUMLISIOTH TaK 3BaHi TOUKU BO-
JIOJLTY, TOOTO TOYKH, 1110 MAIOTh CYCI/IiB, 1110 HaJIeXKaTh
JIIBOM abo Oisblie OacediHaM. 3ajeHO BiJ 3aBIaHb
SICKpaBiCTb B MOXKHa 301JIbIIIYBaTU HE 10 MaKCUMaJlb-
HOro 3HaueHHs Bmax, a 1o O6yab-sIKOro moporoBoro
3HAYEHHSI.

4.4. 3aumms-posuiennents

Metopn mojisira€ B po30UTTI 300pakKeHHsI Ha KBa-
npatu. IloTiM TpOBOAMTHCS aHaji3 OJIHOPIAHOC-
Ti KBaapaTiB, HailyacTillle aHasi3yeTbCsl OIHOPIM-
HICTb sICKpaBocCTi. Ko KBagpar He 3ad0BOJIbHSIE
YMOBI OJHOPiTHOCTi, TO BiH 3aMiHIOETbCS YOTHMpPMa
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migkBagpataMu. SIKINO X OUISTHKA 3 YOTUPHOX CYCill-
HiX KBaJpaTiB BUSIBIISIETHCS TaKOIO, 11O JJIs HEl BUKO-
HYETHCSI YMOBA OMHOPiAHOCTI, TO 1Ii YOTUPHU KBagpaTu
00’€0HAIOTHCS B OIUH.

PesynbTaToM 3IUTTS-PO3ILIETIIEHHS] MOXE CIIYXKU-
TU Aesika CTPYKTypa 3 iHdopMalli€lo Mpo KBaapaTu,
Haluacriie — rpad, a Moxe OyTH i 300pakeHHsI, B
SIKOMY BCI MiKCeJIi BCcepearHi OMHOPIAHOI 001acTi Ma-
IOTh OTHAKOBY SICKPABICTb.

5. TekcTypHi MeTOAM

5. 1. Mampuyi 306icie

Lleit MeTon BXOOUTH A0 TPYMU CTATUCTUYHUX Me-
Toxis. LHligaxom oOUMciaeHHS AJ1s1 KOXKHOT AUITHKY TaK
3BaHOI MaTpHUlli 30i2KHOCTEl BiH 103BOJISIE BUZHAUUTH,
UM MICTITh OUISHKM 300pak€HHSI TEKCTYpPU OHTHOTO
Kjacy.

Posrnsinaerbcst minstHka NxN. MaemMo MHOXU-
Hy sickpaBocteit {B(i, j), i =1, ..., N;j=1, ..., N} 3G
rpagauisiMu ciporo. Bu3HayaeTbcsl BEKTOP 3MilLIEHHSI
d=(dx, dy). BBogutbcst MmaTpuis 36iriB Gx G, 1110 Bif-
MOBifa€ YMCIy BANMAKiB Matpuui P, EnemeHt (a, b)
Marpuui P, NOpiBHIOE YMCIy BMMAIKiB, KOJW Bif
TOYKHU 3 SICKPaBIiCTIO @ Ha BiACTaHi, 110 BU3HAYAETh-
csl BEKTOPOM d, 3HAXOIUThCS TOYKA 3 SICKPABICTIO b.
®opmanbHO i npeactaButu (2):

Ri(a,b)=Zp(a,b,(r,s)—(t,v)),r,s, (2)
ne p(a,b,(r,s)-(t,v))=1a60 0,
ta e 1, sikwo B(r,s)=a, B(t,v)=b, a0, BiHLIOMY BHU-

nauky, ta (1,v)=(r+dx,s+dy).
Ha ocnoBi marpunui P; MOXyTb Oyt obuucie-
Hi pi3Hi XapaKTepUCTUKU ZZPf (a,b), (Enepris),

a b
-3 P, (a,b)logP,(a,b), (Entpomis).
a b

5.2. Memoo mo3zaiku Xaapa

CermeHTalisi 3 BUKOPUCTAHHSIM 1IbOTO METOMY
CKJIAIAETHCSI 3 TPhOX KPOKIB: IMOOYIOBH IIPUMITH-
BiB, CKJIaJaHHsI MO3aiKu, aHali3yeJeMEHTIB MO3aiKM.
Haityacrimne misi oTpyMaHHS IIPUMITUBIB 10 300pa-
JKEHHSI 3aCTOCOBYIOTh (DiJIbTPU, SIK TPU BUAIEHHI MEX.
ITotiM 00MpaIOTh TOYKM JIOKAILHMUX MAaKCUMYMIB, 10
SIKUX 3aCTOCOBYIOTb METOJl HapOllyBaHHSI, B pe3y/ib-
TaTi YOro OTPUMYIOTh KOMITOHEHTH 3 8-MU 3B’SI3aHUX
eJeMeHTiB. OTprMaHi TaKUM YMHOM KOMITOHEHTHU abo
TOYKU JIOKATbHUX MaKCUMYyMiB BU3HAYaIOTh SIK TIPH-
MitTuBu. [asi OyayeTbcsi Mo3aiuHe po30uTTS Xaapa
JUJII IPUMITUBIB. Po3riisiHeMo moOynoBy /11 BUTIAKY,
KOJIY TIPUMITHUBU € TOYKAMMU.

IMpunyctumMo gaHa MHOXMHA S 3 TPbOX i Oijibliie
MPUMITHUBIB Ta HE BCi TOUKM JieXKaTh HA OAHINA IPSIMIiid.
PoznuBumocs nmapy Touok Pi Q. I[Tobynyemo npsimy —
reoMeTpruyHe Miclle TOYOK, piBHOBiAAaieHuX Bix Pi Q.

OTpuMaemMo ABi MiBIUIOIIMHA Hé) i Hg Jist 6ynb-
SIKOI TOYKM P MOXHa ITpOBECTH TaKe PO30OUTT 3 yciMa

Qe S. TlepeTH Bu3Haua€e 0araTOKyTHUK, BCi KpamnKu
SIKOro Oyrkue 10 P, HiX 10 Oyab-SKOI iHILOI TOYKMU.
Takuii 0araTOKyTHUK Ha3MBalOTh 0araTOKyTHUKOM
Xaapa 1 naHoi Touku. Posrisinaiors 6e3i1iu 6araro-
KyTHUMKiB, Ha3BaHe KackajgoMm Xaapa. baraTokyTHuKuU
i3 3araJIbLHUMU BJIACTUBOCTSIMU 00’ €THYIOTH B O0OJIACTI.
s obGuuciaeHHs BJACTUBOCTE 4YacTO BUKOPUCTO-
BYIOTb LIEHTP Baru i MOMEHT ILIOII OaraTOKyTHHUKA.
MoMeHT 1ol (p + ¢)-ro NopsiaKy Ajist 0araTOKyTHU-
Ka 1110JI0 MPUMITUBY 3 KOOpAMHATAMMU (X, ¥) BU3HAYa-
I0Th TaK:

m,, = g(x —)?)P (y-7)" dxdy,

ne(p+q)=0,1,2,..;X,y —KOOpAUHATHU LICHTPY Baru
0araToKyTHMKA.

YacTo BUKOPUCTOBYIOTHCS O3HAKMU:

-2 2
=i fy =R+ £ =arcte( 2
6. MomudikoBaHmii aIrOpuT™M

B pesynbTati aHasizy icCHyI0UMX METO/IiB CErMeHTa-
L1 /151 TTIOCTaB/IEHOI 3a/1aui po3Mi3HaBaHHSI HOMEPHUX
3HaKiB aBTOMOOIJISI, e CUMBOJIM MMOTPIOHO BiTOKpEeM-
JIIOBATU Bif, MOXJIMBOI TiHi 3BepXy UM 3HU3Y, IIYMiB
a0o0 IHIIMX NOIIKOIKeHb HOMEPHOI'O 3HaKy, OyJIO BU-
pillIeHO PO3POOUTH €BPUCTUYHUM aJrOPUTM CErMeH-
Talii Ha OCHOBI METOIy HApOIIyBaHHS KOPIOHIB.

3anponoHoBaHa Moaudikalis MOpU3HAYeHa IS
CeTMEHTallil HEeTEKCTypOBaHMX ab0 CJIa0KOTEKCTY-
poBaHMX 300paxkeHb. MeTa — BUIiJICHHSI 00’€KTIB (B
TOMY YMCJi JEKUJIBKOX) Ha 300pakeHHI i BUIAJICHHS
¢ony. BuninsaoTrh 06’ €KTH, 110 LIJIKOM IIOTPAILISIOTH
B MEXKi 300pakKeHHS.

ITpouenypu cermeHTauii i posmni3HaBaHHSI Tpa-
LIOI0Th 3 OiHApPHUM 300paXXeHHSIM, TOOTO TiIbKU 3
YOPHUMHU i OinuMu mikceasiMu. Tomy Tepul HixX BU-
KOHYBAaTH poOOTYy 3 JaHUMM MpolieaypaMu, HOTPiOHO
BUXiTHE KOJIbOPOBE 300pakeHHs IIPUBECTU A0 OiHAp-
Horo Bupay. Lle 3aBOaHHST BUPIILIYETHCS B ABa €TAIlM.
Ha nepiiomy erani KoJibOpoBe 300pake€HHSI MepeTBO-
PIOETBCS B YOPHO-0iJIe i TIpeaCcTaBISIEThCI B Tpagalli-
SIX ciporo. [J1s1 KOXHOTrOo IiKcest 00UMCII0EThCS MOro
SICKpaBiCTh B MexKax Bi HyJist 10 255. PiBHIO sickpaBoc-
Ti 0 BiAIIOBinae YyopHMIi KOJIip, piBHIO 255 — Oinuii.

Hpyrum etarom €, BiacHe, OiHapizailisi. Pesynabrar
OiHapizallii 3a71eXXuTh Bifl 3a31aJeriib 3aJaHOro napa-
MeTpa — CITiBBiIHOIIIEHHSI YOPHUX IMTiKCENiB i 3arajb-
HOI iX KiJIbKOCTI Ha 300pakKeHHi.

AnroputM GiHapizallii 300pakeHHS CKIaJa€ThCS 3
HaCTYITHUX KPOKIiB:

— CTBOPIOEMO OIHOBUMIipHUIA MacuB [ 3 256 eje-
MeHTiB (Bin 0 10 255). 3aMoBHUTH OTO HYJISIMU;

—IIPOXOAEMO ITIKCEJIb 3a ITKCeJIeM yci 300pakeH-

Hsl. 30UIBIIMTU HA OJMHUILIIO 3HAYEHHSI B OCEPEIKY
MacuBy /I, BiImoBigHOi sickpaBocTi mikcenst i(/[i]++).

==l
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Y niacymKy, 3Ha4eHHST KOXKHOIO ocepenKy MacuBy I[i]
OyJe TOopiBHIOBATU KiJILKOCTI ITIKCEJIiB SICKPaBOCTI PiB-
Hsl [ Ha LiJIoMY 300paKeHHi;

— Ha LIbOMY KPOIli BU3HAYAETHCS MOPIT sICKpaBOC-
Ti a. [Ipunyctumo, N — 3arajgbHa KiJIbKIiCTb TiKCeJiB
(BUCOTa MOMHOXEHA Ha IIUPUHY), kK — KOeillieHT,
110 BU3HAYAE KiIbKiCTh YOpHUX MiKceiB. Toai kN no-
piBHIOBaTUMeE 0axkaHOI KiJIbKOCTI YOPHUX ITiKCeJIiB Ha
OiHapHOMY 300paxkeHHi. IlimcyMOByeEMO 3HauYe€HHS
ocepenKiB MacHBY, IOYMHAIOYM 3 HYJILOBOI 10 THX ITip,
MOKM 3HAYEHHs 1€l CyMU He TepeBuillyBaTUMe kN.
Inaekc octaHHBOI CyMM OcepeaKy i Oyzie Moporom a;

— IOBTOPHO IPOXOAMMO ITiKCEeJIb 3a IiKCeIeM YCi
300paxkeHHs1. [IopiBHIOEMO piBeHb SICKPABOCTI KOXK-
HOTO ITiKCeJIsI 3 MOporom a. SIKiio 1eit piBeHb MEHILIE
a0o0 IOPIBHIOE @, TO ITKCEJb CTAE YOPHUM, iHAKIIE —
OiuMm.

OTpuMaBiyu GiHapHE 300pakeHHS MePEeXOaUMO 10
eTalry CerMeHTallil.

CermMeHTallisl CKJIaIA€ThCS 3 TPOX €TAIliB, KOXEH 3
SKMX OTIMCAaHUI BUIIE, K il caMocTiiiHUI MeTon. Ha
repiiomMy erari 10 300pa>keHHS 3aCTOCOBYETHCSI METOJT
3IUTTSI-PO3IIETIEHHS. B pe3ysibTaTi BUIaasoThCs He-
3Ha4YHi HeomHOpigHOCTI. HacTymHmii eTan — BUmijieH-
Hs1 KopnoHiB. Ilpu mociigmyBaHHI BUKOPMCTOBYEThCS
omnepatop Jlamaca [9] sk HaiOGiNbII YHiBepCATbHUMA
1 IKUI piBHOMIpPHO BigoOpaxkae Ieperanu scCKpaBoc-
Teil B ycix HanpsMKax. BUXoauTh HOBe 300paXkeHHs,
1110 CKJIAJAETHCS 3 KOHTYPIB. ¥ MporpaMHOMY MOJYJIi,
10 TaKOX OYJIO pOo3po0JIeHO, 3aCTOCOBYETHCSI HOP-
MaJizallisl SICKpaBOCTEei, 1100 Jiana3oH ixX 3MiHU OYB
dikcoBaHuM. TpeTiii eTanm — 3acTOCYBaHHSI 1O HOBOTO
300paxkeHHsI po3po0JIeHe NOOIpalIOBAHHS 111 METO-
Jly HapolllyBaHHS KOPJOHiB. B pe3ysibTaTi BUALISIETHCS
¢oH i Aesike yucao odsacTeit, He TOMiUeHUX SIK (POH,
sIKi BBAXKQEMO BUAUIEHUMU 00’ €KTaMU.

CerMeHTalliss  NPOXOAMTb  3JliBa  Hampaso.
BinmykyeMo Touky, 110 Migo3pija Ha IIpUHAJIEKHICTh
CUMBOJIy. 300pakKeHHsI CKAaHYETbCS BEPTUKAJIbHUMMU
cMmyramMu. Marouum Ha yBa3i WMOBIpHICTb TiHi, IpoO-
IMyCKAaEMO TOUKMU TOB’sI3aHi 3 BEPXOM i HU30M pacTpa.
Touka, siKa He Ma€ TaKoro 3B’513KY, epeaaeThCs aaro-
DPUTMY BUIIJICHHSI CHMBOJTY.

AJITOPUTM TIOLIYKY TOYKH, ITiZO3pia0i Ha MpUHA-
JIEXXHICTb CUMBOJLY:

1. ITouaTkoBOI0O cTa€ JiBillla BepTUKaJbHA JIiHis
MiKCeiB.

2. IloynHawouyu BiJi BEPXHBOTO MiKCEsl, 3HUXKYEM-
Csl BHU3, TIOKM HE 3yCTpiHEeMO Outnii mikcenb. Tak Mu
OTPUMYEMO BEPXHIO MEXKY 00J1aCTi MOIIYKY.

3. IlounHar4M BiJl HUZKHBOTO MiKCess, MigHiMae-
MOCSI BrOpy, ITOKM He 3ycTpiHeMo Oiiuii mikcesb. Tak
MU OTPUMYEMO HUKHIO MEXKY 00JIaCTi MOIIYKY.

4. 'Y BunineHiit o0JacTi MOMIYKY IIYKAEMO TIEPIITY-
JIIMIIY YOPHY Kpariky, sIKIIO TaKoi He 3HailleHOo, TO
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IMMOTOYHOIO CTAa€ HACTYITHA ITpaBimiatiHis. [Tepexonumo
Ha KpOoK 2.

5. 3HaligeHa To4YKa MePedacThbCsl arOPUTMY BUIi-
JIEHHSI CUMBOJTY.

Bin o6paHoi Touku OyIyeThCSI YOTUPU3B’SI3HA 00-
Jacth. TakuMm yMHOM, BUAISETbCS cuMmBo. Hakia-
JTal0ThCsI OOMEXXEHHSI Ha IIIMPUHY 00JIacTi, 3 OIJISIAY Ha
MOXKJIMBI 3/TMBAaHHSI CUMBOJIIB TiHHIO i IIIyMOM.

MoaudikoBaHMiA METOH IOOMpalbOBaHUI TaKUM
YUHOM, 1110 B HbOMY BPaXOBYEThCSI HMOBIPHICTb IOSIBU
TiHi HA HOMEPHOMY 3HaKy 3BepXy UM 3HU3Y.

PexypcuBHUIi a1rOpuT™M BUIIJIEHHSI CUMBOJTY CKJla-
JAEThCS 3 TAKMUX KPOKIB:

1. Touka 1o3HavyaeThCs HAJIEXKHOIO CUMBOJY.

2. SIK1110 BepxHs CYCilHSI TOUKa € YOPHOIO, TO IIe-
pexoaumMo Ha Kpok 1.

3. K110 HMKHS CYCiIHS TOUKA € YOPHOIO, TO TTepe-
XOJIMMO Ha KpoK 1.

4. Bu3HaYaeEMO MOXXJIMBICTb PO3MJISIAY CYCiAHIX TO-
YOK 3J1iBa i cripasa. Jisl LIbOro JOCIiIXKYEThCS BEPTU-
KaJIbHa JIiHIS TKCcemiB, B SIKil 3HAXOIMThCI MOTOYHA
TOYKA.

a) k1o BepxHili mmikcesb € OiUIMM, TO TIEPEXOUMO
Ha KpoK 5.

0) 3HMXKYEMOCS] BHM3 110 JIiHii, TOKU He 3yCTpiHEMO
01Ty TOUKY, SIKILIO TaKO1 HE 3HAliIeHO, ITePEXOAUMO Ha
KpOK 5.

B) IIponoBXyeMO pyX BHU3, IOKM HE 3YCTPiHEMO
YOPHY TOUKY, SIKIIO TaKOi He 3HAIIEHO, TO MEPEXOau-
MO Ha KpOK 3.

r) AKIo HUXKHIl MiKCeab € OUTUM, TO TIEPEXOIUMO
Ha KpoK 5.

1) IlimHiMaemocs Bropy IIo JIiHil, IIOKM HE 3yCTpi-
HeMO OiJly TOUKY, SIKIIIO TAKO1 He 3HaiIeHo, TO nepe-
XOJIMMO Ha KPOK 3.

e) [IponoBxyeMo pyx Bropy, Moku He 3yCTpiHEMO
YOPHY TOYKY, SIKIIO TaKO1 HE 3HaIEeHO, TO MepeXoau-
MO Ha KpOK 3.

€) Sxuo jiBa CycimHs TOYKa € YOPHOIO, TO Iepe-
XOIMMO Ha KpoK 1.

%K) SAKI1110 MpaBa CyCiiHsSI TOUKa € YOPHOIO, TO Tepe-
XOJIMMO Ha KpoK 1.

5. Buxin 3 pexypcii.

Kpoku 4.a-4.x € noornpalfoBaHHSIM, i HECYTb B 001
HacTyIHMIA ceHC. BiuHi CyCigHi TOUKU pO3IJISiIal0Th-
Csl TUIBKW B TOMY BUITAJIKY, SIKILIO JIiHis1, B SIKiii 3HaXO0-
JIUTHCS TIOTOYHA TOUKA, CKJIAAAETHCS OLIbII HiX 3 ABOX
BiIpi3KiB pi3HOTO KOJIbOPY. Y TepeBakHill OiIbIIOCTI
BUMAKIB iHIIIA CTPYKTYpa JIiHil BKa3y€ Ha Te, 1110 YOp-
Hi TOYKM HajIeXaTh TiHi, i pO3[JIsiIaTh 1X HEMA€E CEHCY.

Ha Buxoai oTpumyemMo oOpaMJIEHHSI CHUMBOJY.
HactynHa mnimo3pina Touka IIYKAaeTbCs Bij MNpaBoi
MeXi paHillle BUILJIEHOTO CUMBOJY. Y MiICYMKY OTpU-
MYy€EMO Habip oOpamJjeHb, He BCi 3 SKMX BUIIISIOTH
cuMBOJI. [IpiOHI 0OpaMiIeHHST BUAAISIIOThCS.
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7. Pe3yabTaTi MAIIMHHUX €KCIIEPUMEHTIB

OwiHIOBaTU METOOM 3 TOUKM 30pY iX 3aCTOCYBaH-
HsI B CHCTeMaX KOMII'I0OTepHOI0 30py MOXHa 3a SIKic-
TIO TIPUIIYyLIeHHs (DOHY, TiHEH Ta IIyMy i BUAUICHHS
00’€eKTIB Yy BUIJISIAI 3B’SI3HMX O0JIACTEM CHMBOJIIB Ha
HoMepi aBTOMOOLTI0. OCKIJIBKM Y TIOCTaB/IeHIi 3aaa4i
00’€eKTOMpPO3ITi3HAaBaHHS € HOMEPHUI 3HAK aBTOMOOi-
JIsl, TO OCHOBHMMU KPOKaMU CerMeHTallii €:

— 3HAXOJKEHHST aBTOMOO1JIS;

— 3HAXOKEHHSI IUINTU PEECTPALIiiHOTO HOMEpY
aBTOMOOIJIS;

— BUJIIJICHHS] CHUMBOJIiB HOMEPHOTI'O 3HAKY.

Y nmaniit 3agadi MOHATTIM «00’€KT» € HOMEPHMIA
3HaK, TOMY BUKopucTaemo iHpopmaiito 3 [OCTy
[10] nnst popmanizaliii i MOXKJIMBOCTI BUMaraTu Hai-
TOYHilllE BUMILJIEHHS CUMBOJIIB HOMEPHOTO 3HaKy 0e3
BUIIJIEHHST TiHEH, IIyMiB a00 IHIINX ITOIIKOMIXKEHD.
OTXXeBUMOTY 10 3aBAaHHS MOXHa CIPOCTUTHU: TO-
BUHHI OyTWM BMAiJCHI NMPUHAWMHI KJIHOYOBi YaCTUHU
00’eKTa, HeOOXiAHI IJIs pO3Mi3HABAHHS 1O0T0 OKPEeMHUX
CUMBOJIIB.

s aHatizy MeToiB 00paHO 300paXkeHHSs, TUTIOBI
IIJISI TTocTaBiieHoi 3agadi. Homepu Oynu po3mineHi Ha 3
IPYIU: HOpMaJibHi — HOMepa, ae Haxui MeH1e 30 rpa-
JIyCiB YiTKO BUIHO LMGPU i OYKBU; ITiJ KyTOM — HO-
Mepa, Ae KyT Haxuy Oinbiie 30 rpaayciB i 3 CUIBHUM
CIIOTBOPEHHSIM; 3 Ae(eKToM — po3(OKyCcoBaHi, 3Ma-
1LIeHi, OpYAHi, 3 HU3bKUM JO3BOJIOM.

PesynbTaTit 06poOKu 300pakeHb KOXKHUM 3 OITMCa-
HUX METOiB HaBeIeHI B TAOJIMIII.

Tadauus
EdekTuBHicTh aniropuTMiB cermeHTamii

Tun po3nizHaHHSI3HAKIB aBTOMOOLTIB
Hopmanb- ITig
Anroput™m HU HaxuioMm | 3 nedpekToM
(xyT <30) (xyT >30)
To4uHICTh/TTOMUIIKA
I'paHnuHmit 0,85/ 0,69 / 0,78 /
METOL, 0,2 0,38 0,27
Hapomysanus 0,89/ 0,73 0,75/
KOpIOHIB 0,42 /0,4 0,43
. 0,83 0,72 0,71
AHaJi3 KoJbopy 0, 4/ 0, 38/ 0. 43/
LlenTpoigHoTrO 0,85/ 0,66/ 0,74 /
3B’SI3yBaHHSI 0,33 0,45 0,48
XBUJTLOBUI 0,88/ 0,76 / 0,8/
METO/I 0,27 0,35 0,38
Meron Bogo- 0,9/ 0,82/ 0,79/
TIiJ1iB 0,26 0,36 0,35
3auTTS — pPO3- 0,83/ 0,79 / 0,78 /
LICTUICHHS 0,38 0,41 0,41
C 0,85 0,70 0,77
Matpuiii 36iriB 0’29/ 0. 57/ 0, 37/
Merton Mo3aiku 0,87/ 0,77 / 0,81/
Xaapa 0,38 0,43 0,32
MonudikoBa- 0,93/ 0,87/ 0,86/
HUI aJITOPUTM 0,24 0,32 0,27

[e i3 BUKOpUCTaAaHHSIM MOAM(IKOBAHOTO aJrOpPUT-
My OTpMMaHO HalKpallli pe3yJIbTaTH 3a 3alpoIOHOBa-
HUMM TUITAMU pO3ITi3HABaHHSI.

8. BucHoBku

AHaJi3 BiJOMMX METOJIB CErMEHTAallil 3 TOYKHU 30py
MPaKTUYHOTO 3aCTOCYBaHHS JIO3BOJUB BUSBUTH 1X
OCHOBHIi XapaKTepUCTUKU i HAa OCHOBI PO3IJISIHYTHUX
METO/iB 3alpOoIIOHYBaTM KOMOIHOBAHMII aJIrOPUTM,
HalOiIbll e(heKTUBHOBUKOHYE CETMEHTallil0 3 TOY-
KM 30py CHUCTEM KOMIT'IOTEPHOro 30py. AJITOPUTM
aBTOMaTUYHO BUILISIE O0’€KTU abo, JJs1 CKIAIHUX
00’€KTIB, IX KJIIOYOBI YACTUHH.

ExcrniepuMmeHTanbHa nepeBipka roxkasasa, 1o KoM-
OiHallisI METOIB AA€ XOPOIIli pe3yJIbTaTH SIK IJISI OMHO-
ro, TakK i I JeKiJIbKOX 00’€KTiB, III0 MalOTh HaBITh
He3HayHi BiAMiHHOCTI BiJ (pOHY IO SICKpaBOCTi. ¥ Be-
JIMKUX 00’ €KTiB, 110 CKJIAJAaI0ThCS 3 IeKIJIbKOX YaCTUH
Pi3HOI SICKPaBOCTI, BIAJIOCS BUALIATH KJIIOYOBI YaCTU-
HU. TakyM YMHOM, JOCSITHYTA MeBHA YHiBepPCaJbHICTh
po3po0bieHOro MoauGiKOBaHOIO aJifOPUTMY ILIOJ0
Pi3HUMX TUIIiB 300paXkeHb PEECTPALifHOIO 3HAKy aBTO-
MOOLJISI.
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DETECTION OF BLOOD CELLS

The structure of the medical image analysis system is considered. The algorithm of the blood cell recognition
system is given. Formulated the main tasks to be solved during the morphological analysis of blood. The require-
ments for the algorithm in determining the leukocyte formula and the detection of blood corpuscles on a smear
were determined. A model of color-brightness characteristics is proposed for describing typical images of a blood
smear. The threshold values of the sizes of objects are determined when searching for cells. A histogram of the
brightness of a typical field of view was investigated. A two-step algorithm for detecting blood cells is described,
as well as an algorithm for constructing a dividing line on the plane of relative colors. The results of experiments
on real preparations are given. The causes of detection errors are considered.

CELL COUNTING, DIGITAL MICROSCOPY, IMAGE SEGMENTATION.

Introduction

In the tasks of analyzing images obtained with a mi-
croscope, in the framework of cytological studies, it is
often necessary to count the number of cells of a certain
type. When examining blood products, an important
task is to count the number of red blood cells, based on
the indices of which it is possible to diagnose disorders
in blood formation or damage to red blood cells due to
various factors.

Among the blood cells distinguish erythrocytes, leu-
kocytes, platelets. The erythrocyte is a nuclear-free cell
of pink color, having the form of a somewhat flattened
ellipsoid with a depression in the center with an aver-
age size of 8 microns. Leukocytes differ from erythro-
cytes in their larger size, amounting to 9—20 pm, in the
presence of the nucleus and in the nature of their color,
which can be violet, pinkish, or bright red. Platelets are
nuclear-free formations of a round or oval shape with a
size of 1-3 microns, with a red-violet center and a pink-
ish-blue periphery.

There are various methods for counting red blood
cells in the blood, some of them use the already mod-
eled base of images of blood cells and their character-
istics [1—4], some use threshold decomposition [5] or
segmentation using the method of a controlled water-
shed [6]. There are approaches in which the color char-
acteristics of the image [7, 8] or texture characteristics
[8] are used for segmentation. In [9], it was proposed to
use the algorithm of the active contour model for the
selection of cell contours.

The main problem with counting cells is that they
can overlap with each other, as well as change their
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shape in a certain range. The presence of extraneous
noise, foreign objects in the field of view of the micro-
scope further complicates image analysis.

In this work, in order to reduce the effect of noise, it
is proposed to use median filtering of images [10] with
the subsequent extraction of cell contours by the Canny
boundary detector [11]. To improve the recognition of
borders, the image is additionally contrasted.

1. General scheme of the algorithm

When leukocytes are detected, two methods of seg-
mentation of “primary objects” are used. At the begin-
ning of the screening, information on leukocyte and
erythrocyte colors in this preparation is assumed to
be unknown. Therefore, a one-dimensional iterative
method is used, based on the study of the peaks of the
brightness histogram. After it has found several nuclei
of leukocytes and accumulated information about the
colors of erythrocytes, a straight line separating the
colors of the nuclei and the color of erythrocytes is built
on the plane of relative colors fR, fB. If the border be-
tween the colors of erythrocytes and nuclei is drawn
“with a margin” (errors of the first and second kind are
small), it begins to be used for segmentation. So, when
selecting primary objects (possibly, nuclei), the transi-
tion from the one-dimensional method to the two-di-
mensional method takes place: instead of segmentation
of the brightness histogram, the segmentation of the
color plane is performed. The latter option is more sta-
ble: there is no danger of missing light nuclei, it is easier
to work with poorly focused frames, it is not necessary
to accurately determine the position of the peak of the
background [4].
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The algorithm for extracting fragments consists of
four steps.

1. The selection of primary objects - possibly nuclei.
In this case, two different segmentation methods are
used — according to a histogram of brightness or on a
color plane. The second method is preferable, but at the
initial stage of sample accumulation the first one is used.

2. Verification of primary objects for compliance
with an already accumulated sample of nuclei, which
is possible if the number of accumulated objects more
than 5. Primary objects are classified into nuclear frag-
ments and artifacts.

3. Fragments of nuclei are combined with each oth-
er, and an attempt is made to build cytoplasm around
them. As a result, we obtain a rectangle, inside which
there is one leukocyte.

4. If a brightness histogram was used for the segmen-
tation of the primary objects, and there were several
peaks on it, possibly corresponding to the nuclei, then
the number of found nuclei pixels is compared with the
estimated (number of pixels in the peak). As a result of
testing the hypothesis of which peak should be consid-
ered the peak of the nuclei, it can change and the algo-
rithm can be started from the first step anew.

As a rule, there is no need for iterations; the
algorithm consists of three steps: primary objects —
nuclear fragments — leukocytes.

2. A segmentation algorithm based on a brightness
histogram

The proposed leukocyte detection algorithm consists
of two stages, which can be repeated several times for
the same frame. At the first stage (based on the study
of the histogram of the brightness of the frame and the
history of the search) are selected threshold values for
brightness G and share blue f B. At the second stage,
the sets of pixels that meet these conditions (primary
objects) are examined to determine whether they can
be considered as leukocyte nuclei. If the total number
of pixels in these fragments is significantly less than
the previously estimated number, then the selection of
threshold values is considered unsatisfactory and the
algorithm is launched again, etc.

The first stage is the study of the histogram, the
choice of threshold values. The first step is to localize the
peak associated with the image background, which will
later be the reference, both when calculating the optical
density and when determining the relative colors for the
remaining pixels. Absolute values have to be used only if
the background peak is not localized. An extreme right
peak with a rather small dispersion is chosen as the peak
of the background pixels: the standard deviation is less
than 10 digits [5].

Next, a list of maxima (peaks) is compiled that could
correspond to leukocyte nuclei. To do this, their optical
density must be sufficiently large (the empirically found

boundary > 0.6) and the average blue fraction f B= B/
(B+ G+ R) for pixels at this maximum should exceed
the same value for the background by 0.03 (empirically
found border). If there are several such suspicious
maxima, they are selected sequentially one after the
other (in this case the second stage of the algorithm is
called), starting with the brightest one. Held threshold
segmentation by brightness and relative proportion of
blue G< Gmax; fB= B/(B+ G+ R) <fBmax.

The obtained primary objects are compared with
already existing nuclei. If they are not qualified as
nuclei, and this is possible in the presence of optically
dense and bluish red blood cells, stains of paint, large
platelets, then the next maximum will be selected. If the
leukocyte peak is not distinguished at all, then threshold
values are used, which are no longer based on the
current histogram, but on the prehistory of the search,
and if there is none, then on a priori values.

The second stage is the study of the obtained
fragments. This part is independent of the method by
which the primary objects were obtained. The algorithm
for checking selected objects consists of three cycles.
In the first cycle, too large (4 > 2000 pm?) and too small
(4 <11 pm?) objects are discarded.

Further, the optical density and color characteristics
are measured. If there is a prehistory of the search,
then by the criterion of “three sigma” excessively light
objects with a low optical density are discarded and the
procedure for checking colors is called. The remaining
objects are placed in the class of conditional nuclei of
leukocytes.

In the second cycle, the completion of the cytoplasm
around the nucleus takes place on the remaining
objects. To the cytoplasm include a coherent set of
nearby pixels, which with a high probability (more than
0.95) are not pixels of red blood cells or background.
The constructed set is rejected if it is too large (more
than 2000 pm?) or the form factor of its external border
(square of perimeter / area) exceeds a sufficiently large
value (more than 50). It is often enough, with a close
diligence of the white blood cells of similarly colored
erythrocytes, the cytoplasm cannot be completed in
such a simple way. Then the core or its fragment is
placed inside a rectangle with added frames of 15 pm.

After completing the cytoplasm, agglutination of
nuclear fragments is performed. This is necessary since
the nuclei of neutrophils are detected in the form of
several fragments. In this case, the separation of cells
that are close to each other. This is possible if the cells
lie in islands that are not connected with each other,
surrounded by background.

After the second cycle, the objects obtained are
considered as separate leukocytes. In the third cycle,
the sizes of these objects are checked again, and too
large objects are discarded.
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If the segmentation used a brightness histogram,
then at the end a check is made for the consistency of
the assumptions and the results obtained. For this, the
found number of pixels of leukocyte nuclei is compared
with the number of pixels at the peak of the histogram,
which was assumed to be the corresponding nuclei. If
the differences are significant (exceed> 50%) and to the
left of the peak of the supposed leukocytes there was
another one, then the above algorithm runs again. In
fig. 5 shows the scheme of the detection of secondary
objects.

Algorithm for checking the primary object for
belonging to the leukocyte nucleus group. Leukocyte
nuclei do not constitute a homogeneous group.
Therefore, it is not necessary to relate strictly to checking
for the belonging of a new object to a two-dimensional,
normal distribution, even for average values of relative
colors. In addition, in the smear screening process, it
is desirable to use the verification algorithm as early
as possible when the number of objects accumulated
is small. Therefore, the algorithm proposed below is
heuristic. It is based on the following provisions.

1. Each new object is compared with two groups: a
group of nuclei and a group of red blood cells.

2. When determining the probability of a new
point belonging to an existing group, the probability
is calculated twice. In the first case, the probability P,
is calculated before the point is added to the existing
statistics, and in the second case — P,, after such an
addition. Obviously, P,> P,. Such a calculation of two
probabilities at once is necessary if decisions are made
on the basis of small samples, and the number of objects
accumulated without checking is usually just a little —
about 5. If the number of objects in a group exceeds
several dozen, the difference between P, and P, almost
disappears.

3. If the object under study is more “blue-red” than
already accumulated nuclei, then it is accepted in any
case. In other words, the possibility of emissions in this
“blue-red” side is not taken into account. Conversely,
if the object is more “green” than red blood cells, then
it is rejected in any case.

4. If the probability P, calculated relative to the
group of erythrocytes is greater than the corresponding
probability calculated relative to the nuclei, then the
object is rejected.

5. If a decision is not taken on the basis of the
preceding paragraphs, then it is made taking into
account three probabilities. The probabilities P; and
P, estimate the deviation of the average value, and the
probability P; — the deviation of the area of the ellipse
of scattering from the characteristic for a group of
nuclei. The object is rejected if P, <0.01 or P; <0.01.

For a given primary object, the corresponding
probabilities P, = 0.53, P, = 0.65, P, = 0.45 are high, so
it will be correctly qualified as a core and added to the
statistics of nuclei.
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3. Erythrocyte isolation
and counting method

The one-dimensional median filteris a “sliding win-
dow” with a length of N samples, in which the central
element is replaced by the median (ie, the middle el-
ement of the sequence, ordered in ascending order of
the signal values in the “window”). Thus, the operation
of the median filtering of a K-dimensional sequence of
signal values s(k) = s(x;), k =1, ... K characterized by
the ratio

med {S, } =

I<ksN

0,5(s, +5,.1),N =2n
s,,N=2n-1,

where the fixed value n = 1, 2, ... determines the filter
aperture.

The next stage consists in the selection of bounda-
ries, after which the method of connected components
with a connectivity criterion along eight neighbors is
separated into individual contours. For each connect-
ed region, the area of a convex polygon describing the
contour is calculated. For given thresholds, sections
that are too large or too small are cut off. Thresholds are
selected based on the estimated real cell area.

Then, points are selected from each individual con-
tour at equal intervals along the contour length. The
points are connected in pairs with each other, and a
perpendicular is drawn through the middle of the ob-
tained segment. It can be described by the equation

X —X Y4 J’zz _J’12 +x22 —x12
Y= 23, -w)
where (x;, ;) — coordinates of the first point;
(x,, y») — coordinates of the second point.

The location of the intersection point of adjacent
perpendiculars is preserved. The point of intersection of
two perpendiculars is calculated as
b, b

b
a —a,

y=-

X =
y=ax+b=ax+b,

V=N
perpendicular; b=

where a= — coefficient of inclination of the

VYA xs - x;

2(»n-n)
of perpendicular displacement.

The operation is performed for all pairs of perpen-
diculars for the various steps of taking points. As a re-
sult, a cloud of points is formed, which are located more
densely in areas that are the centers of the radius of the
contour curves.

Cells stuck together with one another or superim-
posed one upon the other are rather difficult to seg-
mentation by methods based on analyzing the size
or shape of the areas inside the contours. Gaps in the
contours complicate the contour segmentation of cells.
The proposed method is a single image for all areas of

— the coefficient
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the contours of their centers, thus allowing to solve the
problems indicated above.

The picture, composed of the obtained points of
intersection of perpendiculars, undergoes morpho
logical processing, as a result of which only dense and
rather large clusters of points remain. These clusters
correspond to the putative cell centers. Using the
method of connected components, clusters are count-
ed, which should correspond to the number of cells in
the image.

4. Experimental results

In an experimental study of the proposed method,
an image of a blood sample was taken using a micro-
scope (Fig. 1).

Fig. 1. Test picture

First of all, the image was converted from color to
black and white. The window size in the median filter-
ing was selected based on the average cell size and was
16x16 pixels, which corresponds to 20% of the cell di-
ameter. The result of the median filtering of the test im-
age is shown in Fig. 2.

Y

Fig. 2. The result of median filtering

After linear image contrasting, a Canny boundary
detector was applied (Fig. 3). The Canny algorithm
first smoothes the image to remove noise. Borders are
then selected where the gradient of the image acquires
the maximum value, with only local maxima marked

as borders. The next step is to determine the poten-
tial boundaries of the double threshold filtering. Total
boundaries are determined by suppressing all edges that
are not associated with specific boundaries.

As thresholds for removing too large or too small
contours in the image, two values were chosen: 0.05S
as the lower threshold and 4S as the upper threshold,
where S is the approximate area of the cell image calcu-
lated on the basis of its diameter.

Fig. 3. Image of edges with large and small contours removed

As a result of the construction of perpendiculars
(Fig. 4), for the segments between points taken with
3—40 pixel intervals, a cloud of intersection points was
obtained for each contour (Fig. 5).

Fig. 5. Point clouds
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The number of connected components was 220. The
real number of cells in the image was obtained equal to
209. The number of false positives was 23, the number
of unrecognized cells was 12. The method was tested on
four different images containing blood cells. The av-
erage probability of correctly counting the number of
erythrocyte cells was 86%. Compared with the methods
using threshold decomposition [5] or segmentation by
the method of controlled watershed [6], the proposed
method gave the best results. However, in comparison
with the methods proposed in [1—4, 9], the probability
of correctly counting the number of cells turned out to
be less, since the border detector incorrectly selected
edges on test images due to strong noise and the pres-
ence of fuzzy boundaries. For such images, additional
preprocessing methods are needed to improve the ef-
ficiency of edge extraction.

Plots with an area of less than 5 pixels were removed
from the image of a cloud of points, and then the op-
eration of closing a binary image with a mask of 8x8
pixels was performed. The result of the morphological
processing of the image of intersection points superim-
posed on the original image is shown in Fig. 6.

Fig. 6. Morphologically processed image of intersection points
superimposed on the original image

Conclusions

Due to the fact that a border detector is used to iden-
tify cells, the segmentation results do not depend on the
color of the cells, their texture and internal structure.
The method with rather high accuracy segments the
cells stuck together with each other or superimposed on
each other. In conditions of noisy source image method
showed good results.

The proposed algorithm allowed segmentation and
counting of blood cells with an accuracy of 86%. The
number of false cell detections is on average higher than
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that of other methods, which can be explained by the
presence of a large amount of noise on the test imag-
es, as well as by fuzzy cell boundaries. A higher prob-
ability of correctly counting the number of cells can be
achieved if, in parallel with the proposed method, you
use others, specifying the result of the segmentation of
one method by the results of another, as well as using
other algorithms for preliminary processing of the origi-
nal image. In the future we plan to develop an algorithm
for image preprocessing to increase the efficiency of the
proposed method, as well as a combination of the pro-
posed method with others.
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BIOMIMETICS: NOTIONS, PROBLEMS AND TECHNOLOGIES

INTELLIGENCE

Biomimetics is an imitation model of systems and elements in the nature to solve complex human problems.
Living organisms have well-adapted structures and materials for natural selection and have evolved over many
years. The study of biomimetics technologies and their application in different areas can play an important role
in the perfect economic development. This article touches upon various aspects of biomimetics and analyzes its

technologies. The further development of these technologies in the future is intended.
BIOMIMETICS, TECHNOLOGY, BIOMIMETIC DESIGN, FLIGHT

Introduction

In the mid-20th century, a new scientific area began
to form and was called “pattern recognition”. The main
purpose of this scientific area was to determine the class
which the recognized object belongs to. Objects close to
each other for their features were classified [1]. As the
“recognition of images” developed, other related areas
began to emerge and develop. One of them is biomi-
metics.

Biomimetics driven from Greek word (bios-life,
mimetis -imitation) is an imitation model of systems
and elements in the nature to solve complex human
problems [2]. Living organisms have emerged and de-
veloped from a well-adapted structure and materials
for natural selection. Biomimetics has developed new
technologies based on biological solutions of macro
and nano scale. For example, in the early stages of the
development of biomimetics, the structure of birds was
well-studied for man to fly.

Biomimetics studies the biological systems and pro-
cesses to apply the knowledge obtained from nature
to solve technical issues. Biomimetics enables people
to create original technical systems based on the ideas
found and obtained in nature. Biomimetics proves that
people’s inventions exist in living things, for example,
hook and sticky fabric are invented based on bird’s
feathers.

Biomimetics is closely related to biology, physics,
chemistry, cybernetics, engineering sciences, electron-
ics, and so forth.

Biomimetics studies the work of human brain and
explores the mechanism of memory. It intensively ex-
plores the sense organs of animals and their responses
to the environment (figure 1).

Fig. 1. Human brain

The main fields of Biomimetics studies primarily

cover the following problems.

» Study of neural networks through human nervous
system;

» Study of sense organs and perception system of
living beings for the development of new sensors
and detection systems;

» Study of orientation, location and navigation
principles of various animals for their use in tech-
nical fields;

» Study of morphological, physiological and bio-
chemical features of living organisms for the de-
velopment of new technical and scientific ideas.

Living organisms have emerged and developed from

a well-adapted structure and materials for natural se-
lection. Biomimetics has developed new technologies
based on biological solutions of macro and nano scale.
For example, in the early stages of the development of
biomimetry, the structure of birds was well-studied for
man to fly.

One of the most famous examples of biomimetics is

a human flight (figure 2).

Fig. 2. Flying man

One of the most famous examples of biomimetics is
a human flight. Leonardo da Vinci is known as the main
challenger to design to carry out the first real research of
birds’ and human flights in the 1480s. His famous origi-
nal design, known as Ornithopter, had never been cre-
ated, but was instructed to show the human potential to
fly. His famous original design, known as Ornithopter,
had never been created, but was instructed to show the
human potential to fly.
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Leonardo da Vinci (1452-1519) repeatedly observed
birds’ flight, describing them in his works (Figure 2),
however he did not deal with that area. Although he was
not able to create an “airplane,” he was an observer in-
terested in anatomy and bird’s flight, and left numer-
ous notes and sketches, as well as the sketches of “flying
machines” [3] (figure 3).

ki
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Fig. 3. Sketch of three-dimensional apparatus
by Leonardo Da Vinci

In 1903, American engineers the Wright Brothers,
who were able to take off the first heavy aircraft, were
inspired by the pigeons in flight [4].

In 1950, American biophysics and polymath Francis
Otto Schmitt developed the concept of biomimetics.
He studied squid nerves in his doctoral thesis and at-
tempted to develop a compatible biological nerve pro-
liferation device [5].

1. Biomimetic design

Due to the consistent development of nature over
the millennium, everything has its own solutions, and
consequently, their use in solving modern human prob-
lems is being studied.

Despite the incredible inventive and engineering
skills the humanity showed in the past millennium, as
Pyramids, Skyscrapers, Supersonic Flight, people are
constantly looking for the ways to develop new projects.
Given the evolution in nature and millions of years of
experiments and errors, taking advantage of the oppor-
tunities of nature is logical.

The areas of the biomimetics are shown in Figure 4.

Biological biomimetics
Theoretical biomimetics
Technical biomimetics

Fig. 4. The areas of the biomimetics
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Biological biomimetics studies the processes related
to biological systems.

Theoretical biomimetics builds the mathematical
models of processes.

Technical biomimetics applies the theoretical bio-
mimetic models to solve engineering problems.

2. Nature inspired biomimetics technology

One of the first examples of biomimetic materials is
the invention of a widespread “sticky fabric”. In recent
years, the development of nanotechnology has stimu-
lated the development of biomimetics.

Researchers have used different methods to imitate
nature at the nanometric level. The goal was to create
unique materials inspired by the natural samples. For
example, a small lizard called gecko can adhere practi-
cally on any surface. To imitate the features of gecko, it
was necessary to first understand the mechanism of the
work of its pads. It was studied at the Nanotechnology
Center in Manchester.

Some nature inspired technologies in biomimetics
are given below (Figure 5).

Boxfish Swallow

and and

sticky

Bionic

Birds Kingfish
and er va
Flight Shinkans

Fig.5. Some nature inspired technologies in biomimetics

Shark and wind turbines - Although the shark’s
weight is about 36 tones, it is one of the weakest swim-
mers in the sea. Bio-mechanic Frank Fish related the
aerodynamic abilities of the bumpy protrusions on the
front of its fins, called tubercles [6] (figure 6).

Fig. 6. Wind turbines and sharks
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Boxfish and Bionic Car - Despite the huge appear-
ance of the cube shaped boxfish, its resistance coeffi-
cient is approximately 0.06. For comparison, the coef-
ficient of swimming penguins equals to 0.19. In 2005,
Mercedes Benz developed the Bionic Car, inspired by
the structure and gravity of cube shaped fish. It reduces
the car’s resistance, it has great rigidity and low weight,
and uses less fuel than conventional cars (figure 7).

Fig. 7. Boxfish and Bionic Car

Swallow and sticky fabric - George de Mestral was
inspired to invent the sticky fabric noticing how easy it
was for swallow to stick to the dog’s hair. Under the mi-
croscope, he realized the simplest design of small hooks
at the end of the swallow’s spines (figure 8).

Fig. 8. George de Mestral stick and swallow

Birds and Flight - One of the most popular examples
of Biomimetics is a human flight. Several designers and
engineers have been inspired by this concept, for exam-
ple, German engineer Otto Lilienthal realized flights

on over 2500 planes, nevertheless by 1903, the Wright
brothers flew the first powered, heavier-than-air ma-
chine in a controlled and sustainable flight. This tech-
nology has led to the development of the 20th century
and air industry technologies [6]:

Lotus inspired hydrophobia;

Water collecting beetles;

Biomimetic architecture;

Birds-safe glass;

Shark skin coat;

And so forth.

Kingfisher and Shinkansen. Japanese trains are fa-
mous for its incredible speed and efficiency. However,
fast bullet trains driving out of tunnel at the speed of 300
km/h resulted in a strong sonic problem. The unfavora-
ble outcome of sonic pollution caused by the change in
air pressure was very alarming to the local population
and attracted engineers to address this problem. Inspired
by a kingfisher they solved this problem. Kingfisher are
masters in traveling at a very high altitude both in air
and water. Like Kingfisher, Shinkansen, a fast passen-
ger train, is equipped with a long beak-shaped nose.
This significantly

reduces the train noise, at the same time uses less
than 15% of electricity and travels 10% faster than be-
fore (figure 9).

Fig. 9. Japanese fast train (Shinkansen) and Kingfisher

Bionic Bird - Drone - Bird. The biomimetic technol-
ogy is used for drone to take off and fly faster without a
pilot. Bionic Bird flies at a speed of 20 km/h and is con-
trolled by a smartphone. Flights can be performed both
indoors and outdoors within 12 minutes (figure 10).
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Fig. 10. Bionic Bird drone - bird

The study of biomimetic robots and animal behav-
ior is interrelated and inseparable. Through long-term
evolutionary processes, animals have achieved natural
advantages in movement, cognition, processing and
control. Inspired by their development, the biomimetic
robots, unlike others, have biological features that pro-
vide more powerful motion and cognitive ability and
more sensitive control process. Simultaneously, the
development of biomimetic technology and the mutual
features of biomimetic robots also encourage studying
animal behavior. This is a common representation of
the relationship between biomimetic robots and ani-
mals’ behavior. On the one hand, the role of the imita-
tion of animals’ behavior for the promotion of the de-
velopment of biomimetic robots is illustrated in three
aspects [7] (figure 11).

Locomotive behavior;
Reasonable behavior;

Neural activity.

Fig. 11. Three aspects of the role of imitation
of animals’ behavior

On the other hand, the positive role of biomimetic
robots in the study of animals’ behavior is described in
terms of behavioral responses, group behavioral mecha-
nisms and cognitive-neurological activity of animals. In
addition, the future development of biomimetic robots
and the study of animals’ behavior are discussed.

3. Biomimetics and software

[8] focuses on a preliminary assessment of the bio-
mimetic diagram of a new form to simulate the function
of human ear-hearing system (ESQ). ESQ consists of
three parts: a pars-tensa and pars-flaccida, and its dy-
namic behavior, which, obviously, differs from other
ordinary thin membranes. The developed membrane
has a curved conical shape with an apex pointing me-
dially, and with an initially bucked form. A small body
also closely adheres to the medial surface of the mem-
brane at its center. Additionally, TM is associated with
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a ring connection (mouse). Ultimately, the TM does
not move as a straight flat or delicate diaphragm. In this
study, bilinear nonlinear elliptical and conical shape,
similar to the actual TM of the human hearing system,
provided good vibration properties. When the Sound
Pressure Level (SPL) is high, the adaptive diaphragm
structure developed using the 3D printing technology,
which can lead to 3D response frequency, may perform
bilinear non-linearity [8].

When building the biomimetic neuronal structures,
the topological features of biological neural networks
are imitated on various scales. The optical technology
platform is used for the reproduction of topological fea-
tures of biological neural networks [9] (figure 12).

Fig. 12. Biomimetic neural structure

Autonomous submarines are completely or partly
dependent on human decisions. The submarines should
be equipped with special software to be independent.
The main purpose of the program is to prevent the colli-
sion of submarines. In addition, the application should
control various devices of the camera, such as the per-
formance and interruption of cameras and so forth. The
program is installed to the submarines’ panel by the op-
erator. Its task is to identify the submarines, disable the
work, send emergency commands and remotely control
the parameters. The goal of the software is to support
the development and testing of other software com-
ponents. In this regard, specific software is required to
visualize all major facilities, the environment under the
water and the submarines [10].

The project is proposed for the development of an
interactive program that supports the test sequence
and sensitivity of the program, which is based on the
development models of the biomimetic system. Here,
the prototypes are applied and evaluated. The system
software specifies it and performs tests that detect errors
[11].

Horseshoe bats (Rhinolophidae) differ from each
other for the incoming and outgoing sound waves. In
some studies, Horseshoe bats techniques are used to
improve the coding of peripheral dynamic sensor data.
The software architecture is based on MATLAB, which
is a part of the flexible interface for experimental de-
sign and data analysis, while the server part is based on
Python, LabVIEW [12].
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Conclusion

Biomimetics introduces the principles and strategies
interpreted from biological systems to engineering and
technological designs [13].

Biomimetics is a field of research of strategy transfer
from biology to technology, and has led to the emer-
gence of important concepts in recent decades. The
development of these technologies was illustrated by
biomimetic processes consisting of several stages [14].
Some studies explored general descriptions and classifi-
cations of more than 40 technologies with quality crite-
ria. The classification showed that certain stages of the
process and their problems were finely solved by means
of tools, while others were not solved. It can be con-
cluded that the level of technology can be further en-
hanced, and the future theoretical and practical analysis
is intended. These results can promote the widespread
use of biomimetics [15].

References

[1] Topeaux A.JI., Ckpunkur B.A. MeToabl pacrio3HaBaHUsI
Mockaa: Beicirasg mkona. — 2004, — C. 261.

[2] Vincent Julian F. V. Biomimetics: its practice and
theory // Journal of the Royal Society Interface. —2006. —
Ne 3(9). — P. 471-482.

[3] Francesca R. Leonardo Da Vinci. The Oliver Press. —
2008. — P. 56.

[4] Wright B. The Invention of the Aerial Age. Washington:
National Geographic Society. — 2003. — P. 257.

[5] VincentJ. F.V., Bogatyreva O. A., Bogatyrev N. R., Bowyer
A., Pahl A. Biomimetics: its practice and theory // Journal
of the Royal Society Interface. — 2006. —Ne 3(9). —
P. 471-482.

[6] Gertie G. Biomimetic design: 10 examples of nature
inspiring technology, https://www.sciencefocus.com/
future-technology/biomimetic-design-10-examples-of-
nature-inspiring-technology/

[71 Gao Z., Shi Q., Fukuda T., Li C., Huang Q. An over-
view of biomimetic robots with animal behaviors // Neu-
rocomputing. — 2019. — Ne (332). — P. 339-350.

[8] YoonJ.Y., Kim G.W.Harnessing the bilinear nonlinear-
ity of a 3D printed biomimetic diaphragm for acoustic

sensor applications // Mechanical systems and signal
processing. —2018. — Ne (116). — P. 710-724.

[91 Yu H., Zhang Q.,Gu M. Three-dimensional direct laser
writing of biomimetic neuron structures // Optics express.
—2018. — Ne 26 (24). — P. 32111-32117.

[10] Tomasz P., Piotr S. Software architecture of biomimetic
underwater vehicle, Conference: SPIE Defense + Secu-
rity, Baltimore, Maryland, United States, May —2016.
— Ne 9831.

[11] Feldt R. Biomimetic software engineering techniques for
dependability. — 2002. 206 — P.

[12] Rolf M. System integration for a biomimetic dynamic
sonar head // The Journal of the Acoustical Society of
America. —2018. — Ne 143 (3). — P.1727-1727.

[13] Robert F. An Interactive Software Development Work-
bench based on Biomimetic Algorithms, Vasa Bokbinderi:
Goteborg, Sweden. — 2002. — P. 42.

[14] Fayemi P. E., Wanieck K., Zollfrank C., Maranzana
N., Aoussat A. Biomimetics: process, tools and practice
// BIOINSPIRATION & BIOMIMETICS. —2017. —
Ne 12 (1). —P. 53-67.

[15] Wanieck K., Fayemi P.E., Maranzana N., Zollfrank
C., Jacobs S. Biomimetics and its tools // Bioinspired
biomimetic and nanobiomaterials. —2017. —Ne 6(2). —
P. 53-66.

The article was delivered to your editory stuff
on the 05.06.2019

35



CHCTEMHBIH AHATHA3. IIPUHATHE MHOITOKPUTEPHA/IbHbBIX PEIIIEHUH

VIIK 004(4°22+054)

INTELLIGENCE

D . Yaiinukos C.1.1, Cononosunkos A.C.2
4

I K.T.H., 1oUeHT, Kad. CUCTEMOTEXHUKH,
XHVYP3, r. XapskoB, YkpauHa, serhii.chainikov@nure.ua

2 K.T.H., IOLIEHT, Kad. MEAULIMHCKO ¥ OMOJOrMYECKOM (PUBNKYU U MEIUIMHCKOI MH(OOPMATHUKMU,

XapbKOBCKWI HAITMOHAJIBHBIN MEIUIIMHCKUI YHUBEPCUTET, T. XapbKoB, YKpanHa, andrew.sldv@gmail.com

METOAbI CTPYKTYPHOIO CUHTE3A U ABTOMATU3SUPOBAHHOIO
KOHO®UTIYPUPOBAHUS MPOTPAMMHOW APXUTEKTYPbI
MHDOPMALIMOHHON CUCTEMbI

IIpoBeneH aHaIM3 METOIOB CTPYKTYPHOTO CUHTE3a U KACTOMU3ALMU MTPOTPAMMHOTI0 obecrieuyeHust uHGbop-
MAallMOHHOM CHUCTEeMBbI. YKa3bIBae€TCsl, YTO COBPEMEHHbBIE METOIbI HE YIOBIETBOPSIIOT TPEOOBAHUSIM K 3 heK-
TUBHOI ajanTalny MIPOrpaMMHOTO OOeCTIeueHUsT 0] U3MEHSIOIIMECS BO BpeMEHU TPeOOBaHUSI KOHEYHOTO
rosb3oBaress. [TokazaHo, 4To Tpu pa3padboTKe HOpMaTbHBIX TPaOBBIX MOJIENIE TPOTPAMMHOIM aPXUTEKTYPHI C
KCTIOJIb30BAHUEM CYIIECTBYIOIINX METO/IOB 3BOJIIOLIMOHHbBIC MU3MEHEHUsI TPEOOBAHM T KOHEYHOTO MOJIh30BaTE S
00BIYHO HE pacCMaTPUBAIOTCS, YTO MIPUBOIUT K TPYTHOCTSIM ITPU PEIIeHUM 3a1auu KacToMu3aiuu. HecooTseT-
CTBUE MEXY BOZMOXKHOCTSIMU CYILIECTBYIOILIMX TEXHOJOTUI1 POEKTUPOBAHMSI U IMTPAKTUUECKON HEOOXOIMMOCTBIO
aganTaluuy IporpaMMHOIo obecreyeHus MPUBOAUT K BOSHUKHOBEHUIO MPO0IeMbl pa3padoTKu 3(h(PeKTUBHBIX
(opMabHBIX MOAXOAOB K KACTOMM3allMM. AHAJIU3 METOMOB IMOATBEPXKIACT aKTyaTbHOCTh PEIIeHMS 3a1aun
pa3paboTk 3(HGHEKTUBHBIX (DOPMATBHBIX MTOAXOA0B K KACTOMU3AIMU IPOTPAMMHOTO 00eCITeYeHHUs ¢ YIEeTOM
crieldUKY KOHKPETHOTO MPEANPUSTUSI U KOHKPETHOTO paboyero MecTta MmyTeM UCMOIb30BaHUS SIPYCHO-Ma-
paJuiesIbHBIX rpacOBBIX MOJIEJIEi TPOTPAMMHOM apXUTEKTYPHI.

I'PA®OBASI MOJENb, APXUTEKTYPA ITIPOTPAMMHOI'O OBECITEYEHUSA, CTPYKTYPHBIN
CHUHTES, IPYCHO-TTAPAJUIEJIbHASI ®OPMA, BACKTRACKING, KOHTPOJIbHAA TOUYKA, AGILE,
GRID, TDD, CEPBUC-OPUEHTUPOBAHHBIM ITOIXO/

Yaiinikos C.I., CosonosnikoB A.C. MeToau CTPYKTYPHOI0 CHHTE3a ii aBTOMATH30BAHOr0 KOHGirypyBaHHs npo-
rpaMHoi apxuTeKTypH indopmaniiinoi cuctemu. [IpoBeieHO aHaIi3 METO/IIB CTPYKTYPHOI'O CUHTE3Y i KaCTOMi3allil
MIporpaMHOro 3a0e3meueHHs iHhopMaliitHoi cucteMu. BKa3yeThces, 1110 CyJacHi METOIM He 3aJ0BOILHSIIOThH B~
Moram J10 e(eKTUBHOI afanTallii MporpaMHOro 3abe3nevyeHHsI i/l 3SMiHHi B yaci BUMOTH KiHII€BOTO KOPUCTyBaya.
IToka3zaHo, 1110 TIpu po3poO1ii popMaibHUX TpadoBUX MOJEJIEH TTPOrpaMHOI apXiTeKTYpPU 3 BUKOPUCTAHHSIM
iCHYIOUMX METO/IiB €BOJIIOLIIHI 3MiHM BUMOT KiHILIEBOIO KOPUCTyBaya 3a3BUYail HE PO3MISIIAIOTLCS, 1110 MpY-
3BOJUTD /10 TPYAHOIIB MPY BUPIllIEeHH] 3aa4y KacToMmizalii. HeBiamoBiAHICTb MixXK MOXKJIMBOCTSIMU iCHYIOUMX
TEXHOJIOTil MPOEKTYBAHHS i MPAKTUYHOIO HEOOXIAHICTIO amamnTallil IIporpaMHOro 3ade3ned4eHHs IIPU3BOAUTD
10 BUHMKHEHHS IIpo0ieMH po3po0Ku epeKTUBHUX (pOpMabHUX MiAXOMIiB IO KacToMi3allii. AHali3 METOMdIB
MATBEPIKYE aKTyalbHICTh BUPIIIIEHHS 3a1a4i po3po0KK eheKTUBHUX (hOpMaTbHUX TiAXOIIB A0 KacToMizallii
MPOrpaMHOro 3a0e3eYeHHs 3 ypaXyBaHHSIM crielii ik KOHKPETHOTIO IMiAMPUEMCTBA i KOHKPETHOTO pOOOYOro
MiCLISI LIJISIXOM BUKOPUCTAHHSI SIpyCHO-TIapaieIbHUX rpad)oBUX Mojieielt MporpaMHOi apXiTeKTypH. .

T'PA®OBA MOJEJIb, APXITEKTYPA ITPOTPAMHOI'O 3ABE3ITEYHEHHS, CTPYKTYPHUUN
CHUHTE3, SAPYCHO-ITAPAJIEJIbHA ®OPMA, BACKTRACKING, KOHTPOJIbHA TOYKA, AGILE,
GRID, TDD, CEPBIC-OPIEHTOBAHMM X1/

S.I. Chainikov, A.S. Solodovnikov. Methods of structural synthesis and automated configuration of the program
architecture of information system. Authors represent analysis of the methods of structural synthesis and customiza-
tion of the information system software. It is indicated that modern methods do not satisfy the requirements for
effective adaptation of software for time-varying end-user requirements. It is shown that when developing formal
graph models of software architecture using existing methods, evolutionary changes in end-user requirements are
usually not considered, which leads to difficulties in solving the problem of customization. The mismatch between
the capabilities of existing design technologies and the practical needs to adapt software leads to the problem of
developing effective formal approaches to customization. The analysis of the methods confirms the relevance of
solving the problem of developing effective formal approaches to customization of software, taking into account
the specifics of a particular enterprise and a particular workplace by using tier-parallel graph models of software
architecture.

GRAPH MODEL, SOFTWARE ARCHITECTURE, STRUCTURE SYNTHESIS, MULTILEVEL
STRUCTURE, BACKTRACKING, CONTROL POINT, AGILE, GRID, TDD, SERVICE BASED AP-
PROACH

BBenenue

MHorue o00JacTu 4YeJ0BEYECKON AeATeIbHOCTU
B CBSI3M C TEHAECHIIMEN K YCIOXHEHUIO 3a TOCeaHEee
BpeMsI TPEOYIOT MOMAEPXKKA MH(GOPMALIMOHHBIX TEX-
Honoruii (MT) ¢ uenpio onTUMU3aLUM U aBTOMAaTH-
3auuy Tpyda. B paMKax KOHKYPEHTHOM CTPYKTYpbI
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pblHKa TporpamMmMmHoro obecrnevyeHust (ITO) Hemaio-
BaXXHYIO pOJIb B TIpoIleccax MPOEKTUPOBAHUSA U pa3-
pabOTKM UTpaeT He TOJbKO KayeCTBO, HAIEKHOCTD,
nHdopmMaloHHass 06e30MacHOCTb, HO U CKOPOCTb
(opMHUpOBaHMS TOTOBOIO IIPOrPAMMHOIO  IMPO-
nykra. Tak >Ke 3aKa3umKu TIPEIbSIBISIIOT BBICOKHE
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XHYP3

TpeOOBaHMSI K CKOPOCTH BBIMOJHEHUST (DyHKIMUI ca-
muM I10. OcobGeHHO 3TO XapakTepHO [JIs1 MHGOP-
mauuoHHbIX cuctem (MC), xapakTepuU3yrolIuxcs
CTPYKTYpHO#, (DYHKIMOHAJIbHOU, WH(MOPMALIUMOH-
HOM CJIOXKHOCTBIO, CJIOXKHOW TWHAMMKON ITOBEICHMS.
IIpoexTupoBaHue 1 pa3padboTka nomodoHoro poga NMC
TpeOyeT 3HAUUTEbHBIX TPYAOBBIX, BDEMEHHBIX 3aTparT.
B cBs13u ¢ yBenuuenuem cioxkHoctu MC, cornacHo
crangapty ISO/IEC 12207-2008, ycIOXHSIOTCS TIPO-
LIECChI TPOEKTUPOBAHUS TPOrPAMMHOI apXUTEKTYPHhI,
MEHeI)KMeHTa KOH(Urypaluu, MEHeIXMeHTa II0-
BTOPHOT'O MPUMEHEHUS ITPOTPaMM U COMTPOBOXKICHMS
I1O UC. ITosToMy Ha COBpEeMEHHOM 3Tare aKTUBHO
pa3BUBAIOTCS ABTOMATU3UPOBAHHBIE METOIbI CHMHTE-
3a MPOrpPaMMMHOM apXUTEKTYphl, €€ KOMIIOHOBKU U
KOoH(uUryprupoBaHusi. Bo3Hukaer 3ajaya KacToMu3a-
1uu [TO, BeIpaxkato1asics B aganTtaiydu MporpaMMHOK
ApXUTEKTYphbl U (byHKIMOHAJa MPOrpaMMHOrO Ipo-
JlyKTa K TpeOOBAaHUSIM KOHEYHOT'O MOJIb30BaTENS.

1. MeToapl CTPYKTYPHOTO CMHTE3a
W AaBTOMATH3HPOBAHHOTO KOHGHUIYPHPOBAHHUS
MPOrPAMMHON APXUTEKTYPbI

OauH U3 pacnpoCTpaHEHHBIX MOAXOA0B K (hOpMU-
poBaHUIO apxuTeKTyphl [10 — mpuMeHeHne cOOpoU-
HOTO TIOIX0a VIV MCITOJIh30BaHNE TEXHOJIOTUN KOM-
MO3UTHBIX MPWIOKEHUI, KOTOpasl MOKa3bIBaeT CBOIO
3 (HEKTUBHOCTb TIPU UCIIOJIb30BAHUU TOTOBBIX IPO-
IPaMMHBIX KOMITOHEHTOB CTOPOHHMX Pa3pabOTYNKOB
[1]. Tem He MeHee, B HEKOTOPBIX ClydyasiX CYILIEeCTBY-
10T TIPOOJIEMBI, CBSI3aHHBIC C TTPUHIIMIIAMHA CTHIKOB-
KW TPOTPAMMHBIX KOMITOHEHTOB, 00CCITIEYeHUEM CO-
BMECTUMOCTHU UX (YHKIMIA. PermieHue aTux npobiaem
MPOMCXOIUT: a) B paMKaX MCIOJb30BaHUS OTpaHU-
YEHHOTO YMCJIa KOMITOHEHTOB, M3BECTHBIX ITOJIB30-
BaTest0; 0) B ciydyae MPUHAIIEKHOCTY KOMIIOHEHTOB
OIHOMY pa3paboOTINKY, KOTIAa UX TEXHOJOTHUECKas U
METOJ0JI0THUYeCKasi COBMECTUMOCTb U3HAYaIbHO 00e-
crneydeHa [2]. B aTux ciy4asix JOTM4HO UCITOJIb30BaHUE
npobjieMHoO opueHTauuu uejesoro 1O [3], mpume-
HSEMOTO IS 3a1a4 MOACIMPOBAHNS, KOHTPOJIS, aHa-
N33, aBTOMATH3MPOBAHHOTO YIIPAaBICHUS, KOTOPOE
OrpaHMYeHO Y3KOil mpenmeTHoil obOnacteio (I1pO).
CuHTe3 TaKnX MPOTPAMMHEIX CHCTEM VI KOMILIEK-
coB nporpamMmHbIxX cpeacTtB (I1C) Bo3amoxeH Ha Oaze
CYILECTBYIOLIMX ITPOrPAMMHBIX KOMIIOHEHT, CEPBHCOB
1 TIPOTPAaMMHBIX MOJIYJICHA.

Coopka IT1O ocymiecTBasseTcss B pydyHOM, aBTOMa-
THUYECKOM WJIM TTOJyaBTOMAaTUYeCKOM (aBTOMATU3U-
POBaHHOM) pexumax [4].

ABTOMAaTUYECKUI PEXKUM, XOTSI U TO3BOJISIET CHU-
3UTh BPeMsI pa3padOTKHU IIPOrpaMMBbl, BCe ke 001anaeT
pSIIOM HEIOCTAaTKOB B CPAaBHEHUM C aBTOMATU3MPO-
BaHHBIMM METONAMH, a UMEHHO — CJIOXKHOCTb TeHE-
pamu [1O mrst pacrpeaeleHHBIX YUIN TTapaiieIbHbIX

BbIUMCIUTEIbHBIX cucTeM (BC) u npu Hanmuuu He-
JIeTepPMUHUPOBAHHBIX, TPYAHO hopmanusdyeMbix [1pO.

B o011eM cMmbIciie BBIACSIOT ABa IIOAX04a K CUH-
Te3y TporpaMMmHoON apxuteKTypbl MC, ocHOBBIBa-
SICh Ha CTEMeHU (opMaTu3allii WCXOTHOW MOIeNH
[pO: 1) noruveckuii u 2) CTPYKTYpHBbIi cuHTEe3 [4].
Jlornyeckuii CMHTE3 MPOrpaMMHOI apXUTEKTYpbl Oa-
3UPYEeTCs] Ha MaTeMaTMYeCKOM WCUYMCICHUU, TPEeI-
CTaBJIAIONIEM 3aKOHOMEPHOCTH (DYHKIIMOHUPOBAHUS
00BEKTOB 1 MX B3aUMOCBSI3H, ¥ TPYIHO IIPUMEHUM JIJIST
HeTpuBuaibHbIX [TpO. CTpyKTYpHBI cuHTe3 0bJaaa-
€T OOJIbIIMMU MPEUMYLIECTBAMM B TaAKUX CIydyasx U
MO3BOJISIET MCMOJIb30BaTh HAIJSIAHOE MPEACTaBICHUE
CTPYKTYPBHI.

JlornyHbIM coBMelleHeM (OopMaIbHBIX U Heop-
MaJIBHBIX CPEICTB onMcaHus apxuTekTypsl MC sBis-
eTCsl apXUTEKTYPHBbI (peiiMBOpK [S5], BMellarouii
B ce0s1 KOHBEHLIMHU, MPUHLIUITBI U METOJbI OMUCAHUS
APXUTEKTYPBHI.

J1ns1 BBISIBJIGHUSI 0COOEHHOCTE! U MOAXO0J0B K aB-
TOMAaTH3allMK TIpoliecca CMHTe3a MPOrpaMM PacCcMo-
TPUM CYIIECTBYIOIINE METOIBI.

[nsg mpoliecca MPOEKTUPOBAHUS IIPOTPAMMHOMN
apxutekTypbl MC 32 0OCHOBY MOXKET OBITh B3$5ITa OJHA
U3 CYILIECTBYIOLIMX TEXHOJOIMI MPOEKTUPOBAHUS
(SADT, IDEF, SSADM, Meris) [6], ocHOBBIBasiCbh
Ha KPUTEPUM CXOXKECTU MHTEPIIPETALIUM ITAIIOB K13~
HeHHoro uukia (KII[) UC. Oxnako a1 odecrieueHus
aBTOMAaTU3allMU TIpoliecca CUHTe3a apXUTEKTYPhbl B Ka-
YeCTBE MCXOAHON MHGbOPMaLMK UCNOJb3yeTcsl (op-
Manu3oBaHHoe onucaHue [IpO, dopmanuzoBaHHOE
MpeACTaBIeHUe MPOrPaMMHOM apXUTEKTYPhI, a TAKXKe
TpeOoBaHMSI KOHEYHOTO I0Jib3oBarteis K I10.

Taxoil (popmManbHBIi MOAXOJ peab30BaH Ha 0ase
COBOKYITHOCTH (DOPMAaJTBHBIX TOKYMEHTOB, aleKBaTHO
otpaxatoiux [IpO, B Buae UHCTpYMEHTapUsl — reHe-
paTopa MPOEKTOB, KOTOPbIA MO3BOJISIET HA KOHEUHBIX
aTanax reHeprupoBaTh MPOTPAMMHBIN KOI CUCTEMBI U
BBIIIOJIHSTH TEXHOJIOTMYECKYIO0 COOpKY [7].

Pa3zpaboTku B JaHHOM HallpaBJI€HUU BEJIUCH C
80-x romoB [20, 9]. OmHako, B ciydae MCIIOJIb30Ba-
HUSI METOJIa FeHepalluy MPOEKTOB UMEEIOT MECTO He-
JIOCTaTKM, CBSI3aHHbIE C YIOTPeOJeHUEM TeHepupy-
e€MBIX CKPUIMTOB BMECTE C TEKCTaMU MPOrPaMMHOTO
Koma Ijisi COOPKY IporpaMM ITPOeKTa MO MCXOTHBIM
TEKCTaM B COOTBETCTBUHU C BBIOPAHHOU IIAT(POPMOIA.
DTO ABIIETCS TMPUIMHON pa3pabOTKU M MOIIEPKKI
nononHuteapHoro 1O, Kotopoe aHAIU3UPYET MOJy-
YEHHbIE CKPUIITHI.

B 80-x romax B KauecTBe WHCTPYMEHTApUST [JIsI
reHepaluy MPOrpaMMHOM apXUTEKTYphl ObLIa Mpe-
JIOKE€Ha JuajioroBasi CHUCTeMa, IT03BOJISIIOLIAsl OCy-
mecTBIATh cuHTe3 [10 119 IpOMBIIIIEHHBIX O0B-
extoB [10]. KiioueBbIMM OCOOCHHOCTSIMM JTaHHOM
pa3paboTKu  SIBJISIETCSl  ONTUMM3allMsl — Ipoliecca
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CHHTE3a MPOrpaMMHOI apXUTEKTYphbl myTeM: 1) 3amo-
MMHAaHUS COCTOSTHUS 3a1a4M Ha JII0OOOM BTarie ¢ rmoce-
JIYIOIIMM BOCCTAaHOBJICHUEM; 2) MPOBEPKU MCXOMIHBIX
JIAaHHBIX 3aJ]a4M JI0 €€ PELIeHNs, B MPOLIECCe PeLIeHUs
M TIOCJIe HEero; 3) onepaTuBHOIO BBOAA MCIPaBICHUIA
B MCXONIHbIC NaHHbIE; 4) MpenoCcTaBACHMS MOJb30Ba-
TEJII0 BO3MOXHOCTU MHOroceaHCHO# paboTel. Takoit
(GYHKIIMOHAI MO3BOJISIET MpopadaThiBaTh pa3IMUHbIE
CcTpaTeTuM peleHus 3a1a4l, MUHUMU3UPOBATh BPEeMSI
OXHWJaHWS pelleHus 3aauu 3a CUeT CHUXKEHUST KOJIU -
yecTBa oIMOOK, MpuBoasiuX Kk coborw BIT u pa3du-
BaTh MOCJIEI0BATEIbHOCTD ACUCTBUIA MOIb30BATENST HA
aTanbl (CeaHChbl) ¢ JJIUTEIbHBIMU BPEMEHHBIMU TIepe-
pbIBaMU MeXmy HUMM. 7151 ocylIecTBAeHUsI CMHTE3a
MIPOrpaMMHOI apXUTEKTYPHI IeTaeTCs yIIop Ha pa3Bu-
THE NPOOJEMHO-OPUEHTUPOBAHHOTO SI3bIKA.

B 90-x romax ObUIO TpEIIOXKEHO MCIIOJIb30BaHME
JIMAJIOTOBBIX CUCTEM JIJIS aBTOMAaTU3UPOBAHHOTO (Pop-
mupoBaHus BI1 Ha ocHOBe MapIlPyTOB, BbIACISIEMbIX
Ha rpadoBoil Moaenu BbruuciaeHuii [11]. OgHako pas-
BUTHE AUAJOTOBBIX CUCTEM IIOILIO B CTOPOHY MPOEK-
TUPOBaHUS Juajiora Ha 6a3e eCTECTBEHHOTO SI3bIKa U B
JaJibHEeN11IeM MOJIyYUIO pa3BUTHE B IPUMEHEHUU UC-
KYCCTBEHHOTO MHTEJIJIeKTa 1 6a3 3HaHuit [12].

B HacTosiiiee Bpemst Takxke U3BECTHBI HEKOTOPbIE
CHCTeMbl aBTOMATH3MPOBAHHOIO TEXHOJOTMYECKOTO
MIPOEKTUPOBAHUSI, pa0OTAIOLIME B JUAJTOTOBOM PEXU-
me, Hanpumep, «TexHollpo» [13]. Bce xe Ha coBpe-
MEHHOM 3Tarle yAeasieTcsl MajJo BHUMaHUs BOIIpocaM
ONTUMU3ALMM AUATOTOBOTO MHTepdeiica mojb3oBa-
TeJsl B CMBIC/IE pasrpaHuYeHust (PYHKIIMOHAIbHOMI
Harpy3ku Mexnay rojb3oBareieMm u [10 UC. B nensx
MOBBIIIEHUS 3(PPOEKTUBHOCTU PAOOTHI I10Jb30BaTEIsI
MPUMEHSIIOTCS TIOMBbITKU OLIEHUBAHUST (pU3M0JIOoTHYE-
CKUX IoKa3zareJjeil [28].

Bbiaensior Takke TEXHOJOTUIO aBTOMATUYECKOTO
CHHTE3a MPOrpaMMHOI apXUTEKTYpPhbl C MCMOJb30Ba-
HUEM OHTOJIOTMU MpeleaeHToB [15]. OHTonornueckoe
OIMCaHKe TTO3BOJIICT HAKATIJIMBATh OMBIT pa3paboTKH,
BBIMIOJIHSITh aBTOMAaTUYECKYIO KJlacCU(pUKALIMIO TIPO-
rpaMM Ha OCHOBE MX crieliu(pUKaUi 1 BbITTOJTHSITH ITO-
CTpPOCHUE MPOrpPaMM ITyTeM ananTallii U3BECTHBIX pe-
meHuit [16]. OHTONMOTMYecKOe MoneaupoBanue [1pO
nojiyunsio pasputue B objsactu GRID-texHomoruu,
00J1aYHBIX BBIYMCIEHUI, TeXHOJIoruii e-Science [17].

Hpyroe HampaBjieHUe B aBTOMAaTUYECKOM CUHTE3€
apxutekTyrbl [1O cBsI3aHO ¢ pa3BUTHEM TEXHOJOTUU
TEHETUYECKUX AJITOPUTMOB, IMO3BOJISIIOIIMX OMNpee-
JISITh CTPYKTYPY YIPaBJSIIONIEr0 aBToMaTa, KOTOPhIi
B CBOIO Ouepedb SIBJISIETCSI CUCTeMON BJIOXEHHBIX U
B3alMOBBI3bIBaeMbIX aBTOMaToB [18]. Takoit mom-
XOJl peaJiu3yeT TeXHOJIOIMI0O aBTOMATHOTO Iporpam-
MUpPOBaHUSI M 00JagaeT TaKMMU IMPEeUMYIIECTBAMU
Kak aBTOMaTM3allusl mpolecca Bepudukauuu, T0Ky-
MEHTUPYEMOCTH, YIPOIIEHHUE MPOLeIypbl BHECEHMSI
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M3MEHEHMI. ABTOMATHBIA MOAXOA HaXOAUT LIMPOKOE
MpUMEHEHNE He TOJbKO B CHUHTE3€ MPOrpaMMHOTO
koza [19], Ho 1 B ynpaBjieHUM MOBEAEHUEM CaMOU CU-
CTEMBI, 3aMyIIIcHHON Ha BBITIOJIHEHUE.

3acay>kKnBarOT BHUMaHWSI METOIBI M CPEJICTBA aBTO-
MaTUYECKOTo MOCTPOEHUS TMapasuieJbHbIX MTPOrpaMm
¢ ucnojs3oBaHueMm TexHojoruu CUDA 1o Hemnpo-
uenypHbiM crietnudukanusam [20]. Takas TexHoa0rus
baszupyeTcs Ha METO/axX NeKJIapaTUBHOTO ITPOTPaMMM -
pPOBaHUsI, YTO TTO3BOJISIET TTOJIYYaTh IIPOTPaMMy C BBI-
COKMM YPOBHEM aOCTPaKIIMK C OTpPaXkKeHWEeM CaMOTO
METO/Ia PellieHUsI, a He ero peaan3aluio Mpyu KOHKPET-
HbIX ycaoBUsIX. HegocTtatok Takoro nmojaxoma — orpa-
HUYEHHAsl MPUMEHSIEMOCTb B CUJIY HEIOCTaTOYHOM
YHUBEPCAIBHOCTH METOMIOB, HEIIPUMEHUMBIX IS IpY-
roro anrmapaTtHoro ooecrneueHus u I[pO.

OaHuM u3 3¢h¢GEeKTUBHBIX MOAXOI0B Ha COBpe-
MEHHOM OJTalle SIBJISIETCSI CEPBUC-OPUECHTUPOBAHHBIM
noaxon. OH TpeOyeT MPUMEHEHHUSI APXMTEKTYPHBIX
¢peiiMBOPKOB M 0aHKOB BUIOB MOjEIC, METOIOB,
3HAHUM, MPABUI U AJITOPUTMOB IS KOHCTPYHMPOBaA-
Hus MC B pamkax BblOpaHHO# MeropoJyioruu. s
OIMMCaHMS TPOrpaMMHOI apxutekTypsl MC mmpoko
ucrnoabdytorcst ADL-s3biku (Architectural description
languages) [21]. ADL-s13bIKM MCTIONB3YIOTCS B Kaye-
CTBE CPENCTB OINMCAHMSI apXUTEKTYPHBIX Crelupu-
Kaluii, UX UHTeTrpaluu ¢ uejeBbiMu moaeasimu MUC,
OIMMCAHHBIX AaCTEKT-OPUEHTUPOBAHHBIMU TpadamMu
[22]. B cnywyae mapamerpuyeckoro cuHteda [10 MC
MPUMEHSIOTCSI MOIEJIM MHorocyioiiHoro rpada [23].
Kpome cneuumanusupoBanbix ADL-43bIKOB TakxKe
npumeHsiorcss UML Hotanuu mjist onmucaHus IIpo-
TPaMMHOM apXUTEKTYpPHhI.

I[TpuMeHeHNe apXUTEKTYPHBIX IIa0JOHOB U TIPO-
0JIEMHO-OPUEHTUPOBAHHBIX SI3BIKOB OIMMCAHMS apXy-
TEKTYpbl HAXOAUT NMPUMEHEHUE B PA3BUTUU TEXHOJIO-
MUY TTOCTPOEHUST KOMITO3UTHBIX MPWIOXKEHU [24].

C ycnoxHenuem IIpO yBenmuuBaeTcsl CIIOX-
HOCThb aIllmapaTHOTO M TIPOTPaMMHOTO obecriede-
Hus. IloBeimaiorcst TpeboBaHusl K 3(QEHEKTUBHOCTU
u npousBoauteapbHocTu I10 (cranmapr ISO/IEC
25041:2012). 1o TpebdyeT NpuMeHEHUs aJlbTepHATHB-
HbIX TEXHOJIOTM I YBEJIMUEHUST BBIYMCIUTEIbHON MO -
Hoctu [25]. Pemenue npoGnem ontumusanuu BIT
CBOIUTCS K TEXHOJIOTHSIM OpTaHU3aIINY pacIIpee/IeH-
HBIX U MapajieJibHbIX BbluucaeHul. OJHaKO B 3TOM
CBSI3M PACTET CJIOXHOCTHh TTPOCKTUPOBAHUS U pa3pa-
6otku KauyectBeHHoro I10. B ciayyae HEBO3MOXHO-
CTU HEMOCPEACTBEHHOTO MCIIOJb30BaHMSI KOHEUHBIM
nosib3oBaresieM MC ¢ nmpobiaeMHOI opueHTaleil Ha
0a3e MHOTOIPOLIECCOPHOM MJIM paclpeacaeHHON ap-
XUTEKTYPHI TIPOJIB30BATEIIIO TIpeIjIaraeTcsl UCIOIb30-
BaHue GRID-TexHOMOrMM U TIpeaoCTaBIeHE BHIUMC-
JIUTEJIbHBIX MOILIHOCTE KOMITBIOTEPHOTO KJlacTepa B
KayecTBe cepBuca [26].



METO/bI CTPYKTYPHOIO CUHTE3A Y ABTOMATU3MPOBAHHOO KOH®UIYPUPOBAHUS PO PAMMHOMN APXUTEKTYPH MIH®OPMALIMOHHON CUCTEMBI

CepBUCHO-OPUEHTUPOBAHHbBIE TEXHOJOTMU Op-
raHU3alMu KJIACTEPHBIX BBIYMCICHUM SIBISIOTCS Ha
JIaHHBIII MOMEHT HauOojee IepreKTUBHBIMU. OHU
MOPOXIAIOT HOBOE OTBETBJEHHWE — OOJIauYHbIE TeX-
Hosioruu. OHAKoO B 00JIACTU CEPBUCHO-OPUEHTUPO-
BaHHBIX TEXHOJOIMI TMPUCYTCTBYET CYIECTBEHHAs
npobysema — obecriedeHre Oe30MacCHOCTU JaHHBIX,
HaXOISIIMXCS BO BIIAJCHUM CTOPOHHMX OpraHU3aIlUd.
Cpenu U3BECTHBIX TUIIOB yIpo3 (CETeBbIE aTakKu, Bpe-
nonocHoe I10, ya3Bumoctu B npunoxeHusx u OC)
MIPU MCITOJIB30BAaHUM OOJJAYHBIX TEXHOJIOTU 100aB-
JISIIOTCSL CJTIOXKHOCTH, CBSI3aHHBIE C KOHTPOJIEM Cpellbl
(runepBu3opa), TpacdrKa M1y rOCTEBbIMU MalllHA-
MU U pasrpaHUYeHUEM TIpaB gocTyma [27].

B ciyyae ucnonb3oBaHUS UTEPALIMOHHBIX MOACIeH
XKII UC u nuHamuyecku (popMUpyeMbIX TpeOOBaHU I
HACTIONB3YIOTCS Agile-TeXHOIOTHH, KOTOPhIe TTOKa3bI-
BalOT CBOIO 3(D(HEKTUBHOCTD IS HEOOIbIINX KOMMa-
Huli-pazpadboturkos [1O. B ciyyasx cpegHux U Kpym-
HBIX KOMITAHU I, KOTOPbIE BEAYT pa3pabOTKy CIOKHBIX
MPOrPaMMHBIX CUCTEM C 3aaHHBIMM BBICOKMMMU TPE-
0OBaHUSIMU K HAAEXHOCTU, TOUHOCTU U 3P HEKTUB-
HOCTH, TIPUMEHSIIOTCS TEXHOJIOTHUU, YYUTBHIBAIOIINE
¢GyHKIIMOHaNbHBIE U He(YHKLIMOHAJIbHBIE TpeOoBa-
HUSI KOHEYHOro moJib3oBatess. [IporpaMMHble crelr-
nduKaluu, coCTaBsieMble Ha OCHOBE TpeOOBaHMIA,
HCTIONB3YIOTCS B KAa4eCTBE OCHOBBHI JUII pa3pabOTKU
I1O uepes TtectupoBanue TTD [28] u ¢ yuyeToMm mo-
BeneHueckux cBoiictB ITO — BDD [29, 30]. OgHako
MOCTENEeHHbII POCT AOMOJHUTEIbHON DYHKIIMOHATb-
HOCTU FOTOBBIX TPOTPAMMHBIX IPOAYKTOB B Mpoliecce
€ro TeXHUYEeCKOM MoAAep>KKY MPUBOIUT K HEKOHTPO-
JIUPYEeMOMY pa3pacTaHUIO MPOTPAMMHOI apXMTEKTY-
PBI, YBEIMUEHUIO CIIOXKHOCTHU TIPOTPAMM, YTO BIICUYET
3a co0Oil yBeJMUeHWe CTOMMOCTU WM TIpeKpalleHue
conpoBoxnaeHus I1O. DTo craHOBUTCSA IPOOIEMOIt
JUISE TEXHOJIOTUM TMOKOW M MHTEHCUBHOWM TEXHOJIO-
il pa3pabOTKM B COBPEMEHHBIX YCIOBMSIX PbIHKA
I1O [31]. B kauecTBe pelieHUsI MPOOJIEMbl HEKOH-
TPOJMPYEMOro paspactaHusi  (BYHKIIMOHAIbLHOCTU
MIporpaMM TIpejiaraeTcsl MCIoJIb30BaTh MOHUTOPUHT
axktyajnbHoro coctostiusg I1O Ha npenmeT naeHTUMM-
KalMu ycTapeBuieil yHKIIMOHAIbHOCTY U YAaJIEHUN
HEHYKHBIX (DYHKIIUI U3 IPOrpaMMHOI apXUTEKTYPhI.
ABTOMATHUUYECKUII MpoLieC COKpalleHus (GYyHKIUO-
HaJIbHOM CJ0XHOCTU 0a3upyeTcsi Ha OTCAeXKMBAHUU
M3MEHEHMST 3HAYMMOCTH (DYHKIWI MPWIOKEHUS BO
BPEMEHHU OT BEpCUM K BepCUM B KOMITAaHWU pas3pa-
0oTurka myTeM (UKcalMu YacTOThl MCMOJb30BaHMS
¢ynkumii [TO KOHeUHBIM TTOIB30BATEIIEM.

Poct pyHKIIMOHAIBHOM CIIOXKHOCTH, SIBJISIIOIIMIACS
OMHOI M3 TIPUYMH TOBBIIICHUS CTOMMOCTH COIIPO-
BOXICHUS TIPOTPAMMHBIX ITPOIYKTOB, OOYCIOBIM-
BaeT HEOOXOAMMOCTb MPUMEHEHMSI TakKKe U IPYroro
MoAXoJa B pelIeHUU 3Toi mpobieMbl. Kcromuzanms

I1O pnsa 6usHec-nipoueccoB U U T-uHGpacTpyKTyphbl
SIBJISIETCSI BBIXOJIOM M3 CJIOXKMBIIENCS CUTyalluu, Ha-
MpUMep, T OOJIBIIMX ITPOTPAMMHBIX KOMIUIEKCOB
takoro kjacca kak ERP-cucremsbl [32]. ITockosibKy
TaKWe CUCTEMBI TPeOYIOT HECKOJNBKUX MECSIIEB WIIN
JIET IJ1s1 pa3BepThIBAHMS, BHEAPEHUS U HayasIa yCIell-
Hoii akcrutyatauuu [33]. Kactomuzauus noapasyme-
BaeT amanTtaiuio [10 K opraHM3alIMOHHON CTPYKTYpe
MC, ocHOBBIBasICh Ha MCIIOJb30BAHUU CEPBUC-OPU-
SHTHUPOBAHHOMN apXUTEKTypbl W CEPBUC-TOMWHAHT-
Hoit oruku (Service Dominant Logic) [32]. Jns aB-
TOMAaTHU3aLMK MPOLIECCOB KACTOMU3ALIMU U CHUKEHUS
¢yHKUMOHAaNBbHOM clioxkHOCcTU 1O TpebyeTrcst mpume-
HeHue ¢opMaTbHOTO arnmnapara —rpacoBbIX MOAEIU
IIPOrpaMMHOIT apXUTEKTYphI pazpadaTeiBaeMbix NC.

Ha coBpemeHHOM 3Tare Ij1s pelieHus pooieM Ka-
CTOMHU3ALINU U TUHAMUYIECKOTO KOH(MUTYPUPOBAHUS
koMIoHeHTOB 1O mpuMeHsieTcss pa3BUTasl TEXHOJO-
I'Usl IMHAMUYECKUX JIMHEeEeK MPOrpaMMHBIX MPOAYKTOB
DSPL [34]. Takue cucteMbl afanTUPYIOTCS HE TOJb-
KO K M3MEHSEeMBIM TPeOOBaHUSM II0JI30BATENSI, HO
TaKke U K cpene QyHKIMOHUPOBAHUS, TIO3BOJISIS M3-
MEHSITh CBOIO (DYHKIIMOHAJLHOCTh 63 Tepe3arpy3Ku
cucteMbl. DSPL TtexHOMOTHS TIpUMEHSIETCS JIST pa3-
pPabOTKM CaMOPETryIUPYIOLIUXCS CUCTeM. TeXHOIOorus
DSPL MoxeT 6a31upoBaThCsl Ha UCIIOJb30BAHUM CEP-
BUC-OPHUEHTUPOBAHHON apXUTEKTYpPhl IIPOTrPAMMHOTO
npoaykra [35]. Hemoctatok aTUX TEXHOJOIMIA — HENlO-
cTaTOYHOE obecricueHre 0€30TTaCHOCTH JaHHBIX.

ITo manaBIM OT4YeTOB 3a 2015 M 2016 TOmBI KOM-
nmaHnun Panorama Consulting Solutions o npumMeHsie-
MBIX TEXHOJIOTUSIX B MPOEKTUPOBAHUU M pa3paboTKe
nporpaMmMmHbiXx cuctremM ERP kiacca HaOmoparoTcs
TEHIECHIINN 3HAYUTEIHLHOTO CHIKEHUS TIPOIICHTA MC-
MTOJTb30BaHUS CEPBUC-OPUECHTUPOBAHON TEXHOJIOTUN
B paMKax MOJIEJIN «IIPUIOXEHUE KaK cepBuc» SaaS (¢
33% 1o 17%); yBenmdeHNe MPOLIEHTA NCITOJIb30BaHMS
ERP-matgopmel Ha 6aze TexHosnoruu ERP-obiako
(¢ 11% no 27%). Ilpu 3TOM OCTaeTCsl HEM3MEHHBIM
MIPOLIEHT WMCIOJb30BaHMS JIOKAJTBLHOTO pa3BepThIBa-
HuA u ucnonb3oBanud 10 (56%) [36, 37]. CormacHo
JNAHHBIM DTOTO € OTYeTa MpPeaNnpusITUs, Mpeodpe-
TaloIMe MPOTPaMMHBIN MPOMYKT, OTKA3bIBAIOTCSI OT
MPUMEHEHUs MoJean SaaS M TeXHOJOIMU OOJAaYHBIX
BBIYMCJICHUI TI0 TPUYMHE HEIOCTAaTOUHOTO YPOBHS
3aIIUTHl MTaHHBIX. TIPOILEHT HEYIOBIECTBOPEHHOCTH
Bo3poc ¢ 20% 1o 29% Ha poHe CHIKEHUS APYTUX TP -
yuH (pUCyHOK 1, a).

Jist mpennpusiTuii, KoTopble BHeApsiior ERP-
CHCTEeMbI, BaXKHBIM ITOKa3aTeJIeM SIBJSEeTCS TMPOLEHT
KacToMuzalnuu npuodbpereHHoro I1O, To ecTb Ipo-
IIEHT JT0pabOTOK, OCYIIECTBISIEMBIX TPU amanTaiuu
MIpOrpaMMHOTO (PYHKIIMOHAIA K YCJIOBUSIM OWM3HEC-
MPOLIECCOB MPEANPUATUI U TpeOOBAHUSIM TOJb30-
Bareseil. B coorBercTBuuM ¢ ortuetamu 2015-2016 1T.
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Puc. 1. /laHHbIe 0TYETOB: @ — NPUYMHBI OTKA32 OT HCHOJIb30BAHUS 00IAYHBIX TEXHOJIOTHIA;
6 — Tpedyemas KacTomu3anus npuodperennoro I[10

HauOoJIbIIIee KOJMYECTBO Npearpusatii (41%) tpedy-
10T 11-25% nopabotoxk [36, 37]. OnHako Ha 2016 rox
HUX KOJWYECTBO CHU3MIIOCH 10 31% Ha (oHe MemIeH-
HOTO YBEJIMYCHUST KOJIMYeCTBa penrpustuii (¢ 22%
10 23%), koropble TpedyoT 26-50% KacToMHU3aLUu
CBOEro MporpaMMHOIO IpoaykTa (pucyHok 1, 0).
OIHOBpPEMEHHO C 3TUM, Oylarojgapsi BBICOKOIM CTaH-
IapTU3auy U YHU(PUKALIUKU OU3HEC-IIPOLIECCOB IIPO-
M30IIUIO 3HAYMTETEHOE YBEJTMUEHIE YMCIa IIPeIITps -
TUi, TpeOyrouX HeOobIie u3MeHeHus B [1O nocie
npeobpereHus (ypoBeHb Kactomusaunu 1-10%). Tem
He MeHee, TIPUBEICHHbIE TaHHbIE TOBOPST O COXpaHsI-
OIIeiCs aKTyaTbHOCTH MCITOIb30BAHUS CBOMX TEXHO-
JIOTUYECKHNX PEelIeHUI TIpU MPOCKTUPOBAHUU U Pa3-
padotke I1O, KoTOopoe pa3BepThIBAaeTCS JOKAJHHO Ha
NpeanpusTusix, Ho, nogooHo DSPL unu cepBuc-opu-
€HTUPOBAHHBIM TEXHOJIOTUSIM, TTO3BOJISIET O0ECIIEUUTD
BBICOKYIO TMOKOCTb, IMHAMMUYECKYI0O KOH(UTYpUpYe-
MOCTb, afalTUPYEMOCTh IIPOTPAMMHON apXUTEKTYPHI
u (pyHKUMOHaJIa, mpeajaraeMoro Ha peiHKe TT10.

Ha ocHoBe npoBeeHHOTO aHaJIN3a, MOXHO BhIIIe-
JIUTh CJEAYIOLIMEe METOMIbl CUHTe3a apXUTeKTypbl 11O
HC: 1) pyuHoii; 2) aBTOMaTU3UPOBAHHBIM (B T. Y. C UC-
MOJIb30BaHUEM METOJa IMaJOTOBOTO KOHCTPYMpPOBaA-
Hus); 3) aBTOMaTUYECKUIA.

B pamkax aBTOMaTM3MpOBAHHOTO M aBTOMAaTHYe-
CKOTO METOJ0B HauboJjee IIMPOKO MCIOJb3YIOTCS
clieayroliye cpeacTsa ¢opManuszanuu: 1) 10ruKo-a-
reOpanyeckue crielupuKauun; 2) aBToMaTHbIE MOJIe-
1u; 3) rpadoBrie Moaenu; 3) ADL-a3biku; 4) cpencrsa
OHTOJIOTUYECKOTO MHXXUHUPUHTA.

[lepeuncienHble cpencTBa (opMalIM3alud MoO-
TYT TIpUMEHSATBhCS B paMKax cuxmesupyioujeeo (Ha
0ase Momeu BbIUMCIECHUI, OTOOpaXKarouleit MOHSTUS
u otHoueHus [TpO u mporpaMMHoOI crielipuKauum),
Komno3uyuonHoeo (Ha 0a3ze (YHKIMII M oIlepaLuii
KOMITO3UIIMM B JIOTUKO-MAaTeMaTUYECKON CHCTEMe)
U cbopounHoeo npoepammuposanus (Ha 0Oasze Moueau
CcOOpPKM B BHIE OPWUEHTHMPOBAHHOTO HATPYKeHHOTO

rpacda) [24].
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UTto KacaeTcs METOIOB IMPOCKTUPOBAHUS M pa3-
padotku I1O NC ¢ ucnons3oBaHueM HauboJjiee pac-
IIPOCTPaHEHHOTO COOPOYHOTO TOIXOAa, Ha JTaHHBINA
MOMEHT CYIIECTBYET ClieAylolasi ooo01aronas Kiac-
cudukamnus 3Tux MeToaoB [24]: 1) MOAyIbHO-OpUEH-
TUPOBAHHBIN; 2) OOBEKTHO-OPUEHTUPOBAHHBIN; 3)
KOMIIOHEHTHO-OPUEHTUPOBAHHBIN; 4) METON TeHepa-
L1K; 5) CepBUCHO-OPUESHTUPOBAHHBIN.

Kaskmplit mocieAyommit B 3TOM CIUCKE METO SIB-
JIIeTcsl pa3BUTUEM Tpenpbiayiiero. s peaau3auuu
JMAHHBIX METOJOB HEOOXOAMMO MCMOJb30BaTh XpaHU-
JINIIIA TOTOBBIX PEIIeHWI, KOMIIOHEHT ITOBTOPHOTO
ncTonb3oBaHus. [1pr 3ToM yKa3bIBaeTCs Ha HAJIMUNE
CYILECTBEHHBIX IPOOJIEM — 00eCTIeYe HIEe MEXKMOIYITh-
Horo uHtepdeiica mpu coopke 1O UC [24] u npucyrt-
CTBME KOHMJIMKTA MeXIy He(YHKIIMOHATbHBIMU TPE-
0OBaHUSIMU K KOMITIOHEHTaM.

AKTYyaJIbHOCTb MCITOJIb30BaHUSI METOIOB CHUTE3a
nporpaMMHoOil apxutekTypbl MC oOycioBiuBaeTcs
cinoxHbiMu TIpO, kotopble xapakTtepusytoTcs [38]:
1) CTPYKTYpHOI CJIOXHOCTBIO W TEPPUTOPHUATHHOM
pacnpeneneHHOCThIO; 2) (PYHKLMOHAIBHON CI0XHO-
CThiO; 3) MH(OPMALIMOHHON CIIOKHOCTBIO; 4) CIIOXK-
HOCTBIO TMHAMUKH TIOBEICHUS ITPU BBICOKOI U3MEH-
YMBOCTHU BHEIIHEH CpEIbI.

s TIpoeKTHUPOBaHUS COBPEMEHHBIX TEXHUUECKU
CJIOXHBIX CHUCTEM IMUPOKO TPUMEHSIIOTCS CHCTEMBI
aBToMaTU3upoBaHHOro mnpoektupoBaHust (CAIIP).
OCHOBHBIMM (DYHKLMSIMU 3TUX CHUCTEM SIBJSIOTCS:
aBTOMATU3AIIMS BBITIOJIHEHUS Pa3IMUHBIX TTPOSKTHBIX
TIPOLIEAYP C IENbI0 HAXOXICHMUS ONTHUMATbHBIX Ba-
PUAHTOB TIPOCKTUPYEMOTO OOBEKTa, aBTOMATH3AIIUS
BBIOOpa CXeMBI WJIM KOHCTPYKIIMHM, aBTOMATH3aIIUs
COCTaBJICHMSI TIPOCKTHOM M TEXHMYECKOW MOKYMEH-
tanuu. CAIIP, opueHTHpOBaHHbIE HAa KOHKPETHYIO
I1pO, UCHoNb3YIOT crielualbHble METOIbI, aIrOPUT-
MBI ¥ TIPOTpaMMBI, OPUTHMHAJIbHBIE MaTeMaTUUECKHe
MOJENIM, YYUTHIBAIOIINE CITen(pUIecKre KayecTBa
00BEKTOB TIPOCKTUPOBAHMSA. B mensx pereHus mmpo-
61em moBbilIeHUST 3 dekTuBHOCTU padoTsl 1O UC
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1 BO3MOXXHOCTU KOOPAMHALMU JEHCTBUI Mporpamm
yKa3bIBaeTCsl Ha HEOOXOAMMOCTb pas3desieHus Ipo-
rpaMMHOM CUCTEeMBI Ha yIipaBstionuii oobekT (YO) u
o0bekT ynpasiaeHus (OY). YO moxeT ciiyXXuTh HeKast
WUCTIOJTHUTEIbHAS CHCTeMa, oTrpeaessaeMast Kak KOM-
MOHOBUIMK, KOTOPbIN (hOpMUPYET OOIIUIA MPOrpaMM-
HbII KO Ha OCHOBE aTOMapHbIX (hparMeHTOB (Cylle-
CTBYIOIIIMX TIPOTPAMMHBIX MOMIYJIeil) M ajaroputMa
coopku. KOMIOHOBIIMK OOMOJHSIET MPOrpaMMHYIO
ApXUTEKTYPY OUCIIETYEPOM, KOTOPBIN KOHTPOJIHUPYET
ucnojaHenue ¢pyHkuuii ITO UC (pucynok 2) [39].
ITpu ykazaHHOI apXUTEKType KOMIOHOBIIUK MO-
JKeT ObITh COPUEHTHPOBAH Ha IMOBTOPHOE HCMOJIb-
30BaHME MPOTrPaMMHBIX MOJIYJIeH, KOMIIOHEHT, WH-
CTpyMeHTalbHOTO M mpukiaagHoro I1O. OH MoxeT
YUUTBHIBATh BEPCUOHHOCTb COOPOK, a apxutekTypa MC
TP 5TOM MOKET OBITh pacIIMpeHa 10 BKIIFOUeHUS B €€
COCTaB HECKOJIbKUX KOMITaHUii-pa3padboTynkoB [10
(pucyHok 3), uTo BieueT 3a co0Oil HEOOXOAUMOCTD

Xpanuiunie
IpOrpaMMHBIX MOAYJIH,
KOMIIOHEHT, CEPBUCOB M T.JI.

Texnonoruu cOopku

i

pa3paboOTKu MPOLIECCOB MOBTOPHOTO TMPUMEHEHUS
mmporpamm [40].

KomnaHusi-pa3paboTyuK MOXET HCIIOJb30BaTh
Bepcuu [10, u3MeHSATh UCXOOHBIN KO U, IIPU HEOOXO0-
TUMOCTH, Bo3Bpamarh [10 maHHOI Bepcru ¢ M3MeHe-
HUSIMHU, yKa3bIBasi, YTO ObUIO MoguduimpoBaHo. B pe-
MO3UTOPUM ITU U3MEHEHUSI UHTETPUPYIOTCS ¢ 0a30BOM
Bepcueil [10. MHTerpaTtopoM SBJISIETCSI OpraHu3alusl,
paspadateiBatoiiass HoBble Bepcuu I10. IlomoOHast
apXUTEKTypa XOPOIIO TTOAXOAUT IJII CIUPATbHBIX U
utepatuBHbix Mojaenei KL ITO. B ciayyae cniupaib-
HOI MOJIE/IM OCYIIIECTBUMO HAKOIJIEHUE U TOBTOPHOE
HCIOJIb30BAaHUE MTPOrPpaMMHBIX KOMIIOHEHTOB, MOJE-
JIel ¥ MpOTOTUIOB. Takke BO3MOXKHA OpUEHTAIIUs Ha
pasButue u mogudukauuio I1O B rmpouecce ero mpo-
EeKTUPOBAHMSI.

OcHoBHble ctaauu KL TTO MoryT BapbupoBaTh-
csl B 3aBUCUMOCTHU OT BblOpaHHOU Monenu KII (cru-
panbHast Moaeab, RUP, MSF), onHako npouecchl K11

XpaHunuiie
APXUTEKTYPHBIX PEIICHHH,
oHrtosoruit u mozaeneit [IpO
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YaviHnkos C.U., ConogoBHukoB A.C.

MPOrPaMMHBIX CPEACTB PErIaMEHTUPYIOTCSI COOTBET-
CTBYIOIIIMMMU CTaHIApTaMU.

K wuTepaTUBHBIM MoOnEJSIM OTHOCSITCS Haubo-
nee pacnpoctpaHeHHble MSF (Microsoft Solutions
Framework) u RUP (Rational Unified Process), koTo-
pble ucnonb3ytot ctaHaaptel ISO/1EC [41].

K moaBumy utepaTMBHBIX MOJeJeil OTHOCST MO-
Jleu, TIpUMeHsIeMble B paMKaX TMOKOI MEeTOHZOJOTUUN
paspaborku I1O (Agile software development): XP
(eXtreme Programming), Crystal, FDD (Feature-
Driven Development), Scrum, KOoTopble MOTYT OBbITb
COpMEHTUPOBaHBI Kak Ha ctaHmapTtel CMMI v.1.2 —
1.3 tak u Ha ctangapt SPICE (ISO/IEC 15504) [28].
IMocnennune momenu (oTHocsuecs K Agile MeTomo-
JIOTUX) OPUEHTUPOBAHbI Ha HEOOIbIINE KOMIIAHUU U
1ITaT pa3paboTYMKOB.

YauTbIBasi BApUAaTUBHOCTD TIPEACTABICHWIA CTaTUiA
KII B 3aBUCMMOCTHU OT MOJIEJIeH, CIeyeT OPUEHTUPO-
BaTbCsl Ha CYLIECTBYIOIIME CTAHAAPTHI B 9TOI 00JaCTH
JUUISL BhISIBJIEHMST aTarioB U mnpoueccoB XKII, kotopsie
3aTparuBaroTCs MPU MPUMEHEHUHN TTOIXOI0B K ONTH-
muzanuuu [1C.

CoracHO BBHITIOJTHEHHOMY aHaJIM3y METOHOB
CMHTe3a B COOTBeTcTBUM co craHmaptoMm ISO/IEC
12207:2008 3aTparuBaloTCsl CIEAYIOLIME ITPOLECCHI
XKII: 1) mpouecc aHanu3a TpeOOBaHUII K ITPOTpaMM-
HBIM CpeICTBaM; 2) MPOLecC IMPOeKTUPOBAHUS apXu-
TEeKTYpPbl TIPOrPAaMMHBIX CPEICTB; 3) Mpoliecc aeTalb-
HOTO TIPOEKTHPOBAHUS IIPOTPAMMHEIX CPEICTB; 4)
MpoLeCcC KOHCTPYUPOBAHUSI MPOTPAMMHBIX CPEICTB;
5) T1mpouecc KOMIUIEKCMPOBAaHUSI — MPOrpaMMHBIX
cpenctB. Teopus rpacdoB Hallla IIMPOKOE IMPUME-
HEHHe B paMKaX yKa3aHHBIX IIpoleccoB. I'padoBbie
Monenu, objagas MaTeMaTUYeCKOl MPOCTOTOM, I10-
3BOJISIIOT OMMCATh ITPOTPAMMHYIO apXUTEKTypy 1 hop-
Manuzyemble 3amaun MC. Takue mMomenu SIBSIOTCS
HATJISIAHBIMU Y XOPOLIO COTJIACOBBIBAIOTCS C Mapaaur-
MaMUu 00BbEKTHO-OPUEHTUPOBAHHOTO, (DYHKIIMOHAb-
HO-OPUEHTUPOBAHHOTO ¥ KOMITOHEHTHO-OPUEHTH-
POBaHHOTO TIPOrpaMMUpPOBaHUs. B ¢BsI3M ¢ TeM, 4TO
cnocoObl TIpeAcTaBIeHUs UH(GOPMalMK O ITPOTpaMM-
Holi apxutekType MC, HeoOXommMoii 1isl TeHepaluu
MPOrpaMMHOI'0 00eCIeUeHusl, UTPAIOT BAXKHYIO POJib,
MOAPOOHO pPacCcMOTpeHbl TpadoBblie MOIETU TIPO-
TPaMMHOM apXUTEKTYpPHhI.

2. Avanu3 hopmMabHbIX rpadoBbIX Mojeei
NPOrpaMMHOM APXUTEKTYPbl MH(POPMALMOHHOI
CHCTEMBI

Teopus rpagoB moyuymia IKMPOKOE pacIipocTpa-
HEHUE U MPUMEHSIETCSI BO MHOTMX 00JIacTsIX, B YacT-
HOCTU — ISl ONIMCAaHUs TTPOTPAMMHON apXUTEKTYpPhI
HC. I'padoBbie MOAeIN UCIIOAb3YIOTCS IJISL pa3iny-
HBIX LIeJie B paMKax IMPOLIeCCOB MPOEKTUPOBAHUS U
paspadotku I1O: oroOpaxeHuss MHGOPMALMOHHBIX
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3aBUCUMOCTEN MeXAy MNpPOrpaMMHBIMU KOMITOHEH-
TaMU, TMOCJIEeI0BATEIbHOCTU BBIMOJHEHUST (DYHKIIHO-
HaJIBHBIX 3a/1a4 CUCTEMBI, OTIMCAHUsI BepCUU KOHDU-
rypanun 1O, cxembl CBsI3eii MO yIPaBICHUIO MEXIY
3JIeMEHTaMU MPOrPaMMHOM CUCTEMBI.

s nonaydyeHus rpacdoBoil MoAeIn MPOrpaMMHO
apxutekTypbl MC oObIYHO MCrONb3yeTcss MHGpopMa-
1us o 3agaHHol [TpO B Buae tTakux moaeneii [TpO kak
[42]: 1) nuHDOpMaLIMOHHbBIE MOAEIN; 2) MOJAEIU IIOTO-
KOB IaHHBIX; 3) (PyHKIIMOHAJIbHbIE MOAEAN. JlaHHbIe
monenu IIpO OGepyrcst 3a OCHOBY IIpU IIPOEKTUPO-
BaHuu I[1O B paMKax CyIIECTBYIOIIMX TEXHOJOIUIA
npoektupoBanust ARIS, IDEF, DFD uau UML u
SIBJISIFOTCSL UCXOAHOM MHpopMauueil mist ¢popmaib-
HOTO TIPEACTABJICHUS] MPOTPAMMHOM apXUTEKTYPHI.
ITpeumyiiectBoM rpadoBbIX MoOjeJel apXUTEKTypPbl
I10, 6a3upylomuxcsa Ha popMan3mMe Teopun rpaos,
SIBJISIETCSI CITIOCOOHOCTh K BMU3yaM3allMuM U BO3MOX-
HOCTb K aBTOMaTH3a1IMH1 KaK IMPOLIECCOB MPOEKTUPOBA-
HUS TaK U pa3paboTKU NporpaMMHBIX cucTeM. Teopus
rpacoB MCIOJNB3YETCS IS ONMMCAHMS apXUTEKTYPBI
ITO B rpad-opueHTUPOBAHHBIX IMPOrPAMMHBIX MO-
nensx aisi BC ¢ napasienbHONW W pacmpeiesieHHON
ApXUTEKTYPOIi, a TaKXKe B 1IEJIIX KOHDUTYPUPOBAHUS
nporpaMMHbIX cucteMm [38]. Ilpu 3TOM B CTPyKTYpy
MIPOrpaMMMHOM IIaTOPMBI, peaaTu3yIoieid MOaX0I
K pa3paboTKe TPUIOXKEHUNM ¢ JMHAMUYECKU KOH-
duryprupyeMoii napajjieIbHOM M pacIpene € HHOM
apXUTEKTYPOI, BKJIIOUEH MPOTrpaMMHbII MOIYJIb Me-
Hexnepa (aucrietyepa). JlaHHBI MOMIYJb OCYIIECT-
BJISIET UBMEHEHUE KOHMUTYpalUuu CUCTEMbI BO BpeMs
paboTHI U CUCTEMa He HyxKJaeTcsl B mepe3arpy3ke. Ha
rpa¢oByI0 MOJIe/Ib TAKOM MPOrpaMMHOIA CUCTEMBI JIO-
JKUTCS 3aja4a OMMCaHWs MPOrpaMMHBIX MTPUMUTHBOB
(mporpaMMHBIX MOAYyJeit), pean3yoluX QYHKIIUO-
HaJIbHBIE 3a1a4u. B mpouecce NMHAMUYECKOTO KOH-
urypupoBaHusi (popMuUpyeTCsl MOCAENOBATEIbHOCTD
MPOrpaMMHBIX MOJYJIel, KOTOpbIe 3amyCcKaloTcs Ha
BBITIOJTHEHME. DTa MOCIeI0BATETbHOCTD UCITOTHEHUS
HasbIBaeTCsl KOH(pUrypalmoHHbIM I1aHoM. ['pacoBas
MOJIeJIb TIpeACTaBisieT Cco0Oi OpPUEeHTUPOBAHHBIN
rpad, 111 KOTOPOro KOHEYHOMY MHOKECTBY BEPIIIMH
COITOCTABJISIIOTCSI MPOrpaMMHbIE MOAYJM, a Hampas-
JICHHBIM JIyTaM — MoKa3aTeJM CTOMMOCTH M BPEMEH-
HOM 3aepKKU Iepeaadyu JaHHBIX OT OJHOM K Jpyroi
BepummHe. [Tomxonm k pa3zpaborke 10O, B ocHOBY KO-
TOPOTrO MOJIOXKEHBI Tpac-OpUEeHTUPOBAHHBIE TIPO-
IrpaMMHbIE MOJAEIN, MPUMEHSIETCS ISl KJIaCTEPHbIX
BBIYMCIEHUI, Web-CepBHUCOB, KOMIIOHEHTHO-OPUEH-
TUPOBAHHBIX BEIUUCIICHUI.

Ha coBpeMeHHOM 3Tamne AMHAMUYECKOe KOH(U-
TYPUPOBAHUE OCYIIECTBJSIETCS Ha OCHOBE TEXHOJIO-
ruu (OYHKIIMOHAJIBHOTO IPOrpaMMUpPOBaHUS, C MC-
MOJb30BaHUEM (DYHKIIMOHATIbHO-OPUEHTUPOBAHHbBIX
SI3BIKOB MPOrpaMMUpPOBaHMsI, TakuX Kak Scala [43].



METO/bI CTPYKTYPHOIO CUHTE3A Y ABTOMATU3MPOBAHHOO KOH®UIYPUPOBAHUS PO PAMMHOMN APXUTEKTYPH MIH®OPMALIMOHHON CUCTEMBI

Henocratkom ykazaHHOro rpac-opuMeHTHUPOBAHHOIO
Moaxona SIBJISIETCSI TO, YTO MPU €ro MCIOJb30BAHUU
HE YYUTHIBAETCS BO3MOXHOCTb OOBEAMHEHUSI BeEp-
IWH TIpadoBOil MOAENU IJis MOJydeHUs! CyrnepBep-
LIMH C LEJbI0 YMEHBILEeHUS] CBI3HOCTU U CLIETIICHUS
MPOrpaMMHbBIX MOJIYJIei, a Takxe YIpOIIeHUs Tpa-
¢doBOro mnpeacTaBieHUsT MPOTrPaMMHON apXUTEKTY-
pbl UC. TTonoOHbIe rpacdoBble MOJEIN HE COAepXkKaT
JIOTMOJHUTENIbHON MH(OpMaLMK, TpeOyeMon ISl UX
00paboTKM, MCIOJbL3YIOTCS IJIs OMKMCAHUS ClIoBapei
MPOrpaMMHBIX KJTaCCOB U MPEACTABIISIOTCS KOPTEXKEM:
G =<V(C, VA, VR, A, EC, ECO, EA, ER, ERO>,
rne VC — KOHCTPYKTUBHBIE BePIIUHBI; VA — 3aMeHsI -
eMble WM M3MEeHsieMble BeplIrHbl; VR — BeplluHbI
MOBTOPHOIO UCIOJIb30BaHUsI; A — MeTku; EC — KoH-
crpyktuBHbIe 1yru; ECO — HeoOs13aTe/IbHbIE KOHCTPYK-
tuBHbIe nyru; EA — usmensemsble ayru; ER — nyru
IMOBTOPHOTO Mcnob3oBaHus; ERO — HeobOs13aTe1bHbIe
JIyTY TOBTOPHOTO MCMOJb30BaHMSI.

Kaxnoii BepiivHe naHHoO# rpacdoBoii MOAEIN CO-
MOCTABJSIOTCS  KJAacChl MPOrPAMMHBIX  MOYJIEH.
BbiieneHble Ha MHOXKECTBE BEPIIMH MOJAEIU IOA-
MHOXECTBO KJIACCOB MOBTOPHOIO HCIOJb30BaHUS U
MOJAMHOXECTBO M3MEHSIEMbIX KJIaCCOB MO3BOJISIIOT
onucatbh AMHAMMYECKYIO YacTh MPOTrpaMMHOM apXu-
TekTypbl. [Tog0OHbIE HampaBJieHHbIE ALMKINYECKUE
rpaoBble MOJIEJIM MPUMEHSIOTCSI TakXke B (DyHKIIU-
OHAJIbHOM TIPOTPaAaMMMPOBAHUM [IJISI aBTOMATH3aIuU
TUMHU3ALNM, TTIOMCKA COOTBETCTBYIOIIMNX (DYHKIIUMA 11O
MX 3aJaHHBIM apTYMEHTaM.

Kpome Toro, Ha TeopeTMKO-MHOXECTBEHHOM
ypoBHe npeactaBieHuss MC B KauecTBe OCHOBBI s
Mpoliecca CUHTe3a TaKKe BhICTYMNAIOT rpadoBbie MO-
nenau. [lpuMepoM CIyXKUT MOAXOM, OCHOBAaHHBIA Ha
onucanuu BIT B ¢popme notokoB 3aganuii (workflow,
WF). B stom ciayyae WF — 3T0 opueHTUpPOBaHHBII
rpad, BeplIMHAMU KOTOPOTO SIBJISIOTCS 3aITyCKaeMble
3aja4u, a pebpamMy — 3aBUCMMOCTU MEXIy 3ajadyamMu
10 IaHHBIM U 110 yripaBieHuto [44]. Takoit moaxon Ha-
xomnuT npumeHeHue i1 MC, opueHTUPOBAHHBIX Ha
pacnpeaeeHHYIO BBIYUCIUTEIbHYIO Cpeay.

Kpome Toro, cpeny rpadoBbIXx Mojeseli BHUMA-
HUS 3aCIyXXKMBAlOT BEPOSTHOCTHBIE MOJEIU CUCTEM
3aBUcuMoOcTeit. JlaHHbIe MOJeau Ha OCHOBe rpacdoB
BO3HMKJIM Ha CTBIKE MHOTOMEPHOI'O CTATUCTUYECKOTO
aHaJM3a, TEOPUU BEPOSITHOCTEH, Teopuu rpacos, Te-
opyuM MHMOPMALIMK U MCKYCCTBEHHOIO MHTEJUIEKTA.
JlaHHBII K1acc MoJiesieid UTpaeT poJib CTPOTOTO SI3bIKa
MpeICTaBIeHUs] 3HAHWM B YCJIOBMSIX HEOMpeaesIeH-
HOCTHM (B YaCTHOCTU, B DKCIIEPTHBIX CUCTEMax HOBO-
ro MokoJjieHus) U 3((HEeKTUBHOTO armnapara pelieHus
pPa3sHOOOPAa3HBIX AHATUTUYECKUX 3a1a4.

Haubonee mnpuBiekarenbHbl MOAEAM Ha 0asze
alMKINYEeCKUX OpPUEeHTUpPOBaHHBIX TpacdoB (AOI-
moaenu). Beigensiror Takue goctonHctBa AOI'-Mope-
Jeit [45]: HarasIOIHOCTb, CIIOCOOHOCTH OTOOpaXKaTh

MPUYUHHO-CJICACTBEHHbIE CBSI3U U TMPOrHO3UPOBATH
MOCJAEACTBUSL ACUCTBUMA (pellIeHMid), KOMIIAaKTHOE
MpeACTaBlIeHUe CUCTEM 3aBUCHMOCTEH, BBIYMCIIM-
TeJibHasI 9(PPEKTUBHOCTH BEPOSITHOCTHOTO BHIBOAA.

DT cBoiicTBa 0becneuuBatoT 3(pGeKTUBHOE MPU-
MEHEHMe TaKUX Mofesie B MEOIWIIMHCKOW W TEXHU-
YeCKON OMarHoCTUKEe, COLMOMETPUYECKOM, DKOHO-
METPMUYECKOM M DIUAEMHUOJOTMYECKOM aHalu3e,
MOACIMPOBAHUM TEHETMUYECKMX MEXaHU3MOB, pac-
MMO3HABAaHUM pPEYM B BUIE KOMIUIEKCA TUCHMILINH
e-Science.

st 3agay feTanbHOro onvcaHust apxutekTypbl [1O
HMC MoryT nmpuMeHSIThCSI YeThipe OCHOBHBIE Tpado-
Bble MOJeu: rpad yrnpasieHUs, MHOOPMALIMOHHBINA
rpad, orepalmoHHO-JIOTHYeCKast UCTOPUS U UCTOPUS
peanuzanuu [45]. IlepBbie nBe MOAEIM HE 3aBUCHT
OT BXOIHBIX TAHHBIX M CTPOSITCS HEITOCPEACTBEHHO
IO TEKCTY MpOrpaMMHbl. JIBe TTociaemHne MOMCITH s
CBOETo IMOCTPOeHHUsI (hOpMabHO TPEOYIOT CIIEKEHUS
3a BBINIOJIHEHUEM Bcex omnepaHaoB. CI0XHOCTb IMO-
CTPOEHUS MOJEIIM BO3PACTaeT B MOPSAAKE YKa3aHHOTO
repeunciaeHns. Bee ykazaHHBIE MOIEIN CYIIECTBYIOT
JIJIST BCEX TIPOTPAMM.

Cy1iecTByeT MHOXECTBO CIIOKHBIX HayIHBIX, MH-
JKEHEPHbIX M SKOHOMMYECKMX 3amay, IJIsl pelleHust
KOTOPBIX HAa coBpeMeHHbIX BC TpeOyeTcs juTeabHoe
BpeMs. [1py 3TOM KOJIMYECTBO TaKUX 3a/1a4 IMOCTOSTH-
HO pacTéT. B kpynHomaciiTadbHbeix BC, BeposSiTHOCTb
ITOTEPH Pe3yIbTaTOB BEIYMCICHUI O9eHb BhICOKa [46].
Hcxonst u3 3T0r0, CylmecTByeT cepbe3Hasi HEOOXOIM -
MOCTb 0O0€CIeYeHMsI OTKA30yCTOMYMBOTO BBITIOJIHE-
Hus niporpamMM Ha BC u B Toxe BpeMsl ONTUMU3AIUU
BpeMeHu paboTsl BC.

B muTeparype m3BecTeH MOAXOM K PEIICHUIO 3TOM
3ajJa4u 1oj HazBaHueM «backtracking» [47]. Cwmbica
9TOr0 METOJia 3aKJI0UaeTCsl B UCMOJb30BAHUU «UCTO-
pUM» B3aMMOJACMCTBUI 1711 aHaJIM3a MPOrPaMMBbI.
BBozasiTcs BcmomorartesbHble MepeMeHHbIE, KOTOpPbIe
XpaHST UCTOPUM B3aMMOICHCTBMS MO KaXIOMY Ka-
HaJty TIporpaMMmbl. JIIsd XpaHeHUST UCTOPUI BBOIUTCS
CleLMabHASL UCMOPUYEeCcKas HnepeMeHHdss — MACCUB
3HAYEHMH, MOCTeAOBATEeIbHO TepedaHHbIX 0 COOT-
BETCTBYIOLIEMY KaHaly. A ajee Mpu HeOOXOIMMOCTU
BOCCTAHOBJICHHSI OTOM MCTOPUU Mporpamma odparia-
ercsl K MaccuBaM. Kpome mpuHmumna backtracking B
JIMTEpaType U3BECTEH U IPYTOW MOAX0A, OCHOBAHHBIMN
Ha co3naHuu KOHTpoJibHbIX Touek (KT) BeiunciaeHuii
(checkpoint). IToaxonbl K co3nanuto KT paznensitorcst
Ha peaKTUBHBIH (reactive) M MPOaKTUBHBIN (proactive)
[48]. Haubomabliee pacrpocTpaHeHUE MOJIYYUa pe-
aKTUBHBIN TIOAXOMA, TakKe HasbiBaeMblii Checkpoint/
Restart win Rollback/Recovery [49]. OH mpemycma-
TpuBaeT nepuoaudeckoe coznanue KT BoccraHoBE-
HUS, XpaHSIINX COCTOSHUE BBITTOJHSIONMIEICS TIPO-
rpamMmbl. B ciyyae oTkasa OJHOIO WM HECKOJbKHUX
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BBIUMCIUTEIBHBIX Y3JI0B (BY) mobast KT MoxeT ObITh
HCTOJIb30BaHa ISl TIOBTOPHOIO 3aIycka MpOorpaMMbI
Ha ucnpaBHoi noacucreme. [Ipu saToM pabora 1po-
JIOJIKUTCS ¢ MOMEHTa BPEMEHH, COOTBETCTBYIOIIETO
co3nanuio 31oit KT. PeakTmBHEIN moAXod MCIOIb3Y-
eTcs Takke It bamaHcupoBku Harpy3ku BC u B Boc-
npousBoasiiux otiaaguukax (Playback Debuggers)
[50].

ITIpumenenune mexanusma KT cBs3aHO ¢ Hakjaji-
HBIMM PacXoJaMM TP BBITIOJIHEHWM TTapajuIeTbHBIX
nporpamm (ITIT). JlaHHast onepaliysi XapakTepHa UH-
TEHCUBHBIM MCIIOJb30BAaHUEM Y3JI0B BBOIA-BbIBOAA
(YBB), nostomy cpenHee Bpems cozganus KT moxer
OBITH BeCbMa 3HAYNTETbHDBIM.

Cyl1iecTByeT 10CTaTOYHO MHOTO CPEICTB CO3MaHUS
KoHTpoJbHBIX ToueK (CCKT) [51], xaxkgoe U3 KOTO-
PBIX UMEET CBOM MTPEUMYILIECTBA U HEJOCTATKU.

Paznuyalor 1Be OCHOBHBIE CXEMbI B3aUMOIEHCTBUS
CCKT c 3zamuiinaemMoil mporpaMMoii: siBHasi U Ipo-
3pauHas (HesiBHast). Cpenctsa co3nanust KT, mocrpo-
E€HHBIC Ha OCHOBE SIBHOM CXEMBI, TTO3BOJISIIOT 3a/1aTh
OorpaHMYeHHbI HabOp MH(MOPMaLIMK, KOTOPYIO HEOO-
xoaumo coxpaHuth B KT. HenoctaTtkom siBHOM cxeMbl
SIBJISIETCSI HEOOXOAUMOCTh MOAU(UKAIIUA UCXOIHOTO
KOJa, YTO HE MO3BOJISIET IPUMEHSITD €€ K IIporpaMmam,
JIOCTYITHBIM TOJIbKO B OMHApPHOM BUJIE.

CpenctBa coznanus KT, mocTpoeHHbIE HA OCHOBE
MIPO3PavYHOI CXeMbI, OCYIIECTBIIIOT coxpaHeHue KT
He3aMeTHO JUisl MporpaMmbl. HemoctaTtkoM AaHHOTO
MOAX0/a SIBJISIETCS OOJIbIINI 00bEM NMCKOBOTO BBOJA-
BbIBOJA MH(OPMALIMU, TaK KaK COXpaHsIeTCsl BCE Mpo-
CTPAHCTBO MaMSITH.

ITo xnaccam noaaepxkuBaeMbix mmporpamm CCKT
MOJpa3aeisiioT Ha COCPEIOTOUEHHBIE U pacipeiesI€H -
Hele. CocpenoroueHHble CCKT obecrneunBaroT oTKa-
30YCTOMYMBOCTb BBITIOJIHEHUST OHOTO WU HECKOJb-
KHUX MPOLIECCOB B paMKax BblYMCIUTEIbHOTO y31a BC.
Pacnipenenénubsie CCKT 00bIYHO cTposITCSl Ha 0Oase
COCPENOTOUYCHHBIX U MPUMEHUMBI IIJISI pacIIpeaeeH-
HBIX W TTapaJUTeJIbHBIX IIPOTPAMM, YTO JeIaeT X BaXkK-
HBIM MHCTPYMEHTOM OpraHM3alny (yHKIIMOHNPOBA-
nus BC.

Hns pacnpenenéHubix CCKT paznuuairoT Koop-
NUHUPOBAHHBI U HEKOOPAMHUPOBAHHBIM MOIXOMBI.
IIpu cozmanum PKT kaxabiii mpouecc PIT coxpaHsieT
cBoe coctosgsaue B KT. Llemoctaoit PKT Ha3wBaeTcs
Ha6op u3 N nokanbHbIX KT, hopMupytommx 1omycTu-
Moe coctosinue nporpammbl [49]. Takas PKT moxet
OBbITh MCMOJIb30BaHA JJISI BOCCTAHOBJICHUSI MPOrpam-
MbI 11ociie c6os. IIpu KoopaMHMPOBAaHHOM MOAXOAE
cozganue KT mpoucxoauT CMUHXPOHHO, YTO TapaHTU-
pyet uenoctHocTh PKT. Ipy HEKOOPIMHUPOBAHHOM
noaxoae Kaxapiii mpoiecc coznaer KT HezaBucumo
oT Apyrux. CieaoBaTebHO, TPU BOCCTAHOBJICHUU HE-
00XOIMIMO BBIMOJIHSTH MOMCK LEJOCTHOTO COCTOSIHMS
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mporpaMMbl Ha OCHOBe HaOopa He3aBUcCUMBIX KT.
IlocnenHee BHOCUT MOOMOJHUTENbHBIE HaKJIaTHbIC
pPacXobl.

Pacnpenenénusie CCKT Takke MOXHO paszfie-
JINTb Ha yHUBepcalbHbie © MPI- oprueHTHpOBaHHbIE.
ITepsrie CCKT mo3Bosstitor co3gaBath PKT mis mro-
ObIX pacnpeneJ€éHHbIX U MapaiebHbIX TPOrpamMM, B
TOM YMCJIe IUIST pa3IUYHbIX peaanu3aluii MOJeIH repe-
naun coobuieHuiit (PVM, MPI). Yto kacaercst BTO-
pbix, To cyiiecTByeT HecKoyibKo CCKT, mocTpoeHHBIX
Ha 0a3e KOHKpeTHbIX peanusanuii MPI (Hanpumep,
OpenMPI, MVAPICH?2). Bce oHU MCTIOIB3YIOT TTAKET
BLCR g5 cozganus cocpenoroueHHbix KT u peanu-
3YIOT COOCTBEHHBIE MeXaHU3Mbl COXpaHEHUs rpaca
CBsI3eli U TPAH3UTHBIX COOOIICHUIA.

TexHoMOTHSI aBTOMATHOTO TTIPOTPAMMUPOBAHUS
TIPUMEHSIETCST TIpU IPOoeKTUpoBaHUM Takoro I1O kak
CHCTEMbl aBTOMATM3allMd OTBETCTBEHHBIX OOBEKTOB
ynpapiaeHus. Crangapr [EC 61499, ynuduuupyto-
WA MpaBuja CO3MAaHUS pacTlpeneaeHHBIX YIIPaBIIsi-
IOIMUX CHCTEM, PEKOMEHIYyeT OITMCHIBaTh 0a30BBIC
(pyHKIIMOHATBHBIE OJIOKU C TTOMOIIBI0 KOHEYHBIX aB-
toMaToB (KA). Bb160p B 10J1b3y aBTOMAaTHBIX MOJIeJIei
00yCJIOBJIUBAETCSl TPEOOBAaHUSIMM K OPTaHU3ALUU
660HCpG60fIHOI‘O COXpaHCHUA M BOCCTAHOBJIC-
Hus1 gaHHbIx BII, yctpaHeHus1 6J10KMPOBOK U
MUHUMM3ALMUA OIIMOOK [52, 53], UTO MO3BOJISIET
o0ecrneunBaTh BBICOKYIO HaJleXKHOCTb pabOThl
IT10.

BoiBoabI

BoimonHeH aHaiu3  CYLIECTBYIOIIMX METOIOB
CTPYKTYPHOIO CHHTE3a IIPOrPaMMHOM apXUTEKTY-
pbl UC, B TOM uunciie Ha OCHOBE IrpaoBbIX MOJEIIEH.
Ha ocHoBaHuM MpPOBEAEHHOIO aHajiu3a YCTaHOBJE-
HO, YTO pellleHHe 3aJa4u pa3padOTKU METONOB U UH-
(GopMalMOHHBIX TEXHOJOTUI CTPYKTYpPHOI'O CHUHTE-
3a MPOTpaMMHOI apxuTeKTyphl, agantauuu 1O mox
U3MEHSIIOIIECS BO BpeMEHU TpeOOBaHMUSI KOHEUHO-
r0 MOJB30BATENS OCTAETCH aAKTYAJIbHBIM, IMOCKOJIbKY
Ha COBPEMEHHOM 3TaIle JOCTATOUYHO OOJIbIIIOE YKUCIIO
MTPOM3BOACTBEHHBIX MPEITPUATHI 1 KommtaHuii (31%
— 41%) He yIOBIETBOPEHBI YPOBHEM 3aIIUTHI JAHHBIX
JUISI TIPUMEHSIEMbIX TEXHOJOIMM, a TakXke TpeOyloT
OoJbiIoit 00beM gopadboTok ucxogHoro I1O, mpuoo-
peraemMoro 3akazuyMkoMm. B rmocieaHem ciiydae Ipo-
LIEHT KACTOMM3ALIMU cocTaBsieT mpuMepHo 11%-25%.
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PRINCIPLES OF SEARCHING AND SORTING OPTIMIZATION
IN SOCIAL NETWORKS USING A MULTI-FACTOR ASSESSMENT SYSTEM

The analysis of social networks, which focuses on the relationship between social entities today is an area of
active research. It is a set of tools for research, in particular, in combination with artificial intelligence methods
such as machine learning, deep learning. The paper examined the current quality of the assessment of information
in social networks, analyzed the methods of searching and sorting information in various social networks, as well
as the process of providing recommendations to users. Social media data is an inexhaustible source of research
and business opportunities. In general, social media data is information gathered from social networks that shows
how users interact with content. Methods of improving search results for personalizing recommendations in social
networks are given. These indicators and statistics provide an effective understanding of the strategy of behavior in
social networks. The advantages and disadvantages of a multifactor assessment system are considered. The possible
ways of integrating the combined system of evaluating information elements by the user to optimize search queries

and filtering big data are identified.

SOCIAL NETWORK, SEARCH, FILTERING, MULTI-FACTOR ASSESSMENT SYSTEM, RATING

SCALE, BIG DATA

Introduction

Social networks are the main direction of dissemi-
nation of information on the Internet in recent years.
Most of them use a news feed for distribution of records
among users.

Social media data is the source that comes from de-
veloping or analyzing social networks. After extracting
data, analytics is used to sort out raw information. The
more data can be collected, the more informed deci-
sions can be made, which will lead to a better result.

Due to the need of providing relevant information,
the actual problem is to optimize the searching and filter-
ing the data provided to the user while viewing the feed.

The purpose of this research — analyze the basic al-
gorithms and methods of searching, filtering and sorting
information in social networks, possible ways of their
optimization and implementation of these methods to
the existing and future networks.

To achieve a goal, the following tasks were set:

* to analyze the basic methods of information search
in social networks;

* to formulate possible ways of optimization the sort-
ing and filtration of records in the news feed;

* toexplore possible options for implementing the ob-
tained methods to the existing social networks.

1. Analysis of the research problem

Before determining the social profitability of invest-
ments, it is necessary to first identify key performance
indicators (KPI). These are the various business indica-
tors used to measure and measure success. KPI of social
networks are indicators that will help suggest what gives
results and what does not. In other words, it is necessary
to have data, which key performance indicators of so-
cial networks should be monitored and analyzed. Only

then can one understand by metrics whether a social
strategy is being implemented.

For more than 20 years of history of the social net-
works’ existence, the principles for creating a news
feed were largely based on user activity [1]: the posts of
friends/subscriptions, groups, and other news sources.
In the search process, to sort the found information,
initially there was used only the number of preferences
(likes) received by a post. During the process of devel-
opment of neural networks and artificial intelligence,
their achievements began to be used to form a “smart”
news feed and sort provided information, both in gen-
eral terms and for each user separately. The relevance
of each record is now calculated not only by the total
number of preferences, but also by the number of views,
related to the subject of the news feed [2].

One of the most important moments when collect-
ing data in social networks is the availability of suf-
ficient information for making an reasoned decision.
Understanding user behavior and preferences is impor-
tant for any business purpose: from determining what
content people want to see, to controlling the mood of
the community as a whole. The data exists regardless of
the network in which the need for research arises: the
question is in carrying out the necessary analysis.

Data-driven marketing is the process of obtaining
information based on the analysis of indicators extract-
ed from large data on consumer interaction in order to
make predictions about future behavior. By collecting
data in social networks using targeted platforms, it is
possible to make the process of making business deci-
sions more balanced.

Despite the progress in the development of social
networks, they have one serious disadvantage. Since
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most networks use likes (or their counterparts) to get

a response from users [3], for the analysis of user pref-

erences, the algorithms for providing information can

only be guided by binary factors (like/dislike). Such a

model cannot fully provide a clear assessment and feed-

back of the extent and the context derived from the user
who liked a post.

Take for example one of the most popular social net-
works — Twitter. Twitter has two basic parameters for
evaluating each post (tweet):

» the number of likes (bookmarks). It has two usage
options: “liked” (the user rated a tweet) and “not
defined” (the user did not rate a tweet);

+ the number of retweets (allows to share tweets on
your page). Also, it has only two states: the user ei-
ther shared a tweet or not;

» the owner of the tweet. It allows to focus on the
number of author’s subscriptions to be displayed in
the search top.

Twitter has two methods for displaying found tweets:
top results for the latest time and tweets sorted by date
of publication. The formation of the top is most influ-
enced by the status of the tweet’s author (number of
subscribers, total activity). The number of retweets and
likes [4] affect tweet’s rating less significantly.

The first problem of forming the top of the tweets
when searching on Twitter is the universality of the
results. The search considers only the user’s location
(country and city) to create the feed of tweets. There
is no more personalized search, since the feedback to
users is quite low.

The second problem follows from this: Twitter does
not have a unique method for analyzing user actions,
since the likes are acting as favorites and cannot be used
for real evaluation, and the number of retweets is not
informative option for content creation algorithms.

So, the general problem of social networks is pay-
ing little attention to active user actions [5]. To create
a news feed, they involve highly effective algorithms
for machine learning, which should predict what might
be liked by a user without having enough information.
Due to this, search results in social networks are rath-
er approximate, this may lead to an information col-
lapse against the backdrop of exponential growth in the
amount of data in the Internet, depriving many users
of the benefit of one of the most valuable information
sources.

3. Institution of segmented grading scale

For more detailed feedback from the reaction of us-
ers to an information post, it is necessary to expand the
simplified scheme of a post evaluation in a social net-
work.

Instead of using likes, the notion of rating ranking
is introduced. This rating should have a differentiated
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scale, depending on the required degree of detail. Major
scales may range from 1 to 5 (like a five-point rating sys-
tem used by some educational institutions) and a scale
from 1 to 10 (due to the use of the decimal number sys-
tem). In addition, since the emoji have become widely
popular recently, they can also be used as an emotional
assessment (from annoying emotion to satisfaction one,
from a sad one to a fun one, etc.).

As the system of records evaluation, in the form of
likes, has an advantage in the form of greater ease of use
[6], to implement a segmented scale, it will be neces-
sary to re-engineer the user’s post evaluation interface
to maintain satisfactory ease of use.

The segmented scale requires one action more than
the likes system (in the worst situations, where the scale
is highly differentiated, there may be needed more ac-
tions, but such options are not considered here). In
addition, for web-based systems and high-resolution
smart devices, additional actions may not be even need-
ed — the whole scale can be compactly positioned on
the user’s screen. Considering that such a system will
not greatly influence the usability of the evaluation, it
can be assumed that such a method would not cause
dissatisfaction with users.

The segmented scoring scale is now used in many
online services: movie evaluation systems, mobile app
distributors (Google Play), online stores (AliExpress,
Rozetka), and more. It should be noted that the rat-
ing scale has already been applied to social networks.
An example is a network, where the scale from 1 to 5 is
used to evaluate photos. But due to incorrect design and
lack of a logical context on the rating scale, this rating
system was not able to get the right value.

A differentiated scale affects several aspects of social
networking optimization. Thus, the user is given a wid-
er choice to evaluate an item: instead of one option, he
can choose from several (depending on the segmenta-
tion of the scale). In addition, users can express a nega-
tive reaction using low scores on the scale (like the score
on Google Play, where the dissatisfied users give an app
1-2-star, etc.).

From the point of view of the internal structure of
the social network, the assessment scale will help to
optimize the statistics for an information element [7].
Instead of prioritizing the quantitative factor of evalua-
tion (total number of likes), the qualitative factor (num-
ber of positive assessments and average score) is now on
the foreground.

Also, in addition to the information item ratings, the
segmented scale can optimize the recommended entries
that are provided to the user. Now, recommendations
can consider not only the records that were reviewed
and approved by the user, but also their overall rating
and preferences of the user (evaluation of related re-
cords). This will create an additional impact factor on
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search results and recommendations that will make
them more differentiated and independent for each
network user.

The algorithm for ranking of the record displayed in
the search results should change according to the en-
tered scale. For a social network with estimates in the
form of likes, in the simplest form it may look like this:

R=K *likes (1)

R — overall post’s rating; K — the user influence factor
(calculated for each network separately, depends on the
user’s environment and their activity); /ikes — the number
of likes received by a post.

The easiest version of a ranking with a segmented
scoring scale is as follows:

R=K * SUMyae ()
totalRate
sum,,,,— the total sum of received rating; fofal/Rate — the
maximum amount of ratings for a post (the number of
ratings multiplied by the maximum rating value in nu-
merical form).

Given that most modern systems use a special policy
for minimum and maximum ratings to protect against
deliberate increase of the rating, the formula (2) allows
you to enter the coefficients of the significance of each
estimate from a segmented scale. Then the formula will
look like this:

. D (rate; * ratekK,)

total Rate

R=K

3)

rate; — the i-th element of the assessment scale in nume-
rical form; rateK; — the coefficient of significance of the
i-th element of the scale.

Therefore, a segmented scale for rating of informa-
tion elements leads to more feedback from the user,
which can help to customize the data filtering for each
user more independently.

3. Assessment of the information post by factors

One of the major drawbacks in the evaluation of in-
formation elements with the help of the likes is the lack
of a concrete reason for the assessment or its absence
[8]. This system partially answers the question “Did the
user like this item?”, Which has options for “Yes” and
“Not at all”. Such an assessment is not very informative
for the search algorithms of the social network, there-
fore for its additional analysis, the subject of the element
and its affinity with other elements are considered.

The answer to the question “What exactly the user
liked the item?” should expand the range of possible
choices for the user. One of the possible solutions to this
problem is the introduction of factors for the evaluation
of information elements.

Evaluation factor is the unit of evaluation of the in-
formation element in the social network. It is an analog

of the like, but it has a certain context or category that is

used to specify the user’s motives.

Compared to the segmented scale, which is respon-
sible for the quantitative assessment of the elements, the
task of the factor system is a qualitative analysis of data
and obtaining reasons for the preference of an element
by the user.

The factors can be categorized according to their
versatility, way of display, and the purpose.

In terms of universality, the factors are divided into:
» general — can be applied to any information ele-

ments, there are universal evaluation options (for

example, “Utility”, “Relevance”, “Truth”, etc.);

» gspecific — inherent to elements of a certain type
or certain subjects (for example, factors such as
“Perspective”, “Processing”, “Exposition”, etc.)
can be used for evaluation of the photographer
works;

» custom — factors created by the user for an individu-
al assessment of the information element.

By the way of displaying, factors can be divided into:
* linguistic (verbal) — transmit values using words and

phrases;

 figurative (graphical) — transmit values using images
(pictures, emoji, etc.).

By the purpose, the factors are:
 statistical — used to consider the popularity and cal-

culation of the overall rating of the information ele-

ment;

* logical — used as a voting system, have several alter-
native choices for shaping further actions and mak-
ing decisions based on user ratings;

* emotional — used as a psychological element evalua-
tion; have a similarity to a segmented scale of evalu-
ation (when using a scale of images), but they focus
not on the quantitative but on the qualitative char-
acteristics of the element.

The introduction of the factor system of evaluation
takes place by increasing the number of factors of evalu-
ation from one (likes) to several. At the same time, the
main disadvantage of such a system is an increase in the
complexity of the element’s evaluation by the user. In
terms of the latter, the complexity increases in propor-
tion to the number of factors. By Miller’s law [9] (about
the number of objects an average person can keep in
working memory), the maximum number of factors for
evaluating one element should be 7 (* 2) variants.

Despite the mathematically increasing complex-
ity of the factor system evaluating, many users already
have experience working with such a system. Facebook,
Github, and Stack provide the evaluation feature with
emoji, which is one of the options for factor estimation,
so in practice, the introduction of the multifactorial sys-
tem will not cause inconvenience when evaluating the
information elements of the network.
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From the point of view of the internal structure of
the social network, the introduction of the multi-factor
evaluation system can greatly affect the algorithms for
data search and filtration [10]. Like filtration systems
in online stores, factors can be considered when getting
search results, while reducing the number of possible
variations and increasing their quality.

If we consider as the basic formula of the rating of an
element for a one-factor evaluation system formula (2),
then when introducing a multi-factor system, the for-
mula of the element rating in filtering by a factor takes
the following form:

JactorsCount

R =K * 4

sum( factors Count)

R + — post rating when filtering by selected factor;
JactorsCount, — the number of element ratings for the
selected factor; sum( factorsCount) — the number of
element ratings by all factors.

To form a general assessment based on factors, coef-
ficients of the influence of a factor on the overall assess-
ment of the element can be introduced. In this case, the
formula for the overall rating of the item becomes the
following:

g S(K/ *factorsCount,)
- totalRates Count

R )

K/ — the coefficient of influence of the i-th factor
on the overall rating; factorsCount, — the number
of element ratings on the i-th factor; fotal/Rates Count —
the total number of element ratings by all factors.

Thus, the multi-factor system allows users to evalu-
ate information elements in a qualitative way. In addi-
tion, filtering can be applied to certain data by searching
for data, which can greatly optimize the search results,
including for each user independently (based on only

his factor ratings).

4. Ways of factor system integration

To optimize the search and filtering of information
in social networks and increase the role of users in the
evaluation of elements, the combination of a segmented
scale and a multi-factor evaluation system is optimal
[11].

In this case, each factor will have a universal scale
(numeric or figurative) for element evaluation. Thus,
the number of options for the user’s assessment will in-
crease g = f times (g — the number of segmented scale
options; f — the number of factors) in comparison with
the one-factor evaluation system based on the likes.

Given the formulas (3), (5) and integration options
the general formula of ranking information element in
the social network with a combined system testing (seg-
mented scale with the multifactor system) should be as
follows:
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K 7 * factors Count, * avgRate,

R=K 6
totalRates Count ©)
Rate.— K * Y (rate; * rateK ;) 7
averate = totalRate,

R — the overall post rating; K — the user influence
coefficient; K/ — the coefficient of the influence of
the i-th factor on the overall rating; factorsCount,

— the number of element ratings on the i-th factor;
totalRates Count — the total number of element ratings by
all factors; avgRate, —the average element evaluation for
the i-th factor; rate; —the j-th element of the estimation
scale in numerical form; rateK ; —the coefficient of the
significance of the j-th element of the scale; fotalRate;

— the maximum sum of ratings for a certain element on
the i-th factor.

The integration of such a combined assessment sys-
tem is simpler to consider using the Facebook social
network as an example. The network already has a sim-
plified system of factors for evaluating records (in the
form of emoji). You can use a 5-point or 10-point rating
system with stars (or other images) to enter a segmented
scale for each factor. In this case, the overall assessment
composition will continue (use of graphic images). The
disadvantage of such a system is the increase of the
number of user actions to evaluate an item. Depending
on the device, the number of actions displayed will in-
crease by one for the users of the web interface of per-
sonal computers (when the scale for each factor in the
form of a popup card is displayed) and two for mobile
users (opening of the scale of the factor and the choice
of an option).

The integration of such a system into the Twitter
network, which was discussed earlier, needs to be done
gradually, as this network, unlike Facebook, has neither
a multivariate system nor a segmented scale of evalua-
tion. The first is to integrate the system of factors based
on graphic images (like those already known to the user
evaluation options). With enough level of development
by the users of the factor system, you can enter a rat-
ing scale for each factor (like Facebook, as described
above). In this case, the role of likes becomes minor,
they should be revisited for use only as a saving of the
elements to the chosen bookmarks.

Integration of such a system involves possible risks
during operation. The most likely of these is the increase
in the complexity of the assessment system and the lack
of instant evaluation with one action. On the one hand,
the complexity of evaluating a multi-factor system us-
ing a segmented scale causes the user to spend more
time to make a decision, but on the other hand, such a
system provides the user with much greater freedom of
action and options, which, of course, brings the social
network to a new level of progress in terms of searching,
filtering and sorting information.
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Depending on the number of factors and the differ-
entiation of the scale, the number of options for evalu-
ating one element for the user increases by 10-50 times,
which will take into account the preferences of the users
when giving recommendations (including advertise-
ments) and provide the user with an expression of their
opinion when evaluating the item much more concrete-
ly and clearer than usual “like it”.

Conclusion

The main problem of popular social networks in
data retrieval and filtration is the lack of an extensive
system of evaluation of information elements that al-
lows the user to evaluate the records more qualitatively
and specifically.

The paper considers the main evaluation options
used in popular social networks. Using Twitter as the
example of the social network, the features were ana-
lyzed of the use of the evaluation system in the form
of likes and possible options for its improvement. The
problems connected with the sorting of data during
search and giving personal recommendations to the
user were analyzed too.

It has been determined that the introduction of a
segmented scale will help users to evaluate information
more variably and critically (like the evaluation of mov-
ies in online cinemas and goods in online stores). On
the other hand, it was found that the multi-factor sys-
tem greatly improves the qualitative assessment of the
element, allowing users not only to express their prefer-
ences for some information element, but also to indi-
cate the reason for such an assessment.

Determined two development options of the evalua-
tion system, it has been determined that a combination
of a segmented scale with a multi-factor system increas-
es the number of possible evaluation options for the user
by tens of times. This allows to optimize search results
using variables scale factors and increase the number of
possible options for filtering data using factors and their
impact coefficients on the overall rating of the informa-
tion elements.

Using Facebook and Twitter as examples of the so-
cial networks there were considered the possible ways
of integrating the combined assessment system, possi-
ble risks and ways to eliminate them. Thus, the empha-
sis is placed on the fact that a social network requires a
more sophisticated evaluation system, which will help
to sort information qualitatively with the increase in the
amount of data in the network.

Subsequent studies include a detailed analysis of the
integration of such a system of evaluation and creating
a new social network based on it. In addition, one of
the key tasks is to get feedback from users on the com-
plexity of the combined rating system to determine the
main areas of information evaluation development to
optimize the sorting and filtering of big data [12], whose
number is continuously increasing.
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COPYRIGHT PROTECTION USING BLOCKCHAIN

This article examines the potential and limitations of blockchain technology and blockchain-based smart
contracts in relation to copyright. Copyright has long been enforced through technological means, specifically
Digital Rights Management. With the emergence of blockchains, many are now predicting a new era regarding
the administration and enforcement of copyright through computer code. The article introduces the technology
and related potential and limitations while stressing its capacity to act as a form of normative ordering that can

express public or private objectives.

DIGITAL RIGHTS MANAGEMENT, COPYRIGHT, BLOCKCHAIN, SMART CONTRACTS, PRI-

VATE ORDERING, PERMITTED USES

Introduction

Current issue for today is who will regulate the au-
thor’s and property issues in the 21st century. The mat-
ter concerns not only works of art and science, it con-
cerns even your things, houses, motorcycles. Who or
what will control the property and legal documents in
the 21st century?

It is clear that this will not deal with the old market
with offices and corporations dictating the conditions.
Publishers, producers, promoters and PR people will be
forced to look for new ways to earn on air and adapt to
the growth of individualism, which is so often labeled
“Western” and advised to get rid of many religions of
the world. A system where the majority has to put up
with the rules for the dissemination of information and
goods, imposed by several large uncles, is a thing of the
past.

And perhaps you ask: why so many people are de-
prive of work? After all, many will have a hard time,
when it is impossible to earn on the fruits of someone
else’s work and creativity. Well, firstly, while the author
receives “interest from sales” the media giant has su-
perprofits, which it is sometimes so convenient to hide.
This is not fair to the author. Secondly, if the authors
themselves are not against the free circulation of every-
thing being created, and some of them are even actively
advocating, we must clearly understand and admit that
we have the right to reform [1].

In addition, some products of creativity can im-
pose cryptographic methods of protection. In the New
World there will be no bloody revolution, the technol-
ogy itself will make some ideas obsolete and others will
be relevant, and since technology is inextricably linked
with progress, if it is not weapon technology, it will only
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move it forward by overcoming artificial restrictions:
superstitions, religion, ideology, dogma, titles, titles,
legislative prohibitions, important pathos, and so on.

1. Blockchain

Blockchain — is a decentralized database, the stor-
age devices of which are not connected to a shared serv-
er. Any member of the system can make records in it,
which after verification are automatically displayed on
all computers on the network. Thus, the main advan-
tage of the blockchain is the safety of the information
stored in it [2]. No one can forge or replace it, as unilat-
eral changes on each of the network devices will require
huge computing capabilities that are not available to the
ordinary participant of the system. In the field of intel-
lectual property (IP) protection, the technology will
provide safe storage and prompt updating of informa-
tion about any IP objects: from a patent for high-tech
development to a musical work.

2. Copyright protection

The system for the protection of trademarks and
patents is currently based on registers of rights to IP
objects maintained by authorized state bodies. It is
also important here that when entering the above-
mentioned registers, non-trivial manual work should
be performed to verify the IP object for protection.
The system for the protection of trademarks and pat-
ents is currently based on registers of rights to IP objects
maintained by authorized state bodies. It is also im-
portant here that when entering the above-mentioned
registers, non-trivial manual work should be performed
to verify the IP object for protection. Strange as it may
seem, new technologies, some of which are called cryp-
toanarchic, came to the right holder to help. This is a
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decentralized system for exchanging, storing and pro-
cessing data. Or about the blockchain. The well-known
advantages of the new technology are that it is possi-
ble to deposit authorship without the participation of
a third party and without binding to geography. In the
decentralized registry, you can store information about
the output parameters of the author’s object, as well as
the object itself (or its digital imprint, if you need to save
on the volume of the file blockchain). The authenticity
of the object is confirmed by a cryptographic guarantee
- a kind of digital seal. There are several startups that
implement the certification of documents uploaded to
a distributed database. Potentially, they will be able to
solve, for example, the question of the authenticity of
the authorship of photographs, which are purchased in
stock shops. Such mechanisms can be used to write to
the block and the right to own a licensed software (and
check the license by the manufacturer or automatically
when connected to the blockchain).

A revolution, or at least tectonic shifts, is called
blockchain in the music industry. The fact is that eve-
rything related to royalties paid to the author of a musi-
cal work is a very complex and often opaque process.
Blockchain and smart contracts solve this problem, as
they eliminate the functions of organizations managing
copyright and related rights - no more mediators, and
hence distortions and additional costs. This is especially
true for unknown performers who are just starting their
career - these musicians simply do not have the money
to enter into contracts with major labels.

However, entering into a certain state or non-state
register can be useful for a number of purposes, includ-
ing facilitating the receipt by users of information about
the current rightholder. There may well be a prospect
for using a detachment [3].

For example, downloading a movie (book, program)
from the Internet, you along with it can get informa-
tion about the current copyright holder and the terms
of his public license (that is, how much you have to pay
for downloading). If proper software is available, the
download itself may be carried out upon payment in ac-
cordance with these conditions. Or, based on this tech-
nology, you can organize the exchange of electronic
copies of movies (books, etc.), if, of course, this is the
permission of the original copyright holder. Then users
will be able to transfer files to each other (as the bitcoins
are being transmitted right now), similar to how a pa-
per book or a movie disc is transmitted. Including for
money (real or virtual).

Each content unit has its own price. Actions in
many content platforms on the blockchain, for example
“Voice”, are reduced to money. That is, each unit of
text, each photo, a comment in the system is automati-
cally assigned a certain amount. This amount can grow

depending on how other users interact with this con-
tent: read it or create something new based on it. That
is, each unit of text, each photo, a comment in the sys-
tem is automatically assigned a certain amount

The author can choose the appropriate privacy poli-
cy for each content unit. When a user simply enters the
block with the author’s text, the author receives a re-
ward. When the reader wants to use a fragment of the
text for his own purposes, he chooses the appropriate
item (if it is provided for by the privacy policy) and the
author gets even more reward.

In addition, information about the source (author)
of the text fragment will be in the chain with the new
content created on its basis. But here is another thing.

Content-platforms on the blockchain themselves
monitor the observance of your copyright. After the
content unit is created and published in the system, it
is assigned a code that is automatically “checked for
uniqueness” for all units of the block system. You cor-
rectly understood: after adding each new element the
whole system is updated.

It’s as if Google were updating its search engine after
the next page appeared. Only much, much faster. First
of all, due to the fact that all data is not on any serv-
ers, like Google, but distributed among all participants
of the block system. That is everywhere and nowhere at
the same time.

Since your most evil critic is yourself in a year, many
blockchain based content platforms open up opportu-
nities for editing or deleting blocks with content with-
out destroying the whole chain. Such developments
are, for example, in Bandcamp and Accenture. That is
where, the block will disappear, but if the deleted text
fragment has already been used somewhere, informa-
tion about you as an author will be preserved. This is
what Americans call “legacy”, a legacy. The bad news:
no one will forget what you wrote that night. Good: you
can manage content as a valuable asset, bequeathing it
to heirs.

The principle of blockchain solves a very important
issue in the world of information domination over the
individual: how to preserve mercantilist benefits and
leave a trace in history without investing in a PR brand,
simply doing its own thing. In order to earn more, the
author can assign any meta tags to the content units,
improving their visibility in the system, but in the top of
the tape there will still be texts with the greatest number
of interactions from real users-backers. No cheat from
the bots.

Blockchain can offer revolutionary changes for
marketing, but this has never come into fashion among
marketers and has not become a trend, like Snapchat
and online video.
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3. Future of blockchain

The chain of blocks or blockchain of bitcoin is well
known due to its use as a kind of ledger for dealing with
digital currencies. At the same time, this technology
has the potential to be used to solve other, very radical,
tasks. In particular, he gives us an idea of how bitcoin
might one day affect the scope of intellectual property
and intellectual rights.

And what about the disputes between the numer-
ous “authors”? Constantly someone is suing someone
for property or copyright, although the dispute can be
resolved by a timely small entry in a block of several
tens of kilobytes. Authors of works can prove author-
ship with the help of this system. It will no longer be
necessary to resort to special complicated legal manip-
ulations. It is enough to create in the locker, which is
guaranteed never to be changed or erased, an encrypted
entry with the first, seventeenth and last page of your
book, for example. Leaving or receiving data, accord-
ing to which you can be accurately acknowledged by the
author of this record.

In the not too distant future, mankind will go on
to write down not only pieces of its creativity at a cer-
tain time in the structure of the detachment, but also
the management of the “logs” of life: incidents, data,
discoveries, laws and rights will be written into the
blockchain. It is not at all necessary to have an archive
building or a state “office” servicing owners’ catalogs.
Governments in general pretend that they do not un-
derstand: maintaining secret documentation in an en-
crypted block system helps to avoid leakage.

Thus, it is possible to exclude the influence of cen-
tralized bodies - all-pervasive and senselessly harsh - on
consumers and creators of content and products. The
severity of corporations is caused by the desire for pow-
er, and the people always, at least subconsciously, strive
for freedom. Imagine, by the way, how much money
for the budget we will save! We do not need a building,
furniture, light and water, computers and food in order
to build archives and offices, hire staff there. Confirm
the right to own creativity and inventions can be using
a smartphone.

How do you model a step-by-step creation of a real
hit, where do developers, actors or stunt people consult
about all the details of the game, the movie or even the
play with bitcoin investors? Already today, just adding a
button “type” to our torrent distributions and receiving
constructive comments, we partially step on this inno-
vative path [4].

Your ideas can no longer be stolen! Everyone will be
able to record unconditional priority and authorship of
both artistic and scientific works. The world “Bit-net”
will provide an opportunity to link real assets and assets
to the blockchain. Truthfulness is assured, and a whole
bunch of bureaucrats, lawyers and other air sellers are
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left without work. But the work will appear among mil-
lions of authors, inventors, artists around the world.

Some believe that their creativity is of no interest
to anyone, but this is far from true! It is exclusive con-
sumption that will become a characteristic feature of
the first bitcom users. Authors of news, scientific, en-
tertainment and other content, rare goods and services
have already learned to advertise themselves through
the Internet and attract public attention, at the same
time “burying” television and physical advertising.

Now it’s time to start taking real money for your
efforts. Your audience is not limited to the territory of
your native city or home state. Why should its finances
be limited to this territory?

While bitcoins will flow into your pockets, copyright
will undergo some “moral” changes, so that suddenly
it does not turn out that bitcoins flow into the pock-
ets of some other company that stole your idea. To get
acquainted with works of art and science will be com-
pletely free. As a consumer, you will be able to search,
read, watch, listen and copy to yourself anything you
like without restrictions and legitimately. In some cor-
ners of the Internet, similar services are already avail-
able even in the CIS, payment? Bitcoins, of course! If
you think that only drugs are sold for crypto currency,
you live in 2009.

As the author of music, books or games, you can
make a profit and “tip” from people from all over the
planet, in volumes that are still difficult to predict. Not
only will you receive material support from the fan com-
munity, you will also multiply it. Since the rate is very
variable, people’s interest will only grow, and your cur-
rent “state” of $ 5 tomorrow may turn into 25 ... or 50.

The Internet bit of the future will allow ordinary
people with small and medium income to get a chance
to enjoy the results of creative and intellectual work of
all ages, at the same time offering the whole world their
services. Not only classics, but modern works will be
available anywhere in the world. The importance of a
total rethinking of copyright in the 21st century is great,
because now there is a huge amount of priceless infor-
mation, which should be caught literally “on the fly”.
The first thing that comes to mind is that the proof of
existence can be used to confirm the authenticity of the
certificate of property without revealing its contents.

You put a hash next to the link to download the file
and check the hash yourself. Even if someone breaks
into your server, it will not be able to change it. Using
this method, you can unambiguously prove that the
document or part of the code was checked at a particular
time, and the global database of transaction accounting
in the Bitcoin network is ideally suited as a means of its
implementation. These are just some of the directions
for applying this service.
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Taking into account the described potential of ser-
vices, which are possible for implementation on the
basis of evidence of existence, this principle may prove
even more valuable than the cost of bitcoin, on which
most investors are obsessed today.

Digital property can sometimes be viewed as intel-
lectual, and blockchain technology can prove owner-
ship of such property. For example, if you write an ar-
ticle or you have an idea suitable for a patent, in some
cases you have to prove that you owned this idea or
document earlier than someone else. A check is an ex-
ample of the potential of a blockchain beyond simple
monetary innovation.

Now you need someone to be a third party in proof
of identity - like Facebook, Twitter or Google. You
could very well do the same, using the architecture of
the blockbuster.

4. Blockchain in economy

The technical side of the invention of Satoshi
Nakamoto will allow you to develop business in dif-
ferent directions, this will not be exactly for your
competitors, and this need not be reported to the au-
thorities. When you build a business, people will buy
everything that you invent and offer, if it is useful and
interesting. But you need to prove that you are the au-
thor. Blokchain provides such a proof, and Bitkoyn is a
method of anonymous international payments (anony-
mous means very fast). In addition, taking the crypto
currency for payment today, you create a powerful
foundation for your reputation and wealth tomorrow.
Do you think that the pioneers of the Internet are rich?
What can you read about the first directors, scientific
innovators, cosmonauts? And what about the conquer-
ors of America? Sometimes for success it is necessary
not to run faster than everyone, but to run out early, and
to do it as uniquely as possible.

It is important, however, to understand that the
technology of blockchain (the system of keeping the
register of rightholders) does not by itself protect against
piracy. Since books and films must eventually be con-
verted into a human-readable form, it seems that you
can always make an unprotected copy from this form
[5].

So in the final account for protection still have to go
to the courts, and records in distributed registries can
then be used as evidence. Well, that, of course, if the
judge knows the word “blockchain”.

5. Blockchain Technologies in the Copyright Domain

The potential of blockchain as a general-purpose
technology is currently being experimented with in
many domains, including copyright law. Over the past
months and years variegated suggestions as to how the
technology could be deployed for the management of

copyrighted works and neighboring rights objects have
been voiced by industry and in the academic literature.
In this section, we provide a cursory overview of expect-
ed application of these technologies. We organize the
following overview around three main drivers leverag-
ing the main characteristics of blockchain technologies.
The first driver revolves around the potential capacity of
blockchain technology to precisely identify a digital as-
set and thereby counter the problem of digital “fluidity”.
The second driver is related to the ability of blockchain
technologies to foster transparent and disintermediated
transactions. The third axis focuses on the potential of
blockchains to be developed as a DRM system. Finally,
in the second sub-section we introduce some structural
limits of blockchain technologies such as the so-called
“garbage-in garbage-out” problem [6].

6. Prospects for Application

Firstly, it has been argued that DLT could be used to
create artificial scarcity in the digital market. Indeed in
the copyright domain tokens may represent various ele-
ments including a copy of a protected work. This may
solve a number of issues related to the fluidity of digital
objects and create new business models. This may lead
to the commodification of digital works and thereby al-
lowing the creation of new markets. Some projects have
already been implemented, in particular in the field of
artworks leveraging the fact that blockchain technolo-
gies make digital artworks more attractive for collectors.
It has also been speculated that these developments cre-
ate the necessary preconditions for flourishing, techno-
logically-enabled secondary markets for digital content.

DLT may also enable the precise tracking of cer-
tain digital assets (through tokens) that could be used as
evidence of authorship and provenance. In relation to
attribution, hashing can create a unique fingerprint of
copyrighted material that allows verification of author-
ship and that the creative work existed at a given time
without revealing the actual contents. The hash allows
monitoring of provenance in through recording owner-
ship and usage. DLT has been presented as a “revolu-
tion in how to keep track of rights”. Tokens can encode
information including the terms of use of protected
material (such information can be mentioned under
the definition of RMI). For unregistered intellectual
property (IP) rights such as copyright and neighboring
rights, blockchain technologies offer the benefit of pro-
viding a time-stamped record of its conception, use and
qualification requirements. For example, the hash may
facilitate evidence in court cases concerning copyright
authorship and violation of the terms of use [7].

Blockchains’ characteristics provide an opportu-
nity to conceive of a global registry for copyright and
neighboring rights. Indeed only the existence of a global
registry holding RMI would allow for the development
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of potential benefits into real benefits of blockchain
and smart contracts as described in the following para-
graph. In this regard it is worth mentioning the project
currently implemented by PRS for Music, ASCAP and
SACEM which aims at improving data accuracy for
right holders. This point will be further developed in the
next section.

Secondly, there is the prospect of transparency and
cost savings related to smart contracts as once a user
purchases the digital asset from a website, the smart
contract can be triggered immediately so that all other
actions — e.g. payment of royalties to right holders — are
automated. Combined with digital currencies, this ena-
bles micropayments, which could change pricing mod-
els in relation to copyrighted materials. Micropayments
— meaning the payment of a small sum, such as EUR
0002 — is currently not an economically viable solution
as transaction fees exceed the price itself. The advan-
tages of this method are manifold: “the smart contract
facilitates microtransactions at little to no fee, and pay-
ment is divided nearly instantaneously — per the strict
logic of the smart contract code — and is immediately
disbursed to the musicians in amounts of less than
$0.01”. This innovation could also serve to enable an
instantaneous, fairer and transparent remuneration of
authors and artists. To illustrate, Ujo Music uses smart
contracts to facilitate the sale of digital music files. The
payment of a certain sum to download a song triggers
the smart contract, which divides payment between the
various contributors to the song. Notably, this trans-
action can theoretically occur without the need for a
traditional intermediary such as a publisher, a music
label or performance organization. Notwithstanding,
these platforms still constitute a new form of for-profit
intermediaries so that it is still to be determined what
economic impact such solutions will eventually have.
Thus blockchain promises allowing artists to indepen-
dently determine prices and individually license their
works in a “direct-to-fan” fashion. This appears to of-
fer some remedies for the digital era’s challenge of easy
unauthorized access to and distribution of copyrighted
works.

Some hope that smart contracts will generate disin-
termediation which would affect incumbents at differ-
ent levels, including: (1) publishers and music labels,
(2) collective management organizations (CMOs),
and (3) online platforms. According to others, com-
plete disintermediation is unlikely as blockchains may
simply introduce new stakeholders. In the field of on-
line music many blockchain projects promise disinter-
mediation between artists and audience. Yet in reality
such actors can be seen as new intermediaries. Indeed,
while current discourse frequently envisages authors
and artists themselves programming their smart con-
tracts and thus directly defining terms of use, it appears
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that for numerous reasons of an economic, cultural and
technological nature, this is an unrealistic prospect.
Sometimes the role of intermediaries goes further than
the mere management of legal tools being more related
to marketing strategies. In any case, for the “direct-to-
fan” model to take hold, solutions need to be devised
that can provide a user-friendly form of smart contract
management, which does not require the user to per-
sonally code the smart contract. It should be noted that
some are already working on corresponding solutions
[8].

Smart contracts may also play a role in standardiz-
ing licensing terms and conditions for copyright works
across uses and jurisdictions. Standardized smart con-
tracts, the terms of which can be described in compre-
hensible language, augment transparency and reduce
barriers to using contracts for transactions. The tech-
nology could also be used to generate custom smart
contracts with the terms of license payment and even its
split between various beneficiaries.

Thirdly, some believe that DRM itself may be dis-
rupted by blockchain technology. A number of projects
are already underway in this domain. Sony recently ap-
plied for a patent for a DRM solution based on block-
chain. Kodak launched a similar project, KodakOne,
which is aimed specifically at photographers and agen-
cies. Whereas over one trillion photos are uploaded to
the web each year, most of them fall into the category
of orphan works because it is burdensome for photog-
raphers to administer image licensing, infringement
detection and reporting. KodakOne seeks to change
this by creating an image rights management platform,
combined with tokens (to manage instantaneous royalty
payments) and smart contracts (to document licenses).

These early initiatives underline that blockchain can
serve to create a hard-to-amend record of initial owner-
ship with smart contracts being encoded to license the
use of copyrighted works. Here, smart contracts are de-
ployed to automate and standardize copyright-related
transactions (such as use and exploitation of content
as well as remuneration) in relation to blockchain-
based tokenized elements. 144 Smart contracts would
be modelled to hold, execute and monitor contractual
code. The idea is that smart contracts would be used to
establish and self-enforce copyright agreements such as
licenses, and provide information about rights in copy-
righted materials.

Highlighting that traditional DRM solutions rely on
single points of failure, are expensive, can be overcome
by a single hacker and interfere negatively with con-
sumer expectations, blockchains’ resilience-through-
replication is appealing. It is important to note, how-
ever, that automated licensing through smart contracts
is not to be confused with traditional DRM systems
which always involve control of access and use of digital
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subject matter. Blockchains may offer right holders
greater security and stronger protections against possi-
ble attackers including copyright infringers that seek to
access the digital asset. User rights would be encoded
on a blockchain. Connected systems would then verify
these rights and decrypt the related copyrighted content
where appropriate. A smart contract would then be used
to allocate access to the digital asset via tokens (such as
bitcoin, ether, etc.) that reside on the chain, the role of
which consists in facilitating remuneration and pay-
ments.

Blockchains do not hold the copyrighted digital as-
set itself in light of the technology’s limited processing
capabilities but rather facilitate a smart contract that
contains information regarding related rights and per-
missions. However, when users use a work through their
device, they trigger communication with the distributed
ledger. The DRM system can scan the record for the
necessary permission and give the user access to the ac-
quired work. For example, if the user has purchased a
limited-duration license, the system can consult a trust-
ed timeserver and compare the time with the contract
terms coded on the blockchain and take away access
once the user’s license has expired. Blockchain tech-
nology could therefore control use-rights and just as is
the case with current DRM systems, smart contracts do
not necessarily encode legally permitted copyright uses.
We will return to this point in the following section.

After having summarized the main themes revolving
around copyright management by means of blockchain
uses, it is worth stressing some structural limitations of
blockchain technologies [9].

7. Smart Contracts

In essence, a smart contract is self-executing com-
puter code that automatically processes its inputs when
triggered. It is essentially a small computer program
that is deployed on a blockchain. Thus while smart
contracts are currently being avidly discussed in rela-
tion to blockchain, similar mechanisms have been used
for a long time, also by DRM systems. As explained,
DRM technology essentially embedded copyright law
into digital files by limiting the user’s ability to view,
copy, play, print, or otherwise alter the works. For ex-
ample, digital audio files encrypted with DRM technol-
ogy were not subject to the double-spending problem
because they contained a basic smart contract, which
referenced a centralized network (that is, for exam-
ple, Apple’s server programmed to enforce the iTunes
Store Terms and Conditions). Beyond this rather basic
definition there is little consensus as to what this ter-
minology really refers. It is worth noting that depend-
ing on the adopted definition, smart contracts are not
necessarily linked to blockchain technology. Given that
they are discussed in relation to distributed ledgers in

the literature we introduce below, we will also examine
them as such here.

To some, a smart contract is simply a piece of com-
puter code with specific characteristics. Vitalik Buterin
portrays smart contracts as “cryptographic ‘boxes’ that
contain value and only unlock it if certain conditions
are met”. In the blockchain context, a smart contract
is “programmed logic that runs on a ledger-like dis-
tributed system in response to transaction submission”.
From a technical perspective, smart contracts are thus
simply computer programs that can be consistently ex-
ecuted by a network of computers without the need for
an intermediary. Because of their distributed nature and
thus guaranteed execution, smart contracts are resilient
to tampering, which makes them appealing in many
scenarios including the transfer of value.

Yet, because these technical tools can be relied upon
to automate transactions typically governed by contract
law (such as value transfers) smart contacts can be use-
ful tools in a contractual setting. Nick Szabo indeed
coined the term “smart contract” in 1994, to denote
“a set of promises, specified in digital form, including
protocols within which the parties perform on these
promises”. Szabo envisaged the creation of computer
software resembling contractual clauses to connect
parties in a fashion that would make it difficult for one
party to unilaterally terminate an agreement. Seen from
this perspective, a smart contract can be a Ricardian
contract, the objective of which is to create contracts
that can be read by humans and machines alike. Indeed
to some, a smart contract is “a computer program that
both expresses the contents of a contractual agreement
and operates the implementation of that content, on
the basis of triggers provided by the users or extracted
from the environment”.

The main value proposition of smart contracts is that
of their automated execution. As second-layer applica-
tions, smart contracts benefit from the tamper-proof
nature of the underlying blockchain infrastructure that
anchors their automated execution. Given that many
blockchain nodes run smart contract code, it “is not
controlled by — and cannot be halted by — any single
party”. Smart contracts execute automatically and can-
not be halted unless this option is specifically built into
the code. This enables transactions in situations devoid
of human or institutional trust, lowers transaction costs
and reduces counterparty risk and interpretative un-
certainty. Once an agreement has been translated into
code, the intervention of a party or intermediary (other
than the respective oracle) triggering contractual execu-
tion is replaced by the software’s automated execution.

Where smart contracts are used to automate the ex-
ecution of contractual obligations, performance is thus
hard-wired into the code. For example, the software
can be used for the automatic transfer of collateral in
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the event of default. Automated execution of course not
only provides benefits but also disadvantages. Where
software executes automatically, unwanted transactions
can no longer be rolled back. This can be problematic,
such as when a party lacks legal capacity or a party de-
cides to default on its obligations. Modifications, such
as those mandated by law or court decisions also cannot
easily be accommodated. Through these characteris-
tics, smart contracts promise to trigger efficiency gains
particularly attractive in commercial settings, including
in relation to copyrighted materials [10].
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SECURITY IN DECENTRALIZED DATABASES

INTELLIGENCE

Blockchain is a distributed network that records digital transactions on a publicly accessible ledger. This paper
explores whether blockchain technology is a suitable platform for the preservation of digital signatures and public/
private key pairs. Conventional infrastructures use digital certificates, issued by certification authorities, to declare
the authentication of key pairs and digital signatures. This paper suggests that the blockchain’s hash functions offer a
better strategy for signature preservation than digital certificates. Compared to digital certificates, hashing provides
better privacy and security. It is a form of authentication that does not require trust in a third-party authority, and
the distributed nature of the blockchain network removes the problem of a single point of failure.

DIGITAL SIGNATURES, BLOCKCHAIN, KEYS, ENCRYPTION, AUTHENTICITY, TRUST.

Introduction

Digital signature (ES) is a special requisite of the
document, which allows you to establish the absence
of distortion of information in an electronic document
since the formation of the ES and confirm that the ES
belongs to the owner. The value of the props is obtained
as a result of cryptographic transformation of informa-
tion.

Digital signature allows you to:

» Confirm the authorship of the message sender

* Ensure that no one can forge a message sent and
confirmed via an ES

So, with a private key, we sign “letters of transfer of
ownership” (transactions), and thus, for example, give
ourcoinstosomeoneelse. Withthepublickey(certificate)
we verify the authenticity of the transactions of others.

Hashing — transformation of an input array of arbi-
trary length into a (output) bit string of fixed length. The
function that implements the algorithm and performs
the conversion is called the “hash function” or “con-
volution function”. The source data is called the input
array, “key” or “message”. The result of the conversion
(output) is called “hash”, “hash code”, “hash sum”,
“message summary”.

A cryptographic hash function is any hash function
that is crypto-resistant, that is, satisfies a number of re-
quirements specific to cryptographic applications.

The fundamental part of Bitcoin are cryptographic
algorithms. In particular, the ECDSA algorithm is an
Elliptic Curve Digital Signature Algorithm that uses el-
liptic curves and finite fields to sign data so that a third
party can confirm the authenticity of the signature by
eliminating the possibility of falsification. ECDSA uses

different procedures for signing and verification, con-
sisting of several arithmetic operations|1].
1. Elliptic curves
One form of elliptic curves is Weierstrass curves.
y¥=x>+ax+b.

For coefficients a =0 and b =7 (used in Bitcoin), the
graph of the function takes the following form(Fig.1):

Fig. 1. Elliptic curve

Elliptic curves have several interesting properties,
for example, a non-vertical line intersecting two non-
tangent points on a curve will cross a third point on
the curve. The sum of two points on the P+ Q curve is
called the R point, which is a reflection of the —R point
(constructed by continuing the straight line (P; Q) to
the intersection with the curve) relative to the X axis
(Fig. 2) [2].

If we draw a straight line through two points having
coordinates of the form P (a, b) and Q (a, —b), then it
will be parallel to the ordinate axis. In this case there will
be no third intersection point. To solve this problem,
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a so-called point at infinity (point of infinity) is intro-
duced, denoted as O. Therefore, if there is no intersec-
tion, the equation takes the following form P+ Q = O.
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Fig. 2. The sum of two points on the curve

If we want to add the point to itself (double it), then
in this case the tangent to the point Q is simply drawn.
The resulting intersection point is reflected symmetri-
cally with respect to the Xaxis (Fig. 3).
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Fig. 3. Double point

These operations allow scalar multiplication of the
point R = k * P, adding the point P with itself k times.
However, note that faster methods are used to work
with large numbers [3].

2. Elliptic curve over a finite field

In elliptical cryptography (ECC), the same curve is
used, only considered over some finite field. The final
field in the context of the ECC can be represented as a
predefined set of positive numbers, which should be the
result of each calculation.

y2=x3+ax+ b (mod p)

Forexample, 9 mod 7= 2. Here we have a finite field
from 0 to 6, and all operations modulo 7, no matter how
many times they are carried out, will give a result that
falls in this range.
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All the properties mentioned above (addition, mul-
tiplication, point at infinity) for such a function remain
in force, although the graph of this curve will not re-
semble an elliptic curve. The bitcoin elliptic curve,
y2=x3+ 7, defined on the finite field modulo 67, looks
like this (Fig. 4):

3
40 ! ! ! ..A.. 8] 5 ! g

20— o —+ L o

0 20 40 60

Fig. 4 . Bitcoin elliptic curve defined
on a finite field module 67

This is a set of points where all values of x and y are
integers between 0 and 66. Straight lines drawn on this
graph will now “wrap” around the field as soon as they
reach barrier 67 and continue from the other end of it.
while maintaining the same slope, but with a shift. For
example, the addition of points (2, 22) and (6, 25) in
this particular case looks like this (Fig. 5) [4]:

0 20 40 60 -
Fig. 5. Addition of points (2, 22) and (6, 25)

3. Bitcoin ECDSA

The Bitcoin protocol contains a set of parameters
for an elliptic curve and its finite field, so that each user
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uses a well-defined set of equations. Among the fixed
parameters, the equation of the curve (equation), the
value of the field modulus (prime modulo), the base
point on the curve (base point) and the order of the
base point (order) are distinguished. About calculating
the order of the base point you can read here. This pa-
rameter is chosen specifically and is a very large prime
number.

In the case of bitcoin, the following values are used:

The equation of an elliptic curve: y> = x3+ 7

Simple module: 2256-232-29-28-27-26-24-1=
= FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF
FFFFFFFF FFFFFFFF FFFFFFFE FFFFFC2F

Base point:

04 79BE667E F9DCBBAC 55A06295 CE870B07
029BFCDB 2DCE28D9  59F2815B  16F81798
483ADA77  26A3C465 SDA4FBFC  0-1108A8

FD17B448 A6855419 9C47D08F FB10D4BS8

The bold font is the x coordinate in hexadecimal no-
tation. It is immediately followed by the Y coordinate.

Order: FFFFFFFF FFFFFFFF FFFFFFFF
FFFFFFFE BAAEDCE6 AF48A03B BFD25ES8C
D0364141

This set of parameters for an elliptic curve is known
as secp256kl and is part of the SEC (Standards for
Efficient Cryptography) family of standards proposed
foruse in cryptography. In Bitcoin, the secp256k1 curve
is used in conjunction with the ECDSA (elliptic curve
digital signature algorithm). In ECDSA, a secret key is
a random number between one and an order value. The
public key is generated based on the secret: the latter is
multiplied by the value of the base point. The equation
has the following form:

Public key = private key * G

This shows that the maximum number of secret keys
(consequently, Bitcoin addresses) is, of course, equal
to the order. However, the order is an incredibly large
number, so accidentally or intentionally pick up the se-
cret key of another user is unrealistic.

The public key is calculated using the same doubling
and adding points operations. This is a trivial task that
an ordinary personal computer or smartphone solves in
milliseconds. But the inverse problem (obtaining a se-
cret key publicly) is a problem of discrete logarithmiza-
tion, which is considered computationally complicated
(although there is no strict proof of this fact). The best
known algorithms for its solution, like Pollard’s ro, have
exponential complexity. For secp256kl, in order to
solve a problem, you need about 2128 operations, which
will require a computation time on a regular computer,
comparable to the lifetime of the Universe[3].

When a private / public key pair is obtained, it can
be used to sign data. This data can be of any length.
Usually, the first step is to hash the data in order to ob-
tain a unique value with the number of bits equal to the

bit order of the curve (256). After hashing, the z-signa-
ture algorithm is as follows. Here, G is the base point, n
is the order, and d is the secret key.

* Some integer k is selected from 1 to n-1

* Calculate the point (x, y) = k * G using scalar mul-
tiplication

e Isr=xmod n. If r=0, then return to step 1

e Thereiss=(z+ r*d) / kmod n. If s= 0, then return
tostep 1

» The resulting pair (7, s) is our signature.

After receiving the data and signing it, a third party,
knowing the public key, can verify it. The steps to verify
the signature are (Q — public key):

¢ Checkthat both rand s are in the range from 1 to n-1

* Calculated w=s-1mod n

* Calculated u=z* wmod n

* Calculated v=r* wmod n

» Calculate the point (x, y) = uG+ vQ

* If = x mod n, then the signature is true, otherwise
it is invalid.

Indeed,

uG+vO=u+vdG=(u+vd)G=
(zs-1+rds-1)G=(z+rd)s-1G=kG

The last equality uses the definition of s at the stage
of creating a signature.

ECDSA security is related to the complexity of the
secret key search task described above. In addition, the
security of the original scheme depends on the “ran-
domness” of choosing k when creating a signature. If
the same k value is used more than once, then the secret
key can be extracted from the signatures, which is what
happened with the Therefore, modern implementa-
tions of ECDSA, including those used in most bitcoin
wallets, generate k determinedly based on the secret key
and the message being signed[6].

4. Other security features

In addition, there are also other elements that pro-
tect the blockchain.

More than two users confirm and ensure the secu-
rity of the transaction. Even in most modern processing
systems, only a few levels of verification are involved
in verification — as a rule, it is the seller, the buyer,
and some third parties (most often a bank or a credit
agency).

However, there are from several hundred to sever-
al thousand different nodes in the blockchain system,
each of which contains a complete copy of the regis-
try of records. Therefore, any of these nodes can also
participate in the verification of the transaction, and if
the node for some reason does not accept the transac-
tion, it will be canceled. Such an alignment almost to a
minimum reduces the possibility of creating a false or
fraudulent transaction[7].
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The cryptographic keys used by the system in ex-
change processes are also a miracle of modern cyberse-
curity. Each encrypted key is a long, complex sequence
of data that is practically undecipherable. And if you
consider that for confirmation, two such unique keys
are required, the system begins to look almost like an
impregnable fortress. At the same time, the blockchain
is considered to have a unique security system, because
with such a level of protection it is possible to retain al-
most complete transparency of transactions.

5. The most vulnerable places

But, as already mentioned, even the blockchain is
not perfect. He, like any other system, has weak spots.
So, if you plan to use cryptocurrency and invest your
funds in it, or if you have to deal with the blockchain
in the future, then you just need to know and under-
stand the potential vulnerabilities of the technology.
Therefore, try to remember the following features re-
lated to the safety of this technology:

System complexity

If you decide to create a system based on blockchain
technology from scratch, then one small mistake can
be fatal and “put” all your development. Of course,
this cannot be considered a disadvantage of the block-
chain itself — rather, it concerns the features of its use.
In addition, the average person is much more difficult
to understand the blockchain because of its complex-
ity, which, in turn, means that many do not fully under-
stand the risks associated with the use of the system, and
do not fully use the available functionality.

Network size

The work of the blockchain requires at least several
hundred, or even better, several thousand nodes that
work in concert. It is because of this that the system is
extremely vulnerable to attacks in the initial stages of
work. For example, if a user can gain control over 51%
of the system nodes, he will be able to fully control the
result of work. And if there are only 20 nodes in the sys-
tem, then such a scenario is more than possible.

Network speed and efficiency

The blockchain structure is also one of the reasons
why the normal functioning of the system can be dis-
rupted. So, if the system becomes too widespread, and
the blockchain’s infrastructure is not ready for this vol-
ume of transactions, as a result, the speed of transac-
tions may decrease, data storage problems may occur,
and this will not affect the network efficiency in the best
way [8].

Usage policy

Although it cannot be said that this item is directly
related to the security of the blockchain, but the poli-
cy of the system may affect its application and further
development. Considering that the currency in the
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blockchain system is international and decentralized,
this, in essence, devalues the national currency con-
trolled by the state. And, of course, at the moment the
governing bodies of some states are seeking to impose
more stringent restrictions on the use of the blockchain.
Governments of different countries hope to bring the
system under control before it becomes a serious com-
petitor and threatens their economy. Indirectly, this
is also a significant security threat to the blockchain,
which can significantly slow down the spread of tech-
nology.

Third Party Systems

For example, NiceHash — a third-party market for
Bitcoin mining — was recently cracked, as a result of
which cryptocurrencies worth more than $ 60 million
were stolen. As it turned out, this platform was unsafe.
That is, it is not a security bug of the blockchain system
itself. Rather, on the contrary, cybercriminals gained
access to the NiceHash system using the blockchain.

For transactions in the blockchain system, public and
private cryptographic keys are used.

By themselves, such keys are almost impossible to
crack, but a cybercriminal can get them in a simpler
and more familiar way. For example, keys can be ob-
tained if you store them on an unsafe or weakly secured
platform. So, if someone hacks your mailbox, he will
be able to get access to all your letters, and therefore to
the keys of your profile in the blockchain. In this case,
the attacker will be able to seize your funds, posing as
you. And this is one of the main issues concerning the
security of the system.

Traditional fraudulent tricks

Users of the system can also fall for other, more tra-
ditional tricks scam. In fact, such fraudulent schemes
are not considered a weak point in the blockchain se-
curity system. So, for example, you can receive an e-
mail in which a stranger to you will convince you that it
was you who became the lucky one who won something
significant. Alternatively, fraudsters may offer you to
spend your cryptocurrency on some product or service
that you will never receive.

6. The main risks and threats to information security
of technology blockchain

At the moment, the main threat to the blockchain,
relatively hypothetical, is the “51% attack”, when an at-
tacker can roll back transactions by printing alternative
blocks on a side chain (branch) and is guaranteed to re-
fute what happens in the main chain of the blockchain.
In fact, it looks like a shuttle run. However, taking into
account the resource-intensiveness of the hash function
solution and the emission of new bitcoins, so far this op-
tion seems unlikely. The collusion of the owners of the
largest mining pools also looks unconvincing (if you do
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not take into account the statistics of the largest produc-
ers of bitcoins). But there were already similar exam-
ples: one of the pools — ghash.io — gained power close
to 50%, after which the owners stopped accepting new
users in order not to create a compromising situation.

Consider a scenario where an attacker tries to gener-
ate an alternative chain faster than honest nodes. Even
if it succeeds, he will not be able to make any changes
in the system, for example, to create coins from the air
or take coins that no one has transferred to him. Nodes
will not accept an incorrect transaction as a payment,
and honest nodes will never accept a block with an in-
correct transaction. The attacker can only change one
of his own transactions by returning to himself the pay-
ment he recently made. The race between the honest
chain and the attacker’s chain can be described in terms
of a binomial random walk. A successful event is an
increase in the honest chain by one block with an ap-
proach to the goal by +1, an unsuccessful event is an
increase by one block in the attacker’s chain with a de-
crease in the gap by —1. The possibilities of an attacker
in a race under restrictions are similar to the description
of the Gambler’s Ruin problem (the ruin of a gambler).
And so, a gambler with unlimited credit starts the game
under conditions of restriction and can potentially hold
an unlimited number of games to try to achieve break-
even. We can calculate the likelihood of them achieving
a break-even point or the same thing that an attacker
will overtake honest chain builders [9].

Let: p — the likelihood that an honest host will find
the next block; ¢ — the likelihood that the attacker will
find the next block; gz — the likelihood that an attacker
will win the race if he falls behind by z blocks.

Then:

{ 1 ifqu}
q, = .
° lg/p) ifp>q

Suppose that p>g, then the probability decreases
exponentially with an increase in the number of blocks
that the attacker is behind. Thus, if he fails to get ahead
at the very beginning, then his chances of winning in
the future will become vanishingly small. Consider now
how long the payee must wait to be sure that the sender
will not be able to change the transaction. Suppose the
sender is an attacker who wants the recipient to believe
that the payment has been made, but after a while to re-
turn the payment to himself. The recipient will be noti-
fied when this happens, but the sender hopes that it will
be too late. The recipient generates a new key pair and
gives the public key to the sender shortly after signing it.
This does not allow the sender to prepare a block chain
in advance working on it ahead of time to complete the
transaction at the moment. Only when a transaction is
sent, can a dishonest sender begin to work in secret on
a parallel chain containing an alternative version of this

transaction. The recipient waits until the transaction
is added to the block and the Z blocks are added after
that. He does not know at what stage of construction
the attacker is, but assuming that honest blocks were
built with the same average time per block, the expected
value of the attacker’s gain can be found through the
Poisson distribution[10]:

A=7—

To get the probability with which the attacker can
still come forward, multiply the Poisson distribution of
each value of the attacker’s progress by the probability
that he will come forward from this point:

3 Me J(g/p)*H ifk<z
i k! 1 ifk>z
Or after regrouping:

2 AKe

1-
Z;) k!

By analyzing the resulting expression numerically,
one can easily verify that the probability decreases ex-
ponentially with increasing z.

Threat 2. Control Package

Different products of the blockchain technology use
different methods of block confirmation. For example,
in Bitcoin, the proof-of-work method is used — block
confirmation by computing power. Another option
for closing blocks is proof-of-stake, when blocks are
printed not with computing power, but with the help
of money held by people in their hands. In this case, in
order to conduct a “51% attack”, you must have 51% of
the coins wrapped around the system. As in the case of
the “shuttle run”, if the attacker owns more than 51%
of the coins, he will also be able to create an alternative
chain, which will become the main one. This situation
is reminiscent of a vote at a shareholders meeting, when
one of the owners has a controlling stake in his hands,
blocking the votes of other holders[11].

Threat 3. Key to all doors

If the security of the blockchain causes a minimum
of concern, then the safety of Bitcoins, on the contra-
ry, raises many questions, because, like ordinary paper
money, cryptocurrency can also be stolen. The key
of the blockchain entry is a hash function of the pub-
lic key. Uncertain or negligent storage of a private key
can lead to theft or loss of bitcoins. According to the
Harvard Business Review, the cost of lost bitcoins is al-
ready about $ 950 million. The easiest way to protect
yourself is to create a wallet password. But if a hacker
kidnaps both your wallet and your password, it will be
almost impossible to recover the stolen Bitcoins, since
the transactions represented with the stolen keys seem
to be checking nodes indistinguishable from legitimate

(1-ta19))
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transactions. Some skeptics claim that hackers will be
able to crack the key using services that calculate pass-
words by hash. However, given the current computing
power, this seems unlikely. But if suddenly an algorithm
appears that allows for the effective factorization of el-
liptic curves, then there will be a possibility that it will
be easy to find private keys to the wallet addresses from
which the money was spent.

Threat 4. Exchange attacks

The reliability of cryptocurrency exchanges raises no
less questions. In August 2016, 119,756 bitcoins (about
$ 65 million) were stolen from the Hong Kong Stock
Exchange Bitfinex, one of the four largest cryptocur-
rency trading sites in the world. Bitfinex has a reputa-
tion as one of the most reliable and secure organizations:
most user funds were stored in multi-signature wallets
and in “cold stores”. Despite this, the attackers man-
aged to bypass Bitgo protection, including two-factor
authentication and a multi-signature mechanism, and
to commit mass theft from individual users’ wallets.
The details of the hacking were never conveyed to the
general public, but the media replied that the Bitfinex
employees might be involved in hacking, which again
raises the question of the human factor.

Conclusions

Can we now, having considered all these points, say
with confidence that the blockchain is a secure and safe
system?

Rather, it is worth concluding that the system will
function properly if used correctly and accurately. It
is also worth bearing in mind that its security depends
on the presence of a sufficient number of users, and
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many security gaps appear trite due to the human fac-
tor. Therefore, we should not forget that any system has
weak spots, and the blockchain is not an exception to
this rule[12].
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IHTEJIEKTYAJIbHUN AHANI3 OAHUX

Y cTarTi focimKeHo poOOTY METO/IIB IHTEIEKTYalbHOTO aHaJTi3y JaHUX, TAKUX K JIiHiiTHa i moJjliHOMiaJibHa
perpecisi Ta METOJ OTTOPHUX BEKTOPIB. Y CITiX 3aCTOCYBaHHS 3aCHOBAHUI HAa TOMY, 1110 METOIH i TexHoJtorii Data
mining 3a0e3IeuyoTh JOCTIIKEHHs JaHUX i BUSIBJICHHS B HUX IIPUXOBAHUX 3aKOHOMIpPHOCTEH pi3HUX BUIIB.
AHaJi3 jonoMara€e BUSIBUTH Pi3Hi O3HAKU i MapaMeTpu JaHUX, i TOMY € CUJIBHUM iHCTPYMEHTOM Ha eTarti pop-
MYBaHHsI MOJIeJIeil TPOTHO3YBAHHSI.

IHTEJEKTYAJIBHU AHAJII3 JAHUX, JIHIMHA PETPECIS, TTIOJIIHOMIHAJIBHA PETPECIS,
METO/1 OTTOPHMX BEKTOPIB, XPOHIYHE 3AXBOPIOBAHH

B craTbe ncciaenqoBaHa pabota METOJOB MHTEJUIEKTYaIbHOTO aHaIM3a JaHHBIX, TAKUX KaK JIMHEeHHast U To-
JITHOMMAJIbHASI PErPEeCCUsT U METOJI OTIOPHBIX BEKTOPOB. YCIeX MPUMEHEHWSI OCHOBaH Ha TOM, YTO METOIbI U
TexHosiornu Data mining o6ecrneunBaloT UCCIeI0BaHMS JAaHHBIX 1 BBISIBJICHUS] B HUX CKPBITHIX 3aKOHOMEPHO-
CTeil pa3MMIHBIX BUIOB. AHAJIM3 TTOMOTAET BBISIBUTh Pa3IMUHbIC TTPU3HAKK U TTapaMeTphl JaHHBIX, U TI03TOMY
SIBJISIETCSI CWJIBHBIM MHCTPYMEHTOM Ha 3Tare (hOpMUPOBAHUS MOJIEIe TPOTHO3UPOBAHMSI.

WUHTEJUIEKTYAJIBHBI AHAJIU3 IAHHBIX, JUHEMHAS PETPECCUA, TIOJIMHOMUHAJIb-
HOW PEI'PECCHU A, METO/] OTTOPHBIX BEKTOPOB, XPOHUYECKME 3ABOJIEBAHUSA

The main research of the article is the data mining methods, such as linear and polynomial regression and the
support vector machine. The application success is based on the fact that the methods and technologies of Data
mining ensure the study of data and the research of hidden patterns in them. The analysis assists in identification of
various features and data parameters, and therefore it is a powerful tool in the stage of forming forecasting models.

INTELLECTUAL ANALYSIS OF DATA, LINEAR REGRESSION, POLYNOMYNAMIC REGRES-
SION, SUPPORT VECTOR MACHINE, CHRONIC DISEASES

Beryn

IHTenexTyanbHUI aHasi3 JaHUX 1ie MpolieC BU3HA-
YeHHSI HOBUX, KOPEKTHMUX i MOTEHLIAHO KOPUCHUX
3HaHb HA OCHOBI JaHUX, SIKi IIpeICTaBJIeHI BEIMKUMU
ob6’emamu. Kpim Toro, aHaji3 BKJto4a€ B cebe 0e3iiu
Pi3HUX MiAXOMiB i METOMIB ISl AOCTIIKEHHS i Tiepe-
TBOPEHHSI TaHUX.

OcHOBHa MeTa iHTEJEKTYaJIbHOTO aHali3y AaHMX
MOJISITa€ B TOMY, 1100 CTBOPUTU MOJEJb, 110 103BO-
JIsi€ e(peKTUBHO iHTEPHpPETyBaTU i BUKOPUCTOBYBATU
Ti maHi, SIKMMU BOJIOMIE€ JOCIIIHUK Ha JaHWUK 4ac, i Ti
JlaHi, sIKi oTpuMae B MailOyTHbomy. OCKiJIbKM aHali3
JIaHUX BKJIIOYAE B ceOe 0e3/1iu MeTO/iB, TO OCHOBHMIA
eTall CTBOPEHHS MOMEJi MTaHMX — IIe BUOIp MeTomy
aHaJli3y, 110 Oyae BUKOPUCTAaHUM B wiit mopeni. s
MIPaBUJIbHOTO BUOOPY METOAY IOTPiOeH MpaKTUUHUI
nocsin. [Jami Momenb MOTPiOHO HOOIIpaloBaTH, 1100
3poOUTH 11 OiIbLI €(PEKTUBHOIO.

1. ITocTanoBKa npo6.Jemu

XpoHiuHe 3aXBOPIOBAaHHS — 1€ CTaH 340pOB’S abo
XBOpoOa JIIOAMHU, SIKa € CTiliKOI0 a0 iHIIIOI0 JOBIO-
TPUBAJIOIO B ii Hacligkax abo XxBOpobOIo, 1110 HACTAE
3 yacoM. TepMiH XpOHIYHMII 9acCTO 3aCTOCOBYETHCS,
KOJIM TiepeOir 3aXBOPIOBAHHSI TPUBAE OijiblE TPhOX

MicsiiB. YacTi XpoHIYHiI 3aXBOPIOBAHHSI BKJIIOYAIOTh
apTpUT, acTMy, pak, Jia0er, BipyCHi 3aXBOpPIOBaHHSI,
taki sik renatut C ta BIJI / CHI ool 1].

barato mioaeit 3 XpOHIYHMMM 3aXBOPHOBAHHSIMU
MOXYTh HaBiTh HE MiJ03PIOBATH, 110 BOHU XBOPilOTh,
CUMIITOMU XBOPOOM MOXYTh OyTH He MoMiTHi. YacTto
11€ € MPUYMHOIO BiZICYTHOCTI pO3YMiHHSI Ta MiATPUMKU
JlikapiB, poJnyiB, Npy3iB Ta KOJIET.

YacTka moaeit ki B YKpaiHi MaloTh XpOHiYHI 3a-
XBOproBaHHs ctaHoM Ha 2017 pik cknanana 37,75%,
ay 2018 poui — 38,94%. HaiiGinblu moummpeHuMu
OyJIv TiMepTOHis Ta CEpLEeBi 3aXBOPIOBAHHSI — MPO Ha-
SIBHICTb OJIHI€]l 3 IIMX XBOPOO ITOBIAOMMJIN BiIMOBiI-
HO 42,8% 1 25,1% oci6 (2017p.) ta 46% i 26,1% ocib
(2018p.), sIKi MarOThb XpOHiYHi 3aXBOpIOBaHH: |2, 3].

VY kpainax €Bponeriicbkoro Coroay 6iJibliie TPETUHU
ocib BikoM 16 poKiB i cTapiiie MaJli XpOHiUHi 3aXBOPIO-
BaHH: a00 npobeMu 3i 310poB’siM. Haiibinbiia Kijib-
KicTb Takux oci0 y Pinnsauaii — 47%, Ecronii — 44%,
mo 42% — y Himeuuuni ta [TopTyradnii, a HaiimMeHIIIa
B Itanii — 15%, Pymynii — 19% Ta boarapii — 21%.
B VYkpaini noBigoMuiau, 110 MalOTh XPOHiIYHi 3aXBO-
proBaHHS a60 mpobsaemu 3i 3m0poB’saM 44% ocib el
BiKOBOI KaTeropii [2, 3].
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Oco01Be 3aHEMOKOEHHS BUKJIMKAE MpodieMa Ie-
peIyacHOI CMEPTHOCTI YOJIOBIKIB, TPUBAJIICTh XKUTTS
skux 3a 1991—2010 poku 3pocna Juilie Ha OAWH PiK,
TOMi SIK y KpaiHax, siki mpueaHanucs o €C y 2004—
2007 pokax, 3a aHaJOTIYHUI Iepioa TPUBAIICTb XXKUT-
TSI YOJIOBIKiB 3pocja Ha yotupu poku. Y 2009 poiii B
YKpaiHi TpMBaIiCTh KUTTS XKiHOK OyJia Ha BiCiM POKiB
KOpOTIIIa, HIX B cepeaAHbOMY Y KpaiHax €C, a 40JI0Bi-
KiB — Ha 12 pokiB.

CouialbHO-€KOHOMIYHMMHU HacAigKamMu Tepe-
YacHOI CMEPTHOCTI € He JIMILIEe 3MEHILEHHS POKiB I10-
TEHIIITHOTO JXUTTH Ta 30IbIIIEHHS BEJIMYNHU O€3IT0BO-
POTHMX BTpAT YHACJIIAOK CMEPTI, a i 3HaYHi EKOHOMiUHi
30utKku. Yepes3 mepeayacHy CMEPTHICTb HACEICHHSIM
VYkpaiHu juiie 11opoKy BTpavaEThCsl OJIU3bKO 4 MIIH.
POKiB ITOTEHILITHOTO XXUTTSI, BiIIOBIIHO OOCST HEIO-
BUPOOJIEHOI0 HAlLliIOHAJILHOTO MPOAYKTY CTAHOBUB BiJ
47,9 no 89,1 mapad. rpuBeHb, IIPUYOMY JIEBOBa YacTKa
BTpaT OyJia 3yMOBJIEHa CMEPTHICTIO YOJIOBIKiB.

TakuM 4MHOM MOXHa 3pOOWMTU BUCHOBKM IO B
VKpaiHi XpoHiUHI 3aXBOPIOBAHHSI MAalOTh BEJIMKUI
BIUIMB Ha 3J0POB’S JItofeil Ta Ha eKoOHOMIKY. Lls rpo-
OeMa moTpedy€e peTesIbHOTO BUBYEHHS Ta IPOBEICH-
HSI AOCIIKEHb, SIKi B TIOAAIBIIIOMY MOXYTh JOIMTOMOT-
TU MPU OPOBEACHHI MeANYHOI pepopMU Ta MPUNHSTI
PpillieHb IIPO IIPEBEHTUBHI MipH.

2. Onmc pKepena JaHUX

Ha xanb noxu 1o MeauyHa cTaTUCTUKA B YKpaiHi
He MOXe HajJaTh HeoOXigHOro 00’eMy CTaTMCTWY-
Hoi iHdopmalii. st mpoBeneHHsI HaAyKOBUX TOC/Ti-
JIXKeHb 1 IOJAJIbIIOrO BIIPOBAIKEHHSI pe3yJIbTaTiB B
VKpaiHCbKy MeauuHy cdepy OyneMo BUKOPUCTOBY-
BaTW CTaTUCTUYHI JaHi MO XpoHiYHUM XBopobam 500
mict CIIA. OnHum 3 mxepen 1i€ei iHpopmalii € ame-
pukaHcbka opranizauisi Centers for Disease Control
and Prevention (ckopoueHo CDC) — LleHTpu 3 KOHTp-
0J110 Ta MPO(IIAKTUKY 3aXBOPIOBAHb.

Ili gani cami mo coOi yHiKaJbHi, TOMY IO BOHU
oxorutooTh 103 MIIH. ocib B Bili Big 18 pokiB, MaloTh
B cBOeEMY ckJiafi 27211 Tucg4 3amuciB Mo pi3HUM Te-
PUTOPISIM CTATUCTUYHOI 3BITHOCTI, HaCeJIEHHST KOTPUX
ckianmae Bim 50 gonmoBik g0 26980 yonoBik. Takox ce-
pel JaHMX € KO IITaTy, OKPYry, MicTa, reorpagidti
KOOPIMHATH, 110 JTO3BOJISIE B TIOAATBIIOMY PO3IIMPH-
TH aHaJi3 Ha OCHOBI IHIIMX CTATUCTUYHMX JTaHUX K
CepelHill Joxin JoMorocnoaapcTBa, piBeHb 0€3po0iT-
TS Ta iHIIIE.

ITokasHUKY MOAINSIOTHCS] HA TPU OCHOBHI TPYITU:

— He3I0pOBUIi CITOCiO XUTTA (5 MOKA3HUKIB);

— XpOHiuHi 3axBoproBaHHS (13 MOKa3HUKIB);

— OXOITJICHHST HaceJIeHHSI TTPEeBEeHTUBHUMMN METO-
naMu (9 MoKa3HUKIB).

Vci nmoka3HUKM MpeICTaBieHi y CIiBBiIHOIIEH-
Hi BiJICOTKY HaceJIeHHsI Ta Jiana3oHy moxuoku. JlaHi
MpeacTaBieHi y (hopmarti csv (aiiy.
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Takum YyMHOM MOXHa 3pOOUTH BUCHOBKM, 1110 00-
paHi CTaTUCTUYHI JaHi MiAXOMATH IS MPOBEACHHS
Pi3HUX HAYKOBUX JOCiIXEHD.

3. Pe3yabTaTil 10CTiKEHDb

BigoMo 6arato eKcrepTHUX CUCTEM J1JIsI TOCTaHOB-
KM MEAWYHMX MiarHO3iB, ajJieé TEXHOJIOTii iHTEeIeKTy-
aJIbHOTO aHaji3y JaHUX Jal0Th MOXKJIUBICTb BUSBISTH
3aKOHOMIpPHOCTI OTpHMMaHHSI Pi3HMX 3aXBOPIOBaHb,
CTBOPIOBATUM YMOBM Haie(eKTUBHIIIOTO JIiKyBaHHSI,
nependayaTv pe3yJibTaTu MPU3HAYEHOIO KypcCy JiKy-
BaHHSI TOLIO.

3HaHHSI, 1110 J00YyBalOThcs MeTogamMu Data mining,
MPUIHSTO NPEACTABISITA Y BULJISIII 3aKOHOMIPHOCTEIA.
Cepel TakuxX BUCTYIIAIOTh: aCOLIiaTUBHI IIpaBuWIa, Ae-
peBa pillleHb, KJIACTepU, aIrOPUTMU MAIlIMHHOTO Ha-
BUaHHSI, TOLIO.

OaHUM 3 aJrOpUTMiB MallIMHHOTO HaBYaHHS s
kinacudikauii Ta MporHo3yBaHHsSI € HaiBHuUII baeciB
knacudikatop. Ciig 3ayBaxkuTH, 110 alroput™ baeca
HaiyacTillle BMKOPUCTOBYEThCS [IJis Kiaacuikallii,
ajie B HallloMy BUMAJAKY BiH OyJe BUKOPUCTOBYBAaTUCS
JUJISI TPOTHO3YBaHHS MOKJIMBOTO 3HAYEHHSI iHAUKATO-
pa B 3aJIeXKHOCTI Bij iHIIOro iHaukKaropa. [TokazHUuKu
B TECTOBUMX JaHUX MpeACTaBleHi y BiacoTKax Big 0 10
100%. KoxeH iHTepBaj BiICOTKIiB Oyme IpencTaBisi-
TH OKpeMuii kiac. Hanpukiian siKiio mporHo30BaHuit
MOKa3HUK pO30MTH Ha 25 KJ1aciB, TO BUXOAUTD 1110 3HA-
yeHHs B mianasoHax [0%, 4%), [4%, 8%), [12%, 16%)
.. 192%, 96%), [96%, 100%] GymyTh NpeacTaBIsSTH
oKkpeMmi kinacu. Po3paxyBaTu Aiarma3oH BiACOTKiB MOX-
Ha HUIsIXOM nieHHs yucna 100 Ha KiJbKicTh KJaciB
(manpukian 100%/25 knaciB = 4% nOBXMHU Aiana-
30HY Ha OJIMH KJjac). Y BUNAJKY KOJIU Tpeba TOUHICTh
MPOTHO3yBaHHA B 1%, MOXHa ITPOBOIUTH Kilacuika-
miro manwmx st 100 kmacis (100%/100 xmaciB = 1% nmo-
BXKMHMU Jiaria3oHy Ha OAWH KJac). TakuMm 4yuHOM Oye
CTBOpEHA MOJIeJb, KOTpa Oyae MpOrHo3yBaTh 3HAUYEH-
HsI OJHOI'O MOKAa3HMKa B 3aJIeXKHOCTI Bif iHIIOro (iH-
I1X).

Henonikom onucaHoro Bullle Migxoay Moxe OyTu
BUIIaJIOK, KOJIM JIaHi pO3TalllOBaHi B HEBEJUKOMY Jia-
ma3oHi. Hampukiran komm € 25 xiaciB Ta 80% meskux
MOKAa3HMKIiB PO3TalllOBaHO B HEBEJIMKOMY Jialla3oHi,
Hanpukian B [48%, 52%) Ta [52%, 56%), To nimxia
MOXe IOBEepTaTu B AESKUX BUMAAKaX TOYHUIA IpO-
THO3, aJie BiTHOCHA TOYHICTh Oye HeIOCTaTHLOIO.

J1st qociiikeHHsT JaHUX BUKOPUCTOBYBAJIMCS Ha-
cTynHi 6i0mioreku pandas, scikit, numpy, matplotlib.

HaiinpocrilnuMy MeTogamMy aHalily AaHUX € Bi-
3yajisalis Ta JiHiiiHa perpecig. Chia 3ayBaXuTu, 1110
OCHOBHI JaHi 30epiraloTbCsi B CTOBIMUYMKAX 3 HA3BOIO
«*CrudePrev», ne * — Oynb ski cumMBoiu. Takox cepen
JIaHUX HasIBHI KOMipKU 3 HE3aITOBHEHMMU 3HAYEHHSIM.
J1st 3pydHOCTI poOOTH 1Ii KOMIpKM OYyJIMd 3allOBHEHI
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HyJsiMu. CHUpLIEBUI KO ISl IMIIOPTY JaHUX JJIST Ha-
BYAHHSI MPEACTABICHO HILKYE.

import pandas as pd
data = pd.read csv("“.. /data.csv”)
# print (‘headers: ', data.columns.values)
def data only crude():
data_only crude prev=data.loc[:, data.
columns.str.contains ( ‘CrudePrev’) ]
return data only crude prev.fillna(0)
data_only crude prev = data_only crude()

BizyanbHuii aHamiz Ha Bciii BUOipLi HPOBOIAUTU
0yJ10 CKJIaJHO, TOMY 1110 HasiBHO 28 CTOBIILIIB JaHUX 1
MpU TONapHOMY TMOPIiBHSIHHI BUXOAUTH 784 miarpamu,
B KOXHI 3 gkux 1o 27210 Touok. Tomy Oyio BupillieHO
JUUTSI TOYaTKy BUKOPMCTATH JIIHIMHY perpecito Il BU-
3HAYEHHSI KOPeJIsllil HOKa3HUKIB.

B Ttabnuui 1 npeacraBiaeHo AesIKi MOKa3HUKU KOpe-
JISALIT, a B TaOJIM1Ii 2 HaBeIeHO OITMC LIMX ITOKA3HUKIB.

Taomng 1
Kopens{uiﬂ TTOKa3HUKIB OTpUMaHa IIJIAXOM BUKOPUCTaHHA
JIIHITHOT perpecii Ta OLliHKM pe3yJIbTaTiB JIiHilHOI perpecii
KoediuieHT gerepminanii (R-xkBagpar)

ARTHRI- | BINGE_ |BPHIGH_| BPMED_| CHD_
TIS_Cru- Cru- CrudePrev, Cru- Cru-
dePrev, % | dePrev, % % dePrev, % | dePrev, %
ARTHRI-
TIS_Cru- 0,00 34,19 74,76 64,95 80,75
dePrev
BINGE_ 34,10 0,00 50,12 22,15 45,42
CrudePrev
BPHIGH_ 74,85 50,29 0,00% 57,12 73,26
CrudePrev
BPMED_ 65,03 22,21 57,10 0,00 50,89
CrudePrev
CASTH-
MA_Cru- 24,79 14,89 33,43 3,61 20,42
dePrev
CHD_Cru-1 9 1y | 4471 7198 | 49.98 0,00
dePrev
Taommug 2
Omnuc CTOBIILIB B IxKepeJli JaHUX
Ha3sga nosst Onuc
ARTHRI- . .
TIS MozenbHa OLiHKa TOIMPEHOCT] 3AXBOPIOBAHHS! APTPHTOM
CrudePrey | CEPSA OPOCIUX Y Billi Bix 18 pokiB, 2016 p.
BINGE_ [ MopgenbHa o1iHKa MOMMPEHOCTi CIIOKMBAHHS aJIKOTOJIO
CrudePrev | cepen gopociux y Biui 1o 18 pokis, 2016 p.
BPHIGH_ [ MopnesnbHa oliHKa NMOLIMPEHOCTI 3aXBOPIOBAHHSI BUCOKUM
CrudePrev | KpoB’SIHUM THCKOM cepeji 1opociuXx y Biuli 18 pokis, 2015 p.
BPMED MozenbHa olliHKa MOLIMPEHOCTI MPUIOMY JIiKiB IIsl KOHTpP-
CrudeProy | ©°1i0 BUCOKOTO KPOB'SHOTO THCKY CEPEAl IOPOCIHX Y BiLli Bix
18 pokis, 2015 p.
CASTH- . .
MA MounenbHa OLHKA MOLIMPEHOCT] 3aXBOPIOBAHHS ACTMOI0
CrudePrev cepes 10pocauX y Biui Bin 18 pokis 2016 p.
CHD_ MoaenbHa OlliHKa MOIMPEHOCTI 3aXBOPIOBAHHS i1lIEMiYHOIO
CrudePrev | xBopo6oI0 ceplisi cepesi 10pocauX y Billi Bia 18 pokis 2016 p.

BinblicTh BiTHOCUH OYyJaM JIOTIYHUMM MPU BUKO-
pUCTaHi JIiHiliHOI perpecii, ajie i Ha 11 OCHOBI MOXHa
Mo0aYMTH HACTYITHI LiKaBi 3aJ1€XKHOCTi MixX ITOKa3HMU-
KaMM:

[TommpenicTh BTpaTH Beix 3y0iB Micis 65 pokiB Ha
JUIBHUIISIX, B SIKMX BMCOKMIA MOKA3HUK KypliB. AJie
MpY IMOJAJbIIOMY aHaji3i OyJ0 BUSIBJIECHO IO KYpLIi
pialre XonsTh A0 CTOMATOJIOTIB (puc. 1).

Kyl CepeR AOPOCHIX

NowmpenicTs

MownpenicTs BLIMTS A0 CTOMATONOE

Puc. 1. 3anexsicTsb Bi3uTiB 10 cTOMaToJI0ra
BiZl KiJIbKOCTi KypIIiB HA JAiIbHULL

HasBHicTb 3aJ1eXKHOCTI MiXX HU3bKOIO (Di3UUYHOIO
aKTUBHICTIO cepell HaCeJISHHS Ta BTPATOIO 3y0iB ITicis
65 poxiB (puc. 2). [1pu IbOMY TaKOX Ha TiITBHUILISX, e
JIIOIA He 3aiiMalOThCs (hi3MUHOI0 aKTUBHICTIO, MEHIIIA
CTaTUCTHKA Bi3UTIiB 1O CTOMATOJIOTA.

2

o

| Ha Rossinn

MOBE/bHA OLINKA NOWMPEHOCTI BIACYTHOCTI GLINHGI ARTHBHOCT!

20 0 [ s0
MOReNLHA OUINKD NOWMPENOCTI BTPATH BCix 3y6ie NICAR 65 poxin

Puc. 2. 3anexHicTh MiK BTpaTolo 3y0iB Ta (hi3HuHOI0
AKTUBHICTIO

3aexXHICTh MiXK MOIIUPEHICTIO XBOPOOU HUPOK Ta
IHCYTbTOM (KoedillieHT Kopesiii 85,9%).

PO3MNOBCIOAMEHICTE CHY MEHLUe CeMU roAvH

2:5 5.0 75 10.0 125 15.0 17.5 20.0
Pak (3a BUHATKOM paKy LWKipw)

Puc. 3. 3aiexHicTh Mi2K 3aXBOPIOBAHHSM HA PaK
Ta CHOM MeHiie 7 rOJMH Ha 100y

Cepen IOKa3HUKIB OyJIO BU3HAYEHO, 10 HA XpO-
HiUHi 3aXBOPIOBaHHsI Malixke HisIK He BIUIMBAlOTh TaKi
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MOKAa3HMKU K COH MEHIle 7 ToguH Ha 100y, pi3Hi
BUIM MPOMUIAKTUKU TICHs 65 pokiB (MOXIIMBO ILIEii
MOKa3HUK Tpeba aHajli3yBaTU TLIbKM Ha BIKOBill Ka-
Teropii 65 pokiB i crapiue), Tect Ilamanikonay (tect
Ha BU3HAYEHHS paKy MaTKU, MOXJIMBO 1€l MOKa3HUK
Ma€ BIUIMB TUIBKU B KaTeropii XKiHOK).

B nesgxux Bunaakax MeToJ OITOPHUX BEKTOPIB 3MIr
BU3HAYUTH 3aJIeXKHOCTI, SIKi cJiabliie BU3HAYaJIUCS JTi-
HIMHOIO perpeci€ro (CBITJMI KOJip 3HAYUTh OLIbIILY
LIJIbHICTh TOYOK, TEMHUU MEHIIY), HalOiIbII 1liKa-
BUMU OYyJIN:

3BOpPOTHA 3aJIEKHICTh MIX ITOIIMPEHICTIO 3aXBO-
pIOBaHb Ha paK Ta MOIIMPEHICTIO CHY MeHIlle 7 TOAUH
Ha 100y. TouHicTh TporHo3yBaHHsa 63%. JlomycTume
BiIXUJIEHHS ITPpOrHo3yBaHHs 1% (puc.3).

3BOpOTHA 3aJIeXXHICTb MiX IMOIIUPEHICTIO 3aXBO-
PIOBaHHSI Ha paK Ta MOLIMPEHICTIO KYPIIiB Ha TiJIbHULILI.

3aJIeXXHICTh MK HaceJIEeHHSIM SKi poOJISITh TECT Ha
XOJICCTEpPMH Ta KUIBKICTIO XBOPMX Ha pakK (MOXKJIUBO
1ie TIOB’SI3aHO 3 BiKOBOIO KATETOPI€I0, sIKa MEIIKA€E Ha
niapHuii). TouHicTs mporHo3yBaHHs 80% (puc.4).

MoaenbHa OLiHKa NOLWMPEHOCTi TECTY PIBHA XONECTepUHY

2.5 5.0 72 10.0 12.5 15.0 17.5 20.0
Pak (3a BUHATKOM paKy WKipw)

Puc. 4. 3anexnicTh MiXK HaceJIeHHSIM SIKi POOJIATh TECT
HA X0JIeCTePHH T KiIbKICTIO XBOPHX HA PaKk

binbin cuiibHaA 3aJIEXHICTh MK PO3IIOBCIOAXKE-
HICTIO 3aXBOPIOBaHb HA pakK Ta MPUMOMOM JIKiB IJIsI
KOHTPOJIIO TUCKY (pUC.5) B MOPiBHSIHHI 3 PO3MOBCIO-
JIDKEHICTIO 3aXBOPIOBaHb Ha pak Ta BUCOKMM THCKOM
(puc.6).
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OUjHKa NoLIMpeHOCT paKy (32 BUHATKOM pary
WKipw)

o 10 20 30 40 50 60 70 80 S0 100
Oujxka n T

Aikis ana fsl BMCOKOTO KPOB'AHOMO TUCKY

Puc. 5. 3anexHicTh MixK 3aXBOPIOBAHHAMH HA PaKk
TA NPUHITOMOM JIiKiB 1Jis1 KOHTPOJIIO TUCKY
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[Ticist mMOBTOpHOTO MPOXOIKEHHST HABYAHHST MOJIE-
JIi HA OCHOBI KOMOiHal1lii HailO1IbII BIJIMBOBUX MOKa3-
HUKIiB, Oy/IY MOKpallleHi pe3y/JIbTaTh IIPOrHO3yBaHHSI i
BUSIBJIEH1 HACTYITHI 3aJI€XKHOCTI:

IMomupeHicTh apTpUTy Ta po3aaaiB CTaHy MCUXid-
HOTO 3I0POB’s1 KOPEJIOE 3 JIETeHEBOIO OOCTPYKTUBHOIO
XBop0o06o10 Ha 91%, Xxoua o OAWHIII 11i ITapaMeTpU KO-
petoroTh BianosigHo Ha 64.9% Ta 53.6%.

OuiHKa IMOIIMPEHOCTI aHali3y KpOBi, CUTMOIIOC-
KorIii a00 KOJTOHOCKOITil Ta OLiHKA MOIIMPEHOCTI XpO-
HiYHOI OOCTPYKTMBHOI JIET€HEBOI XBOPOOU KOpEIO-
IOTh 3 TTOIIUPEHICTIO KUTBKOCTI KypIiiB Ha 80,6%, xoda
MO OJMHIII 1Ii HapaMeTpU KOPEIIIOTh BiIIIOBIIHO Ha
28% 1a 66,5%.
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Puc. 6. 3anexHicTh Mi2K 3aXBOPIOBAHHSMH Ha paK
T4 BUCOKHM KPOB’THUM THCKOM

OuiHKa IOLIMPEHOCTI paky (3a BUHSITKOM paky
LIKipK) Ta OLIiHKA MOLIMPEHOCTI BiICYTHOCTI (Pi3nuHOL
aKTUBHOCTI i JO3BiJLJISI KOPEJIOIOTh 3 MOIIMPEHICTIO BU-
COKOTO PiBHS XoJecTeprHy Ha 79%, Xo4a 110 OAWHIII 11i
ImapaMeTpu KOpPeJTIoloTh BinnosinHo Ha 35% Tta 30,8%.

Cepen Mojeeii Oynu obpaHi Moneni, sIKi JaBanu
TOYHICTh 10 METONY HaWMEHIIMX KBaapaTiB OLIbIIe
70%. [Aesiki BapiaHTHU Pe3y/IbTATiB IPOTHO3YBaHHS Pi3-
HUX MOKA3HUKIB HaBeIeHi y Tabuili 1.

Taomna 3
PesynbpTaTil mporHo3yBaHHs pi3HUX ITIOKA3HUKIB
. . Linear- | Polynomi- SVM,
PredictBy PredictTo | Regres- | al Regres-
. . %
sion, % sion, %
apTpUT HHEMIAHA 1 gh 95 | 81,37 | 80,72
XBOpoOa
CHOXMBARHA apTpuT 74,90 75,64 75,12
aJTKOToJII0
CITOXXUBaHHS HYK.pOBI/II/I 80,04 80,23 78.87
AJIKOTOJTIO niadet
CHOMUBARHA | v T 82,83 | 84,93 |84,13
aJKOr o0
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IIponoBxenus Tadu. 3

Linear- | Polynomi- SVM
PredictBy PredictTo | Regres- | al Regres- ’
. . %
sion, % | sion, %
eI apTpuT 80,92 | 82,08 |81,65
XBOpoOa
XpOHiuHa
ilmeMiyHa | 0OCTPYKTHUB- 77.09 77.33 78.60
XBOpobOa Ha JIeTeHeBa
XBOpoOa
eMivna BUCOKMIA pi-
BeHb xojec- | 77,32 82,68 85,74
XBOpoOa
TEPUHY
ileMiyHa XBOpoba 81,00 $1.13 80,65
XBOpoba HUPOK
XpOHiYHa
OOCTPYKTUB- | illIeMiyHa 77.10 77.42 76.79
Ha JiereHeBa XBOpoOa
XBOpoOa
XpOHIiYHA
OOCTPYKTHB- | T 83,19 | 8339 |82,74
Ha JIeTeHeBa
XBOpoOa
UYKpOBIIL | XBOPO0A | g 37 | g1 37 | 90,92
niabet HUPOK
UYKPOBMIL 4 eymsr | 88,84 | 90,04 | 89,16
nmiabet
XpoHidHa ilremMiyHa
XBOpoOa 81,00 81,09 81,02
XBOpoba
HHUPOK
XpOHIYHa COOBMi
xBopoGa | OXP 91,37 | 91,41 |91,23
nmiabet
HHUPOK
XBOpOda fmeymst | 9323 | 94,03 |93,23
HHUPOK
incympr | VRPOPMHggga | 89,86 | 89,36
nmiabet
iHCYIBT XBOPOOA | 9353 | 9424 | 94,24
HHUPOK

751 TecTyBaHHST BUKOPUCTOBYBATUCS 3aIUCH 3 Ha-
BYaJIbHOI BUOipKU. [laHi Oy10 po301TO HA ABi BUOIPKMU:
HaBuajibHa(80%) Ta TectoBa (20%).

B Gi6nioreti scikit Maiike y KOXHOI MOJiesli € Me-
TOJ score i /151 KOXKHO1 MOJieJIi BiH BUKOPHUCTOBYE Pi3Hi
minxoau. B naHomy BUIIaaKy aJist TOPiBHSHHS pe3yJ/ib-
TaTiB BUKOPUCTAHHS Pi3HUX MoJeseit 0yjio po3pobJie-
HO OKpeMuii MeToa. MeTo MporHo3yBaHHs MMOBEPTAE
BiTHOIIIEHHSI KIJBKICTI IIPaBWIBHO IIPOTHO30BaHUX
3HAYeHb 3 ypaxXyBaHHSIM MOXMOKU IO YCiX 3HAYEHb.
Huxue HaBeaeHO NTpUKJIIaL TPOrPaMHOTO KOAY.

from math import isclose
def score_prediction (model, test,
column_ to_predict, column by predict,
accuracy=0.0, y_column preparer= None) :
count_of test rows = len(test)
count of close predicted = 0
test by = test[column by predict].
values
test_to = None
if y column preparer is None:

test to = test[column_ to_predict].
values

else:
test_to = y_column
preparer (test[column_to_predict]).
values

predicted values = model.predict(test_

by)

for i in range(0, count_of test rows):
if isclose (predicted values[i],

test_to[i], abs_tol=accuracy/2):
count_of close predicted =
of close_predicted + 1
return count of close predicted/count_
of test rows

count

MeTton Ha BXim OTpUMYE MOAEIb, TECTOBI TaHi, Ha-
3BY KOJIOHKM /ISl IPOTHO3YBAaHHS, HA3BM KOJOHOK Ha
OCHOBI SIKMX BiZOYBa€ThCsl MPOrHO3yBaHHS, OaxkaHa
TOYHICTh IIPOTHO3YBaHHS (B aOCOJIOTHUX BeJIMYU-
Hax), METOJ JUIs1 MiATOTOBKY TECTOBUX JAHUX.

Ha ocHOBi TecTOBUX JaHUX MOXHA 3pOOUTH BUCHO-
BKM, 110 HAOIIbII TOUYHUM METOIOM MPOTrHO3YBAHHS
€ METOJ, OIIOPHMX BEKTOPIB. AJle CJIiJ 3ayBaKUTHU IO
CKJIAJHICTh METO/Y OTIOPHUX BEKTOPIB cKi1anae O(n?),
Jie n — KUJIbKICTb 3aIIMCiB B BUOIpLIi, 1110 MOKe OyTH He-
JIOJIIKOM Yy BUMAAKYy HAsSIBHOCTI BEJIMKOI KiJIbKOCTI Ha-
BUaJIbHOI BUOIpKH.

MeHuI SIKiCHi pe3yJbTaTu IEMOHCTPYE METOM IO-
JIiIHOMIiaJIbHOI perpecii, aje el BUI perpecii 3maTeH
3HAXOJIUTHU 3aJIEXKHOCTI B TaHUX, SKi HE OMUCYIOThCS
JIiHIAHUM piBHSAHHSIM. IIpu 1IbOMY BMKOPHUCTaHHS
LILOTO METO/ly BUMArae InornepeaHboi 00poOKU JaHUX,
Ha OCHOBI sIKMX Oyie Big0yBaTHCs MPOTHO3YBaHHSI.

HailiMeHin To4Hi pe3yabTaTu NEMOHCTPYE METOJ,
JIIHIAHOI perpecii, aje el MeTol € HalOiIbII Mmpo-
CTUM Ta IIBUIKUM, TOMY BUKOPUCTAHHS JIiHIITHOI pe-
rpecii ojisi po3BigyBaJbHOIO aHadi3y MOXHa BBaXKaTHu
OOI'PYHTOBAHUM.

BucHoBku

CTOCOBHO BUKOPUCTAHUX AJITOPUTMiB MOXKHa 3pO-
OUTU HACTYMNHi BMCHOBKM: IS OLIBLIOCTI BMUMAIKIB
IIPOrHO3YBaHHS 3B’sI3KiB MiK BeJIMYMHAMU JOCTAaTHHO
OiIbLI MPOCTUX MOAEIEH, HalIpUKIIa JiHiHHOT perpe-
Cii, sIKa 103BOJIMJIa IBUAKO MTPOBECTU PO3BiyBaIbHUI
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aHaniz. CepeJ, BUKOPUCTAHUX aJTOPUTMIB, HAMOLIbIL
e(eKTUBHUM BUSIBUBCSI METOJ OITOPHMX BEKTOPIB, aje
1Iei1l METO TaKOXK BMMAara€ BUTPAT Yacy Ha IIPOBEICH-
Hs1 aHaTi3y. AJIbTepHAaTUBHUM METOJIOM BUSIBUBCS Me-
TOJI, TTOJTIHOMiaJIbHOI perpecii.

3aBasIKM BUKOPUCTAHHIO METO/IiB iHTEJIEKTYalbHO-
ro aHaJli3y ITaHUX MOXHA MOSICHATH AesKi 3aKOHOMIp-
Hocti. Hanpukian npu aHamizi gaHux OyJio BUSIBIIE-
HO, 1110 Ha OUIbHMLISX e Majia (pi3uyHa aKTUBHICTh Ta
PO3MOBCIOIKEHO KYPiHHS OiJIbII BMCOKMII IMTOKA3HUK
BTpaTH BCiX 3y0iB ITiciig 65 poKiB Ta MEHIIIa CTATUCTHUKA
Bi3UTiB 10 croMaTosiora. TakuM YMHOM MOKHA 3pO0U-
TU BUCHOBKH, 1110 OCHOBHOIO MTPUYMHOIO BTpaT 3y0iB
OyJIO He BiICYTHICTh (pi3UYHOI aKTMBHOCTI Ta KYpiHHSI,
a CKopillle HepeTyJIsIpHi Bi3UTHU 10 CTOMATOJIOra.

Takox He BUSIBJIEHO CUJIbHOI 3aI€3KHOCTI MixXK pO3-
MOBCIOJI)KEHICTIO XPOHIYHMX 3aXBOPIOBaHb Ta CHOM
MEHIIIEe HixX 7 ToguH Ha moOy, ajie CIIm 3amymMaTHcs
HaJ 3aJIeXKHICTIO MiXX 3aXBOPIOBAHHSIM Ha pak Ta CHOM
MeHIle 7 TOOMH Ha 100y.
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METO/[ NOPIBHAHHA TEKCTOBO-IPAD®IYHUX ®PATMEHTIB
B EJIEKTPOHHUX OOKYMEHTAX SATIBPUOHUM KPUTEPIEM

PosristHyTo MeTon mopiBHSIHHS TeKCTOBO-rpadiyHuX (pparMeHTIB B €IeKTPOHHUX JOKYMEHTAaX 3a TiOpUIHIM
kpurtepieM. Lleit MeTon 103BoJIsSIE BUBHAUATHU iHTETpOBaHe 3HAUEHHS TTOAIOHOCTI MK 3aIIMTOM, MIOB’SI3aHUM 3
300pake€HHSIM B 3aIUTi, Ta TEKCTOBO-rpaiuHuM 300paxkeHHSIM B 6a3i tTaHuX ToKyMeHTiB. KpuTepiit, 1110 3acTo-
COBYEThCS, TIepei0ayae BUKOPUCTAHHS BATOBUX KOe(iLIiEHTIB 151 300pakeHb 3 aHOTALIiSIMU Ta U1 300pakeHb
6e3 aHoTaliil. BuU3BHaUeHO MepcrneKTUBY BUKOPHUCTAHHS 3aIIPOITOHOBAHOTO METOTY.

KOMBIHOBAHUM KPUTEPIN, ITIOPIBHAHHS TEKCTOBO-TPAGTYHUX ®PATMEHTIB, XEII-
METO/ OBPOBKU 30B5PAXEHD, TTBPUJIHUN 3ATTUT

VYnosenko C.T'., Yanaa JI.9D., Kymsun E.C. Metoa cpaBHeHUsI TEKCTOBO-TrpaduyecKux (hparMeHTOB B 2JIeKTPOH-
HBIX IOKyMEHTAaX 0 THOPHAHOMY KpuTepuio. PaccMoTpeH MeTo/| cpaBHEHMSI TEKCTOBO-TpadriecKnx hparMeHToB
B 9JIEKTPOHHBIX IOKYMEHTAX [0 TMOPUIHOMY KPUTEPUIO. DTOT METOJI TIO3BOJISIET OIPEIEIISATH MHTEIPUPOBAHHOE
3HAYEHME CXOJICTBA MEXJTY 3a[TPOCOM, CBSI3aHHBIM C U300pakeHUEM B 3aI1POCE, U TEKCTOBO-TPaprUueCcKUM U30-
OpakeHueM B 6a3e JTaHHBIX TIOKYMEHTOB. [IprMeHsieMblii KpUTepuii pelycMaTPUBAET UCTIONb30BAHNE BECOBBIX
K03 OULIMEHTOB UIST N300paskeHUI ¢ aHHOTALIMSIMU 1 [UTSI N300pakeHmit 6e3 aHHOTamwii. OTnpeaeeHsbl mep-
CTIEKTUBBI UCTIOJIb30BAHUS TIPEIIOKEHHOTO METOIA.

KOMBUHUPOBAHHbLINM KPUTEPUN, CPABHEHUE TEKCTOBO-TPA®UYECKUX ®PATMEH-
TOB, XII-METOM, OBPABOTKH MU30BPAXKEHWUM, TUBPUIHDbIN 3ATTPOC

S.G. Udovenko, L.E. Chala, Ye.S. Kushvid. A method for comparing text and graphic fragments in electronic
documents using a hybrid criterion. A method for comparing text and graphic fragments in electronic documents
by a hybrid criterion is considered. This method allows you to determine the integrated similarity value between
the request associated with the image in the request and the text-graphic image in the document database. The
criterion used provides for the use of weights for images with annotations and for images without annotations. The
prospects for using the proposed method are determined.

COMBINED CRITERION, COMPARISON OF TEXT-GRAPHIC FRAGMENTS, HASH METHOD

OF PROCESSING IMAGES, HYBRID REQUEST

Beryn

OcTaHHIM YacoM OTpUMAad PO3IMOBCIOIKEH-
Hs LU(POBI TEXHOJOTII, 110 CHPUSIIOTH CTPIMKOMY
301/IbIIIEHHIO KiJIBKOCTI iH(bopMallii, sika 30epira€Thb-
cs B 0azax JaHUX Pi3HOTO TeMaTUYHOTO IpU3HAYECH-
Hs. 1S IBUAKOTO AOCTYIY 10 TEKCTOBO-TpadiuHmx
eJIeKTpOHHUX AOKyMeHTiB (TT-10KyMeHTiB) BUHMKAE
norpeda y po3podbili iHpopMalliiHUX cUCTEM 3 edek-
TUBHMM KEpYBaHHSM IIMMM 0OazamMu 300paxkeHb Ta
MOXJIMBICTIO OMEPATUBHOrO TIOLIYKY 300paxkeHb 3a
3alyMTaMM KOpUCTYBauiB. BigzgHaunMo, 1110 Taki cucre-
MU 00’€AHY€E HEOOXiAHICTh aHaJIi3y MOAIOHOCTI 300pa-
>KEeHb JIJISI TIOAAJIbIIIOrO aHOTYBaHHS a00 Kitacudikartii
[1, 2]. Ha cboroaHi € akTyasibHOMO MpodsiemMa nobdyno-
BU MYJBTUMOAQIbHOI CUCTEMHU TOILIYKY Ta MOPiBHSIH-
Hs1 TekcToBo-Tpadiunux (TT) ¢dparMeHTiB enekTpo-
HHUX JOKYMEHTIB, 1110 MiCTSITh 300paxkeHHS Ta TeKCT.
BaxnuBumu eranaMu poOOTH TaKOi CUCTEMHU € iHAECK-
calist 300paxkeHb Ta (popMyBaHHS 3anuTiB. [HIekcaiist
300paKeHb — 1€ omepallisi, sKa IMoJsIra€ y BUJIydyeHHi
TEKCTOBOI'O IMiANMUCY 300pa’keHHs, 110 OMUCYE HOro
CeMaHTUYHMIA BMICT, ISl MOXJIMBOCTI €(EKTUBHOIO
MOIIyKy y 0a3i gaHux. @opMyBaHHS 3alUTIB — OIle-
pallisi, 1110 A03BOJISIE IPEACTABISITU iHTEPECH KOpHC-
TyBava. Peanizallis 1ux eramiB nmorpedye MOCTiIKEeH-
HsI TIPOLIECIiB MOILIYKY i MmopiBHIHHS TI-dparmeHTiB

€JIEKTPOHHUX JTOKYMEHTIB 3a XapaKTepUCTUKAMU 30-
OpaXkeHHs Ta TeKCToBUMU Tianucamu. Ha puc. 1 Ha-
BEACHO 3arajibHy cxemy IopiBHsIHHS TT-pparmMeHTiB
3a KOMOiHOBAaHUMM 3alTUTaMMU.

baza TT-
JTOKYMEHTIB

Inzexcarns Burrsr TI'-

300pakeHb ¢parmenTis

Ionepe s DopMyBaHHA
06pobKa 3aINTiB

Busnauenns
o11GHOCTI

ITizcymKoBHit
pe3yibTaT

Puc. 1. Cxema nopiBusinas TI'-¢parmentis
32 KOMOIHOBAHMMH 3aNTUTAMH
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Y naniii poOGOTI IOCHIIXYIOThCS OCHOBHI €Tanu
CXeMU TOPiBHSIHHS TeKCTOBO-rpadiyHuX (hparMeHTiB
€JIEKTPOHHUX JOKYMEHTIB, a TaKOX IPOIOHYEThCS
METO/, TAKOTO ITOPiBHSIHHS 32 KOMOiHOBAaHUM MYJIbTH-
MOJQJIbHUM KPUTEPIiEM.

1. XapakTepucTHKA OCHOBHUX €TaliB CXeMH
NOPIiBHSAHHS TEKCTOBO-rpadiunux hparMeHTin

PosrissHeMO Jesiki acmekTu peajlizallii cXeMu,
110 HaBeaeHO Ha puc. 1. BigzHauumo, mo 6aza TI-
JIOKYMEHTIB LIi€1 CXeMU KOPETYETHCS B PEXKUMI pealib-
Horo yacy. O6csr 300paxeHb i€l 6a3u He € (pikcoBa-
HUM, ake iH¢opMmalis Ipo 300paxkKeHHsI MOCTiHO
PO3BUBAETBHCS, B 3AJIEXKHOCTI Bil. HOBUX 30BHIlIHIX
MOfii, SIKi MOXYTb BUHUKHYTU B OyIb-sIKWi Yac.
3a3HauuMMO TPUITYIIEHHS, SIKi € BaXJIMBUMU ISl BU-
KOPMCTaHHSI Ta PO3BUTKY cuUCTeMM MopiBHSHHS TT-
¢dparMeHTiB Ha eTalli iHaeKcalii 300pakeHb:

— eK3eMIUISIpU 300pakeHb 0a3u He 3aBXIU MICTITh
MOBHY TEKCTOBO-rpadiuHy iHhopmalliio;

— 3arajibHa KiJIbKiCTb 300paxkeHb He € (DiKCOBaHOIO
i 00poOKa HOBUX 300pakeHb 3AiCHIOETHCS B PEXUMI
peaJibHOro yacys;

— 0a3a 3HaHb CUCTEMU I'PYHTYEThCS Ha aHOTALLisIX
300paxeHb, JOIIOBHEHUX TEKCTOM, a TaKOX Ha IX Bi-
3yaIbHUX XapaKTepuCcTuKax (KoJjip, TekcTypa, dopMma.
MPOCTOPOBA AVCTIO3ULIis);

— HaBYaHHS € IHTEPaKTMBHUM i MOXe OyTU BU-
KOHaHe IIIJISIXOM BUKOPMCTaHHS METO/iB HaBYaHHS 3
MiAKpitUIeHHIM. B3aemomiss Mixk KopucTyBayaMu Ta
eKcrepTaMM CUCTEMU Ma€ 3AiCHIOBATUCS Y MPOCTUI
cnoci6 ajs dinbTpalii He peJaeBaHTHUX 3aluTaM 30-
OpaxkeHb Mij Yac MOIIYKY;

— HaBYaHHS 3[IIICHIOETHCS HA MAJIMX BUOIpKax Ha-
BYAIbHUX JaHUX (10 20 eK3eMILISIpPiB).

— cucteMa Ma€ (hopMyBaTH (aHasli3yBaTh) aHOTALlil
300paxkeHb B PeXXMMi peaibHOTO Yacy.

3 omISIIOM Ha 1 TiMOTEe3W, B KOXHUI MOTOYHUIA
MOMEHT MOXYTb PO3IISIAATUCS TPU TUIU 300paXkKeHb
B IPOIIOHOBAHIM CHUCTEMi: 300paKeHHs 0e3 aHOTallii;
300paxkeHHsI 3 JOAATKOBOIO iHdopMalielo (Hampu-
KJaa, JoAaTKOBUI omuc abo OOBiIKOBi AaHi); 30-
OpaxkeHHsI 3 aBTOMaTUYHO AOJaHOIO iH(OpMali€o
(3 «pO3IIMPEHUMU» AHOTALIISIMU).

MoxIuBICTh €BOJIIOLII 0a3u JaHUX 300paxkeHb
1 BIATTOBIAHOI 0a3M 3HaHb BU3HAUMJIA TaKi CLIEHAPil BU-
Tsary TT'-cbparMeHTiB Ta (hOpMyBaHHSI 3aIIUTiB:

— cueHapiii 1: 300paxkeHHs 6e3 aHOTallil BUKOPUC-
TOBYETHCS SIK 3aIUT, CIIPSIMOBAaHUI Ha TOITYK OJIU3b-
KHX 300paXeHb 3 0a3u TaHUX;

— cueHapiit 2: HabGip cJiB B TeKCTOBO-TIpaiuHUX
JIOKyMEHTaX BUKOPUCTOBYETHCS SIK MOBHOLIIHHUI 3a-
ITUT;

— cleHapiii 3: 300paxkeHHsI Ta cJIoBa B TEKCTOBO-
rpaiuyHUX JTOKyMEHTaX BUKOPUCTOBYIOTHCSI SIK TIO-
BHOLIIHHUI 3aITUT.
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IIpoGaema 3acTocyBaHHS ABOX OCTaHHIX ClLieHapi-
iB BUHMKA€E, KOJIU YacTUHA 0a3u JaHUX 300paXkeHb He
aHOTOBAaHa, 1110 POOUTH 1110 YaCTUHY HETOCTYITHOIO Ye-
pe3 TEKCTOBI 3aMUTH. Y 1IbOMY BUIIaJKy HEOOXiTHO BU-
KOPMCTOBYBATHU 3B’SI30K MiXK TEKCTOBUMMU CJIOBaMU Ta
Bi3yaJbHUMU XapaKTepUCTUKAMU JJISI MYJIbTUMOIATb-
HOTO TOILIYKY Ta aHOTYBaHHS 300pakeHb, SIKi MIiCTSTh
TEKCTOBY YAaCTHUHY.

B 3HauHili Mipi BUIKOAISI METOMIB MOPiBHSHHS
TI-parMeHTiB 3aj7eXKUTh Bill TPUBAJIOCTI IIomHepe-
JIHbO1 0OPOOKM, 110 AO3BOJISIE MPEICTABUTU aHOTOBA-
Hi 300paXkeHHsI B MPUAATHOMY JUISl IIBUAKOTO MOPiB-
HsaHHS BuDAi. Ha erani monepeaHboi 0OpOOKM 1IKX
300paKeHb JOLIIbHO BUKOPUCTOBYBATH XeIlI-METOIU
B KOMOiHAallil 3 1eIKMMU OLIbII TOYHUMU METOILAMMU
[3, 4].

MeTon MyJbTUMOAQJILHOTO BU3HAYEHHS TOMIi-
oHocti TI'-dparmMeHTIB Ma€ NOeAHYBaTH Bi3yasib-
HU TOIIIYK 3pa3KiB 300paXkeHb Ta TEKCTOBUI TOLIYK
3a KJIIOUYOBHMMU cJioBaMU. BizyajabHa IOAIOHICTh MiX
3alUTOM, TOB’SI3aHMM 3 300paXKeHHSM B 3aMuTi, Ta
TeKCTOBO-rpaciuyHUM 300paxkKeHHSIM B 0a3i JaHUX Olli-
HIOETHCS 3a BEJIMUYMHOIO CKaJSIPHOTO JOOYTKY BiAIo-
BiIHMX BEKTOPiB 3 BUKOPUCTAHHSIM KOMOIHOBaHOIO
KpUTEPIS.

2. ITonepeaust 006pooKa 300paxkenn B TI'-1oKymenTax
3 BUKOPUCTAHHAM KOMOiHOBAHOTO X€II-MeTOIy

BusHauanbHi 03HaKM 300pakeHb, SIKi BUKOPUC-
TOBYIOTBCSI JISI IIOMNEPeaHbOI 0OpPOOKU 300pakeHb
B TI'-gokyMeHTax, MOXYTh OyTM po30MTiI Ha KiJibKa
rpyn [5]. Jlo mepuioi rpynu Takux O3HaK BilHECEMO
HaObip ricTorpam, sl MOOYIOBU SIKUX BUKOPUCTOBY-
1oTbes nanitpu HSV i RGB. Ipu (popmyBaHHi ricTo-
rpam miasg RGB-nanitpu konipHMii TipocTip po30ouBa-
€TbCd Ha 32 piBHI YaCTWMHM i BUBHAYAETHCS KiJIbKIiCTh
MmikcesiB 300paxkeHHs B KOXHil 3 yactuH. st HSV-
MaJiTpU TicTorpaMu OYIYIOTHCS OKPEMO IO KOXHIl 3
KoMIToHeHT. O3HaKM, OTpUMaHi 3 Pi3HUX TicTOrpam,
JIOMOBHIOIOTh OJIHA OHY, TaK sIK namxitpu HSV i RGB
MOB’sI3aHi HEJIiHIHHUM MEepeTBOPEHHSIM 1 Biamosiga-
I0Tbh 3a Pi3Hi BJIACTUBOCTI 00’e€KTiB. [0 mpyroi rpynu
MOXXHA BiJHECTM TEKCTYpPHI O3HAKM, 3aCHOBaHi Ha
MiIpaxyHKy TpaHWYHUX mMikcesiB. s oOuucieHHs
IIMX O3HAK 300paXkeHHS IEePEeBOASTHCS B YOPHO-0i-
Juii (popMaTr, BM3HAYAIOTHCS Pi3Ki XapaKTepUCTUKU
SICKPaBOCTI IIepexoau, a IOTiM 3 BEPXHbOI i HUXKHBOI
obJiacteit 300paXkeHb 300pakeHHSI BUIUISIOTLCS ABa-
NLSTUBIACOTKOBI cMyru TikcesiB. Ilpu mouryky 30-
OpakeHb 3a 3pa3KoM aHali3yloThCS Mapu 300pakeHb,
SIKi TIOPIBHIOIOTHCSI. Y JOCIIIKEHHSX, TTPUCBSIUCHUX
BUKOPHMCTAHHIO TEKCTYPHUX O3HAK IMPU TOPiBHSIH-
Hi 300paxkKeHb, BUALISIIOTHCS O3HAKM KOHTPACTHOCTI,
rpy0ooCTi, CIpSIMOBAHOCTI, JIiHIMHUX 00pa3iB, pery-
JIIPHOCTI, OMHOPITHOCTI i IIOPCTKOCTI TEKCTYp [6].
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IlepcrieKTUBHUM € iX KOMOiHOBaHE€ BMKOPMCTaHHS
3 HACTYITHOIO PO3POOJIEHHSIM BiAMOBIAHOI CUTHATYPHU,
MpUIATHOIL 1151 e(heKTUBHOI peaJi3aliil aAropuTMy I10-
PIBHSIHHSI aHaJ1i30BaHOTO i 6a30BOIo 300pakeHb.

AHaJni3 mokasaB, 110 IS CTBOPEHHSI TaKUX CUT-
HaTyp TIIomnepeaHbol 00poOKku 3o00paxkeHb B TI-
JMIOKYMEHTaxX JOLiTbHO BUKOPMCTOBYBATH i€I0 Xelll-
METOAY B KOMOiHAIlisSIX 3 ACSIKUMU OUIbII TOUHUMM
MeTogaMu. J1o Tak1MX METOIB HajlexXaTh, IIepIll 3a BCe,
nerektop Xappica ([IX), merom LoG (Laplacian-
of-Gaussian), SIFT-nmeckpunropu (Scale Invariant
Feature Transform), meton TI (Tinylmages) i meTon
MIIITO (MeTon mnolyKy 3a 3pa3kom). PosriasHemo ae-
SIKi OCOOJIMBOCTI LIUX METO/IIB.

Merton JIX 3acHoBaHUII Ha OILHII 3MiHU iHTEH-
CUBHOCTI CBiTJIa 3 TMOJAJbIIMM BU3HAUYEHHSIM OIIO-
PHUX TOYOK 300paxeHb. JIo mepeBar MeToay BigHO-
CATBHCSl iHBApiaHTHICTh OO MOBOPOTIB Ta 3pYLICHHS
IHTEHCMBHOCTI. ¥ TOIf Xe Yac BiH H€ € iHBapiaHTHUM
0 3MiHM MacmTaby 300paxeHHs. Meton LoG mo-
3BOJISIE BUPILIXATU IIPOOJIeMy ITOPiBHSIHHS 300pakeHb
pu 3MiHi Maciutady 306paxeHHs. SIFT-aeckpunTtop
€ e(peKTUBHUM 3acO000M (POpPMYBaHHSI CUCTEMU iHBa-
piaHTHUX CTPYKTYpHUX O3HaK. BiH 3acHoBaHuUii Ha
BUKOPUCTAHHI CYyYaCHUX Oa30BUX MPUHIIMITIB JIOKAb-
HOI 00pOOKM, 110 BKJIIOYAIOTh B KOMILIEKCI JIOKAJIbHY
dinbTpauito, GopMyBaHHS 3HAUYYIIMX O3HAK, aHasi3
MPOCTOPY MNEPETBOPEHD Ta AlIPOKCUMAILLil0 KOOpAUHAT
0o3Hak. Y Toil Xe vac mupoke 3actocyBaHHs1 SIFT-
JIECKPUIITOPIiB OOMEXYETbCS iX OOYMCIIOBAIBLHONO
CKJIQJIHICTIO 1 BUCOKMMH BUMOTaMM A0 TEXHIYHUX 3a-
co0iB ix peanizalii. J[o riOpuaHUX METOIIB ITOPiBHSIH-
Hs1 300paxeHb BimHocuThbest Meton TI. Tyt criouarky
TFeHEePYETHCS 3MEHILIeHa KOTlisi 300pakKeHHSI 3 PO3/iib-
Hoto 3aaTHicTio 32x32 mikcensi. Ha mepiioMy kpoiii,
He3aJIeXKHO Bid MPOIIOPLIii, 300pakeHHSI CTUCKYETHCS
0 po3Mmipy 20x20 mikcesiB i MPUBOAUTUCS IO Ciporo.
V g9KoCTi nepiioi CUrHaTypyu BUKOPUCTOBYETHCS LIE€H-
TpajibHa YacTUHA 300paxkeHHsT po3mipom 16x16 mik-
ceJiiB. B sikocTi Apyroi curHaTypy BUKOPUCTOBYIOThCS
JIECKPUIITOPU 1IiKaBUX TOYOK, KOOPAMHATAMU SIKMX
€ ekcrpemymamu DoG-nepetBopeHHst (Difference
of Gaussian). BBoguUTbCSI eMITIpUYHUI MOPIT, HUXKUYE
SIKOTO CUTHATypu BBaXKalOTbCsl OJM3bKUMU. AHAaJi3
KOOpAMHAT OJM3bKUX CUTHATYp Ha mapi 300pakeHb
JI03BOJISIE BUAUIMTU OOJIACTh 1X MEPEeTUHY, sl SIKOi
OOUMCITIOETHCS TIOMIKCEeNbHA Pi3HULIS 1 PI3HULS KapT
rpagieHTiB. AKiIo Taki pi3HMII MEHIIE ITOPOTOBUX,
TO Mapa 300pak€Hb BBaXkaeTbcsl 01M3bKOM0. [ 1mo-
PiBHSIHHSI 300pakeHb 3a 3pa3KoM MOXe OyTU BUKO-
puctanuii Takox meton MIIITO, B ocHOBI sSIKOro Jie-
JKUTb MPeACTaBIeHHS 300pakeHHS Y BUTJISII HEUiTKO1
KoJIipHOIi rictorpamu [7].

Binminnoto pucoro metogy MIIITO € Te, 1o ricTo-
rpamMu OyAayloTbCsl TYT 6€3 BUKOPUCTAHHS MPOLeaypr

nedasz3udikaiii. st uboro B KOXHil TOYLi 300pa-
KEHHSI BU3HAYAETHCS BEKTOP 75-BUMIPHOIO IIPOCTO-
Py, KOMIIOHEHTHU $SIKOTO € CepeaHiM apu(PpMeTUYHUM
3HA4YEHb TPHhOX (PYHKIII HAJIEXKHOCTI, ITiCJISI YOTO 3Mili-
CHIOETBCS yCEepeOHEHHsSI HaHMUX BeKTopiB. BimcraHb
MiX TTOIIOHMMM BEKTOpaMH, IIIO OMNMUCYIOTh 300pa-
JKEHHSI, OOUMCITIOEThCSI HA OCHOBI (PYHKIIIT MEepeTUHY
ricrorpam.

Bupginumo ocHOBHI MOMEHTH, SIKi HEOOXiTHO Bpa-
XOBYBAaTU MPU CTBOPEHHi KOMOIHOBaHOIO METOY T1O-
PiBHSIHHSI 300pakeHb:

— JUIS MABUIIEHHST IIBUIKOCTI OOpOOKM BUIXimHE
300paKeHHS NOLIIbHO 3MEHIIIUTH;

— Ipu KOMOiHYBaHHI XeIlI-MeTOAY 3 iHIIUMU METO-
JJaMM JTOLIJIbHO BUKOPMCTOBYBAaTU BiAIIOBiAHI Barosi
KoedillieHTH;

— Ha eTalli ronepeaHboi 00poOKU Mae (hopMyBaTH -
csl CUTHATypa, siKa A03BoJjsia O 3AificHIOBaTA omnepa-
TUBHE BU3HAYEHHs OJIM3bKUX 00’ EKTIB.

V Tabauui 1 HaBeAeHi pe3yabTaTu MOPiBHSUILHOTO
aHaJlizy LIBUIKOCTI 00poOKHU 300paxkeHb i3 3aCTOCY-
BaHHsM pizHux Metoxis (SIFT, X, LoG, TI, MIIIIO,
XeII-METOI).

Taomansa 1

O1iHKa cepelHbOi IBUAKOCTI MONepeaHbOI 00POOKHU
oaHoro 300paxkeHHs (300 px)

Mertog, CepenHiii yac (cek)
nonepeaHbol 00poOKU nonepeaHbol 00poOKU
300paxeHb OIHOTO 300paXkeHHS
SIFT 5.6
aX 3.1
LoG 4.9
TI 2.2
MIIITIO 2.6
XeII-MeTo/, 0.2

OueBUAHO, IO B SIKOCTi 0a30BOi MpoLEeIypu s
BUPillIEHHS MOCTABJIEHOTO 3aBIaHHSI AOLIJIBHO BUOpa-
TH OOYUCTIOBAIBHY MPOIIEAYPY XEII-METOdY, 110 Ma€
CYTTEBI IlepeBaru B IIBUAKOCTI 0OpOOKM 300paKeHb
B IOPiBHSIHHI 3 iHIIIMMU METOIAMU.

PosrinsgsHeMo 0co0mBOCTI (DOpMYBaHHS XelIy 30-
OpaskeHHsI i3 3aCTOCYBaHHSIM Xelll-MeToay. BinnosigHo
JIo Teopii neperBopeHb Pyp’e 300pakeHHSI € IBOBU-
MipHUM (3aJI€XKHICTh SICKPABOCTi BiJl TOPU30HTAIbLHOI
Ta BEPTUKAJIbHOT KOOPJAMHAT) HENIEPiOAMYHUM CUTHA-
oM. It RGB 300paxkeHHsT HEOOXimHO PO3TJIsaaTh
sickpaBicTb B KaHaslax Red, Green i Blue. Posrisinemo
JIEKOMIIO3M1Iil0 300pakeHHs Ha (pparMeHTH, IO Big-
MOBIAAIOTh PiI3HUM Jliarla30HaM YacTOT:

— Ha HM3BKMX 4YacToTax OyAyThb MiCTUTMCS Haii-
OiplIi AeTali, 110 3a1al0ThCs 3araJibLHUM PO3MOILIOM
SICKpaBOCTi i KOJIbOpY, i, OTXXe, BU3HA4YalOTh (DOpMY
00’eKTa;
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— Ha cepedHix yacTtoTax (OPMYETbCS CEepemaHs
1 ApiOHa jeTaiizalis, siKa 3ada€ «I0KaJbHUI KOHTP-
acT» 1 ISl 3HSATUX KPYIIHUM IJTaHOM 00 €KTIB € (pak-
TYpOIO OBEPXHi;

— Ha BUCOKMX yacTtoTax (popMyeTbCcs HaaapiOHa
JIerajizallisi («<MiKpOKOHTpAcT»), sKa 3aJa€ pi3KiCTb
300pakeHHSI.

OueBUAHO, IO IS TIOPIBHSAHHSI 300pakeHb He-
00XiIHO, mepll 3a BCE, BUKOPUCTOBYBAaTU HU3bKIi
yactoTu. PosrisiHeMo TMpuKian poOOTH alropuTMy
rnomnepeaHboi 0OpOOKU BXiTHOTO 300paKeHHS, Mpe-
cTaBJieHOro Ha puc. 2 [5].

Puc. 2. Bxinne 300paxeHnHs

J1st mo30aBiaeHHS BiJi BUCOKHUX YacTOT 3MEHILM-
MO BHUXiIHe 300pakeHHSs (BiAMOBIIHO A0 MPOLEAYPU
Xelr-merony). B naHoMy npukiiani 300paxkeHHs 3MeH-
LIIYETHCS A0 PO3MipHOCTI 8x8. 3MeHIIIeHEe 300paKeHHSI
MOTiM 3HEOAPBIIOETLCS (MEPEBOAATLCS B rpaaallii ci-
poro, IO iCTOTHO CKOPOYYE PO3Mip Xelry). 3MeHIIIeHe
i 3HeOapBIIeHE 300pakeHHS IIPeICTaBIEHO Ha puc. 3.

Puc. 3. 3mMeHeHe Ta 3HeOapBIeHe 300paXkKeHHs

Jaimi mist KOXXHOTo 3 KaapiB 300paxkeHHsSI 00uucC-
JIIOETBCSI CepelHE 3HauyeHHs ImikceliB. KoxeH ITiK-
CeJIb MOPIBHIOETHCS i3 CepeaHIM 3HAUYEHHSIM i, SIKIIO
BiH OLJIBIIIE CEpEeaIHbOr0 3HAUYCHHS, TO B KOMIPKY Xellla
ganucyeTbes 1 (iHakuie 0). B pesynbrari popmyeThes
MMiZICYMKOBE XelI-300pakeHHs (puc. 4).

Puc. 4. Buxiane 300paxeHHs
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Jnga  migBUIIEHHST TOYHOCTI 0a30BOI  Xell-
MpOoLEAYPH, 10AAMO BaroBi XapaKTepUCTUKU IS 4YOP-
HO-06inoro pucyHka 8 * 8. [1pu niboMmy OymemMo BBazka-
TH, 1O CTYIiHb «3HAUYIIOCTi» TOYKMA HA 3MEHILIEHOMY
300pakeHHI 301JIBIITYETHCS B 3aJIESKHOCTI BiJl KiJIbKOCTI
CyCiZiB iHIIOTO KOJbopy. Takum 4yMmHOM, KoeillieHT
3MiHI0€eThCA Bin 0 no 8. HaBeneMo omuc BianoBigHOi
MpOLeaypH:

Kpox 1. Ha erami mnepBMHHOI OOpOOKM BMXi-
He 300paXKeHHsI CIoYaTKy 3MEHILYETbCS 10 PO3Mipy
10 * 10, micnst yoro KpaiioBi 3HaU€HHST 00Pi3al0ThCs 10
po3MipHOCTI 8 * 8 i3 3araJbHUM YMCJIOM MiKcesiB 64.
Lle no3BoJisie MO30YTUCS Bill paMOK Ha 300pakKeHHi Ta
BUILIATU AOr0 OCHOBHY YaCTUHY. TaKUM YMHOM, XeIll
Oye BiAIOBiZaTU BCiM BapiaHTaM 300paxKeHHsI, He3a-
JIEXKHO BiJl pO3Mipy Ta CIiBBiIHOIIEHHS CTOPiH.

Kpok 2. Bupansgerbesi Kolip 300pakeHHsI. 3MeH-
IIeHe 300pakeHHs MepeBOAUTHCS B rpagaliil ciporo,
110 3MEHIIYE Xell 3 64 mikceliB (64 3HaUYCHHS YepBO-
HOTO0, 64 3eJ1eHOTO i 64 CHHLOTO) BChOTO 10 64 3HAYEHD
KOJIBODY.

Kpok 3. 3niiiCHIOETbCS MPUBENEHHST 300paKeHHS
JI0 YOpPHO-0inx OiTiB. [JIst KOXXHOTO 3 KaapiB 004mc-
JIIOETHCST CePeHE 3HAUYECHHSI TTiKCEeIiB, a MOTiM KOXEeH
MiKCeIb MOPiBHIOETHCS i3 CEpeIHIM 3HAYCHHSIM (SIKILIO
BiH OiJIbllIe CEpeAHBOI0 3HAUYE€HHSI, TO B KJIITUHKY Xellla
3anucyerbes 1, iHakie 0).

Kpoxk 4. IIpoBoauTthes 1odynoBa xewia: 64 okpemMux
OiTa mepeBOASITHCS B OfHE 64-0iTOBE 3HaUEHHSI (TTOPSI-
IIOK HE Ma€ 3Ha4EHHSI, SIKILIO BiH 30€epira€ThbCst MOCTIli-
HuM). [TimcyMKOBUIi Xelll He 3MiHUTbCS, SIKIIO 300pa-
JKEHHSI CTUCHYTU a00 pO3TSTHYTU. 3MiHa SICKPaBOCTI
a00 KOHTPACTy, a TAKOXK MAHIITYJISLIL 3 KBiTaMU TaKOX
ICTOTHO HE BIUIMBAIOTh Ha IiICYMKOBUIA pe3yJIbTarT.

Kpok 5. JIng TOpiBHSIHHSI aHajli30BaHOTO 300pa-
JKEeHHSI 3 0a30BUMU O0UUCTIOETHCS BilcTaHb XeMMiHra
(TiagpaxoBY€ETHCS KiIbKICTh Pi3HUX OiTiB) 3 ypaxyBaH-
HIM Bar. Y Tabj. 2 HaBeAEHi CIiBBIIHOIIEHHS MiX
kinacuyHoro (D) i momugikoBaHowo (M) BimctaHsMu
XeMmMiHra JJjisl pi3HUX 3HaUY€Hb BaroBUX KoeillieH-
TiB W. Ilpu mopiBHsSIHHI aHaJli3oBaHOIro i 6a30BOro
300paxkeHb HYJIbOBA BilCTaHb O3HAYAE, IO L€ OIHA-
KOBi 300paxkeHHs (200 Bapiallii 0OJHOr0 300paKeHHST).
ITpu Bigcrani Big 0 10 5 300pakeHHS B LiJIOMY JOCUTH
0IM3bKiI OAUH OO0 OOHOro (HemoBHi ayoiikaTtu). Ilpu
BiacTaHi Big 6 10 9 300pakeHHsT XapaKTePU3YIOThHCS
OKpPEMMMM 3arajilbHUMU O3HaKaMu, aje ayoJikaramu
He €. SIkio BiacTaHb Oijblie 9, TO 300pakKeHHSsT BBa-

2KAarTbCA p13HI/IMI/I
Taommna2
Kopexiiist BincTaHi Mixk 300paXkeHHSIMU
3 ypaxXyBaHHSIM BaroBux KoeQilli€HTiB

\\4 0 1 2 3 4 5 6
1 1 1 1 1 1
M 0,8 | 0,85| 0,9 | 0,95 1 1,05 | 1,1
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3. MeToj BU3HAYEHHS MOAIOHOCTI
TEKCTOBO-rpadiyHux (pparMeHTiB

PosrassHeMo crmoyaTky BEKTOpPHY MOEIb BU3HA-
YeHHsI IOAi0HOCTI TeKCTOBO-TpadiyHuX (parMeHTiB
3a TEKCTOBUMM IIiAnucaMu. TeKCTOBY YaCTUHY HOKY-
MeHTa D, 1110 Ma€ MOPiBHIOBATUCS 3 TEKCTOBOIO Yac-
TUHOIO 3anuTy Q, IPEACTaBUMO SIK 3BaXKEHUI BEKTOP
TEPMiHiB:

d; =(wi,l’wi,2""wi,t)’ (1)

JInst o6umcieHHs moaiOHOCTI Mix 3armuToM Q i 1o-
KYMEHTOM D) BM3HAYa€ThCsS CKAJSIPHUI JOOYTOK MixX
BiIMTOBITHUMU BEKTOPaAMMU:

S(d,q) =Y w; xw;S(d,q) =Y, w; xw, . (2)
j J

Pi3ni mMeTony ouiHKM BaroBux KOe(IIi€EHTIB HO-
3BOJISIIOTH CTBOPUTHU YUMaIO DYHKIII paHXXUPYBaHHS
JIJISI MOJIEJIi BEKTOPHOTO IPOCTOPY. PO3riIstHEMO Imiaxin
3 BUKOpUcTaHHSIM KiacuuHoi mozaeii TF-IDF ta Tex-
HiKM 3BaXKyBaHHSI i HopMautizallii. KitacuyHa BeKTopHa
MOJIe/Ib OOYMCIIIOE Bary TepMiHa B JOKYMEHTI SIK JTO-
oyrok TepmiHy yacTtoTu (TF) i 3BOpOTHOI 4acTOTH J10-
kymeHTiB (IDF):

M e N
. o, i 1Og|{af: 1 ed
Ie #;; — YHCIIO BXOMKCHb PO3IISIHYTUX TEPMIHIB 7
B IOKYMEHT d;, 8 3HAMCHHHK — CyMa YKCJIa BXO/KCHb
yCiX WJIeHiB JOKyMeHTa d ;3 N — 3arajbpHa KiJbKiCTb
JIOKYMEHTIB B KOPITYCi, |{dj ', e d}| € uncIOM NOKY-
MEHTIB, [ 3’SIBISIETBCS TEPMIH /; (SIKuii Mae n; ; =0).

Taxka mMonenb 103BOJISIE OTpUMATU (DYHKILiIO MOIi-
OHOCTI MixX 3antuToM Q i HOKyMeHTOM D y HaCTYITHO-

MY BUTJISI:
3,0%,

o]

) 3)

S(d;,q)= (C))

ne D =tf, -idf; ta | D) |Dq| — 3HAMEHHWK JUTS CTaHIap-
TU3ALLiI.

B imoBipHicHilI Mojei OLIHIOETbCS UMOBIPHICTh
TOTO, 110 TOKYMEHT d; Ma€ BiIHOIICHHSI 10 KOHKpeT-
HOTO 3anuty ¢, 10010 P(R|9,d;).

CyKynHIiCTb TEpMiHiB, 110 BUKOPUCTOBYIOTHCS B
JOKYMEHTI d;, MOXXHA MPEACTABUTH Y BUTIISL OiHap-
HOTI'O BEKTOpa X =(X,X,,...,X,) 3 X; =1, SIKIIO TEPMiH /
MPUCYTHIN y d ., Ta X, = 0 B iHmomy Bumnaaky. ITorim
JNIOKYMEHTU PaHKUPYIOThCS B MOPSIAKY YOyBaHHS Bill-
MOBiIHO 10 HACTYITHOTO BUPA3Y:

n . -— .

S0 =Slog P(x,|R)(1 P(x,|R_>>’

P (l—P(xi|R))P(xi|R)
e R — CyKYIIHICTb pejieBaHTHUX (IO3UTUBHUX) pe-
3yJIbTaTIB i R — CYKYITHICTbh HepeJieBaHTHUX (Hera-
TUBHUX) Pe3yJIbTATiB. P(x|R) Ta P(x|73) € Bi/IMOBiTHO
WMOBIpHOCTSIMM peJICBAaHTHUX a00 HepeJIeBaHTHUX
€JIEMEHTIB BEKTOpa X = (X;,X,,...,X,) .

)

PosrassHeMo jani BeKTOpHY MOJelb BU3HAYECHHS
MOJIOHOCTI TEKCTOBO-TpadiuHMX (PparMeHTIB 3a Bi3y-
aJTbHUMU XapaKTePUCTUKAMU 300paXkeHb, aBTOMAaTHY -
HO BUTSITHYTUX 3 Bi3yasibHOTO BMicTy. Taka Moaesb 3a-
JIEXXUTD BiJl PYHKIIIT TOAIOHOCTI Ta BUKOPUCTOBYBAHUX
Bi3yaJIbHUX CUTHATYP, 1110 OTPUMYIOTHCS Ha PO3IJISIHY -
TOMY BHIIIC €Talli XeIIyBaHHS 300paKeHb, SIKi MOXYTb
OyTH BEKTOpaMU O3HAaK, perioHaJbHUMU XapaKTepuc-
TUKaMU a00 y3araJlbHEHUMH JIOKATbHUMHU XapaKTe-
puctukamu [8]. T1pu boMy DYHKILiSI paHXUPYBaHHS
3aJIeXXUTh BiJi BUKOPUCTOBYBAaHUX XapaKTePUCTUK.
Hanpuknan, momiOHiCTh TEKCTYPHUX O3HAK YacTO BU-
MIpIOETHCSI 3a JTOMOMOTOI0 BiAcTaHi MiHKOBCHKOIO
abo Bigcrani MaxaoHobica (110 BpaXOBY€E CITiBBifI-
HOIIEHHS PI3HUX XapaKTepUCTUK). PosrisiHemo aBa
300paKeHHsI, iHAEKCOBaHi BiAMOBIIHMMU BEKTOpamMu
I=(1,0,,..,1,) ta J=(J,J,,...,J,,) . OLiHIOBaHH 1O~
IiOHOCTI MixK IBOMA 300pakeHHSIMM MOJISITA€ B 009MC-
JIEHHI rToaioHocTi MixX /Ta J. MeTpruku MiHKOBCHKOIO
L,, siKi € HalOUIBII MOMIMPEHUMU TCOMETPUUHUMMU
BiICTaHSIMM, MAIOTh TAKWI 3aTaJIbHUI BUTJISI:

(6)

Bincranb MaxanoHobica BpaxoBye CHiBBiHOILIEH-

HS pi3HUX XapaKTePUCTUK:
d=\d-HC'T-T). 7)
ne C — Marpuug KoBapiauii posnoainy /Ta J.

PosrisiHeMo crmoyaTKy mpeAcTaBiASHHS 3arajbHol
XapaKTePUCTUKU 300paXkeHHs y BUTJISIII HAOOpY BeK-
TOpiB 03HaK ((3;, 2,),(25, 12)s-5(Z,5 D)) » A€ Z; — BEKTO-
PY O3HAK, a p; — BIATIOBiIHI Barv LIMX O3HAaK.

Hexait Mu Maemo nABi TakMX XapaKTepUCTH-
ku 1L, =(g",p")(55 052 0)) s m=12.
IIpupogHUM TMigXOOOM OO BM3HAUYEHHS Mipy IOMi-
GHOCTI € BUMipIOBaHHsI OMGHOCTI MiX z) Ta Z7 3 MO-
NAJIBIIM 00’ €THAHHAM BiAcTaHeM MK IMMU BEKTO-
paMH Ta BiICTaHi Mi>K HAOopaMu BEKTOPiB.

3acTocyeMO Miaxim A0 TaKOro BUMipIOBaHHS, 3a-
CHOBaHWil Ha MPMBJACHEHHI KOXHill mapi z Ta z
TaKuUX Bar s ; (1<i<n, 1< j<n), w006 BOHU BiANO-
BilaJii Ha BaXJIMBOCTI acolliallil MiX eJleMeHTaMu 11iel
nmapu. Baru maroTh BiinoBigaTh TaKUM OOMEKEHHSIM:
Z,SI ;= pjz- ; 2,51 ;= pr . Tlicis BU3HAYEHHS Bar Bil-

cTaHb MiX [, Ta [, arperyerbcs 3 BiicTaHEW MiX Pi3-
HUMMU TlapaMu BEKTOPiB:

nomn
DI, L)=Y s, dZ",2P). (8)

i=1 j=1

Binctanb d(x,y) Moxe OyTu BH3HAue€HA Pi3HUMU
cnocobamu. Hampukian, MoXHa BUKOPMCTOBYBa-
TU BiAcTaHb Xaycnopda, ae KoxXeH z} MPUCTOCOBA-
HUIi 10 CBOTO HalG/1MX4oro Bektopa B I, , To6TO 77,
a BigcTaHb MiX [, Ta [, € MAKCUMAaJIbHOIO CepeJl yCix
d(z,3).
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PoarisitHeMo etar moegHaHHSI IPOLIECiB MOPIBHSIH-
HSI TeKCTOBO-TpaiuHUX (DparMeHTiB eJeKTPOHHUX
JIOKYMEHTIB 3a XapaKTepUCTUKaMU (O3HAaKaMH) 30-
OpakeHHsI Ta TEKCTOBUMM IlianucaMmu (KIIOUOBUMU
CJIOBaMM).

BizyanbHa mopniOHicTh V, MiX 3amuTOM, IOB’SI-
3aHUM 3 300paxXeHHsIM (0, Ta TeKCTOBO-rpadiuHoOro
300paKeHHS [, OLIHIOETBCS 3a BEJIMYMHOIO CKAJIAP-
HOI0 JOOYTKY BilITOBiTHUX BEKTOPIB:

Vil Q=X w; x Wy . 9)
J

TexcToBaOAIOHICT S; MiXK 3aITUTOM, ITOB’I3aHUM
3 300paxkeHHsIM (), Ta TeKCTOBO-rpadiuHoro 3oopa-
KeHHs [; po3paxoBYETHCsI HACTYITHUM YMHOM:

(10)

K.
Sd(li’q)z | I(Iq| >

X,

ne |Ki’q| — KIJIBKICTh OJHAKOBUX KITFOUOBUX CJIIB I
300paxeHHsT O Ta 300paxeHb [, ; Kq| — 3arajbHa
KUIBKICTh KJIIOYOBUX CJIiB KJIIIOUOBHUX CJIiB Y 300pakeH-
Hi Q.

InTerpoBaHe 3HaYeHHSI MOAIOHOCTI BU3HAYAETHCS
HACTYMTHUM YMHOM:

St =1* S, +(A=r)*Vy Sy =r*S, +A=r)*V,;, (11)

JIe r— BaroBUil KOeMIiLliEHT.

4. TecTyBaHHS T NePCNEKTUBU PO3BUTKY METOLY

ITpu TecTyBaHHI pO3IJISIHYTOTO BUILE METOIY 3Ha-
yeHHs r npuiimanuch Bif 0,1 go 0,8 aJ1st pisHUX TUTTIB
TEKCTOBO-rpadiyHuX (PparMeHTiB eJIeKTPOHHUX d0-
KYMEHTIB: 300paxkeHHS 3 PO3IIUPEHUMU MiAMNCAMMU:
r = 0,8; 300paxkeHHS 3i KOPOTKUMHU MiANUCAMMU:
r=0,1.ITpu11bOMY OyJI0 BUKOPMCTAHO KOJIEKI1i}0 aBTO-
pedepartiB nucepTauLiiitHux pooiT. EKcriepuMeHTaabHe
TeCTyBaHHSI 3aIllPOIIOHOBAHOIO METOJAY ITiATBEPAUIIO
oro mpaue3fgaTHiCTb. 30KpeMa, IJis AeKiIbKOX BUOi-
POK TEKCTOBO-IpaciyHMX (parMeHTiB eJeKTPOHHUX
JIOKYMEHTIB (3 moBHUM o0csaroM 6a3u B 300 pedepa-
TiB) OyJM OTpUMaHi HACTYIHi cepeHi 3HaUeHHSI Olli-
HOYHUX XapaKTepUCTUK: MoBHOTA — (.85; TOUHICTh —
0.87; F-mipa — 0.85.

[lepcnieKTUBHUM PO3BUTKOM CUCTEMM € JOCITi-
JKEHHST MOXJIMBOCTI ypaxyBaHHsI TOAATKOBUX MeTa-
JaHuX 300paxkeHHs (Hampukian, iH¢opmalii IIpo
po3TainyBaHHS 00’€KTiB, gaTy, 4yac (popMyBaHHS 30-
OpaxKeHb).

BucHoBKH

V crarti OyB pO3IJISTHYTUIA HOBUIA METO/I TTOPiBHSIH-
HSI TEKCTOBO-TpadiyHuX (hparMeHTiB B €JIEKTPOHHUX
JMIOKYMEHTax 3a riopuaHum kpurepieM. Lleit metoa no-
3BOJISIE BUBHAYATH iHTErpoBaHe 3HAUYEHHS MOAIOHOCTI
MiX 3aIIMTOM, MOB’SI3aHUM 3 300paXKEHHSIM B 3aIlWTi,
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Ta TEKCTOBO-TpaiyHUM 300pakeHHSIM B 0a3i JaHMX
MolIyKoBoi cucteMu. Kputepiit, 110 3aCTOCOBYETH-
cs, Tiependavyae BUKOPUCTAHHSI BarOBUX KOe(DILliEHTIB
JUJI1 300pakeHb 3 PO3LIMPEHUMU aHOTALISIMU Ta IS
300paxeHb 0e3 aHoTauiil. Cxema 3arpOIOHOBAHOIO
METOAY Nependadyae MOXJIMBICTD ITOCTIHHOI KOPEKIIil
eJIeMeHTiB 6a31 300pakeHb 3 TEKCTOBUMMU aHOTALliIMU
Ta 30UIbLICHHS 11 po3MipHOCTi. JI0 OCHOBHUX €TalliB
L€l cXeMU HaJlexaTb iHIeKcallis 300pakeHb, Iornepe-
JIHs1 00poOKa Ta (popmMyBaHHSI KOMOIHOBaHUX 3aIUTIB
Ta rpolieaypa riopuaHoro MopiBHSIHHS TEKCTOBO-Tpa-
¢iuyHUX PparMeHTiB eJIEKTPOHHUX JOKYMEHTIB.

PesynabTaTn  eKCepuMEHTaJIbHOTO  TECTYBaHHS
MiATBEPKYIOTh, 110 TaKUil MeToAd Oyae e(heKTUBHUIMA
JIJIST pO3po0OKM 1 MOAEpHi3allil CUCTEM aHalli3y eJieK-
TPOHHMX JTOKYMEHTIB, IO MICTSITh 300paxKeHHs pi3-
HUX TUITIB.
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NMPABUJIA
o OopMIIeHHS PYKONUCIB AN aBTOPiIiB HAYKOBO-TEXHIYHOI0O XXypHany
«BIOHIKA IHTENNEKTY»

HaykoBo-texHiuHuii xypHan «bioHika iHTeIeKTy» nmpu-
IMa€ 0 IPyKy HamMcaHi CrelialbHO JIJIsI HbOTO OPUTiHAIb-
Hi pyKomucHu, SIKi paHillle Hinze He ApyKyBaiuch. CTpyKTypa
pyKoOmnucy MmoBMHHaA OyTHU Takolo: iHaekc YK, BimomocTi
PO aBTOPIiB, 3ar0JIOBOK, aHOTALIil (Ha TPhOX MOBaX), KJIFOUO-
Bi cJI0Ba, BCTYI, OCHOBHUII TEKCT CTaTTi, BACHOBKH, CITMCOK
BUKOPUCTAHOI JIiTepaTypH, pe3iome.

BignmosigHo no I[Moctanosu BAK Ykpainu Bix 15.01.2003
Ne7-05/1 (Bronerens BAK, Nel, 2003, c. 2), cTaTTs MTOBMHHA
MaTH TaKi HeoOXiIHi eJIeMEeHTH: OCTaHOBKA IIPO0JIeMHU Y 3a-
raJIbHOMY BUTJISIII Ta 11 3B'130K i3 BAXKJIMBUMU HAYKOBUMU YU
MPAaKTUYHUMMU 3aBAAHHSIMU; aHAJIi3 OCTAHHIX JOCIIIKEHb i
nyosiKalliil i BUIJIEeHHs He BUPillIeHUX paHillle YaCTUH 3a-
rajbHOI Mpo0JIeMH B IaHiil o6acTi; GopMyIIOBaHHS ILiIeit
Ta 3aBIaHb JOCJIIKEHHS; BUKJIal OCHOBHOTO MaTepiaiy J0-
CJTIKeHb 3 TTOBHUM OOTPYHTYBaHHSIM OTPUMaHUX HAYKOBHMX
pe3yJbTaTiB; BUCHOBKU 3 JAHOTO JOCJIiIXKEHHSI Ta ePCIIeK-
THUBU MOAAIBIIUX AOCTIIKEHb Y TAHOMY HAIPSIMKY.

Cratti MaroTh OyTM BUKOHaHi B pemaktopi Microsoft
Word. ®opmar cropinku — A4 (210x297 mMMm), MOJS: BepX-
He — 25 MM, HUKHE — 20 MM, JtiBe, TipaBe — 17 MM. KinbKicTh
KOJIOHOK — 2, 3 iHTepBaJoM MiX HUMU 5 MM, OCHOBHUI
mpudt Times New Roman, Kerab OCHOBHOTO TEKCTy —
10 myHKTiB, MDXPSAKOBUI iHTepBadl — MHOXHUK (1,1),
abzanHuit BigcTynm — 6 MM. OGcar pykomucy — Bim 6 10
12 cTopiHOK (MOBM: YKpaiHCbKa, aHIJilCcbKa, pocCiiicbKa
Ta MOBOIO OpiriHaza).

YIIK npyKy€eThcs 3 Tepiioro psijika, 6e3 BiICTyIiB, BUPiB-
HIOBaHHS 110 JIiIBOMY Kpalo.

1115 asmopa (-iB), Ha3Ba CTaTTi, Ha3Ba Ta agpeca y400BO-
ro 3akJjaay HeoOXiqHO HalaTu MTOBHICTIO POCiiChKOI0, YKpa-
THCBKOIO Ta aHTJIICHKOI0 MOBaMM.

Hazea cmammi npyKyeTbCsl NPOMUCHUMMU JIiTEpaMU,
mpudT NpSIMUI, HaiBXXKUPHUIA, KeTJIb 12.

Has3zeu po3dinie HyMepyOTh apaOCbKUMM LIMMpamMu, BULi-
JISTIOTH XKUPHUM IipudToM. Bigctynu mist Ha3BM CTaTTi, iHi-
LiajiB Ta Mpi3BUILl aBTOPiB, BiZOMOCTEI PO aBTOPiB, Ha3B
pO31isiB, BCTYIly Ta BUCHOBKIB, CIIMCKY JIiTepaTypu: 3BEPXY
— 6 1T, 3HU3Y — 3 MT.

Anomauii (MoBOIO cTaTTi, ab3ar 6—12 psnKiB, Kerab 9)
PO3MIIIIYIOTh Ha TMMOYaTKy CTaTTi, B Hili Mae OyTu po3Mmillie-
Ha iHdopMalIisg IIpo 0YiKyBaHi pe3yIbTaTh OMMUCAHNX TOCITi-
IIKeHb (Ha TPbhOX MOBax).

Knrouosi cnoéa (4—10 ciniB 3 TEKCTy CTaTTi, SIKi 3 TOYKU
30py iHGopMalliiiHOTO MOIIIYKY HeCYyTh 3MiCTOBHE HaBaHTa-
JKEHHSI) HaBOJSITb MOBOIO PYKOITUCY, Yepe3 KOMY B Ha3UB-
HOMY BiIMiHKY, KeTJIb 9.

Pucynku va mabauyi (40pHO-06iJ1i, KOHTPACTHI) PO3Millly-
IOTBCS Y TEKCTi IMiC/IST MePIIOTO MOCHJIAHHS Y BUTJISII OKpe-
MUX 00’€KTIB i HyMepyIoTh apabChbKUMU (b paMu HaCKpi3-
HOI0 HyMepalli€lo 3a HasIBHOCTI OijIbIIIe HiXK OTHOTO 00’€KTa.
Hesenuki cxeMu, 1110 CKI1a1aI0ThCsI 3 3—4 €JIEMEHTIB BUKOHY -
10Th, BUKOPUCTOBYIOUHM BCTaBKY 00’ekTa PucyHoxk Microsoft
Word. binbln cknagHi BUKOHYIOTH y TpadiuHUX pegakTopax
y BUNISIAI YOpHO-O0iMX rpadiunux daitniB (opmartis .tif,
Jjpg, .wmf, .cdr i3 posminennsam 300 dpi. Pucynku maiothb
MICTUTHCS Y TEKCTOBOMY (palili i1 000B’SI3KOBO ITOJaBaTUCS

OKpeMUMHU (aiijlaMu 3 BiITIOBITHUMU Ha3BaMu (HaNIpUKJIal,
pucl.jpg).

VYci enemMeHTH pUCyHKa, BKJIIOYAIOYM HAMMCH, TIOBUHHI
OyTH 3rpymnoBaHi. Yci HallMCH B PUCYHKAX i TAOJIMIISIX MAIOTh
O0ytu BukoHaHi mpudTom Times New Roman, kernb y pu-
cyHkax — 10, y Tabauusx — 9.

PrcyHok moBMHEH MaTM LEHTpOBaHWi mianmuc (rmosa
PUCYHKOM), TIpUdT 9, BimcTymm 3BepXy i 3HW3Y MO 6 TIT.
IlInpuHa prcyHKa Ma€ BiANoOBiAaTU MIMPUHI KOJOHKHU (200
IV PUHI CTOPIHKM).

Dopmyau, cumeonu, 3minui TTOBUHHI OyTH HaOpaHi B pe-
nakrtopi ¢opmya MathType. @opmynu po3MmilyoTh Mmoce-
penuHi psiika it HyMepyloTh 32 HasIBHOCTI MOCUJIaHb HA HUX Y
pykonuci. [Ipudt — Times New Roman. Bucora 3miHHOT —
10 TyHKTIB, BEJIMKUX i MaJMX iHIEKCIB — 8 T, OCHOBHU
MaremMaTuuyHuit cumBoa — 12 (10) nT. 3MiHHI, MMO3HAYEHi
JIATUHCHKMMM JIiTepaMu, HaOMParoTh KypCUBOM, IPEIIbKi JIi-
Tepu, CKOPOUEHHS POCICHKUX CJIiB i HUMpU — IPSIMUM Ha-
MMUCaHHAM. 3MiHHi, Ki € B TEKCTi, TAKOX HaOMPAIOTh y pe-
JakTopi opmyit.

Cnucok aimepamypu BMillye onyO1iKoBaHi xkepesia, Ha siKi
€ IOCWJIAHHS B TEKCTi, YKJIAJCHi Y KBaIpaTHi IyXKKH, IPYKYIOTh
0e3 ab3alHOro BiACTYITy, KEIJIb 9 1T, BIICTYII 3BepXy — 6 IT.

IMicna cnucky JiTepaTypu 3 BiICTyrmom 3Bepxy 6 MT 3a-
3HAvYalTh damy nodauHs cmammi 0o pedkoneeii. Yuco Ta mi-
CSILIb 3a/1a0Th IBO3HAYHUMM YMCJIaMU Yepe3 Kparky. Po3mip
mpudTa — 9 T, KypcuB, BUPiBHIOBAHHS MO MPaBOMY Kparo.

Pesiome (Times New Roman, xernp — 10 myHKTIB,) 1O-
JIalI0Th aHIIIHCHKOI0 MOBOIO: 00csr pesiome a0 2000 3Ha-
KiB (6axkanuii nepekian). Cmpykmypa pesiome: Background,
Materials and methods, Results, Conclusion.

Pasowm i3 pykomucom (Ha apKyiax 0ijoro mamnepy gop-
mary A4 mwinbHicTio 80-90 r/M2, HaAPYKOBaHUIA HA JTa3€PHO-
My MPUHTEPi) HEOOXiTHO MONATU TaKi JOKYMEHTH:

1. 3asBy, Ky ITOBUHHI MiAMK1CaTH BCi aBTOPU.

2. AKT eKCIepTH31 PO MOXJIMBICTh OMYOJIiKyBaHHS Ma-
TepiajiiB y BiTKpUTOMY APYLi (SIKIIIO MOTPiOHO).

3. Penensiio, miamucaHy ADOKTOPOM YW KaHAWOATOM
HayK.

4. BimomocTi 1po aBTOpiB.

5. EnekTpoHHUIT BapiaHT PYyKOMNUCY, pe3loMe Ta Bifdo-
MOCTei1 Ipo aBTopiB Ha e-mail: bionics@nure.ua.

6. 3pobuTu oruiaty myoriKarii.

Heo06xigHo TakoX 3a3HAYUTU OJMH 3 HACTYITHMX TeMa-
TUYHUX PO3/iJiB, AIKOMY BiITIOBia€ PYKOIKC:

1. TeopeTnuHi ocHOBU iH(OPMATUKU Ta KiOEPHETUKM.
Teopis iHTenEKTY.

2. MaremarnuHe MmopentoBaHHSI. CHUCTeMHMI aHai3.
[1puitHATTS pillleHb.

3. InTenekTyanbHa 00pobKaiHdopmallii. Po3nizHaBaHH:
o0Opasis.

4. TndopmalliitHi TexHosOril Ta MPOrpaMHO-TEXHIYHI
KOM-TIJICKCH.

5. CTpykTypHa, TIpUKJajHa Ta MaTeMaTWUyHa JIiHTBiC-
THKA.

6. JIucKyciitHi TOBiZOMJIEHHS.
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