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3HAYEHHSA KOE®IINIEHTA KPOCUHI'OBEPA
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© Ilenewxo /., Bunokyposa O., Pax T., I3ouin L, Ilenewixo M., Muxatiniox C., 2017

Po3po0ieHo HOBHII MeTOJ NPHCKOPEHOr0 ABTOMATHYHOIO BH3HAYEHHS 3HAYEHHA
KoeginicHTa omepanii KPOCHHIOBepa y 3aja4yax MONEPeJIHHOr0 ONMPAIOBAHHS 300pa’keHb 3
BHKOPHCTAHHAM MATPHMYHHMX omnepaTopiB auBepreHuii. ExcrnepuMeHTanbHI J0CTiTzKeHHS
NMOKAa3yI0Th BUCOKY CTilKicTh MeTOAy A0 00poOKM 300paxenn i3 Quykryaniinow ¢yHkiicio
inTeHcuBHOCTI. [lopiBHAHHA pe3yabTaTiB podOTH 32 pPO3p0o0JIeHHM METOAOM 3 pe3yJbTaTaMu
32 iCHYI0UHMM MO0KAa3aJ10 PHCKOPEeHHs] aBTOMATHYHOr0 BHOOPY Koe(illieHTa KPOCMHT0BepY, 110
3HAYHO 3MEHIIY€ KUIbKiCThL HeOOXiTHMX O00YHCIIBAJBLHUX pecypciB mis ioro poooru. Lle
3YMOBJIIOE MOKJIHMBICTh HOro e(peKTHBHOIO 3aCTOCYBAHHSA Mil Yac 00po0KH BeJMKOPO3MIpHUX
300pa:KkeHb.

Kurouogi ciioBa: 300paskeHHs1, mepeIucKpeTH3allisg, KPOCMHI0BepP, ABTOMAaTH3alisl.

A new method for rapid automatic detection values of crossing-over operations in the of
the image preprocessing tasks, which based on the divergence matrix operators. Experimental
results shown high resistance of method to image processing with fluctuation of intensity
function. Comparing the results of the proposed method with the results for the existing,
showed acceleration automatically select the crossover factor that significantly reduces the
necessary computing power for its operation. This leads to the possibility of he effective usage
in preprocessing of large-size images.

Key words: image, oversampling, crossover, automation.

Beryn

3agavya MOKpalIeHHs SIKOCT U(POBUX 300paKeHb 3aIMIIAETHCS AKTYAIBHOIO Y ChOTOIHIIIHIX YMOBaxX
rocroapioBants. OAHUM i3 MOJKIMBUX CIIOCOOIB MOKPAICHHS SKOCTi 300payKeHHS 3aJMIIAETHCS ePEKTUBHE
BUPILIEHHS 3aBAaHHS MEPEANCKPETH3alil HTUPPoBUX 300pakeHp [1]. BupimeHHs 1bOro 3aBIaHHsS BaXKIIHBE
JUISl TAaKUX Taly3ed, sIK MEAWIMHA, POOOTOTEXHiKa, BiIEOCIIOCTEPEKEHHS, KOMIT IOTEpHI irpu, BUAABHHYA
rainysb. [cHye unMano po3poOoK y npoMy HampsMKy. Ha Hamry nymKy, HalinoBHime ix mogaHo y [2]. Ilpote
CYYacHHH CTaH PO3BUTKY OOYMCIIOBAJIbHOI TEXHIKM Ja€ 3MOTY PO3BHBATH HOBI MiIXOAHM IO BUPIIICHHS
MOCTABJICHOIO 3aBJaHHSI, 30KpEMa 13 3aCTOCYBaHHSM IHCTPYMEHTAPIIO IITYYHOTO iHTENEKTY.

AHani3 iCHyl0uYMX MeToAiB
Po3pobiieno Garato mMerojiB mepenuckpern3alii 300paxeHb Ha OCHOBI ayireOpalyHUX XapaKTepHc-
TUK [3—6], OUIBLIICTD 3 AKUX Uil CBOET peasizalii BUMararoTb BUKOPHCTAHHsI OIepalii KpOCHHIOBEpY,
30KpeMa Migdupardn KoedilieHT KpocuHrosepy y [3, 4] emnipuuno. [Ipore mogaibmmii po3BUTOK BOT'O
HanpsAMY J0CTIKeHb BUMarae po3po0ieHHs e eKTHBHUX aJlTOPUTMIB aBTOMATH3aLlil i€l mpoueypH.
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OxpiM [ILOTO BUHHKAE IIIe OJIHA MPOoOJIeMa BUKOPHCTAHHS orepallii KpOCHHIoBepa B 3ajjauax 3MiHH
MaciTady HupoBHX 300pakeHb — ONTUMAaNIbHHI BUOIp KoedilieHTa i€l oneparii.

Ha puc. 1 sk npuknan 3 [3, 4] HaBEACHO 3aJISKHICTh ONTHUMI3AIIMHOIO KPUTEPIKO BijJ 3HAYEHb
koedimieHTa omneparii KpOCHHTOBEpY sl TepeIUCKpeTH3allii JIBOX BXIJHUX 300pa)KeHb, OTPUMaHHUX 3
BHUKOPHUCTaHHSIM MAaTPUYHOTO OlepaTopa AuBepreHiii. Ik merpuky BukopucropyBain PSNR.
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Puc. 1. Ilpuxnao 3anexicnocmi onmumizayitinoeo Kpumepiio 6i0 3HaueHb Koepiyienma
onepayii Kpocunzoeepy 0 nepeOUcKkpemu3ayii 080x exiOHux 300padicens [5, 6]

3a HaBEJCHUMHU Pe3yJIbTaTaMU MOYKHA 3POOUTH JIBa BaXKJIMB1 BUCHOBKH.

[Nepmmii 3 HUX — PI3HUI SKOCTI Mepeanckperu3anii 3a Mmerpukoro PSNR Ha nmpomikky HaBiTh npH
kpoui guckperusamii 0.01 mpomixkky [0;1] Bxke € ayxke 3HAYHOK. PI3HMIS MK MaKCHUMaJIbHUM 1
MiHIMaJIbHUM 3HAYCHHSIMU Pe3y/IbTaTiB MepercKpeTn3aiii crTaHoBUTh 83 %.

InTepBanbHa ominka 3a kpurepiem [lipcona npu 95 % piBHIB 3HAYMMOCTI TIOKa3ama, mo 4 3HaYCHHS
3 8§ He MOTpausiloTh B JA0Bipunid iHTepBan. lle nae MOXIMBICTH CTBEp/UKYBAaTH, IO y 4 BHMAJIKax
pe3ynbTaTH TepearcKpeTH3allii € BKpail HeTaTHBHUMH 1 HE MOXKYTh BUKOPHUCTOBYBATUCH JJISI TOAAIIBILIOTO
aHamizy. | e He3BaXkarouM Ha Te, O Bi3yallbHO Pe3yNbTATH MepeJrcKpeTu3alii MpuHaiiMHl y 6 BUMagKax
MOXHa OyJI0 BBaKATH MPUHHITHUMH.

Jpyruii BHCHOBOK TIOJISAITA€ Y TOMY, L0 XapaKkTep 3MiHU Pe3yJbTaTiB MepeAUCKPETU3aLlil Ma€e PI3KUii
rpagieHT 3miH (puc. 1). Lle cBiquuTh Mpo HECTIHKICTh METOY 10 3HaYeHHS KoedilieHTa KpocuHroBepa. Y
IbOMY BHUIIAJKy HEOOXiHO a00 MiJBUIIMTU CTIMKICTh METOIY, a00 BBECTH KpUTEpialbHI 03HAKH BHOOPY
3HAUCHHS Koe(illieHTa KPOCHHTOBEPA.

VY OifbIIOCTI MpakTHYHUX 3a7ad TepeJucKpeTH3aiii 300pakeHb Ha OCHOBI Teopil T€HEeTHYHHX
AITOPUTMIB KOEIIiEHT ormepaTropa KpOCHHTOBepa BUOMPatoTh eMiipudHo. [IpoTre B okpeMux MeToaax Bke
3’SIBIISIFOTHCS CIIPOOM aBTOMATU3YBaTH IIei BUOIp.

I mo HenmonikiB onucanoi B [5, 6] MeTO0JI0TiT aBTOMAaTHYHOTO BU3HAYCHHS KOe(illieHTa KPOCHHIO-
Bepa Tpeba 3apaxyBaTH 3aJCKHICTh BiJ KpOKy auckperusanii mpomikky [0;1]. Hampuknan, cTocoBHO
pe3ynbTaTiB, HaBeNEeHMX Ha puc.l, sKIO KpoK aucpekTusamii 3podbutu 0.3, TO pe3yabTaToM
aBTOMATHYHOT0 BHOOpPY 3Ha4yeHHs Koe(illieHTa KpPOCHHroBepa OyJe Janeko He HalKpalle 3HauYeHHS — a
came 0.3 3amicts 0.7.

BusHavyanpHUMU XapaKTEepUCTUKAMHU PO3POOJIECHUX METO/IIB aBTOMAaTH30BAHOTO BUOOPY KoedimieHTa
orepaTopa KpOCHHIOBEpa € Te, 10 B yCiX BHIAJKaX 000B’I3KOBOIO € HASIBHICTh €TaIOHHOTO 300pa)KeHHS 1
BIZICYTHICTb CTPOrO MaTeMaTHYHOrO OOTPYHTYBaHHS ONTHMAaJbHOCTI BHOpaHOro 3HAauYeHHS Ha
HECKIHYEHHOMY NMPOMDKKY 3HaueHb Koe(illieHTa KPOCHHIOBEpa.

MartemaTH4Ha MOJIeJIb 3a/1a4i BU3HAYeHHS Koe(illieHTa KpoCHHTOBepa
VY 3arajgpHOMY BHIAJAKY pe3yJbTaT CHHTE3y 300pakeHHsS /' MiABHIIEHOI pO3AUIbHOI 3ATHOCTI i3
JIBOX BX1THMX 300pa)XeHb MEHIIOT pO3UILHOT 3JaTHOCTI MOJKHA TIOAATH Y TAKOMY OIEPaTOPHOMY BUTIISIL
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I'=Q(I,,1,,k), |1]<|I'], |L]| <] (1)
ne Iy i I, — BXijHI 300paykeHHs1 MaJIol PO3AUTBFHOI 37]aTHOCTI; 300paxkeHHs I’ — CHHTe30BaHe 300paKeHHs
30UIbIIEHOT PO3AUIBHOI 3MaTHOCTI; € — JEAKUN HENHIHHUN IHTErpalibHUI OmNepaTop CHUHTE3Y, Cepel

2

oreparliii sSIKOro € orepailisi KpocuHroepa 3 koedimientom k € [0, 1]; || — omepaiiis BU3HAYCHHS
PO3MIpHOCTI 300paXkeHHs. Y 3aralibHOMY BHIMAJKy MaeMo, 1o |/;| # |[|. [Ipore Haiiyacriiie Ha MpaKTHII
PO3IIIsIa€ThCS BUNANOK, Ko |[1| = |L|. Heniniiicts onepaTopa (Q po3riisgaeThcsi HacaMmIiepe,] CTOCOBHO K.

3rigHo 3 [5, 6] Ans aBTOMaTHYHOTO BHOOPY KoedillieHTa KPOCHHTOBEpa MPOMOHYETHCS PO3B’ SI3aHHS
ONTUMAaJILHOI 3a1a4l

opt(k)=argmax Ky (k), )

ke[0,1]
e

1
K, (k) =g{. H;ﬂ }Koﬂj (k)j. 3)

Y dopmyni (2) 3a [5, 7] ue K,,, K,,, K,_,, K

0,12 0,0 0,-1° 0,—02

K

04+ — BiNIOBIIHO Mipu Kynpunncbkoro [8],
Oriai [9], Copencena [10], bpayna—bnanke [11], llumkeBrnua—Cimrncona [12, 13]. ¥V Bunanaky icHyBaHHS
300pakeHHs [', OTpUMaHOro 3a (hiKCOBAaHOTO 3HAUCHHsI Koe(dilieHTa k 3 TBOX BXiAHHMX 300pakeHsb /) i [, Ta

€TAJIOHHOT0 300paskeHHs /', , 111 MipH 3a [5, 6] 3pyYHO MOAATH Y BUIIISII:

oy 0L
K, (110,) =——4,
T
KO (I',I')z 2(1'ﬁ1;r)| ;
| JREE N
AN el
KT RTAe aya ) @
2((r'n )
@ ;@)= o).
o)
K, (I'I!)= 1+ = 2|(1 1)+ 1|2
b e I+ ||+ -1, ’

Bubip came nux Mip He € BUMAJKOBHM — BOHH € TOMIKCEIBHUMH 1 OJJHOTO MOPSIKY, & TOMY Bif-
najaae norpeda ix 3BaKyBaHHS B aJUTUBHOMY BUpasi (2). binbiie Toro, s HUX BUKOHYETHCS HEPIBHICTS!
Vj e {-0,-1,0,1,+0}, Vk €[0,1]: 0< K, (k) <1. )
Tomui 3 (3) maemo, 110
Vk e[0,1]: 0< Ky (k) <1. (6)
Y pesynbrati 1150ro Ky (k) MOXHa pO3IIsSiaTH AK iHTErpajibHy (aIMTHBHY) HOpPMAIi30BaHy Mipy
nonioHoCTi 300pakeHs ' Ta ['e;.
3aranom HaBeseHi Mipu (4) MOKHa po30uTH Ha 1Bi Kareropii. [lepma 3 nux —ue K, K, _,, K, .,

TOOTO TaKi, IUIA IKUX BUKOHYETHCSA YMOBA:

Jim K(k)=1. ()
Jo npyroi kareropii Tpeba BimHectu mipu K|, K _, , TOOTO TaKi, 1yist IKUX BUKOHYEThCS TAKa yMOBa
IILI‘IIl K(k) =0. )
Toni 3 BpaxyBanHsm (7) Ta (8) aautuBHa cyma (3) B rpaHUYHOMY HaOJIMIKEHH] IOPiBHIOBATHME
. 3
Ilgg K, (k) =3 )
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BignosiaHo 710 110T0 33124y (2) OCTATOYHO MOXKHA 3aITHCATH Y BUTIISI
arg Kz(k)—>§. (10)
ke[0,1] 5
dopmyna (10) € po3B’sI3KOM 3ajiadi aBTOMATHYHOI'O BHU3HAYCHHS Koe(illieHTa KPOCHHroBepa JjIs
BUIQ/IKy BUOpaHUX Mip moaiOHOCTi (4). Y BUMAAKY, KoK HaOip Mip OyJe po3MIHMPEHUM MipaMu, JIsl SIKHX
BHUKOHYETBCS yMOBa (6), 32 popmy:noro (9) A0CTaTHBO JIErKO BU3HAYMTH TPaHWYHE 3HaueHHs 3aaa4i (10).
MixkcoBanicth (7) Ta (8) Habopy BXITHHX MIp Ja€ MOXKIHUBICTb 030YTHCH (PAaKTUYHO iHBapiaHTHOL
3anexHocTi Bim oxHiel mipu. ToOTo y BUNAIKy BUKOPHCTaHHS, HANPHUKIAJ, JHIIe HaOOpy Mip

{Koqo, K., K., } 3aaa4a (1) 3BemeTbes 0 Takol

arg Ky (k)—>1. (11)
ke[O,I]
BusHavanbpHOIO XapakTepucTHKolo 3aaa4i (10) € Te, 1110 HeMae CeHCY BUKOPUCTOBYBATH TPHU MipH, a
JOCTaTHBO OOIMTHUCH OJIHIEK0. A 11€ 3MEHINYE SIKICTh PE3yNbTaTy MepeANCKPETH3AIII] 3araioM.

Ipuxnag npakTH4HOI peanizamii
st inroctpatii e eKTHBHOCTI pO3p0o0JIEHOT METOAOIIOTIT MPOBEICHO KOMIT I0TEpHE MOJCTIOBAHHS 3
BHKOPHCTAHHSM METOAY CHHTE3y 30UIBIICHOrO 300pakeHHsS Ha OCHOBI oOrepaTopa Ta oOIeparlii
KPOCHHTOBEPY HaJl BXITHUMH 300pa)KCHHSIMU 13 TAKUMU [apaMeTpaMu: THIT — 2-0aliTOBUH, HAITIBTOHOBUI
(grayscale), posmipricte — 231x199 mikceni. Onuc meroay, BXiaHi (puc. 2) Ta eTajoHHE 300pakeHHs
HaBeneHO B [5, 6]. Pesympratm po3B’s3aHHs onTuMmizamiiHol 3amayi (2), oTpuMaHi TpU  Kpoli
JTUckperu3anii mpomixkky|0;1], mo gopiaioe 0.1, Takox HaBEICHO B [5].

Puc. 2. ®paemenmu exionux 306pasicens. a — ppaemenm 1; ;6 — ppaemernm I,

Ha puc. 3, 4 Ta y tabmn. 1, 2 HaBeneHO pe3yJbTaTH CHHTE3y 30UIBIICHOrO yJBiul 300pakeHHs 3
BHUKOPHUCTAaHHSIM METOJy Ha OCHOBI OllepaTopa JAMBEpreHIliil, ae po3B’s3yBain 3aaady (2) 3a onucaHolo B
POOOTI METOUKOFO.
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Puc. 3. 3anesicnicms onmumizayitinoeo Kpumepiio 6i0 3HaueHb Koeghiyienma onepayii
Kpocuneogepy 0 nepeduckpemusayii 060X 6XiOHux 300padicens 3 Kpokom ouckpemusayii 0.05

154



0 0,1 0,2 0,3 0,4 0,5 0,7 0,8 0,9 1

k
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Puc. 4. 3anesxcuicmo onmumizayitino2o kpumepir 6i0 3HaueHsb Koepiyienma onepayii
Kpocuneogepy 01 nepeduckpemusayii 080X 6XIOHUX 300padicensb 3 Kpokom ouckpemusayii 0.25

Ha ocHoBi 1iux pe3ynbTatiB Tpeba 3a3HAUNTH, IO KIACHYHUI Ccriocid po3B’s3aHHs 3a1adi (2) naB He
30BCIM TOYHHMH po3B’si30K. HacnpaBai onTuMainbHe 3HAa4YeHHS KoedillieHTa KPOCHHTOBEpa 3MillleHe Bix
3nauenHs 0.7 y MeHImi Oik. Binbie Toro, BoHO € Oivkumm 10 0.6, o Bigmnosigae (10).

Came npu I[bOMY JIOCSATaIOTh HAMBHIIOL SKOCTI CUHTE3Y 30UIBIIICHOT0 300payKeHHSI, PO 110 CBiYaTh
JlaHi, siKi HaBeieHo y Tabm. 1.

Tabnuys 1
3navyennsa PSNR npu cunTesi 30ib11eH0r0 yaBivi 300paskeHHs1
NPHU Pi3HUX KPOKAX AU CKPeTH3aIlii
Kpore PSNR Kpoi PSNR
AUCKpETU3allll JUCKpETU3aIill
0,025 37,2969 0,5 39,0263 39,0263 39,0263
0,05 38,20122 | 38,30122 0,525 38,99985
0,075 38,3423 0,55 38,91 38,91
0,1 38,345 38,35 38,35 0,575 38,9056
0,125 38,3341 0,6 38,8923 38,8923 38,8923
0,15 38,325 38,325 0,625 43,654
0,175 38,305 0,65 41,4021 41,4021
0,2 39,295 39,295 39,295 0,675 41,2157
0,225 39,5023 0,7 40,9631 40,9631 40,9631
0,25 39,695 39,695 0,725 40,538
0,275 39,9699 0,75 39,89 39,89
0,3 40,016 40,016 40,016 0,775 39,721
0,325 39,989 0,8 39,57 39,57 39,57
0,35 39,923 39,973 0,825 39,41
0,375 39,9562 0,85 39,22 39,22
0,4 39,923 39,923 39,923 0,875 39,542
0,425 39,0739 0,9 38,9456 38,9456 38,9456
0,45 39,453 39,453 0,925 38,931
0,475 39,267 0,95 38,88 38,88
Tabnuys 2

KinbkicTs iTepauiii 3HaX01KeHHsI ONTUMAJIBHOIO 3HAYeHHS KoedillieHTa KPOCHHI0OBepa

Merox Kpoxk nuckpern3arii
0,1 0,05 0,025
Onrumizaniiiba 3aga4a 9 19 39
3anponoHOBaHUN METOJ 7 14 26
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OxpiM 1[bOTO, 3MEHIIWIACH KUIBKICTh ITepalliii mnpoueaypu po3e’s3aHHs 3amaui (2). Lle
JIEMOHCTPYIOTh JIaHi Ta0J1. 2.

I3 3MEHIIEHHSIM KPOKY JMCKpETH3allii 3MEHIIYEThCS BIPOTIHICTh HETOYHOTO BH3HAYCHHS
ONTHUMAJILHOTO 3HaYeHHs Koe(illieHTa KpocuHToBepa. [IpoTe nmpu mboMy pi3Ko 3pOCcTatoTh 00UUCIIOBAIBHI
BuTpaTH. Hanpuknan, 3a nanumu tabim. 2, i3 3MEHIIEHHSIM KPOKY JMCcKpeTn3alii mpomMixkky|0;1] KinbKicTh
iTepaliil y BUNIaJIKy KIIACHYHOTO PO3B’si3aHHsI 3a1a4i (2) Bke € 01nbInoro y 13 pasi. Skiio B3sTH 10 yBar,
10 KOXKEH ITepalliiHui KPOK € CKIIaIHOI0 O0YHCITIOBAIILHOIO POLIEAYPOIO, SIKa MICTUTh IICEBA000EpTaHHS
MaTPUYHUX ONEPaTOPiB BEIUKOI PO3MIPHOCTI, TO OUEBUIHO, IO KOKHE 3MEHIICHHS KUTBKOCTI iTepalii €
3HaYHUM 3MEHIICHHSIM O0YHCITIOBAILHIX PECYPCIB.

Bucnorok

3anpornoHoBaHa METOOJIOTIsI aBTOMATHUYHOTO BH3HAUYCHHS ONepaTopa KPOCHHIOBepa € Habararo
MPOCTINIOK Y MPaKTHUHIM peamizalii i XapakTepu3yeThcsi MCHIIMM YaCcOBUM 1HTEpBajOM BHKOHaHHSA. Ha
BIIMIHY BiJl KTaCHYHOro Tepebopy pi3HHMX 3HAa4YeHb K Ha HECKIHYEHHOMY NpPOMiDXKY 3HadeHb [0, 1], y
BHUIIa/IKy BUKOPUCTAHHS I1i€1 METO0MOTi:

* SKCTPEMYM € BIJJOMHM 1, BIAIMOBIHO, 3HUKAE HEOOXIHICTh PO3IJISAATH MAaKCHUMAJIbHO MOXKIIUBY
KUTBKICTh TOYOK 3 IPOMDKKY [0, 1] 1UIst MOIIYKY IBOTO EKCTPEMYMY;

* B TIPaKTHYHINA peaizallii 10CTAaTHbO BUKOPUCTATH METOAWKY MOJOBHHHOIO JALTCHHS, 1O BJIACHE 1
BH3HAuUa€ OOYMCIIIOBAIIBHY CKJIQJHICTh pO3po0iieHoi Mmeromoiiorii. Tpeba po3ymitd, MO METOJIUKa
MOJIOBUHHOTO JUIEHHS CTOCYETHCS YCi€T MPOLeypH MEepEeANCKPETU3AIli], 0 BU3HAYAETHCS OMepaTopoM €2;

* epeKTUBHICTh POOOTH MPOrPAMHHUX AJITOPUTMIB, TOOYIOBAHKX 32 II€I0 METOIONOTIE0, MPAKTUIHO
HE 3MIHIOETBCS 13 3MIHOIO KUIBKOCT1 BX1IHUX 300paKeHb;

* iCHy€e MOXITMBICTD PO3LIMPEHHS HA0OPY Mip Ul IOKpaIlleHHst ToYHOCTI BuzHaueHHs k. [Tpu mpomy
NepeBU3HAYCHHS IPaHUYHOT0 3Ha4eHHs 3 (10) 3anumaeTbest JOCTaTHBO MPOCTUM.

Onwucana METOAMKa CTOCYBajach Mip OJHOTO MOPSAKY, JJIsl SIKHX BHKOHYBasiach ymoBa (6). Skiro
Taka yMOBa iCHY€ /Uil BUOpaHOI MHOKMHH Mip 1HIIOTO TOPAIKY, TO ii MOKHA O3 3MiH MepeHecTH Ha 10
MHOXXHHY Mip.

VY BumnajaKy BUKOPHCTaHHS MIp PI3HOTO MOPSAKY HEOOXiHO BUKOHATH MPOLEAYPY 3BaXKyBaHHS Mip,
10 B OKPEMHX BUMAJIKAX MOXKE BUSBUTHCH HETPUBIATbHUM 3aBJIAHHSIM.
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The paper addresses an issue of knowledge representation (KR) in the intelligent
systems. The most widely-used techniques of KR are considered, including first-order logic,
type theories, semantic networks, frames, scripts, production rules and ontologies. Each
technique is investigated for the presence of advantages and limitations of its application on
practical and theoretical levels. The relationship between different approaches of knowledge
representation is discussed.

Key words: knowledge representation, first-order logic, type theories, semantic
networks, frames, scripts, production rules, ontologies, knowledge systems.

Introduction

An intelligence that is exposed by human beings is one of the most mysterious phenomena to which
the science still doesn’t have a clear explanation. One of the definitions proposed by an artificial
intelligence states that it as a process of logical inference (reasoning) that is applied to a stored knowledge.
What is important about the definition is that it emphasizes an existence of two categories, knowledge and
reasoning, which are interconnected; moreover the presence of knowledge is necessary for the reasoning
process to be performed. Thus the problem of acquiring, storing and retrieving the knowledge appears to
be the primary one in a task of building an intelligent system.

Once the knowledge is acquired, it should be stored in a knowledge base for the later use in
reasoning. Knowledge base (KB) typically consists of the facts that are true by definition. The structure of
the facts may vary from a simple propositional sentence to a complex ontology. The way the facts are
organized in the KB significantly affects the inference mechanisms that could be applied to the stored
knowledge. Knowledge representation study aims at researching the optimal techniques of knowledge
description and structuring, which should facilitate the tasks of KB creation and reasoning. Among the
variety of criteria that are used for evaluation of KR techniques, the expressiveness and inference
capabilities are of a great significance.

The Task Analysis
Knowledge representation models are typically divided into four classes: logic-based models,
semantic networks, frame-based models and production-based models [1]. Logic-based models constitute
of the formal systems that provide formal languages and deductive systems for knowledge description and
reasoning respectively. The paper addresses first-order logic and type theories, also known as higher-order
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