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Hybrid evolutional algorithm for formation of deep

Anomayin—3anponoHOBaHO BHKOPHCTAHHS eBOJIONIHHAX
AITOPUTMIB U (POPMYBAHHSI TONOJIOTII TIMOOKUX HEPOHHUX
Mepex.

Abstract—Usage of evolutional algorithms for formation of
deep neural network topology is proposed.

Knrwuosi closa—anzopumm  por  HacmuHoKy 2eHemuHUIl

anzopumm; 21UbOKI HelUPOHHI Mepedci.

Keywords—particle swarm optimisation; genetic algorithm:
deep neural network.

I Bceryn

B nmanmit gac mmpoke po3NOBCIOMKEHHS 3HAWILTH TITHOOKI
HeiiponHi Mepexxi. CHHTE3 ONTUMAJILHOI CTPYKTYPH TaKOI
HEHPOHHOI Mepeki (BU3HAYCHHS KUTLKOCTI MIapiB, HEHPOHIB,
3B’A3KIB MUK HeHpOHAMH) € IOBOJMI HENpPOCTHM 3aBIAHHSM,
OCKLJIbKHM, 3 OJHOro OOKy, HEOOXiAHO 3a0e3meyuTd BUCOKY
TOYHICTB POOOTH, sIKa 3aJEKHUTh Bil KUIBKIiCTI HeWpoHiB. 3
iHIIOrO OOKYy, IJ YHUKHEHHS MpoOIeMHU MepeHaBYaHHs,
3MEHIUEHHS OOUYMC/IOBAILHOI CKJIAJHOCTI Ta IIABULIEHHS
HIBUIKOCTI  pobOTH, HEOOXiAHO MIHIMI3yBaTH KiJIBKICTH
HEWpOHIB Ta B3B’M3KIB MDK HHUMH. B jgaHiii poGoTi
[POHOHYETHCS JIsl CUHTE3Y OLNTUMAJbHOI CTPYKTYPH LITYYHHX
Hefiponanx Mepex (LLIHM) ckopucrarucs MoznudikoBaHUMU
BEPCISIMH  TEHETMYHOTO QJITOPUTMY 1 aJTOPUTMY POIO
YACTUHOK, 8 TAKOJK KOMOIHOBAHUM aJrOPUTMOM, 11O TIOEJHYE B
co0i ZBa BUIIE3rafaHNX, Ta HOPIBHITH 1X ePEKTHBHICTD.

II. TIOCTAHOBKA 3AJIAUI

3anaHa BXifHa BHOIpKa, eTeMeHTaMU SIKOI € MapH (x;,d;), ne
X; — BXijiHi jaHi, d; — eranonHi Buxoau. Heob6xigHo Bu3HaunTH

crpykrypy IITHM (KinbKicTh mmapiB, KiTbKICTH HEHpOHIB y

mIapax, MKIIApOBi 3B’ SI3KH) ISl OCHOBHOI MNTHOOKOT Mepeski.
Bupimennst mocraBineHol 3ajiaui BUKOHYEThCS Ha OCHOBI

MiHIMI3amii [TOMWIKM po0OTM MepeXi (OIIHIOETBCT  TIO

niepeBipouHii BUOIpIl) Ta ckiaamHocti IITHM (oliHIOEThCA IO
KIJIBKOCTI 3B’ SI3KIB M HEHpPOHAMM).

III. BATAJIBHA CTPYKTYPA [JINBOKO! HEI{POMEPEXKI

B 3arampHOMy BHIUIAAI CTPYKTypa HEHpOHHOI Mepexi
r1MOOKOro HaBYaHHS Mpe/ICTaBaeHa Ha puc. 1.
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Puc. 1. TiuuGoka HelipoHHa MeperKa 3 BAKOPHCTAHHAM aBTOSHKOAEPiB

Ha6ip  aBToemkozepie (a0 MammH  BombMana)
BUKOPUCTOBYETbCSL /ISl IONEPEJHbOrO HAJAIITYBAHHS Bar
OCHOBHOI HEHPOMEpEXKi, B SIKOCTI SIKOI BHKOPHCTOBYETHCS
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0araTomrapoBuil  TepIENTPOH. BUKOPHUCTAHHS TTONEPEAHBOTO
HANAIUTYBaHHA TO3BOJIAE TPHCKOPHUTH IMPOLEC HABYAHHA Ta
3armobirTH MOTPAIUISHHIO B JIOK&JTBbHI MiHIMyMH Imij dbac
HaBuaHHA. OJHMM i3 [DIAXIiB THIBUIIEHHS e(eKTHBHOCTI
HaBYAHHA € TIOMepeAHid BHUOIp ONTHMAIBHOI CTPYKTYPH
OCHOBHOI HeipoMepexi. J[iist po3B’si3aHHst JaHOT 331341 MOXKHA
CKOPHUCTATHCS EBOJIOIIHIMHI aJITOPUTMAMU: METOJIOM POFO
YACTHHOK 200 TeHeTHYHUM AITOPHTMOM.

V. OTJISA METOIIB ®OPMYBAHHS TOIOJIOTT LLTHM

A. Aneopumm poro wacmurox

o6 3po3yMiTH aNrOpuTM PO YaCTHHOK, YABIMO n-
MipHUui npoctip (001acTh MOUIYKY), B SIKOMY HHILIOPSTH
yactku (arentw anropurmy) [1]. Ha mowarky wacrkn
PO3KHIaHI BUMAIKOBUM YHHOM MO BCili oOMacTi MOIIyKy i
KOXHA 4YaCTHHKA Ma€ BHIAJKOBHH BEKTOP WIBHAKOCTL. Y
KOXKHIF Toull, Ae moOyBajla YaCTHHKA, PO3PaxOBYETHCS
3HadeHHs LiapoBoi (yHKIl. Ilpm IbOMy KOXKHA 4YacTka
3amnam'sitoBye, sike (1 Jie) Kparie 3HaueHHs! IimboBol (QyHKIT
BOHa OCOOMCTO 3Hajflla, & TAKOK KOKHA 4YacTKa 3Hae€ Je
PO3TalllOBaHa TOYKA, KA € HAHKPAIIOK cepes YCiX TOUOK, fKi
po3Bijanu yactku. Ha koxkHiil iTepanil 4acTku KOPEKTYHOTh
CBOIO IIBUJKICTH (MOAYITB 1 HAIPSAMOK), 00 3 OAHOTO OOKY
OyTH OIIDKYE O Kpamiol TOUIl, Ky YacTka 3HalIIIa caMa i, B
TOM K€ 4yac, HAOAM3UTHCA O TOUKH, SKA B JAHUM MOMCHT €
rirobankHO Kparoro. Yepes nesikuid KUTBKICTE iTepaliii YacTKu
MTOBUHHI 310paTucs M00IH3Y HAHOIIBII XOPOLIOIO TOUKH. .

B. T'enemuunuil aneopumm

JIjIsi OnKCy TEHETHYHWX aJTOPHUTMIB BHKOPHCTOBYETHCS
OioyoriuHa TEpMIiHOJNOTISA, Je KIIOYOBUM TIOHATTSAM €
XPOMOCOMA, IO [PEJCTABISIE COOOI0 BEKTOP (JIAHIIOMKOK),
YTBOPCHUH HYISIMU | ONUHUISIMA [2]. AJITOpUTM ITOYHHAE
CBOIO pOOOTY 3 TeHepallil) TTOYaTKOBOI TMOITYIAIi XpOMOCOM,
po3mip skoi P BBaxaerbcst nocriiiHum. s xoxHOl 13
XpOMOCOM ~ MOXHA OIIHHTH I TIPUCTOCOBAHICTH, SIKa
BU3HAYAETBCA 3HayeHHAM minboBoi  ¢dymkmii E. Jami
[IOYUHAETbCS  MPOLEC  PEnpoiayKUil — momymsauil, — sikuii
(hopMy€eThCS TEHETHYHUMHM OIIEPaTOpPaMHu KpOCOBEpa, MyTairil
Ta iHBepcii Ta omepauicro celekiii. ¥ pe3yibraTi, GopMyeThes
PO3IUKMPEHA MOIMYJISALIs XPOMOCOM, IO MICTUTh SIK BUXIAHY
MHOKHHY XpOMOCOM-0aThKiB, TaK 1 MHOXWHY HaIaJIKiB.
Kosken crpuHr posmmmpeHoi MOMyssnii OLIHIOETBCS 3 TOUKH
30py HOro mpucrocoBaHocti 3a kpurepiem E, micias uoro
(opmyernest HOBa Tonysmsitist W, sika mictutb P(1) Xxpomocom 3
HafiMEHIUNMU 3HaueHHSMH Kpurtepito E. Takum uwmHOM,
aJrOpUTM HAKOIIMYYE BJAJII PillEHHs, «CTACYIOUM MOMYIISLi0
JI0 T100aIbHOT0 EKCTPEMYMY IIiTHOBOT (hYHKIIIT.

V. MOANU®IKOBAHI AJICOPUTMU J1J151 ®OPMYBAHHS
CTPYKTYPU HEMPOMEPEXI

B ycix po3risiHYyTUX HMKYE aArOPUTMax ISl HABYAHHS Ta
OIliHKM SIKOCTI oTpuMmanoi KoHpirypaiil HeHpoHHOI Mepexi
BXiJIHa BHOIpKa po30UBA€ThCS Ha [IBi YaCTHHH:

e HaBYarbHa BHOIpka — MicTUTh 70% eneMeHTiB Ta
BUKOPUCTOBYEThCS Jutsl HaB4YaHHs [ITHM;

e KOHTpOJbHA BuOipka — Mictuth 30% eneMeHTIB Ta
BHKOPHCTOBYETHCS IUTS OLIHKK TouHOCTI podoTr LITHM

A. Ancopumm poio 4acmuHok
Hexaii HeoOXigHO po3paxyBaTH KiJIbKiCTh HEHpOHIB
NPUXOBAHUX ILIAPIB [UIs N-IUAPOBOI MEPEXI.

Kpok 1. 3agaemo po3mip momysrsiti (KiJbKiCTh 9aCTHHOK)
P, mimiT Ha KITBKICTH iTepallii HOmYKy L Ta 3aXOBLIbHE
3HAYEHHS [IOMUJIKK POOOTU HEHPOMEPEIKi €.

Kpok 2. [To6y1yeMo BHIIAJKOBHM YHHOM HaOip BEKTOPIB
Yi(y1 Yz oo Y, M

e Vi — KlbKicTh HelipoHiB y k-tomy wapik=1..n, i=1..P.
KoskeH Takuii BEKTOp BiANOBiIaTHME OJTHIN YACTHHIL POIO.
Kpok 3. Jlns kokHOi YACTHHKHM BHIAJKOBHM THHOM

3a]32€MO 1T 1BUAKICTD V;, 1 — HOMEp YACTUHKM, i=1..P.

Kpok 4. Jlist kokHOI YacTWHKHA OyIyeMO BiNoOBifHy iit
HeWpoHHY Mepexy. HaBuaemo KOXHY 3 OTPUMAaHHX MEPEX Ta
O0HUCIIIOEMO CEPEIHIO KBaJApaTU4YHY NOMUIKY i1 poboru Ha
KOHTpONBHIA  BuOipimi  jganux.  OOumcicHa  MOMMIKA
ciyryBatume (hyHKIII€IO AKOCTI ISl BiAITOBITHOT YACTHHKY.

Kpok 5. Jlnsg xoxxHOl 4aCTMHKM 3HAXOAMMO MiHiMalbHe
3HaueHHT i ¢yHkIil skocTi 3a Bcio icTopito. Ilosnawaemo
3HAuUeHHS BekTopa Y; (me { — HOMep YaCTHHKH), IO
BI/JINIOBIIa€ 3HAHICHOMY MiHIMAIbHOMY 3HA4EHHIO (yHKUIT
sxocri, sk YP JIOKaNbHE HAWKpale pilieHHs Juis
BiZIIOBI XHOT YaCTHHKH

Kpok 6. Cepen ycix yacTuHOK 3HAXOAMMO MiHiMalbHe
3HaueHHs (YHKII SKOCTi 32 BCIO icropito poro. Ilo3Hauaemo
3HAYEHHs BEKTOpa Y, [0 BiJMOBiIA€ 3HAWIEHOMY 3HAYEHHIO
(yHKuii axocti, sk Y% — rnobanbue Haiikpalle pillleHHs

Kpok 7. Moaudikyemo MmBHAKICTE V;, i — HOMEP
YaCTHHKHU, KO)KHOI YJaCTHHKH HACTYITHUM YHHOM [3]:

Vierl = Vie T @p 1y (Yi]bm' Vi)t ogr, (ngCSt -T2
JI€ V;; — IBHJKICTS i-i YACTHHKY TIPH {-iii iTeparii,
Y, ,— BEKTOp i-0i YACTWHKW TIpH f-ifi iTepalii anropurmy,
Y% nokanbHe Halikpale pileHHs i-0f YaCTHHKH,
Y25 _ roGannue Halfkpalre pimeHHs,

7, ¥g — BUIAKOBI wncsia 3 intepsany (0, 1),

¢p @, — BaroBi KxoedilieHTH, 110 OOUPAIOTLCA JAOBLILHUM
qppaoM. € aHajIoraMu «IMBUAKOCTI HapyanHs» s HIHM.,

Kpok 8. Moaudikyemo 3HaueHHS BekTopa Y; , IO
BIiJIMOBI1a€ KOXKHiM YACTHHIT HACTYITHUM YHHOM:

Yirrr=int[Yi + vied/ (3)

Je i — HOMep YAaCTHHKW, [ — HoMep ITeparli, int/] — uina
JaCTHHA.

Kpoxk 9. Kpurepiit 3ynuHKu.

Sxmio 3Haiizene Ha 6TOMY KpOLi 3HA4YeHHS TII00ATBHOTO
HalKkpaioro pimeHHs 3abe3neuye HeoOXiTHY TOUHICTb

ngm‘l <eg ( 4)

a0 JOCSTHYTO JIMITY KiJIBKOCTI iTepamil
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t>=1, 5)

TO 3aKiH4yeMO MpoLec MOLIYKY. A Bexrop Y2’ Bimmosimae
HaKpalliii 3HaiijieHiii koHbirypanii Helipomepexi. [Hakie —
30UTBIIYEMO JIUWIBHYK ITEpALlii 1 TIEPeXoInMOo 10 KPoKy 4.

B. ['enemuynuit aneopumm

Kpok 1. 3amaemo po3mip nonyJasiuii (KiibKicTh XpOMOCOM)
P, nmiMiT Ha Kinpkicth iTepaniii momyky L Ta 3amoBiibHE
3HAYEHHST TOMHITKH poOOTH HeHpoMepexi €.

Kpok 2. T'eHepyemo BUNAKOBUM YMHOM I104ATKOBHUI HAaOip
XPOMOCOM

VV[(W]]...W]/; Wopeoo Wop oo Wy Wnlc): (6)

A€ Wpy...W,; - 33KOLOBAaHMI y JBiliKOBOMY (pOpMATi BEKTOD,
IO OIMCYE KiNBbKICTh HEHPOHIB y p-TOMY Imapi HEHPOHHOL
mepexi, k=1..n, i=1..P.

KokHa xpomocoma BifnoBijaTuMe [EBHiid apXiTeKTypi
LIHM.

Kpok 3. Jlis HOBOCTBOPEHHX XPOMOCOM BHKOHYEMO
ornepauii KpoccoBepa Ta MyTauii.

Kpok 4. ¥ pe3ynbrati cXpelryBaHb Ta MyTalliii OTpUMyEMO
PO3LIFPEHY TMOMYIAIII0 XPOMOCOM, IO MICTHTh SK BUXIJIHY
MHOXUHY XPOMOCOM-0aThKiB, TAK 1 MHOKUHY HAILIA/IKiB.

Kpoxk 5. Jlnst koxHOi XpoMocoMH 3 PO3MIMPEHOT HOMYIIAIi
OyayeMo BiAIoBiOHY i HelipoHHY Mepexy. HaBuaemMo KOXKHY
3 OTPUMAHUX MEPEXK Ta OOUYMUCIOEMO CEPEAHIO KBAJPaTHUHY
moMuiky ii  poOOTM HAa KOHTPONIBHIM BHOIpII JaHUX..
Oobumnciena TTOMHITKA CITyTyBaTHMe (dyHKILI€10
[IPUCTOCOBAHOCTI 1151 Bi/INOB1IHOI XPOMOCOMMU.

Kpok 6. ®opmyemo HoOBY momynsiito W, sika micruts P
XPOMOCOM 3 HaHMEHIITUM 3HAYEHHAM GyHKIT
[IPUCTOCOBAHOCT].

Kpok 7. Kpurepii 3ynuaku.

SAxmo 3uafinene Ha 6TOMY Kpoui 3HAYEHHS TIOMWIKH E
3abe3nedye HEOOX1/IHY TOYHICTh

E,<e (7)
a00 IOCATHYTO JIMITY KUIBKOCTI iTepawii
t>=1, (8)

TO 3aKiHYy€eMO MPOIEC TOMIYKY. A XpOMOCOMa W, BiAIOBiNae
Halikpauiii 3Haiinenid  koudirypaunii [IITHM. Inakme —
30LIBIIYEMO JTIYWIBGHUK iTepalliil 1 HepexoTuMo T0 KPoKy 3.

C. Kombinosanuil ancopumm

ANTOpUTM pOI0 YACTHHOK 3albe3lleuye BHWILY TOYHICTDH
pillieHHs (3a paXyHOK MaM'sTi YACTHHOK) 1 IIBUAIIE OTPUMAHHS
HOPUUHSATHOrO PO3B'A3KY (32 PaXyHOK MEHIIOl 00UUCIIIOBAIBHOI
ckyagHocTi). B TOW ke wac TEeHETHUHWH alrOpuTM Kparie
TPUCTOCOBAHMI [T PO3B'A3aHHA NUCKPETHUX IPOOIeM 1 Mae
Kpaiy MexaHi3mu 6OpoTbOU 3 JIOKAJIbHMMU MiHiMymamu (3a
pPaxyHOK MyTaliii i BIAIMX KPOCCOBEPIB). ABTOPCHKHI
ITOPUTM JO3BONSAE MOEOHATH B cobl  mepeBarn 000X
ajropuTMiB 1 TUM CaMUM JOCSITH LIBMILIOIO 1 TOYHIIIOrO
BUPIIIEHHS ITOCTaBIIEHOI 3a1aui.

Kpok 1. O6uzsa anroput™u (poro 9aCTHHOK | TEeHETHYHUH)
3aIlyCKalOTBCA ONHOYACHO B TapajelbHOMY peXHMi I
CHUHTE3Y CTPYKTYPH OfHI€T 1 Tiel Heripomepeski.

Kpok 2. BukonyeTbest oHa iTepartist KOXHOTO aJITOPUTMY
BITOBIZTHO IO OIKMCAHOI B IIONEPEeIHIX IyHKTaX METOOUKHL.

Kpok 3. TTicns koxkHOT iTepaliii nOpiBHIOKTHCS PE3YIbTATH

3HaleHi o0oMa anropuTMaMu 1 BHOWMPAETBCS HaMKparie
PpilIeHHS.
Hexai Y(’)pw — HaMKpalle PillCHHs 3HAIJICHE alrOPUTMOM

POIO YaCTHHOK Ha i-Tilt iTepartii, a W oo — HaKpame pileHHs
3Hal/leHe TeHeTHUHUM aJTOPUTMOM.

SIkiuio
E(Y ) <EW ), 9)

TOOTO, OTPHMaHe alrOPHTMOM POIO YaCTHHOK pilleHHS
3abesrneuye MeHie 3HaueHHs (yHkuii  sxocti E, TO
TIepeXoIMMO 10 KpOoKy 4a. |Haknie—tepexoanMo 10 Kpoky 4b.

Kpok 4a. 3amiHloeMO Haifripmie pillleHHA TIeHETHYHOTO

(i) i i)
aﬂrOPHTM)’ W ga_worst plmeHHﬂ-M Y( pso

W(U;:a_wortvt = Y(i)/).m (] 0)
I mepexonumo 1o Kpoky 5.

Kpoxk 4b. 3amiHIOEMO HaWriplie pillicHHsA alIrOPUTMY POEO
wacturoK Y7 pso_worst PITIEHHSM w >

Y(i )pso_wm‘sl = IV([)ga (1 1)
I nepexonumo 10 KpokKy S.

Kpok 5. SIkmo oOmjBa anropuTMH TIPOIOBKYIOTH CBOIO
po6oTy (TOOTO, KpHUTepili 3yMHMHKA HE BHKOHYETHCS IS
JKOIHOT'O 3 HUX), TO IIEPEXOJIUMO JIO KPOKY 2.

Jlanuit  miJXig TOBTOPIOEThCS 0 3YNHUHKHA OIHOTO 3
aNTOPUTMIB. B KOCTI OCTaTOYHOTO pillleHHS IPHAMAETHCT
Kpaiie i3 pilieHb, 3HaeHUX 000Ma aJrOPUTMAMU HA MOMEHT
3YITHHKH.

BuUCHOBKU

3anponoHoBaHo anropuT™M GpopMyBanHs Tomoxorii [IIHM,
AKHH J03BONAE C()OPMYBATH ONTHMAJIbHY 3 TOUKH 30pYy
TOYHOCTI, HIBUAKOCTI HABYAHHS Ta BKMKOCTI poboru IITHM.
Anroputm Oyno nepeBipeno Ha BuOipui MNIST i nmomuika
pobotu rimboxoi ITHM ckopormnacs 3 2,51% 10 2,09%.
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