5.3 CmaHdapm nepeo20 ypoeHsI KOMIIOHeHmMa cemsb

I[aHHLIﬁ pazaei NOCBAIICH ONMMCAHUTIO CTaHAapTa XpaHCHUS KOMIIOHCHTA CETh Ha BHCIITHUX HOCUTCIIAX.

5.3.1 CrpykTypa KOMIOHEHTA

PaccmoTtpum Gosee moapoOHO CTPYKTYPHI TaHHBIX ceTH. Kak yxe ObUTO OommMcaHo B IIEPBON 4acTH IJia-
BB, CE€Th CTPOMTCS MEPApXHUECKH OT MPOCTHIX MOZACETeH K CIOXKHBIM. [IpocTeHmmMu moaceTsIMH SBISIOTCS
aneMeHThl. [loaceTs kKaxaoro ypoBHS nuMmeeT cBoe UM U Tull. CyIIecTBYIOT CIEAYIOIINE THITBI MOJCETell: 3i1e-
MEHT, KacKaJ, CJIOH, IUKI ¢ (UKCHPOBAHHBIM YHCIIOM TaKTOB ()YHKIMOHHUPOBAHUSA U IUKI, QYHKIIMOHUPYIOIHIA
JI0 TE€X TOp, TOKa He BEIIOJHUTCA HEKoTopoe yciosue. Ilocnennne deTpipe Tma mojcereil OyneM HasbIBaTh
omokamu. MiMeHa moziceTeil onpemensatoTcs: Mpu KOHCTpyupoBanuu. B pazmene «VIMeHa CTPYKTYPHBIX €IWHHIL
KOMIIOHEHTOB» TJaBbl «OO0muil cTaHAapT» HMPUBEIEHBI MPaBHiIa MOCTPOCHUS MOJHOTO W OAHO3HAYHOTO MMEH
mojiceTd. B kadecTBe mpuMepa pacCMOTPUM CETh, KOHCTPYHPOBAaHHE KOTOPOI MPOWILIIOCTPHPOBAHO B IEPBOM
YacTH IIaBbiHA puc. 2. B omucanmu cetn NW ogHO3HaUYHOE MMS TIEPBOTO HEHPOHA BTOPOTO CJIOS MMEET BHJT
K[2].SN.N[1]. Ilpu onmicanuy cJIosi OJHO3HAYHOE MMsI TIEPBOTO HelpoHa 3amuchiBaeTcs kak N[1]. B kBagpat-
HBIX CKOOKax YKa3bIBaIOTCS HOMEp JK3EMIUIIpa MOACETH, BXOISIIIEH B HEMOCPEACTBEHHO COICPKAIILyI0 ee
CTPYKTYpY B HECKOJIBKHX HK3EMIUIIPAX.

5.3.2 Curnaasl 4 mapaMeTpbl

[Ipu ucronp30BaHUN KOHTPACTUPOBAHHUS JUTS M3MCHEHUS CTPYKTYPBI CETH U 3HAYCHUI 00yJaeMbIX Ia-
paMeTpoB IPYTUM KOMIIOHCHTaM OBIBacT HEOOXOJUM MPSMOM JOCTYII K CHTHAJIaM M TIapaMeTpaM CETH B IEJIOM
WIN OTJENBHBIX ee mojceTei. J{ist ampecaliy BXOJHBIX U BEIXOJHBIX CHTHAJIOB HCIOJIB3YIOTCS MMeHa InSignals
n OutSignals, cooTBeTcTBeHHO. TakuM 00pa3om, AJsl MOJYyYEHUsT MAacCHBa BXOIHBIX CHI'HAJIOB BTOPOTO CIIOS
CeTH, IPUBEICHHON Ha puc. 2, Heobxoaumo 3anpocutb MaccuB NW.K[2].InSignals, a ay1s monydeHus BBIXOIHO-
T'O CHUTHAaJIa BCEH CETH MOYKHO BOCIIOJIb30BATHCS JIFOOBIM M3 CJIC/TYIOIIETO CIHCKA HMEH:

e  NW.OutSignals;
e NW.N.OutSignals.

Jliss mony4eHuss KOHKPETHOTO CHTHAjJa M3 MacCHUBa CHTHAJIOB HEOOXOAMMO B KOHIIC B KBaJPaTHBIX
ckoOKax yka3aTh HOMep curHaia. Hampumep, [JIs OJTydeHHUS] TPETHETO BXOJHOTO CHI'HAJAa BTOPOTO CJIOSI CETH
HY)XHO yKa3aTb cienytomee nmst — NW.K[2].InSignals[3].

JIis moydeHust TOCTyIa K mapaMeTpaM HYKHO yKa3aTh MUMs TOICETH, K YbUM ITapaMeTpaM HYXKeH JOcC-
TYIl M 4epe3 TOUKY KiIoueBoe cioBo Parameters. [Ipy HEOOXOMMMOCTH IOJyYHUTh KOHKPETHBIH Iapamerp, ero
HOMeEp B KBaJ[paTHBIX CKOOKAX 3aIlMChIBACTCS MOCIIE KIIIOYEBOro ciioBa Parameters.

5.3.3 OOyuaemble u He 00y4aeMble apaMeTPhI H CUTHAJIbI

IIpu oOy4yeHNH MapamMeTpoB W CUTHAJIOB (HMCITOJIb30BaHHE OOyUYEHHSI CHTHAJIOB OIMCAHO BO BBEICHUH)
BO3HHKAeT HEOOXOIMMOCTh 00y4aTh TOJILKO YacTh W3 HHUX. Tak, HampuMmep, MpU ONHCAHUU OOYYCHUs IMepcer-
TPOHA BO BTOPO# YacTH 3TOM IIIaBbl OBLIO OTMEUYEHO, 4TO 00yYaTh HEOOXOJMMO TOJNBKO Beca CBs3eil BTOPOTO
cnost. st peanu3aiiy 3Toi BO3MOKHOCTH HCIIONB3YIOTCS JIBa MAaCCHUBA JIOTHYECKUX MEPEMEHHBIX — Macka 00y-
YaeMbIX TAPaMETPOB M Macka 00y4aeMbIX BXOIHBIX CHTHAJIOB.

5.3.4 JlonoJiHMTeIbHbIE IepeMeHHbIe

[Ipn onmcaHum CTPYKTYpHI ceTeil HEeoOXOIMMO YYHTBHIBATh CIICIYIONIYIO JOIOJHUTEIBHBIE TEpEMEH-
HBIE, TOCTyNHBIE B MeTogax Forw u Back. [lns xaxkmoii cetr npu npsiMoM (pyHKIIMOHUPOBAHUH OTIpEJIeIIeH Clle-
JIYIOIINH HaOOp MepeMEHHBIX:
e InSignals[K] — maccuB u3 K neficTBUTENBHBIX YHCEIN, CONEPKAIINX BXOJHBIE CUTHAJBI MPSMOTO (pyHK-
IIUOHUPOBAHUS.
e OutSignals[N] — maccuB u3 N IeHCTBUTEIBHBIX YUCEI, B KOTOPHIC 3aHOCSITCS BBIXOHBIC CUTHAIIBI MPSI-
MOT0 (YHKIIHOHHPOBAHUSL.
e Parameters[M] — maccuB n3 M A€HCTBUTENBHBIX YHCET, COACPKAIINX MTapaMeTPhl CETH.
[Ipu BeIONTHEHNN 00pAaTHOTO (PYHKIIMOHUPOBAHKS CETH JOCTYITHHI €I TP MacCHBA:
e Back.InSignals[K] — maccuB n3 K nelicTBuTenbHBIX YKcel, NapaulenbHblid MaccuBy InSignals, B koTo-
PBIit 3aHOCSTCS BBIXOJHBIE CUTHAJIBI 0OPaTHOTO (PYHKIIMOHHPOBAHUSL.
e Back.OutSignals[N] — maccuB n3 N HeHCTBUTENBHBIX YHCEIN, MapajuleNbHBIA MaccuBy OutSignals, co-
JIep KAl BXOAHBIE CUTHAIIBI 00paTHOTO (DYHKITMOHUPOBAHUS.
e Back.Parameters|M] — maccuB n3 M neiCTBUTENBHBIX YUCEN, NapajulelIbHbIA MaccuBy Parameters, B
KOTOPBIN 3aHOCSATCS BBIYNCIICHHBIE TP 00paTHOM (PYHKLIMOHUPOBAHUH NONPABKH K IIapaMeTpam CETH.
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[Ipn 0Oyyenun (MomudUKaIMK TapaMETPOB WIIM BXOJHBIX CHT'HAJIOB) JIOCTYITHBI BCE IIEPEMEHHBIE 00-
patHOro (PYHKIIMOHNPOBAHUS U €IlIe IBa MAaCCHBA:
e InSignalMask[K] — maccuB u3 K nornuecknx mepeMeHHBIX, MapauieabHBINH MaccuBy InSignals, comep-
XKaluit MacKy 00y9aeMOCTH BXOJHBIX CUTHAJIOB.
e ParamMask[M] — maccuB u3 M Jlormdeckux NepeMeHHBIX, MapajuleNbHbIi MaccuBy Parameters, co-
Jiep KaIiii Macky 00y4aeMOCTH NapaMeTpOB.

5.3.5 Crangapr si3pIKa ONMCAHMS ceTel

SI3BIK ommcaHWA HEMPOHHBIX CeTel mpenHa3HaueH Ui XpaHeHHs cetell Ha aucke. ClieayeT OTMETHTS,
YTO B OTVIMYMH OT TAKMX KOMIIOHEHTOB, KaK MPenoOpaboTINK BXOIHBIX CUTHAJIOB, OIIEHKA WITH 3a/Ia9HUK OITTHCa-
HHUE Jake MPOCTOH ceTH mMeeT 0obIoi pasMep. C Ipyroi CTOpOHBI, MHOTHE TTOJICETH SIBIISIOTCS CTaHIAPTHBI-
MU JUTsI OOJBITMHCTBA CeTel. /|1 KOMIIOHEHTa CeTh HET CMBICIIa BBOJIUTH HEOOIBIION HAOOp CTaHAAPTHBIX dJIe-
MEHTOB U IOJICETEH, TOCKOIBKY 3TOT Ha0Op MOXKET JIETKO pacIIupAThCs. bonee 3G heKkTHBHBIM SBISAETCS BhIIC-
JIEHUE YacTO YMOTPeOIAEeMBIX MOACEeTEH B OTACIbHBIE ONOIMOTEKH, TOIKITIOYacMble K OMMMCAHUSAM KOHKPETHBIX

ceteil. B mpuBeIcHHBIX B 3TOM TJIaBe pUMEpax ONMMCAaHUS HEHPOHHBIX CETEeH BBIACICH psill ONOINOTEK.

5.3.5.1 Knroueewie croea azvika

B Tabm. 2 OPUBCJICH CITMCOK KJIHOYECBBIX CJIOB CHGI_[I/I(I)I/I"ICCKI/IX JUIA A3bIKa OITMCAaHUA ceTei.

Tabnuma 2.
KirroueBnie citoBa sSI3bIKa OMMMCAHUS CETCH.

KiroueBoe citoBo

Kparkoe onucanue

—_—

Back

Meton, ocymiecTBISIIOINN 00paTHOE (DYHKIIMOHHPOBAaHME MOACETH. lIpeduKc curHaioB
00paTHOTO (DYHKIIMOHHPOBAHUSI.

2. Block Tum aprymenTa nogceti. O3HadaeT, 9YTO ApPryMEHT SBIISIETCS TTOACETHIO.

3. Cascad Tum noaceTn — Kackaz.

4. Connections Hawano 610ka onmcanus CBsI3ei MOICETH.

5. Contents Hauaio 0110kxa onmcadus cocraBa IMOJCETH.

6. DefaultType Tun napamMeTpoB MO0 YMOITYAHUIO.

7. Element Tum noaceTn — IEMEHT.

8. Forw MeTom, ocymecTBISIFOIINH MpsiMoe (PYHKIIMOHUPOBAHMS MOICETH.

9. InSignalMask WMs1, 1o KOTOPOMY agpecyIoTcs MAaCKH 00ydaeMOCTH BXOAHBIX CHTHAJIOB TOACETH.

10. InSignals WMs, 0 KOTOpOMY aapecyloTcs BXOTHBIE CHUTHANBI ITOJCETH; HA4ajo OJIOKa OMMCAHUS

BXOOHBIX CUTHAJIOB.

11. Layer Tum noaceTn — CIIOM.

12. Loop Tur nmoAceTy — MUK, BBINOJHAEMbIH YKa3aHHOE YUCIIO Pas.
13. MainNet Hauaso onucanus riaaBHO#M ceTH

14. NetLib Hauaino onmcanms OMOIHOTEKN TOACETEIA.

15. NetWork Hauaso onmcanus ceTw.

16. NumberOf

OyHkmA (3anpoc). Bo3ppamaeT gncio napaMeTpoB WIIM CUTHAJIOB B TIOACETH.

17. OutSignals

I/IM}I, II0 KOTOPOMY aApE€CYIOTCA BBIXOIHBIEC CHUTHAJIBI IMOACETH; HadaJlo 0JIoKa OIMUCAHUs
BBIXOJJHBIX CUT'HAJIOB.

18. ParamDef

3aroJioBOK ONpe/ielIeHHUs] TUIIA TapaMeTPOB.

19. Parameters

WwMs1, o KOTOPOMY a/IpecyroTcsl apaMeTphl IMOACETH; Hadaro OJIOKa OMHMCAHHS MapaMeT-
POB.

20. ParamMask

Wmst, 10 KOTOPOMY aApeCyIOTCsS MAaCKU 00y4aeMOCTH apaMeTPOB TO/ICETH.

21.ParamType

3aroJ0BOK OMHMCAHUS THUIA TAPAMETPOB.

22. Until

Twun nmoacern — ITHUKIJI, BBITTOJTHSIEMBIHN 70 TeX TIOp TTOKA HE BBITIOJIHUTCS YCIIOBUE.

23. Used

Hauaino crmcka moakirogaeMbIX OMOIMOTEK TTOICETENR

5.3.5.2 BH® azvika onucanus cemeil

O6o3HaueHws, IpUHATEIE B JaHHOM pacimmpennd BH® u ommcanue psiga KOHCTPYKIMN IPUBEICHBI B
miaBe “O0muit crangapt’ B pazaene “OnvcaHue s3bIka ONMCAHNS KOMITIOHEHTOB” .
<Omucanue OMOIMOTEKH TMoaCeTei™ ::= <3arojoBok OmbmmoTek™> <Omnmcanne nozcereir> <KoHer omucanus
OubIMOTEK>
<3aronoBok oubmuoTeku> ::= NetLib <lms 6ubnunorexn> [Used <Crmcok uMeH OHOIHOTEK™ |
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<Wwms oubmmotekr> ::= <UneHTudukarop>

<Crucok uMeH oubnmmorex™> ::= <Mwms ucnonp3yemoit ondomuotekr> [,<CIUCOK UMEH OUOTHOTEK> |

<Wwms ucnions3yeMoii oubnmorekn> ;= <M neHTudukatop>

<Omnucanue noacereir> ::= <Onucanue nojcern> [<OnucaHue nojacerein™|

<Ormmcanue noacetn™ ::= {<OmnucaHue dIeMEeHTa™> | <Ormmcanue O10Ka> | <Omnmcanue QyHKIUI>}

<Omucanue dIeMeHTa> ::= <3aroJIoBOK OMHUCAaHUA dleMeHTa™> <OmHcaHne CUTHAIOB M MapameTpoB> [<Ommca-
HUE THUIOB MapameTpoB>] [<OmpeneneHrne TUNOB mapamMeTpoB™>] [<OmucaHue CTaTHYeCKUX MePeMEH-
HBIX>] [<YCcTaHOBJICHHE 3HAUYCHUH CTATHYECKUX TepeMeHHBIX>] <OmnucaHue mMeTonoB> <KoHer omnm-
CaHMs DJICMCHTa>

<3aronoBok onucanus anemenTa> ;= Element <lms anemenrta> [(<Crucok GpopMaibHEIX apryMEHTOB>) |

<Wwmst sanementa> ::= <MneHtnduxarop>

<OmnucaHue CUTHAJIOB U MapaMeTpoB> ::= <OMUcaHUE BXOJHBIX CUTHANOB> <OINHCAHUE BBHIXOJHBIX CUTHAIOB>
[<Onucanue napameTpos>]

<Omucanue BXOJHBIX cUrHaioB™> ::= InSignals <KoncrantHoe Bbipakenue tumna Long>

<OnucaHue BBIXOIHBIX cUTHANOB> ::= OutSignals <KoncranTHOE BhIpaxxenue tuna Long>

<Omucanue mapameTpor> ::= Parameters <KoHctantHoe BeIpakeHue tumna Long>

<OrmurcaHue THITOB TTapaMeTpoB> ::= <OmwrcaHue THIa apaMeTpoB> [<OmmcaHne THITOB TapaMeTPOB™]

<Omnwucanue tuna napamerpos> ::= ParamType <lmM4 Tuna napamerpa> <Crnucox>

<Wwms Tumna mapametpa> ;.= <Unentudukarop>

<Cmmcoxk> =  {Parameters/<Hawampuwrii = HOMep>  [..<Komeunwlii = Homep>  [<Ilar>]]/ |
InSignals/<HavaneHeiit HoMep> [..<Koneunsiit Homep> [<Ilar>]]/} [;<Cmucox>]

<OmpezneneHue TUIOB MapaMmeTpoB> ::= <OmpeneneHue Tuna napamerpa> [<OmpeneneHue TUIOB MapaMmer-
por>]

<Ompenenenue tuna napamerpa> ::= ParamDef <lms tuna mapamerpa> <MuHUMallbHOE 3HadeHHE™> <Mak-
CHUMaJIbHOC 3HaYCHHC™>

<MuHuManbHOe 3HaueHue™> ::= <KoHCTaHTHOE BblpakeHue Tuna Real>

<MakcumalibHOE 3HaueHne™> ::= <KOoHCTaHTHOE BhIpakeHue Tura Real>

<YCTaHOBIICHHE 3HAYCHUN CTaTUYECKUX IIEPEMEHHBIX> = <YcTaHOBIcHHE mapametpoB Iloocemu>
[;<YcraHnoBieHue 3HaUEHUN CTATUYECKUX MEPEMEHHBIX>]

<Omucanue MeToJ0B> ::= <Omucanue (yHKIMOHUPOBaHUSA Brepen™> <Omucanue QyHKINOHUPOBAHUS Ha3a >

<Omucanue GyHKIMOHUPOBaHUS Briepes™> ::= Forw [<Onucanue nepeMeHHbIx>]| <Teno meToma™>

<Teno merona> ::= Begin <CocraBHoit oneparop> End

<Ommcanue GyHKIMOHUPOBaHUS Haza> ::= Back [<Omucanue nepemeHnbx>] <Teno meToma™>

<Konen onucanus snementa> ::= End <Mms snemenra>

<Onucanue Onoka> ::= <3aroJoBOK onucanus Oyoka> <Onwucanue cocraBa™> <OIucaHue CUTHAIOB U Mapamer-
poB> [<OmnucaHue CTaTMYECKUX MEepeMEHHBIX™>] [<YCTaHOBJIEHHE 3HAYEHHH CTATUYECKUX IepeMeH-
HBIX>] <Omnwmcanue cszeit> [<Omnpeznenenue TnnoB napamerpos™>] <Konemn onvcanus 010Kka>

<3arojioBoK ommcanus 0noka> ::= {<OmnucaHue Kackaga™> ’ <OmucaHue Cios™> ’ <Omnwucanue muKiIa ¢ GUKCH-
POBaHHBIM YHCIIOM IIar0OB> | <Onucanue unkna no YCIIOBHIO> }

<Ormmcanue kackaga> ::= Cascad <VMwms 61oka> [(<Crmcok ¢popMalbHBIX apryMEHTOB OJI0Ka™>)]

<Wwms 6noka> ::= < peHTrudukarop>

<Crucok (opMalbHBIX apryMeHTOB Onoka> ::= {<Cmucok (OpMalbHBIX apTyMCHTOB> | <ApryMeHT — IMOJ-
cerb>} [;<Crcok opMaibHBIX apryMEeHTOB Ooka™]

<AprymeHT — noacetb>::= <Crnmcok UMeH apryMeHToB — nojcereir™ : Block

<Cnmucok UMEH apryMeHTOB — mojcereit> ::= <Ums aprymenTta — noacetr> [,<CIHUCOK UMEH apryMEHTOB —
moJiceTeir™>|

<Wwms aprymenTa — noacetr> ::= <WneHtudukarop>

<Onucanue cnost> ::= Layer <lwms Giioka> [(<Cnucok (popManbHbIX apryMEHTOB 0J10Ka>)]

<Omnucanue nUKIa ¢ GUKCHPOBAHHBIM YUCIIOM maros™> ::= Loop <Wms 6moka> [(<Crnmcok GpopManbHBIX apry-
MeHTOB 0110ka>)]| <UmWCI10 TOBTOPOB IUKIIa™>

<Ywcno moBTOPOB 1HKIa> ::= <KoHCTaHTHOE BhIpaxeHue tuna Long>

<Ommcanue 1ukna mo yciaosuro> ::= Until <lms Omoka> [(<Crucok ¢opManbHBIX apryMEHTOB OJloKa™>)] :
<BsIpaxenue tuna Logic>

<Omnmucanne cocraBa> ::= Contents <CImcox UMeEH MOACETEN>

<Cnucok uMeH nojaceteir> ::= <Wwms noacetr> [,<CIHUCOK UMEH MOACETEH>|

<Wwms moncet> ::= <[Icepmonum>: {<Ums panee onucanHoi noacern> [(<Cnucok (HaKTUIECKUX apryMEHTOB
omoka>)] [/<HUucio 3K3eMILIsIpoB>/ ] | <Wwms aprymenra — nojcetu> [/<Hucno 3x3emMIuisipos >/}

<[IceBnonum> ::= <VneHruduxarop>
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<Uwucno sk3eMIusIpoB > ;= <KoHCTaHTHOe BbIpa)keHue tuna Long>

<Wwms panee onmucaHHON noaceT> ::= <MaeHtndukarop>

<Cnucok (aKTHIECKHX apryMEHTOB Oyoka> ::= <dakTHdeckuid apryMeHT Oyoka> [,<CnHcok (aKTHIECKHX
apryMEeHTOB OJ0Ka™ |

<®akTUUECKHi apryMeHT Oyioka> ;1= {<MDaKTH4ecKuii apryMeHT> | <Hmst aprymeHTa — noaceTn>}

<Ommcanue cBs3eir> == {<Onwmcanue pacupeneneHust Bxoonsix cuznanos, bnoka, Illoocemu, InSignals > |
<Omnwucanue pacnpeaeneHust Bovixoouvix cucnanoe, bnoka, Iloocemu, OutSignals > | <Onucanue
pacnpenenenus: Ilapamempos, bnoka, Iloocemu, Parameters >}

<Komnen onucanus 610ka>::= End <WUwms Gnoka>

<Komnen ommcanns 6ubmnortex> ::= End NetLib

<Ommucanue ceTr> ::= <3aroJoBOK ommcanus ceTr> <Onmcanue noxacereir™> <Ommcanne raaBHON ceTr> <Mac-
CHBBI ITapaMEeTPOB U MacokK ceTr> <KoHel| Onucanus ceTun>

<3aronoBok onmcanus cet> ;== NetWork <lms cetr> [Used <Crrcok uMmeH OHOIHOTEK™ ]

<Wwms cetn> ::= <Unenrudukarop>

<Ormumcanue rnaBHou cet> ::= MainNet <Vwms panee oncanHol moaceTn> [(<CHUCOK paKkTHIECKUX apryMeH-
TOB OJI0K2>)]

<MaccuBbl TIapaMeTpOB M Macok cetw> = <MaccuB mnapaMeTpoB> <MaccuB Macku 00y4aeMOCTH
mapamMmeTpoB>

<MaccuB napameTpos> ::= Parameters <3HaueHus napamMeTpoB>;

<3HaueHus napameTpoB> ::= <JleiicTBUTENbHOE UUCII0> [, <3HAYEHUS MAPaMETPOB>]

<MaccuB Macku oOydaeMocTr mapaMeTpoB> ::= ParamMask <3HaueHus: Macku>;

<3unaueHus: Mackr> ::= <KoncrtanTa tumna Logic> [,<3HaueHus MacKu>]

<Konen onucanus cetn> ::= End NetWork

5.3.5.3 Onucanue azvika onucanus cemeii

B »TOM pa3szpene mpuBOAUTCS AETalbHOE ONMUCAHUE A3bIKA OMMcaHUs ceTel, nononustomee bH®, npu-
BE/ICHHYIO B IPEIBIAYIIEM pa3ieie M ONHucaHue OoOIMX KOHCTPYKLMM, NpHBeleHHOE B TiaBe «OO0mmi craH-
JapT.

5.3.5.3.1 OnucaHue n obnactb 4eNCTBUS NEPEMEHHbIX

BcmomorarenbHbple IepeMEeHHBIE MOTYT MOTPeOOBaThCS MPH OMHMCAHUH TPSAMOTO M 00paTHOTO (yHK-
LIMOHUPOBAHUS 31eMeHTOB. [lepeMeHHas nelicTByeT TOJIBKO B Mpejesiax TOH MpoIeaypsl, B KOTOPOW OHa OInuca-
Ha. Kpome sBHO ONMMCAaHHBIX MEPEMEHHBIX, B MeToJe FOrw moCTymHBI TakKe CHTHAJBI IPSMOT0O (QYHKIIMOHHPO-
BaHUS U MapaMeTphl dJIEMEHTa, a B MeToe Back — BXOIHBIE W BRIXOAHBIC CHTHAJBI MPSMOTO (DYHKIIHOHHPOBA-
HUS, BBIXOJHBIE CHTHAJBI 00paTHOrO (PYHKIMOHHWPOBAHIS, IMapaMeTphl 3JIEMEHTa W TPAJMEHT 10 MapaMeTpam
aneMeHTa. Bo Bcex MeToax JOCTYIHBI apryMeHTHI 3JIEMEHTA.

CraTtudeckne TepeMeHHbIe, OMMCHIBaeMbIe TIOCHIE KIFOYEBOTO ciioBa Static, YHUKAIBHBI UII KaXKJOTO
9K3EMIUIIpa dJIEMEHTa WM OJIOKa, W JOCTYITHBI TOJBKO B TMpenenax 0Jioka. DTH TepeMEeHHbIE MOTYT MOTpedo-
BaThCS UL BBIYMCICHHS ycioBuid B mukire Tuma Until. Bo3MokHO ncmonp30BaHMe TakuX MEPEMEHHBIX B 3J€-
MEHTax, HallpuMep, IS XpaHSHUS MPEIbIAYIIero COCTOSHHA deMenTa. KpoMe Toro, B CTaTHUECKOH IepeMeH-
HOW MOYXHO XPaHUTh 3HAYCHUS HE 00yIaeMBIX ITapaMeTpPOB.

5.3.5.3.2 MeToabl Forw 1 Back gns 6nokos

MCTO,HI)I Forw u Back JJIA OJIOKOB HE OIHUCKLIBAIOTCS B SI3LIKE OIMMCAHMS CETEi. DTO CBSA3aHO C TEM, 4TO
IIpU BBIIIOJIHCHUN METOAa Forw 6moxom MPpOUCXOAUT BbBI3OB METOAA Forw COCTaBJIAOIINX 010K HO,HCCTeﬁ (Hﬂﬂ
9JICMCHTOB — MCTOJa FOI'W) B MOPAAKE HMX ONHMCAaHUA B pas3fcyic OnrcCaHusA COCTaBa OJ10Ka. HpI/I BBITNIOJIHCHUN
METoaa Back MMPOUCXOAUT BbI3OB MCTOJ0OB Back COCTaBJIAOIINX 010K HOHCCTCﬁ B MOpAAKE 06paTHOM MOopsAAKY
HX OIMMCaHMs B pa3acyie onrMcanus coCcTaBa O10Ka.

5.3.5.3.3 OnucaHue anemMeHToB

Omnmcanne 3IeMEHTa COCTOUT W3 CIEIYIOUINX OCHOBHBIX PAa3JIeNiOB: 3arojioOBKa 3JEMEHTA, ONHCAHUS
CHUTHAJIOB M TIApaMETPOB, ONHCAHHS CTATHYECKHX MEPEMEHHBIX W OIMCAHHS METOIOB. 3aroJIOBOK JJIEMEHTA
HAMEET CIEeIYIOINM CUHTaKCHC:

Element Ums_Onementa (ApryMeHTHI DJIEMEHTA)

ApryMeHTHI 3JIeMEHTa SBISIOTCA HEOOsM3aTEeIbHOM JacThio 3arojioBKa. B ciemyromeM pasnene mpuBe-
JICHBI OTIMCAHMUA HECKONIBKHX 3MeMEeHTOB. OTMETHM, 9TO CHTMOHWIHBIA 3JIEMEHT OINMCAaH IBYMS CIIOCOOaMU: ¢
npuHIHIIIaIEHO He o0ygaemoii (S NotTrain) u ¢ o6ywgaemoii (S_Train) XapakTepHUCTHKOM.
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Paznen omucaHusi CUTHAJOB M MapaMeTpOB CIEAyeT cpa3y IOCIe 3arojioBKa JJIEMEHTa M COCTOWUT U3
YKa3aHUs 4KciIa BXOJHBIX U BBIXOJIHBIX CHTHAJIOB M YHCJIa ITapaMeTpoB 3JeMeHTa. Ecii y anemMeHTa 0TCyTCTBY-
0T TapaMeTphl, TO yKa3aHHEe YHCIia ITapaMeTpoB MOXKHO OIyCTHTh. B cienyromem pa3szaene npuBeIeHbI JIeMEH-
ThI KaKk umeromue napamerpsl (S Train, Adaptiv_Sum, Square Sum), Tak u s;eMeHTHI 6e3 mapamerpos (Sum,
S NotTrain, Branch). Konmom paszena onucanus CUTHajoOB M MapaMETPOB CIY)KUT OJHO M3 KIIIOYEBBIX CIOB
ParamType, ParamDef, Forw nnmu Back.

OmnucaHue TUIIOB apaMeTPOB SIBISIETCSI HEOOSN3aTENEHON YacThIO ONMHMCAHUS JIEMEHTA M HaUWHAETCS C
kiroyeBoro cioBa ParamType. Ecnn pasmen ommcanus THIIOB MapamMeTpOB OTCYTCTBYET, TO BCE NapaMETpEI
9TOTO JIEMEHTa cuuTaroTces mapamerpamu tuna DefaultType. Ecnu B ceT Z0DKHBI IPHCYTCTBOBATH MAapaMETPhI
Pa3HbIX THIOB (HapUMEp C Pa3HBIMH OTPaHMYCHUSIMU Ha MUHHMAJIPHOE U MaKCHMalbHOE 3Ha4eHHEe) HeoOXo-
JIMMO OIHCaTh THIBI ITapaMeTpoB. KOHIIOM 3TOro paszgena CIy)KUT OAHO M3 KiIo4eBHIX cioB ParamDef, Forw
i Back.

Paznen onpeneneHus THIIOB MapaMeTPOB SIBISICTCS HEOOSM3aTENBEHBIM pa3/ielIoM B ONHCAHNUH JJIEMEHTa U
HayMHAeTCs ¢ KimodeBoro ciosa ParamDef. B xaxxmoi cTpoke 3TOro paszesia MOKHO 3a/aTh MHHHUMAIBHYIO H
MacHMallbHYI0 TPaHHUIbl U3MEHEHHUS OJHOTO TUIIA TTApaMeTpoB. Eciii B oicaHny ceTH BCTPEYaroTCs MapaMeTphl
HEONpeIeNICHHOTO THIIa TO ATOT THI cYHUTaeTcst coBnasaronM ¢ tuniom DefaultType. Onucanune tuna ne 06s3a-
HO TIPEJIIIECTBOBATD OIMCAHMIO ITAPaMETPOB 3TOro Tuna. Tak HarpuMmep, onpeaesieHUe THIIA TapaMETPOB MOXKET
HaXOJMThCS B ONMCAHWM TIIaBHOH ceTH. KOHIIOM 3TOro pasgena CIy>KHT OJHO M3 KIIIOYEBBIX cloB Forw winm
Back.

Paznen omicanus METOIOB COCTOMT M3 OomucaHus ABYX meTooB: Forw u Back. Onmcanue metona co-
CTOMT M3 3arojioBKa, pasjeiia OMMCAHMs NEPEMEHHBIX M TeJla METOAA. 3arojoBOK MMEET BHJ KIFOYEBOTO CIIOBA
Forw nnm Back s coorBeTcTBylomero merona. Pasien onvcanns mepeMEeHHBIX COCTOMT M3 KIIIOUEBOTO CIIOBA
Var, 3a KOTOpPBIM CJEYIOT OITMCAHHs OJHOTHUITHBIX IEPEMEHHBIX, KQKI0€ N3 KOTOPBIX 3aKaHYMBACTCS] CHMBOJIOM
«». HeobxomuMo MOHMMATh, YTO ONHCAHUE 3ar0JIOBKOB METOJIOB 3TO HE OIMCAHUE 3aroyioBKa (IPOTOTHIIA)
(YHKINY, BBITOJHSIONIEH TeJo MeTosa. Hinke mpuBeieH CHHTaKCHC 3arojoBKoB MeTonoB Forw u Back Ha mo-
MEHT BBI30Ba!

Pascal:
Procedure Forw( InSignals, OutSignals, Parameters : PRealArray);
Procedure Back(InSignals, OutSignals, Parameters, Back.InSignals,
Back.OutSignals, Back.Parameters : PRealArray);
C

void Forw(PRealArray InSignals, PRealArray OutSignals, PRealArray Parameters)
void Back(PRealArray InSignals, PReal Array OutSignals, PRealArray Parameters,
PRealArray Back.InSignals, PReal Array Back.OutSignals, PReal Array Back.Parameters)

B metone Forw B neBoif yactu onepaTopa NpHCBaBaHHUS MOTYT (UIYypHpOBaTh MMEHA JIIOOBIX Iepe-
MEHHBIX W 3JIEMEHTOB IPEJIONPEAEICHHOr0 MaccuBa BBIXOMHBIX curHanoB (OutSignals). B Bepaxkenuu, cros-
IIIEM B TIPaBOi YacTH onepaTopa NPUCBaUBAHUI MOTYT Y4acTBOBAThH JIOObIE NIEpEMEHHBIE, apIyMEHTHI JJIEMEHTA
1 3JIEMEHTHI TIPEJONPEICIICHHBIX MAaCCUBOB BXOHBIX curHaioB (InSignals) n mapamerpos (Parameters).

B metone Back B jeBoii yacTu omeparopa NMpuCBaMBaHUS MOTYT (UIYypUPOBAaTh MMEHA JIIOOBIX Iepe-
MEHHBIX, DJIEMEHTOB IPEJONpPENICICHHBIX MAacCHBOB BXOJIHBIX CHIHAJIOB OOpaTHOTO (DyHKIIMOHUPOBAHUS
(Back.InSignals) n mapamerpos (Back.Parameters). B BblpakeHnu, cTosimieM B IMpaBOM YacTH OIepaTopa MpH-
CBaMBaHMs, MOTYT Y4acTBOBAaTbh JIIOObIE IEPEMEHHbBIE, apTyMEHTHI JIEMEHTA M 3JEMEHTHI NPeoNpee/IeHHBIX
MaccuBoB BXxoHbIX (InSignals) u Berxoansix (OutSignals) curnanos n napametpos (Parameters).OTMeTHM Bax-
HYIO 0COOCHHOCTD BBIYHCIICHHS MONPABOK K MapamerpaM. [I0CKONbKY OMH U TOT K€ MapaMeTp MOXKET HCIOJb-
30BaThCsl HECKOJIBKUMH 3JIEMEHTaMH, IIPH BHIYUCIICHUH TIONPABKU K IIapaMeTpy BHIYHMCICHHOE 3HAUEHHE HYXHO
He MPUCBanBaTh COOTBETCTBYIOLIEMY 3JIeMeHTy MaccuBa Back.Parameters, a noGasnsare. [Ipu sTom B Tene Me-
TOJa 3NeMeHTHl MaccuBa Back.Parameters He MoryT (urypupoBarth B IpaBoif 4acTu omnepaTopa NpHCBaUBaHMSI.
OTa 0cOOCHHOCTH BEIYHCIICHHS TTONPABOK K ITapamMeTpaM 00padaThIBacTCsl KOMIIOHEHTOM CETb.

OmnucaHue 35IeMeHTa 3aBepIlacTCs KII0UeBBIM c1oBoM End 3a KOTOPHIM ciieryeT nuMst 3JIeMeHTa.

5.3.5.3.4 Tpumep onncaHusa anemMeHToB

NetBibl Elements; {bubmuoTeka 371eMEHTOB }

Element Synaps {OOBI4HBIN cuHaIC}
InSignals 1 {OnuH BXOIHOW CHUTHAT }
OutSignals 1 {OnuH BBIXOHOM cUTHAT }
Parameters 1 {OmuH mapameTp — Bec CBSI3U }
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Forw
Begin

{HagaJio onmucanusi mpsAMOro GyHKIMOHHPOBAHHMS }

{BbIuncIiieHre BBIXOJHOTO CHT'HAJa KaK MPOU3BEACHUS BXOJHOTO CUT'HAIA HA MapaMeTp }
OutSignals[ 1] = InSignals[1] * Parameters[1]

End

Back
Begin

{Konen onucanus npsmMoro GpyHKIMOHUPOBAHMS }

{Hauano onucanust o6patHoro GpyHKIMOHUPOBAHUS }

{BprancieHre MOMPaBKH K BXOAHOMY CHTHATY KaK MIPOM3BEICHHUS IMTOIPABKU K BEIXOTHOMY

CHUTHAITy Ha TIapameTp }

Back.InSignals[ 1] = Back.OutSignals[1] * Parameters[1];
{BbIunciieHre MOMPABKH K apaMeTPy KaK CYMMBI paHEee BEIYUCICHHON MOMPAaBKH K
napaMeTpy Ha MPOU3BEACHUE MOMPABKU K 00PaTHOMY CHUTHAITy Ha BXOJHOM CHUTHA }
Back.Parameters[1] = Back.Parameters[1] + Back.OutSignals[1] * InSignals[1]

End
End Synaps

Element Branch(N : Long)
InSignals 1
OutSignals N

Forw

Var Long [;
Begin

For I=1 To N Do

OutSignals[I] = InSignals[1]

End

Back
Var
Long I;
Real R;
Begin
R=0;
For I=1 To N Do

R =R + Back.OutSignals[I];

Back. InSignals[1] =R
End
End Branch

Element Sum(N Long)
InSignals N
OutSignals 1

Forw
Var
Long I;
Real R;
Begin
R=0;
For I=1 To N Do
R =R + InSignals[I];
OutSignals[1] =R
End

Back

Var Long [;
Begin

For I=1 To N Do

Back.InSignals[I] = Back.OutSignals[1]

End
End Sum
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{Konen onucanus o0paTHOro GpyHKIMOHUPOBAHUS |
{Komner ormvcanus cuHarca}

{Touka BeTBieHNS Ha N BBIXOJHBIX CUTHAJIOB }
{Onun BXOIHOI cUrHaN}
{N BBIXOJHBIX CUTHAJIOB}

{Hagaio onmcanwusi mpssMoro GyHKIMOHHPOBAHHMS }

{I — JIOKaJIbHas NEPEMEHHAd TUIla JJIMHHOC LEJI0C — I/IH[[CKC}

{Ha xaxxup1it u3 N BBIXOJHBIX CUTHAJIOB }
{mepenaemM BXOHON CUTHA }
{Konen onucanus npsmMoro GyHKIMOHUPOBAHMS }

{Hauano onucanust oopatHoro GpyHKIIMOHUPOBAHUS }
{Onuncanue TOKATLHBIX TIEPEMEHHBIX }

{I — nuHHOE TeTI0e — UHJIEKC }

{R — meWicTBUTEIIEHOE — JJIs1 HAKOTUICHHS] CYMMBI }

{ITormpaBKa KO BXOIHOMY CHTHAITy paBHa}
{cyMMe MomnpaBOK BBIXOJIHBIX CUTHAJIOB }

{Konen onucanus o0paTHOro GpyHKIMOHUPOBAHUS |
{Koner ormvcaHusi TOYKH BETBICHUS |

{IIpoctoit cymmaTop Ha N BXOJ0B}
{N BXOAHBIX CUTHAJIOB}
{OnuH BBIXOTHOW CUTHAN }

{Hagano ommcanus npsmMoro GyHKIIMOHUPOBAHUS |
{Onucanue JOKAIbHBIX IEPEMEHHBIX }

{I — HHOE TIeT0e — WHACKC }

{R — neiicTBUTEIBHOE — IS HAKOTUICHUS CyMMBI }

{BBIXO/IHOM CHUTHAJ paBEH CyMMe BXO/IHBIX }

{Komner ommmcanmns npsmoro (GyHKIIOHIPOBAHNUS }

{Hagano omcanus o6paTHOro (pyHKINOHUPOBAHHUSA |

{I — JIOKaJIbHas NEPEMEHHAdA TUIla JJIMHHOE HEJI0€ — I/IH[[CKC}

{ITonpaBka K Ka)XZIOMy BXOJAHOMY CHT'HAITY }

{paBHa MoOMpaBKe BBIXOTHOTO CUTHAJIA}
{Konen ormucanus o0paTHOro GpyHKIMOHUPOBAHUS |
{Komner ormmcanns mpocToro cymmaTopa}
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Element Mul {YMHOXHUTED }

InSignals 2 {/IBa BXOJHBIX CUrHaja}

OutSignals 1 {OuH BBIXOTHOW CUTHAN }

Forw {HagaJio onmcanusi mpsAMOTo GyHKIMOHUPOBAHUS }
Begin

{BBIXOTHOV CHTHAJ paBCH MPOM3BEACHHUIO BXOHBIX CHTHAJIOB }
OutSignals[ 1] = InSignals[1] * InSignals[2]

End {Konen onucanus npsmoro GpyHKIMOHUPOBAHMS }
Back {Hauano onucanus o6patHoro GpyHKIIMOHUPOBAHUS }
Begin

{ITompaBKka K Ka)KIOMy BXOJTHOMY CHUTHAJTy paBHA IPOU3BEICHUIO TIOMIPABKH BBIXOJHOTO
CUTHAJIa Ha JPYTO# BXOJHOM CHTHAI }

Back.InSignals[1] = Back.OutSignals[1] * InSignals[2];

Back.InSignals[2] = Back.OutSignals[1] * InSignals[1]

End {Konen onucanus o0paTHOro GpyHKIMOHUPOBAHUS |
End Mul {Koner oricaHusi yMHOKHUTEIIS }
Element S Train {O6y4yaemblii TUTIEPOOIMISCKUI CHTMOUTHBIN DJIEMEHT }

InSignals 1 {Onun BXOIHOI cUrHaN}

OutSignals 1 {OuH BBIXOTHOW CUTHAN }

Parameters 1 {Onun napaMeTp — XapakTepUCTHKa }

Forw {Hauano onucanus npsiMoro (pyHKIMOHHUPOBAHHMS |

Begin

{BBIXOIHOM CHTHAJ paBeH OTHOILICHUIO BXOJHOTO CUTHAIA K CYMME TTapaMmeTpa u
a0COJTIOTHOW BEJITMYWHBI BXOJTHOTO CHUTHAJIA }
OutSignals[ 1] = InSignals[1] / (Parameters[1] + Abs(InSignals[1])

End {Komner ormvcanusi mpsMoro QyHKIIMOHUPOBAHHUS }

Back {Hagaxno ommcanus o6paTHOro (QyHKINOHUPOBAHHMSA |
Var Real R; {R — neiicTBUTEIBHOE }

Begin

{R — BcrioMoraTenpHast BETMYMHA TSI BEIYMCIICHHS TIOMIPABOK, paBHAsI OTHOIICHHUIO
TIOTIPABKH BBIXOTHOTO CHTHAJIA K KBaJpaTy CYMMBI IIapaMeTpa U aOCOTIOTHON BEUIHHEI
BXOJIHOTO CHTHAJIA}

R = Back.OutSignals[1] / Sqr(Parameters[1] + Abs(InSignals[1]);
{ITompaBka K BXOJJHOMY CHT'HAJly paBHA MPOU3BEACHUIO BCIIOMOTATEIIbHOW BEIMYMHBI HA
napameTp }

Back.InSignals[1] =R * Parameters[1];
{ITompaBKka K mapaMeTpy paBHa CyMME paHee BBIYHCICHHON BETHYNHBI TIONPABKA 1
MIPOU3BEICHNUS BCIIOMOTATEIFHON BETMYMHBI Ha BXOIHOW CHTHAT }

Back.Parameters[1] = Back.Parameters[1] + R * InSignals[1]

End {Komnerr onvcanust o0paTHOTO QYHKITMOHUPOBAHHUS }
End S Train {Konen onucanus o0yuyaemMoro runepOoIM4eckoro CHrMOM/JHOTO JJIEeMEHTa }
Element S NotTrain( Char : Real) {He oOy4aempblii runepOOIMYECKUii CUTMOMTHBIH AJIEMEHT }

{Char — xapakrepucTika}

InSignals 1 {OnuH BXOIHOW CHUTHAT }

OutSignals 1 {OnuH BBIXOHOM cUTHAT }

Forw {Hauano onucanus npsiMoro (pyHKIMOHHUPOBAHHMS |

Begin

{BBIXO/IHOM CHUTHAJ paBEH OTHOLICHUIO BXOJHOTO CUTHANIA K CYMME XapaKTePUCTUKHU U
a0COIOTHOW BEJIMYWHBI BXOJTHOTO CHUTHAJIA }
OutSignals[1] = InSignals[1] / (Char + Abs(InSignals[1])

End {Komnen ormmcanmns npsmoro (pyHKIIOHHPOBAHNUS }
Back {Hagaio omucanwust o0OpaTHOro (QyHKITMOHUPOBAHKS }
Begin

{ITonpaBka K BXOJTHOMY CUTHAJIy paBHa OTHOLLICHHUIO MIPOU3BEACHHS IOIPABKH BBIXOHOTO
CUrHaJIa Ha XapaKTEPUCTHKY K KBaJIpaTy CyMMBbI XapaKTEpPHCTHKU U aOCOMIOTHOM
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BEJIMYMHBI BXOJTHOTO CHTHAA }
Back.InSignals[1] = Back.OutSignals[1] * Char / Sqr(Char + Abs(InSignals[1]);

End {Konen onucanus o0paTHOro GpyHKIMOHUPOBAHUS |
End S NotTrain {Koner oricanusi He 00y4aeMoro TUIIEPOOTNIECKOT0 CUTMOUIHOTO JIEMEHTa }
Element Pade(Char : Real) {ITage mpeobpazoBarens Char — xapakTepuCcTHKa }

InSignals 2 {/IBa BXOJHBIX CUrHaja}

OutSignals 1 {OuH BBIXOTHOW CUTHAN }

Forw {Hagasio onmucanusi mpsAMOro GyHKIMOHHPOBAHHMS }

Begin

{BBIXOTHOW CHTHAJ paBCH OTHOIICHHIO IEPBOTO BXOJJHOTO CUTHAIA K CYMME
XapaKTEPUCTUKU M BTOPOT'O BXOJHOTO CUTHAJIA }
OutSignals[ 1] = InSignals[1] / (Char+ InSignals[2])

End {Konen onucanus npsmoro GpyHKIMOHUPOBAHMS }

Back {Hauano onucanust o6patHOro yHKIIMOHUPOBAHMS }
Var Real R; {R — meticTBuUTENHHOE }

Begin

{BcmomorarenpHas BEJIMYMHA paBHA MMOPABKE K MEPBOMY BXOJAHOMY CHTHAIY —
OTHOILICHHIO TIOIIPABKH BBIXOJHOTO CHI'HAJIa K CyMME XapaKTEePUCTHKUA U BTOPOTO
BXOJIHOTO CHTHAJA }

R = Back.OutSignals[1] / (Char + InSignals[2]);

Back.InSignals[1] =R;
{ITompaBka KO BTOPOMY BXOJHOMY CUTHAITy PaBHa MUHYC OTHOIICHHIO MIPOU3BEICHUS
MEPBOTO BXOJTHOTO CHT'HAJIA HA MOMPABKY BBIXOJHOTO CUTHAIA K KBaJPATy CYMMEI
XapaKTePUCTUKU M BTOPOT'O BXOJHOTO CUTHAJIA }

Back.InSignals[2] = -R * OutSignals[1];

End {Konen onucanus o0paTHOro GpyHKIHMOHUPOBAHUS |
End Pade {Komner orucanus [Tane npeobpaszoBaterns}
Element Sign Mirror {3epKaTbHBINA TOPOTOBBIN AIIEMEHT }

InSignals 1 {Onun BXOIHOI curHa}

OutSignals 1 {OnuH BBIXOTHOW CUTHAM }

Forw {HagaJio onmcanusi mpsMOTo GYHKIIMOHUPOBAHHS }

Begin

If InSignals[1] > 0 Then OutSignals[1] = 1 {BrsIxomHoii curHam paBeH 1, eciy BXOJHOW CHTHAI }
Else OutSignals[1] =0 {Ooubiue Hys, 1 HYJIIO B IPOTUBHOM CITy4ac }

End {Kowner ormvcanust mpsMoro QyHKIIMOHUPOBAHHUS }

Back {Hagaio omucanust o0OpaTHOTO (QYHKITMOHUPOBAHKS }

Begin

Back.InSignals[1] = OutSignals[1]; {IlonpaBka K BXOZHOMY CHTHaJIy paBHA BEIXOJAHOMY CHUTHAIY }

End {Konen onucanus o0paTHOro GpyHKIMOHUPOBAHUS |
End Sign Mirror {Koner onvcaHus 3¢pKaIbHOTO TIOPOTOBOTO AJIEMEHTA }
Element Sign Easy {IIpo3payHblii TOPOTOBBIN DIIEMEHT }

InSignals 1 {Onun BXO/HOI cUrHaN}

OutSignals 1 {OuH BBIXOTHON CUTHAN }

Forw {Hagano omucanus npsmMoro GyHKIIHOHHUPOBAHUS }

Begin

If InSignals[1] > 0 Then OutSignals[1] =1 {BrsIxomHoii curHaM paBeH 1, ey BXOJAHOW CUTHAT }
Else OutSignals[1] =0 {Oobiue HyJIs, ¥ HYJIIO B IPOTUBHOM CITy4ac}

End {Komnen ormmcanus npsmMoro GyHKIIOHIPOBAHNUS }
Back {Hagano omucanus o6paTHOro (pyHKINOHUPOBAHHMSA |
Begin

{ITonpaBka K BXOJHOMY CUTHaJIy paBHa IIONPaBKe K BHIXOJHOMY CUTHAJY }
Back.InSignals[1] = Back.OutSignals[1];
End {Konen onucanus oOpaTHOro ()yHKIIMOHUPOBAHUS }
End Sign Easy {Koner ormvcaHusi MPO3pavyHOTo MOPOTOBOTO dJIEMEHTa }
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Element Adaptiv_Sum( N : Long) {AnanTuBHEIN cymmaTop Ha N BXOJIOB}

InSignals N {N BXOZHBIX CUTHAJIOB}
OutSignals 1 {OuH BBIXOTHOW CUTHAN }
Parameters N {N mapameTpoB — BeCOB CBs3€H }
Forw {Hauano onucanus npsiMoro (pyHKIMOHUPOBAHHMS |
Var {Onucanue TOKATLHBIX TIEPEMEHHBIX }
Long I; {I — muHHOE TeTI0e — UHJIEKC }
Real R; {R — melicTBUTEIIEHOE — JJIs1 HAKOTUICHHS] CYMMBI }
Begin
R=0; {BBIXO1HOM CHUTHAJ paBeH CKaIIPHOMY }
For I=1 To N Do {TIpoM3BEICHNIO0 MACCUBA BXOIHBIX CUTHAJIOB }

R =R + InSignals[I] * Parameters[I]; {na maccuB napamerpos}
OutSignals[1] =R

End {Konen onucanus o0paTHOro GpyHKIMOHUPOBAHUS |

Back {Hauano onucanust o6paTHOro yHKIIMOHUPOBAHMS }
Var Long [; {I — nokanmpHas IepeMeHHas THIIA }

Begin {nnuHHOE Lenoe — MHAEKC }

For I=1 To N Do Begin
{ITompaBka k I-y BXOHOMY CHTHaNTy paBHa CYMM€ paHee BHIYHUCICHHOH ITOTPaBKU U
TIPOU3BEICHUS ITOTIPABKH BBHIXOIHOTO CHTHAaJA Ha I-if mapameTp}
Back.InSignals[I] = Back.OutSignals[1] * Parameters[I];
{[TompaBka k [-y mapaMeTpy paBHa IPOHU3BEICHHUIO MOTIPABKH BBIXOIHOTO CHTHaja Ha [-it
BXOJIHO# CHUTHAI}
Back. Parameters[I] = Back. Parameters[I] + Back.OutSignals[1] * InSignals[I]

End
End {Konen ormmcanmns 00paTHOTO (PYHKIIMOHUPOBAHIS |
End Adaptiv_Sum {Konen onucanus ajanTHBHOTO CyMMaTopa }
Element Adaptiv_Sum_Plus ( N : Long) {AnanTuBHBIA HEOJHOPOHBIH cymMMaTop Ha N BX0/I0B}
InSignals N {N BXOJTHBIX CHTHAJIOB }
OutSignals 1 {OnuH BBIXOHOM cUTHAT }
Parameters N+1 {N+1 mapameTp — Beca CBs3eli}
Forw {Hagaxo omucanus npsMoro GyHKIIHOHHUPOBAHUS }
Var {Onucanue NOKaJbHBIX NEPEMEHHBIX }
Long I; {I — HHOE TIe0e — HHACKC }
Real R; {R — neiicTBUTENBLHOE — ISl HAKOIUICHUS] CyMMBI }
Begin
R = Parameters[N+1]; {BrixonHo# curnan paseH cymme N+1 napamerpa}
For I=1 To N Do {¥ CKaJsSIPHOTO TPOM3BEICHHS MacCHBa BXOTHBIX }

R =R + InSignals[I] * Parameters[I]; {curnaioB Ha MaccuB mapameTpoB}
OutSignals[1] =R

End {Konen onucanus npsmoro GyHKIMOHUPOBAHMS }

Back {Hauano onucanust oopatHoro GpyHKIIMOHUPOBAHUS }
Var Long [; {I — nokanmpHas IepeMeHHas THTIA }

Begin {IMMHHOE 1IeNT0e — WHJIEKC }

For I=1 To N Do Begin
{ITompaBka k [-y BXOZJHOMY CHTHaJTy paBHa MMPOW3BEICHUIO ITONPABKN BBIXOAHOTO CHTHANIA
Ha [-if mapametp}
Back.InSignals[I] = Back.OutSignals[1] * Parameters[I];
{ITompagka k [-y mapameTpy paBHa CyMMe paHee BBIYHCICHHOW MONPABKY U IIPOU3BEIACHUS
MONPABKH BBIXOJHOTO CUTHaja Ha [-i BXoqHOU
CHUrHaJ}
Back. Parameters[I] = Back. Parameters[I] + Back.OutSignals[1] * InSignals[I]
End;
{ITonpagska k (N+1)-y napamerpy paBHa CyMMe paHee BBIYHCICHHOHN MMONPAaBKU U HOIPaKH
K BBIXOJTHOMY CHTHAITY }
Back.Parameters[N+1] = Back.Parameters[N+1] + Back.OutSignals[1]
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End
End Adaptiv_Sum_Plus

Element Square Sum( N : Long)
InSignals N
OutSignals 1
Parameters (Sqr(N) + N) Div 2

Forw
Var
Long LLJ.K;
Real R;
Begin
K=1;
R=0;
ForI=1To N Do
For J=1To N Do Begin

{Komner oricanust 00paTHOTro QYHKITMOHUPOBAHHUS }

{KOHCH OIMMCaHUAg HEOAHOPOAHOI'O aAalITUBHOI'O cyMMaTopa}

{KBazmparnunsiii cymmaTop Ha N BX0O0B}
{N BXOJTHBIX CHTHAJIOB }

{OnuH BBIXOHOM cUTHAT }

{N(N+1)/2 mapameTpoB — BECOB CBsI3¢eii }

{HagaJio onucanusi mpsAMOro GyHKIMOHHPOBAHHMS }
{Onucanue JOKAITbHBIX IEPEMCHHBIX }

{IJ,K — mepemMeHHbIE THTIA JJTUHHOE IIEJIOE }

{R — neiicTBUTEIBHOE — IS HAKOTUICHUSI CyMMBI }

{K — HOMEp 00pabaTpIBaeMOro mapameTpa}

{I,J — HOMepa BXOJHBIX CUT'HAJIOB }

R =R + InSignals[I] * InSignals[J] * Parameters[K];

K=K+1
End;

{BbIX0IHOM CHTHAJ paBeH CyMME BCEX MTOTIAPHBIX IPOU3BEICHHUI BXOIHBIX CUTHAIIOB,
YMHOKEHHBIX Ha COOTBETCTBYIOIIHNE TTapaMETPHI }

OutSignals[1] =R
End

Back
Var
Longl, J, K;
Real R;
Vector W;
Begin
For1=1To N Do
WII]=0;
K=1;
For1=1To N Do

For J=1To N Do Begin

{Koner ormvcanusi mpsMoro QyHKIIMOHUPOBAHHUS }

{Hagano ommcanus oopatHoro GyHKIMOHUPOBAHHUS }
{Onwucanue JOKaIbHBIX IEPEMCHHBIX }

{IJ,K — mepemeHHbIC THTIA JJTUHHOE IIEJIOC }

{R — neiicTBUTEIBHOE }

{MaccuB 1yl HAKOTIJICHUS TIPOMEXYTOYHBIX BEJTMYNH }

{K — HOMEp 00pabaTpIBaeMOro mapameTpa}

{ITompaBKka K mapaMeTpy paBHa CyMME paHee BEIYHCICHHON TONPaBKU M IPOU3BEACHUS
MIOTIPABKH K BXOJHOMY CHT'HAJTy Ha IIPOHW3BENICHHE CHTHAJIOB, IPOIIEAIINX Yepe3 ATOT
mapameTp IpH MpsiMOM QYHKIIMOHUPOBAHHH |
Back.Parameters[K] = Back.Parameters[K] +

Back.OutSignals[1] * InSignals[I] * InSignals[J];
R = Back.OutSignals[1] * Parameters[K];

WI[I] = W[I] + R * InSignals[J];
W[J]=W[J] +R * InSignals[1];

K=K+1
End;
ForI=1To N Do

{ITonpaBka K BXOJTHOMY CUTHAJIy paBHa POU3BEJICHUIO MTOITPABKU K BEIXOJAHOMY CHIHAITY
Ha CyMMY BCEX apaMeTPOB, Yepe3 KOTOPBIE ATOT CUTHAI TIPOXOIII IPH MIPSIMOM
(YHKIMOHMPOBAHUH, YMHO)KEHHBIX Ha JIPYrHe BXOAHBIE CUTHAJIBI, TaK XK€ MPOLIEIIIe
4yepe3 9TH TapaMeTphl IPpH NPSIMOM (DYHKIIMOHUPOBAHHH }

Back.InSignals[1] = W[I]

End
End Square Sum

Element Square_Sum_Plus( N : Long)

InSignals N
OutSignals 1

Parameters (Sqr(N) + 3 * N) Div2 + 1

Forw
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Var {Onucanue TOKATLHBIX TIEPEMEHHBIX }

Long [, J, K; {L,J,K — mepeMeHHbIC THTA JITUHHOE LIEJIOC }
Real R; {R — melicTBUTEIEHOE — JJIs1 HAKOTUICHHS] CYMMBI }
Begin
K=2*N+1; {K — HOMep oOpabaTbiBaeMOro napamerpa}

R = Parameters[Sqr(N) + 3 * N) Div 2 + 1];
ForI=1 To N Do Begin
R =R + InSignals[I] * Parameters[I] + Sqr(InSignals[I]) * Parameters[N + I];
ForJ=1+1 To N Do Begin
R =R + InSignals[I] * InSignals[J] * Parameters[K];
K=K+1
End
End
{BbIX0HOM CHTHAJ paBeH CyMME BCEX MOTIAPHBIX IPOU3BEICHHUI BXOIHBIX CUTHAIIOB,
YMHO)KEHHBIX Ha COOTBETCTBYIOIIHNE TTApaMETPHI, IIFOC CyMME BCEX BXOTHBIX CHTHAJIOB
YMHO>KEHHBIX Ha COOTBETCTBYIOIIHNE TApaMETPHI, IDIFOC MOCIECTHIN TapamMeTp |
OutSignals[1] =R

End {Koner ormvcanusi mpsMoro QyHKIIMOHUPOBAHHUS }
Back {Hagano ommcanus oopatHoro GyHKIMOHUPOBAHUS }
Var {Onucanue JOKAITbHBIX IEPEMEHHBIX }
Long [, J, K; {IJ,K — mepemMeHHbIC THTIA JJTUHHOE IIEJIOE }
Real R; {R — neifcTBUTENBLHOE — ISl HAKOIUICHUS] CyMMBI }
Vector W; {MaccuB 1715l HAKOTIJICHUS TIPOMEXYTOYHBIX BEJTMYNH |
Begin
ForI=1 To N Do
WI(I] = 0;
K=2*N+1; {K — HOMEp 00pabaTpIBaeMOro mapameTpa}

ForI=1 To N Do Begin
Back.Parameters[I] = Back.Parameters[I] + Back.OutSignals[ 1] * InSignals[I];
Back.Parameters[N + I] = Back.Parameters[N + I] + Back.OutSignals[1] * Sqr(InSignals[I]);
WI[I] = W[I] + Back.OutSignals[1] * (Parameters[I] + 2 * Parameters[N + I] * InSignals[I])
ForJ=1+1 To N Do Begin
Back.Parameters[K] = Back.Parameters[K] +
Back.OutSignals[ 1] * InSignals[I] * InSignals[J];
R = Back.OutSignals[1] * Parameters[K];
WI[I] = WI[I] + R * InSignals[J];
W] =W[J] + R * InSignals[I];
K=K+1
End
End;
ForI1=1To N Do
Back.InSignals[1] = W[I]

End {Konen onucanus o0paTHOro GpyHKIMOHUPOBAHUS |
End Square Sum_Plus {Koner ormmcanns aqanTHBHOTO KBAAPATHIHOTO CyMMaTopa}
End NetBibl

5.3.5.3.5 OnucaHne 6nokoB

Onucanue 6JI0Ka COCTOUT U3 IISITH OCHOBHBIX PA3/IeNIOB: 3aroJIOBKa OMHUCAHUs OJIOKA, OMHCAHUS CHTHA-
JIOB W TapaMeTpoB, ONKMCAHUs COCTaBa, OMMCAHUS CBs3ell M KOHLA omnucaHus 61oka. CyliecTByeT qBa Turma 6J0-
KOB — Kackan u cnoii (Layer). Paznnune Mexmay 3TUMH OBYMsI TUIIaMH OJIOKOB COCTOUT B TOM, YTO IIOJICETH,
BXOJISIIIIME B COCTAB CJIOsI, PYHKIMOHHUPYIOT MapajjiebHO M HE3aBHCUMO JPYT OT APYra, TOrJa Kak COCTaBJISIO-
1ye KacKaja MojaceTd (DYHKIMOHUPYIOT IMOCIEA0BATENIFHO, NPUYEM KaXKIas CICIYIOIas MOJCETh HCIOIb3YeT
pe3ynbTaThl paboThl MPEIbIAYIIMX MoAceTeil. B CBOIO 0Yepe/b CyIIeCTBYeT TPH BHAA KACKaJI0B — MPOCTOH Kac-
kan (Cascad), muki ¢ pukcupoBaHHBIM yuciioM maroB (Loop) mukn no ycenosuto (Until). Pazmiane mexmy Tpe-
Ms1 BUJIAaMH KackaJloB OYE€BHIHO — MPOCTON Kackal (GYHKIMOHUPYET OJMH pa3, UMK Loop QpyHKIHOHHPYET yKa-
3aHHOE B OIMCAHHWU YUCJIO pa3, a ki Until GyHKIMOHUpYET 0 TeX MOp, MOKa HE BBIIOIHHUTCS YKa3aHHOE B
OINMCaHHUHK ycloBHe. B ycioBuy, ykaspiBaeMoM B 3aroiioBke mukia Until, BO3MOXKHO HCIOJIb30BaHHE CPABHEHUIA
MacCHBOB HJIM UHTEPBAJIOB MaCCHBOB CUTHANIOB. Hampumep, 3anuch
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InSignals=OutSignals
9KBUBAJICHTHA CIICAYIOIICH 3amucu
InSignals[1..N]=OutSignals[1..N]
KOTOpast 9KBUBAJICHTHA BBIYHCIICHUIO CIICIYIOMICH JTOTMICCKON (pyHKIMK:
Function Equal(InSignals, OutSignals : RealArray) : Logic;
Var Long [;
Logic L
Begin
L =True
ForI=1 To N Do
L =L And (InSignals[I] = OutSignals[I));
Equal=L
End

Pasnen ommcanuns cocTaBa ClieAyeT cpa3y MOCE 3aroyioBKa OJOKa 3a pa3fesioM OMHCAHUS CHTHAJIOB M
ImapaMeTpoB W HAYMHACTCA C KIIfodeBoro cioBa Contents, 3a KOTOPBIM CIIEAYIOT UMEHA TmojceTeil (OJI0OKOB Min
JJIEMEHTOB) CO CIHCKaMH (haKTHUECKHX apTyMEHTOB, pa3ZefiCHHBIC 3aIAThIMU. Bce MMeHa ImojceTel JOIKHBI
MpeaBapsAThCS TICEBIOHMMAaMH. B nanpHeiIIeM yka3aHWE IICEBJOHMMA ITOTHOCTHIO AKBHUBAJICHTHO YKa3aHHUIO
MMEHH TOJCETH CO CIMCKOM (DaKTHUYECKHX apTyMEHTOB WIM 0e3, B 3aBHCHMOCTH OT KOHTeKcTa. [Ipm3Hakom
KOHIIa pasfelia OIMHMCAHKs COCTaBa MOJCETH CIY)KUT UM MOJICETH 3a CHHCKOM (PaKTHYECKHUX apTyMEHTOB KOTO-
poro He ciexyeT 3armsrasi.

Pasnen ommcanus CHTHAJIOB M ITapaMeTPOB CIIEIAYET 3a Pa3/IeioM OIMCAHMS COCTaBa M COCTOWT U3 yKa-
3aHUS YHCIa BXOAHBIX U BBIXOJHBIX CHTHAJIOB M YHCIA MTapaMeTpoB Onoka. B KOHCTAaHTHBIX BRIpaKEHHSX, yKa-
3BIBAIOIIMAX YHCJIO BXOAHBIX M BBIXOJHBIX CHUTHAJIOB W MapaMETPOB MOXKHO HCIOJB30BaTh JOTOJHUTEIHHO
¢yakmmro NumberOf ¢ aBymss mapamerpamu. [lepBBIM TapamMeTpoM SBIISETCS OJHO M3 KITFOUEBBIX CJIOB
InSignals, OutSignals, Parameters, a BTOpbIM — HMsI TIOJICETH CO CITUCKOM (PAaKTHUESCKUX apryMeHTOB. DyHKIUS
NumberOf Bo3Bpariaet 9uciio BXOAHBIX WM BHIXOJHBIX CHTHAJIOB WM TTapaMeTpoB (B 3aBUCUMOCTH OT TIEPBOTO
apryMeHTa) B MOJCETH, YKa3aHHOW BO BTOPOM apryMeHTe. Mcmoiap3oBaHUe 3TOH (PYHKIHN HEOOXOANMO B CITy-
Yae MCIOJIb30BaHMA OJIOKOM aprymMeHToB-mofcereil. KoHmom pasnena ommcaHusl CHTHAJIOB U ITapaMeTPOB CITy-
JKAT OJHO 13 KiroueBbiX ciioB ParamDef, Static mmu Connections.

Paznen ompezneneHnss THUIOB MMapaMeTPOB SBISETCS HEOOS3aTEIBHBIM Pa3/ielioM B OMHCAHUH OJIOKA M
Ha4YMHAETCS ¢ KiroueBoro cioBa ParamDef. B kaxmoli cTpoke 3TOro pasziena MOKHO 3a1aTh MHHUMAIBHYIO U
MaKCHUMAaJIbHYIO TPaHMIIBI H3MEHEHHS OJTHOTO THIIA ITapaMeTpoB. Eciy B OMMMCAHMM CETH BCTPEYAIOTCS TapaMeT-
PBI HEOIIPEENECHHOTO THIA, TO 3TOT THII cunTaeTcs coBmanaiomuM ¢ tunoM DefaultType. Onmcanne Tuma e
0043aH0 TIPEAIIIECTBOBATD ONHMCAHMIO ITAPAMETPOB ATOTO THIA. Tak, HapuMep, ONpeeieHne TUIIAa TapaMeTPOB
MOJKET HAXOIUTHCA B ONHCAaHWW TIAaBHOW ceTH. KOHIIOM 3TOTO pa3jena CIyXHT OZHO W3 KIIOYEBBIX CIIOB
Connections.

Pasznmen ommcaHus cBA3eW ClemyeT 3a pas3feioM ONFCAHHUS CHUTHAIOB W TapaMeTPOB M HAUYWHACTCS C
kmoueBoro cioBa Connections. B paznene «Omnucanue pacnpeieNeHns CUTHAIOBY TNaBbl «OO0ImuUi cTaHmapT»
JIETaJIbHO OMICAHO PacIpeeTICHHE CBI3CH.

Pazgen xoHma onvicanus 6JI0Ka COCTOMT U3 KitodeBoro cioBa End, 3a KoTopsIM ciemyeT ums OJoKa.

5.3.5.3.6 TMpumep onncaHusa 61okoB

IIpu onmicanmy GJIOKOB MCHONB3YIOTCS 3JIEMEHTHI, OMHCcaHHbIe B OnbmuoTeke Elements, mpuBeIcHHOM B
paszz. «[IpuMep ommcaHus DIIEMEHTOBY.
NetBibl SubNets Used Elements; {bubnmoTeka moceTel, ncnoab3yomas oudanoreky Elements}

{CurmounHbII1 HEHPOH C MPOU3BOILHBIM CyMMaTopoM Ha N BXOJIOB}
Cascad NSigm(aSum : Block; N : Long; Char : Real)
{B cocTaB kackaja BXOJHUT MPOU3BOJIBHBIN cymMmMaTop Ha N BXOJIOB ¥ CHTMOUIHBINA HEHPOH
¢ HeoOy4JaeMoi XapaKTepUCTHKOM }
Contents aSum(N), S NotTrain(Char)
InSignals NumberOf(InSignals, aSum(N)) {Yncno BXOIHBIX CUTHAIOB ONPEAEIseT CyMMaTop }
OutSignals 1 {OnuH BBIXOHOM cUTHAI }
Parameters NumberOf(Parameters, aSum(N)) {Yucno mapaMeTpoB OnpeeNsieT CyMMaTop }
Connections
{Bxo/HBIC CUTHAJIBI HEHPOHA — BXOJHBIC CUTHAIIBI CYyMMATOpa }
InSignals[1.. NumberOf(InSignals, aSum(N))] <=>
aSum.InSignals[1.. NumberOf(InSignals, aSum(N))]
aSum.OutSignals <=> S NotTrain.InSignals  {Brxon cymmaropa — BXox mpeoOpazoBaTes }
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OutSignals <=> S NotTrain.OutSignals
{ITapameTphl HEipOHA — MMapaMeTphl CymMmmaropa }
Parameters[1.. NumberOf(Parameters, aSum(N))] <=>
aSum.Parameters[1.. NumberOf(Parameters, aSum(N))]
End {KoHen onucanus CHrMOMJHOTO HEWPOHA C IPOU3BOJILHBIM CYMMAaTOPOM }

{Crno#t curMOUIHBIX HEHPOHOB C MPOM3BOJILHBIME CyMMaTopamMu Ha N BXOJOB}
Layer Layl(aSum : Block; N,M : Long; Char : Real)
Contents Sigm: NSigm(aSum,N,Char)[M] {B cocrtas cyiost BXoauT M HEHpPOHOB }
InSignals M * NumberOf(InSignals, Sigm)
{Yuciio BXOJHBIX CHUTHAJIOB ONPEEICTCS KaK B3siToe M pa3 4ucio
BXOJIHBIX CHTHAJIOB HEHPOHOB. BMECTO MMEHU HEHpPOHA UCIIONIB3YEeM TICEBIOHUM }
OutSignals M {OnuH BBIXOJHOW CUTHAT HA HEHPOH }
Parameters M * NumberOf(Parameters, Sigm)
{Yucno mapaMeTpoB onpeaessieTesl Kak B3AToe M pa3 4uciio mapaMeTpoB HEHPOHOB}
Connections
{[Iepeeic NumberOf(InSignals, NSigm(aSum,N,Char)) curuanos nepsomy HEHpOHY, U T.1. }
InSignals[1..M * NumberOf(InSignals, Sigm)] <=>
Sigm[1..M].InSignals[1.. NumberOf(InSignals, Sigm)]
{BBIXOTHBIC CHT'HAJIBI HEHPOHOB - BEIXOTHBIC CUTHAJIBI CETH }
OutSignals[1..M] <=> Sigm[1..M].OutSignals
{ITapameTpsI 10 — TapaMeTPbl HEUPOHOB }
Parameters[1..M * NumberOf(Parameters, Sigm)] <=>
Sigm[1..M].Parameters[l.. NumberOf(Parameters, Sigm)]
End {Konen ormucanus ciosi CATMOUIHBIX HEHPOHOB C MPOU3BOJILHBIM CYMMAaTOPOM }

{Cro#t Todek BETBICHHUS }
Layer BLay( N,M : Long)

Contents Branch(N)[M] {B cocTas cyios BXoauT M TOYeK BETBJICHUS }
InSignals M {ITo omHOMY BXOJTHOMY CUTHAJLy HA TOYKY BETBIICHHS |
OutSignals M * N {N BBIXOZHBIX CUTHAJIOB Y K&)KIOH TOUYKH BETBIICHHUS }
Connections

InSignals[1..M] <=> Branch[1..M].InSignals  {Ilo omHOMY BXOAy Ha TOYKY BETBJICHHS }
{BBIXOHBIE CUTHAIIBI B TIOPSAKE TIEPBBIA ¢ K&KIOH TOYKH BETBJICHHUS, 3aTEM BTOPOH U T.1. }
QutSignals[1..N * M] <=> Branch[+:1..M].OutSignals[1..N]
End {Koner ormucanust ciost Todek BETBICHUS }

{ITonHBI# CII0¥ CUIMOMHBIX HEHPOHOB C NPONU3BOJILHBEIMU CyMMaTopaMu Ha N BXOJIOB}
Cascad FullLay(aSum : Block; N,M : Long; Char : Real)
Contents Br: BLayl(M,N), Ne: Layl(aSum,N,M,Char) {Cnoii Touek BeTBIE€HHS 1 CIIOW HEHPOHOB}
InSignals N {Yncno BXOHBIX CHTHAJIOB — YUCIIO TOYECK BETBIICHUS }
OutSignals M {OnuH BBIXOHOM CUTHAJ HA HEHPOH }
Parameters NumberOf(Parameters, Ne)
{Yucno mapaMeTpoB onpeenseTcs Kak B3saToe M pa3 4nciio mapaMeTpoB HEHPOHOB }
Connections
InSignals[1..N]<=> Br.InSignals[1..N] {BX0/IHBIC CHUTHAJIBI — CJIOI0 TOYCK BETBJICHUS }
{BpIXoHBIE CHTHAJIBI HEHPOHOB - BEIXOTHBIE CUTHAIBI CETH |
OutSignals[1..M] <=> Ne.OutSignals[1..M]
{ITapameTpsl c10s1 — ITapaMeTpbl HEHPOHOB}
Parameters[1..NumberOf(Parameters, Ne)] <=>
Ne.Parameters[ .. NumberOf(Parameters, Ne)|
{BBIX0 CIIOSI TOUEK BETBIICHHS — BXO/] CJIOSI HEHPOHOB }
Br.OutSignals[1..N * M] <=> Ne.InSignals[1..N * M]
End {Konen onucanus ciiosi CHTMOUIHBIX HEHPOHOB C TIPON3BOJIBHBIM CyMMaTOPOM }

{CeTb ¢ CUTMOUIHBIMH HEHPOHAMH U TIPOU3BOJIBHBIMIA CyMMAaTOpaMH, CoJiepKaIias
Input — yncno HEMPOHOB HA BXOJHOM CJIOE;
Output — 9rcI0 HEHPOHOB HA BBIXOAHOM CJIO€ (YUCIIO BBIXOIHBIX CHTHAJIOB);
Hidden — gucno netiponoB Ha H>0 CKpBITHIX CIIOSX;
N — 9uCII0 BXOAHBIX CHTHAJIOB

BCE BXOJIHBIE CHT'HAJIBI IIOAI0TCS HAa BCE HEHPOHBI BXOJHOTO CJIOS }
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Cascad Netl(aSum : Block; Char : Real; Input, Output, Hidden, H, N : Long)
{ITox Tpemst pa3HBIMH IICEBIOHIMAaMH UCIOIB3YETCS OJTHA U Ta K€ MOJCETh C Pa3HBIMHU
napameTpamu }
Contents
In: FullLay(aSum,N,Input,Char),
Hidl: FullLay(aSum,Input,Hidden,Char)
Hid2: FullLay(aSum,Hidden,Hidden,Char)[H-1] {ITycto mpu H=1}
Out: FullLay(aSum,Hidden,Output,Char)
InSignals N {Uucno BXOAHBIX CUTHAIOB — N}
OutSignals Output {OnuH BBIXOJHOW CUTHAI HA HEUPOH }
{Yucno mapaMeTpoB ompeAeIsIeTCs] KaKk CyMMa YHCeN TapaMeTPOB BCeX MOICETEH |
Parameters NumberOf(Parameters, In)+ NumberOf(Parameters, Hid1)+
(H-1) * NumberOf(Parameters, Hid2)+ NumberOf(Parameters, Out)
Connections
InSignals[1..N]<=> In.InSignals[1..N] {BX0/HbBIE CHTHAJIBI — BXOJAHOMY CJIOIO0 }
{BbIXOmHBIE CHTHAJIBI HEHPOHOB - C BBIXOIHOTO CJIOS CETH }
OutSignals[ 1..Output] <=> Out.OutSignals[1.. Output]

{ITapaMeTpBI CETH TOCIIEIOBATEIHFHO BCEM MOJICETSIM }
Parameters[1..NumberOf(Parameters,In)] <=> In.Parameters[1.. NumberOf(Parameters, In)]
Parameters|[NumberOf(Parameters,In)+1..NumberOf(Parameters,In)+

NumberOf(Parameters, Hid1)] <=> Hidl.Parameters[1.. NumberOf(Parameters, Hid1)]
Parameters|NumberOf(Parameters,In)+ NumberOf(Parameters, Hid1)]+1

..NumberOf(Parameters,In)+-NumberOf(Parameters, Hid1)+

(H-1) * NumberOf(Parameters, Hid2)] <=>

Hid2[1..H-1].Parameters[1.. NumberOf(Parameters, Hid2)]
Parameters|[NumberOf(Parameters,In)+ NumberOf(Parameters, Hid1)]+

(H-1) * NumberOf(Parameters, Hid2)+1..NumberOf(Parameters,In)+

NumberOf(Parameters,Hid1)+(H-1)*NumberOf(Parameters,Hid2)+

NumberOf(Parameters, Out)] <=> Out.Parameters[1.. NumberOf(Parameters, Out)]

{ITepemnaya CUTHAJIOB OT CJIOS K CJIOKO }

In.QutSignals[ 1..Input] <=> Hid1.InSignals[1..Input] {OT BXOJTHOTO K IIEPBOMY CKPBITOMY CJIOIO }
Hid1.OutSignals[1..Hidden] <=> Hid2[1].InSignals[1..Hidden] {OT IepBOTO CKPBITOTO CIIOS }
{mexny ckpberTeiMu criosimu. [Ipu H=1 3Tta 3ammce mycra}
Hid2[1..H-2].OutSignals[1.. Hidden] <=> Hid2[2..H-1].InSignals[1.. Hidden]
Hid2[H-1].OutSignals[1.. Hidden] <=> Out.InSignals[1.. Hidden] {OT cKpBITBIX — K BEIXOTHOMY }
End

{ITomHOCBs3HAas ceTh ¢ M cHrMOMIHBIMHU HelipoHaMHu Ha K TaKTOB QyHKIIMOHUPOBAHUS C
HEBBIJCTICHHBIM BXOIHBIM CJIO€M Ha M CHUTHAJIOB}
Loop Circle(aSum : Block; Char : Real; M, K : Long) K

Contents
Net: FullLay(aSum,M,M,Char)
InSignals M {Yucno BXOTHBIX CHTHAIOB — N}
OutSignals M {OnuH BBIXOHOM CUTHAJI HA HEHPOH }
Parameters NumberOf(Parameters, Net) {Uwncio mapamerpos onpenensercs cinoem FullLay}
Connections
InSignals[1..M]<=> Net.InSignals[1..M] {BXoHbIE CHTHAJIBI — Ha BXOJI CJIOS }
OutSignals[1..M] <=> Net.OutSignals[1.. M] {BBIXO/IHBIE CUTHAJIBI — HA BBIXOJE CJIOS |

{Bce mapamerpsI ciioro}
Parameters[1..NumberOf(Parameters,Net)] <=> Net.Parameters[1.. NumberOf(Parameters,Net)]
Net.OutSignals[1..M] <=> Net.InSignals[1..M] {3aMbIKaeM BBIXO]] Ha BXOJ}
End {Komner ormmcanus cosi CATMOUAHBIX HEHPOHOB C IPON3BOJIEHBIM CyMMAaTOPOM }

{I[TomHOCBs3Has ceTh ¢ M cUrMOMIHBIMU HelipoHaMu Ha K TaKTOB (yHKIIMOHHPOBAHUSI C
BBIIEJICHHBIM BXOJHBIM CJIoeM Ha N CUrHajaoB. Bce BXOIHbIE CHTHAJIBI TTOTAIOTCS Ha BXOJ
KaXXJIOr0 HEeHpOHAa BXOHOTO CJIosl. Bee mapamMeTpsl OrpaHHYCHEI 110 a0COTIOTHOMY
3HAYCHUIO CIIUHHUIICH }
Cascad Net2: (aSum : Block; Char : Real; M, K, N : Long)
Contents
In: FullLay(aSum,N,M,Char), {BxomHoi1 croii}
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Net: Circle(aSum,Char,M,K) {ITomHOCBs3HAs CETh}

InSignals N {Ymcno BXOTHBIX CUTHAIOB — N}
OutSignals M {OnuH BBIXOHOM CUTHAJ HA HEHPOH }

{Uucno mapamMeTpoB ompeernsieTcsi Kak CyMMa YHCce IIapaMeTpoB BCEX MOJICeTel |

Parameters NumberOf(Parameters, In)*+ NumberOf(Parameters, Net)
ParamDef DefaultType -1 1
Connections

End

InSignals[1..N]<=> In.InSignals[1..N] {BX0HBIC CUTHAJIBI — BXOJTHOMY CJIOIO }

{BBIXOIHBIC CHT'HAJIBI HEHPOHOB - C BBIXOIHOTO CJIOS CETH }

OutSignals[1..M] <=> Net.OutSignals[1.. M]

{ITapamMeTphI CETH TOCIEIOBATEILHO BCEM MOJICETSIM }
Parameters[1..NumberOf(Parameters, In)] <=> In.Parameters[1.. NumberOf(Parameters, In)]
Parameters[NumberOf(Parameters,In)+1..

NumberOf(Parameters,In)+NumberOf(Parameters, Net)]
<=> Net.Parameters[1.. NumberOf(Parameters, Net)]

{ITepenaya CUTHAJIOB OT CJIOS K CJIOKO }

In.OutSignals[1..M] <=> Net.InSignals[1..M] {OT BXOITHOTO K IIMKJTY }
Net.OutSignals[1..M] <=> Net.InSignals[1..M] {OT IepBOTO CKPBITOTO CIIOS }

{Hetipon cetn Xondwmiaa u3 N HeHpOHOB }

Cascad Hopf(N : Long)

Contents Sum(N),Sign_Easy {CyMMaTOp ¥ TOPOTOBBIH JIEMEHT }
InSignals N {Uucno BXOAHBIX CUTHAIOB — N}
OutSignals 1 {Ymcno BBIXOIHBIX CUTHAIOB — 1}
Parameters NumberOf(Parameters,Sum(N)) {Uucno napamerpoB — N}
Connections

InSignals[1..N]<=> Sum.InSignals[1..N] {BxoyHble CUTHAJIBI — CyMMaTopy}

End

{BbIX01HOM cUTHA HEMpOHa — BEIXOJAHON CUTHAJI TIOPOTOBOTO JJIeMeTa}
OutSignals <=> Sign Easy.OutSignals
{ITapameTpsI HepOoHA — TapaMETPHI CyMMaTopa}
Parameters[1..NumberOf(Parameters, Sum(N))] <=>
Sum.Parameters[ .. NumberOf(Parameters, Sum(N))]
Sum.OutSignals <=> Sign Easy.InSignals {BpIX01 cymMmMaTOopa Ha BXO/J Imopora}

{Cnoii nHeliponos Xonduina}

Layer HLay(N : Long)

Contents Hop: Hopf(N)[N] {B cocrag cnos BxoauT N HEHpPOHOB}
InSignals N * N {N HeiipoHOB 110 N BXO/JHBIX CUTHAJIOB }
OutSignals N {OnuH BBIXOHOM CUTHAJI HA HEHPOH }
Parameters N * NumberOf(Parameters, Hop)

Connections

End

{ITeprie NumberOf(InSignals, Hop) curnamos nepsomy HeHpoHYy, H T.I.}
InSignals[1..Sqr(N)] <=> Hop[1..N].InSignals[1..N]
{BBIXOTHBIC CHTHAJIBI HEHPOHOB - BEIXOTHBIC CUTHAJIBI CETH }
OutSignals[1..N] <=> Hop[1..N].OutSignals
{ITapameTpsI cI0s — IMTapaMeTPbl HEUPOHOB }
Parameters[1..N * NumberOf(Parameters, Hop)] <=>
Hop[1..N].Parameters[1.. NumberOf(Parameters, Hop)]

{Cetp Xondwmiaa u3 N HeHpOHOB}

Until Hopfield(N : Long) InSignals=OutSignals

Contents BLay(N,N),HLay(N) {Croit Todek BETBICHUS U CJIOW HEHPOHOB}
InSignals N {Uucno BXOAHBIX CUTHAIOB — N}
OutSignals N {Yuco BBIXOIHBIX CUTHAIOB — N}
Parameters N * NumberOf(Parameters,HLay(N)) {Uucno napamerpoB — N*N}
Connections

InSignals[1..N]<=> BLay.InSignals[1..N] {BXonHble CUTHAJIBI — TOYKAM BETBJICHHS |
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{BBIXOIHBIC CHT'HAJIBI HEHPOHOB — BBIXOJTHBIC CUTHAJIBI CETH }
OutSignals[1..N] <=> HLay.OutSignals[1..N]
Parameters[1..N*NumberOf(Parameters, HLay(N))] <=>
HLay.Parameters[1..N*NumberOf(Parameters, HLay(N))]
{BBIX0J TOUECK BETBJICHUS HAa BXOJ HEHPOHOB}
BLay.OutSignals[1..Sqr(N)] <=> HLay.InSignals[1..Sqr(N)]
HLay.OutSignals[1..N] <=> BLay.InSignals[l..N] {3ambIKaeM KOHEIT Ha HAYaJIo }
End

End NetLib

NetWork Hop Used SubNets; {Cerp Xondunna Ha NATh HCHPOHOB }

MainNet Hopfield(5)

Parameters 0, 0, 0, 0, 0, 0, 0,0, 0,0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0;

ParamMask -1, -1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1;
End NetWork

5.3.5.4 Coxpawenue onucanun cemu

[IpemnoskeHHBIN B IPEABIAYIINX pa3aenax s3bIK ONHMCAaHUS MHOTOCIIOBCH. B OONBIIMHCTBE CiTydaeB 3a
CYET XOpOIIeH CTPYKTYPH3ALHH CETH MOXHO OIYCTHUTH BCE pa3zesibl OMMCaHus OJI0Ka KpoMe paszeiia cocTaBa.
B manHOM pa3szmerne OMMCHIBAeTCS TeHEpalus MO0 YMOJYAHHIO Pa3lCNIOB ONMCAHWS CHTHAJIOB W IapaMeTpoB, U
ommcaHus CBs3ei. Vcmonp3oBaHME MEXaHM3MOB YMOJYaHHS ITTO3BOJIIET CHIIBHO COKPATHUTHh TEKCT OIMHCAHUS
CeTH.

5.3.5.4.1 Pasgen onucaHusi CUrHanoB 1 napameTpoB

Jliis BceX BHIIOB OJIOKOB YHCJIO MAapaMETPOB ONPEACIACTC Kak CyMMa YHCEIl MapaMeTPOB BCEX IMMOJICe-
TeH, MEPEYHCICHHBIX B Pa3Jielie OMMUCAHUS COCTaBa. DTO MOXKET MPUBOIUTD K JIMITHUM 3aIHCSIM, HO HE ITOBIUSICT
Ha paboTy cetu. [IpuMepoM JTHITHEH 3aITHCH MOXKET CITyKHTh TeHEpUpyeMas 3aITiCh:

Parameters M * NumberOf(Parameters,Branch(N))
B OIIMCAHMU CJIOA TOYEK BETBJICHUS, TOCKOJIBKY TOUKU BETBICHUS HE UMEIOT ITapaMeTPOB.

Urcno BXOAHBIX CUTHAIOB OJIOKa OMPEIeTSIeTCs IO CISTYIONTIM IIPABAIaM:

®  UIA CIIOS YUCIIO BXOJHBIX CHTHAJIOB PAaBHO CyMME YHCJIa BXOJHBIX CHT'HAJIOB BCEX MOJICETEH, mepeyuc-
JICHHBIX B pa3/iejic ONMCAHUs COCTABa;

® U KacKaJOB BCEX BHIOB YHCIIO BXOTHBIX CHTHAJOB OJIOKa PaBHO YHCITy BXOJHBIX CHTHAJIOB TIOZCETH,
CTOSIIIEH TIEPBOM B CIIMCKE MOJICETEN B pa3jiesie OMUCaHUsl COCTaBa
Urcno BEIXOAHBIX CHTHAJIOB OJIOKA OTIpEesieTCs MO CIEAYIOIINM IIPaBIIIaM:

®  UIA CIIOS YMCIIO BBIXOJHBIX CHTHAJIIOB PAaBHO CyMME YHCJIa BBIXOJHBIX CHTHAJIOB BCEX MOJCETEH, mepe-
YHCJICHHBIX B Pa3Jieiie OMMMCAHUS COCTABA;

® U KacKaZoB BCEX BHIOB YMCIIO BEIXOJHBIX CHTHAJIOB OJOKa PaBHO YHCIY BBIXOIHBIX CHTHAJIOB ITOJICE-

TH, CTOSIIIEH TIOCTIETHEN B CITUCKE MOJICETEN B pa3/iesie OMUCaHus COCTaBa;

OmnwmcaHust BceX ceTeil, MpUBEICHHBIC B MPEIBIAYIIEM pa3Jiesie MOTHOCTHI0O COOTBETCTBYIOT MPaBUIaM
reaepanui. B kadectBe Ooiee oOmiero mpuMepa MpUBEIEM pasfell ONHMCAHWS CHUTHAJIOB W IapaMeTpoB JBYX
YCIIOBHBIX OJIOKOB.

Layer A

Contents Netl, Net2[K], Net3

InSignals NumberOf(InSignals,Net1)+K*NumberOf(InSignals,Net2)
+NumberOf(InSignals,Net3)

OutSignals NumberOf(OutSignals,Net1)+K*NumberOf(OutSignals,Net2)
+NumberOf(OutSignals,Net3)

Parameters NumberOf(Parameters,Net])+K*NumberOf(Parameters,Net2)
+NumberOf(Parameters,Net3)

Cascad B
Contents Netl, Net2[K], Net3
InSignals NumberOf(InSignals,Net1)
OutSignals NumberOf(OutSignals,Net3)
Parameters NumberOf(Parameters,Netl)+K*NumberOf(Parameters,Net2)
+NumberOf(Parameters,Net3)
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5.3.5.4.2 Paspen onucaHua cBsisen

Pasnen onmcanus cBs3eit MOKeT OBITH pa30HT Ha MATH MOIPA3IEIIOB.

YcTaHOBICHHE CBSI3M BXOTHBIX CUTHAJIOB OJIOKA C BXOAHBIMU CHTHAJIAMHU TIOICETEH.

YcTaHOBIICHHE CBSI3M BEIXOJHBIX CUTHAIOB 0JIOKA C BEIXOTHBIMH CHTHAIAMH ITO/ICETEH.

YcTraHOBNICHHE CBSI3U MapaMeTpoB OI0Ka ¢ mapaMeTpamMu MOCEeTEH.

YcTaHOBICHHE CBSI3M MEXAY BBHIXOJHBIMH CHT'HAJAM{ OJHHX ITIOACETeH W BXOAHBIMH CHTHAJIAMH IPY-
TUX MOJICETEN.

5. 3ambIkaHue BBIXOJa OJI0KA Ha BXOJ OJIOKA.

Jist ciost pa3zien onucaHus CBSA3€i CTPOUTCS TI0 CIIEAYIONINM ITPABHIIAM.

1. Bce moxacetn moiy4aroT BXOIHBIC CHTHAIBI B TOPSIKE MEPEUYHCICHUS MOACETeH B pasfesie ONHUCaHUs
cocraBa — MepBas 4acTh MAaCCHBA BXOJHBIX CHTHAJIOB CIIOSI OTAAeTCS MEePBOM MOJICETH, CIeXyromas —
BTOpO# 1 T.I. Eciu kakas-m100 mozAceTs B pa3/ielie ONMMCAHMS COCTaBa yKazaHa ¢ HEKOTOPHIM HE PaB-
HBIM €QUHHUIC YHCIOM JK3EMIUIIPOB, TO CUUTACTCS, YTO PK3EMIULIPHI ATOM MOICETH MEPEUHCICHB B
CIIFICKE B TIOPSIIKE BO3PACTAHUSI HOMEpa.

2. BrvIXomHBIE CHTHANBI MOACETeH 00pa3ylOT MAcCHB BBIXOJHBIX CHTHAJIOB CJIOS TAaKXKe B IOPSIKE Iepe-
YHCIICHUS MOJICETEeH B pa3JieNe OMMCAHUSI COCTaBa — IIEPBas YacTh MAacCHBA BBIXOAHBIX CUTHAJIOB CIIOS
COCTOWT M3 BBIXOJHBIX CUTHAJIOB MEPBOH MOJICETH, CIEAyIOmas — BTOpoi u T.1. Eciu xakas-nmubo moa-
CeTh B pa3liesie OMMMCAHUS COCTaBa yKa3aHA C HEKOTOPHIM HE PaBHBIM €IMHHIIE YHCIIOM SK3EMIUIIPOB,
TO CYHTACTCA, UTO HK3EMIULIPHI 3TOW MOJCETH IMEPEUNCIICHEI B CITICKE B IOPSIKE BO3PACTaHUS HOMEpa.

3. Tlompa3szmernsl yCTaHOBIECHHUS CBSA3U MEXIy BBIXOJHBIMU CHTHAIAMHU OJHUX ITOACETEH M BXOJHBIMU CHT-
HaJIaMH JPYTUX TOACETeH 1 3aMBIKAHISI BBIX0/1a OJI0Ka Ha BXOJ IJIS CJIOSI OTCYTCTBYIOT.

Jiis Kacka/ioB pa3zes ONMCaHuUs CBA3EH CTPOUTCS IO CIEAYIOIINM IIpaBHiIaM:

1. BxomHble cUTHAJBI OJIOKA CBS3BIBAIOTCS C BXOJIHBIMH CUTHAJIAMH TIEPBOH MOJCETH B CITUCKE TTOJICETEH B
paszene onmcaHus cocTaBa. Ecim Ui mepBoii MOICETH yKa3aHO HE SAMHUIHOE YHCIIO SK3EMIUIIPOB, TO
BCE BXOJIHBIC CHTHAJIBI CBSI3BIBAIOTCS C BXOJHBIMU CHI'HAJIAMHU TIEPBOTO YK3EMIUIIPA MOICETH.

2. BrixomHbple cHUTHaIBI OJOKA CBSI3BIBAIOTCS C BBIXOJAHBIMHM CHTHAJIaMHU IOCIEIHEH MOICETH B CIHCKE
MOJICETEH B pa3jieNne ONMMCaHus cocTaBa. Ecnm mis mociemHer MoAceTH yKa3aHO HE eAWHHUYHOE YHCIIO
9K3EMIUIIPOB, TO BCE BBIXOIHBIC CUTHANBI CBSI3BIBAIOTCS C BRIXOJHBIMHU CHTHAJIAMH TTOCIIETHETO (C Mak-
CHUMAaJIbHBIM HOMEPOM) 3K3EMIUIIpa TOACETH.

3. MaccuB mapameTpoB 0JIoka 00pa3yeTcsi U3 MacCHBOB IIAPaMETPOB IOACETCH B MOPSIKE IIEPSUUCTICHHUS
MOJICeTEH B pasfelie ONMCaHMs COCTaBa — IEePBas YacTh MacCHBa MapaMeTpoB OJIOKAa COCTOUT U3 mapa-
METPOB TIEPBOH MOACETH, CIASAYIONIast — BTOpoil 1 T.1. Eciin kakas-mbo MoJCeTh B pasiese OMHCaHuUs
cocTaBa yKa3aHa ¢ HEKOTOPHIM HE PaBHBIM €AMHHIIEC YHCIIOM 3K3EMIUIIPOB, TO CUUTAETCS, YTO IK3EMII-
JISPBI 3TON TOACETH MEPEYHCIICHBI B CIIMCKE B IIOPSIKE BO3PACTAHHS HOMEPA.

4. BBIXOIHBIC CHTHAJIBI KaXIOW MOJICETH, KPOME TIOCIEAHEH CBS3BIBAIOTCS C BXOJHBIMU CHTHAJIAMH ClIe-
JyIOIIEH TIOJICETH B CITMCKE TOJICETEH B pa3jelie ONMUCaHus cocTaBa. Ecii kakas-mubo MoJceTh B pas-
JIeJie ONMCAHUS COCTaBa yKa3aHa ¢ HEKOTOPHIM HE PaBHBIM €IMHHMIIC YHUCIIOM 3K3EMIUIIPOB, TO CUUTACT-
51, 9TO IK3EMIUISPHI STON MOACETH MEPEUHCICHBI B CIIMCKE B TIOPSIKE BO3pACTaHUs HOMEpA.

5. Jnsa 6mokos tuma Cascad 3amMblkaHHe BbIXOJa OJIOKa HA BXOJ OJIOKa OTCYTCTBYyeT. J[Jist OJIOKOB THUIIOB
Loop u Until 3ampikanne BbIXOJa OJIOKa Ha BXOJ OJIOKA TOCTUTAETCS IyTEM YCTAaHOBJICHUS CBSI3EH Me-
KTy BBIXOTHBIMH CHUTHAJIAMH ITOCIIEIHEH IMOJICETH B CIIHMCKE ITOJACETeH B pa3jiesie OMMCAHUSI COCTaBa C
BXOJHBIMH CHUTHAJIaMH IIEPBOM MOJICETH B CITMCKE IOACETEH B pa3elie onucanus cocraBa. Ecnn kakas-
00 TO/ACeTh B pa3jelie ONMMCAHMS COCTaBa yKazaHa ¢ HEKOTOPHIM HE PAaBHBIM €IMHHUIE YHCIOM 3K-
3eMIUIAPOB, TO CYUTACTCS, YTO IK3EMIUIIPHI ATOHM MOJCETH MEPEUHCICHBI B CIIMCKE B MOPSIKE BO3pac-
TaHUI HOMEpa.

OnwmcaHust BceX ceTei, MpuBEACHHBIC B MPEIBIAYIEM pa3Jiesie MOTHOCTBI0O COOTBETCTBYIOT IPAaBUIaM
reepanui. B kadectBe Oojee oOmiero mpmMepa MpHBEAEM pas3/iel ONKCAaHWS CHTHAJIOB M IapaMeTpOB TPexX
YCIIOBHBIX OJIOKOB.

Layer A

Contents Netl, Net2[K], Net3

InSignals[1..NumberOf(InSignals,Net1 )+K*NumberOf(InSignals,Net2)
+NumberOf(InSignals,Net3)] <=> Netl. InSignals[ 1..NumberOf(InSignals,Net1)],
Net2[1..K].InSignals[ 1..NumberOf(InSignals,Net2)],

Net3.InSignals[ 1..NumberOf(InSignals,Net3)]

OutSignals[ 1..NumberOf(OutSignals,Net1)+K*NumberOf(OutSignals,Net2)
+NumberOf(OutSignals,Net3)] <=> Netl. OutSignals[1..NumberOf(OutSignals,Net1)],
Net2[1..K].OutSignals[1..NumberOf(OutSignals,Net2)],

Net3.0utSignals[ 1..NumberOf(OutSignals,Net3)]

bl el
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Parameters[1..NumberOf(Parameters,Netl)+K*NumberOf(Parameters,Net2)
+NumberOf(Parameters,Net3)] <=> Netl. Parameters[1..NumberOf(Parameters,Net1)],
Net2[1..K].Parameters[ l..NumberOf(Parameters,Net2)],
Net3.Parameters[1..NumberOf(Parameters,Net3)]

Cascad B

Contents Netl, Net2[K], Net3

InSignals[1..NumberOf(InSignals,Net1)] <=> Netl. InSignals[1..NumberOf(InSignals,Net1)]

OutSignals[ 1..NumberOf(OutSignals,Net3)] <=>
Net3.0utSignals[ 1..NumberOf(OutSignals,Net3)]

Parameters[1..NumberOf(Parameters,Netl)+K*NumberOf(Parameters,Net2)
+NumberOf(Parameters,Net3)] <=> Netl. Parameters[1..NumberOf(Parameters,Net1)],
Net2[1..K].Parameters[ 1..NumberOf(Parameters,Net2)],

Net[3].Parameters[ 1. NumberOf(Parameters,Net3)]

Netl. OutSignals[ 1. NumberOf(OutSignals,Net1)],
Net2[1..K].OutSignals[1..NumberOf(OutSignals,Net2)] <=>
Net2[1..K].InSignals[1..NumberOf(InSignals,Net2)],
Net3.InSignals[1..NumberOf(InSignals,Net3)]

Loop CN

Contents Netl, Net2[K], Net3

InSignals[1..NumberOf(InSignals,Net1)] <=> Netl. InSignals[1..NumberOf(InSignals,Net1)]

OutSignals[ |..NumberOf(OutSignals,Net3)] <=>
Net3.0utSignals[ 1..NumberOf(OutSignals,Net3)]

Parameters[1..NumberOf(Parameters,Netl)+K*NumberOf(Parameters,Net2)
+NumberOf(Parameters,Net3)] <=> Netl. Parameters[1..NumberOf(Parameters,Net1)],
Net2[1..K].Parameters[ 1..NumberOf(Parameters,Net2)],

Net[3].Parameters[ 1. NumberOf(Parameters,Net3)]

Netl. OutSignals[ .. NumberOf(OutSignals,Net1)],
Net2[1..K].OutSignals[1..NumberOf(OutSignals,Net2)] <=>
Net2[1..K].InSignals[1..NumberOf(InSignals,Net2)],
Net3.InSignals[1..NumberOf(InSignals,Net3)]

Net3.0utSignals[ 1..NumberOf(OutSignals,Net3)] <=>
Netl. InSignals[1..NumberOf(InSignals,Net1)]

5.3.5.4.3 YacTtu4iHo cokpalleHHoe onnucaHue

Ecmu onmcriBaeMBIit OJIOK TOJDKEH UMETH CBSI3H, YCTaHABIMBaeMbIe HE TaK, KaK ONMHCAHO B pa3z. «Pas-
JIeJT OTIMCAHUS CBS3Ci», TO COOTBETCTBYIOMIMI pa3Jes OMUCAHUS OJOKa MOXET OBITh ONHCAH SIBHO TOJHOCTBHIO
nr yacTugHO. Ecnm kako#t o pasfen omMcaH YacTHYHO, TO JEHCTBYET CIERYyIOIee MPAaBHIIO: TE CHTHAJIFI,
mapaMeTphl U UX CBSA3H, KOTOPHIE OTHMCAHBI SIBHO, OEPYTCS U3 SIBHOTO OMHCAHMS, a TS CUTHAJBI, ITapaMeTPhl ¥ MX
CBSI3H, KOTOpBIC HE (QUTYPUPYIOT B IBHOM OITUCAHUH OEPyTCS M3 OMHMCAHMA [0 yMOIYaHUIO. TaK, B IPUBEICHHOM
B pasn. «[Ipumep ommcanus OJIOKOBY OMHCAHUM CIIOSI TOYCK BeTBICHHS BLay HEBO3MOXXHO HCIOIB30BaHHE Te-
HEPUPYEMOTO 110 YMOJTYAHHIO IMOJIpa3/iesia YCTAHOBICHHS CBSA3M BBIXOIHBIX CHTHAJIOB OJIOKA C BXOJHBIMH CHT-

HaJlamu noaceTei. Bo3amoxxHO CJICOYIOIIECC COKPAICHHOC OIMMCAHKUE.

{Croit Todek BeTBICHHUS }

Layer BLay( N,M : Long)
Contents Branch(N)[M] {B cocrtas cyios BXoauT M TOYeK BETBJICHUS }
Connections

End

{BI)IXOZ[HBIC CHUT'HAJIbI B IOPAAKE HepBLIﬁ C Ka)K,Z[Oﬁ TOYKH BCTBJICHU:A, 3aTEM BTOpOﬁ nT.AO. }

OutSignals[1..N * M] <=> Branch[+:1..M].OutSignals[1..N]

{Konen onmcanus cnost Touek BeTBICHNS }

5.3.5.4.4 Tlpumep cokpallleHHOro onncaHus 6rokoB

ITpu ommcanuyu OGJIOKOB MCTIONB3YIOTCS AJIEMEHTHI, ONTMCaHHble B OnbaroTeke Elements, mpuBeneHHON B

paszn. "IIpumep ommcaHus 3IeMEHTOB" .

NetBibl SubNets Used Elements;

{CurMouIHBIH HEHPOH C MPOU3BOILHBIM CyMMaTOpoM Ha N BXOJIOB}

Cascad NSigm(aSum : Block; N : Long; Char : Real)
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{B cocrtaB xackaaa BXOJUT IPOU3BOJIBHBIN cyMMaTop Ha N BXOJOB M CUTMOMIHBIH HEHPOH
¢ Heo0yJaeMoi XapaKTepUCTHKOM |
Contents aSum(N), S NotTrain(Char)
End

{Crno#t curMOUIHBIX HEHPOHOB C MPOM3BOJILHBIME CyMMaTopaMu Ha N BXOJOB}
Layer Layl(aSum : Block; N,M : Long; Char : Real)
Contents Sigm: NSigm(aSum,N,Char)[M] {B cocrtas cyios BXoauT M HEHpPOHOB }
End

{Croit Touek BeTBICHHUS }
Layer BLay( N,M : Long)
Contents Branch(N)[M] {B cocrtas cyiost BXoauT M TOYeK BETBJICHUS }
Connections
{BBIXOTHBIC CHT'HAJIBI B MOPSIKE MEPBBIH ¢ KAXKIOW TOYKH BETBIICHUS, 3aTEM BTOPOM U T. 1. }
OutSignals[1..N * M] <=> Branch[+:1..M].OutSignals[1..N]
End

{TToJHBIH CcTIOW CUTMOUWJTHBIX HEHPOHOB C MPOU3BOJILHBIMUA CyMMaTOpaMu Ha N BXOJIOB}
Cascad FullLay(aSum : Block; N,M : Long; Char : Real)
Contents BLayl(M,N), Layl(aSum,N,M,Char) {Cnoii Touek BeTBICHHUS 1 CII0I HEHPOHOB}
End {Konen ormucanus ciosi CATMOUIHBIX HEHPOHOB C MPOU3BOJILHBIM CYMMAaTOPOM }

{CeTb ¢ CUrMOUIHBIMH HEHPOHAMH U ITPOU3BOJILHBIMH CYMMAaTOPaMH, CO/IEpIKALIIAst
Input — yncno HEMPOHOB HA BXOJHOM CJIOE;
Output — 9rcI0 HEHPOHOB HA BBIXOIHOM CJIO€ (YUCIIO BBIXOIHBIX CUTHAIOB);
Hidden — gucmo netiponoB Ha H>0 CKPBITHIX CIIOSX;
N — 4KCII0 BXOHBIX CUTHAIIOB
BCE BXO/IHBIE CUTHAJIBI ITOJIAOTCS HA BCE HEMPOHBI BXOAHOTO CIIOs }
Cascad Netl(aSum : Block; Char : Real; Input, Output, Hidden, H, N : Long)
{ITox Tpemsi pa3HBIMH IICCBIOHIUMAMH HCIIOJIB3YETCS OJTHA U TAXKE MOJICETh C Pa3HBIMU
napameTpami. Mcrnonb30BaHue NICEBJOHUMOB HEOOXOIUMO JIaXKe MPU COKPAIICHHOM
OIUCaHUM }
Contents
In: FullLay(aSum,N,Input,Char),
Hidl: FullLay(aSum,Input,Hidden,Char)
Hid2: FullLay(aSum,Hidden,Hidden,Char)[H-1] {ITycro npn H=1}
Out: FullLay(aSum,Hidden,Output,Char)
End

{[TomHOCBs3Has ceTh ¢ M cUrMOMIHBIMU HelipoHaMu Ha K TaKTOB (yHKIIMOHHPOBAHUS C
HEBBIJICIICHHBIM BXOJHBIM CJI0eM Ha M curHaioB. Bce mapameTpsl orpaHHYCHEI 110
a0COJIFOTHOMY 3HAYCHUIO CIIHUIICH }

Loop Circle(aSum : Block; Char : Real; M, K : Long) K

Contents
FullLay(aSum,M,M,Char)
ParamDef DefaultType -1 1
End

{[TomHOCBs3Has ceTh ¢ M cUrMOMITHBIMU HelipoHaMu Ha K TaKTOB (yHKIIMOHHPOBAHHUS C
BBIJICIIEHHBIM BXOAHBIM clIoeM Ha N cur"aios. Bce BXOHbBIE CUTHAJIBI IOJAIOTCS HA BXOJ,
KaXXJIOT0 HEHpPOHA BXOJIHOTO CJIOS }

Cascad Net2: (aSum : Block; Char : Real; M, K, N : Long)

Contents
In: FullLay(aSum,N,M,Char), {BxomHoi1 croii}
Net: Circle(aSum,Char,M,K) {TTonHOCBSI3HAS CETh }
End
Cascad Hopf(N : Long) {Heiipon cetn Xondunna u3 N HelpoHOB}
Contents Sum(N),Sign_Easy {CyMMaTOp ¥ TOPOTOBBIH JIEMEHT }
End

{Cnoit metiponoB Xondunma}
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Layer HLay(N : Long)
Contents Hop: Hopf(N)[N] {B cocrag cnos BxoauT N HEHPOHOB}
End

{Cerp Xondunaa u3z N HelipoHOB}
Until Hopfield(N : Long) InSignals=OutSignals
Contents BLay(N,N),HLay(N) {Cnoii Touek BETBJICHHS U CIIOW HEHPOHOB}
End

End NetLib

5.4 CmaHdapm emopo20 ypoeHsi KOMITOHeHmMa cemsb

B nanHOM pasnerne raaBbl PaCCMOTPEHBI BCE 3alIPOCHI, UCIIONHSIEMbIE KOMIIOHEHTOM ceTb. [Ipexne uem
NPUCTYMaTh K ONMUCAHHUIO CTaHAapTa 3alpoCOB KOMIIOHEHTA CETh CIEAYET BBIACIUTH BBHINOJIHIEMBIC UM (DyHK-
nun. UTo JoimKeH JenaTb KOMIOHEHT ceTb? OueBHIHO, YTO MPEXKE BCETO OH JOKEH YMETh BBITOIHITH TaKUe
¢byHKINY, KaKk QYHKIMOHHpOBaHUE Brepen (padoTa 0Oy4eHHOH ceTH) U Ha3all (BBIYMCICHHE BEKTOpA MOMPABOK
WM TpajyeHTa it 00y4eHHs), MOAEPHU3aLHUIO TapaMeTpoB (00y4YeHHe CeTH) M BXOJHBIX CHTHAIOB (00y4YeHue
npumepa). Kpome Toro KOMIOHEHT ceTh JI0JDKEH YMETh YHTaTh CETh C JIMCKa M 3aluchiBaTh ee Ha anuck. HeoO-
XO/IMMO TaK e MPeayCMOTPETh BO3MOXKHOCTh CO3/1aBaTh CETh U PEJAKTUPOBATh €€ CTPYKTYpY. DTH J1Be (DyHK-
LHOHAJbHBIE BO3MOXKHOCTH HE CBS3aHBI HANPSMYIO ¢ paboToi ((pyHKIMOHMpOBaHHEM U oOydeHnem) cetd. Ta-
KM 00pa3oM, He0OXOJUMO BBIJICITUTH CEPBUCHYIO KOMIOHEHTY — pelakTop cereil. KoMmoHneHT penakrop cerei
TIO3BOJISIET CO3/1aBaTh M M3MEHATH CTPYKTYPY CETH, MOIEPHHU3UPOBATH OOydacMble MapaMeTphl B «PYIHOM)
pexume.

5.4.1 3anpochl K KOMIIOHEHTE CeTh

3anpocs! K KOMIIOHEHTY CETh MOXKHO pa30WTh Ha ISTH TPYII:

OYHKIITMOHUPOBAHHUE.

H3MmeHeHue napaMeTpos.

Pabota co cTpykTypOii.

Nunnmanms pefakropa ¥ KOHCTPYKTOpa CeTei.

O6paboTka OmuooK.

[TocKOIBKY KOMIIOHEHT CETh MOXKET paboTaTh OJHOBPEMEHHO C HECKOJIBKHUMH CETSIMH, OOJIBIITHHCTBO
3aIpoCOB K CETH COAEPKaT SBHOE yKa3aHHWe MMeHH ceTH. OTMETHM, 4TO IpH TeHEpaIlH 3allPOCOB B Ka4EeCTBE
HMEHH CeTH MO’KHO YKa3bIBaTh MMs JI000# moxacetn. Takum oOpazom, mepapxudeckas CTPYKTypa CETH, OIH-
CaHHAs B CTAHAAPTE S3bIKA OMMCAHUS CETEH, MO3BOIIET PadOTATh € KaXKIBIM OJIOKOM FUTH 3JIEMEHTOM CETH Kak C
OTAENIbHON ceThio. Hike mpuBeieHO OINMcaHue BCEX 3alpocOB K KOMIIOHEHTY ceThb. Kaxnplil 3ampoc siBisieTcst
Jormdeckor (pyHKUIMEH, BO3BpaIIaonield 3HaYeHNEe WCTHHA, €CIIM 3alpoC BBINOIHEH YCIENHO, W JIOKb — IPH

Dk W=

Tabmmma 3.
3Ha4yeHus NpefoNnpeieNeHHbIX KOHCTaHT

Hazpanue Bennuuna 3HaueHue
InSignals 0 BxozaHbIe curHaIBI IPSIMOTO (DYHKIMOHUPOBAHHMS
OutSignals 1 BpIX0/1HBIE CHTHAIBI IPSIMOTO (DYHKIIMOHUPOBAHHS
Parameters 2 ITapameTpsl
InSignalMask 3 Macka 00y4aeMOCTH BXO/IHBIX CHTHAJIOB
ParamMask 4 Macka 00y4aeMOCTH MapaMeTPOB
BackInSignals 5 BxozHbIe curHassl 00paTHOTO PYHKIMOHUPOBaHUs (TIOTPaBKH)
BackOutSignals 6 BpIxoHBIE CHTHAIIBI 00paTHOTO PYHKIMOHHPOBaHUS (TIOTPaBKH)
BackParameters 7 ITonpaBku k mapaMeTpam
Element 0 Tun noaceTu — 3IEMEHT
Layer 1 Tun noxceru — cioit
Cascad 2 Tun nogcetu — npocToil Kackajg
CicleFor 3 Tun nogceTy — HMKI C 3aJaHHBIM YUCJIOM MPOXOJI0B
CicleUntil 4 Tun noaceTu — MUK 0 YCIOBHIO

OIMO0YHOM 3aBEPIICHUN MCIIONTHEHHUS 3aIpoca.
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IIpu BBI30BE psijia 3aIIPOCOB UCHONB3YIOTCS MPEAONpPEACICHHBIC KOHCTAHTHI. X 3HAYCHUS MIPUBEICHBI
B Ta0II. 3.

5.4.2 3anpocsl Ha QyHKIIHOHMPOBAHHE

JIBa 3ampoca mepBoOi I'pyMITBI MO3BOJISIOT MPOBOJUTE MpsIMOe M 00paTHOE (PYHKIMOHHPOBAHHE CETH.
[To cyTu 3TH 3ampoCckH SKBUBAJICHTHHI BBI30BY MeTo10B Forw u Back cetn mimu ee anemenra.

5.4.2.1 Buinoanums npamoe @ynxkyuonuposanue (Forw)

Onucanue 3amnpoca:

Pascal:

Function Forw ( Net : PString; InSignals : PRealArray ) : Logic;

C:

Logic Forw(PString Net, PRealArray InSignals)

Omnucanue aprymeHra:

Net — yka3zaresib Ha CTPOKY CHMBOJIOB, COAEPIKALIYIO UMsI CETH.

InSignals — MaccuB BXOJHBIX CUTHAJIOB CETH.

Hasnayenue — npoBoaut npsiMoe QyHKIIMOHUPOBAHKE CETH, YKa3aHHOU B rmapamerpe Net.

Omnucanue UCTIOIHEHHSI.

Ecmu Error <> 0, To BEIITOJIHEHHE 3ampoca MpeKpariaeTcs.

Ecnu B xauectBe aprymenra Net 1aH ImycToi ykasaTenb, WIM yKa3aTelb Ha MYCTYIO CTPOKY, TO HCIIOJI-

HSIOIIMM 3aIpOC OOBEKTOM SIBJISICTCS TIEPBasi CETh B CITUCKE CETeH KOMIOHEHTA CETh.

3. Ecnwm cimcok cetell KOMIOHEHTA CETh ITyCT WM UMSI CETH, TIepelaHHoe B apryMeHTe Net B 9TOM CITHCKe
He HaljieHo, TO Bo3HHMKaeT ommoOka 301 — HeBepHOE UM CETH, YIpaBieHHE Nepenaercss 00paboTunky
omuboK, a 00paboTKa 3ampoca MpeKpanacTcs.

4. BeibiBaercs Metox Forw cern, mMst KOTOpO# ObIIO yKa3zaHo B aprymenTe Net.

5. Ecnm Bo BpeMs BHIITOJIHEHHMS 3a1Ipoca BOSHUKAET OMIMOKA, TO TEHEPUPYETCsl BHYTPEHHss omnoka 304 -
omuoOKa NpsMoro (GyHKIIMOHUPOBAaHUS. YTpaBJIeHHE nepenaercsi 00paboTunKy ommoOoK. BrimonHenue
3ampoca npekpaniaercs. B mpoTHBHOM cilydyae BBIIOJIHEHUE 3aIIpoca YCIICIITHO 3aBEPILIAeTCs.

N —

5.4.2.2 Buinoanums oopamnoe @ynxyuonuposanue (Back)

Ornucanwue 3ampoca:

Pascal:

Function Back( Net : PString; BackOutSignals : PRealArray) : Logic;

C:

Logic Back(PString Net, PRealArray BackOutSignals)

Ornucanue apryMenTa:

Net — yka3zarenp Ha CTPOKY CHMBOJIOB, COAEPIKAIIYIO UMS CETH.

BackOutSignals — MaccuB ipon3BOIHBIX (DYHKITUH OIEHKH TI0 BEIXOJHBIM CHTHAJIAM CETH.

Haznauenue — npoBoauT oOpatHOe (PYHKIIMOHUPOBAHHE CETH, yKa3aHHOW B mapaMerpe Net.

OmnrcaHme NCTIOHEHHUS.

Ecmu Error <> 0, To BBITIOJTHEHHE 3ampoca MpeKpamaeTcs.

Ecmu B xauectBe aprymenTa Net gaH IMycTON yKa3aTeib, WM yKa3aTellb Ha IyCTYIO0 CTPOKY, TO MCIION-

HSIOIIAM 3aIpOC 00BEKTOM SIBIISIETCS NIEPBasi CETh B CIIMCKE CETEH KOMIIOHEHTA CETh.

3. Ecnum cimcok ceTei KOMIIOHEHTA CETh ITyCT WIIM UMS CETH, MIepeJaHHoe B apryMenTe Net B 3TOM CTHCKe
HE HalJIeHO, TO Bo3HUKaeT ommoOka 301 — HeBepHOE UMS CETH, yIpaBJIeHHE TepenaaeTcs 00padboTInKy
ommoOoK, a 06paboTKa 3armpoca mpeKpaniaeTcs.

4. BeseiBaeTcsa MeTo Back ceTu, nMs KoTopoii ObIJIO yKa3zaHo B aprymenTe Net.

5. Eciu Bo BpeMs BBIIOJHEHHS 3aIpoca BO3HUKAET OMMOKa, TO TEHEPUPYETCsl BHYTpeHH:s ommnoka 305 -
ommoOKka oOpaTHOTO (YHKIIMOHUPOBAHUS. YTpaBleHHe mepeaaetcs o0paboTunky omuOoK. BrimomaHe-
HHE 3a1poca MpeKpaaeTcs. B mpoTHBHOM citydae BBITIOHEHHE 3alIpoca YCIIEITHO 3aBEePIIaeTCs.

[N

5.4.3 3anpochbl Ha U3MEHEeHUE TAPpaAMeTPOB.

Ko BrOpoii rpymrie 3arnpocoB oTHOcsTCS deTbipe 3anpoca: Modify — Moxudukamms napamerpos, 00bI4-
HO Ha3biBaeMasi o0yueHnem, ModifyMask — moau¢ukanus macku o0y4aembix cunancos, NullGradient — oOHy-
nenue rpaguenTa u RandomDirection — creHepupoBaTh CilydaliHOE HalpaBJIeHHUE CITyCKa.

5.4.3.1 IIposecmu odyuenue (Modify)

Ornucanwue 3ampoca:
Pascal:
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Function Modify( Net : PString; OldStep, NewStep : Real; Tipe : Integer; Grad : PRealArray ) : Logic;

Net.

C:
Logic Modify(PString Net, Real OldStep, Real NewStep, Integer Tipe, PRealArray Grad)
Omnucanue apryMeHTOB:
Net — yka3zaresib Ha CTPOKY CHMBOJIOB, COAEPIKALIYIO UMsI CETH.
OldStep, NewStep — mapameTpsl 00y4eHUsL.
Tipe — onna u3 xoHcTaHT InSignals nim Parameters.
Grad — aspec MaccuBa MONPABOK MK ITyCTOM yKa3aTelb.

Hasnauenue — mpoOBOAUT 06y‘ICHI/I€ napaMeTpoB WJIN BXOJAHBIX CUT'HAJIOB CCTH, yKa3aHHOI71 B IapaMeTpe

Omnucanue UCTIOIHEHHSI.
Ecmu Error <> 0, To BEIITOJIHEHHE 3ampoca MpeKparaeTcs.
Ecnu B xauectBe aprymenra Net 1aH ImycToi yka3aTenb, WIM yKa3aTelb Ha MYCTYIO CTPOKY, TO HCIIOJI-
HSIOIIMM 3aIpOC OOBEKTOM SIBJISICTCS TIEPBasi CETh B CITUCKE CETeH KOMIOHEHTA CETh.
Ecnu crincok cerell KOMIOHEHTA CETh ITyCT WM UMl CETH, TIEpelaHHoe B apryMeHTe Net B 9TOM CITHCKe
He HaljeHo, TOo Bo3HHMKaeT omnOka 301 — HeBepHOEe UM CETH, YIpaBJieHHE Nepenaercs 00paboTunky
o1muboK, a 00paboTKa 3ampoca mpeKpanacTcs.
Ecmm apryment Grad comepuT ImycToi ykasareins, To MONpaBKy OepyTcs n3 MaccuBa Back.Parameters
wm Back.InputSignals B 3aBucuMocTu ot 3HaueHus aprymenTa Tipe.
B 3aBucuMOCTH OT 3HA4eHUs apryMeHTta Tipe I KaXIoro mapaMmerpa WIN BXOJHOTO CHUTHana P, mpu
YCIIOBHH, YTO COOTBETCTBYIOUIMH €My 3JEMEHT MAacKdh O0y4aeMOCTH, COOTBETCTBYIOILEH apryMeHTY
Tipe paBen -1 (3HaYeHHE UCTHHA) BBIIOJIHACTCS CIEAyIONIas NpoLeIypa:

P1=P*0OldStep+DP*NewStep.

Ecmu ans Tuma, KOTOpeIM OMHcaH mapameTp P, 3amaHbl MUHIMATEHOE M MaKCHMAIILHOE 3HAYCHUS,

TO:

P2=Pmin, mpu P1<Pmin

P2=Pmax, npu P1>Pmax

P2=P1 B mpoTUBHOM CiIyuae

5.4.3.2 Hzmenumw macky ooyuaemocmu (ModifyMask)

Ornucanwue 3ampoca:
Pascal:

Function ModifyMask( Net : PString; Tipe : Integer; NewMask: PLogicArray ) : Logic;
C:

Logic Modify(PString Net, Integer Tipe, PLogicArray NewMask)

Ornucanue apryMeHTOB:
Net — yka3zaresb Ha CTPOKY CHMBOJIOB, COAEPIKALIYIO UMSI CETH.
Tipe — omna u3 koHcTaHT InSignals nm Parameters.
NewMask — HOBast Macka 00y4aeMOCTH.

Haznauenmne — 3ameHsieT MacKy 00y4aeMOCTH MapaMEeTPOB MIIM BXOAHBIX CUTHAJIOB CETH, YKa3aHHOH B

napametpe Net.

N =

OnrcaHme NCTIOHEHHUS.

Ecmu Error <> 0, To BBITIOJTHEHHE 3ampoca MpeKpamaeTcs.

Ecmu B xauectBe aprymenTa Net gaH IMycTON yKa3aTeib, WM yKa3aTellb Ha IyCTYIO0 CTPOKY, TO MCIION-
HSIOIIAM 3aIpOC 00BEKTOM SIBIISICTCS TIEPBasi CETh B CIIMCKE CETEH KOMIIOHEHTA CETh.

Ecnu crimcok ceTelt KOMITOHEHTA CETh IYCT WIH UMl CETH, IiepelaHHoe B apryMeHTe Net B 37TOM CIIHCKE
HE HalJIeHO, TO Bo3HUKaeT ommoOka 301 — HeBepHOE UMS CETH, yIpaBJIeHHE TepeaacTcs 00paboTInKy
ommoOoK, a 00paboTKa 3armpoca mpeKpaniacTcs.

B 3aBucuMocTH OT 3HaueHUs mapaMerpa Tipe 3aMeHsSeT MacKy 0O0yd4aeMOCTH MapaMeTpOB WM BXOJ-
HBIX CUTHAJIOB Ha TIEpeAaHHyI0 B mapameTpe NewMask.

5.4.3.3 Oonyaums ecpaouenm (NullGradient)

Onucanue 3amnpoca:
Pascal:
Function NullGradient( Net : PString ) : Logic;
C:
Logic NullGradient(PString Net)
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OnucaHne apryMeHTOB:
Net — yka3arenb Ha CTpPOKY CUMBOJIOB, COAEPIKAIYIO UMS CETH.

Hasznauyenue — npon3BouT 0OHyJIEHHE TpaJUeHTa CeTH, YKa3aHHOH B mapameTpe Net.

Omnucanue UCTIOIHEHHS.

Ecmu Error <> 0, To BEIITOJIHEHHE 3a1poca MpeKparaeTcs.

Ecnu B xauectBe aprymenra Net 1aH ImycToi ykasaTenb, WIM yKa3aTelb Ha MYCTYIO CTPOKY, TO HUCIIOJI-

HSIOIIMM 3aIpOC OOBEKTOM SIBJISICTCS TIEPBasi CETh B CITUCKE CETeH KOMIIOHEHTA CETh.

3. Ecnwm cimcok cetell KOMIOHEHTA CETh ITyCT WM UMl CETH, NIepelaHHoe B apryMeHTe Net B 9TOM CITHCKe
He HaljeHo, TO Bo3HHKaeT ommOka 301 — HeBepHOEe UM CETH, YIpaBieHHE Nepenaercs o0paboTunky
o1muboK, a 00paboTKa 3ampoca MpeKpanacTcs.

4. Oo6nymstores maccuBbl Back.Parameters u Back.OutSignals.

N —

5.4.3.4 Cnyuaiinoe nanpaenenue cnycka (RandomDirection)

Ornucanwue 3ampoca:
Pascal:
Function RandomDirection( Net : PString; Range : Real ) : Logic;
C:
Logic RandomDirection(PString Net, Real Range)
Ornucanue apryMeHTOB:
Net — yka3zarenp Ha CTPOKY CHMBOJIOB, COAEPIKAIIYIO UMS CETH.
Range — oTHOCHTENBHAS MIMPHUHA HHTEPBAJIA, HA KOTOPOM JOJDKHEI OBITH pacipe/iesieHbl 3HaYeHHs CITy-
YalfHOM BEJIMYUHBI.

Haznauenue — reHepupyeT BEKTOP CIIyJaiHBIX ITOIPABOK K IMapaMeTpaM CETH.

OnrcaHme NCTIONHEHHUS.

Ecmu Error <> 0, To BBITIOJTHEHHE 3ampoca MpeKpamaeTcs.

Ecmu B xauectBe aprymenTa Net gaH IMycTON yKa3aTeib, MM yKa3aTellb Ha IyCTYIO0 CTPOKY, TO MCIION-

HSIOIIAM 3aIpoC 00BEKTOM SIBIISIETCS NIEPBasi CETh B CIIMCKE CETEH KOMIIOHEHTA CETh.

3. Ecnum cimcok ceTei KOMIIOHEHTA CETh ITyCT WIIM UMS CETH, MIepeJaHHoe B apryMenTe Net B 3TOM CTHCKe
HE HalJIeHo, TO Bo3HUKaeT ommoOka 301 — HeBepHOE UMS CETH, yIpaBJIeHHE TepeaacTcs 00paboTInKy
ommoOoK, a 00paboTKa 3armpoca mpeKpaniacTcs.

4. 3amemarot Bce 3HaueHMsI MaccuBa Back.Parameters Ha ciydaiinbsie BenmmuuHbl. MIHTEpBaA pacmpenene-
HUS CIyYaifHON BEIMUYWHBI 3aBUCHUT OT THIIA IapaMmeTpa, ykazaHHoro npu onucannu cetu (ParamType)
u aprymenTa Range. [lonymmprHa uHTEpBaia OmpenenseTcs Kak MpOoN3BeIeHIE NOMYIIUPUHBI HHTEP-
BaJIa JOMYCTHMBIX 3HAUEHHUH MapaMeTpa, yKa3aHHbBIX B pa3zaene ParamDef onmcanns ceTn Ha BETHUUHY
Range. MaTepBan pacnpenencHus CIy9aiHOW BETMUHHBI onpeaenseTcs kak [-[Tomymmpuna; [Tomymmm-
puHa].

N =

5.4.4 3anpocsl, padoTawiue co CTPYKTYpPOi CeTH.

K tperseil rpymnme OTHOCATCS 3alpoChl, MO3BOJSIOIIUE M3MEHATh CTPYKTYpY ceTu. HacTb 3ampocos
9TOH pyMNIBl ONKcaHa B pa3fl. "OcTanbHbIe 3apoch!”.

5.4.4.1 Bepuympw napamemput cemu (nwGetData)

Ornucanwue 3ampoca:
Pascal:

Function nwGetData(Net : PString; DataType : Integer; Var Data : PRealArray) : Logic;
C:
Logic nwGetData(PString Net, Integer DataType, PRealArray* Data)

Ornucanue apryMeHTOB:

Net — yka3zarenp Ha CTPOKY CHMBOJIOB, COAEPIKAIIYIO UMS CETH.

DataType — onHa U3 BOCBMH TIPEAOTIPEACICHHBIX KOHCTAHT, ONMMCHIBAIOIINX THIT JAHHBIX CETH.
Data — Bo3Bpariaemblii MacCUB rapaMeTpoB CETH.

Haznauenme — BO3BpamiaeT mapamMeTphl, BXOJHBIC WM BBIXOJHBIC CHTHAIBI CETH, YKa3aHHOW B apry-
MeHTe Net.
OnwcaHme NCTIOHEHHUS.
1. Ecnu B kauectBe aprymenTta Net 1aH mycToi ykaszaTenb, UM yKa3aTellb Ha MYCTYI0 CTPOKY, TO MCIIOJ-
HSIOIIAM 3aIpOC 00BEKTOM SIBIISICTCS NEPaBs CETh B CIIMCKE CETEH KOMIIOHEHTA CETh.
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2. Ecnu ums cety, nepenanHoe B aprymenTe Net He HalJIeHO B CITUCKE CETel KOMIIOHEHTa CETh MM STOT
CIHCOK ITyCT, TO BO3HHKaeT ommoOka 301 — HeBepHOE MM CETH, yIpaBJIeHHE NepenaeTcsi 00paboTunKy
o1muboK, a 00paboTKa 3ampoca mpeKpanacTcs.

3. Ecnwm 3nauenne, nepenanHoe B aprymente DataType Oosnblie ceMu WM MEHBIIE HyJS, TO BO3HHKAET
omubOka 306 — OMMOOYHBIN THII MapaMeTpa CETH, yIpaBJICHHE NepenaeTcst 00paboTYNKy OIHMOOK, a
00paboTKa 3ampoca mpeKpariaeTcs.

4. B maccuse Data Bo3Bpammarorcs ykazaHHble B aprymente DataType mapameTpsl ceTu.

5.4.4.2 Yemanoeumo napamempuol cemu (nwSetData)

Ornucanwue 3ampoca:
Pascal:

Function nwSetData(Net : PString; DataType : Integer; Var Data : RealArray) : Logic;
C:

Logic nwSetData(PString Net, Integer DataType, Real Array* Data)

Ornucanue apryMeHTOB:
Net — yka3zarelsib Ha CTPOKY CHMBOJIOB, COAEPIKALIYIO UMSI CETH.
DataType — oJjHa 13 BOCbMH MPEAONPEICICHHBIX KOHCTAHT, OMIMCHIBAIOIIMX THIT IAHHBIX CETH.
Data — MaccuB mapameTpoB JJIsl 3aMEILEHHUS TEKYIIEro MacCUBa MapaMeTPOB CETH.

Haznauenue — 3amemmaeT mapaMeTpbl, BXOJHBIE FIIH BHIXOJHBIE CUTHAIBI CETH, YKa3aHHOW B apryMEHTE
Net Ha 3HaueHust u3 maccusa Data.
OmnrcaHme NCTIOHEHHUS.

1. Ecnu B kauectBe aprymenTta Net 1aH mycTo ykaszaTenb, UM yKa3aTellb Ha MYCTYI0 CTPOKY, TO MCIIOJ-
HSIOIIAM 3aIpoC 00BEKTOM SIBIISIETCS NIEPBasi CETh B CIIMCKE CETEH KOMIIOHEHTA CETh.

2. Ecmu nMms cetu, nepenanHoe B apryMeHTe Net He HalJIeHO B CITUCKE CETel KOMIIOHEHTAa CETh MM 3TOT
CITUCOK TTyCT, TO BO3HUKaeT ommuoOka 301 — HeBepHOE MMl CETH, YIpaBlIeHHE TiepeaacTcsi 00paboTInKy
ommoOoK, a 00paboTKa 3armpoca MpeKpaniacTcs.

3. Ecnum 3Hauenue, nepeganHoe B aprymente DataType Ooinblie ceMu WM MEHBINIE HYJS, TO BO3HHKACT
ommbka 306 — OmMOOYHBIN THUI MapaMeTpa CeTH, yIpaBJIeHHE MepeaaeTcs o0paboTuyuKy OImMOOK, a
00paboTKa 3ampoca MpeKpamaeTcs.

4. 3HadeHus MapamMeTpoB (BXOJHBIX WM BBIXOJHBIX CUTHAJIOB) CETH 3aMEHSIOTCS Ha 3HAYCHHS U3 MaCCH-
Ba Data. Eciu nnmuHHBI MaccuBa Data HemocTaTouHO 71 3aMEHBI 3HAUYEHUH BCEX MapameTpoB (BXO-
HBIX WM BBIXOJHBIX CHUTHAJIOB), TO 3aMEIIAIOTCS TOJBKO CTONBKO JIEMEHTOB MAacCHBA IapaMeTPOB
(BXOIHBIX WM BBIXOTHBIX CHTHAJIOB) CKOJIBKO 3JIEMEHTOB B MaccuBe Data. Ecnu pimmaHa MaccuBa Data
OoJpIe JUTMHHBI MaccHBa IapaMeTPOB (BXOHBIX WM BBIXOAHBIX CHTHAJIOB), TO 3aMEHSIOTCS BCE 3JIe-
MEHTHI BEKTOpa IMapaMeTpoB (BXOAHBIX MM BBIXOIHBIX CHTHAIIOB), a JIMIITHHUE 3JEMEHTH MaccuBa Data
UTHOPUPYIOTCS.

5.4.4.3 Hopmanuzoeams cemwv (NormalizeNet)

Onucanue 3amnpoca:
Pascal:
Function NormalizeNet(Net : PString) : Logic;
C:
Logic NormalizeNet(PString Net)
Onucanue apryMeHTa;
Net — yka3zaresib Ha CTPOKY CHMBOJIOB, COAEPIKALIYIO UMsI CETH.

Haznauenue — HopManu3aIys CeTH, YKa3aHHOH B aprymeHTe Net.
OnvcaHue UCTIOTHCHHUS.

1. Ecnu B xauectBe aprymenta Net JaH MycTOW yKa3aTelb, WM yKa3aTelb Ha MyCTYI CTPOKY, TO HCIOJ-
HSIOIIAM 3aIPOC 00BEKTOM SIBIIICTCS MIEPBasi CETh B CIIUCKE CETEH KOMIIOHCHTA CETh.

2. Ecnu uMms ceTH, epeanHoe B aprymeHTe Net He HaliIeHO B CIIUCKE CeTel KOMIIOHCHTA CETh WU ATOT
CITHCOK ITyCT, TO BO3HUKaeT omuoOka 301 — HeBepHOE MMs CETH, YIIPaBIICHHUE MEPeaacTcss 00paboTUNKyY
oImuboK, a 00paboTKa 3ampoca mpeKpanacTcs.

3. U3 cetu ymansrooTcs CBS3H, UMCIOIINE HYJICBOH BEC M MCKIIOUYEHHBIC U3 o0y4eHus. Hymeparus curHa-
JIOB U TIAPAMETPOB COXPAHSIETC.

4. U3 CTPYKTYpHI CETH YAAISIOTCS «HEMBIC» YIaCTKU — 3JICMEHTHI U OJIOKH, BBIXOTHBIC CUTHAIBI KOTOPBIX
HE SIBIISTIOTCS BBIXOJHBIMH CHUTHAJIAMH CCTH B IIEJIOM M HE UCIIOJNB3YIOTCS B KAUECTBE BXOIHBIX CHIHA-
JIOB IPYTHUMH ToAceTssMU. Hymepalusi CHTHAJIOB B TapaMETPOB COXPaHICTCS.
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5. HpOI/I?)BO,HI/ITCSI 3aMCHa 3JIECMCHTOB, CTABHINX «ITPO3PAYHBIMWY — IIYTEM 3aMbIKaHUS BXOJHOI'O CHUT'HAJIa
Ha BLIXOHHOﬁ, YAQITAOTCA MPOCThIE OAHOPOJAHBIE CYMMATOPLI C OAHUM BXOAOM M TOYKH BETBJICHUA C
OIHUM BBIXOAOM; aJAallITUBHBIC OAHOPOAHBIC CYyMMATOPbI C OAHUM BXOAOM 3aMCHAIOTCA CHHAIICAMU.
HyMepaunﬂ CUT'HAJIOB U TapaMETPOB COXPAHACTCA.

6. B KaX10M HOE MMPpOU3BOAUTCA 3aMEHA UMCH HOHCGTeﬁ Ha IICCBAOHUMEI.

7. HpOI/I3BO,Z[I/ITC$I HN3MCHCHUC HyMEpAallMy CUTHAJIOB U MMapaMETPOB CCTHU.

5.4.5 OcrajabHble 3aIPOCHI

Hwxe npuBeieH CITUCOK 3aMPOCOB, HCITOJIHEHHE KOTOPHIX OMMCAHO B riaBe "OOmuii cTanmapt":
nwSetCurrent — CaenaTh ceTh TeKyeh
nwAdd — JloGaBneHue cetu
nwDelete — Y nanenue cetn
nwWrite — 3armmce ceTn
nwGetStructNames — BepHyTh MeHa moiceTeit
nwGetType — BepayTh THT IOACETH
nwEdit — PenaktnpoBaTh KOMIIOHEHTY CETh
OnError — YcTaHOBHTH 00pabOTIHK OMTHOOK
GetError — JIath HOMep OMUOKH
FreeMemory — OcBoOOAUTD MTaMSTh
B 3zanpoce nwGetType B nepemennoit Typeld Bo3Bpaimaercs 3HaueHUE OJHOHN M3 MpeIonpeaeIeHHBIX
KOHCTAHT, TIEPEYUCIICHHBIX B Ta0MI. 3.
Crnenyet 3aMeTuTh, uTo ABa 3ampoca nwGetData (ITomyunts mapamerpsr) m nwSetData (YcTaHoBUTH
rapaMeTpsl) UIMEIOT Ha3BaHWE, COBIAIAONISE ¢ Ha3BaHHWEM 3alpOCOB, ONMMCAHHBIX B TiaBe "OOmmii cTanmapt",
HO OHH UMEIOT APYTroil HabOp apryMeHTOB.

5.4.5.1 Owiubrku Komnonenma cemsp

B 1abn. 4 MPpUBCACH MOJIHEIN CIIUCOK OHII/IGOK, KOTOPbIC MOT'YT BO3HUKATH IPH BBIMIOJHCHUHN 3alIPOCOB
KOMIIOHCHTOM C€Th, U ZleﬁCTBPIH CTaHAapTHOT'O 06pa60T‘II/IKa OIIHOOK.

Tabnuua 4

O1mnOKY KOMIIOHEHTA CETh U JEWCTBHUS CTAaHAAPTHOTO 00pabOTYMKA OIIHOOK.
Ne | Ha3Banwue ommoOku CrangaptHas o0padoTka
301 | HeBepHoe nMs ceTH 3anecenue Homepa B Error
302 | OmmbKa CUNTHIBAHHS CETH 3anecenue Homepa B Error
303 | Ommbka coxpaHeHusl CeTH 3anecenue Homepa B Error
304 | Ommbka npsiMoro GyHKIIMOHUPOBAHUS 3anecenue Homepa B Error
305 | Ommbka 0OpaTtHOTO (HYHKIIHOHUPOBAHUS 3anecenue HoMmepa B Error
306 | OmmboYHBIHA THI TApaMeTpa CETH 3anecenue Homepa B Error
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