4. NMpepobpadboTunk

JlaHHas riiaBa 1MocBsIIeHa KOMIIOHEHTY NpenoopaboTuuk. B Hell paccMaTpuBaroTcsi pa3iMyHbIEe acek-
TBI TIPEeJOOPaOOTKHM BXOJHBIX AaHHBIX JUISl HEHPOHHBIX ceTei. CymiecTByeT MHOXECTBO Pa3sIMUHbIX BUIOB HEW-
POHHBIX ceTed (cM. raBy «OnncaHue HEWPOHHBIX ceTeit»). OnHako, il OOJMBIIMHCTBA HEHPOHHBIX CETeH Xa-
PaKkTEepHO HAJWYHE TAaKOTO WHTEpBala BXOIHBIX CHTHAJOB, B IIpeJeiiax KOTOPOTO CHUTHAIBI pa3inuuMbl. Jlis
Pa3IMYHBIX HEHPOHHBIX CETeH 3TH MHTEPBAIBI PAa3IMYHBL. BONBIIMHCTBO paboTalomMX ¢ HEHPOHHBIMHU CETSIMHU
MIPEKPacHO OCBEAOMJICHBI 00 ATOM MX CBOMCTBE, HO JI0 CHX MOpP HE IPEINPUHUMAIOCh HUKAKNX ITONBITOK Kak-
160 (opManIn30BaTh WIM YHH(DHUIMPOBATH IOAXOMABI K MpenoOpaboTke BXOMHBIX CHTHAJIOB. B maHHOM riaBe
JlaH OJIMH M3 BO3MOXKHBIX (POPMaJIM3MOB 3TOH 3amaud. 3a paMKaMH PacCMOTPEHHs ocTajach NpenodpadoTka
rpadudeckoil uHopmanuu. Hanbonee MoliHble M MHTEpPECHBIE CIIOCOOBI 00paboTKH Trpaduueckoit nHpopMa-
mu onucansl B [90]

4.1 OnucaHue npedobpabomuyuka

B st0li yacTu riaBel 6yﬂyT OIMMCAaHbl Pa3JINYHbIC BUAbl BXOJAHBIX CUTHAJIOB U CITIOCOOBI UX npea06pa-
0otku. B kauectBe npumepa 6y[[yT PacCMOTPEHBbI CETU C CUTMOUIHBIMU HEJIMHEHHBIMU Hp€06pa3OBaTeJ'IHMI/I.
OHHaKO, OITUCHLIBAEMEIE CITOCOOBI Hpe[[O6pa6OTKI/I MPUMCHUMBI JIL ceTeil ¢ MMPOU3BOJIbHBIMU HEJIMHEHHBIMU
Hp€06pa3OBaTeJ'IHMI/I. EZ[I/IHCTBCHHI)IM HUCKIIOUCHUCM SBJIACTCA pa3acit «OIICHKa CITOCOOHOCTH CETHU PpCUINTH
3agavy», KOTOpBIﬁ MNPpUMEHUM TOJIBKO 1A ceTell ¢ HeNMHEHHBIMH Hp€06pa3OBaTeJ'I${MI/I, HECOPECPBIBHO 3aBUCA-
IMUMHU OT CBOUX apryMCHTOB.

4.1.1 Heiipon

HetipoHbl, ucronb3yeMbie B OONBIIMHCTBE HEHMPOHHBIX CETeH, UMEIOT CTPYKTYpY, NMPHUBEICHHYIO Ha
puc. 1. Ha puc. 1 ucrmonb30Banbl ClIeAyONHEe 0003HAYCHUS:

X — BEKTOp BXOJHBIX CUTHANIOB HEHpoHa; a

Q! — BEKTOp CHHANTHYECKHX BECOB HEHpOHa;

2 — BXOJHOI cyMMaTOp HelpoHa; —0— P y
X 50— X

p= (Ot,x) — BBIXOJIHOM CHTHA BXOJHOTO CyMMATOPa;

O — QyHKIMOHAIBHBIN TpeoOpa3oBaTeb;

" N Puc. 1. [Ipumep Heiipona
) — BBIXOZHOM CHT'HaJl HEWpOHa. p p p

OOBIYHO HEHPOHHBIE CETH HA3bIBAIOT 10 BUAY (YHKLIUH G( p) . Xo-

POIIO U3BECTHLI U HanboJIee 4acTo HCHOJIB3YIOTCA ABa BJa CUTMOUIHBIX ceTeii:
Sy (7( p) = 1/ (l + exp(—cp)),

SH: a(p)zp/(c+|pi),

TJIe C - TapaMeTp, Ha3bIBaeMBbIil «XapaKTepUCTUKOH HelipoHay. O0e pyHKIMN IMEIOT ITOX0XKHE TPpaduKy.
Kaxxnomy Tumy HellpoHa COOTBETCTBYET CBOM MHTEPBAJ NPUEMIIEMbIX BXOAHBIX JaHHbIX. Kak mpasuio,
3TOT AMANA30H JH00 COBMAACT C JUANa30HOM BBIJABACMBIX BBIXOJHBIX CUTHAIOB (HAIIPHMEp AJISl CHTMOUIHBIX

HEHpPOHOB ¢ (QyHKIMEH Sl ), 6o sBIsieTcss 00BEAMHEHUEM NTMaNa30Ha BBIIABAEMBIX BBIXOJHBIX CHUTHAJIOB U
0Tpe3Ka, CHMMETPUYHOIO €My OTHOCHTENILHO HYJIs (HAlpuMep, JUisi CHTMOWIHBIX HEHPOHOB ¢ (yHKIMEi 52 ),

ITOT JArara3oH 6y,HCM 0003HaYaTh KaK [a, b]

4.1.2 Pa3anm4uMocTh BXOJTHBIX JAHHBIX

O4eBHAHO, YTO BXOAHBIC JaHHBIE JTOJDKHBI OBITh Pa3IMYUMEI. B maHHOM pasnene OymyT MpHUBEAEHBI CO-
oOpakeHHs, UCXOI U3 KOTOPBIX, CIIEAyeT BHIOMpATh AWANa30H BXOTHBIX MaHHBIX. [IyCTh OZHUM M3 BXOIHBIX
rapaMeTpoB HEHPOHHOW ceTH SABJISIETCs Temmeparypa B rpagycax KempBuna. Ecnu peds umeT o Temmeparypax

Tabuuma 1
Benuunna BxoaHOTO Heiipon tuna S 1 Heiipon tuna S 2
CHTHaJIa c=01] ¢=05 c=1 c=2 c=01 [ ¢c=05 c=1 c=2
250 1.0 1.0 1.0 1.0 ]0.99960 [0.99800 0.99602  10.99206
275 1.0 1.0 1.0 1.0 |0.99964 0.99819 0.99638  10.99278
300 1.0 1.0 1.0 1.0 |0.99967 0.99834 0.99668  10.99338
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ONM3KHMX K HOPMAaJIBHOH, TO BXOAHBIE CUTHAJBI n3MeHstoTes oT 250 o 300 rpaxycos. Ilycts curHan nogaercs
IpsSIMO Ha HEHPOH (CHHANTHYECKUH BEC paBeH eIWHHMIIE). BbIXoqHbIE CHTHAIBI HEHPOHOB C Pa3IMYHBIMH T1apa-
METpaMu MpHUBE/ICHbI B Ta0. 1.

CoBepIIEeHHO OYEBH/IHO, YTO HEHPOHHAs CETh IPOCTO HECHIOCOOHA HAYYMTHCS HAZEKHO Pa3InyaTh 3TH
CUrHaJIbI (eci BOoOIIe CriocoOHa HayduThesl MX pasnuyats!). Ecim ncrnons3oBaTh HEHPOHBI C BXOJHBIMHU CH-
Harcamy, He paBHBIMHU €JIMHUIIE, TO HEHPOHHAS CETh CMOXKET OTMACIITa0MPOBAaTh BXOIHBIE CUTHAJIBI TAK, YTOOBI
OHHM CTaIN Pa3IMYMMBI, HO IIpU 3TOM OyZeT 3a/1eiicTBOBaHA TOJBKO YACTh JIMalla30Ha MPHEMJIEMBIX BXOIHBIX
JIAaHHBIX - BCE BXOJIHBIE CUTHAJIBI OYy/yT MMETh OJMH 3HaK. Kpome Toro, Bce mojaBacMble CUTHAJIBI OyIyT 3aHH-
MarTh JIMIIb Myl 4acTh 3TOr0 Auana3oHa. Hampumep, ecian Mbl OTMacIITaOMpyeM TeMIlepaTyphbl Tak, YTOOBI
300 cooTBeTCTBOBAJIA BEIMYMHA CYMMapHOTO BXO/IHOT'O CHT'HaJIa paBHas | (BeJIMUMHA BXOIHOI'O CHHAIICa paBHA
1/300), To peanpHO MOJaBacMble CUTHAIBI 3aliMyT JIMIIb OJHY LIECTYIO 4acTh uHTepBaia [0,1] u oxHy nBeHa-
Anaryro uatepsana [-1,1]. Iloaydaemsle IpyU TOM NMPH 3TOM BEIUYMHBI BEIXOJHBIX CUIHAJIOB HEHPOHOB NpUBE-
JIEHBI B TA0JL. 2.

Tabiuma 2
BennuuHa BX0HOTO Heiipon tuna Sl Heiipon tuna S 2
CHIHaza c=0l1 [c=05] c=1 | ¢=2 1 ¢c=01|c=05]| c=1 | c=2
250 (0.83) 0.52074 | 0.60229 | 0.69636 | 0.84024 10.89286 | 0.62500 | 0.45455 [ 0.29412
275 (0.91) 0.52273 1 0.61183 | 0.71300 | 0.86057 §0.90164 | 0.64706 | 0.47826 |0.31429
300 (1.0) 0.52498 | 0.62246 | 0.73106 | 0.88080 § 0.90909 | 0.66667 | 0.50000 | 0.33333

CurHaisl, IpUBEACHHBIE B Ta0J. 2 pasiM4alOTCs HAMHOTO CHIIBHEE COOTBETCTBYIOLIMX CHUTHAJIOB M3
Tabn. 1. Takum 00pa3oM, HEOOXOIMMO 3apaHee M03a00TUTHCS O MACIITAOMPOBAHUH M CIBUTE CUTHAIIOB, YTOOBI
MaKCHUMAJILHO IIOJIHO HCIIONB30BaTh JHAIa30H MPUEMIIEMBIX BXOIHBIX CUTHaNIOB. OIBIT MCIIOJIb30BAaHMS HEH-
POHHBIX CeTell ¢ BXOAHBIMH CHHAIICAMU CBHIETENBCTBYET O TOM, YTO B IOJABJIAIONIEM OONBIIMHCTBE CIIy4acB
IpeIBapuTeIbHOe MAcliTaOUPOBAaHHWE W CABUT BXOAHBIX CHUTHAJIOB CHJIBHO O0jerdaer oOyueHHe HEeHpOHHBIX
cereil. Ecnm 3apanee mpousBecTH onepanyy MacmTaOHMpOBaHHA M CIOBHIA BXOJIHBIX CHIHAJIOB, TO BEIMYMHEI
BBIXOJHBIX CUTHAJIOB HEHPOHOB Aake IPH OTCYTCTBHH BXOIHBIX CHHAIICOB OYIyT pa3iM4aThCcs €Il CHIIbHEe
(cm. Tabu. 3).

Tabmmuna 3
Bennuuna BX0HOTO Heiipon tuna Sl Heiipon tuna S 2
CHTHana c=0l1 [c=05] c=1 | ¢c=2 1 ¢c=01|c=05]| c=1 | c=2
250 (-1) 0.47502 | 0.37754 1 0.26894 [ 0.11920 ] -0.9091 | -0.6667 | -0.5000 | -0.3333
275 (0) 0.50000 | 0.50000 | 0.50000 | 0.50000 § 0.0000 [ 0.0000 | 0.0000 | 0.0000
300 (1) 0.52498 | 0.62246 | 0.73106 | 0.88080 | 0.9091 | 0.6667 [ 0.5000 | 0.3333

BennunHy nuana3oHa pasaMYMMBIX BXOJIHBIX CUTHAJIOB MOXKHO OIPEAEIATh PA3IMUHBIMU CIIOCOOaMU.
Ha npaxtuke B kauecTBe JUana3oHa Pa3iINIMMbIX BXOJHBIX CUTHAIOB OOBIYHO HCIIONIB3YETCs JHana30H IpHeM-
JIEMBIX BXOAHBIX JJAHHBIX, UCXOJS U3 TOTO COOOPaKEHUsI, YTO €CIHM JAHHBIC M3 3TOT0 MHTEPBAla XOPOIIM IS
MIPOMEKYTOYHBIX HEHPOHOB, TO OHU XOPOILH U JUISl BXOJHBIX.

Jpyroi coco6 ompeneneHust pa3IMuUMOCTH BXOJHBIX CUTHAJIOB MpUBEACH B pasgene «OIeHKa cIio-
COOHOCTH CETH PEIINTH 3a1auy».

4.1.3 Kunaccupukanuss KOMIIOHEHTOB BXOJIHbIX JAHHbIX

Wudopmanus nocrynaer Kk HEHPOHHOH ceTH B BUIE HA0Opa OTBETOB Ha HEKOTOPBII CIIMCOK BOIIPOCOB.
MO>KHO BBIZIEINUTH TPU OCHOBHBIX THIIA OTBETOB (BOIIPOCOB).
1. BuHapHbI npu3HAK (BO3MOXKEH TOJBKO OJIMH U3 OTBETOB — UCTHHA WU JIOXKB).
2. KagecTBeHHbIH npU3HAK (TPUHUMAET KOHEYHOE YHCIIO 3HAUYCHHH).
3. Yucno.
OTBeT Tuna Ka4YeCTBEHHBII NMPU3HAK - 3TO OTBET C KOHEUHBIM YHCIOM cocTosHui. [Ipuuem Henb3s BBe-
CTH OCMBICJIEHHOE PACCTOSHHE MEXIY COCTOSHHAMU. [IpuMepoM KauecTBEHHOIO MPU3HAKA MOXKET CIYXKHUTh
cOCTOsTHHE OOJIBHOTO - TSDKEIIBIN, CPEIHUH, JIerkuil. JIeHCTBUTENbHO, HEIb3sI CKa3aTh, YTO PACCTOSIHUE OT JIETKO-
ro OOJIBHOTO JI0 CPEAHETO OOJIBIIE, MEHBIIIE MM PABHO PACCTOSHHIO OT CPEHEr0 OOIBHOTO JI0 TSKEIIOTO.
Bce xauecTBeHHBIE TPU3HAKH MOKHO B CBOIO OUepe/ib pa30OUTh Ha TPH Kilacca.
YnopsnoueHHbIe IPU3HAKH.
HeynopsnoueHnsle npu3HaKu.
3. YacTuuHO ynopsA04YeHHbIE NPU3HAKH.

N —
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YHOpsAIOYeHHBIM MPHU3HAKOM HA3BIBACTCS TAaKOM MPH3HAK, JJIS JIOOBIX JBYX COCTOSHHHA KOTOPOTO
MOXHO CKa3aTh, YTO OJHO W3 HHUX NPEANICCTBYET APYyroMy. TOT (pakT, 4TO COCTOSHHE X TPEAIICCTBYET CO-
CTOSIHMIO ), OyzieM 0003Hauath ciefyrommM oopazom — X < ). [IpuMepoM ynopsijoueHHOro Mpu3HaKa MOXET

CIyXHTb COCTOSTHHE 0OJIBHOTO. /IeiCTBUTEIBHO, BCE COCTOSIHUSI MOYKHO YIOPSIIOYHTH 10 TSDKECTH 3a00JICBaHUS:
Jerkui 0oNbpHON < cpeHni O0JIBHOM < TSHKENbIH O0JIBHOM

IIpu3Hak Ha3bIBAIOT HEYNIOPAJOYEHHBIM, €CII HUKAKUE BA COCTOSIHUS HEIIb3s CBSI3aTh €CTECTBEHHBIM B
KOHTEKCTE 3a/laud OTHOLIEHUEM mnopsiaka. [IpuMepoM Heynopsao4eHHOro MPU3HAKA MOXKET CIYXKHUTh OTBET Ha
Borpoc "Bamr mo0uMeIi 1BeT?".

IIpu3Hak Ha3BIBA€TCSA YACTUYHO YHOPSIOUYEHHBIM, €CIM JUIS KaXAOTO COCTOSHHSI CYILECTBYET IPYroe
COCTOSIHUE, C KOTOPhIM OHO CBSI3aHO OTHOLIEHUEM nopsaxa. [IpyMepoM 4acTHYHO yNOpsAAOYEHHOrO MpU3HAKa
siBysieTcst oTBET Ha Bonpoc "Kakoii et Bol BuanTe Ha 3xpaHe MoHUTOpa?", mpecaeaAyouii Lelb ONpeleIeHue
BOCIIPUMMYHMBOCTH K MHTEHCUBHOCTSIM OCHOBHBIX LIBETOB. J[€HICTBUTENBHO, BCE MHOXECTBO W3 HIECTHAALATU
COCTOSIHHH pa30uBaeTcs Ha HECKOJIBKO IEMOYeK:

UYepnsiii < Cunnii < 'omy6oii < Benbrii;

Uepnsiii < KpacHslii < SIpko kpacHbli < benslii;

UepHnsiii < 3enenslii < fIpko 3enensiit < beblii;

UYepnsiii < @uonetosslii < SIpko ¢uonerosiit < bemnbiii
u T.1. OnHako, Mexay coctossHussMU Cunuil 1 KpacHbli OTHOILIEHUS TOPAIKA HET.

W3zBectHO, uTO 1000 YaCTUYHO YHOPSAIOYEHHBIH NPU3HAK MOXKHO NPEACTABUTH B BUJIE KOMOMHAIIMN
HECKOJBKUX YHMOPSAOUYEHHBIX U HEYHNOPSIOYEHHBIX NPU3HAKOB. Tak, pacCCMOTPEHHBIN BBIIIE YACTHUHO YIOPS-
JIOUEHHBIN MPHU3HAK PacHaJaeTcs Ha TPHU YHOPSIOYEHHBIX NPU3HAKA: MHTEHCUBHOCTh CUHErO, KPACHOTO U 3ele-
HOTO 1BETOB. Kak/bIii M3 3THX MPU3HAKOB SBISIETCS YHOPSAOUYECHHBIM (LETIOYKH MOPSIKa ISl 9TUX IPU3HAKOB
TIPUBEJICHBI B TIEPBBIX TPEX CTPOUKAX paccCMOTpeHMs mpumepa). Kakmoe cocTosiHue MCX0MHOTO KaueCTBEHHOTO
IIPU3HAKA OMUCHIBAETCS TPOUKOH COCTOSIHMI MOJIyYEHHBIX Kau€CTBEHHBIX MPU3HAKOB. Tak, HalIpuUMep, COCTOS-
Hue duonerorrit onmceiBaetcs B Buae (Cunuit, KpacHsiid, UepHbIit).

Hcxons u3 BhlIecKa3aHHOTO, Jlajiee OyJeT pacCMOTPEHO TOJBKO KOJMPOBAHUE YIOPSIOYCHHBIX U He-
YHOPSIOYEHHBIX IPU3HAKOB.

4.1.4 KoaupoBaHne OMHAPHBIX IPU3HAKOB

buHapHbIe pU3HAKKA XapaKTEPU3YIOTCS HAIMYUEM TOJBKO JBYX COCTOSHHN — MCTHHA U JIOKb. OJHAKO
JlaKe TaKhe MPOCThIe JaHHBIE MOT'YT UMETh JIBA Pa3HbIX CMbICIA. 3HAUEHNE UCTHHA 03HAYACT HAIMYUE Y OIHCHI-
BaeMOro 0OBEKTa KaKOro-THO0 CBOMCTBA. A OTBET JIOXKB MOKET 03Ha4aTh Jr00 (1) oTCyTCTBHE 3TOTO CBOICTBA,
0o (2) HamM4YMe APYroro CBOMCTBA. B 3aBUCHMOCTH OT CMBICTIOBOI HAarpy3KH 3HAUEHHS JIOKb, M YIUTHIBAS
3aJIaHHBIA JHAaNa30H [a, b], PEKOMEHIyeMbIe CITOCOOBI KOAMPOBAaHUS OMHAPHOTO MPHU3HAKA MPHUBEICHBI B TAOII.

4.

Tabnuma 4
KoaupoBanue OMHAPHOTO MTPH3HAKA
CMBICIT 3HAYEHHS JTOKD Bennuunaa BXOIHOTO CHTHAIIA IS 3HAYEHHUS
NPHU3HAKA
Wctuna JIoXb

OtcyTeTBHE 3afanHoro caoiictea mpu b =0 a 0

OtcyTcTBHE 3a1aHHOTO cBoiicTBa pu b # 0 b 0

Hanuuue npyroro coiicta b a

4.1.5 KoaupoBaHue HeynoOpsiI0YCHHBIX KAUYeCTBEHHbIX IPU3HAKOB

[MockonbKy HHKaKue JBa COCTOSIHHS HEYNOpPSIo-

Tabauma 5.

YCHHOI'0 IIpU3HAKa HE CBA3aHbI OTHOLICHUEM IIOpAAKa, TO

ObUIO OBl HEPa3yMHBIM KOIUPOBATh UX Pa3HbIMU BEJIMYMHA- Kozuposanue Heynopsn04eHHOro

Ka49CCTBCHHOT'O IPHU3HaKa

MU OJHOTO BXOJHOI'O CUI'Haja HeHpoHHOW ceTu. Ilostomy,

IS KOJMPOBAHMS KAueCTBEHHBIX TPHU3HAKOB PEKOMEHIYET- Cocrosrne | BEKTOp BXOAHBIX CHIHATOB
¢ UCHOJb30BaThb CTOJIBKO BXOJHBIX CHUIHAJIOB, CKOJIBKO o] (b,a ,a ,...,a)
COCTOSIHUH y 3TOr0 Ka4eCTBEHHOTO MpH3HaKa. Kakislit o (a b.a a)
BXOJIHOM CHUTHaJl COOTBETCTBYET OIPEIEIEHHOMY COCTOS- 2 o

mmo. Tak ecm HaGOp BCEX COCTOSHHiT PaccMaTpPHUBAEMOTO a, (a,a,...,a,b)
MpHU3HaKa 0003HAYUTH Yepe3 O 1,2 5...,04 , TO PCKOMEH-

JryeMasi TabJIHIla KOJTUPOBKU UMEET BU, IPUBEICHHBIH B Ta0M. 5.
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4.1.6 KoaupoBaHue ynopsii04eHHbIX YACTHBIX IPU3HAKOB

yHOpHI[O‘ICHHBIe YaCTHBIC IIPU3HAKH, B OTIMYHEC OT

HEYNOPSIIOUYEHHBIX, MMEIOT OTHOILIEHUE NOpsAAKa MEXIy Tabnuua 6.
cocrostHuAMHE. OIHAKO KOJUPOBAHWE WX PAa3HBIMU 3HAYe- KompoBaH#e yropsi[04eHHOTo
HUSIMH OJHOIO BXOAHOI'O CHTHaJIa HEPa3yMHO M3-3a TOTO, Ka4YeCTBEHHOTO IPH3HAKA

YTO PACCTOSHUE MEXIY COCTOSHUSMU HE OIPEAENCHO, a CocTosHue BexTop BXOAHBIX CUTHAJIOB
Takoe KOJMPOBAHWE 3TH PACCTOSHHS 3a/JaeT SBHBIM 00pa-

3oM. I[loaTOMy, ynopsiiodeHHbIE YacTHbIE NMPU3HAKH PEKO- 2 (b’a’a""’a)
MEHJYETCsl KOIUPOBaTh B BHUJE CTOJBKUX BXOJHBIX CHIHa- an (b, b,a,. ..,a)

JIOB, CKOJIBKO COCTOSIHMM y mnpu3Haka. Ho, B oTiauume oT

HEYNOPSIOUYECHHBIX IPU3HAKOB, HAKAIUIMBATh YUCJIO CHUTHa- Op (b b ,...,b,b)

JIOB C MaKCHUMaJlbHBbIM 3HaueHueM. [l cirydas, Korga Bce
COCTOAHHUA 0003HaYeHHl yepes | < &y <...< d, peKo-

MeHyeMas TabinIa KOJUPOBKHY NpHUBEIeHa B Ta0I. 6.

4.1.7 YucjioBble NPU3HAKH

IIpu npenoOpaboTKe YUCICHHBIX CHUTHAJIOB HEOOXOJMMO YYUTBHIBATh COJEpIKATEIbHOE 3HAUCHUE MPH-
3HaKa, PACIOJIOKCHUE 3HAUYCHHI MpHU3HAKA B MHTEpBaJie 3HAYCHH, TOUHOCTh U3MEPEHUs 3HAUCHHH MpH3HAKA.
[TponeMOHCTpUpPYEM ITO Ha IPUMEpax.

Cooepoicamenvroe 3nauenue npusnaxa. Ecnn BXOAHBIME JaHHBIMU CETH SBJISAETCS YTOJ MEXAY ABYMS
HaINpaBJIeHUSIMH, HAPUMeED, HaNpaBJICHUE BETPa, TO HA B KOEM Cllydae He cJeyeT NOoAaBaTh Ha BXOJ| CETH 3Ha-
YeHre yria (He BaXKHO B Tpajycax WM paauaHax). Takas momada MpuBeAET K HEOOXOIUMOCTH "ysICHEHUS" ce-
TBI0 TOTO (hakTa, uro 0 TpamycoB u 360 rpamycoB omHO U TOXe. PasymMHee BBHITTSANT Mogada B Ka4eCTBE BXOJ-
HBIX JAHHBIX CHHYCa M KOCHHYCA 3TOro yria. Yncio BXOAHBIX CUTHAIIOB CETH YBEINYMUBACTCS, HO 3aTO ONU3KHE
3HAUEHHMSI MPU3HAKA KOJUPYIOTCS OJM3KUMH BXOJHBIMH CHIHAJIAMH.

Tounocms usmepenust npusnaxa. Tak B METEOPOJIOTHH UCIIONIB3YETCSl BCETO BOCEMb HAINPABJICHHH BET-
pa. 3HauuT, NpH MMoJa4ye BXOJAHOTO CHI'HANA CETH HEOOXOAMMO MOJaBaTh HE YroJl, & BCEro JIMIIb HHPOPMALHIO O
TOM, B KaKOi W3 BOCHMHU CEKTOPOB 3TOT YroJi momaaaer. Ho Torna uMeeT CMbICT paccMaTpUBaTh HAIPaBICHUE
BETpa He KaK YUCIIOBOM MapaMeTp, a Kak HeyMopsI0YeHHbII Ka4eCTBEHHBIH MPHU3HAK C BOCEMbIO COCTOSHHUSMH.

Pacnonosicenue snauenuil npusnaka ¢ unmepsaie suavenuti. Cienyer pacCMOTPETh BOIIPOC O PaBHO-
3HAYHOCTH M3MEHEHHs 3HA4YCHUs MPH3HAKa Ha HEKOTOPYIO BEIMYHMHY B Pa3HbIX YacTAX MHTEpBaja 3HAYCHUM
npu3Haka. Kak mpaBuiio, 3TO CBSI3aHO C KOCBEHHBIMH H3MEPEHHUSIMH (BMECTO OJHON BEIMYMHBI U3MEPSIETCS
npyras). Hampumep, cuia NPUTSDKEHUST JBYX HEOECHBIX Te HPHU YCJIOBHH MOCTOSHCTBA MACChl OJHO3HAYHO
XapaKTEepU3yeTCsl pacCTOSTHUEM Mex Ty HUMU. [1ycTh paccMmarpuBaroTcs paccrostaus ot 1 1o 100 meTpos. Jlerko
MOHSTh, YTO MPU U3MEHEHUH PAcCTOSHUS ¢ 1 10 2 METPOB, CHJIa MPUTSDKSHUS] K3MEHHUTCS B YEThIpE pasa, a MpH
mmereHnu ¢ 99 1o 100 metpoB — B 1.02 paza. CnemoBaTensHO, BMECTO IMOAAYN PACCTOSHUS CIEAYeT MOoaBaTh

0OpaTHBIA KBaApaT paccTosHus C' = 1/ 6’2 .

4.1.8 Ilpocreiimas npenodpadoTka YMCIOBBLIX NPU3HAKOB

Kak yxe ormeuanocs B pazjene «Pa3iuduMoCcTh BXOJHBIX JTAHHBIX)» YHCIIOBBIC CUTHAIBI PEKOMEHIYET-
cs1 MacIiTabupoBaTh U CABUTATh TaK, YTOOBI BECh JAMANA30H 3HAUCHUH TOMaal B TUaNa30H IPHEMIIEMbIX BXOJI-
HBIX CUTHAJIOB. DTa IpenodpaboTka mpocTa U 3a1aeTcs Cleayromeil GopMymoi:

(c — Cmi )(b - a)
min
c' = +a, €))
(Cmax ~ Cmin )

rmae [a, b] - IUana3oH MPUEMIIEMBIX BXOJHBIX CUTHAJIOB, [cmin R cmax] — IWaNa30H 3HAYCHUHN NpH3HaKa C, C'

— mpeaoOpaboTaHHbIi CUTHAN, KOTOPBIA OyAeT moiaH Ha BXoj ceTH. [IpenoOpaboTKy BXOJHOTO CHIHANA IO
¢dopmyne (1) Oyznem Ha3bIBaTh MPOCTEHILIEH TPe10OPaOOTKOIM.
4.1.9 OueHka cnoCOOHOCTH CeTH PELIMTH 32124y

B JaHHOM pasficijic pacCMaTpruBarOTCA TOJBKO CCTH, BCC IJICMCHTBI KOTOPBIX HEIIPCPBIBHO 3aBUCAT OT
CBOUX aprymMecHTOB (CM. TJ1aBy «Onncanue HeﬁpOHHLIX ceTeﬁ>>). Hpe,unonaraeTCﬂ, YTO BCC BXOJHBIC JAaHHBIC
npe[[06pa60TaHLI TaK, YTO BCC BXOJHBIC CHUTHAJIbI CCTH JICKAT B JUAIIA30HC MPUCEMIIEMbIX BXOAHBIX CHUI'HA-

i i
JIOB [a, b]. BysieM 0603HayaTh BEKTOpa BXOJHBIX CHUTHAJIOB Yepe3 X', a TpeOyeMmble OTBETHI CETH uepe3 f .

KomnoHeHTHI BEKTOPOB 6y£[eM 0003HaYaTh HHUYKHUM UHACKCOM, HAIIPpHUMEP, KOMIIOHEHTBI BXOIHOI'O BEKTOpa
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i
qepes )Cj . By,ueM [oJjaraTrb, 4TO B KaXJA0OM MPUMEPE OTBET ABJIICTCA BEKTOPOM YHCECI U3 AHalla30Ha IIpUeMIic-

MBIX CHTHAJIOB [a, b]. B cnyuae oOydenns cetu 3amade KiaccH(UKAMU TpeOyeMBIH OTBET 3aBHUCHUT OT BHIA

HCTIOJIB3YeMOT0 HHTEPIIpeTaTopa oTBeTa (CM. riaBy «OreHka U IHTepnpeTaTop OTBETay).

HelipoHHas CeTh BBIMHUCISET HEKOTOPYIO BEKTOP-QYyHKIMIO F OT BXOAHBIX CHTHAIOB. DTa (yHKIHUS
3aBUCHT OT IapameTpoB ceTd. OOydeHne ceT COCTOMT B IOAOOpE Takoro Habopa mapaMmeTpoB CETH, YTOOBI

i i . o
BEJIMYMHA Z(F j(x )— f j) ObUTa MMHMMAIIBHOH (B HMzeane paBHa Hymo). [t Toro 4roObl HeHpoHHAs
i,j
CETh MOTJIa XOPOIIO MPUOIHM3UTE 3a/aHHyI0 TabanuHo GyHKIMIo f HE00XOMMMO, YTOOI pealu3yemMas CEThIO

(byHKHI/IH F pu UBMCHCHUUN BXOJHBIX CUTHAJIOB C xl Ha X‘] MorJjia U3SMCHUTb 3HAYCHUC C fl Ha f‘] . Oue-
BUAHO, YTO HanboJIee TPYAHBIM JIE CETU JOJIZKHO OBITh HpI/I6J'II/I)K€HI/Ie (byHKHI/II/I B TOYKaX, B KOTOPLIX IIpU Ma-
JIOM U3MCHCHUU BXOJAHBIX CHUTHAJIOB IMPOUCXOOAUT 0OJIBIIOE M3MEHEHHE 3HAYCHHUS (I)yHKIII/II/I. Taxum 06pa30M,
HaI/I6OJ'ILH.Iy}O CJIOXKHOCTB 6y;[eT MpEACTaBIATh HpI/I6HI/DKeHI/IC d)yHKHI/II/I f B TOYKax, B KOTOPBIX AOCTHUIACT
f=r |7)-1 ()
MaKCHUMyMa BBIPpAXKCHUC T - I[J'If[ AHAJIMTUYCCKHU 3aJaHHBIX (byHKIII/Iﬁ BCIIMYHMHA Sup

i —x/ X,y ||x—y||

Ha3bIBACTCS KOHCTAHTOMU Hnnmnua. I/ICXO,HSI U3 9THUX COO6pa>KeHI/I$I MOXHO JaTb CJACAYIOUICC ONpCACICHUC
CJIO’KHOCTH 3aJ1a4yH.

o i
CJ10%HOCTb aNIpPOKCUMAIMU TabIM4HO 3a1aHHON QyHKIMK f , KOTOpas B TOYKaxX X NPUHHAMAET 3Ha-

i o o o o
YCHHA f , 3a1aCTCA BLI60pO‘-IHOI/I OLICHKOHN KOHCTAHThI .HI/IHIIII/IHa, BBIYUCISIEMOU 110 CICAYIOLICH (I)OpMyJ'IeI

=77
A; =max— - )
#j x' —x’

Ornerka (2) siBIsSETCS OLIEHKOW KOHCTAHTHI JIMMIIINIa anmpoOKCUMUpPYyeMOoil (pyHKINU CHU3Y.

Jiist Toro, 4To0BI OLIEHUTH CIIOCOOHOCTh CETH 3aJlaHHOW KOH(UIypaluHu PelIuTh 3a1ady, He0OX0AuMO
OIICHUTh KOHCTaHTy JIMMIIHWIIa CEeTH M CPaBHUTH €€ ¢ BBIOOpOUHON oueHkor (2). Koncranra Jlummmma cetn
BBIYHCIISIETCS 110 clieayoliel Gpopmyoie:

|F(x)-F ()
A, =sup——7r—"——7—
X,y ||x ‘y”
B ¢dopmynax (2) u (3) MOXKHO KCHONB30BaTh MPOM3BONIbHBIE HOPMbI. OJJHAKO Uil HEWPOHHBIX ceTel
Haubosee y00HOM SIBISIETCsI eBKIINI0BAa HOpMa. Jlanee Be3[ie UCTIONb3yeTCs eBKIMA0BA HOPMA.
B cnenyromem pasaene omucaH crnoco0 BBEIUMCICHHS OICHKH KOHCTaHTHI Jlnmmmia cetu (3) cBepxy.

3

Ouesnro, uto B cinydae A, < A cerb NpHHIMNHAIBHO HE CIOCOOHA PELIMTD 3a/ady aIPOKCHMAIMK QyHK-
wu .

4.1.9.1 Ouenxa koncmanmeol Jlunwuya cemu

Onenky KoHCTaHTHI Jlummmia cetn OyIeM CTPOWUTH B COOTBETCTBHM C MPHUHIMIIOM HEPApXHYECKOTO
YCTPOWCTBA CETH, ONMUCAaHHBIM B riaBe «OnucaHue HeHpPOHHBIX cereid». [Ipu 3ToM moTpedyroTCs ClienyIomue
MIpaBUIIA.

1. Jlns komnosuuun pyuxkimit f 0g = f (g(x )) KOHCTaHTa JIumimia oleHnBaeTcs Kak IpOU3BEAEHUE

KOHCTaHT J'Innnmua:

A fog SA Ay, 4)

2. Jlna Bextop-Gyukiuun f = ( f15f2-00 ], n) KOHCTaHTa JIMMIIKIA paBHa:

CHAP4.DOC 57



&)

4.1.9.2 Cnocoo eviuucnenus koncmanmel Jlunwuuya
Jnst HeripepbIBHBIX (DyHKIMH KOHCTaHTa JIMmmuia sBiseTcss MakCMMyMOM TPOM3BOJHON B HaIlpasJie-

HUU 7 = (l"l 9o .,l"n) 0 BCEM TOYKaM U BCEM HaAIIPABJICHUSAM. HpI/I 9TOM BCKTOp HAIIpABJICHUA UMECT CANHUY-

n
HYIO JUIUHY: Z 7”1-2 =1. Hanomuum popmyiy npoussosnoit pyukuuu [ (xl yenes xn) B HallpaBJICHUHU F :
i=1

JF <. d

E;ZE;HEE_ (6)
i=1

4.1.9.3 Cunanc

O0603HauYMM BXOJHOHM CUTHAJ CHHArca 4epe3 X , a CHHANTHYSCKU Bec depe3 ¢ . Torma BBIXOTHOU
CUTHAJI CUHaIIca paBeH X . [IoCKOIBbKY CHHAIIC SBISCTCS (QYHKIMEH OHON MEPEeMEHHOM, KOHCTaHTa Jlummma
paBHa MAaKCUMyMY MOIYJIS IPOU3BOJHON — MOAYIIIO CHHAITHIECKOTO Beca:

Ay =|d] (7).
4.1.9.4 Ymrnoxncumens

O0603HaYUM BXOOHBIC CUT'HAJIbI YMHOUTEIISA Y€PE3 X1, X2 . Torma BBIXOZ[HOﬁ CUTHAJI YMHOXHUTEIIA pa-

BeH fx_X{Xy. cnoms3ys (6) nomyqaem A £ = Sup|r1x2 +m»X1|. Belpaxenue ;X +#X| ABIJeTCA CKa-
X,r

JIAPHBIM IPOU3BCACHNUCM BCKTOPOB (7’1 5 r2) M, YYUTBIBAs €IMHUYHYIO JUIMHY BCKTOpaA /', JOCTUIa€T MAaKCUMYyMa,

KOrJa 5T BEKTOPbI COHAIIPABJICHBI. To ecthb IIpHU BEKTOPE
|

: x| = xf +xf
i

I/ICHOHLSyﬂ OTO BBIPAXKEHUE, MOXHO 3aIlMCaTh KOHCTAHTY Jlnmmmna murst YMHOXHUTEIIA:

3 +x?
Ay, = sup|11x2 + r2x1| =sup———= sup||x|| . (®)
X,r X ||x| X

[

b

Ecmu BXOOHBIC CHUTHAJIBI YMHOXHUTES NMPUHAJICKAT UHTEPBATTY [a, b] , TO KOHCTaHTa .HI/IHH.II/II_Ia JIIA

md} )

4.1.9.5 Touxa eemeénenus

YMHOXHUTEIIA MOXKET OBITH 3aIlMCaHa B CJIEAYIOIIEM BUE:

Ay, = \/Emax{

HOCKOHBKy B TOYKEC BETBJICHUA HE IPOUCXOAUT HpeO6paSOBaHI/I5I CUrHajia, TO KOHCTaHTa Jlummmma gt
HEC paBHA CAWHHUIIC.

4.1.9.6 Cymmamop

HpOI/ISBOI[HaH CYMMBI 1O J'HO60My H3 CJlaracMbIX paBHa CAUHULIC. B cootBeTcTBHM C (6) Mnojay4aem:

n
Ay =sup2rl~ =+n, (10)
rli=1
MOCKOJIbKY MAaKCUMYM CYMMBI IIpU OIPAHUYCHUN Ha CYMMY KBaJApaTOB AOCTUIacTCA IMPU OAWHAKOBBIX Cjlarac-
MBIX.
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4.1.9.7 Henuneiunuwui Ilaoe npeodpazosamerns
Hemuneiinsiii [Tane npeobpazosarens win [lane sneMeHT UMeEeT JBa BXOIHBIX CUTHANA U OJWH BBIXO/I-
HOM. OG03HAYMM BXOJHBIE CHIHAJIBI 4epe3 X1, X9 . Mcnone3ys (6) MOXHO 3amucaTh KOHCTaHTy Jlummmuuna B
CJIEIYIOIIEM BHUJIE:
X HX HX»>» —HhX
A”=sup12—21=su 12 211
r,x| X) D %) r,xX b %)
3HaMeHaTeNb BRIPAXCHHUS IOl 3HAKOM MOJYJIS HE 3aBUCHUT OT HAIPAaBIICHHS, 4 YUCIUTEIh MOXKHO TIpe-
00pa3oBaTh Tak ke, Kak 1 sl yMHOX#uTes. [lociie mpeobpazoBaHus MOIydaeMm:

[+l

A, =sup an
4.1.9.8 Henumneitnolii cuzmoudHnulii npeodopazosamesy

HenuuelHpI CUrMOMAHBIA MpeoOpa3zoBaTeib, Kak U JII000H APYroil HeNWHEHHBIH IpeoOpa3oBaTeb,
HMMEIOLIUI OVH BXOJHOM CUTHAN X , UMEET KOHCTaHTy JIMNmuna paBHy0 MakCUMyMy MOJZyJIsl IPOU3BOAHOM:

Ay =m;1x‘go’(x)‘. (12)

4.1.9.9 Aoanmuenwiii cymmamop

Jlnst ananTUBHOTO CyMMaTopa Ha X BXOJOB OLlieHKa KOHCTaHThl JIumiiuia, mojgydaeMasi yepe3 mpei-
CTaBJICHHE €r0 B BUJIE CYIEPIO3HULUH CJI0SI CHHANCOB U MPOCTOr0 CYMMATOPA, BBIYHUCIISETCS CIEAYIOUIMM 00pa-
3oM. Mcnons3ys popmymy (7) anst cuHancoB U mpaBmio (5) Ui BeKTOp-(QYHKIMK NOTydaeM CIICAYIOILYIO OICH-
Ky KOHCTaHTbI JIMIIKMIA CI0SI CHHATICOB:

A= SR = (S =l
i=1 i=1

Hcnone3ys npasuiio (4) s cynepno3uiuy GyHKIUH W OLEHKY KOHCTaHTh! JIummmma Juis mpocToro
cymmaropa (10) momyqaem:

Ay <AsAp =n|q|. (13)
OpHako, eciy OLEHUTh KOHCTaHTY JIMMIHIia afanTHBHOTO CyMMaTOpa HANPAMYIO, TO, UCTIONB3Ys (6) U

TOT (hakT, 9TO HPH (PUKCHPOBAHHBIX UIMHAX BEKTOPOB CKAISIPHOE MPOM3BEACHHE JOCTUTAeT MaKCUMyMa [UIs
COHAIPABJICHHBIX BEKTOPOB MOTydaeM:

n n .
A4 =sup Zrl-al- = Zaiﬁ =||a||. (14)
X,r|i=1 i=l1

OueBuHO, uTO O1eHKa (14) TouHee, yem omenka (13).

4.1.9.10 Koncmanma Jlunwiuya cuemouonou cemu

PaCCMO’I‘pI/IM CJIOUCTYHO CUTMOUJIHYIO CE€Th CO CICAYIOINMHA CBOMCTBaMU:

1. Yucno BXOAHBIX CUTHAIIOB — () .

Yucro HeHpOHOB B § -M cioe — 7; .

3. Kaxzplit HSHpPOH MEPBOrO CIIOS TOIYYACT BCE BXOJHBIC CHTHAIBI, a KAXKIBIA HEHPOH JFOOro Jpyroro
CJI0S1 TIOJTy4YaeT CUTHAJIbI BCEX HEMPOHOB MPEIBITYILIETO CIIOS.
4. Bce HElpOHBI BCEX CIOEB UMCIOT BUJI, IIPUBCICHHBIN HA PUC. | U IMEIOT OJJMHAKOBYIO XapPAKTCPHUCTHKY.
Bce cunanTuueckue Beca orpaHMYEHbI IO MOAYIIO €IUHULICH.
6. Bceru m cnoes.
B otoMm ciyuae, yuntsiBas hopmyist (4), (5), (12) u (14) koncrauty Jlunmmia I -0 10 MOKHO OLe-
HUTh CIEAYIOUIEH BETUUYNHOM:

(9]

HWcnons3ys popmyiy (4) momydaem OneHKY KOHCTAaHTHI Jlummmia Bcel ceTu:
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m m—1
Ay <TTA: <A Jngny [ i
i=1 v i=1

Ecmm HCIOJIb3YCTCH HeﬁpOHLI THIIa Sl , TO A(D = C U OLICHKA KOHCTAaHTbI .HI/IHHII/IIIa CCTHU paBHa:

m—1
Ag, <" \nony, [17
i=l1

Aa neiiponos Tuna S, 10 Ay = 1/¢ w onerxa koncTanTs! JInmumma ceTn papHa:

m—1
Ag, < c " \nyny, qni
i=

O06¢ (hopMyITBI MTOATBEPIKAAIOT IKCIICPUMEHTATBHO YCTAHOBICHHBIA (DaKT, YTO YeM KpydYe XapakKTepH-
ctudeckas (QyHKIUsA HeWpoHa, TeM Oosee cliokHbIe QyHKIMA (PyHKIMU ¢ Oobimeii KoHCTaHTOW Jlumiuia)
MOJKET alpPOKCHMHUPOBATh CETh C TAKMMHU HEHPOHAMHU.

4.1.10 IIpexodpadoTka, 00/1er4yarias od0ydeHmne

IIpu oOy4eHnn HEHPOHHBIX CETeW MHOTIAa BO3HHKAIOT CHUTYaIlMd, KOTJa HajbHeHIIee oOydeHue Hel-
POHHOM ceTn HEBO3MOXKHO. B 3TOM ciyuae HEOOXOAMMO MPOAHATU3UPOBATH NPUIMHBI. BO3MOXKHO HECKOJIBKO
BUI0B aHanmu3a. ONHON M3 BO3MOXKHBIX MPUYMH SABJISETCS BBICOKAs CIOXKHOCTH 3aJa4d, ONpeJensieMasl Kak Bbl-
OopouHas OIleHKa KOHCTaHThI JIunmmia.

Jnst ynporueHus 3agaq He0OXOIMMO YMEHBIIUTh BBIOOPOUYHYIO OLCHKY KOHCTaHThl Jlummmia. Hau-
Gosiee IPOCTOIl CIOCOO AOOUTHCS] ITOTO — YBENUYUTH PACCTOSHUE MEXKAY BXOJHBIMU CHTHalaMH. PaccmoTpum

fi-r7
i j i
napy HpPIMepOB - X 5 )C‘]— TaKux, 4TO At = ; ; . Onpez[em/IM Cpe,Z[I/I KOOp,HI/IHaT BeKTOpOB X nu
l
x'—x/
. ) o
X‘] KOOp,I[I/IHaTy, B KOTOpOI/I JOOCTUracT MI/IHI/IMyMa BCIIMYHUHA XZ —le , HCKJIFOUYHMB H3 paCCMOTpCHI/I}I COBIIa-

JA0MIMe KOOPAUHATHI. O‘-ICBI/IZ[HO, 9TO dTa KOOpAWHATA ABJIACTCA «Y3KHM MECTOM», ONIPEACIISAIONINM CIIOKHOCTD
3aJa4u. CHQHOB&TGHLHO, JUIST YMEHBIIIEHUS CIIOKHOCTH 3a1avun Tpe6yeTc;I YBEJIUYUTH PACCTOSIHUE MEXKAY BEKTO-

i j o o
pamMu X Hu X J ,a Hanbolee MEPCHCKTUBHOU KOOPAUHATOU IJISL OTOT'O SBJIACTCA l -A. O,HHaKO YBCJIMYCHUEC pac-

i
CTOSAHUC MCKAY )Cl nu x‘l] HC BCCrga OCMBICIICHO. I[eno B TOM, YTO BCC MApaMETPhbl, KaK IMPaBUI0, U3MCPAIOTCA

¢ KOHEYHOH To4yHOCThIO. ITo3TOMYy, eciu BenuunHa

i .
XZ —xlj‘ MCHBIIC Y€EM TOYHOCTH MU3MCPCHUA l—FO Tapa-

i .
METpa, 3HAYCHUA XI n xlj MOJKHO CUMTaTh COBIATAIONTUMU. Takum 06p8.30M, JIJIs. I3MEHEHHS MaciTada Hamo

i .
BLI6I/IpaTI) TOT U3 BXOJHBIX MapaME€TpPOB, AJI1 KOTOPOTO 3HAYCHUEC xz - xlj MHUHUMAJIBHO, HO NPEBLIIIACT TOY-

HOCTb U3MEPEHHS ITOTO MapaMeTpa.
[Ipeanonoxum, 4TO Bce BXOIHBIE MapaMeTpsl penoOpaboTansl B cooTBeTCTBUH ¢ (hopmyioi (1). Ile-
peHyMepyeM NpUMepbl O0YdYaloIero MHOXECTBa TaK, YTOOBI OBUIM BEpHBI CIIEAYIOIINE HEPaBEHCTBA:

x[l<x[2 <,...,<xlN, rne N — uucino

Tabnuma 7.
npUMepoB B obyuatomem Muoxectse. Tlpn KonupoBanue nmapamerpa mocie pa30OHeHHs Ha IBa CHTHAJIA
OTOM, BOSMOJKHO, TIPHACTCH MCITIOUHTE PAX 3HaueHue IlepBrlii curnan Bropoii curnan
map TmapaMeTp-OTBET C COBIAJAIOIINMH -
3Ha4YeHUsIMU mapaMmeTpa. Eciu B Kakoii- ) (x ; — a)(b_ a) 4
00 M3 TaKUX Map 3HAUYCHHWS OTBETOB pas3- X ; <Xx +a
JUYAIOTCS, TO 3TO CHIKAET BO3MOXHYIO (x - a)

MIOJIE3HOCTH TAHHOU MPOIIETYPHI.

Hau6onee npocToit myTh — pa3ouTh , b (x[l - x)(b— a)
nmuanazon [ -ro napamerpa Ha jABa. 3aja- X ]l >X —+a
JUMCsl TOUKOH X . Bynem kogupoBaTh [ -it (b—x )
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napaMeTp ABYMsl BXOJHBIMH CHT'HAJIAMH B COOTBETCTBHH ¢ Tabiu. 7. [Ipu Takom kKomupoBaHun Kputepuit Jlum-
LKA, OYSBUIHO, YMEHBIIHUTCS. Bonpoc o BEIOOpE TOUKM X MOXKET peliaThesi Mo-pazHomy. [IpocTedmmii myTh

— TIOJIOXKUTh X = (a - b) / 2. Bonee c0HEIH, HO YacTo Gosee >PPeKTUBHEIN — Moabop X wHcxoas u3 Tpebo-

BaHUs MUHIUMAaJIbHOCTH KpuTepus Jlnmmmna.
[IpuBeneHHBIN BhIIIE CITIOCOO YMEHBIIEHUS KpuTepus Jlummmima He eTMHCTBEeHHbIH. B ciemyromem pas-
JIeJie pacCMOTPEH psiA cioco00B MpeaoOpaboTKH, PEIAOIINX TY JKE 3a/1a9y.

4.1.11 JIpyrue cioco0bl npeaoopadoTKH YUCI0BbIX IPU3HAKOB

B nmanHOM pazznerne Oyner pacCMOTPEHO TpH BHA NMPenoOpabOTKH YUCIOBBIX MPU3HAKOB — MOJIYISIp-
HBIH, TO3UIMOHHBIN U (QYHKIMOHAIBHBIH. OCHOBHAS HIEs STHX METOAOB NPeJoOpabOTKH COCTOUT B TOM, YTOOBI
cienaTh 3HAYMMBIMHM Mallble OTIMYUS OOJBIIMX BEIMYMH. J[eHCTBHTENBHO, MyCTh U OTBETA CYIIECTBEHHO
W3MEHEHHE BEJMYMHBI NPU3HAKA Ha €IUHUILY NPH 3HAUYCHWHU TNPH3HAKa MOpsaKa MHUTHOHA. O4YeBHIHO, YTO
npocreiimas npenoopadoTka (1) crenaer oTaMYME B SAUHUIYY HEpa3IMUUMbIM JJIsi HEHPOHHOH ceTH mpu abco-
JIIOTHBIX 3HAYECHUSIX MOPSIKA MAJIIMOHA.

Bce ati BuIpBI IpenoO6paboTKH 00J1aJat0T OJHAM OOILIMM CBOHCTBOM — 3a CYET KOJMUPOBAHHS BXOJIHOTO
NIpU3HaKa HECKOJIbKUMH CUTHAJIaMHU OHM YMEHBIIAIOT CJIOXKHOCTD 331a4n (Kpurepuii Jlnmmmia).

4.1.11.1 Mooynapuas npedobpabomka

3aﬂaIII/IMCH HCKOTOPBIM Ha60pOM MOJOXHUTCIIBHBIX YHUCCII yl 9o ,yk . OHpCZ[CJ'II/IM CpaBHCHUEC T10 MO-
AYJIO0 JJ1d ﬂeﬁCTBHTeHLHBIX quces1 CICAYIomnmM 06p330MZ

x mod y=x—y.1nt(x/y), (15)
rac Int(x) — q)yHKI_[I/Iﬂ, BbIMUCAIOIIAA HCIYI0 YaCThb BCJIMYUHBI X myTemM OT6paCI)IBaHI/IH ,HpO6HOI>i Y4acCTH.

OueBuHO, uTo BemmunHa X MOd ) nexur B uuTEpBase (— Y, y). KonmupoBaHue BXOHOTO MpU3HAKa X MpHU
MOIyJISIpHON TIpenoOpaboTKe BEKTOPOM Z TMPOWU3BOAUTCS IO CIEAyIOMmeH dpopmye:
((x mod yl-) +yl~)(b— a)
z; =
2y;

l
OZ[HaKO MoayJidspHas npez106pa6on<a 06nazlaeT OJHUM OTpULATCIbHBIM CBOICTBOM — BO BCEX Cly4dasx,

+a. (16)

r
Korma ); # )| , IpH LENOM 7, pa3pymIacTcsl OTHOLICHHE IIPEIIIECTBOBAHMS YnceN. B Tabn. 8 mpusenen mpu-

Mep BekTopoB. IlosTomy, MomymnbHas

npeno6bpaboTka MPUrogHa NpH Hpemos- Tabmuna 8.
paboTKe TeX MPHU3HAKOB, Y KOTOPHIX BaXK- [TpumMep cUrHaNoB IpH MOAYJISIPHOM BBOJIE

Ha He aOCONFOTHAS BEJNMYHHA, 4 B3anMO- X | xmod3 | xmod5 | xmod7 | x modll
OTHOIIEHHE TOHM BEIWYHMHBLI C BEIWYHMHA- 5 2 0 5 5

mu )1,K ,yp . Tlpumepom Takoro mpu- 10 1 0 3 10
3HaKa MOYKET CIIYXKUTb YIOJ MEXIy BEK- 15 0 0 1 3

TOpaMH, €CIIM B KA4E€CTBE BCIWYMH )

BEIOpaTh ); = 7Z'/i.

4.1.11.2 @yuxkyuonanvnasa npedoopadbomka
OyHKIMOHATBHAS MPeI00padoTKa MPECIICAYET SAMHCTBCHHYIO 1IE1b — CHIDKCHHE KOHCTAHTHI JIummiia
3amaun. B pasnene «[IpenobpaboTka, odbnerdaromias oOyueHue», ObUT MPUBEACH MPUMED TAKOH MperoOpadoTKy.
PaccmoTpum o6umii ciydail (pyHKIMOHANBLHOM Tpeno6paboTKy, 0TOOPaKaIOIMX BXOAHOH Npu3HaK X B K -
MepHBIf BekTOp Z. 3amamuMcs HabopoM M3 K umcen, yIOBIETBOPSAIONIMX CIETYIONIMM YCIOBHSM:
Xmin <V1 < <Vi-1 <V <Xmax- Iycts @ — ¢ysknys,

[xmin —VksXmax — yl], a QP min>Pmax — MMUHUMAIBEHOE U MAKCHMAJILHOE 3HAUEHUA QYHKUMM () HA 5TOM

ompeneNeHHas Ha ~ MHTEpBaje

untepsane. Toraa I -1 KOOpAMHATA BEKTOPA Z BBIUKMCIAETCA MO CIEAyIOLIeH hopMmyIe:
((0 X=Vi _(omin) b-a
z; = ( ) ( ) +a (17)
Pmax ~ Pmin
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0 Puc. 2. I'pachuky KoopAMHATHBIX (HYHKIUHA 1151
0 1 2 3 4\5 Tpex BUAOB (DyHKIIMOHAIBHOW Npe1oOpadOTKH:
05 f—// \ a) YeThIPEXKOOpANHATHAsSI JIMHEHHAS;
1 —— 0) YeTBIPEXKOOPAMHATHASI CUTMOU/IHAS;
-1 B) YETHIPEXKOOPAMHATHAS IIAIIOYHAs.
Jluneiinass mpenoo- Tabmuna 9
paboTka. B uHCHHOM mpe- [Ipumep GyHKIMOHATBHOM MpenoOpabOTKH YUCIOBOTO MpU3HA-

nobpaboTke UCTIONB3YeTCS

N Ka X 6[0,5] , TIPH YCIIOBUH, YTO CHUTHAIIBI HEWPOHOB NPHUHAIUIC)KAT WH-
KyCOYHO JIMHEHHas (QyHKIMS:

a, x<a, TepBaTYy [—1,1]. B curmonzano# npenodpaboTke Hcnoib30BaHa GopMyIia
z;=9x, a<x<b,(18) (o(x) =x/(1+|x|) , @ B IIATIOYHOH — go(x) = 2/(1 + x2)_ 1. Beum
b, b < x. .
BBIOpAHE! YETHIPE TOYKU J; =1 .
I'paduxn  pyHKIWIHA
X
z ,-(x ) NpE/ICTaBIEHBl Ha pHC. “1 (x) 22 (x) %3 (x) 24 (x )
2a. BHIHO, UTO ¢ YRE/THUCHH- Jluneitnas npenobpaboTka
’ ’ 1.5 0.5 -0.5 -1 -1
€M 3HaueHMs NMpHU3HaKa X HHU
onHa (QYHKIUS HE YOBIBaeT, a 3.5 1 1 0.5 -0.5
UX CyMMa Bo3pacrtaet. B a6 Curmounnas npenodpadorka
9 mpencTaBNeHbl  3HAYCHHS 1.5 0.3333 |-0.3333 |-0.6 -0.7142
9THUX q)yHK]_[I/H}'[ JUIsL IBYX TO- 3.5 0.7142 0.6 0.3333 -0.3333
yek — x| = 1.5 u xp =35. [ITanouyHas npegobpaboTKa
C 1.5 0.6 0.6 -0.3846 | -0.7241
WTMOHWHAsI  Tpe-
106paGoTka. B cHrMommHOR 3.5 -0.7241 |-0.3846 | 0.6 0.6

penoO0paboTKe MOXKET HCIIONB30BATHCS JTr00as curmonaHas Gpynknusa. Ecnu B kauecTBe cUrMOMIHON (pyHKIMK

HMCIIOJIb30BaTh QYHKUMIO O9 , NPUBEACHHYIO B pasaene «Heiipor» 1ol riassl, 0 Gpopmyina (17) npumer cie-

JIyHOIIMN BUA:
.= (x/(c + |x|)2— 1)(b - a) vy

I'padukn dynkumii z l-(x) Ipe/ICTaBIeHb! Ha puc. 26. BuaHo, 4To ¢ yBennuyeHHeM 3HaYCHUs! IpU3HaKa

X Hu omHa (yHKIUS He YOBIBAaET, a MX CyMMa Bo3pacraeT. B Tabn. 9 mpeacraBieHbl 3HAUCHHS 3TUX (DYHKITHIHA
s aByx touek x| =1.5, x5 =3.5.
IManouynas npeaodpadorka. /i mamodHod mNpenoOpaOOTKH HCIONB3YIOTCA JIIOObIE (YHKITHH,

nMmeromue rpaduk B BuAe «marnodkm». Hampumep, GyHKIHA (p(x) = 1/(1 +x2). I'paduxn yHxmmi z z'(x)

MIPECTaBICHBI HA pUC. 2B. BumHO, 4TO ¢ yBennueHneM 3HA4CHUS IPU3HAKa X HU OIHA W3 QYHKIHMH Z l-(x) , HU

HX CyMMa He BexyT cebs MOHOTOHHO. B Tabn. 9 mpencraBneHBl 3HaYCHHS ATHX (QYHKIMH IS ABYX TOYEK
X1 =1.5, Xo = 35.
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4.1.11.3 Ilo3uyuonnan npedodpadbomka

OcHoBHas nesd MO3UIHOHHON NpernoOpadOTKH COBMANACT ¢ NMPWHIMIIOM MOCTPOCHHS MO3HUIIMOHHBIX

N N N ks
CHUCTEM CYMCIICHHUA. 3a,Z[aI[I/IMCﬂ ITOJIOXKHUTCIIPHON BCIIMYUHONU y TAaKOH, 9TO y = xmin _xmax . C,Z[BI/IHCM

MpU3HAK X Tak, YTOOBI OH MPHWHIMAJ TOJIHKO HEOTPHUIIATEIIFHBIC 3HAUCHHUA. B KauecTBe CHUTHAOB ceTH Oynem
UCTIONIb30BaTh Pe3yIbTaT MPOCTEeHIell mpenoOpaboTKH ) -MUHBIX LU(P MPEACTaBICHUS CABUHYTOTO MPU3HAKA

X . ®OpMyJIbI BHIMHCIEHUs (P PUBEIEHBI HIKE:
20 = (x - xmin) mod y,

z] = Int((x - xmin)/y) mod y,
19)

z; = Int((x - xmin)/yi) mod y,

TJie Onepalys CpaBHEHHUS MO MOAYJIO IEHCTBUTENBHOro yucia onpenesieHa B (15). BxomHsle curnamsl cetu
MIOJTy4YaroTCsl U3 KOMIIOHEHTOB BEKTOpa Z ITyTeM HpocTeiIeil mpexoOpaboTky.

4.1.12 CocraBHo¥ npenoopadoTUYNK

ITockoabpKy Ha BXOI HEWPOHHOH CETH OOBIYHO TOAAETCS HECKONBKO BXOIHBIX CHUTHANOB, KaXKIBIH W3
KOTOPBIX 00pabaThIBae€TCs CBOMM MPEeAoOpabOTIMKOM, TO MpenoOpadboTInK A0KEeH ObITh cocTaBHBIM. Ilpen-
CTaBUM NpenoOpaboTYHNK B BUIE COBOKYIMHOCTH HE3aBHCHUMBIX YACTHBIX Mpeno0paboTdankoB. Kaxkaplii 9acTHBIH
npenoopaboTunk oOpabaThBaeT OJHO WM HECKOJIBKO TECHO CBA3aHHBIX BXOJHBIX JaHHBIX. Kak yxe oTmeda-
JIOCh paHee, mpenoopaboTINK MOXKET UMETh OJMH M3 YEThIPEX THUIIOB, IpuBeIeHHBIX B Ta0u. 10. Ha Bxone mpe-
00paboTInK MOJTy4aeT
BEKTOP BXOJIHBIX JaHHBIX
(BO3MOXKHO, COCTOSIIUN W3

Tabmmma 10.
Tumel peno6paboTINKOB

OIIHOTO DJJIEMEHTa), a Ha Tun Ommcanne

BEIXOJIC  BBIIAET  BEKTOP Number IIpenoOpabaThiBaeT YUCIOBBIE BXOAHbIC TAHHBIC

BXONHBIX cmrHamoB cerm | Unordered | IlpenoGpabarbiBacT HEYNOPSAOUEHHbIE KAYECTBEHHbIC IPU3HAKN

(Tak e BO3MOMKHO COCTOS- Ordered IIpemoOpabaTeiBaeT yHOPSIOUYEHHBIE KaUeCTBEHHbIC TPU3HAKU
MK U3 OJHOTO 3JIEMEHTA). Binary OO6pabaTpiBaeT OMHAPHBIE IPU3HAKH
Heobxonumocts

nepeauu npenoopadboTUNKy BEKTOPa BXOAHBIX JAHHBIX U MOJYYEHHs OT HEr0 BEKTOPA BXOJHBIX CUTHAJIOB CBSi-
3aHa C TeM, YTO CYLIECTBYIOT MperoOpabOTYMKU MOMYYAIOIINEe HECKOJIBKO BXOMIHBIX JIAHHBIX U BBIJAOIIHNE He-
CKOJIKO BXOIHBIX CHUTHANOB. [IprMepom Takoro mpepodpaboTyrka MOXKET CIYyKHTh IMPperoOpadoTIHK, IepeBo-
TSI HA0Op KOOPAMHAT IUIAHEThI U3 c(DePUIECKOM B JICKapTOBY.

J11st Ka4eCTBEHHBIX MPU3HAKOB MPHHATO KOJMPOBAHUE [UTMHHBIMHE [IENbIMH YHcIaMu. [lepBoe 3HaueHne
paBHo 1, BTOpoe — 2 u T.1. UnCcloBbie MPU3HAKU KOJUPYIOTCS ACHCTBUTEILHBIMU YHCIAMH.

4.2 CmaHOapm rnepeo20 ypoeHsI KOMNOHeHMa rnpedobpabomyuk

JlaHHbII pa3/ien MOCBsIEH ONMCAHUIO CTaH/IapTa SI3bIKA OMMCAHKS M XPaHEHHs Ha BHEIIHEM HOCHUTEIE
KOMITOHeHTa mpeaoopaboTunk. [TockonbKy KpaiitHe pefko BCTpEYaroTCsl Clydad, KOTJa CETh MONy4aeT OJUH
BXOJIHOW CHTHAJI, IPeI0Opa0dOTIHK BCETia SBIICTCSl COCTaBHBIM. [locTpoeHne nmpenodpaboTyrKa MPOUCXOANT B
penakTope mpenoOpaborumka. s ommcanus mpenoOpaboTUMKa MpemIaraeTcsl MCIIOJIb30BaTh CIHEIHMATbHBINA
SI3BIK.

4.2.1 HeomnpenejieHHbIe 3HAYEHUS

B IMMpaKTHUKe pa6OTLI OOJIBLLINHCTBO Ta6J'II/III JAaHHBIX HC ITOJIHEI. To €CTh, 4aCTh JAaHHBLIX B IPpUMEpAX 3a-
JadyHHUKa HCHU3BCCTHA. 3a,uaqu< JOJZKEH OAHO3HAYHO YKa3aTb npe,u06pa60Tqm<y HCHU3BCCTHBLIC JTaHHBIC. I[J'Iﬂ
9THUX Heﬂeﬁ JJIA KQXKA0T0 TUIla BXOJAHBIX JAHHBIX OIPEACICHO CIICHUAJIBHOC 3HAYCHHUC - HCOMPCACICHHOC. I[J'If[
nepeaaynu HEU3BECTHLIX 3HAYCHHH HCHOJIB3YIOTCA CICAYIOIIUEC BEJIMYNHBI: 10_40 JJIA HeﬁCTBHTCHLHLIX ypcen u 0
JJI BCEX TUIIOB KAY€CTBCHHBIX IMTPU3HAKOB.

4.2.2 CranpapTHble nIperodpadoTYnku

B GonbIIMHCTBE CilydaeB TOCTATOYHO UCIIOJIb30BATh CTAHAAPTHBIE MPEA00Pa0OTUYMKH, CIIUCOK KOTOPBIX
npuBesneH B Tabn. 11. Hmwxke B maHHOM paszelnie MpUBEACHO OMUCAHHUE TTApaMETPOB CTAHIAPTHBIX MPeaoopadoT-
YHKOB.
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Tabmuma 11
CraHgapTHble TpeaoOpadoTINKH

Wnentu- [TapameTpsr Tun Onucanue
¢uxarop
BinaryPrep | MinSignals, MaxSignals : Real; Binary | Bunapusiii npusnak. IIpemoOpabotka B co-
Unknown: Real; Type : Logic. OTBETCTBHH C TalI. 4.
UnOrdered | MinSignals, MaxSignals : Real; Unordered | HeymopsimoueHHBIH KaueCTBEHHBIH MpPU3HAK.
Unknown: Real; Num : Long IIpenobpaboTka B COOTBETCTBUH € TaOII. 5.
Ordered MinSignals, MaxSignals : Real; Ordered | YmopsimodeHHBIH KayecTBEHHBIH NpH3HAK.
Unknown: Real; Num : Long IIpenobpaboTka B COOTBETCTBUH € TaOI. 6.
EmptyPrep | MinData, MaxData, Unnown, Number | IIpocreiimas npenoOpaboTka B COOTBETCT-
MinSignals, MaxSignals : Real Buu ¢ hopmynoit (1).
ModPrep | MinSignals, MaxSignals : Real; Number | MonynspHas npenoOpaboTka B COOTBETCT-
Unknown: Real; Y : RealArray BuU ¢ hopmyoii (16).
FuncPrep |MinSignals, MaxSignals, Unknown:| Number |®ynkiuoHansHas mnpenoOpaboTka B COOT-
Real; Y : RealArray; F : FuncType BeTcTBHU ¢ hopmymoii (17).
PositPrep | MinSignals, MaxSignals, Unnown, Y :| Number |Ilo3unmonnas npeno06paboTka B COOTBETCT-
Real; Num : Long Buu ¢ hopmyioii (19).

Bce cranmapTHbIe npenoOpadOTYHKY MMOTyYar0T B KAYECTBE apryMEHTOB MAacCHUBBI BXOJHOW MH(OpMA-
IUH U BXOJHBIX CHTHAJIOB. KpoMme Toro, oHH colepat pa3inyHbIe HAOOPHI TapaMeTpOB. AJITOPUTMEI BBIIIOTHE-
HUS CTaHJAPTHBIX MPenoOpadOTYMKOB MpHBEICHEI B pasaene «l[Ipumep omucanus mpemoOpaborumkay. [amee
OMHCaHBl HA0OPHI APAMETPOB CTAHAAPTHBIX MPenoOpadoTINKOB. Bee mapaMeTphl JOKHBI OBITh ONMHMCAaHBI KaK
CTaTUYECKUE TIEPCMEHHEBIE.
IpenodpadoTka GuHapHoro npusHaka (BinaryPrep). [Ipeno6paboTka mpoU3BOAUTCS B COOTBETCT-
BuM ¢ Tabm. 4. [IpuarMaeT oTHO BXOAHOE AaHHOE M TeHEPHPYeT OAWH BXoxHOU curHai. [IpemoOpaboTunk co-
JIEPIKUT CIIEYIOIINE [TapaMeTPhl.
MinSignals, MaxSignals — 3HaueHHs HIKHEH U BepXHEH I'paHHIl HHTEPBAJIa IPHEMIIEMBIX BXOJHBIX CHUTHA-
JIOB, COOTBETCTBEHHO. [10 yMOITYaHHIO 3TH BENWYMHBI PaBHBI -1 U 1, COOTBETCTBEHHO.
Unknown— 3HaueHHe CHTHaia, KOTOPbIil OyJeT BbIJaH, €Cli 3Ha4eHHe BXOJHOTO MPHU3HAKA HE OMPEesIeHO

(0). ITo yMomyaHuIO 3Ta BETMYMHA paBHA (MinSignalS + MaxSignals ) / 2.

Type — Tan npenobpaboTku OuHAapHOTO NpU3HaKa. Ecnu 3HaueHne mapamerpa Type — HCTHHA, TO IPOU3BO-
muTes mpenodpaboTka no Ty «Hanmame apyroro cBoicTBay, eciu JI0XKb, TO TO THITy «OTCyTCTBHE
3aJaHHOTO CBOMCTBaY. [0 yMOTUaHHIO 3HAYEHUE STOTO TTapaMeTpa PaBHO HCTHHA.

IIpeno6padoTka HeymopsiioueHHOTo KadecTBeHHOro mpm3Haka (UnOrdered). IIpenoGpaboTka
TIPOM3BOJIUTCS B COOTBETCTBHU C Tabi. 5. [IpuHUMaeT ogHO BXOAHOE JaHHOE M reHepupyeT Num BXOJHBIX CHUT-
HaynoB. [Ipeno6paboTIuK CONEPKUT CIIEAYIONINE TapaMETPEI.

MinSignals, MaxSignals — 3HaueHns1 HIXKHEH ¥ BepXHEH TpaHULl HHTEPBaIa MPUEMIIEMBIX BXOJHBIX CHI'Ha-
JIOB, COOTBETCTBEHHO. I10 yMOI4aHUIO 3TH BEIUUYUHBI paBHbI -1 U 1, COOTBETCTBEHHO.

Unknown— 3HaYeHHE CHTHAJIOB, KOTOpBIC OYAyT BBIAAHBI, €CIM 3HAUYCHHWE BXOIHOTO IPU3HAKa HE OIpee-

sieno (0). Tlo yMoIuaHuio 3Ta BeJM4MHA paBHa (MinSignals + MaxSignals ) / 2.

Num — 9HCI0 COCTOSHHUI KaueCTBEHHOTO MPHU3HAKA (YUCIO TEHEPUPYEMBIX BXOJHBIX CUTHAIOB). [1o ymoi-

YAHWIO 3HAYCHHE TOTO ITapaMeTpa PaBHO 2.

IpenodpadoTka ynopsiioueHHOro kadecrBeHHoro mpusnaka (Ordered). IIpeno6paboTka mpowus-
BOJIUTCSI B COOTBETCTBHH ¢ Ta0i. 6. [IpmHMMaeT ogHO BXOAHOE TaHHOE M TeHepupyeT Num BXOJHBIX CHTHAJIOB.
[Ipeno6paboTInK COOEPKUT CIEIYIONTIE TapaMeTPHI.

MinSignals, MaxSignals — 3HaueHNs HIKHEH U BepXHEH I'paHHIl HHTEPBAJIa MPHEMIIEMBIX BXOJHBIX CHUTHA-

JIOB, COOTBETCTBEHHO. I10 yMOT9aHUIO 3TH BEMYNHEI paBHHI -1 1 1, COOTBETCTBEHHO.

Unknown— 3HaueHHE CHUTHAJIOB, KOTOPHIe OyIyT BBIIAHBI, €CIM 3HAYEHHE BXOTHOTO IpPH3HAKa HE OIpere-

niero (0). TTo yMom4aHuio 3Ta BEIMYMHA paBHA (MinSignals + MaxSignals ) / 2

Num — 9hca0 COCTOSTHMI KaueCTBEHHOTO MPHU3HAaKa (YHCIO TeHEPHPYEMbIX BXOAHBIX CUTHAJOB). [To ymon-

YaHUIO 3HAUYEHHE 3TOT0 NapaMeTpa paBHO 2.

Ipocreitmmii npenodpadorunx (EmptyPrep). IIpenoOpaboTka HMpOW3BOAMTCS B COOTBETCTBUU C
¢dopmynoii (1). [IppHuMaeT 0JHO BXOIHOE JaHHOE M T'€HEpHpYeT OAWH BXOIHOM curHai. [Ipenobpaborunk co-
JEPAKUT CIETYIOLIIE NapaMeTphlL.

MinSignals, MaxSignals — 3HaueHns1 HIXKHEH ¥ BepXHEH TpaHULl HHTEPBaa MPUEMIIEMBIX BXOJHBIX CHI'Ha-

JIOB, COOTBETCTBEHHO. I10 yMOIT4aHUIO 3TH BEIUUYUHBI paBHbI -1 U 1, COOTBETCTBEHHO.
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Unknown— 3HaueHHe CUrHaia, KOTOPBI OyIeT BbIJaH, €ClIM 3Ha4eHHE BXOJHOTO MPpHU3HAaKa HE OIpeJIesIeHO
(10*). TTo ymomuanuo 5ta BemumHa pasHa 0.

MinData, MaxData — 3HaYcHHUS HIDKHEW U BEpXHEW TPaHUI] UHTEPBajla H3MECHCHHS BXOJHBIX JaHHBIX, COOT-
BETCTBEHHO. [0 yMOJIYaHHIO 3TH BEJIMYMHBI PaBHBI -1 ¥ 1, COOTBETCTBEHHO. DTH 3HAYEHHS MOTYT OBITh
oTpeJieTIeHb! TOMCKOM MHUHHMMAJIBHOTO ¥ MaKCUMAaJbHOTO 3HAaYEHHH IO 33/Ia4HKKY, OJHAKO Ipenodpa-
OOTYHMK HE MOXET BBINOJIHUTH 3Ty MPOLEAYPY.

Monayasipublii npenoopadoruuk (ModPrep). [Ipeno6padboTka MpoOU3BOIUTCS B COOTBETCTBUU € Qop-
Mmynoit (16). IlpuHIMaeT 0JHO BXOAHOE JAaHHOE W T€HEPHUPYET CTOJIBKO BXOTHBIX CUTHAJIOB, CKOJIBKO JIEMEHTOB
B MaccuBe Y (HYJIEBOI 3JI€MEHT MacCHBa COJEPKHUT YHCIO 3JIeMEeHTOB). [IpenoOpaboTurk COmEpPIKUT CIemyto-
e TapamMeTpel.

MinSignals, MaxSignals — 3HaueHHs HIKHEH U BEpXHEH I'paHHIl HHTEPBAJIA TPHEMIIEMBIX BXOJHBIX CHUTHA-
JIOB, COOTBETCTBEHHO. I10 yMOT9aHUIO 3TH BEIMYNHEI paBHHI -1 1 1, COOTBETCTBEHHO.

Unknown— 3HaueHHE CHUTHAJIOB, KOTOPHIe OyIyT BBINAHBI, €CIM 3HAUEHHE BXOTHOTO IpPH3HAKa HE OIpere-
neno (10™%). Tlo YMOJTYaHHIO 3Ta BeMWYHHA paBHa 0.

Y — MaccHB BENWYHH, HCIOIB3YEMBIX I ipenobpadotku (cM. pasznen «Momymsipaas npenoopadboTkay).
POynkuuoHa bHbIH MpenodpadoTunuk (FuncPrep). [IpenodpaboTka Mpon3BOIUTCS B COOTBETCTBHH C

¢dopmynoii (17). IlppuHuMaeT oHO BXOJIHOE JaHHOE M T'€HEPHPYET CTOJILKO BXOAHBIX CHUTHAJIOB, CKOJIBKO 3lie-
MEHTOB B MaccuBe Y (HYJEBOH 3JIEMEHT MaccHBa COAEPKHUT YHCIIO 3JeMeHTOB). [IpenoOpaboTdnk conepskut
CJIE/TyIOIINE TTApaMETPBI.

MinSignals, MaxSignals — 3HaueHns1 HIXKHEH ¥ BEpXHEH TpaHUIl HHTEPBaa MPUEMIIEMBIX BXOJHBIX CHI'Ha-
JIOB, COOTBETCTBEHHO. [10 yMOJIYaHHIO 3TH BEIWYMHBI PaBHBI -1 U 1, COOTBETCTBEHHO.

Unknown— 3HayeHHE CHTHAJIOB, KOTOpBIC OYAyT BBIAAHBI, €CJIM 3HAUYCHHWE BXOIHOTO IPH3HAKa HE OIpee-
neno (10™*). Io ymonuanuro 5Ta BenuunHa pasHa 0.

MinData, MaxData — 3Ha4eHUsI HYOKHEH U BepXHEH I'paHuUIl MHTEpBaia U3MEHEHNS GYHKIUHM F OT BXOIHBIX
JTAaHHBIX, COOTBETCTBEHHO. [10 yMOIYaHHIO 3TH BENMYHMHBI paBHHI -1 U 1, COOTBETCTBEHHO. DTH 3HAaUe-
HUSL MOTYT OBITH OIpeJeIeHbl IIOMCKOM MHHUMAIBHOTO M MaKCUMAJIBHOTO 3HaYeHHH (DYHKIUH MO 3a-
JTAYHHKY, OJHAKO NPpeoOpaboTYNK HE MOXKET BHIITOJIHUTD 3Ty IPOLELYPY.

Y — MaccuB BEJIHMYHH, HUCIIOJIB3YEMBIX M1 MpenoOpadboTku (cM. pasaen «PyHKunoHanmbHas npenoopador-
Kay).

F — ums ogHomapamerpuieckoil (pyHKIMM AEHCTBUTENHHOTO THMA (€€ aapec) UCIOIb3YeMOH Al mpenoo-
paboTKH.

MMo3unuonnsplii npenodpadoryux (PositPrep). IIpeno6paboTka NpOU3BOAWTCS B COOTBETCTBHH C
¢dopmymnoii (19). IlpuarMaeT oHO BXOAHOE JaHHOE M reHepupyeT Num BXOJHBIX CHTHaJOB. [IpemoOpaboramk
COJZICPIKHUT CIICAYIOIINE ITapaMeTPHL.

MinSignals, MaxSignals — 3HaueHNs HIKHEH U BepXHEH I'paHHIl HHTEPBAJIAa MPHEMIIEMBIX BXOJHBIX CHUTHA-
JIOB, COOTBETCTBEHHO. I10 yMOT9aHUIO 3TH BEIMYNHEI paBHHI -1 1 1, COOTBETCTBEHHO.

Unknown— 3HaueHHE CHUTHAJIOB, KOTOPHIE OyIyT BBIIAHBI, €CIM 3HAUEHHE BXOTHOTO IpH3HAKa HE OIpere-
neno (10™%). Tlo YMOJTYaHHIO 3Ta BeMWYHHA paBHa 0.

Y — ocHOBaHME CHCTEMBI CUHCIeHHs (M. pa3nen «DyHkunoHanpHas npenodpadorkay). [To ymoauanuro 3ta
BEIMYMHA paBHA 2.

Num — yncno nudp B MpeacTaBICHUN BXOJHOTO curHaia. I1o yMmodaHuro 3Ta BeIMYNHA paBHA 2.

4.2.3 S3bIk onucaHus NpeaodPadoOTUNKA

Hpen06pa60Tqm< SIBJIISIETCSL COCTaBHBIM 00BEKTOM. B cocraB 3T0ro o0mekTa BXOOAT YaCTHBIC npe,uo6-
pa60T‘lI/IKI/I, MpaBujiIa pacupeacJCHud BXOAHBIX JAHHBIX U BXOAHBIX CUTHAJIOB CCTU MCKAY YaCTHBIMU npe,uo6-

Tab6muma 12
KirroueBbie cioBa si3pIka ONMUCAHMS MTPeToOopaboTIHKA.
Wnenruduxarop Kparkoe onucanue
Connections Havasno 6710ka onmcanus pacnpeaeseHus] BXOIHBIX JaHHBIX U CUTHAJIOB.
Contents Hauano 610Ka onmmcannsi cOCTaBa HHTEPIPETATOPA.
Data Vms1, Mo KOTOPOMY aApecyIOTCs BXOAHBIEC JaHHBIE, Ha4aj0 OJ0Ka ONMMCAHUS BXOIHBIX JAHHBIX
Include [IpenmecTByeT nMeHH Gaiiia, MEJTUKOM BCTABISEMOTO B 3TO MECTO OMHCAHUSI.
NumberOf Oynkmst. Bo3Bpamiaer umciao o0pabaThiBaéMBIX HYaCTHBIM TPEI0OPa0OTINKOM BXOIHBIX
JTAHHBIX TN CUTHAJIOB.
Prep Hayaso 3aroioBka onucanus 4aCTHOTO nipeoOpaboTanka.
Preparator 3aroyioBoK pazzena gaiina, cofaepxkainii OnMcaHue HHTEPIPETATOPA.
Signals VM3, 10 KOTOPOMY aApecyIOTCs BXOAHBIE CUTHAJIBL, HAadaIo OJI0Ka ONMHCAHUS CUTHAJIOB.
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pa60T‘lHKaMI/I. Hpeno6pa60Tqm< IIpHU BBIIIOJIHCHUU 3aIllpoca Ha npea06pa60TKy BCKTOpa BXOJAHBIX HAaHHBIX IT10-
JIy4aceT Ha BXOAC BCKTOP UCXOAHBIX JAaHHBIX, a BO3BpAIACT BEKTOP BXOAHBIX CUT'HAJIOB CCTHU.

Kamuﬁ YaCTHBIN HUHTCPIIPCTATOP OTBETA IMOJYYACT HAa BXOAC BEKTOP BXOAHBIX JaHHBIX, KOTOPbHIC OH
npez[06pa6aTLIBaeT, a Ha BbIXOAC OAa€T BCKTOP BXOJHLIX CUTHAJIOB CCTH. Kamuﬁ YaCTHBIN HUHTEPIIPETATOP
OIIUCBIBACTCA B BUAC NPOLCAYPHOTO OJI0Ka.

B Ttabnm. 12 MPUBCACH CIHCOK KIIIOYCBLIX CJIOB A3bIKA OIIMCAHUA npez{06pa60Tqm<a, ,HOHOJ'IHSHOHII/Iﬁ
CIIUCOK KJIFOYCBBLIX CJIOB, MPUBCACHHBIX B I'JIaBC «O6IIIPII>1 CTaHaap™. KpOMe TOT'O, KJIIFOUCBBIMU CJIOBAMMU SIBJIA-
OTCA UMEHA CTaHAAPTHBIX HpeHO6pa60T‘lI/IKOB, MPUBCACHHBIC B Tabmn. 11.

4.2.3.1 BH® a3vika onucanus npeoodpadomuuxa

O06o03HaueHwst, IpUHATEIE B JaHHOM pacimpennd BH® u ommcanue psiga KOHCTPYKIMK NPUBEICHBI B

rnaBe «O0muit crannapt B pasaene «Onucanne si3pIka ONMMMCAHNS KOMIIOHEHTOBY.

<Ommcanue npenodpadboTunka> ::= <3arosoBok> [<Omwmcanue ¢yHkimit>] [<Onucanne YacTHBIX mpenoOpa-
O6otunkoB>] <Omnmcanue coctaBa> [<YcTaHOBIEHHE MapaMmeTpoB>] [<Omucanue cuUrHaios>] [<Omwu-
canue naHHbIX>] [<Ommcanue pacrpenencHus curHaio>] [<OmmcaHue pacrpeneneHus IaHHBIX>]
<Kownen onrcanus npeaodpadboTanka>

<3aronoBok> ::= Preparator <lms npeno6padorunka> (<Crnmcok popMabHBIX apryMEHTOB> )

<HWwmst npepobpaboTunka> ::= <M nentnpuxarop>

<OmnwcaHue YacTHBIX Ipeo0padboTynkoB> ::= <OnucaHue YacTHOTo NpenodpadoTunka™> [<OnucaHne 4acTHBIX
npeno0paboTIYNKOB> |

<OmnwucaHue 4acTHOTO MpenodpadoTunka™> ::= <3arojoBOK ONHCaHuUs npenodpabordnka™> [<Onucanue craTuye-
CKUX TepeMeHHBIX> ]| [<Omnucanue nepeMeHHbIX>] <Teno npemxodpaboTynka>

<3aroJI0BOK omucaHus npeaoopadorynka™> ::= Prep <lms gactHoro npenobpadorunka> ([(<Crmcok popmais-
HBIX apTyMEHTOB>)])

<Wmst yacTHOTO HHTEpIpeTaTopa™> ::= <M neHtudukarop>

<Teno npenodpadorunka> ::= Begin <CocraBHoii oneparop> End

<Ommcanue coctaBa> ::= Contents <Crucok uMeH npenoopaboTInkoB™

<Cnucok uMeH npenoopadboTunkoB™> ::= <Mms npenodpadorunka™> [,<CnMcok UMEH MpeaoopadoTIMKOB> |

<HWwms npenobpaborunka> ::= <I[Icenonum>. {<Mms panee omucaHHOro uHTEepnperaropa> | <Mms cranmapr-
HOTO uUHTepnperatopa>} [/<HUucno 3x3emMmuisapoB >/ ] [(<Cnucok GakTHIESCKUX apryMEHTOB™>)|

<[IceBnonum> ::= <M neHrnduxarop>

<Uucno sx3emMmisipos > ::= <llenoe uncno>

<Hwmst panee onmrcaHHOro UHTEpHpeTaTopa™> ::= <M neHtudukarop>

<HWwms ctanmapTHOTro MHTEpHpeTaTopa> ;== <M neHTnduxarop>

<YcTaHOBIIEHHE TapaMeTpoB> = <YcTaHOBJIieHHEe TnapameTpoB Hacmnozo npedodpadomuurka>
[;<YcranoBnenue mapaMeTpoB>]

<Omnucanue curnanos> ::= Signals <KoncTtanTHoe BbIpaxeHue tuna Long>

<Ommucanue naHHpIX> ;.= Data <KoncrantHoe BeipakeHue tumna Long>

<OmnucaHue pacnpefeneHusi curianos> ::= <Omnucanue pacnpenenenusi Cucnanos, Ilpeooopabomuuka, Ya-
cmHoz0 npedobpadomuuka, Signals>

<Omnucanue pacnpeaeneHust JaHHbIX> ::= <Omnucanue pacnpeneneuus Jannvix, Ilpedoopabomuurka, Yacmuo-
20 npedoopabomuuxa, Data>

<Komner onmcanus npenodpadorunka™> ::= End Preparator

4.2.3.2 Onucanue a3vika onucanus npeoodpadomuuxa

CrpyKTypa OmucaHus mpeno0padoTInKa UMEET BHI: 3aT0JIOBOK; OMHCaHWE (YHKITHIA; OMCaHWE YacT-
HBIX TPe00pabOTYNKOB; OMMCAHHE COCTABA; YCTAHOBICHUE MAPaMETPOB; ONMCAHUE CHTHAJIOB; OIHMCAHUE JaH-
HBIX; OMKMCAHUE PACHpe/ICICHNs] CUTHAIIOB; ONMKMCAHUE PACIIPE/ICIICHNs TAaHHBIX; KOHEIl OMUCaHus Mpenoopador-
YHKa.

3aroJ0BOK COCTOWT M3 KIIOYEBOTO CoBa Preparator u mMeHH mpeqo0paboTIuKa U CIyXKHT JJIsl 000-
3HAYCHUS Havala OMUCcaHus npenodpadorurka B (haiiiie, comepikanieM HECKOIBKO KOMIOHCHTOB HEHPOKOMITBIO-
Tepa.

Onwucanne QyHKIUI — (HparMeHT ONMUCaHUs, B KOTOPOM OIMUCAHBI (PYHKIUU, HEOOXOAUMBIC Il PAOOTHI
npenoOpaboTYNKOB.

OnwcaHue 4acTHOTO MpeaoOpaboTYNKa — ITO OMUCAHUE MPOIEAYPHI, BEIYUCISIONICH BXOIHBIC CUTHAIBI
HEHPOHHOW CEeTH MO BXOJHBIM TaHHBIM. DopMalbHBIC apTyMEHTBI CIY)KaT JUIS 3aJIaHusl pa3MEepHOCTEl oOpada-
THIBAEMBIX BEKTOPOB. [IpU BHIMOIHCHUN YaCTHBIN MPEeI00padOTINK MMOTyYaeT B KAYECTBE apryMEHTOB JIBa BEK-
TOpa — BXOJHBIX JIAHHBIX W BXOJHBIX CUTHAIOB. @OpManbpHO, TIPU UCTIONHCHUN YaCTHBIN MpeaoOpaboTunK nMe-
T OITCaHKe CIEIYIOIIETo BUa:
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Pascal:
Procedure Preparator(Data, Signals : PRealArray);
C:
void Preparator(PReal Array Data; PRealArray Signals);

B paspene ommcaHusi cOCTaBa NEPEUHCIAIOTCS YacTHBIE MPEeAoOpadOTUNKH, BXOJINE B COCTaB IIpe-
nobpaborunka. [TpuzHakoMm KoOHIA pa3jielia CIIy>KUT CUMBOJ <.

B HeoOs13aTesIbHOM pa3ziene yCTaHOBJICHHS MapaMeTpOB MPOU3BOJUTCS 3a/laHNe 3HAYCHUH IMapaMeTpoB
(craTMuecKWX TEpEeMEeHHBIX) YAaCTHBIX NpenoOpadorunkoB. [locie ximoueBoro cinosa SetParameters ciemyer
CIHCOK 3HaYE€HHH MapaMeTpOB B TOM IIOPsAKE, B KAKOM MapaMeTpbl ObIM 00BSBICHBI IPU ONMMCAHUH YaCTHOTO
UHTEpHpeTaTopa (A1l CTAaHJAPTHBIX MHTEPIPETATOPOB IMOPSIOK IapaMeTpOB COOTBETCTBYET HOPSIKY, IpPHBE-
JICHHOMY B ONMCaHWH CTAaHIAPTHBIX NpenoOpaboTyukoB B paszene «CraHmapTHbE mpenoOpaboTunkm»). Ilpu
UCIIONIb30BaHUHM OJIHOTO ONeparopa 3aJaHus MapaMeTpoB JUIS 3aJlaHusl NapaMEeTPOB HECKOIBKUM SK3eMILIIpam
OJTHOTO YacTHOTO NpenodpabdoTunKa 1mocie KIro4YeBoro ciaoBa SetParameters ykaspIBaeTcs CTONBKO BBIPAXKEHHH,
3aJIa0IINX 3HAYCHUS [TapaMeTPOB, CKOJIBKO HEOOXO0ANMO JUTS OJJHOTO AK3EMILISPA.

B HeoOs3aTenbHOM pasjierne "omcaHue CUTHANIOB" yKa3bIBAaeTCsl YUCIO CUTHAJIOB, BEIYHMCIISIEMBIX TIpe-
nobpaborunkoM. Ecnm 3TOT paszmen omylieH, TO IMojaraercs, 4TO YHCIIO BBIYHCIAEMBIX NpenoOpaboTYMKOM
CUTHAJIOB PaBHO CYMME CHTHAJIOB, BBIYHMCIIIEMbBIX BCEMH YaCTHBIMH TpenoOpaboTunkamu. B KOHCTaHTHOM BBI-
pa’KeHUH BO3MOKHO Hcrosib3oBaHne QyHKIMH NumberOf, apryMeHTOM KOTOPO#l SIBISIETCS MMSI YacTHOTO Ipe-
noOpaboTunka (MM ero MceBJOHNM) U KIII0UYEBOE clIoBO Signals, B KaueCcTBE BTOPOTO apryMeHTa.

B HeoOs3aTenpHOM paszzerne "onmucaHue JaHHBIX" yKa3bIBAETCS YMCIIO BXOJHBIX JaHHBIX, Npenodpada-
TBIBaEMBbIX INpenoopadoTunkoM. Eciu 3TOT paszen OmyIueH, TO MoJjlaraeTcsi, YTo YHCIIO MpeaoOpadaThIBacMbIX
peoOpadoTYMKOM JaHHBIX PAaBHO CyMME JIaHHBIX, NPeaoOpadaThiBaeMbIX BCEMH YacTHBIMU NpenoOpadoTdn-
KaMH. B KOHCTaHTHOM BBIPQ)XKEHHH BO3MOXXHO HcHonb3oBaHue (QyHkuuu NumberOf, aprymeHTOM KOTOpOW
SIBJSIETCS. UMS 4aCTHOTO NpefoOpaboTyrka (MIM ero MCeBJOHNM) U KIIIoYeBoe cIoBo Data, B kauecTBe BTOPOTO
apryMeHTa.

B HeoOs3aTensHOM pasjienie ONMUCaHus paclpeaesIeH s CUTHANIOB (JJaHHBIX) YKa3bIBaeTCs JUISl KaXKJI0T0
YaCTHOTO NpefoOpaboTynKa Kakiue CUTHAIBI (BXOJIHBIEC JaHHBIE) M3 OOIIEro BEKTOpa CUTHAJIOB (IaHHBIX) Iepe-
JIAFOTCS MY JUIst 00pabOoTKH.

Hawubosnee gacto BeTpedaromuecs HHTEPIPETaTOPEI OOBSIBICHBI CTAHAAPTHBIMH. J{J1s CTAaHAAPTHBIX WH-
TEPIPETATOPOB OIMMCAHNE YACTHBIX HHTEPIPETATOPOB OTCYTCTBYET.

Kpome Toro, B m060M MecTe ONMHMCAHMS WHTEPHPETaTOpPa MOTYT BCTPEUYaThCsl KOMMEHTAapHH, 3aKII0-
YeHHBIE B (PUT'YpHBIE CKOOKH.

4.2.3.3 Ilpumep onucanusn npedodpadbomuuxa

B »TOM pa3zerne mpuBeneHs! [Ba MpUMeEpa OMICAHUS OHOTO M TOTO e MperodpaboTynka ajis MeTeo-
porormyeckoit 3amaun. Mcmons3yercs ciaeayonmii CoCcTaB mpeaoopaboTInKa: MEepBEIil IEMEHT BEKTOpa BXOJ-
HBIX JaHHBIX (TeMIlepaTypa Bo3ayxa) oOpabaTsiBaeTcs mpocTedmmM npenodpadorankom (EmptyPrep); BTopoit
(obmaunocTs) — OuHApHBIM nIpenoOpaboTankoM (BinaryPrep); Tperwii (HampaBieHne BeTpa) — mpeaoopadboTau-
KOM HEYIOpPANOYCHHBIX KauecTBeHHBIX mpm3HakoB (UnOrdered); wetBepthiif (ocamku) — mpenoOpaboTInKOM
HEYIOPSIOYEHHBIX Ka4eCTBeHHBIX pm3HakoB (Ordered).

B nepBoM npumepe mpuBeIeHO OMHCcaHue AyOJIMKATOB BCEX CTaHAAPTHHIX Mpenodpadorankos. Bo BTO-
POM — UCTIONB30BaHBI CTAHIAPTHBIE MPEA00PaOOTIHKHY.

ITpumep 1.

Preparator Meteorology

Function Sigmoid( X Real ) : Real;
Begin
Sigmoid = X / (1 + Abs(X))
End;

Prep BinaryPrepl () {IIpenoOpaboTKa OMHAPHOTO MPU3HAKA }

Static
Real MinSignals Name "HmxHsg rpaHuiia HHTepBaia IpUEeMIEMBIX CUTHAIOB';
Real MaxSignals Name "BepxHsisi rpaHuiia HHTEpBaia NPUEMIIEMbIX CUTHAJIOB";
Real Unknown Name "3HadueHne CUTHajA, €CJIM 3HAYEHUE BXOIHOTO MPU3HAKA HE OTpeIeeHo" ;
Logic Type Name "Tun npeno6pabotku 6nHapHOro npusHaka';

Begin
If TLong(Data[1]) = UnknownLong Then Signals[1] = Unknown
Else Begin
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If Type Then Begin
If TLong(Data[1]) = 1 Then Signals[1] = 0 Else Begin
If MaxSignals =0 Then Signals[1] = MinSignals Else Signals[1] = MaxSignals

End
Else Begin
If TLong(Data[1]) = 1 Then Signals[1] = MinSignals Else Signals[ 1] = MaxSignals
End
End
End

Prep UnOrdered] ( Num : Long ) {IIpeno6paboTka ymopsao4eHHOT0 Ka4eCTBEHHOTO IPU3HAaKa }
Static
Real MinSignals Name "HmxHs rpaHniia HHTepBaia IpUEeMIEMBIX CUTHAIOB'";
Real MaxSignals Name "BepxHsisi rpaHuiia HHTEpBaia NPUEMIIEMbIX CUTHAJIOB";
Real Unknown Name "3HadueHne CUTHajA, €CJIM 3HAYEHUE BXOIHOTO MPU3HAKA HE OTpeIeeHo" ;
Var
Integer I;
Begin
If TLong(Data[1]) = UnknownLong Then Begin
For I1=1 To Num Do
Signals[I] = Unknown
End Else Begin
For I=1 To Num Do
Signals[I] = MinSignals
Signals[TLong(Data[1])] = MaxSignals
End
End

Prep Ordered! ( Num : Long ) {IIpeno6paboTka yrnmopsao4eHHOT0 KaYeCTBEHHOTO MTPH3HAKa }
Static
Real MinSignals Name "HmxHss rpaHniia HHTepBaia IpUeMIEMBIX CUTHAIOB';
Real MaxSignals Name "BepxHsist rpaHuiia HHTEpBaia NPUEMIIEMbIX CUTHAJIOB";
Real Unknown Name "3HadueHne CUTHaJA, €CJIM 3HAYEHNE BXOIHOTO MPU3HAKA HE OTpeIeeHO" ;
Var
Integer I;
Begin
If TLong(Data[1]) = UnknownLong Then Begin
For I1=1 To Num Do
Signals[I] = Unknown
End Else Begin
For I=1 To TLong(Data[1]) Do
Signals[I] = MaxSignals
For I = TLong(Data[1])+1 To Num Do
Signals[I] = MinSignals
End
End

Prep EmptyPrepl () {IIpemoOpaboOTINK, OCYIICCTRIIAIONINN MacIITAOMPOBAHUC U CIIBUT CUTHAJIA }
Static
Real MinSignals Name "HwkHsis rpanuna MHTEpBajia IPHEMIIEMBIX CUTHAIOB"
Real MaxSignals Name "Bepx#sist rpanuiia vHTepBaia IPHEMIIEMbBIX CUTHAJIOB";
Real Unknown Name "3HaucHre cHrHANa, €CITM 3HAYCHUE BXOTHOTO IIPU3HAKA HE OIPEIeNIcHO "
Real MinData Name "3HaueHust HIKHEH TpaHUIBI HHTepBajia M3MEHEHHS BXOIHBIX TaHHBIX";
Real MaxData Name "3HaueHus BepXHel TpaHULIbl MHTEPBAIa U3MEHEHUS! BXOIHBIX JaHHbBIX';
Begin
If Data[ 1] = UnknownReal Then Signals[ 1] = Unknown
Else Signals[1] = (Data[1] — MinData) * (MaxSignals — MinSignals) / (MaxData — MinData)
+ MinSignals
End

Prep ModPrepl ( Num : Long ) {MonynsipHbIii pe1oOpadboTUHK }
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Static
Real MinSignals Name "HwkHsis rpanuna MHTEpBajia IpHEMIIEMBIX CUTHAJIOB"
Real MaxSignals Name "Bepx#sist rpanniia vHTepBaia IPHEMIIEMbBIX CUTHAJIOB";
Real Unknown Name "3HaucHre cHrHAaa, €CITM 3HAYCHUE BXOTHOTO TIPU3HAKA HE OIPE/IeIIcHO"
RealArray[Num] Y Name "MaccuB BeTHYNH, UCTIOJIB3YEMbIX JJISI TPea0O0paboTK"
Var
Integer I;
Begin
If Data[ 1] = UnknownReal Then Begin
For I=1 To Num Do
Signals[I] = Unknown
End Else Begin
For I=1 To Num Do
Signals[I] = (Data[1] RMod Y[I] + Y[I]) * (MaxSignals — MinSignals) / (2 * Y[I])

+ MinSignals
End
Prep FuncPrepl(Num : Long; F : FuncType) { ©@yHKIIOHATBHEIH TPe100paboTINK |
Static

Real MinSignals Name "HmxHsg rpaHniia HHTepBaia IpUEeMIEMBIX CUTHAIOB'";
Real MaxSignals Name "BepxHsist rpaHuiia HHTEpBaia NPUEMIIEMbIX CUTHAJIOB";
Real Unknown Name "3HaueHne CUTHaJA, €CJIM 3HAYEHUE BXOIHOTO MPU3HAKA HE OTpeIeeHO" ;
Real MinData Name "3HaueHus HIKHEH I'paHUIbl MHTEpBalla H3MEHEHHs 3HaYeHUH GpyHkunu F";
Real MaxData Name "3HaueHns1 BepXHel TpaHUIIBI HHTEpBaTa U3MCHEHUS 3HaUYeHUH QyHKImH F";
RealArray[Num] Y Name "MaccuB BelMUUH, HCIOIB3YEMBIX It peoOpaboTku”
Var
Integer I;
Begin
If Data[ 1] = UnknownReal Then Begin
For I=1 To Num Do
Signals[I] = Unknown
End Else Begin
For I=1 To Num Do
Signals[1] = (F(Data[1] — Y[1] — MinData) * (MaxSignals — MinSignals) /
(MaxData — MinData) + MinSignals
End

Prep PositPrepl( Num : Long ) {ITo3nmoHHBIH penoOpadoTUHK |
Static
Real MinSignals Name "HwxHsis rpaHuna HHTEpBajia IPUEMIIEMbIX CHTHAJIOB"
Real MaxSignals Name "Bepx#sss rpanuniia vHTepBaia IpueMIIeMbIX CUTHAJIOB"
Real Unknown Name "3HaucHre CHrHAamNa, €CITU 3HAYCHHUE BXOIHOTO IIPU3HAKA HE OIIpe/IelicHO"
Real Y Name "OcHoBaHne CHCTEMBI CUUCICHAS"
Var
Integer I;
Real W, Q;
Begin
If Data[ 1] = UnknownReal Then Begin
For I=1 To Num Do
Signals[I] = Unknown
End Else Begin
W =Data[1];
For I =1 To Num Do Begin
Q=WRModY,;
Signals[I] = Q * (MaxSignals — MinSignals) / Y + MinSignals;
W=W-Q)/Y
End;
End

Contents Temp : EmptyPrepl, Cloud : BinaryPrepl, Wind : UnOrdered1(8), Rain : Ordered1(3);
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Temp SetParameters -1, 1, 1E-40, 273, 293; {Jlns Bcex mpenoOpabOTIMKOB NMpUEMIIEMbIE 3HAUESHUS BXO/-}
Cloud SetParameters -1, 1, 0, True; {HBIX CHTHAJIOB JIeXaT B HHTepBaie ot -1 1o 1. B ciaydae Heompeme-}
Wind SetParameters -1, 1, 0; {TIeHHOTO 3HaYeHMSI BO BXOHBIX JJAHHBIX BCE CUTHAJIBI JJAHHOTO }
Rain SetParameters -1, 1, 0 {npenoOpaboTyrKa 1moyararoTcsi paBHBIMHU HYII0. BXoJHEIE 1aHHBIE}
{nepBoro npenobpaboTunka MeHsA0TCS oT 273 1m0 293}
Signals NumberOf(Signals,Temp) + NumberOf(Signals, Cloud) + NumberOf(Signals, Wind(8)) +
NumberOf(Signals, Rain(3))

Data NumberOf(Data,Temp) + NumberOf(Data, Cloud) + NumberOf(Data, Wind(8)) +
NumberOf(Data, Rain(3))

Connections
Temp.Data <=> Data[1];
Cloud.Data <=> Data[2];
Wind.Data <=> Data[3];
Rain.Data <=> Data[4];
Temp.Signals <=> Signals[1];
Cloud.Signals <=> Signals[2];
Wind.Signals[1..8] <=> Signals[3..10];
Rain.Signals[1..3] <=> Signals[11..13]

End Preparator

IIpumep 2.
Preparator Meteorology

Contents Temp : EmptyPrep, Cloud : BinaryPrep, Wind : UnOrdered(8), Rain : Ordered(3);
Temp SetParameters -1, 1, 1E-40, 273, 293
End Preparator

4.3 CmaHOapm emopo20 ypOB8Hs1 KOMIOHeHmMa npedobpabomyuk

3anpocsl K KOMIIOHEHTY IperoOpadoTINK MOKHO Pa3OUTh HA IATH TPYIIIL:
[IpenoOpadoTka.
M3MmeHeHue napaMeTpos.
Pabota co cTpyKTypOil.
WHutmanms pepakropa npeaoopadoTyImka.
O6paboTka omuooK.
ITockoabpKy HEHPOKOMITBIOTEP MOXKET paboTaTh OJHOBPEMEHHO C HECKOJBKUMH CETSIMH, TO U KOMIIO-
HEHT NpenoOpaboTInK AOHKHA UMETh BO3MOXKHOCTh OJHOBPEMEHHON pabOThI C HECKOJIBKUMHU TIpenoOpadboTan-
kamu. [o3ToMy GONBIIMHCTBO 3alpOCOB K MpenoOpadoTINKy copepikaT SBHOE yKa3aHHE WMEHH Ipenoopabot-
ynka. Hipke mpuBeneHO ommMcaHne BCEX 3alpocoB K KOMIOHEHTY IpenoopadboTunk. Kaxxapsriit 3anpoc sBisercs
JorHYecKor (pyHKIMEH, BO3BpaIaronield 3HaYCHNE WCTHHA, €CIIM 3alpocC BBIIOIHEH YCIEIIHO, W JIOXKb — IMPH
OIIMO0YHOM 3aBEPIICHUH MCTIONHEHHUS 3aIpoca.

B 3ampocax BTOpoii U TpeThel TPYyNNBI IpH OOpaAIIeHNH K YaCTHBIM MHTEPIPETaTOPaM HCIOIB3YeTCs
CIENYIOIINN CUHTAKCHUC:

kW=

<[TosHO€ M4 YaCTHOTO UHTEPIpETaTOpa> ::=
<Wwms uatepnperaTopa>.<[IceBgoHNM 9acTHOTO MHTEpHpeTaTopa™> [[<Homep sx3emmuisapa>/ ]

Tab6muma 13.
3HaueHus NpeoNpeIeICHHBIX KOHCTAHT KOMITOHEHTa Mpeo0padboTInK
Hazpanue Benmun- 3HayeHne
Ha
BinaryPrep 0 CrangapTHbIH ipenoOpaboTunk OMHAPHBIX MPHU3HAKOB
UnOrdered 1 CranmapTHbIH npero0padoTINK HEYHOPSIOYCHHBIX KaYeCTBCHHBIX IPH3HAKOB
Ordered 2 CranmapTHBIH nperoOpadoTIHK YIOPSATOYSHHBIX Ka4eCTBEHHBIX IPU3HAKOB.
EmptyPrep 3 CraHgapTHBIA POCTEHINT penoOpadboTInK
ModPrep 4 CraHmapTHBIH MOAYISPHBIA IpegoopaboTIrK
FuncPrep 5 CranmapTHBIH QYHKIIMOHAIBHBIA MPenoOopaboTInK
PositPrep 6 CTraHgapTHBIA MO3UITMOHHBINA TIpeno0paboTInk
UserType -1 IIpenobpaboTumK, ONpeeTICHHBIN OIh30BATEIIEM.
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[Ipu BBI30OBE psijia 3aIPOCOB UCHONB3YIOTCS MPEAONpPEACICHHBIC KOHCTAHTHL. X 3HAYCHUS MIPUBEICHBI
B Tabu. 13.

4.3.1 3anpoc Ha npexoOpadoOTKy

EnuHCTBEHHBIIN 3ampoc mepBON TPYIIBI BHIOIHSAET OCHOBHYIO (PYHKIMIO KOMIOHEHTa MpenoopadboT-
YHK — Ipe1oOpadaThIBaeT BXOAHBIC JaHHBIE, BEIYUCIIAS BEKTOP BXOJHBIX CHTHAJIOB.

4.3.1.1 Ilpeooopabomams eéekmop cucnanog (Prepare)

Onucanue 3amnpoca:
Pascal:

Function Prepare(CompName : PString; Data : PRealArray; Var Signals : PRealArray) : Logic;
C:

Logic Prepare(PString CompName, PRealArray Data; PReal Array* Signals)

Onucanue aprymeHra:
CompName — yka3zartenb Ha CTPOKY CUMBOJIOB, COJICPIKAIyI0 HMSI ITPeoOpadoTIHKa.
Data — MaccHB BXOAHBIX JaHHBIX.
Signals — BEIYMCIISIEMBIH MACCHB BXOJHBIX CUTHAJIOB.

Hasnayenune — npenoOpabaTeiBaeT MacCHB BXOJHBIX AaHHBIX Data, BEIYHMCIISAS MacCHUB BXOJIHBIX CHUTHa-
noB Signals ncrone3ys npenodpaboTuuK, ykasaHHbIH B mapamerpe CompName.

Omnucanue UCTIONHEHHSI.

Ecmu Error <> 0, To BEIIOJIHEHHE 3a1poca MpeKpariaeTcs.

Ecnu B xagectBe aprymenta CompName naH MycToH ykasaTelb, WIIM yKa3aTelb Ha IMYCTYIO CTPOKY, TO

UCTIONHAIOMINM 3a1poc 00BEKTOM SBISIETCS TEKYIIMH NpenoopaboTynk — NEpBBIM B CIMCKe Ipenodpa-

OO0TYMKOB KOMITOHEHTa IIPeJ00padoTIHNK.

3. Ecnm crimcok npenoOpaboTIMKOB KOMIOHEHTA MPeao0paboTIHK MyCT WM UMS IIpenoOpaboTyrka, Ie-
penanHoe B aprymente CompName B 3TOM CIHCKE HE HaiIeHO, TO Bo3HUKaeT omubOka 201 — HeBepHOE
umst npenoOpaboTyrKa, yrnpapieHHE NepenaeTcsi o0padoTuMKy ommbok, a oOpaboTka 3ampoca mpe-
Kpaliaercs.

4. TlpomsBomutcs mnpenoOpaboTka mNpepoOpabOTYMKOM, HUMsI KOTOpOro OBUIO YKa3aHO B apryMeHTe
CompName.

5. Ecnum Bo BpeMsi BBIIIOJIHEHHUS 3aIpoca BO3HUKAET OIIMOKA, TO TeHEpUPYeTCsl BHYTpEHHss ommoOka 204 -
omnoOKa npenodpadboTku. YpasieHue nepeaaeTcss 00padoTunKy omuoOoK. BrlimonHeHue 3amnpoca npe-
Kpauiaercs. B mpoTHBHOM cityyae BBIOJIHEHHUE 3aIIpOca YCIICIITHO 3aBEPILACTCs.

N —

4.3.2 OcranbHble 3alIPOCHI.

Hwmke npuBeneH CIUCOK 3alpOCOB K KOMITOHEHTY MPeno0paboTINK, HCIIOTHEHHE KOTOPHIX OIMCAHO B
rnaBe «OO0mumiA cTaHaapT»:
prSetCurrent — CrienaTh npe1o0padoTINK TEKYIIUM
prAdd — Jlo6Gasienne HOBOro npenodpadboTanka
prDelete — Y nanenne nmpenodpadboTanka
prWrite — 3anuch npexoOpadoTIHKa
prGetStructNames — BepHyTs IMEHa CTPYKTYPHBIX €IHHUI] TPe1o0paboTInKa
prGetType — BepHyTh THI CTPYKTYpHON eIMHHIIBI IpeoOpaboTanka
prGetData — ITomyauts mapameTps! npenodpadboTanka
prGetName — IToxyunTs nMeHa TapaMeTpoB MpenodpadboTanKa
prSetData — YcTaHOBUTE TTapaMeTphl penoopadoTunKa
prEdit — PenaktupoBats npemnodpadboTank
OnError — YcTtaHOBUTH 00pa0b0TIYHK ONTHOOK
GetError — JIath HOMep OMUOKH
FreeMemory — OcBo60oanTh TaMsATh
B 3ampoce prGetType B mepemenHoii Typeld Bo3BpamaeTcs 3Ha4eHHE OJHOW M3 TPEAOIPEACICHHBIX
KOHCTAHT, IEPEYUCIICHHBIX B Ta0I. 13.
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4.3.3 OmmoOKH KOMIIOHEHTA NpeAodpadoTUnK

B tab6n. 14 mpuBeneH MONHBINA CIMCOK OIIHOOK, KOTOPBIE MOTYT BOHHUKATH IIPH BBITIOJTHEHHH 3aIIPOCOB
KOMITOHEHTOM TIPe00padOTUuK, U NIEHCTBHS CTAHAAPTHOTO 00pabOTYMKa OITHOOK.

Tabmuua 14.
OmnOKM KOMIIOHEHTA NpeoOopaboTINK M ACHCTBHS CTaHIapTHOTO 00paboTYHKa OMINOOK.
Ne | Ha3Banwue ommoOku CranpaprtHas oOpaboTka
201 | HeBepHoe ums npemoOpaboTanka 3anecenue Homepa B Error
202 | OmmbKa cunThIBaHMs Npeo0padboTunKa 3anecenue HoMepa B Error
203 | Ommbka coxpaHeHus npeaoopadboTInKa 3anecenue HoMmepa B Error
204 | Ommbka nperoOpadoTKu 3anecenue Homepa B Error
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