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(1) y=F(x), x=u",...x*P)e X < R".

Takast MOZIeNTb CTPOUTCS 1O BHIOOPKE U3 N BEKTOPOB pa3MepHO-
ctu (k+1)

() (yl X, )= (yl ,xl(l),...,xl(k))e X=R" ¢=1,...N,

MOJTy4aeMbIX B PESKHME HOPMAILHOW SKCIUTyaTalldid HJICHTH-
¢unupyemoro oowvekra. be3 ocoboro Tpyma MOXKHO MOKa3ath, YTO
MpeyIaraeMplil  Jjajiee MOJXOJ MOXKET HCIIONIB30BAThCSA TAKXKe IS
WJCHTU(DUKAIMH TUHAMUYIECKOW MOJIENTU JOCTATOYHO OOIIEro BUaa
(3) y(@)=F[x@),x(t—-1),x(t—-2),...x(t —m)],

rZie m — «IyOuHa MaMATH» TUHAMUYecKoW moxenu. [pyrumu
croBamu, pasznuune mozeiei (1) u (3) cocTOMT TONBKO B pa3MepHO-
CTH MPOCTPAHCTBA BXOJIOB X, KoTopas yBenuuuBaercs st (3) mo km.

3a kputepuii KauecTBa UACHTU(UKAIINU, KAaK OOBIYHO, TPUHH-
MaeTcs CPEeIHEKBAIPATHYHOE OTKIOHEHHUE BBIXOJHOTO Iapamerpa y

OT aNmpOKCUMAMOHHONW Mozenu ((PYHKIUH alllpOKCUMALIUH):
@ J = [[y-F) plx)dx.
X

rie p(x) - QyHKOMS TUIOTHOCTH pacrpeesieHus] BEpOATHOCTU B
npoctpanctBe X. IlocraBieHHas 3amaya MOXET OBITH peElIeHA MpH
MOMOIIH KJIACCHYECKHUX CTATHCTUYECKHX METOIOB TOJIBKO B MPOCTHIX
cnydasx. Hanpumep, ecnu u3BecTHO, 4To F(X) MPUHAMIEKHUT HEKO-
TOpOMY TapaMeTpudeckoMy kiaccy GyHKIui F(x,0), TO COOTBETCT-
BYIOIIasl MOJIENb I?(x) TaKXe MOXKET ObITh BBIOpaHa B 3TOM Kiacce
ﬁ’(x,(x). B sroMm ciydae 3amaua CBOOMTCS K OLEHKE BEKTOpa o IO
MeIoIIIeiics BRIOOpKe HaOmroIeHmi (2).

Opnako B MPUKIAIHBIX 3a7a4ax UH(OpManus Mogo0HOro THIIA
gacTo orcyrcTByeT. bonee Toro, cmoxkHocts ¢yHkuuu F(x) HE mo-
3BOJIICT HCIOJNB30BaTh KIJIACCHYECKUE METOIBl MaTeMaTHYeCKOU
CTaTUCTUKU. TeM He MeHee, ObIJIO 3aMEeYeHO, YTO CIOKHAs BO BCEM
npoctpancTBe X QyHKIUs F(x) MoxeT ObITh MpEICTaBlIeHa B BHJIE
COBOKYITHOCTH 0oJiee MPOCTHIX «KYCKOBY», ONpPEIETEHHBIX Ha obac-
X B, A uUMeHHO, npeiaraercs (pyHKIMOHAIBHBIM IpeoOpa3oBa-
tenb F(x) (maeHTugUIUpYeMyt0 MOAEND) NPEACTABIATh B BUJE:
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(5) Fx)=e,(x)F,) oo T,
F(x)=) e.(x)F.(x), ¢,(x)= C
=’ ! () 0, ecnu x B,
rae r — uuciao obnacTedl (K1accoB), €(x) — XapaKTEpPUCTUYECKUE
¢yHkuuu obnacreii pazdouenns (kiaccuduxanun)

)
(6) H={B,eX, |JB, =X}.
Jj=1
Taxoe nNpeaACTaBJICHUC MOJACIU SABJIACTCA OCHOBOM MeToza Ky-
COYHOM aIImpoKCuMalu. B atom cIydac anmnpoKCUMallMOHHasg
MOZCIb MOXKCT OBITH apeacTaBjicHa B BUAC

M) Fl)=Xe, ()F oa)

rnie I*:j(x,ocj) — JIOKaJbHble (YHKIMU alIpOKCHMAalUM B 00nacTsIX B;
13 BEIOPaHHOTO MapaMeTpHUYecKoro kiacca QyHKuui. B aTom cinydae
¢ynkumonan (4), cOOTBETCTBYIOUIMH HAECHTHPHLIUPYEMOH MOAEIU
(7), 3amuceIBaeTcs CIeayIOIUM 00pa3oM:

r ~
®) J= /ZIBI[y - Fxa, )| plx)as.

Torpma 3amavya KyCOYHOW ammpoOKCUMAalMK HACHTHPHIHPYEMON
MOJIETH COCTOMT B HAXOXKJICHUW TaKOro pa3OMEHUs] Ha KIIACCHI, IS
KOTOPOrO CyMMa KBaJpaTOB HEBS30K OLCHOK JIOKAJBHBIX MOJeen
Bcex KiaccoB Oblia Obl MUHHMMAaNbHA. [pyrumu cioBaMu, HEOOXO-
IUMO HAWTH Takylo KilaccHpUKaluio (6) U Takue 3HAUYCHHS BEKTOp-
HBIX IapaMeTpoB ¢y, A KOTOPHIX (yHKIMOHAN (§) mpuHUMA Obl
MUHUMaJbHOEe 3Ha4deHue. BooOmie roBops, mapamerp r (uucio o0-
nactell Bj) Taxke JODKEH y4acTBOBATh B MUHHMU3ALMM KPUTEPUS
(8). Onmnaxo nmns xputepus B gopme (8) Takas MUHUMH3ALMS HAET
TPUBHAJIBHBIN PE3yAbTaT — MaKCHUMAJIBHO BO3MOXHOE C TOYKH 3pe-
HUSI JOCTOBEPHOH OLleHKH K03((ULMEHTOB perpeccuu ;. O4eBUIHO,
YTO 3TO HE COOTBETCTBYET MHTYMTHBHOMY IPEACTABICHUIO 00 «Om-
TUMAaJIbHOMY YHCIIe 00JIacTel.



2. MemoObI peweHuss 3a0a4yu cmpykmypHou udeHmudpu-
Kayuu

CymiecTByeT J1Ba MOAXOMa IS PEeLIeHHs TIOCTaBICHHON 3a/1auH.
[epBBIii MOAXOA COCTOMT B (POPMANBHOM PacCMOTPEHHH (YHKIHO-
Hana (8) ¥ MpUMEHEHUH HEKOTOPOro aJrOpuTMa €r0 MHHUMH3AIUH.
Bo BTOpOM momxome IS HaXOXKICHUsS oOnacTed pazoueHus (6) u
JIOKAJBHBIX (YHKUIUH anmpoKCUMauuu I*:j(x,ocj) HCIOIB3YIOTCS METO-
JIbl Pacrio3HaBaHUsl 00Pa30B U KIACTEPU3ALIHH.

2.1. BAPHAIIMOHHBIH I10JIXOH K PEIIEHHIO 3AJAYU

CTPYKTYPHOH UAEHTH®UKALIUU

s pa3paboTKH aropuT™Ma KyCOYHOM ammpoOKCHMAalru B COOT-
BETCTBUHU C TEPBBIM MOAXOJOM HEOOXOAUMO PACCMOTPETH MEPBYIO
Bapuauuoo ¢pyHkauonana (8) dJ u pazpaboraTb anropuTm, obdecre-
YUBAIOIINI BBHIMOJTHEHWE HEOOXOOMMOr0 YCIOBUS 3SKCTpeMyma
¢ynkunonana J: 6J = 0. [lapamerp » He y4acTByeT B MUHUMHU3ALUN
(byHKLIMOHANA, T.€. YUCIO0 obnacTell B; 3anaéres 3apaHee (Halpumep,
9KCHEPTHBIM IIYTEM).

Bapuauus 6/ pa3ouBaercs Ha 2 He3aBUCUMBIE YacTH: 0J = d1J +
0,J, re 01J - Bapuauus 1o mapaMerpam ¢; JIOKaJIbHBIX perpeccuii,
0,J — Bapuanus 1no paoueHuro H, 1.e. no rpanunam obnacreii 5;. B
CBSI3H C TEM, YTO Bapuanuu diJ u d,J OepyTcsi He3aBUCUMO, HE00XO-
JMMOE YCIIOBUE JKCTpeMyMa (pyHKIHMOHana J MOXKeT ObITh Nepernu-
cano B cienymorei gopme: 6. =0 U 6./ =0.

be3 orpanmveHust oOUmIHOCTH, Ui Oojiee KOMITAKTHOTO (op-
MYJIBHOTO MpPEACTaBICHUs] HEOOXOAMMBIE YCIOBHS MHUHUMM3ALHMU
¢yHkumoHana fanee OyJaem paccMaTpuBaTh Iisi = 2.
©) J.[y—Fj(x,aj)]ZVQ/F_/-(X,OC]—)p(x)dx =0, j=12,

B;

(10) CD(x,y)z [y—l?l(x,a_/)]z —[y—ﬁz(x,a_/)]z =0,xeA,



rae V. — TpaaveHTHBIA omepaTop, A — KyCOYHO-TJIaAKas IpaHHIa
MOBEPXHOCTH, pazzaestomieii oonactu B, u By, O(x, y) — IUCKpUMH-
HaHTHas QYHKITHUS.
st permennst cucremsl ypasHenuit (9), (10) npeanaraercs uc-
MOJB30BaTh HMTEPATUBHYIO MNPOLEAYPY THIA CTOXACTHYECKOW af-
npokcumanuu [2]:
a;(n+l)=a;(n)-sign®[x(n+1), y(n+D]y;(n+1)*

(11a) ~
#(y(n+ D)~ F,[x(n+ 1,0, (0]} V,, F[x(n+ 1,0, (n)],

O[x(n+1), y(n+D]= {p(n+1) - F[x(n+1),0,(n)]}* -

—{y(n+ D)= F[x(n+1),0,(m)]}7, j=12.

Tak kak BblpaxkeHue (10) mist AUCKPUMUHAHTHOW (QyHKIMM
@(x, ¥) COmEPKUT BBIXOTHON MapaMerp Y, KOTOPBIA U3BECTEH TOIBKO
JUIs. TaHHOW BBIOOPKHM HAONIOAEHHM, STO peIIaroliee MpaBWUIO HE
MOXeT OBITh MCIIONB30BAaHO Il MporHo3upoBanus. [1o 3Toli npuuu-
He AUCKpUMUHAHTHAs (yHKIHS TOJDKHA OBITH IOCTPOEHA Kak (PyHK-
uus f{x), 3aBUCALIAs TONBKO OT BXOAHBIX TapaMETPOB.

Jyis Toro 4TOOBI MOCTPOUTH ANMPOKCHUMAINIO (QYHKIHUHA f(X),
MOXHO HCIIONB30BaTh OOBIYHBIC AJTOPUTMBI Paclo3HaBaHUsl oOpa-
30B ¢ yuuteneM [1]. B aTom ciyuae HaOmroneHus (2) UCMOMB3YIOTCS
Kak oOydaromiast BRIOOpKa, a 3HaueHus sign®(x, ) paccMaTpuBaioT-
¢Sl Kak 0OyJarolue CUrHajbl, CoAepKalie HHPOPMALIUIO O TOM, TJe
pacronoxeHna Touka x: B By (ecmu sign®(x, y) = 1) wim B B, (ecnu
sign®(x, y) =—1).

Jns annpokcumanuu QyHKIMH f{X) MOKHO MCIIOJIB30BAaTh UTe-
PalMOHHBII alrOpUTM, OCHOBAHHBIM Ha METOIE MOTEHIHAbHBIX
¢ynkuuit [1, 3]. Oror anroput™ u ypaBHeHue (1la) dakTuuecku
COCTaBIISIIOT aJalITUBHBIA aJrOPUTM KyCOYHOH armpOKCUMALIUH.

(116)

2.2. JBVXDTAIIHAS CXEMA PELIEHWSA 34/JAYU CTPVKTVP-
HOW HJIEHTU®UKALIIH
Kak YK€ T'OBOPHJIOCH BBILIC, MIPU PCHICHUUN NPUKIAAHBIX 3aJ1a4
I/I,IleHTI/I(bI/IKa]_[I/II/I 6I>IJ'IO 3aMCUYCHO, YTO MHOI'MC CJIOXKHBIC O6’LCKTBI
MOT'yT pa6OTaTB B HCCKOJIBKUX TEXHOJIOTMYCCKUX PCKHUMAX, CYHICCT-
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BEHHO Pa3/IMYaloIUXCsl CBOUMH MOJENAMH y = F(x), rie j — HHIEKC
pexxuMa [4]. Ilpu 3ToM j-My pexuMy COOTBETCTBYET ONpenenéHHas
obnmacte B; B IpOCTpaHCTBE BXOIHBIX MapamerpoB X. B [5] mms
UAEHTH(PHUKALNN TAKOTO poAa 0OBEKTOB BIEPBBIE OBLIO MPEIJIOKEHO
WCITIOJIB30BaTh METOAbI KyCOUHOW ammpokcuMmanuy. OOBIYHO B Kaue-
CTBE OLICHOK JIOKaJIbHBIX MOJEINEH I*:j(x,ocj) UCIIOJIB3YIOTCS IOCTATOYHO
npocThle PYHKIUH — TWHEWHBIE TN 1)K KOHCTAHTHI.

B sTOM ciydae mpoueaypa KyCOYHOW allpOKCUMAIMH COCTOHUT
U3 JIBYX ATAIoB.

Ha nepBom 3Tane, ucrnons3ys BEIOOPKY X1, ..., Xy, IPOCTPAHCTBO
X pasbuBaercst Ha r obnactell Bj, KaxJas U3 KOTOPBIX COIEPIKUT
TONBKO «OIM3KHME» HAOIIONEHUS X; (B COOTBETCTBHM C BBIOPAHHBIM
KputepueM OnuzoctH). B kadecTBe KpuTepusi OJU30CTH OOBIYHO
UCTIOJIB3YETCS CPEAHEKBAAPATUYHOE OTKIOHEHHE TOYEK B OOJIACTH
B;[2, 6]

.
12) J = J(x—b)z x)dx

(12) /=3 Jle=t, p(x)ds,

rae b, — Mozens (3TanoH) obnactu B;. s pa3dueHus IpocTpaHCTBa

X Ha oOnactu B; 00bIYHO MCHOJIB3YIOTCS AITOPUTMBI aBTOMaTHYe-

cKoii Kitaccuukanuu (Kiacrepusaiyn) [4, 6].

Ha Bropom sTame mo BeIOOpKe (2) CTpOATCS JIOKaJbHBIE perpec-
CHOHHBIE MOJIENHN f}(x,aj).

Oco0eHHOCTh JaHHOTO TOAX0/1a COCTOUT B TOM, YTO Ha MEPBOM
JTarne NpoLenypsl KyCOYHOH anmpOKCHMAalUN HCIIONb3YeTcsl TOIBKO
nH(pOpMaLus 0 BXOTHBIX NapaMerpax. Jist GONbIIMHCTBA CIIOXKHBIX
00BEKTOB YacTOTa U3MEPEHHS BXOIHBIX [TAPaMETPOB HAMHOTO BBILIE,
9YeM BBIXOIHBIX, [TOITOMY KOJIMYECTBO BXOJHBIX IapaMeTpOB 3HAUH-
TENBHO MpPEBBIIAECT KOMUYECTBO BBIXOAHBIX. Kilaccuueckue anro-
PUTMBI HACHTU(HUKAIIMA, OCHOBaHHBIE Ha IEPBOM IMOAXOJE K perie-
HUIO 33724l KyCOYHOH aIpOKCHMMallUu, MOIYT paccMaTpUBaTh
TOJBKO Mapbl HAOJIOAECHUH (xl, yl),...,(xN, y N), B TO BpeMmsl Kak
JOTIOJIHUTENbHAS HWH(OpMANMs O BXOAHBIX MapaMerpax B 3TOM
cllydae He ucnonb3yercs. B pamkax e BTOpPOro momaxona ObuT pas-
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paboTaH anroOpUTM, KOTOPBIA MO3BOJSET UCHONB30BaTh WH(MOpMa-
LHI0 O BBIXOAHOM Mapamerpe ) yxKe IMOCIe TOro, Kak IOIY4eHO
pasobuenue {B;, j = 1, ..., r}. OcHOBHas ules 3TOro ajlropurMa
COCTOUT B CIICAYIOLIEM.

Brauane npocrpanctBo X pasnensercs Ha obmactd Bj, j = 1,
..., I, Tae uncno /| 3HAYUTENBHO OOJbINE, YEM «PEaTbHOE» YHUCIO
obmacreit r . [Jnst 3TOl menm B paboOTe HCIONB30BAJICS KOMILICKC
QITOPUTMOB CTPYKTYPHO-KJIaCCU(UKAIIMOHHOTO aHanu3a [6], BKIIO-
YaIONIUK aJTOPUTMBL: M-JIOKATBHON ONTHMH3AIUU 33/IaHHOTO KpH-
Tepus, BhIOOpa MH(POPMATHUBHEIX MapaMEeTPOB, BEIOOpa HAYAIBHOTO
pazOueHus, BBIOOPA B ONPEACIEHHOM CMEBICIE «ONTUMAIIBHOTO)»
YUCIa KJIACCOB, 3aMOTHEHHUS TPOITYIICHHBIX HAOIOICHHM.

Janee mpousBOAMTCs MHOIIAroBoe oObeauHeHHe obnacteil B,
crenyrommM oOpazoMm. Ha kaxmom miare HaxomuTcs Onvkaifimas
napa obnacreil B; u B; — kaHqunaToB Ha o0ObeAUHEHHE. 3aTeM Ipo-
BEpsIETCS THIIOTE3a: «JIOKAIBHBIE MOJIENU alpOKCHMAIIH F~‘,~(x,a,~) u
f}(x,ocj) B obnmacTsx B; U B; CTaTUCTUYECKU HEpa3IHUMMbl». s
3TOrO BBOAUTCA Mepa Omuszoctu K(B;, B;) obnacreil B; u B; [6], u
MPUMEHSIETCS CIIeuanbHas Tporeaypa BepuUKaIuu 3TOW TUTIOTe-
3pl. B KauecTBe OIIEHOK JIOKaJIbHBIX MOEIeh };j(x,aj) 00BIYHO HC-
MOJNIL3YIOTCA JIMHEHHbIe (yHKIuu. [lo 3TOH mpuvmMHE Hanee pac-
CMaTpUBAETCS TOJILKO KyCOYHO-JTHHEWHas MO/JIETTh
(anmpokcumanus). B 3TOM ciydae uisi BepU(MKAUKA THIIOTE3BI

UcIonb3oBanack craructuka Ouiepa-Yoy [7]
N;+N ;
i J

Ni N/'
2 80+, +2.8)
s=1 p=l1 I=1

F(k,N, + N, —2k) = T
(M+M—%)k2@+;&
= ~

(13) 5, = [y(x,,)—ﬁ(x,,)l X, €B;, 6, = [y(x,)—fj(x,)l X €8;,

5, =(x,)-F,(x,)} x, € B,UB,
rae k — pasMepHoCTb npoctpaHcTBa X; N; u N, — qHCIIO HaO0JIIOICHUH,
nomnasuye B o0nactu B; u B; COOTBETCTBEHHO, Fj(x) — JlOKanbHas
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MoOZielIb alIpPOKCUMaluKl B 00beAMHEHHOH obnactu B;U B;. Takum
00pa3oM, J — 3TO pa3HHULA MEXIY peaJbHBIMU U MPOTHO3UPYEMBIMU
3HAUEHUSMH BBIXOJHOTO NapaMeTpa y, PU YCIOBHUH, UTO X MPUHA-
JIEKHUT K COOTBETCTBYIOIIEH 001acTH.

Ecmu F < F), Torga rumnore3a BepHa, rnae Fy — ypoBEeHb 3HAUH-
MOCTH, B IPOTUBHOM Cllydae TUIIOTE3a OTBEpraercs, T.e. odmactu B;
U B; He 00BETMHAIOTCA.

Takum 00pa3zoM, alropuTM KyCOUHO-IMHEWHOW amnmpoKcuMa-
uuu (MOSHTU(HUKAILMHA) COCTOUT B IOCIIENOBATENFHOM MOBTOPEHHUU
cienyromied npouenypbl. Ha kaxmom mare o0bequHeHNs] HEO0X0Iu-
MO HaiiTu OGnmkaliinyro B OmpeneéHHOM CMBICIIE apy obnactell B,

u B ; » AIsL KOTOPBIX
(14) K(B,,B,)=max K(B,,B, ).
: 1, p#l

Hatinennsie ¢ momokto (14) obmactu 0OBEMUHSAIOTCS B HOBYIO
obnacts B;,[1=B; U B;, eciu F < F;, T.e. TUIIOTe3a «JIOKaJIbHbIE MOJIE-
JIU anmpoKCUMalun I*:,-(x,oc,-) u I*:j(x,ocj) B o0nacTsx B; u B; cratuctu-
YeCKH SKBHBAJICHTHBI» BepHa. HoBas jokanbHas MOAEND ammpoKCH-
MauuMd B o00bemuHEHHOM oOmactd B;[] o0o3Hayaerca Kak
I;}D(x)=F~,-j(x). Ota mpoueaypa MOBTOpsieTCs U Beex obmactei B; u
B; (umn B; u B;[1). B pe3ynbraTe, BO3MOXKHO IOJIY4aTcs HOBBIE
obnactu B;[1 W, COOTBETCTBEHHO, HOBBIE JIOKAIbHBIE MOJAECIU afl-
MPOKCUMAaLIUU FL, KOTOpBIE B COBOKYITHOCTH JaIyT OLCHKY UTOrO-
BOW KYCOYHO-TMHEHHOM MOAENH HACHTH(PHIHUPYEMOro O0bEKTa Kak
TOJIBKO 3aKOHYHTCS Tpolecc 00beAMHEHUS 00IacTel.

OnucanHass mpomeaypa MO3BONSET TOCTPOUTH KyCOYHO-
JUHEHHYIO alIpOKCUMALUI0 HEU3BECTHOM MOAENU WAECHTH(ULU-
pyeMoro o0beKTa, yuuThIBasi FEOMETPUUECKYIO OIM30CTh oOnacTelt B;
B TPOCTpPaHCTBE X, a TakkKe CTATHCTUYECKYIO PazIMYMMOCTb JIO-
KaJbHBIX PErpecCHOHHBIX (YHKIHMH pa3nuuHbIX oOmactedd. BaxkHoe
NPEUMYIIECTBO Pa3pabOTaHHONW NPOLENYpPHl COCTOUT B TOM, YTO
quciao obsactell » mpu pa3duMeHuH mpocTpaHcTBa X MOMydaercs
ABTOMATHYECKU M ONTUMAJIBHBIM 00Pa30M.



3. 3aknroyeHue

OnucaHHbIE aNTOPUTMBI KYCOYHO-THHEHHOW amnmpOKCHMAaIuU
OBUTH YCIIEIIHO WCIOIB30BAHBI JUIS HUACHTU(UKAIIUUA CIOXKHBIX
00BEKTOB YIIpaBJICHUS BO MHOTHX NPUKIAJHBIX 3aaadaXx. Bo Bcex
cllydasix pa3paboTaHHBIC aJTOPUTMBI MOKA3aJlH CBOK BBICOKYIO
3((HEKTUBHOCTE.
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COMPLEX CONTROL OBJECTS IDENTIFICATION ON THE
BASE OF PIECEWISE APPROXIMATION METHODS

Julia Dorofeyuk, Institute of Control Sciences of RAS, Mos-
cow, research assistant (dorofeyuk julia@mail.ru).

Abstract. The complex objects functioning model developing prob-
lem with the help of structure-ranging analysis and piecewise ap-
proximation algorithms is solved.

Two ways to solve the stated problem are considered — the first way
with the help of iteration algorithm, realizing variational approach
to piecewise approximation problems, and the second one with the
help of two-phase algorithms, where input parameter space struc-
turing processes and local regression models development proc-
esses are separated.

Keywords: ranging data analysis, structure identification, piecewise
approximation of complex dependence, Fisher-Chow statistic.
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