BonoguH Meoprun BuktopoBuy

BbicTpoe npeobpasoBaHue
dOypbe (BMNP)




BMN® = 6bictpoe ANO

BMN® — He aBafeTca HoBbIM BUAOM D, 3TO
Habop anropruTMoB 3pPEKTUBHOIO
BblUMCJEHMSA ANCKPETHOro Npeobpa3oBaHus

Dypbe

1 -j27tl‘lk l N-1 Sy g
xn)e N =N 2 x(n)cos—y— = jsin——
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Kon-Bo onepauum:
N — nepeMHOXeHUNA KOMMNJIEKCHbIX YNCe
(N-1) — choXXeHuns KoOMMAeKCHbIX Yncen
Ana k Toukn cnekTpal



dddekTuBHOCTL BINP No cpaBHeHUIO
cANo

* O(NA2)—ckopocTb BbluncneHus gas ANo,
rZ,e Mbl OMYCKaeMm C/10KeHMe

VS

* O(N*Log2(N)) — ckopocTb Bbl4MCAEHUSA AN
BMN®, n ckopo Mbl yBUAUM NoYeMyY

[\ 100 10\6
NA2 10000 10712

N*log2(N) 665 2%1077

Ecnn npoueccop nMeeT CKOPOCTb 1 BbIY/HC, TO
ans AN® 107g byseT HanAeHo 3232 roaa, ac
ncnonb3oBaHuem MNBQ Bcero 3a 30 CeKyHA,




[Mpobnema noBopaumBawLero

mMHoXuTens B AMNO

Wy =e nosopaqmsarom,mm MHOX>XWUTENb

N-1 —j2nnk N-1 =j2n
v X(k)=lN X xne N =42 x(n)WNnk W, =e N
CBoUCTBa: "= ~

X(0) = xOWg0  +x(1)W g0 +x(2)W 0 +x(3W g0 +x(4W 0 +x(5)W 0 + x(E)W 20 +x(7)W 5°

I_I e p M OA M L-I H O CT b : X(1) = xOWg0  +x()Wg! +x(2)W g2 +x(3W g3 + x(4Wg* +x(5)W 5 + x(E)W ;& + x(7)W 57
X(2) = "‘°)Ws° + x(1)W 82 + x(2)W 84 +x(3)W 86 + x(4)W 88 + x(5)W 810» x(6)W 312 + x(7)W 814
( h-_*_j'N ) ( N+ ﬂ}".'r ) X@)= | xOWg® +x()Wg3 +x(2W 8 +x(B3)W 2 +x(@W 512+ x(5)W 515+ x(6)W 518 + x(7)W 421
W WN X(4) = XOWg0  +x(1)W 4 +x(2)W B +x(3)W 12+ x(4)W ;16 + x(5)W ;20 + x(6)W ;24 + x(7)W ;28
' X(5) = x(0O)W 80 +x(1)W 85 + x(2)W 810 + x(3)W 815 + x(4)W 820 + x(5)W 325 + x(6)W 830 + x(T)W 835
X(6) = xOWg®  +x(1)W g8 +x(2)W 312+ x(3)W 518 + x(4)W 24 + x(5)W 530 + x(6)W 436 + x(7)W 442
X(7)= x(0)W 80 + x(1)W 37 + x(2)W a" + x(3)W 821 + x(4)W 828 + x(5)W 335 + x(6)W a“ + x(7T)W 849

NzyMHoeruﬁ C KOMMMEeKCHbIMU Yucnamm
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W' 2‘: W}' ?.'-'?Z NOBTOPAKWNXCA NOBOPAYNBAOLLLNX MHOXUTENen u
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BIN® c npope>xxmuBaHuem no
BpeMeHMU
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[locTpoeHue anropmntTma
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NToroeas popmyna
Ansa N ToyeyHoro
npeobpa3oBaHua

[eneHne nogo06HbIM 06pa30OM B UTOre YMEHbLUMIO 3aTPaTbl BbIYUCANTEBHOW
MOLLHOCTM. Tak novyemMy bbl He MPOAO/IKMUTE 3TOT NpoL,EeCcc?
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(YunTbiBad yMHOXeEHUA Ha 1/-1))



N306parkeHne anroputma BblumcaeHus bNo

Ana 8 oTcueToB (NpopeXXmuBaHMe rno BpeMeHu)

[popexunBaHme Ha 4 rpynmnbl 2-X TodeyHbix 4N
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(Hecét manyto BbIYMCANTENBbHYIO MOLHOCTb, anroputm Pengepa)



O6patHoe BMN®
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oaneo (*) + ymHOXeHue Ha N (*)+BN® =06N0




Bapuauyuu 6NO

Bbluncnenme Tabamubl 3Ha4eHUN

Wy = cos[(27/ k] - j sin[( 27/ k]

[NpeanonaraeTca xpaHeHue
MOBOPAUYMBALOLLUX MHOXMUTENEN
B MacCUBe A aHHbIX.

Ncnonb3oBaHne pekyppeHTHOM

bopmybl

WNS: = WN.F/-.IWNI
Ans ncnonb3oBaHus aTon Gopmynbl A9
Pa3HbIX 3TAMNOB NepPeMHOXeHUA, JOCTAaTOYHO

npeaBapuUTeE/IbHO BblYNC/INTE N 3aMOMHUTD
HeCKOJ1IbKO NOB. MHOX.
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OTcueTbl cnekTpa B 6uT-
peBepCcMBHOM nopsake
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MaTemMmaTuka 3aKOHUYU1acCb

Tenepb MOXXHO OTAOXHYTb HA MOEM Kpecne



MuHycbl BINO

Heobxoanmo N = 2™ oTc4yéToB (MOXHO
n06aBUTb HEOOXOAMMOE KOZIMYECTBO
Hy/1IeBbIX OTCYETOB — "3aKnAblBaHME
Hynammn").

MO Bbiuncasetr ambo Bce TOUKKM CNEKTPA
nmbo HM ogHoro! NosaTomy ansa pacyéTa He
nosHoro cnekTpa bbicTpee byaet AMNO.



Ceepx bbicTpoe EI'ICD&

JTO TeopeTMyYeCkn 3TO BO3SMOXHO, O4HAKO 3TO TpebyeT
noctpoeHue cneusbluncamntens (DSP — digital signal
processor).

OKOH4YaTeIbHAsA SKOHOMMSA BPEMEHMW BblYNCAEHUS
pa3anyaerca A4na pasHbix DSP, Ho anroputm BMNO no
OCHOBAHMUIO 4 MOXeT bbITb bonee yem BABOE ObICTPLIM,
YeM a/IfTOPUTM NO OCHOBaHMIO 2 A DSP c onTumanbHoU
apPXUTEKTYPOW.

[NocToAHHO NoABAAOTCA HOBble KoHuenuum BIMNO (YT
BN ®) koTopble UMEOT CBOM Cneymnduyeckme Bbiroabl,
OAHaKO TaK UM MHAYe OHU TPYAHO peasnsyemMsbl Ha
CeroAHAWHNN AeHb



BMN® n Teopua o6paborTku curHanos

OkoHHoe npeobpazoBaHme
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LLinpokme konebaHus

/ Mesnkne konebaHua

Bonblasa ANMHA OKHA — BbIXOA U3
MHTepBa/ia FTAPMOHUYHOCTH

HeonpegeneéHHOCTb:

ManeHbkasa 4/1IMHA OKHa —
NCKaXeHUs 061aCTU HU3KUX YacTOT




NcTopus cosganusa BMNoO

[aHHoe npeobpasoBaHue bbl10 NpeanoxeHo Kyam un
Taku (J.W.Cooley n J.W.Tukey) B 1960- bix rogax u
baKkTUYeCckmn ABAANOCH OTKPLITUEM 3aHOBO MUAEM
PyHre, lannanbcoHa v JlaHkoca (Runge (1903),
Danielson u Lanczos (1942)).

Axenmc Kynum 6bin HaHsaT B IBM Thomas J. Watson
Research Center B Yorktown Heights, uto B Hbto-
Nopke. Kynn pabotan Hag cBouM cOBCTBEHHBIM
NpOeKTOM, Koraa k HeMy obpatunca Puuapg MapsuH
(Richard Garwin) 1 nokasan HekoTopble 3aMeTKK
AxoHa Tetokum (John Tukey) 06 anroputme, KoTopbIN
TeopeTnyeckn cnocobeH BblUMCAATb bbicTpoe
npeobpasosaHue Pypeoe.

[apBuH, B oT/inume oT Ky, XopoLo noHMman BCO
BaXHOCTb 3TOr0 a/IFOPUTMa 1 €ro OrPOMHYIO
MPaKkTUYeCKyo 3Ha4YMMOCTb, U MO3TOMY HacTamBa Ha
pa3paboTke 3TOro anropmnTma.

[apBWH bblN 3HaUNTENbHO HOlee 3aMHTEepeCcoBaH B
YAyYLEHUM AUCTAHLMOHHOMO CEMCMMNYECKOrO
MOHUTOPWHIa AAepHbIX B3pbIBOB; PyCCKMe eZBa /i
cornacununce bbl Ha NpoBeAeHMe NHCMEKLUMIN Ha UX
TeppuTopuu. MAapBUH Tak Xe BUAeN HeobxoAnMMOCTb B
pa3paboTke MeTOA0B paHHEr0 aKyCTUYECKOro
obHapy>XeH1sA NoABOAHbIX JI040K.

An Algorithm for the Machine Calculation of
Complex Fourier Series

By James W. Cooley and John W. Tukey

An efficient method for the calculation of the interactions of a 2™ factorial ex-
periment was introduced by Yates and is widely known by his name. The generaliza-
tion to 3™ was given by Box et al. [1]. Good [2] generalized these methods and gave
elegant algorithms for which one class of applications is the calculation of Fourier
series. In their full generality, Good’s methods are applicable to certain problems in
which one must multiply an N-vector by an N X N matrix which can be factored
into m sparse matrices, where m is proportional to log N. This results in-a procedure
requiring a number of operations proportional to N log N rather than N*. These
methods are applied here to the calculation of complex Fourier series. They are
useful in situations where the number of data points is, or can be chosen to be, a
highly composite number. The algorithm is here derived and presented in a rather
different form. Attention is given to the choice of N. It is also shown how special
advantage can be obtained in the use of a binary computer with N = 2™ and how
the entire calculation can be performed within the array of N data storage locations
used for the given Fourier coefficients.



Cnucok autepaTypbl

Jlekuuna Neg n3 kypca “Teopma CUrHan0B 1 TEXHONOTUN UX

obpaboTkn” —Yont Kectep; /labopaTtopmsa pmsanyeckmx oCHOB U

TexHonornm 6ecnpoBogHON CBA3M
(http://ip-5-225.unn.ru/ftp/public/analog/s.pdf)

Jlekuuna N212 n3 kypca “llpoektnposaHue
MUKPONpPOLLeCCOPHbIX cucTem ynpasaeHua” — fleHncos K.M,;
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KopmeH T., JlensepcoH ., Pusect P., LUTanH K.. Arroputmbi:
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Bonpocbl Kk 3auety

B uém coctont nagesa 6oictporo
npeobpasoBaHua Pypbe?

[penmywecTBa n HegocTaTku BINOP

Anroputm BINQP: npopexuBaHme no
BPEMEHM 1 MO YaCcTOTe
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