xidn diixet mxetqpxhe cica diixet mxetqpxh

2002 xanaepa 26

ly izxtq ceaire ixabl‘ aeyig :aeyig ly minegz ipya ifkxn mzixebl‘ edf rvan dze‘y dlertd :migepina gztp .(Digital signal processing, DSP) zeze‘ (Discrete Fourier Transform - DFT) cicad diixet mxetqpxh z‘xwp mzixebl‘d (Fast Fourier Transform - xidnd diixet mxetqpxh ‘xwp dyeninl liri mzixebl‘e -becd zg‘e zeze‘ ceairl zipxcen zkxrn lka dpit oa‘ ‘ed dfd mzixebl‘d .FFT) ep‘ .daeyg zibelepkh jxc zvixt xyt‘y inzixebl‘ gezitl xzeia zewdaend ze‘n xzei agxd xywdd z‘ d‘xp jk xg‘e mzixebl‘d ly ixabl‘d haida dligz lthp .zeze‘ ly izxtq ceaira diyeniye (”diixet zfilp‘”) zipenxd dfilp‘ ly miiynn minepilet ipy mipezp :d‘ad zinzixebl‘d diiraa gztp f(x) = m∑ i=0 a_ix^i g(x) = n∑ j=0 b_j x^j

f‘ h(x) = ∑ c_ix^i-yk h = fg m‘ ,xekfk .mzltkn z‘ aygl mivexe

c_i = ∑ k a_kb_{i−k} .(mixcben b_{i−k}-e a_k mincwnd mliayay mikxrl laben k qwcpi‘d) -a f z‘ letkpe m = n ik gipp ?minepilet ltk ly zeiaeyigd zeikeaiqd idn dpga‘d .zeixhpnl‘ zelert Θ(n^2) zeyxcp df ote‘ay ze‘xl lw .dxcbdd t”r g zlert day minepilet ly ziaihpxhl‘ dbvd yiy ‘id DFT-d ceqiay ziceqid cigi ote‘a rawp n dlrnn mepilet ,epi‘x xaky itk .zelert O(n) wx zyxec ltkd -yk i = 0, . . . , n-l f(x_i) = y_i :y rcind jezn xnelk .zecewp n + 1-a eikxr i”r zepey ’wp m + n + 1 yiy gipp .zecigia xcben f mepiletd ,efn ef zepey zecewp x_i mireci f‘ i = 0, . . . , m+n lkl g(x_i) oke f(x_i) mikxrd lk epl mirecie x_0, . . . , x_{m+n} m + n + 1 wx eyxcp o‘k .zecigia h z‘ mixicbn dl‘d mixtqnde h(x_i) mb epl .ltk zelert ‘ed oke eincwn k + 1 i”r zikxr cg bvein zeidl leki k dlrnn mepilet :mkqp zyxec ltkd zlert diipyd dbvda .zepey zecewp k + 1-a eikxr i”r zecigia xcben yi m‘d :ok m‘ ‘id zywaznd dl‘yd .zeixhpnl‘ zelert ly ix‘ipil xtqn wx ”mincwnd zervn‘a dbvd”) mepilet ly mibeviid ipy oia xarnl dliri dhiy epl dligzne ziaeig ‘id jk lr daeyzd (”zecewp k + 1-a dkxrd zervn‘a dbvd”e mixaer ji‘ dligz xikfp .mepiletd z‘ jixrp oday zecewpd ly znkgezn dxigaa ly mincwnd xehwee ‘ed c = (c_0, . . . , c_n) m‘ .edpynl mepilet ly cg‘ beviin f‘ y_i = P (x_i)-e efn ef zepey zecewp x_0, . . . , x_n m‘e P (x) = ∑_n 0 c_j x^j mepiletd zervn‘a l”pd c-n lawzn y = (y_0, . . . , y_n) xehweed y = Ac -y zeid .(i, j = 0, . . . , n-l) x^j_i ‘ed da (i, j)-d xai‘dy dvixhnd ‘id A-yk mb meyxl ozipy jk ikted dl yie zixlebpiq dpi‘ A dvixhnd ,dfn df mipey x_i x_i zecewpa dxigady dligz xirp ?dl‘ miaeyig ly zeikeaiqd idn .c = A^{−1}y A, A^{−1} zevixhnd ly aeyigd xigna llk xaecn oi‘ okle ”cinzle zg‘” ziyrp ly xignd z‘ jixrdl epilr .y‘xn miaygn ep‘ oze‘y diixet mxetqpxh diexw ef dlert .(y = Ac xen‘k) c ozpida y xehweed aeyig - DFT cica mxetqpxhd diiexw ef dlert .(c = A^{−1} xen‘k) y ozpida c xehweed aeyig - DF T^{−1} i”r minrtl zpneqne DFT ly iktedd wx miler l”pd miaeyigd dliayay {x_i} zecewpd zveaw ly dxiga d‘xp ep‘ dxizqa zcnerk mkl ze‘xidl diieyr efd dprhd .zeixhpnl‘ zelert O(n log n) ixabl‘d aeyigd lcenay mcew xeriya epxn‘ .(dgked ‘ll) xara eprhy dprhl oi‘ m‘d .Ω(n^2) ‘ed n jxe‘n illk xehweea n × n zillk dvixhn ltk ly xignd dpzyn c xehweed wxyk zniieqn A dvixhna xaecn o‘ky iptn .‘l ?dxizq o‘k oliayay zeniieqn zevixhnl ze‘nbec zzl lw.(dpzyn y wxe zniieqn A^{−1} a”eike) .zelert lk zeyxcp ‘l ,dcigid zvixhn ‘id A m‘ ,lynl n^2-n dkenp zeikeaiqd .’eke ltk zelert n-a ic zipeqkl‘ dvixhn A m‘ epl exyt‘iye eply minepiletd z‘ jixrp oday zecgeind zecewpd ,ok m‘ ,odn dcigid iyxeya xaecn ?zeixhpnl‘ zelert O(n log n)-a l”pd mixarnd z‘ rval x‘zp jynda mle‘ xaqen ‘l qp oink efd dxigad mzqd on zi‘xp rbxk .n xcqn dxiaqe zipeibd dxigaa xaecn recn ahid xiaqiy xzei agx xywd jeza diirad z‘ .minqw dyrna ‘le iaihnixtd dcigid yxey ‘xwp ω_n = e^{2πi/n} :miakexn mixtqna dxvw zxekfz n m‘ ,ok enk .ω^n = 1 miiwzn xnelk ,x^n = 1 d‘eeynd ly oexzt ‘ede i-n-d deey ∑_{n−1} j=0 ω^{jk}_n mekqdy ‘id dl wwcfpy dlw dprh cer .ω^{n/2}_n = −1 f‘ ,ibef mekql dgqepa yeniy jez z‘f zn‘l lw) 0 ‘ed zxg‘e n z‘ wlgn k m‘ n-l -yk x_j = ω^j_n eidi minepiletd z‘ jixrdl dvxp oday zecewpd .(ixhne‘ib xeh ly miakexnd mixtqnd okle x^n = 1 d‘eeynd ly zepexztd lk el‘) j = 0, . . . , n − 1 (.n xcqn dcigid iyxey miiexw dl‘d didi :xzeia heyt ote‘a FFT-d mzixebl‘ z‘ x‘zl ozip ,dfd rwxd lk xg‘l dcigid iyxey lka eze‘ jixrdl dvxpe mepilet A(x) = a_0 + a_1x + . . . + a_{n−1}x^{n−1} iyxey lk weica md 1, ω^2_n, ω^4_n, . . . mixtqnd n/2-y al miype ibef n-y gipp .mii-n-d :jk A mepiletd z‘ bivdl epl i‘ck df xe‘l .n/2 xcqn dcigid

A(x) = A^{(0)}(x^2) + xA^{(1)}(x^2)

:epiidc ”dn‘zda A ly ibefde ibef i‘d wlgd” md A^{(0)}, A^{(1)} xy‘a

A^{(0)}(t) = a_0 + a_2t + a_4t^2 + . . . A^{(1)}(t) = a_1 + a_3t + a_5t^2 + . . .

dcigid iyxey lka A z‘ jixrdl migilvn ep‘y ‘vei A ly l”pd dbvdd jezn xcqn dcigid iyxey lka A^{(0)}, A^{(1)} minepilet ipy mikixrn ep‘y jk i”r mii-n-d

DFT aeyigl xignd T (n) m‘ .zeixhpnl‘ zelert O(n) ly revia dfl sqepae n/2 dkxrdd zlawzn f‘ ef jxca n xcqn T (n) ≤ 2T (n/2) + O(n) dpexzty .T (n) ≤ O(n log n) xefgp z‘f ze‘xl ick .DFT-l jetdd mxetqpxhd aeyigl mb dtwz dkxrdd dze‘ ,DFT-l dni‘znd dvixhnd ‘id A m‘y dligz miaygn .zevixhn igpena xe‘izl -d mewnay dvixhnd ‘id dly ziktedd f‘ ω^{jk}_n meyx dly (j, k)-d mewnay ef aygl ozip DFT-l iktedd mxetqpxhd z‘ mby ‘vei .^1_n ω^{−jk}_n meyx dly (j, k) mepilet mikixrn ep‘ ,xnelk .lirl dx‘ezy itk FFT ly aeyigd jxcl dnec ote‘a ly dkxrd i”r z‘f miyer ep‘e x_0 = 1, x_1 = ω^{−1}_n , x_2 = ω^{−2}_n , . . . zecewpa B(x) oezp .x_0, x_2, . . . zecewpa B^{(0)}, B^{(1)} minepilet ipy f, g minepilet ipy litkdl zpn lr :ep‘vi dpnny dl‘yd lr zeprl ozip dzr zxfra 2n xcqn dcigid iyxey 2n-a mdn cg‘ lk mikixrn ep‘ ,dfa df n dlrnn j =-l f(ω^j_{2n}) · g(ω^j_{2n}) mixtqnd lr iktedd mxetqpxhd z‘ miaygn f‘e FFT .0, 1, . . . 2n − 1