F F T (n, P ) FFT ly yxetn geqip

.2 ly dwfg ‘ed n-y migipn . P (x) = c_0 + c_1x + . . . + c_{n−1}x^{n−1} mepiletd ly mincwn :hlw .j = 0, . . . , n − 1 xear P (ω^j_n) mikxrd n :hlt :mzixebl‘d P^{(1)}(t) = a_1 + a_3t + . . . -e P^{(0)}(t) = a_0 + a_2t + . . . xcbd .F F T (^n_2 , P^{(1)}) ,F F T (^n_2 , P^{(0)}) :ziaiqxewx d‘ixw .P (ω^j_n) = P^{(0)}(ω^j_{n/2}) + ω^j_nP^{(1)}(ω^j_{n/2}) if‘ :iktedd mxetqpxhd aeyig aygl zpn lr eze‘ lvpl ji‘ d‘xp .DFT aeyigl liri mzixebl‘ epicia yiy gipp ,c → y = Ac aeyigd yenin ‘ed DFT -y xekfp .onf zeikeaiq dze‘a DF T^{−1} z‘ ,y_j = ∑ t ω^{jt}_n c_t xnelk ‘ed (j, k) -d xai‘d A ly zikteday iptn) c_j =^1_n ∑ t ω^{−jt}_n y_t ‘qib jci‘ne .(^1_n ω^{−jk} :jk z‘f meyxp

c_j = 1 n ∑ t ω^{j(n−t)} n y_t = 1 n ∑ t ω^{jt}_n y_{n−t}.

xehwee z‘ miwlgne jetd xcqa aezk ‘edyk y xehweea DFT z‘ mipifn m‘ okl .c z‘ milawn n -a d‘vezd

( Fourier zfilp‘) zipenxd dfilp‘

k dlrnn mepiletl :cicad diixet mxetqpxh lr epzceara ixwird aihend lr xefgp :bevii zexev izy yi f(x) = a_0 + a_1x + a_2x^2 + . . . + a_kx^k eincwn k+1 i”r - mikxr x_0, . . . , x_k -yk , f(x_0) = y_0, . . . , f(x_k) = y_k zecewp k+1 -a eikxr i”r - liri mzixebl‘ lr ‘ed inzixebl‘d ybcd xwir .dfn df mipey miakexn e‘ miiynn .dpynl zg‘ bevii zxeva epze‘ xiarnd oeirxd .iq‘lwd dxwnl xefgp dad ,zllekd dpenzd lr byen mkl zzl zpn lr f-y gipp :df did (zepwtqae zecbpzda epnfa ,ab‘ ,lawzpy) Fourier ly ixewnd bivdl rivd diixet .2π xefgn mr zixefgn ‘ide iynnd xyid lr zxcbend divwpet qepiqewe qepiq zeivwpet ly sexivk dl‘k zeivwpet f(x) = ∞∑ n=0 a_nsin(nx) + ∞∑ n=0 b_n cos nx . qxewl xneg edf .swz dfd gezitd oday zeaiqpd odn dl‘ya winrn oeic yxcp -n‘a :mibevii ipy yi f divwpetly ‘id zixwird dcewpd .o‘k z‘f dyrp ‘le ‘ln ze‘gqep yi o‘k mb .dly mikxrd zervn‘ae a_0, a_1, . . . ; b_0, b_1, . . . mincwnd zerv .zxg‘l zg‘ dxevn xearl epl zexyt‘nd zeyxetn dleki f .idylk zilwifit drtezl mi‘znd(,lbpiq=) ze‘k f lr aeygl ozip o‘k ( EKG dnxbeicxwexhwl‘) aldn zeze‘ ly zecicn e‘ xeaic ze‘ zeidl ,lynl xiaq d‘xp recn ?zixefgn f -y gipdl oekp recn .’eke xqlet akekn zeze‘ e‘ minrtl ?miqepiqewe miqepiq ly mitexiv i”r (aexiwa zegtl) f z‘ ‘hal ozipy zeze‘d ,lynl ,ok .dpecipd zilwifitd drtezd ly dpad jezn z‘f wicvdl ozip ly sexivk aeh aexiwa f x‘zl ozip okle miixefgn aexiwa md ald ly miilnygd dxiaqn dpibpd ilk ly dwifitd ,ilwifen lpbiqa xaecn xy‘k .miqepiqewe miqepiq ly zixefgn dcepz i”r milawzn dpibp ilk witny miiceqid mililvd .dxew dn dpibpd ze‘ z‘ x‘zl ozip ,okl .xzpqtd ixzin zcirx i”r ,lynl ,znxbpy xiee‘d .miqepiqewe miqepiq ly ohw xtqn ly sexiv i”r aeh aexiwa ilwifit xaqd ly excrida s‘ dnec drtez miytgn ep‘ miax miiynn mixwna ‘ed f(t) o‘k) f : R → R zeivwpet gzpl mileki eppi‘ lreta ,ok lr xzi .dfk heyt .iteq xe‘iz oi‘ zillk ziynn divwpetly ‘id daiqd .(t onfa oecpd lpbiqd ly ekxr ep‘e , t = x_1, . . . , x_n mipnfa xn‘p ,f ly zenibc ly iteq xtqna miwtzqn ep‘ ,okl ?zeixefgnd zgpd z‘ eppeicl dxfga qipkp ji‘ .f : [n] → R divwpetk f lr miayeg ‘l‘ [n] = {1, . . . , n} dveawd lr ‘l zxcbenk f lr aeygl epl didi gep ,jk myl elecen xeaig ‘id da dlertde 0, . . . , n − 1 md dixai‘y) C_n zilwivd dxeagd lr .(n .f : C_n → |C zeivwpetd lk ly ix‘ipild agxna mihian :jk avna hiadl xyt‘ xarn lr mzcnl zix‘ipil dxabl‘a .dfd agxnl zeivwept n ly qiqa miytgn ep‘ agxnly oeeikn .dfl df milewy miqiqad lk dxe‘kle ix‘ipil agxna qiqal qiqan miqiqa yiy xxazn ,sqep dpan yi (|C -l C_n -n zeivwpetd lk agxn) o‘k oecpd jynda bivp ep‘ .zeiynn zeira ly opexztl ce‘n zelirend zeicegii zepekz ilra .v_1, . . . , v_n dfk cg‘ qiqa m‘ lynl jk .dnevr ziyrn zeaiyg yi mdilr epxaicy mibeviil f(x) = ∑ a_nsin(nx) + ∑ b_n cos nx

xxazn ,zilwivd dxeagd ly dxwna f(x) = ∑ j α_j v_j (x) m‘ e‘ iynnd dxwna minkqny jk i”r ly f ce‘n miaeh miaexiw lawl ozipy

.(m‘zda ,ohw j e‘ ohw n) ”jenp xcz ilra” mixaegnd z‘ wx .1

.lecb ‘ed α_j e‘ |b_n| e‘ |a_n| mcwnd mday mixaegnd z‘ wx .2

:ep‘ jk i”r

.yrx mippqn •

.lpbiqd z‘ miqgec •

.Matlab -d zbvna zellkpd ze‘nbeca epi‘xy itk -nxepezxe‘ qiqa df didiy ‘id zinipt dltkn mr ix‘ipil agxn lka dievx dpekz ly ebevii z‘ meyxl lw f‘ V ixehwee agxnl ilnxepezxe‘ qiqa x_1, . . . , x_n m‘ :il lr zexcben eply zewzrddy zeid mle‘ .v = ∑ i⟨v, x_i⟩x_i :df qiqaa v ∈ V lk i”r g : C_n → |C xicbpe f : C_n → |C didz :”onfa dffd” ly irah byen o‘k yi C_n .(n elecen xeaig) g(x) = f(x + 1) -y zeid .g = ∑ b_ix_i -l f = ∑ a_ix_i oia heyt xyw didiy mivex epiid oial ⟨f, x_i⟩ oia heyt xyw ‘ed yexcl epilry lk , b_i = ⟨g, x_i⟩ -e a_i = ⟨f, x_i⟩ .⟨g, x_i⟩ .v_j (t) = ω^{jt}_n / √ n i”r mixicbn ep‘ x_j : C_n → |C z‘ .ievxd qiqad z‘ dzr xicbp zeilnxepezxe‘d i‘pz z‘ wecap ⟨v_j , v_k⟩ = 1 n ∑ t x_j (t)x_k (t) = 1 n ∑ t ω^{jt} · ω^{−kt} = 1 n ∑ t ω^{(j−k)t} = δ_{jk} . f‘ g(t) = f(t + 1) m‘ :onfa dffdd i‘pz ⟨g, x_j ⟩ = 1 √ n ∑ t g(t)ω^{−jt} =

= 1 √ n ∑ t f(t + 1)ω^{−jt} = 1 √ n ∑ s f(s)ω^{−j(s−1)} = ω^j √ n ∑ s f(s)ω^{−js} = ω^j ⟨f, x_i⟩. edf x_j (t) =^{1√}_n ω^{jt} day x_j : C_n → |C dwzrdd zexeagd zxez ly dtya) .(dxeagd ly mixhwxkd lk ly sqe‘d edf x_0, . . . , x_{n−1} .zilwivd dxeagd ly xhwxk

.diveleapew

lpbiq zx‘zn f : C_n → |C -y mcewnk gipp .ef dlert ly aeyg yeniya ligzp mikxcd zg‘ .yrxa rebp ze‘dy gipdl oekp ,micecn milpbiqa libxk .edylk iynn dnbecl .el miaexwd mikxrd mr f ly jxr lk rvnl ‘id yrx opql xzeia zeheytd i”r zxcbend divwpetl f -n xearl h(t) = 1 4 f(t − 1) + 1 2 f(t) + 1 4 f(t + 1). :jk g : C_n → |C z‘ mixicbn m‘ g(j) = 1 4 j = −1, 1 1 2 j = 0 0 else ,

.h = f ⋆ g f‘ h = f ⋆ g mb f‘ f, g : C_n → |C m‘ :jk illk ote‘a zxcben diveleapewd zlert diixet mxetqpxh illk ote‘a .h(t) = ∑ j f(j)g(t − j) -e h : C_n → |C divwpet ‘id :lynl .diveleapewl ltk oia silgn

:mdly diveleapewd h didze f, g : C_n → |C eidi :htyn h(t) = ∑ j f(j)g(t − j).

f‘ .g = ∑ b_ix_i ,f = ∑ a_ix_i ik gipp h = √ n ∑ a_ib_ix_i.

:dgked ⟨h, x_j ⟩ = 1 √ n ∑ k h(k)ω^{−jk} = 1 √ n ∑ k ∑ l f(l)g(k − l)ω^{−jk} =

:r = k − l aivp = 1 √ n ∑ k,r f(l)g(r)ω^{−j(l+r)} = √ n( 1 √ n ∑ f(l)ω^{−jl})( 1 √ n ∑ r g(r)ω^{−jr} ) =

= √ n⟨f, x_j ⟩⟨g, x_j ⟩ = √ na_j b_j .