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e ChebyshevZIRI{, T,, (x) = 2" 1(x —x))(x — x,) ... (x — x,,)
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EMBIENL T, () = cos(narccosx), x € [~1,1]
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ChebyshevZInT,

ZMPENX T, (x) == cos(narccosx), x € [—1,1]
<x = cos O

To (x) =1
Ty (x) =x
T, (x) =cos280 = 2cos? —1=2x*>—-1

Vi %F% T

T,+1 (x) = cos(nf + 6) = cosnb cos@ — sinnf sin b
T,_1 (x) = cos(nf — ) = cosnb cos O + sinnf sin b
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- BRI HABEN T E

o ECKIRLLE T FE2H Conjugate gradient; Chebyshev iteration
« TFEEAFFIHE/FFIE A Lanczos iteration

SZMHIEIS:

o« HRZZMZE(perceptron)ZRNPARITYHIEZ
o EBIREZYH circuit complexity

o BEEZYY communication complexity

RIMNARE: BEESRINTFALIESR

The Polynomial Method. In Quantum and Classical Computing
Faster Algorithms Via Approximation Theory

Chebyshev Polynomials and Approximation Theory in Theoretical Computer Science and Algorithm
Design 19
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|flleo := sup |f]
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Z5EFREA € R™M, &b e R™, Kx € RYMFEEBAx = b
RE=/ME

« YHESRIIM =D, [FEM—HE

o AR, B FEA—ZL (inconsistent, over-determined)
s FEFTFHZHME (under-determined)
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Bx/N_

Tk L1 i i
BATB LR — 2% @U , ¥R

e

(@ (b)

RIERHIRIC A, M(Ax —b) L {Ax:x € R"}
Bivx € R®, (A x)T(Ax — b) =0, 8{FEZxTAT(Ax —b) =0

Fyx € R A RS, b
A IHATAx = ATh

HAE—FA e AT(Ax —b) =0
ER T
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1Cx = argmin||Ax — b||5

XS SRR
d a 9
V||Ax — b||5 = ,— e, — | l|Ax — b||3
R o LU
= (52,22 o) (AT Ax + bb — b7 Ax — x"ATb)
0x, 0x, " 9xy
a2 AT

AR 90, TRl RIEL TIEATAx = ATh

B A EHEEEY = (ATA) AT KizH
fREGVET RN, SHERYEMELE, DESBET TR
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/N3 E-Gram-Schmidt 1IE A2 4L,

* ANRARYE—HIREMILAI(orthonormal) ?

A — (Al Az A3 An>

1, i=j
Tpg, — )
Aid, {0, i # j

MjAaTA =1
2 T RREAT Ax = ATbfaX 9x = ATh
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/N3 E-Gram-Schmidt 1IE A2 4L,

H—2H ]

D/_LEA , QA

-M'f»lf,EI’](orthonormal) L7

A= (Al A, A3 An>

* y1 = A1, q1 = yi/lIyillz

LB

Y2 = Ay — Ch(A q1), 92 = y2/lly2ll2

i =4 —a1(Afq1) — 2(Af az) — . a5 = yi/ ||yl
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/N _3€;%-Gram-Schmidt IE 3244,
ZSTEA, §D17$55L4—2E||—¥ 'f»lf,EI’J(orthonormaI) L9

A — Al Az A3 An

Classical Gram-Schmidt orthogonalization

LetAj,j=1,..., n be linearly independent vectors.
forj=1,2,..., n
y=A;
fori =1,2,..., j—1
rij=q; Aj
Y=Y —rijqi
end
rij = 1yll2
qj =y/rjj

end
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/N3 E-Gram-Schmidt 1IE A2 4L,

* Z5TEA, Zlﬂﬁﬁiétj—fﬁl -* HGE’J(orthonormal) -

A — Al Az A3 An

Modified Gram-Schmidt orthogonalization
Let Aj, j =1,...,n be linearly independent vectors.

for j=1,2,..., n
y=A4;
fori =1,2,...,j —1
rij:qiTy
Y=Y —Trijqi
end
rii = lyll2
q; =y/7jj
end
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/D IR REA— B IE
e (ATA) AT R AK]—" 1 pseudoinverse

QEARNFIESEIETXKE), AT An)iA
x = (ATA)™1ATD

R QD%,—ET:T% Z2UAEMR (under-determined)?
. Ax = bHUREFHANIE—, A L% Z A
. EEE;EWEU'IKJ? xR HYfR ?
o NIXAEMV: ARATRZM oKL, TR HH—1
pseudoinverse

* Bonus: JGUEIXIFIEIRY, BIRERFEHIMF 31
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o« XIFRME (x,y) = (v, x)

« ZFM(ax+ by, z)=alx,z)+ by, z)
o 1FEME(x,x) >0,Vx =0

ERETHIAIFR:
(f,9) = | f)g(x)dx
T EEHYIRRET TR
(f, 9w = J fFx)g(x) w(x)dx

RFRRARBTHEEEIEN: [lx|| = /{x, x)

-1+
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