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AR = )85 &/ 4K = 8]

T RXRFWEF IR

2007 F A&
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Outline
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o IE XM
o TAM
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Inner Product & Inner Product Space
Orthogonality
Completeness

Inner Product

PIRE 5
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Inner Product & Inner Product Space
Orthogonality
Completeness

Inner Product Space

nt &2 % 9
TELY, 2, (FRALRE)NELSHRAEZ(A)REZN, 4o
ETF 5N R 5
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Inner Product & Inner Product Space
Orthogonality
Completeness

Inner Product Space

n#t k= = |9

AE Y, 2 (RARE)HESHAER()LEENA, 4o

R T 5 NFE R L

(1) tE—xtkBrhy, AmiEEi, RARENEHAE
v+y, HRArSy fa, BA TR :
() z+y=y+a

b) z4+(y+2)=(r+y)+=z

c) AAEE—%20, FFTHEAL, 2+0=2

d) stFHEAREr, ALEE—%F, LH—1, 27
r+(—x)=0
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nt &2 % 9
TELY, 2, (FRALRE)NELSHRAEZ(A)REZN, 4o
ETF 5N R 5

(1) E—xtkZBaehy, AmEEH, PAESEGLE
r+y, HRArHyXfe, BB TFIIM:
(a) z4+y=y+z

b) z+(y+2z)=(x+y)+=

c) AABE—REB0, AT THEAT, 2+0=21

d) FFHEANRZr, AEE—KE, WA, &F
o+ (—z)=0

(2) HESRErRE(A)HKa, ARFEZH, AL LY

kEFar, #£47F
() a(fz)=(ef)z () (a+BHr=oz+phs
(¢) alz+y)=ar+ay (d) lx==x

o e
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Inner Product & Inner Product Space
Orthog y
Completeness

Inner Product Space

TRtk e TR PREHORKEMEHE
Fnt &2 N
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Inner Product & Inner Product Space

o or Prod C Space
Inner Product Space O syt
Complet

TR =L FETR T REOKEBRSHES
AnfREE N

A, rRIAnfREHAR
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z Inner Product Space

Inner Product

TR Z Gk ET AP RENKEMAIHT
Fng k==

A, rRIAnfREHAR

BEEBKERXTngirsERV, €H L
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Inner Product Space {1})::4]3]1 P!oduct & Inner Product Space

(¢} m])l ‘teness

Entg k=% H P E AR

BRI ETTR (KA ELHIR), ELEET —
mEk{e,i=12--- nl2F, FTHPHLEE
AR BCART AR C AR —EK FARY (L)
T1,To, """ ,xniﬂ:

T =1x1€1 + T2 + -+ Tp€, = E T;€;
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Inner Product z Inner Product Space

IntE ke8P H AR

BRENEE ST (KA LHER), AT —
male,i=12-- ntx)E, ZFRFHEE—
ML BTHET AR EAZ — K B (L4R)
T1, X0, Ty R

n
T =1x1€1 + T2 + -+ Tp€, = E T;€;
i=1

Definition

SFERAF R ETAY, RFILGARTL
n

(wv y) = T1Y1 + ToY2 + *** + TplYn = szyz
=1
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Inner P!o 1uct & Inner Product Space
Ortho it
Comp l

Inner Product Space

FEntfk == PR

HTFEE P RErfy, RFILGAREL
(% y) =T1y1 + Yo+ - + TplYn = Z%yz
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Inner P!o 1uct & Inner Product Space
Ortho it
Comp l

Inner Product Space

FEntfk == PR

HTFEE P RErfy, RFILGAREL
(% y) =T1y1 + Yo+ - + TplYn = Z%yz

C. S. Wu F+=# ARZEALHHHKZER



Inner Product & Inner Product Space
Orthc ity
Complet

Inner Product Space

IntE ke8P H AR

MFEE Yk ErAy, BFLHARZL

(% y) =T1y1 + Yo+ - + TplYn = Zfﬁzyz
i=1

o (T, Y) R —ANFHK
o (z,y)=(y,z) (xz,x)>0
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duct & Inner Product Space
-

Inner

IntE ke8P H AR

stTFER PRy, RFILGARZEXL
(% y) =T1y1 + Yo+ - + TplYn = Zfﬁzyz

o (x, y) 2 —AFEHK
o(z,y)=(y,z) (xz,2)>0
T) =

o L HM Hax =08, FA(x, 0
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IntE ke8P H AR

stTFER PRy, RFILGARZEXL
(% y) =T1y1 + Yo+ - + TplYn = Zfﬁzyz

o (T, y) R —/EHK
o(x,y)=(y.z) (x,z)>0
o B Gz =0, FH(x, x)=0

Definition: % Zx ) K& ||z||

]| = (, )
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Inner uct & Inner Product Space
Orthc lity
Comy

Inner Product Space

Antf k2= FagAAR

o T AN REETN, W RHKE LXK AR
S, MEk=KERTIRRZELHK

B+ ARZS5EHKER



Inner Product & Inner Product Space
Orthogo ity
Complet

Inner Product Space

Bnt k== ) g R AR

o M T AN RERTN, WwRMRYE LEARZE
L, MExERERTRARZELK

o ATHRFREREMALE, LMRIELRE
e B H AR AE

C. S. Wu F+=# ARZEALHHHKZNR



duct & Inner Product Space

Inner Product Space ity

Bnt k== ) g R AR

o XM TFENfEREXNH, WwEMEKG LEARE
X, MEkEKERTIRRZEHK

s ATHRBFREREMAEZEK, LAKIERE
e BHHARALE

o NG BB RKRERZXMAET, FAfEXL
25
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EntEikE =R FHAR

o XM TFENfEREXNH, WwEMEKG LEARE
X, MEkEKERTIRRZEHK

s ATHRBFREREMAEZEK, LAKIERE
e BHHARALE

o NG AERFRKREZXHIWMET, FAREL
A5

n
(@, y) =2y + 3o + -+ Ty = Y 7}Y;
=1
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EntEikE =R FHAR

o XM TFENfEREXNH, WwEMEKG LEARE
X, MEkEKERTIRRZEHK

s ATHRBFREREMAEZEK, LAKIERE
e BHHARALE

o NG AERFRKREZXHIWMET, FAREL
A5

n
(@, y) =2y + 3o + -+ Ty = Y 7}Y;
=1
BR, AALKEERY(z, y) = (y, )
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Inner Product & Inner Product Space

1ner Produc
Inner Product S Orthogonality

Completeness

o IHMARBMATAR LR BWAFMIE
SIS




Inner Product & Inner Product Space

. or Prod C Space
Inner Product Space Orthogonality

Completeness

o IHMNNRMABRRE =L LSRRI M
L¥ -y

o BRRG LifthF, HARKTHNRA
BARH T A4 AR
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Inner P!o duct & Inner Product Space
G

o or Prod C Space
Inner Product Space Orthe

(u,nl]>1www~:~ﬁ

o XM NRMAB AR = H L BRI M
L¥ -y

o B X RGLikFoth %, HHZLEHARNA
RARH T A 6g it B

oﬁ%MmR%%ﬁ?%ix¢ﬁ%£%%ﬁ
AE 245, Mdmbd— AN eg RN
S

C. S. Wu F+t=—3t ARZALHKZTHE




Inner Product & Inner Product Space
ality

o or Prod C Space
Inner Product Space Ohtstora

Comple

(RXAEBREBBH L) REZRN TR E
Ayt AR (x, y) MR BRI, HE
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Inner Product & Inner Product Space

wner Product Space
Inner Product Space e o e
Completeness

(REXAEZHKRIHKBK L) RZEZRNF A=
Ayt AR (x, y) ZEMNNFZEBEK, HE
o (33, y) — (yv 513)>)<
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Inner Product & Inner Product Space
a /

o or Prod C Space
Inner Product Space Oriilirgamebiiy

Completeness

(REXAEZHKRIHKBK L) RZEZRNF A=

Ayt AR (x, y) ZEMNNFZEBEK, HE

o (w7 y) - (yv w)*

@ (ax +fy, z) =o' (x, 2) + 5*(y, 2), £F
aFe 32 KIJMK L#yir=
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RO T EFETVEINES LI LL S 3

xFey g AR (z, y) RENIFEME I, #H L

o (z,y)=(y, x)

@ (ax+ Py, z) =a’(z, 2) + 5'(y, z), #F
aFfef R HBBK LiRE

@ M FHEMx, (¢,2)>0; LHMRLEx=0
B, (z, ) =0
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CRTXTESE T VEXLINES T EES 3

xAey g WA (z, y) L EMNOIFZAIK, HL

0 (z,y)=(y, z)

@ (ax +fy, z) = a(x, 2) + F(y, 2), FF
afe R BB K LT E

0 3Tz, (, ) >0; HHANL x=0
B, (z, xz)=0

NN B REHET L ag JUFF AR Z 3L
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Inner Product & Inner Product Space
Orthog

Inner Product Space

o #Ra‘ﬁ.—ﬁaﬁx/ B EILEER, TUEH, R
BREORAGREER, —NEEMRTH
%’é’JV‘]ﬁmu;&J— ¥, ZHEILFERPTHRF

AT AHES
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Inner Product & Inner Product Space

o or Prod C Space
Inner Product Space e oy

Completeness

0 REARAEFHEILFER, TUAE, X
RRAEHIALNLBEE, — Ak ERE A
FHARSATH, EHEBIEBLFOHRE
XA AES

@ ASbiak B, st LE L
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Inner Product & Inner Product Space

hner Product Space
Inner Product Space O syt

Completeness

0 HENRARFHEILEER, TAFE, X
BALHIANEBER, — Mk EREE
GHNBRERLK, EHEIAERTHRE
XAHES

o fstkak, HTREX
kBrE(F LTty “KE”)

(, )" = |||

C. S. Wu F+=# ARZEALHHHKZER



Inner Product & Inner Product Space

o or Prod C Space
Inner Product Space Ot oyt

Completeness

0 MNABRARIHEI F2LFELR, TH
(z, ay) = a(z, y)

F+t=—3t ARZALHKZTHE



0 NABRAEFHE I FE282K, T2
(:B, Oéy) = Oé(w, y)

Q@ it

laz| = (az, az)!/?

= {aa*(w, CIB)} v = |af |||
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O NABMANEFTHEIFRE2LFEZR, T7
(x, 0y) = oz, y)

@ Ft
o] = (az, az)"?
§ 1/2
= |aa’(@, @) " = a] |2
HEAT—ANERLBRUEHERRA K
B WMAE, IFRAB L E

r )
= )=1
(Ilw\l gl
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Inner P!o 1uct & Inner Product Space
Ortho it
Comp l

Inner Product Space

I Y1
- L2 Y2

Sl tHB LI kB =| | Fy=]|"
T Yn

VAR T 45 M (3% FLP,3 Hy B 4K)

Py 0 -+ 0
0 P» -+ 0
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Inner ct & Inner Product Space
Orthogc r
Comple

Inner Product Space

W Xk Erfoyby ARA
P; 0 --- 0 n
0 P - 0 Y2
(m7 y) = (271, L2, xn) . .
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Inner Product & Inner Product Space
Orthogonality
Completeness

Inner Product Space

T # Lk Exfoydd AARA
P; 0 --- 0 n
0 P - 0 Y2
(m7 y) = (271, L2, xn) . .

BEF R Rk
(xz, y) =xPy
TRTHEE
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z Inner Product Space

Inner Product

ERBIHTA AR SAXNNESL, £
AW ERR ZR I Z RO RETHR—NEE

=% 9
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z Inner Product Space

Inner Product

ERBIHTA AR SAXNNESL, £
AW ERR ZR I Z RO RETHR—NEE

=% 9

FfEax0 <t <1
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Zo(t)Fy(t) Ak TR P HRANLB( SR
X), WEMGARTEXLA

1
(2, y) = /0 2 () y(t) plt) dt
A TsRHp(r) >0 Z0
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Zo(t)Fy(t) Ak TR P HRANLB( SR
X), WEMGARTEXLA

(2, y) = / 2 (1) y(t) p(t) dt

A TsRHp(r) >0 Z0
CHHREE Zp(z) =1

(2, y) = / () y(t) dt
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Inner Product & Inner Product Space
Orthog Wlity
Completene:

Inner Product

o X TN L EZT MMRAANRET I




Inner uct & Inner Product Space
Orthc lity
Comy

Inner Product Space

N AR 2 )

o X T AR L ENRAIRAARET N

o LA ARK L REZT MAARILEIEE
ja] (Euclidean space)
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Inner P!o 1uct & Inner Product Space
Ortho it
(¢} m]l

Inner Product Space

N AR 2 )

o X T AR L ENRAIRAARET N

o AANMRM LR EEAMRARILELIEE
7] (Euclidean space)

LA AR A &R AARAEZE E (unitary

bp&CG)
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Inner Product & Inner Product Space
Orthogonality
Completene

Inner Product Space

AEEITARZNGE, HTRIIANKZEHH




Inner Product & Inner Product Space
Orthogonality
Completene

Inner Product Space

IE XA

AEEITARZNGE, HTRIIANKZEHH

L ALY (xz, y) = 08F, B4 Bx, yiE |
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Inner Product Space 11111(“17?’1"'1“““' & Inner Product Space
Orthogo ty
Completeness

IE XA

AEEITARZNGE, HTRIIANKZEHH

L ALY (xz, y) = 08F, B4 Bx, yiE |

EREHEMLEHER
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< ct & Inner P ct Space
Inner Product Space Iy [PROe e Spee

EREP—HERPEA—N]

E5 TR 6iFeg, (x, x;) =0, MNHKEx=Z
{xy, Ty, - JIER )T —
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Inner Product

EREP—HERPEA—N]

5 TR A 8ideg, (x, il?j) = 5ij, &=
gﬂ{wla 1 P }E—fiua"
o EXP—RkE—EZLAMAKX, BAENRE
MEEBERELE
a1T1 + vy +azxrz +--- =0
D]']"‘/'ii]‘(ljzo, j:172737'”
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Inner Product S

EREP—HERPEA—N]

E5 TR 6iFeg, (x, x;) =0, MNHKEx=Z
{xy, Ty, - JIER )T —

o EXPA—RE—REANBAKL, AARRE
MNMErBERELE
a1y + apxy +azxz+ - =0
)Q'J"/r‘i;ﬁo{j:oy j:172737"'
o Nk E X NP P —ANNER T — %=
AR AM AR B E ) 69 K, AR B )3 — AR (3K
RIE X ARE )
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EXE—FER)F—

E5 TR 6iFeg, (x, x;) =0, MNHKEx=Z
{xy, Ty, - JIER )T —

s EXPA—(B—RLMBAK, BAWRKE
MEREERERE

a1y + oy +azxrz+ - =0
W—7Ha; =0 j=123- -
o Nk B E A M —HAnAER B —%F
AT AM AR ) 8 K, AR IE )3 — AR (K

AR B AT R A)
o MBFERI—X, LLAELLERELAH L,
HREAAFMKYEEH
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Inner Product & Inner Product Spac
Orthogonality
Completer

Inner Product

HIRE A




Inner Product Space

EXPE—kBTHEHZEEBRES
EAMRGfESTTRE T, B —HER)PT—Hk
EHANEXRE—%EE), FTCEET —
AEXRHERPET—REEZF, WHZELRA—
AXEERTEZY

o AAMBPHREZRF, —NMLENEXNR—RER
Tk EHARL KRG E A 69 4R F
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Inner Product Space

EXPE—kBTHEHZEEBRES
EAMRGfESTTRE T, B —HER)PT—Hk
EHANEXRE—%EE), FTCEET —
AEXRHERPET—REEZF, WHZELRA—
AXEERTEZY

o EAMBPNREZMF, —AXEHNERT—RER
T LA L R L F ) 8 Y848 )

o EMFFAM Y, HAFRAEAMELETEZNNELR, R
mAZETRE AT ENER -k T(—m4F%Y
RREGMBAXELZTH) LA Z A EH, mELEA
LkEFMG—mEE

C. S. Wu F+=# ARZEALHHHKZR



Inner Product Space

EXPE—kBTHEHZEEBRES
EAMRGfESTTRE T, B —HER)PT—Hk
EHANEXRE—%EE), FTCEET —
AEXRHERPET—REEZF, WHZELRA—
AXEERTEZY

o EAMGEMHAZTTRF, —AfAXEHNEXNRT—REH
T kNS KRG TN 6 LA R

o LIFFMYP, HAEFIAR LB L ET ALK, R
mAERTRE AR ENER T — %2 (—E4F5%
RREBALXKZA)RAIB TR GLERK, MBI
kS —mE

o E—AARZENV P, ZHH—HEXPA—HREL
FRE, R—NEFEZHILFEA
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Inner Product

IE R )2 — K FRTEGFIH &

B GARZRV T, dofTH M — 24 E )3 —
éﬁé‘(%{mmz - 17 27 T, k};%g‘%%?
Q@ L HMKxr =08, (x;,x)=0,i=1,2--- k
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Inner Product

IE R )2 — K FRTEGFIH &

AL RGABRZRV F, defTH B —HIE L )T —
éﬁé‘(%{mmz — 17 27 Ty k};%g‘%%?
QO LHMKxr =08, (x;,x)=0,i=1,2,---  k
Q NTHEZWrcV, Bhe = i k(x;, x)x;
i=1

C. S. Wu F+=# AREALHHHKZER



Inner Product

IE R )2 — K FRTEGFIH &

e %M@mw o 4 F W7 — 48 E )3 —
é"jé‘ig{mi,l—l, 27 7k}7*5€70'%?

Q0 L HANLx =08, (x; ):0 i=1,2, -,k
Q WNTHEEHrcV, 1‘275:1;—216(3:1, x)x;

o Be%@olﬁ"%—’xc}?éﬁ %5 R L, EFXTT@:"%J} eV, &
A z|? = Zk!(fb‘z z)|*
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Inner Product

IE R )2 — K FRTEGFIH &

e %M@mw o 4 F W7 — 48 E )3 —
é"jé‘ig{mi,l—l, 27 7k}7*5€70'%?

0 LY HM Lxr =08, (x;, ):0 i=1,2,---,k

QO N FHEEHTCV, BAT = Zk(wl, x)x;

[5) Besselﬁ‘ﬁ?‘x“l?é’y%ﬁﬁkl E!p;n‘ﬂ"&j“é’ym eV, &
A zl? = Zk!(% z)|*

(4] Parseval?ﬁiﬁk», At FAEZ N,y eV, BA
(v. %) = X by, =) (.. @)
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Inner Product Space

IE R )2 — K FRTEGFIH &

R RREMY P, do T 5] B — 4 5 —
WEkE{T;,i=12 -, k}REZHE?

Q0 L HANLx =08, (x; ):0 i=1,2, -,k

@ stFEEMz eV, hx = Zk(wu T)T;

[5) Besselﬁ‘f?’x“l?é’y%ﬁﬁkl E!p;n‘ﬂ"&j“é’ym eV, &
A zl? = Zk!(wu z)|*

(o} Parsevalﬁiﬁkl, Pt FEEN,ycV, BE
(%@=§Muﬂmm@
e F) AT b 5, HWILTAFH
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Inner Product in Function Space
Orthonormality of Functions

Function Sp Completeness of Orthonormalized Set of Ftns

HIRE A




Inner Product in Function Space
. o Orthonormality of Functions
ction S = o A 1 .
Function Sg Completeness of Orthonormalized Set of Ftns

RN —EBFHROLEZN: THHTLERZ




Function Space

BTN E—RFHRGELEZNE: TRGLER
A, PHAWMKG, KERLFITEORELAE—
R (TUARARRE. ARREXRELRR
B, AL, ATARGEHHe <1r <b)L#

AL 7 TREHS () sy [ 1f(2) dwdese)
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BE TR R —EFROEETEN: THHLER
S, FAH, REEFITIHEEUE—
FRE(TAZARFRXE. LFRERFLFERE
B, AHEARIL, ATAEGE ﬁa<x<®i%

AL 7 TREHS () sy [ 1f(2) dwdese)

FFK fiFefafi ek fi + fo3h 2 7 & 2R Ao
(f1+ f2)(x) = fiz) + folz)

Ft—it ARZ AL HKE R



BE TR R —EFROEETEN: THHLER
R, AWM, KEETITHOEELE—
R (TUARARRE. ARREXRELRR
I8 %%iﬁ”,mTT%%%a<x<®L%

AL 7 TREHS () sy [ 1f(2) dwdese)

X IUE fife o8 ik f1 + fo30 25 & 2KAR Je
(/1 + f2)(x) = fi(z) + fa()

o LF [ B &Kot B Raf£
(af)(z) = af(z)
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Inner Product in Function Space
Orthonorm 1111\ of Functions
Completen f Orthonormalized Set of Ftns

Function Space

BAEEF A TRBBGES, T Tkl L
A, BILGAK R K E TR
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BIHGFFZTREKGRES, S Thikf Bkt
FHAE, BRHBREER R

HA A E A
1(2) + f2(2)* + | () — fol))
=2[| (@) + [ f2(2) ]
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BIHGFFZTREKGRES, S Thikf Bkt
FHAE, BRHBREER R

HA A E A
1(2) + f2(2)* + | () — fol))
=2[| (@) + [ f2(2) ]

Bivh, BT TRE KA AT 5 TARE
fi(@) + fo(@)* < 2[|fa(@) + | fal2) ]
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Definition

& fi(z)Fe fo(r) & éi;lﬂﬂl’é’aﬁa/\ #, €M
WARE (fi, L) = [ Fi(2)fo(w)da
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Func

Definition

& fi(z)Fe fo(r) & éfagwm@/\ #, €M
WARE (fi, L) = [ Fi(2)fo(w)da

W T
@ PH @) P2 @) @) = [ A@) = @) > 0
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Func

Definition

& fi(z)Fe fo(r) & éfagwm@/\ #, €M
WARE (fi, L) = [ Fi(2)fo(w)da

W

@ PH @) P2 @) @) = [ A@) = @) > 0
A 3t

/1 (@) fo(2)] = [f1(2)] - | fa(2)] <

[1/1(2)]* + [ f2(2) ]

l\)ll—l
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Definition

& fi(x)Fm folr) £ #(.nlﬁ]“l’é’)ﬁ/\ ¥, €M
WARE (f1, f2) = [ fi(e)fa(e)de

W

@ PH @) P2 @) @) = [ A@) = @) > 0
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Definition
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Function Space
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Inner r yduct m b‘uucmu Space
Orthc rms: 1

A Qvn e s
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lI\ of Function

Function Space C om pletene s of Olthonormall ed Set of Ftns
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Inner Product in Function Space
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Inner Product in Function Space
Orthonormality of Functions
Completeness of Orthonormalized Set of Ftns

Function Space

n n n
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