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THEOREW G.4 Su‘:fg_;z LéC:L ( [01;‘31 x Iflxﬂ) QMJ |{,'r Zex ‘oe Qa SoQJﬁoM.
ko ELE in INTEGRAL ToRHL, l.e

)

& f'—s(x,ﬂ,a')r+L?(x,z,a-)r I -0 NoeV

/

(4) =% (s,p) = Lx,s,p) is colteX o ol xefa,b]) Gixed, the
W ois o WinwzeC foc F e X

kL> I¢ (s5,p) > Lix,s,p) is sy colex Goc all xela,b]|  Hheu

M 15 the u:uia,u( Mminimizee oF F in X

NoTe: T€ m solwes ElE m DIFFERENTIAL FoRH +hew b soles ELE in INTEGRAL FoRiL




?{‘;»C’ @—) Let we X be o‘rb}-\-(wa oand s Ti=W-M .
Thew Te\ e s@=c®0=z0. W have
L
FW= F(x+r) = S L(x, Z+¢ &'+ r')éx
o
AS L is C,4 ql,wl, 1S Cowdex n 5,?/ we ca oﬂ)l} Thearese S.72
and dotaa,

= ~ ¥ )
Llx, 545,045 ) » L(x,5)p) + Li(ws,p)s +Lp(xsp) p 4;25&6

APPl"&‘H'\Q_O-looVﬂ wi\-\m S=M) g =\ " P:M ,Pz\v\/

Fw) = 5 L(x, &+

o~

zee )i
: b
>0 L00E, 80 0+ Ll @) 04 Lolx, 7,8) o dx

et

T~
=0 193 @ 4 Since d‘é\)

—

= F(&)
S\(\ow\% Ho A wamres F over X

L’L) Asume 0 ownd 2& both. wmwimize Fovwer X. U WM:= wmw {:F(u.) lueXS’.
Theata FR)=F(u)=m , am edso F(u)zm)\}'ue)(,

Debine W= S weX . By comexity & L (GuT sy the defnition )

)

;—_L(XH “)+—-L_(x, )

ST 1
2

-

A
z

N+

NI —

L(x, w,w) = L

AT

(a0

E A =
ML,U+

\
)‘) 2 )



Im‘\e,éfa.}‘iva e abow cciqali‘g we b

L/56__

m ¢ Flw) = L(\A W, wdx <
SihctfweX 4 \ \’ A Ay 1
Zg@, éx-\-ig&L(X,M/MBX:
u - A
=M. Fluw) + -lz: :F(U)
& ) L -
Z_.M+ ZM = W

us all Yl iv\{aluak;-‘-{(s in The above chaw are a-c‘,l’uaklz CG‘UQL'H&S )a\na we 36‘
b

® g{%L(*,ﬁ,&‘) P LOom, W) —L(x, Lavt s, LE' el n ~\}4,< o

Now, by comeity o L, te INEGAND t (O & alwys > 0 . Hewe,
‘02 Co(\'hMQ\Jﬂ\}‘ Ve Conclode thad

N —
M\\ =

\

L(X) \3474-%3 A: +

N~

Lis, @, &) « L Lix,a, ), ¥xele )]

N

1
7z

Sig L 75 STRICTLY Convex | He abow s padble . i il vl
.{I|(%)= 3'(}() " N—xetq,b"i-

A

Thwse T zu and The winimizer is oa?a‘ue. T

EXAMRE Lot L R=>R  L=L(p). Acume LeC?(R) | Deac

X:=-l nectfabl | amlay=a, M(\9=9$

=)\ e C*fa bl ) v =0 / J(L) =0}



Considef F:X—=>1 dFud bxé,
E &
=N S L (&) dx
Ny
We con then write ELE in  DIFFERENTIAL FoRAL :

;LLP(X’““) ,allx))jf- \.g(x, M) L:t(x)) : N xe (a,)
X
) =a , wlb)=P

Ldy W AWis (ose (ead$

j: [L:(A'L(x)’) 3 =0 ¥xe (a,b)

(eLe)
MLO\S’O() 'U.[g): ?

Now , the above ©DE implies Pak

L) = coNsTaNT

Theebore Hhe Stea gMT Qime

A—J:(x)‘: e (_X—O\)-‘—o(,

b-o

1S ALWAYS o shition o (ELE).
QuesTiod  When does @ alSe  seRue

LP\ F(ﬂ):mfm {_F(M) l ue)()’ Y



CASEN  Assume L convex. As i sdves (ELE) , To poctitslac
it sves EC W INTEGRAL PoRH. Then (93 THesREM 5.4 e
Nove thax X solves ().

CAST 2 If we 3o wot osSsume Comqmi'\'a_ , then in 8e,n<ro.k 0. Docs NoT s2ve LPB,
Yor escmg\a X

L(p)i= exp(—p™) jn—

Let gs conmilel Ha 52 with o Dieichlel

condaTons |y (e
X=\={uectlo,d | ule)=us)=o ),

Note 4het n thus sen‘(ma_ 00F STealght bne is A =0, Then ® skves
(ELE ), but TS it sduTion to () 2

C‘Qa.r\\a L is vt convex , §o THeREW 5.4 connst be OLPFUCGL
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CLAH  F adwts wo asmmizec n X . Moceover
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Pr_p_e(l The (dea & thex ; e \_.('53: L(-\) =0 , We can consSTrucl e.
function X st 1S' 124 awd s FCS)20. This is possible
becasse the goints (2,0) | (4,0 ) ore subbcestly close. T
consmoT S, defne s: (01> log_

N

X<

X & o 1
L

S(x) =

- 41
s —X4+4 € ESXSA.

el

NoTie +haX S(©) =0 , S(3)=0 a.vml,

[l
L

A/ !

S‘e{—i,&}, Ths F(s)=o .

\

The ow\ta fro\,lw ® HoXx § 8wt P HOWQVU‘, we  Caut ORDUND Mo CoRnNS-
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@ TP('w&ma weteSiasy  Comimions Coc M'\mlmalﬂ'é . ELE 4+ BC

@ Solue ELE + BC (Ths = ’:bss'rlo\( n NL(Y few coses o Qincas A8 eramial
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So Lar our miniowtaXion ?FD\Q\th were wosTly SET in Ci. often a slstiow 4id
wt exist n C? , howsever oy exawples we saw ThaX e c00ld End an
\V\F;M&?:‘w\a Sequente  Constcging o Semmetivy prece wite C-d') e,

C;"’ [Q,b}=={MeC[O\,\¢] \ 3 {x":-')yN(’ Q[a‘/b] with 6= Xx,< X,C...CX":L;/
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X

LQO(X)W\ ‘= {M: X >R l M messyeabole JC% ¢t. luwled t{-e..e,.in Xj

When we Sou.x M- a-e. we meay Hal o cefTain pepesTy W24s n XN E
where '»([E\‘O-
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WANIN G Thwe ehemints of  LPOX, W) and LP (X, 1) ace NoT Sunaions | LT
Clagtes &£ equivalence of funcriont | where cquiultnu is

M §F & alx)=vlx) §ac H- &-e. x e X
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X
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Mu.llpt--(i(u(?alr(\ , ueLP(X,fb) ) AEp e,
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Ho reoyel L?'(X,r&) is o Hilbert Space. with  taner pcoduct

AN T o= & mE dp wme LYK, )
X

/

NOTE | Tn the Mou;mg the defimirion oF L7 Wil be emploged in s SaFing :
o X Wl odweys be an opeN sET OF R
¢ A is the d-dwensional LEBEST T- Algelra
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WQ V\QQ_A ‘\'O ;V\T(OAUC(_ \]e(ﬁ.\ons o(: H{ ‘FLC\J andL DBR Lewwa Qaf LP Gdn@‘ﬁvﬁ.
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CONNOLUTIONS

DEFIN\TION F+. 4 Let FTRAN\ i R.— I~

. The CoNvNolLuTiofd bawcew A awd \l‘)
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e
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-
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. 'P:&_ % Set 'U((x,\g()': M(x—})\f(}') . ¥or a.e. Lé,etﬂ it Wave
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Le‘oesaue wua,m). We com thew opply  FUBWI'S T ECREH ( THEorEM 6.40)

Yo ek Hhax

Y1 Wiydldy < 450 Foc se. xel

X
and also Foert @
\ l
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g|(ux\1‘)(x7 o\x = g SM(K«23¢(Z\ dz JX S S iglu[xfg)sr(z\'dz} JX
R R 'R R "R

deC b Y » = g { S\’u(x,Z)‘A}} a|)( @ “ﬂ “1 \\\\'\\5_ )
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