LESSON 3 - 47 HARCH 2024

HIGHER opPER DERINATINES

L@I X,L() \aC_ ho(‘m(d SfOsCCS 3 Oéx O‘)m) T”s L) - \\/ . g\}rf?b_((
oo F < :FTQCJ\J &:w n U . Then we  Gan &@\M e W«a,f>

. U —> :L(X,Y)

D S L N

H@u We e +r|1 O\NL J:Wt(wfl‘ﬂk "l_lnL &loo\lt Q%r(‘ddo/\. TL\A\ quQe\
“afidJ &~ Se&m:l o\Lr{vod‘\\\/L-

DeTinTioN A.140 Asiome Yhax F IS d3F. im J. We day T
F ¢ Ywice FREMET &Y. & u,cV b

T 0> 300Y) % PRCET AR T Mo, e,
d 3 A, e X, HY)) st

\ VL)
O VP Cots) - F o) = Ay w))ll(x,ﬂ 4

U\T“X S0 u \T\]
X

NoTATI00  The Seamd Frechdd decvaiie L gmque | £ F exisfc. We
e — .
Acwo'\‘{ + L“} ¥I'Cuo>": A’-uo (= }(X}l()(]\(\)

Kﬂeme‘_v. 1. 44 Trt(odve the x

Ja(x, )= i TXex =»Y | T s L;[“Mmr,o‘nﬂmmug(/
u\\{(ﬂ (Qa, C,./\T\‘MJDUS W M&‘L‘Ju 3 M»O S. ta

(TCa o) Ny € MDaty Urly | %u,0eX

Then one cean ghow thod
TG 2 L4

tepoleg-cally and g cac Caimple @ef‘o‘sa)



—ﬂn&\'t?'ar( IZ(X’Y) (< V\Jd(‘ku\j, o hofw\e,—l &fa\C( (Qn—l Bawad \\'I' VoS
30«;40«)«) With Yhe vorpm

S0P | 7w, Iy
Nally, (T €4

“ Y \‘:I(X,\{) =

DEriNTIoN 4. il LeX "F’.U»»Y and astume thadl ¥ & Fuwlee
FFZGLJ oll\\w. oF eadn ?g:h-t oF 0. —(lv\)& We Gw o\eﬁl\\(

# g J — Ja (X )\\I)
A D> F“(M\

T$ F'ie ciTimsds e Say thed T €C7(0,Y)

Tn worly we Say

thal F ¢ fuwig

CanT;mupJ’alJ_ alF.
in U

\')QT Norfu o n )( o‘v\g\

ope(dof worm ow }l(x)ﬂ

THeofer 1.43

—

& % twice "F(‘:otxa Am: aJ Mer. In ?«"T\-wlor we L\a.w_

Awome F - U > Y
:“(Mc.) < 12 ()(,\' bibnear owd Co/\-(-‘\i\\)o\.lS. Thea T’"(uo\ 1< o.ho SYHHETRIC ) (.e

T W W) = F ) (W, ¢) ;¥ FweX

")

The f(oa'\: of THM 1.43 s q\f)‘\"{ kona )QN& I deaded ko Skq‘f
iM 'HH 'ooow e'(;‘

(
', 1964 (TN Fra)

Conywnt ol THG ploot

w. The imleces®d ceader cam Tnd 3t
HENRL cARTAN — " CALQuL D IFFE RENTIEL
M, Theatewm S.ii a Y&a{ éS .

The wain dees oF He prad are Ha LOu,w;md, Tattodia ta nap

ALY W ::\:F( Mg 3T +w) = F (Merr) = F (Mo W) Jﬁwo)]éy

for W £ X e el ol iR cadXly Swalk | So
ol g 40+ €U and A X wdk AEmed,



Netice thad M ¢ s%vv\wd'(‘\c. O Com Twow Thed

@ “ A(\Y[W) = T"\(Ao\(\r,vf) llgf =5 ( ( u\r[[X+ ||WUXY')

(T\M above is U Wffvwer + i\mhd) [ i GO ) § re]uire Qir‘lktrma\}s\s ddn R oA Hee Scape oF 4 coqrgz)

As N IS $\%W~W\QT(\\L, WA can Swep ad W @ fo sltasn
I Alrw) - Fla e gy = (( il + uuruxiz)

_\“AQ(LX«(L L\ﬁ, +(“w6’\k ;M«(‘W\L the Q~L°\l‘\ zV\\\mﬂtS WL 5‘1

17" (56 - Flawo ) Iy = o (( Wiy + Ilvfllx]z)
The Mivo y 3§>o S,

IF' a0 = F o)) U ¢ € (ll\rllx+ bl ), umlithllX)“(

TF rueX an abiftg,we o fad Mo ot TATL Rl Al

abown tneg. To AT, AW ek

\ \|¥“(&g(\r)l;)_ F ' e () \l% N Iy + uurux]2 ) N, e X
Bs Ay B B W ovlorfeary | uie wriclote. .

‘S—OLE TH@M &-13 I_,S > %Ey\erﬂl:‘tﬂ{ov\. .,Q— -H\( C\'-‘Sl\cd SCH\D‘Ml THE oREM, — Sec.wi
defwRves of wapl FRP> R . Jndeed, F Tit CCRY thon
Flliw) = 7)) € "IC‘QI)\K)
whet He oﬁ:\)aﬂiov\ Ny 3—\.\:& b‘}
_ 9F . °F
T\ () = V¥l - 5 THE\ = ( —;—x‘(“‘)l 5;{&;9

The F'o RY o L(RLR) . Thar Tl € 3 (R I(RY,R)) =1, (1)

l..\;‘\'\;\ o‘pf\,\ ot o~ %\\\(.o- L‘s g‘t._F g,)_F
kY T 3‘7 3)“35(1_
() (\T’,\»f\ = ¢ T R(m) S ) VEF( = g-::: 3%
dxn, O
= 2%

— -

Therelore -'F“("‘“\ e %\&MW\CY(:L &= RS P 2% O l”""‘d‘ 1S
teve \’-’a ‘\'\\1 Aethed SMearx —\‘\'\Lortw—~




MQR)’C D:EQ-\QKT\\,ES ‘o I{' F ’ (| \\J ;L .‘—U,I (e A;Q’% rm U 1’1«(?\ wo Can JLC\\M(

FUe 0 — 31(X, 1 ()

M= T
The Fondisn ¥ can be im tuew AA“QG(U\‘T{‘JUL °~a°~1w 9 U\\)f\'\

Frw) e RIOX, (%, 200y))
g ‘arocc,,\urn Con be of (eume ihr«jm\)ss T defmes

Y0 > RO, (Y, 1))

Tn %u\g(—d we have g

T, 200, 16 1 = Talx,Y )

\m
N e

hete
= N Kwm(s

- —
L s LT X = LT webinee, bewnded )

w\e.miv\} Ha A fro sk, "\\(ui) oy Ay \)\, <M “—ui\\x.» “M"nx .
The Spece lv\(x )\f) [58 hor\»\tA L%
Il T 1= Sop I T(u, PRy (|
lh“)\{) "‘“’S“S‘L Y
%X

and TpXX) 35 Bamedn (Y 1S Bamask. In parmiwler Fhe n—th Flona

defl VoW 1S S k.
?Lﬂ} (M\ € 1“ (5( )\(}

Tueower 4.44 (TAYLor Fopmula) (Foc o Pk see book by A page 36 >

X|\\) ’Bo%o.n*\—) VeX L i 3 = 0_"\< (V\"L\' Hmmel A)‘Q m 0 N\A N =mel Qs
ok MpeV . Then

Fl#ort) = Flao) + PO + S P WAED ¥ -+ - F e, o (0ei)
. A
n-twmes

>0 0N ||¢\lx—>o.
(R by




Z.FIRST ‘(AQ»; Ao ( 1emiRect HETHOD)

ISEf  The TIRST WARIATION  fepraedts the DRAWTVE oF a fundiad F1 X R
nth X = ser

DeriNiTiom 2.4 Lok xoeX . A (AUAATIoN o Ko 15 o~ corve X -3, 71X

S.t. \’(O\ = Xna ({-w( Some ,y>-°\ ;
v ch:[_l Hay e Scelec

indien oF Ceeh vef il
r{ Crndte the compaition Wi [ST,8] o> R Tz Frw)
vy ¢ b, o t=o  we denstx

J_F(YOJY ) .= "-\"(o}

and call SF(r, %) the FILT vARIATIeN of F ot x,
Q,lovx} d’

NOT€ \hle age. ol o&&om'né any ‘180]06‘\*;] on + or STIdyYle o X

EXAT‘PLE o /8 4) Y d \Qd ) )‘436 \an\ Q\){LA a\_v\A :P ° (QJ% 2 &%‘CM—AT\L((__ .
J .
Tor T€ R coneder the venmaXten )= xo+&T , S= 5ol Xa .

¥ X tt¥ TL\LL\,
Ko 3t (YA,-X \::. f'r‘r( Xo 4+ ) = VF(s) - o™

=0

U bhe dreional deriyarve of F ak %o 1n diteTion T

2) X vormed Spinct, e X, FRX 2B Ghiarr d¥F L oax i

]m Q\mra e(,.rea‘\ovx. L(I Fe X and ComE e -\-\,( NP w o G—('\—\"=7<0‘H7\T'
Thn

Flr () —= (¥
Eor) (o) = b ) - .

k»o E

dF (%o, r):

_ X Flx,+48) = Flx)
E—)o '.'f

= Fg )W) |

The BT vodallow i5 jusT “Hhe Gatesox deivtie of F & % w dsCeditmn U



PRoreSmon 2.3 X=S&  FX> R, ACome thid e X § a mwmra Gor

t e X

)
F(x)y F(x)

p AJxéX

Lkt - E_S-) )\3 >~ X s-t. yloy=%xs . ITf Y= F-¥
Iteceiade of tzo the

SF(Y»,Y}: [ T

Prost 33 atomgien W (4 48F o 4=0 . Thaekece

vt - "‘V(o) s W(rk))- W(F) O :F(H’cﬂ—?(xo)

Zo0

Yie) = L -
k%Q k t-)Q*’ E, \7—\0+ E

L P IF(Xe,¥ ) 2o . Swmferly =

Yl) - M L HEW)-Flx)
F\Yl("\\ = Qua % () = Qu $£90
Coo” ‘7 b-"o' £
G 0T(x,¥ )s0 = dF(x,Y)=0 . O

THE CASE oF  AFFINE (PActs

Reriwper. Lo V' real vsder Space , Asa X ¥ calhed on FFFINE A with

———mm—

REFEFF‘JG N \I H’ l‘f 18 debmed P addlen oﬁcrﬂﬁm

+ : XV > X
wih 2eraTe
1) x+0=x , ¥xeX | whge o0&V s flu e m
2) xrleaw) = e )+u, dxe X, AT e

3) Tor Q\]{f\“, x € X e M&Y \’-—-» X ; U X407 0y e bnit(ﬂlbn



From e obove Pounimde | AR only ImperTadl T for g8 U Fhal -
IF X is odfme Space witke P yectoc S pele \l) e

x €X eV = x+J e X

DERIsmoN 2.4 X qmma SPace o Ha r&ueum \/ Lex Xo€)<. A V(’Q\\ TioN
of Yo M dicecRom JeN 1S & weve Sz X +ET € X

(They we eSO oUr3Ney ¥o the asQ of <o 33t (ivie \m.’aﬁoms’)

e K 2.5 Noetice thaa ¥+ W —> X LU’ def . oF affime Space (ive. & & defimed
‘p"_ D1\ “,’-EIK)' I'F o= ?'”8’ o b\;F'F u '£'=o 'H\(.u

—Wie - —F
PIo) = G W(H) -VY6) i F(xeHr) = Fx)
L——»o L_ L—\D b

Theeboce H  FALY NARAAT (on Cead

:F(Xh‘l"\'\r) - —'\:(Ko)
=

F(%e W )2e $F(x,F) = Qim
§ ) % g

3’5?\”1'”0“ Z.G X RWML gra.a_ oVe( \l J r'_ X) "Z s I'-" J:F(_\r/ XQ] QXI:STS H\Uﬁ

ST'(Xo,\F)’—‘O

it caMed EBUER —LAGRANGE Ecuamnod (ELE). I x,eX
i sk thad  (BE) LRl¢ Sratk eV b o it called
o CRITVAL PONT of T (or STATIONMRY PoiNT)

Relik 2.F X ofhme Space ovel \/) FiX> R st ):F(Xp,ﬂ eyt eV,

——————m—

I3 xg wmimmtes T oHea %o s oo CAMIAAL PaT , J.e.

¥ s ) =6 ) eV

)

Prok Apply PROPosTION 2.3 &0 TU)= xoay. O



THREE EXAHPLES

Lot °L<L)&\AJ A<B. Cpgiaer the set

X={we c*laml | wGy=H, wce) -2}
TL\U\ >( 15 an a&x—\‘m{ SPM.L U\\ﬂ'\ relferenie Vedor Spee

V = {,ue C*Lab] | ma)=0 , «(b) =o}

We ensider Huadrionals im n\mfua@l Lot -

lo
me X > § Lo, ) a6 4

WO [ VA Y SN PRy (4 L% Le,o] x Rx Re—> e . Sfedc{(dﬂtj_ ) conSiden
F)G) H 3 X = & defined by

L b
L . 1 § - 4/2
Fl) = & | .o Gy |t dx , Gl = ’( [als )| dx H{u)= ). lu(x)] elx
N [ ) a
GoAL ' We wawx + selwe
M T—(*"\ ’ mim  Gla) ; UM H(M\
MK A X MmeX
s ]pos&\\oln dharaT enre  The SlMons (;-Y— H\U} (xT&‘ﬁ". )
Mk 4Tiod R F 53 Rerdrze 2.F  we Kod thad  mMomimyess sofug

(ELE), Tl'iert“:of( B IET Js C""*f\ﬂ_L 'H\Q P{r&l‘ \!ﬂ».('\‘q]{a\a
ot F.
Te do thed , we compvTe the Frecha dedvaRivg & F
LT\/\AS § aCtuely woT needed . The 63.7‘eau;n dectvaN Ve o F (el

be sitRceat, as seen 'm EXAHAE 2.2 poimt (2). Howewr e
Cowglie the FcZchil deciuTi® OS om yecose . )



PoopoSmon 2.8

Ser X o= c*lab] with woen ukpz=lul b050  Exrend T Uy

~

|8
F(u\:&x L& (x )| dx y a< X

-~

Than T o Fedd dHernaidle wm X Witk F'(u]e;(f)(z)
%;W_v\ L
\a' L

Flavw = 2| e Terde | ¥reX

Trest (X us (Tart LZ Gmf\)_\_\\w& e (a.am\!x decvadve o F oF ueX  a dvegion
\T€>—(\ . We hae

b b L L

Fobbd) = | (dbbr|Tde = \ 1607 du +zg§ GRS (L)

ThercFore

Fe Calr) = M

[ [ A “

Hateq) =TFla

{——)o I:
L L
=2giwo\x r Qw B\ 1P
~ L—‘)o %
L o
:—Lg A.A\TJX
oy

Row moficc el Filod) € 1(X 1) 2 Tn Lk

b L

\?%(mc\rk\ <2 S \ol Wl dx < 2|\\\-nd %J;\JX

Se ha

~

L
Sup | Fg L] < z( PYEPERIETY
W, <t =

PO '-F's(««\€ ‘;L()?,\K\ . Nate thad ths iy troe for ol we X, GCon i der

Too X — (5,0

M > _‘\?é ()



-~

Vhen :F‘j IS Contimusys W X Tndech , Rex SVIN) eX *

b iy = T V. = sep |+t ) -Foeons |
d d Hx, ) gl 2 g
L
¢y O g la — v | 1wl dx

b
< 2 ﬁq Vo= Ldy 2 2(b-a) u»—\r|1C4
Q\/\A w(_\\];( M I '\S

S\mu'm8 Con—ﬁf'\\);h‘}‘ We (o Than °ﬂ°‘3 ThtoreM 4.1
0

Teldd ade. b % will Poae F;{m,

Simtg X  affme rra.CL 5 Revwide 2.6 ths vs  Thex far ,u,,<—:>< We (/\e\/(

SF(ma, T) = Qo Tl ) ~ ¥l : Nve \

Eao e

i the hmat exicts . NoTe thedr X) y € >2’ . There%ore | as wie YT MTJTJ

the Feddo dungarwe o T ( ProPotmod 2.8) | e ‘Z‘t

tF(“» H—J‘) "-'F'(MO\

Tlloae) = Tylunle) = Lw
Fas t

a (o (n \”«r’\‘lco\ar

L
8'“(—'(MQ,\T\= Zg ’C’(X\\}b\) b x ¥u°gXerV

-~ D,

We powd (ool ¥or sofuTent o (ELE] m  ordes te -{l\ml (PMoNARY PINTY .



Thit oliome Mo€X 18 o wma . oF F oowr X BJ, p\EWK 2.3 e heve

JF 40, 0) = 0 | e (eE)

Ass\m;né alss thaa M€ c* Ca k] (Y a;f

b (L”T{é“‘j( \91 party W RT {->

0= VF (M, )= 7.& b § dx

o (::&U“)k'\ P JJ\J-
KN
x=b —
= 1 [M‘,\Yl -——')_,g Mq‘er («_g \r(q):\r(g)—_o)
X:‘- had
L
:—Z’g iﬂa&‘ h‘x

L.
@ &‘Lﬂokrslx:o —‘JU’G\'

J

Ty Looks e @ Comn \old s :L:°=_D . lex's ey Hoy i 4ese  (0F ka_\h.us '

+coe and we W Chew it Qoon) . Thecefoce , WS .Q(a.\:}\- 5 MSCL\-—'—B P wa heve
>

ﬁo':‘o — Ax, S %Tr«;a,k'( hne co«vxta—\‘/\} (4/43(\ ond (L)B/

\‘\IMNIN& T\'Vf JO& nal P(o\ft thax Ao V\M.AJ&;VV‘:}QS J over X. \Ijk ;\\,U’ ?(O“d thed :

== N Y \\
“IF meectLab) o~ min. b T oover X =P Mo Straght Lag

PRoposmiod 2.9 Lex s e X be o STraght hime . Theu Mo 70 the gy e
SeluTion 4o

M T
ue X

Recattn X = dme e [l | mtay= Ay =8y, F ):- i\l Ll 3, A<B



Prot  Lex weX oo qr"o\“rramj, CWe need $ prave. .

1) F) £ T, FueX (e A 1S e mimemizer )

?,> Flue) =F(W) & wo=w (H\\,g e UAJO'K w(/\u‘wl'er>

LE—\_ NN S\mv’ @-) 5 AS Mo) w <X —fl\w J 2= \»J—»\o < \/ y Simie V‘(f-\\‘=\r(‘o):0 g

Y " .
Y = Elmadd ) = &« | ata ¥ \f\l‘ls(
L Lo b .
= & " dx 4 Li Mg T + S | dx

o~

L., .
= Fiw) g ZS u, T dx 4 F(r)
Q

Now e 18 quv..u'.% Cl(\)\ol ('oo.hé_ - &Tr&.}h‘ e\‘n«) As U"(O\)txrﬁL) =a

We e ‘:\rocgeé al eJaaV\ C{m—raarﬂ'rw& L\? :Pa,rT& ts §\o'h>un]
|

L ./ . el . L aia
g’ Ms d. O'X :\'MQJ]\ — g /ug\r J)‘ =n
S
f L _
=0 a8 vla)= Lo =0 al uA =s,

Sima Mo 'S o L;V\(

F(w) = Flad) + F(6) > Fla) ([ Siae F2o by Jinion)

g\nsw\mé QL) : LJ J( Poove (7-\ % ut kv':\« +Loa‘

FW) = F(me) + R
Se T(W) = F(m) W& Tl =e . By deb b T s W8 troe iff J=o,
Thul T2 Gnlimd .« Sware §ls) = wlh) =6 =7 J =0 . Rc(.Q}‘(.,.a

tha oW —ums WL mber Wz oue i Ssmed— g



Recomr X = {me et =Sl 3 MCLaz A, M(‘Q:\Z?

HINLHIEATION Fore G CIP g\’ 1l dx ,  A<B
9

{L7e8Tloy 2.40 We hovn  Hhaad

&) wmin Gl - G-A

A€ X

e He Mmoo existe, Moreover '1{,(' ov\Q\) ClyTons bo @

0l e Mmonotonie '(:Uua:o’!&) -\'\-\oj VA 5 M°G-X \J)‘W Mo 2R

Prook Lex we X be a‘rlo;+rkr-a, . Theu
b .
&(am) = & Lr ()| 4)< 2 \ g p(x)*x\ = ,M Uo\ - MC‘\)I = B-A

Q <

Hence

(L8) G = B-f NaueX

The Luee booand s adhiened La, Mo STrashT (ne  between (q)A)J(L)B)

fnéeei) .
”
G\(ug) = & ‘Lo()()' r.lx = B\o—:—i JX == B—A—

Therefor Mo Vel ®I aS Q,@) \'mrbeﬁ

@ G () 2 () =3-A N ouwe X .
Tn rarTTOu\a.r @ hods .

Aume wow thal Wo €X sy %) - Thu ﬁ(_do‘) =3-A .

b b
G = Sc\ ll:lo(ﬂlrlx 2 \ g

S

Smee (o O\‘po\’b)

\:Jo(%)*xt = B-A,

Ve kvt Qo) =B-A fF
b

S P R [§f@,<X\4x|

o~

Bor tat 18 e NS Saa(We) Weamsfad &> Wozo  (as A<R),



Recattn X =3 me e L= 1 | MLa)= A u(‘:ﬂﬂ%ﬁ

HINV HIEATIoN FoRe H L
H(M\'.-: go\)"&l AX p A(@

{ofaSiTloN 2-44 We hove #hal
) min H ()
VTRD S

Aos no  So0JMosS y ol

G W Hw) = 9

A e X

Proot Lk s Gt shwow &x) . AS H»o | fheu imE R2o. Thes we aced o Hnd,
—_— x
Ay eX sk NMa) 5 0, So HoT  imb Wz Follows .

Defve a2 [abd —R s in the pidr bdow

N
2 1 An
A ~ —/
f i >
o Lt b
n
Tha s - P e i E“"b’i"

= M, Strouzhl Lot 1a ELv%,B\j) So that
ol L-LFA and a(0)=6

Thea ve heve
b L As ;JL;. S0 E,\)L\':)
]’_. ]-’ =
H(Dn) = gc\— lUn\I o\x = g [an,, l %K ond M, = ‘FLAJ/;): n(8-X
-
- i (bt 0}
= g U n(8-A) dx
bt
4

0

Z B-A —> o s - i
s



PROBUEH - Tl dw~iT shows ®' TLQ only Wee 8 Haa -“wé Cifa,\o] ) e Jl.k,\
L\QS a_ \)U\M? at X = k—/"’/h i

Fix: Swoekla 4, around  x= -4 . e Lamplt ore cevd JQF{AQ
Mp(<)  of XG[‘\'; ‘2‘;]0 [L—;—)LJ
Pn.(X) |+ X € [:(9"7_; ) L—% :’

(JL\ere (a IVS o "Dquimm\'qL Lch ‘H\J

Prlb-d) = e (b-2) , Pub-l=in (5-%)

v~

Pn(b—-)’/—,_m) ZUAZL—1/ZV\) ) f.“(’o'{/zﬂ\=’:"‘(b~4/7—"}

o Pl Ji  EEYLacl]l awl 55 2K B alwisible. T wedl Lade Bl

N
2 | Ahn
.| %
f t 4
o Lt L
n

Since  the mafor\ ‘,Jv.m it d‘“"'a"‘l a8 nGateimakl oS N £ , We a,rf

Ad Showing 414 AJ‘l
H(M\:-_ H(un\ + o(4) —> o oS N—2 420 Cu.v\ btwff.“:?

€xecese im the EX. CoRRST

%Lwiwzf @ We an \e¥t 4+ dow HhaT odnits o MimmnzeS. Astome \oa
conTrodiaion thed the fm@imw\ 'S NJ\AQV'A ‘oa some M,eX ., Ag @ lﬁo“& we
sed H('UJ=°, sk, & famU( e zamctant. Mouesd | S aafa )= A c;nJ u.(b):gj

OJ\J S\‘nlL We_ ofe ;gm\,w;ua A‘-}L—B) Ve %‘j a QAT(GALJOA. ﬂ



SUW\W\o\fg We  edmd  Jowdionds on X = {mectlap)) nt«\=A,Mm=B} )

-
L

fans § 6 o= § elde ) Heas (i

For these  the sRimovt were ot Lolhays .
ma Flw) Win Gr) i ()

aeX MEX PeyATe

ONlQUE HINIH(2ER < INFIMTELY HANY No HIWIHIFERS

Mo STRAIGHT LINE FIRTHIZERS %

AW THg HenOToNIC
BETVEES (\)A)J('L)S) FuNCTionNS 41_>,O

To gndecstond whax is ao:'nj on T i Comtiders the WAGRAN&AIANS assocadd 4o ¥,6G, H

z

4/
Lgs,p=p,  LGspl=ipl, Lxspkelpl

\/ ./ s

L’L QLSerVL *

* g & STRICLY Conwex ik p P 3 it u ec®fak]  (smedth)

o Lg is convex 7, kit NoT SRITLY A~ Y minipmz el bil ns uniqueness no Swosth

e Ly is NoT coNVexX w P ~~P Ny Exstence w\a’ no (cgu\o\r\"rx}



