MATH565: Lecture 1 (0113/2026)

Todar: Jogishics, syflabug, .. -
jm(,) %* ?rob(w.:al{r\ ML, OFAMS“A‘”"L#‘/M

‘rfn'_s 2 Oqj\mt%}\m-‘@\/ M@duyw_ Lzanwg (/VWA 545}
T B Keshramsorby (ol me Balz).
e wil not wse Camsms. Al maleninls Jor the

will be PO’SM a1 fhe WWC[?F%Q https://bala-krishnamoorthy.github.io/Math565.htm
Divonlioad the Book PPF larcowille vin WS Uberies) |

i%ﬁg Wmmm&m//bé?as%ec/ék o wek

e Jpre A duet
Madu',‘i.e Learnirg Proploms 4 vanibs
| ki e e pivon 4 Cb iy
malix ok 8 Axd . 7 ggmmﬁ(m ,’ _
(V:Mi%@ %ﬁﬁ . The z%éﬁzmhm D=n &
e denolid 7%, (d’fwe%m)j % %@) ]




Notaher : A XY © mabuices

AR ot Rl (wpprae lhes
X'TADQQ:WQLUYS (bmwgmﬁMmMaDLafr)
xlg“{\/ﬂ-'gwﬁ'fsﬂbwwwlﬂnf/@

Pnothon (melric’ 1 Aink Beuk o
lWM\t@; ?qvx_ (QD). Ma}d ! a&t&/@uﬁo =

Hivaisn inks 8 duslert

oL used (N Muclowire & Ao mc‘m'mc‘j@
H YIse A&tancer

whe togy Spouf o frudd meal, —}vilzﬂéw‘u, ov other ioms
(%n %qum{w% Feﬁg gfﬁrje&];f& e %fnww ‘e
~ ¢ P%/O ,




Tﬁz Jo build a M@d@ﬂ on. D ’

e e e
n C g

vohich Y f %rkmum - Dc ! )%@

Isenched as



s sl ks o vaidoed suporaizt i,
EZ /@7,[) ’(%s ( ?wum/ ,Qo,@a@(—/h
neHon  F— X) yie
M;eﬂfs ﬁ%amwm% o4 feal b b L) (”émp)
frz, (aBels ane unknowon) gmc@ D} ZJ nof

G&” ﬁmmyj st Sueh Md{w

wred in
Jes| gﬁmmﬂ&ef@/& Wﬁ%mg

The ﬁef bp where we wank ”’W’MW}Q“ @K%MM
Wku c@m&;@}fﬁ;ﬁmﬁd&ﬁﬁfﬁm%@w /5&65 5@5% L
: - ol We 0(_ Qo



&

X n - 70,
Hy : R o o e
7‘%@ /A?f @/ Ml?id: _f;% m@rzm /Zﬁ?nsg%m
gel @f )90»7@ [n o?)) amf& P@m " dem.o,m%ms
Y = 19 (% ) HX = X ©
ngmﬂm = Dw.
hd o foz< oﬁmwf%m/;wmaf%maam
J= 2 [Pe-gl
Hence/ /ujmggf;m boromas e %Amg,m%m Pmé&w
min 4 |IDB-Y /.

2y Req nesgion

QD;"W%JQ'WL i 1D Calewdue
Find  min ﬁcx) by azxeb ’

N

C)w}waaﬁ emru&
fGO70 ﬁocﬂf Wi (eg, d)
f"[x)<o Local mmma_[eg, c)

Pl9=0 : Saddls pon

e ond /.épaelnﬁ @and b) o M ﬁj{”;@(u J
WM’Mam (@ x=0a in the f‘ﬁ“’@ Jore) J

Vv




@p’ﬁ'mb%ﬁm in d- Oatmelu&a'nx

%Zw fx)
.8 g(x)< O
fc@
6712 we G < ofﬁm&z{/
e w@%/’“@
“nice! ) eq, {Qamh ku/:n /uc/<er G’</< 750)13

(orasponding b P09=0, we hae VP =0

W’:ﬁ[,*ﬁﬂ qdient of F.

J WMQW, T O ke sente, finsen TSI
JeA P@ﬁﬂfpﬁ %ﬁgjgg)ﬁé ML Pwéf@m/






MATH 565 : Lectwre 2 (01/15/2026)
- | * raw%fm:la a//%o( bnejkas'i'ms
d"’j : gup%;:zﬁglfwfw macduires CSV/VD

Recalll: Lingan. vegresstr: Ggoon D,y JEIRT, e &mﬁ Lf—saj
S

6&44 wu‘?%t’ vetfer, W EIRT g ot 7 DW.
we  oant P 'ymmmge The Lo funcfion




€2

A Quick aadl: @phm%ah‘m g Cmpduhmﬁ @mp&;

;;[ -~ Mﬁ; ééa,mg .cow\ be eqiialov J/ZE;%C‘M

Wf"‘*ﬂhm‘agmw Wman%maﬁs 7?501433/

oz tndowed wille  omere
e Wmmmk
Tﬁo.(z«)ﬁt xﬁi’gﬂm oéfﬁﬁws Fvcm %hm
W’W Le wsed Jo wmeded mrwﬁmam




mﬁaﬁbn' Move on Atis RakeX -

e 'M&M( Pm/;

: : Le W@E/@rec/ o G
Sl Sf@%‘m cf%ﬁM%?ﬁigs 2 silechi, D we
Verdl mﬁmhzj o e m@w@yﬁ&%m/w&
* P g Lvssgé B{A" i ' somie
UL Dot o Tl 40" st (it Lo spres 24

Keeall o We ﬁew/lglr ,E) :

DDW:Dij—(t)
—~ T -\ 7= :
W:Q)D)Da

= aticily e e inshnsd),
mm(bw&wm ozu%{afw%%%and %

o /ﬂw?é(mm( ). (e WM? use &R o/wm?m&;ébn

of ta ok el -




2>

D=QKR (%)
hore Q i e i ottramomel s and R iz dd uppor trongiler

Héucei @//’—67/:1_& (d,m{)/& ya X)),
(,(Qg/)\g (_3) In C/) Zﬂv@% -
T.T — I~ —
‘Q@@,Rw = QQ@
! I’T T
—~ @) (Rew = feag)
= RE = QF
This is a mr\(}@w@% 5‘/45}[¢% and CaM/@E Solwed % Back qelehhition.
S R pper mawﬁw

D g inuedble, sl
This meuJaan ayvsamez ok DD 1 nuerd ffaju%w

()

/uo/g/——eﬁ-/wfm n<d (we do o &
%&MF{MQF ven demenpong) Thie [s A2
4o Hhe & W@Ad/\,}u&j«m%nwifs em AR-L has W/%

T | e OF
Frained ?Zx)o(w@ ol W}Q s well P fowal
Jenb ot



Tikhorov Q@Wgﬁm @3
We  mody %L&%.gamﬁ‘m, +
T, - 4 e-gl A3l
for Wgaﬁ‘m pe 05 0.
% i% w\aﬂw) e K 0L .
(e, ~ 1%%?3 rf fham M%-ge@ Ohe “fm 1o ackl
oo ol 4 o ad an bt condfaink o T P
Onpem— ]/55//0 = k -ﬁ{ ,L4<a{).
(# ng% But W_Wiffm‘nf (s ﬂ@ﬁﬂg ‘90 , ol 2o
G o 2o otk 2l W;%@ ot form
Lared o o 2 ot 2 .
4ty % 2 ok b e o

and Hance ’O:\/ L as well 319:775/124% (S Convex),
gl ol 7, s 0 i S s
un wjﬁ@

SQ’H{?’S VJ/\):@— '@Y O(F%rr\a)@bg Zw@g

(DDAT)A - D‘g(

. w= (OpAT) ﬁg

We . allk albend defacls of Ao -
omoded  ader on-. i of Hin rspulirized



wordinine Wl o —| dfancel .
TMO "\aﬁyf R @5,/< weé/ n L&(ZZ/ *Qefwza-ﬂ(
e, o, thnes o Musholed hie”






Suppork \fedor Mathines SUM) @
l |

e cek " B - N
T = A5 g0, [ tS%I ) + 2l
L =)

| (ool bl cpbn 4 e LS
Wo nawile Hin LSV /nmé&m a8 4 gl modipred
i qahom éw&fwmﬁﬁr%/'@
6‘9%/& wm@‘gjﬁﬂ o%hmgﬁ}m, V57, ‘SVM o9l

e 2.
—_— / —
min. &y = 28 + 2 1]
wlélb —T= A _7/_5 7=1 .. N
Sé g’b w X, T ) = T ’



MATH565: Lecture 3 (01/20/2026)

TJaJZ) X Mo on SV
0%y Tayler exparsin .
* ophalihy condifions

MT Svm WLOM-' min J = Ci$t+ é”u’)()z (C 70>

;‘]_/L/a t2g
[ mTTT

L examire. TR Wﬁ‘ed V(mm) am'siv;zﬂz In d@[mﬁ ;

Queatl: o modd] ;@fg h get Srobzl wlen \&; mt T

Liskan Y=+, e %Q Db = -5,

Tt instane, 1@ Wlx +b=07, Hon %, 7 02 15 V\MJJ)
' an

1
—_—

On fa mﬂ%mp/—@%%:—l}ﬂﬁ;@ WFW'M” W
PrAb = Tt
_{.b :,_2/ ai:D E’W_ e WHVYL@Q 9'(1’)4«47‘07(,

Tov instane, 4% @Tf«;
(.5 ~l59{ (ﬁ&, ao'rlzg?l_mm{’

Bl 1% w kb= 0f, we need &, Z
+o Awld-



(l_u%mm}bj/ e shuld be mMVfé fhe dffe ntll b v
M ARe /”j“”(““f L%V toun. o s



T%u &pam/xfm
Y o dimention, 4 /ag&lwfwm of fIx)al x=a 15 Tm%

Pl = £ty o) §loy ¥ Lisad plope o+ B JQ

X=A
When [—al IQQW,WQCMHQ
L) & ) + ) p() + 7# 2

o seatorelle and awwsale /u,/m/sw%zz%}m &/? ﬂX)
px) ak K=G 1

AS

9y - diertatns, The /a,af@‘/ %Wm“@f

P)= 20+ chg%g]v =5 a7 A1
x %

& quivlantdy -
t2) = 4e) + (72l Vﬂa) + z-2l | Q) [2- a,:(_}
by et V) and Hosine HEED P 105 ot 5E
il of funhons

We  wtll U“’f&j Tad(m Qe/vte/s
Ql%{a’w,{— ﬁ;wf;m an w M %4
it o ot o e

e mow 0 Omolqé Sl i LD anclﬁlm
% JM%@ n i WIZD M//Ze/ ﬂ/ﬂg&@ Aentes

X=b



Lo Opfimadily Gandiions in 4D
Wma'i L@}L/( R%/R be a ﬁmd)aw Then —ﬁ[x) e R mmmart
Veldue Tl o x=x with MF@F%D 3 zmmecic focalily %
f(zg)—o/ﬂ\’ (Bt ot aﬂdc%rsn)

RN difien
y4 T =0 C/SWC‘ PL)W?@ZZ/;; Q_XO

m,OLs

p cden e | eRparHM al X=X+
st Godr o e et €543 727000

szom) M FAf+ 2 w

fl’lﬂ ek oder Wthd)’L x)=06) 1€ olned ws?
g o o (plo=o) s hpislly < ¢
x, (can be dhosen vaw&wﬂj)

(inthaLizge) QJ&P 0. Stmt X=

do / ,
Step k. x, < A xf(xk@ (m?mmf, Xt— ;(/—oC(?[X))
winle [xk_xk .} = €. |

Here =0 is Hhe &mzvm (e alled (15 Slep 230 and

£zo Lo &WW
Nofe Frak we are @{ x by Sx= —ufCx). %MMM

are cha “g )'a&/gw?f OQ/«W{NWL
T mw*ﬁ(‘”gi 4D % F700 O 7407’8 U\MJ/)) Gt «

iRl v A dimengabs [a(?@ wien w{ C,ou,{n/ "
oy piiors- 1



b decneare L) (e o minimizirg i) Gadh @
%%ﬁﬂ(%f@td/&mm— {g‘g/t/kqmmlﬁii —}of;éi/w .{ffxg |
céw rrﬁ\mﬁu@s D-,,DO()/@MC/@M %/agjv@c/pmv&m

(x+56x) A f(x)+<§?<f{><) ) for |&x|<< 1.
w = 69 — et f o 1)
= 20— o« [200]

S w’&ﬂ f[/K):D
o sans aguran, we geb Tk {55409 o ,
o indiclit we Aaue Coueoged 7o & ool ophmut

gx Ocm‘p&

Consadur ?Cﬂ:ngfinx + X

= 70/00: A sincx) + xms () +1

amo( fﬁCﬂ) — (= Xz)g/incx) 4 4x cosl(X)

e w(}&w 81"617)& vf ‘e/m,(’f‘ J@%'Oggw‘y alk
7(0:02 QMQ/ Ao q,e— =5 0{/57)99

(e o%( frgler Conmargonc Do X=5 7 4 Joeal) minimene Ak

X'= 505
Geo oounse uih prge frr Pyt yoefook -




Lomj 0Ph"wl‘-f Coendihons in d Dimenslons
0\)07%\/1'1‘07’1 e upe 5:)— a2k Voruak(z8 [@: [aJ,~-~¢<%/]7or 05:[%%"'“%(’])
whale Z,’mo&i’v N s sethype c7u¢6mz ’dnﬁw/ﬂl,.
W@é(f‘ 'weaéuwémaa./bg e /%&Jo/mded;?
05, O= % Doyl |l for gl A

. O(__)fljge R Lok ﬁnc m-ﬂfﬁn:f[@)
Lomma. 2 Lef J: > i ot peped- e

e o mtonam W/
immedil Zocm/&% % T

Y 6. le 23 .. _9;11

AV (@)z 6, I-¢, ow, o)) . 5
\)Gﬁ@‘ atdex D’Phn\abffj_ owloww‘W\) | -
dnc[ HJ(,WDD > O) /., flo Hescan ot Ca?:@ S /Dom%ve J%om ,
(te, ®Hz=o ¥ BN \ 557
/ < T
(cevond &rder q:bmwj’ Condehon)

:57 WO/

/g,l‘ 6 , J’D "o if) W/ LR dain MVIJWSJQVICJ 'I‘ﬁﬂﬂi&?@hfébﬂx |
O tee emparstriol T ok @ il =T fr €70
Ms/vg @ %(W P

— (e = . Y 2 T\
O (mtev)~ I (@) + évwo)nt,gvM«{ —
=0 =6 HUF£0

Undlen e cfza‘:@/’omd second ovabr 8])7%%&[? Comcdihiors,
B S(mrer) = 0(7) A T40 awd EF0



MATH 565 \tﬂ‘“ 4- (01f22/2026)
° - %‘meﬂ :Mwiﬂﬁﬂﬁwfﬁﬁﬁm

X Convex -kVVlC{'m‘/LS

'\/\) .
¢ Saw) gmoLmJL o()&awk «gm/ F(x)_ x Qm[@{—x ot
’t [" 2xemnx ¥ & 2L(x) 41,
and, £ = (@-x®)sinlx) +x eos(x)

A 9@ éXJ—CMz"\‘m
Contider G(x. \d) F(X%Lf{ ), (AT&AC)/\ e a X Vb&p?m (e
q{l l [/W no W\ﬁiﬁﬁm XMC’ '(l/

= Vi = 961 2S00+ s 09
233'"’3)—1—@01@4—1

Gradient Memk now )W T - V6 ().
Chetk Python rotebook N HJWM@LW

We commder one W @cow{zf(ﬁ with WQFM(Q e{gma’vm
Lt dixy)= XStM“a) otrch ?M |

ek e

oL P Jopmomedals
bewme

The [;wml Agse. xeruises
doscenk  n %/\ Aimens &#E C,Bw{cl

%&W@*‘%



meuuﬂmwmd&mww

The  Auppfcdont cordifons, (frd- and 2econd ordar) foc Jocol
(Fhvr\pﬂﬂ [ J{ Kimongions %’JV\QH n Lemma X in LU_‘)E%(PQB)

n de W{iec[ MM% gf}&ﬂ% oY puanctd ased

j%« d oder Conduhon.

Reall - VI=0 (pel ordor OF‘”MQ’Jj condefion)

Hj>0 (-2, H < PD (,Pﬁ'{’)ve ME}
s (sewnd oidor opfrell canckhon,)

(@%WU( o ruedl %(jmm‘bm walvix H (c Pb<=
i€ u@mvaﬁu% are =0).

Secord ordr ODhWht‘—f condetions
Let VZ)’CW)/ .

| D Afhen W,
1 9% HI VLb)U%‘SPD)

Q.% W (% )-<o Hon W, 18 A locall vrax ot
(H s ND, @éwdﬁve &Q%»WL(E)

3. % H)(V\)> 12 md%mc[aj)"fﬁﬂ)’\ VOD t

4. H:S(vo)>o o HOl w)/\o e
inconclusive Poslhm/,\zga}we %cﬁe‘ﬁam

ic a |OC6\,O it 1 LA (L@wﬁﬂ.@



wm«r@

a?(nb ng% Wﬁfbemwg@aa “F’Vé)’
8@0&7& opHma de WV‘QO(@F:Q{V)CPTM

Comvex Sete and Funchions
We %‘hﬁl’ AQ%W&@. Con\exX @df

MASQLSC[R%WVB}( w{g#wwég

Aw+ (-, €S T 9¢€ o]
%v\/ wc»/clg the {ine SQ@MM% 6671'7»%759” mo}w JAY: nS.

— \\
/'Wz //// @
Y - X nof convex

—D_CF A @mﬁmiﬁ Q%? & 4 Convex ]QMCHSVL
B epaverc seb L) & Y it
F(%m N,) = M) +( ’D(”“’)” —(0

’V"*"Ue—Q BVLAQZD‘] 16

1’z

/ ) £lea)4 (-2 fL)
On 1D, Hhe value of Hha fuackion ot % /
2 converc Gombiradion of fao %ﬂ*% I N KLl
ol abowe Jae covwspav& o |
ccvwf?rm%mo’( @Mm@wn}% o

Fwo F@M +0-T),




PIOPDQIIWO'Y\?) % ~FSZ—>T)2 e comex e

p(Eam) = ZWW> f e () o<hzl, Sk
k IS ‘/m/mj A )ﬂ’%w,
_/UE We  uae IACQAKD{'?WM 17[’[1(0 iﬁ[w,)
booe Cage k=2 u(*) ﬁ'om lf2 Wémofa convex findhon
Pssume gt Kdds 7@{ ,é and W&xd@r sklement é?}f kit

e wank fo £how frok
jﬁ(jﬁbw)<27\f(w) ol

(=1

[ 04;\ < ()k —ooul= ‘//741/10\9 §9( = 1=

S (Sharna,)= b D )g xw. )

704/q 4]

-—:—f< @[AM}WH kn> “%{A‘ t%

< () HE AR + Qb by et i

MZ‘) _I W&‘O& 7’”/@9%@% ’f’ﬁﬁ@c[zr%mu



Uselsl Proporties o Convexe Funchions
1 ()E 471) 192 oL eonveX ﬁmﬁmgf fRen 6{:7[: hpz R (orivex .

( Suim of, CovVX ﬁmuﬁ‘mg e Convex)

oot eonvex funthors,
* ¥ ’fl)fz Cwax o con funchont convex)

3. ﬁf{’,cz—aﬁ o onvex and f(m>70; hen g: {BZZ[F[&))]
s covex:
9 {?:52—51? & wnv@xmnala |
Paf £ (Ao + 10w, < 9 40+ 0-A)F ) —
Lok 6(@}: wx b Anton q%nihm
Ton, R @)={lg) = £ (®7+0)
= L (5 +095) = ?(a(w”\'ﬁ@
= £ (RT(W, HH\T@% \032
= f(AEar e Fard)
< / ﬁ({wﬁg4_(,-})1@(7%-2,#@/5?(
) @)+ (-DAB)

RR s binawsr, B

(L r-)b

[



¢ Jdoum 0S1hoN 5\0 J%W'W‘g A “MQJ n W:jw
MM /&ﬁw?fcmf@ﬁ o | O?ﬂzf 7L Wf

A node -fa}@ﬁ\ﬁ ﬁvmélam{/m
Corbl mml o Minear. o
Myi ammnm%wm%m%

b 8 Jaked in
o in which The cmposii L
-;Kj ﬂﬁml chaliment 4 WW/ 72/“ X;&fif(%
we tongiden  £()= XZW&C&“W%M gC~
VJQA(}( i ﬂm QHQ/ MC@WS/(Z/U_



MATHB65  Lectwre 5 (01[27/2026)

’l'oc\m&: * More rsdllT on comvexily
¥ Delalle of Gmdwui* Aeswont

M: f: SZ~> @ ﬁ% WVQX _Q g- Ed )\9 tnvex \16 ’V—ml’ﬁzég, gé‘[o;lj/
p(Qwm+ (-AE) = M@ (0@ )

L chod fhat Lwﬁ fmim'mama'ﬁa
o X ﬁwwfwn muel be A Z’fobﬂl it !

Lok @ be a lovad minimere € Pe).  f
> o)z L@) ¥ |B-mg\ e — " w
: , \BSmweQ t_f‘"";?'—d; W’
Cotrdore @ auth Pt [[G-BN=E- o N
s od 7o =i, HI-NGE

——

Lo X €la)) be o i
0= qw, +([~>\)(I) ﬁojﬁ)% NN L R L‘,Mpn%ww
ame.

o)) < & 17, bk i ok

ﬁ l Coex = |
%) = W{@)Hw&ﬁ(@ B

XZ(W — /66 B¢)

MW% (;L; and ©) =>
fi@) < ¥a) = 021 +(-¥) L&)
= (INEB) = (WD)

= e) = P&
= 50 ic a Z{Déﬂ/e Ml st -



vved) G2
Ai\@jfm gmm L fees above I
Ay %W’ to @ We o 142

o bervabon ﬂlb‘ devive a »
(ﬂb\.amjreméﬂ\%‘/‘l (Tﬂ conex ﬂme%dnﬁ ,p(ﬂ:b(, oo
i loms oF VE

o

L_Mi A O\*WQVWJ’!W «gmdwm E("):,_Q SR comvex L1 ER
g & convex funthen £ ond M&J if

L) z £1@) + [VHR)) (5-%) (T)

s fwt deirhive

|

- w € (L b o7
/ WV@X/%
M (=) Assune % 5 omvex = e

/)Mw}fﬁﬁahd

53, e, A6l
" D@+ VE)T Ty Lol

P (0 Aw) = U
S N Ea)— @) = (229~ @)
Uenee, fov A>0, we
Han @)™ _ o e
”To&wg the Mirut aﬁ;\ms st 0" qives Hhe J»@j!veimf
Avinhive. oF £ ak 0, . e dwedon 0]9 5 %, -
= W@(@?(m—@ = ﬁ(cﬁ)——?(fzb
o @)z L@+ v (B-9)
(¢)P’W\€?Wwoﬁo%gm&m@l\/@z{ -




Note: TThis &Béw}{em wsames Hab L 12 dffevenhiable -

= Joa=1x] & wol dbpentiable, buk i commer!
Bul—shl), qoing  onC 2hep —ﬁwﬂu’) we. Qan gove & charslérigor
baned o At pesmd, dorivedive o =

Le.mma,E A 7‘701‘50— d»%vemhbﬂz ‘EAMHDYI f O >R -’Fy(‘
wmvex L1 ST Convex.. (@ />&ewnd dorivadive eomdhihsm
H?(‘G)?O V- wedr. of cmyuiia—

Nole - lonma 4 sage b o, VE(B) =, Yo D) ZHEAIVS

0&7160}’@(] 9 ir'? thak W, R A Z/&L@Q OFb'mum.
Chnick Gvexihy <~ ° shorger et of g

Def —Eiﬂ%ﬁ%rmwxﬂéﬁi? s chadly covex T
T (xw+ (A%) < M (@) r (k@) ¥ a,m,et2Ae [o,4].
NV

convex sgcfcg

Lemma b A Am‘dﬁa ConveX %M‘m can ontain gb sk

e owhol ponk. P quh a bl fofnlfmrsk’) s the
n ke, 0. S

?&Gaf yniraunt Of Lnthion y-e %ﬁ%%yéﬁ

Lemma 7 Leb 0 —R be covex and 9:0—F be
ig:/;} conRX {{ff OoMVRX .QQEZC{. 7722&«2.‘8_(2——? = C\t%tw;c?ag

A-%4g 1% alcMy convex.
‘ g (c é:t{gcJ In ML se%/%_—— we add @

s,wa)wa

Ahicky ssnvex fown F comex lowe T +o make it &W% conve




%Y (:nﬁyl(;{nce/ /l—I)é[’\DMV /ngul@ﬂ'a@/}n‘on .

j: lz\\DT””Z )\2— - Ji Eﬁ o js}i’)%d'(g TWEX .

W Qﬁu‘d’% CoNVEX
Dedails of ﬁ'mdm} descant
D <« Ww— X Vj((ﬁ} e consider @oﬁog&%
Z\z VV\\; ‘ WW{S m .
lporg s T
How o c@m?uii AV

X% | amﬂt@iwﬁﬂj (quaot Simr&% f@%fbb—> M%HQMA Code I':M nls

aufonatic  ditfevemnation (in NNK) - -
> el falk abud & ket

e

X% %v@b& diffeorence &ﬂmximmh‘m: VD‘:[%%J

93— J (}Du"'/ w%+A/"‘;wJ> — 3_(65> ]g})/ “Sryxaﬂ” A

e kS A
— can do Huas mﬂwﬁd\‘m%{gy‘fﬁ R Sebcet
mﬁ L€ %\).../cP )&Few‘@,ﬁ% ohon d=7 1.
Cs iGun A i in T billime, " we Y
parhil Joriapve i adh dimortion:

W wald alye we diffoed A fr etk s,
(a)é[aﬁa o8 2 IS "rafl ).




i wew“”fﬁswmaa@?’é
J m[{,eo{S’h’l@éZ% ". 7o finge:
WS{TMA“W&W#@W@QW /\\R;ﬁ%/"
\;"R\ nmUnt.

(So, wWe daaj 04) K -
. sl Fon [ w( l md— 14)
w = (*Qb "CXJ\:V‘) [U‘)Q shosfen Aore.
&t

t: hme l?; ﬂﬁ—mhmkaﬁwbegw@

{ Exsfmv\%w@ dwxﬂ,@/u—@ s e d@ c)w,g

——o(e, > oM

Jo
oL InvendR a@wuf y
Xy = |+t
m S
> g@d&%:/dameﬂ@ ot 7
o, = St po f=zm frzelN

fhm
4 Rl M@%ﬁw
ol (i Ihaﬁvw&i@) ihorease by £,
" 7<|-0_15/77'73 e

g Lo A %, J&Tedecre%e
P S 1T gy
VE’D;(;\:)—H
d@e_

oK = %/
LGYV"P‘A'@ J_ aLgoLCyL



MATH565: Lecture 6 60|/29/zozb)
To % + 2™ oo i waamp@z&

a)e,ml 7 E: ﬂme Yo A
sdeMs)w apedient descont (50D)

Sewend vdew Lool owwwq condibims (bom Lechoe 41 With V71
. % 4T(m) o, dakx inobae
Congider P(x §l=x *{]4

g 2
e e T8

~

o -2 210 2
= H—[Oo] ok & for al et Mﬂiﬁﬁaw

— = =

[0 . hul i f 5, . sl pk £ g

ayLCl | Y\Q»Vﬂf\g‘( C)f ﬁ\’
Conkder The ﬂwazﬂ Aenes UXWW’
S15) 2 3@ + VO ) + ww\%/)\H;m)(w—w%MWgﬁf

=0 «o?

9& H=0 W, Hen be)m\/w;i\) de on I
O’w()m 7Le)m,£ amd bance o deek 15
wofen d@»(mmm% low ephma.



Park fo @md«emk desrd-
6{—,4—( = T/D{:—O(LVJ[(EG) e, Aaw g.

C!Aoogiyg O[t C(,oﬂh'mea? )

5 Line panh
9 pelead VP duaﬁi»aa} cheoose XL O#W‘“M‘d’

let 7, Lo & descunk direchon in glel; L .
selo 0(]7—.: ——‘VS(@@ ﬂ)j Jefwde/ M can FIOIC— s &M

% m%—mé’ @tJro(t?t/ We Jm\_c O(t “ <Mﬁ(£@%
o = m’a%‘n 3_(&7,:4—0(99 (Q)
Gz we v '\7“0 m‘m‘m&%g t)’/(,oewx ar el M
. Kao, we " gek /[ngodéwyf ¢

e vy ferakon.
9% we dune X ’(’ﬂ Aolvivg (ﬁ)/ we  Can ?mranlea/(bw{-
WVARCR BN
ehe, % s ot opfimal Do )|
Congader moving & Swall ammd (jé) fnfter allory %(Eegmc[ %, ):

= Loz - 5 _T -
T (@, +o68. £88, ) & 3 (6, + 43,)E $3, 73 (B+%%)
N



HWJ ‘)’D S0 (@ 7
Pick come o, @O npder X € L0 % |, ond w%

Aws tnderved Uy C@l’/ ’w‘f“i e Tl tok W@g‘u‘a@

— birow Ao

_ 8@&% Sehon /Qmm&,/wﬁh W

[} tayvend wlevvad ¢ (k]
J’\Ublc A< m <M 2 b
CRI ol/roq? [a,m] o Im, bl or

can ol [am) i CMUjmw ey irexed— Auk

_ AYMW Y“’&’ (CLWL LO‘I’/VIZ/\ %u@(k nedlwod

PYDPM& 0’(/ OP‘ITW%W in ML
Hab— are us

*%WMQA%%‘D/@ are Lo%bim%% e N
lw{ Tﬁammmf’o ZX}’W\& w

eq, 3 =3 |Pe- gl = 'Z(X o)

Hore 13 another™ WMMKBXS@M/AW in ML
- QMM ot ~obal ililze P[&, c0>

chim Eﬂ’ﬁm 1 Warg )
%fi 166\( b Qw: "
TP(XL/ Y, ‘0>. » “gef
M’L:IIVISLQGA UF fhe 7/1/“’2’
J (@)= "'Lo? (TTP L,gm) 2 103 (p(f;,gﬁ.@)}.

Hak e
ralches e vkt



W ’%‘N’ > oz fo- WP&/PDM(-@\
m 2 j(w) /7 g“'"f’(a Woma

I/Ql/ S ioﬁ&gmnf& @’ﬁ "h/DLL ) ,J?om(Z (Mwn%ms)
< c 4l oy Congider, e (®) = ZJ (D). For 1nstin,

in negresson, T (@) = Zl!w—g}

C i olled @ minikakh, and e mefied &

mint landch S&D here MW
wé’_w D(V’J\w)/ms%advﬁglw)

Offen, |c|ccn £o bk SED is Hypiaally e

@%W fhan 6D o
dowt b vehion -

gm&dn Jexation, choese oal AN
SHD (uﬂ%\ ldl=1) e wied (,SQQM N (S /{j\/kg@ (0"'(‘0@0&‘0“9 W)

@V%Wm% wors  puinibakh S6D with |4 = 0(2 [65/(94,255)
b@he%bah»«e ul Gf GPUs @WW /prowméc@v\%

The minibath onls e oAlen chee 1% g
it shok - wmf%m& P M%% pird

Buk regulidgabon szg Mf« ouh



Mini bafch S6D Lries to wet 28 mudh of fie detn
CFOIW&) 2s e teral /moczwp teve & e W We ase

p[”l]: &Yandww— F%W‘m O’F gl)...}ﬂz = %Yir“/ Yr\?g'
Ld? }Sl -k (Wtinih% 4@‘5@). (\&:; {?; 07;4%
Se ga - % “&,omrvﬂ;k?g / '60( i—’-fw",[")g' "
A sigle S, 1S fo ar Gn epodd. Speh (ses

/‘?If- CoésMM)/. @C&/D/ Vmﬁ/%@ sl 905@1 There

. A 7%% o’ﬁ /?ZT-Z €/)@cZ£.

T a @/D’Cﬂﬁ wunibadh S 6D ran,

,_VJ; 14 A ﬁ@oc/ aﬂmx/'mﬁbmef %4)

— Choite vf, < becomes W&f'mf%ﬂ['% 0

(32(2- dotor b o ol mintmum.



