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Class #01: Tokroduckion 1o Optimizo-fion - PPF  Motes
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Class 10: Nonlimear least Squares and L-M Aldori bhm
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Class 12: Convex Fvnamnsl Convex Sets and  Lewvel  Seds
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Class 14: Neural Nelworks
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. USes

Scale  Lockors  ( puetiol d@(\-\/ae.\/w) ko prop Afake  error backward

OptimizZobion  Formybation
* Nevisl  Nepwrks  ave  Lygaked oS BN
Wiy = W = N (%)
Whae 4 i bhe  lewnmy  rate  and £ 55 lae

UnCors praited  Opbimzakion problem:

Sauel eftof Lynctron
© 1-)ayer networK:

Loyer 1 Cingud):2 $eahnes

Lover 20 Widden): 2 neurS

Lay (2 (Oviuz): | hewior

- wa b ¢,

voesiduals CE Y- 2(W)
* oubfll oy Seap FOGBY: bs= 7T
,

o COMRute Ut 3 gmiints gy =- Xa 0 P by
o Bock opopatt Lo L2 by © Waiusis

d? = ’7‘-’L Py bz
od 47
v EumdiomS® A Livaign l?“)”l/:é-b ) A MH[I/OM)

© Fim doom vekl - g3



Fotward  Evalvakion  Exampl
* Givent lgigeks  and 0 bsevaban
Ly AChVaE o fynctiom - loq(‘s e

¢ folwad  (Ompriakaons:
3
Loyy 2 oviw¥ @ Vg, 07, ve
Layy 3
Uz = ;3' Jz,
03 (Ue) = 2()

vetdof

0 bsetvaLion :
o def NViulves ((p) ove pomepclly Small —
browwy  Propestes k- dirraent faies
AlosS layers



Class 18: ConSirained Optimizabion Problems

Potose:  intrsduce  constiaimed  pplimzakion. Pomi s 4o

minimize  Objective  Function
Subiecd ko ComtSumnt be  equalily

or inequality - hp.sed.

* Feasible Seds: Alowed  Solugiong
‘Solve both  Quodrotics / Linear  Qbjechves
*3 Classic Ophimizatin  bypes:

Quuedralic  Pogrammog (QP), Coniex Ofkimzaton , Liner P(ngarvw.'wg

Conskr ained Optimiza Lion
e Minimizing o foncbion qu,uarm’ pistence)  Subjets o Conshainés.
* 2 CovSbrarny byees .

Eauality  Cprgtminté Mw =C
Ineowality  Constmnéd Mw £C

Linear Eoualvy  Erample
6 -wi Ylwz =4

Cbwo  Variab(es)
o Closest Point G ConSmms
b subjey o [-1 2Jw=4

L(nm( Tneq ity

Wi-w2 &Y, fudible (egion m hadp spoce. Opbinczapiod  form .
min | w—wol®  Subieck o ({i]uruzo.

(onvex  Ophim;zakion Sosies

‘Plopury  Fyncbion  Pi(w) is  Convex —r dtfing  Congtrant
o Feosihe  Point: Sodicyis  al P(w) €0
- Fessille Set F: ois au Sueth  w vales. Lual Sapisiy  Lhe

Plopefiy fone kbn( COnStoin

C 16 Mw-( £ 0 defmes ConSiame  ond M s Foll fanK, oSt (egion 1S o hex



S?ﬂndard foYm fr Comex Ophimizaton

o min W), subjeck b0 Plw) o mMu=C
£(W) S CoMvex, P (w) ot Convex
o Quuod rb i P(ograMr«mg Comin w K + 0w
AW/b [;O/ My ~C
Vhete KIS SNevedic, posipow Senidef

Examples .



Clags 2o : Lo.gmge, Mvltipliers gof 2D Fynctwnal Convex P(oblems

PUWOS(/'. luqfanqa mulpipliers \/L(/\P Solve eonality COY'-S(:(Q.I'V\L’S. Sows  how mianwzel
lies on  leyel Cuike  0f  objeitie Function  ond  onstramt  funcéon.

The key Lakeaway i5: At the optimal point, the gradients of the objective

and constraint are paraliel and scaled versions of each other, gving rise

10 the Lagrange multipler condition

Example problems
‘Level cuolve and  Constrant  corve.
* Looking  £of Poiny where  lowesk  PoBible  |oyel  CUVE  just lowchey Mo

ConSgraint, Geomekricaly —4ws corvesponds o gradients  being  paralien

gx\
" ouared Length  +  Lincar  Gavatty
T

2
’ OLMC&IV@ Mnim ze FILW) = “W” =W W

© ConSgmont. Pilwl= [ 1]w #3720

k) _
Increasimg  vawes of |, (vadvs) Vr Lw") - Ve (u?)

v \ ! = -
0pbimal  Point  w,%. [1.5/ |,S] ) Compube g md ien s
(W)= [Z\/\/ 2\./&]
Vel [, 1]
%’L [2‘/’/2"]%'0["/'
V Weiqhbed Nofmt and  Quadiatic  ConStmmnt N :, ]
1= 7 , ez =l
7 W= -
. Och(,l;{V&i FL(WJ 5 lz\‘/ k w V= }zj wz e %
. Comstaint: Plwl= (-3 +1-w, =0 = paraboln Y APRY  Consirmint
W) w2 F3=0
Incfeasing L, il Firse dowen Lot 4
viz - "3, Wiz
/l/ﬁm:\i/ wa¥ = [2.18 , 1.14] whe [15,18] po-3
% Satiswies  lngfange  Condion

Telwt) = b Tpzlw™)



£ x5
Afrine Objective + Cuadlobc Consbmms

¢ Objecdiwe frlwy = [, (] g = Wtz
Pl ) = (1 - I)Z £l -2 =0

Using  lagrange multielkess;
VElw®) = Uz Vs (1)
EIII] T ps [21‘/(—2//1]

|l =03 ’—CLU‘Z’) ,
(= pagla) APy (L) £l ~w2=0
= -u3 (vi-)?kl - 0520
D2 -l[ZA/\—Z) (u\-|)L=—g_S
1|z = Zw, ¥ il LZS
=1 = -ty
=2 =2
wl = 0_5
pudb
iwxw‘f/?mb
o M

Cot Lde: VE(u®) = -p Aplw®)
P S A lagromge  MulEiPuer
Qudients are  Pafallell  and Oppsites

‘Liner  ConSbrint, flut Vervwl  planc
© Quad b Comdtyacnt, Cuvved  SUiface



Cluss 210 Constrained OPbimizadron using Lagiange Mul¢ipiiers

* Introdutes  lagvange  Funlpoom, 104fge  EQuetion.
C oG minimizer  and  mylbitker  USng  mabrk  algebra
*+ Solves USmy  KK-T  SyStem [ Jacobran + gradient)

L&ﬂtangg‘ funakyan and EQ,ua:}‘roz)
L(w,p)—/;(w) L p(w)

ObjeLiite M lagronge

Pw)y=0 is Conflyruink Myl ypul

oL )
3o -0 ;}%:0 . Solve for bk w* and w*

Ex \' Squared Lemgth + linesr  Eownldy
«ObjeChbie F(w)= Ly
cConsbiamt £ (W)= [ 1], + 3 =0

Lo.g(ang ian: L(w, V) = wt i kP ([—', l]vl’g)

WX = [15; —|~5], v=3

o 8 o] [;:J L]

Loglange ~ Forction s Llv,) = &lo)+ 2 POP)
Objective  +  Scalar mulgiple
 MinMZe 6 LL v, v) Moyt
Le » Skaéfonary Point.

EXoMRL 2 0 Mgdhanical  SYSkem Witk 2 Springs
Exomee 2

»0bieLive: minimize  Potential ety of 2 Springs.  Falw)=% wt Kw
v Con8gramt: Pr(w)= mw- Ce =0
Whete K= J'l'aﬂ(?ll, Kz), m= £,VH, (LZ]

* lagtangion  SyStem: Lo (w,p) = 1’2 Wwt b (mw-ce)
* Solve~ K mb [W‘ (o
m 0 v* - Cg

SAV'lfl(,: Ky, Kpzoe, Le=6

w"-,[-z;z]/ pe-Z



Genewl Cocse: Quodratc objective + Linewr Eawlity Constlands

"Ploblen Form. min Flw) = Lelkw + q,ttu Wwpject o Mu=C

v KKT  syShem: K a7 wl =r-a
M 0 ﬁ} [ C
o Used be Solve momim, ' e ionn Wik Cons trainés

K o mush de symmertic Positive definive, M full fank

o hes bovn  QoSitME and Ngative ergmialns de to form



Class 23: Dual fofmulation of lagiange Eavadions

Focus: fenston s method Exiension
© Taylor APPrOXimation ,gradient + Hessan

" MiINZ ng funcéions.

| Fearible Set:
R A IR Sy w
D Newtors Method () I
s Flom 1D ds Myldivarbe:

Gindienh  VE  feplates Slope,
Hessian mMatrix rePlaces  Second denV

D ERy = XK ()

Ta‘llof frxpansion  vie
§xrAx) = Flx) + vela) Az r L 2 W Az

ComPuLI'Ag Newdon  SteP Newdon — Declementd

+ Hdx - - V¢ (¥) ‘Al vS how close We ar bo  oprimm
“linwg Srxtem: 7 l*)’/\m

% e [£) ) v [ 54] Slop when L a(x) €

px= -H'gkz) = [;,SJ

3 Phases of (onvegence

) DamPed , laxe SMAU ShetS onswe of Covie

2) Quadiniic, Gy yrmely  fasy conery e

) OWKhodl:/ may  lake lam  Skre

Newbon  Dietlion 5 olways a descent  diveckon
Poste  definite.

as long a3 Hessvan W5
Lagrangaan  Funckion: (1w, )= ¢ 02 )+ pp()
AL o S vabioaly  poimy oK Jro K = - pp (W7

%y %olumg Dual, You fae,f Lame 4S solv.'ruﬂ Phma ploglerm

Drfal Fupction s alwags Conave , even v¢  0(iginal foncéon Sny

Conlex



Class 24: Ineavalily  Conttraints  and KKT Condibrons

tliteel  intalalyy  (pagLfainds JeFine Convex Seds
© kKT eond ibrms e determae OPtimal  Soluhony
cFeasite Point: Solugion that  Satisfes  all iNEQualty  Constrmints

Peoblems  have objective ¥unthon and  Cons bracs:
f)- 5T hw s QTw AT 2

Liwn) = Fu)+ 27 (4T-1)

KKT  conditions .
L) Primal  Feadibilby - Md <b
2.) Do FesSibiliby: 72
2.y Stolonarity: Ko+
.9 COMFL«'/MMWY Slagiines:  Ailar W - b)) =0 X each  Cons barn b

LE a4 wold, the Point & o KKT poing whtn 3 ophimal
Objecline 16 cConver.

wa it vyifes)

E the



Class #24: (1

Conditvon for CopStrnined  Optimiz agion

[5 sC -0
£ct)=0
Solutiom ot §=C

! n =G

TheelSe CEon
o¥

Propecty p,

S altive

i

1§ ihe l/n(‘mle-min
Minitzes
its n

ihe fesipe Set

2 half Spaces

Due| formplation (B.‘g«?swau)

Flv) = liv-gl
Conadel: LD Quagratic Objectyue

)
- Fle)a, L% ay ¢ +as %k’/

Contrainef
F:

by LLe

Feastbe ¢t
! Feagibie: o3
1
. B

my, + W=C =6

MivnZe
InlefSeskron

ohyechve

g biohs
afe  localy
Conver

logruge  fo
0% Se L(ln/70= f[k-l’)

< Tqmuer) + e tesrow]
1S the only

KT Congilions:
Eof  Quedial -
neopaits AV

ol Linear

A foim
Proma\

\/’( [} o~
f—u*)xb.‘h'ty:

COMp\LHM L tody
%\(ALV\My

Il
) =T vt Y

3
zv 3 2
w

4

Cowptfaingd  minmizer
Aot=F



Class 25: Geomelry AT kT foints

PurPose - KK T Conditons deserive how  Consbrais injdac b th Objectne
foctions © - which comstam¥®  wre  active
v Which afe inactive

Inéam l,;ng Lg\@{unqe Muldiplrers
=0 © Comsbrmint rs inachive at Opéy moMm ( Sotobon must ke in fess ability fegion)
A0 ;. ConStramt  is active (Subbin Vi on  bpodery  defdd by Conskrums )

nio : octurs only With covl/u,'ej (onS branés [Eq,v.'vurzk te 2 contrarniz)
L A=o0, Tedo

Main_Geomebre,  Tokeauays

Quodtate O bjective + lintar inedualily consiraintd
T Minimiting avad fobic  that  pProduces level Curies
* CONSEC iy ts P rodoce half - SPaces
TOPhimal  poent  Found When: 1) Objeltive TS Minimized
2) ConSérainds axs  Sabistied

Thactive : =0

aChive © R20
- EXampe |: (5 cond trained)

KKT Conditions v only 379 Congdraimed s achive  7(00)

1) frimal  Feasibiliby : Ao 2b
EXamfle L. * Whep each consgaimed 1o vded

g AZO
2.) Dual  fordbilly: Ane s 7 ey are Lovger

3) St ivnof1ty
gadimi 0¥ lngrangion K ¥ g # AR =0
Colal,  2¢f0 ;
Lavalty constexint intelpiedaton
4) Complementay  Sla CKnes :

[* ~fai ~bi) =0 for each
consdmint

¢ L)ty mw-C =0, > beated r& g (1 Qurdiga
¢ Mw-C £o
s-mM+ C £0
e oonly ong  indQuaity IS acgive —» explains Nego bive
7 in equalty —Case Soly4rons



Class 26: (onSAfoingg Lesmst  Souafes  and TiKkonor Reguleizac

“EXbension  of otdinery least Sawafes by adding  Constraints /punibies {o Sabelize  Solutions

Ofdinary Least Squares

boal: find weights  w  that make Pleditkons XW—"tj
ols otjechive:  min Ul zw-yp®

Sl ko

bake §mdrny and S6b 0 O, gjves Noimal Equabion
X=Xy

hsumng X has ful fank: %= (%) xy

TSSWS s Sengitile o Ovklivs
v hert €MDl g, (OvelFEEing)

Conskrained Least  Sqlares

sfole  soWhon weltor o howve limited  Magnitude
. I/Ll/l/z_é 0

CLS Piobem - Ml Xy-yi® 5t Nui*zo
Loqmg Molbipier: L, %) = B9 b 2 lon?- 0)
2 Coses:

) ols Solybion alftady Satiseres Constraine
2y ols ViglaLes Constlaink (need 7 >0)

L) (XTX+ 1I)U=XT3
GLS oIS Solokion  closer b0  swaller  norm,

Tikhonov RegulariZaton
* InStwd of Comstramé, add Penalzy &0 loss
2
Genenl Form: T ()= ) Xu-yi’s o Ruwll

ol Case:
W, 9-1 min [ Y- gi= + #llwh”
P = ot Ridge  Regression

Tikhonov , Z iS ChoSen by uSer



Class 27: Ridge Regression and The Losso

Gool: Tmproving Linear Y¢hresSton wi¥h messy, higi, dimensiona) dade

Séounda(d{zmq Dot (2-Swre)

- Mm+Lan =0
- Vanunte = | 7:[’;9’

“Shendafdzed data wes  lower RMSE

Ridde  Rearession (L2 Regularzobion)
“Ordinaly lecsd Sawlr  cfeales fomsense CoefFiients
When ., vafiabes afe Corfeladed

o dalo— s neisy

o« Momy  fentufes

Ridge oddS ‘penally bo lalge weght -

2 2
min || Xw«‘j” + 72 lwily
‘W
Shrinke, wenhi® fowardS O

Lasso (L) Regolerizadion)
©iMPs SeS ConStiaint on Sum of olplubke Volkd  GF WGk

lhwll, ¢ 0

¢ Key SupesPower :
SeLEs Some (o F¥icients ExMolg o O
Tus mans  Gutematic  featvle  Selesdion

Wrige = (0.254, 0.9 61)

wassSu = T/(’O a L)

Fla’b‘{’lc Mt
rCoOMbineS  (idfe p lass0 and  Gives  best
0f both warldS




Class 29:  Suppart Vertor MoachineS

Cofe Tdeo: SUM  FingS Dbest  Sepefaiinng hypepunes between 2 classes (clds ki, auss <))

Bas ¢ Tyducdion

* Hyfewiane : wix +b =0

y N
D’L{’\i L bios

Vecur
« Pucepbrin  cen bind Seperating  lines , Lub Mok bhe best one.

SUM  gings e wien  lardess  mamin  bedweon 2 closses
« SupPole  Vetors afe  dabta Poinks  Clogest  to hyPuplane that  deFine dqes
of Marq.n, pyperplare S modwoy  befuween  (foseSb fos /neg  Points

MaGinel  MaX

bl wles #b)2 | Swalld weidht  Veckr  Means flatkd”  Slope > wrder wasgin
Mirqin = Vllwll , Moximizing  margin
Minimize W
- - ,,’b“;,, Ma@in (() s diStance besween H]
wnd Closent  date  poings.

@—> Lo ppolt
Veetors Ut

(= [?.?3 +a
T
(=xgn @

Primal  form:
¢ maamze b qug?

ssUbseit do o yolw'rdfp) 2|
rimposifly Lo solve AofMalg Use dual  Formulo

Liw b, «)= % Wl - ,fﬁ-'[ﬁf (w; +b) ‘J

D denve weri b w
2) defive  w..t b

dJual: mf:xéé a-t £ éx;xJ»ﬂ.*SJfo J(J'))

1 J

Orly dos produck's  Lleps



Class 3o: Dual

Fo(mylation o€ SVM

boal: Fnd best Sepefating hyperplane :  Min FuTw  bjett to % (vixi+b) z |
L&ﬂ ange  Mul Lipliess
*ointlodute | myitplies Rl cvary  ConStraing
Ll b,u)> b + % a; [1-0(u"2: 1))
Derivagives
» S¢t 9radientS Lo © Lo vempve  w ond b

oF dofr  points

© Wis juss weighied  Combinatbron
Pl pape into Lagrangan. & zo, f acys =0
i
Ohte K aie  found:
-COMPM& w = XTYK_
* Compuke b osing  Sopport vedol  gi(uTxi vb) -1
Classity  new data  With  Sqp (wixib)
I'Y" ¥ N0 otendard W8y of (p Jats in ML ConSider: | Syppas ¥ Vectof
| N—omm. Py mip Neymon. SN o | b a0 [ e dibienrd
e P B S ~0diust leaming bz, b pramig = S
: X dabn 5 9wf. wk\ c;r&n:! P VLLHI 4O hypy
] r P
! Rigieu=r
' Laberg & = 3
Snemiy - o
gt
Coniugh: Hyperplae  Sepefation e
(ugb: Hypery P tor et Thae
His o unt niwwd , (b)) =1 , bias Scater =& TR
L oxmze  magin  fom hypepane 40 dajn Fof 92 ot haw
Yuhoxire) v
Define: Sl Veckor s point Closest &2 hypeflne
Mat & its mr Supmoré  eckor, Corsider oy pasinckd  VeLhr (% O
“hat o e Rtleast r awny Dekine —:;-zllu;'(l s6 ne Ilgl
T Fo\' $=> 4 haw h.15+‘ltr or \ E
(p-y3e9)7 1 k/‘)‘»l‘b’l VT r
For sad vedl £ b a1l 0 Ramiae  narasr Mgmize
- IF[h"-x.H!) Minmize . Jr'

0F m;pmze : 1

of Minnze R 1
1%



Closs 22: SUM: Sofb Molging

Motivation: Dot ofe not alomys linearly Qepera ble

2 When Ré*  afe ot lingasly wmel nisclonsitied poing  cleate  @lle psibives ond folse negabives

Slock  Variables (1) Alls ving Con$ traint Violations

* & Sack yarape  tins  optimizalion frobem  bo v

* hard  Margin ConStraint: Y (w'xj +b) 2 |
5 il g Constaint Y (uixj #) ¢ & 20, 6320

* ooy some  Poimts  inSide  the Mafgin
* Aoy SoMe Pomis B be  MeNmssigied.

Tnummmg Sack  Varcables

* InStead 0% { as  friee Varoabus,  we leqarize  them.
Objethig: wmin v'iﬂtullz rC%¢,;
J
"l mléﬁ" é,’éi

e UM of  Viplations

‘|C ConbralS  khe  Lfode ot

* Lafge (o fover viowsons (hatder marim)
v Small (7 moe  dlexibility [ Softu mafqin)

Cmmhmwiin Mmatiy  Form

. Modified classification ConStlamg:
[’Y)(k,«bj - £ 2o
2. Mon NUagiury of  SlaeKs
-g<o

L0 rang jon -

LCWIL,fE’I m,ﬁ>=izw7w+ a' (1-YXw by - gyt C EEJ-“‘,BTE

Dual  Fofmo latign:

‘D.‘pﬂ(,((,nhag;,g Wik The Primal Varmpies  USing
Condigions  Shows$: xX+8= C

~Finay Jval  Condtrame 0¢xjeC

inewwfry Constraint — EQUlity  ConStlamt

Cose 0 €=0, coivectly class;#ed
Ovtside  ™Ma g
Coge |: ©<Ec|, inside rany
correct  Side
Cose 2. Misclassifred

G2t (ful misiaice)



Class 33: The Kernel Trick

WI"‘/ Ketneds : becavse dateseds awe nog | ewlly Sefefale
We eried dode inko higher dvuesioncl  Spage gaue wo can et b
[UI/UL) >(u, b, uio,)

lSSUc In efpliCig ambg&élltj Compubing  @lx5 in  high dimension s expen S
Ls  Sotution: UM only  raoves  dot Producks  betwee,  emiedded  ponts: q;(,q)wxg

J&U nel Trl\

o K?/Wl@l &8 COMPUH& r)()-b ?(dd wt  wéhovky 6)(!2[,&4] {'g{nmg V(x)
K(YU Xj)= @é)(l) 1) [XJ)

o (Cnee Xi Xy in bl duml  Sym  wibh K-.‘J*"K(X,‘,%J)

. Ths WPaSo bie embedditg  and  allonS  Monliner  SUMS

Wam Matrix
JZ— YK Y- lToc
Ki\‘ iK (-X"J XJ)
Symme bliC Copmon ~ Kermald
* PSD

e Linear Klyw=vTv

Plugged dileCtly tmbo Duaj
« Polynormr (05 ey’

- Gay3Sion chL — y-vd )
0"




Closs 34: SVM Kermel ClossiFiCation

Goal: How SYM's  classify hew Points  wien vsing  Kefnels

- Afdel dlaitity  SUM  wiph  Kemel , mMush decide  how to  Scote o New VeLtol apd 3890
o Class  |ape.

QVM: Classification Score

*The Soe of ke data Vector s (2iEdjw 4b
boclessity  usng @y =signl2)

USing  Lagfonge My lb ipliers

* Primal IQSFange a2 bion , with eaulity
\:j = X 1 YO-Z
b inbo  Scofe -

2 E ? %p 4 (4 -25) b

Kefnel VerSion (Key fomuvia)

. leplace dot  Product  with Kefng: (% -%;)—> K [x,-/zj)
L ]
Ftal  chssiicabin soe: 20¢)= 2 iy ki o) +L
“only SupPe(  veitors (& o)
* Classiticajion @ (x) =Sign( 2(x))

Gavssion (RBF) Kemnel Behaviowr

_u-y®
* Qoussian Kefne): Klvpw): e ’z:“

LSt Points =2 Kepy =

' far points —  Kemnel w0

< Class;icodion  begmes, ron linar Corves

©SYM Seperaging 1 vsed cored boomdaries

—

'Addl‘ng o Vew  Puink Chm§eS  dale boondasty Significoantly



Closs 33: Kemet Triek - Ln fefion  plotss.

Concept: inskead ot doing emledding VSe Yeemel FMChim n & lower dimepxion

Hny® Can  we  ue a  Refrel in SUM:
125

Keher fonchipn o6y .yl +(u.'v)z
EMbedding  cospy Yoy, e (Spaze, Lme)
Reau Lpb’)wyg dval  Fomchion

'(L (Z/f) 3 "ch’ T=x%y2 AR

Rewsive ipg ivagon(  beims

“Pac)l ]

In Vectoy équ’ vx
L) Yke T2

Ceplacing LSpm

LOMMon  Foncums

Lingr: A IV) = o7

Qued(atic: f(ul v) - (UTI/ rc)

where e 20 (vorrs  wen op )
BRUss cam, -l Ed 5| dimexsons
Diam - . ¢ I
Confalm  Jata
10 e
-1 o [
zD L Hale Alea
/
“Q
] Jess

1D Binton
102>\
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Main__ Themes (Mo hessian)

* Find first of Second  defivadives i madiab
c Compafe 2 1-D oPlimiza byon  rMethodsS
*Detd mine  the  Kind of Stationaly  Point in 2D (r/sfnﬁ Hcssrwﬂ)

Question |: Scalar optiriizadion

cgiven 3 gunchions , Sttt ¥ rgps  endpiné
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L, Quud liadre  Tavir

L, Fixed Step Size 6D

Ly Atmiyo %uor\_%mmmg
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5) oteeplme  Fonedion
v Jf{(/(:\lh‘b}’\_ of

F1/ -1, move opfeSite 4o
« ysel

Slope
Condrgon ([ be
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o« Differealiate  Simple Scalaf  fongtiond
eFind Slatqonaty Points (when frst dumine = O)
* e Second deriv test to ClossiFy  Poinis

.«.SLFWH'BWS _ bl = o+
V)= = \
- “')): its —OII: :_fg Bomis + ¢ [’ 5, 5] ‘5\”) : z_ 1) (£41) - @9 (1)
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1%+ t=t 1
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A 2
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b0 4=3 y by 7
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Gldz 12gd eng -l
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420 t=4 +=-3
P", (8)= 241% 1248104

€00) = —my L local max

£ (%) = lod S local mim
¢) (n) = 528 . local min
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wol K¥low
D 9radiens  VF

1) Ditecf{iona) Delfivalive at Pointé W, i Vecor V

3) One  SteP  Steefar  descent

L one Skep  £om Wo  in e difelbion - V() wibh Step See g
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Fall 2024 - Ploctise  Test |

D) Fl9)= Sin (Cos())
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cos (¢) = |
-sin(o) = 0
2)  fult) = cos(t) t,=0 -cos (0)= +1
, = £'le)=0, f'lor="l
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‘F(O) \ kZ(ﬁ).’/ 1*’0 *Jzévl)bz
¢4y s -Sin(t), ¥b)=0 = 1 -] 24
()= —coslt) | ¢o)= - “
%) For € (t)= }?’ r34* describe  Stabimmaty  point 5= 0
Fley- 3616k
= 3 (4 +2)
’Lio 4_[;—2
100 = 6y 46
") = o 46 . Pos .+ docal min
4)  fly =it AN, gxoa g4z
= 3o J J
£10¢) - 6+ ‘O%IX (ocal min
|
Concave Convex
?Soir#
we95ize
B) Ft):4 -t , L=, S =| # 0f Steps
Find new  eStimate  of wminimizel
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2 - A 2 1 _
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Find  eionvaws, descrive  Conieariy ot foint w.

£0: T - 2 (W +) 1€ VarnbeS

flw): 2 - 2 afe It m
Y 1 Youl nk,
bo [ 200 i Soddle pamp i, A Al
0 -2 Corves  yprard  hen
downword
Convex, fhen Concave
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D fc4)= tetf 2)
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Wy <o 022 ?
Poes  (0,0) work? [ [wiig

Twe  UneonStrained miniriizel S N0 feasible.

€) ony N acke  ConShraing: 10> 2
A=[-1 9]

F) KT MadeX for ackMe  Congifaint:

[32] (3] 3)

3 (o) /\ ™41

6 L o b

0O 0 0 n
wl=Z
wiz0

L=lg




Z> fw)e S-Sz -low + 2‘”21 +13
with Aéb,uhtﬂ A-—;[':l’(:] L= [:ZZY

FlB)= LU 4% PyleVeo Pulb)=t%zz32

el)= dES+2¢
s et ez 70

Q2
0)

N 0 o €l ol 4 .. Comwx
&3 convex ( 0 :.,] ) Llw A= e v 2 HE2)
b Aw-b £0
Z-\ D} [““] L) K S H«L hesgioen c) 0:=4 kz +2t W 0levt @
o | w2 _ (10 © = 24 (2¢%41) pLo) ¢0 X
K= [ 0 ‘1] Jcl ] [
_ _ _ J-to 0 LT
Mz e 0] AN BN
T fj) Palt)= 1—7"3“'1 =0 29 5 bedueen
d) W= [ [=]= =
wiel b, = 0wl -l0 = W o=t T ler t
- L2
B e L T R )Ll B mimmizer
o hok i ble
PD) fle1- (E0" pre) S0 N #lvie)s 2 [3-9) (-5
- lz
PLY = L% e3be2 hetereacampis - 3= [ i’,]
®) T Li“:) Plv)=
=tt4
-2 ¥ 70 €of ay ¢ Fl'h[/ QIOMI Minswmizer ot ¥ 51/6,'1&1’ to Pdl‘l
lonvex . wte y or lml &2
2 2
) - (ﬁul) o (2 36r2) F0)= 50gl” Saunned dosdance
¢) pl-Yys -2 +3(-0) FZ 2
Lvl-zlvz ,) 9"00;@”{; Iz[[[,,,l—"l)z-!’ éln/Z"‘z‘l) )
=0 71), #2310 \ﬂ'{:k Wi {Wl,l{) £ 2 AW =
7 €l = [,U—j')r(lu—ﬂ) Wl b owzr  (hp-4)z0 > wir=9y

SQuayed Ewln'r/(an Idlamee from w and g.

/11 .’—7 v = =2

(¢
UNCONStinined minimizer 5 aluays,  w=§ 2 Caru‘/: dabes, . } ‘o [ ]
1
) e 3 lv- (4] (-L4]) ok
Pl = v ed
lwil &2
7)  vnconstramed OPENIE oy W, =4 y U w (-4) 2 1ws =0
Whith  Violakes Constraint Wy AT
3y TRk Mums  ConSirame S ackie Ve Kkaow wi= £ 2
Wtag =) Wi o= £2 1y (-Z,9)
(Z/M')

L (wets fws-a) + B (m"-4)
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fall 2024 Test ©:

2) for dale  ellovs and  label  raeuss

X e [l — [5 - -¢
I]I Ky = 0]/)(5=[,|J/;<‘1=[0 P
WM LoMPULB Hion  Sppg e
Fihd .Ms 6%

T:[l (I "}

J
datd  with  Weight yeegor G‘[ZSS] tng—b=0
mdexes of Seppre  Veldors.

SuPmol ¥ Veckors a 4
) ¥ind faw  Score  fof cach Pomt i Z= WX: ) o AT W gl,%?

21= 0-5()r 0.5(1) =
Z2: 0.5(3)F 0.5(0) =15
23 = 6.5(-)) +0.5(-) =+
24 = 0.5(-3)r0.5008) = 15
D Ok ik Yizie

Gt gz )0 =) suppre Vector
Spatl,  y2,5(0) (19 =15 nrop SV
Bocl, G2y =COLD=) Tves s
Yz -, gqzgq= () [-18) =15 . wmot sV

7:) Consider  thwe infomation LT : g [ . e.zs] B
€nd S 209) oy 3_—*- [3],’(;:[ ], ['], « [u.zs , b=-]

—7:'.575] ?
')be’l?l/k dot  Product < )(“—r:j Z) Mollifly each bem by ot and g %> ‘Z(‘))-—(*o.eqzs)f(o.ogzs)w

T s - -275(1) (0.29) 209) = -1.4 25
= [4), 00 [5%) ~Fofars

= -2.15 () S)

P = 6.5 (-1) (-0-2

X1 [.’J, 7’[_00.15] = 6.0625

=636

a,*
A for be  embedding [%.] L’[ Wz ]/w\d te Ml Lonclipn K ().

V:(VI,UL) —\rzq"qlz
V= (v, ve) Wiie iy Ouk
vt
lfll/)’v [ "JLW vz] = @12)6’:)14- [V;:)(V;) k(/ mlw)(zﬁwvz}
Ve .t
- (% ]

Shordcut: look at  Kelnd i degne 2o Auedmic, degsz o evbc
Mrxed tefm q/'%,%.z%
I])()/L - RBF

— ndiCaé es Polynamg



5) For  Kerne K(uv) = (U-VJ—])L, S.v

Find Score  for 2(9) = [o 7_5}

D) Wrike Scorg o vation z=

lade] MAlUeS 87, logmuge moripiers, § scons

%14, K # &py, Ky + %
2) Compube  Kelrnel  funthion

(%, 3) = [-1,3] {:/o‘s ] :[—2.75,4«1)2 = 30625
(x2,9) = [0, —l] [ 075] = (o15+0)® - so6es

%) b m all laives, COMPuge: @’/7]) [') [é.Oézg) + CO,I‘I\) (‘/) 43'0625) -

= -

To ¢md SV
yifxTw) b
X1 |{_ 13 +0 = |
X1, 1(7/)+o =2 NS
xa; -1[-1) +o = | 21,3}

AU ~1(,z) »0 2

209)= (& iy (e 9) )
= oy (1) (-27) * (0.25)[\)(-0.28) - |
= -leze

709 (om)(1) (2.0625) +(0-\71) () {3.0625) -

= -



Plepafation - Test 5 MNotes

CLS (Constlwted Least  Sauares)

,minim:z:wg Sayuwied eraf with  Const ranis

2
‘Nowmal  lesk  Squales- min WXw-4l
Ly wity conskraimd A

D5 o hyferpafomes that limies  how lale W can be
© helbs  prevent OvelFitfiny

Tikhonov  Regulag.za £ion
* add$ ?um,gﬁ o SiZze of weigk  Veltor
minmizes  bodn effof  and  #odel  Complexiy

Mmin ”XW?“L_I, ‘,(]IL(/HZ
A s (equlafizadion  pafamegel  fhat  congolS  kade 0Ff

sMigwp  Gee  feualizakion  wapix R, ingread  of Nl
» Using =0, Aenovey  fue (¢qudrzation  {efm
Marivg ;¢ 0Mgmay  Savared  gror.

+ Both  CUS and  TKeonov Use  contwling o
i = gut
« In €LS: i \0\ congtrain¢ AS A incfenses,
cIn TIKoROV; s o Penalty decteast
Tkwotoy g #amlly

08, 4=[4), ~=)
Find w?

ve [x'x + 11:)" )(13

W= (I*l)-l' 19 = E;:I

WeighsSs



CPrmal fOINGIRRON (N Ly oidinal  Propiem  Hhat  Hies b0 Maximize
the mMalgin bebween classes. Assuming  the  daga s linay  Sepiable.

(_[-Iaf d Magpn, s\m)

Gofe Tdea: Fiﬂd.‘ng best Saﬂ&(akrnj hypel plane
Wwid, the Wl‘dﬂglf Y"lmqm POSSIble

Hatd  marq:
A
-9 an objeckive Slwil fry  fo minimize weght  Lector.
Which  maximizes  mal9ip

- Condtraimy  enSores M0 rusSClassiF #icuhom

Slw'x; vb) 21 for el @

* To Sohe gimal UM Ploblemy, USe laglangian r1edod

L (ll-’/ 17/ M)" lZ”w”?— - ‘é' a; ['j,'([,urx.'*b) ’J

- ML o Lo SoWt  Wibh dUvabies and KKT

* S{OLéro/LM{ Point, opbma) Wib s foomd by faking  pardal detivagies of
L omd Setéing  Yom o 0:

Ji"lullz-' “n[(‘dl(h/rz( #b) ,1]

«Takivg  JUVetVe o ff B0 Wi/ wl  EIES in Wl-x | wzze<
Wl = 0 Wl =

¢ s o lagfge rullipliel
# o.zo , gk S Mot o mMIIN / ok SuPRIE  Veltof
W ol >0 , foind S on rinlqin, Poinl s Sufror ¥ Veltor

Dua|  Fommolation max G i ) S iy 9ty ki
with Hard SUM. i g
Subietf Lo 55
S wiqi=0
Quod@b>C  Probim



Soft Mafgmg as  Slack Variabes

*In SVMS  mptgin ¢S Gap  between Classes
*Slae ke vafiables  allom Some- Pomgs to  be insSide  Mafgip,

Of Cven bPe MSSCRSSYFied.

Usval comgfaing: 4o (wWlxi 4b) 2 |- £
&2 0
£ =0 . Corfectly Clossified , oubside ref4iy) —7 Lok
DEf e, aside  Maigin b0t coffectly clasiped 7 135 than Adea)
€21, misciossified popt  —3 Loolsh

C  Congrors wow WalShly  magqin  violaéims — afec  femalized

The decision Boundary s Wlesd = o

S— S wlixey =+l
Mﬁarﬂ\'n
- N wixrb =0
& wixeb= I

Kemel Fuuction lo  Find  Svppie  veltos  and  biss  alve.
* Dial SuMm: Cl2)z Z o g, (2, %) th

Poinbs with «i >0 are Soppre vectr
M fnd b:  any  Suppar Vel wikw 0 cwi 2l

l:v'- N ~£ ac'/. SJK (x‘j/z;)
v

:
Kend (faces oz ploducts:  Klx,zy=#" 2

Poly nommt: (% % #))



570
£, = sv
[2,2]

[‘7:'} -5V

b= |- (xi'j; K[_)!,,Xf) + Kigy K [)ﬁ;x\j]

2 oli Y95
\ 0.y #
2 0.0 £
5 0.6 -1
find  bros.
K (xl,)‘l) 2
B -/[KI/X%) = |

=

- (o) (2) + (o€)(-)0)

decsion  boondhy = LY positive

SCOfinfj o Jata  Vedor ([ Kermel fonction)
Flx) = £ iy K (0) b

Then & €0t) 30 css |, Hxico cesz
22

Giver: x12 [1,1] w=0.4, =+

“® "[‘9/)]/ a=0.6_§g=-|
b=0.9

Store fng A=L2,1]
K{*,x)=3
Klxg, %)=t

Fl2)= (o)) (3) + Lo6)(-) (1) +o0.8

cless #/

b = o8
SV are TS Closes & 4o
Supmik bourdary  and  tuey e o of inside  mMalgn
Pleditting 2 Questrons

- TiKhonov / CLS
— Slack  vofrables

— duul ConStminks fr Soft rasgng
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Test | Takeup

I) for €unlkion

ond poing, fly=mlitd) t,=0
fFind Quuad brad e APPIO*  USIng  truntated  talor Sefies /
fLLy = €lio) & £llto) (E-to) ¥ L ¥ (0 (k20
2
£10)=0 Fln - L ey ) = ) r L (D))
(t-tbo) =1 . LEU T Vo) e~
=21 rt
(4+1) z
2) fof & funchron , Jes cribe Statiorary poiat ar b oo ?
fly~ ¥ - 3¢ Vse Secamd  Dedlvative Levt
\(1y= 2¢%- 6
€(1)= 2t - 6¢ This s Concale, l0Cal maximed
Fl(F)= 6t -6
¢"(0) = =6
3) For  Funckion  F(#) = 4" +43®  hes Stationsiy  povmis 4 --3
L Convex/'ty .
Y Sccond Derv Test:
Ht)ﬂ:;‘!ts f(’}) S 0 min, (onley
i z
Fo(E)sHL” FI2¢ £(oy=0 indtberminate
(0 nt H2ht
4)  BacKipekmg: Gy #= -8 Frd, b=, Se=l
find  Stasie (s- BYs, for #8) obtd Sime

Alwijo  condibion:

5=QY-50
l) Plucvq N Nymbers
f(1)=0
¢ (6y=322- 24 p'L)=1, d=-\

£l =64-2

Flre + B S0 dk)

St of back biocking,

< Fliu) ¥ x B "S5 dice

for Y =0,

S= |
- —1
fFlo)y=0 < 3
For r= \, s=o05%
< - Sl
)= -2 < 3
z
For =12 z 5 )
T S=z
fL-8) =2 & T3 Ls=g
64 4

0.25

Fltr=t5-24

g2 <o . Destrible



5) for funckon F ond pomy Wo gnd Oifeckor %

w

Flw) = Wit r(we n)? wo = [ \LI v

Find  Dimctional  derv ?

[ -2
-1
) Paftial, Flew)z 220 ¥ 5(1«44/()2

2)Pg on W, ["‘, IL}

-2
Te-v o= [4.02] [,,] o
6) Funckon  Hw) =fu - e+ Wf has Stationary porrt ok UX =[]
From eigenaluey  of  fHeSSrun, desclhe Cc'nW_Xl'fry?
‘p(w) = 2 (wr-y  * 3sz
e ][]
! o] 6,'_,; - 0 ©
S Sems definnte
be avse O ergenvalve =0

-1

v, wo — S, 9f

z
0= buwr +4wy + ) ,”Z'AI”
flre - 06, 4] +0

S ]
e
I -3

Wo -F¢ 7 5‘5:;”’2:f

wo-5 VF

wo-$ V¢
wo - VP

= - Q¥ (wo)



Test, 2. TaKeup

) Fof & fynction g, (V) = w‘:+w:p2wl,w: -1, with 3

Bal) = 90l)r9il@) 6, 03) = (93)° and
) First

new funcecong

f.,3(2) = W , State how many

ave Convez ?
Y Y 4 9 % .
Siep, s fecognize 1S Factofable: Sfw) 3 W.lrwgl 2utue

g,(w)= (w?rwg) -
Convexty  Closure  Rules:

* foSibie Scuiing end  Sumd of

Convex  £unchions afe Gonex
© A/ Subtmitig  cons dants

doee  nod Change Comuxily
* Nfmg  and Squaved NOfMS  Afe  convex

LoF i w) =z 9,0t Nilw) = 29 (w)

Posckive SCaling  Convex fungkion —>  Conex

w2 fonckiong  afe
2. F,3lw) = 2] a(J) # convex
&, b ewl)E -t A

Squafed  ngfm 6 convex - Quad Mkt fomeqin 7S COnvex

1. f,lw) = (6 (I)* = fnrd) = i - 20w+ |
“bakes  nyelie  VALULS

= l/z i Jwgo,s-'ng on Mgal-ive (Wpris

1) For & {onckion fulw), Skalding fomt Ws, SteesiZe Se

falw)= Bul o+ 2] , Wo = [',]/ So=)
find  point w7 Sigle  Step  in
Wi = *V": +3 - - [6 ’ H]

= Eu,l P‘!wL —"EG/_H]*E"} w‘:[—s/,g]

ditecbion of Stecpnt deScent 7

A
3) Fol  a fonckion €3 (w) "—WT -Wy HUIL
Find  descont  veckor

c_f: - ) VP(L/O'”T * o iz 0‘/[0-8 [:Z}
VE- Hw,3 - 2w, T b[wzg vs
2 T
|y L—l)s —Z[;‘) + y(- 5 1/91
I "o _ (o=
= fu, -2] d = B’;]
VP"_ .



B For an LS fpoblem  whiz cach  enty of o fmpon Tlw) 7S
() = hx-wtlly = ([ -w') [m’ ‘“’1]1)/2
Descrive  pw  Ji ot Joeobian  patiix Jeew) !

(i) =i - Wl T i
dw NLS r!—SfdlIMS ale ON \ineel ‘FUM{O)/& of w
d 9 S =
[ilﬁ\,-/)’/’([)({’w’rjix—,\r—U])/L | Pt |
VARIA"AIRE <k off Need quadiont of (0SS fonction
Ml rnEEl Afeedds  diSlance do each Poing

5) | D Ferwab Plodem  wiin X, dampng Coefticient aynj inctml €Shinage 1 2

e |
X_’ [%] ‘\éO = 2/ -7\ -:/\

e -1
Lh e (513+$I)1 37 L= 2+ 34 | s)—JT(;[/lu][;J
) Residmls, € =[x~ k] _l 7

f= EZZL r’[’ll} b 2-a"'(7) =0.25
q -2 K or 2.75
-2 i <
Z) Jocobip ; wi-t = [ 'iﬁl 1
1 ¥e-41 [&\'"{51 Al?/ )

6) Mabth the Conbour Plok-

b (0 v T enved Cofve = %’wel(lz[ Fo)=C 2
z
fo o (v w2 ¢ ircies.- Yll"fL
2
kg (wi-w?) ] Pl I P pre
P“‘”C(J,;' 3 ”Vt)

yA
Wyperboas XY

\ Zom be-l ennf Iy pelbolo
Cant b Polabags 14 hovizon Sfpratf—ry

n onSken  Vivs

ot Consgantr Line



Test 3. Takeup

L) Fof Greifcral nepron with 104S&T #omcsion werdht  Vectsl M_j,and 0bServizng
A, end linenr tapase V.

‘ 2 by 3 byl
23 T\
A/’[ 02 Ji w = [ }}
Desyn matrim iS A

g |
WIth pnes  veedor x$[zog'2 '(1 Ej—,[_,]

2) % laver ANN | (04570 Fonetton  evefywhefe , 2 neuron  hedden loyey
itk lenear  (€3psuse T- [26] Fnd deiverM &y Jacapien ?
i < [ _
) LogiSET fung g 0Lv) oo
: - g 049933
;- ding (), 6(z)) 2) ACtivagion —®’ = [0.‘5%‘3 j
The  Chance L5 in Class )
= - [-0.0.993 }
) v =[o.x304(|-0.8108) 0.qq 23 [1-0.0.9933)
W= (0100, 0.0066]
=) p, O 0.1060 0
jp B [O Vb}; [ 5 o,aaéeJ

Ta,waana alwwyy J |‘otq oviee |

- -
3 Given weidwe vector W, inpue veced K | back o> Fattor b
Find SteepeSt descent  pector ;’ 7

)l I 1
w'[ ! x= (327 Y=| =-0.5
Dealwinte limear  fesponse. V= Xw - [%] (-1 1]
U="0
2) Ackivation = (GL0)= 7‘;;0 = 05, y=0501-05) = 0.29
g) DCS(,@M; Vestol (?: _ [X ]] vl
J= - (32 1] (0.39(-09 R

J): 0_17,5[3 Zl] . d = £0.375/ O.ZSO/o,p,SJ



’-f) 2 l&yeq ANN  Wipn RelU acbivmbon funCtum, wnth  weidht  mady -z

W oy hidden laver 2, Wweght Vel tor %_Dta) ang Aachivagion  derv @ and
Inpyr X .
1 0 !
Z\,\/:[lz 3\,\;:[’, Z:[S—Z]
[

D Linear (egonse: 20 = [x 1] , c,:(
=) -7 1 |z
U= Xw Uz {3 -2 ] [ C

W= (23]
2) Widden  Activaktiom 20 = [2 O]

3) oyt Reshuse. [20 1] gqu = 3 i
[z © 1] l‘\] 3\ =3

H) AC biva kion ¢ 10=2

5) Fot & 3 layg ANN , wnth Rely  weight Vettoy a2l and  baeK-prp Vawe
2b  Fron  ObjeLtVe  Copyia goon 2 7= [l

| J 3L=3
FiV\d !’%K ?rO?Uﬂd tin Va lves 2 E, -PrUV\'dL'/ o Lr7e /—ﬁ

efror S9n)
Far 10s3 K

hidgen bagkprop = ubput— weight) (outPut  Siope) (Jtv)

w-mMm WM

D fing ueyhg. [:} 3)gl1-5, 18]

2) Find m - lb ) = [ /g3
m= 1+ 8
M= g

3y s ussually  always |

Tt Given logi Skt Funegion

tind “:J;,; , (would be 9iven V)
é

Then  —nd 2 (1/, then mulliply & ),



Test 4 : Take up

D For objecbive Ffonckim

nonlined  caralyy  Constrant. Find lagiange Fimisim,

£(2)= (wdP el p2)= - % WL Latoh Loglage is ussualy
Sign o) + p(P00)
Liw,p)= (vi- I]Zk/tv;-/)z—- W(ws "““L') Stuitth . 2

2:) for obj fonctim F(W)=h WKW ond Iin eamiy Constmint M~ =0 where

K= ZZ’] M= [, fJ C=2  fFind minimize

1) K ml] [ W 0 3) 5 Ve L aig of
wy | = (v]
[m OJ Z"’J b Caleviator Lo Solve

for Wi, g -
2] (V3] V) 1.5
z) Ty J vil= (o %= [0.5}
I, 0 VY vis
) For obj furcgion Hwﬁ L Y rQ/ o and I ety coustiamé  mg, <0
__L’ _
where K= [%;]( m = [{ 1]/ Q/"[—— ] C=|
find WU Zef /UK e Doal matiix B,
- 2 e
D) ég V) [ ;’ —> Pl rio ) K [a é}
| O' Wy ] Calﬂ a/ld %— fl l b ol E
/ r Find winimizer T ] o3
2Y) Dl matix s B = ATK M b= (e %)

Rz 0625

11) fof  Comver fumchion  €(4)- ¢%4qt

ond ronliven nequal'yy  ConStiarnt p,[{)-—tz«Si +6
With p,(4) ¢o Find mmewzer 4%

1) Check. URcons raineg 3)  Fad feasibe fegim %) Chetk on boundadts
#2440 Vestrg=0 > f(2) =lZ
t=-2 (L-9(t:2) F3) =2l
{
2) chetk  fespe 23 42 | .
Pl-2)=20 20 -+ W¥ Bssihle s €) . mmmzg 3 a2



z 2
) ol obithive fonthon  £Gz(w-3) ¥ (Wa-4)" and roimar mew coushamt  piude viZenE -q

Fird minimizel ™ Plwe o)

DT Unconstiaied, 9;ven CilCle e with  fooss  (34) | Tiy us[ﬁ].

1) Chek feagiyp hrgt- s |>9

_ | X
Shorbcud: Xploy = Al

3
Q= ladivs (g) 5 = S [L[J
Ke ('b/t)/ = (19
| Xli= & [M

é) FO( Onvex  objellive Ew—g] T [waj] where 3 [ } and  linewr I'Vl&q,wh'y

oSl 5 A, b wid, «10 2 I
WiERARE

find Lin aeg, lonstramig | cxa%C/y Sahsf"ed

Ag=b2
Z clhive

(70 [r
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