Mar 2| (Lecture 20)

SQIVMUZI |_ineay rlpma oms

— Q3 \aor o' et 'm
Can wovk oith ) ’ ‘ )
o i ncor 1970's )
nany constraints _ CUP)V@(

~  Intevior pornt metheds  ( 19807) P"OﬁmMminJ

— Gradient Des Ceyt

STYYI?I ex Algba’ﬁhhﬂ ;

Stert with a vertex ef the pdyhedron

(also  called bdﬁxc Fpas\lole \]S@l\&\ oM )
° Nex Yi
1 (P covin e b e :
Ne o th ‘ <t 0b)
value 'wvllorrd\/e&
e m e QSsS b\
% "o PN T A
ol // \/. / ‘//\\
r s

}

/1' L=
! ’




N - Mo of varibles

§a9c—b er <] <k
>0

Lin Twel

Vertex : Wterseckion of  wn qu\/\L contsbrainbs

Eelgg : V) —| JD'S\W(; constyggnts.

/\/cm déqew oYk C\4 qgsqanl)F\'oYI:
eonch vertex  has ex(MHj
postunk  for o unding  Hhe.

N ‘Hg)\/\t conishriuks
Fuymimg Yime  of SFW)})]@X-

E FOL{V {:13 L,‘E Conslva: VH:&

///ﬁ AN =3

How to wak alom an &Lﬂe.

Say, we ave pk g Vertex defined by
D Lad %V aa\'c\c—_ by (=ile kv
%= 0 g
Wy =0 g,

e =0 \
= =1 =i

Choose to relax gne  tight constraint

~ T %, 2 D
Pre=b  —\ 01X = by (si¢k \ %20
N =
| %z0 N 7520
51,0
r}‘Lz_’: O )
D
sy

Kﬂ—\( =0



\:t’vui S0me  value X ]Cg-( Z, t5

readt  the glher end.

et A= [A A"
D Y
n-I< K
Columms  Columms
Ae = [";Cl | | Ty |
A /32 + A") = b
[ A9k ] L X, |
Zh”kﬂ = / r \“0/\‘7\
| o= (W) b- Ao
L Wy k L ’ J/
We 5?€7L LT AN &%) a.s A ﬂincHaﬂ o,F X
Chooce o 1o he  the Iargasf S0 that  Xycu >0
%nago

1 , LIZZ
x g
Max 2%+ Bx.+ xg ox,
EKGLW)E[G. : 20> 0 /7/
a7l L
1320

Zf/’ D(a'f‘ 7(3 = |




Clatm:  1{ we are Mot ok an optimal ek
be.  an edge ok .s\'ﬁc,‘\f\\\lj

then Ytheve muct
Amwm;&u@b:}g@;e%g{ﬁ%

¢\ & al

-y A

of verbices < [ M)
J \Kl

?\mmr\_g bwme.: Nno.

seleching ed ges

There s Mo Kvowvy  Tuwle Lor g
Jmﬁ_gwlm‘s_@gﬁq@m_i@b

Open a'\/\_esHaﬂ--tQ find sudh o rule

Good N\ Practice.

o Q)] \(S‘IWPI{XJ
W ©7 M 7 T [ P
' LT e =Y
-Ax=Db (At +z =b | f
s J X0 C For I <k
N L oo
Feasble <olution
=0, 7~ b
Clam: X is a feasible Solubion for [Ws LP
- -0) ! QN wia

" . . Find ophiwal
< |vutial ‘FE&S\[&\C JJ:GY KRS P u.s?r\jovuﬁm?\ex-



Ensuring  Nov- degeneracy -
9 ) N

Random — Perkuvbakigv Ax <lort \ Axeb

X> VL
—

/\ 7\
N e, SN\
2 I/ \
. / \
A A
) ch \ \S ow)\ estuche d

M@JMM@m&M

Note that  <amall ?evtmr\g(_,\k(nv) does nt afect He

ijp_cjrfve Value by wuch.

Smoghed Aldlusie  of SMP\CX T‘QUQ\]
~J vV -

/L/i\lb“) /_"\%élk‘)t

\Slp?&\mav\)'\—cn% 200\ showed Jc‘/\ox}c POY €,V€Yj

Yok (A,6) i ik ds  vandomly derfurbed

to (A, bre) then with high pobo  Simplex

Tws s @ T2 ondex  Staene a 3
Simplex will toke polyThme on a rondew inpuk




March 249 [ Lec 21
/\_) Khachyan 179

E |lipsord Algorthm ( fvst polynowial time au'\ﬂoriﬂrm)
for LPs.

’ N{)Y‘k&‘ ‘F
orf WDHYE Aenexy \
' eYa coOnv mw\'
Cmm" a o J\;‘\e?k ‘prog YU 10\
\ oveYy o ve d:




—> SQ'JDQY

oracde obvious Fmr o qwven [P

\A\x <b
\

.S(’_lvqmtir\g

hg\lnu?qne & \ioated tonshraink

bor P
lipsord | S 1
Co S | <eDdralipn  avade
IS 't Y LP
LA
2 %e 2, | § s a JreYMimd Saloqm)ffnon
e L§(s) Cups.
chede -Win EXe |
a e£ 8(y
M c o | I -2
~2 | 2 | o |
,/v Xt O \ :-“ G 9
iﬂa;= X__ | 7 l - 6 -3 L
ir JY -y - -
J / ’ 4 X, —2 X, -2AX,, +X,, <0
L.17
=2z, -272
I'g X 1s  nef  PsD L " . v WE’TEJZC)
J.;\r\u\_ {lffl] Same (def , S jx
- S.{. Z'\(\.L. X‘. > &
X= [2 0 3
LV hl_l Z\{.nj Z'n B for m\“‘I PS])
Zaz 2 0 for all PSD Z L
X2 <0



&QPa\mlc'mﬂ Hj \)EY’P\(LY\Q )c\f\e oTew .

-'6524
Given o Cccm\lex Set -KEIRn ,

o pomt p € R"

heye exist e ' rPane
AER' beR st q"p >b
a omd
k= f 3 :0s z& 1} A’ < b for o)) e K.
?: CQ') \ — .
\H
F‘P‘(ﬁof— 7 \\

Y

._’/\ dssume K is closed
‘ closest
Twak s,
dist (q,9) < dist (?()_?) ¥ oee X

Considex the. Wiperplane possing  throngh g

ﬂﬂmt 1S OTEhgggngl +o P-g
_r
|

, T
i P~ 9)x = (p-9)9
? s 0n ot Side of H
(7-1)'p > (P-9 0
1 71 - 7
¢ Cans L \'94‘1\' (0-q) >0
A\ l / 1 /
[ P and ¢
(\. are dil_\l;v"\_(‘,"c




To show ; :
v x ¢ K (p-1) & < (p-4) 9

For the sake of ontradiction,

lo¥'s  toke wmvxk ZEK but

£\

_ s L , _
(P- ' 2 s (3-9) g S @D (p-g)yy

Toxe o lbm\/\f( j on Yhe line SCQMU\J'

\mv\ma fz 0\\

0 Y2 4

Y= 0-)4+ A Z Az 0

o SI\I\OW

dist (49) £ Qist (a,) o~ confradichon:

(9-P) (4-9)

- - d
_ (1—,\)c1+,\z_p UAJQ+ Az~ |

= To-2 1 TP\ + [T -pAqeazl (-aqeaz]
R N S VL I I A
i BEFIE NN KT A
= - — \ Z"’q >
N 2 <O;
rax (270 (17P) :
< 0O A




If yom chose  amall enongh A then N-<< A

ad the setomd term will dommake

Then the ovemll  cun Wl be v\eﬂc\ki\m-

K

M@%ﬂ%@b@w

2 ay LAY o<
( interseckon of Ha\{-s?acesl
DasSibly  infimitely  wony.
g J i < d




E/(l"PSOfJ Algllbri{_hm
(_,E Ilfrso |d/\)

H‘:ﬁher C‘i!'WIG_YlSEDYLCLL QVLOJ@&\AF_ O}E an e.]/u"psg.

g Pb\e\”@

9('[&_}1. ge\:‘—g- .. +o<¥{2. S CQV&CK‘ m'l-ﬂ.\YL

Ell{ psoid A B L XD Cender
ey ar, origin
S 2 2 : e
L)) e, L, ¢ s - paratiel
N Sy 2t G o
(V)

AYlJ G||€Ipsoic1 can  be obtaived from a Sphere b\}

y}

(1) SJcref;cl/\M\cj the axes
() 'otokiow

(3> SL\lF’ch’g e Cenker.

A - . x5 = In,,ul
SloN = 4 W st b
\U/I/ L < _)
. ,?" - i T ( ?
E”trDSQIA - ] M A+ + A XL

for  Some  vertible wmakny M

[l

iz M g ¢ td C € R
x= M (3-¢)



Eguivalent)
L : g \ £ R :@f~c)TMTM (5~c) £ f

/ N\
fet A =M'M (4 positive dlefinite waix)

Def (Ellipssid)

AX*0

For & PD walvix A and ¢ €IR]

/ ( " T )
E(C A= $yeR': (-0 A (w-d<gl [
L P )

Vv

El“/)ﬁOld A\Iqor‘l?:\'\m )

Inpul @ a4 convex Set K With a 5epava§cion Orade .

Ollflpui’: 78 'pow& in K \§ K 1s Y\Onewlp\-\q

6Y SOy tha K & emv’m-

Promise ;
(1) bounded © 3 W>p ot k < S[O; R )
(R) Valume lower boyndy 3 1>0  S:t str) € K

»

\

(= $ull dimen siov\al) 1 K is non-emphy:

—_ ™~
rDoiwwur\q time - (’}/ N og I~ ) -
d / < olim

(no- of krd* ms) . Y




Ao g B
S SR/~ SN
[/ N

|
)
Vi

e = S (Q,R)

—

Immianf: Ai veund T, we will  have an ell; <oid

Er  with KEE:

/,_,_.—A

* Ched 1f center (¢ of Etp lies in K

e

hcjgs then  gone

* i{ No then get A thﬂPlgne $€quakiqg

Cy PFrom K.

Say ax < b fox every x €K
U\“L_l e S b
t 7
- 01
the | 0y) 6 | e

[0
—
N



¢ |ear\cb] K

1
M m

~~

-

‘ N\
Contine while vl (£,) > Vel (S @) -
/ S Vo S(a.r
~ L T~
=/ < tg empiy. _J

Md_thumﬂm%ﬂmgﬁwe_w
l . . '

0 e 6 W el A's s
N every  yound.

Vol (k) > Vol (s¢)) > ol (£,)
kK< Es
QM.' Could we Use o Ssequence @f Sphgygg
instead of Ellipsoids?
oY _
Sequence of Poly ‘}ZO'IlQS ¢

> /MC{F 28, lectuve 22

.S"V'I?]es'}: (ase: K? ‘ \




FMd an Q”f,)ﬁﬁ‘fd EJE-H (cm\-a_._mﬂa, the half—s)ahefe

S(o,1) N 30
ﬁKX\

VN
1V e o)

NE|/7Z8

N~

/V
Ellipsord Epsy  center = (e,0,0,0,,0)
[ N\ >
> M + i gl b o ed ﬁ/f]z <
o2 w Toys T

— |, 0,0, 0 Vs
— S]?('_?BLZ‘L:& 7@?0% (OIUBB) v
(/"‘OCJL_‘ | —qu\Z_r | _/
- S
)GL: (I« "Ol 1(_,9_: —_ r ~ (Ih DC)“
| — o [~ 20
U~x)t
‘ W B
/
AW E++ omfams the  half - sphexp,

—

J e, e, 00) T 220 and S 2
l:

\_/"f-\-d’






If n eveyy Youpd we  lhave velume

— |
decveucp bj A fad—of 0,7ﬂ & /ZML
‘H’\eYl fv) K yvounds
%‘/\//21/“)-1-2_ a N a A\
A . Yol (ﬁS(R)) = vl (56:7))
A/K/Z*HJ— AN A~ Y
e - Cn K = S~
Nuwmbe? of rowdsd = [nt2)n log fi/\
C \ U N \(‘/

N

n T . Slap, K

_1\:) f

AT A |
C «——— Eipe 2 /S(o/,ﬁ nH )
4 = g -




C lowm CQ“WHMQ”U ond Yoo of volumes

_

Wvasans  Ander  Livaa€ Trans formabi,

Frampl€5
e 9
' O ? .
_ O A4l
2, T
Ml = X./?_ 3i - \jl é!
D X1/
S 2
(4w + (o- %) < |
M[ = ’)tl’f_')‘(.)_ '7((: Ml—\-g)_
— J(| _}L B
Bl - X)_':- <\‘-'5\~S]_

[ X~ M)L ~+ (- (3))_4/
(- 7

N\

T o N = - % Y,= A -F




§O|‘/iﬂ8~ o P wvia E\\ifsoiol-
Que: ‘o Ax <b Feas(\ole,-

BOMY\(MW_Q R ﬂVLd T Jf_GV H/\e Convex 56{7
Y 'y
Ax < b s
|~

o R
An LP can be unboynded. <o commob taound R.

1 i € romtee
thot © if  Axsb s feasibe then
there  is gt least ene  powpt m

jus Ax<bi N S(OP\

Ve 1o of var | /5
e Mo of consT [ 2
L bil site ofcff

7

TS

A AN

Jwst take K= §X:Axsb§ A S(OR)
22,V

) . [
Sqy, A s kXN - L2

|
Evtres ogre  vohiondd viumbes  wsth £ bt

To Show & R s gteslen 5 lag R = Pohyl.n D)
Claam? e TeM s with
— <2 n
#ﬂiﬁa 0} MOTH' FDGIV (k N, L) b'lt-s :
_ i I J

[ =

ys we Cay bound (R < ZPOB(k,f\,L)

>C.
\ 3




ﬁ%sb
7{[:|

[owey bounding  the Volume:

O If vot Al dimensional ( N O\ Ze¥o Volume)
- 'puw\'b Comstraivie by swmall awmon vt

; b+ £
E_mvwﬂt \\
%= b
A N <
M+Y 3 2 N\ Y 32

TF Ax<b  non-feasple = AX=Lb+e wen-Ffeasible,

@) wiume  lower  \yound 1,07 7

Co- ordinakes o f ver’cfces ave {; ke P/q .
. = wlhere. q < ?jﬁolglm,n)

=\

— N~

let  us  Jower bound  He  wlume
When there are excxdr\j N+l verbices-

2 X €M ,
1"1_““ O“('L(| |
J,"’Ez\ '__"‘7 - :

2= SiMp\ex v T - Givd
PLOX 3—S\w\?\ex

n-simdex
A det [‘Y\ Vo \71-‘){( t Af
2

T8



— e

LQ{ verbice ¢ bg 0} v, J l, \7"3 RS )\7}, :‘
J‘ ..—--’-

Vol (PQH'E'OP{DQ(])

det | vy oy V=Vl > g
o v - " |
\“V'\l} |
= /’t = _pely
~ 0
IF Hhe Iamest denomwgker of O\Y\“\ e
em—c\\ \a 9 the det 2 9
—pely (m1,5)
Voluwm e (&mp\eﬂ > 2, [
V= Nt paly
No. of Hentions  In I'—)|||‘Psa'sgl :
’ an N\
=0(M log )

..d Vol'LR /

AN

?j:}_, :

W
S
N

- -

Uvrtor{—unaleh Jc\/\é ’)b\u()' s fov [qwﬂﬁl

o be ’Pmcjﬂcal \




