CoFbT. Tan b, 200( 4
REEV] ADVANCES 2N ComPRESTye SBvsinG ¥ MIMIMEQTLON/
Gupressive €= Gnpressed ) Seasing has empged << a et topic i
9\‘?‘\@\ Pm(QSSi\j i ShatictNs Gau}?ﬁ’e( SC{\M[&.’ nd C-p’H mi20 Y e{urn\\_ff
~the Fast S yars . TS oyse  cowys felext Pﬁ*f’(“:rﬁ and Lachffnp,{d .

CO"'"‘FD(-}C";I\IG- Sauﬂn\y\g dmv\;: voen

—optiviratiey T Gavenety.
—proh. T s, ‘T\\vo'rj
— Anclgsids
= ﬂ\ﬁb\JL pree=sing
= Aijoﬁ‘ﬁi my t (on plertty.
Thme * Let ASIR™" be @ vandom mglrix -
Ciose  each €Y Whypodontly  from e roma( ofwbhtion
Wi-th mwn =0 Varnee =< | The, wrth h.yh wa_ A has
e Tollewig prporiles °
O Rr ey vechr XER' cwch that ¥ has of most £, n)
roa~ B entries - D\\n\clgd Bm] )
- maole s& facTer
GQ‘E\TK <b e b= AX <ch it ¢ fac ot Jator-.
At west < 4 Um,t) non—zern  epdries -
© Fxr vy vechr X € R st MS at st fmn) honzero
whies, X Fs the oagre soln te Hhe  opfymeation  prolew
min ] g“ . Ly —nevm 2 1= norn, a,ff
L Ag":lﬂ_¢A“} Mean < :
N PRIy

— what i the use 2
— Why 15 0t dﬂ@nlaeci\ed?
— Hew to pri€)
. How t‘U QX"['Emd H?
what 15 The vse?
SUppos® A Sgnal  fs L@i\v\j monMpred  and 0S mostly 0'¢




Say otal Syl longth 15 0= and ap most kR hon-geips
NGDU +-0 mm)‘)vPQQ

Ohviws appoach. Tt sung 1o K W o 5= X0

o Grpnge 105 LOL YDty B )i

4, - Te €{i~~n] ar e of pon—wme  entines
%QHQ‘“-‘ MySt @efo re whel® €9nﬂl ‘]C'i"ﬁ 0 GPPfy thic f‘wpreﬁgrbfb
Tosteqd - A1 tahe M Japer Pm{irc’tﬁ of X wa), Yanofow
s (Tie. ows of A) s and stoe thee tner preducfc

Pﬂev@Migqﬁg Q\‘cjnql {#e then he W’(‘OV%’E’({,

Q(R}Uﬂ P"‘OCPJWQ s 4o Qc‘ve ~€, v,’»’ff‘u\\?{["h}} (‘“’M@Wla

Thig Ype of SQ"T’)i,l\vﬁ 'S hm%dfp‘h‘ve,

Moe @nml KRtting. ,

The Sgnal N € if{“ s net Spar'i@ J Bt begemes SpASe atior
%plication of a foued  Orthegend basfmatipn

B9 ™G foration . s appheg e an tmagd.
especiolly a4 cartoor¥ e dhe vesitly Vector bl he very

PAr $e . ,
’T‘\i@n 3 Rt T eR™ g mHo70nq/- f ¢"d -1
Ketb'i‘vo\\aw\ﬂtj, Cols C’“F a form  @n OvHhonom al hases O'f @jﬁ’[ﬁﬂ\‘fﬁ
Theorepn 1> Lot é L@ (vf-"tﬁajwnql » et A he as ahee
Then  with  hugh prebability,

For Sery ve cter ¥ Sveh that ¢ x has g ng st ]C(-Mzn)
non-ore epprec - x 15 Hhe wpe sdvhen S the epation

Ag*‘:l@_ ;W here é:i\,l Gn ¢} ii has < 'F[imh} hon e

O trg wvoyy St @w), € Fown)
X t< 'H\%: Um\fi,'e gc,b‘ ~+te ~ the zZorwe norm . -%’«‘CFF' Mo e entinks

K RSP
st. Aétﬁ




!
PP '{E«ilowi fﬂ:‘mm f‘ir'htorem.i. APPE} Theorem A o A@Mj 'Cmﬂl
defne Y =Px

Digtrt brtrea r,.-[l hen gy (RS d(—"{i‘nﬂ)\ M thegrem 4 1 ¢
Svaront wWnder vl by an otho. by .

3‘3hq( Ververy A‘ﬂoﬁ‘tﬁh 3

Minini 2 '[il‘, L isa gPeCi‘ql 04565](‘ G‘ﬂﬁmf pmztaﬁnmw

Sfﬁmim@ Efva[rfj [g.;-m L}nmr Pmﬁ?’ammﬂ,ﬂ SEFLP

e O — | i -
et the RN b oletie finc
- s {.i\f\t’av ef‘b‘l"l “Tj ConStram te.

Y
3
)
ot
=
[
iz~

=~ Lonear lnbe’Cf[l‘{‘B

speaa| (gse Siap  Coq Straiatl
Ac iR Usially  pre 1 be ™
most geeral  form of  LP

B iy _QT_!
St A% 7h
A,y Z=he

Xf o0 Aor \\Q_T dC lr.‘)“"H/’l(

Factsqonora! form of LP G be redyed fo SEF.
man X1, St Ax<b
chui‘vq‘E?vf'[‘ +0
mtn 'E' +“+ 'th
>t to> N T
Y

> —x,

"t>,>x,,
A
AzL




the tove olviovs @vacm)\- 0‘[\ @" Syaning
= Ixe] wn't wok braavse (an et
he S Ssed  pe (hear  ORStats.
Hoverer rhenhs + e form of the olbchive Junctgy
taa iyl suffices
Theve are Q’TOTI\C'\MQ Lor Lp .

Si‘mP'lU( . 'Ye{m‘n?s “E’wa\m[g o (m n?,) OPDYQT\‘MS" :

2“T®t‘97~Pc.‘nf de ei[i‘))sood ‘me“rhc:)g k):own +o he f'},(ym‘rn)’q[
"Ef‘he_

SPeCa\ctﬁie@ mathd s €1Ct Hfor Ll = ih i BTy
Do Iore Q])ec“i\aq\-?;ed GfﬂOJ?ﬂms SNt f‘ﬁn/ (ompyegg,\(,@ $‘9"1‘.’§""’15ﬁ
""_ W}lj s "'l‘\eoi’em & Un@)(becf@p{?
@ C(q%.\cql 'ﬁ\eqrj e—f ﬁyna[ PmceQqu]g qus Th-n't
to QCCUWC\@U Ye fbwsem% Q@ sem4 VG.ew‘res Q Nuwhgy O"P
Soples poportenal 10 M= frepergy
@ Tf\e f’}’e"\@Y’Q’ POLIS&V\
Batw [0,

st Ax=b
'S Np— })cwcl/ . means (”""ih'y Q.Pf-vokh-g )

PYG hq ‘le ho PG(jhcmml '{-m‘,\@ 4’)!}h"i“l% ‘QNIS-%S, )
Tet we solve Hhe eas ?11 'Pq-Si"j f'n Hhesyers 1

Twe \aej J‘njmdm+s allew f—"qsy <eln .
® Randemized  (motraints
O Al prewledie thet g spase Sl SRS,
(on vexiy |
Proha Lr‘l&_y e |, "t}\ewy
Swgna | processng
CGHFE‘U‘Y)\




Thn X 200(3 oy
et G k) = P set of Su'bquceg of R of lim h?}

> Gragmann  Manifeld )
let @ ™ be  orthgonal
Sprse <© GOk btk €S
Dfme Tk By ExCEPK & xelK
AT tf K & G of div k. So s GK.
. spspece of di
Befne @S By e 1
KPS & kel
A 'Pfoiﬁ‘!-‘lﬂj measn©  On an,k«) s G"f:fnjbnfiL i varignt (T
Aor (hy ch(h,h) St P?OL\[S) ‘s de meciqu{{toy all
‘Wﬁm«‘iun‘\l Mt iCes,
Preh (DS) = Preb(S)
Rk, There s aaly one  orthgonally  Mdviant Probe Wity mErssre
on & onk) . _
FALT & G P © Uns‘-fomlj From Thes  ohstr bition hj gengpating
an (ndy ) MTX ARj c]msi\,g cach  ertry dept. fiem
7\('4\"?\(\\ msr Mean 0 V-ﬂh‘qn(e i
Lo Thkag K =hil CA) ) B
(\Iems > The Prerm or (,P‘—hc-r-m of x€IR <
deted by |
; - {
2l = (= ROM )/P ( p>c)
Secul RS B 2 mwldee herm Jxdoox2
Pt~ Li=horm  [x )4 - 1K)
for O<p<| “an NeT Nerk, o "[;m,,j]"c" ‘\\Pﬁ- v:‘ofq'ﬂ*-d-

.feﬁ n (é)” s s (im+ 0%)2:’

) :
WM, = 1 100, =4




et < (IRl denctes the £of on-2eyp exbies of X

Unag Ba((g u_‘ P~ncrms  h=2

. - R
T2 S P 4
- -
pP<l/>

_\7
l'l

Jk
/

Considey iwn”x”P st )“\}(:‘:
Py O3 P ] S}‘x\m\w en han@ A St[u“l‘ltn
For P > selvtren ™ 7@!19%::] hs 01@188,

Min “31\1 st. b
‘A

AN IR
N S\kP\G ie‘ﬁT\'Qt'\ShPS lg/{;\/ (/ (‘md Ll-mrm
—> v XG [R ’ ”\” < |]7\H Q}n H 3”
dlx=h P :
\\/ T e RS S

o = 1K, H~-+W B

@ s '{‘-\jﬂl\t Tk x= ( é ) = ?\\-t -Pf\m + 2NN *2.’

| ke L]

pe & Appmipese pea Lo
[ f\QYh\ G‘{' & @?V{lﬁ S‘T‘x {‘yr' e S o {: ‘H)fl '1?# M= c

< :('-.‘:l ) ~tnaey iwdv"'—t

|

—

f!’i )]




Rewil  Cavchy ~schwarz  teepua lity
@T‘Q S “ﬁ'i\z \ Ln'z
I SRR B TR TR ;'"TI\X"z
® \\sﬂjht Gchievad, t% %= ( )

tht 'g-”( a “mrdcw\ % %
§ K"l o Yy “K‘l'z_ 89 . tase "i?ﬂ)ﬁql/

LG T m™,n be f)jsl“"t\\.,@ {\r(ipserg af. m<<h |
ST Vobe an et divensiongl sepspale of R" 3
Tht s the  Flngp) = Apprni mate  Spherigal
ScCtiy  Preporty o _
vy ev-ted iV > fonn)

Digi gk vz |
7] &5y (ener bedy has a "Fﬁhl\j hg)ﬁ dm&a%nona slice it
IS appIKimatdy sy erical | |

Thw: (2ugne Attribets  koshia , Garngev. G Luskly C k66 )
iy Ve G(n gt } o 08 Chesen af yandom a(‘(cnh..j- to
Cheve  dastr) bytien - ,
Then TE s the o) Apprexiiately Sf)(en\ml Settioy
Peperty it m,}]q l‘\‘j > - “CI‘ (i)

Wht s Tmon) < ¢

e Al gy
T - WSty ke e

Hinge o Qlwest all v, v &V {0}

W thep @ ahue

| M\\C BB
nPf“ G}fwn : ’ ‘Ivf Y]_")C
o &4 N1

=
%
)
"V
A




ORS . ist), = ,j TIRAI
Prof of  ort @ of Theerem A
Chopse V € G (h M) wishto Shawy it w 'tk h"f]h weh

A )
- holl spie of A ta theye,, AL o

V o has e dellewing peporty- [~ e “Cecfnl;;)
G- ¥xFo. sty k) Ty
) \X \’?\“"’" AY , =Xz
it = ° Tty

St SFhves L-x 6V &t [{llgsgthn)
=B
k.:;.-prte,v.wg[j %.rp({ al o

PF: Yepuive th v IMS g: b whee b=AX
g"-‘ X Caal (A)

CelTien )]np&r'[’jz
""G il e Grbe pesithe.  SYpprse

ot and X -x ev. Then || ‘gi)0“>““h,lﬂ)\

n%_:i\\c l%“""“\“’o \‘"E"lh\n)"' Zl}

~"}c Uw.h) :xa‘[>p7ai§?mn“fdj gPh&Ti‘(q(

~

"Jy The [‘GM‘;’,Q é

A SSUMP"\'\\:” (\ 2~ X1

CO?\ B?ne_

i <l + £ Gmn) > f&, Chn )2
L L '\10 > 4 ("“'”)2‘—"{:(%:”)
C}\chQQ {- (vein) { ~—2‘— ;?L (n ).1

. L
To Shswve Thet \\E\ ""l foln)™ > ’F‘Cl«n,h)

Aete This s @ S ,)l% ‘F\(‘a'hcn «-f Zlmq?s F’CC‘](
ped ¢t g of tleserm 4:




VR Sch—thae Ul < iy )

N “Hhe Um‘ffbe, gc(‘;[-w +0 M.\,‘ “ {“ St é"' X € V4 Cﬂ')
Add*”‘""ﬂl Qﬁwm‘)ﬁ'@gmg ‘F(?"\ h) < n/z_
preve G Mpsitive - '
P ASS&E:@ E < 01!‘8’{‘%(‘{‘ ‘"\‘\Cm X aad 1s mhim'Zor C')t
%) And enclide (Ext, = fCwn)

2t (Sl { teftjesent, xadee ]
let S= Svpp (X) ) S It (i P}emw‘&
> ops I|s] =1 I 2ile

lixi), > \§|[ IR S I, =115, gttt S XZ”|
% ts the W\\\pimw Bj hy})c"ﬂqea&u;

2 Rl -3 | it Al
- 'l:&ill ~ {1 5s~* 1) zg "‘7*5”
UL KN 3k - kel

Jan B 209 . (R
Sibspace V' Satrefies the approxiw afe Sphef}m’[ $eCticy F""P“'" 8y
PIMm . Vs A
W.T.P (Wants fo o) WX STUXI. < fomon)
X is e U'@fue &ex(t\\ te My, “:g:_”‘ st
£-x ev |
add;h-wl Assum ooy fown) < hy we wi Prere the

EET—8~ towirq posiine Assui, o % ke @ mininiger Pistinet
d:‘ch =X au\t:i CW\Q—[)A'G\Q th‘\f [[ X”O> (Hh\r")

Let S= S upp Y, Bren  (act e
| WLD > 0%l - - - 2 Uil = =X IS %




R E PN N PR |
Giestin * Whit & Fhe max wle of N1S7XID
\‘Sf—l\\z

st. HES‘KSHI?- il%g—-x;[\, >

Lemmg max § 112 -
e, "R, 2309

s 2 JEBL  whoe Scil,~n] shshie

s\t151
1$l< s
PY” oBS:  glgechive R ad onstui
i 2 ‘
U= s, 202}, dargst ey RC%L‘\;? arnd  vndor
Hopng - Sgns

Ths WIOG  Assmg & jtn 30, and
= 2 <
P“'Ll@h becomss ok w ol aliec o’ (.a(l’\f\“”s

A
e i 2k .- g | \BJT

2"21‘ }" =z = T
oS ¢S

‘7_1?0 B ‘“%-\;C’

Ok T Relax curly (onspyqncks t0 Bt | O
De peble Yo contox, opt. hece He KKT <offiess r
3("%&[ Opfime iy - Cendirtien €

Claw + Optimal Soln. s

23 = (5 @\s]  Fr tes
QAE‘ for L\&f

Whoe @= | SUE] chech onstign® (=)
1513

-- % G
M‘ﬁﬂ-lﬁlé} = ety = |

g (%) shefi Q< efw‘cli‘g,.




i
o KKT nds sabsfied 1 AN, ), 30 St

fy ! — as
( i’: ) "‘)\[( | ) 1] S Iy ( lsﬁ\ ) rndront valvaTel
: s

, d/(s\ iy %
~) s O\T T .
: s
A R S fs) [‘ i
z 3 T entneg
F")‘ '1"2;\2 Q/lgt = ,
I AL
= X= ! = = B T3 >c by asunphh
(za'c-ri‘.*éﬁ))?@ e Bl
Is1 T
ORT: F\n;_!c. val. et 2 1
-
E‘ % = Is|k t Gl =24
= 5 N[ss\&‘\ proves the lemwa (7]
‘ 1si+]%)
Bk o pot o @ Hae onchded thet
- xii, —
———— 2] 5] e B frate T
g -xl, (=112 D::.Mm- Lid 2 uxiy
Q“dtk‘hv‘mq"‘wr
on the other hed  (1E_l, :13‘@ e -
T 2 4 Unon PPYOK- < S0C o
= 2 fig Flmon )
= - _ 2
Gt (X, > .'%_El_t’_”_l -=>n><“0 > Ftmn)

2
prodel mn) < T2l

TS Yesylt (omps From
Denotie, For  most larf)e tnder defermined g-j319"15 «f Gy efmib"g‘
The mindmall Ly—homm  Solution s elso the cparsect <olyhibn-
$"=MPfi‘ffi‘(‘£t"h‘°"-" Bj Je 4Ty 3
Zherg.on. ooy of omprossie: SBhg . bie T ik
Shaple detrgtion S+ <ktensions -




And By S vi

Extongrons  Of thhs Thme

@ Othy,  wys o select A

@ oS Twe Seyrces ef shor b FmPrcsgeve 9@49@
~ What N Qyna[ X 1o he TeEvered s Aot Spaise bt
ahlj appgerJrelj Sparse -
— Whet i mersvrements gy appreximate .
Several papors . the Yield hare Afvcused o porrti) oSt
Prfovimg tren .

pp- X eCV 7 defve phe  disoete forier hansefom CopT)

3 |

A&‘te : HQCN v ©, -~ A~ \_
Aote Thet this s L}ne@r, Je

V= P X Wheve @ :—'@N){M i é}j
_ art kb
@);l =€ ' /R
Thm: D~ Uu"fn}g/., @H_@::_]'_.

N

Um\"bsry <. q qenera [N aafrcn G—f orﬁh(?onq[ .

q)i—\*we&ms (ongate. Panspse of- P . Also ceneted 37
PR C@H)kl = C%‘ikl/v —

Thas o Y= X ad 2=8"%y

M S Ve =
%L-_],TIRZI ﬁb‘w‘dh:,‘,‘{%e
=g = J=o




7

j'3_

N~y ~ & ~2wijk g, entkly K
= S T T My
N—l T ~3
Ga) = F ikl
l=¢
| N
Remt s> b CS AR
bzo ~
AN L N
= (G'zm([—j)/v) o | Pov-ded L%
ALY | e ’
e —
_f\r\ | AN
Afn\f:‘}: Bo T go ? = X
‘ T sz‘o N 4 4=) 1
Se £ so @H@ =L .
Ne: @H kil (Tverse PET D 8 IPETT.

R e auhhcrs - +he &) M PFT ana V) e
L L R - f ;\4 rFYD“-[’-O-F DPT oy 7& Wy F
Often wrie g x AS .2 ) )
Gten SuLsc;h‘p"r YW offe wwften X
&Ppasij_ 7L s W Toepalypins Bl
ve tone S¥nal e
1)0 n\;: L ﬁzh-tjw"? A ze. S“‘“’Ph\nj e 'thC ZUE t

it evely smeed s -
This X s aited &Y pure Tone”
TJan (5 2c09.

TAST FourteR

GJ\V@P ze C,V
say A=l

quﬂgw@tm " (o viey—~ ‘TVkE’-Y
s v power e 2. '
Can CoMPVT@ i‘l % O(Ntaﬂ N
Obviews  algovyy,,, v M"H‘\P{f‘lﬂ d x

\wcvld _ y#gw{@

- Anthmetic Cp<

O (/”VQ ) O/DS




Q-\/\iw
(D REcwYsvel, A‘pply FRT o %, X2, 2
© %t g (T

N/ x v
PRT ip @ 2*M2
XNQ)

TG the tesu)e Vo Vs VTS,
® Yb({uy«;\/e[ appl to xl \ig,mu Xf\/_.i ¢
- ij. e Tealthe resie Wy~ Wi
D&S\ \/ oy P — gl ‘UTfJ K/
2 - f A7 “
| k= A e OB

Mo~
i > kA )
\’V o Z T
i
ORS< jk_: (1—.;./\7 j?" e-.tﬂ‘nh//vx)\
_ f‘f': 42T k/ = %’,:' - 43 T bk N
= = 3 & L e T+
N =g 7(2] I—i 2
5 =; REAES

/ =) SR VEENTE 5 973
R \é(k""/z)"f‘ Jo W2(kﬁ,f\_/)+\ e T
o We heeg tuwe Yecurshve i 4 FET, Tach W itth
MRS PUS Ow) OPS B eewr Y e Vad b

: ( W e ctov
se (<t TWw) = ol & i tpeTions feor T On (&7‘&‘/1"5’
Chtas, Zhepua ey

T CA/) < ZT-'C v ) B const. A/ o < Sc-{VTnan

TC’V) S[Qﬁs -{—Nf@jj A/

1 L
T compressive. Sonsivg (usifor A chosen To he partia
' o P Ve S61 : ;
Fou*n\e»r _%F“\qm;’ re. 4 ﬁvkhqw,\x ('é‘g]\s—h\ﬁ o)f_mmgof ‘@

Twe ﬁT‘)UPS k’"ﬁ'\ ﬂ—}_; _the i
Glipert et .q(,

= -




 ZeYe el
/&3‘ o e e“ g AT

Sdppoge QS CW i< SPmrge , lan we c’efwhq.l,,e ? f)S}\ﬁ
Foorder <tmnsSerm & X .

™M ¥ Dot fedor . samples oF XD

Semples Chgson at~ Vandom )
(@rde's Rawk'® f TAe, pid dual  Glesne,

@f\\vﬂn )\(—} et ¥y sprse. (a, You defﬁﬂmir@ X kpoy,

_ - A
Sowme C }’qn&n SC\C‘Q’“M ) B‘f &ﬁl\es O.{. b3

30 Sllert st al werk, H

5 a Mnc[w[? seleced  Ser of YOWS & P

dn G R~T A ‘g  Yap demiy Fe}ecfed You.c cd/ i ,

Ln heth (s Wwe wagnt 2 %"g’e* Se{vTae o
Ak

The @@rffw% w @ <. @H s A (b,l@fvar‘rml iﬂﬂt}’?hq'{“\‘(a!lg/.
Rot  other aspects of the [porc Qe M (oL opente .
© GT“Mb. -FW 90@13 SPMS@ 2@ - thore s ¢ Auyh Pmlmla‘fi@ oy~
C))ol‘(es O‘_f* Yandomed ien § the ce,ycm‘thm ¢ which yous O—F@H T

celeck ) tan Ye Cover '>(<\ s TR T SWWMagr. Byt "F"”c'Wed 47
Q Candes 1140 .

i Q random subse{"”](— Yows of- G s cofected witth h\j}\ pm],.
yol{ oy Yewver '(\f _me Alg ; «FWEV@VJ QPche X
C one Jor atl )

.‘19

(-RT we (4"“ Wiat i ation -
Galhort wses g specmli"bai a(jm‘fﬁm gf‘emhyi) WCosnectod o
OPf‘\"“\QR’th
Golhoet  abjoviphm  vorny Fast-
Grl ‘)9{'1‘:‘ ; %55 TPopp - e s+ e-FcUn‘GT Sqm?[(\hj A "t""to”\”l\ql :

Q“\Lb%, MWuth o Lyshten -
L.\waeq T e s o hm: va };1: \\::ivq%}-a - ,[’_‘oww Ve pre SHiToty

ﬁ"\‘“ﬁf‘i‘, ~ = JVD‘(IC . Mythe ke T g gy, SHRUK .
Mear gpfimgl  SPArse  ourier Yepreserftatien Uia Qmﬁ"‘rﬁ ~




Key og Arply DRT fo & shat  Sthsepmge  of evenly cpaced
satmes  of x wifh Mndml} Chesey Spacing. (.

PoT R ke P o Say. (ontams

oy o Pegecies . Wi,

S0 § (We)Fco. h=l, .o m Kiw)=o elbe .

A‘SSWV\@, JAVE - ‘PCMW o 2 . Chowse 4 an d K dﬁ‘,l“@rm&l‘s‘l"\‘m”'j
Cmore [afor ) Choose ey (13 vooe gurd unfomly gFandlen
Le+ - :

\C’L = XL._I_ LG Chhc‘d”) FUY LCOJ~-~~ k_-l
Tdeq Mm< k <</
Ompute _ 2

ple - Dpr v ‘S scat| I c @K . (vee FRT)

O.Bf t* o == i (\ N 2;"‘\ VAT
CJ—PPP, ZLere Forms o{”oPPeq)

H%(e ' il
ELW 7 "}L;, Q[w&)ezfﬁw& (Lo 4, [0, e,
Hengo 2(@) [ =l S
- = = © =2y [ :
e Tiew L € E(L
== s ST ami gy Bty
Jar =1 i=o ~C S Ixewy)
\———\[ p—
%)
- e Bt J,
= 3 emiWaba (o — B L
l=¢ il
— ezs_‘t Wy '5/4/' veCkUWU/thJ._)_

e"’ﬁ\} ( G Wuyy -—-}/J/K)

5 Dehomim'fd)’ Cbee fo =eyo s

Cupy /iy & SHe Cosged i)

Suppose. %,w“* EJA_/‘: Plafs (le s 4}_4_\4_.‘4¢_,~
A

e




=

P—T"\j@ Uy hoye

Y
‘*ﬁw & WVH‘I‘P!“MTMM ‘37 O Gnd Thon ’&Ll‘uj "“"9{ / 3_

Uvstors  woyl  be  Gacken P and

well  esparated - -
iok v %fs C O\ o S e Tha - (ome C'[csefe Q

tr_%[c 3 tan detect these  bElUSE g\(_tp) wit blew up -

O Wiy valves. Wil | he

W40 vewwor wy o wy, $ron,  This o formation.
Second  Mder. o Gelbad etal 5 R4 ft-es{-t,,j"
any ']\[r"e?@{ b He yange 0, cen 2 P ay he weiten Q¢ a
wpienre  of P bl\nmj the s T amtled #!‘TS)
P Uy, mwrife ~why —as = dpuw d,

hog vepresertation of Wy !
To v{t‘,“i‘@nw‘ae, 0!.01 C&ooS«e Y& st _

Z ‘ﬁ/\(w
Brern  ahoye  depioa tior - ) LargR
A
. e ___L__ r\ :
) <35 X Wy

T Seme )) Sﬁ?’ﬁb,(}ﬂ@_‘@é&}fe( MWeyed .
et ko Wy —F) :

—|

27 L0 Wy~ )
New  Repest . pavth

’ ‘-
EL? & af@‘f‘ LG Gy ) LS00 il
B) Same amj’yﬂg; |
: 27?%5/ 27-‘% i /
ELP) = fm( m.,%}@ T2, o 1  Wip /A

| F Rl owe e
the alperithn checks whethor €4 e

< Zg)
st I 1 :
K’Th\‘{; ‘Jt*a‘f@m%nﬂ .ﬁ'e ;wq\‘_ ) ,/% Q{ WJ) \g[(P/

Thig wirl il &f "g((;)) \e (q»ye ’Lﬁ‘rqn/se, >”/k s close To

valves of G vy .
Repeat e same Tl W‘%/l, _ | :
biajy btV -~ T rewver all “pac of
al| Ww,'¢ -

Qe 251 Wy L//\/ .




Fan 20, .)_ocq - ) . #Mgf&rm
Gralhwe Algo ¥ithm (;/@N . =R

Given @ Symly se X s Spuse
Cer Apmxiwagly )

el «.&) PR A s8] pyber of ories o x to defmhe g
Slect @ subseguane of pally Spaced e of X, sqi
X(L+‘L ) hed N (/‘:C/*—' k‘"’

senQip=h <

‘ =1
[1‘(( ‘t}ns S‘vk SCTVW,(@ ‘g 5 } — gt;-’ COMPVT{‘ g LGC &, 1»0]""

wlg *h O, I_) v k\{ | ' |
2 o owy st ¢ (@) s e, Nxe ¥s are ST

SR M Wl e e e peethis by
Which S 1s  honzerc .

UShy Wt —tectug yepeat this Calevlation v ohffora® walies of b
Gn  dtepane bots of W
~Thes Procedire {qi‘ls S Cheice ot v U”[UCL\;.

SWan sy

— 2 () — B fs ae |, pit fethg Falc

"r]\ae{w} PRocedyve i< L. repeA’IH “+o  InCkge Imo" o SueC eSS
Onee Wo o U=t~ M Fund, ne@a' addi"h\pml F')'m(jtdwe to
detormvre L (W, ) Qpw,, )

Sliort e al Yo thee  esEhwate

spprce Bt Hoe Susts @ guod - opprexdotion R 4o s

iRy, (R 11,

, ([t &= R N
Suppese @ erx’cel, =l

STk RS e e o) KR
The, A Ops = (o (== - C2 =
(9 Gf ) %y Clyam® () )™

LMIzN s Checls_ E’
Y each W




S‘tronj @MP‘,@%!\V@_ Q&sc\ngf YOU select 4 MM’)thj cfﬁra"fﬁ’t’ 0'1(9,((?
ctlmo o aw Cotce  Werks  pueph hiy pebabtlts . The e jneatorens
%e sccessflly  Yeovered  ©Xactly  sparse S et - F
Weal Comfiie ssive 96&4\-\7 y Mor <ach 9Par;e QymL, almo < £ every

"Meawiemcd: Opsater Yewovers of . cthdes, Vombae , Tz0 .

Thm: Let VV be @ %andom 15'(‘,}10.;9,, k y%)‘éb?rt ttal . -
Thon Witk preh. (e Chote of V) e g, Sbpere SR
The rpl(k, ) s hae

n) dpfpva)dqq'fe ﬁPh@nlml Se rfion Pn\p@r Sth Q:nal[
Jor vu g Vv, I v, 5 4, [\L,];\)[E\‘&_’—lgt/d‘ﬁerm.‘ned )'71’1(.

N

PRy DonoMo , Prszer . SV CStephen Vavasic)
Ql\(ﬁ‘ﬁe V;': y : AQPT‘ .
Yange(B) Vhoe Rephxk M hihofed (Ale)/
i 9 A ho*?wz[[/y ol fed (
Sgve for deosty venllep ) whee  gle %YM, prfo)) )
’?QC‘QP'[",. Sntres .

Reall; A medom variable X hes  pdf. TIX)

5 LV Y Ao hegative Wissvkle I,:ﬂ foxdy= |
Cand  Peh( Xetq.la'J)’Jab“Hx)tix _

mest famgs P Ns fATa, 0%

. . ’2_
NOM\@[ O—} &ﬁl’)ﬁﬁka p}f[ﬂ"ikuﬁo.ﬂ Ufﬁh I/V]e“'[n /Q qn& V@V’h”—ce ﬁ ‘

o i >
has P i E"L M Re?
S &

SP&cA‘al wse M) s pdd ﬁ\ @MX%" for Standord  noymal -
Sfmf with 0 9%3‘9 A e f&h, witl{ SLkaw thq &

Bkl s ik, n7 (1 RR)

nx ke 2
PV sne Ve tage (R)

s chve
By~ Mon)

2 B &R




X rek Mandom . B is
wleg i xij, = )
Cery 1 Thoe s Shpapertraily spall . Pred  that
"Bxils 2 T

Clave ¢4 »
)
Bt Asumoed b hdept. Gassvnc ant) My, MYy Gnd]
Larian (=€ Bl?—»—‘ ()‘hz Ls a{*:'.a 3M$§;‘an wth  megn ,qﬁx,ng_k
Gagl Varigw (e 0'\2"*"'['0‘[5 ' !
Hoh (e Bl )X Qavssiyn WK mean 2ere_ and  lVangnge
XU)’:h»ﬁ-O((L)z:[ Bj 4 seunfytnen ”7(’)2,:")
Ths . Bl ) X = W 7e.))  Thie
Il Byl), =@y oA RTINS
This ts ?C': et boticn Lith Areedem N -
Y—"& h“\s Pd& 7 h/ﬁ"" ""X/L
it_____'_?-——/l
h /2’“
‘o TToeTdt  of 2 oxs pos. fyer
Cll=& )/
Assvma R Cven.. :
This Pob ((1BY if - j% T~k
| HI>M) = )26 In X" e
dwje Voaria bl X = Y= |
- O, T x . D —(Sm)
Tlo)ohs JO \‘ETMJZ - /2‘ d§
- E*M()‘ ],\!N"‘/z"' 3 29 _i‘ §/
S z 2 z- ~s/2
[y 'o = S Mol S £ S
B S A T LN 2V ) ¢ =
e < * ,1‘_.,| e = < st
’——“CC—%}Q& EO M (’;\)s?g d; ¢ E. zu > 1DL'\)D
+

e""N/z n/2~| n i

i

TSI R




~Ml nhd o BNS .
M- 2 -(‘-g*-')m t}ﬂﬁi)

/
=2 " B |
D, T2 .2 M LSS N
M* - 2¢ M3T40% ( =)+ mE T (@ )2
T"IQ rq e C‘f{‘ f@(bndfb Vs torm
~2 2 :

S Tl

Y
T,'(-e,'l_) zﬂ/l 'G‘:o

— —

n
< i N
Mz La =) Sl

—

P
%\:"-\‘ S ki W

v
Udie —3vd feo 2nd . . . - 2[’%“?—)

(K% Y
TF M2 2y Then Q[ these Yatiwos dre <

’Z}‘ this @Se , LTI I &ounded ‘l_)j 'f'k/l"fe +i‘r$‘k _fBYM .

< e"-l'\'l/?_ i

TR R™:

/

h oy

2= , 2 #&” L )
the m=sn  Thn PCBKILSM) s S 4ian)>

leg of Puts = ~4n— (eq( 2 L
- LQ:) e 2 log 2 thg4t %%"JJ(Ljn#g&
Clogeda)y = &g & =L Stiv ey |
5 = 0 Clegn ) i

< VN

—

=~ T4l DL

STt o e b2 1gs it O (lgn)
‘ . = =~ {oast. ) ([c n)
“Thes b t 0 J
Pm ( [lBX [lzlZ > i ) =< e~ Cn (mc{v(z’e’( C{;U'M o

C(CU\H - EKPC’\@\TMLH SymL[ Frob\ thet
Peef sy Byo)xa M, ) [ B )I)X ] fellows the ha lf—

normal ok dsErihyiygy,
.

\




— Jan 21, 2ce9
Ractss  meun A3, Variae = -7 :

Thus € dlforpetive Vorswn of K@Y Theors, )
AT e o et Closn  af= Yandom .
Thon W Prob 2(~p th,n) VY eV
v 2, ckon) ity
Peef : choose R cpmR "MTX af pc,,d%vcm’@(‘fg)

S X IR g, Ceformiy e )
o 2 PobC BX 2 > gh) 5 g2
s

Yandten
Yetury o prof o sopPese ke Al=en > 2.
Then Obtay for sqf. lge n, E
Clan 19 prob g xij;os. 2n) < o o g T4)
(e jonan L )
Recll Stategy of proof = 1= show that lory o bhely That
(BN, 1 e?;\vqe

il BYA s small ’ -
Cladm2 > Brpopentaily Smail prebahbility |, Byt 1} R®)), S qan

B(i,s ) x  Rlws the [ — horiae dvctri bvtien -
5 PPF[r J%@w)&/l X20
V)

X <o

Peb CUBXIb <) = pob ¢ iBCl):)xI+—~+~\Btm=)?—‘\ sen)
let @ ke Py 1/ K206
w‘ { ] X'<C

= pro,_l) ( Cn= | BCF),:);)SI = = =By )X ];9)

= & (@(qﬂ“ fBu,.:))s\h*—“"IB(@*)JU)
BE™ sFan Bir) s h* wx  vho

SE CmPF,(‘Cn—— (R, :)3l—-~--~[3(ﬁ)*)l,))

& Lop 4~ 180,00) — eple-IB sz ox ()




v B

FAT ®(x¢)= EW EQY) 15 xA4Y
LA (ENTYORN M

=]

S*e(;ecf ane {*Cﬁm
& Comp (h (2~ [BIDHOI)))

A Thnhood- His as @ vandom Variable follud half-
llcvm[ d%\f‘eﬂi )qu-lon

“j SPCAE=1) ) He at ) f]%ex‘/l t3c

G ~+<C

= Ye —%&PCHQ)’ &KPUR -t)) .é’tz/a dt

&m; on ﬁ\JS
I, VP (ht-1%) g+

Dg Cﬁqufe eﬂj\ W‘bh‘ﬁj:i(‘; = x%
Asile : e"fC (g) = “ & )g?-/é‘., = [ ~UtefR
+tevaze s J0\ AX j‘e e \8 .
Rt exB"—‘-(*“z ) = | X e"u};zua. —qZOLL/
& - tonst - o -

Lt t=uBh , ¢, dus at/m

Q- nst o
ﬂcl —f esde

e/
herce s - E (o h{a~Itre,: % s e )‘“"“5“"—
o P (ke

z ~L
TRhe hn 3 Sttt explhg) = e

Ths B (- L R
T'\tgg n
j>( I\B)(H' £4n) \‘(Gnsf.q,)




Cladn 3 rmb CHBALY 24n ) separortrally Shail -
Usb\j Berna stemn @nQLyS\\S .
Peb C syl 340 ) €% wiere

S _.___.‘;:- ™ .
= 5 Gﬂphhfc)f, Cp (ht- 12 )dt

P 2o
Jo o Uht~% jae < ] e i~ 1% ) dt
U= £-4h = du=dt
ht-t24 = = W

—ht - 2 —
= E’; e /Lwe UA—dU = (msf. © ir\/?_
The e Const: -+ € (;_,,2_1“ hg )
Fake k=g
I tensk R (‘qz/z )
Thus . |
Preb- Cliaxt) 2q5) s M/ Mamst
Llet Sk"l L

B? “The ‘L‘”d\\q 2 —herm tnit QP})Q@ (fji\jﬁn IR -
Lo {owemh « OBl

A Wc‘j‘\”j hoat s Q se T of 7‘30}‘"‘15

§ Xy ) st V;‘jegb", Iy ew Stoir=xlys

dqhv\ﬂ" ¥ Theve s ¢ g-—'ylet P e "
Pt n S wrth ot mest (it §)

Gdd y Ux~xtth>8 v x
C Alyveady i W .

&‘@P when No svc h X {qn be '}OU"& -
i +
When P‘UC@Cf,UTQ S‘(hp;f w is a -~ &=Met. 1t het, =1 3GS}L ',g‘ﬁ .




UPvn Comp Igh‘cﬂ/ "u{ ){1‘,)% Avre C{\‘f'h\nct pomts um W

Thon UAL" XUl > 8, This. B, dh) e B (%, A )
Qe disjerat . Where e T ~‘~~*”7(’/t/ﬁ
Gng B A, r) h\em\s ball o vadivs ¥ about X,

EWCHQm \ (
Rt Hese N heils eq U@ “"3""@ BALo- l+~%) Snie
VX =l oy 1,
TS B xn)s g vk
Xep®
Thus Vol ¢ B(xl:%“}_”_' Wl C B XN, 8)) EwlCBFQ,Hg/Z))
—_
NCte)® s o )k
= Nxg (& Y‘)k .. ORs: prof does net TSpUTE
CUCL\‘C\WH /

Clam &, Appl_nj nbn  ®uw  fr clatm 1,2, 3.
et Xy, Xy € §h'~‘
a) pob CUR XtU3 > ¢n) s Ne
for seme 1

h(bj%”i)_

.. .
ok LB Xl $24 ) dor _some Xe 3 A Comst-4)
\ and(‘mf\ hefe-"

‘ € st 2-(mstin
c) ok ( u@,y.,li[ /‘En ) o Ceme 1) < ANe

Claw 6 VStuyse 0%~ %y Y} govm @ $-—net. ,{;"Z —
vxest g, awy B o Bxillg < r~3 i 18Kl

'y Tey2 T=], i
Pcof wrtte % as q, W funfe Lihmatitu ' =2

Ruad 3 9'+. (1 %~ %o ||\<§ S

/
Bod # u et Y= Xe Ay .
"(”2




Tj&!\lq'/ 2¢ -
K~Dd  Cit cmare OF iRh.
P, VA Panhom S Hing vaspt{rfs 0y
Then with Prh > (= nCk, b vve V
vl 2 o (n ) 1ivily
Cae 5 Conien bpund) (8 N X e By 5 Then
@ Db gty >F for ox® § s
N@‘;QP( (iCEiff~Q )n)
() Smler for  preb { NBX(H], € €7
I I Bxatl, >dn
CLL\\..,\ 6. gd?P é‘!\‘ g )‘N} Yerm ¢ &- het In  2=horm .
< R VR - S T ol ,
= ) ___l_ u‘ . b3 ;x.
Wesilg =y A B Xp 1
¥ | ANY NORM |
3 Write. X 45 finite Sum  as Jollews
nd o, st i _ .

et ({ = % : Rond 1"‘/ - &\‘,__ X-f/ H < 3‘ (et Yl: X-i"
~Holl, T (3 = "o}
Let & o X=YfixYoll _ < §

W= g | S

ohtam o Unit V?CTQY" appre. It bt of-]: .i\ﬁ)yc;x.

g RernaP2e e res dVe. /remaq ey
P Chock —HX=Yole 3 Rr . |
(\ %e ?G*‘:Ji\\s ok ecch 9 %_;fih e b S=net
: 2
And i ‘Jfl‘.” Sg,j Lo Yo,y 2
B S ,[;ycve The df{i‘w\ .
RNy <R %

=0

= = (189 Auuillo -t vy,

90 =
Yilg < Z 1BY1lL




23

- i *: 1 v i
< X (::va BXllg ) -1 y,1,
S .. < M Al
max o Unygll . CH&S+ .- )
A e N =1 ~ l
for 8
Uty F» Syﬂxse D, = X d T g Sopet. ey
vx © S BRI > bt B % ll - A Ay ”RN)J
/ =1, h ["'i .4
PFe Gnstuct the sme Sepme of Yyl oot C'H 6
Then
By = UB 2 “h!) e IEY. I{ = R e
2 min rlBV\ l) — X ua‘)\ilim C 5+ 3 “—1 |
e Ry -
_ =
Drves "ﬁw Clasw

(o“;ﬂk we  Clavg Te prve Thi.
Proly HBXHI ‘in’fw 9@? ¥R )\ Asde I BK”] S URY
s‘)\) Cll{_i\“ r?- ig hb i
., / = e lnwl]
CTThg cﬁ,‘ least 5 ! Rj Cltu‘m g Wit h
b ek Preh. [_ NCCT ) Y t‘q)( i?:_ ) Preh, - > Ne:?( ‘—t)n
) w2
M l(gxill ;Qﬁ;n Ru IBR)), >0
), W A
ww UBY;l], < 4un Prek 2 n ev\p(~‘i’z”
"‘-]) Q@
| M\)X n(B)l.,ll‘ <o
SO by Clgvm o

iy
h‘c‘?‘esﬂ\ BXU,> i ~ T%qz." with Same ok
o e, Select Qi:‘j’ Qo= t 0. 5}217200,
Tn the (rSe N = ¢ i+ %—- ) oz Const R




© Podded N2 (oast fetlr ~; The decrots g fretors
chi)n G‘KP [“‘l‘),z W2 ) decregse "ﬁ%r Thn N InCreeses |
K% %ﬂ’xnen‘ﬁ\allg Sra(f Proh ~Hgt

hin -
b X,

for  the  <ame VeSO @xlﬁcne‘ﬁ\‘allj Sal P’é’il‘ Tﬁﬁt

Swaller Chan ast~ N

e I e peds Const- T,

xesh
LSe  Unjea tzwr\d st e i oot e
Peidled K> (st Fackr koo o T
tn‘)U‘en""\‘c{lH Saai| ,)'yoj) ( H\P( fensht (f’lsf k))
.-j\.
Tht  1IBX, Sl )

S = ¥ - i R -p_’-—
18X (}> SOt 7 - for An X €S
(‘%qu(o to versien of KG& Thm M 7—/&:\?’5 j%f}')f‘?"
“fh peh G st gtk

2B, — - - = [
— : = 2 fenct '\“Tk Befre M1 2
WRVI,

,_. It s )
Bor. Re . farSmatltonsp -

Resultls  ahovt same  (Except for rasts)
v b very  Sug | Mw Hhm hetfor

Rs b upp‘ra'achfs n, rew Hhy  lees Qﬁemfrh.
|ndes Gnd Tag — Car Optial Synal T%fmvelrﬂ

Glen  Orthoroimal  Basis . @, B, of RY, Sap HaC

| ‘$€‘RN ; LS % the }:’\j‘?ﬂ’e ‘f/P" ball B’F HWS R—]
__ﬂ"‘”‘*“lﬁ“” As e WptR) 2 perstiy gy 6, By
. | Wiy ufg ; % 4 —

5 8y e, T

Erpresc £ tn becx P oD




sofed Into decresg order By miihde =2 -
The Mepulity  (Gpf < ROCTT eds for atl 1

((alled @ pewer law ) P>

— s T,‘ :
T few R) > (I < B R (P anbeles
G- e than | o
b "[ :_7] 20, )
ol @,
Pmﬁ S (R AR g 5/ p- T ; i
BT eI - o, oyt
A

A - [
< (z (RATH)PHYP < 7 iyt 4
(% L s )/Pémlnf‘in)P

, =
Partral  Cnverse - :

t
I cjs.,{fnp SR &
A _
1:?;:191‘ , P S R P < 5
Fv gnven e tomt #oof 1 St 160> A
“This wmber s g PF/)\P
Liplres that | G . :
ples. Bt | 6 RPd+) | <A
SY = LRl rl & pPaR
Se Ao RIF
And prev. 'a‘nf;(l S‘QliS
: —
160 st ™
Th P"ﬁt(‘.’h'C@, For  (epect G C Rrder. Waseet) y
eccoring Srals e e wilplR) o 2 peo, 1)
(\‘\eh\ i)efgi\-P Th W(.‘,’) C R ) ‘\\'\‘PI‘\@'S ﬁ\&‘]t
For fng k=l =N, theve & ¢ jwd k-'[t}frm €stwmate C}j&

[o‘:n».afj

T, |
PE, pamely, (6),-6¢, 0~ 0) permuted o avect
ll His € (+) pesitien -




\"\"

Asde v P<E ™ ¢ “F & =
"

\f—?'”i’
j-lew 3"\%\ [0 {.}\,\g (P))}GXi\n\D hen :) ~
LG - ekH W, =~ =
Jx K}-I ey .
1 ~2z /A A C
( 3y | P ) I R E ~ st “p

Fier!

's‘\'\((‘ @\ G}H(jeml" .
+ . =
15~ &8l < p kT,

L-f 91:* 'Aqs <k W wihrPs o then

ik~ Teym GpPIOX exact YKZ i

Fn 2], 2009, co 767 _ here n @ mhvie
Thy (k] —C,T) Leb W he @ ndom kXN ATA, (k<)
et f hbe o Wlp(R) for sewe gepel, R0
IR
Raie @ o1 for p=f, NI SR
Let ']C”f Sclve Fede - B _%9([‘ g( Wﬁ W'J: N
Thyy  vith Peb > | — C"(f’

X MJH Spatl (\iif}l‘h’vj (Cﬂfﬁn+ p e _S.,‘){(—"Cl /m_\{'
Prcb vy I\u\:(-» o I/v‘, SnE W werks E’ all £ -
143515 G RKFP Choga)* 7=

RE
“-Fe il s RKET G,
S, o pesive  Seshy TetunS Answer Alwsk S ?M' as of yod huew

RoP gnd all te (mdhg etries o @T’f*
’{W{b‘r@d Pr.\mn\-\yt-.s GT C}\LTU‘;’ o& Tar\({cm M”h“t\ﬁ

B \7)

ahere 3s o ) st

PN’MW 1 wup o Um“ﬁfrm Un(otainty Prm(,-P}P
With proh qt lesest [~ -2, - N -7 for qil wele.x) W oclesey
“\+ ¥ n o v N
R Sal Ao o sokets TotL W
L ) i
S ARN . ek < ,T)(WGT!?) < U‘(Wﬁrﬁ")si—;«?
Wiy I) ™ wie, T
Siallest “"'1%"\

Shgu l velveS




- Heje Q?,(-A\) denctes pe ith Q‘ng‘viq.r‘ alve o abix A

P vtef , ‘
Stwular Valves e 'ﬁ‘ﬁe/“j%—vaiues of A'A Li‘rfecf Pn Rn—inCYenshg
Gider .
Sove facts abort  Shgilar velveg. -
@ The oWy Aci™ hio g SVD — 2 mSn, witenas
| A‘"“Q(E\U ) ‘ZT — hxn  orthe-

FAh Tl Cpemm h'srm
6, . S veles. =
Xy Ve -
Sia j’b'if(‘f Ve - U](A ) IS A horm, Dend‘eo\ i) A" or i) Al)?-
. 1 _ N 2= horm
PACT. 1A, = s {11 ARl K, =1]

—L']; A QI'R}“M , men, (bnd\‘hw hvmb&f "f A s Mhe”i to he
GAlgG 1)

N UUF "Lt.\?’l\‘@g T'i‘l+ e\i&’g ‘Tsul\ hﬂ{'ﬁ\;}g
Vvl (Cﬂ(\i"h‘cnt‘d;
PrepuyRr  &RP, &xect RecenStyctes principle
W' has BRP Wwh  Fchr A Mo oratl s Small X >0
oy overy Te fi,-~ A ITI 9 K/ |
0 o R Qi"c\(\}. Q—f- e‘g \ N T ' i b hﬁA ‘)}C‘I)‘{—C Q-P/d
+-0Y Y ‘I : T i{-T}SLSt‘ = s 20 ] / ' W,Pf\/

of Wof apyprite e

Cor detie of W oand T, thee witS & W ERK St
Ww ¢ QERN) eguals S Jerall V& T gnd ARS Valcf
ot of W w  iedered by eowi—T2 ﬁ"f;_g />
“Zhag’ Pocrtresd WP or oy Tist heed fose Spherica ] Secticin
Prpvty . UUP is NCT. presered tf . Repleceq by qw, Whre
G RN Aensinglay « Hewever Pt W GW jpa Mo effect
_ Gn iCmpves;\‘ve. &aqsngv Lhee Campyesme Q@s-xji Aal
T Thes Ce-T) e
O IF Wiy ~NMa 1y, ) N hey Wohes WP dnd ERp
With )= [ij N

N L (W)




[ /J_ with proh A

& 'Lf—‘- w ]“s antries {\i‘d- My = 2[ VJK/ ~ -~

has wup and ERP -
@ Ry W Y‘«nnfwlj chegn et of Fwg of PFT M, W has WO
and ERP wbtch — x= (s iv)‘g
Thl\ ) Restetenpt ot ict)

w chegy  So thet The ndi hus ef uup and € \
Racter Racor 72

And £ € RY as aboe ({QWLP(R),&PLI or | 3T <p )

RJ) he ’-':J

Thon HH!} \C,uR(k/,x)
where 47 sclyes \@""9\} st . We=wi
tnd X= RAXTA 2y ) .

F‘“CM NCw Cn

Lemma (3-1) Scib‘,)('}&e it W has ERP.  and svpp "L"_(;_’r._

€ Sepet(L e IT)s XK/
Then  wWith ik, "C‘“(P N"‘P/"( Solvtien i’\ to w9l st
rrbvﬁ+l—= IVEES w{- Satis i
%ﬁ[ﬁl < 4[th,
poof = Assume T vahd fr- &RPp
(4n {4\«\(} \NQIEK S ) i
P<W'w  Then P =Sgn ()} wvrerT NPTLs s
(%) p = () Ww = SThlw = ( ’%1—”1’.
Stha(e b\&‘:Wf'
CARE DT T 2hhi),
=%P

Ua - the Cthey l\"'&

{G)M<{{:T 1 ri e '




;‘:)'3\

T . e bl
USs
= -’y- +* -~ *l
11-:1 \“\‘ ) IR '\‘2_ I{]"
~—
B!
S TR S £ R S PR L
N % g YT
Ryt "Alse | ‘jS_')f'i\mr&‘i"l'\!p.-‘ + M Opg-Png,
= VIS, A,
i {ci) h1) ==
pEIRD) & - =z " [ > /{xg’{)' hy),

= —E .
= < +uh)
Ltk\mq St‘va "H\qf‘ H— _"E Shall ch @ Corbmin  Set C"f entr S

-

Clet, 1§ +@WL{>(R) 7 has @ sl Peperty
Sippse € W (R) 'r dexes  The [T lagese enbies. of £
wrde  J =4+ h -

U\
Sbﬂl,'!'fﬁ? e T

b 2. 100‘? &
ISV [&s L}S EP‘P ol ’g'u't‘}\ st S9pp (=l

Pl < ak/x,  Thon with high pml - CN P/
min (L9, St Wo= wf  sghiefres
T | < auh,
\(%p‘em&‘{' e-i- T.
IF Se wh (B) quf T tadexes  The [T lagest oxdnes
(™ aghi tvde ) o £ The,

LN
Spprted o SPPrted en T

Sperted 0, =




ESTimATR © ﬂhﬂ, < R[‘r}h% CP

G X i j o
: Oh’}nmﬂ @2)‘%%)}”1‘& P(T’ ’% CP Roy H\'}?—H_’
v Largest it of 4% Alngs€ SRys T wha (R )

> Byl =~
e _(L&T)”l S fE,
| Ghe his o lﬁwmq< % S
Lot gy tden the  my SR ITITRG -
‘q"]ﬁst___arfri‘es of 4%
Sy m>2T) B G NAT | > e
5 ogp :
I 57 e sl > Q=m0 (E™) | 217) V&7 ]
. . L bt
%, a5l < 1£5T 1 < <R ITIT TG

~4
(owbve  egualttes (), [ s4R T 7 Cp
Thw (3:1) s W sahisfes the UVP T negvalires .

Thon Mo STo A3} o}/ and Al G IR
There wast ~P”¢

LT T
SR 3 A
® 3wep® st. Wiw = g ot .
X3 N - I
O For o } r:f (& J”Z\RC(JTU\k/A ”{”2

As\\it\‘ E{C‘ts ) g\\yulmr vales o.ll ATA Gy

SQuares of sy 3ul¢tY valves of A . = |
QL Ak spwe Mlrbble They Swvhr e of Alwve
_7eCp proge s G M s AN

V7 T
TQLQ _gﬁft: %}T) (W(Q)T))\, _rE
@ ks W(:'

T Olycus
C
P3‘0 Vt ® v ’

-~ ~)
F70T) = WO T Wiy T weT e )
= &




i 5@ cf | Fyst sewpp. (Bl K/
“Then W, < 3|</22v ¢ BY wp )
i J
0 5%, = W B )T M weem'wey,Ty) - FIL

U WCSE D el H(we ™Twe T )

< Moy Rkgv  ayp )
& 3l

Con 5 dor L‘“’f{er E . svpp. 8F. L) s

E=8UBU--- UEL . vhee | oy fawk X o fortbb

Dy sjenct pqrh"hbnl LE T3tk
—(..
4 Y%) u}: (1§ ey (], = - ] 5% e s
S 9B - Fayl

= qUS, s
e, € 21T 1),

L= 4 Visl ks ] SAw fEl/(dk[)\r

Prws (3) . o
Prof of Thn (h2) o WP UE =450, € G RCks) T T
let T be the tadiges ¢ the /A (-qyﬁes{: entriesS .
of A and T, Same qor £ 40 letr= o
o dkp ST S 2 XK/
15&) = 1, < 1 $&l +0 475)),
S N+ T,
S o L - e D

: APPIf} te tThe
ety R) fst | T, |ever
2 anbies of T

a—
o

QT

Use




. S A e VNS AL 1
= < TR S X g P et s AR maxt
Pe— <J s T | )

Al HS(T) - Tl s ’“'\XHIHX\\N

~ls
< LS AN RT [l j Nk PQP
= M £T)- T o
New we myst [ons\\c{er
=it~
Apply Thim (3. () “chl g=Ww st
for teT, 9»1\_—":"5\(“ ’F{—* and
: 2 T )
‘RE os‘ ¢ 'ZE ($:~%7) A
Jor all B CT

| St . [g] s ®k/A
OBS 1 (’~f__,.;"<‘)‘1'3 - g WTw = O
Rem|| wA =wi

Se % (“1\‘5{:‘\) L]i g ~% (??I\h ‘F;\\) 91\ ('1-—,')
P S
= 1 "F(T)”z_

£ [“7 chetee of G- -
=l = RUR--B
Partttion. F e Blecks of  sive [T], sy f‘;‘| B.UB, [
(Bol=s==tBr=t } = ATbs o et

B (entang dies 06T whive (“?1\--{\."‘[ largrst
%[ Bat  next [M(TPSJC -

oy A= @) S Cocvd\y - Sevarz .

2 h-F0) % S 1 H0B) =5 Bl 3B

1eBy
£ oC LAy (R R WAL

Remil - J[ N [2\ I\\(ﬂ “Xll@ car{ Thie j"fk




" e o _ 33,
To & 18~ F B [ I 7} S C{T(*’%"?L ?

SAme Veasen @s da 1T Recrof pecft — e sitvies
xchded .
Fov A2
T S TRT M S )=l a < T Sellest sitvy of

£ -0
‘g_]rﬂ, n*-‘f*(BM..i)w-:—F"{( Bﬁf«j)”' (B'\f-l) F(Bq-))
_-‘—h-—____‘__-_'-_
The Sum ©f T€ T IT)
Z Ut =3 S (419,

€T

C
¢
<+
¥
4+
*
T
Ji
.

TS I MR- FE ) ¢ 2= ool

<)

-
= b

== ?‘éf HWehd v s Qv

D‘ui wto ()
| = < e e e
”’\:(T'“’E (T)[lz L C 1| M‘Z
\H(‘r)-—{"‘“ﬁ”lz < cop| R-F  Ohde hy thes

7

Feh 5, 2x9 .

Ehplz\[i“e (l’k’ﬁ“/r M\ﬂ‘\cfk) (g;\ﬁ"h(/(‘,'[‘fcn Q,,:F G}Mpyggﬁ/e I’eﬂ,gl\y W’-ﬁ?\)(
Wi\; Qﬂ:’\‘ts\f‘ lorstrocfion  © For gse tn @ devigr,  bandoms

cheive might  hot be gmc\‘qﬁ/ AC €Ay way fo Ve,y.‘«,(_y uvp or
k&G,  prepsrhes.

P‘V?W““\L bR,  RAZBope o Alvest . Eucliden erbs,mreﬁ s

/
Vig & -
% X panler Cedes




Many “Heviom
Rral N 3% (30 g¢ pvox/

© o e ot @ A VRN st

A (v)= (=) and for vyeV -iof,

vt

s-l 'el
> 5N
CioglﬁjA/

tvil»

| [C(}‘ Iej v
T hest Pe*SYie  pentwngtor

K&

'S | & [031‘\/

R oy Y e Faster Ban lga, Lt e
Sowly 4, NE fop g © o0

P?qul*\“‘i‘@ 97&’3’1
G=(VLVe, & ) say G is (a,n,pd) RIAT veplar
Vi %

R
o < f I ]=M. WV |=m max g v) vl § €d
a o

= d(“J(\/)c(ﬂ \‘/V@VR

Bd4es have ode md W B, , And Fe oblor i‘nVR

Ror « 7“‘?" bWowhich Vs dhe verehiies
M Scv 4 wre Cis)= t‘ 'l\/@t‘(ﬂak‘viﬁ“ (rflS”B
The Spassion profile of @V Ve, € ) ts defued by

ANA(m) = h\mf ITCH)| s sev, |'s}>,;,\j

— Al2)=2

. N | &
Lemma (23) Give, a _Mr hPMHfG gr«zph ,5{-[7 N rodpg £y
Vi, N onedes Vi o Heg =D o left. pegrsd o righf .

N .
(ﬂn (o.\gi—yucb (/V/ n o, D/, d) \,,t?}“—{ -._Y-E7V{qr fﬂapk Gf_




39

St s 2 'y -

PR: Lot dS Ave pepee o Rigit 7"“%"‘““/;%;7.
( Q‘.})‘Wﬁf‘j Deﬂ‘ﬁ"rhi\m‘rh‘c) "R
‘sPl‘\1~ gach nede’ Pa Vi iwio ’“V[‘HF‘? redes ok Wi

dejree exactly
q;wep{‘ posstly  the st :

0nG

Now  ssert e_t‘?fg 01 At o rqige te nodes [ n of st.)

of dejee < d an 4o nght “to degree  @ractly d

Tl kb e onods g g v
= New mo,g\@) K z (r dﬁﬂ(v%j 7 =~ | )
= VeWp
S\ 7. des (v/) A
Vavy
= 2 dmyv I '
verg O )/FZ deyiv ) ] S
= ‘[Vizl

Shews h’ S 2% ;

N ‘
At mesk n\"m(\fs havo df_q <-d s Sov ' H @d}fﬁg o he
Cidclﬁ&_ 1o a he New \fa veyular = fﬂl‘“’)n

QN T f‘_ﬁﬂ_[z) n = Z dgrj(jv) =T Wﬂyi‘w( edyes.
VeVp [ vy) Vevp

so  Fof OThil\al -Q&ges = D-N |
So dictribfe e end pents  of Aew Qc’ge,( N{f‘fﬁﬂm\‘ﬂff‘f‘l'mﬂ)’ bt

M’)ﬁmlﬁ\l% 0 fhat ook nede 0 VL yet at mest & (D
hew edjes | S how < b/ S v

Tha (23) ¢ Rpmbor  theoretic  Pesult) (on strvttion 6t Qx/mder
Wik AL 9(.,0‘5 pr U.F‘\{e ‘*Fﬁ“r Sl im )

There  enpfs '/'“\/E?(Sq/ §o>o st. Fetlews vrve

Let P bhe q P, (onsader G}'P:[I/L, Vi, £ ) pefmed s fellas

Vst i) V=t R )
(v ) =p? Vo |= 4fi7




& (omect< (‘?lpr) "["o CI, q) ('?_,I')) cg,C) GU\C'
(4" ) (‘"\H"C)}\\o:ii))
for A \ab.c) B [‘0) . P‘”j :

J/[M) 3 hin [Pe"ci) MVTF{G)

Thy (%) Thwe s 4 t‘}(P)\‘Ci‘t_ (A, 0, 8, (Gn%-{\;ys) riylt l'efvla-r W!{
R

AS%‘&& A COI\SHVCT"W a\.\n L%MMQ 1"3 do(“S h0+ dﬁ@ﬂﬁe /\\.('ﬂ)
For any .

PR, let Phe e Sigllect P"?\ME“ i P;:}/\/ (chesh )
Ao te - huimber "H\%Gy Ract -

N s ps2aa Costwet op AS i Thw 2T
Delete Ga  qrbMary Set of pf’;/v nodes cq et Yreldng H

SQ, ﬁ\‘l{' ‘ﬁ* !H_S v V@Y‘hﬂ;‘s on ‘P]['f, 4P oA h\jh‘f“
N T Re®lr of b 4
- : ~ noht yesulnr

- Apply 2.3 To vhtan (A,n, %, a) 7 > ijA

D'f‘j d"*‘\‘,/vy‘g ghovt efva( +o :\2 Same (or bettor /

N\
Thw 226 - Clore conglitated hvmber heaeti (. onstructicn )

Better dor levgor valve m)

There znists Ql\P[m\{- (A, 4, (onst: Q) E\upcm.'*‘:‘( ~I-°’r‘

every o > ¢ and Azd sE

N ()2 .
| | L“‘("‘é‘fﬁ“‘ ) 2V )
D?S“{‘Whon G'Y‘ @ 9\/{05?{[@ VC.,R% i d"f’"f"ng!' L’)
ALY )= —

l‘n’% “—‘-{l\l :
V & V-1of <l




~ k&G ays ofor Talw VO OF Dim i H.

- dostortinn of V. |

QFTE‘L\C{ 3 Say VQ[R" Kt @ S‘.Pf’edff orr-jl €t 2) P dror

QVQ’J Sc {i)xnnj <t . ‘3)€ {;/ for @Wg Eev

W) 1, > £y
X (an net he Contentafed " o Small #«f-

r—

e, f-ﬂrqe entrieg o
Po ‘3|“h‘cﬂs‘ ,
T (2. ) (4} 'Z—F V. has s.Prmfﬁ CT‘, € ) Then

' =
- A(U) ] E 4 \
() 1§ V has distotiy A, Then Ut ks o spread of-
g
(%, %)
PR Maghe heme iyer k.
g Vs (t,7,.£ ) ~spread  (F<T) i

P [ XSl 32 4iya e
S < gy ‘ Setl)~n] W)
Isl< T [slst
Ctie) -spred = t2) —spad
= (L +, <) _~5‘|weztal — ellow yel nuahrs -
‘ ) /

(R, t,8) and Yo RN with spread  CEj, T2, )
Then XinY, st t2, €% )"Q()rm&-
Fﬁh e, ZOC? 5 Cf’ 76‘? (CM'WE’S"S‘\V@ Séﬂ":‘-\ .3:1_




-1~ ~

Ornect®e  on g . TheOrew. .

%E'l'--. %@. ('_F._{]:X)
T%’T
Z (hof)) %< iy 8B =4 R 74 B
1eBy «
s X4 ) ~ ¥ Ik

7y sovsee denvations (41> shld be “{‘m"ﬁ(ﬂ L

At Stont Ff PN"}
Upper hovad  on U“f\‘)nl % Ass""‘lﬁ‘“"

o T, = ﬂ.{ [—r)“‘ ﬁ) Lemina 2. l
ST By el 22

Thw 3-2. (Ctdi\vj Wm,k) i\C’Y Ail PCQ “11‘)'\?1’3 1o T P 's a
Pewer ’f‘ 4, and s ke, Thee QK’C?

Riste an % ’)'}‘(‘ Pt
hxd hatr1PK A <t .
O ach ety of A 45 Hifp  sc ek
| AC )N, =1 ¥ "
2D Frau }y sty [A(:,j)f,q(c”f)[ S¥iin
O T
| 4'| < ]
6‘#}%}((4) d
Lemng B-) 7 ppose Aep? s gjves
i B\ |/
W I LR T RIRLS. § el SR ) WIERTY: ol %
AT, 1, =) W |
The, il (4) " (5h ,;,:h) —spead .
et SUP. eyt fs) S5
i Consndoy = A( g)T.A\(c,g PR
Se G is an Tt spametric . Semi defnfe




43
Hf”LH\"'r Q(JN."S) ~ [ Vi2 o9, el “'\fﬂ l@fj;j,)'ét
CwyeysEs 3%y o ¢
<7
=1 + '-P and IL,U(J\-,T)/)’S"C' ¥s.)

= [ Ple 3+T = (W, st Al 2yyom vales of ¢
,l\\e Th [,\ﬁ-/-t"tj == 2l Qgﬁhwlws 0—} @ e,
Cl-tt, +tT] “"""> Stuglor Velies o} AC?,<) lie i
(&, meea- (f‘wfwe o LU P
= +
TWRT 045, 5)yip> T Ny
By Yoneef £ ArtTz Jis
IS{(E_LL.
_C}\coge %x € il MJF {QJ - -
J A €2 48D (8 )
=

AX =0 D Ar,s) X6
(g},ﬂ ﬁ;ne | Wit -PYe‘v’l !‘m‘?t
A sy 2 5 1Ix@)l)

NN

-

< LAY )g)l‘_;\‘ﬁg)ﬂz
N |[4§lzfl KG)”“Z-

(GMkhe \ 7‘@)'12 Sl .AH),“ NEill=

Ry S 211407 1) X&)

Aby \\x@ )1\7 o heth  sies we o< =
\X”z ‘(2 i 41|9 4‘]) IIXRS)I
)

SP‘{@QD‘ — = :
2 1A +J ngv—u =1+7)

cc}ﬂ twe  Pev: ifes.dif'g \\c'/r e\,@,j B A pemer o-f-‘% er a‘
* he¢d < W/, 3 exPh\c:t SubSPAlE o l‘RCP o dlmensﬂ%

c{*h whose s:p\@q(i s ( _alg__)




Chin |
Dy W) O, @ vt oyl biprtrte Jeph G
Wl AL f——degtie) = Ve G

And Gle 90n gubﬁ-pﬂtfe i Q;Rfi ! |
et X(U)=1xe R, x (TOEL Yoy )
iy > (@ L) is a SULSPq(E’_,
dia ( K&, L)) 2p =g~ dm (W IN
Thm(42) Soppigs § ls Gn (._/\/,n)), d) it~ begufar [9\})&1‘(‘1“1‘&
‘ijp}‘ With  Enparsicy profie A\ () “Pree L1 ks su‘;s/x[[eaof
R has spead (t, )
"\@n 'VE Vil (‘C',-Nj
X(&,c) £ AT )= )
Ly hcpg prqufré’ D © /‘E-g
fF o Grsidr X ex(e L) St HKHZ:’}
fake Scii,.. v 3t [siET
T= AT . M Shw

: Ay

> jf;;mm llxeiy 12 B
o IBlsT;

Q= fg e Ts)« ey 0 s |5t

.LQ‘B: (‘if‘s : W) <Q )

ors . 4(Q] € & odges Mtw S and T(s)
TULEe  ench ontry F & M xes U}J’ >t gﬁfs (onherﬁ-\i

St —Els?
€SP [g] ™Y oer gD
=BT l=1&T

The  jQ s DT s A(T ) dpdef of T




~s -

By dlefr LA &< 7o
This B o idate tan’ L SO Suff to prove
i XeHn, = 'Sz%“ RN

: 2 ‘ rd
UXapn2< I X+ 11 K¢ s-gyl),
<o - W:} orter B f\as et [eaff [ hes\shlﬂu’}’ tn U(S)"’&«

= 5 “)((L )))I] P o z
TG ety
embme  (Ix Bil7 < Kx@ic+ & ”X(T””'J
JeTS)Q

Yy e tlg)~ & [T(y)z)g)s_t By defn. of &

= T 0X(ctps)l| > < T IXc ol
IRTE-Q —— ) ( lersra .
”“‘Ch){ﬁms ) hy i)
— | (on?"wuc'-t% a“i'
c‘%gs_—d Cipe =

| ‘ 7
“his. Jollows o T fac® e P T ¢ US))QLJ and opreqol o4

(b s
o TR g L
I xeesf, < &s)l] s 23 ]%:() I\\}\(C(j)—-'( )))
Neﬂf » 2 h
(th) & Sy
jqu{g [l =t | X(T(3)~ 9)” Bl ’(2)il5

r

(om bipe g W‘f elm <

(xB/]l = (x(;”/ f mq appen ot wust P tues

- ” K[gﬂjz.
2 x(e 1] x e—-’—— UXerslly
J%'%2
el - F
' >3 1 T




Propased schadile

Riar 3 2hou Apr 2 StkorA

Mow S ONYM\/G— . :
(o AMES Mo lectures W Mardh I, /G
12 Chevagy Ne Yectues  Yendnp wek

24 kKARUMY
2¢  AlAwpAR~YA 2P

'%( ‘L’\ an9

Algorthy, 4r Cs Sijma[ ooy
PROBler, VB by iy (LAY
st. Ax=h
D Generg Pupise  LP |ver
@ Birst ovder M%'H\:As’ cfor (onvex PV@HM Mesticv ( ch's)
() Olﬂvjcmq.[ iﬂq‘tckn‘,g
Aplicshle  oaly to =<
TropP- & bert c.:qjml wovery From Vandom measemgis Uik
Ovtheqgoa M GECh ; eg '
GWA@?&:{}L s ctknvg, %:mtAeiRi‘i
sl X hnows o be Sparse. / WAl = k
k<m<hn Sep bt/
G'rtf»oc]oml Moy Al}w-‘ﬂqh,l/ svsetet £, n]
@ .?.n}"h\q\i:'i@ N =, X :ﬂé
® Rer j‘~=i:“‘ h
= e A xS 7 & 4 v o
® A=avial
© Seve Ity least Spares pmlﬁe«"
min ALY, A) 2 =Yl2
%Q“Riﬂl
Let 5= be optinum
@ r=r- AL A)F
) Cotpet X where X CA ) chison fo Miiize 1A 1) X(A)~bl),
Y(A )=0




M“*Q W sl SRV R B e e 2 S L1 Asliy %Tg ‘4‘9
i\'\ik'\%ﬁ’ %A (&an lJQ ’Y@(:‘omd From S'—@f’fieﬂies Fr/S"’.’ Cx
QUPP' 'h_.«:: T ' .
yie) =i,
rca}-—- b= APS Mm)
1, W Yy _ ( t'»(km A,ﬂ-u_-}- )%%[1) SR

= 5- A( f,um i m))[‘ ( %*‘1’_]

\————-—-i—p——-__'ts;k_,‘ g5 . P 5N
Prbaby-—a o

BT T

#0)

SV )
Ungort- ot abovt: Solvfnj Ls‘nf'qr Una:ur Spowes _f
Supp NUsT - Solve Sef(f&t(ﬁ. of s /3’”5!&.(5 r‘q Whtl(ﬂﬁl (oe't‘;f*
MTA  is @fa«(. fo. () B lmvﬂ] oh'e ‘move (\:lumﬂ =2

Then the st of j'dl b O -7+ ) Opmffw

(AS eped to Ocwi™ = |

COA-?WfQ QR facterizaten of a-,e;ﬁf WTA on \JH )Sf 'S{-._.P by aodafhg—f
G R Swbrization Frem, fwstep '

With this -Eﬁt‘h LLs 30(,,,‘5, (cw OTOEV‘ H/Wk ("oJM/DMQC( to S’{'e/D (2]

which is™ mn Por dterativic JSo Qemk) ops Ta

Assa on
ﬁ:ﬂ—‘% A Clossy 49}’614605/5_ (L Pob sa«.se)
5}0&51‘:&_ 2—Norim Gf eech @ s L
@L@t V be an Ml‘ﬂ’dj mx b Mabrix S-’C
I vee,2as] V3=1,--h. The Wa=lo
prob (|| yTA (2, Ml S Z')3 [ﬂl[{ekp(nzi_lﬁ)
0% tuy d\eﬁjsheu ey oS ———te
© Fwray gocg)mny st A=k
Preb ( op CACe,A) 34 ) 5 g ok
Ram\scem« cf U"?’

AN

R TgeNe 3




Nete Splerical Sectica (KGG) Assump’[‘mow ks not SV@qtv'ent.
Tor o -
Thms @ G@%S!?n Mqtrt K -ﬁ"z/‘eqﬂ éc%/ /,w_ [fﬁ P’fpfﬁ@@@

@ anodt},“ PvatriR ,,J"t sefect eac) -eft’g t b T %ﬂ_
W b Jh Yo kes peparties O —@
M‘i\q TIIM 6 '

o 8 800 36)  Sopp.

M2 (onst. Roly (nfg) (The cvnsz%m(' ofepeuds 0r (onstats
mO—@ <upp. X te x sparse_ Shaq F-—-[(m o
Y@'im/‘ CA oxe of A ({N?M.a. CJ(‘C’fh vtion Sqfes $q

aLwe Assaptions + Omp  4pplied 7o PATR (4,4 e

cwa@_ b= 4&) w i raweofg )fe@w X (,,,‘ﬁ /3,@5) ,.._ &

A/a:('e_ v N}ug }s “\'v&lk_f‘ (omPy@g;.\/E Smﬁ;kg,,

PF Ltf/\ dﬁw{‘c‘s‘iﬁ()‘) _ Xy Th

Defe ¥ €R™ ' e ke )

pcr) ~ ACE, AY ﬂ”’% T e

ey I AT s ¢ E9G Yt wIIRS IR :

OMP Gwramaccq‘ AfEa s.-alec:& aQ co [UMn ch Jff %M. 3+€P g P"’”‘d?f’(

PP )P ', R = R "
Zmﬂme Ahijmj OMP "fa ;qc )/\ ) J -—J ' o ‘ v 2tk

Let 9% L pthlpe 4 mef,mge cf re;,clual; ta. u,,.qjmj rase__
Clapm la)« mdvction. ¢ ¢ 2 . }h) jvjﬁ [~ le ity ffk}}l /»ulaé\'[t Y— _rll
Tive povided Przm))q uo,_.;)---’h PR T S

. Srsoes k. AL))e/\ e p
S must evdvﬁ'e/ :

PLedsalpSiolash )
De{me f[:_i = fj s - M= ’) E I
~ NAG Ay lh - AN L3 By

AN & r_l'— .

085: (=L Nl 7 (. '
T a1, ! "\'n(A( /\*) éz




Y-
AsSym > 2

U MBS, QA fey e prob o wvall b of falue of oup
P(ay) =  NAT, A g5l | |
A, A% 50

Recat L [ %1156 >ji—'“ (1),

Vﬁe&b\ )

L Ik HAce,F\%)qu P

E by (%)

Il AC:, A% 57 g, 1)

( } "‘asjfrj’ TP AL, 0™ 1),
A8 2, AN Rolhifing. e

Te ’ ’ 1 AC: A9, YA

_ 9
=~ 27 1 AC: A™)T, 1w

b CP(45) <t Vi=l,—k ) >Preb ( 2Ty WAC, AF )1 < |

\})-':],s- kL)
Sy G Tl AC AT 8 1< vie gk )
4 v e F
-Zh'hadl&e_ v: [ qq' y s Q,L B mx b waTr x €ach Co(' has
- 2—om s
ProbC23R Il ACe ATV Iy < Ve 7% )
- ﬁ:‘e"ﬂs preb ( 2R ) ACe ,m) Tyl S1) lo) mdepa«dw\? f-
A Co[s.Gf Al

APPlj PW ® Mt C?a(S of- V dwd Onl) On ACr , A*) o |

h@h(e May he Consndored Fixed T Y o{e“f&(m"ni‘ﬁ'\‘c Wi

Cols %
> T m ST TRy ek
“ e (F2bexp (-G)) = (- akexp (&)
Ract s Aor P21 CROP > 1y
X<

-k ks piy
> 1mrk) heap (AL ) > L ny exp (= Crrak )




Chr_ﬁ_—: IO\Z-(, A+ - [Cﬁ( r/&
eﬂsﬂres- "]Cdr’ure ]amloﬂ 8
Feh. 24, peeled . -
Reall — Brsac - AMqorsthmic  Prekisy, of CS 05
Wik SE AxTh -
ormfmq( MRTCIrm.\j pusope Wwerks W‘t‘f hyh vr,lg (LVW

ol\(/’\(@n-f /\ Ql\d\){ )
/ Ou«ui iﬂ\hqﬁ
Rijaniy, e 1g (j(w. L) W"“’Y‘Q ch
J 11 & Qe [bc*ﬂv
Other alpriths gy Bt ot
F‘rst— om\w PWXqufe, Gk e
R fermuldds @S S EF lnmr PY“jT""\nm‘n_]

¢ ik 1 ‘ '
My, er)( +..[_ é"“ e_.‘_-( ‘I' )

Le, ‘ |
M By st 1 ATyl |

Weah oty Anpred oo
X f Jesitje  For pringal , deal »ecpc c‘txweiy
hg )(?AT N “Xl(g[f'A&” “X”{
Conplomantary  Slecuess
At GPE‘MHEY\ 4
X[C = aTyFo o vstg

R add) =0




49,
The gi“wp\%ﬂ E([7G\“‘\6i“’h . hgictatns @r - haox A Schaatrix of ..

CA,~Ad "calle} the [lasis]

On each Hemtion, Myvst splve mx 1 Lrasqr SyStow: bEcarse
e metened 0 dvere afactued oun TS O (n ) of5
SC@np for Aew hon besE varnahle Fo ertoy bass s YP?;Jal/e

OChmn ) cps . |
Worst (ace T of — opwra Tims — Is 91(/'-)-?"]96’[' gl -

(::n) UE)'VPGW MFPW L‘?‘*’hd ) Ryt Practuge, ir of
Hﬁm"wms fs O~ 3n f v Heonstic va’nd
Yather Than werst ~ (pges Louvy{}, 4 0}) is GC hMl) S e
h>>k . 7 This ts Worse thag OMP- |
Stepler,  Tap P7,o T Torder  POXikaf tmay be Preferghle
e oMp for ~tue veasens |

@ Ae probehr|ixtic stvm[)h\m§
@ warh Sven \»F het Cﬂwples‘s"\l,@ 39%‘-‘\*»13 (\( m{- Wrg{?)

’Lssue o (T IQ)( for _C~s Pﬁwl sel s J‘ej‘oﬂ&mﬁ“.
Ta mn,\@j%a@#qf@ SaF LP, (= Bt o~ C=S-
(L1,

=h «<m De?eAeerj Me‘j (Yeqte P‘Cb\MS

_b\"!'%n@,r Pj\‘n“(* { V\*‘:’ﬂ’@ d, :

on each tfyation, mantam  Pimel md Pel fesup Heofe |
Xy st

I XSe =4 < (onst M -

W haye ALDG e varaabs. T -t ‘t{ﬁn‘t”‘?m- AL
Priven t¢  Fyyy -
N J o % S
[€ ) xn___C \\\\ )S:[ 1\\, )
MV%\»-Q[ l 5 | X?\ Sy)
PR by e dua | sttt o Ty
Bor  thas DY»H\M, T Gre 25 vark . S:( f;‘&l—“r"] |
ok G
S (e e, )
IS ( o 9 “ﬁ%:ghj— HaT




An — = — 2 3
VRS =m o telen

W e L inegy cqc For v vt o blp ¢

—

(’S\,ij), M s g Than cvvvent 4l '

AFPlj Gne step of Newson's o thed 10 <|vo_ |meay 275N
SE—*[UT\\:;, g‘f \fesgi‘t\y (\\q@l( °4S V@fm\/@; Oszh) CPS

'Mﬁhwﬁ Novntens  vepuived  Theevehvally 1<

¢ MWL) whe Li = F byg fﬁ“f”""@d to wnfe Al b
&n [prachve. 4 T Moratus s 30 . 5
With e feertstecs. hun tne s OCkn)

V4 T meph of bhefods 'V‘GV'""@?'{‘MQ
DQPWJS on (X4) Bt b, dep o b

Povhaps prefercable Jor C-S beawse A Y foed ™
acﬂmn(@, N b < dﬁq d’epmdgg{jt :

"SZA = bwax (([ A;Ail ‘AB ‘s .‘nwﬂane b Xoap §‘-£mrf‘>(
ot A 1
\\_ S e
S tmedeck th@’ s é{;guwpmﬂf'
':Fi\.(‘%{- ,-ncmi@z.( 'i’)Y Oy\tw\ﬁﬂp@ Mﬁﬂ)ods
( ivesterov )
N e Yo tPey >
N Py ) s convex / Stuple " e siect
%‘KT\} “S C{I‘RVQ){ g‘l'v\t:c“l_j“’)
| E‘(ﬂw\o{e: Relormvlate &S as
it ([ Ax—bl)s
St Hexttce

P“Yil‘l'{>5 ran he Prevsd 4




e
eﬁv,\v\ —[—c i"\‘\ﬂ [i?ﬁl]{ 3. ‘ H;Qi-‘—*s A)f: b P'Ybif!‘dé‘d
g =1l )\%U |
7-"? 8 MGT Qnawr;) in advay (e, (‘a;ld "Fﬂ..,d gk Vig bIle(T‘,O,]
Te ke Qboyt Form, (ahe

Lx) = 3 Ayl

P(a@_/:{ S e (B TANT)
"o o i, > 8
Prexie| tmethd e puivegs Twe ops -
© (%vae Ax ~b , o, vf(x) n cps.

i—v\\\v] CTX
<t < '
H‘h\li\ 8 Lth (an L‘g C@Cn@ !Iq
W ol 0tn ) ops.

St il <g

%jmw)ﬂ te Kk 0O (L-/ s ) ;%a”h\uns |
.“QYQ.. [ Li‘ch},,\.z (ons~t g;" V]C = SUP { ( V{[X)"“P_Fl U)))7

‘)ﬁ—b} L X~ 4=
M ThS  rentexe .
= 5y 'l Alx~yyllz
X‘Jy i Uﬁfqu FA)

AR VRY
In C-s (ontexe , Thes s PYe g "Y’q
2:: Dﬁs\‘rﬁ? C{ccvracy ejf gelu“hws .
"\F\Qkf’f‘i = C[sti\'fﬂ’ («“j (Umpu'ttﬁr;ml ‘)Y@‘ala.,g Qs har- o1 emsy

A Probew, wemns @ df’gc'?pﬁbn of Fenctiey e be (m])ﬁﬂ‘




The function haps inpits celled hetme¢  fo v

E-&. Lwear ,)fcj)famm@ s @prchley,
Msm.\.(s- , Ae miwc“ b e ;’R)‘n ACE [R("
CWJCP\,[“ o S»cl\/h\ﬁ mip CI)( St ,a(xzb/ x>0
&n o\ stance of L?
o [ 3T a0 ] sk XERSE R0 620

et

A decis o problen, + - The gutput s Ruthey '\irﬁs or Do
psivg LP as a  decisyp, pveh)am

anstanee AL _C  as abyg AER

t-t.‘tpu‘\' . Yes’ ZF{{?A;‘;L; 53?,0* CTf*&)

Sa’ Bse

{\l&lcw"ﬁ\m 4o slve Q PchlaM @»Me the fnttion, ¥ a

wmj hrachve 7 '

A _"““ﬂfj 3?‘«\?\@' mec\e\ here U‘f @ (Ez‘,\Pu]”j@r - M _

A 1 Y e B A e
Ste Cell ;r@‘fz Wl -

—
1 Iy "'F"\ni\b p)u‘\" th S:Pe(ﬁl\ C )
_ (“M\)Vh’m}ﬂ Vipg Cli[j r --Szi‘r\'i“l"e = c’F
}M‘T\‘aly, the i‘w})vf‘ rstanie "%ch“'q :
> £lj b(on‘-bS'
tape l\eaa Tegds (et a',,\cl wites ) QC(G‘Y‘C(I‘-Vg
o a : 4 ' l /
BPYegram ef firvte |e.§'H¢ Statement L“ 1{/@
St G oot Cell 1sta’ Cﬁq'“fg’b} .
Wvove He head @t )"'*“P o g{;ej) JRA




| 5.
o TUE B (arryoovf arl - the - ASTBCTIMS OF L gn 'Ordn\ahj
(01.\,1).,1@,/\ -
Real nombwys  NoT  Yepesertahle on ¢ TV,
T M Typl‘m[[y v@p\eswfs }9415 with honalS .
,P?'Nm“’\\at"hu\e; A Dﬁ'ﬂm }S.SC[V"—IIYJ)F'- ' i}!jm*"‘\“’l( tono i<
Yo s g TM  te solys
beonded aleoue
Brange C Psl. Gwn g, e L, (?Mc?:ﬂsﬁakﬁrtp——)
) _ 5 1@«"\“\\&[ 9 ‘ R :
Ave 'chey g pwe ~ .
g Uclpd’'s eb ﬁ‘j« (an shey, that e‘ﬁw &Rk

H‘ LVI']GS(Q rUhﬂi\.? +h“)@ ils =

@ Pl fonctt of Lt of o

deveoses By at least Yo por prorqction
Se 4 iteratiens S = [072q'7 *‘Ff‘(e?’z L)

‘uf:%u‘,ﬁ L |

| jor algorth, pdy (T UNTVICN 57/

@ Cinar P'Qjm'“mbg <R ACHT YAV 1979 e o J - _
elbpscd - Aot Tepves OO ) Magtes T fnd K
h= Dionsen of X (S dbhips (AL C)

Deciswen ™ prele, T7J (bec W [@ | '

33 Tere ensie A T‘umﬁ Machine M‘(Odleai Y ety
Uechey” ) as follows ‘
M trhes as tput erder pavs o gjt”'"jg fo\j)
Whire X ts qn tastanre of D q,,olr Ve @ pq.ﬂcf,\qiqfre
(ortfeute

C Mis pely fhe 1n  fogth af X V)

Q H xisa Yoo Mt of L, “He, the excts

Wdﬂ r{"@’f‘f‘h\cn Y@zv.\vPS




A Y S et W#pc'lg Clengthexo ) and M cobpfe Weg ~
For (5 %) |
@ elF Are Q /\}"—hﬂg‘htn(@ G‘F E_ ; H%ﬂ /L\Ou'[f\')u‘{‘_s \‘MI’I
f\w QU Paivs (Xi‘f)
@ [—I\n@ﬂr P‘ij“"“’@ . g{ N .
2 X= nspure (4.5, € ) as Oloe Bhe = X
1€, The Yooy of. %\Kr’*b C® <\
o @ Yes “hstane . 12O
M e (nYy) Then T Moy subhsts '{'ufe X* mte e
fﬁ\%Trm\fs ovtpas “Yes' (T A ahifnd, ehe i Cubput <

aT'f&nTt% > NU’”’ %110“/ elf“fj’ﬁ\ QX*) < P‘[_‘J (S'n?ﬁ\ {“A- I:) Q)}))

et

56%?{:@&]‘; s Glven ¢ bolean ﬁ*ﬁm :
E (¥ AYr) V(Xi /\’?‘LJJ Ay 0s tee a sethy uLLalffS‘
: t‘i‘ﬁw ‘"tmeWn]‘wlg@ toe mehe te overd] | ovunvla

“{yve 2
l\\s 'S Mn J\f\? A‘ }'\:’9 ~ihStapce  is C’Wﬁf‘e({ fbj

| Previdep te SQﬁ-.,j) of vars 1o mak® —fho form (4 tVve .

%k\@\f@ rs gﬁr‘;%@& ‘,’9 UF = v

A Pdfm wa.‘ e \("C?v(f“ﬁ‘on ‘j‘ﬂn-, C}\Pt‘y‘s‘w;h ‘Prcl,/% r— ( to IT =

C e (G"‘“P“mm i Pc[y trne .

| D X A Yes ~ hstance 4 | & PIVIS q - \es— thitanre

CJ‘S“

| Biangle :  3SAT  Spedalcge of acrtisfobeliy

Friwvlg Must he ¢ (bn}v hctien of € levses -
c, AGAGA- ACG

sch clase s @ g, jun Ctien of 3 Variglfeg o (-:C'Mpi"efﬁef‘ff?*/
- VAYS .




B -
Tipial Ustnie (R V Y2V XZ )A(CxgVhy V Xp) A~ -

Cligve » Qver  undivected gaph. &, and  an ity ki -Dees &
(ontang @ k*cw-\,@ 2,

A ine—f clrf*ue s @ et of b wrtves of & < abl
P(-‘GS'I*L,\P (Ee) @d‘jﬁ& ]\Qi\“ed ‘i‘\‘{?‘n,d ]re F?S%Tl‘g— )

T’h*lv\. (kARP [972) 3~SAT May he FIY“UMWB vedvied fo
Cligle . '
i

PR Must sheyy how e Casbvch tastanp  of Ch\f{‘r’? givein
hetope o - SAT.

&MP’; n ! have tuc veytices

T Pw \MH\C‘-UC
\terals Irsort @ & \ “
X, a f?\ ﬁ%%l( possth e \1£ ) edges exeept X not
A TS sty
1 N - T. £
. lahe Vertes Peor Classe -
= ; . Cs Tfiese Vortuips awe feanectd o

Ql‘ O'HW CIQV‘SLG' \{W-“\(t,g ,t)(cﬁpt
: for Yo otvr twp b Me
cwn tlavse
Gy (<% wrren e Ci @;«,v@g‘vh&h
(> (itoal of G
letorals ©xeept . The f"mp,@hwe.(t

H ¢ = (‘xzvhi}fv_)sq)

Conyec Thig vertex Te <«
of ist Iifeal & C

Chen {57 VK o C; pmed o al Ietorals extept &_ﬂ;
L, g S RS e S
i — ol e

N . *
IS werld  eguave  pely the T (orpete this graph
Showy formvia e satrcfmble J\f‘f to ?mf)} T 1Y

an Eh‘i‘ﬁa)“'clt‘i{/Q whre a=HcF vanghles  m =P ef ofovgg




‘f‘a"‘%(“ ot Cmited -ECI&}-{*‘S' ; Cligve  can Cntatn ot most

f (Moral and clavse VoytieS.

OBS: o wo selert  [riowral vy cec C‘t‘-ﬂeSPOAJEf to a
sqhﬁy},g, @%‘9’”“‘94'[3 an ¢ T+ we S@Iﬁ{f clavse

Vertex o ach clgvs® C"’”@SP&"C’@ i\{'§ e Utenlc
The ol odges pesst and hoge g cll(?,,p u-fomof.
Q@,\\,@rgel(&/ T Uy —~ ertives e a (!'{\‘%V@, u,p Can

09_(“&0(,‘(_\ e gﬁﬁ\% F‘f\é—- acs\‘jnm%’b

S@ et A C Deciisoen ) Pwl’,%ﬁ?s‘ WJ&T‘%

T x
0 = eJVvpP. o

@ Fy)»‘%\fby JT/ %N‘F / HW <. Q2 W{ ‘\edbCTﬁfl{,ff ‘
Frem X' to I (e hecdest prebion 1~ S VP
Thia (gsc;rb-rq:li ) BT K¢ NP~ omplete .

PF: A{Teqd.j'ﬂ@w ‘R—SAT Q)VF ,

sppse T e VP it ks a Cortfiafe dhech M.

wite down @ huge bt pely~'aied beolean Jormule

2~ which - Vars 7. ,

Crirtes &f 4 ( ex, X, Srande P

N sE SYim o o y \s 07 ? )

Varg ‘FOT Confonfe @i' Sch TGPQ ('P-LL at fach ‘hwﬁ? gf'?-P ,OJC
o Grhidrege  Checher . |
Wit dea/ ‘2“7 (yises o e;cjwesc (¢n §f9‘ﬁaﬂ%‘/ 6‘!‘":\_0,} rrect

porctions of cortifrmte chechorn  Clase #iat Shrtes Tt
On ’-\'*\t" fﬂﬁ{— Q-i-f,Pf j\,\ Q°E}°"‘TS' W \fes‘ ‘y L

@ . (“\*71,@ he j/Pf—-(‘OM ])'t“Tﬁ‘. |

PR e €/VP ¢ Cortfrae )5 bl (1t of Jorhie
cf'f}rh(? I\\f[lQ )

e




K3
% S MP.  has vedice &f TT 4o ISAT
and \Muv‘h@m of 7 BSAT o Chere.  Hine RNedvThpy,
0{ o +c Mrve. C‘Empcﬁx"h\:n ) :
Ths o shew et T s gn MP- (t:mp’%"*‘i—? P'\‘cb’%m,
A USS Rvst shepy ‘T Yo An JUD,. ey 'fmﬁl G PC-I y“‘f'"we
yoduttitn - hnown NP- ('omP)P‘ff? pehle, te
Sﬂ‘j thet T e NP - herd i an ND'("thk*‘fe PTGM@M (@ n
Ej\fedvte& to - - T
;’J"»lyw-m\xﬂg NP hevd_
“Tl‘ﬂ'@e d M*Bv\%i‘cm{l ard 1’\4@- C2pMm )
Goven Thee St of werties , x, v, 2 .
9\‘\1% a [.\5Z5f Uyd@m@ ‘\_V"Pkis e XXY}Q%
s tipe q swbeet ([ of L Such that €ach 'a*ﬁj o
XUYd 2 sceuys "EEKGC'"H&- on(e [_/ ‘7 |
The © C KARP 932 ) ED‘M ts  pp- (‘aMp)e-fe ‘
Thens st vectr Prble Gvey ge g Lo and
K, 1s tere anx st Ay =) WXl < k2
Sparsest Vet VP - ("o:'wf:(e‘f’eu Creduchgs from DM )




