R &TQM05 S(\nl\?Q\M\q
XMN T CUMPPQSSNL 00519 Ty

iy Bron S Renog

’P CQunge an (“MP(\QS,\;Q\
\N\\QT \\S fT I g g
. o Teinghuy
MV2RSITY G 10-14-201 3

s QY of measuring a high - dimersional | s ¥t} b, Coing

S‘\S(\Q\ WET\/\ 0O P\Q,\ah‘\)a\\, \DW (\U\N\tOQ(“ Q{\: MeUSUN NeATL

B\/ 89\0‘\* ‘\mﬁ Y wm Pl\?és"}?ﬂ Ty ) N a9 Ve ka 615 .

Voc

e N i .
N A sl\f)I\Q\ % &R }5 (Ompl\c-sljl(o\o. 'n o 9,\/0/\ (3063{3 \N}UJ‘\WL
i N
\}\];iw"l) . | \g '3 cap \ae, (\@9{\0500'\“03 AN W wn\,\ FQWor T\'\O\/\

N cuag{ll‘q\el\“) .

E «— boals
= C; Wy VectQ g

Ggaal CofRilent

)
o

- v
s Bshonal e @ S-opordd o W UL o bs BTG

S M(\@.M oo fRicients ' .

/3\ di(gf\—‘/\\ ?M(A@l wﬂ\, "\‘L\/\Q{ Nonzerd P\\XQ‘L)

b

15 4 spatoe s *\Mf_“@& Q’““}:’m ALY S

5 spwoe, . . 3

ﬂ&ﬁ\gﬂiMSua\\y measune. ,.E‘E..‘.Q}l.:(\CTM%')OM" $pOrSe Signals 2

A e e e e S,

e S g e £

> W< \\qu w measure all T\J 69 i TG cooﬁ:"u‘oms

. ‘H\‘ZA, We 9TOME the S hanzerg ‘WFP"Q'OFS A Memany , Jl‘&mué:’na the reg}

I‘F)’ 0U \(/\QW \N‘\Q/\Q +\v\Q_ S NONT2 M QQQ{:‘F)‘(,‘OATS szQI'T\«o/\ youU
cauld JUsT measure these (S<N§ and be done u b 1

e PULT (\8061’\/ . you ()0!\’1 ‘(NW wke/v_,‘rl%\} Qre Q,,]%/\zlw/\c\ .'




ch wn o FM T\/\e, S noN2erd | oQCmes wr\\nom \moww\fj

SR

\N\m:\o. t\\e,\)a re ?

(@QQ.%QS moosu(‘ll\g ol \\' N O]C 1‘\00'\, 1\\((\“ ;63

W TQ j\:i\f\é T\/\QSQ noNTerd QQQQ{:f(e()(\’\") W\LY\'\ 'FQW¢F T\’\O\/\ N

N\eusuPeMQmﬁj 700\ CON eastubel PA G (005/‘3 |‘ncc\wr\ot\‘|
i e
with the spocse busiy

Vscab
The hence o) berwen buses 92553, o0l

) @
W’-{w?’);z‘ 15 0 Mmeasule S T‘M MGX MU m ouen\aP between

Two sevg of bugts vectars (op .\,Wr')
N 6 Produc
4 = D3 =
/ /\/\(@,WB W qu |¢> ‘Wd T}
M EE\ ) W]
Notet T the entroplC A nCerTeinTy pm‘nc,‘p‘a For a(vs,erwuoﬁ
Q OM) Q:
H(Q) + ) = log (.D—)
= N
105 M@, Ry

bt T\NQ ‘QOSGS ®Q“Bw afhe /\AQXJM(A“‘/ IWI\CQ»\(’{\@‘/\:_'_ W\\T\'\ Q@b\'\

QV\\QFJ (}A-*:\B/ ?P ONY ‘qos‘s% vecTge N 4) 19 ex()(\Q‘ISQé as opn

oven sam aver all 1\@, bosisy Vectars tn WV i Ve venrgg

QA

P\cL\ Loes o) JCT (Discrese Cu65mVMA4‘P0(m§ ‘ws,
‘vm\ gouf,\’-; VTN DFT (U\ym< TQU\N‘/:\ Trug('uM\ kusn

ALY (}3’(\\ Pc“rs S(' ML I‘Mq“y MCao ‘\t(‘mﬂ (00 !\'\'»Wuquy OALl'aSUD
\oaSes




L

NQ’\Q—: K{\ Ppacj;(z : WQQPTO/\ ao MmecasHar emats Ffb(”\a GOSIS (36

POhB(\M NeCtQ g |
- These roadam bouses e upproyﬁmcm(ﬂ \N\&,Hy l"\(OL’M'\’]

with Ony STP(,\(’N(‘CQ Lusn

= %*I‘O\C“\mta Gmﬁoﬁ ,/\C( Q, CA\MQ‘ﬂ a” C,\’ul\&(u\

maagunremeny buseq
& P!‘*b\ ‘u(!‘;l")

~ 0CTOFT Guges
- wavelex bages

;)
\N\\\/ N\QCASQ(‘Q m a (Q(}Sls mm»\e(‘a(f\ \N|T\3 ‘\'\\Q, Spar\‘ae, (>USl€

s ————"

i EC\C\!\ InCohenent %“5"’ veckac 19 Q’“P‘\"%‘Lg us & sam over almo 5t all

The SPANSL %0515 NeLshts ond vise veréa,

i ECAC\/\ Incohanent medsarement 19 \»‘\(o,\\/ - 3C‘M(3‘Q CoMe
relevo Nt nbor metian “k(WT all T\Q Do po Fomt c il
'n T\\L SputS e &Qag,‘e,.

N ot \_:qc\:\ meagutrement con be -\—\/\ouxlo\l\‘ﬁ of as T\m ovorlap Cor Mec

Prl&r}uct\ QE N O %n‘gf\O\\ wa\'\ o (61‘\/({\ Qag,‘g yectal

o )/ = x| yecxor of measane mefs
= >
7’ - A X )A\ = MxN  “sensing NV x Cor measutemert Mﬂ"r)i\
Mn z > Bach raw ab tha safxsmg Matal ¢ T4 one of the
Macaheserr hagts  yeoxGrs .

\

N
._il\\ X, X =N=2l sigaal vector

\

-
3 ¥ ) rOW Jown +2
\NH\’\ N\ Meayune Ments N T\v\t \r\coke(\ﬂz\*\ 'mg\ L)J\/ou aarpO 0 X an

CN-M) dimension  cabspace |

HQ\N N\(Af\y mco\\Q«PQM M RUSUN

e

’ ‘? M = N ‘\’\M\ P\ 9 \)U\SV A ”\VQNQ(O\

* For pohéu\/\ N\easul‘a"‘“’\"S one (\was

Pank QA) N (Coq\a take awh \eo)

CMents Yo Yo {\QQA 7
b

e res————

-\
\M\Q&\r ‘rr\ac\é(‘\qrmaﬂm (MB A )

\‘”\32“ Q(‘O“él’\ N\ ¢d T\«a—t




AF MzN, W
N Lﬁ.; =0 hos (\AU\\—H()\Q- sb\u‘\;()h‘) (;3" By " A?B

5N Ca '-1—\\\7) 19 on Ul\h¢(‘ (}Q“(Qfl‘/‘\‘hcx ) ttem OF \\‘/\Q,ql‘ Qf‘luhﬂof\‘j.

HOWEVER ...
XF\N@/ \«r\ow T\\Wf _; vy §-95pureR.. .

Theh We @n WSk t\wf h?orman‘w\ 4o NOPeQW Yown aur slutia 5ot

e . ey :
A stad, O R o pstelcted teametny for

2G - spUnse

- . v - . - IR .
\{ Vectars, ond % 15 S-searsl, wen L\fiﬂ\& dnigps solution
] ~ 0 \a "X .
: A =,0 P - ‘ \X =z -0 M
Mbisl s Ax e
: = pomber of nan2z29/0
(0\519&* Tao » oo PR TN TS
2005 :

RQ%W‘EC\&B &SDN\Q“(I‘Y ?mwm/ <@1®

tx A SL\TRSQ\"% e RIP Bo Q- gparse Vedors Wwith
T\Q BN (e, 9{(“3(‘1«4) bf any §-Spars’ Vvectar -)-\(-

A MROSONE MeAT matre

()Nzu‘s}on (Q }Py W ()(‘QSOW‘LS
’\Q\NT\\\?A a Faetar (\I%)
Tn choety AF forall S-sparse vectars X,
.2 . =
7 ) x|, < \Ax\1 < Q\*%)\Y\,:' )

-.,'\‘\V\Qr\ A 9 O M.%‘MCNA raamesey Eop S

SCUPQQ VQCTQ{\ c)

| —

Wih areciglon §
Tt A somafie, RAP Be 75- sedise MEOIO0O e the disrentes

(ond ;N\Qrem\uc‘%\ Qetwaean any Twd G-gpurse VedkQrs s OPP“G)‘\‘MMTA\,

e(‘Q‘sQr\VQA .
= A maps 5\6*\‘!\@U?3\4‘o\m Ayral WeLta (s 4+ d n‘,\cJuh\nu*

MeasuromenT V eCTafs

Vhy SFA SQ"\‘;G‘\‘% T\\QK’S(’FW 728-5(@'“35“\{ s O_r‘\__ﬂ_gzif‘ﬁfizﬂ’

Nats *

'\Am‘t\!um\\} 6@0—(‘!\5(;;\5? '/




. LQ‘Y f\\czf\i he 4wo S-spurse yectsry X, tad %y ﬁT
such that b
» We are @;V”f‘ T\“ﬁ A SUT\'SPw‘f’S t\N e ?0«“ 16'5()(»"91 VecTars Wr\‘\q
Precigian %

- e = s
(=5 %-2 = [AG -0, = (1) 2l

NQ‘Q,: (;(‘-;JB s Q )S' S(;L\I\LJQ VQC’"QC.

Since ;>A§\ then,
-
. . e
Q S(\'%}\X.-)@Ii SRR S Qs ) 1 X-Xsk
N =l -
€
w = = S
o X2 ke 13-4l =€ =6
- iy -
\K’ r_l(\?"yl j—‘-\\ol\ ;¢AX1

o

i FSQ K ‘S\O\'\‘%Q\\Q‘) KTl Poc 16—5Qur6¢ pactiry ,Gna - i
AN %'6@0"66 3}5(\6«\ CONG ) 5YONY w\‘\\r\ f\«t MO U 5u oM 0 vecTar,
Y=Ai Thete +5 na oThip §-500r6 ST9nal consistmt with
—y\\L kdm,

Nate s
W =0 of pows o A
M= B ot measuimenty

Row MOAY N\"—OSU(‘?’\Q;‘(’ N‘ Now mdny row4 A mast \navz
we peed w Find 2 by = | g0 thotitsatsfic e KEP Rr
N TYMizZax{gn Ly gparec yelxa15

biy pm‘Q\aM ‘,

Actoally adlyim

":\,) \‘\-(\: “ “% - k‘\? 15 (OMpUTun‘()Aq“\/ |‘/\Tl‘a(fc\UQ_
-~ -~

> 0Oae WOQ\) \\&VQ/ 10 C"‘CO\‘ kﬂ—:;l” %) (}oﬁs\'LlQ deto("Nﬁﬂ‘(}(’S ()" x




TR

€ aoy SolarioN
S%l A SOY\\%‘(:\\“‘) R/SP (M‘ ‘%S'S()U{SQ_\}QLT()(\Q’—‘\,(\ '; I\s TL\L

%Q\M\‘m\ <Q
\ P e 5 1 WS mavhe Y 15 u«\U Condes, R“Mkprglg.]ag
N%ﬁ }"‘\. = Ax X},us.\s upsta1y 2004
R S g
1\ = i\x\‘ ) > [ools (aursw’f iy 0 capveR optimizacion p 0o blom where
e ) (j\Q O‘TWQ\\/) euqy Q\(GQ(\H\.M‘) e+ 40 \\'0{‘ C,Q'V'\AS ‘T\OM\ .
9\9 rO (™ %\'x )
l
\X\:”(% \)ﬂ\‘\ Y
\
?
\N\’\a’(‘ _EQFY QQ N\Rosuoo(v\w’\ N\O\"f}ws sma‘al:y '\’\\4 QP F\sr 19 - spucse "°‘T‘iﬁ
XT Y4 \r\(»l\}) T 545\@\ Suc\'\ smgmg Mot pe9 (QU\T certain c\%SU)
‘°§ FO(\BQN\ (V\crv(\\uzt, cn be S\Aowr\ 13 sat .QG\/ 1\e RSP \)J\"\'\
Q‘APO(\O(\'\’}C\“\I \\}(A\ ?(‘0‘00(0:\\‘\:@‘)\
L By [‘Q,AON\ vapry q\o‘& T

f

® gU\\O (7a\r66(<il\ (l\. \I‘(M\BQM N\a’fr}(ac)v “L“gjqussiw\iﬁwm-b \a %
El™] <o

6&0‘66\01\ A ’\“NQOJM\ \) => E(>0end WU]CL'L

* Aoy (cnto,(\cc\ Lopndes pond 605

\)(.U %\\X\ ‘\AA sL\\Q\*\,Bﬂ ) ‘ k\‘ Vomnut rigy SUQ GQ\ASSI an
| &% \ —'2 QZ g\%(&\ %\— X \ ¥ WX sub - Gaussln , Ther chere
B o ; ; e (e X) 70 )
j SESTURN T

‘H‘f AR o)a‘(‘v\ﬂ% )

— ez Mopkov Ineyud
Gasdian

P(X. 7t\ < g%i

= f\eur\\sl
= \Where M=> (corst) 6\ 0\3 "K“‘ N(‘\X
P = \ (Nu\(\\“\y i

- AVO\V% Puqv»r T\rm

LN\PQQTMW Fnr 5“:@(\0/\1 dasses of pon dom w("é-oussim (Y\(A‘*(‘!'LQGJ

A\ COPGUAT ‘A Brant 14 3 CFOM‘T




@ g’frumuneé MABGN\ Mot} 95

'Ai orpy of )

\
AV)

= 't\ vl
. {\UAADM‘\j Ap(.\”\ gus;c’ vectgp QF
\\Mo\v\uoﬂ (\uﬁ.‘s~

p((“‘»)\?\:S(Ai\Ié (\“b\\ﬂ:) = \ obux‘c(c\\/ w\'\"re
N\7 (601\5’\3‘ S(\% (N\\L‘

W\r\u’( ?P 1\\2 S PUNSL kus?% Vo 0 Fepens T\\Ol\ The MR asuUrement
bos?s?

Gughy wong Tapmacion

Y- A% AGR) - A0

ks»‘@nc«\ - Sy haY ' SpUpSe
A
Meugunemeny %US‘S
basi 5

L T\‘l wod ?Ffaé Sehralng MNP (/\ @) c,\\w sm:sg\‘os *f\< P\"PJ
le(\ 0N (A gﬂ‘“ 9gev e Eram khasie pursuit AN (Aﬁ}

05 one's meaguremert  MOTel y

W"MVP!PG(\BQM N\Q(AQ(M\Q-MO(KG’ O\PQQf\.\PGNQ‘Y QSQQU\:

> S}MQ (\OI\AOM Meayu 02 MENTS  ang ‘mm\r\cpe/\’\ W\T\'\ Moy

ST(\U\C\\M‘QA Ne agufome &agex) .

= Nau don't need o Vraw yhot T Sporse basis 14
lwgmq, SR ~ake e Amo,o

J

=) chu\ cu\' ws‘\\\ B?QFGMM Meayu e miny (WSQS, S

S}(ol\q\a WiTh \Ower s(surfa}'(\/ won be o c&\(‘%‘vruc*“a Mol &

qdckly!



W\m - o e

T‘\QOQON\ P(‘brA ( (W\h@"! i ﬁ\m\kmg Qz\wqobl\)\\(’)

T8 we oliserus y - i

\Mﬁ\" ‘S|x<2)
JV\'\"I\ \'\ML 5Q\uT!‘Q(\ £ S

mI0 gl 2 1§ -Ag ], <

W ;\\ S(n\z&y

12 2 e (z ' \ﬁ)—(—{;@éh}
5

: 5(% = §-~vorm a(aprox"m'"\““f\ Qg A

(Take S \orgc"a‘\ (oog?.‘u‘cn‘;lo;\é sy Mot Yo *Om)

. C) = (UM‘”)’V V‘A\ue Fo(\ w\m‘c\«\ 1T 15 pue ’\\‘”“\ 110_
‘mMMJ Mmas R San tspcug 1'\“3 Rj()

5

=D CQ\MW'\') We cop g\w{\é‘ ‘\“\‘Q MQUA'S‘{\*““Q(-Q“\QI‘ (MS%)
beTuicor & ur Aelun o ard e nte Sial Lotk Fus when
Qbrp S\(Ol\o\\ \S(H\\\} OPP(‘QX\"{‘V\M‘Q,\Y Sporos (':( {(is ?-0\ ond \H\r\@n
QL preaquemerty ope roNgy C&?Q\




Condlusi M

*What males O MPressIvE 9ons1nY PossiLfef

M < sporse In a given Lasls (s cwpmssfue)

@ One con So\qe-\\; goﬁr\er\ fnrq absat ol e coafficlons of %

by measuelng n o Gusty ncohenet with The gpanse basis

® XF ane'y et of measurements Forms o quwpl‘aaé tsametpy
for Veerars with 0 Mo ST (thnoe AVmes) he spansity of ;‘J
T\‘Qf\ ?(‘ con be %okveb For exoaly (wr\\busx‘s pursuﬁ)
eop though M <N

O, \E Mo (cu{\s‘\ﬁ Q\Mj(%\‘ T\\% ca b - Gaunssion rondom
%Oi\sl‘n{, MR o g \gaﬂsP\} '\‘\\c, R1P Wi‘r\, ngxﬁnen'f\‘Q“y
hah e eobability

N \N\\o'\‘ fars 10 kc,b\'aeg P(.»I“:)

2 [\r\y \n?fg\\ t\r\n\en%?(‘.\ﬂa\ IpUrSL thr\ﬁ\ dﬁscﬂlwq{a a5

aVRCYar W li‘:\eop a\gekﬁa‘a

s g\\l\!a\&. Pi\xol Ca\ﬂwra:) (UQU\IG\QPJ‘M,\ (UM"F&!‘I\

= NMatriv complentan Gy rendom projecnions

- Quaptumy  grare "Qmuﬁnc‘(}]ﬂ\i

> \N‘\ef\ G 'Y espec,l‘a\u\; usocut ")
- Whenever measutemerts are expensiie C*?M,W’%y,mmy\

= C\‘C“P T comees
= Noyh=reg Now Wbt g ing

= Medial \‘mu«ca}n')



({QCO\'P . ’\:l\j?p'o o CQMP(\QSQI‘VL g@f\ﬂ\qf\éj

s Whay 15 1+ 7

*How do we umm\\\/ MRUGU A \m‘fs\‘ AI\MQI\ng/\c‘\ Sopse 51\3(\(4\5?

a HO\}J Can one gmé T\m S ponzerq CDQ?\O!‘L\‘C(\TS W\\T)\QU\K ‘Q-I*OWf/\bs
where they aped

: \N\/)\/ MR A 4UNL 06 ‘ocxﬁn‘a \‘MO\\QM(\’\' wi'r\/\ T\Q SPANSL QOS\“),‘?

* How Moty fncoherent measureMenty |, yaa ;\ze.é v

- \N\/\\} 14 ;? u\m‘%ue,\\, Ae“w/\/\\‘i’\qé w‘r\e,\ A 4 Q ,\QQN‘L—(QA fsunﬂe“{‘\/
?Or 1%‘ SG(}»{‘S& \yed&\(%?

s \What 400t of measunrement Mma*MCes cpa posTAICAeD “s()me’wl%?

‘\)\/\not \‘P he 5puNse basts Yo $1FFapem than the measurement
(006?5?
‘,)

> What e youp 5?’(31\51\ hEN on\\/ o()pmx\\(\«a’w\y Spurse |
© Whot tF fhere 16 motse v one's measuremenss ¥

*WhaT makes Ompress Ve sanglng (0036\\(0\6?.
> \Nko\-\ can 1% b wsed For ?
.\N\,\Q,\ 15 vV 26(:061\<;\\\y uﬁegu\ ?



