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. Modrix-vector aultiplication:
SONCGHON <:, R
e ax]
A QD)> = (,},: :,?g,rz;g) = (J;) Picsy olumn
A (Q)=(E)  A(B)=(&) ot
K\c\a:st' oud 4 column
= By Rnescvy,
A= K@)+ A(8)+A(8)
= (%)*«»1 (s)+a (3)

\v\*el re:\'a\.‘\'!dn
Lancrion
@ WA\ X e—( wdimensiona vectors
4+o \-dw yectors

" cdumn o A = A (
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- v~ V\v‘--vv.

Ry +Lx, + 2K, = b,

a. Matrix -ma¥rix muWiphication :

A TMXN Ao X
- ﬂ/ﬂo WARYT VX
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% hYJ
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FZ)(W\A\\\B (lf\' [5)‘-'& = Z,: A. k&k,}

Nave: Modrix-vecror mm\ﬁp\\cad'io\/\ & a Srecia\ cose,

(+5)E) -G

2R 2%

x|
bQ\:\ ts -\'\/\\s the Q?\iﬁ rule €
> (&64' la o\-p LW

C,e—\'& f+ A

(fn@(o) "'ngﬁ' column off AR
= A(—Pﬁﬁs* column oo' JS)

Sk cd o N e (@ el b A) g

O\asewoxhov\i v\erm\) A&?‘ @A
N\(K\'I\X V\AQ'\'\V\\CG\‘\'\M w net CoMW\U\“’O\'\"’Ye”
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Prool '-T
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(eqoo\\s s opon \—ro\mlsmsa) .

(AR = ATAT = AAT
EXQM¥‘C&‘~ D}o&u\& Wi ces ) \o\oc.\; MO\'\'rIces) MoHals

A. Diaoona) wadrices

T O o\/4 o o 4 O O
O a © ©§C>=O’O®>

Ym&u& oP &(o&w\ y 3quore worices is A\oxdov\ox\

= L < 2L —«mo\-\’\/\ﬂ commute
Ca 3

O~ A C | O © o A b e
<cL e —F><©°LC>>=<& 20 3
6\/\ 3 OO0 =2 A 2w 3¢

sca\\% the columns (smce
| waodT Wk ocks 'P\FS\')

e A
L o ~ L c
e -P) =| 24 2e 2-?)
W AW ¢

scall M the roos (emee Yue Ai\"\jw\
Mol here, adks s€cond)

8 \o\el\\'\% WX
__ Yoo
1 =°, c>
— OO ~
1V =v P Ang Yechor ¥ off 4 ppropiate dimensions
IA = A " mavrx A N
AT =A

c.. Peconudiorion wodrices

D‘?‘in\\'@n? Aa nrn CsC(oo\(e) WAOTAIX 1S ol
Fa(mu\—o\\ﬁon WAAYCYVX J} ewerg COLD o«\& e\/er\\_})
colomn has e.xokc}v\g one L v, ond eveny
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other wokivx ev@v/\\)} e O,
Examp\est

| O O
,93)
O O |

(JQ\I\S? N\u\*'ﬂp\\\_ﬁ\f\s a_ Neckor \05 o \oelw\u&zxﬁow WA LX
(Detwsuéres ks entcies, eqy.

(238)(E)- (§)

o o | b < S W
<I O O><ok e £ =<& 2w < |/
o | O 3 W < Ly _C
o b < C N
B Eise)-(5F 3
) C S | o -
eas Yy proogr 1&0 0w 6,"C?>> e,=< (g) ey~ ( >

Exomwple: /n | o ©
o O :
e

p= o |
o O
()Q\I\O\‘E & ?-‘?
Answer -
Peendse | ™4  So Pleends \— 2
2 ) 23
=2 2—4
4—2 q4—).
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&
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UU"L&. JQS Vot T v\ou o L AT PONIIVIN Ly )

Zt g% i sarcs pohon

¢ 006 0 ] OO0 To PO&-HOV\ ¢ '
% < % hon Yo 4O W\eo”db\le\
O
c . Blodk wakrices
| o ' 1y Lo
- y O |
k= \O‘\ \\‘o &'(|\o sl>
VA O oV |
b\)\\o\\— IXS A&?
Answec - O&l COnrse, &OU\ CON Mu\'\’@ ook .
O(\ \mfeO\\f. A Q‘I\A\ F(CCC‘S B \0)
[T C B~ C T 1= c\)\‘
e T 1T C c=( !

o Mu\-\’\xy\\\ﬁ M Locka (sivice Hine Mock diwmetsions W\""’D ;

AR = TC+CT T%+c* >
ct+1°  cor+IC
_ [ ac I c‘=<f,; 3) -2
TyC" 2L

L KL
S22 2 2
2> = “4x4

D. Modlab -

A’ &"\'M\V\syose
A*A < Mo\ X Prbcluc,*
L=L\; 2, 2,41,
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L=Cl 2 & 4’[1/)
Axy
A& < mad7 X powder
1 = eyela)
C ”mes(&,&} Vlock ot
A={r c,C IT1 < 3"]1";\(;“6“
2 -“E_O T ; F Cl
Ar R
Asde:
Mo Mu“'\p\\cm\-\oﬂ W prockice : Qtrassen's ﬁ\g‘i\i\"w\

http://en.wikipedia.org/wiki/Strassen algorithm
A A\;\ B B
A=\ n An) BB B

COM\ou\’C M, = (A\\*AL@)(&\\'\’ Eu)) M;:(A\\ ‘\'A\L)Bu
M, = (AL\“'A».:) B Me ;(AA\ 'A\\BOS\\"'&\D
N\s = A\\C&IL" &LD N\-? =(A\a,'Aez>(&,,z\+&J)
Mu = Aoz (B~ Bu)
usina,. F wodtix wuntriphcobions ( im*@\&o?-k\/\e & Suious onee
A\\ B +Ac}.¢52_\) es 5 A),\&va*A’-’-%’-b-

= Ab= #or M= Rer s N\fMg 3
M+ My M =M+ Wy + Mg

(AL\&\*’M*'O’(LL\SL\ ”)&’&/\)‘/
As&M\o\v\'Yc cmy\e*’v*\\ﬁ O(n\%*?:"z'”") for nxn madrices .

PBock +o Wnear eq|oor\"\cns'- Solve Az ‘—:\: Lor X

’j’ﬁ& (/C)lzto\% e Hae fastest (A)&\B O—Q'SQ\\]\(\% AKllo.?
\ W practice : Mox—\/’o\lo (v\oJr MO\H/\@MOA‘HCOD

or o\ —((jour—owV\

\V\'\'\Aeo@'- ‘?or mgenero\\ VXN N\O\‘\’fcx A C‘\e 5 W eo|\)0\‘\‘Yo\/\s, v\uv\\cmo\oag

e Al oaaa . ...\h\nl\?’mhﬂxl\

EE 441 Page 8
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Hhe same as Matcx Mu\JHY'VCO\‘\;\W\

http://en.wikipedia.org/wiki/Computational _complexity of mathematical operations#Matrix algebra

O( v\5> ioave ol\ﬁor'\\'\'\w\ @:&3;,3 :LZVL‘AQ 5ké,

O 2.376) ):Co e M - [,{)mﬁm& ‘901
OC W23 TV (Q\”\va\s 2012 ]

2372 Lor some conatank ¢
"U\V\Pﬁ\gﬂ(&w e c omstant = doo (0\152,%\'“

()fachca\ wge,

Cl&*‘.“‘f« P‘Zf\m\u The exyonent i wl .wwered Q.22
Sparse wadrices

Re.ca\\ Lost Hone e séuec& naMen co\\\\% ‘\’\I\Q. o\i%e(ew\-‘\o\\
€V oaion

3) P =\=
LO)=LCH=O
\035 Ai&crd‘u%\r\\os e Nrerval Lo,V

(%C,?’Q Timing [
i1 - 2% +X5.1 = — - x = LinearSolve[A, b];

n = 3000; {0.002488, Null}

R converts A ‘o

h:Tﬂhlﬂ[i & s {9, 1, n-l}] // w; HAfull =Fo al[h]‘r{' o AeWNse wWoX\R
n? n Timing [

A = SparseArray[Join[ x = LinearS8olve [Afull, b];

Tﬂhlﬂ[{j’r j}-'-zl' {j'l' 1: 0'1}3; ]
Tﬂhlﬂ[{jr j*l} 41: {jl‘ 1: n'z}]r

. . . _ ListPlot[x] .
Table[{j+1, j} +1, {i, 1, n-2}] Sporse, MarIR SO
11: {2.21352, Null} ‘ B)\'e(
OO0~
ArrayPlot [A[ ;; 20, ;; 20]] T o '1:n:u:' T iso0 2000 2500 afoo
ooz
004 |
oosf
oosf
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http://en.wikipedia.org/wiki/Computational_complexity_of_mathematical_operations#Matrix_algebra

N\ commonds

== n = 3000; == tic
x = AN b;
b = 1/n"2.5 * sgrt{l:n-1)"; toc
Elapsed time is 8.810288 seconds.
A = spdiags(ones{n-2,1),-1,n-1,n=1}); =>> Afull = full(A);
A=A+ A" - Zxspdiags{ones(n-1,1),8,n=1,n=1); tic R.oco (\3&(2\3 A “i“x
full(A(1:9,1:9)) x = Afull \ b; QNS WaX
toc
size(A) Elapsed time is ©.999726 seconds.
ans = >blplct{1fn1{1:n-1},x,'.'};
axis([® 1 -.1 @l1);
=2 1 5] 5] 4] 4] 5] 4] 4]
1 -2 1 @ 4] 4] @ 4] 4]
4] 1 -2 1 4] 4] 4] 4] 4]
4] 4] 1 -2 1 4] 4] 4] 4]
) ) @ 1 -2 1 ) ) e
@ 4] 5} @ 1 =2 1 4] @ am|
4] 4] @ 4] 4] 1 -2 1 4]
) ) ) ) ) ) 1 -2 1
@ 4] 5} 5] @ @ 5] 1 =2 ol
0.06 -
ans = 007 |-
-0.08 |-
2999 2999

.08 . A
o 08 [T

NO+C,' A= sya\cse,C[c\,u_,L;_\ ﬁgp,éz)gz:_\ [s,,sl,st
creakes a syoe wmadax with Ry, =Sh) Rig,"Sa, Regga “S3.,
,\3
>
n = 100; Lo creares (a-1)x(n-1) spacse

Al = spars 1 n- @ -2); &% wakex wwn -2 o~ dradonal

has +1's .bg‘—g-"D
A2 = sparse(2: n- 1,1:n-2, 1, n-1,n-1); i\t aﬁ‘ajfm\ e

A3 =sparse(1:n-2, 2:n-1, 1, n-1,n-1); = A2 Ww*‘é W“_bﬁiﬁ

Hae Av
A = Al1+A2+ A3~ \‘t&\g\juvxo\\ "’mke i aw C l}(nf\{ /vm'nx
nsteade ol (A-2)Xn-))

A
spy(A, ‘o', 1); \\sw" cs mmand. Yo Yizugl e Hhe madAx

i, T o cveate Hats teidagonal matnx,

i, Yow can eqy \Yok(e'/\ Use !
0 %ﬁ:"ﬁ, I @ = OGS (;’) - 1 -‘I:‘ A n)‘
. /sfo(w\jks Q?— X ,e )L Wi
a0 k’l
k{k
.,
ol ﬁlﬁl
*ihil*' &
80 iy
o
100 | m@ *of
0 20 40 o 80 100 W Jec
A ronspda2 Yo f)e\’ ol

b = nA(-2.5) * (1:n- 1p,\ (1/2);
v=A\h oo Lonil) WA aweS dement-ise @qmcm‘lar\'wv\
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b = nA(-2.5) * (1:n- 1p,\ (1/2);
Y= A\b So ve ‘(',OY@ S\Ve> dement-Rixe ex{m\cm‘ld&‘hav\

plot((1:n-1)/100, y, "} ylot wocke~
X ~Coord meS Y- U-coords

002
1

’ro&a.\ty How 4o sdve the SAME s &'\'CW\ of lineac

O\‘\"\OY\& N a-\'cdt (UO\'\'\'\ i \/\*'\’\O\V\Q\S‘@

Mewod 1 Gavss-Jodan in Md
Example: o ast +me)

Let 2 -1 O
A=<—\ ;2' ~;>
Selve AR = > Agf(o> Az= >

Answee : \n condensed form,,

°L~\O(\ 5\2-%\ L -\ Olyvo o

-\ & - o]t |o O Y ~-\|'"4a\ O "

o Bg‘m&*ss\ew\ o -\ O O |
cW.s \:)‘“Ai‘jswé

o 0 h
o h OB S
' TS T T N I S
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\oo 1 a
2 0 O [ £
— (0O | O} &
OO | ] A
1O O |1y
— (Ol O |V XN
0O 1 | 122
X~ 9z
sy row il x r Ox,+ O x, =4
(6“;1'/2‘;:&‘
QML row - O Xyl xuyOx =1

‘jL’;J\) 2,72

N
S row: Xs"i_) %3"& ,%}‘5

(1) 5@+

A\'\'e’“"‘*“'?-&‘j; in Yerms ot madrices
A x =y cduman Woo Leen Frovwformed +o

0N N@N‘ <] O %>; -PCS‘\’CO(U\WM

o | OA/E)\N\—
o o |

~—Vv— !
= e ()

A\'\’CI !\o:\’\ve,$ N {ernns °‘P wadrices "\’\I\Q Q) ¢q vaions

(8)° @) a(3)-(2) 4(3)-(3)

are ecr\)\va\\ew\' Yo +he svqe eq uax‘\"\ov\

Xy D 2,
XL 1. %L

sxs Yy 2,

ond wWe need to solve for Pae modrix X in
AX=5
(5o 55~ ocdon Fow linodion ‘5‘W‘Y’\‘1Q‘c‘9* +his +o

oS o\ [
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G&\A&S” Socdon fow e\wmoion 5\W\Y)\iqgic<9\ this +o
| ©O O VoL
O | o> X = (‘ o °1>
OO |\ VA

|
= X ‘-() 2\)‘\ J

a3

Merned 2© Madrix inversion

o Definition ¢ Existevce, °Proper¥\es
D‘E‘P_!‘j_“l" A< oan nrn Quoe Mo CIX
+hen X' 1 he Wwodi X 50\\"\6%(%
AAN-=T,

W cudn e waokrix e xicts

Exawmples
T -T
\ 9\>“ _ <\ /ol>
(O \ O |
(C‘) 2 X = does not exist!
Execcise: Fove Yhar for o éemem\ 2.5 wodrix
o b
A= L),
Hen A exwts & ad-be £O.
B ad-Le O,

g AL b
A -ao(-loc <’C 0‘5.

AMMZ So\\n&> l_inew %ﬂwvu (rp Qguations

To solve Ax=L-:
®C°’V\\”U‘3re A; On®) twie
G let %=A'L (™) +ime
= AX = . \>\A¢‘\ﬁ Yona, X'
A ;éEALQ once, scgvc\'zg\oreé\%u ariong

-\ AS:Z ) Az =4 Veﬁ«?o\&‘\'!
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=4 NTE T RO T

How o compute N2 e o\\reo\% did. |
Use. Ganss —Jordan Yo sdve modrix ezi\)a\\—iovx

AX =1
eﬂ')
QL -1 O )V O O 1 60O 1y |
-\ & -l o1 o)l —m-—lorOo|ax
O -\ 1] O 0o 0OV | ) Xy
Y ~ A
A A
Proge(-lr\es o‘\— e WoXrix wverse ©
AN =T -KA

Ee(\)\\/o&\cvv\’\b , Q\“j‘ = A

¢ ‘9 W+ oexoks, Hen A s onique .

Froof-
SO\& X oande Y oe Voth iaverses 0}) A
X= XTI =XAY)
=(X Y
-TY
=\ v/
* 2 A add R o m\(ed'\lo\e) g0 i« A&
(Aey = B'X

Swmee  @ADABL=E'TR =T
\j} A) E) C oNe \I\V@(‘H\a\ej » s ARC:
(AR =C'&'A

« Not 0\“ MO iCes are invertible !

&xh MG\'\'I\X nversion is o e answer e wank.

& prachice, we alWost never invest matrices !
D Too dlows. @/\/&\/\* not eyen exist.

©) Nu\mg(\‘co\& anstable
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=
n

g

ans

Example:
== b= [,01 8; 8 1];

inwi(A) inv(A)
ans = ans =
1aa @ 5@

@ 1 a

>> A = [.82 0;

@ 1]1;

® Con take spacse modrices to dense madices

=£;>

E?%xhnn¥ﬂe;

n=1a@;

ones(n-1,1);

-2xeye(n) + diag(ones(n-1,13, -13 + diag({ones({n-1,1
-2 1 8 @ 8 8 @ 8 @
1 -2 1 a 8 8 a 8 a
8 1 -2 1 8 8 a 8 a
8 @ 1 -2 1 8 @ 8 @
8 @ 8 1 -2 1 @ 8 @
8 a ] a 1 -2 1 ] a
8 a 8 a 8 1 -2 1 a
8 a 8 a 8 8 1 -2 1
8 @ 8 @ 8 8 @ 1 -2
8 @ 8 @ 8 8 @ 8 1

inv(A)

-8.9891 -@.8182 -8.7273 -@.6364 -@.5455 -@.
-@.8182 -1.6364 -1.4545 -1.2727 -1.@s%@3  -@.

-8.7273  -1.4545 -2.1818  -1.9691 -1.6364 -1
-B.6364 -1.2727  -1.989 -2.5455 -2.1818 -1

-8.5455 -1.@%@9 -1.6364 -2.1818 -2.7273 -2,
-8.4545  -8.989 -1.3636 -1.8182 -2.2727 -2,
-B.3636 -@.7273 -1.@989 -1.4545 -1.8182 -2.

-8.2727 -8.5455 -@.8182 -1.@9@% -1.3636 -1
-8.1818 -8.3636 -@.5455 -@.7273 -8.98M -1

-@.@%e9 -8.1818 -8.2727 -@.3636 -@.4545 -@.

Denge versus sparse wadcices
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uses oo muwcn W\em@!)

on

[ i~ I R R R o )

4545
9891
. 3636
8182
2727
7273
1818
6364
.a9as
5455

-8.
JT273
.@9a9
. 4545
8182
L1818
-2,
. 9691
L2727
6364

-1
-1
-1

-1
-1

3636

5455

-8.
9455
-8.
.@9as
3636
6364
. 9691

-1
-1

-1

-2,
4545
T273

-1

2727

g182

1818

L1818
. 3636
. 5455
L7273
9891
.a9as
L2727
. 4545
6364
8182

-8.
1818
-8.
-@.
-8.
5455
-8.
-8.
-8.
9891

asas

2727
3636
4545

6364
7273
g182



> on o= 18;
A = zeros(n,n);

for i = 1:9
AL, 141) = 1

end

A

A=

@ 1 @ @ @ @ @ @ @ @
@ @ 2 @ @ @ @ @ @ @
@ @ @ 3 @ @ ) @ @ @
@ @ @ @ 4 @ ) @ @ @
] @ ] @ ] 5 @ ] @ ]
@ @ @ @ @ @ 6 @ @ @
@ @ @ @ @ @ 8 7 @ @
@ @ @ @ @ @ ) @ 8 @
@ @ @ @ @ @ ) @ @ 9
@ @ @ @ @ @ @ @ @ @

=>» A = sparse(n,n);

for 1 = 1:9 .
ACL,i+1) = i; \\ ey e\,\%nu)

e oL storthYy ~ ONES

A asreads elig

R ity NS ‘\)\I\Q‘ X\

h ook \Leep oy VALl
(1,2 1 (ess 4 e (oN‘\(’
(2,3) 2 /u&@ Q _‘0
(3,4) 3 _Qof MW
(4,5) 4 A\\ows
(5,6) 5
(6,7) 6
(7,8) 7
(8,9 8
(9,1@) 9

>> full(a)

ans =

) 1 ) @ ) @ ) ) @ @
@ @ 2 @ @ @ @ @ @ @
@ @ @ 3 @ @ @ @ @ @
@ @ @ @ 4 @ @ @ @ @
) @ ) @ ) 5 ) ) @ @
@ @ @ @ @ @ ] @ @ @
@ @ @ @ @ @ @ 7 @ @
@ @ @ @ @ @ @ @ 8 @
) @ ) @ ) @ ) ) @ 9
) @ ) @ ) @ ) ) @ @

enamere: [VIEDICAL IMAGING
(@ LC - j&kg\—'\/\ H‘O\\&O‘FJ Krishwna Mo\yoxl(,--->
Froblem: Given scanning dodo,

OU&‘? W recov/\é‘\'ru\dcc& '\N\%e,

EA_M\?\Q'- \Covv\‘)u\)rc& Jron/\osro@/\\\j ’ (C’V> SCON:

AV

U
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X frox\\ﬁ
© &

v

Mmebsue
x—ro\ﬂm*ens\t‘j
)

. C (oo Sudf crossed)

|

%\Mg\\?’\cm\" \on -
. DT&CFG‘\'.\-ZC +o an nxn 6(](9\
(n> vaciables)

* For eadn (Ai&cf‘f)f@ line > YU ace aiven
eXJP <—'c x SUN o? (’\xe\& &\OQS \u‘ne)

. Eadn discrete line aWves one eo(uod—io/\:
Z (f’\xe\ volue od- fy = cbserved. cum

oints
RNS“AC line

Groal: Sclve for all +he pixel values .
n Matlo):

octave:1> load('xraydata.mat');
octave:2> size(xraydata)
ans =

32 32

octave:3> imshow(xraydata);

How s Awis davoy gven?

'?\r.fr cjuv‘vw\\ Y’“TO“ *Y)
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Drsy CI\MN\V\ Y:o\s%‘o\f\ Q%j)
= \/\o('\%OY\'\'O\\ K=o $
lines

1l

% output the (x,y) coordinates of a line that starts at
% [(x=8,y=ystart) and ends at (x=n-1,y=ystart+ychange mod nJ},
% wrapping around vertically
function coords = lineCoordinates(ystart, ychange, n)
slope = ychange / (n-13;
coords = [@:n-1 ; ystart + round{slope * (@:n-13) 1°;
coords(:,2) = mod{coords(:,2), n); % wrap coordinates around mod n
end

octave:6> coords = lineCoordinates(4,3,6)
coords =

X9

U‘l-h-l.uh)—lg\
— ® ® WU W

n = size(xraydata)(1) % okay in Octawve, but not Matlab
logxraydata = -log({xraydata);
reshape{logxraydata, n*2); % change the n ®x n matrix into an n*2-long vector

As'\de,: C\AO\V\S\' Ay o M X o o Veckor Usiaay "‘Cs\'\l}\fa(')
octave:8> reshape([1 2; 3 41, 4)
ans =

b2 W —
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% takes x and y both from @ to n-1
¥ returns an integer j from @ to n*2-1
function j = xytojlx,y, n
_]' =¥ +n*y;
end

% simple test code:

n= 2 Ay (Ancs s‘\ves-k‘/\e/ same wdex o(&er\l\g
%] @ %]

for y = @:n-1

for x = B:n-1 —7 ‘\’\'\OQF e P@&W&C) 'puu/\c-\‘\on ste&)
[x, vy, xytol(x,y,n)] ans =
end 1 e
end

ans =

Nexh We need Yo sei wp the ec‘va\-\'\‘ov\s. E adn eciuov\'\bvx)
co(resr)oﬂd\frxs*o o \\‘/\e) u)'\\\ be one row 01’2 * ss(fl\rxe, wWiadrix A .

m= n*2; ¥ m = number of equations, in n*2 unknowns
A = sparse(m, n*2); % initialize all-zeros sparse matrix
eqn = 1;

for ystart = B:n-1
for ychange = 8:n-1
% for each line, we'll have one equation
line = lineCoordinates(ystart, ychange, n);
for 1 = 1:n
j=1+ xytoj{linefi, 1, line(i,2), n); % +1 so index hoes from 1 to n*2
Afeqn, j) = 1; % the coefficient is +1 on every pixel in the line
end
eqn += 1; * move to the next equation (row of A)
end;
end;

Letrs sole Hhwese ea‘\)oeﬁows '

¥ o= A\b;
recoveredimage = reshape(x, n, n);
imshow(recoveredimage);
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“Thoat didny work

W’ we con e sawe code wiry NW= | L can see Yhe

P o\ ew -

octave:26> full(A)

ans = /T]/\ese, H=wn" ea(JO\'\’iom ace. VOF
. enk.
1 o o mé&\oe\/\& -
1 8 o 1 oy H = ol +row 3 —rend
e e 1 1
e 1 1 o

Theefore we have fewer \ndependent equations +han
ux\/\\o/\ovom&) and Fere ace \:\Q-\V\‘\\—e(\,tj wauny solutions .
Maralb found sne solurion, wot Hhe one we wanked .

To Fix s, we weed Yo add more ecldm\’w“om_

Now gt &OV\ Joolc in Mae ower—\e{»‘+ corner O-F xragia\\—o\)
e p\xa\ s pure wike. “This means Haotr +he +o‘vox\

mass of bone crossed bu Ye firsk horizontal x-ray s O.
“There is wo Vone A Yue Svsy rovn. (De can addl eqUO\ﬁol\g
for Phis:

for k = 1:n bb\fg cowldny Modlab a\\rea&g
ﬁgﬁ“f;kﬁf E see Pate € Hdoesnd kvow Yhak
end bone densiyies must ve 70O, so

b =[b; zeros(n,1)]; .
Lhere conld be wvegarive valwes

co\v\ce\‘\m‘@ oo pesitive values along
+he Pt row.

EE 441 Page 20



So\\l'\g OCO)G\\{\ :

X = A\b; ;

’ ol maize hore Ve camse A
X = %/ maxk(x); & we 4ot knaw the ac\'\’ef\\)o\\““ facror
recoveredimage = reshape(x, n, n); A; Lane

imshow(recoveredimage);

Note +war spacse Mo ix coutines ae faste~ +Haan
V\s’\i\g denise waarrices

octave:42> t = cputime;

octave:43> x = A\b;

octave:44> elapsedtime = cputime - t

elapsedtime = (@ZE%%E})Se(Q,\AS

octave:45>

octave:45> Afull = full(A); «— convert o "
octave:46> t = cputime; dense (gpreseniamion
octave:47> x = Afull\b;

octave:48> elapsedtime = cputime - t
elapsedtime = (1.3295) .csnd s

One moca: Se—\'\'\i\s wp the eo\\)o\\’ions can be painfinl !
Mool & fast o soling Hhem — bt doesny wacrn

Yyow & Yhere ore ik Y Moy sdutions .

S%@ PXDL\MMMS :
). How 4o solve Hre eguathions faster 2

<Eq)9 wWhat F We wawt +o recmms*ruﬂf\‘)

live. Vvideo~
2. How con we cdllect Hhe doda. more guick(n?
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2. Hbu:) CoNN e CQ“@QA’ Hhe otaﬂm MO ﬁdltkﬁg?
cher eo‘uodwov\s —= fewer X'fcﬂ&
—> fpster " less codiochon e A

So con we wse Lewer equoéﬁov\s Ce

No.
/ﬂ/\&/\ ¢ soluhon w\\( wet be unyque .

‘5&\/\4— W\o&j\oe, Paot o 01:@ N

/

COW\Y ressed Sens)

Candes ROW\‘aUS , Jao 200G ...
calratin (UCLA

LILX DecompodiTioN oF A MATRIX

Problem: Hows con ne save the Qosoo\’ﬁons Laster?
Gwen oo wediix N
o Necdkors Vo, o, W L
C)’oo\\ - Sole ﬁ\)\d@\g

Ax =%
Ax =\
A?&”:\o{\
AHrerevt
Jove A

s dea: Pre_covw\ou\\'e. A (\Or s @\\s@ _
Then ‘)»&' mm\\'\\p\g
N N R S
Rud theces oo betier way ..

“Theorem f:rwnjﬁ CEEIW
A@ M R vaorAx A can ba frctoed as

A= PL O]
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A= P LG

@\k% ? S an WX unA yoe/n/\w\-a\hav\ v\/\O\‘\'n)(
L_ s an wm xan [gwder h.a wov MO\‘\'/‘X
OL ) an WA X ULY ar 1‘—/. va W\O\,+"ﬂ><

L < o )
Yossi ev\one;ero mu umzero
ayd'ﬂco on o beoub Maradvove
aeﬁm Alcosw FM7/

w\/\g QQJ\ 8L W\ zG(\VV\(WV\CV\"l’ ﬁrs’r an oyplicotion:
80\\1\\& Losver wma IHyle sers of cc‘UaénUv\.s W ave A

/]/o SA\JQ, A X :
)

P L Oex

solve L = Py f—orj Mren Ux=y Hor x.
For an V\" vvxoémx Yars \.&1006)"- OXn®)

<S%\&H_’_‘>ﬂ Py by farioh subosthcion
L&Q‘\’ﬁ\ ) SM“’H’M‘I’E 3"113 ‘B
%j ‘= Lack subsHhdion
( @ > ‘9 \5%@-3— K, Knal )y Xn-2, ---:)

o o Prechxymhi\S e UL J@wwvm‘rﬁov\ QPA mllm
%fso\\!tﬁ Pr=L AX=l , AX'=L", .. faster.

In Qact/ ‘(\’ A ﬁ\&\a&o\/\o\\ L and. L UQ')I/I%/ spece )
e A can Le. dense — cven anven A for

'S s )Cms*cr to So\\le, Ax - u\&\g Hae (O o(ecow‘w}‘r\—cv\
Mo o wwdhw \,& "

J
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[Do o /\/loc\’\/\QW\M’ﬁCa’J

AV\O"/\’\U (‘QSS \Y\)QFEA’*WSB OLYF"MhGY\ : COYV\KU\hl\S «De"‘f(A>

Der(A) = Der(P) DA (L) De+(h)

Theoren Tacing 19481
JAW\B) WA < W\ wxo?\'r\x A con be Lackored as

(A PO

LO\I\% P 1S an X un onKN\U\'\'O\'hU\/\ V\/\Ok‘\'ﬂ)(
\_.. s an w X |ower: %‘(.a W madnx

) ﬂu/\ wA X n U\, L/‘"'/o \'\JW '/V‘OanX
vosmée v\cmeero %
a,u\-\'r‘eéov\orbeow Mo.ra.!povc,%‘@
diagoval dicoonal
construchve 3 9

Pfoch deo - \(Yb Cﬁmssmvx elovminabion o A

2 2 2L\53

A=l 4 2 = 2;
e I 22X 3
2 o 2 L L A

—_— o N _g 2 —> (O R 3 4
@ & 22 O 1a I

I 1]

A\ Az,

2. AL 2
L0 > =
O O CQ ne

As
O\oserv e

p=(258)a
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I O O
A=<& jo)A!
o O |
_ | @)
A’\~<OC‘) O>A&
20 |
_ /Yy O O
O 4
| OO 2 2 2
=>A=<-)LC')% QEC:DSXOIO)(O&&)
oo/ \aol No“ | o0 Ok
~——~ — "
o s
L?o>°(—
2 4 )

Clawn 2.0 The Vm&uc:\— 0{) Jwo lewer- +u
wodrices s lepder '?’“ </\10~r foo.

%3 .,

Z,O\kLkC) "Z a“Lkd 'O

Gy, =O ? i<k
\“3 =0 Ly
(JQ\\O\ e P v\e,ce.ssoni?

SN (RO
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(0D =(32)E #)

= 0O >a &
= =0 o d=0
O OY 4 < (&O}(O €>
<§o <~ ANO £ v o o +
=<O O> _ @”4>)<
@ o ) X O 4

Pfo\o]qm . \]Io&/\ cony (('\\IO"'GV\ O. ro ’>
So sateln e tuwo s 3t P Uio

ea=(u 1) =(6D) ¢
L S
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