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(Peo) : min ||z||, subjectto Az =b

Require: We are given the matrix A, the vector b, and the error threshold &g

Rl

10:
11:

// Initialize

k=0,

The initial solution z° = 0,

The initial residual 7° = b — A2° = b

The initial solution support S° = Support{z’} = &

// Main Iteration

Increment £ by 1 and perform the following steps:

Compute the errors e(j) = min, ||a;z; — " ||§ for all j using the optimal choice
2 = Tt oy

//Update Support

Find a minimizer,j, of (j) : V1 < j < m, (jo) < (j), and update S¥ = S*~1 U
Lo}

//Update Provisional Solution

Set 2F = z*~1, and update the entry z*(jo) = 2*(jo) + 2}

//Update Residual

. Compute r* = b — Azk = k=1 — 2% q;

Jo

//Stopping Rule
If HrkHQ < g9, stop. Otherwise, apply another iteration.

return The proposed solution is z* obtained after k iterations
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Wi frnly (0 (5l ol S (g (2301 Y=Y (03 651
(Pe) : min ||x||, subjectto Ax =10

Require: We are given the matrix A, the vector b, and the error threshold &g
// Initialize
1: k=0, and set
The initial solution z° = 0,
The initial residual 7* = b — Az° = b

The initial solution support S° = Support{z’} = &

Rl

//Main Iteration
5: Increment £ by 1 and perform the following steps:
6: Compute the errors €(j) = min_, ||a;z; — rF~ ||§ for all j using the optimal choice
2=l |l
//Update Support
7: Find aminimizer,jo ofz(j) : V5 ¢ S*71, €(jo) < &(j), andupdate S* = S*~1U{jo}.
//Update Provisional Solution
8: Compute z*, the minimizer of || Az — b||> subject to Support{z} = S*
//Update Residual:
9: Compute ¥ = b — Ax*
//Stopping Rule
10: If HrkH2 < g9, stop. Otherwise, apply another iteration.

11: return The proposed solution is 2* obtained after & iterations
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St .Afstands for the Moore-Penrose pseudo inverse of A (i.e.g.:i 2559 ole Y=Y (2 ,.f.ﬂ
A2 AT(AATY Y,

Require: We are given the matrix A, the vector b, and the error threshold ¢,

// Initialize Set 2, = Ab Choose a suitable decreasing sequence
1: foro = [0y ...0;] do
Let o = o;
Maximize f,(x) subject to Ax = b using L iterations of steepest ascent:
//Initialization: x = Z;_;.
for i = 0to 10 do

Letz < x + (uo®)VFE,(x).

Project x back onto the feasible set { 2| Ax = b} : & + x — AT(Az —b).
end for

9: Set ZJAZJ‘ =T
10: end for

11: return 7 = I;
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2
3: Solve the optimization problem
4
5: return argmingy(b)
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Require: A € R ",
// Initialize
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6:  If hjii; = 0 then Stop
7 v = wifhiy
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end for
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Require: A € R™*", b € R™.iterative stop threshold tol > 0.
// Initialize
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=AY =
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8: end for
9: return solution sequence x
ol el L 5 5508 dsd 0dile BL 1550
Find &t € K suchthat b— A%z 1 L. (V-0

2355 g0 o) 25 e Wl dslas ams )3 IS o (S gt K (gLia 15 i gos

Findz €x. + kK suchthat b— Az L L. (VA-T)

VA-T dslrs 53 ol ST 39 o 5 7, = b — Ay Sojgnms 7 adsl ole 3L ls 5T = 2, + 0 axslix

g e IS 5 il

b—(Az,+0) L L

r,— Ad LL
D ) e S S S ol
T=x.+06, 0€Hr, (\4-1)

\ %4



(r.—Ad,w)=-, YwelL (Yo-T)

ol o3ls LS V=¥ =T IS 53 e = 7o — AG dyd 0 libe BU (555 ok CAe YoT alasly ol Jal
Ab T,

Tnew

sl

[Y’O] J;@)Liab ‘LSJ"‘;U:"‘Q\ 41-"}")‘ oJ.ATCM»..b g_ﬁiﬁ

\A%



MP,OMP,LS-OMP (sla s, auslie V= asl
=====z=z=z=z=z=z=z======z==z=z=z========z==z============ \
In this program we demonstrate the MP, OMP, and LS-0MP Y
algorithm, by running them on a set of test signals and checking Y
wether they provide the desired outcome ¥

o

n=30; m=50; Smax=10; Exper=1000; 4
\%

A=randn(n,m) ; A
W=sqrt (diag(A'*A)); A
for k=1:1:m, Yo
AC,K)=AC:, k) /W(k); \
end; \'Y
Y

for S=1:1:Smax, VY
for experiment=1:1:Exper VO

\$

/% Generate a test signal of cardinality S A\
x=zeros(m,1); A
pos=randperm(m) ; V4
x(pos(1:8))=sign(randn(S,1)) .*x(1+rand(S,1)); Yo

b=A*x; Y

YY

% Apply LS-MP Yy
thrLSMP=1e-4; Y¥

r=b; Yo

ss=1[1; \t4

while r'xr>thrLSMP, Yv
Z=zeros(m,1) ; YA

for jj=1:1:m Y4

YA




vAa

SStemp=[SS,jjl; Yo
rtemp=b-A(:,SStemp)*pinv (A(:,SStemp))*b; AR

Z(jj)=rtemp '*rtemp; Yy

end; AR g

posZ=£find (Z==min(Z) ,1); ¥

SS=sort ([SS,posZ(1)]); Yo

r=b-A(:,S8S)*pinv(A(:,SS))*b; \N4

end; v

xLSMP=zeros(m,1) ; YA

xLSMP (SS)=pinv (A(:,SS))*b; ¥4

¥o

% Apply OMP AR

thrOMP=1e-4; ¥y

r=b; ¥y

ss=[1; Y

while r'*xr>thr0OMP, Yo

Z=abs (A'*r); \t4

posZ=find (Z==max(Z)); Yv

SS=sort ([SS,posZ(1)]); YA

r=b-A(:,SS)*pinv(A(:,SS))*b; ¥4

end; 0o
x0OMP=zeros(m,1) ; O\

x0MP (SS)=pinv (A(:,SS))*b; oY

oy

% Apply MP of

thrMP=1e-4; 00

r=b; (aY4

xMP=zeros(m,1) ; ov

while r'*xr>thrMP, OA

Z=abs (A'*r) ; 04

posZ=£find (Z==max(Z) ,1); $o

xMP (posZ)=xMP (posZ)+A(:,posZ) '*r; 4
r=r-A(:,posZ)*A(:,posZ) '*r; Y

end ; 148

7¥

end; 70

44

end; 4%
OMP,IRLS,BP sla i, amslio cdio sy Y-

OMP,IRLS,BP (sl b5, avslio 1Y = sl

——=———==—=—==—=——==—=—==—=—=—===—=—====—========== \
In this program we demonstrate the OMP, IRLS and BP Y
algorithms, by running them on a set of test signals and checking Y
wether they provide the desired outcome ¥
———————————————=——————————————————=——=——==== o
n=30; m=50; Smax=10; Exper=200; 4
\

A=randn(n,m) ; A
W=sqrt (diag(A'*A)); q




for k=1:1:m,

end;

AC:,

k)=AC:, k) /W(k);

OMPtime=0;
BPtime=0;
IRLStime=0;

for S=1:1:Smax,

end;

for

end;

experiment=1:1:Exper

% Generate a test signal of cardinality S
x=zeros(m,1);

pos=randperm(m) ;
x(pos(1:8))=sign(randn(S,1)) .*(1+rand(S,1));
b=A*x;

% Apply OMP
thrOMP=1e-4;
tic;
r=b;
Ss=[1;
while r'*r>thr0OMP,
Z=abs (A'x*r) ;
posZ=find (Z==max(Z));
SS=sort ([SS,posZ(1)]1);
r=b-A(:,SS)*pinv(A(:,SS))*b;
end ;
x0MP=zeros (m,1) ;
x0MP (SS)=pinv (A(:,SS))*b;
OMPtime=0MPtime+double(toc) ;

% Apply IRLS

tic;

xIRLS=ones(m,1); /% initialization
XX=eye (m) ;

p=0.5; % refers to L1 (LO ts obtained by p=1)

for k=1:1:100,
XX2=XX*XX;
xIRLS=XX2*A'*pinv (A*xXX2*A') *b;
XX=diag(abs (xIRLS) . p);
end;
SS=find (abs (xIRLS) >1e-4) ';
IRLStime=IRLStime+double (toc) ;

/% BP using L1 by Matlab

V=ones (2*m, 1) ;

tic;

xBP=1linprog(V,[1,[],[A, -A],b,0%V,V*100);
xBP=xBP(1:m)-xBP(m+1:end) ;
SS=find (abs (xBP)>1le-4)';
BPtime=BPtime+double(toc) ;

Ao
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SLO g, o asls,y  ¥-o

SLO s, :F-c b,

SLO(A, b, sigma_min, sigma_decrease_factor, mu_O, L, A_pinv, true_x)
Y
mu_O: Y
The value of mu_0 scales the sequence of mu. For each vlue of ¥
sigma, the value of mu is chosen via mu=mu_O*sigma”2. Note that 0
this
value effects Convergence. 4
The default value is mu_0=2 (see the paper). \%
A
L: q
number of iterations of the internal (steepest ascent) loop. The.
default value is L=3. W
VY
A_pinv: \Y

is the pseudo-inverse of matrix A defined by A_pinv=A'xinv(A*xA')NY
If it is not provided, it will be calculated within the function .0

If
you use this function for solving b(t)=Ax(t) for different values?
of

't', it would be a good idea to calculate A_pinv outside the A\

function
to prevent its re-calculation for each 't'. A
\4
true_x: Yo
is the true value of the sparse solution. This argument is fom
simulation purposes. If it is provided by the user, then the Yy

function
will calculate the SNR of the estimation for each value of sigmaV

and

it provides a progress report. YY¥
YO
Authors: Massoud Babaie-Zadeh and Hossein Mohimani Y#
Version: 1.4 Yv
Last modified: 4 April 2010. YA
Y4
x = A_pinvx*b; Yo
sigma = 2*max(abs(s)); Y
Y'Y
Main Loop Yy
while sigma>sigma_min Y'Y
for i=1:L Yo
delta = QOurDelta(s,sigma); Y&
x = x - mu_Ox*delta; Yv
x = x - A_pinvx(A*x-b); % Projection YA
end Y4
if ShowProgress Yo
fprintf (' sigma=%f, SNR=%f\n',sigma,estimate_SNR(x,true_x)f)

AN



end
sigma = sigma *
end

sigma_decrease_factor;

AR IRIRRRREEE TR RRRRRREETEEE TR RRRRRIIL LT
function delta=0urDelta(s,sigma)

delta = x.*exp(-abs(x)."2/sigma"2);
AARIIIITTIIIRIRRITTTTTETLTTLLLLRRRIIIIIIIIIIIRELTLTLTELTLLLLLILILIIILT

function SNR=estimate_ SNR(estim_x,true_x)

err = true_x - estim_x;
SNR

10*logl0(sum(abs(true_x)."2)/sum(abs(err).”2));
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function xf = normiMZ(A,b,eps)

Mehdi Zaferanieh

min |[|x||1 s.t. |[Ax-b||1<=eps

m=3; n=2; eps=1; initial values

A=[1 2;3 1;4 5]; b=[3,0,10]."'; Zinitial matriz and right hand side
values;

m = size(A,1);

n = size(A,2);

Bn=[eye(n) ,-eye(n)]; extreme directions for |[x||1;

Bm=[eye (m) ,-eye(m)]; extreme directions for |[|Ax-b|]|1;

Aegx=[eye(n) ,-Bn,zeros(n,2*m)]; Aeq corresponding to equality $x=\
sum_{i=1}"n \lambda_i b_i$;

begx=zeros(n,1);

beq corresponding to equaltiy $x=\sum_{i

=1}"n \lambda_i b_i$;
Aeqc=[A,zeros(m,2%n) ,-Bm];

beqc=b;
{1=1}"m \lambda' _ib'
Aeq=[Aeqx;Aeqc];
constraints;
beq=[beqx;beqc];
cx=zeros (1,n);
cli=ones (1,2%n);

x| 11
clip=zeros (1,2*m);
Ax-bl|1;

lb=zeros (n+2*m+2%*n,1) ;
f=[cx,cli,clip]l;

Aing=[zeros(1,n) ,zeros(1,2*n) ,ones(1,2*m)];

eps;
bing=[eps];
[x11lp,fval] = linprog(f

for i=1:n
xf(1)=x11p(i);
end

Aeq corresponding to equality $Ax-b=\sum_
{1=1}"m \lambda' ib' i$;
beq corresponding to equality $Ax-b=\sum_
_i$;

The main Aeq corresponding to all

The main righ-hand-side values;

The ceofficient of variables x;

The ceofficient of extreme directions for
The ceofficient of extreme directions for
The lower bound for all variables;

The main cost ceofficient;

The given threshhold

,Aing,binqg,Aeq,beq,1b,[]1);

The initial obtained solution

AY

AThe constraint [[AX-b/| K&

W
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