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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 zq = 0,

The initial residual 1 = b — Axg = b

The initial solution support Sy = Support{z,} = &

// Main Iteration

Increment £ by 1 and perform the following steps:

Compute the errors £(j) = min|ja;z; — 7,12 for all j using the optimal choice
Zj

2
2 =an/ ol

//Update Support

Find a minimizer,jy of £(j) : V1 < j < m, £(jo) < €(j), and update Sy = Si_1 U
{Jjo}-

//Update Provisional Solution

Set x; = x;_1, and update the entry 1 (jo) = 1 (jo) + 2]

//Update Residual

: Compute r, = b — Azy, = 11 — 2 aj,

Jo

//Stopping Rule
If ||rx]|, < €0, stop. Otherwise, apply another iteration.

return The proposed solution is x;, obtained after £ iterations

/-!: .

s={1} =

/ *

5={2,1} 5={2,3}

— ¥ m’"")‘\,

5={2,3,1} S={2,34}

S={2,3,7,1} $={2,3,7,4} $={2,3,7,8} $={2,3,7,m}

OMP ﬁ)jﬁ\ &)JM :4-) J.g,&
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(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 zq = 0,

The initial residual 1 = b — Axg = b

Rl

The initial solution support Sy = Support{z,} = &

//Main Iteration

5: Increment £ by 1 and perform the following steps:

6: Compute the errors (j) = min_; [la;2; — rr_1 |3 for all j using the optimal choice
7 =ajrea/ llagll;
//Update Support

7: Find a minimizer,j, ofe(j) : Vj ¢ Sk—1, €(jo) < £(j), and update Sy, = Sp_1 U
Lo}
//Update Provisional Solution

8: Compute xy, the minimizer of || Az — b||3 subject to Support{z} = Sj
//Update Residual:

9: Compute r, = b — Axy,
//Stopping Rule

10: If |7, < eo, stop. Otherwise, apply another iteration.

11: return The proposed solution is x;, obtained after £ iterations

. = b— Axy, (\ve-Y)
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Dot
product of
vectors v;

and v,

Dot
product of
vectors v,

and v;

vectors

Dot
product of
vectors v,.;
and v,

Dot product over a large number of

sum =sum +
vi(n) * va(n)

sum =sum +
va(n) * va(n)

sum =sum +
vna(n) * va(n)

T aa(2) Fva(2) vaa(1) (1) length(vy.)

53,8 oM Y=Y S8 s oS

oo
-~

sum=0

-
-

sum =0

SUM =suUm + sum = sum + n=
vi(2) ¥ va(2) vi(1) * va(1)  length(vy)

sum=sum+ sum=sum+  n=
Va(2) *vs(2) va(1) *vs(1)  length(va)

sum =sum+ sum =sum + n=
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void vecAdd (float* h_A, float* h_B, float* h_C, int n) Y
{ Y
int i; ¥
for (i=0, i<mn; i++) h_C[i] = h_A[i] + h_BI[i]; 0
} &

Sl v
int main() A
{ q
he shp cha Gy Gy il janass Yo
hi sha o8l $lp s 5162505 Slles W
C \Y
vecAdd (h_A, h_ B, h_C, N); \Y
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void vecAdd (float* h_A, float* h_B, float* h_C, int n)
{

int size = n* sizeof (float);
floatx d_A, d_B, d_C;

// Allocate device memory for A,B and C
// copy A and B to device memory

L > < 0 O €t <

// Kernel launch code - the device performs the actual vector
addition

—
°

W
// Copy C from the device memory back to host \Y
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#include <cuda.h> \
void vecAdd (float* h_A, float* h_B, float* h_C, int n) Y
{ Y
int size = n* sizeof (float); ¥
float* d_A, d_B, d_C; 0

7
cudaMalloc ((void **) &d_A, size); %
cudaMemcpy(d_A, h_A, size, cudaMemcpyHostToDevice); A
cudaMalloc ((void **) &d_B, size); q
cudaMemcpy(d_B, h_B, size, cudaMemcpyHostToDevice); Yo
cudaMalloc ((void **) &d_C, size); )

VY

\0
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// Kernel invocation code -to be shown later VY

\¥
cudaMemcpy(h_C, d_C, size, cudaMemcpyDeviceToHost); \#
cudaFree(d_A); cudaFree(d_B); cudaFree(d_C); \\%
} YA
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cudaError_t err = cudaMallox((void**) &d_A, size); \

Y

if (err !'= cudaSuccess) { Y

printf ("%s in %s at line %d\n" , cudaGetErrorString(err), ¥
__FILE__, __LINE_);

exit (EXIT_FAILIURE); 0
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__global__ void vecAddKernel(float* A, float* B, float*x C, int n)
{

int i = threadIdx.x + blockDim.x*blockIdx.x;

if (I<n) c[i] = A[i] + B[il;

}
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void vecAdd(float* h_A, float* h_B, float* h_C, int n)
{
// d_A, d_B, d_C allocations and copies omitted
// Run ceil(n/256.0) blocks of 256 threads each

vecAddKernnel <<<ceil(n/256.0), 256>>>(d_A,d_B,d_C,n);
}
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void vecAdd(float* h_A, float* h_B, float* h_C, int n) \
{ Y
dim3 DimGrid ((n-1)/256+1 ,1, 1); Y
dim3 DimBlock (256, 1, 1); ¥
vecAddKernnel <<<DimGrid, DimBlock>>>(d_A, d_B, d_C, n); )
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Profile Summary
Generated 05-5ep-2018 14:11:35 using performance time.

Function Mame Calls  Total Time Self Time* | Total Time Plot

Example 1 32690 s
LISk 1 23701 s
ME 1764 | 22136 =
imshow 3 3689 s
initSize 3 2563 s
movegui 3 1.953 =
legacyMoveGLUI 3 1.860 s
imread 1 0457 =
addpath 2 0.450 5
path 2 0412 s

(dark band = self time)
3222 s E——
1.404 s I
22136 s IS
0357 s m
0.161 s [ |
0.079 s |
1757 s 1
0.029 s |
0.028 s |
0.266 s |
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Lines where the most time was spent

Line Mumber @ Code Calls | Total Time | % Time | Time Plot

119 w = MP(Dl,v,.0L); 17B4 | 22173 s 93.6% I
54 1ImGll = convZ (mIm, hfl, 'sams')... | 0532s 22% |

97 fprintf('.'); 1747 10272 s 1.1% I

101 rmean = mean(mpatchi:)): 1764 0225 s 0.9% |

134 hpatch = Dh*w*mnorm; 1734 0.130s 0.5% |

All ather lines 0.369 s 1.6% 1

Totals 23701 s | 100%

Children (called functions)

Function Mame Function Type = Calls | Total Time | % Time  Time Plot

WP function 1764 | 22136 | 93.4% I
mean function 1764 | 0.119 5 0.5% I

imresize function 2 0.042 s 0.2%

Self time (built-ins, overhead, etc.) 1.404 5 59% [ ]

Totals 23701 s | 100%
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Code Analyzer results
Line number = Message

Input argument 'lambda' might be unused, although a later one is used. Consider replacing it by -~.

44 The wvalues assigned here to 'mhg' appears to be unused. Consider replacing it by ~.
44 The wvalus assigned here to 'mwd' appears to be unused. Consider replacing it by ~.
142 INV(4) *lh zan be slower and less accurate than A\b. Consider using A'bh for INVIA)*h or b/A for h*INV(L).
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i = 0; \
for t = 0:.01:10 Y
i =1 + 1, v
y(i) = sin(t); ¥
end 0
2@\;3}&)}&4.3&‘.{50&0}3')‘))35
t = 0:.01:10; \
y = sin(t); Y
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x = 1:10000; \
ylength = ( length(x) - mod(length(x),5)/5; Y
y(1:ylength) = O; Y
for n = 5:5:1ength(x) ¥

y(n/5) = sum(x(1l:n)); 0
end 4
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x = 1:10000; \
xsums = cumsum(x); % returns the cumulative sum of x Y
y = xsums (5:5:1length(x)); v
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85

86 —

87 — = 1:1length(mgridx)

88 — Bl © The PARFOR loop cannot run due to the way variable 'count’ is used. Details * | [ Fix |

39 @ The PARFOR loop cannot run due to the way variable "him' is used. (_Details v | [ Fix|
@ The PARFOR loop cannot run due to the way variable 'nrml_mat’ is used. |_Details = I_E'l

90 - mgridx(xx);

91 - mgridy(yy);
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oS Db s gl
for x = 0:0.1:1 \
for k = 2:10 Y
x(k) = x(k-1) + k; Y
end ¥
X 0
end 4
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parfor x = 0:0.1:1 \

parfor k = 2:10 Y

x(k) = x(k-1) + k; v

end ¥

X 0
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x(k) = x(k-1) + k;
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d =0; i = 0; \
for i = 1:4 Y
d = ix*2; v
A(i) = d; ¥
end 0
A 4
d \%
i A

Wl 23Dyt g ail> gl s

A = \
Y

2 4 6 8 Y

¥

d = 0
;

8 \%

A

i= q
Yo

4 Al

il 33 Oy guo 4 parfor adl> (gl >y & oS J> 5o
r - o

04




Q.
1
> < 0 O €6 -t <

— —
— o

S0 a0 L)l ST 568 adl 55 s 065l d ite 3550 53 (ol LSS Jls 53 58 3 A olds aS el 545 b

La )L, SS Lol parfor ail> 55 .55l5 555 53 1y acdls ail 55 51,55 - 5T 348 (g luda d Ok 3 1 dled Lt L e
ol polamsl dil> (Ll 3 d @ edd i 1 e K4S ol e b L o0 Ll (S3lge o
J3lie 53 (6,5 aS el Ly a5 (614 sS @ parfor adl> sy ol by \AS o Bdeo 55 1 ite (Gl eizeed Cunios
s parfor ail> s ba i 81 bile o 3L GLusS a5l day 5 L3 Wagl jolie 515 adl> | g »isd
parfor & le G aslsl 53 48 oS aen 555 il 5 5 5b 4l 4 Cond 5Lt Sty Sl S oS T ezl
S il )5 9357 Jitaws il 53 Bl go Jais U SSILT LBl atnls 4l 1SS 5 4 L e

LY

Vadliesls uj“ﬁ 6\.%.:?6.0 f-¥-v

s g5b &3 1y S 52 487558 ol plnandad by s sy & L5 o plite 48 Cang e olionls 3 e S
Lo oite 3 oslinl S oo IS T 0T 31 liome axkad (5, il LSS a1 5,S o 513 o35 3550 L SIS Lo
il 033050 S (555 2 S g0 SIS S By e SalS L L SHS 5 SIS e BLS 1 15 pe e liankad

g gn dlony) O 4 Sl 55 )90 SHS O o a5 laas ] L5 S o

il LT ) 31 ST s G Joli A ) ankad G 5 a8 s L F-F-Y Jls

parfor i = 1:length(A) )
B(i) = £(A(1));

end
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parfor i = 1:k \
B(:) = h(A(i), A(i+1));
end
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parfor i = 1:k \
B(:) = £(A(i)); v

C(:) = ga{id); ”

end ¢
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parfor i=1:10 \
b = A(1,i) + A(2,1) Y
end v
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A [1 23456789 10 20 30 40 50 60 70 80 90 100];
B zeros (1,10);
parfor i=1:10
for n=1:2
B(i) = B(i)+A(n,i)

end
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end
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%% NOT Sliced:

A(i+f(k),j,:,3) % f(k) invalid for slicing
A(i,20:30,end) % 20:30 not scalar

A(i,:,s.fieldl) % s.fieldl not simple broadcast var
%% Sliced:

A(i+k,j,:,3)

A(i,:,end)

ACi,:,k)

> < 0 o %t < —

2Ll ate ol Bl g sd o oslitul q\jgiif.sw.)d\ Gl adl> a0l on 6J.<i.>(5l.aﬂ.i.:.o S gloy
SR 18 ood Lk s ol parfor jgws S gl l Jeb 5o plapine i &l o .;;mléi%d}b
en S |y i) e KB S S5 g Uy el

al)f JK& 0-F-f-v

P odkdiosls b o g5 a5 5yl H3 A e .S L 1y b SE S b eddesls Sy ate S

AGi,:) = [1; \
ACend + 1) = i, Y

j)l‘ﬁ)[fdﬁjﬂ@)‘))dbéujﬂ.XS‘};"@OMMQ\)TJ@M‘ﬂjwoﬁcbbéﬁfl cdj\L}JJ

LS A3 sl Al ke (S5 (5 S 0kl andad >y S A ‘p.s.laé-).s S i |y syls ) ol SIS

Y



dq-‘gjﬁ-‘g‘_;:‘b‘ge.\&o:buﬁ'ﬁ‘_guﬂi:o F-f-yY-v

Slopuas 53 8 a8 edbankd pixe G dzen Ll 1y 030 5 5 56295 Sleo gas odbankld sla ae oled
LSS 5y o A odbiandad (o pae 9 S oo Jaie s SHS 4y JISHIS 511 (63959 0l andad (sla poiie (o w3l 15
parfor adl> ;5 .55 MT}QJQ@?}JF‘)J R V.Angsj)jrAL;ﬂjaoJf\ 13,8 a3k LIS 4

tm s oddiankad Laie SUD 5 gy odkdiankad Late STy

a = 0; \
z = 0; Y
r = rand(1,10); Y
parfor ii = 1:10 ¥
a = ii; 0
z = z + ii; 4
b(ii) = r(ii); \%
end A
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parfor ii = 1:n \
if someCondition Y
A(ii) = 32; Y

else ¥
ACii) = 17; I

end b4
loop code that uses A(ii) \%
end A
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a = []; \

parfor idx = 1:10 Y

if rand < 0.5 Y

a(idx) = idx; ¥

end 0
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x = zeros(10,12);
parfor idx = 1:12

x(:,idx) = idx;
end
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x = zeros(10,12);
parfor idx = 1:12

x(:,idx) = repmat(idx,10,1);
end
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parallel.gpu.GPUDeviceManager.instance
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ans =
GPUDeviceManager with properties:

SelectedDevice: [1x1 parallel.gpu.CUDADevicel
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GeForce GTX 1050 Clze 53 0 o o Slasein (V=Y 4ol

CUDADevice with properties:
Name: 'GeForce GTX 1050'
Index: 1
ComputeCapability: '6.1'
SupportsDouble: 1
DriverVersion: 9.2000
ToolkitVersion: 9
MaxThreadsPerBlock: 1024
MaxShmemPerBlock: 49152
MaxThreadBlockSize: [1024 1024 64]
MaxGridSize: [2.1475e+09 65535 65535]
SIMDWidth: 32
TotalMemory: 4.2950e+09
AvailableMemory: 3.4633e+09
MultiprocessorCount: 5
ClockRateKHz: 1493000
ComputeMode: 'Default'
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GPUOverlapsTransfers:
KernelExecutionTimeout:
CanMapHostMemory:
DeviceSupported:
DeviceSelected:

e
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Attribute

ASYNC_ENGINE_COUNT
CAN_FLUSH_REMOTE_WRITES
CAN_MAP_HOST_MEMORY
CAN_TEX2D_GATHER
CAN_USE_g4_BIT_STREAM_MEM_OPS

CAN_USE_HOST_POINTER_FOR_REGISTERED_MEM

CAN_USE_STREAM_MEM_OPS
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CLOCK_RATE
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COMPUTE_CAPABILITY_MINOR
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COMPUTE_PREEMPTION_SUPPORTED
CONCURRENT_KERNELS
CONCURRENT_MANAGED_ACCESS
COOPERATIVE_LAUNCH
COOPERATIVE_MULTI_DEVICE_LAUNCH
DIRECT_MANAGED_MEM_ACCESS_FROM_HOST
DISPLAY_NAME

GeForce GTX 1050
Compute Capability: 6.1
Driver Model: WDDM
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Lines where the most time was spent

Line Mumber | Code Calls Total Time | % Time | Time Plot
20 r=r-A(:,posZ)*h({:,posI)'*r; 142265 BE14s 32.8% | I
16 Z=abs (A'*r); 142265 5678 s 26.2% Il

5 W=sum (L. *4) .".5; 1764 2103 s 9.7% [ |

7 L = hsxfun(frdivide, i, W) ; 1764 1.350 s 6.2% |

18 posZ=find(Z==max(Z),1l);: 142265 | 1.156 53% |

All ather lines 2741 s 127% M
Totals 21641 s | 100%

))34.&17- LQL>44bSXﬁlH))1MJJ\ osléul CA.SL>- BE) g&'f.(" Cb&l}ﬁ N-¥ J.i.:a

Lines where the most time was spent

Line Mumber | Code Calls Total Time | % Time | Time Plot
20 r=r-A(:,posZ) *A(:,posI)'*r; 142265 B338s J6.0% |
16 Z=abs (A'*r); 142265 5110s 221% .

9 Lir,ki=Li:,kI/Wik); 1802808 | 3.474 s 150% |l

5 W=sum(&L.*4).".5; 1764 2329 s 10.1% W

18 posZ=find(Z==max(Z),1l);: 142265 | 1.062 s 4B6% |

All ather lines 2820 s 122% |l

Totals 23133 s  100%

g% adl> gl> 4 bsxfun g 5l esliul pe I s il @b PRESI L B L

asli 9 Cb o 3 9 (1o parfor adl> 3l oslinal  Y-Y-¥

Lail> ol (sl $5lucs e dgame Lo isy 31 (S a5 513 55505 )b adl= 53 050 33 gpl aslp Sepl g a5

5 4 Cow parfor gladil> jl eslaal acasgdoes 5 15168 350 55 |3 Jaad 3 .Coul parfor adl> 5l eslinal
30, SOl lse Sy ol SLlie 5 DUl 31 ol sed parfor « for aedS a5 L g 45 dlesls ]

il 53 0pl 093 3513 355 5505 gl 55 (o3l B s 3oy by slad) ealllB b g0y o sleal asli 5o

sl (g (':‘UJQ\ 3 el b S (glwang Ollas pd o > 0l s b nsas andad G !

\Al



o o3 andad ol el 9L 3 5ol A5 VL o os b andad VU 00y b (620800 5l o0l U s 2250 50 ool
by oo aalsl g (B3l g gead Slalad aen a8 Sle3 b Olles (pl 35S (0 B e s 3355 b

adl> 1 (RS S ) s al> 5 o Sl g parfor glaadl> 5l eslial s s S Hsbolen
S LT 3 ged allas (g ot 4 g1 1 o SIS alased pl 53 o> oo it PATfOT 4 5 40l 53 )1
T52s sl 4l 3)50 > e SIS S lallas 555 by lallas il sl e sl Sl s
el o033 LS Y fuzd 55 ¥ gad 53 das e YL

A 03 0L e sl S sl Ol (fend 3 iie Sl @l s count ane 4 by e e ()

sl ol ad S S 558 oo 03l
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if ~mod(count, 100) Y
fprintf('.\n'); Y
else ¥
fprintf ('."'); 0
end 4
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hIm(hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size-1)...
= hIm(hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size-1)
+ hpatch;
nrml_mat (hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size-1)...
= nrml_mat (hrowy:hrowy+hpatch_size-1, hcolx:hcolx+
hpatch_size-1) + 1;
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@ Valid indices for 'nrml_mat" are restricted in PARFOR loops. _Details & |
Explanation

For MATLAB to execute parfor loops efficiently, the amount of data sent
to the MATLAB workers must be minimal. One of the ways MATLAB
achieves this is by restricting the way variables can be indexed in parfor
iterations. The indicated variable is indexed in a way that is incompatible
with parfor.

Suggested Action

Fix the indexing. For a description of the indexing restrictions, see Sliced
Variables in the Parallel Computing Toolbox documentation.
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Lines where the most time was spent

Line Mumber | Code Calls | Total Time | % Time  Time Plot

119 w = MP(Dl,vy,.01); 1764 | 29869 = | 97.0% I
97 fprintE('.'); 1747 0.280 s 0.9% I

101 mmean = mean(mpatchi:)); 1764 | 0164 s 0.5% |

134 hpatch = Dh*w*mnorm; 1734 0148 s 0.5%

155 = hIm(hrowy:hrowy+hpatch size-... | 1764 0054 s 0.2%

All other lines 0.263 s 0.9% I

Totals 30779s  100%
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Sl 35,35 adl> 3 hIm e 3l eslitsl :Y-F al

for xx = 1:length(mgridx)
for yy = 1l:length(mgridy)

hcolx = hgridx(xx);
hrowy hgridy (yy) ;

hIm(hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size-1)...
= hIm(hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size
-1) + hPatch(:,:,xx,yy);
nrml_mat (hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size
DI
= nrml_mat (hrowy:hrowy+hpatch_size-1, hcolx:hcolx+
hpatch_size-1) + 1;
end
end
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function xMP = MP(A,b,thrMP)
%% Normalization

%A = gpulArray(A);
m=size(A,2);
W=sum(A.*A) .~ .5;

hW=gpuArray (sum(A.*A) .~.5);
% A = bsxfun(@rdivide ,A,W);
for k=1:1:m
AC:,k)=AC:,k)/W(k);

end
Dot
%A =
r=b;

gather (A);

xMP=zeros (m,1);
while r'*r>thrMP
thr ast
Z=abs (A'*r);

%ta zamani k norm bagimande bozorgtar az

%Z=abs (mexMatrixMultiplication(A',r));

posZ=find (Z==max(Z) ,1);

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

end
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end
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% Image super-resolution using sparse representation
% Example code

% Nov. 2, 2007. Jianchao Yang
% IFP @ UIUC

% Revised version. April, 2009.

% Reference
% Jianchao Yang, John Wright, Thomas Huang and Yi Ma. Image

superresolution

% via sparse representation of raw image patches. IEEE Computer
Society

% Conference on Computer Vision and Pattern Recognition (CVPR),
2008.

% For any questions, email me by jyang29@illinois.edu

clear all;
clc;

addpath('Solver');
addpath('Sparse coding');

Y ==============================================================

% specify the parameter settings

patch_size = 3; 7, patch size for the low resolution input image
overlap = 1; % overlap between adjacent patches

lambda = 0.1; 7 sparsity parameter

zooming = 3; J zooming factor, if you change this, the dictionary

needs to be retrained.

tr_dir = 'Data/training'; % path for training images
skip_smp_training = true; J sample training patches
skip_dictionary_training = true; % train the coupled dictionary
num_patch = 50000; % number of patches to sample as the dictionary
codebook_size = 1024; % size of the dictionary

regres = 'L1'; % 'L1' or 'L2', use the sparse representation

directly, or use the supports for L2 regression

AY




% training coupled dictionaries for super-resolution

if ~skip_smp_training,

disp('Sampling image patches...');

[Xh, X1] = rnd_smp_dictionary(tr_dir, patch_size, zooming,
num_patch);

save ('Data/Dictionary/smp_patches.mat', 'Xh', 'X1');

skip_dictionary_training = false;

end ;

if ~skip_dictionary_training,
load('Data/Dictionary/smp_patches.mat');
[Dh, D1] = coupled_dic_train(Xh, X1, codebook_size, lambda);

save ('Data/Dictionary/Dictionary.mat', 'Dh', 'D1');
else

load('Data/Dictionary/Dictionary.mat');
end ;
 ==s=======================s===c=s====s====s===========s=============
% Process the test image
fname = 'Data/Test/1.bmp';
testIm = imread(fname); J testIm is a high resolution image, we

downsample it and do super-resolution

if rem(size(testIm,1),zooming) ~=0,

nrow = floor(size(testIm,1)/zooming)*zooming;
testIm = testIm(l:nrow,:,:);
end ;
if rem(size(testIm,2),zooming) ~=0,
ncol = floor(size(testIm,2)/zooming)*zooming;
testIm = testIm(:,1:ncol,:);
end ;
imwrite(testIm, 'Data/Test/high.bmp', 'BMP');
lowIm = imresize(testIm,1/zooming, 'bicubic');

imwrite (lowIm, 'Data/Test/low.bmp', 'BMP');

interpIm = imresize(lowIm,zooming, 'bicubic');
imwrite(uint8(interpIm), 'Data/Test/bb.bmp', 'BMP');

% work with the illuminance domain only
lowIm2 = rgb2ycbcr (lowlm);
1Imy = double(lowIm2(:,:,1));

% bicubic interpolation for the other two channels
interpIm2 = rgb2ycbcr(interpIm);

hImcb = interpIm2(:,:,2);
hImcr = interpIm2(:,:,3);
 ===s=========================================================

% Super-resolution using sparse representation
disp('Start superresolution...');

%D1 = gpuArray(D1l);
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%[hImy] = L1SR(1Imy, zooming, patch_size, overlap, Dh, D1, lambda,
regres) ;

%[hImy] = L1SR2(1Imy, zooming, patch_size, overlap, Dh, D1, lambda,
regres) ;

[hImy] = L1SR_parfor(lImy, zooming, patch_size, overlap, Dh, DI,
lambda, regres) ;

%[hImy] = L1SR_functionalized(lImy, zooming, patch_size, overlap, Dh
, D1, lambda) ;

ReconIm(:,:,1) = uint8(hImy);
ReconIm(:,:,2) = hImcb;

ReconIm(:,:,3) = hlmcr;

nnIm = imresize(lowIm, zooming, 'mearest');

figure, imshow(nnIm);
title('Input image');

pause (1) ;

figure, imshow(interpIm);
title('Bicubic interpolation');
pause (1)

ReconIm = ycbcr2rgb(ReconlIm) ;
figure,imshow(ReconIm, []);

title ('Our method');

imwrite (uint8(ReconIm), 'Data/Test/BNMZGTO1l.bmp', 'BMP');

% compute PSNR for the illuminance channel

bb_rmse = compute_rmse(testIm, nnlm) ;
sp_rmse = compute_rmse(testIm, ReconIm);
bb_psnr = 20%x1logl0(255/bb_rmse) ;

sp_psnr 20*10gl10(255/sp_rmse) ;

fprintf ('PSNR for Bicubic Interpolation: %f dB\n', bb_psnr);
fprintf ('PSNR for Sparse Representation Recovery: %f dB\n', sp_psnr)

’
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function [hIm] = L1SR(1lIm, zooming, patch_size, overlap, Dh, DI,
lambda, regres)
% Use sparse representation as the prior for image super-resolution

AO




% Usage

% [hIm] = L1SR(1lIm, zooming, patch_size, overlap, Dh, D1,
lambda)

)

% Inputs

% -1Im: low resolution input image, single channel,

% illuminance

% -zooming: zooming factor, e.g. 3

% -patch_size: patch size for the low resolution image

% -overlap: overlap among patches, e.g. 1

% -Dh: dictionary for the high resolution patches

% -D1: dictionary for the low resolution patches

% -regres: 'L1'" use the sparse representation directly to
high

% resolution dictionary;

% 'L2' use the supports found by sparse
representation

% and apply least square regression coefficients
to high

% resolution dictionary.

% Ouputs

% ~hIm: the recovered image, single channel

)

% Written by Jianchao Yang @ IFP UIUC

% April, 2009

% Webpage: http://www.ifp.illinois.edu/~jyang29/

% For any questions, please email me by jyang29Quiuc.edu

)

% Reference

% Jianchao Yang, John Wright, Thomas Huang and Yi Ma. Image

superresolution

% as sparse representation of raw image patches. IEEE Computer
Society

% Conference on Computer Vision and Pattern Recognition (CVPR),
2008.

YA

%k = parallel.gpu.CUDAKernel ('matrixMultiplication.ptx', '
matrixMultiplication.cu');

% k.ThreadBlockSize = [144 1 1];

% k.GridSize = [10, 10];

% C = zeros(1022,1);

[1hg, 1lwd] = size(lIm);
hhg = lhg*zooming;
hwd lwd*zooming;

mIm = imresize(1lIm, 2, 'bicubic');
[mhg, mwd] = size(mIm);
hpatch_size = patch_size*zooming;
mpatch_size = patch_sizex*2;

% extract gradient feature from 1Im

hfi = [-1,0,1];
vil = [-1,0,1]";

NS
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hf2 = [1,0,-2,0,1];

vf2 = [1,0,-2,0,1]";

1ImG11 = conv2(mIm,hfl, 'same');
1ImG12 = conv2(mIm,vfl, 'same');
1ImG21 = conv2(mIm,hf2, 'same');
1ImG22 = conv2(mIm,vf2, 'same');
lImfea(:,:,1) = 1ImG11;
lImfea(:,:,2) = 1ImG12;
lImfea(:,:,3) = 1ImG21;
lImfea(:,:,4) = 1ImG22;

lgridx = 2:patch_size-overlap:lwd-patch_size;

lgridx = [lgridx, lwd-patch_size];

lgridy = 2:patch_size-overlap:lhg-patch_size;
lgridy = [lgridy, lhg-patch_size];

mgridx = (lgridx - 1)*2 + 1;

mgridy = (lgridy - 1)*2 + 1;

% using linear programming to find sparse solution
bhIm = imresize(lIm, 3, 'bicubic');

%hIm zeros ([hhg, hwd], 'gpuArray');

hIm = zeros([hhg, hwd]l);

nrml_mat = zeros([hhg, hwdl);

hgridx = (lgridx-1)*zooming + 1;

hgridy = (lgridy-1)*zooming + 1;
disp('Processing the patches sequentially...');
count = 0;

% loop to recover each patch
tic;
for xx = 1:length(mgridx)

for yy = 1:length(mgridy)

mcolx = mgridx(xx);
mrowy = mgridy(yy);

count = count + 1;
if ~mod(count, 100)
fprintf (' .\n');

else
fprintf('."');
end
mpatch = mIm(mrowy:mrowy+mpatch_size-1, mcolx:mcolx+

mpatch_size-1);
mmean = mean (mpatch(:));

mpatchfea = lImfea(mrowy:mrowy+mpatch_size-1, mcolx:mcolx+

mpatch_size-1, :);
mpatchfea = mpatchfea(:);
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mnorm = sqrt(sum(mpatchfea.”2));

if mnorm > 1
y = mpatchfea./mnorm;

else
y = mpatchfea;
end
% = SolvelLasso(Dl, y, size(Dl, 2), 'mnlasso',

W
w = feature_sign(Dl, y, lambda);
% w = OMPO1(D1l,y,.0001);
w = MP_CUDA_MEX(D1l',y);
w = MP(Dl,y,.01);
w = MP_CUDA(D1,y,.01,k,C);
w = MP_gpuArrA(Dl,y,.01);
% w = MP_mex(Dl,y,.01);
w = DAS(Dl,y,.9);
% w = normlMZ(Dl, y, le-4);
% w=0MP0O1(D1l,y,.01);
% w=LSMP(D1l,y,.01);

if isempty(w)

w = zeros(size(D1l, 2), 1);
end
switch regres
case 'L1'
if mnorm > 1
hpatch = Dh*w*mnorm;
else
hpatch = Dhx*w;
end
case 'L2'

idx = find(w);
lsups = D1(:, idx);
hsups = Dh(:, idx);

[, lambda);

w = inv(lsups '*1lsups)*1lsups '*mpatchfea;
hpatch = hsups*w;
otherwise
error ('Unknown fitting!');
end
hpatch = reshape (hpatch, [hpatch_size, hpatch_size]);
hpatch = hpatch + mmean;

hcolx = hgridx(xx);
hrowy hgridy (yy) ;

hIm(hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size-1)...
= hIm(hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size

-1) + hpatch;

nrml_mat (hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size

-1,

= nrml_mat (hrowy:hrowy+hpatch_size-1, hcolx:hcolx+

hpatch_size-1) + 1;
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end
end
toc;
fprintf ('done!\n');

% fill the empty
hIm(1:3, :) = bhIm(1:3, :);
him(:, 1:3) = bhIm(:, 1:3);

hIm(end-2:end, :)
hIm(:, end-2:end)

bhIm(end-2:end, :);
bhIm(:, end-2:end);

nrml_mat (nrml_mat < 1) = 1;
hIm = hIm./nrml_mat;
% hIm = uint8(hlIm);

L1SR_parfor 4l  f-\-|
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function xMP = MP(A,b,thrMP)
function [hIm] = L1SR_parfor(lIm, zooming, patch_size, overlap, Dh,
D1, lambda, regres)

parfor xx = 1:length(mgridx)
Hpatch = zeros(hpatch_size,hpatch_size,1,length(mgridy));
for yy = 1l:length(mgridy)

mcolx = mgridx(xx);
mrowy = mgridy(yy);

% count = count + 1;
% if ~mod(count, 100)
pA fprintf ('.\n');

yA else

yA fprintf('."');
yA end

mpatch = mIm(mrowy:mrowy+mpatch_size-1, mcolx:mcolx+
mpatch_size-1);
mmean = mean(mpatch(:));

mpatchfea = lImfea(mrowy:mrowy+mpatch_size-1, mcolx:mcolx+
mpatch_size-1, :);
mpatchfea = mpatchfea(:);

mnorm = sqrt(sum(mpatchfea.”2));

if mnorm > 1
y = mpatchfea./mnorm;
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end

y = mpatchfea;

end

% w = SolvelLasso(Dl, y, size(Dl, 2), 'mnlasso', [], lambda);
% w = feature_sign(Dl, y, lambda);

% w = OMP0O1(Dl,y,.0001);

w = MP(Dl,y,.01);

=
=

= MP_gpuArrA(Dl,y,.01);
w = MP_mex(Dl,y,.01);
% w = DAS(D1l,y,.9);
% w = normlMZ(Dl, y, le-4);
% w=0MPO1(Dl,y,.01);
% w=LSMP(D1,y,.01);

if isempty(w)
w = zeros(size(D1l, 2), 1);
end
switch regres
case 'L1'
if mnorm >
hpatch
else
hpatch
end
case 'L2'
idx = find(w);
lsups = D1(:, idx);
hsups = Dh(:, idx);

[N

Dh*w*mnorm;

Dh*w;

w = inv(lsups '*1lsups)*1lsups '*mpatchfea;
hpatch = hsups*w;
otherwise

error ('Unknown fitting!');
end

hpatch = reshape(hpatch, [hpatch_size, hpatch_size]);

hpatch = hpatch + mmean;
Hpatch(:,:,:,yy) = hpatch;
end
hPatch(:,:,xx,:) = Hpatch;

%[hIm,nrml_mat] = HimageAssemble_mex (hPatch,hpatch_size,hgridx,

for

hgridy ,mgridx ,mgridy ,hhg,hwd) ;
xx = l:length(mgridx)
for yy = 1l:length(mgridy)

hcolx = hgridx(xx);
hrowy hgridy (yy) ;

hIm(hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size-1)...
= hIm(hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size

-1) + hPatch(:,:,xx,yy);
nrml_mat (hrowy:hrowy+hpatch_size-1, hcolx:hcolx+hpatch_size
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-1 ..

= nrml_mat (hrowy:hrowy+hpatch_size-1, hcolx:hcolx+

hpatch_size-1) + 1;

end
end
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Double precision CUBLAS (NVIDIA) implementation
of Matching Pursuit algorithm for

sparse signal recovery from random projections.
*/

/* Includes, system x/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <time.h>

/* Includes, cuda */
#include <cublas.h>
#pragma comment (lib,"cublas.lib")

/* Number of columns and rows in dictionary x*/
#define M (2000)
#define N ((int) (M/2))

/* Number of non-zero elements in sparse signal */
int K = 0.07%*M;

/* Residual error */
double epsilon = 1.0e-7;

/* Maximum number of iterations */
int T = N;

/* Sign function */
double sign(double x) { return (x >= 0) - (x<0); }

/* Matrix indexing convention */

#define id(m, n, 1d) (((n) * (1d) + (m)))

int main(int argc, charx** argv)
{

cublasStatus status;

)
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double *h D, *h X, *xh_C, *c;

double *d_ D = 0, *d_S = 0, *d_R = 0;

int MN = M*N, m, n, k, q, t;

double norm = sqrt(N), normi, normf, a, dtime;

printf ("\nProblem dimensions : NxM = Jdx%d, K = %d", N, M,
)

/* Initialize srand and clock */
srand (time (NULL)) ;

clock_t start = clock();

/* Initialize cublas x/

status = cublasInit();

if (status != CUBLAS_STATUS_SUCCESS)

{
fprintf (stderr, "!CUBLAS initialization error\n");
return EXIT_FAILURE;

}

/* Initialize dictionary on host */

h D = (doublex*)malloc(MN * sizeof(h_DI[0]));

if (h_D == 0)

{
fprintf (stderr, "'host memory allocation error(

dictionary)\n");

return EXIT_FAILURE;
+
for (n = 0; n < N; n++)
{
for (m = 0; m < M; m++)
{
a = sign(2.0*rand() / (double)RAND_MAX -
1.0) / norm;
h_ D[id(m, n, M)] = a;
}
}

/* Create a random K-sparse signal */
h_X = (doublex)calloc(M, sizeof (h_X[0]));

if (h_X == 0)
{
fprintf (stderr, "'host memory allocation error(
signal)\n");
return EXIT_FAILURE;
}
for (k = 0; k<K; k++)
{
a = 2.0xrand() / (double)RAND_MAX - 1.0;
h X[rand() % M] = a;
}

/* Allocate solution memory on host */
h_C = (doublex*)calloc(M, sizeof(h_C[0]));
if (h_C == 0)

{
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fprintf (stderr, "'!host memory allocation error( 4\
solution)\n");
return EXIT_FAILURE; ay
} qy
c = (doublex)calloc(l, sizeof(c)); Q¥
if (c == 0) 0
{ 45
fprintf (stderr, "'!host memory allocation error (c)\mVY
)
return EXIT_FAILURE; aA
} 44
dtime = ((double)clock() - start) / CLOCKS_PER_SEC; Voo
printf ("\nTime for host data allocation : %f", dtime); Vol
start = clock(); Vo
VoY
/* Host to device data transfer: dictionary */ Vo f]
status = cublasAlloc(MN, sizeof(d_D[0]), Vol
(void*x*)&d_D) ; o]
if (status != CUBLAS_STATUS_SUCCESS) VoV
{ VoA
fprintf (stderr, "!device memory allocation error( \{
dictionary)\n");
return EXIT_FAILURE; e
} "W
status = cublasSetVector (MN, sizeof(h_D[0]), WY
h_ D, 1, d_D, 1); WY
if (status != CUBLAS_STATUS_SUCCESS) VY
{ "o
fprintf (stderr, "!device access error(write VA
dictionary)\n");
return EXIT_FAILURE; W
by VWA
AR
/* Host to device data transfer: signal */ \Yo
status = cublasAlloc(M, sizeof(d_R[0]), VYN
(void**)&d_R) ; \YY
if (status != CUBLAS_STATUS_SUCCESS) \YY
{ \YY
fprintf (stderr, "!device memory allocation error( \Y{
signal)\n");
return EXIT_FAILURE; VY S
I \YY
status = cublasSetVector (M, sizeof(h_X[0]), \YA
h X, 1, d_R, 1); VY4
if (status != CUBLAS_STATUS_SUCCESS) VYo
{ Y
fprintf (stderr, "!device access error(write signal)\YY
n'");
return EXIT_FAILURE; WYY
} A
status = cublasAlloc(N, sizeof(d_S[0]),(void**)&d_S); Y4
if (status != CUBLAS_STATUS_SUCCESS) \Y S
{ Y
fprintf (stderr, "!device memory allocation error ( ‘YA
projected vector)\n");
return EXIT_FAILURE; VY4

qy




} V¥
dtime = ((double)clock() - start) / CLOCKS_PER_SEC; VY
printf ("\nTime for Host to Device data transfer : %f(s)", \¥
dtime) ;

VY
/* Encoding the signal on devicex/ \¥
start = clock(); VY
cublasDgemv('t', M, N, 1.0, d.D, M, d_R, 1, 0.0, d_S, 1); ¥
status = cublasGetError(); VY
if (status !'= CUBLAS_STATUS_SUCCESS) VY
¢ V¥
fprintf (stderr, "!kernel execution error(encoding) \Wq

")
return EXIT_FAILURE; \0Y
} \0
dtime = ((double)clock() - start) / CLOCKS_PER_SEC; \0
printf ("\nTime for encoding: %f(s)", dtime); \0
VO
/* Decoding the signal on devicex/ \0
start = clock(); V0
normi = cublasDnrm2(N, d4_S, 1); \0
epsilon = sqrt(epsilon*normi); \0
normf = normi; Vo
t = 0; V2
while (normf > epsilon && t < T) \#
{ \&
cublasDgemv('n', M, N, 1.0, 4d_.D, M, 4_S, 1, 0.0, d_¥

, 1)

q = cublasIdamax(M, d_R, 1) - 1; \§
cublasGetVector (1, sizeof(c), &d_R[ql, 1, c, 1); \§
h_Cl[ql = *c + h_Clql; \&
cublasDaxpy (N, -(*c), &d_DI[ql, M, d_S, 1); \§
normf = cublasDnrm2(N, d_S, 1); \§
t++; 12
} WA
status = cublasGetError(); \\%
if (status !'= CUBLAS_STATUS_SUCCESS) WV
{ \\%
fprintf (stderr, "'kernel execution error (decoding) \W

")
return EXIT_FAILURE; W
} WV
dtime = ((double)clock() - start) / CLOCKS_PER_SEC; \\%
printf ("\nTime for decoding: %f(s)", dtime); )%
a = 100.0*x(normf*normf) / (normi*normi); VAd
printf ("\nComputation residual error : %f", a); AN
A
/* Check the solution */ \A

printf ("\nSolution(first column), Reference(second column) ‘A

Il);
getchar () ;
for (m = 0; m<M; m++)
{
printf ("\n%f\t%f", h_C[m], h_X[m]);
}
normi = 0; normf = 0;

Q¥
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for (m = 0; m<M;

m++)

V4

{ \4
normi = normi + h_X[m] * h_X[m]; \4

normf = normf + \4

(h_Clm] - h_X[mlI)*(h_C[m] - h_X[ml); \q

b V4
printf ("\nSolution residual error :%f", 100.0*normf / normilA
/* Memory clean up */ 4
free(h_D); V4
free(h_X); Yoo
free(h_C); Yol
status = cublasFree(d_D); Yo
status = cublasFree(d_S); Yo
status = cublasFree(d_R); Yo
if (status != CUBLAS_STATUS_SUCCESS) Yo
{ Yo
fprintf (stderr,"!device memory free error\n"); Yo

return EXIT_FAILURE; Yo

} Yo
/* Shutdown x*/ Y\
status = cublasShutdown(); Y
if (status != CUBLAS_STATUS_ SUCCESS) Y\
{ AR
fprintf (stderr,"!cublas shutdown error\n"); Al

return EXIT_FAILURE; Y

} Y
if (argc <= 1 || strcmp(argv[1], " - noprompt")) Y\
{ AR
printf ("\nPress ENTER to exit...\n"); A

getchar () ; YY

} YY
return EXIT_SUCCESS; YY
Yy
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