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% nonVecl.m % \Vecl.m
clearall; clearall;
tic tic
A=0:0.000001:10; A=0:0.000001:10;
B=0:0.000001:10; B=0:0.000001:10;
L= zeros(size(A)); L = zeros(size(A));
y=0; y=0;
for i =1:10000001 y =sin(0.5%A) * exp(B."2)";
Z(i) =sin(0.5%A(1)) * exp(B(i)~2); toc
y=y+72(i); y
end
toc

Y

M) nonVeel.m SCAEAEFH for fE3ASR AN, AT Veel.m SCAFENEA
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>> nonVecl
Elapsed time is 0.944395 seconds.

y =
—1.3042e + 48

>> Vecl
Elapsed time is 0.330786 seconds.

y =
—1.3042e +48

PN VLS5 AR, (HFER? Vecl.m (K 3HEL IR KL 0 FE 7 nonVecl.m [
S BTV T s A, AEACHS SRR T T s S T
FEFRE S

1.2.1 JcHFisF

YT AERERE, FF 5 RonF R, MRS o MR R AR FE e Y o A
e, Flt, 4 x=[123], v=[456]:

>>k=x.*%v
K =
4 10 18

EATVF 2 H A I St n] DAL TR B T

>> k=x."2
k =
149

>>k=x./vV
k =
0.2500 0.4000 0.5000

R R S FrEou s 5

>> k = sqrt(x)
k =
1.0000 1.4142 1.7321

>> k =sin(x)
kK =
0.8415 0.9093 0.1411

>> k =1og(x)
k =
0 0.6931 1.0986

>> k = abs(x)
k =
1 2 3
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PR RREEW T LT RIEH
>> R =rand(2,3)
R =
0.8147 0.1270 0.6324
0.9058 0.9134 0.0975

>> (R>0.2) & (R<0.8)
ans =
0 0 1
0 0 O
>> x=5

X =
5

>>x>=[123;456;789]

ans =

[ Q=
e P

1
0
0

R T LRSI H AR T LT R AT

>> A=1:10;
>>B=2:11;
>>(C=0.1:0.1:1;
>> D =05:14;

>>M=B./(A.*D.*sin(C));
1.2.2 /bR

MATLAB & T2 AR AT, i AE Ze AR 4 v /00 M2 SR e 08 A7 2
AR for MEH, FEmIsFME . A FERL R i LI ) /AR MRS 5, 1ZIs e
AN TR AT HIE R INE AL A8 5

FEHE BB & a T b, IAEANT B D1 [EERE, a1 R FR:

a]( bx
a=|a, |s b= by
aZ bZ

a 'b:aTb:[ax a,

b,
az] b, |= [axbx +ab, +azbz]

bZ

WP 5 o Fl b BRATIE, B4 ab THHGE SO b, BFRVERINIE
HEIEH, 193] 11 IFERE, k.
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A=1:10 %1x10matrix
B=0.1:0.1:1.0 %1Xx10matrix

C=0;
fori=1:10
C=C+ A1) *B(i);

end

A=1:10 %1x10matrix
B=0.1:0.1:1.0

C=0;
C=A*B";

%1x10matrix

% A-BT

FEVFZAHOL T, DL Ras SR 5 B R IR R . i, w LUK
FiFE— T BT y=Ax M0 x FUHEFE A 547 ()

N a,
N|_|%
yi 1
yl _ai X

1.2.3  SEHIE

FEVFZ N T, HER AR BOE LI AN NS TS — HE,
HHALH] A A elseif H6), (HIXBSWIA R L, RG] A E R 2L min A1

max ZA if F elseif 15 F) % & 0 R IL S
% ifExample.m

clearall;

tic
A=10:0.000001:10;
B=0:0.000001:10;
. = zeros(size(A));
y=20;
fori=1:10000001

if(A(T) <0.1) A1) =0.1;
elseif(A(i)> 0.9)A(i)=0.9;
end

Z(1) =sin(0.5%A(i)) * exp(B(i)"2);

y=y+ 2(i);
end

toc
y

% nonifExample.m

clearall;

tic
A=10:0.000001:10;
B=0:0.000001:10;

/ = zeros(size(A));
y=0;
A =max(A, 0.1);

% max (A, LowerBound)
% A >= LowerBound

A=min(A, 0.9);
% min(A, UpperBound)
% A <= UpperBound

y =sin(0.5%A) * exp(B."2)";

toc
N
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>> ifExample
Elapsed time is 0.878781 seconds.

y =
5.8759%e +47

>> nonifExample
Elapsed time is 0.309516 seconds.

y =
5.8759e +47

[FIRE, WUR G E AR HILELTCR N, WA find p& B if A1 elseif
RORFE ) AL

% ifExample2.m % nonifExample2.m
clearall; clearall;
tic tic
A=10:0.000001:10; A=10:0.000001:10;
B=0:0.000001:10; B=0:0.000001:10;
Z = zeros(size(A)); . = zeros(size(A));
y=0; y=0;
for i =1:10000001 % Vector Ais comparedwith scalar
%0.5
if(A(i) == 0.5) A(i) =0;
end A(find(A == 0.5)) =0;
Z(1)=sin(0.5*%A(i)) * exp(B(i)"2);
y=y+ 2(i); y =sin(0.5%A) *exp(B."2)";
end toc
N
toc
N

B 4 PRICR S5k 0.5 BATHE, BB 4 MM
W, A HITERN 0.5 KA EBRY 0. find AR LT HHICRLAT BRG], I
UHfE.
1.3 misoEd

HI A OO AL (0 /N S A A7 R TR S, BAREREL R B2, AR
FESINS ] o T ASERE ) it AL TRO) BE A7 REMGIRATAN A 1225 A e o

% preAlloc.m

% Resizing Array
tic

x=8;



6 GPU 5 MATLAB B &4 fe

x(2)=10;
x(3)=11;
x(4)=20;

toc

% Pre-allocation
tic
y=zeros(4,1);
y(1l)=8;
y(2)=10;

y(3)=11;
y(4)=20;

toc

>> preAlloc

Elapsed time is 0.000032 seconds.
Elapsed time is 0.000014 seconds.

fE LB T 2 UCHEE T 8L x RN, R BN A B R B B
B, AL y WEE zeros(4, 1) #EAT T 4R WERAEE SERT AFIHEHRFE 9K,

AT BEE — N 0 R B AUR A E X AT B LA T I8 SN AN
TEHAT AT E T I T

1.4 for-loop

VFEIEDR, AT 2/ for-loop. 1FE4 Fortran )3 EE, MATLAB
FEHV A H B, RIS — 2 TS SRR AA i AE i, SRJE 250 AT R,
CLEEHE. T WAE NS, R SAFMT G = MAE, B LU RE PR g4 41
BRI EAR TRETET.

% row_first.m %col_first.m
clearall; clearall;
A=rand(300,300,40,40); A=rand(300,300,40,40);
B=zeros(300,300,40,40); B=zeros(300,300,40,40);
tic tic
for i=1:300 for j=1:300
for j=1:300 fori=1:300
B(i,j,:,:)=2.5*A(i,j,:,:); B(i,j,:,:)=2.5%A01,],:,:);
end end
end end

toc toc
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>> row_first
Elapsed time is 9.972601 seconds.
>> col_first
Elapsed time is 7.140390 seconds.

adglfrh, i HRE for-loop H i Al j ROTRIFAXTE, col first.m HIZATHEE
Lt row_firstm PR 30%. T DAUAE FH GRS s 4 BEmy,  dET DABA EWis &
RE R IR B v 1) A P A 2

Ly EEHRIEMREEN

XS THERERE CRE7r TCR 2 FHRHUBRERE) IALRE, AFH] MATLAB
R B ARG AR . T AR ORIIRERE, RO R AR E T
2, UM T N AR D, T HIs S R A IR R o R, B
e,

O i i T SRR R 15 2 Tk

>> i =1[536]%used for row index

>> j=1[163]%used for column index

>>value=1[0.1 2.3 3.1]%usedforvaluestofillin

>> s = sparse (i,j,value) % generate sparsematrix

S =
(5,1) 0.1000
(6,3) 3.1000
(3,6) 2.3000

>> full = full(s) % convert the sparsematrix to full matrix

full =
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 2.3000
0 0 0 0 0 0
0.1000 0 0 0 0 0
0 0 3.1000 0 0 0

S TRT S LA FH P AR A sparse KA B Ak A B A R o <

>> SP = sparse(full)

SP =
(5,1) 0.1000
(6,3) 3.1000
(3.6) 2.3000
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FIfi MATLAB W s HAGE ] TR PEE . g T e, i HLH

B s S A R MR M B

M A R R AT ReR R PR R L g, B ool ,
IBSEP . WER AR P AL, AR PR AL R AN SR

R TR N A4
% DenseSparse.m
% Densematrix

A =rand (5000,2000);

b = rand (5000,1);
tic
x=A\b ;
toc
% Convert to sparse formin MATLAB
sp_denseA = sparse(A);
tic
x=sp_denseA\b ;
toc

>> denseSparse
Elapsed time is 5.846979 seconds.

Elapsed time is 41.050271 seconds.

>> RealSparse
Elapsed time is 5.879175 seconds.
Elapsed time is 3.798073 seconds.

% RealSparse.m

% Sparsematrix

sp_A2 = sprand (5000, 2000, 0.2);
b2 = rand (5000,1);

% Convert sparsematrix to full
%matrix
full_A2 = full(sp_A2);
tic
y=Ffull_A2\b ;
toc
tic
y=5sp_A2\b2 ;
toc

7E4] DenseSparse.m ™1, KRS ERAFE (A:5000%5000) 46 ok bk B
(sp_denseA ), M Fi BE B 2X 38 5 LL B AR FE B4R 2 1 B 2 I ) o AR T 7241
RealSparse.m 1, FhgiA LA P ERE S TIRZ . %L sprand(5000, 2000, 0.2) H
FERE 5000%2000 [HFGTAEFE. 28 A5 02 B, AL KL
20% e NAEFICHE, oAt 80%MIICHE AN FICHR. EHFFEE T, A 20%
MEAEZICER, b e GERE SR R K I 4T

LA FEFE T 5 (N AF KN Cln R ), #si B i A FE (sp_A2)
ELAHEFE (SOMB) 5 e /DI NAE (K 29MB). ARiHs G S AR (sp
sp_denseA) LLAFEFE (8OMB) T2 ZIMNAE (K2 160MB), X K s
M AR 2 I N AERAE A R R S 5 R .
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>> whos('A', "sp_denseA',"full_A2"','sp_A2")

Name Size Bytes Class Attributes
A 5000 x 2000 80000000 double

full_A2 5000 % 2000 80000000 double

sp_A2 5000 % 2000 29016504 double sparse

sp_denseA 5000 x 2000 160016008 double sparse

16 HAmHEIS

L6.1 RIS S

i A R B S SO B B I, R AR TR, Dk, AR R
A, BRI R R ARG IR o AR BE SO B (1 Ty X AE A
MIFAR AT B O, PR B A2 i AR R b SRR FEIR A A 3K S A Ak 1
Ak AEIRHVEIA A, R SRR S AN

AR S ARG P R HEAT SCAF B S AR R T iR, (O AR 2 A S
I Z AR, B/ S AR E M ERARZ NS O TR
IR HERE AT 23 B 4% oK 20 B AR R (R 8 0 Sk 2 S TR Y Ak B
T, 25 3 B e g M s i A

162 B SIS RIS A HoR

53R SR, WERARW e g ], WIS R, 2
WAHERIA M E AR AR, [ FERRAGSRIAB 0 AR BRI ), th NS
Wb, JCH AL

1.6.3  EARRD Ly PR R PR R -

GRS —HAER M IUEAL, (AU i) YEg P o B/ e e
BN E . Wb, o TrEEAE, AR rr s, IR A AN
o NOZ A AEACHE By A E M OUAG IR R, XA A RE AR kI ] A 45 2 gk
PR RRAL, MRS BE 22 IS 18] Q3 PEEE A A 1

| Iy

181247 myDisplay.m I, BEBERIAIE 1.1 B f. HEin H SR 1.1b 1)
12 NMHARF, FTH—ARRBERT BRI EIED « P EER B AR G35 %
t, WO =AY (x, y, Bt . REE 1L1b b H ARG R KD A
1536x2048x3, [ 1.1a FEMER IR/ 463x463%3, HITFHERHK, K 1.1b K
BINEA HArt Dk, HBEASFEREGAER N LK 1.2), BUgZb A
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LAy IR H 12 S HAREURELL “JEFF” TBAUifif#4E comparelmageVector.mat H'f¥]
KAEFE v i, BIEEAN HAREUR KN A 463x463%3 [ FERE FETT AR/ IN R 1x643107 1)
AT, DT 12 N EER, JERE v 271247 GERER/N N 12x643107).

‘ R E R ) Btz
400 400
600 1 600
800 1 800
1000 1 1000
1200 1 1200
1400 1 1400
560 10;00 1560 2000 500 10(;()) 1500 2000
a

Bl AR BREAT AR I S 4]

KL, K a B R ER BRI BT a BE 12 S Hbr. ERDb
T RO, T HLE S AT B RA AR

50 50
100
150
200
250
300
350
400

450
50 100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450

50
100
150
200
250
300
350
400

450
50 100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450

B2 DufRfEie i, S HARERERk, HRA SRR BAR IR
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AT m AR

% compareVec_LoopNaive.m
load('comparelmageVector.mat');
[sizeX, sizeY, sizel] =size(template);
tic

mean_v =mean(v')";

std_v =std(v')";

mean_template = mean(template_vec);
std_template = std(template_vec);
fori=1:12

y(i,1)=0;

forj=1:size(v,2)

normalized_v(i,j) = (v(i,j) -mean_v(i));

normalized_template(j,1) = template_vec(j,1) - mean_template;

y(i) =y(i)+ (normalized_v(i,j) *normalized_template(j,1))/...
(std_v(i,1)*std_template);

end
end

toc
Y

e m SCPERT VR T LS B AR SRR BUE I — AL B AR OC(E, THE
PRI

Z [I(x, ¥) —FJ[T(X» ») _?]

oy 0,07
Ko, T RFEREG P REMERIE; T RRHREGI G RME: o £
FrfEZEs Ix, p) 2T ) HARE R P I & ME R DL, bR a—1k
HAHSAEMR I, B AH B LA B PR A R, . A, FRATTZ2 0 A
—HAHSAE IR B H R, BIUCH &5 AR UG S AREL

compareVec LoopNaive.m iz1T45 a1 F -

>> compareVec_LoopNaive
Elapsed time is 65.008446 seconds.

y:
1.0e+05~*

0.2002
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.2613
.9765
.6793
.6650
.0070
.7570
.7832
.3291
.0278

2.8071
-0.5271

R THL, 55 10 AT HARDGME R (5.0278 X107, XM 1.1
55 10 S Hbx. R LA sk i Emmr) Has (L& 1.3), 2 2T
BB A ok i v AR R o 7 DY B R AUAR D W, i ok B AT A R
compareVec LoopNaive.m &% St (11343 »

Bx

|
OO oM OMNMNN

500 1000 1500 2000

K13 SRAIA A EASGHEAT I % H AR R SRR BRI L 45 2R
HABRIA—HARAERIE 10 A HARBHE H
PP RATAIU S EIRACRS o ARIEIC AT T BCREWS i MATLAB M52 748 ] A2
& y. normalized template I normalized v A, 5Tt zero() p& Z AT N A7 73 IiC
(. compareVec_Loop.m).
% compareVec_Loop.m
load('comparelmageVector.mat');

[sizeX, sizeY, sizeZ] = size(template);

y = zeros(12,1, 'double');

i
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mean_v = mean(v')"';
std_v =std(v')'

mean_template = mean(template_vec);
std_template = std(template_vec);

normalized_template = zeros(size(template_vec));
normalized_v = zeros(size(v));

fori=1:12
for j=1:size(v,2)

normalized_v(i,j) = (v(i,j) -mean_v(i));

normalized_template(],1) = template_vec(j,1) - mean_template;

y(i)=y(i)+ (normalized_v(i,Jj) *normalized_template(j,1))/...
(std_v(i,1)*std_template);

end
end

toc
Y

iR

>> compareVec_Loop
Elapsed time is 58.102506 seconds.

y:
1.0e+05*

.2002
.2613
.9765
.6793
.6650
.0070
.7570
.7832
.3291
.0278
.8071
.5271

IR N AF TSI, AR IHT A T KSR IS ATH ] (AL 65s /b 3|
58s). IR EEAEIA T 2 — L ia b
HHF normalized v(i, j)=(v(i, j)-mean_v(i)) ;& & AT & L IEE S, Fridn] BLd
i ) B B IXAT I IR E A

|
N OO O OMNMNN FE O

|
o

mean_matrix =mean_v(:,ones(l,size(v,2)));
normalized_v =v — mean_matrix;
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XH, @ ES mean v fi£3 mean matirx AT 5 v AHE AN JERIX
AN A, BEE IR DIZATIN TH] o

% compareVec_LoopImprove.m

load('comparelmageVector.mat');

[sizeX, sizeY, sizeZ] = size(template);
y = zeros(12,1, " 'double');

tic

mean_v =mean(v')"';
std_v =std(v')";

mean_template = mean(template_vec);
std_template = std(template_vec);

normalized_template = zeros(size(template_vec));
normalized_v = zeros(size(v));

mean_matrix = mean_v(:,ones(l,size(v,2)));
normalized_v = v - mean_matrix;

fori=1:12
forj=1:size(v,2)

normalized_template(j,1) = template_vec(j,1) - mean_template;
y(i) =y(i)+ (normalized_v(i,j) *normalized_template(j,1))/...
(std_v(i,1)*std_template);

end
end

toc

Y

>> compareVec_LoopImprove
Elapsed time is 51.289607 seconds.

y:
1.0e+05 *

.2002
.2613
.9765
.6793
.6650
—0.0070
.7570
.7832
L3291
.0278

2.8071
-0.5271

[NSEE R R )

oo o N
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N HZREEDLAAC . AT DM G E s SN ) R B SR S {EE ] for-loop.
XWICERIESH, WA T MME

mean_matrix = mean_v(:,ones(l,size(v,2)));
normalized_v = v - mean_matrix;

mean_template = mean(template_vec);
std_template = std(template_vec);
normalized_template = template_vec - mean_template;

XA RS A R AR for-loop.
Tk — R oy AR M 5, BENS 58 AV H] for-loop:

y =normalized_v *normalized_template;

&M &4k m-code 41 F :
% compareVec.m
load('comparelmageVector.mat');

[sizeX, sizeY, sizelZ] =size(template);
y = zeros(12,1, 'double');

tic

mean_v = mean(v')"';
std_v =std(v')"';

mean_matrix = mean_v(:,ones(1l,size(v,2)));
normalized_v =v - mean_matrix;

mean_template = mean(template_vec);
std_template = std(template_vec);
normalized_template = template_vec - mean_template;

y =normalized_v *normalized_template;
y=y./(std_v*std_template);

toc
y

AT RN

>> compareVec
Elapsed time is 0.412896 seconds.
y =

1.0e+05*

.2002
.2613
L9765
.6793
.6650

[ASEE R O @)
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-0.0070
2.7570
0.7832
0.3291
5.0278
2.8071

-0.5271

HI & BRI R s DA A QR A P9 S 24 ik B AR EAT 020 P 19 i 4 A
LG (FEABURMERRR ROL Y, 81T R T 655 F&h 0.41s).
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21 AEZFIBEF

KH CICHETHMEMN MATLAB pREIFX N c-mex CfF. c-mex CAFIETE
MATLAB i ] CUDA F1 GPU [AEAH & sl fE MATLAB 231, X248 c-mex
BRECK BN N R EL. 'S B A c-mex SCHAR 2 A :

1) £ MATLAB " EH] C/C+pR%l.

2) PRI TR,

3) BRI EE XY .

R4 Mathworks [ 47 1HE T H A A ILALEE =77 CPU T H gt T
CUDA #:11, {HZEE 75> FIH] CUDA F1 GPU {545 4E1R 2 2o RN BR ) o iy 4 7
c-mex SCAFIXMIE M U7k, ReRg iRt kB0 B e XY, JF HAEMH
NVIDIA FIHAb A & 32451 CUDA PERS+ 43 RiG. EAFH, LU T fiF 3 DL
TW%?’:

e c-mex ZWFEf) MATLAB BC'H .

o Zi'5 A B c-mex SEB—— “Hello, c-mex”s

e MATLAB ') CUDA iLH .

o J{l MATLAB %5 CUDA fiij B3 451 o

2.2 i & MATLAB i#1T c-meX 4772

221 Rk

MATLAB Executable (MEX) HT-7& MATLAB ¥&ith HAAT R C/C++Ail
FORTRAN A5,  DLSE I B vy (1442 S50k FE ok e S F ST 3R AT C/C++ MEX
A c-mex, FFHAN N TERAMFA GPU wAHK, HIHE c-mex. H
T c-mex FHFEAIE C/CH] AT, 1M CUDA 75 ZEFXf i fF (NVIDIA
GPU) [I4LHS, FrLLBR TFRUER) MATLAB 223, b S@is e b m. o
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SR B C/CH4i ¥ as I 2 RSRDL, SRJF1HEAT CUDA 1123,

1. C/C++imiZss

AT c-mex LR, MATLAB FIH e i #iE RS C/CH4iitar g
MATLAB A ZBEHISCE . B AR AZATE B E R G R AN it as v, LA
KMImPEas B s, I Btk MATLAB JRASCRFHEAVE RS 9 ik4s. AL,
PRATREFT N B8 Mathworks P, K22k MATLAB 15 4 P G ACA ) e A8
/9 41k http://www.mathworks.com/support/compilers/R2013a /index.html . 1 ¥ 7F
Windows "', Microsoft Visual C++2i¥ 28 cl.exe 24 L N EC:

e C:\Program Files (x86)\Microsoft Visual Studio x.0\VC\bin 64 . #:/E R4

e C:\Program Files\Microsoft Visual Studio x.0\VC\bin 32 (iHE RS

& Mac OS X HI Linux KATEM T, MATLAB C#F gec/gtt 9 F 45,
gec/g++ Gk as 1 2230 E i Linux KATEM R E, — W3RN LS :

e /Developer/ust/bin Mac OS X

e /usr/local/bin Linux &ATHK

PTG EAL SRS O e i a, WURGm B as B e A, 3 id M
e A

2. NVIDIA CUDA #i%2§ nvee

it CUDA 5, fRFFZIM NVIDIA Wil M43 CUDA THAL, XA
HAnfUedskisd. CUDA THAN M. P BRAIE IESH IR A.

nvee RESRHTEE CUDA LRI, FFIRA C/CHgmitdi A e nT AT I — 11 5C
P E AR PRI, R FF 22 CUDA Zwifeds Al C/CH4itds A Refil it GPU nl 4
AT 3

PERIAS, AT LB AIE g PSR A E LU & CUDA S84 TN EIRAT

TR 2 Wi, K 22 B0 G B D8 IR T4 108 o LBl AN e S 12 2% R 1) 7
He —HHE T MM E, JF HAERGHE AN v & H AT, AT c-
mex A1 CUDA g Rt 23 A8 #5-F 5 75 2 Al o

2.2.2  GiEASER:

BGE MATLAB Hik$¢ C Zifat. /£ MATLAB &% 9, 1247 mex -
setup 4. RIS EGFR[y] B4R 4L, 4 mex BN O LR IR AL &
K 2.1 s

© AL MATLAB 2013a 24, {4 FHSCABRRAR (111322 17550 6 Mathworks P93 FIRIAHRZ T, KA afede .
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Command Window. #0 a2 x

>> mex -setup

Welcome to mex -setup. This utility will help you set up

a default compiler. For a list of supported compilers, see
http://www.mathworks.com/support/compilers/R2012a/winé4.html

Please choose your compiler for building MEX-files:

Would you like mex to locate installed compilers [y]/n?

Select a compiler:

[1]) Microsoft Visual C++ 2010 in c:\Program Files (x86)\Microsoft Visual Studio 10.0
[2] Microsoft Visual C++ 2008 SP1 in c:\Program Files (x86)\Microsoft Visual Studio 9.0

[0] None

fx compiler:

Kl 2.1 {F MATLAB ir4 % H ) c-mex it & 15 &

LEARBIF, WA Microsoft Visual C++4wifas il H; 811K Microsoft
Visual C++ 2010 /£y C+-4mi¥at. MATLAB il & M A ESe, Tyl ik,
—H MATLAB HUBBCE SCAE, U8 sdn PR B £ BT c-mex AL B S
TAEI CHEmPEdsfE B, LA g BEREB: AR

BB SCAFSERR A2 mex SCRFRSRR A RSOATERT) . I mex SCREIIBEARAC B 5L
-4 Windows F 4 #BA. T MATLABroot\bin\win32\mexopts (32 i/ #21/F 248D X
MATLABroot\bin\win64\mexopts ( 64 A7 #: /E R 48 ); £ UNIX R H, WA T
MATLABrootbin 3%, K22 JE7/R T MATLAB 4% 1 c-mex BB SAI2 1.

[[Commandwindow ]

-
Please verify your choices:

Compiler: Microsoft Visual C++ 2010
Location: c:\Program Files (x86)\Microsoft Visual Studio 10.0

Are these correct [y]/n? y

R R R R R R R R
Warning: MEX-files generated using Microsoft Visual C++ 2010 require
that Microsoft Visual Studio 2010 run-time libraries be
available on the computer they are run on.
If you plan to redistribute your MEX-files to other MATLAB
users, be sure that they have the run-time libraries.

R R R R R R R RRRRRRRRRRRRRRRRRRRRRR R R R R R

Trying to update options file: C:\Users\Memy\AppData\Roaming\MathWorks\MATLAB\R2012a\mex:
From template: C:\PROGRA~1\MATLAB\R2012a\bin\winé4\mexopts\msvclOOopts.bat

Done . . .

B T T T T T
Warning: The MATLAB C and Fortran API has changed to support MATLAB
variables with more than 2732-1 elements. In the near future
you will be required to update your code to utilize the new
API. You can find more information about this at:
http://www.mathworks.com/help/techdoc/matlab_external/bsflnue-1.html
Building with the -largeArrayDims option enables the new API.

T T T T

m

£ > | F

< il »

2.2 c-mex Bt & HHIIA C/CHZR1FEE
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XTI G0 P 4. MATLAB ] — AW BB . MATLAB 447 i i%
MATLAB JRA TSR R a 512 . s & B E SR AP T A T c-mex 4%
PR 4 T R 0 O PRI I o 0 TR IR IO G PR SR, T DA G PRI AN P B S A
51 a2 4L R R I 00

AT RALE ST A7 B 4 S B SO AR A M 1 A

e Windows 7 £k R4

C:\Users\MyName\AppData\Roaming\MathWorks\MATLAB\R2012a\mexopts.bat.

e Windows XP #:1E R4

C:\Documents and Settings\MyName\Application Data\MathWorks\MATLAB \R2012a\
mexopts.bat.

e Mac OS X #/E R4t

/Users/MyName/.MATLAB/R2012a/mexopts.sh.

UERFTIF Mac TG ESCHE, o m] U8 A ARG et H AT AT ) SDK. AT LA
{id] 2 4 SDKROOT JHRAE (WK 2.3),

e Linux K1THt

~/ . MATLAB/R2012a/mexopts.sh.

® 00 __|R2012a — vim — 93x31 e
2 ]

maci64)

#

# StorageVersion: 1.0
# CkeyName: GNU C
# CkeyManufacturer: GNU
# CkeylLanguage: C
# CkeyVersion:
rr.-c,.— 4.2
I SDKROOT-'/Dcvelogcr(SDKs[MacOSXlOl7.sdk‘

MACOSX_DEPLOYMENT_TARGET='10.5'
ARCHS="'x86_64"
CFLAGS="~-fno-common -no-cpp-precomp -arch $ARCHS -isysroot $SDKROOT -mmacosx-vers

ion-min=$MACOSX_DEPLOYMENT_TARGET"
CFLAGS="SCFLAGS ~fexceptions"
CLIBS="$MLIBS"
COPTIMFLAGS="'-02 -DNDEBUG'
CDEBUGFLAGS="'-g"

CLIBS="SCLIBS -lstdc++"

# C++keyName: GNU C++

# C++keyManufacturer: GNU

# C++keyLanguage: C++

# C++keyVersion:

CXX=g++-4.2

CXXFLAGS="~fno-common -no-cpp-precomp -fexceptions -arch SARCHS -isysroot $SDKROO
T -mmacosx-version-min=$MACOSX_DEPLOYMENT_TARGET"

CXXLIBS="$MLIBS -lstdc++"

EXXOPTIMFLAGS="'-02 -DNDEBUG'

2.3 HT Mac OS X SDK i) mexopts.sh 31}

MATLAB Y Fgm PE2sBEERE RS MATLAB WA A RIANE] . PR
W, IR e R PR R RE s ) R G0 e ) MATLAB JiAS T 25
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2.3 {EH c-mex 3217 “Hello, mex!”

WAEAG P c-mex 528 “Hello, mex!”.

PB1 QI LS, i,

¢:\junk\MATLABMeetsCuda\Hello

FIE2 I MATLAB, JiE MATLAB T H A48 TAE AR BB R 2411

3, Wik 2.4 o

File Edit Debug Parallel Desktop Window Help

EDE‘*‘.‘Qo“umé‘@‘CurmmFoldeni vE]@

© Shortcuts (2] Howto Add (2] What's New

Workspace » 0 ax

CurrentFolder '~ 0 2 x|
s [se. -

B <« H. v pl| e |k >

L] Name «

Name « Value

K24 BCE TR TS0k

W3 I MATLAB iy, R File>New > Script @l 5T A
Ao BRGTEG DS HR B AR A helloMex.cpp, 11El 2.5 FiuR.

File Edit Tet Go Cell Tools Debug Desktop Window Help
fDEl|$m20 (8D - Aedi [P -BRRBRE BB s -]z BODBE O
BB -0 |+ [+h1 |x SO,

1 =

7 Select File for Save As
Savein: [ ] Helo =~ e@ckEr
-

Name Date modified Type Size

@
b .
Places No items match your search. I

| |
L ¥

Computer

@‘

' Network

File name: IhelIoMex.cpp j Save
Save as type: ]N Files (") LI Coce] I

[tn 1 co 1 [owr
)

‘ script

Bl 2.5 HEBIIALRAT A CH3Cft
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PB4 EHIEE PR T, ERSEH Y File>Save fRA7 31
#include "mex.h"

1

2

3 void mexFunction(int nlhs,

4 mxArray *plhs[],

5 int nrhs,

6 const mxArray *prhs[])
7 A

8 mexPrintf("Hello, mex!\n");

9 }

mexPrintf(..) 5 C/C++H1[1] printf(..)5544. 57 printf iy 2" FTE) stdout 48[,
mexPrintf 1742 7£ MATLAB iy & % T ED H G A% X FR 15 B . FRBE R I
{FH 77755 printf 417

$IES k[ MATLAB. MATLAB 7 451 U 2 osTe U helloMex.cppe
RJGAEM A T B T LA T4, wie .

>> mex helloMex.cpp

c-mex i FITIE BRI gt as e g 136« BT I AR i B SOk AR R —
HEHISCAFREAS b 1K 1) MATLAB 2315 T H .

T 6 RPN, &4 Windows R GAH [ SCAFEIE R AR BHT it Sk
helloMex.mexw64 (5L helloMex.mexw32), WK 2.6 17,

BB T A AN IES, BEEN c-mex Ui “Hello” T, Wi 2.7
v

4\ MATLAB R2012a SRIC

File Edit View Debug Parallel Desktop Window Help
Al & R0 ™ u 57 2) | @ | Current Folder: C:\junk\MatlabMeetsCuda\Hello v E] £
. Shortcuts (2] Howto Add (2] What's New

Current Folder w0 a X | CommandWindow N0 a2 x
« Hello vy L B G- >> mex helloMex.cpp
>>
Name ~ fe >>

<] helloMex.mexw64
¢ helloMex.cpp

helloMex.mexwé4 (MEXW64 File Y

No details available

4\ Start

K26 M C/CHARISEIZE c-mex LA
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de o .

File Edit Debug Parallel Desktop Window Help

atd | L Ay ‘ &R | (?) ‘ Current Folder'.:C:\junk\Ma}hbMeetsCuda\HelIo pA @ ®
© Shortcuts (2] Howto Add (2] What's New

>> mex helloMex.cpp
>>

>> helloMex

Hello, mex!

fe >> |

helloMex.mexw64 (MEXW64 File) e

No details available

(4 start]

2.7 Frd i 11847 HelloMex

>> helloMex

AGE L JUATAUD, AT T 28— c-mex BRI

76 B 1, FATER T — MR R £ mexFunction. &Rk 1~
TR . BEA RS T mex ILEFERHEA R LT C/CH4ifE T maing...)
BRE. I A R R EUE SCRE A S L

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const

mxArray *prhs[])

nlhs: Tt isthe number of output variables.

plhs: Array of mxArray pointers to the output variables
nrhs: Number of input variables

prhs: Array of mxArray pointers to the input variables

FERE ORI T AT Ll T iR 2 4071

2.4 MATIAB ¢4 (UDA BEC &

WAETRA T 7] CUDA. %W CUDA fRESTHEE nvee nikas. SniFasietsmive
i CUDA £ HIACHY, JF HAERM T GPU FIENLARLMNL Y. nvee 785
AT IRATEC B 1 C/CH4ifas.

AT N CUDA ARABET, BGH A CUDA &5 IE#fi %2%%. CUDA Toolkit 2&
INTHAEU T B A%

e Windows #1F &4t
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C:\Program Files\NVIDIA GPU Computing Toolki\CUDA\v#.#
Horp, ##ERAS S (3.2 B D

e Mac OS X #1E R %;

/Deverloper/NVIDIA/CUDA-#.#.

e Linux #/E RS

/ust/local/cuda-#.#.

WP A, VR IZNT LAAE MATLAB I S 0 N 454

>> system(‘nvce’)
WERBATIEANER], fRERE R

"nvcec : fatal error : No input files specified; use option -help for more
information."

Wi KAz, BT DU e s R s T $5 8 B e s AN SO . AR, i
MATLAB &7nfi &

"nvce is not recognized as an internal or external command, operable program
or batch file"

MIERFE CUDA A IEMi%de. /LT N0, RAREFR 2% http:/docs.
nvidia.com/cuda/index.html KA {RE R4 H 1L %% CUDA.

T2 R CUDA IAEE IEAfICE /N T

7t Windows #E R G, {Eam SRR path #E2F & 11

C:\> path

1F PATH 25t e 5 £l NVIDIA ZmiFss ik faan |

PATH= C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\vi#.#\bin\;C:
\WINDOWS\system32;C: \WINDOWS; C: \WINDOWS\System32\Wbem;C:\Program Files
\MATLAB\R2010b\bin;C:\Program Files\TortoiseSVYN\bin;

5341 JT Control Panel>All Control Panel Items>>System>Advanced System
Settings , 1 2.8 Fiax. T Windows #:1F RE M L1582 W hitp//
docs.nvidia.com/cuda/cuda-getting-started-guide-for-microsoft-windows/index. html.

7E Mac OS X #ERZH, 7F Finder H11lid/Application/Utilities & 21 £ b i
Mo 7E shell r, AL R AGAS:
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imac:bin $ echo $PATH

/Developer/NVIDIA/CUDA-5.0/bin:/usr/bin:/bin:/usr/sbin:/sbin:/usr/
local/bin:/usr/X11/bin

System Properties ‘ 2 | =
[ Computer Name | Hardwm[ Advanced | System Protection | Remote | Environment Varisbled
YYou must be logged on as an Administrator to make most of these changes. User variables for Memy
Performance B i
Visual effects, processor scheduling, memory usage. and vitual memory Varishie yole
TEMP %USERPROFILE%\AppData\.ocal\Temp U
- Pe— T™P %USERPROFILE %\AppData\Local \Temp
(|
User Profiles
! Desktop settings related to your logon [ New.s ] [ Edit... ] [ Delete ] |
System variabes
Startup and Recovery Variable Value &
System startup, system failure, and debugging information NVTOOLSEXT_P... C:\Program Files\NVIDIA GPU Computin... E|
0s Windows_NT =
Path C:\Program Files (x86)\NVIDIA Corpora...
l. PATHEXT .COM; .EXE; .BAT;.CMD; .VBS; .VBE;.JS;.... ¥
) () o)
g

TITE

2.8 PATH ¢ NVIDIA 4ii¥asikie

PRAECE CUDA 223 hi BB 1. 2T Mac OS X #AERGHIEEZS I
http://docs.nvidia.com/cuda/cuda-getting-started-guide-for-mac-osx/index.html.
7F Linux ", 40, 7E bash A LL RS

[user@linux_bash ~1$%$ echo $PATH

/usr/java/default/bin: /opt/CollabNet_Subversion/bin:/bin:/sbin:/
usr:/usr/bin:/usr/sbin:/opt/openoffice.org3/program:/usr/local/cuda/
bin:/usr/java/default/bin:/usr/local/bin:/bin:/usr/bin:

WG nvee B4R, FEAWBIF, nvee % FEAE /usr/local/cuda/bin, B £
Linux #:1E & 4 1915 & 2 W http://docs.nvidia.com/cuda/cuda-getting-started-
guide-for-linux/index.html.

2.5 . (£ (DA SSHLfE Ay | = 0sE

TG DAY B 1 ) s . AT AR —AY CUDA B3, SERimiAS
Z SN NN K N [ = ) S s = R S £ TN N O VA T B R (S
F£E1 FTA/EH P08 AddVectors.h, Hi A LU N ACHS (%A
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o OB W N

S~ w o

0 ~N O o1

9

10
11
12
13
14
15
16
17
18
19
20
21

22

23
24

25
26

27
28
29
30
31

JH fndef _ ADDVECTORS_H_
Jfdefine _ ADDVECTORS_H_

externvoid addVectors(float* A, float* B, float*C, intsize);

ftendif // __ADDVECTORS_H__

FEMCSRSCAFR, AT mex BRSO ZLAL I 1) Dk s U5 8 . extern 36
TR RR B A AR S AP AT

S 2 {E AddVectors.cu 5 addVectors PREL. SCAH 44 .cu 37x CUDA X
o 7 MATLAB g s H 00— SHctt. FALLMUSIFRIE A AddVectors.cu:

J#include "AddVectors.h"
J#include "mex.h"
_global__ void addVectorsMask(float* A, float* B, float* C, int
size)
{
int i=blockldx.x;
if (i >= size)
return;
CLil=ALlil1+B[i]:
}
void addVectors(float* A, float* B, float*C, int size)
{
float *devPtrA=0, *devPtrB=0, *devPtrC=0;
cudaMalloc(&devPtrA, sizeof(float) * size);
cudaMalloc(&devPtrB, sizeof(float) * size);
cudaMalloc(&devPtrC, sizeof(float) * size);
cudaMemcpy (devPtrA, A, sizeof(float) * size,
cudaMemcpyHostToDevice);
cudaMemcpy(devPtrB, B, sizeof(float) * size,
cudaMemcpyHostToDevice);
addVectorsMask << <sijze, 1>> > (devPtrA, devPtrB, devPtrC,
size);
cudaMemcpy (C, devPtrC, sizeof(float) * size,
cudaMemcpyDeviceToHost) ;
cudaFree(devPtrA);
cudaFree(devPtrB);
cudaFree(devPtrC);
}

PR3 WAL, ] -c IR CUDA A5, AERHARSCM
GOCH R THERE mex UG, dTACI S HARSCME, #£ MATLAB fir4 &
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Hram AL T 454
> >system('nvec —c AddVectors.cu')

A, RS AEA 2 T DA 2 nvee IR BT R FrsAHRLLIRAE B -

AddVectors.cu
tmpxft_00000dc0_00000000-5_AddVectors.cudafel.gpu
tmpxft_00000dc0_00000000-10_AddVectors.cudafe2.gpu
AddVectors.cu
tmpxft_00000dc0_00000000-5_AddVectors.cudafel.cpp
tmpxft_00000dc0_00000000-15_AddVectors.ii
ans =

0

T SR A T P R AR S

nvce’ is not recognized as an internal or external command, operable
program or batch file

XUHIRAERG T W E CHIEa AT, ML CHEgm ks AR N2 R 5
Msgrh,  BCE I -cobin eIV A B

>> system('nvcc -c AddVectors.cu -ccbin "C:\Program Files\Microsoft
Visual Studio 10.0\VC\bin"")

P/ 4 FEEAE MATLAB YETSCHEICE v, A Rl H AR SO T4 R 1)
TAEHZH, WK 2.9 Frs.

|, <« MatlabMeetsCuda » Hello vy Lo @ Q-

[ Name v

@ helloMex.mexwbt4
C‘j helloMex.cpp
f4 AddVectors.obj
] AddVectors.h
|| AddVectors.cu

2.9 B H bRt

SIS A mex BREL,  (WHFRA AddVectors PRED . 5 helloMex PRE—
FE, JeB)d mexFunction. 7 MATLAB Zwffash QB SCft, AL NS, Jf
#4724 AddVectorsCuda.cpp:
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1 {include "mex.h"

2 #Hinclude "AddVectors.h"

3

4 void mexFunction(int nlhs, mxArray *plhs[], int nrhs, mxArray

*prhs(])

5

6 if (nrhs != 2)

7 mexErrMsgTxt("Invaid number of input arguments");

8

9 if (nlhs !=1)

10 mexErrMsgTxt ("Invalid number of outputs");

11

12 if (ImxIsSingle(prhs[0]1) && !mxIsSingle(prhs[1]1))

13 mexErrMsgTxt("input vector data type must be single");

14

15 int numRowsA = (int)mxGetM(prhs[0]);

16 int numColsA= (int)mxGetN(prhs[0]);

17 int numRowsB = (int)mxGetM(prhs[1]);

18 int numColsB = (int)mxGetN(prhs[1]1);

19

20 if (numRowsA ! = numRowsB || numColsA ! = numCol1sB)

21 mexErrMsgTxt("Invalid size. The sizes of two vectors must
be same");

22

23 int minSize = (numRowsA<numColsA) ? numRowsA : numCol1sA;

21 int maxSize = (numRowsA>numColsA) ? numRowsA : numColsA;

25

26 if (minSize!=1)

27 mexErrMsgTxt("Invalid size. The vector must be one
dimentional");

28

29 float* A= (float*)mxGetData(prhs[0]);

30 float* B= (float*)mxGetData(prhs[1]);

31

32 plhs[0]=mxCreateNumericMatrix(numRowsA, numColsB,

mxSINGLE_CLASS, mxREAL) ;

33 float* C= (float*)mxGetData(plhs[0]);

34

35 addVectors(A, B, C, maxSize);

36}

6 ATEIS 1347, MR RSB IE M RN . BRI
BN RN B 32 A7, Al EH N E, AAERA I EA IS . 5 35
17, WHIZET CUDA 1R %056 BOP AN N 17 = (AR D o

FIE6 4k mex, FFHERFIAIEN CUDA HERSCMF. 75 MATLAB iy %
HETANLL R4 . (GE173R55 4 Windows 64 17 #:4E R F1 CUDA v5.0) -

>> mex AddVectorsCuda.cpp AddVectors.obj -lcudart -L"C:\Program
Files\NVIDIA GPU Computing Toolkit\CUDA\v5.0\Tib\x64"
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WRAR 225 /& CUDA v4.0, ¥4 v5.0 UK v4.0. WHRIZATIAEE Y Windows 32
PAERSE, ¥ x64 B Win32. .

>> mex AddVectorsCuda.cpp AddVectors.obj -lcudart -L"C:\Program
Files\NVIDIA GPU Computing Toolkit\CUDA\v4.0\Tib\Win32"

-leudart %7 %1 mex 1E/E{H CUDA iz47 N %

-L"C:\Program Files\NVIDIA GPU Computing Toolki\CUDA\v5.0\lib\x64"5 %I
CUDA Z17H FERIAT &

T MAC OS X #4FE R 4:

>> mex AddVectorsCuda.cpp AddVectors.obj -Tcudart -L"/Developer/
NVIDIA/CUDA-5.0/11b"

%1 Linux KATEAT

>> mex AddVectorsCuda.cpp AddVectors.obj -Tcudart -L"/usr/local/
cuda/lib"

ST RE, ERFER TAEBE P24 B ) mex S0 AddVectorsCuda.
mexw64, UK 2.10 s,

[\ Cument Folder ]
| « MatlabMeetsCuda » Hello e E e
Name ~

ﬂ helloMex.mexw64
) helloMex.cpp

By AddVectorsCuda.mexw64

¢+ AddVectorsCuda.cpp
%] AddVectors.obj

(] AddVectors.h

| AddVectors.cu

K210 B c-mex SCAF
$IB 8  {F MATLAB HHZ4TH 1 mex B3k, Edd % 0, 847

>> A=single([12345678910]);

>> B=single([10987654321]);

>> C=AddVectorsCuda(A, B);

P$IB  BSLAAEERE C FRLE R AN R T BN, g5 mE C
11

1 o117 11 11 111111 11 11 11

] LAE R runAddVectors.m 247 8AN A RE, W R TR
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% runAddVectors.m
disp('l. nvcc AddVectors.cucompiling...");

system('nvcc -c AddVectors.cu -ccbin "C:\Program Files (x86)\Microsoft
Visual Studio 10.0\VC\bin"")

disp('nvcc compiling done !');
disp('2. C/C++ compiling for AddVectorsCuda.cpp with AddVectors.
obj...");

mex AddVectorsCuda.cpp AddVectors.obj -lcudart -L"C:\Program Files
\NVIDIA GPU Computing Toolkit\CUDA\v5.0\1ib\x64"

disp('C/C++ compilingdone !');

disp('3. Test AddVectorsCuda() ...")

disp('Two input arrays:")
A=single([12345678910])
B=single([10987654321])

disp('Result:")
C = AddVectorsCuda(A, B)

gi LTk, 5 CUDA LA iAE SCAF AddVectors.cu H'. AddVectors.h
£ S AF AddVectors.cu & IR JE Y . mex pREL (AddVectorsCuda.cpp H 11
FHIATFER) 1Eid AddVectors.h ] CUDA pi#i. FJH nvcc.exe ¥ CUDA 1t
i Cew Jaith HARSCHE Cobj) Ja, A mex dx &4 C/C++AHE C.epp)
FEf HAEH: 3 CUDA Hbr U Cobj)o A5 2R #4710 —3EH mex SCHF
C(.mexw64), 1ZCAFEEAHMET cpp XA cu SCAF. WAEWE 2.11 Frx.

AddVectors.h AddVectors.cu
nvee
l 5% CUDA
A FISC
AddVectorsCuda.cpp AddVectors.obj Ska

mex HiFmex fREDH-4EE R {# Fnvee
e BArsch:

AddVectorsCuda,mexw64
Windows (64i7)

AddVectorsCuda.mexw32
(Windows 3247)

K211 5 c-mex AL CUDA RE5HER]
@: MAESCH, O 384, B s
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2.6 ERERLH

AR — AR IR0 16, & XFATH) mex %, M MATLAB H
BN ANFEAREMG, ARG HALIEL mex L ZERBUEET 3x3 HEMERE T
B R, 45 IR MATLAB. BAELE I —FESLF @i 58 BoX AMES
XA

1) {#i[] MATLAB &%k conv2.

2) f 4l CHRRESE R .

3) {f ] CUDA 58

A H R AR O e FH R AR I LSS . EPT RIS OL T, A
AFEFEG L 2.12), EREHEIEAE single CRRFETF S0, 5 3x3 R
BRI S IR T

File Edit View Insert Tools Desktop Window Help el

|‘3JH-¢‘3 R RRARODEL- 2|08 | O

200

50 100 150 200 250 300

SIPAVIRS SV EHEUNCEES

2.6.1 MATLAB "} &BusE

MATLAB B N B 45 A% conv2. conv2 {F 5, REWS B RHHE M N
NHFER G, BB RS MATLAB Wi sicii.
W1 £ MATLAB fix &% RS A R A B 5
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>> quarters = single(imread(‘eight.tif’));
>> mask =single([121;000; -1-2-11);
>> imagesc(quarters);

>> colormap(gray);

R, WABGAHEREE R, single, 172498 imread SEEGN, R
[l TG EAR 2RI wint8 (8 7 BAF 5 140 T CUDA W2 A single i
KA, T U N B R S A 46 singlle.

$IE2 A conv2 BT 4EEFR

>> H = conv2(quarters, mask, ‘same’);

MIRFEFF 45, BRI shape SEEF N ‘same’ . WL EHE = NSHN
same, LR MATLAB iR [Ml% i 45 RN SE N EGAH R . BUAE, i H 5
KIMG H, MEERREE G453

>> imagesc(H);
>> colormap(gray);

] LU# A convol matlab.m iz47 Pl #EANEFE, QRS A0F -

% convol_matlab.m

quarters = single(imread('eight.tif'));
mask =single([121;000; -1-2-11);
imagesc(quarters);

colormap(gray);

H = conv2(quarters, mask, 'same');
imagesc(H);
colormap(gray);

g REG I 2.13 i,

File E View Inset Tools Desktop Window Help

DEeds || ARUIRAL-2|0E|aO

100 150 200 250 300

K213 BEZEGEER
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2.6.2 HZG c-mex HHHEEH

FHAEHBRATA S50 c-mex BREFHATS conv2 BEUHIFRIMIThEE. AETFIR
BATZHT, EElE— T LA PR Ao R . TOTRITINE 4 MR
72, AT HTH c-mex BREHISH A& 4mE] MATLAB, J5 M/ T MATLAB
I AL T2 c-mex PR

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])

BT AEVEUE, AW MG I ORAE A conv2Mex.cpp:

1 4include "mex.h"

3  void conv2Mex(float* src, float* dst, int numRows, int numCols,
float* mask)

4 |

5 int boundCol = numCols - 1;

6 int boundRow = numRows - 1;

7

8 for (intc=1; ¢ <boundCol; c++)

9 {

10 for (intr=1; r <boundRow - 1; r++)

11 {

12 int dstindex = ¢ * numRows + r;

13 int kerIndex = 8;

14 for (int kc =-1; kc <2; kc++)

15 {

16 int srcIndex = (¢c+ kc) * numRows + r;

17 for (int kr=-1; kr<2; kr++)

18 dst[dstIndex] + = mask[kerIndex--1* src

[srcIndex+ krl;

19 1

20 }

21 }

22}

23

24 void mexFunction(int nlhs, mxArray *plhs[], int nrhs, mxArray
*prhs[1)

25 |

26 if (nrhs ! = 2)

27 mexErrMsgTxt("Invaid number of input arguments");

28

29 if (nlths!=1)

30 mexErrMsgTxt("Invalid number of outputs");

31

32 if (ImxIsSingle(prhs[0]) && !mxIsSingle(prhs[1]))
33 mexErrMsgTxt("input image and mask type must be single");
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34

35 float* image = (float*)mxGetData(prhs[0]);

36 float* mask = (float*)mxGetData(prhs[1]);

37

38 int numRows = (int)mxGetM(prhs[0]);

39 int numCols = (int)mxGetN(prhs[0]);

40 int numKRows = (int)mxGetM(prhs[11);

41 int numKCols = (int)mxGetN(prhs[1]);

42

43 if (numKRows ! = 3 || numKCols ! = 3)

44 mexErrMsgTxt("Invalid mask size. It must be 3 x3");

45

46 plhs[0] = mxCreateNumericMatrix(numRows, numCols,
mxSINGLE_CLASS, mxREAL) ;

47 float* out = (float*)mxGetData(plhs[01);

48

49 convZMex(image, out, numRows, numCols, mask);

50 1}

£ mexFunction H1, e A ARG AN S A, BATHRA AN (&
BRIHEND F— N GRS RIEH IR AEIE RN single. PRl & i
NEGRHEREI RN, BRI AN R 3x3. B2 46 17, HERAFEIZATE: RN
A, IR AL MATLAB. )5 RIS B R conv2Mex 3E1T4L
FiaH.

P2 FitEIRAI% 5 K mex BNEL, JF A MATLAB i 2% I FH %R 5.
G T3 TR 2

>> mex convZMex.cpp

WG IER Y], mex SRR AN HEISCIE, 7E 64 A7 Windows $E RGEH L
H44 4 conv2Mex.mexw64 .
T3 RAMIBEWAE MATLAB AT =3y i FHIX AN R AL, JE1S 3125 3R

>> quaters = (single)imread('eight.tif");
>> mask =single([121;000; -1-2-11);
>> H2 = conv2Mex(quarters, mask);

>> imagesc(H2);

>> colormap(gray);

Al LMEH convol _mex.m iz4T FIRFEA S FE, AT
% convol_mex.m
mex convZMex.cpp

quarters = single(imread('eight.tif'));
mask = single([121;000; -1-2-11);
imagesc(quarters);

colormap(gray);
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H2 = convZMex(quarters, mask);
imagesc(H2);
colormap(gray);

2.6.3 1E4a' 511 c-mex HFFIH CUDA 56

APEAEH] CUDA sREHT B R IEE . BTt CUDA sE3LLI4h, % CUDA
B EATH) c-mex BRETHBEAH A
L1 € XA CUDA pRECH I H R ZO R, B8 ST R A

conv2Mex.h:

#Hifndef __CONVZMEXCUDA_H__
jtdefine __ CONV2MEXCUDA_H__

1

2

3

4  externvoid conv2Mex(float* in,

5 float* out,
6 int numRows,
7
8
9
1

int numCols,
float* mask);

0 {fendif // __CONV2MEXCUDA_H__
HI2 2 {F CUDA THAT conv2Mex BRET. 12 conv2Mex.cu JEHIA LT N L.

1  4include "conv2Mex.h"

2

3 __global__ void conv2MexCuda(float* src,
4 float* dst,
5 int numRows,
6 int numCols,
7 float* mask)
8 |

9 int row=>blockIdx.x;

10 if (row<1]|| row>numRows - 1)

11 return;

12

13 int col =blockIdx.y;

14 if (col<1]|col>numCols -1)

15 return;

16

17 int dstindex=col * numRows + row;

18 dstldstIndex]=0;
19 int kerIndex=3*3-1;

20 for (int kc=-1; kc<2; kc++)

21 {

22 int srcindex= (col+kc) * numRows + row;

23 for (int kr=-1; kr<2; kr++)

24 {

25 dstldstIndex] + = mask[kerIndex--1*src

[srcindex+kr];
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26 }

27 }

28 '}

29

30 void conv2Mex(float* src, float* dst, int numRows, int numCols,
float* ker)

31 |

32 int totalPixels =numRows * numCols;

33 float *deviceSrc, *deviceKer, *deviceDst;

34

35 cudaMalloc(&deviceSrc, sizeof(float) * totalPixels);
36 cudaMalloc(&deviceDst, sizeof(float) * totalPixels);
37 cudaMalloc(&deviceKer, sizeof(float) *3 *3);
38

39 cudaMemcpy (deviceSrc,

40 src,

41 sizeof(float) * totalPixels,

42 cudaMemcpyHostToDevice);

43

44 cudaMemcpy (deviceKer,

45 ker,

46 sizeof(float) *3* 3,

47 cudaMemcpyHostToDevice);

48

49 cudaMemset(deviceDst, 0, sizeof(float) * totalPixels);
50

51 dim3 gridSize(numRows, numCols);

52

53 convZMexCuda << <gridSize, 1>> > (deviceSrc,
54 deviceDst,
55 numRows,

56 numCols,

57 deviceKer);
58

59 cudaMemcpy (dst,

60 deviceDst,

61 sizeof(float) * totalPixels,

62 cudaMemcpyDeviceToHost):

63

64 cudaFree(deviceSrc);

65 cudaFree(deviceDst);

66 cudaFree(deviceKer);

67 }

# /] cudaMalloc P& £73ic CUDA &4 N A7, %L CudaMemcepy ARk 55 P04
ZHONENE AR RN %, B N S HIEER R L. AR5/ CUDA &4
b, BB i B AER A T A AE . fTH cudaMemset, #4640 5 H £
K%, i conv2MexCuda #E47 CUDA H] . X L) 5kt i 5 I R/ NFT 5K
/M. {E conv2MexCuda ™1, &4~ CUDA &N 3x3 HEME, AR
RIERI A 28 4 BRVEMR AR N N 2
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HIE 3 i CUDA MRAGAERH ARSI, B EH HLEERE S c-mex B, 7E
MATLAB 174 & 3 AN T 454 58 g 15«

>> system('nvce -c convZMex.cu')

WAGE R g R, ES % 2.5 1 Sl {EFH CUDA  SEILE] S ) &0
157 o PRI A A R conv2Mex.obj U

PB4 FAEOHE mex HREL, AT CUDA HIGRREL. AlE—ASH L
i, BN RS, FFORAE A conv2MexCuda.cpp:

1 {include "mex.h"

2 {Hinclude "conv2Mex.h"

3

4 void mexFunction(int nlhs, mxArray *plhs[], int nrhs, mxArray
*prhs(])

5

6 if (nrhs 1= 2)

7 mexErrMsgTxt("Invaid number of input arguments");

8

9 if (nlhs!=1)

10 mexErrMsgTxt("Invalid number of outputs");

11

12 if (ImxIsSingle(prhs[0]) && !mxIsSingle(prhs(1]))

13 mexErrMsgTxt("input image and mask type must be single");

14

15 float* image= (float*)mxGetData(prhs[0]);

16 float*mask= (float*)mxGetData(prhs[1]);

17

18 int numRows = (int)mxGetM(prhs[0]);

19 int numCols = (int)mxGetN(prhs[0]);

20 int numKRows = (int)mxGetM(prhs[1]);

21 int numKCols = (int)mxGetN(prhs[1]);

22

23 if (numKRows ! = 3 || numKCols ! = 3)

24 mexErrMsgTxt("Invalid mask size. [t must be 3 X3");

25

26 plhs[0]=mxCreateNumericMatrix(numRows, numCols,

mxSINGLE_CLASS, mxREAL) ;

27 float* out = (float*)mxGetData(plhs[0]);

28

29 convZ2Mex(image, out, numRows, numCols, mask);

30 ¢t

B mex BRECHI T — B RS AR A A . ME— X 0 E T 28 — 4T #include
"conv2Mex.h". XHL, FAIAE conv2Mex.h H15E X conv2Mex A%, 71 conv2Mex.cu 1
AT ZREL

PE/ S5 XHEKET CUDA [ mex RECAHERSL . T conv2Mex BRELLE
conv2Mex.obj "', JTLLZI RIRERE AN BRAA B . RIS, G R AR A
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] CUDA 847 S HAT B . #F MATLAB fin 4 % AN R g4
Windows 64 [/ #:1E &5

>> mex conv2MexCuda.cpp convZMex.obj -lcudart -L"C:\Program Files
\NVIDIA GPU Computing Toolkit\CUDA\v5.0\T1ib\x64"

Windows 32 /v #4F R &

>> mex conv2MexCuda.cpp convZMex.obj -lcudart -L"C:\Program Files
\NVIDIA GPU Computing Toolkit\CUDA\v5.0\Tib\Win32"

Linux #/E & 48
>> mex convZMexCuda.cpp conv2Mex.obj -lcudart -L"/usr/local/cuda/1ib"

Mac OS X #1E R %%

>> mex convZMexCuda.cpp convZ2Mex.obj -Tcudart -L"/Developer/
NVIDIA/CUDA-5.0/11b"

MG, MATLAB 442 mex %L, 7F Windows 64 {i#1E R+ N
convMexCuda.mexw64 .
$IE6 7 MATLAB w4 I4T34 T CUDA 5 AR R 5L

>> quarters =single(imread('eight.tif'));
>> mask = single([121;000; -1-2-11);
>> H3 = convZMexCuda(quarters, mask);

>> imagesc(H3);

>> colormap(gray);

JEIR, k27 MATLAB EP%JMFHI_JE’JiﬁutH 15
Al LLE ] convol cuda.m i&4y iR FE, QST F -

% convol_cuda.m

system('nvcc -c conv2Mex.cu -cchbin "C:\Program Files (x86)\Microsoft
Visual Studio 10.0\VC\bin")

mex convZMexCuda.cpp convZMex.obj -Tcudart -L"C:\Program Files\NVIDIA
GPU Computing Toolkit\CUDA\v5.0\Tib\x64"

quarters = single(imread('eight.tif'));
mask = single([121;000; -1-2-11);
imagesc(quarters);

colormap(gray);

H3 = conv2MexCuda(quarters, mask);
imagesc(H3);

colormap(gray);
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2.6.4  TARgmHEERE BT

Wik Bk 3 RpUvEse s GRS, nT LS BRI s . AT
O RO AR T I PERE . EZVEANNIR A E BIE S W 3 . XA,
7 MATLAB H§ ] tic Al toc &2 BEAT ] 5T ) 22k B8 23 BT o

N HGER AR T ER, 75 MATLAB 23135 (1 i ()12 5 -

>> tic; H1 = conv2(quaters, mask); toc;
Elapsed time is 0.001292 seconds.

>> tic; H1 = convZ2(quaters, mask); toc;
Elapsed time is 0.001225 seconds.

>> tic; H2 = convZ2Mex(quaters, mask); toc;
Elapsed time is 0.001244 seconds.

>> tic; H2 = convZ2Mex(quaters, mask); toc;
Elapsed time is 0.001118 seconds.

>> tic; H3 = conv2MexCuda(quaters, mask); toc;

Elapsed time is 0.036286 seconds.
>> tic; H3 = convZMexCuda(quaters, mask); toc;

Elapsed time is 0.035877 seconds.

P E I conv2 BRECFIERAN 1M 5 16 conv2Mex BRELIKIPEREAH IR . AR1T, Ao &
T CUDA MR LE iR Py s A5 22 o X0 IR A 3 ) 2508l ROTARAD, - i HL
W AL RSF AR BER T GPU ZER AL H

conv2 conv2Mex Conv2MexCuda
KEIS/s 0.00123 0.00122 0.0358
S S 1R 2 A A A0 AR) SR AT S VRS IR IR A3 B b SR, DU AT I Ak 1R R 1)
CUDA &k S sz .

57E AddVectors T TARIE], H2ET CUDA HIRRECE T conv2Mex.cu !
(LK 2.14). 3CfF conv2Mex.h f14 mex BREUE X, conv2MexCuda.cpp i JH 14
TR . 9t CUDA X524 HARSCAEE, A mex 454 K473 mex AU 444 2
CUDA HFr3CAFs
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conv2MexCuda.cpp

nvee %1% CUDA
RAGFIE AR
Xtk

conv2Mex.obj

FEAE R BARSCH

mex S mex LR SERE T Finvee J

conv2MexCuda.mexw64
(Windows 644i7)
(conv2MexCuda.mexw32
Windows 324

Bl 2.4 7-Mli S S5 HE ]
(O HNBSCH, B: $54, B RO



94535 RDFE Bt TR UMLK

31 AEFIHIF

WL, AT AR M ARRS TR A AR R 4y, A RIS TR R
SRR 2 2, ANREEBARK AR, 17 B A — LSRR (1) R 2
1M H AT e S AEARAS AR 2B R PP L. WL 3 HT I 7 TWﬁ SR DT R AR
T RS SC ) o AT UG, X R — P, fEA®E, fRATLLT
filt AT YA

o ffif] MATLAB W& /0T 5 24Kk m SCEFR .

o X C/CHI3HT T iEIAT c-mex AREG 53 HT .

o {iiff] Visual Studio 1 NVIDIA Visual Profiler #4T CUDA {4447

o c-mex WA IR BT 1 E

3.2 447 MATLAB X a3 &k #R 3N

321 WS L

SEIS)AE, MATLAB $fit 7AH4 5 TAEFH 40 #rds (profiler). I FFAE
FHES 2 T EGARVE B AT I (0] 50 AT 4] o

PRar L 5 b X MATLAB 23 #r s . 55— 7 ik &7 MATLAB
Desktop Hik#% Profiler (WL 3.1). 5 Ik AL m 4 % H A “profile

viewer”:

>> profile viewer

XAE, TSR 3.2 B i 1.

H VAR e ARTa ], AT TS LT, A MATLAB 5 H R EEECY
SO, i 3.3 Pos. ARG T EeAT o 48N, 7E “Run This Code: ” Ab4m
NI . IXHLLL convQuarterlmage.m A, Uil 3.4 Fior.

AR W 3.5 Fraa i e R . e —%1& 51, AL Function
Name. Calls. Total Time Fl Self Time, HRHEZ51%}45 RIATH T
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D3 % MW 9 G Mnemize Command Window Documents\Books\ Chapters\Ch3codes
Shortcuts 2] HowtoAdd 2] O Maximize Command Window  CtrleShifte M
oot | U Commnd i oot | I v
B « codes v £ * MoveCommand Window W)
~ « Resize Command Window
Name ~ Nar
#) comQuartermage.m Desktop Layout »
) comQuartedmageOdm | g ipon
Vv Command Window
v Command History
v Current Folder
v
< Ly
See
21
>
Details o) L
ISRV 0
Kl 3.1 M MATLAB desktop S Sk
) Profiler l=[@] % ]
File Edit Debug Desktop Window Help ~
e a RN ]
© Start Profiling Run this code: + | @ Profile time: 0 sec

Profiler for Improving Performance

One way to improve the performance of your MATLAB programs is using profiling tools. MATLAB provides a graphical user interface
that is based on the results returned by the profile function. Use this tool to help you determine where you can modify your code
to make performance improvements.

For details on how to use the Profiler, see the Profiler documentation.

3.2 MATLAB 7 Hi#s % I

File Edit Debug Parallel Desktop Wi

D&M % 2| 0 cumentFoider c hapters\Ch3\codes <o
Shortcuts 2] How to Add (2] What's New
Current Folder w02 x| Workspace w02 x|
1. « codes Fp@me- s> ) o %) % W | tack: | [ select datatoplot  ~
) | Name s Name Value Min
#) convQuartermage.m
I #) convQuarterimageOld.m

3.3 1F MATLAB =% T 5 04wy e
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St
File Edit Debug Desktop Window Help

P A [

Run this code: | convQ

vl @ Profile time: 3 sec
|

3.4 MATALB Z#7#5 Run this code £

W RAE Function Name %15 fi 5 convQuarterlmage, #f 7] PAf4 2] convQuarter
Wk 3.6 FiRe

Image SCIFHARE—AT EPEAIFEN S

B T e e
T - -H
File Edit Debug Desktop Window Help ~
and oM
© Start Profiling Run this code: |convQuartermage -] @ Profile time: 3 sec
Profile Summary
Generated 20-Feb-2013 05:31:45 using cpu time.
)| Eunction Name Calls | Total Time = Self Time" ' Total Time Plot
(dark band = self time) L
l =
convQuarterlmage 1 3386 s 1.061s [ ———]
imagesc 2 1575s 0.156 s D
newplot 2 1419 s 0998 s | B
|| imread 1 0733s 0.203s [ 0]
cla 2 0.390s 0.047 s -
newplot>ObserveAxesNextPls 2 0390s 0.000 s |
graphics\private\clo. 2 0343 s 0.124s m
imagesci\private\readtif 1 02% s 0265s |m
imagescilprivate\imftype 1 0234s 0078s |m
imformats 1 0.140s 0015s 1
findall 2 0.109 s 0094s 1
|| setdif>setdifleacy 4 0094s  0063s 1
setdiff 4 0094 s 0000s 1 %
I - — =)

K 3.5 MATLAB 74188 H FER 4347 6 45

File Edit Debug Desktop Window Help ~
g oM |

 Start Profiling Run this code: |convQuartermage ~ | @ Profile time: 3 sec |

convQuarterimage (1 call, 3.386 sec)
Generated 20-Feb-2013 05:50:34 using cpu time.
script in file C:\Users\JungSuh! ments\Books\Chapters\Cl m

C:\Users\ungSuh\Documents\B
|| Copy to new window for comparing multiple runs

| 1
Show parent functions Show busy lines Show child functions
Show Code Analyzer results [¥] Show file coverage

Show function listing

Parents (calling functions)
No parent

|| Lines where the most time was spent

: Line Number | Code Calls | Total Time = % Time ' Time Plot
2 imagesc (quarters) ; 1 1607 s 475% .
il 1 quarters = imread('eight.tif')... 1 0.79% s 235% =
| [ H = convZ(single (quarters), si... 1 0655 s 19.4% mm
8 figure; 1 0.250's 74% |m
3 colormap (gray) ; 1 0031s |09% |
All other lines 0046s 14% ||

Totals 3386s 100% 52

Bl3.6  SIMTE AR 2 A0ty
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] SRS I, AT LUE SRS A 200 (R e] RO B, B
) ESRIOAG . KRR (L 3.7) T LAF F imagese( ) i imread( ) i
M convQuarterlmage KB4 IEAT Il KA imread( ) /& S2EUHT A BUZ 1) R 2L
imagesc( ) /e 4 ECE oA EG IR P LAnT DL DG T i i alivk 5035843
X FEI B 2

— — — ol
ﬂ Profiler - — - — @m
File Edit Debug Desktop Window Help N
R I

. Start Profiling  Run this code: | convQuarterimage v | @ Profile time: 3 sec

Coverage results
Show coverage for parent directory
Total lines in function 10

Non-code lines (comments, blank lines) 2

Code lines (lines that can run) 8
Code lines that did run 8
Code lines that did not run 0
Coverage (did run/can run) 100.00 %

Function listing )
Color highlight code according to | time >

time calls line

0.80 1 1 quarters = imread('eight.tif');
L1.61 L __ 2 limagesc(quarters); |
0.03 1 3 colormap (gray) ;
g 5 kernel = [1 2 1; 00 0; -1 -2 -1]; |
0.66 1 6 H = convZ (single (quarters), single (kernel)):; E
I —
0.25 1 8 figure;
0.02 1 9 imagesc (H):;

1 10 colormap(gray):

K37 S Hrai bR AT IR R

H=conv2(single(quarters), single(kernel));

3.3 WATLAUEZIH c-mex B X — AT T &5, I T c-mex W C/CH++
VAN IWARr

3.2.2 B 2% CPU HRSHHREER b

WA, 2% CPU WML, R PIs 1T 5 ] F i AR R S e T
FAME ARG, G AR EDRE e b 1 i R B0 P OBORIFE NS, AN 22 1 /i CPU iy
FH R SRERA A B, A A T A28 (0 43 AT s 0 kT A R Rk T 0 AR iT
FERLEAERUN, T B RS o TR A R S Ol . EEEIIX A, b R A
MATLAB 24k, T3l & ] DME I N AZ SR, 0T s ZERS i U i R 1R . 7
Windows #1E R4+, RS CPU WM HIEGE, WK 3.8 Fiw.
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Toolbars »

Cascade windows
Show windows stacked

Show windows side by side

Show the desktop
ke e ieswrer |

L
v Lock the taskbar

PN ————

3.8 =il CPU WAZAT G, 10T “Ja8E4- 48 ”  (Start Task Manager)

AT L ARG B, nTLATH “HEIMES B BEAS” (Start Task Manager)
SR, Bl R TS A, T “ Windows 4145 4% 7 (Windows Task
Manager) &1, 1 3.9 iR,

End Process Tree
Debug

UAC Virtualization
Create Dump File

| ’

Properties
Go to Service(s)

3.9 ¥l CPU WA S, sy “ i EARCYE”  (Set Affinity...)

X MATLAB MERE, FRif g, &4 “WEAHKME” (Set Affinity..). RJ5
HEN S AL BRSO R BT O LI 3.10), FRAT LU B AN 2 1 Ab B
PSR HTARAY . P — AL FESLIZ ST MATLAB.exe, 155 A AbTESE, WTLL
SEORG A AT AR, s 3011 R
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r
1% Windows Task Manager = B8 % ‘ Processor Affinity ﬂ
File Options View Help Which processors are allowed to run "MATLAB.exe"?
Applications | Processes | Services | Performance | king | Users |
<All Processors >
Image biame User Name CPU Memory (... Descripton  “ crPuo
igfxext.exe JungSuh 00 548K igfxextM... cPu1
. ; CPU2
igfxpers.exe JungSuh 00 600K persisten... | ki
igfxsrvc.exe JungSuh 00 1,004K igfxsrvc ...
igfxtray.exe JungSuh 00 544K igfxTray ...
iuBrowserIEA... JungSuh 00 1,236 K  iuBrowser...
iuEmailOutioo...  JungSuh 00 1,484K iuEmailOu...
iusb3mon.exe... JungSuh 00 528K IntelR)U...
LManager.ex... JungSuh 00 1,044K LaunchM...
LMutilps32.exe 00 700K _
LMworker.exe... JungSuh 00 372K LaunchM...
MATLAB.exe  JungSuh 00  276,504K MATLAB (... ——
MMDx64Fx.exe  JungSuh 00 340K MMDx64F... “
notepad++.e... JungSuh 00 2,288K Notepad... —
nvtray.exe JungSuh 00 964K NVIDIAS...
nvvsvc.exe 00 828K ~
Frm——
Processes: 133 CPU Usage: 9% Physical Memory: 85%
o A

3.10  #E# CPU WAZAERIZL, il “AbFa8AHoeME”  (Processor Affinity) %
Processor Affinity u

Which processors are allowed to run "MATLAB.exe™?

[T] <All Processors>
CPUO
[[erut
[ cpu2
[[cpus

o J [ conal ]

I

\\

311 i CPU WA ECR, IEFR 2T K A B S

3.3 CUDA &Y c-meX {X75 547

3.3.1 FH Visual Studio #£f7 CUDA %07

XF%45 T Microsoft Visual Studio [ CUDA, NVIDIA Nsight (Visual Studio
D AN B TF A3 . NVIDIA Nsight (Visual Studio i) #24E T 58K
WA HTEREL, 1XXT CUDA ARSI R AEH A %0, NVIDIA Nsight )R 80R1 43¢
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Z % 3% Bo

T A H CUDA il GRPEH] . (5 2 %, {FH CUDA st 7—"1
LKA, {F MATLAB i 2 % HHIsAT, W pis:

>> quarters=single(imread('eight.tif'));

>> mask=single([1 2 1; 0 0 0; -1 —2 —=11);

>> H3 = conv2MexCuda(quarters, mask);

>> imagesc(H3);
>> colormap(gray);

fEH 3.2 W47, $TIF Visual Studio, WIE 3.12 s,

©0 Start Page - Microsoft Visual Studio (Admini
|[File Edit View Debug Team | Nsight | Data Tools Architecture Test Analyze Window Help
i

gl Sdd] 8 L Windows N e | ocnoxssa-.
olution Explorer BB & stort GPU Debugging

@ Start CUDA Debugging

BB Start Performance Analysis... }] Ultimate

Options.
Help >

Get Started ~ Guidance and Resources  Latest News

Welcome Windows Web Cloud Office SharePoint Data

[ NewProject...

] openproject..

Visual Studio 2010 Overview
bl What's New in .NET Framework 4
What's New in Visual C++

Customize the Visual Studio Start Page

Recent Projects

3 csvaarff

" Creating Applications with Visual Studio

Extending Visual Studio

4 3.12  Microsoft Visual Studio H%%% [ Nsight

Hif; Nsight S¢H, 1EF Start Performance Analysis.... #fHUTRHE, 215
EANLERE FIER (LK 3.13), %H Connect unsecurely, iy OK #2411, s
7EhE%E oK Visual Studio, 411 3.14 iR,

Do you want to connect without security?

Your connection is currently unsecured. For more information on enabling a
secure connection, please see "How To: Configure a Secured Connection” in the
Installation and Setup section of the Msight Visual Studio Edition User Guide.

Connect unsecurely
Continue to establish the connection without security.

Cancel connection

[7] Don't show this message again.

K 3.13  FF3%EHz Nsight Fil MATLAB 1 Unsecure connection X 1 AE



48 GPU 5 MATLAB B &4 fe

File Edit View Debug Team Nsight Data Tools Archit Test Analyze Window Help

PG SHd s LB - -0-G 2 JREFH@R B8O

Pl Activity2.ovact X

Connection and Application Settings

123 Solution 'Solutionl’ (0 projects)

Availavle Devices:
GeForce 3400 (MCP79)

Nsight Analysis JIR WS | %@
Analysis session created.
Connection state changed to Connecting.
Connection state changed to Connected.
Physical devices detected:
- GeForce 9400 (WODM)

3.14 Visual Studio *F W TR a2 7l 1

7t Application &b, Fifi SO A, 1EH MATLAB nf $047 3.
MATLAB [T 3CAF T DAFE MATLAB ‘%3¢ H s N3 2RI R 288, ik
P NEE BT i, 7 Windows 7 REEHY, 64 i MATLAB nJ LIZE
B 3.15 o B4 B T $AT 3 A

. » Computer » Local Disk (C:) » Program Files » MATLAB » R2012a » bin » win6d »

New folder

% Recent Places

4 Libraries
@ Homegroup
2 Memy

% Computer

: L
\

Y

= :.I.l.l‘.l.l=

1 DISKSTATION J' I

1% FOSKIMY2L01

dvocexe dvofip.exe

gmake.exe InstalMATLABSt ~ MathWorks Privil | MATLAB.exe | MATLABStartupA mecexe
% MEMY-PC artupAccelerator.  eged_Operation.e ceelerator.exe

% QUAIL xe
&3 Control Panel

e

& Recycle Bin l l ! l l !
1 install - L s .

). iPhone Ebooks Collection

1 Praises

- mlint.exe mpiexec.exe mwdot.exe mwneato.exe mwtwopi.exe Printimage.exe

File name: MATLAB.exe v | Executable Files (*.exe) v

K 3.15 3% MATLAB {1 %
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P MATLAB.exe, #RJ5H.di Open $&4, JCPXIEHME. IAE, I FiR3I—
R, B Activity Type &b, #udirh Profile CUDA Application #£35, #WiE 3.16 fr
TNe IEFRILIETI G, AT LA 2 Application Control H' Launch #%4f 7] H .

File Edit View Debug Team Nsight Data Tools Architecture Test Analyze Window Help
iJd-i-Sdd|s LB -d-5) (= J|RFE B Bl
M Activity2.nvact® X

1

Trace Application

Collects events from the target application. The analysis session and data collection are stopped when the launched application exits.
Trace Process Tree

Collects events from the target application and all native child processes of the target application. The analysis session and data collection are not stopped

manually.
© Profile CUDA Application

Collects counters, statistics and derived values for given CUDA kenel launches.
’ Profile CUDA Process Tree

Collects counters, statistics and derived values for given CUDA kerne! launches from the target application and all native child processes of the target
application. The analysis session and data collection are not stopped when the launched application exits. The session and data collection must be stopped
manually.

Experiment Settings

Capture Control

Available Devices: [¥] Open Report on Stop
GeForce 9400 (MCP79) summary Page

Output

Show output from: \Mght Analysis
Analysis session created.
Connection state changed to Connecting.
Connection state changed to Connected.
Physical devices detected:

- GeForce 940@ (WODM)

1R QS %@

B Error List ety

3.16 %% “Profile CUDA Application” 1 A 1EMEZM

B Launch #24, #RJ5 0T LLE 2] MATLAB JF4EH1 Visual Studio —{2izfT,
Wik 3.17 s

£ MATLAB fir4 % v, i24736F CUDA RGBT (WK 3.18), RJEH
# Visual Studio 71, 7E Capture Control CHiliZR#=HD XJUFHEF Hthi Stop %41 (ML
K 3.19). 15 1kHi3kE, "LAIEF] CUDA Overview (JLIE 3.20). 7E CUDA Frdif:
W R Launches, BRI it CUDA R EUR BT AT A B8 5040 15 AN Te) R
(LK 3.21). Uik conv2MexCuda [CUDA Kernel], 157 LA S FT ¥ & 1 R ks
RERFEH I, URSERGXAMTSS T 2 /D0E (ILE 3.22).
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©0 Activity2.nvact” - Microsoft Visual Studi
[File Edit View Debug Team Nsight Data Tools

LA -cl-SHld| s Li|9-o-

Activity2nvact® X
L

Architecture Test Analyze Window Help

| || B i Jec R -

=—

X0G1001

Trace Application

Collects events from the target application. The analysis session and data collection are stopped when the launched application exits.
) Trace Process Tree

Collects events from the target appiication and all native child processes of the target application. The analysis session and data collection are not stopped
wihen the launched application exits. The session and data collection must be stopped manually.

© Profile CUDA Application

Collects counters, statistics and derived values for given CUDA kemel launches.
Profile CUDA Process Tree

Collects counters, statistics and derived values for given CUDA kemel launches from the target application and all native child processes of the target
application. The analysis session and data collection are not stopped when the launched application exits. The session and data collection must be stopped

Available Devices:

Open Report on Stop
GeForce 9400 (MCP79)

Output

Show output from: | Nsight Analysis
Connection state changed to Connected.
Physical devices detected:

- GeForce 9400 (WDDM)
Session state changed to Running.
Application state changed to Suspended.
Capture state changed to Started.
Application state changed to Running.

JIRIRS %=

| NITREEY 5] Output

File Edit Debug Parallel Desktop Window Help

S| & MR 9 & & 2 | @ CurentFolder: C\junk\MatlabMeetsCuda\Hello

* Shortcuts (&) How to Add (2] What's New

FH@

| <« Hello

>> quarters = single(imread('eight.tif'));
>> kernel = single([1 2 1; 0 0 0; -1 -2 -1]):
Name ~

>> H3 = conv2MexCuda (quarters, kernel);
) thrustSum.obj ey

_ thrustSum.cu

ﬂ thrustDemo.mexw64
€ thrustDemo.cpp

[) TestComplexmexwéd
#) TestComplexm

€] TestComplex.cpp

) testm

|| hs_err_piddd24.log

f] helloMex.mexw64
€ helloMex.cpp

4\ cufftDem
Details

Select a file to view details

[lLese

OVR

3.18 84T MATLAB £ K348 R

Connection Status Application Control

Capture Control

@] @@=

Open Report on Stop
Summary Page

Avallable Devices:
GeForce 9400 (MCP79)

3.19 #F Visual Studio 58/ MATLAB 737
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MATLAB130527_000_Capture_002.nvreport - Microsoft Visual Studio

Filer 7Edit Wew ,nyug, Jeami !lsight 7Dntn 7To¢ilsi Architecture Test Annlryzei !{indowjel?
DS § DR[9-0-8-8]p
MATLAB130527_000.

ure_002.nvreport X XSOV RITISY

Summary Report -

Session Overview - ?essmw
S Summary of session information related to the captured data. s Lme e

« Activity
MATLAB.exe (Profile CUDA Application)
Captured 0.04 seconds of data on 5/27/2013 10:13:04 PM
Arguments:
Working Dir:
Connection:  localhost

CUDA Overview

« Summary

=2 Summary of captured CUDA activity. * Devices

» Launches
1 kernel captured on 1 device. Please see the CUDA Launches page for the experiment resuits.

Show output from: | Nsight Analysis BIRENEEIEN Y ]
8192 - 16383 1 1
Info : Loaded c:\temp\MATLAB130527_0@@\MATLAB130527_000_Capture_002\MATLAB13@527_000_Capture_0@2.nvevents in ©.0040
Info : Post-processing data
Info : Post-processed data in 2.31E-65 s
Info : Resolving module information....
Info : Resolved module information in 2.3E-06 s.

m

K 3.20 SR HT/E ) CUDA Overview

MATLAB130527_000_Capture_002.nvreport - Microsoft Visual Studio

File Edit View Debug Team Nsight Data Tools Architecture Test Analyze Window Help

ISl & QB9 -o-a-5)» ) - | S G s B
MATLAB130527_000_...ture_002.nvreport X (LXMW RIETas

° CUDA Launches - ‘ i

~ | Filter

Viewing:1/1
Drag a column header and drop it here to group by that column

Module < | Function < | Start Time Duration Registers iatic Shared JY | Dypoic Shared
Function Name | Yo Y v ) Y | occupaney T e YV Memoryper ¥ Memoryper V| perTH

Block (bytes) Block (bytes)
1 358797071623 [132895616 3333% [0 s 48 [}

conv2MexCuda 3

[
conv2MexCuda [CUDA Launch] Time Range

Start
P Experiment Results £

P conv2MexCuda [CUDA Kernel] 358797071.623
358829967.239
Duration 32,896 ps

CUDA
Context ID 1
Output

Show output from: | Nsight Analysis 19 RS | x|@
8192 - 16383 X [l

Post-processing data...

Info : Post-processed data in 2.31E-05 s

Info : Resolving module information....

Info : Resolved module information in 2.3E-06 s.

Info : Loaded c:\temp\MATLAB13@527_@@@\MATLAB13©527_00@_Capture_082\MATLAB130527_00@_Capture_002.nvevents in ©.0040
Info :

(I
W Error List [Efenens

3.21 Nsight % 19 CUDA P4 k% 58 5040 =5 F1 IR (R 43 B 45 5
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MATLAB130527_000_...ture_002.nvreport X [ESOMRIIEIo

© [(wowwes i

~ | Filter Viewing:1/1

i 2 B Y
1 conv2MexCuda 3 1 358797,071.623 [ 32895616 3333% 9 48 0

Drag a column header and drop it here to group by that column

ration < | oo < | Registers o Y o | Grid < | Block <
4 [3] [CUDA Module] K| s V' Occupaney ¥ | oo ens ¥ ¥ bim A X
Exe
4 1[Context] Be 32895616 033 9 PREFER NONE  FOUR BYTE_BANK SIZE {242,308,1) {1,1,1)

GeForce 9400 [Device]

P Experiment Results

¥ 3.22  Nsight & HH CUDA P #% B ZCF I R) 4341 B 22 F 40 1515 S

RIAIE] Activity £, JF7E Capture Control X UEHEH Fih; Start %4, 1 LA
FEXANITERE LB 3.23). WRIX A, REEEIH MATLAB & HE#7E
Application Control XJFAEH FLeh; Kill $4¢4l. IXAFER] LLICHILE Visual Studio T
TR 251

Connection Status Application Control Capture Control

@ 0— 0

| Available Devices: [¥] Open Report on Stop

[Summary Page %

| GeForce 9400 (MCP79)

Fg 3.23 Nsight #' Capture Control

3.3.2  F|H] NVIDIA Visual Profiler £ CUDA 43t

NVIDIA Visual Profiler #&fit T F=& (LI 31 5E, o LAZ5 HH CUDA 1Ef5 &
TAEREZ 40 . B T HAtREA CUDA B0 TG TRl 04 4k, e il ey H fnn gy
W R SR B L B A i s B S DL S . e BT MO AT fe R BLAOAL B, IF
TEYN R L eT 17 FH A A o

AN R IX — A T nfT 5 MATLAB Al CUDA —j2fiifil. NVIDIA
Visual Profiler F] LA7E CUDA %% H3k F#E] (ML 3.24). T Windows #4E &R
4, WHTE C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v5.0\libnvvp
H3% F. %F Mac OS X #:4ER4:, NVIDIA Visual Profiler (147 & 41 & 3.25 fi7s.
¥ Linux K&ATHR, AT /ust/local/cuda/libnvvp Hat (LK 3.26). A3 nvp,
SHEAFEI—ATE
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| « Local Disk (C:) » Program Files » NVIDIA GPU Computing Toolkit » CUDA » v5.0 » libnvwp » v |4

File Edit View Tools
Organize v
¢ Favorites
B Desktop
18 Downloads
4% Dropbox
%) Recent Places

B Desktop

nvp.exe
Application

B Open v Bum

Help
New folder

configuration features

B'S

epl-v10.html

eclipsec.exe

Date modified: 9/26/201212:46 AM
Size: 425 KB
Date created: 9/26/201212:46 AM

-

notice.html

|

plugins

.eclipseproduct

artifacts.xml

3.24 NVIDIA Visual Profiler £l CUDA %34 &

Kind

FAVORITES
) All My Files ) .eclipseproduct Sep 28, 2012 10:03 PM 59bytes  Document
: | artifacts.xml Sep 28, 2012 10:03 PM 40KB XML Document
@ Airdrop » (2 configuration Apr 24,2013 10:29 PM -~ Folder
[ Desktop [¢) epl-v10.htm! Sep 28, 2012 10:03 PM 17KB  HTML..ument
ﬁ} youngmin... > [ features Sep 28, 2012 10:03 PM - Folder
A Applications E] notice.html Sep 28, 2012 10:03 PM 9KB HTML...ument
e nwp.app Apr 24, 2013 10:30 PM 372 KB Application
[5) Documents [, "¢ o, Sep 28, 2012 10:03 PM - Folder
<3 Dropbox > [ plugins Apr 24,2013 10:29 PM -~ Folder
» (1] readme Apr 24,2013 10:29 PM - Folder
SHARED

[%] 3.25 Mac OS X #:1E &4t ) NVIDIA Visual Profiler

File
[ i

- N

View Help

[ Details| ] Console | [ Settings| w =
Results

] Analysi:
Scope
Analyze Entire Application

Analyze Kernel (select in timeli
Stages

Reset All Analyze,

S ——]

& 3.26 Linux #£1F & 49 ) NVIDIA Visual Profiler
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B4, FTJT NVIDIA Visual Profiler. X5, £ 3357 #iid; File >New Session
KA, AP, Wik 3.27 o,
‘NVIDIAVmIPmﬁIert] =@ % |

File View Help
[

{ Executable Properties
Set executable properties

File: Enter executable file [required)

) Working directory:  Enter working directory [optional]

Enter d-li

Environment: Name Value

[ Analysis | () Details £3

Finish

[% 3.27 NVIDIA Visual Profiler "[1) New Session

¥ Browse %4, S22 Ai—FE, £ MATLAB Al $h473cfF, wnpE 3.28
i . MATLAB T $047 SO & 4 MATLAB [ bin 2235 H 3R, SR & Bk
TR R G A -

e
"\..)7»3 \ [ Local Disk (C:) » Program Files » MATLAB » R2012a » bin » wined » | v |4s || Search win4

Organize v New folder

¢ Favorites
Bl Desktop ] |
4 Downloads m_pcodeio.dil i m3i_mi.dl i MathWorks_Privil
4> Dropbox eged_Operation.e
%1 Recent Places

Bl Desktop
4 Libraries
+& Homegroup

B Memy X MATLAB.exe.con matlab.ico MATLABStartupA matlabsystemblo
1% Computer fig ccelerator.exe ck.dll

€ Network ™ = T, ™, X

1% BROTHER I P 220 3 )
% COMPAQ () <O O 0%
18 DISKSTATION o e <]
% MEMY-PC = —— - - ——
3 Control Panel i mec.exe mclbase. - melmer. :

Filename: MATLAB.exe *; ["' ']

& 3.28 4 NVIDIA Visual Profiler %4 MATLAB 7] 447304
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o XIT- Windows 64 ff5:1E R4t

C:\Program Files\MATLAB\R2012a\bin\x64\MATLAB.exe.

o XiF Windows 32 7 #:1f R4

C:\Program Files\sMATLAB\R2012a\bin\win32\MATLAB.exe.

o XfF Mac OS X #1F &4t

/Applications/MATLAB_R2012a.app/bin/maci64/MATLAB.

o T Linux #4E R

/ust/loca/MATLAB/R2012a/bin/glnxa64/MATLAB.

BT RGHNEFE MATLAB Al AT SIS, SRl SCPFE P TR HE Y Open
%41, |9]3 Create New Session X[ iHHE (UL 3.29). i Create New Session % i
HEF ) Next $%8H, SRIGEFEATPAT SRR EME (LK 3.300. IUFE, By ik e
BAERE, Hih Finish #8158 BB BT 25 T L M . S8 X 2L )5S, NVIDIA
Visual Profiler iz MATLAB R 7F4% (LI 3.3, K5, %547 H % MATLAB
KMo

e 5
YEEeEE =) fa— -re ol
Executable Properties Executable Properties
Set executable properties Set executable properties
File: [c:\Program Files\MATLAB\R2012a\bin\win64\MATLAB.exe | | Browse... Execution timeout: Enter maximum execution timeout in seconds [optional] seconds
Working directory: _Enter working directory [optional] (7] Start execution with profiling enabled
Arguments: Enter command-line arguments [V] Enable concurrent kernel profiling
Environment: Name | Value [IRun analysis
3.29 Create New Session 21 & I 3.30 Executable Properties 3£
| HVIDIA Visual Profiler i
Fle  Vew Run  Help
f i wy S - = DA
W “Mew Session 17 = 1| E Propesties £1 . [ Detail Graphs =)
| 5 0. + 5 0% H
" I TIPS value
| Progenss Intarestion
| 0 Genrating Tiraling
| Rurning application te generate timeline.
T Amabysis |2 Detads (B Comsale £ . C Seftings Bk RlEE M-~ -0
CPragram Filet NVIDLA GPU Comparting Toollo\ CUDA\WS B sin\nvpret. e

€ 3.31 {& NVIDIA Visual Profiler /5% MATLAB #3723 H7
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| File Edit View Debug Parabel Desktop Window Help
I T3] & BB 9 ™ |dh 0 2| & | cunent Folder, CAProgram FilenMATLABRNIZ0 =[] &

| Sherteuts (8] How to Add & What's New

Command Window 0O x

ber.r -Pl@G| L

Hame -
| trademarks ot
| readme.ne
L patentstst
| Bcenseaet
| installer input tut
B install i, jo_JP:pt
T install_guide.po¥
install

Detaits A

Select a file to view details

3.31 7£ NVIDIA Visual Profiler 135} MATLAB #4701 (42

7 MATLAB fir &% I, 124735 CUDA HIBRFEFI T

>> quaters=(single)imread('eight.tif");

>> mask=single([1 2 1; 0 0 0; -1 -2 —=11);

>> H3 = convZMexCuda(quarters, mask);

IBATIXEEIRA 2 J5, KH MATLAB & 11, /3 Wrasts FFn A sl o i gt . it
WwHRER WK 332 FrosEEE R, oL AE comex AR B D
cudaDeviceReset( ) HAJMHIE AR, DA IRIGBR T 7 B8 .

o Unable to read the entire session timeline. The displayed timeline may be empty or
_./_IL; incomplete because the application aborted or failed to flush profile data before
exiting. The application should call cudaDeviceReset() before exiting to ensure that all
profile data is flushed.

K332 WHEFARTERESR S

#include "mex.h"

#include "conv2Mex.h"

f#include <cuda_runtime.h>

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, mxArray *prhs[])

{

float* out = (float*)mxGetData(plhs[0]);
conv2Mex(image, out, numRows, numCols, kernel);
cudaDeviceReset();

1
JELL— A DI S5 T 745 c-mex:
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>> mex convZMexCuda.cpp conv2Mex.obj -Tcudart -L"C:\Program Files\NVIDIA
GPU Computing Toolkit\CUDA\v5.0\1ib\x64" -1"C:\Program Files\NVIDIA GPU
Computing Toolkit\CUDA\v5.0\include"

FHISAT BRI, I3 MATLAB % 1, NVIDIA Visual Profiler 2% < fT

HIEE, Wkl 3.33 fis.

File View FRun Help

R NG s d | [

& "NewSession [ "New Session 1 =5
Ii G.Gfﬁl U.I'IISS U.D':‘SI

= Process 2968
=l mwesa 3z
Runtime AP1 cudsMalloc cudaMemcpy
Dirver AFL
Profiling Oveshead |
=1 0] GeFarce 3400
E Contest 1 (CuDe)
T MemCpy HtoD) |
T MemCpy [DtoH]
[~ Compute

wda(float®, Float®, nt, int, fl

T 0.5 [1] memaet £ I

= Freams
Stream 2 com?MexCudafloar®, float®, at, int, fl__
Clanalysis 3, T Detaits| B Console| T Settings .. =0
Scope Fesults
e e s 5, Low Compute Utiization | 32.606 ms / 79.001 ms = 41.3% ]
Arcabyan; ol [seluct iy tirmgfia The multiprocessars of ore o mone GPUS ane mostly idle. g
e , Low Memcpy/Compute Overiap [0 ns f 145.472 pc = 0% |
[ [ Reset all | | [y, Analy " The percentage of time when mem<py & being performed in pasallel with compute is low. Bdc
_ " lwmwlmwlﬂn[muw;mlumwutmlmmaheullnerlcnlu
- The memory copies are net fully using th I e dirvice b idith, [
Multipro< essor Lol
Kernel Memory iy
m B i C

3.33 NVIDIA Visual Profiler 24745 5%

PRA] LK READ CUDA BEKIFERT . GPU iy S G IR L1 T . B
1] Details LI, 1] LA 2 A% AL FEBR R 4R R 1040, anl&] 3.34 i,

‘[f. Anaiysls “qu DMI; }X E Console\t@ Smmgsl % [ =ded E\\
Name Start Time Duration Grid Size Block Size Regs Static SMem Dynamic SMem Size Throughput
Memcpy HtoD [sync] 35143 ms 63.072 ps nfa nfa n/a nfa nfa 2. 44 GB/s
Memcpy HtoD [sync] 35345 ms 5184 us n/a n/a n/a n/a nfa 3. 6.62 MB/s
memset (0) 35357 ms 54.592 ps nfa nfa  n/a n/a nfa 2. 5.09 GB/s
conv2MexCuda(float, float*, i.. 35415 ms 32552 ms [242,308,1] [111] 9 48 0 n/a n/a
Memcpy DtoH [sync] 67.968 ms 77216 ps n/a n/a  nfa n/a nfa 2. 36 GB/s

& 3.34 NVIDIA Visual Profiler Details #EX0i -5 (1 7] {5 &

34 cmex AR EaINE R E

A4 MATLAB H3EET m TR IFRATYE m SCHAHRM T H, A THE c-
mex A C/CHARRY, LA T MATLAB s o FHH AR L
PR HIR S MATLAB ' m SCHEASEH) c-mex U020 . EZ RI= 15,
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PAME A conv2d3x3.cpp LA, IXANH convQuarterlmageCmex.m i H (1] C++3C
LU

The conv2d3 x 3.cpp File

J#include "mex.h"
#Finclude "conv2d3x3.h"

void conv2d3x3(float* src, float* dst, int numRows, int numCols, float*
mask)

{
int boundCol = numCols —1;
int boundRow = numRows —1;

for (intc=1; c <boundCol; c++)
{
for (int r=1; r <boundRow—1; r++)
{
int dstIndex = ¢ * numRows + r;
int mskindex = 8;
for (int kc = -1; kc <2; kc++)
{
int srclndex = (c+ kc) * numRows + r;
for (int kr=-1; kr <2; kr++)
dst[dstIndex]+ = mask[mskIndex——] * src[srcindex+ kr];

}
}

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, mxArray *prhs(])
{

if (nrhs | = 2)
mexErrMsgTxt("Invaid number of input arguments");

if (nlhs!=1)
mexErrMsgTxt("Invalid number of outputs");

if (ImxIsSingle(prhs[0]) && !mxIsSingle(prhs(1]1))
mexErrMsgTxt("input image and mask type must be single");

float* image = (float*)mxGetData(prhs[0]);
float*mask = (float*)mxGetData(prhs[1]);

int numRows = mxGetM(prhs[01);
int numCols = mxGetN(prhs[0]);
int numKRows = mxGetM(prhs[1]);
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int numKCols = mxGetN(prhs[1]);

if (numKRows ! = 3 || numKCols ! = 3)
mexErrMsgTxt("Invalid mask size. It must be 3x3");

plhs[0] = mxCreateNumericMatrix(numRows, numCols, mxSINGLE_CLASS,
mxREAL) ;

float* out = (float*)mxGetData(plhs[0]);

conv2d3x3(image, out, numRows, numCols, mask);
}

The convQuarterImageCmex.m File

quarters = imread('eight.tif');
imagesc(quarters);
colormap(gray);

mask=[121;000;-1-2-11;
single_q = single(quarters);
single_k = single(mask);

H = conv2d3x3(single_q, single_k); % Call C-Mex file here

figure;

imagesc(H);

colormap(gray);

AT WY convQuarterlmageCmex.m SCAFAH G conv2d3x3.cpp c-mex 3L

1, TFERH-g HEI/E MATLAB i 4% [ 9 125 conv2d3x3.cpp LA
>> mex —g conv2d3 X 3.cpp

I JE s B AEAR R H SR A2 e— AN B i S0 conv2d3x3.mexw64d (B
conv2d3x3.mexw32). #RJi, #FF Visual Studio, [FIFJfREF MATLAB &6, FFEE
Tools % FE Attach to Process... (JLF 3.35).

7t Attach to Process .HAF, 1 LLGEBTFENL LIEASAT ] iR (K
K 3.36). WIRKH MATLAB, #tcihiqe il 3R i 1 $6%)] MATLAB.exe. i
& MATLAB.exe J-H.ili Attach $%4. #R)5, Visual Studio 23 HIL—/ NI AT
Solutionl (Running) (%% I, 418 3.37 fizn. {E Visual Studio "', @il File
SEHLE Open R File JET$T JF conv2d3x3.cpp c-mex Y5 3CAF (LK 3.38). K
K, TERAEN—AT G AR, WE— WA (LK 339, AR5, nTLLER|—
AN ARVE (P W SR T S, AT DA I R, W 3.40 Pis. —HIEMRE
T Wil AREEATLME] Debug LN RITA Dhfe, A HALRRE], & 3.41
PR o
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File Edit View Debug Team Data | Tools | Architecture Test Analyze Window Help
G e G @] £ 8| ¥ @ Attachto Process.. Ctrl+Alt+P

Connect to Database...
Connect to Server...
%8 Add SharePoint Connection...

(x ) Code Snippets Manager... Ctri+K, Ctrl+B

Choose Toolbox Items...

=]

Add-in Manager...

Macros »
Extension Manager...

Create GUID

o Dotfuscator Software Services.

Error Lookup

Recel ATL/MFC Trace Tool
ILDasm
4 Spys+
[ Visual Studio Command Prompt

84
&

W(CF Service Configuration Editor
! External Tools...

V! Clo 5

) Sho Import and Export Settings...

Customize...

m Options...
K4 3.35 Microsoft Visual Studio JHiX#%H Attach to Process... 5 .

Transgort: [Defautt -

Qualifier: JUNG-PC - Browsen:

Transport Information
The default transport lets you select processes on this computer or a i isual
Monitor (MSVSMON.EXE).

Attach to: Automatic: Native code

Available Processes

Process ) Title Type User Name Session |+
iusb3mon.exe EF) 86 Jung-PClung 1
Manager.exe 3708 86 Jung-PClung 1

4040 86 Jung-PClung [admi... 1

|MATLAB.exe 4032 MATLAB R2012a | 64 Jung-PClung 1

= o4 Jung-PCUung 1
notepads +.exe 6 CAUsers\lung\Documents\Books\Chapters\Ch... 86 Jung-PClung 1
peeed.exe 3696 Managed (2... Jung-PC\lung 1 ‘:
PmmUpdate.exe 5808 64 Jung-PClung 1 i
POWERPNT.EXE 252 86 Jung-PClung 1
RAVBgS4.exe 16 54 Jung-PClung 1 -
7] Show processes from al users 1 Show processes in a sessions Refresh

K 3.36 ¥ MATLAB ¥s13 Microsoft Visual Studio iX#s

bouaaleeaiaca|QfHe %3]
Thread: ¥ W Stack Frame:
[Solution Explorer  ~ # X Performance Explorer ~ § X

S

a
-3 Solution ‘Solutionl’ 0 prc}

X Call Stack

L 5 oc. B T B Me. B [EXTIEN W rcakpoints B Output - B 5 Data Coll

3.37 Microsoft Visual Studio P+ H7 A Solution] (Running) ¥ % -
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oo

File | Edit View Project Debug Team Data Tools Architecture Test Analyze Window He

[ New » t | »
Open » | &7 Project/Solution... Ctrl+ Shift+O
Close %5 Team Project...
&1 Close Solution 25 File... Ctrl+0
i Save Solutionl Ctrl+S Convert...

Save Solutionl As...
Save All Ctrl+Shift+S
Export Template...

Source Control »

] Page Setup...

3 Prnt... Ctrl+P
Recent Files »
Recent Projects and Solutions >
Exit Alt+F4

Create Unit Tests... W Stack Frame:
Go To Definition F12

3 (Unknown| T Go To Declaration Ctrl+Alt=FI12 -l
- Solution ‘Solution1" 0 prc} Find All References

View Call Hierarchy ek CtrleT  [£57)3
Go To Header File irhs[1]))
Breakpoint * | @ Insert Breakpoint
Add Watch Insert Tracepoi
Qui atch. Shift+F9 J
Pin To Source
Show Next Statement Alt+Num *

*X  Run To Cursor Ctrl+F10

*1  Go To Disassembly

(| € CuteX nust be 3x3");

G2 Copy CtrleC

2 Paste CtrleV nurCols, mxSINGLE_CLASS, mxREAL);
Outlining »

CORVZA3N3(Tmage, OUE, NURROWS, AURCOTS, Kernel);

K 3.39 RS LI — MW

plo 1 conv2d33.cpp X
(Unknown Scope) 'l
ution "Solution’ (0 pre if (nlhs != 1)

mexErrMsgTxt("Invalid number of outputs”);

if (lmxIsSingle(prhs[@]) 8& !mxIsSingle(prhs[1]))
mexErrisgTxt("input image and kernel type must be single");

float* image = (float*)mxGetData(prhs[@]);
float* kernel = (float*)mxGetData(prhs[1]);

int numRows = mxGetM(prhs[@]);
int numCols = mxGetN(prhs[e]);
int numKRows = mxGetM(prhs[1]);
int numkCols = mxGetN(prhs[1]);

if (numKRows != 3 || numKCols != 3)
mexErrMsgTxt("Invalid kernel size. It must be 3x3");

plhs[@] = mxCreateNumericMatrix(numRows, numCols, mxSINGLE_CLASS, mxREAL);

\‘ float* out = (float*)mxGetData(plhs[@]);

conv2d3x3(image, out, numRows, numCols, kernel);
At pp, line 51 ('mexFi i nlhs, mxArray *plhs{], int nrhs, mxArray *prhs(])’, line 25)

The breakpoint will not currently be hit. No symbols have been loaded for this document.

Kl 3.40 BT R




62 GPU 5 MATLAB B &4 fe

Oebug | Team Data Tools Architecture Test Analyze

Window _Help

Windows. * | @ Breakpoints Alt+F9
b Continue F5 2 Output
U BreakAll CtreAltoBresk | (3 Parallel Tasks Ctrl+ShifteD, K
g @ Stop Debugging Shift+F5 Ly Parallel Stacks Ctrl+Shift+D, S
olution Explorer Y3 StartPerf Analys AleF2
— art Performance Analysis 3 F
= e Watch * | 8 Watch CtrleAltsW, 1
3 Solution ‘Soluiont" 0, r  Autos CtrleAlt+V, A £ Warch2 CrleAlteW, 2
erminate AN @ Locals Alted £ Watch3 Ctrls AW, 3
D Restart CuleShft=FS | 7 Immediate Ctrle Alt+] 2 Wachs CtrleAlteW, 4
= :‘“'{‘“p’“""" . & CallStack A7
Esron b ARs 2 Threads CtrlsAltsH
Step Into 11 = Modules CtrlsAltsU
Step Over 20 IntelliTrace Events
Step Out ShitsFil & InteliTrace Calls
45 QuickWatch... Shift+F @ Processes CtrleShift+Alt+P
Toggle Breakpoint ) Memory »
New Breakpoint » @ Disassembly Alte8
D Delete All Breakpoints CtrleShiftsF) | 2 Registers Altes
Disable All Breakpoints
o kpok usRows, numCols, mXSINGLE_CLASS, mxREAL);
InteliTrace » [hsfe));

Clear All DataTips
i ols, kernel);
Export DataTips

Import DataTips ...
Options and Settings...

€ 3.41 Microsoft Visual Studio AR %% HI45FI LI HE
WLZE, [F1%] MATLAB. 7 MATLAB 4% H 247 conv2d3x3.cpp c-
mex CPFY) convQuarterlmageCmex.m A, Wil 3.42 Jfi7n. #8J5, Visual Studio
MR F B, sl 3.43 s, FRFIadT BIRCE W R AL 15 .
— Y ke

] 4\ MATLAB R2012a

File Edit Debug Parallel Desktop Window Help
TS| & 29 ™| & d B | @ | curentFolder | C:AUsers\Uung\D Books\Chapters\Ch3\codes - & @
© Shortcuts (2] Howto Add (2] What's New
Curren.. * O & X | Command Window + 0 2 x| Workspace 02 x
Jl «c. v P » @ NewtoMATLAB? Watch this Video, see Demos, or read Getting Started. x & o B P se. v| > |
Namea >> mex -g conv2d3x3.cpp Name ~ Value
C’_'] COI’!VZd3B-(FP >> convQuarterImageCmex

1) conv2d33.h

ﬂ conv2d3:3.mex...
& conv2d33.mex...
€] comv2d33cuda....
] conv2d33cuda... |

3.42 iZ4T MATLAB TR

P

"o com2dixd.cop B
FEile Edit View Project Debug Team Data Jools Arghitecture Test Apalyze Window Help
PGl s @9 - -@-5)» |2 Rl e P 2 - R

EE[Z2)0P3 B3R uaa|oaEea|QfHe %|3-
i Process: | [4032] MATLAB.exe | Thread: | (4656) Main Thread | ¥ ¥ Stack Frame: | conv2d3:3.mexwbdimexFunction(int nihs, ~| 5|
p com2d3B.cpp X
=) (Unknown Scope) E N
I3 Solution Solution1’ 0 prd nt nunCols = mxGet(prhs[0]);

int nuakRows = mxGetM(prhs(1]); =
int numKCols = mxGeth(prhs(1]);

if (numkRows 1= 3 || numKCols
‘mexErrisgTxt("Invalid kerne;

3)

ze. It must be 3x3");

plhs[] = mxCreateNiumerichatrix(nusRows, nusCols, mXSINGLE_CLASS, mXREAL);
float* out = (float*)mxGetdata(plhs[0]);

[© || convadsx3(image, out, numRows, numCols, kernel);

v X Call tack

Name Value Type  ~ ||| Neme Long +
© ¢ image 0:000000006€633¢80 float* 1O comv2d33 mexwbdimesFunctionint nihs, muArray_tag **pihs, nt nrhs, md Co
© @ kemel 0:000000006€342c0 float ™ ibmediH0000000056430/63(

@ mxGetDats | 0-000007fefadel 2dc miGetData [voia~ {Frames below may be incorrect and/or missing, no symbols oaded for ibn

@ numCols 308 ibme 00000000564 2fce2(

3.43 1217 MATLAB RS B SEGE R
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MIRLETFAG, URAT LA E i fd ] Visual Studio T AT PRS2 80, 46 fr ) )
Step into (F11)H! Step over (F10)KERERLE R AL, & 3.44 1) Autos HEJE/R T —
AN, EXANERI, T L@ AE Step into (F11)F1 Step over (F10)k M %248
HIE.

Fie Edt_View Project_Debug Team Data Tools Architecture Test Analyze Window. Help
(- - SH@ S DB[9 - -E-B[r[ ||
O G FEZ2(0PDF3 I3 RiP 03 a|oa(@|GHe (3~

§ Process | 14032) MATLAB.cxe | Thread: 14656] Main Thvead - | con 2633 mobicom2d3(oat 5.~ <
olution Explorer MR conv2d33.cop X
wd (Unknown Scope)

~a Solution 'Solution1" (0 prd] =#include "mex.h"
#include "conv2d3x3.h"
src, float* dst, int nusRows,

Svoid convad3x3(float* int nuaCols, float* kernel)
{

int boundCol = numCols - 1;
int boundRow = numRows - 1;

for (int ¢ = 1; ¢ < boundCol; c++)
for (int r = 1; r < boundRow - 1; r++)

int dstIndex = ¢ * numRows + r;
int kerIndex = 8;
for (int ke = -1; ke < 2; kett)

£ s be) * mumBawe
X | Call Stack
Lang ~
2433, * src, float * dst, int numg C++ (]|
conv2d3:3.mewbd!mexFunction(int nihs, mxArray_tag * * plhs, int nrhs, mxf C++

@ kerindex 0 int

@ numRows ‘or missing. no symbols loaded for ibm

‘ rr——
3 Solution... [EEN

3.44 4 MATLAB [t Microsoft Visual Studio THiX#% (KR T H w1



545 FlH c-mex #1T CUDA 4ife

41 FEZFIBIF

THAERM TR, WU R e, RIS fE9%'E c-mex
B, AUER T AR/ MATLAB Hl c-mex BRI (A AL 6 R o 4 SR ANHERf
THRIX R, RPTREE RS R SN ). [FIFE, 7E CUDA 1, dniL iRt T
fit GPU H1H, ] Ll KR4 CUDA 1 Y)6E.

AFE, JROTLLTERILLR YA

® c-mex HIAHEATH

® GPU i 5Ll A

® CUDA HHZefindl.

4.2 cmex FEITEERE

PRARI NBAR AT RN T c-mex SufERI I 2R L, i N B4l 1%
257 HIATHEST mexFunction I, &38| —MALSHAL, 1EANIES prhs. BN
NS L mxArray I MEEE. WSR2 R ESOOTE YEA. 23
Bf, A NI MATLAB FALEEZ RN HFE T 48 1 (Application Program
Interface, APD KIRFHELAME -

mxIsSingle ffi . mxArray B 215 227 A BURG FEVE m AL
mxGetM AT I

mxGetN AFH B E

mxGetData PAFEHE TR ET

— AR 3| TH IR e, R R e AERI RS Il C/cH+HRER. NI,
FeAr 120 i A b T MATLAB B A5 A7l 2% 25 [R) & an ] 474 1)
4.2.1 AU

i% )\ FORTRAN 535 1%, AT MATLAB 38 2460 (W B AE g 16 . 10d%
HUNG -, A 5 RN H A 2 0 E A7 A B SRR AT IR o N T 6 4% A7
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AT EAF IO REE, 58 NI 3 X4 [RIARFE:

1 2 3 4
A=|5 6 7 8
9 10 11 12

FEAFfEAS 228, RN JCERATREWT -

HEmE o 1 2 3 4 5 6 7 8 9 10 11
s 1 5 9 2 6 10 3 7 11 4 8 12

7 MATLAB 4% H b, A RS

A=[1234;5678; 9101112]

7 c-mex BRECH, XAHFEEN prhs HI—ANSES A TEIE . R EH—
MATTER, TATERXAFFEAE A AT R — B ORs FE 8, AR5 45 30
NRER:

float* ptr=(float*)mxGetData(prhs[0]);

£ C/ICHIET Y, REINEIFNRS, MR EE T ViAo, AT
FREE 10, PRI R B4

ptr[5]

or

*(ptr+5)

WE, T Ui MXN ZYEREEREE m 4T3 n HIRoCE, SRAWT 5 05
FRErH A% A EAT UG 1) «

ptrl (n*M) +m ]

or
*(ptr+(n*M)+m)
XIT MXNXP (=5, Ftin S 7720500 258 m AT5 n 5155 p TUHRTE:

ptrl (p*N+n)*M+m]
or
*(ptr+ ((p*N+n) *M+m))
QORET W, U ) A7 s R BRI, ATHRER EL IR EH AL B
FHRITEGIE R T c-mex BRh 4Rl AERERLE . —AMF B fRB 4
c-mex PREL, ST HURSEERIE R, T4 MATLAB @4 o 4T B
A TCE RSN AN A A7k

© {E: fE MATLAB 1, FiFERIRBUEM 1 FFA, SR04 C/CHRIUEM 0 FF .
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X PR A 2R Y
// column_major_order_single.cpp

#include "mex.h"

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs(1)
{
if (ImxIsSingle(prhs[0]))
mexErrMsgTxt("input vector data type must be single");

int rows = (int)mxGetM(prhs[0]);
int cols=(int)mxGetN(prhs[0]);
int totalElements =rows * cols;

float* A= (float*)mxGetData(prhs[0]);

for (inti=0; i<totalElements; ++1)
mexPrintf("%f at Zp\n", ALi], A+1);
1

>> mex column_major_order_single.cpp

>> column_major_order_single(single([1234; 5678; 91011121))
1.000000 at 0x128406240

5.000000 at 0x128406244

9.000000 at 0x128406248

2.000000 at 0x12840624c

6.000000 at 0x128406250

10.000000 at 0x128406254
3.000000 at 0x128406258
7.000000 at 0x12840625¢c
1.000000 at 0x128406260
4.000000 at 0x128406264
8.000000 at 0x128406268
2.000000 at 0x12840626¢

1

1
(WﬂU%ﬁWwMMjmmﬁ@kmﬁﬁWﬁ)

TR, RAEEITCER AT 4 7Y, IS MR SRS R T D
a7 R R, W) 8 AL AL

// column_major_order_unit8.cpp

Jinclude "mex.h"

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
{
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if (ImxIsUint8(prhsf0]))
mexErrMsgTxt("input vector data type must be single");

int rows = (int)mxGetM(prhs[0]);
int cols=(int)mxGetN(prhs[0]1);
int totalElements =rows * cols;

unsigned char* A= (unsigned char*)mxGetData(prhs[01]);

for (inti=0; i <totalElements; ++1)
mexPrintf("%f at Sp\n", A[i], A+1);
}

>> mex column_major_order_uint8.cpp
>> column_major_order_uint8(uint8([1234;5678;9101112]))
at 0x128408960

at 0x128408961

at 0x128408962

at 0x128408963

at 0x128408964

at 0x128408965

at 0x128408966

at 0x128408967

at 0x128408968

at 0x128408969

at 0x12840896a

at 0x12840896b

(R0 LA column_major_uint8.m ZEATHIHA )

AIRER SRR, R T ORI R, N AE b — k3G 4 1Y, kT 8
P ERF 5 3EE, WAF BRI — ke D 1 4.
4.2.2 HATAAE

FEAT AP AFA IS U S5 A S P A A B o 2% REAH IR R 451 R o «

a=[1234:;5678:9101112]

—

—
DO~ N WO O W o

—_

H¥mE o 1 2 3 4 5 6 7 8 9 10 11

¥ 01 2 3 4 5 6 7 8 9 10 11 12
BUE 10 LA~ 7 X5 -
ptr[9]
or
*(ptr+9)

XTI, MXN DS m 4T3 n SUR)I0E AR J7 051«
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ptrl (m*N)+n]
or
*(ptr+(m*N)+n)

AT =ML, MXNX P AR m ATH) n 505 p SURITCER AT J5 5 )

ptrL (p*M+m) *N+n ]
or
*(ptr+ (p*M+m) *N+n)

XH, FIREFLLATHREN 4L H R

RG] C/CHAI MATLAB B, BRATTERFANER, frANBE & Qo] £7-6if
MZEGIW. B, V72 C/CHEBREZILATTAAE R, T MATLAB Hifki%
K BB W) S 4 B U AR 1) . 7 CUDA 1, 7 R 2R THAT IR 1. 5
Hh—AAEREE, WOEICRER IR, CICHRAE N IEMERATR S, 1M
MATLAB Vi [n) 24l W& B 1 At T %51 .

423 c-mex ‘PR B EAR

BATSE AR Z B R T JIRTE GRS S B, £l /e &
SH, BATRERE S, S P A . BRI T LUR S i B R, BE G
BB R BRIk, 97E c-mex BRECTHICK B MATLAB 5dE, B0 L1550
4 MATLAB I, BRI T i MATLAB 75470t 25 1] b2 A 47 40 52 %)

MIEAT A AT O, T DL s A o PSR A A, BOE IRk .
W, FeAF BN SEGR . Blln, R C=3+7i AT

im0 1
Kt 3 7

BN ORPGHEAE— T, MATLAB Wi /7% 5 44
// TestComplexl.cpp

#include "mex.h"

void mexFunction(int nThs, mxArray *pThs[], int nrhs, const mxArray *prhs(])
{
if (ImxIsComplex(prhs[0]))
mexErrMsgTxt("input data must be complex");
if (ImxIsSingle(prhs(0]))
mexErrMsgTxt("input data must be single");

float* pReal = (float*)mxGetPr(prhs[0]);
float* pImag = (float*)mxGetPi(prhs[0]);

mexPrintf("%p: %f\n", pReal, *pReal);
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mexPrintf("%p: %f\n", pImag, *pImag);
1

Y iFIX — B c-mex WEAAY, FHRFEARBOEATIXBAR:
>> mex TestComplexl.cpp
>> TestComplexl(single(4+5i))

000000006F2FBB80: 4.000000
000000006F2FC940: 5.000000

(Rn] LA i TestComplex_first.m ZEATIK. )

FEARBL SIBA7 i (E Ox6F2FBB80, 1 MEF /A /e 0x6F2FC940, Ui ML, ‘&
T I EAAHAE . 52 b, MATLAB A& 75 43 FF K P AN B0 P A7 i B2 5500 SR
. Ak, MATLAB 42t 7 M ERECK ) M IX S50, mxGetPr(...) $efitiy il S48k
lrfaEl, mxGetPi(..) FEALUF R EECEMTREr . XA — B0, s %L
P — AU S R AT A DL

#Finclude "mex.h"

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
{
if (ImxIsComplex(prhs[0]1))
mexErrMsgTxt("input data must be complex");
if (ImxIsSingle(prhs[0]))
mexErrMsgTxt("input data must be single");

float* pReal = (float*)mxGetPr(prhs[0]1);
float* pImag= (float*)mxGetPi(prhsf0]);

intm=(int)mxGetM(prhs[0]);
intn=(int)mxGetN(prhs[0]);

int numElems=(m>=n) ?m: n;

for (int i=0; i <numElems; ++1i, ++pReal, ++pImag)
{
mexPrintf("Real =%f @p\t", *pReal, pReal +1);
mexPrintf("Imag=7%f @%p\n", *pImag, pImag+1i);

| SEHEALLET 0X 6F60A4A0 |

o T [ o]

| FEEEALLET 0X 6F60A420 |

e FRETR T

Kl 4.1 c-mex IR EEA
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GRS AT FEAR L EALN,  rTRAS 200 4 -

>> mex TestComplex.cpp

>> TestComplex(single([1+4+101, 2+ 201, 3+301, 4+4011))

Real =1.000000@000000006F60A4A0 Imag=10.000000@000000006F60A420
Real =2.000000@000000006F60A4A8 Imag=20.000000@000000006F60A428
Real =3.000000@000000006F60A4B0 Imag=230.000000@000000006F60A430
Real =4.000000@000000006F60A4B8 Imag=40.000000@000000006F60A438

(PRm] LA TestComplex_second.m HEATINER)

AT LATH B A 2], A7 52 A0 SN R 8 O P AN AN[R] RO, & 4.1 o

WA AEAE ) A, SR YA s AN e
A RETBI) R . T, AR IRSR T AAE I .

43 ZiEHgIEEE

4’5 CUDA ﬁf? Ceu XM W, X FFEZHE1TAE GPU LRI, JATK
R <<<..>>> . 50 2 TN AddVectors.cu.

// AddVectors.cu in Chapter 2with C-mex
#finclude "AddVectors.h"

Kernel __global__voidaddVectorsKernel(float* A, float* B, float*C, int size)
{
int i=blockIdx.x;
if (1 >= size)
return;

CLil=A[i1+B[i];

Code for the Host void addVectors(float* A, float* B, float* C, int size)

(CPU) {

float *devPtrA=0, *devPtrB=0, *devPtrC=0;
cudaMalloc(&devPtrA, sizeof(float) * size);
cudaMalloc(&devPtrB, sizeof(float) * size)
cudaMalloc(&devPtrC, sizeof(float) * size)

cudaMemcpy(devPtrA, A, sizeof(float) * size, cudaMemcpyHostToDevice);
cudaMemcpy(devPtrB, B, sizeof(float) * size, cudaMemcpyHostToDevice);

cudaMemcpy (C, devPtrC, sizeof(float) * size, cudaMemcpyDeviceToHost);

cudaFree(devPtrA);
cudaFree(devPtrB);
cudaFree(devPtrC);
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X IBATE GPU LIS AL AL (kernel) o 78 SR BREUINT, 24200
4R M RAUS AT T R FE 0. KBk, MR AL R BB AE 2 N6 FE T
ITi847 . PRLARZUEJF GPU 7 B2 /AN ERIFATIZ AT . Ml TR BT 5B LAE
i, AT T AT XS R AL R, — AL LR FRE A R FE
Mo X—BNUE BE T<<<.>> L4 GPU:

Kernel_Function <<<gridSize, blockSize >>> (parameterl, parameter?,.... )

LRFR MRS IO RS R R B S FR e, SR REER I R ST R RE I B 4R e . Bl
u, WRLFE MR ST 10, —ADMERFEMRS R EIA 10 NfEb, RGN
SRS, AR AT 5 NERRE. BRI, WURGREMRE ST 10, ZRFRERT
JSEA S, R WLEIEAT 50 2R,

Ltk CPU 1 GPU Y. 7E CPU L, operation at cpu(..) "I INVELE
PEIRIEAR P AT . B H for-loop W (i=0; i<N; i++) % & . 1M
GPU AQHE A N5 43 AT ke, TRl 3 o 2o FE 14T 52 e IFAT 10 4 i
CUDA W& #4745 (blockDim. blockldx Al threadldx) [KJ41&KEE. 4
FIAZ R, WA B blockDim. blockIdx F1 threadldx 3% i T<<<.>>>tf
RS RO RIS RN . 4 GPU & &, iﬁfﬂ’]a‘#ﬁ‘f_ﬁﬂa GPU #
£ B 3G . blockDim. blockIdx 1 threadldx K] N ZFAE 4.5 T4

CPU code GPU code
void operation_at_cpu(float *a, __global__voidoperation_at_gpu(float *a,
float val, floatval,
int N) int N)
{ {
for (inti=0; i<N; i++){ int i =blockIdx.x * blockDim.x +
alil=alil+val; threadldx.x;
} if (1<N){

} alil=alil+val;

void mexFunction(...) void mexFunction(...)

{ {

operation_at_cpu(a, val, N); dim3 blockSize (number_Of_Threads);
} dim3 gridSize( ceil( N/ (float)
number_0f_Threads) );

operation_at_gpu<<<gridSize,
blockSize>>>(a, val, N);
}

£ CUDA ', FTE&EUF GPU FEIHTIBITINIEEL, DL EA I EZ L
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o] 73 R FE LR RN 2R FE X 4%
PRV AN TRT 5L 3 X 4 FE R ik

a b ¢ d m n o p
A=|e f g h|, B=|q r s t
i j k1 u v o w X

a+m b+n c+o d+p
A+B=|e+q f+r g+s h+t
i+u  j+v  k+w  [+x

WA ZMAAE, X 12 ADMHSLEIE T A TisAT, JFHATLLEET GPU HIA
[FIFRITEARG X SE L R 2 R PR AN 2R, ni 4.2 P

Hx

) cto

K 4.2 12 AL INE R AFEATIEST

d+p

4.3.1 Ziyrd1
12 NS INE R DL &R 728, Bl—NRFERM A 12 Nk, &
RPN 1 AN, Wi 4.3 Fiors

R0 e 1
AR 0: e LA 0:
atm btn
L1l
Zft 0:
I+x

43 FRERRPAT 1 ANERRIE#H U
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4.32 2oyl 2

FFRERE A TS 1| DNERFEMMEAE 6 MNERREL, REANERREE 2 MR
i, Kl 4.4 Fios.

g0 ke Zefeth 2
2t 0: L1 etz 0: S 1 ZefE 0: %1
a+m b+n c+o d+p et+q JAr
LefE3 LefEb4 etk s
ZAR0: LR 1 AR 0: LR 1 R o AR 1
g+s h+t Jru Jv k+w I+x

Bl 4.4 RADLFEIATPIAN LR IE A

4.33 24l 3

CUDA 24T —4knk =4k )2l vk m] DAEIX Se 2R T o0 )RR 2R R
A 2X2 NERFEER, RN ERFEE AT 2 X3 ANERFE . IXFER LA T 24 ek
e, IR RRE 2 %, WK 4.5 Fiw.

LifEh (0,0) efEh (0.1)
£F2(0,0) LA2(0,1) £:42(0,2) £:42(0,0) LA (0,1 £2(0,2)
a+m b+n cto d+p etq frr
LHR(1,0) A2 (1,0) LF2(1,0) ZF2(1,0) A2 (1,0) 42 (1,0)
g+s h+t i+u Jtv k+w I+x

LR (1,0) LA (1,1)
£:2(0,0) £F2(0,1) £F2(0,2) £F2(0,0) 2 (0,1) £F2(0.2)
LA2(1,0) L2 (1,0) 21,0 (1,0 LFE (1,0) L2 (1,0)

K45 —4egisad
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W, A SWEBERSHFERE, WEFHEATEME. @5 GPU 3 24
ANERFE, (A 12 NERFESERS TAE. RS, kR i iR 5 ki ix

IR, VRS ) NAZ T 25 SRR 2 o BRI BN ), ik FRAT TR Pt
F GPU HF40 15 .

44 GPUERNTA

5 2 ®, FIHIT CUDA BEAT “HEERSNE, AR PR R ot 4 R AR
ANKE . AERATE T ORAFAARAR, ] CUDA gifeflfih 1A, w]
REfR A3, CUDA 4ttt 53A%E GPU BT UIMC R, H Tk
Hulnlpt— & GPU SEQMTBETHY,  ARERENS SEAr Al ] GPU.

441 Buirir

5 CPU A, GPU Lhwfrnt & Bevt HiR, #lan GPU wJ LU — it {5
HTAMME AT IR ) =M WA AL AL P . SEFs b, GPU w] BARIINZ AT T4
P, b CPU W&MEE LA L, X AEEIATBITRE 7RI BT
K, GPU DS BAT RIS ATE TN RE Sy, AFH A SRS & SEIEE 1) T AT
AEEE. SEIEHE AT S . FERIGERRITEE T, REME R RE AT AR B
SHAMGE AT WEREURIN G 10X 10 535, W G RA LRSI — MG
#, JFEPTA 100 NERERI AT AL BE

TERELE T, GPU R #1954 2 8% (Single Instruction, Multiple Data,
SIMD) #i3. #EIX BT, &I I 2 AP EIE. 5 CPU A
e, GPU #ifT L2 N MIE A7, WLMEBERCT ET IR 2. GPU {Efill
fEZE EIREOX LR . /5 GPU 1, R CYIIr )L %, e CPU i,
RSO I o BRI

4.4.2 HACPEZE

GPU [FEARICIETTALEESS (Streaming Processor, SP). UiAbFEZE HAG MWAF
it PRI AR 42, A RS R FIFATHAT X R IR SRS B — Ml
I B GPU B S B AT TH IR RAL B o
4.4.3 AbPRANR

ZNTALPERS AL — NI AL B S % (Steaming Multiprocessor, SM). JitAbEE
A RIRME LTI B AE 4 SRR RERS, A2 URAL B3 ) () L AP A 85
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M PC A% XSS AL R 2 AN PR AC R ES, A B AR T DL B R . R )
e BURIRI L ML 2 AR AT
444 R

AL TR DL 32 ANIATEAR N — AR, X 32 A IRATEARm il
CORTRI”, (Al ZR RS (T A SRR S N AEAE B TP SR B4R 4 AR
W T GRS IEAT . U AT h T (2R R0 58 i LA
VAL R AR A 2 Rb R —ANRARI. G, R ANERFR 10s SETAE, T
RN T 1s, AL PR BSAE T 340 9s FEITUA N — AN FEI,

BARSKE, GPU Bl B VE 2 LR MG o 205 000 % v (1) S R HOIE 43 T 4 T Ab
Y. SRS VAL T S AR LR R A A AL BB, O DL PR TRy B T X e
P, Wil 4.6 A1 4.7 s, RFELARFEAR 7 BT AL BE . Sebr RIS AT 2 2
BUZ AL A HCR . AL BE B S T E AR AR R b B R L

MNTERBUE XHERER IR x B4R 4

HEE@E . l ...... l

Elll ...... ll ,,,,,, ll .

FEERA SRR —P

K46 GPURMLFER DL MEL. LRI
P RS IX 4R Ja, EASBHEIT iR
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M ATFRREUE X EAE Sz HOHE 4

l

Sk z

HFEERPTA SRR P

K46 GPURMBAMERHPLARN —MES. HALREAHH
P LRSI — 52 )5, A RSB F DR (D)

LLRERITE6 L FERIR%0

o [ "

= \ /

~
Q A [RIGPU BB LR AR [

LR RIAE AT

55 47 BLH A R L S 2 R

—————
s \

AL ER 22750 nAbFR 230 AL 2355 m AbFRES 0

ol e HIN TR ARRCO N & | [ onmzn
T 2 T

i

T

By [T |

(w0 ; Lt (s,r)

AL EEEn ALEE & n

K47 1£GPUH, LRIk, ZeREPMZRE i a1
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4.4.5 Arhigds

GPU 2 R e . S— N2 Rfeftds. GPU F1 CPU #n] LA
VilnpX—fefifds . W, 78 CPU I, EE-2R e amiss GPU, RiaH
CPU frfiids P B S E) GPU. I AT ZeRE WA I 2 Rt ) A [ iX Se A7 i 2% 4%
[ e, A1 CUDA runtime API % 41 cudaMalloc F1 cudaMemcpy ]
PRECE A ENAT, I\ GPU EHil¥diE 2] CPU, 3 M\ CPU S Hil%idki 2] GPU,

W RIS . TR T R I S e ds, HAETER—
LR A G R I o RTT VS )T LA A 2 EEUR 2 0 nT LU DG 1]
_ shared SRAMECIXFRRIMMIAEMERS . WARBUAT 2, H—/ i i nr e
LB, ) DA S 2 R (R B A I B = A A b, IR mT DAl A A
AT IR (R EF TR) TS o

S AR PO AN R T, IR R A AR B R R AR A R . S
CPU A, GPU ®A> SM EAEUA T fras e XL (73 L VR RN,
i AR BRSO TS LA % . RS, PR E A A&, R SRUEAE
M 75 SR, RLBRBUTAHAEAE AR A2 T BRI, BTN, 20
RS o 4 HAEPSABEN L TR, GPU el e sAeE T AR i A
F s, ARRIXA GG ) T A2 AR

K 4.8 /R T GPU {7l asMti .

( ammo N )
| sewtrin | || | semreinn |
¢ ¢ ¢ 2
< EAEEICE win Koy ar || e K ar
s it [ s i [

. @ @_/\
| L 175 (GMEM) |

g

| EHL(CPU) |

T

Bl 48 Frfitas s ) e 2L

4.5 FE—HMRFIENSH

W 2 wmHR, RATE—FIH CUDA Szl 455 LR MATLAB P&
PR conv2 SEEL “HEGFRENRIG L. THE T GPU W&, ILEBRNITTFah
AN, AR MOk, B H SRR RS i AN, AR
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Pl —AN s, XHEGH T RS AR a8, Bl 7 U U s 2

dimgridSize(numRows, numCols)

conv2MexCuda <<<gridSize, 1>>>

FEIXANFEII, 4 numRows X numCols ANEFEEL, FANELFEAE —/NF.
R, B34 numRows X numCols NkFE. idfE, 75 MATLAB H, %l & 4451 i
JPAEIE) . FTLAEZMIE numRows, ARJE PR C numCols. 7EKEl 4.9 f, JK P
B, KRR IR I 2 — N R 2T R, MR AR R S A BB
W, R REHR R RN R R AR B — MR R

L0, 0) SR (1, 0) SR (81, 0)
[ aro | [ aro | . 20
B0, Fl—1) SRR, FIR-1)

K49 KRMERDS G DR A R

FENRRE PG P IRZE R CS SM, TR SM ELRREA R ZefE . AERIZ
i, A SMOAMRERERT, RN AT R —ANRIEEE T R1T—1 SM
E—/NEFER T DU RE 32 ANRFE. T — MR A —ANRFE, SM 24
SP #RAbTH'E, GPU BRI FHMA 57

fHXIZAT NVIDIA Visual Profiler, WS8R P L — MR E 2
AT, il 4.10 .

[ wipia visual pro | — - -E-M

File View Run Help

CEE RS- ®RQ@ @R

| § "New Session 53§ *New Session § *New Session —a]
s

&

00255 0055 00755 o
|| = process 2068
=l hread 3272
Runtime APL i |
Driver APL ']
Profiling Overhead |
= 1) GeForce 3400
=l Context1 (CUDA)

T MemCpy (HtoD) |
T MemCpy (DtoH)
= compute

T 99.8% [1] conv2MexC...
7 0.2% [1] memset (0)
= streams
Stream 2

[ Analysis (o) Details £3 . ] Console| [ Settings .| 8= 23 =0
| Neme Start Time Duration GridSize  BlockSize Regs Static SMem Dynamic SMem Size  Throughput
| Memepy HtoD [sync] B13ms  63072ps wa wa na wa na BI156KE  44GB/s

| Memcpy HtoD [sync] 35345 ms 5184 s n/a na nfa n/a n/a  3bytes 662MB/s

| memset (0) 35357 ms 54.592 s

n/a Wa_ n/a n/a n/a M1156KB 509 GB/s
[convMexCuda(float’, float’, i.. _35415ms  32552ms __ [2423081) ny 9 48 0 n n
n /a

2 2
| Memcpy DtoH [sync] 67.968 ms T1.26ps na 2115%6K8  36GB/s
|

4.10 R 51: Visual Profiler
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IEUWIAE Details A BIMACFE, 4R M KN 5 BB MR, #
BB 5 T2 RYY 33ms. RFMNERFEALE AR RIS —Fork, el
35T CUDA W& LA ] MATLAB W B B BUR 018 . Ak, 721X
FEOLT, WAE] GPU ML . 75 4.5.1 5, il L FE I %
AEREPRAG RN, BLAEAE SM A AT LU T 2R o 1) oAt 2 7

451 RILJi%A: St

FEPEAC L B, JRATTAE 2o i 4 R g B e RE ) KN SR AT A4 .
g, HiE AR 16X 16, REANHILAT 256 MERE, IRUIE, B
FER R K. TR SR A R 1 KA, W] LU 8 e RE WA (K o A
F BTk, REANERRSR R T R AN R P LA VA L 4 A
ANERRER P MO 2 2R, A SR erb (i A 4R

RSP 256 ANLA_4E A HB IR, Wk 4.11 PR, Ziibh
R RE LR NAC B B BB ME . B 4.12 ) MATLAB [ Jsasm A &

0,0 1,0 2,0 3,0 4,0 5.0 6,0 7,0 e 14,0 15,0
0,1 1,1 2,1 3,1 4.1 5.1 6,1 7,1 cee 14,1 15,1
0,2 1,2 2,2 3,2 4,2 52 6,2 7.2 IR 14,2 15,2
0,14 1,14 2,14 | 3,14 4,14 5,14 6,14 | 7,14 cee 14,14 | 15,14
0,15 1,15 2,15 3,15 4,15 5,15 6,15 7,15 s 14,15 | 15,15

Bl 4.11 KK 16X 16 LR

4.12 MATLAB /1 BRI A K4
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WTEORIEE, M ANEGEITRE . XEF KA MATLAB 1
B NG M IRPAEAE 10, SRIAE C/C++F1 CUDA b, R 4% AT T 4%
it ARG, CEBRIE TRANEBWTNE, FHE XA RLE KRGS 0T 54
RFEHCRIZERE N, Wil 4.13 FiR

7% (numRows)

Block | Block et
(0, 0) (1,0 (X, 0)
Block Block gtk
©, 1) (1,1 X, 1)

Fi%

(numCols)

Block Block Block LefEth
0.Y) rLY) | @Y X, Y)

Kl 413 s di s A B %

2 8 N BRI R P RN, AT U & A8 K1 R 7 1) b4y il £
ERRY . VR R B R YU o A O N RO X B T B £
T P N 12 & AH IR R/ 1 AR B R /IR BEAS i S B B K/ I B B . A
B, TR T R A DRI LA A R K

dim3 blockSize(16, 16);

dim3 gridSize((numRows +15) / blockSize.x, (numCols+15) / blockSize.y);

X BAHE o T v SRR S e N, XA BRI 16 H R
T, HRTETERAP R XEAHWA dim3 KA E blockSize Al
gridSize.

BUHE, R AMPT D BCLRE AN CREAME R N ADNERD), FT LA
I EHE T AR MR ER . T CUDA K2R B, w] USRI e RE b AN 2
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IR TR . FERZ R A, (T LA CUDA 14 mAr sk R B D) G R A

® blockDim: ZEFEERFIA/N (FlFHJE 16x16).

® blockldx: ZEFE M H e ZR G|,

® threadldx: ZFERTEIEMIERT].

A E B ENALE T UK 414 Fospmil & W R, BEgmr
RACERORI, TEBRINAEEE 2, KOUAE MATLAB H, EGZIL80 0y
ez

blockldx.x=0, blockldx.x=1, blockldx.x=X,
blockldx.y=0 blockldx.y=0 blockldx.y=0
\ numRows
blockDim.x=16 /
\
© 0,0 | 1,0 || 150 [ 0,0 | 1,0 | | 15,0 0,0 | | 14,0 | 15,0
T
Z| | threadidx.x=0
A threadldx.y=0 threadldx.X=15
~ threadldx.y=15
Q
v |2 /
2|
o} 0,15 | 1,15 | | 15,15
g
]

blockldx.x=0, 4|:| blockldx.x=X,
blockldx.y=Y \ blockldx.y=Y

00 | 1,0 | |150] 00 | 1,0 || 150 0,0 Lo | 150
0,1 I ast | o | 1 || 150 0,1 L1 | 15,1
0,15 | 115 | | 15,15

{ row=blockldx.x*blockDim.x+threadldx.x
b

col=blockldx.y*blockDim.y+threadldx.y
414 JrTay BRI REHURIZRE

YT T BB LLAME R ek FRR B, ARATAEAT AR B FEA]
W20 T AEBRAER L A X ez deh, i an U U A R R ARl A
WIHAT:

int row=>blockIdx.x * blockDim.x + threadldx.x;

if (row<1 || row>numRows —1)
return;

int col =blocklIdx.y * blockDim.y + threadldx.y;
if (col<1|lcol>numCols—1)
return;
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AR —ASHC AT, IERAF M conv2MexOptA.cu.

#include "conv2Mex.h"

__global__void conv2MexCuda(float* src,
float* dst,
int numRows,
int numCols,
float* mask)

int row=>blockIdx.x *blockDim.x+ threadldx.x;
if (row<1|| row>numRows —1)
return;

int col =blocklIdx.y *blockDim.y +threadldx.y;
if (col<1]|col>numCols—1)
return;

int dstIndex=col * numRows + row;
dstldstIndex]=0;

int mskindex=3*3-1;

for (int kc=-1; kc<2; kc++)

{
int srcindex= (col +kc) * numRows + row;
for (int kr=-1; kr<2; kr++)
{
dstldstIndex] + = mask[mskIndex——1 * srclsrcindex+kr]l;
}
}

}

void convZMex(float* src, float* dst, int numRows, int numCols, float* msk)
{

int totalPixels =numRows * numCols;

float *deviceSrc, *deviceMsk, *deviceDst;

cudaMalloc(&deviceSrc, sizeof(float) * totalPixels);
cudaMalloc(&deviceDst, sizeof(float) * totalPixels);
cudaMalloc(&deviceMsk, sizeof(float) *3 *3);

cudaMemcpy (deviceSrc, src, sizeof(float) * totalPixels,
cudaMemcpyHostToDevice);

cudaMemcpy (deviceMsk, msk, sizeof(float) *3 * 3,
cudaMemcpyHostToDevice);

cudaMemset(deviceDst, 0, sizeof(float) * totalPixels);

dim3 blockSize(16, 16);
dim3 gridSize((numRows +15) / blockSize.x, (numCols+15) / blockSize.y);
convZMexCuda <<<gridSize, blockSize>>> (deviceSrc,

deviceDst,
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numRows,
numCols,
deviceMsk);

cudaMemcpy(dst, deviceDst, sizeof(float) * totalPixels,
cudaMemcpyDeviceToHost);

cudaFree(deviceSrc);

cudaFree(deviceDst);

cudaFree(deviceMsk);
}

FERXANEGIRS T, GBI T — B BOF A 5 R E

convZMexCuda <<<gridSize, blockSize>>> (deviceSrc,
deviceDst,
numRows,
numCols,
deviceMsk);

TATT ) R R AR 8B (M e FE R R K e 5 22 B AN e ft b HUAb 3 —A
BERTEARR, XEHERGEL L 16X 16 L&E, HE, S52077EHH,
ANRFEHAT 3 X3 HEMIRILFIINIZ: .

$RJ5, FIF NVIDIA Visual Profiler 2 ATiXANH ik W HTE R B, B
JFEA T ERMWSGEE, S s 7 30 245, WK 4.15 P,
File View Run Help ‘

CEE B33 RQR(|EE I

‘ *New Session L mm ﬁ ‘ *New Session )
SlS_ ms SZ'lm SZ.SI ms

l9.$l ms Wlms iOAS' ms Sl_m;

g8«

= Process 1468
(= Thread 4184
Runtime APL | cudoMatoc | [ cwdsMemepy ]
Driver APl
Profiling Overhead
[=! [0) GeForce 9400
[=I Context 1 (CUDA)
¥ MemCpy (HtoD) | |

T MemCpy DtoH) | |
com2MexCudalfloat” float",int, int float")

conv2MexCuda(float®, float®, int, int, float®)

= Compute
Y
' 3.4% [1] memset 0)
(= streams
Stream 2 -

«

conv2MexCuda(float®, float®, int, int, float*)

[ »

(=L a=0)

% Analysi [ (4 Details 3B Console| [ Settings

Name Start Time Duration Grid Size  Block Size Regs Static SMem Dynamic SMem Size Throughput
Memcpy HteD [sync] 50157 ms 64.064 ps n/a na n/a n/a n/a 291156 KB 433GB/s
Memcpy HtoD [sync] 50.358 ms 4364 ps n/a ns  n/a n/a n/a 36bytes  7.06 MB/s
memset (0) 50.368 ms 54.592 us n/a n/a _ n/a n/a n/a  291156KB 509 GB/s
conv2MexCuda(float*, flo... 50426 ms 1.533 ms 16,201 16,16.1 9 48 [ n/a n/a
Memcpy DtoH [sync] 51961 ms 70304 ps n/a n/a n/a n/a n/a 291156 KB 395GB/s

415 RAPHEREHR ML IS I
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452 RILJiIRB

EXAMA T ZEr, FoAh 5 RFEA, FURYE CUDA R4t 5| AL A7 g
o HMATE A, BMERIEERI, BN 9 MER L. i
VAT HEIE IReEI,  #B N4 RIAE A 2 R AT I 28 (. M GPU 4R f7fit as h 35X
SEfE, L MILEAF RS ol S Ar A SRR . BTCA, AT ORI A7 IR 3 I = A i
o, AT R s T ) T B /M

TERZ R, i A

__shared__ float sharedMask[9];

REFRRAE GPU P I — AL ds, JF H— DR i Py R4l
AL, M, SRR T 256 ANERFEET MBI AR AE g . RA,
BRI 9 MR R S A s . eI ] T AP G AR IR 3L ==
fefdias e, WAl LAREAT SERs it 8 7o D THEB L = A a8 20, i DR BEAT oA
LRRAREET S, W LUR R

__syncthreads();

MAE, BIEEIFERAE—ANB LA convMexOptB.cu, 1 F:

#finclude "conv2Mex.h"

__global__void conv2MexCuda(float* src,
float* dst,
int numRows,
int numCols,
float* mask)

int row=>blockIdx.x * blockDim.x+ threadlIdx.x;
int col =blockIdx.y * blockDim.y +threadldx.y;

if (row<1]| row>numRows—1 | col<1]|col>numCols—1)
return;

_ shared__ float sharedMask[91];

if (threadldx.x<9)
{
sharedMask[threadIdx.x]=mask[threadldx.x];

}
__syncthreads();

int dstIndex=col * numRows + row;
dst[dstIndex]=0;
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int mskIndex=8;
for (int ke=-1: kc<2: kc++)
{
int srcindex=(col +kc) * numRows + row;
for (int kr=-1; kr<2; kr++)
{
dstldstIndex] + = sharedMask[mskIndex——1] * src[srcIndex+kr];
}

}

void conv2Mex(float* src, float* dst, int numRows, int numCols, float* msk)
{

int totalPixels =numRows * numCols;

float *deviceSrc, *deviceMsk, *deviceDst;

cudaMalloc(&deviceSrc, sizeof(float) *totalPixels);
cudaMalloc(&deviceDst, sizeof(float) *totalPixels);
cudaMalloc(&deviceMsk, sizeof(float) *3 *3);

cudaMemcpy (deviceSrc, src, sizeof(float) * totalPixels,
cudaMemcpyHostToDevice);

cudaMemcpy (deviceMsk, msk, sizeof(float) *3 *3,
cudaMemcpyHostToDevice);

cudaMemset (deviceDst, 0, sizeof(float) * totalPixels);

const int size=16;

dim3 blockSize(size, size);

dim3 gridSize((numRows +size—1) / blockSize.x,
(numCols+size—1) / blockSize.y);

convZMexCuda <<<gridSize, blockSize>>> (deviceSrc,
deviceDst,
numRows,
numCols,
deviceMsk);

cudaMemcpy (dst, deviceDst, sizeof(float) * totalPixels,
cudaMemcpyDeviceToHost);

cudaFree(deviceSrc);

cudaFree(deviceDst);

cudaFree(deviceMsk);
}

B e 2 T 32 A s o UM L eR Serb AU TP B o —RE,
DAL R DAE A bR 50+ IO BB A i b, E 16X 16 DNERFERT LI L1
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SA7 P AR R AL PR B, AN A SR A it s SR IR e
F NVIDIA Visual Profiler 4% 217 Lk, #3301k 4.16 frosigs L.,
ML TP Hte, TERER R T —EMsGE.

File View Run Help
CEE RS- R @ EL I
© "NewSession |G *New Session © "New Session &2 =]
52.2'5 ms 51.5. ms 52.7§ ms Ss.ms S}.le ms 53.5. ms 53,7I5 ms Si.n

g0ae

= Process 1776
(= Thread 4200
Runtime AP
Driver APL
Profiling Overhead
(= [0) GeForce 9400
(=] Context 1 (CUDA)
¥ MemCpy (HtoD) -

¥ MemCpy (DtoH) [r—
(=] Compute conv2MexCudal(fioat®, float™. int. int. float")
T 95.0% [1] convaMexC... convZMexCudal(float®, float™, int. int. float*)
T 5.0% [1] memset (0) -
(= streams
Stream 2 [ ] I ConvZMeCUda(float, flost", int, int, float')
m »
(G Analysis [0y Details £3 o, B Console| [ Settings .| BEAS =0
Name Start Time Duration Grid Size  Block Size Regs Static SMem Dynamic SMem Size Througl|
Memcpy HtoD [sync] 52369 ms 63424 ps n/a n/a n/a n/a n/a 291.156KB 438 ¢
Memcpy HtoD [sync] 52575 ms 4672 ps n/a n/a n/a n/a n/a 36bytes 735N
memset 52.585 ms. 54.272 ys n/a n/a__ n/a n/a n/a 29115 KB 512
conv2MexCuda(float”, float*, int, int, float*) 52.643 ms 1.029 ms 16,201 16,161 8 & 0 n/a
Memcpy DtoH [sync] 53675 ms 70912 ps n/a n/a n/a n/a n/a 291156 KB 392¢
»

K416 AMABLEAEfEasATiL

453 gk

ALAES], AT Mgk, AR s TR KN SGE . Hi,
247 8 2 i HOR IR, XA 524159 J5 T MATLAB B B R conv2. At
2 AT A R AR AR ? R R, T R, e is AT
cudaMemcpy . 15K XM 7L, 22 ML A7 2 I s 2 GPU A7 i
ar, BN GPU A7 fift s S 8Hs 2 EHULAE S . BARSEPs | GPU BN
ISR AR, HIX RS, DT, 2R GPU WEMBUS AT R 2 100t
5, IR AT Resk D NS GPU & 2 8] 1 Bt % 32k .
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%45

o4 MATLAB

3 AEFIHIF

MATLAB JHAT VS T AR AT AR BRI T I TR i T RAR PR Fh
AT RETT 50, IR 2 S0 EHL. 2 ENLI 2 A W, SRR RDU

GPU JFATALEL . AP B2 I AT UM L RARH 1 GPU 7).

IR R

AT T AR

Pz — R LMER GPU Mo E#%#E4T CUDA ZifE 8 c-mex %ifE. Aid, %

BT T AT T B 2.

5.2 GPU 4:3E MATIAB A & 5

l%_l

® GPU /#bFH MATLAB N & B3,

® GPU 4bPE MATLAB BN & B 5.
® JHATAESS AL B,

® JRATER AL B

® i c-mex ) CUDA A H AT

Tk

ATEAFIHELLF R

MATLAB FH7HHE TR R 1.3 8@ B EiRAR) CUDA. 7£ MATLAB
A8 ] gpuDevice 154, Kt CUDA ALK HiAth GPU A2 &, W

5.1 iz

>> gpuDevice

ans =

CUDADevice with properties:

| Name: 'GeForce GT 640M LE'|
Index: 1
ComputeCapability: '3.0"
DriverVersion: S
ToolkitVersion: S
MaxThreadsPerBlock: 1024
MaxShmemPerBlock: 49152
MaxThreadBlockSize: [1024 1024 64]
MaxGridSize: [2.1475e+09 65535 65535)
SIMDWidth: 32
TotalMemory: 1.0737e+09
FreeMemory: 972619776
MultiprocessorCount: 2
ClockRateKHz: 570000
ComputeMode: 'Default’
GPUOverlapsTransfers: 1
KernelExecutionTimeout: 1
CanMapHostMemory: 1
DeviceSupported: 1
DeviceSelected: 1
K] 5.1 it gpuDevice 54743 GPU 15 &
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7EE 5.1 1, Name WoRZZAEikSALT GPU K, ComputeCapability
RN ZHATIEHLR LT CUDA FEFRAERA (A912h CUDA 3.0, aniitikim
i gpuDevice FRAMENE R, AT NP0, TEARE GPU MRS
CUDA #f4c3%.

e, iR MATLAB Hoh GPU HE&3E. IE% 3 S5828010,
T GPU it PCI REIE#:E] CPU, KULATH GPU VIHER, MARZAFTRZEE G
(CPU I :A-0E2%) H5¥ 4% (GPU M GPU f7fif#%) Z )i %1% . M~
gpuArray $54, FEWEMN MATLAB TAE=S ] (I T EA7EiGes 1D %% GPU ¥
b SR

%test_gpuArray.m

A=1:0.01:50000; % About 5million elements

A_gpu = gpuArray(A); % transfer data to GPU device memory
tic; B=fft(A); toc % FFT on CPU

tic; B_gpu = fft(A_gpu); toc % FFT on GPU

B_from_gpu = gather(B_gpu); % return data back to MATLAB workspace

A, iE Al gpuArray FRMEHT R GPU S frfifiay. ] DLE S
GPU $24t50 4, W N oR:

>> A_gpu = gpuArray(1:0.01:50000);

XH, fit /£ CPU Ml GPU P& B#SHT UM . BLOEEIZ, *T CPU Al
GPU, FAMEH THFEMEES (), ALHTFRABIIAR (A & EFHE
I, A gpu & GPU frfi#s L), tHE 4245 BI7E CPU Ml GPU
12T, WLAfE MATLAB AR MIEE 25, WKl 5.2 Pizs.

Workspace ®
Min Max

<Too many element... <Too many element...
<Too many element... <Too many element...
<Too many element... <Too many element...
HH B_from_gpu <1x4999901 complex double> <Too many element... <Too many element...
@] B_gpu <1x4999901 gpuArray> <Too many element... <Too many element...

elus
<1x4999901 double>

K52 MATLAB L{E=S[RIH, FAAffss LR A o524 double,
M GPU W& A#fitan EIE A_gpu 754 gpuArray
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H gather 52154 M\ GPU W& Atk Bl MATLAB TAEZ ], _FIRARHS

s T4 R T P

>> test_gpuArray
Elapsed time is 1.725417 seconds.
Elapsed time is 0.644574 seconds.

ABIHIBATEE R4 NYeht, GPU 4bFHZY 500 J7M s KsATIN R 210 CPU 1Y

=L e AL ORESR FIHAUY:

%test_gpuArray_small.m

A=1:2:500; % data size =250
A_gpu = gpuArray(A); % transfer to GPU device memory
tic; B=fft(A); toc

tic; B_gpu=fft(A_gpu); toc

B_from_gpu = gather(B_gpu);

>> test_gpuArray_small

Elapsed time is 0.000240 seconds.
Elapsed time is 0.000655 seconds.

AT, SRR, 16 GPU LA I B AR T . S AT

156 3 THLRI), ST E A S IINSIE, St GPU AE A A1 A BRI I

A] LUIE I methods('gpuArray')fi 2 K 2 S FF gpuArray [ MATLAB P R 4L
>> methods('gpuArray"')

KFE, IRATLAGRISCHY gpuArray [N B R EIIER . XEWE IFA LT 1

MATLAB W& REER 742 FF GPU 4b#E, ANidfE MATLAB Jf47 115 T AR &F
ANFRAF, 2R GPU [HeRECAAEA WIS In. &4 MATLAB R2013a hR3ZHE

GPU [N & R £ -
Methods for class gpuArray:
abs ezsurfc normest
acos feather not
acosh fft num2str
acot ffte numel
acoth fftfilt or
acsc fftn padarray
acsch fill pareto
all fill13 pcolor
and filter permute
any filter? pie
applylut find pie3d
area fix plot
arrayfun floor plot3
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asec fplot plotmatrix
asech fprintf plotyy

asin full plus

asinh gamma polar

atan gammaln pow?2

atan? gather power

atanh ge prod

bar gpuArray qr

bar3 gt quiver
bar3h hist quiver3
barh horzcat rdivide
beta hypot real

betaln ifft reallog
bitand iffte realpow
bitcmp ifftn realsqrt
bitget imag reducepatch
bitor image reducevolume
bitset imagesc rem
bitshift imbothat repmat
bitxor imclose reshape
bsxfun imdilate ribbon
bwlookup imerode rose

cast imfilter round

cat imopen scatter3
cconv imrotate sec

ceil imshow sech

chol imtophat semilogx
circshift ind2sub semilogy
clabel intlé shiftdim
classUnderlying int2str shrinkfaces
comet int32 sign

comet3 inte4 sin

compass int8 single
complex interpl sinh

cond interpstreamspeed size
coneplot inv slice

conj ipermute smooth3
contour isa sort
contour3 isempty sprintf
contourc isequal spy
contourf isequaln sqrt
contourslice isequalwithequalnans stairs

conv isfinite stem

conv?2 isfloat stem3

convn isinf stream?

cos isinteger stream3
cosh islogical streamline
cot ismember streamparticles
coth isnan streamribbon

cov isnumeric streamslice
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csc isocaps streamtube
csch isocolors sub2ind
ctranspose isonormals subsasgn
cumprod isosurface subsindex
cumsum isreal subsref
curl issorted subvolume
det issparse sum
diag 1divide surf
diff le surfc
disp Tength surfl
display lTog svd
divergence Togl0 tan
dot loglp tanh
double log2 times
eig logical transpose
end loglog tril
eps 1t trimesh
eq Tu trisurf
erf matZstr triu
erfc max uintle
erfcinv mesh uint3?
erfcx meshc uinté4
erfinv meshgrid uint8
errorbar meshz uminus
existsOnGPU min uplus
exp minus var
expml midivide vertcat
ezcontour mod vissuite
ezcontourf mpower volumebounds
ezgraph3 mrdivide voronoi
ezmesh mtimes waterfall
ezmeshc ndgrid xcorr
ezplot ndims xor
ezplot3 ne
ezpolar nnz
ezsurf norm
Static methods:
colon logspace randn
eye nan true
false ones zeros
inf rand
linspace rand

HAEH GPU ALBUKEHE I, WEAT BRI UE. 76 CPU ALBEI, Qifxk
B2 4T I Bl T TR A R T AN A, AR RSl
W B AT AA AT, E B AL BN A7 AL o BLR A i AT 0 2 DR 1 TF S
HR TG OHE £ K. RIMAE GPU & BEN, GPU B Ao il i b 47 17 1if
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A, PICAE & % KE GPU BB EA i GPU & A/F AR
LR
EF N7

%verify_gpuData.m

gpuDevice

A =rand(10000);
A_gpu = gpuArray(A);

% 10000x 10000 double onmain memory
% 10000 X 10000 double on GPU memory

gpuDevice

B = rand(10000);
B_gpu = gpuArray(B);

% Another 10000 x 10000 doubTe on main memory
% Another 10000 X 10000 double on GPU memory

>> verify_gpuData

ans =
CUDADevicewith properties:
Name: '"GeForce GT 640M LE'
Index: 1
ComputeCapability: '3.0'
SupportsDouble: 1
DriverVersion: 5
ToolkitVersion: 5
MaxThreadsPerBlock: 1024
MaxShmemPerBlock: 49152
MaxThreadBlockSize: [1024 1024 64]
MaxGridSize: [2.1475e+09 65535 65535]
SIMDWidth: 32
TotalMemory: 1.0737e+09
FreeMemory: 973668352
MultiprocessorCount: 2
ClockRateKHz: 570000
ComputeMode: 'Default’
GPUOverlapsTransfers: 1
KernelExecutionTimeout: 1
CanMapHostMemory: 1
DeviceSupported: 1
DeviceSelected: 1
ans =

CUDADevicewith properties:

Name: 'GeForce GT 640M LE'
Index: 1
ComputeCapability: '3.0'
SupportsDouble: 1
DriverVersion: 5
ToolkitVersion: 5



5% MATLAB S5IFATiHE T A 93

MaxThreadsPerBlock: 1024
MaxShmemPerBlock: 49152
MaxThreadBlockSize: [1024 1024 641]
MaxGridSize: [2.1475e+ 09 65535 65535]
SIMDWidth: 32
TotalMemory: 1.0737e+09

FreeMemory: 173604864

MultiprocessorCount: 2
ClockRateKHz: 570000

ComputeMode: 'Default’

GPUOverTapsTransfers: 1
KernelExecutionTimeout:
CanMapHostMemory:
DeviceSupported:
DeviceSelected:

—_ o e

Error using gpuArray

Qut of memory on device. To viewmore detail about
availablememory on the GPU, use 'gpuDevice()'. If the
problempersists, reset the GPU by calling
"gpuDevice(1)".

Error inverify_gpuData (1ine 11)

B_gpu = gpuArray(B); % Another 10000X 10000 double on

GPU memory

E—VIJTERT, 5 gpuDevice AT A, GPU WIS ININAE N 973 668 352
A5, FEIZ1T A _gpu = gpuArray(A)Ji, GPU BEHIZSINNAARE 173 604 864 ‘711, il
1454 B= rand(10000), KHiFFE B 2ty ios BHLN TAr#s £, AAEE1T B _gpu
= gpuArray(B)J, KA GPU il 5 e IXMIEDLT, NiZi@id clear 454
B EEAN GPU WAL THM—L8 GPU %dis, 4581 GPU B i thAs A
8], QS os:

>> clear A_gpu

o

>> g = gpuDevice(1);
>> reset(g);

5.3 GPU 4323EA & MATIAB iR %

AR GPU H T HATH 'S5 M) MATLAB B2 77k . v LR
arrayfun P4, 75 GPU Lig4T HAT4 S 1) MATLAB fXfi%. arrayfun i TTE £
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VEXS BAT Y0 'S R B TN e . 98Fr b, arrayfun BECA & GPU B HI R
B, Mt GPU SCRFR%L. Pk, mILAE 5.2 7% MATLAB JHATHE T REAF 1)
GPU SCHFRREIR N 43 arrayfun BR%L.

i H arrayfun ZEWRELIFATIN GPU IR T A A, XA AT T4
HHNEE, AR S 21 GPU ﬁamf_;ﬁﬁifﬁﬁ/\ﬁﬁﬁ XAt E GPU
1Efitias L) gpuArray 304, HATY S MATLAB pREGEL arrayfun 7] LLZE GPU
ERAT, JF FoRRT R AEAE GPU f2fif#s 1.

AR R AT Arrayfun:

result =arrayfun(@myFunction, argl, arg2, ...);

o, argl Fl arg2 j& myFunction AL S, X L84 N SEZ NN T GPU
PRI gpuArray (. myFunction NOoMARfE (LRI REIIE) B85, ik
ANSCFE SRR FE VST . myFunction F%iH 2 result, WIRIFEEAELE GPU 171§
ER Lo L

W RATEE T XA R

% test_arrayfun.m % my own element-wise MATLAB function

% myFunc.m
a = gpuArray(1:0.1:10);

b = gpuArray(2:0.1:11); function out = myFunc(a, b, ¢, d)
c = gpuArray(3:0.1:12); out=b/(a*d*sin(c));
d = gpuArray(4:0.1:13);

gpu_rlt = arrayfun(@myFunc,
a,b,c,d);

rit = gather(gpu_rit);

1% myFunce.m 5 4 NMEIASEZS(a, b, ¢, d), Hld test arrayfun.m (1)
gpuArray fE#{E GPU f7fitiss o EP & K%L myFunc.m } E*TELﬁ*@EE b
BHLFE GPU WARZE S HsZIL 474, Mid test arrayfun.m [ arrayfun PR
., AT T4 GPU _LiZ247 myFunc R

R arrayfun (PR BRI T LR GUs 5, (HRIZIFARME H avrit

TR B, KM, @i arrayfun, FIAREATLIE GPU EHTAEEbr i HM
i ﬁ'ajzfﬁ il (#1 for-loop. while-loop. break. if 55):

% user's scalar MATLAB function
function [out, count] = myGoodFunc(a, b, maxIter)
count =0;

out =0;
amp = abs(a”2+ b"2);
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while (count <= maxIter) & (amp < 1.5)

out = (a”3-b/a);
count = count+ 1;
end

% scalar_arrayfun.m

A = gpuArray.rand(40,40);
B = gpuArray.rand(40,40);

max_Iter = 3000;
[gpu_rlt, gpu_count] = arrayfun(@myGoodFunc, A, B, max_Iter);

rit = gather(gpu_rit);
count = gather(gpu_count);

BRI, T BEAR R 0 2R 5 E A B A ) F g ST iLE T arrayfun 76 GPU L
1Z1T.
% test_arrayfun2.m % myFunc2.m

A = gpuArray.rand(2,5,4); function out = myFunc2(A, B)
B = gpuArray.rand(2,5,4);

gpu_rlt = arrayfun(@myFunc2, A, B); al =A(1,1,1); %Matrix indexing
rit = gather(gpu_rit); A(1,1,1) =al *B(1,2,1) - 3;
out =B ./ A;
T myFunc2m ' [ 5E FE &K 5] 12 5 ( matrix indexing operation ) ,
test arrayfun2.m K T2 RAE

>> test_arrayfun2
Error using gpuArray/arrayfun
Indexing is not supported. error at line: 6

Error in test_arrayfun2 (1ine 6)
gpu_rlt =arrayfun(@myFunc2, A, B);

54 FTIESAIE

54.1 MATLAB worker

FAT VS T 26 NI4T “AT457 43 (parfor, H47E 5.4.2 P4 AT
“HAR” KbE (spmd, KAE 5.5.1 WHRAE) SBRHE T AR SN . BARTESF
TS T HAAT, TSN TEIR BT EE 2 CPU AR, Az
GPU, ARIMYiX4L)57kYS GPU AEAHSS A, o] LA BHE s
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A CPU WZHHA B MATLAB 45, FRZh “worker” ©o 4TI
MATLAB A (2013a), — Gl HHL AT Ll 2 A 12 A worker, Jf HERIA
worker £ H v EHLT HNZ B H i€ . 8 T3 MATLAB <1l 5 A
worker % H {1216 X 2 IF, BRI MATLAB il “% /7. Kk, (&
MATLAB 2 i57E7 M) worker 2 B flZ Ja¥8 /e & Pt X T-HATAREE, FRATIN I8 i
4 matlabpool #E# ] HI¥] worker, U1K 5.3 o,

Command Window ® | Workspace ®

>> matlabpool Value Name «

ng matlabpool using the 'local’ profile ... Warning: Four

lcon:‘.ec 4 workers. I
73

o o -

Command History @

i »

K 5.3 H] matlabpool 54 #E#% 1] I #) worker
7B 5.3, T4 matlabpool J5, fiE A MATLAB 454 % 1 H11f] connected
to 4 workers M4 N B T 4, WiEBRINK worker U H o« ATLLTEIL & 5.4 F1
K] 5.5 I/~ 11 Manage Cluster Profile 25, K 5B SR worker 20 H -

e o)

A L < ] New Variable Analyze Code o8 Preferences ) ¢% Community

LZ Qf U [Qrnaries & B % =% & B @ (3 53
L1 Open Variable v £ Run and Time g (7 SetPath 5 Request Support
New New Open | Compare Import Save e - Simulink  Layout Help
St v v Data Workspace |’/ ClearWorkspace ~ (/7 ClearCommands v  Lbrary  ~ v  ChAddOns v
FILE o VARIABLE i CODE SIMULINK | Er{ Set Default
@ EE L » C» Users » Jung » Documents » MATLAB Choose the default cluster profile to use with
matlabpool, batch, or parcluster
Current Folder
Name ~ >> matlabpool Discover Clusters...

Starting matlabpool using the 'local’ profile ... Warning: | Searchfor MATLAB Distributed Computing Server
ihad ks on e Tmaciaby i -..+| dusters on your network

[Manage Cluster Profiles...
2% MCreate, edit, or import cluster profiles

Monitor Jobs
View and work with jobs on your machine or on a
cluster

Kl 5.4 3k Parallel 3% 5.1 Manage Cluster Profiles. .. 2K 8 i ERIA I worker %4 H

© BT MATLAB 300 S RSS2 W o] LALAE S AR R SR LIS AN worker, RIUILRREANIZ
1% worker JyAH worker. fRFRACIL, AN FUR A SMUHATHATAREE, LUK HLY) worker BN “ A worker” o
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=

- N—
4 Clster o arager 0 AR~ W T o2k

Description of this cluster
Description

The local cluster

Number of workers to
start on your local
machine
NumiWorkers

4
Default is number of cores, up to 12 |I

Folder where cluster
stores job data
JobStorageLocation

Use default

Default is determined at runtime

K55 ZHESERIN worker #{H, W7 Cluster Profile Manager & 111 5.
WARVFENLERA 4 AW, MEESK 8 A4S worker, MATLAB 23774 8 A~
worker, HZEATRILTE 4 MW 24 worker I [R]— WA A RESLTIAb BlLi%
B, WARTREAEETE, HARESUIRER TS .

5.4.2 parfor

i/ parfor HUfX for-loop, HJ LAFEAASEIUATS5IFAT4 . 7EH matlabpool fi54 il
B MATLAB worker &, fli[] parfor, nJEL¥f for-loop Z[H][# 44T H 2o A1 T
A worker |, WIRFTs:

fori=1:100

command

end

matlabpool

parfor i=1:100

command

end

IR “matlabpool” W T 44 worker, MIZMIET “ parfor-loop”
Prakhsyrh 44 “ for-loop ” A FHATHAT

for i=1:25 for i =26:50

command command

end end

for i=51:75 for i=76:100

command command

end end
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FERTI A, R T @R parfor FIRES, % for-loop THFAAE worker 2 [ALFEHff
5134 (1~25. 26~50, 51~75 Fl 76~100), {H&SLFRAT5HIFAE RS
BIOrARI, IR T CPU _LIs AT AR T

X parfor N, ARV B8 O AH Rl 50T LA “AR 453077 F “ A 20
SE7 R AGFAT AT o R UL, AT S Z M EAH OGP RY,  parfor AR IE
TR B3R TR Z 25 4k o th T parfor T3 FIRATHEAE, BIULAGEA
ANHELE break Fl return W ). R4 parfor i3 IS ALV @ 1 for-loop, {H
Je AR A BT 53— A parfor IR BRI k£

T HBA A A e R AR o {EH, S for-loop 545 parfor fFHF

R4
004_1 n
o 4 -y )
12 — 2n+1
I+ 0
32
2+ 5
2+ >
2+
%pi_Leib.m %pi_Leib_parfor.m
tic matlabpool
N =10000000; tic
sum = 0;
N =10000000;
fori=1:(N-1) sum=0;
Denom=2*(i-1)+ 1; parfori=1:(N-1)
Sign=(-1)*(i-1);
sum = sum+ 4 * Sign / Denom; Denom=2*(i-1)+1;
end Sign=(-1)"(i-1);
sum = sum+ 4 * Sign / Denom;
sum end
toc sum
toc
>> pi_Leib
sum =
3.1416

Elapsed time is 25.535713 seconds.
>> pi_Leib_parfor

sum =
3.1416

Elapsed time is 8.170260 seconds.
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%1 pi_Leib_parform ] T 4 /> worker, 1&17HJT8)Z k{# H ¥ for-loop I
pi_Leib.m [ 1/3,

5.5 FHTHUEALIE

5.5.1 spmd

TATVHE T HARRAER) spmd CFAREF 25040 £ FrER SR “Hds” I
AT )Tk, 5 parfor —4F, spmd 1Hid matlabpool {fH MATLAB worker, IXHL
CHFRITZHHE T 1S SOE se AR AR [ N E 2 > MATLAB worker [AREIA
[F s, MM IATAREE . spmd HIFEATELAS W T -

spmd

command

end

parfor 5 spmd T AE], 5% spmd FEARELRI > B 2 AN, T parfor K
IRy E/NITEIA . R, parfor 3R worker 2 [RIAH B A7 8 ANHEAE, 1) spmd
FVFANIR] worker Z [AIAH ELEAS AL RA RGOSR, FIIHE MR G, ¥t parfor 117,
— /MR H MATLAB H3h%5 2454 worker [ M7E spmd FIFOC T, FFOKE4E
— N BO R > 24— worker L. [ATY, spmd Hb parfor $i54 75 5 5 £ ()
P ¥Hl. BT parfor 55 spmd ¥ H worker, [FUt parfor fEIAANEER S spmd
WA, 1 spmd WEAJHEANEERL & parfor JH3F. Ak, HEE spmd A HERIRE,
MA—MFEF R LT 24 spmd 1,

5 parfor AR, F 7wl ad i 48 H labindex( )1 numlabs( )AL 5B 34T 2
ALEE spmd B RN IFE 2

F4 labindex( )iR [P {1 worker [MME—PEZR5], 1M numlabs( )iz [F] T A H
worker 4 H . 7E AR labindex( )RR AL O T, spmd Fa =X Hb Ad A 4
worker, IXERAE R H TN, EdE AL H B 3/ B4 551 worker.

% spmd_index.m
matlabpool

A=1:10;
B=11:20;

spmd
index = Tabindex();
if index = =
D=A.*B;
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end
end

matlabpool close

FIRAISAEAE worker EHUATAFEIZS, FAAPATFAIFHZ ST labindex( )
IRENE. %A QX508 A 5 B) J& spmd SAMAHAa 217, o AR
spmd B RED worker 5. 5 MATLAB JG4ERRAANE, TEIHRAR MATLAB
o spmd SRNARRIE R P AR . FIRUSEA TS R R s

>> spdm_index

>> D

D =
Lab1: class = double, size=1[1 10]
Lab 2: class = double, size=[1 10]

>> D{1}

ans =
11 24 39 56 75 96 119 144 171 200

>> D{2}

ans =
12 14 16 18 20 22 24 26 28 30

K spmd HWEER D, [FIENEERE RSB AT A . MATLAB % )7
I RIE AR “BEXNR”, HGIH T BCH worker A8 HE . Kk, D
FHIER, ZERAERA worker RN A 5 -

D =

Lab1l: class =double, size=1[1 10]
Lab2: class = double, size=1[1 10]

H T Ui B worker & FIMEE R, ATRKAH B ARG K777, AEH
D{1} 1 D{2VIXFERITESE 5. D{1} A worker 1 #1551 D fE. A4 worker [
AR B A AR 7 g FH XM dS 5 107 A T B 2

% 5.1 45 I spmd i, —ANE S BRI worker 45 H B AR ] 1X
B, B AR I AR A T dp s R AR . XA R, FRATTRT UK
W, B A e 54T spmd HOAR SRR AT AT, (2% worker I
spmd P [R5 2 [ AT

iEFATE—T% 5.1 ¥ spmd value modification.m fCfih, 755L, @it %L
Composite( )ELEEA worker I -GS, JEHS 34T 517, 1E% ) St AT4)
It HENZWMATLUEEAE spmd BRNEESL, W) F spmd_index.m Hf#) D. H
W, A spmd PR i ke z X TANA] worker AN E,  HAREUE A
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T labindex( ), 1 HBHATHIATACEE, 25—, spmd B ARG E k 1Y
EAER o) AR ) (36 13 A7) 0, JF B SER ] TS M) spmd 2R,
AN AR ]

TR 15 4T3R5 18 TR =A™ spmd ko I ZHIAEE 4> spmd Bt
CES 7 4T3 11 47) A A s A AT R U, BT k{2}. B —
A spmd RAEE 11 AT RN, A AR k{2 7E% i) TAEZR |5 13 47307
TN, I H R PRI JEAT . (HAE, W MATLAB REG ) —A
BRI spmd BRAEREN IR, A M REGERSE, spmd RN EESE
Ky X5 MATLAB o655 —FF

51 ERIHNSBEHITIEZES spmd worker

Line # Code Client Worker 1 Worker 2
spmd_value_modification.m X y i k z J m i k z J m

1 x=5; 5 — — — — — — — — — — —

2 y=6; 5 6 - - - - - - - - - -

3 z = Composite();

4 z{1} =1; 5 6 - - 1 - - - - - - -

5 z{2} =2; 5 6 - - 1 - - - - 2

6

7 spmd

8 i=Tlabindex(); 5 6 1 - 1 - - 2 - 2 — —

9 k=x+1; 5 6 1 6 1 - - 2 7 2 - -

10 z=10%1; 5 6 1 6 10 - - 2 7 20 - -

11 end

12

13 k{2} =10; 5 6 1 6 10 - - 2 10 20 - -

14

15 spmd

16 Jj =Tlabindex(); 5 6 1 6 10 1 - 2 10 20 2 -

17 m=k*j; 5 6 1 6 10 1 6 2 10 20 2 20

18 end

final 5 6 1 6 10 1 6 2 10 20 2 20

552 A B SN Bl
AT AL spmd BEATIFATHHE AL B RN T2 A AL
SEAME SR, AMRBRR . 75 ZAC I AN KIE RIS, AT UK AR 5 i AR 2
SENEIFAERE, 7EZA worker FIFATARIE. T U — AN RAERER ZEA7 it 25 LA
LA AL BRI 18], RIEAESE R, R — A KB 2 BOT AR AL . R4 H
(58— A B 7R I HEREA R AT . CA/NT5 {88 matlabpool CLZ8 i )
hdist_first.m

A=rand(2,8);
dA =distributed (A);

spmd

localPart = getlLocalPart(dA);
end
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FERE A PIR/NR 2x8. distributed(A) K A TG E B 2x2 (B S logh A

worker (fff 4 4> worker), W FFis:

Workerl Worker?2 Worker3 Worker4

lTocalPart{1} localPart{2} localPart{3} localPart{4}

Col: Coll Col2 Col3 Col4 Colb Colb Col7 Col18
Rowl 0.3804 0.0759 0.5308 0.9340 0.5688 0.0119 0.1622 0.3112
Rowz 0.5678 0.0540 0.7792 0.1299 0.4694 0.3371 0.7943 0.5285

K, HFE A PEICHRENZS . R SRR, B AN

YR BCHIBEAE . T getLocalPart( )R&%, FATHT LU worker 73 217341 AR B ) 4

AR

gro NGBS R P

>> dist_first
>> A

A =
0.3804 0.0759 0.5308 0.9340 0.5688 0.0119 0.1622 0.3112
0.5678 0.0540 0.7792 0.1299 0.4694 0.3371 0.7943 0.5285

>> localPart{1}

ans =
0.3804 0.0759
0.5678 0.0540

>> localPart{2}

ans =
0.5308 0.9340
0.7792 0.1299

distributed( ) FHUR T RS ST, IXEEVRAS, 7EAUROL A B
B Jii—A> worker 5 AW SN EHE, RN
% dist_second.m

A=rand(2.7) % odd number of column
dA =distributed(A);

spmd

lTocalPart = getLocalPart(dA);
lTocalPart(1,1)

end
>> dist_second

A =
0.6555 0.7060 0.2769 0.0971 0.6948 0.9502 0.4387
0.1712 0.0318 0.0462 0.8235 0.3171 0.0344 0.3816
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Lab1:

ans =
0.6555

Lab 2:

ans =
0.2769

Lab 3:

ans =
0.6948

Lab 4:
ans =
0.4387

>> JocalPart

lTocalPart =
Lab1l: class =double, size=1[2 2]
Lab2: class =double, size=1[2 2]
Lab3: class =double, size=1[2 2]
Lab4: class =double, size=1[2 1]

>> localPart{3}

ans =
0.6948 0.9502
0.3171 0.0344

>> localPart{4}

ans =
0.4387
0.3816
TR, A SERE localPart 15 H CIIAMZR S|, X5 B A FL I
M A G e
XA R 7 v AT BLORE BE BE 4> G 45 £ A worker @ distributed( ) 5
codistributed( ). distributed( ) ZEHIFEZEAN spmd He GTEEAT /0B, 1M codistributed( )
7E spmd BN FEATARRE /L. T R A IO 0 3 B H R AR T OROK T TGV
A I RZ AL BRI R AR B, PRLAE 2% 7 i ) — AN KRB, AR5 B2 24 worker
(ff ] distributed( )) XFP VAR EAL. V20U T, H codistributed( ) E#%
2 worker b ATXFEPEELF . 2 Wil distributed PRZLIY) dist first.m 151
TR L codistributed BEESUS TR IRIAZ . BEIRBC T R T, (R85 R
F1 dist_first.m -7 AH A o
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% codist_first.m

spmd
A=rand(2,8);
dA = codistributed (A);
localPart = getlLocalPart(dA);
end

XA FHARIESCRIEFEFE A, SRS TE spmd RN 73 HC4s worker. {EIXPPE &
T, B4 worker % HHAHFE A FIEA, XL dist firstm 6] FRCREAK. T
7 I codistributed FRELIL s, FILLA codistributed.rand p& W UG LHRE A,
AN REAE 2 P S ey 3 1 UV

% codist_rand.m

spmd
dA = codistributed.rand(2,8);
localPart = getlLocalPart(dA);
end

codist rand.m HJ codistributed.rand( ) BREEHAER A worker LA HTE
AAERFE. BR T codistributed.rand( ) A2 4, MATLAB ib3#E4E T K& 1K
W, IFHAESAS worker oA A& E, Wi R Fs:

codistributed.cell B oA o Mo
codistributed.colon s AnaE SRR
codistributed.eye Lellkz:0 s Wk AL
codistributed.false Bl AR Hl
codistributed.Inf B A X055 KAl
codistributed.NaN [lkES T 1= 6 Ve
codistributed.ones Bl A4 1 Hd
codistributed.rand (ellk =27 s e P B TR 1 e L R A
codistributed.randn g A EA A BT EC
codistributed.spalloc Y3 A RS S P40 i 2 )
codistributed.speye A4 A 2R B o7
codistributed.sprand o A I oA D BT EOR B 42
codistributed.sprandn Ao AR ER S A DY BE N LR i
codistributed.true Bl A 2 K4l
codistributed.zeros BT R

TEAAS worker TG, 75 Z0RE [F) 73 An R RERE 5 R AR 73 A 2R RRE BRI, mT B
1§ F gather() PREGHATIKE
% codist_gather.m

spmd
dA = codistributed.ones(500,500);
lTocalPart = getlLocalPart(dA);
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end

A = gather(dA);

M 4 4~ worker I21T7FE/F codist_gather.m I, E% 7 uiil ik {1 gather( )p&i %L
$i 4 4> 500x125 FIHRAIFES I > 500500 KA

>> codist_gather
>> JocalPart

localPart =
Lab1: class = double, size =[500 125]
Lab 2: class = double, size = [500 125]

Lab3: class = double, size = [500 125]
Lab4: class = double, size = [500 125]

>> size(A)

ans =
500 500

553 %/ GPU I} worker

WIRTATE, FHATH5 T BA I worker BRASE S CPU WAZ. DAL, Qi )
FIHHENLAA — GPU, £ worker IXEIViIH] GPU, B4 ARELIEEIRS N
W ERZENN, XM AR GPU i U H 24> worker B2, X
T EANIHATIZATH worker (CPU #%) (LI %H4S GPU 1 #% W40 FR AT HEAT 1 ik
(o SR, WP WENIA S5 CPU R MM Z A GPU, 4 ZA worker
S TAERGF . ERXFESL R, FAMKHE GPU 4% 1D MR 4454 worker 43
GPU % 4. HT 2324 GPU M EN Y ATIEAEE, FUEA AW &AL
%/~ GPU g7 2> worker [F1#55

5.6 FZ= c-mex 5y (UDA ScEEIE(FEH

MU E WA LR IAT I T HAEN, TLCRH c-mex CfF4E GPU |
1217 CUDA U Ceu 3CMF), REE D NAEAS 2 mhia@ndd. S4 17
T T RATN, W LLE#AE GPU 13247 CUDA 3CfF, AN 2 c-mex ST
EXFE LT, FAVERE M 1E c-mex S0, KX CUDA SCAFREAT nvee 9 i
TS

PATHTEXS AddVectors.cu AT, 01755 2 BT c-mex. 1X
HJ& AddVectors noCmex.cu Xff. 5%, AddVectors noCmex.cu {4 CUDA
WAZ 4> (__global  void AddVectors noCmex( )), 5% 2 FH AddVectors.cu A



106 GPU 5 MATLAB R & 4%

[A], 3T AA CUDA fA#AHC B c-mex 42 ARSI A7 it 26l

// AddVectors_noCmex.cuwith Parallel Computing Toolbox

__global__ void AddVectors_noCmex(double* A, double* B)
{
int i = threadldx.x;

ALil+= B[i];
}
7E MATLAB " EH B8 H.cu SCH LA TR W R s

1) nvcc —ptx AddVectors_noCmex.cu

7t shell (DOS &% Linux shell) P, WiZfFE NVIDIA CUDA T BN -ptx i&
I, AFH nvee gwiF cu UL ptx 3. HATLLYE MATLAB $84 % 114 A
T system $5418171X — shell 5%

system('nvcc -ptx AddVectors_noCmex.cu -ccbin
"C:\ProgramFiles(x86)\Microsoft Visual Studio 10.0\VC\bin"");

BIRTAIAGE c-mex CAF, (HRATIRTTEE C/CHEmPERRTI nvee 4 cu 3T
fF, XRRA cu SAERA CICHA%A, IFH. nvee kA HE CUDA ZwidbiR3
C/CH4iitds. WIRIRIFIRGE AT C/ICHImIERs (B clexe) NI, H Rk
T LA -cebin IETAATE M T, T M NVIDIA M43 nvec [ S%%H 2 &, W,
V) %%é NVIDIA CUDA T HAfi<s A3 k1245 1 nvecexe fii & (C:\Program
Files\NVIDIA GPU Computing Toolkit CUDA\5.0\bin). ANidk, il Tt g A
SR A B AR, A TRELIBATHIZ N addpath('C:\Program Files\NVIDIA
GPU Computing Toolkit\ CUDA\5.0\bin")§i54>:

2) myCu = parallel.gpu.CUDAKernel ('AddVectors_noCmex.ptx"', 'AddVectors_
noCmex.cu');

AR SO 41 ptx 5 cu SO, 1 parallel.gpu. CUDAKernel( ) BRI %
CUDA #R%. 4 cu XM 2N E0a] s, v L2 R T A 5 VAR e N s
SRR

myCu = parallel.gpu.CUDAKernel ("AddVectors_noCmex.ptx', 'AddVectors_
noCmex"', "AddVectors_noCmex.cu');

3) CuOut = feval(myCu, A, B)
Wit CUDA X}% AddVectors noCmex [¥]pRELA)FN myCu, B ANHIALS

HEBE A FTB) 1 feval #0217, R nvec_noCmex.m CAFRE/R T 4 cu X
fF A He CUDA X GAIE s A 3847 ) 4 A -
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% nvcc_noCmex.m

% Use the following when MS Visual Studio 2010 or Tater
system('nvcc -ptx AddVectors_noCmex.cu -ccbin "C:\Program Files (x86)
\Microsoft Visual Studio 10.0\VC\bin""');

myCu = parallel.gpu.CUDAKernel ("AddVectors_noCmex.ptx',"AddVectors_
noCmex.cu');

A=single([12345678910]);
B=single([10987654321]);

N = Tength(A)
myCu.ThreadBlockSize =N

CuOut = feval(myCu, A, B)

MIEATIX ARSI, AN

>> nvcc_noCmex

AddVectors_noCmex.cu
tmpxft_00001328_00000000-5_AddVectors_noCmex.cudafel.gpu
tmpxft_00001328_00000000-10_AddVectors_noCmex.cudafe2.gpu

N =
10

myCu =
parallel.gpu.CUDAKernel handle

Package: parallel.gpu
Properties:

ThreadBlockSize: [101 1]

MaxThreadsPerBlock: 1024
GridSize: [11]
SharedMemorySize: 0
EntryPoint: '_Z17AddVectors_noCmexPdS_"
MaxNumLHSArguments: 2
NumRHSArguments: 2
ArgumentTypes: {"inout double vector' '"inout double
vector'}

Methods, Events, Superclasses

Culut =
m o111 o1 o1 o1 1 1111
Bl MATLAB #54 myCu.ThreadBlockSize = N (X H. N=10 A n&E A 1K
J%), ThreadBlockSize $ZA[10 1 1], ThreadBlockSize #: il AddVectors noCmex.cu
B i = threadldx.x, 7£ GPU HSZBIXT 10 NCEBHATIFATINGE, 45584 10 ML
PEoeHELA 1. WHAE myCu.ThreadBlockSize HIMEARHCH 8, W NN, Ham
MNICE B AR A
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% nvcc_noCmex2.m

system('nvcc -ptx AddVectors_noCmex.cu -ccbin "C:\Program Files (x86)
\Microsoft Visual Studio 10.0\VC\bin""');

myCu = parallel.gpu.CUDAKernel('AddVectors_noCmex.ptx', '"AddVectors_
noCmex.cu');

A=single([123456789101);
B=single([109876543211);

N = length(A)
myCu.ThreadBlockSize = N-2

CuOut = feval(myCu, A, B)
>> nvcc_noCmex?2

N =
10

myCu =
parallel.gpu.CUDAKernel handle
Package: parallel.gpu
Properties:
ThreadBlockSize: [811]
MaxThreadsPerBlock: 1024
GridSize: [11]
SharedMemorySize: 0
EntryPoint: '_Z17AddVectors_noCmexPdS_"'
MaxNumLHSArguments: 2
NumRHSArguments: 2
ArgumentTypes: {'"inout double vector' "inout double
vector'}

Methods, Events, Superclasses
CuOut =
117 11 11 11 11 11 11 11 9 10

b T4 c-mex #2110, AddVectors.cu 5 AddVectors noCmex.cu [1) 3% [X 71| &
CUDA #5214 -
// AddVectors_noCmex.cuwith Parallel Computing Toolbox

__global__ void AddVectors_noCmex(double* A, double* B)
{

inti=threadldx.x;

Ali]l+ = B[i1;

// AddVectors.cu in Chapter 2with C-mex
__global__voidaddVectorsKernel(float* A, float*B, float*C, int size)
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int i =blockldx.x;
if (i>=size)
return;

CLil=ALi]1+BL[i]1;
}

E5R 2 T AddVectors.cu 5571, c-mex ) CUDA #p% (addVectorsKernel( ))
76 c-mex AT G HAR R AR AT, BRI H P a] B e S22 B0 MUY . AN
1L, MATLAB p%{ feval( ) 1Hid parallel.gpu.CUDAKernel H#4# H 1) CUDA % pRi%L
(addVectorsKernel( )), WU 8 12 38 4 ™ 4% 19 K00 >4 3 H [outputl, output2] =
feval(CUDA Kernel, inputl, input2, input3)if, inputl. input2 Al input3 Ni%5
CUDA_Kernel BREIHINSLS 3 WRAMANLL ERIASLS:, AT MRS
ZHE MRS R A B HADIRIASE S, IR ANEE— M NS 2 H R
52, ATLUEIL CUDA K% BB RAZ S CUDA A% bR 2T J -

>>myCu

myCu =
parallel.gpu.CUDAKernel handle
Package: parallel.gpu

Properties:
ThreadBlockSize: [1011]
MaxThreadsPerBlock: 1024
GridSize: [11]
SharedMemorySize: 0
EntryPoint: '_717AddVectors_noCmexPdS_"
MaxNumLHSArguments: 2
NumRHSArguments: 2
ArgumentTypes: {"inout double vector' "inout double
vector'}

Methods, Events, Superclasses

X, WTLUFE 2] ArgumentTypes B W inout FIHIA . inout FH [ X PyA~E
ZREAT DU A, Wr DU Tt R s — MRS )1
// Simple_noCmex.cuwith Parallel Computing Toolbox

__global__void Simple_noCmex(double* A, double val)
{
int i = threadldx.x;

ALi] + = val;

% simple_noCmex.m
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system('nvcc -ptx Simple_noCmex.cu -ccbin "C:\Program Files (x86)
\Microsoft Visual Studio 10.0\VC\bin""');

handleCu=parallel.gpu.CUDAKernel ('Simple_noCmex.ptx",
'Simple_noCmex.cu');

A=single([123456789101);
handleCu.ThreadBlockSize = Tength(A);

CuOut = feval(handleCu, A, 5.0)

>> simple_noCmex

Simple_noCmex.cu
tmpxft_00001bdc_00000000-5_Simple_noCmex.cudafel.gpu
tmpxft_00001bdc_00000000-10_Simple_noCmex.cudafeZ.gpu

Culut =
6 7 8 9 10 11 12 13 14 15

>> handleCu

handleCu =
parallel.gpu.CUDAKernel handle

Package: parallel.gpu

Properties:
ThreadBlockSize: [1011]
MaxThreadsPerBlock: 1024
GridSize: [11]
SharedMemorySize: 0

EntryPoint: '_713Simple_noCmexPdd"'

MaxNumLHSArguments: 1

NumRHSArguments: 2

{ '

ArgumentTypes: inout double vector' "in double

scalar'}
Methods, Events, Superclasses
FEIXANA HUF) CUDA #%p6%L (Simple noCmex.cu) ', #%/.CAJHK (handleCu)
FUR7R—A inout SEBHI—A> in K. Ifa AT HIZREIRIEAY, G2 IZ N
void 884, T B NAZAE R AR MR A SES
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0.1 KEFFIHIF

c-mex fit & Ni21T MATLAB FE/7H i TR Z vl fieht. @ i HIBLA) CUDA
T, REML S i i ) MATLAB [RBR . 75 c-mex His LA EE = J7 ik
MU U CICH AT 4 B 5.
AT 2
® MATLAB ifiid c-mex ] CUDA JEALL VMK T FLFF (CUDA Basic
Linear Algebra Subroutines, CUBLAS).
® MATLAB i#iid c-mex /] CUDA gl Bt #e/4 (CUDA FFT library,
CUFFT),
® (EILTHRERNZE (Standard Template Library, STL) fJ CUDA Hffi A
CHHEAR

6.2 CUBLAS

CUBLAS #& NVIDIA #4tfH T GPU I AL E 72+ (Basic
Linear Algebra Subroutines, BLAS) [, 'EH! CUDA FEHEAT T 8%, DA
A LAE c-mex LA APL 200 AT, MJCRE# CUDA iz %E. A&
W S AR c-mex BB ] CUBLAS .

7EH CUBLAS %5 c-mex RRECZ R, HAERM 7L HEE. CUBLAS
L NVIDIA CUDA —j2 kA, {EWI R CUDA %32 n] LI# 3] CUBLAS 1)
PRIE RN SK SO T, WERAERHIBRIN 23, RGP ifivl i e mie ] fe 5
PUF A AR SRTTIE R A2 A, X IREE A CUDA 4aikds
nvee, FEERER A T CUDA Al CUBLAS 47 %

® PRI R L) S S

cublas_v2.h

cuda_runtime.h

© N E 1 R K
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cublas.1ib, cudart.lib Windows
lTibculas.dylib, Tibcudart.dylib Mac OS X
Tibculas.so, libcudart.so Linux

XL A AE LU R AR
Windows 64 1 E:4F R 55

C:\Program Files\NVIDIA GPU ComputingToolkit\CUDA\v5.0\1ib\x64\cublas.1ib
C:\Program Fiels\NVIDIA GPU Computing Toolkit\CUDA\v5.0\include\cublas_v2.h

Windows 32 f7#:1F R4 -

C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v5.0\1ib\Win32\cublas.1ib
C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v5.0\incTude\cublas_v2.h

Mac OS X #1E R %
/Developer/NVIDIA/CUDA-5.0/1ib/1ibcublas.dyTib
/Developer/NVIDIA/CUDA-5.0/include/cublas_v2.h
Linux 32 {7 #:1F R 4¢:
/usr/local/cuda-5.0/1ib/1ibcublas.so
/usr/local/cuda-5.0/include/cublas v2.h
Linux 64 f#:4F 2%t
/usr/local/cuda-5.0/1ib64/1ibcublas.so
/usr/local/cuda-5.0/include/cublas_v2.h
7E c-mex PREH ST HIXEESCf), RISEAES 2] R —/ NN R Z AT — e B4R 3|
TN LS AE RGP AL
6.2.1 CUBLAS %

5 MATLAB —#f, 7£ CUBLAS BREUE T, HdaiusHis], X 2—MREKH
P, JEHIETE c-mex Hifdd, AHTHEHIE c-mex FIPAVENBR I P2 ) H i HE
NGRS . [FIRE, BN RR B S T — RV 2 HAT I AR R 5, &
TR 2R S ook 5 50Kk MATLAB FEFPSF I35 2 7E MATLAB F2/7H ik
AN REIEAERT, TLLURIL CUBLAS AJ T V2 H TR 7 s

CUBLAS RRECRTLAAY U AlBheR% level-1 BREL level-2 BEURI level-3
PREL. AR AL R RN B GPU A7 S I R B R AR i X 2L bR
B, ATHEPAA CUDA IBITIHEE, 3R 6.1 528 TH A0 M. & 6.2~% 6.4
HIHEET level-1~level-3 HIRH .
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6.1 IRIEEHTIRIZHAY CUBLAS Eﬁﬁﬂ e

E - E -
cublasCreate HIUh1k CUBLAS %, WAERTH CUBLAS JEi I T
cublasDestroy FEB CUBLAS J (7 H (R B 5
cublasSetVector AU 23 T 1 10 ke 38 S B GPU ARl 25 TR 1) ko
cublasGetVector 8 GPU A4t 7% () HH 1) ) 4576 38 B2 21 W LAE A 25 17 104 1) oo
cublasSetMatrix A (] P R R T 22 523 GPU A7 fifs 2 (R (W AR B o p
cublasGetMatrix H GPU AFA 225 1) v (R 8 7 3% 52 0 380 A LAF 2 T (L o

%62 HITETHEMEZEZE A CUBLAS Level-1 iF#{

A 4 A T BE
cublasIsamax HR B SR 1) PR KA TR IR 5
cublasIdamax FRFBOOG 5 1] s KA C R IR 5
cublasSaxpy ) i 5 — AN PR EEARTE, R INE] 5 — A SR ) d
cublasDdot VHELPANXURG B 1] H 1) R R
cublasScrm2 VBRSPS A ] RO L LA

% 6.3 FHITEEMFEEIEZER CUBLAS Level-2 iF 4]

M 4 BB RE
cublasSgemv BPRE JSE R R A 1) A T
cublasDsbmv RURE R A IR B4 ) A 3
cublasCsymv PR 5 A HSOR AR B R i) AT T
cublasZhemv PR SEV R TR EPR
cublasCher2 HORS R SSBUT KA RR-2 T8

R 6.4 FITEEMFISEFEIZE AY CUBLAS Level-3 i3]

A 4 B A 2 g
cublasSgemm RS R RE ek
cublasZgemm WU BE SRR ek
cublasDtrmm KUK E 5250 = S MR afei
cublasChemm FRG I SRR R R e
cublasCher2k PR R SR KSR 2k B

6.2.2 CUBLAS g3

AR I 5 PRARREA T (R AR R A PRk i B AP B, R
C=A4%B
Horp, JERE A RS MxN, FEEE B (FR/NE NxP, THEEER C [FR/INE MxP,
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1. &1
F17F MATLAB &% [, BI#E—ASH30, HIHARA7 A cublasDemo.cpp.
2. B2

7E73 304 cublasDemo.cpp H', I A LL N AGHS:

#include "mex.h"

Void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs[])

{

1

IEWRATRECAE AR, I — N BIATRER, JEMIXTTAS c-mex F2)7.

3. $&3

HORR, R ER BRI PR ROE R . Ra, AR AR 4
A B FHRE LSBT N At sl 0L, B AR AR PRSI, IR
G e -

#include "mex.h"

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs[])

{
if (nrhs ! = 2)
mexErrMsgTxt("Invaid number of input arguments");

if (!mxIsSingle(prhs[0]) && !mxIsSingle(prhs[1]1))
mexErrMsgTxt ("input matrices must be single ");

float* A= (float*)mxGetData(prhs[0]);
float* B = (float*)mxGetData(prhs[1]);

int numARows = mxGetM(prhs[0]);
int numACols = mxGetN(prhs[0]);
int numBRows = mxGetM(prhs[11);
int numBCols = mxGetN(prhs[1]1);

If (numACols ! = numBRows)
mexErrMsgTxt("Invalidmatrix dimension");
}

4. PB4

AR AR Cs RN RE A FATECRIERE B 8RR E -
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#include "mex.h"

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs[])
{
if (nrhs = 2)
mexErrMsgTxt("Invaid number of input arguments");

if (ImxIsSingle(prhs[0]) && !'mxIsSingle(prhs[1]))
mexErrMsgTxt("input matrices must be single ");

float* A= (float*)mxGetData(prhs[0]);
float* B = (float*)mxGetData(prhs[1]);

int numARows = mxGetM(prhs[0]);
int numACols = mxGetN(prhs[0]);
int numBRows = mxGetM(prhs[1]1);
int numBCols = mxGetN(prhs[1]);
int numCRows = numARows ;
int numCCols = numBCols;

pThs[0] = mxCreateNumericMatrix(numCRows, numCCols, mxSINGLE_
CLASS, mxREAL);

float* C = (float*)mxGetData(plhs[0]);
}
5. &S
IAEAE GPU W% EOVEH TAA 8RR RS A7 8] . 737l F cudaMalloc F
cudaFree FRECK M BCAIRENAE . XL EUAE cuda runtime.h HE X, FrLAFERE T
T UR I 7 L7 B IXAS S S

fHinclude "mex.h"
#finclude <cuda_runtime.h>

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs(])
{

if (nrhs 1= 2)
mexErrMsgTxt("Invaid number of input arguments");

if (ImxIsSingle(prhs[0]) && !mxIsSingle(prhs(11))
mexErrMsgTxt("input matrices must be single ");

float* A= (float*)mxGetData(prhs[0]);
float* B = (float*)mxGetData(prhs[1]);



116 GPU 5 MATLAB B &4 f2

int numARows = mxGetM(prhs[01);
int numACols = mxGetN(prhs[0]);
int numBRows = mxGetM(prhs[1]);
int numBCols = mxGetN(prhs[1]);
int numCRows = numARows ;
int numCCols = numBCols;

plhs[0] = mxCreateNumericMatrix(numCRows, numCCols, mxSINGLE_
CLASS, mxREAL);
float* C = (float*)mxGetData(plhs[0]);

float *deviceA, *deviceB, *deviceC;

cudaMalloc(&deviceA, sizeof(float) * numARows * numACols);
cudaMalloc(&deviceB, sizeof(float) * numBRows * numBCol1s);
cudaMalloc(&deviceC, sizeof(float) * numCRows * numCCols);

// insert cuBLAS function(s) here

cudaFree(deviceA);

cudaFree(deviceB);

cudaFree(deviceC);
}

APLEEER, BATDESEARN T GPU {7, 8 CUBLAS fUEHEA
Hrp,

6. TI&G6

BUAETT UGV I CUBLAS ARG o B S AERE P T 46 8 20 V8 n &3 — A~ Sk 30
cublas_v2.h:

#include "mex.h"

J#include <cuda_runtime.h>
#include <cublas_v2.h>

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs[])
{
if (nrhs!l=2)
mexErrMsgTxt("Invaid number of input arguments");

if (ImxIsSingle(prhs[0]) && ImxIsSingle(prhs(1]))
mexErrMsgTxt("input matrices must be single ");

float* A= (float*)mxGetData(prhs[0]);
float* B = (float*)mxGetData(prhs[1]);
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int numARows = mxGetM(prhs[0]);
int numACols = mxGetN(prhs[0]);
int numBRows = mxGetM(prhs[1]);
int numBCols = mxGetN(prhs[1]);
int numCRows = numARows ;
int numCCols = numBCols;

plhs[0] = mxCreateNumericMatrix(numCRows, numCCols, mxSINGLE_
CLASS, mxREAL);
float* C = (float*)mxGetData(plhs[0]1);

float *deviceA, *deviceB, *deviceC;

cudaMalloc(&deviceA, sizeof(float) * numARows * numACols);
cudaMalloc(&deviceB, sizeof(float) * numBRows * numBCols);
cudaMalloc(&deviceC, sizeof(float) * numCRows * numCCols);

cubTasHandle_t handle;
cublasCreate(&handle);
cubTasSetMatrix(numARows,
numACols,
sizeof(float),
A,
numARows ,
deviceA,
numARows ) ;
cublasSetMatrix(numBRows,
numBCols,
sizeof(float),
B,
numBRows,
deviceB,
numBRows ) ;

cublasDestroy(handle);
cudaFree(deviceA);
cudaFree(deviceB);
cudaFree(deviceC);

1

SKCAF cublas v2.h AT CUBLAS FERIRREURAL. 1540604 CUBLAS 4)
W, Bt i cublasDestroy(...) MR TUMN, X 2T ITHE CUBLAS iz
AU St . SR, WA cublasSetMatrix(...) SRUESFERE, IXAEAT LK RERSE N
FH U T B GPU WA h 2. R, K3diatsh3] GPU &
%y, FAVIFEAEIIH cudaMemcoy(...), IXHLKECA S cublasSetMatrix(...) CL&FE
BIEH T IX—TAE.
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7. BT

AL BRAAL A P 3 Hp KRR R A 3fe o #0 PCublasSgemm(...), XA A
GPU L#HATSehrifiafi. IEUrE et fas —#f, IXAS s AR AT 2 S B Ao P 5
PSRRI AT o

##include "mex.h"
#include <cuda_runtime.h>
##include <cublas_v2.h>

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs(])
{
if (nrhs ! = 2)
mexErrMsgTxt("Invaid number of input arguments");

if (ImxIsSingle(prhs[0]) && !mxIsSingle(prhs(1]))
mexErrMsgTxt("input matrices must be single");

float* A= (float*)mxGetData(prhs[0]);
float*B = (float*)mxGetData(prhs[1]);

int numARows = mxGetM(prhs[0]);
int numACols = mxGetN(prhs[0]);
int numBRows = mxGetM(prhs[1]);
int numBCols = mxGetN(prhs[1]);
int numCRows = numARowsS ;
int numCCols = numBCols;

plhs[0] = mxCreateNumericMatrix(numCRows, numCCols, mxSINGLE_
CLASS, mxREAL);
float* C = (float*)mxGetData(plhs[0]);

float *deviceA, *deviceB, *deviceC;

cudaMalloc(&deviceA, sizeof(float) * numARows * numACols);
cudaMalloc(&deviceB, sizeof(float) * numBRows * numBCols);
cudaMalloc(&deviceC, sizeof(float) * numCRows * numCCols);

cublasHandle_t handle;

cublasCreate(&handle);

cublasSetMatrix(numARows,
numACols,
sizeof(float),
A,
numARows ,
deviceA,
numARows ) ;
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cublasSetMatrix(numBRows,

numBCols,
sizeof(float),
B,

numBRows,
deviceB,
numBRows ) ;

float alpha =1.0f;
float beta =0.0f;
cublasSgemm(handle,

}

CAF cublasSgemm(....) SEMPTHIRZIR CUDA TAE, JfHXGGHRIBIBFFE €
SMECH GPU A7, SRJESCPF cublasGetMatrix(...) K45 F M GPU A7t 15212 L
FEfifirb e AT ER B AR 2 REHRIZERE N /N, CUBLAS 4> HEhBoE B 1IN 4E

CUBLAS_OP_N,
CUBLAS_OP_N,
numARows ,
numBCols,
numACols,
&alpha,
deviceA,
numARows,
deviceB,
numBRows,
&beta,

deviceC,
numCRows ) ;

cublasGetMatrix(numCRows,

numCCols,
sizeof(float),
deviceC,
numCRows,

C,

numCRows ) ;

cublasDestroy(handle);
cudaFree(deviceA);
cudaFree(deviceB);
cudaFree(deviceC);

B, AT TR A5

8. DX
HALE c-mex ZRiS5ERk, A MATLAB 2% 1, i\ mex fir3k5Lp
T

RIaAT
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mex cublasDemo.cpp -Tcudart -lcublas -L"C:\Program Files\NVIDIA GPU
Computing Toolkit\CUDA\v5.0\Tib\x64" -v -I"C:\Program Files\NVIDIA GPU
Computing Toolkit\CUDA\v5.0\include"

Horr, Kk IE S
® -lcudart: RWETIH CUDA 24T . HARTI S, FAI7EH P JEA
CUDA &% cudaMalloc(...)#1 cudaFree(...).
® -lcublas: RKHIEI CUBLAS FE. HAKIMTE, TATERT cublasXXX
PRI
® _Ldir: dir /& CUDA I CUBLAS FEFT{EM H 3%
® _Idir: dir /& CUDA Il CUBLAS Sk3CfFRTEM H 3%
9. L&Y
7t Windows 64 fV#A/ERGH, BEITHH 8 ) MATLAB it &2 c-mex
XAt cublasDemol.mexw64, {E MATLAB 74 % [ H il F AR s i ek ZCk 2547 7feiZ:
‘i/_"ﬁ:
>> A =single(rand(200, 300));

>> B =single(rand(300, 400));
>> C = cublasDemo(A, B);

A LA cublasExample.m £E7- 45140 H s A PHATZ L4005 o

6.2.3 {4l Visual Profiler 34T CUBLAS 2#r1

1AL NVIDIA Visual Profiler X CUBLAS uiﬁc cublasSgemm(...) 5 ¥
AT fi#. NVIDIA Visual Profiler & T 73 #rig 4TI a1 4b, & n] DL T R P is AT I 1)
ARG

%%, $1JF NVIDIA Visual Profiler, ZRJGWIEE 3 ML, WL otrasdl T
MATLAB, 4 MATLAB & TG, M3RATHIEN c-mex ST AL B E 4
W TAEERA R, RGN 6.1 FiRiZ T c-mex B4,

[E=NIE =)
File Edit View Debug Parallel Desktop Window Help

NG| & 2M9 | & 2| @ | CurentFolder C:\junk\MatlabMeetsCuda\Hello - L@
Shortcuts 2] Howto Add 2] What's New

Commany d Window 02 x

«H. v 0 ®O- >> A = single(rand(200, 300));:
>>B = sanle{:anﬂ{:oo, 400))

>> C = cublasDemo(A, B):
Al &>

<

€] cublasDemo.cpp

) conv2MexOptB.obj
MeOptB.cu  |=

) conv2MexOptA.obj

| conv2MexOptA.cu

6.1 1F MATLAB 247 cublasDemo
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IZ1T c-mex PREL)E, K] MATLAB 7
&A1 NVIDIA Visual Profiler, X[ NVIDIA Visual Profiler 2315 1[-%} MATLAB

Jis

T IR R P 4T . MATLAB ¢

S SR IFAE T A RE R, i 6.2 s

T E— o)
View fun Wep
WE A58 waq|@a
© 53 Properes 23 [ Dt Gpha o)
s L o7 1 gen.sgemmNN._val(flos const ,int, flost const *, int.—.
Nome vae
Oution
T S | ‘Session sman2m
| | Timetine 78836 ms
| | Kemel S326ms
Utston 100%
Invctions 1
|
|
e —
= suems
suesm2 |
 Anayis 3 (2 Dews) @ Console i Settings )
scope
© AnzeEnte Appication . Lo Compute Ukaton 126 ms/ 79472 ms - 05K
suger , Low Memcpy/Compute Ovelp [0/ 226912 5 - 0%
([ R ) (35 e ] e
Mace
Mitprocesor () ©
KemelMemoy (4] ©

K 6.2

s CUBLAS e& AU 5 REJT, REIFIaBR T W11 50 44k,

A5, W 6.3 fras.

JH NVIDIA Visual Profiler 1

1247 cublasDemo

File View Run Help
HE W5 R R @R
tnusnmi_s

09731 09735
= Process 2564
= Thread s052
Runtime APL

Poting Overhesa
= 0] GeForce 9400
5 content1 (cU0A)
T Mencoy toD) o
¥ MemCpy (DtoH)

V' 100.0% 1] gen_sgem...
= streams.
Sueanz 1

09751 09765 09775

20

i Settings

)

SuntTime Ouation GridSze Block Size

Regs  Static SMem Dynamic SMem
972859 ms 5184 s ws wa

Memcpy HtoD [sync]

Memcpy HoD [sync] MBABms 0I5 Wa ZUISKE  44GB/s
Memcpy HeoD [sync] IMEOms %S12... 3 wa s 468TSKE  463GB/s
gensgemmiN valflost co..  9737Lms S126ms W zsu us,u] » 16 we we
Memepy DtoH [sync] 78837 ms 74464. wa wa sKE acers

Sae Theoughput |
s 12bytes  065M8/s

K 6.3  Visual Profiler i

EXAME) 7, ATLAE R CUDA eRECA ] 1SR [a] 2kl . 7] LG 2
JHH T B2 gen _sgemmNN val(...), WK 6.4 FiR.

FFEAR R 5

[ Analysis oy Details &3 B Console| " Settings

12417 cublasDemo J&£ JT GPU iz 5. 4175

A | By =0
Name StatTime  Duration GridSze  BlockSze Regs  StaticSMem Dynamic SMem Size Throughput
Memcpy HtoD [sync] 972859ms 5184 ps s ns oni n/a n/a  112bytes  06MB/s
Memcpy HtoD [sync) 9MAms  0IS2ps wa we e a na 24315K8 44 GB/s
Memcpy HtoD [sync] 973609 ms _96.512us A o na n/a  46375KB  463GB/s
gen_sgemmNN_val(flost co..  97371ms|  5126ms  [4.251) n641) | 30 1168 0 n/a n/a
Memcpy DtoH [sync) 978837 ms 74468 ps Wa We  n/a n/a n/a  3125K8 4G8/s

[&] 6.4 Visual Profiler i

JZ1T cublasDemo J& cublas PR EANTY

» T
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M Details IEIFFE, T LAH RG-S CUDA B8 E0R BT AT 0 FLARI Ta], 4 531
M, ] LA B P R ok A T 22 O TR R I R 2R FE /NI TR {E B . CUBLAS
Hah e TR R REE RN S,

LR R /N: [4,25,1]

LREPR N 16,4, 1]

FHUEFRATTAT LL%NIE, CUBLAS 4K/ Jh 200x400 [f45 RAHFE C JL50HL T 6400
(16x4x4x25) NEFL,

Zr LA, c-mex PRACELE AN LI (LK 6.5). 57E MATLAB i
mex AURSIS, [RIFH8 HT BT I B LA R B T8 R 2, 78 c-mex
PREEL A CUBLAS FE. FIH] CUDA 3847 i 25k hy g NN B 20 I AR T A7
“FA]. CUBLAS BRELSR T AT REREFIH B ik A% LIz B4, 47 o Bl 7 0L
A GPU W% Z M7

cublas_v2.h cuda_runtime.h

cublas.lib

L

cublasDemo.cpp mex
cudart.lib
_/\
cublasDemo.mex

6.5 cublasDemo c-mex “F i

6.3 CUFFT

CUFFT J& NVIDIA #4454 GPU Jpid b (il L4546 (FFT) pREUE .
L CUBLAS —#¥£, CUFFT K&l 7 CUDA FIZNTT, FrLAnT U faf o i) St i k)
Jil NVIDIA GPU ({5 RE J1 o %R BUH R 28 FRTWORE A J=y, BT AT LG
S A ) FFTW AR5,

F CUBLAS —#¥, CUFFT 7522 C SKICHRIEE, XU {47 T CUBLAS 3k
SR ST e H 55

G BE T () S S

SFFTW (The Faster Fouriev Transform in the west) & —AMJUd 4 FFT BIbRHE C 155
.
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cufft.h

cuda_runtime.h

BRI T I 2

cufft.1ib, cudart.1ib Windows
Tibcufft.dylib, Tibcudart.dylib Mac OS X
Tibcufft.so, Tibcudart.so Linux

64 {7 Windows #1E &%k :

C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v5.0\Tib\x64\cufft.Tib
C:\Program Fiels\NVIDIA GPU Computing Toolkit\CUDA\v5.0\include\cufft.h

32 fii. Windows #:4F R4t

C:\Program Files\NVIDIA GPU Computing TooTkit\CUDA\v5.0\Tib\Win32\cufft.1ib
C:\Program Files\NVIDIA GPU ComputingToolkit\CUDA\v5.0\include\cufft.h

Mac OS X #:1FE R4
/Developer/NVIDIA/CUDA-5.0/Tib/Tibcufft.dylib
/Developer/NVIDIA/CUDA-5.0/include/cufft.h
32 i Linux E1E RS
/usr/local/cuda-5.0/1ib/1ibcufft.so
/usr/local/cuda-5.0/include/cufft.h

64 7 Linux #1F R4

/usr/local/cuda-5.0/1ib64/1ibcufft.so
/usr/local/cuda-5.0/include/cufft.h

6.3.1 gk CUFFT #7144 FFT ia

T HIEH—AME ARG TR c-mex BRECTH/ERER] CUFFT BU%E. A5
W, KRR LA A ESRE, BHMT 4 FRT 185, IR R A MATLAB,

1. &1

17 MATLAB 2% -, A8 crF, #HIHLRAEAD cufftDemo.cpp.

2. 2

1E73 30 cuftDemo.cpp HY, I A LL R ACHS:

#include "mex.h"

Void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs[1)

{

1

55 CUBLAS -7/ Af [, 122 7T Fe)y.
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3. &3
FEIXADH, KA s S e FRE R 2 T i

#include "mex.h"

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs[])
{
if (nrhs !=1)
mexErrMsgTxt("Invaid number of input arguments");

if (ImxIsSingle(prhs[0]) && !mxIsSingle(prhs(1]))
mexErrMsgTxt("input data type must be single");

float* A= (float*)mxGetData(prhs[01);

int numARows = mxGetM(prhs[0]);
int numACols = mxGetN(prhs[0]);

float *deviceA;

cudaMalloc(&deviceA, sizeof(float) * numARows * numACols);
cudaMemcpy(deviceA, A, numARows * numACols * sizeof(float),
cudaMemcpyHostToDevice);
}

4. TR 4
P, BAHEBESTORIAKIRE 4 QIS JRREdaE e GPU wef:

#Finclude "mex.h"

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs(])

{

if (nrhs !=1)
mexErrMsgTxt("Invaid number of input arguments");

if (ImxIsSingle(prhs[0]) && !mxIsSingle(prhs(1]))
mexErrMsgTxt("input data type must be single");

float* A= (float*)mxGetData(prhs[0]);

int numARows = mxGetM(prhs[0]);
int numACols = mxGetN(prhs[0]);

float *deviceA;
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}

cudaMalloc(&deviceA, sizeof(float) * numARows * numACols);
cudaMemcpy(deviceA, A, numARows * numACols * sizeof(float),
cudaMemcpyHostToDevice);

5. IS

BUE, £ GPU @S] f7 6k FFT fath K 2 s

#Finclude "mex.h"

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs[])

{

}

XAV LG INT R, MATLAB i 2 f2 5 7 fifi, IXRoRH— 1 L
PRAT N AE S [ PR IE AR . SR1T, CUFFT B deATA74# 1. CUFFT 524

if (nrhs!=1)
mexErrMsgTxt("Invaid number of input arguments");

if (ImxIsSingle(prhs[0]) && !mxIsSingle(prhs(1]))
mexErrMsgTxt("input data type must be single");

float* A= (float*)mxGetData(prhs[0]);

int numARows = mxGetM(prhs[0]);
int numACols = mxGetN(prhs[0]);

float* deviceA;

cudaMalloc(&deviceA, sizeof(float) * numARows * numACols);
cudaMemcpy (deviceA, A, numARows * numACols * sizeof(float),
cudaMemcpyHostToDevice);

int outRows = numARows /2+ 1;

int outCols = numACols;

cufftComplex* deviceOut;

cudaMalloc(&deviceOut, sizeof(cufftComplex) * outRows * outCols);

Vo AT LA, A2 1R MATLAB S FE% 76k

* 6.5 ;& CUFFT API Z2% 95 i N i Bl /N B . XL 2D Al

R2C (SEH-RHD Al BATGE L EMA . Ny LS BB, M7EN

A R IELE B S, N, PLidA k. BTLIfE MATLAB $dls2k A, N, J&474E
B, Ny AEFI4EE, MATLAB "5 4E 5 RATHEBEAE CUFFT 20 BT Ny Al

Nyo WERIATATE YRGS AT R, 5 IS5 R R e
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Fz 6.5 AFNHHIHEIE X/ (GRE CUFFT AP1 %)

d4e B FFT %! LR E/ NN EIBEVETPNAN

C2C (SZ¥-550 N; cufftComplex N, cufftComplex

1D C2R (SZH-51250 [N/2]+1 cufftComplex N, cufftReal
R2C (CSEH-EH0 N, cufftReal [N\/2]+1 cufftComplex
C2C (BH-2H0D N; N; cufftComolex NN, cufftComplex

2D C2R (EH-52%0 Ni([N}/2]+1) cufftComplex NN, cufftReal
R2C CSH-5H0 NN, cufftReal Ni([N2/2]+1) cufftComplex
C2C (FH-FHO N N,N; cufftComplex N N,N; cufftComplex

3D C2R (EH-980 NN, ([N3/2]+1) cufftComplex N; N, N; cufftReal
R2C (FH-540 NiN,N; cufftReal N Ny([ N3 /2+1]) cufftComplex

® MATLAB F[4T4E)5 M %N CUFFT H1#) Ny
® MATLAB )5 4EEE N XF W CUFFT H ) Nyo
FrLl, AT B ST 2 1. B FRESE P A NI s

cufftPlan2d(...)[1)5E X, EANRECKHAE T — 2 iA .

cufftResult cufftPlan2d(cufftHandle *plan, int nx, int ny, cufftType type) ;&5

SE IG5 RN AL 648 2D FFT BUE . Blan, FAERWT:

plan 51 cufftHandle X% HFE %l

nx x 48 FET A4 R/ (750

ny y 4% FFT A8/ (B4
type FFT B2 (B, T HoRs BERE SRR, CUFFT_C2R K S8 S0

s

XFHANSH nx Fl ny, FAT0 54418 numACols A1 numARows [1J{H .

6. Z%6

N B AR e 5, A CUFFT e, % CUBLAS i1
T B E B AR

#include "mex.h"

J#include <cuda_runtime.h>
J#include <cufft.h>

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, mxArray *prhs[])
{
if (nrhs I=1)
mexErrMsgTxt("Invaid number of input arguments");

if (ImxIsSingle(prhs[0]) && !mxIsSingle(prhs(1]))
mexErrMsgTxt("input data type must be single");
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float* A= (float*)mxGetData(prhs[0]);

int numARows = mxGetM(prhs[0]);
int numACols = mxGetN(prhs[0]);

float *deviceA;

cudaMalloc(&deviceA, sizeof(float) * numARows * numACols);
cudaMemcpy (deviceA, A, numARows * numACols * sizeof(float),
cudaMemcpyHostToDevice);

int outRows = numARows /2+ 1;

int outCols = numACols;

cufftComplex* devicelOut;

cudaMalloc(&deviceOut, sizeof(cufftComplex) * outRows * outCols);

cufftHandle plan;
cufftPlan2d(&plan, numACols, numARow, CUFFT_R2C);
cufftExecR2C(plan, deviceA, deviceOut);

cufftDestroy(plan);
cudaFree(deviceA);
}

£ cufftPlan2d(...) F1, FAIHE THIAFEFERI /N LKA BT Fa 5. —
HAE TX—7 R, 72 5 BRI A S 75 2 s o] LR AR, ASTR 22 mT Lo
WH cufftDestroy(...) BRECK HIEFR . PR RAE cufftExecR2C(...) BT,
TEH B deviceOut 1 r£5 3157 H

7. BT

76 GPU WAETH R LA E] FFT T Rox vt A R [ 28] LAk a4
W, ZJEmt ] AfE MATLAB S T,

#include "mex.h"

#Finclude <cuda_runtime.h>
#include <cufft.h>

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, mxArray *prhs[].
{
if (nrhs I1=1)
mexErrMsgTxt("Invaid number of input arguments");

if (ImxIsSingle(prhs[0]) && !'mxIsSingle(prhs[1]))
mexErrMsgTxt("input data type must be single");

float* A= (float*)mxGetData(prhs[0]1);

int numARows = mxGetM(prhs[0]);
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int numACols = meetN(brhs[O] );
float *deviceA;
cudaMalloc(&deviceA, sizeof(float) * numARows * numACols);

cudaMemcpy (deviceA, A, numARows * numACols * sizeof(float),
cudaMemcpyHostToDevice);

int outRows = numARows /2+ 1;

int outCols = numACols;

cufftComplex* deviceQut;

cudaMalloc(&deviceQut, sizeof(cufftComplex) * outRows * outCols);

cufftHandle plan;
cufftPlan2d(&plan, numACols, numARows, CUFFT_R2C);
cufftExecR2C(plan, deviceA, deviceOut);

float* out = (float*)mxMalloc(sizeof(cufftComplex) * outRows *
outCols);
cudaMemcpy (out, deviceOut, outRows * outCols * sizeof(cufftComplex),
cudaMemcpyDeviceToHost);

plhs[0] = mxCreateNumericMatrix(outRows, outCols, mxSINGLE_CLASS,
mxCOMPLEX) ;
float* real = (float*)mxGetPr(pThs[0]);
float* imag = (float*)mxGetPi(plhs[0]);
float* complex = out;
for (intc=0; c<outCols; ++c)
{
for (intr=0; r <outRows; ++r)

{
*real++ = *complex++;
*imag++ = *complex++;
}
}
mxFree(out);

cufftDestroy(plan);
cudaFree(deviceA);
}

5 CUBLAS AN, FATH CUDA R RCHFINAE, HAE GPU Al c-mex
A EAE LSS . HER TIX =AY CUDA s¥ioh, AFEEE CIRATH S MK
B, WATEM T SRR AN s 4 Shigae:, MATLAB #*
SEAFIAE A MO R . —/MEE S, — /M. CUFFT 85—
A AR PSR . BT, RATTEE MATLAB Al — AR 4L
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FERE S AT SN R P il A2t 2 AT S AR R R
8. HIX8
IAEBRMICZSINT o-mex 185, BEA MATLAB i 1H, SRIEgmiedA 1At
mex cufftDemo.cpp -Tcudart -Tcufft -L"C:\Program Files\NVIDIA GPU Computing

Toolkit\CUDA\V5.0\1ib\x64" -v -I"C:\Program Files\NVIDIA GPU Computing
Toolkit\CUDA\v5.0\include"

LI SR

® _lcudart: FWHEIIH CUDA BT . HARM S, AT 7 HAIEA
CUDA pi%(: cudaMalloc(...)F1 cudaFree(...).

® lcufft: EWIFEMA CUFFT . FUAITS, FATHH T cufiXXX A .

® -Ldir: dir /& CUDA #! CUFFT FEJR7EM H 3%

® _Idir: dir /& CUDA F1l CUFFT <30 Fife ) H k.

9. TH9

WIfE 64 7 Windows #ERSE FHHATHEE, AUTH c-mex ARIB4IE2S7E c-mex T

1 cublasDemo.mexw64. 7E MATLAB 172 % 1R FHBAT 11 R BRI T LA T Ifev::

>> A =single(rand(4, 4));
>> B =fft2(A)

B =
9.7001 0.5174-0.91001 1.6219 0.5174+ 0.91001
—0.6788+0.43721 0.7316+0.55211 —0.1909—-1.08077 —1.3437+0.26641
1.3043 —0.9332+ 0.62331 —2.0830 —0.9332-0.62331

—0.6788—-0.43721 —1.3437-0.26641 —0.1909+1.0807i 0.7316—0.55211
>> C = cufftDemo(A)

C =
9.7001-0.0000i 0.5174-0.91001 1.6219-0.0000i 0.5174+ 0.91001
—0.6788+0.43721 0.7316+0.55217i —0.1909—-1.08071 —1.3437+0.26641i
1.3043+0.00007 —0.9332+0.62337 —2.0830+0.00001 —-0.9332—-0.6233i
AN R — /AN H MATLAB fft2 %, % —2H CUFFT c-mex M
. 713 cuffiDemo(A) 3% 1] 45 5 Lt MATLAB fft2 &%/ —4T, X% th 45 5%
P IS H APT VS (L3R 6.5).

FFT 28 LY E1TPNAN LITREIEIPNAN
R2C (SEH-250 NiN; cufftReal Ni([N2/2]+1) cufftComplex
B, Ni=4, Ny=4, XFEREHIHEIRN AT,
RN, B (AT AT UTI S AT ISR 53 5], 1 T
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>> D =[C; conj([flipud([C(2:2,1), fliplr(C(2:2,2:4))1)1)]

D =
9.7001-0.00001 0.5174-0.91007 1.6219-0.00001 0.5174+0.9100i
-0.6788+0.43727 0.7316+0.55217 —-0.1909-1.08077 —1.3437+0.26641
1.3043+0.00001 —0.9332+0.623371 —2.0830+0.00007 —0.9332-0.62331
—0.6788—0.437271 —1.3437 -0.26647 —0.1909+1.08071 0.7316—-0.55211

6.3.2 JH Visual Profiler Jtf7 CUFFT Ihtu] 534

K1 CUBLAS ¥l 1, % NVIDIA Visual Profiler % cufft BREGHA TR IR,
$T9F NVIDIA Visual Profiler, @J&—/NBrixiE. 78 MATLAB & 09, 3E
GG I c-mex SRR B A Y Hlj%ﬁ:, ﬁ)S}: Z1T c-mex PREL, W 6.6 TR,

File Edit Debug Parallel Desktop Window Help

DS £ MR 9 ™| & B | @ | CurentFolder C:\junk\MatlabMeetsCuda\Hello )
Shortcuts (2] Howto Add 2] What's New
Current Folder w0 2 X CommandWindow “ 02 x
.« Hello P DO >> A = single(rand(1000, 1000)):
>> B = cuffcDemo(A);
Name \¢ S>>

_] (uﬂﬁ)emo mam6l
| &

4] cublasDemo. mzval
€] cublasDemo.cpp

L PP

) conv2MexOptB.obj
. conv2MexOptB.cu
%) conv2MexOptA.obj

| comv2MexOpta.cu
#) conv2MexCuda.mexwéd
€ conv2MexCuda.cpp
) conv2Mex.obj

(€] convaMexmewéd
n) <onv2Ma h

Command History
cufftDemo.cpp (C++ Source
A = single(rand (1000, 1000)):

No details available B = cufftDemo(A):

4 Start

6.6 cufftDemo 7F MATLAB " [{jiz4T
14T c-mex FREUG, <M MATLAB 7 HI3BH! MATLAB. MATLAB <M, &[A|
NVIDIA Visual Profiler. JH] NVIDIA Visual Profiler 5¢/% % MATLAB {5 E\FHE4E,
H ARG AR T 4. 4nS NVIDIA Visual Profiler #H Wik 6.7 Rt 11, N
IGHLE c-mex PREUAFRALZNIN cudaDeviceRest( ) BREL,  LAFIRmIHT CUDA it & 304t
oo Traomies

Unable to read the entire session timeline. The displayed timeline may be empty or
;ll incomplete because the application aborted or failed to flush profile data before

exiting. The application should call cudaDeviceReset() before exiting to ensure that all |

profile data is flushed.

9 6.7 NVIDIA Visual Profiler 215 )5l AN ¢ 231 &
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mxFree(out);
cufftDestroy(plan);
cudaFree(deviceA);
cudaFree(deviceB);

cudaDeviceReset();
}

7E MATLAB M), ib3RAIEE CUFFT $ATHEBLIHT407, ank 6.8 fiam.

(% Newsesion 5 B T )
I o5 o1 o1 e
S e Frmim
B resd 5720 Min: 14,656 s
Runtime 451 Ouston
Oriver AR Max 3822M8.
Protiing Oreinesd E"’ 210M8
= ) GeForce 9400 Min: 3815 M8
= Context 1 (CUDA Sae
7 MemCon 04100) [ | ' Ma 147 GB/s
i %
V13268
) Compute e M 117 6B/
7 61.5% 2 void spRac wghpt
I
T 956% 2 vold soRacic.. I
T 9.5% (1] vold spRadx... 1
7 0% 1 void spRacic.. |
= Streams.
sueom2 I -
d
sy £ T Oetis| B Console| i Settings &)
Scope Resuls
® 25%)
®
e Mo
suages Z o)
o) Reset A ] iy Anabze ] Mores
.
4 Mores
Multprocessor °
Kernel Memory ®e
= =1

6.8 Visual Profiler 4347 cufftDem

& cufft QI RETT, FEITIR, B s BRI Rl o Hrah i) At Al Y
FATAT LA A b 1A E S cufft BRECAT RIS Lo EROX—BREQIE 7 2 DA
LRI LA WK 6.9 P,

VIO Vo

File View Run Help
CEE 5% RQREE
(@ “New Session 23 =)
o112s a5 oy o125 01223
= mocess 1460
= Teeaa 5720

7 18.9% 1) void spResiComp...

7 985 2ol spRadec00.. o ona- |
T 9.5% 1] vold pRacu0OA. [ oidsora |
7 0.1% [1] void spRadOOO4A... |
suem2 o
g -

© Consoe| i Setings slEsa=0

StetTime  Oution  GridSze  BlockSie Regs StaticSMem Dynamic SMem Sze Throughput

Ws3ms 372ms o AR we we 3. 16

e 1222ms 468 ms (s00.1.1) 1855 | 20 68 0w s

. 1169ms 1417 ms 9%61.1) o410 | 2 168 0 s wa

. 1183%ms  MI8dps na) BeLy | u 168 0 s wa

e 118355ms 4483 ms 1500.0.1) Bss) | 2 4168 0 e wa

e 12842ms 1408 ms 1976.1.1) ns11 | 16 276 0 wa

.. 124254ms 1466 s ) paa | e 168 0 s wa

. 10281ms  2813ms | (390700) 6421 | 16 120 0 wa

Wissms 254ms = o w we e G

K 6.9 GPU iz& ' Visual Profiler 1) cufftDemo 43 H7 415
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Zi LTk, W CUBLAS SEBIFT7R, c-mex BREILASGWA KL, 1F
MATLAB 1 H] mex HiBeACRENT, F-ATHGE Bk H 0 s 307 UL S s B A B T
KA cuda 3247 I BREH K S AR IR A A7 DASCTE =ML £ ) A A A\ i H 2
Pio. ZEHH cufft pREUN, DWIIH%EE MATLAB (KA R2E S CUFFT #H%.
CUFFT ZEsREATHIANZGE, {2 MATLAB WEEFIIT . 5 SA% AME = I,
MATLAB H AT FIZ) & A e 31 CUFFT A nx A ny Y, il 6.10 .

cufft.h cuda_runtime.h

cufft.lib
L —

cufftDemo.cpp mex
cudart.lib
f
cufftDemo.mex

& 6.10 cufftDemo c-mex G|z

6.4 Thrust

Thrust &> CHM%E, EAEHT T REW AT CUDA SEILmiPERe IF-AT
M. Thrust &6 T 35 B IATHIC, Bl {7 12y, AL I eefr
Thrust SSEILRISEVER S M BTG R AR K4 Thrust JERHHRA,
JITUAAN T SR AT, IR 2 BRSSO A c-mex BREL .

WA CUDA 4.0 BUE FARAS, Thrust Ni% O LHEAE RGN T i 24t
BRSSO H 3k

® Windows 32 A7 Al 64 7 4 RS

C:\Program Fiels\NVIDIA GPU Computing Toolki\CUDA\v5.0\include

® Mac OS X #fE R4

/Developer/NVIDIA/CUDA-5.0/include

® Linux 32 ffll 64 (a1 RS

/ust/local/cuda-5.0/include

6.4.1 13 Thrust H¥

1. &1

FTIF MATLAB iy & 11, GlEE—ANBSCPE, R4 4 thrustDemo.cppo
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2. $E;2

7t thrust.cpp 230, H AN BL AR

#include "mex.h"

Void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs[1)

{

1

R MERTHITRE Y.

3. $&3

FEAOL B, R NS 2 PORS LR 07 Y, JF HLAE ST A B i A
o RG] getSum(...), EIXASBRET ] thrust BE. T 5 PSS =472
TR IS ZAL ] getSum(...) B, IXABREAEIXAN U2 AN DA ER T

#include "mex.h"

extern float getSum(float* A, int size);
void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs(1)
{
if (nrhs !=1)
mexErrMsgTxt("Invaid number of input arguments");

if (!mxIsSingle(prhs[0]) && !mxIsSingle(prhs[1]1))
mexErrMsgTxt("input data type must be single");

float* A= (float*)mxGetData(prhs[0]);

int numARows = mxGetM(prhs[0]);

int numACols = mxGetN(prhs[0]);

int numETem = (numARows > numACo1s) ? numARows: numACols;

plhs[0]=mxCreateNumericMatrix(l, 1, mxSINGLE_CLASS, mxCOMPLEX) ;
float* B = (float*)mxGetData(plhs[0]);

*B = getSum(A, numElem);
1

4. TE4

IAERN4E thrustSum.cu SCAF, FERXA LA A Y thrust BRECK S i, K
i nvee ZRiFESEgmE thrust fU1S, nvee ZRiFEHAE G G0 CUDA A — it so
f)gd thrustSum.cu FEHIA LL LS.
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f#include <thrust/reduce.h>
#include <thrust/device_vector.h>

float getSum(float* A, int size)
{
thrust::device_vector<float> deviceA(A, A+ size)
return thrust::reduce(deviceA.begin(),
deviceA.end(),
(float)0.0f,
thrust::plus<float>());
}
5. BES

Y36 AE A H AR SO thrustSum.obj, c-mex BRI SFERLIX AN SCAF:
> > system('nvcc -c thrustSum.cu');

6. ¥ 6

G c-mex T RREUTHERL thrustSum.obj:

>> mex thrustDemo.cpp thrustSum.obj -lcudart -L"C:\Program Files\NVIDIA

GPU Computing Toolkit\CUDA\v5.0\Tib\x64" -v -I"C:\Program Files\NVIDIA

GPU Computing Toolkit\CUDA\v5.0\include"

7. SB,T

AL T /2 MATLAB e LI c-mex AL, 7 MATLAB fir 4 &
LB AT pR 2

>> thrustDemo(single([1234]))

ans =
10

>> thrustDemo(single(rand(l, 10000)))

ans =
4.9986e +03

6.4.2 %Ml Visual Profiler 43#t Thrust

c-mex PRECRF Thrust 2R, ATLAFAEH NVIDIA Visual Profiler #4217, flfffh
ATV A AZ R B LA R R T 04T . 154E CUBLAS HI CUFFT Hr#AERIISHE,
MATLAB jz17 NVIDIA Visual Profiler, 2 J57f MATLAB &% I ALL MUz
>> thrustDemo(single(rand(1l, 12345)))

ans =
6.1485e+03
s MATLAB f5°153217, H NVIDIA Visual Profiler 7875 % cudaDeviceRest( ) B&i

iz, BB S c-mex sEUESS, WERPR:
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*B = getSum(A, numElem);

cudaDeviceReset();
}

AN N A% BRECAE IR Y S0P Bl e S BEAS WAL BRI BT — > — 4 1 e R X A
FERFEHN, i 6.11 Fion.
(T r——— -

s e e 4 SEeSe s s 0B
Fie View fun Help
| e Wse-was

, g osm o e
S o iiies =
= Thresd 11244 )
Rontme 1
ot
roting Ovenesd

= Context 1 (CUDA)

(-5 o]

St Time __ Duration _Grid Size _Block Size
6973 ms  56992us

Memepy HtoD [sync)

> wa wa s Wa 4. 8X63MB/s

void thrust: detaik:backend:cuda... B6ms  Z3Bps (L1 BOL) 12 o 1280 W s

void thrust: detaik:backend:cud... O9ms  AI4ps (L1 @L) 12 o 16 Vi
26000 6888us 0o PEA 2 Lo S SHAOTNE

& 6.11 Visual Profiler 7347 thrustDemo
Thrust J&—4 C+HEME, ERHER OLE 6.12), FFEIATHLHIE, o
el nvee gniE, RJGFEH mex ZnvE. A& thrustSum.cu XA, HTHAETE
Thrust FHCIIAZ . R)E, H nvee Gnifdsdnidt AR H AR SCAF. B e 20 i A

B IX A R Bl LA SRS R R B S S . ARG, RE c-mex RO H bR AT
iR, AR c-mex A

thrust/device_vector.h thrust/reduce.h

thrustSum.cu

nvee

thrustSum.obj
thrustDemo.cpp mex \c_uﬂ\‘

‘ thrustDemo.mex

K 6.12 thrustDemo c-mex 1@ id 2
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11 AEF3BHF

REERGA B —Fh i P EHLEE 2283 Marching Cubes. IXFh &1 T
B, ARENEH OB AR I % A .

AFEH, RATLL TR A

® Marching Cubes 5HE/4 .,

® i MATLAB "SGRl 5.

® {F MATLAB "H4&71id /% .

® FJf] c-mex Fl CUDA #2713 J% .

7.2 Marching Cubes & ;£

Marching Cubes 2&—FhfajHe, (HIJREIER SRAIITHENLIE 0%, i BV
2, R =YEn . ZEVELL AR, G AL R RS
T, {ERXANEHETP R A FE S SRR RZ, i CT BRI
W3R (MRD F45 . S AZd IR A — 4 =4 g, il 7.0 Fos. e
, REANEER SRR AMEZ (voxel)o [ 7.2 8 MAZMIRL T N5k
<

o
o

ok !
-
0

10

070

K 7.1 DIR B Bos R A K72 R8s, ARERSLITRR R
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WERA MNP NMEEHRE, WA SRS 2 (M-1)<(N-1)x(P-1)/ ML
TR AR BT S 23 3 B — M A, AT RUE T RE s T B T4 E (. X
AN S A SEAL 2 3R B S T A0 ST 7 PRI A A, SRS AR IR T )i —
. I8 7.2 WIOSIr M, JEHARCREN TSR . W 7.3 HPIAFERRIC 8 ANTH
AT 12 Sk DRDR S5 A Fp AN TS AT A el A e, BT AT 2%=256
FIATREAIIEDL, B TANRRIEDL, BrUUA 15 MOAFMESL, B 7.4 Fors.

B8, ES OV6

0 E & &
X O & il Y @

Bl 7.3 AT RURIBAR bR 1327 4 K74 15 MR

TR L, BT VO i AR AR, HEAR AU A ETE, PR Vo 2
WRBXTS, il 7.5 FoR, XIERE 7.4 s AR XRELT,  SE T
=454 B0 E8 Fll B3, X — MM i Al etk 4l

V5 E5 V6

E10

K 7.5 T0E VO R FAHEIIE, 2R ANk K =k
ARSI ST =M. X =Mk R, R AR5
(EH—M e FATAT ATHSEH P et i) 255 FiEOL,  JFRfE BRI DL T 19 = £
o AR APREIXLEE TR, )5 M Caeflr i R kiRl ol
IABPERARAL TR L B RN BRI =R . B, 18 8 AN
ol 8 AL R A T R
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0 U Vi AR A /N TS T
BN =
1 W Vi AR T 45 T A58 1 4
Kb, SETREUR 1
S84 ML M6k SS{L H4M H3fr HofL I
V7 V6 V5 V4 V3 V2 Vi1 VO
0 0 0 0 0 0 0 1

TEAIXAME, KRG TERI%, WBRISHIRRHE N 265, WIRIEIXAMEFA L
12 (2 —BEREL,  BERAERMEIMEL,  WCRASEIIARAIAS, BBl 1o FEAGI .
B0 AL SE106E 596 8L ST Hefr EESA H4fr BR3fL 24y 1AL
Ell EI0 E9 E8 EJ E6 E5 E4 E3 E2 El  EO
0 0 0 1 0 0 0 0 1 0 0 1

N BERIE S, WTLLAER: B0 E3 Rl E8 HARMHIHANAL, 7EAAIHFIIX L
BEIAS )AL AT LA SR . LEBNAERE E3 HIAT sm] DA AN -

p3=tsovalie IO, (y3-y0)+70

o, 10 A1 13 23 AT A VO R V3 50 BEAH.

RIG, AR T A= ABINRG], XAk m R0 )
) CEEMRNTRASN ) o ST ATBI R S, = fMIERMEY

0, 8 3, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1

edgeTable = [
0, 265, 515, 778, 1030, 1295, 1541, 1804, ...
2060, 2309, 2575, 2822, 3082, 3331, 3593, 3840, ...
400, 153, 915, 666, 1430, 1183, 1941, 1692, ...
2460, 2197, 2975, 2710, 3482, 3219, 3993, 3728, ...
560, 825, 51, 314, 1590, 1855, 1077, 1340, ...

1804, 1541, 1295, 1030, 778, 515, 265, 0];

triTable = [
-1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1;

o, 8 3, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
o, 1, 9, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
i, 8 3, 9, 8 -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
i, 2,10, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
o, 8 3, 1, 2,10, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
9, 2,10, 0, 2, 9, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
2, 8 3, 2,10, 8, 10, 9, 8, -1, -1, -1, -1, -1, -1, -1
3, 11, 2, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
1, 10, 2, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
i, 3, 8 9, 1, 8 -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
o, 9, 1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
o, 3, 8 -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1
-1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1];

Kl 7.6 BM—=MBAEHLRE
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IR, =B H A B0 E8 Fl E3 HiE. E# 7.6 T LIEZ
S FTE W RER =M SO N R 5 .

1.3 MATLAB =3}

KA/ HHLE MATLAB H/ERESE] Marching Cubes 55, B560 T A @A E
1%, Y/t MATLAB W HAZHETIXANE L. st i, Ui SR 5 900
HM =M. {E testSurfaceNoOpt.m F getSurfaceNoOpt.m, ARG, A
TERE I PAT ISR

7.3.1 HU%1

158, H MATLAB iy 24— N NMOAREHEFEA flow. 7E MATLAB iy 4 &
I, SN LL R ACHS

% generate sample volume data
[X,Y,Z,V]="Flow;

% visualize volume data
figure
xmin=min(X(:
ymin=min(Y(:
zmin=min(Z(:
xmax = max(X(:
ymax = max(Y(:
zmax = max(Z(:));
hslice=surf(linspace(xmin,xmax,100), Tinspace(ymin,ymax,100), zeros
(100));

rotate(hslice,[-1,0,071,-45)

xd = get(hslice, 'XData');

yd = get(hslice, 'YData');

zd = get(hslice,'ZData");

delete(hslice)

h=slice(X,Y,Z,V,xd,yd,zd);

set(h, 'FaceColor', "interp', 'EdgeColor', 'none', 'DiffuseStrength', 0.8)
hold on

hx =slice(X,Y,Z,V,xmax,[1,[1);

set(hx, 'FaceColor"', "interp', '"EdgeColor', 'none')

hy =slice(X,Y,Z,V,[1,ymax,[1);

set(hy, 'FaceColor', "interp', '"EdgeColor', 'none')

hz =slice(X,Y,Z,V,[1.[].zmin);

set(hz, 'FaceColor', "interp', 'EdgeColor', 'none")

)
)
)
)
)
)

N N NN

BROANEOL T, SAERPUANMERE: X, Y. Z MV, B S AR A AR
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) 25x25%50 FAEFE, HAMRMSIHTER AL . WRIERATIUD, SR
Wil 7.7 Prasiisgid .

K77 AR

n RARE— 5 Tl TR AE, AT MATLAB > User’s Guide > 3-D
Visualization > Volume Visualization Techniques > Exploring Volumes with Slice Planes
ii¥) MATLAB 8y, sl UERS X. Y. Z 7 faEdE N, e XEHE
TfE-3.

73.2 P2

5E SCRRHUKHAT Marching Cubes 5%, JF0RAFH getSurfaceNoOpt.m. iXA™pf
A A AR SR P, S A = AIE A TR R 5] X
HEIRTR T RAL . AERAE T LAAESS 1) getSurfaceNoOpt.m SCAF R E].

function [Vertices, Indices] = getSurfaceNoOpt(X, Y, Z, V, isovalue)

edgeTable = uintl6(L[
0, 265, 515, 778, 1030, 1295, 1541, 1804,
2060, 2309, 2575, 2822, 3082, 3331, 3593, 3840,

1804, 1541, 1295, 1030, 778, 515, 265, 01);

triTable = [
-1,-1, -1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1, -1, -1, -1;
0,8,3,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1, —-1;

-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1, -1, -1, -1, -1, -11;

sizeX =size(V, 1);
sizeY =size(V, 2);
sizeZ =size(V, 3);
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MAX_VERTICES = 15;

% vertices and indices

VertexBin = single(zeros(sizeX, sizeY, sizeZ, MAX_VERTICES, 3));
TriCounter = zeros(sizeX, sizeY, sizeZ);

totalTriangles =0;

H4EA Marching Cubes SEEIEN N TG ERER . TR, #iE A%k
Paus Xo YR Z J5RR /AN o AR5 T AT TOURURER 5 | A fid 7003 P i ) A

7.3.3 L3
EX 2, FHE R B 7 U5 RS BT S o7 A AR s
KN MXNxP, AT (M-1)x(N-1)x(P-D)ASSE 7K

fork=1:sizeZ -1
forj=1:sizeY -1
fori=1:sizeX -1

% algorithmgoes in here
end
end
end

7.3.4 %4

TEf W JERIEIA T, BRIUEAE AR B SZ T AR 8 AN TR AL E R A .
K 7.3 B, ARYE T bs 5 2T 70 g

% temp. vars for voxels and isopoints.
voxels = single(zeros(8, 4)); %[v, x, Yy, z]
isoPos = single(zeros(12, 3)); %[x,y, z]

%cube

voxels(l,:)=[V(i, R k), X(i, i, k), Y(i, i, k),
(1, J, k)J;

voxels(2,:)=[V(i, j+1, k), X(i, j+1l, k), Y(i, j+1, k),
701, j+1l, KI1;

voxels(3,:)=[V(i+1, j+1, k), XCGi+1l, j+1, k), YGi+1l, j+1, k),
Z(i+1, j+1, kKI;

voxels(4,:)=[V(i+1, ], k), X(i+1, 3, k), Y(i+1, 3, k),
Z(i+1, J, k)7

voxels(5,:)=[V(i, J, k+1), X(i, J, k+1), Y(i, J, k+1),
VAQI J, k+1)1;

voxels(6,:)=[V(i, j+1, k+1), X(i, j+1, k+1), Y(i, j+1, k+1),
7(1, j+1, k+1)1;
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voxels(7,:)=[V(i+1, j+1, k+1), X(i+1, Jj+1, k+1), Y(i+1, Jj+1, k+1),
Z(i+1, j+1, k+1)];
voxels(8,:)=[V(i+1, J, k+1), X(i+1, 3, k+1), Y(i+1, J, k+1),
Z(i+1, 3, k+1)];
7.3.5 BUES

R A REAN LR R SR (RS K B /N A R AR AMER 45 {HIf
I 1 B A BAECR BOE N 1o UAAT 8 AN, PrBAE T 256 Fisdl. Al
8 MR IIPTAE G, BAESL TS MAEANRT], Wb RS .

% find the cube index

cubelndex = uintl6(0);

forn=1:8
if voxels(n, 1) >= isovalue

cubelndex = bitset(cubelndex, n);

end

end

cubelndex = cubelndex+ 1;

% get edges fromedgeTable
edges = edgeTable(cubelndex);
if edges ==

continue;
end

7.3.6 L% 6
MBS Fe e RIS A2 i, P DA S A S HORE B, X b s

Mo G, BN ASHTIIAREREL XK EA A E A, LN
IR WL
function [varargout] = interpolatePos(isovalue, voxell, voxel2)
scale = (isovalue—voxell(:,1)) ./ (voxel2(:,1) —voxell(:,1));
interpolatedPos=voxell(:,2:4) + [scale .* (voxel2(:,2) —voxell(:,2)),
scale .* (voxel2(:,3) —voxell(:,3)),
scale .* (voxel2(:,4)—voxell(:,4))];

if nargout==1 || nargout ==
varargout{1l} =1interpolatedPos;
elseif nargout ==

varargout{l} =1interpolatedPos(:
varargout{2} =1interpolatedPos(:
varargout{3} =1interpolatedPos(:

end

,1)5
,2) s
,3);

[Pl E R, AR IRR R, R ATAT, AERE M R A e AL
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% check 12 edges
if bitand(edges, 1)

isoPos(1l,:) =interpolatePos(isovalue, voxels(1,:)
end
if bitand(edges, 2)

isoPos(2,:) = interpolatePos(isovalue, voxels(2,:)
end
if bitand(edges, 4)

isoPos(3,:) = interpolatePos(isovalue, voxels(3,:)
end
if bitand(edges, 8)

isoPos(4,:) = interpolatePos(isovalue, voxels(4,:), voxels(1l,:));
end
if bitand(edges, 16)

isoPos(5,:) = interpolatePos(isovalue, voxels(5,:)

voxels(2,:));

voxels(3,:));

voxels(4,:));

voxels(6,:));

end
if bitand(edges, 32)

g isoPos(6,:) = interpolatePos(isovalue, voxels(6,:), voxels(7,:));
en

if bitand(edges, 64)

isoPos(7,:) = interpolatePos(isovalue, voxels(7,:), voxels(8,:));
end
if bitand(edges, 128)

isoPos(8,:) = interpolatePos(isovalue, voxels(8,:)
end
if bitand(edges, 256)

isoPos(9,:) = interpolatePos(isovalue, voxels(1l,:)
end
if bitand(edges, 512)

isoPos(10,:) = interpolatePos(isovalue, voxels(2,:), voxels(6,:));
end
if bitand(edges, 1024)

isoPos(11,:) = interpolatePos(isovalue, voxels(3,:), voxels(7,:));
end
if bitand(edges, 2048)

isoPos(12,:) = interpolatePos(isovalue, voxels(4,:), voxels(8,:));
end

voxels(5,:));

voxels(5,:));

737 %7

M=STELME T, W LUER 2 /040 = MIE L ENNRS . FaRE =M%
TR BOE TS, IR A =M%, 245 =Mk,

%walk through the triTable and get the triangle(s) vertices

numTriangles = 0;

numVertices = 0;
forn=1:3:16
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if triTable(cubelndex, n) <0
break;
end

% first vertex

numVertices = numVertices+ 1;

edgelndex = triTable(cubelndex, n)+ 1;

vertexBin(i, j, k, numVertices, :) = isoPos(edgelndex, :);
% second vertex

numVertices = numVertices + 1;

edgelndex = triTable(cubelndex, n+ 1)+ 1;

vertexBin(i, j, k, numVertices, :) = isoPos(edgelndex, :);
% third vertex

numVertices = numVertices+ 1;

edgelndex = triTable(cubelndex, n+2)+ 1;

vertexBin(i, j, k, numVertices, :) = isoPos(edgelndex, :);

numTriangles = numTriangles+ 1;
end
TriCounter(i, j, k) =numTriangles;
totalTriangels = totalTriangles+ numTriangles;

738 LU%S8
TEr R BTG =MIIS, SO VRIS T SRR | ot At

Vertices = single(zeros(totalTriangles * 3, 3));
Indices = uint32(zeros(totalTriangels, 3));
vidx =0;
tldx =0;
fork=1:s1zeZ -1
forj=1:sizeY -1
fori=1:sizeX -1

count = TriCounter(i, J, k);
if count <1

continue;
end

fort=0:count -1
vidx = vIdx+1;
Vertices(vIdx, :) =vertexBin(i, j, k, 3*t+1, :);
vidx = vIdx+1;
Vertices(vIdx, :) =vertexBin(i, j, k, 3*t+2, :);
vidx = vIdx+1;
Vertices(vIdx, :) = vertexBin(i, j, k, 3*t+3, :);

tIdx = tIdx+ 1;
Indices(tldx, :)=uint32([3* tIdx—2, 3*tldx—1, 3*tldx]);
end
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end
end
end

739 U9

WE A ISR = MRS G, w77 XA T =M e itk . =] 2
testSurfaceNoOpt.m, sI1EA T JUATSEEL =M T al 44k :

% data type to single

X =single(X);

Y =single(Y);

7 =single(Z);

V =single(V);
isovalue = single(-3);

% Marching cubes
[Verticesl, Indicesl] = getSurfaceNoOpt(X, Y, Z, V, isovalue);

% Vvisualize triangles

figure

p = patch('Faces', Indicesl, 'Vertices', Verticesl);
set(p, 'FaceColor', "none', 'EdgeColor', 'red');
daspect([1,1,1])

view(3);

camlight

lighting gouraud

grid on

FJH Marching Cubes 11— L1 7.8 Fiw.

B 7.8 R LA (E=—3 I 55
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NHZAE MATLAB Hog BRIl i, WA Ak, R, EF&FE‘J@
RPAHELRTA . AT ARSI BRIX LT TR, IR N AR RN R
TR R, JATT ARIR AR, AP b B A

RKIE =AU, PR R (2 B . AR AR E ] DLE SR AL
getSurfaceNoOpt.m - H £

getSurfaceNoOpt.m
function [Vertices, Indices] = getSurfaceNoOpt(X, Y, Z, V, isovalue)

edgeTable = uintl6([
0, 265, 515, 778,1030, 1295, 1541, 1804,
2060, 2309, 2575, 2822, 3082, 3331, 3593, 3840,
400, 153, 915, 666, 1430, 1183, 1941, 1692,
2460, 2197, 2975, 2710, 3482, 3219, 3993, 3728,
560, 825, 51, 314, 1590, 1855, 1077, 1340,

3728, 3993, 3219, 3482, 2710, 2975, 2197, 2460,
1692, 1941, 1183, 1430, 666, 915, 153, 400,
3840, 3593, 3331, 3082, 2822, 2575, 2309, 2060,
1804, 1541, 1295, 1030, 778, 515, 265, 01);

triTable = [
-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1;
0,8,3,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, —-1;
0,1,9,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1;
1,8,3,9,8,1,-1,-1,-1,-1,-1,-1,-1,-1,-1, —1;

s

s s

1,3,8,9,1,8,-1,-1,-1,-1,-1,-1,-1, -1, -1, -1;
,9,1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1;
0,3 8-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1;:
-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-11;

sizeX=size(V, 1);
sizeY =size(V, 2);
sizeZ =size(V, 3);

MAX_VERTICES = 15;

% vertices and indices

VertexBin = single(zeros(sizeX, sizeY, sizeZ, MAX_VERTICES, 3));
TriCounter = zeros(sizeX, sizeY, sizel);

totalTriangles =0;
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% marching through the cubes
fork=1:sizeZ -1
forj=1:sizeY -1
fori=1:sizeX-1

% temp. vars for voxels and isopoints.
voxels = single(zeros(8, 4)); %Lv, x, y, z]
isoPos = single(zeros(12, 3)); %[x, y, z]

%cube
voxels(1l,:)=1[V(i, j, k), X(i, 3, k), Y(i, j, k), Z(i, j, k)1;
voxels(2,:)=[V(i, j+1,k), X(i, jJ+1,k), Y(i, j+1,k),
(i, j+1,k)1;
voxels(3,:)=[V(i+1,j+1,k), X(i+1,j+1,k), Y(i+1,j+1,k),
7Gi+1,j+1,k)1;
voxels(4,:)=[V(i+1,], k), X(i+1,3, k), Y(i+1,], k),
Z(i+1,3, kK)1;
voxels(5,:)=[V(i, j, k+1),X(i, j, k+1),Y(i, j, k+1),
Z(i, j, k+1)1;
voxels(6,:)=[V(i, jJ+1,k+1),X(i, j+1,k+1),Y(i, J+1,
k+1),2(i, j+1,k+1)1;
voxels(7,:)=[V(i+1,j+1,k+1),X(i+1,j+1,k+1),Y(i+1,
JH+1,k+1),2¢i+1,j+1,k+1)]1;
voxels(8,:)=[V(i+1,j, k+1),X(i+1,j, k+1),Y(i+1,],
k+1),2(i+1,], k+1)1;

% find the cube index

cubelndex = uintl6(0);

forn=1:8
if voxels(n, 1) >= isovalue

cubeIndex = bitset(cubelndex, n);

end

end

cubelndex = cubelndex+ 1;

% get edges fromedgeTable
edges = edgeTable(cubelndex);
if edges = =

continue;
end

% check 12 edges
if bitand(edges, 1)
isoPos(l,:) = interpolatePos(isovalue, voxels(l,:),
voxels(2,:));
end
if bitand(edges, 2)
isoPos(2,:) = interpolatePos(isovalue, voxels(2,:),
voxels(3,:));
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end
if bitand(edges, 4)
isoPos(3,:) = interpolatePos(isovalue, voxels(3,:),
voxels(4,:));
end
if bitand(edges, 8)
isoPos(4,:) = interpolatePos(isovalue, voxels(4,:),
voxels(l,:));
end
if bitand(edges, 16)
isoPos(5,:) = interpolatePos(isovalue, voxels(5,:),
voxels(6,:));
end
if bitand(edges, 32)
isoPos(6,:) = interpolatePos(isovalue, voxels(6,:),
voxels(7,:));
end
if bitand(edges, 64)
isoPos(7,:) = interpolatePos(isovalue, voxels(7,:),
voxels(8,:));
end
if bitand(edges, 128)
isoPos(8,:) = interpolatePos(isovalue, voxels(8,:),
voxels(5,:));
end
if bitand(edges, 256)
isoPos(9,:) = interpolatePos(isovalue, voxels(l,:),
voxels(5,:));
end
if bitand(edges, 512)
isoPos(10,:) = interpolatePos(isovalue, voxels(2,:),
voxels(6,:));
end
if bitand(edges, 1024)
isoPos(11,:) = interpolatePos(isovalue, voxels(3,:),
voxels(7,:));
end
if bitand(edges, 2048)
isoPos(12,:) = interpolatePos(isovalue, voxels(4,:),
voxels(8,:));
end

swalk through the triTable and get the triangle(s) vertices
numTriangles = 0;

numVertices = 0;

forn=1:3:16
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if triTable(cubelndex, n) <0
break;
end

% first vertex

numVertices = numVertices+ 1;

edgelndex = triTable(cubelndex, n)+ 1;

vertexBin(i, j, k, numVertices, :) = isoPos(edgelndex, :);
% second vertex

numVertices = numVertices+ 1;

edgelndex = triTable(cubelndex, n+ 1)+ 1;

vertexBin(i, Jj, k, numVertices, :) = isoPos(edgelndex, :);
% third vertex

numVertices = numVertices+ 1;

edgelndex = triTable(cubelndex, n+ 2)+ 1;

vertexBin(i, j, k, numVertices, :) = isoPos(edgelndex, :);

numTriangles = numTriangles+ 1;
end
TriCounter(i, j, k) =numTriangles;
totalTriangels = totalTriangles+ numTriangles;
end
end
end

Vertices = single(zeros(totalTriangles *3, 3));
Indices = uint32(zeros(totalTriangels, 3));
vIidx =0;
tldx =0;
fork=1:sizeZ -1
forj=1:sizeY -1
fori=1:sizeX -1

count = TriCounter(i, j, k);
if count <1

continue;
end

fort=0:count -1
vidx = vIdx+ 1;
Vertices(vIdx, :) =vertexBin(i, j, k, 3*t+1, :);
vIidx = vIdx+ 1;
Vertices(vIdx, :) =vertexBin(i, j, k, 3*t+2, :);
vidx = vIdx+1;

Vertices(vIdx, :) =vertexBin(i, j, k, 3*t+ 3, :);
tldx = tIdx+1;

Indices(tldx, :) =uint32([3*tldx - 2, 3*tldx -1, 3* tldx]);
end
end
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end
end

InterpolatePos.m
function [varargout] = interpolatePos(isovalue, voxell, voxel2)
scale = (isovalue - voxell(:,1)) ./ (voxel2(:,1) - voxell(:,1));
interpolatedPos=voxell(:,2:4)+ [scale .* (voxel2(:,2) —voxell(:,2)),
scale .* (voxel2(:,3) —voxell(:,3)),
scale .* (voxel2(:,4) - voxell(:,4))1;

if nargout = = 1| nargout = =
varargout{l} = mterpo]atedPos
elseifnargout = =3
varargout{l} = interpolatedPos(:,1);
varargout{2} = interpolatedPos(:,2);
varargout{3} = interpolatedPos(:,3);
end

testSurfaceNoOpt.m
% generate sample volume data
[X,Y,Z,V]="~flow;

% visualize volume data

figure

xmin =min(X(:));

ymin=min(Y(:));

zmin =min(Z(:));

xmax = max(X(:));

ymax = max(Y(:));

zmax = max(Z(:));

hslice = surf(linspace(xmin,xmax,100), Tinspace(ymin,ymax,100), zeros(100));
rotate(hslice,[-1,0,0],-45)

xd = get(hslice, 'XData');

yd = get(hslice, 'YData');

zd = get(hslice, 'ZData');

delete(hslice)

h=slice(X,Y,Z,V,xd,yd,zd);

set(h,'FaceColor', "interp', 'EdgeColor', 'none', 'DiffuseStrength', 0.8)
hold on

hx =slice(X,Y,Z,V,xmax,[],[1);

set(hx, "FaceColor', "interp', '"EdgeColor', 'none')
hy =slice(X,Y,Z,V,[1,ymax,[1);

set(hy, '"FaceColor', "interp', '"EdgeColor', 'none')
hz =slice(X,Y,Z,V,[1,[],zmin);

set(hz, "FaceColor', "interp', '"EdgeColor', "none')

% data type to single
X =single(X);
Y =single(Y);
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7 =single(Z);
V =single(V);
isovalue = single(-3);

% Marching cubes

[Verticesl,

Indicesl] = getSurfaceNoOpt(X, Y, Z, V,

%visualize triangles

figure

p = patch('Faces'
'FaceColor',

set(p,

, Verticesl);
'red');

, Indicesl, 'Vertices'
'none', 'EdgeColor',

daspect([1,1,1])

view(3);

camlight

lighting gouraud

grid on

7.3.10 )50y
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getSurfaceWithOpt.m:

getSurfaceWithOpt.m.
getSurfaceWithOpt.m

function [Vertices,

edgeTable
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2060, 2309, 2575, 2822, 3082, 3331, 3593, 3840,

1804, 1541, 1295, 1030,778,515,265,01);
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triTable = [
-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1;
0,8,3,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1, -1;

-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1, -1, -1, -1, -1, -11;

sx=size(V,1);
sy =size(V, 2);
sz=size(V, 3);

% Cube Index

CV =uintlé(V >isovalue);

Cubes = zeros(sx—1, sy-1, sz-1, 'uintlée');
Cubes = Cubes+ CV(1:sx-1, 1:sy-1, 1:s2-1);
Cubes = Cubes+ CV(1:sx-1, 2:sy, 1:sz-1) *2;
Cubes = Cubes+ CV(2:sx, 2:sy, 1:52-1) *4;
Cubes = Cubes+ CV(2:sx, 1:sy-1, 1:sz-1) *8;
Cubes = Cubes+ CV(1:sx-1, 1:sy-1, 2:52) *16;
Cubes = Cubes+ CV(1:sx-1, 2:sy, 2:52) *32;
Cubes = Cubes+ CV(2:sx, 2:sy, 2:52) *64;
Cubes = Cubes+ CV(2:sx, 1:sy-1, 2:s52) *128;
Cubes = Cubes+ 1;

% Edges

Edges = edgeTable(Cubes);
Edgeldx = find(Edges > 0);
EdgeVal = Edges(Edgeldx);

% Vertices with edges

[vdx, vdy, vdz] = ind2sub(size(Edges), Edgeldx);
idx = sub2ind(size(X), vdx, vdy, vdz);

Vtl = [V(idx), X(idx), Y(idx), Z(idx)1;

idx = sub2ind(size(X), vdx, vdy+1, vdz);
Vt2 = [V(idx), X(idx), Y(idx), Z(idx)];

idx = sub2ind(size(X), vdx+1, vdy+1, vdz);
Vt3 = [V(idx), X(idx), Y(idx), Z(idx)];

idx = sub2ind(size(X), vdx+1, vdy, vdz);
Vtd = [V(idx), X(idx), Y(idx), Z(idx)];

idx = sub2ind(size(X), vdx, vdy, vdz+1);
Vths = [V(idx), X(idx), Y(idx), Z(idx)];

idx = sub2ind(size(X), vdx, vdy+1, vdz+1);
Vte = [V(idx), X(idx), Y(idx), Z(idx)]1;

idx = sub2ind(size(X), vdx+1, vdy+1, vdz+1);
Vt7 = [V(idx), X(idx), Y(idx), Z(idx)]1;

idx = sub2ind(size(X), vdx+1, vdy, vdz+1);
Vt8 = [V(idx), X(idx), Y(idx), Z(idx)]1;
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% EdgeNumber

PosX = zeros(size(EdgeVal,1l), 12, "single');
PosY = zeros(size(EdgeVal,1l), 12, "single');
PosZ = zeros(size(EdgeVal,1), 12, 'single');
idx = find(uintl6(bitand(EdgeVal, 1)));
[PosX(idx,1), PosY(idx,1), PosZ(idx,1)]
(idx,:), Vt2(idx,:));

idx = find(uintl6(bitand(EdgeVal, 2)));
[PosX(idx,2), PosY(idx,2), PosZ(idx,2)] = interpolatePos(isovalue, Vt2
(idx,:), Vt3(idx,:));

idx = find(uintl6(bitand(EdgeVal, 4)));

[PosX(idx,3), PosY(idx,3), PosZ(idx,3)] = interpolatePos(isovalue, Vt3
(idx,:), Vt4(idx,:));

idx = find(uintl6(bitand(EdgeVal, 8)));

[PosX(idx,4), PosY(idx,4), PosZ(idx,4)] = interpolatePos(isovalue, Vt4
(idx,:), Vtl(idx,:));

idx = find(uintl6(bitand(EdgeVal, 16)));

[PosX(idx,5), PosY(idx,5), PosZ(idx,5)] = interpolatePos(isovalue, Vth
(idx,:), Vte(idx,:));

idx = find(uintlé(bitand(EdgeVal, 32)));

[PosX(idx,6), PosY(idx,6), PosZ(idx,6)] = interpolatePos(isovalue, Vt6
(idx,:), VE7(idx,:));

idx = find(uintl6(bitand(EdgeVal, 64)));

[PosX(idx.7). PosY(idx.7). PosZ(idx.7)]1 = interpolatePos(isovalue. Vt7
(idx,:), Vt8(idx,:));

idx = find(uintl6(bitand(EdgeVal, 128)));

[PosX(idx,8), PosY(idx,8), PosZ(idx,8)] = interpolatePos(isovalue, Vt8
(idx,:), VE5(idx,:));

idx = find(uintl6(bitand(EdgeVal, 256)));

[PosX(idx,9), PosY(idx,9), PosZ(idx,9)] = interpolatePos(isovalue, Vtl
(idx,:), Vt5(idx,:));

idx = find(uintl6(bitand(EdgeVal, 512)));
[PosX(idx,10), PosY(idx,10), PosZ(idx,10)]
Vt2(idx,:), Vte(idx,:));

idx = find(uintlé(bitand(EdgeVal, 1024)));
[PosX(idx,11), PosY(idx,11), PosZ(idx,11)] = interpolatePos(isovalue,
Vt3(idx,:), Vt7(idx,:));

idx = find(uintl6(bitand(EdgeVal, 2048)));

[PosX(idx,12), PosY(idx,12), PosZ(idx,12)] = interpolatePos(isovalue,
Vt4(idx,:), Vt8(idx,:));

interpolatePos(isovalue, Vtl

interpolatePos(isovalue,

% Triangles
Vertices = zeros(0, 3, 'single');
TriVal = triTable(Cubes(Edgeldx),:)+ 1;

fori=1:3:15
idx = find(Trival(:,i) >0);
if isempty(idx)
continue;
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end
TriVtx = TrivVal(idx, i:i+2);
vx1l = PosX(sub2ind(size(PosX), idx, TriVtx(:,1)));
vyl = PosY(sub2ind(size(PosY), idx, TriVtx(:,1)));
vzl = PosZ(sub2ind(size(PosZ), idx, TriVtx(:,1)));
vx2 = PosX(sub2ind(size(PosX), idx, TriVtx(:,2)));
vy2 = PosY(sub2ind(size(PosY), idx, TriVtx(:,2)));
vz2 = PosZ(sub2ind(size(PosZ), idx, TriVtx(:,2)));
vx3 = PosX(sub2ind(size(PosX), idx, TriVtx(:,3)));
vy3 = PosY(sub2ind(size(PosY), idx, TriVtx(:,3)));
vz3 = PosZ(sub2ind(size(PosZ), idx, TriVtx(:,3)));
vsz =3 *size(vxl, 1);
tl = zeros(vsz, 3, 'single');
t1(1:3:vsz,:) = [vxlvylvzl];
t1(2:3:vsz,:) = [vx2vy2vz2];
t1(3:3:vsz,:) = [vx3vy3vz3];
Vertices = [Vertices; t1];

end

Indices = reshape(l:size(Vertices,1), 3, size(Vertices,1)/3)";

FEIEAMRES T, BEEIERE, TR MRS I — MR LA 5, X2
LA CE 2 IR AR o R AEEIsg N, XA AT AR AN AT, Toig
U], WURPATIXBAS, Bl T st T e B RE 4 (RIS 8]

742 PUE2
B4 testSurfaceNoOpt.m AU, FHRAE N testSurfaceWithOpt.m:

testSurfaceWithOpt.m

% generate sample volume data
[X,Y,Z,V]="flow;

X =single(X);

Y =single(Y);

7 =single(Z);
V=single(V);

isovalue =single(-3);

[Vertices2, Indices2] = getSurfaceWithOpt(X, Y, Z, V, isovalue);

%visualize triangles

figure

p = patch('Faces', Indices2, 'Vertices', Vertices2);
set(p, 'FaceColor', "none', '"EdgeColor', 'green');
daspect([1,1,11])

view(3);

camlight

Tighting gouraud

grid on
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ind2sub 1 00m2s 00025
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getSurfaceCuda.cpp:

getSurfaceCuda.cpp
#include "mex.h"

#include <vector>
J#include <cuda_runtime.h>
#include "MarchingCubes.h"

// [Vertices, Indices] = getSurface(X, Y, Z, V, isovalue)
void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
{
if (nrhs I =5)
mexErrMsgTxt("Invaid number of input arguments");

if (nlhs = 2)
mexErrMsgTxt("Invalid number of outputs");

if (ImxIsSingle(prhs[0]) && !mxIsSingle(prhs[1]) &&
ImxIsSingle(prhs[2]) && !mxIsSingle(prhs[3]) &&
ImxIsSingle(prhs[41))
mexErrMsgTxt("input vector data type must be single");

const mwSize* size = mxGetDimensions(prhs[3]);
int sizeX =sizel0];
int sizeY =sizel[l];
int sizeZ = sizel2];

float* X = (float*mxGetData(prhs[0]);
float*Y = (float*mxGetData(prhs[1]);
float*Z = (float*mxGetData(prhs[2]);
float*V = (float*mxGetData(prhs[3]);
float isovalue = *float*mxGetData(prhs(4]));

float*vertices[3];
unsigned int*indices[3];
int numVertices = 0;

int numTriangles =0;
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marchingCubes(isovalue,
X, Y, Z,V,
sizeX, sizeY, sizelZ,
vertices, indices,
numVertices, numTriangles);
cudaError_t error = cudaGetLastError();
if (error ! = cudaSuccess)
{
mexPrintf("%s\n", cudaGetErrorString(error));
mexErrMsgTxt ("CUDA failed\n");
}

mexPrintf("numVertices = %d\n", numVertices);
mexPrintf("numTriangles = %2d\n", numTriangles);

plhs[0]=mxCreateNumericMatrix(numVertices, 3, mxSINGLE_CLASS, mxREAL);
plhs[1]=mxCreateNumericMatrix(numTriangles, 3, mxUINT32_CLASS, mxREAL);
float*Vertices = (float*mxGetData(plhs[0]);
unsigned int*Indices = (unsigned int*mxGetData(plhs[1]);

for (int i =0;1<3;++1)
{
memcpy (Vertices+ i *numVertices, vertices[i], numVertices
*sizeof(float));
free(vertices[i]);
}
for (inti=0;1<3;++1)
{
memcpy (Indices+ 1 *numTriangles, indices[i], numTriangles
*sizeof(unsigned int));
free(indices[i]);

}

W, BATE AT N B SE Y. JR FH %L marchingCubes(...), FF44E R
53115 MATLAB %041,

752 UK 2

PR%L marchingCubes(...) 7E3k 34 MarchingCubes.h = . G IR A7 3k
(RN

MarchingCubes.h
#Hifndef __MARCHINGCUBES_H_

jdefine _ MARCHINGCUBES_H__

#include <vector>

externvoid marchingCubes(float isovalue,
float*X, float*Y, float*Z, float*V,
int sizeX, int sizeY, int sizeZ,
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float*vertices([],
unsigned int*indices[],
int& numVertices, int& numTriangles);

ftendif // __MARCHINGCUBES_H__

753 L3

HIAE, FIF CUDA WAZALEATH]FESZER MarchingCubes.cu ") marchingCubes(...)
PREL, G, e WL MarchingCubes.cu:

MarchingCubes.cu
#include "MarchingCubes.h"

__constant__unsigned int edgeTable[256] =
{

0, 265, 515, 778, 1030, 1295, 1541, 1804,
2060, 2309, 2575, 2822, 3082, 3331, 3593, 3840,

1804, 1541, 1295, 1030,778,515,265,0

b

__constant__int triTable[256]1[16] =

{
{-1,-1,-1,-1,-1,-1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -11},
{o0,8,3, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1},
{-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1, -1, -1, -1, -1, -1}

b

__device__float3 interpolatePos(float isovalue, floatd voxell, float4 voxel2)
{

float scale = (isovalue - voxell.w) / (voxel2.w - voxell.w);

float3 pos;

pos.x = voxell.x+ scale *(voxel2.x - voxell.x);

pos.y = voxell.y+ scale *(voxel2.y - voxell.y);

pos.z =voxell.z+ scale *(voxel2.z - voxell.z);

return pos;

}

Jtdefine MAX_VERTICES 15

__global__voidgetTriangles(float isovalue,
float*X, float*Y, float*Z, float*V,
int sizeX, int sizeY, int sizeZ,
float3*vertexBin, int*triCounter)
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int i = blockIdx.x *blockDim.x+ threadIdx.x;
// compute capability >= 2.x
//int j =blockIdx.y *blockDim.y + threadIdx.y;
//int k = blockIdx.z *blockDim.z+ threadldx.z;

// compute capability <2.x

int gy = (sizeY+ blockDim.y - 1) / blockDim.y;

int j = (blockIdx.y % gy) *blockDim.y+ threadldx.y;
int k = (blockIdx.y / gy) *blockDim.z+ threadldx.z;

if(i>=sizeX-1|j>=sizeY-1|k>=sizeZ-1)
return;

float4d voxels[8];
float3 isoPos[12];

int idx[87;

idx[0] = sizeX *(sizeY *k+ j)+ 1;

idx[1] = sizeX *(sizeY *k+ j+ 1)+ 1;

idx[2] = sizeX *(sizeY *k+ j+ 1)+ i+ 1;
idx[3] =sizeX *(sizeY *k+ j)+ i+ 1;

idx[4] = sizeX *(sizeY *(k+ 1)+ j)+ 1;
idx[5] =sizeX *(sizeY *(k+ 1)+ j+ 1)+ 1;
idx[6] =sizeX *(sizeY *(k+ 1)+ j+1)+i+1;
idx[7] =sizeX *(sizeY *(k+ 1)+ j)+1i+1;

// cube

for (intn=0; n<8;++n)

{
voxels[nl.w=V[idx[nll;
voxels[n].x = X[idx[nl];
voxels[nl.y =Y[idx[nl]l;
voxels[nl.z=Z[idx[nl];

}

// find the cube index
unsigned int cubelndex =0;
for (intn=0; n<8;++n)
{
if (voxels[n].w>= isovalue)
cubelndex |= (1 << n);
1

// get edges fromedgeTable
unsigned int edges = edgeTable[cubelndex];
if (edges = = 0)

return;

// check 12 edges
if (edges & 1)



B RN 161

isoPos[0] = interpolatePos(isovalue, voxels[0], voxels[1]);
if (edges & 2)

isoPos[1] = interpolatePos(isovalue, voxels[1l], voxels[2]);
if (edges & 4)

isoPos[2] = interpolatePos(isovalue, voxels[2], voxels[31);
if (edges & 8)

isoPos[3] = interpolatePos(isovalue, voxels[3], voxels[0]);
if (edges & 16)

isoPos[4] = interpolatePos(isovalue, voxels[4], voxels[5]);
if (edges & 32)

isoPos[5] = interpolatePos(isovalue, voxels[5], voxels[6]);
if (edges & 64)

isoPos[6] = interpolatePos(isovalue, voxels[6], voxels[7]);
if (edges & 128)

isoPos[7] = interpolatePos(isovalue, voxels[7], voxels[4]);
if (edges & 256)

isoPos[8] = interpolatePos(isovalue, voxels[0], voxels[4]);
if (edges & 512)

isoPos[9] = interpolatePos(isovalue, voxels[1], voxels[5]);
if (edges & 1024)

isoPos[10] = interpolatePos(isovalue, voxels[2], voxels[6]);
if (edges & 2048)
isoPos[11] = interpolatePos(isovalue, voxels[3], voxels[7]);

// walk through the triTable and get the triangle(s) vertices
float3 vertices[15];

int numTriangles =0;

int numVertices = 0;

for (intn=0;n<15;n+ = 3)

{
int edgeNumger = triTablelcubeIndex][n];
if (edgeNumger < 0)

break;

vertices[numVertices++1]1 = isoPos[edgeNumger];
vertices[numVertices++] = isoPos[triTablelcubelndexln+111;
vertices[numVertices++1]1 = isoPos[triTablelcubelndex][n+211;
++numTriangles;

}

triCounter[idx[0]] = numTriangles;
for (intn=0; n<numVertices; ++n)
vertexBin[MAX_VERTICES *idx[0]+ n] = vertices[n];
1

void marchingCubes(float isovalue,
float*X, float*Y, float*Z, float*V,
int sizeX, int sizeY, int sizeZ,
float*vertices[],
unsigned int*indices[],
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int& numVertices, int& numTriangles)

float*devX =0;
float*devY =0;
float*devZ =0;
float*devV =0;
float3*devVertexBin =0;
int*devTriCounter =0;

int totalSize = sizeX *sizeY *sizeZ;

cudaMalloc(&devX, sizeof(float) *totalSize);

cudaMalloc(&devY, sizeof(float) *totalSize);

cudaMalloc(&devZ, sizeof(float) *totalSize);

cudaMalloc(&devV, sizeof(float) *totalSize);

cudaMemcpy (devX, X, sizeof(float) *totalSize, cudaMemcpyHostToDevice);
cudaMemcpy(devY, Y, sizeof(float) *totalSize, cudaMemcpyHostToDevice);
cudaMemcpy(devZ, Z, sizeof(float) *totalSize, cudaMemcpyHostToDevice);
cudaMemcpy(devV, V, sizeof(float) *totalSize, cudaMemcpyHostToDevice);

cudaMalloc(&devVertexBin, sizeof(float3) * totalSize *MAX_VERTICES);
cudaMemset (devVertexBin, 0, sizeof(float3) *totalSize *MAX_VERTICES);
cudaMalloc(&devTriCounter, sizeof(int) *totalSize);
cudaMemset(devTriCounter, 0, sizeof(int) *totalSize);

dim3 blockSize(4, 4, 4);

// compute capability >= 2.x

//dim3 gridSize((sizeX+ blockSize.x - 1) / blockSize.x,
// (sizeY+ blockSize.y - 1)/ blockSize.y,
// (sizeZ+ blockSize.z - 1)/ blockSize.z);

// compute capabiltiy <2.x

int gy = (sizeY+ blockSize.y - 1) / blockSize.y;

int gz = (sizeZ+ blockSize.z -1) /blockSize.z;

dim3 gridSize((sizeX+ blockSize.x - 1) / blockSize.x,
gy *gz,
1);

getTriangles << <gridSize, blockSize>> > (isovalue,
devX, devY, devZ, devV,
sizeX, sizeY, sizeZ,
devVertexBin,
devTriCounter);
float3*vertexBin= (float3*malloc(sizeof(float3) *totalSize
*MAX_VERTICES);
cudaMemcpy(vertexBin, devVertexBin, sizeof(float3) *totalSize
*MAX_VERTICES, cudaMemcpyDeviceToHost);
int*triCounter = (int*malloc(sizeof(int) *totalSize);
cudaMemcpy (triCounter, deviriCounter, sizeof(int) *totalSize,
cudaMemcpyDeviceToHost);
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numTriangles =0;
for (inti=20;1<totalSize;++1)
numTriangles + = triCounter[il;
numVertices = 3 *numTriangles;

for (inti=0;1<3;++1)
{
vertices[i] = (float*malloc(sizeof(float) *numVertices);
indices[i]= (unsigned int*malloc(sizeof(unsigned int) *numlriangles);
}
int tIdx =0, vidx =0;
for (inti=0;1<totalSize;++1)
{
int triCount = triCounter[il;
if (triCount < 1)
continue;

int binldx =1 *MAX_VERTICES;
for (intc=0; c<triCount;++c)

{ for (intv=0; v<3;++v)

{
vertices[0][vIdx] = vertexBin[binldx].x;
vertices[1][vIdx] = vertexBin[binIdx].y;
vertices[2][vIdx] = vertexBin[binIdx].z;
indices[v][tldx] =3*tldx+ v+ 1;
++vIdx;
++binldx;

}

++tIdx;

}

cudaFree(devX);

cudaFree(devY);

cudaFree(devZ);

cudaFree(devV);

cudafFree(devVertexBin);

cudafFree(devTriCounter);
1

X —EERSEAE 5 R MATLAB BHESEILR A0 . X AR IRE
P, MRS MMERE I — 2. 76 marchingCubes(...) R, BRI
CUDA RE TR NG AR E GPU W rfitias. K)o, BT a A S
MENEHIZ] GPU H&he MlL—N =4 R/Nh dxdaxd [REFE, R NEREERER
it 64 NERE . — HE SRR, in] DR HE RN E SR RIS (R R e R
5 GPU TR T, AR LR R/ INmT DU =4 sl — e, feAuhith, BoE
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WERESI/NT 2x0 S5, CUDA WAL A INZRRE PR /NI RE BN, HE T
Y OB A L A B
£ marchingCubes(. . .) BREH, AEMFSI y A1z K/ R A4 G

// compute capability >= 2.x

//dim3 gridSize((sizeX+ blockSize.x - 1) / blockSize.x,
// (sizeY+ blockSize.y - 1)/ blockSize.y,
// (sizeZ+ blockSize.z - 1)/ blockSize.z);

// compute capabiltiy <2.x

int gy = (sizeY+ blockSize.y - 1)/ blockSize.y;

int gz = (sizeZ+ blockSize.z -1) / blockSize.z;

dim3 gridSize((sizeX+ blockSize.x - 1) /blockSize.x,
gy *9z,
1);

SRJGE, 1E getTriangles kernel(...)H', y Fl z ZEFE MR R/NAT LLan 77 Xk &R -
int i =blockldx.x *blockDim.x+ threadldx.x;
// compute capability >= 2.x

//int j = blockIdx.y *bTockDim.y+ threadldx.y;
//int k = blockIdx.z *blockDim.z+ threadldx.z;

// compute capability <2.x

int gy = (sizeY+ blockDim.y - 1) / blockDim.y;

int j = (blockIdx.y % gy) *blockDim.y+ threadldx.y;
int k = (blockIdx.y / gy) *blockDim.z+ threadldx.z;

— HORIFHERERERE IR R S € A2 1AL B, FAR T35 MATLAB J5iAAHIA

7.5.4 %4
FRISUER AT IS, it e T c-mex SC14:

buildSurfaceCuda.m
system('nvcc -c MarchingCubes.cu -Xptxas -v');

mex getSurfaceCuda.cpp MarchingCubes.obj -lcudart -L"C:\Program Files
\NVIDIA GPU Computing Toolkit\CUDA\v5.0\1ib\x64" -I"C:\Program Files
\ANVIDIA GPU Computing Toolkit\CUDA\v5.0\include" —v

7t nvee HY, USHN—Xptxas KBTI, IXANIELTAT LAFTEDHH I S, X LEp s S
HRITHE WAZIEFE T 2/ D164 . A KH CUDA IS TAEfifds TR AR5 B
I, IXAMEE SR 0N T TIE —Xptxas FIFT B4 H R -

ptxas : info : 0 bytes gmem, 17408 bytes cmem[0]

ptxas : info : Compiling entry function '_Zl2getTrianglesfPfS_S_S_

i1iP6float3Pi’ for "sm_10"

ptxas : info : Used 38 registers, 88 bytes smem, 68 bytes cmem[1], 324 bytes
Tmem
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iZ1T MATLAB XI55, K53 c-mex S0, IXANCAEATLIZE MATLAB 4%
FRIE

755 BUES
BUHE, BuoHs T I

% generate sample volume data

[X,Y,Z,V]="~Flow;

X =single(X);

Y =single(Y);

7 =single(Z);

V =single(V);

isovalue = single(-3);

[Vertices3, Indices3] = getSurfaceCuda(X, Y, Z, V, isovalue);

%visualize triangles

figure

p =patch('Faces', Indices3, '"Vertices', Vertices3);
set(p, '"FaceColor', 'none', 'EdgeColor', 'blue');
daspect([1,1,11)

view(3);

camlight

lighting gouraud

gridon

AT GPU &L, ARG =R, Wk 7.13 Fios.

K 7.13  FIH c-mex Fl GPU, Z5H (=3 I 1258 1
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7.5.6 INf[ElSBr

BEATIS T 3 8, HHEMA GPU PERES % T 2 b £ Profile 11

testSurfaceCuda.m, W& 7.14 Fi7~.

File Edit Debug Desktop Window Help

el S A

- o Profile time: 0 sec

Eunction Name

camlight
camlight>righthanded
camrotate

mr¢ >Cr impl.
cai2sph
daspect
findobj
flow
getSurfaceCuda (MEX-file)
graphics\private\findobjhelper
qrid
nitprintexporttemplate
lighting>our_set
meshagrid
sph2cart
testSurfaceCuda
view
view>ViewCore

view>isAxesHand|

Calls Total Time = Self Time®

1
1
1
2
1
1
2
1
1
2
1
1
1
2
1
1
1
|
1
1

: Start Profiling  Run this code: |testSurfaceCuda

0.006 s
0.001s
0004 s
0.001s
0.009 s
O0s

0.001's
0023 s
0016s
0.001s
0.002s
Os

0.004 s
0.001s
0.004 s
0.001s
0.102s
0.003s
0.001's
Os

0.001s
0.001s
0.003s
0.001s
0009 s
0.000 s
0.000 s
0.009 s
0016s
0.001 s
0002s
0.000 s
0002s
0.001s
0004 s
0.001s
0048 s
0.002s
0.001s
0.000 s

Total Time Plot
(dark band = self time)

n

—_—————————————— —————————————————J

I 7.14  FH GPU [ c-mex I [a] 7347

iz

4

i‘_

WAEFH GPU, 0.016s W AJLLSERL getSurfaceCuda(...) AT =M KT
B, X R LR S ST VAR A

16 545

ARFEERZE T Marching Cubes 5Hyk 1 = Fh s 7774k

MO ERRSC, AT

S AR SEBLU I, P AN T e RO e e TR . AR SEBLT ik
LR T = EREIRIA, RIS I. HE, AR, EEET
RES T8 BIF At BEURAN AL I i
BERITIR, Joks GPU GIABISE—RrEEUvA T . M CUDA AR T
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HNJZEAEAE, /B GPU MZRFERIM S —MARI =ML RIGI0IE 14
s 2 0 MATLAB 54 .

BB, B BORA AT LISRAE L3R TE, N R ik .

WARES ISR/
getSurfaceNoOpt 1.9
getSurfaceWithOpt 0.029

getSurfaceCuda 0.016
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81 AEFIHIF

=4 3D) ERAEEBAC IR SR, B T A AR S — R . i 3D
PE 2 UG AL BESEA],  FRATTAT LIRSS . MATLAB 3| CUDA (K8 iR, it HAe b
A 77 T %52 38 S B Ak B B2 PR ORI T o AR BRI LUTF [

® c-mex UL CUDA #4524 .

® FENTEE AT 5 CUDA #edfe it

® SRS PR CUDA #46 .

8.2 ET Atlas 4 &7 7%89 MATLAB 455

8.2.1 JET Atlas 4y HTSELANR

FES T BURIG AR FIIEFH, AR 3D G S HoRs af b psl s H A il
KA AR AERMBLEE T, SR L7 AR S bt oK 2 0 0 15 6
RN Z o, T HAZ R FAS RS 2 A 22 5, RUbxt H beas B BTl 51
H gl Rt AR Ok . M 3D By7 BG4 B UG B 84 a7 BHG Ak
PR R )

BT Atlas B0 2 N H T RITEHE 0. 55T Atlas 31 077K
MG IR AL Atlas FEUR 0% —A> Atlas 20 4t A A5 4 -
5 R G RO Y I R A BRI, R o BB T A, W
8.1 7R

Bl 8.2 4l T 3T Atlas 0 FIJNEMIMES . U= ANHEIAT - RIME
BEARET, K Atlas 585 G5 H H ARG TRCHE . Wk G RCHE, RERE IR
M Atlas 355 MG EHT ) H bR EUGIU G T A4, GBI X Atlas 2 BB T T 4%
e, ) H bR B A AN 2 BB
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8.1 Atlas #: 5 MRI KGR (fo) o XMRIFFEIBMR () o BEEE G

AtlasfE T v EI R

v’// - \‘v
R ALt \
P AR AT

FHT
j - — - - - L 4
\ t AR 4 R ‘

K82 H—hLT atlas 7% J5 1) Js

T atlas I HINERAIRZAA, RIVEH brxd S 1A AR H BRI = 2% 1
A5, BINE T USRI AR . BT atlas I FEUNEALZ AT, T
SrEERE PSR 3D EMEECHE, IR SRR R ). T 3D BIHREC
M — DU IR K HIA AL BE, DA 4 4 ) st i R/ i B 7 BRI, i 4T
FEH g .

8.2.2 HT/#IY) MATLAB 1Gig

EFRATINEE m ARSI LR EATIE T atlas ¥ 4K 53 #] . 7E m_code Only 7~ 5C
3%, FHi atlasSeg Main.m 5 2B AEHE S medical3D_data.mat, %3
FE— atlas #£ (atlasVol, atlasSegVol) FIH PR (targetVoD). K 8.3 FllE] 8.4 45
th T atlasVol i #5 Fl1 targetVol Z 4% (1) 4> &6 o J&E B4R . v DUaE o ok A%
atlasSeg_Main.m #f 6 17 viewBx. viewBy il viewBz [{H i % 57~ V-1



170

GPU 5 MATLAB R & 4%

(= eSS

File Edit View Inset Tools Desktop Window Help ~

DEde [ RRRAOVBLL- G008 |aD

Z=70 Plane

X=50 Plane

Y=60 Plane

20 40 60 80 100

20 40 60 80 100

K] 83 X=50. Y=60 Fll Z=70 *FIi_L /¥ 3D atlas 3% K% (atlasVol)

File Edit View Insert Tools Desktop Window Help =

DESES K RAOUDRAL-E(0B|ad

X=50 Plane Z=70 Plane

Y=60 Plane

20 40 60 80 100 20 40 60 80 100

K] 8.4 X=50. Y=60 Fl Z=70 *Fifi L1 3D HARSRZEKEIG (targetVol)

%atlasSeg_Main.m
% Single-Atlas-Based Hippocampus Segmentation

clearall;
closeall;

Toad('medical3D_data');

viewBx = 50; viewBy = 60; viewBz = 70;
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7 myView2('Atlas Image',atlatVol, viewBx, viewBy, viewBz);

8 myView2('Target Image to be segmented',targetVol,viewBx,viewBy,
viewBz);

9 viewlLHippoX = 30; viewLHippoY = 28; viewlLHippoZ = 25;
10 viewRHippoX = 28; viewRHippoY = 24; viewRHippoZ = 23;

11 % croppingmargin around manual segmentation inatlas image
12 margin = 20;
13 iterLimit = 1000;

14 % objNum =1 for left, objNum = 2 for right

15 tic

16 %

17 % For Left Hippocampus
18%

19 objNum = 1;

20 [cropMovVol_Left, minPosX, maxPosX, minPosY, maxPosY, minPosZ,
maxPosZ 1 =...

21 crop_around_ROI(atlatVol, atlasSegVol, objNum, margin);
22 cropTargetVol_Left = targetVol(minPosX - margin:maxPosX + margin,

23 minPosY - margin:maxPosY + margin, ...
24 minPosZ - margin:maxPosZ+ margin);

25 myView?2('Target Image around Left ROI',cropTargetVol_Left,
viewLHippoX, viewlLHippoY, viewlLHippoZ);

26 movSeg_Left = atlasSegVol(minPosX - margin:maxPosX+ margin, ...
27 minPosY - margin:maxPosY + margin, ...
28 minPosZ - margin:maxPosZ+ margin);

29 % if the cropped region may include right segment by margin, we clean
it up here.

30 movSeg_Left = double(movSeg_Left == 1);

31 myView_overlap_red('Atlas Set (Moving Intensity Image and its
manuaal segmentation) around left ROI', ...

32 cropMovVol_Left, viewlLHippoX,viewlLHippoY,viewlLHippoZ,
movSeg_Left);

33 % Make similar range of intensities for both 3D image for better
registration

34 movVol_org = cropMovVol_Left;
35 refVol_org = cropTargetVol_Left;
36 [adjMov, adjRef, adjMovRatio, max0OrgMov, minOrgMov] = rough_int_
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adjust3(movVol_org, refVol_org);

37 movVol = adjMov;
38 refVol = adjRef;

39 % 3D deformable registration

40 [movVol_updated, Tx, Ty, Tz] = deformableRegister3D(movVol, 41
refVol, iterLimit);

41 intAdjustBackMov =rough_int_adjustBack(movVol_updated,
adjMovRatio, maxOrgMov, minOrgMov) ;

42 movSegVol_updatedNN = interp3(movSeg_Left, Ty, Tx, Tz, "nearest’');

43 myView_overlap_red('Registration Result from Left ROI of Atlas
set',...

44 intAdjustBackMov, viewlLHippoX,viewLHippoY,viewLHippoZ,
movSegVol_updatedNN);

45 myView_overlap_red('Segmentation Result for Left ROI of Target
Image', ...

46 cropTargetVol_Left, viewlLHippoX,viewlLHippoY,viewlLHippoZ,
movSegVol_updatedNN);

47 %

48 % For Right Hippocampus

49 %

50 objNum = 2;

51 [cropMovVol_Right, minPosX, maxPosX, minPosY, maxPosY, minPosZ,
maxPosZ ] = ...

52 crop_around_ROI(atlatVol, atlasSegVol, objNum, margin);

53 cropTargetVol_Right = targetVol(minPosX - margin:maxPosX + margin,

54 minPosY — margin:maxPosY + margin, ...
55minPosZ — margin:maxPosZ+ margin);

56 myView2('Target Image around Right ROI',cropTargetVol_Right,
viewRHippoX, viewRHippoY, viewRHippoZ);

57 movSeg_Right = atlasSegVol(minPosX - margin:maxPosX+ margin, ...
58 minPosY — margin:maxPosY + margin, ...
59 minPosZ — margin:maxPosZ+ margin);

60 % if the cropped region may include right segment by margin, we clean
it up here.

61 movSeg_Right = double(movSeg_Right == 2);
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62 myView_overlap_green('Atlas Set (Moving Intensity Image and its
manuaal segmentation) around Right ROT"', ...

63 cropMovVol_Right, viewRHippoX,viewRHippoY,viewRHippoZ,
movSeg_Right);

64 % Make similar range of intensities for both 3D image for better
registration

65 movVol_org = cropMovVol_Right;

66 refVol_org = cropTargetVol_Right;

67 [adjMov, adjRef, adjMovRatio, maxOrgMov, minOrgMov] = ...
68 rough_int_adjust3(movVol_org, refVol_org);

69 movVol = adjMov;
70 refVol = adjRef;

71 % 3D deformable registration

72 [movVol_updated, Tx, Ty, Tz] = deformableRegister3D(movVol, refVol,
iterLimit);

73 intAdjustBackMov = rough_int_adjustBack(movVol_updated,
adjMovRatio, maxOrgMov, minOrgMov) ;

74 movSegVol_updatedNN = interp3(movSeg_Right, Ty, Tx, Tz, 'nearest');

75 myView_overlap_green('Registration Result from Right ROI of Atlas
set',...

76 intAdjustBackMov, viewRHippoX,viewRHippoY,viewRHippoZ,
movSegVol_updatedNN);

77 myView_overlap_green('Segmentation Result for Right ROI of Target
Image', ...

78 cropTargetVol_Right, viewRHippoX,viewRHippoY,viewRHippoZ,
movSegVol_updatedNN);

79 toc

T gk NECHEE R S R, TR R 2 G X (Region of Interest,
ROD) (I atlasSeg Main.m 1 20~24 17). K KM EFE /NG A, FRATH atlas
KIMGAN H br GBS A 22 ROT AAT ROT AN X3k, JET atlas T340 %1 H bR T X

K 8.5 45 T MBS/ R EIRR (FE X. Y 1 Z AN &EE T 20
MEZIRED 11 atlas BHURASRIMABT L5, B 8.5 HIEE—1T45 i T ROI (15
i atlas %, 5 AT T XN ERET atlas G T3h 0 EIKIHE, =474 T H
BEUG . Jolg HARRRRE R 1 (IS 19 47 objNum=1), iAo AR IR (E 15
2 (WA 50 AT objNum=2). IXFERE TR, vl LR ZS Dy ks e AT 100 A
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ROI A2 ROL. & 8.6 45 H T G847 IhE Th 44 o) EREAR 1) BT 45 3L
W e e L e

File Edit View Inset Tools Desktop Window Help

DEEdL R RVODLL- G| 0E | aD

X=30 Plane Y=28 Plane 7225 Plane

10 20 30 40 50

10 20 30 40 50

K 8.5 X=30. Y=28 Fil Z=25 “F-[fi_I atlas KI{£4EM /2 ROI (cropMovVol Left) ,
XTI AR, BN 1 Cndc Tt —HHEHG TR

-
[} Atlas Set (Moving Intensity Image and its manuaal ion) around Right ROT

!
i

File Edit View Inset Tools Desktop Window Help

DEde [MRKNOPEL- |08 nD

*=28 Plane Y=24 Plane Z=23 Plane

8.6 X=28. Y=24 Fll Z=23 [ I atlas EI{5£E[¥) 47 ROL (cropMovVol_Right) ,
AR, B RER 2 (s N —HEER TR
Kl 8.7 i 8.8 45 th T Hbs MG MBI &5, H HAREHEFIDIE atlas EE A
AH 7] (R A A Y
H T2 38 atlas BUSRFEH 3BT AR,  DIAREET atlas EIE H#3)1A
1% (Moving Image, W.5% 34 17), #34HIrEIG NS % E1E (Reference Image, L
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% 35 17, fﬁﬁ%ﬂ.%%ﬂﬂ%gﬁﬁéugﬁxﬁ(E@E’Jltﬁﬁﬁﬂ{ﬁ SIHEE (ILEE 36
AT 1) rough_int adjust3), iZ4T# 40 1T deformableRegister3D. W[H 3D %%t
(T, Ty, T ¥ atlas Z3#EIBINR (HES 42 47D Fe4ieh B bR EUR 1 5 285 B .
gdiRnE 89 FKE 810 Frox. ReW i & E A2 DK viewLHippoX -
viewLHippoY . viewLHippoZ F1 A7 i & 44 [ viewRHippoX . viewRHippoY .
viewRHippoZ %45 J-V- 1

~
r Target Image around Left ROI o8] ]

File Edit View Inset Tools Desktop Window Help Ll

DEEHS M RIODEL- (S |0E | aDd

Z=25 Plane
X=30 Plane

Y=28 Plane

10 20 30 40 50 ]
10 20 30 40 50

8.7 X=30. Y=28 Fl Z=25 V[ b H b5 EHEEAE M2 ROL (cropTargetVol_Left)

Bereiors v I ===

|| File Edit View Insert Tools Desktop Window Help

DEEHS R ARXOVDLEL- S |08 | e

Z=23 Plane
X=28 Plane

Y=24 Plane

80

10 20 30 40 50

10 20 30 40 50

Kl 8.8 X=28. Y=24 fil Z=23 *F[il b HAxEI{&£E )45 ROI (cropTargetVol Right)
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B Segmentation Result for |

File Edt View Inset Tools Desktop Window Help
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Elapsed time is 609.036528 seconds.
8.11 atlasSeg Main.m i=47H[f]
R 8.9 FIE 8.10 /B 45 RAEAKIRAIE, (HZ /ol DA 4

] atlasSeg_Main.m IZ1T I [HI3YZ) K 609 so T [ 70 144 12 Bt R B N FEIN 118 5
TR,
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8.3 BT (DA &t

8.3.1 4t MATLAB Ui

WAE, £ MATLAB 8] Profiler 73104, A 3144 atlasSeg_Main Jf
11T, Bl 8.12 Arir iR, MET R a2, SIS TRIEE 95%K H eRi%k
deformableRegiser3D. IR AL /3445 R s deformableRegiser3D 17, BEBZIRTT
Ui 8.13 P VRGN o3 pr 4 AR

atlasSeg_Main (1 call, 793.349 sec)

Generated 13-Jul-2013 10:53:57 using cpu time.

script in file C:\L AB_sample\m_code. Main.m
10 new window for comparing muliple run:

This function changed during profiing or before generation of this report. Results may be incomplete o inaccurate.
V] Show parent functions ¥ Show busy lines  [¥) Show child functions
%) Show Code Analyzer results [¥) Show file coverage (7] Show function listing

Parents (calling functions)
No parent

Lines where the most time was spent

Line Number | Code Calls | Total Time | % Time | Time Plot
3 [wovVol_updated, Tx, Ty, Tz) =... 1 3953825 495%
5 (wovVol_updated, Tx, Ty, Tz) =... 1 3939435 497% |
2 [croplowVol Left, minPosX, max... 1  0547s  01%
55 [cropMowVol Right, minPosX, ma... 1  0541s  01%
3 Load (*medical3D_data') ; 1 0482s  01%
Al other lines 24745 03%
Totals 7933495 | 100%

Children (called functions)

Function Name Function Type | Calls | Total Time | % Time | Time Plot
I deformableRegister3D function T 7e332s 995% | EE— I
"Clop_around ROl Tanction T o 0%
myView2 function 4 |o7ets 04%
myView_overtap_green function 3 07®s  04%
myView_overlap_red function 3 o7mts  04%
close function 1 0MEs  00%

Kl 8.12 FREH 4R (atlasSegMain.m)

deformableRegister3D (2 calls, 789.321 sec)

Generated 13-Jul-2013 10:55:32 using cpu time.

function in file C. AB_sample\m_code_Or D.m
Copy to new window for comparing multiple runs

9] Show parent functions 9] Show busy lines 7] Show child functions

9] Show Code Analyzer results [7] Show file coverage [¥] Show function listing
Parents (calling functions)
Function Name | Function Type ' Calls

atlasSeq_Main | script 2

Lines where the most time was spent

Line Number = Code Calls Total Time % Time Time Plot
50 regz = cal_regularization(Tz, ... 2000 207.400s 263% | mmm

8 regx = cal_regularization(Tx, ... 2000 207.363s 263% | mmm
49 regY = cal_regularization(Ty, ... 2000 207.319s 263% W

3 movVol_updated = interp3 (movVo... 2000 40613s | 51% B

% movXGrad = interpd (movXGrad Or... 2000 39.170s | 50% | §

Al other lines 87457s 11.1% m

Totals 789.321s | 100%

Children (called functions)

Function Name Function Type  Calls Total Time % Time ' Time Plot
I_tequianization function 6000 | 621.367 5 | 78.7%
interp3 function 8000 154744 's | 196%
— —
cal delta function 6000 4.413s | 06% |
al_deformation_for function 6000 27165 | 03%
meshgrid. function 2 00055 |00%

Bl 8.13  JHHFERT A 32 PR AU S (] deformableRegister3D #4445
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1 function [movVol_updated, Tx, Ty, Tz] = deformableRegister3D
(movVol, refVol, iterLimit)

[refX, refY, refZ] =size(refVol)
[Ty,Tx,Tz] = meshgrid(l:refY,l:refX,l:refZ);

w N

% calculate gradient for moving volume
[movX, movY, movZ] = size(movVol)
movXGrad_0Org = zeros(movX, movY, movZ);
movYGrad_0Org = zeros(movX, movY, movZ);
movZGrad_Org = zeros(movX, movY, movZ);

o N O o B~

9 movXGrad = zeros(movX, movY, movZ);

10 movYGrad = zeros(movX, movY, movZ);

11 movZGrad = zeros(movX, movY, movZ);

12 movXGrad_Org(2:end—1,2:end—1,2:end—1)=movVol(3:end,2:end—1,2:
end—1)—-movVol(l:end—2,2:end—1,2:end—-1);
13movYGrad_Org(2:end—1,2:end—1,2:end—1)=movVol(2:end—1,3:end,Z:
end—1)—movVol(2:end—1,1:end—2,2:end—1);

14 movZGrad_0Org(2:end—-1,2:end—1,2:end—1)=movVol(2:end—1,2:end—1,3:
end) —movVol(2:end—1,2:end—1,1:end—2);

15 forceX = zeros(refX, refY, refZ);
16 forceY = zeros(refX, refY, ref’Z);
17 forceZ = zeros(refX, refY, refZ);

18 regX = zeros(refX, refY, refZ);
19 regY = zeros(refX, refY, refZ);
20 regZ = zeros(refX, refY, refZ);

21 delta_Tx = zeros(refX, refY, refZ);

22 delta_Ty = zeros(refX, refY, refZ);
23 delta_Tz = zeros(refX, refY, refZ);

24 foriter =1:iterLimit

25 iter
26 movVol_updated = interp3(movVol, Ty, Tx, Tz); % makemovVol in the ref

space
27 movXGrad = interp3(movXGrad_Org, Ty, Tx, Tz);

28 movYGrad = interp3(movYGrad_Org, Ty, Tx, Tz);

29 movZGrad = interp3(movZGrad_0Org, Ty, Tx, Tz);

30 % calculate deformation force

31 forceX = cal_deformation_force(refVol, movVol_updated, movXGrad);
32 forceY = cal_deformation_force(refVol, movVol_updated, movYGrad);
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33 forceZ = cal_deformation_force(refVol, movVol_updated, movZGrad);
34 % Regularization

35 % Regularization makes the registration smoother warps.
36 regulFactor =0.1;

37 regX = cal_regularization(Tx, regulFactor);

38 regY = cal_regularization(Ty, regulFactor);

39 regZ = cal_regularization(Tz, regulFactor);

40

41 stepSize=1.0;

42 delta_Tx = cal_delta(forceX, regX, stepSize);

43 delta_Ty = cal_delta(forceY, regY, stepSize);

44 delta_Tz = cal_delta(forceZ, regZ, stepSize);

45 Tx = Tx+ delta_Tx;

46 Ty = Ty + delta_Ty;

47 Tz =Tz+ delta_Tz;

48 Tx = max(min(Tx, refX), 1);

49 Ty = max(min(Ty, refY), 1);

50 Tz =max(min(Tz, refZ), 1);

5lend

7t deformableRegister3D HEEHRATEA 45 R REWS F H cal_regularization #2351
(I THREER, interp3 SEIRITHI TR B 8.14 bril TisH B R, Bl deformable
Register3D HF5ZE)

FFEAIITST cal regularization FA5EH, fich /M4 SR I¥ al regularization 17, AERS
HRIEVEM 0 HTEE R, i 8.15 M 8.16 fvn. HIHTas fnl 40, KEBsr e+
PRIPUEFIREEE Gy, 5, b, R, 28, ) SAEREE %, SEIERARTE.

H & 8.13 AILAA3H interp3 S RFEI T, &l 8.13 T interp3, 433
ikl 8.17 Fransrdritiim. T4 deformableRegister3D i i [ interp3 J&
MATLAB W R, WA s SRS KZE 5, ) MATLAB N R £
T AL T 2 M I 22 J2 IR B AR

/¢ 8.14  deformableRegister3D 7 HT 455, s iy FH 8 2038 SN TR) (1) TR LU s e S
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cal_regularization (6000 calls, 621.367 sec)

Generated 13-Jul-2013 10:56:11 using cpu time.

function in file C:\Users\jsuh\Documents\MATLAB_sample\m_code_Only\cal_reqularization.m
new window for comparing multiple run:

Refresh

V] Show parent functions V] Show busy lines Show child functions
Show Code Analyzer results [¥] Show file coverage [¥] Show function listing

Parents (calling functions)

Function Name Function Type = Calls
deformableRegister3D | function 6000

Lines where the most time was spent

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

13 regularization(i,j,k) =(gradIm... 1000242000 514.208 s 82.8% NG
20 end 1000242000 100.289s  16.1% | WE

1 for k=2:(sizeZ-1) 19242000 3510s 06% ||

21 end 19242000 1.626s  03%

14 regularization = zeros(sizeX, ... 6000 1607 s 0.3%

All other lines 0127 s 0.0%

Totals 621.367 s | 100%

K 8.15 cal regularization FA5E ST 145

Children (called functions)
No children

Code Analyzer results
No Code Analyzer messages.
Coverage results
Show coverage for parent directory
Total lines in function 21

Non-code lines (comments, blank lines) | 12

Code lines (lines that can run) 9
Code lines that did run 9
Code lines that did not run 0
Coverage (did run/can run) 100.00 %

Function listing
Color highlight code according to

time calls 1line

2 function regularization = cal_regularization(gradImg, factor)
3 % Laplacian smoothing as a regularization method
&
< 0.01 6000 5 [sizeX, sizeY, sizeZ) = size(gradlmg):;
€
161 €000 7 regularization = zeros(sizeX, sizeY, sizeZ):
< 0.01 €000 9 for i=2:(sizeX-1)
0.07 381000 __10 for j=2:(sizeY¥-1)
3.51 19242000 11 for k=2:(sizeZ-1)
12
$14.21 1000242000 __13 |G S G S G e g (L= =G e T (L
ST gradmmg(i+l, 3, b - gradlmg(i,3,0) + ...
o graamg(i, 3-1, k) - gradmg(i,3,0) + ...
0 gradlg(i, 3L, K) - gradlng(L,3,K) + ...
. graamg(i, 3, k-1) - gradmg(i,3,k) + ...
. graamg(i, 3, k+l) - gradIng(1,3,k)) * factors
19
100.29 1000242000 20 end
1.€3 19242000 21 end

0.04 381000 22 end

8.16 cal_regularization FAEHEITELN 747
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interp3 (8002 calls, 153.612 sec)
Generated 15-Jul-2013 14:20:46 using cpu time.

function in file C:\Program Files\MATLAB\R201 Ib i 3.m
Copy to new window for multiple runs
V] Show parent functions ] Show busy lines  [¥] Show child functions

[7) Show Code Analyzer results [7] Show file coverage [¥] Show function listing

Parents (calling functions)

Function Name Function Type ' Calls
deformableReqister3D | function 8000
atl in script 2

Lines where the most time was spent

Line Number = Code Calls | Total Time ' % Time ' Time Plot
170 Vg = F(Xq,Yq,2q); % NDGRID fo... 8002 118.181s 76.9% I
167 Xq = permute (Xq,p) ; 8002 5598s 36% 1

168 Yq = permute (Yo, p) ; 8002 5365s 35% |1

103 V = permute(V,p); 8002 | 5.287 s 34% 1

169 Zq = permute (Zq, p) 8002 5.148's 34% 1

All other lines 14033s |91% | |

Totals 1563612s  100%

8.17 interp3 FHLH AT 45

8.3.2 &SPl CUDA Fefitiz it

Mo BT & R g &I cal regularization S AT FALER H. interp3 A& 045
Yoo PrLALATEH] CUDA Al c-mex AKX AMBTHORYE 8N 73 B R . H
A&, FHT4I0iE% deformableRegister3D A5, 7EU1 R deformableRegister3D {5,
cal_regularization H! interp3 7 TIEAAEI T, I HAT—LeHABBIIAT THATS

1 function [movVol_updated, Tx, Ty, Tzl = deformableRegister3D
(movVol, refVol, iterLimit)

24 foriter =1:iterLimit

25 iter

26 movVol_updated = interp3(movVol, Ty, Tx, Tz): % make movVol in the ref
space

27 movXGrad = interp3(movXGrad_0Org, Ty, Tx, Tz);
28 movYGrad = interp3(movYGrad_Org, Ty, Tx, Tz);
29 movZGrad = interp3(movZGrad_0rg, Ty, Tx, Tz);
30 % calculate deformation force

31 forceX = cal_deformation_force(refVol, movVol_updated,
movXGrad);

32 forceY = cal_deformation_force(refVol, movVol_updated,
movYGrad) ;

33 forceZ = cal_deformation_force(refVol, movVol_updated,
movZGrad) ;
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34 % Regularization

35 % Regularizationmakes the registration smoother warps.
36 regulFactor =0.1;

37 regX = cal_regularization(Tx, regulFactor);

38 regY = cal_regularization(Ty, regulFactor);

39 regZ =cal_regularization(Tz, regulFactor);

40

41 stepSize=1.0;

42 delta_Tx

cal_delta(forceX, regX, stepSize);

43 delta_Ty = cal_delta(forceY, regV, stepSize);
44 delta_Tz = cal_delta(forceZ, regZ, stepSize);
45 Tx = Tx+ delta_Tx;

46 Ty = Ty + delta_Ty;

47 Tz =Tz+ delta_Tz;

48 Tx = max(min(Tx, refX), 1);

49 Ty = max(min(Ty, refY), 1);

50 Tz = max(min(Tz, refZ), 1);

51 end

JIREL, G RACK XA 8 CUDA WI I c-mex BRECERAR, AT
CPU M1 GPU W A7 [A] B A X PSRRI Al B AT o Il e v (1

Aty ZAR 2 TR IR I R AR R

I, iy CPU Rl GPU A fifieis Z [0 Btk docf 1) ME e Rk A 4
FREHC GPU AURD, IXFEAERS RIS U CPU T GPU BEs 2 [ 1 4= Kt o

8.4 (UDA %3 1—IEM{L

PN RIT U cal_regularization, 1% T HEHRE 40 BT i8R th B BRI 2. 7E
m_code_partialCuda 7~ ] 3L Jerfr, F IR atlasSeg PartialCuda.m F1 2 Hi [

atlasSeg Main.m 3 JL°F-AH A (K1 45440

1
2
3
4
5
6

7
8
9
1
1

— O

#include "mex.h"
#include <cuda_runtime.h>
#include "cal_regularization_cuda.h"

// function regularization = cal_regularization(gradIimg, factor);
void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray

*prhs[])

{

if (nrhs ! = 2)
mexErrMsgTxt("Invalid number of input arguments");

if (nlhs!=1)
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35
36
37

38
39
40
41
42
43
44

45}

mexErrMsgTxt("Invalid number of outputs");

for (inti=0;1<nrhs;++1)
{
if (!mxIsDouble(prhs[i]))
{
mexErrMsgTxt ("input vector data type must be double");
break;

const mwSize* size = mxGetDimensions(prhs[0]);
int sizeX =sizel[0];
int sizeY =sizel[1];
int sizeZ =sizel[2];

// inputs
double* gradImg = (double*)mxGetData(prhs[0]);
double factor = *((double*)mxGetData(prhs[1]));

// outputs
plhs[0] = mxCreateNumericArray(3, size, mxDOUBLE_CLASS, mxREAL);
double* regularization = (double*)mxGetData(plhs[0]);

// calRegularization cuda
calRegularization(gradImg, factor, regularization, sizeX, sizeY,
sizel);

cudakError_t error = cudaGetlLastError();

if (error ! = cudaSuccess)

{
mexPrintf("%s\n", cudaGetErrorString(error));
mexErrMsgTxt ("CUDA failed\n");

cal_regularization_cuda.h

~N OO W N

JHifndef _ CALREGULARIZATION_H__
ftdefine __CALREGULARIZATION_H__

externvoid calRegularization(double* in, double factor, double* out,

int sx, int sy, intsz);

ftendif // __CALREGULARIZATION_H_

calRegularization.cu
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35
36
37
38
39
40
41
42
43
44
45

__global__ void calRegularizationKernel(double* in, double factor,

double* out,

int sx, intsy, intsz)

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

// compute capability >= 2.x

//int j = blockIdx.y * blockDim.y + threadldx.y;
//int k = blockIdx.z * blockDim.z+ threadldx.z;

// compute capability <2.x

int gy = (sy+ blockDim.y—1) / blockDim.y;

int j = (blockIdx.y % gy) *blockDim.y + threadldx.y;
int k = (blockIdx.y / gy) *blockDim.z+ threadldx.z;

if(i<l|i>=sx-1]
J<1li>=sy- -1l
k<l|lk>=5sz-1)
return;

int idx =sx*(sy*k+J)+1;
double org = in[idx];
out[idx] = (inlsx* (sy*k+j)+1-1]—org+
inlsx* (sy*k+j)+i+1]—-org+
inlsx* (sy*k+j-1)+1i]J—org+
in[sx* (sy*k+j+1)+il—-org+
inlsx* (sy*(k=1)+j)+il—-org+
inlsx* (sy*(k+ 1)+ j)+il—org) * factor;

void calRegularization(double* in, double factor, double* out,

int sx, int sy, intsz)
{
int totalSize =sx*sy *sz;
double* devT =0;
cudaMalloc(&devT, sizeof(double) * totalSize);
cudaMemcpy (devT, in, sizeof(double) * totalSize,
cudaMemcpyHostToDevice):

// temps

double* devReg = 0;

cudaMalloc(&devReg, sizeof(double) * totalSize);
cudaMemset (devReg, 0, sizeof(double) * totalSize);

dim3 blockSize(4, 4, 4);

// compute capability >= 2.x

//dim3 gridSize((sx+ blockSize.x—1) / blockSize.x,
// (sy+ blockSize.y—1) / blockSize.y,
// (sz+ blockSize.z—1) / blockSize.z);
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46 // compute capabiltiy <2.x

47 int gy = (sy+ blockSize.y—1) / blockSize.y;

48 int gz = (sz+ blockSize.z—1) / blockSize.z;

49 dim3 gridSize((sx+ blockSize.x—1) / blockSize.x, gy *gz, 1);

50

51 calRegularizationKernel < < <gridSize, blockSize> > > (devT,
factor, devReg,

52 SX, Sy, SZ);

53

54 cudaMemcpy(out, devReg, sizeof(double) * totalSize,
cudaMemcpyDeviceToHost);

55 cudaFree(devReg);

56 cudaFree(devT);

57}

A LLE R E MATLAB iv4 % ] mex fr 2 A0%E c-mex M. (HAZ, 1%
BUFH nvee Jwidsdnit CUDA BR%L, FFETRA mex BHEREE| HAR. R LLGIEE
c-mex A, IR PR:

® {F Mac OS X #/F &&

% mac

system('/Developer/NVIDIA/CUDA-5.0/bin/nvcc -c calRegularization.cu
-m64 -Xptxas -v');

mex cal_regularization_cuda.cpp calRegularization.o -lcudart -L"/
Developer/NVIDIA/CUDA-5.0/1ib" -1"/Developer/NVIDIA/CUDA-5.0/
include" -v

® /t Windows 64 N EAE RS+

% MS Windows

system('nvcc -c calRegularization.cu -Xptxas -v');

mex cal_regularization_cuda.cpp calRegularization.obj -lcudart -L"C:
\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v5.0\Tib\x64" -I"C:
\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v5.0\include" -v

R AN Microsoft C 4P av i A AT [l vl LAWIAf e B4 AR A2 L B

% MS Windows
system('nvcc -c calRegularization.cu -Xptxas -v -ccbin "C:\Program Files
(x86)\Microsoft Visual Studio 10.0\VC\bin""');

RIG, FEE I deformableRegister3D(...) B ECR A c-mex WA . 1B R%L
4 deformableRegister3D_partialCuda.m.

1 function [movVol_updated, Tx, Ty, Tz] = deformableRegister3D_partial
Cuda(movVol, refVol, iterLimit)

[refX, refY, refZ] =size(refVol)

[Ty,Tx,Tz] =meshgrid(l:refY,l:refX,l:refZ);

o1 BN

% calculate gradient for moving volume
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[movX, movY, movZ] = size(movVol)

movXGrad_0rg = zeros(movX, movY, movZ);
movYGrad_0Org = zeros(movX, movY, movZ);
movZGrad_0rg = zeros(movX, movY, movZ);

O 00 N o

10 movXGrad = zeros(movX, movY, movZ);
11 movYGrad = zeros(movX, movY, movZ);
12 movZGrad = zeros(movX, movY, movZ);

13 movXGrad_Org(2:end—1,2:end—1,2:end-1) =movVol(3:end,2:end—1,2:
end—1) —movVol(l:end—2,2:end—-1,2:end—-1);

14 movYGrad_Org(2:end—1,2:end—=1,2:end—=1) =movVol(2:end—1,3:end,
2:end—=1) —movVol(2:end—1,1:end—2,2:end—-1);

15 movZGrad_Org(2:end—1,2:end-1,2:end—1) =movVol(2:end—1,2:end—-1,
3:end) —movVol(2:end—1,2:end—-1,1:end—-2);

16 forceX = zeros(refX, refY, refZ);
17 forceY = zeros(refX, refY, refZ);
18 forceZ = zeros(refX, refY, refl);

19 regX = zeros(refX, refY, refZ);
20 regY = zeros(refX, refY, ref’Z);
21 regZ = zeros(refX, refY, refZ);

22 delta_Tx = zeros(refX, refY, refZ);
23 delta_Ty = zeros(refX, refY, refZ);
24 delta_Tz = zeros(refX, refY, refZ);

25 foriter =1:iterLimit

26 iter

27 movVol_updated = interp3(movVol, Ty, Tx, Tz); % make movVol in the ref
space

28 movXGrad = interp3(movXGrad_Org, Ty, Tx, Tz);
29 movYGrad = interp3(movYGrad_Org, Ty, Tx, Tz);
30movZGrad = interp3(movZGrad_Org, Ty, Tx, Tz);

31 %calculate deformation force

32 forceX = cal_deformation_force(refVol, movVol_updated, movXGrad);
33 forceY = cal_deformation_force(refVol, movVol_updated, movYGrad);
34 forceZ = cal_deformation_force(refVol, movVol_updated, movZGrad);
35 % Regularization

36 % Regularization makes the registration smoother warps.

37 regulFactor =0.1;

38 regX = cal_regularization_cuda(Tx, regulFactor);

39 regY =cal_regularization_cuda(Ty, regulFactor);
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40 regZ = cal_regularization_cuda(Tz, regulFactor);

41 % stepSize=0.5;

42 stepSize =1.0;

43 delta Tx = cal _delta(forceX, regX, stepSize);
44 delta_Ty = cal_delta(forceY, regY, stepSize);
45 delta_Tz = cal_delta(forceZ, regZ, stepSize);

46 Tx = Tx+ delta_Tx;
47 Ty =Ty + delta_Ty;
48Tz =Tz+ delta_Tz;

49 Tx =max(min(Tx, refX), 1);

50 Ty = max(min(Ty, refY), 1);

51Tz =max(min(Tz, refZ), 1);

52 end

# cal_regularization ¥4y CUDA JRA ST, AaifE A oy S A0 R Bis
AT TR ER IR N 1825 (WLKE 8.18), Lt atlasSeg Main.m K%y 3.34 5. WipyHT
&, XI cal regularization LAEE/T CUDA #:4, fEIAH CPU Al GPU f7fifi 2 [H]
IR A E . 8.5 4irh, FRATRIATIEAIZH Y CUDA 4.

999

iter =
1000

Elapsed time is 182.141124 seconds.

| 8.18 atlasSeg_PartialCuda.m 4TI} ]

8.5 (UDA 3%k 2—[E{R A/

A, AT deformableRegister3D 14 HBIEA AR 44 c-mex Fil
CUDA FR#. N T f/MEENUN 8 2 A AL S, KRR b R RN AR AR
&y CUDA #iH. JLaJd 5 4~ CUDA WIZERHL

MATLAB CUDA W1ZE$

interp3(...) callnterp3<<<...>>>
cal_deformation_force calDeformationForce<<<...>>>
cal_delta calDelta<<<...>>>
cal_regularization calRegularization<<<...>>>
Tx = Tx+ delta_Tx; updatePos<<<...>>>

Tx =max(min(Tx, refX), 1);
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FATII LRI T 4xdx4 SRR, BIRENERREEIL 64 2R LRE R /N2
ST EREH RIS o B8 2R A AR BRI /N4 -

dim3 blockSize(4, 4, 4);

// compute capability >= 2.x

//dim3 gridSize((sx+ blockSize.x—1) / blockSize.x,
// (sy+ blockSize.y—1) /blockSize.y,

// (sz+ DblockSize.z—1) / blockSize.z);

// compute capabiltiy <2.x
int gy = (sy+ blockSize.y—1) / blockSize.y;
int gz = (sz+ blockSize.z—1) / blockSize.z;
dim3 gridSize((sx+ blockSize.x—1) / blockSize.x,
gy * gz,
1);
W, W GPU MiHERE)), ZeREmIMs K/ANATRESCRE, A REAN SR =4k
AR = LR WS I, S e AR, RS 7 TN, AENAZR
ke .

int i =Dblockldx.x *blockDim.x+ threadldx.x;

// compute capability >= 2.x
//int j =blockIdx.y *blockDim.y+ threadldx.y;
//int k = blockIdx.z *blockDim.z+ threadldx.z;

// compute capability <2.x

int gy = (sy+ blockDim.y—1) / blockDim.y;

int j = (blocklIdx.y % gy) *blockDim.y + threadldx.y;
int k = (blockIdx.y / gy) *blockDim.z+ threadldx.z;

— EARAR AT € SR AS RN, 8 GPU #e& Rgati ANt 73 Bic A7
it i) ARJEAEH cudaMemepy(...) MFEHLIN GPU B B HilEdE . IS
WHNZR S R e RS, s R [ E L.

A FZAT: register3D.cpp il register3D_cuda.cu. register3D.cpp AT
c-mex HFHIATFER H i register3D(...) BA%{. register3D cuda.cu $HAT T
CUDA W %R HURT GPU [MAF#ERAE .

e CUDA WS, 2T GPU 125 f8 )1 A% BR 0T R ANHE 2 X0R B
T Ia e W RIRIY GPU 18 8RE ) KRR S o I, 7 ZOR A e 4 0 o
FEEE o A B E SCREBUR S -
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registger3D.cpp

58 ##include "mex.h"
59 #include <cuda_runtime.h>
60 ##include "register3D_cuda.h"

61

62 // funciton [movVol_updated, Tx, Ty, Tz] = register3D(movVol, refvol,

movXGrad_Org, movYGrad_Org, movZGrad_Org, ...

63//

64 // Tx, Ty, Tz, ...

65 // iterLimit, regulFactor, stepSize);
66 void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs(])

67 {

68 if (nrhs ! =11)

69 mexErrMsgTxt("Invaid number of input arguments");
70

71 if (nThs | =4)

72 mexErrMsgTxt("Invalid number of outputs");

73

74 for (inti=0;1<nrhs;++1)

75 {

76 if (ImxIsDouble(prhs[il))

77 {

78 mexErrMsgTxt("input vector data type must be double");
79 break;

80 1

81 }

82

83 const mwSize* size = mxGetDimensions(prhs[0]);

84 int sx =sizel0];

85 int sy =sizel[l];

86 intsz=sizel2];

87

88 // inputs

89 doubTe* movVol = (double*)mxGetData(prhs[0]);

90 double* refVol = (double*)mxGetData(prhs[1]);

91 double* movXGrad_Org = (double*)mxGetData(prhs[2]);
92 double* movYGrad_0Org = (double*)mxGetData(prhs[3]1);
93 double* movZGrad_0Org = (double*)mxGetData(prhs[4]);
94 double* TxIn = (double*)mxGetData(prhs[5]);

95 double* TyIn = (double*)mxGetData(prhs[(61);

96 double* TzIn = (double*)mxGetData(prhs[7]);

97 double iterLimit = *((double*)mxGetData(prhs[81));
98 double regulFactor = *((double*)mxGetData(prhs[9]));
99 double stepSize = *((double*)mxGetData(prhs[10]1));
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100

101 // outputs

102 plhs[0] = mxCreateNumericArray(3, size, mxDOUBLE_CLASS, mxREAL);
103 doubTe* movVol_updated = (doubTe*)mxGetData(pThs[0]);

104 plhs[1] = mxCreateNumericArray(3, size, mxDOUBLE_CLASS, mxREAL);
105 double* Tx = (double*)mxGetData(plhs[1]);

106 plhs[2] = mxCreateNumericArray(3, size, mxDOUBLE_CLASS, mxREAL);
107 double* Ty = (double*)mxGetData(plhs[2]);

108 plhs[3] = mxCreateNumericArray(3, size, mxDOUBLE_CLASS, mxREAL);
109 double* Tz = (double*)mxGetData(plhs[3]);

110

111 // register3D cuda

112 register3D_cuda(movVol,

113 refVol,

114 movXGrad_Org,

115 movYGrad_0Org,

116 movZGrad_Org,

117 TxIn, Tyln, Tzln,

118 movVol_updated,

119 Tx, Ty, Tz,

120 SX, Sy, sz,

121 (int)iterLimit, regulFactor, stepSize);
122

123 cudaError_t error = cudaGetlLastError();

124 if (error | = cudaSuccess)

125 {

126 mexPrintf("%s\n", cudaGetErrorString(error));
127 mexErrMsgTxt ("CUDA failed\n");

128 }

129 }

register3D_cuda.h

14#ifndef _ DEFORMABLEREGISTER3D_H__
2 ffdefine __DEFORMABLEREGISTER3D_H__

3

4 externvoid register3D_cuda(double*movVol, // in

5 double* refVol, // in

6 double* movXGrad_Org, // in
7 double* movYGrad_Org, // in
8 double* movZGrad_0Org, // in
9 double* TxIn, //1in

10 double* TyIn, //in

11 double* TzIn, //in

12 double* movVol_updated, // out
13 double* Tx, // out

14 double* Ty, // out
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15 double* Tz, // out
16 int sx, int sy, intsz,
17 int iterLimit,

18 double regulFacotr,
19 double stepSize);

20

21 ffendif // __DEFORMABLEREGISTER3D_H_
register3D_cuda.cu

22 ffinclude "register3D_cuda.h"

23

24 __global__voidcallnterp3(double* Vin,

25 double* Tx, double* Ty, double* Tz,
26 double* Vout,

27 int sx, int sy, int sz)

28 {

29 int i =blockIdx.x * blockDim.x+ threadldx.x;

30 // compute capability >= 2.x

31 //int j =blockIdx.y *blockDim.y+ threadldx.y;

32 //int k = blockIdx.z *blockDim.z+ threadldx.z;

33 // compute capability < 2.x

34 int gy = (sy+ blockDim.y—=1) / blockDim.y;

35 int j = (blockIdx.y %gy) *blockDim.y+ threadldx.y;
36 int k = (blockIdx.y /gy) *blockDim.z+ threadIdx.z;
37

38 if(i>=sx—-1|j>=sy—-1|lk>=1sz—-1)

39 return;

40

41 int idx =sx* (sy*k+ Jj)+1;
42

43 double tx = Tx[idx];

44 double ty = Ty[idx];

45 double tz =Tz[idx];

46 int ix= (int)tx—1;

47 intiy = (int)ty—1;

48 intiz=(int)tz—-1;

49 int idx0 =sx * (sy *iz+ iy)+ ix;

50 int idxl =sx* (sy*iz+iy)+ix+1;

51 int idx2 =sx * (sy*iz+iy+ 1)+ 1ix;

52 int idx3=sx*(sy*iz+iy+ 1)+ ix+1;
53 int idxd =sx* (sy* (iz+ 1)+ 1iy)+ ix;
54 int idxb=sx* (sy* (iz+1)+iy)+ix+1;
55 int idx6 =sx* (sy* (iz+ 1)+ 1iy+1)+ix;
56 int idx7 =sx* (sy* (iz+ 1)+ iy+ 1)+ ix+1;
57

58 // along x
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59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77}
78

doublewd = floor(tx+1.0) —tx;
doublewu=1.0—-wd;

double ROO =wd * Vin[idx0]+ wu * Vin[idx1];
double R10 = wd * Vin[idx2]+ wu * Vin[idx3];
double ROl =wd * Vin[idx4]+ wu * Vin[idx5];
double R11 =wd * Vin[idx6]+ wu * Vin[idx71];

// alongy
wd = floor(ty+1.0) —ty;
wu=1.0—wd;

double RO = wd * ROO+ wu * R10;
double Rl = wd * RO1 4+ wu * R11;

// along z
wd = floor(tz+1.0) —tz;
wu=1.0-wd;

Vout[idx] =wd * RO+ wu * R1;

79 __global__void calDeformationForce(double* refImg, double* movImg,

80

81
82 {
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97 }
98

double*
forcelmg,

int sx, int sy, int sz)

int i =blocklIdx.x *blockDim.x + threadldx.x;

// compute capability >= 2.x

//int j =blockIdx.y *blockDim.y+ threadldx.y;
//int k =blockIdx.z *blockDim.z+ threadldx.z;

// compute capability <2.x
int gy = (sy+ blockDim.y—1) / blockDim.y;

int j = (blockldx.y % gy) *blockDim.y + threadIdx.y;
int k= (blockIdx.y / gy) *blockDim.z+ threadldx.z;

if(i>=sx||j>=sy||k>= sz)
return;

int idx =sx* (sy*k+J)+1;

gradientImg,

double*

forcelmg[idx] = (refImg[idx]—movImg[idx]) * gradientImg[idx];

99 __global__voidcalDelta(double* deformForce, double* resistance,

100
101
102 {
103
104

double* delta, double stepSize,
int sx, int sy, intsz)

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

// compute capability >= 2.x
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105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150

//int j =DblockIdx.y * blockDim.y + threadIdx.y;
//int k = blockIdx.z *blockDim.z+ threadldx.z;

// compute capability <2.x

int gy = (sy+ blockDim.y - 1) / blockDim.y;

int j = (blockIdx.y %gy) *blockDim.y+ threadlIdx.y;
int k = (blockldx.y / gy) *blockDim.z+ threadldx.z;

if(i>=sx||j>=sy||k>=5s2)
return;

int idx =sx* (sy*k+ J)+1;

double temp = (deformForcel[idx]+ resistancel[idx]) * stepSize;
temp = (temp>—-1.0) ? temp : —1.0; // max
deltalidx] = (temp<1.0)? temp:1.0; // min

}

__global__voidupdatePos (double* deltaX, double* deltaY, double*
deltalZ,
double* Tx, double* Ty, double* Tz,
int sx, int sy, int sz)

int i =blockldx.x *blockDim.x+ threadldx.x;

// compute capability >= 2.x

//int j =blockIdx.y *blockDim.y+ threadIdx.y;
//int k = blockldx.z*blockDim.z+ threadldx.z;

// compute capability <2.x

int gy = (sy+ blockDim.y—1) / blockDim.y;

int j = (blocklIdx.y %gy) *blockDim.y+ threadlIdx.y;
int k= (blockIdx.y /gy) *blockDim.z+ threadldx.z;

if (i>=sx||j>=sy|lk>= s52)
return;

int idx=sx* (sy*k+Jj)+1;

double tempX = Tx[idx]+ deltaX[idx];
doubTe tempY = Ty[idx]+ delta¥Y[idx];

double tempZ = Tz[idx]+ deltaZl[idx];

tempX = (tempX < sx) ? tempX : sx; // min
tempY = (tempY <sy) ? tempY : sy; // min
tempZ = (tempZ < sz) ? tempZ : sz; // min

Tx[idx] = (tempX >1.0) ? tempX : 1.0; // max
Ty[idx] = (tempY >1.0) ? tempY : 1.0; // max
Tz[idx] = (tempZ >1.0) ? tempZ : 1.0; // max
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151}

152

153 _ _global__void calRegularization(double* in, double factor, doublex*
out,

154 int sx, int sy, int sz)

155 {

156 int i =Dblockldx.x *blockDim.x+ threadldx.x;

157 // compute capability >= 2.x

158 //int j = blockIdx.y * blockDim.y + threadIdx.y;
159 //int k = blockIdx.z *blockDim.z+ threadldx.z;
160 // compute capability <2.x

161 int gy = (sy+ blockDim.y—1) / blockDim.y;

162 int j = (blocklIdx.y % gy) *blockDim.y+ threadldx.y;
163 int k = (blockIdx.y / gy) *blockDim.z+ threadldx.z;
164

165 if(i<l]i>=sx—1]

166 i<lli>=sy—-1]
167 k<lillk>=5sz-1)
168 return;

169

170 int idx =sx* (sy*k+ j)+1;
171 double org = in[idx]1;
172 out[idx] = (in[sx* (sy*k+ j)+i—-1]1—-org+

173 in(sx*(sy*k+j)+1i+1]—-org+
174 in[sx*(sy*k+j—-1)+i]l—-org+
175 infsx*(sy*k+j+1)+1i]—-org+
176 infsx*(sy*(k-1)+j)+il—org+
177 infsx*(sy*(k+1)+j)+il—org) * factor;
178 }

179

180

181 void register3D_cuda(double* movVol, // in

182 double* refVol, // in

183 double* movXGrad_Org, // in
184 double* movYGrad_Org, // in
185 double* movZGrad_Org, // in
186 double* TxIn, //in

187 double* TyIn, //in

188 double* TzIn, //in

189 double* movVol_updated, // out
190 double* Tx, // out

191 double* Ty, // out

192 double* Tz, //out

193 int sx, int sy, intsz,

194 int iterLimit,

195 double regulFactor,

196 double stepSize)
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195

197 {
198
199
200
201
202
203
204
205
206
207
208
209
210
211

212
213
214
215

216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239

int totalSize =sx*sy *sz;

// inputs

double* devMovVol = 0;

double* devRefVol =0;

double* devMovXGrad_Org =0;

double* devMovYGrad_0Org = 0;

double* devMovZGrad_Org =0;

cudaMalloc(&devMovVol, sizeof(double) * totalSize);

cudaMalloc(&devRefVol, sizeof(double) * totalSize);

cudaMalloc(&devMovXGrad_Org, sizeof(double) * totalSize);

cudaMalloc(&devMovYGrad_Org, sizeof(double) * totalSize);

cudaMalloc(&devMovZGrad_Org, sizeof(double) * totalSize);

cudaMemcpy (devMovVol, movVol, sizeof(double) * totalSize,
cudaMemcpyHostToDevice);

cudaMemcpy (devRefVol, refVol, sizeof(double) * totalSize,
cudaMemcpyHostToDevice);

cudaMemcpy (devMovXGrad_0Org, movXGrad_0rg, sizeof (double) *
totalSize, cudaMemcpyHostToDevice);

cudaMemcpy (devMovYGrad_0Org, movYGrad_Org, sizeof(double) *
totalSize, cudaMemcpyHostToDevice);

cudaMemcpy (devMovZGrad_0Org, movZGrad_Org, sizeof(double) *
totalSize, cudaMemcpyHostToDevice);

// temps

double* devMovXGrad = 0;

double* devMovYGrad = 0;

double* devMovZGrad = 0;

double* devForceX = 0;

double* devForceY = 0;

double* devForceZ = 0;

double* devRegX = 0;

double* devRegY = 0;

double* devRegZ = 0;

double* devDeltaTx = 0;

double* devDeltaTy =0;

double* devDeltaTz = 0;

cudaMalloc(&devMovXGrad, sizeof(double) * totalSize);
cudaMalloc(&devMovYGrad, sizeof(double) * totalSize);
cudaMalloc(&devMovZGrad, sizeof(double) * totalSize);
cudaMalloc(&devForceX, sizeof(double) * totalSize);
cudaMalloc(&devForceY, sizeof(double) * totalSize);
cudaMalloc(&devForceZ, sizeof(double) * totalSize);
cudaMalloc(&devRegX, sizeof(double) * totalSize);
cudaMalloc(&devRegY, sizeof(double) * totalSize);
cudaMalloc(&devRegZ, sizeof(double) * totalSize);
cudaMalloc(&devDeltaTx, sizeof(double) * totalSize);
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240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

265
266
267

268

269

270
271
272
273
274
275
276
277
278
279
280
281
282

cudaMalloc(&devDeltaTy, sizeof(double) * totalSize);
cudaMalloc(&devDeltaTz, sizeof(double) * totalSize);
cudaMemset (devMovXGrad, 0, sizeof(double) * totalSize);
cudaMemset (devMovYGrad, 0, sizeof(double) * totalSize);
cudaMemset (devMovZGrad, 0, sizeof(double) * totalSize);
cudaMemset (devForceX, 0, sizeof(double) * totalSize);
cudaMemset (devForceY, 0, sizeof(double) * totalSize);
cudaMemset (devForceZ, 0, sizeof(double) * totalSize);
cudaMemset (devRegX, 0, sizeof(double) * totalSize);
cudaMemset (devRegY, 0, sizeof(double) * totalSize);
cudaMemset (devRegZ, 0, sizeof(double) * totalSize);
cudaMemset (devDeltaTx, 0, sizeof(double) * totalSize);
cudaMemset (devDeltaTy, 0, sizeof(double) * totalSize);
cudaMemset (devDeltaTz, 0, sizeof(double) * totalSize);

// outputs

double* devMovVol_updated = 0;

double* devix = 0;

double* devTy = 0;

double* devTz = 0;

cudaMalloc(&devMovVol_updated, sizeof(double) * totalSize);
cudaMalloc(&devTx, sizeof(double) * totalSize);
cudaMalloc(&devTy, sizeof(double) * totalSize);
cudaMalloc(&devTz, sizeof(double) * totalSize);

cudaMemcpy (devMovVol_updated, movVol, sizeof(double) *

totalSize, cudaMemcpyHostToDevice);

//init Tx, Ty, Tz

cudaMemcpy(devTx, TxIn, sizeof(double) * totalSize,
cudaMemcpyHostToDevice);

cudaMemcpy(devTy, TyIn, sizeof(double) * totalSize,
cudaMemcpyHostToDevice);

cudaMemcpy (devTz, TzIn, sizeof(double) * totalSize,
cudaMemcpyHostToDevice);

dim3 blockSize(4, 4, 4);
// compute capability >= 2.x
//dim3 gridSize((sx+ blockSize.x—1) / blockSize.x,
// (sy+ blockSize.y—1) /blockSize.y,
// (sz+ blockSize.z - 1)/ blockSize.z);
// compute capabiltiy <2.x
int gy = (sy+ blockSize.y—1) / blockSize.y;
int gz = (sz+ blockSize.z—1) / blockSize.z;
dim3 gridSize((sx+ blockSize.x—1) / blockSize.x,
gy * 9z,
1);
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283

284
285

callnterp3<< <gridSize, blockSize>> > (devMovVol, devTx,
devTy, devTz,

devMovVol_updated, sx, sy, sz);

286 for (inti=0; 1 <iterLimit;++1)

287 {
288
289

290
291

292
293

294
295

296
297
298
299

300
301
302

303
304
305

306
307
308
309
310

311
312
313
314
315
316

317

// interpolation

callnterp3 << <gridSize, blockSize>> > (devMovVol, devTx,
devTy, devTz,

devMovVol_updated, sx, sy, sz);

callnterp3<< <gridSize, blockSize>> > (devMovXGrad_Org,
devTx, devTy, devTz,

devMovXGrad, sx, sy, Sz);

callnterp3<< <gridSize, blockSize>> > (devMovYGrad_Org,
devTx, devTy, devTz,

devMovYGrad, sx, sy, sz);

callnterp3<< <gridSize, blockSize>> > (devMovZGrad_Org,
devTx, devTy, devTz,

devMovZGrad, sx, sy, sz);

// deformation force

calDeformationForce << <gridSize, blockSize>> > (devRefVol,
devMovVol_updated,

devMovXGrad, devForceX,

SX, SY, SZ);

calDeformationForce << <gridSize, blockSize>> > (devRefVol,
devMovVol_updated,

devMovYGrad, devForceY,

SX, SY, SZ);

calDeformationForce << <gridSize, blockSize>> > (devRefVol,
devMovVol_updated,

devMovZGrad, devForceZ,

SX, SY, SZ);

// Regularization

calRegularization<< <gridSize, blockSize>> > (devTx,
regulFactor, devRegX, sx, sy, sz);

calRegularization<< <gridSize, blockSize>> > (devTy,
reqgulFactor, devRegY, sx, sy, sz);

calRegularization<< <gridSize, blockSize>> > (devTz,
reqgulFactor, devRegZ, sx, sy, $z);

// Calculate delta

double stepSize =1.0;

calDelta<< <gridSize, blockSize>> > (devForceX, devRegX,
devDeltaTx, stepSize, sx, sy, Sz);

calDelta<< <gridSize, blockSize>> > (devForceY, devRegy,
devDeltaTy, stepSize, sx, sy, sz);
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318 calDelta<< <gridSize, blockSize>> > (devForceZ, devRegZ,
devDeltaTz, stepSize, sx, sy, sz);

319

320 // Update pos

321 updatePos << <gridSize, blockSize>> > (devDeltaTx, devDeltaTy,
devDeltaTz,

322 devTx, devTy, devTz, sx, sy, sz);

323

324 //error = cudaGetlLastError();

325 //if (error ! = cudaSuccess)

326 [/ exit(-1);

327 }

328

329

330 // copy outputs

331 cudaMemcpy (movVol_updated, devMovVol_updated, sizeof(double) *
totalSize, cudaMemcpyDeviceToHost);

332 cudaMemcpy (Tx, devTx, sizeof(double) * totalSize,
cudaMemcpyDeviceToHost);

333 cudaMemcpy (Ty, devTy, sizeof(double) * totalSize,
cudaMemcpyDeviceToHost);

334 cudaMemcpy (Tz, devTz, sizeof(double) * totalSize,
cudaMemcpyDeviceToHost);

335

336 // free resources

337 cudaFree(devMovVol);

338 cudaFree(devRefVol);

339 cudaFree(devMovXGrad_O0rg);

340 cudaFree(devMovYGrad_O0rg);

341 cudaFree(devMovZGrad_0Org):

342

343 cudaFree(devMovXGrad);

344 cudaFree(devMovYGrad);

345 cudaFree(devMovZGrad);

346 cudaFree(devForceX);

347 cudaFree(devForceY);

348 cudaFree(devForcel);

349 cudafFree(devRegX);

350 cudaFree(devRegY);

351 cudaFree(devRegZ);

352 cudaFree(devDeltaTx);

353 cudaFree(devDeltaTy);

354 cudaFree(devDeltaTz);

355

356 cudaFree(devMovVol_updated);

357 cudaFree(devTx);

358 cudafFree(devTy);

359

cudafFree(devTz);
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360 1
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® {F Mac OS X #/F R4+

% mac

system('/Developer/NVIDIA/CUDA-5.0/bin/nvcc -c register3D_cuda.cu
-m64 -Xptxas -v');

mex register3D.cpp register3D_cuda.o -lcudart -L"/Developer/NVIDIA/
CUDA-5.0/1ib" -1"/Developer/NVIDIA/CUDA-5.0/include" -v

® /t Windows 64 N EAER G+

% MS Windows

system('nvcc -c register3D_cuda.cu -Xptxas -v');

mex register3D.cpp register3D_cuda.obj -lcudart -L"C:\Program Files
\NVIDIA GPU Computing Toolkit\CUDA\v5.0\Tib\x64" -I"C:\Program Files
\NVIDIA GPU Computing TooTkit\CUDA\v5.0\include" -v

SRIGIE M50 deformableRegister3D(...) FI%L, KA c-mex WA, BXUEH
PR HCH deformableRegister3D cuda.m.

function [movVol_updated, Tx, Ty, Tz] = deformableRegister3D_cuda
(movVol, refVol, iterLimit)

[refX, refY, refZ] = size(refVol)
[Ty,Tx,Tz] = meshgrid(l:refY,l:refX,l:refZ);

% calculate gradient for moving volume
[movX, movY, movZ] = size(movVol)
movXGrad_0Org = zeros(movX, movY, movZ);
movYGrad_0Org = zeros(movX, movY, movZ);
movZGrad_0Org = zeros(movX, movY, movZ);

movXGrad_0Org(2:end—1,2:end—1,2:end—1) =movVol(3:end,2:end—-1,2:

end—1) —movVol(l:end—2,2:end—1,2:end—1);

movYGrad_Org(2:end—1,2:end—1,2:end—1) =movVol(2:end—1,3:end,2:
end—1) —movVol(2:end—1,1:end—-2,2:end—-1);
movZGrad_0Org(2:end—1,2:end—1,2:end—1) =movVol(2:end—1,2:end—1,3:
end) —movVol(2:end—1,2:end—=1,1:end—=2);

regulFactor =0.1;

stepSize =1.0;

[movVol_updated, Tx, Ty, Tz] = register3D(movVol, refVol, ...
movXGrad_Org, movYGrad_Org, movZGrad_Org, ...
<, Ty, Tz, ...
iterLimit, regulFactor, stepSize);
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8.6 (UDA 3% 45 R

S NI 7 ks &6 GPU 3k15 T 2 /D4 T . & Profiler H1iz 47
atlasSeg Cuda.m, WK 8.19 iR,

movX =

65

movyY =

52

movz =

55

Elapsed time is 26.080896 seconds.
8.19 atlasSeg Cuda.m izfT (1]
2 CUDA %#t5, atlasSeg_Cuda.m [1723 T (R RIAT ¥ T P Ak BT 1) K 24

j 26s, Lt atlasSeg Main.m %y 24 f%. iLIATHE —TF CUDA ¥ )5 534 45 1
KT A A4 (ILIE8.20),

Profile Summary
Generated 16-Jul-2013 06:41:37 using cpu time.
Function Name Calls | Total Time = Self Time* | Total Time Plot
(dark band = self time)
atlasSeg Cuda 1 26.892 s 0.559 s ]
deformableReqister3D_cuda 2 22830s 0.033s EET|
register3D (MEX-file) 2 22792s 22792s | IS
crop_around_ROI 2 1126s 1126's 1
imshow 84 0872s 0.119s |
myView2 4 0818s 0439 s 1
myView_overlap_red 3 0.751s 0310s I
myView_overlap_green 3 0733 s 0294 s I
newplot 168 0.414s 0.036 s
newplot>ObserveAxesNextPlot 168 | 0370s 0017 s
cla 132 | 0353s 0.008 s
araphics\private\clo 132 | 0345s 0.155 s |
imuitools\private\basiclmageDisplay 84 0317 s 0.084 s
subplot 66 | 0.190s 0.067 s

/51820 CUDA %#)5 - pR% (atlasSeg_Cuda.m) 7}HT45R
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5 atlasSeg_main.m )73 #rgs RAHE (LK 8.12), deformableRegister3D cuda
BRACTEFE T /DI ] . & 8.21 KM, 7E deformableRegister3D cuda R %
register3D PR EUIK IH by B AL B [A]FF) 99.8%, {HEIFEY 22.792s. K 822 A
register3D HEEL I ATEE R . BT register3D FEHUE c-mex #iER, FTLL MATLAB 43
s Tk W AS 2 b B 2 1A .

deformableRegister3D_cuda (2 calls, 22.830 sec)

Generated 16-Jul-2013 06:45:47 using cpu time.

function in file C:\Users\jsub\ ments\Books\Chapters\Ch8\codes\m_code_Cuda\ R 3D_cuda.m
Copy to new window for comparing multiple runs

[¥] Show parent functions [¥] Show busy lines  [¥] Show child functions
[¥] Show Code Analyzer results [¥] Show file coverage [¥] Show function listing

Parents (calling functions)
Function Name | Function Type  Calls

atlasSeq_Cuda ' script 2

Lines where the most time was spent

Line Number ~ Code Calls ' Total Time = % Time  Time Plot
17 [movVol updated, Tx, Ty, Tz] =... 2 2279%s 998% | NN
3 [Ty, Tx,Tz] = meshgrid(l:refY,l... 2 0010s 0.0%

13 movZGrad _Org(2:end-1,2:end-1,2... 2 0005s | 0.0%

12 movYGrad Org(2:end-1,2:end-1,2... 2 0005s | 0.0%

n movXGrad_Org(2:end-1,2:end-1,2... 2 0.004 s 0.0%

All other lines 0011s 0.0%

Totals 22830s | 100%
Children (called functions)

Function Name Function Type  Calls Total Time % Time _ Time Plot

register3D MEX-ile 2 22792s 1 99.8% I
meshgrid function 2 0.005s 0.0%

Self time (built-ins, overhead, etc.) 0.033s 0.1%

Totals 22830s | 100%

8.21 deformableRegister3D_cuda #&R 43745 4

register3D (2 calls, 22.792 sec) _

TS ?

MEX-ile in file C:\Users\jsuh\Documents\Books\Chapters\Ch8\codes\m_code_Cuda\register3D.mexw64

Refresh
Show parent functions Show busy lines Show child functions
[¥] Show Code Analyzer results [¥] Show file coverage [¥] Show function listing

Parents (calling functions)

Function Name Function Type  Calls
deformableReqgister3D_cuda | function 2

Lines where the most time was spent
No MATLAB code to display

Children (called functions)
No children

Code Analyzer results
No MATLAB code to display

Coverage results
No MATLAB code to display

Function listing
No MATLAB code to display

822 c-mex register3D PEEL /M HT4E R
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orRIEIEE m AR ST K2 3.3 . AR, AEREGEAUH, $eh CUDA 6%
HhATT)a, CPU M GPU A7 fif Z RT3 TR (A A tar . IX A A3 S AR RE R
R, &, MR A RIZH AT CUDA e, FOEIZATINEEL 3D B2
FEB A FI2E m ARG PR KL 24 1.

HPEACII 2R W, I 24 ) CUDA pRE H AR . 55—
&, iR MATLAB () m AU GPU AT c-mex AURSIN,  NAZAF407%
JERHR RN CPU WA Y GPU B A7 fif Z I EUlEAL AR . SIAEZ 1.
AR A T RETCVRIS G LS T H A, X2 D ML GPU W2
()R BUE AL /e GPU I S p & 12 1 o
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Mg A T #HF1%3< (DA =

A.1 CUDA T HEF#

LIFRA N AR LTI CUDA, 195G 5225 CUDA JFRTH, JFififRiXes T
HAEE#4E. v BLA NVIDIA M %4 http://www.nvidia.com/content/cuda/cuda-
downloads.html/t F 4% CUDA T HAH, Wk A.1 s,

/ WINDOWS: CUDA 5.0 Production Releaze (rsate Upcated 01.10.13) ™\
Win 8/ Win 7/ Win Vista WinXP |
Deskt Notebook esktop
i it Gt
\
L i) [
// X: CUDA 5.0 Production Relea: N
Fedor RHEL Ubuntu  Opensus 3 sus
5X  6X 1110 100 21 Server 115P1 Server 115P2
T it (ot | [ oa e it i
[ it | | 32vit a2bit T

/ MAC OS X: CUDA 5.0 Production Release (Updated March 2013)

000D
\
N —

KA1 MRS T AR ERAE RSN CUDA

A2 i

MR FT FH IERE RS, K AL P ROBEE R ARy . Fili— B
B AT DABAT B, IR IR bR L PR AR e, il

® X T 64 {7 Windows 7, W& A.2 izs.

15/ NVIDIA CUDA Toolkit v5.0 (64 bit) Setup I [E=S——)

Welcome to the NVIDIA CUDA Tooalkit
V5.0 (64 bit) Setup Wizard

The Setup Wizard alows you to change the way NVIDIA
CUDA Tookit < are installed on your
computer or computer. Click Next to
continue or Cancel to ext the Setup Wizard.

o et ] (Cona ]

A2 Windows CUDA R
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® X T MacOS X, WK A3 FHin.

® 00 w Install CUDA 5.0

Welcome to the CUDA 5.0 Installer

The CUDA installation enables general purpose

© Introduction [ ion on NVIDIA GPUs.
@ License 3 5 T

Please quit any running CUDA-enabled applications before
e [)Mlnm{ms/sele starting the installation process.

@ Installatigh Typd
@ Installagion

@ Summary

Go Back Continue

A3 Mac OS X CUDA %42 F

® XIT Linux, WK A4 iR,

youngmin@Dell-Ubuntu: ~/Downloads
Software License Agreement for NVIDIA CUDA Toolkit

IMPORTANT NOTICE -- READ CAREFULLY: This Software License Agreement ("Agreement") for NVIDIA CUDA
Toolkit, including computer software and associated documentation ("Software"), is the Agreement w
hich governs use of the SOFTWARE of NVIDIA Corporation and its subsidiaries ("NVIDIA") downloadabl
e herefrom. By downloading, installing, copying, or otherwise using the SOFTWARE, You (as defined
below) agree to be bound by the terms of this Agreement. If You do not agree to the terms of this
Agreement, do not download the SOFTWARE.

RECITALS

Use of NVIDIA's SOFTWARE requires three elements: the SOFTWARE, an NVIDIA GPU or application proce|
ssor ("NVIDIA Hardware"), and a computer system. The SOFTWARE is protected by copyright laws and i
nternational copyright treaties, as well as other intellectual property laws and treaties. The SOF
TWARE is not sold, and instead is only licensed for Your use, strictly in accordance with this Agr
eement. The NVIDIA Hardware is protected by various patents, and is sold, but this Agreement does
not cover the sale or use of such hardware, since it may not necessarily be sold as a package with
the SOFTWARE. This Agreement sets forth the terms and conditions of the SOFTWARE only.

. DEFINITIONS

"Licensee 5 our" shall mean the entity or individual that downloads and uses t
he SOFTWARE.

1°2 "Redistributable SOFTWARE" shall mean the redistributable libraries referenced in Attachme
nt A of this Agreement.

1.3 "SOFTWARE" shall mean the deliverables provided pursuant to this Agreement.

2. GRANT OF LICENSE

2.1 Rights and Limitations of Grant. Provided that Licensee complies with the terms of this Agreenm
ent, NVIDIA hereby grants Licensee the following limited, non-exclusive, non-transferable, non-sub
licensable (except as expressly permitted otherwise for Redistributable Software in Sections 2.1.2
and 2.1.3 of this Agreement) right to use the SOFTWARE, with the following limitations:

A4 Linux CUDA Z3FE%
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LHGENST, X CUDA 25 B 228 HICE AT E. T % CUDA T HAH
LB B A Sl e R 48 ERCE, PTLA4 CUDA i MRS S ntitie. w5
TEBRIN LI, T2 MK T Fros ok B R 45 %% CUDA:

® X Windows 7 (64 fi7), BRIAZ%EH A C:\Program Files\NVIDIA GPU

Computing Toolkit\ CUDA\V5.0, 1/ A.5 fiR.

<« CUDA » V50 » v |43 N Searchvso )
[ File Edit View Tools Help
Organize v Includein library v Share with v Bum » G~ 0 @
¢ Favorites o i
B Desktop 1 I- { | l‘ ! .
& Downloads bin doc eras include
4> Dropbox £
g 3 \
& 1
% Recent Places ; | ll ! j ) ‘
jre lib libnvp nwm
B Desktop
3 Libraries | ) [ g
«& Homegroup I =
T opentd src tools
1™ Computer
€ Network
j 11 items

A.5 Windows CUDA R\ Ze3E H 3%

® X T Mac OS X, BRiLZH: H % Jy/Developer/NVIDIA/CUDA-5.0, UilK A.6
i
® XfT- Linux, BRi\2e3H 5% A/usr/local/cuda-5.0, W& A7 TR

<|> @ usr local cuda-5.0 Q Ef#E v &
e06 (3 CUDA-5.0
{=>) (2 =Hm) (%) (%) (8- (2] a Hscas
FAV . NVIDIA 3 n O Recent | - [~ ]
» A Home bin doc extras
[ Desktop
D Documents el wll el
¥ Downloads include jre lib
g3 Music
Qpictures wl wl
H videos lib64. libnsight libnvvp
@ rash
Dedcs —d = | il
@ computer nwm open64 src
Network
Borouseet.. d
tools

A.6 Mac OS X BRI\ 2 H 3% A7 Linux BN Hst CREIH AN Ubuntu)

YT RERRAE RS, R LUT 7 H RIS

® bin N nvec.exe BY nvee.

® include ¥ cuda runtime.h.

® XT Windows 7 (64 fi), 1ib\64 T [f] cudart.lib.
® X T Linux, lib R libcudart.so.

® XT Mac OS X, lib [ libcudart.dylib.
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A3 A

PAE, B B2 RE W o Ay A PR OR AT AT CUDA %3 4% nvec. $TT
Windows H ¥ fr S HE/RFF & 1, 5t Linux Fl Mac OS X 1) shell. EHERFF N
PATE A8 RS . WEARAREAE A AR FFIZ1T nvee, IR 221 CUDA T
FAAM) bin H AT RGHEH

8 0 O ! Macintosh HD — bash — 80x14. 2

-Mach
NVIDIA (R)
ight (c) 20|

K A.8 nvee iRASEIF
® X T Windows 7 64 i, fEa2HRFF NI PATH, SRJ5EE 7 H nvee [1
Hgoe R A9 Rl —Ff.

&) 9 Winows iﬁ'—l—‘ EI/‘ nvec PATH
® ST Mac OS X 4 Linux, 7E shell FIH#REF NN echo SPATH, #fiff
nvee AR A B AL10 S5 AL HOREEE AR TR

® OO0 ! Macintosh HD — bash — 80x8 2

‘Youngmins-MacBook-Pro:/ youngminkim$ echo $PATH
/Developer/NVIDIA/CUDA-5.0/bin: /usr/bin:/bin:/usr/sbin:/sbin:/usr/local/bin:/opt

/X11/bin
Youngmins-MacBook-Pro:/ youngminkim$

A.10 Mac OS X *[#] nvec PATH

youngmin@Dell-Ubuntu: ~/Downloads
youngmin@ell-Ubuntu:~/Downloads$ echo SPATH
Jusr/lib/lightdm/lightdm: /usr/local/sbin: /usr/local/bin: /usr/sbin: /usr/bin:/sbin: /b
in:/usr/games: /usr/local/games: /usr/lib/jvm/jdk1.7.06_21/bin: /usr/local/cuda/bin

youngmin@Dell-Ubuntu:~/Downloads$

Kl A1 Linux 51 nvec PATH
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Mis= B =2ZE NVIDIA Nsight 2/ Visual Studio

NVIDIA Nsight (Visual Studio iit4%) J& CUDA HJJF A5, NVIDIA Nsight
(Visual Studio WA #4785 KRS M Thfe, %I CUDA AR FF KA A
. HAR NVIDIA Nsight & G281, AE 230~ 4.

1. Jjii] NVIDIA Nsight (http://www.nvidia.com/object/nsight.html) #EfTH] FiE
M, SEFE B P,

NVIDIA SOFTWARE
WIDIA Brocucts > NVIDIASoftware %4 suwscrive Qlsnare
PRODUCT INFO

Download Nsight, Visual Studio
Edition
Download Nsight, Eclipse Edition

NVIDIA

Nsight

Develop for GPUs in your favorite IDE

NVIDIA® Nsight™ is the

eloping code for GPUS using NVIDIA® Nsight™ Visual Studio Edition for Windows or Nsight™
d Mac 05.

Experien
Eclipse Edition for Li

Download Nsight Eclipse Edition

'DOWNLOAD

Download Nsight Visual Studio Edition

DOWNLOAD

 B.1 NVIDIA Nsight ¥k, %+ Download Nsight Visual Studio Edition for Visual Studio

2. FEMLE,  FESIRIERAERGILEN TR, WK B2 Frr.

E e
B B2 VEMEI FESE. AR R A B A
3. 41 B.3 iR, %% NVIDIA Nsight (Visual Studio A
4, ZHSENE (UL B.4), {E Microsoft Visual Studio H7#% %! Nsight 5., 41l




208 GPU 5 MATLAB B &4 fe

REFXAE (WK BA4), JB24 Nsight )48 22 e BEREUNA 588 T
ol gty

|15 NVIDIA Nsight Visual Studio Edition 3.0.0.13150 Setuy

| Nsight Visual Studio Edition Install Summary
| Feature will not be installed if requirements are not met

o Nsight Visual Studio Edition
Nsight for Visual Studio 2010 will be installed
Requirement met: Microsoft Visual Studio 2010 is installed.
Nsight for Visual Studio 2008 will be installed
Requirement met: Micosoft Visual Studio 2008 Service Pack 1 is installed. .NET framework 3.5 Service Pack
1is installed.
s Nsight Monitor Visual Studio Edition and HUD Launcher
Monitor and HUD Launcher will be installed
Requirement met: .NET framework 3.5 Service Pack 1 & installed.
it Nsight C++ AMP Debugger
Nsight C++ AMP Debugger for Visual Studio 2012 wil not be installed
Requirement not met: Microsoft Visual Studio 2012 was not found.
Nsight C++ AMP Target Support for MSVSMON will be installed
Warning: Microsofe Visual Studio 2012 MSVSMON. exe was not found.
s NVIDIA CUDA Toolkit
CUDA Tookit v5.0 and v4.2 will be installed

For more information, please go to Nsight Visual Studio Edition Installation Help.
Select customize to add/remove features for install

[ Booc J[ Next ] [ concel ]

€ B.3 NVIDIA Nsight (Visual Studio fRA) #1225 % I

- -

Windows »

Start GPU Debugging
3 Start CUDA Debugging
Start Graphics Debugging

Start Performance Analysis... Ultimate
Enable CUDA Memory Checker
Options... ’
Help 5 GetStarted ~ Guidance and Resources  Latest News
Welcome Windows Web Cloud Office SharePoint D.
[ NewProject...

] Open Project... What's New in Visual Studio 2010

Learn about the new features included i
Visual Studio 2010 Overview

What's New in .NET Framework 4
What's New in Visual C++
Customize the Visual Studio Start Page

Recent Projects

5 csvaarff

7 Creating Applications with Visual Studio

- | Extending Visual Studio

Community and Learning Resources

Close page after project load
[¥] Show page on startup

JIP WS %=

K B4 JkIhz%E)s, 7 Microsoft Visual Studio HF A1 Nsight 3¢ i
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