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CRITICAL_SECTION MyMutex, MyMutex2, MyMutex3;
int get_num_cpus (void) {
SYSTEM_INFO si;
GetSystemInfo(&si);
return (int)si.dwNumberOfProcessors;}
int nthreads = get_num_cpus ();
HANDLE *threads = (HANDLE *) alloca (nthreads * sizeof (HANDLE));
InitializeCriticalSection (&MyMutex);
InitializeCriticalSection (&MyMutex2);
InitializeCriticalSection (&MyMutex3);
for (inti = 0; i < nthreads; i++) {
DWORD id;
&threads[i] = CreateThread (NULL, O, parallel_thread, i, O, &id);}
for (inti = 0; i < nthreads; i++) {
WaitForSingleObject (&threads[i], INFINITE);
H

EHNERIDR TS 21— LT
const int MINPATCH = 150;
const int DIVFACTOR = 2;
typedef struct work_queue_entry_s {
patch pch;
struct work_queue_entry_s *next;
¥ work_queue_entry_t;
work_queue_entry_t *work_queue_head = NULL;
work_queue_entry_t *work_queue_tail = NULL;
void generate_work (patch* pchin)
{ int startx, stopx, starty, stopy;
int xs,ys;
startx=pchin->startx; stopx= pchin->stopx;
starty=pchin->starty; stopy= pchin->stopy;
if(((stopx-startx) >= MINPATCH) || ((stopy-starty) >= MINPATCH)) {
int xpatchsize = (stopx-startx)/DIVFACTOR + 1;
int ypatchsize = (stopy-starty)/DIVFACTOR + 1;
for (ys=starty; ys<=stopy; ys+=ypatchsize)
for (xs=startx; xs<=stopx; xs+=xpatchsize) {
patch pch;
pch.startx = xs;
pch.starty = ys;
pch.stopx = MIN(xs+xpatchsize-1,stopx);
pch.stopy = MIN(ys+ypatchsize-1,stopy);
generate_work (&pch);}
Y else {
/* just trace this patch */
work_queue_entry_t *q = (work_queue_entry_t *) malloc (sizeof
(work_queue_entry_t));
q->pch.starty = starty; q->pch.stopy = stopy;
qg->pch.startx = startx; q->pch.stopx = stopx;
g->next = NULL;

if (work_queue_head == NULL) { COYUTICIE,
work_queue_head = q; John E. Stone K
Felse{ ) BSEDYINITTH
work_queue_tail->next = q; aFEhTOET
3 °
work_queue_tail = q;
b

void generate_worklist (void)

{

patch pch;

pch.startx = startx;
pch.stopx = stopx;
pch.starty = starty;
pch.stopy = stopy;
generate_work (&pch);

H
bool schedule_thread_work (patch &pch)

{

>

EnterCriticalSection (&MyMutex3);
work_queue_entry_t *q = work_queue_head;
if (g !'= NULL) {

pch = g->pch;

work_queue_head = work_queue_head->next;

LeaveCriticalSection (&MyMutex3);
return (q !'= NULL);

generate_worklist ();

void parallel_thread (void *arg)

{

(unsigned char *) &global_buffer[((y-starty)*totalx+(pch.startx-startx))*3]);
¥

patch pch;
while (schedule_thread_work (pch)) {
for (int y = pch.starty; y <= pch.stopy; y++) {
for (int x=pch.startx; x<=pch.stopx; x++) {
render_one_pixel (X, y);}}
if (scene.displaymode == RT_DISPLAY_ENABLED) {
EnterCriticalSection (&MyMutex3);
for (int y = pch.starty; y <= pch.stopy; y++) {
GraphicsDrawRow(pch.startx-1, y-1, pch.stopx-pch.startx+1,

LeaveCriticalSection (&MyMutex3);

RLyRHyb7uT LML

#include "tbb/task_scheduler_init.h"
#include "tbb/spin_mutex.h"
tbb::task_scheduler_init init;

tbb: :spin_mutex MyMutex, MyMutex2;

HRNERHODRy S a—) T EEfT
#include “tbb/parallel_for.h"
#include “tbb/blocked_range2d.h"
class parallel_task {
public:
void operator() (const tbb::blocked_range2d<int> &r) const {
for (int y = r.rows().begin(); y .rows().end(); ++y) {
for (int x = r.cols().begin(); x !=r.cols().end(); x++) {
render_one_pixel (X, y);
3
by
if (scene.displaymode == RT_DISPLAY_ENABLED) {
tbb::spin_mutex::scoped_lock lock (MyMutex2);
for (int y = r.rows().begin(); y != r.rows().end(); ++y) {
GraphicsDrawRow(startx-1, y-1, totalx, (unsigned char
*) &global_buffer[(y-starty)*totalx*3]);
i

3
b
parallel_task () {3

IS
parallel_for (tbb::blocked_range2d<int> (starty, stopy + 1,
grain_size, startx, stopx + 1, grain_size), parallel_task ());

ALyFEESHIEHT HHM
FEBTHDTIEEL,
IINESNEICER
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CRITICAL_SECTION MyMutex, MyMutex2, MyMutex3;
int get_num_cpus (void) {
SYSTEM_INFO si;
GetSystemInfo(&si);
return (int)si.dwNumberOfProcessors;}
int nthreads = get_num_cpus ();
HANDLE *threads = (HANDLE *) alloca (nthreads * sizeof (HANDLE));
InitializeCriticalSection (&MyMutex);
InitializeCriticalSection (&MyMutex2);
InitializeCriticalSection (&MyMutex3);
for (inti = 0; i < nthreads; i++) {
DWORD id;
&threads[i] = CreateThread (NULL, O, parallel_thread, i, O, &id);}
for (inti = 0; i < nthreads; i++) {
WaitForSingleObject (&threads[i], INFINITE);
H

EHNERIDR TS 21— LT
const int MINPATCH = 150;
const int DIVFACTOR = 2;
typedef struct work_queue_entry_s {
patch pch;
struct work_queue_entry_s *next;
¥ work_queue_entry_t;
work_queue_entry_t *work_queue_head = NULL;
work_queue_entry_t *work_queue_tail = NULL;
void generate_work (patch* pchin)
{ int startx, stopx, starty, stopy;
int xs,ys;
startx=pchin->startx; stopx= pchin->stopx;
starty=pchin->starty; stopy= pchin->stopy;
if(((stopx-startx) >= MINPATCH) || ((stopy-starty) >= MINPATCH)) {
int xpatchsize = (stopx-startx)/DIVFACTOR + 1;
int ypatchsize = (stopy-starty)/DIVFACTOR + 1;
for (ys=starty; ys<=stopy; ys+=ypatchsize)
for (xs=startx; xs<=stopx; xs+=xpatchsize) {
patch pch;
pch.startx = xs;
pch.starty = ys;
pch.stopx = MIN(xs+xpatchsize-1,stopx);
pch.stopy = MIN(ys+ypatchsize-1,stopy);
generate_work (&pch);}
Y else {
/* just trace this patch */
work_queue_entry_t *q = (work_queue_entry_t *) malloc (sizeof
(work_queue_entry_t));
q->pch.starty = starty; q->pch.stopy = stopy;
qg->pch.startx = startx; q->pch.stopx = stopx;
g->next = NULL;

if (work_queue_head == NULL) {
work_queue_head = q;

RLyRHyb7uT LML

#include "tbb/task_scheduler_init.h"

Felse { #include "tbb/spin_mutex.h"
work_queue_tail->next = q; tbb::task_scheduler_init init;

¥ tbb: :spin_mutex MyMutex, MyMutex2;

work_queue_tail = q;

b
HRNERHODRy S a—) T EEfT
void generate_worklist (void) #include “tbb/parallel_for.h"
{ #include “tbb/blocked_range2d.h"
patch pch; class parallel_task {

pch.startx = startx;
pch.stopx = stopx;
pch.starty = starty;
pch.stopy = stopy;
generate_work (&pch);

public:
void uperator() (const tbb::blocked_range2d<int> &r) const {
for (int y = r.rows().begin(); y .rows().end(); ++y) {
for (int x = r.cols().begin(); x !=r.cols().end(); x++) {
render_one_pixel (X, y);

H 3

bool schedule_thread_work (patch &pch) 3}

{ if (scene.displaymode == RT_DISPLAY_ENABLED) {
EnterCriticalSection (&MyMutex3); tbb::spin_mutex::scoped_lock lock (MyMutex2);
work_queue_entry_t *q = work_queue_head; for (int y = r.rows().begin(); y != r.rows().end(); ++y) {
if (g '= NULL) { GraphicsDrawRow(startx-1, y-1, totalx, (unsigned char

pch = g->pch; *) &global_buffer[(y-starty)*totalx*3]);
work_queue_head = work_queue_head->next; T
3
LeaveCriticalSection (&MyMutex3); 3}
return (q !'= NULL); parallel_task () {}

H ¥

generate_worklist (); parallel_for (tbb::blocked_range2d<int> (starty, stopy + 1,

grain_size, startx, stopx + 1, grain_size), parallel_task ());

void parallel_thread (void *arg)
{
patch pch;
while gschedule_thread_work (pch)) {
or (int y = pch.starty; y <= pch.stopy; y++) {
for (int x=pch.startx; x<=pch.stopx; x++) {
render_one_pixel (X, y);}}
if (scene.displaymode == RT_DISPLAY_ENABLED) {
EnterCriticalSection (&MyMutex3);
for (int y = pch.starty; y <= pch.stopy; y++) {
GraphicsDrawRow(pch.startx-1, y-1, pch.stopx-pch.startx+1,
(unsigned char *) &global_buffer[((y-starty)*totalx+(pch.startx-startx))*3]);
¥

ALYTAVT-ENT425-TAYYIE. /AR
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Windows*. Linux* &1 Mac OS* TDTFvrTA4—
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LeaveCriticalSection (&MyMutex3);
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CRITICAL_SECTION MyMutex, MyMutex2, MyMutex3;
int get_num_cpus (void) {
SYSTEM_INFO si;
GetSystemInfo(&si);
return (int)si.dwNumberOfProcessors;}
int nthreads = get_num_cpus ();
HANDLE *threads = (HANDLE *) alloca (nthreads * sizeof (HANDLE));
InitializeCriticalSection (&MyMutex);
InitializeCriticalSection (&MyMutex2);
InitializeCriticalSection (&MyMutex3);
for (inti = 0; i < nthreads; i++) {
DWORD id;
&threads[i] = CreateThread (NULL, O, parallel_thread, i, O, &id);}
for (inti = 0; i < nthreads; i++) {
WaitForSingleObject (&threads[i], INFINITE);
H

EHNERIDR TS 21— LT
const int MINPATCH = 150;
const int DIVFACTOR = 2;
typedef struct work_queue_entry_s {
patch pch;
struct work_queue_entry_s *next;
¥ work_queue_entry_t;
work_queue_entry_t *work_queue_head = NULL;
work_queue_entry_t *work_queue_tail = NULL;
void generate_work (patch* pchin)
{ int startx, stopx, starty, stopy;
int xs,ys;
startx=pchin->startx; stopx= pchin->stopx;
starty=pchin->starty; stopy= pchin->stopy;
if(((stopx-startx) == MINPATCH) || ((stopy-starty) >= MINPATCH)) {
int xpatchsize = (stopx-startx)/DIVFACTOR + 1;
int ypatchsize = (stopy-starty)/DIVFACTOR + 1;
for (ys=starty; ys<=stopy; ys+=ypatchsize)
for (xs=startx; xs<=stopx; xs+=xpatchsize) {
patch pch;
pch.startx = xs;
pch.starty = ys;
pch.stopx = MIN(xs+xpatchsize-1,stopx);
pch.stopy = MIN(ys+ypatchsize-1,stopy);
generate_work (&pch);}
Y else {
/* just trace this patch */
work_queue_entry_t *q = (work_queue_entry_t *) malloc (sizeof
(work_queue_entry_t));
q->pch.starty = starty; q->pch.stopy = stopy;
qg->pch.startx = startx; q->pch.stopx = stopx;
g->next = NULL;

if (work_queue_head == NULL) { ZoHliE. John ZLYED Y7y T LR
work_queue_head = q; E. Stone KIZ #include "tbb/task_scheduler_init.h"

Felse { EoTRHIREhT=Y #include "tbb/spin_mutex.h"
work_queue_tail->next = q; IrYTPEEAL tbb::task_scheduler_init init;
¥ ThEF tbb: :spin_mutex MyMutex, MyMutex2;
work_queue_tail = q; °
b
HRNERHODRy S a—) T EEfT

void generate_worklist (void) #include “tbb/parallel_for.h"

{ #include “tbb/blocked_range2d.h"
patch pch; class parallel_task {
pch.startx = startx; public:
pch.stopx = stopx; void uperator() (const tbb::blocked_range2d<int> &r) const {
pch.starty = starty; for (int y = r.rows().begin(); y .rows().end(); ++y) {
pch.stopy = stopy; for (int x = r.cols().begin(); x !=r.cols().end(); x++) {
generate_work (&pch); render_one_pixel (X, y);

H 3

bool schedule_thread_work (patch &pch) 3}

{ if (scene.displaymode == RT_DISPLAY_ENABLED) {
EnterCriticalSection (&MyMutex3); tbb::spin_mutex::scoped_lock lock (MyMutex2);
work_queue_entry_t *q = work_queue_head; for (int y = r.rows().begin(); y != r.rows().end(); ++y) {
if (g '= NULL) { GraphicsDrawRow(startx-1, y-1, totalx, (unsigned char

pch = g->pch; *) &global_buffer[(y-starty)*totalx*3]);
work_queue_head = work_queue_head->next; T

3

LeaveCriticalSection (&MyMutex3); H
parallel_task () {}

return (q !'= NULL);
H

IS
generate_worklist (); parallel_for (tbb::blocked_range2d<int> (starty, stopy + 1,

grain_size, startx, stopx + 1, grain_size), parallel_task ());

o ALyRZEESHIET HH IS
atch pch; -
\?vhile edule_thread_work (pch)) { ;I E -d_é@—eliﬁ(s
inty = h.starty; <= h.st ;y++ — &> =
o (it Xopoh Starts xempehstop. Xas) £ IINENETER
render_one_pixel (X, y);}}
if (scene.displaymode == RT_DISPLAY_ENABLED) {

void parallel_thread (void *arg)

{

EnterCriticalSection (&MyMutex3); ALYTAVT ENTA2T-TAvYIE, YA R
for (inty = pch.starty; y <= pch.stopy; y++) { TSy T4 —LTHIAREEL B API [2EoT

GraphicsDrawRow(pch.startx-1, y-1, pch.stopx-pch.startx+1,
(unsigned char *) &global_buffer[((y-starty)*totalx+(pch.startx-startx))*3]);
¥

Windows*. Linux* £&U Mac OS* TOTSvhIT+—

LETOR—FE)T4—%EIRRLET , COI—FLEE

LeaveCriticalSection (&MyMutex3); 2D LA -kL—2 245 -TFO5 5L (Tacheon) [ZIELL
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if (work_queue_head == NULL) {

CRITICAL_SECTION MyMutex, MyMutex2, MyMutex3; work_queue_head = q; Stone
int get_num_cpus (void) { Felse {

SYSTEM_INFO si; work_queue_tail->next = q;

GetSystemInfo(&si); ¥

return (int)si.dwNumberOfProcessors;} work_queue_tail = q;
int nthreads = get_num_cpus (); }

HANDLE *threads = (HANDLE *) alloca (nthreads * sizeof (HANDLE));
InltlallzeCntlcaISectlon (&MyMutex)

BRI R LR D BB RHE

void generate_worklist (void)

InitializeCriticalSeq
for (inti=0;i<
DWORD id;

&threads[i] = G
for (inti=0;i<
WaitForSingleO

e ARLESFICEOITRREIIEE

const int DIVFACTOR = 2; work_queue_entry_t *q = work_queue_head;
typedef struct work_queue_entry_s { if (g '= NULL) {
patch pch; pch = g->pch;
struct work_queue_entry_s *next; work_queue_head = work_queue_head->next;
¥ work_queue_entry_t;
work_queue_entry_t *work_queue_head = NULL;
work_queue_entry_t *work_queue_tail = NULL;
void generate_work (patch* pchin) T
{ int startx, stopx, starty, stopy; generate_worklist ();
int xs,ys;
startx=pchin->startx; stopx= pchin->stopx;
starty=pchin->starty; stopy= pchin->stopy;

LeavecCriticalSection (&MyMutex3);
return (q !'= NULL);

void parallel_thread (void *arg)

if(((stopx-startx) == MINPATCH) || ((stopy-starty) >= MINPATCH)) { {
int xpatchsize = (stopx-startx)/DIVFACTOR + 1; - — _ | patch pch; T T —
int ypatchsize = (stopy-starty)/DIVFACTOR + 1; ~  —— le_thread_work (pch))
for (ys=starty; ys<=stopy; ys+=ypatchsize) -/_-) pch.starty; y <= pch.s (inte|
for (xs=startx; xs<=stopx; xs+=xpatchsize) { {lntEI x=pch.startx; x<=pch.s

patch pch; er_one_pixel (X, y);}}
pch.startx = xs; _lisplaymode == RT_DIS|
pch.starty = ys; Intel iy , Intel
pch.stopx = MIN(xs+xpatchsize-1,stopx); \
pch.stopy = MIN(ys+ypatchsize-1,stopy); Thread Pmﬂler
generate_work (&pch);}
Y else {
/* just trace this patch */
work_queue_entry_t *q = (work_queue_entry_t *) malloc (s
(work_queue_entry_t));
q->pch.starty = starty; q->pch.stopy = stopy;
qg->pch.startx = startx; q->pch.stopx = stopx;
g->next = NULL;
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#include "tbb/task_scheduler_init.h"
#include "tbb/spin_mutex.h"
tbb::task_scheduler_init init;

tbb: :spin_mutex MyMutex, MyMutex2;

HRNERHODRYSa—) 0T EEfT
#include “tbb/parallel_for.h"
#include “tbb/blocked_range2d.h"
class parallel_task {
public:
void uperator() (const tbb::blocked_range2d<int> &r) const {
for (int y = r.rows().begin(); y .rows().end(); ++y) {
for (int x = r.cols().begin(); x .cols().end(); x++) {
render_one_pixel (X, y);
3
by
if (scene.displaymode == RT_DISPLAY_ENABLED) {
tbb::spin_mutex::scoped_lock lock (MyMutex2);
for (int y = r.rows().begin(); y !'= r.rows().end(); ++y) {
GraphicsDrawRow(startx-1, y-1, totalx, (unsigned char
*) &global_buffer[(y-starty)*totalx*3]);
i

3
b
parallel_task () {3

¥
parallel_for (tbb::blocked_range2d<int> (starty, stopy + 1,
grain_size, startx, stopx + 1, grain_size), parallel_task ());
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Intel” Threading Building Blocks (Intel” TBB) for Linux* vs. POSIX* Threads

Speedup vs. Serial Implementation (Linux* 64-bit) 8/06
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' This graph shows performance on 2-8 cores verses POSIX* Threads and no threading. Since Intel® Threading Building Blocks is i
also scalable, no additional coding work is required to benefit from future increases in the number of cores per platform.

Test environment (Linux® 64-bitk CPU Configuration: B-processor systam with 30 GHz B4-bit Intel* Xeon™ Processors; System RAM: 408 main memory; 05 Linux FRed Hat EL4; Intel*
Compilers: Wersion 91 Build Z00B03Z3; Intel® THE: Version 10,
Performance tests and ratings are measured using specific computer systems and/or companents and reflect the approrimate per formance of Intel products as measured by those

tests. Any difference in system hardware or sof tware design o configuration may af fect actual performance. Buyers shoukd wnsult other seurces of nformation 1o evaluate the
pirtarmance of systenT of cm; Uiy e faring purchising For more ilormation en performance tests and on the performance of Intel praducts, refer to

httpetiene v intel comiperformance/resources/ ben: I‘rnark_lih\mim;hun.
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Intel” Threading Building Blocks (Intel® TBB) for Windows* vs. Windows* Threads
Speedup vs. Serial Implementation (Windows* 64-bit)

8
7
[
=
g
(%)
3
2
| [ —— P PO —— S —— R——
\ Lo phoseney Fy & Y e %
2 3 q 5 7} 7 8
Number of Processors — Intel* TBB
—— windows* Thread

' This graph shows performance on 2-8 cores verses Windows* Threads and no threading. Since Intel® Threading Building Blocks is '
also scalable, no additional coding work is required to benefit from future increases in the number of cores per platform.

Test environment {Linux® B4-bitk (PU Configuration: B-processer system with 3.0 GHz B4-bit lntel* Xeor™ Processors; System RAM 408 mainmemady; 05: Miaosol t Windows
Server® 2003; Intel” Compilers: Version 9.1 Buikd 200603 23; Intel® TBE Versian 1.0

Per formance tests and ratings ane measured using spedific computer systems and/or and reflect the apprexmate per of Intel products as measured by thise
tests, Any difference in system hardware or software design or cenfiguration may af fect actual performance. Buyers should consult ether sources of infarmation b evaluate the
performance of systems or components they are considering purchasing, For more information on performance tests and on the parformance of Intel products, refer to
http:fiweintelaomiperfor mancedresources/benchmark_limitations htm.
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