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Introduction

Beyond “Let OpenCL Sort Them Out”

void Kernel::Run( const size t count )

; {
cl int error;
i CHECKCL( error = clEnqueueNDRangeKer‘nel kernel, 9, @@ 9, 0, 0 ) );
a ot clFinish( queue );
T }
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= ‘count’ is the number of threads we are spawning (multiple of local work size, if specified).
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Introduction
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Beyond “Let OpenCL Sort Them Out”

void Kernel::Run( const size t count )

{

cl int error;
CHECKCL( error = clEnqueueNDRangeKernel( queue, kernel, 1, ©, &count, @, 0, 0, 0 ) );
clFinish( queue );

2D task:

= [mproves data locality

= Improves flow coherence

= Also available in CUDA

* Fractal data stalls: few

= Fractal flow coherence:
apparently not a big deal.
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Introduction

Beyond “Let OpenCL Sort Them Out”

void Kernel::Run( const size t count )

{

e cl _int error;
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Introduction

Beyond “Let OpenCL Sort Them Out”

void Kernel::Run( const size t count )
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i;{f, cl _int error;
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Introduction

Beyond “Let OpenCL Sort Them Out”

void Kernel::Run( const size t count )

Py {

il cl int error;

o CHECKCL( error = clEnqueueNDRangeKernel( queue, kernel, 1, 0, &count, &localCount, 9, 0, 0 ) );
£ A clFinish( queue );

g }

e

14 refe)) 88 (cep A thread knows it’s place in the global task set, but also the local group:
f:ef'; 3‘;E * diffuse;

= true; __kernel void DoWork()

AAXDEPTH) {

i // get the index of the thread in the global pool

E T e int idx = get global id( @ );

B e // get the index of the thread in the local set

= s int localldx = get local _id( © );

LGy // determine in which warp the current thread is

:;§x5£:§£zi?fiwfw int warpIdx = localIdx >> 5;

:@:x:%:mjj:jféifrﬂ’ // determine in which lane we are

sive) int lane = localldx & 31;

;ts brdf = SampleDiffuse( diffuse, N, r1 }

irvive;
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Introduction

Beyond “Many Independent Threads”

Many algorithms do not lend themselves to GPGPU, at least not at first sight:

= Divide and conquer algorithms
s - = Sorting In fact, lock-free implementations of
e P - dictabl e _ linked lists and hash tables exist and
: = diffuse [ |
nything with an unpredictable number of iterations can be used in CUDA, see e.g.:
1+ refey) a8 = Walking a linked list or a tree _ _
e = Ray tracing Misra & Chaudhuri, 2012, Performance
e R Evaluation of Concurrent Lock-free
wioesH) = Anything that needs to emit data in a compacted array Data Structures on GPUs.
,fl = Run-length encoding L o
stace - e e = Duplicate removal Note that the possibility of using linked
e lists on the GPU does not automatically
gt i, i = Anything that requires inter-thread synchronization justify their use.
i " Hash table
i = Linked list

3t3 brdf = SampleDiffuse( diffuse, N, ri
irvive;
pdf;

1 = E *
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brdf * (dot( N, R ) / pdf):
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Introduction

Beyond “Many Independent Threads”

Many algorithms do not lend themselves to GPGPU.

In many cases, we have to design entirely new algorithms.
P In some cases, we can use two important building blocks:
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Prefix Sum

Prefix Sum

The prefix sum (or cumulative sum) of a sequence of numbers is a second
sequence of numbers consisting of the running totals of the input sequence:

1T

e Input:  xg, x4, %>
R0 Output: xg, xg + x1, X9 + x1 + X, (inclusive)or 0,xq,xy + x1 (exclusive).
= * diffuse;
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), N ); o

Ve s ditruse Example:

= true; . .
inclusive
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b - Evalusteiiuse | Here, addition is used; more generally we can use an arbitrary binary
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E o thetanut = dot( W, L J; associative operator.
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Prefix Sum

inclusive
Prefix Sum exclusive

1T

In C++:

)

at a = nt
it Tr = 1
'r) R = (D
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fl + refr)) && (dey Out [@] — @;

), N s
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\AXDEPTH)
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2.x + radiance.y + radiance.z

v = true;

it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

at weight = Mis2( directPdf, brdfpds
it cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directF

andom walk - done properly, clc
rive)

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);

-ion = true:*




INFOMOV - Lecture 10 - “GPGPU (3)”

13

Prefix Sum

L (dep

- = insid
1t = nt
352t = 1.67
), N );
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it Tr =1 - (RO
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Prefix Sum
The prefix sum is used for compaction.

Given: kernel K which may or may not produce output for further processing.
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Prefix Sum

Prefix Sum - Compaction

Given: kernel K which may or may not produce output for further processing.

= = ins3
1t = nt
352t = 1
3o NS
)

at a = nt - nc
it Tr = 1 - (RE
') R = (D

output array size

= * diffuse;
= true;

fl + refr)) && (deptl

), N );
efl * E * diffuse;
= true;

0/0/1/0/{0{1/1/1/0/0/{0|0/1/0/0/0O|0O/0O|CO boolean array

\AXDEPTH)

e g 0/ 0{0|1|1|1]2|3[4|4 55/ 5|55/ 5/ 5/ exclusive prefix sum

"adiance = SampleLight( &rand !
2.x + radiance.y + radiance.z)

v = true;

at brdfPdf = EvaluateDiffuse( L. I

at3 factor = diffuse * INVPI:

at weight = Mis2( directPdf, brdfpds

at cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directPds Output array
andom walk - done properly, closel
rive)
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irvive;

pdf;
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Prefix Sum

For each pass:

Each thread in the warp reads data
Prefix Sum

Each thread in the warp sums 2 input elements
Each thread in the warp writes data.

out[@] = ©;
for (1 =1; i < n; i++ ) out[i] = in[i-1] + out[i-1];

o In parallel: 1({1(1

AN
:)fdf for ( d = 1; d <= log,n; d++ ) pEaIs R 21222/ 2]2]2 ‘EE 2|
for all k in parallel do \[su N Qﬁﬁﬁ

=) , 1/2|3|a|a(a]a|a|a
if k >= 294 =

(B
[
(B
(B
I
B
=
(I
(B
[ERY
=
B
(B

n=16

YTkl += x[k — 2d-1 , f ,
Lkl [ ] 1/2(3|4|5(6(7|8{8/8|8/8(8/8|8|8

at3 factor = diffuse * INVPI;
at weight = Mis2( directPdf, brdfr
it cosThetaOut = dot( N, L );
E * ((weight * cosThetaOut) / dire

andom walk - done properl

s 1(2(3(4|5/6(7[8[9|0c |1 |23 |a]s]s
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irvive;

pdf;
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Prefix Sum

For each pass:

= Each thread in the warp reads data

Prefix Sum Each thread in the warp sums 2 input elements
Each thread in the warp writes data.

out[@] = 0;
for (i =1; i < n; i++ ) out[i]

in[i-1] + out[i-1];

In parallel:

ek Notes:
= * diffuse
A1+ refr)) &2 The scan happens in-place. This is only correct
o for ( d =1; d <= log,n; d++ ) ) PP P y O
e e if we have 32 input elements, and the scan is
' for all k in parallel do done in a single warp. Otherwise we need to
AAXDEPTH)
. double buffer for correct results.
if k >= 294
fZ;ia,,ce; Sampletight( gra I = X[k 24-1] Span of the algorithm is logn, but work is
2.x + radiance.y + radiance.: — S = . . L. L.
n logn; it is not work-efficient. Efficient
at brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI:
at weight = Mis2( directPdf, brdfr
3t cosThetaOut = dot( N, L ):
E * ((weight * cosThetaOut) / dire

e propeei Meril & Garland, 2016, Single-pass Parallel
. Prefix Scan with Decoupled Look-back.

algorithms for large inputs can be found in:

3t3 brdf = SampleDiffuse( diffuse, N, ri
irvive;
pdf;

1 = E *

-10n

brdf * (dot( N, R ) / pdf):
true:*
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Prefix Sum

Prefix Sum

out[0]
for (1 =1; i < n; i++ ) out[i] = in[i-1] + out[i-1];

e e In OpenCL:

it Tr = 1

'r) R = (D

E"dif:fuse.

1+ refe)) 88 (4 int warp_scan_exclusive( int* input, int lane )

3t)afq 3‘;5 * diffuse {

i if (lane > @ ) input[lane] += input[lane - 1];
wX0EPTH) if (lane > 1 ) input[lane] += input[lane - 2];
T v if (lane > 3 ) input[lane] += input[lane - 4];
f:dlanced?SampleLighzv- &rand i-F (lane > 7 ) input[lane] += input[lane - 8];
2.X + radlance.y + radiance.:z .

. if (lane > 15) input[lane] += 1nput[1ane - 16];
e return (lane > @) ? input[lane - 1] :

it weight = Mis2( directPdf, brdfr

it cosThetaOut = dot( N, L ); }

E * ((weight * cosThetaOut) / direc

andom walk - done properly
rive)

3t3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
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Prefix Sum

int warp_scan_exclusive( int* input, int lane )

{
b if (lane >
e if (lane >
. if (lane >
2 if (lane >
= true; ‘ >
a

{AXDEPTH)

RPN W RO

if (lane
return (lane

if;

-adiance = Samplelight ra
2.x + radiance.y + radiance.: }

v = true;

at brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

at weight = Mis2( directPdf, brdfr
3t cosThetaOut = dot( N, L ):

E * ((weight * cosThetaOut) / dire

andom walk - done properl

rive)

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

H
1 = E * brdf * (dot( N, R ) / pdf);
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Prefix Sum

Take-away:

S = A “scan” is useful for compacting arrays.

» The naive scan has an obvious loop dependency.

O = [tis nevertheless possible to run the scan in parallel.

B, = Especially at the warp level, this heavily leans on a core GPU mechanism:

it Tr =1 - (RO 4
r) R = (D * nnt

lockstep SIMT processing.
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if;
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>.x + radiance.y + radiance.z) - ©

v = true;

3t brdfPdf = EvaluateDiffuse( L. I

at3 factor = diffuse * INVPI;

it weight = Mis2( directPdf, brdfPdf |
it cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directPds

andom walk - done properly, closely ¥
rive)

3
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Sorting

GPU Sorting

Observation:

1T

s2t
), N

) = We frequently need sorting in our algorithms.
S
But:

fl + refr)) && (dey

1) = Most sorting algorithms are divide and conquer algorithms.

~efl * E * diffuse
= true;

\AXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

~adiance = SampleLight( &rand
2.x + radiance.y + radiance.z

v = true;

it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

at weight = Mis2( directPdf, brdfpds
it cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directF

andom walk - done properly, clc
rive)
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irvive;

pdf;
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Sorting

GPU Sorting: Selection Sort

) __kernel void Sort( _ global int* in, _ global int* out )
{

int i = get _global _id( 0 ); wanA
| —

2 int n = get global size( @ );
int iKey = in[i];

= true;

fl + refr)) 24 (¢

N int pos = ©

efl * E * diffuse

I for( int j

0; J < n; j++ ) . al
{AXDEPTH) {
int jKey = in[j]; MINUTE...

if; memegenerator.net

- bool smaller = (jKey < iKey) || (jKey == iKey && j < i);
i pos += (smaller) ? 1 : O;

at brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

at weight = Mis2( directPdf, brdfr }
it cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / dire ou_t [ pos ] — iKey;

andom walk - done properly
rive) }
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Sorting

GPU Sorting

fl + refr)

), N
efl * E * diffuse
= true;

\AXDEPTH)

survive = SurvivalProba

-adiance = Samplelight
2.x + radiance.y + rad

v = true;

at brdfPdf = EvaluateDiff
at3 factor = diffuse * IN
at weight = Mis2( directPdf, brdf
3t cosThetaOut = dot( N, L

E * ((weight * cosThetaOut

andom walk - done proper
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Sorting

GPU Sorting

at a
at Tr
) R =

= * diffuse
= true;

fl + refr)

), N )
efl * E * diffuse
= true;

\AXDEPTH)

survive = SurvivalProbal
estimaticn d

if;

-adiance = Samplelight

2.x + radiance.y + radiance

v = true;
it brdfPdf = EvaluateDiffuse
at3 factor = diffuse * INV
at weight = Mis2( directPdf, brdf
3t cosThetaOut = dot( N, L

E * ((weight * cosThetaOut di

andom walk - done proper
rive)

3t3 brdf = SampleDiffuse( diffuse, N
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
ion = true:*
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Sorting

GPU Sorting

Bubblesort:

at a
at Tr
) R =

= * diffuse

= true;

fl + refr)

), N );

efl * E * diffuse

= true;

AAXDEPTH)

survive = SurvivalProba
estimation d

if;

-adiance = Samplelight
2.x + radiance.y + radiance

v = true;

it brdfPdf = EvaluateDiffuse

at3 factor = diffuse * INVPI

at weight = Mis2( directPdf, brdf

s G O Sorting network, size: number of comparisons (in thiscase:5+4+ 3+ 2+ 1=15)

E * ((weight * cosThetaOut

ndon valk - done proper Depth: number of sequential steps (in this case: 9)

rive)

3t3 brdf = SampleDiffuse( diffuse, N
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
ion = true:*
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Sorting

GPU Sorting

On a parallel device, the optimal sorting network
is the one with the smallest depth / smallest span / shortest critical path.

1t
s2t

), N

)

at a = nt

it Tr = 1
'r) R = (D

= * diffuse;
= true;

f1 + refr)) && (dept

), N )
~efl * E * diffuse
= true;

\AXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

“adiance = SampleLight( Zrand
2.x + radiance.y + radiance.z

v = true;

it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

at weight = Mis2( directPdf, brdfpds
it cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directF

andom walk - done properly, clc
rive)

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
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Sorting

Bitonic sort*,**:

=  Work: nlog(n)?
GPU Sorting = Span:log(n)?

Compare element in
top half with element

), N

7 IESEEEEE i PENET 2 R N U N e -
o _-_==._-_==._==._- g ©ttom half
I o T T T
. T (T FT T T b P TPl T S T | Subdivide red box and
e I U 7 N SR NN NN R SR 1 R Y recurse until a single
S s b [T T el el B R P T comparison is left
P ]

' 1 O N N 3 3 O A B T 1
- 0 A I O s % 1 I O O B P I Ensure that the
i 1N N R N T 1 I EEE TN ﬁ largest number s at
- T [T ¥7T T ¥ (0 PP T i P the arrow point
g 3 I R I 5 R 3 O N s ¥ N 1 R
e I T Ty 7T T ey el el i All boxes can execute
:E:?;:ng in parallel.

it cosThetal — y
E * ((weight * cosThetaOut) / dire

andom walk - done properly
rive)

. *: Batcher, ‘68, Sorting Networks and their Applications.
et e S **: Bitonic Sorting Network for n Not a Power of 2;

irvive;

2
s in k) oty http://www.iti.fh-flensburg.de /lang/algorithmen/sortieren/bitonic/oddn.htm

-ion = true:*
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Sorting

GPU Sorting

Full implementations of Bitonic sort for OpenCL:

% https://github.com /Juanjdurillo /bitonicsortopencl
e 2 http://www.bealto.com/gpu-sorting parallel-bitonic-1.html
'r) R = (D

Also efficient on GPU: Radix sort.

fl + refr)) &8 (ds

), N s

efl * E * diffuse

= true;

AAXDEPTH)

survive = SurvivalProbabil S]de note,'
estimation - doing it

if;

~adiance = SampleLight( &rand
2.x + radiance.y + radiance.z

(SSE sorting networks, 2-6 elements)
3 Tacton = diffuse = TWPE: (optimal sorting networks for N<=32)

it weight = Mis2( directPdf, brdfr
it cosThetaOut = dot( N, L );
E * ((weight * cosThetaOut) / direc

e one propecly, (that last one tells us that data for a warp can be sorted in 31 parallel steps)

rive)

v = true;

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);

-ion = true:*



https://github.com/komrad36/SortingNetworks
http://pages.ripco.net/~jgamble/nw.html

Today’s Agenda:

g = Don’t Trust the Template

it a = nt - nc
T =1 -

0 R (0 =  The Prefix Sum

= * diffuse;
= true;

= Parallel Sorting

fl + refr)) && (deptl
), N )i

efl Ve airruse, = Stream Filtering

= true;

wozer) = Optimizing GPU code o

survive = SurvivalProbabilit '.-%7/
estimation - doing it [

if;

"adiance = SampleLight( &rand
2.x + radiance.y + radiance.z)

v = true;

at brdfPdf = EvaluateDiffuse( L. I

at3 factor = diffuse * INVPI:

at weight = Mis2( directPdf, brdfpds

at cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directPds

andom walk - done properly, closel
rive)

3t3 brdf = SampleDiffuse( diffuse, N, rl,
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
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Compaction

Stream Filtering

__kernel void UpdateTanks ( int taskID, _ global Tank* tank )
{

})TR int idx = get_global id( 0 );

: * diffuse; UpdatePOSition();

| ConsiderFiring();

1 + refr)) && (de Render\( ) ;

Lﬁk‘ﬁ%x if (tank[idX].ISOffSCPeen())
= true; {

= RemoveFromGrid();
survive = SurvivalProbabil

estimation - doing it Respawn ( ) ;

if; .
I AddToGrid();

v = true; ConS:Lder‘Flr‘lng();
it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI; }

it weight = Mis2( directPdf, brdfr
it cosThetaOut = dot( N, L ); }
E * ((weight * cosThetaOut) / direc

andom walk - done properly, cl
rive)

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
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Compaction

Stream Filtering

int offscreen[..]; int offscreenCount = 0;
52 - 1 __kernel void UpdateTanks ( int taskID, _ global Tank* tank )

X, N);

; {

it a = nt - ne

T (e int idx = get global id( @ );

r) R = (D * n

ot UpdatePosition(); Reducing the number of atomics:
ConsiderFiring();

F1 + refe)) 88 (depts Render\(); A T
= Store ‘1" or ‘0’ in an arra
N if (tank[idx].IsOffscreen()) y

S offscreen[atomic_inc( &offscreenCount )] = idx; dependm.g on condltlon.;
— } : o § = Do a prefix sum over this array;

survive = SurvivalProbabilit ] Do a Single atomic_add’ which

estimation - doing it p
if;

adiance = Semplelight( irand, __kernel void HandleOffscreenTanks( _ global Tank* tank ) yields the base index;

2.x + radiance.y + radiance.z)

oS { = Use the values in the array as
at brdfPdf = EvaluateDiffuse( L. I

B i o offsets to this base index.

3t cosThetaOut = dot( N, L ); }

E * ((weight * cosThetaOut) / directPds

andom walk - done properly, close
rive)

at3 brdf = SampleDiffuse( diffuse, N, r1, =
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
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wi| wi wi wi wi wi wi wi| warp1 wi (wi [wi wil wi wi wi|l wi warp
wi| wi wi wi wi wi wi wi| warp2 wi (wi [wi wi (wi (wi wi [wi warp2
- - wi wi wi (wi wi wi wi (wi warp3 wi wi| (wi [wi wi| wi [wi wi warp3
Stream Filtering
GPU core (SM) 0 [sharedmem| GPU core (SM) 1 |shared mem|
__local array[256], baseIdx[16]; Rl ey
int offscreen|..]; int offscreenCount = 0;
o2t = 1 __kernel void UpdateTanks ( int taskID, _ global Tank* tank )
5 {
S o int idx = get _global id( 0 );
A UpdatePosition(); . .
e N g ()f Reducing the number of atomics:
Sl ConsiderFiring();
;fl + refr)) && (depti Render\( ) -; .
s int isOffscreen = tank[idx].IsOffscreen() ? 1 : 0; = Store ‘1’ or ‘'O’ in an array
LR // get index of thread in local group depending on condition;
e int lidx = get local id( @ ); = Do a prefix sum over this array;
urvive = SurvivalProbabilit // StOr‘? Ll ar'r"ay m Doasingle atomic add. which
R s array[lidx] = isOffscreen; i = ¢
o o i // perform warp scan yields the base index;

e int count = WarpScan( &array[(lidx >> 5) << 5)] ); = Use the values in the array as
at brdfPdf = EvaluateDiffuse( L. I . N . .

B i o if (lidx & 31 == @) offsets to this base index.
T e T baseIdx[lidx >> 5] = atomic_add( &offscreenCount, count );

andom walk - done properly, closel // Stor‘e in (O'F'FSCI"een’ al"l"ay

=7 if (isOffscreen) offscreen[baseldx[lidx >> 5] + array[lidx]] = idx;

€3 brof = SampleDiffuse( diffuse, N, rl, r2 }

irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
-ion = true:*
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Compaction

Stream Filtering

int offscreen[..]; int offscreenCount = 0;

- o __kernel void UpdateTanks ( int taskID, _ global Tank* tank )
7 {
” int idx = get global id( 0 );

e UpdatePosition();

e ConsiderFiring();

e Render();

1+ refr)) 88 (dept if (tank[idx].IsOffscreen())

e it offscreen[atomic_inc( &offscreenCount )] = idx;
= true; }

\AXDEPTH)

Eﬁﬁ&?ﬁﬁ?*m*' __kernel void HandleOffscreenTanks( _ global Tank* tank )
‘a;]iance = SampleLight( &rand {

2.x + radiance.y + radiance.z R

How many threads execute this kernel?

it brdfPdf = EvaluateDiffuse( L }

at3 factor = diffuse * INVPI;

e (CopyFromDevice() for just a single variable?)

E * ((weight * cosThetaOut) / directF

andom walk - done properly, clc
rive)

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);

-ion = true:*
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Compaction

Stream Filtering

int offscreen[..]; int offscreenCount = 0;
__kernel void UpdateTanks ( int taskID, _ global Tank* tank )

P {

” int idx = get global id( 0 );

e UpdatePosition();

e ConsiderFiring();

e Render();

1+ refr)) 88 (dept if (tank[idx].IsOffscreen())

e it offscreen[atomic_inc( &offscreenCount )] = idx;
il }

AXDEPTH)

Eﬁﬁ&?ﬁiﬂ*“*i __kernel void HandleOffscreenTanks( _ global Tank* tank )
= {

o e if (get _global id( @ ) >= offscreenCount) return;

it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI: .

t weight = Mis2( directPdf, brdfpd: h k I f II k
T e } We start the kernel for all tanks.
E * ((weight * cosThetaOut) / directF

B e propery, <l This is fast, because all relevant tanks are handled by the first N threads; the
remaining threads return immediately.

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
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it a = nt - nc
T =1 -

0 R (0 =  The Prefix Sum

= * diffuse;
= true;

= Parallel Sorting

fl + refr)) && (deptl
), N )i

efl Ve airruse, = Stream Filtering

= true;

wozer) = Optimizing GPU code o

survive = SurvivalProbabilit '.-%7/
estimation - doing it [

if;

"adiance = SampleLight( &rand
2.x + radiance.y + radiance.z)

v = true;

at brdfPdf = EvaluateDiffuse( L. I

at3 factor = diffuse * INVPI:

at weight = Mis2( directPdf, brdfpds

at cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directPds

andom walk - done properly, closel
rive)

3t3 brdf = SampleDiffuse( diffuse, N, rl,
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
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Optimizing GPGPU

temp = input[3] // input is in global mem

Faster OpenCL Instead, use:
if (get local id(@) == @) 1local
1. Optimize memory usage barrier (CLK_LOCAL_MEM_FENCE);
temp = local
E = Read data from global memory once
e = Use local memory when possible
- dirtuse = (Careful: reading the same global address in 256 threads is not a good idea!
ﬂ)f 2. Make sure there is enough work to hide latency
- = On AMD: use multiples of 64 threads (called a ‘wavefront’)
i = Tweak manually for performance, ideally per vendor / device

3. Minimize the number of host-to-device transfers, then their size

at brdfPdf = EvaluateDiffuse( L
at3 factor = diffuse * INVPI;

at weight = Mis2( directPdf, brdfr
3t cosThetaOut = dot( N, L ):

E * ((eight * cosThetaout) / dire 4. Minimize the number of kernel invocations

andom walk - done properl
rive)

3t3 brdf = SampleDiffuse( diffuse, N, r

i ~http://developer.amd.com/tools-and-sdks/opencl-zone/amd-accelerated-parallel-processing-app-sdk/opencl-optimization-guid

-10n

brdf * (dot( N, R ) / pdf):
true:*
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Optimizing GPGPU

at @ = nt
at Tr = 1
'r) R = (D

= * diffuse
= true;

of1 + refr)) &2

), N )
efl * E * diffuse
= true;

{AXDEPTH)

survive = SurvivalProbabil
estimation - d

if;

-adiance = Samplelight

2.x + radiance.y + radiance.:

v = true;
at brdfPdf = EvaluateDiffuse( L
at3 factor = diffuse * INVPI;

at weight = Mis2( directPdf, brdfr

3t cosThetaOut = dot( N, L ):

E * ((weight * cosThetaOut) / dire

andom walk - done properl
rive)

at3 brdf = SampleDiffuse( diffuse, N, ri

irvive;

pdf

3
1 = E * brdf * (dot( N, R ) / pdf);

-ion = true:*

Cache line: 128B

Faster OpenCL
p native_log If (A>B) C += D; else C -= D;
native_ exp
Smaller things: Eziizz_zciqrr;t Replace this with:
native:pow int factor = (A>B) ? 1:-1;
= Use float4 whenever possible C += factor*D;

= Use predication rather than control flow

= Bypass short-circuiting i (a8&b&&c&&d){..}
= Remove conditional code
becomes
= AOS vs SOA performance becomes
. . bool cond = a&&b&&c&&d;
= Reducing atomics if(cond){..} select(r, 0.5, x==1);

select(r, 1.0, x==2);

= Reduced precision math
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"adiance = SampleLight( &rand
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at brdfPdf = EvaluateDiffuse( L. I

at3 factor = diffuse * INVPI:

at weight = Mis2( directPdf, brdfpds

at cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directPds

andom walk - done properly, closel
rive)

3t3 brdf = SampleDiffuse( diffuse, N, rl,
irvive;

pdf;
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at @ = nt
at Tr = 1
r) R =

END of “GPGPU (3)”

2l + refr)) &2

), N )5
efl * E * diffuse

next lecture: “fixed point”

{AXDEPTH)

survive = SurvivalProbabil
estimation - doi

if;

-adiance = Samplelight
2.x + radiance.y + radiance.:

v = true;

st brdfPdf = EvaluateDiffuse

at3 factor = diffuse * INVPI;

at weight = Mis2( directPdf, brdfr
3t cosThetaOut = dot( N, L ):

E * ((weight * cosThetaOut) / dire

o

andom walk - done properl
rive)

at3 brdf = SampleDiffuse( diffuse, N
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
-ion = true:*




