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void Game: :BuildBackdrop()

{

Pixel* dst = m_Surface->GetBuffer();
float fy = 0;
for ( unsigned int y = @; y < SCRHEIGHT; y++, fy++ )
{
float fx = 0;
for ( unsigned int x = @; x < SCRWIDTH; x++, fx++ )
{
float g = 0;
for ( unsigned int i = @; i < HOLES; i++ )
{
float dx = m_Hole[i]->Xx - fx, dy = m_Hole[i]->y - fy;
float squareddist = ( dx * dx + dy * dy );
g += (250.0f * m_Hole[i]->g) / squareddist;
}
if (g > 1) g = 0;
*dst++ = (int)(g * 255.0f);

}
dst += m_Surface->GetPitch() - m_Surface->GetWidth();
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Irl()\A/ for (uint i = @; i < PARTICLES; i++ ) if (m_Particle[i]->alive)
{
m_Particle[i]->x += m_Particle[i]->vx;
m_Particle[i]->y += m_Particle[i]->vy;
if (!((m_Particle[i]->x < (2 * SCRWIDTH)) && (m_Particle[i]->x > -SCRWIDTH) &&
(m_Particle[i]->y < (2 * SCRHEIGHT)) && (m_Particle[i]->y > -SCRHEIGHT)))

{
SpawnParticle( i );
continue;

: }
%iil for ( uint h = @; h < HOLES; h++ )
: diffuse {
- true; float dx = m_Hole[h]->x - m_Particle[i]->x;
£1 + refr) & float dy = m_Hole[h]->y - m_Particle[i]->y;
Al float sd = dx * dx + dy * dy;
S float dist = 1.0f / sqrtf( sd );
wozeTH) dx *= dist, dy *= dist;
Reive = survivairobabi float g = (250.0f * m_Hole[h]->g * m_Particle[i]->m) / sd;
T if (g >= 1) { SpawnParticle( i ); break; }
T+ eadiance.y + radiancs m_Particle[i]->vx += 0.5f * g * dx;
' brafedt = Evalustepiffuse m_Particle[i]->vy += 0.5f * g * dy;
e welght - His2( directndt, bt }
B o i int x = (int)m_Particle[i]->x, y = (int)m_Particle[i]->y;
mon otk - done rope if ((x >= @) && (X < SCRWIDTH) && (y >= ©) &% (y < SCRHEIGHT))
; m_Surface->GetBuffer()[x + y * m_Surface->GetPitch()] = m_Particle[i]->c;
:E\Z;?:f SampleDiffuse( diffuse, }
1 = E * brdf * (dot( N, R ) / pdf);

ion = true:*
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3t3 brdf = SampleDiffuse( diffuse, N, ri
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3
1 = E * brdf * (dot( N, R ) / pdf);

-ion = true:*

FALSE == 0, TRUE == 1:

Broken Streams Masking allows us to run code
unconditionally, without consequences.

bool respawn
for ( uint h

{

false;
©; h < HOLES; h++ )

float dx = m_Hole[h]->x - m_Particle[i]->X;

float dy = m_Hole[h]->y - m_Particle[i]->y;

float sd = dx * dx + dy * dy;

float dist = 1.0f / sqrtf( sd );

dx *= dist, dy *= dist;

float g = (250.0f * m_Hole[h]->g * m_Particle[i]->m) / sd;
if (g >= 1) { SpauwnParticlel i }; breal; )l respawn = true;
m_Particle[i]->vx += 0.5f * g * dx; * lrespawn;
m_Particle[i]->vy += 0.5f * g * dy;  * lrespawn;

}

if (respawn) SpawnParticle( i );
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1 = E * brdf * (dot( N, R ) / pdf);
ion = true:

Broken Streams

char a[4] = { 6, 7, 8, 9 };

char b[4]
char c[4];

{ 20, 20, 20, 20 };

*(uint*)c = *(uint*)a + *(uint*)b;

Masked addition:

char a[4] = { 6, 7, 8, 9 };

char b[4] = { 20, 20, 20, 20 };

char mask[4] = { 255, O, 255, 255 };

char c[4];

*(uint*)c = *(uint*)a + (*(uint*)mask & *(uint*)b);

char a[4] = { 6, 7, 8, 9 };
char b[4] = { 20, 20, 20, 20 };

uint mask4 = OxFFFFOOFF;

char c[4];

*(uint*)c = *(uint*)a + (*(uint*)b & mask4);
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pdf;

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

Broken Streams - Flow Divergence

Like other instructions, comparisons between vectors yield a vector of booleans.

__m128 mask = mm_cmpeq_ps( vl, v2 );

The mask contains a bitfield: 32 x ‘1’ for each TRUE, 32 x ‘0O’ for each FALSE.

The mask can be converted to a 4-bit integer using _mm_movemask_ps:

int result = _mm_movemask ps( mask );

Now we can use regular conditionals:

if (result ==0) { /*
if (result == 15) { /*
if (result < 15) { /*
if (result > 0) { /*

false for all streams */ }
true for all streams */ }
not true for all streams */ }
not false for all streams */ }
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Streams - Masking

More powerful than ‘any’, ‘all’ or ‘none’ via movemask is masking.

1T

= if (x >= 1 & x < PI) x = 0;

)

at a = nt
at Tr = 1

L Translated to SSE:

= * diffuse;
= true;

s ~_m128 maskl = mm_cmpge ps( x4, ONE4 );
N ); m128 mask2 = mm_cmplt ps( x4, PI4 );

efl * E * diffuse

Ty :m128 fullmask = mm_and ps( maskl, mask2 );

\AXDEPTH)

survive = SurvivalProbabil X4 = mm andnot ps ( 'Ful]_ma S k, X4 ) ;

estimation - doing it A E— -

if;

-adiance = Samplelight( &ranc

2.x + radiance.y + radiance.: o
i (_mm_andnot_ps inverts the first argument.)

v = true;

at 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
rive)

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

pdf;

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

-ion = true:*
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Flow Control

Streams - Masking

float a[4] = { 1, -5, 3.14f, 0 };

), N

) if (a[@] < @) a[e] = 999;

A if (a[1] < @) a[l1l] = 999;

if (a[2] < @) a[2] = 999;

R if (a[3] < @) a[3] = 999;

féfq 2;5 * diffuse in SSE

ss ~ _ml128 a4 = mm_set ps( 1, -5, 3.14f, 0 );
= i e ~_m128 nine4 = mm_set psi( 999 );

e R __m128 zero4 = _mm_setzero_ps();

S __m128 mask = _mm_cmplt_ps( a4, zero4d );

at brdfPdf = EvaluateDiffuse( L
at3 factor = diffuse * INVPI;
at weight = Mis2( directPdf,

B e ,0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO11111111111111111111111111111111000OOO0000OOOOOOOO000000OOOOOO000000OOOOOOOOOOOOOOOOOOOOOOOOOOOO

* ((weight * cosThetaOut) / dir

andom walk - done properly
rive)

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

pdf;

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

Streams - Masking

~_ ml128 a4 = mm_set ps( 1, -5, 3.14f, 0 );
__m128 nined4 = mm_set psl( 999 );

A ~ _ml1l28 zerod4 = mm_setzero ps();

. _ m128 mask = _mm_cmplt ps( a4, zero4d );

:
)SZT
), N
))

= * diffuse;
= true;

000000000000000000000000000000001111111121111211117711171121111111110000000000000000000000000000000000000000000000000000000000000000

fl + refr)) &8 (ds

), N s

efl € * diffuse __m128 partl = mm_and ps( mask, nine4 );
= true; .
// yields: { @6, 999, 0, 0 }
AAXDEPTH)
survive = SurvivalProbabil
estination - doing i m128 part2 = _mm_andnot_ps( mask, a4 );
’f;- + o i T ° . - e
o i // yields: { 1, 0, 3.14, 0 }
:t=b:;::;f = E\./aluateDiffuse‘ L
- a4 = _mm_or_ps( partl, part2 );
S e // yields: { 1, 999, 3.14, 0 }
andom walk - done properly, cl
rive)
; ..or simply: a4 = mm_blendv_ps( a4, nine4, mask ); ©
at3_br¢:]f = SampleDiffuse( diffuse, N, rl
Pt

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

Streams - Masking

Take-away:

), N

= |n vectorized code, stream divergence is not possible.
e = We solve this by keeping all lanes alive.
= ‘Inactive lanes’ use masking to nullify actions.

fl + refr)) 22 (d

1) This approach is used in SSE/AVX, as well as on GPUs.

efl * E * diffuse
= true;

\AXDEPTH)

survive = SurvivalProbabil
estimation - doing it

if;

-adiance = Samplelight( &ranc
2.x + radiance.y + radiance.:

v = true;

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
rive)

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

pdf;

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

-ion = true:*
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Flow Control

)

at a = nt
it Tr =1 -
r) R = (D nnt

= * diffuse;
= true;

=fl + refr)) 8% (dept!

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

\AXDEPTH)

survive = SurvivalProbabilit
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) / directr

andom walk - done properly, cl
rive)

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

irvive;

pdf;

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

Streams - Masking

W Template

UFDATEELACEHOLES & M=
EU | LDEACKDREOF E1 mME
UFDATEFART ICLES - 15 ‘M=
44ETE FARTICLES

FFE ZZ.Z2%
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Flow Control

static union { float px[PARTICLES]; _ m128 px4[PARTICLES / 4]; };

static union { float py[PARTICLES]; _ m128 py4[PARTICLES / 4]; };

static union { float pvx[PARTICLES]; _ m128 pvx4[PARTICLES / 4]; };

static union { float pvy[PARTICLES]; _ m128 pvy4[PARTICLES / 4]; };
3 static union { float pm[PARTICLES]; _ m128 pm4[PARTICLES / 4]; };
= static bool pa[PARTICLES];

static union { uint pc[PARTICLES]; _ m128i pc4[PARTICLES / 4]; };

at T T:ﬂf
) R =

* dif*.f
e R // convert to SoA
%%Pgdmuf for( int i = @; i < PARTICLES; i++ )

{

i px[1] = m_Particle[i]->x;
;urv%verzczuTv%YélPrcbar:. O i . . I i
Sy py[i] = m_Particle[i]->y;
R i pvx[i] = m_Particle[i]->vx;
:t=b:;::;f = EvaluateDiffuse( L pvy [ 1 ] N m_Pa r‘tlc le [ 1 ] ) >Vy;

t3 factor = diffuse * INVPI; pa [ i ]

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

. o
E * ((weight * cosThetaOut) / dire pC [l]
andom walk - done properly pm [ i ]

rive)

m_Particle[i]->alive;
m _Particle[i]->c;
m_Particle[i]->m;

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

1 = E *

-10n

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



Today’'s Agenda:

- = Recap

at a = nt
it Tr = 1
'r) R = (D

= Flow Control

= AVX, Larrabee, GPGPU

= * diffuse;
= true;

fl + refr)) && (dey

), N s

erl ~e - sirruse = Further Reading

= 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,
rive)

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

pdf;

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

-ion = true:*
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Beyond SSE

AVX*

% (de . . . . . . . . . . . .
= = insi

;t>: nt | |
352t = 1

S L3 L 2
)

ol opp4 =) opp8

et Tr = 1 - (R@

r) R = (D * nnt
IAXDEPTH) _m256 _mm256_add_p5

survive = SurvivalProbabilit

’;jtimation - doing it p _mm256_sqr‘t_ps

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

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

= * diffuse;
= true;

=fl + refr)) 8% (dept!

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

andom walk - done properly, close

= *: On: ‘Sandy Bridge’ (Intel, 2011), ‘Bulldozer’ (AMD, 2011).

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

pdf;

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

-ion = true:*
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Beyond SSE

fl + refr)) 24 (¢
), N )

efl * E * diffuse
= true;

{AXDEPTH)

survive = SurvivalProbabil

estimation

if;

~adiance = SampleLight( &rar
2.x + radiance.y + radiance.:
v = true;

at brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

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

E * ((weight * cosThetaOut) / dire

andom walk - done properly
rive)

3t3 brdf = SampleDiffuse( diffuse, N, ri

irvive;
pdf;
1 = E *

brdf * (dot( N, R ) / pdf);
-10n rye*

+ru

AVX2*

Extension to AVX: adds broader _mm256i support, and FMA:

r8 = c8+(a8*b8)

__m256 r8 = mm256_fmadd ps( a8, b8, c8 );

Emulate on AVX:

r8 = mm256_add ps( _mm256 mul ps( a8, b8 ), c8 );

Benefits of fused multiply and add -

= Even more work done for a single ‘fetch-decode’
= Better precision: rounding doesn’t happen between multiply and add

*: On: ‘Haswell’ (Intel, 2013), ‘Carrizo’ and ‘Zen’ (AMD, 2015, 2017).




INFOMOV - Lecture 6 - “SIMD (2)” 31

Beyond SSE AL LL LI LI L]

1t nt
352t =
), N
)

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

= * diffuse;
= true;

f1 + refr)) && (dept

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

\AXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

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

v = true;

at 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:*

¥ ¥ ¥ ¥ ¥ ¥

opplé

== ——
AVX512* TYTITITIITIIIIIITY
16-wide SIMD, with 32 512-bit registers (_m512, _m512i).

Most AVX512 instructions can be masked:

__m512 mm512 maskz_add ps( _ _mmask16 k, _m512 a, ~m512 b )

‘Add packed single-precision (32-bit) floating-point elements in a and b, and store the results
in dst using zeromask k (elements are zeroed out when the corresponding mask bit is not
set).”

For a full list of instructions, see:
https://software.intel.com/sites/landingpage/IntrinsicsGuide

*: On: ‘Skylake-X’ (Intel, 2013), ‘Carrizo’ and ‘Zen’ (AMD, 2015, 2017).




o »
INFO MOV = LeCture 6 o SIM D (2) .;intel Intrinsics Guide The Intel Intrinsics Guide is an interactive reference tool for Intel intrinsic instructions, which are C style functions that provide acces

many Intel instructions - including Intel® SSE, AVX, AVX-512, and more - without the need to write assembly code.
Technologies
eyon

¥ SSE
I zzg __ml28 _mm_add_ps (__m128 a, __m128 b)
I ccer3 __m128 _mm_add_ss (__m128 a, __ml28 b)
I SSEAT __ml28 _mm_and_ps (__m128 a, __m128 b)
B T sseaz __m128 _mm_andnot_ps (__m128 a, __ml128 b)
I AVX __mé4 _mm_avg_pulé (__méd a, __mé4d b)
I AVX2 __mé4 _mm_avg_pu8 (__mé4 a, __mé4 b)
I FMA __ml28 _mm_cmpeq_ps (__ml128 a, __ml28 b)
I AVX-512 __ml28 _mm_cmpeqg_ss (__ml128 a, __ml28 b)
KNC __ml28 _mm_cmpge_ps (__ml128 a, __ml28 b)
BT __m128 _mm_cmpge_ss (__m128 a, __ml128 b)
Other __ml128 _mm_cmpgt_ps (__ml128 a, __ml128 b)
Categories __m128 _mm_cmpgt_ss (__m128 a, __ml128 b)
Application-Targeted __m128 _mm_cmple_ps (__ml128 a, __ml28 b)
Arithmetic __m128 _mm_cmple_ss (__m128 a, __ml128 b)
o Bit Manipulation __ml28 _mm_cmplt_ps (__ml128 a, __ml28 b)
Cast __ml28 _mm_cmplt_ss (__m128 a, __ml28 b)
A EzanZ?:e __m128 _mm_cmpneq_ps (__m128 a, __ml128 b)
R Cryptography __m128 _mm_cmpneq_ss (__m128 a, __ml128 b)
: Elementary Math __m128 _mm_cmpnge_ps (__m128 a, __ml128 b)
S Functions __m128 _mm_cmpnge_ss (__m128 a, __ml128 b)
ol e A General Support __m128 _mm_cmpngt_ps (__m128 a, __m128 b)
f5_ e Load ml/Z8 mm cmpng Il 4 3 ] 2 b
adiance = Samplelig
T For a full list of instructions, see: )
= true; . . ) : 5 o )
bR T https://software.intel.com/sites /landingpage /IntrinsicsGuide §
it weight = Mis2( dire __ “mnm_ ~ _ _ )
£ < ((weight = coshetaout Probability/Statistics __m128 _mm_cmpord_ps (__m128 a, __m128 b)
ndom walk - done prop Ez?dom __m128 _mm_cmpord_ss (__m128 a, __ml128 b)
ive) Shift __m128 _mm_cmpunord_ps (__ml128 a, __ml28 b)
£ brdf = Samplepiffuse( diffuse, 1 Special Math Functions __m128 _mm_cmpunord_ss (__m128 a, __m128 b)
;;i‘(e; Store int _mm_comieq_ss (__m128 a, __m128 b)
= E * brdf * (dot( N, R ) / pdf Str!ng Compare int _mm_comige_ss (__ml128 a, __ml128 b)
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Beyond SSE

GPU Model

__kernel void main( write only image2d t outimg )

> {
s int column = get global id( © );
S int line = get global id( 1 );
AT float red = column / 800.;

e float green = line / 480.;

float4 color = { red, green, 0, 1 };

write imagef( outimg, (int2)(column, line), color );

brdf = SampleDiffuse( diffuse, N, r1
e

E * brdf * (dot( N, R ) / pdf);
= true:*
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Beyond SSE

GPU Model

__kernel void main( write only image2d t outimg )

. ae
= = 1INS1 {
1t = nt

;ﬁ? int column = get global id( © );
. int line = get global id( 1 );
e float red, green, blue;

e if (column & 1)

;fl + refr)) 82 (depti {

e red = column / 8090.;

green = line / 480.;
ki color = { red, green, 0, 1 };
surv:i.ve = SurvivelProbabili:
1:jtmatmn - doing it p }

"adiance = SampleLight( &rand !

2.x + radiance.y + radiance.z) e l S e

v = true;

at brdfPdf = EvaluateDiffuse( L. I {

at3 factor = diffuse * INVPI:

at weight = Mis2( directPdf, brdfpds d — - b - .
at cosThetaOut = dot( N, L ); r‘e _— gr‘een _— lue - @_’

E * ((weight * cosThetaOut) / directPds

andom walk - done properly, closel }

. write_imagef( outimg, (int2)(column, line), color );

at3 brdf = SampleDiffuse( diffuse, N, r1, =
rvive; }
pdf;

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

-ion = true:*




Today’'s Agenda:

- = Recap

at a = nt
it Tr = 1
'r) R = (D

= Flow Control

= AVX, Larrabee, GPGPU

= * diffuse;
= true;

fl + refr)) && (dey

), N s

erl ~e - sirruse = Further Reading

= 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,
rive)

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

pdf;

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

-ion = true:*




2.x + radiance.y + r

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

-
= E * brdf * (dot( N, R )



/INFOMOV/

at @ = nt
it Tr = 1

END of “SIMD (2)”

2l + refr)) &2

), N )
efl * E * diffuse

next lecture: “Data-Oriented Design”

{AXDEPTH)

survive = SurvivalProbabil
estimation -

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

andom walk - done pr
rive)

at3 brdf = SampleDiffuse( diffuse, N
irvive;

pdf;

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




