it a
3t Tr
'r) R

* diffus
= true

»fl + refr

Yol e
efl * € * diffu
= true;

VAXDEPTH)

survive = SurvivalProl
estimati

if;

"adiance = Samplelight
*.X + radiance.y + radiar

v = true;

st brdfPdf » EvaluateDiffuse
3t3 factor = diffuse * INVPI
st weight = Mis2( directPdf
3t cosThetaOut = dot{ N, L
E * ((weight * cosThetalut

sndom walk
jive)

yt3 brdf = SampleDiffuse( diffuse, N

srvive;

pdf;

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

3on = true-*

/INFOMOV/
Optimization & Vectorization

J. Bikker - Sep-Nov 2015 - Lecture 4: “Low Level (2)”

Welcome!




it
s2t
), N
))

it & = nt
5t Tr = 1
'r) R = (D

= * diffuse;
= true;

»fl + refr)) &8

), N
efl * E * diffuse
= true;

WAXDEPTH)

survive = SurvivalProbabil
estimation - doing

if;

"adiance = Samplelight( &rand
*.X + radiance.y + radiance.:

v = true;

st brdfPdf = EvaluateDiffuse

yt3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, bedip
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / direct

sndos walk - done properly,
sive)

]
yt3 brdf = SampleDiffuse( diffuse, N, 1

rvive;

pdf;

' = E * brdf * (dot( N, R ) / pdf);
3on = true-*

Today’s Agenda:

Optimizing GlassBall




INFOMOV - Lecture 4 - “Low Level (2)”

Rules of Engagement

), N

it a
3t Tr
'r) R =

= * diffuse
= true;

f]l + refr)) &8 (4

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

WAXDEPTH)

survive = SurvivalProbabil
estimatior i

if;

~adiance = SampleLight( &ra
>.x + radiance.y + radiance

v = true;

3t brdfPdf = EvaluateDiffuse

3t3 factor = diffuse * INVPI

st weight = Mis2( directPdf, brd!
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetalut) di :

sndom walk - done prope
rive)

3t3 brdf = SampleDiffuse( diffuse, N, 1

srvive;
pdf;

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

3on = true-*

Common Opportunities in Low-level Optimization

L On G e A0S SH oy

Avoid Costly Operations
Precalculate

Pick the Right Data Type
Avoid Conditional Branches
Early Out

Use the Power of Two

Do Things Simultaneously

Consistent Approach

1.
28

Profile: determine hotspots
Analyze hotspots: determine scalability
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Gathering Intel

I- Template

58

it = nt
)52t

N s game.cpp R X

) #include "template.h”

it 4 = nt

o #define BALLS 2|

E * diffuse

= true; float ballx[BALLS], bally[BALLS], wx[BALLS], vy
;fl + refr) El// == mm — m oo
232;_‘ {{ Scale a color (range: @..128, where 128 1s 1
= true; fLH -—_-—_-—————— e e -

Binline unsigned int ScaleColor{ unsigned int or
WAXDEPTH) 1

fgg;;: const Pixel rb = ((scale * (orig & (255 <<
L const Pixel g = ((scale * (orig & (255 << ¢
e return (Pixel)rb + g;

1
v = true;

3t brdfPdf « EvaluateDis
3t3 factor = diffuse " I

=101 x|

)t weight = Mis2( directPdf, bedip
3t cosThetaOut = dot( N, L |;
E * ((weight * cosThetaOut) / direc:

sndom walk - done properly,

rive)

]

3t3 brdf = SampleDiffuse( diffuse, N, r1
srvive;

pdf;
' = E * brdf * (dot( N, R ) / pdf);
-3on = true:*
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Gathering Intel

I- Template

15

it = nt
)52t = 1.9

) N); g =R =X
) #include "template.h”

3t a = nt 20

5t Tr = 1
'r) R = (D

#define BALLS

E * diffuse

- true; float ballx[BALLS], bally[BALLS], wx[BALLS], wy ~
S —— . ;\‘L
sl // Scale a color (range: @..128, where 128 is 1 i
= true; A e —————————— |

Blinline unsigned int 5caleColor({ unsigned int or '
WAXDEPTH) { [l il
== const Pixel rb = ((scale * (orig & ((255 =<«
if; ‘ const Pixel g = ((scale * (orig & (255 << &
el return (Pixel)rb + g;

Ly

v = true;

3t brdfPdf » EvaluateDiffuse 4
3t3 factor = diffuse I

=101 x|

)t weight = Mis2( directPdf, bedfpdl
3t cosThetaOut = dot( N, L );
E * ((weight * cosThetaOut) / directd

sndom walk - done properly,

sive)

]

1t3 brdf = SampleDiffuse( diffuse, N, r1, -
srvive;

Pdf:
' = E * brdf * (dot( N, R ) / pdf);
-3on = true:
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Gathering Intel -

15

Tool 1:

VerySleepy™

o (will tell us relative cost of parts of the code)

3t Tr = 1
'r) R = (I

e Tool 2:
.;fl + refr)) &8 (4

s i Custom timer

= true;

(will tell us absolute cost of large tasks)

VAXDEPTH)

survive = SurvivalProbabi

estimation doing

& 13:
-adiance = Samplelight( &ra TOO .
*.x + radiance.y + radiance

v = true;

3 fackor = diffuse - VDL Running the app with various workloads
st weight = Mis2( directPdf, berdf

3t cosThetaOut = dot( N, L );

Bl RO s TIEROVE) / cirect (to measure scalability)
sndom walk - done prope
sive)

3t3 brdf = SampleDiffuse( diffuse, N
rvive;

pdf;

v =E * brdf * (dot( N, R ) / pdf);
3on = true-*




INFOMOV - Lecture 4 - “Low Level (2)” 7

Gathering Intel 2// | g
g /4 Main game tick function IE
| timer t,
Bwvoid Game: :Tick{ float a_D
i
screen-=Clear @ J;
DrawBackdrop(),
for{ 1int 1 = @; 1 < BA
e {
:fu it DrawBall{ (int)bal
3 bally[i] += vy[il;] |
2 ballx[i] += vx[il;
At vy[i] += 8.2f;
'r) R = (D if (bally[i] = (50
E = diffuse; i
T bally[i] = SCR
;fl + refr)) 83 (dept } W[i] = -0.96f
el Ve e aitruse; if (ballx[il > (SC
= true; {
JAXDEPTH) ballx[1] = SCH
vk[1] = -wx[1]
survive = SurvivalProbabil s
estimation - doing it }
if; - .
-adiance = Samplelight( &rand if (:bﬂ-l.-b(['l_:l = @:}
*.X + radiance.y + radiance.: {
v = true; bﬂ-l.].)(['l.:l = @,
st brdfPdf = EvaluateDiffuse! L - B
1t3 factor = diffuse * INVPI: vx[i] = -vx[1],
st weight = Mis2( directPdf, bedipd! }
3t cosThetaOut = dot({ N, L );
E * ((weight * cosThetaOut) / direct®d }
N STk dons: proserly, |  printf( "%6.1f\n", t.elapsed() );
) t.reset();
;!tl brdf = SampleDiffuse( diffuse, N, r1 -}
rvive;

pdf;
' = E * brdf * (dot( N, R ) / pdf);
3on = true-*
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Gathering Intel E e

Thner T,
float smoothed = 6@;
bool firstFrame = true;
BV Pt balciterer=T_[}] )

i
screen-=Clear @ );
DrawBackdrop();
-« ins for{ int 1 = @; 1 < BALLS; 1i++ )
it = nt
)52t = {
2 M ); DrawBall{ (int)ballx[1], (intlbally[i] J;
3) - -
bally[i] += wy[il;

et ballx[i] += wx[i];
r) Ri=(D*r vy[i] += @.2f;
= * diffuse; if (bally[i] > (SCRHEIGHT - 128))
= true;

2 i
> ‘ bally[1] = SCRHEIGHT - 128,
fl + refr)) &8 (dep V}I’I:'[:l - -Q.96Ff * V}I’I:'[:l;
), N ) 1
efl * E * diffuse; : ) )
= true; if (ballx[i] = (SCEWIDTH - 128))

i

WAXDEPTH) ballx[1] = SCRWIDTH - 128,
survive = SurvivalProbabilit vx[1] = -wx[1];
estimation - doing it }
if; R .
-adiance = Samplelight( &rand if (ballx[i1] < @)
2. x + radiance.y + radiance.: 1
v = true; bﬂ-l.-l.)(['l-.:l = Eﬂ;
st brdfPdf » EvaluateDiffuse! L, | B N
1t3 factor = diffuse * INVPI; vx[1] = -wx[1i];
st weight = Mis2( directPdf, brdfpd! }
3t cosThetaOut = dot({ N, L );
E * ((weight * cosThetaOut) / directod: 1
jdow salk ~ done. properly, €l < | if (!firstFrame) smoothed = @.95F * smoothed + @.85f * t.elapsed();
rive) firstFrame = false;
; printf( H0. Luresmneedsnesleis
::;::f = SampleDiffuse( diffuse, N, r1 t. PESEt(:};
pdf; _}|
v = E * brdf * (dot( N, R ) / pdf);

-3on = true:*
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Gathering Intel
-io/x

File View Help

B Averages Call Stacks Filters

Mame I Exdu... I Inclusive I %o Exclu. .. I %% Indusive | Module I Source File
Tmpl3::Game::DrawBall 13.08s 19.625 81.00% 87.93% Template d:\dropbox'jaccoecturesiinfoma
Tmpl3::Game::DrawBackdrop 0.73s 0.81s 3.27% 3.62% Template d:\dropbox'jaccoYecturesiinfoma
Tmpl3::Game::Tick 0.00s 21.43s 0.00%: 96.05% Template |:|:'n,clru:upl:uux'n,jaccu:u'n,lecb_lres'n,infomng Template
Tmpl3::Surface::Clear 0.41s 0.41= 1.83% 1.83% Template d:\dropbox'jaccoYecturesiinfoma
SOL_main 0.00s 21.45z 0.00%: 96.14%: Template d:\dropboxjaccoYecturesiinfoma
_ftol2_sse 0.249s 0.24s 1.07% 1.07% Template fildd\wctools\ert\fpw32itranli3se
_ftol2_pentium4 1,558 1.558 6.93% 6.93% Template fi\dd\wetools'ort\fpw32itrantj3as
__tmainCRTStartup 0.00s 21.56s 0.00%: 96.63% Template fiiddwctoolsiorthortw 320 dllstuffic
WinMain 0.00s 21.56s 0.00%: 96.63% Template d:\active\sd|2-2.0. 3srcmain i
main 0.00s 21.56s 0.00% 96.63% Template d:\active\sdl2-2.0, srcmain wirn
_imp__QueryPerformanceCounter  0.00s 0.75s 0.00%: 3.35% Template [urknown]

E Main

2|

glass ball using fake reflection

wold Game: :DrawBall/(
{
Pixel* dst = screen-»zetBuffer() + bx + by * screen->EFZetPitchi);
Pixel* src = image->FetBuffer();
.X + radiance.y + radia for { int ¥y = 0; ¥ < 128; y++ )
{
= true; £ = (¥ [ & -
’ float dy = (fleoat) (y — &4);
st brdfPdf » EvaluateDiffuse ¥ My g4
yt3 factor = diffuse
st weight = Mis2( directPdf {
3t cosThetaOut = dot . .08 float dx = (float) (x - 84);
E * ((weight * cosThetaOut (17 float dist = sgrefl dx * dx + dy * dy J;
if (dist < o4)

for | int == = 0; x < 128; =xt+ )

ndom walk

ive)

|Snur::e file: d:\dropboxYjaccoecturesiinfomovexamples\alassball\game..cpp
3t3 brdf = SampleDiffuse( diffuse

pdf
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Assess

1. Avoid Costly Operations
Optimization targets:

oy 2. Precalculate
S 1. DrawBall

5 2. DrawBackdrop
it =t - o 3. Surface::Clear

5t Tr = 1
'r) R = (D

3. Pick the Right Data Type

et Ao 4. Avoid Conditional Branches

fl + refr)) &3 (dept

. W) 5. Early Out

efl * £ * diffuse;
= true;

o 6. Use the Power of Two
=
if;
"adiance = Samplelight( &rand

».Xx + radiance.y + radiance.: 7. DO Thlngs Slmu1taneou51y

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, bedipd!
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directs

sndom walk - done properly,
sive)

]

yt3 brdf = SampleDiffuse( diffuse, N, 1
rvive;

pdf;

' = E * brdf * (dot( N, R ) / pdf);
3on = true-*
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void Game::DrawBall( int bx, int by )

{
Pixel* dst = screen-=GetBuffer() + bx + by * screen->GetPitch();
Pixel* src = image->GetBuffer();
for ( inty = @; v < 128; y++ )
{
float dy = (float)(y - 64);
for ( int x = @; X < 128; X++ )
{
float dx = (float)(x - 64);
float dist = sqrtf( dx * dx + dy * dy );
if (dist < o64)
{
int xoffs = (int)((dist / 2 + 1@) * sinf( 0.025f * (float)(x - 5@) ) J;
int yoffs = (int)((dist / 2 + 1@) * sinf( @.025f * (float)(y - 5@) ) );
int ul = ((bx + x) - 4 * xoffs) % SCRWIDTH;
int vl = ((by + v) - 4 * yoffs) % SCRHELIGHT;
int uZ2 = ((bx + x) + 2 * xoffs) % SCRWIDTH;
int v2 = ((by + y) + 2 * yoffs) % SCRHEIGHT;
Pixel refl = src[max(C @, ul ) + max( @, vl ) * image->GetWidth()];
Pixel refr = src[max( @, uZ2 ) + max( @, v2 ) * image->GetWidth()];
int reflscale = (int)(63.6f - @.015f * (1 - dist) * (1 - dist));
int refrscale = (int)(@.015f * (1 - dist) * (1 - dist));
Pixel colorl = ScaleColor( refl, 63 - reflscale );
Pixel color? = ScaleColor( refr, 63 - refrscale );
unsigned int red = MIN(C @xff@ee®, (colorl & @xffeee®) + (color?2 & xffeeeo) );
unsigned int grn = MIN( @x00ffe®, (colorl & @x00ffe@) + (color? & x0Offe0) );
unsigned int blu = MINC @x0@@aff, (colorl & ox@@vaff) + (color? & Ox0QQDff) );
dst[x + y * screen->GetPitch()] = red + grn + blu;
}
}
1
¥
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12

Assess

it
)52t
), N
)

)t 4 = nt
5t Tr = 1
'r) R = (D

= * diffuse;
= true;

»fl + refr)) 88 (deg

), N
efl * £ * diffuse;
= true;

VAXDEPTH)

survive = SurvivalProbabil
estimation - doing 1

if;

"adiance = Samplelight( &rand
*.X + radiance.y + radiance.:

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, bedipd!
3t cosThetaOut = dot({ N, L );

E * ((weight * cosThetaOut) / directs

sndom walk - done properly,
sive)

]
yt3 brdf = SampleDiffuse( diffuse, N, 1

rvive;

pdf;

= E * brdf * (dot( N, R ) / pdf);
3on = true-*

Costly operations:

= sinf, cosf
= sqrt
= %

Precalculation opportunities:

= xoffs, yoffs, dist
= reflscale, refrscale

Data type issues:

= float, int, unsigned int

Conditional branches:

= for loops, dist check, max

Early out:

" jt'sa circle (so: convex)

Use the power of 2:
= already happening

Do things simultaneously:

= ?

Avoid Costly Operations
Precalculate

Pick the Right Data Type

Avoid Conditional Branches
Early Out
Use the Power of Two

Do Things Simultaneously
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Practical

), N

3)

it a nt
3t Tr = 1
'r) R = (I
= * diffuse

= true;

fl + refr)) &3 B u
e dSICS
efl * E * diffuse

= true;

VAXDEPTH)

survive = SurvivalProbabl
estimation 3

if;

“adiance = SamplelLight

*.x + radiance.y + radiance

v = true;

3t brdfPdf = EvaluateDiffuse

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, berdf
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetalut) / dire

sndom walk - done prope
sive)

3t3 brdf = SampleDiffuse( diffuse, N
rvive;

pdf;

' = E * brdf * (dot( N, R ) / pdf);
3on = true-*
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INFOMOV - Lecture 4 - “Low Level (2) 245
24.3
245
= 24_3
Practical
L
245
c 24.3
svoid Game::DrawBall( int bx, int by ) 245
{ 24_3
Pixel* dst = screen->GetBuffer() + bx + by * screen->GetPitch(); %Ejg
Pixel* src = image->GetBuffer();
for ( inty =0; y < 128; y++ )
{
b (de float dy = (float)(y - 64);
S a3n| for ( int x = @; x < 128; X++ ) :
S { float dist = dx * dx + dy * dy; float dist = dtab[x][v]; float dist = dtab[y][x];
52t = - - - - 5 =
% M) float dx = (float)(x - 64); if (dist < (64 * 6433 if {dist = 64) 1T {dist = &4)
) float dist = sqrtf( dx * dx + dy * dy ); { i I
b }f (dist < 64) dist = sqrtf( dist J; int xoffs = xotab[y][x];
r) R 3 = -
| int xoffs = (int)((dist / 2 + 10) * sinf( 0.025F * (FlOAICX - 50) ) B// — oo int yoffs = yotab[y][x];
= tru int yoffs = (int)((dist 7 2 + 1@) * sinf( 0.025f * (float)(y - 5@) ) |// Initialize the game
: int ul = ((bx + x) - 4 * xoffs) % SCRWIDTH; [/ —mmmmmmmmTomommmmomoomoomom oo oooomoomoooomooooooooooooo
1+ int vi = ((by + y) - 4 * yoffs) % SCRHEIGHT; 5;"“" e LRSIk e,
Z;f';z ?nt uz = ((bx + xy + 2 * xoffs) % SCRWIDTH; image = new Surface( "testdata/mountains.png” J;
ST int vZ2 = ((by + y) + 2 * yO'F'FS) % SCRHEIGHT; for( int i = @; i < BALLS; i++ )
Pixel refl = src[max( @, ul ) + max( @, vl ) * image->GetWidth()]; {
AXDEP Pixel refr = src[max( @, uZ2 ) + max( @, vZ2 ) * image->GetWidth()]; ballx[i] = 1@@ + Rand( 50@ );
i int reflscale = (int)(63.0f - 0.015f * (1 - dist) * (1 - dist)); bally[1] = 20@ - Rand( 150 );
estin int refrscale = (int)(0.015f * (1 - dist) * (1 - dist)); “H - gfm”d( el O es bediii o abadi? © =kl
2:“m Pixel colorl = ScaleColor( refl, 63 - reflscale ); } bS] =Ly
X+ | Pixel color2 = ScaleColor( refr, 63 - refrscale ); for( int x = B; x < 128; x4+ ) for{ int y = @; y < 128; y++ )
] unsigned int red = MIN( @xff@@@d, (colorl & Oxff@e0®) + (color? & Oxf {
:;j: unsigned int grn = MIN( @x@00ffe@, (colorl & @x00ffo@) + (color2 & @xd float dy = (float)(y - 64);
it wei unsigned int blu = MIN( @x0000ff, (colorl & @x0000ff) + (color2 & @xd@ float dx = (float)(x - 64);
. - — E 3 - -
':?ﬁ dst[x + y * screen->GetPitch()] = red + grn + blu; UE0LS (It = S paas o3 S G2 ws Gp e T i
| dtab[y][x] = dist;
o ¥ xotab[y][x] = (int)((dist / 2 + 1@) * sinf( ©8.025f * (floatd(x - 5@) 3 2;
ive) ¥ yotab[yl[x] = (int)((dist / 2 + 1) * sinf( @.025f * (float)(y - 5@) ) J;
. } 3
3 b 1 |}
srvive;-
I-é'brdf * (dot( N, R

edon = true-:
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24.5
INFOMOV - Lecture 4 - “Low Level (2)” 24.3
24.5
24._3
. = 24.5
Practical How '8 |
v ’ 24.5
i on 9 24_3
: - - - ' 24.5
Elvoid Game::DrawBall{ int bx, int by J 94 3
1 24.5
Pixel* dst = screen-=GetBuffer() + bx + by * screen-=GetPitch(); |- y gig
Pixel* src = image-=GetBuffer(); Estruct lookupData WAIT w_!'fll
for (inty = @; y < 128; y++ ) c L LU L
i S
for ( int x = @; x < 128; x++ ) flnat Lz
{ int xoffs;
Fis 1 - t 3 k k —
I float dist = dtab[y][x]; int yoffs; 5*%4*128*128 = 320Kb
A if (dist < 64) int reflscale;
) { int refrscale;
:: 2= int xoffs = xotab[y]l[x]; 1
'r) R int yoffs = yotab[y][x];
Sy int ul = ((bx + x) - 4 * xoffs) % SCRWIDTH, ) )
= trul int vl = ((by + y) - 4 * yoffs) % SCRHEIGHT; for{ int x = 8, x < 128; x++ ) for{ int y = @; y < 128; y++ )
. int w2 = ((bx + x) + 2 * xoffs) ¥ SCRWIDTH,; i
s int v2 = ((by + y) + 2 * yoffs) % SCRHEIGHT; float dy = (float)(y - 64);
;f'llg Pixel refl = src[max( @, ul ) + max( @, vl ) * image-: float dx = (float)(x - &4);
= tru Pixel refr = src[max( @, u2 ) + max({ @, v2 ) * image-: float dist = sqrif{ dx * dx + dy * dy ),
int reflscale = (int)(63.0f - B.015F * (1 - dist) * (1 lookup[y][x].dist = dist;
WXDEP' ir_1t refrscale = (int)(@.015F * (1 - dist) * (1 - dist] lookup[y][x].xoffs = (int)((dist / 2 + 10) * sinf{ ©.825f * (floatd(x - 5@) ) );
urviv P}Xﬂ colorl = ScaleColor( refl, 63 - reflscale ); lookup[yl[x].yoffs = (int)((dist / 2 + 180) * sinf( ©.825f * (floatd(y - 5@) ) J;
] Pixel colorZ = Scaleolor( refr, &3 - refrscale ); lookuplyl[x].reflscale = 63 - (int)(63.0f - @.915F * (1 - dist) * (1 - dist));
:lgi:n: UI"IS'!.gﬂEd '!.f"lt red = MIN( @}{ff@@@@, {:CD].OF‘j. & @Xff@@@@:} 1DD|~(UP[}I’] [X].I"E'FF'SCI'J.].E = k3 - {:1!’11’.:}{:@@151: & {:1 _ d'i.St} S {:1 _ dlit}},
B unsigned int grn = MIN( @x@@ff@@, (colorl & @x00T1R0)
:t-b:: UI"IS'i.gFIEd int blu = MIN( @X@@@@ff, (color‘l & @X@@@@ff:} TOLLULUINL o mATOOU L ) ),
t3 fa dst[x + y * screen-=GetPitch(})] = red + grn + blu;
e } dtab[y1[x] = dist;
EISH ¥ xotab[y][x] = (int)((dist / 2 + 1B8) * sinf({ @.825Ff * (float)(x - 58) ) J;
:;::;‘ } yotab[yl[x] = (int){{dist / 2 + 18) * sinf({ ©.825f * (float)(y - 58) ) J;
| 1 refltab[y][x] = (int)(63.8f - @.815F * (1 - dist) * (1 - dist));
BT & SowpleDiffuse( diff refritab[y][x] = (int)(®.@15F * (1 - dist) * (1 - dist));
srvive;
pdf;
Yy =E * brdf * (dot( N, R

cdon = true:
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Practical

& very Sleepy C5 - G:\Users\Jacco\AppData\Local\Temp\F732.tmp
File View Help
Functions

Function Name
Madule Template

Template

! Templa Source File
[72F3FBEG 2 Q. . 109 Templa
[F2F3F8ET] 05s , 29%; Templa
[72F3F8 ; Templa

::DrawBall{ int bx, int by

3t T =

AXDEPTH)

survive = Survivalf
if;

-adiance = Samplel
*.X + radiance.y +

> grn = MIN

v = true; > blu HMIN

st brdfPdf » EvaluateDiff
yt3 factor = diffuse A
st weight = Mis2( direct
3t cosThetaOut = dot( N, |
E * ((weight * cosThetalut

sndom walk

jive)

3t3 brdf = SampleDiffuse( diffuse R
rvive;

pdf;

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

3on = true-*
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. . . Surface large( SCEWIDTH * 3, SCRHELGHT * 3 3,
Elvoid Game: :DrawBall( int bx, int by )
{ . )
Pixel* dst = screen-=GetBuffer() + bx + by * screen-»GetPitch(); void Game::Init()
Pixel* src = image-=GetBuffer(); i ) . ) . .
for ( inty = 0; y < 128; yi+ ) 1mage_= new Surface( testdutm’muurﬁtams.png J; [N D:\Dropbox\Jacco\le
[ for{ 1nt x = @; x < 3; x++ ) for{ int v = @; v < 3; y++ g
b {dep for ( int x = 0; x < 128; x++ ) image-=CopyTo( &large, x * SCRWIDTH, y * SCRHEIGHT ), :g
= --in { _1
it n : ) _E
A float dist = lookup[yl[x].dist; int ul = ((bx + x) - 4 * xoffs) + SCRWIDTH; .8
) if (dist < 64) int vl = ((by + y) - 4 * yoffs) + SCRHEIGHT, é
T { int w2 = ((bx + x3 + 2 * xoffs) + SCRWIDTH; 8
0 int xoffs = lookup[y][x].xoffs; int v2 = ((by + y) + 2 * yoffs) + SCRHEIGHT; :g
o int yoffs = lookup[y][x].yoffs; Pixel refl = src[ul + vl * large.GetWidth()]; .8
- tro int ul = ((bx + x) - 4 * xoffs) % SCRWIDTH; Pixel refr = src[uZ + vZ * large.GetWidth()]; ;g
: int vl = {(by + v) - 4 * yoffs) % SCRHEIGHT; .a
L int u2 = ((bx + x) + 2 * xoffs) % SCRWIDTH; N Template
gz int vZ2 = ((by + y) + 2 * yoffs) % SCRHEIGHT;
= tru Pixel refl = src[max( @, ul ) + max( @, vl ) * image-=GetWidth()]; E u
Pixel refr = src[max( @, uZ ) + max( @, vZ2 } * image-=GetWidth()];
R Pixel colorl = ScaleColor( refl, lookup[yl[x].reflscale );
‘:::11: Pixel color? = ScaleColor( refr, lookup[yl[x].refrscale );
if; unsigned int red = MIN( @xff@@dd, (colorl & @xff@00@) + (color? & @xffO@@@) ), -
‘:1:1 unsigned int grn = MIN{ @x@0ff@@, (colorl & @xB@ffO@) + (color? & OxBOTTRQ) );
P unsigned int blu = MIN( @x@00@ff, (colorl & @xB@00Tf) + (color? & @xBOOATT) );
::b;: dst[x + v * screen-=GetPitch(}] = red + grn + blu;
ltuei{ }
S }
yndom | }
rive) }
;It3 brdf = SampleDiffuse( diff
srvive;
= é * brdf * (dot( N, R ) / pdf e
cdon = true- ' A
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Practical

& Very Sleepy C5 - G\Users\Jacco\AppData\Local\Temp\69A8.tmp
File Wiew Help

Functions Call Stacks Filters

75.96% 75.96% Template d:'n,-:lropbox'n,jaccn- .
N Function Name
Template
Template Module Template
Source File

Template
-

e::DrawBall( int bx, int by

G Pixel* dat = sc + bx + by * screen->EetPitchi);
)
'r) ¥
dif
= true
float dist
fl + ref 0 {dist <
)’f'; / 3 int = vokup [¥] [x] -3
efl * d .
= true; :!-ﬂr- --IF'[JI [x] .
int x - 4
int { ¥
AXDEPTH )

survive = Survivals

if;

"adiance = Samplelight
».X + radiance.y + radia

unsigmn
v = true;

st brdfPdf = EvaluateDiffuse unsigned int blu

yt3 factor = diffuse y - dat[x + y * screen->
st weight = Mis2( directPdf
3t cosThetaOut = dot( N, |
E * ((weight * cosThetalut

sndom walk

sive)

3t3 brdf = SampleDiffuse( diffuse
rvive;

pdf;

= E * brdf * (dot( N, R ) pdf
3on = true-*
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Practical

Cvoid Game: :DrawBall( int bx, int by )

{
Pixel* dst = screen-=GetBuffer() + bx + by * screen->GetPitch(); for (inty = @; y < 128; y++ )
Pixel*® src = large.GetBuffer(); g ' '
for Cinty = @; y < 128; y++ ) Pixel® dst2 = dst + v * screen-=GetPitch(];
d ) for  1nt x = @; x <« 128; x++, dstZ++ )
for ( int x = @; x < 128; x++ )
i |
;?; float dist = lookup[yl[x].dist; [N 0:\Dropbox'Jacco\lectures \INFOMOV
) if (dist < 64) 24_6 |
: 24.4
& Tr b 24.6
') R int xoffs = lookup[y][x].xoffs; 24 .4
elat int yoffs = lookup[y][x].yoffs; %35‘1
= teu int ul = ((bx + x) - 4 * xoffs) + SCRWIDTH; 24.5
: int vl = ((by + y) - 4 * yoffs) + SCRHEIGHT; gg-g
L int u2 = ((bx + X) + 2 * xoffs) + SCRWIDTH; 24 .4
h) int v2 = ((by + y) + 2 * yoffs) + SCRHEIGHT; 23
= tru Pixel refl = src[ul + vl * large.GetWidth()]; 24 .5
Pixel refr = src[u2 + vZ * large.GetWidth()]; ggg
e Pixel colorl = Scalelolor{ refl, lookup[y][x].reflscale J; 24 .4
‘::‘g: Pixel colorZ = ScaleColor( refr, lookup[y][x].refrscale J; %33
ﬁfm unsigned int red = MINC @xff@@@@, (colorl & @xffo@d@) + (color? & @xffR@@R) ), 24.5
T unsigned int grn = MINC @x@@ff@@, (colorl & @x@BTT@0) + (color? & Ox@BFfER) ), ggg
e unsigned int blu = MIN{ @x@@@@ff, (colorl & Ox@00@Tf) + (colorZ & @x0@QATT) ), 24.4
:3";: dst[x + y * screen-xGetPitch()] = red + grn + blu; ggi
3t wei| 1 *dst2 = red + grn + blu;
3t cos
Eioit }
sndom | }
rive) }

]
1t3 brdf = SampleDiffuse( diffuse, N, r1, -
srvive;

Pdf:
' = E * brdf * (dot( N, R ) / pdf);
-3on = true:
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Practical

& Very Sleepy C5 - C:\Users\Jacco\AppData\Local\Temp\FAB2.tmp

File View Help

Functions

ame::Tick
tartTime

imn_ MoervPerfarmanc

wolid Game

AXDEPTH)

survive = Survival
if;

adiance = Samplelight
*.X + radiance.y +

v = true;

st brdfPdf » EvaluateDiff
3t3 factor = diffuse * I

st weight = Mis2( directPdf
3t cosThetaOut = dot( N, |
E * ((weight * cosThetalut

sndom walk

jive)

3t3 brdf = SampleDiffuse( diffuse R
rvive;

pdf;

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

3on = true-*

1.17s
0.00s
0.01s
.l

int bx, int by

+ bx + by * screen->EetPitch

* gcreen—->EetPitch
Ht++, datZ++ )

up [y] [=] -
3 = loockup[y] [x] -
4

thill;
up[¥] [x] -

oup [¥] [x]
red =
unsigned int grn
unsigned int blu
*dg red + grn + blu;

Template
Template
Template
Template
Template
Template

Termnlata

EH Main
Function Name
Module

Source File

Template




INFOMOV - Lecture 4 - “Low Level (2)” 21

Practical

), N

3)

it a t
3t Tr = 1
'r) R = (I
E * diffuse

= true;

.;fl + refr)) &3 (4 - Advanced m

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

VAXDEPTH)

survive = SurvivalProbabl
estimation 3

if;

“adiance = SamplelLight

*.x + radiance.y + radiance

v = true;

3t brdfPdf = EvaluateDiffuse

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, berdf
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetalut) / dire

sndom walk - done prope
sive)

3t3 brdf = SampleDiffuse( diffuse, N
rvive;

pdf;

v =E * brdf * (dot( N, R ) / pdf);
3on = true-*
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Practical

Observations:

= We are suffering cache misses - a lot.
= Scaling colors is expensive.

it a
3t Tr = 1
'r) R = (I

- diffuse Solution:

= true;

f]l + refr)) &8 (4

s Reduce data size.

efl * E * diffuse
= true;

woeeTH) Lookup data:

survive = SurvivalProbabl
estimatior
if;

e i = Reflscale, refrscale are in the range 0..63 (so: 6 bits each);

*.x + radiance.y + radiance

e = Xoffs, yoffs are in the range ~ -80..+80.

3t brdfPdf » EvaluateDiffuse
3t3 factor = diffuse * INVPI
st weight = Mis2( directPdf, berdf
3t cosThetaOut = dot( N, L );

E © ((welght ° cosThetaout) / direc: So, each should fit in a byte. ©

sndom walk - done prope
sive)

3t3 brdf = SampleDiffuse( diffuse, N
rvive;

pdf;

v =E * brdf * (dot( N, R ) / pdf);
3on = true-*




INFOMOV - Lecture 4 - “Low Level (2)” 23

Practical

Bstruct lookupData void Game: :Init() unsigned int daota = Lleookup[y][x].data;
1 { int xoffs = ((data >> 16) & 255) - 64,
float dist; image = new Surface( "testdata/mountains.png” J); int yoffs = ((data >> 24) & 255) - ©4;
- - . for( int x = 0; x < 3; x++ ) forC int y = @; y < 3; y++ ) int ul = ((bx + x) - 4 * xoffs) + SCRWIDTH;
unsigned int data . , ]
o | 3; g ! 1n_1uge—_>CDpyTt?( &large, X * SCRWIDTH, y * SCRHEIGHT }, int vl = ((by + y) - 4 * yoffs) + SCRHEIGHT;
= Eﬂf‘( it 1= 0; 1< BALLS; i+ ) int uz = ((bx + x) + 2 * xoffs) + SCRWIDTH;
s ; . = _ & -
:;r ; ballx[i] = 100 + Rand( 500 ); 1r_1t vZ2 = ((by + yv) + 2 * yoffs) + SCRI?IEIGHT,
b . ! Pixel refl = src[ul + vl * large.GetWidth()];
ta=nt - n ally[i] = 20@ - Rand( 150 ); ) - . ) ’
A=l vx[i] = (Rand( 1.0 ) > 0.5F) ? 1.6 : -1.6f; Pixel refr = src[uZ + vZ * large.GetWidth()];
F)R=(D " vy[il = 0; Pixel colorl = 5caleColor{ refl, data & 255 3,
= * diffuse; } Pixel color?Z = Scalelolor( refr, (data => 8) & 255 );
= for( int x = @; x < 128; x++ ) for{ int y = 0; y < 128; y++ )
;fl + refr)) 83 (dept {
float dy = (float)(y - 64);
s i float dx = (fFloat)(x - 64);
= true; float dist = sqrtf( dx * dx + dy * dy );
lookuply][x].dist = dist;
AXDEPTH) int xoffs = (int)((dist / 2 + 1@0) * sinf( @.025f * (float)(x - 50) ) );
survive = SurvivalProbabilis int yoffs = (int)((dist / 2 + 1@0) * sinf( @.025F * (float)(y - 50) ) );
’;f“"‘““" SESLg L int reflscale = 63 - (int)(63.0f - 0.015f * (1 - dist) * (1 - dist));
-adiance = Samplelight( 4rand int refrscale = 63 - (int)(@.015f * (1 - dist) * (1 - dist));
B e Y - udlance.x lookup[y][x].data = reflscale + (refrscale << 8) + ((xoffs + 64) << 16) + ((yoffs + 64) << 24);
:t.b:;:('if » EvaluateDiffuse! L }|
t3 factor = diffuse * INVPI; ks

st weight = Mis2( directPdf, brdfpd!
3t cosThetaOut = dot({ N, L );
E * ((weight * cosThetaOut) / directod:

sndom walk - done properly,

rive)

]
3t3 brdf = SampleDiffuse( diffuse, N, r1
srvive;

pdf;
' = E * brdf * (dot( N, R ) / pdf);
-3on = true:*
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Practical

it
)52t
), N
)

)t 4 = nt

5t Tr = 1

'r) R = (D

= * diffuse;

= true;

xf]l + refr)) 83 (dept

)

Observations:

(‘lI'F*;)I‘iIﬁ ~ l"\l‘lﬂ on 711';(‘(‘()(‘ -

] ATa Ava
VYV Vv Ul v JUuildiiliv 1116 UV lLIAV 111l VUV U

(e}
“

= Scaling colors is expensive.
Solution:

Precalculate scaling.

1nt
A\ L

Hclass Surface8

i

public:
Surface8( char® a_File );
Surface8( int a_Width, int a_Height );
~Surfaced();
unsigned char*® GetBuffer() { return m_Buffer; }
Pixel®* GetPalette( int a_Idx ) { return palette[o_Idx], %
int GetWidth() { return m_Width; }
int GetHeight({) { return m_Height; T
void CopyTo( Surfaced* a_Dst, int a_ X, int a ¥ );
vold LoadImage{ char* a_File J};
unsigned char® m_Buffer;
Pixel* palette[PALETTE_LEVELS];

| int m_Width, m_Height, m_Pitch;
| s

for{ int 1 = @; 1 < PALETTE_LEVELS; 1++ )

‘ef'; z;e * diffuse; {
S Elvoid Game: :DrawBackdrop() palette[i] = new Pixel[256];
e { for( int j = @; j < 256; j++ )

Pixel*® pal = image8-=palette[20]; 1
urvive = SurvivalProbabilis 5 - -
:n;;mi-duw.' fﬂr( int ? = @; y = kaHEIMHT; F++ ) iﬂt r = mJH{ 255 {pﬂl[j] ngREd L i) e E }'
if; { = L 3 c 3
"adiance = Samplelight( &rand - _ - . . )
x ¢ radiance.y + radiance.- unsigned char* src = image8->GetBuffer() + y * 1024, ?”t g = m;n{ 255, {pGIEJ]'PQbGPEE” *_1} == 6 );
= true; _ Pixel* dst = screen-=GetBuffer() + y * SCRWIDTH; int b = Wini 255, (pal[j].rgbBlue * 1) >> & );
sl i O for{ int x = @; x < SCRWIDTH; x++ ) *dst++ = pal[*src++]; palette[1][]] = (r << 16) + (g << 8) + b;
st weight = Mis2( directPdf, bedip } }
3t cosThetaOut = dot( N, L );
E * ((weight * cosThetalut) / dir _} }

sndos walk - done properly,
sive)

]
yt3 brdf = SampleDiffuse( diffuse, N, 1

rvive;

pdf;

' = E * brdf * (dot( N, R ) / pdf);
3on = true-*

X7,

imaged = new Surface8( "testdata/mountains.png” J};
for{ 1nt x = @; x < 3; x++ ) for{ int v = B; yv < 3; y++

image8-=CopyTo( &large8, x * SCRWIDTH, y * SCRHEIGHT );

for{ int 1 = @; 1 < PALETTE_LEVELS; 1++ ) large8.palette[1] = image8->palette[1];
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Practical

EBlvoid Game: :DrawBall{ int bx, int by J

i
Pixel* dst = screen-=GetBuffer() + bx + by * screen-=GetPitch();
unsigned char® src = large8.GetBuffer();
for { inty=8; vy < 128; y++ )
{
Pixel* dstZ = dst + y * screen-=GetPitch();
o for { int x = @; x < 128; x++, dstd++ )
it = n {
i float dist = lookup[y][x].dist;
3) if (dist = 64)
3t a - {
::;; int xoffs = lookup[y][x].xoffs;
int yoffs = lookup[y][x].yoffs;
2 int ul = ((bx + x) - 4 * xoffs) + SCRNIDTH;
int vl = ((by + y) - 4 * yoffs) + SCRHEIGHT;
;l§‘ int u2 = ((bx + x) + 2 * xoffs) + SCRWIDTH;
o int v2 = ((by + y) + 2 * yoffs) + SCRHEIGHT;
{412 uint pixelldxl = src[ul + vl * large8.GetWidth({)];
=ty uint pixelldx? = src[u2 + vZ2 * large8.GetWidth()];
uint paletteldxl = lookup[y][x].reflscale; [N Template
we] uint paletteldx? = lookup[y][x].refrscale; [i []
urviv Pixel colorl = large8.palette[paletteldxl][pixelldxl];
;?1“ Pixel colorZ2 = large8.palette[paletteldx2][pixelldx2];
?:ﬁﬂ unsigned int red = MIN{ @xff@d0d@, (colorl & @xff@00@) + (color? & BxffO@00) );
b unsigned int grn = MIN{ @x@@ffé@, (colorl & Ox@@ffO@) + (color? & Bx@@TfOG) J;
;1:; unsigned int blu = MIN{ @x@@2@@ff, (colorl & @xB@@@TT) + (color? & Bx@@@ATT) J;
t3 fa *dstZ = red + grn + blu;
st wed }
3t cos
E*( 3
sndom | }
sive) }
;!tl brdf = SampleDiffuse
srvive ;
pdf;
A =E * brdf * (dot( N, R
cdon = true-
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Practical

AXDEPTH)

survive = Survivals

if;

"adiance = Samplelight
».X + radiance.y + radia

v = true;

st brdfPdf » EvaluateD
st3 factor = d:fFu,c
st weight = Mis2( directPd
it cosThetaOut = dot{ N, L
E * ((weight * cosThetalut

sndom walk

sive)

3t3 brdf = SampleDiffuse( diffuse

rvive;

pdf;

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

3on = true-*

& Very Sleepy C5 - C:\Users\Jacco\AppData\Local\Temp\F319.tmp

DrawBall( int bx, int by )

lockup[v] [x] -.dist;

int

int

int

int

int

uint

uint

uint p ett up [v] [x] -
uint p et C = eup [v] [x] -

unsigned int
unsigned int
unsigned int
*datZ = red + grn + blu;

IIDTH;

SCERHEIGHT;

IIDTH;

Template
Template
Template
Template
Template
Template

Function Mame
Madule

Source File

Template

60

[N D:\Dropbox\Jacc

32.6
32.6
32.6
L
32.6
32.6
32.6
32.6
32.6
32.6
32.6
32.6
32.6
32.6
32.6
32.6
32.6
32.8
2.7
32.6
32.6
32.6
32.6
32.6
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Practical

Observations:

= we now have one expensive line (memory bound);
= and some overhead for the loops and conditionals.

it a
3t Tr = 1
'r) R = (D

 « diffuse Solution:

= true;

»fl + refr)) &8 (d

)3 Kill one loop; get rid of the conditional.

efl * E * diffuse
= true;

VAXDEPTH)

survive = SurvivalProbabl
estimation - d 3

if;

~adiance = SamplelLight( &ra
*.x + radiance.y + radiance

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, berdf

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / direct

sndom walk - done properly
sive)

3t3 brdf = SampleDiffuse( diffuse, N, 1
rvive;

pdf;

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

3on = true-*
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28

Practical

{

it
)52t
), N
)

it a =~
¢ Tr
'r) R

- di

= tru

fl + |

), N )
efl *

= tru

WAXDEP

surviv
estim
if;
~adian
=X+

v = tr
it brd
t3 fa
it wed
3t cos
EISL(

sndom |
sive) }

EBlvoid Game: :DrawBall{ int bx, int by J

Pixel* dst = screen-=GetBuffer() + bx + by * screen-=GetPitch();
unsigned char® src = large8.GetBuffer();
for { inty=8; vy < 128; y++ )
i
Pixel® dstZ
for { int x

{

dst + y * screen->GetPitch();
B; x < 128; x++, dst?++ )

float dist = lookup[y][x].dist;
if (dist = 64)
{
int xoffs
int yoffs

lookup[y][x].xoffs;

lookup[y][x].yoffs;

int ul ((bx + x) - 4 * xoffs) + SCRWIDTH,

int vl = ((by + y) - 4 * yoffs) + SCRHEIGHT;

int u? ((bx + x) + 2 * xoffs) + SCRWIDTH;

int v2 = ((by + y) + 2 * yoffs) + SCRHEIGHT;

uint pixelldxl = src[ul + vl * large8.GetWidth({)];

uint pixelldx? = src[u2 + vZ2 * large8.GetWidth()];

uint paletteldxl = lookup[y][x].reflscale;

uint paletteldx? = lookup[y][x].refrscale;

Pixel colorl = large8.palette[paletteldxl][pixelldxl];

Pixel colorZ2 = large8.palette[paletteldx2][pixelldx2];

unsigned int red = MIN{ @xff@d0d@, (colorl & @xff@00@) + (color? & BxffO@00) );
unsigned int grn = MIN{ @x@@ffé@, (colorl & Ox@@ffO@) + (color? & Bx@@TfOG) J;
unsigned int blu = MIN{ @x@@2@@ff, (colorl & @xB@@@TT) + (color? & Bx@@@ATT) J;
*dstZ = red + grn + blu;

o
o
LA

]
3t3 brdf = SampleDiffuse

srvive;
pdf;

H
= E * brdf * (dot

c3on = true-

N, R

What if...

= We precalculate which pixels are
inside the ball?

We could store, per pixel:

. xr A4

N,y
= an offset from the top-left corner

= ul, vl, u2, v2 (just add bx, by)
We could drop:

= one loop

= xoffs, yoffs, dist

= The radius test

Let’s do this. ©
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A

Practical

{

it - n
)52t =
), N )
)

3t a =
3t Tr
'r) R

5 Y
= tru

fl +
) N )

= tru

WAXDEP

survivi
estim
if;
~adian
X + |

v = tr
it brd
t3 fa
st wed
3t cos
EISL(

sndom |
rive) }

EBlvoid Game: :DrawBall{ int bx, int by J

Pixel* dst = screen-=GetBuffer() + bx + by * screen-=GetPitch();
unsigned char® src = large8.GetBuffer();
for { inty=8; vy < 128; y++ )
i
Pixel® dstZ
for { int x

{

dst + y * screen->GetPitch();
B; x < 128; x++, dst?++ )

float dist = lookup[y][x].dist;
if (dist = 64)
{
int xoffs
int yoffs
int ul

lookup[y][x].xoffs;

lookup[y][x].yoffs;

((bx + x) - 4 * xoffs) + SCRWIDTH,

int vl = ((by + y) - 4 * yoffs) + SCRHEIGHT;

int u? ((bx + x) + 2 * xoffs) + SCRWIDTH;

int v2 = ((by + y) + 2 * yoffs) + SCRHEIGHT;

uint pixelldxl = src[ul + vl * large8.GetWidth({)];

uint pixelldx? = src[u2 + vZ2 * large8.GetWidth()];

uint paletteldxl = lookup[y][x].reflscale;

uint paletteldx? = lookup[y][x].refrscale;

Pixel colorl = large8.palette[paletteldxl][pixelldxl];

Pixel colorZ2 = large8.palette[paletteldx2][pixelldx2];

unsigned int red = MIN{ @xff@@@@, (colorl & @xff@0@@) + (color? & @xff
unsigned int grn = MIN{ @x@@ff@@, (colorl & @xBAffO@) + (color? & Ox@¢
unsigned int blu = MIN{ @x@2@@ff, (colorl & @xBE@RTT) + (color? & Ox@€
*dstZ = red + grn + blu;

]
§£3 brdf = SampleDiffuse( diff

srvive;
pdf;

V=E * brdf *

cdon = true:

(dot( N, R

Elstruct lookupData

i
int reflscale;
int refrscale;
int offset;
int ul, vl, u2, vZ2;
| ¥
for{ int x = @; x < 128; x++ ) for{ int y = @; y « 128; y++ )
{
float dy = (float)(y - 64);
float dx = (float)(x - 64);
float dist = sqrtf( dx * dx + dy * dy );
if (dist < 64)
1
lookup[pixels].offset = x + y * SCRWIDTH;
int xoffs = (int)(({dist / 2 + 1@) * sinf( 0.025f * (float)(x - 58) ) J;
int yoffs = (int)(({dist / 2 + 1@) * sinf( 0.025Ff * (float)(y - 58) ) J;
lookup[pixels].ul = (x - 4 * xoffs) + SCRWIDTH,
lookup[pixels].vl = (y - 4 * yoffs) + SCRHEIGHT;
lookup[pixels].u2 = (x + 2 * xoffs) + SCRWIOTH;
lookup[pixels].v2 = (y + 2 * yoffs) + SCRHEIGHT;
lookup[pixels].reflscale = 63 - (int)(63.8f - B.@15F * (1 - dist) * (1 - dist));
lookup[pixels].refrscale = 63 - (int)(@.015F * (1 - dist) * (1 - dist));
pixels++;
}
}
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Practical

Jvoid Game: :DrawBall( int bx, int by ) lvoid Game: :DrawBall{ int bx, int by )
{ i

Pixel* dst = screen-=GetBuffer() + bx + by * screen->GetPitch(); Pixel*dst=screen->GetBuffer()+bx+by*80@

unsigned char* src = large8.GetBuffer(); unsigned char*src=1large8.GetBuffer();

for( int 1 =0; 1 < pixels; 1++ ) for(int 1=0;1<pixels;i++)

{ i
- . int ul = bx + lookup[1].ul; int ul=bx+lookup[1].ul,vl=by+lookup[1].vl;
S int vl = by + lookup[i].v1; int uZ=bx+lookup[i].uZ,vZ=by+lookup[i].v2Z;
< int uZ = bx + lookup[i].uZ; uint a=srcful+vl*larged.GetWidth(}];
s int v2 = by + lookup[i].vZ; uint b=srcluZ+vZ*large8. GetWidth()],;
;:)‘; uint pixelldxl = src[ul + vl * large8.GetNidth()]; uint c=lookup[i].reflscale,d=lookup[1].refrscale;
oay uint pixelldx2 = srcfu2 + vZ2 * large8.GetWidth()]; Pixel e=large8.palette[c][a],f=1arge8.palette[d][b];
= tru uint paletteldxl = lookup[i].reflscale; uint r=MIN(@xff@@0@ , =@xf @00 )+ faaxffeeea));
- o uint paletteldx2 = lookup[i].refrscale; uint g=MIN(@xff0Q,(etdxff0O)+(FaOxFT00));
il Pixel colorl = large8.palette[paletteldx1][pixelldx1]; uint I=MIH(?55 ,(e&255)+(f&255));
efl * Pixel color? = large8.palette[paletteldx2][pixelldx?], dst[lookup[i].offset]=r+g+x;
A unsigned int red = MIN{ @xff@@0@, (colorl & @xff@00@) + (colorl & @xfTROBQ) ), 1
AAXDEP] unsigned int grn = MIN{ @x@0ff@@, (colorl & @x@Off0@) + (colorld & Ox@0TTOQ) ); _}|
B unsigned int blu = MIN{ @x@0@8ff, (colorl & @x0000ff) + (colorl & @x0@QOTT) ),
,;:“"‘ dst[lookup[i].offset] = red + grn + blu;
| Final steps:
v-tﬁ-}
e - e
s atrec = Remove Clear(0).
B TR = Precalculate scaled backdrop.
rive)

]
3t3 brdf =« SampleDiffuse( diffuse, N, 1
srvive;

pdf;
' = E * brdf * (dot( N, R ) / pdf);
-3on = true:*
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Practical

Very Sleepy C5 - C:\Users\Jacco\AppData\Local\Temp\58D5.tmp

File View Help

Sl Averages Call Stacks

= s Mame . Inclusive % Exdusive %% Inclusive Module Source File & - . .

original : Drangal s B e optimized

Tmpl3::Game::Tidk 91.96% Template d:\dropbox\ja Function Name

_imp__QueryPerformanceCounter 6.32% Template [unknown] Module Template

main 93.809% Template d:\activelsdl2 Source File

WinMain 93.52% Template d:\active\sdlZ

__tmainCRTStartup 93.52% Template f: 'l,l:ld'l,vcbml_s'ill
3

[

Pixel*dst=screen—>zetBuffer () +tbxtby*300;

unsigned char*src=larged.zetBuffer();

forlint i=0;i<pixels;it++)

{
int ul=kxt+lockuplil .ul,vl=by+loockuplil.vl;
int uZ=kxt+lockuplil .uZ,vi=byt+loockuplil.vZ;
uint e=srclul+twvl*larges.GetWidchiil;

uint b=srcluZtwz*larged.GetWidthi)];

uint c=lockuplil .reflscale,d=lockuplil] .refrscale;
Pixel e=largef.palettelc] [a]l, f=larged._palette[d] [b];
uint r=MIN{(Ox£Z0000, (e&0xI£0000)+(£e0xf£0000) ) ;

uint g=MIN{(0xfZ00, (e&ldxff00) +(fe0xEf00)) 7

uint x=MIN(255, (e&Z55)+({£&8255));

dst[lockuplil .offset]l=r+gtx;

{

.X + radiance.y + r

= true;
st brdfPdf = EvaluateD J5e oy
yt3 factor = diffuse wvolid Game::Init()
st weight = Mis2( dire {
3t cosThetaOut = dot{
L
E * ((weight * cosTheta —I

|50urce file: d:\dropbox‘jaccoVecturesiinfomovexamples\alassball - basics\game.cpp

ndom walk

ive)
3t3 brdf = SampleDiffuse( diffuse

pdf
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Practical

), N

3)

it a nt
3t Tr = 1
'r) R = (I
= * diffuse

= true;

fl + refr)) &3 I

e nsane
efl * E * diffuse

= true;

VAXDEPTH)

survive = SurvivalProbabl
estimation 3

if;

“adiance = SamplelLight

*.x + radiance.y + radiance

v = true;

3t brdfPdf = EvaluateDiffuse

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, berdf
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetalut) / dire

sndom walk - done prope
sive)

3t3 brdf = SampleDiffuse( diffuse, N
rvive;

pdf;

' = E * brdf * (dot( N, R ) / pdf);
3on = true-*
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Practical

Observations:
" many pixels are overdrawn...
: = there is a big penalty for writing the final pixel.
e = everything is running on a single core.
- diffuse = we are not using the GPU.

fl + refr)) &3 (¢

), N
efl * E * diffuse
= true;

VAXDEPTH)

survive = SurvivalProbabl
estimation - d 2

if;

-adiance = Samplelight( &rand
*.x + radiance.y + radiance

v = true;

st brdfPdf = EvaluateDiffuse! L

3t3 factor = diffuse * INVPI;

st weight = Mis2( directPdf, berdf

3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / direct

sndom walk - done properly
sive)

:

3t3 brdf = SampleDiffuse( diffuse, N, 1
rvive;

pdf;

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

3on = true-*




it a

3t Tr

'r) R

= = diffus
= true

»fl + refr

), N )
efl * € * diffu
= true;

VAXDEPTH)

survive = SurvivalPr
estimatio

if;

"adiance = Samplelight

2.x + radiance.y + radiance

v = true;

st brdfPdf » EvaluateDiffuse
3t3 factor = diffuse * I\
st weight = Mis2( directPdf
3t cosThetaOut = dot{ N, L
E * ((weight * cosThetalut

PT

sndom walk done ¢
sive)

3t3 brdf = SampleDiffuse( diffuse, !

srvive;

pdf;

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

3on = true-*

/INFOMOV/

END of “Low Level (2)”

next lecture: “caching (2)”




