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MogpobHee:
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penGL.-Chapter-1:-The-Graphics-Pipeline.html
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. ° . BEPLUNHHbIE Npeobpa3soBaHma (B NepBYO ovepenb -
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triangle assembly

Rasterization (hardware): gna kaxxgoro
TpeyrosibHUKa onpeaenuTb MHOXECTBO NMOKPbITbIX
nukcenen (7.H. fragments).
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rasterization
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Fragment Shader (programmable): nobble no-
nukcenbHble (per-fragment) npeobpasoBaHus.
- > fragment shader Hanpumep HaknagblBaHve LBeTa U3 TEKCTYpHI,
v

pacyeT 3PEeKTOB OCBELLEHUS, pacHeT rMyoOunHbI
doparmeHTa 1 T.1..

testing °"§b'°“‘""9 Testing and blending (hardware): B kaxxgom
NMuKcere octaeTcs uBeT pparMeHTa C HAaUMMEHbLLEN
rnmybuHon. AnbTepHaTUBHO BO3MOXHO
orpaHWU4YeHHOe cMelleHne LuBeToB oparMeHTOB.

framebuffer



1) Anropntm bpeseHxama - pactepusaums oTpeska

void line(x0, y0, x1, yl) {
bool steep = false;
if (abs(x@ - x1) < abs(y® - yl1)) { // if the line is steep, we transpose the image
swap(x0, yo);
swap(x1l, yl);
steep = true;

}
if (x0 > x1) { // make it left-to-right

swap(x0, x1);
swap(y0, yl);
}

for (int x = x0; x <= x1; ++x) {
float t = (x - x0) / (X1 - x0);
inty=y0 * (1 - t) +yl * t;
if (steep) {
put pixel(y, x); // if transposed, de-transpose
} else {
put_pixel(x, y);
}

MogpobHee: habrahabr - nuuwem ynpouwéHHbii OpenGL cBovMU pykamu


https://habr.com/post/248153/

2) CPU: brute force nepebop

Edge value = 8

void rasterize(Point t0, Point tl, Point t2) {
bbox = find bounding box(t0, tl, t2);
for (each pixel in bbox) {
if (inside(t0, tl1, t2, pixel)) {
put pixel (pixel);
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MoapobHee: habrahabr - nuwem ynpouwénHbin OpenGL cBoUMU pyKamm


https://habr.com/post/248153/

2) CPU: akkypaTHbI nepebop

void rasterize(Point t0, Point tl, Point t2) {

}

3 e T )
SOt Che vertices () 1 T lower—-To-11nDne
SUL o / LLLLCTOo, -V, A L LUWCTL oL AT L

1€ {(£0.yv'> Eliy)y swap(tl; ti);

1€ (E0.yv > t2:y) swap(tD; t2); ;Z
£ (Cl.vy > £2:y) sSwap(tl; t2); .t

int total height = t2.y - t0.y;
for (int y = t0.y; y < tl.y; ++y) {
float segment height = tl.y - t0.y;
float alpha = (y - t0.y) / total height;
float beta = (y - t0.y) / segment height;
Point A t0 + (t2 - t0) * alpha;
Point B t0 + (tl - t0) * beta;
if (A.x > B.x) swap (A, B):
for (int x = A.x; X <= B.x; ++x) {
put pixel(x, y):; /Q\

}
for (int y =tl.y; v <= £2.v; ++y) {

t0

MogpobHee: habrahabr - nuuwem ynpouwéHHbii OpenGL cBovMU pykamu

tl


https://habr.com/post/248153/

Larrabee, 2008

# CPU cores: 2 out-of-order 10 in-order
Instruction issue: 4 per clock 2 per clock
VPU per core: 4-wide SSE 16-wide

L2 cache size: 4 MB 4 MB
Single-stream: 4 per clock 2 per clock
Vector throughput: 8 per clock 160 per clock
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3) Larrabee: Sweep Rasterization

Pagu xopoluen BEKTopnsyeMocTun - obpaboTtka 6nokom 4x4 (16 - wmpuHa SIMD).

HayaB ¢ BepxHel BepLUNHbI TPeYronbHUKa:

1) Ckonb3um BrpaBo, Noka TPeyrosfibHUK He 3aKOHYNTCA.
2) Ckonb3nm BneBO, Noka TPEeYronbHMK HE 3aKOHYUTCS.
3) [Henaem war BH13 1 NOBTOPSEM NpoLenypy.

MoapobHee: Rasterization on Larrabee: Why Rasterization Was the Problem Child



http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=2

4) Larrabee: Hierarchical approach (onsa 64x64)

64x64 Tile: oByxypoBHeBbLIN cryck no 4x4 peweTke (16 - wupuHa SIMD):
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MoapobHee: Rasterization on Larrabee: Adaptive rasterization



http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=3

4) Larrabee: Tile Assignment

Kak npoBepuTb Kakue tiles TpeyronbHUK nepecekaeT?

MoapobHee: Rasterization on Larrabee: Adaptive rasterization



http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=3

4) Larrabee: Tile Assignment - trivial reject test

Trivial reject corner - yron Tile ¢ Hanbonee oTpuuaTenbHbIM pe3yrbTaTOM
ypaBHeHUA npamMon (Handonee BHYTPW).

B pasHbix criyyaax pasHble trivial reject corner.

Bce - HWKHMe neBble; Bce - HMKHMe npaBeble:

MonpobHee: Rasterization on Larrabee: Adaptive rasterization



http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=3

4) Larrabee: Tile Assignment - trivial accept test

Trivial accept corner - yron Tile c Hanbonee NONOXUTENbHbLIM PE3YNbTaTOM
ypaBHeHMA NpsaMon (Handonee cHapyxnm).

Trivial accept corner nexut HanpoTuB trivial reject corner.

Tile 2 n Tile 3 npoxoaAaT trivial accept test:

MonpobHee: Rasterization on Larrabee: Adaptive rasterization



http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=3

4) Larrabee: Tile Assignment

Ecnu tile npoxoguT trivial reject test oTHocuTENLHO OOHOW N3 CTOPOH
TpeyrosibH1Ka - TPeyronbHUK He nepecekaer tile.

Ecnu tile npoxogut trivial accept test oTHoCcUTENBLHO OAHOW N3 CTOPOH
TPeyrosibH1Ka - TONIbKO OTHOCUTENBLHO 3TOW CTOPOHbLI HE HYXXHbI AanbHenLwme
NPOBEPKMN, HO NPO OCTanbHble CTOPOHbI HUYETO HENU3BECTHO:

I rivaal ag




4) Larrabee: Tile Assignment

Ho nHorga gapaTt nogapok!

NHoraa tile npoxoauT trivial accept test oTHocnTENLHO BCex Tpex pebep:




4) Larrabee: trivial accept/reject test (ana 64x64)

AHanorn4yHo nposoanm oba BMaa TeCTOB YTOObI BbIKUHYTb JINLIHIOKW pabdoTy unu
YTOObI MOHATL YTO TaWN LESNIMKOM NOKPbLIT TPEYroNbHUKOM U T.0. pacTepusaumen
MNOKPbIT LENMMKOM. (Ha rno-nukcesisHOM YPOBHE YXXe HyXeH nuuib trivial reject test)

Cepble Tannbl - OTCEKTNCb YepHOW CcTOpoHOM Mo trivial reject test.
NoeanbHo noxutcs Ha SIMD (TpuBnanbHasa apndmeTnka n butosble onepauun).

[MoapobHee: Intra-tile Rasterization: 16x16 Blocks



http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=4

4) Larrabee: MSAA (multisample antialiasing)

[na trivially accepted tiles - HeT LONONMHUTESNBHLIX ONepauni.

[na partially accepted 4x4 tiles - npocTto ewe oanH nporoH trivial reject corner no
16 comnnos.

MoapobHee: Intra-tile Rasterization: 16x16 Blocks



http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=4

4) Larrabee: Hierarchical approach (onsa 64x64)

64x64 Tile: oByxypoBHeBbLIN cryck no 4x4 peweTke (16 - wupuHa SIMD):
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MoapobHee: Intra-tile Rasterization: 16x16 Blocks



http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=4

4) Larrabee: Level 1

5
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EcTb 4x4 ceTka n3 64x64 tannos.

12 Tannos otceknuchk no trivial reject test.
(trivial accept test cnyyaeTca Tonbko Ansa 60nbLWNX TPEYroNbHUKOB)

Cnyckaemc4a B ocTaBLlunecs 4 tanna.

MoapobHee: Larrabee: Putting It All Together



http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=6

4) Larrabee: Level 2
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Ectb 4x4 ceTtka n3 16x16 tannos.

10 Tannos otceknuchk no trivial reject test.

Cnyckaemca B OCTaBLUIMECSH 6 TanmoB.

MoapobHee: Larrabee: Putting It All Together


http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=6

4) Larrabee: Level 3
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HakoHeLl, B 6nokax n3 4x4 nukcenem cymtaem Macku.

MoapobHee: Larrabee: Putting It All Together


http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602?pgno=6

4) Larrabee

Front-End Back-End
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1) [ns kaxgoro TpeyronbHMKa HaxoasaTca nepecekarwmecs KOp3nHbI-Taunbl 1
ONa HUX BbIYUCTIAKOTCA Macku NoKpbITMA (Unu donaxok trivial accept).

2) B kaxgown Kop3uHe Onga Bcex TPeyrosibHUKOB BbINOMHAETCS (pparMeHTHbIN
lwennep.

Pa3mep Kop3unHbl TakoB, YToObI ee tile Brnesan B L2 cache (128x128 ona 256 KB).

MoppobHee: Larrabee: A Many-Core x86 Architecture for Visual Computing



http://geraldine.fjfi.cvut.cz/~oberhuber/data/hpc/larabee-doc.pdf

4) Larrabee

CcbInKu:

- Dr.Dobb’s: Rasterization on Larrabee
- Larrabee: A Many-Core x86 Architecture for Visual Computing
- Why didn't Larrabee fail?



http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602
http://geraldine.fjfi.cvut.cz/~oberhuber/data/hpc/larabee-doc.pdf
http://tomforsyth1000.github.io/blog.wiki.html#%5B%5BWhy%20didn%27t%20Larrabee%20fail%3F%5D%5D

5) cudaraster: software rasterization on GPGPU

Triangle Setup * Bin Raster * Coarse Raster * Fine Raster

Hy>Ho:

- MaccoBbin napannennam. XopoLlad rpaHyfiipHOCTb 1 banaHcupoBKa
pabo4ven Harpysku.
- MunHMMM3MpoBaTb YNCIIO CUHXPOHU3aUMn Mmexay Streaming Multiprocessor
(SM, B ctatbe ynomunHatotca kak CTA = Cooperative Thread Arrays).
T.e. MMHUMN3MPOBATbL YMCIO rMobanbHbLIX aTOMapPHbLIX onepawmi.

Obwasa nges Bce Ta e - pacnpeaennTb TPeYroribHUKN No KOP3nHaM r
obpaboTaTtb No Tannam:

Frame buffer

Bin
16x16 tiles .
128x128 px Tile
' 8x8 px

Pixel

MoapobHee: cudaraster



https://research.nvidia.com/publication/high-performance-software-rasterization-gpus

5) cudaraster: Triangle Setup

Vertex buffer
positions, attributes

NA
Index buffer i ‘ é

Triangle Setup

Triangle data buffer

edge eqs.
u/v, zmin
etc.




5) cudaraster: Triangle Setup

MHoxecTtBo culling tests ana kaxgoro TpeyrosibHUKa:

- Ecnn nnowaab HoMb - BEIKUHY N

- Ecnun nnowapb otprnuartensHaga (ecnu backface culling) - BbIKMHYK

- Ecnn bounding box mexay paaoB ceMnsioB - BbIKUHY MU
(TOHKME BepTUKarnbHbIe/TOpU30HTarbHbIE - HAaNpMep HabnwgaemMble nNoa
NPAMBbIM YINIOM CTEHbI BAarneke)

- Ecnn AABB gocTtatoyHo marsn 4tobbl B HeM BbINO BCero napa cemMmnsios



5) cudaraster: Bin Raster

TrianEIe data buffer

\ J L )
| |

Bin Raster Bin Raster o Bin Raster
SMO SM 1 SM 14

IDs of triangles that overlap bin




5) cudaraster: Bin Raster SM - First Phase

1) SM 6poHMpyeT ovepeaHON NakeT TPEeYrosibHUKOB
(atomic, 16K TpeyronbHMKOB)

2) 3abupaeT 13 nakeTa 4acTb - 512 TpeyronbHNKoB

3) BeoinonHseT culling/clipping v B riokanbHOM namaTn NpeduUKCHbIMU CyMMaMU
onpeaenseT CKOSIbKO TPeyronbHUKOB 3PdEKTUBHO NOSTYyYUNOCH

4) [loka TpeyrosribHNKoB 3 (PEKTUBHO OKa3blBaeTCs Maro - NOBTOPSATb Laru



5) cudaraster: Bin Raster SM - Second Phase

Korga TPEeyrosibHMKOB noAarpyxXeHo AoCTaTo4HO AJ14 YTUJTIM3aunn BCEX NOTOKOB -
KaXXabli TPEYroJibHUK o6pa6aTb|BaeTcs'-| CBOUM IMNMOTOKOM.

- OnpenensoTcsa KOP3UHbI NepecekatoLne TpeyronbHUK
- ONTMMM3MpPOBaHHBIV KoA, ANs criydas TpeyronbHUKa 2X2 NMKcenst U MeHblle

Pe3ynbTaTt nuwIeTcs B cneunanbHO BblAENeHHY ang gaHHoro SM ouepeab
(COOTBETCTBEHHO HE HY)XXHA CMHXPOHM3aUnsa Mexay pasHbiMn SM)



5) cudaraster: Coarse Raster

N i
e R
NN
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Coarse Raster
SMn
\_
s
TN

Ha Kaxayr KOp3uHy
Ha3Ha4yaeTcs CBOM
Coarse Raster SM

IDs of triangles that overlap tile




5) cudaraster. Coarse Raster SM

[Mogrpyxaem TpeyrosisHUKU N3 OQHOW N TOM e KOP3UHbI N3 BCeX ovepenen
(T.e. pesynbTtaThl Bcex Bin Raster SMs).

Korga TpeyronbHMKOB NOArPY»KEHO JOCTAaTOYHO ANS YTUNN3aLumMm BCeX NOTOKOB -
Kakabli TPeyronbHUK obpabaTbiBaeTCA CBOMM MOTOKOM:

- OnpepgensoTcsa Taunbl NepecekaroLmne TpeyrosibHUK
- ONTUMKU3NPOBaHHBLIN KOA ANst OMEHb MaNeHbKUX U O4EeHb BONbLUNX
TPEeyrosibHNKOB

Pe3ynbTaTt NuLLeTcs B cneunanbHO BblAENEeHHY0 AN AaHHOW KOP3WHbI o4epenb
(COOTBETCTBEHHO HE HY)XHA CMHXPOHM3aUnsa Mmexay pasHbiMm SM).

CunbHO pasHOe KONMNYECTBO MOKPLITLIX TANIOB OT TPEYroNbHMUKA K TPEYrONbHUKY
(T.e. OT NOTOKa K NOTOKY). Hy>kHO paBHOMEpPHO pacnpenennTb 3anicb pesynbraTta.



5) cudaraster: Fine Raster SM

IDs of triangles that overlap tile

~
Fine Raster
warp n
J
Cuutatb Taun 3anucartb Tann
OAVH pa3 OAuH pa3
n3 VRAM B L2 n3 L2 B8 VRAM

Pixel data in FrameBuffer (VRAM)




5) cudaraster: Fine Raster SM

PaboTaewm c Tannom B local memory (i.e. shared memory/L2).
Input phase:

- Tlogrpyxaem B L2 32 TpeyronbHUKa nepecekarowmx obpabaTbiBaeMbiv Tann

- OTKkMabIBaeM TPEYroribHUKM CpaBHMBasi MX zmin C zmax y Tanna

- PaccuuntbiBaem pixel coverage ncnonb3dys Look Up Tables: 8x8, 153 nHcTpyKunm
- [loBTOpsieM noka He HabepeTca xoTa 6bl 32 bparMeHTa

Korga Habpanocb 4oCTaToOuHO pparMeHTOB (UNN KOHYUIUCE TPEYIONbHUKN),
Shading phase:

- OavH bparMeHT - 0OANH NOTOK



5) cudaraster: Pixel Coverage LUTs

0110111 LUT A [2][011] LUT B [2+2][111]

- Wpem no pebpy (kak B anropntme bpeseHxama)
-  Wcnonb3yem coverage masks (macku nokpbltus) ns LUTs (6 KB => L2)
- 51 MHCTPYKUMs Ha pebpo (8x8)



5) cudaraster: pacnpegeneHue pparmeHToB no SM

:thrO:thr1:thr2: :thr31: ; = ;

iEee
1 |
1
Rl
1
1
11
®
®
L ]

/K ' : 4 10 | 22
X

11

NN E E LU L] -

- o= trifofoloJo A [T [T [1[1][1]2]2]2]

) B A
111
{150 [

/
v
L

j‘k frag[o[1]2[3To[1]2]3[4[5[01[2] :--

|
IIIII |

Input Phase Shading Phase

- B nepson hase paccunTbiBaeM NOKpbITbIE U NULLEM B CMNCOK
- Bo BTOpON hase paccuntbiBaemMm rnpeduKCHbIMM CyMMamMn NHOEKC
dparmeHTa TpeyronbHUKa cpeaun Bce pparMeHTOB BCeX obpabaTbiBaeMbIX B

OAHHbIA MOMEHT TpEeyrosibHMKOB



5) cudaraster

N

e h e
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5) cudaraster: Tests

. .
=
=
= |
%
|

SAN MIGUEL, 189MB JUAREZ, 24MB STALKER. 11MB CiTy, 51IMB BUDDHA, 29MB
5.44M tris. 25% visible 546K tris, 37% visible 349K tris, 41% visible 879K tris. 21% visible 1.09M tris, 32% visible
2.4 pixels / triangle 14.6 pixels / triangle 14.1 pixels / triangle 16.3 pixels / triangle 1.4 pixels / triangle

Call of Juarez scene courtesy of Techland
S.T.A.L.K.E.R.: Call of Pripyat scene courtesy of GSC Game World



5) cudaraster:

Tests

. Our FreePipe | SW:HW FP:SW

Scene Resolution | HW (SW)  (FP) ratio ratio
512x384 |5.37| 7.82| 130.14 1.46 16.65

SAN MIGUEL | 1024x768 |5.43|| 948 || 510.20 1.74 53.84
2048 x 1536 | 5.86||15.44 || 1652.52 2.64 | 107.06

512x384 | 0.59| 2.71 5.34 4.56 1.97

JUAREZ 1024 x768 | 0.67|| 3.28 18.63 4.87 5.69
2048 x 1536 | 1.03 || 7.06 72.45 6.84 10.26

512x384 |0.31}| 1.81 23.47 5.91 12.96

STALKER 1024 x768 | 0.39|| 2.31 92.73 5.96 40.14
2048 x 1536 | 0.67|| 541 386.07 8.10 71:36

512x384 | 0.93|| 2.16 64.56 232 29.88

CITY 1024 x768 | 1.04|| 3.13 || 251.86 3.01 80.54
2048 x 1536 | 1.42|| 6.791|1032.83 4.77 152.13

512x384 [ 1.06|| 2.09 2.4 1.98 1.02

BUDDHA 1024 %768 | 1.07|| 2.66 3.08 2.50 1.16
2048 x 1536 | 1.11 ]| 4.01 6.96 3.62 [.73

Frame rendering time in ms (depth test + color, no MSAA, no blending)




CcbInku

An intro to modern OpenGL. Chapter 1: The Graphics Pipeline

- habrahabr - nuwem yvnpowéeHHbIn OpenGL cBoOMMU pykamMmu

- Dr.Dobb’s: Rasterization on Larrabee

- Larrabee: A Many-Core x86 Architecture for Visual Computing

-  Why didn't Larrabee fail?

- High-Performance Software Rasterization on GPUs (cudaraster, paper,
presentation. source code)



http://duriansoftware.com/joe/An-intro-to-modern-OpenGL.-Chapter-1:-The-Graphics-Pipeline.html
https://habr.com/post/248153/
http://www.drdobbs.com/parallel/rasterization-on-larrabee/217200602
http://geraldine.fjfi.cvut.cz/~oberhuber/data/hpc/larabee-doc.pdf
http://tomforsyth1000.github.io/blog.wiki.html#%5B%5BWhy%20didn%27t%20Larrabee%20fail%3F%5D%5D
https://research.nvidia.com/publication/high-performance-software-rasterization-gpus
https://research.nvidia.com/publication/high-performance-software-rasterization-gpus

