OCOBEHHOCTM
PEAJIVGALMM AJIITOPUTMOB
TPACCUPOBKMU NYYEU HA
CUDA

[loknag4uk:
®ponos B.A. (BMunK MI'Y)
HayuHbIn pykoBOAUTESb:
UrHateHko A.B. (BMuK MIY)

JlekTopbl:
Bopeckos A.B. (BMunK MIY)
XapnamoB A.A. (NVidia)
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RT — 410, 3a4eM U Kak?
MeTtopn rpybon cunbl
CUDA

Yckopsawuwme CTpyKTypbl

PerynsapHble U nepapxmyeckme CeTKu
BVH
kd aepeBbA




Ray Tracing

DOTOPEATNCTUYHDBIN CUHTE3 U306paXKEHUM

|

il

HEEEE




Ray Tracing

[EOQREEEh Hormann <chrin horrmanmg@orms e



Real Time Ray Tracing

CkopocCTb B yuepb KayecTtBy




Ray Tracing

TOYHOCTb
Path tracing
(DOTOHHbLIE KapThl

PacnpepeneHHas TpaccuMpoBKa Syyen
(cToxacTnyeckas)

CKOpOCTb
ObpaTHas TpaccMpoBKa y4Yeu

Pactepunsauuns + obpaTHast TpacCcupoBKa
ny4yen



O6parHana TpaccupoBKa
nyyemnm

ANropuTt™m
[lepBUYHbIE, TEHEBbLIE, OTPaXXEHHbIe Ty4Yn

[S—




Ray Tracing

[lpeactasneHne 3D ob6bekToB
AHanuTn4yeckoe
MeLlun n3 TpeyrosibHMKOB




Ray Tracing

[loBEpPXHOCTb 3a/laHa KakK MacCcuB
TpeyronbHMKOB

Y3K0oe MeCcTo — NOUCK nepecevyeHnsa nyya
C NOBEPXHOCTHIO

1 000 000 TpeyronbHMKOB
1 000 000 nyyen

=> 1012 onepauuu
(log(N))**10° (k~[1..2])




NepeceueHue nyvya m
TpeyrosnibHMKa

[pocTon BapmaHT v
Ax +By +(z+D =0
Hantn ¢

X =p.X + VXt ; /'

Vv
y=py+ vyt y v2
Z=p2+ V.2

P
- (A*px+B*py+C*p.z+D)
A*v.X+B*v.y+C™*v.z

t =




NepeceueHue nyvya m
TpeyrosnibHMKa

[pocTon BapmaHT

[ U3BECTHO
zZ=p+ v v1
S = cross(vi-v0, v2-v0)
U = cross(vl-z, v0-z) v
v = cross(vl-z, v2-z)
t1 = cross(v2-z, v0-z)

ti
lu+v+tl-5|<c¢ vo
/ v2

P




NepeceueHue nyvya m
TpeyrosnibHMKa

ONTUMMU3NPOBAHHbLIN BapUaHT
bapuueHTpuyeckme KoopanHaThl
u:=ums, v:=ves, tl :=t1/s
1 =1-u-v

z(u,v)=(1-u-v)*vl+u*v2+v*v0
Z(t)=p+t*d
p+t*d=(1-u-v)*vl+u*v2+v*v0

3 YpaBHEHUSA, 3 HEU3BECTHbIX



NepeceueHue nyvya m
TpeyrosnibHMKa

ONTUMMU3NPOBAHHbLIN BapUaHT

t dot (Q,E2) |

ul= ! *\ dot (P,T)
dot (P, E1)

Vv dot (Q,D) |

El=vl-vO

E2=v2-Vv0

T=p-v0

P =cross (D, E2)
Q =cross (T,E1)
D=yv



NepeceueHue nyvya m
TpeyrosnibHMKa

v1,

[pocTon BapmaHT
Onepauun (* : 39, +/-:53,/ :1)
248-404 TaKkTOB
ONTUMM3MPOBAHHbIM BapUaHT
Onepauun (* : 23, +/-:24,] : 1)
132-224 TaKkTa
KakK cymTanm HUXKXHIOK OLeHKY?

ncnosib3oBaHme mad sMecto mul n add
4*(N_mul + |N_add - N_mul|)



Apyrue npuMmTUBLI

£ 4 vmax

Bokc — 31O 6 nfiockocten &

(vmin.X - r.pos.x) / r.dir.x; m“

(vmin.x + rInv.pos.x) * rInv.dir.x; ~X
6 add n 6 mul == 12 mad, 48 TakTOB
Cepa

~13 mad + sqrtf == 52 + 32 = 84 TakTa
MEeHbLLIe BETBJ/IEHUM

Nepapxusa n3 cep He nydylule nepapxum ms
6okcoB



Multiprocessor Occupancy

activewarps

occupancy = '
Pernctpol Paney == v warps |
8192 perucrtpa Ha SM
Bnoku no 8x8 HuTew L N

v2

128 pernctpoB Ha HUTb
NVCC He aeT CTOJIbKO PEerncrpos, rnovyemy?
per <= 40:|3 6noka, 6 warp-oB aKTUBHbI
per <= 32:/4 6noka, 8 warp-oB aKTUBHbI
per <= 24: 5 6nokos, 10 warp-oB aKTUBHbl
per <= 20:/6 6nokos, 12 warp-0B aKTUBHbl
per <= 16:/8 6nokos, 16 warp-0B aKTUBHbl




NepeceueHue nyvya m

TpeyronbHuUKa

Perncrpsl
6 perMcTpoB Ha nyu
O perncTtpoB Ha BepLUMHbI
3 peruncrtpa Ha (t, u, v)
1 pernctp Ha triNum
1 Ha cYEeTUYMK B UUKNE
1 KaKk MMHUMYM Ha tid
2 Ha min_t 1 min_id
23 y>Ke 3aH4aTo!

" dot (P, E1)

El=vl-vO0
E2=v2-Vv0
T=p-v0

P =cross (D, E?2)
Q =cross (T,EL)
D=v

[ dot (Q,E2) |
dot (P, T)
| dot (Q,D) |




NepeceueHue nyvya m
TpeyrosnibHMKa

OpraHu3aums cetku - 6noku 8x8

YTo obLiee ang HUTEN bnoka?
CBOM Jly4, CBOU TPEYrosIbHUK
CBoM Nyd, 06NN TPEeYronbHUK
O6LWwmn ny4y, CBOU TPEYroNbHUK

st




NepeceueHue nyvya m
TpeyronbHUKa

CBOM 1lyd, CBOU TPEYrofibHUK

triangles texture

64 for (int i=0;i<triNum;i++)

{
(A,B,C) = tex1Dfetch(tex,i),

}



NepeceueHue nyvya m
TpeyronbHUKa

CBOM 1lyd, CBOU TPEYrofibHUK

triangles texture

64 for (int i=0;i<triNum;i++)

{
(A,B,C) = tex1Dfetch(tex,i),

}



NepeceueHue nyvya m
TpeyronbHUKa

CBOM 1lyd, CBOU TPEYrofibHUK

triangles texture

64 for (int i=0;i<triNum;i++)

{
(A,B,C) = tex1Dfetch(tex,i),

}



NepeceueHue nyvya m
TpeyronbHUKa

CBOM 1lyd, CBOU TPEYrofibHUK

triangles texture

64 for (int i=0;i<triNum;i++)

{
(A,B,C) = tex1Dfetch(tex,i),

}



NepeceueHue nyua m
TpeyronbHUKa

CBOM 1lyd, CBOU TPEYrofibHUK

triangles texture

NN

l !

64 for (int i=0;i<triNum;i++)

{
(A,B,C) = tex1Dfetch(tex, i+offset);

A0po 3aHNMaeT 32 perncrpa



NepeceueHue nyvya m
TpeyrosnibHMKa

CBou nyd, o6LWKM TpeyrosibHUK

triangles texture, or global

shared memory __shared__ s_triangles[64];
s_triangles[id] = g_triangles[id];
threads __syncthreads();
]
1 for (int i=0;i<64;i++)
64 {

(A,B,C) = s_triangles|i];



NepeceueHue nyvya m

TPeyronbHUKa

CBou nyd, o6LWKM TpeyrosibHUK

triangles texture, or global

threads

=

—

-

|
64

__shared__ s_triangles[64];

s_triangles[id] = g_triangles[id];
__syncthreads();

J
for (int i=0;i<64;i++)

{
(A,B,C) = s_triangles|i];



NepeceueHue nyvya m
TpeyrosnibHMKa

CBou nyd, o6LWKM TpeyrosibHUK

triangles texture, or global

shared memory __shared__ s_triangles[64];
/ \ N > s_triangles[id] = g_triangles[id];
threads __syncthreads();
]
1 for (int i=0;i<64;i++)
64 {

(A,B,C) = s_triangles|i];
Sapo 3aHnMaeT 20 perncrtpos



NepeceueHue nyya m

TPeyronbHUKa

O6LmMN nyd, CBOW TPEYroSIbHUK

\ \ \

\

threads

shared memory

triangles texture, or global M

_ shared__ Hit s_tResult[64];
__shared__ Ray ray;

(A,B,C) = g_triangles[id];

s_tResult[id] = resHit;
__syncthreads();

ReduceMin(s_tResult, 64);



NepeceueHue nyya m
TpeyrosibHUMKa

O6LmMN nyd, CBOW TPEYroSIbHUK

triangles texture, or global M

_ shared__ Hit s_tResult[64];

__shared__ Ray ray;

threads

LLLLLLLLLTELLLL (R s mmgeter

s_tResult[id] = resHit;
shared memory " synethreads():

ReduceMin(s_tResult, 64);



NepeceueHue nyya m
TpeyrosibHUMKa

O6LmMN nyd, CBOW TPEYroSIbHUK

triangles texture, or global M

_ shared__ Hit s_tResult[64];

__shared__ Ray ray;

threads

(A,B,C) = g_triangles[id];

s_tResult[id] = resHit;

shared memory

' __syncthreads();

ReduceMin ReduceMin(s_tResult, 64);

Sapo 3aHnMaeT 21 pernctp



NepeceueHue nyvya m
TpeyrosnibHMKa

OpraHunsauuns cetku - 6/10kmn 8x8

YTo 0bwee anga HuTen 6noka?
Csou nyd, cBon TpeyrosibHuK (100%)
Csou nyd, obwmn TpeyronbHuk (130%)
O6wmn nyy, ceon TpeyronbHuk (40-50%)

st

32 perucrtpa 20 perncrpos 21 peructp




ApXxuteKtypa pemtpeumcepa

Aapo nepecevyeHnn — 32 perncrpa

Hy>XHO pa3buTb anropuTM TPacCMpPOBKN Ha
HECKOJ/IbKO siaep

Traversal kernel

.

Intersection kernel




ApXxuteKtypa pemtpeumcepa

Traversal kernel — 6nokn 16x4
KaK XpaHUTb reOMeTpuio?

Traversal kernel —

struct Vertex
< $

float3 pos[3];

> Intersection kernel
float3 norm[3]; nlersection Kerne
float2 texCoord;
uint materiallndex;

¥

struct Triangle

{ _ Vertex array:
uint v[3];
b

Index array:




ApXxuteKtypa pemtpeumcepa

Traversal kernel — 6nokun 16x4

[yébnupoBaHne reoMeTpumn

struct Triangle

{
vec3f v[3];

unsigned int selfIndex;

}: /1 40

struct Sphere

{
PackedSphere3f sph;

unsigned int selfIndex;
unsigned int dummy;

} /] 24

// BbIBOPKM Mo float2

Traversal kernel —

.

Intersection kernel

*

struct Hit

{
float t;

unsigned int objectldAndType;
b







PerynapHasa ceTka

A




PerynapHasa ceTka

PerynapHasa ceTka

if (tMaxX <= tMaxY && tMaxX <= tMax2) —

{
tMaxX += tDeltaX;

X += stepX; =
¥ —
else if (tMaxY <= tMaxZ && tMaxY <= tMaxX)

{
tMaxY += tDeltaY;

y += stepY;
)

else

{
tMaxZ += tDeltaZ;

Z += step’Z;

}




PerynapHasa cetka n CUDA

[1lpenmMyLlecTBa
3aHATO Kak MMHUMYM 12 + 2 perncrtpos
Z-ordering ans 3D MaccuBa, KoL npomaxml

HepnoctaTtku!

XyTKas Harpyska Ha TeKCTypHble 6710KH,
NIATEHTHOCTb MNaMsATU HE NOKPbIBAETCS
BbIUYNC/IEHNSIMU P

U

AN

)

QT
RN
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PerynapHasa ceTka

[1lpenmMyLlecTBa
[1pOCTO 1 BbICTPO CTPOUTCH
[IpocTOn anropuT™M TpaBepca

HenocTtaTku

[110X0 cnpaBnaeTca € NyCcTbiM NPOCTPAHCTBOM

TpebyeT MHOro NamsT

MHOro NOBTOPHbIX NepeceyeHnmn —
OTBpaTUTENIbHO pa3bunBaeT reoMeTpuio

Tonbko ans Hebonblumnx cueH (1-50K)




PerynapHasa ceTka

[loueMy ceTka nnoxo pasbmBaeT
reoMeTpuio?

[epebpanu 15 Bokcenewn

/ pa3 noc4yMTanu nepecevyeHue ¢ OgHUM U TeM Xe
TpeyronbHMKom!



Mepapxumueckasa ceTKa

HebonbLloe 4Ynciio BoKceneu

PekypcnBHO pa3buBaeM BOKCENM B MeCTax C
NJIOTHOW FrEOMETPUEN

=




UTo paer nepapxmnuyeckKasn
ceTka?

PewaeT npobneMy YamHuKa Ha CTaanOHE
[lepexon Mexxay y3naMu BblUUCIIUTENBHO COXKEH
+ 12 pernctpos Kak MUHUMYM

HY>XHO YCTPaHATb PEKYPCUIO

Traversal kernel <€

!

Intersection kernel

i—




BVH pepeBbs

Bounding Volume Hierarchy




BVH pepeBbs

Bounding Volume Hierarchy




BVH pepeBbs

Bounding Volume Hierarchy

L R
L N
RL

RR

RL




BVH pepeBbs

Tpasepc Ha CPU

B

RL

RR




BVH pepeBbs

Tpasepc Ha CPU

B

RL




BVH pepeBbs

Tpasepc Ha CPU

N




BVH pepeBbs

Tpasepc Ha CPU




BVH pnepeBbsa

TpaBepc Ha GPU
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BVH pepeBbs

Tpaepc Ha GPU

B

RL

RR




BVH pepeBbs

Tpaepc Ha GPU

B

RL

RR
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BVH pepeBbs

Tpaepc Ha GPU

B

RL

RR




BVH pepeBbs

Tpaepc Ha GPU

N

RR




BVH pepeBbs

Tpaepc Ha GPU

RR




BVH pepeBbs

é}g

Kak oenatb Ha CUDA?

JNlyy — 6 perucTpos mf

bokc — 6 perncrpos ¥

t near, t far, - 2 o ""'D"Rm

nodeOffset, leftOffset, tid — 3 /1\ u \“ﬁ
[lepeceyeHune ny4va c 6o0KCOM AN/

MWHMMYM NO BCEM 6 MIOCKOCTAM
(vmin[0] + rInv.pos[0]) * rInv.dir[0];



BVH pepeBbs

Kak aenatb Ha CUDA? R
24 mad-a MOKPLIBAIOT IATEHTHOCTL |
TEKCTYPHOMN MaMATH e m

/ 4\

CTek Ha NOoKaNbHOW NaMATU

JlokanbHasa NamMATb 3TO HEe TaK MeaseHHo,
KdK MOXET NMOKa3aTbCA

beccTtekoBbIM anropuTMm

MepebupaeM MaccuB Bceraa CTporo CeBa
HanpaBso



BVH pepeBbs

Tpaepc Ha GPU
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BVH pepeBbs

Beccrekosbin TpaBepc Ha CUDA .5~
/IN rRy”
BVH tree texture ¢ y o
FetchToSharedMem();
: while (4to-To Tam)
Shared cache {
TpaBepcuM AEePEBO;
¥
SLEEP:
Threads __syncthreads();

ReduceMin(addrs);
|




BVH pepeBbs

Beccrekosbin TpaBepc Ha CUDA .5~
IJ R R
BVH tree texture ¢ y o
FetchToSharedMem();
while (4TO-TO Tam)
Shared cache {
m TpaBepcuM [epeso;
¥
SLEEP:
Threads __syncthreads();

ReduceMin(addrs);
|




BVH pepeBbs

Beccrekosbin TpaBepc Ha CUDA .5~
IJ R R
BVH tree texture ¢ y o
FetchToSharedMem();
while (4TO-TO Tam)
Shared cache {
m TpaBepcuM [epeso;
¥
SLEEP:
Threads __syncthreads();

ReduceMin(addrs);
|




BVH pepeBbs

Beccrekosbin TpaBepc Ha CUDA .5~
IJ "
BVH tree texture ¢ by dé
FetchToSharedMem();
while (4TO-TO Tam)
Shared cache {
TpaBEpPCMM [EPEBO;
¥
SLEEP:
Threads __syncthreads();

ReduceMin(addrs);
|




BVH pepeBbs

beccrekoBbin TpaBepc Ha CUDA . &y
14 RL \\R
BVH tree texture ¢ » doi
FetchToSharedMem();
while (4TO-TO Tam)
Shared cache {
% % M A\ o
¥
SLEEP:
Threads __syncthreads();

ReduceMin(addrs);
|




BVH pepeBbs

beccrekoBbin TpaBepc Ha CUDA D ke

BVH tree texture /N /N
FetchToSharedMem();

while (4TO-TO Tam)
Shared cache {

% /M TpaBepcuM AepeBo;
¥

SLEEP:
Threads __syncthreads();
ReduceMin(addrs);




BVH pepeBbs

ng
becctekoBbiM TpaBepc Ha CUDA . =«
BVH tree texture ¢ o déi
FetchToSharedMem();
while (4TO-TO Tam)
Shared cache {
TpaBEPCUM OepeBo,
b
SLEEP:
Threads __syncthreads();
R R A A A A A A A A A A A A A A A A A AV A VAR VA ReduceMin(addrs);
Sleep address |




BVH pepeBbs

beccrekoBbin TpaBepc Ha CUDA . =«
A0po yMecTUnocL B 20 perucTpoB ¢ is
Y3en BVH — 32 6aiita b b déi

Shared k3w CIULWLKOM ManeHbKumn

Ha 60nblimnx cueHax adp@eKTUBHOCTb
najaeT 13-3a 4YacTbiX NMPOMaxoB

[1N10X0 AN HEKOrepeHTHbIX JyYen
JInwiHne nepeceyvyeHus | ml —




{

B N
A A A
AA A
A aA
A
struct KdTreeNode
float split;

b

kd-pepeBbs

uint leftOffset: 29;
uint splitAxis: 2;
uint leaf: 1;




kd-pepeBbs

A
U A
A A
A
struct KdTreeNode L
{
float split;

uint leftOffset: 29;
uint splitAxis: 2;
uint leaf: 1;

b




{

=X N
A LR RL AA Al
A LL /ARR
A
struct KdTreeNode
float split;

b

kd-pepeBbs

uint leftOffset: 29;
uint splitAxis: 2;
uint leaf: 1;

LL‘j/ ER Rg \RDRR



kd-pepeBbn

4‘ LRR

A LRL RL

AA
A LLL

A

struct KdTreeNode L

{

float split;

uint leftOffset: 29; LL LR R'-]/ RR
uint splitAxis: 2;

uint leaf: 1;

b

>
A
A

RRL

L 1%




{

A LRLL RL AA A.
Al LLLR /ﬂRL
LLL‘III
struct KdTreeNode
float split;
uint leftOffset: 29 LL LR RL RR

b

kd-pepeBbn

LRLR
LRR

>
A
A

uint splitAxis: 2;
uint leaf: 1;

14




{

LRLRL R RRR
LRR &
A LRLL RL AA A.
Al LLLR /ﬂRL
LLLk
struct KdTreeNode
float split;
uint leftOffset: 29 LL LR RL RR

b

kd-pepeBbn

uint splitAxis: 2;
uint leaf: 1;

14




kd-pepesBbs

ANropuT™M TpaBepca

Pernctpsl — 13 min: s
Nyd - 6
t, tmin, tmax — 3

tmin
1ay

node — 2
tid, stack_top — 2

Ha npakTuke yaanochb
YNOXUTbCA B 19

CTek: nokasnbHas namMsTb

ray

min |

| partition
I




kd-pepeBbs

ANropuT™M TpaBepca

LRLRL R
LRR

A LRLL

AA

Tekywun y3en:




kd-pepeBbs

ANropuT™M TpaBepca

LRLRL R
LRR
A LRLL
A1 LLLR
LLL
Ctek: R

Tekywun y3en: L



kd-pepeBbs

ANropuT™M TpaBepca

LRLRL R
LRR
A LRLL
A1 LLLR
LLL
Crek: R

Texkywun y3en: LL



kd-pepeBbs

ANropuT™M TpaBepca

LRLRL m

A LRLL

LRR

A

.

Crek: LLR, R
Tekywnn y3en: LLL




kd-pepeBbs

ANropuT™M TpaBepca

LRLRL m

A LRLL

LRR

s

Al LLLR ﬁ
LLLK/

— Crek: LLR, R
— Tekywmn y3en: LLLR




kd-pepeBbs

ANropuT™M TpaBepca

LRLRL m

A

LRLL

LRR

s

N
/A

— CT1ek: R

.

— Tekywun y3en: LLR

Traversal kernel <«

4

Intersection kernel ‘

MOXHO 6b1/10 6bl OCTAHOBUTHLCS! *



kd-pepeBbs

ANropuT™M TpaBepca

LRLRL R
LRR

A LRLL

AA

Tekywun y3en: R




kd-pepeBbs

ANropuT™M TpaBepca

LRLRL R
LRR
A LRLL
A1 LLLR
LLL
— CT1ek: RR

— Tekywmn y3en: RL



kd-pepeBbs

ANropuT™M TpaBepca

LRLRL R
LRR

A LRLL

AA

Tekywun y3en: RR




kd-pepeBbs

ANropuT™M TpaBepca

LRLRL m

A

LRLL

LRR

A5

s

Crek:

.

Tekywmii y3en: RRR  KoHeu, pesynbTaT: LLR, RRR *

| Traversal kemnel <«

4

‘ Intersection kernel ‘




kd-pepesBbs

e Yy3KOoe MECTO?  summary plot

aPU Time  Total )
0.00% 9.35% 15.69% 28.04% 37.38%: 46,7 3% 56.07% 65.42% 74.76%:

SirstIntersectionInLeafes_Single | 636 )
kdTrecTraversalonly_kernel { 636 )
Shade_kernel { 636 )

MyMemset [ 2545
MakeEveRavs_kernel { 636 )

memcopy {643 )
RealColorToRGEZSE_kernel [ 636 )

I T T T T T T T T
0.00%: 9,35% 15.69% 25, 04% 37.368% 46.73% 26.07% 65.42% 74.76%

28 1 K GPU Time § Takal 3

EFPS=6.60

Lo | —— :

| !

I Intersection kernel ‘




kd-pepeBbs

Conference Room (281K)

Profiler counters totals For method - FirstIntersectionInLeafes_Single
0.00%: FoA2% 14.54%: 22.25% 29.67% FR09%: 44.51%: 51.92%: 599.34% 66, 76% 74,.158%

instructions
branch
gsk uncoalesced

local skore .

local lnad Inte rseCtlon
divergent branch
cta launched
warp serialize
ald coalesced
qgst coalesced

I T T T T T T T T T T
0,00%: s 14.84% 22.25% 29.67% 37.09% 44.51% 51.92% 59, 34% 66, 76% 74.158%
Profiler counters takals For method - FirstInkersectionInLeafes_Single

Profiler counters totals For method - KdTreeTraversalonly_kernel
0,00%: 4, 06%: 5.12% 12.158% 16,24% 20,30% 24.37% 28.43% 32.49% 36.55% 40,61% 44,67% 48.73%

gst uncoalesced

instructions

local stare

branch

local load

divergent branch T |
warp serialize rave rsa

cta launched

gst coalesced
ald coalesced

r T T T T T T T T T T T T
0,00% 4. 06% 8.12% 12.18% 16.24% 20.30% 24.37% 28.43% 32.49% 36.55% 40.51% 44.67% 48.73%
Praofiler counters totals For method - KdTreeTraversalonly_kernel



kd-pepesBbs

[ Ae y3Kkoe MecTo?

GPU Time ¢ Takal )
0.00%: 4.67% 9,34% 14.01% 158,65% 23.35% 28.02% 32.69% 37.36% 42,03% 46, 70% 51.37%

KdTreeTraversalonly_kernel { 75 )
rstIntersectionInleafes_Single { 75 )
merncopy {810

Shade_kernel { 75

MyMem3et ( 300 )
MakeEveRays_kernel { 75 )
RealColorToRGEZS6_kernel [ 74 )

T T T T T T T T T T T T
0.00% 4.67% 9.34% 14.01% 15.68% 23.35% 28.02% 32.69% 37.36% 42.03% 46,7 0% 51.37%
GPU Time { Tokal )

1.5M

_ | Traversal kernel <—

!

I Intersection kernel ‘




kd-pepeBbs

Crynbsa (1.5M)

Profiler counters totals For method - FirstIntersectionInleafes _Single
0.00% 6. 36%: 12.72% 19.05% 25.44% 31.81% 38.17% 44, 53% S0.89% S7.25% 63.61% £9,97% 76.33%

instruckions
branch
ast uncoalesced

local store
local load I t t-
divergent branch n e rsec IO n
cta launched
watp serialize
ald coalesced
gst coalesced

0.00%: 5.36%: 12.72% 19,08% 25, 44%, 31.81% 38.17% 44.53% 50,89% 57.25% 63.61% 69,97% 76.33%
Profiler counters totals For method - FirstIntersectionInleafes _Single

Profiler counters kokals For method - KdTreeTraversalOnly_kernel
0.00% 2.85% E.60% 2.54% 11.38% 14.23% 17.07% 19.929%, 22.76%: 25.61% 28.45% 31.30% 24.15%

inskructions

gst uncoalesced
local store
branch

local load
divergent branch |
warp setialize Trave rsa
gst coalesced
cka launched

gld coalesced

T T T T T T T T T T T T T
0.00% 2.85% 5.69% 8.54% 11.38% 14.23% 17.07% 19.92% 22.76%: 25.61% 28.45%: 31.30% 34.15%
Profiler counters kokals For method - KdTreeTraversalOnly_kernel



Mpons3eoauTenbHOCTDbL

FPS

20

18

16

14

1z

140

1024x1024, GF8800GTX

1464 5856 23424 93696 374784 1499136

—4—fps
——1/log(M)
1/{logiMN)*log(M))



kd-tree vs BVH Ha CUDA

BVH co cTekoM Ha NoKanbHOW NaMATU
[TOKpbIBAETCHA NATEHTHOCTb TEKCTYPHOU NAMSATU
MeHbLie rnybuHa
ANropuTM CNoXkHee, Hy>XHO 6o/blle perncTpos
JINLLIHKE MNOCKOCTHU

kd-tree
DKOHOMUT perncrpbl
MoXXHO 3ddeKkTMBHEE 3a4eUCTBOBATL K3LLI?
1 mad v napa BeTBNeHMnN Ha oagHy tex1Dfetch




Npabnn

YTO penaet 3TOT KOoA?

[loyeMy OH TaK HanucaH?
const float3 V[2];

register int sign = (r.dirx < 0);

register float tmin = ( V[sign].x - r.pos.x) / r.dir.x;
register float tmax = ( V[1-sign].x - r.pos.x) / r.dir.x;

A KaK Hago?

if (rdirx < 0);

tmin = ( V[1].X - rnpos.x) / r.dir.x;
else

tmin = ( V[0].x - r.pos.x) / r.dir.x;



Npabnu

OyeHb yaobHO?

struct VECTOR struct VECTOR
{
{ union float M[3];
{ struct IDH_CALL float& x() { return M[O0]; }
{ IDH_CALL float& y() { return M[1]; }
float X,y,z; IDH_CALL float& z() { return M[2]; }
1}’]Ic)at M[3]; IDH_CALL float x() const { return M[O]; }
}; IDH_CALL float y() const { return M[1]; }
h IDH_CALL float z() const { return M[2]; }
b

#define IDH_CALL inline _ device host



Cchinkm

http://ray-tracing.ru

http://home.mindspring.com/~eric_rollins/ray/cuda.html (He Hapo
TaK AenaTtb)

http://www.nvidia.com/object/cuda home.html+#state=detailsOpen
raid=73926e40-99f0-11dd-ad8b-0800200c9a66

http://araphics.stanford.edu/papers/i3dkdtree/ (rt Ha GPU: HLSL,
CUDA)

http://www.mpi-inf.mpg.de/~guenther/BVHonGPU/index.html| (BVH
packet traversal + CUDA)

http://www.cs.unc.edu/~lauterb/GPUBVH/ (BVH, CUDA, 6bicTpoe
NOCTPOEHME)



http://ray-tracing.ru/
http://home.mindspring.com/~eric_rollins/ray/cuda.html
http://www.nvidia.com/object/cuda_home.html#state=detailsOpen;aid=73926e40-99f0-11dd-ad8b-0800200c9a66
http://www.nvidia.com/object/cuda_home.html#state=detailsOpen;aid=73926e40-99f0-11dd-ad8b-0800200c9a66
http://graphics.stanford.edu/papers/i3dkdtree/
http://www.mpi-inf.mpg.de/~guenther/BVHonGPU/index.html
http://www.cs.unc.edu/~lauterb/GPUBVH/
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