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65536 VPLs (shading time: 2.87 ms)

Resolution: 1920x 1152, Error bound: 0.0005, GPU: AMD Radeon™ R9 290X



RS hOUZD

STOCHASTIC EIGHFEEEEINES



FIEOPE

> I:I \\/7\/} I/_ I/“J I\iﬁ[Arvof?Oo]%E(:%@%;%hﬁ

» IRVERBEER TS TV D

H

© 2018 SQUARE ENIX CO., LTD. All Rights Reserve

=S INTRE

» BiosEDEl (HEFEEDESDETEZRIEE) (CEXD

> RN LE < IRD> CTHRENRIE UL

d.



© 2018 SQUARE ENIX CO., LTD. All Rights Reserved.

O=77>)L—L v NE&

> BRI (CHRT
p AFHER ST —FT 0 2 URNBRCREDIAD = (CLEHI (EEE —FRER)
b ESZEOTTHIROIRILF—(FAEFERTED

Y5 SRR
yo»‘« }]1 »‘<YS

~FHEER: P(y;,z) = min ( ) ,1)
llyj—z|”

X

STEERER R WEF OIS
(FE2X)




© 2018 SQUARE ENIX CO., LTD. All Rights Reserved.

O 772 )b— LY MROGIRDIAD =

BEDSA MAOUZD HEENSA ~hU>D

y2) fy.2) _ 1(yz)

0 otherwise

I _ |
f(y,2) = {f(y, z) = Ty — 2P iflly —z|l <r Fly.2) = {m = max (5, Iy z||2> if P(y,z) > &

0 otherwise

tEER: SEIRNN S DEEEE ||y — z||



© 2018 SQUARE ENIX CO., LTD. All Rights Reserved.

O 772 )b— LY MROGIRDIAD =

BEDSA MAOUZD HEENSA ~hU>D

y2) fy.2) _ 1(yz)

0 otherwise

I _ |
f(y,2) = {f(y, z) = Ty — 2P iflly —z|l <r Fly.2) = {m = max (5, Iy z||2> if P(y,z) > &

0 otherwise

tEER: SEIRNN S DEEEE ||y — z||



© 2018 SQUARE ENIX CO., LTD. All Rights Reserved.

O 772 )b— LY MROGIRDIAD =

BEDSA MAOUZD HEENSA ~hU>D

) _ ﬂ _ f(y,2) 1G7) \
fy,2) = {f(y z) = Iy — 2l iflly —zll <r fly,2) = {P(y 5 = max <6, Ty z||2> if P(y,z) > ¢

0 otherwise 0 otherwise

5T
(SR i)

tEER: SEIRNN S DEEEE ||y — z||



© 2018 SQUARE ENIX CO., LTD. All Rights Reserved.

> ST —F 4088 (COHEGEBENERD. DY T TERLG

» FLEDEEHZEL LY
p L 23T —F 1 YV R[ATHBEDEHEERS
p HEE(CERDIEETHNITRZEZIIMED IR IS DL (unbiased ©)
DRI T4 DT -5« T O ELUTEHRAICIIND




© 2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Z= DT

t|:

0

il
\
Ao
il

p FEREIZERELCA—IN—BTUO%KEL

» FHLVEIRF ERER - SZEHEEMNMNS <D

> RSREETGHZF DONRGFE I DN, MmsdTh%

» Virtual Point Lights (VPLs)/Z ERAREYCE ST IR D IFELUIZFE—EICUR ©

P(y,z) = min( [52) 1)

S A
R oy -

22528 44032 65536
BUHSRETDS T —F7 1 VKM



© 2018 SQUARE ENIX CO., LTD. All Rights Reserved.

aLENE = ARk
O=>77 > )L—Lbw NEZEICHEIROSEFH Z IR TE
(%,}?E&@Lf@)

Light culling N .
(Eiri,f) — DY OFECEKF LWL

SpIO’r’ring [Dachsbacher04]
Tiled cuIIing [Olsson11; Harada12]

Shqdlng . . Clustered culling [olasson12]
BEFELRUAGECS T 50270 e
JRB(CSAONIEELE =E>TOST72IL—L Y

IRFDET T (SIEN S NTTALE




© 2018 SQUARE ENIX CO., LTD. All Rights Reserved.

fER: YL 5YfEHzEEEH (65536 VPLs)

CPU  0.147 ms, GPU 5.871 ms, 176 Hz
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False Positives (AU >0 TEiah o 2R

IS 5EK

I551a

{ZN

11.3 ms

53.6 VPLs/pixel
48.7 FP VPLs/pixel

7.2 ms

17.5 VPLs/pixel
12.6 FP VPLs/pixel

A=

18.2 ms 22.3 ms 23.3 ms

[ -
111.3 VPLs/pixel 153.1 VPLs/pixel 156.3 VPLs/pixel
106.5 FP VPLs/pixel 149.7 FP VPLs/pixel 154.2 FP VPLs/pixel
7.2 ms 6.6 ms 6.3 ms
17.5 VPLs/pixel 14.7 VPLs/pixel 11.4 VPLs/pixel
12.6 FP VPLs/pixel 11.3 FP VPLs/pixel 9.3 FP VPLs/pixel

c YU TEDVPLER, AR N)L: false positives, ZE: 2L >4 >R (O—XFT+ AN ZED)

FRARE: 1920%1080, 65536 VPLs, GPU: NVIDIA® GeForce® GTX 970
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» Bounding volumeZHO/NRU T2 2S5 XIS X
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Conservative Rasterization-based Clustered Shading
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fask (YORKRHIVPLODF)

i

5 | - ~
L |

Splatting [Dachsbacher0é] 10.12ms 891 ms 17.67ms 593ms 5881 ms 14.68 ms 13.02 ms

Clustered shading [Ortegrenl 6] 5.92ms 499ms 8.13ms 3.92ms 15.66 ms 10.99 ms 5.40 ms

AFiE (compute-based tiled) 373ms 287ms 3949ms 215ms 7.28ms 5.14ms 247 ms
ARARIE: 1920x 1080, 65536 VPLs, GPU: NVIDIA® GeForce® GTX 970
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http://jp.square-enix.com/tech/publications.html
https://github.com/wolfgangfengel/GPU-Pro-6/tree/master/06_Compute/01_Compute-Based%20Tiled%20Culling
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Listing 1: Our bounding ellipsoid generation.

struct ELLIPSOID

{
float3 transformedCenter;
float3x3 transformation:

1

float3x3 CalculateStretchingMatrix ( const float3 eu, const float3 ev, const float3 ew, const float u, const float v, const float w )

1 return mul( transpose( float3x3( eu * u, ev = v, ew = w ) ), float3x3( eu, ev. ew ) ): mUI() &Tr(}nspose()(iﬁ“}?\ﬂﬁg

void GenerateBoundingEllipsoid( const uint lightIndex , const float r, const float3 position,
const float3 direction . const float3 normal, const float roughness )

{

X DEERERHCE > TR YT )LO— R[Tokuyoshil7]
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BPT+Ours

Bidirectional Path Tracing Using Backward Stochastic Light Culling
Y. Tokuyoshi and T. Harada. SIGGRAPH 2018 Talks
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