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The Recent Trends of Rendering Acceleration Technologies
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\—/R reflect
’ ’ normal
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u mtersect 1~
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local shadmg

image plane
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(radiance) & AAFs}=d| A (1)3} Z¢c},

L(p,@,) = [, T(p, @, @)L(p, @) cos(6)dw, (1)

(DREE 22 AL 3712] HelZ 47| 5
(" D go) ZH vpgko 2 skgdoa BAbtS
YAAN FgE Altshd (Do) (2)9F o] .

L( p @, ) Lamblent + fdlrectz L( p Ilghl)
+ fspecular Z L( p' a)specular)
transz L(p (rans
o] 7oA f 22 BRDF Zfoln, 2 EHojjA] At Wl
off theh dejo] o s WEsE W ool dut
Q2| E Ashe 4ol L, L ZHS p XIOHAH Ay
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E(pseudo code)2 M 70|
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for each pixel
for each sample
ray generation
ray—object intersection
if(intersect)
Id = local shading
if(reflection)
reflection ray generation
Ir = trace ray
endif
if(refraction)
refraction ray generation
It = trace ray
endif
I = kdXId+ krXIr+ ktxTt
endif
end for
end for

(1 2) M £ Ama|S0| ONTE

WAlo] Wapshs Helx| thi] A2 gt 7hH o 3
AR w2 R0 R it 22t
13} 23} FAlollx] 7H& gholl BRDF 24 262
stol B laliFn @ HAeli o] 2% A g
of Bk o714 kd, kr, ki 22 A%, AR,
SAbgol o5 BRDF 34 Zrolck

AL 2 HJ o £EEflofE ol 7
012 e¥o) 4& }

o= cell processor?] S4 EE celli :,7- 3k A}
2|7t ik B A 2= HEAS A gle
o} wmzlel CPU Zte] dlofe] e A7k} 5712
g 7|3l A7) Solzitt. o) aap]
A3t A =2 A fEZFEY 22 SRR AL
§€ ol g3 whlo] S, ThE W= E PCTH

7t. Star Ray

Muuss 52 2S00 2 o|2{3F A|=E 5150, H]
53k stEg)|o] E3ZollA] Utah thale] Parker 52
1999¥ & =8o) 607]¢] CPUR (7% 3)3} 7&
512512 37]9] o|u|z|2 elcjalsh o] 2ot 43

ol o] LS ZHe star rayS WEsITH 3]




Lt. OpenRT

2001 def] Wald S0] OpenRTeb= ALA|7H 2
24 QL Aeleisic A US ool B
sto] Al Al&A o2 AP} 3= o] 713l Qir
OpenRT¢] AHY(kerne)?] EAL wHa] ML
HABSAT, TRAM A HFES Ho|EE
AAlsEE oo, 24l CPU2| SIMD extensiong %
sk Zolch. Eg By 2ol AL 24
A(recursive) 0 2 2]akz] ¢ 7] o9z =
A, &4, Hlold(shading)ste] W] HITL&
2231511, SSE Wol A8l

OpenRTE (2 4)2F 778 d9Y “soda hall”
(2500t Zg|Zo g JLA)olak= 1024x1024 27]
o] %A} 3t ZHS Pentium-1V 2.5GHz 17]¢] CPU

4
2 T 25 18790 452 Lehfgick

2ol A dlol8 wghe 7t 2to]Ha{2| 2 MPI
2 PVM Fo] 9], AAzte g 45 W) Slst

Ul The RS mla) shebd the
317] 913l ZIckele A17ke AAskct. ol9] e

UZtol| zfo|7t gls FE2 HIEHZE Foto] A

(3% 4) OpenRT A& HAEW AMSE “Soda Hall”
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Benthin & cell Z2A|AME o]-&35fo] FA =
e pEstgtH4]. Cell ZRAM Y L2E (2
3 5)9t ZHo] 87H9] SPES} 17§9] PPERZ /g ¥ o]
QIt}5]. ZF SPEE 9£0] 128hit-SIMD RISC 3
2HMREA 2A}HOR Helolg St ghzo|
Hlole] £49) ol BL 2|2 Qlgt go]zalq]
2E(pipeline stall)o| A7 4 9t} SPEQ| o]
52 SIVMD Z2AIAS & 4 QA AAIE 9l 1
xolZol 17)e] AREE FpAm 2~7 Ao|2e]
latency ZHrh. 7} SPES-S A Mo g 2k
w|ma) 22916, 3 she] 128x128bit #|2| A€ 7}
AU(register file), 3t 7)) 256KBe] 22 AEo]

Power Processor Element(PPE)
(64bit PowerPC with VMX)
|

ConI{r%]ler } { Cl\greggﬁgr T "M
ConI{E())ller CMoilgrlgl]IZr T M
[ spe1 HEBH spEs
[ sz H  H sees |
[ spE3a H  H sE7 |
[ spea H H seEs |
1
Dual “configurable” Dual 12.8GByte per
High speed /O channels second memory busses

(76.8GBytes per
second in total)

give cell huge memory
bandwidth. (25.6GBytes
per second in total)

EIB(Element Interconnect Bus)
is the internal communication system

(T 5) Cell ZEMA =
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(local store), Q] w|=e| 2 /gt HQl v|ze]
o] A2 DMA HEEZE FaliA o|Fofz|xL
25.6GB/se] tjed =S Zk=r},
m|22] 4 Al latency(4H SPE U Ato] )
7} #4 )& 7|(asynchronous) &5 2| skl
A FAREE 22 vl AQl e Aol wWol
o|Fo|2]= Xolle EHAo|2t & 4 ik 22D
2] 22 o]0 AP ¢9]o] SPEoIA 3is}
2 A ohE SPEo|| @AFE 7R 0| E(cas-
cade) Fe7} 9% 4= Q1L ¥ 4 daglg A
AIE SPEOA ek = Stk 2210] 9= oAl
oict shute] SPEZ detE Sk gl FAdwpct
SPE7} & &= qlojA ¥ A7t 7hssich A
2ke] ©Hl-2 SPEZH] HloJ] SF0] 7|t SPE
7He] W& T Z(300GB/s)o] Y71 512]5t SPE 7}
8| shete AFo] A7 B SPE7F AFEE
& SPEQ| ARg/do] "ol 4= gl A7 Hojzlch
ol2|gt cell ZEAA ] EAQuFo] A tHlolEE
E295t7] {13k wixe] H el AlgaloF shy
A ol 74 Wrgol] of F23ltt. Benthin
S At WS Agsieen|, BVHE $7F
olg] 22 MLt Jg=(grid 2 FAsH=
AL cellz} Z+e AEg|W(streaming) ZZA|Aof|
gt Fo|2]Rt FAQ1 B9 M| E 23} FA
220f) 2] =MLk BVHY} o Maksichn Teks
ot BVH R E 7jA|E gfjo](pain) & £, 4-way
associative 7JjA](a least-recently-used policy)
2 Aol A HEES BT Wk (2% 6)
& cell Z2A|A A|A-I CPU 7He] 3719] Ao
thato] v]wgt dlojefo], (7 7)& 7 Aol o
o] SPE 7i4eof| whet 55 el ot (2™
6)ollA] Bz ket ZFo| cellof|A] Alo|d J5-2 A
1z} gl AEQ} A EbM(traversal) Hoh £2| oF&
Zog ettt AR A2 i F2o| opzt
FRNAES g Ao shte] SPE= CPUS &
3 dee Hol FaL lon Alojda} o] mix
S E o2 5] Hi qirk 7
a7t 2ZEgo] 7|9ke] 7| ZEAMME o] &3t

>

N 1%

Scene ERW6 Conference VW Beetle
ray casting, no shading
2.4GHz x86 28.1 8.7 7.7
2.4GHz SPE 30.1 (+7%) 7.8 (-12%) 7.0 (-10%)
Single—Cell 2314 (8.2x) 57.2 (6.5x%) 512 (6.6x)
Dual-Cell 430.1 (15.3x) 108.9 (12.5%) 91.4 (11.8x)
PS3-Cell 2700 (9.6x) 66.7 (7.6x) 59.7 (7.7x)
ray casting, simple shading
2.4GHz x86 15.3 6.7 6.6
2.4GHz SPE 14.9 (-3%) 5.1 (-23%) 3.5 (-47%)
Single—Cell 116.3 (7.6x) 387 (5.7x) 271 4.1x)
Dual-Cell 2224 (14.5x) 737 (11x) 471 (7.1x)
PS3-Cell 1356 (8.9x) 45.2 (6.7x) 316 (4.8%)
ray casting, shading & shadows
2.4GHz x86 72 3.0 2.5
2.4GHz SPE 74 (+3%) 2.6 (-13%) 1.9 (-24%)
Single—Cell 58.1 (8x) 20 (6.6x) 16.2 (6.4x)
Dual-Cell 1109 (15.4x) 37.3 (12.4x) 30.6 (12.2x)
PS3-Cell 67.8 (9.4x) 23.2 (7.7%) 189 (7.5x)

(T2 6) HHH Z2AAH Ms

400 b ERW6(pure ray—casting) =
Conference(pure ray—casting) ——
350 F VW Beetle(pure ray—casting) - - - -
ERW6(simple shading + FB) =
Conference(simple shading + FB) ==+

| VW Beetle(simple shading + FB) ——

Performance at 1024<1024 in fps

2 4 6 8 10 12 14 16
Number of SPEs(2.4GHz)
(O™ 7) SPE 7lie0ll ME ds HIAE

BE JeEa sheskn Belt adEA A
H7|GPUZL Bt2] 74 EA 7 71ge] PCo
2)517] A2 217} oF 104 o]4F Elgiek. 2o




(& 1) CPU GPUS| &=< H|w

—_ CPU(Intel Core2 GPU(GeForce
° Duo 3.0GHz) 8800 GTX)
AXrsE 48 GFLOPS 330 GFLOPS
I
?Hldi 21GB/s 55.2GB/s
hn ]
714 8748 599
i 45 Lix 1.7x(ZA2)7])
S ) 2.3x(3AA2]7))

27T Qe GPUSS Z2I8 shsst 44

(programmability) ¥} @A (precision) 22|11 A&
H] Ad(power)HoA Hr} Sodsty 7&Ebst =2
AIX & 213t U7tar gict.

G DO & 4= §l=0l, CPUO| vleh AlitsE
o} UﬂEEW"ﬂiOI S, 038]] 714 S
M FAAo|tk E3E 1o F vl 53

|

o] gltt= Fojo] ¥z2l(Moore's Law)o] &y ol
A ozl HElg ofu] s7elA, GPUS| 534
FAI= 670 ol 7 iR o] A5 HiEls Holx
ek (28 8)2 Fa3t ZTRAIAM AAAAE AE
o) 5T Fol BoiFT Sick. 7N FBT
F22 A olopr|3ioel, GPUS] 5t 5]
7} CPU 453 Fol¢t H]ﬂé}@] gt i}oli
SPALE] T 9Tk AG oF & o
Q9l° 2L DirectXe} 7+
ceto|Br 7 an, 15 AFLPMHPC) Fofo
/dxko]r/]- o]8|3t GPU9| A&

= Zolgk= Zo] UHHA Hnfo|ck.

00 e
= NVIDIA

- ATI
300} === Intel

200 ¢ 4

GFLOPS

100+ g
dual-core

0 - . .

2001 2002 2003 2004 2005 2006 2007
(A%

<AF&>: SUPERCOMPUTING 2006 Tutorial

(O 8) M=EAE GPU dsgkat 0|

287 AL FJalN 2 ol olgEE @
d FEYS AGYS JEME WS AN A7
AR 57| ujFol Lol GPUC| 114 A4t /d5
arg-at GPU 7|4t @licje] ado] o]#2]1 9l
o] 2| A0 SAE AT2F2O0F J—]’L
3 GPUSY B84 02 & 4 9irh
i Xﬂo}ﬁ} 7ol (28 9o Bl ’\Eﬂl 4
](Streammg ray tracer)o|t}6 li'é
q 22 914S Uehygich »PH ZS
H4 so] Adel A B 7 l(eve
ay generatlon), 7Hs Lz B AR walby|
23 Mg AAsh= Alolt & UL, AHEE 7ol
ALl ~AEZ g|o]E(stream recodes)= AAl
© 2 FA|E Holct.
Christen 52
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olc}. oz} zj] white]
£ e 79 ARE Agsto] A7) 5% glo] wkE
oz sk 27+ Hlold] FE2E GPUS) 4|
sl 2ol Fdal] 419 F2 olgule 22
27} AHEEAR, 2 UL 3DDA ATEEL

Generate

Camera —> <
Eye Rays

Grid of Traverse [* |
Triangle List —»| Acceleration P S Rays
Offsets Structure <_—I—
i _. Ray-Voxel
Triangle List —®  Intersect / Pairs
Triangles —® Triangles j B

Surface
Normals Shade Hits
and Generate
Surface -} Shading Rays
Materials ¢

Pixel Color Updates
(1 9) ARl BN =5 X2| BEE
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Graphics Library(AGE) ™ (Architecture Dependent)
U asL H mse

Platform Independent Code Shader Management J

v
! OpenGL I_I Direct3D

Architecture Dependent Code(ADC)
Platform Dependent Code(PDC) v

|
| MacOS I_I Linux

Windows

(22 10) Mg =273 ool

=, HLSLOM GLSL ?L == 013 }Oﬂl 7H“eP 719
1;]]0]1:1 RIS Xl-k] ].oﬂr,].

GeForce 6A]#]ZoA HLSL¥ GLSL RE:=2

T 4 Lot 3tEfo)7F GLSL 2.0 o]4e] 7]
5= EgtolHolA z2|Ust] oot HLSLolA 4t
2rshe kS 2.
A F4 AL o i}?—ﬂ F/do] F¥ste =
37te SElA sk FEE Atetofof stEE
% *dﬂr«l w2 w2} HAo]
Zosiet ol2|gh wat FAL 270 2H e Aok
o7 Fedo] #HY grid & “01]*1 ““}E kd-tree &
Mo g 7t o]z 2L IeH8L,[9]. Foley= A9
of HAE|E JLZ2E ”kd—restart”, “kd—backtrack”
< o|gsto], 28 {27} §l= GPUOIM = w2
kd-tree B £ 4 IEE siGich i}
o5 AR AAS gt Wie] AFo] Wol w2
At Yol = sk, 28 27} 9le CPU E
o} Lajohs o] $iich 2efA, Horn 52
“short-stack” S Eelsle] zalsh= X A
8o 28 X2 X2Fro 24 wE kd-tree T
HFHS AX|3 9ok (27 11)L 1024<1024 =
719] 92 b7t Sl A 13] vk A(bounce)qt 12
25t & Alo]d(phong shading)© 2 #IHsh=
o, 8fps H& |y L& Yeilich. (2 1D
glels Ao of/dolch

o219 offmo]d-2 1
H A ¢] 22190 ZRletER o]
w2 el g 4 s sl ‘?‘i:rLElJ"’— ‘Zlﬁl'
offtimlol g 1egt FA A
HAQl 2ol Azt grid HHAlo] HEEW— %

0]. Z2ju}, GPUL] ¥z} ol &Eo] 1 Agto]
o| Zo|E1L §lo] M2 WHESC| AEL o
ot 2 Fofl shtE GPUO= HE| o] A|AH]o]
JHEE] S Sl=d, of2igt HE| oot BVH W&
o] &3l FAQ MA|E wh=A| 7¥AlstHA gl 4~
QEE SH= AL A7E 9t [11].

2] A9 A vl (Basel) tgtol|A4] GLSL¥} HLSL
£ o]&3sto] GPUE Sl B4 FAS 3ot %
K ZA7|(ray tracen)E &3tk (O 12)=
GLSL/HLSL 7]4te] GPU B4 2217] 0] 2aiz 1}

 Boj%w girk

a1 )GLSL/HLSI_ 718t GPU &M FX47|

2. AztE

e

it
rek

AztE(Gelato)+= 01]H]1:]0}(Nv1dla)01]A1 7)ars
GPUE o]t &4 slitf2olct[12].
o] GPU #liej2]5o] 7hekst Aol 7hgkst

Ji Ji




o] Hlold HRE o]gsle] GPUE o] &3l w27
dlcjeale ol el QTEgice, A
GPUE o]84l] 71% 4% 2T Egol(Maya, 3DS
MAX)9}o] T3Hd-S G|atHA AR 3} |zt
grast £ ol 2 rjoksl Alo|o] & 2] Yste] Thso]
A AlZolck &l WA 2.10] EA|HLH, 7|2
HHL fgo|y, ZT2HHL LS dtojof g},

Aatg 210 20 Exoz wmE B 224 9
ambient occlusion 7%, ujof 8.5 2 3DS MAX 9
2|9, wloks 913k WalMango) 22|13 HlA
#jo] 2 HlE(Maya texture bake sets) 2]¢, €o]
Lt 2 SERlo] Fofut Alo]=. o slojz 4 2|4, o)
£ o|=ES 915t okl W 2|9 So| g}, =4,
Aatg Z2 2,12 AH|E(Sorbetto) 2] 2% (re~
lighting)3} tho|uj] A= 7%, HEYZ ¥ &
E‘]‘“" o AY|E g, T8 d2ll= @A Bls

20t 7R3 648|E wlof 219 55 F71R X%
=9 EP T2, Al AetEo A 2] e A
= A 7150 Qs 2pEo R 2pdAY T
215 498 4 9l W2 F(area lights)a} 21|
o] 3t #2491 GSL texture 3D+ 2|¥
o]

(a) Bitonic Sort

SR 9/ doid Tiast 7iE 88

3. ZE W 7L

b

FE ®WM(photon map)-& Jensen 0] Computer
& Graphicso]] 1995\ xof L& 2Es
20039 Purcell 5¢] Graphics HardwareE E3||
GPUE o] &sto & W AAE -"rLﬁﬁ_o}@l A7t
AlEgo] Ao ATE Holxgl IE WS
o] 83k Aoy Ajxgle (27 13)J1L 2ol ZES
zo OE__,—E] 225l TE wWe At} Pur-
cell 5 % 712 WHoR BE We ek,
3t 7}1]% bitonic sorting2 ©]-&34] grid cell 3
e was sl BES AYsh s
stencil 28-S 0]85tA grid cell 2 A3}

L "iAlS 2831 Zo] ERlo|th npzjelo g ]
A ZA(radiance estimation)& k-NN & 1z]&
& s

(I8 14)= Purcell Fo| &g Azl I~

Compute Lighting Render Image
Trace Build Ray Compute
Photons |1 Photon Trace [P Radiance —»
Map Scene Estimate
| i)

ol

a" 13) Z=

mjo

0l8%5t 2tz ALY SEE

(b) Stencil Routing  (c) Software Reference
Bitonic Sort Stencil Routing
Scene Trace Build Trace Radiance Trace Build Trace Radiance
Name Photons Map Rays Estimate Photons Map Rays Estimate
Glass Ball 1.2s 0.8s 0.5s 14.9s 1.2s 1.8s 0.5s 7.8s
Ring 1.3s 0.8s 04s 6.5s 1.3s 1.8s 04s 4.6s
Cornell Box 2.1s 14s 8.4s 524s 2.1s 1.7s 8.4s 35.0s

(T2 14)

HAE ZH((a) GPUAOIA Bitonic SortE 01838t Z1t (b) GPUMOIA Stencil Routing=
0|88t Z1t (c) ATEY = 73St Zuhot M5 H

E
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A Adee HERHSITE A3 Aol gt A
Bl 3bH.2 GeForce FX 5900 Ultra, Pentium 4
PU 3GHz, 2.0GB RAMo]t}.
1 9] GPU 7148 B3t Z.E ufjg] A|Eo|A
7L "otz 2o drxlo] 2004 do] A7KsHg
3, (37 15)0f|q I A 2o Qich
E3h 2 AHAE GPUS o] &ste] 7alst
T Zato|m]a] A vl AL oA A 21
< &slo] SIGGRAPH 2005014 A7Hat%ich.

QD qm

A

(28 15) GPU Z& YES &8t Caustics

V. 2% =gl A g |

1. AR350 ZEA|A

ARToA = AR350 Z2AM|AE /sl 8~
16742] AR 350 ZEA|AES A}83te] PUREz:=
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3DDA 3D Differential Analyzer

ART Advanced Rendering Technologies
BRDF  Bidirectional Reflectance Distribution
Function

BVH Bounding Volume Hierarchy

CPU Central Processing Unit

CUDA  Compute Unified Device Architecture
DMA  Direct Memory Access

GLSL  OpenGL Shading Language

GPGPU  General-Purpose computation on GPUs
GPU Graphics Processing Unit

GT Geometry Tesselator

HLSL

HPC High-Performance Computing

High-Level Shading Language

MPI Message-Passing Interface

MPU Mailboxed list Processing Unit

NN Nearest Neighbor

PPE PowerPC Processor Element

PT Path Tracing

PTNEE Path Tracing with Next Event Estimation
PVM Parallel Virtual Machine

RPU Ray Processing Unit

SIMD  Single Instruction Multiple Data

SPE Synergistic Processing Elements
SPU Shader Processing Unit
STAR  State of art

VMU  Virtual Memory Unit
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