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E="— 2.2
T (2:2)
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gogd

good Loboobooobboobobooo,boobbooobboooboboon
googg.
B d*®
~ dwdA cos(0)
gogbooboboboooobbobbbtbuddodoooooooooobbooooo
gooobooboobodboboobobbuoobbooboobboboboobboobbon
goodooobobobbbbbooooooouobobooboboobooo

L (2.3)

2.2.2 BRDF

gobbbbbodooobboogobbuoooobbbooobbuooobbooon
gobbbooobboooubob bbb oo oooobboua
000000000000 0D (local illumination) 0 000000000000 O0OO
gobbbodoooubobbogobbuoobobbooobbuooobbbooobn
0 BRDF(Bidirectional Reflectance Distribution Function)[8] 000000000000

ggd p p
L L
V)= —=—"—-— .
fr(2,6,%) dE  Lcos(6)dw (2.4)
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gboogbogbuoobogboobo.goboobobobbobobobobogoobad,
goboodobbogbbuoobobooobboobboobbuoo.bbooboboon
gbobobooogboboboooobbobod.

Ly(x — ©)=L.(x — 0)+ L.(x — O) (2.5)

000000000 L,0,000000000000 (emittion)L., 000000000
0L 00b00obooboobboz0bebbooboooboonD L, 000bboOo.ooon
gobooobooooobo Leoobobooobob L,0bOoboobobobo L.00
OO0O0O000oog L;0 BRDFf,, 000000000000 QUOOOOOOOOODO
goooog.

L.(x—0)= /er(z, O, V) L;(z «+ W) cos(f)dwy (2.6)

OO000000O0O0O000bOoOO000OoDooOOo0U0O,00ddb0de0O0ODO dA

0000000 de=202A00000000000000000000000000¢

00000 y00000000y—200000000r(z,y)02,y00000000

Lz — 0) = /Afr(:c, 0,U) Li(z — 1)V ()G, y)dA, 2.7)

000 V(x,y) 0000000000 2,y00000000000 V(z,y)=1,0000
000 V(z,y)=00000G(x,y)0000000000000.

cos(#) cos(6')

(e )2 (2.8)

G(z,y) =
O00000000000000000000000000000000000000
000000000000000000000000000000000(@0O000)00
O00000000000000000000000000000000000000
000 (0o00)O
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5000000000 (7100000000000 [11)000000000000000
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00000000000000 LU0000 f(r)DODODoOooODOooooooooo
obooboooboooboon.

1= / S~ (- a3 3 1(6) (2.9)

DO00bO0boboobobobodb N=occOODOOO0OOODbOOoDOOO0bOOoDbOoDO
goboooboobobooboobooobuoo. boobboo NOODbOooboobo
ggbob,boggobbbduooobbbuoooobbobo.buoooobbbodgo
gogbbobuoooobboooobooboooobo
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gbobodgboobuodgbobogbobooobuoobbuoobobboobboobn
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O00000000000000000000 f(x)DODDOO0OOOOO0OD0O0OOpx)00O0O
gobbooodobn.

N
' f) f@)] 1
—p(x)dr =F — 2.10
e =B | NZ (2.10)
wiDp()DDDDDDDDDDDDDDDD 00000 f(z)D00000O0O00O0OO
goooooooobodoooooooooonoooooooodoooooon
goooobooooooooooooooooooooon

’L
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0000000000000 0000O00QOO000p(v)bO00D0DOooODOOD
gbooobooobooboon

Lz —©) = /Q (2,0, U) Li(z — W) cos(6)duwy

1 s (2,0, 9) L — W) cos(6))
~ NZ 0T (2.11)
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Procedure 1 Path Tracing

[ N T N S e T o S S e Sy e
RN = S © 00 N T A W N o= O

RenderImageUsingPathTrace
for all pizel do
for all sample do
generate ray
color = color + Trace(ray)
end for
pixelcolor = color | numberofsamples
end for

Trace(ray)

: intersection test

. get intersection data point and normal
: color = Shade(point, normal)

: return color

: Shade(point, normal)
. if point == light source then

color = lightradiance

. else

color = color + Trace(randomray)

. end if

: return color
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polygon set
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P(z,y) = Rx034+G*0.59 + B *0.11 (4.2)
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Procedure 2 Variance Balanced Algorithm

1: for all layer do
2:  for all pizel do

3: if flagllayer) {0 000000000000 O00OO } then
4: if variance[pizel] < Pvar,,. then

5: continue

6: end if

7 end if

8: for all sample do

9: color|pizel][sample] = TraceRay(pixel)

10: end for

11: P, = color|pizel|[Sample M ax]

12: for all sample do

13: variance|pizel]+ = (color|pizel][sample] — Pyye)?
14: end for

15:  end for
16:  for all pixel do

17: Pvarg,. = variancelpizel]/allpizel
18:  end for
19: end for

0 4.10: Cray-XT300ODO
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U043 00000000

goobodgo goboobogd
int goobobooogboo gobobooooboo
int gboboboogogn gbobobooodgn

float | OOODOODOODOODODO
float | DO ODOODOOO RODOODO
float | 00000000 GOOOO
float | DOOOOOOOBOOOO

gooobod
gboooboobobboROODOO
OO00oooOobobooo Ghooo
gboooboobobbBOODO

Procedure 3 Master

1: for all task do

2:

MPI::Recv(Message)

3: if Message :: Tag == DemandTask then

4 if task exist then

5 select task

6: MPI::Send(AllocateTask, task)

7 else

8 MPI::Send(KillSlave)

9: end if

10:  else if Message :: Tag == ReturnResult then
11: add pixel color to frame buffer

12: add variance to variance buffer

13: if pixel processing is over in this layer then
14: calcurate image variance

15: select high variance pixel calcurated in next layer
16: end if

17:  end if

18: end for
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Procedure 4 Slave
1: while True do

MPI::Send(DemandTask)
MPI::Recv(Message, task)
if Message :: Tag == AllocateTask then
for all sample such that 1 < sample < max do

color[sample] = TraceRay(z, y)
end for
data :: color =Y color

data :: variance = CalcurateVariance(color)
MPI::Send(ReturnResult, data)

else if Message :: Tag == KillSlave then
break

13:  end if

14: end while

— = =
M 22
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0 5.2: cornell-box:0 00 0O00O0OO0O0OOOODO0O

googo 8 16 24 32
1[SlaveID] | 30383344 15181580 10130210 7597582
2 30422858 15189675 10128497 7612013
3 30394549 15189997 10134832 7543420
4 30367610 15170133 10140247 7551608
3 30416368 15221175 10136035 7626154
6 30380011 15220973 10127143 7616803
7 30399837 15192034 10135589 7611308
8 30400040 15215345 10126053 7610268
9 15194335 10129951 7626851
10 15215923 10133836 7603438
11 15187103 10123950 7617462
12 15222947 10130950 7607733
13 15204174 10139505 7560176
14 15194604 10133189 7620273
15 15194461 10132385 7595010
16 15177534 10138777 7571770
17 10123058 7615039
18 10129375 7577827
19 10131157 7631657
20 10132227 7621868
21 10138028 7569893
22 10130084 7574653
23 10133625 7615665
24 10143201 7562964
25 7615528
26 7587545
27 7601025
28 7615433
29 7618152
30 7567340
31 7619888
32 7588502
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0 5.3: cornell-box:0 00 0OO0O0OOOOOOOO
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2 17023622 8524930 5679863 4258457
3 17027799 8521866 5661406 4244732
4 17040215 8530142 5683908 4248493
5) 17117950 8534558 5669824 4259737
6 17025764 8524403 5681821 4251880
7 17025992 8463398 5700339 4249391
8 17038952 8475354 5669761 4248717
9 8495268 5684342 4252874
10 8501650 5665822 4259118
11 8468670 5683240 4237267
12 8488618 5677346 4254849
13 8532173 5706403 4247099
14 8539663 5691415 4250879
15 8501712 5702926 4249176
16 8535407 5666674 4254358
17 5678748 4246337
18 5686827 4255667
19 5698570 4251216
20 5699335 4259701
21 5694871 4240024
22 5667010 4255635
23 5676605 4252818
24 5668222 4248332
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28 4250948
29 4244614
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31 4246364
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[0 5.4: happy-buddha:0 00000000000 OO0O
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10 15612600 10399157 7793707
11 15587944 10390208 7799295
12 15602194 10395719 7794362
13 15608004 10404807 7797705
14 15597385 10398887 7802093
15 15601960 10393460 7797650
16 15617265 10393553 7810634
17 10391308 7800337
18 10398412 7782747
19 10401549 7823212
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21 10398465 7779577
22 10400735 7794153
23 10398927 7799795
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14 8747149 5822362 4398827
15 8743277 5838802 4385439
16 8761211 5846329 4391529
17 0837326 4385108
18 5843816 4385032
19 9839637 4390556
20 9826658 4379426
21 0846644 4389184
22 5843266 4398702
23 5820889 4387552
24 5843656 4391336
25 4377457
26 4376819
27 4387505
28 4380695
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30 4389331
31 4389731
32 4387054
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g 31192444 15598163 10397959 7798393
good 15254 13674 6405 9744

O 5.9: happy-buddha:0 0 000000 0O0OOOOO0OO

ooooo 8 16 24 32
00 17504269 8757377 5837220 4389807
oooo 9099 10242 8458 7494
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5.2.2 0UO0OO0OO0OOO

OO000000D00D0000000000000000000D0O0O0d-cornell-box O
happy-buddha0 OO O OO0 0000 DOOOO0OOOODOOOOOOODOOOOOODOO
OO000000OO00oOO0o0oOoooooDoooooooon

cornell-box 00000 OO0O0DOO 5.1000 5.110 Ohappy-buddhaO0 OO0 OO0 OO0
0 5.120 0 5.130 0O O O cornell-box0 happy-buddha 00 0 OO0 OO0 D0DOO0OODOOONO
0000000000 ooOd0DoO00oDoo0doDoDooooooooDoDoooooa
000o00o0oo0o0bO0ooo0ooboooooodbooooobooooDooooooon
000d0O0dododpDooDdoOo0ooo0b0dbdbO0oooDoooDooDoooOooOoooDog
0o0o00oooboooooDooooooooooon

O 5.10: cornell-box:0 000000000 OOODOODOOODOO

00000 |00000 [rays] O0OD0ODO [sec] O0O0OO [rays/sec]
8 243164617 214.376 1134290

16 243171993 109.380 2223185

24 243154848 74.462 3265489

32 243181904 56.942 4270694

64 243133758 35.970 6759348

96 243136760 32.622 7431353

128 243132818 30.881 7873217

O 5.11: cornell-box:0 00000000 O0OOO0ODOO0ODOO

00000 |00000 [rays] OOO0O0O [sec] OOOO [rays/sec]
8 136312667 123.857 1100564

16 136127954 65.141 2089743

24 136391656 46.972 2903679

32 135974649 37.619 3614520

64 136037693 27.920 4872410

96 133669366 26.071 0127128

128 135936790 25.001 5437254
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0 5.12: happy-buddha:0 000000000000 OOOOODO0O

00000 |00000 [rays] OODODO [sec] OOOO [rays/sec]
8 249548597 721.827 345718

16 249551031 362.326 688747

24 249570608 242.319 1029925

32 249539557 182.683 1365970

64 249532793 92,511 2696165

96 249546867 62.783 3974749

128 249530474 48.762 5117314

O 5.13: happy-buddha:0 0000000000 OOOOODOOO

00000 |00000 [rays] 0000 [sec] OOOO [rays/sec]
8 140034157 403.972 346643

16 140118033 204.420 685441

24 140093292 137.672 1017587

32 140473849 104.986 1338024

64 140628009 55.921 2514762

96 140141975 40.344 3473675

128 139929961 33.383 4191653
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5.23 UUOOLOUOOOOO

gbgbobgobobobobobobobobobobobobuobobooboboabgd
OO0bo0booboobbOobooboooubobooboosg1280odbod cornell-box
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WIBH R [ rays/sec]
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O 53: 00000000 :cornell-box

gbobooobgobobooobooobbuoobbuooobooobbooboo
goggobbobobooboboboobobobbbbbbobouoduoouuooooooooon
ooobboboboboooboboboboooboboboooboobobbobg
happy-buddha OO0 O OD0OO0O0OODOODOOODO0ODOOODOOOODOODOOODOODO
gooobooboboboboboboooobobobobobboboboogbo
gbobogobogobooobobbuoouobbuoobboobboobboobobo
0000000000000 00000000000OD0O000OoOO (lIooob1ob00O0O
0000)000000000000000D0ooDoDooOoC0o0OC0oOOOoOoOoOoOoooo
gooo

5.3 UUOUOOOOOOOO

gbboggbuodgbboobboobbooboobobobobuooboobboobo
gboogobuogbbdodgbbogboooboobbuoobbboooobbodobn
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FERRILIE R FEFRRES R happy-buddha)

i

—+— happy—buddha > ).
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NIRFERE [rays/sec]

0 & 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136
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Doooobobobobobobobobobooboboooooobobobbo
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5.3.1 UUUOUOUOooooboon

gbgbgbobobooboboboboboooobobobobobooboabo
0000000000000 (0550000000 cornell-boxO 00O 8192samples/pixell
gboogbg320000 260000

gbobodbbodobbooobogboooboooboobbuoobbooooda
gbobuodgbboobbogboooboobbuooubodobobboobboobo
gdoooooooooooobobobbobobbbbbbboooobobbobbbn
1260000 260000000

ghsuubpbboodobooooobbuoodbbooobbuooobbooobood
vbobooobo4b00000b00b000obo0oboobooboooobooooboboond
gbbogbuogbboobuoobboboboobboboobuogobbooboobobo
oboobooboobooboobooboobooboobooboobOooon
gbbogbuogbboobuoobboobuoobbobobboobbooboobbo

gbooboobobboobodgo
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5.3.2 UUOOOOO

gbooboobobobooboboboboooobuoboboboobDobo 1024
08192000 ogouogbooboboobuogbooboboobuogboobobo
gbogobuobodbouooobuoobobuoobboobbouoobboobboobo
gbogoobooboobboobuoobbooboobobobobooboobbon
00 01024samples/pixel 0 0 0000000000026 25600000000000
000 1024 x 256%x 256 = 67108864 0 U O Ocornell-box OO0 OOOOOOOOOOO
1024samples/pixel 0 0000000000000 00OO000O0OO0O0O0O0O0O0O0O0OOO
00000000000 382133760 00000000000 38213376/67108864 ~ 0.569
O000000000000000000 1024% 0.569 & 582samples/pixel 0 0000000

O 5.6: cornell-box:max1024samples/pixel0 00000000

0000000 1024samples/pixel 00 0000000000000 O0OOOO 5.600
000000 582samples/pixel 100000000000 bL.700000000000000
000000000000 00000000000000000000 8192samples/pixel
000000000 (058,059000000000000000000000000
gboboobogbbbuoobboobobuooboobboobuoobbooboobbo
ggbbobuooobbooogbbobuooobobboooobbboooobn
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O 5.7: cornell-box:max1024samples/pixel0 000000000

O 5.8: cornell-box:max8192samples/pixel, 0 0000000
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0 5.9: cornell-box:max8192samples/pixel, 000000000
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gbobobboboboboboboboboooobooooboobobobob
gbobobooogbobuoooobbodao
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gbogoboboboobuoobbuogbboboboboobboobbooboooo
goobodgbobobobobobobobuobuobuobooboboboboboobo
gbodbbgoboogbooobboboooobuoobbuoobbuoobboooobo
goobgbobobobooobobobobbobobobboooobobobo
gogobobobbbbbbbobobbbbbbobobtbgdooooooooooooon
oogf

gbbodgbodgbbogbuoobboooboobboobuoobooboboobo
gboogobogoboobooodbobobbbuoobboobboobbooboo
gboogbbogbuogbboobboobbooboobboobuoobbooboo
gbobogbogugbbuoobboboooboobbooboboobboobbbbo
gboobuooooboo
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6.1 0OOO

gbbodbbbodgbuoobbodoboobbuoobboobuoobbooboao
gogoobbbboboobbbbbbbtbotbddddodoooooooooooobn
gbbogobogugbobuoobbuobuodobbodbbogbboooboobooood
gbodbobodgbbgbogbuoobobuoobobooobooubboobboobba
OO0000oo0oooobouboobbogdb0OMaster-Slaved 0000000 OOO
gboogobogbbodbooobuoobobuoobboobuoooobbooboon
gbogbodbbodgbuoobobuoobbodgbbooboobbooabooboon
gbooobooogoobobogaon

ga20bgboboobobobobooboboboboooboboboobobob
gboogobobogbobuogbboobobogbbooboooboobuoobood
gbudgbobobobodboobbooboobbooboobbobobooobobod
gboobodgbobogboodgbboboobbuoobbooobboobboooboa
gbuodgbbobodboobboobuooboobbodoboobbooboobobod
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Dooooobgbobobobobooooboobobobboboboboooob
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4000000000000 0DOO0OOOOOOOOOODbObOobOOobOOObOODn
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bobooboboboobobobobobobobobooboobobobobo
gboogobuogbbodbbooobbuoobbooobobuoobboobbogobo
OO000D0O00000000D00D00O0O0000 Master-SlaveJ0OD0OODODOOOO
gbobbuoooobbbuooobobbbooobobobouoon

gsbdggobboggbboobbuooboobobbuoonobuoonobooboa
gbouogbbobugbbodgbbogbobuooboboboobbuoobbooboo
googobobbodubodbboobboobbooobooobobbooooboo
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gbooobogobogobooobooobobboobbuoobuoobobobba
gbogobuodgbbodboooobbuodobbooboobbuoobboobobn
gouogbboobuodbooobougbboobooboobobuooboobobod
gbogudgbbobbobodgboobbuoobboobooobuoobboobood
gobboooobbobuoooobobobooo

6.2 OOOO

ooooooooooooOoOoOODOOOOOOObOOOODOODODDDOOOOOOO
O0O00000000000000000000000000O0OooOOoOOODODODOOO
obooooooooooooboobooooooooOobbOoOooooooDo
O000000000000000000000000000O0O0DODOOOOO0O0O0
OoOo00000000000ooooooooooOooOoDbOobOboboOoboOODODDOO
Oo00O000000000000ooOooOoDOOo0oOooooooOoOODODOOOO0O000O
OooO0OoOooooooOoOoODOODOOOOOOOOO0OO000O00O0OOOoOoOoOoooo
Oo0O000000000000000ooooooooOooOoDOOOooboOoobOODODODDOO
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oooooooooooOODOODOOOOOO0O00O0OoOoooOOODODODODOOO0O00nO
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OoODoO0O0O0000000000O0O0O0OODOODOOO0O0O000000000000O0O0
000000000000 000000000000000000000000D0 (Quasi
Monte Carlo method) 0000000000000 O0OO0O0OO
oooOoOooOOoDOOOOOOOO0O0O0CDOOO00000O0o0oOoOoOoOooooooooo
O0ODO00O000000000000000000000000000000O0O0O0ODODO
OooOOo0OO0O000ooCoCoOoOODOO0OO0O0OOoOo0ooooooOoOoOooooooooo
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