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Research of Distributed Cluster Rendering System
-Multi Projection of Complex Surface Based on Geometrical

Warp

Abstract

Recently, distributed rendering has been the focus of computer graphics and
computer architecture. The research interests include graphics supercomputer and
clusters, which have appealed many researchers and developers. The problem how to
make full use of the multi processor and improve the rendering efficiency for complex
scene is not only the research goal of distributed rendering but also the meaning of the
revolution in the conventional rendering pipeline. Nowadays, research realm of
distributed rendering based on clusters has achieved great development, from the
theoretical analysis of the rendering algorithm to the industrial level open source
rendering framework. Distributed rendering based on clusters has been developed and
keeps on improving itself. It is undoubtedly that the achievement will bring novel
solution to the real-time optimization of the complex scene rendering, like large scale
particle system, photorealistic rendering, computer animation etc. Meanwhile, it will
certainly promote the further enhancement of the computer graphics field. Our project
is based on the distributed rendering framework, Chromium, which is the successor
version of WireGL developed by the computer graphics research group in Stanford
University. It is stable, scalable and compatible with the OpenGL application. It is
absolutely one of the most advisable distributed rendering platforms for research.
Chromium has implemented three basic key function including rendering command
distribution, data transmission management and rendering synchronize. Moreover,
due to its special designation it supports multi rendering context, which means it can
deal with multi rendering target simultaneously, and requires no hardware change.
Furthermore, it also supports various kinds of rendering mode, heterogeneous clusters
and various kinds of distributed rendering topology. In other words, it supports both
sort-first and sort-last models. Clusters composed by different hardware or operating
system are also supported only if all the nodes of the clusters can contact with each
other using the same protocol like TCP/IP, which makes the scalability of the
distributed rendering easy. In addition, Chromium also supports various distributed
rendering topology due to its unique SPU chain rendering model. The platform is also
easy to be deployed using the Python script.

Arbitrary projection surface consistence is the research focus of the multi project
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system. Projection surface will not always be ideal flat, like cylinder, ceiling, curtain
and so on. In addition, even if the projection curtain is flat, it is difficult for it to keep
the condition all the time due to various uncertain factors like wind which may distort
the projection surface. The distortion will impact the visual experience and needs to
be avoided using arbitrary surface projection technique. Researchers have proposed
different solution based on specific application, like structural light, homograph
matrix and embedded structural light. Our project applied homograph matrix warp
based on single project, which is one of the research achievement of our digital lab.
The principle of the algorithm is that we can build up a map relationship between the
camera viewport and the projector viewport if the projection surface is plane. Some
paper introduced the geometrical warp of plane and arbitrary surface. The plane case
is based on homograph matrix method while the arbitrary is based on structural light
method. Chessboard pattern is always used for camera calibration since the black and
white crossing pattern is easy to be recognized, which is suitable for pattern detection.
Bouguet introduced a novel interactive method for the purpose of chessboard corner
detection in paper. The cvFindChessboardCorners function in OpenCV library is
widely used to detect the chessboard corners, but it is malfunctioned if the lighting
and material is complex. Paper introduced a method based on the algorithm proposed
in paper, making use of the topology features of the chessboard, whose primary idea
is using the Delaunay triangle set to connect the corners. In our project, we used the
homograph matrix method combining the Chromium distributed rendering framework.
We warp the high resolution image with the help of the clusters' nodes to implement
the multi project system under complex projection surface condition. Moreover,
thanks to the scalability of the distributed rendering system, this project works even if
the complex projection surface is quite large.

GPGPU is to handle the general computing task which used to be solved by CPU
using GPU which is responsible for image rendering. All of these general computing
stuffs are not related to image rendering. Thanks to modern GPU powerful parallel
processing ability and programmable pipeline, the stream processor can handle
non-graphical data. Especially under the SIMD condition and when computing
consummation is much larger than data transmission consummation, GPU is superior
to CPU in dealing with the application. Since the upcoming of GPU unified
computing architecture and general computing platform, parallel optimization using
GPU has been popular. And various complicated algorithm has been transplanted to
GPU and achieved promising speedup. Compared with former GPGPU
implementation using assembly language and shading language, general computing
platform provides programmers with C language style general computing language.
The powerful compiling platform provides programmers with more specific GPU
hardware details, which helps us optimize our programs. In our project, because of the
time consuming due to computing for complex environment including geometrical
warp, color compensation, projection combination and hue consistence. The
complicated processing step will certainly lower the rendering speed, which will have
side effect on the user experience especially for those real-time required application
like playing movies, remote desktop, games and virtual interaction. We have taken
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this point into account as we select this project. We have tried various optimization
methods including single node computing optimization and the network optimization.
By comparing the speedup of each method we applied the most efficient combination
to our project, which will be discussed in detail later in chapter four.

Keywords Cluster Parallel Rendering, Warp, GPGPU
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TSR FH G5 — M b 2R P PRI A 45 B0 30 1 SR B0 58 B4 o BN BB UM TR B35 B TR AL
WS, FEHAAEBUR R

FERIBLILAE Vo b, AR ER U ML T R R 3 » B IR P A
PRV R, BRSPS XA A — A1, BRI AR . i B ALALAS pattern 18]

Qu, | b, ek b MY IR O, % Wl I kL 3,

Xf NAAL RS pattern IEIIE]J‘Q%WJ%{Q"J' Yo FATHR M —MAREL AR AR FR AR A LA
find, JFRESIX IR FR o T 8] (4 T LT 82 2% 28 W] B homography FEREZR R . X F6E—

QCJ, Q QcJ, Q

PJ _{

P>, AN . JvEE—Xi< Pi>, JEIEPYAS A LB N A

SRR, UFEEH AN ERE Hea, A oz , W 4-2 foR, Hﬂ?Q“ %DQ PN IR L R 22 T

BB, 43 R T AL O EER O NUATERR 0. BEHH PSR 5 > 31
H

FAMLARAR 2R 28 | AN B A o X 3 ff) homography #F5K %%, & Sue, P 5

S i
R —MEZ A P WL A 4-3 FHH BB ORI R P A — P,
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ppj = Hchj ) Hv2cj : pvj | plpJ EQ:)J-

(2-3)
S _
Ry WARFAAAR 2 mﬁ%F%%%ﬁﬁaﬁﬁﬁﬁﬁﬁﬁ¢4
Py, = H°2Vj ' H:’ch ' pipj ' pin € Q:)J (2-4)

E%&%%%¢,ﬁ%%&hWMﬁ“ﬂ&M%E%%ﬁ%RﬁL%%@o%upWﬂ

e B Z A FA A AR A 10 PP b, o e B KR SRR . AR 2
H

AR B RERIA B — Bk X V20 A DU I PR WA s T b g . AR,

ﬁﬁﬁ&%FﬂﬁmEﬁ*4ﬁ§,ﬁﬁquﬁﬁ$ﬁﬁﬁﬂuW@%,ﬂﬁﬁﬁﬁﬁ%
&, AT T LA B RN B AR ERGE RIS . T I8 homography %8 FE RS B PO/ 5
(IR .G FR A P AT 5 FE TR, BT DA A BB P A S BT AL) F i) DO 320 T THD e T P A5 3R e
A fig il it e L homography i B g S LR IET JLfRT R SS o FT DLREAN 3R REAN B R 7 [X 4 R 117 P
£ P FTAE R PRI U A D RS PN o X RE BARGE/N 7 — e W BRI, (Ek 1 R i L AR
W, 23R PEt T UR B AR I AR U S /N 1)@, i L, B 00 S X e
BT A3, &FLTH AR T2 G ER IE,

IR TP R R A T LA T RS o 3 I e AR AR A O BB R AR T
RIS 3% o TG AE BT AS [F) 7 e LA, Rk IR B R o X AN AR T
DATE RS HERT AT AR i, XRE T LIRS v 25 S 2 AR o 2 B AR R 5, 38 hn RE M . (HIXFE
HORE HE R AE 25 I 0] i o 17 Ll TS S HE i R R & — B B, T ARA TR /2R
MR E R, Rl Rerift 2 FaE g mEE.

WILEAE D 7 i AR B R (ARSI, WA &S ki, 57 ik
SRR A RS, PSS 4 U A LR LA FH:

o IFEMN SEEAA M KR, BRI AITREL, AR — A HRHERERE
e BADEARABEAREAS KR, AP RBOE R, ERBEERmS B
REMIE R IEAR S 1 T HO R IR LA E S . AEE— I YA E M LA S
FABLIEN R SRR R, BERE BT B T AN SR R R AL

o IMRIGEANRI| /S H A RIS K R B UAT AL T & ZEER
R RUESS . BEH L PR R — RAFERE, TR RN TR BES AR &
P4 RS 25 AR R AR HIE . XA PG B EREME R, IR TR TT
1%, BHIZAE IBOR A S 225 A bR AR I BNV RE RS, e A5 BB AR R B 42 )

MRAEGEHR G, WUORFCHE IR ZZ RO, SR S0 7 R BLAS A Gk St . XA R vT DA
RE TS HLA BE BIRHE J5 R AR 5 BUARAL B A4 ORI SR Z2 KA W, W BLE Bl
Bl

#
-
=
¥
&
=
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2.2.2.3 JLfIRLIE

Sk B VCEC RS, FRATTEE R DO i AN R AT B A A /N S THD ST A
Homography, A i it 5546 B /2 5k F OpenCv H 7 1) i1 % cvFindHomography Sk SEZHL . iX
B, $5% I B AS XS BTG RUE 58 B T AN B A R X B2, % T 3RAN R EE R i
B, REWRE AP ERAE, s DR B — G R R B A P i &,
FATH T LR G R AE B BN BB A I B 2 b e B JE 1 LA IE . Ji i A
TR EEN BIRATAT LRSS, FRATEE S Wb R TR B A T A AR LT T 2 A1, (Rt
B 5 LI 45 Rt R TESRAE LA AL B S IERA Y, T 7E AR, B SR, ARSI
JUAT I IE 45

(a) (b)
B 2-5 JUTRERCRE (B a RREKRMEHBSERER: B b REM UMK
SHEERERD

PATR R T H AR IE BT 51 1 i S 36 45 R (0 L B

K 2-6 FF LA IE LA B B

F8ul /3t 2811
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(©) QD)
B 2-7 RE )R ER YR BRELER (Fas by o d FHREBHERGF U ERENRE
JUARTRSHE R B 45 R B8O

K 2-8 &3 AR IERBR S R

2.3 RE NG

K= FEANET JUATRHER AR BT 72 DR A 7135, 3 H B S 4H 7 H T s N PR B vk
B UA RS AR, FR4AH T AR E LR
Fouy /3 28T
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i
1]
i
P
3t
;I:
i
i_\él.
[FH]
v

3.1 BRI

3.1.1 AT ATE G K R

g iE X B2 B o An IR G R S PR 55 32 R d ok w5 14 R AR 4 P v B AR st Bk )
1, E# KA SGI (Silicon Graphics, Inc.) AR 1] Onyx #%t. %A HALLFRBPIPERE
Feil: EERNAAZ BN 2 ERPEIVEREL, MRG0 7T —Mae it A
ARSI KT &, BN v 1 R AR R 400 I S A T A ASEADL S B B F R o SRTTAN 32
A2, P IX S5 H I P R AN AT A2 DLy &) A AR e ) o DRI, SRABL T3 M 22 7 20 A
FE R RGN % 0GR R T8 5 0 8w

U, BEE TR AL DhRE H a5 A N SR - RIRR K e, HANs e
Wr R, F H OGRS 7 P e ez RS, JUH R — S rp s = AL S 4 2
2] DL BR TS 2. [FIR, BTN AR B -RIAW R R AL, i A H
i 2E R TH LR R B AR LT B 2 R B T AR S o 1 Rl Re. dnitk—k, v LUK 5
A 1o B R BSCAS DR RS FEE b sk o ST 5 2 7T A 1 i) 780 40 2 G el JER s %) AT T8 ek RAE 4L
MR LA E A N s B b, BN LN R R R ST NP L&
RREIAIE . EILZNAERPIEE ZGirh, T2 01 4000 A [7] b B 25 8] ) H5dh 3L = DL AN
[F] B 5 S v G5 BIR R S5 s T AETH NIRRT R b, 27 AT B IR
EIR I E R BRI SR EIZ 12, BE#E MPI. OpenPBS MIHEL, 217 01 0] L& #T
X LB ) A R B R, T O TAETHENUERRET & BN IR, ol E— 2
P 5 i) A2 2 K oy A TH B T R A T AR B

A RTINS 7 2N 2 B o0 A B S AR Bt 51 R JUAF g o it 7

FIERIE RS AR, WKIBA VR 2 I 8 IR SR ARA T A S B BT RN LR R T &
FEEEET & P RBMNH . A0, RER TGN AA MERZ A, (H
GO B E SRR RS, AR IR

3.1.2 BT IFENUERE A E A

I, BT RNV R) oA B Qe fr B 254 2 & T RN U I AT IE G
AR, BN EE T 6208 i Bl i FEAR Y 1) o3 A AR L SR vE G . B T B SRR 7 i
0 (OpenGL Bi# DirectX) A2 HAJE Y. EIL, BTG LB ATE M — T3,
L= o nRfE X &R RGEHRE X, S8R RS )0 IS 4735 B P
THENUFR R o, 10 7 5T EA M A T G R T SRR A A 45 3 o
K2 Ha IAA 56T 3 T LA RE 0 A 2U0E G 0T 78 AR #K i 70 3 i SR AR AE X o H B LA
TR TGE YA [ BT . Molnar RS, HHE T (primitive) 78 AR 23 1) 45
o2 b 2 A R R tH IR, P DO IR BBy S =38, AFEA: 1. BT (sort-first)
2. " (sort-middle) 3. J&/F (sort-last)

3.1.2.1 gk
910 71 /3t 28
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FERTFHEET, SBRfA R BB B 5 Gile), SRJE R BRI i sy
TN AR — MER S, TR NERT RS S — D2 MR B, JF
PR ALT o RN e ATIE . N T IR — A, KTl 22— A T

(pretransform) {1Id e DA & &I TCAE B 4 25 18] A B o O DXk, R AR A 2 i B e ) 20 Bk
B BT R IR LR SR Ly PURTE YT i o 2 RIE BRI TCBIHR R AOTE Je I 55 2R I, 28 FX) ol 5 i
FETTRE AR e, T I A WS i TR RS, W] DA Rt b g A . T BTy
UREIEEI, | 0% 75 S0 £ B 5 R . Rudrajit Samanta $i t 1 il 2 25 5 o
() J7 IR KA 1 G BRI (R AR A SO LSRR T (V8 e ORI i, i 7 B3t
BUH TR AN SR 535 o Bk, REAME D PUL T K ol £ 0 B B B 6 E e
S5 4% LI E G, 4 B TR AT B, X AME U AR T RETE UK, TERES
Kt RGBT TR . Samanta 383 254 i RS R BLIA R v T A 1) i,

3.1.2.2 HFHIE

FEF PR, TURT B G 2 Sl 36 3 4N b 338 CREAN R T R Sl R% B — AN AL EEES)
HEAT JUMI AR BB BE (R A0 EE, 22 L] B o 8 e B pR A s ) 5, 106 XS i ki 21 g Ah— AN 4k
PRASHHTIES . BT RFEIE, PR o B R o8, (ARG R R E A
T B BT R AR o XM R FR SR ML R E AR R o &, DME T T
o R . HAT, XAPETE R SR A TR R ORE R, 51140 SGI A |l InfiniteReality 5%,

3.1.2.3 5 /F &%

JEFFEET, A EICH S B R IE BT B LR P I — MBS AT S, 4
AR TCH B GG, X SO 2 R MR Y S BT A B R R A I R Xl
HR e T EAR K LA T8, BRUAAEAN T 5 40 7 BB G (R AN 1 B e 6 B — AN 7 it
TGP A

32 P HNERR G LYAEHE

ARIH M H KRBT B AR 2B KRG, M TXESPERRGN S, #iFH
BRI RN (. BT SR TR B BRA F 1) e, AN o Bl
W oWl — AT SN LSRR P AR ey A 0 STAR TR o ARG T 55 Al 0 7 22 D0 7 A B A R AN 5 8 7
FEERAMEBOTF 2 o B2 T IXANZE, T 5 Heay A 2E G AT Rt # &SR A
RTFPEEM T, AT 2 B X IAE T EALIE R s ) 3 2» % 757X Yuqun Chen
15 52 T o0t — i A A AR g T R E R 1. R R SS EAR

(client-server) 2. FAN--AAE (master-slave)

3.21 % — RS HAY

TR RSB, NPT R 1 a b, B i s A iU LA B o/ BRIk
REISAERMS R b w1 la fivs. AT DL AR 23y piE Jedii s 1. SrRIAE

(immediate mode) 2. R (retained mode). FHrb, ESLEIREAR, &/ Sk arE
e — TN A IR I X 28 3k T AT B s AR DR BN, B QIR 55 A A AE A MU AE T4
PRI LT B LME T, 1% 71 m A 5 E B U B AR R B G IR S5 4, X Fl
J7EIEE Il — g Fe L (scene graph) SRSEBL

FAL T /3L 28 1T
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p server #1
/ et master slave #1
app, render, /O app, render
[ | server#2 /
/ rendering \ —— f‘
client i v g
application, V0 \jfmoﬂi ~, Server #3 nemnrk)
o - rendering el
\ Y
\ : slave #n slave #2
app, render 3pp, render
\5 server #n i ic
rendering
a) b)

Bl 3-1 WMEMEE (8 a REF-IRFEEFEE; B b REA-HAEEREE)

3.2.2 E A ABRY

FEENMABR BTSN ENUERE Y A B, RS A R T iR
FARFF IR FERIE, DA OR A AN L A9 1) 1) — 25tk o T 32 1T R i {8 47 B2 A R B i Fir
A1 F 8 BRI F A Y AR RRAS A R 28, W& 1b Frs .

3.2.3 PR RL I L A

NN Fr 75 B0 FE AR /D, P A8 BARDIRAS iR 145 B A LR FHOOE H 5 T
IS WAL o AR R ITVEEN AL IE B, AT S W AR 748 4T 1 R 3 # 6 AUE R G
N THETAE . BENLEL. RS0 B AT AT i) BE R AR P I8 4T I AR S AR JIAE T R () TR
RAE . % RS EARLN TA2 7 00 & WA B 2, R85 REK, BAETHw
[F 2 TE— 6N NI A D 550 R E P SEEL,  REUNESE 23 67 57 40 B A 134
gre RTIXPAEAL, HATHA 1 & B SO SCIR A . BT R IRSEAEE Aura
(Broadcast). Syzygy (Scene Graph). Parallel iWalk 25, & & A ARG Aura
(Multiple Copies). Syzygy (Master-Slave).

3.3 TN BERRGIER

H AT R 24 X A4k A N D 40 A B e RGHESE R A, TEX 2 HA Z PERE
M, 1 OpenSG. VRIuggler. ChromiumM 4%, flifi 135G % — et m R4, A%
RN EAE RGOV G RV ENERE . 308 7 (8 76 B 80 ) 2 s i . PR ss
S, ARTHT, BATRAMZ Stanford K 2:FF K ) Chromium HESE, R TR 2 5HZAE S —
A E I

3.3.1 Chromium/ 48

Chromium 42 WireGLM WO iS4k p A, Mgt T 78 i EHLERET- 4 L4 F OpenGL B
FIRERFISZF . Chromium [ E S E B 2401 OpenGL &, FFE#%F OpenGL (& 15
LT EAE . Chromium B34t T fACEEH.70 (Stream Processing Unit) AL, LLF f&FR
SPU. &/~ SPU #B¥— KA R EITEFR S WA/E N H ORI, R0 X Ledim N 148 2347 — 1k
B, ARG R E L. 24 SPU ik n LUIG s 2 — M R IBEAE — kXt B 4R A Itk AT

AR . — SOHEZR ) B H oA SPU B HETE 4t SPU(render SPU) . 3% SPU(pack
SPU) BAKFTEI SPU (print SPU) %555, JLHEYL SPU £ 5Tk LAk i 45 A R 415,
£ SPU NI I8 IR 48 2T B KB A TH RNV R IR 2%, 4T B SPU i 4 8 S
SR e AT A E ks e (amalocth) .l B 2451 OpenGL &, Chromium Hig

%120 /3% 28 91
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AT LB ATAE{T OpenGL 1 N FI LR

Chromium ] SPU & i@ b i) 7 sCSE I, Xk vk SPU ] LU AT = 1 73X
BHATHA . 0SS O B SO rT AR AT 2 (M A 07 SN AS 75 AT BB dm . T
TZAE SR R T 05 0 5K P PR 2E T ST LR A, TR LA B 58 25 B8 IR TR /K 4 R A
[FIPY BRI AE o B A antt, JE b P Sk SR IR B P AN 32

Chromium il it 73 HeHERE SPU (tilesort SPU) 2540 Bt Bon o A s\ e, F P AT LLE E
SUHETE A BRI, BT LAk oy SR B4 BT 8 2, L 2 0 T8 43 B m] AASSPAT T B 45 23 B AL b i o
XA F P AT LIS A G0 1) ) LA ARk HE TR 43 B2 55 i e R 1) 2 e

TEYE G JUAT BT S A, Chromium £ X 88N TS 047 Tif% 4 Cpretransform) 1720 3%
HERA LT E O — A DS N B R & . I8 4 KB X B 5, Chromium
SRR AN, [ R0 AT 78 55 1 23 B ke 5 126 BBl 5 I 6 L 11 ) AT ) e 7 2 2% 1) R Ak B B
X RLTE R RS 2 . BIAIE DL, U B GBI S T AN, RZ LT o2
W R IEB R — GEGR S . 5T Chromium & — Wi 2 k2% T U B e A TE e IR 45 4, e
KRR, R TLEEH S T WM B AL T aS . — 7T, N T S HEEE &
AT, Chromium 484 RIENLEIEE T —AMEE: LA BT W RAER (8] AR A4 7E 2
] EAHAHAR, X —(RUCK SRS — A MR ok — 2 et

3.3.2 Chromiumii H . F

Chromium 7317 sUE B HEZE SCRF 2 Mk AL REIR AN 454, RN AT 7 Csort first) A
JEIF (sort last) $RHE T SCHE, AT H MSBR RN GO, FRATR A & 0 5 2454,
THENUEERE tH— G I8 AT M AR T 1% 7 10 s R DY G V8 e R 25 25 19 s 2E o 0 AT 2 e 4
EE L E TR

Rendering
Server Node

Rendering

Server Node
AppFaker

Client Node

Rendering

Server Node

Rendering

Server Node

Bl 3-2 /1A IE SR E A

$13 70 /3% 28
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(a) (b

(c)
K 3-3 ATEZREHENNEREN (Ba. b, c 2LRGFIITWED

&l 3-4 TR IESS B KISREHL

F 1400 3% 28 1T
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B 3-5 HAGEEE N PC HRKIER

3.4 RE NG

A FEAE T oA IE G RO R sz B R 584, F HE BN T AEARTI
B B FH 1 23 A 278 JeHE SR Chromium.,

#1500 /3% 28
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FHE UFER

4.1 7HNEBERRAZ MU LR

AT H BRI H A A B R R — AN T DAPE B e T = N AT 2 R PR I SE
SARERRG, REXMERBAT2 0K, EF 080N S mEs il E—=mA@ns
i B JAHESE Chromium £ RCH o< LRI IE . JERERME . BOEPHERDCE —S0ER 5L, I
H A & AT 5 HARN P LR SZ 10 75 sCHE T B AR M R A Ak, ATTT IS 31 SR PR R K
AT T KA IE o B EE R A, IR R AN E LAY 05 i B il 2
EFRPZEER . ALR T RAFE T 1. CPU WA E LR R A7 il J5 #57E  (Locality of
Reference) 4L, 2. CPU MRABEME AL Z LIEMAL: 3. GPU ML (L1
B3 (Shader Language) S2IRR AL, 4, GPU ByERAEE FH T &7 & SeIL AR At AL,

BEAk, BT X F B AR R A 2 A, 23R T X Chromium W28 A& 5L 1)
Ak, H1F Chromium K43 HHER SPU Ctilesort SPU) % FH 1 [F B ML [R5 N LS B h &
AT RN T SwapBuffer iX—%% OpenGL 2 IHAT, B &A1 sURIHT /R B 45 1 o gz o
X N Z R — 8t . X — 5 7RG R, (B ERE s T RGN R Bk .
SO S SR S e AL 7 M CAER AR, BT R AR BT AR RE S T R
IR, IR R SO 5 A5 Rl Ak 7 T AT B BRI N5 4T

4.2 518 EHEB LA

4.2.1 Vi a) /LA 28

BB U i oy 3B 1 SORRON JR SV R R, S PR PE T AL IS AT A B T 7E — BB e B
(] PN 7 1) e — B s bk . nds, )& LEE Y JRONEHRZ R (temporal) . 25 [A] 2
K (spatiaD 5P ZIR Cequidistant) LA 732k (branch). T T [ AR 350 H AH O # B[]
U 0] 2 43 ) 0 LA 8T R 1 g B «

4.2.1.1 FfTE])E IR

B T8) J2 R 8 SRR — AN 2 16 N A7 Hb B 75 RG] Y 28 22 TR 805 18] 5 82 75 PR IR AR AT
{7 1 161 3 77 6 5 B ) D5 B Cproximity)e FEIXRIEIL R, SE it SR ik 10 i 2 77
it V25 U 1] B AT SR A4 e 0 8 RO B v U7 e R T o B ) 2 IR L S A5 () IR i —
ANRFRNE DL, BRI 25 (0] 2 0k A By e PR A7 BB 0 A2 TR — A RO B i B S B 1) 2K

4.2.1.2 A JZIR

23 ) 2 YRR 6 244 3 — B 45 14 O B il 2 7 I ) PR i M 7 ), R4 7 T e 4
B ik ) R A7 A6 2 2 ) IR L6 R o AEXFE I T ,  L BAEAG R % — R M 2B 15 %
KB 25 Mt 3 1) AR #85 J THD 607 10 S

4.2.2 Vi) Ja e X

Vil R @ s R T UL R S AR, 1 AT 4R, X N R AR

516 7T /3% 28 I
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AT AT FNAT A B —FhigAt, k52 m i ve, nr DUERC AR PR 35 () ER AT HAT B, 42 ik
HBIPAT R . 20 WWHHFEFEW: FE, fFEP@rd g, M EdE e
FEAEARAT AL B, BRI AT DA 2 18] 2 R B U5 i o 3 e X B U el bR Ak . 34 2R 1T
BIGHREEN TR AT UL A B 52 DA i 2k 5 25 M A7, DRI et mT
CAHEAT SRR VT AR AL . CA 050N 08 S O AR DG R 9, RIVRE P U5 i) ey 3 P R i 55 5T
Cache iy 1 3G & R HLRZ ] o

4.2.3 Vjin) JEETEAE T E R

FEARTIE Y, U il Jey 31 2 B ELE ST 4 R i 16 )R B 8 47 HH T4 24 OpenGL 1454
R BITH RN R R e IR 55 258 10 A i R LR IR BB, T EVE TR 25 I — 5K 2 /i
P21 it % DL SE IR G B35 BUR 16 AR L R — SEAH OGO B 2 805, BRI R A &
Xof 4 Jr A i DA R 25 KA P PN 72 e PR A T LR 28132 8 1 il 25040 (0 4 Y, AT 4 1 Cache i
B, IPREARE U7 A R . TS BR AR R BB, B S M EE AT AL,
FAHLTE LA M B ) 8fps #2512 20fps.

4.3 LIRS LIEMAL

4.3.1 POSIX Threads /4

KI5 H 12 SRR T 22T POSIX Threads, 5% Pthreads, &2 —ANF4 POSIX #i
TR AR . ZSHLAES Unix (1) POSIX REGtHA L #RW LAfF 3], Wl FreeBSD. NetBSD.
GNU/Linux. MacOS %5, EE X T —EffH CEBs M EERE, K. &, HHE
FETRBEE, BFE. FAEE. SiIFEIPENS], XL IRTE M 4 & 5 5 D A ) S2 il
W 3, BARSZIN B SE G IR E . [, POSIX 155 & (semaphore) 1] LL[E POSIX
thread P [F) TAE, (HIFAJE T HARK—H5.

4.3.2 ZFEi (Thread Pool) )ik H

FEARTRHE v, LA I 53 fAZ O3 o0 e it P21 W5 SC AR 5 B b MG R A e B
P BB B, 1 WIS ST A2 8 TSR35 IR TS S LR T AR AT T B S B AR AL
A B 2 A e 2R i) o B T RE TR B R T HATRAI 7 &, RIS 1 S
3 7 HER MR A — MR R A B AR 5 R IR 1257 B L S5 ST A R 295 P A% v e AT )
B&, B HES ARG . il WEEDIE R AT E A S IS o, RE]
REXE BRI R 2%, (H 75 J LRI RS 1E B B Ab 3 IR AN 2 xR B AR R B AT 18 2, DRt
AN DR g s 8 O 500 T = 2R 0 S o X — s T IEAT AR AL, BLFE CPU I GPU A AL A
—ANaFAb, BUASTEE BRI, A 2 e A BT IR AT ARAL T S S A A 1 BT A o

TESEBRSEEl, ZLBRMANTFREERBT G —NEERE LR ID, A5
MRPEZEFE I 2 N AT ST R 2, AEARTTE A B S5 e i #5431 N AN 47
ANRFE R T EMRYE A CZRE 1D 7ot A H A% 1D MBS BGE G .. 1Ak, %ER|
g — 1 19 A5 11 A 3 s R 8 2 R P LART A I A0, [RT bt S A A 2 o 28 1 ) B S 2R R IR AE
AbFE 5E B B SR AR RR 1S, AR ATAT AN SR, 20 VE Y (1) SEi A G A O E  . IX B AR
SHBEREMB A, IITE RGUSAT AT WG BC B 10 A2 sl 3 — N Rt . BT iB 4k
PR ED 2 FR i8I — RS AR 4 — B R R FR A, IR S 2R AR TE AT AT 45 5 AT R B
A S Bk, HIEASWAS, MY ETS R EAEN, LRFHEBZLEAHE T
HEFMLRE, MAELEn FHRETHA S NBHERRNERE. B A, WEEBES >
St it — R AT DATE — B P AR O b/ p T AT ST B 2 R R A S 2R R 1 s P A
FERARAT . AR A 14 A& T DL 2 0L T B s

$17 0 /3% 28 W
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Task Queue

i [0]|[¢)|[¢]|E]|[9)|[@

Completed Tasks

Bl 4-1 ZAZHbEARKMFBES

B REBIATH 1 SLPrir i, RIEE IUBLAE BN R Gein AT Wlie) bR, AR AN K, AL
BB B RN, R 2R M 1 SEBLE R i S 2R AR 5 52 PR RS g 2 45
LRI BRI FRE 1 1, A BEEREFIZAT TSN A A B o SXREfT DUk % 2%
LA AE B - LR R D) R 3 B ) s W B 50, BT 13 AR R 2 AT LSS Ak
KL AL AR o

4.4 GPUEEBEML

GPU (Graphics Processing Unit) s S0 N ETEALIR$L T, il —Fh & [ TH T 8dE
RIEFE N ARG AR B R A Vi 0. IR PRI A B B T T DA v R B AT L L IR
JRITEEL, FF BARA A A & AT A 45 8 mT CAFE B A AT THE AT — £ 55 24 AR B S
PG m X B CPU midifg 2. ns, Hd A N r &R Cic & A BB IT, fbATeT
PIAL T o BT LR T AR A Bl e — A SR e S e R B IR, DL PR b B2
BTN T8 TR RE 7T I 0, ok 22 B TN 1 S KRB R TH AT S5 AR B GPU |,
It HZHHGRAS T A L . SRR, Bl 2 10 R R 55 A AR 25 7= 7 AH 4k H
U1 GPU @ HTHESE &, TR 515 2 (R 7 N RN JF D0k H J64% 1 GPU.

4.4.1 GPGPURE &N 2H

GPU TLiZMT NI A Y b B s T B R 4, BRBk 22 A 72 N R e N 53 R B 5
W BRI T D T R T B B B AR R R, T2 GPGPU (General
Purpose computing on the GPU) HIRESRIZ A=, BEFEITHRK GPU IR A&, WA KK
R AT AP LR i (0 U5 A7 i e A N TSR RE 77, IR B TE DLl AR g G, bR
H& O T R R, Z BT DA B RE (1 5 T 1E A2 T GPU A CPU I 35 2 [ AN [R] i e it
BRI FTIE R . A, BIAR GPU B & 2 BT DA FE B AR B (1 — s B T B I T A,
BT &I GPU @A gafR ), MRAH RS T MR HERE, [z EEELbfes=z
RGN, A, BE GPU R RGMIEHERE, WIS gmfs, 27 Brgwmfs, 2
S —2EK), GPU & 73 1 MIHI ) B S 1 T [ 36 B R (3t A o i £ B o R e
R R WIESEE AL T R E, WA RERES, B C IBEEAIEIHER
BE, HEWSMEATETS, BEEHNEaHL, GPGPU M THEHIEARWTFEEK. Wd
fE GPU FHERBIFOAHTEERIEFENE ST, XKWL 2 MR F RATE
GPGPU [ttt 7, Xtk {Eit GPU B & it — P k.

4.4.2 Nvidia Cg¥#5 t415 5 itk

FHOET R MEAEORTIFRERES, ARTHENEFES, ©a 5/
AR, g, EnESES. BTN TMHATARME REER, ZHARKNECRES
FHAEYE KA, 40 HLSL. GLSL. Cg %% . HRERIALIH M A Z7E GNU/Linux &4 1, I
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Hi#F Chromium 4345 3078 G HE S BB I RRAS & 7E OpenGLL.5 [FRRA _EFF & ok, 1
GLSL /2 E.F| OpenGL2.0 FIIHE A1 S Fe 1 o R, 5 FE B & SC R R A M B PEI A 2,
Cg T ARTUHME— LR, BT e PECRMEG (2HWA Windows. Linux 1 Mac kR
A I H R 32 #F OpenGL #1 D3D.

4421 CogEtiEFNH

Cg fLE A TEIER CiES (C for graphics), Cgi s AGHERET CIEESH. BHK
TEWIHE IR N T ¢ BT AR ST e AR T AR L AR WLRNAZ 3l (1 ] m R 42 1 B8 77 o T S B33,
XRRRE S WO EIREGIES, B Cg o LMEOEIRE B AR 2 3. filtn, Cg
P27 AT CASC I BRI YRS FHAR AR IR SS . Cg A IRE (il S SR A fmTs
BEAF, ERAETHIEREAN . EIXFEMBEE, THE RN T WL 7 5 b HE
R . Cy 27 Ie AT 7ETE Je— i G T Bl A R A T R R B b, TSR B BN —
RN, GRS G I — a3, T B A AR S S e AR T AR E 1

4.4.2.2 Cg# thiF & WA S
FESLILR i RE, T EOES B SRS, LAt EERR NETE 2R, A

FlE R T IR 5 X A S 75 2 S o DA TR ZE 1 Ud B«

1. BBFiES (Offline Rendering): fE4iE 7=\t , BRMAKIEEJLELRESHE AN

FRGEER OB MUZZ i e IR B R R 8 b T R E G I o ks B E G A 1)

JE A B 58 X —HREZ P X b, anitb DA, i Hh B 45 BRI A 2 i 7 B s 4%, TR

FREF AT CUEE EEE S CRIH 8 F2& OpenGL) FEAE 1) 77 6 ik X HEAT U 1A«

2. MmiZgrPxt % (Frame Buffer Object): MiZZrxf G f&#R FBO, E¥ & 1 OpenGL X T &£k

TEYLI S HE, AFEE YL FILHE (Rendering to Texture, RTT).

BB AR SCH X Cg S B B DA 6 A -

1. g SORH TAEBEHE, BREMARRERRNSH. RS R, £
DLE S, MARBASEEZAWR, —ME RN P21 B B, —FRf—hifE 2
AR R PG B i A 5 SR B A T LA E S B A

2. il FBO: f#H] OpenGL &£k Y IRt

3. b KHLEA FBO it iR 2 IS Y e R — T .

4, WEBRHLHIENE: h T R IR 2l BB E R E LN e 5
BE BTG BIZBRGME—— X R, FERBH R E AN ELH] .

5. Cg WH: FERIEIT Cog BTN E LIRS HACE S, TS HHKN Cg #
o

6. flURFEEL: WPATILAIIRIEEHE, WFE—MK&K GPGPU gt iy X—+, JUTRIERE
Sl B BOE SR, T SOR B R R B — Xk N A S 5 22 ) — SR A i S,
KANRRIRE RN

7. CEHUmIZE: A REEH B AN

R 4-2,
EATH S, BTE— W RGBS T EiR %5, Rk, X —Sa /s aMN
R BE D AR N AP R AF I 1% . DRI, AT 75 S2BU R TE RGVILART 52 1%
X Cg 2P IZAT FINC & LA I Cg /S 3L iE, TR —miirH B 0 #E v H 7R ZEAL R
GEIRRNEAT, WD T RIAL 1% 5 0 1138 15 AN 06 2 (1) (] Y 4
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PUBrR | CRAEK L T e.L

_—

K 8

EAEBF | B Ji
i |k
ol
PTELETE BT

MY e

H 4-2 HRIESLEHIERE
4.4.3 CUDAE 1T E & 1itit

4.4.3.1 CUDAE T ETF &N

CUDA /& Nvidia [) GPGPU #2!, ‘e ffif] C i& & NEEA, W LLEELL CiBE A,
MR RGH EHATHIRET, WA B 5 SR I RO R 2 BUR R 451 .
Nvidia 38— GPU, .45 GeForce8 F 41 K& (3 )5 i 78 &R SC FfF CUDA, - Hidc$eft 1
SCHF Windows. GNU/Linux HIRRAS . ANF T LA @ % (515 5 1 GPGPU kBT, CUDA
WATEEAES TH RN G E Z B R G, FlaniEid s %4 SM (Stream
Multiprocessor) AT LR FEEEHAT B3 M %, @k fe e BRI E O B 4D
P AT ) B i S R, U ) Mk X R e AN i S . A,
CUDA HHX 5 thil 5 BiE A a5 .

£ CUDA HIZEMIF, —MEF AW AN : host LAl device ¥ii. Host Ui E$E7E
CPU E#ATIIEMY, T device i ZTE SR EHATHIH . Device I 27 XFRN
"kernel". B host uifR/T MG EIEMES LTSS, EHEIERINAY, Bl ERS AT
device uifE)y, SEMJEFFH host IR/ 5 M RAFHEUE . B AR

Host Device

K 4-3 CUDA TNRE~EE

4.4.3.2 CUDA H 1151 & sz

BRI BAARSZIUR Cg WA (K P B G (LSE BT 4 AR AR, M — [ X B B R i
B R BME A AR SOE 5, T CUDA 2R v Ui 1 2672 1D LA B ID e 75
HHIRM R HARISZIUR P B R 1 S22 0.
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4.5 ChromiumP g & iamF S L

AL B J5 3B 2 A R T R AR YERE AL o I 2 BT &AL Be, TR
H BT AL B T A AR R, FESEES S SEPRINARA N, U IE R 7 04
A DAL 2 90+fps, RIAT &z 45 5 9 B AR IR FEAMEE (R AL B 220 GPU 38 FH 55 & it
JEEEILF] [ 40+fps. JRT, HFRA TR A A1 TS G R G AT K (1 G847 M
R B2 P i 15 R 4 GUERIRS ), SEPRBEITa R E RE 15fps Zity, BUHEARA
Xf Chromium FREEARIZ AT HLHIEAT BB IO UFAL, TR H #1129 R G TE G 8R ME £E o

i3 345 9% Chromium 38 SCAT Chromium ff143 HeHER SPU (tilesort SPUD [ ACAY
T fEF] Chromium [ SEEL R JE T 7 R, RPAE— Wil & R i A e R 55 2%, IX AR
TORBAREE, HXT P2y 58 (0 75 SR SR, I HL 28— i) a2k 254 AR ORI o 2 AR b 5 ey
B ARG VBRE RN EATE T, HT 75 E0 S PR B G AT FE, R — iR
2 A TH R UERBE o BT V8 eIk 25 2% A 20 B BB BEAINE 73 Bz [B)3E 2 1/ B 5 853 (1)
HB X, DMLEEMBEPHEME A . (FEE 2R ST REHE &, & hiih#H 2Rk —
M= HE R, DL 1280%1024 1143 #F3 9, AESRES = /g 2620~ CTIRID,  EBUE )
TR 3 f 2t L BRIS B EERD 34 Mil. 1725 8 21 SR % i 19 25030 00 22 B ORI HL I 2 45 B 1)
SRR R TERBIE A (G5 RAFH I SRRl i) R H 2 s T3 7 2L
1, I 25 At s b b BRI A 2E P R Gl G OoR i — bR m R A R = . ST
DAR AR fff R 1 I (1) 7 2830 4 75 B B 4 (R P B, b el P 7 I ) 8% 2 AR BLTE 1) T P 4 B
A R L F 2, ] b — RS20 = 1) 40 A7 TR G A AR FH e 1 R ) R FH I 2% DUk
FIE G RGN PE R SR o (B2 L& B AT TG /2 J5 IR M 48 00 2 s L FH I 2%, P 5 O R P
Wisiim (MRG0, MAAHFNNTEE Fow), FATHR A RAR— X
(EFETH Ja 22 0 TAE A ROZ 2 W B R AR A B, AR AR e Do 28 S350 1y [l

ARIHE v, LEREA ] 20 1) S5 Ay B Re 8 10 I B A JE 0T I 2% IS AT RE AT A . FEAT-4H
WH9E T Chromium 73 A7 TS G R G AL 5 N 5, RILIBEAAA ST A, i
W Xof AR A 1 J7 R AT AR ) )R -

Chromium R H H) /& L BIRE R, B —WUAR 2 [m)vE Ui 55 28 AR TE Judi 4, SR H T4
7 1 ¥ e R 55 2 o — i 4D A 3L P TE T R R A 6T (19— 35, BRIk Chromium $2 4L T Z Rl [F) 25 1
VR e AT FD o X — R ORAIE T RGUE Y BRI, [FIB AR T X ST LA
SRR, (B — AN I T 0 N AR T I 2E, RITEVE PR &5 28 MR, 48 b T
WERPIRES, A A TE G IR 55 38 E Sy o8 — i EBUG T LRI IS, 847 BRI % 0
S D BHLZE g o R 4k SR I8 AT I RIE TR — IR AL AR UR R B . 9 T RERETETE B IR S
FRREAT IR G H S A I (S P 25 AN IR B, 75 R W 2 R AL A et B SR AT R RN IR AT
KER, WAL AR T AT G IR 55 5 0 E — i BRI F, F—mi iR B 2
LI IR M IZTE J RS AR 18, I HIE R IR e S AE AT R — R Z2 47 F T C &AL
A B AR P 5 PR BRI o 2247 G R 5% 25 A0 B 5 224 iy ol P 305 A 1 mT DA BB A L I 2247
HH S S T A P SR X 2 B AL . Uk Ah, Chromium (RIS HLHIS 2] TR EE, PR fR
E T PR 2 E A A i (R Ve G ik B e b A e BRI a8 SR A H A — B I 4 .

TEEARMSEI, N T R T oA IE e RS e B E I, AR I 2
i3 Chromium ) SPU HLAISZHLAY, B AsynServer SPU il AsynClient SPU, J: AsynServer
SPU 27 T 78 4 55715 S SPU, 1M HLAAZIAL F-1Z 715 4 SPU BE 45 1128 — A, 1fi AsynClient
SPU M2 fr TR R P28 o s b, FF Ha 2 T2y BeflEFe SPU (tilesort SPUD Z | T
BARULEPAS SPU & A& SEIURI 2 2 (8] [ Bk .
1. AsynClient SPU: i% SPU =52 [ it 2 Zefe 77 0% [F] 245 % SwapBuffer i H 708
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TR . FAR ) SLB 2 B F R FH [R) 25§84 SwapBuffer J5, AsynClient SPU H £t
5 R FR 1% OpenGL 8 4 ¥ bR B 2@ i Xt — AN B AT In— R AE X 1248 2 1 1R Y0
TS, SRIE RS IR A R RS % R D HE AN Z RIS AE 5 (B ZE . 1T B IE 67 S
YLl 55 85715 r AT R 2B H8 4 SwapBuffer i FH 152 H 575 4b—ANERFE SE B, ‘B R T4 A
NIE R RGILEILET, 3 HL 2R 5 24 0T RA 1) SwapBuffer 8 K E, X8 Ge i 55-4% 15 54
BT B RIET G . T0E sl R & (mutex) 385 55 AN 2R FEXT T 88 T B
RS RS . At —o, o IR G AR A5 A5 10 S5 Rl 39 [7 25K A 2 BH 2 3 F R P 1)
IBAT, MR FH RS AT DATC L ZE 035 F DrawPixel B85 K05 UG BOE AN 0 1) 2 5 4
TE GRS 28717

2. AsynServer SPU: i% SPU =E S 1 X WX 28 B bl () A sth 2% 47 DL K [F] 25 SwapBuffer 54>
VAP 2 1 R PR G B A b % A7 B e B R R B o % S T R X [
AsynClient [AIff pRESS, LLA BN G 4: SPU BB BIAL, Tk Tl DAZE AR A 8 i S35
PIRTHRE N, R B AT I B A R et R Tk . i, X T4 R &0

EYT & Rt a] DIAEAS L & S DA LA B R, a5 H SIAR
e,
HEFEUN A 4-4
4.6 ik R o
R 41 MERIITRE
RAES AR
T 1) J=3 3 1 B S5 iR M 8fps $2 T+ 2 20fps, MI7E LG =
B AR FE 1A 21 90fps.
Nvidia Cg & Aif 5 B NOEEE, i 8fps, HITRALAE
AN, FERBH B0 = AT HLEERE T
&k,
CUDA it 5 & TESE6 = 3% ERgAFEE  90fps 1RTHE
93fps.
A LRI BRI M 20fps $ETFE 43fps, R FEHE

PSR E WA

3
2.5 Fr
5 L O 35 ) i e
e L B EiES
O O I E A
I [} By
0.5 F
O 1 1 1

B 4-6 PUALRCRXTHERR
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SwapBuffer 1§ %

T EEREN L T R o .
Chromium \
R
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Client ;W;D:Euffer it
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A
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i KPR SR B IE LA B R B LA T S AT VT 1) R e PE A A LA it , 2
LABCA R GPU AL T S IFANE GPU Mg A B A7 AE AR iy 1) i, 385 ol T 5500k B B e
VRTS8 BT U BIE SR E A G MEER (AR BER g 1) 5, RIAGIE B b S it R IR 4
i R AL BRI R . RE GPU Ry AL PR B0 rT ] DU R P AT IR AT 4k, (H—T7
T HPAT IR EMET CPUL BEAh, T4 — WK 75 2 N A7 1] A7 A% 38 B U AR
R GPU [R]SA7 [R5 9232 v T CPU [AIAAE, (H A AAE B A7) 9 AMRAS 2, DRLAX A
N T AR ST EOR. i), I TIREMR KR RO, JF B AT LR
X 7 0] & BEAL CHROBET BRSSO A ik LR 6 220, IR IMEXT SR 3E1T GPU
WA E I eI . 2T DL RIS R A 1R, LTI IESRE R GPU LI
RIEABAR, X —Jr I WISIE VIR R AR & T2 TEE T SRR R IIEATAL
PRI, BRZRKH T CPU FRARIFFATIL, KEZLEMEZ LA, HXT GPU, XFTr%
BETNNAFRRAFRI REAE, B, ERInE R R R A

4.7 INEE N2

AT EENGE TAETH B2 & AT % 5 FBOEH R — R T S84 7 Ak
M2l TR XA A 4 R AT T LEEF L7 Ao
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EhE HFRERE

AT H 3 I A A A 2B JHE 2L 2 5] U IE BR SR B, SR T 2R R R
SRR, XH A S T %k Stanford Chromium V& JLHEZR (4578 . JUATRS IEBERT Linux
Foa LA R SRE R A sUE JAE R, VAT MR & LigiTiae . AR,
R T 2P F B E R RARCRIIET, 5 Cache fifh. Z4FE. GPU #fH L
SO 22 SRR R () I 2 AR LAY o 80 X AN RAL 7 SR I EL B R 2B, KA TR H
AL E T BRI R AT R . FIE, R GPU ARG AR, (HlT7EsE
U5 e 3] T fa 4L M @ GPU IR T RE, O bt 2 iodae 102 SUE M 2 se i,
FAEEXAT-& LR TR
NS ER 357 /1N
®  SEN AT IE GAE SR ) FA EE, JERE Y Chromium MEZEMIAE OGRS, JEHET
Python JIANE &, SERL T 7E SL56 % )R 3 IR T 1) oA XE G R G B A E

® SR T UM IEREIEMAS A, 8 PR SR B A KA 5 T BT 5E B TAE RS, 24
BIET AT BN AR B VR R SRS BRI S TR S A A B Linux RS
&, [A Chromium HEZ2 4 i

® ik T JLMIRIE GPU HyEFAE, %217 Nvidia Cg 4afE Ml CUDA i@ FH it H4gnfs,
27 OpenGL (MBS ZIE ST, Tk T OpenGL BB 4vE e i) & FhbL . I H.
3SR T BT Nvidia & G5 5 AR N EEF AT CUDA @B & &
R A

®  ERk I MZSAL AR AL AR DT L #E T iR T GPU JEid Multi-thread 4 75 15 17 latency
ML Z 5, JLAT Chromium [ £ Lazy Update [F3EHL#], 24 A H Cache /%%
B 17 22 31384 78 Render Server 1 App Client #3ii &4 A\ —> SPU SZHlix — H
i

® ST I X CPU A UATER IE /K 2 A2 4704k, {8 H POSIX thread SBL 1 T4
IEMFR S LRI T &

o BOMMATE, THEmAN) Demo HilffE.

RT3 A IE G RGN m B RS AT O 1 53 14T, (R ik
HIRA SR PER OO, TR S 345 QM 7 VEA R b ik . BRI, SRS TR
FE IR TR, PR T AN o A 2E JAE 2L E A, TR T SRR, I BT
(B AL i O R, DRI AT DA R T 18 DL PR B, XM T R B S BB AL,
HFER A EA —E AR, —F MR, BAERARER AL, &F—MhEme
XF P 2 A B AT R T, TR i@ WA E IR S, W e T IR e IR, ik 218 A
EOEE M, W myrinet, FRTFREE AR CFACE, X P SR T 9 R AT & S,
{H2 7% B R R 4 B B 32 I VERE SR THE B 1) BRI, &R 5 SRI8 MZad— DA S 58 =5 1)
LhR R E ST H KR E .
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