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Abstract
Rendering is the most time-consuming process
in the graphics pipeline. Generally, the artists need to
wait for a long time to get the rendering results if there
are not a lot of computing resources. Besides, among a
large number of rendering jobs, the tasks of rendering
time estimations are difficult to predict. When artists
submit jobs to render, they would be more willing to
assign the expected time of getting results. In other
words, the artists can be promised to obtain rendering
results after waiting for a period of time. Thus, in this
paper, we propose a time-based estimation method of
cloud rendering system. Our proposed rendering
system based on users’ expected time of getting
outcomes to calculate the requirement of rendering
nodes. By rendering resources allocation to provide
QoS (Quality of Service), our system ensures that
users can obtain the rendering result within a limited
time. Furthermore, our rendering system is built on
cloud virtualization environments which facilitate to
dynamic scale in & scale out of compute nodes. We
experimentally validate our approach using a set of
real rendering materials. The results indicate that our
proposed rendering system could effectively estimate
the rendering time, allocate the corresponding
rendering resources, lastly complete render job within
in users’ expected time.
Keywords: Software as a Service (SaaS), Rendering

System, Rendering Estimation, Resource Allocation,
Virtual Machine.

1.#3

F] (Rendering) [5] % % *atg BI4E 5 i<dp {1
R R 2 %“E r%ﬂt@ﬁ_ #3] (Model) &_*
Bt TE GEEIEY g f?—'}"}' W AR
wov e g (geometry) .2k (viewpoint) ~ ¥
12 (texture) 12 % @@ (lighting)... % T3t - ¥ Bz
BarEsg s T F 5 (artist) >3- avagd -
FOARWL A g P AR R Y ek
A A BHARRUE g A [1] 0 2 B 3D WMF
PERE R L - 0 AR Y o BRI
BIS-BERAFH BECFIHANEFEI ALY
ATk o WEF TSR UrAF et o B By AX K
AR L - I E R T

ERORT ARG LT PREARMTEE ~ B
TR i TARPIZUZAREL K - FHLET A
% FF L 5 B (pre-rendering £ offline rendering) £
2 pr B B (real-time rendering &  online
rendering) o i ¥ TR ﬁl %~ -;‘:#M—*r*;: ;18 *gf
'#’@?f%"“ll"p’:?éfk’ Hd = s E]Tﬁngh"lﬁL
5 [1] » bl4ch BBt F T B “}"Df‘, BERT
- e 1 iFRPE-ERPAATARE B S
dEBreF o AR APy 8BRS (render
farm) £ F T (78 o {8 R 3 114,000 3E B
(£ T7T24&) MEHEAEBT LU FEFH
RO }ﬁ - H DO NES SRl
400 ¥ /| p¥ [6]

",\Hiﬁﬂakﬁpﬁ'*m? Bloc g ek > B @)
%Wﬁ'aaﬂiﬁiﬁ%wwmﬁa°%%!#
LEAPRREE S HEFF LT L ARERE PN
DEE - MEFREFRIEIREME AR A
KRIHFRERFT > { ansgtms LS X8

)i

> 7 Y 2,
o

Z =z 35 (Cloud Computing) iT % # ehg
Ao 2 HE FAPKAET - AR o f{—yf;é_
AR ERAGEL SN B AR T PR
i # . (scale in, scale out) ~ & %a it ¥k

(virtualization) ~ & ¥ 22 § pIPRF*... & o JRIF T
A 5 foRE P PR32 (SaaS, Service as a Service) ~ T 5
I pRi% (PaaS, Platform as a Service) ~ % L # 7% 4§ 7
PRF% (laaS, Infrastructure as a Service) - % % i3] &
% &= @ o* 2 (Public Cloud) ~ 3 2 (Private
Cloud) ~ 4% Z (Community Cloud ~ % /& & £
(Hybrid Cloud) [11] -



TANET20130 00000000 -00000

SR N- ERANERBEFER S 22
*%ﬂ*g] SRR Y Sk By K ;’Eirﬁ?],:‘s.?;;grz
Bt B2 EEER o AP E A E
Z}”Tﬁ@ﬁogmﬁp}f)@ﬁ Pl (%FWQ;}'E@—% & 8k
Boptobh fsi B2 A2HERER T
REF LT RS EY ST B D
R R AR S AT N S ok
HE BIPRFE o F k. X BT o A A E B
RSk 2 20 W e v b A - 0 b
BEPFENATZTEDL TR & F K ARE RS
EWEa o nE I3 Pms s F (Quality of
Service) o

A2 NhAeT R - F UEZEN A S
LD BB R i sER e gl A
BOPZ TR A ABERTT 2§ o Y 8
B A IGER R L ke B A R
;Lv o AT At - f‘_

2. éfefzf%"f
sr%\ FPEAT-BARWASHUTRERE

g & & n A2 (Visual Effects Pipeline, VFX
Pipeline) ; #4545 Bk seip M A= g
2.1 Visual Effects Pipeline Overview

{5 [2] 431 3D BE AT L2

¢ (1) = & £ % (Pre-Production). (2) # % ®i%
(Production). 3) & r%$ (Post-Production). # ¢
Pre-Production 2 & 34 & & i B & % &
(script) » & & pF¥ 3% 36 1 H g e (storyboard) e

v Es o Production FEFE G B R EF I SRR S
WA P EE T RhOER T s ; (I) & B

B (Layout), (ii) #3]% ¥ (Modeling), (iii) RB:B44
FL4] 17 (Texturing), (iv) # 2 2% 2_ (Rigging), (v) #
K 3+ (Animation), (vi) 2% (Effects), (vii) &k
(Lighting), (viii) ¥ ®  (Rendering). # i
Post-Production f# £ f # & = Production 425 & #
12D & 3D Bl i ,ifmriﬁ"’@? I ;“@?J:': =
AERF -
2.2 Cloud-based Rendering System &

Grid-based Rendering System

2006~2009 # & > » T3S B B A suX F gt
= ;% (Grid-based) = % [3][4][12] - Chong [4] % *
U * B2k 475 (Open Source Software) & % %%
FEM s F ERERMAH NI R EHED
ﬁ;r FE BN e S “"x‘f“'@iﬁﬁﬁf B-ig # .ﬂz%r&
&R rﬁry LR Sl S 'F%j‘%‘l
FER®A 50 z»; : (1) networking rendering: B ¥
BVARTEFE  ERERRS T e T
2 BEREaE G &~ (aomic) E ) ¥ 3
frame - (2) distributed rendering: ¥ - @] ¥ ¥ 1 i fr"
17 A& (resolution) w4 = F* H =3¢ m N B N
2R A2 B BRI frame LA EBE = f{h
*+ networking rendering system - ljaz [10] # 4 F &
BUEMRERIE > TR NTRBYES E 2P R

MPEG-4 Part 25 (MP25) 7 » 4-4t= f6 3% % 4o 8

(i.e., COLLADA, X3D, and XMT) 2. 3D % it i f7
B o
t [3] % ¢ - Carpegna % 4 3% 1 shge e 3

FR AL FRT AR F AT T REAL
Wil =¥ a‘&f'l‘f B F R E 2R 2 (https) ¢
v A gt (middleware) %4 > FEIHEEF GSI
(Globus Security Infrastructure) - GSI ¢ 72 75 B~ £ 3%
i * 1 X509 £ SSL (Secure Socket Layer
Protocol) LA G s o Glez-Morcillo 5 «
[8] % & P2P ¢ et pojivs % I P2P-based 4.5
Bk suo548 P2Pbroker & ink 2 2R 5 B
P2pP broker € 454 Session Manager & 23 Fi o
E%]fr%héﬁ P2P = 2P~ 7 BBl
s %tﬂ‘h CRARS o A BB R K 5‘.,_5'_73
PEHEEAG > AE 2P T EREHET GSI X
281 https 3 3R 2o

TAT M E R F LR A REEEE A
234+ o Zhou [14] £ A1 425 T % (super
computer) 7 £ =4 5 Bl k0 L5 Golden Farm
Cluster Rendering Platform  p+ - 5= % 2000 & [

..v’f’

&8> £ 3 24,000 CPU cores. #32 {r [14] &+
PR PR NIRRT AR
BB TR TEG e XA TN
E L5 T BA 4 EA4 5 o & B Golden Farm

Cluster Rendering Platform i%zE = A% 83 %+ »
VIR AR N3 UK it en g o —-k;f;g iF o
Rajendran [13] #£31 2 $H PRI * 3t 4R
2 F e ﬁjﬁ\ﬂ"f?‘lg"l«"\i@-ﬂ TR
g 4247 (b]4c @ Return On Investment, Service
Level Agreement) ~ #ait ¥ o 2 T &% 5 B
BxAFHFE 2PN RZHRE - (1) F 1 R
(DreamWorks Studios) v Z =4 MR 7% % & ¥
(Cerelink) % #c# £ 5 - 1 fI* 28FRE T

23D 78 “¢ 3 3D” - (2) Crest Animation
Studio # * Computational Research Laboratories
(CRL) & “EKA” Z = ks fivdher g 5 - 303D

@ # “Alpha and Omega” - #5dp H3% = 7 3Fd 2
HERREFEB > 7R ALE 50% 12 B BIFE
B oo

FEIFY [TO] HFidehEh a2 8@/
LR g FRIE S ZHEL B REEN)
ARk 2 EBEY U PRIAE S (services oriented)
Be B9t FE L R RELANERT
(application oriented) i & §73% F 3 o 4oB] 1 97
A (7] mah ARt B RIRAE S 2 RR
FEaR NS 2Ty iJ;}'Flra»-&r'l";}'S:_ ;,\fgt—tlg:,gg’a:
2R A REY FI/),%? o pEa’“P‘}/‘—er"*ﬁ“
FRERMEE - kv ko % ﬁfeprs%««*;%
CEB S TRDNEREFERL 2



TANET20130 00000000 -00000

A
Scale

Distributed S

Services
Oriented

Application
Oriented

Bl 1 R 2w

3HEANZHER
A B 5;51534%51' *;ﬁ Bl sl & B A

L%ﬁ*%?ﬁﬁi;ﬁﬁﬁp’ﬁh$ﬁ$%o
R - BEEER (L g E

F 1) ¢ AW Y i B AR T R BIREE
@,ayﬁu%ﬁﬁw%%%kﬁoéﬁﬂWﬁ*
PR ET RS AT AL RIAR
FoapiApHEERE > AEDIRY £
Eﬁ AR FANEEMIRLR AT HE &

4

=3

b

%ﬁﬁ%]ﬁ]xjipdﬁlﬁois_ﬂmz‘mﬁﬁ
i
EF f';-;

ZHE ﬂ,%ﬁﬁﬂﬁéz%u@‘?
WAH -~ BRIRE - EWSE C RIBFIEE 5B
B oo B 2 T e

FRA & BEsE &R
[ Maya || Blender || 30 Max || Mental
Web L'ortal . Ray | RALFEY |
iChrome,
FireFox. 1K) .
FEREH | s R |
Application AES AT H HEE 4
Tnierface
(Java, T'ythen} ﬁiﬂ%%ﬁiﬁ: | BEsE |
¥ E1ia A | . I | . I
| 5% ” iy | g REHD EEATE

W2 FEN2HEW I RER

() FRAA#HERIEREAMFT R T4}
Mo BEGKE L T ARG Y UG
BlAM2 EWcng2 hkang s RS
BREFEZERT R APl Al i & %
HE R A R L4 T A AR 20
¥ A2 m R IRIARS

(i) EWRE &Y F 5 BEa o 3% 4 2 g/
%%M&M%Eﬁmiﬁiﬁﬁoﬁﬁﬁﬁ
::;;u%g 8 B (b4 Maya) 7 & 4 3%

(Llcense) PEo W SR R R T

HEAR - ﬁ’*l#g'ﬁﬁﬂ@mg&"?ﬂ
Bl gk B enF R ok Bt B W AR A R
FERUEZERMFT R - ERERE LS4 peo
Pl BBF i wflegd F g -

(i) ER:EF:LZFRI Fndd D78 5 H L

E_zé T3FF

e BB o Ak AL B S RF AL ehE
B3 & o 5]4c : Maya, Blender 2 Mental Ray.
Akt gz “{’iﬁﬁwo
W)Rﬁ?ﬂﬁuf 54 B chdp M RAR 8 35 BoIR
BT e R FHER B RFL TR
?w %4 w;wr?wo
(v) I}B"/Tmm%q*—%” TV BERT FITA LS
#HiE APl &fe 73R %
% # Java~Python> A k#-A 3 g %

of s R

Fopw i

BIEFET
i 5 (£#% 4 1 Web Portal 12 JavaScript (i.e., ExtJSY)
B S JRIRE A 1 Java F T~ HWIE AR
#* Python 33 © B BI/RAA L & L5:F C+t
Blre b FH AL ET FIREA B2 MySQL 6.0
£ Tomcat7.0 % i -

APEEHE R AR > RIP R Y
T o B ARY F L REERGIRAEE » ﬂ\ 4
Ao RFIBER RN P BHEF IR, ®¢
B XFREAANET b4 %ﬁ'l%/ﬂlj‘/f/‘?"ﬁ
A ZBEBRBRERILAD B TR TP
M5l ¢ AR TR AR % FIE
BEHE S PP 2P FILERd S8k  R P
B chpEdt > Gl4cBl S %5 1,4, 7 FIRiEd s 3o
PLESPER LR FFL S A2 BT ETY
B.% % 5 b4e:1hr, Shrs, 12 hrs, 1 day, 45 % B4
T_PF R EE “2013/07/31 14:00:00” © # {5 3% 2 - 5 [
AR o B BRI AR R § TR
IR EAREL BT R P 3.2) 0 &A%
HEBERL L SR T REE B E L ) 5

« SLiE T

FRmER - EBEMAT ’xé"'*—‘};’f"f" FEET K
£ BBk
- ~
ALHBES |
ERE AP LB IS e mnn s - £
A Al tH HPHT - MRES - = FHEFH |
‘Wehb Portal LS REH)

. >
' Ty
it p P S
samns | 0| xase [ | msn || nexs
. R 8 )

UIRIERE F S S 37T

32 FWER R AT RRE

kil REBERPETEG ARy &k
BAERET R Ame RN -2 RN AR
ERF AR o E BRI e E B
ooh B B mAR N PR Ak
for Bd s fo ~ 2 FIEIEM fiena ’ 255 3 28
" ftotal(i.’z—i@ (f. - f)) Pﬁf&ﬁ;}g_ 45—

interval

fire (1€, f) dpi% R S B W& B n &7 8
first #T % 1 k#’ P g o B

% F 2

g]’ IE"—T'I n; @—F—:

! http://mww.sencha.com/products/extjs




TANET20130 00000000 -00000

B tirg X for Kk & 3H ﬁ’r*ﬁ b B tiotal ° Tiotal
SE- SRR R O RRERE > T AP R
g "ﬁ B % PR texpected ;-?J“ ﬁ& o i E ttotal é
texpected AlE BRI EE R o 1R

Lk ‘?‘j"-'g ’2:;}7? tiotal & Lexpected Fm mu’ B j\ﬁj“_ﬂ #E
Wik i - B 4 S AREHFTRRE e
S A ©

. Algorithm: Resource allocation strategies
Input: A render job j; with material and some °
user’s parameters including start frame f,, .
end frame f,, frame interval fiyerva, and
expected time texpected- .
Output: the amount of rendering nodes N.
1. Calculate fi by (fe—f5);
fm'{erval .
2. Calculate tg by using one render node to -
render f; )
If (fora = = 1) return O; the j; is completed.
4. Calculate ty bY trirst X( fiow — 1); /1% frame
has been rendered.
5. intN=0; //& 8- F h#cE

6N=%mm[%m)ﬂﬁ%Nzl

w

t

expected

7. Return N.
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. Algorithm: Dispatch job to render node(s). B
: Input: Sorted Joby .
Output: Dispatching job.
1. while (true) {

2. Get the j; from Joby . .
3. Get the figure of required render nodes N °
from ji; :
4. Detect whether the render pool P has enough
render nodes: .
® if true, get the render nodes set N -
directly. :
®  else, get the idle render node Nig, from
P and get (N—Nqge) by auto-provision .
procedure. '
5. After getting N,

then dispatch j; on N
uniformly. '
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No.| F trotal tavg o tirst | Yjavg first|
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