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Agenda	  

§  Introduc9on	  to	  Autodesk	  360	  

§ Scaling	  Services	  

§ Reducing	  Data	  
	  
§ Efficient	  and	  Easy	  to	  	  
	  	  	  Rendering	  
	  
§ Features	  Discussion	  
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Introduc:on	  to	  Autodesk®	  360	  

§ Cloud	  Applica9on	  Suite	  

§ Goals	  of	  A360	  
§ Storage	  
§ Sharing	  	  
§ Collabora9on	  
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Autodesk®	  360	  Rendering	  

Rendering	  Portal	  /	  Gallery	  

Autodesk®	  Revit®	  2013	  

Autodesk®	  AutoCAD®	  2013	  
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Autodesk®	  Homestyler®	  
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User	  Perspec:ve	  
	  
	  
VS	  
	   	  	  
	  	  

Developer	  Perspec:ve
	  	  

	  

Percep:on	  vs	  Reality	  
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User	  Perspec:ve 	   	  	  
	  The	  cloud	  is	  infinite;	  	  I	  can	  render	  anything.	  
	  

Problem:	  Conflic:ng	  Perspec:ves	  
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User	  Perspec:ve 	   	  	  
	  The	  cloud	  is	  infinite;	  	  I	  can	  render	  anything.	  
Developer	  Perspec:ve 	  	  
	  The	  cloud	  isn’t	  free;	  	  Rendering	  costs	  Autodesk	  money.	  
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Problem:	  Conflic:ng	  Perspec:ves	  
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Quality	  of	  Service	  
	  
Vs.	  
	  

Cost	  
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Quality	  of	  Service	  Vs	  Costs	  

§ Try	  to	  maintain	  user’s	  vision	  of	  infinite	  cloud	  
§ Wait	  9me	  
§  User	  empowerment	  
§  New	  features	  immediately	  
§  Infinite	  and	  secure	  storage	  
§  Rendering	  by	  anyone	  
§  Quick	  and	  painless	  

§ Cut	  costs	  
§  Scale	  down	  compute	  
§ Minimize	  data	  
§  Efficient	  rendering	  
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Cost	  vs	  Quality	  of	  Service	  

§ Try	  to	  maintain	  user’s	  vision	  of	  infinite	  cloud	  
§ Wait	  9me	  
§  User	  empowerment	  
§  New	  features	  immediately	  
§  Infinite	  and	  secure	  storage	  
§  Rendering	  by	  anyone	  
§  Quick	  and	  painless	  

§ Cut	  costs	  
§  Scale	  down	  compute	  
§ Minimize	  data	  
§  Efficient	  rendering	  
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Consumer 
Application 

http://rendering.360.autodesk.com 

Rendering as a Service 
Server(s) 

Cloud Platform 

Compute 
Nodes 

Integra:ng	  Cloud	  rendering	  in	  Autodesk	  products	  
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Scalability	  Axes	  

§  Integra9ons	  and	  updates	  for	  applica9ons	  

§ Managing	  compute	  for	  efficiency	  
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Problem:	  Difficult	  Adop:on	  in	  Applica:ons	  

§ Support	  many	  apps	  
§ Quickly	  out-‐of-‐sync	  
§ Results	  non-‐trivial	  to	  view	  
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Example:	  Plugin	  Update	  

Plugin V1 Plugin V2 
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Solu:on:	  Service	  Updates	  in	  the	  Cloud	  
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Solu:on:	  HTML	  Viewer	  Widgets	  

http://raas.autodesk.com/gallery/basic_arcitecture.rvt 

1.  Simple html, 1-5 lines code 
2.  Iframe sets up source URL 

to viewer URL 
3.  RaaS displays content by 

mode + type 
4.  API can be customized 

Gallery 
viewer 

Image 
viewer 
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Solu:on:	  HTML	  Viewer	  Widgets	  

http://raas.autodesk.com/Viewer/Show/5f82e8bb0b674732ab95e6a94633b1fd 

Image 
viewer 
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Scalability	  Axes	  

§  Integra9ons	  and	  updates	  for	  applica9ons	  

§ Managing	  compute	  for	  efficiency	  
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Scaling	  compute	  resources	  

Base	  capacity:	  Data	  Center	  in	  Santa	  Clara	  
§  104	  8-‐core	  Dell	  servers,	  Intel® Xeon® CPU	  E5420	  	  @	  2.50GHz	   	  	  
§  Megapixel	  capacity	  –	  At	  quality	  “high”	  render	  1560	  MP	  of	  	  rendering	  per	  day	  
§  Typical	  loads	  –	  5000	  MP	  a	  day.	  
	  
Spill	  over	  resources:	  Amazon®	  EC2	  	  
§  Cluster	  compute	  cc1.4xlarge	  and	  cc2.8xlarge	  instance	  types.	  
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Quality	  and	  Cost	  of	  Service	  

§ Try	  to	  maintain	  user’s	  vision	  of	  infinite	  cloud	  
§ Wait	  9me	  
§  User	  empowerment	  
§  New	  features	  immediately	  
§  Infinite	  and	  secure	  storage	  
§  Rendering	  by	  anyone	  
§  Quick	  and	  painless	  

§ Cut	  costs	  
§  Scale	  down	  compute	  
§ Minimize	  data	  
§  Efficient	  rendering	  
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Problem:	  	  Too	  Much	  Data	  in	  the	  Cloud	  

§ Serializa9on	  every	  9me	  is	  expensive	  
	  
§ Bandwidth	  needs	  are	  high	  
	  
§ Data	  can	  be	  re-‐rendered	  
§ Must	  be	  stored	  at	  the	  cloud.	  	  	  

§  Costs	  $	  (€,	  £,	  etc…).	  	  	  
§  Some	  data	  stored	  millions	  of	  9mes!	  
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Solu:on	  

1.  Distribute	  scene	  

2.  Reduce	  duplica9on	  	  
	  
These	  things	  are	  accomplished	  using	  unique*	  asset	  hashes	  
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Example	  	  

§ Terminology	  
§ Scene	  graph	  has	  

§ Metadata	  nodes	  	  
§  Binary	  data	  nodes	  

§ URI	  “loca9on#name”	  =>edge	  to	  node	  	  “name”	  in	  package	  
“loca9on”	  
§  loca9on	  ==	  “”	  =>	  edge	  points	  to	  node	  in	  same	  package	  
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A	  Traversal	  Example	  
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Data	  Problem	  Solved!	  

§ Really	  just	  mi9gated	  J	  

§ Automa9c	  hash	  de-‐duplica9on	  	  

§ Hash	  +	  database	  
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Quality	  and	  Cost	  of	  Service	  

§ Try	  to	  maintain	  user’s	  vision	  of	  infinite	  cloud	  
§ Wait	  9me	  
§  User	  empowerment	  
§  New	  features	  immediately	  
§  Infinite	  and	  secure	  storage	  
§  Rendering	  by	  anyone	  
§  Quick	  and	  painless	  

§ Cut	  costs	  
§  Scale	  down	  compute	  
§ Minimize	  data	  
§  Efficient	  rendering	  
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Problem	  

1.  Automa9c,	  efficient,	  reliable,	  predictable	  

2.  Reduce	  (eliminate?)	  user	  assistance.	  
§  No	  portals.	  
§  No	  setng	  of	  number	  of	  photons	  
§  No	  setng	  of	  final	  gather	  rays	  
§  No	  user	  control	  of	  ray	  epsilons,	  etc…	  
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MDLC	  and	  Spectrum	  

Lightcuts 
Siggraph 2005 

Multidimensional Lightcuts 
Siggraph 2006 
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Problem:	  Glossy	  Objects	  

Basic	  VSLs	   Our	  Solu:on	  
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Solu:on:	  Eye	  Ray	  SpliWng	  

§ Split	  and	  recursively	  trace	  eye	  
rays	  for	  glossy	  materials	  

§ Heuris9c	  determines	  split	  rate	  
from	  material’s	  glossiness	  

§  Increase	  maximum	  cut	  size	  to	  
accommodate	  increased	  sampling	  

	  
	  

mirror	  

glossy	  
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Problem:	  High	  Occlusion	  

Our	  Solu:on	   Naïve	  MDLC	  
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1st	  pass	  

2nd	  pass	  

im
portance	  density	  

Solu:on:	  VPL	  Targe:ng	  

§ Modeled	  on	  
photon	  mapping	  with	  
importance	  

§ Two	  pass	  algorithm	  
§  1st	  pass:	  Trace	  eye	  ray	  samples	  
§  2nd	  pass:	  Use	  importance	  
density	  es9mates	  to	  reject	  VPLs	  
with	  Russian	  roulewe	  
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Advantages	  
MDLC	  combined	  with	  our	  heuris9cs	  gives	  many	  advantages	  
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Advantages	  
MDLC	  combined	  with	  our	  heuris9cs	  gives	  many	  advantages	  

Makes design-size models feasible to render without impacting designer’s work 
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Advantages	  
MDLC	  combined	  with	  our	  heuris9cs	  gives	  many	  advantages	  

Allows more predictive costs with scene complexity and render quality 
Day	  (sky	  on)	   	  Night	  (sky	  off)	  

Se
c:
on

ed
	  

Fu
ll	  
M
od

el
	  

Baseline	   2.5x	  

2.6x	  1.25x	  

0	  

0.5	  

1	  

1.5	  

2	  

2.5	  

3	  

3.5	  

<1	   1-‐2	   2-‐3	   3-‐4	   4-‐5	   5-‐6	   6-‐7	   7-‐8	   8-‐9	   9-‐10	   >10	  

Co
st
	  R
el
a:

ve
	  to

	  S
un

/S
ky
	  

Bins	  of	  Lights	  By	  100s	  

Standard	   High	   Best	  
Rel.	  Cost	   1	   1.6	   2.1	  
1000's	  of	  VPLs	   125	   600	   600	  
Eye	  Samples	   1	   16	   64	  
Max	  Cut	  Size	   1024	   16384	   16384	  

0	  

0.5	  

1	  

1.5	  

2	  

2.5	  
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Advantages	  
MDLC	  combined	  with	  our	  heuris9cs	  gives	  many	  advantages	  

Cheap low-quality modes consistent with higher-quality modes 

(Spectrum) 
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Advantages	  
MDLC	  combined	  with	  our	  heuris9cs	  gives	  many	  advantages	  

Eliminate need for render-expert users; No portals, reduced parameters 

Revit 

Users focus on their job. Renderer figures out “important” illumination, 
decides when image is done enough. 

3ds Max 
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Case	  1	  –	  Global	  Illumina:on	  

Mental	  Ray	  has	  two	  choices	  
§  Final	  Gather	  (approximated,	  slow	  with	  mul9ple	  bounces)	  
§  Photons	  (faster,	  deeper,	  requires	  knowledge	  and	  tes9ng)	  

Parameters	  not	  always	  universal,	  or	  inefficient	  in	  most	  cases	  if	  
tuned	  high	  
	  
Spectrum	  awempts	  to	  be	  adap9ve,	  requiring	  few	  user	  parameters	  

The Test: Light 
Source Subject only gets 

indirect light after 
multiple bounces 

 



 
AUTODESK CONFIDENTIAL Cloud Platforms Cloud Platforms 

Case	  1	  –	  Global	  Illumina:on	  

Draft 
10s 

Spectrum 

Revit® 

3ds Max® 

Medium 
28s 

High 
1m 55s 

Best 
11m 28s 

Custom 1 (FG 5 bounces) 
2m 45s 
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Case	  1	  –	  Global	  Illumina:on	  

Spectrum 

Revit® 

3ds Max® 

Draft 
10s 

Medium 
28s 

High 
1m 55s 

Best 
11m 28s 

Custom 1 (FG 5 bounces) 
2m 45s 
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Case	  1	  –	  Global	  Illumina:on	  

Spectrum 

Revit® 

3ds Max® 

Draft 
10s 

Medium 
28s 

High 
1m 55s 

Best 
11m 28s 

Custom 1 (FG 5 bounces) 
2m 45s 
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Case	  1	  –	  Global	  Illumina:on	  

Spectrum 

Revit® 

3ds Max® 

Draft 
10s 

Medium 
28s 

High 
1m 55s 

Best 
11m 28s 

Custom 1 (FG 5 bounces) 
2m 45s 
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Case	  1	  –	  Global	  Illumina:on	  

Spectrum 

Revit® 

3ds Max® 

Draft 
10s 

Medium 
28s 

High 
1m 55s 

Best 
11m 28s 

Custom 1 (FG 5 bounces) 
2m 45s 
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Case	  1	  –	  Global	  Illumina:on	  

Draft 
37s 

Spectrum 

Revit 

3ds Max® 

Standard 
1m 46s 

High 
5m 26s 

Best 
8m 7s 



 
AUTODESK CONFIDENTIAL Cloud Platforms Cloud Platforms 

Case	  1	  –	  Global	  Illumina:on	  

Spectrum 

Revit 

3ds Max® 

Draft 
37s 

Standard 
1m 46s 

High 
5m 26s 

Best 
8m 7s 



 
AUTODESK CONFIDENTIAL Cloud Platforms Cloud Platforms 

Case	  1	  –	  Global	  Illumina:on	  

Spectrum 

Revit 

3ds Max® 

Draft 
37s 

Standard 
1m 46s 

High 
5m 26s 

Best 
8m 7s 
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Case	  1	  –	  Global	  Illumina:on	  

Spectrum 

Revit 

3ds Max® 

Draft 
37s 

Standard 
1m 46s 

High 
5m 26s 

Best 
8m 7s 
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Case	  1	  –	  Global	  Illumina:on	  

FG 10 bounces 
2h 15m 28s 

Spectrum 

Revit® 

3ds Max® 

50 million Photons 10 bounces and FG 
12m 9s 
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Case	  1	  –	  Global	  Illumina:on	  

Spectrum 

Revit® 

3ds Max® 

FG 10 bounces 
2h 15m 28s 

50 million Photons 10 bounces and FG 
12m 9s 
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Case	  2	  –	  Area	  Lights,	  Drad	  

Revit® 10 lights 
43s 

Revit® 100 
9m 57s (13.9X) 

Spectrum 10 
33s 

Spectrum 100 
58s (1.7X) 
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Case	  2	  –	  Area	  Lights,	  Standard	  

Revit® 10 lights 
9m 31s 

Revit® 100 
2h 29m 41s (15.7X) 

Spectrum 10 
1m 12s 

Spectrum 100 
1m 47s (1.5X) 
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Case	  2	  –	  Area	  Lights,	  High	  

Revit® 10 lights 
45m 5s 

Revit® 100 
11h 26m 39s (15.2X) 

Spectrum 10 
5m 16s 

Spectrum 100 
13m 24s (2.5X) 
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Cloud	  Rendering	  Performance	  and	  Quality	  

Revit®	  >	  
	  

Quality:	  High	  
Render	  9me:	  23:09	  

	  
	  
	  

< Cloud Rendering 
 
Quality: High 
Render time: 5:48 
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Cloud	  Rendering	  Performance	  and	  Quality	  

Revit®	  >	  
	  

Quality:	  Best	  
Portals:	  Enabled	  

Render	  9me:	  9:06:00	  
	  
	  
	  

< Cloud Rendering 
 
Quality: Best 
Advanced Exposure 
Render time: 1:06:00 

original brick 
wall texture 
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Some	  Results	  

Over 30,000 users 

Thousands of jobs per day 

150 s/megapixel average (64 cores) 

More than half million render jobs 
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hwp://www.facebook.com/Autodesk360Rendering	  
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For	  More	  Details…	  

SIGGRAPH	  2012	  Course	  
Op9mizing	  Realis9c	  Rendering	  With	  Many-‐Light	  Methods	  
Jaroslav	  Krivanek,	  Milos	  Hasan,	  Adam	  Arbree,	  Carsten	  Dachsbacher,	  Alexander	  
Keller,	  Bruce	  Walter	  	  
Sunday,	  5	  August,	  2-‐5:15	  pm	  	  
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Obligatory	  Features	  Discussion	  

§  Several	  rendering	  workflows:	  S9lls,	  Solar	  Studies,	  Panoramas	  
§  Scalable	  rendering	  many	  light	  sources	  

§  Points,	  spheres,	  rectangles,	  etc…	  with	  IES	  distribu9ons	  
§  Mesh	  lights	  with	  diffuse	  emission	  
§  Physically	  based	  sky	  model	  or	  HDR	  environment	  ligh9ng	  

§  Autodesk	  Protein	  materials	  
§  Physically-‐plausible	  BRDFs	  
§  Color	  and	  bump	  textures,	  bitmaps	  or	  procedurals,	  decals	  

§  Limited	  instancing	  support	  
§  Depth	  of	  field	  
§  Ray	  differen9als,	  texture	  filtering	  
§  Robust	  single	  precision	  rendering	  

§  scene	  re-‐centering	  
§  Rela9ve	  ray	  offsets	  ala	  Carsten	  Wӓchter	  

§  Scalable	  across	  cores	  and	  nodes	  
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Features	  TODO	  

§ More	  algorithms	  
§ Caus9cs	  
§ Subsurface	  scawering	  
§ Mo9on	  blur	  
§ Surface	  displacement	  
§ More	  render	  workflows	  
§ NURBS/high-‐order	  surfaces	  
§ Double	  precision	  
§ Bewer	  instancing	  
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§ Accelera9on	  structures	  with	  instancing	  
§  Problem:	  	  No	  simple	  method	  always	  good	  

§  Scene	  one:	  10000	  iden9cal	  chairs	  
§  Scene	  two:	  10000	  nested	  soup	  bowls	  
§  Scene	  three:	  both	  

§  How	  to	  get	  fast	  intersec9on	  with	  high	  memory	  savings?	  

Bonus:	  Call	  for	  Research	  
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