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NetGames / MMVE 2010
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Recommended Requirements 
for Second Life Client
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iPhone 4S: A5 Chip with 7x faster graphics
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Minimum SL Requirement iPhone 4S

(Based on benchmark of PowerVR SGX 543MP2 in the A5 in an iPad 2)
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how to render HQ 3D 
NVE on mobile devices?
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6.5 
Mbps

average video data rate measured
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There are network issues, the 
upload is too slow to read the 
controller inputs properly, and a 
tightened bandwidth mushes the 
720p video into an abstract, 
YouTube-on-a-56k-modem, Jackson 
Pollock-style blur.
--- WIRED’s review of OnLive
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135-240 ms for OnLive
400-500 ms for StreamMyGame
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How to reduce 
bandwidth requirement 

and interaction delay?
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Image-based Warping Example
(SIGGRAPH Newsletter 33(4), by L. McMillan and S. Gortler)
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Reference Ground Truth

Warped
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Reference Ground Truth

Warped
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Warped

Combined Concealed
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Warped
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Bandwidth reduced by not 
sending every frame

Latency reduced by computing 
new scenes locally
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works fine for static scene 
(e.g., single user building walkthrough)

but NVE is highly dynamic 
(other avatars are moving)
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either send more frequent key 
frames 
  or
have more holes in the rendered 
scene
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relying on server or cloud is not 
scalable and could be expensive
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Can we do better?
1. more scalable solution
2. less data sent
3. fewer holes
4. support dynamic scenes
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Observation 1

NVE is accessed by 
multi-users 

simultaneously
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Observation 2

Many clients use 
desktop with powerful 

GPU to access NVE
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Observation 3

Many avatars move 
very little within the 

NVE
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Observation 4

3D information is 
available
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Observation 5

Many objects are static 
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Key Idea

Reuse rendering of 
objects at desktop 

clients for mobile clients 
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Can we do better?
1. more scalable solution
2. less data sent
3. fewer holes
4. support dynamic scenes
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more scalable:
exploit peer resources instead 

of relying on servers

exploit multiple peers
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less data sent:
rendering of objects are not 
sent if they change very little
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fewer holes:
objects rendered separately 

without occlusion and 
composed at client
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support dynamic 
scene:

dynamic objects can be 
rendered locally
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how it works
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3 types of rendering elements:

 far static objects (background)
near static objects 

dynamic objects (avatar)
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2 types of peers

 assistant (desktop)
assistee (mobile)
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repeat:
   determine best set of assistants
   check current list of static objects in view
   if does not have the impostor for the object or
       view of object has changed significantly
   then 
       request for object impostors from assistants
   render the impostors and dynamic objects  
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repeat:
   determine best set of assistants
   check current list of static objects in view
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questions

1. how to find assistants?
2.  will there be enough of 
  them in practice?
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what makes a good 
assistant?
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good assistants

1. have similar objects in view 
 (so no need to download extra objects from
  server)
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good assistants

2. have similar view of objects 
 (so less errors when warping to assistee’s 
 view)
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good assistants

3.  have extra computational 
  resources
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good assistants

4.  good network connectivity
  (low latency, loss rate, high throughput)
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good assistants

5.  trustworthy
  (won’t send random stuff to assistee)
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first step: 
consider view similarity
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View similarity = ratio of overlapped area in the 
2D viewing frustum of two avatars
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High overlapped area

Monday, May 7, 12



but viewing angle cannot be too different
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for multiple assistants, take the 
union of the overlapped regons.
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VS(a, S): view similarity 
between assistee a and 

set of assistants S.
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questions

1. how to find assistants?
2.  will there be enough of 
  them in practice?
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Collected real traces 
from Second Life

1. insert bot into SL

2. log avatars seen (position,   
  viewing directions) every 10s
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Region # Records # Avatars

Freebies 5786 71

Japan 
Resort 5912 61

Sunland 2516 53

(one hour trace at noon, 23-01-11)
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VSmax(a, k, t) : 

maximum view similarity of 
- assistee a 
- over all subset of k assisstants 
- at time t
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VSavg(a, k) : 

average VSmax(a, k, t) over all t 
where a appears

Monday, May 7, 12



 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

P
ro

b
a

b
ili

ty
 (

C
D

F
)

Similarity

SUNLAND 12:00:00 Average Best-N-Peers Viewpoints Similarity

Best-1-Peers Sml
Best-2-Peers Sml
Best-3-Peers Sml

Sunland CDF of VSavg(a, k), for k = 1, 2, 3
k = 1
k = 2
k = 3

Monday, May 7, 12



 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

P
ro

b
a

b
ili

ty
 (

C
D

F
)

Similarity

Freebies 12:00:00 Average Best-N-Peers Viewpoints Similarity

Best-1-Peers Sml
Best-2-Peers Sml
Best-3-Peers Sml

Freebies CDF of VSavg(a, k), for k = 1, 2, 3
k = 1
k = 2
k = 3

Monday, May 7, 12



 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

P
ro

b
a

b
ili

ty
 (

C
D

F
)

Similarity

Japan Resort 12:00:00 Average Best-N-Peers Viewpoints Similarity

Best-1-Peers Sml
Best-2-Peers Sml
Best-3-Peers Sml

Japan Resort CDF of VSavg(a, k), for k = 1, 2, 3
k = 1
k = 2
k = 3

Monday, May 7, 12



2-3 assistants are sufficient.

More than half of users can find 2 
assistants with >0.75 similarity on 
average (in the best case).
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questions

1. how to find assistants?
2.  will there be enough of 
  them in practice?
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Given:

a: assistee 
k: limit on # of assistants
A: set of candidate assistants

Find a subset S ⊆ A such that |S| ≤ k
and VS(a, S) is maximum.
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Greedy Heuristic
S = { }
repeat:
   x0 = arg           VS(a, S U {x})

   S = S ∪ {x0}   
   A = A − {x0}
until |S| > k  or  VS(a,S) > threshold

max
x ⋲ A
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Simulation Results
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Rendering Results with Different Number of Assistants

k=1 k=3 k=5
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Rendering Results with Different Similarity Threshold

0.6 0.8 1.0
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Transmission Overhead
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On-going Research
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Other considerations for choosing assistants

data completeness
CPU/GPU resources
network conditions

incentive
trust 
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Other work assistants can perform

download
extra 3D objects?

render extra 3D 
objects?

X X
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Other work assistants can perform

download
extra 3D objects?

render extra 3D 
objects?

X X

X ✓
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Other work assistants can perform

download
extra 3D objects?

render extra 3D 
objects?

X X

X ✓

✓ ✓
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Other ways of partitioning into 
rendering elements

given a frame rate threshold, 
maximize quality by 
adjusting what is rendered 
locally and what is rendered 
remotely. 
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Conclusion
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Two key ideas:

1.  decompose into per-object 
  impostors
2.  exploit peers’ rendering 
  capability
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