
  

Scripting Object Behavior
Users script in Emerson, a 
JavaScript-based programming 
system that designed for virtual 
world application development. 

Data model
● Multi-presencing - Allows a 

single script to control many 
objects in the virtual world.

● Sandboxing - Language-level 
sandboxing allows objects and 
avatars to execute code from 
others they do not trust.
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(a) A customer and bank exchange
     messages over the network

(b) Strawman: scripter writes bank
     message code separately from customer's.
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(c) Proposed approach: scripter writes message code in a single structure, which 
     system partitions, increasing coherence on most difficult to debug task.  Leverage 
     cognitive literature to choose structure and syntax of protocol specification.

Sirikata replaces distance queries with solid angle 
queries, returning objects covering many pixels. Queries 
are global because large, distant objects can satisfy the 
query.  A novel modification to Bounding Volume 
Hierarchies, the LBVH, makes them scalable and efficient.

PIntO: Discovery With Solid Angle Queries

               Range query                          PintO                    PIntO with aggregates                     Ideal

● Aggregate queries, computed from individual queries, reduce 
inter-server communication and querying load

● Geometric server discovery reduces inter-server querying
● Aggregate queries return local, directly connected objects
● Individual queries are resolved with a combined LBVH, 

returning objects and aggregates spanning the entire world.

Distributed querying builds on this scalable data structure:

Conditioning User Content for Delivery

● Reducing Draw Calls
● Simplifying Mesh

Conditioning Goals

Content must be conditioned into a format suitable for real-time rendering and network delivery

1. Clean and normalize
2. Break the model into charts, contiguous 

submeshes used to map the mesh into a texture
3. Fairly allocate texture space to charts
4. Pack charts into a texture atlas 
5. Simplify the model
6. Encode in a progressive, streamable format

Conversion Process

Meshes are “charted” during conversion

Low Medium High

 Base, low-resolution version of the model
 Additional vertices streamed via a 
progressive mesh format

 Higher resolution textures (mipmaps) 
downloaded for additional texture 
resolution 

Delivery Format

Solid angle queries alone can miss large collections of small objects, 
so Sirikata aggregates objects using the LBVH.
● Each internal node represents an aggregate
● Assigned object identifier; meshes are combined, simplified, and 

stored on the CDN
● Cut gives complete view of world, some at lower quality
● Only visual placeholders; objects cannot communicate with them

Object Aggregation for Complete Views

For efficient download and display:
● LBVH groups similar objects using Zernike shape 

descriptors computed by the CDN
● Shared geometry and textures stored once per 

aggregate
● “Instance-aware” simplification exploits redundancy 

in aggregates, tracking the effect of each submesh 
edge on the overall mesh and only collapsing 
submesh edges

Cut

Returned as aggregate

Returned as individual object

 

Sirikata: A Scalable Server for 3D Metaverses
Ewen Cheslack-Postava*, Behram F. T. Mistree*, Tahir Azim*, Daniel Reiter Horn*, Jeff Terrace§, Philip Levis*, Michael J. Freedman§

* Stanford University                                § Princeton University

Motivation
Metaverses are virtual worlds where any 
user can add objects and script their 
behavior.

Metaverses pose a unique combination of challenges:

● Distributed - but not data parallel.
● Seamless - many clients simultaneously share and 
observe the same environment.
● Low latency - must be responsive to user interaction.
● CPU-intensive - worlds must simulate physics for every 
object in the world.
● Dynamic - users control and modify content. State can 
change significantly and quickly.  

● Reducing Texture Space
● Progressive Transmission

Protocol scripting with cognitive principles

More details in Emerson: Scripting for 
Federated Virtual Worlds. CGAMES 2010.

More details in Unsupervised Conversion of 3D 
Models for Interactive Metaverses. ICME 2012.

Forwarder: Geometric Congestion Control
● Forwarder enables inter-object communication
● Physically-motivated falloff function gives high weight to 

nearby & large objects
● Guaranteed minimum quality of service for each pair of objects

Implementation
● Based on Core Stateless Fair Queueing
● Handle weights that vary by orders of magnitude
● Minimize per-flow state with 3 stage, cross-server queue design

More details in A Scalable Server for 3D Metaverses. USENIX ATC 2012.

(a) Original Instanced Scene (16 MB)

(b) Scene with 20% faces using Quadric Simplification (30.9 MB)

(c) Scene with 20% faces using Instance-aware Simplification (5.8 MB)


