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Introduction and Motivation

Combine heterogeneous editing 
tools and heterogeneous document 
repositories
Utilize Web-services to standardize 
API
Generalized collaborative editing 
system
Increase concurrency while 
minimizing communication costs



Concurrency

Operational Transformation
Optimistic (no locking)
Continuous multicast
Transform operations to ensure CCI

Convergence, Causality Preservation, and 
Intention Preservation

Locking
Reduces concurrency (exclusive write)
Avoids need to merge/OT
Reduces communication overhead
Traditionally done at a file level
Fine-grain locking offers potential



OT Example

Site 1 Site 2

“bat”
O1=ins(1, ‘l’) O2=del(1)

“blat”
“bt”

O2=del(1)
O2’=del(2)

“bat” “blt” O1=ins(1, ‘l’)

“blt”

Incorrect without
transformation

Correct with
transformation O1= O1’



Architecture

Connects to existing, heterogeneous 
client applications

MS Word, OpenOffice, JavaBeans, MS Studio, 
etc.

Connects to existing, heterogeneous 
server document repositories

VSS, CVS, RCS, etc.

Synchronous and asynchronous change 
notification

Email, IM, etc.



Achieving Heterogeneity



Components

Client Application Listener
Hooks to existing editing software
Caches changes
Sends changes to Web Service

Web Service
Publishes API – check-in, check-out, subscribe
Manages subscriptions and connected users

Fine-Grain Lock Manager
Connects to existing document repository (CMS)
Intercepts check-in and check-out messages
Acts as check-in, check-out proxy
Adds fine-grain locking

Notification Mechanism
Communicates to Email, IM, etc. to notify users of 
changes based upon their subscription preferences



Open-system architecture for 
distributed repositories

Existing Client Application
(MS Word, JavaBeans, etc.)

Client Application 
Listener

Web Service

Fine-Grain Lock 
Manager

Existing Server Repository
(VSS, CVS, etc.)
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Events
1. State update message (user edit of artifact) is sent to the Client 

Application Listener
2. The Client Listener caches the change
3. When the cache must be flushed changes are sent to the Web 

Service on the server 
4. The Web Service sends updates to the Fine-Grain Lock Manager 
5. Fine-Grain Lock Manager updates its data store and sends the 

check-out or check-in message to the existing Server Repository.
6. The Server Repository confirms update of the artifact to the Fine-

Grain Lock Manager
7. The Fine-Grain Lock Manager notifies the Web Service component 
8. For each client subscribed for notification concerning this document 

being changed, the Web Service component sends a message to the 
Notification Mechanism

9. The Web Service component selectively broadcasts change 
notifications to each client interested in the change 

10. The Client Application Listener will receive the update notification 
and cache it if the user is not currently viewing the updated section

11. Consistency is maintained as the user views the content of the 
shared document (cache flushed to client application). 



Fine-Grain Lock Manager Proxy

Situated between the Web Service 
component and the existing CMS
Intercepts check-in and check-out 
requests
Maintains state of who has which 
section of each document
Checks-in and checks-out via proxy
CMS is unchanged
Adds ability to do fine-grain locking



Dynamic Locking Algorithm

Tree representation of document
Lock largest sub-tree possible
Demote lock if request creates 
contention
Promote lock if contention is 
removed
Deadlock-free
Can integrate OT to share larger 
subsections if desired



N-ary Document Tree

Model the document 
as an n-ary tree
Sections and 
subsections
Users can “own” a 
portion of the 
document without 
blocking other users 
from editing other 
portions of the 
document

Title (tartif)
Paragraph A (pa)

Title A1 (ta1)
Paragraph A1 (pa1)

Paragraph A11 (pa11)
Paragraph A12 (pa12)

Paragraph A2 (pa2)
Paragraph A3 (pa3)

Paragraph B (pb)
…

tartif pa pb

ta1 pa1 pa2

pa11 pa12

pa3



ObtainLock

Traverse top to bottom
Increase “grey count” as you 
descend
Keep descending until you reach a 
resolution node

Obtain an available node
Demote another user to resolve conflict
Deny request (or adopt OT)
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RemoveLock

Traverse top to bottom
Decrease “grey count” as you 
descend
Keep descending until you reach a 
resolution node

Release owned node
Promote another user if conflict is now 
removed (“grey count” decreased to 1)
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Simulation

Validates our architecture
Utilizes DEVS Java (discrete event 
simulation engine)
2 configurations

Traditional (no lock manager on server)
Lock Manager Proxy (with fine-grain 
locking)



Simulation Configurations

…

…

Client 1

Client 2

Client N

Network CMS 1

Web 
Service API

Middleware 
Proxy

Server 1

CMS M

Web 
Service API

Middleware 
Proxy

Server M



Tests

3 types of clients
Random (selects from all documents)
Hybrid
Clustered (picks documents localized)

Various distributions of clients
3 or 9 servers (various distribution 
of documents)
Various iterations (time duration of 
simulation)



Simulation Runs

* Test 5 for the fine-grain version was run to 5000 iterations to obtain lock failures

12111150009

50502020151540251510101025008

1001004040303080503010101050007

100100404030308050301010105006

102010111500*5

1213005004

1210305003

1210035002

1211115001

S9S8S7S6S5S4S3S2S1HybridClusteredRandomIterationsTest

Repository Distribution
(# Artifacts at each Server)

Client Distribution
(# per type)



Results

73%7.24%26.55%9

67%2.99%9.08%8

67%2.62%7.91%7

65%5.81%16.39%6

63%0.75%2.00%5

64%7.02%19.64%4

76%6.38%26.92%3

50%11.67%23.33%2

78%7.27%32.75%1

ImprovementWith Fine-grain LockingWithout Fine-grain LockingTest

Fail Rate



Conclusion

Architecture achieves 
heterogeneous connection

Client editing tools
Server repositories

Simulation validates architecture
Hierarchical locking

Maximizes concurrent access
Minimizes communication costs



Current/Future Work

Current Implementation
Client Listener (Text Editor and MS 
Word)
Web Service API
Lock Manager Proxy (VSS & CVS)

Load testing under real-world 
constraints
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