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Thermometer 1

<http://www.example.com/temp>

PUT 25−35C

GET

Bob Smith

20−30C

Hmm...
What should I wear today?

The Traditional
RESTful Model
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The Trouble With 
Multiple Inputs

Thermometer 1

<http://www.example.com/temp>

GET

Bob Smith

Thermometer 2

???

Huh?
What temperature is it

really?

PUT 20−30C PUT 25−35C
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The Solution?
Data Propagation

Thermometer 1

<http://www.example.com/temp>

GET

Bob Smith

Thermometer 2 wear a t−shirt today.
Guess I’ll probably

UPDATE
20−30C

UPDATE
25−35C

25−30C
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What Are Propagator 
Networks?

▪Concurrent programming paradigm
▪ Message-passing

▪ Separates processing from state

▪Network of propagators and cells
▪ Propagators

▪ Perform computation

▪ Usually stateless

▪ Cells

▪ Contain state

▪ Updated by propagators
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Cells Merge
Partial Information

Thermometer 1

Thermometer 2

Thermometer 1

Thermometer 2
86−95F

(b)

(a)

77−95F

77−95F

77−95F

86−104F
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Propagators
Refine Cells

temp−converter

77−95F

25−35C

temp−converter

86−95F 86−95F

25−35C 25−35C

86−95F

temp−converter temp−converter

(a) (b) (c) (d)

30−35C
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Propagator Networks 
May Be Complex

foo

bar

quux

baz

a

b

c

d
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Distributed Computing 
with Data Propagation

▪Distribute propagation by distributing cells

▪Remote hosts can have different propagators

▪Cells are duplicated by forwarding updates

▪ Propagators wake when updates received from 
remote cells
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Distributing 
Propagation

Host C

Host A Host B

foo

bar

quux

baz

a

b

c

d
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Distributing 
Propagation

aC

aA

bC

bC

bB

Host C

Host A Host B

foo

bar

quux

baz

c

d
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Refinement
Constraints

▪ Idempotence
▪ Don’t care how often we see the same update message

▪ Associativity
▪ We can discard extra information

▪Commutativity
▪ Don’t care about ordering of update messages

▪Monotonicity
▪ Can refine partial-knowledge without deletion
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Moving Past REST

▪ “Representational State Refinement”

▪Build on Client-Server with P2P overlay

▪ Client-Server is too brittle, fault intolerent

▪ Peer-to-peer better for distributed applications

▪ A new operation: Refine/Update

▪ Needs an “idempotent POST”

▪ PATCH (RFC 5789) has semantics, lacks idempotency

14Monday, April 26, 2010



How It Works:
Joining the Network

New Peer Known Peer Other Peers

6

5

7

1

3

2

4

Create Cell {Peer}

UUID {New−URL}

200 OK

POST /Cells/UUID/Peers

GET /Cells/UUID

200 OK {Cell Content}

Merge Content

GET /Cells/UUID/Peers

200 OK {Peers List}

Merge Peers

POST /Cells/UUID/Peers {New−URL}

200 OK

Wake Local Propagators...8

15Monday, April 26, 2010



How It Works:
Sending an Update

Remote Peers

4

2

3

1

Update Cell {Update}

POST /Cells/UUID {Update}

202 Accepted

Merge Content

Wake Local Propagators...

Merge Content

Wake Local Propagators...

Local Peer
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How It Works:
Resynchronization

Local Peer

1

3

5

4

2

Timer Fires

Remote Peer

GET /Cells/UUID

200 OK {Cell Content}

or

304 Not Modified

Merge Content

or

304 Not Modified

Merge Peers

200 OK {Peers List}

GET /Cells/UUID/Peers

Wake Local Propagators...6

17Monday, April 26, 2010



Demo

18Monday, April 26, 2010



What to Watch For

Sending an Update
Receiving an Update

Refining the Cell
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Behind the Scenes

Create the cell
Send an update

(local and remote)
Update peers

Merge the update
into the cell
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Future Work

▪ Security

▪ Secure data on network

▪ Access Control

▪ Extending with provenance

▪ Scalability

▪Will it scale to large networks?

▪How can we generate networks on the fly?
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Questions?
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