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Celeste

• Storage System
> Distributed
• Nodes perform the storage and retrieval.

> Peer-to-peer
• No master.

> Dynamic
• Ad hoc arrangement and configuration of nodes.

> Untrusted infrastructure
• Anticipates failure and malfeasance.
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Celeste: how it really works

• Celeste Is Built Using “Beehive”
• Distributed Object Platform for Services
> Resilient
• Operates despite arbitrary failures and maliciousness.

> Scalable
• Resources increase or decrease linearly as the system 

expands or shrinks.
> Securable
• Nothing is trusted.  All operations are observable and verifiable 

during and after-the-fact.
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Distributed Hash Table (DHT) Routing

• Beehive is built out of a virtual network of nodes
> Overlay network on top of an underlying IP inter-network.

• Used to route messages between nodes
> Nodes have globally unique identifiers (node-id)

• B898C7B8A9188C87CD2F39ACE68607DC
• Identifiers are verifiable, one node cannot masquerade as another.

> Message are sent to nodes by specifying the node-id.
• Maximum number of hops is small compared to network size 

– O(log N)

> Any destination node-id is valid regardless of existence.
• Messages arrive at the node with “closest” node-id
• This is called the “root node”
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Distributed Object Location and Retrieval

• Objects are static bags-o-bits stored on nodes.
> All objects consist of meta-data and raw, uninterpreted 

data.

• Object identifiers are like node identifiers (object-id).
> Object identifiers can be verified by the object's content 

and meta-data.

Distributed Objects
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Distributed Object Location and Retrieval

• Add message types.
• Messages to announce object availability and 

unavailability.
> Publish-Object – announce availability of object.
> Unpublish-Object – announce unavailability of object.

• Messages are routed to root node of object-id.
> Root node adds or deletes the record of object object-id's 

availability.

Distributed Object Location
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Distributed Object Location and Retrieval

• Message to retrieve an object.
> Route-To-Object

• Requester transmits message to object-id.
• Message is received by the root node of object-id.
> Root node acts as a proxy.
• Sends message to node with object to fetch the object and 

return it.
> Root node informs requester of the location.
• Requester sends message to node with object to fetch it.

Distributed Object Location and Retrieval
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Object Caching

• The same object may be stored on several nodes.
> The root node of object-id records all locations.

• Nodes in the transit path of a publish message may 
also record object availability as an optimisation.
> Subsequent “retrieve” messages may not have to travel 

all the way to the root of object-id.
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Object Decay

• Objects have a time-to-live (TTL) encoded in their 
meta-data.
> Time-to-live decrements periodically until zero and the 

object is forcibly deleted.

• Different nodes hosting an object may have different 
TTL for the object.
> Cached.
> Archived.
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Object Behaviour

• Obviate the simple “R” in DOLR.
• Permit more sophisticated queries of objects.
> An object has a “type” or class reflecting the queries an 

object must respond to.

• Objects have behaviour.
> Queries may induce computation in the object.
> Object queries may involve other objects indirectly.
• Objects can be interdependent.
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Object Deletion
• Antithesis of the DOLR credo.
> The DOLR works hard to never forget.

• Implement delete behaviour in objects.
> Induce deletion by creating an anti-object for each object 

to delete.
> Anti-objects meet their object counterparts at their 

common object-id root, and convert them to anti-objects.

• Deleted objects leave behind their anti-object 
“husk.”
> Anti-objects continue to infect their objects over time.
> Anti-objects decay to nothing.
• System reclaims space and resources automatically.
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Mutable Objects

• Objects have update behaviour
> Objects have set and get semantics.

• Implications:
> Object-ids can no longer be derived from just the 

content.
> Cached copies of an object may be out-of-date.
> No way to guarantee that a retrieved object is up-to-date. 
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Mutable Objects

• Mutable objects are no longer just bags-o-bits.
> An object's current state is represented by a set of 

intermediary objects.
• This means the object is now virtual.

> Updating an object requires the update of a minimum 
number of intermediary objects.

> Querying an object requires the query and agreement of 
a minimum number of intermediary objects.
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