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What is a database ?
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• Store data
• Retrieve data
• Share data Alice

Bob

Database
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Target database - Antidote
Geo-distributed data centers (DC)

Full replication

Causal consistency between DCs
In a DC:

• Total order per DC [Akkoorath et al. ‘16]
• Sharding [DeCandia et al ‘07]

• Multiversion Concurrency Control (MVCC) with partial order

• Journal of operations
• Safe journal truncation

• States stored in a Checkpoint Store
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Adding one feature at a time
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Our plan
Baseline:
• Transaction
• Causal consistency
• Multi-version concurrency control
• Store all versions

Incrementally add features:
• Bounded versions
• Fault tolerance
• Journal
• Etc..
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Specification of the model
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Operational semantics
Invariants
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Starting simple

Client API

• 𝑏𝑒𝑔𝑖𝑛(𝑑𝑡) initialize a transaction with a snapshot 

• 𝑟𝑒𝑎𝑑(𝑘𝑒𝑦) blob returns the object key from the snapshot Dt

• 𝑒𝑓𝑓𝑒𝑐𝑡(𝑘𝑒𝑦, 𝑣𝑎𝑙𝑢𝑒) assigns the value blob to the key

• 𝑐𝑜𝑚𝑚𝑖𝑡( ) assign a commit timestamp to the transaction 

• 𝑎𝑏𝑜𝑟𝑡( ) abort the live transaction
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Implementation

We take our specification to be as close as possible to the model
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Implementation

We take our specification to be as close as possible to the model
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Implementation

Then we add all the necessary invariants

Begin transaction:
• Only one active transaction per client
• Dependency timestamp must be valid
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Implementation

Then we add all the necessary invariants.
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Implementation

Then we add all the necessary invariants.
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Implementation

Then we add all the necessary invariants.
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Adding a feature – Bounded Versions
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Once everything is working, we add a single feature:
• Bounded versions
• Write the specification
• Implement the new version
• Comparison with the previous model
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Bounded Versions – Memory invariants
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We define an arbitrary limitation on the size of the memory used by the system.
New system values:

𝑀!"#$
𝑀%&'&(

New invariant:
𝑀!"#$ ≤ 𝑀%&'&(
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Bounded Versions – Memory invariants
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Bounded Versions – Memory invariants
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Bounded Versions – Memory invariants
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Bounded Versions – Memory invariants
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Bounded memory – Garbage collection
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How do we know what we can throw away ?
• Keep track of the lowest dependency of a running transaction (MinDependency)
• Among the versions contained in the snapshot
• At the minimum, keep the most recent version of every key
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Bounded memory – Garbage collection
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Bounded memory – Garbage collection
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Bounded memory – Garbage collection
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Bounded memory – Garbage collection
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Bounded memory – Garbage collection
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Bounded memory – Garbage collection
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Bounded memory – Garbage collection
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Roadmap
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Ongoing and future work
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Finishing all implementations
Testing invariants
Performance comparison
Static analysis


