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To scale is to scale out

Limit is the sky, but is it

- Cheap?

- Accessible?

- Extendable?

- Maintainable?

- Safe?
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Cray-1 Supercomputer

(at EPFL), 1975
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Grid/Cluster computing

90s
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Cloud computing

2000
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Cloud Overflow
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Edge Computing—distributed clouds?
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Edge Computing—distributed clouds?
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Advantages
Avoid bottlenecks
Low latency
Save bandwidth
Privacy



Edge Computing—distributed clouds?
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Disadvantages
Distributed data complexity
Dynamics
Fragile networks
Heterogeneity…



Edge Computing—distributed clouds?
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Disadvantages
Distributed data complexity
Dynamically
Fragile networks
Heterogeneity…

How to build applications?



We focus on data for Edge Computing



Roadmap

How to scale out data

Conflict-free replicated DataTypes (CRDTs)

Hyperscale CRDTs

Outreach and conclusions
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How to scale out data?

Partial replication

Full replication
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Almost infinite scalability
partition data in independent entities with separate scope of 
serialisability
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Full replication

CAP theorem: impossible to guarantee all the three: 
Consistency, Availability and Partition Tolerance?

Maybe use relaxed consistency?
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Relaxed consistency
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Relaxed consistency
Conflicts? Deal with it!



Conflict-free Replicated DataTypes (CRDT)

What are they?
Data Types: counters, sets, maps, registers, sequences, ... 
Replicated: fully or partially (relaxed consistency)
Conflict-free: mathematically proven to eventually converge  

Properties
low sync, commutative operations, internal meta-data  

Variants
State-based: disseminate a state
Operation-based: disseminate an operation
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replica 1 replica 2

Worflow
1. apply operation
2. send state (in background)
3. merge state remotely

1. apply
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State-based CRDT
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State-based CRDT



State-based CRDT
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State-based CRDT
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Grow-only Counter (GCounter) CRDT

A shared counter among nodes: n1, n2, and n3

On n2:
State: a vector  v=(2,0,4)
Increment: only my index 2: v=(2,1,4)
Read: the sum => 2+1+4= 7
Merge: (2,0,6) received from n3:

Pair-wise-max{(2,1,4),(2,0,6)} -> (2,1,6)
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So far so good, but how scalable is it?
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So far so good, how scalable is it?

State grows linear with number 
of replicas
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Almost infinite scalability
partition data in independent entities with separate scope of 
serialisability
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Hyperscale CRDTs
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Edge Compute at Hyperscale
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Hyperscale GCounter CRDTs

(1,3,5,3,7,7)

(26,25,11)

sum
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HyperGCounter CRDT
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HyperGCounter CRDT
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HyperGCounter CRDT
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Other Hyper CRDTs

GCounter
Counter
Multi-sets (implemented as maps of counters)
Sets (with version-vector metadata)
Others
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In progress

Investigate other CRDTs
Allow for remote updates
Dynamic membership
Empirical evaluations
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Concluding remarks

To scale is to scale out
Scale out CRDTs: O(N) => O(logN)
Strength: interoperability, flexibility, storage, bandwidth
Weekness: complexity, limitations
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Get in touch

Ali Shoker
Web: www.alishoker.com 
Twitter: ashokerCS
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http://www.alishoker.com

