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Overview

® We target mobile applications with many thin clients sharing data
stored in a cloud database

® Main requirements are data consistency, low latency, and scalability

® VWe propose a new distributed data structure, CPRDTs (Conflict-free
Partially Replicated Data Types), that allows to satisfy all three
requirements simultaneously

® CPRDTs are based on CRDTs, which provide automatic conflict
resolution for consistency

® CPRDTs have the same API as traditional distributed data structures,
which allows application developers to use them transparently
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CRDT Set

® add(E) -> add({E, t1})

® FEach added element is associated with a unique tag.



CRDT Set

® add(E) -> add({E, t1})

® FEach added element is associated with a unique tag.

® remove(E) -> remove({E, tl}, {E,t2}...)

® Only remove local-observed {element, tag} pairs
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A comprehensive study of Convergent and Commutative Replicated Data Types - Shapiro et al. 201 |



Conflict-free Replicated
Data lypes

High-level datatypes with rich confluent semantics
Conflict-free by design
Specially suitable for geo-replicated settings

Counters, Sets, Graphs, Cooperative Docs
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Reddit-like Application

This application uses three CRDTs: Set, Tree, and Register
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Reddit-like Application
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@lo]ile[@eYa IS Forums: Set P Comments: Tree N
| enjoyed the BigData session! Yeah! It was great!!

| also found it very interesting!

Who also stays in Best VWestern!
My favorite ;)

Anyone has extra drink tickets?

| missed it :(

This application uses three CRDTs: Set, Tree, and Register




Reddit-like Application
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1254 | eniO)’ed the BigData session! Yeah! It was great!!

| also found it very interesting!
“ Who also stays in Best VWestern!

My favorite ;) “
m Anyone has extra drink tickets?

Votes: Register

This application uses three CRDTs: Set, Tree, and Register



Evaluation

® Comparison of three approaches:
® (i) Classic geo-replicated system (Cloud)
® (ii) Cloud + CRDTs (Full Replication)

® (iii) Cloud + CPRDTs (Partial Replication)



Evaluation Setup

® 3 DGCs - 3 Amazon EC2 instances:
® USA (east and west)
® |reland

® Clients run in PlanetlLab nodes
® |5 nodes

® 5 clients per node



Latency: Initial Reads
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Latency: Usual VWorkload
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(e) A mixed update-only workload of

posting, commentipé;, voting a post,

and voting a comment



Evaluation of Cache

20 % updates

90 % ops biased

250 140
Partial Partial
- 120
L 200 N Full A B Full
w )
n ; c 100
- ' 3
Y 150 5
= 5
© 100 5 60
3 € 40
= 3
5 50 2
< 20
n f -
0 16MB 64MB 128MB ¢ 16MB 64MB 128MB
Carhe size limit Carhe <size limit

(a) Number of cache misses with (b) Total number of objects kept in
different cache size limits. the cache.



Evaluation of Bandwidth

200
1/1.488

(-
o
o

10C

Bandwidth (KB/s)

wun
(&

20.476

Partial Full

Fig. 3. Average bandwidth usage to fetch objects with a 128MB cache
l[imit, with the cache already warmed up.



Conclusions

® For mobile applications using shared data, Partial
Replication with CPRDTs combines consistency,

scalability, and low latency

® Application developers can benefit from CPRDTs
transparently: replace distributed data structure by
CPRDT without changing API



Future VWork

® Use of CPRDTs to enforce fine-grained privacy
policies

® Smart pre-fetching of CRDTs parts to further
reduce cache misses
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