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Why CRDTs?



Fundamental Trade Off

• Lipton/Sandberg ’88

• Attiya/Welch ’94

• Gilbert/Lynch ’02

Low Latency/Availability: 
- Increased Revenue 
- User Engagement

Strong Consistency:
- Easier for Programmers 

- Less user “surprise”
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Removes?



Google F1
“Designing applications to cope 
with concurrency anomalies in 
their data is very error-prone, 
time-consuming, and ultimately 
not worth the performance 
gains.”



http://www.infoq.com/articles/key-lessons-learned-from-
transition-to-nosql

“…writing merge functions was 
likely to confuse the hell out of 

all our developers and slow 
down development…”



CRDTs
DATA TYPES
That CONVERGE



CRDTs
Off the shelf
MERGE functions



CRDTs
CRDTs are Data Types 
(maps/sets/booleans/graphs/
etc) 

 THAT CONVERGE





CRDT 
SETS



http://www.infoq.com/articles/key-lessons-learned-from-
transition-to-nosql

“…after some analysis we found that 
much of our data could be modelled 

within sets so by leveraging CRDT’s our 
developers don't have to worry about 

writing bespoke merge functions for 95% 
of carefully selected use cases…”



Evolution of a  
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Evolution of a Set
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Evolution of a Set

U-SET
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Evolution of a Set

U-SET
OR-SET



Evolution of a Set
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Evolution of a Set
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Evolution of a Set

OR-SWOT



Evolution of a Set

OR-SWOT
Optimised 

AW-SET



Version Vectors

A B



Version Vectors

A B
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[ ]{a, 2}, {b, 1}
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[{a, 1}]

{a, 1} Shelly

Replica A 



[{a, 1}] [{a, 1}

{a, 1} Shelly {a, 1} Shelly

Replica B Replica A 



[{a, 1}] [{a, 1}, {b, 3}]

{a, 1} Shelly

{b, 1}

{b, 2}

{b, 3}

Bob

Pete

Phil

{a, 1} Shelly

Replica A Replica B 



[{a, 1}, {b,3}] [{a, 1}, {b, 3}]

{a, 1} Shelly

{b, 1}

{b, 2}

{b, 3}

Bob

Pete

Phil

{a, 1} Shelly

{b, 1}

{b, 2}

{b, 3}

Bob

Pete

Phil

Replica B Replica A 



[{a, 2}, {b, 3}]

{b, 1}

{b, 3}

[{a, 1}, {b, 4}]

Bob

Pete

{a, 1} Shelly

{b, 1}

{b, 2}

{b, 3}

Bob

Pete

Phil

{a, 1} Shelly

{a, 2} Anna {b, 4} John

Replica A Replica B 

{b, 2} Phil



[{a, 2}, {b, 3}]

{b, 1}

{b, 3}

[{a, 1}, {b, 4}]

Bob

Pete

{a, 1} Shelly

{b, 1}

{b, 2}

{b, 3}

Bob

Pete

Phil

{a, 1} Shelly

{a, 2} Anna {b, 4} John

Replica A Replica B 



[{a, 2}, {b, 3}]

{b, 1}

{b, 3}

[{a, 1}, {b, 4}]

Bob

Pete

{a, 1} Shelly

{b, 1}

{b, 2}

{b, 3}

Bob

Pete

Phil

{a, 1} Shelly

{a, 2} Anna {b, 4} John

Replica A Replica B MERGE



[{a, 2}, {b, 3}]

{b, 1}

{b, 3}

[{a, 1}, {b, 4}]

Bob

Pete

{a, 1} Shelly

{b, 1}

{b, 2}

{b, 3}

Bob

Pete

Phil

{a, 1} Shelly

{a, 2} Anna {b, 4} John

Replica A Replica B MERGE

{a, 1} Shelly

{b, 1} Bob



[{a, 2}, {b, 3}]{b, 2} ∈
Phil



[{a, 2}, {b, 3}]{b, 2} ∈
Phil



[{a, 2}, {b, 3}]

{b, 1}

{b, 3}

[{a, 1}, {b, 4}]

Bob

Pete

{a, 1} Shelly

{b, 1}

{b, 2}

{b, 3}

Bob

Pete

Phil

{a, 1} Shelly

{a, 2} Anna {b, 4} John

Replica A Replica B MERGE

{a, 1} Shelly

{b, 1} Bob

{b, 3} Pete



∉{a, 2}
Anna

[{a, 1}, {b, 4}]



[{a, 2}, {b, 3}]

{b, 1}

{b, 3}

[{a, 1}, {b, 4}]

Bob

Pete

{a, 1} Shelly

{b, 1}

{b, 2}

{b, 3}

Bob

Pete

Phil

{a, 1} Shelly

{a, 2} Anna {b, 4} John

Replica A Replica B MERGE

{a, 1} Shelly

{b, 1} Bob

{b, 3} Pete

{a, 2} Anna

{b, 4} John

⨆ =



[{a, 2}, {b, 4}]

{b, 1}

{a, 2}

{b, 3}

Bob

Pete

Anna

{a, 1} Shelly

{b, 4} John

= Bob

Pete

Anna

Shelly

John



 CRDT Sets

a semantic of “Add-Wins” 
via 

 “Observed Remove”



SETS in RIAK 2.0+



Riak 2.0
riak_dt -> Riak Data Types



Sets in Riak

An optimized conflict-free replicated set 
Annette Bieniusa et al 

http://arxiv.org/abs/1210.3368

http://arxiv.org/abs/1210.3368


WHO USES THE LIB?
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HOW TO USE 
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Sets in Riak
• Operation Based API  

• With causal Context for removes! 

• Vnode As Actor/Replica 

• Action-at-a-distance 

• Full state replication



Sets in Riak

An optimized conflict-free replicated set 
Annette Bieniusa et al 

http://arxiv.org/abs/1210.3368

http://arxiv.org/abs/1210.3368


Sets in Riak



Sets in Riak



Sets in Riak

PHOTO © 2011 J. RONALD LEE, CC ATTRIBUTION 3.0. 
https://www.flickr.com/photos/jronaldlee/5566380424

https://www.flickr.com/photos/jronaldlee/5566380424
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Problem?

• 1key -> 1 Set  
• Poor Write speed 
• Can’t have “big” sets



Every time we change the 
set we read and write the 

whole set!



Sets in Riak



Sets in Riak

10k sets, 100k elements, 50 workers - write



Sets in Riak

Small : riak object 
1MB limit



Bigsets:
Make writes faster

and
sets bigger



Bigset Design: Overview



Bigset Design: Overview



Initial Results



Initial Results

10k sets, 100k elements, 50 workers - write



10k sets, 100k elements, 50 workers - write



Client X

Add “Shelly”

ZUCK’s FOLLOWERS CLOCK

bob a 1

[{a, 10}, {b 99}…{z, 89}]

bob c 12

Zooey b 97



ZUCK’s FOLLOWERS CLOCK
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ZUCK’s FOLLOWERS CLOCK

bob a 1

[{a, 10}, {b 99}…{z, 89}]

bob c 12

Zooey b 97

ZUCK’s FOLLOWERS CLOCK

bob a 1

[{a, 10}, {b 99}…{z, 89}]

bob c 12

Zooey b 97



ZUCK’s FOLLOWERS CLOCK

bob a 1

[{a, 11}, {b 99}…{z, 89}]

bob c 12

Zooey b 97

Shelly a 11

[{a, 11}, {b 99}…{z, 89}]

ZUCK’s FOLLOWERS CLOCK

bob a 1

[{a, 10}, {b 99}…{z, 89}]

bob c 12

Zooey b 97



[{a, 11}, 

Shelly a 11

[{a, 11}, {b 99}…{z, 89}]

ZUCK’s FOLLOWERS CLOCK

bob a 1

[{a, 11}, {b 99}…{z, 89}]

bob c 12

Zooey b 97



REPLICATE
ZUCK’s FOLLOWERS CLOCK
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ZUCK’s FOLLOWERS CLOCK

bob a 1

[{a, 10}, {b 99}…{z, 89}]

bob c 12

Zooey b 97

Shelly a 11
[{a, 10}, {b 99}…{z, 89}]



ZUCK’s FOLLOWERS CLOCK

bob a 1

[{a, 10}, {b 99}…{z, 89}]

bob c 12

Zooey b 97

Shelly a 11

[{a, 10}, {b 99}…{z, 89}]



ZUCK’s FOLLOWERS CLOCK

bob a 1

[{a, 10}, {b 99}…{z, 89}]

bob c 12

Zooey b 97

Shelly a 11

[{a, 11}, {b 99}…{z, 89}][{a, 11}, {b 99}…{z, 89}]



ZUCK’s FOLLOWERS CLOCK [{a, 10}, {b 99}…{z, 89}]

bob a 1

bob c 12

Zooey b 97

Shelly a 11

[{a, 11}, {b 99}…{z, 89}]



THAT’S IT!



THAT’S IT?
• Reads! 
• Version Vector! 
• Hand-Off! 
• AAE!



Reads?



Initial Read Results



10k sets, 100k elements, 20 workers - read



clock

element-N

end_key

set-tombstone

element-1

clock

element-N

end_key

set-tombstone

element-1

Read Clock

Iterate keys



C++
clock

element-N

end_key

set-tombstone

element-1

Read Clock

Iterate each key

ERLANG



C++
clock

element-N

end_key

set-tombstone

element-1

Read Clock

100k buffer of keys

ERLANG



<<Set, \0, $c, \0, Actor, \0>>

<<Set, \0, %z, \0, \0>>

<<Set, \0, $e, \0, Element-1, \0, 
Actor, Cnt:/64/big-unsigned-

integer>>

<<Set, \0, $e, \0, Element-1, \0, 
Actor, Cnt:/64/big-unsigned-

integer>>

No Sext 

No T2B



Bigset Design: read

Client X

read fsm

block1

replica A replica C

block1

blockN

block1

blockN

incremental merge

blockN



Reads Today

10k sets, 100k elements, 20 workers - read



Reads Today

10k sets, 100k elements, 20 workers - read



Full Set Read or Queries?

Why read the whole set?

‘Cos you HAVE TO!



Full Set Read or Queries?

Why read the whole set?



Full Set Read or Queries?

Why read the whole set?

‘Cos you HAVE TO!



Bigset Queries
• Subset 

• Is Member? 
• Range queries SORTED! 
• Pagination



Removes
• Observed-Remove - context 

• Requires _some kind_ of read 

• cheap membership check



Is Member(X)

Client X

read fsm

is_member(<<bob>>).

replica A replica C

read(<<bob>>)



Is Member(X)
Replica A

{ReplicaA, clock} [{a, 3}, {b,3}]

{<<bob>>, a, 1} <<>>

{<<bob>>, b, 2} <<>>

{<<shelly>>, b, 1} <<>>

{ReplicaA, end_key} <<>>

read clock

{<<anne>>, a, 3} <<>>

Seek <<bob>>



Is Member(X)
Replica A

{ReplicaA, clock} [{a, 3}, {b,3}]

{<<bob>>, a, 1} <<>>

{<<bob>>, b, 2} <<>>

{<<shelly>>, b, 1} <<>>

{ReplicaA, end_key} <<>>

read clock

{<<anne>>, a, 3} <<>>

Seek <<bob>>



Is Member(X)
Replica A

[{a, 3}, {b,3}]

<<bob>> [{a,1}, {b,2}]

read fsm

<<bob>> Set

Replica C

[{a,3}, {c, 1}]

<<bob>> [{c, 1}]



Is Member(X)

⊔
=
[{a, 3}, {b,3}]

<<bob>> [{a,1}, {b,2}]

[{a,3}, {c, 1}]

<<bob>> [{c, 1}]

=
=<<bob>> [{b,2}, {c,1}]

Read FSM

{true, [{b,2}, {c, 1}]}
Client X



Next?

• Other “Big” Types - Maps

• Quorum Read Secondary Indexes

• Big Sets of Maps - Tables

• Joins? SQL?



Summary

• CRDTs make eventual consistency easier 
on developers

• There exists an Optimised Add-Wins Set…

• It takes more more than a lib

• A little engineering goes a long way



THANK YOU!

WE’RE HIRING!  
UK Client Service Engineer 
Developer Advocate EMEA 

bashojobs.theresumator.com 

VISIT OUR STAND 
Experience our Riak TS demo and be 

entered to win a Scalextric set! 
Get your invitation to our IoT Riak TS 

Roadshow

Bigset Paper 
https://arxiv.org/abs/1605.06424

https://arxiv.org/abs/1605.06424

