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Replicated Systems
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Mergeable Replicated Data Types (MRDTSs)
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Observed-Remove Set MRDT
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Observed-Remove Set Specification
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Visibility Relation in Abstract State



Observed-Remove Set Specification
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The problem
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1. Does the implementation satisfy the specification?
2. Does the implementation ensure convergence?
I Two replicas which have witnessed the same set of events must have the
same state.
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Our Contributions
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Replication-aware Simulation Relation’
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I'1 557 is the glue relating the concrete and abstract states, as well as the
implementation and specification
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1. We show that! 547 holds in all executions in an inductive fashion.

2. We show that! g7 is sufficient to discharge the specification and
convergence requirements.
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OR-Set MRDT Simulation Relation
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Verification using ! gy : Step-1
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Verification using ! gy : Step-2

We show that ! g7 is sufficient to prove specification and convergence
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Store Properties
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Example: Verifying !
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Example: Verifying ! s for OR-Set MRDT
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Efficient OR-Set implementations
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Peepul: Library of Verified MRDTs in F*

MRDTs verified #Lines code #Lines proof @~ #Lemmas  Verif. time (s)
Increment-only counter 6 43 2 3.49%4
PN counter 8 43 2 23.211
Enable-wins flag 20 58 3 1074
31 6 171
89 7 104
LWW register 5 44 1 4.21
G-set 10 23 0 4.71
28 1 2.462
33 2 1.993
G-map 48 26 0 26.089
Mergeable log 39 95 2 36.562
OR-set (§2.1.1) 30 36 0 43.85
41 1 21.656
46 2 8.829
OR-set-space (§2.1.2) 59 108 7 1716
OR-set-spacetime 97 266 7 1854

ueue 32 1123
Q

~
8}

4753




Verified Queue MRDT

LCA

dequeue

dequeue

dequeue
enqueue(8) esq ueue(6)
enqueue(9) .
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Specification of the Queue MRDT

matchy(eq, e2) & lL.oper(e;) = enqueue(a)

A L.oper(e;) = dequeue A a = L.rval(e,)

e AddRem(I) :Ve € L.E. I.oper(e) = dequeue A
L.rval(e) # EMPTY = de’ € I.E. match;(e’, e)

¥ 108239 : #h, .t $ $1. $%E&HM) = +HOH)H# "
$',%- (#h) = EMPTY $%&##) =#"0#)# (*) "
U™ 4 =% & $81. match ()" 1" #

e FIFO{(I):Vey, ey, e3 € I.LE. I.oper(e;) = enqueue(a) A

I.oi
matchy(es, e3) A e o, e, = dey € I.E. matchj(eq, e4)

e FIFO,(I): Vey, ez, e3,e4 € I.LE. =(matchy(eg, eq) A
1.vis 1.vis
matchy(es, e3) A e — es A e3 — ey)
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Merge performance of Peepul and Quark’
Queues
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Performance of different OR-Sets
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Compositionality
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Conclusion and Future Work

e 20.:2A0.84%8%908.2.40( = ""); " 0.4%.A09)1J. 4% - #0.1""" (#)%" 25
(%30 (#"099.2"&. (%" A0SCO™ (0.%1.% + , -9)

« 20.22A0.9" ((0991"5J.2885)08.%"$.40(= ") *0.%".2." * G40$.%L.
(:250"C)""C. %+, -9)

. 77$.40(="); " 0.9" 88%$£9.A08)1) (2#)%"* %L1.011)()0""#.) G806 0" 424)%" 9H.29.
B0%.29. (%G 8U0)H)%" 25)4] 4= $% " C - .82526.049)(.8%5) 6%$8 - )96)

o F"#730.BUSIK.0885)""C.%"$.40(=""); " 0.%" . 6%S$0.(%6850=.+, -9.P00C).
M7R.0"#608C0 *+, =S

* F*#730.BUSIK.|68%%A0.2 " #% 6 2#)%"".



"#$%&()

Questions?



