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Desired Properties

 Availability — Fault Tolerance
* Low-latency

* High-throughput

* Strong Consistency




Desired Properties

 Availability under faults ==———p Replication

Distributed System




Replicating Stateful Systems

* Stateful systems
* e.g. databases, in-memory caches

* Requires heavy coordination among nodes
* to maintain consistency

* Expensive in wide area
* due to high latency links




CAP Theorem grever 197

Availability

Partition
Tolerance




CAP Theorem grever 197

Availability




CAP Theorem grever 197

Partition
Tolerance




CAP Theorem grever 197

Availability

Partition
Tolerance
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Thesis Contribution

Availability Consistency
Under faults*

Partition
Tolerance

*only when majority of nodes in the system fail
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State Machine Replication es saneer 190

* Execute commands in the same order in all replicas.
l! O

lc1
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State Machine Replication

* Execute commands in the same order in all replicas
O

C.a

1

® I onsensus \ ®
—I
aJ m mmzm LA
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P a XO S [Lamport 2001]

* Agreement protocol

* Choose command per slot _—— et me Lot

m et me
 Choos
7 i i

* One for slot ownership I c1 i cz o c3
* One for deciding command I I s
!

e Survives F crashes in 2F+1
nodes

-
N
w
N
8
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Paxos

* Agreement protocol

* Choose command per slot —
* 2 RTTs

| T m
* One for slot ownership Dol Ol Mo

* One for deciding command I I s
!

e Survives F crashes in 2F+1
nodes

-
N
w
N
8
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Paxos

* Agreement protocol
* Choose command per slot

* 2 RTTs

* One for slot ownership
* One for deciding command

e Survives F crashes in 2F+1
nodes

C2
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Paxos variants

* One replica decides:
* Multi-Paxos, Fast Paxos

Cl1 C2 C3

1 2 3 4

* Round robin approach:
* Mencius [mao 2008]

Cl Cc4 c2 G5

5

C3

(5]
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Generalized Consensus ampor 2005,

e Order only non-commutative commands
* e.g. same key in Key-Value store.

* EPaxos moraru 131, MI2Paxos ppeluso 161
e Best performance under no conflicts (Fast Decision, 1RTT)
* Performance degrades under conflicts (Slow Decision, 1+RTT)

* Thesis contribution: CAESAR




CAESAR




Overview

* Implements Generalized Consensus

* Uses logical timestamping to order commands (like
Mencius)

* Exploits quorums by gathering dependencies for
commands (like EPaxos)

* Deploys a novel wait condition to boost fast decisions
* under conflicts




System model

* Nodes communicate through message passing
* Uses two quorum types

* Classic Quorum:E‘ﬂ
* Fast Quorum:[%‘

* Four phases )
* Fast Propose

* Slow Propose
* Retry

e Stable

21



Uniform Reliable Broadcast

PROPOSE: C STABLE: C
P >
P1 >
P, ;
P3 >
0a PROPOSE: C STABLE: C ,,', | \ X
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CAESAR: Basic Protocol

clo

PROPOSE:

T A

il

STABLE:
clol{}

Po

P1

P,

P3

Py

OoK:c|{} OoK:c|{}

OK:C|{c}

'
g/
,I
\‘ N\
\V

PRQPOSE

Cl4a

v
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CAESAR: Wait Condition (fast path)

PROPOSE:
clo

N

STABLE:
Clol{}

P1

P2

P3

P4

22— 7 C C -
OK: C|{} OK: C|{} t %
VAEERNN =

N\

-, ~——
- ~———
~ it T E S
~ T~

Ty

oy
~

F
T

g OK:Cl{c} OK:Cl{}
PROPOSE: |/ // . STABLE: i~
Cla N A clane | N
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CAESAR: Wait Condition (slow path)

Po

P1

P>

P3

Pa

C C
PROPOSE: RETRY: STABIiE:
c|o \1 cl51{C} C|5[{C}
ﬂ /’, —
,// ¢ C ﬂ ¢ C
OK: |{} ‘ NACK: C[{C} % OK: C[{C}
T 7 7
I‘ ,”’ g 4
%E \ \i
i c "
:""III // ':0:" C C
n,’ - n
PROPOSE: ',',,/ SIABLE: ".'/,\ % t
— N v / s
Cla Ny ¥ AV Clalr ¢ N \ ,
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Evaluation




Implementation

* CAESAR

* Implemented in Java 8
* Adopted and modified JPaxos

* used network, messaging and state machine abstractions

* Competitors
* EPaxos, M?Paxos, Mencius, Multi-Paxos publicly available

 Benchmark
* Fully replicated Key-Value store benchmark
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Deployment

Frankfurt

i Ireland ™ /

/
™

Virginia

Mumbai

* Amazon EC2
* m4.2xlarge instances (8 vCPUs, 32GB Memory)
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Client-perceived
performance




Latency
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* Closed-loop request injection

* 10 clients per node
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System performance




Throughput

* Open loop request injection

Network
Batching
Disabled

Network
Batching
Enabled

Throughput (1000 x tps)

Throughput (1000 x tps)

50
40
30
20
10

0

o

100

200

300

17%

10%

EPaxos
M2Paxos

B Caesar
B Multi-Paxos-IR
Multi-Paxos-IN B Mencius

50%

100% Conflict %
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Slow Paths vs EPaxos

100%
< 80%
a; 60%
2 40%
(Vp]

= 20%
= 0%

0%

W EPaxos M Caesar

1.64%
0.4%

2%

9.84%
2.0%

10%

Conflict %

30%

50%

100%

100%
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Conclusion




Conclusion

* CAESAR provides all the desired properties for building
today’s services.

High Availability under faults
_ —)  State Machine Replication and Consensus
Strong consistency

Low-latency —)  Fast Paths

High-throughput —) Generalized consensus and simple
execution phase
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Future Work

* CAESAR can exhibit a latency distribution with a large
standard deviation

* due to multiple phases and wait condition

* This is a challenge for meeting Service Level Agreement
(SLAS)

* Future work should minimize large tail latencies




Submission

Submitted to DSN 2017




Source code

* Open source @
https://www.github.com/ibalajiarun/caesar

Pull requests Issues Gist

ibalajiarun / caesar

<> Code Issues 0 Pull requests 0 Projects 0 Wiki

CAESAR Protocol Implementation

m Add topics

D 5 commits I 2 branches 0
|

Branch: master v New pull request Cre:
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