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Using Paxos to Build a Scalable, Consistent, and Highly

Available Datastore
Jun Rao, Eugene Shekita, Sandeep Tata (IBM Almaden Research Center)

» Spinnaker e.g. Key[0,199]( Cohort
Key-.range partltlor.ung Node A Node B
Chained declusterlng key ranges key ranges
The replicas of every partition form a cohort — .15 10.199]
Multi-Paxos executed within each cohort Node C
Timeline consistency (A7 Yz /b —E %) ke[)(/)?gg]es
------------------- Data Model ----------------oeeee oo BasicAPI ----oo.____,
row col col
key name Vvalue insert (key, colName, colValue)

v v :
row1 | k127 | type: capacitor |farads: 12mf | cost: $1.05 E

delete(key, colName)
' get(key, colName)

row 2 k187 | type: resistol ohms: 8k | label: banded | cost: $.25
row 3 k217

test_and_set(key, colName, colValue, timestamp)

[ Paxos-based/ZRIEATARIILIZDWNTIA—HALE=HX }
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Multi-Paxos Replication Protocol

H+ ~r
» NEXNE & Paxos
Quorum1: s Cohort Cohort
. ien
Propose -> Promise Leader Followers
insert X
Quorum2: = | @
Accept -> OK - Log,.proposeX
time Acquire LSN = X
Propose X to Followers
. Write log record to WAL & Commit Queue
» Multi-Paxos . e .
'éeadeg"éi@*&)'@%% __________________________________________  ——
[ZXkL s2Quarum22mh ACK client (commit)
~ ’ —
B
v Clients can read latest version at
leader and older versions at followers
async commit
Zookgeper | |
Make Implementlng a SyStem that uses Asynchronous Commit Message for LSN = Y (Y>=X)
many instances of consensus much R _
simpler than previously possible foces have atest version

Figure 4: The replication protocol.
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» vs BigTable (Google)
» Strong consistency
» LogDGFS(Google File System)~DEEAHHEL

» vs Dynamo (Amazon)

» Eventual consistency
Vector timestamplZ&kY, conflictZzfZEd 5

» vs PNUTS (Yahoo)
» Timeline consistency
» Cross-datacenter[q] [+

Spinnaker can be used for replication with good performance

10% slower writes, faster reads compared to Cassandra
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A Framework for Supporting DBMS-like Indexes in the Cloud
Gang Chen, Hoang Tam Vo, Sai Wu, Beng Chin Ooi, M. Tamer Ozsu

» 259K Lk (ZScalable TDBMS-likeZi 9Bk IndexZ 4 &k

» Different overlays are required to support different types of
indexes
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BATON for B-tree
CAN for R-tree
Chord for Hash
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Overlay Mapping

» Two interfaces for mapping a specific type of

overl ay to C ay| ey grap N[ DerNiTioN 1. Cayley Graph - A Cayley graph G = (S. G, ),

where S is an element set, G is a generator set and @ is a binary

. operator. is a graph such that
Generating set ‘ B
1. Ve € §, there is a vertex in G corresponding to e.
Operator

2 @:(SxG)— S

3. Ve e SandVg € G, e g is an element in S and there is
an edge from e to e P g in G.

4. There is no loop in G, namely Ve € 5,9 € G — e@P g #

.
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Performance and Scalability

Index plan vs. full table (parallel) scan

Query Latency (second).
100
90 | Full table (parallel) scan —e— i
80' Using index, s = 0.04%. --—-o--- !
[ Using index, s = 0.4%. ---x--- .
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Scalability on EC2

Query Latency (ms).
| T ,
B Exact match query —o— -
Range query, s=0.001% ——-e-—- |
- Range query, $=0.002% ---%--- |
Range query, s=0.004%, &~
N B s i |
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System size

Query Throughput (in x 1000 ops/sec).
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Serializable Snapshot Isolation for Replicated Databases
in High-Update Scenarios

Hyungsoo Jung, Hyuck Han, Alan Fekete, Uwe Rohm
(The University of Sydney, Seoul National University)

» New algorithm for 1-copy Serializable
1 SR over Sl replicas
Update anywhere-anytime-anyway transactional replication
Strong Consistency
Optimized for update heavy

Snapshot Isolation gerenson et al., sicmop95)
BSOS 3 L RAIAE  ZsnapshotZ ERiG L, B8 LIRTZcommit&it-
T—RNDHEEDD

DBMSIZReadO v & BIE T 5=-OEHD/NN\—a 2 RELTEY, M
VYo CommitBFIZEE & (write-write) N R SN -5 & (XSS
2avEA—ILINYY

[ Replicated Snapshot DBTSerializationZ{REEL =L }
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Descending Structure

[ Definition 3.1])

Three transactions Tp, Trand T: with the following
relationships:

Iy X Trand Ty 2% T:
Isv(Ty) = Isv(Tp) && Isv(T:) < Isv(Tp)

2 rw-edges%Zi&H 943 Abort T,

Isv(Ty) &

Isv(Ty)
EERTFR&Y
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Experiments

Bornea et al. This Work
(CP-ROO0) (RSSI)
Architecture Middleware Kernel
Readset SQL parsing Kernel interception
Extraction
Certification ww-conflict ww-conflict
1 rw-edge 2 rw-edges
Optimized for Read mostly Update heavy
Read mostly Scenario Write mostly Scenario
: £ WW(RSSI) i - T * = 1 WW(RSSI)
__ = g 4 mWWw(CP-ROO) 10 L 5 o | mwwicr-roc
| i . - 3 1 DS(RSSI) ‘g ol ' s § I DS(RSSI)
: <3 ocRweeroo B8 1 S /EFEI———l’i :
—g:l"t £ AR & £
/L -g: 14 H i .’_E‘ 2 /‘L\ '2
QR@ TO-CI?-ROI() ‘RSI‘ . 1 0 Q—issp-»c?-nqo | RSI‘ |
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(d) 75%RO-25%W
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(b) 25%RO-75%W

Session 15 : Distributed Systems



