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Failures are the Norm

1-5% of cluster 
unavailable per day
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Replicated Storage Systems
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5

Data Block

Servers

Read from 
Replica

S1 S6



Replicated Storage Systems

6

Data Block

Servers

Read from 
Available 
Replica

Unavailable 
Server

S1 S6



Overhead of Replicated Storage

To tolerate R failures need R + 1 copies of data
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Erasure Coded Storage Systems
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Erasure Coded Storage Systems
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Breakdown of Response Times (YCSB)
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Straggling Data Access
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Straggling Data Access
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Straggling Data Access
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Latency and Storage Gap

Replication
+ Fast data retrieval
- High storage overhead
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Latency and Storage Gap

Replication
+ Fast data retrieval
- High storage overhead

Erasure Coding
+ Low storage overhead
- Slow data retrieval
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Latency and Storage Gap

Replication
+ Fast data retrieval
- High storage overhead

Erasure Coding
+ Low storage overhead
- Slow data retrieval
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How to Improve Storage System 
Performance
• Intelligently access data to minimize 

access costs

• Reduce number of sites accessed 
through data co-access

• Dynamically move data to improve future 
accesses
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• Data Access Strategies
• Data Movement 
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• Complementary 
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• Experimental 
Evaluation
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Mult i- I tem Access
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Netherlands

The Netherlands, also known informally as Holland, is a country 
in Western Europe with a population of seventeen million. It is 
the main constituent country of the Kingdom of the Netherlands, 
which is further comprised of three island territories in the 
Caribbean: Bonaire, Sint Eustatius and Saba. 

Gallery of Dutch Art



Ini t ial  Data Placement
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Ini t ial  Data Placement

A1 A2 A3
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Mult i- I tem Data Access Strategy
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Intel l igent Mult i - I tem Data 
Access Strategy
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Intel l igent Mult i - I tem Data 
Access Strategy
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Retrieve: A, B, C
Minimizes number of sites accessed, 
reducing likelihood of stragglers
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Intel l igent Data Access Strategy
• Retrieve enough (K) chunks to reconstruct block
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Intel l igent Data Access Strategy
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• Retrieve enough (K) chunks to reconstruct block

• Quantify cost of access
• Cost of accessing site (load)
• Cost of accessing chunk at site (I/O)



Intel l igent Data Access Strategy
• Retrieve enough (K) chunks to reconstruct block

• Quantify cost of access
• Cost of accessing site (load)
• Cost of accessing chunk at site (I/O)

• Find minimal cost access strategy with Integer 
Linear Programming

37

Details in Paper
tiny.cc/ecstore



• Data Access Strategies
• Data Movement 

Strategies
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• Complementary 
Strategies

• Experimental 
Evaluation
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Workload Change
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Workload Change
What if: A, E becomes a 
popular access pattern? Retrieve: A, E
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Can We Improve Access Costs?
What if: A, E becomes a 
popular access pattern? Retrieve: A, E

We could move: A1 E2 A3 E1
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Can We Improve Access Costs?
What if: A, E becomes a 
popular access pattern? Retrieve: A, E

We could move: E2

Where to move?
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Data Movement Decisions
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Data Movement Decisions

Retrieve: A, E
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Data Movement Decisions

Retrieve: A, E
Previously 

Retrieved: D, E
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Data Movement Decisions

Retrieve: A, E
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Retrieved: D, E

Currently Retrieve: 
D, E
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Data Movement Decisions

Retrieve: A, E
Previously 

Retrieved: D, E

Currently Retrieve: 
D, E

Movement should 
minimize cost over all 

known access patterns
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Improved Data Movement Decisions

Movement should 
minimize cost over all 

known access patterns

Previously 
Retrieved: D, E
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Improved Data Movement Decisions
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Dynamic Data Movement
• Move data in response to changes in access patterns 

and load
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Dynamic Data Movement
• Move data in response to changes in access patterns 

and load

• Consider future access costs and load balance

52

Details in Paper
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Dynamic Data Movement
• Move data in response to changes in access patterns 

and load

• Consider future access costs and load balance

• Move recently or frequently accessed chunks to sites 
with co-accessed chunks or lighter load

53

Details in Paper
tiny.cc/ecstore



• Data Access Strategies
• Data Movement 

Strategies
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• Complementary 
Strategies

• Experimental 
Evaluation
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Standard Request Model
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Standard Request Model
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Late Binding Model
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Intel l igent Access Strategy + Late 
Binding Model
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(K=2, R=2)

Request chunks from: K + Δ sites
Intelligently select Δ extra requests

Wait for first K responses
Details in Paper
tiny.cc/ecstore
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Experimental Setup

x 32  Storage Nodes System should 
tolerate 2 faults
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Experimental Setup

x 32  Storage Nodes 

• Replication

• Erasure Coding 
• + Late Binding 

System should 
tolerate 2 faults
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Experimental Setup

x 32  Storage Nodes 

• Replication

• Erasure Coding 
• + Late Binding 

• Erasure Coding 
• + Access Strategies (EC-Store Access)
• + Movement Strategies (EC-Store)
• + Late Binding (EC-Store + LB)

System should 
tolerate 2 faults
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Response t ime Over t ime (YCSB)
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Response t ime Over t ime (YCSB)
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Breakdown of Response Times (YCSB)
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Breakdown of Response Times (YCSB)
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Tail  Latencies (Wikipedia)

90 92 94 96 98 100

300

400

500

600

700

800

900

1,000

Percentile

A
v

g
.

r
e
s
p

o
n

s
e

t
i
m

e
(
m

s
)

68

Replication Erasure Coding EC-Store (Access) EC-Store

EC+Late Binding EC-Store + LB

Replication

Erasure Coding

EC-Store Access

EC-Store



EC-Store Takeaways

• Achieves low storage 
overhead and low 
latency data access

• EC-Store uses dynamic 
data access and data 
movement strategies for 
erasure coded storage 
systems
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EC-Store Takeaways

• Achieves low storage 
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latency data access

• EC-Store uses dynamic 
data access and data 
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erasure coded storage 
systems

70

tiny.cc/ecstore


