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~26ms

~14ms

● Information has physical limitations on speed of travel (Speed of light)
● Inherent latencies

○ Especially for real-time information, speed is everything!

Pittsburgh

Moscow

San 
Francisco
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~20ms ~40ms

~320ms
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~20ms ~40ms

~320ms

Means only users in the 
United States will use 

your service!
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~20ms

Backend Storage 2: 
Europe Central

~40ms

~20ms
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Client 2:
Pittsburgh

Client 3:
Moscow

Client 1: 
San Francisco

Backend Storage 1: 
USA West

Backend Storage 2: 
Europe Central

~20ms

Backend Storage 3: 
USA East

~20ms

~20ms
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Replication has scalability limitations
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Client 2:
Pittsburgh

Client 3:
Moscow

Client 1: 
San Francisco

Backend Storage 1: 
USA West

Backend Storage 2: 
Europe Central

~20ms

Backend Storage 3: 
USA East

~20ms

~20ms



17

~20ms
~20ms

~20ms~240ms

~40ms
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● Advantages
○ Low latency for reads
○ Reduce the workload of a single backend server
○ Handle failures of nodes by rerouting to 

alternative backup replica 
● Disadvantages

○ Requires more storage capacity and cost
○ Updates are significantly slower
○ Changes must reflect on all datastores (using 

various consistency models)
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Account Balance

xxxxx-4437 $100
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Account Balance

xxxxx-4437 $100
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Account Balance

xxxxx-4437 $100

Withdraw $100

Withdraw $100



24

Account Balance

xxxxx-4437 $0

$100

$100

Both requests are 
processed 

concurrently, and we 
lose $100 as both are 

accepted
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Account Balance

xxxxx-4437 $100

Withdraw $100

Withdraw $100
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Account Balance

xxxxx-4437 $100

Withdraw $100

Withdraw $100

Only one write request 
can be processed per 

key at a time, 
preventing double 

withdrawals!
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Account Balance

xxxxx-4437 $0

$100

$0

The balance is set to 0 
as soon as the money 
is withdrawn, and the 

second request is 
denied
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us-west
us-east

singapore

DCI

coordinator datacenter

DCI

coordinator datacenterDCI

coordinator datacenter
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Task 2 Workflow and Example
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put?key=X&value=1
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put?key=X&value=1

KeyValueLib.getTime()



PRECOMMIT
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put?key=X&value=1
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put?key=X&value=1
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put?key=X&value=1
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