
What we talk about  
when we talk about

On Disk Storage



Why this talk?
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Mutable

On Disk Data Structures

• Space allocation 
• In-place updates 
• Fragmentation

Immutable

• Sequential writes 
• Multiple read sources 
• Needs merge





Memory

Writes Reads

Flush
key1

key2

key3

key4

Disk

Reads

key1

key2

key3

key4

key3

key4

key7

key8

key5

key6

key8

key9



Alex: (phone: 111-222-333, ts: 100)

John: (phone: 333-777-444, ts: 100) 

Sid: (phone: 777-555-444, ts: 100) 

Alex: (phone: 555-777-888, ts: 200)

Nancy: (phone: 777-333-222, ts: 200) 

John: (DELETE, ts: 200) 

Alex: (phone: 555-777-888, ts: 200)

Sid: (phone: 777-555-444, ts: 100) 

Nancy: (phone: 777-333-222, ts: 200) 

Merge Process



Key: Value1; Timestamp: X

Merge Arithmetics

+ Key: Value1; Timestamp: Y Key: Value1; Timestamp: Y=

∀ Y > X

Key: Value1; Timestamp: X + Key: -(Value1); Timestamp: Y = ∅

Updates

Deletes



Sorted String Tables

Index Block Data Block
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Compaction



Summary

• Immutable 
• Write-optimised  
• Read multiplexing 
• High maintenance costs 
• Well-suited for concurrent ops 
• Simple to implement
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B-Trees

• Ordered data structure 
• Often used for indexing  
• Usually implemented as mutable DS 
• Self Balancing
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Anatomy of B-Tree



David Lenny Ron

k <= David David < k <= Lenny Lenny <= k <= Ron k > Ron

Invariants
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Search
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Splits and Merges



Summary

• Mutable 
• Read-optimised 
• Requires splits/merges/rebalancing 
• Block storage optimised 
• Overhead for in-place updates





Read Optimised
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Wrapping Up
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