CS 561: Data Systems Architecture

Class 7

Compaction in LSM Trees

larikul Islam Papon

O
BOSTON 66 ©
UNIVERSITY Slide Courtesy: Dr. Subhadeep Sarkar  https://bu-disc.github.io/csse1/ | DISC



https://bu-disc.github.io/CS561/

Updates: Logistics

Review 2 due on
Project 1 due on

Class project proposal due on

BOSTON
UNIVERSITY




LSM-tree




LSM'tree NOSQL
;j RocksDB wwl

e DynamoDB

SCYLLA

APACHE S 1 |

cassandra (. ) @ HBRASE 4 w rl a k I
tarantool  Digtable “accumuLo’

SIETETE Tt e e e
\_ - — .

E— - = s — — —— —

| MSQthe .

re\ahona\

ém

BOSTON
UNIVERSITY




_ Nostt

. DynamoDB ‘

LSM-tree
7. RocksDB w

levelDB SCYLLA

| A AP ACHE, AN |
Bl @ HBASE A2 AN | [o
R ' JULUUUUU UL }
! tarantool B'Qtahle ~8ccurmuLo .
" | %
' - (e, %, |
wSQLite © influxcll g2
relational time-series

BOSTON
UNIVERSITY




BOSTON
UNIVERSITY

Why LSM “

fast ingestion



Why LSM “

=

fast ingestion competitive reads

BOSTON
UNIVERSITY




Why LSM “

BOSTON &
UNIVERSITY




BOSTON
UNIVERSITY



BOSTON
UNIVERSITY

Why LSM “




BOSTON
UNIVERSITY

Why LSM “
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performance utilization
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P: pages in buffer
B: entries/pasge
L: #levels
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LSM Operating Principles

Buffering ingestion
Immutable files on storage

Out-of-place updates & deletes

Periodic data layout reorganization
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L: #levels
T': size ratio

- most data
Oon storage
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How does the storage layer affect ingestion?




Data Layout

Classical LSM design: leveling
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® good space amplification
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Data Layout

leveling [eager] tiering [lazy]
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® good read performance ® good Iingestion performance

® good space amplitication .. .
| | o Limitations?
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I': size ratio

Data Layout

read Ccost

~_ leveling
T ———— Sorted darray

update cost %w

BOSTON
UNIVERSITY




Data Layout
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leveling tiering
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black box
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How to organize the data on device?

How much data to move at-a-time”?

Which block of data to be moved?

When to re-organize the data layout?
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Data Layout How to organize the data on device? \/
8?%&3?&? How much data to move at-a-time”

Data Movement

Which block of data to be moved?

Policy

Com’II)‘%ngé%IIl’ When to re-organize the data layout?
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Compaction Granularity

data moved per compaction
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data moved per compaction
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Compaction Granularity

data moved per compaction

cascading compactions
@ high latency spikes
@ write stalls
@ unpredictable pertf.
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Compaction Granularity

data moved per compaction

partial compaction
granularity: files
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Compaction Granularity

data moved per compaction

partial compaction

® ~same data movement

o @ amortized cost for

compactions
@ predictable pert.

files =
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which data to compact
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Data Movement Policy

which data to compact
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Compaction Trigger

INVOKING the compaction routine

level saturation
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Compaction Trigger

INVOKING the compaction routine

level saturation
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Data Layout Compaction Data Movement Compaction
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Any Compaction Algorithm
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Storage Layer Design Continuum
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Any design can be defined by the tuple-set: (T, 1)
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variable #runs/level
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Storage Layer Design Continuum
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Storage Layer Design Continuum
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Background
Compactions
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Optimizing Compactions
Background
Compactions

® non-blocking reads/writes
@ Improves write throughput
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Compaction
Priority
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Compaction
Priority
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Optimizing Compactions
Write
pressure

prioritize Compaction
: writes over Priority

coImpacution
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Compaction
Priority
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Optimizing Compactions
Write
pressure

Compaction
Priority

@ sustain heavy write bursts
@ tree becomes out of shape
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Optimizing Compactions

I/0 Scheduler
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Optimizing Compactions

: prioritized
' flush/compaction

| ] I/O Scheduler

@ eliminates write stalls
= = @ Nno unnecessary high-priority
BalmauATC19 BalmauToCS20 COmpaCthnS In ‘O\Ner ‘eve‘s

BOSTON
UNIVERSITY




Data Placement Variations

key-value separation =
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Data Placement Variations
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Data Placement Variations

partitioning / sharding
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Data Placement Variations

b G &
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storage storage-1 storage-2 storage-3
partitioning = sharding =
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® Improved ingestion throughput
® reduced write amplification
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