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[1naH goknaga

* BBOAIHbIN 0630p log structured merge tree
« yCTPOWCTBO Vinyl engine B Tarantool

e BapMaHTbl NCMNO/b30BaHNSA

* NaHbl



Knaccuyeckoe LSM

Lug Structured Merge Tree with K+1 components

Ei‘ge Mer Merge Merge

Memory i DIEE



DELETE B LSM tree

* HET BO3MOXXHOCTW yaaNsATb U3 BCEX YPOBHE
 BCTAB/ISIETCA MapKep yaasieHus



SELECT B LSM tree

* MLLET BO BCEX YPOBHSAX, NOKA HE HAMOET HYXXHbIN KoY
* ONTUMUCTUYHBIA NOUCK ANsA point selet
e CNIAHME pe3ynibTaTtoB Noncka ans range select



SELECT B LSM tree

GET(16) > Memory

10125136 |42




LSM: anroptMmyeckuim noTonok

LSM tree B-tree
Search K * 0(log,N/B) O(log,N)
Delete 0(log,(N)/B) O(log,N)

Insert 0(log,(N)/B) O(log.N)



RUM conjecture

Read Optimized

The ubiquitous fight between
the Read, the Update, and the
Memory overhead of access
methods for modern data
systems

indexes
B-Tree Trie
Skiplist

Cracking
Adaptive structures

PDT Merging
LSM Sparse Inde

Bloom filter
Differential /87 A};proximat
structures MaSM Bitmap indexes

Write Optimized Space Optimized



[Tpobnemsbl npumeHeHna LSM B Web/OLTP

e Mea/ieHHble YTeHuA: read amplification

* NOTEeHUMa/IbHO OYEHb MHOrIO NMuULIEM Ha AUCK, MHOTO 60/1bLUe YeMm
camu gaHHble: write amplification

e XpaHumMm mycop: space amplification

e Henpeackasyemasa paborta B MOMEHTbI NepecTPoeHnsa nHaeKkca:
latency spikes



Vinyl: memtable, sorted run, dump & compact

e XpaHUT onepauumn, a He AaHHbIE:
« REPLACE,
« DELETE, Isn | type key value
« UPSERT

e KXKA0Oe 3HayeHne nomeyeHo LSN

« append-only, garbage collection, message passing




Memtable, sorted run, dump & compact

memtable “a

22|37 Disk

X 10[25[36]40]  compact

>[3]8]10[(15]25]26(36|40]45




Vinyl: yteHune

e
364045




[lenaem latency npeackasyemMbim

memtable shadow
for writes
22|37 Memory
........................ T S R hR L L LR R EEEEE
P 22137 Disk

e ynpexaarwuine dumpbl
e throttling



CHmkaem read amplification

page index writes range cache

3 [15]22|36 22125]26

e page index
e tuple range cache
* multi-level compaction



CHmwkaem write amplification

* multi-level compaction
e ranges, split around median key



CHmkaem space amplification

* ranges



NoaaepXka BTOPUYHbBIX K/THOUYENR

e XPaHAT 3HaUEeHNEe BTOPUYHOIO M NepBMYHOro K/o4va
e HMBenupytoT npenmyulectsa REPLACE/UPSERT



UPSERT

space_object:upsert(tuple value, {{operator, field no, value}, ...})

non-reading update or insert
OT/I0OXXEHHOE BbIMNO/THEHME
eCTb To/1bKO B Tarantool
squashing



[1NaHNPOBLUMK

e e[INHCTBEHHAA aKkTMBHasA CcyuwHOCTb B Vinyl
e obpabaTbiBaeT ABe oyepean. dump 1 merge
e Quepeau coaepXxart Bce ranges



Transactions

« MVCC

e the first transaction to commit wins
* NO waits, no deadlocks, only aborts
* yields don’t abort transactions



Pennvkauus

PaboTaeT n3 Kopooku



OrpaHnyeHns

HebonbLuMe Tan/bl

NnoMHUTE 06 oBepxene BTOPUYHbLIX K/oUen

HECKO/1bKO ThICAY (panioBbIX AECKPUNTOPOB

NPOCTO NJIaHNPOBLUMK TPaH3akuun: gonrne read-write
TpaH3akumMn MorytT abopTuTbCA

HET Cross-engine TpaH3akuui

space amplification TpebyeT A0 2X pe3epBUpoBaHUA



CcCbINKKn

Leveled compaction in Apache Cassandra
http://www.datastax.com/dev/blog/leveled-compaction-in-apache-cassandra
http://www.scylladb.com/kb/compaction/
https://github.com/facebook/rocksdb/wiki/Universal-Compaction
https://dom.as/2015/04/09/how-innodb-lost-its-advantage/


http://www.datastax.com/dev/blog/leveled-compaction-in-apache-cassandra
http://www.scylladb.com/kb/compaction/
https://github.com/facebook/rocksdb/wiki/Universal-Compaction

Cnacunbo!

, @kostja_osipov n fb.com/TarantoolDatabase

kostja@tarantool.org @ www.tarantool.org



[enaem latency npeackasyembliM

e ynpexaarouine dumpbl
e throttling
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