Hash & Cache

Kypc «basbl faHHbIx»

Llecbko Bagum Anekcanaposud
http://incubos.org
Oincubos

Computer Science Center

16 ceHTsbpsa 2013 .

Llecbko B. A. (CompSciCenter) Hash & Cache 16 ceHTsbps 2013 r. 1/27



.
CopepkaHue

@ Hash
© Cache

Llecbko B. A. (CompSciCenter) Hash & Cache 16 ceHTsbps 2013 r. 2 /27



Konnekuuun: cnoxHocTb onepaunii
Konnekumnm: cno)xHOCTb onepauunii

ArrayList:

e get(): O(1)

e insert(): O(n)

e delete(): O(n)

e append(): O(1) / O(n)
LinkedList:

e get(): O(n)

e insert(): O(n)

e delete(): O(n)

e append(): O(1)
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Kak eLé boicTpee?

Hash table

AccoumnaTuBHbIli MacCcuB, OTODpaXKatOLWNA KoY B
3Ha4eHuna?:

Q@ C nomouipto XaWw-PYHKLMN OT KIOYa HAXOANM
nHaekc B Maccmee bucket'os

© [lepebupaem kntoum B HaligeHHoMm bucket'e go
COBMaJeHNs

© ll3Bnekaem 3HaueHune

“http://en.wikipedia.org/wiki/Hash_table
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http://en.wikipedia.org/wiki/Hash_table
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Hash table: cnoxxHocTb onepaunii
Hash table: cnoxHocTs onepauwii

e get(): O(1)

e insert(): O(1)
e delete(): O(1)
e append(): O(1)

HonyuieHuns
o [lpy paBHOMEPHOW hyHKLMN X3LLINPOBAHNS
o bes yuérta pebanaHcnpoBkn
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[logBoaHbIE KaMHM

@ Bbibop dyHKLMN X3LWLMpPOBaHUS
o PaszpelieHune konnnsnii:
e Separate chaining — auwnsas namats, CPU cache misses
e Open addressing — snemenToB He bonbwe 70% pasmepa
maccuea, CPU cache pollution
@ Resize & rehash
e Concurrency
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MaTepunansl

@ java.util.HashMap

@ java.util.concurrent.ConcurrentHashMap

@ http://en.wikipedia.org/wiki/Hash_table
o Chris Okasaki. Purely Functional Data Structures*

http://www.cs.cmu.edu/ rwh/theses/okasaki.pdf
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Knaccnyeckune apxutektypbl Web-npunoxeHnii
Knaccrnyeckne apxuTeKkTypsl
Web-npunoxennii

@ Kak B3aumogelicTBytoT C XpaHuauwamm
o Kakue npobaembl NbITalOTCS pewnTb
e Kaknm obpasom
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(6Tl T péx3sBeHHbIN KANEHT-cepeep

T pEX3BEHHbIN KNNEHT-CEPBEP

i

- . 7

g N\ - v
Browser Database

User

3aueM HyxeH Server:

@ [lpeobpasosaHue dopmaTos
@ Jloruka: npoeepuTh, NOCUYNTATh, ...
@ [unbkocTb
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Cache Harpyska pactér

Harpyska pacTér

User Browser Server
)
Browser Database
User
Browser Server
User
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Cache Harpyska ewgé 6onblue

Harpyska ewé bosbuue
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Y10 Takoe cache

Cache

Peanusaumns in-memory concurrent hash table ¢
HEKOTOPbIMN OCOBEHHOCTSIMU.

1 def process(request: Request): Response = {

2 implicit val timeout = Timeout(50 milliseconds)
3

4 cache.get (request)

5 .getOrElse ({

6 val response = buildResponse(request)

7 cache.put (request, response)

8 response

9 b

10 }

Llecbko B. A. (CompSciCenter) Hash & Cache 16 ceHTsbpsa 2013 r. 13 / 27



AHanus cache per server

locTonHcTBa

@ CHu3sunu narpysky Ha CPU n B[] (ecnm HopmanbHbiii

cache hit ratio)

HepoctaTku

e B kaxpgom cache ognHakoBbie 3HayeHns
«Jlnwnuey Boiuucnenus (Harpyska Ha CPU)
OrpaHuyeHHbIii pa3mep kaxkgoro cache

°
°

@ [lonyunnu cnektp npobaem c anrpeirgoM cUCTEMbI
@ Hy>XHbl MOAUTUKN «NPOTYXaHUS» 1 BbITECHEHUS
°

Hy)KHO LMNPOrpeBaTb>» KW UAN Nepe3anyCkaTb

cepBepa MOCTEMNEHHO

4
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Cache Distributed cache

Distributed cache

Cluster - Cache

Browser
User

Browser
User
= .
— i
Browser Database 5 : © Cache
User . Server i
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[lepBbIii Nogxon kK cHapsay

1 class Cache {

2 val servers =

3 Vector("cacheOl.yandex.net", "cache02.yandex.net")
4

5 protected def lookup(key: AnyVal): String =
6 servers (key.hashCode() % servers.length)
7

8 def get(key: AnyVal) =

9 remoteGet (lookup (key) )

10

11 def put(key: AnyVal, value: Array[Bytel]) =
12 remotePut (lookup(key), value)

13 }
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(6ETS M Ananus distributed cache

Anannz distributed cache

locTouHcTBa

e Cuutaem Bcé (mpumepHo) oanH pas
@ bonble cymmapHbiii 06bEMm
@ bonblie Bneset 3HaveHwl

HepoctaTku

@ Ocrancs cnekTp npobiem c anrpeiijom CUCTeMbl

@ HyxHbl nonutukn «npotyxanusy (TTL) n
BbiTecHeHnsi (LRU)

@ HyxHo «nporpeBaTb» KaLu
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Memcached
Memcached

http://www.memcached.org/

Paspabortan ansa LiveJournal 8 2002

Ncnonbayetca B YouTube, Flickr, Reddit, Facebook,
Orange, Twitter, Tumblr, Wikipedia, Yandex
Bxoaut B Google App Engine, Windows Azure,
Amazon Web Services

In-memory

Katou — ctpoka (go 250 baiit)

Mtuoronoto4ubiii + libevent

LRU + TTL (up to 30 days)

[MpocToit TekcToBbLIN 1 DUHaApHBIA NpoToko: set,
add, replace, append, prepend, get, delete, ...
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http://www.memcached.org/

Mpobnema: VameHeHne knactepa memcached
[Tpobnema: VIameHeHne knactepa
memcached

[MprynHbI

@ Cnucok cepBepoB B KNEHTE
e Konuyecto cepsepos B hash-cyHkuunn

PelweHuns
@ Cepsuc-proxy nepen memcached
@ Consistent hashing
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CepBuc-proxy

PyHKuMN:
o CnywaeT kKaneHTCKuii nopT
@ XoWwupyeT KAKOY 1 NPOKCMPYET 3anpoc
@ [lepxuT coeautenmnst ko Bcem sk3emnasipam cache

HepocTtaTku

@ +1 cetesoii hop

o Becb Tpacbuk yepes onHy TouKy
e SPOF
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Consistent hashing

Onpeaenexne

When a hash table is resized and consistent hashing is
used, only K/n keys need to be remapped on average,
where K is the number of keys, and n is the number of
slots?.

“http://en.wikipedia.org/wiki/Consistent_hashing
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Consistent hashing: csoumu pykamn
Consistent hashing: ceonmun pykamu

By,u,eM OTO6pa)KaTb KJIOH B CNOThbl, @ 3aT€EM CNOTbl Ha
MallWHBbI:
1 val slots = Vector (100, 200, 300, 400)

3 def slot(key: AnyVal): Int = {

4 val hash = key 7 slots.last
5 slots.indexWhere(hash < _)
6 }

Ecnn nepenonusieTca cnot 200-299, To nofBuraem:
1 val slots = Vector(100, 200, 275, 325, 400)
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(61, Consistent hashing: no-sspocnomy

Consistent hashing: no-espocnomy

2I60

/O
\/a single vnode/partition

/ node 0
\ a ring with 32 partitions «2160/4

node 2

ANr”’

hash(<<"artist">>,<<"REM">>)

http://docs.basho.com/riak/1.1.4/references/

) apc~nto /HM o+ Araine
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http://docs.basho.com/riak/1.1.4/references/appendices/concepts/#Clustering
http://docs.basho.com/riak/1.1.4/references/appendices/concepts/#Clustering

(1S, W Consistent hashing: pennukauns

Consistent hashing: pennvkauus

/ \ put(<<"artist">>,<<"REM">>)

(N=3)

N
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Mpobnema: MNepesanyck knacrtepa
[Tpobnema: [lepesanyck knacTepa

[MpuynHebl

In-memory = nyctoii kaw = B/l «noxuntca»

Pelerns
@ «Pasorpes»
@ Persistent storage
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Redis: Persistent Key-Value Storage
Redis: Persistent Key-Value Storage

http://www.redis.io/

Hanbonee nonynsipubiii Key-Value Storage?
Ncnonbsyetca B GitHub, Disqus, Pinterest,
Stackoverlow, Flickr, Blizzard, Instagram, Twitter
Key-Value, but Value: String, List, Set,
SortedSet, Hash

In-memory and/or Snapshots and/or Commit Logs
Single-threaded by design + Master-slave
OnumonansHo LRU n/uan TTL

OueHb boraTeiii API3

2http://db-engines.com/en/ranking/key-value+store

3http://redis.io/commands
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Bonpochkl?

@ http://incubos.org/contacts/

e Obuime Bonpockl — B Twitter: @incubos

@ Bonpocbl no nekyusim — B KOMMEHTapPUSIX;
http://incubos.org/blog/

@ YacTHble BONpOCHl — B MOYTY
vadim.tsesko@gmail.com
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