/\/V Netcracker

Cassandra,
NCTOPUN N3 KNU3HU
performance-
MHXeHepa




O cebe

« AMuTpuii KOHCTaHTUHOB

* CUCTEMHbIN apXUTEKTOP U, NO-NPEXHEMY, NMPaKTUKyOLWnn Java
pa3pabotuunk B komnaHun Netcracker ©

m’ netcracker.com



O cebe

o [IMnTpmn KoHCTaHTUHOB

 CUCTEMHbIN apXUTEKTOP W, NO-NPEXHEMY, MPaKTUKyLWnK Java
pa3pabotuunk B komnaHum Netcracker ©

* AKTMBHO paboTato ¢ pasnuyHbiMn OpenSource TEXHONOTNAMMU,
Takmmm Kak Apache Cassandra, Zookeeper, Kafka, Hazelcast

* [lpodpeccnoHarnbHbIe NHTEPECHI:
e pacnpeneneHHble CUCTEMb
* NMpPpon3BoANTEIIbHOCTb
e OTKa30yCTOMYMBOCTb
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[1naH goknaga

* O yem BOOOLLIE TOBOPUM, KAKOro poga cucteMbl 0bCcyXXaoaem
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* O yem BOOOLLIE TOBOPUM, KAKOro poga cucTeMbl 0bCyXoaem

» MpunoxeHue / opaisep




[1naH goknaga

* O yem BOOOLLIE TOBOPUM, KAKOro poga cucTeMbl 0bCyXoaem
* [lpunoxeHue / gpaneep
» CepBep

« 3anncob

* UTeHue

* BbiBOAbI
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Kakoro poga cnMctemMbl 1 Harpy3sky obcyxgaem
e Linux
e Cassandra 3.x
« Java based application, Java driver 3.x
* Heckonbko gataueHTpoB




Kakoro poga cnMctemMbl 1 Harpy3sky obcyxgaem
e Linux
e Cassandra 3.x
« Java based application, Java driver 3.x
* Heckonbko gataueHTpoB
» Consistency level, obbivHO - LOCAL_ QUORUM
* Tun cuctembl: OLTP nnu offline batch
* ~100k 3anpocoB B cekyHay B 6a3y, read/write: ~50% / 50%




I
Uem TecTupyem noa Harpy3kom, Kak coobrupaem MeTpUKm

* Harpyska
* E2E TecTbl — reHepaTop Harpy3ku ypoBHSI OU3HEC-NOMMKU

* YNPOLLUEHHbIE TECTLI OTAENbHbLIX CLUEHAPUEB — CBOWU
reHepartop Harpyskun anga dasbl

« CoBceM npocTble beHYMapkn - cassandra-stress

* https://thelastpickle.com/blog/2017/02/08/Modeling-real-
life-workloads-with-cassandra-stress.html




Miccnegyemagqa cucrtema

Stress test
tool
Cassandra
Node \
Java A Cassandra
. pp\ —»  Node
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Driver /
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» 3aNyCTUNMN TECTHI

* Bce nnoxo, e2e TopMo3uUT - B TpeboBaHUA He
yKnaabiBaeMCH




Cobunpaem METPUKK

Client request rate

* MeTpuku
 CollectD - cbop
» FastJMX plugin
« CPU/namaTtb/aunck/ceTb
* Clickhouse — xpaHunuwie T A R I S

== RangeSkice Max: 20 ops Avg: 3 ops Current: 10ps == Read Max 809 ops Avg: 394 ops Cument: 9 ops Read-LOCAL_ONE Max 0 ops Avg: 0 ops Current 0 ops
ReadLOCAL_QUORUM Max: 633 ops Avg: 309 ops Current: 6 ops Read-ONE Max 184 ops Avg 850ps Current 1ops == Write Max 1.194K ops Avg: 531 ops Current: 3 ops

M eT p M K == WriteLOCAL_QUORUM Max 1.182K ops Avg: 526 ops Current: Oops == Write-ONE Max 40 ops Avg: 5ops Current 1 ops
Network (octets)
e Grafana - BN3yalin3ayusi

15MBs

10 MBs
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MeTpukn gpavieepa

* BCTPOEHHBIX - 4OCTAaTO4YHO Mano, O4eHb obLne

 Ho ecTb LatencyTracker nHtepdenc - Touka pacLumpeHna B apameepe

* MoXHO caenaTb CBOU AgeTarbHble METPUKKU, Hanpmumep Ha 6ase HdrHistogram
2018-11-28.csv

timestamp, host, table, operationType, count, minMs, medianMs, meanMs, 1line9@Ms, maxMs

2018-11-28T22:36:46.977+0300, 127.0.0.1, "testl"."primitive test1", INSERT, 1, 31, 31, 31.e8, 31, 3
2018-11-28T22:36:47.931+0300, 127.0.0.1, "testl"."primitive testl", INSERT, @, 8, ©, ©.00, 8, ©
2018-11-28T22:36:48.979+0300, 127.0.0.1, "test1l"."primitive testl", INSERT, ©, 8, ©, ©.00, 8, ©
2018-11-28T22:36:49.977+0360, 127.0.0.1, "test1l"."primitive testl", SELECT, 206, 3, 71, 70.09, 77, 94
2018-11-28T22:36:49.977+0300, 127.0.0.1, "test1l"."primitive test2", SELECT, 102, 2, 108, 107.11, 114, 141
2018-11-28T22:36:49.977+0300, 127.0.0.1, "test1l"."primitive test2", INSERT, 101, 6, 57, 57.80, 70, 87
2018-11-28T22:36:49.977+0300, 127.0.0.1, "testl"."primitive testl”, INSERT, 100, 3, 47, 60.82, 96, 101
2018-11-28T22:36:50.977+0300, 127.0.0.1, "testl"."primitive testl", SELECT, @, @, ©, ©.00, 8, ©
2018-11-28T22:36:50.977+0300, 127.0.0.1, "testl"."primitive test2", SELECT, ©, @, ©, ©.00, 8, ©
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rnaea 1 HekoTopble koHUenuun Cassandra 3a 5 MUHYT




HekoTopble kKoHuenuun B Cassandra 3a 5 MUHYT

» Keyspace
» KOHTENHEpP Ang Tabnuuy

« 3apaeT cTpaTeruto pennukaLumy - KonnmyecTso PensvK B
KayKaoM gataueHTpe




L
CTpyKTypa nepBMYHOro Knro4a

Node1 * Tabnuubl NMEKT COCTaBHOM
vartition key | clustering key NepBUYHbLIN KNOY, COCTOALLUN N3 2
12.02.2019 Node2 HaCTelfI..
partition key | clustering key e Partition key — OTBeYaeT 3a
1 15.02.2019
o 19 02201 pacnpeaeneHne AaHHbIX Mno
20.02.2019 | kKnactepy. Kaxxgas naptuums
user1i 15.02.2019
user2 MMEeET HECKOJIbKO pEerink.
20.02.2019
Node3 user2
7
partition key | clustering key /
user2 « Pennukayunsa
user3
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L
CTpyKTypa nepBMYHOro Knro4a

Node1 e Tabnuubl MEOT COCTaBHOMU
partition key | clustering key NepBUYHbLIN KNOY, COCTOALLUN N3 2
12.02.2019 Node2 HaCTelfI..
partition key | clustering key e Partition key — OTBeYaeT 3a
1 15.02.2019
o 1> 022019 pacnpeneneHue AaHHbIX Mo
20.02.2019 | | knacrtepy. Kaxxgas naptnumga
user1 15.02.2019
user2 | | NMMeeT HECKOJIbKO penink.
.02.201 .
20022019  Clustering key — cTpoku BHYTpU
Node3 user2 Kagon napTmunmn ynopsaaoyeHsl
A o
partition key | clustering key Mo AaHHOWU YaCTW KIlko4a. ,El,aeT
User2 p / PenmuKaLms BO3MOXXHOCTb AenaTb 3anpochkl No
Lsor3 OvanasoHy 3Ha4YeHun.
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Tombstone

« Tombstone — oTmeTka B ba3e 0 TOM, YTO AaHHbIE (S4YenKa, CTPOKa,
auanasoH CTPOK, ...) yaaneHol

m’ netcracker.com



Tombstone

« Tombstone — oTmeTka B ba3e 0 TOM, YTO AaHHbIE (S4YenKa, CTPOKa,
auanasoH CTPOK, ...) yaaneHol

* A 3a4eM OH HYXeH, MoYeEMY He yaanaTb cpasy:

1. Mopenb xpaHeHUs1 AaHHbIX — BO BPEMS 3anncu CyLLIECTBYIOLLNE
NaHHble He YMTaloTCS

m’ netcracker.com



Tombstone

« Tombstone — oTmeTka B ba3e 0 TOM, YTO AaHHbIE (S4YenKa, CTPOKa,
auanasoH CTPOK, ...) yaaneHol

« A 3a4eM OH HY)KEH, MOYEeMY He yaandaTb cpasy:
1. Mopenb xpaHeHus1 AaHHbIX — BO BPEMS 3arnncu CyLLLECTBYOLLME
NaHHble HE YNTAaTCH

2. UT0obbI n3bexartb “30Mbn” (Bo3BpaLLeHNA yaaneHHbIX JaHHbIX).
Cassandra — pacnpeneneHHasa cuctema 6e3 BblAeNeHHOro

nuaepa, ncnonbayowasa last-write-win ctparternio paspeLleHuns
KOH(JIMKTOB
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Tombstone

« Tombstone — oTmeTka B ba3e 0 TOM, YTO AaHHbIE (S4YenKa, CTPOKa,
auanasoH CTPOK, ...) yaaneHol

« A 3a4eM OH HY)KEH, MOYEeMY He yaandaTb cpasy:
1. Mopenb xpaHeHus1 AaHHbIX — BO BPEMS 3arnncu CyLLLECTBYOLLME
NaHHble HE YNTAaTCH

2. UT0obbI n3bexartb “30Mbn” (Bo3BpaLLeHNA yaaneHHbIX JaHHbIX).
Cassandra — pacnpeneneHHasa cuctema 6e3 BblAeNeHHOro

nuaepa, ncnonbayowasa last-write-win ctparternio paspeLleHuns
KOH(JIMKTOB

* Bpems xun3Hu tombstone orpaHnyeHo napameTpom Ha ypoBHE
Tabnuubl - gc_grace seconds
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Mnaga 1 [MpunoxeHne / opaneep




[paneep

» CnpaBka
- basosble pekomeHaaumm (?)




ba3oBble pekomeHOauUnn

Mcnonb3yem PreparedStatement

* YMeHblUaeM HaknagHble pacxodbl Ha nepedady 3anpoca (nepenaetcd TOSbKO
ero id u napameTpbl)

« YOupaem pacxogbl Ha pa3bop 3anpoca Ha CTOPOHE cepBepa-koopamnHaTopa

* PreparedStatement B Cassandra driver notokobesonaceH, co3gaem oanH pas u
NCNonb3yem n3 BCEX NOTOKOB
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ba3oBble pekomeHOauUnn

BatchStatement

 ECTb BO3MOXXHOCTb 00beanHATb Heckornbko INSERT/UPDATE/DELETE
3anpocoB B 1 ceTeBoW 3anpoc

« BatchStatement 6biBaloT pasHble:

* Logged — atoMmapHOCTb MPUMEHEHMNS (MCMNOonb3yeM, TONbKO €CNu
OEUCTBUTENbHO HY>XHO — €CTb CYLLLEeCTBEHHbIE HaKMagHble pacxoabl)
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ba3oBble pekomeHOauUnn

BatchStatement

 ECTb BO3MOXXHOCTb 00beanHATb Heckornbko INSERT/UPDATE/DELETE
3anpocoB B 1 ceTeBoW 3anpoc

« BatchStatement 6biBaloT pasHble:

* Logged — atoMmapHOCTb MPUMEHEHMNS (MCMNOonb3yeM, TONbKO €CNu
OEUCTBUTENbHO HY>XHO — €CTb CYLLLEeCTBEHHbIE HaKMagHble pacxoabl)

* Unlogged - npocto nayvka 3anpocoB, KOOpAMHATOP UX pasgenuT u
BbIMOSTHUT OTAESIbHO, Ny4lle 3TO caenaTb Ha KIMeHTe
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ba3oBble pekomeHOauUnn

BatchStatement

 ECTb BO3MOXXHOCTb 00beanHATb Heckornbko INSERT/UPDATE/DELETE
3anpocoB B 1 ceTeBoW 3anpoc

« BatchStatement 6biBaloT pasHble:

* Logged — atoMmapHOCTb MPUMEHEHMNS (MCMNOonb3yeM, TONbKO €CNu
OEUCTBUTENbHO HY>XHO — €CTb CYLLLEeCTBEHHbIE HaKMagHble pacxoabl)

* Unlogged - npocto nayvka 3anpocoB, KOOpAMHATOP UX pasgenuT u
BbIMOSTHUT OTAESIbHO, Ny4lle 3TO caenaTb Ha KIMeHTe

« Single-partition
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|
ba3oBble pekomeHOaunn

Single-partition BatchStatement
 Partition knoY y Bcex BNOXeHHbIX 3anpocoB coBnagaeT
« Keyspace y Bcex BrOXXEHHbIX 3anpoCoB COBMagaeT
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|
ba3oBble pekomeHOaunn

Single-partition BatchStatement
 Partition knoY y Bcex BNOXeHHbIX 3anpocoB coBnagaeT
« Keyspace y Bcex BrOXXEHHbIX 3anpoCoB COBMagaeT

e ['1ntochkl:

* HeT HaknagHbIX pacxooos
« Ecnun nmsa Tabnuubl coBnagaeT - eCTb aTOMapHOCTb U U30NsUuUd
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|
ba3oBble pekomeHOaunn

Single-partition BatchStatement
 Partition kno4 y BCceX BNOXeEHHbLIX 3anpocoB coBnagaeT
« Keyspace y Bcex BrOXXEHHbIX 3anpoCoB COBMagaeT

* [1ntochbl:
* HeT HaknagHbIX pacxooos
« Ecnun nmsa Tabnuubl coBnagaeT - eCTb aTOMapHOCTb U U30NsUuUd

e Ecnu Tabnuubl pasHble - eCTb aTOMapHOCTb C TOYKU 3pEHUS
NMPUMEHEHUS, HO HET U3onALUun (MOXHO YBUAETb YacTUYHOE

N3MEHEHME)
Bonblie getanen: https://www.datastax.com/blog/2012/02/coming-cassandra-11-row-level-isolation
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ba3oBble pekomeHOauUnn

Micnonb3yem netty-transport-native-epoll ana gpaveepa
 Hmxe CPU usage
 MeHbLe BblaeneHnm namMmsaTu
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[paneep

» CnpaBka
* ba3oBble pekomMeHaaunm

» AHanu3 n3gepKek Ha CTopoHe Apansepa /\




[TpunoxeHwne/apaneep

« HabntogeHue: npunoxeHue notpeodnsetr mHoro CPU n Bbigenser
OOBOJSIbHO MHOIro O6BHLEKTOB B MNaMsiTu

« ba3soBble pekoMmeHaauumn yxxe npMmMmeHunnu
* [locmoTpum getanu:
« Async profiler — CPU npodunb

« Java Flight Recorder - BblaeneHne namaTtn, KOHPNUKTbI NpU
3axBare H6r1Io0KMPOBOK

« GC noru — kak yacTto cobupaem mycop, Kakme nay3sbol
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[paneep

» CnpaBka
* ba3oBble pekomMeHaaunm

* AHanNn3 n3gepxek Ha CTopoHe Apawneepa
- dopmupoBaHue 3anpoca /\




[Tpnnoxenve / gpanBep — co3gaHune 3anpoca

1 BoundStatement boundStmt = new BoundStatement (preStmt) ;
[{ boundStmt.set ("columnl"™, wvaluel);

3 boundStmt.set ("column2", wvalue?);

4 ResultSet result = session.execute (boundStmt) ;

BoundStatement.set:
1. Nwem Codec ansg Tmna 3HavYyeHus

2. Cepwnanunayem 3Ha4vyeHune B ByteBuffer, ncnonoaya HangeHHsin Codec
3. Nuwem no nmenun — nosmumnm B ByteBuffer[] values
4. Pesynbrat knagem B ByteBuffer[] values

m’ netcracker.com



[Tpnnoxenve / gpanBep — co3gaHune 3anpoca

1 BoundStatement boundStmt = new BoundStatement (preStmt) ;
[{ boundStmt.set ("columnl"™, wvaluel);

3 boundStmt.set ("column2", wvalue?);

4 ResultSet result = session.execute (boundStmt) ;

BoundStatement.set:
1. Wwem Codec gonsa tuna 3HayvYeHus

2. Cepwnanunayem 3Ha4vyeHune B ByteBuffer, ncnonoaya HangeHHsin Codec
3. Nuwem no nmenun — nosmumnm B ByteBuffer[] values
4. Pesynbrat knagem B ByteBuffer[] values
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Codecs 1 HaknagHble pacxodbl, CBA3aHHbIE C HUMU

* “Hy, 3a4em Tbl, 3a4eM Tbl Tyga nones?”

[ )
C J
| ja.
g B ia..
3 ja..
I jo. Gan
| 0 com/g..
| com/goo..
l ‘c. | [comfgoo.. | - I
| e [ com/google/.. _ o
| com..  com/google/c.. | 1l €l C.. | |
1 fc. €. java/uti. 0 |
- | com/.. com/datastax/drive.. BB €.. €. com/goo.. [ |
~ com/.. com/datastax/drive.
~ com/.. (| 0
- com/.. com/datastax/drive.. | = com/google/common/re.. 0
com/.. com/.. com/datastax/driver.. B N com/google/common/re.. N | java/la ling.e..
com/datastax/driver/core/CodecRegistr.. c.. cC.. | | com/datastax/driver/co.. B j..  java/lang/String.getBytes O
“om/datastax/driver/core/CodecRegistry.createCodec - com/datastax/driver/core/Typ.. B com/d..  com/datastax/driver/core/TypeC.. |

com/d.. com/data.. com/datastax/driver/core/TypeC.. [

L
ju
o
‘com/datastax/driver/core/TypeCodec$AbstractMapC.. ~ c.
com/da.. com/datastax/driver/core/TypeCodec$AbstractMapC.. com.. c..

com/datastax/driver/core/BoundStatement.bind
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Codecs 1 HaknagHble pacxoibl, CBA3aHHbIE C HUMU

* Bce 3HavyeHUa gpaneep KoamnpyeT/agekoanpyeTt Yepes HacTpanBaeMble KOOeKu
(Codec interface)

» Kell koOoekoB 4OCTaTOYHO PECYPCOEMKNU

* YcKopanu:
« 3.2.0 - JAVA-1308: CodecRegistry performance improvements.

« 3.7.0 - JAVA-2002: Reimplement TypeCodec.accepts to improve performance.

HO BCe elle ecTb HaknagHble pacxoabl, ocobeHHo ana UDT (User Defined Types)
N Konnekumm




Codecs 1 HaknaaHble pacxoibl, CBA3aHHbIE C HUMU

* WA: MOXHO yKasaTb KOOeKU 9BHO, B rOpAYnX MecTax:

row.get (1, TypeCodec.varchar())
stm.set (1, date, TypeCodec.timestamp()) ;




Codecs 1 HaknagHble pacxoibl, CBA3aHHbIE C HUMU

* WA: MOXHO yKasaTb KOOeKU 9BHO, B rOpAYnX MecTax:

row.get (1, TypeCodec.varchar())
stm.set (1, date, TypeCodec.timestamp()) ;

 C UDT 4yTb cnoxHee:

KeyspaceMetadata keyspace = cluster.getMetadata() .getKeyspace("test") ;
UserType type = keyspace.getUserType ("some™) ;
TypeCodec<List<UDTValue>> codec = list(userType (type))
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Codecs 1 HaknaaHble pacxoibl, CBA3aHHbIE C HUMU

[1pocTon 3anpoc:

CREATE TABLE test driver.test table value8 (
part key text,
clust key text,
valuel text, value?2 text, wvalue3 text, valued text,
valueb text, valueo text, value’/ text, value8 text,
PRIMARY KEY (part key, clust key)

) ;

SELECT clust key, valuel, value2Z, value3, value4,

valueb, wvalue6, wvalue’/, wvalueS8
FROM test table value8 WHERE part key=?
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Codecs 1 HaknagHble pacxodbl, CBA3aHHbIE C HUMU

SELECT, 8 cTpok * 9 KONoOHOK B pesyrbrarte

row.getString (index)
row.get (1ndex, TypeCodec.varchar())

'4,479 ns/op

2 default codec
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Codecs 1 HaknagHble pacxodbl, CBA3aHHbIE C HUMU

SELECT, 8 cTpok * 9 KONoOHOK B pesyrbrarte

row.getString (index)
row.get (1ndex, TypeCodec.varchar())

'4,479 ns/op

2 default codec

« OOLLEee BpeMsi BbINOMHEHUS 3anpoca MEHAETCA Ha YPOBHE
NOrpeLHoOCTH

« CPU usage Ha cTtopoHe knueHTa: okono -0.5% B crny4yae ¢ ABHbIX
yKaszaHuem codec

* [1lpakTnyeckoun nonb3bl AN CBEXEN BEPCUN ApanBepa HET, HET CMbIcna
TYT KOnaTb?!
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Codecs 1 HaknagHble pacxoabl, cCBA3aHHbIE C HUMU
[MpoBepsaem UDT:

CREATE TYPE test driver.udt type (
fieldl text,
field2 frozen<list<text>>,
) ;
CREATE TABLE test driver.test table udt value (
part key text,
clust key text,
udt value frozen<list<udt type>>,
PRIMARY KEY (part key, clust key)
) ;
SELECT clust key, udt value FROM test table udt value WHERE part key=?
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.
Codecs 1 HaknagHble pacxodbl, CBA3aHHbIE C HUMU

« SELECT, B pesynsrate 4 CTpOKU, B Kaxkgomn - 4 anemeHTta B udt_value cnucke
* Bpemsa Ha get n3 result set: 50,096 ns/op

s default codec

|~ T T Tt [~ Tttt (T T | |

0 10k 20k 30K 40K 50k

iA\\I netcracker.com



.
Codecs 1 HaknagHble pacxodbl, CBA3aHHbIE C HUMU

« SELECT, B pesynsrate 4 CTpOKU, B Kaxkgomn - 4 anemeHTta B udt_value cnucke
* Bpems Ha get n3 result set: 50,096 ns/op

s default codec

» OOLulee BpeMsi BbINOMHEHMSA 3anpoca:

1,106 us/op
+

0 200 400 600 800 1k

« CPU usage Ha cTtopoHe knuneHTa: -14% ansa cny4vas ¢ siBHbIX ykadaHnem codec
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[TpunoxeHwune / gpaneep

1 BoundStatement boundStmt = new BoundStatement (preStmt) ;
[{ boundStmt.set ("columnl"™, wvaluel);

3 boundStmt.set ("column2", wvalue?);

4 ResultSet result = session.execute (boundStmt) ;

BoundStatement.set:
1. Nwem Codec ansg Tmna 3HavYyeHus

2. Koanpyem 3HauyeHue B ByteBuffer, ucnonbsya HamgeHHbin Codec
3. Nuwem no nmenun — nosmumnm B ByteBuffer[] values
4. Pesynbrat knagem B ByteBuffer[] values
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3aTpaTtbl Ha KogupoBaHWE NapaMeTpPoB

« Ecnn ecTb HepaBHOMEPHOCTb A4St BXOAHbBIX AaHHbIX — MOXEM
kewumpoBaTb ByteBuffer BapnaHTbl Ans yacto BcTpedaroLmxcs
napameTpoB

* (String -> ByteBuffer) cache

* (Integer -> ByteBuffer) cache
 (Date -> ByteBuffer) cache




[TpunoxeHwune / gpaneep

1 BoundStatement boundStmt = new BoundStatement (preStmt) ;
[{ boundStmt.set ("columnl"™, wvaluel);

3 boundStmt.set ("column2", wvalue?);

4 ResultSet result = session.execute (boundStmt) ;

BoundStatement.set:
1. Nwem Codec ansg Tmna 3HavYyeHus

2. Kogupyem 3HayeHune B ByteBuffer, ncnonobsya HangeHHbin Codec
3. Nwem no umenun — nosmuum B ByteBuffer[] values
4. Pesynbrat knagem B ByteBuffer[] values
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Knaccuka: uMeHa unm MHaekcbl?
 BoundStatement

stmt.setInt (columnName, 22)
stmt.setInt (index, 228)
 Row

row.getInt (columnName)
row.getInt (index)

« UDT

udt.setInt (columnName, 49¢)
udt.setInt (index, 496)
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Knaccuka: uMeHa unm MHaekcbl?
 BoundStatement

stmt.setInt (columnName, “8)
stmt.setInt (i1ndex, 28)
 Row

row.getInt (columnName)
row.getInt (index)

« UDT

udt.setInt (columnName, 496)
udt.setInt (index, 496)

* /IAHOeKkcbl HEMHOIO BbICTpEee

« OT0 He npocto Map.get — TyT ewe HaknaaHble pacxoabl ot CQL
cneundukauunn: case-insensitive, kKaBbl4ku, etc.
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Knaccuka: umeHa nunm nHaeKkcbl?

« SELECT, 8 cTpoK * 9 KONMOHOK B pe3ynesraTte

row.getString (index)
row.getString (name)




Knaccuka: umeHa nunm nHaeKkcbl?

« SELECT, 8 cTpoK * 9 KOfmIoHOK B pe3yrbrarte

row.getString (index)
row.getString (name)

""""""""""""""""""""" 5 e

0 2K 4k 6k

« OOLLee BpeMS BbINOSTHEHUSA 3arpoca MEHSAETCS HA YPOBHE NOrpeLlIHOCTH
 CPU usage Ha ctopoHe knuneHTa: -1% B crny4dae c ykazaHneM nHagekca
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[paneep
» CnpaBka
* ba3oBble pekomMeHaaunm

* AHanNn3 n3gepxek Ha CTopoHe Apawneepa
« dopmMmupoBaHue 3anpoca

- BoinonHeHue 3anpoca /\
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ResultSet result = session.execute (boundStmt) ;




Jloruka

-

NPUNOXeHWA

)

[ Session.execute\

Create Request
related objects
-

J

» [loToK NPUNOXEHUA
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(“Session.execute )

|

Create Request
related objects

Select target Select connection
Cassandra node from pool

Jloruka
NPUNOXEHUS

\ Y,

» [1oTOK NPUNOXEHNA

S/ ~

I 1
' |
U

! 4
[ QueryPlan.next ]»--7/ Host /
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related objects Cassandra node from pool
J -

I
“Session.execute ) ( Create Request W ( Select target w (Select connection
A iy ~

T

Jloruka

NPUNOXEHUS 4 ¥
Connection
1 [ QueryPlan.next }— —% Host /— . write
N Y,
add'\l

T
|
|

Connection L7
pending requests .~ Flusher
streamld| request queue
28

e3> [1OTOK NPUNOKEHUSA
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\
(" Session.execute ) Create Request Select target Select connection
related objects Cassandra node from pool
. J - ~ ~

1 1

Jloruka '

NPUIOKEHUS A 4 ¥
Connection
L ) l [ QueryPlan.next } - -7/ Host /- - i
N Y,
add'\_Y

Connection o7
pending requests .~ Flusher
streamld| request 4 queue
28
Idle Handler

Message Encoder

Compressor
e3> [1OTOK NPUNOXKEHUNS

——3 Netty Event pool notok

Frame Encoder TCP socket

<]
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3 [1OTOK NPUNOKEHUS
» Netty Event pool notok

\
(" Session.execute ) Create Request Select target Select connection
( A related objects Cassandra node from pool
w ~ A - ~ A :
Noruka | .
NPUINOXEeHUS Y ¥
‘l [ QueryPlan.next J» . —7/ Host /—
—

Connection
pending requests

streamld| request

A 4
remoYe ”

-

MessageDispatcher

e
L
’
”

-
-
Cd

add'\_(

Connection
write

Flusher

queue

E

Idle Handler

Message Decoder

Message Encoder

Decompressor

Compressor

Frame Decoder

Frame Encoder

TCP socket
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\
(" Session.execute ) Create Request Select target Select connection
related objects Cassandra node from pool
h. >y ~

-~ -

T

Jloruka

NPUNOXKEHUS \ y ¥
Connection
QueryPlan.next |- - Host - :
\ ) l write

Connection L7
pending requests .~ Flusher
7N
vy streamld| request queue

- - 28

MessageDispatcher . ] \
Idle Handler
Message Decoder Message Encoder
> [oToK NPUNCKEHMS Decompressor Compressor
Frame Decoder Frame Encoder
3 Netty Event pool noTok TCP socket

-
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[paneep

» CnpaBka
* ba3oBble pekomMeHaaunm

* AHanNn3 n3gepxek Ha CTopoHe Apawneepa
« dopmMmupoBaHue 3anpoca

* BbiNnonHeHMe 3anpoca
- CeTeBoe B3anmMogencreve /\
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-Dcom.datastax.driver. CHECK |O DEADLOCKS=false

* [1lo ymonuaHuio gpaneep NpoBepdaeT, He NbiTaeMcs N Mbl BbINONMHUTL
brnokmpytowmn Boi3oB B Netty Event Loop notoke

* Ecnun mbl 3abrnokmpyem a1oT NoTok — Netty He cmoxeT obpabaTbiBaTb
ceTeBble cobbITUA N Flusher ouepeab HEKOTOPOE BpeMs, byayT
3a0epXXK1U U TanmMayThl

* Takoe BO3MOXHO, KOraa Mbl MblTAEMCS BbIMONMHUTE CUHXPOHHbIW
3anpoc B callback Bbi3oBe Anga acMHXPOHHOro 3anpoca

p N / Session.execute\ Create Request
e related objects
A
Jloruka
NPUNOXeHns
N
\_ %
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CeTeBoe B3anmoaencrTaeme

* 1659 (reduce epoll wait overheads) — Bepcusa gpamnsepa 3.3.2
 [1To motnBam: CASSANDRA-13651

« -Dcom.datastax.driver.FLUSHER SCHEDULE_PERIOD NS=0
* I3beraem nNULIHMUX cUCTEMHbIX BbI30BOB epoll_wait() / timerfd_create()

« com.datastax.driver.core.PoolingOptions#setConnectionsPerHost
 Heckonbko TCP coeanHeHnunn k kaxkaon n3 Cassandra HoA




CeTeBoe B3anmoaencrTaeme

* 1659 (reduce epoll wait overheads) — Bepcusa gpamnsepa 3.3.2
 [1lo motuBam: CASSANDRA-13651

» -Dcom.datastax.driver.FLUSHER SCHEDULE_ PERIOD NS=0
* I3beraem nNULIHMUX cUCTEMHbIX BbI30BOB epoll_wait() / timerfd_create()

« com.datastax.driver.core.PoolingOptions#setConnectionsPerHost
 Heckonbko TCP coeanHeHun k kaxxgon ns Cassandra Hoa

* ECTb cBeXxune ontummnsauunm co ctopoHbl Netty:
* https://github.com/netty/netty/pull/9192 - Netty 4.1.37
« “aread on timerfd and eventfd when the EventLoop wakes up"
* https://github.com/netty/netty/pull/7834 - Netty 4.1.41
« “timerfd_settime on each call to epoll_wait is expensive”
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CeTeBoe B3anmMmoaencrTeue

3 [1OTOK NPUNOXKEHNS
3 Netty Event pool noTok

~
~ N (" Session.execute ) Create Request Select target Select connection
related objects Cassandra node from pool
A J N - ~ e -

JNloruka ; :

NPUNOXeHUA X
P \ F.get
QueryPlan.next |- - Host -

- /

Connection
write

Connection
pending requests

streamld| request

- 28

MessageDispatcher

-
-
Cd
’
’
’
-
) Y

Flusher

queue

)

Idle Handler

Message Decoder

Message Encoder

Decompressor

Compressor

Frame Decoder

Frame Encoder

TCP socket
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CHECK |0 DEADLOCKS,
FLUSHER SCHEDULE PERIOD NS - 3amepb!

* [1pocTtble SELECT 3anpocshl, Bo3Bpallaetca 1 cTpoka

« ObLee BpeMs BbINOMHEHMS 3anpoca MEHSAETCS Ha YPOBHE
MOrpeLLHOCTH

* 50 noTokoB

« CPU:
CPU, sys | CPU, total
Baseline (driver 3.7.2) 23.6 18,5 39.1
CHECK 10 DEADLOCKS=false 22.5(-1.1) 15.5 38 (-1.1%)

FLUSHER SCHEDULE_PERIOD NS=0 21 (-2.6) 13 (-2.5) 34 (-5.1%)




[paneep

» CnpaBka
* ba3oBble pekomMeHaaunm

* AHanNn3 n3gepxek Ha KNMEeHTCKOU CTOPOHE
« dopmMmupoBaHue 3anpoca

* BbiNnonHeHMe 3anpoca
« CeTeBoe B3anmMogencTeme
- BuioeneHve namatu A\

m’ netcracker.com



BblioerneHne namaTu

e hitps://datastax-oss.atlassian.net/browse/JAVA-1661

* 3beraem nuwHux toLowerCase npu paborte ¢ MeTagaHHbIMWN (MMeEHa
KonoHok, nons UDT)

 JlocTynHO, Ha4YMHaA ¢ Bepcumn gpaneepa 3.3.2

* https://github.com/datastax/java-driver/pull/1293

* YOmpaem usnniiHue BblAENEHNA NaMaTu
* B npouecce




|
BbigerneHne namaTu

4 A Cassandra node from pool

related objects
7 - T 7 - r
Jlorunka |

|
NPUNOXEHNS \

\ 4 Y
F get Connection
_ 1 [ QueryPlan.next } - -7/ Host /- write

\
(" Session.execute ) (Create Request} ( Select target 1 (Select connection
A

Connection il |
pending requests .~ Flusher
7 N
v streamld| request queue

P 28

MessageDispatcher . i i
Idle Handler
Message Decoder Message Encoder
> [oToK NpUMOKEHHS Decompressor Compressor
Frame Decoder Frame Encoder
3 Netty Event pool noTok TCP socket

-
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I
BbloeneHne namaTtn — varArgs + primitive

logger.trace("{}, stream {}, writing request {}",
this, request.getStreamId(), request);

° Int Stream Id Class Averag.. TLABs  Pressure
[l java.lang.Object(] 37 bytes 547 | 561%
° prl m |tlve type + vara I’gS B io.netty.buffer.SlicedAbstractByteBuf 48 bytes 657 | 4.45%
] com.datastax.driver.core.RequestHandler 88 bytes 132 ’ 436%
B java.util.concurrent.locks.ReentrantLockSNonfairS... 32 bytes 116 3,74%
[ java.util.concurrent.CopyOnWriteArrayList 24 bytes 110 3,58%
[ java.util.RegularEnumSet 32 bytes 421 3,56%
[ io.netty.channel.DefaultChannelPromise 40 bytes 454 3,35%
[l java.lang.Integer 16 bytes 262 3,05%
. coMcore.BoundStatement 80 bytes a0 3,03%
Stack Trace
Stack Trace TLABs Total TLAB Si... Pressure
v ®& java.lang.Integer.valueOf(int) line: 832 262 19,31 MB_
% com.datastax.driver.core.ConnectionSDispatcher.add(ConnectionSResponseHandler) line: 1175 25 5,10 MB . 26,39%
) com.datastax.driver.core.Connection.writesConnectionSResEonseCaIIback, long, boolean) line: 734 24 5,04 MB . 26,11%
% com.datastax.driver.core.ConnectionSDispatcher.channelRead0(ChannelHandlerContext, MessageSResponse) line: 1217 108 464 MB . 24.02%
L com.datastax.driver.core.ConnectionS10.0EerationComelete(ChanneIFuture) line: 791 105 453 MB . 23,49%
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|
BbigerneHne namMatn — enum values

enum Flag { ... }

Flag[] values = Flag.values()

-

for (int n = 0; n < values.length; n++)

Stack Trace
Stack Trace TLABs Total TLAB Size Pressure
v ® com.datastax.driver.core.FrameSHeaderSFlag.values() 290
v ® com.datastax.driver.core.FrameSHeaderSFlag.deserialize(int) 290
% com.datastax.driver.core.FrameSHeader.<init> (ProtocolVersion, int, int, int) 290
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BbioerneHne namaTu

4,124 B/ops
Baseline: 3.7.2

3.7.2 + memory allocation fixes 3,831 B/ops

3.7.2 + CHECK_IO_DEADLOCKS=false 3,211 B/ops

3.7.2 + CHECK_|O_DEADLOCKS=false + fixes 2,878 B/ops

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

M -gc.alloc.rate.norm Blop

* TecT: SELECT, Bo3spawatowimn 1 ctpoky, GC allocation rate per operation
 Driver 3.7.2 OOB
* Driver 3.7.2 + memory allocation fixes
 Driver 3.7.2 + -Dcom.datastax.driver CHECK |O DEADLOCKS=false

 Driver 3.7.2 + fixes + -
Dcom.datastax.driver. CHECK |10 DEADLOCKS=false




[paneep

» CnpaBka
* ba3oBble pekomMeHaaunm

* AHanNn3 n3gepxek Ha CTopoHe Apawneepa
« dopmMmupoBaHue 3anpoca

* BbiNnonHeHMe 3anpoca
« CeTeBoe B3anmMogencTeme
 BbioeneHne namaTtu
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AKT 2 CepBep, 3anncb




3anucb

» CnpaBka
» 3an1ck — YTO NpoucxoanT BHYTpK pennukn (?)
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3annucb — YTO NPOUCXOAUT BHYTPU PENSTNKU

Write to
replica
1
[MamaTb A 4
""" Mutation .
Huck Mutation
Mutation

CommitLog cermeHT

Periodic |CommitLog cermeHT
fsync
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|
3annucb — YTO NPOUCXOAUT BHYTPU PENSTNKU

Memtable RangeTombstone
List
vrir:ﬁc? ] 2 > partition1 ~
1 \ \
l partition2
MamaTb
""" Mutation e ——
Huck Mutation
Mutation

CommitLog cermeHT

Periodic |CommitLog cermeHT
fsync
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3annucb — YTO NPOUCXOAUT BHYTPU PENSTNKU

Memtable RangeTombstone
List
ﬁrgﬁc? ] 2 » partition1 -
l partition2
MamaTb
Tt T Mutation TTTTEsEsEEEEEEELE ST A A" C T

Ounck PR - [Neprognyeckuii

Mutation g Y cbpoc Ha auck

Mutation g SSTable
CommitLog cermeHT data index Btlic;tc;T

Periodic |\CommitLog cermeHT |.......
fsync ounctka 19SS Table
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3annucb — YTO NPOUCXOAUT BHYTPU PENSTNKU

* bonee getanbHaga cxema npouecca 3anncu
* C Aertandamu 0]0) ovyepeadax n NoTokax

* C OTOOpa)KeHMEeM Ha TOYKM TPaCCUPOBKM 3arnpocoB
€CTb B AOMNMOJIHUTEJIbHbIX CﬂaVI,El,aX K 3TOMY OOKIaay
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3anucb

» CnpaBka
* 3anncb — YTO NPOUCXOOUT BHYTPU PENSTNKA

* [lpobnemsl
» Mpo6rnema npu BCTaBke cnncka /A

m’ netcracker.com



[Tpobrema npu BCTaBKe CNnCKa

« [lenaem BcTaBKy cobbITMIN B TabNuLy, ogHa U3 KONMOHOK - CMIMCOK

* [1lpobnemsbl:
« 3anpoc nnoxo macwutabupyertcs

« Cnabas ytunusauunsa pecypcon (CPU/disk/network)




[Tpobrnema npu BCTaBKe CNnCKa

 JFR, anarpamma
NOTOKOB

2:53:30 AM 2:54:00 AM 2:54:30 AM 2:55:00 AM 2:55:30 AM 2:56:0!:
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[Tpobrema npu BCTaBKe CNnCKa

Top Blocking Locks | Top Blocked Threads | Top Blocking Threads

Filter Column | Class v

Class Count Average Longest Duration
C org.apache.cassandra.utils.UUIDGen 23036 95 ms 860 ps 15880ms 36 min48s232 ms
G java.lang.ref.ReferenceSLock 12 219 ms 614 ps 409 ms 456 ps 25635 ms
® int[) 57 2dms237ps 393 ms 539 ps 15381 ms
C) java.util.Vector 15 31 ms 928 ps 47 ms 159 ps 478 ms 930 ps
C) org.apache.cassandra.db.commitleg.MemoryMappedSegment 2 20 ms 387 ps 27 ms 777 ps 40 ms 775 ps

Stack Trace Count Duration

v & org.apache.cassandra.utils.UUIDGen.createTimeSafe() 23036 36 min48s232 ms

v % org.apache.cassandra.utils.UUIDGen.getTimeUUIDBytes() 23032 36min48s54 ms

v ®& org.apache.cassandra.cql3.ListsSAppender.doAppend(TermSTerminal, ColumnDefinition, UpdateParameters) 23032 36min48s54 ms

% org.apache.cassandra.cql3.ListsSSetter.execute(DecoratedKey, UpdateParameters) 23032 36min48s54ms

% org.apache.cassandra.utils.UUIDGen.getTimeUUID() = 177 ms 650 ps
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UUIDGen - KoHQnuKThI Npy 3axBaTte Br1OKUPOBKM

"SharedPool-Worker-296" #6150 daemon waiting for monitor entry [0x00007f3195a2a000]
java.lang.Thread.State: BLOCKED (on object monitor)

at org.apache.cassandra.utils.UUIDGen.create TimeSafe(UUIDGen.java:299)
- waiting to lock <0x00007f9b6a0009c0> (a org.apache.cassandra.utils.UUIDGen)
at org.apache.cassandra.utils.UUIDGen.getTimeUUIDBytes(UUIDGen.java: 167)
at org.apache.cassandra.cql3.ListsSAppender.doAppend(Lists.java:396)
at org.apache.cassandra.cql3.Lists$Setter.execute(Lists.java:302)
at org.apache.cassandra.cql3.statements.UpdateStatement.addUpdateForKey(UpdateStatement.java:94)
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UUIDGen - KoHQnuKThI Npy 3axBaTte Br1OKUPOBKM

INSERT INTO events (partition key, clustering key, param list)
VALUES (?,7?,7?)

« param_list = [e1, ..., eN] - cnucok




UUIDGen - KoHQnuKThI Npy 3axBaTte Br1OKUPOBKM

INSERT INTO events (partition key, clustering key, param list)
VALUES (?,7?,7?)

« param_list = [e1, ..., eN] - cnucok

« Konnekunn B Cassandra moryT ObITb frozen n non-frozen:
* Frozen — Bcerga nepesanncbiBaroTCca LENUMKOM, Kak blob

* Non-frozen — moryT ObITb OOHOBSIEHbI MHKPEMEHTASTLHO
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UUIDGen - KoHQnuKThI Npy 3axBaTte Br1OKUPOBKM

INSERT INTO events (partition key, clustering key, param list)
VALUES (?,7?,7?)

« param_list = [e1, ..., eN] - cnucok

« Konnekunn B Cassandra moryT ObITb frozen n non-frozen:
* Frozen — Bcerga nepesanncbiBaroTCca LENUMKOM, Kak blob

* Non-frozen — moryT ObITb OOHOBSIEHbI MHKPEMEHTASTLHO

* [1pn pobaBneHnn anemMeHToB B hon-frozen cnncok Cassandra npucBamBaeT UM
BHYTPpeHHUU naeHtudukartop - CellPath B dpopmarte UUID
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UUIDGen - KoHQnuKThI Npy 3axBaTte Br1OKUPOBKM

INSERT INTO events (partition key, clustering key, param list)
VALUES (?,7?,7?)

« param_list = [e1, ..., eN] - cnucok

« Konnekunn B Cassandra moryT ObITb frozen n non-frozen:
* Frozen — Bcerga nepesanncbiBaroTCca LENUMKOM, Kak blob

* Non-frozen — moryT ObITb OOHOBSIEHbI MHKPEMEHTASTLHO

* [1pn pobaBneHnn anemMeHToB B hon-frozen cnncok Cassandra npucBamBaeT UM
BHYTPpeHHUU naeHtudukartop - CellPath B dpopmarte UUID

* UUID — reHepupyeTca npu BCTaBKke Ha CTOPOHE cepBepa
* UUID — Ha ocHoBe BpemeHu (type 1 UUID)
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UUIDGen - KoHQnuKThI Npy 3axBaTte Br1OKUPOBKM

« UUIDGen — KoHJNUKT npu 3axsate briokmposku (lock contention)
« CASSANDRA-11517

 [lpobrnema ectb, Ha4YnHaga ¢ 3.0.x

* icnpaBneHo, Ha4yMHas ¢ 3.8

* A ecnn Henb3da 0bHOBUTBLCA? — NonpoboBaTb Ncrnosb3oBaTh frozen<list>




3anncb
» CnpaBka
« 3anNncb — YTO NPOUCXOOANT BHYTPU PENSINKU

* [lpobnemsl
* [lpobnema npu BCTaBKe crnuncka

» CKkpbITas ctommocTtb TTL A
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CKpblTas ctommocTtb T TL

» [lenaem BcTaBKky cobbiTnn B Tabnuuy, ncnosnb3ysa TTL

* Untaem gaHHble no partition kno4vy n nogMHOXeCTBY
clustering kntoyen

* CUMNTOMBI:
* UTeHna co BpeMeHeM 3aMeanstoTcs
 CPU Ha cTopoHe cepBepa 1 Bo3pacTaeT
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CKpblTas ctommocTtb T TL

INSERT INTO test tombstones (
partition keyl, partition keyZ,
clustering keyl, clustering key2,
valuel, value2, list value)

VALUES (?,?,?,?,7?,?) USING TTL |

 TTL =1 (1 cekyHga) - npocTo aAnga npumepa
* flush
e CMOTpUM nony4ymnnock B SSTable yepes sstabledump




CkpbiTaa ctoumocTtb TTL

"clustering" : [ "clustering keyl-4", "clustering key2-4" ],
"liveness info" : {
"tstamp" : "13:43:07.78772",
"ttl " : 1’ BpOﬂ'e Bce I-IpMJ-IML'IHO. ..
"expires at" : "13:43:082",
"expired" : true

by

"cells" : |
{ "name" : "valuel", "value" : "valuel-4" },
{ "name" : "value2", "value" : "value2-4" },
{ "name" : "list value",
"deletion info" : {
"marked deleted" : "13:43:07.78699972",
"local delete time" : "13:43:07Z"
}
Yo

{ "name" : "list value", "path"™ : [ "SOME UUID" ], "value" : "a" },
{ "name" : "list value", "path"™ : [ "SOME UUID" ], "value" : "b" },
{ "name" : "list value", "path"™ : [ "SOME UUID" ], "value" : "c" }

]
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CkpbiTaa ctoumocTtb TTL

[1powen compaction — Ha Kaxgoun ayemnke Bblipocnu cell tombstones:

"clustering" : [ "clustering keyl-4", "clustering key2-4" ],
"liveness info" : ({
"tstamp" : "13:43:07.787Z",
"ttl" : 1,
"expires at"™ : "13:43:08Z",
"expired" : true
}’
"cells" : |
{ "name" : "valuel", "deletion_infB"]: { "local_delete_time" : "13:43:07Z2" }},
{ "name" : "value2", |"deletion info" |: { "local_delete_time" : "13:43:077Z"™ }},
{ "name" : "list value", "deletion info"
{ "marked deleted" : "13:43:07.786999Z",
"local delete time" : "13:43:072"
}
}'
{ "name" : "list value", "path" [ "..." ], |"deletion info" |: { "local delete time" : "13:43:07Z" }},
{ "name" : "list value", "path" : [ "..." ], |"deletion info" |: { "local delete time" : "13:43:07Z" }},
{ "name" : "list value", "path" [ "..." ], |"deletion info" |: { "local delete time" : "13:43:07Z" }}
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CkpblTast ctommocTb T TL

« KoHuentyansHo — row TTL B Cassandra obpabartbiBatoTca Ha
ypoBHe cell (link)




CKpblTas ctommocTtb T TL

« KoHuentyansHo — row TTL B Cassandra obpabartbiBatoTca Ha
ypoBHe cell (link)

* Non-frozen konnekuusa —> ewe + 1 tombstone Ha Kaxabl AaNeMeHT




CKpblTas ctommocTtb T TL

« KoHuentyansHo — row TTL B Cassandra obpabartbiBatoTca Ha
ypoBHe cell (link)

* Non-frozen konnekuunsa —> ewe + 1 tombstone Ha Kaxabl AaNeMeHT

* [louemy nnoxo:
* bonblle pecypcoB TpebyeTcs Ha 0bbeanHEHME CTPOK NMPU YTEHNU

* bonblle pecypcoB TpedbyeTcs Ha 0O beaANHEHME CTPOK NPU
compaction

 bonbLwe MecTa Ha Anucke




CkpbiTasi cTouMocTb TTL

HTO MOXHO caenatb:

* He ucnone3oBaTtb 6e3 HeobxoamumocTu cBaA3Ky row TTL + non-frozen
Konnekumu
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CKpblTas ctommocTtb T TL

YTO MOXXHO caenaThb:

* He ncnonb3oBartb 6€3 HeobxoanmocTun cedaA3ky row TTL + non-frozen
KonneKkunm

 Ecnn ecTtb BO3MOXHOCTb — Ucnonb3oBaTtb table level TTL
« PaboTtaeT yepes yganeHne SSTables
* Ho TTL — oanHakoBble Angd Bcex 3anucen B Tabnuue
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3anucb

» CnpaBka
* 3anncb — YTO NPOUCXOOUT BHYTPU PENSINKA

* [lpobnemsl
* [lpobnema npu BCTaBKe crnuncka
» CKkpbITas ctommocTtb TTL
- WriteTimeoutException npv yoanexsun /A




Write TimeoutException npu yoaneHuu

 BctaBnsiem u yaandem aHHble U3 Pa3iiNyHbIX I'Ipl/lJ'IO)KeHI/II7I

e CuMmnTOMBI

* Write TimeoutException Ha CTOpPOHE pasnnUYHbIX NPUNOXEHUN, ONA pa3HbIX
keyspaces/tables

« Bbicokas write latency y ogHoun n3 Tabnuy




Write TimeoutException npu yoaneHuu

 BctaBnsiem u yaandem aHHble U3 Pa3iiNyHbIX I'Ipl/lJ'IO)KeHI/II7I

e CuMmnTOMBI

* Write TimeoutException Ha CTOpPOHE pasnnUYHbIX NPUNOXEHUN, ONA pa3HbIX
keyspaces/tables

« Bbicokas write latency y ogHoun n3 Tabnuy

* MeTpuKu:
./nodetool tpstats

Pool Name Active Pending Completed Blocked
MutationStage 32 20926 32405275 0




Write TimeoutException npu yoaneHuu

 BctaBnsiem u yaandem aHHble U3 Pa3iiNyHbIX I'Ipl/lJ'IO)KeHI/II7I

e CuMmnTOMBI

* Write TimeoutException Ha CTOpPOHE pasnnUYHbIX NPUNOXEHUN, ONA pa3HbIX
keyspaces/tables

« Bbicokas write latency y ogHoun n3 Tabnuy

* MeTpuKu:
./nodetool tpstats
Pool Name Active Pending Completed Blocked
MutationStage 32 20926 32405275 0
JMX:

. :type=ThreadPools,name=ActiveTasks,path=internal, scope=*
. ttype=ThreadPools,name=PendingTasks,path=internal, scope=*
:keyspace=*,name=WritelLatency,scope=*,type=Table




Write TimeoutException npu yganeHun
Thread dump:

"SharedPool-Worker-10" #363 daemon waiting for monitor entry [0x00007f4ced125000]
java.lang.Thread.State: BLOCKED (on object monitor)
at sun.misc.Unsafe.monitorEnter(Native Method)
at org.apache.cassandra.utils.concurrent.Locks.monitorEnterUnsafe(Locks.java:46)
at org.apache.cassandra.db.partitions.AtomicBTreePartition.addAllWithSizeDelta(...)
at org.apache.cassandra.db.Memtable.put(Memtable.java:254)

"SharedPool-Worker-32" #383 daemon runnable [0x00007f4cecc51000]
java.lang.Thread.State: RUNNABLE

at org.apache.cassandra.db.ClusteringComparator.compare(ClusteringComparator.java:137)
at org.apache.cassandra.db.RangeTombstoneList.insertFrom(Range TombstoneList.java:536)
at org.apache.cassandra.db.RangeTombstoneList.add(RangeTombstoneList.java:167)
at org.apache.cassandra.db.RangeTombstoneList.addAll(RangeTombstoneList.java:207)
at org.apache.cassandra.db.MutableDeletioninfo.add(MutableDeletionInfo.java:141)
at org.apache.cassandra.db.partitions.AtomicBTreePartition.addAllWithSizeDelta(...)
at org.apache.cassandra.db.Memtable.put(Memtable.java:254)
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Write TimeoutException npu yoaneHuu

YOoaneHue gmnanasoHa clustering kntoveu:

DELETE FROM test range tombstone table
WHERE part key = ? AND clust key < ?




Write TimeoutException npu yoaneHuu

Memtable
Pronup) [NNN RangeTombstone
partition1 oo
par‘titionz .........

 Range TombstonelList — cTpykTypa gaHHbIX, UCnonb3yemas
ona xpaHeHua range tombstones

« OToenbHasa CTpyKTypa anga kaxagoro partition key




Write TimeoutException npu yoaneHuu

[1nanasoHsbl yAOaJ1eHHbIX KJ'II-O‘-IeVI

L

(-inf: 1] [3 - 41| |@4 : 10)
t=2 t=3 t=1

RangeTombstonelList

* YNnopagoYeHHbIN CNUCOK MHTepBarnos

* Y NHTEPBANOB €CTb BPEMEHHAA MEeTKa




Write TimeoutException npu yoaneHuu

* [1pn pobaBneHnn “GonbLUero” NHTepBasra — OOHOBMSOTCA BCe
cyLlecTBylOLmMe nHTepBarbl (HO YKPYNHEHUSA HE MPOUCXOAMT)

(-inf; 1] [3 5 4l |4 10)
t=2 t=3 t=1

®

(-inf 15)
t=5




Write TimeoutException npu yoaneHuu

* [1pn pobaBneHnn “GonbLUero” NHTepBasra — OOHOBMSOTCA BCe
cyLlecTBylOLmMe nHTepBarbl (HO YKPYNHEHUSA HE MPOUCXOAMT)

(-inf; 1] 3 ; 4]| (4 ; 10)
t=2 t=3 t=1

®
©

(-inf 15)
t=5

-inf 5 3|3 5 4| [(4 ; 15)
t=5 =5 t=5




Write TimeoutException npu yoaneHuu

* [1pn gobaerneHnn “meHbLLErD” MHTEpPBana — 4o0baBnAeTca HOBbIN
NHTepBarn

(-inf ;  3)||[3 ; 4]| |4 ; 15)
t=5 =5 t:

*)

(-inf 12)




Write TimeoutException npu yoaneHuu

* [1pn gobaerneHnn “meHbLLErD” MHTEpPBana — 4o0baBnAeTca HOBbIN

NHTEepBarn
(-inf ;  3)| [[3 ; 4] (4 ; 15)
@ t=5 =5 t:
(-inf 12)
-
(-inf ; 3) 3 ; 4] 4 ; 12)|([12; 15)
t=6 t=6 =6 t:




I
Write TimeoutException npun yganeHun

* [1lpn pobaBneHnn “mMeHbLLErD” HTEPBara — JobaBnsieTcsa HOBbIN
NHTEpBar

* [1lpn pobaBneHnn “0onbLuero” MHTepBana — OOHOBMAKTCA BCe
CYLLECTBYIOLLME NHTEPBASbI
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I
Write TimeoutException npun yganeHun

* [1lpn pobaBneHnn “mMeHbLLErD” HTEPBara — JobaBnsieTcsa HOBbIN
NHTEpBar

* [1lpn pobaBneHnn “0onbLuero” MHTepBana — OOHOBMAKTCA BCe
CYLLECTBYIOLLME NHTEPBASbI

 [lpobnema pocTta 4yncna nHTepBarnoB M3BECTHA, Oblla YaCcTU4YHO

ncnpasneHa B 3.4.11, HO Ha ypOBHe YTEeHUS, a He 3anunucu
(CASSANDRA-14894)
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Write TimeoutException npu yoaneHuu

File Edit Window Help

[, Inspector 52 % = O 8 dump2hprof 52

@ 0x77d2a098 ionl B owl &<~ Q| E~vea~|al

D RangeTombstonelist _

# org.apache.cassandra.db i Overview | i thread_overview §2 | [ list_objects [selectio... | [ list_objects [selectio... | [4] list_objects [selectio... | Iil Histogram | [ list_objects [

c] class org.apache.cassandra.db.RangeTombstonelist @ 0x5c4b03068 Object / Stack Frame Name
Qsjava.lang.Object 2> <Regex> <Regex>

[8) sun.misc.LauncherSAppClassLoader @ 0x5c0026400 4 '§§§' java.lang.Thread @ 0x5c4b206c0 SharedPool-Worker-23
E_ 48 (shallow size) at org.apache.cassandra.utils.ObjectSizes.sizeOnHeapOf(Ljava/nio/ByteBuffer;)) (ObjectSizes.java:124)

111,197,136 (retained size) . at org.apache.cassandra.utils.ObjectSizes.sizeOnHeapOf([Ljava/nio/ByteBuffer;)) (ObjectSizes.java:107)

o no GC root at org.apache.cassandra.db.AbstractClusteringPrefix.unsharedHeapSize()) (AbstractClusteringPrefix.java:91)

at org.apache.cassandra.db.RangeTombstonelList.setinternal(ILorg/apache/cassandra/db/SliceSBound;Lorg/apache/:
Statics | Attributes | Class Hierarchy | Value & 4 at org.apache.cassandra.db.RangeTombstonelist.insertFrom(ILorg/apache/cassandra/db/SliceSBound;Lorg/apache/
’ > | L <local> org.apache.cassandra.db.RangeTombstoneList @ 0x77d2a0f98 1

Type  Name - Value D, < m
o i (rT— ; . 4 <local> org.apache.cassandra.db.SliceSBound @ 0x77d2a0f50 a n e O S 0 n e IS
tint | size 43131\ S Total: 2 entries

long e GrjaaryHeapglze A I_ ToTHR90 . at org.apache.cassandra.db.RangeTombstonelist.add(Lorg/apache/cassandra/db/SliceSBound;Lorg/apache/cassanc

ref delTimes int[43131] @ 0x776aa8fe0 at org.apache.cassandra.db.RangeTombstonelist.addAll(Lorg/apache/cassandra/db/RangeTombstonelist;)V (Range

ref markedAts long[43131] @ 0x776254bf8 . at org.apache.cassandra.db.MutableDeletionInfo.add(Lorg/apache/cassandra/db/Deletionnfo;)Lorg/apache/cassanc

ref ends org.apache.cassandra.db.SliceSBound[43131] ... at org.apache.cassandra.db.partitions.AtomicBTreePartition.addAllWithSizeDelta(Lorg/apache/cassandra/db/partitio

ref starts org.apache.cassandra.db.SliceSBound[43131] ... 4 at org.apache.cassandra.db.Memtable.put(Lorg/apache/cassandra/db/partitions/PartitionUpdate;Lorg/apache/cassa

ref comparator org.apache.cassandra.db.ClusteringComparato... 4 [} <local> org.apache.cassandra.db.Memtable @ 0x620d39¢c20

. [, nartitinne iava il cancurrent CancurrentSlinl icthMan @ MANALTIAN

size = 43131
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I
Write TimeoutException npun yganeHun

DELETE FROM test range tombstone table
WHERE part key = ? AND clust key < ?

clust key = new Date(currentTimeMillis() - expirationTime) ;
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I
Write TimeoutException npun yganeHun

DELETE FROM test range tombstone table
WHERE part key = ? AND clust key < ?

clust key new Date(currentTimeMillis() - explrationTime) ;

* Heckonbko npoueccoB —> clust_key 3Ha4yeHua MoryT ObITb HE CTPOro
MOHOTOHHbIMU (rpaHuLa MHTepBana nnaBaeT)

* B pe3yneraTte — uncno nHtepsanoB B RangeTombstonelist pacter
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I
Write TimeoutException npun yganeHun

DELETE FROM test range tombstone table
WHERE part key = ? AND clust key < ?

clust key new Date(currentTimeMillis() - explrationTime) ;

* Heckonbko npoueccoB —> clust_key 3Ha4yeHua MoryT ObITb HE CTPOro
MOHOTOHHbIMM (rpaHuLUa NHTepBana nnaBaeT)

* B pe3yneraTte — uncno nHtepsanoB B RangeTombstonelist pacter

o Kak neyntb?
« OgvH 13 nyten: genatb bonee Menkue napTuunm
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3anucb

» CnpaBka
* 3anncb — YTO NPOUCXOOUT BHYTPU PENSTNKA

* [lpobnemsl
* [lpobnema npu BCTaBKe crnuncka
» CKkpbITass ctrommocTtb TTL
* Write TimeoutException npu yoganeHuu




AKT 2 CepBep, UTEHME




UTteHne

» CnpaBka
» UTeHune — ypoBeHb knactepa (?)




UTeHne — ypoBeHb KrnacTtepa

Pennuka

1
KnueHt \ \( KoopauHaTtop/Pennuka

Pennuka




YTeHne — ypoBeHb KrnacTtepa

noKarbHbIN P
Data 3anpoc ennuka
2a
1 ¢ )
KnueHt KoopaguHaTtop/Pennuka
Pennuka
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YTeHne — ypoBeHb KrnacTtepa

NOKarbHbIN
Data 3anpoc

2a
/—1\‘ J )
KnueHrt KoopauHaTtop/Pennuka yaANeHHbI

\ Digest 3anpoc

2b (sanpaiumBaem
XeLl oT
pesynbraTta
SELECT)

Pennuka

Pennuka
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YTeHne — ypoBeHb KrnacTtepa

noKarbHbIN P
Data 3anpoc ennnka
2a
1 v v
KnueHt KoopaguHaTtop/Pennuka y
yOaneHHbIn
4 Digest 3anpoc
\Zb (sanpaluvBaem
Xew ot
3b pesynbrara
\ SELECT)
Pennuka
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YTeHne — ypoBeHb KrnacTtepa

noKarbHbIN P
Data 3anpoc ennnka
2a
1 v v
KnueHt KoopguHaTtop/Pennuka y
yOoaneHHbI
4 Digest 3anpoc
\Qb (sanpaLvBaem
Xeuw oT
3b pesynbrara
\ SELECT)
Pennuka
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UTteHune

» CnpaBka
» UTeHne — ypoBeHb kracTepa

* [lpobnemsl
» KonmnyecTBo KOMOHOK U CTOMMOCTb YTeHns /\
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Konn4yecTBO KOMMOHOK M CTOMMOCTb YTEHUS

« Bonpoc: ecTb N1 3aBUCMMOCTb MEXOY CKOPOCTbI YTEHUSA U YNCITOM
yuTaeMbIX KONMOHOK 13 Tabnuubl?

« 3a4eM: XOTUM YMEHbLLUNTb Harpy3ky Ha 6a3sy 1 CHU3UTb BPEMS
OTKIMKa
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Konn4yecTBO KOMMOHOK M CTOMMOCTb YTEHUS

« Bonpoc: ecTb N1 3aBUCMMOCTb MEXOY CKOPOCTbI YTEHUSA U YNCITOM
yuTaeMbIX KONMOHOK 13 Tabnuubl?

« 3a4eM: XOTUM YMEHbLLUNTb Harpy3ky Ha 6a3sy 1 CHU3UTb BPEMS
OTKIMKa

* /IHTepecyowme onuunn:
* KONOHKM 13 KnacTtepHoro Krnrwo4ya
* KONOHKM CO 3Ha4YeHUaAMHn
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—
KornmyecTtBO KOJIOHOK 1 CTOMMOCTb YTEHUS

o OKCMNEPUMEHT:
* [lenaem Tabnuubl ¢ pasHbIM YUCITOM CTPOKOBbLIX KOJTOHOK
« CoxpaHaieM cyMMapHO OMH U TOT e 00beM JaHHbIX B CTPOKY
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—
KornmyecTtBO KOJIOHOK 1 CTOMMOCTb YTEHUS

o OKCMNEPUMEHT:
« [lenaem Tabnuubl ¢ pa3HbIM YNCITOM CTPOKOBbIX KOJTOHOK
« CoxpaHaeM cyMMapHO OMH U TOT e 00beM JaHHbIX B CTPOKY
* B naptuunm — 10 cTpok

* dukcmpoBaHHaga Harpyska: 6000 YTeHMN B ceKyHAY, YMTaeM NapTULNIO
LenmMKom
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—
KornmyecTtBO KOJIOHOK 1 CTOMMOCTb YTEHUS

o OKCMNEPUMEHT:
« [lenaem Tabnuubl ¢ pa3HbIM YNCITOM CTPOKOBbIX KOJTOHOK
« CoxpaHaeM cyMMapHO OMH U TOT e 00beM JaHHbIX B CTPOKY
* B naptuunm — 10 cTpok

* dukcmpoBaHHaga Harpyska: 6000 YTeHMN B ceKyHAY, YMTaeM NapTULNIO
LenmMKom

« KnacTtepHbIn KIou:
e 1764 baut, 2 * 32 banT, 4*16 6auT, 8 * 8 bauTt, 16 * 4 daut
* KOmnMoHKn co 3Ha4YeHnsImu
e 1*512 6aunT, 2 * 256 6anT, 4*128 6ainT, 8 * 64 6anT, 16 * 32 6anTt, 32 * 16 bant
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CTOMMOCTb YTEHUSA — KIaCTepHbIE€ KITHOYN

KOJIOHOK caunT oTBeTa, MC
1 64 1.6
2 32 1.6
4 16 1.7
8 8 1.8

16 4 2.0




CTOMMOCTb YTEHUSA — KIMaCTEPHbIE KITHOYU
- CPU
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CTOMMOCTb YTEHUS — KOFNMTOHKK CO 3HAYEHUAMU

3Ha4YeHUAMMU oTBeTa, MC
1 512 1.3
2 256 1.4
4 128 1.6
8 64 1.8
16 32 2.1

32 16 3.4




CTOMMOCTb YTEHUSA — KONMOHKN CO 3HAa4YEeHUAMU
- CPU
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Konn4yecTBO KOMMOHOK M CTOMMOCTb YTEHUS

» KOINMOHKM C KNnacTepHbIMU KIto4amMu
* ECTb pocT No BpemeHu obpadotkmn n CPU

e KONOHKN CO 3HAYEHNEM
* ECTb CyLLUEeCTBEHHbLIN POCT Mo BpemMeHn obpaboTtkn n CPU




UTeHune
» CnpaBka
* UTeHne — ypoBeHb Knacrepa

* [lpobnemsl
* KOnNn4ecTBO KONMOHOK M CTOUMMOCTb YTEHUS

* Hago npoynTtatb HAbOP NapTULIMIA, KTO 6b|CTpee?A
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Hapgo npoyntaTb HAabop napTuuuin, KTo ObicTpee?

« B pamkax batch nornkn nepmnogmyeckn noctynatot Nayvykm BXOOHbIX JAHHbIX

* [Tayka cocTouUT 13 3annceun, Onga Kaxxagou 3annucu Hago goctaTb NapTULMIO N3
Tabnuubl (“batch-table join™)

- / Tabnuua \

/// E— \\ partition key |clustering key
e 12.02.2019
. - usert |
userz2 L 15.02.2019
user2 '----::::: user?2
\\ userd  rf------- -1 user3
NG —/
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Hapgo npoyntaTb HAabop napTuuuin, KTo ObicTpee?

« B pamkax batch nornkn nepmnogmyeckn noctynatot Nayvykm BXOOHbIX JAHHbIX

* [Tayka cocTouUT 13 3annceun, Onga Kaxxagou 3annucu Hago goctaTb NapTULMIO N3
Tabnuubl (“batch-table join™)

- / Tabnuua \

/// E— \\ partition key |clustering key
. usert | 12.02.2019
"""" - usert |
userz2 L 15.02.2019
user2 '----::::: user?2
\\ userd  rf------- -1 user3
NG —/

* Llenb — MMHMMKN3NPOBATL CYMMapPHOE BPEMSA YTEHUSA 3anncen Ons Knoyen n3 nayvyku
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BapuaHT 1 - Sync SELECT

for (String id : partitionIds) {
BoundStatement boundStatement = new BoundStatement (selectStatement) ;
boundStatement.setString("id", 1d);
List<Row> rows = dbSession() .execute (boundStatement) .all();
// process

}
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BapuaHT 2 - Async SELECT

for (String id : partitionIds) {

BoundStatement boundStatement = new BoundStatement (selectStatement) ;
boundStatement.setString("id", 1d);
ResultSetFuture future = dbSession() .executeAsync (boundStatement) ;

futures.add (future) ;

}
List<ResultSet> resultSets = Futures.successfulAsList (futures) .get();

for (ResultSet resultSet : resultSets) {
List<Row> rows = resultSet.all();
// process

}
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BapunaHnTt 3 - SELECT IN

* SELECT * FROM testTable WHERE 1d IN ?

 [lonblTkKa C3KOHOMUTb Ha B3aUMOOENCTBUAX MeXady KITMeHToOM N CepBEPOM




BapunaHnTt 3 - SELECT IN

* SELECT * FROM testTable WHERE id IN ?

 [lonblTkKa C3KOHOMUTb Ha B3aUMOOENCTBUAX MeXady KITMeHToOM N CepBEPOM

« BapuaHT Hanpsimyto, MO BCEM KNntoYaMm — NNOX0W, KoopanHaTop byaet
B3aMMOJENCTBOBATb C HECKOMNBbKUMM pPennukamm ans pasHbix napTULmn




BapunaHnTt 3 - SELECT IN

° CTpaTeFI/IFIZ crpynnmpyem naptmumn no nx pernjinkam-eraaeribuam
* PacnpepeneHne naptTuymm no Hoaam:
cluster.getMetadata () .getReplicas (keyspace, key)




BapunaHnTt 3 - SELECT IN

° CTpaTeFI/IFIZ crpynnmpyem naptmumnnm no nx perjinkamMm-eriaaeribuamv

* PacnpepeneHne naptTuymm no Hoaam:
cluster.getMetadata () .getReplicas (keyspace, key)

» MakcumarnbHoe YMUCIo Takux rpynn: KoM4ecTBo BapuaHTOB
Bblbopa RF pennuk n3 N Hog = CRF. Ina 5 Hog u RF =3 =>10

 [1na kaxkxgow rpynnbl - otaensHbin SELECT IN

* | 13 MuMHYycOB — BorblLUEe Harpy3ka Ha KoopauHaTop




BapunaHT 4 - SELECT IN with LIMIT

« [lenaem npegBapuTenbHblie 3aMepbl — Nofy4YyaeM CKOPOCTb, aHanornyHyto select sync
« CmoTpuMm no koay Cassandra , YTO NPOUCXOAUT BHYTPU:

select pk in (A, B)

Client
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BapunaHT 4 - SELECT IN with LIMIT

« [lenaem npegBapuTenbHblie 3aMepbl — Nofy4YyaeM CKOPOCTb, aHanornyHyto select sync
« CmoTpuMm no koay Cassandra , YTO NPOUCXOAUT BHYTPU:

selectpk=A | |

select pk in (A, B) ? select ok = B

Client ) - ’
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BapunaHT 4 - SELECT IN with LIMIT

« [lenaem npegBapuTenbHblie 3aMepbl — Nofy4YyaeM CKOPOCTb, aHanornyHyto select sync
« CmoTpuMm no koay Cassandra , YTO NPOUCXOAUT BHYTPU:

selectpk =A /[

14

select pk in (A, B) 4 \ select pk =B

Client [€&—— T =" e
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BapunaHT 4 - SELECT IN with LIMIT

« [lenaem npegBapuTenbHblie 3aMepbl — Nofy4YyaeM CKOPOCTb, aHanornyHyto select sync
« CmoTpuMm no koay Cassandra , YTO NPOUCXOAUT BHYTPU:

selectpk=A [ |
select pk in (A, B) A \“_ -
/—\ | | “ . , ".
Client «—— VQZ::"':,,/"

« Bonpoc: a noasanpocskl B pennnku ansd SELECT IN 3anpocos - napannenbHblie nnm
nocnegoBaTesbHble?
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L
BapunaHT 4 - SELECT IN with LIMIT

« [lenaem npensapuTerbHble 3aMepbl — Nofy4aem CKOPOCTb, aHanornyHyto select sync

« CmoTpum no kogy Cassandra , YTO NPOUCXOOUT BHYTPMU:

select pk = A
select pk in (A, B) ? \\"_ et ok - B
Client ——— &1 L a

« Bonpoc: a noasanpocskl B pennnku ansd SELECT IN 3anpocos - napannenbHblie nnm
nocnegoBaTesbHble?

« OTBeT: AN OAHOCTPaHUYHbIX 3anNpPoCcoB — Aa, AN MHOTOCTPaHUYHbIX — HET
« CASSANDRA-7805

e Crtasum aBHO LIMIT <= page size (50000), 4ToObI NosIy4nTs OAHOCTPAHNYHbLIN 3anpoc
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BapunaHTt 5 - Async SELECT IN with limit

« BapuaHT 4 (SELECT IN with LIMIT) + BapuaHT 2 (async SELECT)




Hapo npounTtatb HAbop NapTUUmKn, KTo ObICTpee?

e TecT:
 [1auka - 100 napTuymn
* B kaxkgon naptuuum B Tabnuue 50 cTpok, utoro yntaem 5000 cTpok
e 5 Cassandra Hoa, RF =3
* Bpems = BpemMsi UTEHUSA nadku




Hapo npounTtatb HAbop NapTUUmKn, KTo ObICTpee?

e TecT:
 [1auka - 100 napTuymn
* B kaxkgon naptuuum B Tabnuue 50 cTpok, utoro yntaem 5000 cTpok
e 5 Cassandra Hoa, RF =3
* Bpems = BpemMsi UTEHUSA nadku

Cpeanee Bpewms oTBeTa, MC

sync select 187
async select 72
sync select IN 189
sync select IN + LIMIT 102
async select IN 94

async select IN + LIMIT 64




UTteHune

» CnpaBka
» UTeHne — ypoBeHb KracTepa

* [lpobnemsl

» KONM4ecTBO KOSTOHOK M CTOMMOCTb YTEHUSA
* Hago npovntatb HAbOp NapTULKMN, KTO BbiCcTpee?
- Kak nogsecutb Cassandra ogHum 3anpocom A\

m’ netcracker.com



Kak nogBecutb Cassandra ogHMUM 3anpocom

* CUMMTOMBI:
* OperationTimedOutException y psga npnnoXxeHum

« Cassandra npouecchl X1BbI

* CPU load - Bcnineck

* GC duration - Bcnneck

* DroppedMessages MeTpuKa - BCMNsiecK




Kak nogBecutb Cassandra ogHMUM 3anpocom
O,EI,HO N3 I'IpI/IJ'IO>KeHI/II7I BbINOJIHAET 3arnpocC BUAA.

SELECT * FROM test table
WHERE partitionColumn = pl
AND clustColumnA IN (al, a2, .., aN)
AND clustColumnB IN (bl, b2, .., DbN)
AND clustColumnC IN (cl, c2,

.., CcM);




Kak nogBecutb Cassandra ogHMUM 3anpocom

"Native-Transport-Requests-2" #71 daemon runnable

at java.util.Arrays.copyOf

at java.util.ArrayList.grow

at java.util.ArrayList.ensureExplicitCapacity

at java.util.ArrayList.ensureCapacitylnternal

at java.util.ArrayList.add

at org.apache.cassandra.db.MultiCBuilder$MultiClusteringBuilder.addEachElementToAll

at org.apache.cassandra.cql3.restrictions.SingleColumnRestriction$INRestriction.appendTo
at org.apache.cassandra.cql3.restrictions.ClusteringColumnRestrictions.valuesAsClustering
at org.apache.cassandra.cql3.restrictions.StatementRestrictions.getClusteringColumns

at org.apache.cassandra.cql3.statements.SelectStatement.getRequestedRows

at org.apache.cassandra.cql3.statements.SelectStatement.makeClusteringindexFilter

at org.apache.cassandra.cql3.statements.SelectStatement.getSliceCommands

at org.apache.cassandra.cql3.statements.SelectStatement.getQuery

at org.apache.cassandra.cql3.statements.SelectStatement.execute
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Kak noaBecutb Cassandra ogHUM 3anpocom

SELECT * FROM test table
WHERE partitionColumn = pl

AND clustColumnA IN (al, a2, .., aN)
AND clustColumnB IN (bl, b2, .., DbN)
AND clustColumnC IN (cl, c2, .., cN);

== KaccaHapa npusoguT K doopMe, aHanorm4Hon criegyroulen == >
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Kak noaBecutb Cassandra ogHUM 3anpocom

SELECT * FROM test table
WHERE partitionColumn = pl

AND clustColumnA IN (al, a2, .., aN)
AND clustColumnB IN (bl, b2, .., DbN)
AND clustColumnC IN (cl, c2, .., cN);

== KaccaHapa npusoguT K doopMe, aHanorm4Hon criegyroulen == >

SELECT * FROM test table
WHERE partitionColumn = pl
AND (clustColumnA, clustColumnB, clustColumnC)
IN ((al,bl,cl), (al,bl,c?2), .., (aN, bN, cN));

/[ N3 komOuHauum
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Kak nogBecutb Cassandra ogHMM 3anpocom

 Elue ogHo HanomuHaHue, o ToM, YTo B Cassandra:

* HeT naonsaumm no pecypcam mexay pasnnyHbiMn keyspace —
nyrbl NOTOKOB 00Lne




Kak nogBecutb Cassandra ogHMM 3anpocom

 Elue ogHo HanomuHaHue, o ToM, YTo B Cassandra:
* HeT naonsaumm no pecypcam mexay pasnnyHbiMn keyspace —
nyrbl NOTOKOB 00Lne

« HeT XécTkoro orpaHn4YeHmnst Ha pecypchbl AN BbIMONTHAEMbIX
3anpocoB




Kak nogBecutb Cassandra ogHMM 3anpocom

 Elue ogHo HanomuHaHue, o ToM, YTo B Cassandra:

* HeT naonsaumm no pecypcam mexay pasnnyHbiMn keyspace —
nyrbl NOTOKOB 00Lne

« HeT XécTkoro orpaHn4YeHmnst Ha pecypchbl AN BbIMONTHAEMbIX
3anpocoB

* HeT XKeCTKOro orpaHmyYeHnsa Ha BpeMsi BbINONHEHNS 3anpoca (no
HacrneacTBy oT Java)
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Kak nogBecutb Cassandra ogHMM 3anpocom

 Elue ogHo HanomuHaHue, o ToM, YTo B Cassandra:
* HeT nsonaumm no pecypcam mexay pasnmyHbiMu keyspace —
nyrbl NOTOKOB 00Lne

« HeT XécTkoro orpaHn4YeHmnst Ha pecypchbl AN BbIMONTHAEMbIX
3anpocosB

* HeT XKeCcTKOro orpaHn4YeHnsa Ha BpeMsi BbINONMHEHUS 3anpoca (no
HacneacTBy oT Java)

* DSE 6.x — thread per core apxutektypa c wapgmpoBaHneM
3arnpocoB MeXay NoTokamu elle bonee YyBCTBUTENMbHA K TAKUM
HenpeaBUAEHHbLIM 3a4epXKKaxX
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UTteHune

» CnpaBka
» UTeHne — ypoBeHb KracTepa

* [lpobnemsl

» KONIM4YeCTBO KOSTOHOK M CTOMMOCTb YTEHUSA
* Hago npovntatb HAbOp NapTULKMN, KTO BbiCcTpee?
» Kak nogBecutb Cassandra ogHum 3anpocom
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anunor IToro
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Toro
» CBexune Bepcum 6asbl n gpamnBepa bbicTpee

« B Cassandra HeT XXeCTKOW 1U30nsuMn 3anpocoB No pecypcam, Kaxabin
3anpoc MOXeT NOBMUATb Ha 00LLee COCTOSAHUE CUCTEMDI
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NToro
» CBexune Bepcum 6asbl n gpamnBepa bbicTpee

« B Cassandra HeT XXeCTKOW 1U30nsumMn 3anpocoB No pecypcam, Kaxabin
3anpoc MOXeT NOBMUATb Ha 00LLee COCTOSAHUE CUCTEMDI

 [lpaneep
« UDT/Collections - ectb HaknagHble pacxoabl Ha Codec
* ECTb psig pyyeKk nokKpyTUTb, MOXHO COKOHOMUTL HemMHoro CPU
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NToro
» CBexune Bepcum 6asbl n gpamnBepa bbicTpee

« B Cassandra HeT XXeCTKOW 1U30nsumMn 3anpocoB No pecypcam, Kaxabin
3anpoc MOXeT NOBMUATb Ha 00LLee COCTOSAHUE CUCTEMDI

« [lpaneep
« UDT/Collections - ectb HaknagHble pacxoabl Ha Codec
* ECTb pag py4vek nokpyTuUTb, MOXXHO COKOHOMUTbL HeMHoro CPU
« 3anucb
* Range tombstones moryT Bbi3BaTb Write TimeoutException
 TTL per row + unfrozen collections -> mHoro tombstones
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NToro
» CBexune Bepcum 6asbl n gpamnBepa bbicTpee

« B Cassandra HeT XXeCTKon n3onsumm 3anpocoB Mo pecypcam, KaxKabln
3anpoc MOXeT NOBMUATb Ha 00LLee COCTOSAHUE CUCTEMDI

 [lpavBep
« UDT/Collections - ectb HaknagHble pacxoabl Ha Codec
* ECTb psig pyyeKk nokKpyTUTb, MOXHO COKOHOMUTL HemMHoro CPU
e 3anucob
* Range tombstones moryT Bbi3BaTb Write TimeoutException
 TTL per row + unfrozen collections -> mHoro tombstones
* UTeHue
« KonnyecTBo KONOHOK CO 3HAYEHNAMN UMEET 3HaYeHne

« Ecnun Hy>XHO npo4ynTaTb Habop partitions, async select — camas npoctas
N No4YTU camasi bbicTpas onuums
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Q&A
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Thank You




MpunoxeHrue [lononHuTenbHbIE crnangbl
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Kakoro poga cuctemMbl U Harpy3ky obcyxgaem

* Linux cepBepa
« Cassandra
* Bepcun: 3.0.x, 3.11.x, DSE 6.x
- Java 8
« OSS DataStax Java driver 3.x
e 2-3 gaTaueHTpa B Knacrtepe
* 5-/ MHCTAHCOB B Ka)XOOM OaTtaLeHTpe

* B kaxxgom gataueHTpe 3 unu S pennuk gaHHbIX
» Consistency level, obbivHO - LOCAL _QUORUM




Kakoro poga cuctemMbl U Harpy3ky obcyxgaem

* Tun cuctembl: OLTP
» Harpysku nopgaaka 10k 3anpocoB B CekyHAY YPOBHS NPUNOXEeHUA
* Bpemsa otBeTta: 95% nepceHTnnb <= 50 ms
« ~5-10 3anpocoB B 6a3y Ha KaxablK 3anNpoC YPOBHS NPUNOXEHUS
« ~100k 3anpocos B basy B LEenom
* Tun Harpy3kn: 50% yteHuin / 50% 3anuncen
« Obbembl aaHHbIX ~ 100 Gb
 Llenb: npnemnemoe BpemMsi 0TBETa AS1A 3a4aHHOro YPOBHSA Harpy3ku




Kakoro poga cuctemMbl U Harpy3ky obcyxgaem

* TN cuctemsbl: NakeTHass obpaboTka
* Tun Harpy3ku: 40% uteHumn / 60% 3anuncen

« OObembl AgaHHbIX ~ 1-10 TBs
* Llenb: nponyckHas cnocobHOCTb




NToro - uccnengyemas cuctema, co cbopom MeTpuUK

Collectd] [Stress test] Cassandra [COHeCtd}""""""""""""""E

tOOI Node
\

Cassandra {Colleptd}é

Java App Node
i [Cassandra . /

Driver
Cassandra [Coll:ecth

; Collectd MR

Clickhouse ,
+ R S
Grafana




MeTpukn 6asbl, N3bpaHHOE

* BcTtpoeHHble meTpukm ypoBHA 6asbl - RED (Rate, Errors, Duration)
e Ownbkun
org.apache.cassandra.metrics:type=ClientRequest,scope=",name=Timeouts

org.apache.cassandra.metrics:type=ClientRequest,scope=*,name=Failures
org.apache.cassandra.metrics:type=ClientRequest,scope=*,name=Unavailables

org.apache.cassandra.metrics:type=DroppedMessage,scope=",name=Dropped
org.apache.cassandra.metrics:type=Storage,name=Exceptions
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MeTpukn 6asbl, N3bpaHHoOE

* BcTtpoeHHble meTpukm yposHA 6askl - RED (Rate, Errors, Duration)
« Rate — npoussogHaga ot Count + Latency (cpegHee, nepceHTUNN)
« org.apache.cassandra.metrics:type=ClientRequest,scope=*,name=Latency

org.apache.cassandra.metrics:keyspace=",name=WriteLatency,scope="*,type=Table
org.apache.cassandra.metrics:keyspace=*,name=ReadLatency,scope=",type=Table

org.apache.cassandra.metrics:keyspace="*,name=CoordinatorReadLatency,scope=*,type=Table

CoordinatorWriteLatency — nosisutca Tonbko B Cassandra 4.0 (CASSANDRA-14232)
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MeTpukn 6asbl, N3bpaHHOE

 [lynbl NOTOKOB
o ....type=ThreadPools,name=Active Tasks,path=internal,scope="
 ....type=ThreadPools,name=PendingTasks,path=internal,scope="*
« ....type=ThreadPools,name=TotalBlockedTasks,path=internal,scope="

« KonnyectBo SSTables, yntaembix BO BpeMsi read onepauun
* ....keyspace=",name=SSTablesPerReadHistogram,scope="*type=Table
* Tombstones
* ....keyspace=",name=TombstoneScannedHistogram,scope=*,type=Table
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TpaccupoBKa 3anpocoB

« TpaccupoBka % 3anpocos
* nodetool settraceprobability 0.0001

 bonblwe getanen: https://www.datastax.com/dev/blog/tracing-in-cassandra-1-2
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|
TpaccupoBKka 3anpocoB - NPUMep

« SELECT 3anpoc, consistency level = LOCAL_ONE

Tracing session: 6930c380-ddea-11e9-97f8-952ee9e78380

activity | timestamp | source | elapsed |
—————————————————————————————————————————————————————————————— T T E s TP R
Execute CQL3 query | ©6:10:46.840000 | ...49 | 0 |

Parsing query <skipped> ; [CoreThread-1] | 06:10:46.840001 | ...49 | 121 |

Preparing statement [CoreThread-1] | 06:10:46.840001 | ...49 | 231 |

Reading data from [/10.101.18.49] [CoreThread-1] | ©6:10:46.840001 | ...49 | 362 |

Executing single-partition query on test _table [CoreThread-4] | ©06:10:46.840002 | ...49 | 691 |
Acquiring sstable references [CoreThread-4] | 06:10:46.840003 | ...49 | 725 |

Merged data from memtables and @ sstables [CoreThread-4] | 06:10:46.841000 | ...49 | 763 |

Read 1 live rows and © tombstone cells [CoreThread-4] | 06:10:46.841000 | ...49 | 782 |

Request complete | 06:10:46.840918 | ...49 | 918 |
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I
3anncb — NOTOKU KN oYepeau

oL Cassandra coordinator Cassandra replica
server - Qutbound TCP Connection
socket(9042) Natlvzggir;sport 1 5 backlog queue s Mutation queue
3 _
— ) (1D - T 11}~
1
Storage server :
I , ,‘ ([ []] socket (7000) '
5/,
are all worker permits for . *
Netty Flusher queue Mutation stage taken? CommltLog'.add
no h :
TRl NN SILEEEEE LB 6 !
Mutation - .
queue C?mmitLog.add Memetable.put
1
|/ 6 i
1
Memetable.put Outbound TCP Connection !
—>» epollEventLoopGroup-2-<ID= Wall Y = = = = = == == = ‘) backlog queue :
CL - , i !
SharedPool-Worker-<|D= ) I]:_K‘ - | | | ‘—CDD‘ """
(in Native-Transport requests stage) B .' . RequestResponse 8 !
- =» SharedPool-Worker-<ID= (in Mutation stage) ’ queue _
—>» MessagingService-Outgoing-<IP= | 1 trace point
—> MessagingService-Incoming-<IP= 10 - .‘ | TCP Socket
- - » SharedPool-Worker-<ID= (in RequestResponse stage) :IIJ
[ ] application level queue
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TpaccupoBka 3anncu

ID Text

Execute CQL3 prepared query <session started - initial timestamp is stored>
Determining replicas for mutation

Sending MUTATION message to %s

MUTATION message received from {}

Appending to commitlog

Adding to {} memtable

Enqueuing response to {}

Sending REQUEST_ RESPONSE message to %s

REQUEST RESPONSE message received from {}

Processing response from {}
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3anucb

» CnpaBka
e 3anncb — 4YTo NMPOUCXOOUT BHYTPU PENMITUKA

* [lpobnemsl
 [lpobnema npn BCTaBKE 3r1IEMEHTOB CMNUCKa
» CKkpblTasg ctrommocTb TTL
» WriteTimeoutException npn yoaneHuu
* BblgeneHue namstn Npu 3anucu
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BblioerneHne namaTu

« Mutation 006bekTbl cepuanusyroTca asaxkgbl 1) ans Toro, YToobI
onpenennTb pasmep bydepa 2) ansa Toro, YTodbbl 3anucaTb AaHHbIe
« AkTyaneHo gnsa 3.0.x Bepcuu

* cnpasneHo, HadnHada ¢ 3.10
* https://issues.apache.org/jira/browse/CASSANDRA-12269
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BblioerneHne namaTu

« Mutation 006bekTbl cepuanusyroTca asaxkgbl 1) ans Toro, YToobI
onpenennTb pasmep bydepa 2) ansa Toro, YTodbbl 3anucaTb AaHHbIe
« AkTyaneHo gnsa 3.0.x Bepcuu

* cnpasneHo, Ha4uHasa ¢ 3.10
* https://issues.apache.org/jira/browse/CASSANDRA-12269

* I3nuwHue BblgeneHnsa namaTt Nnpu 3annucu, Hanpumep — rnpm BblYUCIEHNN
hashCode B pamkax Memtable.put
« AkTyaneHo gnsa 3.0.x Bepcuu

* WcnpaeneHo, Ha4nHas ¢ 3.6 https://issues.apache.org/jira/browse/ CASSANDRA-11428
« NononHutenbHo 3.10 - https://issues.apache.org/jira/lbrowse/CASSANDRA-12269
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3anucb

» CnpaBka
e 3anncb — 4YTo NMPOUCXOOUT BHYTPU PENMITUKA

* [lpobnemsl
 [lpobnema npu BCTaBKE 3r1IEMEHTOB CMNUCKa
« CKkpblTasg ctrommocTtb TTL
* WriteTimeoutException npn yoaneHuu
* BblgeneHue namstn Npm 3anmucu
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* UTeHne — ypoBeHb Kknacrepa
* UTeHne — 4To NnponcxoauT BHYTPU pENSINKU
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|
YTeHne — ypoBEHb PENNNKY

MamaTtb

YUTaeEM
PeENNINKy

Memtable

napTuumsa

I
]

]

]

I

]

]

]

I

]

]

]

o.. '

-".’ l

. * l
]

I

Range :
]

I

]

]

]

I

]

]

]

I

]

]

Tomt)izione / \

B-OepeBo no clustering knw4yam
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|
YTeHne — ypoBEHb PENNNKY

NamaTtb + [uck
1
1
HUTaeM 51 mepxum 2 ); Bloom Filter | |1 Bloom
PeENNINKY | filter

1
1
Memtable 1 !
) .
1
napTuuuAa |
o I
I
/ |
1
I
Range ,
Tombstone )
List / \ '
1
1
B-OepeBo no clustering knwoyam :

1 |[SSTable
1

! SSTable

L |ISSTable
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|
YTeHne — ypoBEHb PENNNKY

MNamaTtb + [uck
1
1
HHTaeM MepPXUM 2 ); Bloom Filter | |1 Bloom
pennuky I ! filter

1
1
1 Y !
Memtable | EiL: ::Ki‘fs::g _________ Partition key | ||
1
Knoyen Lol i
napTuuuAa |
o I
I
1
I
Range ,
Tombstone )
List / \ l
1
1
B-OepeBo no clustering knwoyam :

1 |[SSTable
1

! SSTable

L |ISSTable
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|
YTeHne — ypoBEHb PENNNKY

NamaTtb + [uck
1
1
YyuTaem MePXKUM 2 ); Bloom Filter | |1 Bloom
pennuky I ! filter
1
1
1 ~ 1
Memtable | EiL: ::Ki‘fs::g _________ Partition key | ||
1
Knoyen cache !
napTuuma l I
‘ PacnonoxeHue H H :
ans kaxgoro N- Index _— ind
ro Knoya B | Summary | , e
Range UHOEeKce I
1
Tombstone )
List / \ '
1
1
B-OepeBo no clustering knwoyam :
1 |ISSTable
1
! SSTable
L |ISSTable
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I
UTeHne — ypoBeHb pensnku

NamaTtb + [uck
1

anrtaem [ 2 > Bloom Filter Bloom
pennuKky filter

1 | !

Memtable KeL: ::KGOL.ITJOGHS)V(I ---------- Partition key
i ad vp ~ cache
Knoyei
napTuuua / l
PacnonoxeHue
' ans kaxgoro N- | Index > index
ro Knoya B Summary s

Range NHOeKce \ r
Tombstone
List / \ Cmewenuns ans

oxatbix chunks 'Compression

> compressed

-------------.\.--------------

| 5 dhaiine ¢ ~ Offsets data

B-nepeBo no clustering kntoyam [aHHBIMY SSTable
SSTable
SSTable
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