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OnbIT ncnonb3oBaHusa MySQ
Cluster pna cuctem oHnav
Tapudpunkauun 2
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MTC cerogHsa

5 70 000 107

CTpaH npucytcrsus COTPpyAHUKOB MUITJIMOHOB
y aboHeHTOB
Poccus, Benopyccus, YkpaunHa, MTC BxoguT B 10 KpynHenwmx
ApmeHus, TypkMeHucTaH paboTogatenen Poccum COMOCTABNMO C HACEHEHMEM

KaHagbl, icnaHum n AscTtpanuu
BMECTe B3ATbIX

HanpaBneHusa 6usHeca

dukcupoBaHHasn Ludcdposoe u CucremHas ®duHaHCcOBbIE U
Mob6unbHas cBsA3b
cBA3b m UMM cnyTHukoBoe TB MHTerpauums GaHKOBCKUue ycnyru

MTC MT



PasHunua noaxonoB Telecom n DotCom

BusHec nogpasgeneHus

IT n 63k-ochuc

CeTb U Tex.6nok

MTC HT

TpaAuLMOHHbDbIN TeJIeKOM
3aKpbITbIA KOA
He nepeucnonbsyemo
HazgexXHocTb
Waterfall
PernameHTbI
CnCTEMO-LIEHTPUYHOCTb
Db PEeKTUBHOCTb COBOKYMHbIX 3aTpaT

LiMkn pa3paboTku — MecsiLibl U robl

NHTepHeT nNnpoeKTbl
OTkpbITble API 1 nnatdopma
MoAaynbHOCTb M NEpencnosib3oBaHne
MHHOBaLMSA U BbICOKME PUCKU
Agile, lean
MbkocTb
Bu3Hec-OpneHTUpPOBAHHOCTb

Db PeKTUBHOCTb TEKYLMX 3aTpaT

Lmkn pa3paboTkyn — oT AHEW A0 MECsLEB



[Toyemy peanbHoe BpemMaA?

YBenunuuBaem LeHHOCTb UH(hopMaLum

Pe3synbTat c 3agepKKon Pe3ynbTaTt B peasibHOM BpeMeHU LieHHOCTb BusHec cobbiTne
ans
6usHeca
O6beM PocT noxopa yepes O6bem PocTt goxopna
npoaax KOPpeKTUPOBKY npoaax yBenuuuncs 3a cuet 3apepxka
npeanoxeHun 6onee paHHen [AAHHbIX C60p AaHHbIX

peakuunun

HocTtaBka nHcdopmaumnm

e mmm e e e m e e —— -

1 1
1 1
1
:. | : 3apepxka
| | ' aHanusa !
1
Havanu: 3 aHA 1+ OTKnuK | Hauanu npeanaratb u !
npegnaratb | in KOpPpeKTUpOoBKa | cpa3sy Xe koppektupyem | ________ ‘' e Oencteue
1 1 1 1
1
Bpewms Bpewmsi ' 3anepx«a
| pelleHus
1
1

ORACLE From TDWI The Business Case for Real-Time Bl Based on concept developed

by Richard Hackathorn, Bolder Technology Bpemsa gencrtens

YT106bl MOBLICUTL LIEHHOCTb MHAOPMAaLMK, AaHHbIE OOMKHbI COBMPaTbCS U
aHanM3npoBaTbCs B peasribHOM BpEMEHM

MTC MT



Cuctema oHnanH oueHKU

Online Charging System sd Charge Complex

Telco FORIS

Medio
SCP

Next time-unit() |

Billing
Domain

Get Subscrib:er Data and Counters()

d:Bet Balances() i

|

t
1
1
1
1
—————————— +
1
|

RF - Rating Function

ABMF — Account Balance Management Function

CGF — Charging Gateway Function

OCF — Online Charging Function Allow/Reject() =~

i
e
PCEF - Policy and Charging Enforcement Function |

MTC HT



Kak Bblonpann CYb[

MDP Times Tangosol MySQL SolidDB Raima Mcobject
Ten DB IMDs
CtoumocCTb BnageHus 3 1 1 3 1 1 1
Bo3MOXHOCTb MHTErpauum ¢ napTHepamm 0 2 2 3 1 0 0
MacwrtabnpyemocTtb 0 1 3 3 3 - -
MpounsBoanTenbHOCTb 0 1 3 3 3 - -
OTKa30yCTOM4YMBOCTb 1 3 3 3 3 - -

0 oTCyTCTBUME YKA3aHHOIO CBOWMCTBA
3 Haunydwwee cooTBeTCTBME TPEOOBAHMAM

MTC MT



SAS/SSD/RAM ancku

IOPS v Average Response Times for RND 4K RW0 / RW100

5 000 000 10 000 I I0PS RND 4K W
4 500 000 4,383,256 == == Ave Response Times W
4000 000 1000 EEEEE 10PS RND 4K R
== == Ave Response Times R
3 500000 3,049,946 100
3000000 Hardware:
2500 000 10 PTS Reference Test platform
2000 000 Intel S2600 COE Gen 3
1 Dual Xeon 8 core, 3.2Ghz E5 2687W
1 500 000 32 GB (4 GB x8) DDR3 1600 ECC
1 000 000 742, 0.1 16 GB RAM Disk
500 000 asie  TaoA07 87,419
0 p— | 0.01
IOPS SAS 12 Gb/s PCle 8 Ln RAM Disk Average Response Time (ms)

MTC MT



MySQL Cluster

MySQL Cluster Application
Authid (PK) Frame Iname Country
MySQL MySQL MySQL
Server Server Server 1 Albert Camus France
l l 2 Enrest Himingway USA
\ 4
NDB API 3 Johann Goethe Germany
Management 4 Junichiro Tanizaki Japan
Server
>
NDB
Staiage Management
Engine S

PK 4

Junichiro

MTC HT
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Subscriber Care Application
(SCA)
Service Engine (SEE) 1

BsConnector.NET

...N Instances
Service Engine (SEE) N

BsConnector.NET

ProtoBuf over TCP
» load sharing
reservation

BS Management Node 1

Nagios = gqpy/ sNmP

OMM — BUS

Cxema pelueHus

Balance Storage (Node1)

BSAN:
Application core
Plug-ins BUS —

MySQL Cluster
Data Node

MySQL
Cluster Group 1

Balance Storage (Node2)

BSAN:

Application core MySQL Cluster

Data Node

Plug-ins BUS —
Balance Storage (Node3)
S MySQL Cluster
Application core Data Node
Plug-ins BUS —
MySQL
Balance Storage (Node4) Cluster Group 2
BSAN:
Application core II\DA;ItSa Q'\lLogLuster
Plug-ins BUS —

MySQL Cluster
Mgm Node

16x cepsepoB HP BL460c Gen8

= 2x Xeon E5-2670 8C 2.60 GHz
CPU

= 256 GB RAM

= 2x Port FlexFabric 10GbFCoE

MySQL Cluster

Mgm Node Remote Logger

Two maintenance and
management nodes with full
reservation

Balance Storage (Node xxx)

BUS interconnect (internal signalling,
watchdog, mainatence, logging)

and reservation

NDB interconnect with loadsharing



OcTarnbHble TEXHOMOMMn

= Oracle Enterprise Linux (Unbreakable Enterprise
Kernel) 7.2

= MySQL Cluster CGE / GPL 7.4.12

= C++11/14, boost, Google Performance Tools, ...

= Google protocol buffers

= GCC4.9

= LockFree anropuUtmbl N CTPYKTYpPbl JaHHbIX

= libevent 2.0.21

= TFS 2015.1, Jenkins

MTC MT



Time, ms

3000

2500
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CUHXPOHHbIE/aCUHXPOHHbIE TpaH3aKUuK

8 NOTOKOB NO 8 KOHHEeKTam
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123456789 1011121314151617 1819 20

MTC MT

Bpems Ha nayuky

Time, ms
450
400
Ordered Index
350
300
250
200
150

Unique key

Primary key 100

50

0

Bulk size

Ordered Index

Primary key
123456789 1011121314151617181920 Bulk size

Bpemsa Ha onepauunto

Onepauun no ordered nHAeKcam He nogaaroTCsA rpynnMpoBKe



[ pynnnpoBKa onepaunn B TpaH3aKumu

160 noTokoB no 8 KOHHeKTaMm, no Primary Key

Time, ms
8 000 1200
7 000 ASYIe
1000
6 000
800
5000
4000 600
3000
A ASync
2000 Sync
200
1000
Sync
0 0
1234567891011121314151617 181920 Bulk size 1234567891011121314151617 181920 Bulk size
Bpems Ha nayky Bpemsa Ha onepauunto

anI yBeJIMYeHUN KorindecTBa napanrnesibHbIX 3anpocoB CUTyalus yxyauiaetcs

MTC MT



[lpumep nora

[30-03-2017, 17:51:27.999972] [0x00007ffff22a8700] ReserveBalance business operation started
[30-03-2017, 17:51:28.001612] [0x00007{fff22a8700] ReserveBalance executed (NoCommit) operations:
Insert (PrimaryKeyAccess) operation on ST_Locks table
in 0.79217100000000007 microseconds
[30-03-2017, 17:51:28.004599] [0x00007ffff22a8700] ReserveBalance executed (NoCommit) operations:
Read (PrimaryKeyAccess) operation on BL_TmpValues table with LM_Exclusive (Read with exclusive lock) lock mode - 3 times
Read (PrimaryKeyAccess) operation on BL_Values table with LM_Exclusive (Read with exclusive lock) lock mode - 3 times
Insert (PrimaryKeyAccess) operation on SE_Entities table
in 1.066813 microseconds
[30-03-2017, 17:51:28.005522] [0x00007{fff22a8700] ReserveBalance executed (NoCommit) operations:
Read (PrimaryKeyAccess) operation on BL_PeriodicAttrs table with LM_SimpleRead (Read with shared lock, but release lock directly) lock mode
in 0.83748199999999995 microseconds
[30-03-2017, 17:51:28.005790] [0x00007ffff22a8700] ReserveBalance executed (NoCommit) operations:
Read (PrimaryKeyAccess) operation on BL_TDs table with LM_SimpleRead (Read with shared lock, but release lock directly) lock mode
in 0.1474 microseconds
[30-03-2017, 17:51:28.006540] [0x00007{fff22a8700] ReserveBalance executed (NoCommit) operations:
Read (PrimaryKeyAccess) operation on BL_PeriodicAttrs table with LM_SimpleRead (Read with shared lock, but release lock directly) lock mode
in 0.63821899999999998 microseconds
[30-03-2017, 17:51:28.007461] [0x00007ffff22a8700] ReserveBalance executed (NoCommit) operations:
Read (PrimaryKeyAccess) operation on BL_TDs table with LM_SimpleRead (Read with shared lock, but release lock directly) lock mode
in 0.84115899999999999 microseconds
[30-03-2017, 17:51:28.007862] [0x00007ffff22a8700] ReserveBalance executed (NoCommit) operations:
Read (PrimaryKeyAccess) operation on BL_PeriodicAttrs table with LM_SimpleRead (Read with shared lock, but release lock directly) lock mode
in 0.31476900000000002 microseconds
[30-03-2017, 17:51:28.008085] [0x00007{fff22a8700] ReserveBalance executed (NoCommit) operations:
Read (PrimaryKeyAccess) operation on BL_TDs table with LM_SimpleRead (Read with shared lock, but release lock directly) lock mode
in 0.14543999999999999 microseconds




JKkcnnyaTaunoHHble Npodbnemsbl

MoOHUTOPUHr
Ha yposHe NDB API ob6eliatoT B criea.Bepcusix, noka Tonbko SQL

Ownoku
Oracle ucnpasnsieT, HO MeANEHHO U HEOXOTHO

Online DDL onepauuu

Bpo,qe KaK €CTb, HO NOJ1b30BaTbCA NMPaKTN4€CKN HEBO3MOXHO

Range scan operations

Ha Tekywimn MOMeHT gerpagauuns nponsBoguTesibHOCTU He
ncnpaeneHa, Ucrnonb3yemM NpoMeXyTouHble Tabnvubl 4ns agpecaunm
K Habopy 3anuncen

MTC MT



MTC HT

Toro

Ucnonb3oBaTb MOXHO, HO C OCTOPOXHOCTbHO
BbicokoHaaéxHaa obicTtpasa OLTP ACID B[]
EcTb 0CO6EHHOCTU NULIEeH3UpPOBaHUA

Ho uaBecTHbIe an bTepHaTUBbLI.

= [McaTb caMUM CUHXPOHHYIO pennuky Ha Redis, Tarantool, ...

= N1 nokynaTtb TimesTen

15



MTC AT

MOBWIBHBIE TEJIECUCTEMBI
NH®OPMAIIMOHHBIE TEXHOJIOTUHU

Cnacuoo!

28.05.2017

Mpokonus M.B.
PykoBoamnTenb rpynnbl NPOEKTUPOBAHUST BbICOKOHArpyXEHHbIX CUCTEM
[enapTaMeHT pa3paboTku NPoayKTOB
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