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2= YA

A RME (Scalability|{fR481E) -

A—LEXRNRSGT, MNRERAFHHEENTARIEERMER, A RERERS
&N AEEKEHPRBIEES . REXMH LGN —M R BRI NRE N
#E (CPU, AT, BESE) , EHERAXMEEMNS—MAX, ERF—AHRK
FertlE—kE, BRRETRFH[—HDELE—NEENES.

=R M (High availability) :

B—RFB[NHRRAEEHAZE—NMELEFR, BATZEMESK. KRIRIT. K
BAAEXFE—EXHANAEFETESEZMEZ/LaHAEN. ENEEXE—
L8 iR S5 7 (R (RTRT (B &R AT LA (Bl 72 AT AR S IR VAT B A AN BN . SEFFH R\
HEEFHPIEMITRIRSSE, EEEHEP—SRSZHF[RIETMEREHRS, M
MR IS= AT A M.

t1#13% (Load balancing) :

RENEREHN—TRERAR, BEEIERSLZETENRSEE, NMKSST
M FEGFHIMEEE. — N A& T AR N — DN E B RIServietsk Plug-Ins ({540
—/Linux box#|AipchainsksLI) , ZHERBIAESSLINERBVEH. BRItz Ib,
REHERLEPITEHMNEERES, W “SIERM iIL— 1P MRHPSEREE
E—MBRS=ELE, “BEREETE” BTHIESERS LB ERMAIRSSE L. Ak
BIERBES S ERNTEIBEERE “KNEE” TiE.
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2= YA

24 (Fault tolerance) :

S AMEERENHEERENERI RS, HI2EEEET, H— P IRSSELH)
Ka, RFSNARENR, XEENHMIEKEEATRRSZLE. B, SH—
MEKE—DIEERMIRS Z PR, FRESEIANEMNER. © VEHS DA
tHix, DEHARS N SEERHRBTBINERNITA.

S MFER (Failover) :

RYEBRERTARRMEEENINZ—IRBIRAR, S—MERKWE,
WEFEHTNRE—INER, WERSREMASLIL, 5?%%']% /\f“—“,'f—i—ﬂo{?)s'i
ERNmE, B IKETEBaNERMIERE S —1 RS,

=™ 755% (lJdempotent methods) :

FERFERERH—EFE: EERERNSHEARMEFSIERNEGR. X&H5
EASEMAGRT, AJUESEHAAMAREOKERS. 5la0: getUsername()

MeFmH, MdeleteFileFiA 2. HIZATTIEHTTP SessionZk 3 EE B FEIBREE
BT, Et—1TEENES.
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HUEEE P REE
KRFEENESES
ACIDE LS RE4r

et aRRfA#HT ( Normalization )
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HEEE A NSEE

ASREB(E RIS MPLEENHERE ?

AR EIEERFRIRER ?
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= WAIEIEFE

BRI RS
 Oracle
- DB2, SQL Server
« MySQL. PosgreSQL
P HIVEHERE
« Google Spanner & BigTable & MegaStore

« OceanBase, Hbase
ETFIRSZEE & KeyValue Store

e Tair
« Memcached
* Redis
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BRI E BT

ACID
« BFH (Atomicity )

. S2E&M ( Consistency )

- [RE1 (Isolation)

- #EAME (Durability )
Relation & SQL

« Structured Query Language ( BPSQL)

( By Edgar Codd )



http://www.seas.upenn.edu/~zives/03f/cis550/codd.pdf
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RDBMSZ BIRIEEREZERYRIRR

ASZTIFENHEIR T 1
HIEESMARRZAERES
REARFEHSRE
MEARFEFIROMER (TEMREE? )
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RARSIEENER SR

Billing (icH3skss , @IS, R1T)
Booking (i1JZE3WSS , n=s)
Inventory ( EFEIE , T&)

XENVSIIHRIFIERMTA ?
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XEXFZ—1EIR

S5—1 K EENormalization

XA FHEERSF =

SREN: TR
7

BEfEkPER i

b SWAM e rEasaE?
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ACIDRYERHLS:

TransactionfJ#lS{&HEContract Law
« —FREk. —FXE (Atomicity )
- FeHMEFAR , BASHIESATRAER ( Consistency )
- OJEITS5Z A#1T25 (Isolation)
- EtBEfEARER ( Durability )
Atomicity

« BAREBTL] , BAZRRL]

Consistency
. %%%&TEEEQ%&?E%@%@EEE EMHILIRAN (£, R, INEF
Isolation
° Eﬁﬁ??ﬁ?ﬂﬁﬁ’ﬂ%%ﬁ)ﬁﬁﬂﬁ%?-}W-}EI’\JE%—# , (RERGRTE ( state )
H—20E.
Durability
- —BIRRZ , WFHEMEE, CrashtBARAEEEURE
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JUAERHHES

Write-Ahead Log

Logical log Physical log Physiological log
Redo |
, insert operation After images dba A, insert op
* Logical Al|BI|C dba B, insert op
. delete operation dba C, insert op
* Physical
. . AllB]||C
« Physiological dba A, delete op
dba B, delete op
Undo dba C, delete op

5518 - BSITA
SCN - RATEH—MIEE (SIERH )




)\/\D uml.org.cn

QQQQQ N RewsrE
ALK

B s =Eraias

—MEEREEYmR

« ASE— {41 HRGB
« ARKIRER-1
- ABIEE+N

- BRKRIRERF+1
- BEY&EE-N
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SAISEERRF1E (2)

RBEAETEAD , 2—AO ([FF)
BN EENICRBEIRESEER
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SRR AAIRIEC

iE1dRead Dirty5iskiFRPK/UK
Bid RefiSERAFRFKRIAE ( F=EIndex )
1E1dPreCommit triggerE{HNullA32Check




79007,
A AR

SRR PHRIE
]

- FERIERISE (BR. R, iCRER)
TEMEREHOH (SRS, RIFIEXSY)
MVCC

 Snapshot Isolation
- Block Image + SCN + Undo Image ¥

ZAl{EFEEUE I El = AY9Snapshot

KRRl

D uml.org.cn
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HOEETAR{RUED

Log before Data
LGWR before DBWn

Flush Log on Commit

 Durability On Commit
Checkpoint Before Redo Log File Reuse




ACIDRYN

ARfYIsolationII A RRIK
- Serialiazability
« Read Committed (Through Snapshot)
- Read Dirty ? (i&BH&IEH )
AEAIDurabilityZi5l

e Flush on Commit
* Flush on Timeout ( Time Range)
 Flush on Batch ( commits count?)

O KA BB

79007,
ek

A/\D uml.org.cn
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BUREES IEEE
KRHEEENEPSR
ACIDEAFHISREFr

et aRE#Etr ( Normalization )
EUERERII BT

7w W R EE R 4 o] g

79007,
A AR

KRRl
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NORMALIZATION
SEM AR

AHSLicRTF

- FHERER, 2R, FIEN. RESIR. REET
HET

- 2 ("E>ZE ) LARIIRAYZTE T
BXFHET

- RIE (BUREERC> D hIIEUEERE ) &ENT
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NORMALIZATION#Z RAY[a]1 80

Efi— PN EAASLRE
BREERE—1EX

* AHARIUESAD SHEAY—EUE ?

- —pEHEEZONIRK ?
A—REERES TZ IR ?

* XIMNHIFHESIE] ?

- NTFEFRENEERIR ?
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NORMALIZATIONwERYa)RR

FZEIRIKRE ( XFMKH , #85)
FREXAIPLAS ( KEXFHH , ATRERIIOFEH )
AR RIERE (B8ES)




AM{aE NORMALIZATION

REAENFHSEIEMNormalization
 [RAERBETLIFETIE
EEEIE Vs FGE AR A=
I ABRZITIRAEZWNormalization
- IRERE A IBE S FEIEE
FESY)
- IEERIEH
- AT FIRN S ZEE T

O KA BB

79007,
755
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BUREES IEEE
KRHEEENEPSR
ACIDEAFHISREFr

et aRE#Etr ( Normalization )
EUERERII BT

7w W R EE R 4 o] g

79007,
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YHAIE24 AMIR BRI RS p ?
YHAIE S A MR EBEEI RS 5 ?
YA 504 A M ERIXZI K21 ?
YHATIE 500 A MIXEBREEI A 16, ?
YA 50004 A M ERIEZI KRS 10 ?
WA 1E50000 A X EREZIKZFI ?

~199®
AX

P
X
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SURERYY R a)RR
SGERESRN. REREET :
 WEEE FHIZEK

e ]
» Relation
&R
- Isolation
 Consistency(UK)

— 1)
« Isolation
EEaRR

 Performance, Durability+Isolation




EEIS R 0)’R

AT MR ROBX R TR EIXXRIFRIESES ?
UM 2 BIRIER R B R EIXXRIFRIESES ?
W MEEN 2B RFEPIEHZIXXRIRBIESH ?

WA MTBED. HBAE.

O KA BB

BRIB RO

i

2L

=

REIXXRIEBIESHS ?

79007,
755
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SHERERYF AR

RARESIAZRBEIFINS ?
MHAFREARELNAZRE—PMFINS ?

IO

FNA. LT, LAABREIFENS ?

290009
AXK

Q KSR eBETE
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ZOEREER U )R
MAREAREIRFEN ?
WA S SRR 7

TS AR — A ABE ?




&4

ES)E

"EEInJER

RORTRIERD LI A SRR SES ?
- BZR?

ATHERGE IO ATEISFE ? e

o EAREHERA ?
« —NRSFR ?
« —NEWT?
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PERFORMANCE VS SCALABILITY

1.33/—1MALIEE |, EEW ?
2.5BRSAIBGEAT , EEWRE ?
« REEPERFIR ?
MRHEL
» Z~PerformancefREF ?
AT BEERYFRYFERE 2
- RRAFBERIFHIScalability




— X R R
AR AR S e —2S ?

ITPUBRYICIZEE=ia—ES ?
HENWEBRHAMEEEE ARG ?

12306 FEEFERTEEE—HIG ?

ZTE/ M BRIKP RS EE—305 ?
RIERR/EERT RIIKAEESEE—EG?

79007,
A AR

KRRl

’3’ uml.org.cn




. QQQ o N R eBEIE
/\/KA)\A uml.org.cn

ey R




OQQQO K R e BT
ATk

ﬁ@ uml.org.cn

SURREER T R

 Scale (&) MEILHRMNBBUEEEREBRME ERIRSZEEN,
EEHILERE S .

e Scalable (I R) NE2RPBIBERGERTHEHMNAR (8
FEEM BB W FIEMREZRHE) 2 EEBATREHE
EoRAEEE . EEISRELRE, FABEERSGEHE
Scalable Y, RANERAIFBENEMARA—HEME.

e Scalability (F &) MEIE—NEIEERSR T HEHMNAHE
ZEHERGEEHEANESIEE. BARTEIL HEMRSEER
A LR S R AR RIZ B EE WRRA, (ERFEINRS
EHHEENLEE NAEENALBEE (FEMAN) 2F—
HH, XUEREZRNMEHSNMEEENARSH Scalability
FERKHESR.
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SURREER T R

* Scale Up MIZiENREY R, BT R, thmisiEidisEmian
AT SR E R I RiESE AL EET), REIARIE
ARS5eROECE, WIBMATEF, BMCPU, EMEEREOEG
?E%gﬁéﬁﬁﬁﬁ%ﬂﬂﬁﬁﬁﬁmﬁ%ﬁﬂﬁﬁE%W
FiE RS

* Scale Out MEZIRMEINT R, ESMR, tLRi2EIHEmMLE
BT RHG RS EECEED, BETREM RS NE
RIS IERETT -
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SCALE UP iR

e Scale Up fLs:
o RNETRL, HIFHENEE;
FhBHMESEFTE—K, NMARZEMER, FAENES;

"

e Scale Up =1
SR ERAS, BEFL, 2532 HKRH;
TEEFRFLRRERT, 2eEVNLERENEZ2EN
PREY, BZHEBEEHETEBRMEERDN;
o WEMYPEESR, LEMERHEMWEK;
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SCALE OUT {fithes

e Scale Out =

o AR, REZEIMNIZIKEAIPC Server 122 H— M4 IR
Be NAEE B KR IT B

- AES5BFRT, EAREZELRMENIEMACIEEE

o BT SHEXNRGEAZIME ) ; BEERS, EZAT
BETe, KEprHEE 2R %EM XBEARSTHRENR
%ﬁFEmEMhW,T%“HE§E§WMﬁF&$ M
B NBRGRHZEEEXR L Scale Up 5, TE&£#
EIBRRHEE S

e Scale Out ftmx

« AEBTRE, ENRARWERERERS, NAEFER
EBiRS;

« SREBIFELEERS, HIFRAEX;

2
.
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» ESHEXMER/MUREN

o HiE—EIEIEM

- SAARBEREEN
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SRS ML

« SHARIRIITHE RSN ESHIEE

» ARGHEPABUEERGTD, FESNEBIEEFRAR, 7
ST ERFHIEERFIEE AR E SRR BE—
BERMNNBEEFEATHRNRGZE, REERES—H
BERFRTEANESNERRFEES TMRIREEEN, X
JRRBHNESRERFEZIIATHNESZHHZ.

Jdinl

* PHAEZEERME—NERERAIHE

c TEERUHMARBEHRIEERAALTSEFREEERS, BA
REBYHEE REARLHLI TXANIhEE, BxZ50H
FAESTEENRE. MEWEFEAE—L Bug, FJREEMRL
EZHATERGFIKIE, NEZNBEIMFIRITERL.
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—LRRRD 2R

1.

2.

#1T Scale Out EHHIFHESEIZ TS HN], RAIgE{RIEE
EITEHIBER— MySQL Server k£, BRSHRNES.

REFYITBRESNNES, FRERESNNESHTEM,
RMREHENNEFSZENEEESTTEY.

SeLIERMMBRER, BESEENMYE, BR&H E‘J%ﬁﬂ"ﬁo

1. EeanEATAI AERIERR D20 B S B IR ER —

MySQL Server k£, MEMHAINEFAIEZNEFS, )”'Ji%
H R INE SN A RS E KRIRIE,

2. BIXAEEEEETRIER, ?ﬂdl]ﬂ%_ﬂdﬁ_%ﬁ_‘?ﬁﬁﬁf?
TELBRZHNESRMIEHZEANTEEEN, ERHEE
%Jlﬂi%iﬁgzlﬂlnﬂt % 8 Ze i ok 5 BAZE 3P X S RS N A3

H
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E—EUE RN

« YMAJFE Scale Out BYREIRT X BLHF IR IERHE—H 4R ?
- BASE #&2#), B: EAXAH, TMHIRT, EX—HARmE—
3
o fHERN, NARGBEHEXEARSIM, ILBNRKEH
ERAAPEAMEM L, RIFEEERERATIE—BURTE,
8 5 S AR R ARERIEE R R RIEL T —BURTS

- STRARHEREREN
» EXFAT RENRN, BIESTAMMEERE.




A/\D uml.org.cn

QQQQQ N RewsrE
ALK

SHARDING\REPLICATION\CLUSTER

BANTA




SHARDING




O O  kpmessm
nhf?fﬁ@ uml.org.cn

SHARE NOTHING

o FTHIEEZEXRRARNEFTIITRIERESRE, NESHE
fE. EHITHERRGEAIIFARSENEREH. SE:

e Share-memory: Zcput=[E— )—#V\]ﬁ, cpux &)@
RER@EIFALE C(interconnection network) #H{TiE T ;

e Share-disk : ®B— cpulFFHECHILERNEFEXE, BT
AERE IS BRI R T B R RS

« Share-nothing: &— lcpu%KﬁfAﬁWﬁlzﬁHﬂiA’ﬁﬁééﬁ
=g, mHE21cpufgeinpltEEMEZ=IE, cpu [BIRYIET
BT &R
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HITITRIRREH

Share disk share nothing share memory

[ Interconnection Metworl | @ @ @

I Il I

| ]

@ @ @ @ @ @ ‘ Interconnecton MNetwork ‘
G

I I I Global shared memeory

- .-F——-. S T
R R— —— j
. -

[ Interconnection

] [
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CO@OP_ ruRemm B
NA/K* ®)

FHT I BB

« Shared memory AR cpuz E@ i EFHITERN, BB
REEIRE,; BEHEZHcpuBRIMBIEN LR, NEZSF
contectionFiE A#RIN, cputhZ, #IHL[AE. Shared diskth
EFERMERE, EAEEZEESZH Interconnection Network ZE3E
E—ie.

« Shared memory#ishared diskAYE 7 o] Zinterference: 2R
MEZRcpu, RGRMEIE, FEI9EM T XNFE]
(memroy access) FMZEH3E (network bandwidth) EIFE%.

X #Eshared nothingfc 2152 T T2 B0

* Shared nothing® 22 HIBEREEGIK, HEEESHETIE
fn, $EMEFSMEICpuR EF LA URIER N E SRR E] A2
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SHARED NOTHING
ARCHITECTURE (SN)

A shared nothing architecture (SN) is a

architecture in which each node is independent and self-
sufficient, and there is no across the system.
More specifically, none of the nodes share memory or disk storage.

People typically contrast SN with systems that keep a large amount of
centrally-stored information, whether in a , an

, or any other similar single point of contention. While SN is best
known in the context of development, the concept predates the
web: at the used
the term in a 1986 database paper.i* In it he mentions existing
commercial implementations of the architecture (although none are
named explicitly). , Which delivered its first system in 1983, was
probably one of those commercial implementations.

officially released , a shared nothing database,

in 1984.



http://en.wikipedia.org/wiki/Distributed_computing
http://en.wikipedia.org/wiki/Distributed_computing
http://en.wikipedia.org/wiki/Single_point_of_contention
http://en.wikipedia.org/wiki/State_(computer_science)
http://en.wikipedia.org/wiki/Database
http://en.wikipedia.org/wiki/Application_server
http://en.wikipedia.org/wiki/Application_server
http://en.wikipedia.org/wiki/World_Wide_Web
http://en.wikipedia.org/wiki/Michael_Stonebraker
http://en.wikipedia.org/wiki/University_of_California,_Berkeley
http://en.wikipedia.org/wiki/Shared_nothing_architecture#cite_note-1
http://en.wikipedia.org/wiki/Teradata
http://en.wikipedia.org/wiki/Shared_nothing_architecture#cite_note-2
http://en.wikipedia.org/wiki/Tandem_Computers
http://en.wikipedia.org/wiki/Tandem_Computers
http://en.wikipedia.org/wiki/NonStop_SQL
http://en.wikipedia.org/wiki/Shared_nothing_architecture#cite_note-3

AR eFETE
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SHARED NOTHING
ARCHITECTURE (SN)

Shared nothing is popular for web development because of

Its . As has demonstrated, a pure SN system
can scale almost infinitely simply by adding nodes in the form of
Inexpensive computers, since there is no single bottleneck to slow
the system down.'*! Google calls this . A SN system
typically partitions its data among many nodes on different
databases (assigning different computers to deal with different
users or queries), or may require every node to maintain its own
copy of the application's data, using some kind of coordination
protocol. This is often referred to as database sharding.



http://en.wikipedia.org/wiki/Scalability
http://en.wikipedia.org/wiki/Google
http://en.wikipedia.org/wiki/Shared_nothing_architecture#cite_note-4
http://en.wikipedia.org/wiki/Sharding
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M SHARD %Il SHARDING

“Shard” XMARNHERZE” BR” , M{EABEEMEXBIEARAIE,
?ii%?kﬂ%k&é&%@Tﬁiﬁiﬁ?iﬁ(MMORPG)EP ” Sharding” #rz. 5"
ﬁj\ b

Sharding ~2— 1 JHTFAR, ME—NHEXEMNREIESZ. MySQLS 2/
FETHIBEBRTXIThEE, IBAEILLZ A, R% MySQL BYEBER P &8RS
MySQL B3 R BFRME, MESE&TXINEERK T HE—EIEER]
I RESEN— N XBIEREATERE—IETR). BIEET RMEE—1KIE
BIER, MySQL I HLESWNE: NER—HIEE J:if@f" R #4E

BN MBEBEHI T XU ZEILIE, BHAIDEINR? BERE:
Sharding.

Sharding A 2— MR MFERIFEERGMIRRIIIGE, MEERFRARAT
FROHSR IR, 2K R (Scale Out, TREkiE@Y B, @M R)WEIRS
xR, HEZHNEARWET RBHEERSS R /0 BENIRE], MBRRYIERE
1 R % I8) R .
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HOEET B

BaiiE M EAHE 8 i RMEMAR R, FEEEEXRIREEER
B#, BERMEEEHKMMSIELZRE, MRS TR—EITER
N EHET, XHERZERAFTVRGHEEREL—LELAEZL.
tt4n Oracle B RAC 2 KA EEFMEIG], T 1/10 BEEMNA,
IR E S ZERE L, XIEMNNGEIRERET SR 52 Scale
Up (BIEIE) 28, SFTFEEEMAR. FEAGREX. 43K
REPHEXT LR S -

Sharding £& 25t FIEHIEENT REFRALT R, ROER
R B ER 1T Sharding B9, BENFRRIEEEK 2R
Scale Out, Z#iM Scale Up F##iH k.
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Vi

FHEARERESENIZE TeERENERIEA. Sharding th—#%,
BEFLEX . IM. BSP #2LLiiES Sharding BN s . Hit 2
R SRABIEXT R Z B A K EEBIETR /)

« IM, EMNHPURBRE—INMEIENR, TETLURN FHETET
M— b7, HIEXTHRZ Share Nothing BY;
- Blog FRFIRIEFENMRANE, EXIAPEHRABUGC), T2
AILEAERAFRERIAENFEES, MXTAPkRIEZEHAN.
“Share Nothing” EN\EEESEEPE AN S, B XANHENE
Z BFA = “Share Nothing” i, LU FIEERHAERER,
NMR—FZIERTEESEREESERER, NRESHTEHETE, X,
ERESNAINEHERAPRE#H TS, ShardingS ] geSEFAESE
K E B LSS HEIAER Sharding DB L, MiXATINRE X ESZRE
ifl, MEEHMEZH Sharding , FFEERISEEE K,
Sharding 1 E2H¥EEYT RARERVIRY, WEERNEEHNHR, Mk
BESANVHASIEEESR. M TEARDBNES, RHERIETEM,
B ESL. B, KB4/ Sharding e, T2 MREERN.




SHARDINGS&EES X
(PARTITION)HIX I

(PQ(‘P WA R e#sTR
B
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BErEH®E, Sharding tB#iL{UZFE]TF 7k F 43 X (Horizontal Partitioning),
W_ERZH WA KESXEKIEHR Sharding, {EZ& <8R LETZ
BXAEY. Sharding BIEERN T XHEBEME, BRIEESXER
FRBIBXMREH IR, tbanRMESINTX, B FEHIEE L&
EARRINIEFEREMY, CSERBENHIEETCEARERIE, ™ Sharding
EREBERIEE, EXEHIIBNZEA.

AIEEEDE AlEEE=E, TERTEEE .
Al = ATHEEDBTFAE

=WAtE, EE. mRRESE BBl Hash, 7l . EaoEFE

pagipak ST

Scale Out Scale Up

LR FEER(DB F5)

{EE iER(DAS) EZEHE(SAN)

ZWT Web 2.0 Fug EEEHA A
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SHARDING 5H&

ShardingRiEVI S HNEEL, T AFEMYISEN:

- HENER (Y[ YIo2RRBARRER (& Schema) ¥k
YIS B ERNEIEE (FH) 2L, XMIRTUAFRZH;

o HIBHIKE (HE[E) Y10 mMBRPVBEEAIEEXR, HE
— P RPNPBRBEMEH RSB S EHEBE (FH) L@,
MY ITIRZ A
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MUENERTD

HEMERYS, BAURZANET . FEEEERKIBAR
ZP—RR—KRE “YIR/IR” (R) AR, RIMNEFERHXL
“WRR” Y, ARRRBENIHEZaRmEEEN LEH. XHFH
S RZERE—TEE (Y[ NEIEDST

HILMNBTIRERREIRMT, BEEHR, BIEEEVISHMNEX
RS A S . STRAURBENEERIREITRREA S, TEITHEE
BRRNBEFERTARNBEEENTF, AURESREREESY
#&REERY Join F7E, IR RGIRMBIETRIBMT.
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EXAMPLE #3EE-FEEXS

AGINRERIAEER S WA TheERR: AR, BEHER, SR
5, SHNMAMTRLESR:

« FAPIRERR:
e user, user_profile, user_group, user_photo_album
« AT

e groups, group_message, group_message_content,
top_message

° *Eﬂﬂ'*ﬁ*%

« photo, photo_album, photo_album_relation,
photo _comment

° E#ﬁl%\% H

* event
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EXAMPLE #iEE-FEEYHD

o BHATHeRSMAPERZ FEFEEBTH S ESHEX
BREHFITREE. —RXBEHMEHSEETAFPHN id &
nick_name EA% group B9 id &i#1TXER, BITERZ B RIHEE
OSLMA ST KK LRI ;

o HEMERNSHPERFERIAPHXEK. XBMIRZ
gﬂgﬁ'ﬂ%ﬂﬁﬁtﬁkﬁiﬁﬁﬂi)ﬁ id XREXBIRE, B RBkHT, $OA

o BEfERSFMIRAEBAEXREK, BERFRIAXTHEMER
PXHRAIDER, FEHAIUMBIRESTR.
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EXAMPLE #iEE-FEEYHD
RINBE— A S EERB IR AN RHIT— R EET TS,

FMERIS RRBAMB — N WEEF, HWRSERZ ERFRX
EXERFE R A Zr Geim B 1% O R0 3 .

[ Application Servers J

Single DB
— e e R
group photo
messages albums

BUXHFNERYIS G, ZATAgERE— P HBEEREHEIARS,
MK TR AR R HARSS, RSFENBRREMILET .
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- BEHVITHNR
© BIREERIRDERAT, HoHNERT;
- NRREFRIEWRT, BEES;
» HUREPHERIT, BHEN;

H|

« EHVITHBRA
o ERRRRKBEIEERRELINTHR, EEEZFPTM;
o STFiAERESIE B RIREBANRMNAEEMERD, T
—EBEREEXK;
« BHEENEAEZS;
- YRR —EREEZRE, FRESBEIRS;
o WIEYIN AR S TR ARG ITIE S ZL i MELLZE IR
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BB

o« KEYISAEBARZBBERITHNS, MERRPRIFLELT
N B —AHBWEE, MBIMVREITX B E I BERET
o ATRBEEREZNFIESITRIEEVI DI HEED T,
Y151 B 2 Bl T AR IR R E R AL SR TRY
o MIRB|RANBFRBEFERETIHEHEER, K66
FERAGEE, RERRNFAREFE hash E.

« WIEXAMPLERUEEE, FRAZUREREMA XK, AT

AT LURSE R PIREITKER S, AR PSR ZEIA
[EIHBAREEF .

- E—EARXINERRFPERFPR groups RMAPRBEREX
Z, FrLd groups AEERER PERHFITKEHRD . T X
HEA TR, WALk, BMBE— P EIEER.
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KEBORIFREBATLURER P 1D R ITKEH . FRIAFPEXBEE
TR 2 BEREARNEIEES. MEHRERA, ID BdEUE (#85)
REDNERTHENTENEIEEDH. SMNFAP ID KB ERFREBATIL
XY . X, EX ESMNAPEXBEE, SER—IMEIEES, B
FEEEEXE, A EFEMARXELE.

[ Application Servers J
| e ——
user_id % 5=0
—_— -
e —
Y user_id % 5=1
P e—
] = ——
::_,_——=—=< horizontal user_id % 5=2
Singte BB ||| harding /|
e —
\._\_\_\_\_\_\_'_‘_'_'_,_,-’ )
user_id % 5=3
e = L S R |
e —
o
user_id % 5=4

N
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K3

Y153 BITER ==

o IKFEYISTHIMR
o RXBKERBEBEBIEEIRE T ;
« A EFEREBABEBUREMS HFAIFRE R IR )R ;
© NAREFIRBAR RS EIETEL;

FEAA BT E B ;
QEYIHMNEEREE X TF, BEAR RSB BIERE;

o IKFYITRIERR
« PIDHNENEAESR, RERRE—1MEBHREENLIE

PERY Y57 BN 5

- [FEARUERVEIPER BATIEM, ARFITE MR E & ;
- NARZGSBRRBEERS, T EEBENTIBED

1E BX — RE HY [ 3




A MYSQL PROXY 3L

e MBS

MySQL Proxy & MySQL B F##HN—N4iE
EEREEE~fm, 1 MySQL Server —#, [E#f

=—1MNETF GPL FiEHKIFIE~R. RTA%
B, SraiEERmiIZENBRRER. A
REMAFRERIRERNFERAE, BRIAEHI
g ER/EERE, Query 4747, Query BiE

g, S1#E9%E, URELRR HA HEIF.

SEfrE, MySQL Proxy ZSHARB LAMAB
HIXLeThEE, MRERH TSI LR RERVESL.
BEIXENEE, TREETRINBITES LUA
RS SE3

MySQL Proxy Sfr FREEFIRIERS
MySQL Server Z B T —EEH. BT
FigiERE_R %[ MySQL Proxy, RE&EH
MySQL Proxyi#{THMEIS T, FEHR1ERE
EERBIRME, DEXEMMAE MySQL Server
F. FZH A Slave 8, WAL MBITE
YR

/\@ uml.org.cn
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Client App Requests
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HIGH AVAILABILITY
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SINGLE MYSQL SERVER

MySQL Client D

SQL (SELECT, INSERT,
UPDATE, DELETE)

MySQL Storage Engines
(InnoDB, MyISAM, PBXT...)

Disk Storage
(XFS, ReiserFsS, JFS, ext3...)
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WHY HA?

« Something can and will fail

¢ Service Maintenance
« Downtime Is expensive
* Adding HA to an existing system is complex

. BIEEME

« Anything that can go wrong will go wrong

(Murphy's Law)
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SO HAMHA-IBMEN

A SRR R —FEES, BT IULEES, AlRESIREFE, HRI\IENX
HIBR S B A Y IERE BEE AR S EEERSS . ESCIAAE B ERH L FELL
%, BIEFE—RIIRS. K. BHEMERE, BAETXImMOSER, FEsSSIH
RSt . W SFSEEMBRSROABREXEYE, BEFE, NAEF. BTE
ERENNRAREFURSLRAFPEONE-E. AAXEROMT RS, TrEZMT
SEERl FEEM MR R

A SEEE M EERMERE (DR) MET A (HA), RIEREAAFE (FRAThE.
BONRERARRME) , HAAMAEENAEFRRESLENEN. REBHFRRIL
FhBER [E) T 2 AR S5 A 1EIRY 0.001%. SRMEMES RIELL, STAMSRREE
EEREHEZNREREIBE (PRI MEERBE (FRAFDED) .

A] M5l BEHISHLET(E]
90% 36.5 X

95% 18.25 X
99% 3.65 X
99.9% 8.76 /B
99.99% 50 73

99.999% 5 4
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£ 100% IR
=EFE ?

HARSHHERAT, ATLUEE SR SRR RS ETR L5 SLI
SRAMNTHYE. SERERIESTAY, WHIERRSR
AMBA. EEHIMRFTZE, MIXBERTEZRAITHLE.
TR FRERARZARREERSATHENIER, BEEFEMHAIK
KA REBEZ M.
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N0e8Y  Fineas
AN

Clustering
and geographical
redundancy disasters
power failures
Clustering
Technologies
network failures
hardware failures

Replication
Technologi

echnologies st Rk

maintenance operations
Well-Managed
hardware upgrades
software upgrades
Unmanaged "
35 days 4 days 8 hours 50 mins 5 mins
[+
% 9. 9 9 9 %
Small .ISF - Data Banking 'l?z:lco
> Mainstream 2 Military
Business 2 Centers Medical
Business Defense
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Aol HERIENX.

- AERENEAMNFERGTRZER TENHEMIER.

A a0 At (availability), BIFIAZE.
A MR ESERFHFIRZE, HitEAER:

» A= MTBF / (MTBF + MTTR)

MTBF(MeanTime Between Failures)
SRS
MTTR(MeanTime To Repair)

ARG 2 ERTIE
e A=uptime/(uptime+downtime)
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A a] AERIIRE

A
| |
etk ekt
(fault tolerance) (perfection)
| | l |
TURBAR—T B TR SERBEF STEREMF
(redundancy) HEMAFITLAR L e |
| Hsf TR T A& HEGeRE  AERA
| LERILR LE R eR ik
| |
BATLR GBHITR) A AR
FIREAH
|—#ZhEH (J5& stand-by)
|—FEBhEH (REMEHK graceful degradation)
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SoR I SEaON

FERMER—MBEERA, BhEfhE. 2RABRRZHEIBE.
sFRASTAM, FRIFHE, REHEREERR.

- BHRNTRMYSTEN
- BRI EM. BEHRTEEMN. BEINSRERSNTEMN
s BHUHNTRMYSTEEMEETRFRIERYE.
SEEM. BEM.
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;aESEERON

. RERAR: R EABLENEAR
. RERG: RASSRANRS

U ZGERFER L SR E LY, ROEBSETIE, 125
BEBUENEIT, FRRIENSETRIEREIEN, RITE
R0 & R RSS2 £

o BEPFARBIRAWEREER A (fault masking).
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;aESEERON

c MEFARERRBRANWEELSN, ©LAEMNFENERETA]
Att. BTHENAR, THRERTHEGERTR. BERR.
FEARFMERTR. FESHAZRLEMIEM, TiEEEERN
AR AT B A E TP

. %ﬁ%ﬁﬁﬁﬁ,&%Eﬂmﬁﬁﬁﬁ%ﬁzﬁﬁﬁﬂﬁﬂﬁ
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WCPUBIER ST

H— CPUIRHBIMFERT, 55— CPURFHREETT. X1 T2
MHAPRERN, RARARINLERN, EFR5EZEFHER,
RORIERFEN—HEFTE Y. RENAREWEBRUAGE
FEEITHRED, EMESHEASSIERASRIFI, RGMELRN
Yo TRATENASEESENRR TEE RS8R,




TURSEY

1HEHTTR:
Wk, w&. #B4, EREHR.
2RHBREK:

EmER, 1M EFSHRALMERES,
E—ERFNNIT, TEIASHTR.
3.HETRK:

ESEEIT, EFEEEAR.
4ERTLR:
ENERREAY, BiE. 2iE.

79007,
A AR

KRRl

’3’ uml.org.cn
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Taag LIFo
&{G(AUTO-DETECT)

BTl (Auto-Detect)

B % AR TN BENRAEFIBTRRESI TR, IR
gﬁﬂﬂﬁ,ﬁﬁﬁﬁmﬂﬁﬁﬁﬁoﬁ%EMEﬁﬁ,Eﬂﬁ%

MUEFFEREETNEG (AEFSIMTBE) « EHRSE.
gﬁ%ﬁxﬁﬁﬁxiiﬁmﬁﬁ\%%ﬁﬁ¥§%(wmﬁﬁﬂ)

o ANTREMNRIER L, BiisaiRAN, RFEA IR E 20
JURSTE) . ACRIESEIEIRE . DO ABFRERE, BEIURIER
Bk, WHREICFOXEHIE, 1EHoiTbE.

« BIBRTERVIREVEAL.
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SEHIHA(AUTO-SWITCH)

o SFAR—ZH LR, EREHERT FIEE S REIESLE

. REMBETESECHRG, KEE. RAFE GMERS
. WRTEMERGHSE, FEERROETSERELTHT

° &Etﬂﬁgﬁﬂ\ %14:\ H‘TE\ Wi’:'ﬁ

FEITH, FRBESHAIARNREEFRN, EEMEREN
E&EIEWNIERF, EITREREFEERS.

E8) « Mgty REFRE.

AYHIALIE.
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350 E (AUTO-RECOVERY)

- WFEFHEBERE, BRETUEEE. 2EEELTRER

HSEREHEZ, BMFERPITEREFM#EE ERREE
HNREEEFTRNEN L. XTBEZERNRETIER A
R E, ALIREAFENRIRE.




~7¢

O KA BB

79007,
ek
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XN T #F D (MUTUAL
BACKUP)

o FAERET, 9FEMEL, EE8HFEAE, ¥FfE. EE. &

o WEHIBIT—KTCP/IPM LR AN —5%RS-232F 4 2% tHEL
W F & Bl —5SCSIR ik SRAIDH; I M4 5 HHEX
WENEBEITARIBEL, ik, HHEERE

- FHAMIER, EVIBENEEEIAEBIT.

o FEHARENAFEFEVB EBIEIT.

- EVIAEBER, EVIBFHRARMEIBNZIEENA.

o FEHBEFERT, EHAZEETHIBAVME FEHE,

o EVIBEER, EVARRFERFEN/EWMEIEIZILEENB .
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FMNHRED
(MASTER/SLAVE)

« EMNX (M/S) , METT, SIa®&, MRE, SEEHARAM,
Jﬁl\/lﬂ’éﬁiﬁﬂfﬁs

WEH L —ETCP/IPMLELE LK — 5 RS-232F 81 2 tHEX -
WEH & BiBIT—KSCSIE 4i4k SRAIDHEEX

- FEHlAKMaster, EHBASlave.

o FEHAIBIENFEIE, FEHVBIEAARZNRL.

- FHAMPER, EVIBENEETHARIEAFEIE.

- FHIBREIFTEE AR T2 (Host) K& Mgtk (1P).

o FHARENAFEFEVB EBINEIT.

- EHABNEPP(clien)AJHEEIEIT, TEEFER.

- FE#HIBI AMaster, FHARE F{EASlave, {EARZRL,
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MEZ(HOT-STANDBY)

- ME{T, SIE&
o MEPE, SEE{EM
- EMiEE, SIFEM.
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RULES OF HIGH
AVAILABILITY

* Prepare for failure

* Aim to ensure that no important data is lost
« Keep it simple, stupid (KISS)

« Complexity is the enemy of reliability

« Automate it

« Test your setup frequently!
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= — NGy
=] D.J I /3a/JI1A
FHEEHSTH

c EHTER O2F//HRE)
« FHLK, BIETLR MEIMETTER...
YIRS TH
« ETHEHIRFENBUESATH
« SAN. NAS. iScsi. SAS...

s ETHEERGNEEEFITR
 MySQL Replication. Oracle Data Guard ...

- ETE=7 BT NEEEFILE
 Tungeten. DBMoto. MMM ...
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REPLICATION
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REPLICATION

B3 MySQL B Replication, AILAR—& MySQL FHIHIETE
E@Iﬁlﬂﬁﬁﬁﬁuﬁug‘aﬂutﬁm MySQL ¥iEEEH, HHEEERAT
XAEHIMEMHLFERK. HRNEERFHR LELHERHFNE
BzE, ERAWHERA ﬁ 1B —aRMIBEEH FEIEHEEET,
M= EEAN MySQL E& R REA—a T4 L EBEREEE T
FEERBBHE.

ENEFERELFR L EASlave A\Masterim iR Bz HERGEER
25 2B FITHEFTEER & FRE
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REPLICATION #H$IR9sCHeRTE

« MySQLH Replication 2—1MRLHEFFTE, NA—1
MySQL instance (FEA1#Rz A Master) EHIZEF—1
MySQL instance (F&{1#rZ Slave) . # Master 5 Slave Z
B SENENEFHHEFERH=NERIERTHR, HPENEEE

(SQLEARMIOLTE) # Slave i, HIM—1%iE (10£%F=)
1E£ Master if.

o BEHEMNITITIF Master #gBIBinary Log (mysql-bin.xxxxxx)
IhgE
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MYSQL EHIpVEARTE

1.

2.

Slave FHEKIIOZIEZERE L Master, HiERMNIBEBEXHHIEEMNE (F
MNEFFEMAR) 2ERNEEAE;

Master ¥ EK B Slave B 10 Z&iZBiEKGE, BEAFESIA 10 ZERE

ERERENEEHSIRENEZEHNAZEFER, RE% Slave inhY 10 Z&i1z.
BEEEHRT HERESHNERZIN, EEFEAREERESEE Master i

B Binary Log MXHRIBEFRILKRIE Binary Log FHIAE ;

Slave By 10 &iEEWRIERGE, HEWBEINMEERERRIXBEAE Slave iKY
Relay Log3f(mysql-relay-bin.xxxxxx)f s Kin, HiGEENBIAIMasterimhy
bin-logMIX B I E IR B Imaster-infoXXFH, LUEET—RIEERIRHE
ﬁ;gﬁ%ﬁﬁ%ﬁl\ﬂaﬁer “BEENEANDiIn-logIBMILEFRERNBSEAZR,
B AR

Slave B SQL £ % Relay Log PHiEMTARAZRRE, €5 L&z Log
Y HPBRNB AT Master igESSHITERHEROABL ATHITAY Query if1,
EBBPITXL Query., X#, SCBRLEFLRETE Master imF0 Slave igtIT T [E
¥R Query, FRAFIRRIEIERTTE—HM.
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\

SHsCI B

« Row Level: Binary Log PLIERRE—ITHIEHEXNEN, AR Slave iR
BxEERHEHITIES .

fis: 7£ Row Level #X T, Binary Log R[N IZEHITHISqiEAII LT
YHEXBESR, NMXR ?E%lﬂ%ﬂl?—mlﬂ%%&ﬂ"ﬂiT Bt AtET . Eid
Row Level EI’JEl NAESIEEFENER TE—ITRRENNAET, EERS
HEE, MENSHIIRLERER /RTE’\JT%ﬁ%i:_fz, gk function, LAKtriggeradyifd
RAFnfl & Fo 2 EFRE HIaY )70,

e : Row Level N, ERBRYHITRYIBE A HI2RE] Binary Log H YRR, #IF
UBTIERIERCRIER, XFFAIRESTEARENHERNS, LLNEXHF—F
updatei®a]: UPDATE group_message SET group_id = 1 where group_id = 2,
itz R, BHEHRIERHA Eﬁmupdateli’jﬁﬁiﬂ“ RS (MySQLL,{E#FE’]
., 312 % Binary Log H#& EXFIEAIEFHNE—FICRNTIFER
1.#5%16%5}&1&%mwa%%&ﬁa&ﬁﬂﬁﬁ%/\%# H%X, Binary Log & EI’JET)E

SRR, TERHMITALTER TABLE Z EHEAIRIRHER, EWHEERIR
A, EAMySQLYTF ALTER TABLE 2 2/ DDL T EEAIHINIEAFNRE
BENRNABHE, BHERRxPHNE—FIERTEFEED, Bazkms
—RIEREBRWICRE HE
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I

SHIEI 5!

« Statement Level: BE—FSENEIER Query #2572 Mastery Binary Log H.
SlaveZEE HIRIRHE SQOL LSBT FIER Master iR ITIRIHEEIR Query KH
RBAT

fi=: Statement Level FHILR E LR MER T Row Level FHIER S, FAEZEIC
EKE—ITHIENT L, B Binary Log HEZ, AT 10 BliAK, 1S T HEE.
E Rtk REE DR EMaster EFrHITHIERIRIAT, KURITIBEAIFMER ETX

HIER.

e ATMEIERONITIER, BTL, ATiLXLEiEq)fEslaveinth g E AT,
BAfIE AR EFIERAEITHRHRN —EHEXER, MR LTXER,
LURIUERT B 15 Al 7Eslaveim 1 THI BT R B8 18 15 2| FlEE masterim i 1 TRHMEFE R I 25
R. FivgiE, BTMysqIlELRLLEIR, RISEFNNEEAERIMA, £mysql
BSEHBE T A/NEIkER, BREFIMNEHESREBEZRMAE, bugth A
ZHI. fEstatement level ™, HRIEALZMAIFH B A DIFERSERMysqIHIE
HINER, FERENHENRMRER T RLFEN R A E N ES LI,
tban: sleepRBAEBLRAFTMAERWES, AFEIEPERT
last_insert_id()ER#, AIRES{FslaveFfimaster EBFEIFA—HMIdEZE. BHFrow
level@ETH—1TRIERIZT, AU SHINAEATE)RE.




SN TFHELFAEERS R
7l Critical WM, REE
BT EETRYIpC server &Y
& Slave HW#IE, FEE
H5EElIZ & Slave ML
g |, BFBEdaEEs
BIRFE AR B 2S BV J15k i
R B im B BEHR S

QQQQQ N RewsrE
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HINS$IZEHI(MASTER - SLAVES)

aal——— T
e
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DUAL MASTER £4|2244
(MASTER - MASTER)

1. —ERERSHRTHTT Master
% [@ [Glient ] [Gnent 3}

2. Slave ¥ g1 Master 12

HEANRS
3. Master R IER S FISCERA
YRR —B m

o W/R
4. R¥5J® Master - Slave X&, E \_’/

¥ Replication ¥fiE -ﬁ-

Dual Master & 2/
MySQL Server ¥4 H1EA
B 8) Master, BH2{ERXHEY
Slave RFITEF. X#, {Ef
— I E, MBS
MR ZE| B IN—TF HIBHRES
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IMEXEHIZEM(MASTER -
SLAVES - SLAVES ...)

FENRAEDR, AREIESEADEREEK, EEDFIHK, —
A Master AJ ﬁum%klO"‘EEEgE@ Slave ZA BE TIEFIERE
1. EFMESEHREBRZHNHRE, RESEREFIBER,

-
em }
L

a 5 —
Slave
"""“ -t u ==

\ H‘“‘-——Sla_ve——f",-’ /




DUAL MASTER SREXSH] 192997 S
{EEDRHI(MASTER -

MASTER - SLAVES)

MMS[EIR R Master EAFTMIEAY Slave i3 %k A SIAY 0]

A, RBRATHPEIREREYREARFEEMER
Replication BY[aJRR,

f—;——m
T —_ oy
Slave
—
e

P

(g

=

@
h
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MYSQL CLUSTER
SQLIRSGS =T =

MySQL ClusterSEfR F RE XX EZFHEZHNBE R TN —MTE£9%H
ABEERS, HIFEFHINDB Cluster (EFRNDB) 72hES| &3k,

'

MySQL ClusterBI AT =88R Rk :

SQLEWSQLEESS#T R (FEEMRASOLTR) , EREERNEYR
EIMySQL Server.

s FERMRILIIN—NMHIEEEGHBEC LRMEEE, ENEEERE,
Query 1t1{fnl1ﬂf“ Cache BEIEEZE, REEFHE EI’JI1’E3CQAT
NDB #iiE T m =BT . iR, EAEAIMySQL Clusterifiz
FEYSQLTI =, _Il')(%)s'iikfa%—4‘$%E?&1¢EEWT¥%§I%EEI’\J
MySQLHE%EE, E At EiES | 2B ClusterffEZ i) NDB 5 &5k
fHiE. P, SQLE&ZEMySQLARZH=BIE oIS EiBaY MySQL
Server BEith E—EHIX 7, #mERMndbclusterS#HUETA 1T,
HATRTLURIZEmMy.enfl E X, B LlBE B SITRIERE.




Q@D KnRemm B
=I1Y

A/\@ uml.org.cn

NDB £ =

« Storage ER NDB #iETH =, tEEENDB Cluster.

* ¥ NDB 2— 1MHENFMESIEE, HARABSBEHIBIFAKL
2 EE%%& . =380 NDB Cluster 121£5 |82 L4i# 71X
%;—"' AT LU ER EEMERAESR T2 {UNEES
HHE

- NDB B EFERSNKERIEFIETNIEE, KIRZFClustersy
HIE. B—Clustert RIxFEEHEN— fragment,
Fe—THETR (BE—MTEORE, UH a8 ERED
BEME) , FFURERESLY, MySQL ClusterfEFiFE A
SHIME SR o),

o —f%3kik, NDB I #HLK—1N—1HINDB Group, —
NNDB Group3:fr tf 2—HEA T HRE RIIR HHER
NDB = 8.
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P 4

- HIREEE MY RBManage mEM:

BEETAARE N ClusterE R &I TR E’JEIEIYE 2!
REMNEE, BaIXHETR, MEIMTHRHEITERLER,
AR Lt RN & D IRES .
Eﬂ%ﬁ%ﬁﬂzfmwmﬁﬁ¢%%EMﬁ FER1R{E
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e Synchronous replication

Transactions are not committed
until data is replicated and applied
Provides consistency, but slower
Provided by MySQL Cluster

e Asynchronous replication

Transactions committed
Immediately and replicated
No consistency, but faster
Provided by MySQL Server
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All these nodes will be used under
heavy load. Work is distributed and

allotted by the server

Server

Request 1

Request 1 /l _J\Request N

|

Request N

_\{%2

Nodes

Load is distributed evenly across all the available nodes. The node server
ensures no node is overloaded and no node is too idle. More nodes can
be added without downtime or interruption.
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WHAT IS LOAD
BALANCING?

Wikipedia: “...methodology to distribute
workload across multiple computers

. to achieve optimal resource
utilization, maximize throughput,
minimize response time, and avoid
overload”

All part of the latency curve
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THE LATENCY CURVE

1000
g 100
NG Better load balancing
O strategies can dramatically
[ improve both latency an
©
o 10 -

1




QQQQQ N RewsrE
ALK

/J\/\G uml.org.cn

LOAD BALANCING
TENSIONS

We want to reduce queue lengths in the system to yield
better latency

We want to lengthen queue lengths to keep a “buffer” of
work to keep busy during irregular traffic and yield better
throughput

For distributed systems, equalizing queue lengths sounds
good
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INTRODUCTION

Load Balancing is a techniqgue to spread work between two or
more computers, network links, CPUs, hard drives, or other
resources, in order to get optimal resource utilization,
maximize throughput, and minimize response time.

Load balancer is a tool that directs a client to the least busy or
most appropriate Web server among several servers that
contain mirrored contents.
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WHY IS LOAD BALANCING OF SERVERS
NEEDED?

 The web server may not be able to handle high volumes of
iIncoming traffic.

 The users will have to wait until the web server is free to
process their requests.

 There may be a situation where upgrading the server hardware
will no longer be cost effective.
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LOAD-BALANCING TECHNIQUES

 Three types of load balancers exist:

« Hardware appliances
* Network switches
e Software
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LOAD-BALANCING TECHNIQUES

A hardware appliance-based load balancer is a closed box.

» A network switch-based load balancer uses a Layer2 or Layer3
switch to integrate the load-balancing service.

« A software load balancer is software which you can install on a
dedicated server.
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HOW TO ACHIVE LOAD BALANCING?

 More servers need to be added to distribute the load among
the group of servers, which is also known as a server cluster.

 The load distribution among these servers is known as load
balancing.

 Load balancing applies to all types of servers (application
server, database server).
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SOFTWARE LOAD BALANCERS

e Haproxy

 Pure Load Balancer (PLB)
e Perlbal

e Pound

e Pen
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HAPROXY LOAD BALANCER

« HAProxy is a free, very fast and reliable solution offering high
availability, load balancing, and proxying for TCP and HTTP-
based applications.
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LOAD BALANCING

* Built-in or user-defined through callback

* Round robin, Random, Random once
« 1.3 — kind of adaptive by setting limits for slave lag
1.4 —nodes can be assigned a weight/probability

Client
Writes Load Balancing of Reads
Mas cer Slave Siave Slave

Weight = 1 Weight =2  Weight =1 Weight = 1
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The best and default load balancing stategy is the one with the lowest
Impact on the connection state: random once.

* Minimize switches for the life-span of your PHP script. Pick a
random slave during startup and use it for all reads.

* The life-span of PHP is the of a web request. It is short. Two web
requests will end up on two random slaves.

The upcoming 1.4 release will allow you to assign a weight to a node.
Nodes with a weight of two will get twice as many requests as nodes
with a weight of one. This is not only great if your nodes have different
computing power but also to prefer local nodes over remote ones by
setting a higher weight.
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POOLING: CONNECTION
FAILOVER

« Caution: connection state change

« Default: disabled = raise exception
* Optional: silently failover master
* 1.4 —remember failed, try more slaves before master

Client o
Writes Read
e QrunnnnnnnI_———————,no, ;... Vi, ﬂ’.’.'.:..,m:::.""""“.“. .
I\/Ia§te‘“r“ Slave Slaye Slave -
( ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ( lllllllllllllllllllllllllllllllllllllllllll
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« Connection state changes are what speaks against automatic, silent
fail over once a connection has been established and fails. If your
application is written in a way that automatic reconnect upon failure is
allowed, you can enable it. Otherwise, handle the error, do not close
the connection but run the next query to trigger a new load balancing
attempt! Failed nodes can be remembered for the duration of a
request.

o Automatic failover can either try to connect to the master or try to use
another slave before failing over to the master. If using MySQL
Cluster, the search logic still applies with the only difference that only
masters are to be configured.
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POOLING: LAZY CONNECTIONS

* Do not open connection before needed

* Delay open until statement execution
* Reduce number of connections, reduce load
« Great for legacy apps — even without load balancing

Client

Writes Read

Mas er Slave Siave Slave
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* By default, to reduce the connection pool size of every PHP web
request, connections are not opened before executing a statement.
Imagine you have 50 concurrent web requests, you configured four
slaves and, you are using random once. If not using lazy connections,
the plugin opens 50 x 4 = 200 slave connections but uses at max 50
of them (random once). Every connection occupies resources — ever
seen a PHP application opening connections before using? There are
many badly written ones...

 Many connection state changing API calls are buffered and replayed
when opening lazy to prevent pitfalls.
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