


PacnpeneiaeHHbBIE
CUCTEMBI:OIIPEACITICHUS

e . . .CHCTEMA HECKOJIBKUX aBTOHOMHBIX BBIUYUCIINTEIbHBIX
y3J10B, B3aUMOJCUCTBYIOIIMX ISl BBIIIOJHEHUS OOIICH 1eIu.”




PacnpeieiicHHbIE

CHCTEMBI. OIIPEICIICHUS

YNpaBnsieMble TOSIbKO NMOCPEACTBOM Nepeaaydn
COOBLLEHNMN.

CyLLECTBYIOT CUCTEMBI C Pa3aensieMon NamMsTbiO
(Wnn c pasnensieMbiM BpeMEHeM)



PacnpeneiaeHHbBIE
CUCTEMBI:OIIPEACITICHUS

* ”CucremMa, COCTOSIAs U3 HA0Opa IBYX UJIM 00JIce
y3J10B KOTOPBIE KOOPAUHUPYIOT CBOIO
paboOTy OCPEACTBOM CUHXPOHHOT'O MIIU
ACMHXPOHHOT'O OOMEHa -




PacnpeneiaeHHbBIE
CUCTEMBI:OIIPEACITICHUS

* “pacopelicICHHAs CUCTEMA 3TO HA0Op HE3aBUCHUMBIX
y3J10B (KOMIOBKOTEPOB), KOTOPHIE
> [Tanenbaum]

* “pacrmpeneliCHHAs CUCTEMa 3TO COOpaHMe
HE3aBUCUMBIX KOMIBOTEPOB COCAUHECHHBIX CETHIO C
IpOrpaMMHBIM 00€CIICYCHUEM, 00ECIICUNBAOIINM KX
COBMECTHOE (DYHKIIHOHMPOBAHHUE.”




IlocaencTBud...

v CMHXpOHU3AIUs

v [1aHHble
v CepBWuchl
v YcTponcTea

— Tvnu4Hble npobnemsl

v Deadlocks

v HeHagexHble KoMMyHUKauum (npobnema ocBoboXXaeHus
pecypcoB)



IlocaencTBud...




[locnencrBud...

= HpOLICCCBI BBIITIOJIHAKOT aBTOHOMHO, U30JIMPOBAHHO

— Heynauu oTaenbHBIX IPOLECCOB MOTYT OCTAThCS
HEOOHAPYKCHHBIMHU

— OtaenbHBIC OPOLIECCHI MOTYT HE I10JI03PEBATh O
OOIIIECHCTEMHOM CO0€

— COou mporCXOAT Yalle YeM B LICHTPATIU30BaHHOMN
CHUCTEME

— CereBble COOM M30IMPYIOT MPOLIECCHl U (DPAarMEHTUPYIOT
CUCTEMY




| lppHIAIIBEL pa3aeneHus

. Y3JIbI BBIIIOJHSIOT
pPA3JIMYHBIC 3a/1a4U

— Kwment / cepBep
— Xoct / TepmuHan

— CoOopka J1aHHbIX/ 00padOTKa JaHHBIX

v PemeHnue - co3naHue pasaciICMbIX CCPBHUCOB

(ompeneaseMoe 3a1aucii)

— Cucrema 00Cy>KMBaHUS CETH CYIEPMAPKETOB




| lppHIAIIBEL pa3aeneHus

Ha3HAUYCHHUE 3aJa4ld Ha MOpPOlieccopa TaK, YTOOHI
ONTUMM3HPOBATH OOIIYIO 3arPy3Ky CHCTEMBI.

. pPa3JIMYHBIC Y3JIbl PA0OTAIOT
HaJa OJTHOU 3agaucu

~ PacnipeneneHHble CHCTEMBI COIepKaIe Habop
MHKPOIPOIIECCOPOB, MO MOIIHOCTH MOTYT IIPUOJIMKATHCS
K CYIIEPKOMIIBIOTEPY

— 10000 CPU, kaxnapwi 50 MIPS, sBmecte 500000 MIPS ->
koMaHa BeinmonHseTcs 3a 0.002 nsec -> CBET MPOXOUT
0.6 mm -> 1r000H CYIIECTBYIOIIMNN YMII - OOIbIIE!




| lppHIAIIBEL pa3aeneHus

. CUCTEMA CTPOUTCS B
IPEANOJI0KEHUH, YTO Y3JIbl (PU3UUYECKHU Pa3/ICICHbI
(TpeOOBaHUS K HAJICKHOCTH, YCTOMUUBOCTH K COOSIM).

: HA0Op JECIICBBIX YUIIOB MOXKET
00eCeYnTh JyUIINEe IOKa3aTEINM OTHOIICHHUS
[ICHA/TIPOU3BOAUTEIBHOCTD, YEM MAIMH(PIUM

— Mbiiagpoaiim: 10 pa3 osicTpee, 1000 pa3 nopoxe




[ Ipumepsl pacpeieICHHBIX CUCTEM




IIpumep: Internet

e T'ereporeHHas C€Tb KOMIIBIOTEPOB U IIPUIIOKEHUN

e Peanmuzanus B3aumonaenctBus - [P cTek

intranet"_

desktop computer: ol

)
server: [
network link:




[ Ipumep: Intranet

AJIMAHUCTPUPYETCS JTOKAUTHHO
B3aumonaerictBue ¢ Internet
OOecneunBaeT cepBUCaMU (BHYTPEHHUX M BHEUIHHUX MOJIb30BATEIICH )

i ] [F5 il serv Desktop
| emall server computers

—_—

print and other servers

Local area
network

email server
. rint
File server P

other servers

the rest of
the Internet

router/firewall




.HpHMep: Wireless Information Devices

* Cucrema cotoBoii cBsa3u ( GSM)

~ Pecypcsl pazaensiemsbl (paauo 4acToTa, BpeMs Iepeadyn Ha 4acToTe,...)
* Laptop (moakmrouarorcs k Wireless LAN)
 Handheld, PDAs etc.

Internet

Home intranet

Printer ™




.I[pyrﬂe IIPUMEPBI

» CucteMbl yIpaBaeHUs a3pOopTOM

o ABTOMO6I/IJ'II>HI>IG ynpaBJIﬂIOH_II/Ie CUCTCMBI
Mercedes S kiacca ceroaas
nmeet 0osiee 50 aBTOHOMHBIX

BCTPOEHHBIX MPOILIECCOPOB
COE€IMHEHHBIX OOIIEN IMHOU




[ Ipumepsl...

o TenedoHHBIC CHCTEMBI

e CJIOKHBIE CETU NPEAIIPUATUI

e CeTeBbl€ (DAMJIOBBIC CUCTEMBI
IAVAVAYY




e PaszgenexHune pecypcoB 4acTo ABNSETCAS OAHOW U3
NPUUYMH pa3paboTkm pacnpeneneHHoOn CUCTEMBI
— YMeHbLuaeTcs ctonMocTs, (file u print cepsepa)

~ PaspeneHune aaHHbIX MEXAY Nosib30BaTeNsIMU
(coBMecTHast paboTa HaJ NPOEKTOM)

o CepBuchbl
— YnpasnsT HabopoM pecypcoB
- [lpeacraBnaloT yC/yr nosib3oBaTensm



e CepBep

— anHVIMaeT 3alfpoCbl Ha O6CJ'IY)KVIBaHMe OT KJIMEHTOB
v BbI30B ornepaLmm

— Mpnem coobueHns/oTBET Ha cooblleHne
v MOJIHA4 peasin3auunsa - y,Cl,aJ'IeHHbIﬁ Bbl30B
— Ponn knneHTta n cepsepa MeHAKTCS OT Bbi30Ba K
BbI30BY
v OOAWH N TOT >KE NMPOLECC MOXET ObITb KakK KIIMEHTOM, TdK U
cepBepoMm
— TepmuHonorusa KnneHt/Cepsep NpuMeHsieTcs K
npowueccaMm, a He K y3nam!!!



e PacnpocTtpaHeHue npunoXXeHus
e [ eTeporeHHOCTb

e OTKPbITOCTb

e be30onacHOCTb

e MacwTabupyemocCTb

e ObpaboTKa OLNMOOK 1 BOCCTAHOBNEHWE MOCSIE
cboeB

e [lapannenunsm
e [1pO3payYHOCTb
e YNpaBnaeMocCTb



e OparmMeHTaUNS

_ pa3fgeneHue NpuoXKeHnsa Ha Moay/ v Ans
PACMpOCTpaHeHUs

e KoHpurypauums
- Css13b MOAynen Apyr C Apyrom (3aBMCHMOCTH)
e Pa3MelleHune

— BbIFpy3Ka MoAy/NeN Ha LIENEBYIO CUCTEMY

- PacnpepeneHne BblUMCIIUTENbHBIX MOAYIEN MEXAY
y3naMu (CTaTUYecKoe nm AMHaMUYECKOE)



| eTepOoreHHOCTh

— 43blKM NPOrpaMMmnpoBaHns (M NpeacraBneHns aaHHbIx!!!)
e Paznnymsa AOMKHbI BbITb CKPbITbI



| eTepOreHHOCTh

e Heobxoanmbl CTaHAapThI



| eTepOoreHHOCTh

v BbI30B yaaneHHbIX 06bEKTOB
v YpaneHHbi Bbi3oB SQL
v PacnpepeneHHas 06paboTka TpaH3aKLUK

e [lpumepbl: CORBA, Java RMI, Microsoft DCOM



e MobunbHbIK KOA: KOA pa3paboTaH Ans MUrpaLmm
MeXay y3namu

- HeobxoanMo npeoaoneBaThb annapaTHbIE pa3inymns
(pa3Hble Habopbl NHCTPYKLINK )

e BupTyanbHble MallMHbI
- Komnunatop «u3rotaBnueaeT» 6ant-koa ans VM

- VM peanunsoBaHa Ana Bcex annapaTtHbIX NnaTtgoopm
(Java)

e MeToabl rpyboun cusbl
~ [MopTupyeM KoA noa Kaxkayto nnatdopmy...



OTKpPBITOCTB

— Hanwuumne nonHom AOKYMEHTaLuK
— OnybnukoBaHHbIE MHTEPDENCHI
— TecTupoBaHune 1 NpoBepka Ha MHOrMX niaaTdopmax



be3omacHOCTD

6e30rnacHoO 1 3PPEKTUBHO



e CueHapun 1: [locTyn K pe3ynbtartam
TectupoBaHusa no NFS

~ OTKyaa Mbl 3HaeM, YTO MOJIb30BATEND -
npenoaaBaTeNb, UMEOLLMIA AOCTYMN K AaHHbIM?

- ABTOpU3aLU4

e CueHapun 2: lNMocbinka HoMepa KpeanTHOM
KapTbl B MUHTEPHET-MarasuH

~ HukKTO KpOoMe nony4yaTtens He AOMKEH NMPOUYNTaTh
NaHHblE

- Kpuntorpadwus



be3omnacHoCTb
e HepellueHHble Npobnemsi

VIOXXET BECTU Ce0A NOAOOHO TPOAHCKOMY KOHHO...



e PacnpepeneHHas cucrteMa Maclwtabupyema, ecnu
OHa ocTaeTcs 3dpDEKTUBHON NPU YBENUYEHUN
yncna obcny>XMBaeMbIX NoAb30BaTENEN UK
pecypcoB

e [Ipobnembl:
— KOHTpPO/1Ib CTOMMOCTU pecypcoB
— KOHTpO/ib NoTepb Npon3BOANTENTIbHOCTU



e CTOMMOCTb (PU3NYECKNX PecypcoB
- PacTteT,npu yBENNYEHUM YMCNA NOSb30OBaATENEN
~ He pomkHa pactu beictpee, yem O (n), roe
N = KOJIMYECTBY MNMOJ1Ib30BaTEJ1EN
e [loTepn Npon3BoANTENIbHOCTHU

— YBenMunBarTCa C pOCTOM pa3Mepa AaHHbIX (U
KONIMYECTBa MoJsib30BaTenen)

~ Bpems noucka He A0MKHO pacTu bbiCcTpee, YeMm
O (log n), rae n = pa3Mep AaHHbIX



MacuraOupyemMocCThb

v [Mpnmep - Domain Name Service
— TupaxkxnpoBaHue 1 K3LWMPOBaHUE AAHHbIX



o COboun 6bonee yacTble, YEM B LIEHTPANN30BaHHbIX
CMCTEMax, HO OObIYHO JIOKasbHbIE

o ObpaboTka cboeB BKIIOYAET
— OnpepeneHve akTa cb60s1 (MoOXeT 6bITb HEBO3MOXXHO

- MackunpoBaHue
- BoccraHoBneHue



O0OpaboTka cOO€EB

paboTaeT WK NPOCTO OYEHb 3arpy>KeH?)



O0OpaboTka cOO€EB




[ lapamiennsm

v IIpaBuiabHOE IJIAaHUPOBAHKE JAOCTYIIA B MapaICIbHBIX MOTOKAX
(ycTpaHeHHE B3aUMOMCKITIOUCHUH, TPAH3aKIIUH )

- PazpgensemMble 06bekTbI(pecypchl) A0MKHbI paboTaTb KOPPEKTHO
B MHOrOMOTOYHOWN cpeae



IIpo3padyHOCTH

e COKpBITHE I'€TEPOreHHON U PaCIIpPEICICHHON
CTPYKTYPBI CUCTEMBI TaK, YTOOBI ITOJIb30BATEIIIO
CUCTEMA MPEACTABILIACHE MOHOJIUTHOU




[Ipospaunocms Odocmyna: AOCTYN K JOKaJbHBIM MU YAAJICHHBIM pecypcam
OCPEICTBOM OJMHAKOBBIX BHI30BOB

[Ipozpaunocms pacnonosxcenis: TIOCTYN K peCypcaM BHE 3aBUCUMOCTHU OT UX
(bU3UYECKOTO PACIIOI0KECHUS

lIpospaunocms napainenisia: BO3SMOXKHOCTh HECKOJIBKUM IIpolieccaM
napajjieabHO padoTaTh C pecypcaMu, HE OKa3blBasl BIMSHUS APYT HA Apyra
[Ipospaunocms peniurxayui; BOSMOXKHOCTh HECKOJIBKUM dK3EMILISIpamM
OJIHOTO pecypca HCIOJIb30BaThCs 0€3 3HaHUS (PHU3UUECKUX OCOOEHHOCTEH
peTUTUKALIIH.

[Ipozpaunocms oopadbomku ownbox: 3alydTa IPOrPAMMHBIX KOMIIOHEHTOB OT
cOOEB, MPOU3OMIEAIINX B APYTUX TPOTPAMMHBIX KOMITOHEHTAX.
BoccranoBnenue nocie coOoeB

[Iposzpaurocmsb MobuIbHOCH1:BO3MOXKHOCTD TIEPEHOCA MPUITOKEHUST MEKTY
matgpopMamMu, 0€3 ero nepeaeaKu

lIpospaunocms npouzsooumensbHocmi: BOSMOXHOCTh KOH(PUTYpaLUU
CHUCTEMBI C IIeTIbI0 YBEIWYEHUS MPOU3BOIUTEIBHOCTH MPH N3MEHEHUN
cocTaBa IIaT(MOpPMbI BHITTOTHEHUS

[Ipospaunocms macumadupyemocmu: BO3MOKHOCTb YBEITMYCHUS
IIPOM3BOIUTEIIFHOCTH 0€3 N3MEHEHUS CTPYKTYPhI IPOTPAMMHOM CUCTEMBI 1
UCIIOJIb3YEMBIX aJITOPUTMOB




IIpo3pauyHOCTH

UCMOJIb30BaHUA pacrpeaeneHHbIX pecypcoB



YIIpaBiasieMOCTb

* PacnpenenenHbie pecypchl HE UMEIOT [IEHTPAIILHOU TOYKH
YIIPaBJICHU

 JlokanbpHas onTUMM3alLMs HE BCErJa 03HA4YaeT rio0aJbHYyHO
OINITUMU3AIIUIO
— HyxeH rino0anbHbIN B3I HA MPoOIeMy

~ He Bcerma Bo3MOXeH (€CTh CUCTEMbI, HUKOMY KOHKPETHO HE
MPUHAJICKAIINE )




e PacnpepeneHHasa cucrema:

— ABTOHOMHbIe (HO COeANHEHHbIE Cpeaon nepeaayn
OaHHbIX) Y3Nbl

- B3anmopgencTesne nocpeacTBoM nepeaadn coobLeHnm

e MHOro NpuUMEepPOB TOro, YTo pacnpeneneHHble
CUCTEMBI HY>KHbl N UX HY>XHO YMETb CTPOUTb

e PacnpeneneHHble CUCTEMbI CYLLECTBYHOT U UX
HY>XHO YMETb pa3BUBaTb N NOAAEPXKUBATb



Monaenn apXUuTEKTYPhI

* Mopenbs apXUuTEeKTyphl PACHPEACICHHOM C
NOJDKHA COJIEPKATh PENICHUE IBYX ITPOC

—  @uznueckoe pa3sMCIICHUC KOMIIOHCHTOB MC7k

— B3aumonercTBrEe MEXKTY KOMIIOHEHTAMY




YpPOBHU

* |IpuiioxxeHnus, CEpBUCHI
* Middleware
e OnepanyoHHas cucTemMa

e Amnmaparypa




B03MOXXHBIE apXUTEKTYPHI

* KimeHr - cepsep
* Mojenb npeaocTaBiIeHUsA YCIyTr MYJIOM
* Mozenb IPOKCH — U K3III - CEPBEPC

* Mojeinb paBHBIX IPOIECCOB




Bapunaiuu Ha teMy KimeHT-cepBep

e MOOWJIBLHBIA KO
MoOuJIbHBIE aT€HTHI
Network computers
ToHKHE KIMCHTHI

X - window




TpeOoBaHus K TU3aMHY

» TpeOoBaHus, HaKJIaAbIBA€MbIC 00CCICUCHHUE]
TpeOyeMOl IPOU3BOAUTEILHOCTHU

* Mcnosb30BaHHE KAIMPOBAHUA U PEI

* TpeboBaHuE HAJICKHOCTH




TpeboBaHus K NPOU3BOAUTEIBLHOC

* BpeMs oTKIIMKA
* [Ipou3BOANTEIILHOCTD.

* bamaHcUpOBKa HArpy3Ku




Hcrionb30Banne KAIIUPOBAHUA U
pEIUIMKALUA

* O4YeHb MHOTHE MPOOJIEMBI IIPOU3BOIUTE]
CHUCTEMbI MOT'YT OBITh PEIIICHBI ITyTel
JAHHBIX .




Monaenn

e Moeib B3auMOJIEUCTBUA
e Moueip 3alMThl OT COOEB

e Moneiar 0€30I1aCHOCTHU




Moenrs B3auMOJaEeNCTBUSI

* [Ipou3BOAUTEIBLHOCTD JIMHUMN CBSA3H
* BpeMs u coObITHS

* ACUHXPOHHBIN U CUHXPOHHBIN OC




e Moaenn apxmTeKkTypsbl

— Pa3mMelwleHmne KOMNOHEeHTOB
— CBA3M Mexay KOMMOHeHTaMu

- [lpuMep YpOBHU MPOTOKOSIOB, MOAENb KIIMEHT-CEPBEP, OAHO-
paHroesas MoAesb

e Moaenn @yHKLMOHUPOBAHUS

— (®opManbHOE OMNMCaHNE CBOMCTB CUCTEMBbI, OBLLIMX BO BCEX
MOJENSAX apXUTEKTYpbI

- B3aumopencreune, yCTOMUMBOCTb K cO60aM, Moaenu 6e30nacHoOCTU



Mopgenu apXuTEKTYPhI

MCTEMBI N OTAENBHO
HEHT

NOJIKHA OTBEYdATb

AanTUpyeMOCTU
_ PeHTabenbHOCTU




Mopgenu apXuTEKTYPhI
KOMIMOHEHTOB HE

ne (No y3naM ceTtun)
ONS pacnpeaeneHns AaHHbIX U paboyen Harpysku
DAENN B3aUMOAENCTBUS



e Paznnymne mMexay KJIneHToMm, cepBepoM u

MOAEJIbIO PpaBHbIX MPOLECCOB
— OueHka paboyen Harpysku

— AHanus cboes
° MOLI,GJ'IM dPXUTEKTYPbl MOI'YT UCIMOJ1Ib30BATbCH,
4yTOObI ornpeaennTb pasMelleHneE KOMMNOHEHTOB

e BONbLIMHCTBO CUCTEM MOrYT 6bITb NOCTPOEHb!

KaK BapuaLuM MOAENU KINEHT-cepBep

- [lepemMelleHne Koaa

— JobasneHune/ynaneHue y3nos
v [lepemMeLleHne cepBnCcoB



YPpOBHU

 OCHOBHas HACA - YMCHbIIATL CJIIOKHOCTH CUCTCM,
pasaciris UX Ha CJIOM U CCPBHUCHI

: TpyIIIa CUJIbHO CBS3aHHBIX U 3aKPBITHIX 3JIEMEHTOB,
peanu3yonmx oaHy (PyHKIIMOHAIBHOCTh

3 (bYHKHI/IOHaHBHOCTB, oOecreynBaeMas JJIs1 BBIIICCTOAILICT O
CJI0A

* |Ipumepsl pa3ieiicHus Ha YPOBHU

- OnepanuoHHbIE CHCTEMBI (PO,

YTHUIJIUTHI)

—  ApXUTEKTypa CETEBBIX MPOTOKOJIOB




YPpOBHU

Applications, services

Middleware

Operating system

Computer and network hardware




YposHu: Ilnargpopma

: OnepanoHHAas CUC
000pyI0BaHHE

CUCTEMHOIO



Yposuu: Middleware

: “Cou mporpaMMHOTIQ
Ybs I[€JIb COCTOUT B TOM, YTOOL
HEOJHOPOJHOCTh M 00€ecIHe
MO/JICIb IPOTrPAMMHUPOB:

ATHOW MHTEep(]eic MporpaMMHUPOBaHUS

— IIpumepsl

OKET TaKXKe MPEAOCTABIISATh YCIYTH(CEPBUCHI)



Yposuu: Middleware

DEMEHHOIO XpaHeHus
NOMJIEHUS O COBbITUAX

OrpaHnyeHmns

~ HekoTtopble pyHKUMM MOTYT 6bITb MPaABUIBLHO BbINOJTHEHDI
TO/IbKO NMPW HaMMYnMn MHMDOPMaLINMK, NOTYYEHHOM C
NPUKIAAHOrO YPOBHS



.Mozlem) Kianenrt-Cepaep

» HanbOonee mmpoko UCIIOIb3yEMbIN BAPUAHT




Mogens KinuenT-Cepsep

Knuenr: IIpouecc, xxenarommn noJayuYuTh JOCTYI K JaHHBIM,
UCII0JIb3YET PECYPChI U/WJIM BBIMIOJHSIET ICUCTBUS Ha YAl

Cepsep: [Ipouecc, ynpapisitoniui JaHHBIMA U BCEM
pazaeisieMbIMUA pecypcaMu, 00ECIIeUMBAIOIINI
pecypcaMm U TPOU3BOSIINAN BEIYUCICHUS

B3aumopeiicTBue: mapsl 3apoc / pe3yJibl
[Tpumep

v Http ceppep: kueHT (Opoy3ep) 3an
CTpaHHUITY




[1yn CepBepoB




I1yn CepBepoB

HOrMMM cepeepamu
DBEpaMn 06bEKTHI

INTENBHOCTU, AOCTYNHOCTU U

DOPANHALIMM KOMUN /| KOHCUCTEHTHOCTU
eHUS



IIpokcu - cepBepa




o KB1U: «bnmn3kasa» konug, Hanbonee 4acTto

NCIMOJIb3YEMbIX OdHHbIX

— 3HAYUTEJIbHO noBbllWaeT npon3eBoamTenbHOCTb 60MbLLUMHCTBA
NPUIOXKEHNM

~ Ho TpebyeT ycunuin no noaaep>XxaHuio KorepeHTHOCTH
* [Ipokcn-cepBep: pa3gensembiit KoLl pecypcoB

— O6bI4HO ncronb3yeTcs (M XOpoLUO noaxoauT) ANns AoCTyna K Beb
- pecypcam



PaBHOIpaBHBIE NPOILECCHI

Application Application

Coordination Coordination
code code

Application

Coordination
code




PaBHbIE NPOLIECCHI: NMPOLIECChI, KOTOPbIE UIPAtoT
PaBHbIE POSN

— Hwukakoro abcontoTHOro pasnuunst Mexxay KJIMeHToMm / cepBepom

— Ponu knneHTa 1 cepeepa pa3nnyatoTCs OT Bbl30Ba K Bbi30BY (MK
CO BpPEMEHEM)

YBennumBaeT 3a4epXXKy rnpu obpaleHnn K
NOKaNbHbIM OObEeKTaM

YBEMMYNBAET YCTOMUYMBOCTb K COOSIM 1
MacLUTabmnpyemMocTb

TpyaHOCTU C KOOpAMHALMEN

[IpuMepbI: pOYTUHI, pacnpeaeneHHoe BblYUCIIEHNE,
CepBepbl HOBOCTEN



Bapuanuu MoJiein KJIMEHT-CEPBEP

. Bapnauml BO3MOJKHBI 110 CJICAYIOIIUM IIapa
—  CBS13b HHUIIMUPYETCS CEPBEPOM
— Hcnoap3oBaHre MOOHIIBHOTO KOJIA MJIU MOOMJIHHE

— Jlerkue kineHThI Oa3upyronmecs Ha HOTPeO}
JIEMIEBBIX KOMIIBIOTEPAX U MPOCTOM YIIP




Bapwunaiium MoJ1ejii KIIMEHT-CEL

ihopmMaLnIO KITMEHTY
OCbIJIKW cepBepa



Bapuanuu Moieu KIUEHT-CEPBEP

: Kog, mociianHbIN MpoLeccy KIUEHTa, YTOObI
BBITIOJTHUTH OMPEACICHHYIO 3a/1a4y

- Web
server

@-I
Web
yApplet server




e MobunbHbIE areHThl

— BbInonHeHue nporpamMmel (koA + AaHHbIE) KOTOpas
nepemMelLaeTcs Mexay y3namm B Cetu

v BbINOMHAET aBTOHOMHYIO 3ai@auy 06bIYHO MO/ YrpaBieHNEM
HEKOTOPOro Apyroro npoLecca

v MIMeeT BHYTPeHHee 3HaHne n uenu
- [lpenmyLLecTBo: BCoay AOCTYN NOKanbHbIN!!!
v CHwuxaet 3dTpaTbl HA KOMMYHUKaLWNA
— [loTeHuuanbHas yrpo3a 6e30rnacHOCTH
4 OrpaHVI‘-IEHHaFI NMPUMEHNMOCTb
- Hanpumep, cb6op AaHHbIX N3 MHOIMMX UCTOYHUKOB,
yCTaHOBKa NporpamMM, NporpaMMbl TuMa YepBemn
(3neKTpOHHas No4Ta)



Bapuanuu MOa€eIM KIIMEHT-CEPBEP

Application
Process




e Network computer

— Bce dannbl CoOXpaHAOTCA Ha yAaeHHOM HOCUTESE
— MuHMMYM NOKaNbHOrO MPOrpaMMHOro obecneyeHus
— JTroboun nokanbHbIM ANCK MCMOMb3YETCA TOIbKO MO/ K3LL

e TOHKUN KNUNEHT

— BbINoNHAET MHTEpPdENC NOMb30BATENSA Ha JTOKA/IbHOM
KOMMbloTepe

— [1porpamMmbl paboTatoT Ha MOLLHOM BbIYMCIUTENBHOM CepBepe
— Citrix WinFrame, X11, ...



| [ppymMuTHBEI IEpEenayYn TaHHBIX

PaCHpeI[GJICHHBIC CHUCTCMBbI HYKIAIOTCs B n
MCKIY aABTOHOMHBIMH PACIIPCACIICHHBIMHU ITPOOCCCAMHA

— Interprocess communication (IPC)
v PaznensgeMble nepeMEHHbIE

e CuHXpOHM3ALMS

— IIporecchl Ha pa3IMYHBIX KOMIBIHOTEPAX
BBITIOJIHAKOTCS C PA3JIUNYHBIMU CKOPOCTIMU

e [IpumuTHBEI IEPEIAYN TAHHBIX

Bomnpocsl

~  Kak onpenenenste agpeca (Kak yka3blBaTh MPOLECC, KOTOPOMY MEpEeAatoTCs
JaHHBIC)?

—  Kak 1006uBaThcs CHHXpOHHU3AIIUY TIPH TIepeaade?




| [ppymMuTHBEI IEpEenayYn TaHHBIX

* YKa3zaHue Ha3HAUYCHUs(aapecara)

: IM€HA IIPOLIECCOB IOJIyJaTelIs U
OTIIPABUTEIIS UCIIOJB3YIOTCS B KAYECTBE aJpecaroB (Iapa
MMEH OJHO3HAYHO OIIpEACIIseT KaHal)

v [IpocTo peann3oBaTh U UCTIOJIb30BATh

v [1o3BOMSET MIPOLIECCY JIETKO KOHTPOJUPOBATH MOJy4aTh
C mporecca

v Mcnonp3yeTcs ajis peain3alii KIUEeHT-CEPBEPHBIX MPUIOKEHUN

Q XOpouio nooxXo0auuil, Ymoowvl peanuzo8ams cxemy KiueHm/cepeep
eciu ecmv 00UH KIUeHM U 00UH cepeep

Q 8 NPOMUBHOM CLyuae, cepsep OO0NHCEeH YMeMb NPUHUMAMb 3aNpOChl
om KIUeHma 8 1oboe 8pems,u KiueHm OO0IHCEH YMeNmb

8b136aMb 8 0OHO 8peMsl, eCliu O0CMYNHO OobULe
00HO20 cepeepa




| [ppymMuTHBEI IEpEenayYn TaHHBIX

* VYka3zaHMe Ha3Ha4YCHMsI(aapecaTa)
NN . HC3aBUCHUMOC UM ITPpOoHIecCCa-
IMPUCMHHUKA MOKCT HUCITIOJIb30BATHCA ITPOICCCaMH - HICTOYHHUKAMMU
v cOooO0OIIeHN ITOCJIAHHBIC B MOYTOBBIN AMUK MOTYT IIOJIYYAaTbCA JTFOOBIM
IIPOLIECCOM

v 9TOOBI pC€ain30BaTb KOHICIIIWIO KIIMCHT-CCPBCPA

Q  KIUEHMbL NOCLLIAIOM COOOWEHUs 8 NOUMOBDIL AUWUK, 0CB0000UBUUIICS cepsep UX
obpabamvieaem

v HCAOCTATOK: aoporas pcainu3anusi

a COO6LL;€HZ/£€ nocCJliAHO 6 AUWUK
Q eciu 0Oum npoyecc peutun noaydums COO6M4€HM€, OH 00JIdICEH e20 3616]10Kup06aI7’Zb
Q 63auUMHOe UCKIIIoYEeHUe npu napaileilibHom docmyne

: TOYTOBBIN AWK, HO TOJIBKO OJHOMY MPOIIECCY Pa3periaroTCs
MOJy4aTh COOOIICHUS

v JIETKO OCYIIIECTBUMO - IPUHUMATh MOKET TOJIBKO OJMH MPOIIECC - HE HYXKHa
OJIOKMpPOBKa

v TIOJXOJUT €CJIK OJIUH CEPBEP U MHOTO KJIIMEHTOB
—  YKa3zaHue aapecoB NpU MPOrPAMMHUPOBAHUMA B UHTEPHET

v TUOpUIHAS OpsiMasi CXeMa NPUCBAaMBAHUS UMEH/TIOPTA
v' IIOPThI COOTBCTCTBYIOT KOHICIIIHWHN MHOI'O IIPOHCCCOB IMOCHUIAKOT, OAWH ITPUHHUMACT




[IpuMUATHBBI TIEpEAAYM COOOICHUM

e (CeMaHTHKa MPUMUTHUBOB IIepeaadu COOOIEHUI
—  bioxupoBka

- BBI3OB HC 3aCPIKUBACT BI)IBI)IBaIOHII/Iﬁ mponecce
- BI3OB HC BO3BPAIIACT YIIPABJIICHHUC 1O 3aBCPIICHUS

—  CunxpoHHU3anus

a
a
a

HET HUKaKou Oydepuzaiuu
npoyeccvl CUHXPOHUUPYIOMCSL NO 1H0O0M) COOOUEHUIO
UCMOYHUK ONIOKUpYyemcsi 00 mex nop, NoKa nojiydyamenv He 6yoem 20moe K npuemy
npuemuux O10KUpyemcs, NoKa Npoyecc - UCMOYHUK He OyOem 20mo8 K nepeoade

COO6HI€HI/I§I Mepeaar0oTCA € UCITOJIb30BAHUCM HCOTPAHUYCHHOTO

oydepa

d
a
a

nepeoawull npoyecc 8bINOIHAem nepedayy HeoepaHuieHHoe YUCIO PA3
nepeoarnwull HuK020a He 0J10Kupyemcs
NPUHUMATOWUT OTOKUPYEmCsl HA NYCMOU oyepeou
Oydepuzanus ¢ orpaHu4EeHHBIM Oypepom
nepeoarwull npoyecc Moxcem nepeoasams 00 mex nop, noka He nepenonuics 6ygpep
nepeoarwull 610KUpyemcst npu nepenoiHeHHom oygepe
NPUHUMATOWUTE OIOKUPYemcsl Ha NYCMOoU oyepeou




[IpuMUATHBBI TIEpEAAYM COOOICHUM

* He Onokupyroiye IpuMUTUBBI JJIs1 ACHHXPOHHOU
UIn Oy(pepru3upOBAHHOM MEepeaadn

— TIPUEM
v (DOHOBBIN BAPUAHT:MPOIIECC MPOIOJKAECT BBIMOJHATHCS, MPU
IPUEME TIOTYYAET IPEPHIBAHUE

Q UHO020A CLONCHO OISl Peaiu3ayuu

v TPOTPAMMHBIE OMPOCHI

— IIOCBIJIKA

v TIOCBIJIAIOIIHUM MPOIIECC 0KUAaeT OCBOOOXKAeHU Oydepa, niu
yJaJIsieT U3 HET0 HE MOCIaHHBIE COOOIICHUS




NMeHOBaHHBIC KAHAJIbI

@ ——— Duffer with
limited size

* KanaJubl CyniecTByIOT TOJIBKO B MOMEHT ME€pPEJaur JaHHBIX; TPOIECChI OJOKUPYIOTCS

Ipy MoJIHOM Oydepe



CokeTnbl

* COKEThI UMEET JIBE OKOHEYHBIC TOYKH;
* CymecTByeT, NOKaXUB MPOLIECC

° I[J'If[ €TI0 CO3aHHUA HYKHO BBIIIOJIHUTD P HIaroB



CokeTnbl

 [IpocaymimBanue nopra
 [IpunsiT 3anpoca ot yaajgeHHOro cokera. Co3nanmue coeJuHEHUA
* O0MeH coo0IeHUuAMU

* PazbenHeHune (3aKpbITHE COKETA)



Monaens B3auMOJIeNCTBUS KJINECHTA
1 cepBeEpa

Pa30JI0KUPOBAHUIO
CLIENT SERVER
send(request) ------------------ > get-request(...)

“work”
wait-reply(..)  <---------mmmmmmmm- send(results)



B3anMoaencTBUE yepes IMOPThI

networl network
server server




Tunbsl cOOONIEHNN

3. ACK ack S/C C/S Previous msg arrived

4. AYA areyou alive? C S Eng. msg to check if server is
functioning

5. I1AA | am alive S C Server responding that it is
functioning

6. TA try again S C Server is busy, has no room

(e.g. no buffer space)

7. AU address unknown S C NoO process is using this
address



Tunel cooOmeHuit (IIpoJ0IKEHIE)

Kpax?

Kient ucnonb3yetr AY A coobienue aiisg nposepku cepsepa eciu [AA (miu REP)
COOOIIEHUE MTOTYYEeHO, 3HAUUT BCE B Nopsiake; MHave, eciiu nmociae HecKoJdbkux AYA
cooOmeHuit, Het 00paTHbIX [AA/REP, KIIMEHT MOKET MPEIoN0KUTh, YTO CEPBEP
HEJOCTYIIEH.



[ Ipumepsnl

Server

Serve

Server

Server




MexaHu3M COKETOB

» [PC 6azupyromuiics Ha

CgorictBa UDP: HeT rapaHTuM opsaKa COOOIICHU, COOOIICHUS
TEPAIOTCS U TyOJIUPYIOTCS
HeobOxoaumblie maru
COKeTa
COKETa C TIOPTOM
Q KIUeHm: NPOU3B00HbIU C80O0OHBLU NOPM
Q cepegep: nopm cepsepa
Meto1 mprueMKH: BO3BpAIla€T HHTEPHET AAPEC U TTOPT OTIPABUTEINS +
coOOI11IeHNE
Pasmep coobrienus: IP paspemaer coodmenus 10 to 2= 65536 bytes
v BonbIIMHCTBO peanu3anuii orpaHnyuBaioT 8 Kb
v bonbime cooOleHus: yBEeIUYMBAK IIPOU3BOAUTEIIHFHOCTD IIepeaaun
v Ecnu nmepenaBaeMoe cOOOIIEHHE CITUIIIKOM BEJTUKO, OHO YCEeKaeTCs

ITochuika — HEe OJIOKHpPYIOIIAs

[Ipuemka OoKupyroas




MexaHn3M COKETOB

e Java API nna UDP

v Ilpomecc co3aaeT COKET, MOChIIaeT coo0IIeHne Ha mopT 6789, u xKaeT
MOJTYYEHUST OTKJIMKA

DatagramSocket aSocket = new DatagramSocket();  // create socket
byte [] message = args[0].getBytes();

InetAddress aHost = InetAddress.getByName(args[1]); // DNS lookup
int serverPort = 6789;

DatagramPacket request =
new DatagramPacket(message, args[0].length(), aHost, serverPort);
aSocket.send(request); //send message

byte[] buffer = new byte[1000];
DatagramPacket reply = new DatagramPacket(buffer, buffer.length);
aSocket.receive(reply); //wait for reply
System.out.println("Reply: " + new String(reply.getData()));
aSocket.close();
} catch (SocketException e){ System.out.println("Socket: " + e.getMessage()); // socket creation failed
} catch (IOException e){ System.out.println("IO: " + e.getMessage()); // can be caused by send

}



MexaHn3M COKETOB
e Java API mnsg UDP

v CepBep co3aaeT ciymaet nopt 6789, mpuHUMAET TaHHBIE U
OTIIPABJISET OTBET

aSocket = new DatagramSocket(6789); // create socket at agreed port

byte[] buffer = new byte[1000];

while(true){
DatagramPacket request = new DatagramPacket(buffer, buffer.length);
aSocket.receive(request);
DatagramPacket reply = new DatagramPacket(request.getData(), request.getLength(),
request.getAddress(), request.getPort());
aSocket.send(reply);

}

} catch (SocketException e){System.out.printin("Socket: " + e.getMessage()); // socket creation failed
} catch (IOException e) {System.out.printin("lO: " + e.getMessage());
} finally {if(@aSocket != null) aSocket.close();}



MexaHu3M COKETOB

* IPC ocnoBannsivi Ha TCP
— AOCTpaKkTHBIN CEpBUC:IIOTOK OANT MPUHUMAETCS U MOJTYyYaeTCsI

— BO3MOXHOCTH

v

RN N N NN

Pa3mep cooOuienus: HeT orpannyuennii, TCP pemaet, koraa nociatb COOOIIEHUE
TPAHCIOPTHOTO YPOBHS, COCTOSAIIEE U3 HECKOJIBKUX MPUKIAIHBIX COOOIICHHUIH,
HEIMOCpEeACTBEHHAs(HEMEIJIEHHA ) TTepeladya MOKET IPUHY IUTEIIbHBIN

OpuEHTHPOBAaHHBIN HA COEIUHEHHE

OcHOBaHHBIN HA TaliMayTaXx MEXAaHU3M OTCIICKUBAHUS MOTEPSIHHBIX COOOIICHUI
Ouepenp Ha MPUEMILINKE

biiokupoBaHue 1pu npueme

OTtcnexxuBaHKUe NEPENOTHEHNS Oy PepoB

CepBep HOJDKEH CO3aBaTh HOBBIM MOTOK JJISI K&JKJIOTO IPUHATOTO COEAUHEHUS

 API mi1g moroxosn
— Co3nmanue coeqMHEHNS

v

v

v

KJIMEHT: 3alpOC KOHHEKTA
CepBeEp: CAyIIAeT MOPT U MPUHKUMAET 3aMPOChl HA COSIMHEHUE
[Ipuaumaet coenuHenue. Co3aaeT HOBBIN MOTOK JJIsI COSAMHEHHUS




MexaHn3M COKETOB

e Java API nng TCP

— Knaccel
COKET Ha CTOPOHE cepBepa
KJIaCC JIJIsl pa0OTHI C COSAMHEHUEM (KJIMEHT U CEPBEP)

Q KOHCMPYKMOP OJisl CO30aHUSL COKeMa U COeOUHEHUSL C YOAIeHHbIM
V3/10M U NOPMOM




import java.net.*;
import java.io.*;
public class TCPClient {
public static void main (String args]]) {
// arguments supply message and hostname
Socket s = null;
try {
int serverPort = 7896;
s = new Socket(args[1], serverPort);
DatalnputStream in = new DatalnputStream( s.getinputStream());
DataOutputStream out =new DataOutputStream( s.getOutputStream());
out.writeUTF(args[0]); // UTF is a string encoding
String data = in.readUTF(); // read a line of data from the stream
System.out.printin("Received: "+ data) ;
} catch (UnknownHostException e) {System.out.printin("Socket:"+e.getMessage()); // host cannot be resolved
} catch (EOFException e) {System.out.printin("EOF:"+e.getMessage()); // end of stream reached
} catch (IOException e) {System.out.printin("readline:"+e.getMessage()); // error in reading the stream
} finally {if(s!=null) try {s.close();} catch (IOException e) {System.out.printin("close:"+e.getMessage());}}

}
}



— TCP-cepBep

int serverPort = 7896; // the server port
ServerSocket listenSocket = new ServerSocket(serverPort); // new server port generated
while(true) {
Socket clientSocket = listenSocket.accept(); // listen for new connection
Connection ¢ = new Connection(clientSocket); // launch new thread
}
} catch(IOException e) { System.out.println("Listen socket:"+e.getMessage());
h
b



clientSocket = aClientSocket;
in = new DatalnputStream( clientSocket.getInputStream());
out = new DataOutputStream( clientSocket.getOutputStream());
this.start();
} catch(IOException e){System.out.println("Connection:"+e.getMessage());

b

b

public void run() { // an echo server
try {

String data = in.readUTF(); // read a line of data from the stream
out.writeUTF(data); // write a line to the stream
clientSocket.close();

} catch (EOFException e){System.out.printin("EOF:"+e.getMessage());

} catch (IOException e) {System.out.println("readline:"+e.getMessage());

}



llepenaya B reTEpOr€HHBIX CUCTEMAX

* IIpoOiemMa nepegaum JaHHBIX

— HMudbopwmarus, npeacTaBieHHas KaK JaHHbIE ONIPEACISICTCS BHYTPHU
mporecca
- HNudopmanus B cCOOOIIEHUIX COCTOUT TOJIBKO U3
MOCJIeI0BATEILHOCTEN OaTOB
— Pa3nble miaTgopMbl O pa3HOMY HPEACTABIISIOT IPUMUTHBHBIC THIIBI
v integers (big-endian &little-endian)
v floating-point numbers

v characters (ASCII & Unicode)

» JlaHHBIE TOJKHBI OBITH YIIAKOBAHKI IIEPE Iepeaadeii u
BOCCTAHOBJICHBI 110 IPUOBITHUIO

« Xopol1io, ecii 3To jenaet cioi middleware




llepenaya B reTEpOr€HHBIX CUCTEMAX

* lIpencraBieHne naHHBIX

— Penienue HpO6H€MBI NpCACTABJICHUA JaHHBIX

v CornarmieHue 00 UCTIOIb30BaHUM BHEIITHETO TIPEICTaBICHUS — JBa
npeoOpa3zoBaHUs

v Hcnonp3yercs popMaT HCTOYHMKA WIIH MPUEMIITUKA — OJTHO
npeoOpa3oBaHuE

— llepenaya CTpyKTypUPOBAHHBIX THUIIOB
v Tunbl JTaHHBIX MOTYT HE U3MEHSTHCS MPU Mepeaade
v Hcnonp30BaHWE yNIAKOBAHHBIX (POPMATOB (CTPYKTYPBI «CILTIOIIUBAIOTCS)

— @opMaTsl NIPECTABIEHUS TaHHBIX
v SUN Microsystems XDR (eXternal Data Representation)
v CORBA CDR (Common Data Representation)
v ASN.1 (OSI layer 6)

— marshalling/unmarshalling

: MpeoOpa3oBaHUEe UCXOAHBIX JAaHHBIX K BUY, YIOOHOMY IS
reperayu

 BOCCTAHOBJICHHE UCXOIHBIX JAaHHBIX
v OO0bIyHO nexur Ha middleware




[TapannenbHbIC MOTOKHU (IIPOIIECCHI)

['OHKa ITOTOKOB (PE€3yabTaT 3aBUCUT OT HOPSIAKA
BBIIIOJITHCHHUS OIIEPaLIi)

Cuenapuu 1:
Al,A2,A3,B1,B2,B3
CueHapui 2:
Al,B1,B2,B3,A2,A3




[TapannenbHble MOTOKHU (ITPOIIECCHI)

* VYCIIOBUS BO3HUKHOBECHUS:

— OIHOBPEMEHHOE BBINIOJHEHUE HECKOJIBKUX IIPOIIECCOB
(HampuMep, B CIy4ae MHOI'OIIOTOYHOTO CepBepa, HaTu4Iue
JIBYX M 00JI€€ OJHOBPEMEHHO BBIIIOJHAECMBIX KIMEHTCKHUX
3aIIPOCOB)

— JlocTyl K OJHUM U TE€M K€ JJAHHBIM (0OBEKTaM )

* CHHXpOHH3ALMS TPOLECCOB (IIOTOKOB)

- Kpurnueckue cexunu
* bioknpoBaHue pecypcoB (JaHHBIX )

* [loHsTHE TPAaH3aKLIIMOHHOCTH P 00Pa0OTKE JTaHHBIX
— IMpuamuner ACHU /L




KpuTrudyeckue CeKIuu

* JacTu Koga NpUI0KEHUS, 111 KOTOPhIX HE
IOIYCKAETCS OJHOBPEMEHHOE BBIIIOJITHEHUE
HECKOJILKUMU MOTOKaMHU

e Peanuzanug

~ Bremnune (OC) mpuMHUTHBBI CHHXPOHU3AIMH (HAIIP -
ceMadopni)

~ BHyTpeHHHE NPUMUTHUBBLI CHHXPOHM3ALMHU (HOAAEpIKKA HE
Ha ypoBHe OC, a Ha ypOBHE NPHUKJIATHBIX OMOIMOTEK)




.EJIOKI/IpOBKa PECYPCOB

e Pecypchl, 10NyCKarIKue COBMECTHOE MCIIOJIb30BAHUE HE
OoJsiee ueM n mporeccamu (4acto n=1), 3axeamuviearomcsi
npoueccamMu. IIpu ycrnentHoMm 3axBaTe pecypca n yMEHbIIACTCS
Ha 1. [Ipu ocBOOOXIEHNH pecypca n yBEIUUYMBAETCS Ha |

(cemadop)

 [Ipu mombITKE 3aXBaTUTh PeCypc, y KoTtoporo n = (), mporiecc
OsiokupyeTcs. Beixoa u3 OJIOKUPOBKHU — MPHU YBEITUYCHUH N
(Ipu TOCTYIIHOCTH pecypca)

e Peanuzamnug

— Buemnue (OC) npuMHUTHUBBI CHHXPOHM3AIMHU (HAIP - ceMadopbl)

~ BHyTpeHHHE NPUMHUTHUBBI CHHXPOHU3AIMH (MOAAEPKKA HE HA YPOBHE
OC, a Ha ypOBHE NPUKIIAJHBIX OMOJINOTEK)




.Hp06HeMa TYIIHUKOB

* Bo3HMKAIOT NpH UCIOJI30BAaHUN KPUTHYECKHX
CEKIIMK 1 OJIOKUPOBOK PECYPCOB.

3axBat pecypca
Oxmunanue pecypca




[IpoGaemMa TYIIHMKOB - pEIICHUE

e OTBETCTBEHHOCTH Ha IIPOTPAMMHUCTE

— AKKypaTHO€ nporpamMmmupoBanue. OQvH U3 METOJIOB —
COOIIOZICHUE OJTHOM M TOM K€ MOCIEI0BATEILHOCTH
HaJ10keHus 0J10KkupoBOK BO BCEX mponeccax.

* OTBETCTBEHHOCTh Ha MeHeIKepe 010kupoBok (OC,

)

— OOHapyXeHMe: UCHOoIb30BaHuE rpad)a 0KUIaHUS
pecypcoB (IpUMep — Ha MPEAbIAYILIEM ClIaiie).
biiokupoBKa = UK B rpade

— YCTpaHEHHUE:

v Meton 1: oTMEHUTH (CHSITh, IPEPBaTh) OJAMH U3 MPOIECCOB
(J1ir000), y4aCTBYIOIIMX B OJTOKMPOBKE

v MeToa 2:0TCIEKUBAETCS HAYaI0 KKI0W OJIOKUPOBKH U
YCTaHABIIMBACTCS €€ MAKCUMAJIbHAS MTPOIOJKUTEIBHOCTb.




Tpanzakiuu:

* TpaH3akuus - €AUHAsA HEACTUMAas IOCIEI0BATEIbHOCTD
NEUCTBUM, MPEACTABIAIONIYI0 COO0M HEKOTOPYIO OIEpPaIHio B
CUCTEME U yaoBieTBopstomas npuauunam ACHU/I:

— ATomMapHOCTb. TpaH3akIMyu aTOMAPHBI (BBITIOJIHSIOTCS BCE ACUCTBUA,
BXO/ISIAE B TPAH3AKIIUIO, UM HU OJTHO U3 HUX )

~ CoraacoBaHHOCTb. TpaH3aKIUY 3aTUIIAIOT JAaHHBIC COTJIAaCOBAHHO.
DTO 03HAYaET, YTO TPAH3AKIIMH TIEPEBOISIT OJHO COTJIACOBAaHHOE
COCTOSIHUE CUCTEMBI B JIpyroe 0e3 o0s13aTeIbHOM HOAASPKKU
COTJIACOBAHHOCTH BO BCEX IMIPOMEKYTOUHBIX TOUKAX.

~ HM3oasinmsa. TpaHzakiyu OTAEIEHBI OJJHA OT IPYroi (HE OKa3bIBAIOT
IpYT Ha ApyTa BIUSHUS).

~ Joarose4HocThb. Korya Tpan3akiiys BBITIOJHEHA, €€ OOHOBICHUS
COXPAHAIOTCS, JAXKE €CJIU B CIEAYIOMIMHA MOMEHT IPOU30UAET COOM
CHUCTEMBI.




T'paH3akiiuy: THIUYHAS CEMAHTHKA

* TunuyHas peanusanysa MEXaHU3Ma TPAH3aAKIUH
00€CIIeUnBaeT, 110 MEHBIIICH MepE, CICAYIOIINE
OIIepalHHu:

— onepaiys Hayajia Tpan3akuuu (beginTransaction)
— onepauus (pUKcaluy TpaH3aKIuy (commit)
— ormepais 0OTMeHbI TpaH3akiuu (rollback)

* IS peaan3aliy OpeaIoKEHHOTO I0AX01a
HEOO0XOAMMO HAJIMYKUE KOOpAMHATOpa (MEHEKEPA)
TPaH3aKIMU — CIICEIUAIIBHOTO KOMITIOHEHTA,
00€eCIIeYMBAIOIIETO YIIPABICHUE TPAH3aAKIIUIMM.
TUnUYHBIM ABIISIETCA pa3MEIICHUE YTOI0 KOMIIOHEHTA
Ha CTOPOHE CepBepa.




Tpan3akiuu: mpuMeEpbl UCIIOJIb30BaAHUS

* baHKOBCKUH IIEPEBOJ

 IlepeBoa npeacTaBisieT COOOM COrJIaCOBAaHHYIO
rocieaoBareibHOCTh JIBY X nenctBun
— CHATh CyMMY CO CUETAa — UICTOYHHKA
— 1loJI0KUTH CyMMY Ha CUET — MPUEMHUK

 Ba)xHpIle 3aMcUaHUud.

— B cnyuae omuOku npu BeinojgHenun JIKOBOU onepanuu u3 3Toi
MOCJIEI0BATEIBHOCTH, OJKHBI OBITh OTMEHEHBI (OTKAT TPpaH3aKIIUH )
BCE BBINOJIHEHHBIC paHee onepaliuu (oHSITHE 00paTUMOCTH
omepalnu)

— OrTkaTt TpaH3aKIU1 MOXET ObITh BbI3BaH KaK HAPYIICHUEM JIOTUKU
CUCTEMBI (CYET — MPUEMHUK 3aKPHIT), TAK U OTKA30M (B TOM YHCJIC -
000py10BaHUS ).

— JIBa cOCTOSIHMA — ME€pel HAYAJIOM TPAH3AKIIMU U TTOCIIE €€ OKOHYAHUS

SIBJISIFOTCS coryiacoBaHHBIMU. COCTOSIHUE «B IMpOoHeCCC BBIITOJIHCHU)
TPpaH3aKIHUU ABJISCTCA HC KOHCUCTCHTHBIM UIAA CUCTCMBI.




TpaH3akiuu: npuMeEpPbI UCITOJIb30BAHMA

e IIpouenypa noacuera
CYMMBI CPEJICTB HA CUETAX:

SIkoBneB 400 500




TpaH3akuum: BO3MOKHBIEC OIPOOTIECMBI




poOO0JIEMa ITOTEPU PE3YJIBTATOB
OOHOBJICHUS




11po0JIEMa HE3a(PUKCUPOBAHHOU
3aBUCUMOCTHU

B pe3ynbTaTre BBIIOJIHEHUS 3TOI0 CLIEHApUs, TpaH3aKIus 1
BHECJIa U3MEHEHUS, PACCUNTAHHBIC HA OCHOBAHUM JIAHHBIX,
KOTOPBIX «HE CYIIECTBYET» (TpaH3aKLMA2, KOTOpas 3TH
JaHHBIC BHECJIa, OTMEHMJIA CBOM M3MCHEHUS )




[IpobaeMa HECOBMECTUMOIO aHAIN3a

[IpobiemMa HECOBMECTUMOTO aHAIM3a BO3HUKAET B TOM
Cy4ae, €CIIA OJHA U3 TPAH3AKIMN B CUITY JUIMTEIIBHOCTH
BBIMIOJTHEHHS 3aCTACT YaCTh JAHHBIX B OJHOM COCTOSIHUU
(HEM3MEHEHHBIMHM ), a 4YaCTh B APYroM (YK€ NU3MECHECHHBIMMU ).




Tpan3aknuu: ypoBHUA U30JIAIIAN

* YPOBEHb U3OJIALUN TPAH3AKIUN OIIPEICIISIET BIUIHUE,
KOTOPOE€ OKa3bIBAIOT APYI HA JApyra napajuieibHO
BBIMOJTHSIOIIMECS TPAH3AKIIUU (MMEET CMBICH TOJBKO B
ClIy4ae NapaJuI€IbHO BBIMOIHSIOIUXCS MPOIECCOB).
YPOBEHb U30JISIIMU [TOKA3BIBAET, KAKUE U3 «TUITUYHBIX)
po0JIEM BO3MOXKHBI IIPHU €r0 UCIIOJb30BAHUH, 4 KAKHAE —
HET.

OcCHOBHBIE ITPO0OJIEMBI, BOSHUKAIOIIKUE P MapaJLICIbHON
00pabOTKE TaHHBIX CJICIYIOIIHUE:

~ Tpo0baeMa moTepU pe3yabTaTOB OOHOBJICHUS

— npobiema He3a(pUKCUPOBAHHOM 3aBUCUMOCTH

= r[p06neMa HCCOBMCCTHUMOI'O aHAJIN3a.




T'paH3akiuu: ypoOBHH U30JIAIINH

YPOBHU U30JIAILMA TPAH3AKIIUKA OIIPEICTICHBI
OTHOCHUTEIBHO HEKOTOPHIX 3(PhHEKTOB MmapaiieabHOH

00palbOTKHU: YPOBECHb U30ISALMM OIPEICIISICT BO3MOKHOCTh

BO3HUKHOBEHUS 3TUX d(P(DEKTOB

YpoBeHb U30JIUN I'psiznoe urenue | HenoBropsiemoe | UKTUBHbBIE
CUHUTHIBAHUE DJIEMEHTHI

I'psasHoe utenue (Dirty read) Ja Ja Ja

3aBepienHoe cunThiBanue (Read | Her na na

commited)

[ToBTOpsiemoe urenue (Repeatable | Her HET na

read)

CriocoOHOCTH K YIOPSA0YMBAHUIO
(Serializable)

HET

HET

HET




Tpan3aknuu: ypoBHUA U30JIAIIAN

 HeakkypartHoe (rpsizHoe) cuurbiBanue. /lomyctum tpan3zakuusa T'1
BBITOJIHSIET OOHOBJICHHE C HEKOTOPHIM O0OBEKTOM, 3aTEM TPaH3aKIIH
T2 u3BIIEKACT COCTOSHHE ITOT0 00OBEKTA, MOCcae Yero BeimoiHeHue T 1
oTMeHsieTca. B pesynbrare Tpan3akuusa T2 oOHapyXKUT, 4TO
M3BJICUEHHOE €1 COCTOSIHHE 00BEKTAa HUKOT A HE CYIIECTBOBAJIO
(mockoibKy He 3adukcupoBaHa T1)

 HenoBTopsiemoe cuutbiBanue. Jlonyctum, Tpan3zakuus T 1
U3BJICKAET COCTOSIHUE O0BEKTA, TpaH3aKIus 12 u3MEHsET 3TO
COCTOSIHME U (PUKCHUPYET TPaH3aKIUIO, mociie 4ero T1 BHOBb
M3BJIEKAET COCTOSIHUE ATOTO k€ 00bekTa. [losryyaercs, 4To OJIUH U TOT
K€ 00BeKT 1151 T2 B pa3HbIe MOMEHTBI BPEMEHHU OYJIET UMETh pa3HbIE
COCTOSIHUS.

* @ukTHBHBIC 3JIeMEHThI. JlorycTtum, uyTo Tpan3akuus T 1 u3Biekaer
KaKO€-TO MHOXECTBO 3JIEMEHTOB (IIPOLIECC MTPOJOJKUTEIIEH BO
BPEMEHH ), TpaH3akius T2 nobaBuiia B 3T0 MHOKECTBO AJIEMEHT U
3aduKkcupoBaiia Tpan3zakuuto. T1, mpogomkast U3BIEKATh 3JIEMEHTHI,
OOHAPYXUT 3JEMEHT, KOTOPOTO PaHbIlI€ BO MHOKECTBE HE OBLIO.




TpaH3akiuu: OTKaT

 Baxuendmas 3aa4a TPAaH3aKIMOHHON 00padOTKU — aTOMAPHOCThH
— MPEAINoJIaraeT BO3MOKHOCTb 0TKATA C/eJJAHHbIX U3MEHEHUHN B
cjydae, eCJid KaKoe TO U3 AeiCTBUM, COCTABJIAIOIIUX TPAH3AKIUIO,
3aKOHYUJIOCH Heydaveu.

* Bo03MOXHBIE peau3aluu:

— HN3MCHCHHU:A, KOTOPBIC ACJIACT TPAH3AKIHA B ITIPOUCCCC pa6OTBI,
3allMCBIBAIOTCA HC B JOJITOBPCMCHHYIO IIaMATh, 4 BO BDCMCHHYHO. B
cJlIy4ac (1)I/IKC3LII/II/I TPpaH3aKOHUHU ITPOUCXOAUT IICPCHOC JAHHBIX M3
BpeMCHHOﬁ I[MIaMsATH B OCHOBHYIO, a B CJIY4dC OTKAaTa BPCMCHHAs IIaMATb
IMIPpOCTO OYHUIIACTCA

—  JICYpHAIUpoB8aHue ONEpallui, BBIMIOJIHIEMBIX TPaH3aKIuen. Bee
U3MEHEHM S, KOTOPBIE IIPOU3BOAUT TPAH3AKIIUS 3aIIMCHIBAIOTCS B KYypPHAI
onepanuil. B cirydae oTkara TpaH3aKIUK 4acTh )KypHAJIa, OTHOCAIIETOCS
K MPEPBAHHOM TpaH3aKI[MH, MOXKET OBITh IPOCTO YHUUYTOXKEHA (4acTO B
3TOM CJIy4ae B KypHaJ OINEpaldil 3allMChIBACTC CIIENUAIbHASA OTlEpaLs
OTKaTa TpaH3aKIMH), a B cliydae PUKCAllUM TPaH3aKIMU — ONepalluy U3
KypHaja JOJHKHBI ObITh «ITPOUTPaHb» Ha OCHOBHOM JOJTOBPEMEHHOM
ITaMSITH.




"DIIOKCHHBIC U PACIIPECACICHHBIC
TpaH3aKLHH

TpaH3akuy MOTYT 3aTparuBaTh «HE JOKAIbHBIE CHCTEMBI»
(HECKOJILKO TaKUX CUCTEM) — OBITh panpeeICHHBIMU

e TpaH3akiuy MOTYT BKJIIOYaTh B C€0s Ipyryue TpaH3aKIuu
(0Opa3oBBIBaTh ACPEBbS TPAH3AKIIUI ) — COACPIKATH BIOKECHHBIE
TpaH3aKINU

» IIpumep: OpoHHpOBaHUE Typa

— Tlouck moaxoasiero oTeyst 1 OpOHUPOBAHUE B HEM MeECTa
— Tlouck moaxomsiero apuapeiica 1 OpOHUPOBAHUS MECTA HA HEM

— Tlouck noaxomsmiero oOpaTHOro aBuaperica 1 OpOHUPOBAHUE MECTA HA
HEM

— 3aka3 HeOOXOAUMBIX JOMOIHUTENIBHBIX YCIYT (3KCKYpPCHUH, U T.1.)

— Omnnara yepe3 OaHK BCETro NMakeTa ycayr (IpoKUBaHUE, IEPEIIET,
DKCKYPCHH)

e BoBiedeHbl HECKOJIBKO HE3aBUCUMBIX CUCTEM

« Kaxnas u3 onepaiuii — MOXKeT ObITh TPaH3aKIIMEH B TEPMUHAX CBOECH
CHUCTEMBI




Ilogmepxka pacupeneacHHbIX TPaH3aAKIUN

 JIByx-(a3HbIi NPOTOKOI (PpuKkcanun Tpan3zakuui (2PC)

— B cucreme BeIensIeTCS MEHEKEP TPAH3AKIUN (YIIPABISIOINI
KOMITOHEHT; BO MHOTHUX p€ajn3alusiaX OH Ha3bIBACTCS
KOOPJIMHATOPOM TPAH3AKIHN )

—  @ukcanus U3MEHEHUN TPAH3AKIIMU IIPOMCXOIUT B JBa 3Tana. Ha
IIEpBOM ATale u3MeHeHUs Bepuduuupyrorcs. [IpousBoaarcs Bce
HEO00XOAMMBIEC IPOBEPKHU, KOTOPHIC TAPAHTUPYIOT, UTO BHECECHHBIC
M3MEHEHUS ITIOJTHOCTBIO TOTOBBI K IEPEHOCY B JOJITOBPEMEHHYIO
namsTh (HEKOTOPhIC pealn3alliM yKe Ha 3TOH (pa3e MePEeHOCST
U3MEHEHUS B JOJTOBPEMEHHYIO MMaMATh, IOMEYAS UX KaK
«He3apuKcupoBaHHbBIEY). BTopas ¢a3a HaunHaeTCs TOJBKO MOCe
TOT0, KaK BCE€ Yy3JIbl, BOBJICUCHHBIC B TPAH3AKIIUIO, OTPAOPTYIOT
KOOPJAWHATOPY 00 YCHEIIHOM 3aBEpIICHUH MepBor (a3nl. Bropas
(aza cCOCTOUT B MPOCTOM MEPEHOCE YK€ MOATOTOBICHHBIX
M3MEHEHUN B JOJITOBPEMEHHYIO ITAMSTh




.HpOTOKOJI KOOpAMHATOpa (IIPUMED)

e (dazal

Koopaunarop noceuiaet coodmenue CanCommit Ha BCe y3IIbl,
BOBJICUCHHBIC B TPAH3aKITHIO

Korpa y3en nomydaet coobmienne CanCommit OH oTBe4aeT
koopauHatopy Yes uin No. [lepen Tem, Kak OTBETUTH Y €S, y3€ll
BBIMIOJIHSIET MTOJATOTOBKY K (PUKCAIIMM U3MEHEHUM, 3aUChIBasi OObEKTHI B
JOJITOBpEMEHHOM naMsaTu. B cnydae otBeta No (Wi B TOM ciydae,
KOTJa MPU MOJATOTOBKE OTBETA Y €S MPOU3011Ia OIIMOKa) y3el
HEMEJIJICHHO OTKATHIBAE€T CBOU U3MECHEHHUS.

e daza?

KoopauHatop cooupaet OTBEThI OT BCEX Y3J10B

v Ecnu Bce y371b1 OTBETHIIH Y €S, KOOPAUHATOP PUKCUPYET TPAaH3AKLIUIO U
pacchuIaeT BCEM y3JlaM c0061ueHI/1;1 doCommit

v B IMPOTHUBHOM CJ1y4ac, KOOPAUHATOP OTKATBIBACT TPAH3AKIIUIO, paCChlilas
BCEM y3iaM coobiienre doAbort
VY3161, KOTOpBIE OTBETHIIM Y €s Ha 3anpoc CanCommit 0KHIa0T
coobmenus doCommit wim doAbort ot koopauHatopa. [Ipu nonyuenun
OJIHOTO M3 ATUX COOOIIEHHUM, y3€JI BBIMOJIHAET (PUKCALMIO WJIK OTKAT

CBOMX U3MCHCHHMH, IIOCIIC YEro IePEChUIacT KOOPAMHATOPY COOOIICHUE
HaveEnded




bJIOKMPOBKHM B pacnpeaeICHHBIX CUCTEMAX

* B pacnpeneiaeHHBIX cUCTEMaX OJOKHUPOBKHM SBJISIOTCS
MEXaHU3MOM OOPBLOBI C HEXKEIAaTEIbHBIMU d(PheKkTamMu
napajieabHOM 00pabOTKH.

e Jlns ux NOAJEPKKH 4aCTh BBOAUTCS JIUCIIETUED
OJIOKMPOBOK, KOTOPBIM yIIpaBJIsIeT OJOKUPOBKAMH Ha
YPOBHE CUCTEMBI.

« PazpenicHue TYIUKOB MOXET OBITh PEaTn30BaHO
METOJIOM aHajin3a rpada oKuaHus pecypcoB 1
IPUMEHEHUEM OJIHOTO U3 PACCMOTPEHHBIX paHee
aJITOPUTMOB




Permmmnkanms naHHBIX

* TpeOoBaHuE NOBBINICHUS TPOU3BOAUTEIHLHOCTH

e TpeboBaHWEe NOBBIICHUS HAICKHOCTH CUCTEMBI ITyTEM
PE3EPBHOIO KOIMPOBAHUS YACTH KPUTUYHBIX JAHHBIX




ITaccuBHas (primary - backup) pennukanus

 Onuncanue: IBMEHEHUE JAHHBIX JOITYCKACTCS TOJIBKO Ha
OJTHOM Y3JI€ (JaHHBIC, PA3MEIICHHBIE HA 3TOM Y3JIE,
HA3bIBAIOTCSI MACTEP - KOMMEM ) a HAa BCEX APYTUX y3JIax
JAHHBIC JIOCTYIHBI TOJBKO JIUISI YTCHUS

o IlpumeHeHME: MOKET UCIIOJb30BATHCS KaK JJIs
PE3EPBHOI0 KOIMMMPOBAHMS IaHHBIX, TaK U B OOJIBIIIMHCTBE
MH(OPMALIMOHHBIX CUCTEM, B KOTOPBIX OIlepaluu
U3MEHEHUS JAHHBIX CPABHUTEIBHO PEJIKU 110
OTHOILICHUIO K ONEpaIysIM U3BJICUCHUS TaHHBIX (IIpU
3TOM HM3BJIEKAIOTCS JJaHHBIE OOIBIIOT0 00ObEMa) U MOT'YT
OBITH CBEJCHBI K ONEpaIysIM HaJl MAaCTEP - KOITUEH




| laccuBHAd perummkanya: peaainu3anus

 Becb MaccuB JaHHBIX [0 HEKOTOPOMY PETIAMEHTY KONUPYETCS Ha
yaajeHHble y3iabl. [Ipu 3TOM moaxojie npeanonaracTcs, YTo JaHHbIE
U3MEHSIOTCS HEYACTO U HA YAAJECHHBIX y3JIaX HE BAXKHA UX BBICOKAs
AKTYaJIbHOCTD

* Bropou nmoaxon Ha3plBae€TCs PEIUIMKALMEN HA BPEMEHHbBIX METKAX
(timestamp - replication). OH COCTOUT B TOM, YTO Jt00as TpaH3aKIIKA,
M3MEHSIONIAs TaHHbIC, U3MEHSIET TAKKE€ U BPEMEHHYIO0 METKY
(timestamp) 3THX AaHHBIX. TakuM 00pa3oM, y TaHHBIX, KOTOPHIE
U3MEHSIMCh TTO3/1HEE, OyIeT OOJbIasi BpeMEHHAs METKa, YEM Yy
JTAHHBIX, KOTOPbIE U3MEHSJIUCH PaHbIIE. 3HAsI BPEMSI IMOCIICAHETO
yJAa4HOr0 OOMEHa JaHHBIMU, MEHEKEP PEIUIMKAILINI «CHUMAET» BCE
JAHHBIC, N3MEHEHHBIC TTO3HEE U MEPENACT HA YIAJIECHHBIN Y3€T
TOJBKO UX .

 Tperuit moaXoAd: MEPEHOC HE JAHHBIX, A KYPHATIOB U3MEHEHUI




| laccuBHAadg peruiMkanysa: 3aMeyaHus

* Ilpouecc, «CHUMAIOIIHIN NU3MEHEHHBIE JaHHBIC H0JIKEH
paboTaTh Ha ypOBHE M30Jisiuu Serializable

JnuHHas TpaH3akuus

Tekymee Bpems

~  HyxHbl MexaHn3Mbl OOPHOBI




AKTHBHAS PEIUINKALUS C OJIOKUPOBKOM

e OmnmucaHue: TIaBHOE OTJINYME OT MACCUBHOM pPeIIUKAIINU
COCTOHUT B TOM, UTO 00JI€€ YeM OJUH Y3l CUCTEMBbI
MOJKET OPETEHA0BAaTh HAa TO, YTOOLI U3MEHUTH OOBEKT.

* Peamuzanms: nmpeamnonaraeTcs, 4To MPEXKJIC YEM
U3MEHSTh OOBEKT, Y3€J1 3allpallliBacT Pa3peIICHUE HA 3TO
y HEHTPaJIbHOTO KOOpAUHATOPA ((PaKTUYECKH 3TO
ABJISAECTCA OJIOKUPOBKOM OOBEKTA, MTOCKOJIBKY KaK TOJIBKO
TaKoe pa3pelleHre MoIy4eHO, OCTaIbHBIC 3alIPpOChl Ha
3TOT K€ 00OBEKT KOOPJAUHATOPOM OyIyT OTBEpPrarbCs).
[locie Toro, kak 0ObEKT UBMEHEH, 3TO U3MEHEHUE
PEILUTMLMPYETCS HA BCE Y3JIbl, KOTOPBIE ITOTCHIIUAIBHO
MOTYT U3MEHATH 3TOT OOBEKT U TOJBKO MOCJIE ITOrO
OJIOKMPOBKA 00BbEKTa CHUMAECTCS




AKTHBHAas peIuiMKanus 0e3 OJIOKUPOBKH

 OmnmcaHue: pacCMaTPUBACTCA CUCTEMA, B KOTOPOU
HECKOJIBKO y3JI0B MOT'YT OJITHOBPEMEHHO BBIIIOJIHSTH
omepaly HaJl OJHUM M TE€M K€ 00BEKTOM, HE OJIOKHPYS
€ro U HE JOKUIASACH PEIUTUKAILMK O APYTUX W3MEHECHHUSX

* OrpanuueHus: [Ipu npuMeHEHUH TaKOTO METOAa
BO3MO>KHBI pa3HOOOpa3HbIe A3(PDEKTHI TUIIA
«IOTEPSHHOI'O OOHOBJICHUS» U T.J. Bo3moxkeH apdekt
HEBO3MOYKHOCTH MpUEMa PEILUIMKAILIMN - HAalIpUMEP, MbI
paspeliaeM BeJCHUE CIIPAaBOYHMKA MOKYMNAaTeJIeH Ha ABYX
pa3HbBIX y3J1aX, IpHU 3TOM HAKJaJIbIBAEM OIpAaHUYCHHUE,
YTO Ha3BAHHWE MOKYIIATEIs JOIKHO OBITh YHUKAJIBHO B
npeaenax CipaBOYHUKA.

e IlpumeHeHME: CUCTEMBI, Tie HET peAaKTUPOBAHUS
CYIIHOCTEN — TOJBKO J00aBaeHUE (OOJBITHHCTBO
O0QHKOBCKHX IIATEKHBIX CUCTEM ).






