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BBenenne

mﬂ Tech Solutions

O6nayHblie n pacnpeaeneHHble CUCTembl

BeeaeHue

Oo6nauHble U pacrnpe/ieseHHbIe BEIYUCIUTENIbHbBIE CUCTEMbI — 3TO OBICTPO pa3BuBatomiasics IT-
o0JyacTh XpaHeHust ¥ 0OPadOTKHU JaHHbIX.

WM 3peck Mbl nonpoOyeM ciesaTb BBeJEHHE B 3Ty OOJBIIYI0 TeMy OOJayHBIX TEXHOJIOTUH
Y CHCTEM pacrpeeJIeHHbIX BEIYUCIICHUH.

CHavasia Mbl pacCMOTPHUM OOIIIME IOHSATHSI, KOTOPbIE MPUTOSATCS MPU U3YYEHUU TON TEMB.

JaBaiiTe 0OCcyauM [1B€ pa3Hble CTPYKTYPbl JaHHbIX.

[NepBas cTpyKTypa AaHHBIX — 9TO OUEpe/ib.

Ouepenb, 3TO CTPYKTYpa AaHHBIX, T/i€ TIEPBBIH 3allies], epPBbIi BbILLIE].
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Korga Bet yAQIACTE JIEMEHT U3 OUCPEIU Bbl YIAIAECTE €0 U3 I'OJIOBBI OUYCPEIN.
Korga Bl BcTaBisieTe HOBBII 9JIEMEHT, Bbl BCTABJIACTC €TI0 B XBOCT OUCPE/IHN.

Jlpyrasi CTpyKTypa JaHHbIX, 3TO CTE€K, KOTOPBIH SIBJISIETCSI CTPYKTYPOU JaHHBIX, [J€ MEPBbII
3alLes1, IOCAEIHUIN BBIIIE.

[MpencraBbre ceOe CTOMKY TAPEIOK Ha CTOJE.

Remove (Pop) from top €. . € Insert (Push) at top

= | = | S ] el

Tapenka, KOTOPYIO BB CTaBUTE CBEPXY, BbI I00ABJIsieTe TIOCEHEH, M OHa Oy/IeT IepBOH, KOTO-
PYIO Bbl MOXETE YIAIUTh.

OTH [1B€ CTPYKTYPbl JAHHBIX, OYEpElb U CTEK, UCTIONB3YIOTCS] OYE€Hb IIUPOKO B MH(MOPMATHUKE,
¥ MBI Oy/IeM UCTIONB30BaTh MOHSATHE CTeKa, KOrJa Mbl OyJieM 00CyXIaTh MPOIIECCHI.

['oBOps 0 mporieccax, gaBaiTe 0OCYIMM CIISAYOIIN MTPOIIece.

[Tporiecc mo cymiecTBy, 3TO IpOrpaMMa B IEHCTBUH.
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STOT NPUMEPHBII KOl COCTOUT U3 OCHOBHOM (DYHKIIMHU, KOTOpast BbI3bIBAeT (pyHKLMIO f1.

A 3atem f1 BbI3bIBaeT Apyryio pyHkimio f2.

3TO KOJ, BbI JOIKHBI CKOMITMJIMPOBATh U 3aT€M BBIIIOJIHUTD €T0.

W xorga BbI €ro BHINOHSAETE, KOT/A Ballla IpOrpaMMa HaxOAUTCs B IEMCTBUM, 3TO IPOLIECC.

ITocne Toro, kKak Bbl HANMILIETE KOJI, OH HE MEHSETCs, U Mbl HE PAaCCMaTpUBAEM 3HAUEHUS ITepe-
MEHHBIX KaK 4acTb KOJa.

CaMm KoJ1 CTaTH4eH.

Ho cymiectByet nmporpaMMHBIA CYETUYMK, KOTOPBIE OOBIYHO CO3aeTCs KOMITBIOTEPOM, Ha KOTO-
POM BBI 3aIlyCKaeTe MPOLIECC, KOTOPbI YKa3bIBA€T HA HOMEP CTPOKU KOAQ, IIIE BHIIOJIHAETCS IPO-
rpaMMa B HaCTOsIILIEEe BPEMs, WU CKOpee, T/, IPOLIECC B HACTOSILEE BPEMsI BBITIOJIHAETCS.
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Hanee, korna (hbyHKITUH BBI3BIBAIOT IPYT IPYTa, WK B OOBEKTHO-OPUEHTUPOBAHHOM ITpOrpaMme
METO/IbI BBI3BIBAIOT JIPYT JIpyra, OHU UCIIOJb3YIOT CTEK, KOTOPbIA COAEPKUT apryMeHThI U BO3Bpallia-
emMble (DYHKIIMSIMU 3HAYCHUS.

[TosToMy KaXIpblil TPOLIECC CONEPKUT CTEK.

Bosee KOHKPETHO, MPOIIeCC MOXKET COIEPKaTh HECKOIBKO TTOTOKOB.

W kasxIp1il MOTOK OyneT comepkaTth COOCTBEHHBIH CTEK.

B aTOM miporiecce ecTb TOIBKO OIMH TMOTOK.

[TosTomy mpoliecc conepKUT OOUH CTEK, U ITOT CTEK UCIOJb3YeTCsl STUMU (PYHKIUAMU WU
METO/IaMH, YTOOBI TIepeaTh ApryMeHTHl U BEPHYTh 3HAUYCHHUSI.

Tak, Hanipumep, Koraa main BbI3biBaeT {1, main BHeceT aprymenTsl ajis f1, moBepx creka.

U korga f1 HayHeT BBINOJTHEHUE, OHA BHITOJIKHET WM YOAIUT JIEMEHTHl U3 BEPXHEW YacTu
CTeKa M OyJieT UCIIOIb30BaTh UX JIJIsI BBIIOJTHEHHMS.

Touno Tak xe, korma f1 BeBoBer f2, f1 pazmecTuT aprymeHTsl Ha BepIiMHe cTeka s f2,
a 3areM {2 BBITOJIKHET MX W3 CTEKa, BBIOJHUTCS, a 3aT€M [MOMECTUT 3HAYEHHUsI pe3yJIbTara IMoBepX
CTeKa.

f1 3aTem BBHITOJIKHET pe3y/bTaT U3 CTeKa.

U, nakoner, korja f1 Hy’)HO BepHYyTb 3HaU€HHE, OHA BHECET €r0 B BEPXHIOIO YacTh CTEKa.

U xorga BHINOJTHEHME BEPHETCS K main, OHA YJAJIUT 3HaYeHUE U3 BEpXHEH 4acTH CTeKa.
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Takum 00pa3oM, CTEK SBJISETCS BaKHOW YacThIO COCTOSIHUS MPOIIecca, IOTOMY YTO OH CO00-
11aeT BaM, B KAKOM MECTE UCIIOJIHEHUSI TPOrpaMMBbl Bbl HAXOIUTECh, B OTHOIIEHUH (DYHKIIMH, BbI3bI-
BaIOLIMX JIPYT JApyra.

W nakoHel, (byHKIIMM MOTYT UMETD JIOKAJIbHBIE [IEPEMEHHBIE, TAKHE KaK X.

Tam MOryT OBITH U I7I00QIBHBIE TIEPEMEHHBIE, U, KOHEYHO, B 00 BEKTHO-OPUEHTUPOBAHHBIX ITPO-
rpaMmax, y Bac €CTb OObEKTbI, KOTOPbIE XPaHAT MHOTO TOJIEH.

OTU JaHHbIE XPAHATCS B TOM, UTO HAa3bIBAETCS KYUeu.

Kyua — 310, 110 CyI11eCTBY, JaHHBIE, KOTOpbIE OBUTH CO3/1aHbl METOAMHU, I OOBEKTaMU.

W 3111 naHHble Takke NOSBIISIOTCA B Kyde U YIAISIOTCS U3 HEe B MTPOLIECCE BBIMOJIHEHUS TTPO-
rpaMMBl.

Takxe ecTb pPerucTpbl, KOTOpbIE COfiepKaT HedaBHHME 3HAYEeHHs, K KOTOPHIM ObLT MOTydYeH
AOCTYI ITPOLIECCOM.

JlaBaiiTe MOCMOTPUM YHPOILIEHHYIO BEPCHI0 KOMITBIOTEPHOU apXUTEKTYPBI.

Registers

CPU

¢

Cache

¢

Memory

3nech ecTh MpOoIeccop, KOTOPHIN BHITIONHSIET MHCTPYKIIMU, KOTOPBIE MPUCYTCTBYIOT B BallleM
KOJE.

Takxe ecTb perucTpsl, KOTOPBIE PACMOIOKEHBI BMECTE C ITPOIIECCOPOM.

D10 HeOONBINHE YaCcTH MaMsATH, K KoTopbiM CPU MOXHO OBICTPO IMOTYYHTH JIOCTYII.

U kak paBuIIo, CYIIECTBYET TOJBKO HEOOJBITIOE KOJTMIECTBO PETUCTPOB, He O60Jiee HECKOIBKHIX
JIECSITKOB PETUCTPOB.

Tak:ke ecTh Kelll, KOTOPBIA ABJIAETCS HEMHOTO OOJIBIIeH MaMATHIO, YeM HaObOp PEernCTpPOB.

U dem Gosbilie MamMsTh, TEM MeJICHHEe TOCTYI K Hel.

Takum 0Opa3oM, JOCTYIT K Kelly MeJICHHee IOCTYIY K PerrcTpaMm.

Ho mocTy1n K Kelny Bce elnie JIOBOJILHO OBICTPBIH.

[TomuMo K3111a TaKk ke eCTh OCHOBHAs MaMsiTh, WM Random Access Memory, miim RAM, koto-
pas ere OoJIbIlie, YeM Kelll, a, CJIe/IOBATeJIbHO, MeJIJIeHHee, YeM Kelll.

W, HakoHeIl, eCTh XEeCTKUH IWCK, Y KOTOPOro HAMHOTO OOJIbIIE MaMSTH, YeM Y OCHOBHOM
MaMsTH, ¥ IOCTYTI K Hell elle MeJIcHHee.

Takum 00Opa3om, 1Mo Mepe TOro, Kak Bbl MOJHUMAETECh OT TUCKA, K OCHOBHOMW IaMSITH, KeIy,
perucTpam, yBeJIMUMBaeTCsl CKOPOCTh M YMEHBITIATCS TIaMSITh.
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W xorma BBl muieTe mporpaMMy M KOMIWJIMpYeTe €€, OHA KOMIWJIMPYETCS B MAalllMHHBIE
MHCTPYKLIMM HU3KOTO YPOBHSI.

OTH MallMHHbIE WHCTPYKUIUHM MOTYT OBITh CHEM(PUUECKUMU Ui apXUTEKTypbl MaIlIWHbI,
Ha KOTOPOH Bbl padoTaeTe, UM OHU MOTYT ObITh KOIOM JIJIs1 BUPTYAJIbHOW MAIIIMHBI, KaK, HallpUMep,
BUPTYyaJIbHOM MaluHbl JVM.

B mo60oM cityuae, TM HU3KOYpOBHEBbIE MAIIMHHbBIE MHCTPYKLIMH SIBJISIIOTCS MCTIONHSIEMOU Bep-
CHel Ballled TPOrpaMMbl, 1 OHU COXPAHSIOTCS B (DallJIOBOM CUCTEME Ha BallleM JUCKE.

Korga Bama nporpaMMa HauMHAeT BBIMOJHSTHCS, KOIZIA OHA CTAHOBUTCS MIPOLIECCOM, TOTIA
CPU 3arpysaeT MHCTPYKIIMU UX B OCHOBHYIO MAMSITh, 4 3aT€M B Kelll U B PETUCTPHI.

W xax mpaBwIo, K31 ¥ PETUCTPHI COZIEpKaT MOCIIeAHNE HECKOTBKO 00pa0OTaHHBIX MHCTPYKIIUM.

Ternepp, BBHIMOMHSISA KKyl KOMaHLY, ITPOLIECCOP, BBIOIHSIONIMN STOT MPOIIECC, 3arpyKaeT
JaHHbIe, HEOOXOAUMBIE [T MHCTPYKLIMH, B TIaMSITh, a 3aTeM, €CJI1 HEOOXOIUMO, B K3III M PETHCTPHI.

W ecnu ecTh Kakue-TO U3MEHEHHM I, KOTOPbIE IPOUCXOIAT C TAKOW MEPEMEHHOM, KaK X, TOraa
OHM COXPAHSIOTCS] CHaYasIa B Kelll, a 3aTeM B OCHOBHYIO MaMSsITh.

ITO KOHEYHO OUYEeHb YIPOIIeHHAasi KapTUHA.

KomribloTepHbIe apXUTEKTYpbl MOTYT OBITh TOpa3o Oojee CIOKHBIMU, YeM Ta.

Ho 4T06bI OHATH, KaK pabOTAIOT MPOIIECCH ITOTO JOCTATOUHO.

Tenepp qaBaiite 0OCYIMM HECKOJBKO OTBJICYEHHBIX TEM, OTHOCAIIMXCS K BEO MPUIOKEHHUSIM.

Hasaiite oOcyauMm, uto Takoe DNS.

DNS - 3710 cucrema JOMEHHBIX UMEH.

DNS = Domain Name System

1o HaOOp cepBepoB, KOTOPhIE PACIOIOKEHBI IO BeeMy Mupy, W, DNS odeHb BakeH IS
padotsl B MIHTEpHETE.

Kak npaBuiio, Bxon B DNS-cucremy — ato URL-agpec.

URL-agpec — 310 uMs1, 3TO YnTaeMasi roJIb30BaTesIeM CTPOKa, KOTopast YHUKAIbHO UAEHTU(]H-
UpPyeT OOBEKT.

U oObIuHO, KOT/Ia BB OTKphIBaeTe CBOM Opay3ep, Bbl BBoauTe URL-aapec, u Bamn Opay3sep cBsi-
3piBaeTcst ¢ DNS-cucremoii u, naer DNS-cucteme nms atoro URL-anpeca.

Yro Bo3Bpamaer DNS B Bamn Opayzep?

10
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On Bo3Bpammaer [P-aagpec BeO-cepBepa, Ha KOTOPOM pa3MeaeTcsi STOT KOHTEHT, TaK YTO Balll
Opay3ep MOXKET 3aTeM MOXET OTIPABUTh 3arpoc Ha 3TOT IP-agpec v moayuuTh hakTHIECKOe Cofiep-
KHUMOE 3TON BeO-CTPAHUIIBIL.

Takum obpazom, IP-anpec sBnseTcs naSHTUPUKATOPOM, ITO YHUKAIbHASI CTPOKA, YKa3bIBaIO-
111ast HA KOHKPETHBIN OOBEKT.

Takum obpazom, 1o cyt, DNS — 310 cucrema, kotopas nepeBogut untaembiii URL-ampec
B YHUKaJIbHBIN uaeHTudukarop, [P-aapec.

[P-anpec mMoxeT ccpuiaThesi MO0 Ha (haKTHUECKUH BeO-cepBep, KOTOPBI XPaHUT KOHTEHT,
00, MOXeT OBbITh, Ha CEpBep NepeNayur JaHHBIX, TAKOH KaK CETeBOW cepBep PacpOCTPaHEHHU ST KOH-
TEHTA.

Tenepp, Mocae 00CyXIEHUS STUX MOHATHIA, Mbl HAYHEM BBE/ICHUE B OOJIAYHbIE BBHIYMCIICHUS
¥ PAaCCMOTPHUM, Y€M OTJIMYAIOTCS OOJIAYHbIE BBIYMCICHUS OT MPEAbIAYILEro MOKOJIEHHSI pacrpe/iesieH-
HBIX CHUCTEM.

B Hacrosiiiee Bpemsi uMeeTcst O0JIbIION UHTEpeC K 00IaUYHbIM BBIYMCIICHUSIM.

Ho Bompoc B ToM, 4TO Takoe 0OIavuHbIe BHIYMCIICHUS ?

Ecth MHOTO 001aYHBIX MTPOBAWAEPOB, O MHOTUX U3 KOTOPBIX BbI, BOBMOKHO, CJIBIIIANIH.

Hawubonee mnomynsipHeIME OOJauHBIMM TIpoBaiepaMu sBisiioTcss Amazon Web Services,
Microsoft Azure, u Google Compute Engine, u ectb 1iesasi rpynma Jpyrux KOMIaHWi.

* AWS: Amazon Web Services
« EC2: Elastic Compute Cloud
« S3: Simple Storage Service
« EBS: Elastic Block Storage

* Microsoft Azure

« Google Compute Engine

» Rightscale, Salesforce, EMC, Gigaspaces,
10gen, Datastax, Oracle, VMWare, Yahoo,
Cloudera

Hamnpumep, Amazon npeanaraer pa3jivyHble YCIYyTd, U TPH U3 UX CAMBIX TOMYJISIPHBIX YCIIyT
HaswiBalotcss EC2, S3 u EBS.

EC2 npencrapnsier coOoi BBIUYMCIUTETBHOE 00JIAKO, KOTOPOE 00eCTIeUrBAET BHIYMCIUTETHHBIC
CITYKOBI.

S3 — 310 mpocras ciayxba XpaHeHHs, KOTopasi TIPeJOCTaBIIsIeT BaM BO3MOXKHOCTh XpaHEHUSI
JaHHBIX, YTOOBI BBl MOTJIM MOTYYUTh K HEW TOCTYII U3 JIIOOON TOYKH MHUPA.

1 EBS - 310 XpaHeHue OJOKOB, K KOTOPHIM 3K3eMIUIAppl EC2 MOryT MONXydYuTh JTOCTYII
BO BpeMsi paOOTHI.

Tenepp, CylecTByeT JBe KaTeropuu 00JIAKOB — 3TO MyOIMYHOE 00JIaKo M MIPUBATHOE 0OJIAKO.

[IpuBaTHOE 0OJIAKO JAOCTYIHO TOJNBKO /IS IPUBHIJICTMPOBAHHBIX TOJIL30BaTENeH WA TIepCo-
HaJia.

11
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Harpumep, eciu BbI paGoTaeTe B KOMIaHUU X, a KOMIaHUs X IMeeT HeHTp 00paObOTKU JaHHBIX
WM 00J1aK0, IOCTYITHOE TOJIBKO T COTPYJHUKOB KOMITAHUH, 3TO MPUBATHOE OOJIAKO.

C apyroil CTOpOHBI, OOIIEJOCTYITHOE OOJIAKO — ITO OONAKO, K KOTOPOMY MOXKET IMOJTYYHUTh
JOCTYII JTIOOOU YeJIoBeK B JIIDOOW TOUKe MUPA.

Takum oOpa3oM, cpeau MyOMUYHBIX OOJIAKOB, €CTh TaKue MOMyNsipHbIe, Kak Amazon AWS,
Google Compute Engine u Microsoft Azure.

Amazon S3 — 310 mpocTasi ciayxk0a XpaHeHHsI, KOTopasi TIO3BOJISIET XPaHUTh TIPOU3BOJIbHBIC
HaOOPBI IaHHBIX, M BbI TUIATUTE 32 TMTA0ANThl B MECSI, KOTOPbIE Bl XpaHUTE.

EC2 - 310 BhIUMCIUTENBHOE 00JIAKO, KOTOPOE MO3BOJISIET 3arpyXarh M 3aIlyCKaTh MPOU3BOJIb-
Hble 00passl OC.

[To cytH, 3TO BUpTyasbHBIE MAIIMHBI, U Bbl IJIATHTE 32 MPOIECCOPHBIE Yachl, KOTOPHIC BbI
UCIIONb3YeTe.

Google AppEngine umu Compute Engine npeaiaraet BO3MOXHOCTb JIJIs1 pa3paOOTKHU MTPUJIO-
JKEHWH ¢ TIOCTIeyIoIIel 3arpy3Koil X B 00JIaKo.

Hanpumep, BbI MOkeTe ucmonb3oBath Google 061ako 115 pa3MeleHnsl BaluX COOCTBEHHBIX
BeO-CepBUCOB.

N Microsoft Azure npegiaraet aHanoruunsie Google mpoayKThI.

Takum 00pazoM, oOMaYHbIE BHIYMCICHHS MPHUBJIEKATEIbHBI UIs1 KJIMEHTOB, TIOTOMY YTO OHH
TMO3BOJISIIOT M SKOHOMHTH KaK BpeMsi, TaK U JIEHbIU.

[MoTomy 4TO /17151 pa3BepTHIBAHUSI CBOETO COOCTBEHHOI'O CepBepa HyKHO €ro cHavaja mproo-
pecTH, 3aTeM MOIKJIIOUUTh, YCTAHOBUTH MPOrpaMMHOE 00eCTIeUeHre, U BCE 9TO 3aHUMAET HECKOJIBKO
HeJeJTb.

O6aKko NO3BOJISIET BCE ITO ClIeIaTh 38 HECKOJIbKO MUHYT.

U B pesysbTaTe HEYIUBHUTEIBHO, YTO COTHU cTapTanoB B CHIIMKOHOBOW JOJMHE WCIOIb3YIOT
0OJTAYHBIX TTPOBANIEPOB.

Hrak, uto Takoe 00mako?

Koraa BBl cipocute pasHbIX O B KOMIIAHHUAX WM B aKaJeMUYECKUX Kpyrax, 4yTo Takoe
00J1aKo, OHU JJAIyT BaM OY€Hb Pa3HbIE OTBETHI.

Hekotopble CKayT: «3TO MPOCTO KJIacTep, Kyva CEPBEpPOB, COSAUHEHHBIX CEThIO».

Jlpyrie MoryT cKaszaTh «3TO CYHNEepKOMIbIOTEep. Y Hero OoJbllle MOUTHOCTH YeM y MPOCTOro
KJIacTepa, KOTOPBIN Bbl MOKETE 3aIlyCTUTh B Balllel JJa0OPaTOpUI».

Jlpyrue MoryT cKa3arh: «00JIAKO XPaHUT MHOTO JaHHBIX, IO9TOMY OHO OTJIMYAETCS OT CyIiep-
KOMITBIOTEPA, IOTOMY UTO OHO CKOpee XPaHUT JaHHbIE, YeM 3aHUMAETCsI BBIYUCICHUSIMU».

W Het epuHOTO onpesenenus A ooJaka.

MBb1 OyzieM UCXOIUTh U3 OYeHb IPOCTOTO ONpPe/Ie/ICHUSI.

O6nako cocTouT U3 OOJIBIIOTO KOJMYECTBA PECYPCOB XPAHEHHSI BMECTE C BBIYMCIUTETbHBIMU
[UKJIAMH.

W ectp B2 BUa 00JIAKOB — 3TO OOJIAKO C OIHUM CAalTOM U reorpauvecK pacrpeeeHHOe
00MaKo.

O061aKko ¢ OIHUM CalTOM YacTO HAa3bIBAIOT IEHTPOM 0OPaOOTKH JaHHBIX, 1 OHO COCTOUT U3 Cep-
BEPOB WJI BHIYMCIIMTENBHBIX Y3JI0B, KOTOPBIE CIPYIITMPOBAHBI B CTOUKH.

12
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Top of Rack Switch

Crofika npeacTapisieT cOOOH eMHUITY U3 HECKOJIIBKUX CEPBEPOB, KOTOPhIE IMEIOT O0IIee MTa-
HUEe U OOIINH MepeKIoYaTe]lb BEPXHETO YPOBHSI.

T NepeKIoyaTed CTOeK YacTo CBA3AHbl Yepe3 CETEBYIO TOMOJIOTHIO.

Harnpumep, onHa U3 caMbiX MOMYJSIPHBIX — 3TO JABYXYpOBHEBasi PEBOBHJIHAS TOIOJIOTHS,
B KOTOPOI1 MEPEKJII0YATeN CTOEK HaXOASITCSI Ha OTHOM YPOBHE, a 3aTeM y Bac €CThb OCHOBHBIE Tepe-
KJTI0YATeN 1, COSAUHSIIONIHE BCe CTOMKU MEXy COOOH.

B nononHeHue K 3TUM, y371aM, KOTOpbIe UCIIONb3YIOTCS /17151 BBIUMCIIEHUH, €CTh TaKKe BHYTPEH-
HUE y3J1bl B CTOWKAX, HO OHU UCTIOJb3YIOTCS ISl XpAHEHMU 1.

DTO MOTYT OBITH Y3JIbI, KOTOpBIe MMEIOT SSD muckw.

W1, HakoHel, ecTb MpOrpaMMHOe oOecrieueHre, KOTopoe paboTaeT Ha BCEX ITHUX cepBepax,
a Tak’Ke MapIIpyTHU3aTOPHI.

[TporpammHOe oOecrieueHre BKITIOUAET B ce0s1 ONlepaliiOHHbIE CHCTEMBI, Pa3IMIHbIE TIPUIIOKE-
HUS1 TIOJIb30BATEIbCKOTO YPOBHS, MOLAEpkKY IP-npoTokona, KOMMyTalliy M MapLIpyTU3alH.

Tak 4TO 3TO €AMHCTBEHHBIN LIEHTP JaHHbIX.

U Kak mpaBmIio, TakOH IEHTP 0OpaOOTKHM TaHHBIX pa3MeIaeTcsi B OJJHOM 3aHHH.

Ho xommanusi Tak:ke MOXET UMEThb HECKOJbKO reorpaduuecku pacrhpesieieHHbIX IIEHTPOB
00paOOTKY JIAHHBIX, 1 OHU MOTYT OBITh MOJIKJIIOYEHBI IPYT K IPYTY.

Takum 0Opa3oM, B 3TOM Cllydae, eCTb MHOTO CaliTOB, KaKIbIid M3 KOTOPBIX SIBJISIETCS IEHTPOM
00paOOTKM JIaHHBIX, M 9TO YaCTO HA3BIBAIOT Teorpadpuecku pacripeneeHHbIM 00JIaKOM.

Ho Tenepp ocraercsi BOIPOC «4eM 3TO OTIMYAETCs OT Kjactepa?», MOTOMY YTO 3TO MOXOXKeE
Ha KJacrep.

Oo6nauHble BBIYUCIICHUS He SIBIISIOTCS IEPBO pacrpene/ieHHON CHCTEMOM, KOTOpast MOsIBIIIACH.

[TepBbie HECKOIBKO KOMITBIOTEPOB, KOTOpbIe ObLTM IOCTPOeHHl B 1940-x romax, ObUIM TOCTPO-
€Hbl Ha OCHOBE apXUTEKTYPhI WU MMOAOOHON apXUTEKTYPhI, TAKOW, KAK MbI 3HAEM CETO/IHS.
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The first datacenters!
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Timesharing Companies Clouds and datacenters
& Data Processing Industry \
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Onu 6pUT (PAKTUIECKH TICHTPAMU JaHHBIX ; OHM 3aHUMAJIH TieJTble, OOJTbIINE 3aJThl M OOJIbIITE
J1a00paTOPHH.

Dro ObUIa 3MOXa MHIYCTPUM 00PaOOTKHM JaHHBIX, KOrjaa oOpaboTKa JaHHBIX OblTa COCPEeOTO-
YeHa B TaKMX IIEHTpaXx.

3atem B 1980-X rogax MosiBUIKCH IIEPCOHATBHBIE KOMITBIOTEPHI, KOTOPBIE YIIPOCTUIIN CO3aHUE
KJIACTEPOB WJTU CeTel pabOYMX CTaHIIMH, M 9TO TIPUBEJIO K TIOSIBJICHUIO paciipee/IeHHbIX BEIYMCIICHUH,
a 3aTeM KPYIMHOMACIITAOHBIX CUCTEM, TAKUX KaK OJIHOpaHToBbIe cucteMbl Peer-to-peer (P2P) B 1990-
x 1 2000-x rogax.

C nosiBIIeHHEM TTEPCOHATIBHBIX KOMIBIOTEPOB 3M0Xa MHIYCTPUH 00paOOTKH JIaHHBIX yIILIA.

1 B Hacrosiiiee BpeMsi Mbl COBEPIIMIN KPYT W BEPHYJIUCh K 3TO0Xe MHAYCTPUU OOpaOOTKH
JaHHBIX, TIyTEM CO3JaHUsI KPYITHOMACIITAOHBIX KJIACTEPOB, KOTOPbIe 00PadaThIBAIOT OUeHDb OOJIbIINE
00BEMBI JAHHBIX.

N ommmune ceityac ot 1960-x 1 70-x B Macirradax ¥ MOIIHOCTSAX.

Wrak, yem obnauHast MH(PpacTpyKTypa OTIMYAETCs OT IPEIBIIYIIMX TIOKOJICHUH pacripe/esieH-
HBIX BBIYMCIMTEIBHBIX CUCTEM.

CeromHsmHMe 00JIaKa MMEIOT MacIITaOMpOBaHUE, JOCTYI N0 TPeOOBaHWIO, MHTEHCUBHOCTD
JaHHBIX U HOBYIO MAPaJAUTMy OOJIAYHOTO IPOT PAMMUPOBAHHUSI.

MacrrabupoBaHue 03HaYaeT, UYTO AaTalleHTPbl OYeHb OOJIBIITIE, OHU COIEPXKAT IECATKH THICS,
a MHOT/Ia ¥l COTHU THICSY CEPBEPOB, U BBl MOXETE 3aITyCKaTh BAIIM BBIYMCIICHUS Ha CTOIBKUX CepBe-
pax, KaK BBl 3aXOTHUTE.

Hoctyt 1o TpeGOBaHMIO O3HAYAET, YTO BHI HE MOAIUCHIBAITE KOHTPAKT TI0 TOKYIIKE PeCypCoB
3apaHee.

Her HUKakuX MpeaBapUTENIbHBIX 00SI3aTeNIbCTB, BB IIATUTE TOJBKO 3a TO, YTO WCIONB3YeTe,
Y KaK/IBI MOKET MCTIONb30BATh STH PECYPCHI.

TpeTHii acTieKT, 3TO MHTEHCUBHOCTD JIaHHBIX.

To, 4to paHbIe OBLIO MerabaiTaMu, CTaJIo TepadaTaMu TaHHBIX.

U1 3Th maHHBIE HY)KHO COXPAaHUTh, M UX HEOOXOMMMO 00paboTaTh, M, BOBMOXHO, B pPEKUME
PeaTbHOTO BpeMEHH.

HakoHer1, MOSIBISIOTCSI HOBBIE MApaJuTMbl OOJIAYHOTO MPOrPaMMHUPOBAHHMS, KOTOPBIE YITPO-
aloT 00padOTKY Takue OOJBIIMX 0OBEMOB JTaHHBIX.
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9TI/I, HOBBEIC HpOFpaMMHbIC HapaIII/IFMbI nu Hapa)II/II‘MbI XpaHeHI/IH ABJIAIOTCA )IOCTyHHI)IMI/I, nux
JICTKO HpOFpaMMI/IpOBaTb U JIETKO HaCTpaI/IBaTI), 1 MHOI'M€ U3 HUX ABJIAIOTCA CUCTEMAMU C OTKprT])IM
HCXOIHBIM KOJIOM.

Tak, a3to Hadoop — npoekT 151 pa3paObOTKU U BLITIOJTHEHHS PACTIPE/ICIEHHBIX IPOTPaMM.

U 310 MongoDB — NoSQL 6a3a 1JaHHBIX U TaK Jiajee.

W obnaunble cepBUCH KJIACCU(MDUIIMPYIOTCS UCXOJIS U3 XapaKkTepa MPeJoCTaBIsSEeMbIX YCIyT.

HaaS o3Hauaer «anmapatHoe oOecriedeHue Kak ycayra».

Haa$:; Hardware as a Service
laas: Infrastructure as a Service
Paas: Platform as a Service

Saas: Software as a Service

[To cytu, 3T0 O3HAUYaeT, YTO Bl MOJy4YaeTe AOCTYIl K TOJIbIM MAalllMHAM, U Bbl MOXETE JeaTh
C HUMHU BC€, YTO XOTHUTE.

Hanpumep, ecitv BbI TOKyTaeTe KJacTep, MPUBaTHOE OOJIAKO, TOT/Ia, BBl 3aITyCKaeTe allapaTHoe
obecrieyeHne KaK CepBYC.

Ho nipenocTaBisTh anmaparHoe oOecriedyeHre Kak CepBHC APYTUM TIOJIb30BaTENIsIM, OCOOEHHO
TeM, KOTOPBIM BBl HE JIOBEpsieTe, MOXET ObITh, HE OYeHb XOPOIIIast UJIes U3-32 PUCKOB O€30MTaCHOCTH.

[Tostomy cymectByer [aaS — uH(ppacTpyKTypa Kak CepBUC, KOTOpas MO3BOJISET MOTYYUTh
K MalllHaM, ¥ YCTAHOBUTb CBOM COOCTBEHHBIE OTIEPAIIIOHHBIE CUCTEMBI, HO O€3 JI0CTyIa aJMUHU-
cTparopa root.

Mo cytu, 3mech UCTIONB3YETCsl BUPTYaIM3alis, YTOObI, BBl MOIJIM YCTAHOBUTH COOCTBEHHBIC
BUPTYyaJIbHbIE MAIIIMHBI.

PaaS — marpopma Kak cepBuC, TIO CyTH, TIPEICTABIISIET COOOH pa3sHOBUIHOCTH laaS.

Bl He monyyaere JOCTYIN K CAMUM BUPTYaJIbHBIM MallliHaM, HO Bbl IIUILIETE CBOM KOJ, U OH
TECHO MHTETPUPOBAH C MPOrPaMMHON TIaThOPMO.

Hanpumep, App Engine or Google no3posnsier nucath kof Ha Python, Java nnu Go, a 3atem
ABTOMATUYECKU MacINTabMpyeT Ballle MPUIOKEHNE B 3aBUCMOCTH OT BXOJISIIIEH Harpy3KH.

[1pu 5TOM BHI HE 33/[yMbIBa€TECh 00 YCTAHOBKE JOTIOJTHUTETbHBIX BUPTYJTbHBIX MAIIIHH.

U Hakowner, SaaS — nporpaMmMHoe odOecrieueHre Kak CepBUC JaeT BaM JAOCTYI K TIPUIIOKEHUSIM
KaK cepBHcaM, KOTrJ]a OHU BaM TIOHAI00SITCS, ¥ CHOBA BBI IUIATHTE 10 TPEOOBAHUIO.

Harnpumep, 310 Google nokymeHTh miti oonaunbiii Microsoft Office.

Wrak, Kakas cBs3b MEX/Iy 0OJIaKaMu U pacripeie/IeHHbIMUA CUCTEMaMU ?

Oo6ako Ha caMoM Jielie SIBJISIETCSI pacrpee/IeHHON CHCTEMO.
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O061aK0 COCTOUT M3 COTEH THICSTY KOMITBIOTEPOB Ha CTOPOHE LIEHTPa 00paOOTKY JAHHBIX B MHTE-
I'PUPOBAHHOM IIEHTpE.

DTO MbI Ha3bIBAEM CEPBEPHOUN CTOPOHOI.

Ha cropoHe kireHTa MOXeT ObITh OT THICSIY JJO MIJUIMOHOB MAIITMH, KOTOPBIE TIOTYYaloT JIOCTYI
K yCIIyram, ¥ KOTOpbIe Pa3MeIaioTcsl Ha STUX CepBepax.

ITO BO3MOXKHO, BEO-CTPAHMUIIBI, CANTHI, OOBEKTHI, KOTOPHIE XPAHSATCS, M Pa3INYHbIE CEPBHCHI.

CepBepbl Ha CTOPOHE IIeHTpa 0OPaOOTKH JaHHBIX OOMEHHUBAIOTCSI MEKIY COOOM JaHHBIMH.

A KJIMEHTHI HAPSIMYIO B3aUMOJEHCTBYIOT C CEpBEpaMHU.

W kaxaplil KIMEHT MOKET CBS3BIBATHCSI C OMHUM MJIM OoJiee cepBepaMu.

KimeHTB! MOTYT Tak:ke B3aMMOIEUCTBOBATH JAPYT C JPYrOM depe3 0OIakKo.

ToT paxT, 4TO CepBeEphl OOMIAIOTCS ME3KTY COOOH, O3HAYAET, UTO ITO pacrpeaeieHHas CUCTeEMa,
COCTOSIIAS] U3 MHOKECTBA Pa3HBIX CEPBEPOB, OTIPABJISIONIMX U MOMYYAIOMIMX COOOIICHUST MEKLY
COOOI.

ITO Ha3bIBACTCS KJIACTEPOM.

KimeHTsl, B3aMMOIEHCTBYIOITHE C CepBEpaMU, TAKXKe CO3/IAI0T Pacpele/IeHHYI0 CUCTEMY.

Knuentsl, o0maromuecs Apyr ¢ APYroM, CO3/1AI0T peer-to-peer pacipeielieHHYI0 CHCTEMY.

Bce 310 03Havaer, uTo oOaKa SBJISAIOTCS 0COOBIM KJIACCOM PACIIPEAEIEHHBIX CHCTEM.

Tenepp qaBaiiTe MOMbBITAEMCS ONPEAETUTh TEPMUH PacIipeie/ieHHasl CUCTEMA.

JlaBaii mpruMeM, 4TO pacrpe/ie/ieHHasi CUCTeMa TPEICTaBIsIeT COO0M COBOKYITHOCTh OOBEKTOB,
Ka)K/IBIA U3 KOTOPBIX SIBJISIETCS] aBTOHOMHBIM, TIPOrPaMMUPYEMbIM, aCHHXPOHHBIM, HO ¥ TIOJIBEPXKEH-
HBIM cOOSIM, ¥ 3T 0OBEKTH OOMEHUBATCS MH(MOPMAIHel Yepe3 HeHaIe)KHYIO CPe/ly CBSI3H.

31ech 0OBEKTHI — 3TO IO CYIIECTBY MPOLIECCHI.

Takum 0Opa3oM, Kakablil OOBEKT SIBJISETCS MPOIECCOM, KOTOPbIA paboTaeT Ha KaKoM-JMOO
YCTPOICTBE.

send(message m, P3)

recvimessage m )

Unreliable Communication

Network

n Ka)K,HbeI OOBEKT SABJISIETCS ABTOHOMHBIM 1 MpOorpaMMHpyEeMbIM, TaK KdK 3TO ITPOLECCC.

ACI/IHXpOHHHﬁ TAKXXE OYCHb BA)XHO, 9TO O3HAYACT, YTO Ka)KIIbeI Imponecc njin Ka)KI[bIﬁ 00BEKT
pa60TaeT B COOTBETCTBHH CO CBOMM COOCTBEHHBIM OUKJIOM MJIKM YaCaMH, TaK KdK KaXJ0€ YCTpOfICTBO
HUMECT CBOC CUCTEMHOC BpPEMA, U 3TH YdCbl HC CUHXPOHU3UPYIOTCA APYT C APyrom.

N 311 00BEKTHI IMOABCPIKCHBI C6OHM, M UX KOMMYHUKaIIXA HE HAACKHA.

ACI/IHXpOHHOCTb OTJIIMYACT PACIIPEACJICHHBIC CUCTEMbI OT IIAPAJUICJIbBHBIX CUCTEM.
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[NapasnienpHble CUCTEMBI BKJTIOUAIOT B Ce0s1 MHOTOIPOIIECCOPHBIE CUCTEMBI U CYTIEPKOMITBIO-
TEpHI.

Ho, 1o cytu, npu 3T0M 04eHb OOJBIIOe KOJTMYECTBO MPOLIECCOPOB UCTIONB3YIOT OHY U TY XKe
MaTEPUHCKYIO I1aTy.

OHM B3aMMOJIEICTBYIOT APYT C IPyroM IO TECHO CBSI3aHHOM CETH, U BCE OHU UMEIOT CUHXPO-
HU3WPOBAHHBIE TTMKJTbI WJIA YaCHI.

W s1m napasiiesnbHas cucteMa OTJMYaeTcsl OT Paclpe/ieIeHHON CUCTEMBI.

Takum 00pazom, Mpoliecc, T0 AaBTOHOMHAsI padoTaloIIast MporpaMmma, Koropasi MOXeT UMeTh
HECKOJIBKO ITOTOKOB.

[Iporiecc BHINONMHSET MHOKECTBO 3a7a4, KOTOpbIE MOTYT ObITh pacrpenesieHbl Mo MOTOKaM,
Y KOTOpbIE MOT'YT BBIIIOJIHATHCS HA OTHOM WJIM HECKOJIbKUX IPOLIECCOPAX.

B pacnpeneneHHbIX cHCTEMaXx, 3TH MPOLECChl pabOTaOT HA Pa3HBIX YCTPOMCTBAX, CUCTEMHBIE
BpeMeHa KOTOPbIX HE CUHXPOHU3HUPOBAHBI.

B napasuienbHbIX cucTeMax Kax/Ipli MOTOK MPOLIECCa BHIIOIHAETCS Ha CBOEM ITPOLIECCOPE WK
sIIpe TPoLIeccopa, M 3aa4u TaKUM 00pa3oM BBITIOHSIIOTCS TTAPaJUIeTbHO.

[Tpu 3TOM NpoLIECCOPH UMEIOT CUHXPOHU3UPOBAHHOE CUCTEMHOE BPEMSI.
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MapReduce

&Ea Tech Solutions

O6nauHble U pacnpeaeneHHblie cucTembl

MapReduce

MapReduce — 310 MoAenb pacnpedef€HHbIX BBIYKMCICHUMN, MpPEACTaBIeHHAsT KOMIIAHUEN
Google.

W ata Mmopnens ucronb3yercs i NapayijieIbHBIX BHIUMCICHUIN Hall OYeHb OOTBITUME HaOopaMu
JAHHBIX B KOMIIBIOTEPHBIX KJIACTepax.

MapReduce
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Tepmunbsl map u reduce, koTopbie coctaBiisiioT TepMuH MapReduce, 3auMcTBOBaHbI U3 (PyHK-
IIMOHAJIbHBIX SI3BIKOB, TAKMX Kak Lisp.
Haripumep, BbI XOTHTE BHIYMCIUTD CYMMY KBaJpaTOB.
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(map square ‘(1234))
. Qutput: (14 916)

[processes each record sequentially and independently]

(reduce + ‘(149 16))
. (+16 (+9(+41)))
. Output: 30

[processes set of all records in batches]

dyHkmsa map — PyHKIUs, KOTOpast MOKET ObITh TPUMEHEHA K JIIOOMY U3 STUX IIEJIbIX YHCeT
Y BBIYHUCIISIET KBaJIpaT KaKAO0ro Ynca.

Tak yto map 3z1ech sByIsieTcs: MeTa (PyHKIIMeH, KoTopast 0OpadaTeiBaeT Kak/Iylo 3aITich.

9T0 niepBasi 4acTb.

Bropas yactb — 310 (pyHKUMS reduce, KOTOpasi MOTy4aeT Ha BXOJ CIIMCOK COOTBETCTBYIOIIUX
KBaJIpaTOB LIEJIBIX YKCEN U MPOCTO CYMMUPYET UX.

reduce 311ech CHOBa sIBJIsieTCsl MeTa (PYHKIIMEH, KOTOpasi MPUMEHsIETCsl K TPpyIIe 3anucei.

[Tpennonoxum, 4to y Hac €cTh TEKCT, U HaM HYXKHO MTPOU3BECTH MOICYET IS KaKA0TO CJIOBA,
KOTOpOE TOSIBJISIETCS] B 3TOM Ha0Ope JaHHBIX.

Kaxk caenars 310? OcoOeHHO, KOrna Bbl UMEETE AEN0 ¢ OOIBIIMMI 00BEMAMU TAHHBIX ?

I&eyr Yaiua

Welcome 1

‘ Everyone 1
Hello 1

1

Everyone

Input <filename, file text=

3nech u nosipsieTcs napaaurma MapReduce.
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Takum 06pa3oM, map Kak 3a/1a4a uir Kak 00beKT oOpadaThiBaeT OT/Ie/IbHbBIC 3aIVCH 1)1 TeHe-

palyy NpOMEXyTOYHbIX KJTI0Uel / 3HAUYeHU.
Ecnu sT0 npocroii (haiii, MOKHO MPOWTH Yepe3 ITH 3aIKCH MTOCIEA0BATENBHO.
Ho BB MOXeTe czienaTh 3TOT Mpoliece MapajvieIbHBIM, 0COOSHHO KOT/ia Y Bac OOJBIION HAabop

JTAHHBIX.
Bel MokeTe mapasuieibHo 00padaThiBaTh OT/IEIbHBIC 3AMUCH IS TeHepalliy TTPOMEKYTOUHBIX

nap KJio4 / 3Ha4eHue.

MAP TASK 1

Welcome 1

Everyone 1

Hello
Everyone 1

lo Everyone

)

.
=

Input <filename, file text>

MAP TASK 2

Eciu y Bac odeHb OOJBITNON HAOOP JTAaHHBIX, BBl MOKETE Pa3leMTh CBOM BXOJHOW HaOOp JaH-
HBIX.
U Ha3HauuTh 32124y map AJs1 KakJI0ro KycKa JaHHBIX.
W cooTBeTCTBYOIMI pe3yabTarT OyleT TakuM ke, Kak eciu Obl y Bac OblTa TOJMBKO OIHA
3a/1a4a map.
U 3TO MOMOXKET CYIIECTBEHHO YCKOPUTD MPOIIECC.
[Mocne pe3ysnbTata map, y Hac ectb BBOA AJis reduce.
Reduce mpom3BOOUT cCMsSHUE MPOMEXKYTOYHBIX PE3YJbTATOB B OIUH PE3YJbTaT, HUCXOAS

W3 KJII0YEN 3HAYEHUI.
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I&ey Yalue

Welcome
Everyone 2

1

Everyone 1 - Hello 1
1
1

Hello Welcome 1
Everyone

Kak pacnapannenuts a1y ¢azy reduce?

daza reduce He 0OpadaThIBACT ITU 3AIKUCH HE3ABUCHMO, APYTUMHU CIIOBAMHU, OJJHA 3aTTHCh U JIPY-
rast 3anvch JOJDKHBI 00pabaThIBaThCsI BMECTE, TaK KaK OHM UMEIOT OIMHAKOBBIE KJTIOUH.

Takum 00pazoM, eTMHCTBEHHBIN CIIOCO0 paciapasuiesIuTh STOT MPOIECC, STO PA3IEUTh 3aJaUr
reduce No KJIoYam.

CymiecTByIOT pa3Hble CIocoObI pa3OUeHus KITI0Uel Ha 3aJa4H.

wexcame 1 REDUCE ~Everyone 2

Everyone 17\/|TASK 1 Hello |

Hello 1
REDUCE /ZWeEmme 1
Everyone 1 TASK 2

OpnuH 13 crmocoOoB pasiesieHus: — 3TO UCTIONL30BAHUE XIIIEH.

Br1 Geperte ko4, u oOpabarsiBaeTe ero xem-hyHKIUen.

3arem AenauTe X311 Ha KOJIMYECTBO 3a/1a4 reduce v B OCTaTKe OT JIEJIEHUs MOJIydaeTe K Kakou
reduce 3agade JaHHBIA KJII0Y OTHOCHUTCS.

Hanpumep, ecnu ects 10 3amau reduce, sta onepaius BepHeT 3HayeHus oT 0 1o 9 mis Beex
KJTIOYEH.
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VY napanurmel MapReduce ectb peanu3anus ¢ OTKpbITBIM UCXOIHBIM KoioM Apache Hadoop,
3TO HAOOP YTUIIUT, OMOIMOTEK 1 (PPEMBOPK I Pa3paOOTKU U BBITIOTHEHUS pacipeie/IEHHBIX MPo-
rpamm, paboTaloIIMX Ha KJIAacTepax U3 COTEH U THICSY Y3JIOB.

Urak, Bot uTO Takoe Map B Hadoop.

publ A i map | ngWritalk kay, Text walue,

while (itr.hasMoreTokensi())
word.set (itr.nextToken())

cutput.collect (word, one);

V Bac ectb MapClass, KOTOpBIi pacimpsieT 0a30BbIi KJIacC M peasu3yeT nHTepderc.

W rnaBHast pyHKIMSA 3/1ECH — 9TO Map.

Ot1a PyHKIMSA TPUHUMAET 3HAYSHHE, KOTOPOE B 9TOM CJIydae SIBJISETCS TEKCTOM.

3HavyeHrneM MOXKeT OBITh OJJHAa CTPOKA TEKCTa BO BXOIHOM (paiise.

Dra cTpoKa pa3OMBaeTCs Ha CJIOBA.

W 1711 KaX0T0 CJI0BA BBl BRIBOAWTE APy KIIIOY-3HAYCHHE.

Takum 0O6pa3oM 3TO MPOMEXKYTOUHASI BBIXOTHASA Mapa KJI0Y-3HAYCHHE.

3nech y Hac ectb ReduceClass, koTopsiii iMeeT (hyHKITHIO reduce, Moydaronyio Ha BXO K0T
Y 3HAYCHHS, IOTOMY YTO Y BaC MOT'YT OBITh MHOTO 3HAYEHUH, CBA3AHHBIX C JIAHHBIM KJTIOUOM.
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1 lass ReduceClass | Ma luceBase
plemen Reducs T - W 1 c 5
tWritable
reduce |

key,
tor<I values,
e ’ g ) ,
Bepor i )
W Exc
while (values.hasNext()]

sum += values.next().get();

output.collect (key, new IntWritable (sum)):

Ata ¢yHKUMs reduce BbI3bIBAETCS VIS KAXK/IOTO KJTI0Ya, KOTOPbIA OTHOCUTCS K IaHHOM 3aaue
reduce.

Takum oOpazom, reduce OyeT MPOXOTUTH Yepe3 BCe 3HAUECHHSI 1 CYMMHPOBATh MX U BbIpada-
THIBATh TIAPYy «KJIOY-3HAUCHUE», TJIe KJII0Y COBIA/IAET C KJIIOYOM BBOJA, a 3HAUEHHE — (DAKTHUECKU
CyMMa BXOJIHBIX 3HAUEHUII.

Takske y HaC eCcTh HEKOTOPBIH KOJI, KOTOPBIH MMeeT (DyHKIIMIO 3aITycKa, YKa3biBast UMsi paboTHl,
orpezesisi KJIOYM U BBIXOIHBIE 3HAYCHUSI, M B KOHIIE 3aImycKasi padoTy.

11 wdoop how
----- 13 id run | tPath)
The job. W i¢ Red
:I"-Jil_ cont 1
onf.setJobName ("mywordcount™) ;
The keys are words
(strings) conf.setOutputKeyClass (Text.class);
The wvalues are counts (ints)
conf.setOutputValueClass (IntWritable.class);
zonf.setMapperClass (MapClass.class);
1f . setReducerClass (ReduceClass.class) ;
ileInputFormat .addInputPath (

nf, newPath(inputPath));
FileOQutputFormat.setQutputPath (

nf, new Path (outputPath));
JobClient . runJdob (conf) ;

ITocmoTpuM npumep MpUJIoKeHHs, KOTOpbIid ucnonb3zyeT MapReduce.
ITO pacnpeAeIeHHbIN grep.
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Distributed Grep

(Spit data ] — grep — [matches |
[Spitdata ] — 9rep — [ matches ] -
— [Spitdata] — 9rep — [ matches | — cat — | o4

-
- -
—= 9rep — [ matches

Grep — YTHIHTA KCI]\-‘III.H,EI.IIOﬁ CTPOKH, KOTOPpad HAXOOHT HAa BEBOOE CTPOKH,
OTBEYMANUIHE 3AJaHHOMY PEeryIHPHOMY BhIpameHNH), H BBIBOIAHNT HX

[Mpennonoxum, y Bac ecth 00JbIoi Habop (HaiyioB ¢ OONBITIMU TEKCTAMH B HUX.

W1 y Bac ecTb mabIoH, KOTOPBIA MOKET OBITh PETyJISIPHBIM BHIPAKEHHEM FJTH IPOCTO CIIOBOM,
WM HAOOPOM CJIOB, U BBl XOTUTE BBIBECTH BCE CTPOKU TEKCTA, COOTBETCTBYIOIIHE STOMY IIAOIOHY.

Takum o6pazom, Map Oyner mprHUMATh Ha BXOI KaXIyI0 CTPOKY TEKCTa U MPOBEPATH ee
Ha COOTBETCTBUE IAOJIOHY, a 3aTeM BBIBOIMTH Ty CTPOKY KaK KIIIOY.

Reduce Oynet mpocTo KOmMpoBaTh MPOMEXYTOUHBIE IAHHBIE Ha BHIXO], HE BHITIOJHSISI HUKAKOM
00pabOTKH, eclii Bbl KOHEUHO HE 3aXOTHTE, HAITPUMEp, COEIMHUTH BCE CTPOKH.

Permast Takyio pocTyio 3aa4y Ha OHOM MaIvHe, 17151 OOJIbITNX 00hEMOB JAHHBIX, BBl MOXKETE
MOTPATUTh OYEHb MHOTO BPEMEHHU.

[perMyIecTBO pacIipeieIeHHOTO grep 31eCh B CKOPOCTH 0OPaOOTKH.

C nomortisio MapReduce Bbl MOXeTe 3aIycKaTh Ballle MPHIIOKEHHE, AaXe ecIM Ballli JaHHbIE
pacrpeziesieHbl Ha HECKOJIbKUX CepBepax.

Wtak, kak nmporpamvupoBats ¢ MapReduce?

C TOUKM 3peHus MOIb30BaTeNsl, MOJIB30BATElh 3AMKCHIBAET MPOrpaMMy map, ee MEeToj map,
a Tak’ke 3amuchiBaeT nporpammy reduce, u ee meros reduce.
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Map tasks Reduce tasks Output files

1 - ) into DFS
h _':I "1 A T o
2 « - ; " I
3 4. -
4 . B HB‘ -f||.
AN 7 —
7 4\ Cril~Ct+—fm
Blocks Servers - Servers
from DFS (Local write, remote read)

Distributed File System

3atem 3aryckaer padoTy, oIpefensisi KOJIUYeCTBO 3aaad map u reduce, U 3aTeM OXHIaeT
pe3yJbTara.

ITo cytu, pabota nomp30BaTeNsi OYeHb MPOCTasi, MTOTOMY YTO MOJIL30BATENIO He HY)KHO MHOTO
3HaTh 0 Hadoop mim pacripeneneHHOM pOorpaMMHUPOBAHUY.

D10 BHYTpH, peanm3anus napamgurmbl MapReduce, n cOOCTBEHHO ITAHMPOBIIMK JIOJKEH
obecnieunTh pacrapajjielMBaHAe map, OH JOJDKeH pas3lefiTh JaHHble MEXIy Pa3IMYHbIMU 33]a-
YaMu map.

U1 oH noykeH mepeaaTh JaHHbe U3 map B reduce, pu 3ToM paszesnsis Kimouu 1o reduce 3a1a-
YaM.

A Taxxe HeoOXOIMMO pacnapasuienuTh reduce.

Jpyriumu crioBamMu, HEOOXOIMMO 3aIUIAHUPOBATh CaMHu 3a1auu reduce.

U, HakoHel1, HeOOXOIUMO peaM30BaTh X paHIJIMIIE IS BBOJIA Map, [T BHIBOJA map, KOTOpoe
COBMazaeT ¢ BBoIoM reduce, a Takke peaan3oBarh BHIBOJ reduce.

Kpome Toro, Hy’)kHO oOecrieunth, 4ToOBI (pa3a reduce craproBaja TOJIBKO MOCIE OKOHUAHUS
pazpr map.

Wrak, KaKk pemuTh Bce 3TU MPOOIeMbl?

B o6nake pacnapasuienite map JIETKO, IOTOMY YTO Kakasl 3a/1a4ya map sIBJIsIeTCsS] He3aBUCH-
MOW OT APYroy 3a/ladél map, ¥ IO3TOMY 3TH 33JJa9d Map MOTYT OBbITh OIPE/IENICHBI JIJIS1 BHITOTHEHU ST
J0OOMY cepBepy.

OOBIYHO 331a4M Map Ha3HAYAIOTCS CEpBEPY, K KOTOPOMY 3T JJaHHBIe Hanbosee OIM3KO Haxo-
AATCS, 9TOOBI YMEHBIIUTh CETEBBIE U3IECPKKH.

Jlanee HEOOXOAMMO TapaHTUPOBATh, YTOOBI BCE MCXOMSAIIME 3aMTUCH Map C OJHUM M TeM Ke
KJTIOYOM OBLITH TTPUCBOEHBI OTHOMY | TOMY ke reduce.

U 310 MOMOXKET NepeBecTH JIaHHbIe ¢ map Ha reduce.

B aToM cityuyae Bl Ucniofnib3yeTe (byHKIMIO partitioning.

Hanpumep, kak Mbl OOCYKJaJIM paHee, MOXET HCIIOIb30BaThCsS (PYHKIMS X3III-pa3OueHus,
KOTJa KaXJIOMY KJIOUy MPUCBAWBAETCS] HOMEpP 3a/1au, KOTOPBIM TOMyJaeTcsl MyTeM BBIYHCIICHUS
OCTaTKa OT JIeJIeH!sI Xellla KJIio4ya Ha KoimdecTBo reduce 3aad.

3aBepmTh (pasy reduce Takxke Jerko, IOTOMY UYTO Kaxaas 3aqa4ya reduce He 3aBUCHT OT JIpY-
TOM.
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Kaxnoit 3amaue reduce mpucBarBaeTcsl HAOOp KJIIOUeH, U 9TH HAOOPHI KITI0UYEH He Tepeceka-
I0TCSI IPYT C IPYTOM.

W nostomy MX MOXHO 3aITyCTUTh HE3aBUCUMO JIPYT OT JIpyra.

Hakomer1, Bam Hy’)KHO peajm30BaTh XpaHWIHIIIE.

BBon map B Hauasie et U3 pacnpeaeieHHoON (paityIoBOi CUCTEMBI, BBIBOJ Map UIET B JIOKAJb-
HyI0 (pailJIOBYIO CUCTEMY map y3Ja.

BBon reduce uger u3 MHOXECTBAa Y/IaJE€HHBIX JMCKOB, MCIONb3Yys JIOKaJbHbIE (hallIOBbIE
CHUCTEMBI.

BeiBoa reduce uzet B pacnpenesieHHyI0 (haiiioBYIO CUCTEMY.

Ata pacnpenenieHHas (aiyioBas ccTeMa 3arycKaeTcst OOBIYHO Ha TeX e cepBepax, I1e BHIMO-
HSIIOTCS 3a7a4u map u reduce.

Hanpumep, Apache Hadoop ucnons3zyer HDFS, usBectnyio kak pacnipeneneHHast (paidioBasi
cucrema Hadoop.

OObIYHO 3Ta (hailyioBasi CUCTEMa XPaHUT MHOKECTBEHHbIE KOITUM OJHOTO U TOTO K& BXOJIHOTO
OJ10Ka JaHHBIX.

Ona xorupyert (paitioBbie OIOKM KAK MUHUMYM TP pa3a M 3T Tpu (pailyioBble KOMUU pa3Me-
IIAI0TCS HAa TPEX Pa3HBIX CepBepax.

W nostomy, korma 3amyckaercs 3agada map, HeoOXOAUMO M3BJIeYb OJIOK JTAaHHBIX, KOTOPBIN
SIBJISIETCS1 €r0 OJIOKOM BXOIHBIX JaHHBIX C OIHOTO M3 CEPBEPOB, KOTOPBIA XPAaHHUT €ro B HACTOSINEe
BpeMs.

3anaua 3anpammBaeTt oHaiH-(aitoByio cuctemy HDFS, uto0sl cienath 310, ¥ 9Ta niepeada
BBITIOJTHSIETCS OBICTpEE, €CIIU CepBep, Ha KOTOPOM PACTIONIOKEH STOT KOHKPETHBIN OJIOK, (DaKTHUECKH
SIBJISIETCSI TEM K€ CEPBEpPOM, Ha KOTOPOM BBITOJHSIETCS 3a4a4a map.

BbiBo1 map He XpaHUTCs B pacripesieSIeHHOU (haiiioBOU CUCTEME.

Bwmecto 3TOoro BeIBOI map CoxpaHsieTcsl Ha JJOKAIbHOM JHCKe Ha cepBepe, Ha KOTOPOM BBITIOJ-
HsIeTCsI 33/1a4a map.

W BBOx naHHBIX reduce MPOM3BOAUTCS C STUX YIAIECHHBIX JAUCKOB.

[TpuuuHa, MO KOTOpPOW ITOT MPOMEKYTOUHbIN Tpadgduk MexaTy map u reduce UCIOIb3YET
JIOKQJIbHYI0 (DAIJIOBYIO CHCTEMY — 3TO CKOPOCTb IEpe/lauyd JaHHBIX W TOTOMY YTO 3TH JJaHHBIC
HE HY)KHBI BHEIITHEMY TIOJIb30BATENIO.

Haxkoner, korjaa pesyabraT reduce nosydeH, OH 3alKChiBaeTCs B pacnpeesieHHyo (hailioByio
CHUCTEMY OOPAaTHO, TJIe OH CTAHOBUTCS JIOCTYIICH.

JlaBaiiTe HEMHOTO IOCMOTPUM, KaK paboTaeT IIaHMPOBIIUK.

[TnanupoBimyk YARN — 3T0 myiaHUpOBIIMK, KOTOPBIX ucnonb3yercs: B Apache Hadoop.

YARN ozHauaet Yet Another Resource Negotiator.

OH oOpabaTbiBaeT KaxIblii cepBep KaK KOJUICKITUI0 KOHTEHHEPOB.

Konreiinep — 310 npoiieccop ¢ HEKOTOPOH MaMSThHIO.

Takum 0O6pa3oM, KaxIblil cepBep COCTOUT M3 KOJUIEKIIUM KOHTEHHEPOB.

Tak, Harpumep, ecu cepBep umeeT 4 siapa u 4 ruradaiita O3V, B KaKI0M KOHTEHHEpe ecTh
omgHo sypo u 1 ruradaiir O3Y, u y 3T0ro0 cepBepa ectb 4 KOHTEeWHepa W, MO CYIIECTBY, OH MOXET
BBITIOJTHSATH YETHIPE 3a/1a4M 110 OJIHOW B KajKJIOM KOHTEHHepe.

YARN umeeT Tpu OCHOBHBIX KOMITOHEHTA.

ITO MEHeKep pecypcoB, aAMUHHUCTPATOPHI Y3JI0B U MacTepa MPHIIOKEHUH.

U cymecTByeT oauH 1100aTbHBIA MEHEKep PECYPCOB, KOTOPBIH 3aIlyCKaeT IIAaHW POBIIUKA.

CymiecTByeT oIiH MEHEIKep y3J1a Ha OMH CEpBEp B CUCTEME.
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Resource Manager

Capacity Scheduler

& oy
Mode A ~ ' Mode B
X 3 MNede Manager = Node Manager
& B
# #

- o - i
Application Application Task (App2) i
Mastor 1 Mastor 2

Ito Daemon, KOTOpBI OTBEYaET 3a BCe crieupruiIeckoe yIpaBieH!e CEpBepoM, a TaKKe OTBe-
YaeT 32 MOHUTOPHHT cOOEB 3a/1a4, KOTOPBIE BHITIOMHSIIOTCS HA 9TOW KOHKPETHON MallliHe.

3atem ecth Application Master, Wi MacTep MPUIIOKEHUsI, KOTOPHIA TaKke padoTaeT Ha OJHOM
U3 CEPBEPOB, U OTBEYAET 3a COIIACOBAHME KOHTEHHEPOB C JIMCIIETYEPOM PECYPCOB U MEHEIKepaMu
y3JIOB.

OH Takke OTBeYaeT 3a B3aMMOJICHCTBHE C MEHEIKEepPaMH y3JIOB, YTOObI BBISICHUTD, YMep JIH
KaKOW-JIMOO0 M3 HUX, YTOOBI IEPEHECTH C HEeTO 3aIlyITIeHHbIE 3a/1auH.

Terneps maBaiite mocMoTpuM, kak MapReduce pazoupaercst ¢ OImoOKaMH.

Haubonee yacToii OImmMOKOM SIBJISIETCS OTKA3 CaMOro cepBepa, U OTKa3 cepBepa MOXET MpUBe-
CTH K OO0 HeCKOJIbKMX KoMItoHeHTOB Hadoop rutanupoimka YARN.

CepBepbl 3aIlyCKalOT MEHE)KEPOB Y3JIOB, Y HUX 3allyIllleHbl 33/1a4d, Ha OJIHOM U3 CEpBEPOB
paboTaeT AuCrieTyep pecypcoB, a Tak:Ke MOXET paboTaTh MacTep MPHIIOKEHUH.

U nuist periienust mpoOJieM ¢ 0TKa3aMU CEPBEPOB, €CTh MYJIbCAITHS.

MeHemkep y31a Ha KaXIOM cepBepe OTIPaBIIsSET MY/IbCALMIO IEHTPAJbHOMY MEHEIKepy
pecypcoB.

U ecnm cepBep He padOTaeT, U 3Ta MyJIbCAIMS OCTAHABIIMBAETCS, MEHEIKEp PeCypCcoB 3HaeT,
YTO MEHe/Kep y371a He paboTaer.

OH paer 3HaTh 00 TOM BCEM MacTepaM MPUJIOKEHH, U MacTepa MPUJIOKEHUH TepeHarpaB-
JISIOT CBOM 33/1a4H.

MeHemxkep y3/10B OTCIEKUBAET KaXAylo 3aJady, 3alylleHHYI0 Ha CBOEM CEpBepe, MO3TOMY,
€CJIM OfIHA W3 3aJ1a4 BHIXOIUT U3 CTPOS, 3Ta 3aa4a MoMevaeTcsl Kak MpoTauBaoIias, v, TMO0 MeHe-
IDKep y371a ee Tepe3arycKaeT, eciid 3TO BO3MOKHO, JIMOO OH COOOIIaeT JUCIeTIYepy PecypcoB WM
MacTepy MpUJIOKEHHUs], YTO Ta 3a/1a4a He BHIIIOJTHEHA.

U HakoHel, MacTep MPUJIOKEHHS TaKkKe NePUOANYECKH TyIbCUPYET MEHEAKEPY PEeCypCoB.

Ecnu, Mactep mpuiiokeHus: He padoTaeT, MEeHeIKep PECypCoB Mepe3amyCTUT MacTep MPUiio-
JKEHUSI, U OH 3aTeM CUHXPOHM3HUPYETCS C €ro 3alylleHHBIMU 3aa4aMHU.

Janee cam MeHekep pecypcoB MOXKET TepecTaTb padboTarh.

B 3TOM city4ae, 4ToOBI CIPABUTBCS C STHM, TIOIEPKUBAETCSI BTOPUIHOE KECTKOE Pe3epBHOE
KOIMPOBaHUE, YTOObI BTOPUYHBI MEHEIKEP PeCypcoB MOT cpasy 3apadoTaTh IMOCie OTKa3a MeHe-
JKepa pecypcoB.
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IIpoTokoa Gossip
N .
mﬂ Tech Solutions

O6nauHble U pacnpegeneHHblie cucTembl

MpoTokon Gossip

I[anee MbI paCCMOTPUM KJIACC ITPOTOKOJIOB, Ha3bIBaEMBbII gOSSip MMPOTOKOJIaMU CILJIETCH WJIA
AMUAECMHUYCCKUMU ITPOTOKOJIAMHU.

Ho cHavana HauyHeM C ITOCTaHOBKHU 3aJ1auH.

3amada, KOTOPYIO gOSsip MBITAETCs PEIIUTh, HA3bIBAETCS IPYIIOBOM Nepegadeit multicast.
Wrak, uto Takoe rpymnmnosas nepeaava?

MULTICAST SENDER

§P ELES phpanane®
S

@
MULTICAST PROTOCOL

IIpeanonoxumM, 4TO y Bac €CTh Ipymiia MpOLECCOB, WU IPYIIA y3JI0B.

N xaxapiii U3 3TUX MPOLIECCOB WM KaX[IbI U3 3TUX Y3JIOB SIBJISIETCS MPOIIECCOM Ha KaKOM-
60 xocte B VIHTepHETe WM MPOIECCOM, TIOIKJIIOUSHHOM K CETH.
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W, mo cytn, Bce, 4TO HaM HY’KHO, 9TO YTOOBI 3TH MPOIIECCH WU Y3JIbl MOTJIA B3aUMOJIEHCTBO-
BaTh JIPYT C APYTOM, OTIIPABJISIS ¥ TIOTyYasi COOOIIEHHUS.

370 3aJa4ya MHOTOQ/IPECHON PACCHUIKH.

370 3a7a4a, KOIja Bbl XOTUTE TOMYYUTh MH(POPMAIMIO OT JPYrUX WICHOB Ballled I'PYIIIb U,
KOHEYHO ke, 3[IeCh 51 TIOKa3bIBAI0 TOJBKO OJHO COOOIIEHHE MHOTOAIPECHON paCChUIKU, HO MOXKET
OBITH OJHOBPEMEHHO MHOTO COOOIIEHUI MHOTOQ/IPECHOM PACCHUIKH, Kak10€ U3 KOTOPBIX OT MOTEH-
[IUAJIHO JIPYTOro OTHPABUTEJIS.

Temnepb, MHOTroOapecHasi pacchulka OTIMYAECTCS OT IIMPOKOBENIATETbHON TPAaHCISAINM, TTe
y Bac ecTb 010K MH(pOpMAIIH, KOTOPHIA Bbl XOTHTE OTIIPABUTh HA BCIO CETh, — MHOTOAJPECHAs pac-
ChUTKa OoJiee orpaHuYeHa.

Omna paboTaeT TOJIbKO BHYTPH OMpeNesIeHHOM IPYITbl Y37I0B UM TPYIIIBI MPOIECCOB.

Wrak, kakue TpeOOBaHUS I TPOTOKOIA MHOTOQIPeCHON PaCChLITKHU?

Hy, nBa 13 caMbIX BaXXHBIX TPeOOBaHUH /17151 OOIAUHBIX BBIYMCIIEHHI, TO OTKA30yCTOMYUBOCTh
Y MacIuTabupyemMocTh.

Bsl xoTHTE, YTOOBI Ballla MHOTOQ/IpecHasi pacchuTka Oblia HaJekKHOW, U YTOOBI BCE OIpeje-
JIEHHBIE TTOJTyYaTeu MOTYyYHIIU 3TY PacChUIKY, HECMOTPSI Ha COOU U 3aJePKKH, KOTOPbIE MOTYT ITPO-
W30UTH B CETH.

Bbl Takxke XoTHTe, YTOOBI MPOTOKOJ MHOTOQJPECHOM pacChUIKM ObUI MacIITaOMpyeMbIM,
Y HaKJIaJHble pacXofibl B TIepecyeTe Ha y3el He POCH ObICTPO, IMPU POCTE KOJIMUYECTBA Y3JIOB.

OOBIYHO MPOTOKOJI MHOTOA/IPECHOM TMepeiaur peaji30BaH Ha YPOBHE MMPUJIOKEHH S, UYTO O3HA-
YaeT, 4TO OH He padoTaeT C HU3JIeKAIIel CEThIo, HO 9TO He SIBJSIETCS IPABIJIOM, TaK KaK CyIIeCTBYET
IP rpoToko;1 MHOTOAJpeCHON PacChLIKUA, KOTOPbI B3aMMOJIEUCTBYET C YPOBHEM HU3JIEKAILEH CETH.

OO6bruHO [P TPOTOKOJT MHOTOQ/IPECHON PACCHUTKH MPOTOKOJ peaii30BaH B MapIIPyTU3ATOPAX
¥ KOMMYTaTOpax.

OnHako 3TOT MPOTOKOJ MOXET ObITh HE BKJIIOUEH BO MHOTMX MapIIPyTU3aTOpax M KOMMYTa-
TOpax.

W 601b1IMHCTBO MTPOTOKOJIOB MHOTOAAPECHON PACCHUIKHU SIBJISTIOTCS] IIPOTOKOJIAMH YPOBHS ITPU-
JIOEHUS, YTO O3HAYAET, YTO OHU 0OECTICUNBAIOT B3aUMOICHCTBUE MPOIIECCOB MeKIy coO0i, He Oec-
TMIOKOSICh O TOM, YTO MPOUCXOAUT B HU3JIEKAIIEH CETH.

W omHYM U3 caMBbIX MPOCTHIX CIIOCOOOB MHOTOAIPECHON PACCHUIKY SIBJISIETCS LIEHTPAIN30BaH-
HBII TIOIXO]I.

VY Bac ectb OTIpaBUTENb, KOTOPBII KMEET CIUCOK MOJTyvaTesieid, U OH MPOCTO B LuKJIe for nm
while ornipaBnsieT kaxkaoMy U3 3Tux nonydaresneit naker 6o UDP User Datagram Protocol, 6o
TCP Transmission Control Protocol, koTopslii copep:kuT nHGOPMAITHUIO.
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Q.
g
UDP/TCP PACKETS A
: O "'-,‘
g O

BOCTEIO.

Tesen TIOJIYYHUT PACCBLIKY.

Tenepsb, ofHa U3 TPOOIIEM € STON peanm3aleid, 3To To, YTO OHa He 00IalaeT OTKa30yCTONIH-

Ecm OTIIPABHUTEIIb IICPECTAHCT pa60TaTI> B CEpEAUHE UKJIA, TOrAa TOJIBKO IMOJIOBHHA I10JTyYa-
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T. MamnuH. «BBenieHue B oOnayHble U pacripe/ie/ieHHble THPOPMAITOHHbIE CUCTEMBbI»

KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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