PacnpenesieHHbIe cHCTEMBbI
(KproxoB B.A., baxtun B.A.)
Pacnpedeﬂennaﬂ KomnolomepHasa cucmema - CO60KYnRHOCHIb CBA3AHHbBIX Cemblo

Hé3asUuCUMblX Komnbvlomepoe, Komopasn npeécmaeﬂﬂemc;l noJjib3oeameniro
COUHBIM Komnbsromepom.
Pacnpedeﬂelma;l npozpammuas cucmema — COB0KYRHOCHb KOMROHEHmMOE,

63aUMO0€IiCMEYIOUUX NOCPEOCHEOM 0OMEHA COOOULEHUAMU.

[Mpumepsr PC: cerp paboumx crannmii, ximactep OBM, pacrpeneneHHas
OlepallioHHas CHCTeMa, cucreMa oOecriedeHHs OaHKOBCKHX OIepaluid, cHcTeMa
pe3epBUpOBaHUs aBHaOUIETOB, IHTEpHET, MOUCK JOKYMEHTOB, 3JIEKTPOHHAS MOYTa,
QJICKTPOHHAsA KOMEpIHHA, COOHUAJIBHBIC CETH, MHTCPAKTUBHBIC UTPhI ¢ MHOXKXCECTBOM
HUI'pOKOB, U T.II.

1. Yepter PC

- KOHKYPEHTHOCTD

- OTCYTCTBHE TJIO0ATBHBIX YaCOB
- HE3aBUCUMBbIE OTKAa3bl

2. Tennenuuu, onpenenstonue pazpurue PC ceroans

- IIUPOKOE PaCHpPOCTPAHEHUE CETEBBIX TEXHOJIOTHUMA

- IOBCEMECTHOE HCIIOJIb30BaHNE KOMIIBIOTUHIA B COUETAHUH C JKEJTaHUEM
MOJIEP>KUBATh MOOMIIBHOCTH TI0JIb30BaTeNel B paclpeieIeHHbIX CUCTEMax
- pacTyluii Cipoc Ha MYJIbTUMEIUIHBIE YCITYTH;

- IPEJICTABIICHUE PACIPENEIECHHBIX CUCTEM KaK YTHIIUTHI

3. AKIIEHT Ha COBMECTHOM HCII0JIb30BaHUU PECYPCOB

- obopynoBanue (IPUHTEPHI, TUCKH,...)

- nansbie (daiinsl, bJ)

- CepBHCHI (IIOUCK B MHTEPHETE, OHJIAWH PEIaKTUPOBAHNUE, HHTEPAKTUBHBIC UIPHI)

4. ITpoGnemsl

- TETepOTreHHOCTh

- OTKPBITOCTh

- CEKPETHOCTh

- MacIITaOHPYEMOCTh

- HaJIe)KHOCTh

- KOHKYPEHTHOCTb

- IPO3PaYHOCTh

- Ka4eCcTBO 00CTyXMBaHUS (Ha/IeKHOCTh, CEKPETHOCTh, TPOU3BOAUTEIHHOCTD,
PEaKTUBHOCTb, a/IAITUBHOCTH )

PacnpenesienHas onepannoHHas cucremMa — sipkuit npumep PC

Beenenne B OC ognonpoueccopunix IBM.

JIBa B3rIsga:

® MEHE/KEP PECYPCOB;

® OJMH CJIOH B MHOKECTBE CJI0€B a0CTPAKTHBIX MAIIHUH.



IIpeacraBaenune OC kak MeHeT:Kepa pecypcoB

YnpaBJieHre YnpaeneHue oQannamu
npoueccamm

YrpaBJIeHne YnpaBJieHMe YnpaBJIeHME
npolieccopaMm naMaThbIo YyCTpPOMCTBaMM
Ipolle CCOPEL | laMATh YcrpoiicTea

IIpencraBaenue OC kak a0CcTPAKTHOI MAIIHMHBI

ABcTpakTHasa MallMHAa

HTepderc noJjp30BaTEJIA HTepdelic NpoTrpaMMbl
SBEIKM yHNpaBJIEeHUS Cucrema CucTeMHBIE BEI3OBE
3amaHuAMy KoMaHIOHBE KOMaHn [lpouecce IlaMAaThb
ABBIKU daner
OKHa, MEHK, OUKTOI'PAaMMEI VHbOPMAaUMOHHEE
OyHKLIUM

Mecto OC cpemu 11O

[Ipunknanuoe IIO
(OTHmeJsibHBEIE NPUIIOXEHMSI, [NaKeThH NPMKJIAOHBIX OIPpOoTpaMM,
nHbopMalMOHHEE cucTeMrel, CAIIP)

Cucremuoe IIO
(OC + cucTembl nporpaMMmmMpoBaHmsa, CYEBEI, rpadmueckue
OUOIMOTEKM, CEPBUCHEE IPOITPAaMMEL)

Hctopus OC.

1940-¢ u 1950-¢

"Ilepconansubie 9BM" - "ynbTOBBIN pexuM"

bubnuorteka nporpamm BBOJa-BbIBOJIA, CIIy)KEOHAs Mporpamma.

WNHcrpykius oneparopy.

Cepennna 1950-x

[Taketnas o6paboTka. OAHONIPOrpaMMHBINA U MYJIbTUIIPOTPAMMHBIN PEKUMBI.
Wuctpykiust omepatopy -> macnopT 3anaud  (IPOCTEHIIMM A3BIK  yIPaBJICHUS
3aJIaHUSIMHU ).

TpebGoBanus k anmnaparype:

® 3aIlUTA MAMSTH;

® [IpepbIBaHUS;

® [IPUBWJIETUPOBAHHBIN PEKUM;

e Taiimep.

Kak oGecrieunTs MyJIbTHIPOTPAMMHBIN PEKUM 0€3 TAKUX MEXaHHU3MOB.
Cepenuna 1960-x

Pexxum pasznenenus BpeMeHHU.

TepMmuHanbl, KBAaHTOBAaHHME, CBOINMHI, CTPAaHUYHAs W CETMEHTHas OpraHu3aIus
(oOrIvie cerMeHTHI aMSITH).

1970-e

Muoronpoueccopubie 9BM, MHOroMamvHHbIE KOMIUIEKCHI, ceTu DBM.
1980-¢

[Tepconanbusie DBM.

1990-¢




MPP, otkpsiThie cucTeMBI, Internet.

2000-¢

Knactepsl, pacnpenenennbsie cucreMbl, GRID, MHOrosaepHsle U MHOTOIOTOYHBIE
IIPOLIECCOPHI.

2010-e

I'ereporennocts — ynusepcansubie LIIY + yckopurenn



*********ﬂeKHHH 2

1 Beeenue B napaJjiieJibHble M pacnpe/ieJieHHbIE CHCTeMbI

1.1 locToMHCTBAa MHOTONIPOLIECCOPHBIX CHCTEM € 0011eil MaMAThI0
(MyJIbTHIIPOLIECCOPOB)

(1) IlpousBoauTenbHOCTH

(2) Hapexunoctb

1.2. HenocraTku

(1) I1O (npunoxenus, s3p1ku, OC) cioxHee, 4eM i OAHOIpoLecCOpHbIX DBM

(2) OrpannueHHOCTh TpU HapanuBaHud (Gu3. pa3Mepbl - ONM30CTh K MaMSTH,
korepenTHOCTh KDIllel, 64 nmporeccopa - MaKCUMaJIBHO IOCTUTHYTOE).

1.2 loctonHcTBa pacnpeneleHHbIX CHCTEM

IMouemy co3npalTcsi pacnpeiejieHHble cucTeMbl? B yeM HX mnpeumylnecTBa
nepej HeHTpaJIn30BaHHbIMU JBM?

l-as npuuuHa - MOXNCHO OOCMUYL MAKOU BbICOKOU NPOU3BOOUMENbHOCIIU TTYTEM
00BbETMHEHNST MUKPOIPOIIECCOPOB, KOTOpas HEIAOCTIKAMAa B IEHTPATH30BAHHOM
KOMIIBIOTEpE.

2-2 npuyuna - ecmecmeeHHas pacnpeoeieHHocms (0aHK, TOIIEPKKAa COBMECTHOM
paboThI TPYMIIBI TOJIH30BATENEH ).

3-asa npuyuna - Hadedxcnocmsv  (BBIXOA U3 CTPOSI HECKOJBKUX  Y3JIOB
HE3HAYUTEIIEHO CHU3HUT POU3BOAUTEIBHOCTB).

4-5 npuyuna - HAPAWUBAEMOCTb NPOU3BOOUMETLHOCTIU.

['maBHas mnpuyuHA -  HAJIMYHME  OTPOMHOIO KOJIMYECTBA KOMITBIOTEPOB 5
HE00XO0INMOCTH COBMECTHOH paboThl 0e3 OoIIylmeHuss HeymoO0CTBa OT
reorpaguueckoro u (U3HYECKOTO pacIpeaeCHUS JIFOJICH, TaHHBIX U MAIllHH.

IMouemy Hy:xHO 00BbeauHATHL PC B ceTn?

1. Heobxooumocms pazoensimv  OaHHble.

2. Ilpeumywecmseo  pazoenerus JIOPOTHX nepudepuiHbIX YCTPOMCTB,
YHUKAIbHBIX HHOPMALIMOHHBIX U IIPOTPAMMHBIX PECYPCOB.

3. Hocmuoicenue pazeumvlx KOMMYHUKAYUN MedHcOy A00bMu. DIICKTPOHHAS MOYTa
BO MHOTHX Clly4asix yqoOHee mucem, TeaeQoHOB U (haKkcoB.

4. I'ubrocms ucnonvsoganus pa3nnuHbix OBM, pacnpeneneHue Harpy3Kku.

5. Vnpowenue NOCMENneHHol MoOepHU3ayUU MOCPEICTBOM 3aMEHBI
KOMIIBIOTEPOB.

HepocraTku pacnpeaeeHHbIX CHCTEM:

1. Ilpobaemwv 110 (npunoxenus, sa3b1ku, OC).

2. Ilpobremvr KommyHukayuounou cemu (MOTepu HHGPOpPMaLMHU, MeEperpyska,
pa3BUTHE U 3aMEHA).

3. Cexpemnocmp.

1.3 Buasl onepanuonnbix cucreM (cereBbie OC, pacnpeaenennsie OC, OC
MYJIbTHIIPOLIECCOPOB).

Cemesvie OC - wmamuHbl 00NagalOT  BBICOKOW  CTENEHbIO aBTOHOMHOCTH,
oOIIeCUCTEeMHBIX TpeOboBaHUH Mayno. MOXHO BecTH auaynor ¢ japyroit 9BM,



BBOJUTh 33JaHUsl B €€ Ouepelb MAKEeTHBIX 3aJaHui, HMMETb JOCTyNl K
yIOaJneHHbIM QaiinamM, XOTsS HUepapXusi AUPEKTOpHA MOXKET ObITh pa3HOM yis
pasHbIx KinMeHTOB. llpumep - cepmepbl daiinoB (MHOTME WS MOTyr HE HUMEThH
JTMCKOB BOOOIIIE).

Pacnpeoenennvie OC - €MHBII rJ100aTbHBIH MEXIPOLECCHBIN
KOMMYHHKAIIUOHHBI MEXaHM3M, riobanpHas ~ cXemMa  KOHTpOJIA JIOCTYyIa,
OJINHAKOBOE BHJICHUE (ailyloBO¥ crcTeMbl. BooOmie - mnto3us equHot DBM.

OC mynvmunpoyeccopoé - ejHasi 04epeb IMPOLECCOB, 05KUJIAIONINX BITIOJHEHUS,
onHa ailloBas CcucTeMa.

CereBasa OC PacnpenesnienHasa OC mMyJbTU
oC npolueccopa

KomMneroTepHada HET IA A
crucTeMa BHIVIAOUT

KaK BUPTYaJlbHBU
MYJIb TUIIPOLLECCOP

VMeeTcd M enuHas HET HET JA
ouepenb
BBIITOJIH AKX C S
[IpOLIECCOB

JIMeeTCs XOPOUIO O6bryo HET JA JA
onmpenesyeHHas

CeMaHTMKAa
pasnesieHua GalJioR

1.4. llpunuunel mocrpoeHusi pacnpenejeHHbix OC (mpo3pavyHocTb, TMOKOCTD,
Ha/JeKHOCTh, 3P PEeKTUBHOCTH, MACIITAOMPYEMOCTD).
(1) Ilpo3paunocme (013 nonvzosamens u NPOSPAMMbL).

[IpospauyHoOCThb [lolp30BaTENIE HE HOOJIXEH 3HAaTh, IIe
PacCIIOJIOXEHU T PacCIOJIOXEHE PEeCYPCH
[[poBpayHoOCTE MUTPALUN Pecypce MOTYyT IepemMmemaTbca 0e3
V3MEHEHMSI UX MMEH
[IpospauyHOCThb [loslb30BaTEJIE HE IOOJIXEH 3HATh,
PasMHOXEHMS CKOJIbKO KOIMM CYIEeCTBYyeT
[IpospauHOCThb MHOXeCTBO I[OJIb3ORBRATEJIEM pasmesigeT
KOHKYpPEeHLUVNA pPeCypCEl aBTOMaATHNUYECKU
[Ipo3payvHoOCTb PaboTa MOXET BEIIOJHATHCH
rnapajjesnmnsMa napajjesibHO 0e3 ydacTud
[IOJIb30BAaTEIA

(2) Haoeorcnocmeo.
JlocTymHOCTh, YCTOWYUBOCTH K ommmbkaMm (fault tolerance).
CeKkpeTHOCTb.
(3) IIpouzsooumenvHocme.
['panynnupoBaHHOCT. MENKO3EpHUCTBIA U KPYIMHO3EPHUCTHIN Mapaieian3m
(fine-grained parallelism, coarse-grained parallelism).
YcToiunBOCTh K OmKMOKaM TpeOyeT AOMOTHUTEIbHBIX HAKIAIHBIX PACX0I0B.
(4) Macuwumabupyemocme.
[Tnoxue perieHus:
® IICHTPATN30BAaHHBIC KOMIIOHEHTHI (OJMH IMOYTOBBIH-CEPBED);
® IICHTpATM30BAaHHBIC TAOIUIIEI (OAWH TeICPOHHBIN CIIPABOYHUK);




® IICHTPAJIM30BAaHHBIE QJITOPUTMBI (MapLIPYyTH3aTOp  HAa  OCHOBE  IIOJHOU
uHpOpMAIIHH).

TonbpKo NENeHTPaTN30BaHHBIE AJITOPUTMBI CO CIICAYIOIIUMH YepTaMU:

® HHU O/IHA MAIllMHA HE UMEET MOJHOW HH(OPMAIH O COCTOSIHUN CUCTEMBI;

® MAaIIMHBI IPUHUMAIOT PEIICHHSI HA OCHOBE TOJBKO JIOKAILHOW WH(pOpMAIINH;

® BBIXOJ U3 CTPOSI OJHOW MAIIMHBI HE JOJHKEH NPUBOAMTH K OTKAa3y ajJrOpUTMa;

e HE JO/HKHO OBITh  HEIBHOTO  MPEAINOJIOKEHHS O  CYIIECTBOBAHUU
r7100aIbHBIX YaCcOB.



Nexuusa 3
2 OnepalOHHBIE CUCTEMBI MYJIBTUIIPOLIECCOPHBIX DBM

Opranuzanus OC:

® [JIaBHBIN-TIOMUMHEHHBIM  (master-slave, BBIJICTICHHE  OJHOTO
npoueccopa ais OC ynpomaer ee, HO 3TOT MPOLECCOpP CTAHOBUTCS
Y3KUM MECTOM C TOYKH 3PEHHsI 3arpyKEHHOCTH M HaJEXKHOCTH);

e cuMMeTpuuHas (Haubosee 3pPeKTUBHAS U CIOKHAS).

2.1 [lpouyeccbl u HUMuU

[Ipouecc - »TO BBIMOJHEHHWE MOporpaMmbl. KOMIOHEHTHI mpoliecca -
BBITIOJIHSIIONIASACS TpOrpaMma, €€ JaHHble, €€ pecypchl (Hampumep,
aMsTh), U COCTOSTHUE BBITIOJTHEHUS.

Tpa}II/IIII/IOHHO, mponecc HNMCECT cOOCTBEHHOE aJIpE€CHOC IMPOCTPAHCTBO U
€TI0 COCTOSAHHUC XAPAKTCPU3YCTCA CH@}IYIOIIICﬁ HH(i)OpMaHHCﬁ:

e TaOJIUIIBI CTPaHUIl (WJIM CETMEHTOB);

® JICCKPUNITOPHI (PaiiyioB;

® 3aKa3bl Ha BBOJI-BBIBO/;

® DPETUCTpBHI;

® U T.I
Bonpmioit o6beM 3Toi MHOpManMM [enaeT JOPOTUMH  Olepaluu
CO3/1aHHUs MIPOLIECCOB, UX MEPEKITIOUEHUE.

[TorpeObHOCTh B JIETKOBECHBIX Mpolleccax, HHUTIX (threads), kotopsie
COBMECTHO HCIIONB3YIOT €IUHOE aJIpecHOe MPOCTPAHCTBO IpoIlecca,
BO3HUKIIA ellle Ha oAHompoieccopHbix OBM (dbuszmueckue mporeccs
WIA X MOJCIIMPOBAaHUE, COBMEIICHHE OOMEHOB H CYeTa), HO A
HCTOJIb30BaHUS JIOCTOMHCTB MHOTOMpolieccopHpix OBM ¢ o0mieit
MaMATHIO OHU MTPOCTO HEOOXOUMBI.

[Iporieccbl MOTYT OBITh HE3aBUCUMBIMH, KOTOPBIE HE TPEOYIOT KaKoii-
b0  CHHXpOHM3anMu U obmeHa wuHpopMamuer (HO  MOTYT
KOHKYPHPOBATh 32 PECYPCHI), JIMOO B3aMMOICHCTBYIOIITUMHU.

2.2. B3aumonaeicTBHe MPOLECCOB

Ecnu npunoxxenue peann3oBaHO B BHUAE MHOXECTBA IPOLIECCOB (MU
HUTEW), TO 3TH NpolLecChl (HUTH) MOTYT B3aUMOJECHCTBOBATH JABYMS
OCHOBHBIMH CITIOCOOAMU:

® [IOCPEJACTBOM pa3jeieHUs MaMATH (ONepaTUBHOMN M BHEIITHEH )
® [OCPEJACTBOM IMepeaadu COOOIICHUM



[Ipu B3aumojeiicTBUU uepe3 OOIIyI MaMsATh MPOLECCHl JOJDKHBI
CHHXPOHU30BAaTh CBOE BHITIOJHCHHUE.

Pasznuuaror 1nBa BMAAa CHHXPOHM3allMM - B3aUMHOE HCKJIIOYEHHE
KPUTHYECKUX UHTEPBAJIIOB U KOOPAUHALIUS MPOLIECCOB.
Kputnueckne cekuum — 4YacTHBIM Cioydaid KpPUTHYECKOrO HWHTEpBAJIA,

KOI'/Ia KpPUTUYECKUW HHTEpBaJ O(POPMIIEH B BHUJE€ KOHCTPYKLHH S3bIKA
nporpammupoBanug. Eciaum He oOecrnedueHO B3aMMHOE HCKIIOYEHHE
KPUTUYECKUX MHTEPBAJIOB, TO HEAETEPMHUHM3M, race condition (ycioBus
TOHOK).

IIpouecc pl Bemmonnser onepatop X = X+1,
a mpouecc p2 - omeparop X = X-1
MalIMHHbIE KOJbI BBITJISIAST TaK:

Load R1,X Load R1,X
Add R1,=71” Sub RI1,="1"
Store R1,X Store R1,X

Pe3ynbTar 3aBUCUT OT MOPSIIKA BHIMOIHEHUS ATUX KOMaH].

TpeOyercs B3anMHOe MCKJIYEeHHEe KPUTHYECKMX HWHTEPBAJIOB.
Pemenne mnpoGiieMsl B3aMMHOI0 UCKJIIOUEHUS TOJIKHO
YJIOBJIETBOPATH TPEOOBAHUSM:

e B J1I000OW MOMEHT BPEMEHU TOJILKO OJIMH MPOIIECC MOKET HaXOIUTHCS
BHYTPU KPUTHUYECKOTO MHTEPBAJa;

® ©CJIM HU OJUH TMPOIECC HE HAXOAMUTCS B KPUTUYECKOM HMHTEpBAjE, TO
000 Tporecc, JKENAroNuid BOWTH B KPUTUYECKUH HWHTEPBAJ,
JOJDKEH TOJTyYUTh pa3pelieHue 6e3 Kakoi 1100 3a1epiKKH;

® HU OJHH MPOIECC HE JIOJDKEH OECKOHEYHO JOJITO KIaTh pa3pelieHus
Ha BXOJ B KPUTHYECKUW MHTEpBAJ (€CIM HU OJMH TIpollecc He OyneT
HAXOAUTHCS BHYTPU KPUTHUECKOTO MHTEPBaja OECKOHEYHO J0JT0);

® HE JOJDKHO CYIIECTBOBaTh HHUKAKHX MPEANOIOKEHUH O CKOPOCTIX
IPOLIECCOPOB.

B3anmuoe HCKJIIOYEeHHUE KPUTHYECKHUX HHTEPBAJIOB B
oJHompoueccopHoii IBM.

1. brokupoBka BHEWNIHMX  MpepblBaHUA  (MOXKET  HapylIaThCs
yOpPaBJICHUE BHEUIHUMH YCTPOWCTBAMH, BO3MOXKHBI BHYTPEHHUE
pepbIBaHUS MIPU pabOTE ¢ BUPTYyaIbHON NaMAThIO).

2. bnokupoBka mnepekitoueHuss Ha Jpyrue npoueccbl  (MONO,
MULTI).

B3aumHoe HCKIIIOYeHHE KPUTHYECKHX HHTEPBAJIOB B
MHOronpoueccopuoin IBM.



[IporpammHBIEC pelIeHUs] HAa OCHOBE HENEIMMOCTH OIepaluil 3amucu
M YTeHHd U3 mamATd (TpuU YTEHWH TEPEeMEHHON BCEerjJa dYHhTaeM
nocjeHee PUCBOCHHOE el 3HAaYEHUE) .

Aaroputm [lexkkepa (1968).

JIBa mponecca (Hutu) ¢ Homepamu 1=0 u i=1 B LUKIE PEryIspHO
BXOJISIT B KPUTUYECKUN MHTEPBAJI U BBIXOAST U3 HETO.

Int turn;

boolean flag[2 |;

proc( int 1)

while (TRUE)
{

<BBIYHCJIICHUS >,
enter_region( i);

<KpUTUYECKUN UHTEPBAI>;
leave_region(i);
}

}

void enter_region( inti)

{
try: flag[ 1 ]|=TRUE;
while (flag [(1+1 ) % 2])

{
if ( turn = =1) continue;
flag[ 1 ] = FALSE;
while (turn !=1);
goto try;
}

}

void leave_region( inti)

{
tun=(i+1) % 2;
flag[ 1 ] = FALSE;

turn = 0;



flag[ O ] = FALSE;
flag[ 1 ] = FALSE;
proc( 0 ) AND proc( 1) /* 3amyctrim 2 npouecca */

Auaroputm Ilerepcona (1981)

nt turn;
int flag[ 2 |;

void enter_region( int 1)

{

int other; /* HOMED npyroro mporecca */

other=1 -1;
flag[ 1 ] = TRUE;
turn = 1;
while (turn = =1 && flag[ other | == TRUE) /* nycTtoii onepaTtop
%/
}

void leave_region( int 1)

{
flag[ 1] = FALSE;

}

Hcnoan3oBanue Henenumoi onepanun TEST and SET LOCK.
Oneparnusa TSL(r,s): [r=s;s=1]

KBagpaTHpie  CKOOKHM -  HCHOJNB3YHOTCS I cHenuduKammu
HEJICJIMMOCTH OIEpaLUil.

enter_region:
tsl reg, flag
cmp reg, #0 /* cpaBHuBaeM ¢ HyneM */
jnz enter_region /* eciu HE HYJb - TOBTOPSIEM TIOTIBITKY */
ret
leave_region:
mov flag, #0 /* mpucBanBaeMm Hyib*/
ret

Henocratkn Ttakoro  "akTMBHOrO  OXUJAHHSA" TPU HUCIOJIb30BAHUHU
koMmanabl TSL unu anroputmoB Jlekkepa uinu [lerepcona - Gecrnione3Has



TpaTa BpPEMEHHW, HArpy3ka Ha  OOIIyl0 MaMsATh, U BO3MOXKHOCTb
dakTUecku 3a0JIOKMpOBaTh palbOTy TMpolecca, HaxOMAsIIerocs B
KPUTHYECKOM HHTepBajie. M30ekaTh aKTUBHOTO OXHUAAHHUS TOMOTAIOT
ceMadophl.

Cemadopsi deiikcTpsol (1965).
Cemadop - HeoTpuLaTeNbHas Iedasi MEpEeMEHHas, KOTopas MOXET
WU3MEHATHCS U TIPOBEPSITHCS TOJIBKO MOCPEACTBOM ABYX (DYHKIIHI:
Odynkius 3anpoca cemadopa P(s):
[if (s == 0) <zabmokupoBaTh TEKYIIHI poiecc™>; else s = s-1;]

3amMeyaHue. HelleJII/IMOCTB TOU oricpanuu O3HA4YacT, 94TO IMOCIIC
pa36JIOKI/IpOBaHI/I$I mponecca OH HAYHCT €€ BBIIIOJIHATL 3dHOBO.

dyHKIMg 0cBoOOKAeHU cemadopa V(s):

[if (s == 0) <paz36yi0kupOBaTh OJMH U3 3a0JTOKUPOBAHHBIX IMPOIECCOB™>;
s =s+1;]

JIBonuHbIe ceMadOphl KaK YaCTHBIN ClTydaid O0IIUX (CUYNUTAIOIINX ).
Hcnonw3oBanne cemadopos JUIS  B3aMMHOTO  WCKITIOYCHHS
KPUTHYECKUX WHTEPBAJIOB U JJII KOOPAUHALMH B 33]]a9€ MTPOU3BOIUTEIb-
OTpEeOUTEIIb.
3amaya TPOU3BOAUTEIL-MIOTPEOUTENh (TIOCTABIIMK-TIOTPEOUTED,
npoOjeMa orpaHudYeHHOro Oydepa).

semaphore s = 1;
semaphore full = 0;
semaphore empty = N;

producer() ! consumer()
{ P
|
int item; ! int item;
while (TRUE) ! while (TRUE)
{ I {
produce_item(&item); :
P(empty); I P(full);
P(s); : P(s);
enter_item(item); ! remove_item(&item);
V(s); : V(s);



V(full); : V(empty);
consume_item(item);

} I }

|
producer() AND consumer() /* 3anmyctunu 2 npouecca */

Peanuzanus cemadopos.
MynapTUIIPOrPaMMHBIN PEKUM.
e (OJIOKMPOBKA BHEIIHUX MPEPHhIBAHUIA;
® 3anper NepeKIYeHHs Ha APYTrue MpoLecChl;
e [IEpEMEHHAas U 04Yepean OxXuaarmux npoueccos B OC.

Jlns mHOTOTIpOLIeccopHoit DBM mepBbie 1Ba criocoba He roasTcs. s
peanuzalu  TpeThero crocoba goctaTouHo komaHael TSL
BO3MOXKHOCTH OOBSIBJISTH MPEPHIBAHUE YKA3aHHOMY IPOIIECCOpPY (UTOOBI
COOOIIUTh JAPYrUM TpolieccopaM, 4YTO pa30JIOKUpPOBaH OJWH U3
IIPOIIECCOB).

bnokupoBaHue mporiiecca M MEepeKIIoUeHUe Ha APYroi - He 3G (HEKTUBHO,
eciim  ceMadop 3axBaThIBaeTCS HA OYEHb KOPOTKOE Bpems. MOXKHO
BBECTH CICIHAbHBIE ceMadopbl, KOTOPhIE 3aXBAaThIBAIOTCS Ha KOPOTKOE
Bpemsi. OXuJaHHe OCBOOOXKICHHS TakWx ceMadopoB MOXKET OBITh
peammzoBano B OC  TOCPEICTBOM ITUKIMYECKOTO ONpOca 3HAYCHUS
ceMadopa.

**********J‘[ekunﬂ 4

Ecnu mpousBesieHHBIN 00BEKT HCIOJIB3YEeTCS MHOTHMH, TO CeMa(opsl
HE rOAATCS.

CoObiTuA.

DTO0 mepeMeHHbIC, IMMOKa3bIBAIOIIME, YTO IIPOU3OILLIM OIPEIACICHHBIC
COOBITHS.

Jlns oO0bsiBIeHUS COOBITHS cykHT ornepaTop POST(ums mepemMeHHOi),
st oxkunanusi coobitust - WAIT (umsi  mepemenHoit). st yucTku

(mpucBauBaHusi HyJeBoro 3HayeHus) - omneparop CLEAR(ums
MIEPEMEHHOM ).
BapuanTe! peanuzarnuu - He XpaHsume nHpopmarmio (1Mo oneparopy

POST wu3 oxupanus BBIBOISTCSA TOJIBKO TE€ MPOLECCHI, KOTOPBIE YKE
Bbian WAIT), onHOKpaTHO 00BsIBIIIEMbIE (HET ONEpaTOpa YUCTKH).



Meton  nocinenoBarenbHOM — BepxHedt  penmakcanuu  (SOR) ¢
UCIIOJIb30BaHUEM  MaccuBa COObITHMM. B HeM 1 BBIYMCIICHUA
sanemeHTa matpuubl Ali][j] TpeOyercs mnpeaBapUTEIbHO BBIYUCIHUTH
anemenTsl Ali-1][j] u A[i][j-1]. HyneBast ctpoka u HyneBo# cToiben
MaTpHILIbl 33J]aHbl U3HAYAJIIbHO M HE BBIUMCISIOTCA. 3aroJIOBOK IIUKJIA
parfor 03HayaeT, 4TO BUTKHU IIUKJIA MOKHO BBIMOJIHATH NapalIesIbHO.

float A[L1][L2];
struct event s[ L1 J[ L2 |;
for (1=0;1<L1;i++)

for (j=0;j<L2;j++) {clear(s[il[j])};
for (j=0;)<L2;j++) {post(s[O][j] };
for (i=0;i<LIl;i++) {post(s[i][0]) };

parfor (i=1;1<L1-1;i++)
parfor (j=1;j <L2-1;j++)
{ wait(s[ i-1 1[j 1);
wait( s[ 1 ][ j-1 1);
Al1]lj 1=l T+ AL T+ ALLILJ-T T+ AL
1]/ 4;
post(s[1][j 1);
}

O0MeH coo01eHUAMH (Message passing)

Xoap (Xoare) 1978 roa, "B3aumoneWcTBYIOIIME MOCIEA0BATEIbHBIC
mporiecchl”". Llenn - w30aBUTBCS OT MpoOIEM pa3leleHUusT NmaMsATd |
MPEIOKUTh MOJIENIb B3aUMOJEHUCTBUS MPOLECCOB ISl paclpeeIeHHbIX
CUCTEM.

send (destination, &message, msize);

receive ([source], &message, msize);

Anpecar - mpomecc. OTmpaBuTeIh - MOXET HE CHEIUPUIIUPOBATHCS
(sr000i1).

C Oydepuzanueii (mo4TOBbIE AIIUKK) WIK HET (paHaeBy - Ana, Okkam).



[Matiner OC UNIX - mouToBbI€ AIIUKH, 3aMEHSIOT (aiiiibl U HE XpaHsST
I'PaHULIbl COOOIIEHHH (Bce cooOUeHusl 00bEIUHSAIOTCS B OJHO OOJIBIIOE,
KOTOPO€ MOYKHO YUTAaTh IPOU3BOJIBHBIMU OPLHASIMHU ).

[Tpumep ucnonb3zoBanus 0ydeprsyeMbIx cOOOUIEHUM.

#define N 100 /* MaKCUMaJIbHOE YHUCIIO COOOIIeHun */
/* B Oyepe™/
#define msize 4 /* pazmep cooOieHus */

typedef int message[msize];

producer()

{

message m;
Int item,;

while (TRUE)
{
produce_item(&item);
receive(consumer, &m, msize); /* mosy4aer mycrtou */
/* "koHTeiHep" */
build_message(&m, item); /* popmupyet coobmienue */
send(consumer, &m, msize);

}

consumer()

{

message m;
Int item, 1;

for 1=0;1<N;1++)
send (producer, &m, msize);  /* moceLIaeT BCE MyCTHIC *.
/* "xoHTeiHeph" */
while (TRUE)
{
receive(producer, &m, msize);
extract_item(&m, item);
send(producer, &m, msize); /* Bo3Bpamaer "KoHTeiHep" */
consume_item(item);

}



producer() AND consumer() /* 3amyctunu 2 npouecca */

MexaHu3MbI ceMagopoB M oOMEHa  COOOIICHUSMHU
B3aMMO3aMEHSIEMbl CEMaHTHYECKH U Ha MYJIBTHUIIPOIIECCOPAX MOTYT OBITh
peaNM30BaHbl OJWH Yepe3 Apyrou. Jlpyrue KiIacCHYECKUE 3a1adu
B3aMMOJICHCTBUS MPOLIECCOB — “mpodiiema obenaromux ¢punocopoB” U
“yurarenu-nucaTenu’ .

2.3 [lnaHupoeaHue npoueccopos

[InanupoBaHue MpoIEeccopoB OYECHb CUJILHO BITUSICT Ha
IPOU3BOUTEIHLHOCTh MYJIBTUIIPOIIECCOPHOU CHUCTEMBL. MoxHO
BBIJICJIUTH CIICAYIOIINE TJIaBHBIC MPUYHHBI Jerpaganuu
IPOU3BOUTEIHLHOCTH:

1) Haknagaele pacxoisl Ha MepekiIoueHue mporeccopa. OHu
OMPENCISIIOTCA  HE  TOJBKO  TMEPEKIIOYCHUSMU  KOHTEKCTOB
IPOIIECCOB, HO W (IpU TEPEKIIOUYEHUH Ha TMPOIECChl  JIPYroro
NPWIOKCHHSI) TICPEMEIICHUSIMH CTPAaHHI] BUPTYAIBHON MaMSTH, a
TakKe TMopued k3ma (MHGOpMaIHs B KAIIIC IPYroMy MPHIIOKCHHUIO
HE HY)KHa ¥ OyJIeT 3aMEHEHa).

2) IlepexntoueHne Ha Apyrol mpouecc B TOT  MOMEHT,  KOTIa
TEKYLIIMHA MPOLIECC BBINOJHI KPUTHYECKYHO CEKIUI0, a IpYyrue
IPOLIECChl AKTUBHO OXHUJAIOT BXO/a B KPUTHUYECKYIO CeKiuio. B
ATOM Clly4ae TMoTepu OyayT BEJIUKH (XOTs1 BEpOSATHOCTH
IPEPHIBAHUS BBIITOJIHEHUSI KOPOTKUX KPUTUUECKHUX CEKI[UN Majia).

[IpuMeHnsitoTCs ClAeayroIue cTparerud OOphOBI ¢ JIerpajanuei
IIPOU3BOIUTEIIBHOCTH.

1) CoBMeCTHOE MIIAHUPOBAHUE, MPU KOTOPOM BCE IMPOLIECCH OJHOTO
NPWIOKEeHUs (HEOJIOKMPOBAHHBIE) OJHOBPEMEHHO BBIOMPAIOTCS HA
MPOLIECCOPHI U OJTHOBPEMEHHO CHUMAIOTCSI C HUX ([JIs1 COKpALCHUS
NEPEKIIOUCHU KOHTEKCTA).

2) IlnannpoBanrie, TMpU KOTOPOM HAXOMSIIUECS B KPUTUUYECKOU
CEKIIMU MpPOLIECChl HE MPEPHIBAIOTCA, a AaKTUBHO OXUJAIOIINE
BXOJla B KPUTHUYECKYIO CEKIIMIO MPOLIECChl HE BBIOMPAIOTCA 10
TEX TOp, MOKa BXOJ B CEKIIMIO HE OCBOOOIUTCS.

3) Ilpouecchl TIaHUPYIOTCST HA TE€ MPOLECCOPBI, Ha KOTOPBIX OHH
BBITIOJIHSUTHCh B MOMEHT MX CHATHS (JI1 OOpBHOBI ¢ IMOpYEH KaIIa).
[Tpu ATOM MOXET HapylaTtbcsi OallaHCUPOBKA 3arpy3Ku
IIPOLIECCOPOB.

4) IlnanupoBanue ¢ ydyeToMm '"coBeTOB" mporpamMmbl (BO BpeMs €€
BeinosiHeHus1). B OC Mach wumeercs 1Ba Kiacca TakMX COBETOB



(hints) - yka3zanus (pa3HOM CTENEHUM KATETOPUYHOCTH) O CHSITHH
TEKYILIEro Ipolecca C MPOoLEeccopa, a TaKKEe YKa3aHUi O TOM
npolecce, KOTOPBIi T0KEH ObITh BHIOpaH B3aMEH TEKYILETO.



JNlekuuna 5

3 KOMMyHMKaLIVIVI B pacnpegeneHHbIX cucremMmax

Bce koMmmbroTepbl B pacOpelesieHHON  CHCTEME  CBsA3aHbl Mexay coOoi
KOMMYHHUKAI[MOHHON CeTbl0. KOMMYHMKAallMOHHBIE CETH IOAPA3JECIAIOTCS  Ha
mmpokomacirabaeie  (Wide Area Networks, WANs) u nokansabie (Local Area
Networks, LANS).

HIupoxomacuiTabHbIE CETH
WAN coctouT 13 KOMMYHHMKalUMOHHbIX OBM, cBsi3aHHBIX MeXIy co0Ooi
KOMMYHMKAIIUOHHBIMU JIMHUSAMU (TenedOHHbIE IUHUY, PAAUOINHUM, CIyTHUKOBHIE
KaHaJIbl, ONTOBOJIOKHO) M O0ECNeYMBAIOIINX TPAHCIIOPTUPOBKY COOOIIECHUH.

OObyHO  HWcTONB3yeTCsl TexHuka  store-and-forward, Korjga  COOOIIeHUs
MEepEeNaloTCsd U3  OJHOrO  KOMIIBIOTEpAa B CIEAYIOIIMA € TPOMEXKYTOUHOU
Oybepuzanuei.

KomMyTanus nakeToB Wil KOMMYTAIIUA JTUHHUM.

Kommyranus nunuit (TenedoHHbIe pa3roBOphl) TpeOyeT pe3epBUPOBaHUS JTUHUN Ha
BpEMsI BCETO ceaHca OOLIEHUs IBYX YCTPOMCTB.

[lakeTHass kKomMMyTalusi OCHOBaHa Ha pa30MeHHMH COOOUIEHHH B MyHKTE
OTIIPABJICHUS] HAa TOPIHH (MAKETh), TOCHUIKE MAKETOB IO aJpecy Ha3HA4YCHUs, U
cOopke coOOIIeHHsT W3 TAKeTOB B IYHKTE Ha3Ha4YeHWsA. [Ipu 3TOM JTUHUH
HCTIONB3YIOTCA (P dexTuBHEE, COOOIIEHNUs MOTYT TIepenaBaThCsi OBICTpEe, HO
TpeOyeTcsi pabota 1O pa3OueHHI0 u COOpPKE COOOIICHWH, a TaKKe BO3MOXKHBI
3aJIepKKH (VTS Iepeiadrl PEUH MITM MY3bIKH TaKOH METOJI HE TOIUTCS).

CemuypoBHeBast Moaesab ISO
ISO OSI (International Standards Organizations»s Reference Model of Open Systems
Interconnection) oprannzyeT KOMMYHUKAIIMOHHbIE IPOTOKOJIBI B BUJE CEMH YPOBHEH
u crieruupyer QYHKIMN KaKI0TO YPOBHSL.

JlokaJbHBIE CeTH.

Oco6ennoctu LAN:

e reorpaduueckas o0JacTh OXBaTa HEBENMKA (3/laHUE WM HECKOJIBKO 3JIaHU );
e BbIcOKast ckopocTh nepeaayu (100-1000 Mbps);
e Majas BEpOSATHOCTh OIIMOOK IepeIayu.
CpoiicTBeHHbIe MHOroypoBHeBo wmozaenu [ISO  OSI  nHaknaanele  pacxombl
SIBJITFOTCSI IPUYMHOU TOTO, 4TO B LAN mpuMeHstoTcs 6oiee IpocThie MPOTOKOJIBIL.

Knuenm-cepeep

MoxHO u30exarh MOATBCPIKACHUA ITOJIYYCHUSA CCPBCPOM COO6H.I€HI/I}I-38.HPOCB. oT
KIIMCHTA, €CJIKM OTBCT CCPBCPA JOJIZKCH IMMOCICA0BATL CKOPO.

Yoanennwuii ¢v1306 npoyedyp
Send, receive - moaxoa BBOJA/BEIBOIA



bonee ecrecTBeHHBIM NOAXOJ, NPUMEHSEMBIM B LIEHTpAIN30BaHHBIX OBM - BbI30B
IIPOLIEYD.

Birrell and Nelson (1984) (me3aBucumo wu pasbiie - HWmomuua A.U.,1978)
MPEJIOKUIN TIO3BOJIMTHh  BBI3BIBAIOIICH MpOTpaMMe HAXOIUTHCSA Ha JIPYrou
3BM.

MPP ¢ pacnpeneneHHOM NaMATBIO MOXKET PaCCMATPUBATBLCSA KAaK YAaCTHBIM CIydau
JIOKaJIbHOU CETH.

B cepenune 80-x ronoB aHriuiickas ¢upma Inmos BbIMycTHIIa MHUHMKOMIBIOTED,
Ha3BaHHBIN TpaHCHbIOTEPOM. Ero oTIMUNTENbHON 0COOEHHOCTBIO ABJIAETCS HAIUUKE
8-Mu kaHanoB (4 BXonHble U 4 BBIXOJHBIE) s 0OMeHa MHpoOpMaluend ¢ APYruMu
TpaHCHbIOTEpPaMU WJIM APYTUMHU YCTPOWCTBAMHU, TaKUMM KakK JUCKH, TEPMHUHAIIbI U
T.IL

Pemrerka TpaHCHIBIOTEPOB, B KOTOPOM  KaXIbld TPAHCHBIOTEP NApAJIEIBHO C
BBIYUCIICHUSIMA MOKET OOMEHHMBATHCS OJTHOBPEMEHHO IO § KaHalaM ¢ 4 COCeIsIMU,
SBJISICTCSL XOPOIIMM  TPUMEpPOM, Uil  KOToporo Oyayr QopMymupoBaThes
pa3IuyYHbIE YK3aMECHAIIMOHHBIC 3aJa9H.

Jnst mepenaun wHOpPMAIMA MEXKIYy IBYMS COCEIHMMH (CBSI3AHHBIMH OJIHUM
KaHAJIOM)  y3J1aMHu TPAHCIIBIOTEPHOW MAaTpPHIIBl TIEPBBIA y3€ll JIOHKEH BBIIATH
OTIEpAIMIO TIOC]IaTh COOOIEHHEe, a BTOPOH — Omeparuio MpuHATh coobmienue. [lpu
ATOM 3a/IaHHasl B OTEpalMK MpHeMa 00IacTh MaMsITH JOJDKHA OBITH MO pa3Mepy He
MEHBIIIE TepeaaBaeMoro cooOmieHus. Omnepanuu MOCBUIKM W TpHeMa COOOIIEeHUS
3aBEPIIAOTCS TOJIBKO MOCIIE IMOJHOTO 3aBEPIICHUS Iepeadn COOOIICHMS.

Bpemss nepenaumn COOOIIeHHUS MEXIy JBYMSI COCEIHUMHU  y3JIaMU
TPAHCIBbIOTEPHON MAaTpPHULIBI OMPEAENseTCs ABYMS XapaKTepUCTHUKaMU anmnapaTtypsl -
BpeMEHEM cTapTra nmepeAadyd IS U BpeMeHEeM TIepedadyd OJHOro Oaiita
unpopmanuu coceqemy y3iy Tb. Ilpu 3ToM mporeccopHbie omnepanuu, BKIHOYas
YTEHHME U3 MaMATU U 3alUCh B IMaMATb, CUMTAIOTCA OECKOHEYHO OBICTPHIMHU.
3a Bpems Ts+Tb tpaHcmproTep MoOXeT mnepenath 1 OailT wHDOpManuUM CBOUM
YeThIPeM COCEIsIM M MPHUHATH OT HUX 4 Oaiita uHpopManuu (1o ogHOMY OalTy OT
Ka)70r0). [[71s1 3T0ro Heo6xoIMMO 3aMyCTUTh Ha HEM 8 CIIy>KEOHBIX MPOIIECCOB.

KouBeiiepuzanus (pa3OueHne cOOOIIEHHs Ha KBaHTBI, YTOOBI BOCIOJb30BaThCS
napajuieNIbHOM paboTOW KaHaJOB BIOJb MapuipyTa IMepelavyd) W NapauielIbHOe
UCTIOJIb30BAaHUE HECKOJIBKUX MApIIPYTOB — JBa METOJA YCKOPEHHs Tepeaadyu
COOOILIIECHU.

3.1 O6meH coobuweHUsIMU MexOy NMPUKIadHbIMU npoueccamu
SEND, RECEIVE (agpecat/oTnpaButenb, [T3r,] aapec namMmsaTH, JUIMHA)

anpecaisi - (U3WYECKUN/JIOTMYECKUH  HOMEp  IpolLeccopa,  YHUKaJIbHBIN
UACHTUGUKATOD TUHAMHUYECKM CO3aBaeMOro Ipoliecca, Ciyx0a UMeH (cepBep
VMMEH WIH IIMPOKOBEIanue - broadcasting).

OOBbIUHO TIepechblUIKa B COCEAHHUN KOMIIBIOTEp TpeOyeT TpU KOMUPOBAHUS - U3
namsTH npoiiecca-otnpasurens B Oypep OC Ha cBoeM KOMIBIOTEpE, MEepPeChlUIKa
Mexy 0ydepamu OC, konmupoBaHue B TaMsITh MPOLECCA-TIOTydaTeIsl.



brnokupyromue omeparuu  send (70 OCBOOOXKIEHUS MAMSATH C JAHHBIMUA WU JIO
3aBepIIeHus (PaKTUYECKOU nepeaayn) u HeOIOKUPYIOIHUe.

bydpepuszyembie 1 HeOydhepusyembie (rendezvous wuiu ¢ moTepei mHPoOpMaIUU
IpHU OTCYTCTBHUU receive).

HaI[e)KHI)Ie 1 HCHAJICXKHBIC.

MPI - Message-Passing Interface [4]
(Message Passing Interface Forum, May 5, 1994

http://www.mpi-forum.org)

(1) Uemnu:

e Co3marb  uwHTepdelC  NPUKIATHOTO MTPOTPAMMHUPOBAHHS (HE TOJIBKO IS
KOMIWISITOPOB WJIK OMOIMOTEK peanu3aiiu CUCTEM);

e ObecreunThb BO3MOXHOCTb 3¢ (deKTUBHBIX ~ KOMMYHHUKalui  (u30exkaTh
KOMMPOBAHUS W3 TaMATH B TAaMsTh, TO3BOJUTh COBMEIIEHHWE BBIUMUCICHUNH U
KOMMYHUKAIIUH WM Pa3rpy3Ky Ha KOMMYHUKAIIMOHHBIA MPOIECCOP TaMm, TJE OH
€CTb);

e Pazpemmuts pacuupeHus Ui HCTIOJb30BaHUS B TETEPOTEHHON Cpelie;

e lcxonuTh U3 HAZACKHOCTH KOMMYHHKAIMK (TTOJIH30BaTElIb HE JOJDKEH 0OPOTHCS
C KOMMYHUKALIMOHHBIMH COOSIMH - 3TO J1eJJ0 KOMMYHUKAIIMOHHBIX MOJCHCTEM
HIDKHETO YPOBHS);

e Ompenenuth wHTEpPEHC, KOTOPBHIK OBl HE CIMIIKOM OTIWYAICS  OT
HCTOJI3YEMBIX B TO Bpems, Takux kak PVM, Express, P4, u np.;

e Omnpenenuth uHTEPHENHC, KOTOPBIH MOT ObI OBICTPO OBITH pEATM30BaH HA MHOTHX
npojlaBaeMbIXx Iuiargopmax ©0e€3 Cepbe3HON MepelesKu KOMMYHUKALMOHHOTO U

cucrtemuoro I10.
skeosk skoske ok seoske sk sk sk s sk sk skeoske sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ke sk sk sk sk ske sk sk sk sk sk sk sk ske sk sk ske sk sk sk sk sk sk sk

(2) Yro BxiroueHo B MPI ?

e KoMMyHHUKAIIUM TOYKA-TOYKA;

KosiekTuBHBIE OTIEpaliny;

['pynnsl npoueccos;

KommyHHUKanIMOHHBIE KOHTEKCTHI;

IIpocTou coco6 cosmaHus mporeccoB s moaenu SPMD  (onmHa
mporpamMma HCIOJb3yeTcs A OO0paOOTKM pa3HbIX JaHHBIX Ha pa3HBIX
MPOIECCOPaXx);

e TomnoJsorust mpoueccos.
st sfe sk st sfe sk st sfe sk st sfe sk st sfe sk sk sfe sk sk she sk st s sk st sfe sk sk s sk st s sk st sfe sk sk s sk st sfe sk st s sk sk seosk sk seoske sk sk sk sk sk skosk sk sk

(3) Yo ne BxmoueHo B MPI ?

e SIBHBIC omepanuud C pa3nENAEMON MaMAThIO M SBHAS TOJJICP)KKA HHUTCH
(TporieccoB ¢ 001Iel MaMsThIO);
e Ormepanuu, KOTOpble TPeOYOT OOJBIIE TOJJIEPKKA OT ONEPAIHOHHBIX

CHCTEM, YeM JICHCTBYIOIIME B Hacrosmiee Bpems crapaaptei Ha OC
(HarmpuMep, MOJy4YeHHE COOOIIECHUI Yepe3 MEXaHW3M TpPEPhIBAHHM, aKTUBHBIC
coOOIIeHN S );

e BcnomorarenbHble (yHKIUH, TaKHE KaK TaliMepBhl.
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st st st sfe sfe sfe sk sk sk st st sfe s sfe sk sk sk ke st st sfe s sfe sk sk skt st st st s sfe sk sk sk sk sk st st sl s sk sk sk skt st st sk sk s skoskoskoskokeoke sk sk skosk

(4) Hekortopslie noHATHS.
KomMMyHMKaIIMOHHBIE OTIEpalii MOTYT OBITh:
HeOoKupywjue - eciv BO3BPAT OCYIIECTBISIETCS IO 3aBEPIIEHUS ONEpallny;
O10KuUpylouwiue - €Ciiv BO3BpaT O3HAYAET, YTO IOJB30BATENb MOXKET UCIOJB30BATh
pecypcebl (Haripumep, Oydepa), yka3aHHbIE B BBI30OBE;

Onepauys Ha3bIBACTCS JIOKAIbHOW, €CIU €€  BBINOJHEHHWE He  TpeOdyer
KOMMYHUKAIUI; He10KanbHou, €ciu ee BBIIIOJIHEHUE MOXET TpeOoBaTh
KOMMYHUKAIUH; KOIJIeKMUEHOU, €CIH B €€ BBITIOJHCHUH JOJDKHBI y4aCTBOBAaTh BCE
MIPOTIECCHI TPYIIIIHI.

(5) T'pynmbl, KOHTEKCTHI, KOMMYHUKATOPBI.

I'pynna -  ynopsmouenHoe (ot 0 1o paHra Trpynmbl) MHOMXKECTBO
UJIEHTU(DUKATOPOB TPOIECCOB (T.e. mporeccoB). ['pynmbl ciykat sl yKa3zaHUS
azpecata TpHU MOCHUIKE cOOOIIeHUH (Mpolecc-aapecaT crneunuuuupyercsi CBOUM
HOMEPOM B TpYIIIE), ONPEAEsAOT HCHOJHUTENEH KOJUIEKTHMBHBIX OIEparuii.
SBnstoTCST  MOUIHBIM ~ CPEACTBOM  (YHKLIHMOHAIBHOTO  paclapajjieIuBaHus -
MO3BOJISIIOT Pa3feNuTh TPYIIY IMPOIECCOB HAa HECKOJIbKO MOATPYII, Kaxkiaas W3
KOTOPBIX  JOJDKHA BBIMOJHATH CBOIO MapajiesibHyo mpouenypy. Ilpu stom
CYIIECTBEHHO  yIpollaercs mpobiemMa  ajpecaud  IpU UCII0JIb30BaHUH
napajuieNbHBIX TPOLEIYD.

KontexcTt - 001acTe «BUIMMOCTHY» IJIS COOOIIEHUN, aHaJOTMYHOe 00JacTH
BHJIMMOCTH TIEPEMEHHBIX B ClIydae BIIO)KCHHBIX BBI30BOB mpolieayp. CooOIeHus,
MOCJIAHHBIC B HEKOTOPOM KOHTEKCTE, MOTYT OBITh HPHUHATHI TOJBKO B 3TOM K€

KOHTeKcTe. KOHTEKCTBI - Takke BaKHBIE CPEACTBA IMOJICPKKH MapaIebHBIX
TIPOIETYP.
KoMMyHUKATOpBI -  MO3BOJSIOT ~ OTPAaHUYUTH  00JAcTh  BUAUMOCTH (KHM3HH,

OTIpe/IeNICHUs1) COOOIIEHNH paMKaMH HEKOTOPOM TPYIIIBI HPOIECCOB, T.e. MOTYT
paccMaTpuBaThCs Kak Iapa - IpyIa i KOHTEKCT. Kpome Toro, OHM CiIy)kaT W s
Iele  ONTHMM3AIlMU, XpaHs  HEOOXOJMMBIC  JUISI  OTOTO JIONOJIHUTEIbHBIC
OOBEKTHI.

Nwmerorcs mpenomnpenencHHble KOMMYHUKAaTOpbl (TOYHEE,  CO3JaBaeMble  MpU
nHunranu3anuu MPI-cucremsr):

e MPI_COMM_WORD - Bce nporuecchl
e MPI_COMM_SELF - oauH Tekymui npouecc

sk sk sk st st sfe sk sk sk sk sk s sk sk skoske sk s sk sk skeostke sk sk st sk skt sk s st sk skt sk skt sk skt sk skt sk kot sk skokokokok ok

(6) Onepanuu Hax rpynnaMu (JIokanbHble, 6€3 0OMEeHa COOOLICHUSIMH).

Z[J'ISI MOAACPIKKU IIOJIb30BATCIIbCKUX CEPBCPOB HMECTCA KOJUJICKTHBHAA OICpalnsl
pa36I/IeHI/I$I rpymnmbl Ha IOATPYIIIBI IO KIIKOYAaM, KOTOPLBIC YKa3bIBACT KaXXIbIN
mpoueccC rpymiibl.

Z[J'ISI MNOAACPIKKU CBA3BIBAHUA C CCPBEpaMH, HUMCIOTCA CpPCEIACTBA IMMOCTPOCHUA
KOMMYHUKATOPA IO HCKOTOPOMY UMCHH, U3BCCTHOMY U CCPBECPY U KIIMCHTAM.

(7) ToueuHble KOMMYHUKAIIUU.
OcHoBHbIE oniepanuu - send, receive
Onepanuu MOTYT OBITh OIOKUPYIOUIUMU VI HEOJIOKUPYIOWUMU.



B onepanuu send 3agaercs:

anpec Oydepa B mamsT;

KOJIMYECTBO MOCHIJIAEMBIX 3JICMEHTOB;

THUII JAHHBIX KaXXJ0I'0 3JIEMCHTA,

HOMeEp TpoIiecca-aapecaTa B €ro IpyIiie;

TEr COOOIIECHHS;

KOMMYHUKATOP.

(mocnennue 3 mapaMmeTpa - aHaJIOTH «ITOYTOBOTO KOHBEPTA)

B onepanum receive 3amaercs:

aapec Oydepa B maMsTH;

KOJIMYECTBO MPUHUMACMBIX JJICMCHTOB;

THI JaHHBIX KaXI0TO DJIEMEHTA;

HOMeEp TpoIiecca-OTIPABUTEIS B €ro rpyIie (100 «Irb0ii»);

Ter cooOmeHus (Tu00 «IF00i»);

KOMMYHHKATOP;

crtatyc (MCTOYHUK W TEr, HEOOXOAMMBIE B TOM  Ciy4ae, KOTJa OHH
HEU3BECTHHI - IPH MX 33JIaHUH C TIOMOIIBIO ITabI0Ha «JTI00011).

[IpenycMoTpeHa KOHBEpTAIHs JaHHBIX IpU paboTe B TE€TEPOTreHHO cpeie.

Nmeercst deTbipe peXMMa KOMMYHHKAIUHA - CTAaHIAPTHBINA, Oydepu3yeMblid,
CUHXPOHHBIN U PEKUM TOTOBHOCTH.

B cranmaptHoM pexuMe MOCIeIoBaTeNbHOCTh BbIAAYU omnepauuid send u receive
MpOU3BOJIbHA, omepanus send 3aBepliaeTcs TOTNAa, KOTa COOOIICHHE U3BATO U3
MmaMsITH TIporiecca (Hampumep, MepernrucaHo B CUCTEMHBIN Oydep) U 3Ta MmaMsTh yxe
MOXKET HCIOJIb30BaThCA MpoiieccoM. [Ipu ATOM BBINOJIHEHHE OMNEpali  MOKET
OCYILIECTBIISITECS HE3aBUCHUMO OT HalIM4us receive, JuO0 TpeOOBaTh HAIUYUE
(Bompoc peanuzanmu MPI). TloaroMy omnepariysi cauTaeTcsi HeJIOKAJIbHOM.

B Oydepusyemom pexxrMe TOCIEIOBATEIbHOCTh BBIIAUW omepanuii send U receive
MPOM3BOJIbHA, ormepanus send 3aBepliaeTcsl TOTNa, KOTrjia COOOUICHHE U3BATO U3
NnaMsATH U TIOMEIICHO B Oydep, MpeiBapuTeIbHO 3aBEJACHHBIA B IMaMATH IpoIiecca.
Ecmu mecta B Oydepe HeT - omrbka mporpaMmsbl (HO €CTh BO3MOXKHOCTB OTIPE/ICIHTh
cBoit Oydep). Omeparius JIoKaabHas.

B CUHXPOHHOM PEKUME IIOCICA0BAaTCIBHOCTD BbIJa41 onepaunﬁ
IIpOM3BOJIbHA, HO OIICpalusa send 3aBCPUIACTCA TOJIBKO IIOCJIC BbIAa4YXW M Haydalla
BBIIIOJIHCHUA OIICpalu receive. I[J'IH 9TOr'0 MOChbUIAOIIAA CTOPOHA 3allpallluBaCT y
HpI/IHI/IMaIOIJ_Ieﬁ CTOPOHBI TMOATBCPIKACHUC BbIAAYU OIICpaAlUU receive. Onepaum{
HCJIOKaJIbHAasd.

B PEKUME T'OTOBHOCTU OIICpalius send MOeET OBITh BblIJJaHa TOJBKO IIOCJIC BbIJAA4YH
COOTBCTCTByIOH.ICfI oncpanuun I‘CCCiVC, HHa4eC NnporpaMma CHUTACTCA OIINOO0YHOMN U
pE3YyJIbTaT €€ pa6OTBI HC OIIPCACIICH. Onepauml HCJIOKaJIbHasd.

Bo Bcex ueThlpex pexHMax oIepalMs receive 3aBeplIaeTcs IOcie MOJydeHHUs
COOOIIeHHS B 3a/IJaHHBIH MOJIb30BaTeeM Oydep npuema.



HeGnokupyromue omnepanuu HE NPUOCTAHABIMBAIOT  IPOLIECC 10  CBOETO
3aBEpIIEHUS, a BO3BpAIAIOT CCBUIKY HAa  KOMMYHHUKALMOHHBIH  OOBEKT,
MO3BOJIAIONIUI OMPALINBATh COCTOSIHUE ONEPALIMH HITU I0KUAThCS €€ OKOHYaHUSI.

HwmeroTcs omnepanuy MpOBEPKH MOCTYMAOMIMX TIPOIECCY COOOLIEHHH, 0e3 YTeHus
ux B Oydep (Hampumep, Ui ONpPEACICHUS JIMHBI COOOIICHUs M 3ampoca 3aTeM
MaMsITH TI0J1 HETO).

Nmeercss BO3MOXKHOCTH  aBapUHO  3aBeplliaTh  BbIJAHHbIE  HEOJIOKHPYOIIKE
OIepanyy, U IMO3TOMY NPEJOCTaBICHbl BO3MOKHOCTH IIPOBEPKH, XOPOLIO JIH
3aBEPUIMIIACH ONEPALIHH.

Nwmeercs cocTaBHas omepanusi send-receive, MO3BOJISIIONIAs K30€XKaTh TPYIHOCTEH
C TIOPSIKOM BBIJAYM OTACIBHBIX Olepanuii B OOMEHHBAIOIIUXCS MEXIY CO00i
nporeccax. Jlis gacTHOro ciaydass oOMeHa JaHHBIMH OJIHOTO THIA U JJTUHBI
npejJiaraeTcsl crnenuaibHas omeparus (send-receive-replace), B KOTOpo#l Jyist
MOCHUIKHU U TIpUeMa COOOIIEHUsI UCTI0JIb3yeTCs OJIuH Oydep.

(8) KonnektBHbIE KOMMYHUKALWMW.

Jns oOecriedeHnss  KOJUIEKTUBHBIX ~ KOMMYHUKalUi BBCJICHBl  CIEAYIOIIHE
GbyHKIUH:

6aprep uist Becex uineHoB rpynisl (BARRIER);

nepeaada coodmenust BceM wieHaMm rpymmbl oT ogHoro (BROADCAST);

cOOp JaHHBIX OT Bcex wieHoB rpynmsl s oqHoro (GATHER);

pacchlIKa JaHHBIX BceM wieHaM rpymnibl oT oaHoro (SCATTER);

cOOp MaHHBIX OT Bcex wieHoB rpynmsl 11 Becex (ALLGATHER);

pacchlIKa TaHHBIX BceM wieHaMm rpymbl oT Beex (ALLTOALL);

rno0anpHBIE omepanuu (CymMMa,  MakCHMyM, W T.I.), KOTJa pe3yJabTaT
cooOm@aercss BCEM WIeHaM TpPYIIbl WIX TOJbKO oxHoMy. [lpum 3TOM
I0JIb30BATENIb MOXKET CaM OTPECIUTD III00ATBHYIO ONIEPAIUIO - (PYHKIIHIO,

CxeMa nepeMeleHUs1 TaHHBIX MeK1Yy 4 npoueccamu

Jannbie
Pr-0 | AO A0
Pr-1 BROADCAST A0
Pr-2 > A0
Pr-3 A0
Pr-O0 | AO | Al | A2 | A3 SCATTER A0
Pr-1 > Al
Pr-2 GATHER A2
Pr-3 € A3
Pr-O0 | AO | Al | A2 | A3 A0
Pr-1 | AO | Al | A2 | A3 ALLGATHER Al
Pr-2 | AO | Al | A2 | A3 € A2
Pr-3 | AO | Al | A2 | A3 A3




Pr-O | AO | Al | A2 | A3 A0 | BO | CO | DO
Pr-1 | BO| Bl | B2 | B3 ALLTOALL Al | BI | C1 | DI
Pr-2 | CO | C1 | C2 | C3 > A2 | B2 | C2 | D2
Pr-3 | DO | DI | D2 | D3 A3 | B3| C3|D3

Ha3zBanus GyHKIMI 1 TapaMeTpHI:
MPI_BARRIER(IN comm)

MPI_BCAST(IN/OUT buffer, IN cnt, IN type, IN root, IN comm)

MPI_GATHER(IN sendbuf, IN sendcnt, IN sendtype, OUT recvbuf,
IN recvent, IN recvtype, IN root, IN comm)

MPI_SCATTER(IN sendbuf, IN sendcnt, IN sendtype, OUT recvbuf,
IN recvent, IN recvtype, IN root, IN comm)

MPI_ALLGATHER(IN sendbuf, IN sendcnt, IN sendtype,
OUT recvbuf, IN recvent, IN recvtype, IN comm)

MPI_ALLTOALL(IN sendbuf, IN sendcnt, IN sendtype, OUT recvbuf,
IN recvent, IN recvtype, IN comm)

VY mnocnennux 4-X QyHKUMH €CThb BEKTOpPHBIE BapUaHTHI, MpeJHa3HAUYECHHBIE JUIs
paboThl ¢ HEPAaBHOMEPHBIM pacIpeIeIeHHEM JaHHbBIX [0 IPOLECCopaM.

PVM (Parallel Virtual Machine).

[Iupoko wm3BectHas cucreMa PVM [5] Opwia co3maHa it OObEIMHEHHS
HECKOJIbKUX CBSI3aHHBIX CEThIO paboyMX CTaHUUNA B EOUHYI0 BHUPTYaJIbHYIO
napawiensayro OBM. Cucrema mnpencraBisier co0ol  HAACTpOWKY  Han
onepauoHHOM cucremodt UNIX u wucnonb3yeTcs B HacTosillee BpeMsi Ha
pa3IUYHBIX ammapaTHBIX MIatgopmax, BkIodass u  OBM ¢ maccoBbIM
napayieIu3MOM.

3amaya MOJIB30BATENs MPEACTABISAET COOOM  MHOMXECTBO  I0J133/1a4, KOTOPHIS
JMHAMHYECKH CO3JAI0TCS HA YKa3aHHBIX MPOLIECCOpax pacrlpelesieHHON CUCTeMbl U
B3aUMOJICHCTBYIOT MEXIy cO000i myTeM TMepenaud M MpueMa cooOiieHui (a
TaKKe MOCPEJICTBOM MEXaHW3Ma CUTHAJIOB).

JlocTomHCTBA - MpocTOoTa, Hanuuue HaciaegosanHoro or OS  UNIX anmapara
IIPOLIECCOB M CHUTHAJIOB, a TAaK)K€ BO3MOXKHOCTh JMHAMMUYECKOTO J00aBJIEHUS K
IPYyIIE BHOBb CO3JJaHHBIX ITPOLECCOB.

Henocratku - HHM3Kas NMPOW3BOAUTENHHOCTh M (PYHKIMOHANbHAS OTPAaHHYEHHOCTH
(HampuMep, UMEeTCsl TOJILKO OJMH PEXHUM Tepefadu CoOOIIeHul - ¢ Oydepusarueii).

MPI-2 (1997 2.) http://www.mpi-forum.org
PassuBaer MPI B cinegyromux HanpaBJICHUSX:



e JluHaMHUYECKOE CO3/IaHHE M YHUUTOKEHUE MPOIECCOB (BAXKHO JJIsi pabOTHI B CETSIX
OBM).

e OaHOCTOpPOHHME KOMMYHMKAIIMM U CPEJICTBA CUHXPOHHU3ALMHU JUIsI OpraHu3aluu
B3aMMOJCUCTBUS MPOIIECCOB Uepe3 oOuryro namsaTh (s 3hhekTuBHOM paboThl Ha
CUCTEMaX C HEMOCPEACTBEHHBIM JOCTYIIOM IIPOLIECCOPOB K MaMSITH JPYTHX
MIPOIIECCOPOB).

e [lapamienbHble Onepanuy BBOJAA-BhIBOJA (sl 3()(HEKTUBHOTO HCIOJIB30BAHUS
CYIIECTBYIOIIMX BO3MOXHOCTEN MapajuIeIbHOTO J0CTYyla MHOTUX IPOIIECCOPOB K
Pa3IMYHbIM AUCKOBBIM YCTPOUCTBAM).

4 CuHXpoHU3alus B pacnpeaeleHHbIX CHCTeMax
OOBIYHO JEIEHTPANTN30BaHHbIE AITOPUTMBI UMEIOT CIIEIYIOIINE CBOMCTBRA:

(1) OTHOCsmasCcs k neny uHopMaIus pacupenesneHa cpeau MHoxecTBa OBM.
(2) Ilpouecchl  HpUHUMAKOT  pEIIEHHE HA OCHOBE TOJBKO JIOKAJIBHOM
nH(pOpMaLUHU.

(3) He nomxHO OBITH €IUHCTBEHHOM KPUTHYECKOM TOUKH, BBIXOJ U3 CTPOsi KOTOPOil
MIPUBOANI ObI K Kpaxy alropuTMa.

(4) He cymectByeT 0OmMX YacoB WM JPYroro HWCTOYHHKA TOYHOTO
rJ100aJIbHOTO BPEMEHHU.

[lepBpie Tpu TMyHKTa BCE TOBOPIT O HEIONMyCTUMOCTH cOopa  Bceit
uHpopMauu I OpUHATHS  pemeHuss B oaHo  Mecto. OGecrneueHue
CUHXpOHM3AIMK Oe3 UeHTpaidu3auuu  TpeOyeT  MOAXOJ0B,  OTJIMYHBIX  OT
HCMOJIb3YEMBIX B TpaguinoHHbIX OC.

[Tocnenuuii MyHKT Tak)Ke€ OUYE€Hb BAKEH - B PACHpPENIENICHHbIX CHUCTeMax JOCTHUTHYTb
corjacusi OTHOCUTEIBHO BPEMEHHU COBCEM HENpOCTO. BaXHOCTh HaIM4Ms €UHOTO
BPEMEHH MOKHO OILICHHTh Ha mpumepe rnporpammbl make B OC UNIX.

41 CuHXpOHMU3aLUA BPEeMEHM.

AnmnapatHblie yachl (CKopee TailMep - CYETYMK BPEMEHHBIX CHUTHAJIOB U PErHCTp C
HAYyaJlbHBIM 3HAUYEHHWEM CUETYMKAa) OCHOBAHbl Ha KBapIEBOM I'€HEPATOpPE U MOTYT
B pa3Hbix DBM pa3znuuaTthcs o yacToTe.

B 1978 romy Lamport mokaszan, 4YTO CHHXPOHHU3allMs BpPEMEHU BO3MOXKHA, U
MPEJIOKUI aNrOpUTM JUIsl TakoW CHUHXpoHM3anuu. [Ipm sTOoM OH yKazaj, 4To
abCoNIOTHONM  CHHXpoHM3aumMu  He  Tpebyerca. Ecmm 1Ba mpouecca He
B3aUMOJICHCTBYIOT, TO €JAMHOTO BpeMeHHM UM He TpeOyercs. Kpome Toro, B
OOJBIIMHCTBE CIy4aeB COTJIACOBAHHOE BpEMs MOXET HE MMETh HHUYEro OOIIero ¢
ACTPOHOMHYECKHM BpEMEHEM, KOTOpoe OOBsBIseTcs Mo paauo. B Takux
CIIy4astX MOXHO TOBOPHUTbH O JIOTUYECKUX YaCaX.

Z[J'ISI CHUHXPOHU3alIUU JIOTUYCCKUX UYaCOB Lamport OmpeaACINII OTHOIIICHHUEC
«Ipou30HIIO  AO». BBIpa)KeHI/IC a-->b u4urTaercs Kak «a npous3onuIio Ao b» u
03HA4YacT, YTO BCC MPOUCCCHI COTIACHBI, YTO CHa4dadJla IMPOU30LIO coOBITHE «an, a
3aTeM «b». DTO OTHOIIICHHE MOXKET B ABYX ClIydadax OBITh OYCBUIHBIM!

(1) Ecnu 06a coObITHS IPOU3OILIIN B OJJHOM IPOILECCE.



Jlo

(2) Ecimu cobObiTne «a» ectb omepanus SEND B omHOM mporiecce, a coObITHE
«b» - TIpUEM 3TOT0 COOOLICHUS JPYTHM ITPOLIECCOM.
OTHoLIIEHUE --> SIBIIETCSA TPAH3UTHUBHBIM.

Eciu nBa cOOBITHS «X» H  «y» CIYYWINCh B pa3IMYHBIX IPOLECCaX,
KOTOpbIE HE OOMEHHMBAIOTCS COOOLIEHUSIMU, TO OTHOLIEHMS X-->y U y-->X
SIBJISIFOTCSI HEBEPHBIMU, a 3TH COOBITHS Ha3bIBAIOT OJJHOBPEMEHHBIMHU.

Benem norundeckoe Bpemst C Takum o0pazom, 9to eciu a-->b, To C(a) < C(b)
AnroputMm:

(1) Yacet Ci yBenMYMBAIOT CBOE 3HAYEHHE C KaXJbIM COOBITHEM B IIpoliecce
Pi:
Ci=Ci+d (d>0, o6bryno paBHo 1)

(2) Ecnu coOwiTHE «a» €CTh MOCBUIKA COOOIIEHUsT «m» mpoiieccom Pi, Toraa B
9TO cooOIIeHne BIHUChIBaeTCsl BpeMeHHas Merka tm=Ci(a). B MomeHT
MOJIYYEHUS 3TOTO0  COOOIIeHHs TporeccoM Pj ero BpeMsi KOpPpeKTHpYyeTcs
CIIeIyIoUIUM 00pa3oMm:

Cj = max(Cj,tm+d)

[TosicHuM Ha npuMepe, Kak OCYILECTBIISETCS 3Ta KOPPEKLHUS.

0

6

12
18
24
30
36
42
48
54
60

ru4eckoe Bpems 06e3 KOppeKIuu. Jlornueckoe Bpems ¢ KOppEeKIUEH.
0 0 0 0 0
>-- 8 10 6 >-- 8 10
> | 16 20 12 > |16 20
24 | >=-- 30 18 24 | >-- 30
32 > | 40 24 32 > | 40
40 50 30 40 50
48 -< | 60 36 48 -< | 60
56 | €& 70 42 6l | € 70
-< | 64 80 48 -< | 69 80
€« 72 90 70 | € 77 90
80 100 76 85 100

Jlnia ueneii ynopsimo4eHust Bcex cOOBITUN yaoOHO MOTpeOoBaTh, 4TOOBI MX BPEMEHA
HUKOT/Ia HE COBMaJail. DTO MOXHO CJeNaTh, 100aBisig B KadecTBe APOOHOI YacTu
K BpeMEeHHU yHUKaJIbHbIH HOMep nporiecca (40.1, 40.2).

OpHako JOTUYECKUX YacOB HEJOCTATOYHO S MHOTUX MPUMEHEHHH (CHCTEMBbI
YIIPaBJICHUSI B pEaIbHOM BPEMEHH ).

Du3nYeCcKue 4ackhl.

Ilocne wuzoOpereHuss B
WNHuTtepBan

ACTPOHOMHUYUCCKHU.

17 Beke MeEXaHMYECKHMX YacoB BpEMA HU3MEPAIIOCH
OCIICA0BATCIIbHBIMU

TBYMSI

JOCTH)KEHUSIMU COJIHIIEM HauWBBICHIEW TOYKM Ha HeOe Ha3bIBAETCS COJHEYHBIM
naeM. CousHeuHast cekyHaa paBHsieTcs 1/86400(24*3600) yacTu COJHEYHOTO JTHS.
B 1940-x romax ObUIO YCTaHOBJEHO, 4YTO MEPUOJA BpallleHUs 3eMJId He
MIOCTOSTHEH - 3eMJIsI 3aMeisieT BpalleHHWe Hu3-3a TNPWIMBOB U aTMocdepsl.
l'eonoru cumraror, uro 300 MUIIMOHOB JeT Haszan B roxy Obuio 400 mHEH.
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[IpoucxoaaT U U3MEHEHUSI JUIMTEIBHOCTH JHA IO JApyruMm mnpuunHam. [loatomy
CTaji BBIYUCIIATH 3a JUIUTEIIbHBIN NEPUOJ CPEAHIOK COJTHEYHYIO CEKYHY.

C uzo0Operenuem B 1948 romy aTOMHBIX 4YacoOB MOSBHIACH BO3MOXHOCTH TOYHO
U3MEpATH BpEeMs HE3aBHCHMO OT KoJjeOaHWii coJHeYHOro JHs. B HacTosmee
Bpems 50 maboparopuii B pa3HBIX TOYKAaX 3€MJIM MMEIOT Yachl, Oa3Upyromuecs Ha
yacrote wu3iaydeHus Llesus-133. Cpennee 3HaueHHE SBISETCS MEXKYHAPOIHBIM
atoMHbIM BpemeHeM (TAI), ucumucnsgemsim c 1 urons 1958 rona.

OrcraBanne TAI 0T  COJTHEYHOTO BPEMEHU KOMIICGHCUPYETCA J00aBlIEHHUEM
CeKyHJbl TOTJa, Korja pa3Huma crtaHoBuTcs Oosbme 800  Mkcek.  OTo
ckoppektupoBaHHoe Bpems, HaspiBaeemMoe UTC (Universal Coordinated Time),
3aMeHWI0 TpexHui cranaapt (CpemHee BpeMs 1o ['pHHBHYY - aCTPOHOMHYECKOE
Bpemsi). Ilpu oObsaBienun o pob6asinenun cekyHael kK UTC  snextpuueckue
KoMMaHuu MeHstoT yactoTy ¢ 60 Hz na 61 Hz (¢ 50 nwa 51) mHa mepuojn BpeMeHU
B 60 (50) cexyna. st obecieueHust TOYHOTO BpeMeHH curHainsl WWYV nepenatorcs
kopoTkoBoJIHOBbIM mepenatunkoMm (Fort Collins, Colorado) B Hawane kaxxaoi
cexkyHasl UTC. EcTb 1 npyrue ciayx0bl BpeMEHHU.

A.]'Il"OpI/ITMI)I CHHXpPOHU3AalIUU BPCMCHHU.

JIBe mpoOineMbl - dachl HE JIOJDKHBI XOJWUTh Hazaj (HalO YCKOPSTH WU
3aMeUISITh UX JUISl IPOBEJICHUSI KOPPEKLIMN) U HEHYJIEBOE BpEeMs IPOXOKJICHHs
COOOMLIEHNsI 0 BPEMEHHM (MOYKHO MHOTOKPATHO 3aMepsTh BpeMs IPOXOXKICHUS
COOOIIEHNH ¢ TIOKa3aHUSMH 4YacoB TyJda M OOpaTHO, U OpaTh caMylo YAauHYIO
MOTBITKY — ¢ MUHUMAJIbHBIM BPEMEHEM NTPOXOXKACHUS).

4.2 BbIOOp KOOpAMHaATOpAa.

MHorue pacnpeneneHHble alrOpUTMbl TpeOyloT, YTOObI OJWH U3 MPOIECCOB
BBIMIOJIHAN (QYHKIMU KOOPAMHATOpA, HMHHUIMATOpPA WM  HEKOTOPYK  JAPYIYIO
CHelHalbHYI0 poJib. BbIOOp Takoro crenuanbHOro mpoiecca OyleM Ha3bIBaTh
BBIOOpOM KoopauHaTopa. [Ipu 3TOM OdeHb yacTo ObIBae€T HE Ba)XXHO, Kakol
MMEHHO mpouecc Oyaer BbeIOpaH. MOXHO cuuTaTh, UYTO OOBIUHO BHIOMpaeTcs
MPOILIeCC C CaMbIM OOJIBIIUM YHUKAIbHBIM HOMEPOM. MOTYT NPUMEHATHCA pa3HbIe
QITOPUTMBI, HMEIOIIKUE OJHY LIeJb - €CIH Mpolleaypa BHIOOPOB Hadajaach, TO OHA
JOJKHA 3aKOHUUTHCSA COIJIaCMeM BCEX TMPOIECCOB OTHOCUTENBHO  HOBOTO
KOOpJMHATOPA.

ANTOPUTM «3aAUPBD.

Ecnu mponecc oOHapyXHT, YTO KOOPJMHATOpP OYEHb JOJTO HE OTBEYaeT, TO
UHULMHUPYET BBIOOPHI. [Iponiecc P mpoBoIuT BEIOOPHI ClIeAyIOIUM 00pa3oM:

1) P mocsutaer cooOmenue «BbIBOPBI» Bcem mporeccam ¢ GOJbIIMMHU YEM y
HEro HOMEpaMH.

2) Ecnu HeT HM OJTHOTO OTBeTa, To P cumrtaercs mobOeaureneM U CTaHOBHUTCA
KOOPJINHATOPOM.

3) Ecnu ouH U3 MPOLECCOB ¢ OOJIBIIMM HOMEPOM OTBETHT, TO OH OepeT Ha cels

IpoBeJICHHE BBHIOOPOB. YuacTue mnpouecca P B BbIOOpax 3aKaHUUBACTCA.

B mo6oii  MOMeHT mpolecc MoOXeT mnoiydutb coobuienue «BbIBOPBI» ot

OJIHOTO M3 KOJUIET C MEHBIIUM HOMEPOM. B 3TOM cilydae OH IOCBIIAE€T OTBET
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«OK», 4T00BI COOOHINTH, YTO OH JKUB M OEpeT MpoBelAcHHE BHIOOPOB Ha ceds, a
3aTéM HauyMHaeT BBIOOpHI (€CIM K JTOMY MOMEHTY OH YK€ HUX He Bel).
CnenoBarenbHO, BCE TPOIECCHI IMPEKPATAT BBIOOPHI, KPOME OJHOTO - HOBOTO
koopauHaTopa. OH WU3BeImIaeT BCEX O CBOeW mobene U BCTYIUICHMH B
noJpkHOCTh coobmmennem «KOOPIUHATOP».

Eciu nmponecc BbIKIOUWICA U3 PabOThI, a 3aTeM 3aX0TENl BOCCTAHOBUTH CBOE
y4acTHe, TO OH IPOBOAUT BHIOOPHI (OTCIOA U HA3BaHUE aITOPUTMA).

Kpyeosou anzopumm.

AJTOPUTM OCHOBaH Ha  HCIIOJIb30BAHUU KOJIbIIa (pusmuaeckoro 17001
Jorudeckoro). Kaxaplii mporiece 3HaeT CIEAYIOMEro 3a HUM B KPYrOBOM CITHCKE.
Korma mpouecc oOHapyXuBaeT OTCYTCTBUE KOOpJMHATOpA, OH TMOCHUIAET
cienyrmomeMy 3a HuM mpoieccy coodbmenue «BbIBOPBI» co cBoum HOMepom.
Ecnu cnepyrommii mporiecc He OTBEYaeT, TO COOOIIEHHE MOCHLIAETCS IMPOIECCy,
clenyloleMy 3a HUM, W T.J., TOKa HE Haiiaercs paboTaromuii mporecc. Kaxmprit
paboTtaromuii  mporecc A00aBISET B COHCOK pabOTAONIMX  CBOM HOMEp W
nepenpasisieT  cooOmeHue nanpine 1o Kpyry. Korma mporecc oOHapyXuT B
CIIMCKE CBOM COOCTBEHHBIH HOMEp (KpYr MpOiJIeH), OH MEHseT THI COOOIIeHHs Ha
«KOOP/IMUHATOP» wm o0OHO mNpoXoauT N0 Kpyry, H3BeImas BCEX O CIHUCKE
paboTarmux U KOOpAUHATOpE (mMpoliecce C HauOONBIIMM HOMEPOM B CITHCKE).
[Tocne mpoxokaeHus Kpyra cOOOIIeHHE yIaIsSIeTCs.

4.3 B3anmMHoe ucknroyeHue.

Hwxe nmpuBoadTCs 5 pa3ivuyHbIX aIrOPUTMOB.

Ienmpanuzosannslii aizopumm.

Bce mpomecchl  3ampamuBarOT Yy KOOpJAWHATOpa paspelnieHue Ha BXOJ B
KPUTHYECKYIO CEKIIMIO M JKJIYT 3TOTO paszpemieHus. KoopaumHatop oO0CITyKHBaeT
3ampockl B MOpsiAKe ToCTyrieHus. [loayduB paspelieHre mporece BXOAUT B
KpUTHUYeCKylo cexkumio. [Ipu BeIXOZEe HM3 Hee OH coolmaer 00 dSToM
koopauHaTopy. KonmnuecTBo cooOmieHHnii Ha OJHO MPOXOKJIECHHE KPUTHUYECKON
CEKIIUH - 3.

Henocratku anroputma - OOBIYHBIE HEJOCTATKHU ILEHTPAIU30BAHHOTO AITOPUTMA
(Kpax KOOpAMHATOPA UK €T0 Meperpy3ka coOOIEHUsIMU ).

HHeuenmpaiu3oeannvlii aji2opumm_Ha_0CHOB8E 8PEMEHHbIX MEHOK.

Anroput™ HOocUT uMs Ricart-Agrawala u sBisiercs yimydlIeHHEM aIrOpUTMa,
KOTOpBIN npernoxui Lamport.

Tpebyercs riaobanpHOE yHopsAOYeHHE BCEX COOBITHH B CHCTEME IO BPEMEHH.
Bx00 6 kpumuueckyw cexyurw

Korma mporecc enaeT BOWTH B KPUTHYECKYIO CEKI[MIO, OH IOCBUIAET BCEM
npolieccaM COOOIIeHNe-3ampoc, CojepKaliee UMsi KPUTUYECKOW CEKIMH, HOMEp
npoliecca u TeKyliee Bpemsi.
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Ilociie nOCBIIKM  3ampoca IIPOLECC KACT, II0Ka BCE NagyT €My Pa3pelicHHE.
Ilocne moisiydeHHs OT BCEX pas3pelICHMsi, OH BXOAUT B KPUTUYECKYIO CEKIIUIO.
Ilogeoenue npoyecca npu npueme 3anpoca

Korpaa npouecc nosyyaer cooO1ieHne-3anpoc, B 3aBUCUMOCTH OT CBOETO COCTOSIHUS
II0 OTHOWIECHHWIO K YKa3aHHOW KPHUTHYECKOW CEKIMH OH JEHCTBYET OJHUM M3
CJIEIYIOIIHNX CITOCOOOB.

1) Ecnu  monywarenb  HE HAaXOAWUTCS BHYTPU KPUTHUECKONW CEKUUMU M HE
3anpamyBall pa3pelieHue Ha BXOJl B HEE, TO OH IIOCBUIAET OTIPABUTEIIO
coobmenne «OK».

2) Ecnu nonyvarenb HaXOAUTCA BHYTPU KPUTHUYECKOW CEKLIMU, TO OH HE OTBEYAET,
a 3alIOMHUHAET 3ampoc.

3) Ecnu nosyyarens BblJall 3alpOC Ha BXOXKJIEHHE B 3Ty CEKLHUIO, HO €lle He
BOLIEJN B HEE, TO OH CPaBHUBAET BPEMEHHbIE METKH CBOETO 3aIllpOCca U YYyXKOro.
[ToGexmaer TOT, ubs MeTKa MeHbIe. Eciu dykoii 3anpoc moOe i, To MpoIecc
noceutaer coobmenune «OK». Ecnu y dyxoro 3ampoca mMeTka Oo0JbIe, TO
OTBET HE MOCHUIAETCS, a YyXKOH 3aIpoc 3alIOMUHAETCS.

Buix00 u3 kpumuueckoii cekyuu
[locne BhIXOIa W3 cekHuM OH mockutaeT cooOuieHne «OK» BceM mpoiieccam,
3arpochl OT KOTOPBIX OH 3allOMHMJI, a 3aT€M CTUPAET BCE 3alIOMHEHHBIE 3aIPOCHI.

KomnuecTBo cooOmieHuit Ha OAHO TPOXOXKACHHE ceKuuu - 2(n-1), Tae n - Yucio
MIPOIIECCOB.

Kpome TOro, onHa KpHTHYecKas TOYKa 3aMEHWJIACh Ha N TOYEK (€CIM KaKOW-TO
mpoliece rnepecraHer (PyHKIMOHUPOBATh, TO OTCYTCTBHE Pa3peIICHUs OT HEro Bcex
OCTaHOBHUT).

I/I, HAaKOHCL, €CJIKM B LCHTPAIN30BAHHOM aJITOPUTME CCTh OIIaACHOCTH IICPErpy3Ku
KOOpAHUHATOpd, TO B ITOM aJITOPHUTME IICPCIPY3Ka JIF000TO Impouecca ImpuBeIACT K
TEM KC ITIOCIICACTBUAM.

HekoTopele yimydiieHuss aaroputMa (HampuMep, JXJIaTh pa3peliecHHs HE OT BCEX, a
OT OOJIBIIMHCTBA) TPEOYIOT HAIMYHUSA HEJCIMMBIX IMHPOKOBEINATEIBHBIX PACCHIIOK
COOOILIIECHU.

CJ'IGI[YIOH_[I/IG TpHU aJIrOpUTMa — MAPKCPHLBIC. HMx ocHOBHOE OTIMYHE OT ABYX HICPBBIX
3aKJIIOYACTCA B TOM, YTO ITPOLECCHI ITOJIYHAOT PA3pPCIICHUEC HA BXOJ B KPUTUUYCCKYHO
CCKIIMIKO TOJIBKO IIpH HAJIWYHUHK MapKEpa. B kaxaom AJITOPUTME HCIIOJIB3YCTCA CBOM
MCTOJ IMOJIYYCHHA MapKepa.

Anzopumm ¢ Kpy206bim MapKepom.

Bce mponeccsl COCTaBIAIOT JIOTMYECKOE KOJBLO, KOrJga KaKIpli 3HAeT, KTO
cienyer 3a HuUM. [lo KoJbLly LMpKYIUpYET MapKep, JAroIIMi IpaBO Ha BXOJ B
KpUTHYeCKyt0 cekuuioo. [lomyuuB Mapkep (IOCpencTBOM — cOOOIIEHHUs TOYKa-
TOYKA) TMpolecc JIMOO BXOAWUT B KPUTUUYECKYIO CEKLIUIO (€CIH OH >KJIaJl pa3perieHus)
nubo mepemnpasiseT Mapkep nanbiie. Ilocme BbIXOAAa U3 KPUTHYECKOH CEKIMH
MapKep MepenpaBiAeTcs Jalblle, MOBTOPHBIM BXOJ B CEKLHUIO IIPU TOM K€ MapKepe
HE pa3peniaeTcs.
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Anzopumm wupokoseuiamevrvliy mapkepuwvtii (Suzuki-Kasami).

Mapkep coepKur:

® ouepelib 3aMpOCOoB;
e wMaccuB LN[1...N] c Homepamu nocieIHUX yIOBICTBOPEHHBIX 3alIPOCOB.
Bx00 ¢ Kpumuueckyw cexyuio

1) Ecnu nmponecc Pk, 3ampammBaromuii KpUTHYECKYIO CEKLHIO, HE HMMEET
MapKepa, TO OH YBEJIMUYUBAET NMOPSAKOBBIM HoMep cBoux 3ampocoB RNk[k] u
MOCBIIAET HIMpOKoBemaTesbHo  coobumenue  «3AIIPOCy,  coapepxkariee
HoMmep mporiecca (k) u Homep 3ampoca (Sn = RNk[k]).

2) IIpouecc Pk BBIMOJTHSET KPUTHUYECKYIO CEKIHUIO, €CIM HMeeT (WM Korja
MIOJIYYUT) MapKep.

Ilosedenue npoyecca npu npueme 3anpoca
1) Korna mnpomecc Pj momyuut cooOmienue-3anpoc ot mpoiecca Pk, oH
ycranaBnuBaeT RNj[k]=max(RNj[k],Sn). Ecnu P} umeer cBoOOmHBIN Mapkep,
To OH ero moceuiaeT Pk Tompko B Tom ciydae, korma RNj[k]==LN[k]+1
(3ampoc He cTapbIid).

Bbix00 u3 kpumuueckoui cexyuu npouecca Pk.

1) YcranaBmuBaet LN[k] B mapkepe paBapiMm RNK[k].

2) Ins xaxmoro Pj, mms kortoporo RNK[j]=LN[j]+1, on mnobaBiser ero
UJEHTU(DUKATOP B MAPKEPHYIO OYEPE]Ib 3aIPOCOB (€CIIM TaM €ro eIie HeT).

3) Ecniu mapkepHasi ouepeab 3alpoCOB HE MYCTa, TO M3 HEE yAAIAETCS NEPBbIN
JJIEMEHT, a MapKep IMOChIJIAeTCsl COOTBETCTBYIOLIEMY IHIpolieccy (3ampoc
KOTOPOTO OBLT MEPBBIM B OUEPEH ).

Aneopumm opesosuonvii mapkepuwviii (Raymond).

Bce mponeccsl  mpencTtaBieHsl B BUAE COalaHCUPOBAHHOTO JIBOMYHOTO JiepeBa.
Kaxnplii mpoliecc uMMeeT odepeib 3alpocoB OT ceds U coceqHux mpoieccos (1-ro,
2-x unu 3-X) U yKa3aTellb B HallpaBJICHUHU BIIaJIebIia MapKepa.

Bxo0 6 Kpumu4ecKyri CeKyur

Ecau ects Mapkep, To nporuecc BoinoiaHseT KC.

Ecnu veT mapkepa, To mporecc:

1) momeraer cBOM 3ampoc B O4epeib 3alpoCcoOB

2) noceutaet coodmenue «3AITPOC) B HampaBiIeHHH BIIaJieNblla MapKepa U JKJIET
COOOIICHUH.

Ilosedenue npoyecca npu npueme cooduieHuil

[Ipouecc, He Haxonsmumiics BHyTpu KC momkeH pearpoBaTh Ha COOOIIEHHS JBYX
BUO0B -«MAPKEP» n «3AITPOC».

A) Tlpumo coobmenne «MAPKEP»

M1. B3ste 1-blif 3an1poc U3 OUYepeau M MOCIATh MapKep €ro aBTopy (KOHLUENTYalIbHO,
BO3MOXHO cebe);

M2. ITomeHsTh 3HAaUEHHE YKa3aTellsd B CTOPOHY MapKepa;

M3. UcknounTh 3ampoc U3 04epeny;
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M4. Eciiu B odepeau OCTaMCh 3ampochl, TO nociath cooluienue «3AIIPOC) B
CTOpPOHY Mapkepa.

b) Ilpumuio coodbuienne «3AITPOCH.
1. ITomectuts 3ampoc B ouepenn

2. Ecimn mer mapkepa, To mocnark coodmenue «3AITPOC» B cTOpOHY Mapkepa,
nHaye (eciM ecTh MapKep) - MepeiTH Ha MyHKT M 1.

Boix00 u3 kpumuueckoi cekyuu
Ecnu ouepenp 3ampocoB IycTa, TO MPHU BBIXOJE HUYETO HE JeNIaeTcsi, UHaye -
IIEpENTH K MyHKTY M 1.

H3zmepenue npouzeooumenvnocmu.
BBenewm cienyroniye Tpu METPUKH.
1) MS/CS - xonudvecTBO omeparuii mpuema CcooOIIeHui, Tpedyemoe  Jyist
OJTHOTO TIPOXOKACHUS KPUTUUECKON CEKITHH.

2) TR - Bpems oTBeTa, BpeMs OT NOSBICHHS 3ampoca [0 IOJYyYEHUs pa3perleHus
Ha BXOJ.

3) SD - CcuUHXpOHM3AIMOHHAS 3aJIepkKKa, BpPEeMs OT BbIXOJA W3 KPUTUUYECKOU
CEeKIIMU OJIHOTO Ipoliecca A0 BX0/1a B Hee CIEAYIOIIEero mpoiecca (apyroro!).

[Ipu ouieHKe MPOU3BOAUTENLHOCTH UHTEPECHBI ABE CUTYALIUHU:

e Huskas 3arpy3ka (LL), mpu KOTOpo# BEpOSTHOCTH 3alpoca BXOJa B 3aHATYIO
KPUTHYECKYIO CEKI[IO OUYEHb MaJa;
e Bbicokas 3arpy3ka (HL), mnpu koTopoil Bcerga ecTh 3ampochl Ha BXOJl B
3aHSTYIO CEKIIHIO.
JlJig HEKOTOPBIX METPUK HMHTEPECHO OIICHUTh HAWIydlllee U HauXy/lllee 3HAaueHHE
(koTOpble  4acTO JOCTUTAlOTCS IPU  HUBKOM WM  BBICOKOM  3arpyske).

CpaBHeHUE aNrOpUTMOB.

[Ipn omeHke BpeMEH UCXOAMM W3 KOMMYHHMKAIIMOHHOW Cpe/bl, B KOTOpPOil Bpems
onnoro coobuienus (T) paBHO BpeMeHHU MIMPOKOBEUIATEILHOTO COOOIIECHUS .

Hazeanue anzopumma TR SD MS/CS MS/CS
(LL) (HL)
HeHTpalM30BaHHBIM 2T 2T 3 3

Kpyroeoy MapKepHEM

IpeBOBUIOHEIM MapKEepPHBIN

IelleHTpallM30BaHHBM C NT T 2 (N-1) 2 (N-1)
BpEeEMEHHEIMM MEeTKaMM

[IMpoKOBEWATEJILHEN MAapPKEPHEM
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Bce anroputmbl He yCTOMYMBBEI K KpaxaMm IPOLECCOB (IELIEHTPAIN30BaHHBIE JaKe
0ojiee YyBCTBHTENBbHBI K HUM, 4YeM LEHTpaIM30BaHHBINA). OHM B TakOM BHUIE HE
TOJATCS AJI OTKA30yCTONYMBBIX CHCTEM.

44 KoopauHauusa npoueccoB

1) CooOmienust TOYKa-TO4Ka (€CIM U3BECTHO, KTO MOTPEOUTEIND).
2) Ecnu HensBecTHO, KTO MOTPEOUTENH, TO:

® COOOIIECHUS MUPOKOBEIIATEIILHBIE,
® COOOIICHUS B OTBET Ha 3aIpPOC.

3) Ecnu Hen3BecTHO, KTO MOTPEOIISET U KTO MPOU3BOIUT, TO:

e COOOUIEHHUS U 3aIIPOCHI YepPe3 KOOPAUHATOPA:
® IIMPOKOBEIIATEIbHBIN 3aIpOC.



Jlexkuus 7

S PacnpenesieHHble GpaijioBblie CHCTEMbI
JIBe riiaBHbIE LEIH.

Cemeeas npospaunocme.

Camas BakHasl LIeJb - 00ECIIEYUTh TE€ K€ CaMble BO3MOXKHOCTH JOCTyNa K (aiimam,
pacmpezneneHHbIM 1o cetd OBM, KoTopble 00eCIEeYNBAIOTCS B CHCTEMAX pa3AeiIeHUs
BpEMEHH Ha LIEHTpaJIn30BaHHbIX DBM.

Buvicokas oocmynnocme.

Jlpyras BakHas 1eJib - 0OecreyeHre BBICOKOW AOCTYMHOCTH. OMIMOKH CUCTEM WU
OCYILIECTBJICHUE OIEepalii KOMUPOBAaHUS U COMPOBOKICHUS HE JOJKHBI IPUBOIUTH
K HEJIOCTYITHOCTH (ailyioB.

[Tonsarue ¢aitnoBoro cepBuca u (aityioBoro cepsepa.

Datinoswvili cepsuc - 3TO TO, 4YTO (pailyioBasi cUCTEMa MPETOCTABISET CBOUM
KIIMEHTaM, T.€. uHTep(deiic ¢ PailioBoit cucTemoii.

Daiinoswiii cepsep - ITO Mpoliecc, KOTOPBIM peanusyeT ¢ailioBbIil cepBuUC.

[Tonb3oBaTenb HE JTOJKEH 3HATh, CKOJIBKO (haiIOBBIX CEPBEPOB MMEETCSA U II€ OHU
PacIioNoKEHBbI.

Tak, kak ¢alIoBBI cepBep OOBIYHO SBIACTCS OOBIYHBIM IOJIB30BATECIIBCKUM
MpoIeccoM, TO B CHCTEME MOTYT OBITh pa3iuyHble (aliJioBbIE CEpBEPHI,
npeAoCcTaBIsionIue pa3audabiid cepBuc (Hanpumep, UNIX daiin cepsuc u MS-DOS
(haiin cepBuc).

5.1 ApxXuTeKTypa pacnpenejeHHbIX GaiI0BbIX CHCTEM

Pactipenenennas  ¢aitioBas cucrema OOBIYHO UMEET JBa  CYIIECTBEHHO
OTJIMYAIOIIMUXCSI KOMIIOHEHTAa - HEMOCPEICTBEHHO (ailloBbIil cepBep U cepBep
JTUPEKTOPHUIA.

5.1.1 HuTrepdeiic paiiioBoro cepsepa

s nro6oit daitioBoit cucTeMbl MepBbIi (yHAaMEHTAIbHBIA BOIPOC - uYmo
maxoe ¢atin. Bo mHorux cucremax, Takux kak UNIX u MS-DOS, ¢aiin - nHe
HMHTEpIpEeTUpyeMasi IOCIEA0BaTEIbHOCTh 0alToB. Ha MHOTUX
LEeHTpanu30BaHHbIX OBM (IBM/370) Gaiin MpEeACTABISAETCS KaK
MOCJIEIOBATENILHOCTD 3aIlliCel, KOTOPYIO MOKHO CHEU(UIIUPOBATh €€ HOMEPOM HITU
COJIEPKUMBIM HEKOTOPOTO oJst (xmrouom). Tak, kak OOJBIIMHCTBO
pacripesielIeHHbIX cUCTeM 0a3upyroTcst Ha ucnonb3oBanuu cpeasl UNIX u MS-DOS,
TO OHH HCTIOJIB3YIOT MEPBbI BapUaHT MOHATHS (aiina.

@aiin MoxxeT uMerb ampubymer (MHMopMamus o dailne, He SABIAIOMIAACA €ro
4acThi0). TUNMUHBIE aTpUOYTHI - BIIajIENEL, pa3Mep, JaTa Co3/1aHus U IpaBa JOCTyNa.

Baxxublil acniekT ¢ailioBoil MoJenu - MOryT Ju Qaiiasl mMoouduyuposamscs nocie
co3nanus. OOBIYHO MOTYT, HO €CTh CHCTEMBI ¢ HeM3MeHseMbIMH (aitnamu. Takue
¢aiinel 0cBOOOXKIAIOT pa3pabOTYMKOB OT MHOTHX MpPOOJIEM NMPH KIUIMPOBAHUU U
Pa3sMHOKEHHH.



3awuma obecrieynBaeTcss TEMH XK€ MEXaHM3MaMM, YTO U B OJHOIPOLECCOPHBIX
OBM - MaHjatamMu M CIOUCKaMU MpaB JOCTyma. MaHjat - CBOEro pojaa Ouier,
BBIJIaHHBIN TOJIB30BATENIO ISl KAXKAOTO (aiia ¢ ykazanueMm mpaB poctyna. Cucok
MpaB JIOCTyMa 3aJaeT s Kaxaoro ¢ailiia CIMCOK IMOJIb30BaTeNell ¢ MX IpaBaMH.
IIpocrenmas cxema ¢ npaBamu pocryna - UNIX cxema, B KOTOpO# pasiv4aroT TpH
THMa JocTyna (YTEHWE, 3aluch, BBIINOJHEHUE), W TPU THUMA IOJb30BaTENEH
(Bnazenel, WiEHbl €ro rPynibl, U IPOYHE).

@aiinoBBIii CepBUC MOXKET 0a3MpoBaThCS HA OMHOM M3 JABYX MOJENEH - MOAETH
3aepy3Ku/pasepy3ku M MOJEIU yoanenno2zo oocmyna. B mepBom ciydae aiin
nepeaeTcsl MeX1y KIMEHTOM (IaMSThIO MM JUCKaMHU) U CEPBEPOM ILIETUKOM, a BO
BTOpPOM (pailyl cepBUC oOecrieunBaeT MHOKECTBO omepanuil (OTKpBITHE, 3aKpHITHE,
YTEHME U 3alKCh YacTH (haiiia, CABUT yKa3aTellsd, IPOBEPKY U U3MEHEHHUE aTpHUOyTOB,
u T.1.). [lepBbIil moaxon Tpedyer 0osbIIOTO 0ObeMa MaMATH y KIMEHTa, 3aTpaT Ha
nepeMelleHne HeHYXHbIX yacted ¢aitna. [Ipu BropoM monxozae ¢aitioBas cucrema
(YHKIIMOHUPYET Ha cepBepe, KIMEHT MOXKET He UMETh JUCKOB M OO0JBIIOro 0ObeMa
MaMsTH.

5.1.2 Hurepdeiic cepBepa qupekTopHii.
OObecrnieunBaeT OMeEpalMi CO3MAHHUS M YAAJICHUS JTUPEKTOPH, HMMEHOBAaHUS U
nepeuMeHoBaHus (anaoB, mepemernieHue GanaoB U3 OJJHON TUPEKTOPHUH B APYTYIO.

Onpenenser andaBuUT U CUHTaKcUC UMeH. J{ns cnenudukanuu muna nabopMaluy B
(haiine ucnob3yeTcs 4acTh UMEHH (pacuiupeHue) 0o SBHBIA aTpuOyT.

Bce pacnpeneneHHble CHCTEMBI MO3BOJISIOT TUPEKTOPUIM COJZIepKaTh
NOJAUPEKTOpUU - Takas (haiijioBas cHCTeMa Ha3bIBACTCA UEPAPXUUECKOU.
HekoTopble cuctemMbl TO3BOJSIOT CO3[aBaTh yKa3aTelud WM  CCBHUIKM Ha
MPOU3BOJIbHBIE AUPEKTOPHUH, KOTOPbIE MOKHO MOMelaTh B Aupekroputo. [Ipu strom
MOXHO CTPOUTH HE TOJIBKO JEpEeBbs, HO U MPOU3BOJbHBIE rpadsl. PasHuma mexmy
HUMH OYEHb Ba)KHA Ui paclpeiesieHHBIX CHCTEM, IOCKOJIbKY B ciilydae rpada
yIaJI€HUE CBSA3M MOXET MPHUBECTH K TOSIBICHUIO HEJOCTHXKUMBIX MOJIEPEBHEB,
oOHapyXHBaTh KOTOPBIE B PACIPEICIIEHHBIX CUCTEMAX OYEHb TPYIHO.

KirodeBoe pemieHre Mpu KOHCTPYUPOBAHUH pacIpeesieHHONW (aijioBOW CHCTEMBI -
JOJDKHBI WJIM HE JTOJKHBI MallWHBI (MJIM MPOLIECCh) OJJMHAKOBO BHIIETh MUEPAPXHIO
IUpeKTopuii. TECHO CBsA3aHO € ATHM pEHICHUEM HAJIWYHE CIUHOW KOPHEBOU
JTUPEKTOPUH (MOXHO MMETh TAKYHO JTUPEKTOPHUIO C TIOUIUPEKTOPHIMHU JUIs KaXJI0TO
cepBepa).

Hpo3palmocm b UMEHO6AHUA.

JIBe GoOpMBI  TPO3PaYHOCTH  WMEHOBAHHS pA3IMYalOT - MPO3PaYHOCTH
pacnionoxenus (/server/d1/fl) um mpo3payHOCTh MHTrpauuu (Korja H3MEHEHHe
pacnonoxkenus Qaiina He TpeOyeT U3MEHEHHsI UMEHH).

HmMmeroTcs TpH MMOAXO0Ja K HUMCHOBAHHIO:

e MaIlllWHa + IyTh;

® MOHTHUPOBAaHHME YNAJIECHHBIX (alIOBBIX CHUCTEM B JIOKAIbHYIO HEPAPXUIO
¢aiinos;

® CIMHCTBEHHOE IIPOCTPAHCTBO HMMEH, KOTOPOE BBIIVIIIUT OJWHAKOBO Ha BCEX
MalllWHaXx.



[Mocnennuit moaxon HEoOXOAMM JUISL JOCTIDKEHHUS TOTO, 4YTOOBI pacmpeieseHHas
CUCTEMA BBITVIAZCIIA KAK €AUHBIM KOMIIBIOTED.

/{ByXypoBHeBO€e HMEHOBAHME.

BoNBIIMHCTBO cHCTEM WCHONB3YIOT Ty WIM HUHYIO (OpMy JIBYXypOBHEBOTO
uMeHoBaHus. Daitnel (M apyrue OOBEKTHI) MMEIOT CHUMBOJMYECKAE HMEHA IS
II0JIb30BATENIEH, HO MOTYT TAaKXE€ HMETh BHYTPEHHUE JBOWYHBIE HMMEHA JJIA
WCTIONB30BaHMsI caMoil  cucteMoil. Hampumep, B omepanuu OTKPBITH (haiin
II0JIb30BATENb 3aJa€T CUMBOJIMYECKOE HMMs, @ B OTBET IIOJY4YaeT ABOUYHOE MM,
KOTOPOE U UCHOJIb3YET BO BCEX JIPYTHX ONEpaIusax ¢ JAHHBIM (ailioM.

CriocoOs1 popMHUpPOBAHUS ABOUYHBIX UMEH PA3IUYAIOTCS B PA3HBIX CUCTEMAaX:

® UM MOXXET yKa3bIBaTh Ha cepBep U (aii;

e B KauecTBE  JBOMYHBIX HMEH IpPU NPOCMOTPE CUMBOJBHBIX HMMEH
BO3BpPALLIAIOTCS MaHJAThl, COJEpJKallkie MOMHMO TpaB JOCTyma Juoo
(dbu3uYecKkuii HOMEp MaIIMHBI C CEpBEpPOM, JHOO CETEBOW aapec cepBepa, a
Takke HoMmep (paiina.

B oTBer Ha CHUMBOJIbBHOE UMsI HEKOTOPbHIE CHCTEMBbI MOTYT BO3BpPAaIllaTh HECKOJBKO
JBOMYHBIX UMeH (as (aiina u ero myOineii), 4TO MO3BOJISIET MOBBICUTH HAJAEKHOCTD
paboTsl ¢ aitaoMm.

5.1.3 CemanTuka pa3aenenus (aiijion.

UNIX-cemanmuka.

EcrectBeHHas cemaHTHKa onHomnpoiieccopHoit OBM - ecnm 3a omepauueit 3amucu
ClIeIyeT YTEHHWE, TO PEe3yJbTaT ONPEACNSIeTCs TOCIeIHEH W3 TPEIIIECTBYIOMINX
omnepanuii 3anucu. B pacrnpeneneHHod CHUCTEME TaKOWl CEMAaHTHKH JIOCTHYb JIETKO
TOJBKO B TOM CJIydae, KOTJa MMeeTCs OJuH (ali-cepBep, a KIMEHThl HE HMMEIOT
med. [lpy Hanumumm KdmIeW cemaHTHMKa Hapymaercs. Hago nambo cpa3y Bce
M3MEHEHUs B KJIIaX OTpakaTh B (aiiax, JUOO MEHITh CEMaHTHKY pa3/eiCHHS
(aiinos.

Eme onna mpoGrnema - TpyIHO COXpaHUTh CEMaHTUKY OOIIero ykaszarenis ¢aiina (B
UNIX oHn oOmwuii uig oTKphIBIIETO (aiil mporecca U ero JOYEpPHUX IMPOIIECCOB) -
JUIS TIPOLIeCCOB Ha pasHbIXx DBM TpynHO UMETh OOIIMIA yKa3aTeb.

Heuszmensemvle haiinel - 0O4YCHb PAAMKAIBHBIN TMOIXOJ K U3MEHEHUIO CEMaHTHKU
paznenenus (Hanios.

Tonpko ABe omepauuu - co374aTh W YMTaTh. MOXHO 3aMEHUTh HOBBIM (haitiom
CTapblif - T.e. MOXHO MEHATh aupekropuu. Ecnm omun mporecc uurtaer ¢aitn, a
Jpyroi ero MmojMEHsSIeT, TO MOKHO I03BOJHTH MEPBOMY Hpoleccy A0padoTaTh €O
cTapbIM (ailioMm, B TO BpeMs Kak Jpyrue MpoLecchl MOTYT YK€ padoTaTh ¢ HOBBIM.

Cemanmuka ceccuil.

V3MeHeHHst OTKpBITOrO (aiia BHUIHBI TOJBKO TOMY IpolLeccy (WM MalluHe),
KOTOPBINA MPOU3BOJUT 3T M3MEHEHHs, a JUIIb MOCJIe 3aKphITUs (haiiina cTaHOBITCA
BHUJIHBI JPYTUM Ipoleccam (Miad MamuHam). YTo NMpoMCXOIUT, €CIM JBa Ipoliecca
OJTHOBPEMEHHO paboTanu ¢ OAHUM (QaioM - a0 pe3ynpTaT OyldeT OnmpeneisThCs



MPOIIECCOM, MOCIESIHUM 3aKpBIBIIMM (Daii, MO0 MOKHO TOJBKO YTBEPXKIATh, YTO
OJIVH U3 JIBYX BapUaHTOB (haiiia CTaHET TeKYIIHM.

Tpanzaxyuu.

[Tpomecc Beimaer omepamuo «HAYAJIO TPAH3AKIWW», coolmas TeM cambIM,
YTO MOCJIEAYIOIINE OINEpalUy JOJIKHBI BBINOJHATHCA 0€3 BMEIIATENIbCTBA APYrHX
MPOIECCOB. 3aTeéM  BBIJACT  IOCJIENOBATEIBLHOCTh  UYTEHWH W 3aIlMCeH,
3akaHunBawomyocs: onepauuein «KOHEL] TPAH3AKLMM». Ecau Heckonbko
TpaH3aKLUMUKA CTapTylOT B OJHO U TO XK€ BpeMs, TO CUCTEMa TapaHTUPYET, YTO
pesynbrar OyAeT TakuM, KakuM Obl OH OBUT B Ciy4yae IOCJIEIOBATEIHLHOTO
BBINIOJIHEHUSI TpaH3akUuil (B HeompeneneHHOM mnopsake). Ilpumep - OaHkoBckue
orepanuu.

5.2  Peanuzauyus pacnpeoeyeHHbIX (ailnoeblx cucmem.

Belmie ObU1M paccMOTpPEHBI aCHEKThl paclpeeNeHHbIX (PaliIoBBIX CHCTEM, KOTOPbIE
BHJIHBI ITOJIb30BaTEN0. Hibke paccMaTpuBarOTCS peain3allMOHHBIE aCIIEKTHI.

5.2.1 Hcnoab3oBanue (aiiios.
[Ipucrymasi k peanu3alM OYEHb Ba)XXHO IIOHMMAaTh, KakK cHcTeMa Oyaer
ucnoJsib3oBatbes. [lpuBenem pE3yAbTATHI HEKOTOPBIX HCCIIEIOBAaHU I

UCIoJIb30BaHus (ailioB (CTaTUUECKUX M JTUHAMHYECKHX) B yHHMBepcuTeTax. OueHb
BAKHO OLICHUBATh MIPEACTABUTEIBHOCTD UCCIENYEMBIX JAHHBIX.

a) OompmMHCTBO (aitioB umeroT pasmep wMenee 10K. (Crnemyer mepekaumBaTh
LIETTUKOM ).

b) ureHue BcTpeuaeTcs ropasao yainie 3anucu. (Ksmuposanue).
C) YTEHHE M 3aIUCh TOCIIEI0BATEIbHBI, POU3BOJIBHBINA AOCTYI PEIOK.

(Ynpexnaroiee K3IIUPOBAHUE, YTEHUE C 3aMacoM, BBITAJIKMBAaHUE IOCIE 3aMUCH
clieryeT rpyInIupoBaTh).

d) 6onpmMHCTBO (ailyioB uME0T KopoTkoe Bpems xu3HH. (Co3maBaTh (ailnm B
KIIMCHTE M JIEPXKATh €ro TaM JI0 YHUUYTOXKCHHUS).

e) Maio (aiaoB pa3nenstoTcs (KIIUPOBAHKUE B KIIMEHTE U CEMAHTHUKA CECCUit).
f) cymecTByIOT pa3iuyHbie KIacchl (JailIoB C pa3HBIMU CBOICTBaAMHU.

(CJ'IGI[yeT HUMCTb B CUCTEMC PA3HbIC MCXAHU3MBbI JJIA PA3HBIX KJ'IaCCOB).

5.2.2 CrpyKTypa cucTreMsl.

Ectb mu paznuya mesncoy xnuenmamu u cepsepamu? VIMEIOTCS CUCTEMBI, TJ€ BCe
Mall¥Hbl UMET 0AHO U TO ke IIO m mobas MammHa MOKET HpPEeIOCTaBIAThH
¢aitnoBeiii cepuc. EcThb cucTeMBl, B KOTOPBIX CEpBEpHI SBISAIOTCS OOBIYHBIMHU
M10JIb30BATEILCKUMU MPOLIECCAMU M MOTYT ObITh CKOH(QUIYpUPOBAHbI JJIs1 pabOTHI HA
OJIHOM MalllMHE C KJIMEHTAMM WIX Ha pa3HbIX. ECTb CUCTEMBI, B KOTOPBIX KIIMEHTHI U
cepBepbl SABIAIOTCS (YHAAMEHTAIbHO pa3HbBIMM MAIIMHAMU C TOYKH 3PEHUS
anmapatyps! win I10 (TpelytoT paznnunbix OC, Hanpumep).

Bmopoii 6éonpoc - nomxHBI TU ObITH (DAlIOBBIM cepBep U cepBep IUPEKTOPHUI
OTIENBHBIMU CepBepaMu WM ObITh OObEJMHEHHBIMU B OJIUH cepBep. Pasznenenue
M03BOJIIET UMETh pasHble cepBepbl aupektopuin (UNIX, MS-DOS) u oaun



¢ainoBeiii  cepep. OOBeAMHEHHWE TIO3BOJSIET COKPATHTh KOMMYHHKAI[MOHHBIE
U3JICPHKKH.

B cnydae pasneneHus cepBepoB U NMPU HAIUYUHU PA3HBIX CEPBEPOB JAUPEKTOPUN ISt
pa3NUYHBIX TOAJEPEBHEB BO3HMKACT ciedyromas npobdirema. Ecmum mepsbrid
BBI3BaHHBIA cepBep OyAeT MoouYepeqHO oOpamarbes KO BCEM  CICAYIOIIUM, TO
BO3HMKAIOT OOJIbIINE KOMMYHUKAllMOHHBIE pacxoibl. Eciu ke mnepBblii cepBep
Hepez[aeT OCTAaTOK MMCHHU BTOpOMy, a TOT TpeTI)eMy, u T.4., TO 3TO HEC IIO3BOJIACT
ucrons3oBath RPC.

Bo3MOXHBII BBIXOJ - UCMOJIB30BaHUE KdIIa TOACKa30K. OJTHAKO B ATOM cllydae Mpu
MOJTYYCHUH OT CepBepa TUPEKTOPHI YCTAPEBIIETO TBOUYHOTO UMEHHU KIMEHT JOJDKEH
OBITh TOTOB TOJIYYUTH OTKa3 OT (halIOBOTO CEpBEpa M MOBTOPHO OOpamiaThCs K
cepBepy AUPEKTOPHM (KIMEHT MOKET He ObITh KOHEUHBIM MOJIb30BaTenem!).

Ilocneonuti eadicHvlll 6onpoc - JOJKHBI JIM CEpBEPBbl XPaHUTh HH(OpMAIHIo o
KIIMEHTaX.

Cepeepul ¢ cocmoanuem. JJoCTOMHCTBA.
a) Kopoue coobiienus (ABOMYHbIE IMEHA UCIIOJIBb3YIOT TAOIUILy OTKPBITHIX (ailyioB).

b) Beime 3hdexkTuBHOCTD (MHGOPMALIKA 00 OTKPBITHIX (hailax MOMXKET XPaHUTHCA B
OTIEpaTUBHOM MaMSTH).

¢) O1moku MHPOPMAIIMK MOTYT YATATHCS C YIPEKICHUEM.

d) yoenmuTbcss B JOCTOBEPHOCTH 3arpoca Jierde, €Clid €CThb COCTOsIHHE (HampuMmep,
XpaHHUTh HOMEP TOCIIETHETO 3a1Ipoca).

€) BO3MOYKHA omeparius 3axsara (aiina.

Cepeepul 0e3 cocmoanus. JlocTONHCTBA.

a) YCTOHYMBOCTB K OLIMOKAM.

b) ne tpedyerca oneparmiit OTKPBITL/3AKPLITD.
C) He TpeOyercs maMsaTh Ui TaOJIuUIL.

d) Her orpaHuYeHHMI Ha YMCIIO OTKPHITHIX (hAKIIOB.
€) HeT npobieM IpU Kpaxe KIHEHTA.

5.2.3 KsmmpoBanue.
B cucreme kimeHT-cepBep C MaMSIThIO U JUCKAMU €CTh YEThIPE MOTEHIMAIbHBIX
MecTa JIJ1s XpaHeHus (PaiiyioB WK UX YacTei.

Bo-nepBbIX, XpaHeHHE ¢aiinoB Ha aMckax cepBepa. Her mnpoOiembl
KOHCHCTEHTHOCTH, TaK Kak TOJIbKO OJHa Komus ¢aitna cymecrtByer. [naBHas
npobnema - 3¢pPeKTUBHOCTh, MOCKOJBKY sl 0OMeHa ¢ (aiiiioM TpeOyeTcs nepenaya
uHpopMaIK B 00€ CTOPOHBI U OOMEH C TUCKOM.

BO—BTOpLIX, KOIIMPOBAHUEC B MaMATH Ce€pBEpa. I[Be HpO6J'IeMLI - IOMCIIAaTh B KOIII
q)aﬁJ'ILI OCIIUKOM HJIU OJIoOKHU AUCKA, U KaK OCYIICCTBJIATH BBITAJIKUBAHUC U3 KIIIIA.

KOMMYHI/IKE[I_[I/IOHHBIQ HU3JICPIKKU OCTArOTCH.

N36aBHUTHCS OT KOMMYHI/IKaI_II/Iﬁ MO3BOJICT KIIIUPOBAHNUEC B MAIIIMHC KIIMCHTA.



B TPETbUX, KOIIIHUPOBAHNEC HA NUCKE KJIMEHTA. OHO MOXET HE AaTb MPCUMYIICCTB
Nnepea KoIMPOBAHUEM B IMAMATHU CCPBEPA, a CJIOKHOCTH NOBBIIIACTCA 3HAUYUTCIIBHO.

[loaToMy paccmoTpuM  noapoOHee 4eTBEpPTHI  BapHaHT -  OPraHU3aLUIo
K3LIMPOBAaHUS B MaMATH KJaMeHTa. [Ipu 3ToM umeeTcs TpH pa3IndHbIX criocooa:

a) K3IIMPOBaHHUE B KaX1I0M mporecce. (Xopomio, eciu ¢ GpaiaoM akTUBHO paboTaer
OJIMH TIPOLIECC - MHOTOKPATHO OTKPBIBACT M 3aKpbIBaeT (hailyl, YNTaeT W MHUIIET,
HaIpuMep B cilydae mpouecca 0a3sl JaHHBIX).

b) kamuposanwue B spe. (Hakmaaapie pacxosl Ha oOpaleHue K sapy).

C) K3II-MEHEKEP B BUJE OTACIBHOrO mpoiiecca. (Aapo ocBoOoxmaeTcst oT GyHKIIHI
(aitnoBol cHUCTEMbI, HO Ha MOJb30BATEIBCKOM YPOBHE TPYIHO 3(PPEKTHUBHO
WCTIONB30BaTh MaMsTh, OCOOEHHO B Cilydae BUPTYaIbHOH mHaMsTH. Bo3MoxkHa
(bukcarus cTpaHull, 4To0bI N30€kKaTh 0OMEHOB C JUCKOM).

OneHuTs BBIOOpP TOrO WM HMHOTO CHoco0a MOXHO TOJIBKO IpPH YdeTe Xapakrepa
MIPUJIOKEHUHN U TAaHHBIX O OBICTPOJICHCTBUYU POLIECCOPOB, AMATEH, TUCKOB U CETH.

KoHcHCTEeHTHOCTH KD1IEeH.

KammpoBanue B KIMEHTE CO3Ja€T CEPbE3HYIO MPOOIEMY - CIOKHOCTH MOJIEPKAHUS
K3IIe B COIIACOBAHHOM COCTOSIHUU.

AﬂzopumM CO CKBO3HOIL 3ANUCHIO.

OTOT alNropuT™M, MpU KOTOPOM MOIUUIUpYyeMble NaHHbIE MUIIYTCS B KAII U CPaszy
e TIOCBUIAIOTCS  CEepBeEpY, He sBIseTcs peuieHueM mnpobnemsl. [lpu ero
KCMOJIb30BaHUM B MYJBTHIPOIIECCOPAX BCE KAIIM “MOJCTYIIMBAIM WIMHY, 4epe3
KOTOPYIO TaM OCYIIECTBIIAIOTCA BCE ‘“CKBO3HBIE” 3allUCH B MaMsiTh, M Cpa3zy ke
OOHOBJISUIM HaxoJflIMecss B HUX JaHHble. B pacmnpeneneHHO cucteMe Takoe
“mojiciylMBaHre” HEBO3MOXKHO, a TpeOyeTcs mepel] UCHOJIb30BaHHEM JAaHHBIX W3
Kolla TpPOBEpsATh, HE YycTapena ju uHpopMmanus B kdme. Kpome Toro, 3amuchk
BBI3BIBAET KOMMYHUKAIIUOHHBIE PACXO/bI.

Anzopumm ¢ omaoxcenHoll 3anucsto. Uepes perynsipHbIe POMEKYTKA BPEMEHU
BCe MOJU(PHUIIMPOBAHHBIE OJOKM MUIIYyTCS B (aia (Tak Ha TpaauIHOHHBIX DBM
padoraer OC UNIX). DOddexkTuBHOCTh BBIIE, HO CEMAHTHKAa HEMOHITHA
M0JIb30BATEITIO.

Anzopumm 3anucu 6 ¢haiin npu 3aKkpeimuu gaiina. Peanuzyer CEMaHTUKY CECCHIl.
Takoli anropuT™m, Ha NEPBBIM B3IV, KaXXETCS OYEHb HEYJAYHbIM Ul CUTYalUW,
KOrJIa HECKOJNBKO IMPOILIECCOB  OJAHOBPEMEHHO OTKpbUIM OJMH  dailn  u
MoauduuupoBain ero. OaHako, aHAJIOTMYHAs KapTHHA MPOUCXOJUT M Ha
TpanuimoHHoit DBM, korga nBa mporecca Ha oaHoi OBM oTkpbiBaroT (haiin,
YUTAIOT €0, MOIUGUIIUPYIOT B CBOEH MaMsITH U MUIITYT Ha3aj B ¢aii.

Anzopumm yenmpanuzo6annozo ynpaenenus. MOXHO BBIICPKATL CEMAHTUKY
UNIX, HO He 3P (PeKTUBHO, HEHAAEKHO, U IIIOXO MACIITaOUpyeTcs.

5.2.4 Pa3mmnoorcenue.
Cucrema MOXKET MPEAOCTABISTh TAaKOW CEPBHUC, KaK IMOJIEP>KaHUE IS YKa3aHHBIX
(haitioB HECKOTBKUX KOTHI Ha Pa3IMYHBIX cepBepax. | maBHbIC 1emH:

1) IToBBICUTH HAJIEKHOCTbD.



2) IloBbICUTH NOCTYHHOCTH (Kpax OJHOI'O CEpBEpPA HE BHI3BIBAET HEAOCTYIHOCTh
Ppa3MHOKEHHBIX (hailiioB).

3) Pacnpenenuts Harpy3Ky Ha HECKOJIbKO CEPBEPOB.

Nwmetrorces Tpu cXembl peau3aluy pa3MHOKEHHUS:

a) SIBHOe pa3MHOXeHHe (Hempo3pauHo). B oTBer Ha oOTKpeITHE (aiina
MI0JI30BATEII0 BBIJJAIOTCS HECKOJIBKO JBOMYHBIX UMEH, KOTOpPbIE OH JOJIKEH
WCIIOJB30BaTh JJI SIBHOTO TyOJIMpOBaHUs onepaluii ¢ gpaiaamu.

b) «JlennBoe» pasmuoxeHue. CHayana KONMs CO3JaeTcs Ha OJHOM CepBepe, a
3aTeM OH caM  aBTOMAaTU4YecKu co3gaer (B cBOOOAHOE  BpeMs)
JOTIOJTHUTEINIbHBIE KOTIMY U 00ecTIieuuBaeT UX MoAJIepKaHue.

¢) CummeTpuyHOe pa3MHOKeHue. Bce omepanuu OJHOBPEMEHHO BBI3BIBAIOTCS B
HECKOJIbKUX CEpPBEPax U OJHOBPEMEHHO BBIMOJIHSIOTCS.

IIpoTrokoabl KoppeKUnH.

[IpocTo mockuTKa COOOIICHUH C Omepanrel KOPPEKIINH KaXI0W KOTIUHU SIBIIICTCS HE
OYEHb XOPOILIMM PELICHUEM, OCKOJIBbKY B ClIydae aBapuil HEKOTOPBIE KOIIMH MOTYT
OCTaThCA HC CKOPPCKTHPOBAHHBIMH. Nwmerorcs JABa aJIrOpuTMa, KOTOPBIC pCHIAOT
3Ty TIpobIeMy.

(1) Meron pa3mHokeHus rinaBHOW konuu. OJUH cepBep OOBSABISAETCS TIaBHBIM,
a OCTaJIbHbIE - MOAYMHEHHBIMU. Bce n3mMeHenus ¢aiiia nocpuialoTcs riiaBHOMY
cepBepy. OH CcHauyana KOPPEKTHUPYET CBOK JIOKAJIBbHYIO KOMHIO, a 3aTeM
paccbUiaeT MOJYMHEHHBIM cepBepaM YKazaHus o Koppekuuu. Urtenue ¢aiina
MOYKET BBITIOIHATE 000U cepBep. [l 3amuThl OT paccorjacoBaHUs KOIMHM B
ClIydae Kpaxa IJIaBHOTO CepBepa JI0 3aBEPILIECHHS UM PACCBUIKH BCEX YKa3aHUM O
KOPPEKLIHH, TIJIABHBIM CepBEp [0 BBINOJHEHUS KOPPEKIUU CBOEH KOMHMHU
3allOMUHAET B CTAOMJIBLHOM MaMsTH 3a/aHue Ha Koppekuuio. CnabocTh - BbIXO
13 CTPOs IJIaBHOT'O CEPBEPA HE MO3BOJISAET BBITOIHATh KOPPEKLIUH.

(2) Metoa oAHOBpPEMEHHON KOppeKIHMH Bcex Komuil. Bce m3menenus aiina
MOCBIIAIOTCS  (UCTONB3ysd HAAEKHBIE U HEJCIHUMbIE LIMPOKOBEIIATEIbHbIC
pacchbUIKK) BceM cepBepaM. UTteHue (aiisia MOKeT BBIIIOJIHATH JH000M cepBep.

(3) Meron ronocoBanus. Mues - 3anmpammBarh 4TEHHE M 3aMKUCh (aiijaa y MHOTHX
cepBepoB (3amuch - y Bcex!). [l ycnemHoro BeIMOIHEHUS 3anucu Tpedyercs,
yT0OBl NW cepBepoB e¢ BhIOJHUIHU. [Ipu 3TOM y BCeX 3THX CepBEPOB AOKHO
OBITH cOrjlacKe OTHOCHTEIHLHO HOMepa TeKyiled Bepcuu (aiiina. ITOT HOMEp
YBENTMYMBACTCS HA €IUHUIYY C KaxJA0oW Koppekuuen Qaiina. [y BHITOTHEHUS
YTeHUsI JOCTATOYHO OOpaTUThCs K Nr cepBepaM M BOCIIOJIb30BATHCS OJHUM U3
TeX, KTO UMEET MOCJEeNHIO Bepcuto (aiina. 3HadeHus ISl KBOpyMa YTCHHUS
(Nr) u xBopyma 3amucu (Nw) HOMKHBI YIOBJIETBOPATH COOTHOIIECHHUIO
Nr+Nw>N. IlockoibKy uTeHHe sBiseTcs OoJjiee 4YacTo omepauued, TO
€CTeCTBEHHO B3iAThb Nr=1. OpgHako B 3TOM ciydae JUIsl KBOpyMa 3aIluCU
noTpeOyIOTCS BCE CEPBEPHI.

5.2.5 TIIpumep: Sun Microsystem’s Network File System (NFS).
W3navanpHO peannzoBaHa Sun Microsystem B 1985 romy muist ucnonb30BaHUS Ha
cBoux paboumx craHuuii Ha Oaze UNIX. B Hacrosimiee BpeMmsi MoanepKUBaeTCs
taroke apyrumu pupmamu st UNIX u apyrux OC (Bkirouas MS-DOS). MatepecHs!
cnenyrouue acnektsl NFS - apxuTexrypa, IpOoTOKOJIBI U peaTr3aliysl.



Apxumexmypa NFS.

[lo3BonsieT uMETh MPOU3BOJIBHOE MHOMKECTBO KIMEHTOB U CEPBEPOB HA
POU3BOJIBHBIX DBM 50KanbHOM WK MHUPOKOMACIITAOHOH ceTH.

Kaxnapiii cepBep SKCIOPTUPYET HEKOTOPOE YUCIO CBOUX JAUPEKTOPUM IS JOCTYIA K
HHUM VYJAJEHHBIX KIUEHTOB. [IpyM 3TOM 3KCHOPTUPYIOTCS IUPEKTOPUH CO BCEMH
CBOUMH IOUTUPEKTOPUSIMH, T.€. PaKTUICCKH ToIepeBbsi. CIIUCOK IKCIIOPTHPYEMBIX
TUPEKTOPHI XPAaHUTCS B CIEIUAIBHOM (aiisie, 9TO TIO3BOJISIET TIPH 3arpy3Ke cepBepa
ABTOMATHUYECKHU UX IKCIIOPTUPOBATh.

KimeHt mosydaer [0OCTynm K OKCHOPTUPOBAHHBIM — JUPEKTOPUAM IIYTEM HUX
MOHTHpPOBaHMs. Eciaum KIMEHT He uMeeT JTUCKOB, TO MOXET MOHTHUPOBATh
JUPEKTOPHUH B CBOXO KOPHEBYIO TUPEKTOPHIO.

Ecnu HecKoNbKO KIMEHTOB OJHOBPEMEHHO CMOHTHPOBAIM OJHY M Ty XK€
JUPEKTOPHIO, TO OHU MOTYT pa3ieinsaTh (aiiiasl B oOuieil aupexkropun 0e3 Kakux JIudo
JONOTHUTENbHBIX yeuuid. [IpoctoTa - noctonncTso NFS.

IIpomoxonwt NFS.

[Tockonpky onHa u3 uenerd NFS - mopnepxka reTeporeHHBIX CUCTEM, KIUEHTHI U
cepBepbl MOTYT paboTarh Ha pasHblix OBM ¢ pa3nuyHOi apXUTEKTypol H
pa3IMYHBIMU OC. IlosToMy HEOOXOAMMO HMETh CTPOTHE TIPOTOKOJBI UX
B3aumozencTeusl. NFS nMmeer aBa Takux mpoTOKOJa.

[epBEIit TPOTOKOJ MOJICPIKUBACT MOHmMUPOSaHue. KITMEHT MOXKET TI0CIIaTh CEpBEPY
COCTaBHOE HMs JUPEKTOpUU (MMl TYTH) W TIONPOCUTH pa3pelieHus Ha ee
MoHTHpoBaHHe. Kyma OyaeT MOHTHpOBATh AMPEKTOPHIO KIHEHT JUIsl CcepBepa
3HA4YCHUsI HE UMEET M TI0ITOMY He coolImaercs emy. Eciu myTh 3a1aH KOPpEKTHO U
IUPEKTOPHUS OIpeesieHa KaK SKCIOpTHUpyeMasi, TO CepBEp BO3BpAIIaeT KIUEHTY
JNCCKPUNTOP  TUPEKTOpUHU.  JIECKpUNTOpP  CONEPXKUT  TOJSI,  YHHUKAIBHO
unentTupunmpyromue Tan IBM, nuck, Homep i-BepimHbl (monsatue OC UNIX) mis
JaHHOW IHMPEKTOPHH, a TakkKe WHPOpMAIMIO O MpaBax JOCTyna K Hed. OTor
JECKPUITOP UCIOJIB3YETCS KIIMEHTOM B MOCIIEAYIONINX ONEPALUIX C IUPEKTOPHEH.

MHorue KIMEHThl  MOHTUPYIOT  TpeOyemble  yHaJeHHble  JTUPEKTOPUU

ABTOMAaTHYECKH TpH  3amycke (MCIOJIb3ys KOMaH/IHYIO nporeaypy shell-
untepnperatopa OC UNIX).
Bepcus OC UNIX, paspaborannas Sun (Solaris), umeer CcBO# chelnuaibHBIN
PEXKHM aBTOMATUYECKOTO MOHTUpoBaHMs. C Kaxka0H JOKaIbHOW AMpEKTOpueit
MOHO CBSI3aTh MHOKECTBO yAaJeHHbIX aupekTopuil. Korma oTkpeiBaercs daiin,
OTCYTCTBYIOIIMI B JIOKanbHOU aupekTopun, OC mocklIaeT 3ampockl BCEM cepBepam
(BMameronmM yKa3aHHBIMU JAUpEKTOpusMH). KTO OTBETUT mMeEpBBIM, TUPEKTOPHS
TOro W Oyzner cMoHTUpoBaHa. Takoi mojaxoj oOecrneyrBaeT U HaJleKHOCTb, U
sbdextuBHOCT, (KTO cBoOOAHEE, TOT paHblle W OTBeTUT). I[lpum 3TOM
MOPa3yMeBaeTCs, 4TO BCE ajlbTePHATUBHBIC AMPEKTOPUM HACHTUYHBI. [lOCKOIBKY
NFS He nmoanepxuBaeT pasMHOXKEHHE (aillloB WINM AUPEKTOPHHA, TO TaKOH pEx UM
aBTOMAaTHYECKOTO MOHTHPOBAHHMS B OCHOBHOM HCHOJB3yeTCs U JTUPEKTOPUN C
KOJIaMH TMPOTPaMM WJIH IPYTUX PEIKO U3MEHsEMBbIX (ailioB.

Bropoii mpoTokos - i ocTyna K JUpekTopusM U QaiinaM. KimeHTsl mocsuiaoT
COOOIIEHHsI, YTOOBl MAaHUIYIMPOBATh IUPEKTOPHSAMH, YMTAaTh WU THCaTh (Daiibl.
MoHo mnonyuuTh atpuOyThl ¢aitna. [loanepxuBaercs OOJBIIMHCTBO CHCTEMHBIX



Bb130BOB OC UNIX, wucximouas OPEN u CLOSE. [lng nosyueHus AE€CKpUIITOpa
¢aiina 1Mo ero CHMBOJMYECKOMY HMEHHM ucnoisdyercs omnepauus LOOKUP,
OTIMYAIOMIAACA OT OTKpPBITHA (aiila TeM, YTO HHUKAKMX BHYTPEHHHX TaONWIl He
co3maercsi. Takum oOpasom, cepBepbl B NFS He umeror coctosiHusi (stateless).
[TosTomy myist 3axBaTa (haiiia UCIOIB3YETCS CIEIHATbHBIM MEXaHU3M.

NFS wucnonb3yer mexanusm 3amutel UNIX. B mnepBeiX Bepcusix Bce 3ampochl
coJlepKajau HAEHTU(UKATOP IOJIb30BaTENsl M €ro rpynmnsl (sl MPOBEPKU IpaB
noctyna). Heckonpko €T SKCIUTyaTallud CHUCTEMBI IOKa3alM cJIaloCTh TakKoro
noxxoxa. Temepb HCHONB3yeTCs KpUNTOrpaUUeCKUid MEXaHW3M C OTKPBITBIMU
KJIIFOYaMM I TPOBEPKH 3aKOHHOCTM KaXXJIOro 3ampoca M orBeTa. JlaHHBIE HE

HUPPYIOTCSL.

Bce xiroun, ucmop3yemble Ui KOHTPOJIS TOCTYIIA, TIOJIEPKUBAIOTCS CIIEHATBHBIM
cepBucOM (M cepBepaMu) - ceTeBbIM HH(opmarmoHHbIM cepBucoM (NIS). Xpans
mapbl  (KJIIOY, 3HAYCHHE), CEPBHUC OOECNEYMBAeT BbIIA4y 3HAYCHUS KOoJa NpH
MpaBUJIBHOM MOJTBEpKJIeHUH Kitoueil. Kpome Toro, on oGecrnieunBaer oToOpaxeHue
MMEH MallMH Ha MX CeTeBble ajpeca, M Jpyrue otoOpaxeHus. NIS-cepsepsl
WCTIONB3YIOT CXEMY TJIaBHBIN -TOJYMHEHHBIC IS pealiu3alliil  Pa3sMHOKCHHS
(«1eHUBOE» pa3MHOKEHUE).

Peanuzamms NFS.

KmueHT Cepeep
‘ Cno#l CHCTEeMHBIX EBI3OBOB ‘
¥
Cnoft BupTyambHO# dafinorol creTeMb Crofl BUp TYaAbHOH b afnoBof cHCTeME]

‘ JloxambHag OC ‘ ‘ NF3-knHeHT ‘ ‘ NFES-ceprep ‘ ‘ JokameHag OC ‘
‘ JloxanbHBIA THCK ‘ ‘ JloKambHBIH JHCK ‘
RPC/XDR
CETE

(XDR - External Data Represantation)

3agaua ypoBHsSI BUPTYaJbHOW (ailloBOM CHUCTEMBI - HOJAEPKUBATH JUISL KaXJ0TO
OTKpBITOTO (ailsia cTpoky B Tabnuie (V-BeplInHY), aHaJOTH4HYo i-BepinHe UNIX.
OTa cTpOKa MO3BOJIAET pa3INyaTh JIOKAJIbHbIE (Daiyibl OT yAaieHHbIX. [ ynaneHHbIX
¢aiinoB Bcs HeoOxoauMmass MHGOpMAlMs XpaHUTCS B CIELUAIbHON r-BEpUIMHE B
NFES-knuenTe, Ha KOTOPYIO CChIIAeTCs V-BEpILIMHA. Y cepBepa HET HUKAKUX TaOJIHIL.

Ilepenaun nHbOpMaMu MexIy KiIueHToM U cepBepoM NFS mpousBoasaTcs O10kaMu
paszmepom 8K (11151 3¢h(peKTUBHOCTH).

JlBa K»111a - K31 JaHHBIX M K31 aTpuOyToB (haitioB (0OpalieHns K HUIM OYeHb YacThl,
pazpabotunku NFS wucxomunum wu3 omenkun 90%). Peanm3oBana cemaHTHKa
OTJIOKEHHOM 3allUCH - IpeaMeT KpuTUKU NFS.



HNmeercs Tarxke KAII TOJCKA30K JJIsl YCKOPEHHUsS TOJYYEHHsS V-BEpIIMHBI 10
cuMBoIMueckoMy umeHu. Ilpu wucnonb3oBaHum ycrapeBuieil mnojackazku NFS-
KIMeHT Oyzxer oOpamartsest K NFS-cepBepy M KOppPEeKTHpPOBATh CBOW  KOII
(monp3oBarenb 00 ATOM HUYETO HE JIOJKEH 3HATDH).



6 Pacnpenesiennast oomast namsitb (DSM - Distributed Shared Memory).

TpaauIIMOHHO pacHpeeeHHbIC BBIUUCICHHUS Oa3upyIOTCs Ha MOJCIH Iepenadn
COOOIIICHUI, B KOTOPOM JaHHBIC MEPeAaroTCs OT IMPOLeccCopa K IMPOIECCOpy B BHJIC
COOOIICHUI. YIaJeHHBId BBI30OB MpoOIenyp (aKTHUYECKH SBIISETCS TOW KE CaMOi
MOJIeINBIO (MIJIM OYEeHb OJIM3KON ).

DSM - BuHpTyallbHOE aJpeCHOE MPOCTPAHCTBO, pa3leiieMOE BCEMH Y3JIaMH
(mportieccopamu) pacrpesienieHHON cucTeMbl. [IporpaMMbl momy4daroT JOCTYH K JaHHBIM
B DSM npuMepHO Tak ke, KaK 3TO IPOUCXOAUT IIPH peasn3aliii BUPTyaIbHON MaMsTH
TpaguuuoHHbIX OBM. B cucremax ¢ DSM naHHble MOTYT nepeMeIatrbcs MEXIy
JIOKAIBHBIMU TNAMATAMU pa3HbIX KOMIIBIOTEPOB AHAJOTMYHO TOMY, Kak OHH
MEPEMENIAIOTCS MKy ONIEpaTUBHOM M BHEIIHEN aMSATBIO OJTHOI'O KOMIIBIOTEPA.

6.1 JocTrouncrea DSM.

(1) B Momenu mnepemauu COOOIIEHUN MpOrpaMMHUCT obOecrieyuBaeT JOCTYN K
paszenseMbIM JIaHHBIM IIOCPEICTBOM SIBHBIX ONEpaluid IOCBUIKM M Ipuema
coobmenuii. Ilpy 3>TOM mpUXOAUTCA KBAaHTOBAaTh ajrOpUTM, OOECHeunBaTh
CBOEBpPEMEHHYI0 cMeHy wuH(popmanuun B Oydepax, MnpeoOpa3oBbIBATh HHJIEKCHI
MaccUBOB. Bce 3TO CHIIBHO yCIOXKHSET NporpaMMUpOBaHue U oTaaaKy. DSM ckpbiBaer
OT MPOrpaMMHUCTa MEPEChUIKY JaHHBIX U 00ECIEUNBAET eMy aOCTPaKIMIO pa3IeNsieMoi
NaMATH, K MCIOJb30BAHUIO KOTOPOM OH YK€ MNPUBBIK Ha MYJIbTHIIPOLECCOPAX.
[IporpammupoBaHue U OTJIaJIKa ¢ ucnoiab3oBaHueM DSM ropaszno npoiue.

(2) B wmonenu mnepemaun COOOLIEHWH JaHHbBIE MEPEMEIIAIOTCS MEXAY JABYMs
pa3IM4YHBIMA AJPECHBIMHM MPOCTPAHCTBAMHU. OTO JAENACT OYEHb TPYAHBIM Iepeaady
CIIOKHBIX CTPYKTYp JaHHBIX MEXIy nporeccamu. Hampumep, mepenaya JaHHBIX IO
CCBUIKE U Ilepefadya CTPYKTYp JAHHBIX, COAEPKALINX YKa3aTeaH, BbI3bIBAECT CEPbE3HBIC
npobnembl. B cucremax ¢ DSM »stux mpobiemM HeT, UYTO HECOMHEHHO YIpOLIAeT
pa3paboTKy pacHpeieeHHbIX IPUII0KEHHH.

(3) O6vem cymmapHO#l pHU3MUECKON MAMSTH BCEX Y3JIOB MOXKET OBITh OTPOMHBIM. JTa
OTrpOMHas MaMsATh CTAHOBUTCS JOCTYIIHA MPHJIOKEHUIO 0€3 M3JIEep’KEK, CBSI3aHHBIX B
TPaJUIMOHHBIX CUCTEMaX C IUCKOBBIMU OOMEHaMU. DTO JOCTOMHCTBO CTAHOBUTCS BCE
BECOMEE B CBSI3U C TEM, YTO CKOPOCTH MPOLIECCOPOB U KOMMYHUKAIIUH pacTyT ObIcTpee
CKOPOCTEN MaMATH U TUCKOB.

(4) DSM-cucremMbl MOTYT HapallMBaTbCs MPAKTUYECKH OECHpenenbHO B OTIMYUE OT
CHCTEM C pa3fieNsieMoil MaMsThIO, T.€. IBISIOTCS MacIITaOupyeMbIMH.

(5) IIporpaMMsl, HanMcaHHBIE IS MYJIBTUIIPOLIECCOPOB € OOLIEH MaMsThIO, MOTYT B
npuHIUIe 06e3 KaKux-TM00 U3MEHEHUN BhIMOMHATHCS Ha DSM-cucremax (o kpaiinein
Mepe, OHU MOTYT OBITh JIETKO niepeHeceHbl Ha DSM-cuctemsr).

I[To cymectBy, DSM-cucrembl MpeonoNeBalOT AapPXUTEKTYPHbIE OrpPaHUYCHHUS
MYJBTHIIPOLIECCOPOB U COKPAINAIOT YCHIIUS, HEOOXOAUMBIE AJISl HAMCAHUS TIPOTrPaMM
JUIsL pacripeneneHHbIX cucteM. OOBIYHO OHM PEeaTM3yIOTCs TPOrPaMMHO-AMNIapaTHBIMU
cpenctBamMu, HO B 90-x rojax MosSIBUIIOCH HECKOJIbKO koMmmepueckux MPP ¢ DSM,
peanm3zoBanHoi amnmnapatHo (Convex SPP, KSR1, Origin 2000). B xonue 2004 rona
BTOpoi B ciucke TOP-500 sBisutack cuctema, cocrosimmasi u3 20 DSM-knactepoB SGI
ALTIX 3000, kaxxapiii 1o 512 mporiieccopoB.

6.2 Aaroputmsbl peaauzauuu DSM.

[Ipu peanmzaruu DSM 1ieHTpaIbHBIMU SIBJISIIOTCS CIETYIOLINE BOITPOCHI.



1) xak moxaepKUBaTh MHPOPMAIIHIO O PACTIONOKECHUH YAAJICHHBIX TaHHBIX.

2) KaK CHM3UTh IMpU JOCTyNE€ K YJAJEHHbIM JIaHHbIM KOMMYHHKAIIMOHHBIE
3aIEp’KKH ¥ OOJIbIIME HAKJIaJHBIE PACXO/bl, CBS3aHHBIE C BBIIIOJIHCHHEM
KOMMYHHKAIIMOHHBIX POTOKOJIOB.

3) KaK clenaTh pa3ieiiieMble JaHHBIE TOCTYIHBIMH OJHOBPEMEHHO HA HECKOJIbKHX
y3J1aX JJIsl TOr0, YTOOBI MOBBICUTH MPOU3BOAUTEIHHOCTH CHCTEMBI.

PaccmoTpuM ueThipe BO3MOXKHBIX aJlropuTMa peanuzanuu DSM.
6.2.1  AJropuTM ¢ HEHTPAJIBHBIM CEpPBEPOM.

Bee pasnensemble aHHBIE MOAJAEPKUBAET LIEHTpalbHbIM cepBep. OH BO3BpallaeT
JaHHBIE KJIMEHTaM [0 MX 3alpocaM Ha YTEHHe, 0 3alpocaM Ha 3allluch OH
KOPPEKTUPYET JaHHbIE M MOChUIAET KIMEHTaM B OTBET KBUTaHLUU. KimeHTbl Moryt
UCIOJIb30BaTh TalM-ayT JUIsl TIOCBUIKM MOBTOPHBIX 3allpOCOB IIPU OTCYTCTBUHM OTBETa
cepepa. JlyOnuKaThl 3alpOCOB Ha 3alMCh MOTYT PacloO3HaBaTbCA IyTeM HyMepaluu
3anpocoB. Eciayu HecKonbKo MOBTOPHBIX OOpallleHUH K cepBepy OcTaluch 0€3 OTBETa,
MIPUJIOKEHNE TIOTYUYUT OTPULATEIbHBIN KO/ OTBETA (3TO 00ECIIEUUT KIUEHT).

ANTOpUTM IIPOCT B pean3aliui, HO cepBep OyIeT y3KUM MECTOM.

MoskHO pa3zensieMble JaHHBIE PACIPENEIUTh MEKIY HECKOJIBKMMU cepBepaMu. B aTom
Clly4ae KJIMEHT JOJDKEH yMEThb ONpPENeNsaTh, K KAKOMY CEpBEpPY HaJ0 0OpalaTses Mpu
KaXJIOM JOCTyIlE€ K pa3leisieMOd INepeMEeHHOH. MOKHO, Hampumep, paclpelelnuThb
MCKAY CECpBE€paMH NAHHBIC B 3aBUCUMOCTH OT UX aJApECOB U HUCIIOJIb30BaTh q)YHKIII/IIO
0TOOpakeHUsl AJIs1 ONPEJEIIEHUS HYKHOI'O CEepBepa.

HeszaBucumo ot umncna cepBepoB, pabora ¢ mamMsThio OyaeT TpeOoBaTh KOMMYHUKAIIUN
Y KaTacTpoHUECKH 3aMEITTHTCS.

6.2.2 MurpauMoHHbIH AATOPUTM.

B ommune oT mpenplaylero anaropuTtMa, Korja 3amnpoc K JaHHBIM HaIpaBiBICS B
MCCTO HUX PACIIOJIOKCHHUA, B 3TOM aJIT'OPUTMC MCHACTCA PACHOJIOXKCHHUEC NAHHBIX - OHU
MepeMENIatoTCs B TO MECTO, Tie MOTPeOOBAIUCh. DTO MO3BOJSET IMOCIEI0BATEIbHbBIE
O6paH_I€HI/IH K JaHHBIM OCYIICCTBJIATH JIOKAJILHO. MI/IFpaLII/IOHHBIf/i AJITOPUTM IMO3BOJIACT
06pa1uaTLc;1 K OAHOMY 3JICMCHTY HAaHHBIX B 110001 MOMEHT BPEMCHU TOJIBKO OOAHOMY
y3iy.

OOBIYHO MUT'PUPYET LCIIMKOM CTPpaHUIBI WA 0JI0KH! JaHHBIX, a HC 3allpallinBacMbIC
CAUHUIBI JaHHBIX. DTO MO3BOIAET BOCIOIL30BATHCI HpI/ICYH_ICI\/'I MIPUIIOKCHUSAM
JIOKAJIbHOCTBIO JOCTyIIa K JaHHBIM IJI1 CHUXXCHUSA CTOMMOCTU MUI'pAIUH. OHHaKO,
TaKOU noaxoa HNpHUBOAUT K TPIMMHTY, KOrJa CTpaHUIbl OYC€Hb 4YaCTO MUI'PHUPYIOT
MEX]ly y3J1aMU IPH MaJIoM KOJIMYEeCTBE OOCITyKMBAaeMbIX 3amnpocoB. [IpuunHoil 3TOrO
MOXXET OBITh TaK Ha3bIBAEMOE ‘‘JIOKHOE pa3jelieHHe”’, KOTJa pa3HbIM IpoIreccopam
HY>KHBI pa3HbI€ JaHHBIC, HO 9TH JIAHHBIE PACIIONIOKEHBI B OTHOM OJIOKE MJIM CTpaHUIIE.
Hekotopple cucrtembl TO3BOJNAIOT 3aJaTh BpEeMs, B TEUYEHHE KOTOPOTO CTpaHHIIA
HAaCWJIbHO YACPKUBACTCA B Y3JIC I TOTO, YTOOBI YCIIETh BBIIIOJHHUTE HECKOJIBKO
oOpalleHui K HeH 10 €€ MUTPAIMU B JIPYTOH y3ell.

MurpaliMOHHBIN aaropuT™ MO3BOJISIET UHTErpupoBaTh DSM ¢ BUpTyanbHOU MaMsThiO,
o0ecrieunBaroNIelicsl OMEpallMOHHON CHCTEeMOH B OTAENbHBIX Yy3max. Ecmu pasmep
crpanulibl DSM coBnazaer ¢ pa3MepoM CTpaHMIIbl BUPTyaIbHOW MaMATH (UM KpaTeH
eil), TO MOXHO o0O0pamarbcsd K pa3leisieMol MaMsATH OOBIYHBIMH MAaIIMHHBIMHU
KOMAaHJaMH, BOCIIOJIb30BABIINCH AaNIlapaTHBIMU CPEICTBAMHU ITPOBEPKU HAJIU4YMS B
ONEepaTHUBHOM MaMsATH TpeOyeMOH CTpaHUIbl U 3aMEHbl BHUPTYaJbHOrO ajpeca Ha



¢du3uaeckuii. KoHeYHO, 17151 3TOT0 BUPTYaJIbHOE aJIpeCHOE MPOCTPAHCTBO MPOIIECCOPOB
JOJDKHO OBITH JIOCTATOYHO, YTOOBI a/IpecoBaTh BCIO pa3ieisieMylo maMath. [Ipu sTom,
HECKOJIBKO POLIECCOB B OHOM Y3JI€ MOT'YT Pa3JIelisiTh OJHY H TY )K€ CTPAHHUILY.

Jlnst onpeneneHus MecTa PaclioyoKEeHUsI OJIOKOB JAHHBIX MUTPALIMOHHBIA ajaroOpuT™M
MOXKET HCIOJNb30BaTh CEpBEp, OTCICKUBAIOIIMK TIepeMelieHuss OJOKOB, 00
BOCIIOJIb30BAaThCS MEXaHU3MOM MOJCKAa30K B KaxXIOM y3ie. Bo3moxna u
HIMPOKOBEIIATENIbHAS PACCHUIKA 3aIIPOCOB.

6.2.3 AaropuT™M pasMHOKeHUsI 1JI51 YTEHHUSI.
Hpe)IBIJIYHII/Iﬁ AJITOPUTM TTO3BOJIAIT o6pamaTLc51 K pa3acisieMbIM JaHHBIM B JII00OH
MOMCHT BpPEMCHU TOJIbKO IpoHeccaM B OJHOM VY3JIC (B KOTOPOM O9THU JdHHBIC
HaXOJISITCSI). ,HaHHI)II‘/'I AJITOPUTM PACHIHUPACT MHFpaHHOHHLIﬁ aJIrOpUTM MCXaHU3MOM
PA3MHOXKCHHA 0JIOKOB JAaHHBIX, ITO3BOJIAA 100 MHOTHM y3J1aM HUMCTb BO3MOXHOCTb
OJTHOBPEMEHHOTO JIOCTYTIA [0 YTEHHIO, IUOO OJJTHOMY y3JIy UMETh BO3MOKHOCTh YUTATh
U MHCaTh JIaHHbIE (IPOTOKOJI MHOTUX YUTATENeH U OJHOTO MHCATENs).

[Ipu ucnonb30BaHUM TaKOro aJIrOpUTMa TPEOYeTCs OTCIECKUBATH PACHOI0KEHUE BCEX
0JIOKOB JaHHbIX M MX Konuil. Hampumep, kaxablii COOCTBEHHHUK OJIOKa MOXKET
OTCIIEKHBATh PACIIOJIOKEHUE €r0 KOIMUM.

be3ycnoBHO,  IPOM3BOAMUTENLHOCTH  IOBBIIIAETCS 32  CYET  BO3MOXKHOCTH
OJHOBPEMEHHOI'0 JOCTyIa IO YTEHHIO, HO 3alHCh TPEeOyeT Cepbe3HBIX 3aTpar yisd
YHUUTOXKEHHSI BCEX YCTApeBILIMX KONUI OJOKa AAaHHBIX WIM MX Koppekuuu. [la u
MOJIeJIb MHOTUX YHUTaTeled M OJHOro IMucaTeass Majo MOAXOAUT I MapajliesbHbIX
IIpOrpamm.

6.2.4 AnropuTM pasMHOKEHUs /151 YTCHUS U 3alMCH.

OTOT aNropuTM SBJIETCS PACHIMPEHUEM Mpeapiayliero anropurMa. OH MO3BOJSET
MHOTHMM Yy3JlaM MMETh OJIHOBPEMEHHBIN JOCTYI K Pa3Je/sieMbIM JaHHBIM Ha YTEHUE U
3anuch (IPOTOKOJ MHOTHX YMTaTeNed U MHOrMX nucateneii). [lockonbKy MHOTO y3710B
MOT'YT IHCaTh JaHHbIE MapajienbHo, TpeOyeTcs Ul MOAJEpKAaHUs COTJIACOBAHHOCTH
JAHHBIX KOHTPOJIUPOBATH JOCTYI K HUM.

OpguuM  n3  cnoco0oB  00ECIEYEHMsI  COIVIACOBAHHOCTM  JIAHHBIX  SIBIISIETCS
UCIIONIb30BAHNE CHELUUANBHOIO TpoIecca Uil  YHOPSJOYMBAHHUA MOIU(HUKAIIA
namsaTH. Bee y3mbl, kenarone MoauUIUpOBaTh pas3jeiseMble JaHHbIE JOJKHBI
IochlIaTh CBOM MoAu¢uKanuu 3ToMy mnpoueccy. OH Oylner npucBauBaTh KakJou
MoOJIM(UKALUK OYEPEHOM HOMEp M pacchulaTh €ro IIMPOKOBEIIATEIbHO BMECTE C
Moau(puKaLKel BCEM y31aM, UMEIOLIUM KOIUI0 MOAU(DULIMPYEMOro 0JI0Ka JaHHBIX.
Kaxxapiit y3en OyneT OCyIIECTBIATH MOAM(UKAILMU B IOPSAKE BO3pacTaHUS HUX
HOMepoB. Pa3peiB B HOMepax MOIydyeHHBIX MOAU(DUKaLUi OyJeT 03HayaTh MOTEPIO
OJHOW WJIM HECKOJbKMX Moaudukanui. B 3TOoM ciaydae y3en MOXKET 3alpoCUTh
HEJOCTAIONEe MOAN(DUKALIIH.

JIaHHBIA AJITOPUTM MOXKET CYIIECTBEHHO CHHM3UTh CPEIHIOK CTOMMOCTh JOCTyNa K
JAHHBIM TOJBKO TOTJla, KOrJa KOJUYECTBO UTEHUM 3HAYMTEILHO IPEBBIIIACT
KOJIMYECTBO 3aIIHCEH.

B oOmem ciydae, Bce IEPEYMCIICHHBIC BBIIIEC aJTOPUTMbI _SBIISFOTCS CIUIIIKOM
HedhGDEKTUBHBIMU, YTOOBI HMX MOXHO OBUIO HCIIONB30BaTh IS IPEOIOJICHUS
ApPXUTEKTYPHBIX ~OTPAaHMYEHUH  MYJIBTUIIPOIIECCOPOB W COKPAILCHHS  YCUJIHA,
HEOOXOIMMBIX JUISI HATTUCAHMSI IPOTPaMM ISl PACTIPEICIICHHBIX CHCTEM.




Jobutbes 23pPEKTUBHOCTH MOMKHO TOJIBKO U3MEHHUB CEMaHTUKY OOpaIlleHUH K MaMsTH.

Jlnst ynpouieHus HOHUMAaHUSI OCHOBHBIX HJed aiaroputMoB peanuzanuu DSM mbl B
JanpHeimeM OyIeM HCXOAWUTh M3 TOTO, YTO Bce paboTaeT HAJeKHO (Hampumep, BCe
COOOIIEHUS JTOXOIAT J0 aJPEcaToB) M HUKAKHX Mep A 0OecreueHus HaASKHOCTH
MPEANPUHUMATD HE HYKHO.

6.3 MoaeJd KOHCHCTEHTHOCTH.

Mogenb KOHCUCTEHTHOCTH TMPENCTaBIseT COOOW HEKOTOPBIH JIOrOBOpP MEXIy
HpOFpaMMaMI/I U InaMATbIO, B KOTOpOM YKa?)I)IBaeTCSI, qTo HpI/I CO6J'II-O)I€HI/II/I
mporpaMmMamM#  OTpeJleieHHBIX TMpaBUi pabOThl C mMaMsAThio Oyaer obecredyeHa
OIpeie/icHHasl CeMaHTHKa Omepalfili YTeHHs/3alucy, eclU K€ 3TH IMpaBuia OyayT
HapymCHbl, TO IaMATb HE TapaHTHPYCT IMPaBUIIBHOCTH BbIIIOJIHCHUS onepaunﬁ
I‘ITeHI/ISI/ 3anucu. B nToil riase paccMaTpuBaOTCA OCHOBHBIC MOJICIIM KOHCUCTCHTHOCTHU
UCIIOJIb3YEMbIE B CHCTEMAX C PaCIPE/ICIICHHON MaMsThIO.

6.3.1 Crporasi KOHCHCTEHTHOCTb.

Monenb KOHCHCTEHTHOCTH, YJOBJICTBOPSIONIAs YCIOBHIO: «Onepanusi YTeHUs sS4ehHKH
naMsaTy ¢ aapecoM X JIOJDKHA BO3BpalllaTh 3HAYCHUE, 3alMCAHHOE CaMOM IMOCIEIHEH
orepaleii 3anmucu mo aapecy X», Ha3bIBACTCS MOJAECIBIO CTPOrod KOHCHUCTEHTHOCTH.
Yka3aHHOE BBIIIE YCIOBUE Ka)KETCS JOBOJIBHO €CTECTBEHHBIM M OYCBUIHBIM, OJHAKO
OHO TIpeIIoJiaraeT HaJIUYMe B CHCTEME IIOHATHS aOCONIOTHOIO BpEMEHU JUIs
OIpe/ieTICHHS «HanOoJIee MOCCIHEH OIepaliuy 3arucu.

Bce onnomporeccopHble cHUCTEMbl 00ECIEYMBAIOT CTPOTYH0 KOHCHUCTEHTHOCTb, HO B
pacnpeneneHHbIX MHOTOIPOLIECCOPHBIX CUCTEMAxX CUTyallls HAMHOIO CIOXKHEE.
[Ipenmonoxxum, 4yTo nepemMeHHas X pacrnojoXeHa B IIaMsaTH MallMHbl B, m mpouecc,
KOTOpBI BBINOJIHAETCS HA MallMHE A, TBITaeTCs NPOYUTATh 3HAYEHUE OSTOU
IIepeMEeHHON B MOMeHT BpemeHH T1. [[nsa storo mammue B moceutaercsa 3ampoc
nepeMeHHoi X. HeMHOro mos»xe, B MOMEHT BpeMeHH T2, mporecc, BHITOIHAIOMMNCS
Ha MamuHe B, nmpous3BoAMT omepanuro 3alMCH HOBOI'O 3HAUEHUS B MEPEMEHHYIO X.
Jlns obecriedeHust CTpOroi KOHCUCTEHTHOCTH OMepalis YTeHUs T0JDKHA BO3BPATHTDH B
MaluHy A cTtapoe 3HaueHue NePEMEHHON BHE 3aBUCUMOCTH OT TOT0, /1€ PACIIONIOKEHA
MaliMHa A UM HAcKOJbKO ONM3KH MeXIy coOoi aBa MomeHTa Bpemenu T1 u T2.
Opnnako, ecmu T1-T2 paBHO | Hcek, M MamIMHBI PacCHONIOKEHBI APYr OT JIpyra Ha
PacCTOSIHUU 3-X METPOB, TO CUTHAJ O 3alpoce 3HAUEHMs MEePEeMEHHOU NOKEH ObITh
nepenaH Ha MamuHy B co ckopoctbio B 10 pa3 mpeBbILIAIOIIEH CKOPOCTh CBETA, YTO
HEBO3MOXHO.

Pl: W®x)1 Pl: Wx)1

>t >t

P2: R(x)1 P2: R(x)0 Rx)1

a) b)
a) CTporo KOHCHUCTEHTHAs TaMSTh
0) [TamsTh 6€3 CTPOroli KOHCUCTEHTHOCTH

6.3.2 ITocaenoBaTeabHasi KOHCUCTEHTHOCTD.
Crporas KOHCHUCTEHTHOCTh TPENCTABISET CO0OW HIealbHYI MOAETh IS
MPOrpaMMHPOBAHUS, HO €€, K COKAJICHUIO TTPOrpaMMHUCTOB, HEBO3MOKHO Peasii30BaTh
AJ1 paclpCaCIICHHBIX CHCTCM. OI[HaKO, HpaKTI/I‘-IGCKI/If/’I OIIBIT ITIOKa3bIBA€T, 4YTO B
HCKOTOPBIX cnyqaﬂx MO>XKHO O6XO,Z[I/ITBC$I )41 60.]166 «CHa6LIMI/I)) MOIOCIISIMUA. BCC 9THU



METOJbl ONHMpAaKTCs Ha TO, 4YTO JODKHA COONIOJAThCS IIOCIEI0BATENIbHOCTh
OTIPENIETICHHBIX COOBITUI 3aITUCH W YTCHHUSI.
ITocnenoBaTenbHY0 KOHCUCTEHTHOCTD BIIepBhIe onpenen Lamport B 1979 r.

[To ero omnpeneneHuo, MOJAEHIb TOCAEAOBATEILHOW KOHCUCTEHTHOCTH MaMSTH
AO0JKHA YAOBJICTBOPATH CICAYIOIIEMY YCJIOBUIO: «Pe3yJIbTaT BBIIIOJITHCEHHUA JOJIKCH
OBITh TOT e, KaK ecli OBl OomepaTopbl BCEX IPOILIECCOPOB BBIMOIHSIIUCH OBl B
HEKOTOPOM  TOCIENOBATEIBbHOCTH, B KOTOPOM  OIEpaTopbl  KaXKIOro
WHJUBHUAYaJIbHOIO IIPOLECCOPA  PACIIONOXKEHBI B IOPSAAKE, ONPEAEIsIeMOM
IIPOrpaMMOM 3TOTO IPOLIECCOPa

IlocnemoBaTenbHasi KOHCHUCTEHTHOCTh HE TrapaHTUPYCT, UYTO OIcpanusd UYTCHUA
BO3BpPATUT 3HAYCHUC, 3aIlIMCAHHOC JIPYIruM IIpPOoHcCCoOM HaHOCGKYH)IOfI Ui Jaxe
MI/IHYTOﬁ paHblIC, B 3TOM MOZCIIM TOJIbKO TOYHO TI'apaHTUPYETCA, YTO BCC IPOLCCCHI
JOJDKHBI «BUACTH» OJHY U TY K€ ITOCJIICA0BATC/IbHOCTD 3anuced B MaMsTh.

Pe3ynbrar 1NOBTOPHOrO BBINOJIHEHHS MApPAJUICIBHOM IIPOrpaMMBbl B CHCTEME C
IIOCJIE/IOBATEIbHOM ~ KOHCUCTEHTHOCTBbIO  (Kak, BIOpoYeM, U IpU  CTPOrou
KOHCHCTEHTHOCTH) MOXKET HE COBIAJaTh C PE3YyJIbTaTOM IPEABIAYILErO BBIIOIHEHUS
9TOM K€ IPOrpaMMBI, €CIM B IPOrpaMME HET PEryJIMpOBAHUS ONEpalUi JOCTyna K
MaMSTH € IIOMOIIBIO MEXaHU3MOB CUHXPOHH3ALUN.

JIBa mpumepa MNpaBUJIBHOTO BBHIMOJHEHUS OHOW TMporpaMMmbl. B mpumepax
UCTONB3YIOTCS CEAYIONe 0003HAUCHUS:

W(x)1 - 3anuce 3HaueHus 1 B IepeMEHHYIO X;

R(x)0 - urenue 3Hauenus 0 U3 nmepeMeHHON X.

P1: Wx)1 W(y)l

P2: W(z)1

P3: R(x)0 R(y)0 R(z)1 R(y)0
P4: R(x)0 R(y)1 R(z)1 R(x)1

B sTom mpumepe mporiecchl «BUAAT» 3anucu B nopsake W(z)l, W(x)1,W(y)l wumu
Wx)1, W(z)1,W(y)l.

P1: Wx)1 W(y)1l

P2: W(z)1

P3: R(x)0 R(y)1 R(z)0 R(y)1
P4: R(x)1 R(y)1 R(z)0 R(x)1

B stom npumepe npouecchl «BUAST» 3anucu B mopsiake W(x)1, W(y)1,W(z)1.

JIBa mprmepa HEeNpaBUIIbHOTO BBIIIOJIHEHUS TOM K€ MPOrPaMMBbL.

Pl: WK1 W)l

P2: W(z)1

P3: RX0 RGO R®I R0
P4 RX0 Ry R#0  RMI

[Tponeccot P3 u P4 «Bunsam» 3anucu W(y)l u W(z)1 B pazHom mopske.



Pl:  W®xI W(y)l

P2: W(2)1
P3: RXI R0  R@I Ryl
P4 RX0 Ryl R@HI RX0

ITpoiecc P4  «Buaut» 3amucu W(x)1 u W(y)l He B TOM mOpsIke, Kak OHH
BBINIOJHSUTMCH B Tipouecce P1.

OnucaHHbIl paHee MUTPALMOHHBIM aJIrOPUTM  peaIM3yeT IOCIIEN0BATEIbHYIO
KOHCUCTEHTHOCTb.

[TocnenoBarenbHasi KOHCUCTEHTHOCTh MOXKET OBITh peajii30BaHa ropasuo Oolee
a¢dexkTuBHO  crneAyomuM  obpazom. CTpaHHWIBI, JOCTYIHBIE Ha  3aIuCh,
Pa3MHOXKAIOTCS, HO OIEpalMd YTCHUS M3 pasleisieMOod NaMsITH  He JIOJDKHBI
HAYMHATHCS HA KAXKIOM IPOLIECCOPe JI0 TeX TOp, OKA HE 3aBEPIINTCS BHIMOIHEHUE
NpeabIIylnied onepaluy 3alKcy, BBIIAHHOW OSTHM IIPOLECCOPOM, T.e. OyayT
CKOPPEKTUPOBAHBI BCE KOITMH COOTBETCTBYFOILEH CTPAHUIIBL.

IlenTpanu3oBaHHbIM anroput™M. [Ipomecc mnocbUIa€T KOOPAHMHATOPY 3alpoc Ha
MOIM(UKALMIO TEPEMEHHOM M AET OT HEero yKa3aHus O IPOBEIACHUU 3TOU
moaudukanuu. Takoe ykazaHHe KOOpPAMHATOP PACCHUIAET Cpa3y BCEM BIAJAEIbLAM
KON 3TOW mepeMeHHOoM. Kaxaplil mporece BBINOIHACT 9TH YKa3aHUS 110 MEpe UX
nonydeHus. IlockoibKy COOOIIEHHS OT KOOpAMHATOpA MPUXOAIT KaXKIOMY
Ipoleccy B TOM IOPSAAKE, B KOTOPOM OHM OBbLIM MM IOCJIAHBI, TO BCE MPOLIECCHI
KOPPEKTUPYIOT CBOM KOIIUU IIEPEMEHHBIX B 3TOM €IMHOM MOPSIJIKE.

Jenentpann3zoBanHbiii anroput™. [Iporecc mocbutaer mocpeacTBOM MeEXaHHU3Ma
YHOPSI0YEHHOI0 IIMPOKOBEIAHUs (HEIeIUMble HMIMPOKOBEIIATEIbHbIE PACCHLIKHU)
yKa3aHue O  MOAU(HUKAIUU MEpEMEHHON  BCEM  BJAJEibllaM  KOMUU
COOTBETCTBYIOILIEH CTpaHULBI (BKJIIOYAst U ce0s1) U KAET MOTYYEHHs] ITOr0 CBOETO
COOCTBEHHOI'O yKa3aHUS.

6.3.3 IIprynHHAA KOHCHUCTEHTHOCTb.

[IpuunHHas MoJeNb KOHCUCTEHTHOCTH MaMsTH MPEACTaBIsAET co0oi Oosee «cmadyro»
MOJI€Ib 110 CPAaBHEHHIO C IOCIENOBATEIBHOM MOJENBIO, ITOCKOJIbKY B HEW HE BCErnaa
TpeOyercsi, 4yTOOBl BCE MPOLIECCH «BUIEINY» OJHY M Ty K€ IIOCIEAOBATEIbHOCTD
3alMCed B MAMATh, & IPOBOAUTCA PA3IMYHME MEXK]Y HNOTCHIUAIBHO 3aBHCHMBIMU
olepanusMU 3alMCH, U HE3aBUCHUMBIMU.

Paccmotpum npumep. [Ipeamnonoxum, uto npouecc P1 moauduumpoBan nepeMeHHYyIO
x, 3ateM npouecc P2 mpountan x u moauduuuposan y. B atom ciyuae moauduxamnms x
U MOAM(UKAIKMS y MOTEHIMANIBHO MPUYMHHO 3aBHCHUMBI, TaK KaK HOBOE 3HA4YCHHE y
MOTJIO 3aBUCETh OT IPOYUTAHHOIO 3HaU€HUs nepeMeHHol x. C Opyroil CTOPOHBI, €CIIu
JIBa TIpoliecca OJHOBPEMEHHO U3MEHSIOT 3HAUYEHUsI OJTHOM U TOW K€ WJIM Pa3IUYHBIX
MEPEMEHHBIX, TO MEXKY STUMH COOBITUAMU HET MPUYUHHON CcBs3u. Omepaiuu 3ammcu,
KOTOpbIE MPUYMHHO HE 3aBUCAT JIPYT OT JIpyra, Ha3bIBalOTCS NapalieIbHbIMH.

[IpnunHHas MOJENb KOHCUCTEHTHOCTU MAaMSTH ONPENEISETCS CAEAYIOIMIMM YCIOBUEM:
«ITocnenoBaTenbHOCTh  OMNEpalMid  3alMCH, KOTOpPbIE MOTEHLUHAIbHO MNPUYMHHO
3aBUCUMBI, JOJDKHA HaOMIOAAThC BCEMH TPOIECCAMU  CHCTEMBI  OJJHHAKOBO,
napajiesibHbIe OMepaliy 3alkCH MOTYT HaOJIOJaThCsl Pa3HBIMU Y3JIaMHU B Pa3HOM
TIOPSIAKE.



[Tpumep.

(a) Hapymenue moieny mpuaMHHON KOHCUCTEHTHOCTH

Pl: W1

P2: Rx)1I  W(x)2

P3: R(x)2 R(x)1
P4 RXI  R(X)2

(6) xoppekTHas MOCIeA0BATETLHOCTD AJII MOJIETH IPUYMHHON KOHCUCTEHTHOCTH.

P1: Wx)1 W(x)3

P2: R(x)1 W(x)2

P3: R(x)1 R(x)3 R(x)2
P4: R(x)1 R(x)2 R(x)3

IIpn peanmu3anuu NPUYMHHOM KOHCUCTEHTHOCTH B CIIy4ace PAa3sMHOKEHHUs CTPaHUIL
BBINIOJIHEHUE 3allCH B OOLIYyI0 HaMsATh TpeOyeT 0)KHMJAHUS BBINOJHEHUS TOJIBKO TEX
MpEeIbIAYIIMX ONEpallid 3allMCH, OT KOTOPBIX 3TA 3alUCh IOTEHIMAJIBHO IMPUYHHHO
3aBucuT. [lapaiensHple onepanyy 3aMucH He 3a1€p>KUBAOT BBIIIOJHEHUE JIPYr Apyra
(1 He TpeOYIOT HENEIMMOCTH LIMPOKOBELIATENIbHBIX PAcChLIOK BCEM BIIaJelblaM
KO CTPaHULIBI).

PeaHI/I3aLII/IH HpI/IqHHHOﬁ KOHCUCTCHTHOCTH MOKCT OCYIICCTBIIATHCA CICAYHOIIHUM
obpa3om:

e  Bce MOAM(UKAINY EPEMEHHBIX Ha KaXIOM IIPOLIECCOpPe HYMEPYIOTCs;

e  BCEM IIpOIEcCOpaM BMECTE CO 3HAUYEHUEM MOAMPUIMPYEMON MEpEMEHHOU
pacchlIaeTcsi HOMEp ATOM MoaM(UKanMM Ha JTAHHOM IIPOLIECCOPE, a TaKkKe
HOMEpa MOAU(UKAIIMI BCEX MPOLECCOPOB, U3BECTHBIX TAHHOMY IIPOLIECCOPY K
9TOMY MOMEHTY;

. BBITIOJIHEHUE JIIO00M MOIU(HUKALIMKA HA KaXIOM IPOIIECCOpPE 3aJIepKUBAETCS
A0 TEX MOp, IMOKa OH HC MOJYYHUT W HE BBIIIOJIHUT BCC TC MOI[I/I(I)I/IKaLII/II/I
APYruX MpPOLECCOPOB, O KOTOPBIX OBUIO H3BECTHO IPOLIECCOPY - aBTOPY
3aJIepKUBAEMON MOAU(PHUKALIUH.

6.3.4 PRAM KOHCHCTEHTHOCTb U NPOLECCOPHAS KOHCHCTEHTHOCTb.

PRAM (Pipelined RAM) KOHCHCTEHTHOCTh OMNpPEAETSACTCS CIEAYIOMUM 00pa3oMm:
«Onepam/m 3alliuCH, BBINIOJIHACMBIC OAHHM IIPOLECCOPOM, BHAHBI BCEM OCTAaJIbHBIM
mpoueccopaM B TOM IIOPAAKE, B KaKOM OHH BBIIIOJHAIWMCh, HO OII€pallMU 3allrCHu,
BBIITIOJIHACMBIC pPAa3HBIMU IIpoLecCcCopaMu, MOIryT OBITH BUJIHBI B IIPOU3BOJILHOM
TOPSAKEY.

[Ipumep momycTUMOW TOCIEAOBATENFHOCTH COOBITHH B cucteMe ¢ PRAM
KOHCHCTEHTHOCTBIO.

Pl:  W®xI



P2: Rx)1  W(x)2

P3: R(x)1 R(x)2

P4: Rx)2  RX)I1

[IpeumymectBo monenu PRAM KOHCHCTEHTHOCTH 3aKJIIOYAETCsi B IPOCTOTE €€
peanu3anuy, IOCKOJIbKY OIepalliM 3aluCH Ha OJHOM IIPOIEcCOpe MOTYT OBITH
KOHBEHEpU30BaHbl: MOKHO MPOJOKATh BBINOJIHEHUE MPOLECCA U BBINOJIHATH IPyTrHUe
ornepanuy ¢ o0IIed MaMsAThI0 HE JOKUIAsICh 3aBEpIICHHs MPEABLAYIINX ONepanui
3anmuc (MOTU(HKAIMKA BCEX KOMHMH CTpaHMII, HAPUMEp), HEOOXOJUMO TOJIBKO OBITH
YBEPEHHBIM, YTO BCE MPOLIECCOPBI YBUAT 3TH 3aIIMCH B OJTHOM U TOM K€ MOPSIKE.

PRAM KOHCHCTEHTHOCTb MOXKET NPUBOJUTH K pe3yslbTaTaM, IPOTHUBOpPEYALIUM
MHTYUTHUBHOMY IpezcTaBieHuto. [Ipumep:

IIpouecc P1 ITpouecc P2
a=1I; b=1;
if (b==0) kill (P2); if (a==0) kill (P1);

Ob6a mpomecca MOryT OBITb YOWTBI, YTO HEBO3MOXXHO IIPH MOCTEIOBATEIIHHOU
KOHCHUCTEHTHOCTH.

Mopens  mpoLECcCOPHOM  KOHCHCTEHTHOCTHM — OoTM4Yaerca oT wmojaenun PRAM
KOHCHUCTEHTHOCTH TE€M, YTO B HEH JOMOJHUTEIBHO TPEOYETCS KOr€PEeHTHOCTh MaMSITH:
«Ims1 kaxk 101 IepeMeHHOM X eCTh 001IIee COTJIACHEe OTHOCUTENBHO MOPSAKA, B KOTOPOM
MPOIIECCOPBI  MOAU(MUIIMPYIOT 3Ty TEPEMEHHYIO, OIEpalliyd 3aliCh B pa3HbIC
MepEMEHHBIC - MMapaJuIebHB. TakuM 00pa3oM, K yIOpsSI0UUBAHUIO 3aMUCEH KaKI0TO
mporieccopa 100aBISIeTCSl YIOPSIOYMBAHUE 3aMUCed B TEPEMEHHBIC WU TPYIIIBI
MePEMEHHBIX (HaIpuMep, HaXOIAIINXCS B HE3aBUCUMBIX OJIOKAX IMaMsITH).
JleneHTpan30BaHHBIA alTOPUTM. 3a KKy TPYIIY TEPEMEHHBIX OTBEYAET CBOM
KOOpAMHATOP, KOTOPBIA TOJMy4yaeT OT TPOIECCOB 3ampochl HAa MOAM(PHUKAIHNIO U
pacchutaeT BCEM YKa3aHUsS O MPOBEACHUH Moaudukanuu. YToObl HE HAPYIIUTh
MOPSIOK ~ TIONMyYEHHUs] TporeccaMyd  yKa3aHUW O MOIU(PHUKAIMAX  PA3TUUHBIX
NEPEMEHHBIX, 3aMpPOLICHHBIX OJHUM IIPOIECCOM Yy pPa3HBIX KOOPAMHATOPOB, HAJO
Ka)XXJIOMy TIIpollecCy HyMepoBaThb CBOUM MOAM(UKAIMK, U OSTH HOMEpa JOJDKHBI
pacchlIaThesl BCEM BMECTE C YKa3aHUSAMHU O TpoBeneHn Mmoaudukanuii. Toraa mroboit
MPOILIECC, MOMYYaIOUINi yKa3aHue O MPOBeIeHIUH MOAU(DUKAIINK, MOXKET 3aJIepKaTh €ro
BBIMIOJIHEHUE /0 TMONYYEHHUS HEJOCTAIOIIMX YKa3aHHM O MPEAIIECTBYIOIINUX
MOIU(UKALUAX COOTBETCTBYIOIIETO Mpoliecca.

6.3.5. Ciaadast KOHCUCTEHTHOCTb.

Monenb PRAM KOHCHCTEHTHOCTH MPOW3BOJAUTENBbHEE M 3(PPEKTHBHEE MoJEned ¢

0oJ1ee CTPOroil KOHCHCTEHTHOCTBIO, HO M €€ OIPaHMYCHUS TSI MHOTHX TIPUJIOKEHUH HE

BCer/ia SBIIIIOTCS HEOOXOIUMBIMH, TaK KaK TPEOYIOT MOJTY4YCHHE BCEMH MPOIIeCCopaMu

MH(pOPMAIIMH O KaXK0W OIepalluy 3aIiCH, BBITIOJHAEMON Ha HEKOTOPOM ITPOIECCOpE.
Paccmotpum, U1t mpuMepa, mpouecc, KOTOPbIi B KPUTHUECKON CEKIIMU TUKIMYECKH
YUATAET W 3alUChIBAECT 3HAYEHHUE HEKOTOPBIX MEepeMEHHBIX. J[axe, ecu ocTalbHbIE
TIPOIIECCOPHI U HE MBITAIOTCS 00paIaThes K ATUM IMEPEMEHHBIM JI0 BBIX0J1a TIEPBOTO
mporecca U3 KPUTHIECKOW CEKIIMH, IIJIsl YOBIETBOPEHUS TPEOOBAHHMI OMUCAHHBIX
BBILLIE MOJENEH KOHCHUCTEHTHOCTH OHM JOJDKHBI «BHUIETH» BCE 3alUMCU IEPBOIO



IIPOLIECCOpPa B MOPSIIKE UX BBIIOJHEHMS, YTO, ECTECTBEHHO, COBEPLIEHHO HE HYXKHO.
Hawnydmiee pemieHne B Takod CHTyallMM - 3TO TO3BOJUTH IEPBOMY IPOILECCY
3aBEPUIMTH BBIIOJIHEHNE KPUTHUYECKON CEKIIMHU W, TOJBKO IOCIE 3TOr0, MepeciaTh
OCTaJIHBIM ITpoLecCcaM 3HAYeHHsI MOAU(PUIIMPOBAHHBIX IEPEMEHHBIX, HE 3a00TsICh O
IIEPECBUIKE MPOMEKYTOUHBIX PE3yJbTaTOB, M IOPSAAKA UX BBIYUCIECHUS BHYTpPU
KPUTHYECKON CEKIUU.

[Ipemnoxxennas B 1986 r. (Dubois et al.) Mmoagens cnaboii KOHCHCTEHTHOCTH, OCHOBaHA
Ha BBIIEJICHUM CPEIU MEPEMEHHBIX CIEUaIbHBIX CHHXPOHU3AIMOHHBIX TEPEMEHHBIX
(mocTyn K KOTOPBIM MPOU3BOIUTCS CHEIUATBHON ornepanuell CHHXPOHU3AIUN TTaMSTH )
Y OMKCHIBAETCS CIACTYIOIIMMHU IMPABUIIAMU:

1. Jlocmyn K CUHXPOHU3AUUOHHBIM NEPEMEHHbIM  ONpeoensiemcs MOOenbio
noC1e008amebHOl KOHCUCTNEHMHOCTU,

2. Jlocmyn K CUHXPOHU3AYUOHHBIM NEPEeMEHHbIM 3anpeuen (3a0epiucueaemes), noka
He 8bINOJIHEeHbl 8Ce Npedbloyujue onepayun 3anUcl;

3. Hocmyn k Oanmbim (3anuce, uwmeHue) 3anpewjer, NOKd He 6bINOAHEHbl 6Ce
npeovioyujue oopaujenusi K CUHXPOHU3AYUOHHBIM NEPEMEHHBIM.

[lepBoe mpaBuUIO oOmpenenseT, YTO BCE TMPOLECCH «BHUIAT» OOpamieHus K
CHHXPOHHM3AI[MOHHBIM TIEPEMEHHBIM B OMpEIEIeHHOM (OJHOM U TOM 3Ke€) Hopsiike (a
“BHJIETh” OHH MOTYT TOJILKO TIOCPEJACTBOM YTCHHSI OOBIYHBIX IIEPEMECHHBIX!).

Bmopoe npasuno ecapanmupyem, umo vinoinenue npoyeccopom onepayuu
0bpaujerust K CUHXPOHU3AYUOHHOU NEPEMEHHOU B03MONCHO MOJIbKO NOCIE
«B8bIMANIKUBAHUSLY KOHBeUepa (NOHO20 3a8epuleHUs 8bINOTHEHUS 6CEX NPeOblOYUUX
onepayutl 3anuc nepemeHHbIX, BbLOAHHBIX OaHHbIM npoyeccopom). [lpu smom, ece
BbINOJIHEHHbIE NPOYECCOM 3ANUCU CIAHYI 2APAHMUPOBAHHO BUOHbL OCAIbHBIM
npoyeccam moibkKo nOCie 8bINOIHEHUs. UMU CUHXporuzayuu. Tpemve npasuo
onpedensiem, Ymo npu 0opawjeHuu K 0ObIYHbIM (He CUHXPOHUZAYUOHHBIM)
nepemMeHHbIM Ha YmeHue Ui 3anuch, 6ce npeovloyujue 00paweHus K
CUHXPOHUZAYUOHHBIM NEPEMEHHBIM OO0INCHBL ObLMb BLINOIHEHbI NOJHOCMBIO.
Bvinonnue cunxponuzayuio namsamu (3ma onepayus o6o3Havena Hudxce 6ykeou S)
nepeo obopaweruem Kk 0oujeti nepemMeHHol, npoyecc Modlcem Obimb y8epeH, Umo
NOJYYUM NPABUTIbHOE 3HAYEHUe IMOU NepeMeHHOl (Mo, KOMopoe 3anucal Kakou-mo
npoyecc, ycneguiuil cooouums 00 3Mom 6cem noCpedCmeom CUHXPOHUAYUU
namamu).

a) Ipumep I0IMyCTUMOM HOCIENO0BATENBHOCTH COOBITHIA.

P1: W(x)1 W(x)2 S

P2: R(x)1,R(x)2 S
P3: R(x)2, R(x)1 S
0) [Ipumep HETOTYCTUMOM MOCIIEAOBATEIHLHOCTH COOBITHHA.

P1: W(x)1 W(x)2 S

P2: S R(x)1




6.3.6 KoHCHCTEHTHOCTBH N0 BBIXO1Y.

B cucreme co cnaboil KOHCHCTEHTHOCTbIO BO3HUKAET MpobijieMa MpH OOpalleHuu K
CUHXPOHM3AI[MOHHOW IEpEeMEHHOM: cucremMa He UMeeT MH(OpMaluu O IeIH 3TOro
oOpalleHus - WM HpPOLIECC 3aBEpLIWl MOAM(UKAIMI OOLIed NepeMEeHHOW, Win
TOTOBUTCSI TIPOYMTATh 3HA4YeHHWe oOmeld mnepemenHoil. [[ns Gomee >ddexTuBHOIM
peanu3aluy MOJAEIM KOHCHCTEHTHOCTH CHCTeMa JOJDKHA pa3inyaTh JBE CUTYallUU:
BXOJ] B KPUTHUECKYIO CEKIIUIO U BBIXOJ U3 HEe.

B MOACIN KOHCUCTCHTHOCTU IO BBIXOAY BBCIACHBI CIICHUAJIBHBIC q)yHKI_II/II/I 06pameHH${
K CHHXPOHH3allMOHHBIM IEPEMCHHbIM:

(1) ACQUIRE - 3axBaT CHHXpOHH3AIIMOHHOM MIEPEMEHHON, HHPOPMUPYET CUCTEMY
0 BXOZIE€ B KPUTUYECKYIO CEKIIHIO;

(2) RELEASE - ocBoOox/ieHne CHHXPOHMU3AIMOHHOW IEPEMEHHOM, OIMpeeseT
3aBEpPIICHUE KPUTUUECKON CEKIUU.

3axBar u OCBO60)KI[€HI/I€ HCIIOJIB3YCTCA AJId OpraHru3allvui JOCTYyIla HE KO BCEM O6I_HI/IM
INEPpEMCHHBIM, a4 TOJIBKO K TEM, KOTOPLIC 3allIUINAKOTCA JaHHOM CI/IHXpOHI/I3aL[I/IOHHOﬁ
nepeMeHHoﬁ. Takue O6H.[I/Ie NEPEMECHHBIC HA3bIBAIOT 3alIMIICHHBIMU IICPEMCHHBIMU.

[Ipumep  nomycTuMOW  IMOCIEIOBATENBHOCTM  COOBITMM  JUII  MOJAENH  C
KOHCHCTEHTHOCTBIO 110 BbIxoay. (Acq(L) - 3axBaT cCHHXpOHH3alIMOHHON IIepeMeHHOM L;
Rel(L) - ocBoOOk1€eHEe CHHXPOHU3AIIMOHHON TIEPEMEHHOM ).

P1: AcqL) W1 Wx?2 Rel(l)

P2: Acql) R(x)2 Rel(L)

P3: RX)1

Crnenyrome mpaBWia ONPENCSIIOT TpeOOBaHMWS K MOJEIM KOHCHUCTEHTHOCTH 10
BBIXOY:

(1) o BoeImoIHEHHST 0OpallieHus K 001Iel nmepeMeHHOM, T0/KHBI OBITh MTOJTHOCTHIO
BBITIOJIHEHBI BCE TPENBIAYIIME 3aXBaThl CHHXPOHU3AIMOHHBIX TEPEMEHHBIX
JTAHHBIM MPOILIECCOPOM.

(2) Ilepen ocBOOOXKIEHMEM CHHXPOHU3ALIMOHHOM IEPEMEHHON JOJDKHBI OBbITH
3aKOHYCHBI BCE OIEpalliyd YTCHHSI/3aIUCH, BBITIOIHSBIIUECS IPOIECCOPOM
MIpexK/Ie.

(3) Peanmzamus onepanuii 3axBaTa M OCBOOOXKIEHUS CHHXPOHH3ALMOHHON
MEPEMEHHON  JIOJDKHBI  YAOBJIETBOPSATH  TPEOOBAaHUSAM  MPOLECCOPHOM
KOHCHUCTEHTHOCTH (ITOCIIeIOBAaTENbHASI KOHCUCTEHTHOCTh HE TpeOyeTcs, 3aXBaThl
pa3HbIX IEPEMEHHBIX OCYIIECTBIISIOTCS TAPAJUIETIBHO).

[Ipy BBIMONHEHMH BCEX STHUX TPEOOBAHMI W WCIOIB30BAHMU METOAOB 3axBaTa H
OCBOOOXICHHS, PE3yJbTaT BBIOJHEHUS MPOTPaMMBbI OYIET TaKUM >K€, Kak IpH
BBIMIOJIHEHUW OTOM MTPOrpaMMbl B CHUCTEME C IIOCIIEAOBATEIbHONW MOJIEINbBIO
KOHCHCTEHTHOCTH.

CymectByeT MoauQUKaIis KOHCUCTEHTHOCTH TI0 BBIXOAY - «JIeHHBas». B oTimyue ot
ONMHCaHHOW («IHEPrUYHOW») KOHCUCTEHTHOCTH TIO BBIXOAY, OHa He Tpedyer
BBITAIKUBAHHUS BCEX MOAU(DUIMPOBAHHBIX JAHHBIX MPH BBIXOJE W3 KPUTHYECKOU
cekuuu. Bmecto 3TOro, mpu 3ampoce BXoJa B KPUTHUECKYHO CEKLHIO IPOLECCY
MepefaroTes TeKyIIMe 3HaueHUs 3alMILEHHBIX pa3/e/iieMbIX EPEMEHHBIX (HampuMep,
OT Ipoliecca, KOTOPBIM MOCIEAHUM HAaXOIWJICS B KPUTHUYECKOW CEKIMHU, OXPaHsIEMOMN
9TOM CHUHXPOHU3ALMOHHOW mnepeMeHHOM). [IpM MOBTOPHBIX BXOAax B KPUTUUYECKYIO
CEeKIIMIO TOTO K€ caMoro mporecca He TpeOyeTcss HUKaKMX OOMEHOB COOOICHHSIMH.
Jns  Toro, 4roObl y3HaTh, Kakhe TEPEMEHHBbIC 3alUINAIOTCI KOHKPETHOM
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CUHXPOHM3AI[MOHHOW MEepeMEHHOM, HYXHO (UKCUpOBaTb BCE IEPEMEHHBIE,
MU3MEHSEMbIE BHYTPH COOTBETCTBYIOINX KPUTHYECKUX CEKIIUN.

6.3.7 KoHCHCTEHTHOCTBH 110 BXO1Y.

OTa  KOHCHCTEHTHOCTh IPEJACTaBIsieT CcOoOOW eme OAUH IpUMEp MOAEIH
KOHCHCTEHTHOCTH, KOTOpasi OpUEHTHPOBAaHA Ha UCIIOJIb30BAHUE KPUTHUECKUX CEKIIHHM.
Tak ’xe, kak ¥ B TpeAbLAyIIEl MOJeNu, 3Ta MOJAEIb KOHCUCTEHTHOCTH TpeOyeT OT
IIPOrPaMMKCTOB (umm KOMITHJIITOPOB) HCIIOJIb30BAHNE MEXaHH3Ma
3axBaTa/OCBOOOXKICHUS JJIi BBIOJHEHUS KPUTUYECKUX cekuuii. OpHako B 3TOM
MoJenu Tpebyercs, 4yToObl Kaxkaas oOIias IepeMeHHas Obula sBHA CBsi3aHa C
HEKOTOpOH CUHXPOHM3AI[MOHHOM HepeMEHHOM (nmu C  HECKOJIbKUMU
CUHXPOHM3AI[MOHHBIMH ITEPEMEHHBIMU ), TPU ITOM, €CIIH JOCTYH K 3JIeMEHTaM MaccHBa,
WIA Pa3IU4YHBIM OTIEIbHBIM IIEPEMEHHBIM, MOXKET IPOU3BOAMTHCS HE3aBHCHMO
(mapayuiennbHO), TO 3TH 3JIEMEHThl MaccuBa (OOIIME IepeMEHHbIE) JOJDKHBI ObITh
CBSI3aHBl C Pa3HbBIMU CHHXPOHHU3AI[MOHHBIMHM IepeMeHHbIMH. Takum o00pa3oM,
BBOJIUTCS SIBHAs CBSI3b MEXKJY CHHXPOHU3ALMOHHBIMU II€PEMEHHBIMH M OOLIMMHU
IIEPEMEHHBIMH, KOTOPBIE OHU OXPAHSIIOT.

Kpome TOro, kpuTuueckue CEKLHH, OXpaHSAEMble OJHOM CHHXPOHM3ALMOHHOU
MIEPEMEHHO, MOT'YT OBbITh JIBYX TUIIOB:

® CCKIMsI C MOHOTIOJBHBIM JOCTYIIOM (ISt MOAM(PUKAIIMK TIEPEMEHHBIX ),

® CCKIUA C HEMOHOIIOJBbHBIM JOCTYIIOM (I[J'If[ YTCHUA HepeMeHHI)IX).

PaCCMOTpI/IM HCIIOJB30BAHUE CHHXPOHU3AIITMOHHBIX IICPEMCHHBIX.

Kaxnas CHHXpOHHM3AaLMOHHAS MEPEMEHHAs MMEET BPEMEHHOIO BJIAJENbLA -
MOCIEIHUM TpOIecC, 3aXBaTUBLIMI JOCTYNl K 3TOM MEpeMEHHOW. DTOT BIaJelel]
MOXET B LHKJIE BBIIOJHATh KPUTUYECKYIO CEKLUHIO, HE IOChUIas IpPU 3TOM
cooOmeHnit pyrum mpoueccopam. Ilporecc, KOTOpbI B JaHHBIE MOMEHT HE
SIBJIIETCSL BIIAJICNIBLIEM CHHXPOHU3AIIMOHHON TEPEeMEHHOM, HO TpeOyrommii ee
3axBaTa, JOJDKEH IIOCNIATh 3alpoC TEKYIIEMY BIIAJENbIy 3TOW NEPEMEHHOW IS
MONMYYCHHUS TIpaBa COOCTBEHHOCTH HA CHHXPOHH3AI[MOHHYI TIEPEMEHHYIO U
3HAUYEHUN OXpaHSEMBIX €10 OOIIMX MepeMEeHHbIX. PaspemieHa cuTyaius, Koria
CUHXPOHN3AaLUMOHHAS MEPEMEHHAsA UMEET HECKOJIBKO BJIAJIEIBLEB, HO TOJIBKO B TOM
cilydae, eciid CBSI3aHHBIE C 3TOW MEPEMEHHON 00IMe JaHHBIE UCIOJIB3YIOTCS TOJIBKO
JUISL YTEHHUSL.

Huxe IMPUBCACHDbI Q)OpMaJ'IbHLIe ImpaBuia, onpeacaromue MOAC/Ib KOHCHCTCHTHOCTU
I10 BXO4Yy:

(1) IIpomecc He MOXKET 3aXBATHTh CHHXPOHU3ALMOHHYIO NEPEMEHHYIO 10 TOTO,
[oKka He OOHOBJIEHbI BCE [MEPEMEHHbIE JTOr0 Ipoliecca, OXpaHsSeMble
3aXBaThIBAEMOM CHHXPOHU3aIIMOHHOM IEPEMEHHOM;

(2) Ilponiecc He MOXKET 3aXBaTUThb CHHXPOHU3ALMOHHYIO IIEPEMEHHYIO B
MOHOIMOJIBHOM PeXHUMe (U1 MOAU(UKAIIMN OXpaHAEMbIX JaHHBIX), IOKA JIPyTroi
Ipoliecc, BIaACIOUINI 3TON nmepeMeHHOH (J1a’ke B HEMOHOIIOJILHOM PEXHME), He
0CBOOOIIHNT €e€;

(3) Ecnmn  kakoii-ro mpouecc 3axBaTWJI CHHXPOHM3ALMOHHYIO IIEPEMEHHYIO B
MOHOIOJIBHOM PEXHME, TO HU OJUH IPOIECC HE CMOXET €€ 3aXBaTUTh JaXe B
HEMOHOIIOJILHOM PeXUME /10 TeX IMOp, MOKa MEepBbIi Mporiecc He 0OCBOOOIUT ITY
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MepeMEHHYI0, U OyAyT OOHOBJIEHBI TEKYIIINE 3HAYEHUST OXPAHIEMBIX MTEPEMEHHBIX
B IIpOLIECCE, 3aIIpaIIMBAIOIIEM CHHXPOHU3ALMOHHYIO IIEPEMEHHYIO.

6.3.8 CpaBHeHue Mojiejieii KOHCUCTEHTHOCTH.
B npuBeneHHoil Huke Tabnuie ONpeneneHbl OTIUYMTENbHbIE XapaKTEePUCTUKU
OIIMCAHHBIX MO}ICJ’ICIZ KOHCUCTCHTHOCTHU ITIaMJsTH.

(a) Monieny KOHCUCTEHTHOCTH, HE MCIIOIb3YIOIINE ONepaliii CHHXPOHU3AINH.

KoucucreHTHOCTD Onucanue

Crporas YropsiodeHne Beex JOCTYIIOB K pa3/ieNisieMbIM JaHHBIM T10
a0COMIOTHOMY BpEMEHU

HOCJ’ICHOB&TGHBH&?[ Bcee mpouecChl BUAAT BCC 3allMCU PasACsICMbIX OAHHBIX B
OJHOM H TOM K€ IMOPAIAKE

HpI/I‘II/IHHaH Bce IMponeccol BUAAT BCC IMPUYMHHO-CBA3AHHBIC  3aIllMCHU
JaHHBIX B OAHOM U TOM K€ ITOPAJKE

[Ipoueccopnas PRAM-KOHCUCTEHTHOCTb + KOT€PEHTHOCTh MaMITH

PRAM Bce mporeccopbl BUASAT 3amucd JIIOOOTO Tporieccopa B
OJIHOM U TOM K€ MOpsIIKE

(6) Mozaenu KOHCHCTEHTHOCTH C OTepaIiusiMi CHHXPOHU3AIIHH.

KoHcucreHTHOCTD Onucanue

Cna0Oas PaBI[eJISIGMBIe JaHHBIC MOXHO CUUTaTb KOHCHCTCHTHBIMU
TOJIBKO ITOCJIC BBIIMOJIHCHUA CHHXPOHU3alluKU

IIo BbIXOOY PaSJICJ'ISIeMI)Ie JaHHBIC, U3MCHSICEMBIC B KpHTquCKOﬁ CCKIIUH,
CTAHOBATCA KOHCHUCTCHTHBIMMU I10CJIC BBIXOJa N3 HEC.

[To Bxony Paznensemble maHHBIE, CBS3aHHBIC C MOHONIOJILHON WIIH
HEMOHOIIOJIbHOM ~ KPUTUYECKOW  CEKIMEH, CTaHOBATCA
KOHCHCTEHTHBIMU IIPH BXOJIE B HEE

6.4 IIpoTOKO0JIBI KOTEPEHTHOCTH.
WRITE-INVALIDATE - BcemM BnazenslaM KOIOMH  cooOwiaercss O UX
HEAEHCTBUTEILHOCTH.

WRITE-UPDATE - opranusyercs 0OHOBJICHHE KOIHUH y BCEX BJaJIEIIbLEB.

BriGop ompenensercs wacroramMu 4YTEHHMHW W 3aludced, a Takke BpeMEeHaMHU
OTIOBEIIEHHS U OOHOBIICHHSL.

6.5 Koncrpykropckue pemeHusi.

6.5.1 Crpanunynasa DSM.
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OO6mrast mamsiTh pa3OuBaeTcs Ha MOPIUU OJMHAKOBOW JJIMHBI - CTPAHUIIBI WIIA OJIOKH.
Ecnu BbIOpaTh JUIMHY coBHajarolied (MM KpaTHOM) JJIMHE CTPAaHUIbl ONEpaTUBHON
MmaMsTH TPOIECCOpOB (ecnd WX TaMATh CTpaHWYHas), TO MOXHO Oyner
BOCIIOJIb30BaThCSl MEXaHU3MOM 3aIIUThl MMaMATH JJII OOHApYKEHUS OTCYTCTBYIOIIUX
crpanull DSM u anmapaTHbIM MEXaHM3MOM 3aMEHbl BHUPTYaJbHOIO ajpeca Ha
(buznyecKuii.

K sromy xe Tunmy DSM (He 3Haronmx 3apaHee HUYEro O COAECPKUMOM aMSATH) MOXKHO
OTHECTH H almapaTHbie peann3anuu Ha 6a3e komreit (Convex SPP).

6.5.2 DSM Ha 0a3e pa3aessieMbIX IePeMEHHBIX.

B DSM cucremax ¢ pasnenseMbIMH NEPEMEHHBIMH TOJBKO OTHEIbHBIE CTPYKTYPBI
JAHHBIX PA3ACIAIOTCS MEXIAy IpoueccopaMu. lIporpaMMucT [JOIDKEH TOYHO
OIIpENIEINTh, KAaKHE IEPEMEHHBIC B INPOrpaMMe AODKHBI PA3ACIATBCSI, a KAaKHE HE
JOJKHBI.

3HaHue I/IH(i)OpMaHI/II/I 0 PCIKUME UCITIOJIB30BAHUA pa3ACIICMbIX IICPEMEHHBIX ITO3BOJISICT
BOCIIOJIL30BAaThC 00JIee 3(1)(1)6KTI/IBHBIMI/I IMPOTOKOJIaMH KOI'CPECHTHOCTH.

Paccmotpum crnenyroniyto mporpammy, KOTOpas aBTOMAaTHUECKU pacrapaijieTnBaeTCs
MTOCPEICTBOM PAa3MHOXKEHHUS BCEX MEPEMEHHBIX HA BCE IMPOLIECCOPHI U PaCIpEIeTICHU
MEX1y HUIMHU BUTKOB ITUKIIA.
s=0;
last. A =0;
fori=1;i<L2-1;i++)
{
r=A[i-1]*A[i+1];
Cli]=r;
s =8+ r¥r;
if (A[i]!'=0) { last_A = AJi]};
}
A[0] = last_A;

[lepemeHHBIE BHYTPHU LUKJIA UCHOIB3YIOTCS B CICAYIOUINX PEKUMAX:
A - TOJIBKO Ha UYTCHHE;
I - IpuBaTHO ((aKTUYECKHU HE SBIIICTCS Pa3JIeIIIeMOi );

C - pazgenbHO Hcmonb3yeTcs: (Jr000# IIEMEHT MaccuBa M3MEHsIETCs He Ooliee, 4eMm
OJTHUM IIPOLIECCOM, M1 HUKAKOW MPOILIECC HE UUTAET AIIEMEHT, U3MEHSAEMBbIN APYTUMH);

S - pCAYKIIMOHHAA IICPEMECHHAA, UCITIOJIb3yEMas AJIs1 CYMMHUPOBAHU S

last_A - IEPEMCHHAs, XpaHiallasd 3HAYCHUC MMOCJICAHCTO HCHYJICBOI'O 3JICMCHTA MacCCUBa
A.

[IpuBenenuss B KOHCUCTEHTHOE COCTOSTHUE MIEPEMEHHBIX A U T - HE TpeOyeTcsl.

Jlns mpuBeneHHsT B KOHCHCTEHTHOE coOCTOsiHMEe MaccuBa C  HEOOXOIMMO TIpH
3aBEPIICHUH IMKJIA Ka)XJIOMY IPOIECCY MOCIaTh OCTaJbHBIM BCE CBOM M3MEHEHHS B
maccuse C.

HJ’I}I HepeMeHHOﬁ S B KOHIIC IMKJIa HAA0 JOBBIITOJIHUTE OMNEPALINIO PCAYKIIUHU - CIIOKUTH
BCC YACTHUYHBLIC CYMMBbI, IMOJYYCHHBIC pPAa3HbIMU MNOPOHCCCOPAaMU B CBOHUX KOIHUAX

13



HEePEeMEHHOIl S M pa3ocnaTh pPe3ynbTaT BCeM mporeccopaM (ecau Obl HavaabHOE
3HayeHHe NEePEMEHHOM s ObUIO OTIMYHO OT HYJISL, TO 3TO Ha/10 OBLIO ObI yUECTb).

[Tepemennoii last_A Ha Bcex Mpoleccopax MpHU BBIXOAE M3 IUKJIA JIOMHKHO OBITH
MPUCBOCHO TO 3HAYEHHE, KOTOPOE OBLIO MOTyYEeHO HAa BUTKE LUKIA C MAKCUMAJIbHBIM
HOMepoM. [[st 9TOro MOKHO (PUKCHpPOBATH HA Ka)JIOM IPOIECCOPE MaKCHMAaNbHBIH
HOMEp BHTKa, Ha KOTOpOM TEepeMeHHOM mpucBamBaercss 3HauyeHue. [lpu
pacrpenenieHi BUTKOB  IIOCIENOBATEIbHBIMU  OJOKAMH MEXKIY IPOIECCOPAMHU
JOCTaTOYHO (PUKCUPOBATH caM (HaKT U3MEHEHU S IEPEMEHHOMN KasKIbIM TIPOIIECCOPOM.

Bre nukia npuBeneHne B KOHCUCTEHTHOE cOCTOsiHUE TiepemeHHoU A[0] He TpeOyercs,
MTOCKOJIbKY Ha KaXKJIOM TPOIIECCOPE BBITIOIHICTCS OJMH M TOT XK€ OIepaTop, KOTOPHIHA
MPUCBANBAET OJTHO U TO K€ 3HAUCHUE BCEM KOIHIM IIEPEMEHHOM.

6.5.3 DSM Ha 0a3e 00LEKTOB.

[Tocneanroro rpymnmy oOpa3ylOT MHOTONPOLIECCOPHBIE CHCTEMBI C OOBEKTHOU
OpraHu3anuen pacnpeneraeHHol o0miel nmaMsaThio. B oTinnune oT Bcex OCTalbHBIX
pPacCMOTPEHHBIX CHUCTEM, NPOTpaMMbl JJisi OO0BEKTHO-OpHEeHTHpoBaHHOW DSM
CHCTEMBI HE MOTYT HANpsMYIO UCHOJIb30BATh OOIKE NMEPEMEHHBIE, a TOIBKO uepe3
crienuanbHble PYHKIUU-MeToIbl. CHcTeMa MOAEPKKHU BHITOTHEHUS apajuleIbHBIX
IporpamMm, MOJYyYHUB 3alpoC HA HCHOJIb30BAHHME HEKOTOPOW OOIIei MepeMeHHOMH,
oOpabaTblBaeT €ro, TMOAJACPKHBAsT TMPH OSTOM KOHCHUCTEHTHOE COCTOSHHE
pa3femnsieMbIX JaHHBIX. Bech KOHTPOJIb OCYIIECTBISIETCS TOJIBKO MPOTrPaMMHBIMH
Cpe/cTBaMH.

B Ttex cmywasx, xorga s GalaHCHUPOBKU 3arpy3Kd MPOLIECCOPOB IPUMEHSETCS
MUTpalUsl JIaHHBIX, BOCIIOJIb30BAaThCSl COCEICTBOM pACHOJOKEHUS JAaHHBIX B
JIOKaJbHOM MaMsTH Tpolieccopa 3aTpyJHUTENbHO. B Takux ciyyasx MOTepH
3G PEeKTUBHOCTH U3-3a JOCTyNa K JaHHBIM uepe3 (YHKUHUHU MOTYT OBbITH BIIOJHE
IpPUEMJIEMBIMH, TIOCKOJIIBKY OHHM MOTYT CHOJHA KOMIIEHCHPOBAThCS TEM
BBIUTPHIIIEM, KOTOPBIA TOCTUTAETCS OAIAaHCUPOBKOM 3arpy3KHu.
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7. O0ecneyeHne HA/ICIKHOCTH B pacnpe/ieJIeHHbIX CHCTeMAX.

OTKa30M CHCTEMBbI Ha3bIBACTCS IIOBEJCHHE CHCTEMBI, HE YIOBIECTBOPSIOIIEE €€ CreUu(UKAIHIM.
[TocnencTBus oTkaza MOTYT OBbITH Pa3IMYHbBIMHU.

OTtka3 cucrteMbl MOXKET OBbITh BBI3BAH OTKa30M (HEBEPHBIM CpabaThIBAHUEM) KaKUX-TO €€ KOMIIOHEHTOB
(mpoueccop, MaMATh, YCTPOMCTBA BBOAA/BBIBO/IA, JINHUH CBSI3U, MJIM MIPOTPAMMHOE 00ECIICUeHUE).

OTKa3 KOMIIOHEHTa MOKET ObITh BbI3BaH OLIMOKaMH MpU KOHCTPYMPOBAaHUHU, IPU MPOU3BOJICTBE WU
nporpamMmmupoBaHii. OH MOKET OBITH TakXKe BBI3BaH (DU3MYECKHM IMOBPEKACHUEM, H3HAIIMBAHUEM
00OpyIOBaHUs, HEKOPPEKTHBIMU BXOJTHBIMU JTAHHBIMH, OIIMOKAMH OIEpaTopa, U MHOTHUMH APYTHMHU
MIPUYMHAMMU.

OTKassl MOTYT OBITH CJIy‘IafIHBIMH, NEPpUOAUUCCKUMHU HUJIN TOCTOSHHBIMU.
Crnyuaiinbie 0TKa3bl (COOM) MPU MOBTOPEHUHU OTEpAIUU UCUYE3aI0T.

[IprunHOM Takoro c6osi MOXET CIYXHUTb, HalpuMep, dJIEKTPOMAarHUTHas MOMeXa OT MPOE3’KaIOLIEro
MUMO TpamBas. Jlpyroil mnpumep - peakas cuUTyalus B IOCIEJOBATEIbHOCTH OOpalleHui K
OIlEpallMOHHON CUCTEME OT Pa3HbIX 3ajJad.

[lepnoanyeckne OTKa3bl MOBTOPSIOTCS YaCTO B TEUEHHE KAKOTO-TO BPEMEHHM, a 3aT€M MOTYT JIOJITO He
npoucxouth. [Ipumepsl - miIoxoi KOHTAKT, HeKoppekTHas padora OC mocne oOpabOTKK aBapuHHOTO
3aBEpUICHNUS 3a/1a49H.

[TocTosiHHBIE (YCTOWYUBBIE) OTKa3bl HE MPEKPALIAIOTCS [0 YCTPAHEHUS UX MPUUUHBI - pa3pylIeHHs
JIMICKA, BBIX0JIa U3 CTPOS. MUKPOCXEMBI HJIM OIIMOKU B IPOTPaMME.

OTKa3bl MO XapaKTepy CBOETO MPOSBIICHHS TOJPA3ICISIIOTCS HAa «BU3AHTUHCKHE» (CHCTEMa aKTHBHA U
MOYKET MPOSBIISITH Ce0s MO-pa3sHOMY, JTaXkKe 3JIOHAMEPEHHO) M «IpOTa)ka MPU3HAKOB KU3HWY (YacTUUHAs
win nonHas). [lepBble pacmno3HaTh ropasfo ciioxkHee, ueM BTopble. CBOe Ha3BaHUE OHU MOJYYWIH IO
nMmenn Buzantuiickoit umnepun (330-1453 1T.), rae pacuBeTaid KOHCIUPAIKS, HHTPUTH U OOMaH.

Jlnst oOecrieyeHHsT HAAEKHOTO pPEIICHUS 3a/la4 B YCJIOBUSAX OTKA30B CHCTEMBl NPUMEHSIOTCS IBa
MPUHIUITHAIBEHO PA3UYAIONIIXCS MOIX0a - BOCCTAHOBJIICHUE PEIICHHS MOCe 0TKa3a CUCTEMBI (HITH ee
KOMIIOHEHTA) ¥ TPEIOTBPAIEHUE 0TKa3a CUCTEMBI (OTKa30yCTOMYUBOCTD).

7.1. BoccTaHoBJIeHHE ITOCTIE 0TKA3a.
BoccranoBiienre MokeT ObITh TPSAMBIM (0€3 BO3BpaTa K MPOIIJIOMY COCTOSIHUIO) M BO3BPATHOE.

HpﬂMOG BOCCTAHOBJICHUC OCHOBAaHO Ha CBOCBPEMCHHOM 06Hapy>1<eHI/m cOosg u JJUKBUJAIUHU €Io
HOCJ'ICI[CTBI/II\/'I IyTeéM IMPUBCACHUA HCEKOPPEKTHOI'O COCTOAHHA CHCTEMBI B KOPPEKTHOC. Takoe
BOCCTAaHOBJICHUEC BO3MOKHO TOJIBKO IJIs1 OIMPCACIICHHOI'O Ha60pa 3apaHeC NPEAYCMOTPECHHBIX cOoeB.

HpI/I BO3BPATHOM BOCCTAHOBJICHHH IIPOUCXOIHUT BO3BPAT IIPpOLECCA (I/IJ'II/I CI/ICTeMLI) U3 HCKOPPCKTHOI'O
COCTOAHHUA B HCKOTOPOC U3 NPCAHICCTBYIOIIUX KOPPCKTHBIX COCTOSIHHI. HpI/I 3TOM BO3HHKAIOT
(Q(S137%:0)1185(¢ l'IpO6J'ICMbI.

(1) [Torepn mNPOU3BOIUTEIHHOCTH, BBI3BAHHBIC 3alIOMHHAHUEM COCTOSIHHH, BOCCTAaHOBJICHHEM
3alIOMHEHHOTO COCTOSIHHS M TOBTOPEHHUEM paHee BBIIOJIHEHHONW paboThl, MOTYT OBITh CIHILIKOM
BBICOKH.

2) Hert rapanTun, yto c00il CHOBa HEe TOBTOPUTCS MOCIIE BOCCTAHOBJICHUS.

3) J1711 HEKOTOPBIX KOMIIOHEHTOB CHCTEMBI BOCCTAHOBIICHHE B MPEANISCTBYIOINIEE COCTOSHUE MOXKET
OBITH HEBO3MOXHO (TOPTOBBIIl aBTOMAT).

Tem He MCHCC, OTOT IMOAXOO ABJIACTCA Ooitee YHUBCPCAJIBHBIM U NMPHUMCHACTCA Iropasgo vamie 1mepBoro.
I[a.]'[bHefI].Hee pacCMOTpPCHUC 6YI[€T OTPAHUYCHO TOJIBKO JaHHBIM IMOAXOJ0M.

I[J'IH BOCCTAHOBJICHUSA COCTOAHUSA B TPAAUTTHUOHHBIX OBM MNPUMCHAIOTCAI IBa METOda (I/I ux KOM6I/IHaI_[I/I$I),
OCHOBAHHBIC Ha HpOMC)i(YTO‘IHOﬁ q)HKcaL[I/II/I COCTOSIHUSL JTH0O0 BCACHHUHN JKYpHAJIa BBIITOJHACMBIX



onepauuii. OHM pa3aHyalOTCs 00bEMOM 3allOMUHAeMON MHQpOpManuell U BpeMEHEeM, TpeOyeMbIM JUIs
BOCCTaHOBJICHHUSL.

[IpumeHeHne 1NOAOOHBIX METOAOB B PACHPENEICHHBIX CHCTEMAX HATAJIKUBAETCSI Ha CIEAYIOIINE
TPYAHOCTH.

7.1.1. CooOmeHus-cupotsl 1 3pPexkT TOMUHO.

x1 X2 x3
X— | -t
v y1l y2, .t
z1 z2
yh— | >

Ha pucynke nokazansl Tpu nporuecca (X,Y,Z), B3auMOJIeHCTBYIONINE uepe3 coolienus. BepTukanbubie
YEpPTOYKH TIOKa3bIBAIOT HAa BPEMEHHOM OCH  MOMEHTHI 3allOMHUHAHMS COCTOSIHHSI TIporiecca st
BOCCTAHOBJICHHS B cllydae oTKaza. CTPEeIOYKHA COOTBETCTBYIOT COOOIIECHUSM U MMOKA3bIBAIOT MOMEHTHI X
OTIPABJICHUS U TTOTYICHHUS.

Ecnu mpouecc X ciomaercsi, TO OH MOXeET ObITh BOCCTAHOBJIEH C COCTOSHUA X3 0e3 Kakoro-jinbo
BO3JICHCTBUS Ha APYTHE MPOLECCHI.

[Ipenmonoxum, yto mpouecc Y cloMaics MOcie MOCBUIKM COOOHIeHHsI m W ObLI BO3BpAllleH B
coctosiHue y2. B sTtom ciiydae mosrydeHune cooOmieHuss m 3aUKCUpOBAaHO B X3, a €ro MoOChUIKa HE
oTMmeueHa B y2. Takas cuTyalus, BOHMKIIAS H3-32 HECOTJACOBAHHOCTHU TJIOOABHOTO COCTOSIHUS, HE
JOJKHA JOIMyCKaTbea (MpUMEpP - COOOIIEHHE COACPKHUT CyMMYy, MEPEBOJAMMYIO C OJHOIO cueTa Ha
npyroii). CooOmieHrne m B TaKOM cliydae Ha3bIBaeTcsi cooOmeHuemM-cupoTtoit. Ilpomnece X gomkeH ObITh
BO3BpAILEH B MPEBIAYILIEE COCTOSTHUE X2 U KOH(PIUKT OyAeT TUKBUIUPOBAH.

[Ipenmonoxum Tenepp, 4To Mpolecc Z clioMaeTcss U OyleT BOCCTAHOBJIEH B COCTOsiHME Z2. JTO
MPUBEIET K OTKATy npouecca Y B yl, a 3ateM u nporeccoB X U Z B HadallbHbIe cOCTOsIHUSA X1 1 yl. DToT
3¢ dexT n3BecTeH Kak 3PpPEeKT JOMUHO.

7.1.2. TIlorepsi coo01IeHUI.

X X1, -~ t
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[Ipenmomnoxum, 4To KOHTPOJIbHBIE TOUKH X1 1 yl 3aduKcHpOBaHBI AJIST BOCCTAHOBJICHUSI MPOIECCOB X U
Y, COOTBETCTBEHHO.

Ecnu npoutecc Y cnomaercs mocie moyiydeHUs: cooOIeHust m, u oba mpoiiecca OyIyT BOCCTAaHOBIIEHbI
(x1,yl), To coobmienrie m OyaeT MoTepstHO (€ro moTeps OyAeT HEOTIWYNMa OT MOTEPH B KaHATE).

7.1.3. TIpo6sieMma 6eCKOHEYHOr0 BOCCTAHOBJIEHHSI.



Y

Y

[Iponecc Y cnomasicsa o nosydenus cooduienus nl ot X. Korma Y

BEPHYJICSA B COCTOSIHHE Y1, B HEM HE 0Ka3aJ0Ch 3alMUCcH O Mochbuike coodmeHuss ml. [Mostomy X nomxen
BEpPHYTHCS B COCTOSIHUE X1.

X

Y

Y

[Tocne otkata Y moceimaeT m2 u npuauMaeT nl (cooOmenue-mpuspak). [Iporecc X mocne otkata K x1
noceuiaeT n2 v npuauMaetr m2. OgHako X mocie OTKaTa ye He UMeeT 3anucH o nocbuike nl. Iloatomy
Y nomkeH NOBTOPHO OTKaTUTheA K yl. Tenepp X 10mKkeH OTKaTUThCA K X1, IOCKOJIBKY OH NMPUHAI M2, O
MOCBIJIKE KOTOPOTo B Y HET 3aluch. JTa CUTyalus OyAeT NOBTOPATHCS OECKOHEUHO.

7.1.4. KOHCHCTEHTHOE MHOKECTBO KOHTPOJIbHBIX TOUYEK.

OnucaHHble BbIIIE TPYJHOCTH TOKA3bIBAIOT, YTO TIJI0OalbHAs KOHTPOJIbHAs TOYKA, COCTOSIIAs W3
MPOU3BOJIBHONW COBOKYITHOCTH JIOKAJbHBIX KOHTPOJBHBIX TOYEK, HE 0OecrnedynBaeT BOCCTAHOBIICHUS
B3aMMO/ICHCTBYIOIIUX MPOIIECCOB.

s  pacrmpelielieHHbIX CHCTEM 3allOMHHAHUE COTJIACOBAaHHOTO TIJIOOATBHOTO COCTOSHUSI SIBIISETCS
CEPHhE3HON TEOPETHUIECKOM POOIEMOiA.

MHOXECTBO KOHTPOJILHBIX TOYEK HA3bIBACTCS CTPOT0 KOHCHCTEHTHBIM, €CII BO BPEMs €ro (UKcanuu
HUKaKUX OOMEHOB MEXy mpoiieccaMu He Obu10. OHO COOTBETCTBYET MOHITHIO CTPOT'O0 KOHCUCTEHTHOTO
rJ1I00aTbHOTO COCTOSIHHS, KOTJa BCE MOCIIaHHBIE COOOIICHUS TOJMYYEeHBI M HET HUKAKUX COOOIICHUH B
KaHaJaX CBSI3U. MHOXECTBO KOHTPOJIBHBIX TOYEK HA3bIBACTCS KOHCHCTEHTHBIM, €CITU Ui JHO0OH
3a(DMKCUPOBAHHOWM OlEpaluyu TpHUeMa COOOIIEHHs, COOTBETCTBYIOIIAs OTEpalHs IOCBUIKH TaKkKe
3auKcHpoBaHa (HET COOOIICHHUI-CUPOT).

Ilpocmoit memoo ¢ukcayuu KOHCUCHMEHMHO20 MHOMCECMEA KOHMPOJIbHLIX mMo4eK - (UKcanus
JIOKQJIbHOM KOHTPOJIBHON TOYKH TOCIIE KaKJIO0H ONepaluy MOChUIKKM cooOmenus. [Ipu 3ToM mocklika
cooOmieHnuss U (QuKcanusi JOJDKHBI ObITh €AMHOW HEJACIMMOW omepanuei (TpaH3akmuei). MHOXECTBO
MOCJICTHUX JIOKAIBHBIX KOHTPOJIBHBIX TOYEK SBJISICTCS KOHCUCTEHTHBIM (HO HE CTPOT'0 KOHCHCTEHTHBIM).

YUToObl HM30EXkKAThH MOTCPb COO6H.[€HI/II71 IIpru BOCCTAHOBJICHMHU C HUCHOJIB30BAHUEM KOHCHUCTCHTHOI'O
MHOKCCTBA KOHTPOJIBHBIX TOYCK HCO6XOI[I/IMO MOBTOPUTL OTIIPABKY TEX COO6H.[€HI/II71, KBUTaHIIUK O
MOJIYYCHHU KOTOPBIX CTaIHU HEACHCTBUTEILHEIMU B pe3yJIbTaTC OTKATaA. HCHOJ’IBL’»YSI BPCMCHHbBIC MCTKHU
COO6H.ICHPII>1 MOHO pacCrio3HaBaTb COO6H_ICHI/IH—HpI/I3paKI/I 1 130eKaTh OECKOHEYHOT'0 BOCCTAHOBJICHHS.

7.1.5. CuHXpoHHAsA (PUKCANHUA KOHTPOJBHBIX TOYEK M BOCCTAHOBJICHHE.
Hwxe onuceiBaroTCsd aJIropuTMbl CO3JaHUS KOHCHCTEHTHOI'O MHOJKECTBA KOHTPOJIBHBIX TOYEK U
UCIOJIb30BAaHM UX JUI1 BOCCTAHOBJICHHUS 6€3 OaCHOCTH OECKOHEUYHOTO 3allMKIMBAHUS.

AJZZOquZM CO30aHUSI KOHCUCMEHMH020 MHONCeCmed KOHMPOJTIbHbILX MOYEK.

K pacnpeueﬂeHHoﬁ CUCTCMC AJITOPUTM IIPEABABIIACT CICAYIONINC Tpe6OBaHI/I}I.



(1) TIpomecchl B3aMMOICHCTBYIOT IOCPEICTBOM IOCBUIKH COOOIICHUH dYepe3 KOMMYHHUKAIIHOHHBIE
KaHaJIbl.

(2) Kananbr paborator mo amropurmy FIFO. KomMMyHHKanmuoHHBIE MPOTOKOJIBI TOYKA-TOYKA
rapaHTUPYIOT HEBO3MOKHOCTh TPOIMAXH COOOIIEHHH H3-3a OMIMOOK KOMMYHUKAIlMH WJIM OTKara K
KOHTPOJBEHOU Touke. ([pyroit cmocod obecriedeHust ATOr0 - UCIOJIb30BAHUE CTAOMIBHOW MaMSITH IS
JKypHaJIa MOChIIaeMbIX COOOIICHNH U (PUKCAMK UICHTU(UKATOPA MOCIEAHEr0 TOIYyYeHHOTO MO KaHaly
COOOIICHHUS).

AJIFOpI/ITM CO31acT B CTaOMJILHOM ITaMATH ABa BHJa KOHTPOJIbHBIX TOYCK - IOCTOAHHLIC U HpO6HI)Ie.

[locTosiHHAasE KOHTPOJIBHAsI TOYKa - O3TO JIOKaJIbHAs KOHTPOJIbHAs TOYKA, SIBJSAIOIIAACA YacCThIO
KOHCUCTEHTHOW TJI00aJbHOM KOHTPOJbHOM ToukH. [IpoOHas KOHTposbHAasE TOYKA - 3TO BpPEMEHHAs
KOHTPOJIbHAsl TOYKA, KOTOpas CTAHOBMUTCS IOCTOSHHOM TOJIBKO B CIIydae YCIEHIHOIO 3aBEpIICHUS
alroput™Ma. AJIFOPUTM UCXOAUT U3 TOTO, YTO TOJIBKO OJMH IPOLECC UHULIMUPYET CO3/IaHUE MHOXKECTBA
KOHTPOJIBHBIX TOYEK, a TaKXe€ W3 TOro, 4TO HMKTO M3 YYaCTHMKOB HE CJIOMAaeTcsi BO BpeMsi paboThl
aNropuTMa.

AJNTOPUTM BBITIOJHAETCS B BE (asbl.

1-as dasa.

WNuunmatop ¢ukcanuun (mpouecc Pi) co3naer mpoOHYIO KOHTPOJIBHYIO TOUKY M IPOCUT BCE OCTaIbHbIE
MIPOLIECCHI clienarth To ke camoe. [Ipu 3ToM mpolieccy 3anpeniaercss HoChlIaTh HECTyKeOHbIe COOOIIEHUS
MoCJe TOTO, KaK OH CAeNaeT MpOOHYI KOHTPOJIbHYIO TOuKy. Kaxaelii mporecc m3Bemaer Pi o Towm,
cenall M OH MPOOHYI0 KOHTPOJBbHYIO TOYKy. Eciam Bce mpolecchl crenanu mpoOHbIE KOHTPOJIbHBIE
TOYKH, TO P1 mpuHMMaeT pelieHue o MpeBpalleHuu MpoOHBIX TOYEK B MocTosiHHbIEe. Eciu xakoi-nmnbo
MpolIecC HE CMOT CAeNaTh MPOOHYIO TOUKY, TO MPUHUMAETCS pelieHrne 00 OTMEHE BCEX MPOOHBIX TOUEK.

2-as pasa.

Pi uadopmupyer Bce mporiecchl 0 cBoeM pemieHuu. B pesynabTaTe b0 BCe MpoIlecchl OyayT UMETh
HOBBIC TIOCTOSIHHBIE KOHTPOJIBHBIC TOYKH, JTMOO HU OJMH U3 TPOIIECCOB HE CO3JaCT HOBOM IMOCTOSIHHOM
KOHTPOJIbHOM TOYKH. TOJIBKO TIOCTIe BBITIOJHEHHS MPHHATOTO TpolieccoM Pi pemeHust Bce MpOIecCh
MOTYT TIOCBUIATh COOOIICHHUSI.

KOppeKTHOCTI) ajropurMa O4YC€BHAHA, IIOCKOJIBKY CO3JaHHOC BCEMH MHOXECTBO ITIOCTOAHHBIX
KOHTPOJIBHBIX TOYUCK HEC MOXKET COACPIKATh HE Sa(bl/IKCI/IpOBaHHI)IX onepaunﬁ ITOCBIJIKH COO6H_ICHI/H>'I.
OnTuMM3anMs: ecin IMpOoUECC HE MOChIIAI COO6H.I€HI/I5I C MOMCHTa (1)I/IKC3HI/II/I npenbmymeﬁ IMOCTOSTHHOM
KOHTpOJ’IBHOﬁ TOYKH, TO OH MOJKCT HC CO31aBaTb HOBYIO.

AnropuTtm oTKaTa (BOCCTAHOBMEHMS).
AJIFOpI/ITM npeamnojaract, 4Yro C€ro HWHHLOUUPYET OJUH IPOLUEeCC U OH HE 6yz[eT BBIIIOJIHATHCA
ImapajjyicJibHO C aJITOPpUTMOM (1)I/IKcaI_II/II/I.

Brimonnsiercs B 1Be (1)8.3]:1.

1-as pasa.

I/IHI/II_[I/IaTOP OTKaTa CHpalnBacT OCTAJIbHBIX, TOTOBLI JIX OHU OTKAaTbIBATLCH. Korna BCC 6y,[[y’T T'OTOBEHI K
OTKaTy, TO OH NPpUHUMACT PCUICHUC 00 oTkare.

2-as pasa.

Pi coo6maeT BCCM O HNPHUHATOM PCIICHHUHU. HOJ’Iy‘II/IB 9TO COO6H_[CHI/IC, KaXXIbIi npouecc MnoCTymnacTt
YKa3aHHBIM 06p3.30M. C MoMeEHTa OTBETa Ha OmpoOC TOTOBHOCTHU U IO IMOJYYCHHUS NPHUHATOIO pCHICHUA
npouecChbl HE NOJIKHBI NNOCHUIATH COO6H.[CHI/I$I (HCJ'IBSSI K€ IOChLIIaThb COO6IJ_ICHI/IC nponeccy, KOTOpBIfI
YK€ MOT YCIICTb OTKaTI/ITBCH).



OnTumu3zanus: eclid MpoIlecc He OOMEHUBAICS COOOMICHUSMH C MOMEHTAa (UKCAIIUU MPeIbLIyleit
MOCTOSIHHOW KOHTPOJIBHOW TOUKH, TO OH MOKET K HEM HE OTKAThIBATHCSI.

7.1.5. AcuHXpOHHas (PUKCALUS KOHTPOJbHBIX TOYEK M BOCCTAHOBJICHHE.
CunxpoHHas (UKcalus yIpoIlaeT BOCCTAHOBICHHE, HO CBSA3aHa ¢ OOJIBIIMMH HAKJIaIHBIMU PACXOAaMU:

(1) HomomHATENBHBIC CTY)KEOHBIC COOOIIECHUS ISl peaTn3alliy aIrOPUTMA.
(2) CuHXpOHM3AIMOHHAS 3aJiepKKa - HENb3sl TOChUIAaTh HECTY)KeOHbIE COOOLIEHHSI BO BpeMsi pabOThI
JIrOpUTMa.

Ecnu oTkassl PEAKHU, TO YKA3aHHBIC ITOTCPU COBCEM HEC OITpaBIaaHBbI.

dukcanus MOXKET MPOU3BOUTHCA aCHHXPOHHO. B 3TOM ciiyyae MHOXECTBO KOHTPOJBHBIX TOUEK MOYKET
OBITh HCKOHCHCTCHTHBIM. [IpM OTKare MpOUCXOAMT MOUCK MOJXOJSAIIET0 KOHCHCTEHTHOTO MHOMXECTBA
MyTeM TTOOYEPEHOTO OTKaTa KaXJA0TO MpoIecca B Ty TOUKY, B KOTOPOM 3a()UKCUPOBAHBI BCE TTOCIIAHHBIC
YM ¥ TIOJTYY€HHBIC IPYTUMHU COOOIIEeHU (s JIMKBUIAIIUUA COOOIIEHHI-CUPOT). AJITOPUTM OTHPAETCS HA
HaJu4ue B CTAOMIILHOM MaMSITH ISl KaXKJIOTO Mpoliecca )KypHaia, OTCIEKUBAIOIIETO HOMEpa MOCTaHHBIX
W TIOJyYEeHHBIX WM COOOIIEHMH, a TaKkKe Ha HEKOTOPhIC MPEANOJIOKEHUS 00 OpraHu3aIuu
B3aMMOJICHCTBUSI TIPOILIECCOB, HEOOXOIMMBIE IS HUCKIIOYeHHS «dddeKkTa TOMUHO» (HampuMmep,
OpraHu3aIys MPUI0KEHHS IO CXEME COOOIICHHE-PEAKIU-OTBET).

7.2. OTKa30yCTONYMBOCTD.
W3noxeHHbIE BbIIIE METOAbl BOCCTAHOBJICHHS IOCIIE€ OTKA30B JUII HEKOTOPBIX CUCTEM HENPUTOHBI
(ynpapnsiolue CUCTEMBI, TpaH3aKUMKW B on-line pexnMe) u3-3a MpepbIBaHUS HOPMAJIBLHOTO
(GYHKIIMOHUPOBAHMUSL.

UToOBI M30eKaTh TUX HEMPHUSATHOCTEH, CO3/IAI0T CHUCTEMBI, YCTOWYHMBBIE K OTKa3aM. Takue CHCTEMBI
00 MacCKHPYIOT OTKa3bl, INOO BeIyT ceOs B CiIydae O0TKa3a 3apaHee ONpeAesIeHHBIM 00pa3om (TIpumep -
W3MEHEHHUsI, BHOCHMBIE TpaH3aKIKel B 0a3y TaHHBIX, CTAHOBATCS HEBUIUMBIMHU IPU OTKa3e).

JIBa MexaHM3Ma IIUPOKO HCHOJB3YIOTCS MpH O00ECeYeHUH OTKA30YyCTOWYUBOCTH - MPOMOKOIbL
20710C08aHUsL I NPOMOKOJIbL NPUHAMUS KOJIEKMUBHO20 PeuleHUs..

[IpoTOKOJBI TOMOCOBAaHUA CIYXaT s MAacKUpPOBAHHUS OTKAa30B (BbHIOMpAETCsl MPAaBWJIbHBINA pe3yibTar,
MOJIy4YEHHBIH BCEMH MCTIPAaBHBIMU HCIIOTHUTEIISIMH).

[IpoTOoKONBI TPHUHATUS KOJUIEKTUBHOI'O PEHICHUS MOJPAa3JeisIloTCS Ha JBa Kiacca. Bo-nepBsiX,
NPOMOKOIbl NPUHAMUA €OUHO20 peuleHUs, B KOTOPbIX BCE HCIIOJHUTEIH SBJISIOTCS HUCIPABHBIMHU U
JOJIKHBI JINOO BCe MPUHSATH, 100 BCe HE MPUHATH 3apaHee MpeaycMoTpeHHoe peuieHue. [Ipumepamu
TAaKOTO PEIICHUS SIBJSAIOTCS PELIEHUE O 3aBEPIICHUHM UTEPALMOHHOIO LIMKJIA MPU JOCTUKEHUH BCEMHU
HEO0OXOIMMOIN TOYHOCTH, PEIIEHHUE O PEaKIMH Ha OTKa3 (3TOT MPOTOKOJ yXKe 3HAKOM HaM - OH
WCIOJIB30BANICA U1 IPUHSATUS PElIeHUs 00 OTKaTe BCEX IMPOILIECCOB K KOHTPOJBHBIM TOYKam). Bo-
BTOPBIX, NPOMOKO/IbI NPUHAMUSL CO2NACOBAHHbIX peuleHUull Ha OCHOBE IOJYYEHHBIX JApPYr OT JApyra
naHHbIX. [Ipyu 3TOM HEO0OXOIMMO BCEM HCIPABHBIM HCIOJHUTENSAM MOIYYUTh JOCTOBEPHBIC JaHHbBIC
OT OCTaJbHBIX HCIPABHBIX HWCIOJHUTENEH, a JaHHble OT HEUCHPaBHbIX HUCHOJHUTENIEH
MIPOUTHOPUPOBATb.

KmroueBoit moaxon s oOecriedeHUs OTKAa30yCTOWYMBOCTH - HM30BITOYHOCTH (00OpYyIOBaHUA,
MIPOLIECCOB, JaHHBIX).

7.2.1. Micioaib30BaHMe pexkAMA «ropsiuero pesepsa» (Bropoii nuiot, pesepsroe I10).
[poGiieMa NEePEKITIOUEHNS Ha PE3EPBHBII UCIIOTHUTETb.

7.2.2. Ucnonb30BaHue AKTHBHOIO Pa3MHOKECHHS .

Harnsauenii npumMep - TpoitHOe 1yOnupoBaHue anmapaTypbl B OOPTOBBIX KOMITBIOTEpaxX U TOJIOCOBaHHE
IIPU MIPUHATUH PEIICHUS.



Jlpyrue mnpumepbl — pa3MHOXeHHe cTpaHuly B DSM u pa3mHoxeHHe (ailioB B pacrnpeneiaeHHbIX
¢aitnoBeix cuctemax. [Ipu 3TOM O4YeHb Ba)KHBIM MOMEHTOM SIBIISIETCS HAJIMYME MEXaHH3Ma HEACTHMBIX
[IMPOKOBEIIATEIBHBIX PACCHUIOK COOOIICHUH (OHU JOJDKHBI IPUXOAUTH BCEM B OJHOM TOPSJIKE).

AJ'Il"OpHTMLI roj1oCoBaHus.

OOmast cxema HUCHOJIB30BAaHMS TOJOCOBAHHS NPU pa3MHOKEHUH (ailloB MOKET OBITh IpeICcTaBJICHA
CJIEYIOITIM 00pa3oMm.

@aiin MOXeT MOAM(UIMPOBATHCS PA3HBIMH IMPOLECCAMU TOJBKO IOCIEIOBATENBHO (TPU OTKPBITUU
¢aiina Ha 3amUCh IMpOLECC-TIMCATeNb OyAeT KIaTh 3aKpheITUS (aiina APYrHM MHCATeNIeM WM BCEMH
YUTATENISIMU), 3 YATATHCSI BCEMU OJJHOBPEMEHHO (ITPOTOKOJI MHcaTeneii-unrateneii). Bce Moandukammm
¢aiina HyMepyroTcs U KakJas Komus (aiiia XapakTepu3yeTcs HOMEPOM BEpPCHU — KOJMYECTBOM €€
Moaubukanuii. Kaxaold Komuu MPHUIMHCAHO HEKOTOpoe KoimdecTBO TonocoB Vi Ilycts o6mee
KOJIMYECTBO MPUITMCAHHBIX BCEM KOTHIM TOJIOCOB paBHO V. Ompenensercst KBOpyM 3anicH Vy, H KBOPYM
yTeHus V;Tak, 9To

Vy+V, >V

Jlia 3anucu uHopmanuu B ¢ail mucaTtenb pacchllaeT €€ BCeM BiajJenbliaM Konuil (daiina U JoJKeH
IMOJIYYHUTHb VW T'OJIOCOB OT TCX, KTO YCIICIIHO BBITIOJTHHWII 3allUCh.

JIst mosTydeHust ipaBa Ha YTEHHE YATATEII0 TIOCTATOYHO MOJYyYUTh HEOOXO0IMMOE YHCIIO T0JI0COoB (V,) OT
mo0bIx cepBepoB. KBopyMm uTeHus BbIOpaH Tak, 4To XOTs Obl OJMH M3 T€X CEPBEPOB, OT KOTOPBIX
MOJIyY€HO pa3pelleHue, SBISETCS BlaenbleM TeKylled komuu ¢aina. 3a yTeHHeM HHPOpMaluu U3
¢aiina yuTaTens MOXKET 0OpaTUTHCS K JIF0OOMY BIIaJENbIly TEKyIeH Konuu ¢aitna.

OmnwucanHas cxema Oa3WpyeTcs Ha CTATHYECKOM pacrnpelejeHUH rojocoB. Pasmuume B Tosocax,
MIPUTIMCAHHBIX Pa3HBIM CEpBEpaM, MO3BOJBIET YU4ECTh MX OCOOCHHOCTH (HAAECKHOCTH, A((HEKTHBHOCTS).
Emte 601b11yt0 THOKOCTD MTPEIOCTABISIET METO] IMHAMHYECKOT0 MepepacnpeaeieHus T0JI0COB.

Jlyis TOTO, 4TOOBI BBIXOJ M3 CTPOSi HEKOTOPBIX CEPBEPOB HE MPUBEN K CUTYallUH, KOTJa HEBO3MOMXHO
MOJIyYUTh KBOPYM, IPUMEHSIETCS MEXaHU3M H3MEHEHHS COCTABA I'0JIOCYIOIIHUX.

IIpomoxonbl npunamus eOuH020 peuieHus
Heo6xoaumMo OTMETHTB, YTO B YCJIOBHUSAX OTCYTCTBHS HAJCKHBIX KOMMYHHUKAIUH (C OTpaHUYECHHBIM
BPEMEHEM 3aJCpXKKH) HE MOXET OBITh aJIropuTMa JOCTHIKEHUS €IMHOrO pemeHus. PaccMorpum
M3BECTHYIO «IIPOOJIEMY JIBYX apMUii».

ApmMmus 3eneHbIX yuciaeHHocThio S000 BOMHOB pacmnoiaraeTcsi B 10JUHE.

Z[Be dpMHM CHHHX YHUCIICHHOCTBIO IIO 3000 BomHOB HaxoiATCd HaJICKO Apyr OT Apyra B Tropax,
OKpYXXaromux JOJINHY. Ecau nBe apMUH CUMHHUX OJHOBPEMCHHO aTAKYIOT 3CJICHBIX, TO OHU HO66,I[$IT. Ecan
K€ B Cpa’KCHUEC BCTYIIUT TOJIBKO OIHA apMHUA CHHHUX, TO OHA 6yz(eT IIOJIHOCTBIO p336I/ITa.

[Ipenmonoxum, 4To KoMaHaup l-oi cuHeW apMuu TreHepan AJEKCaHApP MOChUIAeT (C MOCHUILHBIM)
coo0IIeHre KOMaHIupy 2-0i cuHel apMuu reHepainy Muxamy «5 uMero 1iaH - AaBail aTakoBaTh 3aBTpa
Ha paccBetey. [locbulbHBIN BO3BpalaeTcs K Alekcanapy ¢ orBeToM Muxauna - «Otnuynas unes, Carna.
YBuUaUMCs 3aBTpa Ha paccBeTe». AJIEKCAHIp IPUKA3bIBAET BOMHAM F'OTOBUTHCS K aTaKe Ha PacCBETE.

O,Z[HaKO, YyTb ITO3KCE AJ'ICKCB.HI[p BApPYTr OCO3HACT, YTO Muxann He 3HaeT O BO3BpAaIllCHHUU TOCBIJIBHOTO U
MMO2TOMY MOXKET HC OTBAXUTHBCA HA aTaKy. Toraga on OTHPABIKCT MOCBIJIBHOTO K MnxaI/my YTOOBI
NOATBCPAUTD, YTO €Iro (MHxaHna) COO6H_[6HI/IC IMOJIYYCHO AJ'IeKCB.HI[I)OM M aTaka JOJI2KHA COCTOATHCA.

IlochLIBHBIM HpI/I6BIJ'I K MI/IXEII/IJ'Iy, HO TCHICPb TOT 6OI/ITC$I, 4YTO HE 3Hasd O HpI/I6HTI/II/I MNOCBIJIIBHOTI'O
AJ'IGKC&H,Z[p MOJXKCT HC PCIIUTHCA HA aATaKY. NUrT.o ﬂCHO, 4TO I'CHCPAJIbl HUKOT'Jda HC JOCTUTHYT COTJIaCH4.

Hpe,Z[HOJ]O)KI/IM, YTO TaKOM IMPOTOKOJI CorjiaCugd ¢ KOHCYHBIM YHUCIOM COO6I.I.[€HPII>1 CYHICCTBYCT. VY nanup
U30BITOYHBIC OoCICAHUC C006IJ_ICHI/I}I, MoJIydum MUHHMAaJIbHBIN IMPOTOKOJI. Camoe OoCJICAHEC
COO6H_ICHI/IC SABJICTCS CYHIECCTBCHHBIM (HOCKOHLKy IIPOTOKOJI MHHHMaﬂBHBIﬁ). Ecau sto COOGIJ_ICHI/IC HC
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JOWJET 0 Ha3HAYEeHHUI0, TO BOMHBI He OyaeT. Ho TOT, KTO mockLian 370 cooOuieHne, He 3HaeT, OO JIH
oHo. Clle10BaTeNbHO, OH HE MOKET CUMTATh MPOTOKOJI 3aBEPIIEHHBIM M HE MOKET IPUHATH peLIeHUE 00
atake. Jlaxke ¢ HaJgeXHBIMU IpolieccopaMu (TeHepallaMu), IPUHATHE €AUHOIO PEIIEHUS HEBO3MOYKHO
IIPY HEHAJE)KHBIX KOMMYHUKALUSX.

Tenepb MMpCAIOJI0KHUM, YTO KOMMYHUKAIIUU HAACKHBI, a IPOLUECCOPHI HET.

Knaccuueckuit npumep npomokona npunHamusa co2iaco6aHHbIX peuienunl - 3anada «BuzanTuiickux
IEHEPAJIOBY.

B »st10ii 3a1aue apMus 3€71€HBIX HAXOJUTCS B JOJWHE, a I CHHUX I'€HEPaJIOB BO3IJIABJISIOT CBOU apMUU,
pacrionoxkeHHbie B Topax. CBs3b OCYIIECTBIISIETCS MO Tene(OHYy W SBISIETCS HAICKHOW, HO W3 R
TeHEpaJIOB m SBISIOTCS mpenatensmu. [Ipegarenu akTUBHO MBITAIOTCS BOCHPEISITCTBOBATH COTJIACHIO
JIOSUTbHBIX TEHEPATIOB.

Cornacue B JaHHOM CiIydae 3aKIIO4aeTcsl B ciemayromeM. Kaxaplii reHepan 3HAeT, CKOJIbKO BOMHOB
HaxXoauTcCs IIoa €ro KOMaHI[OI\/'I. CraButcst eib, YTOOBI BCE JIOSIJIbHBIE TCHCPAJIbI Y3HAJIUW YUCIICHHOCTHU
BCEX JIOAJIBHBIX apMHfI, T.C. Ka)K)II:Iﬁ M3 HUX IIOJYYUJI OJUH U TOT K€ BEKTOP MJIMHBI K, B KOTOPOM 1-BIH
AJIEMEHT MO0 COJEPKUT YMCIECHHOCTH 1-0f1 apMuu (eciii ee KOMaHAWp JIOSJIEH) JU00 HE OIpeJieleH
(eci KOMaHIUP MPEIATEND ).

CooTBeTCTBYIOUINI PEKYPCUBHBIN alrOpuTM ObLT npeioxkeH B 1982 r. (Lamport).
[Tpounmroctpupyem ero s ciaydas n=4 u m=1. B 3TOM citydae alroputm oCymecTBisiercs B 4 mara.

1 mrar. Kakaprii reHepalt mochuIaeT BCEM OCTaJbHBIM COOOIEHHE, B KOTOPOM yKa3bIBae€T YHCICHHOCTD
cBoeil apmuu. JlosibHBIE TeHepasbl YKa3bIBalOT UCTUHHOE KOJIMYECTBO, a MpeaaTesd MOTYT yKa3bIBaTh
pa3nIuyHbIe YKcia B pa3HbIX cooOuieHusx. ['enepain-1 ykaszan 1 (o7Ha ThiCsiYa BOUHOB), TeHEpaI-2 yKazal
2, reHepai-3 ykasall TPEM OCTAJIbHBIM I'€HEpalaM COOTBETCTBEHHO X,Y,Z, a TeHepan-4 ykazan 4.

2-oi#i mar. Kaxxaeiii opMupyeT cBO# BEKTOp M3 UMEIoIecs HHPOPMAITHH.
[Tonyuaercs:

vectl (1,2,x,4)

vect2 (1,2,y,4)

vect3 (1,2,3,4)

vectd (1,2,2,4)

3-mit mar. Kaxnaplii mochutaeT CBOM BEKTOP BCEM OCTalIbHBIM (T€Hepaid-3 TOCHIIAET OISTh
MIPOU3BOJIbHBIC 3HAYCHHUS).

["enepaiibl MoMy4arOT CAEAYIOIINE BEKTOPA!

gl g2 g3 g4
(1,2,y,4) (1,2,x,4) (1,2,x,4) (1,2,x,4)
(a,b,c,d) (e,f,2,h) (1,2,y.4) (1,2,y.4)
(1,2,2,4) (1,2,2,4) (1,2,2,4) (ij.k,D)

4-pI¥ 1Iar. Ka)KI[BII\/’I TeHEePAJl IPOBEPACT KaXObIH 2JIEMEHT BO BCEX MMOJIYYCHHBIX BCKTOpax. Ecnu xakoe-
TO 3HAYCHUC COBIIAAACT, 110 MEHBIIIEH MEpPE, B IBYX BCKTOpPAX, TO OHO ITOMCHIACTCA B pe3YHBTHPYIOHlHﬁ
BCKTOP, NHAYC COOTBCTCTBYIOH_II/Iﬁ QJICMCHT PE3YJIbTUPYIOUICTO BEKTOPA IMOMEYACTCA «HCU3BECTCH).

Bce nosubHbIe reHepaiibl oJTy4aroT oauH BekTop (1,2,»Heu3Becten»,4) - coriacue JOCTUTHYTO.
Ecnu paccmotpets ciyyaii n=3 1 m=1, To coriacue He OyAeT TOCTUTHYTO.

Lamport goka3zai, 4To B CHCTEME C M HEBEPHO PadOTAIOIIUMH MTPOIECCOPAMH MOKHO TOCTHYB COTJIACHS
TOJIBKO MpHU Hamuuuu 2m+1 BepHO paboTaromux mpoueccopos (6oiee 2/3).



Jlpyrue aBTOpHI JOKa3ajdd, YTO B pACIpEAEICHHOM CHUCTEeME C AaCHHXPOHHBIMHU IIpolleccopaMu U
HEOTPAHUYCHHBIMH KOMMYHUKAIIHOHHBIMU 33JIep)KKaMH COTJIACHE HEBO3MOXXHO JIOCTUYb HaXKe IpH
OJTHOM HEpabOTaIOIIEM MPoIEccope (axe eciii OH He TOJIaeT MPU3HAKOB KU3HU).

[IpumMeHeHne anropuTMa - Ha/Ie)KHas CHHXPOHHU3AIHS YacOB.

AﬂzopumM HAOEHCHBIX HEOeUMbBIX wupokoseuiameibHvlX paccoulilOK cooﬁmenuﬁ.

AJITOPUTM BBINOJHSETCA B JBE (Pa3bl M MpENoiaraeT HaJM4ue B KaXJAOM IPOLIECCOpe ouepeneu Ui
3alIOMHHAHUSL TOCTYMAIOMMX cooOmennii. B kadecTBe YHHKaJIBHOTO HICHTH(HKATOpPA COOOIIEHUS
HCIIOJIb3YETCSl €r0 HaydajlbHbIA MPUOPUTET - JIOTMUECKOE BPEMsI OTIIPABJICHUS, 3HaYCHHE KOTOPOro Ha
pa3HbIX IPOLIECCOpPax Pa3IuyHoO.

1-as ¢asa.

[Tpouecc-oTnpaBuTeNlb MOCHUIAET COOOIIEHHE TIPYyNIE IPOLECCOB (CIUCOK HX HICHTH()UKATOPOB
COJIEP’KUTCS B COOOIIEHUN).

ITpu nmosrydeHnu 3T0r0 COOOLEHHSI TPOLIECCHI:

e [IpunuceiBaroT COOOIICHNUIO MPUOPUTET, IIOMEYAIOT COOOLIEHHE KaK «HEIOCTaBIEHHOE» U
Oydepusytot ero. B xauecTBe npruopHuTeTa HCIOJIB3YETCS BPEMEHHAsi METKa (TEKyILee JOTUIECKOe
Bpemsi).

e lHdopMupyroT oTnpaBuUTENs O MIPUIUCAHHOM COOOILIEHUIO IPHOPUTETE.

2-as hasa.
[Ipy monmy4eHn OTBETOB OT BCEX AIPECATOB, OTIPABUTEND!

e BpiOupaer u3 Bcex MPUIHCAHHBIX COOOIIEHUIO TPHOPUTETOB MAKCUMAaJIbHBIM U YCTAHABIMBAET €r0
B Ka4eCTBE OKOHYATEIbHOI'O IPHOPUTETA COOOIIECHHUS.
e PaccelnaeT BceM agpecaTaM 3TOT IPHOPUTET.

[TonyunB OKOHYATENBHBIN PUOPUTET, MOTyIaTENb!

a) [IpumnuceiBaeT COOOIMIEHHUIO ATOT MPUOPHUTET.

b) ITomeuaeT cooOIIeHHE KaK «IOCTaBIEHHOE.

¢) YnopsgounBaeT Bce OydepuzoBaHHBIE COOOIIEHHUS IO BO3PACTAHWIO HMX IPHUITHCAHHBIX
MIPUOPHUTETOB.

d) Ecnmu mepBoe cooOmieHne B ouepear OTMEYEHO KaK «JIOCTaBJICHHOE», TO OHO Oyner
00pabaThIBaThCS KaK OKOHYATEIHHO TOJIYYEHHOE.

Econ IIoJIy4aTeiib O6H&py>KI/IT, 4YTO OH UMCCT COO6I_HCHI/IC C TIOMETKOH «HEAOCTABJIICHHOC)», OTIIPABUTECIIb
KOTOpOIr'0o CIOMAJICA, TO OH JIA 3aBCPHICHHA BBIIIOJIHCHUSA HNPOTOKOJIA OCYIICCTBIIACT CICAYIOIIHUC ABa
rara B Ka4€CTBC KOOpAMUHATOPA.

1. OHpaI_HI/IBaCT BCECX HOHy‘l&TGJ’IGfI 0 CTaTyce 3TOIro COO6H.I€HI/IH.
HOHY‘I&TCJ’IL MOJKCT OTBCTHUTL OJJHUM U3 TPECX CII0CO00B:

e CooOIeHne 0TMEUEHO KaK «HEJOCTaBICHHOE» U €My MIPUITHCAH TaKOH-TO IIPHOPHTET.
e CooOIeHre 0TMEYeHO KakK «I0CTaBICHHOE» U MMEET TaKOH-TO OKOHYATEIbHBIN IPHOPUTET.
e OH He NOJy4aa 3TO COOOIICHHE.

2. HOJ'IyLII/IB BCC OTBCTBI KOOPAUHATOP BBIIIOJHACT CICAYIOIINC JIEHCTBUA:

e Eciu cooOmieHne y Kakoro-To IoJIydaTedst TIOMEYEHO KaK <«JIOCTaBJIEHHOE», TO €ro
OKOHYATEJbHBINH INpHOpHUTET paccbuiaeTcss BceM. (IlomyumB 3T0 cooOIiieHue Kaxablii mpoiiecc
BBITNOJIHSET ard ¢assl 2).

e llHaye KOOpIMHATOp 3aHOBO HayMHAaeT Bech mpoTokon ¢ ¢a3el 1. ([ToBTOpHas mnocwuIKa
COOOIIEHHSI ¢ OIMHAKOBBIM MIPUOPUTETOM HE JI0JKHA BBI3BIBATh KOJUIU3HM).



Heo0x0auMo0 3aMeTUTh, UTO QITOPUTM TPeOyeT XpaHEHHS HaYaJbHOTO U OKOHYATEIBHOTO MPHOPUTETOB
JaXke JUTSL IPUHATHIX U Y’Ke 00pabOTaHHBIX COOOIIEHHH.
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Hadoop

BBegeHne B Hadoop u
MapReduce.

HDFS



" S
[1aHHbIE

m 2006 rog — 0.18 3eTTabaunT
m 2011 rog — 1.8 3etTtabaunt (10721)

Hbto-Nopckas dpoHgoBas bupxa 1 Tepabant
NaHHbIX B AeHb

Internet Archive bonee 2 netabaunT n pacrteT
co ckopocTbto 20 TepabanT B mecsy

bonbLlon aapoHHbIM Konnangep go 15
netadbanT AaHHbIX B roa



" I
XpaHeHne n aHanuns gaHHbIX

m 1990 rog — 1370 MbauT, ckopoCTb
nepenayn oo 4.4 Moaut/c, 5 MUHYT

m 2010 rog — HeckonbKo TepabaunT,

ckopocTb nepegaymn 100 Mbawut/c, 2.5
yaca

Mcnonb3yem 100 guckos, Ha KaXkgom U3
KoTopbiX XpaHutca 1/100 yacTb AaHHbIX
=> npwv napannenbHon padboTe ANCKOB
OaHHblE OyayT NPOYnTaHbI 3a 2 MUHYTHI



Hadoop

m Cncrema HagexxHoro obLiero XxpaHeHus u
aHanm3a oaHHbIX

HDFS obecneunBaeT xpaHeHue
MapReduce - aHanus



" A
Hadoop n PCYb/

m  CKOpPOCTb MO3ULIMOHMPOBAHUSA YNy4lLIAeTCs MeasieHHee CKOpPoCTU
nepeaavv gaHHbIX

m [lo3nunoHMpoBaHne — NPoLEecc nepemMeLLeHNs CYNTbIBaOLLEN
rONoBKM K onpeaeneHHoMy MecTy AUcKa Ans YTEHUS U 3anucu
OaHHbIX.

m  CKOpOCTb NO3ULMOHMPOBAHNA onpeaensieT 3adepXKKy rnpu
BbINOJSIHEHNM OUCKOBLIX Onepaunn, Toraa Kak CKopocTb nepenayn
OaHHbIX ONpeaenatT NPONYCKHYH CNOCOOHOCTL KaHana
B3aMMOOENCTBUA C OUCKOM

m Ecnn B cxeme obpalleHms K gaHHbIM npeobnaaatoT onepaunm
NO3NLIMOHNUPOBAHUS, TO YTEHME 1N 3anncb BonbLUMX YacTen Habopa
OaHHbIX 3anMyT 6onbLIEe BPEMEHU, YEM NPU NOTOKOBLIX onepauusx,
BbINOSTHAEMbIX CO CKOPOCTbIO Nepeaayun JaHHbIX



Hadoop n PCYb/

Pasmep gaHHbIX

[ocTtyn

ObHoBNEeHusA

CTpykTypa
LlenocTHOCTb

MacwtabupoBaHue

[MrabanTbl

NHTepaKkTUBHbLIN U
NaKeTHbIW

MHorokpaTtHoe 4YTeHue u
3anucb

CrtaTtnyeckaga cxema
Bbicokas

HenuHenHoe

[MeTabanTbl

[MakeTHbIN

OpgHokpaTHaga 3anuce,
MHOrOKpaTHOE YTeHne

[InHammnyeckasa cxema
Hunakas

JInHenHoe



Y10 Takoe Hadoop

m /IHQpacTpykTypa (framework) anga
napannenbHon obpaboTKn BOMbLINX
00BbEeMOB AaHHbIX (TepabanThbl)

m OcobeHHOCTMU:

dOyHKLUMOHaNbHOE NporpamMmMmmnpoBaHme
ABTOMaTM4YeCKOE pacnaparnienmBaHue
[epemelleHne BbIYUCIIEHUI K JaHHbIM

m Open Source, http://hadoop.apache.org



http://hadoop.apache.org/

S
KoHuenuuw

m [lapagurmel nporpamMmMmnpoBaHunS:
MMmnepaTtuBHoe nporpammupoBaHue (AI1)
PyHKUMOHanbLHoe nporpammmposaHue (PI1)

m PaboTta ¢ gaHHbIMWU:

[TlepemelleHne gaHHbIX K BblYUCTTUTESNbHbBIM
pecypcam ([NAkB)

[lepemelleHne BbIMUCNEHUN K AAHHBIM

(MBxA)



KoHuenuuw

m Hanbonee nonynspHasa cenyac
TEXHOJI0IUSA:

nMmnepaTnBHoe nporpamMmmMmmpoBaHue +
nepemMelleHne AaHHbIX K BbIMNCITEHUAM

m [1pnmepsl:
MPI
GPU



" S
GPU nVidia

m Bbicokas NPON3BOAOUTESIBHOCTb.
nVidia Tesla M2050/2070 — 0,5 TFlops double

m |llarm BblyncneHun:
KonupoBaHue gaHHbixX B namate GPU
ObpaboTka gaHHbIX B GPU
KonnpoBaHne gaHHbIX B MaMsaATb XOCTa

O npOFpaMMI/ICT NOJIHOCTbIO YripaBrideT

NMPOLIECCOM BbIYUCIIEHMA N NEPEMELLEHUS
OaHHbIX



" S
Hepnoctatkun Ul + I'OkB

m MPI n GPU addektnBHbI npu:

Hebonblwnx obbemax gaHHbIX
BbICOKOW CNOXXHOCTU BbIYMUCIEHUN
HebornbLloMm KonmyecTse y3noB (COTHN)

m TepabanTbl JaHHbIX NepeMeLlaTb A0Nro

m YnpaBnATb NOrMKON nepeaaym gaHHbIX Ha
TbICAYM Y3MNOB CIOXHO



= S
[Tpobnembl pa3paboTkm Ans
KPYMHbIX napannenbHbIX CUCTEM

m MacwTtabupoBaHue Ha TbiCSA4YN Y3510B
m OPPeKkTUBHOE pacnpenernieHne HarpysKku

m O(PdDeKTUBHBbIN OOMEH AAaHHbLIMW B npoLiecce
BbIYUCITEHUN

m OOpaboTka 0TKA30B BbIYUCIIUTENBbHbIX Y3I10B

m /IMnepaTtnBHOE NporpaMMmMpoOBaHME:
Bce a1 3agaun nporpaMMUCT OOJMKEH pellaTh cam



"
OyHKUMOHanNbHoe
nporpamMmmupoBaHue

m [IporpamMmucT onucbiBaeT YHKLMUIO,
KOTOPYIO HAA0 BbIMUCNUTL, HO HE MPOLLECC
BbI4YNCIIEHUS

m BXxogHble gaHHble He U3MEHSAITCS,
Cco30al0TCs HOBbIE

m [10TOK AaHHbIX XXeCTKO BCTPOEH B
NnporpamMmmMmy



" A
3agaymn Hadoop/MapReduce

m O dekTnBHas obpaboTka TepabanToB AaHHbIX

m ABTOMaTU4yeckoe pacrnaparnrerimBaHme Ha
TbICAYN Y3J10B

m ABTOMaTUYecKkoe pacrnpeaeneHne Harpysku

m ABTOMaTu4yeckast obpaboTka 0TKka3oB
obopyaoBaHMS

m [IpocToTa ncnonb3oBaHu4



[TpMmepbl NpUNoXeHnn

m PacnpeneneHHbIn grep

m PacnpepeneHHas copTupoBKa

m /IHBEepTUPOBaAHHbLIN MHOEKC

m [logcyeTt KonndecTtBa 3anpocoB K URL
m PeBepcuBHbIN web-link rpad



" B
MicTopua

m Google:
2003 - The Google File System

2004 - MapReduce: Simplified Data Processing on
Large Clusters

m 2005 - Open Source nouckoBuk Apache Nutch
ncnonb3dyet MapReduce

m 2006 — Open Source peanndauua MapReduce
BblaenaeTca B otaenbHbIN NpoekT Apache
Hadoop



" S
KTo ncnonb3yet Hadoop

Yarioo!

Che New JJork Cimes h}‘e
amazon.com
N

O Nnuily

_.00. .
Bai b5 AOL © Microsoft



" A
CoctaB Hadoop

m Hadoop Common — obwine h
S < /I a/o/a/o
KOMMOHeHTbI Hadoop

m Hadoop HDFS —

pacrnpeferneHHas ‘@Ina aJa]o
cannosas cuctema HIOES,

m Hadoop YARN —
yrpasneHme 3agaHnsamMm u
pecypcamMmu

m Hadoop MapReduce —
peanu3auna MapReduce
Ha Java




Hadoop HDFS C IhERlbmns

m CneunanusnpoBaHHas pacnpegeneHHas
dannoBasi cuctema ana xpaHeHua TepabantoB

OAaHHbIX
m Llenn pa3paboTku:

HapgexHoe xpaHeHne JaHHbIX Ha JeLleBOM
HeHageXXHoOM obopyaoBaHUK

Bbicokas nponyckHasi cnocoObHOCTb BBOAa-BbIBOAA
[TOTOKOBbLIV OOCTYN K AaHHbLIM

YnpoulieHHasa moaernb cornacosaHHoctn: WORM
m Apxutektypa aHanorm4yHa Google File System



Apxutektypa Hadoop HDFS

Metadata (Name, replicas, ...):

MEtadat}aﬁgpg’"{ Namenode /home/foo/data, 3, ...

Read Datanodes

Block ops

Datanodes

!

\

| -

Replication

Blocks

\

Rack 1

Write Rack 2



" S
Apxutektypa HDFS

m Y3nbl XpaHEHUs1 — cepBepbl CTaHAAPTHOM
apXUTEKTYpPbI

m [laHHble XpaHATCHA HAa BHYTPEHHUX AUCKaX
cepBepoB

m EqvHoe agpecHoe npocTpaHCcTBO

m [lapannernbHoOe YTEHUE M 3anncCb Ha y3nbl
— BblCOKag MpornyckHasi CnoCOOHOCTb



" A
MapReduce

m [IporpaMmmMmHas moaenb napannenbHou
06paboTKkn 60NbLINX 00OBLEMOB AaHHbLIX
nyTeM pasfeneHmnsi Ha HesaBUCUMbIle
3aJa4u

m MapReduce pa3paboTtaH B Google ans
NONCKOBOW CUCTEMDI

m /icnonb3yeT dyHKUMOHaNbLHOE
nporpaMmmmpoBaHue, obpabdboTKy CNMCKOB



dyHkumn MAP 1 Reduce

m Ha3BaHus
3aMMCTBOBAaHbI U3

dyHKUMOHANbHbIX
Aa3blkoB (LISP, ML)

m ObpaboTka cnmckos

Input list t J

Mapping function

Qutput list

T T T T T T o T o T e T T S

Input list

Qutput value

Reducing function V




MapReduce B Hadoop

m Cnuckn nap: Kno4v-3Ha4vyeHune
AAA-123 65mph, 12:00pm
Z27Z7-789 50mph, 12:02pm
AAA-123 40mph, 12:05pm
m Reduce BbINONHAETCH OTAENbHO ANSA pa3HbIX

KIto4Yen
V v >




[ToToKk paHHbIX MapReduce

Pre-lpaded local
input data

Intermediate data
from mappers

Values exchanged
by shuffle process

Reducing process

QOutputs stored
locally

Node 1

EEra Ty

Mapping process

OO0

Node 2

peEraET;

Mapping process

0000

Node 3

TLLI117

Mapping process

(0000

=K

-

-

Node 1 Node 2 Node 3
Reducing process Reducing process Red g proce




[Tpumep WordCount

m [logcyeT KonndecTBa cnoB B dpannax

mid_key |mid_value mid_key |mid_value

Performed by

system Reduce

automatically

out_key |out_value

1

in_key |in_value
Filel | ab b ‘*J ) Groupsy )

3

c 2

1

Reduce

Lo I = o T = i =
R N T T T
O |0 |T|T |T |&
—_ |t |t [ | = [ =

File2 | ¢ b c —




" S
ApxuTtekTtypa Hadoop

Knunent

AR‘ Knactep
Hadoop
Task Tracker Task Tracker
/ \\\ﬁen MMe(
Y3en faHHbIX| [Y3en gaHHbiX| |Y3ern gaHHbix| Y3en AaHHbIX




" I
[lepemellleHne BbIYUCTIEHUN K
OaHHbIM

m 3a4a4a 3arnyckaeTcqa Ha TOM y3ne
XpaHEeHUs, KOTOPbIN COAEPXKUT AaHHblE
ans oopabotkn (dpasa MAP)

m [lepemellaoTcs TONMbKO BXOOHbIE CMUCKN
ans Reduce, nx obbem marn (Kak npasuno)



PesynbTathl Hadoop B TeraSort

banTtbl | Y3nbl | Maps | Reduces Bpems

5101 |1 406 | 8 000 2 600 59 cekyHA

102 11460 | 8 000 2 700 | 62 cekyHAabl

10'% 13452 (190 000| 10000 | 173 MUHYTHI

107> 13658 | 80000 | 20 000 | 975 MuHYT

NctouHuk: Owen O’Malley and Arun C. Murth. Winning a 60 Second Dash
with a Yellow Elephant.




" B
OC u pexumbl paboThl

m Java o

m [lopnepxuBaembie OC:
Linux
Windows
JTrobon UNIX (He rapaHTupyeTcs)

m Pexxnmbl paboThi:
JlokanbHbIN

[lceBOo-pacnpeneneHHbIv
PacnpeneneHHbI



[IporpammmpoBaHmne Hadoop

m Java API
m Hadoop Plugin gana Eclipse

m Hadoop Streaming - gpyrue A3blKun:

Shell
Python
Ruby

n ap.



Mpumep. OnpeneneHne max Temnepartypsbl

0067011990999991950051507004..
0043011990999991950051512004..
0043011990999991950051518004..
0043012650999991949032412004..
0043012650999991949032418004..

.9999999N9+00001+99999999990...
.9999999N9+00221+99999999990...
.9999999N9-00111+99999999999...
.0500001N9+01111+99999999990...
.0500001N9+00781+99999999990...

(0, 0067011990999991950051507004...9999999N9+00001+99999999999...)

(106, 0043011990999991950051512004
(212, 0043011990999991950051518004
(318, 0043012650999991949032412004
(424, 0043012650999991949032418004

(1950, 0)

(1950, 22)

(1950, -11)

(1949, 111)

(1949, 78)

]

(1949, [111, 78))
(1950, [0, 22, -11])

(1949, 111)
(1950, 22)

...9999999N9+00221+99999999999...)
...9999999N9-00111+99999999999...)
...0500001N9+01111+99999999999...)
...0500001N9+00781+99999999999...)

shuffle |

input map | reduce > output
0067011990 ) { 0, D067011990..)] (1950, 0] ) ]
O043011990. (106, O043011990..) (1950, %)
0043011380 b-p{ (212, 0043011990, ) b (1950, -11) popp| 12040, - LUILTBHE 1 (1949, 131) £ {7049, 35
ODa301Z650, (318, oD43012650.) (1949, 111) (1950, o, 22, -11]) (1950, 22) A
0043012650, (424, O043012650..) (1949, 7B)

cat * | map.xrb | sort | reduce.rb = output




[Mpumep. MaxTemperature. Mapper

import java.io.lOException;
import org.apache.hadoop.io.IntWritable;
import org.apache.hadoop.io.LongWritable;
import org.apache.hadoop.io.Text;
import org.apache.hadoop.mapreduce.Mapper;
public class MaxTemperatureMapper
extends Mapper <LongWritable, Text, Text, IntWritable> {
private static final int MISSING = 9999;
@Override
public void map(LongWritable key, Text value, Context context)
throws IOException, InterruptedException {
String line = value.toString();
String year = line.substring(15, 19);
int airTemperature;
if (line.charAt(87) == '+') { // parselnt doesn't like leading plus signs
airTemperature = Integer.parselnt(line.substring(88, 92));
} else {
airTemperature = Integer.parselnt(line.substring(87, 92));
}
String quality = line.substring(92, 93);
if (airTemperature '= MISSING && quality.matches("[01459]")) {
context.write(new Text(year), new IntWritable(airTemperature));



[Mpumep. MaxTemperature. Reducer

import java.io.lOException;
import org.apache.hadoop.io.IntWritable;
import org.apache.hadoop.io.Text;
import org.apache.hadoop.mapreduce.Reducer;
public class MaxTemperatureReducer
extends Reducer <Text, IntWritable, Text, IntWritable> {
@~Override
public void reduce (Text key, lterable<IntWritable> values, Context context)
throws IOException, InterruptedException {
int maxValue = Integer.MIN_VALUE;
for (IntWritable value : values) {
maxValue = Math.max(maxValue, value.get());

}

context.write(key, new IntWritable(maxValue));



"
[1lpumep. MaxTemperature. Main

import org.apache.hadoop.fs.Path;

import org.apache.hadoop.io.IntWritable;

import org.apache.hadoop.io.Text;

import org.apache.hadoop.mapreduce.Job;

import org.apache.hadoop.mapreduce.lib.input.FilelInputFormat;

import org.apache.hadoop.mapreduce.lib.output.FileOutputFormat;

public class MaxTemperature

{

public static void main(String[] args) throws Exception {
if (args.length != 2) {
System.err.printin("Usage: MaxTemperature <input path> <output path>");
System.exit(-1);

}
Job job = new Job();
job.setdarByClass(MaxTemperature.class);
job.setJobName("Max temperature");
FilelInputFormat.addInputPath(job, new Path(args[0]));
FileOutputFormat.setOutputPath(job, new Path(args[1]));
job.setMapperClass(MaxTemperatureMapper.class);
job.setReducerClass(MaxTemperatureReducer.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(IntWritable.class);
System.exit(job.waitForCompletion(true) ? 0 : 1);



"
[1lpumep. MaxTemperature. Main

import org.apache.hadoop.fs.Path;

import org.apache.hadoop.io.IntWritable;

import org.apache.hadoop.io.Text;

import org.apache.hadoop.mapreduce.Job;

import org.apache.hadoop.mapreduce.lib.input.FilelnputFormat;

import org.apache.hadoop.mapreduce.lib.output.FileOutputFormat;

public class MaxTemperature

{

public static void main(String[] args) throws Exception {
if (args.length != 2) {
System.err.printin("Usage: MaxTemperature <input path> <output path>");
System.exit(-1);

}
Job job = new Job();
job.setdarByClass(MaxTemperature.class);
job.setJobName("Max temperature");
FilelnputFormat.addInputPath(job, new Path(args[0]));
FileOutputFormat.setOutputPath(job, new Path(args[1]));
job.setMapperClass(MaxTemperatureMapper.class);
job.setReducerClass(MaxTemperatureReducer.class);
job.setCombinerClass(MaxTemperatureReducer.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(IntWritable.class);
System.exit(job.waitForCompletion(true) ? 0 : 1);



[Tpnumep. MaxTemperature. Hadoop Streaming

#!/usr/bin/env ruby
# Mapper
STDIN .each_line do |line|
val = line year, temp, q = val[15,4], val[87,5], val[92,1]
puts "#{yearp\t#{temp}" if (temp != "+9999" && q =~ /[01459]/)
end
#!/usr/bin/env ruby
# Reducer
last_key, max_val = nil, -1000000
STDIN.each_line do |line|
key, val = line.split("\t")
if last_key && last_key != key
puts "#{last_key}\t#{max_val}"
last_key, max_val = key, val.to_i
else
last_key, max_val = key, [max_val, val.to_i].max
end
end
puts "#{last_key}\t#{max_val}" if last_key

%hadoop jar (HADOOP_HOME/share/hadoop/tools/lib/hadoop-streaming-*.jar \
-input ncdc/temperature.txt \
-output output \
-mapper <path>/max_temperature_map.rb \
-reducer <path>/max_temperature_reduce.rb



Cucrembl Ha ocHoBe Hadoop

m Pig — BbICOKOYPOBHEBbIN A3bIK MOTOKOB AaHHbIX
m HBase — pacnpegeneHHasa 6a3a gaHHbIX

m Cassandra — multi-master 6a3a naHHbIX 0e3
eJMNHOWN TOYKM OTKa3a

m Hive — xpaHunnuiie gaHHbIX (warehouse)

m Mahout — maluMHHOE 0DOy4YeHME N n3BreYeHne
3HAHU



"
PacnpeageneHHasa annoBas
cuctema HDFS

m MoTmnBauunsa ncnonb3oBaHUg
pacnpeaeneHHbiX dannoBbiX CUCTEM

m Apxutektypa HDFS

m KomaHabl paboTbl ¢ HDFS

m [IpaBa goctyna B HDFS

m Pabota ¢ HDFS 13 Java nporpamm




MoTuBauus

m Y10 HY>KHO Ans adodekTUBHON 0OpaboTKM
TepabanToB gaHHbIX?
bonbllas eMKOCTb
Bbicokas npon3BoanTesribHad
HageXXHoCTb



" I
TpaanUMOHHOE pelleHune

m Cucrtembl XpaHEeHUNA OaHHbIX
EMKOCTb: COTHU U TbICAYM OUCKOB
[Tpon3BoaMTENBHOCTL: COTHU 'B/C

HapexHocTb: RAID, nybnupoBaHue
KOMMNOHEHTOB, pennukauus

m [lpumepbl: EMC Symmetrix VMAX, Hitachi VSP,
HP XP20000

m HepocTtaTtoK: BbICOKad CTOMMOCTb (MUMMUOHBI
Oonnapos)




" B
PacnpegeneHHble dpannoBble
CUCTEMBI

m MoxHo nn NOJTYHYUTb €EMKOCTDb,
Nnpon3BoAanUTESIbHOCTb U HAOEXHOCTb neLweBo?

m [1a, moxHo. Google:

“The Google File System”, Sanjay Ghemawat,
Howard Gobioff, Shun-Tak Leung. Proceedings of the
19th ACM Symposium on Operating Systems
Principles, 2003, pp. 20-43.

[ns xpaHeHust JaHHbIX NCMNONb3YHTCS ANCKU
HeJopPOorMx oObIYHbIX CEPBEPOB

Hes3aBuncumble AUCKkn 06 begnHAKTCS B
pacnpeneneHHyo dpannosyt cuctemy GFS



" I
[IpenmyLlecTBa pacnpegeneHHbIX
doannoBbIX CUCTEM

m Bbicokasa eMKOCTb:
MHoro cepeepoB C BHYTPEHHUMUN OUCKaMWU

m Bbicokas NPOnN3BOAOUTESIBHOCTb.

[TapannenbHasa 3annucb Ha ANCKU, MHOIO CETEBBIX
NHTEpdencos

m Bbicokaga HageXHOCTb:
Pennukaunsa gaHHbIX Ha pasHble cepBep.l

m Hn3Kkaga CTOMMOCTb:
CepBepbl CTaHOapPTHOW apXUTEKTYpPbI € Linux



" S
HDFS

m Hadoop Distributed File System (HDFS) —
pacnpeneneHHas annoBas CUCTEMA,
BXxoasulias B coctaB Hadoop

m OcHoBbIBaeTcs Ha apxutektype Google
File System

m HDFS - cneunannanpoBaHHas dpannoBas
cuctemMa ans npunoxeHmnn Hadoop



= S
[ToTpebHocTn npunoxeHnn Hadoop

m TNOBOE NPUITOXEHME — MOUCKOBBLIN POOOT

dannbl nHaekcoB coaepxumoro Web
bonbLINX pa3mMepoB

dannbl MHOEKCOB 3anncbiBalOTCA OAUH pas, a
3aTeM TOJSbKO YnTatoTca (0e3 N3SMEHEHNI)

[ToToKkOBbIE ONepaunm BBoOga-BbiBOAA
[TakeTHasi obpaboTka



" B
OrpaHunyeHna HDFS

m OnTummnsaumsa ang noTokoBbIX onepauunin ¢ 6onbLLMMU
doannamu

Cny4yanHbin gocTtyn paboTtaeT MeasieHHO
m Mopgenb goctyna Kk goamnnam WORM (Write-Once-Read-
Many)

3anuck B dhann npon3BoanTbCs TONbKO OAUH pa3, MOTOM TOSbKO
YyTeHne

m He nopgpepxumnBaetcsa POSIX

Henb3a noomMoHTMpoBaTh, He paboTaloT cTaHAapTHbIEe Linux
KomaHAabl Is, cp, mkdir u 1.1.

| KSLIJVIpOBaHI/Ie HE NCMNOJIb3YyETCH
HaknagHble pacxogbl CIULLKOM BEJTUKU



Apxutektypa HDFS

Y3en nmeH

NameNode
MeTagaHHble

Onepauuu ¢
MeTagaHHbIMU

_KnveHt D

OCTVIN
Bn%naHHblx K'g)av'u%lam
T i = EEE
DataNode| [DataNode| |DataNode
Y3en Y3en Y3en
AOaHHbIX AaHHbIX AaHHbIX



" S
Apxutektypa HDFS

m Namenode (y3en nmeH):
YnpasnswoLwunn y3en
ObecnevnBaeT egnMHOE NPOCTPAHCTBO MMEH
Perynupyet 4OCTyn KNUEHTOB
XpaHUT MeTagaHHble

m Datanode (y3en gaHHbIX)
XpaHUT gaHHbIe

® Y3Mbl UMEH N AaHHbIX — cepBepbl Linux (Kak
npasunIo)



" S
XpaHeHue pannoB B HDFS

m bnoyHaga cTpykTypa:

dann pasbnBaeTcda Ha 6N1OKM OAMHAKOBOro pasmepa
(64MbB no ymon4yaHuto)

Bnokn xpaHaTca Ha 04HOM UITN HECKOIbKUX Y3rax
XpaHeHus

BoamoxkHa pennukayus 6mnokoB

m Y3en UMeH XpaHUT MeTadaHHble O
pacnpegeneHnn 6110KkoB No y3nam XpaHeHus



XpaHeHue pannoB B HDFS

Y3en nMmeH

NameNode

[user/andrey/foo — 1,2,4
/user/andrey/bar — 3,5

B B 2 &l 4]
DataNode| [DataNode| |DataNode
Y3en Y3aen Yaen
OaHHbIX OaHHBIX OaHHbIX




S
Pennukauus

m B GonblUoM knactepe Bceraa oyayT
HeucnpaBHble y3nbl

m [1na 3awmtel oT cboeB HDFS ncnonb3yer
pennukauuio — XpaHEHNE HECKONbKNX KOMUN

onoka

m aKkTop pennukaunm — Konmy4ecTBo Konuimn brnoka
(3 WT. NO YMOSI4AHMIO)

m OTKa3 cepBepa CHMXaeT NPoM3BOAUTENBHOCTb,
HO HEe NPUBOAMUT K NoTepe JaHHbIX



Pennukauus

Y3en nMmeH

NameNode

[user/andrey/foo — 1,2,4
/user/andrey/bar — 3,5

I B 5
DataNode

2 5 =
DataNode

B & =
DataNode

Y3ern
OaHHbIX

Y3en
NaHHbIX

Y3aen
OaHHbIX
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Rack Awareness

m [1onoNnHUTENbHLIN MEXaHU3M 3aLKnTbl OT cbos
rpynnbl cepBepoB
m Rack — cepBepHbIU WKad:
OTKMoYeEHNE NUTaHUA BCEro wkada
[loTeps ceTeBOro coeaAnHeHns co wkKadoom

m HDFS ymeeT pacnpegensatb pensmmkm mexay
pa3HbIMU LLKadaMu

m OTKa3 Bcero wkada He NnpMBoauT K noTepe
OaHHbIX



Rack Awareness

Y3en nmeH

NameNode

/user/andrey/foo — 1,2,4
[user/andrey/bar — 3,5

H = 28 E 2 S B & W
DataNode| |DataNode DataNode| |DataNode
Y3en Y3en Y3en Y3en
¢ AaHHbIX OAdHHbBIX F i OAdHHbIX OaHHbIX 3
Likady 1 Lkadh 2




" S
Ooctyn K HDFS

m briokn HDFS pacnpeneneHsl no pasHbim
cepBepam:
ADFS Henb3s nogMOHTUPOBAaTbL

He paboTtatloT ctaHgapTHble Linux KoMaHabl:
S, Cp, mv 1 .T.

m [1ns pabotbl ¢ HDFS ncnonbaytotcs
crneuuanbHble KOMaHAabI:

Sbin/hadoop dfs -cmd




" S
Ctpyktypa HDFS

m KopHeBown katanor HDFS -/

m [lomawHue kaTanorn nonb3oBaTenemn -
/user/SUSER

m BpemeHHbIM KaTanor - /tmp

m HeT NnoHATMSA TeKyLwnmn Kkatanor
HeTt komaHa cd, pwd

m [lyTn:
[TonHble — Ha4YnHasA ¢ /

OTHOCUTESNBbHbIE — N3 JOMALLHEro Karasnora
NnoJib30BaTeEsIA



" I
[IpocMoOTp dbannoB B KaTanore

o ,El,owlaLUHMf/’l KaTanor:

Found 3 1tems - T T 1
-rw-r——-r-—- 1 hadoop supergroup 0 2011-06-22 13:58/user/hadoop/filel |
-rw-r——-r-—- 1 hadoop supergroup 0 2011-06-22 13:581/user/hadoop/file?2 '
-YwW-r—-—-r-—-- 1 hadoop supergroup 0 2011-06-22 13:58lfuser/hadoop/file3 :

m KopHeBoOU kaTanor:

hadoop@hadoop: ~/hadoop$L?1n/hadoop dfs -1s /|
Found 2 items T~ T TTTTTTTTT F—_-——-—
drwxr—-xr-x - hadoop supergroup 0 2011-05-17 18:32 l/tmp

drwxr-xr-x - hadoop supergroup 0 2011-05-18 14:35:/user

| R —



[lpocmoTp panna

m Crnncok pbaunros:

Found 3 items

-rw-r——-r-—- 1 hadoop supergroup 0 2011-06-22 13:581/user/hadoop/filel I
—rw-r—-r--— 1 hadoop supergroup 0 2011-06-22 13:58 /User/hadoop,/TiTer ™
-rWw-r——-r-—- 1 hadoop supergroup 0 2011-06-22 13:58 /user/hadoop/file3

m [lpocmoTp dhanna:

hadoop@hadoop:~/hadoop$lbin/hadoop dfs -cat filell
Hello, world! e -
Hello, Hadoop!

Hello, world!
Hello, Hadoop!



" B
3anuncb pamnos B HDFS

m KomaHpa:
$Sbin/hadoop dfs —-put localSrc hdfsDest

m KonumpyeT 13 nokanbHoOW qoannoBon CUCTEMbI B
ADFS

m PaboTaeT Kak ¢ dpannamu, Tak u ¢ Katanoramu

m Ecnun cbann yxe cywecTtsyeT, BblgaeT OwnbKy
m CnHoOHUM -copyFromLocal




" BN
3anuncb pamnos B HDFS

m 3anncb dpanna:

hadoop@hadoop:~/hadoop$ bin/hadoop dfs -put /tmp/filel /user/hadoop

m 3anncb Katanora:

hadoop@hadoop:~/hadoop$ bin/hadoop dfs -put /tmp/dirl /user/hadoop
hadoop@hadoop:~/hadoop$ bin/hadoop dfs -1ls dirl
Found 3 items

-rw-—r—--r-- 1 hadoop supergroup 0 2011-06-22 14:49 /user/hadoop/dirl/filea
-TW-r——-r-—- 1 hadoop supergroup 0 2011-06-22 14:49 /user/hadoop/dirl/fileb
-rw-—r—--r-—- 1 hadoop supergroup 0 2011-06-22 14:49 /user/hadoop/dirl/filec

m Pann cyuwlecTByerT:

hadoop@hadoop:~/hadoop$ bin/hadoop dfs -put /tmp/filel filel
put: Target filel already exists



[TonydeHne pannos n3 HDFS

m KomaHaa:
Sbin/hadoop dfs —-get hdfsSrc localDest

m Konnpyet 13 HDFS B nokanbHyto
dbannoBy CUCTEMY

m PaboTaeT Kak ¢ pannamu, Tak n c
KaTanoramwu

m CnHOHUMM -copyTolocal



KomaHabl anga padotbl ¢ HDFS

KomaHaa HasHa4yeHune
-mv src dest [MepemelueHne pannos BHYTpn HDFS
-cp src dest KonnposaHnue dannos BHyTpn HDFS
-rm path YnaneHwe panna unu nyctoro Kkaranora
-rmr path YoaneHue doavsna unu katanora pekypcuBHO
-mkdir path CosgaHue katanora (pabotaet kak mkdir —p B Linux)
-stat path BbiBOAUT MHOpMaLMIO NO hanny unu Kkatanory
-tail [-f] path |BsblBoAg nocnegHero kunobamta ganna (c -f BbiBOAUT

nobasrnsiemMmble aHHbIE)

~help [MepeyeHb komaHa paboTtel ¢ HDFS




Web-nHtepdenc Kk HDFS

o http://namenode-hostname:50070

/ O Hadoop NameMode hado: i O HDFS:/
[ € > C(® Lru:50070/dfshealthjsp w A | € C & imm.uran.ru:s00 seDire
NameNode " .nm.uran.ru:9000’ Contents of directory

Started: Wed Jun 22 13:44:24 YEKST 2011
Version: 0.20.203.0,r1099333

Compiled: Wed May 4 07:57:50 PDT 2011 by oom
Upgrades: There are no upgrades in progress.

Browse the filesystem
Namenode Logs

Cluster Summary

15 files and directories, 2 blocks = 17 total. Heap Size is 240.88 MB | 888.94 MB (27%)

Configured Capacity 23981 GB
DFS Used 44 KB
Non DF S Used 24 54 GB
DF S Remaining 21527 GB
DFS Used% 0%
DF S Remaining% 89.77 %
Live Nodes 3 1
Dead Nodes 3 0
Decommissioning Nodes 3 0
Number of Under-Replicated Blocks 0

m

Goto - [ £|

Name | |Type||Size |Replication || Block Size

Modification Time||Permission||Owner ||Group

tmp ||dir 2011-05-17 18:32 ||rwxr-xr-x |hadoop| supergroup
luser [Jair || | | [2011-05-18 14:35 ||rwxrxrx ||hadoop|supergroup
Go back to DES home

Local logs

Log directory

This is Apache Hadoop release 0.20.203.0
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[1lpaBa noctyna B HDFS

m Mogenb npaB goctyna HDFS noxoxka Ha
POSIX:

dann nmeet Bnagensua (owner) un rpynny
(group)

[MpaBa 3apaloTcs oTAenbHO AN BNaaenbLa,
rpynnbl U BceX ocTanbHbIX

[lpaBa goctyna rwx
HerT sticky bit, setuid or setgid



" S
CemaHTuKa npaB AocTyna

m [1na dpannos:
r—4YTeHne
W — 3dllNCb
X — HE UCIMOJIb3yEeTCH

m [1ns KaTanoros:
'— NPOCMOTP COAEPKNMOTO KaTallora

W — co3gaHue oannoB UMnn Katanoros
X — AOCTYN K hannam v nogkartanoram



" I
[Tonb3oBaTtenun HDFS

m [lonb3oBatenun HDFS cooTBeTCTBYIOT
nonb3oBarensam Linux:

[lonb3oBaTenb: whoami
Cnncok rpynn: bash -c groups

m Cynepnonb3oBaTenb
e OeUCTBYKT OrpaHnyeHna npaes gocTtyna

'lonb3oBaTenb, KOTopbI 3anycTun Hadoop
-HeT NOCTOAHHOIo cyneprnonb3oBaTens




[lpocMOTp NpaB gocTyna

hadoop@hadoop:~/hadoop$Ibin/hadoop dfs -1ls
lEQMQﬁ_i_LLQms ————————————

[lpaBa Bnageneuy [pynna
goctyna

| TLW-r—-r-- | 1'hadoop'lsupergroupl 0 2011-06-22 13:58 /user/hadoop/filel
| ~IW-r—--r-- ' 1:hadoopllsupergroup| 0 2011-06-22 13:58 /user/hadoop/file2
| —-rw-r——r-—- 1|hadoop|:supergroup: 0 2011-06-22 13:58 /user/hadoop/file3

| I



YnpaBneHue npaBsamun OocTyna

m KomaHgbl

KomaHpa

HasHayeHune

—chmod [-R] mode path

3ameHeHMe npaB gocTtyna

—chown [-R] owner|[:group]

path

N3meHeHne Bnagensua (1
rpynnbl)

—chgroup [-R] grm path

3meHeHune rpynnbl

m Onuus —R — peEKYPCUBHbIE N3MEHEHUS

m [1paBa goctyna 3anucbiBaloTca Kak B Linux




IameHeHWne npaB goctyna

m /IcxogHble npaBa goctyna

S bin/hadogp_dfs -1s /user/Andrey/filel
l-rw-r--r-- 11 Andrey supergroup 0 2011-06-23 11:20 /user/Andrey/filel

|- ITW-—Irw———— # Andrey supergroup 0 2011-06-23 11:20 /user/Andrey/filel



ameHeHne BnagensLua un rpynnol

m /lcxogoHoe cocToaHune

S bin/hadogop_dfs -1s /user/Andrey/filel
l-rw-rw---- 11 Andrey supergroup 0 2011-06-23 11:20 /user/Andrey/filel

$ bin/hadoop dfg -1ls_/user/Andrey/filel
—TW-TW———-— 1|anton|supergroup 0 2011-06-23 11:20 /user/Andrey/filel

m VameHenne rpynnol

—TW-TW———~— 1 antODIEIOjeCtl: 0 2011-06-23 11:20 /user/Andrey/filel



" A
Pabota ¢ HDFS n3 Java

// HacTponka nyTewu

Configuration conf = new Configuration();
FileSystem fs = FileSystem.get(conf);

Path filenamePath = new Path("hello.txt");

// 3anucb B dann

FSDataOutputStream out = fs.create(filenamePath);
out.writeUTF(“Hello, world”);

out.close();

// YTeHue daunna

FSDataInputStream in = fs.open(filenamePath);
String messageIn = in.readUTF();
System.out.print(messageln);

in.close();



"
[logkntovyeHne K dpannoBoun
CUCTEME

m org.apache.hadoop.fs.FileSystem —
nHTepdenc ana pabotel ¢ DFS u apyrumm
doannoBbIMAU CUCTEMaAMMU

m org.apache.hadoop.conf.Configuration —
koHurypauma Hadoop n HDFS

m [logkntovyeHne K pannoBon CUCTEME:

Configuration conf = new Configuration();
FileSystem fs = FileSystem.get(conf);



" S
CTpyKTypa MMeHn doanna

m ®ann B HDFS:
hdfs://namenode:port/path/file
hdfs://localhost:9000/user/hadoop/filel

hdfs://namenode:port — MOXHO HE yKa3blBaTb,
TOrga ucnonb3yeTcss namenode U3 TeKYLLEro
KOHJourypaumoHHoro dpavna Hadoop

m Pann Ha nokanbHOM OUCKE:
file://path/file



" B
3anyck nporpamMmmsbl

m FileSystem moxet paboTaTb Kak ¢ HDFS,
TaK U C ToKanbHOW anioBOUN CUCTEMOMW,
B 3aBMCMMOCTM OT cnocoba 3anycka

m JlokanbHbIX 3anycK:
jJjava HDFSHelloWorld

m 3anyck yepe3 Hadoop (3anuce B HDFS):
Sbin/hadoop HDFSHelloWorld



MeToab! FileSystem

MeTon HasHayeHune

copyFromLocalFile KonunpoBaHue 13 riokanbHon dbannoBon CUCTEMBI
B HDFS

copyTolLocalFile KonuposaHnue n3s HDFS B nokaneHyto dpannosyto
cuctemy

create CosgaHue danna

mkdirs CospaHuve KkaTtanora

delete YnaneHuve cavna unu Kkartasnora

rename [lepenmeHoBaHne panna

setOwner YcTtaHoBKa Bragesnbua v rpynnsl panna

setPermissions YcTtaHoBKa npas goctyna K panny

getFileBlockLocations | BosBpallaeT cnncok cepBepoB, XpaHAaLMX O6noku
danna




" S
[lononHuTenbHbIE MaTepUansl

m The Google File System

http://labs.google.com/papers/qgfs.html

m HDFS Architecture Guide

http://hadoop.apache.org/common/docs/current/hdfs design.html

m HDFS Permissions Guide

http://hadoop.apache.org/common/docs/current/hdfs permissions quide.html

m HDFS Users Guide

http://hadoop.apache.org/common/docs/current/hdfs user quide.html



http://labs.google.com/papers/gfs.html
http://hadoop.apache.org/common/docs/current/hdfs_design.html
http://hadoop.apache.org/common/docs/current/hdfs_permissions_guide.html
http://hadoop.apache.org/common/docs/current/hdfs_user_guide.html

Bonpocbl?
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