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00 aBTOpax

Amuapio C. Tanenbaym (Andrew S. Tanenbaum) monyuus crenens 6axanaspa B MLLT.
H JOKTOPCKYIO cTereHb B yHUBepcuTeTe wTata Kanmudopuus B bepiiu. B HacTosinee
BpeMsI OH sIBJIsSIeTCS TIPO(heccOpOM BBIYMCMUTENILHON TEXHUKU B yHUBepcuTeTe Bpue
B AMcTeprame, Tosnanaus, rae BO3rJIaB/sieT OTAENCHHUE BBLIUMCIUTENbHON TEXHUKLL.
KpoMe Toro, oH siBJIsieTCs 1€KAaHOM BBICIIEN LIKOJIBI IIPOrPAMMHPOBAHUS U TPahUKH,
HHCTUTYTA UCCJIENIOBAHUS 110 NMapasiJIeIbHbIM M pacrpeie/IeHHbIM BbIUIICIHTENbHBIM
cUCTEMaM, a TaK)Ke cucreMaM o6paboTku u popMUpOBaHust u3obpakeHnil. TeM He Me-
Hee OH BCEMM CHJIAMM CTapaeTCst He IPeBPaTHTLCS B GI0pOKpara.

B npouuiom uapo C. TaHeH6ayM 3aHHUMAJICS UCCJIEIOBAHUSIMUM 110 KOMITMJISITO-
paM, OIepaloHHbIM CUCTEMaM, KOMIIBIOTEPHLIM CETSIM U JIOKAJIbHBIM Paclpe/iesieH-
HBIM cucTeMaM. B Hacrosiiliee BpeMst OH cOCpeoTOYNJICS Ha pa3paboTKe Io6abHOM
pacrpeseieHHOi CUCTEMBI, IOMyCKaollell MacluTabupoBaHie Ha MUJIJIMOHBI TIOJIb-
30Barejied. DTU UCCJIEIOBAHUST OH BBIIOJIHSIET BMECTe ¢ AOKTOPOM MaapTeHOM BaH
Creenom. MIx coBMecTHbIE HCCTIENOBATENbCKIE TPOCKThI MPUBEJIU K BOBHUKHOBEHHUIO
6osiee uem 90 crareil B KypHasax U Matepuanax KoHGEpeHIUH U MATH KHMUT.

[Tpodeccop Tanenbaym paspaboras TakKe 3HAYHTEJNLHBIH 0OBEM [IPOrPAMMHOTO
obecrnieyeHust. OH ObLI IJIABHLIM apPXMTEKTOPOM «aMCTEPIAMCKOTO NaKeTa pa3paboTKu
komnuasaTopoB» (Amsterdam Compiler Kit), 1Mpoko n3BecTHoro naxera jjist co3zia-
HUsI NIEPEHOCUMBIX KOMNMJIATOPOB, a Takke MINIX, munuatiopuoro kiaona UNIX,
IpeAHa3HaYeHHOro ISl CTYAECHYECKUX JIab0pAaTOPHBIX paboT MO MPOrpaMMHPOBAHMIO.
BMecTe co CBOMMM acniupaHTaMU M MPOTPaMMHCTaMH OH CIIOCOOCTBOBAJ CO3AAHUIO
pacrpeneneHHoil onepaloHHoit cuctemsl Amoeba, BhICOKOIPOU3BOAUTENBHON pac-
npefeieHHON omnepalMoHHoil cucreMbl Ha Oase Mukposiapa. Cucrembr MINIX wu
Amoeba 6ecriiatHo pacripoctpansiiorcs yepe3 Muteprier.

Ero actimpaHToB 1ocJie IOJIydYeHus! CTerneHu oxuaaer 6aectsimuii ycrex. OH 04eHb
UMM ropauTcs. B aToM OTHOLIEHHH OH OYeHb HAllOMHHAET KYPHIY-HaceaKy.

[Tpodeccop Tanenbaym sipisiercst wieHom ACM n IEEE, neitcTBuTeNbHBIM Uite-
HoM KoposeBckoii akazeMuy HayK U HCKyccTB HuzepsiaHaos, eMy NpUcyK/I€eHbI Iipe-
mun ACM «3a 3acsyru B npernioaasaresbckoit aestreapoctu Kapna B. Kanncrpemas
1994 rona 1 ACM/SIGCSE «3a BreyaT/isiioninii BKJIaa B penojaBaHue KOMITbIOTEp-
HbIX aucuuiimH» 1997 roma. OH ynmOMSIHYT TakKe B MUPOBOM cripaBouyHHKe «KTo
ectb Kro». Ero spomamiHiolo crpanuily B VIHTepHeTe MOXHO HaiiTH mNoO anpecy
http://www.cs.vu.nl/~ast/.

Maapren Ban Creen (Maarten van Steen) B HacTosiliee BpeMsl SIBJISIE€TCS JIOLeH-
TOM yHMBepcHTeTa Bpue B AMcTepiame, rae BefeT Kypchl IO ONepaliiioHHbIM CHCTe-
MaM, KOMITLIOTEPHBIM CETSIM U pacrpeeseHHbIM cucTeMaM. OH Take yCIelHo BeaeT
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pasJIMyHble KypPChl IO BOIpocaM KoMmmbioTepusauuu aasa crneuuasmcros ICT mpo-
MBILIJIEHHOCTH U FOCYapCTBEHHBIX OPraHoB.

Hoxrop Ban CreeH u3yuyan NPHUKJIAAHYI0O MaTeMaTUKy B YHUBepcuteTe TBeHTe
M TIOJIyYnJl CTelleHb AOKTOpa (uiocoduu B JleiimeHCKOM yHUBepCUTeTe, 3aliUTHB
JICCepTalMiO B 061aCTU METOAUKHU pa3paboTKy mapajuieabHbx cucteM. [locne 3amu-
TBI OH Tiepelies Ha paboTy B IPOMBIIIEHHYIO HCCIIEA0BATENbCKYIO J1aG0OpaTOpUIO, e
BBIPOC IO PYKOBOAUTEJISI TPYIINbl KOMIIBIOTEPHBIX CHCTEM, 3aHUMABIIEHCST IPOrpaMM-
HOII MOMIEP>KKOii NTapaslyIeJIbHbIX NMPUJIOKEHU .

[Tocsie msiTv JIET OAHOBPEMEHHBIX 3aHSITHUH MCCIEA0BAHUSIMU U PYKOBOJCTBA TPYTI-
MOi OH pelIJI BEPHYTHCS B aKaJeMUYECKYI0 HayKy, CHayala B KaueCTBe aCCUCTEHTA
¢axynbTeTa BHIYHCIUTENHHON TEXHHKHM B YHUBepcUTeTe Jpa3ma B Portepaame, a nos-
e — B KayecTBe JioileHTa B rpyrnre Juapio Tanenbayma B yHusepcutere Bpue B AM-
crepaame. BosppalileHnie B yHUBEPCUTET ObLIO NPABUJIbHBIM PELIEHUEM, BO BCSIKOM
cJlydae, ero XKeHa IojiaraeT UMEHHO Tak.

B Hacrosiiiiee BpeMsi OH 3aHUMAETCsl MCCJIEOBAHUAMU KPYNHOMACIUTAOHBIX TJ10-
GaJIbHbIX CHCTEM, COCPENOTOMMBIINCH HA BOMPOCAX JIOKAJIU3AHUK MOOUJIbHBIX areH-
TOB, aPXUTEKTYype CHUCTEM U aJalTHUBHOM paclpeleieHuy U perikauun. Bmecte
c npogeccopom TanenbaymoM o pykosoautT npoektom Globe, B xome koToporo
rpynmna u3 NpUGIU3UTENBHO MI0KUHBI MCCIEN0BaTesel COBMECTHO pa3pabaThbiBaioT
rJ106aJIbHYI0 Pacipe/ieIeHHYI0 CUCTeMY € TakuM ke HaszBaHueM. Cuctema Globe omnu-
caHa Ha caiiTe http://www.cs.vu.nl/globe.



Npeouncnosune

JTa KHHUra MepBOHAYAJBHO 33[yMbIBAlach KaK MEePECMOTPEHHbI BapHaHT KHUTHU
Distributed Operating Systems, Ho BCKope Mbl IOHsIH, 4To ¢ 1995 roga npousoniu ta-
KU€ U3MEHEHHUs], YTO ITPOCTHIM MEPECMOTPOM 3/1eCh He 06oiTHCh. HysKHa coBepiieHHO
HOBasi KHUra. JTa HOBast KHUTA NOJYYHJIa U HoBoe HasBaHue Distributed Systems: Prin-
ciples and Paradigms. VIameHeHUs] B Ha3BaHUY OTPaXaloT (haKT CMELIEHHS aKIIEHTOB.
PaHbliie MbI pacCMaTpUBAJIH BOIIPOCHI, CBSI3AHHDBIE C OIEPallMOHHBIMH CUCTEMAMM, a 3Ta
KHUTa MOCBsillleHa PacIpe/leJIEHHbIM cHcTeMaM B 60Jiee IIMPOKOM CMbICJIE 3TOTO CJI0BA.
Tax, nanpumep, cpena World Wide Web, xotopasi cuntaercsi camoit 60/1bILoi U3 Ko-
r1a-1160 MOCTPOEHHbBIX paclpeeIEHHbIX CUCTEM, B ODHTMHAJILHOMN KHUTE JaXKe He yi10-
MUHAJIaCh, TOCKOJIbKY HeE SIBJISIETCSI OllepallMOHHOM cucTemMoil. Teneps eit oTBeaeHa ef-
Ba JIM He IieJsasl TJ1aBa.

Kuury sornyecku o6pasyroT 1Be YaCTH — IIPUHIIMITBI ¥ TapaaurMbl. B nepsoii ria-
Be JaeTcsi BBeleHMe B TeMy. 3aTeM CJIeAyeT CeMb TJIaB, OMHCHIBAIOIIMX OT/eJbHbIe
IPUHIUITBI, KOTOPbIE MbI COYIM OCOOEHHO Ba)XKHBIMU: CBsI3b, POLIECCHI, UMEHOBAHME,
CUHXPOHU3ALUSI, HEMPOTUBOPEYMBOCTb U PETUIMKALIVSI, 3al[1Ta OT CO0EB U 3alUTa.

PeasibHble pacrpezesieHHble CUCTEMbI CTPOSITCSI OOBIYHO HA OCHOBE HeKoeil mapa-
JIUTMbI, HATIpUMep, «BCe KPyroM — 3To Qailibl». B cienyomux yerslpex riaBax pac-
CMAaTPUBAIOTCS Pa3JIMYHblE MAPaJUTMbl U ONMMCHIBAIOTCA NOCTPOEHHbIE HA UX OCHOBE
peasbHble CHCTEMbI. B KayecTBe mapaiurM BbIOpaHbI CUCTEMbI OOBEKTOB, pacrpene-
JleHHble (PailToBble CHCTEMBI, CUCTEMBI JOKYMEHTOB U CHCTEMBI COTJIACOBaHMUSI.

B nocnenHeil riaBe MMeeTcsl aHHOTALMSI JIUTEPATYPBI, KOTOPask MOXET ObITb HC-
M0JIb30BaHa B KavyeCTBe OTIPABHON TOUKH IJIsT JOIOJHUTEIbHOTO U3YYEHUST TeMbl,
a TaKXKe CIMCOK PaboT, LIUTUPYEMbIX B 3TON KHUTE,

KHura npexHa3HavyeHa AJsi CTYA€HTOB CTapIUUX KYPCOB U AUIJIOMHUKOB IO «KOM-
IbIOTEPHBIM AUCLUILTIMHAM». COOTBETCTBEHHO, Y Hee eCTh CBOM web-caifT ¢ Tabiuia-
MU B popmare PowerPoint u pucyHkaMu U3 KHUTY B pa3iuuHbix ¢dopMmaTax. Ha Hero
MO>KHO IIONIACTb, 3al/si Ha CTpaHHUIly www.prenhall.cornltanenbaum u I11eJKHYB Ha
CCbIJIKE C Ha3BaHUEM 3TOU KHUTU. [[Jis1 mpenogaBaTesel, UCIOJIb3YIOUUX 3TY KHUTY
Ha 3aHATHUSIX, JOCTYITHO PYKOBOZCTBO C PElIeHUSIMU BCeX YNPaKHEHUH. 3a 9K3eMILIs-
POM DYKOBOJCTBa MM CJieyeT oOpaTUThCsl K IPEeICTaBUTeNIO M3xaTenbcTBa Prentice
Hall. Pazymeercst, KHUTa IIpeKPacHO MOAOUAET U IJIs T€X, KTO, XOTsI M HUKAK He CBS-
3aH ¢ MoJiydeHueM o6pa3oBaHusl, XOTeJ Obl ITOJyYUTb JOTOJHUTEbHbIE 3HAHUS I10
3TON HY>XKHOM TeMme.

MHOXecTBO Jifozieil BHECIM CBOM BKJIAJl B CO3aHK€e 3TOW KHUTU. MBIl XOTHM 0C000
nobnaronaputh ApHo Bexkepa (Arno Bakker), Tepxo Bannunreitna (Gerco Bal-
lintijn), Bpenrta Cannaxana (Brent Callaghan), Ckorra Kennona (Scott Cannon),
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Canznpy Komuuccen (Sandra Comelissen), Maiika Januna (Mike Dahlin), Mapka
Hep6uinupa (Mark Darbyshire), Tas 9anona (Guy Eddon), Ampa aab AGGaau (Amr el
Abbadi), Buncenra ®@puxa (Vincent Frech), Hangana Famane (Chandana Gamage),
Bena I'paca (Ben Gras), Bo6a I'pes (Bob Gray), Muens san Xaprckamma (Michael
van Hartskamp), @ununna XomGypra (Philip Homburg), Suapio Kutuena (Andrew
Kitchen), Jlanucaasa Koroyra (Ladislav Kohout), bo6a Karrnepa (Bob Kutter),
1Occunexka Jleitso (Jussipekka Leiwo), Jlexa Maxk-Tarrepra (Leah McTaggert), 9nu
Meccenrepa (Eli Messenger), Jonanbaa Mustepa (Donald Miller), [IusakanTa
Muuipy (Shivakant Mishra), Jxuma Myuu (Jim Mooney), Marra Mytky (Matt
Mutka), Poba ITaitika (Rob Pike), Kputun Pamampurama (Krithi Ramamritham),
Imyans Porenctpeitya (Shmuel Rotenstreich), Cona Hlaria (Sol Shatz), Typauna
Cunrxa (Gurdip Singh), Aauty IIuspam (Aditya Shivram), Bragumupa CykoHHHKa
(Vladimir Sukonnik), Boaecnasa Hlumancku (Boleslaw Szymanski), Jlopena Tepon-
na (Laurent Therond) u Jleennepra Bau Jyma (Leendert van Doom) 3a To, YTO OHU
[IPOYJIM OT/EIbHbIE YACTH PYKOIMCH U BHECJH TI0JIE3HbIE TIPEIIOKEHUS.

W HakoHell, Mbl pajibl CKa3aTh «Cnacubo» YjeHaM HallluX ceMeH.

Cio3aHHa TIPOXO/IMJIa Yepe3 ITOT KOILIIMAp YiKe JIOKUHY pa3 ¥ HU pasy He CKa3aJja:
«XBaTuT!», — XOTsI 3Ta MBICJb, HAaBEPHOE, HEOJAHOKPATHO MPUXOAWIA € B rOJIOBY.
Cnacu6o. Bapbapa 1 MapBuH Terepb TOYHO 3HAIOT, YTO AOJIKEH JeJaTh rpodeccop,
yToGbI 3apaboTtaTh cebe Ha XKU3Hb, U CYMEIOT OTJMYUTh XOPOIIHe Y4eOHUKH OT IJI0-
xux (MeHsI OHM BIOXHOBJISIIOT HA CO3/IaHME XOPOIIMX ).

Suopro C. Tanenbaym

Mapuasib y3Hasa, uTo ee X/AET, KOT/a s CKa3asl e, YTO CHOBA PELIMJI 3aHSAThCS MH-
caresibctBoM. C caMoro Hayania oHa GJIATOCKJIOHHO OTHECJach K 3TOH Hiee, 3aMEeTUB
TaK)Ke, UTO 3TO 3aHsATHe HoJiee IPUSITHOE U HE CTOJb OeCIIoNe3Hoe, KaK TpeIbiLyIIHe.
«CNHUXHYTh» Ha Hee DJIbKe Ha BCE BPEMsl CO3MaHUsI KHUTH — OBLJIO He JIyulIel uzeei,
HO TO3BOJIMJIO MHE CKOHLIEHTPUPOBATLCS ¥ MPABUIBHO PACCTaBUTh TIPUOPUTETHL. B aTOM
OTHOLIEHHH NpeKpacHo Bea cebsi Makc, MoCKOIbKy, Oyayuu crapiiue JJbKe, XOpOLIo
MIOHMMaJI, KOTZa JIy4llle UrpaTh ¢ KeM-HUOyAb ApyruM. OHU — BEJMKOJIENHbIE JETH.

Maapmen ean Cmeen

OT n3parenncrTBa

Baumy 3ameyanus1, NpeasoXkeHus, BONPOChI OTIPABJIsIITE 110 aJipecy 3J1eKTPOHHOMH 1oy~
Thl comp@piter.com (u3gaTenbCcTBO «[IuTep», KOMIbIOTEPHAS PElAKIIUS).

Mb1 6ynem pazabl y3HaTh Balle MHeHMe!

[Moxpo6Hyo nHGOPMALHIO O HAIIMX KHUrax Bbl Haiizere Ha web-caiiTe usgaresn-
cTBa http://www.piter.com.



PyKkoBOACTBO
Nno NCMNOJIb30OBAaHUIO KHUIU

MHoro Jer MaTepUaJibl, KOTOPbIE JIETJIU B OCHOBY 3aTOMU KHUTH, UCIIOJIb30BAJIMCh IJIA
06yqe}m5{ CTYAEHTOB CTapuIUMX KYPCOB U AUIIJIOMHUKOB. KpOMe TOro, Ha 3TUX Ma-
TepHajaX CTPOMJIMCh OAHO-ABYXTHEBHbIE CEMHUHApPBI 110 pacClipefeJIeHHbIM CHUCTEMaM
U CUCTEMaM IIPOMEXYTOYHOTO YPOBHSA AJISI ayAUTOPUH, COCTOSIBILIE U3 HpO(beCCHOHa-
JIOB-KOMIIbIOTEPUIUKOB.

Kypcbl Ang CTyAeHTOB CTapLuuX KypCcoOB
M AUNJIOMHUKOB

CryneHTaM CTapliMX KYyPCOB U IUIJIOMHMKAM MaTepUas 3TOM KHUTH 0ObIYHO U3Jiara-
ercs B Tedyenue 12—15 neznens. Ilo Hamum HabmOMEHUAM, 1J1sT GOJIBIIMHCTBA CTYEH-
TOB U3y4YeHHe PACIpe/leIeHHBIX CUCTEM 3aKJIOUAeTCsl B U3YYEHHU MHOXECTBA TeM,
TECHO CBSI3aHHBIM YT ¢ ApyroM. KHura opranusoBaHa ciegyouuM o6pa3om: cHava-
Jla MBI NIPEJCTABJISIEM TEMY C Pa3IMYHBIX MO3UIIMIL, a 3aTEM PAaCCMATPHBAEM KAXKAYIO
MO3ULIHKIO 10 OTJEJBbHOCTU. DTO IIOMOTaeT IO/AEPKUBATh BHUMaHUe CTYAEHTOB. B pe-
3yJIbTaTe K KOHILY I1epBoii 4acTH (ryaBbl 1-8) CTYAEHTHI OKa3bIBAIOTCST XOPOLIO MOATO-
TOBJIEHHBIMHU K BOCIIPUSITHIO OOIeil KapTUHBI.

TeM He MeHee Takasi CJIOXHast 00J1aCTh, KaK pacIipe/ieJIeHHbIE CUCTEMBI, IOAPa3y-
MeBaeT MHOXKeCTBO Pa3/IMYHBIX acleKToB. HexoTopble U3 3TUX acreKTOB TPYAHBI AJIS
MOHMMaHuUs1, 0COGEHHO KOTrZa M3y4daloTcsi BrepBbie. [103TOMY MBI HaCTOMYMBO pEKO-
MeH/[yeM CTyJeHTaM U3y4aTh IJIaBbl B MOPSIIKE, COOTBETCTBYOLIEM Kypcy. Bee moky-
MEHTBI, JOCTYIIHblEe Ha caiiTe coaBTOpoB (www.prenhall.comltanenbaum), npexHa3Ha-
YeHbl I TOTO, YTOOBI CTYZEHTHI MOIJIM aKTHBHee paboTaTh Ha 3aHATHUSIX. JTOT
IO/[X0]] BECbMa YCIIElIEeH U BBICOKO LIEHUTCS CTYIEHTaMU.

Becb MaTepuan MOXHO YJIOXKUTb B 15-HelenbHbIil Kypc. BoJiblliasi yacTh BpeMeHU
YXOIUT Ha U3y4yeHHe TIPUHLHUIIOB PaclpeieJIeHHbIX CUCTEM, TO €CTh HA MaTepuaJ, U3-
JIOXKEHHBIN B IEPBBIX BOCbMU riaBax. Hamr omelT mojickasbiBaeT, YTO KOIZa HacTaer
BpeMst 0OCY>KIEHUS TapaJurMbl, OCTAETCS] U3JIOKUTh TOJIBKO caMoe IyiaBHoe. [leTanu
Mpolile U3y4YaTh He Ha YPOKeE, a HETIOCPEACTBEHHO 10 KHure. Tak, Hampumep, B Kypce
MBI OTBOJIIM Ha CUCTEMBI OOBEKTOB BCETO OAHY HEJENIO, B TO BPeMsl KaK B KHUTe OHU
3aHumatoT npubausurensHo 80 crpanuu. Huke npusoautcs rpaduk Kypca, WILIIOCT-
PUPYIOLIUH COOTBETCTBUE TEM M OTBOAMMOIO Ha HUX JIEKIIMOHHOTO BPEMEHMU.
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Hepnens Tema nasa Paspnensl
1 BeeneHuve 1 Lenukom
2 Cea3b 2 2.1-2.3
3 Cssi3b 2 2.4-25
4 Mpoueccebl 3 Uenvikom
5 MmeHoBaHue 4 4.1-4.2
6 MMeHoBaHwe 4 4.3
6 CwuHxpoHu3aumsa 5 5.1-5.2
7 CuHxpoHu3aums 5 5.3-5.6
8 HenpoTusopeumsocTb 1 pennvkaums 6 6.1-6.4
9 HenpoTusopeunBocTb 1 pennukaums 6 6.5-6.6
9 OTKa30yCTON4YMBOCTb 7 7.1-7.3

10 OTKa30yCTONYMBOCTb 7 7.4-7.6

11 3awwmra 8 8.1-8.2

12 3awwmTta 8 8.3-8.7

13 PacnpepeneHHble cuctembl 06bekToB 9 Lennkom

14 PacnpegeneHHble ¢ainosblie CUCTEMbI 10 Llenvkom

15 PacnpegeneHHble cUCTEMbl LOKYMEHTOB 11 Liennkom

15 PacnpepneneHHble cucTeMbI COrnacoBaHus 12 Llennkom

He Bce marepuaJsl npefHa3HayeHbl A/ U3yuyeHus Ha 3aHsATHsX. [Ipennonaraercs,
YTO OT/EJbHBIE YaCTH CTYAEHTbl OyAyT NpopabarbiBaTh CaMH, B OCOOEHHOCTH 3TO OT-
HOCUTCS K JeTasisiM. Eciii Ha Kypc OTBOAMTCSI MeHee 15 Hezesib, Mbl PEKOMEHyeEM
MpPOMYCTHTH IJIaBbl, OTHOCSLINECS K mnapaanrMe. MHTepecyouivecst atoit TeMoit cTy-
ZIEHTBI MOTYT IPOYECTb UX CAMOCTOSITEIBHO.

[l cTyIeHTOB MJIaJIIMX KyPCOB MBI COBETYEM Pa3feIuTh MaTepuas Ha [iBa ceMe-
cTpa u nobaBuTh K HeMy jsiaboparophble paGotsl. Tak, cTyaedTsl MoryT nopaborath
C POCTOii pacripefieJieHHOH cUcTeMOH, MOAH(UUUDPYSI €e KOMIIOHEHTBI TaK, YTOOBI
obecrieunBaTh 0TKa30yCTONYMBOCTb, 06paGoTKy BbI3oBoB RPC mpu rpynmosoii pac-
CBLJIKE U TIP.

CemuHapsbl anga npodeccuoHanos

Ha oHO-AByXIHEBHBIX CEMHHAPaX Mbl MCIOJIb3YEM 9TY KHUTY KaK OCHOBHOM MCTOY-
HUK uHGpopMaliny. Bech MaTepua BIIOIHE MOXKHO U3JIOXKHTD 32 ABA A, OTBOJMMbIX
Ha CeMUHAp, eC/IH MPOITyCKaTh BCE JETAIN U COCPENOTOYNTBCS Ha OCHOBaX paclipesie-
JleHHbIX cucteM. Kpome Toro, 4robsl u3noxkeHue ObL10 60Jie¢ XKUBbIM, MOXKHO [TOMe-
HSITh TIOPSIAOK U3JIOXKEHHSsI. DTO MO3BOJISIET CPa3y Ke MO0Ka3aTh, KaK UCIIONb3YIOTCH OC-
HOBHbIe MPUHUHUIBL. CTYAEHTDI-IUTIOMHUKH TI€pe]] TeM, KaK MepeiTH K BOIpocaM
NPUMEHEHUsT PAaclpeiesIeHHbIX CHCTeM, HyxaaloTcst B 10 Heessx U3JI0KeHHs PHH-
LIMITOB UX CTPOeHUs (eCIM OHM BOOOIIE 3aHHTEpPECOBalibl B 3TUX 3HaHUAX). MoTuBa-
uust 1poheCcCHOHANOB BO3PACTAET, €CIH OHU BUAST, KaK MPHIIHUIbI KCIIOIb3YIOTCs Ha
npaktuke. [IpeaBapuTesbHblii IJIaH ABYXAHEBHOTO Kypca IpearnosiaraeT pasbuenue Ha
JIOrn4ecKye 6JI0KU.
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PykoBoACTBO MO MCNOIb30BAHUIO KHUMMA

MepBbIK AEeHb

Ypok Bpems, Tema asa AKuUueHT
MWH

1 90 BeepeHnve 1 ApXuUTeKTypa KIneHT-cepaep

2 60 CBAa3b 2 RPC/RMI u coobuieHuns

3 60 Cucrtembl cornacosanms 12 O6meH coobuleHnsMu

4 60 Mpouecchbl 3 Mo6unbHbIA KOoa 1 areHTbl

5 30 MmeHoBaHne 4 TpaccupoBka MecT
pasmeLleHns

6 90 Cuctembl 06beKTOB 9 CORBA

BTopoi aeHb
Ypok Bpems, Tema asa AKUEeHT
MWH
1 90 HenpotueopeunsocTb 6 Mogaenu v npoToKonbl
1 penaukaums

2 60 CucTteMbl LOKYMEHTOB 11 KawwupoBaHue 1 pennvkaums
B Web

3 60 OTKa30yCTOMYNBOCTb 7 pynnbl npoueccoB
v npoTtokon 2PC

4 90 3auwumra 8 OCHOBHbIE naen

5 60 PacnpeaeneHHble 10 NFS Bepcun 3n4

dalinosbie cUCTEMbI

CamocToaTesnbHOe u3y4yeHue

IJTa KHUra ¢ YCIIeXOM MOJKET IIPUMEHATHCA U A1 CaMOCTOATEJIDbHOIO U3y4EHU . Ecin
HMEIOTCA MOTHUBAllUA U CBO60}1H06 BpeMsA, YUTATEJIO0 MOXHO IIOCOBETOBATb YMTATh

KHUTY NOJPSiJ, OT KOPKHU A0 KOPKHU.

Ecaun BPEMEHHU Ha U3Yy4Y€HHE BCEro MaTepuala HE XBAaTa€T, Mbl PEKOMEHAYEM CO-
CpPeAOTOYMTHCA HAa CaMbIX Ba’XXHbIX TEMaXx. B I'Ipl/lBeJIeHHOﬁ Ta6JI]/IIJ.e YKa3aHbl pa3J€eJibl,
B KOTODBIX, KaK MBI I10Jlara€M, paCCMaTpHUBaIlOTCA HauboJjiee BaKHbIE aCIeKThI pacnpe-
JIeJIEHHBIX CUCTEM BMECTE C MOACHAIIIMMU IPUMEPAMHU.

nasa Tema Paspenbl

1 BeepeHune 1.1,1.2,1.4.3,1.5

2 Cs8a3b 22,2.3,24

3 Mpouecchl 3.3,34,35

4 MAmeHoBaHue 4.1,4.2

5 CWHXpOHU3aums 5.2,5.3,5.6

6 HenpoTneopeynsocTb U penankauns 6.1,6.2.2,6.2.5,6.4,6.5

7 OTKa30yCTOMYNBOCTb 71,7.21,7.2.2,7.83,7.41,7.4.3,7.5.1
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FnaBa Tema Paspgensi
8 3awmta 8.1,8.2.1,8.2.2,8.3,8.4
9 PacnpegneneHHble cuctembl 06beKToB 9.1,9.2,94
10 PacnpepeneHHbie ¢gainnosble cucTembl 10.1,10.4
11 PacnpepeneHHble cuctemMbl fokymeHToB 11,1
12 PacnpeneneHHble cucTemsl 12.1,12.21m 12.3
cornacoBaHusi

BoLiio 661 Hero0xo, eciiu Obl MOKHO ObLIO 3apatee OLeHHUTb BPeMsi, HEOOXOAUMOe
Ha YCBOEHHE PEKOMEHIYEeMOro MaTepuasa, OHAKO 3TO BpeMsi onpenessietcs: 6a3oBbl-
MU 3HAHUSIMM YuTaTesst. TeM He MeHee JIaske ecsid 3TOT MaTepHal YMTaTh 110 Beuyepam
nociie paboThl, Ha HEro MOTPeOYETCSs MAaKCUMYM HECKOJIBKO Heeb.



Naea 1
BBegeHue

1.1. OnpeneneHune pacnpeaeneHHon cuctemMsl
1.2. Bapaun

1.3. KoHuenumn annapatHbIX pelleHni

1.4. KoHuenuun nporpaMmMHbIX pelleHni

1.5. Mofenb KnueHT-cepBep

1.6. NTorn

KomnbioTepHble cucTeMbl npetepneBaioT pesoJioinio. C 1945 roaa, korna nayanach
3T10Xa COBPEMEHHDBIX KOMIIBIOTEPOB, 110 npubauautesbHo 1985 roga kommbioTepbl Obi-
Jiit GOJILIIMMU U 1OpOruMH. Jlaxke MUHU-KOMITBIOTEPBI CTOMJIN COTHH THICSIY JIOJITIAPOB.
B pesysibraTe 60JIbLUIMHCTBO OPraHM3alMii UIMeJIN B JIYYLIEM CJIy4ae JIMIUb HECKOJIbKO
KOMIIBIOTEPOB, U, TOCKOJIbKY METOJbI UX COeJUHEHUs] OTCYTCTBOBAJIU, 3TH KOMIIbIOTE-
pbl paboTaNu HE3aBUCHMO APYT OT ApYyra.

OnHako B cepeirHe BOCbMUJIECSTBIX IMOJI BO3JAEHCTBUEM ABYX TEXHOJIOTMYECKHUX
HOBUHOK CUTyallMsi Hayajla MeHsTbhCs. IlepBoil M3 aTMX HOBUHOK Obljla paspaboTka
MOIIIHBIX MUKpPOIpolleccopoB. V3HayanibHO OHM ObLIM 8-GUTHBIMM, 3aTEM CTaJM J0C-
TyrHbl 16-, 32- u 64-6utHble nporieccopsl. MHOrHE U3 HUX 00JIafaIM BbIYUCIUTE Ib-
HOM MOLIHOCTBIO M3MH(PENMOB (TO €CTh GOJIBIINX KOMITBIOTEPOB), HO JIMIUb YaCTbIO
UX LIEHBL

CkopocTb pocTa, HaGMIOAABIIASACA B KOMIIBIOTEPHBIX TEXHOJIOTHUSX B MOCJEIHUE
roJIBeka, efiCTBUTebHO noTpsicaeT. Eit HeT npeleneHToB B Apyrux orpacisix. Ot ma-
e, ctouBinx 100 MUJIJIMOHOB Z0JIJIAPOB U BBIMOJIHSBIIMX OAHY KOMaHIY B CEKYHAY,
MBI IIPULIIK K MaluHaM, ctosiiuM 1000 nosnapoB u BbinoJiHSOMKUM 10 MUJIJTHOHOB
KOMaHJ B CexkyHAy. PasHUlla B COOTHOILIEHUHU 1I€Ha/TIPOU3BOAUTEIBHOCTD AOCTUIJIA
nopsirka 10'%. Ec 661 aBTOMOGUIIN 32 STOT MepUOJ COBEPIIEHCTBOBAICH TAKUMH e
TEMIIaMH, «POJUIC-POMC» ceityac cTous Gbl OLMH J0JUIAp U MPOXOAWII MIJLTTHAP/ MIJIb Ha
OJIHOM rajyioHe GeH3nHa (K coXaJleHHIo, K HeMy motpe6oBasioch 661 200-cTpaHUYHOE
PYKOBOJCTBO IO OTKPBLIBAHHIO J1Bepeil).

BTopoit 13 HOBMHOK ObLIO M306pETEHHE BHICOKOCKOPOCTHBIX KOMITbIOTEPHBIX Ce-
teit. Joxanvnoie cemu (Local-Area Networks, LAN) coeIMHSIIOT COTHM KOMIIBIOTEPOB,
HaXONAIIMXCS B 3[aHUM, TAaKUM 0OPa3oM, YTO MALIMHBI B COCTOSIHUM OOMEHMBAThCS
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HeOObUIMMHY HOPIMSAMY WH(MOPMAIMK 32 HECKOJIbKO MUKpOcekyH . Bosbiine Maccu-
Bbl JAHHbIX TICPEAAIOTCS C MALIMHbI HA MAIMHY co ckopocTbio oT 10 1o 1000 Moéwur/c.
Inobanvivie cemu (Wide-Area Networks, WAN) 103BOJISIIOT MWJLJIMOHAM MallHH BO
BceM Mupe obmenuBaTbcsi MH(popMalileil CO CKOPOCTSIMH, BapbHPYIOIUMMMCS OT
64 kKOuT/C (KWJIOOUT B CEKYHAY) 0 TUTabUT B CEKYHY.

B pesyJibraTe pa3BUTHsI 3TUX TEXHOJIOTHII CEroOJHs He IPOCTO BO3MOJXKHO, HO U J10C-
TATOYHO JIETKO MOYKII0 cOOPATh KOMITBIOTEPHYIO CUCTEMY, COCTOSIUIYIO M3 MHOKECTBa
KOMITBIOTEPOB, COEIHHEHHbIX BBICOKOCKOPOCTHOI cerblo. OHa OOBIYHO Ha3bIBAETCH
KOMIIBIOTCPHOM CeTblo, WM pacnpedereinot cucmemot (distributed system), B 0TI~
ype OT NpeAUIecTBOBaBIINX el yenmparusoeannviy (centralized systems), it 001o-
npoveccopnvix (single-processor systems), CHCTEM, COCTOSIBUIMX M3 OAHOIO KOMIIbIOTE-
pa, ero mneprhepHn U, BO3MOXHO, HECKOJbKHX YIAJIE€HHbIX TEPMHHAJIOB.

1.1. OnpepeneHue pacnpepesieHHON
cucrtembl
B suTepaTtype MOXHO HalTH pa3jiMyHble OolpezesieH sl paclpeesleHHbIX CUCTEM, IIpHU-

YeM HHU OAHO M3 HUX He ABJIACTCS YAOBJECTBOPUTEJbLHbIM U HE COIJIaCyeTCsA C OCTaJIb-
HBIMII. JIJI?I HAlIMX 3a/a4 XBaTHT JOCTAaTOYHO BOJIbHOMU XapaKTEPHUCTUKMH.

PacnpeneneHHas cuctema — 310 HaGop HE3aBUCHMbIX KOMMbIOTEPOB, NPEeACTaBNSIOLLMIACS UX NONb-
30BaTenaM eauHoON 06beANHEHHOW CUCTEMO.

B atom onpenenenin oropapuBaloTcst ABa MOMeHTa. [lepBblit oTHOCHTCS K anrapa-
Type: BCe MalllMHbI aBTOHOMHDBI. BTOPOI KacaeTcst MporpaMMHOTO 06ecrieueH st: MoJjib-
30BaTeNIM 1yMaIOT, YTO UMEIOT JIeJI0 C eAUHON crcTeMoi. Baxuer 06a MoMmenTa. TTosxe
B 9TOM IJlaBe Mbl K HUM BEPHEMCsl, HO CHayajla pacCMOTPUM HEKOTOpbie 6a30Bble BO-
IPOCHI, KAacaIOIMeCsT KaK alMapaTHOro, TaK M MPOrpaMMHOr0 obecreyeHusl.

Bo3M0xHO, BMECTO TOTO YTOOBI pacCMaTPUBAThH ONPeesIeHNs], padymHee OyaeT co-
CPEIOTOYHTDBCST Ha BaXKHBIX XapaKTePUCTUKAX pacripefesieHHbIx cucteM. [leppasi u3 ta-
KHX XapaKTEPUCTHUK COCTOUT B TOM, YTO OT MOJIb30BaTeJel CKPBITbI Pa3Inymsi MEKLY
KOMITBIOTEPAMH U CITI0COOBI CBSI3U MeXAy HUMHU. T0 K€ caMOe OTHOCUTCSI H K BHEUIHEH
OpraHM3ailii pacrpezeseHHbIX cucTeM. Jpyroii BaxkHoil XapakTepucTUKOI pacripene-
JIEHHBIX CHCTEM SIBJISIETCS CIIOCOD, IPU IIOMOLIM KOTOPOTO M0JIb30BATEIN U IIPUIOKe-
HUS eIMT006Pa3HOo paboTaIOT B PACIIPEAETEHHBIX CHCTEMAX, 11€3ABUCUMO OT TOTO, T
M KOrja IIPOUCXOJUT MX B3aUMOIENHCTBHE.

PacnipenesneHHbie CHCTEMDI OJIKHBI TAKXKe OTHOCHTEIBLHO JIETKO TOIAABAThCSI pac-
IIHPEHHIO, WIH MAcHITaGMPOBAHUIO. DTa XaPAKTEPUCTHKA SIBJISIETCS TIPSIMBIM CJIE/ICT-
BUCM HAJMYHS HE3ABUCHMBIX KOMIIBIOTEPOB, HO B TO JK€ BPEMsI HE YKa3bIBaeT, Ka-
KUM 00pa3oM 3TH KOMITBIOTEDPHI HA CAMOM fiejle OODbeNUHSIIOTCS B €IMHYIO CUCTEMY.
PacnpeznesierHble cuCTeMbl OOBIMHO CYUIECTBYIOT TTOCTOSIHHO, OJIHAKO HEKOTOPbIE HMX
YacTH MOTYT BPEMEHHO BLIXOAUTH U3 cTposi. [Tosb3oBaTenn U MPUJIOKEHUS HE JTOJIK-
HBI YBELOMJIITBCSI O TOM, YTO TH YACTH 3aMEHEHBI MW TOYMIIEHbl MJIM YTO J100aB-
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JIeHbl HOBbIE YACTH [JIs1 TIOUIEPXKKH JOTOJHUTEIbHBIX MOJb30BaTENEH UM TPUIIO-
SKEHU .

Jlnst Toro 4To6BI MOIEPIKATh TPENCTABJIEHHE PA3JMYHBIX KOMITBIOTEPOB U CeTeil
B BUJIe €IMHOI CHCTEMbI, OPraHU3alMsl paclpelesieHHbIX CHCTEM YacTO BKJIOYAeT
B ce6s1 I0TIOIHUTEJIbHBII YPOBEHD IIPOrPAMMHOTO 06€ECTIeUEHH ST, HAXOASAUIMHCS MEXKILY
BEPXHUM YPOBHEM, Ha KOTOPOM HaXO[ISTCS MOJb30BATENN U NPUJIOKEHUS, U HIDKHUM
yPOBHEM, COCTOAIINM U3 ONEPAIIMOHHBIX CUCTEM, KaK nokasaHo Ha puc. 1.1. CooTser-
CTBEHHO, TaKasi paclpe/leIeHHas] CUCTeMa OOBIYHO HA3bIBAETCSI CUCTMEMOU NPOMENCY-
mounozo yposns (middleware).

MawuHa A MawwuHa B MawmwuHa C

PacnpeneneHHble NpunoxeHus

1 1

Cnyx6a NpoOMEXyTO4HOIO YpOBHSI

NokanbHaa OC NokanbHaa OC NokanbHaa OC

[ I ]

Cetb

Puc. 1.1. PacnpegeneHHas cuctema opraHm3oBaHa B BUAe Ciy>X06bl NPOMEXYTOYHOr o YpOBHS.
OTMETUM, 4TO NPOMEXYTOUHbIN YPOBEHb pacnpenesneH Cpeam MHOXeCTBa KOMNbIOTEPOB

BarsisiHeM Tenepb Ha HEKOTOpPble NTPUMEPBI paclpesieJIeHHbIX cUCTeM. B kauecTse
NepBOTrO TpUMeEpPa PACCMOTPUM CeTb paboyMX CTAaHUMH B YHUBEPCUTETE WU OTHAEJe
KoMmaHuu. BrobaBok k mepcoHasbHOl paboueil CTaHLIMK KaX/(0r0 U3 T10JIb30BaTes el
MIMeeTCsl MMyJI ITPOLIeCCOPOB MANIMHHOTIO 3aJ1a, He Ha3HaueHHbIX 3apaHee HU OJJHOMY U3
N0JIb30BaTe e, HO IMHAMUYECKH BBIAESIEMbIX UM IIPH HEOOXOAUMOCTH. DTa pacipe-
JIeJIeHHAsi CUCTeMa MOXKeT o6JsazaTh efnHON (alIoBOi CUCTEMOI, B KOTOpPOil Bce
¢haityibl OAMHAKOBO JOCTYITHBI CO BCEX MALUMH C UCIOJIb30BAHUEM IOCTOSIHHOTO MyTH
nocrymna. Kpome Toro, Korzia noJib3oBaresib HaOupaeT KOMaH/Iy, CUCTEMa MOXKET HAMTH
HauJIyyllee MeCTO JJIsl BBITIOJIHEHUsI 3aMpallliBaeMOro AeMCTBUS, BO3MOXHO, Ha COb-
CTBEHHOU paGoueil CTaHLMK MOJb30BaTEJSI, BO3MOXKHO, Ha MpoCcTauBarolleil paboyeit
CTaHLMU, IPUHAJJIeXKAIEN KOMY-TO IPYTrOMY, @ MOXeT ObITb, U Ha OZHOM U3 CBOOO/-
HBIX TIPOIIECCOPOB MAIIMHHOTO 3asa. Eciu cucTemMa B 11€JI0M BBITVISIAUT U BelleT cebst
KaK KJlacCMyeckasi OJHOIPOLIECCOpHasi CUCTeMa C pasjieJieHheM BpemeHU (TO eCThb
MHOTOI10J1b30BaTeJIbCKasl), OHa CYUTAETCsI paclpesiesieHHON cucteMoil. B kauecTBe BTO-
pOro npuMepa pacCMOTPUM paboTy HHGMOPMALIMOHHOI CHCTEMbI, KOTOPasi TIO/UIEPKHUBa-
€T aBTOMATHYEeCKYI0 00paboTKy 3aka3oB. OObIYHO MOLOOHBIE CUCTEMbI UCTIOJIb3YIOTCSA
COTPYAHUKAMU HECKOJIbKUX OTZEJIOB, BO3MOXKHO B PasHbIX MecTax. Tak, COTpyAHUKU
OTZIesIa TIPOJIaXK MOTYT OBITH pa3bpocaHbl M0 OOUIMPHOMY PErHOHY WJIM Jaxke MO Beek
cTpaHe. 3aKa3bl I1epeJaloTCst C MEPEHOCHBIX KOMITbIOTEPOB, COEIHHSIEMbIX C CUCTEMOIT
IIpY MOMOIIU Tesie)OHHOM CeTH, a BO3MOXKHO, U TMPH IOMOIIM COTOBBIX TeJie(hOHOB.
[Tpuxozsiine 3aka3bl aBTOMATHUYECKH MEPENAIOTCsT B OT/eJ IJIAaHUPOBaHUsI, NpeBpa-
11asiCh TaM BO BHYTPEeHHUE 3aKa3bl Ha NIOCTaBKY, KOTOpbIe NOCTYTAIOT B OT/eJI 0CTaB-
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KU, U B 3aBKH Ha OIJIATy, MOCTynawume B 6yxraateputo. CucTteMa aBTOMAaTUYECKU
nepechlyaeT 3TH JOKYMEHTBI IMEIOIINMCSI Ha MecTe COTPYTHMKAM, OTBEYAIOLIMM 33 UX
06paboTky. [Tosp30BaTe I OCTAIOTCS B MOJHOM HEBEAEHUU O TOM, KaK 3aKa3bl Ha ca-
MOM JleJie KypCUDYIOT BHYTPH CHCTEMBI, Il HUX BCE 3TO IPEACTABJISIETCS Tak, 6yaATO
BCsl paboTa MPOUCXOAUT B LIEHTPAJIM30BAHHON Ga3e NaHHbIX.

B xauectBe mocyeqHero mpumepa paccmorpum World Wide Web. Web npeno-
CTaBJISIET MPOCTYIO, LEJIOCTHYIO U eIMHOO0OPA3HYI0 MOJIESb pacTpeiesieHHbIX JOKyMeH-
TOB. YTOOBI yBUAETD JJOKYMEHT, M0JIH30BATEIIO JOCTATOYHO AKTUBU3UPOBATH CCHLIKY.
ITocie 3TOro0 MOKYMEHT MOSIBJISIETCST HA 9KpaHe. B Teopuu (HO orpeliesieHHO He B TEKY-
1elt MpakTUKe) HeT HeOOXOAUMOCTH 3HATh, C KAKOTO CepBepa JA0CTABJISIETCS JOKYMEHT,
JOCTaTOYHO JIMHIb HH(MOPMALMU O TOM, T/le OH pacrnosioxkeH. [TyGuKauus 10KyMeHTa
OYeHb MMPOCTA: BBl AOJKHBI TOJIBKO 331aTh EMY YHUKAJIbHOE UMST B (DOpPMe yHUDUUUpo-
sannozo yxasamens pecypca (Uniform Resource Locator, URL), KOTOpOe CCbLIaeTCs Ha
JIOKQJIbHBIN (alls1 ¢ comepKUMbIM 0KyMeHTa. Eciu 6p1 BcemupHast mayTuHa npen-
CTaBJIsIIaCh CBOMM II0JIb30BATEJISIM TMTAHTCKON LEHTPATU30BAHHOM CUCTEMON IOKY-
MEHTO000POTa, OHa TaKKe MorJia O6bl CYMTAThCS pacrpeesieHHoi cuctemoit. K coxa-
JIEHUIO, 9TOT MOMEHT ellle He HacTynuJI. Tak, 110J1b30BaTe I CO3HAIOT, UTO JOKYMEHTBI
HaAXOJSITCSI B PA3JIMUHBIX MECTAX U paclpeliesieHbl MO pa3IMuHbIM CepPBEpPaM.

1.2. 3apaum

B03MOXXHOCTh TOCTPOEHUSI pacrpefie/IeHHBIX CHUCTEM ellle He O3HAuaeT I10JIe3HOCTb
atoro. CoBpeMeHHasl TeXHCJIOTHSI TO3BOJISIeT MOAKIIOYUTD K IIEPCOHAIBHOMY KOMIIBIO-
Tepy YeThIpe AUCKOBOAA. ITO BO3MOXKHO, HO bGeccMbIcyieHHO. B aToM pasnesie Mbl o6cy-
UM YeTbIpe BaXKHBIX 3ajlayyl, PelieHre KOTOPBIX JieJlaeT IIOCTPOeHMEe paclipe/leIeHHbIX
CUCTEM OCMBICJIEHHBIM. Pacripe/iesieHHble CHCTEMbI MOTYT JIETKO COeJUHSTD N0JIb30Ba-
Tejiell ¢ BBIUMCIUTENbHBIMU PECYPCaMU U YCIIEIIHO CKPBIBATh TOT ()aKT, YTO pecypChl
pa3bpocaHbl 1O CETH .U MOTYT ObITb OTKPBITBIMH U MacCIITaOUPyeMBIMHU.

1.2.1. CoepnHeHue nonb3oBarenen
C pecypcamu

OcHoBHas 3ajaya pacripefleJIeHHbIX CUCTeM — OOJIErYUTh MOJIb30BATENSIM JOCTYII
K ylaJleHHBIM pecypcaM U 00ecreyuTb UX COBMECTHOE HCIOJIb30BAaHUE, PEryJupysi
3TOT mpotecc. Pecypcbl MOTYT ObITh BUPTYaTbHBIMU, OHAKO TPAAULIKOHHO OHHU BKJIIO-
4aioT B ceOsi IPUHTEPBI, KOMIIBIOTEDPDI, YCTPOMUCTBA XpaHEHUSs NaHHBIX, DalIbl U HaH-
Hble. Web-CTpaHULIbI U CeTH TakKe BXOAST B 9TOT CUCOK. CylecTBYeT MHOXKECTBO
MPUYUH JJIS1 COBMECTHOTO MCIIOJIb30BaHUsI pecypcoB. OHa U3 OUEBUIHBIX — ITO KO-
HoMuYHOCTh. Hanpumep, ropaszo Jeliesie pa3peiinTb COBMECTHYIO paboTy C IIPUHTeE-
POM HECKOJIbKUX 110JIb30BaTe e, YeM MOKYNATh U 0OCHYKUBATh OTAENbHbIH TPUHTED
IUIsT KQXKAO0TO MOJb30oBaTesst. TOYHO TaK ke MMeeT CMBICJ COBMECTHO HCIIOJIb30BaTh
JOPOTHE PECYPCHI, TAKHE KaK CYNEePKOMIIBIOTEPHI UJIM BBICOKOIIPOU3BOAUTEIbHBIE XPa-
HWJIMLIA AaHHBIX.
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CoennHeHMe T0JIb30BaTeEl U PECYPCOB TaKxKe 00JieryaeT Koonepaluio 1 obmen
nHbopMaLHel, YTo Jyyllle BCEro MJMIOCTpUpyeTcst ycrexoMm MurtepHera ¢ ero npo-
CTBIMM TIPOTOKOJIAMU AJis1 o6MeHa (haillaMu, nouToif, 10KyMeHTaMu, ayIuo- U BUEO-
undopmanmeit. Cpsi3b yepe3 MHTepHeT B HacToslee BpeMsl NIPHBEJA K MOSIBJIEHUIO
MHOTOUYMCJIEHHBIX BUPTYAJILHBIX OPraHH3alMii, B KOTOPBIX reorpaduyecku yaajeH-
Hble APYT OT Apyra TPYIIIbI COTPYAHHUKOB pabOTAIOT BMeCTe NPH MOMOIIH CUCMeM
2pynnogoi pabomot (groupware) — NPOrpaMM [JIsi COBMECTIIOTO PEIAKTHPOBAHUS J10-
KYMEHTOB, MpoBe/eHts TesleKoH(epeHLiii U T. 1. [Tog06HbIM ke 06pazoM MoaKIOue-
Hue K VIHTepHeTYy BbI3BAJIO K KM3HU 3JIEKTPOHHYIO KOMMEPLHIO, HO3BOJISIOUIYIO HaM
NOKYyMNaTh W 11PO/aBaTh JII0Oble BUAbI TOBApOB, 00X0ASICh 0€3 PeasbHOTO TOCEleHHsT
MarasuHa.

Onnaxo Mo Mepe pocTa yncia MOAKIIOUEHUH U CTereHH COBMECTHOTO MCNOJIb30Ba-
HVisI PeCypcoB Bce GoJiee 1 GoJiee BaXKHBIMU CTAlIOBSITCST BOPOCHL Ge3omaciocTtu. B co-
BPEMEHHOIl MpPaKTHUKE CHCTEMBI MMEIOT C€aabylo 3alIUTy OT MOACAYIUHBAHUS N
BTOPJKEHHSI 110 JIMHUSIM CcBsiu. Ilaposin u apyrast oco60 BakHast MH(OPMaLUs 4acTo
NIEPECHLNAIOTCSL 110 CETSIM OTKPBITBIM TEKCTOM (TO eCTb He3alM(POBAHHBIMM) HJIH
XPaHsITCSI HA CepBepax, HaZIe)KHOCTh KOTOPBIX He MOATBEPXKIeHa Hu4eM, KpoMe Hauleil
Bepbl. 3MECh IMEETCSI ellle OYeHb MHOIO BO3MOXKHOCTEN AJIs1 yiyylleHus. Tak, Hanpu-
Mep, B HacTosllee BpeMs JJIsI 3aKa3a TOBAPOB HEOOXOAMMO MPOCTO COOBUIUTL HO-
Mep CBOeCil KpeauTHOI KapThl. Penko TpeOyercs HOATBEp:KIEHIHEe TOro, YTO MOKYIa-
TeJb JEHCTBUTEIBHO BajieeT 3TOM KapToil. B Oyayiem 3aka3 Topapa Takum 06pasom
OyneT BO3MOXKEH TOJIbKO B TOM CJIyyae, €CId BBl CMOXKeTe (hU3MUECKH MOATBEPAUTD
daxT obsanaHusT 9TOI KApTOM IIPH MOMOLIM CYHTBIBATEJIST KapT.

Ilpyrast mpo6JieMa 6€30MacHOCTH COCTOUT B TOM, 4TO ITPOCJIEKHBAHIE KOMMYHUKALIUT
MO3BOJISIET MOCTPOUTDH NMPOGUIb NPEANoYTelnii KOHKPEeTHOro moJib3onartesist [485].
ITomo6HOe OTCHAEKUBAHNE CEPbE3HO HAPYILAET NMpaBa JUYHOCTII, 0OCOOEHHO eCJIH Mpo-
ussoutcsi 6e3 yBeIoOMJICHUS oJib3oBaTtesst. CBsizaHHast ¢ 9TUM OpoOJieMa COCTOUT
B TOM, UTO POCT TIOAKJIIOYEHMIA BEAET K POCTY HEXETATEILHOrO OBILEHHSI, TAKOTO KaK
HoJiy4aeMble TI0 2JIEKTPOHHOM 1ouTe 6ECCMbBIC/IEHHBIE THChbMA, TAK HA3bIBAEGMbIH CHIaM.
EnuncTBeHHOE, YTO MBI MOXKEM CZAEJIATh B 3TOM CJIy4Yae, 3TO 3alMTUTh cebsl, HCIOJIb-
3ysl criequasbible MTHGOPMAIMOHHLIE (DUILTPDI, KOTOPbIC COPTHPYIOT BXOJSIHE CO-
001IIeHHsI HA OCHOBAHHHU HX COJEP>KHMOTO.

1.2.2. Mpo3payHOCTDb

BakHast 3a/1aya pacripejieJIEHHbIX CUCTEM COCTOUT B TOM, YTOObL CKPBITh TOT (DAKT, YTO
MPOLIECCHI U pecypchl (GPU3NUYECKH pacripeiesieHbl II0 MHOXKECTBY KOMIIblIoTepoB. Pac-
NpefieJieHHbIE CUCTEMbI, KOTOPbie NPeICTABJISIIOTCS] MMOJIb30BATENSIM U NTPUJIOKEHHSIM
B BUJIe €[MHON KOMITBIOTEPHOI CHCTEMBbI, Ha3bIBAIOTCS npospauivimu (transparent).
PaccMmoTpuM cHayasa, KaK IPO3PAavyHOCTh Peajn3yeTcsi B paclipenesieHHbIX CUCTeMaX,
a3aTeM 3aJa1IMCSI BOIIPOCOM, 3a4eM BOOODILE OHA HYXKHA.

Mpo3payHOCTb B pacrnpeneneHHbiXx cucTemax

Konuenuus npospayHoctH, Kak BUAHO U3 TabJ1. 1.1, mpUMeHMMa K pa3inyHbIM acliek-
TaM pacrpezieneHHbIx cuctem [210].
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Ta6nuua 1.1. PasnuyHble GopMbl NPO3paYHOCTU B pacnpeaeneHHbIX cuctemax

Mpo3payHocTb OnucaHue

Joctyn CkpbiBaeTcs pasHuLa B NpeAcTaBNeHnn aHHbIX
1 pocTyne K pecypcam

MecTononoxeHue CkpbiBaeTCsi MECTOMONIOXEHNE pecypca

MepeHoc CkpbiBaeTcsa dpakT nepemelleHns pecypca B Apyroe MecTo

CMeHa MecTomMnoIoXeHUs! CkpbiBaeTcs GakT nepeMeleHns pecypca B npotecce
06paboTku B Apyroe MecTo

Pennukaums CkpbiBaeTcs GakT perimkauum pecypca

MapannenbHbi gocTyn CkpuiBaetcs ¢pakT BO3MOXHOIo COBMECTHOIO UCNONb30BaHUsA
pecypca HECKONBbKNMU KOHKYPUPYIOLLMMWN NoNb3oBaTensimMu

OTtkas CkpbliBaeTcsi 0TKa3 U BOCCTaHOBNEHWE pecypca

CoxpaHHOCTb CkpblBaeTcs, XpaHUTCS pecypc (NporpamMMHbIi) Ha aucke

WA HaXoQUTCS B orepaTUBHON NaMsTH

IIpospaunocms docmyna (access transparency) NpU3BaHa CKPITh PAa3HUILY B NPe-
CTaBJIEHUU JIaHHBIX U B CITOCOOax JOCTYIa MOJb30BaTe sl K pecypcaM. Tak, npu nepe-
CBUIKE 1IEJIOTO YKcaa ¢ paboueii craniuy Ha Gase mpoueccopa Intel na Sun SPARC
Heo6X0AMMO MPUHATbL BO BHUMaHWe, YTO mpoieccops! Intel onepupyioT ¢ ynciamu
bopmara «MyIaaumMil — mocjaeqHUM» (TO eCTb NEPBbIM IepenaeTcs crapiuuii 6air),
a poueccop SPARC wucnosb3yer ¢opMar «CTapuiiii — nocjeaHuM» (TO eCTh Iep-
BBIM IepefaeTcs muaauil 6aiit). Takke B JaHHBIX MOTYT IIPUCYTCTBOBATh U JIpyrue
HeCOOTBeTCTBHUs. HampuMmep, pacnpezesieHHast cucteMa MOXET COepXKaTh KOMIIbIOTe-
PbI C pasJIMYHBIMH ONMEPALHOHHBIMU CHCTEMAMH, KaXKIasi U3 KOTOPbIX HMeEET CObCT-
BEHHbIE OrpaHUuYeHUsi HA crocob TpencTaBieHus uMeH ¢ailios. PasHuua B orpaHu-
4YeHUsIX Ha crocob mpencrasieHust UMeH (aiiios, Tak ke Kak U cOOCTBEHHO paboTa
C HUMM, JIOJIXKHBI ObITh CKPBITBI OT MOJIb30BATENEN U IPUJIOKEHHIA.

BaxxHasi rpymnma TUIIOB MPO3PayHOCTH CBSI3aHA C MECTOIOJIOKEHHEM DECypCOB.
IIpospaurocmo mecmononoxcenus (location transparency) npusBaHa CKpPbITh OT I10JIb-
30BareJis, I/ie MMEHHO (bU3NUYeCKH PACIOJIOXKEH B CUCTEMe HYXXHBIN eMy pecypc. Bax-
HYIO POJIb B peasM3alliyl IPO3PaYyHOCTH MECTOIIOJIOKEHHUsI UrpaeT UMeHOoBaHue. Tak,
[PO3PaYHOCTh MECTOIOJIOKEHHSI MOXKET ObITh IOCTUTHYTA ITyTEM MPUCBOEHUS pecyp-
CaM TOJIbKO JIOTUYeCKUX HMeEH, TO eCThb TaKUX MeH, B KOTOPbIX HE COAEP)KUTCS 3aKO0-
JNMPOBaHHBIX CBEJIEHUN O MECTOIOJIOXKeHUH pecypca. [IpuMepoM Takoro MMeHH MO-
ket 6biTh URL: http://~wiv.prenhall.com/index.html, B KOTOPOM He COAEPKUTCS
HUKaKOM MH(OPMALMK O PEAIbHOM MECTOIIOJIOKEHUU TJIABHOrO web-cepsepa usma-
teabcTBa Prentice Hall. URL Takke He gaer HUKakod MHGOPMAIMK O TOM, HAXOAWUII-
cs u daiin index.html B yKka3aHHOM MeCTe MOCTOSIHHO MJIM OKa3aJCsl TaM HeJaBHO.
O pacrnipeiesIeHHbIX CHCTEMAX, B KOTOPBIX CMEHA MECTOMOJIOKEHUST PECYPCOB He BJIMSIET
Ha JIOCTYN K HUM, FOBOPAT Kak 006 06ecleunBaminux npo3pauiocms neperoca (mig-
ration transparency). Bosee ceppesHa CHUTyallMs], KOTZla MeCTOINOJIOKEHHE PECYPCOB
MOXXET U3MEHHUTBCS B NPOLIeCCe UX HMCMOJIb30BaHUS, IPUYEM [10JIb30BATEb WU TIPU-
JIOXKeHUe HHUYero He 3aMeTsT. B aToM cilyuae roBOpSIT, UTO CHUCTEMA MOJAEP)KHUBAET
npospaunocms cmenvt mecmonoaoicenus (relocation transparency). Ilpumepom MoryT
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CJYXKUTb MOOMJIBHBIC TOJIb30BaTe U, paboraionme ¢ 6GeCrPOBOJAHBIM MEPEHOCHBIM
KOMIIBIOTEPOM M He OTKJIoualolrecs: (Jlaxke BpeMEHHO) OT CETH IPH NepeMellcHUN
C MecTa Ha MeCTo.

Kak MBI yBHAMM, periMKanys UMeeT BaXKHOe 3HaueHHe B Pacrpesie/IeHHbIX CHCTe-
max. Tak, pecypcbl MOTYT ObITh PEIIMLMPOBAHBI UISI HX JIy4liled JOCTYMHOCTH WJIU
MOBBILIEHUST UX [TPOU3BOAUTENBHOCTH IIyTEM ITOMELIeHNsT KOTIMY Heroaaneky oT TOTo
MecTa, U3 KOTOpPOro K Heil ocyuiecTBisieTcst 10cTyI. IIpospaunocmv penauxayuu (rep-
lication transparency) 1m03BOJISIET CKPBITh TOT (DAKT, YTO CYUIECTBYET HECKOJBKO KO-
nuii pecypcea. st ckpbiTust hakTa pernHKaluy ot 1oJb3oBaresieil HeoOX0aMMO, YTOOBI
BCe PEIUIMKU UMeJU OIHO U TO Xe UMsi. COOTBETCTBEHHO, CUCTEMA, KOTOPasl MoJ/iep-
JKUBAeT NMPO3PaYHOCTh PerIMKallHH, J0/DKHA TIOAAepKUBATh U IIPO3PAYHOCTb MECTO-
TIOJIOXKEHUST, TIOCKOJIbKY MHaye HEeBO3MOXKHO Oy1eT obpaiarncst K perinkam 6e3 yka-
3aHUST UX UCTUHHOTO MECTOIOJIOXKECHMUSI.

MpbI yacTo YIOMMHAEM, YTO TJIaBHAsT 11€JIb PACTIPE/IEIEHHBIX CUCTEM — 06eCeunTh
COBMECTHOE MCII0JIb30BaHIe PecypcoB. Bo MHOTUX CJIy4asiX COBMECTHOE MCII0JIb30Ba-
HHe PECYPCOB JIOCTHUTAeTCsl OCPEACTBOM KOOoIlepally, HallpuMep B cJyyae KOMMYHH-
Karuii. OZIHaKO CyIIeCTBYeT MHOECTBO IIPUMEPOB HACTOSILLETO COBMECTHOTO HCIIOJIb-
3oBaHus pecypcoB. Hanpumep, nBa He3aBHCHUMBIX I0JIb30BaTessl MOTYT COXPaHSTb
cBou (haiiaibl Ha ogHOM (aiinoBoM cepsepe MK paboTaTh ¢ OAHOIT U TOH e Tabauien
B COBMECTHO HCIIOJIb3yeMoll 6ase maHHbIX. CiefyeT OTMETUTD, YTO B TAKHUX CJydasix
HU OJIMH U3 I0JIb30BaTejieil He UMeeT HUKAKOTO MOHSITUSI O TOM, UYTO TOT e pecypc
3a7eiiCTBOBAH APYrMM II0JIb30BaTeJeM. JTO SIBJIEHWE Ha3bIBACTCS MPO3PAUNOCMbIO
napanieavitozo docmyna (concurrency transparency). OTMETHM, UTO MOAOOHDLI apas-
JIEJIbHBIH JIOCTYTI K COBMECTHO UCIIOJIb3YEMOMY PECypcy COXpaHsieT 3TOT pecypc B He-
MPOTUBOPEYMBOM COCTOSIHUM. HempoTHBOPEYHBOCTh MOXET ObIThb obecrieyeHa Me-
XaHU3MOM OJIOKHPOBOK, KOT[a [0JIb30BATENM, KaXAbll 110 O4yepelu, IOJy4aioT
HCKJIIOUHTE IbHBlE ITpaBa Ha 3arpalliuBaeMblit pecypc. boJiee u3olmpenHsplil BapuanTt —
MCIIOJIb30BaHWe TPaH3AKILHMA, OJHAKO, KaK MBI yBUIHM B CJELYIONIMX IJaBax, Mexa-
HU3M TPaH3aKUUH B paclpeleseHHbIX CHCTeMax TPYAHOpPeaau3dyeM.

[TornysisipHOE anbTepHATUBHOE ONpeziesieHHe paclpe/leJIeHHbIX CUCTeM, IIPUHAlIe-
xaiee Jleciu Jlamnopt (Leslie Lamport), eirisiaut tak: «Bpl moHuMaere, 4To y Bac
€cTb 9Ta IITYKA, TOCKOJIbKY TPU IOJOMKE KOMIIbIOTEpPA BaM HUKOIZA He NpeJaraior
IPUOCTAHOBUTD PaboTy». ITO ONpenesieHre YKA3bIBAET ellle Ha OAHY BaXKHYIO CTOPO-
HY paclpeieIeHHBIX CUCTEM: IPO3PAYHOCTb OTKA30B. IIpospaunocms omxasos (failure
transparency) O3HayaeT, YTO IMOJIb30BATEJS] HUKOT/A HE YBEAOMJISIIOT O TOM, YTO pe-
cypc (0 KOTOPOM OH MOT HUKOTZ@ U He CJIBIIATL) He B COCTOSIHUM INPaBUJIbHO pabo-
TaTh U UTO CUCTEMA Jlajiee BOCCTAHOBMJIACH T10CJIe 3TOr0 MoBpexxaeHus. MackupoBka
c60€eB — HTO OJIHA U3 CIIOKHENIIUX MTPO6JIEM B PacIIpeleJIeHHbIX CHCTEMAX U CTOJIb JKe
HeoGxomuMast ux yactb. OrnpesiesieHHble COOOPAKEHUsI TI0 9TOMY I0BOAY OyayT Mpu-
Bezietpl B r1aBe 7. OCHOBHAs TPYAHOCTb COCTOUT B MAaCKHPOBKE MpobyieM, BO3HUKAIO-
IMX B CBSI3U C HEBO3MOKHOCTHIO OTJIMYHUTH HEPabOTOCIOCOOHbIE PECYPCHI OT pecyp-
COB C OY€Hb MeJIEHHBIM J0CTyIIoM. Tak, KOHTAKTUPYsI C TIeperpykKeHHbIM web-cepse-
poM, Gpaysep BbIKMZAET IOJIO)KEHHOE BPEMS], a 3aTeM COOOUIAeT O HEIOCTYITHOCTH
crpaHuubl. [Ipu aTom nosb3oBaTesib He AOJKEH AyMaTh, UTO cepBep M IpaBla He pa-
Goraer.
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IMocneanuii TUII MPO3PAaYHOCTH, KOTOPbIi 0OBIYHO aCCOLMUPYETCS C pacipe/esieH-
HBIMU CHCTEMaMHU, — 3TO NPO3pauiocmy coxpannocmu (persistence transparency), Mac-
KUpyollasi peajbHyIo (AMCK) WM BUPTyalbHYyIO (ONepaTUBHasl NaMsiTh) COXPaHHOCTb
pecypcos. Tak, HanpuMep, MHOTHEe 00BEKTHO-OPHEHTHPOBaHHbIe (Ga3bl JaHHbBIX Ipe-
JOCTaBJISIIOT BO3MOXHOCTb HEIMOCPEACTBEHHOTO BbI30Ba METOJOB ISl COXPaHEHHbIX
06bEKTOB. 3a CIEHOW B 9TOT MOMEHT MPOUCXOOUT CJeAylolee: cepBep 6a3 AaHHBIX
CHavaja KONMPYET COCTOsiHME OObEKTa C JAMCKA B ONEPATHBHYIO MaMsITh, 3aTEM BbI-
MOJIHSIET OTIepallMIo ¥, HaKOHell, 3al1CbhIBaeT COCTOSIHME Ha yCTPOMCTBO AJIMTEILHOTO
xpaHenusi. ITosib30BaTesb, OJTHAKO, OCTAeTCsl B HEBEJICHUH O TOM, YTO cepBep Iepeme-
1IaeT JaHHble MEXy OIepaTUBHON MaMsThio U AUCKOM. COXPaHHOCTb WUIpaeT BaX-
HYI0 POJIb B pacrpe/ieJieHHbIX CHCTEMAX, OJIHAKO He MeHee BaykHA OHA U JIst OOBIYHBIX
(He pacripeieJIEHHbIX) CUCTEM.

CteneHb NpoO3pPayYHOCTH

XOTs1 NPO3PaYHOCTh PacIpeesieHus B 00LIEM JKeJlaTeJIbHA Uil BCSIKOU pacrpenesieH-
HOW CHCTEMBI, CyIIECTBYIOT CUTYAllMH, KOT/AA MOMBITKY MOJHOCTbIO CKPBITh OT I0JIb30-
BaTeJIsl BCSIKYIO PACIIPEIeJIEHHOCTb He CJIUIIKOM Pa3yMHbl. ITO OTHOCUTCSI, HAIIpUMeED,
K TpeGOBAHUIO IIPUCHLJIATD BAM CBEXYIO 3JIEKTPOHHYIO ra3eTy Zo 7 yTpa 10 MECTHOMY
BpPEMEHHU, 0OCOGEHHO €CJIM Bbl HAXOJMUTECH HA PYTOM KOHIIE CBETA U JKUBETE B JIPYrOM
yacoBoM nosice. MlHaue Baia yTpeHHsIsl ra3eTa OKaXKeTCsl COBCEM He TOH yTpeHHel ra-
3€TOl, KOTOPYIO BbI OXKUJIAETE.

TouHo Tak xe B r7106aJbHOI pacrpelieieHHON CUCTeMe, KOTOpasl COEAMHSIET MPO-
iecc B Can-MpaH1MCKO ¢ rpolieccoM B AMcTepiaMe, BaM He yIACTCsT CKPBITh TOT (akT,
YTO MaTb-TIPHPOJIA He MO3BOJISIET MEPECHIATh COOOIEHUsT OT OJHOTO TIPOLecca K ApY-
roMy GbicTpee ueM 3a mpuMepHo 35 Mc. IIpakTika mokasbIBaeT, YTO MPU UCIIOJIb30BA-
HUM KOMITBIOTEPHBIX CeTell Ha 3TO PeIbHO TPeOyeTcsi HECKOJbKO COTEH MUJLIUCE-
KyHA. CKOpOCTb Inepeiayy CHUTHaja OTPAaHWYMBAETCSI He CTOJIBKO CKOPOCTBIO CBETa,
CKOJIBKO CKOPOCTbIO PaboThl IPOMEXKYTOUHBIX MEpeKIouaTeel.

Kpome Toro, cyutecTtByer paBHOBecHe MeXY BLICOKOH CTeNEHBbIO IPO3PAaYHOCTH
Y IPOM3BOJAUTEIbHOCTBIO CUCTeMBL. Tak, HalpuMep, MHOTHEe NPUJIOXKEHUs], TpeJHa3Ha-
yeHHble 17151 MIHTepHeTa, MHOTOKPaTHO NBITAIOTCSI YCTAHOBUTb KOHTAKT C CEPBEPOM,
MOKa, HAaKOHell, He OTKaXKyTCsl OT 3Toit 3ateu. COOTBETCTBEHHO, MOMBITKU 3aMaCKUPO-
BaThb c60ii Ha IPOMEXKYTOUHOM CEPBEPE, BMECTO TOTO YTOOBI MONMBITATHCS pabOTaTh Ye-
pe3 ApYroit cepBep, 3aMeJISIIOT BCIO cucTeMy. B ranHoM cityyae 6bu10 661 addexTB-
Hee KaK MOKHO OBICTpee MPeKPATUTb 3TH MOMBITKH WM MO KpaliHel Mepe M03BOJIUTh
M0J1b30BATEJI0 NIPEPBATh MONBITKY YCTAHOBJIEHHS] KOHTAKTA.

Eute oauH npumep: Mbl HY>KIA€MCSI B TOM, YTOObI PEMJIMKH, HAXOMISIMECs Ha pa3-
HBIX KOHTHHEHTaX, ObIM B JII0OOOII MOMEHT TapaHTUPOBAHHO MIEHTUYHBI. JIpyruMu
CJIOBaMM, €CJIM OZHA KONUSI M3MEeHUJach, U3MEHEHUS JOJKHBI PacTpOCTPAHUTBLCS Ha
BCe CHCTEMBI JI0 TOTO, KaK OHU BBITIOJHST KaKy0-160 onepauuio. [ToHATHO, 4TO 0aU-
HOYHasi onepaiusi 0OHOBJIEHUsI MOXKET B 3TOM CJIyyae 3aHUMAaTb 110 HECKOJIbKHX Ce-
KYHZ ¥ BDSIZL JIM BO3MOJKHO IIPOJIesIaTh ee He3aMeTHO JJIsl TI0JIb30BaTeIei.

BriBoz 13 aTHX paccyxaeHuil caenyomuit. JlocTikeHe po3pauHOCTH pacipene-
JIEHUsI — 3TO pa3yMHasl lleJIb ITPU MTPOEKTHPOBAaHUM U pa3paboTKe pacrpeneieHHbIX
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CUCTEM, HO OHa HE JOJI)KHA PAaCCMaTPUBATLCA B OTPLIBC OT APYTUX XapaKTEPUCTUK
CUCTEMDI, HallpHIMEDP IMPOU3BOANUTEJIbHOCTH.

1.2.3. OTKpbITOCTDb

Jlpyrast BaxcHast XapaKTepHCTHKa paclpeiesIeHHbIX CHCTEM — 3TO OTKPBITOCTD.
Omxpuimas pacnpedenennas cucmema (open distributed system) — sTo cucrema, npea-
Jlaraioniast cyiy0sl, BbI30B KOTOPBIX TpeGyeT CTAaHAapPTHblE CUHTAKCHC M CEMAHTHKY.
Hanpumep, B KOMIIbIOTEPHBIX CeTSAX opMart, COACPKUMOE U CMbICJI TIOCBLTIAEMBIX W MPHU-
HYMaeMbIX COOOLIEHMHT TOMUNHSIIOTCS] TUIIOBBIM MTpaBHJIaM. JTH TpaBuUia GopMaIn3o-
BaHbl B IIPOTOKOJIaX. B pacrpe/iesieHHBIX CUCTEMAX CIyKObI OOBIUHO ONPeaessoTCs
uepe3 unmepeticot (interfaces), KOTOpbIC YaCTO ONMCBHIBAIOTCS TIPH MOMOIIH A3biKA
onpedenenus unmepeiicos (Interface Definition Language, IDL). Onucaiine unTep-
¢eiica Ha IDL nmoutH McKII0YMTENBHO KacaeTcsi cMHTakceuca ciyxo6. Ipyrumu ciosa-
MU, OHO TOYHO OTpakaeT UMeHa JOCTYNHbIX (byHKLHUII, TUIIBI TApaMETPOB, BO3Bpallae-
MBIX 3HauyeHHil, MCKJIOYMTEJbHbIE CHUTYyalUUM, KOTOpPble MOTYT ObITh BO30OYXIEHb
cay>x60it 1 1. . Hanbosiee €105KHO TOYHO OMMCATb TO, YTO [EJIAET Ta CIy)0a, TO eCTh
ceMaHTHKy WHTepdeiicos. Ha npaxTuke nogobHere cnienuduranu 3agaiorcs: vedop-
MaJIbHO, IOCPEACTBOM €CTECTBEHHOTO SI3BIKa.

Bynyuu npaBusibHO onuMcaHHBIM, oIpejesedne HHTepdeiica joMmyckaeT BO3MOX-
HOCTb COBMECTHOIT PabOThI IIPOU3BOJIBHOTO NPOLIECC, HYXXKIAIOUICTOCS B TAKOM MHTEP-
(reiice, ¢ IPyrUM IIPOM3BOJIBHBIM IIPOLIECCOM, TIPEAOCTaBSIONIUM 3TOT HHTepdeiic. On-
penesnenuie uHTepdelica TakXke MO3BOJSET [BYM HE3aBUCUMbBIM TIPYINaM CO3J4aTh
abCoJIIOTHO Pa3Hble PeajiM3aly 3TOro UHTepdeiica 1jisi AByX Pa3jiudliblX pacripese-
JIEHHBIX cUCTeM, KoTopbie OyiyT paboraTh abcomoTHo oaunakoso. IpasusibsHoe onpene-
JleHHe CaMOJIOCTaTOUHO U HelTpasibHO. «CaMOLOCTaTOUHO» O3HAYAeT, YTO B HEM HMe-
eTcst Bce HeoOxoaumoe 1Jist peasin3aunu uHtepdeiica. OQHAKO MHOIME OIpeeeHMsI
unTepdeicoB caesaHbl CaMOJIOCTaTOUHBIMK He 10 KOHILIA, TOCKOJIbKY pa3paboTunKaM
HEOOXOJMMO BKJIIOYATh B HUX ClieludHUecKye AeTaju peanusaluy. BaxkHo OTMeTIITD,
4To creurUKalUsa He ONpeleNseT BHEIIHWHA BWJ pealn3alii, OHA JOJKIA ObITb
HelTpaabHOoil. CaMOJOCTaTOYHOCTh U HEHTPATbHOCTb HEOOXOAMMBI 151 0OecriedeHust
MIePEHOCHMOCTH U CII0COGHOCTH K B3aumozeicTnuio [65]. Cnocodnocms k e3aumodet-
cmeuwio (interoperability) xapakTepu3yeT, HACKOJIbKO JBe DeajH3auHd CUCTEM HIM
KOMIIOHEHTOB OT Pa3HbIX MPOU3BOAUTEIEN B COCTOSTHMN COBMECTIIO paboTaTh, Iosiara-
SICb TOJILKO Ha TO, YTO CJY>KObl KaXKIOH U3 HUX COOTBETCTBYIOT 0OLIEMY CTaHAApTy.
Ilepenocumocmy (portability) xapakrepusyeT TO, HACKOJBKO NPUIIOXKeHHe, pa3pabo-
TaHHOE JJISI Pacnpeie/ieHHOM cucTeMbl A, MOXKeT Oe3 M3MEHEHHIT BBINOJIHITHCS B pac-
npefieJIeHHOH cucTeMe B, peanusys Te ke, uTo U B A nHTepdeiicor.

Crenyioniast BakHasl XapaKTepPUCTHKA OTKPBITBIX PAaCHpeeSICHHBLIX CUCTEM — 3TO
ru6KocTb. ITox rubGKOCTbIO MBI TOHMMAEM JIETKOCTh KOH(PUTYPHPOBAHHUSI CUCTEMBI, CO-
CTOsIell M3 Pa3JIMYHBIX KOMIIOHEHTOB, BO3MOXHO OT Pa3HbIX IpoussoauTeseil. He
JIOJIKHDBI BBI3bIBATH 3aTPYAHEHUI n00aBjieHHe K CHCTEMe HOBBIX KOMIIOHEHTOB MJIM
3aMeHa CYHIECTBYIOUIMX, IIPY 3TOM IpOYHe KOMIOHEHTDI, C KOTOPIMHM He MPOH3BOAM-
JIOCh HUKAKHX JeiCTBHIH, OJKHBI OCTAaBaThCsl HEM3MEeHHBIMU. J[pyrumiu cjioBamu, OT-
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KpbITas pacrpefiesieHHasi CUCTeMa J0JDKHA ObiTh pacmupsiemoii. Hanpumep, k ru6koit
CHUCTEME JIOJIKHO ObITh OTHOCHUTEIBHO HECTIOXKHO N06aBUTh YacTH, paboTaiouiue mnoj
yIpaBJjieHueM APYroil ONepalliOHHOW CUCTEMBI, MM JaXke 3aMEHUTh BCIO (hailoByio
cucreMy uenukoM. HackosbKko BceM HaM 3HaKOMa CETrOJHSILIHSISL PealbHOCTb, TOBO-
pUTB 0 TMOKOCTH KyZa MpOILE, YeM €€ OCYIIECTBUTD.

OTpeneHue npaBuJli OT MEXaHU3MOB

B moctpoeHnn rMOKUX OTKPBITBHIX PaclpelesieHHbIX CHCTEM DEIaionM (HaKToOpoM
OKa3bIBa€TCsl OPraHMU3alusl 3TUX CUCTEM B BUIE HaGOPOB OTHOCUTEIBHO HEGOJBIINX
U JIETKO 3aMEHSIEMbIX WM a[alTUPYEMBIX KOMIIOHEHTOB. JTO MPEAIOaraeT Heo6Xxo-
JIUMOCTb OIpefieJieHUsI He TOJIbKO UHTePGhEeCcOB BEPXHETO YPOBHSI, C KOTOPLIMU pabo-
TAIOT MOJIb30BATEN U IIPUJIOXKEHUS], HO TaKxXe M MHTepdeicoB BHYTPEHHUX MOAyJeil
CUCTEMBI Y ONMCAHUS B3aMMOAENUCTBUSI ITUX MOAYJEH. ITOT MOAXOJ OTHOCUTEIHHO
MoJiofl. MHOXKeCTBO CTapbiX ¥ COBPEMEHHBIX CHCTEM CO3/aBaUCh LIeJbHBIMU TaK, UTO
KOMIIOHEHTbBI OJJHOM FMTaHTCKOMN NMPOrPaMMBbl Pa3/esisyiuCh TOIbKO JIoTudecku. B ciy-
yae KMCITOJIb30BAHUSI STOrO MOAX0/a He3aBUCHMasl 3aMeHa WM aJjanTalysi KOMIIOHEH-
TOB, He 3aTParuBaiollasi CUCTEMY B LJIOM, Obljia MOYTH HEBO3MOXKHA. MOHOJUTHbIE
CUCTEMBI BOOOIIIE CTPEMSITCSI CKOPEE K 3aKPbITOCTH, Y€M K OTKPBITOCTH.

Heo6xoauMocTh M3MEHEHUH B paclpe/ieIEHHBIX CHUCTEMaxX 4acToO CBSI3aHA C TeM,
YTO KOMIIOHEHT He ONITUMAaJIbHBIM 06Pa30M COOTBETCTBYET HY’KAaM KOHKPETHOTO IMOJIb-
30BaTensl WM NPUJIOXKeHUs. Tak, Hampumep, pacCMOTpUM Kaumposanue B World
Wide Web. Bpaysepbl 06bI4HO MO3BOJISIIOT MM0JIb30BATENSIM aallTUPOBATh IPaBUJIa
K3UIMPOBAHUS MO UX HYXKIbI IyTeM OIpe/leIeHUsI pa3Mepa Kallla, a TakXXe TOro, 0JI-
JKeH JI1 K3LIMPYEMBIH JTOKYMEHT IIPOBEPSITHCSI HA COOTBETCTBHE NTOCTOSIHHO UJIH TOJIBKO
OlMH pa3 3a ceaHc. OJHAKO 1M0JIb30BaTeJb He MOXKeT BO3/ieliCTBOBaTh Ha pyrue napa-
METpbI KIIIMPOBAHUS, TaKMe KaK JJINTEJTbHOCTh COXPAHEHUS JOKYMEHTa B Kallle WK
OuepefHOCTb yAaJeHUs] JOKYMEHTOB M3 Kallla IIPH ero rnepernojHeHuu. Takxe HeBo3-
MOJKHO CO3/IaBaTh NPABUJIA KIIIMPOBAHMUS HA OCHOBE COdepiciumozo okyMeHTa. Tak, Ha-
MpUMeD, M0JIb30BATEIb MOKET MOXKeJIaTh K3IIMPOBATh JKeJIe3HOAOPOKHbIe PaCICaHUs,
KOTOpbIe PENIKO U3MEHSIIOTCSI, HO HUKOT/Ia — HH(GOPMAIHIO 0 MPOOKaX Ha YIUIaX rOpoa.

HaMm Heo6XonuMo oTAeMTh NpaBhia OT MexaHuaMa. B ciyuae kamuposanust B Web,
Hanpumep, Gpay3ep B Hjeajie IOJDKEH INPENOCTABJISITb TOJBKO BO3MOXKHOCTH [IJIsI
COXpaHEeHUs JJOKYMEHTOB B K3Ille U OJHOBPEMEHHO []aBaTh IT0JIb30BATEJSIM BO3MOX-
HOCTb pelllaTh, KaKye JOKYMEHTBI U HaCKOJIbKO JOJIr0 TaM XpaHuTh. Ha nmpakTuxke sto
MOXeT ObITh PeaNn30BaHO NMPEeNOCTaBjeHreM GOJBIIOro CUCKA MapaMeTpoB, 3Haye-
HHSI KOTOPBIX MOJIb30BATEb CMOKET (MTHAMHUYeCKH ) 3a1aBath. Ellie syune, eciv nosp-
30BaTeJib MOJYYUT BO3MOXKHOCTD CaM YCTaHABJIMBATh IIpaBUJIa B BH/E MOAKIIOYAEMBIX
K Opaysepy KOMIOHEHTOB. PazymeeTcs, Gpay3ep MOJUKEH MOHUMATh UHTEpQeiic aTux
KOMIIOHEHTOB, NTOCKOJIBKY €My HY>KHO OyIeT, UCIIOJb3ysl 3TOT UHTep(deiic, BbI3bIBATH
IPOLEelyPHI, COAePKalliecss B KOMITOHEHTaX.

1.2.4. MacwTtabupyemocTtb

IToBceMecTHas CBSI3b yepea I/IHTepHeT 6bICTpO CTasla TaKUM e OOBIYHbBIM J1€JIOM, KaK
BO3MOJHOCTD MOCJIaThb KOMY YyTOAHO B MUPE€ ITMCbMO I10 IIOYTeE. ITomus 9TO, MbI IT'OBO-
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PHM, YTO MacCIITAGUPYEMOCTDb — 3TO OJHA U3 HaubOJIee BAXKHDIX 33/1a4 IPU IPOEKTHPO-
BAaHUH PacIpe/eleHHbIX CUCTEM.

MacutabupyeMoCTh CUCTEMbI MOXKET U3MEPSITLCS 110 TPEM Pa3JIMYHbIM ITI0Ka3aTe-
nam [314]. Bo-nepBbix, cucTeMa MOXKeT ObITh MacluTabUpPyeMOii 10 OTHOIICHUIO K ee
pa3Mepy, UTO 03HAYAET JIETKOCTD HOAKJIIOUEHUsT K Hell JIOTIOJIHUTEIbHBIX M0JIb30BaTe-
Jieit v pecypcoB. Bo-BTOpBIX, cHCTEMa MOXKET MaclITabipoBaThesi reorpaduyecku, To
€CTb I10JIb30BaTENN U PECYPCHl MOTYT OBITh PasHeCEHBbI B MPOCTpPaHCTBe. B-TpeTbux
cUcTeMa MOXET ObITh MACUITAOUPYEMOI B aIMUHICTPATUBHOM CMBICJIE, TO €CTh OBITh
NPOCTa B YNpaBJieHUH TIpU paboTe BO MHOXKECTBE aAMHHUCTPATMBHO HE3aBUCHMBIX
opranuzanuit. K coxanenuio, cucrema, obazaonasi MacirabupyeMocTbio O OJHO-
MY WJIM HECKOJIBKUM U3 3TUX [apaMeTPOB, IIPH MaCUITAOHPOBAHMY YACTO AA€ET MOTEPIO
[IPOU3BOJAUTEIHHOCTH.

Mpo6nembl MacwiTabupyemocTu

Ecin cucrema Hyx/AaeTcst B MacIiTabnupoBaHuy, HEOOX0UMO PEILUTh MHOXKECTBO Pa3-
HoOoGpa3ubix npobsem. CHayama paccMOTpUM MaciutabuposaHue 1o pasmepy. Ecin
BO3HUKAET HEOOXOJAMMOCTD YBEJNYUTD YUCJIO [10JIb30BATENEI UM PECYPCOB, Mbl He-
PEIKO CTAJTKUBAEMCSI C OTPAaHHYEHUSIMHU, CBSI3AHHBIMU C LEHTpaIU3aleit cayxo, 1aH-
HbIX 1 asroput™MoB (TabJ. 1.2). Tak, HanpiMep, MHOTHE CJIYXKObI LEHTPATU3YIOTCS TO-
TOMY, YTO TIPH UX peajn3alliyl IIPeANOoJarajJoch Haluvue B PacnpelesieliHolil cucreMe
TOJIbKO OJTHOTO CepBepa, 3aMylEHHOro Ha KOHKpeTHoil MmaluuHe. [Ipobsiembl Takoit
CXeMbl OUEBUIHBL [IPU YBEJUYEHHUH YHUCJIA 110JIb30BATENIEN CepBep JIETKO MOXKET CTaTh
Y3KHM MeCTOM cucteMbl. Jlaxe ecyii Mbl 06J1a1aeM (pakTUYECKH HEOTPAHUUEHHBIM 3a-
[1aCOM TI0 MOUIHOCTH 00pabGOTKM M XpaHEHUs! JaHHBIX, PECYPChl CBSA3U C 3TUM CepBe-
POM B KOHIle KOHIOB OYAyT UCUEPIIAHbI M He MO3BOJISIT HAM PACTH JAJIbLIIE.

Ta6nuua 1.2. MNpumepsbl orpaHnyeHnin MaclTabnpyemMocTu

KoHnuenuus Mpumep
LleHTpanusosaHHbIe cnyxobl OpfvH cepBep Ha Bcex nonb3osatenei
LleHTpanmM3oBaHHble faHHbIe EnnHbI TenedoHHbI CNpaBoYHNK, [OCTYMHLIN
: B pexXxume NoaxnoHeHns
LleHTpanu3oBaHHble anropuTMBbI OpraHnsauusa MapLupyTmM3aumm Ha OCHoOBe NONHOM
nHbopmaumm

K coxajieHH10, HCIIOJIb30BaHUE €AMHCTBEHHOTO cepBepa BpeMsl OT BpEMEHH Heu3s-
6exHo. [Ipeacrasbre cebe ciryxby ynpasieHus: 0cob6o KoHpuaeHInaabHOR HH(opMa-
uueil, Takoll kak ucropuu 6osie3Hu, GaHKOBCKME cYeTa, KPEAMTDI U T. . B mogo6HbIX
cayyasix HeoOXOJMMO Peasn30BbIBaTh CJIYXKObI HA OHOM CepBepe B OTAeJbHOH XOpo-
110 3al[UIIeHHON KOMHaTe U OTAEJSITh UX OT APYIUX YacTed pacrnpeneseHHON cHucTe-
MBI [TOCPEJCTBOM CHEIHNAIbHBIX CeTeBbIX ycTpoiicTB. KonupoBanue nHhopMalinu, co-
Jlepxalieiicss Ha cepBepe, B JpyTHe MeCTa JUJIS NOBBILIEHHS MPOU3BOAUTENbHOCTH
naxe e 06CYKIAETCsl, IIOCKOJIBKY 3TO cliesiaeT c1ykby MeHee CTOMKON K aTakam 3J10-
YMBILILJIEHHUKOB.

IleHTpanu3auusi JaHHBIX TaK K€ BpeAHA, KaK M UeHTpaiu3auus ciyx6. Kak Bbl
Oynere oTcaexxuBaTh TesehoHHbIe HOMepa 1 aapeca 50 MuIMOHOB YesioBek? Ilpen-
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MOJIOXKUM, YTO Kaxk[asi 3anuch ykJaasizaercs: B 50 cumposios. Heo6xoanmoil eMko-
cTbi0 obsazaer oxuH 2,5-rurabaiitHbiil auck. Ho ¥ B 3TOM ciyyae Hajvuue eIMHON
6a3bl TAaHHBIX HECOMHEHHO BBI30BET MEPErPY3Ky BXOMSUIMX U UCXOAAUIMX JUHUH CBsI-
3u. Tak, npexncraBum cebe, kak pabotan 6b1 VHTepHeT, ecu ObI C1yk6a JOMEHHBIX
umeH (DNS) 6b11a 661 peanu3oBaia B Buae ogHou Tabauisl. DNS o6pabaTbiBaeT ui-
(dhopmManrio ¢ MUIJIMOHOB KOMITBPIOTEPOB BO BCEM MHpE U MPENOCTABIsET CIyx0Oy, He-
06X0ANMYI0 /JIs1 OTIpeieIeH ST MECTOIIOIOXKeH st web-cepBepoB. Eciiu ObI Kaxablii 3a-
npoc Ha unrepnperauuio URL mepenasasicst 66 Ha 3TOT equHcTBeHHbIH DNS-cepsep,
BoCosb30BaThCst Web He cMor 661 HUKTO (KCTATH, NIPEATIOJIATaeTcs, YTo 3T rpobe-
MBI ITPUETCS peliaTh CHOBA).

U nakoHell, LeHTpaJIH3aLHs aJITOPUTMOB — 3TO TOXe IJ10X0. B 6obiinx pacrpe-
[eJIEHHDbIX CUCTEMAaX TUTAHTCKOE YMCJIO COOOLIeHUH HeOHX0ANMO HATIPABJISATH O MHO-
JKECTBY KaHaNOB. TeopeTHyecKky sl BHIYMCIEHUs] ONTUMAILHOTO yTH HEOGXOAUMO
TIOJIYYUTH TIOJIHYIO MH(OPMALIHIO O 3arpy>KEHHOCTH BCEX MAIIUH W JIMHUII U IO ajIro-
pUTMaM U3 TeopUH rpadoB BHIUMCIUTD BCE ONTHMAJbHBIE MAPIIPYThL. ITa UH(OpPMa-
LIMsT 3aTEM JI0JI’KHA OBbITh pa3jaHa o CUCTEMeE [IJisl YIYYHICHUs] MapuIpyTH3aLUH.

[Tpo6ieMa COCTOUT B TOM, YTO cOOP M TPAHCIOPTHPOBKA BCeil MHMOpMALMU TyaAa-
cioJla — He CJMIIKOM XOpolas uiesl, TOCKOJbKY coobLIeHus, Hecylre aTy undopma-
1110, MOTYT Tieperpy3uth yacth cetd. MaxTuvecku ciexyer usberats 106010 aaro-
puTMa, KOTOpBIi TpebyeT nepexayu HHbOPMALHH, cOOMPaeMOil €O BCeil ceTH, Ha OHY
U3 ee MalllUH 1Jis1 06pabOTKH ¢ Mocaeayooed pa3gayeil peayabTatos. Mcnonb3oBaTh
CJIELYET TOJIBKO JEUEHTPAJN30BAHHDIE AITOPUTMBL. ITH AITOPUTMBI 00bIUHO 06J1a1a-
10T CJTEAYIOUMMU CBOUCTBAMMU, OTJIMYAIOLIMMU UX OT LIEHTPATH30BAHHbIX aJITOPHTMOB:

4+ HU 0JHa U3 MAIIMH He 0bJazaet MoaHoi uHbopMaLueil 0 COCTOSTHUM CUCTEMBI;
4 MalIMHBI NIPUHUMAIOT PELIeHHsI Ha OCHOBE JIOKaJLHON MH(pOpMaLMH;

4+ c06o0I1 Ha ONHOU MalllKHe He BbI3bIBAET HAPYLIEHUsT aJTOPUTMA;

4+ He TpebyeTCst MPEATIOIOKEHHS O CYIIECTBOBAHUN €INHOTO BPEMEHHU.

[lepBble TpM CBOMCTBA MOSICHSIIOT TO, O YeM MbI TOJIbKO uTO roBopuJu. Ilocnentee,
BCPOSITHO, MEHEE OYEBUIHO, HO He MeHee BaxKHO. JI1060ii ajropuT™, HAaUMHAIOUIUHACS
co cioB: «PoBHO B 12:00:00 Bce MalIMHbBI JOJXKHBI ONPEAETUTh pa3Mep CBOUX BXOJ-
HbIX ouepelneii», paboTath He OyneT, TOCKOIbKY HEBO3MOXHO CHHXPOHM3UPOBATDh BCE
yachl Ha cBeTe. AJITOPUTMBI JOJKHLI MPUHUMATb BO BHUMallHe OTCYTCTBHE IMOJIHOM
CHHXpOHM3auuu TaitMepoB. Yem Goblie cicteMa, TeM OOIbIIMM OyIeT U PACCOraaco-
BaHue. B 01HOIT JIOKAJILHOM CETH IyTEeM ONpPEeNeEHHBIX YCHIIUE MOXKHO JOOUTHCS, UTO-
bl pACCHHXPOHU3ALMS BCEX YACOB HE NMPEBbIIIANa HECKOJIbKUX MUJUIMCEKYHI, HO Clie-
JaTh 3TO B MaciuTabe CTpaHbI MJIM MHOXECTBA cTpaH? Bbl, Z0MKHO ObITh, LIYTHTE.

Y reorpaduyeckoil MacTabUPyeMOCTH UMEIOTCSI CBOU CIoKHOCTH. OmHa U3 oc-
HOBHBIX TPUYMH CJIOKHOCTM MAacluTabMpOBAaHHUsI CYIIECTBYIOUIMX PaclpelesieHHbIX
cucTeM, pa3pabGoOTaHHbBIX JJISI JIOKANbHBIX CETeH, COCTOMT B TOM, YTO B UX OCHOBE Jie-
KUT TIPUHLMIT cunxpoinot cessu (synchronous communication). B atom Buze cBsizu
3anpalllMBaloOLUMil c1y>x0y areHT, KOTOPOTrO NPHUHSITO HasbiBarh kiauenmom (client),
OJIOKMPYETCs 10 TIOJIyYeHUsl OTBETA. ITOT MOAXOA OObIYHO YCIEIHO pabOTaeT B JIo-
KaTbHBIX CETSX, KOTZa CBA3b MEXAY ABYMS MallMHAMU IPOAOJLKAETCS] MAKCHMYM COTHH
mikpocekyHA. OnHaKO B rJ10OANbHBIX CHCTEMAX Mbl AOJUKHBI IPUHSTH BO BHUMAHHE



34 naBa 1. BeeneHue

TOT (haKT, YTO CBSI3b MEXY MPOIIECCAMU MOXET MPOIOJIKATHC COTHU MUJIJIMCEKYH]L,
TO €CTh Ha TPHU IOpPsiiKa AoJblie. [locTpoeHNEe UHTEPAKTUBHBIX TPUJIOXKEHUH C HC-
TI0JIb30BaHMEM CUHXPOHHOM CBSI3U B ro6anbHbIX cucTeMax Tpebyer 60blIoi ocTo-
POKHOCTH (M HEMAJIOrO TePIEHUs).

[lpyrast npo6iema, NpensiTCTByoiasi reorpahuyeckoMy MaciTabupoBaHUIo, CO-
CTOUT B TOM, YTO CBSI3b B IJIOOAJIBHBIX CeTsAX (HhaKTUYECKU BCEr/ld OPraHU3yeTcst OT
TOYKHM K TOYKE U NOTOMY HeHa/le)XHa. B IpOTHBOIIOJIOXHOCTD IJI006aIbHBIM, JOKaIb-
Hble CeTH OOBIYHO JAIOT BHICOKOHANEKHYIO CBSI3b, OCHOBAHHYIO Ha LIMPOKOBEILATEb-
HOIi pacchUIKe, uTO JielaeT pa3paboTKy pacIpeleJIEHHBIX CUCTEM JUISL HUX 3HAYMTEbHO
npoue. /s npumepa paccMOTpUM NpobyieMy JIoKanusaluuu cayx6nl. B yokaabHol
CEeTH CHUCTeMa NPOCTO PACChLIAET COOOIEHNE BCEM MALIIMHAM, OIPAlIUBAs UX Ha IIpel-
MeT NPEeJOCTABJICHHS HYXHOMH cJ1y>x0bl. MalllMHbI, NPEIOCTaBAAIOIME CIYXKOY, OTBE-
YaloT Ha 3TO coobllleHue, YKa3biBass B OTBETHOM COOOILIEHHUHM CBOM CETeBble aJpeca.
HeBo3MOXHO npeAcTaBUTb cebe MoAoOHYI0 CXeMy OIpPeeJIeHUs] MeCTOINOJIOXKEHUS
B rJ106a1bHOMH ceTH. BMecTo 3TOoro Heo6GX0AMMO 06ECIICUUTD CIIeIUAaIbHbIE MECTa /IS
PacnoIoKeHus Ciysx06, KOTOpble MOKeT NMoTpeboBaThCsi MaCIITAGUPOBaTh Ha BECh MUP
1 06ecneduTh UX MOLIHOCTBIO [l OOCAY)KUBAHUSI MMJUIMOHOB T10J1b30BaTeeld. Mbl
BEPHEMCH K I0J00HBIM C/y:k0aM B IJIaBe 4.

Teorpaguueckas MacITabUpyeMOCTb JKECTKO 3aBsizaHa Ha NpobyieMbl 1eHTpau-
30BaHHbIX pelleHuii, KOTopble MelalT MaclITabupoBaHHIo 110 pasMepy. Ecau y Hac
UMeeTCsI CUCTeMa C MHOYKECTBOM LIEHTPAJIU30BaHHBIX KOMIIOHEHTOB, TO MOHSATHO, YTO
reorpadpuyeckasi MacIITabupyeMocTh GYAeT OrpaHUYUBATLCA MPObIEeMaMH IPOU3BO-
JUTEIBHOCTU M HAJEXKHOCTH, CBA3aHHBIMM C IJ106aibHOM cBsi3blo. KpoMme Toro, 1eH-
TpaJM30BaHHbIe KOMIIOHEHTbI B HACTOsiillee BPEMs JIETKO CIOCOOHDBI BbI3BATh Iepe-
rpysky ceru. IlpeacrabbTe cebe, YTO B KaXKAOM CTpaHe CYLIECTBYET BCETO OJHO
MIOYTOBOE OT/eseHne. DTO OyaeT 03Ha4yaTh, YTO JJISL TOrO, YTOOLI OTIPABUThH NMUCbMa
POICTBEHHHKAM, BAM HEOOXOANMO OTIIPABUThCS Ha LEHTPAJIbHBIA II0YTAMT, PacIoio-
KEHHDIH, BO3MOXHO, B COTHSIX MUJIb OT Ballero Joma. SICHO, 4TO 3TO He TOT MyThb, KO-
TOPbIM CJIEAYeT UATH.

U, HakoHell, HeJIErKUi ¥ BO MHOTHMX CJIy4asiX OTKPBITBIA BOMPOC, KaK 06eCreuynTh
MacuTabupoBaHue paciipeeJIeHHOM CUCTEMbI Ha MHOX€ECTBO aJMMHUCTPATUBHO He-
3aBUcHMbIX obsactedl. OcHoBHas npobjieMa, KOTOPYIO HYXKHO NMpPU 9TOM PELIUTb, CO-
CTOMT B KOH(IMKTAX MPABUJI, OTHOCALIMXCS K UCNOJIb30BAHUIO PeCYpcoB (M IjlaTe 3a
HUX), YIIPaBJIeHUIO U GE3011aCHOCTH.

Tak, MHOXECTBO KOMIIOHEHTOB PaCIpPeIeJ€HHbIX CUCTEM, HaXOAALIMXCS B ONHOU
06/1aCTH, OOBIYHO MOXET ObITh JOBEPEHO N0Ab30BATENSIM, PadOTAOIUM B 3TOM 06Ja-
ctu. B aTOM caiyuae cHCTEMHDIH aIMUHUCTPATOP MOXKET TECTUPOBATD U CePTU(DUIINPO-
BaTh NPUJIOKEHHUS], UCTIOJIb3YS CIIelHalIblible MIICTPYMEHTBI [1Jisl TIPOBEPKU TOro (pak-
Ta, YTO ST KOMIIOHEHTbI He MOTYT HUYEro HaTBOPUTb. IIpolle roBopsi, Mob3oBaTe U
JOBEPSIIOT CBOEMY CHCTEMHOMY aaMuHuctparopy. OmHAKo 3TO JOBepiie He PacIpo-
CTPaHSIETCS €CTECTBEHHBIM 06Pa30oM 3a PaHUILIbl 0OJIACTH.

Eciu pacnpeznesieHHble CUCTEMbI PACIIPOCTPAHSIIOTCS Ha APYryilo o6JacTb, MOTYT
notpe6oBaThCs Ba TUIA NPOBEPOK Ge3onacHOCTH. Bo-nepBbiX, pacipeneieHHas cuc-
TEMA JI0JIKHA NMPOTUBOCTOATb 3JIOHAMEPEHHBIM aTakaM M3 HOBOI obnactu. Tak, Ha-
1IpUMep, N10JIb30BaTeNH HOBOM 06JIaCTH MOTYT IOJYYUTb OrPaHHYEHHbIE [IpaBa 10CTY-
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na k GaiinoBoil cayxbe cUCTEMBI B UCXOMHOM 00JIACTH, CKAXEM, TOJBKO Ha YTCHHE.
TouHO Tak ke MOXKET OBITH 3aKPBIT JOCTYI Uy>KMX NOJIb30BaTeJied U K amaparype,
TaKOH Kak ZOPOTrOCTOsILIME MOJHOLBETHDLIE YCTPOHCTBA IeYaTH UM BBICOKOIIPOU3BO-
AUTEJIbHbIE KOMIBIOTEPHL. BO-BTOPDIX, HOBast 06JIACTh caMa JOJKHA ObITh 3allHIleHa
OT 3JIOHAMEPEHHBIX aTaK U3 PaCIpeJCJCHHON cUCTeMbl. TUITHYHBIM NIPUMEPOM SIBJIsI-
€TCsl 3arpy3Ka [0 CeTH MPOrpaMM, TAKUX Kak anmuiersl B web-6pay3epax. MsHayanbHo
HoBasi 06J1aCTh He 3HAET, Yero OXKHUIATb OT YYXKOTO KOJA, U MOTOMY CTPOrO OrPaHUYM-
BacT eMy MpaBa gocTyna. IIpobjeMa, Kak Mbl YBUAUM B IJlaBe 8, COCTOMT B TOM, KaK
obecrieunTb cOOIONEHIE ITUX OTPAHHMYEH HIt.

TexHonorum macwitabupoBaHus

O6cyskaenie HEKOTOPBIX IPOOJIEM MACUITAOUPOBAHMSI IPUBOIUT HAC K BOIIPOCY O TOM,
a KaK e 0OBIYHO peuIaloTcst 3TH npobJieMbl. [Tockosbky 11pobiieMbl MaciTabupyemo-
CTHU B paclpefeeHHbIX CUCTEMAX, TAKME KaK MpoOIeMbl POU3BOAUTENbHOCTH, BbI3bI-
BAIQTCSI OrPAaHHYEHHON MOLIHOCTLIO CEpBEpOB U ceTei, CylIeCTBYIOT TPU OCHOBHbIE
TEXHOJIOTHH MacHITaOMPOBAHMS: COKPBITHE BPEMEHN OXKUIAHHUsI CBSI3H, pacIpeineie-
HUe U perunkauus [314].

CoKpbITHE BPEMEHU OXXKHMIAHUS CBSI3W TIPUMEHSIETCSI B ciIydae reorpaduyeckoro
MacinTabupoBanus. OCHOBHAs €S TIPOCTA: TOCTAPATHCS IO BO3MOKHOCTH U36exkKaTh
OKHMJAHHS OTBETAa Ha 3aIpoC OT yJajeHHoro cepsepa. Hanpumep, ecau Oblia 3anpo-
mena ciay>x06a yaajieHHoM MalllMHDL, aJIbTEPHATUBON 0XKUIAHWIO OTBETA OT ceppepa Oy-
JleT OCyLIeCTBJIEHUWEe Ha 3alpallidBaiouieil cTOpoHe APYrMX BO3MOXHBIX AeicTBUIL.
B cymHocTH, 3TO 03HayaeT pa3paboTKy 3aMpallnBaOUICTO TPUJIOKEHUS B pacueTe Ha
UCII0JIb30BAIINe HCKIIOYUTENLbHO acuixponnon cessu (asinchronous communication).
Korzaa 6yner 1nosyyeH oTBeT, NPUJIOKEHIE TIPEPBET CBOI0 paboTy U BBI3OBET CIIELH-
abHBII 06pabOTUHK JIs1 3aBEPUICHUS OTITPABJIEHHOTO paHee 3anpoca. ACHHXPOHHAs
CBSI3b YACTO HCIIOJIb3YETCS B CUCTEMaX IaKCTHOIT 06pabOTKH U MapasijiebHbIX IPUIIO-
XKEHUSIX, B KOTOPBIX BO BPeMsI OXKHU/JAHUsT OJHOI 3a/lauell 3aBepuIeHUsT CBSI3U MPe/LIo-
JIaraeTcs BLIMOJIHEHWE APYTUX 6osiee MM MeHee He3aBHCUMBIX 3ajad. st ocyuiecTs-
JIGHUST 3ampoca MOXET ObITh 3allylliell HOBBIl YNpPaBJsIOUIMil TOTOK BbITOJHEHMUS.
Xotst oH Oyzer 6JIOKHPOBAH HA BpPeMsl OXKHAAHMSI OTBETa, APYrve MOTOKH Ipoliecca
IPOJI0JIXKAT CBOE BBHITIOJIHEHHE,

OnHako MHOTHUeE ITPUJIOKEHHST He B COCTOSTHUM 3(h(eKTHBHO HCIO/b30BaTh ACUH-
XPOHHYIO ¢BsI3b. HanpuMep, Korza B MHTEPAKTHBHOM MPUJIOKEHUH MTOJIb30BaTeNb 110-
ChLJIAET 3aIIPOC, OH OOLIYHO HE B COCTOSTHUM JIeIaTh HUuero 0oJiee YMHOro, 4eM TpoCTo
XKAaThb OTBETA. B 3TUX CJyyasx HAIUTyylIMM pelleHueM OyleT COKpaTUTbh HeoHXoau-
Mbli1 00bEM B3aUMOIEHCTBHsI, HAPUMeED, NMEPEMECTUB YACTb BLIYMCIIEHUH, 0OBIYHO
BBIIOJIHSIEMBIX Ha CepBepe, HAa KJHEHTA, MPOLIECC KOTOPOTO 3anpallliBaeT CJyxO0y.
CraHaapTHbIN cayyail IpUMEHEHUsI 3TOTO MOAX0Aa — JNOCTYIl K 6a3aM JaHHBIX C UC-
nonb3oBanueMm ¢GopMm. O6bIuHO 3arosiHeHne (HOPMbI COMPOBOKIAETCS TOCHIIKOM
OTIEJIBHOTO COOOLIEHHsT Ha Ka)X/0e 1oJIe U OXKUAAHUEM TOATBEPXKIAEHUsI TIpHeMa OT
cepBepa, Kak NnokazaHo Ha puc. 1.2, a. Cepsep, HanipuMep, MOXKCT [epe/] IIPUEMOM BBe-
NeHHOTO 3HaueHWsI MPOBEPUTDb €ro Ha CHHTaKcudyeckue omnbku, Bojee ycnewtoe pe-
IIeHMEe COCTOMT B TOM, UTOODLI TIEPEHECTH KOJI JUISl 3an0JHEHUsT (POPMBI H, BO3MOKHO,
NIPOBEPKH BBEJEHHBIX JAHHDIX HA KJIMEHTa, YTOObI OH MOT TMOCJATh CEPBEPY LEJUKOM
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3anonHeHHyo ¢Gopmy (puc. 1.2, 6). Takoil noaxon — mepeHoOC KoAa Ha KJIMEHTa —
B HACTOSIIIEE BPEMS LIMPOKO noanepsknsaercss B Web nocpeacrsom Java-anmieros.

KnueHnt Cepsep
-
Nms [_MAARTEN ] @,
damunus VAN STEEN = —>
E-mail STEEN@CS.VU.NL E —» >
=] =
> >
Mposepka opMbl  O6paboTka hopMbi
a
KnveHT Cepsep
Ums [ MAARTEN ] MAARTEN
damunua | VAN STEEN > STE\I/EAF\JN@S(ISE%TJ "
E-mail STEEN@CS.VU.NL .
=) >
A
Mposepka copmsl 0O6pabotka hopMbi
6

Puc. 1.2. Pa3Hnua mexay nposepkoit hopmbl O Mepe 3anonHeHUs Ha cepaepe (a)
v Ha knuneHTe (6)

Crenymomas BaxHasi TEXHOJOTUA MacliitabupoBanust — pachpedenenue (distribu-
tion). Pacnipenesnienute npeanoiaraet pa3breHe KOMIIOHEHTOB Ha MEJIKME 4aCTH U 110-
cyleftyioliee pa3HeCeHHe 3TUX yacTell 1o cucreme. XOPOIUIMM TIPHMEPOM paciipeese-
HUs siBJIsIeTCsl cucteMa oMeHHBbIX uMeH Mutephera (DNS). IIpoctpanctBo DNS-umen
OpraHH30BaHO MePapXHYecKH, B Buie Aepena domenos (domains), koTopbie pa3buTb
Ha HemnepeKpbIBalourecs 301ubt (zones), Kak nokasaHo Ha puc. 1.3. MmeHa kaxkao# 30-
Hbl 06pabaTpiBaloTCs OXHUM cepBepoM HMeH. He yriy6uisisich uepecuyp B AeTaM,
MO>KHO CYMTATh, UTO KaXKJI0e JOMEHHOEe UMS SIBJISIeTCs] UIMeHeM XocTa B VIHTepHeTe H
ACCOLIMMPYETCsI C CETEBBIM aJIPECOM 3TOr0 XOCTA. B OCHOBHOM HHTEpIIpeTaLns UMEHN
03HAYaeT MOJIyYeHHEe CeTEeBOTO aJpeca COOTBETCTBYIOLIErO XocTa, PaccMoTpuM, K 1pu-
Mepy, umsi nl.vu.cs.flits. 1151 uHTEpIIpeTaluy 3TOro UMEHU OHO cHaYasla MepelaeTcst Ha
cepnep 30Hbl Z7 (puc. 1.3), KOTOPbIH BO3BpaIlaeT aapec cepBepa 30HbI Z2, KOTOPLIH,
BEPOSITHO, CMOXKeT 06paboTtarh octarok uMetin, vu.cs.flits. Ceppep 30HbI Z2 BepHET azpec
cepBepa 30HLI Z3, KOTOPBIN criocobed 06paboTaTh MOCICAHION YacTb UMEHU M Bep-
HYTb aJipec COOTBETCTBYIOIIEr0 XOCTa.

ITHU NPUMEpPDI IEMOHCTPUPYIOT, KaK CAywcOa umenosanus, npenocrasusemas DNS,
pacnpezesnesa o HeCKOJLKUM MalllMHAM M KakK 3TO 1103BoJisieT u3bexxath 00paboTKu
BCEX 3aPOCOB Ha MHTEPHIPeTalUIo HMEH OfTHUM CEPBEPOM.

B kauectBe npyroro npumepa paccmorpuM World Wide Web. das 6oabmunctsa
nosip3oBartesieil Web 1peacrasiisiercst rurantckoii HH(GOPMalUMOHHOIT cucTeMolt 10Ky-
MeHT0000POTa, B KOTOPOH KaKAbIil JOKYMEHT UMEET CBOe YHUKajbHoe uMs — URL.
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KoHuenTyaspbHO MOXHO IPEANONOXKUTD JaXke, YTO BCE JOKYMCHTBLI pa3MellaloTcs Ha
onHoM cepsepe. Oanako cpena Web ¢dusnuecku pasneceHa mo MHOXKECTBY CepBEPOB,
KaX/blif U3 KOTOPBIX COIEPKUT HEKOTOPOEe KOJMYECTBO JOKYMeHTOB. VIMs cepsepa,
COZlepIKalllero KOHKPETHBI JOKyMeHT, ompenensercss mo URL-axpecy nokymenra.
Tonbko Gmarogapsi HoxoOHOMY pacripefesieHuio NOKyMeHToB Bcemuphasi nayTuna
CMOTJIa BBIPACTH /IO €€ COBPEMEHHBIX Pa3MepOB.

O6nactu 4esTenLHOCTU - I l o CrpaHb! -
» «

EOMNECY

CeoD
keio @
] & Z3
c]s

pc24

Puc. 1.3. NMpumep pazgenerus npoctpaHcTBa DNS-1MMeH Ha 30Hb!

Ipu paccmoTpenuu mpobJeM MaciTabupOBAHMS, YACTO MPOSIBJAIONIMXCS B BUIE Ma-
IeHUs TPOM3BOAUTENLHOCTH, HEPENKO XOpolilel uaeeil sipisiercst penauxauus (repli-
cation) KOMIIOHEHTOB pacIipeleJIeHHON CHCTeMbl. Peryiukanusi He TOJIbKO HOBBIILIAET
JIOCTYITHOCTh, HO U TIOMOTA€eT BBIPOBHSTH 3arpy3Ky KOMIIOHEHTOB, YTO Bell€T K MOBBI-
LIEHUIO TPOU3BOAUTENBbHOCTU. KpoMe Toro, B CHIIbHO reorpacuyecku paccperoToYeH-
HBIX CHCTEMaxX Hajnyue OJIM3KO Jiexauled KoMUY MO3BOJISIET CHU3UTh OCTPOTY GO0JIb-
el yacTu paxee o0Cy»KaaBlIMXCS MpobeM OXXKHMIAHHS 3aBEPLIEHUsT CBSI3U.

Kswuposanue (caching) npeacrasysier coboit 0cobyto GhopMy PerIMKALUU, TTPU-
yeM pasInyust MEXIy HUMH HEPELKO MaJo3aMeTHbI UM BOOOIe HCKYCCTBeHHbI. Kak
U B Clyyae pelyIMKallly, Pe3yIbTaTOM K3IIMPOBAHHUS SIBJSIETCS CO3AaHME KOIUU pe-
cypca, 0ObIYHO B HEMOCPEACTBEHHOI 6JIM30CTH OT KJIIHEHTa, UCMIOIb3YIONIETO 3TOT pe-
cypc. OnHaKO B NMPOTUBOIIOJOKHOCTh PEIIMKALUKY KIUIMPOBAHUE — 3TO JAEHCTBUE,
[peANPUHUMAaEMOe NTOTPeOUTEIEM PeCypca, a He €ro BaAEbLEM.

Ha MacurrabupyeMocTb MOXKET IJIOXO MOBJIHSATb OJWH CYILECTBEHHbIH HEIOCTaTOK
K3IIMPOBaHUs U periMKauuu. [TockobKy MBI NoJlydyaeM MHOXECTBO KOTIMIE pecypca,
MoAu(pUKauKs OJHOU KOMHUM JlelaeT ee OTJMYHOH OT oCTalbHbIX. COOTBETCTBEHHO,
K3LUIMPOBAaHHE U PEIUIMKALUSI BBI3bIBAIOT MPOOGJEMbl Henpomugopeuugocmu (consis-
tency).

Homyctumas cTeneHb IPOTUBOPEYUBOCTH 3aBUCUT OT CTEMEHH 3arpy3KU PECYPCOB.
Tax, MHOXecTBO mosb3oBateseit Web cuuTaroT 10mycTUMbIM paboTy ¢ K3LIMpOBaH-
HBIM JJOKYMEHTOM Yepe3 HECKOJbKO MUHYT I10C/I€ €ro ITOMEIeHHUs B Kaill 6€e3 10110J1-
HUTeIbHOII 11poBepku. OHAKO CYIUECTBYET MHOXKECTBO CJIy4yaeB, KOrJa HeOOXOAUMO
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rapaHTHPOBATh CTPOTYIO HENPOTHBOPEYUBOCTb, HATIPUMED, NTPU UTPE HA 3JIEKTPOHHOM
6upsxe. [Ipobrema CTpOroil HEMPOTHBOPEYUBOCTH COCTOMT B TOM, YTO H3MEHEHUe
B OJHOHM U3 KOTHI JOJKHO HEMeJIEHHO PAacIPOCTPAHSTLCS Ha BCe ocTayibHble. Kpome
TOTO, €CJIM Ba M3MEHEHHsI TIPOUCXOISIT OJHOBPEMEHHO, YacTO ObIBAaET HEOHXOAUMO,
4TOOBI 3TH U3MEHEHUST BHOCUJIMChH B OZ(HOM ¥ TOM 3Ke TOPsIIKe BO Bce Konuu. st 06-
paboTKu cuTyauuil TAKOro TUIAa OOBIYHO TpebyeTcs MeXaHU3M TIJI00aJbHOU CHMHXPO-
Husauuu. K coxanenuro, peanusopaTb MacutabupoBaHue MOAOOHBIX MeXaHU3MOB
KpaiiHe TPYIHO, @ MOXeT ObITh M HEBO3MOXKHO. DTO O3HAYaeT, YTO MacITabUpoBaHKe
MyTeM DEIIMKALMH MOXET BKJIOYaTh B ceOsi OT/eJibHble HeMaclITabupyeMble pellle-
Husl. Mbl BepHEMCsI K BOIIPOCaM perJIMKaluy U HeMPOTUBOPEYUBOCTH B rjaBe 6.

1.3. KoHuenuuu annapaTHbIX peLueHum

HecMoTpst Ha TO UTO Bce pacIipelieleHHble CUCTEMBI COAEPKAT 110 HECKOJIbKY ITpolLiec-
COPOB, CYIIECTBYIOT Pa3JIMuHble CIIOCOObI UX OPraHU3alnU B cucTeMy. B ocobenHocTH
3TO OTHOCHUTCSI K BapHaHTaM MX COEIMHEHUS U OpPraHU3allM¥ B3aUMHOro oOMeHa.
B aToM pasneiie Mbl KpaTKO PacCMOTPHM allllapaTHoe obecrieueHne paclpeneeHHbIX
CUCTEM, B YaCTHOCTH BapUAHThI COEMHEHUS Malllui Mexay coboii. Ilpenmerom Haiue-
ro o6CyXIeHUs B CIIEAYIOEM pa3sjiesie OyneT nporpaMMHoe obecriedeHue pacrpene-
JIEHHBIX CHCTEM.

3a mpoleaine roabl ObLIO MPEJIOKEHO MHOXKECTBO Pa3JIMUHBIX CXeM KJaccupu-
KallMd KOMITBIOTEPHBIX CHCTEM C HECKOJIBKMMU IMPOLIECCOPAaMHU, HO HU OJIHA U3 HUX He
CTasa AelCTBUTENbHO MOIMYJISIPHON U IIKMPOKO pacnpoctpaHeHnol. Hac unrepecyior
UCKJIIOYUTEILHO CUCTEMBI, TOCTPOEHHbIE U3 HabOpa He3aBUCHMBIX KOMIIbioTepoB. Ha
puc. 1.4 Mbl nmoapaszesisieM Bce KOMITbIOTepsl Ha ABe rpymnmnsl. CHcTeMbl, B KOTOPBIX
KOMIIBIOTEPbI UCIIOJIB3YIOT MaMATh COBMECTHO, OOBIYHO HA3BIBAIOTCS MYAbMUNPOUEC-
copamu (multiprocessors), a paboTaiouMe Kax/Iblil CO CBOEH NaMIThIO — MYAbMUKOM-
nvomepamu (multicomputers). OCHOBHasT pa3HULIA MEXAY HUMHU COCTOUT B TOM, 4TO
MYJIbTUIIPOLIECCOPBI UMEIOT €AHHOEe aipecCHOe MPOCTPAHCTBO, COBMECTHO HCIOJIb3Ye-
Moe BceMM IpoueccopaMu. EciiM oaMH U3 npolieccopoB 3anuchiBaeT, HaIpuMep, 3Ha-
uenue 44 no aapecy 1000, ym060oit Apyroii mpoleccop, KOTOPBII MOC/e 3TOrO MPOYTET
3HaueHue, jexailee 1o aapecy 1000, monmyunt 44. Bce MaimmHbl 3a1efCTBYIOT OQHY
U TY K€ NaMsITh.

B oTsinmuMe OT TakMX MalIMH B MYJIbTMKOMIIBIOTEpax Kakiast MalliHa UCIOJb3yeT
CBOIO COOCTBEHHYIO NaMsTh. [locsie TOro kak OfMH Ipoleccop 3anuuIeT 3HaYeHue 44
no azapecy 1000, npyroii mpoleccop, NpounTaB 3HaueHUe, Jexallee o azpecy 1000,
MOJIYYUT TO 3HAYEHMEe, KOTOPOe XPaHWIOCh TaM paHblie. 3alych MO 3TOMY aapecy
3HaueHus 44 ApyTUM IPOLECCOPOM HUKAK He CKaXKETCsl Ha COJEePKMMOM ero IaMsTH.
TunuyHbIi TpUMep MYJIbTUKOMIIBIOTEPA — HECKOJIBKO MEePCOHAIbHBIX KOMITBIOTEPOB,
06beIMHEHHBIX B CETb.

Kakznast U3 3TUX KaTeropuii MoXKeT ObITh T10/pa3/iesieHa Ha I0TOJHUTE/IbHbIE KaTe-
ropyH Ha OCHOBE APXUTEKTYPBI coeAinHsouleit ux cetu. Ha puc. 1.4 atu 1Be apxurek-
Typbl 0603HaYeHbl Kak wunas (bus) v kommymupyemas (switched). Mo mmHoit no-
HHMMAECTCsl ONUHOYNAs CETb, IJIaTa, LIMHA, Kabeab WM Apyras Cpeia, COeIMHSIONast
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BCe MalIMHBI MexXAy co6oit. ITogobHyI0 cxeMy MCHOJB3yeT KabeabHOe TeJeBHIEHUE:
kabesibHass KOMIIaHMsS [IPOTSITUBAET BIOJb YJIMIbI Kabesb, 2 BCeM MOANNCYMKAM Jeia-
I0TCSI OTBOAKK OT OCHOBHOTO KabeJist K UX TeJIEBU30PaM.

Pasznensemasn namsatb JlokanbHas namsTb

edAiaLmxde sewakdurAwwoy edAisainxde BEHHU[T]

Namatb

Puc. 1.4. PasnnyHbie 6a30Bble apXUTEKTYPbl MPOLLECCOPOB N NAaMATH
pacnpefeneHHbiX KOMNbIOTEPHbIX CUCTEM

KoMMmyTupyeMbie CHCTEMBI, B OTJIMYHE OT IIMHHBIX, HE UMEIOT eANHON MarucTpaiiy,
TaKOM KaK y KabeJabHOro TeJieBUAeHUs. BMecTo Hee OT MallUHbBI K MalllUHE TSHYTCS
OTZAEJIbHbIE KaHAJIbl, BLIMOJHEHHBIE C NIPUMEHEHHEM DPA3JIMYHBIX TEXHOJIOTHU CBSI3U.
Coob1iieHust mepeaanTcs M0 KaHajlaM C IPUHSTHEM SIBHOTO PELIEHUs] 0 KOMMYTallMu
C KOHKPETHBIM BBIXOAHBIM KaHAJOM JUJIsSI KaKAOTO M3 HUX. Tak opraHusoBaHa IJO-
GanbHas Tese)OHHAS CETb.

MpbI npoBezneM TakXKe pa3jesieHHe PACIPeiesIeHHbIX KOMIBIOTEPHBIX CHCTEM Ha
2omozenvie (homogeneous) v eemepozennvie (heterogeneous). ITo pasjesieHne mpume-
HSIETCST UCKJIIOYUTENIBHO K MYJIbTHKOMITBIOTEDHBIM cucTeMaM. [{Jis1 TOMOTEHHBIX MYJIb-
THUKOMIIBIOTEPHBIX CHCTEM XapaKTepPHa OJHA COEAMHSION(As KOMIBIOTEPHI CETh, WC-
TIOJIB3YIONIAsT eqUHYI0 TexXHosoruoo. ONMHAKOBBI TaKXe U BCE MPOIECCOPDI, KOTOPbIE
B OCHOBHOM MMEIOT JOCTYI K OAMHAKOBbIM oObeMaM coOCTBEHHOM mamsaTH. ToMoreH-
HBIe MYJIbTUKOMITBIOTEPHbBIE CUCTEMBI HEPEAKO HCIIOJL3YIOTCS B KAyeCTBe MapajiLiesib-
HbIX (paboTamiuX ¢ OAHOM 3a1ayeil), B TOYHOCTH KaK MYJIbTUIIPOLECCOPHBIE.

B orsimune oT HUX reTepPOreHHBbIE MYJbTHKOMIIBIOTEPHBIE CUCTEMBI MOTYT COIEp-
3KaTh LIeJIY10 FAMMY HE3aBHCHMBIX KOMIIBIOTEPOB, COEIMHEHHBIX Pa3HOOOPA3HBIMU CETSI-
mu. Tak, HanpuMep, pacnpeieJieHHasl KOMIIbIOTEPHAsI CUCTEMA MOXeET ObITh IIOCTPOE-
Ha U3 HECKOJIbKHMX JIOKATBbHBIX KOMIIBIOTEPHBIX CeTeli, COeIHEHHBIX KOMMYTHPYEMOM
Mmaructpaibio FDDI unmu ATM.
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B crenyoniux Tpex myHKTaX Mbl KPaTKO PACCMOTPUM MYJIbTUIIPOLIECCOPHBIE, & TaK-
JKe TOMOTEHHble U TeTepOreHHble MYJIbTUKOMIIBIOTEPHBIE cricTeMbl. HecMoTpst Ha TO,
YTO 3TH BOIPOCHI He CBSI3aHbI HAIPSIMYIO C Halllell OCHOBHOM TEMOIA, pacnpe/iesieHHbI-
MU CHCTEMaMH, OHW ITOMOTAIOT JIyYllle ee ITOHSITh, TOCKOJIbKY OpraHH3alusi pacipeme-
JIEHHBIX CUCTEM YacTO 3aBUCHMT OT BXOJSIIEil B UX COCTaB almapaTypsl.

1.3.1. MynbTUnpoueccopbl

MyJIbTUTIPOLIECCOPHBIE CUCTEMBI 00JIANAIOT OJHOM XapaKTepHO# 0COGEHHOCTBIO: BCE
[POLIECCOPBI UMEIOT TIPSIMOI JOCTYII K 0011elt namsiTi. MyJIbTUIIPOIIECCOPHBIE CUCTE-
MBI IIMHHOI apXUTEKTYPBI COCTOSIT U3 HEKOTOPOrO KOJHYeCTBa IIPOI1eCCOPOB, MOJCOo-
eMHEHHBIX K 0011ell IIH1HE, 2 yepe3 Hee — K MOAyJ1siM mamMsitu. [Ipocreiimast KoHury-
pauusi COAEPXKUT IJIATY C LIMHON MJIM MAaTEPUHCKYIO IIJIaTy, B KOTOPYIO BCTABJISIIOTCS
TIPOLIECCOPBI U MOJYJIU MTAMSITH.

ITockobKY UCIOIb3YeTCs eAHAas MaMsITh, KOT/IA ITPOLeccOp A 3aliChIBAET CJIOBO
B I1aMsITh, a Ipoleccop B MUKPOCEKYHIOH MO3XKe CUMTBIBACT CJIOBO M3 MaMSITH, IIPO-
ueccop B mosyuaer uHGOPMAIMIO, 3AMUCAHHYIO B NaMATh npoluieccopoM A. ITamsrs,
obsanaonas TakuM MOBeJeHUeM, HasbIBaeTcst coziacosannou (coherent). Ilpobiema
TaKOW CXEMbI COCTOMT B TOM, YTO B CJIy4ae y>Ke 4 WM 5 [POIIeCCOPOB LIMHA OKa3bIBa-
eTCs1 CTabUJIbHO IIePerpyKEHHON U MPOU3BOIUTEIBHOCTD PE3KO Iajaer. PeleHue co-
CTOMT B Pa3MeEILEHHMH MEXIY IIPOLECCOPOM U LIMHOI BBICOKOCKOPOCTHOM K3u-namsmu
(cache memory), Kak mokasaHo Ha puc. 1.5. B kaie coxpaHsiioTcs JaHHbIe, obpalieHue
K KOTOPBIM MPOMCXOAUT Hanbosiee yacTo. Bee 3ampochl K maMsiTH MPOUCXOISIT Yepes
kaur. Eciiu 3anpolieHHbie JaHHbIE HAXOIATCS B K3ILI-TIAMSITH, TO Ha 3aIPOC MIPOLECCO-
pa pearupyer oHa U oOpallleHUs K IIMHE HEe BBINOJIHSIOTCS. EC/iu pa3sMep Kal-naMsaTi
JIOCTAaTOYHO BEJIMK, BEPOSITHOCTb yCIIeXa, Ha3blBaeMasl TaKXKe Koaghpuyuenmom xau-
nonadanuii (hit rate), BeiuKa U WUMHHBIA TpahuK B pacyere Ha OAUH MPOIECCOP PE3KO
YMEHbIIAETCS], TO3BOJIsISI BKJIIOYUTb B CUCTEMY 3HAYUTEJIBHO OOJIblE IIPOLECCOPOB.
OO61EenpUHSATBIMU SIBJISIIOTCS pa3Mepsl kama oT 512 Kéaiit no 1 Mo6aiit, koabduuu-
€HT K3UI-TIONaAaHuil pu 9ToM 00bI4HO coctasisieT 90 % u 6osee.

MNpoueccop MNpoueccop

Mpoueccop

Wwuna

Puc. 1.5. MynbTunpoueccopHasa cuctema
C WWHHOM apXuUTeKTypo

OnHako BBe/ieHHe K3lla CO3[aeT cepbe3Hble NpobieMsl camo 1o cebe. ITpearnoo-
UM, 4TO JBa Ipoleccopa, A U B, YUTAIOT OZHO U TO XK€ CJIOBO B CBOW BHYTPEHHMI
Kau1. 3ateM A mepe3anuchbiBaer 310 c10B0. Korza npoueccop B B ciexyrouiuii pa3 3a-
XOYET BOCIIOJIb30BAThCSI 9TUM CJIOBOM, OH CYMTAET CTApOE 3HaYEeHHe M3 CBOEro Kalla,
a He HOBO€ 3HavyeHUe, 3anrcaHHoe npoieccopoM A. I[laMsTh cTana HecorsacoBaHHOH,
Y [IPOrpaMMUPOBAHUE CHCTEMBI OCJIOXKHHUIOCHh. KalmnpoBanue TeM He MeHee aKTHBHO
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HCTIOJIb3YeTCsI B pacrpeeIeHHbIX CHCTeMaX, H 37eCh Mbl BHOBb CTa/lKMBaeMCs C IIpo-
6JieMaMu HECOTJIACOBAHHON maMsTh. Mbl BepHeMcst K IpobJieMaM K9UIMPOBAHUS 1 CO-
[JIACOBAHHOCTH B ryiaBe 6. MyJIbTUNIPOLIECCOPBI IIMHHOIH apXUTEKTYPbl XOPOLIO OIH-
caHbl B KHUTe [265].

[Ipo6JieMa MyJIbTHIIPOLIECCOPHBIX CUCTEM IIMHHOM apXUTEKTYPBI COCTOUT B HX OI-
paHUYeHHON MacuITabupyeMoCcTH, Aaske B CJIydae HCIOJIb30BaHusl kara. st mo-
CTPOEHHST MYJIbTUIIPOLIECCOPHOI cHUCTeMBI ¢ HoJtee yeM 256 mpoleccopamu JIst COeu-
HEHUsT TIPOIECCOPOB C MaMsIThI0 He0OX0AUMBI Apyrite MeTobl. OUH U3 BAPUAHTOB —
pasaesinTh O0IIYyI0 MaMSITh Ha MOZYJIM M CBSI3ATDh MX C IIPOLECCOPAMH Yepe3 KOMMYMu-
pyrowyr pewemxy (crossbar switch), xak noxasano Ha puc. 1.6, a. Kax BugHo u3s pu-
CYHK, C €€ TOMOLIbIO KXl IIPOLECCOP MOXKET ObITh CBSI3aH C JIOOBIM MOLYJIEM Ta-
msith. Kaxknoe nepeceyenue npeacrasisieT co60il MaTe€HbKUIT 3JIEKTPOHHDIH Y3106801U
xommymamop (crosspoint switch), KOTOPbI MOKET OTKPBIBATHCSL U 3aKPBIBATHCSI alllia-
patno. Korza npoieccop xesiaeT MoJyyHTh AOCTYIl K KOHKPETHOMY MOJYJIIO MaMsITH,
COCAMHSIIOMINE HX Y3JI0Bble KOMMYTAaTOPbl MIHOBEHHO OTKPLIBAIOTCSI, OPTaHM3YsI 3a-
MPOILEHHBIN AOCTYI. JJOCTOMHCTBO Y3/I0BBIX KOMMYTaTOPOB B TOM, YTO K MaMsITH MO-
IyT OMHOBPEMEHHO OOPAIATHCST HECKOJIBKO MPOIIECCOPOB, XOTSI €CJIM IBA MPOLIECCOpa
OJHOBPEMEHHO XOTSIT NMOJIYYUTDb AOCTYT K OJHOMY U TOMY XK€ YYacTKy IIaMsITH, TO Of-
HOMY U3 HUX NPHIETCS MOI0XKAATh.

O6nacTtu namstu

Mpoueccope! ObnacTtu naMaTn

AN~
o
\v%

S

”
Fan
Ao

i P ‘i 4
n [P ]
poueccopbl

A\ %4
WaaY
AN 24
4
A\ 74

T

N

\vva

D
-

m

vy

2N
-

@3 ﬂ}\f} -

Y3110B0M KOMMYTaTOP KommyTtatop 2x2
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Puc. 1.6. Kommytupyioulas pewetka (a). Kommytupyioulaa omera-cetb (6)

HenoctarkoM KoMMyTHPYIOLIeH pelIeTKH SIBJISAETCS. TO, YTO [PH HAJHYUU 7 MPO-
1IecCOpoB M 7 MOZyJieil aMATH HaM MoTpeGyercst n° y3JI0BBIX KOMMYTAaTOpOB. Jlst
GOJIBIIVMX 3HAYEHUH 7 3TO YUCIIO MOXKET MPEBBICUTH HAlIM BO3MOXHOCTH. OBHapyKUB
3TO, YeJIOBEYeCTBO CTAJIO MCKaTh U HAlJIO aJIbTEPHATUBHBIE KOMMYTHUPYIOUIME CETH,
Tpebyoue MEeHbIIEr0 KOMUYeCTBA KOMMYTAaTOpoB. OIMH U3 MPUMEPOB TAKUX Ce-
Telt — omeza-cemvb (omega network), npeAcTaBiennas Ha puc. 1.6, 6. dta cetb conep-
XKHT 4YeTbIpe KOMMYyTaTopa 2x2, TO eCTh KaKALI U3 HUX MMEET IO JIBa BXoJa W IBa
BbIxoza. Kaaslif KOMMYTaTOp MOXKET COENMHSITH JII0OO0H BXOA C JIIOOBIM BBIXOLOM.
Ecnu BHUMaTE/IbHO U3Y4YUTh BO3MOKHBIE MOJIOKEHHST KOMMYTATOPOB, CTAHOBUTCSI SIC-
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HO, YTO JI060#1 TIPOIIECCOP MOKET MOJYYHTb A0CTYM K Jobomy 60Ky namsaru. Henoc-
TAaTOK KOMMYTHUPYIOLUIUX CeTeil COCTOUT B TOM, YTO CHTHAJ, WAYLIMIT OT mpoileccopa
K TaMSTH WM O6paTHO, BBIHYXAEH TMPOXOAUTb Yepe3 HECKOJIbKO KOMMYTAaTOPOB.
ITosToMy, 4TOOBI CHHU3UTH 33AEPKKHU MCKAY IPOLECCOPOM U NMaMSITbIO, KOMMYTATOPBI
JOJIKHBI UMETDh OYeHDb BBICOKOE ObICTPOJAEHCTBIE, a [IE1IeBO ITO He JACTCSI.

Jlioau mbITal0TCsl YMEHBIIUTD 3aTPaThl HA KOMMYTALIMIO MTyTeM Mepexoja K mepap-
XHMYECKHUM cucTeMaM. B aToM ciiyyae ¢ KaKIbIM HPOLIECCOPOM aCCOLHUPYETCsl HEKOTO-
past obsacth nmamsTH. Kaxablil mipoiieccop MoskeT GBICTPO MOMIYYUTh AOCTYI K CBOER
obsactu mamsitu. Joctyn K Apyroif o6sacTv namsiTH NPOUCXOAUT 3HAUMTEIBHO Me/-
JeHHee. Drta ujes Obla peaju3oBala B MalllHe ¢ ieynupuyuposaiivoim 0ocmynom
& namamu (NonUniform Memory Access, NUMA). Xorst mawmnisl NUMA umeror siyy-
1Iee CpeiHee BpeMsl AOCTYIIA K MaMsITH, YeM MAILHLI Ha 6a3e oMera-ceTeil, y HUX eCTh
CBOH MPOGJIEMDI, CBSI3aHHBIE C T€M, YTO pa3MellleHre TIPOrpaMM U AaHHbIX HEOOXOAU-
MO MPOU3BOAHTDb TaK, 4TOObI OOJIbLIAS YacTbh OOpallleH il 1A K JIOKATbHOII MaMsTH.

1.3.2. FTOMOreHHblie MyJIbTUKOMMNbIOTEPHbIE
CUCTEMbI

B oT/iinyme 0T MyJILTHIIPOLIECCOPOB MOCTPOUTD MYJIBTUKOMITBIOTEPHYIO CUCTEMY OTHO-
cuTesIbHO HecstoxHOo. Kaskablil mpolieccop HanpsiMyIo CBSI3aH CO CBOel! JIOKaJIBHOIT ma-
MATbIO. EAMHCTBEHHAsT ocTaBwasicst npobjemMa — 3T0 0blLeHHe TIPOIECCOPOB MEXIY
co6oii. ITOHATHO, 4TO U TYT HEOOXOAMMA KaKasl-TO CXEMa COeJMHEHUS], HO TIOCKOJIbKY
HaC MHTEPECyeT TOJIbKO CBsI3b MEXKAy Tpoiieccopami, obbeM Tpaduka Oyaer Ha lie-
CKOJILKO TIOPSIIKOB HIDKE, YeM MPU UCIOJb30BAIHN CETH IS TojiAepKanust Tpaguka
MEKIy TPOLECCOPaMi U MaMSIThIO.

CHayasia Mbl pacCMOTPHM IOMOTE€HHbIC MYJIbTUKOMIIbIOTEPHDIE CHUCTeMbl. B aTHX
cUcTeMaX, M3BECTHBIX IO/ Ha3BaHHeM cucmemuvix cemet (System Area Networks,
SAN), y3Jibl MOHTHPYIOTCSI B GOJIBILIOI CTONHKE H COeANHSIOTCS. eAMHOH, 0GBIMHO BBICO-
KOCKOPOCTHOH ceTblo. Kak u B MpeAbLIyLIEM CIyyae, 11aM IIPHAETCS BHIOHPATh MEXIY
CHCTEMaMU Ha OCHOBE LIMHHOW apXHUTEKTYPbl U CUCTEMaMH Ha OCHOBE KOMMYTAlIUH.

B MyJIbTUKOMIIBIOTEPHbIX CHCTEMAX C WIHMHNOH apXHTEKTYPOH NpPOLeccopnl COeau-
HSTIOTCSl MIPU NIOMOLIN Pa3/iesisieMOi CeTH MHOXeCTBEHHOro aoctymna, HanpuMep Fast
Ethernet. CxopocTb nepenaun gaHHbIX B ceTd o6bruHO paBHa 100 M6ur/c. Kak u B
cJlyuyae MyJIbTHIIPOLIECCOPOB € LIMHHOH apXHTEKTYPOii, My IbTHKOMIbLIOTEPHbIE CHCTe-
MBI C LIHHHOM apXHUTEKTYpOil HMEIOT OrpaHH4YeHHYI0 MacuITabupyeMocts. B 3aBucu-
MOCTH OT TOTO, CKOJIbKO Y3JI0B B I€ACTBUTEILHOCTH HYXKAAIOTCS B 0OMElie JaHHBIMU,
0OBIYHO HE CJIEAYET OXHIATh BHICOKOH TPOM3BOMUTEBIIOCTH IIPU TPEBBILIEHUH CUC-
teMoii npeaesna B 25-100 yasos.

B KOMMYTHPYEMBIX MYJIbTUKOMITBIOTEPHBIX CHCTEMAaX COOOIIEHHS, IiepeaBaeMble
OT MpPOIeCCcopa K MPOLECCOPY, MAPUPYMUIUPYIOMCSL B COEMHUTEIbHOIM CETH B OTJIHU-
YME OT MPUHSTHIX B IIMHHOM apXUTEKType LIMPOKOBELIATeJbHbIX PacChLIOK. Bblio
NPEeJIOKEHO M MOCTPOEHO MHOXECTBO Pa3JIMYHBIX TOIOJIOTHI. /[Be nmomyssipHbie TO-
TMOJIOTHH — KBaZpaTHbIC PEILETKHN U runepKybbl — npeactasiieHsl Ha puc. 1.7. Peuier-
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KH [POCTHI [Is1 HOHUMaHUsI U YAOOHBI U151 pa3pabOTKH Ha UX OCHOBE TeYaTHbIX IJIaT.
OHu ITpeKpacHO MOAXOAST AJIsS PElIeHUsT ABYXMEPHBIX 3a/ay, HAIIPUMep 3a/a4 TeOPIin
rpacd0B UM KOMITBIOTEPHOTO 3peHus (ry1asa po6ota, aHanus ¢GoTtorpaduit).

Puc. 1.7. PeweTka (a). Nvnepky6 (6)

Tunepxy6 (hypercube) npencrasisier coboit ky6 pasmepHoctd 7. [unepky6, mo-
KasaHHbIA Ha puc. 1.7, 6, yeTbipexmepeH. Ero MOXKHO MpPENCTaBUTh B BHIAE ABYX
00bIYHBIX Ky6oB, ¢ 8 BepurHamMu u 12 pebpamut kaxkabiii. Kaxnpast BepuHa — 3ro
npoueccop. Kaxnoe pe6po — 310 CBsI3b MEXIY ABYMs poieccopamu. COOTBETCTBYIO-
1I[M€e BEPIIMHBI 060UX KYOOB coefMHeHbl Mexay coboi. [l paciuupenus runepky6a
B IATOE U3MEPEHHME MbI JOJUKHBI 100aBUTh K 3TOH (Urype ele OAUH KOMIUIEKT U3
IBYX CBSI3aHHBIX KyOOB, COEJIMHUB COOTBETCTBYIOLIME BEPIIMHBI IBYX MOJOBUHOK (hu-
rypbl. TakuM e 06pa3oM MOXKHO CO31aTh MIECTUMEPHBIH KyO, CEMUMEPHBIH U T. 1.

KoMMyTupyeMble MyJIbTHKOMIIBIOTEPHBIE CUCTEMBI MOTYT OBITh OYe€Hb Pa3HO0G-
pasubl. Ha 071HOM KOHIle CIIEKTpa JIEXKaT MpOoueccopvl ¢ MAcCOBLIM NAPANLeIUIMOM
(Massively Parallel Processors, MPP), TuTaHTCKHE CyIIEPKOMIILIOTEPHI CTOMMOCTHIO BO
MHOI'O MUJIJIMOHOB JI0JIJIAPOB, COAepsKalllie ThICsYM IpoleccopoB. Hepenko oHu co-
OGUpAIOTCs U3 TEX JKe MPOLECCOPOB, KOTOPBIE UCIOJIB3YIOTCSI B PaGOUHX CTAHIIUSIX WIIH
NePCOHAJILHBIX KOMIbIoTepax. OT ApyruxX MyJIbTUKOMIBIOTEPHBIX CUCTEM UX OTJIHYA-
€T HaJMuMe MaTEeHTOBAHHBIX BBICOKOCKOPOCTHBIX COEAMHHUTENbHBIX ceTell. ITH ceTu
MPOEKTUPYIOTCS B pacueTe Ha Majloe BpeMs 3a/Iep’KKHM U BBICOKYIO MPOIYCKHYIO CIO-
cobHocTh. KpoMe Toro, IpeAnprHUMAIOTCS CHelMalbHble MEPBI IS 3alUThl CUCTEMBI
oT cboes. IIpy HaMIMUMUK THICSY IIPOLIECCOPOB KAXKAYI0 HEIENI0 KaK MHHUMYyM He-
CKOJIbKO OyAYyT BBIXOAWUTH U3 CTpOsi. Henb3st AOIMyCTUTh, YTOObI [TOJIOMKA OJHOTO U3
HUX NPUBOAMJIA K BBIBOLY U3 CTPOS BCel MAIMHBI.

Ha apyrom xoHie criekTpa Mbl 0OHapyKMBaeM MOMYJISIPHBIA THII KOMMYTHPYEMbIX
MUKPOKOMIIBIOTEPOB, U3BECTHBIX KaK kaacmepvl pabouux cmanyui (Clusters Of Work-
stations, COW'), 0CHOBY KOTOPBIX COCTaBJISIIOT CTAHAAPTHbIE MEPCOHATBHbIE KOMIIBIO-
Tepbl WK paboune CTaHLIMH, COeqUHEHHBIE TOCPEACTBOM KOMMEPUYECKUX KOMMYHHKa-
IMOHHBIX KOMIIOHEHTOB, TakuX Kak Kaptbl Myrinet [70]. CoenuHurtenbHble ceT —
BOT TO, uto oTimyaeT COW or MPP. Kpome Toro, 06614HO He TIpeANpUHUMAETCS HU-
KaKux 0COOBIX Mep IS TIOBBIIIEHHSI CKOPOCTH BBOJA-BBIBO/A MJIM 3alUTBI OT cHOEB
B cucreme. Ilomo6ubiit noaxoxn aenaer COW 1poliie 1 geiese.
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1.3.3. FeTeporeHHble MYNIbTUKOMMNbIOTEPHbIE
CUCTEMbI

Hauboubluree yucio CyuiecTBYOUIMX B HACTOSIIIEE BPEMSI PACTIPENEEHHDBIX CUCTEM T10-
CTPOEHO 0 CXeMe reTEPOTeHHbIX MYJIbTUKOMITBIOTEPHBIX. DTO 03HAYAET, YTO KOMIIbIO-
Tepbl, SIBJSIOIIMECS YaCTsMH 3TOM CHCTeMbl, MOTYT ObITb KpailHe pasHOO6GpasHbI,
HanpuMep, IO TUIY Tpolieccopa, pa3Mepy NMaMsTH M NMPOU3BOJHUTENbHOCTH KaHAJIOB
BBOJa-BbIBoJa. Ha mpakTuke poJjib HEKOTOPLIX M3 3THX KOMIIbIOTEPOB MOLYT HCIIOJI-
HSITb BBICOKOIIPOM3BOAUTE IbHbIE TTapaslyleIbHble CUCTEMBl, HalpUMep MYJIbTUIIPOLlec-
COpHbIe UM FOMOTEHHbIe MYJbTHUKOMIIBIOTEPHBIE.

CoenuHsIOWAas UX CETb TAKXKE MOXeT ObIThb CUJIBHO HeoxHOpoaHOU. Tak, Hampu-
Mep, aBTOPbI 9TOIl KHUIM MOMOTaJ pa3pabaTbiBaTb CAMOAENBHYIO PaclpeneeHHYI0
KOMIIbIOTEPHYIO CHCTeMY, HadBaHHY10 DAS, cocrosiiiyio 13 YeTbIpeX KJIacTePOB MYJIb-
TUKOMITBIOTEPHBIX CUCTEM, COEJMHEHHBIX BBICOKOMPOU3BOAUTENbHBIMU ATM-KkoMMy-
tupyeMbiMiU KaHasaMu. Dortorpaduu 3TO# cUCTEMBI M CCBIIKM HAa MCCJIENOBAHMUS,
NPOBOJIMMBIE Ha Hell, MOXKHO HaliTH 1o aapecy http://Www.cs.vu.nli-balldas.html. Kia-
CTepPbl Takke ObLIM CBSA3aHbI MEXIY c0O0il yepe3 craHAapTHble VHTepHeT-coennHe-
Hust. Kaxapiit knacrep copepxan oauHakonble npoueccopbl (Pentium IIT) u coenu-
Hs1o1yI0 UX cethb (Myrinet), HO pa3auyascs 1o yncay npoieccopos (64—-128).

JIpyruM npuMepoOM reTeporeHHOCTH SIBJISIETCS! CO3/laHue KPYMHLIX MYJbTHKOMIIb-
IOTEPHBIX CUCTEM C MCIOJb30BAaHUEM CYILECTBYIOLIUX ceTeil U KaHanoB. Tak, Hampu-
Mep, He SIBJISIETCS YeM-TO HEOOBIYHDIM CYLIECTBOBAHHE KAMITYCHBIX YHHBEPCHTETCKUX
pacripejieJIEHHbIX CUCTEM, COCTOSILUX M3 JIOKAJILHDIX ceTell pa3IMYHbLIX (haKyIbTeTOB,
COEIMHEHHBIX MEXIy CO60M BBHICOKOCKOPOCTHBIMHM KaHajaMu. B riobanbHbiX cucre-
Max pasJIMyHble CTAHLIUK MOTYT, B CBOIO OYEPEb, COENUHSITHCS 00IEeA0CTYITHBIMU Ce-
TSIMM, HAIIPUMEP CETEBbIMH CJIYKOaMH, TpeiaraeMbIMi KOMMePUYECKUMH OTlepaTopa-
M cBsi3H, Hanpumep SMDS unun Frame relay.

B ornnume ot cucreM, o6CyKAABIIMXCS B IPEAbIAYLIMX MyHKTaX, MHOTHE KPYITHO-
MaciTaGHble TeTepOreHHbIe MYJIbTUKOMIIBIOTEPHDBIE CHCTEMBI HYXKIAIOTCS B T10062JIb-
HOM NoJX0/e. DTO O3HAYaET, UTO IIPUJIOXKEHMe He MOXeT IpearoaraTb, YTo eMy I10-
CTOSTHHO OyZeT NOCTyIHA onpejesieHHAas MPOU3BOAMTENBHOCTb MJIM OMpeieseHHbIe
cnyx0bl. Tak, B ripoekte I-way [147] HECKOIBKO BBICOKOIIPOU3BOAHTENbHBIX KOMITh-
IOTEPHBIX LIEHTPOB ObLIK CBsi3aHbl yepe3 MurepHer. CorsacHo obuieil MoJiesiu cUcTe-
MbI IIPEATOJIATaN0Ch, YTO TIPHIIOKEHUs OYIyT pe3epBUPOBATh H UCIOJIL30BATb Pecyp-
Cbl JIIOOOTO0 M3 LEHTPOB, HO TMOJHOCTBIO CKPBITh OT NMPHUJIOXKEHUH Pa3HULY MEXIY
LEHTPaMH OKa3aJI0Chb HEBO3MOXHO.

[Tepexonst Kk BonpocaM MaclITaOMPOBaHUSI, TIPUCYLIMM IeTePOreHHbIM CHCTEMaM,
U YYUTHIBASI HEOOXOAUMOCTD TJI06aJIbHOTO MOAXO0/A, NPUCYIIYIO OONbUIMHCTBY U3 HUX,
3aMeTUM, YTO CO3AaHUe IPUJIOKEHUIT 1711 TeTepOreHHbIX MYJIbTUKOMIBIOTEPHBIX CHUC-
TeM TpebyeT Crelualu3uPOBaHHOTO TporpaMMHoro obecrederusi. C aToit npobieMoii
pacripesie/ieHHble CUCTeMbI CIPaBJAOTCA. UT0OObI y pa3paboTYMKOB NPUIOKEHHUI He
BO3HUKAJIO HEOOXOAMMOCTH BOJIHOBATbCS 06 MCIIOJIL3yeMOM allapaTHOM obecreye-
HUHM, PaclipeieleHHbIe CUCTEMBI MPEAOCTABISIIOT MPOrpaMMHYI0 060JIOUKY, KOTOpast
3allMLaeT IPUJIOXKEHUS OT TOro, YTO NMPOMCXOAUT Ha amnapaTHOM ypoBHe (TO eCTb
OHU 06€CMeYHBAIOT MPO3PAYHOCTD).
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1.4. KoHuenuuu nporpaMmMHbIX peLueHnmn

AnmapaTtypa BaskHa IS pacripelesieHHbIX CHCTeM, OHAKO OT NPOrpaMMHOro obecre-
YeHUS 3HAYUTEJILHO CUJIbHEe 3aBUCHT, Kak Takasi cucteMa Oy[eT BLIIJISIIETh HA CAMOM
nese. PacnipesiesieHHble CUCTEMBI OYEHDb ITOXOXH HA TPAAMIIMOHIbIE OlepallioHHbIe
cucteMbl. [Ipesxiie BCero, OHU paboTaIOT KaK Menedicepvt pecypcos (resource managers)
CYLIECTBYIOIETO allapaTHOro 06eCeyeH s, KOTOPbIE TOMOTAIOT MHOXKECTBY HOJIb30-
BaTejieil U TIPUJIOKEHUI COBMECTHO MCIOJIb30BAaTh TaKUE PECYPCHI, KaK IPOLECCOPSHI,
MaMsiTh, nepudepHiiHble YCTPONUCTBA, ceTh U AaHlble BceX BUAOB. Bo-BTOpPLIX, UTO, Be-
posiTHO, 60JIee BasKHO, pacripefesieHHasi CUCTeMa CKPbIBAET CJIOXHOCTb M reTeporeH-
Hyl0 MPUPOLY annapaTHOro obecreyeHus, Ha 6a3e KOTOPOTO OHA NOCTPOEHA, TPeao-
CTaBJIsIsl BUPTYAJIbHYIO MAUIMHY AJISI BBITOJHEHUST TTPUIO)KEHUE.

YTo6bl MOHATb NTPUPOAY PACIPENETEHHOM CUCTEMBI, PACCMOTPHUM CHayasa olepa-
[IMOHHbIE CUCTEMBI C TOYKH 3peHUsT pacnpezneseHHOCTH. OnepaiuoHHbie CUCTEMBI [J15T
pacripesieIeHHbIX KOMIIBIOTEPOB MOXHO BUepHe pa3fie/MTh Ha ABE KATErOPUU — CUJIbHO
CBsI3aHHbIE U CJIa0O CBSI3aHHbIE CUCTEMBI. B CHIILHO CBSI3aHHBIX CUCTEMAX OIEPaLIHOH-
Hasi CUCTeMa B OCHOBHOM CTapaeTcst paboTaTh € OLHUM, [JIOOAIbHBIM [PEACTABIEHHEM
pecypcoB, KOTOpbIMH OHa yrpasisieT. Cinabo CBsi3aHHblE CUCTEMBI MOTYT IPEACTAB-
JIATLCS HECBEAYLIEMY Y€JIOBeKy HaGOpOM ONepallMOHHBIX CUCTEM, Kakaash U3 KOTO-
pbix pabortaer Ha coOCTBEHHOM KomibioTepe. OQHAKO 3TU ONEPALMOHHBIE CHCTEMBI
(YHKIMOHUPYIOT COBMECTHO, JieJiasi COOCTBEHHbBIE CJYKObI IOCTYIIHBIMU APYTUM.

ITO esieHre Ha CUJIBHO U ¢y1abo CBsI3aHHBIE CHCTEMBI CBsI3aHO ¢ Kiaaccubukaimei
annapaTtHoro oGecrie4eHus], IpUBEAEHHON B NpeabiayieM paszese. CUJIbHO CBsI3aH-
Hbl€ OIEPALMOHHbIE CUCTEMBI OOBIYHO HA3BIBAIOTCS PACNPEOeNCIIbIMU ONEPAYUONTLLL-
mu cucmemamu (Distributed Operating System, DOS) 1 UCnONbL3YIOTCS AJs1 yIIpaBJie-
HUST MYJIbTUIIPOLIECCOPHBIMU U TOMOT€HHBIMU MYJIbTUKOMIIBIOTEPHBIMH CHCTEMAMMU.
Kak ¥ y TpaAMLMOHHDBIX OAHOIPOLIECCOPHBIX OTNePAllMOHHBIX CUCTEM, OCHOBHASI 11eJIb
pacripeiesieHHON OMEPalMOHHON CUCTEMBI COCTOUT B COKPBITUM TOHKOCTEll ynpaBnJe-
HHUS annapaTHeIM obecniedeHreM, KOTOPOe OJIHOBPEMEHHO MCIIOJIb3YEeTCsl MHOXKECTBOM
TIPOIECCOB.

CraGo cBsizaHHBIE cemegbie onepayuonivie cucmemot (Network Operating Systems,
NOS') ucnonbayiorcst 115t ynpaBjeHUsi TeTepOreHHbIMH MYJIbTUKOMIIBIOTEPHBIMU CHC-
TeMaMu. XOTsl yIpaBJjeHHe anrapaTHbiM 0OeCTieYeHHEM U SIBJISIETCSI OCHOBHOM 3aja-
yeil ceTeBBIX OTIEPAI[MIOHHBIX CUCTEM, OHM OTJIMYAIOTCSI OT TPAIULMOHHBIX. DTO OTJIHU-
YHe BBITEKAET U3 TOTO (PAaKTa, YTO JIOKAIbHbIE CIYXKObI JOKHBI OBITH JOCTYMHBIMU
IJIsl yIQIeHHBIX KJIMEHTOB. B ciefyoomux MyHKTax Mbl pAaCCMOTPHM B IIEPBOM IpH-
GJIMKEHUU T€ U JPYyTHe.

YTob6b! AeiiCTBUTENBHO COCTABUTD PACIIPe/leIEHHYIO CHCTEMY, CIyK6 ceTeBoil one-
PaIMOHHOMN CUCTEMBI HelocTaTouHO. Heobxoaumo n06aBuTh K HUM IOTIOJHHUTE/bHbBIE
KOMIIOHEHTDI, YTOGLI OPraHU30BaTh JIYUYLIYIO MOAAEPKKY IIPO3PAYHOCTH pacipeesie-
HUSL DTUMMU JIOTIOJHUTEILHBIMY KOMITIOHEHTaMU GY/IyT CPEACTBA, U3BECTHDIC KaK cucme-
Mol npomencymounozo yposus (middleware), KOTOpPbIE U JIEXAT B OCHOBE COBPEMEHHDIX
pacnpeesieHHbIX cucteM. CpencTBa MPOMEXYTOUHOTO YPOBHSI TaKKe 0OCYXKAAI0TCs
B 9T0i r1aBe. B Tabus. 1.3 npeacraBieHbl OCHOBHbIE AaHHbIE [10 PACIIPEIEIEHHBIM H Ce-
TEBBIM OIlEPAIIMOHHBIM CHCTEMaM, a TAKXKEe CPeACTBaM NPOMEXXYTOUHOTO YPOBHSI.
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Ta6nuua 1.3. KpaTtkoe onncaHue pacnpeaeneHHbiX  ceTeBbiX onepaunoHHbIX CUCTEM,
a TakKkxe cpeacTsB NPOMEXYTOHYHOIo YPOBHSA

Cucrtema OnucaHune OcHoBHOe Ha3HayeHue
PacnpeneneHHble CunbHO CBsi3aHHble oNepaunoHHbIE CUCTEMbI CokpbiTue 1 ynpasneHue
onepaumoHHble 0N MYNbTUNPOLLECCOPOB annapaTHbIM

CUCTEeMbI M FOMOT€HHbIX MyNbTUKOMMbIOTEPHBIX CUCTEM obecneveHnemM

CerteBble Cnabo cBasaHHble onepaunoHHbIe CUCTEMBbI MpepocraBneHve
onepaunoHHbie A5 reTeporeHHbIX MyIbTUKOMIbIOTEPHBIX NoKanbHbIX CNYxX6
cucTembl CUCTEeM (NoKanbHbIX UNK rnobanbHbIX ceTein) yOaneHHbIM KNnueHTam
CpeactBa JlononHUTeNbHbIN ypoBEHb NOBEPX CeTEBbLIX O6ecneyeHune
NPOMEXYTO4YHOro onepaumoHHbIX CUCTEM, peanunayioLmi Npo3payHoCcTn

YPOBHS cnyx6bl obLiero HazHa4eHus pacnpeneneHus

1.4.1. PacnpepeneHHble onepauuoHHblie CUCTEMBbI

CyulecTByeT /Ba THIa pacnpesieleHHbIX ONCPALMOHHDLIX clcTeM. Mynvmunpoyeccop-
nas onepayuonnas cucmema (multiprocessor operating system) ynpasJisieT pecypcaMu
MyJIbTUITpoLIeccopa. Myavmuxomnviomepnas onepayuonnas cucmema (multicomputer
operating system) pa3pabaTbIBaeTCsl JUIsi TOMOTEHHBIX MYJIbTUKOMIIbIOTEPOB. DyHK-
LMOHAJIBHOCTb PACNpeJeIEHHBIX OTePALHOHHBIX CUCTEM B OCHOBHOM HE OTJIMYaeTCs
oT GYHKUMOHAIBHOCTH TPAAHIIMOHHBIX OIIEPALIMOHHBIX CUCTEM, NTPeAHA3HAYCHHBIX ISt
KOMIIBIOTEPOB C OAHUM MPOLECCOPOM 32 HCKJIICUEHHEM TOTO, YTO OHA NOAJLEPKUBAET
(byHKIMOHMPOBaHME HECKOJIbKUX Ipolieccopos. [Toatomy maBaiite KpaTko 0OCynuM
olepalMoOHHble CHCTEMBI, TPEAHA3HAUEHHBIE 111 OOBIKHOBEHHBIX KOMIIBIOTEPOB C Of1-
HUM MpolleccOpoM. BBenenue B onepaiyontble CUCTEMBL [JISE OZHOIO M HECKOJBKUX
NPOLIECCOPOB MOKHO OTBICKATh B [447].

Onepauuouuble CUCTEeMbI Ang oaHONpoLuecCOpHbIX
KOMMNbIOTEepoB

OriepallMOHHBIE CUCTEMBI TPAZAUIIMOHHO CTPOUJIUCH JJIsl YTIPaBJICHHSI KOMIIbIOTEpaMU
¢ ontiuM Tiporieccopom. OCHOBHO# 3azaueil aTUX cucTeM Oblia OPraHM3aLMsl JIETKOTO
JOCTYyNa TOJb30BaTeJell U NPUJIOXKEHMH K pa3lesisieMbIM YCTPOHCTBaM, TaKUM Kak
Npoleccop, MaMsiTh, JUCKU U Nepudepuiiible ycTpoiicTBa. ['oBopst o pa3zaesieHuu pe-
CYPCOB, MBI MeEEM B BUJy BO3MOXKHOCTb HCITOJIb30BaHMS OZHOTO M TOTO Ke amnmnapar-
HOTo 0OecrieveH sl PA3JIMUYHBIMHU MTPUJIOXKEHUSIMU U30JIMPOBAHHO APYT OT Apyra. Jlust
MPUJIOKEHUST 3TO BBITJISLIUT TaK, CJIOBHO 3TH PECyPChl HAXO/STCS B €r0 MOJHOM pacro-
PSIKEHUH, TIPH 3TOM B OTHO¥ CHCTEeMe MOKeT BBITTOJIHSTHCSI OTHOBPEMEHHO HECKOJIbKO
[IPUJIOXKEH UL, KAXKI0€ CO CBOUM COGCTBEHHBIM HAabOPOM pecypcon. B aTom cMbicsie ro-
BOPSIT, YTO OIMEPALHOHHAsI CUCTEMA PEAUIYET supmyanviyio mawuny (virtual machi-
ne), NpeAOCTaBJIsIs NPUIOXKEHUSIM CPEACTBA MYJIbTU3aMaYHOCTH.

BaxHbIM acneKToM COBMECTHOIO MCII0JIb30BaHMS PeCYypPCOB B TaKOH BUPTYaJbHOM
MalliHe sSBJsieTCsT TO, YTO MPUJIOKEHUST OTAEJIeHbI IPYT OT Apyra. Tak, HeBO3MOXHa
CUTyalUusl, KOrna Npy OAHOBPEMEHHOM HCIMOJHEHUM ABYX ITpuJoxeHuil, A u B, npu-
JloXeHue A MoXKeT U3MEHUTDb JaHHbIE NPUIOXKeHUsT B, npocto paboTas ¢ Toil YacThlo
ob1el mamsITH, TAE 3TU AaHHble XpaHsaTcs. Taxoke TpeOyercsi rapaHTHUPOBATh, YTO
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NPUJIOKEHUST CMOTYT UCIIOJIb30BATh NMPENOCTABIEHHBIE UM CPe/ICTBA TOJIBKO TaK, KaK
npeAnucato onepauvonHoii cucremoil. Hanpumep, npusoxennsm oObIMHO 3arpe-
IIEHO KOMUPOBaTh CO0OIEHMs MTPSIMO B ceTeBoi MHTepdelic. Bsamen onepaunonnas
cUCTeMa TPEOCTABIISIET TIEPBUYHBIE OIIEPALMH CBSI3H, KOTOPbIE MOKHO HCII0JIb30BaTh
1151 TIEPECBIJIKK COOOIIEHHH MEXAY MPUTOXKEHUSIMU Ha Pa3IMYHbIX MalIMHAX.

CrieoBaTesbHO, ONIEPALMOHHASI CUCTEMA JOJKHA ITOJIHOCTHIO KOHTPOJIHPOBATh UC-
NOJMb30BaHWe U paclpesiesieHne ammapatibix pecypcon. [Toatomy GOJBUIMHCTBO Tpo-
1IECCOPOB MOAAEPKHUBAIOT KaK MUHUMYM /B2 peskiMa paboTbl. B peacume sopa (kernel
mode) BBITIOJIHSIIOTCSI BCe pa3pelleHble MHCTPYKUUH, a B X0/I€ BbIIIOJTHEHUS] JOCTYITHA
BCsI MMEIOLIAsICS MTaMATh U JiloOble peructpbl. HanmpoTus, B n01b308amensckom pejcume
(user mode) mOCTYN K perucTpaM ¥ MaMsTH orpanudeH. Tak, MPHJIOXKeHUio He Oyaer
N03B0JIEHO paboTaTh C MAMSTHIO 32 TIpefesaMu Habopa apecoB, YCTAHOBIEHHOTO st
HEro OoIepalioOHHON CUCTEMOM, MM 06palaThCsl HAMPSIMYIO K PETHCTPaM YCTPOUCTB.
Ha Bpemst BbIMOJHEHMs] KOJAa OIEPALIMOHHON CHCTEMBI IPOLIECCOP MePeKTIOYAETC s
B pexxuM sinpa. OHAKO eIMHCTBEHHBIN COCO6 MePeiTH 13 TOJIb30BATEILCKOTO PEKUMA
B PEXXUM siIpa — 3TO CAeJIaTb CHCTEMHBIH BBI30B, Pealu3yeMblil yepe3 onepalMoHHYIO
cuctemy. ITOCKOJIBKY CUCTEMHBIE BBI30BBI — 3TO JIMIIL GAa30Bbie CNYKOBI, IPENOCTAB-
JiseMble OIIepalIOHHOM CHCTEMOH, M ITOCKOJBbKY OrDaHHYeHHe AOCTyNa K HaMsITH
Y PerucTpaM HepelKo peasn3yeTcs almapaTHO, ONePallOHHast CHCTeMa B COCTOSIHUH
MOJTHOCTBIO UX KOHTPOJIMPOBATh.

CyiuecTBOBaHME ABYX PEKHUMOB PabOThI MPUBEJIO K TAKOM OpraHMU3aliu onepaiu-
OHHBIX CUCTEM, IIPH KOTOPOI MPAKTHYECKU BECh UX KOJ BBIMOJIHSETCS B PeXUMe spa.
Pe3ysnibTaToM 4acTO CTAaHOBSITCSI TMTAHTCKHE MOHOJIMTHBIE TIPOrPaMMbI, paboTaiolne
B eIMHOM ajipecHOM mpoctpaHcTBe. OGOPOTHAsI CTOPOHA TAKOrO TMOAX0/a COCTOUT B
TOM, UTO TIEPEHACTPOUTH CHUCTEMY 4acTO OblBaeT HeJerko. J[pyrMMu cioBamu, 3aMe-
HUTbh WJIM afalTUPOBATh KOMIIOHEHTHI OMEPALMOHHOM cHCTeMbl (€3 TIOJIHOM mepe3a-
IPYy3KH, a BO3MOXHO U IOJTHOH MEPEKOMITMIISILMY ¥ HOBOI YCTAaHOBKU OYEHb TPYIHO.
C TOYKHU 3peHMs] OTKPBITOCTH, IIPOEKTUPOBAHHSI TIPOIPAaMM, HAJAEKHOCTH WU JIETKO-
CTH 06GCITY>KMBaHUSI MOHOJIUTHBIE OTEPAIlMOHHbIE CHCTEMbl — 3TO HE camasl JIyullast
U3 uzem.

Bosee ynoben BapHaHT ¢ opraHu3aiiieil OrepaiiMoHHON CHCTEMbI B BU/IE IBYX Yac-
Teil. OniHa YacTh COMEPKUT HAGOD MOMYJIeH MUISl YIIpaBJIeHUsl allTapaTHbIM obecreye-
HHEM, KOTOpble MPEeKPAaCHO MOTYT BBIMOJIHSITLCS B MOJIL30BaTeNbCKOM pexxuMe. Ha-
npuMep, yIpaBJeHHe [TaMsIThi0 COCTOMT B OCHOBHOM U3 OTCJIEXHUBAHUS, Kakue 0JI0Ku
[aMsITH BbIIeJIEHBI TI0/] TIPOIIECCHI, 2 KaKkhe cBOOOMHBI. ENHCTBEHHBIA MOMEHT, KOTAa
MBI Hy>/laeMcsi B paboTe B PEXXHMME s1[[Pa, — 3TO YCTAHOBKA PErUCTPOB 6JI0Ka yrpaB-
JIeHUsI TTaMSTBIO.

Bropast yacth omepanMOHHONW CHCTEMBI COAEPKUT HEGOJIbIIOE MUKposdpo (mic-
rokernel), conepauiee MCKJIIOYUTENBHO KOJI, KOTOPbIil BBIMIOJHAETCS B PEXUME sapa.
Ha npaktnke MUKPOSIZIPO NOJIKHO COAEPKATb TONBKO KOJ JUIsl YCTAHOBKU PETUCTPOB
YCTPOICTB, TIepeKJIIoYeH s ITPOLIECCopa C MPOLeCca Ha IIpoLece, paboThl ¢ GJIOKOM yIIpaB-
JIEHUs] AMSITBIO M MepexBaTa alllapaTHbIX mpepbiBanuil. Kpome Toro, B HeM 0ObIYHO
COLEPXKUTCS KOJI, NMpPeobpasyIolinil BbI30BBI COOTBETCTBYIOIMX MOJIYJIEH I10Jb30Ba-
TeJIbCKOTO YPOBHSI OTIePALlIOHHOI CHCTEMBI B CHCTEMHbIE BBI30BbI U BO3BPALIAIOLIMI
pe3yabTaThl. Takoi MOAXOA NMPUBOAUT K OPraHM3allfM, MOKa3aHHOH Ha puc. 1.8.
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Mexay MogynsiMu OTCYTCTBYET HenoCcpeaCTBEHHbIN OBMEH AaHHLIMM

WHTepdeiic
onepauuoHHowM
cucTems! MoHnoKeHMe Moayns dainnosblit Monb3oBaTenbCKuit
P npouecca Moaynb pexum
Pexum sigpa
A Mukposigpo
CucreMHbIA
BbI30B Annaparypa

Puc. 1.8. PazfneneHne npunoxeHunii B onepauMoHHON CUCTEMe NOCPeACTBOM MUKposapa

Vcrosib3oBaHre MUKpPOsIIpa JaeT HaM pasHoobpasHble mpenmyiectsa. Haubosee
BaXHOE M3 HUX COCTOUT B TMOKOCTHU: MOCKOJIbKY GOJIbIAsT YACTh ONEPALIMOHHON cHC-
TEMBI UCIIOJIHSIETCS B TI0JIb30BATEILCKOM PEXXMMe, OTHOCUTENbHO HECJIOKHO 3aMEHUTD
OIIMH U3 MOJyJiel 6€3 MOBTOPHOM KOMITHJISIIMY WJIH TIOBTOPHOM YCTaHOBKH BCEM CHC-
TeMbl. [[pyroii cepbe3Hblil ITIOC 3aKJII0YAETCSI B TOM, YTO MOZYJIM MTOJIb30BATENIbCKOTO
YPOBHSI MOTYT B IIPHHIIUIIE pa3MeLlaTbCsl Ha PasHbIX MalllMHaX. Tak, Mbl MOXeM yCTa-
HOBUTb MOJYyJIb yIipaBjieHus ¢daiislaMy He Ha TOM MalllMHe, Ha KOTOPOH OH yIIpaBJisieT
cityx60it karanoros. JIpyrumMu cioBaMH, MOAXOXA C HUCIIOJIb30BaHHEM MHUKPOSApPA OT-
JINYHO TIOAXOIUT ISl NTEPEHOCA OAHOIPOLIECCOPHBIX ONEPAlMOHHBIX CHCTEM Ha pac-
npeziesieHHble KOMITbIOTEPBI.

Y MUKpOsiIep UMeeTcsl 1Ba CyLIeCTBEHHBIX HexocTaTka. Bo-mepBbix, onu pabora-
IOT MHaye, YeM CYIIeCTBYIOIME ONepPallMOHHbIe CUCTEMDI, a IOMBITKU ITOMEHSITD CJIO-
JKUBIIEECST «CTaTyC-KBO» BCErZa BCTPEYAIOT aKTUBHOE CONPOTHUBJIEHUE («EeCTH 3Ta
OTlepallMOHHAs] CUCTEMA MOAXOAMJIA AJISI MOEro [iela — OHAa IOJAOHMIET U IJIst MEHsI» ).
Bo-BTOpBIX, MUKPOSAAPO TpeOYeT AOMOJHUTENLHOrO OOMEHa, YTO CJIErKa CHUXKAeT
[POU3BOAMTENBHOCTD. OHAKO, 3HAst KAaK GLICTPBI COBPEMEHHBIE TIPOLIECCOPDI, CHUXKE-
HUe TTPOM3BOAUTENHHOCTH B 20 % BPSII JIM MOXHO CYHTATh (haTaIbHBIM.

MynibTUNPOLLECCOPHbIE OonepaLoHHble CUCTEMbI

Ba)KHI)IM, HO 4aCTO He€ CJIHMIIKOM OYE€BHUAHBIM pAaCHIMDEHHEM OAHOIIPOUECCOPHBIX OIle-
PallMOHHBIX CHUCTEM SBJIAETCA BO3MOXXHOCTb INOAAEPXKKH HECKOJBKUX IIPOLECCOPOB,
HUMEIUIUX AOCTYII K COBMECTHO I/ICHOJIb3y€MOﬁ MIaMsATH. KOHHeHTyaJIbHO 9TO pacuiu-
pE€HHrE HECJIOXHO. Bce CTPYKTYDPbI JaHHBIX, HeO6XOJ.IHMbIe OHepaHMOHHOﬁ CUCTEME IJIA
NOAAEPXKKHU allllapaTypbl, BKIIOYasA IIOAAEPXKKY HECKOJIbKHUX ITPOLECCOPOB, pa3Mella-
1orcst B mamsiti. OCHOBHast pa3HHulla 3aKJII0Ya€TCA B TOM, YTO TEIIEPb 9TU JaHHbBIE J1OC-
TYINIHBI HECKOJIbKHUM IIPOLECCOPaM U JOJI)KHbI OBITh 3alllMIIEHBI OT NNapaJlJIeJIbHOTO JOC-
Tylla Ui obecrieyeHus Ux 1[€JIOCTHOCTH.

OnHako MHOrue OornepalniMOHHbIE CUCTEMBDI, 0COGEHHO npe€AHa3Ha4dY€HHbIE IJIA IIEP-
COHaJIbHBIX KOMIIBIOTEPOB U pa6oq1/1x CTaHIIUH, He MOTI'YyT C JIETKOCTBIO MOAAEPIKUBATDH
HECKOJIbKO IIPOLECCOPOB. OcHoBHas IpUYMHA TAKOIro INoBeJE€HHA COCTOUT B TOM, UTO
OHH ObLIN p33pa6OTaHbI KaK MOHOJIUTHBIE ITPOIrPaMMbI, KOTOPbI€ MOT'YT BbLIIIOJIHATbHCA
TOJIBKO B OAHOM IIOTOKE€ YIIpaBJIECHHU. Apanraumsi Takux OIIEPAllMOHHBIX CUCTEM IIOJ
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MYJIbTUIIPOIIECCOPHbIE O3HAYaeT MOBTOPHOE MPOEKTHPOBaHNE U HOBYIO pealn3aluio
Bcero siapa. CoBpeMeHHbIE ONEPAllMOHHBIE CHCTEMbl M3HAYANbHO Pa3pabaThbiBaiOTCS
C yYeTOM BO3MOXKHOCTH PabOThI B MYJIbTUIIPOLIECCOPHBIX CHCTEMAX.

MHororpoiieccopHble orepalMoOHHble CHCTEMbI HalleJIeHbl Ha To/iiepKaHue BbICO-
KOi1 IIPOU3BOAUTENBHOCTU KOH(PUTYPALUI C HECKOJIBKUMH IIpolieccopaMy. OCHOBHas
ux 3amaya — 06ecreynTdb MPO3PAayHOCTh YUCJIA MPOLECCOPOB JJIsi puoxeHus. Cre-
JIaTh 9TO JIOCTATOYHO JIETKO, MOCKOJIbKY COOOIIeH e MEXIY Pa3IMYHBIMU MPUJIOXKE-
HUSIMH WJIK UX 4aCTSIMU TpeOyeT Tex e MPUMHUTHBOB, UTO U B MHOT03aJJauHbIX OJHO-
NPOLIECCOPHBIX OIEPAllMOHHBIX cHCTeMax. Vest COCTOMT B TOM, 4TO Bce cooblieHue
[POMCXOAUT MyTeM pabOThl C NAHHBIMU B CIIEIIMATBHON COBMECTHO UCIIOIb3yeMOii 06-
JIACTH JAHHBIX, ¥ BCE YTO HaM HY>XHO — 3TO 3alUTUTb AAHHbIE OT OJHOBPEMEHHOIO
JNOCTYNa K HUM. 3allliTa OCYLIECTBJISIETCS] IOCPEACTBOM IPHUMHUTHUBOB CHMHXDOHM3a-
uuu. [Ia Haubosiee BaXHbIX (M SKBUBAJEHTHBIX) IPUMUTUBA — 3TO ceMa(Opbl U MO-
HUTOPBI.

Cemagpop (semaphore) MoxeT ObITb TIPENCTaBJIEH B BUJE 1IEJIOTO YMC/A, TOLAED-
JKMBAIOLIETO JBe onepauuu: up (yBeauunutb) u down (yMeHbLUTh). IIpu ymeHblIEHNH
CHayaJsa IpoBepsieTCs], MpeBbiliaeT U 3HaueHue cemadopa 0. Eciu 310 Tak, ero 3ua-
YeHUe YMEHbIIAeTCsl U BBINOJIHEHWE TIpoliecca NpoaosikaeTcs. Eciu xke 3HaueHue ce-
Macdopa HyJieBoe, BBI3bIBAIOIIMIT mpoiiecc Gyokupyercsi. OnepaTop yBeIH4YeHUst CO-
BepLIaeT IMPOTHBOIOJIOXHOe AeiicTBUe. CHayasia OH MPOBepsieT Bee 3a6/10K1POBaHHbIE
B HACTOsIIIEE BPEMS TIPOLIECCHI, KOTOPbIe ObLIN HECTTOCOOHBI 3aBEPLIUTLCS B XO/I€ Mpe-
NbIAYLIEH orepalMd yMeHbIleHusl. ECIM TakoBble CYIECTBYIOT, OH pa30JOKUpYeT
OIVH M3 HUX M TPOAOXKaeT pabory. B NpOoTHBHOM ciiyyae OH MPOCTO YBEIUYUBAET
cueTynk ceMacopa. PazboKMpOBaHHBII TPOLIECC BBIIOJHSIETCS 10 BbI30Ba Ollepally
yMeHbllIeHHs. BaXXHbIM CBOMCTBOM onepaluii ¢ cemagopaMu SIBJISIETCSI TO, YTO OHHU
amomapnwt (atomic), TO €CThb B CJIyyae 3aMycKa ornepaluy YMeHbUIEHUST WX YBeJInye-
HUSI 10 MOMEHTa ee 3aBeplieHust (MM 10 MOMEHTa GJIOKUPOBKH Ipoliecca) HUKaKoM
JPYTO¥ Mpoliecc He MOXKET MOJYYUTh AOCTYI K ceMadopy.

V3BecTHO, UTO MPOrpaMMHMPOBAHUE C UCIIOJIb30BaHHEM ceMadOPOB /Jisi CHHXPOHU-
3alMU TIPOLeCcCa BbI3BIBAET MHOXECTBO OILIMOOK, KPOME, pa3Be uTo, CIydaeB IPOCTOM
3alIUTHI pa3lesisieMblx AaHHbIX. OCHOBHasl MpobjeMa COCTOMT B TOM, YTO HajJuyue
ceMaOpoB IPUBOJAUT K HECTPYKTYpUPOBaHHOMY Koay. Iloxoxkast cuTyalust Bo3HUKa-
€T IIPY 4acTOM HCIOJIb30BaHMU Ie4yaJbHO U3BECTHOH MHCTPYKUMHU goto. B kauecTBe
aJbTepHATHBBI ceMadopaM MHOrMe COBpeMeHHble CUCTEMbI, MOANEePKUBAIOLIME Ta-
pajuiesIbHOe NPOrPaMMHMPOBaHUE, TIPENOCTABISIOT GUOIMOTEKH Uil Pean3alyi MOo-
HUTOPOB.

@opmanbHO Monumop (monitor) TpeaCTaBisieT co00il KOHCTPYKIIMIO sI3bIKA MpPO-
rPaMMHPOBaHUsI, TAKYIO e, KaK 06beKT B 0ObEKTHO-OPHEHTUPOBAHHOM MTPOTPaMMU-
poBanuu [200]. MoHUTOpP MOKET pacCMaTpPUBATLCSI KaK MOJYJIb, COJEPKAIINUM Tepe-
MeHHble M TpoleAypbl. JlOCTynm K MepeMeHHbIM MOXXHO IOJIYYHUTh TOJIBKO ITyTEM
BbI30Ba OJTHOH M3 INpOLIEAYP MOHUTOpa. B 3TOM CMBICIe MOHUTOD OYeHb IOXOX Ha
06peKT. OOBEKT TakKe HMeEeT CBOM 3alLMIIEHHbIE JaHHbIE, TOCTYI K KOTOPHIM MOXHO
TMIOJIyYUTb TOJIBKO 4Yepe3 MeTO[bl, PeaIM30BaHHbIe B 3TOM 06bekTe. PasHulla Mexay
MOHHUTOPaMM ¥ 0OBEKTAMH COCTOUT B TOM, YTO MOHHUTOP Pa3pelliaeT BbINOJIHEHUE TIPO-
LeJypbl TOJIBKO OJHOMY TPOLECCY B KaXKIblii MOMEHT BpeMeHU. J[pyruMu ClOBaMH,
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€CJIM TIpOLIeAyPa, COAEPIKaIasicsl B MOHUTOPE, BBINOJIHSIETCS poleccoM A (MbI TOBO-
puM, 4yTO A BolleJ B MOHUTOP) U Ipolecc B Takxke BLi3bIBAaeT OJHY U3 MPOLEAYP MO-
HUTOPA, B Gyaer 6I0KMPOBaH 10 3aBepLIEHHsI BBIIOIHEHUST A (TO €CTh 10 TeX Top, Mo-
Ka A He MOKMHET MOHUTOD).

B xauecTBe mpuMepa pacCMOTPUM IIPOCTOM MOHMTOp AJIs1 3AlIMUTHI LieJIOH Iepe-
MeHHOI (JucTHHT 1.1). MOHUTOP COAEPKUT OAHY 3aKpBITYIO (private) nepeMeHHyIo
count, ZOCTYIl K KOTOPOH MOXHO MOJIYYHUTb TOJBKO 4Yepe3 TPU OTKPBITHIX (public)
HpOLEeAYyPbl — YTEHMs] TeKYILIeTo 3HA4YeHMs], YBeJUYeHUs] Ha €JHUHHUIly U yMeHblie-
Hust. KOHCTpyKIMst MOHUTOpA rapaHTUPYeT, 4To Jito60il mpoliecc, KOTOPLIH BbI3bIBAET
OZIHY U3 3THX IIPOLEAYP, [I0JYyYUT aTOMapHbIi JJOCTYN K BHYTPEHHUM JaHHBIM MOHU-
Topa.

NucTtunr 1.1. MoHWTOpP, NpeaoxXpaHsoWmiA Leioe YCNOo OT NapannesbHoro Joctyna

monitor Counter {

private:
int count = 0:

public:
int value() { return count: }
void incr() { count = count + 1;}
void decr() { count = count - 1;}

WTak, MOHUTOPBI IPUTOJHDI AJ151 IPOCTOM 3alIMThl COBMECTHO HCIIOJIb3yeMbIX [aH-
Hbix. OHAKO U1 YCJIOBHOI 6JIOKMPOBKU mporecca Heobxoaumo Gosbiree. Hampu-
Mep, NPEANOJIONKUM, HAaM HYXHO 326I0KMPOBaTh MPOLIECC IIPU BHI30BE OMEpalUy
YMEHBILEHHUSI, €C/IM OGHAPYKMBAETCS, YTO 3HAYEHHe count paBHO HyJo. st aTOM 1ie-
JIM B MOHUTOPAX UCHOJIb3YIOTCS YCa08Hble nepemennvie (condition variables). Ito cre-
L[MajibHble TIepeMeHHble ¢ ABYMsl JIOCTYNHBIMU OIlepalusiMu: wait (skaatb) U signal
(curHanusupoBatb). Korga npouecc A HaxoAWTCSI B MOHUTODPE W BbI3bIBAaeT Jis yC-
JIOBHOH TepeMEHHOM, XpaHsLIedcss B MOHUTOPE, ONepauuio wait, npouecc A Oyxet
3a6JIOKUPOBAH U OTKAXKETCS OT CBOETO HCKJIIOUYUTEIBHOTO AOCTYyTa K MOHUTOPY. COoOT-
BETCTBEHHO, IIpoliecc B, 0XXUAaBLIMI MTOMy4yeHUs] HCKJIIOUHUTEeNbHOIO A0CTyNa K MOHH-
TOPY, CMOXET MPOAOJIKUTE CBOIO paboTy. B onpeneneHHblil MOMeHT Bpemenu B
MOXeT pa36JIOKUpOBaTh Tpoliecc A BHIZOBOM Orepauuu signal [Uist yCJIOBHOI mepe-
MeHHOU, KoToporo oxuaaer A. UTo6bl NpeaoTBpaTUTh HAIMYKE ABYX aKTUBHBIX MPO-
[eCCOB BHYTPM MOHHUTOPA, MbI JopaboTaeM CXeMy Tak, 4yTOOBI Mpolecc, MoJaBUIMI
CUTHAJI, MOKUAAJT MOHUTOD. Termepp Mbl MOXXeM IlepeJieslaTh Hall TpeAbLAYLIil Ipu-
Mep. Monutop u3 nuctuHra 1.2 — ato HoBas peanusaunst 06CYXKIABLIETOCS paHee ce-

Madopa.

JinctuHr 1.2. MoHUTOP, NPeaoXpaHSIoLWNIA Lenoe Yncio oT napanfiensHoro goctyna
v 6nokmpyroLmii npouecc

monitor Counter {
private:
int count = 0;
int blocked_procs = 0:
condition unblocked:
public:
int value() { return count:}
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void incr() {
if (blocked_procs == 0)
count = count + 1;
else
signal( unblocked ):
}

void decr() {

if (count == 0) {
blocked_procs =
wait( unblocked
blocked_procs =

blocked_procs + 1;
)
blocked_procs - 1:

}

else
count = count - 1:
}

O60poTHast CTOPOHA MOHUTOPOB COCTOUT B TOM, YTO OHU SIBJISTIOTCST KOHCTPYKLHSI-
MH SI3bIKa NporpamMmupoBanusi. Tak, Java nojzepkuBaeT MOHHUTOPBI, IPOCTO pa3pe-
1ast KaXKA0MY 0OBEKTY NPeAoXPaHsITh cebst OT MapajlieJIbHOro I0CTYNA MyTeM HCIOJIb-
30BaHUs B HEM MHCTPYKLMHU synchronized u onepauuii wait u notify. Bubnnoreynas
NojepKKa MOHUTOPOB OOBIYHO peasu3yeTcs Ha 6a3e NpOCTbIX ceMaopoB, KOTOPbIE
MoryT npuiuMath TobKo 3naueHust 0 u 1. Taxue cemadopsl yacTo Ha3bIBAIOTCS nepe-
Mervmu-mviomexcamu (mutex variables), wnn npocto mviomexcamu. C MploTEKCAMU
accouuupyiorcst onepauun lock (60kupoBatb) U unlock (pas3byokupoBath). 3axpat
MBIOTEKCa BO3MOXKEH TOJIbKO B TOM CJIyyae, eCJIM €r0 3HayeHHe PaBHO eAMHMULIE, B IIPO-
THUBHOM CJIyYae BbI3bIBAIOIIKI npoiecc 6yzaeT 6okuposas. COOTBETCTBEHHO, 0CBOGO-
KIEeHMe MbIOTEKCA O3HAYaeT YCTAHOBKY ero 3HadeHus B 1, ecin HET HEOGXOAMMOCTH
pa3bIOKMPOBaTh KaKOM-HUOYb U3 OKUAAIOUIMX MPOLIECCOB. Y CJIOBHbIE NIepeMEHHbIE
1 COOTBETCTBYIOLIME UM OIEPaLlM¥ TAKXe MMOCTABJSIOTCS B BUAe GUOIMOTEYHBIX TIPO-
uenyp. JonosnurenbHyio HHGOPMAUUIO IO INPUMHMTHBAM CUHXPOHM3alLlUM MOXHO
Haiitu B [17].

MyNbTUKOMNbIOTEPHbIE ONEPALMOHHbIE CUCTEMBI

MyIbTHKOMITbIOTEPHDIE OIEPAllMOHHbIE CUCTEMBI 06J1aaloT ropasao GoJiee pa3Hoob-
Pa3HoIi CTPYKTYPOIl H 3HAUUTENLHO CJIOXKHEe, YeM MYJIbTUIIPOLeCCOPHBIe. DTa Pa3HHULA
npoucTeKaeT 13 Toro GaxKTa, YTO CTPYKTYPLI AAHHBIX, HEOOXOAUMbIE IJIST YIIPABJIEHHS
CHCTEMHDLIMH PeCypCcaMu, He IOJKHBI GOJIblile OTBEYATh YCJIOBHIO JIETKOCTH COBMECT-
HOTO HCIIOJNB30BAHUS, IOCKOJIbKY MX He HYXHO NoMelars B ¢puanyecku obuyo mna-
MsATb. EAMHCTBEHHO BO3MOXHBIM BH/IOM CBSI3U SIBJISIETCSI nepedaua coobujenuil (message
passing). MyabTUKOMIIBIOTEPHbIE OTlepallMOHHbIE CHCTEMbI B OCHOBHOM OPraHU30BaHbI
TaK, KaK I10Ka3aHo Ha puc. 1.9.

Kaxcablii y3es UMeeT CBoe s1p0, KOTOPOE COAEPXKUT MOLYJH AJIST YIIpaBJieHUs Jio-
KaJIbHLIMU PecypcaMM — IMaMsITblO, IOKAJbHLIM 1IPOLECCOPOM, JIOKATbHBIMU THCKAMU
U T. 1. KpoMe TOTO, KaXbli1 y3es UMeeT OTAENbHbIH MOLYJIb IJISI MEXIIPOLIECCOPHOro
B3aMMOJIENCTBUS, TO €CTDh TOCBLIKK COOOLIEHHUI Ha ApYyrue y3Jbl U NpuemMa coobiie-
HUH OT HUX.
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MawwvHa A MawwvHa B MawwHa C
1 1 1 1

Pacrlpe/:leneHHble NnpUNoXeHusa

Cnyx6bl pacnpeaeneHHon onepaumMoHHON CUCTEMbI

SAAnpo SAnpo Anpo
| | |
Cetb

Puc. 1.9. O6ulas cTpyKTypa MyJIbTUKOMIMbIOTEPHLIX ONepaLmOHHbIX CUCTEM

[ToBepx KaXk[OTo JIOKAJIBHOrO Sipa JIEXKUT YPOBEHb IPOrPpaMMHOro obecnedyeHust
obulero Ha3HauyeHMsl, PeaM3yIOLIHH OnepalHoHHYI0 CHCTEMY B BHJE BUPTYaJbHON
MallMHbI, MOJIEPXKUBAIOLICH MapaJeNbHyIo paboTy Hal pasiuvYHbIMU 3agadami. Ha
Jiesie, Kak Mbl ceiiyac KpaTKO PacCMOTPUM, 9TOT YPOBEHb MOXKET J1aXKe IIPE0CTABIATD
abCTpakUUI0 MYJIbTHIIPOLECCOPHONH MaurMHbl. JIpyruMu CJI0BaMH, OH MPEAOCTABJISET
TOJIHYIO MPOTPaMMHYIO PeaTH3aLUI0 COBMECTHO UCITIOJIb3yeMoil namsaTy. Jononnuress-
Hble CPEACTBa, OOBIYHO peaJN3yeMble Ha 3TOM YPOBHE, NpeAHa3HAueHbl, HAPUMEp,
IJ1s1 Ha3HAueHHsT 33/ay TPOLLECCOPaM, MACKMPOBKH cHOEB annapaTypsl, 06ecredeHus
NPO3payHOCTH COXpaHeHUs U obuiero odMeHa Mexxay npoueccamu. pyrumu ciosa-
MHU, 3TU CPEACTBa a6COMOTHO TUITHYHBI JIJisl ONEPAIIMOHHBIX CHCTEM BOOOIIE.

MyJbTUKOMITBIOTEPHDIE OepallMOHHbIEe CHCTEMBI, He NPEefOCTaBJISIIOIINE CPEACTB
[UJIS1 COBMECTHOTO MCII0JIb30BaHMs MaMSITH, MOTYT IIPEJIOKUTD IIPUIIOXKEHUSIM TOJIbKO
cpenctsa aus o6mMeHa coobueHusMu. K coxanennio, ceMaHTUKA IPHMHUTUBOB 0OMeHa
COOOLIEHUAMU B 3HAYMTEJILHON CTENeHH pa3Has JUJIsi PasHbIX cucTeM. ITOHSTH 9TH
pa3JyinyHsl Ipolle, ecid OTMeYath, Oydepusyiotest coobiuenus wiu HeT. Kpome Toro,
MbI HYXIa€MCSI B y4eTe TOro, 6JOKUPYeTcs JIM MOCHIANIM WX TPUHUMAIOLIHE
npouecc. Ha puc. 1.10 nponemoncTpupoBan BapuaHT ¢ Gydepusauueit 1 6J0KU-
POBKOH.

BoamoxHasn
TOYKa
CVHXPOHU3aLuu
~~—
Otnpasutens $ S1 [~ Monyyarenb
—_ _ L Bycpep
Bydep —+T|= —_ nony4arens
oTtnpasuTens * S2 ¢
CeTb

Puc. 1.10. BoamoxHocTn 6noknpoBkmu 1 6ydepnsaumm
npv nepecbiike coobuieHni
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CyuiecTByeT BCEro ABa BO3MOXHBIX MecTa Oydepusaiiu coobIeHnit — Ha CTOPO-
He OTIIPABUTEJISI UJIU Ha CTOPOHE TOJIyYaTesisi. ITO IPUBOAUT K YETHIPEM BO3MOXKHBIM
TOYKAM CMHXPOHM3ALUH, TO €CTh TOYKAM BO3MOXKHOI OJIOKMPOBKU OTIPABUTEJS MU
nosydatens. Eciu Oydepusanust mpoucxoauT Ha CTOPOHE OTIIPABUTEJIST, 3TO AAET BO3-
MOXHOCTb 3a06JIOKHPOBATh OTIIPABUTEIS], TOJBKO €CIN ero Oydep MoJIoH, YTO MOKA3aHO
TOYKOI cuHXpoHu3aluy S7 Ha pucynke. C [pyroit CTOPOHBI, IpoLEeAypa MOMeLIeHHs
coobienrst B 6ydep MOXKeT BO3Bpall[aTh COCTOSIHUE, [TOKa3bIBAIOLIEE, YTO OIMEPALMsI
YCIIETHO BBITIOJIHEHA. DTO IMO3BOJISAET OTIPAaBUTENIO U36exaTh GJOKHPOBKH MO MPU-
uiHe nepenosnenus 6ydepa. Ecau xe ornpasuTenb He uMeeT Oydepa, CylIecTByeT
TPU aJbTEPHATUBHBIX TOYKW OGJOKMPOBKH OTIIPABUTEJSI: OTIIPaBJeHHe COOOLIEHNs
(Touka S2), noctyruieHue cooblieHust K nosyyaresio (Touka S3), npuHsATHe coobiie-
Hus1 nostyyartesieM (Touka S4). OTMeTHM, UTO ecan 6JIOKMPOBKA IPOUCXONUT B TOYKE
S2, §3 wnu S§4, Hanruue win oTcyTcTBHE Oydepa Ha CTOPOHE OTIPABUTEJSI HE UMEeT
HUKAKOTO 3HaYEHUSI.

BiiokupoBka rosiyyaTtesisi UMeeT CMBICT TOJIBKO B TOUKe CHHXPOHM3auuu S3 u Mo-
XKET MPOM3BOAMTHCS, TOJIBKO €C/IM y TosiyyaTessi HeT OGydepa uau ecau 6ycdep mycr.
AsibTepHaTUBONH MOXeT GBITH OMNPOC IOJyYaTesIeM HaTUYUsl BXOASIIUX COOOLIEHMH.
OzHaKoO 3TH HENUCTBUS 4acTO BEAYT K IYCTOH TpaTe MPOLECCOPHOIO BPEeMEHU WJIN
CIMUIKOM 3aIo3Jajof peakllMd Ha INpuireallee cooblieHue, 4To, B CBOIO OYEpElb,
NPUBOUT K II€PEIoNHEHUI0 bydepa BXOAIIMME COOOLIEHUsIMU U UX ToTepe [52].

JIpyroil MOMEHT, Ba)KHBIN JJIsSI TOHUMAaHUSI CEMAaHTHKU OOMeHa COOOUIEHUsIMU, —
HAaJEXXHOCTh CBsI3u. OTJIMYKUTEIBHOI YePTOil HaleXKHOIl CBSI3U SIBJISIETCS] MOJIyYEHHE
OTIpaBUTeJIEM rapaHTUH npueMa coobuieHusi. Ha puc. 1.10 HageXXHOCTb CBSI3U O3Ha-
YaeT, YTO BCe COOOIIEHUS] rapaHTUPOBAHHO AOCTHTAalOT TOYKM CHHXPOHM3auuU S3.
IIpy HeHazleXKHOI CBA3M BCSAKME TApaHTHU OTCYTCTBYIOT. Ecin 6ydepusaums npous-
BOAMTCSI HA CTOPOHE OTIIPABUTEJIS, O HAJEXKHOCTH CBSI3M HUYETO OMNpeeIeHHOTO CKa-
3aTh HeJIb3sl. TakiKe olepallioHHasl CUCTEMA He HY>KAAeTCsl B rapaHTUPOBAHHO HaeX-
HOM CBsI3U B cay4yae GJOKMPOBKH OTIIPABUTESI B TOUKe S2.

C 1pyroit CTOPOHBI, €CJIM OTIEPALMOHHAs CUCTeMa GJIOKHUPYET OTIIPABUTEIST 10 10C-
THXKEHUSI COOOLIEHNEM TOUKY S3 1in S4, oHa 10/XKHA UMETb rapaHTUPOBAHHO HaleX-
HYIO CBs13b. B IIPOTUBHOM cylyyae Mbl MOXKEM OKa3aTbCsl B CUTYallMH, KOT/a OTIIPaBH-
TeJIb JKIET MOATBEPKAEHHs! TIOJIyYeHus], a cooblieHne OblJIO ITOTEPSIHO MPU Tiepesaye.
OtHoleHue Mexay 610KUPOBKOii, Gydepusauneil U rapaHTUAMH OTHOCHUTEILHO Ha-
NIEXXHOCTU CBSI3M CYMMUPOBaHb! B Tabur. 1.4.

Ta6nuua 1.4. CooTHoweHMe Mexay 6nokmpoBkoi, 6ydepusaunei
W HaAEXHOCTbIO CBA3N

Touyka CUHXpPOHU3aLUKn Bydepusauusa FapaHTUa HapexHoun
oTnpasuTens CBA3N

Bnokuposka oTnpasuTens Ao Hannuums Oa HeT HeobxoanmocTu

csobopgHoro mecta B 6ydepe

Bnoknposka otnpasutens Het HeT HeobxoaumocTn

[0 NocbINkK coobuieHns

Bnokuposka otnpasutens Het Heobxoanma

[0 npuema coobuieHns

Bnokunposka otnpasuTens Het Heo6xoguma

£o 06paboTkn coobuieHuns
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MHOXEeCTBO aCIEeKTOB NMPOEKTHPOBAHMS MYJbTUKOMIIBIOTEPHBIX ONEPal[MOHHBIX
CHICTEM OJIMHAKOBO BaXXHBI 15t J11060# pacrpenesneHHoit crcTeMbl. OCHOBHAs pasHULA
MeX/y MYJbTHKOMIIBIOTEDHBIMM OIEPAIIMOHHBIMH CHCTEMAMHU U PaclpeneeHHbIMU
CUCTEMaMU COCTOUT B TOM, YTO B [IEPBOM CJIydae 0ObIYHO [TOJ[Pa3yMeBAETCs, UTO ara-
paTtHoe ofecrieyerie TOMOT€HHO U IMOJIHOCTBIO yIpaBsiisieMo. MHOXeECTBO pacrpese-
JIEHHBIX CHUCTEM, OJIHAKO, CTPOUTCS Ha 6ase CyLIeCTBYIOUIMX OMEPALUOHHBIX CUCTEM.
Hasnee Mbl 06Cy UM 9TOT BOIIPOC.

CucTtembl ¢ pacnpegeneHHoOmn pasgensiemMmomn NnamMmaTbio

ITpaxkTuKa MoKa3bIBaeT, YTO NMPOrPaMMUPOBATh MYJIbTHKOMIIBIOTEPHbIE CUCTEMBI 3HA-
YUTEJILHO CJIOXKHEE, YEM MYJIbTHIIPOLIECCOPHbIE. PasHuia 0ObsICHSIETCST TEM, YTO CBSI3b
MOCPENCTBOM TPOLIECCOB, UMEIOIIUX JOCTYI K COBMECTHO HCIOJIb3YyeMOIl NaMsiTH,
Y MTPOCTHIX IPUMHTUBOB CUHXPOHU3ALMH, TAKUX KaK ceMadopbl U MOHUTOPDI, 3HAYH-
TeJIbHO TIpolile, YeM paboTa ¢ OJJHUM TOJIbKO MeXaHH3MOM obMeHa coobiienusamMu. Ta-
KHe BOIpOChI, Kak Oydepusarysi, 6;I0KMPOBKA U HALEKHOCTD CBSI3HU, TOJIBKO YCJIOKHSI-
IOT MOJIOXKEHHE.

Ilo arToit mpuynHe NPOBOAMIMCEH BIEYATJISIOLINE UCCIEI0BAHUSI 1TO BOIIPOCY 3MY-
JISILMK COBMECTHO MCIIOJIb3yeMOH MaMsiTH Ha MYJIbTUKOMITBIOTEPHBbIX cucteMax. Mx
1eJibi0 ObLIO CO3/aHue BUPTYAJIbHBIX MAIIMH C Pa3fiesisieMOoil MaMsIThio, paboTaoKX
Ha MYJbTUKOMIIbIOTEPHBIX CHUCTEMAX, VISl KOTOPBIX MOXHO ObLIO ObI MHCATh MPHJIO-
JKEHUsI, PACCYMTAHHBIE HA MOJIEJIb COBMECTHO MCIIOJIb3yEMOIi MaMsITH, axe ecu bu-
3MYECKU OHA OTCYTCTBYET. [J1aBHYIO POJIb B 3TOM UIpPaeT MYyJIbTHKOMIIBIOTEPHAS Olle-
palMOHHas cUCTeMa.

OnavH M3 pacmpoCTPaHEHHBIX MOJAXON0B — 3a/efCTBOBATh BUPTYAJIbHYIO MaMsITh
KaXJ[0r0 OTAEJbHOTO Y3Jia [JIsl MOAJNEPKKH OOIEero BUPTYalIbHOIO aJpPECHOrO Mpo-
CTpaHCTBa. ITO NMPUBOIUT HAC K pacnpedenennoi pasdensiemoti namsamu (Distributed
Shared Memory, DSM) co ctpannyHoii opranusauueii. [IpuHuun pabotoi aToit namsi-
TH caenylournit. B cucreme ¢ DSM anpecHoe npocTpaHCTBO pa3zesieHo Ha CTPaHUIIbI
(06bruno Mo 4 win no 8 K6aifT), pacnpenesierHble MO BCEM MPOLIECCOPAM CHUCTEMBI.
Korza npoueccop anpecyercst K maMsiTH, KOTOpast He SIBJISIETCs] JIOKATbHOM, TIPOMCXOIUT
BHyTpeHHee IMpepbiBaHUe, ONePAlMOHHAsI CHCTEMA CUMTBHIBAET B JIOKAJIBHYIO MaMSTh
CTpaHMUILY, COIEPKAIILYI0 YKAa3aHHbBIN a/ipec, U Mepe3anyckaeT BbIIIOJIHEHUE BbI3BaBlIei
npepbiBaHWE UHCTPYKUMH, KOTOpPasl Terepb YCIEUIHO BBINMOJHSETCS. JTOT IMOAXOX
npojaeMOHCTpUpoBaH Ha puc. 1.11, a nns axpecHoro mpoctpaHcTBa U3 16 CTpaHHULl
U YeThIPEX MPOLIECCOPOB. ITO BITOJIHE HOPMaJIbHAsI CTPAHUYHASI OPraHU3alMsl, eCIH He
CUMTATh TOrO, YTO B KAUeCTBEe BPEMEHHOTO XpaHWIMIIA MH(MOPMALMK HCIOJb3yeTcs
He IUCK, a yIaJieHHasl OTlePaTUBHAS TTaMSITh.

B sToM npumepe npu obpalieHunH npoieccopa 1 K Koay Wi JaHHbIM CO CTPAHHUILbL
0, 2, 5 wiu 9 obpanieHre MPOUCXOAUT JOKaIbHO. CCHUIKHM Ha NPyrie CTPAHULBI BbI3bI-
BAlOT BHyTpEHHee NpepbiBaHUe. Tak, HarnpHMep, CChLIKA Ha afpec co cTpaHuusl 10
BbI3bIBAET BHyTPEHHEE TPepbIBAHHE ONEPALIMOHHOI CHCTEMDI, M OHA TEPEMEIIAeT CTpa-
Huuy 10 ¢ MamuHbl 2 Ha MaiMHy 1, Kak nokasaHo Ha puc. 1.11, 6.

OaHo u3 yyydineHuit 6a30B0Oii CUCTEMBI, 4ACTO MO3BOJISIIOIEE 3HAYUTEIBHO MTOBbI-
CUTb €€ IPOU3BOJUTEIBHOCTb, — 3TO PEIIMKALUS CTPAHUIL, KOTOPbIE OOBSIBIISIOTCS
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3aKPBITHIMM HA 3aMTUCh, HATIPUMEP, CTPAHULI, COAEPXKALIMX TEKCT IPOrPAMMbI, KOHCTaH-
TBI «TOJIBKO JUJISI UTEHUST» WJIM JpyTHe 3aKPbIThle Ha 3amuch CTPYKTypol. Hampumep,
ecqu crpanuiia 10 -- 9To ceKiust TeKCTa IIPOrpaMMBbl, ee UCII0Ib30BaHIe IPOLEecCOpoM 1
MpUBEZET K TIEPECHITIKE Mpolieccopy 1 ee KOMUH, a OPUTMHAJ B MaMATH Ipolieccopa 2
Oyner IPOLOJIKATh CIIOKOHHO XPaHUTBCS, Kak Moka3aHo Ha puc. 1.11, ¢. B atom ciy-
gae nmpoueccopsl 1 1 2 oba cMoryT obpamarbest K crpanuie 10 Tak yacTo, Kak UM 1mo-
HaJOOUTCsI, HE BBI3BIBASI MDY 3TOM HUKAKWX BHYTPEHHUX MPEPbIBAHUI ST BHIGOPKU
HaMSITH.

Pa3gensiemoe rnobansHoe agpecHoe NpoCcTpaHCTBO

lo[1][2]3]4]s[6[7]8]010[11[12[13]14]15]

<— MNamaTb

Mpoueccop Mpoueccop Mpoueccop
1 2 3 4

| | | |

aa

Mpoueccop
4

Mpoueccop
1

l ] | |

8

Mpoueccop| |Mpoueccop| |Mpoueccop
2 3 4

Puc. 1.11. CtpaHnubl agpecHoro NnpocTpaHcTea pacnpeaeneHbl No YeTbipem MalnHam (a).
Cutyaums nocne obpatuermnst npoueccopa 1 k ctpanuue 10 (6). Cutyaums, korga
3anuce B cTpaHuuy 10 HeBO3MOXHa 1 Heobxoauma penavkaums (8)

Jpyrast BO3MOXHOCTb — 3TO PeyIMKAlMs TaKXKe U He 3aKPBIThIX HA 3aMiCh CTpa-
HULI, TO eCTb JIOObIX crpanull. [Toka MPOM3BOAKUTCS TOJBKO YTEHHE, HUKAKOH pa3Hu-
LBl MEX/y PeTJIMKaleil 3aKPLIThIX M HE3aKPBITBIX Ha 3alKCh cTpaHuil HeT. OHAKO
€CJIM PerIMLMPOBaHHasi CTPAHULA BHE3AITHO HU3MEHSEeTCs, HeOOXOAUMO TpeaIpUHH-
MarTh ClielHaIbHble IEUCTBUSI 17151 IPEAOTBPAILEHUS MOSIBJIEHUS] MHOKECTBA HECOBMEC-
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TUMBIX Kormiit. O6BIYHO BCE KOTIMH, KPOME OJHO, Iepest IPOBECHUEM 3aIHCH 00bsIB-
JISIIOTCST HEBePHBIML.

JlONOMHUTENILHOTO YBETUYEH ST IPOU3BOAUTENBHOCTH MOXKHO HOOHUTHCS TIyTeM
yXoIa OT CTPOTOro COOTBETCTBHSI MEXIY PeIIMLUPYeMBIMH cTpaHuuamMu. Apyrumu
CJIOBAMH, Mbl MTO3BOJISIEM OT/EJbHON KOMUH BPEMEHHO OTJIMYAThCs OT Apyrux. IIpak-
THKa MOKa3bIBaeT, YTO 3TOT MOJAXO/ IeHCTBUTEIBHO MOXKET IIOMOUb, HO, K COXAJIEHHIO,
MOJET TaKKe CHJIbHO OCJIOKHUTD JKH3Hb [IPOrPAMMUCTA, BBIHYKJIEHHOTO B 3TOM CJIy-
Yyae OTCJIEKHBATb BO3MOXKHYIO HECOBMECTHMOCTb. I10CKOIbKY OCHOBHOI IPUYMHOMN
paspaborkn DSM 6blia MpocToTa NPOrpaMMHUPOBANHs, OCTabJeHHe COOTBETCTBUS
He HaXOIUT PeajibHOro npuMeHenusi. Mbl BepHeMCsl K MpobJjieMaM COOTBETCTBUS B
rsase 6.

pyroit mpobiemoii npu paspaborke abdexkTuBHbix cucteM DSM siBisietcs: Bo-
Npoc 0 pa3Mepe CTPAHULL, Mbl CTAIKUBAIUCE C MOIOOHBIM BbIGOPOM, KOT/IA PACCMATPU-
BaJIH BOIPOC pa3Mepa CTPAHHUIL B OJHOMPOLECCOPHOH CHCTeMe ¢ BUPTyaJlbHOil mamsi-
Tpio. Tak, 3aTpaTbl Ha Tepejayy CTPAHULILI TI0 CETH B IIEPBYIO OUEPEAb OTPEAEAIOTCS
3aTpaTaMM Ha TIOATOTOBKY K Tepejade, a He 00beMOM IepefaBaeMbIx AaHHbiX. CooT-
BETCTBEHHO, 60JIBIION pa3Mep CTPaHUIL MOXKET CHU3UTH 00lIee YHCIIO0 CEaHCOB mepesayn
1pyu HeoOXOAHMOCTI JIOCTYNA K OOJIbIIOMY KOJMYECTBY I0CJIeJ0BATE/IbIIbIX 3JIeMeH-
ToB AannbiX. C APyroit CTOPOHDI, €CJ CTPAHULIA COAEPKHT AaHHblE ABYX He3aBHCH-
MDIX MPOLIECCOB, BBITOJHSIONIMXCS HA Pa3HBIX MpOLleccopax, ONepalHoHHasT cHCTeMa
OyaeT BBIHY’KAEHA TOCTOSTHHO TepechlIaTh 3Ty CTPAHUILy OT OJHOTO Mpoueccopa K
IPYromy, Kax mokaszaHo Ha puc. 1.12. Pa3aMmelienie JaHHbIX ABYX HE3aBHCHUMBIX MPO-
LIeCCOB 1a OAHOH CTPAaHUIIE HA3bIBAETCS owubouivim pasderenuem (false sharing).

MNepenaya cTpaHuubi,
korga TpebyeTcs gocTyn

K MawwuHe A Mauwuha B

e

MauwwuHa A

AN

\ ___N
/‘, . » ﬂBa HEe3aBUCUMbIX
\__/ H B« E 3NEMEHTa AaHHbIX
d
+
H

1
MNepepaya cTpaHnub,

Crpanuua|| korga Tpebyetcst goctyn :9_1@@@99}
K MawuHe B
Koa, Koa,
MNCNonb3yoLWuN 1Cnonb3ayownii
MawwuHy B mMawwury B

Puc. 1.12. OwunbBoyHoe pasaeneHve CTpaHuLibl ABYMS HE3aBUCUMbIMK NpoLeccamu

[Tocne nouru 15 set ucceqoBaHMil pacnpeneseHHOH MaMsITH COBMECTHOTO HUCTIOJIb-
3oBaHus paspaboruuku DSM npomoskaior 106uBathesi couetanust ahdekTnBHOCTH
M JIErKOCTH TMporpaMMupoBauusi. [Isl IOCTHKEHHs! BbICOKOI NPOHU3BOAMTENBHOCTH
KPYIHOMacUITaGHBIX MYJIbTHKOMITBIOTEPHBIX CHCTEM TIPOrPAMMUCTBI IPUOETaIT K 1ie-
pechLIKe COOOLIEH I, HEB3MPAsl HA ee BBICOKYIO, O CPABHEHUIO C TPOrpaMMMPOBaHHM-
eM cHCTeM (BUPTYaJbHOH) MaMsSTH COBMECTHOTO HCIIOJIb30BaHMs, CIOXKHOCTb, JTO
II03BOJISIET HAaM CeJ1aTh BLIBOA O TOM, 4To DSM He onpaBibiBaeT HAIMX OXKHAAHMI



1.4. KoHuenuun NporpamMmmHbIix peLleHunii 57

IUIST BBICOKOIIPOU3BOJUTENBHOTO NapaJLIebHOrO IPOrPpaMMHPOBaHUsL. JonosHUTE b-
Hy10 nHdopmMmaruio no DSM moxno Haitu B kuure [363].

1.4.2. CeTeBble onepaunoHHbie CUCTEeMbl

B npoTHBONOJIOKHOCTb paclpejesieHHbIM OllepallHOHHBIM CUCTEMaM CeTeBble orepa-
IIHOHHbIE CUCTEMDI He HYKAAIOTCS B TOM, 4TOOBI anmapaTtHoe obecrieyeHue, Ha KOTO-
poM oY HYHKIIMOHUPYIOT, ObIJIO TOMOTEHHO U YIIPABJISJIOCHh KaK enHas cucteMa. Ha-
MPOTUB, OOBIYHO OHU CTPOATCS IJsi HAbOPa OAHOMPOLECCOPHBIX CHCTEM, Kaxaas U3
KOTODPBIX MMeeT COOCTBEHHYIO OINEpPALMOIIHYIO CUCTEMY, KaK TokasaHo Ha puc. 1.13.
MaimHst ¥ UX OICPALMOHHBIE CHCTEMBI MOTYT OBITH Pa3HBIMH, HO BCE OHU COEIMHEHbI
B ceTb. Kpome Toro, cereBast onepalyoHHasi CUCTeMa MO3BOJISIET MTOJIb30BaTENsIM UC-
TN0JIb30BaTh CJAYXKObI, pacroyioKeHHble Ha KOHKpeTHOH MaiuuHe. BoaMoskHo, Gyner
TpOLLIE OTHCATh CETEBYIO OTEPALMOHHYIO CUCTEMY, KPATKO PACCMOTPEB CIYKObI, KOTO-
pble OHa OOBIYHO TIPENOCTABIISIET.

MawwuHa A MawwuHa B Mawwuna C
1 I 1 I
PacnpeaeneHHble NpUnoXeHus
Cnyxbbl ceTesoit Cnyx6bl ceTeBom Cnyx6bl ceTeBov
onepauuoHHOM onepaunoHHOn onepaunoHHoOn
cUCTEMB! CcUCTEMBI CUCTEMB!
Anpo Anpo Anpo
Cetb

Puc. 1.13. O6wasn CTpyKTypa cetesoii onepaumoHHON CUCTEeMbI

Cutyx6a, 00bIYHO TIPENOCTABIIsIEMAs CETEBBIMU ONEPALIMOHHBIMUA CUCTEMAMH, JTOJIK-
Ha olecrneynBaTh yJaJeHHOE COEIAMHEHME TMO0JIb30BaTeJsl ¢ JPYyrod MAallMHON MmyTeM
IIPUMEHEHUS] KOMaH/Ibl THIIA:

rlogin machine

B pesysibTaTe BBIIIOJIHEHUST ITON KOMaH/bI IIPOMCXOIUT IEepeKJoueHrne paboueil
CTAHUUU I10JIb30BATEJISI B PEXKUM yIAJEHHOIO TEPMUHAJIA, TIOAKJIIOYEHHOIO K yaajeH-
HOW MalIMHe. DTO 03HAYAET, YTO [10JIb30BaTEb CUAUT Yy rpadudeckoil paboyeii craH-
111K, Habupasi KOMaH/bl Ha KiaBuarype. KoMaiiipl nepeqaiorcsi Ha yaaieHHyI0 MallMHY,
a Pe3yJIbTaThl C YAAJEHHOU MALIMHBI OTOOPAXKAIOTCS B OKHE Ha DKPaHe I10JIb30BaTes.
[sist Toro 4tobbI MEPEKTIOYUTHCS Ha JAPYTYIO YAAJeHHYIO MallWHY, HEOOXOAUMO OT-
KPBbITb HOBOE OKHO M BOCITIOJIb30BATbCSt KOMAaHIAOW r10gin njisi cOeMHEHUs: ¢ APYroi
MawKHOM|. BeI6Op ynajieHHOW MallMHbBI TIPOU3BOANUTCS BPYYHYIO.

CereBble ONepaliOHHBbIE CHCTEMBI TakXe MMeIOT B CBOEM COCTaBe KOMaHAy yla-
JIEHHOTO KOIMPOBaHUs ISl KONMUPOBaHUS (DailjIoB C OAHOM MaluuHbl Ha apyryio. Ha-
npumep:

rcp machinel:filel machine2:file2
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JTa KOMaHaa NpuBelNeT K KomupoBaHuio daitna filel ¢ Mamuubl machinel Ha
machine2 1 npucBoeHHIO eMy TaM UMeHH file2. Ilpu aTom nepemMelienie (paitoB 3azxa-
€TCsl B SIBHOM BHJI€, ¥ [I0JIb30BATEJIO HEOOXOMMO TOUHO 3HATD, /1€ HAXOATCsT (haliibl
Y KaK BBITIOJIHSIOTCSI KOMaH/BI.

Takast ¢opma cBSI3U XOTS U JIydilie YeM HHYEro, HO BCe JKe Kpaiille TPHUMUTUBHA.
ITO MOABUTJIO TIPOEKTUPOBIIUKOB CHCTEM Ha NOUCKU Hosice y06HbIX BAPHAHTOB CBSI-
34 M COBMECTHOTO HCITOJIb30BaHusl uHpopmauud. OauH U3 NOAX0/0B MPCATIOJAraeT
cozianue riaobanbHoi 0buieit (hailnoBoil cucTeMbl, IOCTYIHOI CO BeeX pabodliX CTaH-
uuit. Daiinosasi cucteMa MOAKEPKUBAETCST OMHOU HAM HECKOJLKUMI MAIIMHAMU, KO-
TOpbIE HA3BIBAIOTCS Qatinoguimu cepsepamu (file servers). (Daitnosbie cepBepbl IPUHU-
MaloT 3aMpochl OT NPOrpaMM IOJIb30BaTe/Ie, 3aMyCKAaeMbIX Ha JIpYIHX MauliMHax (He
Ha cepsepax), KOTOPble Ha3bIBAIOTCs kaueimamu (clients), na urenume W 3anuch (aii-
JioB. Kaxxzaplil npuieUInii 3arpoc MPOBePsIeTCsT H BBIMOJIHSIETCS], A PE3yJbTaT Iepe-
ChblJIaeTcsl Ha3all, Kak MoKasaHo Ha puc. 1.14.

darinosbit cepsep

Ounckn, Ha KOTOPbIX
KnunenT 1]  |Knuehnt 2 XpaHuTcs obuias
3anpoc OtBer @ dannosas cuctema

- L)

Cetb

Puc. 1.14. [Iga xnueHTa n cepBep B CETEBOW ONepaLmoHHON cucteme

DaiinoBble cepBepbl 0OLIYHO MOAAEPHKUBAIOT Mepapxiyeckue (hailyoBble CHCTEMBI,
KaX/1asi C KOPHEBbIM KaTAJIOTOM, COAEPIKAIIHM BJIOXKEHHDIE KAaTaIoru U daiianl. Pabo-
yMe CTAaHLIMY MOTYT MMIIOPTHPOBATh WJIM MOHTHPOBATH 3TH (DailoBbIe CHCTEMBI, YBe-
JIMYUBAs CBOIO JIOKAJILHYIO (ailioByio cucteMy 3a cyet ¢aiisoBoii cucTeMbl cepBepa.
Tak, Hanpumep, Ha puc. 1.15 nmoxasansl nBa daityioBbix cepsepa. Ha oanom u3 HuX
HMeeTCsl KaTaJlor TI0/l Ha3BaHHEM games, a Ha JPYroM — KaTaJsor T0J Ha3BaHHeM work
(MMeHa KaTaJoroB Ha PUCYHKe BbIeJIeHbl )KUPHBIM 1IpudToM). Kaxaplil n3 atux kxa-
TAJIOTOB COAEPXKUT HeKoTopble daiinbl. Ha 06oux kianeHtax cMouTHpoBaiibl dailio-
Bble CHUCTeMbI 000OMX CEPBEPOB, HO B Pa3HbIX MecTax (halljIoBLIX CUCTEM KJIMEHTOB.
Knuenrt 1 cMoHTHpOBas UX B CBOI1 KOPHEBOI KaTajior ¥ UMeeT K HUM JIOCTYII 10 Iy-
TsM /games U /work coorBeTcTBeHHO. KiueHt 2, nogobHo Kinnenry 1, cMonTupoBa
KaTtasior work B CBOW KOPHEBOUW KaTaJjIoT, HO PelInJ, YTO UrPbl (games) JIOJKHBI ObITh
€ro yacTHbIM AesioM. IToaToMy OH co3zasn KaTasor, KOTOpbIi Ha3Bas /private, U CMOH-
THpoBaJ KaTajor games TyAaa. COOTBETCTBEHHO, OH TOJIYYHT JOCTYI K (haiimy pac-
woman yepe3 NnyThb /private/games/pacwoman, a He /games/pacwoman.

XoTst 06BIYHO HE UMEET 3HAUEHUS, B KAKOE MECTO CBOEN MePapXHUH KaTaloroB K-
€HT CMOHTHPOBAJ CepBep, BaXKHO MOMHHTB, YTO PAa3JHYHbIE KJIWEHTBl MOTYT HMeETb
pa3nnyHoe npeacrasenye ¢aitnosoii cucremsl. ViMs ¢aitna 3aBUCUT OT TOTO, KaK op-
raHU3yeTCsl AOCTYIl K HEMY M Kak BbIIVISAUT (aiiyioBasi cucTeMa Ha caMOW MalllHe.
[TockoJbKy Kaxkaasi KIMEHTCKasl MallllHa paboTaeT OTHOCUTEJNbHO HE3aBUCUMO OT
APYTHX, HEBO3MOXHO AAThb KaKue-TO FapaHTHH, YTO OHM 00JaaloT OAMHAKOBOIL
uepapxueil KaTajoroB /I CBOUX [IPOrPaMM.
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KnueHT 1 KnueHr 2 Cepsep 1 Cepsep 2
/ ! games work
private pacman mail
pacwoman teaching
pacchild research
KnuenT 1 / Knuenr 2
/
le games repriv ate/games

work e work "'_\
v

pacman mail pacman mail
pacwoman teaching pacwoman teaching
pacchild research pacchild research

Puc. 1.15. PaanuuHble KNUeHTbl MOryT MOHTUPOBaTh $ainoBbie CUCTEMbI CEPBEPOB NO-pa3HOMY

CereBble OIepallUOHHbIE CUCTEMbI BBIIJISIAST 3HAYUTEJIbHO TPUMUTHBHEE pacIipe-
nesneHHbIX. OCHOBHASI pa3HULA MEXAY 3TUMU ABYMSI TUIIAMU OINEPALMOHHBIX CUCTEM
COCTOUT B TOM, YTO B paclipe/ieJIEHHBIX OMEePALIMOHHBIX CUCTEMAX JIeJIAeTCsl Cepbe3Hast
MOMNBITKA AOOUTHCS TOJHOM IIPO3PAaYHOCTH, TO €CTh CO34aTh NPEACTaBJIeHHe eqUHON
CHCTEMBI.

«HexBaTkay Mpo3payHOCTH B CETEBBIX OMEPALIMOHHBIX CUCTEMAX UMEET HEKOTOPbIE
oueBMIHbIE 0OpaTHbIE CTOPOHBI. Hampumep, ¢ HUMHU YacTo CJIOKHO paboTaTh, MOCKOJIb-
Ky TOJIb30BaTeJb BbIHYXX/IEH SBHO IMOJCOEAUHSTHCS K yAQJIEHHBIM MalIMHAM WJIH KO-
nupoBath (Gailiibl ¢ OMHOI MAaLIMHBL HA APYTYIO. DTO TAKXKe MPOOJIEMBI C YIIPABJIEHHEM.
[TockospKy Bce MalIMHBI 1101 YIIPaBJI€HUEM CET€BOH OMEPALIMOHHOM CUCTEMBI HE3aBU-
CUMBI, YACTO W YNPABJISITb UMM MOKHO MCKJIIOYMTEJILHO He3aBUcUMO. B pesysibraTe
MOJIb30BATE/Ib MOXKET IOJIYUYUTh yAQJIEHHOE COeJHeHHe C MAalIMHOM X, TOJIBKO UMest
Ha Heil peructpaiuio. TakuM 06pa3oM, €CJIU T10J1b30BATENb XOYET UCTI0JIb30BATh OJUH
NapoJib Ha <«BCE CJy4Yau »KU3HU», TO JJIS CMEHBI MapoJisi OH BbIHYXKIEH OyJeT SABHO
CMEHUTD ero Ha Kaxkioil mamvHe. Paccyxnast najee, Mbl BUIUM, UTO B OCHOBHOM BcCe
npaBa JOCTyNa OTHOCSTCS K KOHKpPeTHOM MaiuuHe. HeT mpocroro Merona cMeHUTb
npaBa JOCTYMA, IOCKOJbKY BCIOJY OHM CBOMW. Takoi JelueHTPaJnM30BaHHbBIN MOAXO
K G€30TIaCHOCTH HEPEKO 3aTPYAHSIET 3AlUTY CETEBOU ONEPALMIOHHON CUCTEMBI OT aTak
3JI0YMBIIILJIEHHUKOB.

WMeloTcs Tak)ke U MpeuMYyIIECTBA 110 CPAaBHEHUIO C pacIpelie/IeHHbIMU OTlepaliu-
OHHBIMU cucTeMaMU. [TOCKOJIbKY y3JIbI CETEBBIX ONEPALMOHHBIX CUCTEM B 3HAYUTEJIb-
HOI1 CTeTIeHM He3aBUCUMBI APYT OT APYyra, 100aBUTh WIH yIAJIUTh MAIIUHY OYeHb JIETKO.
B HeKOTOpBIX CJIy4asix BCe, UTO HajIO CAEJaTh, YTOOBI JOOABUTH y3€Jl, — 3TO MOACOEAHU-
HUTb COOTBETCTBYIONIYIO MAIIMHY K OOIlEell CETH U TIOCTaBUTh B U3BECTHOCTD O €€ Cy-
IIECTBOBAHUH OCTaJIbHbIE MallIMHbI ceTd. B MHTepHeTe, Hanpumep, 100aBieHe HOBOTO
cepBepa MPOMCXOAUT UMEHHO Tak. YTobbI CBelleHHs] O MallMHe monaju B VHTepHerT,
MBI JIOJIXKHBI IIPOCTO JaTh eil ceTeBOIl azpec, a Jiyyllle CUMBOJIMYECKOE UMS, KOTOpPOe
3areM Oyzner BHeceHO B DNS BMecTe ¢ ee CeTEeBBIM aapecoM.
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1.4.3. NMporpammHoe o6ecneuyeHue
NPOMEXYTOYHOIrO YPOBHS

Hu pacnipeneneHHble, HU ceTeBble ONEPAL{HOHHBIE CHCTEMBI HE COOTBETCTBYIOT Hallle-
My OIpeJieJIEHUIO paclpesieJIeHHbIX CHUCTeM, TaHHOMY B pa3fesie 1.1. PacnpeznesnienHble
OTepallMOHHbIE CUCTEMbI He TIpe/iHa3HaYeHbl sl YIIPaBJIeHHsT HAOOPOM Ne3a8UCUMbBIX
KOMIIBIOTEPOB, @ CETEBble OINEPAIIMOHHBIE CUCTEMBI HE JAI0T NPEACTABIEHNS 00110t CO-
anacosannoti cucmemvt. Ha yM npuxoznT BONPOC: 2 BO3MOKHO JIM Boob1ile pa3paboTaTsh
pacripe/ieJIeHHYI0 CUCTEMY, KOTopast 00beiuHsiIa Obl B cebe MPenMyLIecTBa IBYX «MHU-
POB» — MacHITabUPYEMOCThb ¥ OTKPBITOCTb CETEBBIX ONEPALIMOHHBIX CUCTEM U 1IPO3pay-
HOCTb U OTHOCHUTEJIbHYIO NPOCTOTY B MCIIOJIb30BAaHUM DacIpelleJIeHHBIX OlepalHoH-
HbIX cucTeM? PelieHne ObLIO HalIEHO B BU/IE IOTIOJHUTEIBHOTO YPOBHSI IPOrPAMMHOTO
obecrieyeHust, KOTOPBIA B CETEBBIX OMEPALIMOHHBIX CUCTEMAX T03BOJIsIET G0Iee MM Me-
Hee CKPBITh OT MOJIb30BaTeJisl PA3HOPOAHOCTH Habopa anmapaTHbIX MIaTGHOPM U TIOBbI-
CHUTb ITPO3pPayHOCTDb pacnpeleseHrs. MHoOrMe cCOBpeMeHHble paclpesieleHHble CHCTe-
MBI TIOCTPOEHBI B pacyeTe Ha 3TOT AONOJIHUTEJbHBIM YPOBEHb, KOTODBIH MOIydYuI
Ha3BaHHe IIPOrPaMMHOro obecrieyeHtst TPOMEXKYTOUHOrO YPoBHsl. B aToM myHKTe MbI
KPaTKO PacCMOTPUM, KaK YCTPOEHO TPOrpaMMHOe obecriedeHrie NPOMEeXXYTOYHOIO YPOB-
Hsl, YTOOBI TIOHSTH €r0 0COGEHHOCTH.

Mo3nunoHnpoBsaHne NporpaMmmMHoOro obecrieyeHus
NPOMEXYTOYHOIr O YPOBHS

MHorue pacrnpene/ieHHbIe MPUJIOXKEHUS JOIIYCKAIOT HEMOCPEACTBEHHOE UCIOJIb30Ba-
HHe MPOrpaMMHOr0 MHTepdeiica, peIaraeMoro ceTeBbIMU OMEPALIMOHHBIMU CUCTe-
Mamu. Tak, CBSI3b YAaCTO peanu3yeTcs yepes olepaluy ¢ COKeTaMH, KOTOpPbIe T03BOJIsI-
10T MPOLIECCAM Ha Pa3HbIX MallliHax o6MeHuBaTbcst coobuieHusiMu [438]. Kpome toro,
TIPHUJIO’KEHUST YacTO TMOJIb3YI0TCS UHTepdeiicaMu JoKaabHbIX (hailnoBbix cucteM. Kak
MBI [TOHUMaeM, NMpobJIeMa TAKOro MOJAX0AA COCTOMT B TOM, UYTO HAJU4Ke pacrpejesie-
HUSI CJMIIKOM O4YeBUIHO. PelleHue 3aKiioyaeTcsi B TOM, YTOOBI TIOMECTUTH MEXIY
MIPUJIOXKEHMEM U CETEBOI OMEPAlMOHHOI CUCTEMOI MPOMEXYTOUYHBIH YyPOBEHb MPO-
rPaMMHOM TTOAAEPKKH, OOeCTIeunBaIOLIMH 10MOoHUTENbHOE abcTparupoBanue. [ToTo-
MY 3TOT YPOBEHb U Ha3bIBaeTCsl npomedxcymouivim. OH HaXOAUTCS TTOCPENNHE MEXIY
TIPUJIO’)KEHUEM U CETEBOU OIepallMOHHON CUCTEMOI, KakK MmoKa3aHo Ha puc. 1.16.

Kaxxnas nokanpHasi CHCTEMa, COCTABJISIONIAS YacTh GA30BOM CETEBOU OlepaluoH-
HO! CHCTEeMBI, TPelOCTAaBJIsIeT YIpaBJeHNe JIOKAJbHBIMU pecypcaMy U NpoCTeiue
KOMMYHUKALIMOHHbIE CPEICTBA JIJIs1 CBSI3U C IPYTMMHU KOMIbloTepamu. Jpyrumu cjio-
BaMH, TIpOrpaMMHOe obecriedeHue TMPOMEKYTOUHOTO YPOBHSI HE YIIPABJISIET KasKIbIM
y3JI0M, 3Ta paboTa IMO-MPeXXHEMY NPUXOAUTCS HA JIOKAJIbHbIE ONMEPAllHOHHbIE CUCTEMBI.

OcHoBHasl Hallia 3ajja4a — CKPBITh pa3dHooOpasue 6a30BbIX MIATHOPM OT MPUJIO-
KeHuit. [lyis peleHus 9TOM 3a/lauy MHOTHE CHCTEMBI ITPOMEXKYTOYHOrO YPOBHS ITpe-
JOCTaBJISIIOT GoJiee UM MeHee MoJIHble HAboPbI CIYKO U «He 0J0OPSIOT> JKeJaHUS UC-
HOJIb30BaTh YTO-TO €llle UL AOCTYIA K 3TUM cIyx6aM, KpoMe CBOMX MHTep(dencoB.
[pyriMu ciioBamu, 06X0[ MPOMEXYTOUHOIO YPOBHSI M HEMOCPEACTBEHHBIH BBI30B
cnyx6 ofHOH M3 6Ga30BBIX OMEPALMOHHBIX CUCTEM He TPUBETCTBYETCS. MBI KpaTKO
PacCMOTPHUM CJIyKObl TIPOMEXKYTOYHOTO YPOBHSI.
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MawwuHa A MawwuHa B MawwuHa C

Pacnpe,qeneHHb|e npunoXxeHus
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Cnyx6bl NporpamMMHOro oGecnedeHns NPOMEeXyTOYHOTO ypOBHS

Cnyx6bl ceTeBon Cnyx6bl ceTeBom Cnyx6bl ceTeBow
onepaunoHHowM onepaunoHHon onepauuoHHOM
CUCTEMDI cuCTEMBI cuUcTeMbl
Anpo fAnpo fAnpo

CeTtb

Puc. 1.16. O6uian cTpykTypa pacnpeneneHHbIX CUcCTeM
C NPOMEXYTOYHBIM YPOBHEM

WHTepecHO OTMETUTD, YTO MPOMEXKYTOUHBIH yPOBEHDb He Obl H300peTeH B aKaje-
MHYECKUX YCJIOBUSIX B IOMBITKE OOECleYuTh MPO3PayHOCTh pacrpenenenus. [Tocie
HOSIBJIEHUST U IIMPOKOI'O PaclpoCTPaHCHHS CEeTeBbIX OIepalMOHHBIX CUCTeM MHOTHe
OpraHu3auuy 0OHAPYKUJIM, YTO Y HUX HAKOIMMJIACh MAcCa CETEBbIX MPUJIOKEHHI, KOTO-
pble HEBO3MOXHO JIETKO HHTErPHPOBaTh B eInHYI0 cucTeMy [45]. iMenHo Toraa npo-
M3BOJUTENM U HavyaJlM CO3/aBaTh HE3aBUCHMDIEC OT MPUJIOXKEHNH CIIyKObl BEPXHEro
YPOBHS AJ1sl 9TUX CUCTEM. TUIHYHble IPUMEPDI 00ecTeynBai MOAAEPIKKY pacrpe/e-
JIEHHOTO B3aMMOJEMCTBUS U YJIy4IlIeHHbIe KOMMYHMKAIMOHHbIE BO3MOXHOCTH.

PasymeeTcst, 10pora K NpaBHJIbHOMY IPOMEXKYTOUHOMY YPOBHIO 6bljIa HEMPOCTOH.
Bouta co3naxa opranusaiiysi, NpU3BaHHAs OpeesMTh OOIIHIt CTAaHAAPT /1S pelIeHu
Ha 6a3e TIPOMEXXYTOUHOTO ypoBHS. K HacToslleMy BpeMeHH TakHX CTaHAApTOB Cylile-
cTByeT MHOXecTBO. CTaHAapThl B OCHOBHOM HECOBMECTUMBI IPYT C APYTOM, U UTO elle
Xy’Ke, IPOAYKTbI Pa3ibIX IPOU3BOJUTEIIEN, Peaqu3yloliie OJIMH U TOT JKe CTaHAapT,
penxo cnocobHbI paboTaTh BMecTe. BeposiTHO, Bce 3T0 HeHanosro. Kro-uubyns Henpe-
MEHHO TPEJJIOKHUT <«IIPOrpaMMHOe obecriedeHue CJAeyIOero ypoBHs», KOTOPOE HC-
IIPaBUT 3TOT HEJOCTATOK.

Moaenu NnpoMeXXyToO4YHOro ypoBHS

Yro6bl cesaTh pazpaboTKy U MHTErPALUIO PACTIpeleIeHHbIX TPHJIOKEHHI KaK MOKHO
6oJ1ee IPOCTOIl, OCHOBHASI YaCTb IIPOrPAMMHOr0 obecredeHust MPOMEXKYTOUHOTO YPOB-
Hs1 6a3UpyeTCst Ha HEKOTOPOIl MOZesH, HIIM napadueme, oNpeesionledl pacnpenese-
Hue U cBsi3b. OTHOCUTEJILHO NPOCTON MOJIEJIBIO SIBJISIETCS TIpe/ICTaBjIeHHe BcexX HabJIIo-
naembix 00beKTOB B Buie aitnos. DtoT noaxox 6wL1 M3HayanbHo BBeaeH B UNIX
u crporo cobionascs B Plan 9 [353]. B Plan 9 Bce pecypcbr, BK/I04asi yCTpoHCTBa BBO-
Jla-BbIBO/IA, TaKHe KaK KJIaBUATypa, MbIIb, AHCK, ceTeBble HHTephEHCs U T. 1., pac-
cMaTpUBaIMCh Kak daityibl. BaxHo, YTo yxasentble 1 JoKalbHbie (hailbl HUUEM He OT-
nuyanucs. [Ipuoxxenne oTkpoiBaio ¢Gailibl, YUTAJIO M 3aMUCHIBAJIO B HUX OAlThl U
3akpbiBasio uX. ITockosbKy (hailyibl MOIJIM COBMECTHO HCIIOIb30BATHCSI HECKOJIbKUMMU
NpoLeCCaMH, CBsI3b COKPAILAACh JI0 IPOCTOrO 0OpallieH st K OJTHOMY U TOMY e (haitiy.
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IMono6HbIiT JKe 1Moxx01, HO MeHee crporuii, yeM B Plan 9, npumensiercs B npo-
rPAMMHOM 00ecIiedeH N TTPOMEXYTOUHOTO YPOBHSI, TOCTPOEHHOM T10 IIPUHIWIY pac-
npedenennou gainosou cucmemvr (distributed file system). Bo MHOTMX clyyasix aTo
nporpaMMHoe obecrieyeHrie BCEro Ha OJIMH 1Uar Yo OT CETEBLIX OTEPALMOHHBIX CHUC-
TEM B TOM CMBICJIE, UTO ITPO3PAUYHOCTD PACHpeNeseH s MOAACPKHBACTCS TONBKO st
cTanAapTubix ¢daitnoB (To ecTh ¢aiinoB, NMpefHA3HAYCHHDIX TOJLKO IJISI XpaHeHUs
naHnbix). Ilpoueccs, HanpyMep, YacTo IOJIAKHBI 3aMyCKAThCsI UCKIIOYHTENLHO 11a OT1-
peneneHibix MalnuHax. IIporpaMmuoe obecrieyerie MpOMEXYTOUHOIO YPOBHS, OCHO-
BaHHOE Ha MOJIeNIM pacnpezesieHHON ¢ailnoBoi cUCTeMbl, 0Ka3aJI0Ch JIOCTATOYHO Jier-
KO MacuITabupyeMbIM, YTO CIIOCOOCTBOBAJIO €0 MOIYJISIPHOCTH.

Ipyrast BakHasi paHHsIsl MOZENb IPOrPAMMHOrO ofecriederisi MPOMEKYTOUHOTO
YPOBHSI OCHOBaHa Ha yoanennvix evizoeax npouedyp (Remote Procedure Calls, RPC).
B aT0it MOJENH aKLEHT JieslaeTcsi Ha COKPBHITHH CETEBOro 0OMEHa 3a CYET TOro, YTO
IIPOLIECCY Pa3peLiaeTcsl BbI3bIBATH OPOLEAYPbI, peann3anusi KOTOPbIX HaXOAUTCS Ha
yRanenHoit Mamnye. IIpy BbI3oBe Takoif npoueaypsl napaMeTpnl NPo3payHo repesfa-
I0TCS1 Ha yIAJIeHHYIO MalIUHY, Tle, COOCTBEHHO, W BBIIOJIHSETCS TPOLEAYPa, OCe
Yero pesyJbTaT BBITOJHEHUS BO3BPALIAETCS] B TOYKY BbI30Ba NPOLEAYPLL. 3a UCKIIIO-
YeHHeM, BEPOSITHO, HEKOTOPOIl NOTEPH NPOM3BOJUTENBHOCTH, BCE ITO BLIMJISIIMT KaK
JIOKaJIbHOE HCIIOJIHEHME BBI3BAHHON NPOLIEYPHI: BLI3BIBAIOIUI TPOLECC HE YBELIOM-
asteTcst 06 MMeBIeM MecTo (hakTe ceTeBoro oOMeHa. Mbl BepHeMCsl K BbI30BaM ya-
JIEHHBIX [IPOLIEAYP B CJEAYIOLIel riase.

ITo Mepe TOro Kak Bce GoJiee BXOAMT B MOZY OPUEHTHPOBAHHOCTb HA OOBEKTDI, CTAHO-
BUTCS SICHO, YTO €CJIM BbI30B IIPOLIEAYPBI MTPOXOAUT YePe3 IPAHMILBI OTAEbHDIX MAILUH,
OH MOKeT ObITh TIPENCTABJCH B BUAE TIPO3PAYyHOro obpalleHust K 00beKTy, HaXoAsiile-
MYCsl Ha yJaJlelHOW MauiuHe. JTO NPHBEJIO K MOSIBJIEHHIO PazHooOpasHbIX CUCTEM
IIPOMEXKYTOUHOTO YPOBHSI, PEATH3YIOIUX MPEACTABJIEHHE O pacnpedenenivlx 06vex-
max (distributed objects). Vinest pacnpenesieHHbIX 00BEKTOB COCTOUT B TOM, UTO KaX-
IbIH 06bEKT peanusyeT uHTepdeic, KOTOPbIH CKPbIBaeT BCe BHYTPEHIIHe AeTann 00b-
eKTa OT ero noJjbsoBaTesisi. MHTepdeiic couep XUt METObl, peaiiu3yemMbie 00bEKTOM,
He GoJblue U He MeHblue. Bee, yTo BuanT 1poliecc, — aro nurepdeiic.

PacnipesesieHHble OOBEKTBI YACTO PEATUBYIOTCS [IyTEM pa3mclieHusi o6beKTa Ha
OIHOI1 U3 MALIMH ¥ OTKPBITUSI AOCTYIIA K ero UHTepdeiicy ¢ muoxecrsa Apyrux. Korza
IIPOLIECC BbI3BIBAET METO/I, Peasin3alinst MHTepdeiica Ha MallMHe C MPOIEeCCOM MPOCTO
1ipeobpasyeT BbI30B MeToAa B Coo01IeH e, TiepechliaeMoe 00beKTy. OObeKT BbITIOMHS-
eT 3alpaliBaeMblii METO/ Y OTIIPaBJIsieT Ha3aj pPe3yJbTaTbl. 3aTeM peajn3alust UH-
Tepgeiica mpeobpasyeT OTBETHOE COODIIEHNE B BO3BPAlllaeMOe 3Hadelie, KOTOPOe ie-
penaercs Bbi3BaBuieMy rponeccy. Kak u B ciyyae ¢ RPC, npouecc Moxer okazartbcest
He 0CBEZIOMJIEHHBIM 06 3TOM oOMeHe.

Kak Mopmenu MOryT YNpOCTHUTb MCIOJIb30BAHIE CETEBbIX CUCTEM, BEPOSITHO, HAaM-
JiyyiiM 06pa3oM BuaHo Ha npuMepe World Wide Web. ¥Ycnex cpexst Web B ocHo-
HOM OIlpeJessSIeTCsl TEM, YTO OHA MOCTpOEHa Ha 6ase moTpsicaiolile IIPOCTOil, HO BbI-
cokoa(pexTHBHOI Monenu pacnpedenennvix dokymenmos (distributed documents).
B mozenu, npunsrtoit B Web, undopmalms opraHu3oBaHa B Bue AOKYMEHTOB, KaX-
Ibl 13 KOTOPBIX pa3MellleH Ha MalluHe, PacrojoXeHne KOTOpoil abCoJIoTHO Mpo-
3pa4yHo. JJOKYMEHTbI COJIePKAT CChLUIKH, CBSI3bIBAIOUIME TEKYLIUil IOKYMEHT C [PYTH-
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mu. Eciin cienoBaTh 1o cChliKe, TO TOKYMEHT, C KOTOPBIM CBsI3aHa 3Ta CChLIKA, Oy1er
M3BJIeYEH U3 MeCTa ero XpaHeHusl U BbIBeJleH Ha 3KpaH IoJib3oBatess. Konuenius a1o-
KyMEHTa He OrpaHUYMBAETCS] UCKIIOUUTENbHO TeKCTOBON MH(popMarnueil. Hanpumep,
B Web noiepxuBaoTcst ayuo- 4 BUIEOJOKYMEHTDI, & TAKXXE Pa3MYHble BUADI JI0-
KYMEHTOB Ha OCHOBE MHTEPAKTUBHON rpadyyku.

[To3sxe MbI ellle BEpHEMCS K ITapalurMaM [IPOMEXYTOUHOTO YPOBHSI.

Cnyx0Obl NPOMEXYTOYHOIO YPOBHS

CyliecTByeT HEKOTOpOE KOJMYEeCTBO CTAaHAAPTHBIX VIS CUCTEM IIPOMEXYTOYHOIO
ypoBHs cay:x6. Bee mporpaMMHoe obecrieyeHre TPOMeKYTOYHOTO YPOBHSI HEM3MEHHO
JOJDKHO TeM MJIM MHBIM 00pPa30oM Peajin30BbIBATH NPO3PAUHOCMb 00CMYNaA My TeM Ipe-
JOCTaBJIEHHS BICOKOYPOBHEBBIX cpedcms cessu (communication facilities), ckpbiBato-
IMX HU3KOYPOBHEBYIO TEPECHIIKY COOOUIEHHIT 0 KOMIIbIOTEPHOH ceTu. MHTepdeiic
MPOrpaMMUPOBAHUSI TPAHCIIOPTHOIO YPOBHS, NIPEAOCTaBIIsIEMbIil CETEBOI ONepalMOH-
HOI CHCTEMOI], TIOJIHOCTHIO 3aMeHsieTcst Apyrumu cpeactBamu. Crnoco6, KOTOPHIM 10/~
JIeP>KMBAETCST CBSI3b, B 3HAUMTEJIBHON CTEMEeHM 3aBHCUT OT MOAEJM paclipelesieHus,
Tpe/JiaraeMoii porpaMMHbBIM OGecrieyeHeM MTPOMEXYTOUHOIO YPOBHSI T10JIb30BaTe-
JIIM U TIPUJIOXKEHUAM. MBI yKe YIOMUHAIU YAAJTeHHbIH BbI30B MpoLeayp U obpalie-
HUE K pacrpenesieHHbiM o6bekTaM. KpoMe TOro, MHOTMe CHUCTEMBI MPOMEXKYTOUHOIO
YPOBHSI IIPEOCTABJISIOT CPEACTBA JJIs1 IIPO3PAYHOro AOCTYNa K yAaJeHHbIM AaHHBIM,
TaKue KaK pacrpeseieHHbie (HDallioBble CUCTEMbI WM paclpesiesieHHble 6a3bl JaHHbIX.
IIpo3pauHas moCTaBKa NOKYMEHTOB, peajusyemas B Web, — 3T0 elue oaun npumep
KOMMYHMKALIUI BLICOKOTO YPOBHS (OHOHANPABJIEHHBIX).

BaskHast ciysx6a, 06111ast JIst BceX CUCTEM IIPOMEXXYTOYHOrO YPOBHSI, — 3TO UMEHO-
sanue (naming). CiyxObl UMEHOBaHUS CPAaBHUMBI C TesJe()OHHBIMH KHUIaMH WU
cripaBouyHuKamMu tTuna «Kenatpix ctpanui». OHY 1103BOJISIIOT COBMECTHO MCIT0JIb30BATh
M UCKaTh CyI[HOCTH (KaK B KaTajorax). XOTs IMPUCBOEHHE MUMEH Ha TepPBbIi B3IJIS]
Ka)KeTCs TIPOCTBIM JIEJIOM, IPU MaCIITAOMPOBAHUY BO3HUKAIOT CEPbE3HBIE TPYAHOCTH.
[Ipob6JiemMa cOCTOUT B TOM, YTO 151 3 (PeKTUBHOTO MOUCKA HMEHU B HOJIBIION CUCTEME
MECTOIIOJIOKEHe Pa3bICKMBAEMOIl CYIUIHOCTH JOJI)KHO CUMTATbCS (PUKCHPOBAHHBIM.
Takoe nonyuieHue, B 4aCTHOCTH, puHsATO B cpese World Wide Web, B kotopoit sito-
6oit noxymenT nmoumenosat nocpeactsoM URL. URL coxepxut umMs cepsepa, Ha Ko-
TOPOM HaxoauTcs AOKyMeHT ¢ nanHbiM URL-agpecom. Takum o6pasoMm, eciiu IOKY-
MEHT TepeHoCUTCs Ha Apyroii cepsep, ero URL nepecraer paborars.

MHorue cucTeMbl IPOMEXYTOYHOTO YPOBHS NPeJOCTABISIOT CIEHaJbHbIe CPel-
CTBa XPaHEHUsI JAaHHBIX, TakxXe MMEHYeMble CPeiCTBaMHU coxpawrnocmu (persistence).
B cBoeit npocreiiiieii popMe COXpaHHOCTh OGeCTIeUnBaeTCs pacnpeejieHHbiMu (aito-
BBIMHM CHCTEMaMHU, HO OoJiee COBepILEHHOE NTPOrpaMMHOE 0OeCIieueHe TIPOMEXKYTOY-
HOT'O YPOBHSI COEPXKUT UHTErPUPOBAHHBIE 0a3bl JAHHBIX WJIM MTPEAOCTABJISIET CPEACT-
Ba JUVIsl CBSI3U TIPUJIOKEHUH ¢ 6a3aMu JaHHbIX.

Ecnu xpaHeHHe JaHHBIX WIPAET BaXKHYIO POJIb sl 060JI0YKH, TO OOBIYHO NPeao-
CTaBJISIIOTCSI U CPEACTBA ISl pacnpedeneinvix mpandaxyui (distributed transactions).
BaxxHbIM cBOICTBOM TpaH3aKIMI SBISETCS BO3MOXHOCTb MHOXKECTBA Olepaliil YTe-
HHUA U 3allMCH B XOJ/le OJJHOI aromapHOoil onepauuu. ITon aToMapHOCTBIO MBI TOHUMaeM
TOT (HaKT, UTO TPAH3AKLUSA MOKET OBbITh JIMGO YCIewHo (Koraa Bce onepanyy 3alucu
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3aBEPIIAIOTCS YCIENHO), TUGO0 HeyIaqHOM|, YTO OCTABJISIET BCE 3a/eHCTBOBAHHbIE 1aH-
Hble He U3MeHEHHbIMU. PacrpeliesieHHble TPaH3aKIMH PaboOTAOT C JAaHHBIMU, KOTO-
pbl€e, BO3MOXKHO, Pa3bpOCaHbl IO HECKOJIbKMM MalllnHaM.

[penocraBiieHye Takux cayx6, Kak pacrnpe/esieHHbie TPAH3AKIMH, OCOOEHHO Bax-
HO B CBETe TOrO, YTO MAaCKUPOBKA cOOEB JJIsl paclpenesieHHbIX CUCTEM HEPENKO 3a-
TpyaHena, K coxaneHuio, TpaH3aKU1K Jierye MAaciiTabupoBaTh Ha HECKOJIBKUX TE€0-
rpacduyecKy yrajeHHbIX MallMHaX, YeM Ha MHOXECTBe JIOKaJIbHbIX.

Hy u, HakoHell, TpaKTHYECKH BCe CUCTEMbI IIPOMEKYTOYHOTO YPOBHSI, UCIOJIb3ye-
Mbl€ HE TOJIbKO /ISl 9KCIIEPUMEHTOB, IIPEOCTABJISIIOT CPEACTBA 00eCTIeYeHUS 3auumbL
(security). Tlo cpaBHEHUIO C CETEBbIMU ONMEPAUMOHHBIMU CHCTeMaMM TpobjieMa 3a-
HIMTHl B CHCTEMAX [TPOMEXYTOYHOTO YPOBHSI COCTOUT B TOM, YTO OHHM pacIipe/eseHbl.
ITpoMe)xxyTOUHbI YPOBEHb B MPUHLIMIIE HE MOXKET «HAJESIThCsI» HA TO, YTO HA30BbIe
JIOKQJIbHBIE ONE€PALMOHHbIE CUCTEMbI OYAYT a/leKBaTHO OOECIevYnBaTh 3alIUTYy BCei
cetu. COOTBETCTBEHHO, 3aLIMTA OTYACTH JIOKUTCSI Ha IPOrpaMMHOe obecrieyeHre mpo-
MEeXyTOYHOTO ypOoBHSI. B coyetanuu ¢ TpeGoBaHNEM PACIIMPSIEMOCTH 3al[MTa MPeBpPa-
aeTCs B OAHU M3 Hanbojiee TPYAHO peanu3yeMbIX B paclpeieieHHBIX CHCTeMax
cayx6.

MpoMeXXyTOUHbIN YPOBEHb U OTKPbITOCTb

CoBpemeHHbIe pacnpeesieHHble CUCTEMbI OGBIYHO CO3/IAI0TCSI B BU/E CUCTEM MpOMe-
JKYTOYHOTO YPOBHsI [J1s1 HecKOJIbKUX TiaTdopM. [1pn aToM NpUIIOKEHUST CO3NAIOTCS
ISt KOHKPETHOM pacrpeieIeHHOM CUCTEMBI U He 3aBUCAT OT N1aTdhopMbl (OrepaliiioH-
HoMt cuctembl). K coxxaseHuIo, 3Ta He3aBUCUMOCTD YacTO 3aMEHSIEeTCsT XKEeCTKOM 3aBH-
CUMOCTBIO OT KOHKPETHOM CHCTEMBI TPOMEKYTOYHOTO ypoBHs. [IpobyeMa 3akiouaet-
Cs1 B TOM, YTO CUCTEMbI TPOMEXKYTOUHOTO YPOBHS YaCTO 3HAUNUTETIBHO MEHEE OTKPBITHI,
4eM yTBEpXKIAETCSI.

Kak Mbl 06Cysxaann paHee, MCTHHHO OTKPBITasl pacrpeie/leHHasl CUCTeMA OIlpejie-
JISIeTCs1 MOJIHOTOM (3aBepileHHOCThIO) ee uHTepdeiica. [losHoOTa O3HavaeT peasbHOE
Ha/JM4re Bcex HeoOXOAMMBIX ISl CO3[IaHusl cucTeM onucanuil. Hemosnora onucanust
uHTepgeiica MPUBOAUT K TOMY, YTO Pa3paGOTYMKH CUCTEM BBIHYXK/IEHbI 106ABJISTh
cpon cobcrpeHHble uHTepdeichl. Takum 06pasoM, Mbl MOXKEM TIPUATH K CUTYallUH,
KOT/Ia pa3HbIMU KOMaHAaMH pa3pabOTYMKOB B COOTBETCTBUHU C OJJHUM M TEM )K€ CTaH-
JIAPTOM CO3/Ial0TCS1 pa3Hble CCTEMBI [TIPOMEKYTOYHOTO YPOBHSI U MPHUJIOKEHUs], HAIU-
CaHHbIE TI0J OJIHY U3 CUCTEM, He MOTYT ObITh I€PEHECEHBI O APYTyIo G€3 3HAUNUTeEJIb-
HBIX YCUJHUH.

He MeHee HempusiTHA CHUTyalsi, KOTAa HEMOJHOTA MPUBOAUT K HEBO3MOXKHOCTH
COBMECTHOM paboThl ABYX peaju3aluii, HECMOTPSI Ha TO, YTO OHH ITOJEP)KUBAIOT a0-
COJIIOTHO OIMHAKOBBII HaGop MHTeP(eiicoB, HO pa3nytble 6a30Bble MPOTOKOJIBI. Tak,
€CJIU JIBe peaju3allid OCHOBAHbI Ha HECOBMECTHUMbBIX KOMMYHHKALMOHHBIX IIPOTOKO-
JIaX, NOJIEP)KUBAEMbIX CETEBOH ONMEPALIMOHHOM CHCTEMOH, MaJIOBEPOSITHO, YTO YAACT-
CA C JIETKOCTBIO JOOUTbCSA UX COBMECTHOMH paboThl. Heo6xoanMo, 4TO6BI U MPOTOKO-
JIbl TIPOMEKYTOYHOTO YPOBHSI, ¥ €ro UHTepdeiichl OblIM OJMHAKOBbI, KaK MOKa3aHO
Ha puc. 1.17.

Emte onun npumep. [Ijist rapaHTUH COBMECTHOM pabOThI pasiMyHbIX peajn3alnil
HeOOXOAMMO, YTOObI K CYIIHOCTSIM PasHbIX CUCTEM MOXKHO OBLIO OAMHAKOBO obpa-
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marbes. Ecau K cymuocTaM B oaHoil cucreme obpamienne uaet yepes URL, a B apy-
Troil cucTeMe — 4epes CeTeBoil aapec, MOHATHO, YTO IIEPEKPECTHBIE 0OpalleHUsI IpUBe-
ayT K npobyemam. B mogo6HbIX ciydasix omnpesesieHust HHTEPGHEHCOB MO/KHBI TOYHO
HIPEeANUCHIBATD BUA CCBHLJIOK.

MpunoxeHne OnuHakoBble MpunoxeHue
nporpaMmMHsbie
VIHTepd)eﬁCbu
‘/ - r\‘

MporpammHoe MporpammHoe
obecneveHne O6wun obecnevenne
NPOMEXYTOHHOrO npoTokon NPOMEXYTOYHOro
YpPOBHA YPOBHSA
CereBas CerteBasi
onepauuoHHas onepaumoHHas
cucrema cuctema

Puc. 1.17. B oTKpbITbix pacnpenefieHHbIX cuctemax AoKHbl ObiTb OANHAKOBBIMM KakK MPOTOKObI,
MCnoNb3yemble MPOMEXYTOHHbLIMUN YPOBHAMU KaX 01 U3 CUCTEM, Tak U UHTepdeincsl,
npegocTaBnsemMsie NPUIOXeHU M

CpaBHeHue cucrem

KpaTkoe cpaBHeHMe paclpeaeseHHbIX ONEePallMOHHBIX CHCTEM, CETEBBIX OIepallu-
OHHBIX CHCTEM U PacCIpeAeJeHHBIX CUCTEM IMPOMEXYTOYHOIO YPOBHS MPUBOAUTCS B
Tab. 1.5.

Ta6nuua 1.5. CpaBHeHue pacnpenesieHHbiX onepaumoHHbIX CUCTEM,

ceTeBbIX ONepaLMOHHbIX CUCTEM U pacnpeesieHHbIX CUcTeM
NPOMEXYTOYHOrO YPOBHS

XapakTtepuctuka PacnpepgeneHHas onepaunoHHas CeTeBas Pacnpepnenen-
cucrema onepauuoHHas Hasi cuctema
MyneTH- MynbTH- cucrtema npomMexyroy-
npoueccopHas KoMnbloTepHas HOTO ypoBHS
CreneHb OyeHb BbicoKas Bbicokas Hwnakas Bbicokas
Npo3paYyHoOCTn
NpeHTUYHOCTL MoppepxusaeTt- [MoppepxuBaet- He nopaepxu- He nopaepxn-
onepauuoHHOM ca [of:] BaeTcs Baetcs
cUcTeMbl Ha BCcex
yanax
Yucno konnn OC 1 N N N
KomMmyHukauumn CoBMeCTHO CoobweHni daiinos B 3aBucumocTun
Ha ocHoBe ncnonb3yemom oT Moaenu
namsTv
YnpasneHue nobanbHoe, FnobanbHoe, OtaenbHo OTaensHo
pecypcamu UEeHTpanu3oBaH- pacnpeneneH- Ha y3ne Ha y3ane
Hoe Hoe

npodonxcenue
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Ta6nuua 1.5 (npodorxcenue)

Xapakrtepuctuka PacnpepeneHHas onepauynoHHaas CerteBas Pacnpepenen-
cucrema onepauyuoHHas Hasi cuctema
MynbTH- MyneTH- cucrema npomMexyTou-
npoueccopHas KoMrbloTepHas HOTO YpOBHSA

Macwrabupyemocte OtcyTCcTBYET YmepeHHras Na Pasnunynasn

OTKPLITOCTL 3akpbiTas 3akpbiTas OTkpbiTas OTKpblTas

YTo Kacaercst MPO3PaYHOCTH, SICHO, UTO paclpe/ie/IieHHbIe OTlepalliOHHbIe CHCTEMbI
paboTaloT Jy4ile, YeM ceTeBble. B MyJIbTUITPOLIECCOPHBIX CUCTEMaX HaM HY>KHO CKpbI-
BaTh TOJBKO 00Iee YUCJIO MPOLECCOPOB, a 3TO OTHOCUTEIbHO HecJoXHO. CroxHee
CKDBITh (pU3HUECKOe paclpejieieHHe NaMsITH, T09TOMY He IPOCTO CO3[aThb MYJIbTH-
KOMIIBIOTEPHYIO OINEePAIMOHHYIO CUCTEMY C MOJHOCTBIO MPO3PAaYHbIM PaCIpeleIeHHEM.
PacnpezaenieHHble CUCTEMBI YACcTO MOBBILAIOT MPO3PAayHOCTh NMYTeM HCIOJIb30BAHUS
CrelMaabHbIX MOJeJIel pacrpeseseHust U cBs3u. Tak, Hanpumep, paclpeieseHHble
(haiiioBBIE CUCTEMBI OOBIYHO XOPOLIO CKPBIBAIOT MECTOMNOJIOKeHHe (DANJIOB U KOCTYN
K HUM. OJHaKO OHH HECKOJIBKO TEPSIIOT B OGILIHOCTH, U TT0J30BATENH, PEUIMBIIUE BbI-
pPa3uTh BCe, YTO MOXKHO, B pAMKaX KOHKPETHOI MOJieJIM, MOTYT ITOJTyUHTb B3aMeH Ipo-
6JIeMbI C HEKOTOPBIMH MPUJIOXKEHUSIMH.

PacnpeneneHnble onepaMoOHHble CHCTEMbI TOMOTEHHBI, TO €CTh KaXK/blil y3es umeet
COOCTBEHHYIO OMepaluuoHHYI0 cucTeMy (sipo). B MyJbTHUIIPOLIECCOPHBIX CHUCTEMax
HET HeOHXOIMMOCTH KOITMPOBATH AAaHHbIE — TaOJIMLIBI U MIP., TOCKOJbKY BCE OHM HaXO0-
astcsl B oOIeil MaMsiTH U MOTYT HCIIOJIb30BaThCSI COBMECTHO. B aToM ciyuae Bcs
CBSA3b TAKXKe OCYLIECTBIISIETCS uepe3 OOUIYIO MaMsITh, B TO BPEMSI KaK B MYJIbTUKOMIIb-
IOTEPHBIX cucTeMax TpeOyIoTCst coobieHus1. Mbl 06CyK /a1, UTO B CETEBDLIX Olepalu-
OHHDBIX CHCTEMaX CBsI3b yallle Bcero 6azupyercs Ha (aiinax. Tak, Hanpumep, B MHTep-
Here GoJiblIast YacTh 06MeHa OCyILecTBIsIETCS MyTeM nepenauu daitios. Kpome toro,
ONHAKO, MHTEHCHBHO HCIMOJb3YETCs OOMEH COOOIIEHUSIMM BBICOKOTO YPOBHSI B BUIE
CHCTEM DJIEKTPOHHOM ITOUTBI U A0COK 00bsiBieHuil. CBsi3b B paclpe/ieIeHHbIX CUCTe-
MaX IPOMEXKYTOYHOTO YPOBHS 3aBUCUT OT MOJIEJIH, 11a KOTOPOi OCHOBaHa CUCTEMA.

Pecypchbl B ceTeBBIX OTIEPALIMOHHBIX CUCTEMAX M PaclpeiesJeHHbIX CHCTeMax IMpo-
MEXXYTOYHOTO YPOBHSI YIPABJISIIOTCS HA KX/IOM Y3JI€, UTO JIeJlaeT MaclitabupoBaHue
STUX CUCTEM OTHOCUTEJbHO NMpocThiM. OJHAKO NMpaKTHKa IOKa3blBaeT, YTO peasn3a-
1Msl B pacrpelesieHHbIX CHCTEMaxX MPOTPAMMHOrO 0OecreyeHus! MPOMEXYTOYHOTO
YPOBHS 4acTO IPUBOAUT K OTPAHUYEHHOCTH MaciiTabupoBahusi. PacrpenesneHHbie
orepaldoHHbIe CUCTEMbI OCYIIECTBIISIIOT I106aIbHOE yIIpaBjeHne Pecypcamu, 4To yc-
JIoXxHsieT UX MaciutabupoBaHue. B ¢Bs31 ¢ 1leHTpaJM30BaHHbLIM NOAX0/OM (KOTr/a BCe
JIAHHbIE HAXOATCS B OOLIEil MaMsITH) B MyJIbTHIIPOLIECCOPHBIX CUCTEMAX OHU TaKXe
MaclITabUpyIoTCs ¢ TPYIOM.

U, HakoHel, ceTeBble ONEpallHOHHbIE CUCTEMbI U paclipe/ieJIeHHble CHCTEMbI ITPo-
Me>KyTOYHOTO YPOBHSI BLIMTPBIBAIOT C TOYUKU 3pEHUs] OTKPBITOCTH. B OCHOBHOM y3J1bI
MOJ/IEP>KUBAIOT CTAHAAPTHBLIT KOMMYHHUKaIMOHHBII nipotokos tuna TCP/IP, yto ne-
JIaeT HECJI0XKHOI OPraHU3alMIo UX COBMECTHOI paboThl. OHAKO 3€Ch MOTYT BCTpe-
TUTBCSI TPYLHOCTH C TIEPEHOCOM TIPUJIOKEeHHH noj pasuble muatdopmel. Pacnpene-
JIEHHbIEe Ollepal{MOHHbIE CUCTEMbI B OCHOBHOM pacCYMTaHbl He Ha OTKPBITOCTb, a Ha
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MaKCHUMaJIbHYIO ITPOU3BOAUTE/NILHOCTD, B PE3YJbTAaTE Ha J0OPOre K OTKPLITbIM CHUCTe-
MaM Y HUX CTOMT MHOECTBO 3allaTEHTOBAHHbIX pemelmﬁ.

1.5. Mopgenb KnueHT-cepBep

Jlo 3TOro Momelnita Mbl BpsiZL JIM CKa3aJH YTO-TO O ACiICTBUTENHLHOI OpraHM3alMu pac-
npeieJIeHHBIX cucTeM, bosiee HHTEPecysIiCh TeM, KaK B 3THX CHCTEMaX OpralM30BaHbl
npoyeccot. HecMOTPs Ha TO 4TO 1OCTHYL COIJIACHS 110 BOIIPOCAM, CBSI3aHHDBIM C pacipe-
AeJIeHHBIMU CHCTeMaMH, ObLIIO HeJIETKO, 110 OAHOMY M3 BOIIPOCOB HCCJEA0BATEIH U Pas-
paboTunKH Bce xe 10roBopHich. OHM MPHUILIM K BBIBOAY O TOM, YTO MblIJIEHHE B
IOHATHUSAX KJIHEHTOB, 3apalllMBaoLIHX CJIYXKObI C CepBEpOB, IIOMOTAET MOHATh CJI0XK-
HOCTDb pacnpeieJIeliHbIX CHCTeM H YIPaBsThCs ¢ Heil. B aToM pasmene Mbl kpaTko pac-
CMOTPHUM MO/leJIb KJIHEHT-CepBep.

1.5.1. KnueHntbl n cepBepbl

B 6a30B0i1 Mozte/ 11 KIIMEHT-CEpPBEP BCe IPOLIECCh] B pacripeliesIeHHBIX cUcTeMaxX JesiT-
Cs1 Ha JIBe BO3MOXKHO IepeKpblBaoliyecs rpyisl. [Ipoleccsl, peanusylouine HeKOTO-
pyio cayx0y, Hanpumep ciyk0y ¢ailsoBoiil crcrteMbl WK 6a3bl JlAHHBIX, HA3bIBAIOTCS
cepsepamu (servers). IIpoliecchl, 3anpaiBaolime cayX0nl y cepBepos MyTeM MOCHLI-
KH 3aI1poca U [0CJIeyIONIero OXHUAAHUS OTBEeTa OT CepBepa, Ha3biBalOTCs KAUeNmaAMU
(clients). BzaumoseiicTBie KJIMEHTa U cepBepa, H3BeCTHOE TaKKe [0/l Ha3BaHUEM pe-
acum pabomut 3anpoc-omeem (request-reply behavior), nnmoctpupyet puc. 1.18.

OxupaHue pe3ynbrarta

KNNEHT . — - = - - = - = =~ —

Puc. 1.18. O606uleHHOe B3auMoaencTBme MexXay KIIMEeHTOM 1 cepBepoM

Ecsin 6a3oBast ceTb Tak e HaJeXHa, KaK JIOKaJIbHbIe CeTH, B3aUMOAEHCTBHE MeX-
1y KJIMEHTOM W CEPBEPOM MOJKET OBbITh PEAIM30BaAHO II0CPEACTBOM ITPOCTOIO IIPOTOKO-
Jia, He TPeOYIOIEero YCTaHOBJIEHUS] COeIMHEHMs.. B aTOM ci1y4ae KiMeNT, 3anpaiinbas
cnyx6y, obaexaer cBoii 3anpoc B GopMy COOOUIEHHS ¢ YKA3AaHUEM B HEM CJIyKObI, KO-
TOPOIl OH KEeJAeT BOCIIOJIb30BATHCS, M HEOOXOAMMBIX JUISI 3TOrO0 MCXOJHBIX JAHHbBIX.
3areM coobuieHue rocblaaercsi cepsepy. Ilocneanuii, B cBoio ouepenp, MOCTOSTHHO
OXHJIaeT BXOJAIIETO COOOIIEHMs, OTYyYHB ero, 06pabaTbiBaeT, YIIaKOBbIBAET Pe3yJIb-
TaT 06paboTKH B OTBETHOE COOOLIEHHE U OTIPABJSIET €ro KIHEHTY.

Hcnonb3oBanue He TPeOYIOLIErO COCAMHENUsI IIPOTOKOJIA /IA€T CyilleCTBEeHHBIH BbI-
urpoii B aQ)pextuBHocTH. 0 Tex Nop 1noka coobIIeHUsT He HAYHYT MPONaiaTh WUIH
MIOBPEXAATHCS, MOKHO BIIOJIHE YCIIELIHO NPUMEHSITh NPOTOKOJ THITAa 3anpoc-OTBeT.
K coxanenuio, co3iath IPOTOKOJI, yCTOWYMUBBI K CJIyyaiiHbIM cOOSIM CBSI3H, — HETPH-
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BUAbHAS 3az1aya. Bce, 4TO MBI MOXeM clesaTb, — 3TO JaTh KJIMEHTY BO3MOXKHOCTD
MOBTOPHO TOCJATD 3aNpoc, Ha KOTOPbIl He Obl1 nosydyeH orset. IIpobiema, oaHaKo,
COCTOUT B TOM, YTO KJIMEHT He MOKET ONpe/esIUTh, IeHCTBUTEIbHO JIM NTepBOHAYallb-
HOe COoOO0IeHEe C 3aITPOCOM OLLIO TOTEPSIHO MJIHM OLIHOKa NPOM30ULIA NIPU lepeaaye
oTBeta. Eciu noTepsisicss oTBeT, HOBTOPHAsI TIOCBbIJIKA 3alIpoca MOXeT NPUBECTH K I10-
BTOPHOMY BHINIOJTHEHHIO onepatnu. Eciu onepaigist npejcrasssiia coboit 4to-To Bpoje
«cHaTtb 10 000 nosnapos ¢ Moero 6aHKOBCKOrO cueTas, NOHATHO, UuTO Ob1JIo ObI ropas-
JIO JIy4llie, ecJid Obl BMECTO TIOBTOPHOTO BBIIIOJIHEHUST OTIEPALIMH BAC NIPOCTO YBEJOMH-
Jau o npousomreauieit oumbke. C Apyroit CTOPOHBI, ecin onepauust 6blIa «CoodIITe
MHE, CKOJIBKO JIEHET Y MEHsI OCTaJIOCh», 3aIPOC MPEKPACHO MOXKHO ObLIO GBI MOCTIaTh
noBTOpHO. HeTpyaHO 3aMeTHTD, YTO Y 3TOIT TPO6IEeMbL HET AMHOTO pellelinst. Mut oT-
JIO)KUM JIeTajbHOe pacCMOTPEHMe 3TOro BONpoca /10 IJIaBbl 7.

B kauecTBe asbTePHATHUBBI BO MHOTUX CHCTEMax KJMEHT-cepBep HCIOJIb3yeTCsl Ha-
JIEKHDIH IPOTOKOJI C YCTAHOBKOW coefiHenusl. XOTs 9TO pellelie B CBSI3H € ero OTHO-
CUTEJIbHO HU3KOH NPOU3BOJUTENHHOCTBIO HE CJIMLIKOM XOPOLIO MOJIXOAUT IS JIO-
KaJIbHBIX CETEif, 0110 BEJMKOJICITHO PabOoTaeT B rI0OaNBHBIX CUCTEMAX, JJISI KOTOPBIX
HEHAJIEXKHOCTD SIBJISIETCS «BPOXKAEHHBIM» CBOHCTBOM coeMHEHUH. Tak, npakTHuyecku
BCe NMPUKJIAJHbIe ITIPOTOKONbI VMHTepHeTa OCHOBaHbl HAa HAJIEKHBIX COEJAMHEHUSIX MO
npotokosy TCP/IP. B atux ciyuyasix BCAkuil pa3, Korja KJIMeHT 3aNpalllMBaeT CIyX-
6y, /10 MOCHLIKH 3aNpoca CepBepy OH 0JIKEH YCTAaHOBUTb ¢ HUM coefnHenne. CepBep
0OBIYHO HCIOJIb3YET [/l TTOCHIJIKA OTBETHOrO COOOLIEHHS] TO XK€ CaMO€e COe/liHEHHE,
nocJie 4ero oHo paspoisaercs. [Ipobiema coCTOUT B TOM, YTO YCTAHOBKA W Pa3pbiB CO-
eIUHEeHUsI B CMbICJIE€ 3aTPAauMBaEMOro BPEeMEHHM U PecypcoB OTHOCHTETIBHO IOPOTH,
0COOGEHHO eCJI COODIICHUSI C 3aIIPOCOM U OTBETOM HEBEJIHKUA. Mbl 06CYIMM aJibTepHa-
THBHbIE pellleHHUsl, B KOTOPBIX YIPaBJeHHe cOoelMHeHeM 00beANHsIeTCs ¢ nepefayeil
JAHHBIX, B CJEAYIOLIEH IIaBe.

MpumMmepsbl KNMeHTa n cepeepa

Yro6bl BHECTH GOJIBIIYIO ICHOCTD B TO, KaK PabOTaIOT KJIMEHT U CEpPBEp, B 9TOM ITyHKTe
MBI PacCMOTPHMM OMNUCaHUEe KJIMeHTa U (ailnoBoro cepsepa Ha sizbike C. M kiuenr,
¥ cepBep MOJUKHBI COBMECTHO MCIOJIb30BaTh HEKOTOPDLIE OINMpPE/ENEHMNs], KOTOPbIE MBI
cobepeM BMecTe B (aily1 moa HazBaHueM header.h, TEKCT KOTOPOTo NMPHUBEAEH B JIMC-
turre 1.3. OTu olpenesieHHs 3aTeM BKJIOYAIOTCS B TEKCThI IPOrPAMM KJIHEHTa M cep-
BEpa CJeAYIOlleil CTPOKOIi:

#include <header.h>

ITa MHCTPYKLUMSI BBI3OBET aKTUBHOCTH IIPENPOLIECCOPA, KOTOPBIH MOCUMBOJILHO
BCTaBUT Bce cozlepxkumoe aiiyna header.h B TEKCT IPOrpaMMBI 10 TOTO, KaK HaYHETCsI
ee KOMITHJISILHSI.

JNuctunr 1.3. Qaiin header.h, ncnonb3yemslii KIMEHTOM 1 cepBEPOM

/* Onpepenenns, HeoOXOAuMble W KNUEHTaM, W cepsepamM */

#define TRUE 1
/* MakcuManbHaa ONWHA UMeHW ¢aiina */
#define MAX_PATH 255

/* MakCuManbHoOe KONMYECTBO [aHHbIX, NEPENaBaeMoe 3a OfWH pa3 */
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#define BUF_SIZE 1024
/* CeTesoit agpec ¢pannoeoro cepsepa */
#define FILE_SERVER 243

/* OnpeneneHns paspeweHHsix onepauun */

/* CO3paTb HOBbIA dann */

#define CREATE 1

/* c4nTaTb AaHHble u3 (aina u BepHyTb ux */
#define READ 2

/* 3anucaTtb faHHbie B Qaiin */

#define WRITE 3
/* ypanutb Cywectsyouwnin ¢ain */
#define DELETE 4

/* Kopbl ownbok */
/* onepauus npowna ycnewHo */

#define OK 0

/* 3anpoC HEeM3BECTHOW onepauun */

#define E_BAD OPER -1

/* ownbKa B napametpe */

#define E_BAD PARAM -2

/* ownbKa AWCKA Wnu Apyras ownbKa 4YTeHus-3anucn */
#define E£_IO -3

/* Onpenenexne ¢opmata coobuennsa */
struct message

long source; /* MDEHTADUKATOP UCTOYHMKE */

long dest; /* WREHTUOMKATOP NPUEMHUKE */

long opcode: /* 3anpawvsaeMas onepauus */

long count; /* 4ncno nepepasaembix GanT */

long offset: /* no3uums B (alne, C KOTOPOW HavyuHaeTCs
BBOA-BbLIBOA */

long result: /* pe3ynbTat onepauuu */

char name[MAX_PATH]: /* vmMa Gaina, C KOTOPLIM NPOM3BOAATCS
onepauuun */

char data[BUF_SIZE]: /* paHHble, KoTopbie OyayT CYMTaHbl Uu
. 3anucanb */

Utax, nepen Hamu tekct daiiya header.h. OH HauMHaeTcsl C olpeesieHUsT ABYX
KoHCTaHT, MAX_PATH u BUF_SIZE, koTopble onpenessiioT pa3Mep ABYX MacCUBOB, UCIIOJIb-
3yeMbIX B coobiiernu. [lepBasi 3a1aeT YHUCJIO CUMBOJIOB, KOTOPO€E MOXKET COAEPIKATHCS
B uMeHHu ¢aiina (To ecTb B CTPOKe C MyTeM THUMA /usr/ast/books/opsys/chapteri.t).
Bropast 3amaet pasmep 6Ji0Ka JaHHBIX, KOTOPBIH MOXKET OBITh IIPOYMTAH MJIN 3aMTUCAH
32 O[IHY ONepaluIo MyTeM yCTAaHOBKHU pa3Mepa bydepa. Cienyioliasi KOHCTaHTa, FILE
SERVER, 3azaeT ceTeBoil azpec $aiiloBoro cepsepa, Ha KOTOPDII KJIHMEHTbI MOTYT MOCHI-
JIaTh COOOIIEeHN],

Bropas rpymnmna KOHCTaHT 3a/aeT Homepa onepauuit. OHNU HEOOXOAUMBI JUISI TOTO,
4TOOBI ¥ KJIMEHT, X CEpPBEP 3HaJIH, KAKOH KO/ MPEACTABIsIeT YTeHHe, KAKOH KO — 3a-
MUCh U T. . MBI IPUBOAUM 3[€Ch TOJBKO YEThIPE KOHCTAHTBI, B PEAJIBHBIX CUCTEMAX
ux 06BIYHO OOJIBILE.
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Kaxknblit oTBeT co/epKUT KoJ pe3yiabTara. Ecsn onepaius 3aBepllieHa YCIIEUIHO,
KOJl pe3ysbTata OObIUHO COAEPXKUT TO0JIe3HYI0 MH(pOPMaluMio (HarpuMep, peasbHoe
YHCJI0 cCYUTaHHbIX GalitoB). Eciin HeT Heo6XoMMMOCTH BO3BpaLIaTh 3HaYeHHe (Halpu-
Mep, ripu co3zanuu (aiina), ucronb3yercs: 3HaueHue O0K. Ecoim onepanus 1o kakum-
A160 IpUYMHAM OKOHUMJIACh Heyaauell, kox pedysbTarta (E_BAD_OPER, E_BAD PARAM u 1p.)
coobuiaeT HaM, 1104eMy 3TO IPOU3OILTIO.

Haxonew, Ml 106paauch 10 HauboJiee BaKHOIT yacTu (aitia header.h — ornpenee-
Hus Qopmara coobuleHust. B HaueM npuMepe ato cTpykTypa ¢ 8 nosisamu. Itot Gop-
MaT MCII0JIb3YEeTCsl BO BCEX 3ampocax KJIMEeHTOB K cepBepy M OTBeTax cepsepa. B pe-
aJIbHBIX CHCTEMaX, BePOSTHO, (hUKCHPOBaHHOTO hopMaTa y coobliieHuil He 6yner (110-
CKOJIbKY He BO BCEX CJIy4yasiX HY>KHBI BCE I10Jis1), HO 3/I€Ch 3TO YIPOCTUT OObSICHEHUE,
[ToJst source u dest oInpenessiloT, COOTBETCTBEHHO, OTpaBuTesisl ¥ nosayyarens. ITose
opcode — 3TO OZIHA U3 paHee ONpe/eIEHHbIX Ollepalluii, TO ecTh Create, read, write namn
delete. IMousi count u of fset TpeGyioTes must nepenayu napamerpos. Ilose result B 3a-
npocax OT KJIMeHTa K cepBepy He HUCMOJIb3yeTcsl, a IPU OTBeTax cepBepa KJIHEHTY COo-
JIEP’KUT 3HAUYEeHUe pe3ysbTaTa. B KOHLle CTPYKTYpbl MMeloTcsl ABa MaccuBa. IlepBbiit
U3 HUX, Name, COAEPXKUT UMsI daila, K KOTOPOMY Mbl XOTHUM IIOJIy4YUTh 1OCTyT. Bo BTO-
poM, data, Haxo[sATCsl BO3BpalllaeMble CEpBEPOM IPU YTEHUU WJIM IepelaBaeMble Ha
cepBep NPH 3aITUCH JaHHbBIE.

[apaiite Terepb paccMoTpuM Koa B uctunrax 1.4 u 1.5. Jluctunr 1.4 — 3to npo-
rpamma cepnepa, quctudr 1.5 — nporpamma kiuenTa. [Iporpamma cepsepa 10CTaTOYHO
aneMeHTapHa. OCHOBHON LIMKJI HAYMHAETCS BBLI30BOM receive B OTBET Ha cOOOlIeHHe
¢ 3anpocoM. [lepBblif mapameTp onpezessieT OTIPABUTEIST 3aIIPOCa, TIOCKOJIbKY B HEM
yKasaH ero ajpec, a BTopoil ykasbiBaeT Ha Oydep coobuieHui, uaeHTupuuupys, rie
NOJKHO ObITh COXpaHeHOo mnpuiieniiee coobuieHue. IIpouenypa receive GJoKupyeT
ceppep, Noka He 6yzer ronydeHo coobuienue. Korna 0HO HaKOHeLl TPUXOAUT, CEPBEP
MIPOJIOJIKAET CBOIO paboTy U OINpeLesIsieT TUII Koaa orepaiuu. st Kask1oro Koja ore-
paliy BbI3bIBAETCS CBOSI ITpolieypa. Bxozsiiiee coobuierue u 6ydep a1t UCXOASIIIUX
coobuieHnid 3azaHbl B napaMerpax. [Ipouexypa rpoBepsieT Bxogsiiee cOOOlIeHMEe
B r1apaMeTpe ml H CTPOMUT HcxoAsiee B napameTpe m2. OHa Tak>ke BO3BpallaeT 3Haue-
Hue (YHKIMY, KOTopoe Tepenaercst yepes noJie result. Ilocse nocwinky orBera cep-
Bep BO3BpalllaeTcsl K Hayasy LUKJIa, BBIITOJIHSIET BbI30B receive U 0XUAaeT CIeayolle-
ro coo6uIeHusl.

B nucrunre 1.5 HaxomuTcs mpouenypa, Konupyouast ¢aiabl ¢ UCIOJIb30BAHUEM
cepsepa. Tesio npoLenypbl COAEPXKUT LMK YTeHUsT 610K U3 UCXOAHOrO (ailia U 3a-
nycy ero B aitn-npueMHUK. LMK NOBTOPsIeTCS 10 TeX MOP, ITOKa UCXOAHBIN (aiis He
OyzeT TOJHOCTBIO CKOMMPOBAH, YTO OINpPENEsIsIETCsl 10 KoLy BO3BpaTa olepalyy ure-
HUSI — JOJDKEH ObITh HOJIb WJIM OTPULIATENIBHOE YUCIIO.

I[TepBast 4acTh UMKJIA COCTOMT U3 CO3/IaHUsI COOOLIEHUS IJISI OTlepalliy YTEHUS U Tie-
pecblIKM ero Ha cepBep. Ilocse nosyyenust oTBeTa 3alyckaeTcsl BTOpasi YacTh LUKJIA,
B XOJle BBITOJIHEHUST KOTOPOU I10JyyeHHble [IaHHble MOCBIIAIOTCS 0OpAaTHO Ha cepBep
JUtst 3anucH B ¢aiiin-npueMuuk. [IporpamMsl U3 sncTuHroB 1.4 u 1.5 — 3T0 TOIBKO Ha-
6pocok Koza. B HUX OIylIeHO MHOXeCTBO zeTajell. Tak, HanpuMep, He PUBOAATCS
npouenypst do_xxx (KOTOPbIE HA CAMOM JieJie BBITIOJHAIOT PabOTy), OTCYTCTBYET TaK)Ke
obpabotka omnbok. OnHako ob1as uuest B3aUMOJEHCTBUS KJIMEHTa U cepBepa BIIOJIHE
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roHsiTHa. B caeyrommx myHKTax Mbl GJIM)Ke PAaCCMOTPUM HEKOTODbIE ONOJHUTEb-
HbIE aCIeKTbl MOJIETH KJIHEHT-CEPBEP.

Jinctunr 1.4. Mpumep cepsepa

#include <header.h>
void main(void) {

struct message ml, mZ; /* BXORAWEE U ucxopswee coobueHus */
int r; /* Kop pesynbtata */
while(TRUE) { /* cepsep paboTaer HenpepuisHO */
receive(FILE_SERVER, &ml): /* Gnok oxupaHus coobueruns */
switch(mi.opcode) { /* B 3aBMCMMOCTM OT Tuna 3anpoca */
case CREATE: r = do_create(&ml, &m2). break:
case READ: r = do_read(&ml, &m2) break:
case WRITE: r = do_write(&ml. &m2): break:
case DELETE: r = do_delete(&ml, &m2). break:
default: r = E_BAD_OPER;
m2.result = r; /* BEDHYTb pe3ynbTaT KAWeHTy */
send(mi.source. &m2): /* nocnate oTBET */

}

Jlnctunr 1.5. KnneHT, ncnonbayowmnin cepsep n3 nuctuHra 1.4 anga konuposanus danna

#inclucle <header.h>
/* npouenypa KONMpOBaHWA (aitna yepe3 cepsep */
int copy(char *src, char *dst){

struct message ml: /* Oybep coobuenus */

long position: /* Texkywas nosuuus B daiine */

Tong client = 110; /* anpec KaneHta */

initialize(): /* NOATOTOBATLCA K BbINOAHEHWD */

position = 0:

do {
ml.opcode = READ: /* onepauus uTenus */
ml.offset = position; /* Tekywas nosuuus B ¢aiine */
ml.count = BUF_SIZE; /* CKONbKO DaiT npounTats */
strcpy(&ml.name, src): /* CKONMPOBATb MMA 4UTAEMOrO

: danna*/
send(FILESERVER, &ml): /* nocnate coobuweHne Ha (annosbin cepsep*/
receive(client, &ml): /* GNOK OXMAaHUS OTBeTa */
/* 3anucaTte NOMyYEHHbIE [aHHbIE B QanN-npueMHuK. */
ml.opcode = WRITE: /* onepauns: 3anuce */
ml.offset = position; /* TeKkywaa no3uuua B ¢dainne */
ml.count = ml.result; /* CKONbKO 6anT 3anucats */
strcpy(&ml.name, clst): /* CKONWPOBATbL MMA 3aNNUCHIBAEMOTO
(anna*/
send(FILE_SERVER, &ml): /* nocnatb coobuenue Ha darinosbil cepsep */
receive(client, &ml); /* ONOK OkuaaHua oteeta */
position += ml.result; /* 8 ml.result copepxutcs
KONUYECTBO 3aNUCaHHbIX BaTos */
} while( ml.result >0 ): /* NOBTOPATL A0 OKOHYAHWA */

/* BepHyTb OK unu Kop ownbku */
return(ml.result >= 0 ? 0K : ml.result);
} .
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1.5.2. PazpgeneHune NnpunoXxXeHnm no ypoBHAM

Monenb xknuent-cepsep Oblia npeaMeToM MHOXecTBa Ae6aroB u cropos. Oani u3
IJIaBHBIX BOIIPOCOB COCTOSITT B TOM, KaK TOYHO pa3zieiuTh KaueHra u cepsepa. [TousT-
HO, YTO OOBIYHO YETKOro pasiuuusi Her. Hanmpumep, cepsep pacnpenencHHON 6a3bl
JIAHHBIX MOJET IIOCTOSIHHO BBICTYIATL KJIMEHTOM, IEPeAAIOLMM 3alIPOChl HA pa3Jjiny-
Hble (hailyioBble cepBepLl, OTBEYALIHE 32 peain3alivio Tabauil 3ToH 6asbl JaHHBIX.
B sToM cayyae cepep 6a3 JlaHHBIX caM 1Mo cebe He JeJlaeT HUuuero, Kpome 06paboTKu
3aMpocoB.

OpnHako paccMmarpuBasi MHOXKECTBO IPUJIOXKEHUIl TUNA KJIMEHT-cepBep, MpeiHa-
3HAYEHHBIX JJIs1 OPraHU3alMu [0CTYyNa 10Jb30BaTeell K 6a3aM JAaHHbIX, MHOTHE pe-
KOMEHIOBATH Pa3/lesIsiTh UX HA TPH YPOBHSI.

+ YPOBCHb MOJIb30BaTeNbCKOro MHTEpeiica;
4+ yponeHb 06paboOTKY;
4+ ypoBeHb NaHHBIX.

YpoBeHb 10Jb30BATENBCKOr0 MHTepdeiica CoLepKUT Bce HEOOXOAMMOE ISl HETlo-
CPe/ICTBEHHOrO ODOIEHHsI C T0Jb30BaTeNeM, HAIIPUMeED ISl YHpaB/ieHHe AUCILIEEM.
Yposelb 06paboTKH OOBIYHO COMAEPIKUT IPUIIOKEHUS], a YPOBEHb JAHHBIX — COOCT-
BEHHO JIaHHbIE, C KOTOPLIMM MPOMCXOAUT pabora. B ciaenyoumx myHKTax Mbl obcy-
JINM KaXXIbIH U3 3TUX YPOBHEN.

YpoBeHb NoJsIb30BaTeNIbCKOro nuHrepdeiica

YpoBeHb 110J1b30BaTeNLCKOr0 HHTepdeiica 0ObIYHO PeaNu3yeTcst Ha KIUeHTax. JTOT
YPOBEHb COAEPXKHT IIPOrPaMMbI, IOCPEJCTBOM KOTOPBIX M0JIb30BATEb MOXKET B3aUMO-
JeHcTBOBaTD ¢ npuoxkeHreM. ClI0KHOCTb IPOrpaMM, BXOASIILIUX B 110J1b30BaTEIbCKUIA
uHTepdeiic, BecbMa pa3HyHa.

[TpocTeiilmii BApHaHT NMPOrpaMMbl MOJb30BATEIbCKOr0 UHTepdelica He CONEPKUT
HUYEro, KpoMe CUMBOJIbHOrO (He rpadudeckoro) nucrest. Takue nHrepdeiics oObIy-
HO MCIIOJIB3YIOTCST TIPU paboTte ¢ MaitHdpeiimamu. B ToM ciyvae, koraa maiiHbpeiim
KOHTPOJIMPYET BCE B3aUMOJEIMCTBHS, BKJIIOYasi paboOTy € KJIABUATYPOH MU MOHUTOPOM,
MBI BpsJ| TN MOXEM FOBOPHUTb O MOJEJU KIMeHT-cepBep. ONHAKO BO MHOTHX CJIyYasix
TEePMUHaJIbI TT0JIb30BaTeJeil MPOU3BOASIT HEKOTOPYIO JIOKaJbHYI0 06paboTKy, ocyliie-
CTBJISISI, HalpuMep, 3XO-TlleyaTb BBOJMMbBIX CTPOK WM MPEAOCTaBasisl MHTepdeiic
¢opM, B KOTOPOM MOXXHO OTPeZaKTHPOBATh BBEJEHHbIEe JaHHbIE 10 UX IEePeChLIKH Ha
IJIABHBIH KOMIIBIOTEP.

B name speMst naxe B cpeze MaitHdpeitmoB HabozaoTcst 60Jee coBeplIeHHbIe
nosib3oBatesabckue nuTepdeiicsl. OOpIYHO HAa KIMEHTCKUX MAUIMHAX UMEETCsT KaK MH-
HUMYM rpaduyeckuil 1ucried, Ha KOTOPOM MOXXHO 3a/1e/AiCTBOBATh BCILIbIBAIOIINE WU
BbINIa/lal011e MEHIO U MHOKECTBO YNPaBJISAIOINX 3JIeMEHTOB, JOCTYIHBIX /I MBILIU
WM KyaBuaTypbl. TUNHYIbIe TpUMePbI TakuX MHTepdeiicoB — HaxcTpoiika X-Win-
dows, ucnosbayemast Bo muorux UNIX-cucremax, u 6oJiee paHHue HHTepdeiichl, pas-
paboTaHHbIe JJIsT TEPCOHABHBIX KOMIbIOTEPOB, paboTalOMX 110J yrpasjietueM MS-
DOS u Apple Macintosh.
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CoBpeMeHHbI€e N0JIb30BaTeIbCKHe UHTepdenchl 3HaYuTeIbHO 6os1ee hyHKIMO-
HasibHbl. OHH MOIIEPKUBAIOT COBMECTHYIO paboTy TMPUJIOKEHUI Yepe3 equHCT-
BEHHOE TpauyecKoe OKHO U B XOJle AEHCTBUI MOJIb30BaTest 00eCeyBaIOT Yepe3
3TO OKHO ObMeH manHbIMH. Hanpumep, asis ynaneHus (aiia yacTo ZOCTaTOYHO
MepeHecTy 3HA4Y0K, COOTBETCTBYIOUMI 3TOMY (ailly, Ha 3HAYOK MYCOPHOH KOp-
3MHBL. AHAJIOTHYHBIM 06Pa30M MHOTHE TEKCTOBbBIE TPOIECCOPHI TO3BOJISIIOT 10JIb-
30BaTeJslio epeMellaTh TEKCT JOKYMeHTa B IPYyroe MeCTo, MOb3ysICh TOJBKO Mbl-
mblo. MBI BepHEMCSI K MOJIb30BaTeIbCKUM HHTep(eiicaM B Iase 3.

YpoBeHb 06pabdoTku

MHorue npuIoKeH st MOJEIH KINEHT-CEPBEP NOCTPOEHBI KaK ObI N3 TPEX Pa3IUYHBIX
yacTel: 4acTH, KOTOPasi 3aHMMAETCST B3aUMOAEHCTBHEM C M0JIb30BaTeeM, YacTH, KOTO-
past oTBevaeT 3a paboTy ¢ 6a30il AaHHBIX UK (GailIoBOIl CUCTEMOM, U CpeAHeil JacTH,
peasu3youleil OCHOBHYIO (DYHKIIMOHAIbHOCTD IIPUIOXKEHHUsL. DTa CPeIHsIsI YacThb JIOTH-
YeCKH pacrojiaraeTcsi Ha ypoBHe 06paboTKu. B IpPOTHBONOIOKHOCTD 110Jb30BATE b
ckuM uHTepdeiicaM win 6a3aM IaHHLIX HA yPOBHE 06PabOTKH TPYAHO BLIAETUTDL 06-
1e 3aKOHOMepHOCTH. OIHAKO MBI IIPHBEIEM HECKOJIbKO IIPUMEPOB [IJIsT Pa3bsICHEHUS
BOIIPOCOB, CBSI3aHHBIX C 9TUM YPOBHEM.

B xauectBe ImepBOro npuMepa pacCMOTPHUM IOHCKOBYIO MalimHy B HTepHere.
Ecnu ot6pocuTh Bce aHMMUPOBaHHbIE GaHHEDBI, KADTUHKK 1 IIPOYHE OKOHHbIE yKpa-
ImaTesbCTBa, 10/1b30BaTeIbCKUN HHTepdelic MOMCKOBOI MalllMHbI OYeHb IIPOCT: MOJIb-
30BaTeJ b BBOJHT CTPOKY, COCTOSIIIYIO U3 KJIIOYEBBIX CJIOB, U TMOJy4yaeT CIIMCOK 3aro-
J0BKOB web-cTpanuil. Pe3ynbrat popMUpYeTCst 13 TMTAaHTCKON 6a3bl IPOCMOTPEHHDIX
U NPOWHIEKCHPOBAHHBIX Web-cTpaHuil. SIApoM MOMCKOBON MAIIMHBI SIBISETCA TIPO-
rpamMma, TpaHchOPMUPYIONIast BBELEHHYIO ITOIb30BaTeIeM CTPOKY B OIMH WM He-
CKOJIbKO 3a11pocoB K Ha3e MaHHbIX. 3aTeM OHA MOMELIAET PE3YJIbTAThI 3a11POCA B CIU-
cok u npeobpasyer atot cnucok B Habop HTML-ctpanuil. B pamkax Mozenu KIneHt-
cepBep uacTb, KOTOpasi oTBevyaer 3a BbIGOPKY HHbOpPMaIY, 0OBIYHO HAXOAUTCS Ha
yposHe 06paboTku. Ta CTPYKTypa MokasaHa Ha puc. 1.19.

— YpoBeHb
Nonbsosatensekuit MONbL30BATENLCKOMO
uHTepdenc nHTepdeica
BbipaxeHue HTML-ctpanuua
C KIH04EeBbIMU CO CMUCKOM
crnosamu leHepatop
HTML-cTpanuy VNODAOYEHHbIIA YpoBeHb

leHepaTop T pc #MCOK o6paboTku
sanpocos Kommoner 3arofoBKOB

3anpochi ynopsigounsanus|  CTPaHMu

k 6a3e faHHbIX CNUCKOB

3aronosku web-cTpanuL
Basa AaHHbIX C MeTanHopmaLme

web-cTpanruy

Puc. 1.19. O606uieHHas opraHMsaums TpexypoBHEBOW NOMCKOBOM MatlnHbl Ana UHTepHeTa
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B kayecTBe BTOPOTO MpHMepa PaCCMOTPUM CUCTEMY MOAJIEPIKKU MPUHSITHS pellle-
Hui 11t HOHIOBOTO PhIHKA. Tak ke Kak M B OMCKOBOI MALIMHE, 3Ty CHCTEMY MOXHO
pasaenuTh Ha BHemHMI nHTepdeiic, peanusyoumii paboTy ¢ NonL30BaTENEM, BHYT-
PEHHIOIO aCTh, OTBEYAIONIYIO 33 JOCTYI K 6a3e ¢ ¢punancoBoil nHbopMarmeii, i npome-
JKYTOYHYIO MPOTrpaMMmy aHaiu3a. AHajau3 (HUHAHCOBBIX JAHHBIX MOXKET MOTpeboBaTH
3aMBICJIOBATBIX METOAMK M TEXHOJIOIHI Ha OCHOBE CTATUCTUYECKHX METOLOB U UCKYC-
CTBEHHOTO UIITEJJIEKTa. B HEKOTOPBIX ciyyasix sl Toro, 4tobbl obecrneuuTs Tpebye-
Mble MPOU3BOAUTEIbHOCTD U BPEMST OTKJIMKA, SIAPO CUCTEMDI MOIEPIKKY (DUHAHCOBBIX
pelreHn i JOJIKHO BbIMIOJHSATBCS Ha BHICOKOMNPOM3BOAUTENbHBIX KOMITBIOTEPAX.

Hammm nociieiHuM npumMepoM 6yaer THIIWYHBIA O(UCHBINA TAKeT, COCTOSIIUN U3
TEKCTOBOTO MIPOLIECCOPa, TIPUIOKEHUS JUIsT PAOOTHI € 3JIEKTPOHHLIMU TaOJULIAMH, KOM-
MYHUKAUMOHHBIX YTHJIUT U T. 1. [logo6HbIe 0ucHbIe MAKEThl 0OBIYHO TTOAAEPIKUBAIOT
06001EHHBIH MOJb30BATENbCKUIM UHTEPdEIiC, BO3MOXHOCTb CO3MaHHsT COCTABHBIX J[0-
KyMeHTOB ¥ paboty c¢ (aillaMy B loMalIHeM KaTajore rnosip3oBaresis. B atom ciayvae
ypoBeHb 06paboTKK OyneT BKJIKOYaTh B ceOS OTHOCHTEIbHO 00blLIOIT HAbOp IMpo-
rpaMM, KaXk[aasi U3 KOTOPBIX IPU3BaHa MOJIEPKUBATH KaKyl0-TO U3 (PYyHKUMIT 0bpa-
6OTKH.

YpoBeHb faHHbIX

YpoBeHb JaHHBIX B MOJEJU KJIMEHT-CEPBEP COAEPKUT IMPOTPaMMbI, KOTOpBIE IPeso-
CTaBJISTIOT JiaHible 06pabaThiBAIOLIMM UX MpUJIoKeHUsIM. CrietinduyeckuM CBOHCTBOM
3TOTO YPOBHA ABJsieTcsl TpeboBanue coxpaniocmu (persistence). DTO O3HAYAET, UTO
KOTa TPUJIoKeHHe He pabOoTaeT, TaHHbIE I0JIXKHBI COXPAHSITHCS B ONPENEIEHHOM MeC-
Te B pacyere Ha JajbHeiillee UCMoib3oBaHHe. B mpocreitireM BapuanTe YpoBeHb JaH-
HBIX peanuayetcs ¢dailJoBoil cUCTEeMOIt, HO Yanle AJIsl ero peajM3aunH 3a/1eicTByeTCs
nosiHoMaciutabHast 6a3a naHHbIX. B Mozeu KiiMeHT-cepBep ypoBeHb AaHHbBIX 00bIYHO
HaXOAUTCS HA CTOPOHE CepBepa.

Kpome nipocroro xpanenust nihopMalii ypoBeHb AaHHbIX OOBIYHO TAKKe OTBeYa-
eT 3a 1ojep)KaHue LEeJOCTHOCTU JAHHBIX s Pa3IH4yubiX npusoxeHuid. s 6a3br
JAHHBIX MOJ/IeP>KaHue LeJJOCTHOCTH 03HAYaeT, YTO MeTalaHHble, TAaKHe KaK OTUCAHUS
TabJnIL, OrpaHiYeHHs U crieltH(uYecKre MeTaflaHHble TIPUJIOKEHUH, TAKKE XPAHSITCA
Ha aTOM yposre. Harpyumep, B IpuioxeHHU A1 6aHKA Mbl MOKEM TOXKeaTh chOpMH-
pOBaTh yBeOMJIEHHE, €CTH JOJIT KJIUEHTa 10 KPeAUTHOM KapTe JOCTUTHET onpeleseH-
HOTrO 3HAYEHUsL. ITO MOXKET OBITh CAETAHO ITPU MOMOILH TPUTTepa 6a3bl JaHHDIX, KOTO-
PBIM B HYKHBI MOMEHT aKTUBU3HPYET IPOLEAYPY, CBSI3ANHYIO C 3TUM TPHITEPOM.

OO6bIUHO B JIEJIOBOIT cpelle YPOBEHb IaHHBIX OPTaHU3YeTCs B (OopMe PEJIALHOHHON
6a3bl maHHbIX. KIio4eBbIM 3/1€Ch SIBJSIETCST HE3aBUCUMOCTD JIAHHbBIX. [IaHHDbIE OpraHu-
3YIOTCSI HE3aBHCHMO OT IIPHJIOXKEHHH Tak, 4TOObI U3MeHeH s B OPraHu3aiK JaliHbIX
He BJIUSIIM HA NIPUIOJKEHHS], a PHJIOXKEeHUsST He OKa3bIBaJIW BJIHSIHUS Ha OPraHU3auuio
naHubIx. VIcronb3oBaHie PessiiiMOHHbIX 6a3 JalHbIX B MOAEJN KJINEHT-CEPBEP MOMO-
raet HaM OT/EJIUTb YPOBeHb 0O6PAbOTKH OT YPOBHsI AAHIIBIX, paccMaTpHBast 06paboTKy
W JIaHHble HE3aBUCHMO APYT OT ApyTa.

OnHako cyliecTByeT OOUIMPHBII KJIACC MPHJIOKEHNH, /1T KOTOPBIX PeJIsiUOHHbIE
6a3bl JaHHBIX HE SIBJISTIOTCS] HAMJTYYIIUM BbIGOPOM. XapaKTepHON 4epToii TaKHX IpH-
JoKeHuit apsiercs paboTa Co CAOKHBIMU THIIAMU JIaHHbBIX, KOTOPLIE IPOILE MOJIE/IH-
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POBaTh B TIOHATUAX OOBEKTOB, a He OTHOWEHUH. [IpuMepbl TAKMX TUIIOB AaHHBIX — OT
MPOCTHIX HAGOPOB MPSIMOYTOJILHUKOB M OKPYKHOCTET 10 MPOEKTa caMoJICTa B Ciydae
CHCTEM aBTOMATH3MPOBAHHOIO NMPOEKTUPOBaHHs. Takxe U MyJbTUMEAUAHBIM CUCTe-
MaM 3Ha4YMTEJIbHO TIpoule paboTaTh € BUAEO- U ayAUONOTOKAMH, MCIOJb3Ysl CIELH-
¢buuHble 151 HUX OMEpalUM, YEM C MOIEJSIMU 3TUX MOTOKOB B BU/IC PEJISILIMOIHBIX
TabIuL.

B Tex cayuasix, Korza onepauuy ¢ JAHHBIMU 3HAYMTEILHO TIPOLIlE BLIPA3UTh B MO-
HATHUSIX paboThbl ¢ 0O6BEKTAMH, HMEET CMBICJT PEAJIN30BATh YPOBEHD [JAHHDIX CPEACTBA-
MU 00BEKTHO-OPUEHTHPOBAHHBIX 0a3 paHHbIX. [Tog06HbIE 6a3bl JAHHBIX HE TOJBKO
MOIEP’KMBAIOT OPraHU3ALMIO CIOXKHDIX JaHHBIX B hopMe 0OBEKTOB, HO 1 XPAHSAT pea-
JU3alMM onepauyii Haj 3TuMu obbekTaMu. Takum o6pasoM, 4acTh (HYHKLMOHAIBHO-
CTH, IPUXOJUBILENCS] HA YPOBEHb 0OPAOOTKU, MUTPUPYET B ITOM CJIydyae Ha YPOBEHb
JAHHBIX.

1.5.3. BapuaHTbl apXUTEeKTypbl KJIMEHT-cepBep

Pasnenienne Ha TPU JIOTMYECKUX YPOBHSsI, 00CYKAABIIEECS B MPEALIAYIIEM MyHKTE, Ha-
BOMMT HA MBICJIb O MHOKECTBE BADUAHTOB (PU3UUECKOTO pacipeseseHusi 10 OTAeNb-
HbIM KOMITBIOTEPAM NPUJIOKEHUI B MOJenu KiueHT-cepsep. [Tpocreiiinasi opranusa-
LM TIpe/IioJiaraeT HaJMyre BCEro JByX TUIOB MallHH.

4+ Kinenrtckue MamuHbl, Ha KOTOPbIX UMEIOTCSA IIPOrPaMMbl, p€aJIM3yIoUle TOJIb-
KO T10JIb30BaTENbCKUHN HHTep(beﬁC WJIM €ro 4acCTb.

4+ CepBepbl, peau3yIoliye BCe OCTANTbHOE, TO €CTh YPOBHU 00PAabOTKH U JaHHBIX.

[Tpo6aeMa mo06HO# OpraHU3alTk COCTOUT B TOM, YTO HA CAMOM JleJie CUCTEMA He
SIBJISIETCST pacIipesieJIEHHON: BCe IPOMCXOAUT Ha cepBepe, a KJIMEeHT NPeACTaBIIsIeET Co-
6ol He yTO HMHOe, KaK MPOCTOil TepmuHais. CyllecTByeT TakKe MHOXECTBO APYIIX
BO3MOJKHOCTE}t, HanboJsee yroTpebuTeNbHble U3 HUX MbI Cei4ac PACCMOTPHM.

MHOro3seHHbI€ apXUTEKTYpPbl

OnuH U3 MOAXOA0B K OPraHU3alMu KJINEeHTOB U CepPBEPOB — 3TO paclipe/iesieHue TIpo-
rpaMM, HaXOSIIINXCsT HA YPOBHE MPUJIOKEH I, OTIMCAHHOM B IIPeAbILYILEeM MYHKTE, 0
pas3JIMYHbIM MalllMHAM, Kak mokasano Ha puc. 1.20 [216, 467]. B kayecTBe nepBoro ma-
ra Mbl PaCCMOTPHUM pasjieJieHre Ha [Ba TUIA MaIIMH: Ha KJWEHTLI U Ha CepBepbl, YTO
NpUBENET Hac K Quauuecku 0syxssennoi apxumexmype (physically two-tiered archi-
tecture).

OnuH 13 BO3MOXKHBIX BADHAHTOB OPTaHU3alMi — MOMECTUTD Ha KJUEHTCKYIO CTOPOHY
TOJIBKO TepMHHAJIBbHYIO YacThb IOJIb30BaTeNbCKOrO MHTepgeiica, Kak IMOKa3aHO Ha
puc. 1.20, @, T03BOJIMB NPUJIOKEHUIO YAAJIEHHO KOHTPOJIMPOBATD MTPEICTaBICHHE JaHHbIX.
ANbTepHATUBOI 3TOMY Moaxoxy OyleT Mepefaya KJIHEHTY Bceil pabGoThl C MOJb-
30BaTeJbCKUM HHTEpdeiicoM (puc. 1.20, 6). B 060ux ciyyasx Mbl OTACISIEM OT TPH-
JoxeHusT TpadMuecKUil BHEITHUI UHTEPGENC, CBSI3aHHBII ¢ OCTAJIBHON YaCTbIO MPU-
JoKeHHsT (Haxofsuleilcss Ha cepBepe) INOCPEACTBOM CHeLH(PUYHOTO sl AaHHOTO
NPUIOXKEHUST TPOTOKoJa. B moxobHoit Moxenu BHeliHuit nHTepdeiic IenaeT TOIbKO
TO, YTO HEOOXOAMMO [JIs1 IPENOCTaBIeH s HHTepdelica MPUIOXKeHNUS.
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Puc. 1.20. AnbtepHaTtuBHble GOPMbl OpraHn3aunn apxuTeKkTypbl KNIMEHT-cepsep

[Tponos>KUM JIMHUIO HAlIUX paccyXAeHWH. Mbl MOXXeM NepeHeCTH BO BHEUIHMI
uHTepdelic yacTb Halllero NPUJIOXKEHUsI, Kak Moka3aHo Ha puc. 1.20, 6. [Ipumepom mo-
’KeT ObITh BapUaHT, KOr/a NMpUioXKeHHe co3ziaeT (GopMy HENOCPEeICTBEHHO Mepel ee
3anosiHeHueM. BHewrHuit uHTepdeiic 3atemM nposepsieT NPaBUJILHOCTb U HOJHOTY 3a-
noJiHeHus1 GOPMbI U TP HeOGXOAMMOCTH B3auMoJeiicTByeT ¢ mosib3oBareseM. Jpy-
rMM IPUMEPOM OPraHH3allMU CUCTEMBI 110 06pa3ity, npeacTaBieHHoMy Ha puc. 1.20, 6,
MOJKET CJIY)KHTb TEKCTOBBI TIpolieccop, B KOTOpoM 6a3oBble (hyHKIUMHM PelaKTHPOBa-
HUsI OCYIECTBJISIIOTCS HA CTOPOHE KJIMEHTA C JIOKAJIbHO K3LIUPYEMBIMU WJIM HAXOIs-
IIMMUCS B TTaMSITH JaHHBIMU, a ClielirajibHasi 06paboTKa, Takasi Kak mpoBepka opgo-
rpaduu MJIM rPaMMATHKH, BBIITOJIHSIETCS] HA CTOPOHE cepBepa.

Bo MHoOrux crcreMax KJHEHT-CEPBEp MOMYJISIpHA OpPraHU3alysl, NpeACTaBIeHHas
Ha puc. 1.20, z v 0. ITU TUNBI OPraHU3aLUKN TIPUMEHSIOTCS B TOM CJIydyae, KOraa KJu-
€HTCKasl MalllMHa — MEePCOHAJbHBIA KOMIbIOTEP UM paboyasi CTAHLUSI — COellHEHa
CeThIO C pacnpezesieHHON (hailioBoi cucreMolt wiaK 6a3oit nanubix. BoJbiiast yactb
NIpUJIOXKEHHsT paboTaeT Ha KJIMEHTCKOI MallliiHe, a Bce onepauuy ¢ daitamMu nium 6a-
30#1 NMaHHBIX mepexaloTcs Ha cepBep. Pucynox 1.20, 0 orpaxaer cuTyauMIio, KOTaa
YacTb AAHHBIX COAEPKUTCS HA JIOKATBHOM AMCKe KIMeHTa. Tak, Hanpumep, npu pabo-
Te B VIHTepHeTe KJIMEHT MOXeT MOCTENEeHHO CO3/IaTh Ha JIOKAJbHOM JMCKE OTPOMHbBIN
K3l HanboJiee yacTo noceuaeMbix web-crpaHuil.

PaccmaTpuBasi TOJIbKO KJIMEHTBl U CEePBEPbI, Mbl yIIyCKaeM TOT MOMEHT, UTO cepBe-
Py MHOTIa MOXET MOHAAOOHTBCS paboTaTh B KauecTBe KJiueHTa. Takas cuTyauus, oT-
paxkeHHast Ha puc. 1.21, npUBOAUT HAC K Pusuuecku mpexssennoi apxumexmype (phy-
sically three-tiered architecture).

B nomo6HOI apXMTEKType MpOrpaMmbl, COCTABJISIONIME YaCTh YPOBHs 00paboTKH,
BLIHOCSITCSI Ha OT/EJIbHBIH cepBep, HO JOMOJHUTENIbHO MOTYT YaCTUYHO HAXOJUTbCS
M Ha MalllMHAX KJIWEHTOB U CepBepoB. THMMUHBINA NMpUMep TPEX3BEHHON apXUTEKTY-
pbl — o6paborka TpaH3akuuil. B aToM ciyyae oTaesbHbIA NPOLECC — MOHUTOP TpaH-
3aKLUIl — KOOPAWHUPYET BCe TPAaH3aKLMH, BO3MOXHO, Ha HECKOJIbKMX CepBepax AaH-
HbIX. MBI BepHeMcst K 00paboTKe TpaH3aKUMH B CJEAYIOIINX [JIaBax.
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Puc. 1.21. Npumep cepBepa, 4eNCTBYIOWEro Kak KANeHT

CoBpeMeHHble BapuaHTbl apXUTEKTYpPbl

MHoro3BeHHble apXUTEKTYPbl KJIHEHT-CEPBEP SIBJSIIOTCS IPSIMBIM TIPOAOJIKEHHEM
pas/iesieHusi PUJIOXKEeHUI Ha YPOBHHU NOJIb30BaTeJILCKOro nHTepderica, KOMIIOHEHTOB
06paboTKH U NaHHbIX. Pa3diuyHble 3B€HbsT B3aUMO/EHCTBYIOT B COOTBETCTBHH C JIOTH-
yecKoii opranusaumeii npuoxenns. Bo MHOXeCTBe GU3HEC-TIPUIIOXKEHMIH pacTipeesieH-
Hast 06paboTKa HKBUBAJIEHTHA OPTAHM3ALMU MHOTO3BEHHOM apXUTEKTYPBI IIPHUJIOKE-
HUIi KJareHT-cepBep. Mbl Gy/leM Ha3bIBaTh TAKOH THUIT PACIIPEICTEHHUS 6EPMUKALLHBIM
pacnpedenenuem (vertical distribution). XapakTepucTHIeCKoil 0COGEIHOCTHIO BEPTHKAD-
HOTO paclpelesIeHUs SIBJISIETCST TO, YTO OHO JOCTHUTAETCs Pa3MeEIeHUeM JIOTHYEeCKH
Pa3JIMYHBIX KOMIIOHEHTOB Ha PA3HBIX MAIUIMHAX. JTO MOHSTHE CBSI3aHO C KOHUENL1eH
sepmuxanviiozo pasbuenus (vertical fragmentation), ucrosb3yeMoi B pactpe/eseHHbIX
pesSIUMOHHBIX 6a3aX AaHHbBIX, rJe 1O/ 3THM TEPMHUHOM MMOHUMAETCSl pa3bUeHHe 110
cronbuamM Tabauil IS X XpaHeHUs Ha Pa3IMyHbIX MamrvHax [337].

OpaHako BepTHKAJIbHOE paclipe/ie/IeHHe — 3TO JMIIb OAMH U3 BO3MOXHBIX CIIOCO-
60B OpraHM3allMy NPUIOKEHUIH KJIUEHT-CepBep, IPHUUYEM BO MHOTHX CJIY4asiX HauMeHee
UHTepecHbIH. B coBpeMeHHDbIX apXUTEKTYpax pacripe/iesieHie Ha KJIHEHTbl H CepBepbI
[POMCXOJIUT CHOCOGOM, M3BECTHBIM KakK zopusonmanvioe pacnpedenenue (horizontal
distribution). TIpy TakoM THIIe pacripeleieHus] KJTUEHT WM CePBEP MOXET COAEPXKATh
(dusnyecKu pasjeieHHblEe YACTH JIOTMYECKM OJHOPOJHOTO MOJYJsl, mpudyeM paboTa
C KaXkI0# M3 yacTeil MOXeT NPOUCXOAUTb HE3aBUCHMO. DTO JeJIaeTCsl IJIsl BbIpaBHU-
BaHMsI 3aTPY3KH.

B kayecTBe pacnpoCTpaHEHHOTO NMpHMepa FOPU3OHTAJIBLHOTO paclipelejieHUsT pac-
cMoTpuM web-cepsep, perIMIIMPOBaHHBIA Ha HECKOJILKO MALIMH JJOKAJIbHOM CETH, KaK
nokasaHo Ha puc. 1.22. Ha kaxaoM 13 cepBepoB COAEPKUTCS OAMH M TOT e Habop
web-cTpanuil, ¥ BCAKHMI pas, Koraa o4Ha U3 web-cTpanull o6HOBIIsIETCS, ee KOTUHU He-
3aMeIMTEbHO PacChlialoTcss Ha Bce cepsepbl. CepBep, KoTopoMmy Oyner nepeiaH
NPUXOAALINI 3aNPOC, BLIOHpAETCs TI0 TpaBuay «kapycesauns» (round-robin). 3rta dop-
Ma TOPU30HTAJILHOTO pacIpesiesleH|sl BeCbMa YCIElHO MCIONbL3YeTCs LISl BBIPABHU-
BaHMs HATPY3KH Ha CepBePbI MOMyJIsIPHbIX web-caiiTos.

Taxum xe 06pa3oM, XOTsI U MeHee OYEeBUIHO, MOTYT ObITh pacrpe/iesieHbl U KJIUeH-
Thl. JIJI1 HECJIOKHOTO MPUJIOKEHHUS], TIPEIHA3HAYEHHOTO /IS KOJIIEKTUBHOM paboThl,
MBI MOXKEM He MMeTb cepBepa BoobOuie. B atoM ciryyae Mbl 06b14HO roBopUM 06 0070-
panzosom pacnpedenenuu (peer-to-peer distribution). Ilono6HOe TPOUCXOAUT, HATIPU-
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Mep, €CJIM I10JIb30BATEJIb XOYeT CBSI3AThCSI C APYTUM MoJib3oBaTeseM. O6a OHU OJIK-
Hbl 3aMyCTUTH OMHO W TO >Ke NpUJIOXKeHHe, YTOObI HauaTh ceaHc. Tperwii KJIHEHT
MOeT O0LIAThCsI ¢ OJHUM U3 HUX WJIM OGOUMM, ISt YEro eMy HYyKHO 3aIryCTHTh TO e
caMoe IpHUIIoXKEHHe.

Bctpeua
1 o6paborTka PennuuuposaHHble web-cepsepbi,

BXOASALLMX KaXKabl U3 KOTOPbIX COAEPXUT

3anpocos OfHU 1 Te Xe web-cTpaHuubl
3anpocsbl

: l&«— Ovnckn
obpabarbiBaemble =1 S S A
crnoco6om ( = S >
«Kapycenu»

WHTepHet

Puc. 1.22. [pumep ropu3oHTansHoro pacnpegenexus web-cnyx6oi

Uucsto aJibTepHATUBHBIX OPraHU3alMil apXUTEKTYPbl KIUEHT-CepBep 00CyKIaeTCsl
B kHure [3]. B cieayiomux rjaBax Mbl paCCMOTPUM MHOXKECTBO JPYTMX BapUAHTOB
OpraHu3allMy paclipejeeHHbIX CUCTEM, B YAaCTHOCTH Mbl ITO3HAKOMMMCSI C CHCTeMa-
MH, paclpeleJeHHbBIMU OHOBPEMEHHO U [T0 BePTHUKAJIH, U 110 TOPU30HTAJH.

1.6. Utorm

Pacrnipenesietitibie CUCTEMBI COCTOSIT U3 aBTOHOMHBIX KOMIIBIOTEPOB, KOTOpble paboTa-
10T COBMECTHO, TPECTABAs B BH/IE AMHON CBsI3HOI crcTeMbl. VX BaskHOe mpenMyiie-
CTBO COCTOMT B TOM, YTO OHM yIIPOLIAIOT HHTErPALMIO PA3IUYHBIX IIPHIOKEHNH, pabo-
TAIOLIMX Ha Pa3HbIX KOMIIBIOTEPAX, B €INHYI0 CHCTeMy. Ellle 0/1HO X PerMYIIECTBO —
IIPU N1PABHJIBHOM IIPOCKTHPOBAHMM PACIPEieeHHbIE CUCTEMBI XOPOLIO MaclITabupy-
torcst. VIX pasmep OrpaHMYMBAETCS TOJbKO pasmMepoM 6as3opoii cetw. IlmaToit 3a atu
OPEUMYLIECTBA YACTO SIBJISIETCS OYEHDb CJIOKHOE MPOrpaMMHOe obecrieueHne, nageHue
MPOU3BCANTENBHOCTH U 0COOEHHO 1TpobJieMbl ¢ 6e30macHOCTbIO. TeM He MeHee 3auHTe-
PECOBAHHOCTD B TOCTPOEHUH U BHEAPEHUH PACTIpenesIelHbIX CUCTEM HabMIoAaeTcs 110~
BCEMECTHO.

Cyl1ecTBYIOT pa3jiMyHble THUIIBl paclpeiesieHHbIX cUcTeM. Pacrpenesentble orme-
PALHOHHBIE CUCTEMBI UCTIOJIB3YIOTCS AJISL YIIPABJIEHUS annapaTHbIM o0ecriedeHeM B3au-
MOCBSI3aHHbBIX KOMIIbIOTEPHBIX CHCTEM, K KOTOPBIM OTHOCSITCSI MYJIbTUIIPOLIECCOPHBIE
M TOMOTEHHBIE MYJIbTHKOMIIbIOTEDHBIE CHCTEMbl. DTU pacIpe/iesieHHble CUCTEMbl Ha
CaMOM JieJie He COCTOSIT U3 aBTOHOMHBIX KOMITbIOTEPOB, HO YCIIENIHO BOCIPHHUMAIOT-
cs1 B BUZe enuHON cucteMbl. CeTeBble OmMepalMOHHbIE CUCTEMBbI, C APYTrOd CTOPOHDI,
C yCriexoM OOBENUHSIIOT pasJiMuHbie KOMIBIOTEPBI, paboTaloluye MOA ynpaBJIeHUueM
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CBOMX OINEpPallMOHHBIX CUCTEM, TAK YTO IOJb30BATENH C JIETKOCTbIO MOTYT IOJ1yyaTh
JOCTYT K JIOKQJIbHBIM CJIyKO6aM Kaaoro u3 y3joB. OIHAKO CETeBbie ONepalioHHbIe
CHCTeMBI He CO3/IAIOT OILyileHUs: paboOTbl C €MHOI CUCTEMOM, KOTOPOE XapaKTepio
IS pacTipe/leIeHHbIX OllepallMOHHBIX CUCTEM.

CoBpeMenHble pacrpejesieHHble CUCTeMbI OObIYHO COAEPIKAT TOBEPX CCTEBOIT ore-
PaLMOHHON CHCTEMBI JIOTIOJHUTEbHbINA yPOBEHb POrPaMMHOrO obecreueHts. IToT
yPOBeHb, Ha3bIBAEMbIH MTPOMEKYTOUHDBIM, MTPEJHAZHAYEH IJIS TOTO, YTOOBI CKPLITD re-
TEPOTeHHOCTb M paclipeaeseHHyI0 IpupoLy 6aszoBoro nabopa KoMnbioTepos. Pacripe-
JIEJIEHHBIE CHCTEMbI C TIPOMEXKYTOYHBIM YPOBHEM OOBIYHO TPEOYIOT Crien(pUYECKyIO
MOJie/Ib PacTIpe/iesieHus U CBsi3U. VI3BecTHble MOJIENM OCHOBAHbI HA Y/IaJIeHHOM BbI30-
BE TPOLIEAYD, a TAK)KE Ha paclpeieseHHbIX 00beKTax, (paiiaX Wik [10KyMeHTax.

Jlnst Kaxoi pacripeje/ielIHON CHCTEMBI BaKHa CXeMa e¢ BHyTpeHHel opraHmsa-
umu. 1IMpoko nmpumeHsieTcss MOJeNb, B KOTOPOIT Mpollecch KIMEHTa 3alpaliuBaloT
cnyx06bl y TIpOLIEcCOB cepBepa. KamenT nocheliaer Ha cepsep Coo0iieHne U 0KHAACT,
TI0Ka TOT BEPHET OTBET. JTa MOJIEJIb TECHO CBsI3aHa C TPaAMLMOHHBIM MPOrPaMMUPO-
BaHMeM, B KOTOPOM CJIyGbl PeajiM3yloTCsl B BUZE TIPOLEAYDP B OTAEIbHBIX MOLYJISX.
JanbHelimee yTouHeHye 0ObIYHO COCTOUT B MOAPA3ACJEHHH Ha yPOBEHDb MOJIb30Ba-
TeJIbCKOro MHTep(deiica, ypoBeHb 06paboTKH M ypoBeHb naiHbiX. Cepsep 06bIYHO OT-
BeyaeT 3a yPOBEHb JIaHHbIX, a YPOBEHb 110Jb30BaTENbCKOr0 UHTCP(deiica peanusyercs
Ha CTOpPOHE KJIHEeHTa. YpoBeHb 00paBGoTKU MOXeT ObITh peasii30BaH Ha KJeEHTe, Ha
cepBepe WM TIOJIeIEH MEKAY HUMM.

B coBpeMeHHbIX pacrpeleeHHbIX CUCTEMaX IS TOCTPOEHUS KPYITHOMACIITAOHBIX
CHCTEM TaKOW BEPTUKAJbHOM OpraHW3alvy MPUIOKEHUI MOIeIH KAMEHT-cepBep He-
nocratouHo. Heo6X0aMMO rOpU3OHTANIbHOE paclpelesieHne, I KOTOPOM KJIMEHTH
¥ cepBepbl (DUBUYECKH paciipeleieHbl U PEIVIMIMPYIOTCS Ha HECKOJbKO KOMITbIOTE-
poB. TUNMYHBIM NPHUMEPOM YCIIEUIHOTO TIPUMEHEHHsI TOPU3OHTATILHOTO pacrpezeie-
nua asaserca World Wide Web.

Bonpochbl n 3apaHusa
1. KakoBa poJib mporpaMMHOro obecriedeHusi MpoMeXyTOUHOrO YPOBHsI B pacripesie-
JIEHHBIX CUCTeMax?

2. O6bsicHUTE, YTO TAKOE MPO3PAYHOCTh (paclpe/iesieHUs) U NPUBEAUTE MTPUMEPDI
Pa3JIMYHBIX BUJOB NTPO3PAayHOCTH.

3. Hoquy MHOrJa TaK TPYAHO CKPbITb Ha/IMYUE B pacnpeﬂeneHHOﬁ cucreme c60s1
U BOCCTAaHOBJIEHHE TIOCJIE HETO?

4. Iloyemy peasn3anust MAaKCMMaJbHO BO3MOXKHOI CTeIEHM ITPO3PAYHOCTH — 3TO He
BCET/la XOpouo?

5. Uro Takoe OTKpBITasl pacrnpelesieHHasl CUCTeMa M KaKue NpeuMyIlecTBa JaeT oT-
KPBITOCTD?

Onumure TOYHO, UTO TaKoOe Macuna6npyemaﬂ cucremMa.

7. MacmurabupyeMocT MOKHO HOOUTHCSI, UCIOb3Ys Pa3JIMuHbie METOAUKU. UTO 9TO
32 METOIMKU?
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10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

YeM MyJIbTUIIPOLIECCOPHAS] CUCTEMA OTJIMYAETCS OT MYJIbTUKOMITBIOTEPHOI?

MyabTHKOMIIbIOTEPHAST cHMcTeMa ¢ 256 mpolleccopaMy OpraHH30BaHa B BUIE
pemrerku 16x16. Kakast B Takoit cucteme MoxeT ObITh MAaKCUMaJIbHasl 3afepiKKa
(B xomax)?

Paccmotpum 256-nipotieccopubiit runepky6. Kakass MakcumasibHast 3aiepxKa Mo-
KeT HabJIoAaThcsl B HeM (CHOBA B XOMax)?

B yeM cocTOUT pazHMLIA MeXAY pacripelieJieHHBIMU W CETEBbIMU OIEPaLOHHBIMU
cucteMamMu?

Pacckaxkure, Kak MOXKHO MCITOJIb30BATD MUKPOAAPO AJIA OpraHru3ally OrepariMoH-
HOIl CUCTEMBI, pa60Tat01ueﬁ B pE€XXHME KJIMEHT-CepBED.

OnuirTe OCHOBHbIE MPUHIUITBI pabOThI PACTIpeNeJEHHOW CHCTEMBI C COBMECTHO
MCIOJIb3YEeMOI MaMSITbIO CTPAHUYHOI OpraHu3aluu.

KakoBa npuuuHa pa3paboTKK paclpelieIeHHbIX CUCTEM C COBMECTHO MCHOJIb3ye-
MO¥1 namsATbI0? B ueM, no-BaieMy, COCTOUT JIaBHAst TPYAHOCTh UX 3HHEKTUBHOIM
peanusanuu’?

Pacckaxkure, 4TO Takoe OUIMOOYHOE pasjiesieHHe B paclpeleseHHbIX CHUCTEMax
C COBMECTHO HCIOJIb3yeMoii mamsiThio. Kakue perieHus aToit mpobsieMbl BbI MOXe-
T€ MPEeNJIOKUTH?

IkcnepuMenTanbHbiil (aitynoseiii cepsep 3/4 Bpemenu paboraert, a 1/4 BpemeHH
«JIEXUT» 0 NpuurHe olMboK. CKOIBKO PEIyIMK 3TOro cepBepa A0JIXKHO ObITh clie-
JIAHO, YTOOBI €r0 AOCTYITHOCTb COCTaBJsiia XoTs On1 99 %?

UYro Takoe TpPex3BeHHasl apXUTeKTypa KJIUeHT-cepBep?

B ueM cocTouT pasHuuia MeXIy FOPU3OHTAJbHBIM U BEPTUKAJbHBIM pacripenesie-
HUSMU?

PaccmoTpum 1ienouky npoueccos Py, P, ..., P,, KoTOopas peaJu30oBaHa B MHOTO-
3BEHHOMN apXUTeKType KJaueHT-cepBep. IIpouecc P; siBisieTcss KIMEHTOM Ipoliecca
P;.{, BO3Bpallas, B CBOIO Oouepelb, pe3yJsbTaT Ipoleccy P;_; TOJbKO MocJie TOro,
KaK caM IIOJIy4UT pe3yJbraT oT rpouecca Pi.y. Kakosa Oyzer riapHas npobiema
nonoOHON OpraHu3aluy, KOra Mbl CTAHEM PACCMATPUBATh IPOM3BOAUTENbHOCTD
3anpoca-oTBeTa AJsl npouecca Py?
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CBs13b MEX]Y IpOIlecCaMU — 3TO CYThb paclipesieJieHHbIX cUcTeM. HeT cMbIciia U3yyaTh
pacripezieJieHHbIe CUCTEMbI, HE PACCMATPUBasi TIPH 3TOM BO BCeX MOAPOOHOCTAX CIIOCO-
6b1 o6MeHa uHbOpManueit MeXy Pa3JIMuHBIMK TTPOIECCAMH, BBIMTOJHSIONMMUCS HA
pasHbIX MallMHax. B3auMozeicTBue B pacnpenesieHHbIX CUCTeMax Beerna 6asupyercst
Ha HM3KOYPOBHEBOM MeXaHU3Me Iepefayu cooblleHuil, npenocrasiseMoM 6a30Bol
ceTbio. Kak MbI 06Cy X1 B ITPEAbIAYIIEN [JIaBe, peau3aliust B3auMOJIeHCTBUS Yepe3
nepenayy cooblIeHuil CI0XHee, YeM MCIIOJIb30BaHHE TIPUMUTHBOB Ha 6Oase pasjesise-
Mot mamsiTi. CoBpeMeHHbIe paclpe/ie/leHHbIe CHCTEMbI YaCTO BKJIIOYAIOT B Ce6s ThICS -
YW WJIK Ja)Ke MUJIJIMOHBI TTPOLIECCOB, Pa30POCAHHBIX 110 HEHAIE)KHON CeTH, TaKOH Kak
WntepHer. Eciu He 3aMeHUTD NpoCTeHIINE CPeACTBa B3aUMOAEHCTBUS B KOMIIBIOTED-
HBIX CETSIX YEM-TO MHBIM, Pa3paboTKa MacIITaGHBIX TPUJIOKEHUH GYAeT N0CTATOYHO
CJIOXKHOI.

MbI HauHeM 3Ty TJIaBy C OOCYKAEHUs MTPaBUJI, KOTOPBIX IPUAEPKUBAIOTCS CO06-
wapmmecs Mexay coboit nporeccol. MIx 0ObIYHO Ha3bIBAIOT MPOTOKOJAMU. MBI CoO-
CPeNOTOUYMMCSI Ha CTPYKTYPHPOBAaHUM 3TUX NPOTOKOJIOB B BUJE YPOBHei. 3aTeM Mbl
PaccCMOTPUM 4YeThbIpe LIMPOKO PaclpoCTpaHEeHHblEe MOJeNN B3aUMOJAENCTBUS: yaaJIeH-
ubiil Bb30B ripouenyp (Remote Procedure Call, RPC), ynanennoe o6pauieHue K Me-
togam (Remote Method Invocation, RMI), opueHTHpOBaHHBIH Ha COOOIIEHHS TTPO-
MexXyTounblii ypoBeHb (Message-Oriented Middleware, MOM) u nOTOKH JaHHBIX
(streams).

Harreit mepBoit Mozesiblo B3aMMOJEUCTBUSL B paclpelesieHHbIX CUCTEMaxX CTaHeT
yZaajieHHbli BbI30B mpolenyp. Mexanuam RPC HailesieH Ha cokpbiTre 60Jiblieit 4acTh
npobsem nepegayn cooOUIeHMI U UeasieH A/ TIPUIOXKEHUH apXUTEKTypPbl KJIMEHT-
cepBep. YcoBepiieHcTBOBaHHbIH BapuaHT Mozean RPC umeer Bua yaanenHoro obpa-



82 [naBa 2. CB3b

IIEHUST K METOJaM, KOTOPOE OCHOBAHO Ha IMPEACTaBJIeHUN paclipelesieHHbIX 00 bEKTOB.
Mexanuambl RPC 1 RMI paccMaTpuBaIoTCst B OTAEIbHBIX pa3iesiax.

Bo MHoOruX pacripeziesieHHbIX PUJIOKEHHUSIX CBSI3b HE OrPAaHUYUBAETCS CJIerka ype-
3aHHBIM I1a6JIOHOM B3aUMOJENCTBUI KJIMEHTa U cepBepa. B Mogo6HbIX C1ydyasix MbIC-
JIUTh KaTETOPUSIMU COOOLIEHMIT OKa3bIBAETCS MpearnoyTuTesibHee. OHaKO MpUMEHEHUE
pPa3sHOOOPa3HBIX HU3KOYPOBHEBBIX CPEACTB CBSI3M KOMIIBIOTEPHBIX CeTell NpuBeneT
K CEPbEe3HBIM HApYUIEHUSIM [TPO3PAaYHOCTH pacipeeseHsi. AJbTepHAaTUBON UM SIBJISI-
€TCsl BBICOKOYPOBHEBAsI MOJIE/Ib OYepeau COOOLIEHHUH, CBsI3b B KOTOPOM OY€Hb HAIo-
MUHAET CHUCTEMbI 3JIEKTPOHHON 1ouThl. OpUEHTUPOBAHHBINA Ha COOOIEHNS CPeqHUI
yPOBEHb — 3TO JOCTAaTOYHO Ba)kKHasl TeMa, YTOObI OTBECTH OTAEJbHBIA pasjesn v Ha
Hee.

UYro kacaeTcst MyJIbTUMEHA B [3CIIPeAeIeHHbIX cUCTeMaX, IOHEMHOI'Y CTAHOBUTCS
OYEBMJHBIM, YTO TaKUM CHUCTEMaM HeNOCTaeT IMOAAEPKKU Iepeiiayd HerpepbIBHBIX
MOTOKOB, TAKUX KaK ayAuo uiad Buaeo. UM Heo6XOMUMO MOHSITHE MOTOKA, KOTOPBIii
NI03BOJISIET MOAAEPKUBATh HEMPEPBIBHO HAYyILIME COOOLIEHNsI B COOTBETCTBUU C Pas-
JIMYHBIMU OrPaHUYEHUSIMU 0 CHHXpoHHU3aluu. [loToku 06CyKAAIOTCS B NOCIEAHEM
pasfiesie 3TOi IJIaBbl.

2.1. YpOBHM NPOTOKOJIOB

B yc/10BUsAX OTCYTCTBUSI COBMECTHO HCIOJIb3YEeMOIl MaMsITH BCSI CBSI3b B pacIipeliesieH-
HBIX CHCTEMaX OCHOBaHa Ha oOMeHe (HU3KOYPOBHEBBIMH) coobuieHusiMu. Eciu npo-
tecc A Xxo4eT MoobUIaThCS C IPOLIECCOM B, OH HOJ/KEH CHavyaia MOCTPOUTH coobLIeH e
B CBOeM COOCTBEHHOM aipECHOM MPOCTPAaHCTBE. 3aTeM OH BBITIOJIHSIET CUCTEMHBIiT BbI-
30B, KOTOPBIH IepecbliaeT cooblieHue 1o cetu npoieccy B. XoTs OCHOBHas uzes
BBILJISIAUT HECJIOKHOMU, Bo u3bexkaHue xaoca A ¥ B 0/KHBI JOTOBOPUTBCSI O CMBICTIE
nepecbliaeMbIX HyJeit u eauHull. Ecin A nocblnaeT noTpsicaiouuit HOBbIII poMaH, Ha-
NUcaHHbIH no-¢paniry3cky, B koaupoBke IBM EBCDIC, a B oxxuaaert pe3ysibTaThl Ie-
peyuyeTa B cymepMapKeTe, Ha aHIJIMICKOM si3bike U B koxupoBke ASCII, ux B3aumo-
neicTBre OYAET He CJMIIKOM YCIEUIHbIM.

Heo6x0n1Mo MHOXKECTBO pa3MyHbIX JoroBopeHHocTeil. CKOJbKO BOJIBT CJeLyeT
HCIIOJIb30BAaTD 7151 TEPeAayy HyJisl, a CKOJIbKO AJ1s1 epefaud eauHuubl? Kak nonyya-
TeJIb Y3HAET, YTO ITOT OUT coobuieHus — nocaennuii? Kak eMy onpeneauTts, YTO CO-
ob1ieHre ObLIO MOBPEXAEHO WM YTEPSIHO, M UTO eMy JeaTh B aToM ciyyae? Kakyio
IUIMHY MMEIOT YKMCJIa, CTPOKU U IPYTHeE JIEMEHTDI JaHHBIX U KAK OHM 0TOOPaKaloTCs?
Kopoue roBopsi, He06XOAUMBI COTJIAlIEHUs] Pa3IMYHOTO YPOBHSI, OT HU3KOYPOBHEBBIX
oApoOHOCTEN Mepesayy GUTOB 110 BBICOKOYPOBHEBBIX J€Tajlel 0ToOpakeHmst HHPOP-
MaLUH.

Yrobbl yNpoCTUTh pabOTy C MHOXKECTBOM YPOBHEH M IOHSITHH, MCIHOJIb3yeMbIX
B niepeaye AaHHbIX, Mexcoynapoonas opeanusayus no cmandapmam (International
Standards Organization, ISO) pa3paboTaia 3TaJOHHYIO MOJEJb, KOTOpasl SICHO OIipe-
JesisieT pa3JIMyHble YPOBHH, JaeT UM CTaHJapTHble MMEHa M YKa3bIBaeT, KaKoil ypo-
BEeHb 32 UTO OTBeYaeT. JTa MOJeJb MOTyynaa Ha3BaHHe IMALOUHOU MOOeAU B3AUMO-
Oeticmeus omxpoimoix cucmem (Open Systems Interconnection Reference Model) [120].
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ITo Ha3BaHue OOBLIYHO 3aMeHsIeTCsl CoKpauleHueM modeav ISO OSI, wiu ipocto mo-
denv OSI. Crefyer 3aMeTHTh, YTO [POTOKOJIbI, KOTOPbIE JOJIKIbI OBLIH PEATH30BbLI-
BaTh yactu Mozeau OS], HuKorza He MOJTyYasau LIMPOKOTo pacnpocTpaHerust. OHAKO
cama 1o cebe 6a30Bast MOLETb 0KA3a1aCh BIIOJIHE TPUTOAHOMN [IJIsI MCCIE0BAHUST KOM-
nbIOTEpHBIX ceTeil. HeeMoTpst Ha TO YTO Mbl He cOGMpaeMCs TPUBOAUTD 3/1€Ch NOJIHOE
OIICaHKe ITOI MOZIEIH 1 BCEX ee JOTOJHEHUH, HeGoIbIIoe BBeieHHe B Hee OyaeT HaM
noJieaHo. JlomonHuTeNbHbIE HeTaNU MOKHO 1TOUEPNHYTh B [446].

Mounens OS] paspabarbiBanach [J1st TOTO, YTOOLI 1IPEIOCTABHTH OTKPBITBIM CHCTe-
MaM BO3MOXHGCTb B3aMMOJeiicTBOBaTh APYr ¢ ApyroM. OTKpbITasi cCUCTEMa — 3TO
cUCTeMa, KOTOpast crocobHa B3aMMOAeHCTBOBATb € J060i APYroil OTKpPbITOl cucTe-
MOI IO CTAaHAAPTHBIM MPaBUJIaM, ONpeAessIIolM HopMaT, COAEPKUMOE 1 CMBICT OT-
NpaBJsieMbIX ¥ NIPHHIMAaeMblx coobLleHit. ITH npaBuia 3aMKCHPOBAHBL B TOM, YTO
HazbiBaeTcst npomokonamu (protocols). 1st Toro 4yToObl rpyma KOMIIbIOTEPOB MOTJIa
HOJIEP’KUBATD CBSI3b MO CETH, OHM JOJUKHBI JOTOBOPUTHLCSE 00 UCIOJIb3YEMbIX MTPOTO-
KoJ1ax. Bce MpOTOKOJIBI 1esIsITCSl Ha IBa OCHOBHBIX THIIA. B 11poTokonax ¢ ycmanosae-
nuem coeduienus (connection-oriented) nepen HayasioM odMeHa JAHHBIMU OTIIPABH-
TeMb U MOJy4YaTeNb JOJDKHBI YCTAHOBUTH COEAMHEHHE W, BO3MOXHO, JOTOBOPUTHCS
0 TOM, KaKoil IPOTOKON oHHM 6YAyT UCIOJb30BaTh. Ilocie 3aBepuieHisi 0OMEHa OHU
JIOJKHBE pa3opBaTh coenuienyie. CHCTEMOIT C YCTAHOBIEHUEM COEUHEHUS] SIBJISIETCS],
HanpuMep, tenedon. B ciyyae nporokonos 6e3 ycmanosrenus coeduienus (connec-
tionless) HUKaKoil TOArOTOBKH He HyxHO. OTIpaBuTesb TOChUIAET nepsoe coobiie-
HYe, KaK TOJIbKO OH TOTOB 3TO cJesaThb. IIucbMo, onylieHHOe B NOYTOBBIH SIIMUK, —
npumMep cBsi3i 6e3 yCTaHOBJIEHUsT COefHHeHNs. B KOMITbIOTEPHDBIX TEXHOJIOTHSIX LIH-
POKO TIPHMEHSIETCSI KaK CBSA3b C YCTAHOBJIEHUEM COeIMHEHUs, TaK U CBs3b 6e3 ycra-
HOBJIEHUS COeHEeHHSI.

B moznenu OSI B3aumozeificTsre mojapas/ensieTcsi Ha CceMb YpOBHell, Kak IoKa3aHO
Ha puc. 2.1. Kaxxaplit ypoBeHb oTBeyaeT 3a OAUH crielduyecKuil acrekT B3auMozeii-
crsust. TakuM o6pa3om, npobiema MOXKeT ObITh pas/iesieHa Ha MOIJAIONIMECS peliie-
HUMIO YacTH, KaX/]asi U3 KOTOPbIX MOXET pa3buparbCsi HE3aBUCUMO OT Apyriux. Kaxk-
IbI1 U3 ypOBHEH IpenocrapJsieT uHtepdeiic 1t paboThl ¢ BBIIIECTOSIIIUM YPOBHEM.
Wnrepdeiic cocrout n3 Habopa ornepauiii, KOTOpble COBMECTHO ONPEAESIIOT HHTEP-
(eiic, mpenocTaBisieMblii YPOBHEM TeM, KTO UM I10JIb3yeTCsl.

Korzna npouecc A na maummte 1 xouet noo6Iarscsi ¢ nporeccoM B Ha Mamute 2,
OH CTPOUT COOOIIEHHE U MOCHLIAET €ro MPUKJIALHOMY YPOBHIO CBOEH MAliMHBL. DTOT
yPOBEHb MOJXKET MPEACTABJISATH COOOH, HarpuMep, GUOIHOTEUHYIO TIPOLEAYPY MK pea-
JIM30BLIBATBCST KAaK-TO MHAYe (HarnpHMep, BHYTPHY ONEPALUOHHOI CUCTEMbI UJIU BHeIl-
Hero ceteBoro Ipoleccopa). IIporpamMHoe obecriedeHre NPUKJIALHOTO YPOBHS JI0-
GapJsisier B Hayasio coobuieHust CBOU 3azonogox (header) w mepenaer MOMy4YMBLIEECS
coobuenne yepe3 uHrepdeiic ¢ ypoBHst 7 Ha ypoBeHb 6, YPOBEHb MPeACTABJIEHUS.
YpoBeHb npecTaBIeHus, B CBOIO OYepelb, 100aBisieT B Hayauo cooOIieH st CBoi 3a-
TOJIOBOK U IlepeaaeT pe3yJibTaT BHU3, HA CeaHCOBLIIl ypoBeHb U T. 1. Hexoropsie ypos-
HU J100aBJISIIOT He TOJIBbKO 3ar0JIOBOK B HAYasio, HO U 3aBepineHue B KoHell. Korza co-
ob1ieHue HOUAET 10 (PU3MUECKOTO YPOBHS, OH OCYIIECTBUT €ro peajbHylo mepeaady,
KaK 3TO M0Ka3aHO Ha puc. 2.2.
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MpuknaaHow npoTokon

Mpunoxenne | [@-==-====-==-----co-oooooooome oo 7
MpoTokon npeacTasneHuiA
Mpeactasnenne | [@--------------o--ooocooooomsoo 6
CeaHcoBbli NPOTOKON
CeaHc |  [Wrmrmmmmmossssssssssossooomoee oo 5
TpaHCcnopTHbIA NpoTOKON
TpaHcnopT | [@--=-==--msmssmmssmeoooomeo oo oo 4
CeTeBov npoTokon
Cetb |  [®--mmmmmmmmmmmmmmmmmmmmmmmme oo 3
KaHnanbHbI npoTokos
Mepepaya aaHHbix | [@e====-=--mmmmmmommooomoo oo oo oo 2
duranyeckmn NpoTokon
®duanveckoe sonnowleHne |  [@emmmmmmmmmmmmommmmmmmm oo oo 1
Cetb

Puc. 2.1. YpoBHu, nitepdeiicol n npotokonb moaenu OSI|

[~ 3aronosok KaHanbHOro ypoBHS
3aronoBoK CETEBOro YPOBHS
3aronoBok TPaHCNOPTHOO YPOBHS
3aronoBoK CeaHCOBOrO YpPOBHS
3aronoBok ypoBHs npeacTasneHvs
; 3aronoBoK NPUKNAAHOTo YpoBHS

3aBepLueHne

I | CoobLeHve L J(—— KaHanbHoro

YpOBHS
v

dakTuyeckn nepenasaemblie No cety GuTh

Puc. 2.2. Mepeaaya no ceTrt TUNOBOro coobuleHns

Korua coobuienve npuxoauT Ha MAIUMHY 2, OHO IepeaaeTcs HaBepx, MPU 3TOM Ha
Ka)KJIOM YPOBHE CYMTBIBAETCS H IPOBEPSIETCS] COOTBETCTBYIOUIMI 3aro0BoK. B koHIe
KOHLIOB COODILIEHYE JOCTUTAET MOJy4aTeis, npoliecca B, KOTOPbIA MOXET OTBETUTD Ha
HEero, Mpy 9TOM BCSI UCTOPMS MOBTOPsIETCs B 0OpaTHOM HamnpansieHuu. Mudopmanus
U3 3ar0JIOBKA YPOBHS 71 UCIIOJIb3YETCs] TPOTOKOJIOM YPOBHSI 7.

B kauecTBe npumepa BaXKHOCTH MHOTOYPOBHEBBIX IIPOTOKOJIOB PACCMOTPUM 0OMEH
uHpopMaleit Mex Ly IByMsl KOMIIAHUSIMH, aBUakoMIanueil Zippy Airlines u nocras-
umikoM npoayktoB Mushy Meals, Inc. Kaxaplit Mecsiit HauanbHUK oTaena 06CIyXu-
BaHUs 1ACCAXHUPOB Zippy NPOCUT CBOIO CEKpeTaplly CBSI3aTbhCsl C CeKpeTapiueil me-
HeKepa 1o npojaaxaM Mushy u 3akasats 100 000 KOpo6OK «pPe3UHOBBIX> L(BITLIAT.
OO6b14HO 3aKa3bl MEPECHIATICE TOYTOM. ONHAKO M3-32a TIOCTENEHHOIO YXYALIEH!S Ka-
YyecTBa TMOYTOBBIX YCJIYr B OJMH MPEKPACHBIH MOMEHT CEeKpeTapluy peraroT 6oJblie
He [MucaTh JPYr APYry IMHICbMa, a CBs3bIBaThes nmo ¢akcy. OHM MOTYT ZesaTh 3TO, He
6ecrokost cBoux 60ccoB, MOCKOJIbKY TPOTOKOJ KacaeTcsl (hu3nveckoil nepeaayu 3axa-
30B, a He UX COJlepKaHUsI.
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TouHO Tak e HaYaJIbHUK OT/esa 00CTYKUBAHUS MACCAXKUPOB MOXKET PELIUTD OT-
Ka3aTbCs OT IBIIST U TIEPENTH Ha HOBBII Nesnkarec oT Mushy, mpeBocxonHbie ko3bu
pebpa, 3TO pellleHHEe HUKAK HEe CKaXKeTcst Ha paboTe cekperapil. JTO MPOUCKXOIUT I10-
TOMY, YTO y Hac eCTb J[Ba yPOBHsSI — GoCChl U ux cexperapiun. Kaxaplil ypoBeHb umeer
CBOIi COOCTBEHHDIH MPOTOKOJ (TEMBI 111 0OCYKAEHUST ¥ TEXHOJIOTHIO), KOTOPBIN MOX-
HO M3MEHUTH HE3ABUCUMO OT JPYroro. 3Ta He3aBUCHMOCTb eJjiaeT MHOTOYDOBHEBBIE
MPOTOKOJIbI MPUBJIEKATENbHBIMU. Kak/Iblit ypoBEeHb NP NOSIBJIEHUN HOBBIX TEXHOJIO-
ruil MOXKeT OBITh U3BMEHEH HE3ABUCHUMO OT JPYTHUX.

B momenu OSI, kak 6b110 NOKa3aHO Ha puc. 2.1, He aBa ypoBHs, a ceMb. Habop
IIPOTOKOJIOB, MCIOJIb3yeMbIX B KOHKPETHOH CHCTEMe, Ha3blBAeTCSl KOMNIEKIMOM, NN
CMeKoM NPomoxoi08. BaXkHO OT/IMYATh 3TAJIOHHYIO MOJIEJIb OT PEAJIbHBIX TIPOTOKOJIOB.
Kak mbl oTMeyasn, npotokosibl OSI Hukoraa He 6bLIN NONYJISIPHBL. B IPOTUBONOIOXK-
HOCTb UM TIPOTOKOJIBI, paspabarbiBaBinvecst st Mureprera, takue xak TCP u IP,
UCIIOJIB3YIOTCSI MOBCEMECTHO. B mocsieayonmx MyHKTax Mbl KPaTKO PACCMOTPUM Kax-
nbiit u3 yposHeit monenu OS], Hauunas ¢ HuxHero. OJHAKO BMECTO TOTO, YTOOBI NPU-
BOAUTDH MPUMEPBI COOTBETCTBYIOUIMX MpoToKos0B OSI, MBI paccMOTPUM IIPOTOKOJIBI
WHrepHera, UCNIOIb3yEeMble HA KaXKJIOM M3 3TUX YPOBHEIL.

2.1.1. HN3KkoypoBHeBbl€ NPOTOKOJIbl

Mbl HauHeM ¢ 06CYXKIEHUST TPEX HUXKHUX yPOBHEH KoMILiekTa rpoTokosios OSI. 3tu
TPH YPOBHSI COBMECTHO pean3yloT OCHOBHbIe (DYHKIMH KOMIIBIOTEPHOII CeTH.

dusnyecknii ypoBeHb

Dusnyeckuil ypoBeHb OTBETCTBEHEH 3a rnepenavy HyJeil v eaunuil. CKOJBKO BOJBT
UCIIO/Ib30BATD [Jisl lIepPelayy HyJisk WU eJMHUIIbI, CKOJIbKO OUT B CEKYHIY MOXKHO Iie-
peaaTb U MOXHO JIM OCYIIECTBJISATh Ilepelauyy OJHOBPEMEHHO B IBYX HANPaBJIEHUSIX —
BOT OCHOBHbIE NP0oGJieMbl (PU3nMUecKoro yposHsi. Kpome toro, K (hranueckoMy ypoBHIO
OTHOCUTCST pa3Mep U (popMa CETEBBIX KOHHEKTOPOB (Pa3beMOB), a TAKXKE YUCJIO BHIBO-
JIOB ¥ HazHauyeHUe KaXKAOro U3 HUX.

[TpoTokosbl HU3NYECKOro YPOBHS OTBEYAIOT 32 CTAHAAPTU3ALMIO 3JIEKTPUUECKUX,
MEXaHUYECKUX U CUTHAJbHBIX MHTEPdENHCcOoB, 4TOODI, €CJIM OJHA MAlllMHA I10CHLJIAET
HOJIb, IPYyTasi IPUHsLIA €0 KaK HOJIb, a He KaK efIMHUIly. Bbiio paspaGoTaHO MHOKECT-
BO CTaHAapTOB (PU3UYECKOTO YPOBHSI UUISI PA3IMYHBIX HOCUTEJIEH, HAIpUMeED CTaHaapT
RS-232-C nns nocyienoBaTebHbIX JUHUI CBSI3U.

KaHanbHbIW YPOBEHb

Dusuueckuit ypoBeHb TOJIBKO nepechbliaet OuThbl. IToka HeT omnbok, Bce xoporro. On-
HaKO B PEAJIbHBIX CETSIX IPOUCXO/ST OIIMOKHU, U UX HY’KHO KaK-TO HAXOAUTh U UCIIPaB-
JISITh. DTO U SIBJISIETCSI TJIaBHOIT 3ajaveil KaHaibHOro ypoBHs. OH Ipylnupyer OUTbI
B MOJlyJi1, OOBIYHO Ha3biBaeMble kadpamu (frames), v cieaut 3a TeM, YTOOBI KasKAbli
KaJp ObLT NepeaaH MpaBUIIbHO.

KananbHbIl ypOBEHb JleJIaeT 3TO MyTeM MOMELIEHHS ClielnalbHOM OUTOBON MacKu
B Hayaslo U KOHell KaXKJ0ro Kajpa JJ/Isl UX MapKHPOBKHY, a TAaKXKe IyTeM BbIYMCJIEHUSI
KoHmponoHou cymmot (checksum), To ecTb CyMMHUPOBaHUsI BceX 6aliToB Kazpa onpene-
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JIeHHBIM 06pa3oM. KaHasbHbIi ypoBeHDb 106ABIsIET KOHTPOJIBHYIO CYMMY K Kaapy. Ko-
r/1a Kaap TPUHUMAETCST, IPUEMHUK IIOBTOPHO BBIYUCJISIET KOHTPOJIbHYIO CYMMY JaHHBIX
U CPAaBHUBAET Pe3yJbTaT C KOHTPOJIbHOH cyMMOH, mpuuieauieii BMecte ¢ xagpom. Ec-
JIU OHY COBIIQJAIOT, KaJp CUMUTAETCSI BEPHbIM U NpUHUMaeTcs. Ecau oHM passnyHbl,
NoJiyyaTesib IIPOCUT OTIpPABUTEJsI CHOBA OTIPaBUTh 3TOT Kaap. Kazapsl mocnenosa-
TEJIbHO HyMEpYIOTCS ¢ YKa3aHHeM HOMEPOB B 3arojioBKe, TaK YTO BCe TIOHUMAIOT, re
KaKo# Kajp.

Ha puc. 2.3 Mbl BuauM ciydail (OTYACTH TMATOJOTUYECKHUIT) MOCBIIKH ABYX CO00-
wenuit 1 u 2 ¢ mawHbl A Ha MauiuHy B. Coobiuenue ¢ 1aHHbIME () TOCHLIAETCS C Ma-
wnHbl A B MoMeHT BpeMenn 0. Korza B MomeHT Bpemenu 1 910 cooblieHe 10CTUTAET
MalvHbl B, o6Hapy’KUBAeTCsl, YTO OHO TIOBPEXAEHO NMoMeXaMH B JIMHUM Iepeaauu
¥ KOHTPOJIbHAsl CyMMa He COOTBETCTBYET jAeficTBUTesbHOCTU. MainHa B o6Hapyxu-
BaeT 3TO ¥ B MOMEHT BpeMeHHU 2 3arpalliuBaeT NOBTOPHYIO MOCHLIKY, OTIIPaBJIsIsl COOT-
BeTCTBYIOIee KOHTposbHOe coobiienue 0. K coxanenuio, B TOT ke caMblii MOMEHT
MalnHa A 1ocbuiaet coobuieHue 1. B oTBeT Ha nosyyeHHbIH MalinHONW A 3anpoc Ha
TIOBTOPHYIO TIOCBLIKY oTnpasJiisieTcst coobiienue 0. Korna Mamua B mosyyaer coo6-
1eHre ¢ ganabiMy 1 (a Beab OHa 3ampaiivBajia coobiierue ¢ JaHHbIME 0!), OHa TOChHI-
JlaeT MalliliHe A HOBOe KOHTPOJIbHOE coobleHue 1, HacTanBasi Ha TOM, YTO OHA XOYET
nosy4uth coobuenue ¢ gauHbiMu 0, a He 1. Koraa koHTposibHOe coobuenue 1 moxo-
IWT 0 MAlUMHBI A, Ta NocbLIaeT coobuienye ¢ JaHHbMU 0 B TpeTHit pas.

Bpems A B CobbiTne
0 CoobweHnne MawwuHa A nocbinaet coobueHne
C NaHHbIMK 0 C NaHHbiMK 0

CoobuweHne
C AaHHbIMK O

MawwuHa B nony4aet coobuieHune
C AaHHbIMK O

Coob6uweHne
C AaHHbIMK 1

KoHTponbHoe
coobuieHue 0

MawmuHa A nocbinaeT coobLieHue ¢ AaHHbIMK 1.
MawuHa B oGHapyxvBaeT HecoBnageHue

KoHTponbHoe
coobuieHne 0

KOHTPONbLHOW CyMMblI

CoobuweHune
C AaHHbiMK 1

Ob6a coobueHns aocTuraioT csoen
uenu 6e3 ownbok

CoobueHne
C AaHHbIMK 0

KoHTponbHoe
coobueHne 1

MawmwuHa A cHoBa nocbinaet coobuieHune ¢ AgaHHbiMu 0.
MawwuHa B rosopuT: «MHe HyxHO coobuieHune

coobeHne 1

C AaHHbIMK 0, a He 1»

KoHTponbHoe

CoobeHue
C AaHHbIMK 0

O6a coobueHus gocturaoT
cBoei uenu 6e3 owmnbok

CoobweHue

C AaHHbIMK 0

MawwuHa A cHoBa nocbinaer
coobuweHune ¢ gaHHbIMK O

CoobuweHne

C AaHHbiMK 0

B koHue koHUoB MawnHa B nonyyaet
coobueHue ¢ gaHHbiMK 0

Puc. 2.3. O6MeH Mexay nonyyaTtesnieM n oTnpasuTenemM KaHanbHOro yposHs

3azaya 3Toro o6CyKAeHUsT — He 10Ka3aTh, HACKOJBKO XOPOIll OMUCAHHBIN POTO-
KOJI (OH OYeHb MJIOX), a OOBSICHUTH, YTO HAa KAXKIAOM YPOBHE CYIIECTBYET HEOOXOMH-
MOCTb BO B3aUMO/JEHCTBMU MEXIY OTIpaBUTEsNeM M MojydyareseM. THIMYHBIE CO06-
wenust: «Ilouwmy, noxanyicra, coobuieHre n 3aHOBO» — <«Y’Ke MOChLIA ABaXK/Ibl» —
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«Her, TbI 3TOTO He MEnany — <A s roBopio, nesnan» — «Hy sanyo, nyckaii nesan, Bce
PaBHO IIOLLIY ellle pa3d» U T. . ITO B3aUMOJCHCTBHE MPOUCXOAUT B ITOJISIX 3aTOJIOBKA,
rie OTpe/ie/IeHbl pa3IMYHbIe 3alPOCLl M OTBETHI M MOTYT IOAEPXKHBATHCSI IIapaMeTPbl
(HanpHMep, HoMepa KaJIpoB).

CeTeBoW ypoB€eHb

B s0Ka/MbHBIX CETSIX Y OTIPaBUTEJST OOBIYHO HET HEOOXOMUMOCTH HAXOAHTh MECTOTIO-
Joxenue nosyyarenst. On npocto 6pocaer cooduIeline B JIOKATLHYIO CEThb, & MOJIyya-
Tenb 3abupaet ero oTtyna. [obanbHbie CETH, OAHAKO, COAEPIKAT MHOKECTBO MAlllMH,
Ka)k/1ast H3 KOTOPBIX UMEET COOCTBEHHbIE IMHUHM CBsA3H C APYTHMU Maluiiamu. Tak Ha
KpynHomaciutabHol KapTe MOKa3aHO MHOXKECTBO FOPOJOB U COEJMHSIOUINX HX JIOPOT.
CoobliteH1e, TOChIIAEMOE OT OTIPABUTENsl K MOJIydYaTesio, HOJKHO TPOUTH Maccy
CETEBbIX CETMEHTCB, HA KAXKJIOM M3 KOTOPBIX MPOUCXOJHMT BbIOOP MCXOISIIEH JUIIHH.
3anava BpI6OPA HAUJIYUIIETO ITYTH Ha3bIBACTCS Mapupymusayuei (routing) u siBJsiet-
Cs1 OCHOBHOIT 3a7a4ell CeTeBOro ypoBHSI.

[Ipobiema ycioxHsIETCs1 TeM, YTO HanboJsiee KOPOTKHH TyTh He BCEr/a SIBJISIETCS
HawryymuM. Ha camoMm ziesie BakHa BeslMuMla 3aJIePXKKK Ha BLIOPAIiHOM MaplpyTe.
Ona, B CBOK OYepelb, 3aBHCUT OT 0ObeMa Tpaduka M YUCIa COOOLIEHHIT, CTOSIIINX
B ouepell Ha OTIPABKY 110 Pa3JjMyHbIM JuHHAM. C TedueHHeM BpeMeHH 3ajlepXKKa Mo-
JKeT MeHsiTbcsl. HekoTopble afropuTMbl MapIIPpyTH3alHU MOTYT IOACTPAaUBATHLCS MO
HM3MCHEHUS 3aTPY>KEHHOCTH JIMHMIL, HEKOTOPDLIC JKe yAOBJEeTBOPSIIOTCS TeM, YTO IpU-
HHUMAIOT pellleHe Ha OCHOBE YCPeJHCHHBIX 3HAaYEeHHIA.

B nacrtosiiiiee BpeMs, BEpOsITHO, HauboJiee WHPOKO PACIPOCTPAHEHHLIM CETEBbIM
NIPOTOKOJIOM SIBJISIETCsI He TPeOYIOIHiT yCTAHOBKH CoeauHenus: npomoxon Mumepie-
ma (Internet protocol, IP), Bxonsiuii B KOMILIEKT npotokosioB WirepHera. Ha cere-
BOM YpOBHE coo0lLeHHe UMeHyeTcsl TepMUHOM nakem (packet). IP-naket MoxxeT ObITH
nocsad 6e3 Kakoi-1nbo npeABapUTEIbHON NoAroTOBKH. MapmpyT kaxaoro u3 1P-na-
KETOB 10 MeCTa Ha3HaueHHsl BLIGUPAETCS] HE3ABHCUMO OT APYrux mnakeros. Huxakue
BHYTPEHHUE NyTH He BIOMPAIOTCS 3apaHee U e 3alOMHHAIOTCSI.

TIpOTOKOMIOM C COelMHEeHHEM, TIPUOOPETAIOUIMM IIOMYJISIPHOCTb B HACTOSIIIEE Bpe-
M, ABASETC supmyanvioi xKanan (virtual channel) na 6ase cereit ATM. Buptyasb-
Hetil kKanan B ATM — 3T0 HenpsiMoe coelMHEHMe, yCTaHaBJIMBaeMoe OT MCTOYHHKA
K IIPUEMHHKY, BO3MOXKHO, [1POXOJsiliee uepe3 HeCKOJbKO MPOMEKyTouHblx ATM-koM-
myTatopoB. YToObl MEXIY ABYMsI KOMIILIOTEPAMH He YCTaHABIMBAThL KaXKAbIH M3 BUP-
TYaJIbHLIX KaHAJIOB I10 OTAEILHOCTH, HAO0P BUPTYAIbHBIX KAHAJIOB MOXKET ObITh CIPYI-
NMPOBaH B eupmyanviivii nymo (virtual path). BupryanbHbiil myTh CPaBHUM C Ipei-
ornpe/eseHHBIM MAapLIPYTOM MEXAY JABYMS Y3JaMU, BAOJb KOTOPOIO BLICTPAMBAIOTCS
BCE ero BUPTyasbHble KaHalbl. VI3aMeHeHnre maplipyTa BHPTYaJbHOrO IIyTH O3HAyaeT
aBTOMATHUYECKYIO TePeKJIaKy BCeX aCCOLUMMPOBAHHLIX C HMM KaHasoB [194].

2.1.2. TpaHCNOPTHbIE NPOTOKOJIbI

TpaHcriopTHbIH YPOBEHb — TO MOCJEAHSISE YaCTb TOTO, YTO Ha3bIBAIOT HA30BBLIM CTEKOM
CETEBLIX MPOTOKOJIOB, TIOCKOIbKY B HEM Pealn30BaHbl Bee CIyKObl, KOTOpPble HeoHX0-
JUIMBI [IJIsI TOCTPOEHUS CETEBLIX MPUJIOKEHHI U KOTOPbIC HE BOILIW B MHTEpdeiic ce-
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TeBOro ypoBHsi. J[pyruMu cioBaMH, TPAaHCITIOPTHDI YPOBEHD JIaeT BO3MOXKHOCTD pa3pa-
GOTYMKAM TIPHJIOXKEHI UCII0JIb30BATh GA30BYIO CETh, JIEXKAULYIO B €I0 OCHOBE.

DYHKUNN TPAHCMOPTHOIO YPOBHS

Ha nyTtu ot oTnipaBuTesst K NOJIyYaTeTIo MakeTsl MOTYT TepsATbes. B To Bpemst kax oj1-
HY IPHJIOKCHUSI 3aIeMCTBYIOT COOCTBEHHbBIE MPOLIELYPbI UCTIPABJIEHUS! OLIMOOK, APY-
rve MPEANOYUTAIOT HAIEXKHYIO CBsa3b. [IpeoCcTaBUTh HM 3Ty CiykOy — JeJIo TpaHc-
MOPTHOTO ypOBHSI. Vest cCOCTOMT B TOM, UTO NMPUJIOXKEHIE HOXKHO OBITh B COCTOSIHHU
nepenatb coobUIeHME TPAHCIOPTHOMY YPOBHIO H O3KU/ATh TOTO, YTO OHO OYAET A0CTaB-
JieHO Ge3 ToTepb.

[Mocse nonydyenust coobluleHUst ¢ TPUKJIAAHOTO YPOBHsI TPAHCIOPTHBIN YPOBEHD
pasbuBaet ero /st yCHeuHoi nepe/jayi Ha A0CTATOYHO MeEJIKKe YacTH, TIPHCBANBAET
UM MOCJIeoBaTe/IbHble HOMepa U liepecbllaeT HX. B3anMoneiicTBre Ha yposiie 3aro-
JIOBKA TPAHCIIOPTHOTO YPOBHSI CBOAMUTCSI K 0OCYXKIEHHUIO TOTrO, Kakoil naker ObLT 110-
CJIaH, KaKo¥l — TPHUHST, CKOJLKO MecTa ecThb y ajipecara sl IpyieMa JaJbHeHInX co-
001LIeHNH, YTO CJIeYeT MOCIaTh MOBTOPHO M TOMY TOA0OHBIM BOIIPOCAM.

Hazexxtioe TpaHCropTHOe coellHeHHe (KOTOPOoe 110 OINpeesICHUI0 TIPeCTaBIsIeT
coboll CBsA3DL C YCTAHOBKOM COGAMHEHMS) MOXHO MOCTPOUTH IIOBEPX CETEBBIX CIIYXKO
KaK ¢ COeIMHEHHUsIMU, TaK U 6e3 coenuiieHuit. B mepBoMm ciydae Bce makersl OyayT
JOCTaBJIeHbl B MPABWJIBHOI MOCAE0BATEIBHOCTH (€CJU OHM TIOCBIJIAIOTCSI OZHOBpe-
MEHHO0), a B IOCJIe/[HEM BO3MOXHO, YTO OJMH M3 MAKETOB IMOIJEeT Mo APYromMy Map-
WPYTY ¥ TIPUJIET PaHblIlie, YeM NAKET, TOCIAHHBIN 10 Hero. 1o NoGyKIeT POrpaMMHOE
obecrieyeHne TPAHCIIOPTHOTO YPOBHSI CKJIabIBATL NAKETHI B MPAaBMJIBHOM MOCJIe10Ba-
TEJILHOCTH, YTOOBI ITIO/AEPIKATh MPEeNCTaBJIeHUe O TPAHCIIOPTHOM COEAMHEHWN Kak
0 6osbIION TPpy6e — BbI KJIaJeTe B Hero CooOLIeHHsT Ha OJJHOM KOHLe, U OHW 106upa-
I0TCS1 10 IPYrOTO HENOBPEKAEHHBIMH, B TOM K€ MOPSIAKE, B KOTOPOM Y OTTIPABJISIIINCD.

TpancnoptHblii poTokos juisi VIHTepHeTa Ha3bIBAETCS NPOMOKOIOM YNpaGaeliis
nepedaueii (Transmission Control Protocol, TCP). OH geranbho pa3obpan B kuure [109].
Kom6unauus TCP/IP B HacTosiiiiee BpeMst sIBJIsieTCs CTAaHAAPTOM Jie-(haKTo NpH ceTe-
BbIX B3aumoaeicTBusx. Kommiekt mpotokosioB MirepHera Takke BKJIOYaeT B cebs
He TpeOyIoUii COeMHEeH s TPAHCIIOPTHLLI npoTokos niof Hassaniem UDP (Univer-
sal Datagram Protocol — ynueepcanvnviii npomokos damazpamm), KOTOPLIii, 110 CyTH,
npeacrasisieT coboii IP ¢ HekotopeiMu HeGOMBbILMMY fonoHeHusiMU. TTosib30BaTesnb-
CKHe MPOrpaMMbl, He HYKAAIOUIMECS] B TPOTOKOJIE C COEUIEHHIMHU, OOBIYHO MCIIOJIb-
syior UDP.

Oduunanbhpiii TpancnoptHblil npotokoa ISO nMeeT nsaTh pa3HOBUIHOCTEH — OT
TPO 1o TP4. Paziuuus otHocsATCst K 06paboTKe 0MO0K M K BO3MOYKHOCTH paboTaTh
C HECKOJIBKUMM TPAHCIOPTHBIMHU COEJIMHEHHSIMU Ha 6a3e 0J(HOr0 COeAMHEHUsT HU3KO-
ro yposus (ocobenno X.25). Boibop TOro, Kakoi M3 HHX MCMOJIb30BaTh, 3aBUCUT OT
CBOHCTB JieXallero HUXe ceTeBoro ypoBHsi. Hukoraa Hu oMK M3 HUX He JOJIXKEH Tie-
Perpyxarbesl.

Bpemsi oT BpeMeHH INpearaioTcsi JONOJHUTEbHbIE TPAHCIIOPTHbIE MTPOTOKOJIBI.
Tak, Hanpumep, WIS IOJIEPIKKY TepeJady JaHHbIX B PEaJbHOM BpeMeHH ObLLI orpe-
JleJIeH mpancnopmitviil npomoxkon peanviiozo epemenu (Real-time Transport Protocol,
RTP). RTP — ato xaupoBblii IPOTOKOJ, KOTOPBIN olnpesesnseT (opMar nmakera JJst
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JIAHHBIX PEATIbHOrO BPEMEHH, HUYero He roBOPsi O MeXaHH3MaX rapaHTHPOBaHHOH J10C-
TaBKM 9THX AaHHBIX. KpoMe TOro, B HeM oIlpe/iesieH IIPOTOKOJ /J1s1 MOHHTOPHHTA
u ynpasJsieHus nepenaueil RTP-nakeron [406].

TCP B apxuTeKkType KIMeHT-cepsep

BsaumoneiicTBre KJIMEHT-CepBEp B paclipeie/IeHHbIX CHCTeMaX YacTo OCYLeCTBIISICTCS
NyTEM UCMOJIb30BaHUS TPAHCIIOPTHOTO IIPOTOKOIA 6a3080ii cetu. C pOoCTOM MOIyJIsIp-
HocTH VIHTepHeTa HepeaKo MOKHO HAabJII01aTh TOCTPOEHUE MTPUJIOKEHU I KIIHEHT-Cep-
Bep u cucrem Ha 6aze TCP. [Ipeumyuecrsa nporokosna TCP no cpaBuenuio ¢ UDP
COCTOSIT B TOM, UTO OH HajiexkHO paboTtaet B Jitoboii ceTn. OueBnaHas 060POTHAs CTO-
poHa — nipotokos1 TCP coszaer 3HauuTeNbHYIO JOIIOJHUTENbHYIO Harpy3Ky Ha CeTb,
0cobeHIo B TeX Ciydasix, Koraa 6a3oBasi CeTh BLICOKOHA/EXKHA, HAPUMEP, B JIOKAJIb-
HBIX CEeTSIX.

Korna Ha kapTy nocTaBjieHsl IPOU3BOAUTEILHOCTD U HAIEXKHOCTD, aJIbTePHATUBON
Bcerna sipasiercs: nporokos UDP B coyeTaHuM ¢ JOMOJHUTENTLHBIMH MPOLENYpaMU
KOHTPOJIsI OIUOOK 1 IIOTOKOB, OIITUMU3HPOBAHHBIMU JIJIsT KOHKPETHOTO MPHJIOKEHHSI.
O6opoTHast CTOPOHA 3TOTO IOAXOJA COCTOMT B TOM, UTO NPUXOJMTCS MPOJC/bLIBATD
Maccy JOIOJHUTEIbHONW PaboThl, a TAK)KE B TOM, UTO MOJIYUYEHHOE pelieHue Oy/ieT ya-
CTHBIM, CHIKAIOUIMM OTKPBITOCTH CUCTEMBI. )

ITpotokos TCP Bo MHOTHX CJIyuyasiX HEMPUBJIEKATEJEH U3-32 HEBO3MOXKHOCTH TIPH-
CII0COOUTD €ro JJisl MOMAEPIKKH CUHXPOHHOrO MOBEIEHHsT 3aIIPOC-OTBET, HCII0JIb3YeMOTro
BO MHOTMX B3aHMOJEHCTBUSIX KJWeHT-cepsep. Ha puc. 2.4, @ nokasaHo rpumeHeHue
nportokosia TCP nuis noanep>xku B3auMoJelCcTBUSI KJIUMEeHT-cepBep B HOPMaJlbHbIX yC-
soBusix (Korza coobuieHus: He npomnagatot). CHavyana KJIMEHT MHULUUPYET yCTAHOB-
JieHWe COCMHEHHUs], KOTOPOE IIPOMCXOAUT IO TPEXITAITHOMY MPOTOKOJY YCTaHOBJE-
HUs cBA3U (MepBble TPU COOOIIEHUSI HA PUCYHKe). DTOT MPOTOKOJ HEOOXOAUM ISt
JOCTHIKEHHUS] JOTOBOPEHHOCTH O TOPsIIKE HyMepalluy MaKeToB, NepechbllaeMblX yepes
coeavHenue (aeTasv MOXHO HalTu B [446]). Koraa coennnenue ycTaHoBJICHO, K-
eHT MOChLIaeT CBOM 3anpoc (coobleHue 4), COMPOBOXKIAEMbIH TAKETOM, TPEOYIOUIUM
OT cepBepa pasopBarh coefirHeHue (cooblieHue 5).

Ceppep oTBevyaeT HeMeJJIeHHbIM ITOATBEPKAEHHEM IpHUeMa 3arpoca OT KJIMeHTa,
KOTOPO€ CKOMIIOHOBAHO C IIOATBEpXKAeHHeM pa3pbiBa coeauneHust (coobuieHue 6).
3aTeM cepBep BLINOJHSET TpeOGyeMylo paboTy U MOChLIAET KJAUEHTY OTBeT (coobiie-
Hue 7), TaKKe COMPOBOXKIaeMblil TpeboBaHueM pa3opBaTh coeaulienue (coobiieHue 8).
KiueHT 10JK€eH TOJIBKO MOCIaTh MOJATBEPKAEHHE Pa3pbiBa CBsI3U Ha cepsep (coobiie-
Hue 9).

SIcHo, yTO GOJIbLIAsT YACTh JOTMOJIHUTENbHOM HAPY3KH HA CETh CBsI3aHa C yIpaBJie-
HUueM coenuHenueM. [Ipu ucnonp3oBanuu TCP s yrpasieHust B3auMoJeHCTBUEM
KJIMEHT-CEPBEP ropaso Aeliessie OyaeT CKOMOUMHUPOBATh YCTAHOBJIEHUE COEMHEHUSsT
C HeMeJIEHHOH IOCBHIIKOHM 3amnpoca, a NMOChIIKY OTBeTa — C Pa3pbIBOM COEAVHEHUSI.
[MosyunBuIMiicss MpoToKoJa Hocut Haspauue TCP oas mpansaxyuii (TCP for Tran-
sactions), cokpauaemoe 10 I/TCP. To, kak (GyHKUHOHUPYET 3TOT NMPOTOKOJ B HOP-
MaJIbHBIX YCJIOBUSAX, MOKHO YBUIETDb Ha puc. 2.4, 6.

B HOopMasibHOI 0OCTaHOBKE TIPOUCXOUT CJIEAYIOLIEe: KIHEHT MOChIJIAET OMHO CO-
obiuenue (coobuierue 1), comepskalliee TpU MoOpUMK MHGMOPMALIMHK: 3aMPOC Ha ycTa-
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HOBJIEITHEe COeIHHeH ST, COBCTBEHHO 3aTIPOC K CEPBEPY U 3aMpoc, coobIIaouil cepae-
pY, YTO ITOCJIE 3TOTO OH MOXKET HEMEJIEHHO Pa3opBaTh COCAUHENME.

KnueHt Cepsep Knuent Cepsep
1 1
T SYN \H SYN,3anpoc,FIN
2 T,

| SYN,ACK(FIN FIN =
‘/SYN,ACK(SYN) s (FIN),oTBeT,

D

ACK(SYN) ACK(FIN)

T~
T

ACK(3anpoc+FIN)

T

oTBeT 8

i

Bpems 9 Bpems

l T AcKEIN)

— ] !
a 6

Puc. 2.4. HopmanbsHoe ¢pyHkumoHuposaHue npotokona TCP (a).
dyHKUMoHUpoBaHue npotokona TCP ans TpaH3akuni (6)

CepBep 0TBEYaET TOJNBKO 110CJIE TOro, Kak o6paboTaer 3anpoc. OH MOXKET 110CJIaTh
JNaHHbIE, JJIS Iepe/ladyi KOTOPbIX U CO3/IaBajioch COCAMHElNE, U HEMEIJIEHHO TOoTpebo-
BaTh €ro PaspbiBa, YTO WJUTIOCTpUpPYeT coobluetine 2. ITocsie aTOro KIMEHTY OcTaeTcst
TOJIBKO MOATBEPAUTb Pas3puiB coefnHenust (coobieHue 3).

[Tpotokon T/TCP, coznaunbiii kak pacuiuperue TCP, aBromaTuyecku npeobpa-
3yeTcsi B HopMasibHbIil TipoTokos TCP, ecan spyras cTopoHa He NOAAEpPXKMBAET 3TO
pacuiupenue. JJonosHutenbHyto uagopmauiio no TCP/IP moxHo Halitu B [437].

2.1.3. MNMpoTOKOJIbI BEPXHEro ypoOBHS

[Tosepx TpaHcnopTHoro ypoBHsi OSI ykasblBaeT Ha HaJH4YUe TPeX JOMOJHUTETbHBIX
ypoBHeil. Ha npakTrke ucnosnb3yercst TOJIbKO NPUKJIAAHON ypoBenb. Ha camoM neste B
KOMILIIEKTEe TPOTOKOJIOB VIHTepHeTa Bce, YTO HAXOAMTCS BbIlle TPAHCIIOPTHOIO YPOB-
Hsl, COOMpaeTcsi B OfIHY «Kyuy». B 3TOM MyHKTe Mbl yBH/MM, [IOUEMY C TOYKU 3PCHUSI
CUCTeM TNPOMEXYTOUHOTO YPOBHsI Hac He ycTpauBaeT vy noaxox OSI, vu noaxon MH-
TEpHeTa.

CeaHcoBble NMPOTOKOJ1bl U NPOTOKOJIbI NpeAcTaBJIeHUA

CeaHCOBbIN ypOBEHD TPeCTaBIsAeT cO00 (HaKTHYECKH PACUIMPEHHYIO BEPCUIO TPaHC-
noptHoro ypoBHst. OH obecrieyrBaeT ynpasjeHde AMaIoroM, OTCJAEKHBAS U 3a[I0MU-
Hasl, Kakasi CTOpOHa FOBOPUT B HACTOSILIMIT MOMEHT, Y MPEAOCTaBsIeT CPEeACTBA CHH-
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xponusauuu. Ilocnennne TpeOYIOTCS IJIs1 CO3MAHUSI TOJIB30BATEISIMA KOHTPOJIbHBIX
TOYEK IPH [JIMHHBIX CEaHCax Mepeavyn JaHHbBIX, a TAK)KE YBeJIOMJIEHHSI UX O cboe B XO-
nie Takoro ceaHca. IIpu 3TOM HEOGXOAMMO ClIeJIaTh OTKAT TOJBKO 10 MOcJeqHed KOH-
TPOJILHOW TOUKH U He HY’KHO ITPOXOAMTD BeCh yTh cHavyasa. Ha npakTuke ceaHcoBblil
YPOBEHb HY>KeH HEMHOIUM IIPUJIOKEHUSM U TToiepxK1BaeTcs penko. OH naxe He BXO-
VT B KOMIUJIEKT TIPOTOKOJIOB MHTepHeTa.

B oTiinuiie OT MpeAbIAYIMX YPOBHEH, Ha KOTOPBIX MbI 3a00THIIMCH O TOYHOR U 3-
(bekTHBHOI1 MepechbliiKe GUTOB OT OTHPABUTEJIS K TIOJIy4aTes IO, YPOBEHD MIPEACTABIIEHUS]
3aHUMAETCSI CMBICJIOM 3THX OMTOB. BOJBIIMHCTBO COOOIIEHMIT coepKaT He cydaii-
Hble TIOCJIEIOBATEILHOCTH GUTOB, & CTPYKTYPUPOBaHHYIO MH(MOpPMaUMio Tuna (hamu-
JIMH, aZipecoB, IEHEeXHBIX CyMM U T. 1. Ha ypoBHe npeicTaBieHUsI MOKHO OTIpeEeUTh
3amucH, cojlepskaliye Mogo6HOro poja 1osl, 1 noTpeboBaTh y OTIPABUTENS YBEIOM-
JIATD TIOJIyYaTesisl, YTO COObIEHHEe CONEPIKUT OT/IeJIbHble 3alIUCH COOTBETCTBYIOLIETO
dopMmata. ITO ynpouiaer B3aUMOAENCTBHE MEXKY MAIIMHAMY C Pa3/INYHbIM BHYTPEH-
HUM TpeJICTaBJIeHHEM JaHHBIX.

anKJ'I afHble NPOTOKOJbI

Ipuxknannoii ypoBeHb Mozaenun OS] n3HauaIbHO A0JIKEH ObLI CoepXKaTh HaGOP CTaH-
NIapPTHBIX CETEBBIX TPUJIOKEHUIT, HApUMep AJIs1 paboThl € 3JIEKTPOHHOM TIOYTOH, Tiepe-
nauu haiioB ¥ SMYJISIUMK TepMUHAJA. B HacTosIIee BpeMsi OH CTaj MECTOM cOOpaHust
BCEX MPUJIOXKEHUI ¥ TIPOTOKOJIOB, KOTOPBIE He YaJI0Ch TPUCTPOUTh HU Ha oauH U3 60-
Jiee HUBKUX ypoBHell. B cBete atasioHHoil Mogenu OSI Bce pacnpeznesieHHbIE CHCTEMBI
SIBJISTIOTCSI IIPOCTO TIPUJIOKEHUSIMU.

Yero B 9TOI MO/EIN HET — TaK 3TO YETKOTO Pa3rpaHUYeHUs IPUJIOXKEHMUI], Crielu-
aJIbHBIX TIPOTOKOJIOB TIPUJIOKEHUIl U MPOTOKOJIOB 061ero HazHayeHust. Tak, Hanpu-
Mep, TonyJApHbIi B VIHTepHeTe npomokon nepedauu ¢paiinoe (File Transfer Protocol,
FTP) [203, 361] onpenensier nepenauy (ailjoB Mexx1y KJIMEHTCKOH MallMHON U cep-
BepoM. JTOT IPOTOKOJI He CJIEAYeT MyTaTh C IPOrpaMMoi ftp, KoTopas npeacTaBJsieT
co60i 3aKOHYEHHOE MPUJIOKEHHE 1JIsl Tlepeaauyu (pailyioB 1 coBnanaeT (HO HE MOJIHO-
CTbI0) ¢ peanusaiueit nporokona FTP nns VHrepHera.

Jlpyrum npuMepoMm: cyry6o CreluasbHOro MpUKJIAZHOrO mpoToKoa [142] mosxer
CILY>KUTb npomoxon nepedauu eunepmexcma (Hypertext Transfer Protocol, HTTP), pa3-
paboTaHHBIN AU yAaJIEHHOTO YIIpaBjeHus u 3arpy3ku web-crpanunn. IIportokon pea-
JIM30BaH B TaKMX MPUJIOKEHUsIX, Kak web-Opaysepst u web-cepsepsl. OnHako ceituac
3TOT IPOTOKOJI MCTIOJIb3YETCSl U B CUCTEMAX, CBsI3b KOTOpbIX ¢ Web He npenmnosaraet-
cs1. Tak, nanpumep, 8 RMI B a3bike Java nporokon HTTP ucnonbayercs ans obpa-
IIEHUS K yAaJleHHOMY OOBbeKTY, 3aliuiieHHoMy OpaHaMayaspoM [441].

KpoMe Toro, cyIiecTByeT MHOXECTBO MPOTOKOJIOB OOIIEro HazHaueHus, UCIOJb-
3yeMbIX B Pa3JIM4YHbIX NPUI0KeHNsIX. OHU NONaNu B NPUKJIAAHbIE TIPOTOKOJIBI, TOTO-
MY UYTO UX HeJib3sl OBbIJIO OTHECTH K TPAHCIIOPTHBIM. BO MHOrMX ciiy4asiX OHM MOTYT
CUMTAThCS IPOTOKOJIAMH TPOMEXKYTOYHOTO YPOBHSI, KOTOPbIE MbI Ceiiyac pacCCMOTPHUM.

MpoOTOKOJIbI NPOMEXYTOYHOI0 YPOBHS

K I[IPOMEXYTOYHOMY YPOBHIO OTHOCATCA IPUJIOXEHUS, JIOTUYECKH ITOMEllaeMble Ha
npuxnanﬂoﬁ YPOBE€Hb, HO COAEPKalI€ MHOXXECTBO ITPOTOKOJIOB ob11ero Ha3Ha4YeHHus,
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YTO JaeT UM NPaBo Ha UX COOCTBEHHBII YPOBEHb, HE3ABUCUMBIN OT IIpyrux, 6osee ciie-
[[UATTU3UPOBAHHBIX NPUJIOXKEHUH. MOXHO OTAeNUTh BbICOKOYPOBHEBbIE IPOTOKOJIBI
B3aUMOJEIMCTBUS OT MPOTOKOJIOB IS TIPEAOCTABJIEHUST PA3IMYHBIX CIYXKO MpoMexy-
TOYHOTO YPOBHSI.

CyuiecTByeT MHOXECTBO IPOTOKOJIOB, KOTOPbIE MOAEPKUBAIOT Pa3HOOOpa3Hble
cay06bl TIPOMEXKYTOYHOrO ypoBHsi. Tak, HampuMep, B rIaBe 8 Mbl 06CyXKa1aeM pas-
HOOOpa3Hble METO/bl ayTeHTHUhUKALMY, TO €CTh METOJbl YIOCTOBEPEHUS JTMYHOCTH.
[IpoTokoJibl ayTeHTU(PHUKALMKM HE TPUBSI3AHBI K KAaKOMY-I1M00 KOHKPETHOMY IPHUJIO-
JKeHuIo. BMecTo 3TOro oHM BCTPauBAIOTCSI B CHCTEMBI MTPOMEXKYTOYHOIO YPOBHSI Ha
npasax o01eA0CTYTHON ¢cyK6bl. [[pOTOKOIBI aBTOPU3ALIMH, COTJIACHO KOTOPBIM IO/
TBEPAMBILIME CBOW CTATYC IOJIb30BATEIH U ITPOLIECCHI ITOYYAIOT JOCTYT TOJBKO K TEM
pecypcaM, Ha KOTOpble OHM MMEIOT IIPaBo, TaKKe MMEIOT TEeHAEHIMIO K Iepexoay Ha
HE3aBUCHUMBIN OT MPUJIOXKEHUN YPOBEHb.

B xauecTBe pyroro npumepa pacCMOTPUM MHOKECTBO IIPOTOKOJIOB paclipesesieH-
HOro noATBepXKAeHust (commit) u3 raasbl 7. [IpOTOKOJBI MOATBEPXKIAEHUS AEAIOT
TaK, 4TO0ObI B TPYIIIIE MPOLECCOB JUO0 BCe MPOILECCH! MPOLLIM Yepe3 ONpeNesieHHYIO
onepaiuio, 1160 onepauus He Obla IPUMEHEHA HU K OHOMY U3 HUX. DTO SIBJIEHUE,
U3BECTHOE TaKXXe KaK amomapiiocms, LIMPOKO UCIIOJb3yeTCsl NP TpaH3akuusx. Kak
MBI YBU/IUM, HE TOJBKO TPAaH3aKLMH, HO U JAPYTHeE IPUJIOXKEHHsI, 0COOEHHO PaCCYMTAH-
HbIE Ha YCTOMYMBOCTD K COOSIM, TAK)KE MOTYT HYXKAAThCSI B IPOTOKOJIAX PACIIPeeseH-
HOTO TTOATBEPKIEHMUSI.

B kauecTBe nocjeiHero mpuMepa pacCMOTPUM MIPOTOKOJIBI pacripeeseHHon 6J1o-
KHUPOBKH, MPU MOMOIIM KOTOPBIX MOXET ObITh MPeAOTBpalleH OAHOBPEMEHHBIN 10C-
Tyl K pecypcaM HeCKOJbKUX IIPOLIeCCOB, paclpe/leleHHbIX 110 MHOXKECTBY MAaHIMH.
MbI paccMOTPUM HEKOTOpPbIE U3 3TUX IPOTOKOJIOB B IJIaBe 5. JTO ellle OJUH MpUMep
NPOTOKOJIOB, KOTOPbIE MOTYT ObITh PEAJM30BaHLI B BUE OOLIEAOCTYIIHOW CJIY>KOBI
IIPOMEKYTOYHOTO YPOBHsI, KOTOPLI B TO e BpeMsi He 3aBUCHUT OT KaKoro-aubo KoH-
KPETHOTO MPUJIOXKEHHsI.

KoMMyHMKalIMOHHbIE POTOKOJIBI MPOMEXYTOUHOIO YPOBHSI IOJNEPKUBAIOT BbI-
COKOYPOBHEBble KOMMYHUKAIIMOHHbIE CITY»KObL. Tak, Hanpumep, B CJAEAYIOUIMX ABYX
IIYHKTaX Mbl 0OCY/IUM MTPOTOKOJIbI, KOTOPBIE IT03BOJISIOT MPOLIECCAM ITPO3PAYHO BBI3bI-
BaTh MPOLIELYPbI UK 06PaIlaThCs K 00bEKTaM Ha yAaleHHbIX MamnHax. CylecTByoT
TaKk)Ke KOMMYHHUKAI[IOHHbIE CJIY>KObI BBICOKOTO YPOBHSI /IsI 3aIlyCKA ¥ CHHXPOHU3aLMN
MIOTOKOB JIaHHBIX B peajbHOM BPEMEHH, YTO XapaKTEePHO, Harpumep, AJsi MyJIbTHMe-
JUIHBIX TpUIOXKeHUH. B kauecTBe nocsenHero npuMepa npuBeieM npejocTaBisieMble
HEKOTOPBIMU CHCTEMaMH IIPOMEXXYTOYHOTO YPOBHSI HalleXKHble CJyXKOBI TPYNIIOBON
PacChLIKH, COCOGHbBIE MOAAEPKMBATh THICSIYYU MOJyyaTesel, pa3bpoCcaHHBIX MO TJ10-
6asbHOI ceTH.

Hekoropble 13 KOMMYHHKALMOHHBIX IIPOTOKOJIOB IIPOMEXKYTOYHOTO YPOBHSI MOTYT
ObITb MOMeLIEHbl ¥ HA TPAHCIIOPTHBIA YPOBEHb, HO JIJIST UX <«IOBBILIEHHSI» UMEIOTCS
ocobble npuumHbL. Tak, HanpuMep, CIyKObI HALEKHOI TPYIIIIOBOIT PACCHUIKY C TapaHTH-
POBaHHON MacIITabUPYEMOCTBIO MOTYT OBbITH PEATM30BAHBI, TOJIBKO €CJIH TPUHUMAIOTCS
BO BHUMaHHe TpebOBaHUs K NPHI0KeHHI0. COOTBETCTBEHHO, CUCTEMBI TPOMEXKYTOY-
HOT'O YPOBHSI MOTYT IIPEIOCTAaBJISITh T€ UJIM WHbIE IIPOTOKOJIbI (HacTpauBaeMble), Kax-
JbII U3 KOTOPBIX peaju3yeT pa3JMyHble TPAHCIIOPTHBIE IPOTOKOJIbI, HO IIPEAOCTAaBIS-
€T OIMHAKOBbII UHTEpdeIcC.
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Takoii moaxon x nojpasfeseHHIo Ha YPOBHHU NMPUBOAUT HAC K CJIeTKa U3MEHEHHOIt
3TAJIOHHOIT Moztes B3aumogeiicTBust (puc. 2.5). Ilo cpaBiienuio ¢ Moaennio OS] cean-
COBBIIT ypoBellb ¥ YPOBEHb MPEJICTABICHHS 3aMEHEHbI O/IHUM ITPOMEKYTOUYHDBIM YPOB-
HeM, KOTOPBIl COAEepPXKUT He 3aBHCSIHE OT MPUJIOXKEHHUI MpoTokosibl. Kak mMbl roBo-
PHJIM, 3TH TMPOTOKOJIbI HENb3sl MOMECTUTh Ha Oojiee HU3KME ypoBHH. VcTuHHbIE
TPaHCMOPTHbIE CIYKObI TaKKe MOryT ObITb NMpENCTaBJIeHbl B BUAE CJYKO [TPOMEXY-
TOYHOTO ypoBHst. [/t aTOoro He noTpebyercst Aaxke MOAM(pUKAIMI. DTOT 110JIXO/ aHa-
sornyed neperocy UDP Ha TpaHcnopTHbiil ypoBenb. TouHO Tak ke crykObI pome-
JKYTOUHOTO YPOBHSI MOTYT BKJIIOUATH B ce0s1 CITy>KObl TEPECHLIKY COOOILEHNH, CXOKHUE
C TeMH, KOTOPble TIPEAOCTaBIAI0TCS Ha TPAHCIIOPTHOM YpOBIIe.

MpuknaaHon npoTtokon

MpunoxeHue | [@r=---m===-----mmmmommo oo oo 6
B MpomexyTouHbIA NpoTOoKON
MpoMexyTouHbi ypoBeHb | [@e--=-=----==m-mmmmoomoommmoo oo 5
TpaHCcNopTHbIN NPOTOKON
TpaHcnopT | [®-----mmmmmmmmmmmmmmmmoommoomooo 4
CeTeBoW npoTokon

(7= I b e 3

KaHnanbHbIti npoTokon
Mepepaya AaHHbix | [@----=-==--=--=-oooo-ooooooooooo ] 2

PU3nYecKnin NpoTokon
dusnueckoe sonnoweHne | 0 [Eemmmmmmommmmmmsmmmmemome oo oo oo 1

CeTb

Puc. 2.5. UameHeHHas aTanoHHas Moaenb CeTeBoro B3anMoaencTems

B ocraBiueiicst yacTu 3TOil TJIaBbl MBI COCPEOTOYUMCST Ha YETBIPEX BBICOKOYPOB-
HEBBIX KOMMYHUKALHOHHBIX CJIYKOax IPOMEXKYTOYHOTO yPOBHSI: YIATEHHOM BbI30-
BE MPOLEYp, yAaJleHHOM oOpalieHuH K 00beKTaM, Ouepe/isiM COOOIIEH I 1 TOTOKaM
JaHHBIX.

2.2. YpaneHHbIN BbI3OB npoueayp

OcHOBOIT MHOKECTBa paCIpeIe/ICHHDIX CUCTEM SIBJISIETCSE SIBHBIH 0OMeH COOOIIEeHUsIMU
Mexay npotteccamu. OnHaKo npoueaypsl send U receive He CKPbIBAIOT B3aUMOAEHCT-
BUS, YTO HEOOXOAMMO JIst obecriedyeHs MPO3payHOCTH A0CTyna. Jta npobieMa ObLia
M3BECTHA JaBHO, HO IO Hel Masio 4To O6bLIo caenano ao nosisaedus B 1980 roay crarbu
[62], B koTOpOIi Mpeasarancst abCOTOTHO HOBbII criocod B3aumoneiicTBus. XoTs uaest
GblJIa COBEPIIEHHO IIPOCTON (eCTECTBEHHO, MIOCJIE TOTO KaK KTO-TO BCE MPUAYyMaJ), ee
pean3allis YacTO OKa3bIBACTCSI BeChbMa XUTPOYMHOU. B 3TOM pasnesne Mbl paccMoT-
PHM caMy KOHIIEIIIHIO, e Peai3allfio, CUJIbHDIE U c1abble CTOPOHBIL.

Ecnu He BAaBathcsi B NOAPOOGHOCTH, B YIOMSIHYTOH CTaTbhe OLIIO NPENTIOKEHO Mo-
3BOJIMTDH MPOrPaMMaM BbI3bIBATH TPOLEYPDLI, HAXOSIIMeCsT Ha Apyrux MannHax. Koraa
TPOLIECC, 3aMyIEHHBIA Ha MalllHe A, BbI3bIBAET MPOLEAYPY C MAlIMHbBI B, BbI3bIBAIO-
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11T IPOIleCC Ha MallnHe A [IPUOCTAHABJIMBAETCS], 4 BHITIOJIHCHIE BBI3BAHHO Mpolle-
Aypbl IPOUCXOAUT Ha MamnHe B. MH(popmalst MoxkeT ObITh Nepefala 0T BhI3BIBAIO-
ILIEr0 NPOIIECCa K BBI3LIBACMON TPOIIE/lyPe Yepe3 MapaMeTphl M BO3BPAllCHA ITPOLECCY
B BUJE Pe3y/bTaTa BbINOJIHEHUs Ipoleaypbl. IIporpaMMucT abconOTHO HUUETO He 3a-
METHUT. DTOT METOJl U3BECTEH TI0JI Ha3BaHUeM yoanenivii 613068 npoyedyp (Remote
Procedure Call, RPC).

Ba3oBas uaes 11pocTta U aj1eTaHTHA, CI0KHOCTH BO3HMKAIOT NpU peanunsaunit. s
Haya/a, OCKOJIbKY BbI3LIBAIOIIHI MPOIECC M BLI3bIBAEMAsT TPOIEAYPA HAXOASTCS Ha
Pa3HbIX MallliHAX, OHU BBLIMOJHSIOTCS B PA3JIMYHBIX a/[PECHBIX IPOCTPAHCTBAX, YTO TYT
e poxaaceT npobsembl. [lapaMeTpsl ¥ pe3ysbTaThl TaKXKe HepPefaloTesi OT MAIIWHbI
K MalllMHe, YTO MOJKET BbI3BATh CBOW 3aTPYAHEHMs, OCOOCHHO eC/IM MAIUWHbI He OfH-
HakoBbl. Hakonelr, o6e MaliMHbI MOTYT CO0UTD, U J1I060H BO3MOXHBIN cHOI BbI30O-
BeT pa3HooOpasubie cJaoKHOCTU. ONHAKO € GOJBUIMHCTBOM M3 9TUX MPOOJIEM MOXKHO
cnipaBuThest, 1 RPC ssiistercst LIMPOKO pacnpoCTPaHEHHOH TEXHOJOTHE, Ha KOTOPOil
6a3npPyIOTCs MHOTHE pacrpeesieHHble CUCTEMBL.

2.2.1. BasoBbie onepauuu RPC

Mbl HauHeM ¢ 06CYKIeHUsT OOIIENPUHSITBIX BHI30BOB TPOLEYP, & 3aTEM PACCMOTPUM,
KaK BBI30B MOXKET OBbITh paclipejiesieH Mex 1y KJIHMEHTCKOH M CepBepPHOIl YacTsIMH CHC-
TEMbl, K&KJasT U3 KOTOPBIX BBIIIOJIHSETCS HA PA3JIMUHBIX MALIMHAX.

O6uwenpuHATbIE BbISOBLI NpoLenyp

Ilnist Toro uToObI IOHSTH, Kak padotaeT RPC, BaskHo cHayaia pa3obparhcesl, Kak ocyuie-
CTBSIIOTCsT obuienputsitole (B Ipeiesax OAHOW Mallibl) BLI30OBBI Npoleayp. Pac-
CMOTPUM BbI30B B si3bike THITa C:

count = read(fd, buf. bytes):

3nech fd — 1esoe, ykasbiBaioulee Ha ¢daiiy; buf — MaccuB CUMBOJIOB, B KOTOPbI
OyIyT CUMTBLIBATBCS JaHHbIE; bytes — Apyroe 1iejioe, roBopsitiee, CKOJIbKO GailT cienyer
cuutarb. Ecyiit BbI30B MPOM3BOANUTCS U3 IJIABHOI MPOrpaMMbI, CTEK 0 BbI30BA BLITJIS-
IUT TaK, KaK IMTOKa3aHo Ha pUc. 2.6, a. [esas BbI30B, BbI3LIBAIONIAsI IPOrpaMMa roMe-
I1AET TAPAMETPbl B CTEK B IIOPSIIKE «ITOCJIEHHI ITEPBBIM», KaK II0Ka3aHo Ha puc. 2.6, 6.
[Mpuuuna, no xoropod komnusitop C MoMewaeT rnapaMerpol B CTeK B 0OPaTHOM T10-
psiike, 3akatodaercs B pyHKUuAX Tuna printf. Ytobsl BoIMONHATHCS, GPyHKIUS printf
BCer/a J0J’)KHa 3HaTh, T/le MCcKaTh CBOil nepBblii apryment — cTpoky (opmata. [Tocye
3apepiuieHyst read cucTema INOMelaeT BO3BPAlAEMOC 3HAYCHUE B PETUCTP, YAAJISAET
azpec Bo3BpaTa ¥ BO3BpaullaeT ynpaBjeHHe Ha3al, B BbI3BaBUIYIO NTPOrpaMMy. 3aTeM
BbI3BaBlliasg NIporpaMMa yAaJjseT U3 CTeKa Mapamerpbl, IPUBOJSL €ro B MCXOJIHOE CO-
CTOSIHHE.

Crnenyer 0ocob0 OTMETUTL HEKOTOPble MOMEHTBL Bo-mepBbix, B C napameTpsl Mo-
TyT NepefaBaThCsl Kak Mo 3HAYeHWIo, Tak M To ccbuike. ITapamerp-3Hauerine, Takoii
Kak fd uu bytes, IPOCTO KOMMPYETCsl B CTEK, YTO M OKa3aHo Ha puc. 2.6, 6. s poi-
3bIBAEMOI MPOLIEAYPDl TapaMeTp-3HaYeHHe TNPeCTaBJsieT coOOH MPOCTO MHHUIMAIU-
3MPOBaHHYIO JIOKAJIbHYIO IlepeMeHHYI0. Boi3biBaeMast mpolie/lypa MOXET ee H3MEHUTD,
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HO BCe 3TU U3MEHEHUs He MOTYT IIOBJMSITh Ha ee OPUIMHAJIbHOE 3HAaUEeHHEe Ha BbI3bI-
BamoIlell CTOPOHeE.

Ykasatenb cTeka

JlokanbHble nepeMeHHble JlokanbHble nepeMeHHble
rnasHOi NPorpamMme! rnasHoM NporpamMmbl
bytes
buf
fd

Appec Bo3spara
JlokanbHble NnepeMeHHbIe
npoueaypbl read

a 6

Puc. 2.6. MNepenaya napamMeTpoB Npw IOKanbHOM BbI30BE Npoueaypbl: CTeK [10 Bbi3oBa
byHkummn read (a). CTek Bo Bpems paboTbl Bbi3BaHHOM Npoueaypsbl (6)

IMapameTtp-ccbinka B C — 3To yka3aTesb Ha NepeMeHHYIo (TO eCcTh aJ[pec nepemMeH-
HOI1), a He ee 3HaueHHe. B BbI3oBe read BTOpOH NapaMmeTp SIBJISIETCS NapaMeTPOM-
CCBUIKOH, TTOCKOJIbKY MaccuBbl B C Bcerzia nepeaioTcs yepes cChliKy. B crek Ha ca-
MOM JieJie GyeT TIOMeEIIeH afpec CUMBOJIbHOTO MaccuBa. Eciiu Bbi3BaHHast mpouesypa
UCIOJIb3YET 3TOT IapaMeTp JJIsT ITOMEIEHUsT 4ero-a1ub0 B CMMBOJIbHBIA MacCHB, 3TO
NpUBeNeT K M3MEHEHHUIO MacCHMBa B BBI3bIBaOllell mporpamme. Mbl yBUAUM, YTO
pasHULla MeXAy NMapamMeTpaMi-3HauYeHUSIMU U NapaMeTpaMU-CChIJIKAMU KpaiiHe Baxk-
Ha nis RPC. :

Cy1ecTByer ellle OMH MeXaHU3M Iepeaayy apaMeTpoB, He npumMensiomuiica B C.
On Ha3sbIBaeTcst 61308 uepe3 Konuposarue/soccmarnosnenue (call-by-copy restore).
Barom ciyyae 1o BbI30Ba BbI3bIBaIOIEH IPOrpaMMON NMPOU3BOAUTCS KONKMPOBaHUE
NepeMeHHOH B cTek, KaK NPHU BBI30BE 110 3HAUEHUIO, a MOCJe 3aBepIieHusl BbI30BA —
KONMPOBaHUe 3TON NepeMeHHON U3 CTeKa Hasal, C ylaJieHHeM HCXOJHOTO 3HAaueHMS
aToil nepeMeHHON. B 60IbLIMHCTBE CIIyYaeB 3TO AaeT TOT ke 3P PEKT, YTO U P BLI-
30Be 10 ccblake. OHaKO MHOTA, HAIIPUMEP, eCIM OMH U TOT K€ MapaMeTp IPUCYT-
CTByeT B CIIMCKe apryMeHTOB MHOTOKDPaTHO, UX CEMaHTHKA pasyinyaercsi. Bo MHorux
A3bIKaX BBI30B Yepe3 KOIIMPOBaHMe/BOCCTAHOBJIEHHE OTCYTCTBYET.

Pertenyie 06 MCIIOIB30BaHUM TOTO MJIM MHOTO MEXaHM3Ma Iepejayl MapaMeTpoB
NpUHUMAETCsT OOBIYHO Pa3pabOTUMKAMH SI3bIKA U ABJISETCS ero (PUKCUPOBaHHLIM CBOIi-
ctsoM. PaHbie aTo peluieHne 3aBuCesIo OT TUIIOB IepeaBaeMbixX faHHbiX. B C, Hanpu-
Mep, KaK Mbl BUZEJIH, LieJIble U ApYTrHe CKaJsIPHbIe TUIIBI BCer/a epefaioTcs 110 3Haye-
HMIO, 2 MacCUBbI — MO ccblIKe. HexoTopble KOMIUIISITOPHI sI3bIKa AJla MOAAEPKUBAIOT
BbI3OB 4€pe3 KONMMPOBaHMe,/BOCCTAHOBJICHUE MJIs1 udmensiemvix (in out) mapaMeTpos,
nepesiaBasl OCTaJbHble 1O ccblIKe. OmnpeaesieHue si3bIKa MO3BOJISIET BHIOPATH JIIOOOM
BapUaHT, KOTOPBIi XOTb HEMHOTO YIIPOLIAET CEMaHTHUKY.
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3arnywku ons KJiMeHTa u cepBepa

Unes, crosimiasi 3a RPC, cocTouT B TOM, YTOOBI ya/IEHHBIH BHI30B IIPOLIELYDP BITISAEN
TOYHO TakK K€, KaK W JIOKaJbHbIN. J[pyruMu cioBaMu, Mbl xzaeM ot RPC npospayno-
CTH — BbI3bIBAIOLAsl NpOLEAYPA HE JOJKHA YBEJIOMJISITLCS O TOM, YTO BBI3bIBAeMast
Tpotiealypa BBITOJTHSIETCS Ha APYTOoit MauuHe, 1 Hao6opot. Ilpeanonoxum, nporpamma
XOUYeT CYUTATh HEKOTOpble AaHHble u3 Qaiina. s urenus: us dailla HeoOXOAUMbBIX
NIaHHBIX TIPOTPAMMHUCT NMOMeNIaeT B KOA BbI30B read. B TpaguunonHoit (ogHompolec-
COpHOIT) cucTeMe mpoleaypa read U3BJIEKAETCS KOMITOHOBIIMKOM W3 OUOJIMOTEKH U
BCTaBJISIETCSI B OOBEKTHBII KO/l TPOrPaMMBbL, ITO KOPOTKAsI MPOLEAYpPa, KOTopast 06bI4-
HO peajiu3yeTcsl IyTeM CUCTEMHOTO Bbi3oBa read. J[pyrumu cjaoBaMu, Mpolexypa
read — 3T0 nHTEpdeiic MexXay KOJOM IT0Ib30BaTesl U JIOKAJbHOH ONepalMOHHOI cuc-
TEMOH.

Haxe ecnu read — 3TO CUCTEMHBIN BbI30B, OH IPOM3BOAUTCS] AHATIOTUYHBIM 06pa-
30M, TIyTeM MOMELIeHHsI TapaMeTPOB B CTEK, KaK M0Ka3aHo Ha puc. 2.6, 6. Takum obpa-
30M, TPOTPAMMHUCT TaK M He Y3HAeT, YTO read A€JIaeT YTO-TO XUTPOe.

RPC opranusyer cBOIO Mpo3payHOCTh aHATOrMYHbIM 06pa3oM. Ecau read siBaser-
sl YIAJIEHHOM Mpoleypoii (To ecTh OyIeT UCTIOMHSThCS Ha MatiuHe dhailioBoro cep-
Bepa), B OGUGJIMOTEKY MOMENIAeTCs ClellnalbHasi Bepcusl read, Ha3blBaeMasi Kauenm-
cxotl 3aznywxol (client stub). Kak u opurunasnbHast GyHKIMS, OHA TAKKe BbI3bIBAETCS
B COOTBETCTBHUHU C MOCJIEA0BATENbHOCTBIO, MOKa3aHHOHU Ha puc 2.6, 6. Kak u opuruna,
OHa TaK)Ke MPOU3BOJAUT BBI30B JIOKATbHOH ONEPALMOHHON CHCTEMBl, TOJBKO B OT-
Jiue OT OPUTUHAJIBHON (PYHKLUMU KJIMEHTCKasl 3aTjIyliKa He 3alpalliuBaeT JaHHbIe
y OTepaloHHON cucTeMbl. BMeCcTO 9TOr0 OHa ynakoBbIBaeT apaMeTphl B COODIeHHe
U MyTeM BbI30Ba MpoLeAypbl send TpebyeT mepecyaTb 3To coobllleHre Ha CepBep, Kak
nokasaHo Ha puc. 2.7. [locse BbI3oBa nmpoueayps! send KIMEHTCKAas! 3arJly1lKa BbI3biBa-
€T Tpoueaypy receive, GJOKUPYSICh [0 TOJTyYEHHsI OTBeTa.

OxuaaHue pesynsrara
KnuenT Aanne | pesyn x

3aBepuwenne
Bbl30Ba

Bobizos
yAaneHHon
npoueaypb!

3anpoc

Bbi3oB nokanbHon Bpema —>»
npoueaypbl ¥ Bo3BpalleHue
pesynbraTta

Puc. 2.7. Cxema RPC Mmexay nporpaMmmamMu knneHTa u cepsepa

Korza coobiieHne NpUXOAUT Ha CepBep, ONEPALIOHHAsT CUCTEMA CepBepa MepelaeT
ero cepseprol 3aznywke (server stub). CepBepHasi 3arjyiika 9KBUBaJIEHTHA KJIMEHT-
CKOM, HO paboTaeT Ha CTOpOHe cepBepa. ITO (parMeHT Kojia, KOTOPbIit mpeobpasyer
NPUXOJISIIIME [0 CETH 3aMPOCHI B BBI3OBBI JIOKANBHBIX Tpolenyp. O6bIYHO cepBepHast
3arayuIka 3anyckaeT Mpouesypy receive u GJOKUPYyeTCs], 03KHMAasi BXOASLIMX coobiie-
Huil. Ilocsie mosyyeHust coobiieHNsT cepBepHast 3aryylKa pacliakOBbIBAET €T0, U3BJIe-
Kasl MapaMeTpbl, U TPAAUIMOHHBIM CITOCO60M (TO €CThb TaK, KaK MOKa3aHo Ha puc. 2.6)
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BBI3bIBaeT Npouenypy cepBepa. C TOYKU 3peHHUst cepBepa 9TO BOCIPUHMMAETCS Kak
NpsIMOIi BBI30B C KJIMEHTAa — IapaMeTpPhl U ajpec BO3BpaTa HAXOASITCS B CTEKe, Tie
OHHU U JOJIKHBI HAXOAUTbCsI, U HUUETO HEOOBIYHOTO B 3TOM HeT. CepBep AejaeT cBoe
Jes0 U OOBbIYHBIM TIOPSIAKOM BO3BpallaeT pe3y/bTaT Bbi3BaBlueil mpouenype. Tak,
HANpUMep, B cJydae YyTeHus (ailna cepBep 3arnoJiHAeT faHHbBIMU Oydep, Ha KOTO-
PbIif yKa3bIBaeT BTOPO mapaMerp. DToT Oydep — BHYTpeHHUit Oydep cepBepHOH 3a-
CJTYLUKHU.

Korna cepsephasi 3arjiyuika rocje OKOHYaHUsI 0OpabOTKU BbI30Ba BO3BpAILAET
yTIpaBJieHUe BbI3BABILEN MPOrpaMMe, OHA 3aMTaKOBBIBAET Pe3YJIbTAThI BHIMTOJHEHUS (6y-
dep) B coobliieHe U BHI3BIBAET NPOLEAYDY send, 4TOOBI BO3BPATUTDb UX KJHeHTY. To-
CJie 9TOTO CepBepHasi 3arjiylliKa BHOBb BBI3bIBAeT NMPOLEAYPY receive, mepexons B pe-
SKUM O)KMIAHUSI CJICLYIOIEr0 COOOIIEHMUS.

Korza Ha KJAMEHTCKYIO MallMHy MPUXOAUT OTBETHOE cOOOlEeHMe, ONepalioHHast
cucTeMa KjueHTa 0OHapy»KMBaeT, YTO OHO aJpecOBaHO KJIMEHTCKOMY mpoleccy (Ha
caMOM Jiejle KJTMEHTCKOU 3arjiyuike, HO ONepallMOHHAs CUCTEMa UX He pasjiuyaer).
Coobienue konupyercs: B 6ydep oxkuaaHus, ¥ KIMEHTCKUI poliecc pa3bioKupyeT-
cs1. KnmeHTckas s3arjyuika pacCMaTpuBaeT cooOlleHNe, PaCiiaKoBbIBAaET €ro, U3BJIeKast
pe3yJIbTaThl, KOMUPYET UX B NaMsITh BbI3BaBIIEil MPOrpaMMbl U, 3aBepiuasi pabory, Iie-
pelaeT B Hee Ko Bo3BpaTa. Korza Bei3BaBiuiast IporpaMma IMoJiyyaeT yrpaBJeHue Io-
CJie BbI30Ba read, Bce, YTO OHA 3HAET, — ITO TO, YTO 3ANPOLUEHHbIE JaHHbIE HAXOISATCS
TaM, rae ¥ MPearosaraaoch, To ecTb B Oydepe. Y Hee HET HMKAKOrO MPEACTABICHHS
0 TOM, KaK OCYLIECTBJISIICSI BbI30B — YAQJEHHO WJIM B paMKaX JIOKJIbHOI onepalroH-
HOW CHUCTEMBI.

B GsaxeHcTBe HeBeseHNs, LapsILeM Ha CTOPOHE KJIMEHTa, M COCTOMT TMpeJeCThb Ta-
Kol cxempl. Kak Mbl BUAENH, AOCTYIl K yJaJ€HHBIM CHY>XKOaM OCYLIECTBJISAETCS T0-
CPEeICTBOM BbI30Ba OOBIYHBIX (TO €CTb JIOKAJbHBIX) Npoleayp, 6e3 BCIKUX TaM send
u receive. Bce getanm nepechbuiky COOOIIEHHN CKPBITHI B ABYX OHOJMOTEYHBIX TpoLie-
Aypax, TaK e KaK B TPaAULMOHHBIX OMOJIHOTEKAX CKPBITHI AETAJIN PEATIBHO MPOU3BO-
JUMBIX CHCTEMHDIX BbI30BOB.

[MoxBenem wutoru. Ilpu ynaneHHOM BbI30BE TMPOLENYP NMPOUCXOIAT CJEAyIOLINE
NelCcTBUS.

1. Tlpouenypa kiveHTa 0ObIYHBIM 06PA30M BBI3BIBAET KJIMEHTCKYIO 3arJIyIIKY.

2. KnneHnrckast 3arjlyuka Co3JaeT COO6LLIeHI/Ie H BbI3bIBACT JIOKAJIbHYIO OIl€pallHOH-
HYIO CUCTEMY.

3. OmnepauMoHHas CHCTEMA KJIMEHTA IIePeChLIaeT Coo0LeHUe YAAIEHHOM OMepalioH-
HOH cUCTeME.

Y naneHHast onepallMoHHast cUCTeMa TepesiaeT cOOOLIEeHHe CepBEPHOIT 3arayuiKe.
CepBepHast 3arJyIlIKa U3BJIEKAET U3 COOONIEHUsI TapaMeTPbl ¥ BbI3bIBAET CEPBEP.
CepBep BBINOJIHSIET BbI30B 1 BO3BpALAeT Pe3yJIbTAThl 3aryyLIKe.

N o s

CepBepHasi 3aryyiKa 3al1akOBbIBAET PE3YJIbTAaThl B COOOILIEHHE M BbI3BIBAET CBOIO
JIOKQJIBHYIO ONEPALIUOHHYIO CUCTEMY.

8. OnepauuoHHas cCUCTEMa cepBepa IepechlIaeT cooblIeHe ONEPALIOHHON cucTemMe
KJIMEHTa.
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9. OmnepanMoHHasT CUCTEMA KJIMEHTA IIPUHIMAET COOOIeHe U TIePellaeT ero KJINeHT-
CKOI1 3armylike.

10. 3armyuixa U3BJIeKaeT pe3ysbTaThl U3 COOBIIEHUS U epefaeT UX KIHEHTY.

CeteBble 3¢)¢)eKTbI ITUX LIAroB COCTOSAT B TOM, YTO KJIMEHTCKasl 3arjyllkKa npespa-
1[aeT JJOKAJIbHBI BBI3OB nmpoueaypsnl KJIM€HTa B JIOKQJIBHBIN BBI3OB Ipoueaypsl cepne-
pa, IppuYeM HU KJIMEHT, HU CEPBEP HUYEro HE 3HAIOT O IIPOMEXYTOUYHBIX JNeCTBUSIX.

2.2.2. Nepenaya napameTpos

HasnaueHue KJIMEHTCKON 3arJIylIKK COCTOMT B TOM, YTOOBI MOJIYYUTh IIAPAMETPbI, 3a-
NaKoBaTh UX B COOOIIEHNE U TIOCJATh €ro cepBepHoil 3artymke. XOTs 3T NeHCTBUS
BBITJISASIT HECJIOKHO, OHM HE TaK MPOCTBI, KAK KaXKETCsl HA MePBbIN B3rJsiA. B atom
MYHKTE Mbl PACCMOTPHM HEKOTOPBIE BOIMPOCHI, CBSI3aHHbIE C Tepeaayell mapamMerpon
B cucremax RPC.

Mepepaya napamMeTpOB NO 3HAYEHUIO

Ymnakopka mapaMeTpoB B COOOLIeHHEe HOCUT Ha3BaHWE MAPWANUNZA NAPAMEMPOs
(parameter marshaling). B xauectBe mpocTeliillero NpuMepa pacCMOTPUM YAAJIEHHYIO
npoueaypy, add(i. j), KoTopast UCNIOJIL3YeT ABa LieJIbIX IapaMeTpa, i U j, U Bo3BpallaeT
B pe3yJibTaTe UX apudMeTnueckyio cymmy. (Ha npakTuke Tak He AeslaeTcs, IOCKOJIbKY
yZaJieHHasl peajM3allisi CTOJIb TIPOCTOH IMpOIelyphbl KpaliHe HEeBBITOAHA, HO JJIST IPH-
Mepa coiiner.) Boizos add wutocTpupyetcs JieBoil 4acTbio pUC. 2.8 (B KJIMEHTCKOM
npotiecce). KimeHTckast 3arsynrka u3BjeKaeT JBa ee rnapamerpa 4, Kak [TOKa3aHo Ha
PHUCYHKe, YIIAKOBBIBAET UX B coobuieHre. OHa TakKe MOMeLIaeT TyAa UMsI WM HOMED
BBI3bIBAEMOIT B COOOLIEHHH TIPOLIEAY DI, IOCKOJIbKY CEPBEP MOXET IOAAEPKUBATH He-
CKOJIBKO pa3HbIX MPOLEAYP U eMy CJelyeT yKa3aTh, Kakas u3 HUX moTpeboBaiach
B JIaHHOM CJIy4ae.

KnueHntckan mawmHa CepsepHas MaluvHa

KnueHTckvi npouecc CepaepHblit npouecc

Peanusauus
npoueaypb! add
CepBepHas
3arywka |
. B proc: "add"
int:.val(i) Knuentckasn int:  val(i)
int: _ val(j) 3arnylka int:  val(j)
proc: "add"
OnepauuoHHan int: __val(i) OnepauuoHHas
cucTema KnuMeHTa it val()) cuctema cepsepa

Puc. 2.8. Mpouecc yaaneHHbiX BblYUCNeHnin ¢ ucnonblosaxHnem RPC
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Korza coofiieH1e TpUXOAUT Ha CepBep, 3arIyliKa HCCAEAyeT COOOIIEeHNE B OUCKAX
YKa3aHUs Ha TO, KAKylo NpoLeAypY CJIeAyeT BhI3BaTh, & 3aTEM JeJ1aeT COOTBETCTBYIO-
Uit BbI30B. Ec/iU cepBep MoAAepKUBaeT U ApPYrue yjajieHible MPOLELypbl, cepBep-
Hasl 3arJIyIIKa JOJKHA COAEPKATD HHCTPYKIIHIO TUIA SwWitch Uit BBIOOPA BbI3bIBAEMOK
MPOLIEAYPBI B 3aBUCHMOCTH OT TIEPBOTO MOJst COOOIeHUsI. PealbHblil BLI30B MPOLIE/y-
pbl cepBepa U3 CepPBEPHOIT 3arJIYIIKH BBIMJISIAUT ITOYTH KaK MePBOHAYAIbHBINA KAMEHT-
CKMIT BBI30B, €CJIM HE CYUTATh TOIO, YTO NAPAMETPAMH SIBJISIIOTCS! TIEPEMCHHBIC, MHH-
LUUATH3HPOBaHHbIE 3HAUYEHISIMH, B3SITBIMH M3 COOOLICHUSI.

Takum 06pa3oM, HMeeT MeCTO CJIeAyIolas Noaropast MpoLueaypa.

KimenT BpI3bIBaeT npouenypy add.

N -

KineHTcKas 3arayiika CTpouT coobuieHue.

Coob1ieH1e OTIpaBsieTcst 10 CETH Ha cepBep.

OnepanioHHas CUCTEMa CepBepa nepeaaer coobieHe CepBepHOil 3aryKe.
CepBepHast 3arJyuika pacliakoBbIBaeT coo0leHHe.

S

CepBepHast 3arJiyliKa BbIIIOJHSIET JIOKAIbHDII BBI30B IpoLeLypsl add.

Korna cepsep 3akaHuuBaeT paboTy, ynpasJjeHHe BHOBb TI€PelaeTcst CepBepHoil 3a-
rayurke. OHa T0JIy4aeT pe3yJbTaT, epeflaHHbIi cepBepoM, 1 3aNaKOBHIBAET €ro B CO-
obmenne, ITo coobuieHure OTIpaBsieTcsl Ha3aA, K KJIMEHTCKON 3aryylike, KOTOpast
PacnaKoBbIBAET €r0 ¥ BO3BPAllaeT NOJyYeHHOe 3HaueHHe KIMEeHTCKOI npolieaype.

Jlo Tex mop noka MallMHbI KJIMEHTa 1 cepBepa WAEHTHYHDL,  BCe NapaMeTpbl U pe-
3yJIbTAThl UMEIOT CKAISIPHBIM THUI (TO eCTh LEJbIH, CHMBOJILHBIA MJIM JIOTHYECKUIT),
aTa Mozesb paboTtaer aGCoMOTHO MpaBuabHO. OfHAKO B OOJNBUINX paclpeeIeHHbIX
cucTteMax OOBIYHO ITPUCYTCTBYIOT MalIMHbI pa3HbiX TUIOB. Kajkaas U3 maiiud 4acto
uMeeT COOCTBEHIIOe MPEACTABIEeHHE YHUCEJI, CUMBOJIOB U APYTHUX 3JIEMEHTOB JaHHbBIX.
Tax, B Maiiadpeiimax IBM ucnosbayercs kogosas tabnnua EBCDIC, a B nepconasin-
HBIX KOMITbIOoTepax Toii ke ¢pupmbl — ASCII. Benencrpue aroro, eciu nepesaTb CUM-
BOJIbHBIIT napameTp ¢ kanenTa Ha 6aze IBM PC na maitndpeitm IBM, ucnonbayembiii
B KauecTBe cepBepa, Mo IPoCTeiilleil cxeMe, IIOKa3aHHoU Ha puc. 2.8, cepBep rnoimMeT
3TH CHMBOJIBI HEMIPABUJIBHO.

Cxonsnbic mpobsieMbl MOTYT OOHAPYXKUTBCSI TPH Tepenade LeJbIX Yuces (3HaKo-
BBIH MJIM 3HAYaUMii cTapuiuii 6UT) 1 Yncesn ¢ mJaBalouieii Toukoi. Bpobarok cyuiect-
ByeT 3HAYHUTEJNbHO 6oJsiee cepbe3Hast IpobiiemMa, COCTOSIIAsT B TOM, YTO B HEKOTOPBIX
MauiMHax, Takux Kak Intel Pentium, Gaiitol HyMepytoTcst cripaBa HaJeBo, a B APYTHX,
nanpumep B Sun SPARC, — B obpatHom Hanpasnennn. Dopmat komnanun Intel na-
abiBaetcst ocmpoxoneunvim (little endian), a dopmat SPARC — mynoxoneunom (big
endian), 110 aHAJIOTUH C HA3BAHUSIMH MOJIUTHYECKUX NapTUH u3 KHUrK «[lyTeuecTsus
TyjinBepas, KOTOpbIe B CIIOpax O TOM, C KaKoil CTOPOHbI pa3buBaTh siiflia, JOLUUIN 10
BoiiHb! [108]. [Ins nmpuMepa pacCMOTPUM MPOLEAYPY C ABYMSI HapaMeTpaMH, IleJIbiM
YHCJIOM U CTPOKOI M3 YeThlpex CUMBOJIOB. JlJis pa3MelleHHs] KaXKA0T0 U3 NapaMeTpoB
tpebyercsa onHo 32-6utHoe caoso. Ha puc. 2.9, a nokasano, kak 6yaeT BbITIALETD CO-
JepKalliil napaMeTpbl (pparMeuT COODIEHUSs, TIOCTPOEHHOIO KJIMEHTCKOI 3ariyli-
KOi1, Korza kiueHT pabortaer Ha kommnbiorepe Intel Pentium. Ilepsoe cioBo coxepkut
1esIbIA [IapaMeTp, B JAHHOM cJlyyae 5, a BTOpoe ¢JioBo — cTpoky JILL.
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Puc. 2.9. McxoaHoe coobuieHne, nogrotosneHHoe Ha Pentium (a). CoobuieHue nocne
nony4eHns Ha SPARC (6). CoobuieHne nocne nHeepcun (8). Liudpobl B kBagpaTtax
nokasbiBaloT agpec kaxaoro Gavita

ITockosbKy cooblieHye nepefaeTcs no cety Gaitt 3a Gaiitom (Ha caMoM ziesie GUT 3a
6UTOM), IEPBBIii MOCAAaHHBINA 6T 6yNeT U nepBbIM NpUHATHIM. Ha puc. 2.9, 6 Mbl Bu-
IIUM, Kak OyZA€eT BHIIJIsAAETh coobiueHue ¢ puc. 2.9, a, npuHsaTtoe Ha KomnbioTepe SPARC.
Hywmeparus 6aiiToB 3/ech TaKOBa, YTO HyJIEBbIM 6aiiToM cuMTaercs JieBbiil (BepXHUi
6aiiT), a He mpaBblil (HIKHUI Gaifr), kak B npoleccopax Intel. ITocse Toro xax cep-
BepHast 3arjIyIiKa NPOYMTAEeT napameTpsl 1o ajgpecaM 0 u 4, cepBep 1MoOJydUT, COOTBET-
CTBEHHO, IleJIoe uKcJIo, pasHoe 83 886 080 (5x2%%), u crpoxy JILL.

OueBUaHOE, HO, K COXKAJIEHNIO, HEBEPHOE PellieHre — MPOCTO HHBEPTUPOBATH Oaii-
TBI KQXXIOrO CJIOBA TIOCJIe TOTO, Kak oHO OyneT mpuHsTo (puc. 2.9, 6). Tenepn uesoe
YHCJIO CTAJI0 NpaBHJIbHBIM, a CTPOKa mpespatuiack B LL]J. [IpobsemMa coCTOUT B TOM,
4TO 1LIeJIble HYXKHO NMPHBOAUTD K IDYTOMY TOPSIAKY CJIe0BaHUsI OAWTOB, a CTPOKU —
HeT. He uMmes ponosHuTenbHoOM HH(OOPMALIMK O TOM, TJ€ CTPOKA, a T LEN0e, Mbl He
B COCTOSIHUH HCIPABUTh MOJIOXKEHUE JET.

Mepepaua napameTpos no cchuike

Terneps Mbl OJOLUIH K CIOXKHOI MpobJeMe: Kak [epefiaBaTh yKa3aTequ HIH, B 00LIEM
ciyyae, ccbiki? O6unii OTBET TAKOB: € BeINYaHIINM TPyOM. Mbl TIOMHUM, UTO yKa-
3aTeJib UMeeT CMDICJ TOJIBKO B aJIpECHOM IIPOCTPAHCTBE TOTO Mpolecca, B KOTOPOM OH
ucnosb3yercs. Bo3ppaliasich k HaleMy NPUMEPY C TPOLENYPOil read, KOTOPbL Mbl 06-
CYXIanu paHee, BTOpoii mapamerp (anpec Gydepa) A/st KIMEHTa MOXET ObITh paBeH,
nanpumep, 1000, Ho Hesb3s ke NMpocTo nepenatb Ha cepsep yucao 1000 u oxuaarto,
uTo 3T0 cpabotaet. Ha cepsepe anpec 1000 BrIosHe MOXKET NIPUIATUCH Ha CEPEAUHY TEK-
CTa IPOrPaMMBIL.

OnHO U3 pelIeHUA COCTOUT B TOM, YTOOBI BoOOILe 3a0bITh PO YKA3aTeNH U CChLI-
KU B KayecTBe napametpoB. OZIHAKO BaXKHOCTb TAKUX N1apaMeTPOB JieJIaeT TAKOe pellie-
Hue abcomoTHO HenoaxoasiuM. Ha caMom zesie B HeM HeT 0c060ii HEOGXOIMMOCTH.
B npumepe c npouenypoit read KJIMEHTCKOHN 3arjylike M3BECTHO, UTO BTOPOH napa-
MeTp yKa3bIBaeT Ha MacCHB CUMBOJIOB. [Ipearnosoxim Ha MUHYTY, 4TO 3arJylIKa TaKxKe
3HaeT U BeJIUYUHY 3TOro MaccuBa. Ilocsie 3Toro BEIpHCOBBIBAETCS CIEAYIONIast CTpaTe-
TUs: CKOIMPOBATh 3TOT MACCHB B COOOIlEHYEe U IiepeaaTh ero Ha cepsep. CeppepHast
3aryIylIKa MOKET ITOCJIe 3TOrO BbI3BATh CepBep, NCPeAaB eMy yKa3aTesh Ha 3TOT Mac-
CUB, Ja’Ke €CJIM YKICJIOBOE 3HaYEHHe TOTO yKazatesis GyIeT OTJIUYAThCS OT MepenaH-
HOTO BO BTOPOM IapaMeTpe BbI30Ba Npoilenypsl read. MiameHeHus, KOTopble C MOMO-
HIBIO yKa3aTeJssl cZieslaeT cepBep (TO eCTb 110 YKa3aHHOMY aJipecy 3allUILeT AaHHbIE),
psIMO OTpassitest Ha Oydepe coobieHust cepBepHoit 3araywku. Korga cepsep 3akoH-
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yuT paboTy, OPUTHHAIbHOE COObIIeHHe OyIeT OTOCAAHO Ha3al, KJIMEHTCKON 3ariyli-
Ke, KoTopasi ckonupyeT Oydep KianeHTy. B pesysibrate BBI30B 10 cCbliKe 6YAET mo-
MeHEeH KOINHpOoBaHHeM/BocCTaHOBIeHHeM. HecMOTpst Ha TO YTO 3TO HE OZHO U TO XK€,
4acTO TaKOW 3aMeHBI BIIOJIHE JOCTaTOYHO.

Heb6obiast onTuMu3anysi mo3BoJsieT CelaTh 9TOT MEXaHM3M BABOE 5GEKTHB-
Hee. Ecan obeuM 3aryylikaM H3BECTHO, BXOASLIMM WJIH HCXOJSAIUM IapaMeTpoOM
sizsietcst 6ydep 11st cepBepa, TO OAHY M3 KONMMIA MOXHO yaanuTk. Eciu maccus uc-
M0JIb3YETCs] CEPBEPOM B KayeCTBe MCXO/HBIX JaHHBIX (TO €CTb NPH BBI3OBE Write), TO
KOIIMPOBAaTh €ro 06paTHO He HYXXHO. Ecit 9T0 pe3ybTar, TO HEeT HeOOXOAUMOCTH U3-
HayaJIbHO IepeiaBaThb €ro cepBepy.

B kauecTBe mociegHero KOMMEHTAPUsI OTMETHM, YTO HET HUYEro 0cO6EHHO XOpo-
IIETO B TOM, YTO MbI MOXeM paboTaTh C YKa3aTeJsIMU Ha TIPOCTbIE MACCUBbI U CTPYKTY-
Pbl, €CJIH HaM IMO-TIPEsKHEMY HelocTynHa pabota ¢ Gostee 06IMK BapHAHTAMK yKa3aTe-
Jiell — ¢ yKa3aTessIMH Ha MPOU3BOJIbHbIE CTPYKTYPbI AAHHBIX, HAIIPUMED Ha CJIOXKHbIE
rpadbl. B HEKOTOPBIX CUCTEMAX JETAeTCsl TIOMbITKA PEUIUTD 3Ty 1TpobJIeMy MyTeM Iie-
penayy cepBepHOI 3arjylIKe peaJbHbIX yKa3aTeJsell C Iocjeayiollei renepauen cre-
LIMaJIbHOTO KOJIa B IIPOLIElypaX cepBepa A paboThl C 9TUMH yKasarensMu. Tak, s
MIOJIyYeHUsT JaHHBIX, KOTOPBIE COOTBETCTBYIOT YKa3aTeJllo, CEPBEP MOXKET CHeJaTh CIie-
LIMaJIbHbIH 3anpoc.

Cneundukaums napaMmeTpoB U reHepauusa 3arnywiek

ITocsie Bcex aTUX 06BACHEHUH CTAHOBUTCS SICHO, YTO COKPBITHE MEXaHU3MA yIaIeHHO-
ro BbI30Ba Ipoueayp TpeOyeT, uTOObI BbI3bIBAIOIIAST ¥ BbI3bIBAEMAS] CUCTEMBI JOTOBO-
punch o popmarte cooOIEeHNH, KOTOPBIMU OHY OOMEHUBAIOTCS, M TIPU HEOOXOAUMO-
CTU MIEPECBLIKH, HAITPUMep, AaHHBIX CJIOXKHOH CTPYKTYPBI, CJIeJOBAJIN ONpeaeeHHOMY
nopsiaky aedicrsuil. pyrumu cioBamu, nipu coBepuieHnd RPC 06e cTOpOHbBI TOJIKHBL
CJIeI0BaTh OJHOMY IIPOTOKOJIY.

B kauecTBe nMpocToro rnpuMepa pacCMOTPUM TIPOLIEAYPY, MOKa3aHHyIo Ha puc. 2.10, a.
OHa MMeeT TpM MmapaMeTpa: CUMBOJI, YUCJIO € IJIABaIoOLIell TOYKOH U MacCUB U3 NSITH
uesbix uncest. Ipeanosiarasi, 4To JJIMHA CJIOBAa COCTABJISIET YeTbipe GaiiTa, IPOTOKOJI
RPC MoseT npeamnucaTh nepeaayy CUMBOJIA B KpaiiHeM IpaBoM GaliTe cjioBa (ocTas-
JIsisl TIOCJIelyolMe TPU-MyCTBIMM ), YUCJIA C IJIaBalolleld TOYKOM — B L[€JIOM CJIOBE,
aMaccuBa — B BUJIE TIOCJIEA0BATENIbHOCTH CJIOB C 001ell IIMHOMN, paBHOIl JJIMHE Mac-
CUBa, U MNpeAlIeCTBYIOHIMM CJIOBOM, COJEpXAllMM JJIMHY IOCJeA0BaTeJbHOCTH
(puc. 2.10, 6). Ecau BBecTM nomoOHble NMpaBUia, TO KJIMEHTCKasl 3arjiymika Oynaer
3HaTh, YTO JJISI IPOLEAYPbI foobar HEOOXOAMMO UCIOIB30BATh TOT (HHOPMAT, KOTOPDIil
npezcTaBiieH Ha puc. 2.10, 6, a cepBepHast 3aryIyiika — 4YTO UMEHHO Takoii (hopmat Gy-
IeT UMeTh BXOJsiliee coobleH e s BbI30Ba mpoueaypsl foobar.

Onpenenienue popMaTa cOOOIIEHHsT — TO TOJBKO OIHA CTOPOHA MpoTokona RPC.
rtoro HenocTaTouHo. Takxke Ham HEOOXOAMMO, YTOOBI KIHEHT U CEPBEP MPULLIU K [0~
TOBOPEHHOCTH IO BOIIPOCY NpeACTaBJIeHUs] MPOCTbIX THUMOB JaHHBIX, TAKUX KaK leJIble
YKCJIa, CUMBOJIBI, JIOTMYEeCKUe 3HaueHUs U T. 4. Tak, MPOTOKOJ MOXET IIPeAITcarh,
yTOOBI LesIble TepefaBaiuch 6e3 3Haka, CUMBOJIbL B 16-6utHoit koauposke Unicode,
a uMcIa ¢ miaBamooeil Toukoit — B opmare cranaapta IEEE 754, u Bce ato — B oct-
poxoHeuHOM ¢hopMmarte. TOJBKO NMPU HAJTMYMM TAKOI AOMOJHUTEIbHON MHGOPMALUU
coob1ieHe MOXKET OBbITh OAHO3HAYHO MHTEPIIPETHPOBAHO.
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JlokanbHble

napameTpbl
npouenypbt
foobar

2[0]
foobar( char x; float y; int 2[5] ) 2
{ Z[2]
} z[3]
z[4]

a 6
Puc. 2.10. Npouenypa (a) u coorBeTcTByIOLEe Npouenype coobuyeHue (6)

IToce Toro kak Bce GUTHI [0 MOCJIEIHETO BHICTPOEHBI B PSI/l IO COJIACOBAHHBIM
mpaBUJIaM KOIWPOBaHUsI, OCTAJIOCH CJieJIaTh TOJbKO OZHO. BbI3bIBaroliasi ¥ BhI3bIBae-
Masi CHCTEMbI JOJIKHBI JOTOBOPUTHCSI MEKIY €000t 06 0OMEHe peasibHbIMU COOOIIe-
Husimu. Hanpumep, OHH MOTYT PelIUTh UCIIOIB30BATh TPAHCIIOPTHBIN MPOTOKOJ C CO-
equHenusiMu, takoil kak TCP/IP. AnbrepHatuBoil emy OymeT HeHamexHasi cayxba
nefitarpaMM, B 3TOM CJly4yae KJIUEHT U CepBep AODKHbBI BKIIOUNUTD PEATH3ALHIO CXEMBI
KoHTpoJs omn6ok 8 RPC. Ha mpakTrke BO3MOXHBI Pa3IMdHble BAPHAHTHI.

ITocne 3aBepuieHus onpeaeneHust mporokosa RPC Heo6xoauMo peanu3oBaTh 3a-
[IYIIKY — KJIMEHTCKYIO U cepBepHylo. K cuacTbio, 3ariyuiku, paboTaouye mno oaHo-
MY TIPOTOKOJIY, [JIs1 Pa3HbIX MPOUEAYP pasjfyaloTcs JHlib HHTepdeiicoM ¢ mpuio-
sxenusamu. MHTepdeiic coctouT us Habopa mpoLeryp, KOTOPbie MOTYT ObITh BhI3BAHbBI
KJIMEHTOM, HO peayjusylotcsi Ha cepsepe. [loctyn k uHTepdeiicy oOCyIiecTBisieTcst
06BIYHO U3 ONPENESIEHHOTO SA3bIKA TPOrPAMMUPOBAHMUSA, OMHOTO U3 TeX, HA KOTOPHIX
HAMMCaH KJIVEHT WU cepBep (XOTsI, CTPOTO roBOpSI, 3TO He 0bsi3aTensHo). Jia yrpo-
mieHus1 paboTel UHTEP(ENRCH! YaCTO OMHCHIBAIOTCS C MCIOJIb30BAHUEM S3biKa Onpede-
nenust unmepgpeticoe (Interface Definition Language, IDL). Nurepdeiic, onpeznenex-
HBII Ha yeM-TO Bpoze IDL, xoMnunupyertcst 3aTeM B 3arjIylUIKU KJIHEHTa U CepBepa,
a TaKke B COOTBETCTBYIOIUE HHTeP(DENChl BpEMEHU KOMIUJISIUY U BPEMEHU BBITIOJ-
HEHUSI.

ITpakTuka TOKa3bIBaeT, UYTO MCIOJb30BAHUE sI3bIKA OTpenesreHust uHTepdeicoB
JIeJIaeT MPUJIOKEHUsT KIueHT-cepBep, Gasupyioiuecss Ha RPC, cyirectBeHHO mpoiie.
IMockosbKy KJIMEHTCKasi U cepBepHasi 3aIJIyIIKH OYeHb JIeTrKO CreHepHpPOBATh MOJIHO-
CThIO AaBTOMAaTHYECKH, BCE CUCTEMBI IIPOMEXYTOYHOTO YPOBHS, ocHOoBaHHBIe Ha RPC,
ucnosbaytor IDL 115t nopzepxku paspaboTku nporpaMmMHoro obecniederus. B Hexo-
TOpHIX ciy4asix nmpuMenenue IDL mpocto o6sizaTenbHo. Mbl paccMOTpUM TONOGHBIE
CJIy4aH B CJIEAYIOUINX IJIaBaXx.
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2.2.3. PacwumpeHHbie mogenu RPC

Y nanennble BpI30BbI IPOUEAYP CTaMH GaKTUYCCKHM CTAHAAPTOM JUISI CBS3H B pacipe-
neJieHHbIX cucTeMax. IlomyisipHoCTb 3TOH Mozen 0O BSCHSIETCSI e HECOMHEHHOM 11po-
CTOTOI1. B 3TOM 1myHKTE MBI PACCMOTPUM /B2 pacuiupetiist 6a3oBoii moaenn RPC, cos-
JIaHHbIE ZUJIs pa3peLIeHts] HEKOTOPbIX ee HeJJOCTaTKOB.

Bxoabi

Bazopast mozesrs RPC npexamnosiaraeT, 4YTO BBI3BIBAIONIAST M BbI3bIBAEMAsT CHCTEMbI MO-
[YT CBSI3BIBATBCS APYT C APYTOM JJisi o6MeHa COOBIEeHUsIMU 1o ceTu. B obieM ciydae
3TO Npeanosoxene NCTUHHO. ONHAaKO PacCMOTPUM BapHUAaHT, KOTA KJIMEHT H cepBep
YCTaHOBJIEHbl HA OZHOI MalllHHe. B cTaHZapTHOM cJlyuae Mbl JJOJIKHBI HCII0JIb30BaTh
CPEICTBA JIOKAJILHOTO Mexcnpoyecciiozo s3aumodeticmeus (InterProcess Communication,
IPC), xotopble 6a30Bast OnepalloOHHast CUCTEMA TPEAOCTABIISIET [TPOLIECCAM, 3aMyILEeH-
HBIM Ha oxnioii Mamune. Tak, Hanpumep, B UNIX cooTseTcTByIOLME CPEACTBA BKJIIO-
YaloT B cebs1 COBMECTHO HCIOJIb3YEMYIO NaMsITh, KAHAJIbI U oYepeu coobleHui (ae-
tanbHoe o6cyxaenne IPC B UNIX-cucremax Moo naiitu B [439]).

Jlokanbhoie cpenctsa IPC o6biyHO 3HauuTebHO GoJice a(h(eKTUBHBI, YeM ceTe-
Bbl€e, JIa’Ke eCJIY TIOCJIeHUE WCIIOIb3YIOTCS IJISI CBS3M MEXAY TPOLleCCAMH Ha OJHOI
mainnHe. COOTBETCTBEHHO, €CJIM BaXKlia MPOU3BOAUTENLHOCTDb, CJIEAYyEeT COBMELIATb
pasJiMyHbie MEXaHU3MbI MEXIPOLIECCHOTO B3aUMOIEHCTBUSI, PyKOBOACTBYSICh T€M, Ha-
XOISATCS JIM MPOLECCHI, B KOTOPbIX Mbl 3aMHTEPECOBAHDI, HA O/HON MallWHe WJIU HET.

B kauyecTBe KOMIIpOMHCCA HEKOTOPbIE ONEPALUOHHDBIE CUCTEMbI NPENOCTABJISIOT
npoleccaM, pa3MellleHHbIM Ha 0IHOM MauinHe, akBuBajieHT RPC nonx HazBanueM 6xo-
dog (doors). Bxox — 310 0000611eHIIOE UMsI TPOLEAYP, CYUIECTBYIOUIMX B aJPECHOM
NPOCTPAHCTBE MPOIECCOB CepBePa, KOTOPble MOTYT BBI3BIBATHCSI MPOLECCAMH, pa3Me-
IIEHHBIMU Ha OJIHOM C cepBepoM MalliMHe. BXozibl BliepBble NOSIBIINCH B ONEPALIMOH-
Hoit cucteMe Spring [297] u 6butu xopoio omucannl B [193]. CxoaHblil MexaHU3M,
10J, Ha3BaHueM ynpowennwtii 6vi306 RPC (lightweight RPC), onucau B [49].

Bbi30B BX0J0B TpebyeT MOAAEPIKKH JIOKAJIBLHOM OMEePALIMOHHON CUCTEMBI, KaK I10-
kazano Ha puc. 2.11. Tak, 11s Toro 4ToObl NOSIBUJIACH BO3MOXKHOCTb BbI3BaTh BXOJ,
TpoLIeCC cepBepa N0JIKEH 3aperucTpupoBaTh ero. IIpi perucrpaiiy Bxona Bo3Bpalia-
€TCs1 ero UAEHTU(PHUKATOP, KOTOPBIN BIOCIEACTBUM MOKHO OyAeT UCII0Ib30BaTh B Ka-
YyecTBe CHMBOJIMYECKOrO0 MMEeHM BXoja. Perucrtpauus sakaHuMBaeTcsl BbI30BOM door_
create. [locTyn Apyrux MpoLeccoB K 3aperucCTpUPOBAHHOMY BXOJY MOXKET OCYILlECTB-
JISITBCS1 IPOCTO 1O TOMY MAeHTU(UKATOPY, KOTOPDII MBI MOJYYWJIH TIPU PErHCTpaivu
pxoza. Tak, Hanpumep, B Solaris Kaxablit BXoa uMeeT (ailioBoe UMsI, KOTOPOEe MOJKHO
MOJIy4UTD Yepe3 HAeHTU(HUKATOp NPOCTLIM Bbi3oBoM fattach. KiHeHT BbI3bIBaeT BXOX
yepe3 CUCTEMHBI BbI30B door_call, B KOTOpBIH MAeHTHUKATOP BXOAA IepelaeTcs
TaK e, KaKk ¥ Jiio00il Apyroit o6sizaTesbHbII TapaMeTp. 3aTeM OrepallMOHHasT CUCTe-
Ma MPOU3BOAUT BBI30B TOTO IIPOLIECCA, KOTOPLIH 3aperucTpupoBas Bxo/. Pe3ynbraToM
3TOro BbI30Ba Gy/eT BbI30B BXoJa cepBepa. Pe3ysbraTel Bbi3oBa BXoAa GynyT BO3Bpa-
1[eHBbI B IPOLIECC KJIMEHTa Yepe3 CUCTEMHBIN BbI30B door_return.

[J1aBHOE MpPeUMyIecCTBO BXOAOB COCTOUT B TOM, UTO OHU MO3BOJISIIOT MCIOJIb30-
BaTh JJIsI CBSI3U B pacripe/ieJIeHHbIX CUCTeMaX eJHHDbIN MeXaHU3M — BbLI30BbI IIPOLIEAYP.
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K coxanenuio, paspa60’rqmcn TIPHJIO)KCHI/Iﬁ YaCTO HYXIAIOTCSA B CBEACHHSX O TOM,
BBITIOJIHSIETCS JIU JAQHHBIN BHI30B B TEKYLIEM IIPOLECCe, B APYTOM IIpolecce Ha 3TOI1 Xe
MallMHE WU B YAAJIEHHOM Ipoliecce.

Komnbiotep

KnueHTckuiA npouecc CepBepHbiit npouecc

{server_door(...) <———————\

abor_return(. )i E—

main() main()

fd (d ) Peructpauus Bxoaa
= open(aoor_name, ... ); o A
door_call(fd, ..); N A —fd = door_create(...);

__») .f?ttach(fd. door_name, ... );
}
v
t OnepauunoHHas cuctema L
)

— X
Bbl30B 3apeructpuposaHHoro BosspalleHue B Bbi3biBaloWmUin
BXOAa ANA ApYroro npouecca npouecc

Puc. 2.11. MpuHUMNbLI UICNonb3oBaHUS BXOA0B B kavyecTBe MexaHusma |IPC

ACUHXPOHHbLIN Bbi30B RPC

B cTaHzapTHOM BapHaHTe BBI30BA KIMEHTOM YIAJIeHHOMH MpOLeyphl ero pabota mpu-
OCTaHaBJIMBAETCS 0 MOJydeHUs: oTBeTa. Korza oTBeT He HYXeH, 9TOT )KEeCTKUIL airo-
PUTM «3aMpPOC-OTBET> HE SIBISIETCS] HEOOXOAUMbBIM, IPUBOAS TOJBKO K GJIOKMPOBAHUIO
KJIMEHTA C HEBO3MOXXHOCTBIO TIPOM3BOAUTb PabOTy A0 MOJIYUYEHHUsS] OTBETA OT yAajIeH-
HO#t mpouenypsl. IIpuMepbl IeHCTBUIA, TP KOTOPBIX OOBIYHO HET HEOOXOAMMOCTU
B OJKU/JAHUU OTBETA: [IepeunCIeHHe eHer ¢ OAHOro 6aHKOBCKOIrO cYeTa Ha JpyroH, 10~
GaBrenue 3amuceil B 6a3y AaHHBIX, 3ayCK YAAJIEHHON CyKObl, MakeTHast o6paboTKa
Y MHOXKECTBO JIPYTHUX.

st 06paboTKy nogO6HBIX ciryyaeB cucteMbl RPC MoryT npeocTapiasaTh cpeacTsa
IUIST TAaK Ha3bIBAEMOTO acuHxponnozo evi3o6a RPC (asynchronous RPC). Ilpu nomouu
3THX CPEJICTB KJIMEHT I0JIy4YaeT BO3MOXKHOCTb MIPOMOJIKUTD CBOIO paboTy cpa3dy mnocJie
BoinosiHeHust 3anpoca RPC. IIpu acunxponHom BeizoBe RPC cepsep HeMeMJIEHHO IO
TIPUXOJy 3aIpoca OTCHUIAET KJMEHTY OTBET, IOCJIEe Yero BhI3BIBAET 3alpPOLIEHHYIO
npolueaypy. OTBeT CIYXXUT MOATBEPXKAEHUEM TOTO, YTO CEPBEP ITPUCTYITUI K 06paboT-
ke RPC. Kiuent npogosxaer paboTy, cHumast 6JI0KMPOBKY, Cpa3y 110cCJjie MOJIyYyeHus
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OT cepBepa 3toro noarsepkaenust. Ha puc. 2.12, @ npuBeneH craHAapTHBIN alrOpUTM
B3aMMOZIEICTBHS <«3aMPOC-OTBET», & Ha puc. 2.12, 6 — aJropuT™ B3aUMOJAEHCTBHS KJIH-
€HTa W cepBepa B cJiydae aCHHXpOHHOro BbizoBa RPC.

Oxupanve
Knuent  OxupaHue pesynbrata KnveHT nonyuexus sanpoca
——————————— B e ————— - -

Buizos 3aseplueHue Bbi3os 3aseplueHmne
yAaneHHou Bbi30Ba yAaneHHon Bbl30Ba
npoueaypsbl npoueayps!

3anpoc Otser 3anpoc MonyueHue 3anpoca
Cepsep Bbi3os nokanbHom Bpems —» Cepeep Bbi3oB nokansHon  Bpewms —»
npoueaypsl 1 Bo3BpalleHne npoueaypb!
pesynsTaTta
a 6

Puc. 2.12. BzaumogelictBue Mexay KNmeHToM u cepsepoM B RPC TpaanumnoHHOM cxembl (a).
BsaumoaencTeme ¢ ucnNonb3oBaHWeM aCUHXPOHHOTO BbidoBa RPC (6)

Acunxponnsie Bb130oBbl RPC Takke MOTYT ObITh NOJIE3HBI B T€X CJAyYasx, KOTIa
oTBeT GyleT MoCJaH, HO KJIMEHT He TOTOB IIPOCTO XKAATh €ro, HUYero He pesasi. Ha-
npuMep, KIMEHT MOXET MOXeJaTh 3apaHee BLIGPaTh ceTeBble aapeca u3 Habopa xoc-
TOB, C KOTOPBIMU BCKOpe Oy/eT CBsI3bIBaThCA. B To BpeMs, noka ciyx6a MMeHOBaHUS]
cobepeT 3TH aipeca, KJIMEeHT MOXKET 3aHAThCS APYTMMH Belamul. B nonobubix ciryya-
SIX MMEeT CMbICJI OPTraHU30BaTh COOOIEHNE MEXIY KJIHEHTOM U CEPBEPOM yepe3 ABa
acuHXpoHHBIX BbizoBa RPC, kak 3To nokasano Ha puc. 2.13. CHauana KJIMEHT BBI3bI-
BaeT cepBep, YTOObI MepefaTh €My CHHCOK MMEH XOCTOB, KOTOPBIH CJeLyeT MOATOTO-
BHTb, U TPOLOJDKAET CBOIO PaboTy, KOrza cepBep MOATBEP)KAAET [IOJNydYeHHe 3TOro
criycka. BTopoit BeI30B AestaeT cepBep, KOTOPbIH BBI3bIBAET KJUEHTA, UTOObI IePeaaTh
eMy Haiinennsie agpeca. KomGunaims u3 AByx acHHXpoHHbIX BbizoBoB RPC uxoraa
Ha3bIBAETCsI TaKXKe OmAOICeNnbiM CUnxponioim eoi3o6om RPC (deferred synchronous
RPC).

OxupaHve ﬂpeprBaHme KNueHTa
KnuenT nony4exuns aanpoca
Buizos aBepuJeHme
yaaneHHon BbI30Ba
npoueayps! Bosspawierne MonTsepxaeHne
peaynsrarta
3anpoc Mony4enue 3anpoca

Cepsep Bbi30B NOKaNLHOM Bpemsa —»

npouenypbl Oﬁpal.ueHMe K KNUEHTY
nyTem oAHOCTOPOHHEro
Bbizosa RPC

Puc. 2.13. Baaumopenicteune kneHTta n cepsepa
nocpeacTBOM ABYX aCUHXPOHHbIX Bbi3oBoB RPC
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Ciieyer OTIeIbHO OTMETHTD BapHaHT acuHXpoHHoro BeizoBa RPC, peanusylouie-
rocst B T€X CJIydasiX, KOIZa KJMEeHT MPOAOJLKAeT paboTy HEeMeNIEHHO TI0CIe MOChIIKH
3anpoca Ha cepsep. pyruMn cjoBaMH, KJIHENUT He OXMAAeT OT cepBepa MOATBEPXK-
JeUnsT B MOJTyYeHuH 3arnpoca. Mpl 6y/eM Ha3biBaTh TaKie BBI3OBHI 00NOCMOPOIIUMU
eviz08amu RPC (one-way RPC). IIpobiema Takoro moaxona COCTOUT B TOM, UTO IIPU
OTCYTCTBUU TaPAaHTHI HANE)KHOCTH KJIMEHT HE MOXKET ObITh TOYHO yBEPEH, YTO €ro 3a-
npoc 6yzeT BbinosHeH. Mbl BepHEMCsl K 3TOMY BOIIPOCY B ryiase 7.

2.2.4. Npumep — DCE RPC

MexaHu3M yzajleHHbIX BbI30BOB MPOLELYD OblJ TIATEIbHO aalTUPOBAH ISl HCIIOJIb-
30BaHHs B KayeCTBE OCHOBBI CHCTEM MPOMEXXYTOYHOIO yPOBHSI U BoobLIe pacrpene-
JIEHHBIX CUCTEeM. B 5TOM 1myHKTe Mbl paCCMOTPUM ONHY U3 crelHanbHbix cucteM RPC:
cpedy pacnpederennvix eoruucienui (Distributed Computing Environment, DCE), pas-
paborannyio opranusauueii OSF (Open Software Foundation), kotopas ceituac mne-
peumenonana B Open Group. Cucrema DCE RPC He HacToJbKO NONyJsipHa, Kak
Hekoropbie apyrue cuctembl RPC, nanpumep Sun RPC. Onnako DCE RPC — 1pe-
kpachbiil npeactasurenb cucreM RPC. Cneunduxauns DCE RPC agantupobana k
cHcTeMe paclipeesieHHbIX BhluMcaeHnit Ha 6ase pernenuii Microsoft. Kpome Toro, kak
Mbl yBuauM B ciaeayiomeM nynkre, DCE RPC B1o6aBox MJIIOCTPUPYET OTHOLIE-
Hus mexay cucremamu RPC u pacnipenenenubiMu obbektamu. Mbl HadyHeM ¢ Kpart-
xoro segenus B DCE, 3a koTopuiM niocieayer obcyxaenne nputimios paborst DCE
RPC.

3nakomcTeo ¢ DCE

DCE — Hacrosinias cucteMa IpOMeXXyTOYHOro ypoBHsi, padpaboTatHasi, 4Tobbl abCT-
parupoBaTh CyLIecTBYyIOUHe (CeTeBble) OnepaliMoHHble CHCTEMBI OT PaclpeleseHHbIX
npunoxeHnil. MisnauanbHo ona Obliia paspabotana nog UNIX, onHako B HacTosiiee
Bpemsi cyutecTByioT Bepcin DCE s Bcex pacrnpocTpaHeHHBIX OITePALHOHHBIX CHC-
TeM, Bkaodas VMS u Windows NT, a Takxke OnepaunOHHBIX CHCTEM HACTOJLHBIX
KOMITbIOTEPOB. Ve cOCTOUT B TOM, YTO HOKYNATEIb MOXET B3STh HAaOOP KOMITbIO-
TEepoB, MOCTaBUTh IporpammHoe obecrieyenne DCE u HauaTh 3amyckaTh pacrpeeset-
Hble TIPUJIOXKEHHSA, U BCe 3TO 6e3 Kakux-JMbo Henosazok B paboTe CyLIECTBYIOIMX
(uepacnpeseneHHbIX) nipioxenuil. Xors 6Gosbuas yacth nakera DCE paGoraer
B ITPOCTPAHCTBE I10J1b30BATEJIsI, B HEKOTOPBIX KOHPUTYpaLMAX yacTb (0TBeYaromas 3a
pacrpeznesiennyo GaiaoByio cucreMy) Moxer ObITh goGaBieHa u K sipy. Cama 1o
cebe oprauusaumnss Open Group TOJbKO MPOAAET UCXOAHDbIE TEKCTHI, & MOCTABUIMKH
BCTPaHBAIOT UX B CBOU CHCTEMBL.

Mozenb nmporpaMMHUpOBaHus, Jexaluast B octose Bceil cuctembl DCE, — ato Mo-
NeJb KJIMEHT-cepBep, WHPOKO o6CyxIaBliasicss B Tpeablayieil riaase. IIpoueccst
1moJib3oBaresieil AeMCTBYIOT KaK KJMEHTbI, BbI3bIBAIOLINE yaJeHble CIyXObl, Mpeno-
cTaBJisieMble CepBePHBIMU TpolieccaMi. HekoTopble U3 3THX CJ1y:KO SIBJISLIOTCS COCTaBHbI-
mu yactsimu DCE, npyrue xe npuHaaiexar K NPUIOKEHHUSIM U HAMHCAHDbI MPUKJIaL-
HBIMH MPOrpaMMUCTaMU. Bcst CBSI3b MEX/Y KJIMEHTaMU M cepBepaMM OCYILECTBIISIETCS]
nocpeactsom RPC.
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CyuiecTBYI0T cayx06bl, KOTOPble camu 110 cebe ob6pasyiot yactb DCE. Cayacba pac-
npedenennvix gaiinoe (distributed file service) npencrasnsier coboit BceMupHyto (aii-
JIOBYIO CHCTEMY, TIPEAOCTABJAIONIYIO IPO3PayHble METO/IB HOCTYIA K JoboMy aiiny
CHCTEeMBI OJJMHAKOBBIM 06pa3oM. OHa MoKeT ObITh MOCTPOEHa TMoBepx (Ga30BbIX (haii-
JIOBbIX CHMCTEM XOCTOB WM paboTaTh He3aBUCHMMO OT HUX. Cayxcba xamanozos
(directory service) WCTONB3YeTCs 1JISI OTCJIEXKXHBAHUST MECTOHAXOXKAEHUs T1060ro u3
PECYPCOB cHCTEMbL. B uMc/io 3TMX pecypcoB BXOASIT MALIMHBI, IIPUHTEPDI, CEPBEPHI,
NlaHHble U MHOTOe apyroe. [eorpadnueck OHM MOTYT OBITb PACNIPE/IesIeHbE TI0 BCEMY
mupy. Ciy6a KatajaoroB Mo3BoJIsieT MPOLECCy 3anpaliuBaTh PeCypchl, He 3ayMbiBa-
SICh O TOM, TJIe OHU HAXOJATCS, €CJIM 3TO He HeobXoanMo st nipouecca. Cayacba 3a-
wumot (security service) NO3BOJISIET 3AMMINATH PECYPCHI IOOOTO TUIA, KPOME TOTO, TIO-
JIyYeHHe HEKOTOPbIX IaHHBIX MOXET ObITh OTKPBITO TOJILKO TEM, KOMY 3TO Pa3pelleHo.
W HaxoHen, cayxcba pacnpedeneniiozo epemenu (distributed time service) mosBosisieT
NOIEPKUBATh IJI00aNbHYI0 CHHXPOHU3ALMIO YACOB Pa3IMYHbIX MaluuH, Kak Mbl yBu-
MM B cJieaylolicii T1aBe, CylecTBOBaHHe HEKOTOPOTO MpeACTaBIeH s O I106aIbHOM
BPEMEHU CUJIbHO YIIPOLIAET TapaHTHIO 1IEJIOCTHOCTH TIPU NapaJlieibHON paboTre B pac-
npe/esieHHbIX CUCTEMAX.

3apaum DCE RPC

3anaun cucreM DCE RPC Bnosnse TpaauunonHsl. OHY MO3BOJSIIOT KJIMEHTY MOJIy-
YUTh JOCTYI K YAaJEHHOi CJy>kGe IPOCThIM BBI30BOM JIOKAJIbHOM MpPOLERYpPbl. DTOT
uHTepdeiic 1aeT BO3MOXHOCTb NUCATh KIMEHTCKUE (TO eCTh MPUKJIAHbIE) TPOTPaM-
MBI TIPOCTBIM, XOPOIIO 3HAKOMBIM GOJIBIIMIICTBY MPOrPAMMUCTOB criocobom. Taxoxe oH
YIIPOLIAET 3allyCK B PacripeiesieHHON cpejie 60JblInX 0GBEMOB CYLIECTBYIOIIETO KOZA C
MUHUMAJIbHBIMUA H3MEHEHUSIMU WK (€3 HUX.

Camoe BaxkHoe 1151 cucteMbl RPC — 310 CKpBITH Bce BO3MOJKHbBIE JeTaTH OT KJIU-
€HTa U 10 HEKOTOPOIi cTeneHu oT cepBepa. s Havyana cuctema RPC Moxker aBToMa-
TUYECKH OTPENEUTh HEOOXOAUMbIN cepBep M YCTAHOBHTD CBSI3b MEXIY KJIMEHTOM U
cepsepoM. OObIyHO 3TO HasbiBaercs: npugsskod (binding). Kpome toro, oHa Moxet
YIPaBJISITh TPAHCIIOPTUPOBKO# COOOLIEeHUH B 06€ CTOPOHbI, & TAKXKeE, ECIM B 3TOM €CTh
HeOOXOAMMOCTh, UX APOOJIEHNEM U MOCTeNYIOlIell COOPKOH, HAapUMep, eCIM OJIVH U3
napameTpoB coo0ieHust sBisiercs: 6onbuiuM MaccuBoM. U Hakonen, cucrema RPC
MOJKET aBTOMaTHUYECKH OTCJIEXKUBATh NMPeoOpa3oBaHUe TUIOB IAHHBIX MEXIY KJIHEH-
TOM M CEPBEPOM, JlaXKe eCIM OHU pabOoTAIOT Ha CMCTEMax C Pa3HOMH apXUTEKTYpoii, Ko-
TOpble UMEIOT PA3JIMYHBIN MOPSIOK CIENOBAHNS OAMT.

B 3akiioueHue ckaxxeM HECKOJIBKO CJIOB O crnocobnocty cucrem RPC ckpbiBaTh
netann. KurneHT 1 cepBep MOTYT ObITh MOYTH HE3aBHCUMBIMU APYT OT Apyra. KiueHt
MOXeT ObITh HamucaH Ha Java, a cepsep Ha C uan Hao6opoT. KineHt u cepsep Moryt
paboTtaTh Ha pa3HbIX MIaThHOpPMax M MCIONL30BATb Pa3JIMyYHble ONePAlHOHHbIE CUCTE-
MblL. [TopepKuBaeTcsl Takske MHOrooGpa3ue CeTeBbIX MPOTOKOJOB U NPEACTABICHHIH
IaHHBIX, BCe 3TO — 6e3 KaKoro-i1mbo BMelIaTeIbCTBa B KJIUEHT UJIM CEpBep.

HanucaHue knueHTa n cepepa

Cucrema DCE RPC coctouT U3 MHOXeCTBa KOMIIOHEHTOB. B Hee BXOZST, B 4aCTHO-
CTH, A3BIKM, OUOJIMOTEKH, TPOTPaMMBbI-IEMOHBI H YTUJIMTBL. Bce 3To nenaeT Bo3Mox-
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HBIM CO3[aHHe Pa3HOOOPA3HBIX KJIHEHTOB U CEePBepOB. B 9TOM MyHKTE MBI OmuieM
YACTU 3TUX MPOIPAMM U TO, KAK OHH CTBIKYIOTCS APYT ¢ Apyrom. O6wmui npouecc Ha-
MKUCAHKsI Y UCITOJIb30BAHUS KJIMEHTA U cepBepa CyMMHMPOBaH Ha puc. 2.14.

daiin onpeaenexuns
uHTEepdenca

Komnunsatop IDL

Kop xnuexTckoit| |3aronosoyHbilv| (Koa cepeepHow
Kop xnuexTa A A cepsep Kon cepeepa

3arnywkm hann 3arnywku
#include #include
y y
(Komnunsitop C)  (Komnunsitop C) (Komnunsitop C)  (Komnunstop C)
y Y Y
O6bekTHLI | | OObeKTHbI thain Ob6bexTHbIV aiin O6beKTHbIN
hann knmeHTa KITMEHTCKOM cepsepHou cain cepsepa
3arnyuwkm 3arnywku
L Bubnuoteka Bubnuoteka Y
KOMMOHOBLLMK BpeMeHH BPEMEHN KOMMOHOBLLKK )
BbINONHEHUs BbINOMHEHWS

WcnonHsieMbin
cann knuexnTa

WcnonHsembin
cawin cepsepa

Puc. 2.14. 3tansbl HanucaHus KNneHTa n cepeepa cornacHo DCE RPC

B cucreme kinenT-cepBep Kj€eM, COEIMHSIONM BCE B eAMHYI0 CUCTEMY, ABJIAET-
csi onucaHue MHTEpdeiica, KOTOPOE CO3AAETCS C MMOMOLUBIO S3biKA Onpedenenus um-
mepgpeticos (Interface Definition Language, IDL). OH 1M03BOJISIET OMUCATD MPOLIELYPbI
B BUle, O4Y€HDb MTOX0XKeM Ha IpoTtoTunbl GyHkuuit B ANSI C. Daiinst IDL moryT Tak-
JKe COolepKaTh OIpefieJIeHHsT TUTIOB, OIMCAaHUs KOHUCTaHT U APYTyIo MH(pOopMauuio, He-
006X0AUMYIO JIs TIPABUJIBHOTO MApIIAJMHIA [TAPAMETPOB M E€MapILAJIMHTA Pe3yJbTa-
tos. B uneane onucanue uHTepdeiiCcOB COXEPKUT TakKe GHOpMaNbHOE OIpesiesieHue
IEeNCTBUI, OCYLIECTBJISIEMBIX TMIPOLEAYPOi, HO 3TO BBIXOAUT 32 PAaMKH COBDEMEH-
HBIX BO3MOXKHOCTEI! IPOrpaMMUPOBaHHUsl, TAK UTO ONpezesieHre UHTepdelica BKIOYA-
eT B cebsl TOJIbKO er0 CMHTAKCUC, HO He CeMaHTHKY. B JyulieM ciyyae nporpaMMuct
MOJXKET JHLIb J0OABUTh KOMMEHTAPHH, ONUCHIBAIOLIIE, YTO AeJIAeT Ta MM HHast PyHK-
IZE

BaxkHeituinm asnementoM Kaxkzaoro daitia IDL siBisiercst rimobanbHbId yHUKAb-
HBII MAeHTU(pUKATOp onucbiBaeMoro unrepdeiica. KineHT nepecvliaeT aToT uaeHTu-
¢uxarop B nepsom coobuienuu RPC, a cepsep npoBepsieT ero 1paBUJIbHOCTb. B aTOM
Clly4yae ecJii KJIMEHT 0 OIMOKe IBITAETCsT BHIIOJTHUTD [IPUBSIBKY HE K TOMY CEpBEpY
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WJIM K CTapoil Bepcueii MpaBUIbHOTO CepBepa, cepBep OOHAPYKUT OUIMOKY U PUBSI3-
KM He [IpOU30HeT.

Onucanust nutepdeiicos u ynuxaabHbele uaeHtudukatopsl B DCE B 3HauuTtesnb-
HOIi cTereHH B3auMo3aBuCUMbI. Kak mokasaHo Ha puc. 2.14, nepBbIM I1aroM NpH Ha-
[IMCAHUHU TIPUJIOXKEHUSI KJIMEHT-CepBep SIBISIETCs 3anmycK nporpammbl Uuidgen, oT Ko-
TOpOI1 MBI XOTUM co3lanusi nporotuna daina IDL, coxepxamero naeHTHdUKaTOP
uHTep(eiica, rapaHTHPOBAaHHO He UCIIOJb30BABLUMICS HU B OfHOM uHTepdelice, co-
30AHHOM TIpH MOMoUH nporpaMmbl Uuidgen. YHUKaIbHOCTb 0OeCrieYBaeTCsl IyTeM
KOIMPOBaHMSI HIeHTHdUKaTOpa MalllMHbl I BpeMeHU co3faHus. MaenTudukarop npea-
cTaBssieT coboi 128-6utHoe umncio, npeacrasisemoe B ¢aiie IDL B mecTHannare-
puuHoM ¢opmate B Buge ctpokut ASCIL.

Curenyrommm 1iarom siBjsieTcst peaakruponanue daitna IDL, 3aganue B HeM 1MeH
yIaJeHHBIX TIpolleayp U ux napamerpoB. Hecmorps Ha To uto RPC He siBasieTcs nos-
HOCTbIO NPO3PavyHOi cUCTEMON (HarmpyMep, KJIUEHT U cepBep He MOTYT COBMECTHO MC-
0JIb30BaTh I100abHble MepeMeHHble), npaBuaa [IDL pemaior onucaHue Henojuep-
XUBAEMbIX KOHCTPYKUMIT HEBO3MOXKHDBIM.

TITocse Toro xak ¢aitn IDL 6yner 3akonueH, 171 ero 06pabOTKH BHI3LIBAETCS KOM-
mussitop IDL. B peaysibraTe paboThl KOMIIUISATOPA MbI IToJIy4aeM Tpu (aiia:

4 3arosioBouHbli (aitn (To ectsb interface.h, B tepmunonoruu C);
4+ dailn KIHEeHTCKOM 3aryIyLIKy;
4+ aiisn cepBepHOIi 3arIyIIKU.

3aroyIoBOYHbIH (ailsl comepKUT YHUKANbHBIN MAeHTU(DHUKATOD, ONpeaeseH!sT TH-
OB, KOHCTAHT U onucanust GyHkuuit. OH MOKeT ObITb BKJIIOYEH (C MOMOLIbIO AMPEK-
THUBBI #include) B KOA cepBepa U KJMeHTa. KiMeHTCKast 3aryliKa KJIWeHTa COAEPXKUT
Te MPOLEAYPbI, KOTOPble OyIeT HENOCPEACTBEHHO BbI3bIBATh KJIMEHTCKasl MporpamMma.
ITH NPOLICAYPLI OTBEYAIOT 3a IOAO0D [TaPAMETPOB H YIIAKOBKY UX B UCXOASIIIME COO0-
LEHUs] C MOCeAYIOIMMI 00paluleHHsIMU K CHUCTeMe IS UX OTnpasku. Kinenrtckas
3arJIyLika TaKKe 3aHMMaeTcsl PACrlakOBKOM OTBETOB, IIPUXOMSIINX OT CepBepa, U Iie-
penayeil 3HaYEHHU, colepKallUXCs B 9TUX OTBeTax, kaueHTy. CepBepHas 3arjyika
COZIEPXKHUT IPOLEAYPHI, BbI3bIBaEMble CHCTEMOH Ha MalllMHe cepBepa I0 IPUXOfe Ha
Hee coobuenuit. OHY, B CBOIO OYepellb, BHI3BIBAIOT IIPOLEAYPHI CEPBEpPa, HEMOCPEACT-
BEHHO BBINOJIHSIIOLIE HEOOXOANMYIO paboTy.

CrenyomyM 11aroM IporpaMMHCTa SIBJISIETCS] HAITHCAHKe KoJa KJIMEHTa U CepBepa.
[Tocsie atoro onu 06a, a Takke obe 3arayuku, Komnuanpyiores. [lonyyennsie 06b-
eKkTHble (hailyibl KJAMEeHTa M KJIHMEHTCKOH 3arIylIKH KOMITOHYIOTCST ¢ GubnorexaMu
BpeMeHM BBIIIOJHEHHS, YTO JlaeT B pe3yJbTaTe MCIOJHseMbii daiin knueHra. Takum
e TOYHO 06pa3oM 13 (aiiiioB cepBepa U CEePBEPHOIT 3aryLIKK MOC/Ie KOMITUIALUM 1
KOMIIOHOBKH I10JTy4aeTcsl UCIOJIHsieMbli daiin cepBepa. Bo BpeMst ucnonHeHus: KJu-
€HT U cepBep OYyAyT 3alyllleHbl, ¥ TPUJIOXKEHNE HAYHET CBOIO paboTy.

MpuBa3Ka KNneHTa K cepsepy

YTo6bI MO3BOIUTh KIMEHTY BbI3bIBATH CEPBEP, HEOOXOANMO, UTOOBI cepBep ObLI 3ape-
TMCTPUPOBAH U FOTOB K IIPMEMY BXOJSIIMX BbI30BOB. Perucrpauust cepsepa AaeT Kau-
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€HTY BO3MOKHOCTb PeasibHo 0OHAPYXKHTb CepBEP U BBIIOJIHUTD NIPUBA3KY K Hemy. O6-
HapyXeHHe cepBepa MPOMCXOAUT B /iBa 3Tama.

1. OO6uapy>xeHue MalllMHbI CepBepa.
2. O6HnapyxeHue cepnepa (TO eCTh HY>KHBI IIpollecc) Ha 3TON MalllHHe.

Bropoii war HeMHoro HernousiteH. B obuiem ciyuae st Toro, 4toObl CBSI3aThCsI
C CEepBepoM, KJIMEHTY HYXKHO 3HATD Kolteuiyro mouxy (endpoint) MalIMHBL CepBepa, KO-
TOPOH OH MOXKeT MochbiiaTh coobiienust. Koneunast Touka (6osiee u3BeCTHAsI 1mMoj Ha-
3BaHUEM nopm) WCIOJb3YeTCs OINepallMOHHOH CHCTEMOH cepBepa IJIsl MOJY4YEHUs
BXOJUSIIIMX COOBIIEHHIT OT pasiMyHbIX BHelrHuX npoteccoB. B DCE Ha kaxnoii us cep-
BePHBIX MALIMH MIPOIECCOM, M3BECTHBIM NoA HazBaHuem DCE-demor (DCE daemon),
noAzepKuBaeTcst Tabauua nap cepsep — KoHeyHast Touka. [lepex Tem kax cepsep cra-
HeT JOCTYIHBIM JUIS BXOJSLIMX 3aTIPOCOB, OH JIOJKEH 3alPOCUTDL Y OINMePalMOHHOI
CHCTeMbl KOHEYHYIO Touky. /lasiee cepBep perucTpupyer 3Ty koHeuHyo Touky y DCE-
nemona. DCE-gemon 3anucbiBaeT 3Ty HH(popMaluio (BKIOYas U IIPOTOKOJIB, 110 KO-
TOPBIM MOXET OCYILECTBISIThCSA 0OMeH MH(pOpMalMel ¢ cepBepoM) B Tabnly KOHeY-
HBIX TOYEK JUIs MTOCJIEAYIOUer0 CII0Ib30BaHHSI.

CepBep Takske PerucTpupyer (C 1OMOILLBIO CI1yKObI KATaJIoOroB) IpeloCTaBIeHHDIE
CepBEPHON MalllHHe CeTeBOil aipec 1 UMsl, ITOJ KOTOPBIM cepBep OyzieT nocTyreH. 3a-
TeM NMPOMCXOAHT NMPUBsI3Ka KIMEHTa K cepBepy, Kak MoKa3aHo Ha puc. 2.15.

MawwuHa cnyx6bi katanoros

Cepsep
cnyx6bt
| wl katanoros [¥ )
MawwuHa knuenta 3 \Ma“’““a cepsepa
5
KnueHt ol » Cepsep \>1
_\ |
: 4 ™ DcE y
nemoH N
Tabnuua
KOHEMHbIX

TOYeK

Puc. 2.15. Mpuesaka knneHTa k cepeepy B DCE

Kak nmokasaHo Ha pUCyHKe, MPUBsI3Ka BHIIIOJIHSETCS] B HECKOJIBKO JTATOB.
Perncrpauusi KOHeYHOH TOYKH.

Perucrpanust ciyx0bi.

TIlowuck cepBepa ciyx06bl KaTaJIoOroB.

3arpoc KOHEYHO TOUKH.

G W =

Brinonnenue soizosa RPC.

[Ipennonoxum, KiueHTy TpebyeTcsi MPUBS3Ka K cepBepy BUIEOMH(DOPMALUH, JI0-
KaJIbHO JOCTYyNHOMY TNoj MMeHeM /local/multimedia/video/movies. O nepenaer 3Tto
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uMsi cepBepy cayx06br karasoros. [Tocnennuit Bo3spainaer ceteBoit agpec maniu-
HbI, Ha KOTOPOI paboTaeT cepBep BUaeOAaHHBIX. [locne aTOro KiMeHT obpamaercs
Kk DCE-zteMoHy 3TO#H MamuHbl (MMeIIeMy OOIeH3BeCTHYI0 KOHEYHYIO TOYKY) H 11pO-
CHUT €ro HaliTH B ero Tabyidile KOHEYHbIX TOUEK KOHEYHYIO TOYKY CepBepa BHUAEOUH-
¢opmauuu. Terneps, BOOPY>KMBIINCH TOJTyYEHHBIMY JAHHBIMU, Mbl MOEM BbITIOJTHUTD
Bb130B RPC. B xoze nocneayouux Bei3oBoB RPC HaM HeT HY>KAbI IIPOJEIbIBATH BCIO
Hpolieypy MOMCKa 3aHOBO.

ITpu neobxommmoctn cucrema DCE naer KIMEHTY BO3MOXHOCTb YCJIOKHEHHOTO
noucka HeobxoauMoro cepnepa. besonacnoct RPC Takxke BXOINT B ee 3ajlaun.

BuinonHeHue BbizoBa RPC

Peasibubiii Bb130B RPC niporcxo Ut npo3padHo v 0ObIYHbIM 00pasoM. KineHTckas 3a-
IJIyIIKA BBITIOJIHSET MAPUIAIUHT IAPAMETPOB B TOM TIOPSZIKE, KOTOPBI HEOOX0AUM /ISt
6ubaMoTeYHBIX DYHKIMIH, OCYLIECTBAAIOIIMX IEPeady ¢ HCIIOIb30BaHHEM BbIOPaHHO-
ro Npw NpuBsi3Ke nportoxosa. Korza coobiieHne MpUxoIUT HA MAIIMHY C CEPBEpaMHy,
OHO TepeNaeTcst Hy>KHOMY CEPBEPY B COOTBETCTBHU C COAEPIKAIIEHCS B COOOIIEHNH KO-
He4yHOM TouKoit. BiubinoTeka BpeMeH1 BBITOJIHEHUS MlepeiaeT cOOlILeH e CepBepHOit
3arJiyliKe, KOTOPasi BBIMOJIHSIET ieMapIIaIvHT 1apaMeTPoB U BbI3biBaeT cepsep. OTBeT
OTIIPaBJisieTCsl Ha3aj 10 TOMY e MapILpyTy.

DCE npenocrassisieT IporpaMMHCTaM HEKOTOPbIE CEMAHTHYECKHE BO3MOXKHOCTH.
[To yMo/I4aHUIO MOAAEPKUBAETCS 001Opa3osas onepayus (at-most-once operation), B
COOTBETCTBYE C KOTOPOU HM OIAMH BbLI30B HE MOXKET OCYIIECTBIATHCS GOJIEE OIHOTO
pasa, Jaxke B ciy4yae Kpaxa cucteMbl. Ha nmpakTiike 9TO 03HAYaeT, 4To ecJiM cepBep B XO-
ne BoizoBa RPC «pyxuys», a 3aTeM 6511 GbICTPO BOCCTAHOBJIEH, KJIMEHT He JOJIKEH
MOBTOPSITH OMNEPALHIO, TOCKOJbKY OHa, BO3MOJHO, YKe BbIOJIHEeHA.

C npyroit cTopoHbl, MOXHO ToMeTHTh (B ¢aiisie IDL) ynanenHyio npoueaypy kKax
udemnomenmuyro (idempotent), B 3ToM ciyyae e Bo3GPAHSIIOTCSI MHOTOYUCJIEHHbIE TIOB-
TOPBI 3arpocoB. Tak, HampuMep, YTeHre HEKOTOpPoro 6yoKa u3 aiijia MOXKHO MOBTO-
pSITh CHOBA M CHOBA, MOKa OHO He OyleT yCNewHo 3aKoHYeHo. Ecin BbllonHeHUe
uaeMrnoTeHTHOro GJIoKa M3-3a c6Oos cepBepa CPBIBAETCs], KIMEHT MOXET MOJ0XAATh
nepe3arpy3ky cepBepa U ¢/ieJIaTh HOBYIO NMONBITKY. Taxxke uMeetcst u apyrasi (peaxo
HCTIOJIb3yeMasi) CEMAaHTUKA, BKJIOYAoasi B cebsi IIMPOKOBEIATeIbHbIE PACCHUIKU
Bb130BOB RPC Bcem MainHaM TeKyuleit JToKaabHOil ceTH. MbI BepHEMCsI K CEeMaHTHKe
RPC B riaBe 7 npu paccmotpenun paborst RPC B ycnoBusix cboes.

2.3. OOpaweHue K yaaneHHbIM o0ObekTam

OG6DbeKTHO-OPHEHTUPOBAHHAS TEXHOJIOTHsI [TOKa3aja CBOe 3HayeHHe NMpu pa3paboTke
Hepacripe/ieleHHbIX npuiokennit. OxHuM u3 HanboJsee BaXKHBIX CBOMCTB 06beKTa SB-
JISIETCSI TO, YTO OH CKPBIBAET CBOE BHYTPEHHEE CTPOEHHE OT BHEIIHETO MHPa MOCPEACT-
BOM CTPOTO onpezesieHHOro uHTepdeiica. Takoi MOAX0a MO3BOJSIET JIETKO 3aMEHSITh
WM U3MEHSITb 0ObEKThI, OCTABJASA UHTEP(ENC HEM3MEHHBIM,

ITo mepe Toro xak MexaHuam RPC nocrerneHHO cTaHOBWJICS (DaKTUYECKHM CTaH-
JaPTOM OCYILECTBJIEHUsI B3aHMO/JEUCTBUSI B PACIIPEAETEHHBIX CUCTEMAX, JIOM HAYAIU
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HOHUMATh, yTO NpuHIKNIEI RPC MOryT GbITh pAaBHO IPUMEHEHBI 1 K 00beKTaM. B sToM
pasnene Mbl pacrpocrpanuM uzaeio RPC Ha obpaiieHnss K ynajeHHbIM OOBbEKTaM
U PACCMOTPHM, KaK TOJ06HBIN MOX0A MOXKET IIOBBICHTD IIPO3PAYHOCTD PACTIPENETEHUS]
1o cpaBHeHHIO ¢ BbiIdoBaMu RPC. Mbl cocpenoTouynMcsi Ha OTHOCHUTEJIBHO TPOCTHIX
yIaleHHbIX oObekTax. B riase 10 MbI KOCHEMCSI HECKOJBKUX OOBEKTHBIX pacipene-
sedHbix cucreM, Bkimodass CORBA u DCOM, kaxas u3 KOTOPbIX IOAAEePKUBAET 60-
Jiee CepPbe3HYI0, COBEPIIEHHYIO 00bEKTHYIO MOJEND, YEM Ta, KOTOPYIO MbI OyneM pac-
cMaTpuBaTh ceiyac.

2.3.1. PacnpepeneHHbie 00beKTbl

KitoyeBast 0coGOEHHOCTb 0GBEKTa COCTOUT B TOM, YTO OH MHKATICYJMPYeT AaHHbIe, Ha-
3bIBaeMble cocmosnuem (state), N onepaliuy Hall STUMU AaHHBIMH, HA3bIBAEMbIE MEMO-
Oamu (methods). Jloctyn K MeToZaM MOXXHO IIOJy4YuTb 4epe3 uHTepdeiic. Baxno
NOHATDb, YTO €AMHCTBEHHO MPaBUJIbHBIM CIIOCOOOM MOCTYINA WM MaHUITYJIHPOBAHUS
COCTOSIHHEM OOBEKTA ABJIAETCA UCIIOIb30BAHNE METOOB, IOCTYI K KOTOPBIM OCYIIECT-
BJISiETCA yepe3 uHTepdeic aToro o6bexTa. OGBEKT MOKET PeaTn30BbIBATH MHOXKECTBO
unTtepdeiicoB. ToOYHO Tak Xe AJIsl JAaHHOTO ONMMCAHUs MHTEP(dEca MOXKET CYLIECTBO-
BaTh HECKOJIbKO OOBEKTOB, MPEAOCTABIISIIOUIMX €r0 Pealn3aluio.

IT0 nozpasjeseHne Ha uHTepQeNch U 0OBEKTHI, PEATU3YIOUINe UX, OYEHb BAXXHO
JUISL pacmpejeseHHbIX cucteM. YeTKoe pasiesieHre MO3BOJISIET HaM IIOMeNaTh UHTeP-
(elic Ha OJHY MAIIMHY MIPU TOM, YTO CaM OOBEKT HaXOAUTCs Ha aApyroil. CTPyKTypa,
noKasaHHas Ha puc. 2.16, 06bIuHO ¥ Ha3bIBaeTCs pachpedenennvim obvexmom (distribu-
ted object). .

MawwuHa knneHTa MawmwuHa cepsepa
ObvekT
//
KnueHTt Cepsep
ToT Xe uHTepdeiic,
KnueHt ‘ | uto uy obbekTa Meton
obpauyaercs » »

K MeToAy

CkeneToH

Bbi3biBaeT —1] -
ansa obvekra

-
™ WnTepdeiic
3amecTuTenn

TOT Xe MeTo,
OnepaymnoHHas A OnepauuoHHas
cuctema cuctema
KnueHTa cepsepa
®
Cetb \

MapameTpb! Bbi3oBa nocne
MapuwanuHra nepeaarTca no cetu

Puc. 2.16. O606uieHHan opraHnsaums yaaneHHbix o6bekTos
C UCNONb30BaHWEM 3aMeCTUTENS KINeHTa
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Korna kaueHT BBIMONHSIET NPUBSI3KY K paclipeieleHHOMY OOBEKTY, B ajipecHoe
MPOCTPAHCTBO KJIMEHTA 3arpyKaeTcs peannsaiusi nHrepdeiica 06beKTa, Ha3biBaeMast
3amecmumenem (proxy). 3aMecTUTENb KJIMEHTa aHAJIOTHYEH KJIMEHTCKOH 3aryyIiuke
B cuctemax RPC. ExnHcTBeHHOE, YTO OH Zies1aeT, — BBINIOIHSAET MapllaIKHI TapameT-
POB B cOOOIIEHUSIX TIPU OOpalleHNH K METOAIaM U JIEMAPIIATWHT JaHHBIX H3 OTBETHBIX
COOOLIEHUH, CO/IEPKALIMX PE3YIbTaThl 0OpalleHUsT K METOJaM, TiepefiaBast UX KJIMeH-
Ty. CamMu 06bEKThl HAXOASITCS Ha CEPBEPE U TPENOCTABJISIOT HEOOXOIMMbIE KJIUEHT-
ckoit MamnHe uHTepdeiicsl. Bxoasmuii 3anpoc Ha obpalleHue K METOAY CHavasa I10-
MajlaeT Ha CEPBEPHYIO 3arIyIIKY, 4aCTO UMeHyeMyIo ckeremonom (skeleton). Cxeneton
npeobpa3syeT ero B IpaBUJIbHOE oOpallieHre K METoy uepe3 uHTepdeiic 06bekTa, Ha-
xonsuierocst Ha cepsepe. CepBepHasi 3arjIylika TakKe OTBEYaeT 3a MapIlIaJMHT mapa-
METPOB B OTBETHBIX COOOIEHUSIX U UX MMEPECHLIKY 3aMECTUTEIO KIUEHTA.

XapaKTepHOit, HO HEMHOTO TIPOTHBOpeYallel MHTYUTHBHOMY ITPeJCTaBJIEHHIO OCO-
GeHHOCTBIO GOMTBITMHCTBA PACTIPEIETIEHHBIX 0OBEKTOB SIBJIIETCS TO, YTO UX COCTOSTHHE
(naHHbIE) He pacnpesessieTcsi — OHO JIOKAJIM30BaHO Ha oAHol MawnHe. C 1pyrux ma-
IVH JOCTYIIHBI TOJILKO UHTeP(eENCh, peasindoBatHbie B o6bekTe. Takue 0OBEKTHI erite
Ha3bIBAIOT yoarennvimu (remote object). Kak Mbl yBUAMM B MOCJIEAYIOLIMX TJIaBaxX MpU
o01eM 3HaKOMCTBE € pacripeleJIeHHbIMU 00BEKTaMH, UX COCTOSIHUE MOXET ObITh (u-
3UYeCKU paclipesiesieHO 10 HeCKOJIbKUM MallMHaM, HO 3TO paclipefiejieHre TaKKe CKPBbI-
BaeTCsi OT KJHEHTOB 3a uHTepdeiicaMi 06bEKTOB.

06beKTbl BpeMeHU KOMNUASLUU NPOTUB
06beKTOB BPpEMEeHMU BbINOJSIHeHUs

OO6DbeKThI B pacripeie/IeHHbIX CUCTEMAX CYIIECTBYIOT B pa3jinyHbix opmax. B Haubo-
Jiee paclpocTpaHeHHOM BapHaHTe OHU COOTBETCTBYIOT 0GBEKTaM BBIOPAHHOTO SI3bIKA
pOrpaMMHUpOBaHusi, HaripuMep Java, C++ uu Apyroro 06beKTHO-OPUEHTHPOBAHHOTO
SI3bIKA, U MPECTABJSAIOT CO00M 06BEKTHI BpeMEHU KOMITUJISILMK, B 3THX ciy4asx o6b-
KT sIBJISIETCS 9K3EMIUISIpOM Kiacca. Kracc — ato onucanue abCTPaKTHOTO TUTIA B BUE
MOJyJIsl, COEePOKAIero 3JIeMEHThI JaHHBIX U ollepauyil Hal STUMHU AaHHBIMH [291].

Wcnonb3oBanue 06bEKTOB BPEMEHU KOMITWIISIIIMKM B PACIpele/IEHHbIX CHCTEMax
0OBIYHO 3HAYMTENIBHO YIIPOUIAET CO3AAHNE PACTIPEEJIEHHBIX PUIoKeHUH. Tak, B A3bI-
Ke Java 06BbEeKT MOXET ObITh MOJIHOCTBIO ONUCAH B paMKaX CBOEro Kjacca W MHTEp-
teiicoB, KOTOpPbIe 3TOT KJacc peanudyer. KOMIUsius onpenesieHusi Kiacca mopox-
JaeT KOJ, IO3BOJISIONINI CO3aBaTh IK3eMILISIPbI OOBEKTOB s13bIKa Java. Murepdeiics
MOXHO CKOMITMJIMPOBAaTh B KIIMEHTCKHE 1 CePBEpHbIE 3arlyLIKH, M03BoJIsIIolIe 0Opa-
IaThcsl K 00beKTaM Java ¢ yajeHHbIX MaluH. Pa3paboTunk mporpaMmbl Ha Java ya-
1[e BCETO MOKET He GECIIOKOMTLCS TI0 TOBOMY PacIpeiesieHUs: 06beKTOB: OH 3aHUMa-
€TCs1 TOJIbKO TeKCTOM TIPOTPaMMbl Ha sI3blKe Java.

OueBuaHas 060pOTHAST CTOPOHA UCIIOJIb30BAHUST OOBEKTOB BPEMEHH KOMITUJISALMU
COCTOMT B 3aBHCHUMOCTH OT KOHKPETHOTO si3blka nporpammupoBaHus. CyiiecTByer
U QJIbTEPHATHBHBIIM C1IOCO6 CO3[aHUsI PACTIpe/iesIEHHbIX 0OBEKTOB — HEMOCPEACTBEHHO
BO BpeMsi BbINOJHeHUs. Takoil moaxon xapakTepeH IS MHOYKeCTBA OOBEKTHBIX pac-
TIpe/ie/IeHHBIX CUCTeM, MTOCKOJIbKY pacIpesieJleHHble IIPUJIOXKEHHs], CO3ZlaHHbIE B COOT-
BETCTBUM C HUM, HE 3aBUCAT OT KOHKDETHOTO $3bIKa MPOrpaMMuUpoOBaHus. B uyacrt-
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HOCTH, TIPUJIOKEHME MOXeT ObITh CO3[aHO U3 OOBEKTOB, HATIMCAHHBIX HA Pa3JIMYHbBIX
sI3bIKAaX TIPOrPaMMHPOBAHUSI.

ITpu pabote ¢ o6bEKTaMU BpEMEHU MCIOJHEHUS TOT Croco6, KOTOPBIM OHU GyayT
pean30BaHbl, 0ObIYHO OCTaeTCsi OTKPBITHIM. Tak, HanpuMep, pa3paboTYUK MOXKET pe-
wuTh Hanucath Ha C 6ubINOTEKY, codepkailyo Habop (GyHKIUiL, KOTOPblE CMOTYT
pa6oratb ¢ 061MM (ailioM maHHBX. [JTaBHBIN BOIPOC COCTOUT B TOM, Kak IpeBpa-
THUTD 3Ty PEATU3AIHIO B OGBEKT, METOABI KOTOPOTO OYAYT AOCTYIIHBI C yAaJIEHHON Ma-
wKHbL TpPaguLMOHHBIH CIIOCO6 COCTOMT B TOM, YTOOBI UCIIOIB30BATh adanmep 06beKmos
(object adapter), koTopsIil OCTYKUT 06010uKOU (Wrapper) peau3aly C eJUHCTBEH-
HOHM 3agayeil — mpuaaTh peajusallMv BUAUMOCTh 00bekTa. CaM TEPMMH <«aganTtep»
B3SIT U3 a6IOHa TPOEKTUPOBaHMsl, ONMCaHHOrO B [157], KOTOPBIl npexocTaBJsieT UH-
tepdeiic, mpeobpasyeMblil B TO, 4TO OXKUAAET KaueHT. [IpuMepoM agantepa 06bEKTOB
MOJXKeT OBbITh HEKasl CYI[HOCTb, AMHAMHMYECKU NpUBsI3bIBaeMasl K ONUCAHHOIl paHee
6ubaunorexe Ha C ¥ OTKpbIBaolasi (aiiyl JaHHBIX, COOTBETCTBYIOIUI TEKyIEMY CO-
CTOSIHUIO 06BEKTA.

Anantepsl 00bEKTOB UrPAIOT BaXXHYIO POJIb B OOBEKTHBIX pacrpe/iesieHHbIX CUCTe-
Max. Utobbl cuenaTh 060JI0YKY KaK MOXHO TPOlLe, OOBEKThI ONPEAeISIOTCsT UCKITIO-
YUTEJIbHO B MOHSITUSIX UHTeP(GEICOB, KOTOPblE OHU PeaIu3yioT. Peanunsauusi UHTEp-
¢eiica perucTpupyeTcsi B ajianTepe, KOTOPBI, B CBOIO OYepenb, CO3/aeT UHTepdeiic
IUIsl yAaleHHbIX oOpauleHud. AnanTtep OyneT NMPUHUMATDH NMPUXOASILUE 0OpaIeHHUs
Y CO3/laBaTh Uil KJIMEHTOB 06pa3 ynajJeHHOro o6bekTa. Mbl BEPHEMCS K BOTpPOCAM
OpraHM3alHK CepBepoB U aJanTepoB 0OBEKTOB B CleAyIOLIEel I1aBe.

CoxpaHHble U Hepe3NAeHTHble 00bEeKTbI

IToMuMo neneHust Ha OOBEKTDI, 3aBUCSIINE OT SI3bIKA IPOrPAMMHUPOBAHUSI, U OOBEKTHI
BPEMEHHU BBINIOJHEHHUsI CYIIECTBYET TaKKe JeJeHHe Ha COXPaHHbIE U HEPE3UIEHTHbIE
06bexTbl. Coxpannviii 06vexm (persistent object) — 3T0 06BEKT, KOTOPbI MPOAOIKAET
CYILECTBOBATD, Ja)ke He HaXOMAsICh IMOCTOSIHHO B aPECHOM IIPOCTPAHCTBE CEPBEPHOTO
npoiiecca. J{pyruMu cioBaMH, COXpaHHBIN OOBEKT HE 3aBUCUT OT CBOETO TEKYIIIETO CepBe-
pa. Ha npakTuike 3TO 03Ha4aeT, YTO CcepBep, OOBIYHO YIPABJISIONIHNI TAKUM 0OEKTOM,
MOJXKET COXPAaHUTb COCTOSIHME 06BEKTA BO BCIIOMOTATEIbHOM 3a[IOMUHAIOIIEM YCTPOii-
CTBe M 3aBepIIUTDb CBoI0 paboTy. [1o3ke BHOBD 3alylIEHHBIA CEPBEP MOXET CYUTATDH
cocTosiHue 00beKTa M3 3allOMHHAIOIETO YCTPOMCTBA B CBOE aJpecHOe MPOCTPAHCTBO
1 06paboTaTh 3anpoc Ha obpailieHue K 06beKTy. B IpOTHBOMOIOKHOCTD €My, Hepe3u-
Odenmuotii 06vexm (transient object) — 3T0 0OBEKT, KOTOPBII CYLIECTBYET, TOJbKO IOKa
cepBep yrnpasJsieT uM. Korzna cepsep 3aBepiuaer paboTy, 3TOT 00BEKT IpeKpalaeT cy-
1ecTBoBaTh. Mcrosb3oBaTh COXpaHHble OOBEKTbl MJIM HET — 3TO CIOPHBINA BOIPOC.
HexoTopble Moaraiot, YTo Hepe3uAeHTHBIX 0ObEKTOB BIIOJHE N0CTaTOYHO. Celfiuac Mbl
He OyaeM BIaBaThCsl B IETAIU U BEPHEMCsI K 3TOMY BOIPOCY, KOrAa 6ynem ob6CysKaaTh
0ObeKTHbBIE pacIpeesieHHble CHCTEMBI B IJiaBe 9.

2.3.2. MNpuesaska KNneHTa K 00bekTy

I/IHTepeCHaﬂ pa3Hulla MEXAYy TpaAMLUHUOHHBIMU CHUCTEMaMU RPC u CucreMamu, Ioja-
JAEPKHUBAIOLUIUMH paclipeleJIeHHbIE O6'beKTbI, COCTOHUT B TOM, UTO MoOCJeAHHE 00OBbIYHO
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TIPEJOCTABISIOT CCHIIKK Ha 0OBEKTHI, YHUKAJIbHBIE B TIPeiesiaX CUCTeMbl. Takue cChl-
KH MOTYT CBOGOIHO MEPEaBaThCsl MEKAY NPOLECCaMH, 3aMylleHIbIMU Ha Pa3IMYHbIX
MalllMHaX, HAPUMED KakK TapaMeTpbl obpaileHust K Metony. [lyTem coKpbITHS HCTHH-
HOI peanu3aiuu CChUIOK Ha OODBEKTHI (TO eCTb obecreyeHus] MX HEMpO3PAuHOCTH)
¥ MOKET ObITD JIaXKe HCIOIb30BaHUs X B KAUECTBE €JIMHCTBEHHOTO CpeACTBa obpalle-
HUsl K OOBEKTaM 11PO3PayHOCTDb PACIPEAEsIeHHUS IO CPABHEHHIO C TPAAUIIMOHHBIM Me-
xaHnaMmom RPC nossliraercst.

Korua npoitecc XpaHUT CCbiKy Ha 00BEKT, mepes obpaileHueM K Jo6oMy H3 Me-
TOAOB 06BEKTA NPOLECE J0JIKEH B IIEPBYIO OU€PE/lb BHITOJIHUTD PUBSI3KY K 3TOMY 00b-
exkTy. Pe3ysibTaToM 1puUBS3KU OyAeT 3daMECTHTENb, Pa3MeLAeMblil B aJpecHOM Ipo-
CTPAHCTBE NPOLECca U peauayiouunii uutepdeiic ¢ MeToIaMu, K KOTOPbIM obpauiaeTcst
npouecc. Bo milorux ciyvasx npuBsizka ocyuiecTsisiercst aBroMaruueckn. Koraa 6a-
30Basl CUCTEMA IOJIy4YaeT CCBUIKY Ha 06beKT, eif TpedyeTcst cnocob OThICKATh cepBep,
YIPABJISIIOLIUET 9TUM OOBCKTOM, M OMECTUTb 3aMECTUTEJISI B A[PECHOE TIPOCTPAHCTBO
KJIHEeHTa

[pu nesenoi npussske (implicit binding) knueHTy NpenoCTaBJIsSeTCsl IPOCTON Me-
XaHU3M, TO3BOJISIOUIMIA HAMPSIMYIO 3aMPALIMBATE METO/bI, HCTIOJIb3Ysl TOJBKO CCHLIKY
Ha 06bekT. Tak, HanpuMep, B C++ MOXKHO Mepeonpefe/inTb YHAPHDIH onepatop Bbi6o-
pa (->) s KJacca Tak, YToObl OH TO3BOJIAJ 06PANIAThCS CO CCLIIKAMU Ha OOBEKTHI
KakK ¢ IpoCThIMM ykadaTeasiMu (UcTUHT 2.1). B ciyyae HessBHOH NPUBSI3KU KJIUMEHT
MPO3PAYHO CBS3LIBAETCS ¢ OOBEKTOM B MOMEHT Pa3pelleHls CChUIKU M MOJy4eHHUs
atoro o6bekTa B AeiicTBuTensHocTi. C APYroil CTOPOHBI, B CJliydae S61L0ll NpuessKe
(explicit binding) xment nosxen 10 o6palleHHs K METOAAM BbI3BATh CIELUAIBHYIO
dhyHKUMIO isi TPUBSI3KH K 00beKTy. [Tpu siBHOI mpuBsizke 0OBIYHO BO3BPALIAETCST yKa-
3aTeNib Ha JIOKATbHO JOCTYIHBIH 3aMeCTHTEND, KaK MMOKAa3aHO B JIHCTUHTE 2.2.

Jluctunr 2.1, MNpumMep HEABHOM NPUBA3KU C UCMONL30BaHMEM TONLKO rnobanbHbIX
nepeMeHHbIX

// OnpepennTb BHYTPUCUCTEMHYK CCbiNKY Ha OObEKT
Distr_object* obj_ref:

// VMHWUnMann3npoBatb CCbIKY Ha pacnpedenexHbit o0bexT
obj ref = ... .

// HesABHO NpOBECTW NPWUBA3KY W 0OPaTUTLCA K MeTOdY
obj_ref->do_something();

Jluctunr 2.2. Npumep ABHOM MPUBA3KN C NCMOb30BaHNEM Kak rnobanbHbIX,
Tak v IoKanbHbIX NePEMEHHbIX

// OnpenennTb BHYTPUCUCTEMHYID CCbINKY Ha OObEKT
Distr_object obj_ref:

// OnpepenuTb yKasaTenb Ha NOKanbHbie OObEKTbI
Local_object* obj_ptr:

// VHWUManu3npoBaTh CCLINKY Ha PAacnpefeneHHblit 00beKT
obj ref = ...

// §BHO MPOBECTU NPWUBA3KY W NONY4YWUTb yKa3aTenb
// Ha NOKAanbHbIA 3aMecTuTens

obj_ptr = bind(obj_ref);

// 06paTUTbCA K METOMY NOKaNbHOrO 3aMectutens
obj_ptr->do_something():
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Peannsauusa ccbisIOK Ha 00beKTbI

Ouenuano, YTO CCHUIKM Ha OOBEKTHI JOJKHBI COMEPXKATbH AOCTATOYHO HH(pOPMALUH,
4106 00ECTIEYUTD KJIMEHTaM NMPUBSI3KY K 00beKTy. IIpocTast cebliika Ha 00beKT ZOJKHA
cozlepKaTh ceTeBON afpec MalIWHBI, HA KOTOPOil pa3meliied peaibHblii 06bEeKT, BMECTE
C KOHECYHOMH TOYKOM, oTpe/iesisiionieii cepBep, KOTOPLIi ynpasJsieT 00LeKTOM, U yKasa-
HHMEM Ha TO, YTO 3TO 32 061eKT. [TocsenHuil O6BIYHO TIPEACTABISIETCS CEPBEPOM, Ha-
npumep, B popme 16-6urtHOro uncaa. Koneunast Touka B JaHHOM ciiydae aGCOMIOTHO
Takasi ke, KaK 1 Ta, 4To o6eyxaanack npu paccMotpenun cucteMsl DCE RPC. Ha
[PaKTHKE OHa COOTBETCTBYET JIOKAJIbHOMY IIOPTY, KOTOPBII JMHAMUYECKH BbIEJISETCS]
JIOKAJIbHOM ONepalHoOHHOIl cUcTeMOii cepBepa. OIHAKO 3Ta CXeMa UMEET MHOXECTBO
HeJJOCTaTKOB.

Bo-nepsbix, eciu B cepBepe Npou30iaeT cO6Of 1 T0CIe BOCCTAHOBIEHUs CEPBED
HOJIYYUT APYLYI0 KOHEYHYIO TOUKY, BCE CCHUIKH Ha OOBEKTDI CTAHYT HENPaBHJIbHDLIMH.
Ity npobiieMy MOKHO PEUIMTDb Tak e, Kak ato caesaHo B DCE: co3nath Ha MauinHe
JIOKAJIbHOTO JIEMOHA, KOTOPbIT 6YAET ONpaliuBaTh U3BECTHbIE KOHEYHBIE TOUKH U OT-
CIEXUBATh HAa3HaYeH!s] KOHEUHbIX TOYEK cepBepaM B Tabsuiie KOHeuHbIX Touek. [1o-
CcJle TIPUBS3KH KJIMEHTa K OObEKTY Mbl MEPBbIM [I€JIOM 3alPOCUM Yy EMOHA TEKYIIYIO
KOHeuIlylo To4Ky cepBepa. Takoil moaxon Tpebyet, uToObl Mbl KOAHNPOBAIM HAEHTH-
¢bukatop cepsepa B CCbUIKe Ha 0OBEKT, KOTOPAs MOXET MCIIOJIb30BATLCS B KAYECTBE
HHZEKca B Tabsuile KoHeuHbIX ToueK. CepBep, B CBOIO 04Yepellb, BCeraa M0JKeH peru-
CTPUPOBATHCS JIOKAJIbHBIM JIEMOHOM.

OnHako KOAMPOBaHHE CETEBOTO afpeca MAUIMHbI cepBepa B CChLIKE HA 0OBEKT —
BoobOuie roBops, Toxasi uaes. IpobieMa momo6HOTO MOAXOA2 — B TOM, YTO CEPBEP
HEBO3MOXKHO OyJIeT TIePEHECTH Ha APYTYI0 MAUIMHY, He OGBSBUB HENEHCTBUTEIbHBIMU
BCE CCHIJIKU Ha OOBEKTBI, KOTOPHIMU OH YIpapJsiyl. TpaauuuonHoe pelieHue 3Toit
npoGJieMbl COCTOMT B PACIpOCTPaHEHUH UJEH JIOKAJIbHBIX AEMOHOB, NOIAEPXKHBAIO-
IMX TabJIUIbl KOHEYHBIX TOYEK, Ha cepeep aokarusayuu (location server), ciensiupuii
3a MOCTOSIHHON PaboTOil cepBEPOB, HA KOTOPBIX PaclioyiokeHbl 00beKThl. CChlIKa Ha
00DbEKT B Pe3yJIbTaTe JOJIKHA COIEPKATH CETEBOI afpec CepBepa JIOKaIU3alnH, a Tak-
JKe neficTBYIOIMI B cucteMe uaeHTHdUKATOP cepBepa. Kak Mol yBuaum B riiase 4, aTo
pellieHre TaK)Ke UMEeeT MHOXKECTBO HEIOCTATKOB, OCOOEHHO 110 YacTH Maciutabupye-
MOCTH.

[lo HacTosilllero MOMeHTa MbI B TaKTUYECKUX IIeJISIX TPEANOJIarajiy, YTo KJIUEHT
U cepBep yxKe ObLIM KaKUM-TO 00pa3oM CKOH(bHTYPUPOBAHBI IO €AUHbII CTEK MPOTO-
Kos10B. IIpH 3TOM IpeArnoiaraercsi, YT0 OHU UCMOJIb3YIOT HE TOJILKO OOIMI TpaHC-
TOPTHBIH TpoToKoJI, Takoii Kak TCP, Ho Takxke M 061t TPOTOKOJI MapIIAJUHTA 1 JIe-
MapluajuHra napamerpoB coobuennsi. OHU JIOJDKHBI Takke I10JIb30BAThCs OGIIMM
IIPOTOKOJIOM [/ YCTAHOBKU MCXOIHOTO COeAMHEHUs], 06paboTKu omnbOK, KOHTPOJIS
MOTOKA U TIp.

Mbl MOXEM OCTOPOXKHO OTOPOCUTH 3TO JOMYILEHHE, €CJU MPEATION0XKHM, YTO K
ccblIKe Ha 06beKT 06aBJISIETCS ONOJIHUTE bHAS uHpopMauust. Takas nHdopmaimst
MOXKET BKJIIOUAThb YKa3aHWe Ha HCIIOJb3yeMblil /sl IPUBS3KU K OOBEKTY IPOTOKOII,
KOTOpPBI MOANEpKUBAETCsI cepBepoM 0OBbekTa. Tak, HarmpuMmep, HEKOTOPbIH CepBep
MOXET OJIHOBPEMEHHO IOAJEepXUBATh IpUeM JaHHBIX 110 npotokosny TCP u neiita-
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rpammbl UDP. TIpu aTOM Ha KJIMeHTe JIeXKUT OTBETCTBEHHOCTD 32 PeaM3alinio 3aMec-
TUTEJS KaK MUHHMMYM JJISL OJIHOTO TIPOTOKOJIA, YKa3aHHOTO B CChLIKE Ha OOBEKT.

MbI MoeM MOUTH ellle AAblle, BKIIOYUB B CCHUIKY Ha OOBEKT deckpunmop peanu-
sayuu (implementation handle), yxasblBatouiuii Ha MOJHYIO PEATM3ALNIO 3aMECTUTEISL.
ITy peanusalyio KIMeHT MOXKET AMHAMUYECKH 3arpPy3uUTb IIPU NPUBSI3Ke K OOBEKTY.
Hampumep, neckpunrop peanusauuu MoxxeT npuHuMartbh Busi URL-aapeca, ykassiBato-
nrero Ha ¢aitn apxuBa, Tuna ftp://ftp.clientware.org/proxies/java/proxy-vi.1a.zip. Ilpo-
TOKOJI TIPUBSI3KM B 3TOM CJiyuae OyJIeT HyKeH TOJIbKO /ISl yKa3aHUsl Ha TO, YTO AAHHBIN
(ailn caenyeT IMHAMUYECKU 3arpy3UThb, pa3apXMBHPOBATh, yCTAHOBUTD, @ BIIOCJIE/CT-
BUHU cO3JaThb 3K3eMILIsip. [1110c TaKOro Moaxoia COCTOUT B TOM, YTO KJIMEHT He J0J-
KeH 3a060TUTbCS O TOM, JOCTYIIHA JIM peajn3alusl JaHHOTo nmpotokosa. Kpome Toro,
3TO JaeT pa3paboTYNKy 0OBEKTA MOJHYIO CBOOOAY B pa3paboTke Crienu(prUUeCKUX st
obbekTa 3amectutenieit. OnHaKo, Kak Mbl YBUAMM B riaBe 8, yTOObI rapaHTHPOBATDH
KJIMEHTY, YTO OH MOJKET JIOBEPSITh 3arPy’KEHHOMY OTKY/Ja-TO KOAY, HAaM HY>KHO IIpeji-
NPUHKMMATD ClielMajIbHble AefCTBYSI 10 06eCTIeYeHUIO 3ALIHTHI.

2.3.3. CtaTtnyeckoe n auHaMmu4yeckoe yganeHHoe
obOpallieHune K meTogam

[Tocsie TOTO Kak KJMEHT CBSIKETCS ¢ OOBEKTOM, OH MOKET yepe3 3aMeCcTUTeNst obpa-
TUTbCSL K MeTozaM obbekTa. [logobHoe ydarennoe obpawenue x memodam (Remote
Method Invocation, RMI) B yacTu MaplliajMHra 1 lepefadyu napaMeTpoB OYEHDb HAITO-
muHaeT RPC. OcnoBHoe pa3anuue mexay RMI u RPC cocrout B ToM, uto RMI, kak
rOBOPUJIOCH PaHee, B OCHOBHOM IOJUIEP’KUBAET BHYTPUCHCTEMHBIE CCHIKK Ha OGBEKTBI.
Kpome Toro, ornazgaer He06XOAMMOCTDb B KJIMEHTCKMX M CEPBEPHbIX 3arjIylIKax oO1iero
HazHauyeHus1. BMeCcTo HMX MbI MOXKEM MCIIOJIB30BaTh 3HAYUTEIBHO Goiee yroGHbIE B pa-
6ote u crnenpduryeckre asi 0GbEKTOB 3arMYIIKH, KOTOPbIE MbI TAK)XKE O0OCYKIATHU.

CrannaptHsiii crioco6 noaepskku RMI — ommucath MHTEPGENRCH 06bEKTOB Ha SI3bIKe
onpeneneHust uHtepgeiicos, Tak xe kak B RPC. Oxnako ¢ Tem e ycrnexomM Mbl MO-
JKEM UCITOJIb30BaTh OOBEKTHBIN sI3bIK, HANTPUMep Java, KOTOpbIii 06ecreunBaeT aBTo-
MaTUYecKyIo reHepaluio 3ariayuiek. Takoi moAaxol K NMPUMEHEHHUIO MpeaorpeiesieH-
HBIX ONpe/eseH!i HHTePENRCOB YaCcTO Ha3bIBAIOT crmamuueckum obpauenuem (static
invocation). CtaTnyeckoe obpaieHue Tpebyer, 4ToObl HHTEpEeiichl 06beKTa IIpU pas-
paboTKe KJIMEHTCKOTO MPUJIOXKEHUs] ObLIM U3BeCTHBL. TakKe OHO MPEATNOJaraeT, YTo
Npy M3MeHeHMM MHTepdeiica KIMEHTCKOe NPHIIOXKEHNEe Nepel] UCIIOJNb30BAaHUEM HO-
BbIX MHTEPGEcoB OyAeT MepeKOMIUINPOBAHO.

B kauectBe anbTepHaTHBbI 0OpalieHNEe K METOLAM MOXET OCYIIECTBISIThCS Gosee
AMHAMUYHBIM obpa3oM. B uactHocTH, MHOTAA yHnoOHee cobpath mapaMeTps! obpalie-
HHSI K METOAY BO BPEMsI UCIOJHEHUsI. DTOT MPOLECC U3BECTEH IO/ Ha3BaHUEM Ouna-
Muueckozo obpawenus (dynamic invocation). OCHOBHOE €ro OTJIMYME OT CTATUYECKOTO
o6pallleHHsI COCTOMT B TOM, YTO BO BPEMsl BHINOJHEHUsI MIPUJIOKEHHE BLIOMpAET, Ka-
Koit Merox yaamenHoro obbekta OyzaeT Bbi3BaH. [JuHamuyeckoe obpaiieHrue 0ObIYHO
BBIIVISIAUT CJIEAYIOIUM 06pa3oM:

invoke(object. method. input_parameters, output_parameters):
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3nech object npeHTUGUIMPYET pacrpeesieHHbI 06beKT; method — mapamerp, ToY-
HO 33JIal0LIMI1 BbI3bIBAEMbIiI MeTox; input parameters — CTPYKTypa JaHHBIX, B KOTO-
POH colepskarcst 3HayeHUsI BXOAHbIX TapaMeTpPoB MeTo/a; output_parameters — cTpyk-
Typa ZAaHHBIX, B KOTOPOI XpaHATCsl BO3BpalllaeMble 3HAaUEHUsI.

B kauecTBe mpumMepa paccMOTPUM [0OaBjeHHE LEJIOro 4uciaa int K OGBEKTY
fobject daitna. Jlnst aToro neifictBus 06bEKT MpenocTaBisier Metos append. B atom city-
yae cTaTuyeckoe obpauieHue OyleT UMETb BUI:

fobject.append (int)

[lnnamuueckoe obpaureHre OYAET BBITJISAETD TAK:
invoke(fobject, id(append). int)

3nech onepauus id(append) Bo3BpaiuaeT uaeHTUgUKaTOp Metoaa append. s ui-
JIOCTPALIMM IMHAMUYECKOTO OGPALIeHNsT PACCMOTPUM Opay3ep 0GBHEKTOB, UCTIOIb3y€eMBbIi
IUIst npocMoTpa HabopoB 06bekToB. IIpennonoxum, 4to 3TOT OGpaysep MoAAePKUBAET
ylaneHHoe obpaieHre K obbektaM. ITo OyaeT 03Ha4yaTh, 4To Opaysep B COCTOSIHUM
BBIMIOJIHUTD MPUBSI3KY K paciipeieIeHHOMY OOBEKTY U IPeJOCTABUTH IOJIb30BATENIO
nnrepdeiic ¢ o6vexToM. Ilob30BaTeNIO TOCIE ITOTO MOXET OBITh MPEIJIOKEHO BbI-
OpaTb METO/I U BBECTU 3HAUEHUsI €r0 MapaMeTPOB, MoCJjie Yero 6pay3ep CMOKET [POU3-
BecTH JeiicTBuTesnbHOe obpaienne. O6p1uHO Mog06HBIE Opay3epsl 06BEKTOB pa3paba-
TBIBAIOTCS TaK, YTOObI OHM IMOAAEPXKUBAIU JI0Oble BO3MOXHBIe MHTepdeicol. Takoi
nozaxox Tpebyer uccienoBanus HHTePGEHCOB BO BPeMsI BBIITOJTHEHUS U AUHAMHYECKO-
ro cosaaHus obpaleHuil K MeToiaM.

Jlpyrast o61acTh MpUMeHeHHsI IMHAMITYECKUX 00pallieHnid — cJ1y»KObl MaKeTHOMH 06-
paboTKy, [UIsT KOTOPBIX 3alpoChl Ha oOpaliieHre MOTyT 06pabaThiBaThCsl B TEYEHUE BCETrO
TOrO BpeMeHH, NoKa obpaiueHue oxuaaer BoimosHeHus. Ciyx6a MOXeT ObITh peay-
30BaHa B BU/IE OYEPEIH 3ANPOCOB HA 06pallleHUE, YIOPSALOYEHHBIX M0 BpEMEHH MOCTY-
nyieHust. OCHOBHOM LMKJI CJIYKOBI TIPOCTO OXKUAAET Ha3HAYEHUs] OUEPEIHOTO 3aIpoca,
YIAJISIET €r0 U3 OYepPely 1, Kak 3TO ObLJIO TOKa3aHO paHee, BHI3bIBAET MPOLEAYPY invoke.

2.3.4. Nepepaya napameTpos

[Mockousbky GosbiiiHCTBO cucteM RMI nopnepixuBaeT ccbliik Ha OOBEKTHI B TIpeae-
JIaX CUCTEMBbI, BO3MOXKHOCTH TI0 Tlepejiaue MapaMeTpoB NP OOpauleHusX K MeToiaM
00BbIYHO He CTOJIb OrpaHuyeHsl, Kak B ciaydyae RPC. OxHako cyulecTBYIOT Onpesesies-
Hble TOHKOCTH, KOTOPble MOT'YT YCJIOXHUTh obpawennss RMI no cpaBHeHHIO ¢ TIepBoO-
HavaJbHBIM TpeacTaBienneM. Hike Mbl KpaTKo 06CYIMM 3TOT BOIPOC.

CrepBa pacCMOTPUM CHUTYaUHIO, KOTZa BCe 0OBbEKThI — pacnpesesieHHsie. Jpyrumu
CJI0BaMH, BCe OOBEKTHI B CHCTEME JIOCTYITHBI C YAATEeHHBIX MallnH. B aTOM ciydae npu
o6paleHsiX K METOAaM Mbl MTOCTOSIHHO MCIIOJIb3YeM CCBLJIKM Ha OOBEKTBI KaK Mapa-
MeTpbl. CChUIKYM NepeaaloTcsl 110 3HaYeHUIO U KOMUPYIOTCS ¢ OAHOW MalIMHbI Ha ApY-
ryio. Ecnu npouecc mosyyaer cCblIKYy Ha OObEKT B KauecTBe Pe3yJibTaTa obpallieHust
K METOZY, OH JIETKO MOXKET BBIMIOJIHUTD MPUBS3KY K OGBEKTY, HA KOTOPbIil YKa3blBaeT
CCBLJIKA, [I033Ke, eCIM €My 3TO MOHAZOOHTCSI.

K coxanenuio, UCIosb30BaHKeE UCKIIOUUTEIBHO PACIIpeAeseHHbIX 06 BEKTOB 00bIY-
HO CIHIIKOM HeaheKTUBHO, 0CO6EHHO eCii 3TH 06BEKTH MaJIbl U MPOCThI, KaK, Ha-
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npuMep, Ue/Ibie YUCaa U lornueckue snadenns. Kaxaoe obpaleHie KIHenTa, eCId ol
116 HAXOANTCS Ha TOM K€ CEPBEpe, YTO M OOBEKT, TTOPOXKAAET 3aMPOC MEXY Pa3Iny-
HBIMHM aJIPECHBIMU IIPOCTPAHCTBAMH HJIH, UTO elle XysKe, MeXIY Pa3IMuHbIMH MallH-
Hamu. [ToatoMy paboTa cO CChUIKAMU HA YAAJCHHBIE W JIOKAJIbHbIE 0OBEKTDHI OObIYHO
IIPOUCXOZUT NO-Pa3HOMY.

ITpu obpalleHny K METOAY C MCIOJb30BAaHHEM CCBIJIKM Ha OOBEKT B KAYECTBE Ha-
pameTpa 3Ta CCbLJIKA KOMHPYETCSI U NepelacTCsl KakK MapaMCcTp-3HaYeHHe TOJIBKO TO-
I7a, KOrja oHa OTHOCUTCS K yAajleHoMy oObekTy. VIMeHHO B 5TOM ciiy4yae mpoucxo-
IUT niepefaya oObexra mo ccblike. OZHAKO €C/N CChUIKA OTHOCUTCS K JIOKQJIbHOMY
00DBEKTY, TO €CTh K 06BHEKTY B aJipeCHOM MPOCTPAHCTBE KJHENTA, TO 00bEKT, Ha KOTO-
PbIN YKa3bIBAET CCBLJIKA, LIEJMKOM KOMUPYETCs U B mpollecce obpalleHs nepenaercs
KJaueHTy. JIpyruMu cioBaMH, OObEKT NEPEfAEeTCsl [0 3HAYEHHIO.

ITH ABe CUTyalMH MoKa3aHbl Ha pHC. 2.17, Ha KOTOPOM U306pa’keHbl KJIHEHTCKas
TporpamMma, BbIIIoJHsieMasl Ha Maliie A, ¥ mporpaMma-cepsep, BLITOTHsIeMast Ha Ma-
umne C. KineHT obyiagaer CChiIKoi Ha JIoKaIbHBIT 06beKT O7, KOTOPbIH UCMOJb3Y-
eTCsl B KayecTBe rnapaMeTpa IpH BbI30Be cepBepHoii nporpamMmMbl Ha mawnte C. Kpome
TOro, OH 06JIaflaeT CCHIJIKOM Ha HaxoAsuiics Ha Mmaiunie B yaanenHbiil o6bext 02,
KOTOPBII1 TAK)KE UCTIOJIb3yeTCs B KayccTBe mapamerpa. [Ipu Bbi3oBe cepsepa nHa Mauiu-
1y C nepenaetcst KOsl Bcero oobexta O7 1 KOsl CChIIKU Ha 06bekT O2.

MawwuHa A MawwHa B
ccbinka L1 o6bexrt O1 YnaneHHas o6bekT 02
1\“,4 ccbinka R1

- \

[ ] g \
[N .- \
~1. - \

Koa knueHTa ¢ Kogom
3aMecTuTens, To eCTb C KOAOM
obpauwieHusa RMI k cepsepy,
HaxoasLWeMycs
Ha mawwuHe C

nokanbHas
CCblIKa

YaaneHHoe obpalleHne
C nepepaven B KayecTse
napameTpos ccbinok L1 n R1

KonuposaHue ccbinku R1
Ha obbekT 02

MawwuHa C
Kop cepsepa
(peanusauus metonos)

Puc. 2.17. Nepepava 06beKTa NO CCbINKE 1 N0 3HAYEHWUIO

OTMEeTHM, YTO HE3aBUCHMO OT TOrO, paboTaeM JI Mbl CO CCBLIJIKOM Ha JIOKaJbHbIH
WIH 1106abbIil 00beKT, 3Ta paboTa MOKeT OLITh BeChMa MPO3pavHa, KaK, HarpHumep,
B Java. B Java pasuuia Oyaer 3aMeTHa TOJIbKO B TOM CJIy4ae, eCid JIOKanbHble 06beK-
Thl OYAYyT UMETb THUIbI AaHHBIX, OTJIHYHbIE OT THIIOB JAHHBIX yHAaJeHHDBIX 0OBLEKTOB.
B npotusrom ciyyae o6a THNa CChIIOK OYAYT TPaKTOBATHLCS TIOMTH OAMHAKOBO [494].
C npyroit CTOpOHbBI, B TPAAMLIHOHHBIX S3bIKAX NPOrPaMMMpPOBaHiist, Takux kak C, ccbui-
KaM1 Ha JIOKJIbHbIC OOBEKTHI MOTYT OBITD MPOCTHIE YKA3ATEJIH, HCIIOIb30BaTh KOTOPLIE B
KayecTBe CCLIIOK 11 yaasleHHble 0GBEKTD OYAET HEBO3MOKHO.
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JonosHuTeabHbIH 3¢h(eKT oOpanieHus: K METOAAM C MCIOJIb30BAHHEM B KauecTBe
napaMeTpa CChIJIKM Ha OOBEKT COCTOMT B BO3MOXKHOCTH KOnupoganus 00bLEKTOB.
CKpBITh 3TO HEBO3MOJKHO, H B Pe3yJIbTaTe MbI BbIHYX/I€HbI SIBHO YKa3biBaTh HA Pa3yH-
yue MeXIy JIOKAJIbHBIMHU M PacIipeneseHHsIMU o0bekTaMu. [IOHSITHO, UTO 3TO pasnu-
yue He TOJIbKO pa3pyuiaeT IIPO3pauyHOCTb paclipelesieHus] — OHO TaKXKe 3aTpYJHseT
HamucaHye pacrpefeseHHbIX MPUI0XKEHUIL.

2.3.5. Mpumep 1 — ynaneHHble 06bekTbl DCE

DCE — sT0 npuMep pacrnpeesieHHOU CUCTEMb, MOSIBUBLIEHCS XOTSI U B MPAaBUJIbHOM
MecTe, HO He COBCeM B HyskHoe BpeMs. OHa Oblyia OfHOIT U3 TIePBBIX PaclpeneieHHbIX
CUCTEM, PEaIM30BAHHBIX B BH/E NPOMEXKYTOUHOIO YPOBHS TOBEPX CYIIECTBYIOIIUX
OTNEPALMOHHDBIX CUCTEM, ¥ IOCTATOYHO J0JITO BbIHYXKIEeHA Oblja JOKa3bIBATbL CBOIO CO-
CTOSATENLHOCTD. K coxasieH1110, BpeMsi TOKa3aTeJbCTB COBIAIO C «POXKAEHUEM» yla-
JIEHHDBIX 00HEKTOB 1 00BSABIEHHEM UX ITaHalleeil paciipeaesieHHbIX cucteM. [TocKobKy
cpena DCE 6blia TpaguiuonHoii, ochoBanHoil Ha RPC cucremoii, aist Hee HACTYHIIN
Tskesibie BpeMeHa, OHa Oblia MpH3HAHA ycTapeBlleil elle 10 Toro, Kak notpebureau
yCreau yCTaHOBUTD J0CTATOYHOE YHCJIO Koruil. HeT 06beKToB — HeT 1 pa3roBopa, a cpe-
na DCE ux Hukorzaa He umesa.

Komanja, cosnasasmas cpeay DCE, nonro ybexnana azBokatoB 06bEKTHBIX TE€X-
HOJIOTHII, YTO B HEH peaiusosana nomiepxkka o0bekToB. Tak, OHM yTBEPXKIaaH, 4TO
cuctemsl RPC mo onpezesieHdio OCHOBaHbl Ha OOBEKTaX, MOCKOJBKY BCE BOMPOCDI
peasM3alu 1 pacnpenesenus CKpeITh 3a HHTepdeiicamu. ONHAKO 3TH apryMeHThI He
kotHpoBsanuck, 1 DCE 6bli1a BulHyX/AeHa nepeiiTy Ha 6oJiee ABHYI0 0OBbEKTHYIO TeX-
HoJioruio. B atom mynkTe Mbl paccMotpuM, kak DCE nomiepxusaer pacnpeziesieHHble
06bexTnl. O6bekTsl DCE HMHTEpeCHDBI AJ1s1 HAC TeM, YTO OHH SIBJISTIOTCS TIPSIMBIM TPO-
JNOJDKEHUEM MoOeH KJIHeHT-cepBep, ocHoBanHoit Ha RPC, u npeacrasisor coboit
MOCT OT BbI30BOB yAAJIEHHBIX MPOIEAYP K 0OpaLIeHIsIM K yAAJeHHBIM 0ObeKTaM.

Mogaenb pacnpepeneHHbix 00bekToB DCE

Pacnpenenennnie 00bexTs! 66114 go6asietsl 3 DCE B (hopMe pacuimpenuii sisbika or-
penesienusi uutepgeiicos (IDL) BmMecTe ¢ npuBsiskaMu Ha si3bike C++. JIpyrumu cJio-
BamH, pacrnpenesnensbie 06bektsl B DCE onuceizatorcst Ha IDL u peanusytorcst Ha
C++. Pacnipenesientbie 06bEKTbI UIMEIOT BUJ| yAAJTIEHHBIX 0OBEKTOB, pealu3aius KoTo-
PbIX HaXoAuTCsl Ha cepBepe. CepBep OTBEYaeT 3a JIOKaJIbHOe co3nanue o6bekTos C++
u obecrieyeHue 10CTyTa K UX METOJaM C YIAJICHHBIX KJIMEHTCKUX MaliuH. [pyrux cro-
co60B cO3JaHNs pacnpeliesleHHbIX 0ObEKTOB He CyIIeCTBYET.

IoanepxuBaloTcs 1Ba TUIA paciipezesebix o0bekToB. Juiamuveckue pacnpede-
nennvie obvexmot (distributed dynamic objects) — 310 06BEKTDI, KOTOPbIE CO3JAI0TCS
CepBepOM JIOKAJIbHO MO TPeGOBAHMIO KJIHEHTA U K KOTOPbIM B MPUHLIUIE UMEET 10C-
TYIl TOJIBKO OAUH KJWEHT. [Insi co3nanusi Takoro oGbeKkTa cepsep A0JKEeH MOJYYUTh
3anpoc OT KJIMEHTa. JTO O3HAYaeT, YTO KaXKAbll Kjacc, YToObl UMETb BO3MOXHOCTD
CO3/1aBaTh JUHAMHUYeCKne 0ODBEKTDI, I0JKEH COMEePKaTh MPOIEAypY Create, KOTOPYIO
MOJKHO BbI3BaTh, HCHOJIB3Ysl cTaHAapTHLIH MexanuaM RPC. [locse coznanust AMHAMU-
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4yeckoro obbeKTa yrpaBjieHrue UM IepexoauT K ucnonnsioei cucteMe DCE, cpsasbi-
BAIOIEH €ro C TeM KJIMEHTOM, N0 TPeGOBAHUIO KOTOPOrO OH ObIJ CO3/aH.

B npoTUBOMOMIOKHOCTD AMHAMUYECKUM OOBEKTAM, UMEHOBANLIble PACnpedeNentble
obsexmu (distributed named objects) He npenHazHauyeHsl 17151 pabOThl C €AUHCTBEHHBIM
kyHeHTOM. OHM CO3/IAI0TCST CEPBEPOM JIJIsI COBMECTHOTO MCIIOJIb30BAHUST HECKOJIBKH-
MM KJaHeHTaMH. VIMeHOBaHHbIE OOBEKTBI PETMCTPUPYIOTCS CIyx60i KaTajioros, Tak
4TO KJIMEHT MOXeET HaiiTH 0OBEKT W BBHIMOJHUTH NMPUBA3KY K HeMy. Perucrpaius
03HayaeT COXpaHeHHEe YHUKaAbHOTO UaeHTH(hUKaTOopa 00bEKTa, a TakKe MH(pOpMaLUK
0 TOM, KaK COeIMHUTLCS ¢ cepBepoM oObekTa. PasHuily MeXkay IMHAMUYECKHMU U UMe-
HOBAHHBIMU 00bEKTAMU MJLIIOCTpUpyeT puc. 2.18.

MauwuHa cepsepa MawuHa cepsepa
LOuHamuueckuin
ITbINA =
(3akpuiTLii) ofLexT MmeHoBaHHbIN
' (CoBMECTHO UCMONb3yEMbI)
! obbekT
OuvHamuyeckwin )i OuHamuueckun
(3aKpbITbiA) 06BEKT 3apr|'rbm) obbekT i H N\
I ,,I ; \\\
I” 1 ‘ 7 1 N\
/ i \ YpaneHHas / ' \
; N
/ | \€«— cobinka B : \
// H \ / ) AN
° ® [ ] ® ® ®
KnneHT 1 Knuenr 2 KnuenT 3 KnueHT 1 KnueHT 2 Knuent 3
a 6

Puc. 2.18. PacnpepeneHHbie anHamuyeckue o6bekTol B DCE (a).
PacnpepneneHHble MeHoBaHHble 06bekTol (6)

O6paweHue K yaaneHHbim oobektam B DCE

Kak M03kHO 3aMeTUTb, Bce obOpallleHus K yaaneHHbIM 06bexTaM B DCE npoussoasitcest
cpencrBamu RPC. Kinenr, obpaimasicb Kk METO/Ly, EpPeAaeT CepBepy UAEHTH(HHUKATOP
o6bekTa, naeHtndukatop nurepdeiica, corepskallero MeTol, UIEHTH(PUKALUIO CaMO-
ro Metozaa 1 napamerpsl. CepBep noanepxusaet tabauiy 06bekToB. C MOMOLIBIO 3TOM
TabnLbl cepBep, NoNyYuB uaeHTUdHKaTop oObeKTa U uaeHTHduKaTop uHrepdeiica,
MAEHTU(DHUIUPYET 0OBEKT, K KOTOPOMY 0OpaTHJICS KIIMEHT. 3aTeM OH BbiOpaeT 3anpo-
LIEHHBIH METOM U TMepefiaeT eMy NapaMeTphbl.

[TocKoJIbKY cepBep MOXET MOoJIepKuBath Thicsiun o6bekToB, DCE npenocrapsier
BO3MOXKHOCTb He JIep>aTb Bce 00bEKThI B MaMsITH, a TIOMeLIaTh UX NpH He0OXOAMMO-
CTH BO BCIIOMOTraTeJibHOe XpaHHWiIuIle AaHHbIX. Koraa k cepBepy NpUXOQUT 3ampoc Ha
obpateHue K 06bEKTyY, OTCYTCTBYIOLIEMY B TabJiyie OObEKTOB, UCTIONHAIOMIAsT CUCTE-
Ma MOJKET BbI3BaTh CIELHATU3MPOBAHHYI0 (DYHKIHIO OMCKA, KOTOpPasi U3BJIeYET 00Db-
€KT U3 XPAaHWJIMILA U TIOMECTUT €ro B aJ[PECHOE MPOCTPAHCTBO cepBepa. ObpalieHue
K 06bEKTY IPOU30iiZeT TOCJIE €ro NMOMeLIEeHHs B ONIEPATUBHYIO MaMSITh.
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Y pacnpenenentsix o6bexton B DCE nmeercst ogHa npobsieMa, csi3aniasi ¢ Ux
ypesBbiyaiiHoit 6msocteio ¢ RPC: He cyluecTByeT MeXaHM3Ma MPO3PAYHbIX CCLIIOK
Ha 00bekThl. KiteHT uMeer B JiyuiieM ciydae deckpunmop npussasku (binding handle),
aCCOIMUPOBAHHBIA C UMEHOBAHHBIM 0OBEKTOM. JIeCKPUIITOP MPUBS3KU CONEPIKHUT
unentTudrkatop uuTepdeiica, TPAHCIOPTHLIM MPOTOKOJ, UCIOJNbL3YEMBIH LIS CBSI3U
C cepBepoM 00BEKTOB, a TAKXKE A/IPEC M KOHEYHYIO TOYKY XocTa ceppepa. eckpuiirop
NPUBSI3KM MOXKET ObITh IPeo6pPa3oBaH B CTPOKY M B TAKOM BHJIE MEPEAaH APYTOMY
nporeccy.

OTcyTCTBHE MPUEMJIEMOTO MEXAHU3Ma CCBHIJIOK HA OOBEKTHI B MPEAENAX CHCTEMBI
nenaer nepenavy napamerpon B DCE 6oJiee cioxHOM, yeM B GOJIBIIMHCTBE OOBEKTHDIX
cucreM. Paspabotuuk npusoxenuit st RPC [oskeH caM IPHAYMbIBAaTb MEXaHU3M
nepeaayu mapamerpos. Ha nesie ato o3Hauaer, 4To HEOOXOAHMO SIBHO IPOU3BOAUTH
MapIlaJHHT 00LEKTOB [JIsl Mepefiadyd MX 0 3HAYEHUIO U CAMOCTOSITENIbHO CO3/aBaTh
JJ1s1 3TOTO COOTBETCTBYIOIHE MPOLELYPHI.

B kauectBe anbTepHaTHBBI Pa3paboTYMK MOXKET MCHOJIL30BATH JA€JIErHPOBAHHUE.
st atoro u3 crnetubukanuu uHTepdeiica 06bEKTa reHepHpyeTCs CrelHaIbHast 3a-
rayuika. 3arjaymka paboTtaer Kak 000J04Ka HYKHOTO 0O0bEeKTa U COAEPKUT TOJIBKO T
METO/bI, KOTOPble GYAYT BBI3BIBATHCS YAAJEHHBIMU MPOLECCAMH. 3aryllKa MOXKET
ObITh CKOMIIOHOBaHA C JIIOOBIM TIPOLIECCOM, KOTOPBIH XOUEeT UCIT0JIb30BATh ITOT 00b-
ekT. IIpenMyI1ecTBa Takoro MoAX0Aa CTAHOBSITCS IIOHSITHBI, €CJIM BCIIOMHUTb, uTo DCE
paspeliaeT nepeaaBaTh yAajJeHHble CChITKU Ha 3aryIyIIKY B KauecTBe I1apaMeTPOB Bbl-
3080B RPC. CooTBeTCTBEHHO, NOSBJISETCS BO3MOXKHOCTD CCLIJIATHCSA HA OOBEKTDI CUC-
TEMBI ITPU 1IOMOLIM CCHIJIOK Ha 3aryIyILKU.

Hononuurenbhyio nHpopmaumio o o6bekTHoMy nporpammuposanmio 8 DCE moxk-
HO Haiitu B [335, 476].

2.3.6. NMNpumep 2 — Java RMI

B DCE pacnpezesiertbie 06beKTbI ObLIN 100aBJEHB B KAUECTBE PACUIHPEHUS BbI30-
BOB yZlaJIEHHBIX MTpolieayp. BMecTo Toro 4tobbl yKa3blBaTh yIajeHHYIO [IPOIeAypPY Ha
cepBepe, KJIMEHT YKa3blBaJ yAAJEHHYIO IPoLeaypy Ajst oobeKkTa Ha cepsepe. OTCyTCT-
BUe 104006aI0UIero MEXaHH3Ma CCHIOK Ha OOBLEKTHI CHCTEMbI [I014€PKHBAJIO, YTO MBbI
NefICTBUTEILHO UMeeM JIeJIo ¢ NMPOCThIM paciuupeHneM RPC.

BariisiHeM Temnepb Ha pacnpelesieHHble 06BEKThl ¢ aGCOMIOTHO APYrOd TOUKU 3pe-
Hust. B Java pacnpenesieHHble OOBEKTbI HHTETPUPOBAHBL C sI3bIKOM. OCHOBHAs 1eJIb
3TOT0 — COXPAHUTh, HACKOJIBKO 3TO BO3MOXKHO, CEMAHTHUKY HepacrpeaeseHHbIX 06b-
eKToB. J[pyrumMu cjoBaMH, CO3AaTeNN sI3blKa Java CTPEMMJIMChL K BBICOKOMY YPOBHIO
npo3payHocTH pacnpenenenust. OQHaKo, Kak Mbl YBUIHM, CO3/aTeslM Java Takke
PELLUJIH, YTO B TEX CJIy4YasiX, KOTAa BbICOKAsl CTeNEHb PO3PAYHOCTH MOXKET ObITh He-
abdexTiBHa, 3aTPYAHUTENbHA UM HEPEIH3yeMa, PacIpe/ieleHHOCTh MOXET ObITh
SIBHOH.

Mopaenb pacnpenesieHHbIX 00beKkToB Java

SI3bIK Java Takike MoAAepKUBAET pacipe/esieHHbie 00beKTbI HCKIIOUUTENbHO B (hopme
ylaJieHHbIX 06bekToB. HalmoMHNM, YTO yAajIeHHBIH OOBEKT — 3TO pachpenesieHHbIA
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0OBEKT, TEJIO KOTOPOTO NMOCTOSTHHO HAXOAMUTCSI HA OJHON U TOH Xe MauIvHEe, a HHTep-
(helichl HOCTYMHBI YAATeHHBIM mpolieccaM. MHTtepdeiicsl peasn3oBaHbl OOBIMHBIM 06-
Pa3oM uepe3 3aMeCTUTesIsl, KOTOPBIH IPENOCTABJSET Te e WHTepdeichl, YTo u yna-
JeHHbI 06beKT. CaM 3aMeCTHUTeNb MMeeT BUJ JIOKAJIBHOTO 00bEKTa, HAXOASIIIErocs
B IpECHOM TIPOCTPAHCTBE KJIMEHTA.

Mexy yAaneHHbIMH M JIOKAJTBHBIMU OOBEKTAMU CYLIECTBYET JIMIIb HECKOJBKO
PasyMyuil, HO Pa3JMYHs 3TH TOHKU U BXHBL. BO-NepBbIX, 3HAUUTENIBHO Pa3/IHYAETCS
KJIOHHPOBaHUe JIOKAIbHBIX M yAAIEHHBIX 06beKTOB. KiIOHIpOBaHMe JIOKaIbHOTO 00b-
exta O NPUBOAUT K NOSIBJEHUIO HOBOTO OOBEKTA TAKOro e Tuma, 4to U O, B TOYHO
TaKoM 2Ke cocTosiHUM. [Ipolienypa KIOHMPOBaHKS BO3BPALLAET TOUHYIO KOIUIO KJIOHU-
poBaHHOTO 0ObekTa. [TomobHast ceMaHTHKa CJab0 NPUMEHUMA K YAaJeHHBIM O0ObeK-
tam. Ec/ii MbI OMbITaeMCsI O3/aTh TOYHYIO KOMHUIO YAaJIEeHHOrO 00bEKTa, HaM MOTpe-
OyeTcsi KJIOHMPOBATh HE TOJBKO CaM OOBEKT HA €ro cepBepe, HO U 3aMECTHTENb Ha
Ka)KIOM U3 KJIHEHTOB, KOTOpPbIE B 3TOT MOMEHT IIPUBSI3aHbI K YAAJEHHOMY OOBEKTY.
[ToaToMy oOmepanusi KJIOHUPOBAHUS yNAJIEHHOTO OOBEKTa MPOU3BOAUTCS TOJBKO Ha
ceppepe. OHa MPUBOJUT K CO3AAHUIO TOYHOM KOMMH 06BEKTA B aJIPECHOM TIPOCTPAHCT-
Be cepBepa. 3aMeCTUTe b OOBEKTa He KIOHUPYeTcsl. Ecii KJIMEeHT Ha yaajieHHOH Ma-
LIMHE XOYeT MOJIYYUTh JOCTYI K KJIOHY OOBEKTa Ha CepBepe, OH J0JDKEH CHAvasa Bbl-
TOJIHUTD MOBTOPHYIO TIPUBSI3KY K 9TOMY OOBEKTY.

Bosee cyuiecTBeHHOe pasinuue MeXAy JIOKATbHBIMH M YAAJIEHHBIMU OOBbeKTaMU
B Java 3aKiioyaeTcsi B CEeMaHTHKe GJIOKUPOBKU 0OBEKTOB. Java MO3BOJISET IIOCTPOUTD
n1060it 06beKT B BIIE MoHumopa. [l 3TOro JOCTATOYHO OOBSBUTb OJMH U3 METO/IOB
cunxponusupyemoin (synchronized). Eciu aBa npouecca 01HOBpeMEHHO BBI30OBYT CHH-
XPOHU3MPYEMBbIil MeTo, paboTaTh OYAET TOJIBKO OAUH M3 HUX, B TO BPEMsI KaK BTOPOH
OKaXKeTcst 3a6I0KUPOBaHHBIM. TakuM 00pa3oM, MbI MOXEM FapaHTHPOBATh, YTO JOC-
TYI K BHYTPEHHUM JaHHBIM 00beKTa GYIeT OCYLIECTBIISTCS TOJIBKO MOCJIEA0BATENBHO.
Kax u B MOHUMTOPE, TIpoLIECC MOKET ObITH 326I0KMPOBaH ¥ U3HYTPU 0OBEKTA B OXKUAA-
HUU BBIIIOJTHEHUSI HEKOTOPOTO YCJIOBHs, KAK MBI OITUCHIBAJH B ryaBe 1.

Paccyxnast orudecky, 6JI0KMPOBKA B yIaJeHHBIX 0OBEKTaX — JEJI0 HECJIOXKHOE.
[TpeArnosoKuM, 4TO KJIMEHT A BbI3BAJ CHHXPOHU3HPYEMBIif METO/ YIaJIEHHOTO 0ObeK-
ta. UT0ObI MOMYYUTH AOCTYI K yAAJIEHHOMY OOBEKTY, KOTOPBIA BCET/a BHIIJIAAUT TaK
XKe, KaK JIOKaJIbHBIH, He06X01MMO 6JI0KMPOBaTh A Ha yPOBHE KJIMEHTCKOW 3arjyliKH,
KOTOpast peanusyeT uHTepdeiic 06 beKTa U K KOTOPoii A nMeeT npsiMoit gocty. TouHo
TaK JXe 1 APYToil KIUEeHT Ha APYToil MalluHe JOJKeH ObITh GJIOKHUPOBAH JI0 MEPECHIIKU
3ampoca Ha cepBep. ITO 03HAYAET, YTO HAM HEOOXOAUMO OJIOKUPOBATH PA3HBIX KJIMEH-
TOB Ha Pa3/IMYHbIX MalrHaxX. Kak Mbl yBUIUM B IJ1aBe 5, paclipesieJieHHas CHHXPOHU-
3allusl MOXeT OKa3aThCsl I0BOJIBHO CJIOXKHBIM JIEJIOM.

AnbTepHATHUBHBIN NOAXOJ COCTOMT B TOM, YTOOBI NPOHU3BOAUTH OJIOKHUPOBKY TOJIb-
KO Ha cepBepe. B npuHIyIe 310 HEMIOX0 paboTaeT, HO BOBHUKAIOT MPOBJIEMBI C HAPY-
1IeHUsIMM PabOThI KJIMEHTOB B MOMEHT 00paGoTKH cepBepoM ux obpaiueHuit. Kak Mb
YBUMM B Iy1aBe 7, 06paboTKa MOLOOHBIX CUTYaluil TpebyeT JOCTaTOYHO XUTPOYMHO-
Io MPOTOKOJIA ¥ CIIOCOOHA 3HAYUTENBHO CHU3UTD O0MIYI0 MPOU3BOAUTENILHOCTH 0Opa-
LIEHWH K YAaJIeHHBIM METO/aM.

Ioatomy paspabortunku Java RMI orpanuuniu 6710KUPOBKY ynalieHHBIX 0ObEK-
ToB 6s10KHpOBKO# 3aMectuTenel [494]. Ha nmpakTike 3T0 03Ha4YaeT, 4TO MPOCTO MyTEM



124 naBsa 2. CBa3b

UCIIO/Ib30BaHUST CUHXPOHU3UPOBAHHBIX METOJIOB Y/ajeHHblE OGBEKTHI HEBO3MOXHO
3aIUMTUTh OT OJHOBPEMEHHOIO JOCTYIIA NPOLECCOB, PAGOTAIONIMX Yepe3 pa3Hble 3a-
MecTuTeIM. BMecTo 3TOro ciexyer MCHOJIb30BaTh SIBHBIE METOIBI PACIpeleseHHOM
GJIOKHPOBKH.

OOpauieHue K yaaneHHbIM o6bekTam B Java

[TockosbKy pasHHIla MEXIY JIOKAJIbHBIMU U yIaJleHHBIMU 06bEKTAMU Ha YPOBHE SI3bI-
Ka c1abo 3aMeTHa, Java MOeT B Xozie 0OpallleHUi K yIaleHHbIM MeTO[aM CKpBIBATh
6OoJIBIIYIO YACTh pa3nuunii Mexay HuMu. Tax, B xoze obpauteHust RMI B kauectse na-
paMeTpa MOXKeT ObITh NepesiaH J060# MPOCcToit Wi OOBEKTHBIH THII, YTO TIPEAIOJIara-
€T BO3MOKHOCTb MaplIajJIMHIa TUNOB. B TepMuHOOrMM Java 3TO 0O3HaYaeT, YTO THIIBI
cepuanusyemvt (serializable). Xotsi B NIpUHLUIIE CEPUATU3AIMN MOKHO TIOABEPTHYTD
GOJIBIIMHCTBO OOBEKTOB, OHA He BCEraa SIBJSIETCS] AOMYCTMMON HMJIM BO3MOXKHOM.
OO6bIuHO 3aBUCSIME OT MIATGOPMBI OOBEKTHI, TAKUE KaK AECKPUNITOPHI (PailyioB Uiu
COKeTbI, He CepHaTTU3YIOTCS.

EnvHcrBeHHOe pasinyne Mex1y JOKATbHBIMU U yIaJIEHHBIMU 00beKTaMu, HabJ1io-
naemoe B rnpouecce RMI, cocTOMT B TOM, UTO JIOKaJibHble OOBEKTHI MEPEAAIOTC IO
3HaYeHMIO (BKJIIOYasi 60Jible OObEKTDI, TAKKE KaK MACCUBBI), B TO BPEMS KaK yAaJeH-
Hble 0ObEKTHI MIEPENAIOTCS 110 CChLIKE. JIpyruMU CI0BaMu, JIOKaIbHbIe OGBEKTHI KO-
pYIOTCs], ITOCJIe Yero KOTMs UCTIOb3yeTCsl B KauecTBe NapaMeTpa-3HaueHus. B ciayuae
yIaJeHHbIX 0O0BEKTOB B KauecTBe MapaMeTpa HCIOJIb3YETCsl CChUIKA Ha 00bekT, 6e3
BCSIKOTO KOMMPOBaHUsl, KaK MMOKa3aHo Ha puc. 2.17.

ITpu o6pamenuu RMI B Java ccbliika Ha ynaneHHblit 0ObEKT peann3yercsi MMEHHO
TaK, KaK MbI TOBOPUJIM B MyHKTe 2.3.2. JTa CChIJIKA CONEPKUT CETEBOI aipec U KOHeu-
HYIO TOUKY CepBepa, a TakyKe JIOKaJbHBIN HAeHTU(HUKATOP HEOOXOAUMOro 06bEKTa
B aJ[PECHOM IIPOCTPaHCTBe cepBepa. Kak Mbl 06CysKaau, B CChIIIKE Ha YAAJE€HHbIA 00b-
€KT, KpOMe TOr'O, KOAUPYETCsI CTEK IPOTOKOJIOB, UCIOJIb3YyeMbIX KJIMEHTOM U CepBe-
pom 1ist B3aumopeicTBust. UTobbl MOHSTH, Kak npu obpaiteHu RMI B Java koaupy-
€TCsl CTEK MPOTOKOJIOB, HEOOXOIMMO YUUTBIBATh, UTO KXl 0OBEKT Java mpencras-
JsieT coboi aK3eMIUIsip Kiacca. Kiacc )ke, B CBOIO Ovepelib, COAEPKUT peaTu3aluio
onHoro wiu 6oJiee uuTepdeincos.

B cymHocTH, yaaneHHbIi 06beKT IOCTPOEH U3 IBYX Pas3JMyHbIX kjaaccoB. OauH u3
KJIACCOB COJIEPXKUT peau3al1Io Kojla cepBepa U Ha3bIBaeTCsl Kaaccom cepsepa. Kiacc
cepBepa COJEPXKUT PETHU3ALMIO TOM YacTH yJaJeHHOTO 0OBEKTa, KOTOpPasi BBIMOJIHSI-
eTcs Ha cepBepe. [[pyruMy cJIOBaMH, OHa COAEPXKUT OMMCAHUE COCTOSTHUS (IaHHBIX)
06beKTa, a TAKXKE peann3alio MeTo0B 06paboTkH 3Toro cocrostiust. M3 creunduka-
1mu uHTepdeiica 06beKTa reHepUpyeTcs CepBepHast 3aryIyLiKa, TO eCTh CKeJIETOH.

Jlpyroii K1acc comep>KUT pean3aliio Koja KJIMeHTa M Ha3bIBAeTCs KAACCOM KAUECH-
ma. Kjacc KveHTa CoIepKHUT peann3aluio 3aMecTuTess. Kak 1 cKeJIeTOH, 3TOT KJacc
TaK)Ke aBTOMaTHUYeCKU Co3faeTcst U3 crieunbukaunn nHrepdeiica obvexta. B cBoeit
npocreitiieit GpopMe 3aMeCTUTE b JeJIaeT TOJbKO OAHY Belllb — MpeBpallaeT KaskKabIit
BBI30B METOJA B COOOIIEHNE, IEPECHIIAEMOE PEATM3ALINK YAAJIEHHOTO 06 hEeKTa, HAXO0-
Jsiiieiicst Ha cepBepe, a KaXKIoe OTBETHOe cOo0lleHe — B Pe3yJIbTaT BbI30Ba METO/A.
[Tpu xa>x10M BBI30BE OH YCTaHABJIMBAET CBSA3b C CEPBEPOM, pa3pbiBasi ee NocJje 3aBep-
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meHusi Bbi3oBa. [lJisi 3TOr0, KaK y>Ke TOBOPHJIOCH, 3aMECTUTE/Ib HYKAAETCSI B CCTCBOM
ajipece ¥ KOHEYHOH TOYKe cepBepa.

Taxum o6pas3oM, 3amecTuTesab obJanaer Bceit uHdopMaiyeil, HeoOXOANMOI AJsI
obpallleHHs KJIMeHTa K MeToNy yaajieHHoro obbekra. B Java 3amecturenn cepnamm-
3yioTcsi. JpyrumMu cjioBaMy, 3aMeCTHTeNb MOXKHO MOABEPrHyTh MaplIAJMHIY U nepe-
cJaTh B Buze Habopa 6aiiTOB JPyroMy IIPOLECCY, B KOTOPOM OH MOXKET ObITb MOABEPIHYT
obpaTHOii omepauuu (AeMaplIajMHIy) U MCIOJIBb30BaH Uit 00palleHusi K MeTOAaM
yIaaneHHoro oobexta. KocBeHHBIM Pe3yJIbTaTOM 3TOrO SIBJSIETCST TOT (haKT, YTO 3aMec-
TUTEJIb MOeET ObITh UCIIOJIb30BaH B KAaUECTBE CChUIKU HA yAaJIeHHbIH OOBEKT.

ITOT IMOAXOJ COTJIACYETCS C MeTOAAaMHU HMHTCIPallMu JIOKAJbHBIX M paclpezesieH-
HBIX IpunoxeHuit B Java. HamomuumM, yro npu obpautenun RMI sokaibHbiii 06beKT
nepeaercst IMyTeM CO3[aHUs KOTUH, a yIaJeHHbl — yepe3 0OLIECUCTEMHYIO CChLIKY
Ha 0OBEKT. 3aMeCTUTENb TIPEACTaBIsIET 000l POCTO-HANPOCTO JIOKANLHBIH 0OBEKT.
ITO O3HAYAET, UTO CEPUATIM3YEMBbII 3aMECTHTEJIb MOXKHO NepeaBaTh 110 CETH KakK Ia-
pamerp RMI. B pesysibrarte nosiBisieTcsi BO3MOXKHOCTD UCIIOJIb30BATh 3aMCCTUTENb KaK
CCBUIKY Ha yNaJeHHBIH 0OBEKT.

B mpuHUMIe IpU MapUIaJMHTe 3aMeCTHTeJsI BCsI ero peaji3alusi, TO eCTh €ro co-
CTOSIHHE M KO, TIPEBPANIAIOTCS B T10CJIeA0BATENbHOCTh GaiiToB. Mapiuaanur nogob-
HOI'O KOJa He CJUIIKOM 3(hdEKTUBEH 1 MOXKET MPUBECTH K CJIHUIIKOM 0O0HEMHBIM
ccpikaM. [ToaToMy npu MapiajHre 3aMecTUTeJIsI B Java Ha caMOM Jiejie TPOUCXOIUT
reHepalysi IECKPUIITOPA PEANU3AIMH, TOUHO OTPENEeISIIOIIEro, KaKue KJIacchl HeoOXo-
JQMMBI [IJIs1 CO3IaHUsI 3aMeCTUTeNsI. BO3MOKHO, HEKOTOPBIE U3 3TUX KJIACCOB MPUIETCS
criepBa 3arpy3uTb U3 yJaJCHHOro y3Ja. [leckpUITOp peanu3auui B KaueCTBe YacTH
CCBIJIKM Ha yIaJieHHbId OObEKT 3aMeHsieT NiepeaaBaeMblil 1Ipy MapliasmHre Ko. B pe-
3yJIbTaTe CCHLIKU Ha y/aJieHHble OOBEKTHI B Java HMEIOT pa3Mep MOpsiIKa HECKOIbKUX
coteH Gaiir.

Taxkoil 1OAXON K CCBUIKaM Ha ylajeHHble OObEKTbl OTJIHMYAETCS BbICOKOW TI'HMb-
KOCTBIO 1 MPEACTABJsAeT co60il OHY U3 OTIMYHTENbHBIX ocobeHHocTeit RMI B Java
[482]. B wactHoCTH, 3TO 1103BOJISIET ONTUMHU3UPOBATD PEllieHHe 110 KOHKPETHDII 00D-
ext. Tak, paccMOTpUM yaajeHHbIl 00BEKT, COCTOSIHUE KOTOPOTO M3MEHSIETCSI TOJbKO
OnH pa3. Mbl MOXeM MPEBPATUTh 3TOT OOBEKT B HACTOSIIMIT paciipeneseHHblil 06b-
eKT IyTeM KOITMPOBAHMSI B IIPOIleCCe IIPUBSA3KH BCETO €ro COCTOSIHUSI Ha KJIMEHTCKYIO
maumuHy. Kaxxaplit pa3 npyu oOpalieHny KJIMeHTa K METOLy OH paboTaeT ¢ JIOKaabHOU
korueid. YToObl rapaHTMPOBATh COrJIACOBAHHOCTh JAHHBIX, Kaxa0€e oOpalieHne 1npo-
BepsieT, He UBMEHUJIOCH JIM COCTOsIHME 0ODBEKTA Ha cepBepe, U pU HeoOXOAHMOCTH 06-
HOBJISIET JIOKAJBHYI0 KOMUIO. TakuM ke 00pa3oM METOIbl, U3MEHSIOINE COCTOSTHHE
obbekTa, nepenarTcst Ha cepsep. PaspaboTurk yaaneHHOro o6beKkTa JoaXKeH pa3pabo-
TaThb TOJIbKO KOJI, HEOOXOAMMBIH JUUIST KJIMEHTA, U CAeaTh ero IMHAMUYECKH MOATPY-
)KaeMbIM MIPU NPUCOEIMHEHNH KJIMEHTa K OObEKTY.

Bo3moxHOCTb TepenaBaTb 3aMeCTHTEJsI B BUAE NapaMeTpa CYLIECTBYET TOJIbKO
B TOM CJlyyae, ecjIi BCe MPOLecChl paboTaIOT MO YNpaBJIeHUeM OIHOM ¥ TOH e BUP-
TyaJbHOI MaliMHbL. JIpyruMu c10BaMH, KaXAbli npoltecc pabGoTaeT B OAHOM U TOM ke
cpene vucroyHeHusl. [lepeaHHbIi IpY MaplIaJMHIe 3aMECTUTENb IIPOCTO MOABEPTaeT-
sl leMaplUJIMHTY Ha IPUMEMHON CTOPOHE, T10CJjle Yero MOJIy4eHHBIH KO 3aMeCTUTESI
MOKHO BBINOJHATB. B npoTtuBonosoxHocts atomy B DCE, nanpumep, nepenava 3a-
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[JIylIeK HEeBO3MOJXHA, MOCKOJBbKY pa3Hble TMPOIECChl MOTYT 3amycKaThCsl B Pa3HBIX
Cpelax HCHOJHEHUS, OTJIMYAIOUIUXCS SI3bIKOM IMPOrPaMMHPOBAIINs], OMEPALHOHHOM
CHCTEMOMN 1 annapatibiM obecrieyenneM. Bmecto atoro 8 DCE npousBoaurtcst komiio-
HOBKa (IfHAMUYecKasi) C JIOKaJbHOM 3arJyLIKOH, CKOMIIMJIMPOBAHHON B pacyeTe Ha
Cpely MCIIOJIHEHUSI KOHKpeTHoro npouecca. [Iyrem nepegayu ccblIKM Ha 3ariyniky
B Buze napamerpa RPC nocturaercst BO3MOXKHOCTDL BBIXOZA 32 TPaHMLLbl 1Ipoliecca.

2.4. Cea3b NnocpeacTBoOM COOOLLEHUN

BbI30BH yranenHbix mpoleayp 1 oOpalieHnst K yAaTeHHbIM 00beKTaM CroCOOCTBYIOT
COKDBITHIO B3aHMOJIEICTBUS B paclpeie/IeHHbIX CUCTEMax, TO €CThb MOBBILIAIOT I1PO-
3pauHocTb AocTyna. K coxaieHuio, H1 oA H3 3THX MEXaHU3MOB He uaeaen. B vacr-
HOCTH, B YCJIOBHSIX, KOTd HET YBEPEHHOCTH B TOM, YTO NMPUHHMAIOLIAS] CTOPOHA B MO-
MEHT BbIIOJIHEHMsSI 3armpoca paboTaer, MPUXONUTCS MCKATh aJbTCPHATHBHbBIE IYTH
obmena. Kpome Toro, cMHXpoHHYIO 110 ortpeaesicHuio npupoay RPC u RMI, npu xoro-
POil Ha BpeMst OCYIECTBJIEHHS OTIEPALIMH He0OX0AHMO BGJIOKHPOBATh KIHEHTa, BpeMe-
HaMU TOXKEe XOYETCS] 3aMEHUTD YeM-TO JPYTHM.

ITO «4TO-TO Apyroe» — oOMeH cooblieHusiMU. B aTOM pasjesie Mbl cocpenoTo-
YMMCsI Ha MCHOJIL30BAHUM B paclpe/leJIeHHbIX CUCTeMaX B3aHMOACHCTBHSI HA OCHOBE
coobutenni. CHavaa Mbl KPATKO PACCMOTPHUM, UTO TaKOE YUCTO CUHXPOHHOE TI0Be/ie-
HYle M KaKoBbl ero 06JacTy MpUMEHeHus. 3aTeM 06CyAUM cUCTeMbl oOMeHa coobiue-
HUSIMH, HO3BOJISIOIME CTOPOHAM B IPOLIECCE B3aUMOAEHCTBUSI MPOAOJIKATE PabOTy.
W Hakomel, MCCIEAyeM CUCTeMbl ouepeleill coobleHuil, 03BOSIONIe IPoLeccam
obMeHUBATBHCS MH(pOPMaLKei, aske eCid BTOPasi CTOPOHA B MOMEHT HavaJia CBSI3U He
pabotaer.

2.4.1. CoXpaHHOCTb U CUHXPOHHOCTb
BO B3aMMoOAencTBUNX

Yrobbl pa3obpaThCsi BO-MHOXKECTBE aJbTEPHATHB B KOMMYHHKALMOHHBIX CHCTEMAX,
paboTaoummx Ha OCHOBE COOOINEHUIT, PEANOI0KHM, YTO CUCTEMA OPraHM30BaHa M0
NPHHUMNY KOMITBIOTEPHOH CETH, KaK nokas3aHo Ha puc. 2.19. IIpunoxenus scerzia Bbl-
TIOJIHSIIOTCST Ha XOCTax, a KaX/IbIil XOCT NpeaocTan/isieT MHTepdeiic ¢ KOMMYHHKAllMOH-
HOIl CHCTEMON, uepe3 KOTOPbIN COOBIEHUsT MOTYT NepeaaBaThesi. XOCTbl COeUIEHbI
CeTbI0 KOMMYHHKAIIMOHHBIX CEPBEPOB, KOTOPbIE OTBEYAloT 3a nepegayy (MM Mapuipy-
TH3ALMIO) COOBIIEHUs MeXIY XocTaMH. Be3 norepu 06LIHOCTH MOXKHO MPE/IOI0XHT,
YTO KaXKIbI M3 XOCTOB CBSI3aH TOJILKO C OAHHMM KOMMYHHKAI[MOHHBIM CEPBEPOM.
B rnase 1 MbI npeanosarau, yto 6ydepst MOryT ObITh pa3dMeLIeHbl HCKIIOUMTENTBHO Ha
xoctax. J{ist 6osiee 0611ero BapHaiTa HaM CIeAYET PACCMOTPETh BAPUAHTbI C pa3Melile-
HueM Oy(hepoB U Ha KOMMYHHKAIIMOHHBIX cepBepax 6a3oBoii ceTu.

B kayectse mpumepa paccMOTpHUM pa3paboTaHHYIO B MOAOOHOM CTHJIE CHCTEMY
AJNEKTPOHHOI MOYThI. XOCTBI pabOTAIOT KaK I10J1b30BATEILCKUE AT€HThl — 3TO 10JIb30-
BaTeJIbCKHe IMPHUJIOXKEeHUS], KOTOpble MOT'YT CO3AaBaThb, OCLIIATh, IPHHUMATb M YUTaTb
coobiiennst. Kaxplit XOCT COEAMHSIETCS TOJBKO C OHUM TIOUYTOBLIM CEPBEPOM, KOTO-
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pblil SIBJISIETCST IO OTHOUIEHMIO K HEMY KOMMYHHKallMOHHbIM cepBepoM. VHTepdoeiic
T0JIb30BaTENbCKOTO XOCTA Pa3peIlaeT MoJIb30BATENbCKOMY areHTY MOChLIATh cooblie-
HMS 10 KOHKDETHBbIM aapecaM. Koria mosib3oBaTenbCKUi areHT MPeACTaBsieT co00-
lLIEHUE JJIs MepeJady Ha XOCT, XOCT 0OBIYHO MEPECHITIAET ITO COOOIIEHEe Ha CBOM J10-
KaJIbHbIH MOYTOBBIN CepBep, B BHIXOAHOM Oydepe KOTOPOro OHO XPAHUTCSI 10 TIOPBI 10
BPEMEHH.

WNHTepdeinc coobuieHnii

Mepepatownin | KOMMYHUKaLUMOHHbINA KommyHukauuoHHbI  Mepepatowinin
xocT cepsep cepsep xocT
Bydep, He umetowmi |
[ OTHOLUEHUS
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H
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Puc. 2.19. 0606ueHHas opraHM3aumsa KOMMYHMKaLNOHHOM CUCTEMBI,
XOCTbl KOTOPOI COEAUHAIOTCA Yepes ceTb

IMouTtoBbIil cepBep yaajsieT coobllleHre U3 CBOEro BhIXOAHOro Oydepa 1 HIIET, Ky-
lIa er0 HY>KHO NOCTaBWTh. IloMcKy MecTa Ha3HAYeHUsl IPUBO/ST K [TOJIyY€EHMIO aapeca
(TPaHCHOPTHOTO YPOBHSI) IIOYTOBOTO CEPBEPA, LTSI KOTOPOTO NpeHa3HaueHo coobiile-
HUe. 3aTeM MOYTOBBIN CepBEp yCTaHABIMBAET COEMHEHUE U MEPeaaeT COOOIEHNE Ha
Ipyroii, BbibpaHHbiit mouToBbI cepsep. [TocenHuit coxpansieT coobiiieHre BO BXOs-
meM Oydepe HAMEUEHHOTO TMOJIydaTesis, TAK)Ke Ha3bIBAEMOM IOYTOBBIM SIIIMKOM MO-
Jydatensi. Ecau MckoMblii TOUTOBBIN SIIMK BPEMEHHO HENOCTYIIEH, HAITpUMep, OTKJIIO-
YeH, TO XPaHUTh COOOIIEeHNE TIPOLOJIKAET JIOKAJIBHBIN MOYTOBBIN cepBep.

Untepdeiic npuHMMapIlero xocra MpefoCTaBJsIeT MOJb30BAaTEIbCKUM areHTam
CJIy>KOBI, TPU ITOMOIIU KOTOPBIX OHM MOTYT PEryJISIPHO MPOBEPSITh HATUYUE MPUILIE-
uieit moutsl. [Tos1b30BaTEILCKUIA AaTEHT MOXKET paboTaTh HANPSIMYIO C IIOYTOBBIM SIILU-
KOM IIOJIb30BaTeJsisi Ha JIOKAJIBHOM TIOYTOBOM CepBepe WJIM KOIMpPOBaThb HOBBIE CO-
obuieHus: B JIOKaJbHbIll Gydep cBoero xocta. Takum o6pazoM, coobiueHnsi 0ObIYHO
XpaHsSTCsl HAa KOMMYHUKAIIMOHHBIX CepBepax, HO MHOTZA U Ha MPUHUMAIOIIEM XOCTe.

CucreMa 371eKTPOHHOM MOYTHI — 3TO TUIIMYHBII IIPUMED COXpaiHol cessu (persis-
tent communication). TIpu coxpaHHO# cBsI3u cooOleHME, TTPEeAHA3HAYEHHOE JIJIsI OT-
CBIJIKY, XPAHUTCSI B KOMMYHMKAI[IOHHOH CHUCTEMe [0 TeX IOp, MOKa ero He yAacTcst
nepenaTh MoJyvareso. Ecy OTTaJKuBaTbhCsI OT PUCYHKA, MOXKHO CKa3aTh, COODIIEHME
COXpaHsIeTCsl HA KOMMYHUKAI[MIOHHOM CepBepe 10 TeX I0p, I10Ka ero He YAacTCs nepe-
IaTh Ha CJIEAYIOUMI KOMMYHUKAaUMOHHbIA cepBep. [ToaToMy y oTnpasisioniero coob-
leHYe TIPUJIOXKEHUS HET HEOOXOAMMOCTU MOCJ/e OTIPABKU COOBILEHUS MPOAOJIKATD
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paboTy. AHAJIOTMYHO, Y NPUJIOKEHUs, TPUHUMAIOIIETO COOOIIEHMS], TaKKe HET HeoO-
XOJIMMOCTH HaXOAUThCSi B paboyeM COCTOSTHMM BO BPEMs OTIPABKHU COOOIEHHS.

Cucrema cCOXpaHHOIi CBSI3U CPaBHUMA TI0 IPUHLHUITY pabOThI C HOYTOBOM CUCTEMOI
Pony Express (puc. 2.20). OtnpaBka nmucbMa HAuMHAETCSI C JOCTaBKU €ro B MECTHOE
noyToBoe otAeseHye. [louToBOE OTAE/IEeHNEe OTBEYAET 32 COPTUPOBKY MOYTHI B 3aBUCH-
MOCTH OT TOTO, B KaKOe CJIe[yIolllee TOYTOBOe OTAeJeHHe Ha MyTH K KOHEYHOMY MyHK-
Ty JOCTaBKU ee HYXXHO OTIPaBUTb. B HeM Tak)ke XpaHSIT COOTBETCTBYIOIIME CYMKH
C IOYTOH, OTCOPTUPOBAHHOI IO MECTy Ha3HayeHUsl, M XAYT TOSBJIEHUsS JIOWIAAH CO
CBOMM BCAJIHUKOM. B nyHKTe HazHaueHHUs MUCbMa BHOBb COPTUPYIOTCS B 3aBUCHMO-
CTH OT TOrO, 3a0epyT JIM UX aJPECcaThl MPSIMO 3/1€Ch UJIH HY)XKHO MepeiaTh 3TH MHChMa
clenyolleMy NnouTanboHy. OTMETHM, YTO TTMCbMa HUKOTZA HE TePSIIOTCS U He Ipora-
naoT. HecMOTpst Ha TO UTO CcpeAcTBa AOCTAaBKH, TAK K€ KaK U CPENCTBa COPTUPOBKU
nmyceM, 3a MPOUIEANIYIO COTHIO JieT U3MEHUJIMCh, TPUHLIUITBI COPTUPOBKH, XPaHEHUsI
Y NePECBIIKY NMOYTHI OCTAIHUCh HEU3MEHHBIMU.

MouTosoe |~
Jlowaab v BcaaHukK oTneneHe :">
X A
. 4

MouToBoe !! ' MoutoBoe

otaeneHuve oTaenexHne -«

/4 =~ | Mourosoe |7
otaenenvel._
MouTa XpaHUTCA 1 COPTUPYETCA A

B COOTBETCTBUU C NYHKTOM
Ha3Ha4eHuR, 4YTobbI OoTNpaBuUTbCA B NYThb,
Korga nossAaTCs CBOﬁOﬂ,Hble nowagb 1 BCagHUK

Puc. 2.20. CoxpaHHas cBA3b — A0CTaBka NMuceM Bo BpemMeHa Pony Express

B IpOTHBONOMOKHOCTh COXPAaHHOW CBSI3U ITIPU Hepesudenmnoi ceéssu (transient
communication) coobleHne XPaHUTCS B CUCTEME TOJIbKO B TEYEHHE BPEMEHU PabOThI
NPUJIOKEHUH, KOTOpPbIE OTNPABJAIOT U IMPUHUMAIOT 3TO coobuienue. ToyHee roBops
(ecsy onsiTh OTTAIKUBATLCA OT pUC. 2.20), Mbl MeeM JIeJI0 ¢ TAKOH CUTyaluei, Koraa
KOMMYHHUKalIMOHHBIN CepBep, He MMesi BO3MOXKHOCTU Tepenarh cooblileHne caenyo-
1IEMY CEpPBEPY WJIM MOJIyYaTesio, MPocTo yHUuYToXaeT ero. OObIYHO BCE KOMMYHHUKa-
LUMOHHbIE CJIYXObl TPAaHCIIOPTHOIO YPOBHS IOAAEPKUBAIOT TOJbKO HEPE3UIEHTHYIO
cBsI3b. B aTOM Cilyyae KOMMYHUKallHOHHBII cepBep COOTBETCTBYET TPAAULMOHHOMY
MapLIPYTHU3aTOPY <«IIOJIY4YWJ — Iepesa». Eciu MapmpyTusaTop He B COCTOSIHUM Tie-
peciaTth coobleHUe CleayIoleMy MapLUIPYTU3aTOPy WM MPUHUMAIOIIEMY XOCTY, CO-
o011ieHHE TIPOCTO TepPsIeTCA.

[TomMuMO COXpaHHOUW M Hepe3UJEHTHOW CBSI3W CYILECTBYET JejleHHe Ha CUHXPOH-
HYIO0 U aCUHXPOHHYIO CBsI3b. XapaKTepHON 4epTol acunxpounoi cesdu (asynchronous
communication) sIBJsIETCSl HEMeIJIEHHOE 110CJIe OTIIPABKU TMCbMa MPOIOJIKEHHE PaboTh
OTHpaBUTENsI. DTO O3HAYAET, YTO ITMCbMO COXPAHsSIETCS B JIOKaabHOM Oydepe mepe-
JIAIOILEro XOCTa WK Ha GynkaiiiieM KOMMYHUKAllMOHHOM cepBepe. B ciyuae cunxpon-
ot ces3u (synchronous communication) OTIIpaBUTENb OJOKUPYETCS 10 TOFO MOMEHTa,
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T0Ka ero coobuieHue He GyIeT COXPaHEHO B JIOKATbHOM Gydepe NPUHHMAIOIETO X0C-
Ta WM JOCTABJIEHO peajsbHOMY rosyyarento. Hanbosee xectkas GpopMa CHHXPOHHO-
ro B3aMMOJEICTBHUSI IIPEATIOJIAraeT, YTO OTIIPABUTEND OCTaeTCsl GJIOKMPOBAHHBIM U Ha
BpeMs1 00paboTKY €ro coOOLIEHHsI IOy aTesIeM.

Ha npakTuke mpuMEHSIIOTCST pa3inyHble KOMOMHALMK 3TUX THIIOB B3aUMOJEHCT-
Bust. B ciiyyae coxpaHHoO#t acMHXPOHHOM €Bsi3u coobuienne coxpansercst B 6ydepe -
60 JI0KaJIBHOTO XOCTa, IMOO MEPBOr0 KOMMYHHUKAIIMOHHOTO cepBepa. DTOT BUJL CBSA3U
0OBIYHO UCIIOIB3YETCS B CUCTEMAaX 3JIEKTPOHHOIl MOYThl. B ciiyyae coxpaHHO CUH-
XPOHHOI1 CBsI31 COOBIEHNsT XPAHSITCSI TOIBKO Ha IPUHUMAIOLIEM xocTe. OTIpaBUTENb
6JI0KMpYeTCsT 10 MOMEHTa CoXpaHeHus1 coobuienust B Oydepe nosyuarens. OTMeTHM,
4TO MPUJIOXKEHME, NPUHSBIIEe cOObIleHNe, He 00SI3aHO COXPAHSITh €r0 Ha CBOEM JIO-
KaJIbHOM XOCTe. «YceueHHbIH» BaDUAHT COXPAHHON CHHXPOHHOM CBSI3U COCTOUT B TOM,
4TO OTNIPaBUTENb OJIOKUPYETCST 10 MOMEHTA COXpaHeHHs cooOUIeHNsT Ha KOMMYHHKa-
LIMOHHOM CepBepe, COeMHEHHOM C MPUHUMAIOIIUM XOCTOM.

HepesunenTHasi aCHHXPOHHAsI CBsI3b XapaKTepHa Ui CIyKO JdelitarpaMm TpaHc-
noptHoro ypoBHs, Takux kak UDP. Korna npunosxeHue oTrpasisieT coobiieHne, OHO
BPEMCHHO COXPaHsIeTCs B JIOKAIbHOM Oydepe nepenaoliero XocTa, nocje 4ero ornpa-
BUTEJIb HEMeEIJIEHHO NpojosrkaeT paborty. IlapaiienbHo KOMMYHHUKALMOHHAsI CUCTe-
Ma HanpaBJsieT COOOleHHe B TOYKY, M3 KOTOPOH, KaK OXKHAeTCsl, OHO CMOXKET J0C-
TUTHYTb MeCTa Ha3HAueHMsl, BO3MOXKHO, C COXpaHeHueM B JioKanbHOM Oycdepe. Ecin
[OJIyyaTesib B MOMEHT ITPUXO0/a COOOIIEHNsT HA TPUHUMAIOIIMIT XOCT 3TOrO 1oJIyyare-
JIsl HEAKTUBEH, Nepezayda obpbiBaeTcs. [ pyroit npuMep Hepe3uIeHTHOM aCHHXPOHHOM
CBsI3U — aCUHXPOHHDIN BbI30B RPC.

HepesuzeHTHasi CHHXPOHHAS! CBsI3b CYHIECTBYET B Pa3JMYHbIX BapuaHTax. B Hau-
Gostee cnaboii hopme, OCHOBAHHOI Ha MOATBEPXKIAECHHUSIX MpHEMa COOOIIeHITH, OTIpa-
BUTeJIb GJIOKHUPYETCs 10 TeX MOp, MOKa COOBILEHIe He OKAXKETCsl B JIOKalLHOM Oydepe
npuHUMalollero xocra. Ilocse nosayyeHnst moATBEPKAEHUS OTIIPABUTENb POLOJIXKAET
cBoIo paboty. B opueHTHpOBaHHOI Ha AOCTaBKY HEPe3MIEHTHOW CHMHXPOHHOI CBSI3H
OTNIPaBUTENb GJOKUPYETCS 0 TeX MOop, MoKa coobleHre He OyaeT A0CTaBIEHO MOJLy-
yareso s AanbHeiimed o6pa6otku. Mbl paccMarpuBaiu 3ty ¢OpMY CHHXPOHHOIO
0BeJieHUs TIPU 0OCYXKIeHUM acMHXPOHHbBIX BbI30BoB RPC. IIpu acMHXPOHHBIX BLI30-
Bax RPC K/IMEHT CHHXPOHH3UDPYETCs C CEpBEpPOM, OXKHasl, MOKa ero 3anpoc 6yzaer
IIPUHST Ha JajbHeltnryio o6paboTky. Hanbosee sxxecrkast (popma — OpueHTUPOBaHHAs
H2 OTBET Hepe3U/IeHTHAasi CUHXPOHHAsI CBsI3b — IIpeAriosnaraer GJOKHPOBKY OTIIPaBH-
TeJIsl 10 NOJIyYeHUsI OTBETHOrO COOOIEeHHsI C APYroil CTOPOHBI, KAK B MOBEAEHUU 3a-
IPOC-OTBET NPH B3aUMOJEHCTBUM KJIMEHT-CEPBep. JTa CXeMa XapaKTepHa TakXe JJis
mexanusmoB RPC nu RML

Bce coueTaHusi COXPaHHOCTH M CUHXPOHHOCTH NMPH B3aUMOJENHCTBUSIX [TOKA3aHbI
Ha puc. 2.21. JIpyrasi, Ho cxoxas kiaccuduxauus obcy:xaaercsi B [445].

Jlo HemaBHero BpeMeHHW MHOMECTBO paclpelleJIeHHBIX CHCTEM IOJIePKHBaJH
TONILKO OPHEHTHPOBAHHYIO HAa OTBET HEPE3UIEHTHYIO CUHXPOHHYIO CBSI3b, PEATH30-
BaHHYIO Y€pe3 BbI30B YAAJIEHHBIX MPOLEAYD WM Yepe3 0OpallleHust K YAaJeHHbIM 00beK-
tam. ITocsie TOro Kak CTajo sICHO, YTO TOT BMI CBSI3U He BCErJa CaMblii MOAXOASLIMIA,
ObLITM CO3/1aHBI CPECTBA AJISl MeHee XKeCTKUX (JOPM HEPE3UAEHTHON CUHXPOHHOI CBS-
34, TAKMX KaK acHHXpoHHble Bbi30Bbl RPC (cM. puc. 2.13) wim oTyIoKeHHbIE CHHXPOH-
HbI€ OIEePaLHUH.
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B nonyyaet coobluenne PaGoraer, Ho aenaeT O6pabotka
YTO-TO UHOE 3anpoca
8 2
OtnpaBska 3anpoca 1 oxuaaHve Ornpaska 3anpoca
U3BELEHNUA O ero Nony4eHnn 1 OXnaaHue oteerta
A mm—C) - - - - - - - Om—— = A mm—) e e
" W3seuwenne
3anpoc 3BeljeHue 3anpoc 0 nonyyeHm
nonyyeH O Nony4eHut ooy nonyuex Bpewms
: —» S —>
B =0 ——Omm— - - e == B OO ) - - = = = = = = = = =
Pa6otaer, Ho nenaet O6pabotka Pa6oraer, Ho penaeT O6pabotka
YTO-TO UHOE 3anpoca YTO-TO UHOE 3anpoca
a e

Puc. 2.21. lecTb BUAOB CBA3M: COXpaHHas aCUHXPOHHaNA CBA3b (@), coxpaHHas CUHXPOHHas
cBA3b (6), Hepe3naeHTHas aCUHXPOHHas CBA3b (8), Hepe3naeHTHanA CUHXPOHHasn CBA3b
C CUHXPOHM3aumelt No npuemy (2), HepesanaeHTHas CUHXPOHHasA CBSA3b
C CUHXPOHW3aumelt no goctaske (0) U Hepe3naeHTHass CUHXPOHHan
CBA3b C CMHXPOHM3auuei no oreety (e)

B xopHe OT/IMYHBINA MOAXOA MPUMEHEH B CUCTEMAX Iepelay COOOIIeH i, NCITOb-
3YIOIIMX KaK OTIPaBHYIO TOYKY HEPe3UJEHTHYIO aCHHXPOHHYIO CBSI3b U B KayecTBe
JOTIOJTHUTENIbHOIM BO3MOXHOCTH COJEPKAIUX CPEACTBA CUHXPOHHOM cBsidu. OmHaKO
BO BCEX BapHaHTaX Iepelayd COOOLIEHUH B3aMMOAENCTBUS TaKXXe IPEeAIOJIaraloTcs
Mpo3payHbIMU. JpyruMu cJIOBaMH, 3aeiCTBYIOTCS TOJIbKO T€ CPEACTBA CBSA3M, KOTO-
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pble TIONXOMST JUIsi CUHXPOHHBIX 1polieccoB. OrpaHUUNBATBCS UCKIIOYUTETBHO DTH-
MU CPEICTBAMU BO MHOTHX CJIy4yasiX HepeajbHO, 0OCOOEHHO eC/Ii MPUHATH BO BHUMa-
Hue reorpahpuuecKyo MacTabupyeMocTh.

Heob6xonuMocTh B cryx6ax COXpaHHON CBSI3U CTaja OYEBUAHOM, Korga paspabor-
YHKaM TPOrpaMMHOro obecredeHus MPOMeKyTOYHOTO yPOBIIs MOTpehoBanoch HHTer-
PUPOBATH IIPUJIOKEHUS B KPYITHBIE U CUJIBHO Pa3BETBJIEHHbIE B3aUMOCBSI3aHHbIE CETH.
[Tonobuble ceT YacTo pa3bpocaHbl MO PA3IUIHBIM OAPA3IETEHUSIM 1 aIMUHUCTpA-
THBHBIM 30HAM, YaCTU KOTOPBIX HE BCEraa MOTYT OBITh JOCTYIMHBI HeMemieHHo. Ha-
MPHMEP, JOCTYI MOXKET ObITh OTPAHUYEH MO MpUUYHHE COOEB B CETH WJH NPOLECCaX.
Jlist petienuis nogo6HbIX TpobieM 6LUTH pa3paboTaHbl YacTHBIE pellieHus Ha Gase co-
XPaHHOM CBSI3W, HO TIOZOOHbIE PELIEHUSs], KAK JIEFKO TIOHSTD, He BIIOJIHE YIOBJIETBOPSI-
J1 TpeOGOBAHUSIM TIEPEHOCHMOCTH U pabOTOCIIOCOOHOCTH B Pa3HbIX YCJIOBHSIX.

JIpyTHM HEeNOCTATKOM HEPE3UICHTHOM CBSI3M MOXKHO CUMTATDh TOT (DAKT, UTO B Cayyae
BO3HUKHOBEHHS OHIMOKHM HEOOXOAMMO HEMeIJIEHHO 3aMacKHpPOBATbh €€ U 3aIyCTUTh
TpoLeaypPy BOCCTaHOBJIEHHUsI. HEeBO3MOXHOCTD OTJIOXKHTbh BOCCTAHOBJIEHHE B JaHHOM
c/ydyae 03HayaeT HapylleHHe MPO3payHOCTH IO OTKa3aM. B ciyuae ke coxpaHHOM CBsi-
3H NpUJIOXKeHHe pa3pabaThiBaercsl B pacuyere Ha JJIUTEIbHbIE 3aJ€PXKKH MeXIy TO-
CBUIKOI1 COOOLIEeHNs U TToTyYyeHHeM oTBeTa Ha Hero. COOTBETCTBEHHO, Mbl MOXKEM IPH-
GErHyTb K HECJIOKHBIM, XOTSI BOBMOXHO U MEJJIEHHBIM CII0c00aM MaCKUPOBKU OLIMOOK
W BOCCTAHOBJIEHHSI.

Jlo15KHO OBITh TIOHATHO, UTO BbIOOP UCKIIOUUTENBHO MEXKAY HEPE3UAEHTHBIM H CO-
XPaHHBIM TUIIAMH CBSI3H BO MHOTHX CJIy4yasX HellpHemJieM. AHAJIOTHYHO, TOJBKO CHH-
XPOHHBII I aCUHXPOHHBIIM THIIBI CBS3M — 3TO elile He Bce. B 3aBucumocTu ot 3amay
pacnpenesieHHOil CHCTEeMbI et MOryT MoTpeboBaThCs BCe BO3MOXKHbIE THIIbI ¢Bsi3H. Pa-
1iee Mbl TOBOPHJIM B OCHOBHOM O Hepe3ueHTHO# cunxponuoil csssu — RPC u RML
Ipyrue ¢hopMbl B3aUMOAEHCTBUSA, KaK MPABHJIO, MIPEACTABJIEHbI CHCTEMAaMH, paboTalo-
LIMMM Ha OCHOBE Iepeladyl COOOLIEHIMI. DTH CUCTEMBI Mbl OOCYAUM B CJELYIOIUX
IyHKTaxX. MBI IIPOSICHUM Pa3HILy MeXIy Hepe3UJeHTHON U COXPAHHOI CBSI3bIO.

2.4.2. Hepe3npaeHTHas CBSI3b HAa OCHOBE COOOLEeHnIA

MHOXKeCTBO pacripefieJIEeHHbIX CHCTEM M NPHJIOXKEHUH HeIoCpeaACTBeHHO NOCTPOCHO
Ha Gaze 11pocTOd MozenH oOMeHa COOOIIEHUSIMH, TIPEOCTABIISIEMOIl TPAHCTIOPTHEIM
yposHeM. UToObI Jiyyliie MOHATh U OLEHUTL CUCTEMbI, OPUEHTUPOBAHHbIE HA cO0bIie-
11Ms], KAK YaCTH pelIeH il TPOMEKYTOUYHOTO yPOBHs, 06cyanum criepBa ob6meH coobiite-
HUSIMH Yepe3 COKETbI TPAHCIIOPTHOIO YPOBHSI.

CokeTtbl Bepknu

s crannaprusaluy nHTepdeiica TpaHCIOPTHOTO YPOBHS NPEATIPHHHMAIUCH CIIELH-
aJIbHbIe YCUIUSL. DTO JA€aNOoCh JUISI TOTO, YTOOBI MTO3BOUTD ITPOrPAMMUCTAM HCIIONb-
30BaTh TOJHBIH KOMILJIEKT MPOTOKOJIOB OOMEHAa COOOLIEHUSIMM KaK NPOCTOit Habop
npumuTiBOB. KpoMme Toro, cranzaprable HHTep@EChl YIPOLIAIOT IIEPeHOC MpPUJIoXKe-
HUI HA pPyryue MaIllHBbl.

B kauecTBe npuMepa Mbl KPaTKO PacCMOTPUM unmep@elic cokemos, BBeNeHHBIH
B Bepcun UNIX, paspaborannoii B yuusepcurere Bepkin (Berkeley UNIX). [Ipyroi
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BaxXHBIH uHTepdeiic, XTI, npucyTcTByoOUMii B TpaHcnoptHoM uHTepdeiice X/Open,
KOTOPBIH opULMANBHO UMeHYeTCsl unmepgeticom mpancnopmiozo yposus (Transport
Layer Interface, TLI), paspaboran opranuzanueit AT&T. Cokernt u XTI xopoto noa-
XOJSIT K CBOMM MOJIEJISIM CETEBOTO POTPAMMUPOBAHHSI, HO UMEIOT Pa3Hblii HAOOP NMpH-
MHTHBOB.

Konuenryansuo cokem (socket) — aTo KoHeYHas TOYKa KOMMYHMKauuu. B aty
TOYKY ITPUJIOKEHHe MOXKeT 3alMChIBaTh AAHHbIE, KOTOpPble CJefyeT TepecjaTb I10
6a30B0i1 CceTH, M U3 ITOIT TOUKM OHO MOXET YUTATh Npuxozsiue nanHbie. CokeTbl 06-
Pa3yioT abCTPaKIUIO, JIEXAILYIO TIOBEPX PEANTbHOM KOHEUHON TOYKH CETH, KOTopasi pa-
6OTaeT ¢ JIOKATLHOM ONMEPAlMOHHON CUCTEMOIT 10 HEKOTOPOMY TPAHCIIOPTHOMY IPO-
ToKoJy. [lasiee Mbl cocpeOTOYMMCST Ha TpUMUTHBaX coketoB 451 TCP, noka3zaHHbIX
B Tabu. 2.1.

Ta6nuua 2.1. MNpumuTtuesel coketos ans TCP/IP

Mpumutns HasHnaueHne

Socket Co3partb HOBYIO KOHEYHYIO TOHKY KOMMYHUKaLNN

Bind HasHaunTb cCoKeTy nokanbHbill agpec

Listen 0603Ha4YNTL FTOTOBHOCTL K YCTAHOBKE COeANHEHUA

Accept 3ab610kMpoBaTh BbI3bIBAIOLLYIO CTOPOHY A0 NpnbbiTUS 3anpoca 0 CoeanHeEHUN
Connect CoBepLMTL NONBITKY YCTAHOBUTL COeANHEHWE

Send MocnaTb Yepes coegnHeHMEe HEKOTOPbIe AaHHble

Receive MpUHATL U3 coeiIMHEHUS HEKOTOpbIe AaHHbIe

Close PasopBatb coeguHeHne

CepBepbl 0OBIYHO BBINOJHSIOT NMEPBBIC YeThIpe MPUMUTHBA, Yallle BCErO B MpUBe-
neHnoM B tabauue nopsiaxe. [Ipy BhI30Be NpUMUTHBA SOCKet BBI3BIBAIOLIMIA TIPOLIECC
CO3/1a€T HOBYIO KOHEUHYIO TOYKY /JIs1 HEKOTOPOTO TPAaHCIIOPTHOTO NPOTOKoJIa. 3HyT-
pM co3aHie KOHEYHOH TOYKM KOMMYHHKAL[MM O3HA4aeT, UTO JIOKAJIbHAsI ONEPALUOH-
Hasl cUCTeMa pe3epBHPYeT PecypChl sl pa3MelICHHsT IPUXOASIIUX M OTIIPABJISIEMBIX
110 HEKOTOPOMY MPOTOKOJY COOOILECHUIA.

[TpumuTHUB bind BBHITIOMHSIET MPUBSI3KY JIOKAJILHOTO afipeca K TOJbKO YTO CO3AaH-
HoMy cokery. Hampumep, cepsep 0mkeH cBsi3ath [P-angpec cBoeil MalmHbl ¢ HOMe-
poM ropTa (BO3MOXHO, OOLIEM3BECTHBIM) COKeTa. [IpuBsidaka coobiaer onepaioH-
HOI1 CHCTEMeE, UTO cepBep HaMepeH IMOJy4aTh COOOIEHNsI TOJBKO HA YKa3aHHBIE ajIpec
U IOPT.

[IpumuTUB 1isten nMpUMeEHsIETCS TOMBLKO IJisi KOMMYHHUKAIHI, OPHEHTUPOBAHHbIX
Ha coefinHeHre. DTo HeGIOKUPYIOUUi BbI30B, TPEOYIOUIMIA OT JIOKAJIbHOIT ONlepaluoH-
HOM CHCTeMbl 3ape3epBUpoBaTh Oydep 1Js ONpenesieHHOr0 MaKCHMaJIbHOrO KOJMye-
CTBa COEAMHEHHUH, KOTOPOE BbI3BIBAIOIMI MTPOLECC HAMEePEH TOALEePKUBATh.

Boi3oB npumMuTHBa accept 610KMpPyeT BBI3BIBAIOLIMN IPOLECC A0 MPUXOJa 3aIpoca
Ha coearHenue. Koraa aToT 3anpoc npuzeT, JIOKaJIbHas OnepalMoHHasi CUCTeMA CO3-
JIaCT HOBBIH COKET C TEMH e CBOICTBaMH, YTO U y 6A30BOro0, 1 BO3BPATHT €O BHI3bI-
BaloieMy rnpotieccy. Takoit noaxo/ no3BoJisieT cepBepy, HanpuMep, pa3BeTBUTb NPO-
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I1eCC, KOTOPbIil BIOCHEACTBUN OYAET ITONLEPKUBAThH CBSI3b Yepe3 HOBOE COE/IMHEHHE.
CepBsep B 3TO BpeMsi MOXKET BEPHYTBCSI B COCTOSIHME OXHUIAHUS CJIEAYIOUIErO 3arpoca
Ha coellHeHUe ¢ 6a30BbIM COKETOM.

PaccMoTpUM Tenepb, Kak BCE TO BHIIJISAUT CO CTOPOHBI KaKneHTa. U 31ech Bee Ha-
YUHAETCS C CO3AAHUS COKETA IPU MOMOILM TPUMUTHBA SOCKet, OMHAKO B SIBHOM mpu-
BSI3KE COKETA K JIOKAJIbHOMY a[Pecy HeT HeoOXOAMMOCTH, TIOCKOJIbKY OllepallOHHas
CHCTEMA MOXKET AMHAMUYECKY BBIAEJUTD MOPT NMPU YCTaHOBJIEHUHU coenuHenust. [Ipu-
MHTUB connect TpeGyeT, YTOOBI BLI3BIBAIOIMI TIPOLIECC YKa3aJl afpec TPAHCIIOPTHOrO
YPOBHSsI, Ha KOTOPBIN GyneT OTIIpaBJeH 3arpoc Ha coeaunenue. KiumeHt 6iokupyercst
0 TexX HOp, MoKa coenviHeHue He OyneT ycraHosieHo. [Tocsie ycraHoBieHUSI coenu-
HEHMsI CTOPOHBI HAYMHAIOT OOMEeHUBaTbCsi HHGOPMaLHell PH NOMOIIH TPUMUTHBOB
write W read, mpenHa3sHaYEHHBIX JJISL TIOCBUIKM W NpHEMA JaHHBIX COOTBETCTBEHHO.
HakoHel, 3aKkpbiTHe COeIMHEHUsT IPY MCIIOIb30BAHUU COKETOB CUMMETPHUYHO M MO-
XKeT OBITb OCYLIECTBJIEHO KaK KJIMEHTOM, TaK M CEPBEPOM IMyTEM BbI30BA MPUMUTHBA
close. Obias cxema B3aMMOJIEHCTBUS KJIMEHTa U CePBepa € UCTI0JIb30BAHMEM COKETOB
JUIst KOMMYHHUKALUHI, ODHEHTHPOBAHHBIX Ha COeIHEHME, T0Ka3aHa Ha puc. 2.22. MHo-
’K€CTBO MOAPOOHOCTE!!, OTHOCSIMXCS K CETEBOMY IPOTPAMMHPOBAHUIO € UCIIOIb30Ba-
HHEM COKETOB U Apyrux uHtepdeticoB B cpene UNIX, moxHO Haiitu B [438].

Cepsep
[ socket -3 bind ]-»{ listen |- accept r:ad o write —» close |
4 \
Touka CUHXPOHM3aLNK ——>§ ,’I’ 3 \\
* / BaavumopeiicTaue)
[socket | »{connect}»{ writt ——»{ read -] close |
KnuneHt &—___————2

Puc. 2.22. O6uian cxema OpneHTUPOBaHHOIO Ha cCoeuHeEHWe B3auMoAencTBus
C UCNONb30BaHUEM COKETOB

NHTepdeiic nepepaum coodOLeHumn

Pa6otast Ha BbICOKONPOU3BOAUTEBHBIX MYJIbTHKOMIIBIOTEDHBIX CUCTEMaX, pa3paboT-
YMKKM PACCMATPUBAIOT NPUMUTHBBI, ODHEHTHPOBAHHbIE HA Tepenavyy coobIeHni, KaK
CPEACTBO, KOTOPOE 00JIErYUT UM HAMUCAaHHE BbICOKO3(hMEKTUBHBIX MIPUIOKEHUH. DTO
03HayaeT, YTO TaKie ITPUMUTHBDI JOJIXKHbI OAEPKUBATD TOAXOAAIUN YPOBEHD aOCT-
pakiyu (27151 obJieryeHus pa3paboTKu MPUIOKEHUIT), 2 X peann3alus J0JKHA BbI3bl-
BaTb MUHMMYM JOTIOJTHUTEIbHBIX HAKJIAIHBIX PacxoaoB. /LIl COKETOB 3TO CYMTAETCS
HEOCYIIeCTBUMBIM IO ABYM NpHUYUHAM. Bo-TepBbIX, UX ypOBeHb aOCTPAKIIUU SBHO He-
IOCTaTOYEH — OHM NOAAEP)KUBAIOT TOJIBKO MpOCTeHINe IIPHUMUTUBLL send U receive.
Bo-BTOpBIX, COKEThI ObLIU Pa3pabOTaHbI ISl CBSI3U MEX/Y CETSIMU C UCIIOJIb30BaHHEM
CTEKOB NMPOTOKOJIOB 06111ero HazHaveHus, Takux kak TCP/IP. OHu He MoaXoAAT AJs
CHELUANbHBIX NPOTOKOJIOB, Pa3pabGOTaHHBIX AJIsI BBICOKOCKOPOCTHBIX B3aUMOJEHCT-
BYIOLIUX CeTeH, HallpuMep TaKuX, KOTOpble UCNoJb3yIoTcs B cucteMe COW wiun MPP
(MbI paccMaTpuBasu ux B pasgese 1.3). 9ty npotokosl TpebyioT uHTepdeiica, 06a-
JAIOIIET0 MHOXKECTBOM ZOIIOJHUTENbHBIX BO3MOXKHOCTEH, TAKHX KaK Pa3jINn4Hble BApU-
aHThl 6ydepu3aluy U CUHXPOHU3ALUH.
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B pesysbrare GOMBUIMHCTBO B3aUMOAEHCTBYIOMINX CETEN U MYJIbTHKOMITBIOTEPHBIX
CHCTEM OCHAIIATIOCh COOCTBEHHBIMU KOMMYHUKAIIMOHHBIMU GUOIMOTEKAaMU. DT OU6-
JIMOTEKU COJIePKATH MHOXKeCTBO 3¢(h(EeKTUBHBIX BBICOKOYPOBHEBBIX KOMMYHUKAIIMOH-
HBIX TIPUMUTHBOB. Pasymeercs, Bce 6U6IHOTEKH ObLIN abCOJIOTHO HECOBMECTUMBIMU
APYT C APYTOM, 1 TeNepb pa3paboTYMKU MPUJIOKEHUI UMEIOT 0YeBUIAHbBIE IPOOIEMbI
C MEPEHOCUMOCTDIO.

Tpe6oBaHue HE3aBUCUMOCTU OT AMMapaTHOrO 0OeCIieYeHUs MOCTENEHHO MTPUBEJIO
K CO3[aHUIO CTAHAApTa IePeCchIKK COoOOUIeHUIT, HA3BAHHOMY TPOCTO uitmepgeticom
nepedauu coobuwenuii (Message-Passing Interface, MPI). MPI paspabarbiBancss s
TNapaJulesIbHbIX TIPUJIOKEHHH, HO 3aTeM OblL TepeHeceH Ha Hepe3uJIEeHTHOEe B3aUMO-
neiictsue. OH MpeamosaraeT UCIOJIb30BaHHe GA30BBIX CeTell U He MpefyCMaTpUBaeT
HUYEro, HaMOMKHAIOIEr0 KOMMYHUKaMOHHbIe cepepbl (cM. puc. 2.19). Kpome Toro,
OH TIpeNyCMAaTPUBAET, YTO Cepbe3Hbie COOM B CHCTEME, TAKME KaK aBapuu MPOLECCOB
WJI YYaCTKOB CeTH, (paTaJbHbl U HE MOTYT OBITh BOCCTAHOBJIEHBI aBTOMATHYECKH.

MPI npeamnosaraer, 4To CBsI3b IPOUCXOAUT B TNpejiesiax U3BECTHOI IPYMIbI MPO-
teccoB. Kaxknas rpynmna nosyyaet ueHtugukarop. Kaxaplii npouecc B rpyrnie Takxe
nosyyaet uaeHtudukarop (okanbHblit). Ilapa unentuduxaropos (groupID, processiD),
TakuM 006pa3oM, OMHO3HAYHO OMpeJeJISIeT MCTOYHUK WM IOJIydyaTesist COOOIIeHUs
1 UCIOJIb3YETCSI BMECTO aJipeca TPAaHCIIOPTHOTO YPOBHSI. B BLIYMCIIEHUSIX MOXET y4a-
CTBOBaTb HECKOJIbKO, BO3MOXKHO TePEKPBIBAIOIIUXCSI, TPYIII IPOLIECCOB, HCIIOJHSIE-
MBIX OZHOBPEMEHHO.

B ocrose MPI Jiexxat npuMHUTHUBBI TIepefault cooOLEeH i, TToep KUBaloLe 60Jb-
HIMHCTBO BUIOB HEPE3U/IEHTHOrO B3aUMOJENCTBHsI, MOKA3aHHBIX HA puc. 2.21 (8—e),
HauboJiee MOHATHDBIE U3 HUX cobpaHbl B Tab1. 2.2.

Ta6nuua 2.2. HekoTopble n3 Hanbonee NOHATHLIX NnpuMuTMeos MPI

NMpumutus HasHaueHue
MPI bsend MomecTnTb Ucxoasee coobuieHne B NokanbHbI 6ydep oTCbinku
MPI_send MNocnaTb coobuleHne 1 oxuaaTb, Noka oHo He ByaeT cKkonNMpPoBaHO

B JIOKaNbHbIN UK yaaneHHol 6ydep
MP1 ssend MocnaTb coobuieHne 1 oxuaaTb Havana ero nepefayn Ha o6paboTky
MPI_sendrecv Nocnatb coobuieHne 1 oxuaaTe oTeeTa
MPI_isend Mepepnathb cCbinky Ha ucxopasiee coobuieHne n NPoACNXUTL paboTy
MPI_issend MepepnaTthb CCbINKy Ha Ucxoasiuiee cooblieHne n oxuaatb Havana

ero nepegayv Ha o6paboTky
MPI_recv MpuHAaTb coobuierne, 6nokmpoBaTs paboTy B cnyvae ero oTcyTcTBus
MPI_irecv MposepnTb Hannuue BXxoasLmMxX coobLueHunid, He 6nokmpys paboTbl

Daktryecku 6€3 MOAAEPHKKHU OCTATUCH TOJBKO CHHXPOHHbBIE B3aUMOJAEICTBHUS, 110-
KasaHHble Ha puc. 2.21, 2. [lpyrumu cioBamu, MPI He nmoazsep:xuBaeT CHHXPOHU3ALMIO
OTIPaBUTEJSA U MOJIyYaTesIs P Tepefade cOOOLIEHUS TIO CETH.

HepesuaeHTHast acMHXPOHHasI CBsI3b (CM. pHC. 2.21, 8) NOANEPKUBAETCS TPUMUTH-
BoM MPI_bsend. OtmpaBuTesnb OTIpaBisieT coobuieHne Ha mnepenady. OOGbIYHO OHO
criepBa KONMpYeTCsl B JIOKaJbHbIi Oydep ucnonusiioueir cucremsl MPI. Ilocse Toro
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Kak coolleHre CKOMMPOBAHO, OTIPaBUTEJb MpojosiKacT pabory. JlokanabHas Ucnos-
wsiowasi cucrema MPI ynanut coobutetivie u3 6ydepa u npuMeT Mepbl [0 €ro nepesa-
ye TI0JIy4aTesIo cpasy ke, KakK TOJbKO IOJIy4aTesb 3allyCTUT IPUMHUTHUB, OTBEYAIOIUH
3a npueM.

Taxke cymiecTsyeT u onepauus nepeaayd ¢ 6JIOKMPOBKOI, KOTOPas Ha3bIBAETCsI
MPI_send. Ee cemanTuka 3aBucHUT OT peann3auuu. [Ipumutus MP1_send Moxet 610KuU-
pOBaTh OTIPABUTEJSI KAK Ha BPEMSI KOMMPOBAHMS COODIIEHHS B HCTIOMHSIIONLYIO CUCTE-
my MPI na cropone ornpaBuTtesst, Tak ¥ 10 MOMEHTA HHHLIMMPOBAHUS MOJIyYaTeIeM
onepauuu nprema. IlepBbiil ciyyait cCOOTBETCTBYeT aCMHXPOHHOM CBSI3U, MOKA3aHHOMN
Ha puc. 2.21, 2, BTopoit — Ha puc. 2.21, 0.

CHHXPOHHAs! CBsi3b, IIPX KOTOPOIl OTIpaBUTeNb GJOKHPYETCs A0 Nepeaadn coob-
LIeHNsT Ha JaJbHeiiyio o6paboTKy, Kak MoKasaHo Ha puc. 2.21, 0, nomnepxuBaeTcst
[IpY oMo npuMHTHBa MPI_ssend.

U Hakouel, nanbosee xxectkasi (HopMa CHHXPOHHBIX KOMMYHUKAIMiI ITOKa3aHa Ha
puc. 2.21, e. Koraa ornpasuresnb BbI3bIBaeT IPUMHTUB MPI_sendrecv, oH nocbLiaer Ho-
JiydaTesno coobiienve u 6JJ0KMPYyeTcst 10 moJjiyueHus: oTseta. B ocHoBe paboTbl 9TOrO
IPUMUTHUBA JIEKUT 0ObIuHbIN Mexannu3M RPC.

IMpumutussr MPI_send u MPI1_ssend MMeOT BapMaHTbI, MCKJIOYalOLILe HEOOXOAU-
MOCTb KOIMPOBaHUs coobieHus u3 Oydepa mosnb3oBaressi BO BHyTpeHHU Gydep Jo-
KaJIbHOM Mcrnosnsiouleil cucteMbl MPI. 9TH BapuaHTbl COOTBETCTBYIOT aCMHXPOHHOM
cBsi3u. [Ipu nomouu npuMutuBa MR_isend oTmpaBuTesib NepeJaeT ykas3aTesb Ha CO-
obiieHue, nocjie yero ucroJHsomas cucreMa MPI naunnaer Bsaumoneiictsue. OT-
IpaBUTEJIb HEMEAJIEHHO MPOJ0JIKaeT cBo paboTy. UToObl 1136exKaTh U3MEHEHHUs
coo011eHus 10 MOMeHTa OKOoHYaHust ¢Bsi3i, MPI npenocrassisieT NpUMUTUBBL J1st 11PO-
BEPKHU 3aBeplIeHus epesayy Hid, Ipu HeobxoaumocTH, 6okupoBku. Kak u B ciyyae
MR _send, BOIIPOC O TOM, HYKHO JIM peasiblio MepesaBaTh cOOOIIeHe UK A0CTaTOYHO
KOMMPOBaHUsS B JIOKaJbHbiil Oydep ucnosnnsoweit cucrembt MPI, ocrassien na yc-
MOTpeHHue pa3paboTUHKOB.

B ciyuyae Bei3oBa nmpuMuTHBa MR_issend OTIIpaBUTEb TAKXKe NepelaeT UCIOJHSIIO-
uieit cucreme MPI Tosbko ykasatesns. Koraa ncnosnusioniasi cucteMa rmokasbIBaeT, YTO
ona obpaboTana coobuIeHe, OTIIPABUTED YIOCTOBEPSIETCS, YTO MOJIYYATEb TTOYYHIT
coobuieHre U B HACTOsIIIee BPeMsT pabOTaeT C HUM.

Onepaitust MP1_recv BBI3bIBAETCS JIsI IPHEMA COOOIIEHMST U GJIOKUPYET 3alyCTUB-
wuil pouecc 10 npuxonaa coobuienust. CylecTByeT TakKe U aCHHXPOHHBIA BapUaHT
3TOH ornepauuu noA umeHem MPI_irecv, BbBI30BOM KOTOPOIO MNMOJYyYaTe/b MOKa3bIBaET,
YTO OH rOTOB K npuemy coobuienuil. [Tosyyaresns MOXKeT IIPOBEPUTD, UMEIOTCS JIX [IPHU-
1wesiiie cooOLIeHusT, UK 3a0JI0KHPOBATLCS. B 0XKUAAHUYM TAKOBBIX.

CeMaHTHKa KOMMYHUKaIIMOHHBIX NpuMUTHBOB MPI He Bceraa npocra, u uHorzaa
3aMeHa pa3/IMYHbIX IPUMHUTUBOB HUKaK He BJMsieT Ha IPaBUJIBHOCTL NPOrPAMMBI.
Odunmnanbhas NpUYMHA TOMAEPHKKNA TAKOTO PasHOOOpa3usi BAPUAHTOB B3auMOJEHCT-
BUsI COCTOUT B TOM, 4TO padpaborunku cucreM MPI 1oskHbI HMETh Bce BO3MOXXHOCTH
IJIsL ONITUMM3ALMU TIPOU3BOAUTENIBHOCTH. LIMHUKY MOIyT CcKa3aTbh, YTO KOMUTET, KaK
BCernaa, He Halles B cebe cuJ XopolieHbKo moaymars. Murepdeiic MPI 6b11 paspabo-
TaH JJIs1 BbICOKOMPOU3BOAUTENbHBIX IapaJIyIeIbHBIX IIPUJIOXKEHUH, YTO YIPOILAET IMO-
HUMaHHe NPUYHH NOA0OHOTO pa3Ho0Opa3ksi KOMMYHUKALMOHHBIX TPUMUTHBOB.
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Muoxecrso csexennit no MPI conepxxurcs B [185]. Ilonnoe pykoBoAcTBO, B KO-
TOPOM JieTalbHO pa3obpano 6osee 100 ¢pyunkunit MPI, MmoxxHo Haittu B [184, 425].

2.4.3. CoxpaHHasa CB3b Ha OCHOBE COO0LL,eHUi

Hy BOT Mbl U OAOLLIN K BXKHOMY KJIACCY OPHEHTHPOBAHHBIX Ha COOOLIEHHST CIyxKO
NPOMEKYTOYHOTO YPOBHS, H3BECTHBIX KaK cucmembt ouepedeti coobwenuu (message-
queuing systems), WV OPUEHMUPOBANHBIL 1A COOOWENUS NPOMEICYMOUILLE YPOselLL
(Message- Oriented Middleware, MOM). Cuctembi oyepeseit coobiiieHHii co31aio0T pac-
HIMPEHHYIO TIOM/IEPIKKY ACUHXPOHHOM COXPaHHOIT ¢Bsiau. CMBICJ 3THX CUCTEM 3aKJIIO-
4aeTcsl B TOM, YTO OHH NPENOCTaBISIIOT BO3MOXKHOCTD IIPOMEXYTOYHOTO XPaHEHUS CO-
ob1eHN i, He Tpebyst aKTUBHOCTH BO BPeMsI Iiepefayy COOOIEHUI HU OT OTIIPaBUTEIS,
HU OT moayyatessi. X cyniecTBeHHOe OT/IMUME OT COKeTOB bepksin u uHTepdeiica
MPI cocTOUT B TOM, YTO CUCTEMbI OUepesieil COOOIEHH I OObIYHO MpeHa3HAUYEHbI /TS
nojep KK o6MeHa COOOIIEHHSIMY, 3aHUMAIOLIEro MUHYThI,  He CEKYHbI WJIH MUJLIIU-
cekyHAbl. B Hayase Mbl paccMOTpuUM OOUIMH NMOAXOA K CUCTeMaM odepeneil coobiie-
HUH, @ 3aKOHYMUM ITOT IIYHKT CPaBHEHUEM UX C TPAAMUHOHHBIMU CHCTEMaMHU, 1O/ KO-
TOPBIMH MbI [IOHMMAEM CHCTEMBbI 3JIEKTPOHHOII nouThl VIHTepHeTa.

Mopenb ouepeneit coooLeHun

OcHoBHas ujies, Jiexalast B OCHOBe CHCTEM odepesieit COOBIIEHN T, COCTOUT B TOM, YTO
NPUJIOXKEHUS 0OLIAIOTCS MeX Y COOOM MyTeM IMOMeEIeH st COOOUICHUIT B ClielUabHble
ouepeau. ITH COOOIIEHNs IIePeaaIoTCsI N0 LeNoYKe KOMMYHUKAlMOHHBIX CEPBEPOB
U B KOHIe KOHLOB JIOCTUTAlOT MeCTa Ha3HauyeHHs], JaXke B TOM CJIyyae, ecJH IoJyya-
TeJb B MOMEHT OTIPaBKU coobuienust 61 HeakTHBeH. Ha mpakThke 6OJIbIIMHCTBO
KOMMYHHUKALIOHHBIX CEPBEPOB HAINPSIMYIO COEAVHEHDI APYr ¢ APYroM. [IpyruMu cJjo-
BaMH, coolOlueHne OOBIYHO MEPECHITAETCS HEMOCPEACTBEHHO Ha CEpPBEpP I10JIyYaTeJisl.
B npumHuue kaxaoe NpuioxKeHne UMeeT COOCTBEHHYIO OYePeib, B KOTOPYIO MOTYT IO~
ChUIATh COOOUIeHUs Apyrue npuioxenus. Ouepens MoXeT ObITh IIPOYMTAHA TOJIBKO
CBSI3aHHBIM C Hel IIPUJIOXKEHHEeM, IIPU 3TOM HECKOJIBKO MPUJIOKEHUI MOTYT COBMECTHO
HCNOJIb30BaTh OJHY OUY€Peb.

BakHbIE MOMEHT B CHCTEMax oyepeneil COOOIIEHNI COCTOUT B TOM, YTO OTIIPaBU-
TeJib 0OBIYHO B COCTOSTHMM TapaHTHPOBATh TOJIBKO HOMaJaHue COOOIIEHHsT — PaHO WM
MO3/1HO — B ouepenb nosydyaress. Hukakue rapaHTUM OTHOCUTEJIBHO TOTO, OyaAeT Jin
cooblieHye AefiCTBUTEIbHO TPOYMTAHO, HEBO3MOXHBI, 3TO MOJHOCTBIO ONPENEJISeTCs
MOBEZIEHNEM TTOJIyyaTessl.

IMTono6Has cemaHTHKa onpenessieT caabocBsianHoe B3aumozeiicrsre. MimeHHo mo-
3TOMY Y TOJIy4aTesisi HeT HEOOXOAMMOCTH ObITh AKTUBHBIM B TO BpeMs, KOraa coobiie-
HHe TlepechlIaeTcsl B ero oyepelb. TOYHO Tak ke HET HYK/Abl U B aKTHBHOCTU OTIpa-
BUTEJISI BO BpeMsi 06paboTku coobienus noayyareneM. OTIpaBUTe b U MOJTyYaTesb
MOTYT BBITIOJIHATbCST aOCOJIIOTHO He3aBUCUMO ApPYT oT Apyra. Ha camoM zerne, Kak Tosib-
KO COOOlIeHHe TOCTaBJIeHO B OYepelb, OHO OYyAeT OcTaBaThCsl B Heil [0 yaaseHus,
He3aBMCUMO OT TOTO, aKTUBEH ero OTIPaBUTEb WM ero fnoJjydyaresb. JTO, B 3aBUCHU-
MOCTH OT COCTOSIHMSI OTIIPABUTEJISI U TI0JIydaTesisi, AaeT HaM YeTbIpe KOMOWHAIIMHY, 110-
Ka3aHHble Ha puc. 2.23.
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Puc. 2.23. YeTbipe kombuHaumm cnabocea3aHHbIX B3aMMo4encTBni
C Ucnonb3oBaHWeM oyepeaen

Ha puc. 2.23, g xax oTnpaBuTenp, Tak ¥ NOJIyyaTesh B Xo/le BCero mpoiiecca mepe-
nauu cooOlLIeHNs HaXOOATCA B akTHBHOM cocTosHuY. Ha puc. 2.23, 6 akTHBEH TOJILKO
OTIPAaBHUTENb, B TO BPEMsI KaK [OJNy4aresib OTKJIOUEH, TO CCTh HaXOAUTCS B COCTOSI-
HUH, MCKJIIOYAIOIeM BO3MOXKHOCTD AOCTABKU coobuieHms. TeM He MeHee OTIIpaBUTENb
BCe XK€ B COCTOSIHUM OTIPaB/IsATh coobuienust. KomGuauus U3 akTUBHOTO NOJIyYaTe-
JISI ¥ TACCHBHOTO OTIIPABUTEJIsI TIpUBe/leHa Ha puc. 2.23, ¢. B aToMm ciyuae nosyyarennb
MOJET MPOYUTATH COOGUIEHHS], KOTOPble ObLIH MOCJAAHbl €My paHee, HATUYUs pabo-
TAIOIMX OTIIpaBUTeseil aTux coobIeH il TIpH 9TOM coBepleHHo He Tpebyercs. M Hako-
Hell, Ha pHC. 2.23, 2 MbI HaOJTIOIAeM TAKYIO CUTYAIlHIO, KO CUCTEMA COXPAHSIeT U, BO3-
MOJKHO, TlepeiaeT COOOIIEHMsI, IaKe TTPY HepabOoTAOIMX OTIIPABHTEJE U NIOJTyYaTelle,

Coo611eHust B NPUHIMIIE MOTYT COAEPXKATh JoObie faHHble. EXMHCTBEHHO Bax-
HbIIi MOMEHT — OHU JOJIKHbI OBbITh TIPABUIILHO ajipecoBabl. Ha npakTuke ajpecariisi
OCYIIECTBJISIETCST TyTeM IIPeAOCTaBIeHHsT YHUKATIbHOTO B IpefesaX CHCTEMBl UMEHU
ouYepend, B KOTOPYIO HAlPaBJISIETCST THCbMO. B HEKOTOpBIX ciyuasix paamep coodiite-
HHUH MOKeT ObITh OrpaHUYeH, HECMOTPSI Ha TO, YTO, BO3MOXKHO, 6a30Basi CHCTEMA B CO-
CTOSAHUM pa3buBaTh GoJbIIME COOOUIEHUS HAa YAaCTH M COOUPATh X 0OPATHO B eIMHOE
uesoe aGCoOMIOTHO TMPO3payHO sl npuioxeHuil. ekt nogobHoro noaxona —
B TOM, 4TO 6a30BBI uHTepceiic, MPeAOCTaBIsieMblil MPUTOXEHUSIM, B pe3yJbTare
MOYKHO C/IeJIaTh MOTPSCAOIIE TIPOCTBIM. JTO WIIIOCTpUpyeT Taba. 2.3.

Ta6nuua 2.3. ba3osbii UHTEpdeiic ovepean B cucTeMe odepefei coobuleHnin

MpumuTuB HasHauyeHune
Put Jo6aBnTb coobuieHne B COOTBETCTBY!IOLLYIO o4epeib
Get MpuocTtaHoBuTL paGoTy AO Tex Nop, Noka B COOTBETCTBYIOLLEN o4epeamn

He nosBATCA coobLeHns, 3aTeM n3sneyb nepsoe coobieHne

npodoacenue
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Ta6nuua 2.3 (npodoacenue)

MpuMmuTus HasHaveHue

Poll MpoBepuTb Hannune coobLLEHNIA B COOTBETCTBYIOWEN o4epeau, 3aTeM U3Bneyb
nepsoe 13 HMx. Huyero He 6noknMpoBaTtb

Notify BcTaBuTh aeckpuntop ¢yHKUMK, KoTopasa 6yaeT Bbi3aBaHa Mpu noMeuleHnm
coo6uUieHns B COOTBETCTBYIOLLYIO o4Yepenb

IIpuMuTUB put BBI3BIBAETCS] OTIPABUTENIEM Ui Tiepeadyu cooliieHus 6a3oBoii
cucTeMe, T/ie OHO GY/IeT TIOMEIEHO B COOTBETCTBYIOIIYIO o4yepelib. Kak Mol 0GbsicHAM,
3TO HeGJOKUPYIoUHil BbI3oB. [IpUMHTUB get — 3TO GJIOKHPYIOUIHIA BbI30B, TOCPEACT-
BOM KOTOPOTO aBTOPU30BAaHHDIH MPOLIECC MOXKET U3BJIEYh CAMOE CTapoe coobiieHue 113
ornpezeneHHoi ouepenu. Ilpoiecc 610KMPyeTCsT TOJABKO B TOM CJIydae, eCid ouepeib
nycrta. BapuanTtsl 3TOro BbI30Ba BKJIOYAIOT B cebsl TIOUCK B OYEPENH ONpeeeHHOTO
coo01iIeHHsl, HATIPUMEP, ¢ UCIOJIb30BAaHNEM MPHOPHTETOB MM obpasua JJisl CpaBHe-
uus. HebGnokupytomuil BapuanT npeacTtasieH npumMutuBoM poll. Eciu ouepens nyc-
Ta WJIH UCKOMOE cooliienne He HaileHo, BbI3BaBIINI 3TOT MPUMUTHB MPOLECC MPO-
JIOJIXKAEeT CBOI0 paboty.

U, Hakotlel, GOJIBIUMHCTBO CUCTEM Oyepesicil COOOLIEHUI OANePKUBAIOT TaKXkKe
NPOLECC BCTABKU AECKPUNITOpa Qynkiuu o6pamiozo evizosa (callback function), koto-
pasi aBTOMATHUYECKY BbI3bIBAETCSA MPU MOMAJaHUH coollieHust B ouepens. ObpaTHbie
BBI30BbI MOTYT ObITh TaK)K€ MCMOJIb30BAHBI [JIsI aBTOMATHYECKOTO 3alycKa Mpoliecca,
KOTOpBIi1 GyaeT 3a61parh COOOIIEHUsT U3 OYePeH, eCIH HU OJUH MPOLECC B HACTOSI-
wee BpeMs He 3anyuen. [Tonobioe noseneHre 066IYHO peaTU3yeTcs P IOMOIIH Jie-
MOHA Ha CTOpPOHE MOoJlydaresisi, KOTOPbIi TIOCTOSHHO TIPOBEPSIET Ouepe/lb Ha Hajuyue
BXOASIIMX COOBIEHHI U TTOCTYIIAeT B COOTBETCTBUU C Pe3YIbTATAMHU IIPOBEPKH.

O6uwas apxuTeKTypa cucTtemMbl ouepeaeii coooLeHun

[aBaiiTe Ternepb pacCMOTpUM MOOJMKe, KaK BHIIJISIAUT 00001IeHHAsi cUCTEMa ovepe-
aeit coobennii. OIHO M3 NMepPBLIX OrPaHUYEHUIT, KOTOpbIe MBI c/iesiaeM, GyIeT CocTo-
SITh B TOM, YTO COOOLIEHHs] MOTYT OBITh MOMEIIEHBI TOJBKO B JIOKAJbHbIE OYEPEAU
OTIIPaBHUTEJIsL, TO €CTh B OuYepeil, HAXOASIIMEeCs] Ha TOH e caMoil MaulMHe WMJIH, BO
BCSIKOM CJIy4dae, He Jlajibliie, YeM Ha COCeIHeH, TO eCTh MalllHe, BXOASLIeH B Ty e JIo-
KaJbHYIO ceThb. Ilono6Has ouepeslb Ha3bIBAETCSl UCX00AUWel ouepednio (source queue).
AHaJIOTHYHO, NIPOYUTAHBIE COOOUIEHHSI MOTYT OBITh TOJLKO U3 JIOKATbLHLIX O4Yepeseil.
Coobuienne, MOMENIEHHOE B OYEPENb, COAEPKUT OTHcatMe ouepedu nasnauenus (des-
tination queue), B KOTOPYIO OHO JOJIKHO ObITh MepeMemnienio. B 06s3aHIIOCTH CHCTEMDI
oyepeeil cooOIIEHNI BXOANT NPEAOCTABIEHNUE OUEPeieil OTIPABUTENSIM U TIOJTydaTe-
JiM U obecriedeHue repeMeleH s COOOEHHI U3 MCXO/ISILMX odyepeneil B ouepenn
Ha3HAYEHUS.

BaskHo monumMars, uto Habop ouepeseil pasHeceH 10 MHOXKecTBY MaumH. CooTBeTcT-
BEHHO, /Il TOTO YTOObI cHCTeMa ouepesielt cooblenunit Moria repemMeInarb cooblieHusl,
OHa 0JXKHA TIO/IePKUBaTh 0TOOpaXkeHHe ouepelnell Ha ceteBble aapeca. Ha npaxTike
3TO 03HAYAEeT, YTO OHA JOJKHA MOJJIEPKUBATL 6a3y MaHHBIX (BO3MOXHO, pacrpee-
JIEHHY10) umen ouepedeii (queue names) B COOTBETCTBHH C MX CETEBBIM MeCTOMOJIOXeE-
HMeM, KaK M0Ka3aHo Ha puc. 2.24. OTMETHUM, YTO 3TO OTOOPaXKEHHE MTOJHOCTHIO aHATIO-



2.4. CBa3b NocpeacTBoM CoOBLLIEHUM 139

TMYHO HCIIOJIb30BAHUIO CHCTeMbI oMeHHbIX uMeH (DNS) ans 371ekTpOHHOI MOYTHI
WNurepuera. Tak, HanpuMep, AJ1s1 OTCBUIKU IMOYTHI Ha JIOTUYECKUN noumogoli aapec
steen@cs.vu.nl nmoyrosast cucrema 3arpamuBaer y DNS cemesou anpec (1o ectp IP-
azipec) TOYTOBOTO cepBepa IoayJaTesis, YToObl 3aTeM UCIIOJIB30BaTh €ro Jis Mepeaa-
4n cooOLIeHMH.

Mowuck appeca

OTtnpaButens | {—  odepeaun MNonyuatens

Ha TPaHCNOPTHOM
ypOBHe

YpoBeHb
ouyepeau

YpoBeHb
|| oyepeau

Agpec Ha ypoBHe — |

ouepeau
JlokansHas NG JNokansHas
ocC Basa faHHbIX ocC T\
K nowcka agpecos
AZpec Ha TPaHCNOPTHOM

OBHE
CeTb yp

Puc. 2.24. OTHoweHne Mexay agpecauuei Ha ypoBHe oyepeaeli U Ha CeTEBOM YpPOBHE

Ouepeny ynpaBisiioTcst Menedicepamu ouepedeti (queue managers). OObIYHO Me-
HelDKep ouepeliell B3aUMOAEICTBYET HEMOCPEACTBEHHO C OTIPAB/ISIIOIIMMU U [IPUHU-
MaloIuMK coo0LIeHHsT TTPUIIOXKeHUSIMU. CYIECTBYIOT, OJHAKO, U CIICIMATM3UPOBAHHbIE
MeHe[Kepbl ouepeneil, KoTopble paboTaloT Kak MapLipyTH3aTOPbl, UM PETPAHCIISATO-
Pbl: OHU NEPEHANPABJSIOT MPUXOSILIIE COOOUIEHHS APYTHM MeHeIKepaM ouepene.
Takum o6pasoM, cucteMa ouepezieil coobOlIEHUH MOXKET MOCTENEHHO BBIPACTH [0 3a-
KOHYEHHOU osepaeiinoti cemu (overlay network) MpUKIANHOTO YPOBHSI MOBEPX CYILECT-
BYIOIei KOMIIBIOTEPHOH CETH. DTOT MOJAXO0/ CXOX C paHHeil KOHCTPYKLHEH CUCTEMbI
MBone nosepx MHTepHeTa, B KOTOPOii 00bIUHbBIE MMOJIb30BATENbCKHE MPOLECCHl KOH-
¢urypupoBanuch AJsl MapIIPYTU3al[i TPYNIOBLIX PacChUIOK. B Haimt aHu MHorue
MapILpyTU3aTOPbl CaMHU TIOAEPKUBAIOT TPYIIOBblE PACCBUIKM M HEOOXOAMMOCTH B
OBEpJICIHBIX TPYINOBLIX PACCHLIKAX CUJIBHO COKPATHJIACD.

PetpancsiTopst MOTYT ObITh YIOOHBL 110 HECKOJBKUM NpUyYMHaM. Tak, BO MHOTMX
cycTeMax ouepesieil COOBIEHNH He CYLIeCTBYeT 0OUMX C1yK6 UMEHOBaHUs, KOTOpbIE
Morj Obl IMHAMUYECKU MTOAJIEPXKUBATh OTOOpaXKeHHe UMeH Ha aapeca. Bmecto aToro
TOTOJIOTHSI CETH C OYEPEAsIMU CllelaHa CTaTHYECKOil, a KaXKablil MeHelxKep ouepezeit
UMeeT KOMUIO oToOpakeHust ouepeneit Ha aapeca. Henb3si He ckasaTb, YTO B KPYITHO-
MaclITabHBIX CHCTEMax ovepezeil coobIeHMil NOAOOHBIN MOAX0 JIETKO MOXKET IPH-
BECTH K TPYAHOCTSIM B YIIPaBJIEHUH CETHIO.

OnHuM U3 pelieHU 3TOi MPOBJIEMBI SIBJSIETCS UCIIONB30BAHNE HECKOJIBKIX Map-
LIPYTH3aTOPOB, MMEIOIMX MH(OpMaLHIo 0 Tonosorny ceti. Korna ornpasurens A 1o-
MelllaeT B JIOKAJIbHYIO Ouepeab cooblieHue 1Jst oayyaressi B, ato coobiuenue nepBuiM
ZieJIoM TiepenaeTcst Ha Okaiiuuit Mapuipytusatop R, kak rnokasaHo Ha puc. 2.235.
[Ipu aTomM MapupyTH3aTOp 3HAET, YTO JAeJaTbh C ITHM COODLIEHHEM, U TEPeIaeT ero
B HanipaBjieHuM B. Tak, R7 MOXeT MOHSATH 110 MMeHU B, uTo coobiueHue cienyeT nepe-
naTh Ha Mapupyrtusatop R2. Takum o6pa3oM, npu 106aBIeHNH M YAATEHUH OYepe-
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neit obHoBsIeHHEe MH(pOPMALUK MOTPeOYETCs] TOMBKO MapIIpyTH3aTOPaM, B TO BpeMsl
KaK OCTAJILHBIM MeHe[KepaM ovepeledl 10CTaTOuHO OyAeT 3HATb TOJBKO MECTOIOJIO-
XeHue bpKaiiiero MapupyTH3aTopa.
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Puc. 2.25. O606uieHHaa opraHusaums cuctem odepenei coobuieHnin ¢ MapLipyTmsaTopamm

Ciien0BaTesIbHO, MapLUIPYTU3aTOPbl MOTYT NMOMOYb B CO3[aHUM MAaCIITaGUPYeMbIX
cucreM oyepeneit coobigennit. OHAKO 0 Mepe POCTa CETH ouepeneil cOOobLIeHM
CTaHOBUTCSI SICHO, YTO PYYyHOe KOH(HUTYPHUPOBaHUE 3TOIl CETH CKOPO CTAaHET HeBO3-
MOXKHBIM. EJMHCTBEHHBIM pellieHeM OyAeT HCIOJb30BaHHe AMHAMUYECKOH CXeMBbI
MapLIpyTH3alliK, TAKOH e Kak B KOMIbIOTEPHBIX CEeTsAX. B 3TOM OTHOLIEHUH Jlerkoe
yIOUBJIEHHE BBI3bIBAET TOT (haKT, YTO MONOOHBIE pelleHUsl A0 CHUX I10p He BCTPOEHbI
B Kakve-HUOYIb TOMysAPHbIE CUCTEMbI Ouepeiell COOBILeHHil.

Jlpyroii MpUYMHON HMCHOJIL30BAHUSI PETPAHCJSTOPOB SIBJASETCS HUX CIOCOOHOCTD
NPOMU3BOAMTDL BTOPHYHYIO 00paboTKy coobiuenuil. Tak, Hanpumep, B uessax Gesonac-
HOCTY WJIM 3alUThl OT c60eB MoXkeT ObiTh HEOOXOAMMO BeleHHe XKypHasa coobuie-
uuit. CrieuMasnbHblii TUII PETPAHCIISITOPOB, O KOTOPOM MBI TIOTOBOPHM B CJIEYIOLIEM
[YHKTE, B COCTOSHUHM paboTaTh Kak WLIO3, (peobpasdysi coodleHUsT B YAOOHbIH 151
noJsiyyaresist BUA.

U, HaKoHell, PETPAHCIISITOPbI MOTYT MCIIOJIb30BATbCS JIsl TPYIIIOBOM PACCHIIKH.
B atoMm ciyyae Bxopsiiee cooblieH e TPOCTO MTOMELAETCS B KAKAYIO U3 UCXOASIIIMX
ouepenen.

Bpokepbl cooOWeHnn

Baskueiimeit 06s1acTbIo IPUMEHEHUsT CUCTEM Oo4epeliell COOOIIeH il SIBJIsSIeTCS] MHTer-
pauusl CYLUIECTBYIOUIMX M HOBBIX NPHUJIOKEHUH B eAHHBbIE COIJIACOBAaHHBbIE pacrpe-
nejienuble nH(poOpMaoHHble cucteMbl. HTerpauus tpebyer, 4TOObI NMPUIIOKEHHUS
IIOHUMaJIU COOOLIEHHs, KOTOPbIe OHY MoJiydyaroT. Ha npakTHke 3TO 03HAYaET, YTO OT-
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npaBJisieMble COOOUIEHUs] MOJIXKHBI UMETh TOT (DOPMAT, KOTOPOTO OXKUIAeT MoJyya-
TeJIb.

[Tpo6iema nogo6GHOTO MOAX0AA B TOM, UTO KXK/IbIT Pa3, KOTa B CHCTEMY 100aBIIs -
€TCsl HOBOE MPHJIOXKEHUE, OHO MTPUBHOCUT B Hee CBO crierududeckuii hopmar coob-
WEeHUI M KaXAbIH MOTeHIMAJIbHBIA TOJIy4yaTesab JoJKeH HayYHTbCS MOHHMAaTh TOT
(dopMar, Ha ciydaii, ecii OH MOJYYUT COOOUIEHHE OT ITOTO HOBOTO MPUJIOKEHMUSI.

AJIbTepHATMBA COCTOUT B TOM, YTOOBI PUHSTDL €AWHbINA (opMaT coobHIeH i, KaK
9TO OBLJIO CAENAHO C TPAAULMOHHBIMU CETEBLIMU MPOTOKOJaMH. K cOXajeHuIo, 3TOT
HOAXO/ AJISl CHUCTEM odepenieil coobuennit B obuem caydae HenpuMenum. Ipobiema
COCTOMT B ypOBHe abCTpaKiiuii, KOTOPHIMU ONEPUPYIOT 3TH cucTeMbl. Enuubiit ¢op-
Mat coobieHUiT UMEET CMBICI, TOJIBKO ecii Habop MPOLECCOB, UCTIOMB3YIOUHX ITOT
¢dopMmar, B peasibHOCTH AOCTAaTOYHO OAHOTUIlEH. Ecin HaGop MpUJIOKEHHUH, cOCTaB-
JISTIOUIMX pacrpeziesIeHHYI0 UHQOPMAIOHHYIO CUCTEMY, B 3HAYUTEIBHO CTeNneHH pa3-
HopozeH (a Tak OObIYHO M ObIBAET), TO CAaMbIM JIYYLUIMM €IHHBIM (GopMaToM Oyraer
TPOCTast MOCIEA0BATENBHOCTD OANTOB.

HecMmoTpst Ha TO 4TO 11t OTAEJIBHBIX MPHKJIAAHBIX 00JIACTEll MOXKHO ONpeNeaUTDb
CBOM eftiHbIe (HOPMATHI COOOIIEHNH, OOLIMIT TIOAXOM COCTOUT B TOM, YTOOBI HAYYHUTHCS
CYIIECTBOBATh B MUPE Pa3HOOOPa3HLIX (POPMATOB, CTApasiCh MPEIOCTABHThH CPEACTBA
LISt MAKCUMAJIBHO MPOCTOTO Npeobpa3oBaust cooOUEHHIA U3 oiHOTO hopMata B JIpy-
roii. B cucremax ouepeneit coobuienuit npeobpasoBaHue NPOU3BOAUTCS Ha CIIELalb-
HBIX y3JIaX CETH MacCOBOTO 06CIYyKHBAHHsI, U3BECTHBIX TT0]I Ha3BaHIeEM 6PoKepos co-
obwenuti (message brokers). bpoxep coobiienuit paboTaeT KaK ULIIO3 TPUKIALHOTO
YpOBHSI B cHCTeMe ouepefieit coobiienuit. Ero ocHoBHast 3amaya — mpeobpasoBaniie
BXOSINUX COOOIIeHHIT B (hOpMaT, KOTOPBIi MOHNMAETCS [eJIEBBIM MPUJIOKeHneM. 3a-
METHMM, UTO JUJIsI CUCTEMBI odepeneil coobuieHHi 6poKep COOOLIEHHH — 3TO MPOCTO
elle OJIHO TMIPHJIOKEHHE, KaK TOKa3aHo Ha puc. 2.26. IpyrumMu coBaMu, 6pokep coo6-
eHUH 0OBIYHO HE CUUTAETCS HEOTHEMJIEMOM YaCTbhIO CUCTEMBI COOOUIEHUT.

Basa gaHHbIX € npasunamm
KnuenT-oTnpasutens Bpokep coobuieHuin npeobpa3oBaHni  KnpeHT-nonyuartens

Y ¥ ;

y
Mporpamma-
B6pokep

[
L: =1 = F Y YposeHb ';_—
— IinEnln Z| |=|o4epenen =

ocC —T ocC ocC

\__J N

Cetb

Puc. 2.26. O606uieHHan opraHnsaums 6pokepa coobuieHnin B cucteme ovepeaen coobuieHni

Bpokep coobiiennit Moxer npocto nepedopMatuposaTh coobuienus. [Tpeamnono-
KUM, HATIPUMED, UTO BXOJsiiee COOOLIEHE CONEPKUT Tabauily 6aspl JAHHBIX, 3aAMTUCH
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B KOTOPOI1 pa3jieJieHbl ClleliMaIbHbIM pa3/iesinTesieM, a MoJisl B 3aHCH UMEIOT U3BECT-
HYI0 (PUKCUPOBaHHYIO JUIHHY. Ec/iu 11e1eBoe NPHIIOKEHHE PACCUNTAHO HA APYTOH pas-
JleJIUTeNb 3aMKceil ¥ epeMeHHYI0 IJIMHY HOJIel, To 1JIst peobpa3oBaHmst COOOUIEHUH
B ¢opMaT, HCHOJIb3yeMbld MPUIIOKEHHEM-TIOTyYaTesIeM, MOXKHO HCIOIb30BaTh Opo-
Kep cooOLIeHMil.

B GoJiee coBepuieHHOM BapHaHTe GPOKep COOBIIEHUTT MOXKET BBITIOJHSTh 06s13aH-
HOCTH 1IJTI03a IPUKJIAJHOTO YPOBHSI, OCYILECTBJIsIsA, HApUMep, TpeoGpa3oBane noyTo-
BbIX coobimennit mexy cerbio X.400 u Vnteprerom. B atux ciyyasix yacto HeBO3MOX-
HO TapaHTUPOBATh, YTO BCsI MH(ODPMALIMs, COAEPKALIASICS B MPUILIEILIEM COOOLIEHNHN,
JedcTBUTENbHO 6yNeT npeobpa3oBaHa B COOTBETCTBYIOUIME YACTH UCXOASIIETO c006-
wenust. J[pyrumMu cjoBamu, BO3MOXKHO, HaM IPHAETCS CMUPHUTBCS C YACTHYHOM MoTe-
peit undopmaumu B xoje npeobpasosanust [9, 204].

Cepauem 6pokepa coobleHuii spisietcst 6asa JaHHBIX € MPABUJIAMHU, OTIPEENISI0-
HIMMH, KaKHM UMEHHO 00pa3oM coobuienune B ¢popmate X KOHBEPTUPYETCS B CO0OILE-
uue B ¢opmare Y. [Ipobiiema cocrout B onpenesiennu npasui. bosbiumHcrBo 6poke-
POB COOOIIEHNH TIOCTABISIOTCS B KOMILJIEKTE CO CJIOKHBIMU YTUIUTAMH OTIPe/leIeHUsI
HpaBWI, HO B UX OCHOBE IIO-TIPEXHEMY JIEKHUT PYYHON BBOJ MpaBuJ B 6a3y JaHHLIX.
[Ipasuia MoryT hOPMYJIMPOBATHCS HA CIIELMATIBHOM sI3blKe MPpeoOpasoBaHitii, HO B GOJIb-
HIMHCTBE OGPOKEPOB COOOLICHHE BO3MOYKHO TaKKe TIPOrpaMMHOe Npeobdpa3oBaHue ¢ uc-
N0JIb30BaHUEM CTAHAAPTHLIX SI3bIKOB IIPOrPAMMHPOBaHMsI. Y CTaHOBKa Hpokepa coob-
weHn i — 3To 06BIYHO BecbMa HENpocTasi 3azava.

3ameuaHune no cuctemam ovepepneit cooduieHuin

OO6ayMbIBast TO, YTO MbI TOBOPHMJIM MO MOBOAY CHCTEM Ouepesieil COOOINeH T, MBI TTPU-
XOJIM K BBIBO/LY, UTO OHU JIaBHO YK€ CYLIECTBYIOT B BUAE CJIY>KO 3JIEKTPOHHOI TIOYTHI.
CucreMbl 3JIeKTPOHHO MOYTHI OGBIYHO PEATH3YIOTCS NOCPEACTBOM HAbOPa NOYTOBBIX
CepBepoB, KOTOPbIE XPAHSIT U MEPECHUIAIOT MOYTY ISl T0J1b30BaTes e, IPHYeM XOCTbI
TI0JIb30BaTeNIeH COeTMHEHBI C CepBEpOM HampsiMylo. Mapuipytusauust o6bI4HO OTCYT-
CTBYET, [TOCKOJIBKY CUCTEMbI 3JIEKTPOHHOI MOYTHI MOTYT HETIOCPEACTBEHHO HCI0JIb30-
BaTh 6a30Bble TPAHCIOPTHBIE cayx6bl. Taxk, HanpuMep, B OYTOBOM nportokose SMTP,
ucnosab3yeMoM B Uureprere [360], coobuiens mepechialoTCst MyTeM YCTAHOBJIEHHUS
npsimoro TCP-coefyiHeHHsT ¢ IPUHUMAIOIIUM IIOYTOBLIM CEPBEPOM.

CucreMbl 2JIEKTPOHHOM MOYTHI 0OCOGEHHO TTOX0KH Ha CUCTEMBI 04epeseil coobiie-
HMiT CBO€il HaNpaBJIeHHOCTHIO Ha IPeJOCTaBIEHHE HelTOCPEACTBEHHOI NMOATEPIKKH KO-
HEUYHBIM T0JIb30BATE/ISIM. DTO OOBSICHSIET, HATIPUMED, TOYEMY MHOXECTBO TPHJIOXKe-
HUI I TONEPKKY TPYINOBOH paGOThl OCHOBAHBI HEMOCPEACTBEHHO HA CHCTEMAaX
371IeKTPOHHOI nouTsl [234]. KpoMme TOro, cucTteMsl 371eKTPOHHOH MOYTBI MOTYT UMeTh
oueHb crietngHIecKne CBoCTBa, HaNMpUMep CIOCOGHOCTb aBTOMAaTHYecKoU GubTpa-
MK COOOLIeHUH, TIOAAEePKKY CIelnanbHoil 6a3pl AaHHBIX coobiieHMi (Harmpumep,
111 GBICTPOTO MOMCKA COXPAHEHHbIX COOOLIEHUI) U T. 1.

Boobuite ke cucTeMbl ouepesieit coobiieHni mpeqHa3HaueHbl He TOJBKO MU MO
IEPKKM KOHEYHBIX MOJb30BaTeseil. BaxkHoil 006/1acTbi0 UX NPUMEHENHUsT SIBJISIETCS
OpraHu3alust COXPAHHOTO B3aUMOIEHCTBHS MEXY MpoleccaMu, 6e3pasindHo, 3amyc-
KalOT 3T MPOLECCH! MOJIb30BATENLCKHE TPHIIOKEHHsI, 0OCTYKUBAIOT JOCTYN K 6a3e
JaHHBIX, OCYILECTBJISIOT BBIUMCJIEHHS UJIH IeJIAl0T YTO-TO elle. Takoli NoAXo/ npuBo-
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[T K Pa3/IMuusiM B. TpeOOBaHUAX K CUCTEMaM odepelieil COOOLIEHUI U «UUCTBhIM> CUC-
TEMaM 3JIEKTPOHHOM MouThl. Tak, HANPUMEpP, CUCTEMbBI 3JIEKTPOHHOU NMOYThI OOBIYHO
He 06ecrneynBal0T rapaHTHPOBAHHON MOCTABKU COOOLIEHMIl, TPUOPUTETOB coobLIe-
HUH, CPeACTB NPOTOKOJIMPOBaHHUsl, 3 PeKTUBHBIX IPYINOBBIX PaCChLIOK, BbIPAaBHUBA-
HMSI 3aTPY3KH, 3aLIMTLI OT cO0EB M TIp.

TMoaTtoMy cucTeMbl odepeneil coobUIeHUI 0O1IEro Ha3HAYEHUS] BKJIIOYAIOT IIUPO-
KU CIEKTD IPUJIOXKEHHUHN, B TOM YHCJIE MPUIOKEHUH 2JIEKTPOHHOM MOYTHI, paGoynx
[IOTOKOB, CPEACTB IPYMIIOBON paboThl U MakeTHON 06paboTku. OXHAKO MOKET GbITh
HanGosiee BaxkHast 061aCTh IPUMEHEHUsI — 3TO UHTerpalust Habopos 6a3 JAHHBIX WU
NpUI0KeHNH 6a3 JaHHbIX (BO3MOXHO, CUJIbHO PACIpe/esieHHbIX) B HH(GOPMaLUOH-
HYIO CUCTEMY C MHOXeCTBOM 6a3 maHHbIX. I1o 9TON TeMe MOXKHO TIOPEKOMEHIOBATDH
pabotst [337, 416]. Tak, 3anpoc, 3aTparMBalOlMii HECKObKO 6a3 JaHHBIX, MOXKET Hy-
KIaTbCs B pa3buenuu Ha Gojiee MeJIKUE 3ampocChl, IEPEHAITPABJISIEMbIE K OTAEIbHBIM
6asaMm. Cucrembl ouyepesieii COOOLIEHUH TIOMOTAIOT IPEAOCTABISTh OCHOBHbIE BO3MOJXK-
HOCTH YIIaKOBKM Ka’KAOrO M3 I103alPOCOB B COOOIIEHHE M UX HANPaBJIEHHs K COOT-
BeTcTByIOUIMM 6asaM maHHbIX. [[pyrue cpeacrsa cBsi3u, 00CyaaeMble B 9TOil IJiaBe,
MOAXOMAT JJIsl 3TOTO 3HAYUTEBHO XY3Ke.

2.4.4. Npumep — IBM MQSeries

YroObl HaM ObLIO Jierye MOHSTh, KaK peajibHO paboTaloT CUCTEMBI ouepeneil coobie-
HMI, PACCMOTPUM KOHKPETHYIO cuctemy, a uMmeHHO MQSeries kommnanuu IBM [169].
IJTa cucteMa npuobpesia HOMyJ/sSPHOCTb B OTHOCUTELHO TPaAMLMOHHOM Aj1s1 IBM 06-
JIACTH M3iH(PeMOB, KOTOPbIE UCIIOIB3YIOTCS VISl OPraHU3aLMK A0CTyNa U 06paboT-
Ky GoJibminx 6a3 AaHHbIX. BaxkHeiimas obsacts npumeHenuss MQSeries — o6paboTka
(OMHAHCOBBIX AAHHBIX.

0630p

BasoBasi apxuTeKkTypa ceTd MaccoBoro obGciyskupanusi MQSeries BecbMa ImpocTa
(puc. 2.27). Bce ouepenu ynpanisiioTcst menedxcepamu ouepedeti (queue managers).
MeHenxep ouyepeaeil OTBeYaeT 3a U3BJIeYeHHEe COOOLUEHUI U3 BHIXOAHBIX OYepeleil 1
IIEPECHLIKY UX IPYTUM MeHeaKepaM ouepezeil. KpoMe Toro, MeHekep oyepeneit oTBe-
yaeT 3a 06pabOTKY BXOAAIINX COOOIIEHHI, U3BJIEKAEMBIX UM U3 Oa30BOM CETU U COXPa-
HSEMBIX B COOTBETCTBYIOILMX BXOAHBIX O4YepesiX.

MeHenxepbl ouepesieil OMApHO COENUHEHB Kanaramu coobuenuii (message chan-
nels), KoTopble MPeACTaBJAAIOT OO0 a6CTPAKIIMIO COeAMHEHHIT TPAHCIIOPTHOTO YPOBHSI.
Kanasn coobuieHuii — 3TO HeHANpaBJeHHOe HAalEXKHOE COEIIHEHNE MEXKY OTIIPABJIAI0-
UMM Y TIPUHUMAIONIMM MeHeIKepaMU oyepesiel, 0 KOTOPOMY IepelaloTCsl HaXoxsi-
muecss B ouepenu coobuienus. Kanan coobuienuit Ha Gaze MHTepHeTa, HampuMep,
peanusyercs B Buze coequHenust TCP. Kax/apiit U3 AByX KOHIIOB KaHaja COOOUIEHHI
YIpaBJIsieTCsl azenmom xanaia coobuenuii (Message Channel Agent, MCA). Otnpas-
sstiownii areHT MCA 06GBIYHO TOJIBKO TIPOBEPSIET MCXOASIIME OYepeay Ha HajInyue
B HUX COOOLIEHMI, YIIAKOBBIBAET UX B MAKEThl TPAHCIIOPTHOTO YPOBHS U MEPECHIIAET
0 COeAMHEHUIO, COOTBETCTBYOLIeMY npuHuMalouieMy areHty MCA. OcHoBHast 3aaa-
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4a IMPUHHUMAIONIETro areHTa MCA — oTciexuBath NIpUX0J MMaKE€TOB, U3BJIEKATb U3 HUX
COAEPKNMOE U COXPAaHATH U3BJIEYEHHbIE COO6LLI€HI/I$I B COOTBETCTBYIOUMX OYepensx.

Tabnuua Ouepenb KnueHTckas ouepeab
KnueHT-oTnpasutens mMapipyTusauuu OTNpaBku nonyuenus KnueHT-nony4artens
4 \ ¥
MeHempxep MeHenxep i
' I'IporpaMMal ouepepneit ovepene |1 Mporpamma
WHTepdeiic
oyepeau
coobeHuni
R
CepBepHan’ CepsepHas .
3arnyuika MCA|MCA 3arnywka Sarnywka

VALY ‘

NokanbHas ceTb noBanbHas ceTb \
Bbizosbl RPC
(CHHXPOHHbIE) K apyrum yaaneHHbIM )
Mepepava coobuweHni MeHempkepam coobLeHuiA

(acvHXpoHHas)

Puc. 2.27. O606uieHHas opraHusauus cucTeMbl odepeneit coobuieHuit IBM MQSeries

Menezxepsl oyepeneil MOryT ObITh CKOMIIOHOBAHBI C KAKUM-IUOO0 MTPOLIECCOM B €U~
HOe IPUJIOKEHUE, YIIpaBJIsiiollee ouepensiMi. B aToM cirydae ouepeny CKpbIBAIOTCS OT
NPUJIOKEHUH 3a CTaHAAPTHBIM UHTePGECOM, HO HemocpeACTBeHHasi paboTa MpUIIo-
JKEHUST C OuepelsiIMU MOKET OKa3aThcsi Gosee apdbexTrBHOM. [ pyruM BapMaHTOM Op-
TaHM3AIMM MOXeT ObITh 3alyCcK U paboTa MEHEIKEpOB Ouepeseil U MPUIOXKEHUH Ha
pPasHBIX MaliMHaX. B aToM cirydae NPUJIOKEHUSIM INPEIOCTaBJSIETCSI TAaKOM XKe HH-
Tepdeiic, Kak U IpU pa3MelLIeHHU MEHeIXepoB odepe/ieil Ha OJHON ¢ HUMU MalIuHe.
Opanaxo cam uHTepdelic peann3yercs: B BUe 3aMeCTUTeJIsI, KOTOPBIN CBSI3aH C MEHe.-
KepoM ouepesiell TPaAuLMOHHOM CHHXPOHHOI CBsi3bio Ha 6aze RPC. Takum o6pasom,
cuctema MQSeries B cBoeil OCHOBE COXpaHseT MOJeJNb, COTJIAaCHO KOTOPOH JOCTYII
MMEETCS TOJbKO K JIOKaJIbHBIM MO OTHOUIEHWIO K TPUJIOXKEHUSIM OYepensM coob-
I1eHuit.

KaHanbi

Kanassl coobuieHunit npeacTasisioT coboil BaxkHbIiT KoMIoHeHT cuctembl MQSeries.
Kaxzbiii kaHas1 cooO1eHuii MMeeT TOJIBbKO OJIHY CBSI3aHHYIO C HUM OYepeb OTIIPABKU.
U3 3T0i1 0yepenn BHIOGUPAIOTCST COOOIIEHNsI, KOTOPBIE CIIEAYeT MepeciaTh Ha JAPYroun
KoHell kaHaJsa. [lepexaya o kaHAIy MOXKET IPOMCXOAUTD TOJBKO B TOM CJIydae, €C/IU
aKTHUBHBI KaK OTIPABJISIONINY, TaK U npuHUMaloumii areHTsl MCA.

Cy11ecTByeT HECKOJIBKO CIOCOO0B HHUILIMMPOBATh KaHal, aJIbTePHATUBHbIX 3aITyC-
Ky oboux arentoB MCA Bpy4HyIO, U HEKOTOPbIE U3 HUX MBI Ceii9ac PaCCMOTPHM.

OnHOHM U3 anbTePHATHUB SIBJISIETCS] NPSIMOM 3allyCK NPHJIOKEHHEM CBOEro KOHILA
KaHaJa IyTeM aKTUBU3al[My NTpuHKUMaloliero iy nepezaaouero arenta MCA. Ozna-
KO C TOYKU 3PEHHUsI TPO3PAauHOCTU ITO HE CAMLIKOM IpUBJIEKaTeJbHasI albTePHATHBA.
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Bosiee MHTepeCcHBIM TIOAXONIOM K 3amycKy nepedariyezo arenta MCA sBJsieTCsl KOH-
¢urypruposanue oyepeay OTIPAaBKY KaHajla Ha U3MEHEHHME COCTOSIHMSI TPUITepa Ipu
MOMEIEHNUH B OU€Peb EPBOrO COOBIEHHUS. ITOT TPUITED CBSI3bIBAETCSI ¢ 06paboTym-
KOM 3amycka nepenatouero arenta MCA, KOTopbIit U3BJIeKaeT COOOIEHUS 13 OYePenr
OTIPaBKH.

[pyroii anprepHaTuBoil siByisieTcs 3anyck MCA no certu. Tak, eciu ogHa cTopoHa
KaHaJia y)Ke aKTHBHA, OHa MOXeT I10CJIaTh YIpasJisiioliee coobiieHue, Tpebyroliee 3a-
nycka apyroro arenra MCA. Jto ynpasisiouiee cooOlIeHe MOChIIAETCS IEMOHY,
IPOCMAaTPUBAIOILEMY OOLIEAOCTYIIHBIN afpec TOW MalIMHbI, HA KOTOPOiT Mbl XOTHM 3a-
nmyctuth Bropoii areHT MCA.

Kanaspl npekpanaior cBoe CyuieCTBOBaHNEe aBTOMAaTHYECKH [OCJIe TOTO, KaK B Te-
YeHue ONpeleJIEHHOTO BpEMEHHU B 0U€epe/lb OTTIPABKY He MOCTYIUT HU OJIHOTO Cooblie-
HUSL.

Kaxapiit uz arentoB MCA unMeeT cBsI3aHHBIA ¢ HUM Habop aTpuOyTOB, KOTOPbIE
omnpenessioT obiue cBoiicTBa KaHana. Hexoropsle U3 aTux arpubyTOB MEPEUHCIIEHBI
B Tabu. 2.4. 3uayenust aTpubyTOB NpUHUMAOLIEro U nepenawoiiero areitosB MCA
JOJKHBI ObITH coBMecTUMbIMU. O6bIuHO areHTsl MCA noroBapuBaioTcst 06 Ux 3Haue-
HUSX TIepej 3alyCcKoM KaHasa. Tak, HanpuMep, o6a aredta MCA IOJKHbBI, O4€BUIHO,
NOIEP)KUBATH OJMH U TOT K€ TPAHCIIOPTHBIN MpoToKoJ. [Ipumepom HeobCyxaaemo-
ro aTpubyTa MOXKeT ObITh O4YepeHOCTh Tepefayn CoobIEeHn — Ta e, B KOTOPO# Co-
0011IeH ST TTOCTYNAIOT B oYepelb OTNpaBkH, win uHas. Eciau oguH u3 arentos MCA
3amnpatiBaeT oTchblIKy no anroputMmy FIFO, npyroii 06s13aH BHIMOJHUTH 3TO TpeboBa-
Hue. IIpumepom obcyxaaemoro aTpubyTa MoKeT ObITh MaKCUMaJIbHAS JUTMHA COobIte-
HUSI, BEJIMYMHA KOTOPOM MPOCTO BLIOMPAETCS] MO MUHUMAJIbHOMY 3HAaUE€HHIO 3TOTO aT-
pubyta ayst o6oux arentoB MCA.

Tabnuua 2.4. HekoTtopbie atpubyThl areHTa KaHana coobuweHnin

ATpubyT OnucaHue
Twn TpaHcnopTa Mcnonbayemblii TpaHCNOPTHbBIA NPOTOKON
JocTaska FIFO Onpepensert, 4To focTaBka coobLeHni ocyLecTBnAeTcs
B TOM Xe nopsaake, 4To M Nocbinka
AnuHa coobuienuns MakcumanbHana AsimHa ogHoro coobLeHmsa
YctaHoBKa uMcna MakcumanbHoe YMCNo NOBTOPEHWUI NpK 3anycke yaaneHHoro
noBTOPEHUN areHta MCA
MonbiTkK fOCTaBKU MakcumanbHoe Yucno nonbitok MCA noMecTuTb NonydeHHoe

coobLieHne B ovepeab

Mepepaya coobOuweHUs

st mepenaun coobieHusT OMHUM MEHEIDKEPOM ouepeseil Ipyromy (BO3MOXKHO, yaa-
JIEHHOMY) HeoOXO0AMMO, YTOObI KaXk[0e cOoOLeHre Hecsio B cebe aapec Ha3HaYEeHHUS.
[l7s1 TOr0 MCMOMb3yeTCsl 3aroioBoK coobiuenust. Axpec B MQSeries o6pa3oBaH u3
aByx vacteil. IlepBast 4acTb COCTOMT M3 UMEHHU MeHeIXKepa odyepeliei, KOTOPOMY 3TO
coob1eHre A0KHO GbITh ZOCTABIEHO, a BTOPAsl YacTh — 3TO MMsI OUepeau HasHaue-
HUs, cooOILaolee ITOMY MEHEIXKepy, K KaKoil ouepeau 106aBJIsATh COOOLIEHME.
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Kpome axpeca mosyuyatesnsi HeOOXOAMMO TaKXe OINpPEAENUTb MapIIPyT, KOTOPBIM
IOJIKHO clief1oBaTh coobiienue. OnucaHre MapiupyTa TPOM3BOANTCS TyTeM 3aaHusl
MIMEHH JIOKAJIbHBIX ouepe/ieil OTIIPaBKH, B KOTOPbIE 0JIKHO A00aBISTHCS COOOLIEHHE,
Her HeobxoauMocTH 3anaBaTh B COOOLIEHUHU TOJIHOE ONMHCaHMe Mapuipyta. Hamom-
HUM, YTO KaXKAbIil KaHa COOOIEHUI UMEET BCEro OJHY Ouepelb OTIIPABKH. YKa3as,
B KaKyl0 ouyepellb OTIPAaBKH AOJKHO ObITh n06aBieHO cooblieHre, Mbl OXHO3HAYHO
OIIpeZieJIUM, KAKOMY COCEIHEMY MeHelKepy odepeneidl OGyner meperaHo 3TO CO00-
IeHHe.

B 60/1p1IMHCTBE CJIy4aeB MAPUIPYTHI SIBHO COXPAHSIIOTCS B Tab/IMI[aX MapILIPyTH3a-
MY BHYTPH MeHeKepoB ovepezieil. 3amuce B Tabsiniie MapUIPyTH3ALMH TIPeCTaBIs-
eT coboii napy (destQM, sendQ), rne destQM — uMst MeHeKepa ouepesiel, NoIyYaro-
wero coobuienue, a sendQ — UMsl JIOKaJIbHON ouepeay OTIPaBKH, K KOTOPOil Ciienyer
N06aBsATh COOOIEHUsT /ISl ATOr0 MeHe/PKepa. 3anuch B TabJuile MapUIpyTH3aluu
B MQSeries HasbiBaetcs ncesdonumom (alias).

B03M0XHO, COOBILEHHIO 10 TPUXO/A K aApecary MPUAETCS MUHOBATb HECKOJbKO
MeHeKepoB ovepenieil. Besikuil pas, Koraa mogoOHbIA POMEXYTOYHBIA MeHeIKep
oyepesiel nosrydaet cooblleHre, OH MPOCTO U3BJIEKAET U3 3aT0JIOBKA COOOILEHNS UMSI
MeHe/XKepa o4yepesieil, KOTOPOMY a[PeCcOBaHO COOOILEHHE, U TPOCMATPUBAET TabIHLLy
MApILpPYTHU3ALMHY, OTHICKUBAS JIOKAJIbHYIO OYepelb OTIIPaBKH, B KOTOPYIO CJIENyeT H0-
6aBUTD 3TO COOOIIEHHE.

BasxHO NMOHSITH, UTO KAl MeHEMXKep oyepesieil MMeeT YHUKAJIbHOE B Ipeesax
CUCTEMBI MMsi, KOTOPOE MOXXHO YCIEUIHO HMCIOJIb30BaTh /sl UAEHTU(PHUKALUU ITOrO
MeHekepa ouepeneit. [Ipo6ieMbl MOTYT HOSIBUTBCS B CJIy4ae CMEHbI MEHeIKepa oue-
peleil UM U3MEHEHUsI eT0 UMEHHU, 3TO MOBJIMSIET HA BCE MPUJIOXKEHUS, TIOChLIAIOIINE
eMy COOOIeHUs. DTy TOTEHUHANBHYIO TPO6GIEMY MOXHO OCJIa0UTh IIYTEM HCIOJIb30-
BaHMs B KaueCTBE UMEH MEHEIKEPOB ouepeselt sokanvivix ncesdonumos (local alias).
[IceBnoHuM, onpe/iesieHHbI B MEHeKepe ouepeneit M1, — 9To Ipyroe UMst MEHEIKe-
pa ouepezneit M2, OCTYNHOE TOJBKO IJIsl IPUJIOKEHUH, pabotaroumx ¢ M7. Ilcesno-
HUM TO3BOJISIET UCIIOJIb30BAThH [JIsl OUEPE IPYyroe UMsl (JIOTMYeCKOe) Jaske IpH CMeHe
MeHe[Kepa odepe/ieil, OTBEYAIOLIEro 32 JaHHYI0 oyepenb. V3aMeHeHHe UMEHU MeHel-
JKepa odepeleil 03HayaeT CMeHy €ro NCEeBJIOHMMA BO BCEX MeHeKkepax ouepeneid. [Ipu
3TOM Ha MPUJIOXKEHUSIX 3TO HUKAK He OTPa3uTCsl.

[TpyHUMI UCTIOIB30BaHUS TabIML MAPLIPYTHU3ALUH U TICEBAOHUMOB ILTIOCTPUPYET
puc. 2.28. Tak, HanpuMep, IPUIOXKEHKE, COeIMHEHHOE C MeHeKepoM odepeneilt QMA,
MOXET CChLJIATbCsl HA yJajJeHHBbIH MeHeIXkep ouepeneil, MCIONb3Ysl ero JIOKATbHBIN
ncesnoHuM LA 7. MeHenxep ouepeneil mepBbIM [€JI0M MILIET B Tabulle TICEBAOHUMOB
HCTUHHOE MECTO Ha3HauyeHWUs, KAaKOBbIM OKa3bIBaeTcsl MeHeaxep odepeneit QMC.
Mapupyt Ha QMC uuiercst B Tabnlle MaplIpyTH3al1H, COTJIACHO KOTOPOM coobiie-
Husa 1151 QMC nomxHbl J06aBAATHCS K ouepeau oTnpasku SQ7, KoTopasi UCIIOJIb3yeT-
sl IS IEPECHIIKU coobLIeHmnit MeHemkepy odepeneit QMB. locennuit ¢ moMouibio
CBO€ii TabIMLBI MapLIPYTH3aLUH [iepecbliaeT coobuienne Menemxepy QMC.

PyKkoBOACTBYsICb TaKMM NOJAXOAOM K MapLIPYTH3allMM U IIPUCBOEHUIO IICEBAOHU-
MOB, MBI IIPUXOAMM K OTHOCHUTEJbHO IIPOCTOMY TIPUKJIAJHOMY IIPOrPAMMHOMY HHTEp-
(eiicy, KOTOpPbIi Ha3bIBaeTCs unmepeticom ouepedeii coobuenuti (Message Queue
Interface, MQI). Hau6onee Baxxusie npumutusbl MQI cobpaHsl B Tabu. 2.5.



2.4. CBA3b NOCpPeaCcTBOM COOBLLEHUN 147

Tabnuua Tabnuua
NcesaoHUMOB MapLUpyTU3auuu Tabnuua Tabnuua
LA1 JQMC] QMB[SQ1 NceBAOHWMOB MapLipyTusauum
LA2 [QMD!  |QMC[SQ1 LA1[QMA| [QMA[SQ1
QMD[SQ2 LA2 |[QMD| |QMC|SQ1
QMD|SQ1
sozi_?l L:JS(“ 5
ama L-_jsm
QMB

Tabnuua
Tabnuua
Mapuwpytusauum sQ1 IHF QMC mapuipyTusaunm
QMA|SQ1 QMA|SQ1
SMCB: gg% sQ2 [11H QMB[SQ1
Tabnuua QMD|SQ1
ncesgoHUMOB
~| SQ1
I
amD

Puc. 2.28. O606weHHas opraHn3auma cetu ovepeaein MQSeries ¢ ucnonb3oBaHmem
Tabnuu, MapLpyTM3aLmmn 1 NCeBAOHNMOB

Ta6nuua 2.5. Mpumutneel MQI ansa cuctemoi IBM MQSeries

Mpumurtues OnucaHue

MQopen OTKpbITb 04epenb (BO3MOXHO, yAaNeHHYIo)
MQcTlose 3akpbiTh o4epenb

MQput NMomecTnTb coobLLEeHNE B OTKPbLITYIO o4epeab
MQget MonyunTb coobuieHne U3 nokanbHoM oyepen

[l1st nomelietyst COOOLIEHYS B 04Yepeb TPUIOKEHHE BbI3bIBAET IPUMUTHUB MQopen,
onpe/esIsIOIINIA 0uepeib, 1Jisk KOTOPOii mpeHa3HaYeHO COOOLIeHHe 01 YTIIpaBIeHeM
HEKOoero MeHepkepa ouepeneil. Menemxep oyepezieit MoxkeT GbITh yKa3aH C UCIIOIb30-
BaHUEM JIOKQJILHO JOCTYIHOro 1cesaoHuMMa. HesaBucumo ot Toro, sSiBjisieTcst MM HeT
ouepe/lb MOJNYYeHUs] PeabHO yaaleHHOl, OHa abCOMIOTHO Mpo3payuta s TPUIIoKe-
uuit. Ecin npusioxeHHe 3aX04eT HOTy4yaTh COOOIIEHNsT U3 CBOELT JIOKATBLHOMN ouepeny,
MO’KHO BbI3BaThb NPUMUTUB MQopen.

Jlist uTeHnst BXOASLIUX COOOLIEHUH MOXKHO OTKPBITh TOJBKO JIOKAIBHYIO OYepeiib.
Korna npusoxenne 3akaH4nBaeT cBol0 paboTy ¢ OYepeIbio, OHO MOXKET 3aKPBITh ee
BbI30BOM npumuTUBa MQclose.

Coobuienvist MOTyT GbITh 3aITUCAHDI B OYepelb MJIM CYUNTAHBI U3 Hee MyTeM UCHOJb-
30BaHMSI COOTBETCTBEHHO NMPUMUTHUBOB MQput 1 MQget. B mpunuumne coobuieHns ussie-
KaIOT U3 OuYepeaH Ha OCHOBaHMH UX npuopuTera. CoobLIEHNSs C OMMHAKOBBIM IIPUOPU-
TETOM H3BJIEKAIOTCSA U3 ouepeld IO NPUHLUITY NEPBBIM NpPUUIeS] — IepPBLIM yLIes
(FIFO), 1o ecTb no7bllie BCEX HAXOMSLIMECS] B OYEPenH COOOIIEHUS] M3BJIEKAIOTCS
nepBbiMi. KpoMe TOro, MOXHO 3anpOCUTb KOHKpeTHOe coobuieHHe. M HaxoHel,
MQSeries npenocrasJsieT cpeJCTBa /IS YBeIOMJIEHHST IPUJIOXKEHHEL O TpUX0/ie CO00-
LeHUH. JTO M03BOJIsSIeT MPUJIOXKEHHSIM He ONpauIMBaTh MOCTOSIHHO oyepenb Ha Ipe-
MET MPHX0/Ia HOBBIX COOOILEHU.
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2.5. CBa3b Ha OCHOBE NOTOKOB A aHHbIX

Moent B3auMo1edcTBHsI, 06CYXKIaBIIHECS BbIlIIE, Kacaauch oOMeHa GoJiee NI MeHee
He3aBHCHMBIMH, 3aKOHUEHHBIMU NOpUMAMH ullpopmaund. IIpuMepaMi TaKoBbIX sIB-
JISTIOTCsI 3aMIPOCHL M 0OpallleH s K IIPOLIEAYPaM, OTBETHI HA MOA0OHbIE 3aIPOChl H 0OMEH
COOOLIEHUSIMU MEXKIY TPUJIOKEHUSIMU B CHCTEMAX odepeneil coobuennit. Xapakrep-
HOU uepTOd MOoA06HOro B3aMMONEHCTBUS SIBASETCS €ro UHAUGDGEPEHTHOCTD K TOMY,
B KaKoif KOHKPETHO MOMEHT BpeMeHH OHO npoucxoaut. Hecmorpst Ha To, paboraer
cHCTeMa OYeHb OBICTPO HITM OYEHDb MEJIJIEHHO, 3TO HUKAK He CKa3bIBAeTCs Ha KOPPEKT-
HOCTH ee paGoTBhI.

OpHako cyiecTBYIOT (OpMBbI B3aUMOJEICTBHS, B KOTOPBIX BpeMeHIble XapaKTe-
PUCTHKM MMEIOT penaoulee 3HaueHue. PaccMoTpuM, HanpuMep, TOTOK ayANOIaHHBbIX,
COCTOSILIMH U3 MOCJAeN0BATENbHOCTH 16-61THBIX BBIGOPOK, KX Aasl H3 KOTOPBIX Tpel-
CTaBJsieT cobOi aMIUIMTYAy 3BYKOBOW BOJIHBI B MMITYJIbCHO-KOLOBOIl MOIYJISILIUH.
[TpennonoxuM Takke, YTO IMOTOK ayAMOJAHHBIX MMEET KaueCTBO KOMMAKT-AHUCKOB,
a 3TO 3HAYMT, YTO MCXOAHBII 3ByK Obl1 ouudposan ¢ yacroToit 44 100 I'u. [Ins Boc-
NpoM3BeJeHUsT 3ByKa HEoOX0AMMO, YTOOBI BBHIOOPKH ayAHMONOTOKA IPOUIPBIBATHCH
B TOM e MOpsIIKe, B KOTOPOM OHM NTpeJCTaBJeHbl B IOTOKE JAHHBIX, 1 C HHTEPBaJaMU
posHo 1o 1/44100 c. Bocripoussenenue ¢ 1pyroii CKOPOCTHIO CO3AACT HEBEPHOE Npes-
cTaBJieHie 00 CXOIHOM 3BYKe.

B aTom paszesie Mbl pacCMOTPHM BOIPOC O TOM, KaKHe CPeACTBA MOTYT Ipeso-
SKUTh HaM paciipeesieHHble CUCTEMBI JUJIst paGoThl ¢ MH(bOpMalMeil, KPDUTUUHOM K Bpe-
MEHHBIM XapaKTepPUCTHKaM Ilepellauyl, TAaKoil KaK BHUAEO0- M ayAHONOoToKH. PasiauyHble
ceTeBble MPOTOKOJIbI /IS B3aUMOZIEHCTBUsI Ha 6a3e MOTOKOB JJAHHBIX PACCMATPUBAIOT-
cs B [192]. B [434] umeeTcs ycuepinbiBaollee BBeJileHUe B BOIIPOChI MyJIbTUMeEANA, Ya-
CTbIO KOTOPBIX SIBJISIETCSI B3aUMOJIeHCTBHE Ha 6a3e MOTOKOB [aHHBIX.

2.5.1. lNoapepxxka HenpepbiBHbIX Cpen

Moanepxka o6MeHa KpUTUYHOM K BPEMEHHbBIM XapaKTepUCTHKaM Iepenauyun nHbopMa-
I{HU YaCTO CBOJAHUTCS K MOAJEPKKe HempepsIBHBIX cpel. Ilox cpenoit nonumMaetcs To,
yto HeceT uHdopmaiuo. Cioga MOTYT BXOAUTb Cpellpl Nlepeflaud 1 XpaHeHUs, cpea
IpeACTaBJIeHUs, HATPUMep MOHHUTOP, U T. A. BaxkHelilass xapakTepucTHKa Cpeibl —
crnocob npedcmasaenus vagopmaimu. JpyruMu cioBamu, kKak HHGOPMAIMs KOAUPY-
€TCST B KOMITbIOTEpHOI1 cucteme? 11t pa3IMyHBIX THIIOB UHGPOPMALMU UCIIOJIB3YIOTCS
passnuHble npeicTasietus. Tak, TekcT 06biuno Kogupyercs cumponamu ASCIT un
Unicode. Mi3o6paskeHust MOTyT ObITb IPENCTABJIEHbI B Pa3/IMUHbIX (hopMaTax, Halpu-
Mep GIF wnmu JPEG. AyanonoToky B KOMIBIOTEPHBIX CHCTEMaX MOTYT KOAUDPOBAThCH,
HanpuMep, ¢ NOMoLIbI0 16-6UTHBIX BBHIOOPOK, UCMOJIB3YIOIHX UMIYJIbCHO-KOIOBYIO
MOIYJISILIUIO.

B uenpepwisnoii cpede npedcmasnenus (continuous representation media) BpeMeH-
Hble COOTHOIIIEHUSI MEXJY Pa3JMYHBIMM 3JIEeMEHTAMHU JIaHHBIX JIE)KaT B OCHOBE KOp-
PEKTHON MHTePNpeTalliy CMbICJA AaHHBIX. MBI yKe AaBaju MpUMep NoJydyeHHs! 3BY-
Ka MpH BOCIPOU3BEJEHWH ayJUONOTOKAa. B KauecTBe Apyroro nmpumepa pacCMOTPUM
MpeACTaBJIeHNE ABUXKeHUs. [ BIokeHre MOXKeT ObITb MTPEACTABIEHO B BUJIE CEPUU Kap-



2.5. CBA3b Ha OCHOBE NOTOKOB JaHHbIX 149

TUHOK, TIPUYEM IIOCJIEOBATEJbHO HAYIIMe KapTUHKU AOJKHBI BOCIIPOM3BOAUTLCS
B TeYeHHe OAMHAKOBOTO cpoka T, o6biuHO cocTaBistiomero 30-40 Mc Ha KapTHHKY.
ITpaBusbHOE BOCIIpou3BeZieHNe TpeOyeT He TOJIbKO IMTOKa3a KapTHHOK B HYKHOH T10-
CJIeZI0BATEILHOCTH, 1O U MOJEPXKAHMST IOCTOSTHHOM YacTOTbI Nokasa — 7,/T kKapTHHOK
B CeKyHLY.

B oT/inuMe OT HempepbiBHOI cpenbl duckpemnas cpeda npedcmasnenus (discrete
representation media), XapaKTE€PU3YeTCs] TE€M, YTO BPEMEHHbIE COOTHOIIEHUS MEXIY
3JleMeHTaMH aHHBIX He UTPAloT (DYHAaMeHTaJbHOIl POy B IPaBUJILHOII UHTepIIpeTa-
UMM JaHHBIX. TUNWYHBIMY IPUMepaMH IMCKPETHOH cpebl ABJISIOTCS IIPEACTaBIeHUs
TEKCTa M CTATUYECKMX U300pKeHHH, a TakKe OOBEKTHBIIA KO 1 UCIIOJHsieMble (aiibl.

MoToK AaHHbIX

Il1st oOMeHa KPUTHYHOM KO BpEMeEHH nepenaun uhdopmaireil pacripeneseHHble CHC-
TeMbl OGBIYHO MPELOCTABJISIIOT MOIIEPKKY 1nomokos dannvix (data streams, Wi npo-
cto streams). IIoTOK TaHHBIX €CTb HE UTO HHOE, KaK I0CIeA0BaTEJbHOCTh 3JIeMEHTOB
naHHbIX. IIOTOKM HaHHBIX TPUMEHUMBI KaK JUJIs1 AMCKPETHOMH, Tak M ISl HENPEPBIBHOM
cpenbl npencrasiaenust. Tak, kananast UNIX wnu coenunenuss TCP/IP npencrasisior
cO6OM TUITMYHbBIE TPUMEPDI TUCKPETHBIX TOTOKOB AAHHBIX (6aHT-OPHEHTHPOBAHHBIX ).
Bocnpoussenenuve 3BykoBoro (aityia 06611HO TpeOyeT HeMmpepbIBHOTO MOTOKA AaHHBIX
Mexay (aiisioM U yCTpOHCTBOM BOCIIPOU3BEAEHUS.

BpemenHble XapaKTepUCTUKU Ba’KHBI NIl HENPEpPLIBHBIX IIOTOKOB AaHHBIX. [lyist
HO/UIEPXKAHNST BDEMEHHDIX XapaKTEPUCTUK YaCTO MPUXOAUTCS BBIOUPATh MEXIY pas-
JIMYHBIMU PEXUMaMU nepenayu. B acunxponnom pexcume nepedauu (asynchronous
transmission mode) 3J1eMeHTBI JAHHBIX TIEPEIAIOTCS B MOTOK OIMH 32 APYTHM, HO Ha UX
JabHeIIy10 nepejayy HUKAKUX OIPaHMYeHMil B YAaCTU BPEMEHHbIX XapaKTePUCTHK
He BBOAMTCS. JTO TPAAMUHOHHBIN BapHaHT JJIs1 AUCKPETHBIX NOTOKOB AAaHHBIX. Tak,
daits MoxxHO 1peobpa3oBaTh B MOTOK AAHHBIX, HO BBISICHSITH TOYHBIH MOMEHT OKOHYA-
HUS Tlepeadn KasKAOTo JIeMeHTA JaHHbIX Yallle BCero 6eCCMbICIEHHO.

B cunxponiom pexcume nepedauu (synchronous transmission mode) IJist KaxI0ro
aJleMeHTa B [TOTOKe JAHHBIX OIpefiesisieTcsl MaKCUMaJIbHas 3alepKKa CKBO3HOI Tepe-
naud. Ecsu asmeMeHT naHHBIX ObLI TepefiaH 3HAYMTEIHHO OBICTPEE MAKCUMAJIBHO J0-
MyCTUMOIT 33JIep>KKH, 3TO He BaKHO. Tak, HanpuMmep, JaTYMK MOXKET C OIpe/iesIeHHO
4aCTOTOI M3MepSsIThb TeMIlepaTypy U MepechlLIaTh 3TU U3MEPEHHsI 10 CEeTH OIlepaTopy.
B aTom csiyuae BpeMeHHble XapaKTePHUCTUKY MOTYT BbI3BaTh Halll UHTEPEC, €CJlH Bpe-
Msl CKBO3HOTO TIPOXOX/IEHHUsI CUTHAJA 110 CeTH TapaHTUPOBAHHO HUXe, YeM MHTepBaJ
MEXIy U3MEPEHHsIMU, HO HHKOMY HE IOBPEIUT, eCIH U3MepeHust OyIyT NepeIaBaThCst
3HAYUTEJBHO OBICTPEE, YeM 3TO AEHCTBUTENHLHO HEOOXOMUMO.

W, HakoHell NIpU u3oxpounom pexcume nepedauu (isochronous transmission mode)
Heo0X0MUMO, UTOOBI BCe ITEMEHThI JaHHBIX MepeNaBalUCh BOBPeMs. JTO O3HAYAerT,
YTO Mepesiaya JaHHBIX OrPaHMYeHa MaKCUMAJbHO, d MaKj# e MUHUMAIBHO IOMYCTUMbBIMU
3a7lep>KKaMH, TaKXKe U3BECTHBIMU MO/l Ha3BaHUEM npedenvhozo Oposcanus. 130XpoH-
HBIf peXUM Tepefayd, B YACTHOCTH, IPEACTABJISIET MHTEPEC IJIS paclpeneseHHbIX
CHUCTEeM MYJIbTHMEJHa, MOCKOJbKY UTpaeT 3HAYUTENbHYIO POJib B BOCIPOU3BEAEHUU
ayano- ¥ BupeouHdopManuu. B aToil ryiaBe Mbl KOCHEMCSI TOJIBKO HEMPEPBIBHBIX MO~
TOKOB JIaHHBIX.



150 naBa 2. CBS3b

ITOTOKM NaHHBIX MOTYT OBITH MPOCTBIMU WM KOMIUIEKCHBIMH. ITpocmoii nomox
Oannvix (simple stream) cONEPXUT TOJNBKO OAHY IIOCJIEA0BATEIbHOCTb JaHHBIX. Kom-
naexcivui nomox dannwix (complex stream) cOCTOMT M3 HECKOJBKUX CBSI3AHHBIX I1PO-
CTBIX TOTOKOB, MMEHYEMBIX GIOXNCEHHbIMU nomoxamu dannvix (substreams). Bsau-
MOJIEHICTBUE MEXIY BJIOKEHHBIMH IIOTOKAMH B KOMILIEKCHOM IIOTOKE YacTO TaKXKe
3aBUCHUT OT BpeMeHU. Tax, HallpuMep, CTEPEO3BYK MOXKET IePEAABATHCS IOCPEACTBOM
KOMILJIEKCHOTO ITOTOKA, COJAep Kallero ABa BJIOKEHHBIX MOTOKA, KAXAbIM U3 KOTOPHIX
UCIIOJIb3YeTCs IJIs1 OZHOTO ayAMoKaHajla. Ba)kHO OTMETUTD, YTO 3TU IBa BJIOXKEHHBIX
MOTOKA MOCTOSTHHO CHHXPOHU3UPOBAHHL. J[pyruMu cJIoBaMH, 3JIEMEHTBI JaHHBIX KaX-
JOTO U3 NOTOKOB JOJDKHBI ITepeaBaTbCsl MOMAPHO AJISI MOJydeHUs! cTepeoaddexra.
[pyruM mpUMepOM KOMILIEKCHOTO HOTOKA AaHHBIX MOXKET OBITh MOTOK AaHHBIX [JIsI
¢dunbma. Takoil TOTOK MOT GbI COCTOSITh U3 OJHOTO BHUIEONOTOKA U ABYX ayAUOIIOTO-
KOB IS TiepeJauyu cTepeoOHUYEeCKOi 3BYKOBOI JOPOXKKH K GuibMy. UeTBepThiit 1M0-
TOK MOT OBl COEpPKATh CYOTUTPHI IS TJIYXUX WJIM CUHXPOHHBIN TI€PEBOJ Ha APYTOH,
HeKeJIM B 3BYKOBOM JOPO’KKe, sI3bIK. M1 BHOBb Heo6X0AMMa CUHXPOHU3ALUS BJIOKEH-
HBIX ITOTOKOB. [IpM HapyuleHUsIX CHHXPOHHM3al[MU HAapyUIaeTCsl HOPMAJIbHOE BOCIIPO-
usBenenue ¢unabma. Hike MbI ellle BepHEMCSI K CHHXPOHM3AIIMK TIOTOKOB [aHHBIX.
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Puc. 2.29. MNepepnaya notoka AaHHbLIX MO CETU MeXAY ABYMS Npoueccamu (a),
Mexnay ABYMS ycTpoicTBamu (6)

IToTok maHHBIX HEPEAKO MOXET pacCMaTpPUBAThCsl B BU/le BUPTYaJbHOTO COEqUHe-
HUS MEXIY UCTOYHUKOM U TPUEMHUKOM. VICTOYHUK MM IPUEMHUK MOXKET OBITD npo-
1eccoM uiM ycrpoiictsom. Harnpumep, pu nepesaye JaHHBIX Yepe3 CETh MPOLIECC-HC-
TOYHUK MOKET YUTATh AaHHbIE U3 ayauodaiia U nepechliaTh UX, 6aiiT 3a 6aiiToM, 110
cetu. [IpueMHUK MOXXeT ObITD IPOLIECCOM, TI0 MEpE MOCTYIIJIEHUS BbI614pal01uHM 6aii-
THI U TIEPEAAIONIUM UX Ha JIOKaJIbHOE YCTPONUCTBO 3BYKOBOCIpou3BeaeHusl. Takyio cu-
TyalMio UJJIIOCTPUPYET pUC. 2.29,a.C JIPYTOH CTOPOHBI, B pacipeiieJIEHHBIX MYJIbTH-
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MeIUHHBIX CHCTEMAaX MOXHO Peasn3oBaTh MPSIMOE COeIMHEHNEe MEXK/IY UCTOUHUKOM U
npueMHHKOM. Tak, BUIEONOTOK, co3/aBaeMblii KaMepoii, MOXKET HanpsiIMylo Iiepena-
BaTbLCS Ha JUCILIEH, Kak MoKa3aHo Ha puc. 2.29, 6.

[pyras cutyaumst IMeeT MeCTO B 3aBUCHMOCTH OT TOTO, HMEETCsI Y HAC BCEro OJUNH
MCTOYHUK WJIM MPUEMHUK WJIM Mbl MOKEM OPraHH30BaTh MHOTOCTOPOHHIOIO CBSI3b.
Haubosee yactast cuTyanusi ipi MHOTOCTOPOHHER CBSI3H — MPUCOEAUHEHHE K [TOTOKY
JNAHHBIX HECKOJILKUX NMPUEMHHUKOB. JpyrHMH CJI0BaMH, OCYIECTBJSIETCS IPyNnoBasi
pacchlKa NMOTOKA JlalHbIX HECKOJIbKUM ToJIyyaTesIsiM, Kak Toka3aHo Ha puc. 2.30.

» Mpuemnuk

MoTok AaHHbIX

MpomexyTouHbIv y3en,
BO3MOXHO

McTouHnK K ¢ punsTpamu

- L]
/? ~
MeHbLuas nponyckHas ﬂ - ﬂ

cnocobHOCTL

Puc. 2.30. Mpumep rpynnoBo paccblikn NOToKa AaHHbIX
HECKONbKUM nonyvarensm

[naBHoi#t npo61eMOi PyIOBOI PACCHIIKH MOTOKOB JAHHDBIX SIBASIIOTCS Pa3Hbie Tpe-
6oBaHUs Pa3HBIX IIPHEMHUKOB K KAUECTBY IOTOKAa. PaccMOTpUM, Hampumep, HCTOY-
HMK Nepelayl BbICOKOKa4eCTBEHHOTO KHHO CO cTepeo3BykoM. On MoxeT notpe6oBaTh
KOMILJIEKCHOTO TIOTOKA [IaHHbBIX, COAEPXKAIEro BIOXKEHHBIH MOTOK AJs1 BUAEO, 110 KO-
tTopoMy ¢ yacroroii 50 Ty mepenaercst KapTHHKA, Y ABA BJOXKEHHBIX MOTOKA JJIs1 AYAHO
C KaueCcTBOM Ha YPOBHE KOMIMAKT-AUCKOB. [laxke NMpH MCNOIb30BAHMH COBPEMEHHBIX
TEXHOJIOTHIl CKaTHsI KOMIIEKCHBIN TIOTOK MOXKET moTpeGoBaTh CKOPOCTH Mepeaavi
nopsiaka 30x10° 6ut/c [434]. He Besikuil mpueMIiiuK B cocTOsiHUM 06paboTaTh Takoii
06beM gauHbIxX. [10aToOMy NOTOK f0/KeH ObIiTh HacTpoeH Ha ¢uibTpauuio [500], koto-
pasi IPUBONT B COOTBETCTBME KAYCCTBO BXO/ISIIIETO TOTOKA U OTJIMYHOE OT HEro Kaye-
CTBO MCXOXSIIEro [10TOKA, KaK MoKa3aHo Ha puc. 2.30. Mbl BepHeMCsI K yNpaBJjleHHUIO
KayeCTBOM II0TOKOB JIaHHBIX MO3XKe.

2.5.2. MoTOoKM AaHHbIX N Ka4eCTBO 00CNy)XXUBaHUs

BpemcHIible 3aBHCUMOCTH U ApyTHe HedhyHKUMOHATbHbIE TPeOOBaHUS 0OBIYHO BbIpa-
XKaloTcsl B BUE TpeboBanwii k kauecmay obcayxcusanus (Quality of Service, QoS). dtn
TpeGOoBaHys ONMUCHLIBAIOT, YTO AOJUKHBI cjejaTh (a3oBasi pacrpejlesieHHas CHCTeMa
H CETb IJIS TOTO, YTOOBI TapaHTHPOBaTh, HATIPHMED, COXPAHEHHE B MOTOKE JaHHDBIX BPe-
MeHHBIX cooTHomeHni. Tpebopanns QoS AJIst HerpepLIBHLIX MOTOKOB AAHBIX B OC-
HOBHOM XapaKTepH3YIOTCs BPeMEHHBIMH ArarpaMMaMu, 06beMOM U Ha/leXKHOCTDIO.
B 3ToM 11yHKTe MBI KpaTKO paccMOTpuM Tpebosanus QoS u 1X BAMsiHUE HA CO3/IaHie
NOTOKA JAHHBIX.
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Cneundwmka QoS

Tpebosanust QoS MoryT 6bITh BhIPAXKEHBI 110-padHoMy. OIMH U3 MOAXOAOB — MPeao-
CTaBUTb TOYHYIO cheyugurayuio nepedavu (flow specification), copepxaniyio Tpe6o-
BaHUs MO MPOMYCKHOH CMOCOGHOCTH, CKOPOCTH Mepeiayy, 3aJiepkke U T. 1. IIpumep

Takoil cneundukaiuu, B3aThiil 13 [343], npuseact B Tabu. 2.6.

Ta6nuua 2.6. Cneundukaums nepenayn

XapaKkTepucTukm nosiyHaeMmMbiX AaHHbIX

Tpe6yeM0e KayecTBO o6cny)xv|saum|

MakcuManbHbI pa3mMep anemeHTa
naHHbIx (6anT)

CKOpOCTb Nepeaayn KOp3uHbl 3NEMEHTaPHbIX
nakeToB (6anT/c)

Paamep KOp3uMbl 3NeMeHTapHbIX
nakeToB (6anT)

MakcumanbHas ckopocTb nepegayn (6anT/c)

YyBCTBUTENLHOCTL K NOTepsiM (6ainT)
YyBCTBUTENBHOCTL K MHTEepBanam (Mmc)
YyBCTBUTENBHOCTL K FPYNNOBLIM NOTEPSAM

(3neMeHTOoB JaHHbIX)
MuHumMmanbHas pukcmpyemas

3agepxka (MMc)
MakcumManbHoe OTKNOHEHWe 3aAePXKU (MMC)
Moka3saTtenb cobniogeHus (eanHnu)

B aToit Mo/ienn xapakTepUCTHKY MOTOKa (OPMYJIMPYIOTCS B NOHATUSIX AIZ0pUmMma
Kop3unol dnemenmapivix naxemosg (token bucket algorithm), KOTOpBIH ONUCHIBAET, Ka-
KuM 06pazom noTok Gopmupyer cereBoit Tpaduk. [Ipunumn paGoThl 3TOrO aNropuTMa
nnmoctpupyet puc. 2.31. OcioBHast u/iest COCTOUT B TOM, YTO 3JIEMCHTAPHbBIE TTAKETHI
reHepUPYIOTCSI C IIOCTOSIHHO CKOPOCTDBIO. DJIeMeHTaPHbLI MTAKeT COAePKHUT PUKCHPO-
BaHHOE YMCJI0 GANTOB, KOTODPBIE MPUIOKEHNE HAMEPEHO NepeaaThb 110 CeTH. DJIeMeH-
TapHble 1aKeTsl COOMPAIOTCS B KOP3UHY, EMKOCTh KOTOpOii orpanuyena. Ilocne nepe-
NOJTHEHHST KOP3UHBI dJIEMEHTapHble NMAKeTbl POCTO NpomnaaaioT. Kasxaslil pas, xoraa
NpPUJIOKEHHE XO4eT TepeaaTh B CETh JIEMEHT AaHHbIX pa3MepoM N, OHO AOJIKHO U3-
BJIeYb M3 KOP3HHbI CTOJIBKO 3JeMEeHTAPHLIX MAKeTOB, YTOOBI MX CyMMapHbIil pa3Mep
6611 He MeHee N Gaiit. To ecTb, HAIPHMED, €C/TH KaXK/blil 37/eMEeHTAPHBIH MAKeT UMeeT
JUHHY R GaiiT, MPHIIOXKEHHE NO0JDKHO YAATIUTD U3 KOP3HHDbL Kak MUHUMYM N/k smemeH-
TapHBIX MaKeTOB.

Yepes kaxabii
nHTepBan AT
B KOp3uHy fobaensercs
OfVH 3NeMeHTapHbIN
naket

MpunoxeHue

HeperynspHbii
MOTOK 3NEMEHTOB
AaHHbIX

/ PerynspHbiit notok

Puc. 2.31. MNpuHumnn paboTel anropntMma Kop3uHbl 31eMeHTapHbIX NaKkeTos
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AddexT anropuT™Ma KOP3UHBI 2JEMEHTAPHBIX TAKETOB COCTOUT B TOM, UTO JaHHbBIE
NepealTCsi B CETh C OTHOCHTEJIBHO IOCTOSIHHONW CKOPOCTBIO, OIpe/esisieMoii CKopo-
CTbIO IeHepaluH dJieMeHTapHbIX nakeToB. OJHAKO OH JOIYCKAeT HEKOTOPble BCILIe-
CKH, HalpUMeP, IPUJI0KEHHIO Pa3pelleHo MepeaBaTh MOJHYI0 KOP3UHY dJIeMEHTapHbIX
IIAKETOB B CETb OALON onepaiueil. YToObI MPeNOTBPATUTb 0COO0 CHUJIbHbIE BBIILIECKH,
CKOPOCTb ITOTOKOB JIaHHBIX MOXKET ObITh OTPaHMYEHa HEKOTOPBIM MaKCUMyMOM. B crie-
UKaIlUK epejadd NpuioxkeHue obeliaer, 4to 6yaeT MOCTaBIIsTh 3JEMEHTDI JaH-
HBIX KOMMYHHKAIIMOHHOIl CCTEME B COOTBETCTBUM C QJIFOPUTMOM KOP3HHBI 3JIEMEH-
TapHBIX MAKETOB.

Bro6aBok K OMuCcaHUIO BpEMEHHbIX OTHOLIEHUIH MEX/Y 2JIEMEHTAMU JIaHHBIX, CIIe-
IMUKALMA TIepPefadt TAKXKe COAEPKUT TpeboBaHus Kk obcayxuBaHuto. Yyecmeumens-
1ocmy K nomepsim B KOMOMHALMKU C UNMEPBALOM NOMEPb ONPENENSCT MAaKCUMAJIbHO
NOMYCTUMBII TeMIT noTeps (HarpuMep, oauH Gaitt B MuHyTy). Yyscmeumenvrnocmo K
ZpYNNoBuvIM nomepsm OTPENENsieT, KAKOe KOJUYECTBO MOC/IeA0BATE/IbHBIX 9JIEMEHTOB
JaHHBIX MOYKHO MTOTEPSITh.

Munumanviias puxcupyemasn 3adepacka onpeaessier, Ha CKOJIbKO CETh AOJKHA 3a-
IepXKaTh JOCTaBKY JAHHBIX, YTOOBI IPUEMHUK OOHAPYKUI 3anepkKy. CBsA3aHHOE ¢ 3TOil
BEJMYHHON MAKCUMAALHOE OMKAONEHUE 3a0epHcKY OTPeesIsieT MaKCHMAJIbHBIH Tpe-
1es1 ApoxKaHuA. BelnunHa BUIKY 0COGEHHO BaskHA /ISl BUAEO- U ayAHONIOTOKOB.

Y HakoHel, noxasamenb co6a00enus. — YUCJI0, OKA3bIBAIOIIee, HACKOJBKO TOYHO
N0JKHBI cobTofaThess TpebOBaHUSA K KayecTRY obcayxusanus. O6biuyHO HEBOIbLIOE
YHCJIO TOBOPUT, UTO €CJIM KOMMYHUKALIMOHHAsT CUCTEMA HE CMOXKET 00eCredyuThb Tpe-
GyeMoe KauecTBO 00C/Iy KHBAHUS, PEAIbHO HUYETrO CTPAIIHOro He ciyyutces. Y naobo-
pot, 60JIbllIOe YMCJIO YKA3bIBAeT HA TO, YTO €CJIM HEBO3MOXKHO MOJYYUTb HaJle)KHbIE
rapaHTHH KadecTBa 00C/Iy )KUBaHLsI, CUCTEMA He CMOJKET paboTaTh C IOTOKOM JaHHBIX,
TIOCKOJIBKY KJIMEHT He JONYCKaeT OTKJIOHEHUH OT Cnelu(UKalllu.

OnucaHHast pobJema co crielnpukanyeil nepesayd COCTOUT B TOM, YTO MPUJIO-
KeHHMe MOJKET MOIPOCTY He 3HaTh, UTO €MY HY)KHO Ha caMoM Jesie. Tak, 3acTaBJisist
TI0JIb30BATeEJIENl OMUCHIBATH KAYECTBO B IOHSTUSIX HapaMeTPOB KOP3UHBI dJjieMeliTap-
HBIX [TAKETOB, YYBCTBUTEJbHOCTH K MOTEPSIM U T. II., MOCTABUIMK YCJIYT BIIOJIHE MOXKET
BCKOpE PacTepsiTh BCeX CBOMX KJMeHTOB. [loaTomy npaBwibhee Oyzner kiaaccuduim-
poBaTh MOTOKU JaHHBIX U 33[aTh Pa3yMHble 3HAUEHHS TI0 YMOJIYAHHUIO JJIsT TTapaMeT-
POB, BKJIIOUaEMbIX B crienudukanuy nepefayu. Tax, Harpumep, MaKCUMYM, YTO MOXK-
HO TpebOBaTh OT IMOJB30BATEJNsI, — ITO BbIOPaTh TPeOyeMBblil MOTOK AaHHBIX (AyAHO
wid Bujieo). I1pu BbIbOpe ayIMOIaHHBIX MOXHO IPEJIOKUTD elile BbIOOp MeK1y Bbl-
COKUM, CPEJIHUM UM HU3KUM KauyecTBoM. Cxoskasi Kiaccuduranust Moxert ObITh ITpeji-
JIOKEHA U JIJIS1 BUAEOJaHHbIX.

Kak yrBepxnaercs B [344], kiaccudukanus He CAMILIKOM OTJIMYAETCS OT CIeLu-
¢buxaunii nepegayn. OTaMYUE COCTOUT TOJBKO B YHCJIE OINpE/eJisieMbIX NapaMeTPOB
¥ yucJle MHIMBUYAJbHBIX 3HAUEHUH, KOTOpble MOTYT IPUHUMATh 3TH NapaMeTphL

Co3paHue noToka

[Tocsie TOro Kak MOTOK JIaHHBIX OIUCAH, HATIPUMEP, B BuJle crieluduKaluy nepeaayu,
pacripezieieHHasi CUCTeMa JIOJDKHA 3aXBaTUTh PECYPChI [/l CO3/IaHUsl TI0TOKA, YAOBJIe-
TBOpsitoltero TpebosaHusiM QoS. B KoHTekcTe ympaBiieHUs] MMOTOKAMH pPecypcamu
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OGBIYHO SIBJISIIOTCSI TPOMYCKHAS CIIOCOGHOCTD, By(hepbl 1 BBIYUCIUTEIbHASI MOLIHOCTb.
Bolaesienue nmpomyckHoi cnocoOHOCTH TPOU3BOAUTCS AJISL TOIO, YTOObI rapaHTHPO-
BaTb cobmoierdue rpaduka nepeaayn 3J1eMeHTOB JaHHDIX, HallpUMep, yTeM 3a/laHusl
npyopuTeTOB Nepenadn. Boigesnenue 6ydhepos B MapuipyTH3aTOPax U ONePAHOHHBIX
CUCTeMaX MO3BOJISIET COXPAHSITH 3JEMEHTHI JAHHDBIX JUIsl AaJibHeiiineil 06paboTK.
U HakoHell, He06X0AUMO, 4TOObI 06pabOTKA 3IEMEHTOB JAHHBIX BbIITOJIHSJIACH 32 Bpe-
Msl, OTBOJMMOE Ha 3TO COOTBETCTBYIOIIMMHU 3aZayaM — IJIAaHHPOBLIMKAM, Kojiepam
U nexonepam, puiabTpaM U Ap. [is aToro cieayet npaBuIbHO PAacnpese/MTh Inpollec-
COpHOE BpeMsl.

Opnna 13 Tex npobJieM, KOTOPBIE CIeAYET PELIUTb, COCTOUT B TOM, YTO HapaMeTpbl,
xapakTepuayloue Tpe6oBaHusi QoS K MOTOKY AAHHBIX, HE COOTHOCSITCSI HAIMPSIMYIO
C mapaMeTpaMM COOTBETCTBYIOUIMX pecypcoB. Tak, Hanmpumep, onpeaeauB, YTO CETb
JIOJIKHA TAPAaHTUPOBATD BO3MOXHOCTb OHOBPEMEHHO ToTepH He boJiee yeM k rioce-
NOBATEJIbHBIX 3JIEMEHTOB JAHHBIX, MBI IOJIXKHBI TIPE0OPA30BATH ITO OIPeIETIeHHE B Pas-
Mep CTaTHYECKH BblesisieMbix 6ydepoB BO BCeX MapUIPyTH3aTOpax OT MCTOYHUKA J0
NPHEMHHKA. DTOT pa3Mep MOXeT ObITh Ha CAMOM Jiejle MOJACYUTAH Ha OCHOBE JIPYTHX
XapaKTEePUCTUK TOTOKA M MPUBECTH K abGCOJIOTHON WJIM CTATUCTUYECKOH rapaHTHM
00CIyKUBaHUS B CETH.

K coxanenuio, B HacToslilee BPeMsl He CyLIECTBYeT €IMHCTBEHHO JIyyllell Moaeau
IUIsl, BO-TIEPBBIX, BbiGOpa mapaMeTpoB QoS, BO-BTOPbLIX, 0600IIEHHOTO OIHCAHHS pe-
CypcoB B J11060i1 KOMMYHHMKAIIMOHHON CHCTEME U, B-TPETbUX, peobpa3oBaHus napa-
metpoB QoS B 3HaueHMs: HcnoJib3yeMbix pecypcoB. OTcytcTBue moaobHOI Moxenn
SIBJISIETCSL MPUYMHOIL TOTO, YTO OMUCAHUE M OPraHU3allMsl KAaUeCTBEHHOTO 00CIIyKIBa-
HUsl YacTO HeJlerka M YTO pa3Hble CUCTEMBI MCIOJIb3YIOT pa3Hble M HecoOBMeCTHMbIe
MEeTO/IBL

YT0O6DbI OTIOIHUTENBHO MPOSICHUTH BOIPOC M OMUcaTh, Kak QoS B pacrpexnesien-
HBIX CHCTEMAax 3aBMCHUT OT CJIyxO0, MpefocTaBisieMblXx 6a30BOU CEThIO, B3IJISIHEM Ha
CHelMaJIbHBlI TPOTOKOJI pe3epBUPOBaHHUs pecypcoB st QoS B HenpepbIBHBIX MOTO-
Kax xaHHbIX. [Ipomoxon pesepsuposanus pecypcos (Resource reSerVation Protocol,
RSVP) — 310 ynpaBjsiioillMi TPOTOKOJ TPAHCIIOPTHOTO YPOBHS 7151 pe3ePBUPOBaHUS
PECYPCOB CeTeBbIX MaplLpyTU3aTopoB [72, 503].

[lepenatuuky B RSVP npenocrasnsior cnenndukauio nepeaayu, XapakTepuayio-
UIyI0 MOTOKU JAQHHBIX B MOHSATUSIX TMPOIMYCKHON CMOCOOHOCTH, 3aepPKeK, APOXKAHUS
M T. 1., O4€Hb HAIOMUHAIOLLYIO CrieliM(HKaIMIo nepesayut, NpecTaBieHHyio B Tabu. 2.6.
Jro onucanue nepenaercs: npoieccy RSVP, kortopsiit pabotaer Ha TOU ke MalluHe,
4YTO M OTIIPaBMUTEJNb, KaK NokazaHo Ha puc. 2.32. IIpouecc RSVP He 3anumaercs
uHTeprperaluei crieltMpukalveii nepenaun. MakTHUECKU eIMHCTBEHHOE, YTO OH Je-
JlaeT, — 3TO TPHUHHMAaeT creludUKalMio Nepefayd OT OTIPABUTESI M JIOKAJBHO
coxpansiet ee. RSVP — at0o unuimupyemslii nosyyaresneM nporokosa QoS. Apyrumu
CJI0BaMH, MoJiy4aTesib J0JIXKeH 3alpOCHTDb y OTIIPaBUTe s 3allpoC Ha Pe3epBUPOBaHUE.
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