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CMUCOK COKPALLEEHUA

1. SISD (Single Instruction — Single Data) — oguHOYHBIH MOTOK KOMaHJ, OAMHOYHBIN HOTOK
JAHHBIX

2. SIMD (Single Instruction — Multiple Data) — oauHOYHBIM HOTOK KOMaHJ, MHO>XECTBEHHBIN
IIOTOK JaHHBIX

3. MISD (Multiple Instruction — Single Data) — MHOXECTBEHHBI HMOTOK KOMAaHJ, OJAMHOYHBIMN
MOTOK JTaHHEIX

4. MIMD (Multiple Instruction — Multiple Data) — MHOXECTBEHHBIH IOTOK KOMAaH],
MHO>KECTBEHHBII MOTOK JAHHBIX

SMP (Symmetric Multi Processors) — cumMmmeTpu4HbI€ MyJIbTHIIPOLIECCOPHI
MPP — cucremsl ¢ MaCCOBBIM NapaLICIU3MOM
SCC (Scalable Computing Clusters) — MacIITabupyeMbI¢ BEIYUCIUTEIHHBIC KJIACTCPHI

SSI (Single System Image) — cuctema, cocTosas u3 0JJHOT0 00pasa (0JHOOOpa3Hast)
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COW (Cluster of Workstations) — kiacTepsl U3 pabO4YHX CTaHIHI
10. MPI (Message Passing Interface) — untepdeiic s nepeaadu cooOmeHmit
11. PVM (Parallel Virtual Machine) — napasuienbHasi BUpTyaJibHas MalllvHa

12. openMosix  (Open  Multicomputer  Operating System for UNIX) - orkpsitas
MYJIbTUKOMIIBIOTEPHAs olepaniuonHas cuctema st UNIX.

13. IPC (Inter Process Communication) — MEXIPOILIECCHOE B3aMMOICHCTBHE

14. PPM (Preemptive Process Migration) — mpuopuTETHASI MUTPAIUs ITPOIICCCOB
15. UHN (Unique Home Node) — yHuKanbHBIN JOMAIIHAN y3€I

16. oMFS (openMosix File System) — ¢aitnoBas cucrema openMosix

17. DFSA (Direct File System Access) — ¢aitioBasi cuicTemMa mpsiMoro JocTyma



BBEAEHUE

B onHoli u3 Hambosee W3BECTHBIX Kiaccupukanuid mnapauieabHbix OBM, mnpemioxeHHOU
OunnuHOM, BBOIATCA IIOHATHA “TIOTOK KOoMaHA H “moToKk gaHHBIX . CorimacHo 3ToM
KJTacCU(UKAIUU UMECTCS YCThIpe OONbIHX Kiacca DBM:

1. SISD (Single Instruction — Single Data) — sto mnocnemoBarensHbic OBM, B KOTOpPBIX
BBITIOJTHSICTCS] €IMHCTBEHHAS ITpOrpaMmma

2. SIMD (Single Instruction — Multiple Data) — BbImonHA€TCS €OUHCTBEHHAs Iporpamma, HO
KaXk/1ast KoMaH/1a 00pabaThIBacT MacCUB JJAHHBIX (BEKTOpHas ¢popMa napaiien3Ma)

3. MISD (Multiple Instruction — Single Data) — HeckoJIbKO KOMaH] OJHOBPEMEHHO pabOTaroT C
OJITHHM DJIEMEHTOM JaHHBIX

4. MIMD (Multiple Instruction — Multiple Data) — 0oqTHOBpEMEHHO M HE3aBHUCHUMO JpYyT OT Jpyra
BBITIOJTHSICTCS. HECKOJBKO IIPOTPAMMHBIX BETBEH, KOTOpPHIE B OMPEACIEHHBIC MPOMEXYTKH
BPEMCHHU 0OMCHHUBAIOTCS TaHHBIMU

CymecTtByronye mnapaiienbHble cpeactBa kimacca MIMD  00pa3yloT Tpu TEXHHYECKHX
MOJAKJIAacca: CUMMETPHUYHBIE MyJIbTUIIponeccopsl (SMP), cuctemMsl ¢ MacCOBBEIM MHapajlIeIn3MOM
(MPP) u xnacrepsl.

CuMMeTpHYHbIE MYJbTHIPOLECCOPBI KCIIONB3YIOT NPHUHIMI pa3feisieMod namsaTH. B stom
Clly4ae CHCTEMa COCTOUT M3 HECKOJIBKUX OJHOPOJHBIX MPOIECCOPOB M MacchBa OOIICH MamsTH.
Bce nporeccopsl UMEIOT AOCTYH K JI000# TOYKE MaMsaTh C OJMHAKOBON cKopocThio. IIporeccopsr
HOJKITIOYEHBl K MaMATH C TOMOMIBI0 OOWEell IMHBI WIX KOMMYyTaTtopa. AmmapaTHO
MOJUICP)KUBACTCSI KOTEPEHTHOCTh Komied. Hamwume oOmel naMaTd CHIBHO — yHpOIIAeT
B3aUMO/ICHCTBHE MPOIIECCOPOB MEXIY COOOM, OJJHAKO HAKJIaIbIBACT CHIBHOEC OTpPaHWYCHHUE HA UX
4yuCio — He Oosiee 32 B peabHBIX CHCTEMAaX.

CucreMbl ¢ MaCCOBBIM NapPAJLIEIU3MOM COIEPKAaT MHOXKECTBO mnpoueccopoB (06braHo RISC)
C MHIMBHUIYaJbHOM MNaMATBI0 B KAXJIOM M3 HUX (IPSIMOMl JOCTYyNl K HaMATH JAPYTHX Y3JIOB
HEBO3MOXXCH), KOMMYHHKAIIMOHHBIM IMPOIECCOp WM CETEBOM agamTep, MHOTAA — JKECTKHE JUCKU
W/WIK JIpyrue YCTpPONCTBA BBOJA-BbIBO/A. Y3IIbl CBSI3aHBI YEPE3 HEKOTOPYI0 KOMMYHHUKAI[MOHHYIO
cpexmy, HampuMmep, BBICOKOCKOPOCTHYIO ceTb. OOIee 4mciio MpOLECCOPOB B PEAIbHBIX CHCTEMax
JIOCTUTAET HECKOJBKUX THICSY.

Knacrepubie cucrembl — Oosee neméseiid Bapuant MPP cucrem, HOCKOJIIBKY OHM Takke
UCTONB3YIOT NPUHIMUI Tepefaddl COOOIIECHUH, HO CTPOSTCA U3 KOMIIOHEHTOB BBICOKOW CTEIICHU
TOTOBHOCTH. BBIYMCIMTENBHBI KIIACTEp — 3TO COBOKYIHOCTH KOMITBIOTEPOB, OOBEAMHEHHBIX B
paMKax HEKOTOpPOW CETH JUIsl pEIICHUS OTHOM 3a/1aui. B kauecTBe BHIUMCIUTENBHBIX Y3JI0B OOBIYHO
HCIIOJIB3YIOTCS JIOCTYIHBIC HA PBIHKE OJHOIPOLECCOPHBIC KOMIIBIOTEPBI, OJHO-, JIBYX- WJIH
yeTsIpéxmporeccopasie SMP-cepBepsl.

B HACTOAMCC BpCMA MAJIOCTOAINIUC KIIACTCPHBIC CHCTCMbBI BBITCCHAKOT TpPaJUIIMOHHBIC
CYNEPKOMIBIOTEPHI U MIHH(PEHMBI, TOTOMY YTO OHM MOTYT IPEIOCTAaBUTH XOPOIIUE PEIICHUS IS
TpeOOBaTENBHBIX MPWIOKEHUH. KOMIBIOTEpHBIE KITACTEPhl OCOOCHHO MOAXOIST JUTS MAICHBKUX H
CPEIHMX OpraHW3aluii, KOTOphIE HE MOTYT TIIO3BOJHMTH cebe moporux cucrteM. Kiractepst
BBITTOJTHCHBI U3 OOBIYHBIX KOMITOHEHT, U MO3TOMY HMX MOCTCIICHHBIA POCT JIETKO ITOJICTPAMBACTCS
1oJ; OX0/KET U MOTPEOHOCTH.



Yaie Bcero no KOJWYECTBY YCTAHOBIIEHHBIX CHCTEM BBLICIISIIOT TPU THUIIA KJIACTEPOB: KJIACTEPHI
C 3ammToit OT cOoeB, KiacTepbl C OaJaHCUPOBKOM HAarpy3Kd M BBICOKOIPOM3BOIUTEIHHBIC
BBIYHCIUTEIHHBIE KITACTEPHI.

Knacrepsl ¢ 3amuToii 0T ¢00€B COCTOST W3 JBYX HIH 0O0Jice KOMITBIOTEPOB, COCAMHEHHBIX
CCTBIO W OTICIBHBIM CHUHXPOHH3UPYIOIIAM COCIUHCHHEM, KOTOPOC HCIONB3YETCS IS
MOHHUTOPHHTA TOTO, YTO BCE CIY)XOBI 33JICHCTBOBAHEI, M B TOM CIIydac €CITH OJHA U3 CIyx0 maért
cOoi, pyToii y3e1 NepeHrMacT ¢€ BEITOTHCHHUC.

g knacTepoB ¢ 0aJaHCHMPOBKOM HATPY3KHM KOHIIENITYaJIbHBIM SIBISIETCS TO, YTO KOTJa y3€l
CTaHOBHTCS JOCTYIIHBIM, KJIacTEp IPOBEPSIET, KAKOW U3 y3JIOB SBIISICTCS HAUMEHEE 3arpy>KCHHBIM, U
IIOCBUIACT 3arpoc K 3ToMy y3i1y. @axktudecku, 60Ib11yI0 YaCTh BpEMEHH KilacTep ¢ OallaHCUpOBKON
Harpy3KH JCHCTBYET KaK KJIACTEp € 3aIIUTON OT cOOEB, HO C JONOJHHUTENBHOM OanaHcupyromen
(GYHKIMOHATIBHOCTBIO, U, KaK IMPaBUIIO, COACPKHUT MCHBIIIEE YUCIIO Y3JIOB.

[TocneqHUM THIIOM KJIACTEPOB SIBISIFOTCS BBICOKONPOU3BOAUTENbHbIE BHIYHCIUTEIbHBIE
KJIACTEePbI, CKOH()HUIYpUPOBAHHBIC CHEHUAIBHO JUISi TOTO, 4YTOOBI OOECHEYHMBAaTH IECHTPaAM
00paboTKH MaHHBIX KpalHE BHICOKYIO MPOM3BOAUTEIBHOCTh, KOTOPYIO OHH TPEOYIOT. DTOT THII
KJIACTCPOB TakXKe 00JIaacT HEKOTOPHIMU CBOMCTBAMHU OalaHCHPOBKU HArpy3kd, Tak Kak KIacTep
MBITACTCS PACIPEACIUTh MPOIECCH MO y3J7aM IS YBEIWYCHUS MPOU3BOAUTEIHHOCTH. W TIaBHBIM
CIICZICTBUEM M3 JTOT0 SBISIETCS TO, YTO B Cly4ac KOrja HpOIECC pacrapauieIMBaeTCs, TO
MOJIPOILIECCHI  MOTYT OBITh PacHpeleNICHbl 10 Pa3IMYHBIM  y3JIaM, BMECTO TOTO, 4YTOOBI
BEITIOJTHATHCS OJMH 32 IPYTHM.

Ceroanst CymECTBYIOT JBE€ OCHOBHBIC MMapagurMbl JUISl KJIAcTEpHBIX Linux OKpyXeHUM:
openMosix (ko Mosix) (cm. [MOSIX] u [oMosix]) u Beowulf (ocnoBan na MPI). B To Bpems
KaK [apajuieliu3anus B pPCIICHUSX, OCHOBaHHBIX Ha MPI, TpeOyer SBHOTO KOAMPOBAHHS C
HCIOJTE30BaHUEM CTCIIHMANBHBIX OUOIMOTEK MM JUPEKTUB, B OpenMOSiX MOXKHO MPHUICPKUBATHCS
00braHOr0 Unix mporpaMMupOBaHUs, IIOTOMY 4TO KJIacTepHas (yHKIIMOHATHHOCTE 00ECIICUUBACTCS
MPO3padHBIM 00Pa30M SIPOM ONECPAIIOHHON CHCTEMBI.

YeMm Gonee MOIIHBIM CTAaHOBUTHCS KJIACTEP M3 pabOUYMX CTAaHIMHA, TeM 0oJsiee BaXKHBIM SBISACTCS
MyZpO€ HCHOIB30BaHUE €r0 pecypcoB. Ilnoxas crpaterns Ha3Ha4YCHMS 3aJaHUA MOXKET BBI3BATh
CHJIBHO HCYPaBHOBCIICHHBIC HATPY3KH W CBOIMIMHI MAalIWH, YTO HAHOCHT BPEI BBIYUCIUTEIHHOU
MOIIHOCTH KiacTepa. Pecypcbl MOTYyT MCIONB30BaThest Oosiee 3PPEKTUBHO, €CiH KIACTep MOXKET
3aCTaBUTh 33/1aHUS MUTPHPOBATh — IEpEMEIaThCs MPO3PAayHO OT OAHOM MAaIIUHBI K JIPYTOMi.
OpHako make ypaBHOBEIICHHBIE CHCTEMBI, KOTOpPBIE MOTYT II€pe€Ha3Ha4aTh 3aJaHHs, BCE paBHO
MOTYT W3BJICYb BBITOJY OT TIIATCIHFHO BHIOpAaHHOW CTpaTerwy Ha3HA4YCHHS. Murpanus 3aTaHuid
IIpUBJIEKATEIbHA, IOTOMY YTO BpEMs IIOCTYIUICHMS M KOJIMYECTBO 3aIPOCOB Ha PECYpPCHI OT
pUOBIBAIONINX 33JJaHUH HenpecKasyeMbl. M3-3a 3TOH HenpeCcKa3yeMOCTH 3aiaHus HHOTIa Oy ayT
Ha3Ha4yaThCsl Ha HEONTHMANbHYIO MallWHy, M INepeHa3HAa4eHHE MAET CUCTEME €IIE€ OOUH IIaHC
UCTIPaBUTh TaKyl0 OIUOKY. NTHTYUTUBHO HNOHSATHO, YTO CIIOCOOHOCTh MUTPUPOBATH 3a/IaHUSI MOXKET
IpUBECTH K Jydmeit g dekTuBHOCTH — TO ecTh Gosee ObICTpoe BpeMs 3aBEpPIICHUS IJIsi CPEIHETO
3amaHus. Tak Kak HE U3BECTHO, IJIC JOJDKHO BBINOJIHATECS 3a/laHUC B JII000OE 33/1aHHOE BpEMS, TO
CTpaTerusl NMEepeHa3HAauCHUsI TAaKKe MOXET JenaTh ommbOku. Hampumep, pacmmpenue openMosix
st sapa Linux mo3BoisieT TakoOW B TMPO3payHOM MuUrpanuu 3anaHuii. Takum o6pasom,
openMosiX BKIIOYaET B c€0S TEXHOJIOTHH, pPCATH3YIOUIME AJITOPUTMBI MHIPALUU 3aqaHUN
(cm. [BART1)).



Knactep openMosix, cocrosumii u3 komisiotrepoB noj ynpasienueM OC Linux, ecTb TO, YTO
Ha3bIBaeTCH 0JIHOO0pa3Hoi cuctemoit (SSI). B pa3nuuyHbIX CTaThsiX HEOAHOKPATHO OOCYXIAIOCh,
YTO HEJNb3s MOJIyIUTh HACTOSIIMI KiacTep J10 TeX 110p, moka Bel He moctpoute SSI. B SSI knmactepe
MOJTB30BaTeNNb HE 3a00THTCA O TOM, Ha KaKOM y3JI€ OH BBIIIOJIHAET KOMaH/bI, ¥ J1t00as nmporpamma,
KOTOPYIO OH 3aIycKaeT, OyAeT 3alylleHa Ha TOM Yy3j€, KOTOPBIH CMOXET YJIOBICTBOPHTH
HOTPEOHOCTH MPOrPaMMBbl HAWITYYIITUM 00pa3oM.

openMosix — 3T0 pacmmpenue aapa Linux. Iloatomy mis Toro, 4yToObl MPOMHCTALIUPOBATH
openMosiXx, HEOOXOMMO 3aIyCTHTh CIEIHATbHBIN HHCTAJUISIIMOHHBIA CKPUIIT, KOTOPBIA IPUMEHHUT
BCcE HEOOXOAMMBIC M3MCHEHHUS K MCXOAHBIM Koaam siapa Linux. Takoil ckpunT B AanbHEHIIEM
Oyzem HasbIBaTh «matd» (OT aHrl. patch). M3menenus kacatorcs 3% BCEro UCXOAHOTO KOAA sapa,
YTO HC OYCHB MHOTO (CM. T'IL 4.3).

3ameuaTenbHOM 0COOEHHOCTBIO OpenMosixX SIBISIETCSA TO, YTO IOJIB30BATENb TOJBKO 3aITyCKaeT
IporpaMMy, a KJIacTep pelaeT, rie e BHINOIHUTE (€CIM He OroBOpeHO oOpaTHoe). Pa3spaboTunku
openMosix Ha3bIBAIOT 3TO CBOKWCTBO «pPa3BETBUCH-U-3a0yab» (fork-and-forget).

openMosiX BHOCHUT HOBBIE MEpPKH B MacIITaOMpPOBAaHUE KIACTEPHBIX BBIYMCICHUN C
HCIIOJIb30BaHUEM Linux. openMosix Jenaer BO3MOKHBIM KOHCTPYUPOBaHHE
BBICOKOTIPOU3BOJUTENBHBIX MAacCIITAOMPYEMBIX KIACTEPHBIX CHUCTEM M3 KOMIBIOTEPOB IITUPOKOTO
WCNOJIb30BaHUs, NMPUUEM MaciTabMpOBaHHUE HE INPHBOJUT K 3aTpaTaM NPOU3BOIAMTEIBHOCTH.
I'maBHBIM npeumyiiecTBOM openMosix mnepen ApyrMMHU KJIacTEpHBIMM CHUCTEMaMH SIBIISIETCS €&
BO3MOKHOCTb OTBEYaTh BO BPEMS BBIIIOJIHEHUS Ha HEIPEACKa3yeMbIC U HECTaHAAPTHHIC 3alpOCHI
MHOTI'MX ITOJIb30BaTElICH K pecypcaM.

OTIMYUTENILHBIMY CBOMCTBAMU BBIIIOJIHEHUSI IIPUIIOKEHUH HAa openMosix SBIISIOTCS aJalTUBHAs
HOJIMTHUKA PACHPEICIICHUS PECYPCOB, CHMMETPHS U TMOKOCTh KOHpurypammu. KomOuHrpoBaHHBIN
3¢ ¢dekT 3TUX CBOWCTB MOApa3yMeBaeT TO, YTO IIONB30BaTelb HE JOMKEH 3HATh TEKYIIETO
COCTOSIHMSI MCIIOJIb30BAaHUS PECYpPCOB Ha Pa3IMYHBIX y3JIaX M Jake UX KoamdecTsa. [lapamiensHbie
IIPUJIO’KCHUS MOTYT BBIIIOJIHATHCS, O3B0 openMosix Ha3HayaTh ¥ IEPEHA3HAYATh IPOIECCH Ha
HaWIy4Illie U3 BO3MOXKHBIX y3JI0B, IOYTH TaK e, kKak u SMP.

Tem He MeHee, ecTh 001acTH, B KOTOPBIX openMosix HE CMOXET IPHUHECTH XOTh KaKyIO-TO
1osib3y. Tak, Harpumep, NPUIOKEHUS, UCIIOJIb3YIOIINE ITOTOKH, JI0OJDKHBI OCTAaBaThCs B IIpejlienax
OJIHOTO y3I1a.

[Tpoektr openMosix pa3BHBAacTCS B HECKOJIBKUX HANPABICHUSX. YK€ 3aKOHYCHBI PabOTHI IO
peanu3anuu MUTPUPYEMBIX COKETOB (migratable sockets), KOTOpbIC HOMKHBI CHU3UTh 3aTpaThl HA
MEXTIpOIIECCHOE B3aumMozeiicTBue. [loxoxkell onTUMHU3anueil SBISETCS MUTPHUPYEMBIE BPEMEHHBIC
¢baiinel, KOTOpbIE NO3BOJAT YAANEHHBIM IpolieccaM (HampuMep, KOMOIIATOpPaM) CO3/aBaTh
BpeMcHHBIC (ailnbl Ha yHANIEHHBIX y37naX. OCHOBHOUM KOHIICTIIMEH 3THUX ONTHUMH3AIHK SIBISCTCS
MUrpanus 0OJBIIEr0 YMCiIa PECYpPCOB BMECTE C MPOLIECCOM Ui CHYDKCHUS 3aTpaT Ha yAaiCHHBIA
noctyn. Takxke Bemyrcs pa3paborku cereBoii RAM, ¢ moMOIIBI0 KOTOPOW MPOLECC CMOXKET
UCMONb30BaTh IMaMATh, JOCTYHNHYI0O Ha HECKOJBKMX Yy37ax. Waes coCTOMT B TOM, YTOOBI
pacrpeleNuTh JaHHbIE Mpollecca CPeId HECKONBKUX Y3JI0B M MHUTPUPOBATH (OOBIYHO MaJICHBKUE)
IIPOLIECCH] K JTaHHBIM, HEXKEIH IepeEMEINaTh JaHHbBIE K ITpoleccaM. AKTHBHO pa3BUBAETCS IPOEKT IO
pean3ay MUTPUPYEMOU pasfenseMo naMsTH (M. 1. 4.7).

B nanHoi#t paboTe MpoBeICHO HCCIEA0BAaHUE OCHOBHBIX MPUHITUIOB paboThl openMosix U OCHOB
IIOCTPOCHUS PACIIPEICIEHHBIX CUCTEM C €€ UCIIOIB30BAaHUEM.



1. BBEAEHUE B OPENMOSIX

1.1. YTo Takoe openMosix

openMosix — 3TO mporpammHoe obecredueHrue, KOTopoe ObLIO pa3paboTaHo AN TOTO, YTOOBI
pacmmputh  siApo  Linux  BO3MOXHOCTSMHM ~ KJIACTCPHBIX  BBIUMCICHUH.  openMosix
pacmudpossiBaetcst kak Open Multicomputer Operating System for UNIX. Sapom openMosix
SIBJISFOTCS. aJAIITHBHBIC WHTCPAKTHBHBIC AJITOPUTMBI, OAJaHCHPYIOIIHUE HATPY3KY, YIPaBJISIONINC
MamMsTei0 ¥ (hailIoBEIM BBOJOM-BHIBOJIOM. OHHM peardpyloT Ha H3MEHCHHS B HCIIONH30BAaHUU
pPECYpCcOB KJiacTepa, HallpUMEpP, HEPABHOMEPHYIO PacIpeleiI€HHYI0 Harpy3Ky WM 4Ype3MEpHBIN
00MEH ¢ IUCKOM H3-3a HEJJOCTaTKa CBOOOIHOM MaMaTy Ha OqHOM U3 y3710B (cM. [BARS]). B takux
ciydasx, openMosiX MHUIUUPYET MEPEMEIICHUE MpoIiecca OT OJHOrO y3lia K JAPYyromy, 4TOObI
cOanmaHCHpoOBaTh HArpy3Ky, WIH NEPEMEHICHHUE Mpollecca Ha y3ed, KOTOPBIA MMEET JOCTaTOYHO
CBOOOIHOM MaMsTH, WJIM YMCHBIIICHUE YMCIIA YAAIEHHBIX (ailJIOBBIX ONEpalfii BBOIa-BBIBOA.

openMosix paboTaeT HE3aMETHO — €ro ONEpalUy MPO3PAYHbI IJIs MPUKIAJHBIX IpOrpaMM. ODTO
03HAYaET, YTO I10JIb30BATEIM MOTYT BBIIOJHATH [IOCJIEIOBATEIbHBIC U NapaJlIC/IbHbIE IIPUKIIAIHBIC
IporpaMMbl TOYHO Tak e, kak Ha SMP. Ilonp3oBaTenm HE NOKHBI 3a00TUTBCS O TOM, I
IPOIIECCHl BHIOJHSIOTCSA, HU OECIIOKOMTHCA O TOM, 4TO JENAl0T JIpyrue Hojib3oBareau. Bcekope
II0CJIE CO3/IaHMsA HOBOIO Iporiecca, openMosix IbITaeTcs Ha3Ha4daTh €ro JIy4IIEMY JIOCTYIHOMY
y3JIy Ha 3TOT MOMEHT. openMosiX KOHTPOJHMPYET BCE HPOIECCHl, W, B CIlydac HEOOXOIUMOCTH,
MUTPHPYET MPOLECCH MEXTY y3JIaMH, YTOOBI MaKCUMH3UPOBATh 001Iyr0 3ddexkTuBHOCTE. Bee 310
nenaercs 0e3 w3MeHeHus umHTepdeiica Linux. DTo o3HadaeT, 4TO BBl MPOJOJDKACTE BHUJICTH (H
KOHTPOJHMPOBATh) BCE Ballld IPOIECCHl, KaK OYATO OHHU BBINOJHSIOTCS Ha y37€, C KOTOPOTO BBHI
BOIILJIA CHCTEMY.

Anroput™bl openMosiX JEIEHTPaTN30BaHbBl — KaXIBIA y3€N SBISETCA U XO3SMHOM JJIA
MPOIIECCOB, KOTOPHIC OBLIN CO3/IaHbI JOKAJIBHO, U CEPBEPOM IS YIAIEHHBIX MPOIIECCOB, KOTOPHIC
MUTPUPOBATH C APYTUX Y3I0B. DTO 03HAYAET, YTO Y3JIbI MOTYT OBITh JOOABICHBI WIIM yIaJICHBI U3
KJIacTepa B JI000C BPEMsI C MUHUMATBLHBIMUA OECITOKOMCTBOM BHITIOIHSIOMIMXCS MpoiieccoB. Jlpyroe
MOJIC3HOE CBOMCTBO openMosix — €ro airOpuTMbl IS MOHUTOPHUHIA, KOTOPBIC OMPEICISIOT
OBICTPOACHCTBHE KAXAOIO Y3Jia, €ro Harpy3Ky Hu CBOOOJHYIO TaMsTh, TakKXe Kak |
npousBouTeNIbHOCTh [PC M crcTeMBl BBOJA-BBIBOJA I KXXKJOro mporecca. Jta uHGOpMaIus
UCIIONB3YETCHA, YTOOBI TPUHUMATh PEHICHUS [UIsl PaclpelIeiCHUs TMPOLEeCCOB, ONMM3KUE K
ontuMalibHEIM (cM. [BAR4]).

1.2. Mpo3pavyHOCTbL MECTOMNONIOXEHUS

B npomuioM npuHIMI NpO3pavyHOCTH MECTOIOJOXKEHHUS NPUMEHSUICS K (DaiIOBBIM cHCTEMaM,
Hanpumep, NFS. Orta unes Owina pacummpeHa B openMosix Ha pacrpelelIcHHE TPOIECCOB MEKITY
y3J1aMHu KjacTepa, 4ToObl yinydmars o0yt 3p@eKTUBHOCTh U cAenaTh Kiactep Oonee yIoOHBIM
JUTSL NCTIOJTb30BaHUSI.

Cucremnas mojenb obpasa openMosix ocHoBaHa Ha mozenu ‘‘momamHero y3na” (UHN), B
KOTOpOM KaXXeTCd, YTO BCE IMOJIB30BATEIBCKHE IPOLECCH BBHIMONHIIOTCS Ha y371€, C KOTOPOIO
MOJIB30BATENb BOMIEN B CUCTEMY. KaXkbIii HOBBIN MTPOLIECC CO3AAETCS HA TOM KE CaMOM Y3J1€, 9TO U
ero poauTensCkui mporecc. [Ipomecchl, KOTOpbIE MWIPHPOBAJIH, B3aHMMOICHCTBYIOT C



MOJIb30BATEIBCKOM CPEAOM OKpY)KEHUS Yepe3 NOMAlIHMKA y3€l IMOJIb30BaTelsi, HO Tam, T
BO3MOXKHO, MCIOJB3YIOT JIOKanbHBIE pecypchbl. [loka Harpyska ys3ma, ¢ KOTOPOTO MOJIb30BAaTEIb
BOIIEN B CHUCTEMY, OCTa€TCS HIDKE MOPOTOBOTO 3HAYCHHS, BCE IMOIB30BATEIBCKUE MPOLECCHI
OTpaHHWYEeHBl 3TUM y37moM. OJHako KOrja 3Ta Harpy3ka HA4MHACT MPEBBIIATH IMMOPOTOBOTO
3HAYCHUS, HCKOTOPBIC MPOIIECCHl MOTYT MUTPUPOBATH K IPYTUM y3lIaM (CM. puc. 1).

Vien #1 VYiea #2
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IIponzBonpHOE MONIOXKEHNE — pacxoasl Ha [PC
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Vien #1 VYiea #2
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Puc. 1. UntennekryanbHas 6alaHCUPOBKA HArpy3KU

Murpanusi npoucxoiut cieaylommm oOpasom. Ilpomecc pa3zbuBaercss Ha JBE 4YacTu:
[IOJIb30BATENbCKAsi YacTh M CHCTEMHas 4acTh. llonb3oBarenbckas 4YacTh IEPEHOCHTCS Ha
yAaIEHHBIA y3€l, B TO BpeMs KaK CHCTEMHas 4acThb JIOJDKHA OCTaBaThCS Ha JIOMAalIHEM Y3IIe,
yHuKkampHOM s Bcero  kiactepa (UHN). CucremHyr0o 4acTh HWHOTZ@  Has3bIBAIOT
IPEJCTaBUTENIBCKOM (deputy), ITOCKOIBKY OHAa OTBEUYAET 3a pa3pelicHue OONBIIMHCTBA CUCTEMHBIX
BBI30BOB (syscalls). openMosix Oepér Ha cebs 3agauy obecreueHus] B3aUMOICHCTBUS MEXy STHMHU
JIByMsI 4acCTsIMHU (CM. pucC. 2).

f
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IIpocTpancTBO siapa IIpocTpancTBO siapa

- Ilonmp3oBaTenbekmii KOHTEKCT (Remote) He 3aBHCHM OT y371a — MOXKET MUTPHPOBATh
« Cucremuslii koHTEKCT (Deputy) 3aBUCHM OT y351a — JODKEH OCTaBaThCS HA JIOMAIIIHEM Y3JI€
» CBA3b 711 CHHXPOHHBIX (syscalls) M1 aCHHXpOHHBIX (CHUTHAJIBI, COOBITHS) BEI30BOB
Puc. 2. Pa3zbuenue nporecca ¥ IPUOPUTETHASI MUTPALIHS
OHpGIIGJICHI/Ie OIITUMAJIBHOI'O MCCTOIIOJIOXKCHHUA JId 3aJaHusd —  CJIOXHAas HpOGHeMa.
HauOoinpimass CnoXHOCTh COCTOMT B TOM, YTO PECYpPCHI, JIOCTYyNHBIE Ha pabodMx CTaHIUAX
KJIacTepa, SBISIOTCA TETEPOreHHBIMUA. B nelicTBUTENBbHOCTH, 3arpaTel Ha mamsats, CPU,
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B3aMMOJICHCTBUE MEX/y IPOLIECCAMHU U T.JI. HE CpaBHUMBI. OHU Ja)ke HE U3MEPUMBI B OJTHUX U TEX
XK€ CIUHMIAX: PECYypChl B3aUMOJCHCTBUS M3MEPSIOTCS B TEPMUHAX HPOIYCKHOW CHOCOOHOCTH,
amMsiTh — B TepMHMHax pa3MepHocTd, a CPU — B TepmmHax mukioB. EctecTBeHHas ‘“kamHas’
crparerus, 6bajaHcupyIonas pecypehl Cpey BCEX MAIIKH, TAKXKE TOYHO HE OIPECIICHA.

B [AMIRI1] mnpencraBieHa HoOBas CTpaTerwsi Ha3HA4YCHHWs 3aJaHMW, OCHOBAaHHas Ha
“IKOHOMUYECKMX~ IPUHLMIIAX U KOHKYPEHTHOM aHajiu3e. JTa cTpaTerus Oa€T BO3MOXHOCTh
YIOPaBIATh TETEPOTCHHBIMU pecypcaMu crocoboM, OMM3KMM K onTUMainbHOMY. KimtoueBas upes
9TOW CTpaTerMd COCTOUT B TOM, YTOOBI MpeoOpa3oBaTh OOIIEE HCHOIB30BAHUEC HECKOJIBKHUX
TrETEPOTreHHBIX pecypcoB, Takux Kak namsate 1 CPU, B eauHyI0 roMOreHHyo “croumocts’”. Torma
3a/1aHus HA3HAYaIOTCs Ha Ty MalIMHY, IJI€ OHU UMEIOT CaMyl0 HU3KYI0 CTOMMOCTb.

1.3. ®annoBasa cuctema npsimoro gocryna (DFSA)

[Mopnepxka (aiinoBoit cucremsl mnpsmoro jgoctyna (DFSA) pacmmpsier cmocoOHOCTB
MUTPHPOBABILErO IIPOLECCa BBINOJIHATh HEKOTOPHIE ONEpallMyd BBOJA-BBIBOJIA HA TEKYIIEM Y3JI€.
Ora moanepKKa YMEHBINACT IOTPEOHOCTh NPOIECCOB, OPUCHTUPOBAHHBIX HAa BBOJ-BBIBOJ,
CBSI3BIBATHCS C UX JIOMAIIHUM Y3JIOM, TAKUM 00pa3oM IO3BOJISS OTUM Ipoieccam Oosiee cBOOOIHO
MUTPHPOBATh MEXIY y3JIaMH KJIacTepa, Halpumep, Ais 0aJaHCHPOBKM HAarpy3kKu M O0OeCICUCHHS
napaieNbHbIX (paliIoBBIX onepaluii BBOAa-BEIBOAA.

DFSA paboTtaeT moBepx JOOBIX MOIXOASIINX OOIIEAOCTYIHBIX BCeMy KiacTepy (aiioBhIX
CHCTEM, KOTOPBIE COOTBETCTBYIOT CICAYIOIIUM TPEeOOBAHHSIM:

» QaitnoBas CI/ICTeMa(-BI) CMOHTHpPOBAHA B TOM K€ TOUKE MOHTHPOBAHUS BCCMH Y3JIaMU;
. I/I,ZIGHTI/I(i)I/IKaTopLI IMOJIE30BATCIICH/ TpyHIl ABJIAIOTCA UACHTUIHBIMU CPEIN BCCX Y3JI0B KIIACTCpaA.

B nacrosmee Bpems GFS u ¢aiinoBas cuctema openMosix (0MFS) oTBedaror cranmapram
DFSA (cm. [AMARI1]). O6e aiinoBeie CHCTEMBI JAETAIOT BCE KaTaJIOTW U OOBIYHBIC (hailiibl
JOCTYTIHBIMHU JUISL BCEX Y3JIOB IO BCeMy Kiactepy openMosix, ofecrieunBasi COriaacoBaHHOCTh BO
BpeMsI IPOCMOTpa (aiIoB € Pa3IUIHBIX Y3JI0B, TO €CTh, TAKYIO JK€ COTIIACOBAHHOCTb, KaK €ciii OBl
BECh JOCTYN K (paiimy ObLT MpoM3BEAEH C TOTO XK€ caMoro y3na. B ri. 3.4 mpuBeneHO cpaBHEHUE
KJIACTCPHBIX (haiIOBBIX CUCTEM C TPATUITHOHHBIMH.

1.4. MacwrabupyemocTtb

openMosiX MOXET NOJACPKUBaTh KOH(Urypanuu ¢ OOJBIIMM YHCIOM KOMIBIOTEPOB C
MUHUMaJIbHBIMM HAaKJIQJAHBIMU PacXoJaMd Ha MaciiTabupoBaHHE, YXYAIIAIOMHUX 3PPEKTUBHOCTS.
Low-end koH}UTypamusi MOXXET BKJIIOUaTh HECKOIBbKO PC, KOTOpbIC CBS3aHBI JIOKAJBHON CETHIO
Ethernet, B To Bpems kak Oonblnas KOH(Urypanus MOXKET BKIIOYAaTh aBTOMAaTU3HPOBAHHBIC
paboune MecTa M cepBepa, KOTOpPhIC CBsS3aHBI 0oJiee BBICOKOCKOPOCTHOM JIOKAJIbHOW CEThIO,
nanpumep, FastEthernet. High-end xoHdurypanus MoxeT BKIIOYaTh 001bII0C KOoTuiecTBO SMP u
He-SMP aBTOMaTH3UpOBaHHBIX pa0OYMX MECT U CEPBEPOB, KOTOPHIEC CBS3aHbBI BBICOKOA((HEKTUBHON
JIOKaJIbHOM BBIYMCIIUTENIBHOM CEThIO, Harpumep, Gigabit-Ethernet (wim Myrinet).
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2. AITOPUTMbI MUTPALUA U PA3OEJIEHUA PECYPCOB

2.1. Anroputm Mmurpauum

openMosixX — 3T0 HHCTPYMEHT Ui saep Linux, BKIOYaromuii B ceOs aJanTUBHBIC aJTOPUTMBI
pazzaencHus pecypcoB. OH MO3BOJISIET HECKOJIBKUM OJHO- M MYJIBTUIPOIIECCOPHBIM y3JIaM paboTaTh
B TECHOM B3aUMOJICHCTBUHU. AJAaNTHBHBIC AITOPHUTMBI CHPOCKTHPOBAaHBI TaK, YTOOBI OTBEYATh
€KEMHUHYTHBIM BapHalUsIM IPU UCIIOJIb30BAHUU PECYPCOB BCEMHU y3JaMH. DTO JOCTUraeTcs 3a CHET
MUTPAIMU MPOLECCOB OT OJHOTO y37a K APyroMy, IpUOPUTETHO U MPO3PadyHo, /i OanaHCUPOBKU
Harpy3kd W T[peAOTBpAIlCHUS CBOIMMHTAa MaMaATH. MX 1enpio SBISETCS  yJTydlICHHE
00IIEKIaCTEpHON MPOU3BOIUTEIFHOCTH U CO3/IaHUE yJOOHOW MYJIBTHIONB30BATENbCKOM Cpelsl ¢
pa3fesicHHEM BPEMECHM U BBIIIOJHEHUS KakK IIOCICIOBATCIBHBIX, TAaK M IapaJUICIIbHBIX
npuiokeHui. CTaHIapTHBIM OKpY)KEHHWEM BpeMeHHU BbInosiHeHUs openMosix saBimsgercs SCC, B
KOTOPOM OOIIEKJIacTepHbIC PEeCypchl IOCTYHHBI BceM y3iaMm. OTKio4as aBTOMAaTHYECKYIO
MUTPAIMIO TPOIECCOB, IMOJIB30BATEIb MOXET NCPEKIOYnThCs Ha 00bmuHBI SCC  wim
OJTHOTIOJIB30BATEIBCKHI PEXUM (CM. TI1. 4.2).

TexHnonorusst openMosiX COCTOMT U3 JIByX YacTed: MEXaHU3M I[PUOPUTETHOW MHUIrpALUU
nporieccoB (PPM) u Habop MexaHW3MOB JUIsl aJallTUBHOTO pasfencHus pecypcoB. O6e yactu
peanu30oBaHbl Ha YPOBHE sipa U IIO3TOMY SBISIIOTCS IOJHOCTBIO IIPO3PAYHBIMU I YPOBHS
NPWIOXKEHHS, YTO IO3BOJIIET CO3[aBaTh pPACIPENCIEHHBIC IPIIOKECHUS 03 HEoOXoauMocTH
UCNOJIb30BaHUSI CTOPOHHUX OHOIMOTEK WM TEXHOJIOTHMH, a Takke MJaéT BO3MOXXHOCTB
HCIIOJIB30BaTh PECYpPCHl KJIACTEpa YK€ HANMCAHHBIMU IIPOTPaMMaMM, HE CIPOCKTHPOBAHHBIX
CIEIHAITBHO JUIs paboTHI Ha KJ1acTepe, 6e3 UX MOAU(DUKAINN W/ U MEPEKOMIMIISIIH.

PPM MosxeT MUrpHpOBaTh JIF000H mporecc B JI000e BpeMst Ha J1000i JocTynHeid y3en. OOsrdHO
Murpaius Oasupyercs Ha WHGPOpMAIUHM, O0CCICUMBACMON OJHMM W3 aNTOPUTMOB pa3ICICHUS
peCypcoB, HO TIOJIb30BaTENb MOXET MNEPEONPEACIUTh 3Ty aBTOMAaTHYECKYI0 CHCTEMHYIO
MUTPAIMOHHYIO MOJMUTUKY U MHUTPHUPOBATH MPOIECCHI CAMOCTOSITEIBHO. Takas pydyHas MUTpPALHs
MOXET OBITh MHHUIIMMPOBaHA CHUHXPOHHO CaMHM IIPOIICCCOM HIIM SIBHBIM 3allpOCOM OT APYToro
MpoIecca TOTO K€ MOIB30BATEIS WM CyNEepHoiab30BaTend. PydHas Murpanus mpouecCOB MOXKET
OBITh TOJIC3HA IS pEAM3AMH CICHU(DUYCCKON TMOIUTHKU MUTPAMM WU Ui TECTUPOBAHUS
IUIAHUPOBOYHBIX QJITOPUTMOB. Takke Cymneprionb30BATENb MUMEET JONOJHUTEIBHBIC MPUBUIICTHI
kacarenbHO PPM, Takue Kak TOHKash HAcTpoiika OalaHCHUPOBKM W HACTpOMKa TMOJCHCTEMEI
orpannueHui (loadlimit, miggroup, — cm. i1 5.1.1).

C xaxIpIM MPOIECCOM aCCOLMUPOBAH HIAECHTH(PUKATOp YHHUKaIbHOro aomarmHero y3ia (UHN),
Ha KOTOpoM OH Obl1 3amymieH. OOBIYHO, 3TO €CTh y3€l, C KOTOpPOro II0JIb30BaTeNlb BOHIEN B
cucremy. s PVM srto ecth y3en, rae Obuia nopoxiacHa 3amava geMoHom PVM. CranpaptHOit
Mozesio openMosix siBisieTcss ogHooOpasHas Mojaeab SCC, B KOTOPOW KameTCs, Y4TO KaIbId
IIPOLIECC BBIIIOJIHAETCS HA CBOEM JIOMAIlIHEM Y3J€, U BCE IMPOLIECCHl OJJHOM CECCUM MOJIb30BaTEIS
pa3neNsIoT OKPY)KEHHE BPEMEHU BBINIOJIHEHHS [IOMAIHEro y3ia. MUrpHpoBaHHBIA MpoOIECC IO
BO3MOXXHOCTH HCIOJB3YET pECYpChl YAAIEHHOTO Y374, HO B3aMMOACHCTBYET CO Cpemoi
BBIIIOJTHEHMS Yepe3 JOMAIIHUM y3en. Tak, HanpuMep, MPEANoN0oXuM, 9TO IOIb30BaTENb 3aIyCTHII
HECKOJIBKO IIPOIECCOB, M 4YaCTh M3 HUX MUIPHpOBana. Torma €ciam IMOJb30BATEIb MPOCMOTPHUT
BBIBOJI KOMAHJIBI ps, TO OH YBUJIUT BCE MPOIECCHI, BKJIIOYAs T€, KOTOPHIE BBIOIHAIOTCSA YOAIEHHO.
[Ipu sTOM CymMMapHOE HCIOIB30BaHME IIPOLECCOpa MOXET okazarbes Oonbme 100%, a
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UCIOJIb30BaHUE NAMSTH — 0OJIbINE, YeM pa3Mmep (pru3nyecku yCTaHOBJICHHOM Ha y3en namstu. Ecim
OIVUH U3 MUIPHUPOBABIIUX IMPOLECCOB IIPOYMUTAET TEKyIllee BPEMS, TO €CTh, BBI3OBET
gettimeofday (), TO OH IOJIIYYUT 3HAYCHHUE TeKyIIero Bpemenu Ha UHN.

PPM - rnaBHBIN HHCTPYMEHT alITOPUTMOB YIIPAaBICHUS pecypcaMu. Ero rimaBoit 1enbio SBIIseTCS
MaKCUMH3HPOBATh IMPOU3BOAUTEIBHOCTh 3a CUYET 3(P(PEKTUBHOTO HCIONB30BAaHMS OOIIECETEBBIX
pecypcoB. YpOBHEM JcTalM3allid CETEBOTO paclpeneneHus openMosix sBIseTcs Ipouecc.
ITonp30BaTens MOXKET BBIIOJIHATH IAPAJLICIABHBIC IPUIOKCHUSA, UHULMHUPYS 3aIlyCK HECKOJIBKUX
IIPOLICCCOB Ha y3JIe, U 3aT€M IO3BOJISISI CUCTEME Ha3HA4aTh OTH MPOLICCCHI HA JIy4YINUE NOCTYIIHEIC
y3IIbl HA JIAaHHBIA MOMEHT. ECii BO BpeMsi BBIIIOJIHCHHUS IIPOLIECCA CTAHOBATCS JTOCTYIIHBIMA HOBBIC
pecypehl, TO QITOPUTMBI PA3/EICHUS PECYPCOB CIPOCKTHPOBAaHBI TaKMM 00pa3oM, YTOOBI
BOCIIOJIB30BaThCS 3TUMHU HOBBIMHM peCypcaMU 3a CYET IIEPEHa3HAYCHUS IPOLECCOB MEXIY Y3IIaMHU.
OTa BO3MOXXHOCTh Ha3HAYCHUS U TECPCHA3HAYCHMS 3a/laHUil SBISETCS OCOOCHHO BaKHOM IUIs
IPOCTOTH HCIONB30BaHUA U g obecnieueHHs 3(GGEKTUBHON MYJBTUIOIB30BATENBCKOM CpEbl
BBIIIOJIHCHMSI C PA3JICJICHUEM BPEMEHU.

openMosix ~ HE  HMEET  LEHTPAIBHOTO  MeCTa  YIpaBICHUS  WIM  OTHOLICHUMU
YIPaBJISIOMUNA/TIOAYMHEHHBIA MEXKIY y3/1aMH: KaXK]IbIH y3€JI MOXKET ONEPUPOBATh KaK aBTOHOMHAs
CHUCTEMa M NPUHUMATh YIPABJICHUYCCKUE PCIICHHUS HE3aBHUCHUMO. JTa CXE€Ma JCJIACT BO3MOXKHBIM
CO3/IaHHC TUHAMHYECKON KOH(PUTYpalMH, B KOTOPOH Y3IBI MOTYT MPHUCOCAMHATHCS W TOKHIATh
CETh C MUHUMAIBHBIMHU CJIOXHOCTSMH. JIOMOJIHUTEIBHO 3TO YBEIUYHMBACT MAaCIITA0MPyeMOCTh U
rapaHTUpPyeT, 4TO cucTeMa OyaeT paboTaTh XOpomIo B O0NBITHX KOHPUTYPAIUSIX TOYHO TaK XKe, KakK
U B MQJICHBKHUX, a TaKXKE HCKIIOYACT MPUHIMN “‘eauHOi Touku cOos” (single point of failure).
MacmtabupyeMocTh JOCTUTAcTCd 3a CUET BHEAPCHUS (aKTopa CIy4yaHOCTH B alITOPUTMBI
YOPABIICHUSI CHCTEMOM, KOrJa KaXIbld y3€ll NMPUHUMACT PCIICHUS, 0a3upysch Ha YaCTUYHOM
3HAHUU COCTOSIHUS JPYTUX Y3JIOB, U HE MBITACTCS ONPEICIUTh COCTOSTHUE BCEX Y3JIOB KJIacTepa Wiv
KJIacTepa B 1enoM. Hampumep, corinacHo BEpOSTHOCTHOMY aJITOPUTMY pacCCHBaHUS HH(YOPMAIIHH,
KOKIBIA y3€N KIacTepa MOChUIAET Yepe3 PeryNispHbIe HHTCPBAIBI BpEMEHU HH()OPMAIIHIO O CBOMX
(JTOKaTbHO) JOCTYIHBIX pecypcax CIydyalHOMY MOJMHOXECTBY BCEX y3710B. B TO xe Bpems, oH
MOJICPXKUBACT HEOOJBIIOC OKHO HEIABHO MOJIYYCHHOW MH(pOpMammu. JTa cXeMma IMOAICPKUBACT
MacIITa0UPOBaHUE, PABHOMEPHOE pacceMBaHUEC WH(MOpPMANMKA M JUHAMHYCCKYIO KOH(HTrypaiuio
(c™. T.x. T1. 2.4.6).

Kak Obuto cka3aHo BEINE, JUII MUTpPAlU  IpolecC pa3duBaeTcs HA JIBC YaCTH:
MOJIB30BATCIbCKUI KOHTCKCT M CHCTCMHBIA KOHTCKCT. I10JIb30BaTCIbCKUH KOHTEKCT COCTOHT H3
KOZla TPOTrpaMMBI, CTEKa, JAHHBIX, KapT MaMSATH W PETHCTPOB mporecca. Takum obOpazoM OH
WHKAINCyJIUPYEeT MPOLIECC, BHIMOIHAIONIUICA Ha YpOBHE MONb30Barensa. CHCTEMHBIH KOHTEKCT
COJICPXKUT OMHMCAHUE PECYPCOB, KOTOPHIC 3aKPCILICHBI 33 TaHHBIM IMPOIECCOM, M CTEK fA1pa It
BBITIOJTHCHUSI CHCTEMHBIX BBI30BOB. TakuM 00pa3oM OH HMHKANCYJIHPYET MPOILEcC, KOrja TOT
BBIIIOJIHSACTCA HaA ypOBHe smpa. TaK KaK OH conepmnT MaH_II/IHHO-SaBI/ICI/IMYIO 4acTb CHUCTCMHOI'O
KOHTEKCTa Ipolecca, TO, CIEA0BaTENIbHO, OH A0JKeH ocraBartbes HAa UHN mpounecca. [lockonbky
BCSI MaMATh MPOCTPAHCTBA IOJIb30BATENSl HAXOAUTCA HAa YNAIEHHOM Y31€, MPEICTaBHUTEIIbCKUI
KOHTEKCT HE UMEET CBOEH KapThl MaMsITH. BMeCTo 3TOro oH pazfensieT KapTy MaMsTH f]ipa TaKuM
e 00pa3oM, Kak U MOTOK sifpa.

HHTCp(bCﬁC MCKAY IMOJB30BATCIIBCKUM KOHTCKCTOM H CHCTCMHBIM KOHTCKCTOM sJpa XOpOIIOo
onpe,uenéH, a CJICOOBATCIBbHO, MOXHO BMCHIATBCA B KaXJ0C TaKOC B3aHMOJCHCTBHEC H
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MEPEHANIPABUTh €r0 IMOCPEACTBOM CETHU. OJTO peain3oBaHO Ha ypoBHe cBsizu (link layer) kak
CIELMAJIbHOI0O KOMMYHMKAIIMOHHOIO KaHajia Juid B3aumojeWctsus. Ha puc. 2 mokasansl j1Ba
nporiecca, kotTopsie pazaensroT UHN: neBblil mporiecc — 3To oO0braHbIN Linux mporiecc, B TO BpeMs
KaK IIPaBBbIi IPOLIECC Pa3ACIIEH, U yIaIEHHbIN KOHTEKCT MUTPUPOBAIl HA APYTrOHU y3ell.

Bpemst mMurpamuu cocTOMT U3 (PUKCHPOBaHHOW KOMIIOHEHTHI Ui YCTaHOBKM HOBOTO KaJpa
mpolecca Ha YHOAIEHHOM Y371€, W JIMHCWHOM KOMIIOHEHTBI, INPONOPLUUOHAIBHOW KOJIUYECTBY
CTpaHHUI MAMSATH [UId INEepeMeIeHus. Jlns yMEHBIICHMs HAKJIAaOHBIX pPacXOJOB Ha MHTPALHIO
[EPEMEINAIOTCS TOJBKO TaONMIBl CTpaHUI] W ‘“Tps3HBIC® CTpaHHUBl mporecca. OcTalbHbIC
CTPaHMIIBI IIEPEMELIAIOTCA [0 TOMY JK€ HPUHIMITY, YTO M CTPAHHUIBI, BHIIPYKCHHBIE B 00IacTh
NOJKAYKH: B CiIyd4ae, €CIM IPH BHINOJHEHUM Iporecca Tpedyemas CTpaHuIla OTCYTCTBYET, TO
BO3HHKAET HCKIIOYECHHE, CTPAaHUIA MEPEChUIACTCS yAAI€HHOMY Y31y, W BBIIOJIHEHHUE IIporiecca
IIPOJOJDKAETCA C IPEPBAaHHON TOUKH.

Taku 06pa30M, IIpU BBIMIOJIHCHUU IIpOLICCCa B OpCIlMOSiX MMpO3pavYHOCTh PACIIOJIOKCHUL
JOCTHUracTCsa 3a CUET MNCpCHAIIPABJICHUA MAIIWHHO3aBUCHUMBIX CHUCTCMHBIX BBI3OBOB Ha UHN.
CHCTCMHEBIC BEI3OBHI SIBIITIOTCS CHHXpOHHOﬁ (1)OpMOﬁ B3aHMOJCHCTBUSA MCXKIAY ABYMS KOHTCKCTaMU
mnmponccca. Bce cucremnrnie BBI3OBBI, TMPOU3BOAAIIUCCA MPOLCCCOM, IMPCPBIBAIOTCA H, CCIU OHU
SABJIAIOTCA MAalIMHHOHC3aBUCHUMbBIMH, BBITIOJIHAIOTCS JIOKAJIbHO (Ha YIIaJIéHHOM y3JIC). B IMPOTUBHOM
ClIydaC OHU HAIIPaBJIAIOTCA Ha UHN, TAC BBIIIOJIHAKOTCA OT HMCHU ITPUIIOXCHUSA. PeBy.]'IBTaT
BBIIIOJIHCHHS BO3BpAIIACTCA HA YIIaJIéHHBIﬁ y3c€I, KOTOpBIﬁ 3aTCM IIPOAOJIKACT BBIIIOJIHATH KO/ Ha
YPOBHC IMOJIB30BATCIIA.

Jpyroii hopMoii B3aMMOACHCTBHUS MEXKAY KOHTEKCTaMH IpoIiecca SBIISIOTCS T0CTaBKa CUTHAJIOB
U COOBITHS TPOOYXKIEHHUS TIpolecca, TaKUe Kak MNPUOBITHE CETEBBIX NaHHBIX. OTH COOBITHS
TpeOyIOT aCHHXPOHHOT'O B3aUMOJICHCTBUS MEXY IIPEICTABUTEIBCKUM U YJAIEHHBIM KOHTEKCTaMH.
B tunuunoMm cuenapuu aapo Ha UHN uHOpMupyeT ImpeacTaBUTEIBCKUN KOHTEKCT O COOBITHH,
KOTOPBIM NpPOBEPSCT, HEOOXOOUMO JHM NPEANPHHATH KaKhe-TMOO JACHCTBHS, W, €CIM Ja, TO
uHGOPMHUPYET YJAIEHHBINA. YIIEHHBIA KOHTEKCT IPOBEPSECT KOMMYHHUKAIIMOHHBI KaHAJ Ha
HaJIp4ue cooOmeHuit 00 acMHXPOHHBIX COOBITUSX IEpel TeM, KaK MpOJODKATh BBIIOJHEHHE Ha
YPOBHE MOJIB30BaTens (T.€. KaXKIbIM pa3, Korja IUIAaHWPOBIIMK IEPEKIIIOYAETCS Ha BBHIIIOJHCHHE
3TOTO MpOoLECCca).

[Ipu MHOTHX ACUCTBUSIX C SAPOM, TaKUX KaK BBHIMIOTHCHHE CHCTEMHBIX BBI30BOB, HCOOXOAMMO
nepeMenaTh JaHHBIC MEXKAY MPOCTPaHCTBOM MOJIb30BaTeNs U siapa. OOBIYHO 5TO MPOUCXOAUT TPU
MOMOIIM MPUMHTHB sifipa copy_to_user(), copy_from_user(). B openMosix j100bie onepanuu ¢
NaMsTBIO 5/Ipa, KOTOPBHIC 3aTParvBalOT JIOCTYN K MPOCTPAHCTBY IOJIb30BATENs, TpPeOYIOT
B3aMMOJICHCTBUS MPEICTABUTEIBCKOTO U YIAIEHHOTO KOHTEKCTOB ISl MEPECHUTKA HEOOXOIUMBIX
JTAaHHBIX.

3aTpaTel Ha B3aMMOJCHCTBHE H3-32 YAANEHHBIX OIEpaIfii KOIMPOBAaHHSA, KOTOpPHIE MOTYT
MOBTOPATCS HECKOJBKO pa3 B Ipe/eiax OJHOTO CHUCTEMHOTO BBI30BA, MOTYT OBITh JIOCTaTOYHO
CYIICCTBEHHBIMH B OCHOBHOM H3-3a 3aJiepXkeK ceTH. Iy TOro 4yToOBl YMEHBIINUTEH Ype3BbHIYaiHOE
KOJIMYECTBO YJAIEHHBIX ONEpanyii KOMUPOBaHMs, ObUI peali30BaH CHCHMATBHBIM K3III, KOTOPBIN
YMEHBIIACT YHUCIO B3aMMOJCHCTBHM IOCPEICTBOM IHPEABHIOOPKH HAMOOJBIIETO KOJIMYECTBA
JAHHBIX BO BpPEMs IEPBOHAYAILHOTO 3aIpOCa Ha CUCTEMHBINA BBI3OB, B TO € BpeMsi Oydepusupys
yactuyHble AanHble Ha UHN i nepenaun y1an€HHOMY KOHTEKCTY IPH 3aBEPIICHUN CUCTEMHOIO
BBI30BA.
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Jlst Toro, 9TOOBI MPEAOTBPATUTH YJAIICHUE WM IIEPEKPHITHE OTOOPaXXEHHBIX B MaMATh (ailyioB
(1 3arpy3Kd CTpaHMIl MO TpeOOBaHUIO), MPEACTaBUTCIBCKUN KOHTEKCT, B OTCYTCTBHE KapTHI
HaMSTH, COJEPXKUT CIECHUABHYI0 TaOIuIly Takux (hailioB, KOTOpBIE OTOOPaXXCHBI Ha YJAIEHHYIO
namiaTh. [lomp3oBaTenbckhe PETUCTPBl  yAAIEHHOTO Iporecca OOBMYHO MOJOTBETCTBEHHEI
yAaIEHHOMY KOHTEKCTY, TEM HE MCHEE, JII0OON perucTp WiM MX KOMOMHAIUS MOXET BPEMEHHO
IIEPEUTH B IPUHAICKHOCTD IIPEICTABUTENBCKOMY JIJISl MAHUITYJISILIHIA.

VY nanéHHsle Npouecchl HE NOCTYIHBI JPYTHMM IIpoIieccaM, BBIONHSIOIIMMCS Ha 3TOM Y3Jie
(JIOKaJTBHO MJIM MUTPHPOBABIINX C APYTUX y3JI0B) U HA000poT. OHM HE NPUHAAIEKAT KAKOMY-TTHO0
OIpeeIEHHOMY I10JIb30BATENIO Ha y/1aNEHHOM y3J1€, T1I€ OHU BBIIIOJIHAIOTCS, U HE MOTYT I1OCHLIATh
CHUTHQJIBI WJIM KaKUM-TMOO WHBIM 00pa3oM MaHHWITyJUPOBATh JIOKUIBHBIMUA IPOLIECCAMH.
EnvHCTBEHHOE, 4YTO aJIMUHUCTPAaTOp MOJKET 3aCTaBUTh MUIPHUPOBATH JAHHBIM IPOLECC C 3TOTrO
y3na.

Wuornga mporieccy HYXHO BBITOJNHUTE HEKOTOpBIC (QyKHIMH openMosix, B TO BpeMsl KaK OH
HaXOAWTCS B JIOTUYECKOM COCTOSITHUM OCTaHOBAa WM CHA. Takue MPOILECCHl BBIMONHAT (DYHKIUU
openMosix “B COCTOSIHMM CHA’, TMOCIE YETO MPOJOKAT COH, €CIIM TEM BPEMEHEM HE MPOMU3O0IILIO
COOBITHSI, KOTOPOTO OHH IKAaId. [IpuMepoM SIBISICTCS MUTpamus IPOLECCa, BO3MOXKHO
npoucxoAsmias, korga mpouecc crmut. s stmx umenedt openMosix COXpaHSIET JIOTHYECKOE
COCTOSIHUE, OIMUCHIBAIONIEE, KaK JPYTHe MPOIEecCch OyIyT BHUAETH 3TOT MPOLECC, KOTOPOE SBISECTCS
MIPOTUBOIIOJI0KHBIM €r0 HEIOCPEICTBEHHOMY COCTOSIHHIO.

[Toxxom, omMMCaHHBINA B 3TOM TIaBe, SIBISCTCS YCTOWUUBBIM, U JJaXKe OONBITNE U3MCHCHUS B SIpPE
HE BIMAIOT HAa HEr0. OH MPakTUYECKH HE MOJAracTcs Ha MallMHHO3aBHCHUMBIC CBOMCTBa sipa, U
IO3TOMY HUYTO HE MEIIAeT MEPEHECTH €ro Ha JpyTrue apXuTeKTypbl. HegocTtaTkoM 3TOro moaxona
SIBJISIOTCS, OYEBHUJIHO, JOINOJHUTCIBHBIE HAKIAAHBIC pPAacXoAbl HA BBINOJIHCHHUE CHUCTEMHBIX
BBI30BOB. JIOMOMHUTENBHBIC PAacXoJbl BO3HHUKAIOT HpH (DaIOBBIX M CETEBBIX Omepaiusix. Tak,
HarpuMmep, Bce cereBble CokeThl co3patorcas Ha UHN, 4ro sBIsieTcs NpUYMHON yCWIICHHUS
B3auMoJciicTBusl, ecnu mpouecc wmurpupyer ¢ UHN. Jlns npeomoncHust 3TOW  MPOOIIEMBI
pa3pabaThIBaIOTCS MUTPUPYEMBIC COKETHI, KOTOPHIC MOTYT IMEPEMEIIAThCS BMECTE C IPOIIECCOM,
Jienias BO3MOXKHBIM MPSIMOE COCOUHECHHUE ¢ MUTPUPOBABIIMM MpolieccoM. B Hacrosiee Bpems 3TH
pacxoabl MOTYT OBITH CYIICCTBCHHO YMCHBIICHBI 3a CUET IMEPBOHAYAIBHOTO pacHpecIICHUS
B3aMMOJICHCTBYIOIIMX IPOLECCOB HA pPa3JIMUHbIC Y3Jbl, Hanpumep, npu nomomu PVM. Ecim
CHUCTEMa CTAHOBUTCS HECOATaHCHPOBAHHOMW, AJITOPUTMBI OpenMosiX rmepeHa3Ha4Yar0T MPOICCCHI IS
YBEITMYCHUS TPOU3BOAUTENBHOCTH (cM. [BARO]).

2.1.1. C60p uHdopmaLmm o npouecce

CraTucTrika O TOBEJICHUU IpoIEcca COOMpAacTCs NMEPUOIUYCCKU, HANPUMEP, HIPHU CHCTEMHBIX
BbI3OBAax Hu Ka)KI[BIﬁ pas3, Korga mponccc mnojay4dact AJOCTYII K HOJIb30BATCIBCKHUM JJaHHBIM. Orta
uHpOpMaIKsi UCTIOIB3YETCS JUISl OLIGHKH TOTO, YTO Tpolecc noimkeH murpupoBaTh ¢ UHN. DOra
CTaTUCTHKA YCTapeBacT 4epe3 HEKOTOPOE BpeMs JUISl TOTO, YTOOBI MPUCIOCOOUTHCS K MpoleccaMm,
HU3MCHSIOIIIUX CBOI1 HpO(i)I/IJIL BeinoytHEHUA. OHA TaKX€ MHOJIHOCTBIO OYnImacTCsa Mmpu CHUCTCMHOM
BbI30BE execve() (KOTOpBIM 3aMemaeT MpOIEecC HOBBIM), MOTOMY YTO, CKOPEE BCEro, IMPOIECC
W3MEHUT CBOM XapakTep.

Kaxxp1ii mporiecc mMeeT HEKOTOPBIN KOHTPOJIb HaJl COOpPOM M yCTapeBaHUEM CBOCH CTATUCTHKH.
Hamnpumep, npouecc MOXET NPUOCTAHOBUTH CBOE BBINOJIHCHUE, 3HAs, YTO €r0 XapaKTCPUCTHUKHU
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JOJDKHBI BOT-BOT M3MCHHUTHBCS, HWIIM OH MOXKCT MNUKIUYCCKH TICPCKIIIOYAThCH, KOM6I/IHI/Ipy51
BBIYHUCIICHUS U BBOI-BBIBOJ.

2.1.2. OrpaHM4yeHuns Ha MUrpaumio

Hekoropsie GpyHKIMH sipa HE COBMECTUMEI C Pa3lcliCHUEM KOHTEKCTa mpouecca. OueBUIHBIMU
[PUMEpPaMU  SIBIISIIOTCS  HEIOCPCJICTBEHHOC MAHHWITYJIMPOBAHUE YCTPOWCTBAMHU BBOJA-BBIBOJA,
B3aMMOJICHCTBIC HAMIPSAMYIO IPU MTOMOIIY MTPUBHIICTHPOBAHHBIX MHCTPYKIIMHA C MIMHOM WA TIPSIMOA
JIOCTYT K YCTPOMCTBY mamsATH. [lpyrue mpuMephl BKIIOYAOT B c€0s UCIOIB30BaHUE MOTOKOB HIIU
MPWIOKCHUN pPEAJBHOTO BPEMCHH (B TMOCICOHEM CIIy4a¢ HEBO3MOXXHO TapaHTHPOBATh WX
KOpPpEKTHOC (PYHKIIMOHUpOBAaHUE TMOCiHe Murpanuu). [lpomecchl, KOTOpPHIC HUCHOJB3YIOT JTH
MEXaHHU3MBI, aBTOMATHYCCKH 3aMBIKAIOTCS Ha JIOMAIIHEM y3Jj1€. Eciiu nporece yxe MUrpupoBa, To
oH BheIchTacTcss obpatHo Ha UHN. Ilpu 3TOM /proc/[PID]/cantmove COHCPKHUT HMS
KOH()JIMKTHOTO CHCTEMHOTO BBI30Ba (CM. T1I. 5.1.1).

2.2. AnropuTtmbl pasaeneHus pecypcoB

OCHOBHBIMU ~ QJITOPUTMAMH  PA3JCICHUSA PECYpCOB openMosiX SBISIIOTCA — aITOPUTMBI
OaJIaHCUPOBKH HArPY3KU U arOPUTMbI PACIPEACICHUS NAMITH' (MM [IPEAOTBPAIICHHS CBOIIIMHIA
IIaMSITH).

JIuHaMU4eCKUi  anropuT™M OaJlaHCMPOBKM HAarpy3KH HENPEPHIBHO IBITACTCS YMCHBIIUTH
Pa3HOCTh HATPy3KH MEXAY HapamH Y3JI0OB, MHUTPUpPYS IMPOIECCH OT 0osiee 3arpy>KCHHBIX y3JIOB K
MEHEE 3arpy’>KCHHBIM. JTa cXeMa ABISCTCS EICHTPATU3UPOBAaHHOM: Ha BCEX y3/laXx paboTaeT OAuH
U TOT XK€ aJITOPUTM, M YMECHBIICHUE PA3HOCTH 3arpy3KH BBHINOIHAETCS HE3aBHCUMO JI000 mapoi
y310B. KoOnMuecTBO BBHIMOIHAEMBIX MPOLECCOB U OBICTPOJCHCTBHE y37a SBISIOTCS BaXKHBIMH
¢bakTopamu anroputMa OanaHCUPOBKM HArpy3Ku. OTOT &IrOPUTM OTBEYAECT HA W3MCHCHHS
Harpy3kd y3ja WIM Ha U3MEHEHUE XapaKTEpUCTUK BPEMEHHU BBINOJIHEHMs mporecca. OH ocraércs
npeoOiagaromyM TO TeX MOp, MOoKa CUCTEMa HE HCHBITHIBACT YpPEe3MEPHOIO HENOCTaTKa APYTUX
pecypcoB, TaKuxX Kak cBOOOIHAS MaMATh WU CBOOOIHBIC CIOTHI ATl IPOLIECCOB.

Bropoii anropuTM — aIrOpuUTM pacrpeneseHus (MPelOoTBpAIlCHUS HCTOIICHUS) MaMsATH —
IpUCIIOCOOJICH IS TOTO, YTOOBI pa3MeIaTh MaKCUMaIbHOE YUCIIO MPOIECCOB B OOMICKIACTECPHON
RAM nns uzbexanusi, HACKOJIBKO BO3MOXXHO, 3aCOPEHUS aMATH WIM BBITPY3KH CTPAHHUI] TaMATH B
001acTe MOJKAYKH. OTOT AJITOPUTM BKIIOYACTCS, KOTJA y3€Jl HAa4MHACT MHTCHCUBHBIA OOMEH
CTpaHHMIlaMH C O0JacThbI0 MOJKAYKH M3-3a HEXBATKU MaMATH. B 3TOM ciydae, 3TOT aJrOpUTM
HEPEKPBIBACT AJITOPUTM OaJTaHCHPOBKHM HArpy3Kd W NBITACTCS MUTPHPOBATH IMPOLECC HA y3€I C
JIOCTATOYHBIM KOJMYECTBOM CBOOOJHOW maMsATH, JdaXe €cld 3Ta MWUrpamus OpUBEAET K
HEYPaBHOBEIICHHOMY PacIpeICIICHUIO.

Heckonbko mo3:xe B openMosix ObuT BHEAPEH HOBBIA AJITOPUTM LISl BBIOOpA y371a, HA KOTOPOM
JIOJDKEH BBITIOJHATHCS Iporiecc. MaremaTuyeckass MOJEIb 3TOTO IUIAHUPOBOYHOTO ajIrOpuUTMa
npuiia u3 001acTd SKOHOMHUYECKHUX HCCICIOBAaHWA. DTOT aJTOPUTM TBITACTCS YPaBHOBECHUTH
pasivuus MEXIYy pasiIuYHbIMU pecypcaMHM OCHOBBIBASICH Ha JKOHOMMYECKHUX MPUHIHUIAX U
KOHKYPCHTHOM aHaju3e. OTa OJKOHOMHYCCKAs CTpAaTerusi 00CCICYuBacT YHUDUIMPOBAHHYIO
QITOPUTMHUYECKYIO OCHOBY IS PaCIPENCIICHUS BBIYMCIUTEIbHBIX, KOMMYHHUKAIIUOHHBIX PECYPCOB,

1 He nmeer argero obmiero ¢ mpodiaemoit pacipenenéHnoit pasnemsiemoit mamstu (distributed shared memory)
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IaMsITH W PECypcoB BBOJa-BbiBOJa. OHa mMO3BOJIET pa3pabarhiBaTh OMU3KHE K ONTHMAIBHBIM
online ajropuTMBbI J1JIsl paclpeieICHUsI U COBMECTHOIO UCIIOIb30BaHuUs ITHX PECYPCOB.
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2.3. MeTtoa oueHMBaAHMA CTOMMOCTU AN Ha3HAYEeHUS U NepeHa3Ha4vYeHus
3agaHuun

2.3.1. NocTpoeHue moaenu

Cdhopmynupyem 1eiib Kak yIydIIeHUE TPOU3BOAUTCIILHOCTH KJIACTEPA U3 1 MAIIIMH, TJIC MAIlIUHA
I AMEET MPOLIECCOPHBIE PECYPCHI CKOPOCTBIO 7 (i) U PECYpChl MaMATU PasMEpPoOM 7,(i). Ml
abcTparupyeMcs OT IPYTUX PECYPCOB, aCCOIMUPOBAHHBIX C MAIIMHOM, XOTS 3Ta CTPYKTypa MOXET
6LITB pacmvMpCHa ajid yrpaBJICHUSA JOIMOJHUTCIBHBIMU PCCYypCaMu.

Ecth HekoTOpas MOCIEIOBATCIBHOCTh MOCTYMAIOMIMX 3aJaHHii, KOTOPHIC OJDKHBI OBITH
Ha3zHa4yeHbI 3TUM MairHaM. Kaxoe j 3aganue onpezeisercs TpeMs lapaMeTpamu:

+ BpeMs IpUOBITUSA a(]);
+ KOJIMYECTBO ITPOILIECCOPHOTO BPEMEHH #(j), KOTOpOE TpeOyeTCs ISl HEro;
+ KOJIMYECTBO MAMSITH 11(}), KOTOpOE TpeOyeTCs JIJIs HETO.

[Ipeanonaraem, 9To m(j) NU3BECTHO, KOTJla MOCTYIMAET 3aJaHue, a #(j) — HEeT. 3aJaHue JOHKHO
OBITh HA3HAYCHO MAIIWHE HEMOCPEICTBEHHO TOCIC TOCTYIUIGHUS W MOXET OBITh TI03Ke
IIEPEMEIEHO OT ONHOW MamwuHbI K Apyroil. ITycts J(7,i) — MHOXECTBO 3alaHUii HA MalIWHE [ B
MOMEHT BpeMmeHHu . Torma 3arpy3ka mporeccopa M mamsATd Ha 3TOM MAaIIUHE COOTBETCTBEHHO
paBHBI:

[.(t,i)=|J(t,i)| (MommOCTH MHOXECTBA J(1,i)) U
L(t,i)= 2, m(j)
JEJ(t, i)
[IpeamonaracM, 4T0 KOTrAa y MallMHBI 3aKaHYMBACTCS IAMATh, TO OHA 3aMEIJISETCd Ha

HEKOTOPBI MYJIbTUIUIMKATUBHBIN (hakTop s M3-3a cOpoca cTpaHuil Ha Juck. Toraa agdexTuBHAS
IIPOLIECCOPHAsl Harpy3Ka MalIvHbl | B MOMEHT f:

L(t i):{lc(t: i)=|J(t,i),ecmul,(t,i)<r,(i)
, l.(t,i)*s,ecaul,(t,i)>r,(i)

JLJ1st IpOCTOTHI TaKKE MPEAIOIaraeM, YTO BCE MAIIMHBI BHITIONHAIOT 3a/IaHUS ‘‘CIIPaBEIIIUBO , TO
€CTh B MOMEHT BPEMCHH ! KQXI0€ 3aJaHNe Ha MAIIUHE | MOXYYUT //L(t,i) IpOIEeCCOPHOTO BPEMECHH.
[ToaToMy BpeMs 3aBepuICHHS 3a0aHUS ¢(j) YAOBICTBOPSET CICIYIOMEMY YPABHCHHIO:

i) . . )
f mdt =t(j) , Tae i — 3TO HOMCP MAIIWHBI, HA KOTOPOW BBITIOJNHICTCS 3aJaHHC B
a(j)

JIaHHBIE MOMEHT Bpemenu f. Ecim L(f, i) = I, TO U3 MOCICAHETO BBIPAXCHHUS CICAYET, UYTO

: t(J)

c(j)—al(j) =r—(i) , TO €CTh, €CIM Ha IIPOIECCOPE BBIIONHACTCA CIUHCTBECHHOE 3aJaHHUE, TO
c
peabHOE BPeMs €ro BBIIOJHEHHUS COBIAAacT ¢ BpPEMEHEM BHINONHEHHUS Ha mpomueccope. HeTpyaHo
: . o ()
BHJICTH, 4TO eciu L(t, i) > I , TO c(])—a(])>T .
r (i

c(j)—al(j)

t(J)

Benmuunna Ha3bIBaCTCA 3aMmeancHueM 3ananus. Heo6xomumo pa3paboraTe METON
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Ha3HAYCHMS 3aJaHUN W/WIM NEpPCHA3HAYCHUS, KOTOPHIA MUHUMH3UPYET CpPEOHEE 3aMEIJICHUE MO
BCEM 33JaHUSIM.

Byaem onenuBath 3¢ddekTHBHOCTE Hammx online  anropuTMOB HMX  CPaBHHUTCIHHBIM
KO3 UIUECHTOM, U3MEPEHHOTO IO OTHOIICHHUIO K MPOU3BOAUTCIHLHOCTH OonTHUMaibHOTO offline
anroput™Ma. Online anroput™ ALG Ha3bIBaeTCS C-CPaBHUMBIM, €CITH IS JI000W BXOJHOM
nocienoBarensHOCTH [ cnexyeT, uto ALG(I) < ¢ OPT(I) + a, tne OPT — ontumanbenbeiii offline
ITOPUTM, 0. IBIISICTCS KOHCTaHTOM.

2.3.2. OcHOBHbIe onpegeneHusi

TeopeTtnueckass 4acTh O3TOr0 pasfena COCPEAOTOYUTCS Ha TOM, KaK MHUHUMHM3HUPOBATH
MAaKCUMaJIbHOE UCIIOJb30BAHUE PpA3JIUYHBIX PECYpPCOB CHUCTEMBI, JPYITMMH CJIOBamMH, Kak
HAWJIy4IIUM CriocoO0oM cOallaHCUpOBaTh HArpy3Ky cUCTeMbl. OJIHMH ajTOPUTM IS BBINOJIHCHHS
aroro, onucanabii B [AWERI1], moka3siBacT CBOIO MPaKTHYECKYIO MOJIE3HOCTh JIaXKE€ TOTAa, KOraa
HaIlla IeJIb COCTOUT B TOM, YTOOBI MUHUMH3UPOBATh CPEAHEE KBAIPATUYHOC 3aMEIIICHUE, KOTOPOE
COOTBETCTBYET YMECHBIICHUIO CYMMBI KBaJIpaTOB HAarpy30K.

B moaroroBke k O6CY)KI[€HI/IIO ajliroputMa HCCICIYyCM HpOGJIeMy MHHUMH3AIIAUU C TpEMA
Ppa3siInIHbBIMU MOJCIIAMHA MAalllMH U ABYMS pAa3JIMYHBIMU BUIAMU 3aJIaHHIA.

TpI/I MOICIH MalllvuH:

1. Unentnunbic MamuHbl. Bce MammmHbl HIIGHTUYHBI, M CKOPOCTH BBHITIOJTHEHUS 3aJaHUsI HA JAHHOU
MaIlIMHE ONPE/ICIICHA TOJIBKO HArpy3KOM MAIlIWHBL.

2. CBsa3aHHbBIC MalIMHEL. MalluHbBI HUICHTUYHBI 3a UCKIIOYCHUCM TOI'0, YTO HCKOTOPBIC M3 HUX
HUMCIOT pPa3jIMIHBIC CKOPOCTHU — B MOJICIINA BBIIIC OHHU MMCIOT pa3JIMYHBIC 3HAYCHHUS 1, U IIAMATD,
CBsI3aHHasA C 3TUMH MAllIMHAMH, HTHOPUPYCTCA.

3. HecBsi3aHHble MamMHBL. MHOTO pa3iaMuYHBIX (AaKTOPOB MOTYT BIMATH Ha 3PPEKTUBHYIO
Harpy3Ky MalllWHBl U BpeMs 3aBEpLICHUS 33/1aHUH, BHIIOJIHSIOMUXCA HAa HUX. OTH (PaKkTOpHI
U3BECTHBI.

JlBa BO3MO>KHBIX BUJIA 3a/IaHUM:

1. IlocTosTHHEIC 3alaHusl. Kak Ttonbko 3aaHuC IMOCTYIIaCT Ha MallluHy, OHO OCTAaHCTCA TaM
HaBCCrJa.

2. BpemeHnHsle 3amaHud. 3ajaHusl IOKHOAIOT CHCTEMY, KOIZla OHH IOIYYWJIM HEKOTOpOe
KOJIMYECTBO MPOILIECCOPHOTO BpEeMEHHU. Tarke HCCleqyeM CBA3aHHYIO MpoOiieMy, Ha3hbIBaEMYIO
po6aemMoit online MapIIpyTH3aIMH.

2.3.3. UaeHTUYHbIe U CBAA3aHHbIe MaLUUHbI

Celiyac mpeanoNoKUM, YTO HUKAKHE NEPEHAa3HAYCHHWs HE BO3MOXXKHBI, M YTO E€IWHCTBECHHBII
pecypc sBISeTCA MpOLECCOpHOE Bpems. Hama 1ens MO3TOMY COCTOMT B TOM, YTOOBI
MUHUMU3UPOBaTh MakcuMaibHyo Harpy3ky CPU. Korna mammuHbl HIEHTHYHBI U HUKAKUE JPyTrue
PECYPCHI HE CYIICCTBCHHBI, JKaJHBIA AJITOPUTM padOTaeT XOPOUIO. DTOT aJIrOPUTM JUIsl HA3HAYCHHUS
3a/laHuil Ha3Ha4yaceT cIeAyIollee 3aJaHie Ha MalliHy ¢ MUHHUMaJIbHOM Tekymel Harpyskon CPU.
Ecny MamuHbl MIEHTUYHBI, ¥ HUKAaKWE IPYTHe peCcypchl HE CYIIECTBEHHBI, KaJHBIA aJTOPUTM
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1
MMCET CPaBHUTCIBHBIN KO3(hGUIMEHT ¢ =2 — " (cm. [BARTT1]).

Korpga mammHbl CBsI3aHbl, 331aHUS] TIOCTOSIHHBI, 1 HUKAKUE JIPYT'HE PECYPChl HE CYIIECCTBCHHBI,
s dextuBen anroput™m Acmueca (cMm. [ASPN1]). Onpenemmum OPT kak Harpy3Ky ONTHMAJIBHOTO
offline anroputma; anmpokcumanust OPT maétcs B [ASPN1]. DToT anropuT™M Ha3zHa4aeT KaxXaoe
npuOBIBaloIIce 33/1aHUE HA CaMyl0 MEIJICHHYIO MalllMHy C pe3yJIbTUPYIOUIeH Harpy3koit Huxke 2 *
OPT. Ecmm OPT wu3BecTHa, 3TOT QJITOPUTM HMEET KOHKYpPEHTHBIM Kod¢p¢uiment 2. UroOsl
annpoxkcuMupoBaTb OPT, MOXXHO UCHIOIB30BATH METOIUKY TyOIMpOBaHUS.

JInsi HeCBA3aHHBIX MallliH U BPEMEHHBIX 33/aHuil 0e3 MmepeHa3HaueHUN HEe U3BECTHO HUKAKOTO
ITOPUTMA C KOHKYPEHTHBIM KO3((QHUIIMEHTOM JIydllle, YeM 7.

2.3.4. HecBsizaHHbIe MalwuHbI

PaccmaTtpuBacMBlii  @ITOPUTM — 3TO AITOPUTM JUISI HECBS3aHHBIX MAIllUH M IIOCTOSHHOIO
Ha3HAUCHUS 33JaHWH, OCHOBAHHBIM Ha NOKA3aTelIbHON (YHKIMH OT ‘“‘CTOMMOCTH  MAIIWHBI C
JAHHOM Harpy3kod. OTOT ajIropuT™M Ha3HAYaeT KaXJO€ 3aJaHUC Ha MallMHYy, YTOOBI
MUHHMH3HPOBATE OOIIYI0 CTOMMOCTh BCEX MaIlliH B KJactepe. bosee TouHO, MOT0XKUM:

* @ — KOHCTaHTa, I < a < 2;
» lj) — Harpy3Ka MalWHbI [ IEpe]] HA3HAUYCHUEM 3aJaHus J;
* pi(j) — 3amaHue j 1S HArpy3KH, KOTOpoe OyAeT J0OaBICHO K MAIIUHE .

Online airopuT™M Ha3HAYUT j HA MAIIKHY i, YTO MUHUMH3UPYET TPAHUYHYIO0 CTOUMOCTD:
o LUre ) _ L)
H,(j)=a —a

OroT anroput™ cpaBHUM ¢ O(log n) A HECBA3aHHBIX MAIIMH M INOCTOSHHBIX 3agaHuil. PaboTa,
npencraicHHas B [AWER2], pacmmpser 3TOT anroput™ H KO03(pUIMEHT cpaBHEHHS Ha
BPEMCHHBIC 3ajaHusi, ucnoisdys A0 O(log n) nepeHasHaucHuii Ha 3ananue. [lepeHasHaucHue
IepeMENacT 3a/IaHUe C €ro INpEeABapUTEIIbHO HAa3HAYCHHOM MallMHBI HA HOBYIO MamuHy. IIpu
HaJIMYUY [IEpEHa3HAYCHUN MTOJI0KHM:

» h{j) — Harpy3Ka MaIvHsbI i Iepes; TeM, Kak j ObLI0 B HOCICTHUHA pa3 HA3HAYEHO Ha |.

Korna Bce 3amanus 3aBepmminch, anroput™ B [AWER2] nposepser “ycnoBue ycToR4MBOCTH
JUISL KaXJIOTo 3aJaHus j U KaxJ0d MammuHbl M. DTO yCIOBHE YCTOMYMBOCTH, IZ€ | O3HAYaeT
MalIMHYy, Ha KOTOPOM B HACTOSIIIIEE BPEMSI HAXOUTCS 3aJaHUE j, ECTh!

ho ()P, (J) R (i L) *pw(i) Ll
gl _ ()<2(aM() uld) _ o tul ))

Ecm1 310 ycClnoBHE YCTOMYMBOCTH HE YJIOBIECTBOPCHO HEKOTOPBIM 3aJaHUEM j, aITOPUTM
IepeHa3HavaeT j Ha MalluHy M, 4TO MUHUMHU3UDPYET Hy(j).

2.3.5. Online mapwpyTrsauus BUpPTyanbHbIX KaHaNnoB

PaccmaTprBaeMblil anTOpUTM MUHUMU3HPYET MaKCHMalbHOE HMCIOJIB30BAaHHE EIUHCTBEHHOIO
pecypca. UToOBI pacIupUTh 3TOT aITOPUTM Ha HECKOJIBKO PECYPCOB, MBI HCCIIEYEM CBSI3aHHYIO C
JaHHO! mpoOieMy online MapmpyTH3allud BHUPTyalbHBIX KaHaloB. KopoTko mpuBeném
00BSICHEHHE TOTO, YTO 3Ta MpobIIeMa SBISIETCS COOTBETCTBYIOLICH NaHHOM. B aT0i npobneme Ham
JIaHbI:
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« B3BemeHHBIH rpad G(V, E), ¢ 00bEMOM u(e) Iu1st Kaxioro pedpa e;
+ TIpEACITBHO JIOMYCTUMAas Harpy3Ka m.x;

+ TIOCJICZIOBATEIFHOCTh HE3aBUCHUMBIX 3ampocoB (s, t, pi: E—[0, mx]), npuObIBacMBIX B
IPOM3BOJILHOE BPEMS; §; U f; — HMCXOAAINMA M TPUEMHBIN y3ibl, p(j) — TpeOyemas mmpuHa
IPOILYyCKaHUSI.

3anpoc, KOTOpbIM Ha3HAYEH Ha HEKOTOPHIN IyThb P OT MUCTOYHUKA K NPUEMHUKY, YBEIMYUBACT
p(J)
ule)

Harpysky [ Ha KaxJoM pedpe e u3 P Ha Bemmuuny p,(j)=

Hama menbs cocTOMT B TOM, 4TOOBI MMHHMH3UPOBaTh MaKCUMAJIbHYIO HEpPErpy3Ky CBS3CH,
KOTOpast ABJISIETCS OTHOIICHUEM IUPUHBI IPOIYCKaHU, BBIICJICHHON Ha CBSI3b, K €€ 00BEMY.

MunumMu3aus MakCUManbHOro Hcrnonb3oBaHus CPU u maMsTd, TAE HCMONB30BAHUE MaMSTH
U3MEpsSETCs B JIOJI€ HUCHONB3yeMOW NaMsiTH, MOXET OBITh CBEIEeHO K Ipobieme online
MapuIpyTHU3alud. DTO CBEJCHUE IPOU3BOJUTCA CIECIYIOIUM 00pa3oM: CO3aIuM JBa y3ia {s, t} un
HENEPECEKAIOIIMUXCS IMyTEH, COCTOSIIUX U3 OAHOTO pedpa, ¢ AByMsI BEpIIMHAMH H3 S B f (CM. puC. 3).
Kaxass mammna i npeacraBiseT cOO0H HEKOTOPHIN IyTh e ¢ peOpoM mamsatu 00bEMOM r,(i) U
pebpom CPU c o6wéMom r(i). Kaxmoe 3amanue j ecTh 3ampoc ¢
HMCTOYHUKOM S, CIMBOM f U (pyHKUMEH p, KOTOpas oToOpaxaceT p&bpa
nmaMsTH Ha TpeOOBaHUS K mamsaTH s 3ananus u péopa CPU — Ha 1.

)
~

MaxkcumainpHasi meperpy3ka CBsI3M €CTh OOJbIIee M3 MaKCHUMaJIBHOW

Harpy3ku CPU u MmakcMMaJIbHOTO UCIIOJIb30BAHUS ITAMSITH.
. Puc. 3. I'pad mapmipyToB
PaccmarpuBaemserii  anroputm  pacmmpeH B [ASPNI1], 4roGsr

oOpamarecs k npobsieMe online MapmipyTuzanuu. AJICOPUTM BBIYUCIISCT TPAHUYHYIO CTOUMOCTD
JUTSL K&KJIOTO BO3MOXHOTO IyTH P OT $; K #; CICAYIOIUM 00pa3oMm:

H,(j)=>a"""~4" VeeP

M Ha3HA4YacCT 3a11poC ] Ha IIyTh P , KOTOpBIfI JacT MHUHUMAJIBHYIO 'PaHHYHYIO CTOUMOCTD.

Jrtot anroput™m cpaBHUM C¢ O(log n) (cMm. [ASPN1]). Ilpu moMomu CBEACHUS 3TOT alTOPUTM
MOPOXIACT QJITOPUTM [UISL YHOPABICHHUS TETEPOTCHHBIMU PpECYpCaMH, KOTOPBIA SIBISETCS
cpaBHUMBIM ¢ O(log n) pu MaKCHMaJIbHOM HCIOIB30BaHUU KaXI0T0 pecypcea.

2.3.6. MeToauKa npakTu4yeckoro uccrneaoBaHus

Z[J'I}I Ka)XI0l MaIlliHbBI B KIIAaCTCPC U3 nn MallliH, C pCCypCaMHU 71; ... ¥y, MBI OIIPCACIACM CTOUMOCTD
J9TO MAllIMHBI KaK:
k

> f (n, ucnoavsoearuer ;)
i=1
rue f— nexkoropas ¢pynkuus. Ha npaktuke BeiOepeM f Tak, 4ToObI 3Ta CymMMa Obljia paBHA:

k UCNO/TL308AHHOE T ;

MAKC. UCNIO/I308AHUE T,
E n

i=1

FpaanHa;I CTOMMOCTH Ha3HAUCHHUA 3aJlaHH HA JaHHYIO MalllTMHY — 3TO KOJIMYCCTBO, HA KOTOPOC
oTa CyMMa YBCIIHMYHUBACTCA, KOrjaa 3aJaHUC HA3HAYCHO HA 3Ty MalIWHY. HOI[XOII “CTOMMOCTH



21

BO3MOXHOCTH (‘Opportunity cost”) st pacnpeeseHus peCypCcoB Ha3HAYACT 3aJaHUsl HA MAIIUHBI
Coco00M, KOTOPHIif MUHUMHU3HPYET 3Ty TPAHUIHYIO CTOMMOCTD.

B srom paszmene Mbl 3aMHTEpecOBaHbl TOJABKO ABYMs pecypcamu, CPU u namsareio, U Mbl
UTHOPHpPYEM Jpyrue paccyxiaeHus. CleIoBaTelIbHO, BBHINICYIOMSHYyTass TEOpHsS IOJpa3yMeBacT,
YTO IpHU JIoTapu(PMUUECKU OOIBIIEM KOJIUYECTBE MaMATH, YEM Y ONTUMAaIBHOTO online anropurMa,
JAQHHBIA QITOPUTM JOCTUTHET MaKCHUMalbHOro 3amemneHuss B mnpenemnax O(log n) or
MaKCHMaJIbHOTO 3aMEUICHHUS ONTUMAJIEHOTO aJITOpPUTMA.

OTO HE TapaHTHPYET, YTO AITOPUTM, OCHOBAaHHBIA Ha JAaHHOM, OyIeT KOHKYPEHTHBIM B €O
CpeaHEM 3aMe/IJICHUHU 10 BCEM IpolieccaM. DTO TAKKe HE TapaHTUPYET, YTO TAKOH aJIrOPUTM OyAeT
COBEpIICHHEE, YEM CYIICCTBYIONIHE METOABI. CIeayIonuM IaroM MbI JOJDKHBI IIPOBEPUTH, YTO
3TOT alrOPUTM (PAKTUYECKH COBEPIICHHEE, YEM CYIICCTBYIOIIUE METO/IbI, HA IIPAKTHKE.

Pecypc mamsTe JIETKO TPaHCIMPYETCS B MOJEIb PECYypCOB JAHHOTO anroputMma. CTOMMOCTH
HCIIO0JIb30BAHHUA HCKOTOPOIo O6’LéMa IHaMiaATH Ha MAIIUHC C€CTh n“, rac u — NponopuruOHAIBHOC
UCNONBIYeMASE NAMSIT

HCIIOJIb30BaHUE HaMATH (U = ). dna pecypca CPU MBI DOMKHBI 3HaTh

acezo namsimu
MaKCHUMaJIbHYI0 BO3MOXHYIO Harpy3Ky. [Ipeamnoioxkum, uro L — camasi MaJICHbKasl [ICJI0YMCICHHAS
CTCIICHb JIBOWKH, OOJIbIIasi, 4eM camasi OoJblliasi Harpy3ka, KOTOPYK MbI HAaONIOAau B JIF000E
3aJJaHHOE BPEMSI, — SIBJISICTCS MaKCHUMAIBHO BO3MOXHOW HArpy3Koit. DTO MPEATONIOKEHHUE, Oyayun
HCTOYHBIM, HC MCHSCT CPAaBHUTEILHBIN KO3()(DUITUCHT aJITOPUTMA.

Croumocts CPU u Harpys3kKu nmamMsaTu Ijis 3aJJaHHOMI MalllHbI, UCTI0JIB3YA HaAlll MCTO, CCTh:

UCNO./I30BAHHASL NAMSTTD 3azpyska CPU

6cezo namsimu L
+n

n

By,I[CM Ha3Ha4YaTh WIH MCpCHA3HA4YaTh 3a/laHUSA TaK, YTOOBI MUHUMH3UPOBATL CYMMY 3aTpaT Ha
BCCX MalllMHAX B KIIACTCPC.

Z[J'I}I TOTO, YTOOBI HUCCICO0OBATh IMOBCACHUC 3TOI'0 Imoaxoaa “CTOMMOCTH BOSMO)KHOCTI/I”, OIICHUM
YCTHIPC PA3JIMIHBIX MCTOJA IS HA3HAYCHUSA 3aJlaHU:

1. PVM. PVM - oueHp nomyisipHasi CUCTEMa METAaBBIYUCICHUHN A CUCTEM 0€3 NMPHOPUTETHOTO
IepeMeleHus npoueccoB. Eciy Mmonp30BaTenlb CUCTEMBI CIEIUANbHO HE BMemmuBaeTcs, PVM
Ha3HayaeT 3a/laHus MalllMHaM, HCIOJIb3YIOIUX CTPOryH0 LMKIMYECKyIo crpareruto. OHa He
NIepeHa3HavaeT 3aJaHus M0CJIEC TOro, KAK OHM HAYMHAIOT BBIIIOJHEHUE.

2. VYcosepuieHcTBoBaHHbIE  PVM. VcoepmencrBoBanHelii PVM  ucnone3yer crpareruto,
OCHOBaHHYI0 Ha CTOMMOCTH BO3MOXHOCTH, KOTOpas Ha3HA4aeT Ka)KJ0€ 3aJaHuEC Ha MaIluHY,
IUIs KOTOpOM 3aJaHME MMEET CaMyl0 MaJCHbKYI0 IpaHM4YHYyI0 cTtouMocTb. Kak m mms PVM,
HavaJIbHbIC HA3HAYCHUSI IOCTOSTHHEI.

3. openMosix. openMosix — pacmmpenue mia sapa Linux, mo3BOJISIONIEE CHCTEME MEPEMEIIATh
IPOIECChl OT OJHOW MAaIlMHBI K ApYrod 6e3 MmpephIBaHUS WX pabOTHL. openMosiX HCIOIB3yET
YCOBEPIICHCTBOBAHHYIO CTpaTervi0 OaJaHCUPOBKM HArpy3KH, KOTOpas TakXe IIBITacTcs
COXpaHHUTh HEKOTOPYIO MaMATh CBOOOIHOM Ha BCeX MamIuMHax. openMosiX HE BCE3HAIOIIWIA:
Korja cucreMa oOMeHHBaeTcs HMH(popMamueid O Ipolecce HpU HMOATOTOBKE K BO3MOXKHOMY
IIEpEeHa3HAuCHUIO MIpoIecca, KaXKaas MalliHa KOHTAKTUPYET C OrpaHUUYCHHBIM HabOpOM JpyTUX
MamuH (cM. 11, 2.1).

4. YcoBepmeHCTBOBaHHBIN openMosix. Y COBEPIICHCTBOBAaHHBIM openMosiX — 3TO CTpaTerws,
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OCHOBaHHasi Ha CTOMMOCTH BO3MOXKHOCTH, IIpE/IHa3HAYEHHAs JUJIS MCIIOJIb30BaHUS HA CHCTEMAax
(Takux Kak KiacTepbl openMosix), KOTOpbIE MOTyT IPUOPUTETHO Mepememars npoueccel. OHa
Ha3zHavaeT WM IEepeHa3HadyaeT 3a/JaHus, 4YToObl MHMHHUMH3UpPOBaTh CyMMYy 3aTpaT Ha BcCeX
MamuHax. PacumpeHHbiii openMosiX UMEET Te )K€ caMble OrPAaHUYEHHS HAa CBOU ‘‘3HaHUS, Kak
HEpacIIUPEHHBIN openMosix.

2.3.7. 9kcnepMMeHTanbHbIe pe3ynbTaTthbl

[lepBoe HCHBITaHHE NAHHOTO AITOPUTMa OBLIO SMYNSAIMS Java 3amad Ais 4ETHIPEX METOIOB
(mepe)Ha3HauCHUS 33JaHUH, YIIOMSHYTHIX BbIIIC. Beutn caemansl cienyomue mpearnoi0xKeHUs

1. K.HaCTCp COACPKUT MICCTh MAIIUH CO CIICAYIOIIUMHA XapaKTCPUCTHKAMMU:

Tun MalMHBI KonuuecTBo Takmux Cxopocthb 00padoTKH YcranoBJjicHHAs na-
MAIIHH MATH
Pentiom Pro 3 200 MI' 64 M6
Pentium 2 133 MI' 32 M6
Laptop, Pentium 1 90 MI'n 24 M6

Tabauya I. MamvHbl B SMyJIHPYyEMOM KJlacTepe

2. JIns KaXJ0ro BXOJMAIIErO 3aJaHus, IMOJIOKUM, 4TO + U M — HE3aBHCUMO CICHEPHPOBAHHBIC
ciydaitaele ynciaa mexay 0 m 1. Tunmunsiit nponecc Oyner TpeboBath 2/r cexynn CPU u
(I/m)% mnamsatu Pentium Pro. PacnpeneneHue ocHOBaHO Ha HaOMIOACHUSAX 32 IpoleccaMHu B
peanbHOM xu3Hu. [IpubnuzurensHo 95% Bcex 3alaHuil — 3aJaHUS C €IUHCTBEHHBIM IPOIIECCOM,
COOTBETCTBYIOIME OTOW KOHurypamuu. Ilockonbky JaHHas cucremMa — CHCTEMa
METaBBIYUCIICHUN, TIPEAIOIaraeTcs, 4to 5% BCEX 3aJaHuii — OOJIbIINE MapaILICIIBHEIC 3a/IaHu,
HCTOJB3YIONIHE MOITHOCTh METaBBIYMCICHUN. DTH 3aaHus cojepxar oT 1 10 20 UIeHTUYHBIX
nporeccoB, TpeOyromux 20/r cexkyun CPU u (1/m)% mnamstu Pentium Pro. Uto0sl chenats
OMYJISIUIO TIOJIHOHM, MPEIoJIaracTcs, 4TO HHUKaKou mporecc He Tpedyer Oonbire yem 100%
namsatyd Pentium Pro, Hukakoil mporecc u3 uucia 3aJaHuil ¢ €IMHCTBEHHBIM IPOIIECCOM HE
tpedyet 6oibie yem 1,000 cexynn CPU, u HuKakoii mporece u3 4uciia 00JIbIIUX MapajijIeiIbHBIX
3aganuit He Tpedyer 6onbiie yem 10,000 cexynn CPU.

3. 3agaHus npuOBIBAIOT B NPOHM3BOJBHOM Mopsiake B TedeHue mnepBbix 1,000 mopenmpyeMsix
cekyHz. [IpuOnu3uTensHO ofHO 3ajaHue mpuObIBaeT Kaxabie 10 cekyHa. MoxHO HaOmonaTh,
9TO Ui KaXJO0TO M3 OTHUX YETHIPEX METOJOB MMEIOTCS NMPHUMEPHI AMYJISAIUMN, KOTrJa CHUCTEMa
ObUla TIeperpy>keHa, HEAOTPY>KEHa M 3arpy’keHa Kak OOBIYHO, M TpPUMEpHl, IZie CHCTEMa
MepexoIuia U3 J000ro U3 3TUX COCTOSIHUMN B TF000E IPYTroe.

4. Korga ucronp30BaHUE MAMATH MAIIMHBI MPEBBINIACT 00BEM NaMSTH, MPEIIOIaracTcs 4ro 3Ta
MallHAa HAaXOJWTCA B pPEKAME HMHTCHCHUBHOM INOAKAYKHA. OTO 3aMeIIseT MAllWHy Ha
KO3(QUIMEHT #, KOTOPHIN OB alPOKCUMHUPOBAH MOCTOSTHHBIM MHOXHUTENEM, paBHbIM 10. To
€CTh, IIPHU SMYJSIMM KaxJoe 3anaHue TpeboBaino B 10 pa3 Ooibimie BpEeMEHHM Ha MAIIWHE C
WHTCHCUBHOM MOAKAYKO#, KaK 3T0 ObI MOTpeOOBAIOCH HA MAIIIMHE CO CBOOOIHON MaMSTHIO.

[Ipy xaX7a0M BBIIIOJHEHUM BCE YETHIPE METOJIA WCIOJBb30BAJIM OJIMH M TOT K€ CLECHApWil, B
KOTOPOM Te€ )K€ CaMbl€ 3aJJaHusI MPUOBIBAIIM C TOH K€ CAMOI CKOPOCTBIO.
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2.3.8. PesynbTaTtbl amynsauum Java

Kam,uoe BBIIIOJIHCHHUC BO3BpalllaJio CpCAHCC 3aMCAJICHUC 110 BCCM 3aJaHUsIM, TAKKC KaK U

HEKOTOpPYI0 MH(POPMALUI0O OTHOCHUTEIBHO HEMOCPEICTBCHHO CIICHApPHS. OTH pe3yJbTaTbl ObUIH
OLICHEHBI JIByMsI Pa3IMYHBIMH CII0COOaMu.

Campblif BaXKHBI HMHTEpEC IMPEICTAaBISCT OOIIee 3aMeICeHHE, MCIBITAHHOE KaXKIBIM M3 3THX
4yeThIpEX MeTonoB. CpelHee 3aMeIICHUE MPH BHIMOJIHEHUH — 3TO HEB3BELICHHOE CPEIHEE YHCIIO
BCEX PE3yJIbTATOB AMYJISLIMY, HE3aBUCUMO OT YHCIIa 3aJlaHUi IpU KakJoM BeIonHeHUU. CpenaHee
3aMeTICHUE 33aHUs — 9TO CPEIHEE 3aMEATICHUE IO BCEM 33JJaHMsIM BO BCEX 3aIlyCKaX 3MYIISIWU.
Otu pesynbrarsl, 00benunsiomue 3000 BemoNHEHUH, qaroTcs B Tabumue 2.

IloBenenne ycosepmeHcTBOBaHHOTO PVM M ycoBepHmIEHCTBOBAaHHOTO openMosiXx pas3iIndHO B
CJIETKa 3arpy>KEHHBIX U TSDKEJO 3arpy>kEHHBIX CLIEHApHUsAX. JTO MOBEJEHHE WJUIIOCTPUPOBAHO Ha
puc. 4 — puc. 7, neranuzupyrouux nepssie 1000 BBINOIHEHUH AIMYJIISALUY.

3amensienue PVM YcoBepmencTBo-|  oMosix YcoBepieHCcTBO-
BaHHbIii PVM BaHHbI 0Mosix
CpeIHEE ISl BBITIOJTHEHUS 14.3338 9.79463 8.55676 7.47886
CpeIHee ISl 3aJaHus 15.4044 10.7007 9.4208 8.20262

Tabnuya 2. Cpennee 3aMeJICHUE B SMYJISIAA Java Ui pa3InIHBIX METOJIOB

Kaxxnas Touka Ha pUCyHKE MpEACTaBISICT cOOOW OTAEIBHOE BBIMOIHCHHUE SMYISAIMU JUISL IBYX
Ha3BaHHBIX MeTon0B. Ha puc. 4 oce X — cpennee 3amemicane mis PVM, a oce Y — cpennee
3aMeJICHUE U1 ycOoBepuIeHCTBOBaHHOr0o PVM. Touno Tak ke Ha puc. 5 ocb X — cpemHee
3amemneHue s openMosix, a ocb Y — CpenHee 3aMeUICHHE ISl yCOBEPIICHCTBOBAHHOIO
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openMosix.

Ceernas JMHUA ompeleleHa Kak ‘X = Yy . Bble 3ToM JIMHUM HEyCOBEPIIECHCTBOBAaHHBIN
QITOPUTM pabOTAaCT JIYHIIE, YeM YCOBEPIICHCTBOBAHHBIN aJITOPUTM. Y COBEPIICHCTBOBAaHHBIH PVM,
KaK TOKa3aHo B TabnuIle 2, paboTaeT 3HAYUTEILHO Jy4lle, 4eM OOBYHBEI PVM modutu B KaxIoM
ciy4dae. bonee HHTEpECHBIM, OTHAKO, SBJIECTCS MOBEJCHUE yCOBEPIIEHCTBOBAHHOIO openMosix 1o
cpaBHeHHIO ¢ openMosix. Yem Oomnbine ObUIO cpeaHee 3aMemiicHHE Y openMosix Ha JaHHOM
BBHINIOJIHCHUH, TeM OOJbIIe YIy4IICHUH Jajio BEAEHHOE YCOBEPHICHCTBOBaHWE. VHTYWTHBHO
MOHATHO, YTO KOTJa BBHIMONHCHUE OBUIO HAampsHKEHHBIM JUIS  BCEX YCTHIPEX MOJICICH,
YCOBCPIICHCTBOBAaHHBIM openMosix paboTall HAMHOIO JydYIli€, 4Y€M HEYCOBCPIICHCTBOBAaHHBIM
openMosix. Eciu anHOE BBIOTHEHHE OBUIO OTHOCHTEIBHO JIETKHM, U CHCTEMa HE ObUIa TSHKEIIOo
3arpy’»keHa, yCOBEpIICHCTBOBAHHUE UMEII0 MEHBIIIE ITOJIOXKUTEIEHOTO AP QeKTa.

e
=
- -
80 T
; * o
& i

= -~
.5 -
=

50 -
5 . :
o - - -
o #*
s X
éau o

[

c% . - #  Pesyuabtarni
§ * - T . = s - IMYJISIHHA
SED = - P ~ — Jlunus
2 ~ . paBeHCTBa ]
o ; b . ¥
| o
g . b ip * : -

20 -
Q ]
S e
> * »

L
e -
mn ry
*
o T T T T ¥
o 10 20 20 40 50 &0 T
openMosix

Puc. 5. openMosix IpOTUB yCOBEPIIEHCTBOBaHHOIO openMosix

DTO MOXHO OOBSCHATH ClieayrommM o0pazom. Korga MammHa CTAHOBUTCS TSDKEJIO 3arpyKEHHOU
WIM HAYMHACT WHTCHCHBHYIO NOJKA4YKy, 3TO 3aTParMBacT HEC TOJBKO BpEMsl 3aBEPIICHUS IS
3aJlaHdi, YK€ Ha3HAYCHHBIX CHUCTeMe. EcIi MammHa HE CTaHET pasTpyKCHHOH MPEexXIe, 4eM
crenyomuid Habop OoNbIIUX 3aJaHuil OyneT Ha3HAUYCH CHCTEME, TO 3Ta MallliHA CTAaHOBUTCS
3¢ (PEeKTUBHO HETOCTYITHOM JUTSI HUX, YBEIMYMBAs HArpy3Ky Ha BceX APYruxX mamuHax. Eciau MHOTO
MalIiH HaYMHACT UHTCHCUBHYIO MOJIKAYKY WJIM CTAHOBSITCS TSKCIIO 3arpyKEHHBIMH, 3TOT 3P (HEKT
Oyzaer ncnonb3oBath caM ceds. Kaxxnoe Bxojsimee 3aqanue 3aiMET pecypchl CUCTEMBI HA HAMHOTO
0oJice [UTMHHBIN TPOMEXKYTOK BPEMCHH, YBEIIMYUBAs 3aMCIJICHHUC 33JIaHUH, KOTOPBIC MPUOBIBAIOT, B
TO BpEeMsI KaK BBIYHCISICTCS 3TO 3anaHue. M3-3a atoro addekra nupamuapl, “mMynpoe” HaA4aIbHOC
Ha3HAYCHUC 3aJaHUi W OCTOPOXKHOEC BOCCTAHOBJIICHHC pABHOBECHS MOXET TPUBECTH (B
SKCTPEMANIbHBIX CIydasix) K CYIICCTBCHHBIM YIYYIICHUSM HaJ CTaHIapTHBIM openMosix, Kak
MMOKAa3aHO MPU HCKOTOPHIX BHITIONHEHUSAX Ha PUC. 5.
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OcobeHHO MHTEpPECHO 00paTUTh BHMMAHUE HA TO, YTO, KaK BHIHO M3 Talumusl 2 u puc. O,
yCOBepIICHCTBOBaHHbIE PVM MeToa, KOTOpHI HE JenaeT HUKakuX IepeHa3HaueHWil BooOmie,
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YMEET JOCTUraTh NPHWIMYHON (XOTS M XyAlIei) NPOM3BOJAUTEIBLHOCTH 110 CPaBHEHHUIO ¢ openMosix.
OT0 NOJ4EPKUBAET MOIIHOCTh MOJXOAAa CTOMMOCTU BO3MOXXHOCTH: €r0 IPOM3BOAMTEIBHOCTb Ha
HOpPMaJIbHOW CHUCTEME HE MOABICHO NPOU3BOAMTEIBHOCTBIO 0o0Jice MPEBOCXOSAIIEH CHUCTEMBI,
KOTOpPAast MOXET UCHPABIIATH OIIMOKH IEPBOHAYAIBHOTO HA3HAYCHUSI.

BaxHOocTh Murpanuu IEeMOHCTpUpPYETCS Ha pHc. 7. Jlaxke IIpH HUCIOJIB30BaHUU ATOPUTMA
CTOMMOCTH BO3MOXXHOCTH BC€ €IIE OYEHb MOJE3HO MMETh CIIOCOOHOCTh MHUTpAllid B CHUCTEME.
@aKkTUYECKH, YCOBEPIICHCTBOBAaHHBIA  openMosiXx  NPEBOCXOAAT MO  OBICTPOACHCTBUIO
yCOBEpIICHCTBOBAaHHBIN PVM B0 Becex ciydasx, HHOT/IA 3HAYUTEIBHO.

2.3.9. BbinonHeHue Ha peanbLHOMU cucTeme

AnroputMmbl OBUIM TaK)Xe IMPOBEPEHBI HA peajlbHOM Kiactepe. Vcrosp3oBaace Ta ke camas
MOJEIb  JUISi  BXOASIIMX  3aJaHUi, ¢  33JaHUs  Ha3HA4YalIuCh, UCHoiae3ys PVM,
ycoBepuieHcTBOBaHHbBINM PVM u openMosix ctpateruu. Pe3ynbTaTsl Cieyromue:

3amensienue PVM Y coBepIICHCTBOBAH- openMosix
ae1ii PYM
CpeIHee ISl BHITIOTHECHHUS 29.98788 16.29643 13.67707
CpenHee ISl 3aJaHus 33.31620 16.76646 14.00990

Tabnuya 3. CpeaHee 3aMeUICHUE Ha pealbHOM KJIacTepe JUIs 3-X METOJIOB (Iiepe-) Ha3HAUCHUS

OTU HayvajbHBIE PE3YJIbTAaThl MOJPAa3yMEBAIOT, YTO IEPErpPy3KH B PEAIbHOM JKU3HU, MEHBIIMNA
pasMep KiacTtepa U Jpyrue pa3sHOOOpas3Hble (AKTOphl YBEIMYIIM CpEAHEE 3aMEAJICHHE, YTO
TOBOPUT O TOM, YTO MBI OBLIM CIMIIKOM KOHCEPBATHUBHBEI B BHIOOpE MapaMeTpoB JUIS AMYJISILIUU.
OpnHako pe3ysbTaThl HE W3MEHSIOT CYIIECTBEHHO OTHOCHTENIbHbIE 3HaueHHs. ®DakTuueckwy,
YCOBEPIICHCTBOBAHHBIC METO/IbI IOKA3aJIu ce0sl emIé JIydIlie B peaIbHOM KU3HU 110 CPABHEHUIO C MX
OpUTI'MHAJILHBIMM BEPCHSIMH, YEM TO, YTO Ipelickazasa Java smyisauus. [IpeanonoxkuTesbHo, 3To
€CTh MPOBEpKa MPaBUIBHOCTH HAa4YaJIbHOM Java SMyJSIIMM M CHJIBHOE MOATBEPXKACHHE KadyecTBa
JTAHHOTO MTO/IX0/1a OLIEHKH BO3MOXXHOCTH.

3amenienue B peaabHoii cuctreme | PVM/oMosix | Enh PVM /oMosix | PVM / Enh PVYM
cpeaHee U1 BBITIOJIHCHUS 2.19257 1.20416 1.84015
CpenHee Ui 3aJaHus 2.37804 1.20946 1.98707

3amensieHue Npyu IMYJISITAA PVM /oMosix | Enh PVYM /oMosix | PVM / Enh PVM
cpemHee IS BBITIOJTHEHUS 1.67514 1.14467 1.46346
CpenHee ISl 3aJaHust 1.63515 1.13585 1.43957

Tabauya 4. CpeqHue OTHOCUTEIBHBIC 3aMENICHUS s 3-X METOAOB (TICpe-) Ha3HAYCHUS 3aJaHUA

2.3.10. 3aknoyeHue

PaccMoTpeHHast 3KOHOMHas CTpaTerusi obOecneunBaeT OOBEIUHEHHYIO —aITOPUTMHUYECKYIO
CTPYKTYpY JUIsl paclipeicIICHHs BEIYUCIICHNN, B3aUMOICHCTBUN, TaMATH U pECYpCOB BBOZa-BBIBO/IA.
3T0 mo3BoIIAET pa3paboTaTh NOYTH ONTUMAIBHBIC HHTEPAKTUBHBIC JITOPUTMBI JUIS PACIIPEICIICHUS
Y COBMECTHOTI'O UCIOJIb30BAHUS 3TUX PECYPCOB.

HccrienoBanHasi cTpaTerusi rapaHTHPYET HMOYTH ONTHUMAJIBHYIO HENPEPHIBHYIO 3(PPEKTHBHOCTD
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JJIA BCCH CHCTEMEI B OCJIOM B KaXXAOM OTACIBHOM CIy4acC IMOPOXACHHUA 3aJaHusd U JOCTYIITHOCTHU
pecypca. OTO IOCTHraeTcsl MpU MOMOIIM HCIOIb30BAaHUS MHTEPAKTUBHBIX aJTOPUTMOB, KOTOpHIE
HUYETO HE 3HAIOT 0 OyIyIeM U MpeAroiararoT, YTO MEXIy MPOIUIBIM U OyIyImMM HET HUKaKOH
KOppEJSLIMH, a TOJBKO OCBEIOMICHBI O TEKyIIEM COCTOsiHMM. HecMOTps Ha 5TO, MOXKHO CTpOro
JIOKa3bIBaTh, 4TO MX 3(PPEKTUBHOCTH OYyAET BCETAAa COMOCTaBUMAa C ONTUMAIBHOM IpeaBUAALICH
CTpaTETUEH.

DTOT pazfen mokasai, 4YTO YHU(UIIMPOBAHHBIN MOAXOJ CTOMMOCTH BO3MOXHOCTH IpEAiaract
XOpOIIyl0  mpakTudeckyro dddextuBHOCTh. CHawanma ObUTM  BBIMOJHCHBI  MCIIBITAHUS,
WCIIONB3YIOIUE MOJACTUPYEMBIA KIacTep M “TUNUYHBIA PsJ MOCTyHaromux 3agaHuil. JlaHubrit
METOJl, ¢ U 0€3 BO3MOXHOCTH ICPCHA3HAYCHMS 3aJaHuid, ObU1 CpaBHEH C¢ merogamu PVM,
JIOMUHUPYIOIICH CTaTUYECKOW CTpaTerue HazHaueHUs 3agaHuil. KaxaoMy METoIy HpeaioXuiv
UACHTUYHBIC MOTOKH paboT. Korga Bce mepeHazHadeHHs ObUIM 3ampelIeHBI, METOM TMOKa3al ceOs
MeYanbHBIM  ycoBepieHcTBoBaHueM PVM. Korga mnepeHasHaueHHs TMO3BOJSUIMCH, METOHA OBLI
CYILIECTBCHHO JIy4llI€, 4YeM XOpo1o HacTpoeHHass PVM crparerusi.

Bropas cepust ucnblTaHuil ObLIa BBINOJIHEHA HAa PEAIbHOM CHUCTEME JUISl TIOATBEPXKICHUS 3TOTO
MojenupoBanus. PeanpHas cucrema 6bu1a nmoctpoerna Ha UNIX mammnax ¢ Pentium 133, Pentium
Pro 200 u Pentium II, ¢ pa3imuuasiMm 006EMOM namsiTH, cBsi3aHHbIX Fast Ethernet ceThio Ha OCHOBE
npotokosna CSMA-CD. ®u3nyeckuii K1acTep U MOJCIUPYEMBIil KiacTep ObLTH CIeTKa pa3IndHBI,
HO MPOTMOPITMOHANBHAS 3((GEKTUBHOCTh Pa3IMUHBIX CTpaTeruii ObUIa OueHb OJIM3Ka K TOHM, KOTopas
ObUla MOJlydeHa MOJEIMPOBaHUEM. JTO IMOKAa3bIBAET, YTO MOJCIMPOBAHUE COOTBETCTBYIOIIMM
00pa3oM oTpaxkacT COOBITHS Ha pEaIbHOM CHCTEME.

[Tonxom CTOMMOCTHM BO3MOXHOCTH — YHHUBEpCAIbHBIA Kapkac s 3¢ GHEKTUBHOTO
pachpenelicHusT TETCPOTCHHBIX pecypcoB. TeopeTHYECKHUE TrapaHTUH CiIabbl: MOXHO TOJIBKO
JIOKa3aTh JOrapu(MHUUECKUid Tpeaen OTCTaBaHWs aJIropuTMa oOT ontuMansHoro offline
manupoBmuka. Omgaako ontumyM offline mIaHMPOBIIKMKA HE SIBISICTCS PEAIbHOW albTEPHATHBOM;
B JICHICTBUTEIBLHOCTHU 3TOT AJIFOPUTM KOHKYPHUPYET C HAUBHOM online 3BpUCTUKOM.

Ha MMPAKTUKEC, OTOT IMMOAXO0Z YCTyHnacT IMPOCTBIM aJIropurmMaM, KOTOPBIC 3HAYHUTCIBHO
MMPCBOCXOJAT 110 6BICTpOIICi;ICTBI/IIO IIAPOKO HCHOJIB3YCMBIC M TIIATCIBHO OITUMHU3UPOBAHHBIC
MCTO/JBEI. 3a1<J110qaeM, dTO TCOPCTHYCCKUC TapaHTUU JIOI‘&pH(l)MH‘ICCKOfI OIITUMAJIBHOCTH —
XOpOI_HI/Iﬁ MMOKa3aTCiib TOT0, YTO AJITOPHUTM 6y,HCT Xopomio paGOTaTI) U IIPAKTHYCCKU.
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2.4. AnropuTtm pacnpeaeneHus namsaTu

DTOT JIrOPUTM IO3BOJISIFOT Y311y, KOTOPBIA HCYEpIal CBOK OCHOBHYIO MaMsTh, MCIIOIH30BAThH
JOCTYIIHYIO CBOOOTHYIO NMaMATh Ha JIPYTUX Yy3JIaX MUTPHPYS TIPOIECCH, BMECTO TOTO, YTOOBI
BBEITPY>KaTh CTPAHHIBI B 00J1ACTh MOAKAYKH. AJTOPUTM PACHpPEICICHUS TaMsITH HauOoJIee MOJIe3cH
B CIIydasx, KOTJla TaMATh HCIIONB3yCTCS HEPAaBHOMEPHO, UM KOT/A Y3JBI MMCIOT Pa3IMIHBIC
00bEMBI TamsITU. J[pyrum cirygaem, KOrza 3TOT aJTOPUTM MOXKET OBITh HOJIE3EH, SIBISCTCS CITydaid,
Korja co3fgad OOJbIION IpoIecc, HE BMEUIAIOIMUIICS B CBOOOAHYIO NaMATh J00oro y3na. Tem He
MCHCC, 3TOT MMPOLCCC MOXKCT IMMOMCCTUTLCA B IIaMATh HCKOTOPOIr'O y3Jjia IpH YCIOBHHU, YTO TCKYLIUC
BBITTOJTHSIONINECS TPOIECCHl MUTPUPYIOT € 3TOro y3na. HyXHO MOJYepKHYTh, YTO aJTOPUTM HE
npeHa3HAYCH IS paOOTHI C MPOIIECCOM, OONBIINM, YeM 00BEM YCTaHOBICHHOM TaMsITH Ha TFOO0M
OTACTHHO B3SITOM Y3II€.

B 3TOM pazgene MBI pacCMOTPHM OMYJSIUI0 HECKOIBKHX aJITOPUTMOB [UISI Pa3MEIICHHUS
npoueccoB B SCC, Bkmouas Round-robin (umxmmdaeckuit), Best-fit (Jydmero cooTBETCTBUSI) U
HECKOJIBKO aJanTuBHBIX cxeM. Jlanee Oynmer mokazano, 4to Round-robin B komOuHanmuu c
MUTrpaluei IpoIeccoB IPUHOCUT HAWIYYIINE PE3YJIbTAThl CPEAU BCEX SMYJIMPYEMbIX aJITOPUTMOB,
noaTBepxaas pe3ynbratsl [BAL1]. Tak e U3BECTHO, YTO 3Ta KOMOMHUpPOBaHHAs CXeMa XOpOIIO
MacmTabupyercs BMecTe C pa3MepoM Kiactepa. Ha OCHOBe 3THUX pe3ylnbTaToOB pealn30BaH
ITOPUTM paclipeiecHus MaMaTu 111 openMosix. IlokazaHa Takxke B3aUMOCBSI3b 3TOTO aJTOpPUTMa
C aJropuTMOM OallaHCUPOBKHM HAarpy3Kd, KOTOPBIM TaKKe SBIACTCA YacThIO OOLICH IMOJIUTHKU
paszneneHus pecypcoB. IIpon3Bei€HHBIC H3MEPEHNUS AITOPUTMA ITOKA3BIBAIOT YMEHBIICHAE BPEMCHH
BBITIOJIHCHUS TECTOB Ha 175%.

2.4.1. Yem noneseH anropuTm pacnpeaeneHus namsaTm

CymiecTByeT HECKOJIBKO aJIropuTMOB HaszHadeHUsi mporeccoB Ha y3iael SCC. Craruueckoe
HA3HAYCHUC WCMOJIB3YCT NPCIONPEACIEHHYI0 CXEMY pAaCHpeICiICHHS BHOBb IPUOBIBIINX
MPOIIECCOB, HE WCIONB3ys HHUKakOW WH(OpMalMu BpEMEHH BBIMONHCHUA. J{MHAMUYECKOE
pa3MENICHUE, HANpOTHB, HCMIOJB3YET CHCTEMHYI0 HWH(POPMAIMI0O O COCTOSHHM Ha MOMEHT
HaszHaueHus. J{ng o6oux METONOB, €CiiK HpolecC Ha3HAueH, OH OCTa&TCs Ha y3ie Ha3HAYCHHUS J0
3aBCPIICHUS BHIOTHCHUS. B MPOTUBOMOIOKEHHOCTh BBIIIE CKa3aHHOMY, QJITOPUTMBI aJalTUBHOTO
pa3MenICHHs TPOLIECCOB IMEPCHA3HAYAIOT MPOIECCHl MEXKIY Vy3JaMd B OTBET Ha HM3MCHCHHC
COCTOSIHUSI CHCTEMBI.

dopmansHO TpoOIEMa pacIpeeCHUsS MEKAY y3JIaMH MOXXET OBITh OIpEAEICHA CIICAYIOIIM
o0pazoMm: st JaHHOTO Habopa MPOLIECCOB C M3BECTHHIMU pa3MEpaMy AMSITH, BPEMCHEM IPHOBITHS
M BBINIOJIHCHUS, PACIIOJIOXUTh MAKCUMAJIBHOC YHUCJIO IPOLCCCOB B OCHOBHOH ITaMSITH BCEX Y3JI0B.
LlenecooOpa3HbIM sBIsieTCSl MW30€KaHUE CBOIMMHTA HACKOJIBKO BO3MOXKHO, MOCKOJBKY JOCTYI K
CTpaHUIIC Ha JUCKE Ha YETHIPE MOPSAAKA MEIUICHHEES, HEXKEIH JOCTYII K CTPAHUIIC OCHOBHOM ITaMSITH.
[Tpobnema MOXET MMETh JOCTATOYHO MHOTO BapHalMid B 3aBUCUMOCTH OT IOpPSIKa MPHOBITUS U
pacHoJIOKEHHs IPOIIECCOB, TPEOOBAaHMIA HA BpPEMs BBINOJIHCHHS, M T.I. K coXajcHHIO, B
OoJIbIIMHCTBE ciiy4yaeB rnpooiiema sBisiercss NP-TpyiHOH.

2.4.2. dmynsauus anropuTMoB pacnpeaeneH1s npoueccos

B KaXXZ10M Ciiy4dac 6}’I[eM HU3MCPATh MAKCUMAJIBHOC 3aIIOJIHCHUC IaMsATH B TOT MOMCHT, KOrJa
AJIrOpUTM OTKa3bIBACT, TO CCTh HPOLCHT HCHOHLSyeMOﬁ naMsiTU B MOMCHT, KOrjja ajJropuTm HC
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MOXET Pa3MECTUTh CICAYIONMHA MHPOLECC B TOCICAOBATEIFHOCTA B OCHOBHOW MaMSTH JIOOBIX
y310B HazHayeHus. [IpeanonoxuM, 4To JIO0OH MpOLECC HE MEHSETCS BO BpPEMSI CBOETO
BBITIOJIHEHUS. DTO CIPaBEUIUBO, TaK KaK HAOJIOJCHUS ITOKa3bIBAIOT, YTO OOJIBIIMHCTBO MPOIIECCOB
JoCcTUraloT Oosiee MeHee (MKCHPOBAHHOTO pa3Mepa depe3 KOPOTKHH MEepUoJl MOocie 3arpy3Kd U
uHUIManu3anuu. JIroOble 3HaUUTEIIbHBIE U3MEHEHUS pa3Mepa Mpolecca MOryT ObITh paCCMOTPEHBI
KaK 3aBEpLICHHE OJHOTO Ipolecca W HMHUIManus Apyroro. ClegoBaTeNbHO, JaHHBIM alrOpUTM
BBIIOJIHSICTCS TOJIBKO 110 IPUOBITUH HOBOT'O Mporecca. Penenne o MecTomnonoXeHuu He 3aBUCUT OT
HEM3BECTHOTO OCTaBLICTOCS BPEMEHH BBIIIOJIHEHUS nporecca. [103ToMy mpeanonoxkum, 9to BpeMs
BBHITIOJIHEHUST Tpoliecca OeckoHeuHo. [l  JanbHEHIIero YhpoIIeHUS CHUTyallud TaKkke
HPEITOI0XKUM, YTO:

+ pasMep Iporecca U3BECTEH BO BpeMsl TPUOBITUS
» TIPOLIECCH HA3HAYAIOTCS B OPSIKE CBOETO MPUOBITHS
* TIPOLIECC HE MOXKET OBITh Pa30UT MEXITy HECKOJIBKHUMH y3JIaMHU

¢ OJJHAXbI Ha3HAYCHHBIN Ha y3Ci1, mnpouecC MOXKCECT MHUIPHUPOBATH, HO HC MOXCT OBITh
BBITPY>XXCHHBIM B o0macTh IIOJKAaYKH

OMynHpyeMoe OKpPYKCHHE COCTOMT M3 HEKOTOpOro umcia y3noB ¢ 128MO mamstu. Howie

MPOIIECCHl MPUOBIBAIOT COTJIACHO CIYYaiHO MPEAOINPEICIEHHON MOCICI0BATEILHOCTH. Pa3Mepnl
—X

IPOLIECCOB BEIOMPAIOTCA C PaCIPEICICHAEM p (X )=e ~, CO CpeaHUM pasmepoM oT 1M6 mo 16M6.

2.4.3. CTaTMuyeckoe U AUHaMUYeCKoe pa3MeLleHue NpoLeccoB

[IpoBenaém smynsiiuio TpEX anrOpuTMOB pacupenencHusi nporeccoB. OCHOBHBIM MOTHBOM
SBIIICTCS PacCKpBITUE TOBCICHUS KaXXJIOTO alropuTMa, KOTrAa OOIICKIACTepHAs MaMATh IMOYTH
KCIIOJIb30BaHa, U CO3/Ial0TCSI HOBBIE MPOIECCHL. [1epBEIil anropuT™ — 3TO MUKIUYECKOE pa3MEIICHUE
(Round-robin; RR), Hanpumep, kak B PVM. Btopoii — cxema aydmero cootBerctBus (Best-fit; BF),
B KOTOPOHM HOBBIN MPOIECC HA3HAYACTCS HA y3eJ C O0ybmuM 00pEMOM CBOOOIHOM namsT. Tperuii
QITOPUTM HCIIOJIB3YET MOJUTUKY HHUKJIMYECKOTO Pa3MEIICHUS C MOCICAYIONIUM COOTBETCTBHEM
(Round-robin Next-fit; NF), B K0oTOpo#t Bce Y376l CKAHUPYIOTCS IIUKIMYECKAM 00pa3oM, U Mporece
Ha3HaYacTCs Ha MEPBBIN K€ y3€I, KOTOPHI UMEET JOCTaTOUHO CBOOOIHOM MaMaTH. MOXXKHO Takke
ObUT0 paccMoTpeTh U noyuTuKy nepsoro coorBerctBus (First-fit; FF). Tem He MeHee, Tak kKak 3Ta
MOJINTHKA HMEET TCHACHIMIO HEPAaBHOMEPHO pPAaCHpPEICHsATh HArpy3Ky, €ro HENb3s CUHUTATh
pEATNCTUYHON AJIbTEPHATUBOM.

Ha puc. 8 mpencraBieHsl pe3ynbTaThl dMYJIALUAA

3THX TpEX AITOPUTMOB pa3MelieHUs s Habopa oo :ch ; 3 :‘ ; —
IPOIIECCOB CO CpeanuMm pasmepom 1M6. Dtor HabOp §g5__ e -
SMYJIHMPYET pacipeieiecHue IpoIecCoB MO CEpBEpaMm 3a S " LJ_ o |
Mecdll Ha  pealbHOM — cucteMe.  Pesynbrathl E B, "
MPEACTABIICHEI JUIst BO3pacCTaroIero 1o %35 i s B . I
JorapupMuUecKod ImKane uucna ysnoB. Kaxmoe ésg = | B g
u3MepeHue mnpeacrapisier coboi cpemnee mo 500 E e I

= 4 8 18 32 64 128 286 2

Pa3JIMIHBIM 3aIlyCKaM.
Yucno y3noB

Nx pucynka Buauo, 4to NF mmeer 3amoiHeHUC Pyc. 8. [IpoM3BOIUTENLHOCTE AITOPHTMOB
naMsTH, GJIM3KOE K ONTHMAIBHOMY, JUIsl IF0O0r0 Yucia Pa3sMEIEHUs IPOLIECCOB
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Y3JI0B. DTO MOXET OBITh OOBSICHCHO €ro TMOKOCTHIO MPOMYCKATh Y3JIbl, KOTOPBIC MCTOIIMJIN BCIO
CBOIO CBOOOAHYI0 maMATh. COOTBETCTBYIOIIME pPE3yNbTaThl s anroputMa RR mokasbiBaroT
YMEHBIIICHHE MaKCUMaIbHOTO 3alOJIHEHUS MaMAITH ¢ 93% nang 4eTelpéx y31moB g0 80% mmsa 512
y3110B. [IpurHOM TakMX HU3KUX 3HAYCHUM SIBIAETCS TO, UTO RR anroput™ oTkaseiBaeT, Kak TOJIBKO
OH MOJY4aeT MPOIIECC, HC BMEIIAIOIMIUNCS B TAMSTh CICAYIONIEro y3iua. MoxxHO HaOII0aaTh TaKkxKe,
YTO MPOU3BOAUTENBHOCTh RR magaer nuHeitHo no orapudMudeckoil mkane.

[IpomsBomutensHOCTs anroputMa BF Heckonbko Hmke, yem NF, ¢ norapupmuyeckum
orcraBanueM 10 4% ot NF. IloBenenne BF MoxeT ObITE 00BSICHEHO TeM (pakTOM, YTO 3TOT
QITOPUTM HMEET TEHICHLMIO paclpeiciiiaTh IaMiTh PaBHOMEPHO MEXIY BCEMH Y3JIaMH.
CnenoBarenbHO, OH OTKaXxeT Ooliee BepositHel, ueM NF, xorna npubsiBact 60161110 Tiporiecc, B
emié monyyasi O0JIBIIYIO BEITOAY OT CBOOOIH! IeicTBUM, ueM RR.

Jnst Toro, uTtoOBl MOJYEPKHYTH yMEHbIIeHUE mnpousBoauTensHocTh RR u BF anropurmos,
BCIIOMHUM, 4YTO pa3Mephbl IpPOIECCOB BHIOMpPAIOTCS CIOy4YaHBIM 00pa3oM M3 (DUKCHPOBAHHOIO
paclpelielicHusl C 3aJaHHBIM CpeAHHM pa3MepoM. CleZoBaTEIbHO, C POCTOM 4YHCIA Y3IIOB
IPONOPIHMOHATIBHO YBeIMUUBacTca 00bEM KiacTepHoit RAM, Takum oGpas3oMm, TpeOys co3maHus
OoJIbIIIEro 4mciia MpOIECCOB JUIS TOTO, YTOOBI 3aMOJHUTH 3Ty HaMATh. 1€M HE MEHEE, CO3JaHUE
HPOLIECCOB MOJPa3yMEBACT, YTO YHCIO OOJIBIIMX INPOIECCOB TAKXKE yBEIMUYHTCA. DTH OOJbIIHE
nporiecchl 6onee TPYAHO pa3sMECTHTh, YTO, COOTBETCTBEHHO, SBISCTCS TJIABHOW NMPUYMHOM OTKa3a
JTHUX JIBYX QJITOPUTMOB.

Jns Toro, 4ToOBI BBIACIUTH 3TH TOCICAHHUC HAOMIOACHUS, CHIMYIHPYEM TE K€ CaMmble TpHU
ITOpUTMa Pa3MEIICHUS, UCIIONB3YS CPEIHUE pa3Mephl mporeccoB 8 u 16M6. OTMETHM, 4TO Takue
pa3Mepsl MPOIECCOB MOTYT OTpaXkaTh HAYYHBIC BBIYUCIUTEIBHBIC Cpelbl. Pe3ynbTaThl SMYIISINU
mokazanel Ha puc.9. Ha pucyHke mnokasaHo, 4YTO MPOW3BOAUTEIBHOCTH anroputMa RR
yMeHbIMNace ¢ 75% no 40% npns cpemHero pasmepa mporuecca SM6 u 1o 20% miis cpeaHero
pa3mepa mpouecca 16M6. CoorBercTByromas Mpou3BOAUTEINBHOCTE airoputMa NF ocranace B
paitone 95% mis 8MO, u nocrenenno ymeHbmmiack ¢ 90% no 85% nis 16MO6.

100 F I I L) ] I 1 — 100 F L] I I ! ) | -
? a6 [ G a & i1 ? i
— x; o ]
E "‘-—-4.__ E T e
E ﬂﬂlzl . W i E BT~ H
TO |= g R 70 T =
3 B.. . e § i L
S g0 |- B H Eogn | o N
2 ‘B, e 1 S~
K 50 - B B g o5l e e ]
g B g g ~
8 40 [ [NF -o— B 8 a0l [nNF o ey -
2 BF -+ 1 2 BF —+
5 30 |~ |RR - - 5 30 - |RR - D.___D _
5 og i i i L L ! 5 a9 : i | L | P |
N 4 8 16 32 64 128 2856 512 N 4 08 16 32 84 128 258 B2
Yucno y3noB Yucno y3noB
a) Cpennuit pazmep npouecca SM6 6) Cpenuuit pazmep mporecca 16M6

Puc. 9. IIpou3BOAUTENHHOCT AMTOPUTMOB Pa3MEIICHUS POLIECCOB C OOBITIM
CPEIHMM pa3MepOoM Ipolecca
CpaBHeHHE pe3yIbTaTOB HA PHC. 8 U PHC. 9 JIOKA3bIBACT HAIIIC YTBEPKACHHUE YTO, YeM OOJbIIe
co3maércst OONBIIMX IMPOIIECCOB, YeM OoJiee yBEIMYUBAETCS craja mpousBoautenasbHoctd RR u BF
QITOPUTMOB 10 MEPE YBEIUYCHUS YUCIIA Y3IIOB.
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2.4.4. ApanTuBHOE pa3mMelyeHue npoueccos

Hanee Oynem tectupoBarh Bapuanuio RR —anropuTma, HMCHONB3YIOMIETO aJalTUBHOE
pa3MenicHUE MPOLIECCOB, HA3BIBAEMOTO ‘‘MUTPHpYIONMI HauMeHbIMil mponecc” (Migrate the
Smallest process; MS). Anroputv MS OHUKIHYECKH CKaHUPYET Y3JIbI M BCETIa MTOMEMIACT MPOIIECC
Ha cienyronmii y3en. B ornuune ot RR, ecnu Ha y3ie 3akaHUMBaeTCs MaMsaTh, TO MS MUrpupyer
HEKOTOPHIM IpoIiecc ¢ 3TOro ysna. BrlOpaHHBIM IMpoliecc SBISETCS HAaUMEHBIINM CpPEIU BCEX
IPOIECCOB, KOTOPHIC JIOCTAaTOYHO BEJIMKM, YTOOBI AHHYJIMPOBATH IICPCIIOJIHCHUE MaMSTH,
BBI3BAHHOE NPUOBIBIIMM IIPOLIECCOM, M MOXET OBITh pa3MeniéH Ha HEKOTOPOM JAPYroM Y3Je.
CornacHo 3TOMy, MUTpaIs IOJBEPracT CeTh HAMMEHBIIMM 3aTpaTaM. Ecim Takoro mpouecca He
CYIIECTBYET (IIOTOMY YTO BCE MPOLECCH! CIUIIKOM BEJIMKU MM BCE IPYTUE Y3IIbI IEPETIOTHEHBI), TO

AJITOPUTM OTKA3bIBACT.
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Yucno y3nos Yucno y3nos
a) Cpennuit pa3mep npouecca SM6 6) Cpennuit pazmep mporecca 16M6

Puc. 10. IlponzBogurensHocTh anroputMoB MS u NF

Ha puc. 10 nmokazans! amynsiuu anroputMoB NF u MS co cpenaum pazmepowm mpoiiecca oT 8M6
mo 16M6. OtmetuMm, 49TO ISl CpEAHETO pasMepa mporecca B 1MO Hpou3BOAMTEIEHOCTE 000UX
anroput™MoB 6mu3ka Kk 100% 3amomaenuto namsatu. U3 puc. 10 a) BUIHO, 9YTO MPOU3BOAUTEIBHOCTD
MS ot 3% 1o 4% Beie, ueM NF. MoxxHO HabII0AaTh TaKkKe, YTO MPOU3BOAUTEIBHOCTD AJITOPUTMA
MS yBenmu4MBaeTCs C YUCIOM Y3JIOB U HE u3MeHsercs ans anroputMa NF. DTo Moxer OBITh
00BSICHEHO OOJIBIIMM BBHIOOPOM HPOILIECCOB Il MUTPALUH JUIE MS npy yBEIMUYCHUH YHCIA Y3JIOB.
Viyumennas macmrabupyeMoctb MS nogu€pkHyTa NpU SMYJSIIMM CO CPEIHUM pa3MEpoM
nporeccoB 16M6 Ha puc. 10 0).

OtmMerum, 4TO TaKKe OBLUTH MPOBEICHBI HCCICIOBAHUS JBYX BapuaHToB anroputMoB NF u MS, B
KOTOPBIX BBIOPaHHBINA MpOIIECC MOMENIANICS Ha y3€l ¢ HauOOJIbIIHMM 00bEMOM CBOOOIHON MaMSTH.
Tem He MeHee, 00a BapuaHTa IMOKa3ald HAMHOTO XYyANIYI0 MPOU3BOIAMTENBHOCTh U OoJbIlEe
YMEHBIICHHE IPOU3BOAUTEIEHOCTH IPH YBEIMYCHUH YUCIIA y3JI0B.

2.4.5. Macwtabupyembii anroputm pasmeLleHus ¢
AeueHTpanu3upoBaHHbIM yripaBrieHUemM

Bce BbIE ONMMCaHHBIE ANTOPUTMBI HCHOJIB30BAIHM I[EHTPAIU3UPOBAHHBIC CXEMBI, KOTOPHIC
MOJIaralluCch Ha TIIOOANbHYI0 HWH(OpPMANUIO Ui TPHHATUS PEIICHUS O pPa3sMCIICHUU. OTH
[CHTPATU3UPOBAHHEIC MCXaHU3MBI HE MAacIITa0UpyeMbl W HE MOTYT OBITh 3()PEKTUBHO
peaan30BaHbl HA KJIACTEpax ¢ OOJIBIIMM YHCIIOM Y3JIOB.

YnpoméEnnas JEICHTPAIN3UPOBaHHAs CXeMa U1 pa3MEIIEHUS IIPOIECCOB  MOXKET
OCHOBBIBaThCSl Ha ajaroputmMe MS, B KOTOpPON MHUIPHUPYEMBIN HpOIECC pa3MEIIAETCs Ha Y3ie,
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BBIOpaHHBEIM W3 WHGOPMANMOHHOTO OKHA (cM. Ti. 2.1). CyInecTBEeHHBIMH MapaMeTpaMu 3TOTrO
QITOpUTMa SBISIOTCA pa3Mep OKHa M YacToTa pacceuBaHus WHQPOpPMAIUH.
BBIIIICONMMCAHHOM CXEMBI, Ha3bIBacMoi “‘OKOHHBIN MS”, moka3zana Ha puc. 11.

OMynsanus
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Yucno y3noB

Yucno y3noB

a) Cpennuit pazmep mpouecca 1M6 6) CpenHauit pazmep mporecca SMO

Puc. 11. ITpon3BOIUTEIFHOCTE OKOHHOTO MS ajiroputMa /s pa3IndHbIX Pa3MepoB OKHA

IloxazaHbl pe3ynbTaThl AJId pa3MepoB OkoH ¢ 8, 16 m 32 smementamu. Kak m oxwumanocs,
IPOM3BOIUTEILHOCT MAJACT MPU YBEIWYCHUU YHUCIA Y3JIOB U IPH YMEHBIICHUU pa3Mepa OKHA.
OTO MPOUCXOIUT U3-32 OTPAaHUUYECHHOCTH MH(GOpPMAINH, TOCTYIIHON alTrOpUTMY, YTO MPEISATCTBYET
r1o0anbHOM ontumMu3anuyu. HecMOTpsl Ha yMEHBIIEHUE MTPOU3BOAUTEIBHOCTH, alTOPUTM paboTaeT
xopouio: 6osree yeM 96% 3an0IHEHUE TAMSTH JUTS IIPOLIECCOB CO CpeaHUM pazmepom 1 MO, u 6onee
90% nnst 8M6 mpoLeccoB BILIOTH 10 32 y3II0B. AJITOPUTM JIETKO pean3yeM U HE TpeOyeT HUKaKon
r100aTbHOM HH(OPMAIIHH.

2.4.6. Peanusauus anroputmMa pacnpeaeneHus namsaTm

B sTom pasnene OyayT pacCMOTPEHBI ACTAIH peaIU3allii AITOPUTMa paclpee/ICHUs MaMsATH B
cucteme openMosix. DTOT aNrOpUTM OTBETCTBCHEH 3a MPHUHATHE PCIICHUHN KacaTelIbHO MUTPAINH
IPOIIECCOB € y3Jla, MCUEPIABIICTO CBOIO CBOOOJHYIO MaMsATh, TaK XK€ KaK WU IPEIOTBPAILICHUE
MUTpaIMU Ha 3TOT y3€l. DTOT aITOPUTM JIOJDKECH pellaTh, KaKOW MPOIECC MUTPUPOBATh, KOT/IA €T0
MUTPUPOBATh, U TIIC €r0 Pa3MECTUTh. B JOMONHCHHE K JTOMY, &ITOPUTM JOKCH PEIIATh,
MO3BOJIUTH JIM yAANEHHBIM HPOIECCAM MHUIPHPOBATH HA JTOT Yy3€JI M3-3a MCTOIICHUS MAMSITH Ha
JPYTHX y3JIax.

JJist JOCTHKCHUS PEIICHUS AJITOPUTM UCHOIB3YET MHICKC CBOOOIHON maMsiTH, 00eCIIeYMBacMBbIN
QITOPUTMOM pacceuBaHUs HHPOpMalUU. OTOT HHAEKC €CTh 00BEM M3MEpPEHHOH CBOOOIHOU
aMATH y371a, KOTOPBI MOXET OBITh pacmpelenéH MexOy yNaléHHBIMU mponeccamu. CTporo
TOBOpS, 3TO €CTh CyMMa JCHCTBUTEIBHON CBOOOTHON MaMATH 32 BBIYETOM IOPOTOBOTO 3HAUCHUS
CBO6OJIHOI>'I namMAaTHu, TO €CTh IIaMsTH, 3ap636pBI/Ip0BaHHOI71 AJI JIOKAJIBHBIX IMPOLCCCOB U IIaMSATH,
y’Ke NepeIlaHHOM MPHOBIBAEMBIM HpoLieccaM. DTO 3HAYEHHE 3aMEPSIETCSI HECKOJIBKO pa3 B CEKyH[Y
JUIs ocialleHusl KpaTKOBPEMEHHBIX (uiykTyanuil. Haekc cBOOOIHON MaMATH pacchUIaeTCs depes
MIEpUOANYECKAE WHTEPBAIBI JIPYTUM y37aM, HCIHOJIb3yS BEPOSTHOCTHBIM aJTOPHUTM DPACCEHBAHHUSA
uHpopmanuu. [locnenuuit anropuT™ mpegHa3zHaueH JUIsl TOTO, YTOOBI OOCCIEUUTh Ka)XIbIi y3el
JIOCTaTO4HOM HH(pOopMammell 0 JOCTYIIHBIX pecypcax Ha APYTHX y3iax, 0e3 IpoBEICHUs OIpoca Uil
JoBepHs ynanéHHou uapopmanuu (cM. [BAR3]).

Hioxe PacCMOTPCHBI OCHOBHEIC YaCTH AJITOPUTMA paCIIpCACICHUA IIaMATH: aKTUBU3alluA, BHGOp
y3jla Ha3Ha4YCHUA H MOPOHCCC MHUIpalnu. HOCJ’ICI{HI/IG JABa pCmCHUA TCCHO CBA3aHLI C
COOTBCTCTBYIOIIMMU YaCTIMHU BHYTPHUCCTOYHOI'O0 aJropurmMma. Ecmm aAJIropuTM O'I‘pa6aTLIBaCT
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yCIIEHIHO, TO KaK MMHMMYM OJIMH IIPOLIECC MMIPHUPYET, B IIPOTMBHOM Cilydae, y3€Jl Ha4YMHACT
BBIIPYaTh CTPAHUIIBIL.

2.4.7. AKTnBmM3auusa anropurma

ANropuT™M pacmnpeneicHus namsaTH cpabaThIBacT, Korna CBOOOJHAs MaMsATh y3Jia CTAHOBUTCS
HIDKE ITOPOTOBOT0 3HAUCHUS, YTO MOXET BBI3BAThH BBHITPY3KY IICHHBIX CTpaHuUI] namsTh. [loporosoe
3HaYCHUE — 3TO 00BEM MaMATH, 3ape3epPBUPOBAHHON JUIS JIOKAJIBHBIX IPOLIECCOB B TO BpeMs, Kak
IPUHUMAETCS pelIeHre o BhIOope M MMrpanuu mporecca. B uneane, 00bEM 3ape3epBUPOBaHHON
HaMSITH JOJDKEH OBITh JMHAMUYECKUM 3HAYEHUEM, KOTOPOE COOTBETCTBYET YaCTOTE pacIpeACICHHUS
CBOOOJHOM MmamsATH. DTO 3HAYCHUE JTOJDKHO yBEIUYMBATHCS, KOT/Ia YBEIMIMBACTCS MHTCHCUBHOCTD
pacrpeneieHusl CTpaHuI M HaoOOpOT, 4TOOBI OBITh YBEPEHHBIM, YTO AJITOPUTM PaCHpPEACICHHUS
aMsATH BBIOEpET U, €ciii He0OXO0IMMO, MUTPHPYET NPOLECC Hepea TeM, Kak cpaboraeTr mporecce
BHITPY3KM CTpaHMll. B TO >xe Bpems, pa3Mmep 3ape3cpBUPOBAaHHON MaMATH HE IODKEH OBITh
CIIUIIKOM OOJBIIMM. DTO HYXXHO AN M30CKaHWsS PaHHUX U HEHYXHBIX MUTpAIMi MPOLIECCOB C
y371a, a Takke OJOKMPOBKM MUTpaluid Ha y3ell. B HacTosmed peanu3aii MOpOroBOC 3HAYCHHE
YCTaHOBJICHO B (PMKCHPOBAHHYIO BEIUUWHY: Ha 1/4MO Gomblne ypoBHS cpabaThIBaHUS MEXaHU3Ma
BBITPY3KH CTPaHMII.

2.4.8. Bbi6op npouecca

Bri6op mporecca Ui MUTpanuul MPOXOJUT B HECKOJBKO 3TAallOB B 3aBUCHUMOCTH OT 00BEMa
HEJIOCTAIONICH MaMATH (TeperoTHeHNs) U 00bEMa cBOOOIHOM MaMsATH Ha Apyrux ysnax. [Ipexne
BCETO, BBICHACTCA pa3Mep IMEpEloHEHHUS KaKk Pa3sHOCTh MEXIY HACTOSIIMMHU TpeOOBaHUSAMH K
IaMAITH U JTOCTYITHOM MaMsAThi0. 3HaueHHE NEPEHOTHECHUS NMaMATH HalmonaeTcs U OOHOBISETCS
PETYJSIPHO [l ONPENCIICHUS TOTO, SBISETCS JHM O3TO KPAaTKOBPEMCHHBIM SIBICHHEM WIIH
ITOCTOSTHHBIM.

Ha nepBoit ctaauu npoueccsl COPTUPYIOTCS IO YHUCITY CBOMX ‘TPSI3HBIX CTpaHMI. BriOmpaercs
IIPOLIECC C HAaUMEHBINMMHM 3aTpPaTaMH HAa MHTPALMI0O M3 YHUCIA MPOIECCOB, VI KOTOPBIX YHCIIO
“rpsi3HBIX” CTpaHUI] IIPEBBIIIACT 3HaueHue IepenonHeHus. Eciu 3ta craaus 3aBepiiaercs
HEYyJIa4Ci, TO JM H3-32 OTCYTCTBUS y3/a C JIOCTATOYHBIM OOBEMOM CBOOOMHOW MaMSATH IS
IPEJOCTaBICHUS BHIOPAHHOMY IIPOLIECCY, TO JIM MOTOMY YTO BCE IPOLECCH BHICBUIAIONIETO y3I1a
MEHBIIIEC 3HAYCHUS IEPEIIOIHEHNUS IaMTH, TO aJlTOPUTM IIEPEXOIUT KO BTOPO CTa/IHH.

Ha Bropoif cTamuu airOpuTM NBITACTCS MHUTPUPOBATH HAaWOONBIINK BO3MOXHBIN IpOILECC,
KOTOPBIM pa3sMelacTcs Ha YOaIEHHOM y3Ie, HE 3acCTaBlisis TOT Yy3€l IPEBBICUTH CBOE IIOPOTOBOE
3HayeHUe MamMATH. CHauala anropuTM BBIOHpAeT y3el ¢ HauOONBIIUM H3BECTHBIM HHIEKCOM
cBoOogHON mamsaTh. IloToM OH HaxXOgUT HAWOONBIIMKA MPOLECC, KOTOPHIA MOMEIIAETCS Ha 3TOT
y3ei. [IoToM anropuT™ mpoBepsieT, IOMECTUTCS JIM BEIOPAHHBIA MPOILECC B MAMSTh APYTUX Y3JIOB.
Cpenu HaiiiIeHHBIX Y3JI0B, OH BBEIOMpAET y3€J1 ¢ HaUMEHBIIMKA HAarpy3KOi M MUTPHPYET Mpoliecc Ha
aT0T y3ei. [locne 3Toro, ecmu focTymnHas cBOOOHAs MaMATh BCE €l HUXKE MOPOrOBOTO 3HAYCHUS,
TO aJTOPUTM >KAET HEKOTOpOE BpeMs ISl MPUOBITHS HOBBIX HMHJICKCOB CBOOOTHOW MaMATH U
BO3BpAIACTCA K IEPBOU CTaMU. B IpOTUBHOM Cilydae OH 3aBEpIIACTCS.
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2.4.9. Y3en Ha3HauyeHusn

VY3en Ha3HAUCHHS BBHIOMPACTCS U3 IMOJAMHOXKECTBA Y3JIOB, YbH WHICKCHI CBOOOJTHOW IMaMATH
JIOCTYIHBI B MH(OPMAITMOHHOM OKHE. BEIOpaHHBIN y3en TOMKEH UMETh HHACKC CBOOOIHOM MaMsITH
OoNbIIMK WM paBHBIA pa3Mepy Mpoliecca, Ha3HAYCHHOTO I MUTpAIUi. OTO HEOOXOAMMO IS
TOTO, 4YTOOBI MPEAOTBPATUTh BBITPY3KY CTPaHHUI] Ha Y3Je-TOMydaTelle, U TakK KE MPEIOTBPATHUTH
CUTYyalHIO0, KOTJa IIPOECC HEOJHOKPATHO MUTPUPYET OT OJHOIO y3ia K apyromy. M3 3Tux y3110B
BEIOMpACTCS y3€J C HAauUMCHBIICH Harpy3koil. Eciu HUKakoro ys3na HE HAWJICHO, TO AJITOPHTM
MOBTOPSICT BBHIMOJHEHUE Y€PE3 KOPOTKYIO 33JIEPXKKY, CKaXKEeM, | CEeKyHIIy, 110 UCTEYCHUU KOTOPOU C
JIOCTaTOYHO BBICOKOH BEPOSTHOCTBIO OXHUAACTCA, YTO OyAeT MOCTyNHA HOBas HWHQOpMamus o
CBOOOIHBIX HHACKCAX MaMSTH JAPYTUX Y3IIOB.

B BeImenpuBenEHHONW cxeMe BBHIOMpacTCs y3€l C HAaUMCHBIINM Harpy3kou s u30exaHwus,
HAaCKOJIBKO BO3MOXHO, JAJIbHEHIIUX MUTPAINii IPOIECCOB B CBS3U € pa30alaHCUPOBKOW HArpy3KU
nocie murpari. OCHOBHas HIES COCTOMT B TOM, YTOOBI OTPaHUYUTH BBIIOJHEHHE alTrOpUTMa
pacripesieieHus TaMATH Ha IIEPUOABI, KOrAa CBOOOIHAS AMSTh Ha y3JIe CTAaHOBUTCA Jedurmrom. B
IPOTHBHOM CJIy4ae, UCIIOJIb3YETCS TOJIBKO JITOPUTM 0aJaHCUPOBKH HArpy3KH.

HyXHO OTMETHTB, YTO THEpe] HadajJoM JI000W MHUIrpalnuu IMpoiecca HEOOXOIMMO IOYYCHHC
MOJATBEPXKIICHUS C y3j1a Ha3HAYCHHS. DTO HYXHO JUIs M30C)KaHUS HECKOJIBKHX OJHOBPCMCHHBIX
MUTpAIHii C pa3IMYHBIX y3J0B.
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3. MACLUTABUPYEMBbIE KITACTEPHbLIE ®AUNOBbIE CUCTEMbI
OPENMOSIX AJ1A LINUX

3.1. 3apaum KnacTepHbIx hannoBbIX CUCTEM

HenaBHue ycriexu B KJIACTEPHBIX BBIYHMCICHUSX M CIIOCOOHOCTH T€HEPHUPOBATH U MUTPUPOBATH
napajjielibHble TPOLECChl Ha HECKOJIBKO MAalIMH  CO3JIM  HOTPeOHOCTh  pa3paboTKU
MacImTabupyeMBIX KJIACTEPHBIX (ailJIOBBIX CHCTEM, KOTOphIE HE TOJBKO MOJIICPKUBAIOT
napayiebHBIA JTOCTyl KO MHOTHM (paiimaM, HO TakXKE€ W COTJACOBAaHHOCTh KJIIEH MEXIy
IIPOIIECCaMU, KOTOPBIE 00paIarTces K ToMy ke camomy daiury. Hanbosee TpaiMInOHHBIC CETEBHIC
¢aitnossie cucremsl Tuna NFS, AFS u Coda e oTBeuaroT TpeboBaHMsIM nmapajuiesHOR 00paboTKy,
IIOTOMY 4YTO OHH 3aBHUCAT OT LIEHTPAIbHBIX (hailioBBIX cepBepoB. HoBoe mokoseHue ¢aitnoBbx
cucreM, Tuna GFS, xFS u Frangipani, COOTBETCTBYIOT KiacTepaM B OOJBINEH CTEIICHH, TOTOMY YTO
3TH CHUCTEMBI PACIIpPElENSIOT MaMATh, KAII U YIpaBIICHHE MEXIY CTAHIUSAMH KIacTepa, a TakxkKe
o0ecrieynBalOT CpelICTBa JUIS MapaLUIeNbHOTO JOCTyna K (aililly M COTJIacOBaHHOCTH KOIICH.
MacmtabupyeMocTs 3THX (ailloBeIX cucTeM BcE emé He Uu3BeCTHa. B 3ToM pasnene
paccMaTpUBacTCST HOBBIA NPUMEP Ui MacIITaOMPYEMBIX KIIACTCPHBIX BBIUUCIICHUH, KOTOPBIN
00BbeIMHSCT KIacTepHbIC (DaiIoBbIE CHCTEMBI C TUHAMUYECKUM PACIPEICIICHUEM 33 JaHUH.

[eneBoit KiacTep COCTOUT M3 MHOXECTBA TOMOTeHHBIX y350B (¢ oguum CPU w/wunu SMP
KOMITBIOTEPOB), KOTOpbIE paboOTalOT COBMECTHO, IO3BOJISIE OOHmIMM pecypcaM Kiactepa ObITh
JOCTYTIHBIMH Ka)XXJIOMy IIpOIECCy, U Jienas BO3MOXHBIM JIIOOOMY Y31y OOpaTUThCS K JIIOOOMY
¢aiiny WM BBHIIONHUTE J1I000M mporece. Knacrepnas ¢aiinoBas cucteMa COCTOUT M3 HECKOJIBKHUX
MOJICPEBBEB, KOTOPHIC pa3MEIICHBl Ha pa3IUYHBIX Y3JIaX, 4TOOBI pa3peluTh IapauleibHbIC
ornepanuu ¢ pa3inuuHbivMu (aiamu. [J1aBHass 0COOCHHOCTh B JIM3AMHE KJIACTCPHBIX (HaiJIOBBIX
CHCTEM — CHOCOOHOCTH MHUTPHPOBATH Hporecc K (paiiny BMECTO TOro, 4TtoObl TpaJUIMOHHBIM
Coco0OM TEpEeHECTH JaHHble (aiinma K Imporeccy. OJTa BO3MOXHOCTb, KOTOpas yxke
nojyiep>kuBaeTcs openMosix g Linux uis 6amaHCHpPOBKM HAarpy3Kd, cOo31aéT HOBBIM IOAXO] B
KJIACTEPHBIX BBIYMCIICHUSX, KOTOPHI oOecneunBaeT “yIOOHYIO U MCIONB30BaHUSA Cpeny Uit
YIIy4IICeHUs. TMPOU3BOJUTEIBHOCTH M Macmrabupyemoctd. OOpaTuM BHHMaHHE Ha TO, YTO
OOJIBIIMHCTBO CYNIECCTBYIONIMX MAKETOB JUIS pacripeneseHus pabot, takue kak PVM umu MPI, ve
COOTBETCTBYIOT HAmUM  TpeOOBaHUSM, IOTOMY YTO OHHM HCHOJB3YIOT  CTAaTHYECKOE
(pukcupoBaHHOE) pacnpeeneHue MPOLECCOB MO y3JIaMm.

openMosix ocobenHo dddekTuBeH UL pacupeAcNeHUs M BBIIOJHEHHS IPOIECCOB,
orpaHuueHHbIX ToJbKO ucnoib3oBanueM CPU (CPU-limited jobs). OqHako u3-3a COBMECTUMOCTH C
Linux, cxema openMosix pacmpefeseHHs MpoIeccoB Oblia HedPPEKTHBHA NPU BBITOJHCHUU
IPOIIECCOB C CYIIECTBEHHBIM KOJIMYECTBOM OIEpallvii BBOAA-BBIBOAA W/WIK (aJIOBBIX ONEpaIUid.
Jns npeononenust sTod HeapdekTuBHOCTH openMosix ObuT pacumpeH noanepxkoi DFSA nns
aydmeit 00paboTKHM MPOLECCOB, OrPaHMYCHHBIX TOJBKO omepanusMu BBOJ2-BbiBoja (I/O limited
jobs). C DFSA 0OnbIIMHCTBO CHCTEMHBIX  BBI30BOB  MHIPHPOBABIICTO  IIPOLECCA,
OpUCHTHPOBAHHOTO Ha BBOJ-BBIBOJI, MOXET OBITh BBHINOJIHEHO JIOKATBbHO — Ha y3le, TAE 3TOT
IPOLIECC B HACTOSAIEE BPEMS PACIIONIOKEH.

OcnoBHoe nmpenmymectBo DFSA cocTtout B TOM, 4TO OHa MO3BOJISET MPOLECCY C YMEPEHHBIM
wii 6onpmmM 00BEMOM BBO/A-BBIBOJIa MUTPHUPOBATh Ha Yy3€l, Ha KOTOPOM OH BBIIOJHSCT
OOJNBIIMHCTBO OMEpalfii BBOJa-BEIBOA, ¥ BOCIIOIB30BAThCS MIPEUMYIIIECTBOM JIOKAJIEHOTO JJOCTYTIA
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K JaHHBIM. /[pyroe mnpeuMyInecTBO — yMEHBIICHUE HAKJIaIHBIX PAacXOlOB HAa B3aUMOJCHCTBUE,
TaKUX Kak MEHBIIIeEe KOJIUYECTBO OIlepaliuii BBOJA-BBIBO/IA, IPOU3BOISAIIUXCS 110 CETH.

Jis npaBwibHOUW pabotel DFSA  Tpelyercs cOriiacOBaHHOCTH Kaxaoro (Qaiiyia Mexmy
nporeccaMy, paboTaoMUX Ha Pa3lMYHBIX y371aX, KOTOPYIO B HacTosIee BpeMs 00eCIeuuBaioT
TONBKO HECKONBKO (haiinoBeix cucteM. OpnHa Takas (aiimoBas cucrema — GFS, xotopyro
IUTAHUPYETCS UCIOIB30BaTh, KaK TOJBKO OHA CTAHET MOJHOCTHIO paboTocmocoOHOW. B kadecTBe
JIpyroi anbTepHATHBBEI pa3paboTaH MPOTOTHUIl (ailyIoBOM CHUCTEMBI, Ha3zbiBacMoii OMFS, kotopas
paccMmatpuBaeT Bce (hailiel M KaTalord B Mpeaeiax KiacTepa openMosix Kak eauHyIo (aiaoByro
cHCTEMY.

NuTepecHoit uccnenoBaTeNnbCKoi Mpo0ieMoit SBlseTCs MpobiieMa, TAC pa3MECTUTh MPOIECC,
KOrjga OH BBIIIOJHACT ONICpaliii BBOJIa-BbIBOAA C q)aﬁHaMI/I, PacCIoJIOKCHHBIX HA PAa3JIMYHbIX y3JiaX.
[TpocToe pemeHue COCTOUT B TOM, 4TOOBI MUTPHUPOBATH MPOLECC K Y311y, JUIsi KOTOPOTO BHIIIOJIHEHO
OOJNBIIMHCTBO OIEpalyii BBOAA-BHIBOJA. JTa MpoOJieMa HECKONBKO YCIOXKHSCTCH, CCIIU TaKKe
Xo4eTcs cOallaHCUpOBaTh HArpy3Ky, WM €CIH MOJEIH ONEepaluid BBOAA-BHIBOJIA U3MEHSIOTCS BO
BPEMEHH, WM KOTJa BOBJICUEHO HECKOJBKO MPOLECCOB. ATANTHBHAS MONUTHKA PACIPEIACICHUS
rporueccoB openMosix MBITaeTCsl pa3pelInuTh BCE 3TO CIy4au.

3.2. PannoBas cucrema npsimoro aocryna (DFSA)

3.2.1. NMpuHunn pa6otbl DFSA

DFSA - mporpamMMHOe 00€CIICYEHHE, KOTOPOE PEIIACT, BBIIOJHHUTH JIM CHCTEMHBIC BBI30OBBHI
¢baiinoBeIX omepanuii BBOJa-BbIBOJAa MHUIPHUPOBABIICTO IPOIECCa HA TEKYIIEM y3JIe WIM Ha €ro
JoMarmHeM y3ne. Jlns koppekTHoro ¢ynkimonupoBanuss DFSA TpeOyer, 4ToObI BBHIOpaHHBIC
¢aiioBeic cHCTEMBbl (M CHMBOJIMYECKHC CCBHUIKM) OBLUIM HMJICHTUYHO CMOHTHUPOBaHBI Ha
OJTHOMMEHHBIE TOYKH MOHTHUPOBaHMs. KpoMe Toro moapasymeBaercs, 4To cxema UACHTU(UKATOPOB
MOJB30BATEICH/TPYNIT  ABJISICTCS WM HWICHTUYHOM IO BCeMy KiacTepy, WIA JOCTaTOYHO
Oe3omacHoi, YTOOBI HE BO3HUKAIO HUKAKUX HApyIICHUH IMpaB JOCTYyMa, KOTAAa K OJHOW M TOM XKe
¢aitoBoii cucreme 00pamaloTCs IOJIB30BATENM C WACHTU(UKATOPAMH, HA3HAYCHHBIMHM Ha
Pa3IMYHBIX y3JIaX.

DFSA mnposepsier, 4T0 JgaHHBIC (DaiJIOBHIC CHCTEMBI CMOHTHPOBAHBI C TEMH € CaMbIMU
¢diaramu MOHTHpOBaHMs, W WX TuUnbel noanepxuBarorcs DFSA. Torma ona nepeHamparisieT
OOJIBIIMHCTBO OOpaIICHUI K ONEPAalMOHHOW CHCTEME JUIS BBIIOJHCHHUS JIOKAJBHO (HAa TEKyIIeM
y371€), B TO K€ BpeMs BCE €IIE HaIpaBiiAsd HEKOTOpPHIE (COMHHMTEIBHBIE) CHCTEMHBIC BBI3OBEI,
HampuMmep, NP COBMECTHOM HCIIONB30BAaHUM OTKPHITHIX (ailyioB ¢ APYTMMH HpoleccamH, K
JIoOMaIHeMy y3iy mpouecca. DFSA HenpephlBHO CHHXPOHU3UPYET COCTOSHHE (aiia, Hanpumep,
OTKpBITUE, 3aKphITHE, MO3WIMI0O B (aile W T.A. MEXIy MUTPHUPOBABIIUM IPOLECCOM H €ro
JIOMAIIIHUM Y3JIOM.

3.2.2. Tpe6oBaHus DFSA

DFSA moxer paboTatb ¢ m1000# (aiiioBoil cuCTeMOi, KOTOpasi yIOBJICTBOPSET CIICIYIOIIUM
CBOMCTBaM:

« CoriacoBaHHOCTB: KOT'/ja IIPOIIECC JAeIacT U3MEHEHUs B (aiiiie ¢ J1ro00ro y3ia, Bce IpYrue y3iibl
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JOJDKHBI BUJIETh 3TO M3MEHEHUE HEMEIJICHHO WJIM HE HO3KE CICAYIOUIEr0 JOCTyNa K 3TOMY
¢aitry. Ha Mogenu kimeHT/cepBep 3TO 0OBIYHO 110Ipa3yMEBaET, YTO CTAHOBUTCS HEBO3MOXKHBIM
HCMOJTb30BaHUE KJIIa Ha KIMEHTCKUX Yy37axX JHOO0 €JUHOTO BUPTYaJbHOTO KdIIa, KOTOPBIH
MOXET HaXOOUThcid Ha IJOOOM y3ie (Hampumep, Ha cepsepe). OOpaTMM BHHMMaHHUE, YTO
YCIIOXKHEHHBIH cepBEp, BEPOSATHO, MOXKET MPEIOCTABIIATh KAII OTACIBHBIX (PaiiIoB W/WiIM OJIIOKOB
HEKOTOpOMYy y3ly B Jo0oe BpeMms. DaloBbIE CHUCTEMBI C COBMECTHO HCIOJIb3yEMBIMU
anmnapaTHbIMU CPEJCTBAMHU MOTYT IIpeJylaraTh JApyrue peleHus sl COrJIaCOBAaHHOCTH.

BpemenHbsle OTMETKHM (aiiiioB M Mexay (aimaMu Ha OJHOM W TOHM ke (QailioBoi cucreme
IOJDKHBL OBITH COTJIAacCOBaHBl M YBEIMYMBATHCA (€COM Yackl HE OBUIM IpeIHaMEPEHHO
YCTaHOBJICHBI Ha3a]l) HE3aBUCUMO OT y3J1a, C KOTOPOT'O MPOU3BOAATCA MOJU(PHUKAIINH.

@aiinoBas cUcCTeMa JOJDKHA TapaHTUPOBaTh, 4TO (ailyibl/KaTalorn HEe OCBOOOXIAIOTCS IpHU
YaJICHUU JIO TEX IOp, MOKa CYIIECTBYET MPOIECC B KIACTEPE, KOTOPBIA IEPKUT UX OTKPHITHIMHU.
EcTb HECKOJIEKO BO3MOXHBIX METOJOB JJISi TOCTH)KECHHUS 3TOTO, HAIpUMEp, HEKOTOpask MOJIENb
cOopku “mycopa’.

[Tognepikka HECKONBKUX JOTOJHUTENBHBIX (DYHKIMHA (aioBoii cucTeMbl, KoTopele B Linux
CUUTAIOTCS OINEpalUsMHU C Cylep-0J0KoM, Hampumep, “UIACHTUUIMPOBATE — CHPOPMUPOBATH
KOHCUHYIO MICHTH(PHUKAIMOHHYIO HMH(pOpMaruio 1no ‘d- BxoxaeHuto (dentry)” Takum oOpazom,
9T00BI €¢ OBUIO IOCTATOYHO JUIsi BOCCTAHOBJIICHHS 3TOTO OTKPHITOrO (haiina/karanora Ha Jpyrom
y3ie.

HOIIHCP)KHB&IOTC?I CICAYIOIIUC CHUCTCMHBIC BBI3OBbBI, KOTOPBIC MOI'YT OBITH BBIIOJIHEHEI

JOKAJIbHO, 0€3 Murpanuu nporecca Ha gomanrauid y3en (UHN):

read, readv, write, writev, readahead, Iseek, llseek, open, creat, close, dup, dup2, fcntl, fentl64,

getdents, getdents64, old_readdir, fsync, fdatasync, chdir, fchdir, getcwd, stat, stat64, newstat, lstat,
Istat64, newlstat, fstat, fstat64, newfstat, access, truncate, truncate64, ftruncate, ftruncate64, chmod,
chown, chown16, Ichown, Ichown16, fchmod, fchown, fchown16, utime, utimes, symlink, readlink,
mkdir, rmdir, link, unlink, rename

B cnenmyromux cuTyammsx CHUCTEMHBIC BBI30BEI Ha CMOHTHPOBAHHOUN ¢ mojaepxkkoi DFSA

¢aiinoBoii cucreme MOryT He paboTars:

pasnuyHas koH@urypamms MFS/DFSA nHa y3nmax kiacrepa (HampuMmep, Ha HEKOTOPHIX HE
BKIItoueHa nogaepxka DFSA wim MES cMoHTHpOBaHa ¢ pa3iInYHBIMU ONIIHASIMH)

dup2() BeI3BIBaCTCS CO BTOPBHIM (hailJIOBBIM JIECKpHUIITOPOM BHE moanepeBa DFSA
BbI30B chdir()/fchdir() B cinydae, ecnu poautensckuid katanor He DFSA
Iy TH BBIXOMAT 3a mpeaeinl mogaepesa DFSA

IIPOLIECC, MENAIOIMKA CHCTEMHBIM BBI30B W3 IPUBCAEHHOIO BBINIC CIIMCKA, HAXOOUTCS B
COCTOSIHMM OTJIAJKU/TPACCUPOBKHU

3.3. ®annoBas cucrema openMosix (0MFS)

openMosix TpeOyeT COrJIaCOBaHHOCTH (ailJIoB W KIMICH MEXAy HPOICCCaMH, KOTOPHIC

BBITIOJIHAIOTCA Ha PaA3JIMYHBIX Y3JlaX, MOCKOJBKY MOXKCT OKa3aTbCsd, 4YTO OAaXC OJUH U TOT KC

npouecc (WiM rpylia B3auMOJCHCTBYIOIIMX CBA3aHHBIX IPOIIECCOB) ONEPUPYET C PazIUYHbIX

Y3JI0B.
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Yrobsl Bocnonb3oBatecsi DFSA, Obu1 peannzoBan nporotunt (ailiioBod CUCTEMBI, Ha3bIBAEMO#
¢aiinosoit cucremoii openMosix (0MFS). oMFS oGecnieunBaeT yHUPHIMPOBaHHOE PEICTAaBICHNE
Bcex (hailyioB Ha BCeX YCTaHOBIICHHBIX (hailyIoBBIX cUcTeMax (JIFoOOTro THIMA) Ha BCEX y3iax KiacTepa
openMosiXx, kak OyATO OHHM BCE HaXOAATCS B IMpeleNiax €IMHCTBCHHOH (aiIoBOil CHUCTEMBI.
Hanpumep, ecimu MFS cMOHTHpoOBaHa Ha TOYKY MOHTHUPOBaHHMS /mfs, TO (aiin
/mfs/1456/usr/tmp/myfile OTHOCUTCA K (ailmy Ha y3ne #1456. Oto npemaer oMFS u
VHUBEPCAJIBHOW, TaK KaK /usr/tmp MOXET HUMETh JIO00W THN (aiJIOBOH CHUCTCMBI, H
MacmTabupyemMol, Tak Kak KaXAblii y3en B kiactepe openMosiX NOTEHIHMAIBHO W CEpBEp, U
KIIUECHT.

B otnmume or apyrux aiinoBeix cucrem, oMFS ofecrneunBaeT COriiaCOBaHHOCTh KOIIICH,
MOJUICPXKUBasi TOJNBKO OJWH KA3II — Ha cepBepe. UTOOBI peamnu3oBaTh 3TO, CTAHAAPTHBIC KAIIU
JIUCKOB U JAUPEKTOpUi Linux MCHONB3yIOTCA TOJBKO HA CEPBEPE W UTHOPUPYIOTCS Ha KIMCHTAaX.
OCHOBHOE NPEUMYIIECTBO TAKOTO MOAXOJA COCTOUT B TOM, YTO 3TO OOECIEUMBAET MPOCTYIO, BCE
emé MacmTabupyeMylo CXEeMy COIJIACOBAHHOCTH KO3IIEH MEXy JIIOOBIM YHCIIOM IIPOILIECCOB.
Hpyroe mpeumymectBo moaxona oMFS cocTtout B TOM, 4TO OHA MO3BOJISICT MOAHATH KJIMCHT-
CCpBEPHOC B3aUMO/ICHCTBUE Ha YPOBCHH OOpAIICHHIA K OIECPAI[HOHHON CUCTEME, KOTOPBIN SIBISICTCS
Ty4qmuM s 0onee o0mux, OONBIIUX U CIOXKHBIX OMEpalldid BBOJA-BHIBOJA (OTKpPHITHE (DaiinioB,
BBOJI-BBIBOJI OJIOKOB OonbIoro pasmepa). O4eBHUIHO, OTCYTCTBUE KJIIa HA KIMECHTE — TJIaBHBIN
HEJOCTATOK ISl ONIEpaliii BBOAA-BBIBO/A C OJIOKaMU MCHBIIIETO pa3Mepa.

3.4. NMpou3BoaAUTENLHOCTb

OTOT pa3zieil IEMOHCTPUPYET MPOU3BOJIUTEIBHOCTD, IOJyUYEHHYIO IPH ucnoib3oBaHus DESA.
Tax xak DFSA — e ¢aiioBas cucrema, To €€ MOXXHO OICHUTH, CPAaBHUBAs IPOU3BOAUTEIBHOCTD
MES ¢ u 6e3 DFSA. Jlns cpaBHEHUs TakXKe OLIEHEHBI MPOU3BOAUTEIBHOCTD JIOKATBHBIX ONEpaIiii
BBOJa-BeIBoAa U NFS.

Hcnons3oBaics Tect PostMark, KOTOpelii MOJenupyeT TSHKENbIC Harpy3KH (paiioBOi CUCTEMBL,
HampuMmep, Kak Ha OOJBIIOM cepBepe 3JIeKTpoHHOM mouthl Internet. PostMark co3maér Gosnpinoit
IyJI TEKCTOBBIX (DaiI0B MPOU3BOJIIEHOTO pa3Mepa U 3aTE€M UCHOJIHIECT MHOXXECTBO TPAH3AKIIMMN, T/Ie
KaXkJasi TpaH3aKIMW COCTOUT U3 Nap MEHBIINX TPAaH3aKIMi. DTO BBINOJIHIETCS JI0 TEX 0P, IIOKa HE
Oynmer momydeHa mnpeonpeneinéHHas pabouas Harpys3ka. Bcee 3amycku ObulM BBIIOJIHEHBI Ha
knactepe ¢ openMosix 2.4.18 mnsa Linux. TecT OBIT BBINOJIHEH MEXAY Mapod HMICHTUYHBIX
(Pentium 550 MHz PC ¢ quckamu IDE) mamis, ucnonb3ys 4 pa3iuyHBIX METOJa IOCTyMa K (aiiry
U pa3Mepsl 6J10K0B npenenax oT 646 o 16K6.

Pe3ynbTaThl TEcTa MOKa3aHbl B TAOIUIIE 5, TAE KaXI0€ U3MEPEHHE MPEJICTaBIsAET co00i cpeanee
Bpemsi 10 3amyckoB B cekyHaax. [lepBasi cTpoka B Ta0nuIle MOKa3hIBACT BPEMs BHITIOJHCHHS Ha
JIOKAJIbHOM MaIlIiHEe, MPU KOTOPOM Ipoliece U (aiiibl ObLIM Ha CEpBEpHOM y3ie. Bropas crpoka
nokas3eiBacT Bpemsi MFES ¢ DFSA. B 3ToM ciiydae TECT, 3amylICHHBIM Ha KIMEHTCKOM Y3J€,
MUI'PUpPOBAJ Ha y3€l cepBepa. TpeThs cTpoka nokaseiBaeT BpeMsi NFS Mex 1y KIMEHTCKUM Y3JI0OM U
cepBepHbiM y3ioM. Ilocnemnsis crpoka mnokassiBaeT Bpemss MES 6e3 DFSA, B kotopom Bce
¢aiinoBrle omepanuy OBUTM BBIIOJHEHBI C KIMEHTCKOTO y3i1a K y3i1y cepBepa depe3 MFES ¢
3abnokupoBanHoii DFSA.
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Merton gocryna Pa3mep 0.10ka JaHHBIX IPH Nepexaye
646 5126 1Ko 2Ko 4Ko6 8Ko 16K6
JloxanbHblii (Ha cepeepe) | 102.6 102.1 100.0 102.2 100.2 100.2 101.0

MES ¢ DFSA 104.8 104.0 103.9 104.1 104.9 105.5 104.4
NFS 184.3 169.1 158.0 161.3 156.0 159.5 157.5
MEFS 6e3 DFSA 1711.0 | 382.1 277.2 202.9 153.3 136.1 124.5

Tabnuya 5. PezynpraTsl TecTHpoBaHus PostMark

W3 tabmuuel 5 cnemyer, uto Bpems BeinoiaHeHuss MFS ¢ DFSA na 1.8-4.9% wmemnennee, uem
BpEMs JIOKJIBHOTO BBIIIOJHEHHUS JUISI KQXJOTO M3 M3MEPEHHBIX pa3MepoB OJIOKOB, U CO CPEIHUM
3ameuieHueM 3.7% Ui BceX M3MEpEHHBIX pa3MepoB OsokoB. Takxke Bpems BeimonHeHHss MFES c
DFSA na 51-76% Obictpee, ueM NFS, co cpemgauM yckopeHueM 59% nans BceX HM3MEPEHHBIX
pa3mepoB 0siokoB. 3ameruM, uto NFS Ha 56-80% meicHHEe, ueM JIoKaiabHas (aidioBasi cucTema.
Kak oxwupanocs, MFS 6e3 DFSA (uerBépras crpoka) memieHHee, ueM NFS s MaleHBKHX
pasmepoB OnokoB. Omuako, misi pasmepoB OnokoB 4Kb u Gombme, MFS wumeer myumnryro
npousBoguTenbHOCTh, 4eM NFS. Oto memaer MFES pa3zymHol anbTepHaTHBOW Uil KIacCTEpHOU
¢aiinoBoii cucTeMbl, KOTOpast MOJACPKUBACT COrTIACOBAHHOCTH KALICH.

B tabmune 6 nokazano, uro ‘DFSA+MFS” umMeeT mpou3BOIUTENBHOCTD, cpaBHUMYIO ¢ ‘Local
FS” (mpu TecTHUpOBaHMM WCIONB30BANICA TMOAXONANME ¢aitn pasmepom 116, Oydepuzanus
YTCHMS/3aIIMCH BKIIIOUCHA).

Tun IHocienoBaTe/IbHBIN BLIBOJ IMocienoBaTe/IbHBIN BBOJX
(6.10unan 3amuck) (Ko6/c) (0.10uno0€ uTenune) (Ko/c)
Local FS 22155 27476
NFS 10176 9372
MEFS 8203 8235
DFSA+MFS 21997 28176
Tabnuya 6. IIpon3BOAUTENBHOCTD COITIACHO TecTaM Bonnie
Bropoii TECT nokassisaer o0V | Jloxammoe @ —O— -
BHIIIOJIHEHUE  (aliJIOBBIX  ONEparuii 50 | gg EDESE E
BBOJIa-BBIBOJIA  MEXKIY  MHOXECTBOM MFS 6es DFSA —»—

KIIMCHTCKUX TIPOLCCCOB, KaXObI U3

r
o
(=

KOTOpPBIX  BBIINOJHAET Ha  CBOEM
COOCTBEHHOM  y3jJ€  HapajuIeIbHOE
¢aiinoBoe  MPHUIOXKCHHUE, KOTOpOE
B3aUMOJICHCTBYET C OOMmUM (aitIoBEIM
cepBepoM. bormee ompenenéHHo, 23ta
napajienbHas — OporpaMMa  4HUTaeT jﬁ@//a
obmryro 6a3y maHHbIX pasmepom 200M6 olB Lo —

u3 OIEPaTUBHOM aMsaTH 1 2 4 8 16
yereipéxmpoueccopHoro  (Xeon 550 R

MTIn) ¢aitnoBoro cepBepa.

Bpenas (cex.)
o
o

100

Puc. 12. Cpennee Bpemsi cuuTbiBaHus o01iero ¢aiina ¢
9eTRIPEXIIPOLIECCOPHOTO (hailioBOro cepeepa
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[Tpunoxenue ObLIO 3amymICHO Ha pa3iIM4YHBIX (DAMIOBBIX CHUCTEMax, Kak IOKa3aHo Ha pwuc. 12,
ucnonb3ys pazmep 6oka 4K6. [{ns cpaBHeHUS TeCT ObLT TaKXKe BBIIIOJTHEH JOKATBHO Ha CEPBEPHOM
y3ne. [lpunoxenue OBLIO 3amyIIeHO OAHOBpEMEHHO Ha Bcex y3nax (Pentium 550 MI'm), u 6puto
3a(MKCUPOBAaHO BpeMsl, HEOOXOIUMOE IS 3aBEpIICHUS OCIEIHETO poIiecca.

Pe3ynpTathl 3TOrO TECTAa YCPEIHEHHI MO TPEM pa3INYHBIM 3allyCKaM M IOKa3aHbl Ha puc. 12. U3
PHCYHKa MOXXHO 3aMETUTh, 4T0 BpeMs BeimonHeHUs MFS ¢ DFSA oueHp OM3KO K JIOKQATBHOMY
Bpemenu. @aktuuecku, MFS ¢ DFSA Ob11 B cpeHeM Ha 6% MeaneHHee, 4eM JIoKallbHas (paiinoBas
cUCTeMa. 3aMETHM, 4YTO OJTH HaKJIagHble 3aTpaThl BO3HHUKAIOT H3-32 JIOIOJHUTEIBHOTO
nporpammuoro yposusi B MFS. U3 pucynka moxer takxe Obith 3amedeno, uto NFS u MES 6e3
DFSA mouru wuaeHtwuHel, npudéM NFS obGecrnieunBaer B cpegHem Ha 4% Iydmyro
MPOU3BOAUTENLHOCT, YeM MFS 6e3 DFSA. M3 momydeHHBIX pe3yiasTaToB cienyer, uto MFS ¢
DFSA ot 6.1 go 11.4 pa3 6sictpee, uem NFS, u ot 6.9 1o 11.8 pa3 6victpee, uem MFES 6e3 DFSA.
U3 stux pesynsraToB sicHo, uTo MFS ¢ DFSA obecrneunBaeT JIy4lIyr0 MacmTabupyeMoCTh, 4eM
NFS w MFS 6e3 DFSA.

3.5. 3akno4yeHue

[IpaBunbHOE ONEpUPOBAaHME OSTOW CXEMBl TpeOyeT COIacoBaHHOCTH (DAMIoB  MEXIY
npoleccaMy, KOTOpble paboTaloT Ha pa3NUyHBIX y3nax. Emé onna noaxonsmas ¢aiiinoBas cuctema
JUTSL HalIel cxeMsbl — rnobanbHas ¢ainoBas cucreMa (GFS), koTopast mO3BOISET MHOKECTBY Y3JI0B
Linux COBMECTHO HCIIOJIb30BAaTh CETEBBIC yCTpoucTBa s XxpaHeHus. B GFS kaxnprii y3en Buaur
CETEBbIC JUCKH Kak JIOKaIbHBIE, M camMa GFS mposBnseT cebs kak JokaibHas (¢ailioBas cuctema.
Hpyrass mnpusnekarenbHass ocobenHoctb GFS — To, 4Yro OHa WHCIONB3YET COBPEMCHHBIC
uHTEpQEHCh, TaKue KaK ONTOBOJOKOHHBIN KaHaJl, JUISi UCIOJIb30BAHUS IIPHUCOCINHEHHBIX CETEBBIX
YCTPOMCTB XpaHCHMUS.

OnuH U3 NOCIEaYIOMUX MMPOEKTOB COCTOMT B TOM, 4T00bI npucnocobuts GFS k openMosix u
DFSA. IlogoGHble pacmMpeHHss MOTNIM OBITh pa3paboTaHbl Ui JpYTUX (aiIoBBIX CHCTEM,
KOTOpBbIe yaoBieTBopstoT TpeboBanuss DFSA. Kpome Toro, O6bu10 OB MHTEpECHO HCCIEIOBATh
cpeactBa komOuaMpoBaHusi MFS C JOKaJbHBIMH CETEBBIMH YCTPOWCTBAMH XpPAaHCHHS, YTOOBI
o0ecreunTh COTJIACOBAaHHOCTh W OOJbIEEe KOJIMYECTBO BAaPHAHTOB B3aUMOJCHCTBUS MEXIY
MacmTabupyemMbIM KIIACTEPOM U YCTPOMCTBAMH XPAHCHHUSL.
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4. UHCTAIINAUNA OPENMOSIX

4.1. TpeboBaHMA K annapaTHOU U NPOrpaMmMHON YacTu

Jis coeMHEHUS Y3J0B KiIacTepa MOXHO BOCIOJIB30BaThcs Ji000# TexHonoruei (Ethernet,
ATM, Token Ring), nognepxxuBaemoit simpom Linux. Yame Bcero ucmons3ytor 100M6 Ethernet (B
CHJIy POCTOTHI YCTaHOBKH U JICIIEBU3HBI), YTO OyJIET JOCTATOYHO JUIS KJIIACTEPOB M3 HEOOJBIIOTO
yucna y3noB. OQHAaKo, 4eM IMPOM3BOAMTENBbHEE OyIer cerh, TeM ObicTpee Oyner paboraTs Barr
kractep. KoHEUHO ke, MOXKHO YCTaHOBHTH HECKOJBKO CETCBBIX aJalTepOB HA KIIOUYCBBIC Y3JIBI
KJIacTepa, YBEIMYWBasS TEM CaMbIM CYMMapHYI0 HpPOMYCKHYIO CIIOCOOHOCTh, TEM HE MCHEE,
ucnons3oBanue Gigabit Ethernet sBnseTcss Goiee MpenmOYTUTENBHBIM. Tak ke MOHaIO0ATCS
BBICOKOIIPOU3BOIUTCIBHEIC KOMMYTaTOpPBl W HUCTOYHHMKH OeccrepeboitHoro muranus. CambiM
ONTUMANBEHBIM BApUAHTOM SIBISICTCS HCIIONH30BAaHHE OC3MUCKOBBIX KIHUCHTOB C BO3MOXXHOCTBIO
3arpy3ku o NFS (mpu atom NFS-cepBep xenarensHO HE BKIIOYATh B KJIACTEP ISl HANEKHOCTH).

Jlns ycTaHOBKM HE00X0AMM JI000M COBPEMEHHBIM MUCTpHOYTHUB Linux, OCHOBaHHBIM Ha sape
2.4.x. IlonagoGuUTCs IOCTATOYHOE MECTO O] Pa3/IeII MOAKAYKH (SWap) Ha KECTKOM JHCKE.

4.2. NNnaHupoBKa KnacTtepa

CymiecTByeT HECKOJBKO THIIOB ITyJIOB CEpPBEPOB M pPabOYMX CTaHIWM, KOTOPHIE MOXHO
IIOCTPOHTH Ha 6a3ze openMosix:

» OMHOYHBIH IyN: Bce cepBepa M pabouue CTaHIMU UCHOIB3YIOTCA B €IUHOM KiacTepe. B aTom
cllydae KapTa y3JI0B OyZeT OAMHAKOBOM Ha BCEX CTAHIUSX.
[IpenMy1ecTBO/HEAOCTATOK: pabodasi CTaHIMS — 4YacTh KJIacTepa, U J000# y3en Kiacrepa
MOXET MCIIONB30BaTh BCE BBHIYUCIMUTENBHBIC pecypchl paboueii cTaHIuM (IpU YCIOBHHM, YTO HE
3aJIcCTBOBaH MeXaHU3M orpanuueHuit loadlimit win punbsTpanmuu miggroup).

» CepBepHBIil Iyn: cepBepa SBISIOTCS COBMECTHO MCIIONB3YEMBIMH, B TO BpeMsi Kak paboudue
CTaHIMM HE SBJISIIOTCSA 4acThIO Kiactepa. B aTom ciydae kapra y3ioB y0iupyercst TOJIBKO Ha
cepBepax.

Henocrarok: MUrpaiius IpoueccoB ¢ pabo4YMx CTaHIMI He BO3MOXHA; HEOOXOAUMO 3aX0/IUTh Ha
cepBep AJIs BBIIOJTHEHUS 33Jauu.

+ ATanTUBHBIN IyJI: cepBepa SBISIOTCS COBMECTHO HCIIOJIB3YEMBIMH, B TO BpeMs Kak paboudune
CTaHIMM MOTYT NPUCOCIUHATHCS K KJIACTEPy M MOKUAAThH ero. Paboune cranmum nosiab3oBarenei
MOTYT HCHOJIB30BATHCS B KAueCTBE Y3JIOB KJIACTEpPA, HANPUMEP, HOYHIO M B BBIXOJIHBIC JHH.
Cucremnl Takoro tuna uaorna HaseiBaroT COW (Cluster of Workstations).

+ IlonmymyrmuiekCHBIN TyJI: TO € CamMoe, YTO ¥ QJalTHBHBIA ITyJ, HO pabouyue CTaHIUU
CKOH(UT'YpUPOBaHBl TAKMM O0pa3oM, 4TO MUTpanus Ha HUX OylIeT 3amperieHa, HO BO3MOXHO
OyZeT Mpo3payHo UCIIOIB30BaTh BEIYUCIUTEIBHBIC MOIIIHOCTH CEPBEPOB.

4.3. C6opka openMosix

Bo3moxHBI crieayromue criocodbl ycTaHOBKU openMosix:

¢ CaMOCTOATCIIbHAsA c60p1<a M3 UCXOJHBIX TCKCTOB s Jpa



42

* WCIIOJIH30BAHUE PEMO3UTOPHSI, KOTOPHIA yxke coaepkuT siapo Linux 2.4.20 ¢ BHECEHHBIMH
pa3paboTurkamu openMosiX U3MEHECHUSIMU

+ HCIOIB30BAaHHE 3apaHEE CO3JAHHOTO CTAaOMIBHOTO IaTda, KOTOPBIM IpeACTaBIseT coOoit
COBOKYITHOCTb U3MEHEHUN MEXIY PEO3UTOPUEM U OPUTHHAIBHBIM SPOM

* HUCIIOJIb30BAHHUC YXKC CO6paHHI>IX IIaKCTOB

Kaxxnplii BapuaHT MMeEET Kak CBOM IUIIOCHI, TaK W HEJOCTaTKU. Tak, Hampumep, €ciu Bam
HE00X0/IMMa HEOpAMHApHAs KOHQUTrypamus siapa, JU00 BBl XOTHUTE BOCIOJIB30BATHCS JIPYTHMMHU
pacIIMpeHus MU Apa, TOCTABIISIEMBIX B BUJE MaT4eH K APy CTOPOHHHUMH pa3zpaboTuukamu, Ju00
BBl XOTUTE cOOPAaTh MOHOJIMTHOE SIIPO, TO CAMOCTOSITENIbHAsE cOOpKa — €UHCTBEHHBIN BO3MOXKHBIN
nyte. OmHako OH TpeOyeT MOHMMaHHs mHporecca COOPKH, W BBl MOXETE CTOJKHYTHCA C
TPYAHOCTSIMH NPU KOHQUTYPUPOBAHUH Spa O] MMEIOLIYIOCS aIaparypy.

Hcnonb3ys peno3suTopuii, BBl MOXKETE MOJIYYUTh BHITOAY OT MCIIOJIb30BAHMS JONOJIHUTEIHHON
(GYHKIMOHATBHOCTH, JOCTYHNHOH TONBKO B  paspabareiBacmod Bepcuu. OnHako, 9Ta
(YHKIMOHATIBHOCTh HE SIBIICTCSI XOPOIIO OTJIXEHHOW M MPEJICKa3yeMO#, IMO3TOMY MOXET
paboTaTh HENpaBUIBHO M HETaTUBHO BO3JCHCTBOBATh Ha JpPyrue IOACUCTEMBI openMosix u
CTaOMIIBHOCTh CUCTEMBI B LIEJIOM.

Hcnonp3oBaHue CTa0MIBHOTO TMaTda SBJISETCA Haubojee ONTHUMAIbHBIM M 0Oe30macHBIM
BapHaHTOM, ITOCKOJIbKY BCSl (DyHKIIMOHAJIBFHOCTH OBLIa XOpPOIIO IMPOTECTUPOBaHA MEpea BBIXOJOM
HOBOM Bepcuu. IlaTd MOXKHO NMPUMEHHUTH KaK K OPUTMHAIBHOMY SIPY, HCXOJHBIC KOJBI KOTOPOTO
MOXXHO B34Thb C cairta http://www.kernel.org, Tak ¥ K sSApy, IOCTaBIIEMOMY IPOHU3BOIUTEICM
qucTpuOyTrBa. B mocneqneM ciydae He UCKITIOUCHO BO3HMKHOBEHHE KOH(QUIMKTOB MEXIY MaT4eM

openMosix 1 MOIU(UKAUSIMH, KOTOPBIC BHEC IIPOU3BOAUTENb.

OpnHako ecnu TpoIecC MepecOOpKHU sjapa SIBISICTCS IS BaCc 3aTPYOHUTCIBHBIM, BBl MOXETE
BOCIOJIb30BaThCS YK€ CKOMIIIMPOBAHHBIM SIIPOM. DTOT BapUAHT SIBISCTCS CAMBIM OBICTPBIM H
IIPUECMIICMBIM B OOJIBIIIMHCTBE CITy4acB.

4.3.1. Ucnonb3oBaHWe peno3ntTopus

3nech U Aanee 3HAUOK ‘#' MOApa3yMeBaeT, UTO KOMAH/bI BBHITIONHSIOTCS MOl aIMUHUCTPATOPOM
(root), 3Ha4OK '$' — 1MOJT OOBIYHBIM MTOJTE30BATEIIEM, 3HAYOK '\' — IEPEHOC Ha CICIYIONYIO CTPOKY.

~# cd /usr/src

/usr/src# export CVSROOT= pserver:anonymous@cvs.sourceforge.net:\
/cvsroot/openmosix

/usr/src# cvs login

/usr/src# cvs -z3 co linux-openmosix

/usr/src# 1ln -s linux—-openmosix/linux-openmosix linux

/usr/src# cd linux

/usr/src/linux# make menuconfig

Teneps HEOOXOAMMO aKTUBU3HPOBATE HEOOXOAUMYIO JUI BaC (GYHKIMOHAIBHOCTD Apa, a TAKKE
CJICAYIOILINE OIIHH:

CONFIG_MOSIX=y
CONFIG_MOSIX_SECUREPORTS=y
CONFIG_MOSIX_DISCLOSURE=1
CONFIG_MOSIX_FS=y
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« CONFIG_MOSIX_DFSA=y

Tenepb MOXHO HEMOCPEACTBEHHO cOOpaTh M YCTAaHOBUTH SAPO, NPEABAPUTEIHHO W3MEHHUB
napameTp INSTALL_PATH=B /usr/src/linux/Makefile Ha CBOE yCMOTPECHHUE:!

/usr/src/openmosix/linux-openmosix# make dep bzImage install \
modules modules_install

[Tocne aToro HE06X0AUMO OTpENaKTUPOBATh Paiin /etc/lilo.conf, NT0OABUTH B HETO HOBYIO
CEKIHUIO C IIyTEM K HOBOMY SIIpY M IIEPE3aIyCTUTh 1ilo.

4.3.2. Ucnonb3oBaHUue cTabuMnbHOro nartya

BaMm nonano6srcs cnenyromee Gaiis:

- ucxoansle koael aapa Linux: ftp://ftp.kernel.org/pub/kernel/v2.4/linux-2.4.20.tar.bz2

+ TIOCTIC/THSASI BEPCHUS CTaOMIBHOTO MaTya JAJis JAaHHON BEPCHUH spa:
http://sourceforge.net/project/showfiles.php?eroup id=46729&release id=136769.

[TpenmonoxuMm, 4To AaHHBIC (aiIbI HAXOAATCS B KaTajlore /usr/src:

~# cd /usr/src

/usr/src# tar —-xjf linux-2.4.20.tar.bz2
/usr/src# mv linux-2.4.20 linux—-2.4.20-mosix
/usr/src# 1ln -s linux-2.4.20-mosix linux
/usr/src# cd linux

/usr/src/linux# zcat ../openMosix-2.4.20-2.gz | patch -pl
patching file arch/i386/config.in

patching file arch/i386/defconfig

patching file arch/i386/kernel/entry.S
patching file arch/i386/kernel/i387.c
patching file arch/i386/kernel/ioport.c

/usr/src/linux# make menuconfig

HeobxoqumMo 00paTUTh BHUMaHHE HAa TO, YTOOBI B BBIBOJIC KOMaHIBI patch HE OBLIO CTPOK,
conepxammx cioBo FAILED.

Jlanee mocneoBaTeIHOCTD MAroB aHAJIOTHYHA MPEABIAYIIEMY pa3/Ieiy.

4.3.3. UIcnonb3oBaHue COGpaHHbIX NAaKeTOB

[Tonamo6sTcs coOpaHHBIC MTAKETHI C:
http://sourceforge.net/project/showfiles.php?group id=46729&release id=136769

HucTanngmusa o4eHb mpocTa:

~# cd /usr/src
/usr/src# rpm -ivh openmosix-kernel-2.4.20.1386.rpm

ITocie 3TOro HE06XOAUMO JIOTIOITHUTH KOH(GHUTYpaLUIO MEHEIDKEPA 3arPy3KH.

4.4. YcTaHOBKa NONMb30BaTEeNbCKUX YTUITUT

AHaJIOFI/I‘IHO, KaK U ITpU YCTAaHOBKC AJipa, BO3MOXKHBIH CICAYIONINUC BapUaHThI:

. c60p1<a M3 UCXOOHBIX KOJOB, B3ATHIX UX PCIIO3UTOPUS
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+ cOOpKa U3 UCXOJIHBIX KOJOB, B3STHIX C caiiTa
+ YCTaHOBKa 3apaHee COOpaHHOTO MaKeTa

Ilepen cOopkoif W3 HMCXOAHBIX KOIOB YOCIHUTECh, YTO /usr/include/linux COJEPIKUT
aKTyaJIbHBIC 3arojOBOYHBIC (Daiinel sapa openMosiX WU SBISETCS CCBHUIKOM Ha MOJICPEBO

/usr/src/linux/include/linux:

~# cd /usr/include
/usr/include# mv linux linux-old
/usr/include# 1ln -s /usr/src/linux/include/linux

Hanee He0OXOIUMO MOIYYUTh BEPCHIO U3 PETIO3UTOPUSL:

~# cd /usr/src

/usr/src# export CVSROOT= pserver:anonymous@cvs.sourceforge.net:\
/cvsroot/openmosix

/usr/src# cvs login

/usr/src# cvs —-z3 co userspace-tools

/usr/src# cd userspace-tools

Buectn wu3meHeHus B (aiin  /usr/src/userspace-tools/configuration (mapamerp
OPENMOSIX pnomkeH yka3blBaTh Ha JUPEKTOPUIO C HCXOAHBIMU KOJAMHU sjipa, HaIpUMep,
OPENMOSIX = /usr/src/linux; napamerp DESTDIR m3MeHnTe Ha CBO€ yCMOTpEHUE)

/usr/src/userspace-tools# make all install

WHcTamismus U3 HCXOAHBIX KOJIOB aHAIOTUYHA. J[i1st 3TOro notpedyercst apXuB openmosix—
tools-0.3.tgz C

http://sourceforge.net/project/showfiles.php?group id=46729&release 1d=152286:

~# cd /usr/src

/usr/src# tar —-xzf openmosix-tools-0.3.tgz
/usr/src# cd openmosix-tools-0.3
/usr/src/openmosix-tools—0.3# make all install

4.5. ®ann KapTbl y350B

@ailm KapThl Y3JI0B /etc/hpc.map HCHONB3YETCS YTWIHMTOM mospe NpPU HHUIHMAIU3ALNUU
openMosix. Kaxnas cTpoka 3Toro ¢aiiina COCTOUT U3 CICTYIOMUX TOICH:

openMosix_ID UMS_MAaIIIuHBI KOJIMYECTBO_IMOCIIEA0BATEILHBIX _Y3JI0B
Hanpuwmep, cnenyromuit daiin:

1 192.168.1.1
10 192.168.1.10
51 192.168.1.50

w N

KOH(QUTYypHUPYET Y3IIBL:
1 192.168.1.1
2 192.168.1.2
10 192.168.1.10
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50 102.168.1.50
51192.168.1.51
52 192.168.1.52

3amganue BMecTo 3TOro (haiiia CTpoKH BUAA:

1 192.168.1.1 250

HEXKCIIATEIIbHO, TaK KakK OyJeT BbI3BIBATh NPOAODKUTCIBHBIC TAaWM-ayThl TPU  OMPOCE
OTCYTCTBYIOIIUX Y3JIOB. JIOMOTHUTENHEHO B 3TOM (haiiine MOXHO ykasbiBaTh IP aapeca, xoTopbie
SBIISIOTCS CHHOHUMAaMHU Y3JI0OB, C HECKOJIBKHUMH HMCIOIIUMUCA CKOH(QUTYpUpOBaHHBIMU [P
azpecamu (Ui y3J7I0B ¢ HECKOJIILKHUMH CETEBBIMH UHTEpdeiicamu) (CM. man mospe).

B 6y,Hy1HCM IIAaHUPYCTCA UCKIKOYUTE HCITOJIb30BAHUC 3TOI'O (1)21171.113 U IMOJIHOCTBIO HepCﬁTH Ha
aBT006Hap}’)KCHI/IC.

4.6. Pain nokanbHO MOHTUPYEMbIX (PanNoOBbIX CUCTEM

OOmecucremMHblii (pain /etc/fstab COHCPKUT CIHCOK JIOKAIHBHO-MOHTHPYEMBIX (hailsIOBBIX
cucteM. B mpocrteiimem cirydae OH UMeeT BHU:

/dev/hda2 / reiserfs defaults 1 2
devpts /dev/pts devpts defaults 0 0
proc /proc proc defaults 0 O
usbdevfs /proc/bus/usb usbdevfs noauto 00

0 0

mosix /mfs mfs dfsa=1

3ananue atpudyTa dfsa=1 pasperract BO3MOXHOCTE UCTIONB30BaHUS DFSA.

4.7. Murpupyemas pasgensiemasi naMATb

4.7.1. Tpeb6oBaHUS K NPUNOXKEHUIO

[IpoekT “murpupyemas pasaensemas mamsath (migshm) mpeacraBiseT coOOi pacHIMpeHHe K
openMosix, KOTOpO€E AEIaeT BO3MOXHBIM MHUIPALMIO 33/1a4, UCIOIb3yEMBIX Pa3lciIeEMYIO [1aMsTh.
Tounee TOBOPs, 3TO pacCHIMPEHUE MO3BOJSAECT MWIPHPOBATH IIPOLECCHI, HCIOJIB3YIOIINE
pazmenseMyo mamsaTe SYSV mOCpeACTBOM CHCTEMHBIX BbI3OBOB shmget(), shmat(), shmdt(),
shmctl(). Takxke MOTyT OBITH MUTPHPOBAHBI IIOTOKH, CO3JJaHHBIC CUCTEMHBIM BBI30BOM clone().

ITpu 3TOM K NPUIIOKESHUIO MIPEIBSBIIIOTCS CICAYIOMNE TPCOOBAHMS:

* IPUJIOXKEHHUE C pa3[esIseMON MaMATHIO JOJDKHO HCIIOJIBb30BaTh ceMadophl ISl CHHXPOHHU3AIUU
MEXy IPOIIECCaMH, UCTIONIB3YIONINX Pa3eisieMyI0 IaMsITh

+ B J1000Hf MOMEHT BBINIOJIHCHHS MPOLIECC MOXET OBITh NPUCOCAMHEH TOJIBKO K OJHOM obsacTu
pas3aciseMon IaMsIT!

+ IIPU MUTPAIMM TOTOKOB IIPOLIECC-POAMTENb JODKEH OCTaBaThCS Ha JOMamiHeM y3ne (Oynaer
320JIOKUPOBaH), B TO BPEMsI KaK IPOLECCHI-TIOTOMKA MOT'YT MUTPHUPOBAThH

* POIAMTEIBCKUE U JIOUEPHUE IPOIECCH HE MOTYT BOCIIOJIB30BAaTHCSl CUCTEMHBIM BbI30BOoM malloc()
mocJe BeI3oBa clone(); mporecc-poanTeNnb MOXKET Ucnonb3oBaTh malloc() 1o clone()
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B 060oux city4asix: mpy MUrpaiyy MpoueccoB, UCHob3yonmx SYSV paziensieMyro maMsaTh HWid
MOTOKH, — TOACHCTEMa MHIpallid TPO3pPauHbIM 00pa3oM oO0ecrmeunBacT COMTAaCOBAaHHOCTh
pa3aenseMbIX JaHHBIX. Takke BEAETCS CTaTUCTUKA M0 YacTOTE OOpaIIeHUs K pa3IeasaeMOi MaMsTH.
Takum o6pa3oM, B 3aBUCHMOCTH OT HCIIONB30BAHHS Pa3fclIeMOil MaMsITH U OOIICH Harpy3ku
KJIacTepa, migshm caMOCTOATEIEHO MUTPUPYET Pa3ACIsaCMYIO MAMSTh U TPYNIBI IPOIIECCOB.

4.7.2. U\cnonb3oBaHUe MHOIFONOTO4YHbIX NPUNOXEHUN

[Toxnepkka MHOTOMOTOYHBIX TMPHJIOKCHUN SIBISICTCS OJHUM M3 Ba)XKHBIX JOCTOMHCTB JTFOOOM
KJIACTCPHOUM CHCTEMEBI. DTa MOICPkKKA OCOOCHHO BaXKHA JUIS TSHKCIIOBECHBIX HMPUJIOKEHUH, KAKUMU
SIBJISFOTCST TIPWJIOKCHUSL Java, UCHOJIB30BaHUE KOTOPHIX B IPOHM3BOJCTBCHHBIX MacliTa0ax SBHO
MOJIPa3yMCBACT HMCIOJL30BAHUE CHCTEM pACIPEACACHHBIX BBIYHCICHUN Ui 00eCreYcHHs
TpeOyeMOro YpoBHS HaIEXHOCTH W TPOU3BOJUTEIHHOCTH. B Hacrosimee BpeMs CYIIECTBYET
HECKOJIbKO peanm3anuii moTokoB B Java: ‘hative threads”, ‘classic threads” m ‘green threads”.
TonBKO MPHU UCIIONIE30BAHUH MTOCIICIHETO TUTA IIOTOKOB MPHIIOKEHUE MOXKET MOMYYUTh BBITOY OT
BHIIIOTHCHUSI B cpene openMosix. J[Be MEpBBIX pealu3allid SBHO WJIM HESIBHO HCIONB3YIOT
cucteMHyio 6ubmioreky pthread. [IpuunHO# HEBO3MOXXHOCTH YMEHBIIICHHUS CTEHCHU JCTAIA3AINU
BBINIOJIHCHMSI 33J]a4d JI0 IOTOKOB, Kak 3TO JCNAcT IUTAHMPOBINMK 33nad Linux, sBisiercs
ONPE/CIICHUE OKPYXKCHHS, B KOTOPOM BBINIOJHSACTCS IPOIECC M TMMOTOK. Hampumep, mocnie
BEITIOJTHCHUSI CHCTEMHOT0 BhI3oBa fork() MpoIEcc-mOoTOMOK HE MOXET MPOU3BOAUTH 3alUCh B
0071acTh JaHHBIX TTOTOMKA, B TO BpeMs KaK HECKOJBKO MOTOKOB B Ipeleiax OJHOTO MPUIOKCHUS
MOTYT UMETh 00IHe nepeMeHHbIe It yTeHus/3anucu. CiieoBaTelbHO, MpodiemMa IeTalTu3aIie J0
YPOBHSI IIOTOKOB aHAJIOTMYHA MPOOJIEME pealli3aliy pa3IeIsieMOl aMsITH, TOICPKKA KOTOPOH B
openMosix BecbMa orpaHudcHa. [103TOMy BCe IMONBITKH MCHOJIB30BaTh MTOTOKH B cpene openMosix
OKaHYMBAIOTCS HEY1a4eH.
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5. HACTPOMKA U AODMUHUCTPUPOBAHME OPENMOSIX

5.1. openMosix API

5.1.1. Proc nHtepdeiic

Tak kak openMosix sBIsSIETCS pacHmIMpeHHeM sapa Linux, To moytH Bcs (PyHKIMOHAIEHOCTH
Haxomutcst B sape. s Toro 4toObl KOH(UrypuUpOBaTh, aJMUHHCTPHPOBATH M MOJIYy4aTb
CTaTUCTHYECKYI0O HH(pOpManMio M3 sapa, HEOOXOAMM XOpOIIO OINpenelI¢HHBIA HHTepdeiic.
Haubornee 9acTo UCIONB3yEeMBIM CIIOCOOOM 00ECIICUEHHS 3TOTO SBISAETCS TaK Ha3bIBAEMBIA proc-
uHTepdeiic (wm sysctl-uatepgeiic). DTOT uMHTEpdeEiic MO3BOISIET MONyYaTh U yCTaHABIUBAThH
3HAYCHHUA f7ipa C YpOBHS NpriioxkeHus. s noxydenus 6onee nmonHoi uHpopManuu o daitnoBoi
CHCTEME /proc CM. JIOKyMEHTaIUIO K APy Linux B KaTajore
Documentation/filesystems/proc.txt. AHAIOTMYHBIM 00pa3oM JHUPEKTOpUS /proc/hpc
obecrnieunBaer Joctyn K crpykrypam openMosix B spe. OHa copepxuT (aiuibl, KOTOpHIC
UCTONB3YIOTCS JUIS JIOKAIbHOTO KOH(QUTYpUPOBaHUS, Tak U HHGpOpMaIMio 00 yJan€HHBIX y3lax.
Bes undopmanus B /proc/hpc OOHOBISETCS MO HMCTEUCHUIO WHTEpBaia ycTapeBanus (decay-
interval), KOTOpPBI MOXHO yCTaHOBHTEH B JIF000€ Bpems. Takum 00pa3zom, KaxkJslii y3ell B KiIacTepe
3HAET COCTOSHHUE YJAIEHHBIX y3JIOB. DTO HEOOXOAMMO ISl BBIYMCICHUS TOTO, KaK 0aJaHCHpOBATh
Harpy3Ky U IIPOLIECCHI 110 KJacTepy. Tak Kak 3TH alrOpUTMbl OPraHW30BaHbI JICIEHTPAIN30BaHHBIM
00pa3oM, KaXIbId y3el pemaeT caM, JOJDKEH JIM MPOLECC MHUTPHUPOBATh K IPYroMy y3iy. OTo
YMEHBIIAET 3aTpaThl U oOecrmeyuBacT JUHEHHYI0 MacmTabupyeMocTh BIUIOTH a0 1000 y3moB.
ITonp30BaTeny W mporpamMmel MOTYT HampsMyIO B3aUMOJCHCTBOBATH C openMosix 4Yepe3 3TOT
uHTEpdeiic, Tak Kak OOIBIIUHCTBO (ailyIoB SIBISIOTCS TEKCTOBBIMH.

JlokanbHas uHpoOpMaIus, TOCTyIHAS Yepe3 /proc/hpc/admin/:
+ block — pa3penmTe/3anpeTUTh MUTPAIUIO YAAUIEHHBIX MPOIECCOB HA JAHHBIA y3€I

« bring — BEpHYTh BCE MUTPHPOBABIINE C JAHHOTO y3J1a IIPOLECCH] (IEPEMECTUTH ITPOLIECCHI HA3a
HAa JIOMAIIHUN y3€I1)

» dfsalinks — criucok Tekymux cceutok DFSA

. expel — NCPCMCCTUTH BCC MUTPHUPOBABIINC Ha JaHHBII y3CI IPONICCCHI 06paTHO Ha CBOHU
AOMAaITHUC y3JIbL

+ gateways — MaKCMMaJIbHOE YHCJIO [ILUTI030B

» Istay — nokaspHBIC POLIECCHI OJDKHBI OCTATHCS (3AIPETUTH MUTPALIUIO)

« mospe — coaepxut ID y3na openMosix (cum. T11. 4.5)

« nomfs — pa3pemuts/3anpeTuts MFS

- overheads — 151 HacTpOIiKKM ONTUMHU3AIUH (CM. TI1. 5.2)

+ quiet — mpekpaTuTh cOOp MHPOPMALUK JUTst GaTAHCUPOBKH HArPYy3KH

» decayinterval — untepBan s coopa nHPOpMaUK JuIst GaTaHCUPOBKH HATPy3KH
» slowdecay — no-ymomuanuio 975

« fastdecay — mo-ymomyanuro 926

» speed — ckopocTs oTHOCUTENBHO PentuimIIl/1T' T
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stay — pa3peluTh/3alpeTUTh aBTOMaTUYECKYIO MUTPALIMIO ITPOLIECCOB
loadlimit — orpannuenue Harpy3ku (eciu 0, TO QyHKIUS OTKITIOUCHA)

llimitmode — pexxum orpaHudeHUs Harpy3Ku; MOXKeT MpUHUMATh 3HaueHus 0, 1, 2:

0 — obmas Harpy3ka He MOXeT ObITh Oonbiie yem loadlimit; 3To 3HauuT, uro ecim obOmas
Harpy3ka cranoBurcs Oonbiie loadlimit, To ynanéHHsie mponeccsl He MOTYT MUTPHPOBATh Ha
TaHHBIA y3€ll, a YK€ MUTPUPOBaHHBIC MPOLECCH OyAyT BHICBUIATHCSA Ha CBOU JOMAIIHUE Y3IIBI
(UHN) 1o Te mop, moka o01iast Harpy3ka He CTaHET MEHBIIE moporoBoro 3uadcHus loadlimit

1 — ynanénHast Harpy3Ka, TO €CTb CyMMapHas Harpy3ka BCeX YJAJIEHHBIX IPOIECCOB, HE MOXKET
ObITh OoJbie loadlimit

2 — noKajibHas HAarpy3ka, TO €CTh CyMMapHasl Harpy3ka BCeX JIOKIbHbBIX ITPOLIECCOB, HE MOXKET
ObI1Th 60mb1Ie loadlimit

cpulimit — orpannueHue ucnosbp3oBaHus nporeccopa (ecimm 0, To Qynkuus otkinroucna, 100 —
MaKCHMaJIbHOE 3HaYCHHE ISl OAHOIIPOILIECCOPHON CUCTEMBI)

cpulimitmode - pexuM oOrpaHUYEHHUS MCIHOIB30BAaHUS MPOIECCOpPA; MOXKET MPUHUMATH
3aycHus 0, 1, 2 (anamoruuHo, kak u s llimitmode)

config — (aBoMuYHBIA (paiin) OCHOBHOM KOHOUTYpallMOHHBIA (ailyl, 3amMCaHHBIA YTHINTOU

mospe.

Wudopmanus 0 JOKaIBHBIX y3/axX, JOCTYNHas 4epe3 /proc/hpc/nodes/[ID], rAe ID — 3TO

UACHTUUKATOP y3/1a openMosix, 3aJaHHbIHM TPU HHUIHATH3AIUHU (CM. TIL. 4.5):

cpus — KOJIMYECTBO MIPOIIECCOPOB Ha y3IIe

load — Harpy3ka openMosix st 3TOTO y371a

mem — JIOCTyIHast IaMsITh, Kak 3TO KaxkeTcst openMosix

rmem — JIOCTyIHasi HaMsITh, KaK 3TO Kaxkercst Linux

speed — ckopocTh y31a otHocuTenbHO PIII/1TT 1

status — ctaTyc y3ia

tmem — 1OCTyIIHAs IaMATh

util — ucnonk3oBanue y3na

loadlocal — o6mias Harpy3ka Bcex JIOKQTHHBIX MPOILIECCOB

loadremote — 061mas Harpy3ka Bcex yAaIEHHBIX IPOIECCOB

loadlimit — Texymiee 3HauCHNE OTPAHUYCHUS HATPY3KH

llimitmode — Tekymee 3HaYeHNE peXKUMa OTPAHUYCHUS HATPY3KU

cpulocal — o61ee cnoIR30BaHKEM MPOLIECCOPA BCEMH JIOKATBHBIMH MTPOIIECCaMU
cpuremote — 0011ee CIOIB30BAHUEM MIPOLIECCOPA BCEMH yAIEHHBIMU HPOIIECCAMH
cpulimit — Tekymee 3HauCHNE OTPaHUYEHUS HCIIOIB30BaHUS IIpoIIeccopa
cpulimitmode — Texymee 3HaYeHUE peKUMa OTPAaHUYCHUS HCIIOIB30BaHUS IPOIIECCOopa

OTH JUPCKTOPHUHU ABJIAIOTCA OAUHAKOBBIMH JJII BCCX Y3JIOB KJIACTCPA, UTO IMO3BOJIACT MOJIYUYaTh

I/IH(I)OpMaI_II/IIO 0 KaXXJIOM Y3JIC C KaXXJI0T'0 y3Jia.

JlomonHuTeNbHAS HHGOPMAIIKS O TOKAIBHBIX MPoIeccax, JOCTYIHAs 4epe3 /proc/ [PID] /:
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JlocTymHBIE JUIsl YTCHUS:

cantmove — IpUYKHA, TOYEMY IPOIIECC HE MOXKET MUTPHUPOBATH

lock — ycranoBieHo, eciu nporecc 3a0JIOKUPOBaH Ha CBOEM JIOMAITHEM Y3JIe
nmigs — CKOJIBKO pa3 MPOIECC MUTPUPOBAT

where — ID y31a, Ha KOTOPOM IPOLIECC B JAHHOE BPEMS BBHIIOIHIECTCS
JloCTyIHBIE JUIS 3aIUCH:

lock — ecnu BBl XO0TUTE 3a0JIOKMPOBATh MPOLIECC HA JOMAIHEM y3JI€, 3aluIIuTe clofa l; ans
TOT0, 4TOOBI POIIECC MOT MUTPUPOBATh, OH JOJDKEH OBITh pa30iiokupoBaH (3amucats ()

goto — 3armmure ID y351a, Ha KOTOPBIY ClIEAyeT MUTPUPOBATH IIPOLIECC
migrate — To e caMo¢, 9TO u goto

migfilter — 3amicars | [uIs BKIIOUCHHUS MeXaHW3Ma (HIBTPAlMU Ha OCHOBE MHIPAIIHOHHBIX
rpyrm (miggroup)

mignodes — OwuroBass Macka wuacHTU(UKATOPOB Y3ioB (paBHO cymme 2°(ID-1), rme ID -
UACHTUHUKATOD y311a openMosix)

migpolicy — 3a1anie NOIMTUKK QUIBTPALIMKU; MOXKET IpUHUMATh 3Ha4YeHus 0 wiu 1:

0 — 3ampeTuTh: MPOLECC MOXKET MUTPHPOBATH HA BCE Y3JIbI 32 UCKIFOYEHUEM TEX, JUISI KOTOPBIX
YCTaHOBJICH B €IMHUILy COOTBETCTBYIOIIMI OUT B mignodes

1 — pazpemmTs: Hpolecc MOXXET MHUIPHUPOBAaTh Ha BCE Y3IBI, AN KOTOPHIX YCTaHOBICH B
€IMHUILY COOTBETCTBYIONTHI OUT B mignodes

Nudopmanus 06 ynanéHHBIX Mpolieccax, JOCTYIMHAs 9Yepe3 /proc/hpc/remote/:
from — nomamnuii y3en nporecca

identity — mononHuTEeNTHEHAS HHPOPMAIIHS O TIPOIECCE

statm — cTaTUCTHKa MpoIecca MO UCTIONb30BaHUIO ITAMATH

stats — craructuka npoiecca 1o ucrnojas3oBannio CPU

5.1.2. Uutepcenc MFS

Kpowme proc-unrepdeiica, noas30Barens WM IporpaMMa MOXET HOIy4aTh JOCTyN K (hailnoBoi

cucTeMe JI000ro y3na B KiacTepe, ecimu cMoHTHpoBaHa MFES (cwm. rin. 4.6). B 3Toit aupexropuun
JIOCTYITHO HECKOJIBKO CCBUIOK, MMEIOIINX CIEAYIOIEEC 3HAUCHHUS:

here — yka3piBaeT Ha KOpHEBYIO (haliIOBYIO CHCTEMY TEKYIIETO Y3Jia, Ha KOTOPOM BBIMTOJTHSACTCS
JAHHBIW MTPOLECC

home — yka3piBacT Ha KOPHEBYIO (DAHJIOBYIO CHCTEMY JOMAIITHETO Y3JIa

magic — yKka3bIBacT Ha KOPHEBYIO (aiIOBYIO CHCTEMY y3I/1a, HCIOJIB3YEMOrO B IIOCIEIHEM
cucTeMHOM BbI30Be create() (wm open() ¢ ommmed "O_CREAT"); B mpOoTHBHOM cilydae,
YKa3bIBacT Ha MOCIECTHUM y3€J, Ha KOTOpOM OBLI YCIIEIIHO CO3JaH «Marudeckuit» ¢aitn MFS
(SIBJISICTCSI TIOJIC3HBIM TP CO3/1aHUU (hailiia U HEMEIJICHHOM €r0 YJJICHUN)

lastexec — yka3pIBacT Ha KOPHEBYIO (haiIOBYIO CHCTEMY y37a, Ha KOTOPOM IIPOIECC YCIICIITHO
BBITIOJTHIJI CHCTCMHBIH BBI3OB execve()

selected — yka3piBaeT Ha KOpHEBYIO (QailJIOBYIO CHCTEMY y3IIa, KOTOpasi ObuIa BBIOpaHa B CaMOM
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MIPWIOKCHUY WM B KaKOM-JIHOO0 ero npenake (mepe Ber3oBoM fork())

5.1.3. PyHKUMOHaANbLHOCTb NONb3oBaTenbCcKon 6udbnuotekm libmosix

openMosix Takxe o0ecrneynBacT (QyHKIHMOHATBHOCTh Yepe3 OMOIMOTeKy libmosix, KOTOpas

BXOOUT B COCTAB IOJIb30BATCIIbCKUX YTHUIIUT:

int msx_readval(char *path, int *val);
npouuTaTh ' vakz' path' (' paterna myTs U1 YTEHHS/3aUCH B /proc/hpc HHTEpdeEiice)

int msx_readval2(char *path, int *vall, int *val2);
npouutars ' vallii' val2i3' path'

int msx_write(char *path, int val);
3amucats ' valB ' path'

int msx_write2(char *path, int vall, int val2);
3amucate ' valln' val28' path'

int msx_readnode(int node, char *item);
node(' itemMoxers OwbiTh load, speed, cpus, util, status, mem, rmem,

!

IIpOYMTaTh ' itemus
tmem)

!

int msx_readproc(int pid, char *item);

!

IPOYUTATh ' itemuis CreupUIecKoro

' pid(ata ¢yHkums untaet uHGOpManuio aus ' pidus
/proc/[PID]/[item],' itenMoxer ObITh block, bring, stay...)

int msx_read(char *path);
IIPOYMTATh 3HaUeHHUE U3 ' path'

int msx_writeproc(int pid, char *item, int val);

3amucate ' vals ' itemyurs mpomecca ' pid'

int msx_readdata(char *fn, void *into, int max, int size);

int msx_writedata(char *fn, char *from, int size);

int msx_replace(char *fn, int val);

int msx_count_ints(char *fn);

int msx_fill_ints(char *fn, int *, int);

API libmosix Takxke coIep>XUT QyHKIHMIO U1 KOHTPOJIS M N3MEHEHHS ToBeAeHUs openMosix:

int msxctl(msx_cmd_t cmd, int arg, void *resp, int len);
#define msxctl1(x) (msxctl((x), 0, NULL, 0))

#define msxctl2(x,y) (msxctl((x), (y), NULL, 0))
#define msxctl3(x,y,z) (msxctl((x), (y), (z), sizeof(*(z))))
Bo3MoxxHBIC KOMaHIBI 171 cmd:

D_STAY, /* Pa3pemuTs aBTOMaTUYECKYIO0 MUTPALIMIO IIPOIIECCOB C 3TOTO y3na */
D_NOSTAY, /* 3anpeTuts aBTOMaTHYECKYI0 MUTPALIUAIO MPOIECCOB C 3TOTO y371a */
D_LSTAY, /* Pa3pemuTs aBTOMaTH4ECKYIO MUTPALIMIO JIOKAJIbHBIX IIPOLECCOB */
D_NOLSTAY, /* 3anpeTtuTs aBTOMaTU4ECKYI0 MUTPALMIO JIOKAIBHBIX ITPOLIECCOB */

D_BLOCK, /* 3a610kipoBaTh aBTOMaTHYCCKYIO MUTPALIMIO K 3TOMY Y31y */
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« D_NOBLOCK, /* Pa3pemuTs aBTOMaTHYECKYIO MUTPAIHIO K 3TOMY Y31y */

- D_EXPEL, /* IlepeMecTuTs Bce yOal€HHBIE ITPOLIECCHI € 3TOTO y3i1a */

« D_BRING, /* BepHyTb Bce MpOIECCH Ha 3TOT (JOMAIIHUN) y3ena */

« D_GETLOAD, /* Ilomy4uTs TEKyIy0 Harpy3Ky */

« D_QUIET, /* OcTraHOBUTh BHYTPCHHIOIO aKTUBHOCTH 110 OaIaHCUPOBKE HArpy3ku */
« D_NOQUIET, /* Bo300HOBUTh BHYTPCHHIOIO aKTUBHOCTh 110 OaIaHCUPOBKE HArpy3Ku */
« D_TUNE, /* BoiiTu B peXX¥WM HacTpOHKH */

« D_NOTUNE, /* BoiiiTi U3 pexXxuMa HacTpOHKu */

« D_NOMEFS, /* 3anperuts MFS poctyn k aTomy y3iy */

« D_MES, /* Pazpemmuts MFS noctym k aTomy y3imy */

« D_SETSSPEED, /* YcTaHOBUTh CTaHAAPTHYIO CKOpOCTh, BiusieT Ha D_GETLOAD */
- D_GETSSPEED, /* Iloy4nTs CTaHAAPTHYIO CKOPOCTH (10-yMordanuio=1000) */

« D_GETSPEED, /* Ilosy4nuTh CKOPOCTb MaIIUHBI */

« D_SETSPEED, /* YcTanoBUTh CKOPOCTHh MAIIIUHBI */

« D_MOSIX_TO_IP, /* CxonBeptupoBaTs u3 openMosix ID B IP agpec */

« D_IP_TO_MOSIX, /* CxouBeptupoBats u3 IP anpeca B openMosix ID */

« D_GETNTUNE, /* Ilony4uTh YKCI0 HACTPAaUBAEMBIX ITAPAMETPOB siapa */

« D_GETTUNE, /* IlonyuuTh HacTpauBaeMbIC TapaMeTphl sapa */

« D_GETSTAT, /* Ilomyuuts ctatyc openMosix */

« D_GETMEM, /* Tlony4uTh TEKyIHC 3HAUCHUS TaMSTH (BCETO U CBOOOIHOI) */

« D_GETDECAY, /* IlonyuuTs napameTpsl ycTapeBanus */

« D_SETDECAY, /* YcraHoBUTh apaMeTpsl ycTapeBaHus */

« D_GETRMEM, /* Ilonyuuts npeactasieaue OC o mamsatu (cB0OOIHOI U Bcero) */
« D_GETUTIL, /* Ilosy4nTs MCHIOJIB30BaHME mporieccopa B % */

« D_SETWHERETO, /* OrnpaButh nporecc Kyaa-audyap */

- D_GETPE, /* Ilomyuwnts ID y3na */

« D_GETCPUS, /* Ilony4dTh KOTUYECTBO MPOLECCOPOB */

5.2. OnTumusauums paboTtbl openMosix

B Hacrosmee BpCMs JaHHad q)YHKI_II/IOHaJIBHOCTB HC NOCTYyIIHA, T.K. (1)YHKI_II/IOHEU'ILHOCTB YTUIIUT
MNEpCIUCHIBACTCS IO JTUICH3UTIO GPL.

openMosix conepxkuT Oonee 14 mapaMeTpoB JUIsi TOHKOW HAcTpoiiku. EcTecTBeHHO, pydHas
HAaCTpOMKa 3TUX IapaMETpOB YTOMHUTENIbHA ISl KaXXJAOoro ysina. JlJis aBToMaTh3aluM IIpolecca
CIIy>KaT YTHIHTEI prep_tune, KOTOpad 3aIllyCKacTCS Ha OJHOM Yy3]€, H tune_kernel, KOTOpas
3aIyCcKaeTcs Ha BTOPOM. B TEUCHHME HECKOJIBKMX MHUHYT HX PabOTBl HE CTOUT HArpy»aTh Y3JIbI
W/WIA CeTh, NHAYC BBIXOIHBIC MapaMeTpsl OyayT HEKOppeKTHHI. Ilocine okoHyanust paboTel Oyaer
CO3J1aH q)al‘/'m /tmp/overheads, TOTOBBIN JJI UCIIOJIH30BaHUS:



52

~# cat /tmp/overheads > /proc/hpc/admin/overheads

EcrecTBeHHO, MaHHYI0 KOMaHIy HEOOXOAMMO BCTaBHTh B OJIMH M3 3arpy304YHBIX CKPHIITOB
(HanpuMmep, /etc/init.d/openmosix), YTOOBl MHMIMAIM3ALUS NAPaMETPOB MMEJIa MECTO IpHU
KaXXJ101 3arpys3Ke.



6. TECTUPOBAHMUE KIIACTEPA

6.1. dDyHKUMOHaNbLHOE TeCTUPOBaHUe
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« Tect ¢ ucnonb30BaHWEM ITPOrpaMMBI pacdéTa pacupeneaéHHbIX Koded RCS5-72 (dnetc)

Jns 3amycka npuiioKeHU BOCIOJIb3yEMCS CJICIYIOIICH KOMAaHI0M:

/usr/local/bin$ for i in 1 2 3 4 5 6 7 8;

do

./dnetc —numcpu 0;

done

[Iporecc BBHIMONHEHHUS TNpenacTaBieH Ha puc. 13. Jlnsg nomydenus Oombinelt MHOpManuu 1o
HCI0JIb30BaHuI0 yTHIUT openMosix cM. [HOWTO].

Ha6moz[aeM, YTO BCC MPOUCCCHI paCIIpCACIINIINCE PABHOMCPHO 110 y3JIaM KJIaCTCpa.

TX * OpenhlosixAnalyzer 1.4 g X
File Help Ix " openMosixview 1.4 . *
Evl |@|§3§ Iy \? o Eile Miew QunﬂgﬁCollectur Help

|@|ﬂ |§€§|ﬁ||3[)| A |k9] [ openhosixcollector status
id clusternodes load- balanclng efficiency overall load overall used memory all memory all cpu
a T BT W EERCE
> S imeassin | -M— 'qgng O 9% 511 =
& - EEREE B 255 1
e o 1saes00 N 247 1
5| iszissis | R 63 1
; — = -
5= 192.168.1.52 Yooz | REE 63 T

E B eecesn | )je— i 0% | 0% 0 =
I could notwrite hostlist to frool!.opentdosizview.disp 4
4 X+ processes u‘npﬁsf w
2 2| & refresh | al v | processes 4275 last managed pracess
Q- pid |n# |Iock |nmigs |stat |cmd||ne el
= §23644 0 0 0 5 -hash E
3 %991 0o 0 i 5 -pilotgp:2 |
I 526419 0 0 i 5 -termz.gpd

k4523 0 1 0 R Jdnetc
Q: &@haszs 2z 1 i 5 dnetc

— asza 10 1 0 5 Jdnetc
& Sasat 51 1 0 5 Jdnetc
= #hagie 52 1 i 5 Jdnete

%4854 0 1 i R dnetc
Q‘ #hagse oz 1 i 5 Jdnete
F)
24560 10 1 i 5 Jdnetc
@ <§3§356? o 0 ] 5 fhinfhash
o %35?0 [t} il il 3 fhindhash
%35?5 0 ] 1] 5 fhindhash =
Q:‘ %3583 0 0 i S /hinfhash =

ig 4] [ [4]»

—a] [ [ manage pracs fram remote | [ 164 processes on this system
A

- - b & & . - i . i by By _A;'.H..

53 S % % 2 ”jﬁ | |?_] openldnsizview 1.4 ‘Xpmcesses on pilot |XOpmMos1xAnalyzet | 52 3 |8 E}E 20030218

Puc. 13. Bemonsenue nporpaMmsl dnetc

» TecT Ha BBOI-BBIBOJ

Jl1st IpoBEICHHS TECTA CKONMPYEM JIOCTATOYHO OO0JIBIIOH (paiin Ha Bce y3Iibl KiiacTepa:

/tmp# for i in 10 51 52;

do cp l.wav /mfs/S$i/tmp & done
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o+ processes on pilot = O X
A2 g refresh I all v| processes 1625  last managed process
pid ‘ it | lock | nmigs ‘ stat | cimdling et
£%1383 0 0 1] R OpENmMOsiprocs

£%14535 00 0 2 5 openmosi=analyzer

£%1493 0 O i 5w

£%1667 0 D n 5 intelnetd: 192.166.1.4

%1666 0 0O 0 g lagin -- sergey

£%1668 0 O i 5 -hash

£81571 0 D i 5 ksnapshot —
%1 g74 0 0 1] o kdeinit: kio_file file Ampiksocket-dmitrylklaun
$%1882 0 O B 5 op i
%1853 51 0 1 5 cp

#1884 52 0 1 5 cp

ﬁ%aau 0 0 1] o fshindsyslogd

£ ana o o i 5 fshinsklogd

%414 0 D 0 5 dshinfpormap Y
%425 ] ] 0 3 fustishindsshd E
1] I [4]»]
| manage procs from remote | | 145 processes an this system

4

Puc. 14. llpouiecc BEIMOIHEHUS] KOMaHABI CP

[Ipomecc BBIOHEHUS TUX KOMaH/I IPEACTABJICH Ha puc. 14:

Kak BuaHO M3 pUCYHKa, IMPOIECCHl Cp OBUIM MUTPHPOBAHBI K TEM y3j1aM KJacTepa, Ha KOTOpHIC
IIPOM3BOJMWIOCH KOMMPOBAaHUE. DTO HE YMEHBIIMIIO HArpy3Ky CETH, HO ITO3BOJIMJIO Pa3rpy3UTh
nporeccop Ha y3ie 1.

« Tect ¢ ucnonb30BaHUEM IIPOTrPaMMBI I KOAUpoBaHus ayauo (lame)

)1.]'[5[ MPOBCACHUA TCCTa BOCIIOJIB3YCMCA YKC CKOIIMPOBAHHBIMH q)aﬁﬂaMI/I U CKOHBCPTHUPYCM HX
U3 wav B mp3 IIpH MOMOINA KOMaHIbI lame:

~% for i in 1 1 10 10 51 52

> do

> lame -v -h -S /mfs/here/tmp/l.wav - &> /dev/null &
> done




55

3 * PrOCesses on pﬂﬂt = w
ﬁ refresh | all - | processes 1825  last managed process
pid |t |lack [nmigs |stat |cmaine =
£%1495 0 1] 4 5 openmosixanalyzer

£%1493 0 O 0 5w

£%21667 0 0 1] S intelnetd: 1921681 4

%1668 0 O 0 5 login — sergey

%1669 0 O 1] 5 -hash

£%1924 0 O B R lame

#1925 52 0 5 S lame E
#1926 51 0 5 5 lame et
#1927 10 O 5 S lame

#1928 10 O 3 5 lame

£%1929 0 0 4 R lame

£%1952 0 O 0 5 ksnapshot

£%1956 0 o 1] 3 kdeinit: kio_file file Ampiksocket-dmitry/klauny |
§%380 0 O i 5 tshinfsyslogd o
N 0 0 n drbnie el el fd!
<] | [4]»]

| manage procs from remote | | 151 processes an this system

7

Puc. 15. IIponiecc BeIIONIHEHUS KOMaHa lame

IIpouecc BhINOIHEHNS 3TUX KOMaH]| IIPEJCTaBIIEH Ha pyc. 15. V3 pucyHka BUAHO, YTO MPOLIECCHI
MHUTPUPOBAIU K COOTBETCTBYIOLUM y3J1aM.

6.2. TectupoBaHue o6LEN NPOU3BOAUTESILHOCTU

B wuccnenoarenmsckoM 1eHTpe NASA Ames Research Center Ol pa3paboTaH KOMILIEKC
TECTOB, MO3BOJIIOMUN OLICHUBATh MPOU3BOJUTEIBHOCTh CYNEPKOMIBIOTEPOB. KoMIuiekec TecToB
NAS cocrout u3 nartu tectoB NAS kernel benchmark m Tp€x TecTOB, OCHOBaHHBIX Ha PEAIBHBIX
3aJja4ax TUApo- M adpPOAMHAMHYECKOTO MOJCIMPOBAaHUSA. DTOT KPYr 3aJad HE IOKPHIBAET BCETO
CHEKTpa BO3MOJXHBIX IMPUIOXKEHUU, ogHako Ha ceroausmHuid aeHb NAS Benchmarks sisnsiercs
JTy4IuM oOIIeNpU3HAHHBIM KOMIUIEKCOM TECTOB ISl OLICHKH MapaJljIeIbHBIX MHOTOIPOIIECCOPHBIX

CUCTCM, 4YTO, CO6CTBCHHO, U TOATBCPXKAACTCA TIPAKTHYCCKUMHA Ha6JIIOI[CHI/I}IMI/I — pc3yiibTaTaMu
TOP500.

Kommniekc TectoB NAS Benchmarks kernel Bkimrodaet cnegyromue pacyéTHbIC 3aa9u:

1. EP (Embarrasingly Parallel). Bpruncnenue wunTterpama Meromom Monrte-Kapino — Ttect
“ycnoxxHEHHOro  Mmapajenusma’ AN W3MEpPEHUS  NEpBUYHOM  BBIYMCIHTENBHOU
IPOM3BOIUTEIFHOCTH  IJaBaromed  apupMEeTHKH. IT0O —  TECT  MHHHUMAJIBHOTO

MEXIIPOLECCOPHOTO ~ B3aUMOJCHCTBUS,  KOTOPHIA  (DaKTHUECKH  ONPEACHSCT  YHUCTO
BBIYUCIIUTEIILHBIC XapaKTEPUCTUKA y3J1a P paboTe C BEIECTBEHHOW apu()METHKOM.
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2. MG (3D Multigrid). Tect no pemenuto ypaBHenus lIlyaccona (“rpéxmepnast pemérka’) B
YAaCTHBIX IPOM3BOJHBIX — TPeOYET BBICOKOCTPYKTYPHPOBAHHOM OpraHU3aIlii B3aWMOJICHCTBUS
IporeccopoB. TecTHpyeT BO3MOXHOCTH CHCTEMBI BBHINOIHATH KaK JaJIbHUE, TaK U KOPOTKHE
nepelauy JaHHbIX.

3. CG (Conjugate Gradient). BrluuclieHHE HaWMEHBINIETO COOCTBECHHOTO 3HAYCHUS OONBINUX,
pa3peKEHHBIX ~ MaTpUIl  MCTOIOM  COMPSOKEHHBIX ~ TPAJUEHTOB.  OJTO  THUIHUYHOC
HECTPYKTYPHUPOBAHHOC BBIUMCICHUE Ha PEMIETKE, W MO3TOMY TECT MPUMEHSCTCS ISl OICHKHU
CKOpPOCTH TepeJaud JaHHBIX Ha JJIMHHBIC PpAcCTOSHUS TPU OTCYTCTBHHM KaKOU-JIHOO
PETYISAPHOCTH.

4. FT (fast Fourier Transformation). Beraucnenue meromom OwicTporo mpeobpaszoBanusi Dypbe
TpEXMEPHOTO YpPaBHCHHS B YAaCTHBIX IPOM3BOJHBIX. JlaHHAs 3agada UCHONB3YETCS Kak
“cepb&3HBIN” TECT JUIsl OLUCHKH d()(PEKTUBHOCTH B3aMMOJICHCTBHS IO MEPEIade JTAaHHBIX MEXKITY
yAan€HHBIMU TIporieccopamu. llpu co3maHuuM MporpaMMbl, PeaTu3yIONICH AaHHBIN TECT, MOTYT
HCIONTE30BaThCS OMOIMOTEUHBIC MOAYTH peoOpa3oBanust Oypbe pa3IMIHON pa3MEPHOCTH.

5. IS (Integer Sort). TecT BEIMONHAECT COPTUPOBKY LENIBIX YHACET M UCHOJB3YETCS KaK IS OICHKU
BO3MOXXHOCTCH pabOTHI CHCTEMBI C HENOYHCICHHOW apu(PMETHKON (TJIaBHBIM 00pa3oM OIHOTO
y371a), TaK W IS BBISBICHUS MOTCHIIMATA KOMIIBIOTEpPA IO BBIMOJHEHUIO MEXKIIPOIIECCOPHOTO
B3aMMO/ICHCTBHS.

Kommnekc TectoB NAS Benchmarks mmo MOZCIIBHBIM 3a/ladaM BKITIOYACT CIACAYIOIIUEC MOOYJIN:

1. LU (LU Solver). TecT BBINOJHAET BBIYUCICHUS, CBSA3aHHBIC C ONPEACIEHHBIM KJIAaCCOM
anroput™MoB (INS3D-LU mno knaccugpukamuu mnentpa NASA Ames), B KOTOPBIX peIIaeTcs
CUCTEMa YPaBHCHUI C pABHOMEPHO-Pa3peKEHHOMN 0JJ0YHOM TPEYTOJIbHONW MaTpHIeh Sx5.

2. SP (Scalar Pentadiagonal). TecT BBINONHAET pPEUICHUEC HECKOIBKUX HE3aBUCHMBIX CHCTEM
CKaJISIPHBIX YPaBHCHHWI — NCHTAIUMArOHAIBHBIC MATPHIIBI C MPEo0IalaHueM HEAHMArOHATLHBIX
YJICHOB.

3. BT (Block Tridiagonal). Pemenue cepuu HE3aBHCHMBIX CHUCTEM YpaBHCHHH — OJOYHBIC
TpEXIMAaroHAJIbHBIC MATPHIIBI 5X5 ¢ mpeolIiajaHeM HeJUaroHaIbHbBIX JJIEMCHTOB.

st ycraHOBKM HYXHO 3apeructpupoBatbcs Ha caite The NAS Parallel Benchmarks
(http://www.nas.nasa.gov/Software/NPB/) u ckauatp ¢aiii ¢ HCXOAHBIMH TEKCTaMH TECTOB
NPB2 4.tar.gz.

$ tar —-xzf NPB2.4.tar.gz
$ cd ./NPB2.4/NPB2.4-MPI

[Tocre sroro orpenaktupoBath (@il ./config/make.def Tak, YTOOBI OH OBLI aHAJIOTHYCH
CIICAYIOLIEMY:

MPIF77 mpif77
FLINK = mpif77
#FMPI_LIB =

#FMPI_INC
FFLAGS = -03
FLINKFLAGS =

MPICC = mpicc
CLINK = mpicc
#CMPI_LIB =
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#CMPI_INC =

CFLAGS = -03

CLINKFLAGS =

# include ../config/make.dummy
CC = cc —g

BINDIR = ../bin

RAND = randdp

Y6CILI/ITGCL, YTO mpif77 M mpicc AOCTYNHBI M3 BAIlICTO SPATH. B MIPOTUBHOM CJIy4ac HYXKHO
BBIIIOJTHUTE:

$ export PATH=S$PATH:/opt/mpich/bin

Jlns yno6cTBa MOXKHO cO31aTh (hailll . /config/suite.def CICAYIOMETr0 COACPKAHUS:

# Use tabs

bt W 9
ep W 9
cg W 9
is W 9
lu W 9
mg W 9
sp W 9

Orot (haiin OyeT UCIoJIb30BaThCs JIIsi cOOpkH nakera TecToB. IlocieaHuii 3Tan — KOMITHIISIUS
U 3aITyCK TECTOB (CM. IPUIOXKCHHUE 1):

$ make suite
$ mpirun -v -np 9 -machinefile machines bt.W.9

JIns OICHKM NOTEHIMAJIbHBIX BO3MOXHOCTEH TECTHPYEMOHl KOHGUTyparii BBIYUCISCTCS
OTHOCHTEJIbHAS IPOU3BOIUTEIFHOCTE M0 CPAaBHEHHUIO C MOKA3aTEISIMUA TPAJUILIMOHHOIO BEKTOPHOTO
CYIEpKOMIBIOTEpPA, B KaueCTBE KOTOPOro OOBIYHO BhICTymaer oana u3 monened Cray. ms NAS
kernel benchmark ompenensrorcst yersipe Kiacca TecToB: kiacc S, kiaacc A, kiacc B u wiace C,
KOTOpbIC (DAKTHYECKH OTIMYAIOTCS ‘‘pa3MEpHOCTHIO” BBIYMCICHHMH. Pa3smep 3amau w3 kiacca B
IPEBOCXOIUT pa3Mep 3a/ad U3 Ki1acca A MPUMEpPHO B YETHIpE pa3a. Pe3ynpTaTel TECTUPOBAHUS B
KJlacce A HOPMHPYIOTCS Ha IPOM3BOIUTEIFHOCTE OJHOIIpoIieccopHOro KoMnbioTepa Cray Y-MP, a
kiacca B — Ha omHompoueccopusiii Cray C90.

TecTupoBaHue NPOM3BOAMIOCH Ha KIaCTEPE CO ClIEAyIonIei KoHUTyparueii:

Y3ea Pilot

cpu: AMD Athlon(tm) processor, 952.189 MHz (1900.54 bogomips), 256 KB cache
mem: 1536676 KB, 453716 KB used, 1082960 KB free

via: South Bridge: VIA vt82c686b, highest DMA rate: UDMA100, PCI clock: 33.3MHz
hda: ST340016A, 38166 GB (78165360 sectors), CHS=4865/255/63, 2048 KB cache
hda: buffered disk read timings: 27.83 MB/sec

hda: buffer-cache read timings: 64.65 MB/sec

Y3ea Windows
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cpu: AMD Athlon(tm) processor, 949.991 MHz (1893.99 bogomips), 256 KB cache
mem: 247908 KB, 21252 KB used, 226656 KB free

via: South Bridge: VIA vt82c686b, highest DMA rate: UDMA100, PCI clock: 33.3MHz
hda: ST340016A, 38166 GB (78165360 sectors), CHS=4865/255/63, 2048 KB cache
hda: buffered disk read timings: 40.51 MB/sec

hda: buffer-cache read timings: 168.42 MB/sec

Y3ea Mech

cpu: AMD Athlon(tm) processor, 952.194 MHz (1900.54 bogomips), 256 KB cache
mem: 770200 KB, 74848 KB used, 695352 KB free

via: South Bridge: VIA vt82c686b, highest DMA rate: UDMA100, PCI clock: 33.3MHz
hda: ST320011A, 19092 GB (39102336 sectors), CHS=2434/255/63, 2048 KB cache
hda: buffered disk read timings: 41.03 MB/sec

hda: buffer-cache read timings: 162.03 MB/sec

¥Y3ea Terml

cpu: Celeron (Mendocino), 300.018 MHz (598.01 bogomips), 128 KB cache

mem: 449084 KB, 18512 KB used, 430572 KB free

hda: FUJITSU MPC3032AT, 3093 GB (6335280 sectors), CHS=785/128/63, 0 KB cache
hda: buffered disk read timings: 12.01 MB/sec

hda: buffer-cache read timings: 98.46 MB/sec

Y3ea Term2

cpu: Celeron (Mendocino), 300.017 MHz (598.01 bogomips), 128 KB cache

mem: 449084 KB, 31928 KB used, 417156 KB free

hda: FUJITSU MPC3032AT LP, 3093 GB (6335280 sectors), CHS=785/128/63, 0 KB cache
hda: buffered disk read timings: 11.70 MB/sec

hda: buffer-cache read timings: 97.71 MB/sec

Jlis TecTUpOBaHWs JIaHHOTO KJIacTepa NPUMCHSUIMCh TeCThl Kiacca A. Bce TecTsl Obuin
CKOMIIMJIMPOBAHBI Ul 3allyCKa Ha YETHIPEX M BOCbMU y3jax. B KadecTBE KOMMYHMKAIMOHHOMN
cpenbl ucnonb3oBaics Fast Ethernet. Pe3ynbTaThl TECTOB M WX CpaBHCHHE NPEICTABICHBI B
tabnuie 7. B npunoxxeHuu 1 mpeacTaBlieH CIICHApUid, HCTIOIH30BaHHBIN TS 3aITyCKa BCEX TECTOB.



Knacc S, 4 mpomecca

Hnis Pa3zmepHOCTH
TeCTa BpeMsi BBIIONHEHUS, C. Bcero Mop/c.
3a/1a4u
bt 12x12x12 2,15 3,7% 106,11 3,8%
B |cg 1400 1,96 5,1% 33,96 5,6%
% ep 33554432 8,15 -24,7% 4,11 -19,7%
S [is 65536 0,12| -133,3% 5,69  -58,2%
& llu 12x12x12 3,70 78,1% 27,66 363,6%
= Img  [32x32x32 0,17 -23,5% 44,18 -16,5%
= |sp 12x12x12 1,75|  -20,0% 55,13 -144%
18,00 2,8% 276,84 31,5%
bt 12x12x12 2,07 -3,9% 110,13 -3,7%
cg 1400 1,86 -5,4% 35,86 -5,3%
ep 33554432 10,16 19,8% 3,30 24,5%
& lis 65536 0,28 57.1% 2,38 139,1%
= [lu  [12x12x12 0,81 -356,8%| 128,22] -784%
mg  [32x32x32 0,21 19,0% 36,88 19,8%
sp 12x12x12 2,10 16,7% 47,21 16,8%
17,49 -2,9% 363,98  -23,9%
Vst Knacc S, 8/9 nponeccoB
Tecta |P23MCPHOCTS BpeMs BBIIONHEHUS, C. Bcero Mop/c.
3a/1a4u
w |bt 12x12x12 3,48 -9,5% 65,56 -8,6%
2 |cg 1400 3,03 -11,6% 22,000 -104%
% ep 33554432 10,96 53,6% 3,06 115,7%
8 lis 65536 0,18 -83,3% 3,63 -44,6%
2 mg  [32x32x32 0,28/ -21,4% 2724  -17.5%
& [sp  [12x12x12 3,40 9,7% 28,46 9,0%
= 21,33 21,8% 149,95 -8,9%
bt 12x12x12 3,81 8,7% 59,89 9,5%
cg 1400 3,38 10,4% 19,71 11,6%
. lep 33554432 5,08 -115,7% 6,60 -53,6%
% is 65536 0,33 45,5% 2,01 80,6%
mg  [32x32x32 0,34 17,6% 22,48 21,2%
sp 12x12x12 3,73 8,8% 25,90 9,9%
16,67 -28,0% 136,59 9,8%
Vst Kiace A, 4 mponecca
Tecta |F 83MCPHOCTS BpeMmsi BBIIONHEHUS, C. Bcero Mop/c.
3a]1a9u
bt 64x64x64 2104,01] -246,2% 7998 -94.3%
B |cg 14000 39,82 35,3% 37,58 54,5%
% ep 536870912 7296| -122,6% 7,36  -55,0%
S [is 8388608 17,03] -91.4% 4931 -47.9%
& llu 64x64x64 946,47 33,6% 126,04 50,6%
E mg  [256x256x256 75,78| -4583,3% 51,37 -95.2%
= Isp 64x64x64 1079,64 24,0% 78,74 31,5%
4335,71] -188,3% 386,00 -5,6%
bt 64x64x64 7283,12 71,1% 4,53| 1665,6%
cg 14000 25,78  -54.5% 58,05 -353%
ep 536870912 162,43 55,1% 3,31 1224%
= lis 8388608 32,59 47,7% 2,57 91,8%
= [lu 64x64x64 628,36 -50,6% 189,86 -33,6%
mg  [256x256x256| 3549,02 97.9% 2,47 1979,8%
sp 64x64x64 820,71 -31,5% 103,58 -24,0%
12502,01 65,3% 364,37 5,9%

Tabauya 7. PesynbraTtel TecTOB NAS
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W3 pe3ynbTaToB BHIHO, YTO OTCTAaBaHHE AJITOPUTMOB OAJIAHCHMPOBKHM HArpy3ku openMosix oT
LUKJIMYECKOW CTpaTerMy paclpeleCHUsl HE3HAYMTENIbHO JUIsl IIPOLECCOB, CpEIHEE BpeMs
BHITIOJIHCHUSI KOTOPBIX MEHBIIE MMHYTHL. openMosiX 3HAUUTENFHO BBIMTPHIBACT IpHU
pacrpesielicHul ONTOBPEMEHHBIX U TPeOOBATENbHBIX 3aJaHUN MEXIy TETEpPOrCHHBIMH Y3JIaMHU
KJ1acTepa.

Jlanee mpoBeAEM TECT C UCIIONB30BAHUEM MIPOTPaMMBI U3 MIPHIIOKEHUA 2. TecT KOMIUIUpyeTCes
KOMAaHIOH:

$ mpicc mm.c —-1lm -o mm

Ycpenuéunsie pe3ynpTaThl TecToB o 10 3amyckaM npuBeIeHbI B Tabmimie 8.

4 mmpomecca 8 mporneccon
Bpemst BBIMOIHEHHUS], C. BpewMst BBIMOIHEHHS, C.
MPI+OpenMosix 35,26 -34,88% 158,56 54,64 %
MPI 47,57 25,86% 71,93 -120,46%

Tabnuya 8. Pe3ynbTaThl TECTa MPOTPaMMBI IEPEMHOKECHHUS MaTPHII
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BblBOA

B nannoit pabGore Obula mpexacTaBieHa MyJIBTHKOMIBIOTEpHas cucremMa openMosix uis
MacmTabupyemsix knactepoB U3 PC u e€ 3 PeKTUBHOCTD NPH BBHIMOJIHEHUH HECKOJIBKUX OOIBIINX
[apaJUIENIbHBIX ~ NPUKIAAHBIX IporpaMM. B r1m.4.3 nmnpuBenéH mnpuMmep IOCTPOCHHA
BBIYHCIIUTEIFHOIO KiacTepa Ha €€ ocHoBe. OCHOBHOM mapagurMoil openMosix SIBISETCS TO, YTO
OpM HAMCAHWW [ApPAJUICIBHBIX TPOTPaMM  MOXKHO mpuaepxuBaThcsi o0brgHOrO  Unix
porpaMMupoBanus. B TO jxe BpeMsi, MpOrpaMMbl, UCHOJIB3YIONINE Takue OubroTeku, kak PVM u
MPI, MOryT NOIXy4WTh 3HAYUTEIBHOE IPEHUMYIIECTBO IIPH HCHOIB30BaHUM B TETEPOTCHHBIX
KJIacTepax.

B rn. 6.2 pa3paboTaHa METOAMKa TECTUPOBAHUS U MIPOU3BEICHBI TECTH Ha OCHOBE TecTOB NAS
Benchmark. MccnenoBanus mokaszainu IeiecooOpa3HOCTh MCHOIB30BaHUSA openMosix B KayecTBe
albTepHaTUBHl  jgoporux SMP-cucteM 3a c4€r CBOEH OTKPHITOCTH M JOCTYIHOCTH.
[Tpon3BOIUTENFHOCT,  KOMITBIOTEPHOTO — Kjactepa openMosix — JE€MOHCTpUPYET  XOpoIlee
UCTONb30BaHUE PECYPCOB, OTHOCHTEIBHO XOpOIIEEe YBEIMUYCHHE OBICTPOACHCTBUSA NpHU
MacmTabupoBaHuu KOHGUTypauu W KOHKYPEHTOCIIOCOOHBIC pe3yJbTaThl IPU CPaBHECHUH C
Jpyrumu cuctemamu [BAR2].

I'maBHBIA pe3ynbTaT mpoekTa openMosiX — 3TO TO, YTO BO3MOXHO ITOCTPOUTH JICHIEBBIN,
MacmTabupyemblii KOMOBIOTEPHBIN KiacTep u3 norpedurensckux kommoneHT tuna PC, UNIX u
PVM, kak anpTepHAaTHBY TpPaJUIIMOHHBIX yHHMBEpcalbHBIX DOBM (mainframes) u MPP. I'naBHOE
IIPEUMYIIECTBO openMosix 10 CpaBHEHUIO C IPYTMMH KOMITBIOTEPHBIMH KJIaCTEPHBIMU CpElaMU —
€ro CrocoOHOCTh OTBEYATh BO BpEMS BBIIOJHEHHWS Ha HENpeIcKa3yeMmble M OecropsIoyHbIC
3anpocel/Tpe0OBaHUsT K pecypcaM OT MHOTHX IOJIb30BATEJICH, HANpUMEp, BPEMsl BBINIOJIHEHUS,
WCIIOJIb30BaHUE NaMATH WIM YUCIO HIpPOIEccOB, — openMosiXx XOpomo aganTtupyercs KO BCEM
TakuM ciydasMm. Takxke openMosix mpemiaraeT yqoOHyI0 cpeay oOIIero Ha3HaYeHHS IS
BBITIOJIHCHUSI KPYITHOMACIITAOHBIX TpeOOBaTENBHBIX IMOCIEIOBATENBHBIX W MapauIeIbHBIX
IPUKJIAJHBIX IIPOrPaMM.

[Tpoekt openMosix pacmHpsieTCs B HECKOJNBKUX HaNpaBlICHUSX. Bo-TepBBIX, pa3pabaThIBalOTCS
HOBBIC KOHKYPEHTHBIC aITOPUTMBI AJI1 aJalTUBHOTO YTPABICHHUS PECypCaMH, KOTOPHIE MOTYT
paboTaTh C pa3NIUYHBIM BHUJIOM PECYpCOB, HalpuMeEp, Harpyskod, mamsaTteio, [IPC u BBOgOM —
BBIBOJIOM. TakkKe HCCICOYIOTCS alTrOpUTMBI Ui ceTeBOo RAM, B KOTOPBIX OOJNBIION MPOIECC
MOXET HCIONb30BaTh JOCTYIHYIO TIaMATh Ha HECKOJBKHMX y3max. JlomomHuTEnsHO
pa3pabareiBatoTcss pacmmpeHuss K JAVA nmns nojgaepKKu aganTHBHOW MUTpaud OOBEKTOB
nmonobno anroputmMaMm openMosix. Kpome Toro, paccMarpuBacTcs HepeHOC openMosix Ha
paznuunbie OS (FreeBSD, MacOS).
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NMPUNOXEHMUE 1

Cuenapwuii juis mpoBeneHust TectoB NAS benchmark

#!/bin/bash

function cleanup ()
{
for node in ‘cat machines’
do
ssh root@$node "killall mpirun $cmd 2> /dev/null"
done
}
function openmosix ()
{
mode=0
if [ $1 = "stop" ]; then mode=1; fi

for node in "cat machines’
do
ssh root@Snode <<EOM 2> /dev/null
#/etc/init.d/openmosix $*
echo S$mode > /proc/hpc/admin/lstay
EOM
done

}

function run_bench ()
{
echo "Benching class \"SCLASS\", S$PROC procs, S$RUN run" >> nas_S$RUN.out
for cmd in bt.S$CLASS.S$PROC mg.S$CLASS.S$PROC
do
CMD="mpirun -np S$PROC $* S$cmd"
echo -n "Running \"SCMD\"... "
SCMD &> S$S{cmd}_SRUN.out
echo —-ne "${cmd:0:2}\t" >> nas_SRUN.out
perl —-ne '
S$found ||= /Benchmark Completed/;
next if !$found;
/" Sizels+=\s+(.*)S$S/ && ((Ss = $1) =~ s/\s+//g && print("S$s\t")
print ("$s\t")) && next;
/” Time in seconds\s+=\s+ ([.\d]*)$/ && print ("$S1\t") && next;
/" Mop\/s totall\s+=\s+([.\d]*)$/ && print ("$1\n") && next;
/~Version\s+=\s+ (\w+)S$/ && ($1 ne "SUCCESSFUL" && die || exit);
' < ${cmd}_SRUN.out >> nas_SRUN.out
echo "ok"
cleanup
done
}
function run_suite ()
{
#PROC=1 CLASS=S run_bench $*
PROC=4 CLASS=S run_bench $*
PROC=8 CLASS=S run_bench $*
PROC=9 CLASS=S run_bench $*
PROC=4 CLASS=A run_bench $*
}

function run_all_benches|()
{
openmosix start
run_suite
openmosix stop
run_suite "-machinefile machines"
}
function run_mm_bench ()
{
openmosix start
time mpirun -np 4 mm
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time mpirun -np
openmosix stop

time mpirun -np
time mpirun -np

}

for RUN in 0 1 2 3 4
do

run_mm_bench &>
done

for RUN in 1
do

run_all_benches
done

8 mm

4 -machinefile machines
8 -machinefile machines
56789

all_mm_SRUN.out

mm
mm

64



65

NMPUNOXEHMUE 2

[Iporpamma nepeMHOKEHUSI MATPUI] C UCHOJIb30BaHuEM MPI

/******************************************************************************

FILE: mm.c
DESCRIPTION:

*
*
* In this template code,
*
*

the master task distributes a matrix multiply

operation to numtasks-1 worker tasks.
*****************************************************************************/

#include <stdio.h>
#include <math.h>
#include "mpi.h"
#define NRA 600
#define NCA 670
#define NCB 500
#define MASTER 0
#define FROM_MASTER 1
#define FROM_WORKER 2

MPI_Status status;
main (int argc,
{
int numtasks,
taskid,
numworkers,
source,
dest,
nbytes,
mtype,
intsize,
dbsize,
rows,
averow,
j—r jI kl
count;
double a[NRA] [NCA],
b [NCA] [NCB],
c[NRA] [NCB] ;

extra, offset,

sizeof (int) ;
sizeof (double);

intsize =
dbsize =

MPI_TInit (&argc, &argv);

MPI_Comm_rank (MPI_COMM_WORLD,
MPI_Comm_size (MPI_COMM_WORLD,

numworkers = numtasks-1;

/****************************

if (taskid == MASTER) {
printf ("Number of worker tasks =
for (i=0; i<NRA; i++)
for (3=0; J<NCA; J++)
ali][3] = i+3;
for (i=0; i<NCA; i++)
for (J=0; J<NCB; j++)
bli][J] = 1i*3;

char **argv)

of
of

number
number
number of
taskid of
setting a
setting a

rows in matrix A */
columns in matrix A */
columns in matrix B */
first task */

message type */
message type */

/*
/*
/*
/*
/*
/*

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/*
/*
/*

number of tasks in partition */

a task identifier */

number of worker tasks */

task id of message source */

task id of message destination */
number of bytes in message */

message type */

size of an integer in bytes */

size of a double float in bytes */

rows of matrix A sent to each worker */
used to determine rows sent to each worker */
misc */

matrix A to be multiplied */

matrix B to be multiplied */
result matrix C */

&taskid);
&numtasks) ;

master task ************************************/

$d\n", numworkers) ;

/* send matrix data to the worker tasks */

averow = NRA/numworkers;

extra = NRA%Snumworkers;

offset = 0;

mtype = FROM_MASTER;

for (dest=1; dest<=numworkers;
rows = (dest <= extra)
printf (" sending

MPI_Send(&offset, 1,

%$d rows to task
MPI_INT,

dest++) {
? averow+l averow;
$d\n", rows, dest) ;

dest, mtype, MPI_COMM_WORLD) ;
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MPI_Send(&rows, 1, MPI_INT, dest, mtype, MPI_COMM_WORLD) ;

count = rows*NCA;

MPI_Send(&al[offset][0], count, MPI_DOUBLE, dest, mtype, MPI_COMM_WORLD) ;
count = NCA*NCB;

MPI_Send (&b, count, MPI_DOUBLE, dest, mtype, MPI_COMM_WORLD) ;

offset = offset + rows;

}

/* wait for results from all worker tasks */
mtype = FROM_WORKER;
for (i=1; i<=numworkers; i++) {
source = ij;
MPI_Recv (&offset, 1, MPI_INT, source, mtype, MPI_COMM_WORLD, &status);
MPI_Recv (&rows, 1, MPI_INT, source, mtype, MPI_COMM_WORLD, é&status);
count = rows*NCB;
MPI_Recv(&c[offset][0], count, MPI_DOUBLE, source, mtype, MPI_COMM_WORLD,
&status) ;

}

/* print results */
/*
printf ("Here is the result matrix\n");
for (i=0; 1i<NRA; 1i++) {
printf ("\n");
for (3=0; J<NCB; J++)
printf ("%6.2f ", clil[3]1);

}
printf ("\n");
*/

} /* end of master section */

/**************************** Worker task ************************************/

if (taskid > MASTER) {
mtype = FROM_MASTER;
source = MASTER;
printf ("Worker %d started: ", taskid);
MPI_Recv (&offset, 1, MPI_INT, source, mtype, MPI_COMM_WORLD, &status);
MPI_Recv (&rows, 1, MPI_INT, source, mtype, MPI_COMM _WORLD, &status);

printf ("got offset = %d, rows = %d\n", offset, rows);

count = rows*NCA;

MPI_Recv(&a, count, MPI_DOUBLE, source, mtype, MPI_COMM_WORLD, &status);
printf ("Recv: a[l]l[2] = %0.2f\n", al[l]lI[2]);

count = NCA*NCB;

MPI_Recv (&b, count, MPI_DOUBLE, source, mtype, MPI_COMM_WORLD, &status);
printf ("Recv: b[1l][2] = %0.2f\n", b[1][2]);

for (k=0; k<NCB; k++)

for (i=0; i<rows; i++) {
c[i]l[k] = 0.0;
for (j=0; J<NCA; J++)
cl[i][k] = sin(sqgrt(c[i][k]) + sqgrt(ali]l[J]) * sqgrt(b[J][k]));

mtype = FROM_WORKER;

printf ("Worker %d complete: ", taskid);

MPI_Send(&offset, 1, MPI_INT, MASTER, mtype, MPI_COMM_WORLD) ;
MPI_Send(&rows, 1, MPI_INT, MASTER, mtype, MPI_COMM_WORLD) ;
MPI_Send(&c, rows*NCB, MPI_DOUBLE, MASTER, mtype, MPI_COMM_WORLD) ;
printf ("results send back\n");

}  /* end of worker */
MPI_Finalize();
} /* of main */



