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AHHOTANMA

Ipenmer uccaenoBanus. VccnenoBans! mporeccsl JUHAMAYECKOH MHUTpanun 0e3 00IIero XpaHWININA ¢ KOTHPOBAHUEM 0
OCTaHOBKHM U CE€TeBOI Murpanuu. Murpanus BUpTyallbHbIX MAIIHMH SBIIETCA BaXKHOU BO3MOXKHOCTBIO TEXHOJIOIMU BUPTYyalIH-
3aIU1, KOTOpast MO3BOJISIET IPHIIOKEHHSIM IIPO3PaTHO MEPEMEIIaThCsl BMECTE C MX CpelaMU BBITOTHEHUS MEXIY (HU3NIECKH-
MM MamuHamu. JlnHamudeckas murpanust (kuBasi Murpanus, Live Migration) cTaHOBUTCS 3aMETHOM TeXHOIOrHeH aist 3¢-
(exTUBHON OaNaHCUPOBKY 3arpy3KU U ONTUMHU3ALNH Pa3BEPThIBAaHUS BUPTYaJIbHBIX MalIMH Ha (QU3HYECKUX y371aX B LIEHTPax
00paboTKK AaHHBIX. J[0 TMOABNEHNS TUHAMUYECKOW MUTPAIMU HCIOIb30BaJACh TONBKO TaK Ha3bIBa€Mas CETEBasl MUTpaLUs
(«Movey), koTopasi BiIe4eT 3a co00i 0CTaHOBKY BBIMOJIHEHHSI BUPTYAIbHOM MAILIMHBI BO BpeMsl KOIIMPOBaHMs Ha APYyroi ¢u-
3UUECKHUN CepBep, a CIe0BaTeIbHO, HENOCTYITHOCTh cepBuca. Mertoa. PaccMOTpeHbl alrOpUTMBl JUHAMUYECKON MUTPalluU
6e3 00IIero XpaHuINIIa ¢ KOMUPOBAHUEM 0 OCTAaHOBKH M CETEBON MHTPALMM BUPTYaIbHBIX MAIIMH C MO3HIUH HCCIEI0BA-
HUsI BpEMEHH IIEPEHOCAa U HEAOCTYIIHOCTU CEPBUCOB IIPU NEPEHOCE BUPTyalbHbIX MalluH. OcHOBHBIE pe3yabTarsl. [Ipen-
JIOKEHBI aHAJIUTUYECKUE MOJIEIH, [TO3BOJIIOIINE IPEACKA3aTh BpeMs IIEPEHOCA BUPTYalbHBIX MALIMH U BPEMs HEIOCTYIHO-
CTH CEPBUCOB IIPU NIEPEHOCE, IIPH UCIOIB30BAHUY TAKUX TEXHOJIOTUH, KaK JUHAMUYECKasi MUIpallUs C UTEPATUBHBIM [IOAXO0-
oM 0e3 MCTIONB30BaHMs OOIIETO XPaHWIIMINA U CeTeBas MUrpanus. B cymectByronmx paboTax IO OLEHKE BPEMEHH HelloC-
TYIHOCTH CEpBHCOB M BPEMEHHU MEPEHOCa MPH HCIIOIb30BAHMN THHAMUYECKOW MUTpaIMu 0e3 MCHOJIb30BaHUs OOILIEero Xpa-
HHJIMINA OMMCAHBI SKCIIEPUMEHTANIbHbIE PE3YIBTAThI, 0 KOTOPBIM MOXKHO CAENaTh OOIIUE BBIBOABI 00 M3MEHEHHH BPEMEHU
HEJIOCTYITHOCTH CEPBUCOB M BPEMEHHM MEPEeHOCa, HO HEb3sl CIIPOTHO3UPOBATh UX 3HaueHus. IlpakTHyeckass 3HAYMMOCTbD.
IIpemmaraemere MOzIeTH MOTYT OBITH HUCIIONB30BaHbI IPH MIPOTHO3MPOBAHIN BPEMEHN MHTPAIH U BPEMEHH HETOCTYITHOCTH
CEPBHCOB, HAIIPUMED, IPU NPOBEACHUH MPOPUIAKTHICCKUX U aBapUHHBIX paboT Ha (PU3MYECKHX y3JIaX B IEHTpax 00paboT-
KU JaHHBIX.
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Abstract

Subject of Research. The processes of live migration without shared storage with pre-copy approach and move migration
are researched. Migration of virtual machines is an important opportunity of virtualization technology. It enables applications
to move transparently with their runtime environments between physical machines. Live migration becomes noticeable
technology for efficient load balancing and optimizing the deployment of virtual machines to physical hosts in data centres.
Before the advent of live migration, only network migration (the so-called, «Move»), has been used, that entails stopping the
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virtual machine execution while copying to another physical server, and, consequently, unavailability of the service.
Method. Algorithms of live migration without shared storage with pre-copy approach and move migration of virtual
machines are reviewed from the perspective of research of migration time and unavailability of services at migrating of
virtual machines. Main Results. Analytical models are proposed predicting migration time of virtual machines and
unavailability of services at migrating with such technologies as live migration with pre-copy approach without shared
storage and move migration. In the latest works on the time assessment of unavailability of services and migration time using
live migration without shared storage experimental results are described, that are applicable to draw general conclusions
about the changes of time for unavailability of services and migration time, but not to predict their values. Practical
Significance. The proposed models can be used for predicting the migration time and time of unavailability of services, for
example, at implementation of preventive and emergency works on the physical nodes in data centres.

Keywords

live migration, move, virtualization, virtual machines, high availability, clusters, modeling.

BBenenue

BeIcokast HaIe)KHOCTh, OTKA30yCTOHYMBOCTD U OE30IIaCHOCTh CUCTEM KPUTHYECKOTO IPHMEHEHUS peallu-
3yeTcs MpH pPe3epBUPOBAHUM OCHOBHBEIX mojicHucTeM [l1—7], B ToM uucie cpenctB xpaneHus [8], o6pabotku u
nepeAadyy AaHHBIX [9] mpu KOHCONMIALMU PeCcypcoB, MPH MCHOIb30BAHMM MEXaHH3Ma Kiactepusauuu [4-6],
BUpTyanu3anuu [ 1-6] u TuHAMHUYECKOTO paclpeeeHHs 3alPOCOB.

IIJ'I)I o0ecrieueHus HECOPEPLIBHOCTU AOCTYIIA KIIMCHTOB K IMPUJIOKCHUAM U CEPBUCAM UCIIOJIB3YHOTCA Kila-
CTEpBI BHICOKOH TOCTYMHOCTH. BBICOKast TOCTYITHOCTD PeCcypcoB KIIACTEPHON CHCTEMEI B Ciydae cOOsl OHOTO M3
CEpBEPOB WJIM NIPH IPOBEIECHUN NMPOPHIAKTHIECKUX paboT obecreynBaeTcs 3a CUET MepeMEIeHHs CITyKO0 Hin
npuwiokeHuil Mexay ysiaamu [10—13]. Jns xiveHTa Kiactep BBINISLAUT KaK €IMHOE LIEJIO0€, U €ro HEeMoJaiKu
MOT'YT BBIPA3UTHCS B KPATKOBPEMEHHOM CHIDKEHHH MPOM3BOAUTEIHHOCTH WM HEJOCTYITHOCTH KaKOTo-JIMoo pe-
cypca Ha BpeMsI OT HECKOJIBKIX CEKYH 0 HECKOIBKAX MUHYT B 3aBHCHMOCTH OT KoH(urypanuu |1, 2].

Murpanust BUpTyaidbHBIX MamuH (BM) siBiseTcss BaXKHOW BO3MOXXHOCTBIO TEXHOJIOTHH BUPTYaIA3AIUH,
KOTOpasi MO3BOJISIET NMPUIJIOKEHUSIM MTPO3PavYHO NIEPEMEIaThCsl BMECTE € UX CpelaMH BBINOJIHEHUS MexXIy (Hu3u-
4eCKHUMH MaltuHam# [3].

JuaaMngeckas murpanus (okuBas murpanus, Live Migration) [1-6] cTaHOBUTCS 3aMETHOM TEXHOJIOTHEH
Juts 3¢ GeKTUBHOI OanaHCHPOBKU 3arpy3KH M ONTHMHU3AIMU pa3BepThiBaHKus BM Ha gu3nyeckux y3nax B IeH-
Tpax o6pa60T1<14 JaHHBbIX. OTa HOBas TEXHOJIOTHS BKIIIOYEHA B MAKETHI CAMBIX NONyJIAPHBIX CUCTEM BUPTYyain3a-
n (KVM, Microsoft HyperV, VMware VSphere, Xen). C nomoiusto quHamudeckoid Murpanuu BM ¢ oxHoro
(bm3MUEeCcKOro y3/1a MOTYT OBITH IE€peaaHsl Ha JPYroi 0e3 OTKIIIOYEHHUS! CHCTEMbI. DTO IO0JIE3HO NPH Pa3INYHBIX
CIIEeHApUIX:

— BM npu oTkaze Gpuzmyueckoro y3ia MoKeT ObITh IepeHeceHa Ha pab0TOCIIOCOOHBIH;

— BM Hna neperpyxeHHOM (PU3NUECKOM y3JI€ MOTYT OBITh IIEPEHECEHBI Ha Pa3JIndHbIC Y3IIbl Ul OaTaHCUPOBKU
HarpysKH;

— 1pH NpoUIAKTHYECKUX paboTax.

Jlo mosiBIEHUsT AMHAMUYECKOH MHTIpaIMy HCIOJIb30BATach TONBKO TAaK Ha3blBaeMas CETeBas MUIPALUs
(«Move») [4, 5], koTopas Bie4eT 3a co00ii 0CTaHOBKY BHIIONHEHHsI BM BO BpeMsi KOIMpOBaHHS HA Ipyrou ¢u-
3UYECKUIl cepBep, a Clel0oBaTelbHO, HEAOCTYNHOCTh cepBuca. IIpoctoe nepememienne BM ¢ onHoro ysna Ha
JPYToil — 3T0 HaMMeHee MPOCTOH CIOCco0, HO M HanboJIee JOITHIl U «1yBCTBUTEIBHBIN» JUI NOJIb30BaTesel [4].

B pabote mpeasiokeH pacueT U CpaBHUTENILHBIN aHATN3 BpeMeHH repeHoca BM u BpeMeHH He0CTyHO-
CTH CEPBHCOB JIMHAMHUYECKOM MUTPALMH C TIOJIXOA0M KOINHMPOBAHUS JI0 OCTAHOBKH M CETEBOH MHUTpaLlUH C MO-
MOIIBIO aHATUTHYECKUX MOJEJIEH NMPH Pa3IMYHbIX IapaMeTpax, TaKuX Kak MHTCHCUBHOCTH 3allMCH, HHTCHCHB-
HOCTb nepemenieHust u ap. CTOUT OTMETHTH, YTO IPpH OBICTPOM Pa3BUTHHU TEXHOJIOTHUH JMHAMUYECKONH MUTPALUH
MaJl0 BHUMAHUS YJIENACTCSl aHATMTHIECKOMY MOJIEIMPOBAHHIO PA3IMYHBIX TTOXOI0B MHUTPAlMi, B TOM YHUCIE U
JMHAMWYECKOW MHUTPalny, IO CPABHEHHIO C BOIIPOCAMH IIPOTPAaMMHOM peaT3aliiH.

3amadu uccJenoBaHus

B pabore pemaercs 3agada OIEHKHA BpeMeH nepeHoca BM u HeZOCTYITHOCTH CepBUCOB IPU AWHAMHYE-
CKOIl Murpanuu 0e3 o0LIero XpaHUIHIIa ¢ ITOAX0I0M KOITMPOBaHMS J0 OCTaHOBKHU (pre-copy) [3, 6] u cereBoii
MUIpALUH.

JluHamu4eckasi MUrpalys mo3BossieT nepeHocuTb BM npakrtuuecku 0e3 rmpepbIBaHuUs BHIIOIHEHHUS MTPHU-
JoeHnd. B o0mem mmpouecc AuHaMU4ecKol MUTpaliii MOYKHO pa3/ieNIuTh Ha JBa Iara:
1. mepenada ynpasiieHHUs y3)Iy Ha3HaYCHUS;
2. mepeaava JaHHBIX (aMATh, AUCK) Ha y3eJl HA3HAYCHUSI.

CymiecTByIOT ABa Hauboiee pacIpoCTpaHEHHBIX MOAX0/a K pealn3alui JHHAMHYECKOW MHUTPALUH, OC-
HOBaHHBIC Ha PA3JIMYHON MOCIIEIOBATEIFHOCTH 3THUX IIIaTOB:
1. ¢ KomMpOBaHMEM IO OCTAHOBKH: CHadalla IPOUCXOANT Tiepeiada JaHHBIX, a 3aTeM — Ilepeada yIpaBIeHuUs;
2. ¢ KOMHMPOBAaHUEM IIOCIIE€ OCTAHOBKHU: CHadaja MPOMCXOAWT Mepeada yIpaBIeHUs Y31y Ha3HAUCHHUs, a 3aTeM

nepenada TaHHbIX.
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B Hacrosmieii paboTe paccMarpuBaeTcsi HEPBBIi TOAXO0A (C KOIMTMPOBAHUEM J0 OCTAHOBKH WJIM TaK Ha3bl-
BaeMblil HTEPATUBHBIN MTOAX0M). B HeM nepenava JaHHBIX y3]Iy Ha3HAUCHUS BBINOJIHAETCS HA MPOTSHKCHUHU PAla
utepatuid. CTpaHUIbI, KOTOpbIE OBUIM M3MEHEHBI IPUIOKEHUEM BO BpeMs nepenadu BM, nin «3arps3HeHHbIE)
crpanuupl (dirty pages) [3], nepeqarorcsi B K101 HOBO# MTEpaIMy, U 3TOT MPOLECC MOBTOPSETCS, MOKa 00
HC HACTYIUT OTpaHUYCHUEC HA UTCPALIUU, J'II/I6O TIOKa HEMNCPCAAHHOEC KOJIMYECTBO JaHHBIX HEC CTAHCT MCHBIIC Ka-
KOT'0-TO 3aJIJaHHOTO IIpefena.

B o0uiem, AMHAMUYECKYI0 MUTPALIUIO C UTEPATHBHBIM MOAXOJAOM MOXKHO Pa3ZeiHTh Ha CIEIYIOIINe 3Ta-
sl (puc. 1).

1. Korzma murpanms HauMHaeTcsl, Tak Ha3bIBaeMblii 00pa3 BM (mamsts, nuck) [3] nepenaercs Ha y3en Ha3Haue-
HUSL.

2. Ha mocnemyromux 3ramnax TOJBKO CTPAHHUIBI, KOTOPHIE OBIIM «3arpsi3HEHBD BO BpeMsI IpeAbIayIneil urepa-
II1H, TIEPEAAIOTCS 710 TeX MOop, TOKa JIM00 He HACTYIIUT OTpaHWYEHHE Ha NTEPALIUH, JINOO0 [TOKA HEeTlepelaHHoe
KOJIMYECTBO JJAHHBIX HE CTAHET MEHBIIIE KAKOT0-TO 3aJaHHOTO IIpeJena.

3. Bemonnenne BM Ha MCXOZHOM y3J7i€ OCTaHABIMBAETCS, M COCTOSHHUE INPOLIECCOPA, PETHCTPBI, COCTOSHUS
BUPTYAJIbHBIX YCTPOMCTB U MOCIEAHUX CTPaHMIL] MaMITH IEepearoTcs y3iay HasHaueHus. [locie storo BM
BO300HOBIISIET BHIITOJIHEHHE HA y3Jie Ha3HaueHHs. Bpems atoro sTama Oyner BpeMeHeM HEeIOCTYITHOCTHU cep-
BHCOB.

| | |
70 o I
| |

=

Oo6pa3z BM 1 2 Cepsep 1

Oo6pa3z BM

—————

D 5 J

Hepe/:[aanOGpaBa UrepatuBHas nepenada [Tepenaua
BUPTyaJlbHOM MAalIHHEI 3arpsI3HCHHBIX CTPaHUIL OCTaBIINXCA
) ) CTpaHUIL
3)

Puc. 1. BpemeHHas guarpaMmma gUHaMMYeCKOn Murpaumm ¢ utepatmBHbiM nogxonom, rae 70, T1...Tn — BpemeHa
3TanoB UTepaTUBHOW Nepeaayvmn 3arpsi3HeHHbIX CTpaHuL,; N — HOMep nocreaHero atana; ws — working set
(cocTosiHne npoueccopa, perncTpbl, COCTOSIHUS BUPTYarbHbIX YCTPOUCTB U NOCNEAHNE CTPaHULLbI MaMSITL)

Cepsep 1

I g

Cepsep 2

Puc. 2. BpemeHHas guarpamma ceteBon murpawmm

WTepaTuBHBIN MOIXO0A XOPOIIO cedsl 3apEKOMEH/10Bajl IIPH BHICOKOW MHTEHCUBHOCTU YTEHHS, HO B CIIydae
BBICOKOW MHTEHCHUBHOCTH 3aITUCH OOJIBIIOE KOJIMYECTBO «3arpsi3HEHHBIX» CTPAaHHIl IPUBOIUT K YBEIMYECHUIO
BpPEMEHU MHTpanuy. A KOTJa MHTEHCUBHOCTD 3aIMCH JaHHBIX OOJIbIIE, YEM I10J0Ca MPOIyCKaHHs CeTH, THHA-
MHYECKas MUTpalys C UTEPATHBHBIM ITOJX0/I0M He Oyner pabdorars [3].
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IIpu cereBoit murpamuu BeIMOTHeHHe BM ocTaHaBNMHMBacTCS HAa MCXOOHOM y3Iie, M JaHHBIE (TIAMSATH,
JIICK) TIepeatoTcs Ha y3e1 Ha3HadeHus (puc. 2). Bpemst HeoCTyITHOCTH CEPBHUCOB MIPU CETEBON MUTPAINU 3HA-
YUTEIHHO MPEBBIIIAET 3TO XK€ BPEMsI B TUHAMUYIECKOM MUTPALIMN C HTEPATHUBHBIM ITOJXOAO0M, HO IIPHU 3TOM BpeMs
MepeHoca MEHbIIE, YeM B TIOCIETHEH, YTO MOXKET OBITH OoJiee IpHueMIIeMOo, KOTAa HyKEeH CpouHbIi epeHoc BM
WM TIPY BBICOKMX MHTEHCHBHOCTSX 3anucH. [Ipu mocrpoennu moneneit npeamnonaraercs, yto BM paboraror Ha
KJIacTepe U3 JBYyX (PU3UUCCKUX CEPBEPOB Oe3 00IIero XpaHuinia (KBOpyMa).

Bperl JMHAMHUYeCKOM MUT'paAllM4 ¢ UTEPATUBHBIM IIOAX010M

Byz[eM CUUTarb U3BCCTHBIMH MHTCHCUBHOCTD 3allMCHU JAHHBIX — )\.W, HMHTCHCUBHOCTDH N€pe€aavu JaHHbIX —
W, pazmep obpaza BM (muck, namsrs) — V, a HellepeiaHHOE KOJIMYECTBO JaHHBIX, IPY KOTOPOM OCTaHABIIMBAET-
cst BM, Oyznem cuntarb paBHBIM /.

Bpewms neperoca BM 7; Oymem paccuuThIaTh Kak CyMMY BpeMeH repenaun oopaza BM — T, ntepatuBHOM
HNepeaavn «3arpsA3HEHHBIX» CTPaHHL — 75, TIEpeauu OCTAaBIINXCSA CTPAHMI MAMATH M PECHCTPOB Ipoleccopa —
T 3.

=T, +T,+T,.
T\ paBHO pa3mepy ob6paza BM V, neneHHOMY Ha HHTEHCUBHOCTD TIepeIadn TAHHBIX |1
n-=.

n

T 2 pPaBHO CyMM€ BpEMCH II€peaain J1aHHbIX B Ka)K,HOﬁ HUTepalunn:

T, = iti )
i1

TS BpeMs nepeaaviu IaHHbIX B TGKyHIGﬁ UTEpaLUH f; BBIYMCIACTCS KaK KOJIMYECTBO JAHHBIX, «3arps3HECHHBIX» B
npe,ubmymeixi uTepanun (Vi—l)a JACJICHHOC Ha MHTCHCUBHOCTL IEpCAaiu JaHHBIX [L:

V.
_ i-l
(= (1)
KomnuectBo JAaHHbIX, 3arpsI3HCHHBIX B TeKyH.[eﬁ HUTCpalunu v; , ONpeaACIsACTCA KaK
A A
_ wo_ w
v[_VH'T_V'u,- ’ (2)

e { — TOKa3arellb CTENeHH, paBHbBIM HOMepy Tekyueit ureparmu. [loncrasmss (2) B (1), nomyunm ¢opmyay, mo
KOTOPOH MOXKHO pacCUHMTaTh BpeMs Iepeadyn JaHHBIX B TEKYIIEH UTEPAIHH f;:

i
. }\‘W

i+l "

=V

Toraa dopmyna Ui BpeMEHH 3Tara UTePaTHBHOU Mepefadd «3arps3HEHHBIX CTPAaHMID NPHHUMAET Clie-
JYFOIIMHA BUJ:
i
A,
i+l "

=3
221: "

T3 OIMPCACIIACTC KaK HENCPCAaHHOC KOJINMYECTBO JaHHBIX l, IIpu KOTOPOM BM ocTaHaBIMBaEeT CBOE BBI-
IMOJIHCHHUE, NCJICHHOC Ha [L:

r=t.

0
KonnuecTBo utepamuii 7 MOKHO BBIBECTU M3 CIEAYIOLIEr0 HepaBeHCTBA. KoIM4ecTBO HaHHBIX, KOTOpOE

3aTpsA3HUIIOCH BO BPeMs MOCNEHEH HTEpaliy JJOIDKHO OBITh MEHBINE MM paBHO [: v, </ wmm V -A" <1 .
Torma KOIMYECTBO UTEPALIUIA 71 MOKHO BBIPa3UTh Kak
n=1lo !
g A
BpeMst HemocTyIHOCTH CEpBUCOB OylleT paBHO BPEMEHH TPETHEro dTana Murpanuu 73, npu koropom BM
OCTaHABJIMBAET CBOE BHIMIOJIHEHHE IS IIEpEHOCA OCTABIIMXCSA CTPAHUI MAMITH U COCTOSIHUSA Ipolieccopa:

[
I,=T,=—.
n

Bpems ceteBoii MUrpauumn

BpeM;[ nepeHoca BM npu CETEBOMU MUTI'paliMi 3aBUCUT TOJIBKO OT KOJIMYECTBA MCPECAABACMBIX NTAHHBIX U
OIPCACIIACTCA KaK V/u 10 XKe BpEMs paBHO BPEMCEHH HECAOCTYITHOCTU CEPBUCOB, TAK KaK BO BCC BpEMs MHUI'paA-
IIMH BBITIOJTHCHHUC BM ocranaBnmBaercs:
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T :Td=K

m m

CpaBHe}me BAapUAHTOB MUI'PAallUHd BUPTYyaJbHbIX MalllUH

Pesynprarer pacuera Bpemenu neperoca BM mpencrasnens! Ha puc. 3,4. Ha naHHBIX rpadmkax MOKa3aHBI
3aBHCHMOCTH BPEMEHHM IEpPEHOCAa OT WHTEHCHBHOCTH TEPEladl JaHHBIX M WHTEHCHBHOCTH 3allMCH COOTBETCT-
BeHHO. Ha rpadukax 3aBUCHMOCTH OT HHTCHCUBHOCTH TI€peadn JaHHBIX BUIHO, YTO BPEMsI IEPEHOCA MPH CeTe-
BOH MHIDAIlM{ MEHbIIe IPY MAJBIX BEJMYMHAX L, U C €€ yBEIWYeHHUEM pa3HHIa yMeHbluaercs. Ilo rpaduxy
3aBUCHUMOCTHU OT MHTEHCHBHOCTH 3allUCH MOKHO 3aMETUTh, YTO BPEMS MEpPEHOCa IPU MUTPALIUH C UTEPATUBHBIM
MIO/IXOJZIOM YBEIIMYHBAETCA, U B TOUKE, KOT/Ia MHTEHCUBHOCTD 3alllCH paBHA HHTEHCUBHOCTH NEpeiadl, CTPEMUT-
csl K OeCKOHEeUHOCTH. Bpemst mepeHoca e 1mpH ceTeBOil MUTpallii He 3aBUCUT OT MHTEHCHBHOCTH 3allUCH U HE
MeHsIeTCs Ha rpaduke.

1000

0 50 100 150
u, MB/c

Puc. 3. 3aBucMmMocTu BpeMeHn nepeHoca BUPTyaribHON MaLUWHbI OT MHTEHCUBHOCTU Nepefayn AaHHbIX:
1 — oUHaMmnyeckas Murpaumsi, 2 — ceTeBas Mmrpauus
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Pwuc. 4. 3aBucumocTu BpemMeHn nepeHoca BUPTyanbHOW MallnHbl OT MHTEHCMBHOCTM 3anuncu:
1 — oUHaMnyeckas Murpaumsi, 2 — ceTeBas Mmrpauus

PesynbraTel pacueTa BpeMEHU HEIOCTYITHOCTU CEPBUCOB AJISI AUHAMHUYECKON MUTPAINH C UTEPATHBHBIM
TIOAXOZIOM M CETEBOW MUTPAIX MpeICTaBIeHbI Ha puc. 5. Ha rpaduke mokasaHsl 3aBHCHMOCTH BPEMEHH HEZIOC-
TYITHOCTH OT MHTEHCHBHOCTH 3amucH. [1o rpadmKy MOXXHO 3aMETHTh, 9TO BPEeMsI HEJOCTYITHOCTH CEPBHCOB IPH
CETEeBOW MHTpaNWH 3HAYUTEIHHO OOJIbINE, YeM IIPH JUHAMHYIECKOW MHUTpaUH, IPH KOTOPOil rpaduik pe3Ko mnaja-
€T yXe IIPU MaJIbIX 3HAUCHUSIX HHTCHCUBHOCTU MEPEAAUU JaHHBIX.
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Puc. 5. 3aBncumoctun BpeMeHN He4OCTYNHOCTN cepBUCoOB BMpTyaﬂbHOVI MalUUHblI OT MHTEHCUBHOCTU nepenayun
OaHHbIX: 1 — AUHamMu4Yeckas Murpauumsa, 2 — ceTeBas mMurpauma

PacyeTbl MoATBEPIKAAOT, YTO HCIIOJIb30BaHHE TUHAMHYCCKOH MUTPALliH MO3BOJISAET CYIIECTBEHHO COKpa-
THUThH BpeMs HEOCTYITHOCTH CEPBHCOB [0 CPABHEHHIO C HCIIOIB30BAaHUEM CETEBOH MHrpaluu. Bpems nepeHoca
IPY UCIIOJIB30BAHUH 3TOM TEXHOJIOTHH YBEJIMYMBAETCS, W IPOLIECC MHUTPALMU B AAHHOM CIIy4ae MOKET CHIIBHO
3aTAHYTbCS, OCOOCHHO MPU 3HAYSHUSIX HHTEHCUBHOCTH 3aIIMCH, IIPUOTIDKAIONIUXCS K 3HAYeHHIO HHTEHCUBHOCTH
nepeaayn JaHHBIX.

Pacuertsr npoBenens! st ciaydas ¥=20000 Mb, /=1000 Mb, A,,=30 MbB/c, p=125 MB/c ¢ ucnonb3oBanu-
€M IaKeTa KOMIbITepHOH MaremaTuku Mathcad 15.

B coBpeMeHHBIX AaTa-IeHTpax HCHOIB3YIOTCS KIacTephl, B KOTOPHIX BM MOryT mepemeriarscs Mexmy
(bU3HYECKIMH cepBepaMu MPU OTKa3e OTHOTO M3 CEPBEPOB, MTPH MPO(PUIAKTHUSCKHUX PadoTaxX, Ui 00SCIeUCHUs
OaNaHCUPOBKM HArpy3ku. Bupryanmzauus MoxeT 3(Q(EKTHBHO HCIOIb30BATHCS MPH OOSCIICYCHHH BBICOKOM
JOCTYIMHOCTH U OTKa30yCTOHYMBOCTH KJIACTEPHBIX CHCTEM MPHU €€ COBMCIICHUH C AWHAMHYCCKUM pacrperese-
HHEM 3arpocoB. Bo Bpems murpamn BM skenaTensHO MHHEMH3HPOBATh HEAOCTYITHOCTh CEPBHUCOB, YETO M I10-
3BOJISIET HOOMTHCS AMHAMHYECKAs MUTPALMS C MTCPATHBHBIM ITOAXOIOM. A TakKe BO3MOXKEH BapHaHT, KOTZa
HY)XHO mepeHecTH BM B MakcuManbHOE KOPOTKOE BpeMsi, Halpumep, IpH aBapHiHBIX paboTax Ha OJHOM W3
¢du3H4ecKux cepBepoB. B 5ToM ciydae Ha MOMOIIL MPUXOMUT ceTeBast MUTparys. OTMETHM TaKKe, YTO IPH BbI-
COKOM MHTEHCHBHOCTH IIepeladi JaHHBIX (TIPOITYyCKHOM CIIOCOOHOCTH KaHaja), BpeMs IepeHoca Ipu JUHaMU4e-
CKOW MUTPAIMH ¢ HTEPATHBHBIM ITOAXOIOM MPUONIKAETCS K BpEMEHH NIEPEHOCca IIPU CeTEBOM MUTIPALIUH.

3akJjoueHnne

[IpemtoxkeHbl MOJIETH, TO3BOJISIONINE OIICHUTh BpeMs mepeHoca BM u Bpemsl HEOCTYIHOCTH CEPBHUCOB
MIPH TIEPEHOCEe TIPH UCTIOIE30BAaHUN TAKUX TEXHOJIOTHH, KaK THHAMHYCCKAsT MATPAIHSI C UTEPATUBHBIM TIOAXOIOM
u cereBas mMurpanus. OHA MOTYT OBITH UCIIOJB30BaHbBI IIPH MPOTHO3UPOBAHIH BPEMEHH MUTPALUN U BPEMECHHU
HEIOCTYITHOCTH CEPBHCOB, HAMPUMED, MPH MPOBEICHUH NPO(UIAKTHYSCKUX M aBAPUHHBIX PaboT Ha (usnde-
CKHX y3JIax B IIEHTpax 00paOOTKH JaHHBIX.

Moenu mokasaiu, 4To AUHAMUYECKYI0 MUTPAIIUIO C MTOJX0I0M KOTIUPOBAHHS JI0 OCTAHOBKH PEKOMEHIYeT-
s UCTIOJIb30BaTh BO BpeMsi podunakTuyeckux pabort, Korna BpeMsi MUIpalii He KPUTUYHO M HYXXHO MUHHMH-
3MPOBATh BPEMsI HEJJOCTYITHOCTH CEPBHUCOB, a TAKXKe TIPH ITPOBEICHUH aBApHIHBIX PA0OT, KOT/Ia JIOCTYIHA JOCTa-
TOYHO BBICOKAsl MOJIOCA MPOIYCKAaHHs KaHalla, Malo KOJMYECTBO 3arpsi3HCHHBIX CTPAHUI] ¥ COOTBETCTBEHHO
yYMEHbIIaeTcsi BpeMs: Murpanuu. CeTeBasi MUTpAIis PEKOMEHIYETCs TPH MPOBEICHUH aBapUIHBIX paboT, Koraa
KPUTHYHO BPEMsl MUTPALIMH, & TAKXKE MPU BICOKOH MHTCHCUBHOCTH 3aIlMCH, KOTJIa PACTET KOJIMUYCSCTBO UTEPAIUid
Mepeavyd ¥ COOTBETCTBEHHO BPEMST MUTPAIHH, KOTOPOE CTPEMUTCS K OCCKOHECYHOCTH.
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