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Hayanoto

« 1967T.
 IBM cb3gaBat System 370 mainframe

« OnepaunoHHa cuctema CP/CMS
(VM/CMS) —
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[lpuynHU 3a pasBuTUE Ha

BpTyann3augusaTa

[lpegnaBukaTencrea:
« Hwucka cteneH Ha HaToBapBaHe Ha MHJpacTpyKTypaTa

- [loBuwaBaHe Ha pa3xoguTe Ha pmandeckara
NH(ppaCTPYKTYypa
« [loBuwasaHe Ha IT pasxoguTte 3a ynpasneHue

- HepocTtatbyHO 3alUUTa OT rpeLlkn n beacTeus

- Bucoka nogapbKka 3a KpanHUTE NOTPEOUTENICKN HACTOSHU
KOMMIOTPU
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CbpBbpPHaA KOHCONUpauus

> [lo-gobpo nsnonaesaHe Ha xapayepa — oT 5% a0 80%
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| Ctapu nnun HenpoBepeHU NPUNoXeHus
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Cpepa 3a Hay4YHu U3cnenBaHus,

pa3paboTKa U TeECTBaHE

« Bb3MOXHOCT 3a 3anucBaHe,
Bb3CTaHOBABaHe M npes3apeXxagaHe Ha
CbCTOAHUETO

» Bb3MOXHOCT 3a murpaumm n pennmkauum
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Kak paboTtun Buptyanusauyuara?

« TpaHchopmmpa unu BupTyanmampa xapayepHuTe pecypcum
Ha x86-6a3upaHn KOMMIOTPU, B HAMBITHO (PYHKLUNOHANHAa
BUpPTYyanHa maluunHa

- BwupTyanHarta mawuHa e usanoctHa cuctema ot OC u
NpUNoXeH cogTyep

- XapayepHuTe pecypcu ce pasnpenensaTt AMHaMUYHO U
npo3paHo

- Hakonko OC moraTt ga ce pabotaT eaAHOBPEMEHHO
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TepMUHUu

« HOST - pusunyeckaTta nnatcdopma
« GUEST - OC, n3nbnHsBalla ce Ha BupTyanHata mMalimHa

« VMM / Hypervisor — codTyep, noaabpxaly

BUPTYyalin3aundTa
Virtual Virtual Virtual
Machine Machine Machine
Guest OS5 Guest OS5 Guest 05

Virtual Machine Monitor or Hypervisor

Physical Server or Host
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BuptyanHa mawiunHa

« W3onupaH codpTyepeH KOHTEUHEP, KOUTO
MOXe ga ctapTtmpa cobctBeHa OC un
NPUNOXEHNS

« BM ce ObpXun KaTo MCTUHCKN KOMMIOTBP
N nma cobCTBEHN BUPTYarTHN
(copTyepHo 6asunpaHmn) npouecop,
nameT, QUCK U MPEXOBU agdantepu

Application

Operating System

« [oct OC He MOXe ga HanpaBu pasnuka
mMexay donsmndecka n BupTyanHa
MaLUMHa
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NMpeanmctBa Ha BM

CbBMeCTUMOCT - BUPTyarHUTE MAaLLMHN ca CbBMECTUMMU C
BCUYKM CTaHOAPTHM X86 KOMMIOTPU

U3onauus - BUpTyanHuTe MalluHM ca U3onnpaHu eaHa oT
Apyra, Kakto du3n4ecknTe oTaenHn KOMMoTpu

Kancynaums - BUpTyanHuTe mMallMHK Kancynupar MbiiHa
KOMMIOTbPHA cpeaa

XapayepHa He3aBUCUMOCT - BUPTYyanHUTe MallUHK ca
He3aBUCMMU OT NpuUnexalms xapayep
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BM u xunepBsaunsop

> OT rneagHa To4yka Ha
Xxunepsaunsopa, BM e
Habop oT pannose
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Buaoose BM

« Process Virtual Machine — npegHa3Ha4yeHa e 3a
cTapTupaHe Ha eduH NPoLeC

- System Virtual Machine — rotoBa cucremHa
nnaTtgopma, KoaTo nogabpKa U3nbSIHEHMETO Ha
yana OC
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MpouecHun BM

[looobpka camMo egnH npouec

OcurypsiBa nnatgpopmeHa He3aBUCUMOCT
Cb3gaBa ce npu cTapTupaHe Ha npouec
YHuLWOXaBa ce Nnpu 3aBbplUBaHe Ha npoueca

OrpaHnyeHne oT pecypcuTe Ha camaTta BUpTyanHa
MaLlnHa
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MpouecHun BM

User program

Bytecode

|/O interface Native OS interface Virtual CPU

File system Network Processes
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CuctemHuu BM

- Buprtyanusunpawmar copTtyep € pasnonoxeH mexay
xapayepa n roct OC

« Ocurypsia abcTtpakuusa Ha xapayepa oT rnegHa
TOYKa Ha codpTyepa BbB BM

« [losBonsaBa mHoxectBo OC ga paboTtaTt
eAHOBPEMEHHO BbPXYy eAnH dn3N4eCcKkn KOMNTHLP
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CuctemHuu BM
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U3nckBaHusa KbM XxunepBansopuTe

> 1974r. MNonek n N'onabepr pedouHUpaT NU3MCKBaAHUA KbM
KOMMIOTHPHA CUCTEMA 3a NoAApPbXKA HAa BUPTyanusauus:

1. To4HOCT — cb3gaBaHaTa cpefa 3a BM e no cbLecTso
NOEHTNYHA Ha opurnHanHaTta dusnyecka MmallunHa

2. W3onauua unu 3amTeHoCcT — XunepBan3opbT TpsibBa ga uma
NbMNEeH KOHTPOS BbPXY CUCTEMHUTE PECYPCU

3. [MpousBoguTenHocT — TpsibBa ga Mma MHOro Manka unm ga

HAMa pasfnuka B npoussoanTenHocTtta Ha BM n donsnyeckara
MalunHa

U3nbnHeHneTo Ha Kputepun 3 -> ecpukKaceH xunepBansop
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NMpeaumcTBa Ha BM

PU3nYeCKM MaLLUHU BupTyanHm mawmHum

- HeynobHu 3a npemecTBaHe « JlecHu 3a npemecTBaHe

« [lo-TpyaHu 3a nogapbXKka « JlecHu 3a ynpaBrneHue

« XapayepHu orpaHun4eHus « OcurypsiBaT Bb3MOXHOCT
3a CTapTMpaHe Ha cTapu
NPUNOXEHUS

- [lo3BongaBaTt cbpBbBLPHA
KOHconuaauus
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BunaoBe xunepBansopwu

Tun 1 — Bare-metal
- PaboTtaTt gupekTHO BbpPXY xapayepa
- He nsucksa otgenHa OC

« Bucoka edpekTUBHOCT 1 NpOU3BOAUTESTHOCT

VMware ESXi
Microsoft Hyper-V

Citrix Xen server
KVM
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BunaoBe xunepBansopwu

Tun 2 — Hosted
« W3uckBa nHctanmpaHa OC
- Pabotun kaTto npunoxeHue

VMware workstation

Oracle VirtualBox
Microsoft Virtual PC
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PusnvyeckKka MHPpPaACTPYKTYypa

Applications——3 M"\ﬁn“‘”
Operating System—— r
Physical Hﬂst—}"\.,u,.-"

ISCSI
Storage

Ethernet leir=

Channel
1 Fibre Channel
NFS \\‘

: Storage
Storage Network
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BuptyanHa nHgpactpykrypa

/|

iSCSI A Fibre Channel
Storage NFS Network Storage
Storage
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CnopensiHe Ha pecypcu

Hypervisor x64
architecture
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BupTtyanunsauusa Ha npouecop

N

APP APP APP
os os os

Q0 QU

x64 architecture

Nill

-

x64 architecture

NIl
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N3non3BaHe Ha namMeTTa

x64 architecture

x64 architecture
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dun3nyecKn n BUPTyarnHn MpPexmu

x64 architecture

. x64 architecture

\ i %
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dun3nyecKn n BUPTyarnHn MpPexmu

x64 architecture

. x64 architecture

\ i %
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B1HL3MOXHOCTU NPU CbPBBLPHA

BUpTyann3auus

High Availability (HA)
Fault Tolerance (FT)
Live Migration (LM)
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High Availability (HA)

Virtualization layer Virtualization layer Virtualization layer

(hypervisor| (hypervisor) (hypervisor)

Server A Server B ServerC

Network

Storage system
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Fault Tolerance (FT)

Fault tolerance Fault tolerance

£\ (N

VM VM | WM

Virtualization layer Virtualization layer Virtualization layer
(hypervisor) (hypervisor) (hypervisor)
Fj - -
Server A Server B ServerC
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Live Migration (LM)

W] W] Vv VM VM
Ay

Live Migration

Virtualization |ayer Virtualization layer
(hypervisor) (hypervisaor)
Physical server Physical server
hardware hardware
Server A Server B
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[ecKkTon BupTyanusauyus

» Virtual Desktop Infrastructure (VDI)

Cartralissd Virtual

Storage device

Thin clients or any PC
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Ctopupx Buptyanmsauus

Wik VR W

Wil WA Wik
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KHT knbcTep

HP Proliant Gen8
CbpBbpU U
BUpTYyaJsiHa VMware
MHPPaCTPYKTypa.
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YnpaBneHue Ha BUpTyarnHa

m-lcbpachyKTypa
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Obna4yHu onepaumoHHN CUCTEMMU

- Tun OC, npoekTupaHa ga onepupa B cpeaa
Ha obna4vyHu N3YncneHns n BupTyannsayms.
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Obna4yHu onepaumoHHN CUCTEMMU

Application C
Application A Application B
| User Library |

Cloud

User Space
E’ﬂphcﬁtimﬂ (Sturagej (Naming) [ J

Network Interface = = =| = =

Cloud
Kernel Space

( Measurement ) ( Authentication ) ( 5 )

User
Applications

j Cloud Library API

Cloud Libraries
a standard set

of distributed
systems

Cloud System Calls

Kernel

Cloud Processes
provide cloud-wide

resource abstractions
and management
interfaces
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