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Hayanoto

« 1967T.
 IBM cb3gasat System 370 mainframe

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

BpTyann3agusaTa

[lpegnaBukaTencrea:
« Hwucka cteneH Ha HaToBapBaHe Ha MHJpacTpyKTypaTa

- [loBuwaBaHe Ha pa3xoagmTe Ha usnyeckaTa
NHppaCTPyKTYypa
« [loBuwasaHe Ha IT pasxoguTte 3a ynpasneHue

- HepocTtatbyHO 3allUTa OT rpeLlkn n begcTeus

- Bucoka nogapbKka 3a KpanHUTE NOTPEOUTENICKN HACTONHU
KOMMIOTPU
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CbpBbpPHaA KOHCONUpauus

> [lo-gobpo nsnonassaHe Ha xapayepa — oT 5% a0 80%
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Opyrn npunoxeHus
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Cpepa 3a Hay4YHu U3cnenBaHus,
pa3paboTKa U TeECTBaHE

« Bb3MOXHOCT 3a 3anncBaHe,
Bb3CTaHOBABAHE U Npe3apexaaHe Ha
CbCTOSAHUETO

« Bb3MOXHOCT 3a Murpaumm 1 pennukaumm
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Kak paboTn Buptyanusaumara?

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

- BwupTyanHarta mawuHa e uanoctHa cuctema ot OC un
NPUNoXeH cogpTyep

- XapayepHuTe pecypcu ce pasnpenenaTt gUHaMUYHO U
Npo3paYHo

- Hakonko OC moraTt ga ce pabotaTt eaAHOBPEMEHHO
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TepMUHUu

« HOST - punsunyeckaTta nnatcdopma
« GUEST - OC, n3nbrnHaBalwa ce Ha BupTyanHaTta malimHa

« Virtual Machine Monitor / Hypervisor — codpTyep,
nogabpxall BUpTyanusaumsTta

Virtual Virtual Virtual
Machine Machine Machine
Guest Q5 Guest 05 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
NPUIOXEHUS

« BM ce ObpXun KaTo MCTUHCKN KOMMIOTBP
N nma cobCTBEHN BUPTYarTHN
(copTyepHo 6a3upaHmn) npouecop,
nameT, QUCK U MPEXOBU adantepu

Application

Operating System

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

« CBbBMECTUMOCT - BUPTyasiHUTE MaLUMHU Ca CbBMECTUMU C
BCUYKM CTaHOAPTHM X86 KOMMIOTPU

-  W3onauwmsna - BUpTyanHutTe MalluMHu ca U3onupaHu eaHa ot
Apyra, Kakto du3n4ecknTe oTaenHn KOMMoTpu

- Kancynauwus - BUpTyanHutTe MallnMHW Kancynupar NbrHa
KOMMIOTbPHA cpeaa

- XapayepHa He3aBUCUMOCT - BUpPTYyanHUTE MallMHK ca
He3aBUCMMU OT NpuUnexalms xapayep
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BM u xunepBsaunsop

> OT rnegHa To4yka Ha
xunepsamnsopa, BM e
Habop oT hannose
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Buaoose BM

« Process Virtual Machine — npeagHa3Ha4yeHa e 3a
cTapTupaHe Ha eduH NPoLeC

- System Virtual Machine — rotoBa cucremHa
nnaTtdopma, KoATo noaabpKa U3nbSIHEHMETO Ha
yana OC

anIHLI,I/IﬂVI Ha onepaunoHHUTE CUCTEMMN, XpI/ICTO BbnyaHoBs




[MpouecHn 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

1/O interface Native 0S interface Virtual CPU

File system Network Processes
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Cuctemuu BM

- Buprtyanusunpawmar copTtyep € pasnonoxeH mexay
xapayepa n roct OC

« OcurypsiBa abcTpakumns Ha xapayepa oT rnegHa
TOuYKa Ha codptyepa BB BM

« [losBonsaBa mHoxectBo OC ga paboTtaTt
eAHOBPEMEHHO BbPXYy eAnH dn3N4eCcKkn KOMNTHLP
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Cuctemuu BM
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N3nckBaHusa KbM xunepBansopuTe

> 1974r. Nonek n Nl'onabepr pedouHUpaT N3MCKBaAHUA KbM
KOMMIOTHPHA CUCTEMA 3a NoAApPbXKA HAa BUPTyanusauus:

1. To4HOCT — cb3gaBaHaTa cpefa 3a BM e no cbLecTso
NOEHTUYHA Ha opurMHanHaTta pusnvyecka MmalunHa

2. W3onauua unu 3awmTeHoCcT — XxunepBan3opbuT TpsibBa Aa uma
NbNEeH KOHTPON BbPXY CUCTEMHUTE pecypcu

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

HSAMa pasfnuka B npoussoauTenHoctta Ha BM u dunsnyeckara
MalluHa

U3nbnHeHneTo Ha Kputepun 3 -> ecpukaceH xunepsaunsop
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NMpeanmctBa Ha BM

PU3nYeCKM MaLLUHU BupTtyanHun mawmHun

- HeynobHu 3a npemecTBaHe « JlecHun 3a npemecTBaHe

« [lo-TpyaHu 3a nogapbxKa - JlecHu 3a ynpaBneHue

« XapayepHu orpaHuyeHusd « OcurypasaTt BbL3MOXXHOCT
3a cTapTupaHe Ha ctapu
NPUITOXKEHNSA

« [lo3BonsaABaT CbpBbLPHA
KOHconugauugd
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BunaoBe xunepBansopwu

Tun 1 — Bare-metal
- PaboTtaTt gupekTHO BbpPXY xapayepa
« He nsnckea otgenna OC

« Bucoka edpekTUBHOCT 1 NpOU3BOAUTESTHOCT

VMware ESXi
Microsoft Hyper-V

Citrix Xen server
KVM
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Vuare ESKi 6.7.0 (VMernel Release Build 8169922)
Viuare, Inc. VYeare?, |

4 x Intel(R) Xeon(R) CPU E5-26/0 0 @ 2 60GHz
16 GiB Pemory

To manage this host go to:
hitp://169.254.35.48/ (Haiting for DHOP...)
http://1feB0: : 250 :56Ff :fea5: 11661/ (STATIC)

Karning: DHCP lookup falled. You mey be unable to oaccess this system mntil you custonize its
netuork conl igurat fon.

F2> Customize Systen/View Logs F12> Shwit Down/Restart
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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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N¢ Oracle VM VirtualBox Ynpasnexue — O X

Qavn MawwHa [lomouw

L W G -

‘J vy HoBa Hactpoiikm M3suwcrease Crapr
B ochosHm - Npernen
Hme: Linux
Linux OnepaunoHHa cuctema: Linux 2.6 / 3.x / 4.x (32-bit)
W3knrouera since 12:01 | cucrema
Session oTKNOUeHa
Base Memory: 2048 Mb
Pea Ha 3apexpgane: ®nonwn, ONTHuHO, TELPA AMCK
YckopeHue: KVM napasupTyanusaums
B Dpisplay
Buaeo namer: 16 M6
Graphics Controller: VMSVGA
Otpaneuex pabotex nnot: Disabled
Recording: Disabled
¥ Cobxpanenwe

Kowtponep: IDE
IDE Bropuuen Mnaeex: [OnTuuko ycrpoicTeo] MNpasko
KoHTponep: SATA

SATA noprt 0: Linux.vdi (Hopmanen, 16,00 ')
M Audio
PeaneH gpaiieep: Windows DirectSound
KoHTponep: ICH AC97
.‘ Mpexa

Apantep 1: Intel PRO/1000 MT Desktop (NAT)
[ usB

USB koHTponep: OHCI, EHCI
®uATpH Ha ycrpoiicteata: 0 (0 active)

g Cnogenenn nanku

None
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HuBa Ha npuBunernn Ha npouecopa

« X806 apxuTeKktypa Ha
npusunerun: 4 HMBa

- B noseyeTo £ N
CbBPEMEHHU CUCTEMU F 5
HVMBa 1 1 2 He ce / |
nanonsear I !

| |

! /
! i
\ 4

Device drivers

T

.. Applications
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M3nbnHeHWe npu He-BUpPTyarnu3npaHa
CUCTEeMa

Direct
Execution
of User

and OS
Requests

Host Computer
System Hardware
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BbuHapHO TpaHcnupaHe

Ring 3 [REEEIRAYE Direct
Execution
- of User
ang# [ Requests
gl Binary
Translation
Ring 0 of OS
Requests

Host Computer
System Hardware
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[MlapaBupTyanusauus

Ring 3 [EEEEElsE

Ring 2

Ring 1

Paravirtualized

AU G est OS

Virtualization Layer

Host Computer
System Hardware

Direct
Execution
of User
Requests

‘Hypercalls’ to the
Virtualization
Layer replace
Non-virtualizable
OS Instructions
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XapayepHo nognomMmorHarta

BUPTYAJIN3adLIUA
Ring 3 [RSEEIRYY S Direct
Execution
. of User
Non-root Ring 2
Mode Requests
Privilege :
Levels Ring 1 L
Ring 0 OS Requests
Trap to VMM
Root Mode without Binary
Privilege Translation or
Levels Paravirtualization

Host Computer
System Hardware
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XapayepHo nognomMorHara

BUPTYyanu3auusn
VMg VM,
Ring 3 Apps Apps
Ring 0 WinXP WinXP
 Intel: VT-x (x86), — ¥ _________________________
VT-i (Itanium) ¥
VM VM VMCS VMM
«  AMD: AMD-V (x86) VMX entry exit configuration
root T Memory and /O
mods VM control structure virtualization
=
VT-x .
P with
Gl VTx (o VT4)
CPU,
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XapayepHo nognomMorHara
BUpPTyanu3auus

« HoB pexum Ha pabota Ha CPU:
VT Root onepauuum (3a xunepsansopa)
Non root onepauuum (3a roct OC)

-  EnumuHmpa ce komnpecuaTa Ha puHra

« Hosu nHcTpykummn Ha npouecopa — Virtual Machine
Extensions (VMX)

VMPTRLD, VMPTRST, VMCLEAR, VMREAD, VMWRITE,
VMCALL, VMLAUNCH, VMRESUME, VMXOFF, VMXON
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VMCS

GUEST STATE AREA CONTROL FIELDS
External-interrupt exiting | NMI exiting | Virtual NMls
Activate VMX-preemption timer Process posted interrupts
Interrupt-window exiting Use TSC offsetting
HLT exiting INVLPG exiting MWAIT exiting RDPMC exiting
Selector RDTSC exiting CR3-load exiting CR3-store exiting CR8-load exiting
Selector CR8-store exiting Use TPR shadow NMI-window exiting MOV-DR exiting
DS Selector Unconditional I/O exiting Use 1/0 bitmaps Monitor trap flag Use MSR bitmaps
ES Selector MONITOR exiting [ PAUSE exiting [ Activate secondary controls
FS Selector Virtualize APIC accesses | Enable EPT [ Descriptor-table exiting | Enable RDTSCP
GS Selector Virtualize X2APIC mode | Enable VPID [ WBINVD exiting | Unrestricted guest
LDTR Selector AP|C-register virtualization [ Virtual-interrupt delivery [ PAUSE-loop exiting
TR Selector RDRAND exiting | Enable INVPCID Enable VM functions | VMCS shadowing
Selector Enable ENCLS exiting | RDSEED exiting Enable PML | EPT-violation #VE
Selector Conceal VMX non-root operation from Intel PT Enable XSAVES/XRSTORS
Mode-based execute control for EPT Use TSC scaling

APIC Virtualization
Page-directory -pointer-table entries

Posted-interrupt notification vector

Guest interrupt status

PML index

HOST STATE AREA

Virtual-Processor Identifier

cs Selector VM-EXIT CONTROL FIELDS

SS Selector Save debug controls [ Host address space size [ Load IA32_PERF_GLOBAL _CTRL
DS Selector Acknowledge interrupt on exit | Save IA32_PAT | Load 1A32_PAT [ Save IA32_EFER | Load IA32_EFER
ES Selector Save VMX preemption timer value Clear IA32_BNDCFGS Conceal VM exits from Intel PT
FS Selector VM-Exit Controls

GS Selector for MSRs

TR Selector

VM-EXIT INFORMATION FIELDS

Basic VM-Exit
Information
VM Exits Due to Vectored Events

VM Exits That Occur During Event Delivery

VM Exits Due to Instruction Execution

* 16-bits fields.

Copyleft 2017, @Noteworthy (Intel Manuel of July 2017)
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PusnvyeckKka MHPpPaACTPYKTYypa

Applications——3 ‘“x\’
Operating Sy'stem—}
Physical Hust—}"\.,u,.-

Ethernet Pleles

Channel
ISCSI \ Fibre Channel
NFS .

Storage Storage
Storage Network
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BuptyanHa nHgpactpykrypa

Machines

Hypervisor g, "

/|

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

x64 architecture

Nill

-

N

APP APP APP
os os os

Q0 QU

x64 architecture

$o
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N3non3BaHe Ha namMeTTa

x64 architecture

x64 architecture
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du3nyecKkn n BUPTyarnHn MpPexmu

x64 architecture

x64 architecture
_ iy
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du3nyecKkn n BUPTyarnHn MpPexmu

x64 architecture

x64 architecture
_ iy
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B1HL3MOXHOCTU NPU CbPBBLPHA
BUpTyann3agus

« 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 ServerB Server C

Network Metwork
.,

g_ WM

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)

U UM UM VM | VM n
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)

Cartralised Virtual

Storage device

Thin clients or any PC
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Ctopupx Buptyanmsauus

I'|.I'. r'-.."| 'ln'l i".n 'llall r"uil1

Hypervisar
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KHT knbcTep

HP Proliant Gen8
CbpPBbLpPU U
BUpTyaJsiHa VMware
NMHPpPaACTPYKTYypa.
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YnpaBneHue Ha BUpTyarnHa

MHPPacTPpyKTypa

File Edit View Inventory Administration Plug-ins Help
sl " J " >
@ |E} Home | ri'lj Inventory | Eﬂ Hosts and Clusters Hﬁﬂ_vj Search Inventory
nir o8 GdeRSP
il LinuncOS
= [ : ; ez o : : = o
=] CSEcluster Getting Started EEIINEL Resource Allocation | Performance | Tasks & Events | Alarms | Console ! Permissions |
% — - General Resources
R ? Guest 0.5: Linux 4.4.14 Slackware 14.2 Consumed Host CPU: 40 MHz
'ﬁ CSESewer i VM Version: 11 Consumed Host Memory: 132800 MB
] i t::we;_ong CPU: 8 vCRU Active Guest Memary: 0,00 MB
] L[nuxousn Memory: 16384 MB Refresh Storage Usage
% .L'_"“"OS Memory Overhead: Provisioned Storage: 116,17 GB
inuxQ5S_or,
Yy LinuxPetko J VMware Taools: & Running (Current) Not-shared Storage: 29,19 GB
& Ocartiil IP Addresses: Wiew all Used Storage: 45,36 GB
@ Ocart1110 Storage . | Status | Drive Type |
@ Ocart1111 DMS Mame: Linux05 a VD-VYMS_Store & MNormal MNon-550
EVC Mode: NfA ———
 Ocarti112 f < i I z
) Ocart112 State: Powered On
h Ocart113 bk 164.141.30.82 Metwork | Type | st
) Ocartild Active Tasks: 8  VMNetwork Standard port group &
1 Ocartiis )
& Ocartils vSphere HA Protection: (3 Nfa & | ! | >
1 Ocart1i?
& Ocart118 Commands
() Ocartl1s Shut Down Guest
G Ocarti2i
h Ocart1210 00 suspend |
) Ocart1211 @ Restart Guest
G Ocart1212 NER
& Ocart122 fgp Edit Settings
1 Ocart123 E8 Open Console
G Ocart124 Bf Migrate
1 Ocart125 o %
= ﬂﬁ Clone to Mew Virtual Machine
< | n 1B .
Recent Tasks Name, Target or Status contains: ~ I Clear
Name | Target Status | Details | Initiated by | Requested Start Ti... — | Start Time | Completed Time
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Cloud computing

Mogaen 3a npeanocraBsgHe Ha yaobeH
MpeXoBu AO0CTbMN A0 criogesneHa rpyna oT
N3UYNCIINTENHUN pecypcun (Mpexu,
CbpPBbpPU, NMPUNOXKEHNSA), KOUTO 6BbP30 Aa
MoraT [a ce 3aeMaT un ocsoboxaasaTt
(neduHnumnsa Ha NIST).
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ApxutekTtypa Ha cloud computing
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OnHaMun4yHo obe3neyBaHe

[Mpn TpagMUMOHHNSA MOAEN HA U34YUCIEHNS CbLUECTBYBaAT
aBa oowm npobnema, CBbP3aHN C N3MOSI3BaHETO Ha
CUCTEMHUTE PECYPCU:

‘loaueHsABaHe Ha U3NONI3BaHETO Ha CUCTeMaTa, KoeTo
BOAM OO0 HeAOCTaTb4HO OCUTypsiBaHe

Loss Revenue

Resources

N
%)
g /A\ /ﬂ\ /fb@pacitxx Ueﬂand
2/ \/ ‘.
~< Demand Loss Users
i é gr | city

Time (days)

Resources

Denand

T 2 3
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OnHaMun4yHo obe3neyBaHe

- HapgueHsBaHe Ha U3NON3BaHETO Ha CUCTemMmaTa, KoeTo
BOAU A0 HUCKO M3norsni3BaHe

Capacity

Unused resources

Resources

Demand

~
L

Time
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OnHaMun4yHo obe3neyBaHe

Resources

PelwieHune: AMHaMU4YHO oGe3nevyaBaHe Ha pecypcu

Capacity

Time

Resources

\Capacity
Demand

~
7

Time
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Cloud Service Mogenwu

Resource
Management
Interface

Mobile
Device

SaaS

Web-based
Application

}}eneral

Application

Development Control
Tools Interface

Runtime

~ Environment

Virtualization

System
Monitoring
Interface

Business
Services

Resource Fault
Management Tolerance

Dynamic Load
Provisioning Balancing

Storage
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Infrastructure as a Service

Mooen Ha pOocTaBsiHe, TnMpuU  KOWUTO
opraHusauusaTa Haema BbHLLHO
obopyaBaHe M3Non3BaHO 3a OCUrypsiBaHE
Ha pas3nu4yHN OenHOCTU (NaMeT, xapayep,
CbPBbPU WU MPEXKOBU  KOMMOHEHTN).
[docTaB4nkbT nputexasa obopyaBaHETO U
e OTIoOBOPEH 3a HeroBata noAApPbBXKKA.
KnmeHTbT OOWMKHOBEHO 3annawa 3a
n3nona3saHe Ha ToBa 0bopyaBaHe.
Amazon EC2

*Eucalyputs

*OpenNebula
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Infrastructure as a Service

Hypervisor

P

Hardware

D

Peanunsauuns Ha laaS: Buptyanusauumsa

*ADCTpakuusa Ha U3NbIIHMMA cpeaa, KoSTo
MOXe OWMHaAMWYHO Aa ce npenocTaBsa Ha
KIUEHTN;

‘Peanunanpa ce Ha Oasarta Ha BupTyasiHu
mMawunHu (VM);

«XnnepBansop emynupa WHCTPyKUumTe OT
VM un ynpasnaBa xapayepHUTeE pecypcu
OWHAMUYHO 1 NPO3paYHo.
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Platform as a Service

HaunH 3a HaemaHe Ha onepauuoHHN CUCTEMU, MAMET U
MpeXoBn Kanaumter npe3 WHTepHeT. MooenbT Ha
OgocTtaBka NoO3BonsBa noTpebutenat QOa Haema
BUPTYanumampaHn CbpBbPU 34  U3MbIJIHEHME  Ha
NPUNOXEHNA WUNM 34 TAXHOTO pa3paboTBaHe WU
TECTBaHe.

*Microsoft Windows Azure
*Google App Engine
*Hadoop

P
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Windows Azure
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Platform as a Service

CucrtemMHa apxutektypa

Programming IDE System Control
Interface

* Policy-based
Programming APIs Development Tools « Workflow

Runtime Environment

Scalability Availability Performance Manageability
Elasticity Reliability ~ Optimization Interoperability

( o - -\ (& \N 7 N
Computing Resource Network Storage Resource
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Platform as a Service

Peanunsauma Ha PaaS: Runtime Environment Design

Konekuna ot Hanu4yHm codTyepHU ycnyrn. TUnnyHo e
dopmMupaHa KaToO CBbBKYMHOCT OT  NporpamMmHu
bnonuoTeku.

[loTpebutenute moratr pga wsnon3sat |IDE 3a
pa3paboTBaHe Ha NPUNOXEHUA.
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Software as a Service

CodTyepeH pasnpegeneH wmopen, npu  KOWTO
npunoXeHnsiTa ce nogabp)KaTt OT OOCTaBYUK U ca
OOCTbMHU 3a noTpebutenute npe3 MpPeXoBU
AOCTbMN, TUNNYHO IHTEpPHeET.

*Google Apps (Gmail, Google Docs, Google sites)
*SalesForce.com
Eye0S
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Software as a Service

CuctemMHa apxutektypa

lfiflftft

Web-base Applications Web Portal

( General ]( Business }( Scientific ]( Government)
Applications Applications Applications Applications

Commercial Platform Open Source Platform Other

I
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Software as a Service

Peanun3auua Ha SaaS: Web services

‘Web 2.0 — TeHaeHuunsaTa B nanon3saHeto Ha WWW.
*/I3non3BaHe Ha pas3nuyHn Tunose web-npunoXxeHus.
‘Web-noptanu, npegocrtassdwmM ycnyru karto e-mail,
bopcoBu LUeHN, basn aaHHWU, pa3BrevYeHns:

« iGoogle

« MSNBC

* Netvibes

* Yahoo!
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Ob6na4yHu onepaumoOHHN CUCTEMMU

Cloud OS ynpasnsBa onepaunnTe,
M3NbJIHEHUETO U NMpoLecuTe Ha
BUPTYaAHW MaWWUHU, BUPTYASIHN CbPBbPU
N BUPTYaA/THN MHPPACTPYKTYpPW.
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OOna4yHu onepauOHHU CUCTEMMU

Application C User
Application A Application B ["User Library | Applications

Cloud Cloud Library API

User Space :hg: Eh:j'ar:tes
Replicati 5t Nami as In ard s
. 2 - of distributed

systems
Cloud System Calls

JL

Network Interface = = =| = =

Kernel

Cloud Cloud Processes
I provide cloud-wide
Kerne SF“':E resource abstractions
( Measurement ) ( Authentication ) ( . ) and management
interfaces
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Ob6na4yHu onepaumoOHHN CUCTEMMU

"(Glide) is like world peace (between devices and
platforms). It's amazing."

THE WALL STREET JOURAAL @ PCWORLD e
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OOna4yHu onepauOHHU CUCTEMMU

LU STSEL PRSI T T

e Pre— pre—— [RE——— e W4 | My
(Ghost ..
ELOL SOrmiauITin “_;l

Freedom: Your ﬁIM in the cloud

& A prvate hand disk scross the Enterret & Hosted securely by Amazon.com
s Your Hes fom aery computer s orl phore o Mount a5 8 normal Windows drive

= Share and colabex ate = Deckiappor tal fir werkeng r he doud
s Workd-chass badku and vecurity

Freedor: Your fles
'8 Ghost Personal i ey el
Personal Accounts have been cosed
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