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bY T EDS Not a New ldea

SHANGHAI JIAO TONG UNIVERSITY

IBM Cambridge Scientific Center

Ran on IBM 360/67
e Alternative to TSS/360, which never sold very well

Replicated hardware in each “process”

e Virtual 360/67 processor

e Virtual disk(s), virtual console, printer, card reader,
etc.

CMS: Cambridge Monitor System
A single user, interactive operating system
Commercialized as VM370 in mid-1970s
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X EXALE & WA 3 A2

= SHANGHAI JIAO TONG UNIVERSITY

m EHLREH

e CPU, ATE...

o — L EPCHICPURMEIRE R5~15%
m AR EXRBERZE

o UL, HaJy, Hith, 4P,
m HEXZE

o BENME, LM, FHEM..
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SHANGHAI JIAO TONG UNIVERSITY

¥ 144 % . Moore's Law
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by FELLLE #48. CPUKE

1975, Intel 8080, 2M Hz
1981, IBM PC, 4.77M Hz
1995, Pentium, 100M Hz
2002, Pentium4, 3G Hz

CPUIEZE304E K 7150013 !
m EXHIEER, S2EERIntelNALIEEETTIE !
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YEAAAY Bttt H L

SHANGHAI JIAO TONG UNIVERSITY

m {RFIAE
o MRISETRAL FHFM, FRRE

m REEGEER
o [ERUIN, FPAK

A )
w| C apacity $ . n
E Fi .." LY
= y y r
H Fi ! L1 i
= Demand y | 4 \ Capacity
s
Demand
> >
Time Time
i . = N
Statically provisioned “irtual” data center
data center in the cloud

Unused resources
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) RO & B

EML L2 Virtualization

R iLE N HIEEERE— 1T 2REG &R
ML AT LLE—PNOSEE BIM—1P0S E
LRI LILLEZ 1N OSEE— 4R HL Lk
EPME T I PRI — S IR !

FETUNLZ fE'-TI-u'T’th:El:ZE{ﬂE,JI_J)& 87 AV EFATT
Bil&%, HEWBSECEMUESH (CPU, K
ﬁ, /O 11‘%> 0 L_Lj-.fE"TFu'f'thzH,J*%*u FEMM
ELERHEER, HRME—1TESXHVEE
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YFEZAAE £ a4t K15

SHANGHAI JIAO TONG UNIVERSITY

m Host: YR HFRIERS

m Guest: EHWWHLFINHA
m Virtual Machine Monitor (VMM): i /N ERH IE—
MNDIBHLBVER S B

Type 1 (bare-metal) Type 2 (hosted)

Guest

VMware ESX, Microsoft Hyper-V, Xen VMware Workstation, Microsoft Virtual PC,
Sun VirtualBox, QEMU, KVM

© jinyh@sjtu
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e & AR L

= SHANGHAI JIAO TONG UNIVERSITY

n EUHUERFRNEERR, NYEERSIAVZAR.

. EUUERARNIMEARERGETMA—TNEMLE,
FTENZRMREIZ—EANEIR, RS ERER.

. ABRE, EMCHEHMT TENRHERR, BidE L
—BRRHRERIEHR - S EREMEFNEITING
—HRRONTEZA, #RE—PMEMRRESREFEO,
" LERHAIIERBITEREMIMME .

n EEEEERSE BE ERSRARIRY, EUMLH
RF— FIRMRE, TN FIRMRL—H
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Y %5 ﬁ }6)&2 . - .
Sllflﬂﬁfﬂl;\'rom UHIVER?I‘TY ﬁ #’A % % *

G. Popek, R. Goldberg, “Formal Requirements for Virtualizable Third
Generation Architectures”, Communication of the ACM, vol. 17, iss. 7
m [5]/&R (Equivalence)

o VM HEITIMEFIIEHANIMEEARR EERMERR, RILLATLIE

—LeER. W CPU RY ISA w%1—H, CPU core B PNEAT LAR[E]
m 53X (Efficiency)

o VM BUMEEWINERITYIIENL. FEitk, = ILBEVIRIUEE (boches,
simics ...) LA BEFR A VMAKILL B A, WEFE VM BT, X
SZHEECERRERG LRIT, RELERSEE VMM BRI
IR

m RIESIE (Resource control)
o VMM XH4IIRH RV B FIRBEXTHIIES N

© jinyh@sjtu 14



YEXELY & #AL(VMM) 6 (x4

AKVM

Kernel-based Virtual Machine

5 vmware CiTR!X® Micresoft

VMWare Workstation XenDesktop Hyper-V
VMWare ESXi XenServer
e Ml AR 15

© jinyh@sjtu 15




YFEZAAE & il o £

= SHANGHAI JIAO TONG UNIVERSITY

m Full virtualization:
o FIIIZ A VM BB %1%, OSEHEH L
TP EEEEK.
o HLFIRYHF VMWare, Virtualbox, KVM ...

m Para-virtualization:
o = OS hENguERIL, FEH EI1Z1THY OS EE1E .

o ICVIRATEREANTHR x86 ARLEN L EIML
HEME G2A Intel VT & AMD-V FEHEEHIL L3581 ;

o BABTaIHEmIES B4z A MRS , Bk

FEZATIRESEMIAIE.

o HLIAIGYH Xen .

(i

© jinyh@sjtu
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YEZLAAY

= SHANGHAI JIAO TONG UNIVERSITY

4y 22 R 0B 64 1B AL

m AR
m NEFEERL
m /O \EFEMUL
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rRiics TYYTLE

SHANGHAI JIAO TONG UNIVERSITY

n AHEF[EINAUNHNZEOMS—HNES G5LSHE) M
—HNFFR (FRTEA _""E’Jirﬁ AN R
T ANIRSTIEHIF 7

n /O XFEWMARHRIIED ’@.Etzs—i’ﬁﬁﬂklufﬂﬁﬁll%}ﬁ
r (BERFTAANINEMR .

n Hp s fig & REMIT AN S FaaMmAXESR
,J_ BTN
e x86 HYCRO ~ CR4, MIPS HJ CPO &17&%, PowerPC HY
Privileged SPR.
s ALUES ARG RARRIE O MEBES
e x86 HY lgdt/sgdt/lidt/sidt/in/out, MIPS EJ mtcO/mfcO,
PowerPC B mtmsr/mfmsr, SPARC HY rdpr/iwrpr 3,

© jinyh@sjtu
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i #4 A 45 4

SHANGHAI JIAO TONG UNIVERSITY

B RITENAEREW—RZELCERMEFNE, BIRAPES

?[M;/(’L: AR
o KRMEMLI BAY SPARCHIPowerPC
o MIPS BE="MFRZ (4hn—A Supervisor 75, &T4H)
o x86 AIMFNZ (Ring0 ~ Ring3)) AXAREEAES I EFIR A
Yo
B RARZBHHIHRIESEINUES, FPUES HeEEATE

oo L4 B 254 14 /4 ,l

N ERESEHNE (RES) T, MRIITIENNES
WMERBRESPERRES, BESSIZA—TREMXH
ARG RAIEX N IEETAIR” (Trap)

m XT—A% RISC & g8, 20 MIPS, PowerPC AKX
SPARC, &k ﬁi%ﬁwae\, ME x86 f5I4h .

"ii

S
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sl 3R G %

m VMware JXFH Full virtualization JEXT L E(E

N EIEE TR AR -

m Xen EHIEX Guest OS FIR1EMIEMRE, L

ZiF Para virtualization X##,

m 53K Intel F1 AMD BN, MWEH LT R

KERIR{ESG x86 EFMMLRIEIME, ZkAT!
FH

—

E EI’J

xEfEEY BRE 9 Full JkF1 Para kT

[

B Ex

itk Para JkBVEgEMEBAABABRE, Full
TTEE N EREB TR TS & X .

© jinyh@sjtu
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/ — S‘H,“A;GH{%JI:’EO% ﬁ'ii% ﬁ. #‘ % ﬁ é’x 4t‘ z~- 6%

m ZREPEM AT Z2FE R FFEERR” (Privilege
deprivileging) F“PA A — =" (Trap-and-
Emulation) B9, Bl: 1% Guest OS i=1T#3E
P (H5RUEERR) , T VMM BT &S
W GERITHI R EIR) -

PR T Guest OS BU4FH/G, Guest OS HJKEB
SIESNMAUEREG LERE1T, RE3ENITE
FIIESRT, F=FAAE VMM EHI1T (PaA
— R

© jinyh@sjtu
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YEZAAS B stk 4 4 (ISA) 9 & XK

SHANGHAI JIAO TONG UNIVERSITY

1. MEFEFZNHENER
2. IEERAESHIMITE R A KEi T CPU U
o ‘FAN—RIL AR ERIERF]GEFNY VMM EfRIZITRIIES H VMM &
1T, KEBDHVAEBIRIESIERRBEIEIT,
3. CPU EX#F—MRERIFNLE], 0 MMU, TS YNBERZFEE VM 5
HBESIA VM R E
4. PRIESEBERHEFUES
o It ARIESEIESE VM EITRT, BEFAAZE] VMM.
o [HIFHIBURIESHMITARNT RS (AEHEMEE) IRE, A%
I VMM 3T EB RIS 44 VM B ESIE(T, XIESHIMITE
BN IEHIREEFZE VMM, FHREFREPIEZ
o (THERIESHHITERKET CPU BIERS4FMZ, ™ Guest OS &
TTFIEEEENg, RRIEEERIEM, TFEERA VMM, HBEEE
Lz,

© jinyh@sjtu
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X EXALE X86 ISA 445

= SHANGHAI JIAO TONG UNIVERSITY

m x86 ISA PETZEERIESTEHF NS, B
Itk x86 FoiAEREHPEM R ARTTEEIML .

m Y0: sgdt/sidt/sldt A LATE PSS BT E 728
GDTR/IDTR/LDTR HJ{E; popf/pushf £ Ring0
1 Ring3 BIITERAE; HERMKEA smsw,
lar, Isl, verr, verw, pop, push, call, jmp, Int n, ret,
str, move

m X TXERSHWIFHDIRAILAZS I : "Analysis of
the Intel Pentium's Ability to Support a Secure
Virtual Machine Monitor"

© jinyh@sjtu
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YEZLAAY

= SHANGHAI JIAO TONG UNIVERSITY

X86 & i ik

m X£T x86 5 SEARFRIGEMR, WHILIKRXT x86 BIEHAL
SCIMKRE 5> ARk, BILA VMWare AKX ZREY Full

virtualization

JRFALL Xen FE KB Para virtualization K.

. FRAY R E R AR IR IR IS SRV TE
. FullJRRANENSHGE, Bl BITR@mN, mithi

VMM FFR$
m M Para kN

TR, EE AR S

AR, XEMLDETRENRBA — ETXYH% —

R —> ETFXXYIHRITEE, RIS T KIREYERERRF, 1B
RS EIRERE

m 53K x86 HY3

CZET ) Intel F1 AMD thE B A, BERS|

AZ BB HEMMLEARFKT &

© jinyh@sjtu
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YELIrY 4 & i sk (Full virtualization)

= SHANGHAI JIAO TONG UNIVERSITY

= E%ﬁ(?ﬁ SN BEIEEITIES, Zk—EAEIE
TR, fEiRERIVEERE, HITRMABIMIL.
uJLW\]ﬁBZ_;LIJ.,R«I’a‘ﬁB%nIJ HAB VMWare A
X FH BT FaLL SUN 7'71&%[3’] Scan-and-Patch

© jinyh@sjtu 25



By SENL:

= SHANGHAI JIAO TONG UNIVERSITY

£ F =4 %4d (BT) 6944 i

B FEHITERE VM _E#ITEY Guest OS 2385,

m FIFEL x86 ISA fi—/F &
BIRPANIES

, EPHERIESW

A

n BFEUIESHESPUTRINHIT.

] K@ﬁﬁ@*ﬁ <

7.

HYFH A

ASAEF A AN EEIFEE IR

m IZF KN VMWare Workstation, VMWare ESX
Server BHARRZA, Virtual PC X QEMU Fi3E

J O

© jinyh@sjtu
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FERALE 4 T 40 M B4 (Scan-and-Patch) # 4

= SHANGHAI JIAO TONG UNIVERSITY

J& PA U

m VMM /\7‘ VM SITEBRES X HTHE, &
TS

m TIRSHRSE VMM RESERK, J‘Eé%’é—/l\
EEBRAIIES ST N—RIT 5SS

n BURIE S B — 1N IMNkEE, M VM BkEEF
VMM, 7 VMM HITEIZSE BBV T 15531

n HANTIRSHMITER, ITREEE VM 89
T—%IESA B NIT

m SUN Z Virtualbox BBz AK

© jinyh@sjtu 27



YERAAY OS #80 t4 £ & #flik

== SHANGHAI JIAO TONG UNIVERSITY

(Paravirtualization)

m BT {EEE Guest OS BIKEL, BEEFHRIESH
#1E, BB VMM B9BIEA (Hypercall, 2
L OS ARLAR, FIEIEHINEGEZE] VMM),

m ZEARIBET VM B9 sEREIEIL T4,
REETEEZ N Guest OS.

m IZIAKE Xen BT AANH.

© jinyh@sjtu
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YHEZALYE %8 14 180 64 £ P4l

SHANGHAI JIAO TONG UNIVERSITY

m LT x86 FEEIL EAYERFE, Intel 1 AMD #5I\ B B HEM
ARSI TER RE AL -
e Intel VT-x (Virtualization Technology for x86)
e Intel VT-i (Virtualization Technology for Itanium)
e Intel VT-d (Virtualization Technology for Directed 1/O)
e AMD-V (AMD Virtualization)

. SIAFTRIRESR SITEIAMFNES, (£15 VMM 1 Guest OS iz
TFAREMIER T, GuestOS BITFRZIER, FERM—LHBIE
SEZIEENTE2ISIAA VMM, XHEFER T 32 IEFF RIS

ESHIPAN — R, AR ETXHREFREBEG
KRIFTERK, XEFEMAKRES TN — RIUE LT XHRIIBER

m IZEAREISINfE x86 AILARA Z ST EIML . HEWN G

XF, @: KVM-x86, VMWare ESX Server 3, Xen 3.0

© jinyh@sjtu
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L EXARE t R4 &4 ot

SHANGHAI JIAO TONG UNIVERSITY

m HE RISC 2 KAL), 0 MIPS, PowerPC SPARC %,
M%ET \EEERRES HIESPUESHIER. BIEN1N
NFTE R B B X

m BETEHIESAN—#, RISC NKAIEEERBEH LG
x86 AtEE ZHIEINLI ok, HEIE A T MHEERZEE, —#F
EESZFH Para-virtualization, 7E#x Ao E ANtk

m BHLY E:

e 2001 £ IBM 7£ Powerd FIAEMEZHF, FH7E 2004 FHY
Power5 R HIGERIEL S H, B7E 2009 F & EY Power
ISA v2.06 F#3E{k. Freescale 7R7E e500mc HASCIf
PowerlSA v2.06 BY L IE5E .

e 2005 4 SUN H7E SPARC H 3| NEIL .
o MIPS ZSRAFHE (B~~~ ) ,

© jinyh@sjtu



XFEXALE A 3 & AL

SHANGHAI JIAO TONG UNIVERSITY

HA VMM ZIEB5FERSEFIE, FHitt VMM 288NN AEFEER, H
PERNARNGFEER, P EMBLEZ|YEE I AIBRET X &R .
Guest OS KR EARRNAFEEENF, ME VMM BIEEN REFL
tLEIEE RS2 T — ERRET:
o [EUMBLL (VA), ¥ Guest OS 1Z##t2eH N FFEF £ FH BV 2 M ik =5[]
o PRI (PA), & VMM MR, ENERIHIH4IIE Rt
o HlEEithiit (MA), ESCRIHEEHhIE, BNHbit =4k FHINAMIEES
RO 5 5K
e Guest OS: PA=1(VA) ; VMM: MA = g(PA)
VMM #3F—ET3R, $133 PA E| MA BIBRET .
Guest OS #3P—FE T3k, F1Tx VA F| PA BYBRET,
SEPRzITE, B APIERFIAIE VA, 2 Guest OS RITIRIEHR1SE] PA,
BHE VMM YA, EH VMM BIT1RIE PAL 455 MA.

© jinyh@sjtu
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YERALYE REAAMILLEARA

SHANGHAI JIAO TONG UNIVERSITY

m TE MMU REESSR— R Eiltt it 2] 47IB  fOAR ST, TEREIHLER
BT, £33 MMU &S 2| g0 I8t H A~ 2 E1IERVHLas bt
o d|EIERYsstbil, o VMM T A\, BE&H—/XBRES 7 &
152 22 E{E AvtlasHbil.

m B, MREVVHENAGFHLOIEEE VMM T A, HEKEER
P s p R 2 IRE T8, JLEAREEXPRAT AN, ASSIME
B R H 2 B SR GEE e, T ERIANEER:

B VMM REERET f F1 g £ E SRIBRET fg, HERSXPIRET X
AEAN MMU, Ea[1THET:

e VMM #$PERET g
e VMM gEfFI[a) Guest OS BIATE, FItkrTLAEIZEES Guest OS FYT13R, MM
IRIFRRET f
o IHTHEE SIS fg BeBElE HRIAHES M MFHIT
m BRIRAMRREMKEEZEZEGFERN: MMU EEWHL (MMU

Paravirtualization) F1gF 1%

© jinyh@sjtu

32



XFEXALE MMU Para-virtualization

= SHANGHAI JIAO TONG UNIVERSITY

m iZIEAKRA Xen FRRE.

m I Guest OS SlIIE— 1 HTHITIRE, SMNEREIFHNE
ARAEFEFRSE—NIE, FE Xen FiZI1E, Xen &
FZ5 Guest OS ¥1zTI R ENR, /5 Guest OS *fi%
MR BRIEESPAANE Xen MILAIEIEFNEE#E,

m Xen SENZRFHE I, HERMANZRE TETZ
FERHRYEERE, MAANSEEESXIRINEA T SR
5,

m AlE, Xen SIREE CTEIFFIMEI X AR g, Ik
R4 PIR MR MR R BV 25, &EBEERGERY
TREAN MMU. f0itt, MMU A LURIBIE MO TR E
Y& SERL RE UL HE 2 H 25 HE HE RO3E #R .

© jinyh@sjtu
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YFEZAAE EFTA

= SHANGHAI JIAO TONG UNIVERSITY

n EEPMLEEIE Guest OS. LB, NMIFERZEF
%< (Shadow Page Table) 35 AR SLE

m VMWare Workstation, VMWare ESX Server # KVM for
x86 P& 1%

m 5EEWEN, ZFRFRFARtEERBREESHME fg
E#ESEA MMU fIE . ARIETREMUCHEREES
fg E#E| Guest OS WITIFRIIF, MEFiRFNZE VMM
73 Guest OS E’J’é’n\ﬁ%é’ﬁF—/\ T AR", FHRHERK
EHIRET X R B ANE"® T F, Guest OS BITIRAZEN
R®FAL. =F VMM BEFREREAN MMU,

© jinyh@sjtu
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YAEZAAE 2 F W A6 R IAHEK

SHANGHAI JIAO TONG UNIVERSITY

B =T RSN E T E BT e Ff=s BB 5E1R Ko
o Ff[E]: BT Guest OS METIRIASEFNER VMM, VMM AnZFEE|
Guest OS £ TIFTBE SR8 E, BARAER Frizk.
o ZT[H: VMM ZEXZHFEZNEMNERIZEIT, MENELILA Guest
OS BEaAE FEITHE N HIERCE—ENRRS%, BT ik
=SSR ER = AVE 2 mRIRE X,
m 7ERTE]HF(EFE B sE P MENREN A ERFEREFR
<417 (Shadow Page Table Cache), Bl VMM ZRATF
FEFE T RIEERENSEFRR, RE3ATFIRRE
ZEHRIRARE, AWE—1HFR, HaEENEEU
WERRA T2 TR EFZTAR

© jinyh@sjtu

35



= SHANGHAI JIAO TONG UNIVERSITY

m VMM &id 110 EFMLEE

AR B A R E SERV AR 1

n BHEE IO EN—HIRESTFes. £HF
Fag. P (BERFEARNFE SHRE.

m HAEy /O EREML IS

o HEZIENTEENRL
o Hiif / [RimiEL
o HiEXI4y

© jinyh@sjtu
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bY T EDS /O & x4t

I BRAIIME BRI,
H L_ﬂ:%zzx Guest OS X /0 & &I IElE kK,

5 =7
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ReH o RDHM

n B ERE S YIRS &S —HREO,
Guest OS IXF) T Z iR BEIR BN IX P R LI 25 o

s fhi: RAETUMBLITE, TERRERHRE
3
. A ARERBEES RIS SRS

18, €% VMM 28RN FFRNEIHEITH
NMEVIRT, XIMFEEZRX ETX#; BTEK
=L, TERERUR

© jinyh@sjtu 37



YHEZALY % / /5 5%

= SHANGHAI JIAO TONG UNIVERSITY

B VMM RBHE—MERIREIIEF (JJim, Back-End)

m Guest OS HRYIRENFZF 9B iR (Front-End, FE)

n AimIREE Rk B HRRAE)IE KBTS Guest OS [8]aY
SIRBENSIEEAES Guest OS HRIRIKEI, Fim
IRENTE AL IBSEIR K G B & BB N4 BT i o

m  Xen BIXAIZFEZ

e ETEZEENG, ERKIEZEELRLDET
YR SRBEEIMNE 14=7L-ﬂ%'

m Ba FE VMM SSIETIRIRE; RiniksiE S AR

© jinyh@sjtu
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e A 4 %] &

= SHANGHAI JIAO TONG UNIVERSITY

n BIEEBIEEERECL KT Guest OS,
Guest OS BEIEiFO/0 &% (REZ VMM)

s HEi5ItAExEARE IOMMU (Intel VT-d,

PCI-SIG Z SR-I0V %)

m i ERECERE); BEipnE T ERM
$H;

B Rn: EEWLIRZEIMEG.

© jinyh@sjtu
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YFEZAAE VMM £ #

SHANGHAI JIAO TONG UNIVERSITY

B HETERA VMM (Virtual Machine Monitor) SEIR &5+ ]
LT A=3R:
o TFE&EA! (OS-hosted VMMS)
e Hypervisor t2%! (Hypervisor VMMSs)
o JEA1EAI (Hybrid VMMS)

Guest 1 g Guest 2

Guest 1 g Guest 2 Guest 1 g Guest 2

Host OS

OS-Hosted Hypervisor Hybrid VMM

Hardware

Hardware Hardware

© jinyh@sjtu 40



Y FXAAE O |
SHTNGHAI JIAO TONG UHWER?I‘TY E 1 &‘ i

B IZZ5HE VMM, PIEEEERER Host OS (Windows, Linux etc.) &8

n  SEPRAVEMEINEER VMM 1R, HiBE R Host OS BYIM I AR
W} (ARNLINE S A F#HTE, WHsz /0 B APPSR ERED)

s VMM @BidiAH Host OS BIARSSRIRX IS AR, LI CPU, ATEH
/0 i EHIEINL

m VMM BIEZYE VM F, BEIE VM {£4 Host OS fI— N ifiES 540
B

m e AIURERSFAME OS Bk &EEs), VMM TEEELIMAKE
HNZZIRE), B /O & EHIEIL .

m R EEIRET Host OS #=§], VMM FE1HH Host OS BIAR 5K 3K
R IFEHITREIML, ENENgGESXE]—EF M.

m SREIZEME VMM B: VMware Workstation, VMWare Server
(GSX), Virtual PC, KVM (EER)

© jinyh@sijtu
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YEXARY

= SHANGHAI JIAO TONG UNIVERSITY

Hypervisor # 4!

m 2458, VMM ATAB1E— 1N AEREMERNTEE OS,
LIS HRAEE (CPU, W7E, 11018%)
B VMM EAIBEBFENERE, HALERLEREHE VM BTE

1T Guest

m s &

Rk#ET
| ﬁ;&,ﬁ: X

TR FRVEE, SrEHRE), mgRERREIRIFF

Os, FEitt VMM &SR EMIMERIBIZAMETE.

VMM [E]TE &R RIENEIRIgEMERLLL
Ihee, MEMMUMHNERSES; Z€MAH, VM BZE

VMM &£
VMM BB RIR,

X

tt, VMM EE#

A2TE=REXRE, XX VMM 2 1MEXAVHEEL .
B XHIZEHWE VMM &: VMWare ESX Server, KVM

(fREA)

© jinyh@sjtu
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YEZLAAY

= SHANGHAI JIAO TONG UNIVERSITY

R

n ZEHE EIAFmFERER RS, VMM KANTHREE,
WAERAEYIEEIE, 8 VMM £t K245 110 &%

HIEHI, HENZE

H—NB TS VM BRI OS

SefEdl, VMM Rt CPU FIRERERME, 110 18%H
EILE VMM Fi43t OS H[E]5ER
m 5 ATFIBEIMA 0OS 1Y 110 B &ZIRS); VMM EEEiEHl

CPU fAFEF4IE

OS HJHY

TR, EUNHERES; XN

RizHlES, EANRZEHEREKHT VMM,

B e &

43 OS IB1TTF VM £, LFTEE4FN OS 121K

ARSSET, VMM Z|EY)®EGFN OS, XEHEFm~4F LT
CHIHRB TR $E
B XAz VMM B: Xen

© jinyh@sjtu
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LEXLAE  Applications of Virtualization (1/2)

SHANGHAI JIAO TONG UNIVERSITY

m Compatibility (ISA and/or operating system)
e Ancient VAX/VMS software

m Hardware independence (e.g., Java’s VM)
e Related: Transmeta’s code morphing

m Setup of new software test environments
e Software migration

m Development and debugging
e Complex software systems
e Processor design (simulation vs emulation)
e General performance analysis

© jinyh@sjtu
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LEXLLE  Applications of Virtualization (2/2)

SHANGHAI JIAO TONG UNIVERSITY

m Error and attack containment
e \Why aren’t processes sufficient?
e Faults and security considerations

m Dynamically share resources (memory, disk,
Processors)
e Sever consolidation

e 10 virtual machine web servers on a two-processor
machine

e Virtual machines “leased” from real server owner

B Server migration
e Move a server across the room (or across the world)
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N. Sahgal, D. Rodgers, Understanding Intel Virtualization Technology
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e Vmware. Virtualbox. KVM. XEN
m InH
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m R
e Virtual machines performance comparison: vmware vs virtualbox
vs kvm vs xen

http://www.ilsistemista.net/index.php/virtualization/1-virtual-
machines-performance-comparison.html
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Y SEVT Advanced Topics

SHANGHAI JIAO TONG UNIVERSITY

Memory over-commit
Nested virtualization

[
[
m Live migration
m Network virtualization
[

Cloud computing

No lecture, wait for your exploration!
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SHANGHAI JIAO TONG UNIVERSITY

Welcome to join us!
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jinyh@sjtu.edu.cn
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