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Virtual systems: current practices and future possibilities

¢ \What are virtual systems?
¢ What Is the current technology?
¢ \What can we do with virtual systems?

¢ Demonstration: Akiml Slingshoet (new: VMWare
Lalh Manager)

¢ What’s the next step?
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What are virtual systems?

¢ The usual definition goes something like:

— “A way to run seme software on a computer that
makes it look like there’s more than ene computer
there.”

— A way te run multiple OS Instances simultaneously,
on ene physicall compuiter (as opposed te multiple-

PEOL computers Which cam enly run ene OS at a
time)

— Saves the expense ol buying extiia computers,
SEVES PeWEr andFheal; etc.

9 BUL, that'sinet really/ deing Justice: tor ther concepit!




What are virtual systems?
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¢ Some history: first there was virtual memory:

— When a computer uses Its disk drives to fake real
RAM. Very slow.

WAL math. eokstate. edu/system/terms. atml
— Well sort of, but kind of misses the point
— Virtual (or legical) memery Is a concept that, [ ... |

Use a very large range: off memory. OF sterage
addresses, for stored data. | ... |

WAECHIEaRECOMIPUIETSEAUICERCEII/ COIMPULEE
elaied=eglessanshibn

s Right!" s a Concept, O anstracion




What are virtual systems?
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¢ Then there were virtual machines:

— A functional simulation off a computer and Its
assoclated devices.
applinasa.gev/resources/lexicon/terms. V. html

— Not bad; net sure about “simulation™, theugh
— ARl alstract specification fer a computing device

that can be iImplemented In’ different ways, 1In
seitware or hardware: | ... |
SeWaresallinci2RSitErcom/iaVva/uviavaniiia
¢ Right. Anditherers that “anstraction: Werd
agaimn...




What are virtual systems?
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¢ And generally, there Is virtualization:

— In computing, virtualization invelves the process of
presenting computing resources In ways that users
and applications can easily get value eut off them,
rather thamn presenting them in a way: dictated by,
thelr iImplementation, geegraphic location, or

physical packaging. Inether werds, It provides a
legical rather than physicall view! eff datal, computing
POWEN, Sterage capacity, and etherr rESEUCES.
eRpVikpEdIaReRE/ANVIKI/AI U EIIZAG 6N




So really: what are virtual systems?

¢ My definition:
— A virtual system Is a software—hardware hybrid
system that enables users to define idealized

hardware and software platiorms withoeut regard to
the actuall underlying hardware and software

— \We can create an apstraction that (Uswually)
simplifies; the details off the hardware, and thus |ets
Usi build seftware fer a truly’ standard platierm

— e hecome iselated fifem’ the Vagares ol hardware
manuiacturer

9 NLBL victualisystem Vs, viktualtmachine




What Is the current technology?

¢ Historical note: virtualization isn’t new:

— IBM’s first commercial proeducts were in use in the
late 1960s (1B 360/67)

— UW was an early adoepter ofi IBM’s VM preducts
(1970s)

— Used 1nr administrative, research and teaching
threugh the 1960s and Inte the early: 1990s

¢ [ypes off virtualization technelegy/:
— [Hardware
— Selitware: that' Is; the real hardware s 0S
— Selware that fuRs on (e BesIde) artradinenalfOS
— Applicaten Vitualizaten




What Is the current technology?
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¢ Hardware virtualization:
— For example: 1BM zSeries mainframes

— Successor to the 390 mainframes, which were
successors to the 370 (e.g. UW’s 370/158 and
43X mainframes)

— Implemented n hardware/firmware: partition a
Single hardware platiorm inte many. Independent
PIECES, each ol wWhichl Isi eguivalenit ter the: eriginall,
pPUt Independenit (calledl ERPARS| — legical partitions)

— Alser availakle m 1BV st pSeries (PewerPC)

— Hardware typically, has; special stppert (e
Victualizatien: (<861 1 =2005), |BN ZSeres, ol S0+
VEAKS)

— ypically/ eSS oVErEaEl CoSt thian SeftWare
selutions




What Is the current technology?
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¢ Software that i1s the real hardware’s OS:
— Install like an os

— Principal job Is te implement virtualization
NYPERVISOr

— Provides little or no end-user interaction

o VMware’'s ESX product Isian example
— Eor Intel x86/AM D! platicrms

— |nstalls; en the “vare metal”™ and implemenits; the
Virtualizatien: IN/PER/ISEeN

— Intended to run current server-class OSes
Unmodified

— niendecdNor enterpRSe deployMmEnSs;
peliscAaRIstiess==F




What Is the current technology?
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¢ Another example: IBM’s z/VM and its ancestors
(VM/ESA, VM/CMS)

— Jwo components: the hypervisor and the guest OS

— Hypervisor installs in an LPAR and creates a
platierm te) run many. virtuall machines (called CP)

— Virtuall machine Is  eguivalent te the underlying

hardware

— Can run any. guest OS capable off rnRIng on the
hardware, Including a nested! z/\VN

— LI fer ZzSEeries haraware Is wWidely Used as; a
guest

— Virtuall machines can interact withr € via amn APl or
Interactive command interface




What Is the current technology?
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¢ Virtualization under an existing OS:
— VMware GSX (now VViware Server) and derivatives
— Micresoiit Virtual' PC 2004 and! Virtual Sernver 2005
— And many others (list growing daily,)

¢ Virtualizatien soeftware installs as an; application
under the hoest OS

— Defines the hardware for the virtual machine

— Standard video, seund, disk, RAN, netwerking ete
are defined in terms of host OS resources

— GlUest Operating systems) must: suppert: the: virtual
ardware




What Is the current technology?
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¢ Xen Is a variation of “virtualization under OS”:

— Open-source project fram Cambridge, now.
commercial

— A set of kernel modifications for the host OS:
“para-virtualizatien™

— Blends the hyperviser into the moedified kernel

— Several Linux/Uninx hest OSEeS are supperted
— Guest: OSesi generally reguire moedification

— BUt: as off Xen V3.0, X86) harcdware virtualizatien
assist: alleywsr tnmoediiied \WineewWs guUests




What Is the current technology?
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¢ Solaris containers/zones are another variation:
— A modified kernel partitions the single OS system
— Software version of LPARS

— Similar technigues include “chroot jails”, FreeBSD
jails

— Essential idea iIs to isolate resources and make
accidental iInteraction Impessikle




What Is the current technology?
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» Application virtualization:

— Application programs that define and implement
some kind of virtual environment

— MS SoftGrid:

» \Wrap a “virtualization bubble” areund an
application and run; the bubble

— Java virtual machines
— Microsoft’s .Net

— DOSBox — runs DOS proegrams by complete
emulation; off a DOS-9ased computer

— Couldrconsider that Windewss Remoete IDESKIe O
XPlVICR aneraikine e virbalizaen




What Is the current technology?
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¢ Key points to remember:

— Virtualization represents an abstraction of
hardware

— The abstraction Is derived from (semetimes
Independent of) the underlying real hardware

— “Virtualization under an ©S”, such as VMware
Server, MS Virtual PC/Virtual Server and Xen, and
“pbare-metal virtualization” like VMWare ESX are
the' leading players

— lhe hest OS and the guest OS are Independent

— RIS INCEPEnCERCE IS WhAE makes virtbaliZzatien sSe
attractVve frem the perspectve: ai N management

— Virtualfsystems mighic lower hardware: Costs, Bl
@S| COStS are the same




What can we do with virtual systems?

¢ So what good Is all this technology?

& Several “classic” uses:
— Reduction of reall hardware (consolidation)
— Jesting and develepment environmenits
— Infrastructure management
— Backup and' recevery.




What ... with virtual systems?
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¢ Reduction ofi real hardware (consolidation):

— Run two, three or more virtual systems on one real
platform

— Reduce hardware costs
— Reduce poewer (and UPS) reguirement

— Reduce cooling reguirements
— Reduce fleor/rack space usage

— VIeSt Servers are under=uitilized and have: EXCESS
capacity, especiall\y/newer mult=core; multi=cpu
SerVvers




What ... with virtual systems?
3

¢ Testing and development environments:

— Production systems are never used for testing or
development ©

— Jesting environments can e built and torn down
as reguired

— Multi-version and mult-platicrm envirenments; can

e hested convenriently,

— Virtuall netwerks, (el virtual  systems) cam e
created to simulate workloads, interactions

— CUfent preducts; suppert (Lo Vanying Gegrees)
SHAPSHELS and SteRRG eIt VIVIEStatesHor I2er re=
actvatien




What ... with virtual systems?
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¢ Infrastructure management:

— Providing service redundancy without hardware
costs

— |solation of criticall services for reliability or security

— Guest OS Images can| e moeved, cloned and
deployed easily

— \Workieads canrhe moeved easily: vetween virtual
System hests as, reguired




What ... with virtual systems?
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¢ Backup and recovery:

— Even with the best backup and recovery strategies,
a falled disk or external storage takes time to
recover

— Most current products store virtual disks as files
within; the hoest OS file system

— The VM definitions themselves are also files

— REecovering a system and brnging up: a
replacement s simply, 2 matter off copying files and
Starting a new: \Vivl

— [DISASter recevenry = Virtual machine migraton




What ... with virtual systems?
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¢ Some less-common uses for virtual systems

¢ Software distributions:

— For complex software, instead of receiving a set
Installation media, receive an Iimage off a ready-to-
run Vvl

— Eor guest OSes and “big™” applications

¢ l[eaching lals & standard computing platiermms

— |nstalll a completely: steck hest OS, then run; a2
carefully~cralted guest ©S

— Users never interact with the host OS, only/ the
guest:

— User files; stored outside thevirtual system (E-g.
netwoerk=lsased))




What ... with virtual systems?
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¢ More less-common uses for virtual systems

¢ Platfoerms fior special-purpose applications

— Instead of installing software on the user’s
platform,, give the user the complete platiorm with
the application pre-installed

— Create a different VIVl fer each application

— Users cheese: the VIVIEthat IS appreprate te) the: task
— User authentication and file sterage Is; elsewhere




What ... with virtual systems?
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Demonstration

¢ Akimbi Slingshot (now VMware [Lalb Manader):

— SCS Tetherless Computing Labj; for network
Simulation

— Management system fior controlling sets ofi virtual
systems — presents a high-level abstraction called
configurations

— EXplolts the programming API fer ViViware ESX
(prier te VVware acguisition;, alse Werked with
Micresoiit: Virtuall Server — demoe wWill e of the
Akimbi MS VS Version)

— SUppPErS multplel USErS Whe canrshiare virtuezi
SY/SUEMIS

— CORSISLS o 2-mManagemenit Server and a set of
WoKKeR systems that Rest Virtal machine
(Imean2gedisenrvers)




Managed server #1

Managed server #2

Managed server #3

Managed server #4

Managed server #5

Managed server #5

Managed server #7

Managed server #8

Managed server #3

Managed server #10

Demonstration

MN&S controller
(~4TE RAIDS)

Library of
templates and
configurations,
S0 media

Slingshot server,;

Userinterface (I1S)

Users wia |IE
hrowser
(Actives plugin)




Demonstration

¢ Akimbi Slingshot management Server:

— Create virtual system templates and configurations
and stere them in a shareable library

— Deploy configurations acress managed systems
completely transparently to the end user

— Manager handles P addressing, NATtng,
firewalling

— RURARMING configurations can ve “Snapshettedr,
suspended, stored, restarted|, shared

— Users Interact enly, Withl the managemenit SErVer,
Whilchl brekers alliinteractions, With the: viktual
guests

— Currently, reguirest |E (Uses Activex conitroels te
display ViVIFcenseIES)




Demonstration

& Script:
— |Log| Inte system
— Create a VM template
— Deploy to bare machine
— |nstalll an OS (start — wen't complete this)

— Create a single-machine configuration and depley.
— Add anoether VIV te the configuration

— SuUspend configuration

— Remote desktop

— L@ I as administrater te ook atreverall system




What’s next: a vision for computing

¢ Disclaimer

& This Is a perseonal epinion and extrapolation and
N No Way Whatsoeever represents anything
even vaguely or remotely associated with CSCE,
the DRCSCS, or any: official policies thereof

& [his discussion Is given frem the perspective of
reguirements off Computer Sclience teaching and
research, Buit I velieve many, of the ldeas are
applicallen other disciplines; and ERVIFeRMERLS




A vision for computing

¢ CS teaching facilities require packaging
applications to fit into the available OS
environment.
— The environment varies, firom single-user Macs to
multi-user Selaris & Linux

¢ Instead off packaging applications ok an OS) and

PriRgING studenits to the OS, package the OS
areund the application and Brng It te the studenit

» Reguires persenal Werkstatiens conferming ter 2
miRImall stancdard — capawie e ruRning 2 \Vivi




A vision for computing

¢ Examples:

— First-year CS students need a Java environment
that has a specific set off tools and underlying OS
environment

— Upper-year students reguires specific tools on a
CoUurse-hy-course hasis — seme Work better In
Windoews,, or Linwx, or Selaris oFr a customized O0S
kernel

— Grad students use one OS environment for their
OWR WeKK; BUl: hiave A respensivilities er ether
environments

9 e enly stancdard required Isrthervirtual system
platicrm technelieay/




A vision for computing

¢ SO Imagine:
— Students have personal systems running any host
OS they want as leng| as It can run the VM

— Enrelling Inf a course autematically, grants access to
any reqguired virtual system images defined for the
Course

— OS Images are acguired andl used, and can e
refreshed and replaced travially

— Persenall data 1S net stered permanent i the \Vivi
IMagES, SO there s requiremenit fer Infrastructure
Lo previde a glekally/-accessilsle file=stere — o=
campus acecesspwiliNserequired




A vision for computing

¢ User advantages:

— Use any platform for general computing — the need
to conform to a mandated platformi Is mostly
eliminated

— No requirements to acquire, install, configure or
maintain application packages

— Ultimate: portability:— likertaking the “lab computer™
Withnyoeu
— CousSeworki IsinRdeEpEendent: ol PErSORal WK

— Petential te Increase diversity, and exposure: o
diifferent: computing ERVIGRIMERLS




A vision for computing

¢ Infrastructure advantages:

— Software licencing costs reduced — user community.
Size Is constrained to enrolled students

— Reduces or eliminates the need for general-
purpose labs and multi-use systems

— EecUS on Infrastructure: netwerking, file-stores,
emall andl directory Services

— VIVINImages can| e created by, faculity, or staii,
tested, tuned and adjusted Independentl/— ne
MGKe “Version| confilicts™ oF forced Updates of;
PACKaPES 6] MEEL pre-reguisites




Summary

¢ Virtualization Is an old idea that presents new
and Interesting opportunities

¢ [here are many virtualization preducts available
of differing technologies

¢ Virtualized environments can reduce costs,

Impreve reliability and reseurce management,
Simpliy/, managementi

9 A Rew way: teruse virtualization:  Visiecnar/ o
hallicinegenc? ©




The End




