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eV What is it?

AARHUS UNIVERSITET
« viretueal (adj):
— existing in essence or effect, though not in actual fact

s >J'm\m

 Example

— ScummVM is a program which allows you to run certain classic
graphical point-and-click adventure games, provided you already
have their data files. The clever part about this: ScummVM just
replaces the executables shipped with the games, allowing you to
play them on systems for which they were never designed!
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/v A Physical Machine
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« Hardware
— Processors, devices,
memory, etc.
Application e Software

— Built to the given hardware
(Instruction Set
Architecture, e.g. x86)

— Built to given OS (App.
Programming Interface,
e.g. Win XP)

— OS controls hardware
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A Virtual Machine

« Hardware Abstraction
— Virtual processor, memory,
devices, etc.
 Virtualization Software

— Indirection: Decouple
hardware and OS

— Multiplex physical
hardware across guest
VMs
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Application
programs
Software
Libraries
‘2 API
Operating system ABI
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Execution hardware
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API: Library calls

Appl Progr Interface

ABI: OS calls

Appl Binary Interface

ISA: Machine Code
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/v Why VMs?
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 Many advantages (often business related)

— Utilization of resources
« VM1 that idles automatically free resources to VM2
— Of course not the case for physical machines
— Isolation
» Crash, virus, in VM1 does not propagate to VM2

— Encapsulation
« AVMis afile: (OS ,Apps, Data, Config, run-time state)
« Content distribution: Demos as snapshots
« Snapshot provides recovery point

« Migration to new physical machines by snapshot/restore
— In e.g. server farms



/v Why VMs?
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 More advantages

— Maintenance costs

 Maintain 100 Linux-based web server machines versus a few
big VM platforms

— Legacy VMs
* Run ancient apps (like DOS or Win98 programs)

— Create once, run anywhere

« No configuration issues
— E.g. complex setup of app suite of database, servers, etc.



/v Types of VMs
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e Smith & Nair 2005

Process VMs

System VMs

* Two super classes

Different Different

|
|
|
|
|
|
|
|
|
}
| Same
|
|
|
|
|
|
|
|
|

ISA ISA ISA ISA
- P rocess VM Multiprogrammed Dynamic Classic system Whole-system
systems translators VMs VMs
- SyStem VM Same-ISA dynamic High-level-languageI Hosted Codesigned
binary optimizers VMs I VMs VMs

« Both can be sub classed based upon supporting
virtualization of same or different ISA (Instruction
Set Architecture).
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Process VM
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 The process VM puts the virtualization border line at the
process line.

— A application process/program executes in a
» Logical address space (assigned/handled by the OS)
» Using user-level instructions and registers (CPU user-mode)
* Only do 10 using OS calls or High-Level Library(HHL) calls
 Thus a process VM becomes a virtual OS in which a
Process may execute.

« Example: Different ISA Process VM

— JavaVM defines its own ISA (stack-based) as well as normal OS
operations



Y System VM
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 The system VM sets the virtualization border at the
system or hardware line

— A system/OS executes in a
» Physical memory space
» Using the full ISA of the underlying machine
* Interact directly with IO
* Thus a system VM becomes a virtual machine in which
a system as a whole may execute

 Example: Same ISA System VM
— VMWare: Executes Guest OS that is running on the x86 ISA.



/v OS Level VM
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* OS-Layer Virtualization (Sahoo, 2010), or

« Operating System Level virtualization
— Merkel (2014) VMs vs. Containers

ontainer

Application ABC

App. Deps.

e EX:
— Docker

Containerization

Virtualization
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* From Docker

Bins/Libs Bins/Libs Bins/Libs

-

Hyperwsor

Or...

Bins/Libs Bins/Libs Bins/Libs

Docker Engine

Host Operating System

Infrastructure

8 O

Traditional VMMs
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Vav Classic Versus Hosted VMs
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e Hosted

« VMWare Player (free) / Workstation Pro
— Ordinary application in Linux/Windows

* Classic (Bare metal)

« VMWare ESXI (free of charge!)
— Runs on the bare machine using a minimal Linux core
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- Packages for Students
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 For my course, | hand
out a dedicated VM

— Faster ‘get going’

m1-saip - VMware Workstation X
File Edit View VM Tabs Help | §I ~ | o O|l0=O | E
(Sim31e17v14 (5] MummiTrold (5] MummiTrold-v14 {51 Wing8Modulpasning (51 m1-saip
g_
e

iil Accessories
L. Graphics
@ Internet

Q system Tools
£ Preferences

Run

£ Logout

>
@ Office IRy
fa @ Gradle
#52 sound & Video » | H Idea
Oracle Java 8 Mission Control

A 2

Ly @l [devem1: ~/proj]

T
il [software Updater] [—| [l

P S B ) 0930

ITo direct input to this VM, move the mouse pointer inside or press Ctrl+G.

=)

[T

=)
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eV Avoid Poluted Machine
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The last couple of years | have removed code
development from my laptop completely...

— | only develop using my M1, M17, ... Virtual linux
machines on my VMWare Workstatlon or on my ESXl

hype rVISO rS File Edit View VM Tabs Help | &b | OlN=ER||E
(5 m3te17v14 (5 MummiTrold (] MummiTrold-v14 (7] Wing8Modulpasnir ing (5 m1-saip
(—)
* One machine per course
o 3
. . i SadaP o
— Easier to switch e A
+ No polution of my lapt
o polution of my laptop B o
v 4'.;\""«"7 s § .“;.‘~
. X iz
ifl Accessories . =
b, Graphics ¢ s B
@ Internet [ gt : -
720‘::'( rrrrrrrrr 7.;').§adle 5 & 1 “T ’
5 so W 1dea ‘T« 5 %\ b
O systemTools - Oracle Java 8 Mission Control =.-:1L9‘ X
% Preferences S ?‘ i
R

oooooooo
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/v Moving Production
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* Crunch3 machine was the production machine to
do awesome stuff in another course | am running

— It runs on my local ESXI
— But, but — our students could not see it!

* Moved to the AUIT vSphere infrastructure
— VMWare converter...

* Crunch3 is highly disk 10 sensitive
— Staff moved it ‘as we spoke’ to a pure SSD hypervisor
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Keep Legacy Running
Y

=

55

Titan Quest updated to
run Win10 ©
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- Keep Legacy Running
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MummiTrold-V14 - Viware Warkstation - a 'Y
File Edit View WM Tabs Hep | [ ~ | &3 | [© ;E)|EQ3:E§|
) m3l-e17-v14 [3] MummiTrold 5} MummiTrold-v14 5 Win38Modulpasning 9 mi-saip

@ “windows Update
ORI &
[H Stat » O Jd c O : C
Forctukne » () Tibehar v
@& Intemnet Explorer ~ ~ ~
@ Dokumerter 3 B 15005 promt % % : %
@ Indstilinger v 1 Outlook Express
@ Windows Stifinder
g sazeter 8 DP0O 20 dlna c OL DEe I'E dlied aue Lo
@ Hiz=lp
Ive) a a a a aYa
5 as b ole
=
(-] .
Log af Henrik.
| & anaged to p ense file 0 OMpP3
= @ Luk computeren, .
| 8o | > o and ”save 1 “lled

To return to your computer, move the mouse pointer outside or press Ctrl+Alt.
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/v My ‘Private Cloud’ ©
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DY il
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eV VMWare ESXi
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* (Linux based) Minimal OS
— My ‘Rundo’ runs from the USB stick
— ... and drivers were hell ®

* Run Mgt application from its web server

UHuware ESX Server 3i 3.5.8 build-118271
HP ProLiant BL25p G2

Dual-Core AMD Opteron(tm) Processor 2218 HE

2 GB Hemory

Dounload tools to manage this host fronm:
http :/ I (STATIC)

<F2> Customize Systen <F12> Shut Down/Restart
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A Small VMM

« Remote client to access the VMM

vIimware esXi’ root@rundo stclientaudk ~ | Help -
% Navigator || £1 rundo.nfit.au.dk - Virtual Machines
~ [g Host
Manage 4 Create / Register VI | ¢ Refresh |
Manitar IiQ Search )
[ virtual machine a ~  Sta..~ Usedspace ~ Guest0S ~  Hostname ~  HostCPU~  Hostm... ~
+ [ M31e17Dev [0 = Crunch2 (] 78.52GB Ubuntu Linux (6...  Unknown 0 MHz omB
Monitor O | & DockerServer [ 33.92 GB Ubuntu Linux (6...  Unknown 0 MHz 0MB
¥ £ GreenWin7Dev [ & GreenWin7Dev Q.- 317 GB Microsoft Windo... = GreenWin7Dev 222 MHz 586 GB
» ( mie1shbc O | & mietshoc ©.. 1555GB Ubuntu Linux (6...  Unknown 31 MHz 357 GB
AL 1 & M31e17Dev ©. 618GB Ubuntu Linux (6. m31e17dev 78MHz  6.42GB
More VHs... O & saipDev [ 37.62 GB Ubuntu Linux (6...  Unknown 25 MHz 358 GB
B storage L1 & TheArk 9 2548 GB Microsoft Windo...  Unknown 0 MHz 0 MB
€3 Hetworking
Quick filters... v Titems ,
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phere.core.vm.summary; Context= com.vi

A Much Bigger VMM

mware.core.model%3A%3A5erverObjectRef~ FFOACESL-C044-4141-B677-5980C

(SN}

baerbak@ad nfit au dk ~ | Help =

4 vCenter

i EcoSensedb0d

Actions -

CH |8 o

Getting Started | summary

Monitor Manage Related

Objects

Recent Tasks ]

~ [F ve01.uni.au.dk
~FgAuIT
~E38T
-[Cs
< [ETJEcoSense
~ EON4C
{5 N4C-server
(i n4cxds.nfit au
G CS-EcoSense
G ecosensebk

(i EcoSensedb02
G ecosensedb03
b EcoSensemaQ
(G Ecosensemq02
G ecosensematest(
G ecosensesal

(G EcosmartAln
(4, msecosense

G twiga

EcoSensedb01
Guest 05:
Compatibility:
WMware Tools:
DNS Name:

Ubuntu Linux
ESXi5.1 and

> IP Addresses:  10.19.28.1

(B4-bit)
later (VI version §)

Running, version:9216 (Upgrade available)
ecosensedb1

9.28.151
Wiew all Z IP addresses.

Host:

HEE

£ VMware Tools is out of date on this virtual machine

Launch Console

~ VM Hardware

cPU 2 CPU(s), 3022 MHz used
Memory D 32768 MB, 983 MB used
Hard disk 1 85.00 GB
Hard disk 2 1.95TB
MNetwork adapter 1 Datz unavail

(@) CD/DVD drive 1 Disconnected
Floppy drive 1 Disconnected
videa card 400 MB
Other Additional Hardware

Compatibility ESXi 5.1 and later (M version 9)

Edit Settings.

~ VM Storage Policies

WM Storage Policies

WM Storage Policy Compliance
Last Checked Date

Refresh

~ Infrastructure Navigator

Discovery Status & Normal
Successful Discovery 1 week ago
Application Services

» Application Dependencies 0

Show dependencies

~ Advanced Configuration [m]

EVC Mode Intel® “Westmere™ Generation

~ MNotes

Database til EcoSense projekt

~ vApp Details
Product
wersion

Wendor

CS@AU

~ Tags

Assigned Tag Category Desciption

This listis empty
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CPU USAGE
3.00 GHz

MEMORY USAGE
983 00 MB

o] STORAGE USAGE
= 1.26 TB

Update ViMware Tools

Running Failed

Wy Tasks + Wore Task:

~ | # Work In Progress ]

~ T3 marms

[‘Aic1y | New1)  Acknowi

A msecosense
Virtual machine CPU usage
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Amazon EC2 Dashboard

Services ~ Resource G

EC2 Dashboard
Events

Tags

Reports

Limits.

Instances

Launch Templaies
Spot Reguests
Reserved Instances
Dedicated Hosts
Scheduled Instances

Capacity Reservations

AMIs

Bundle Tasks

Volumes
Snapshots

Lifecycle Manager

Security Groups
Elastic IPs.
Placement Groups
Key Pairs

Network Interfaces

Load Balancers

Target Groups

Launch
Configurations

Resources

You are using the following Amazon EC2 resources in the EU West (Ireland) region:

0 Running Instances
0 Dedicated Hosts
0 Volumes

1 Key Pairs

0 Placement Groups

0 Elastic IPs
0 Snapshots
0 Load Balancers
5 Security Groups

Learn more about the latest in AWS Compute from AWS re:invent 2017 by viewing

the EC2 Videos.

Create Instance

To start using Amazon EC2 you will want to launch a virtual server, known as an Amazon EC2

instance.

nch Instance

Nate: Your instances will launch in the EU

Service Health
Service Status:

@ EUWest (reland):
Availability Zone Status:

& eu-westla
Awailability zone is operating normally

eu-west-1b:
Availability zone is operating normally

@ eu-west-1c
Availability zone is operating normally

Service Health Dashboard

est (Ireland) region

¢ Scheduled Events

EU West (Ireland):
Mo events

Account Attributes ¢ ~

Supported Platforms
EC2
VPC

Resource |D length management
Console experiments

Additional Information

Getting Started Guide
Documentation

All EC2 Resources
Forums.

Pricing

Contact Us

AWS Marketplace

Find free software trial producis
in the AWS Markeiplace from the
EC2 Launch Wizard. Or try these
popular AMIs:

Barracuda CloudGen Firewall for
AWS - PAYG

By Barracuda Networks, Inc_
Rating 5.4

Starting from $0.60/hr or from
$4,599/yr (12% savings) for
software + AWS usage fees
View all Infrastructure Software

Matillion ETL for Amazon
Redshift

By Matillion

Rating

Starting from $1.37/hr or from
$9,950/yr (17% savings) for
software + AWS usage fees
View all Business Software

y Policy Term
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DigitalOcean Dashboard

< DigitalOcean Contr..

\ € | & Digital Ocean, Inc. (US) https://cloud.digitalocean.com

- | [ search | %18 + a4 @0 O M =
~0
(f__a;;.,- Droplets Images DNS API Support Create Droplet o 200
Img Name IP Address Memory Disk Region
. @ cave-weather 146 185 162 241 512 MB 20 GB AMS1
. @ cave-subscription 188.166.94 13 1GB 3068 AMS3
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