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program sumn
use mpi
implicit none
integer :: n,i,istart,iend,isum,isuml
integer :: nprocs,myrank,ierr
call mpi init(ierr)
call mpi comm size(MPI_COMM _WORLD,nprocs,ierr)
call mpi comm_rank(MPI_COMM_WORLD,myrank,ierr)
if (myrank==0) n=10000

call mpi_bcast(n,1,MPI_INTEGER,@,MPI_COMM_WORLD,ierr)

istart=n*myrank/nprocs+1
iend=n*(myrank+1)/nprocs
isum=0

do i=istart, iend FT—R2DEHLEZETE
EhABNT ZNERDS

end do

call mpi reduce(isum,isuml,1,MPI_INTEGER,MPI SUM,©@,MPI _COMM WORLD,ierr)

if (myrank==0) print *, 'sum =', isuml
call mpi finalize(ierr)
end program sumn
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Xen and the Art of Virtualization

Paul Barham®, Boris Dragovic, Keir Fraser, Steven Hand, Tim Harris,
Alex Ho, Rolf Neugebauer’, lan Pratt, Andrew Warfield

University of Cambridge Computer Laboratory
15 JJ Thomson Avenue, Cambridge, UK, CB3 OFD

{firstname.lastname}@cl.cam.ac.uk

ABSTRACT

Numerous systems have been designed shich use virtualization to
subdivide the ample resources of a modern computer. Some require
specialized hardsvare, or cannot support commodity operatin
tems. Some target 100% binary compatibility at the expense of
performance. Others sacrifice security or functionality for spzed.
Few offer resonrce isolation or performance guarantees; most pro-
vide only best-effort provisioning, risking denial of service.

This paper presents Xen, an x86 virtual machine monitor which
allows multiple commodity operating systems to share conventional
hardware in a safe and resource managed fashion, but without sac-
rificing cither performance or functionality. This is achieved by
providing an idealized virtual machine abstraction to which oper-
ating systems such as Linux, BSD and Windows XI can be porfed
with minimal effort

Our design is targsted at hosting up to 100 virtual machine in-
stances simultancously on a modem server. The virtualization ap-
proach taken by Xen s extremely efficient: we allow operating sys
tems such as Linux and Windows XP to be hosted simultaneously
for a negligible performance overhead — at most a few percent
compared with the unvirtualized case. We considerably outperform
competing commercial and freely available solutions in a range of
microbenchmarks and system-wide tests.

C
D.4.1 [Operating Systems]: Process Management; 1.4.2 [Opera-
ting Systems]: Storage Management: .4 8 [Operating Systems]
Performance

egories and Subject Descriptors

General Terms

Design, Measurement, Performance

Keywords

Virtual Machine Monitors, Hypervisors, Paravirtualization

1. INTRODUCTION

Modern computers are sufficiently powerful to use virtualization
to present the illusion of many smaller virfual machines (VMs),
each running a separate operating system instance. This has led to
a resurgence of interestin VM technology. In this papsr we present
Xen, a high performance resource-managed virtual machine mon-
itor (VMM) which enables applications such as server consolida-
tion [42, 8], co-located hosting facilities |14, distributed web ser-
vices [43], secure computing platforms [12, 16] and application
mobility [26
sfial partiioning of a machine to support the concurrent
execution of multiple operating sy
Firstly, virlual machines must be isolated from one anofher: it isnot
aceeptable for the execution of one to adversely affect the perfor-
mance of another. This is particularly true when virtual machines
are owned by mutually untrusting users. Secondly, it is necessary
to support a variety of different operating systems to accommodate
the heterogeneity of popular applications. Thirdly, the performance
overhead introduced by virtualization should be small

Xen hosts commodity aperating systems, albeit with some source
modifications. The prototype described and evaluated in this paper
can support multiple coneurrent instances of our XenoLinux guest
operating system; each instance exports an application binary infer-
face identicul 1o a nen-virluhzed Linux 2.4, Our porl of Windows
XP fo Xen is nol vel complele but is cupable of rurming simple
user-space processes. Work is also progressing in porting NelBSD

en enables users to dynamically instantiale an operating sys-
tem to exceute whatever they desire. In the XenoServer projeet [15,
35] we arc .L.plnwng Xen on standard server hardware at cconem-
ically strategic locations within ISPs or at Internet exchanges. We
perform admission control when starting new virtual machines and
expect each VM to pay in some fashion for the resources it requires.
We discuss our ideas and approach in this direction elsewhere [21];
this paper focuses on the VMM

There are a number of ways fo buld a system to host midtiple
applicalions and servers on u shared machine. Perhaps the simplest
is 1o deploy one or more hosts Tunning & standard operating sys-
tem such as Linux or Windows, and then to allow users to install

S R S

Sue

ems poses several challenges

Xen and the Art of Virtualization
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Worldwide cloud infrastructure spending and annual growth
Canalys estimates, full-year 2019

Cloud service
provider

AWS
Microsoft Azure
Google Cloud
Alibaba Cloud
Others

Total

Full-year 2019
(USS billion)

34.6

18.1

6.2

5.2

43.0

107.1

Full-year 2019
market share

32.3%

16.9%

5.8%

4.9%

40.1%

100.0%

Full-year 2018
(USS billion)

25.4

11.0

3.3

3:2

34.9

77.8

Full-year 2018 Annual
market share growth
32.7% 36.0%
14.2% 63.9%
4.2% 87.8%
4.1% 63.8%
44.8% 23.3%
100.0% 37.6%

@ canalys
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Newsmaker: 'The world needs
only five computers'’

By Stephen Shankland
Staff Writer, CNET News

See all Newsmakers »

newsmaker Industry lore likely is wrong to attribute to IBM
Chairman Thomas J. Watson the famous misjudgment that
there's a world market for five computers.

But Sun Microsystems Chief Technology Officer GGreg
Papadopoulos thinks the idea will pan out eventually.

"The world needs only five computers.” Papadopoulos said on

. his blog. He then listed seven--Google, eBay, Amazon.com,
Related Stories Microsoft, Yahoo, Salesforce com, and what he called the Great

Computer of China--but let's not split hairs. He was trying to

Amazon: Utility . N : :
computing puiﬁ;er e make the point that "there will be, more or less, five hyperscale,

pan-global broadband computing services giants.”

MNovember 16, 2006

Sun sees future in
computing service

Sun caters to pan-global hyperscale customers, so it's not
surprising that its top technologist sees the world through data
center-colored glasses. But the Santa Clara, Calif -based

roviders - :
P company's vision has been right on target mare than once--
o B October 25, 2006 notably in forecasting the rise of the Internet.
SRS Salesforce plans on- Papadopoulos detailed his vision in an interview recently with
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 The NIST Definition of Cloud Computing

e NIST CKEEILAZEFMNATTFT) 1R L /-
72797 FNEZE (201 1)

c IS5 RDSDOEKREER
On-demand self-service NIST
Broad network access

Resource pooling The NIST Definition of Cloud
Rapid elasticity Computing

M e G S u re d S e rV i C e Recommendations of the National Institute

of Standards and Technology

Peter Mell
Timothy Grance
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EC2 Dashboard
Events

Tags

Reports

Limits

Instances

Launch Templates
Spot Requests
Reserved Instances

Dedicated Hosts

AMIs
Bundle Tasks

Volumes

Snapshots

Security Groups

Elastic IPs

@ Feedback

Launch Instance

Instance ID

i-0b49c1a0e7e345b99
i-0722408b4a1ba22. ..
i-dd929a78
i-08813facbdb288e51
i-0e89cb48851adc9et
i-0ddbf32bdb5330360
i-0Oc56cchaee24 125af
i-0802cabc5575d7422
i-0c3aadab50f3710e0e
i-005238213efe3b773

Select an instance above

(@ English (US)

Actions ¥

m4.xlarge
m4.xlarge
m3.xlarge
m3.large
m3.xlarge
c3.xlarge
c3.xlarge
c3.xlarge
c3.xlarge

m4.xlarge

2]

Instance Type

7Vv 79577

]

ap-northeast-1a
ap-northeast-1a
ap-northeast-1a
ap-northeast-1a
ap-northeast-1a
ap-northeast-1a
ap-northeast-1a

ap-northeast-1a

2008 - 2018, Amazon Web Services, Inc. o

0 00O 0O @

running
running
running
running
running
running
running

running

O 00000 0O

2/2 checks ...
2/2 checks ...
2/2 checks ...
2/2 checks ...
2/2 checks ...
2/2 checks ...
2/2 checks ...
2/2 checks ...

OO0 000000

OK
OK
OK
OK
OK
OK
OK
OK

its affiliates. All rights reserved.
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c 30D —EREHEETIL
* Infrastructure as a Service (1aaS)

c VO RETREINSGABTHERZDLOD
B — EX (e.g. Amazon EC2)
* Platform as a Service (PaaS)

+ I3 RNETRHEINSBG Y T +02T7T 5V b
7 4 — 4 (e.g. Amazon EMR, AzureML)

« Software as a Service (SaaS)
c JIYRETEEINAY T b I2T72H—ERY
L T##t (e.g. Dropbox, Gmail)

Everything as a Service XaaS
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« SOAP
e WebH—EXICATZ T MEMOBIZZEALUZED
« H—ERIBM7—FFTF v

. _ XML
http://weather.jp/api oap:Body>

gtWh th R p

<str
/gtWh th R espon

getWheather()

07070 |s=Rercrance M

HTTP
E—NDATZTO D
ANV vy RIFOH U EIR

(7Z2U. Web7—F50F + 1 CERE T < 13)
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« URI (Uniform Resource Identifier)
o S TJIVIRRE TWeb EDO—EBDIUY —R7%Z
B9 D (http://weather.jp/xxxx/yyyy)
» Web(JURITiEBI c=NDHID Y — ADES

— 7 . - .

http://weather.jp/rain http :/7tw1t1;er. com/tweets

¢ Web .

\‘7 D
|

http://weather.jp/tomorrow — http://twitter.com/followers



RESTful API

« Y —XigMm )7 —

C

04040

API

http://weather.jp/tomorrow

http://weather.jp/rainchance

Y — X (E—=EDURICakal

HTTPOEARX YV W Rz fE

+FOF

JSON/XML

{
"date 2018/06/08
"weather

HTTP

BEEHTTPICE ENSRETE
SN CUVWBREARAYV Y R=FIH
- GET: UY—XEUYS
POST : UY—XX1ERK
PUT : UY— X EH
DELETE : UY— ZHIBR

19 5DTC :

- COHY—EXTH L@TW
- oSO SEEMEMSRD]
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Cloud Computing
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Deep Learning (Al
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* Deep Learning

I T =9 %/HIEHDY T bz, Nn—FKIz
% z;ﬁ\ﬁﬁt - 7"_.

* Hadoop, 78 #E ¥ X T 4
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