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1 Introduction

The work package WP10 “Dissemination and Training” of the Fortissimo project involves 13
tasks of which one task is concerned with training for the partners involved in the experiments
[1]. This document includes the training material for three courses that make up the final
training compendium.

All of the training courses are targeted at HPC beginners. No special pre-requisites are
necessary although a general understanding of computing and programming might be useful.

As described in the deliverable “The Month 42 Training Report” [4] Fortissimo has organized
a training on Business Model Innovation and two training sessions on Communication and
Presentation Skills for all Fortissimo partners. For all three training events external speakers
have been contracted. Due to copyright restrictions, material used for these events cannot be
included into the collection of training material.

All of the material presented here is available for download from the projects shared document
server under https://fortissimo.4pm.si/login.jsf [6]. The material given here has been reduced
in resolution to reduce the size of this document. The material in original resolution is available
upon request (info@fortissimo-project.eu).

All courses are free to be reused and there is no restriction. No fee or any other payment applies.
The following sections give a brief introduction into the training courses.

1.1 Hands-on Introduction to High-Performance Computing

This training — developed by EPCC — provides an introduction to HPC and how to use an HPC
resource like the ARCHER system at EPCC. Basic building blocks like CPU and memory are
explained and their importance for using an HPC systems. Additionally the basics of Parallel
Computing, Libraries and Compilers are introduced. Several examples are given that can be
used to try-out the HPC system (examples are not included in this document but available
through download from the project shared folder 4PM [6]).

1.2 HPC Computer Aided Engineering

This training has been developed by CINECA and gives an introduction to Computer Aided
Design with an emphasis on HPC and CFD. As an example, open source applications and tools
are used to demonstrate how to solve a typical CAE problem. Additionally an introduction to
HPC and HPC tools is given.

1.3 HPC Cloud

This training has been developed by SURFsara and introduces how to access an HPC resource
in the cloud. Several aspects and concepts of HPC clouds are introduced.
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2 Training Material “Hands-on Introduction to High

Performance Computing (

EPCC)”

This training has been developed by EPCC and was held June 30" +July 1%t 2014. The
material is available through the shared document server [6].

Introduction to High
Performance Computing

Toni Collis
t.collis@epec.ed.ac.uk

EPSRC MRe&m=m V.00 e
ar*cher‘ =R A0y ‘epCC @

Reusing this material

This work is lioznsed under a Creative Commoens Attributior-
NonCemmercial-ShareAlike 4.0 ‘nternatoral License

httouifereative commeons org/icenses/by-nc-sa/4. 0/daed .en_US
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Course Parameters
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Hands-on practicals form an integral part of the course.
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vhy do people use HPC?
What do people use HPC for?
Understanding of compuier hardware
Whick partz matter for parformance In medellre and s ulation
Undarstanding of processes and threads
+ Undarstanding of parallel programming modeais
Hew to interact with a HPC rescurce
Knowlecge of current HPC architeciures
Knowlesge of current parallel programming librares
Appracation of the future of HPC
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Support
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I
Training opportunities

- ARCHER Training ifrea to acacemics):
< bt dheany At ae uktaining!

- EPCC M.Sc. in HPC
« hie ey apoiad acukinsn!

lepcc| &

I
ARCHER Training Schedule

Toe 2 for Large-Scsle
Parallal Ceougging and
Prafilng

26 Aari =1 May EPCC, Edinz.ran

Advances OperiiP 63 Ny Qxiord
Imroducton to FO5 12-°3 Way Darssbury
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:::ﬁflsa?a Passingwithh o4 4uy EPCE, Edino.rdn

epcc| @

I
Funding calls

Embedded CSE suppon:
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- Closes in May 20°4
Plamnad avsy 4 msits

Sea htp/livravwarcherac. uk for details

iepcc| @

I
Feedback and follow-up

- hitp:/iwww.archer.ac.ukitraining/feedback/

-Virtual Tutorial
- Experts available
- Likely to be 14" May 2014

iepce| @

High Performance
Computing

What is it used for and why?

EPSRC =S
SRty lepcel @

Overview

- What is it used for?
« Drivers for HPC
- Examples of usage
- Why do you need to learn the basics?
« Hardware layout and structure matters
- Serial computing is required for parallel computing

- Appreciation of fundamentals will help you get more from HPC and
scientific computing

epcc @

What is HPC used for?

Drivers and examples

epcc| @

]
Why HPC?

- Scientific simulation and modelling drive the need for
greater computing power.

- Single systems could not be made that had enough
resource for the simulations needed.

« Making faster single chip is difficult due to both physical limitations
and cost.

- Adding more memory to single chip is expensive and leads to
complexity.
- Solution: parallel computing — divide up the work among
numerous linked systems.

epcc| @
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Dye-senarited solr cells
¥. Schmann and J. VandaVondels

Modelting dincesus gass
Or B8 Sefers, University of Manchester

Fractabbasad modet of turbuert fiows S0
Civintos Vassibeos & Sylvain Laizee, Py

T
ARCHER

ARCHER in a nutshell

+ UK National Supercomputing Service
« Peak performance of 1.65 PF
+ ARCHER is not a Linpack engine
+ #19in November 2013 top 500 list fastest (known) computer in the UK
+ Designed to provide 3-4 times scientific throughput of HECToR
- HECTOR #50 in top 500 with830 TFlop/s
+ Cray XC30 Hardware
+ Nodes based on 2xIntel lvy Bridge 12-core processors
B64GB (or 128GB) memory per node
« 3008 nodes in total (72,162 cores)
« Linked by Cray Aries interconnect (dragonfly topology)
- Cray Application Development Environment
+ Cray. Intel, GNU Compilers
« Cray Parallel Libraries (MPI, SHMEM, PGAS)
« DDT D ger. Cray P Analysis Tools

epcc| @

What is it used for?

Engineering
6%

Physics
%
Earth Science/
Climate
1%

epcc @

|
What is it used for?

LY
m./
0%
25"
archer

%

epcel @

Simulation software

epcc @

The Fundamentals

Why do | need to know this?

epcc| @

Hardware Layout

+ Understanding the different types of HPC hardware allows
you to understand why some things better on one
resource than another

- Allows you to choose the appropriate resource for your
application

- Allows you to understand the ways to paralielise your
serial application

- Gives you an appreciation of the parts that are important
for performance

epcc @
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Serial Computing Parallel Computing

+ Without an understanding of how serial computing « Parallel computing and HPC are intimately related
operates it is difficult to understand parallel computing - Understanding the different parallel programming models
« What are the factors that matter for serial computation allows you to understand how to use HPC resources
+ How does the compiler produce executable code? effectively

- Which bits are automatic and which parts do | have to worry about

epce) @ epce| @
| |

Differences from Cloud computing

- Performance
Clouds usually use virtual machines which add an extra layer of
software.
In cloud you often share hardware resource with other users - HPC
access is usually exclusive
« Tight-coupling HPC Layout and Use
HPC parallel programming usually assumes that the separate
processes are tightly coupled Starting concepts
- Requires a low-latency, high-bandwidth communication system
between tasks
Cloud usually does not usually have this
+ Programming models
HPC use high-level compiled languages with extensive optimisation
« Cloud often based on interpreted/JIT.

epce @ epcc| @
e
Typical HPC system layout Typical Software Usage Flow

On Login On Login On Compute On Login/Compute
Cad® SSH Batch Nodes or Nodes Nodes Nodes or
@, Terminal System Elsewhere Elsewhere

"*‘ m Login Nodes Compute Nodes
D

Batch

Data S
Write Compile | SVStEm | Execute Analyse
Code Code App. Results

Features

=S epcc @ epce| @
1 | ===~ ———

Qutline

What 5 & baich gystem?
How 00 1 interact win the balch system
Batch Systems e
e lhew X000
Common batch syshéms
Running calculations on HPC resources Converting between dilerant batch systems

EPSRC =&
cRayr epce @ | O R .
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Batch Systems

What are they and wy ave they used?

(©) archer] epcc| @

What is a batch system?

A Baich sysiem CONDOIS AC0eSA 10 Mo fE30WTES DN & Machne
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Usually assumed hat jobs s0e non-nietacive

£ e B 8 re 300 Praduces et WIS Tisrverton St e

e

UAA M0t 8Chwe DrOgrarm & & agicyp

epcc @

Reservation and Execution

YWhen you sutient B JoD 10 @ DICh sysiern you Soacily the
resQurces you roquire

Nuster of coren. 0 v
The Bateh sy stem resornves & DIock of resounces for you 10
use
You can then use that biock a8 you wart, for sxample

FOr 5 a0l oty thal spars M Cores and AN drte

For muitiie shOer Jo04 1 Se0ence

For mBpke wnaler cta mrmmy 1 paraiie

epcc @

Batch system flow

|
' ¥
o 8

et s e
L R Faws

epcc @

Running calculations

IPderacing with the balch wysiem

epcc @

Batch and interactive jobs

Most tescurces afiow Doth botch aoxd Misrsctive jods 50 bo run
through the basch system
Botch |0 ae REn-Niecacive
They run eSOl Ut PRMARNEON S0 yOu colec! B weduts ot the
"

ipractive jobs allow yOu 10 USe T IRSOLITRS Miaiacively
For SeOuQong Drofing

For vduatdador Al Jaty A%ty
HOw you rut Iheas 1y0as of Obs Sfers with Datch systom ang
e

epcc @

Job submission scripts

Contan
Bakthh ayntes (pioes
Cormrands 3 1

Exarmgie

#1/bin/bash <login

S N Meather) POw MY Naoes
BES o] selecteqyy Gmm—

PS5 o3 wrlitises] N 00 @ ltow oy

CO SPES O NORKDIN  dem— WO Gowcry
sprun -n AP Seeatherrin

+

Mogrsm rname

Paratel 150 oo

epcc @

Generic example

0/ an/bash

g / aowioct

gL :;L_/ WHICH eeciory

8, s P NoOw Maty Drocesdn
5 pe mpt 4

“n SNSLOTS ./myprograa

piexec

t

Paeaiel o0 rcher

Mrogeam rartw

epcc @
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Common batch systems

Batch systems

o

8S, Torgue

3 Engne

URM

LSF - IBM Systemn
LopdLeveder - IBM Systoms

@9

epcc @

Common concepts ... ...

Queres
Portors of machre g
e Lonsiraris
Geowaly small Numoens
of Sefre) Lpumoes
Gonegraly specify
Erpcustatin faxre
ASOUM N
“‘l-" AN e

Numoer of TP

G2 e narves’

Grecires -——

Control programs
MONIOr. sl and S8ote programs
.
e

ot

epcc @

Migrating

Changing your scrigts from one Basch syster 50 another

epcc @

Conversion

UViualy nood 10 Cnange the DaCh Sysiern Oplions
Sometmes need 10 Change the commands in the scnpt
Parttidaty 1 Oferen! pathe
Uaualy e o086 P00 Of THE COMMANDS MMRra e Same
There are some ubities that can heip
Bolt « bom EPCE, genetstes 120 SSrnsten sérptn or & vatly of
DA AP RemaNPC MU TTRA D GOrTAtA Y apeatant

Best practice

Run shoet besls usng intecactive obs If poasible
Once you are happy e sefup works write a thort test ©b
scnpt ang run &
Finally, produce scnpts for 4 produchon runs
Remembac you! have the Tul functionaity of the Linux
command ine avadabie in scnpts
Trom alows 53¢ S00NEICIND 50Ot If yOu Need Pem
Can 2.20mate & 100 OF MGOuUs JMN Ardhysl 300 WErairManon
D C AL 50t WD MO CODY) OSEAD MMOOrant data
£ % vOry 098y 10 \0se the fesuits Of B DE A0 e 20 2 TS
OF UNISreReen) Brrlr) N 8 SOreR

epcc @
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Building Blocks

CPUs, Memory and Accelerators

EPSRC
S=AaY epcc @

Qutline

Competer layout
CPY arsd Mgtry
VW 300 Soriormance Sogend o0t
Lty 30 perfirriece
Sicon-ievol paralietism
Srgie barussen Matoie Dats RO
Mseire
Syrerretne Mun- Oveadey) (SMT)
Accelerptors (GPGPU and Xeon Pru)
Vot zn thery good b

(©) orcher] epcc @

Computer Layout

How 006 all the bits interact and which ones maliet?

I
Anatomy of a computer

3

(©)archer epce @

|
Performance

The peciormanca (teng 10 SSULON) oN A SNGK COMPUter
can depend on
CIo 30000 ~ NOw Bt 9 procemads
Flomtryg pont LR « Bow =y cpetaeety £an be Sooried on e
what CONALO Cant Do pavioreeg ™
Marnory Brcy ~ Sow fadt L% we scoess B dads?
My Sareiend « hdw Tch S8 L0 we Sitewd oo 07
PO 0P [10) 10 240Fagm = NOw QUCAly CAN w8 JCCReS
ot tatherel At (faeq) Y

epcc @

Performance (cont.)

Apglicaton paformance oflen descrad as
Compun S&und
Mertory Bourd
10 bourd

{COM L stanon DO « Mre On P leter

epcc @

Limits to performance

SSemac smulation ang modeing a/ve o neod for
groater COMOUINg power
Single aystoms Can nol be Made hat had encuch
sOurcR for the smulabons Needed
Makng Intter stgie Chip 5 2SO dug 1D Dot physcal Bmtatons
g oM
ADIOG Mcen Mency 13 RGN OIYD I8 eRpecare and sads
OOty
Sclytion: paralel computng ~ dmde up the work among
ramerous nked systoms
HFC Rt Decsrt Syt Oul with Datisiy Computny

(©)archer epce @
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Silicon-level paralielism

©) cher]

What doos Moore's Law mean aryway?
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Moore's Law
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(©) orcher] epce @
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|
Single Instruction Multipie Data (SIMD)

I8k

epcc @

I
Symmetnc Multi-threading (SMT)

Some REIWa0 SUPPOITS TUNNING MONe PeoChssan than
there are physical Cores
Knows s Syrmmadns Mal-theeadvyy (SMT) o
hyperthyaackng
Threading in this case can ba o misnomer oa It can Tefer
10 processes as well as thredds

These srm hartwire Teeads, POt soleire Broads

bl Xaon supoons Jaway SMY

10AL DG & way BT
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Multicore
Came Ly
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1
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Chip types and manufacturers
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ARM ~ Lots of manufacturers
KA yof rodevind 4 NG (weeh FP Uit

epcc @

the Fortissimo Project.

Accelerators

Go-taster Sinpen

epcc @

Anatomy

AN ACCRAOTor 1% B DOSUONDE resOource that can be used
to of-load heavy Scabing port calouiaton
B A 30 3004cra pridatary 00N Tt 8 sttt el 10 Te
ANy proCoser
B has 28 own foatng poet Unes and memory

Summary - What is automatic?

WhCh foatures ae manased by Aardwareschware and
wihuch does the userprogrammer condrol?
Calte 8 Marmty ~ RASEIOCENy Maraged
SIMDNV et paradiebas - BOmatcly Droduted by compee
SNT « auttryamcssy =aeQed
MUBOOe DN = MATUMY 3000%] Dy T waer
L Of ACOBY Aty — Mty S00C Sl by e e
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Building Blocks

Operating Systems, Processes, Threads

EPSRC
archer epCCj @

CRANY

THE SUPEACOMPUTEN COMPARY

Qutline

What does an Oporating System (OS] co?
O8 types i WG
he Cotmand Live

Procosses

Threads
Theeads On actaderadors

OS perfomance CpAmisuon
Yty & e 05 tad for pertormance?
Afprsaches 19 rroriveg 085 portrmscce

(©) o-cher] epcc @

Operating Systems

What db they da? Which cnes ore used for HPC?

epcc @

©) ocher]

|
Operating System (OS)

Tha OS = responsible 10f orenesiy plng #CCoss 3 the

hardware by appications
VBCH COten I 20 S0CRCaton
HOw & Be martory Alocaied a8 Do’

NG oY

How & Tt Ne syslem aocessed”
WhO Nl 2uNON Ty 10 D00 WhNCH, S0t Con?
How 00 e S i DV B0 DUG |6 § e Sppiator
NIV @Y O0r08 aviialie )
Running nppbcations aré controlied throogh the concopts
of procusses and Yvoods

epcc @
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|
OS's for HPC

HPC 60000 I8 0omrated by Linux [of vanous Ravours)
ot 1T vendons SOdly 8 comrtorael Lo Setra (Madiee o
SUSe) nd S0 10 Thar Dem sysiem
Um, cormnocly Custars i 8 bee Lira datro (Scemsc Lma s
POy pODJ)

Only 1BM Pownr systerns stif use UNXX (AIX)

11 HPC ayiiies o e Nowerntr 2017 100500 St use UNKX
Windows HPC 5 usod on 2 small sumber of HPC
Sysherm

2190 syvtems in e NovormSer 2013 TopfioD et use VWindows

epcc @

|
The Command Line

HPC sector is oomnated by Linux
IMetacton & alimaost shways through the Linux command
e
Ofen 8 Masonandy W00 DT 10 Al DOO0kE 20000Ng HPC
For any sanous use of NPC you wil have 50 jeam 10 %6
e commibnd Ane
Krowiedge & chen usell Ror usry) the Comemana M On your own
AT
YOu $A00AT a0 lemt Tt L C OO0 aton OF an -ttt et
OUNG SO ~ W OreDatsy e o 1o Sam S 8

epcc @

Processes
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I
Processes

E3Ch aophCaton 18 8 SepMate pvocess N the OS5
A prodoot s B3 Oert My ASads Wi s fof St by
U PN DIOCE0A
Lt procem nstedusdionniy e DS R tn el 0 0
DO Sore Of GO De 1grmed Debtwean 00res

(©) orcher | [ epcc @

Process Scheduling

Tha OF has responsldy 1o Interupang & rocoss and
granting the core ¥ another proCoss
Vet coocess 4 gradded actens & S8 med by e shechang
poiCy
MUt Papoens @ reguiar vasteady fevery 0 DY soconds i typcsd
Frocess aslocing Ahould Aarve DrOCEAAN WOt %0 00
HaGWare can suppcn schaduling of mutighe processes
M-I (T
Usiaaty appears i e OF an o 203500 cors 5o e b
rTeQ sy
Procesa scheduing can be & hindrance %0 peffocrmance

epcc @

Krown g Syovmenrs

Threads

Sharng mamory

epcc @

Threads

FOr many appicmons each process hos 4 sngle Moy
DUt with Ihe Sdvent of MuRCHle pAoCessSors I s

Decoming moce comman for & process b Cortan mutiple

resds

I

Threads (cont.)

All the tvaads in & CACORSS have BCCess 19 the same
Moy
Coar Sootstn 1 ratiel 0N 5w sartss Gals 45 A00d L0 SOeACtNS
Can have Teade Speritng myyrefrorcasly [08en Lsed i GUN)|
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Lotwon” rooomen
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Threads and Accelerators
Tha ACColrater pIogramiming mocet gendcaly 1eguros 4
huge number of threads tO provide efioent usape
Owmtatacroton of 10 sccaioraty By Presdh s eocturaged
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OS Optimisation
As GPGPUs can Nave 1000's of comgumnyg ety
Overabacrciion can Se Aol
Threpdng & DOCOMNG MONe BN MONe IMPOnant on
modom HPC machices

How 6 vendors get performance?

epcc @

epcc @

Compute node OS

Onthe RGeSt sLoercomputens Ihe compte nodes often
run an cpomised OS to improve parformance
Pl actve (Yortend) NOGes Lty 1un 2 40 08
Ofen means Bl you Sre Ooes-Compbivg
How 15 the OS5 cpamised?

Nomowe ftatres BOf e 0L feadns (0 § UTSER sigyo

float et sched fing Senbeity g NCresia wiamgt Sordd
Remdve suppon for viual mesdry | pagng

Qutline

Why usa parafel progeamming?
Paraliel modsis for MPC
. Shamd memary (Trrosd-based
Parallel Programming

Messagn-9ossng (Deacmss-tand)
Other mooes
Overview and Concepts

Srong acaing

Assessing parallel performance . scaling
Vinek scaing

Lmits 0 parsfielam

Sant | Gustalzon s Law
ar‘cher‘ o ePCC| @

(©) a-cher] epcc @
[ ———————— |

Drivers for parallel programming

Tragionaly, the driver for pRpliel prOgiarmeming was
& sngie Coce dlone could Not provide the tme-t0-soiution
Why use parallel programming?

reguired o COmnpien simuistons
1t is harder than senal 0 why bother?

Mutigle corm mere bod O0ether 89 & HIC mactare

Ths & e 0ngn OF HIPC a0 it INe symtess of HPC and
fe & 2 Sleges ) "'f’h‘-g

Recontly. Jue 10 Ihe phySCal SMas On e NSredse N

power of Singla cores. the driver IS due 10 1he fact that afl
MmO3N peoCessors are paratiol

N afe paatyl rograse e @ MOGUrS] or 88 SHITERSng Mot putt
L o™

epcc @
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Focus on HPC

N HPC, the driver & the 3ame &3 Giways
Nood 10 1 COMpMN SMUanOrs wi B renednatie e 10 SO0
BGia COte Or evin) Sge LB Sracestinrs & WOSIINON U
ot prowede T compuin'memonyi0 periorrance recuared
Solubion is 10 hamess the power of muitole cores/
MaMOryS0Mge umuSaneously
N OF00f 10 00 g W reQuid CONCeges 10 allow s 1D
expIOd this 1850UNCes In 8 parafiel manngr
Menda . panadel programenng
Over tme a number of dfferent paradiel programming
models have emerged

(©) orcher] epcc @

Parallel models

How Gan 'we write paralie! programs

(©)archer epcc @

I
Embarrassingly ParallelTask Farm

Ue large computers 1O run many smad programs at once
LN IMIT0NG COPw OF & DI0Oranm witn MMt entt OUt DB vie's
Morde Cone srmuissons

Simple structure
Sourte: pesass ot MEeE 5 wirhory
Workens repoetedly [rocess e
Sink; cofates ety

NO paraiiel prOGrammng 1egared

Canngt expiot mutiphn resources or navidu programs

CE== epce @

[ —
=
e

| e | e | e

I
Shared-memory programming

Shp o0 mamory DIOgramiming (8 usually besed on Neods
ARG 20rmm N thwirahcReson siows procosass i be
DrOgramemed om f ey SNare manmory
Scormesmes LGwn 33 Symeet C M procoseng (SADY) sttoagh
958 Jorrn 8 00w A MiSe 0RO Dnalvened

Most often used for Data Paraeksn
£ Uyend CO0BIet P sderwt sed of Il Ui OO & Separsin
porton of the data

Mote gifficult 1o use for Task Paradalsm
£20h Yt porftrrrd § Ofadterd pat OF PETLCSCHS

(©) orcher| epce @

I
Shared-memory concepts

Thieads "Communicate” Dy having acCoss 1O Uhe same
MAMOrY Space

Aty TH0ad G siter sy DR oF St

R Aot SonryrLCatons Detener! the Caraiel Sasks

[ .

©) % | epcc @

I
Advantages and disadvantages

ASVantages
Coarcagealy v
LUy ety mOASCators 1 eatitg Cose
Ofen vary portatie % OMarert Mchiaciires
Oaacvantages
D02 B wrdiement Lath-Baned? iratiatas — 0 Of ReiDasy
Ofert 30 oL S0 iy well
Reguess & lwpe amdrt Of oo dal paraieian (0 5 large
aTagy 1050 efective
Can 20 wrprsrgly OSCA 18 gel 0003 Derdr=are

(©)archer epcc @

I
Message-passing programming

Message DEssng programiming & process-based
Processes nunnng simutaneously Commumncate by
SLNANGING MEssS8s

Nossoes con D 2 6300 « DO SN0 B0 180NV Ire Yvoivd

" e rOoehe

Or oy 0AN 0O 18000 = OrVy e BON00C OF MRORYEE M VONved
Used for both data and task poralicism

St MOt Seakase DEsRg DroG T areiy B Mot oF Gt

#3 trse [ar alebe™

I
Message-passing concepts

E3Ch peocass C0as NOL have 9<0ess 10 ONCNee DroCass's
memoy

Commumcaton s ususly exphot

epcc @

CE== epce @

(©) ochd
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e
Advantages and disadvantages

ASaniaRss
Fleoitie « peront any parsial ST Imageatie Can e
IMORTerTed
ﬁ.‘:n) VRS Oy Bed By powr ohooe of wigorthm
Portatee ~ N1 Doy m 0roveded on &l 4PC plaoTme Scallng
Ouocvantoges
Pacaliet oAt useally Decome pivt of B crogrem Ous 1o scace Assossing paraliel patformance

NS0 OF DO WCabong

Cam hee & Mgy Lasn 30 it WAS evising cOCe
May "Gt gwo oSty perfonmance on shared oy mschims
Con 2o ARGE 10 3l 55 vary g o’ of processes

{100 000 due 10 Gvarhasds
epcc @

epcc @

Scaling

Scaivig B how e pedformancs of 8 paraiel applsation
changes as the number of paratel processesthroads i
increased
Thare a1 two diflecent types of scaling Limits to parallel perfformance
Wong seaieg - el peclem 38 $taye T AT TG b
O povaiel Semanta MO
Wesk Soping ~ P problem si10 inCrosses at the samw 15ta as it
et Of DAY St LAODS I BTOUN O Wi\ S
semen| the sane

SUong scaing 1 generally more usehl and mone oficuit

10 SCheve than waak sCang
epce @ | O epce @

| |
Performance improvement Amdahl's Law

Mow much can you gan fom parafelim

Two theorebcal descrpbons of the mes 1o paraliel Parfolrnante Mpravemnent 1om parafelsaton m songly
pecformance impeavement are usedul 1O conaider limted by senal porton of the cooe
As e senal DAt s Seformants & 1oL Hmaaed by B3ANg Note
A~ceti s Lirm - FOow ™uch rornve—ert i poasee br A fred FOCOMES T Ras
prodiem 2w Qvee TOne Coree Dated 0N "arrg 8 faed Dotie w3v
Gamtalcer s Liw = 2ow mach mprovermesd iy posalie gven 3 1
A0 20Ut OF Bene 200 VR More Cores S(N) ————
(1 P) 4 v
« For example, S0% parsleisable (P=0 94
S0« 84

epcc @ | OEEER epcc @

Fortissimo Reporting Deliverable D10.10 Page 14 of 41

Jf



© 2017 Beneficiaries of the Fortissimo Project. ﬁ

Y T
Amdahl's Law Gustafson's Law

i YOu CAN INCIBASe I amount of work Jone Dy each
peocetanashk then the senal compoanent will not domrate

BOrease B oo SO0 83 Tt sCang

-
-~ This 2 B i el o BS3rg ets Compitnty &f PCraasny e
Syl Do woe
- .
‘  p— v AT . " y
- e S(IN)=N~=(1=-P)}N=1)
/_/, o~ F:,f‘c'.--.t:"c.? SO0% parsdeimable (A=0 9j

epcc @

Gustafson's Law

Qutline

Sh o0 memory pIchtoctros
Datnbuted mémory archiectures

i Dsinbuted momory with shared-memary nooes
HPC Architectures A

What i3 the aflerecce Detwaen diflprert Tars?
Miarconye

Types of resource currently in use

Scoftwere
JO-aaw Dairy (CACAty)

EPSRC M=
ahcheP =ﬁ"5?’ ePCC| @ m epce @
[ ———

Symmetric Multi-Processing Architectures

Shared memory architectures
Simplest 8 use, hardost to budd

Al cores Bave the same acoess Lo mamory

epcc @

(©) orcher | epcc @
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Non-Uniform Memory Access Architectures

Shared-memory architectures

Mot COMPUters Hré row Ahed Moty machines cus
[

yme true SME architoctures

¢ BaGera’ nodes

but most are NUMA

Frogren NUMA a3 4 ey are SN - Setais e Hasen born e

U
DU 1o Dyl shared-mamory systems with large core
rasmbers (> 1024 cores)

Exporiim o power Mgy

SUTS YReme MANIge Dy VNG KCRWIre 13 proviae sharng

epcc @

(©) ocher]

Distributed memory architectures

Custers and ntetconnocts

epcc @

Distnbuted-Memory Architectures

i B

']

i ' '

' ' i
. 1 ' '
: | ! !

epcc @

Distnbuted-memory architectures

Each soll-contamed pan s Caled & Nnode
Almost all HPC machnés are datrbusad memeory in some
way
AN By BN S0 L0 De Sarad mendry withn i NO0e
The pecformancs of patalied programs often depends on
e indrconnect paformance
NN S008I IS OF B OO (O™ SUAMY, ROPEOIIONE Uty
revesl theseives 5 50 CI merory or 10 Socrd
Low Sually YSerpdrnecss (5 g TOMEA - 10N £t 30 ndf
unaly Srovds 1w pertenarte mGgured
SSOOMNE PSRl N 1St 10 SO0t T I pes!
Mosrcompiens. 0 g Cray Aces. M BheGere)

epcc @

PNt On riater syaierr

Distributed/shared memory hybrids

Almost everything now falls info this class

(©)archer epcc @

I
Hybrid architectures

Amos! all HPC machires faf in ths dass
Mot appications Uso B MesSage-passing (MP1) enodel for
programming
Usindy W 3 80700 TT000M D Cie
NCreased use Of ytrid Message-passng * ahared
memory (MPFOpenP) progranyring
Usaly 400 T of Mors Droceasad por NUMA regon and Ben e
OO PUTer OF sl mennory Mraaos 0 OO0y - e
s
Placoment of processes and threads can Decome
compbcated On thess Machnes

(©)archer epce @
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| |
Example: ARCHER

ARCHER Nas WO 12-wiry muhioorg processons per node
L 12wy procasssr m mady wp &F Tl Score Owd

Lach 6008 & » 2400 hmed-meindty NUMA rachs

Accelerators

How are they mcorporated”?

srctienlll ™

epcc @ | OEER=a epcc @
| |
Including accelerators

ACCHISINIONS 308 UBUBlY CXCPOiad Into HPC machines
using the hybrid archtecture model

A frrbet of SC00MOMY Der hOte

hrxses onrmard Ineng CAercorrenty Companson of types
Communicadon Fom acosiarotorn 10 aCcolarnator Jepencs
on the hamware

NADIA G st00ort Srddt comesrmeaion

WWhat ia the cifference tetwoen different bers?

AND GPU hawe 1o corverescats via CPU mernidy
it Xaon Pre communiiddon va CRU mendry
Cotrmencatog v CIMUY mancry sredives B of seirs oS0y

epce @ | Ok epcc @

O
HPC Facility Tiers Summary

HPC facines aro oftan 800ken about as belonging 1o Vst magonty of HPC machines &e shored-momery nodes
Thvs ned by an interconnect

iyt MPC srchdeciures - COmbrattn of thared and b Buted
TNy

Tiat 0~ Pannational Facilinies

Most ace programmed using a puce MPI mooel (more Later
Ther 1 = Natsonss Fachines on MPI)

Does 0ot renlty refect ihe "ardware brpot

Tier 2 = Reponal Faclines Shared HPC machnes span B wide range of aizea

From T O < WAL Ot A0em ([ malon Corm)

epcc @ | = epcc @
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Parallel Programming

Libraries and implementations

EPSRC
SRAY epcC| @

Qutline

MP1 - dainbuted memory de-tacsd atandard
Vg P
OperNP ~ shared memory Ge-facto standard
Usrg Operde
CUDA - GPGPU de-facto standard
Usrg CUDA
Others
Wytrd programrarg
Yoot P Proprameang
Srantm
PGAYS

(©) orcher] epcc @

MPI Library

Distributed, message-passing programming

(©) ocher| epcc @

Message-passing concepis

(©)archer epce @

Explicit Parallelism

N MeSIage-pasung &l the paraiedsm s expica
e POgET OGN ot st By pach corrrsnantaiion
ViRt 55 80t O f00tve
Vet 10 satdd o recerve
Syncnenreaaten
2w up 10 the deveicpar 10 desgn the paradel
CACOmPOsLon and mmplement £
How will pou Srvide LD T DrODiom
VWRon Wil pou Noed 10 COMMUNCINe Detween rotesses?

epcc @

Message Passing Interface (MPI)

MP1 s 8 pOrtabin Ry Uted fof wiltng paraied programs
UG e Messsge SAseng model
Yiu S0 et MY 15 Do seplatiie o any NPT Difur s yOul vam
Based 0n a pumder of IYoCesseR NG Indepecdently
parmie’
HIFC 2000urtt DIOVERE & COMMENd 1 Bunc™ MuSole (rodestes
wmlgreonly |10 g Meesec a0on)
Trene ate 3 number of d¥oront Frglementations Dt all shoukt
BEp0N By W 2 standerd
A wih O OOy P wil be varsiorn Setwvoen
Yrglorwtiattnn S ol B faatres A00cfed 1 S Rt AOUS
wors
Cramgies NNCIC Opomiiiy

(©)archer epcc @

Point-to-point communications

A MOSSEN0 380 Dy ONe PIOCoss and recenved by andtnes
Bo8 processes 8re achvely nvolved in the
COMMUrCaton ~ nol Necessarly it the same bime
Wicde vanety of somantics provided
focknrg v Aen oty
Ready v spritvorcas va afeced
Toge CoOmemurCoitry withCetty
Bt an 0nd Cusiom dans ytes
Can be used to implemant ury COMMUMNCARON Datiam
Cober=wo 0OSrMions £ 2ppicalig Can be mire et

epcc @

Collective communications

A COMMUNCASCN el invdlives all Drocesses
A Wi B COMPRUNONIOY. | 8 X Gofined sb-aet of M DIOOEeSSY

Each coloctive oparation iImplaments a parmculer
COMMUNSCHILON Daltom

Eower 35 progeam tham 1as of SOt 10-DO0Y Mussapee

Should Do mone fSGent 1han 0m o DOSEAD DOV ITEsARges
Commenly used sxamples

Deoaccas

Gate

Reouscn

AN

(©)archer epce @
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Example: MPI HelloWerld

It sain(ioy arpl, o0 arpvl D)

Lot alas, maehy

tlhargn . Sarpn
— W (v N ’
- i P A ars

primt(™elio wris 1°m raek B2 of BT, reek, slie);

epcc @

OpenMP

Shdred-memory parafieism usng drectives

epcc @

Shared-memory concepts

Thieads "Communicaie” Dy having ScCoss 1O the same
MSMOrY SDa0e

Ary THoad G st sy R oF Suts

) oot SonryrLEsCatons Detener! the Caraiel sk s

I

] epcc &

OpenMP

Opardd |9 an Appiicaton Program interface (AFT) for
sharod memaory programmng
You St @xdect Opondli 15 58 soporied by 8 Sy o
190 praToms
Not a \orary inderface lke NP
YO O8emact 1hoough TR ectived ¥\ yOul DEOQIT SOUT TRINE" TN
cairg LASSori e dre
Paaintiam I8 58 expict than MPI
YOou spealy whch Dems of T (OO you mart 10 Devabelise W
9 cortpee© rOSuCES 5 DatEiN Rty fatile

epcc @

Loop-based parallelism

The mast common form of OpenMP paraiobam is 50
Parpietse e work In ¥ 00D
Tha DoenldP Svachvens of Te COmMpder 13 Ovwide e decations of
00 o0 Detween e Yresis

epcc @

CUDA

Programming GPGPU Acosferton

epcc @

CUDA

CUDA i1 an Applcation Program Interfaca (API) for
peogrammng NVIDIA GEU accaieatons

Propretory soSearn provided iy AVIDIA. Shouid be svadetie on

M syt with NVIDIA GPL acosteratory

Ve TPV soocic Soctions caled Apmaly

LI Rrais UNNg SyTIREe Wi Banderd C orograms

AR ANCEoNs 5 VA A3t Setween TPU ana G memory
Simiias 16 OpenMP programming in many ways i that the
paraieliom s oot in the keme! dedign and launch
Maote recent versons of CUDA inciude ways %0
commuricaln deectly batwoen multitle GPL scoaleraton

(GPUdvach)
epcc @

Example:

CUDA devrml. By thowad Lobes care of o wlomeert of &
Fal ) il vachldi(dnales 5. Bir b, sadie % imt »

1 o global et &

e A8« hlockian v S loc vl wettrenditn x

Mt Arw o 0 A0t pe ot oF bownis

LEITEN

Calleg with
e Adsicapricilie, BN ipesc(d . AR, 21, n)
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Others

Nche and Afure implomentabons

epcc @

Other parallel implementations

Pantoned Giobal Aoaress Space (PGAS)
Coarriy Forran, Unted Paraiel C Crapsl
Ctay SHMEM. OparSHMEM
SOQ0 4000 O st aton W ivy
OpenACC

Drertve 24000 aiitoach fr frogratyrang sclmeriioes

epcc @

Example: Running Paraliel Programs

Here 1S a umple example of o PBS script foe that
ety e 30 10 evbieah
ot T 00 "Waarter 1
WTVES e A v Of D 100 1D O 'l Piter
80 Ton e B MY gupatitie fesathersen o ADSE coree

Sl/uLn/sems <Jugin

RS N At

" ] wiettin

PSS 1 salltisesl:onig
| $28% 0 wOrunte

-= A5 watherain

©wrin

epcc @

Summary

epcc @

Parallel Implementations

DEinbuted memoly programmed usng M
Shaved memory programmed Lsing OpenMP
GPU accolratons programmed usng CUDA

HySeid programming spproaches (0 4. MPIQpenMP) ae
DOSMENG MOrR COMMonN
They masch the Serdware WOt morg SI00ey

A number of othet. Mg experimanty 3pproaches ap
aniadie

epcc @
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Compilers

Algorithms to executables

EPSRC
SRAY epcc| @

Qutline

Whiat does comigileng mean?
Lt
Aratomy of a Sormpslar
Compiae "oplmisatonsg”
Can the compder parseise my code?
Why ire there dMerances in compiers?

(©) orcher] epcc @

Compiling

What does comping maan?

(©) ocher| epcc @

Compiling Overview

HPC programs are usualty wiitien in 8 high-leved. human
readable language
Arrost mways Forran o C (009 of 88 HPC adpication)
Occascraly Cor tiraly sérmeiteg sise
Processons oxecuty maching Cooa (VWa iInsinuchon 5ots)
Compaers convernt high-devel source code Into machaw
code
AN OO ate Ltonaity Yom adernal ensey
Vauaty 3y 1o optmae w COOe Produced &0 T £ rure s et 0
DOsalie UM TV LYDOSSAON

epcc @

Libraries

Liranes rovide functonsiity thal i SOMMon across
meRtipla programs
Low fever « 8 0 Tesysiem accoes Usasily not imtatesmng 10 usery
Ootrrened ruenrCnl SoWasoms « 8 § waer Spedvn Fouse
vamtrrators
COMTmL N Canorm 000 Do pleigrr
W), Operiei
The Compiee Combnes the Lo in thesa IR2anes sith the
COCe GeNorated from the Laer's program D produce the
fnal gxeltatie

© 0 Mesiagn Passnyg Yertace

Lnng ot A Dve 18 SNa DO
shared Hrarea |

WOWT) B8y TG Mkang (o

epcc @

Anatomy of a compiler

How does it actusily work?

epcc @

Compiler Flow

e w Conbe

Compile Stage

Transtorms hgh leve! Sourcs 50 machine code
Mooty 00t Pigs - Uiy ore Olject B Dor $urte B
Actually CoOnssts of » number of sub-alnges
Detnds 8% 0oy 0nd 0 Q0UrSe
Cofimisstions are performed at this staoe
AMore O Spt=madond \ater

epcc @

Fortissimo Reporting Deliverable D10.10

Jf

Page 21 of 41



© 2017 Beneficiaries of the Fortissimo Project.

Link Stage

OGiact Nes are combined (Anked? 1o peocuce the actual
apphcaton
ADSOCEON 18 30 e Lttty By S
Ay Norary Coon nequead Dy the Rpplcaton s 350 knkad
at tha singo
Two forms of kniing
SHtC « Nl code 18 SOMDNSd 0 § angle exedutatie Yo
Dyraaent « Co0e YOm Wranes &m0t LOmBned Mo exooutatve Ne
PElas Uve CO0e i Syramicialy Cudht when The exatutathe 8 s

epcc @

Compiler optimisations

What do they da? When shouidshouidn't | use them?

epcc @

Optimisation

Compéiac wid try 10 $1a¢ DIOOCRS CO0e S0 ! 1Uns more
QUOYy
Thes o 20 O3ra 31 0 Nurrder &F loveln and Can Acuoe e
recrienng of Dperstons
Note: although these are called cpbmsations. this is &
resnomaes
Rowitng 00do » v optmal
SaZom vy AprEve DIOCSes
Saldom sy stierge 1o Guactfy efact of eny rarsirmatons
Unuady & srodeisrrornd sstpence o Sarsformatons Piat 9 AoCwn

15 groduce Sorfmance s £ somd Coces
epcc @

Optimisation strategies

LOOD dex rocicading {10 maith memoary Jyout)
Loop unraileg

Use of 1581 mamomanca coarnion

Functon miinng (avodng a function cal)
Oparaton recedonng 1o aliow for Cashe rouse

When to use optimisation

Simple angwor ways
You shoukd wanys use the Deriammacnce Gars grven By
OPRnusIten
¥ you @78 Cebupang han you uaally ywitch oplimisation
off 1o ensire that the statements &6 being executed n
e otder you spedifed
M yOu SUSPOCT that compier ODLEMESAlONS MY CHUSOG A
probiem you can tien them Off graduatly
Al OO0 SOmpiats SiSw e 10eciCuten &f & range of Sptireaatdn
vels &3 YOu Can S A OF prac ally

epcc @

Compilers and parallelisation

Can compliers paraiiclae my code?

Compiler parallelisation

Compiers can produce paraiiel (of vecior) nssrucions

Mabos use of e SIMO Mt i ON M Core's Rasdng SOt il
However, thay cannot produce the ganeral, Rgh-lovel
peruiehium cequired for scaling on multiple coces
Conpaurs 80 A0 Narve 0 S0t view rixpueed 10 froduce ™
! of par sl

Duts poraiatnm 18 UaLfly DOBT 0 DFOCUOS SAOTASCHTy o
s paratebar

AStempts Fave Doon made 10 SAUTOME Tl DUt s BTited Mcoes
M B

epcc @

Different compilers

Why ore there dfferéences betwoen complers?

(©)archer epce @
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I

Standards and implementations

Although standiards eust thay Canndt COver 88 Cases and
contan ambwguites

Whn The standard s 001 Coade than f 18 LD 59 the complar
ARGt 10 S&ect T Dehavions

Oerorces sl Satesen CONDieY IMCIDTRratom

epcc @

Qutline

Future architecuros
s we mtatem

HPC Future Look |

INOECH O PN YTTIROOR

Sofware chalipnges
Parsttaiam ard NG
Now Kgoraes

—— - VRO alxins softwirs T Soes 1Ot S0 7
E PS RC =t tnpact for standard comoutng
CEED =A% epcc @ | © Eaiiea epcc @

Exascale and Challenges

What will future systems look like?

Syttorn Pt 35 Poce OO0 Fepe | Eies

Merrory "™ ™ 1o
Future architectures Mot Pl WOOMmY  KRUMDR 19 Treos

Conoarervy n 08 100 011000
What will HPC machines ook ixke? Moertedt BN 43 OBy 300 Ofs 200430 OB

Nses W0 200 530 000 CAMDr)

w0 PR W e 0TE

LR Ty Ty O Dey)

P 12 UW »Yuw 20 MW

(©) archer] epcc| @
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Processors Memory

Norg FIoasng-Port Computo DOWer DOI LCOCRSSOr WM B0 DOCKDGOT W DrOCeSS0r
Oy it 553 DOwer WA Sariiighm Feinases power #BCarcy eed ) handwan
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3 Training Material “HPC Computer Aided Engineering

(CINECA)”

This training was developed by CINECA and was held June 16" -18" 2014. The material is
available through the shared document server [6].

SCAI SCAI

@ Outline g

HPC Computer Aided
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4 Training Material “HPC Cloud (SURFsara)”

This training was developed by SURFsara and has been held June 11" 2014. The material is

available through the shared document server [6].

SURFsara HPC Cloud Workshop

UvA HPC and Big Data Course June 2034
Anatoll Danezs, Markus van Dk

cloud-supporn@serfsara.nl

U HG Cht wokans e 3914

e ey s
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< tachnical defintion

1 scence Cloud CompuUtng is @ SyNosym fof SSirtuted COMPUIng Over i netwerk

o3 8 Service
» 5305 Software - MS Ofce M0, gmal
* PaaS: Plariorm ~ Googie App Engine
* laa$: Infrastructiure - Amazon EC2. SURFsara HPC Cloud

* NO software 0 buy and mantan (SaasS, PaaS)
* No mantenance dowrtima ~ Iive mgration of virtual machines
* Dynamic scalabiity ~ B33 when needed

Drawtacks

* Control over da%a ~ prvacy. busness sacrets. legal obigatons (patent data, Patnot Act)
*+ Control over computing « avadabity, processng power (SUA, overcommanng)

« Diferect - Layer, VM manages

Types
= Provate / Community | Pubiic
* Dedicated /| Overcomeiied (CPU, network, dak space)

SURFsara Computing

Pre-configurad and IMantaned emaonments:

» Canesas - National Supeecomputer. 13084 coros (2T0TFops). 4178 RAM 2 498 cnk
* Una - Natonal Compute Cluster (VU, UvA, SURF | 6528 cones (46 TRops ), 17TH RAM
* Grid = ndernational parallel tadch processing 11 stes, 5000 cores. 4FB dak 6P8 tape
* Hadoop ~ BigData parailel processing framework. 700 cotes. 1 2P8 cel

Sef-sarvce

= HPC Coud ~ Cloud computing $60 HOC cores. 80 Ligtt cores, 8GEB RAMcore
- Latra Bich memmony aode with 40 cores, T1 AM, 0.4 T8 dax
« S00TH shared storage
+ Nodes coneacied by fast network

Otrae
* Boehut ~ Deta s3rage WebOAY access
= Visushzaton - render custer and "Colaommonum”

Who uses the SURFsara HPC Cloud

Past. Research feids
* 130 grojects completed since January 2011

- Biology

Cumrent (20140521, a siow day) * Genetcs

+ 120 actve projects * Informatics

* 250 logn accounts * Chemustry

* 160 running VMs using 725 cores * Ecology

+ Largest VM: 32 HPC cores, 245G8 RAM * Lingusscs

+ Smaflest VAL % cove, 2GB RAM * Robotes

+ 100TB used for disk mages * Busness

+ JOTB used n VD (project NASes) * Social sciences
* Engintering
* Humanties
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Why SURFsara HPC Cloud Why not SURFsara HPC Cloud

SURFaaras HPC Cioud i LAAS: Infrassructure As A Service, 56 SURFsara HPC Cloud is IAAS: Infrastructure As A Service, s¢
you assembie your viiual machine (VM) from the ground up. you assamble your virtual machine (VM) from the ground up
Ganeral banefty Orawbacks

+  Data and compung i Amstecdam, Dackups in Almere
No tes 1o US and s Momeland Securty. Patriot Act
Omars Connct acoess data n your VM (nckasing SARA parsonnel)
Unvestrictnd Infeenat Scess (ut e use), nchuding upidownioad of data

No SLA (yet), service during office hours

You mantan everything in your VM

You are responsidle for ol of your VIS behavier

You must protect yoursel! aganst Breats from the internet (DOOS. vwus)

Technical benelts *  Pay for VM uptime, not just compute tme (ke gas, kghe)
No gvorconmmimag, you 8ione vae 100N of your coreds) « No stomatic backups
Tador VM 10 your needs: cores, RAM, daks +  Slow dsk VO (despned for computing)
Root access 10 your VM = Your Bptop & faater than a 1 core VM
Feroe choce of OS. packages. versons + Interince 10 CONSUCUSIAUSIOD VS is NOt Lser friendly

= Fast privinte network for all VM n your project

Below decks

Cloud project networks

VM controt OpenNetula = Dwact indermat 300088

* Open source «  One privane virtual netecn Dar progect '4"‘:-\9 1000004
Acaptable aved ¥t imdarcononct Between Vs 7 —
: o Sqad peoxy 4 nos-Yernet Ve w
* Currently best practice for our siuaton P and MAC a00resses Change every lawrch Cd—
Dy ONS ™
Virtusizaton: KVML iviet. CamOS. iR Cad
= Open scurce WDl shared stoeage pae progect -
+ MSermteh MBackup Sty % oo E }
b = Mot WOw 0 VWV NFS, Dt witn mianons
ST KROS Facons Access VeDe via SFTP wa prvate key 1
Unad for updownions of dak images e
Support ponal Reamne
* Open source Exva
* My SOL server
= General Cloud wiu
= NOSOLUserver
* Par project wik and issue tracking
SR 1 o e A e

Build a Virtual Machine Set-up assistance

Atemplate” is 8 VM recpe Creatng 8 VM fom scranch can be @ kot of won
*  Node type: Large / Medm / Small
# vrtual cores, # real CPUs, RAM We provide a set-up wzand. you choose
Private progect neswork * ContOS / Ubunty, Desiiop / Server
ntemet: needs packet fiter * # cores and RAM
Your dak images (IDE. virtio). boct from hd / cérom * Dok size
* Networks. intemnet ancior 10cal, welserver reachabiie from Internet?
Create terrpiate. “Create VW' wizard o Templates -Naw * A new VM i3 created and launched
NODE | VCPU | RAM | RAM hommpenimsn
ICPU  ICPU  IVCPU U 1ot password and frst user
L (Hec w1 | eo8 68 i
M_| o | 21 | BG8 : 4G8 From men on, you must take care of updates oi2, !he Wizard & just 8 set-up help
s Bght 41 | BGB  2GB

Alternatives

Web known imematonal Clouds
Note “US-EU Safe Marbor” worthess
* Amazon Bastic Compute Cloud (EC2)

* Google Compute Engra

- Rackspace Support portal hitps:Aivwww.cloud. ara i
Oher Search: Tudorial 2014-06-11

* Hostng

» Gnd Comguting Self-service portal: hitps Jui cloud sara nl

« Hadoop Make sure you use Google Chrome browser.

Fortissimo Reporting Deliverable D10.10 Page 40 of 41



© 2017 Beneficiaries of the Fortissimo Project.

5 References
[1]  Fortissimo Deliverable D10.5 “The Month 42 Dissemination Report”

[2] Fortissimo Deliverable D10.6 “The Year 1 Training Report”

[3] Fortissimo Deliverable D10.7 “The Year 2 Training Report”

[4]  Fortissimo Deliverable D10.8 “The Month 42 Training Report”

[5] Fortissimo Deliverable D10.9 “Initial Compendium of General Training Material”

[6] Fortissimo 4PM https://fortissimo.4pm.si/login.jsf (access for project partners only)

Fortissimo Reporting Deliverable D10.10 Page 41 of 41


https://fortissimo.4pm.si/login.jsf

