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Lecture 0
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Course Aims ﬂ

The course is targeted on description of the latest
advances in cloud computing hardware and software,
system architecture, new programming paradigms, and
ecosystems for the higher performance and efficiency.

The exercises and laboratory works are devoted to

explanations how to create high-performance clusters,

scalable networks, automated data centers, and high-
throughput cloud/grid systems.

The course will learn how to transform traditional
multiprocessor machines into clouds for ubiquitous use
in the real-life large-scale applications that are
emerging rapidly in recent years.
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Course Overview ﬂ

The course includes 8 modules:
0.Introduction to the Context of Cloud Computing
1.Parallel and Distributed Systems
2.Virtualization Technologies
3.Introduction to Cloud Computing
4.Cloud Computing Technologies
5.Distributed Data Processing Systems
6.Distributed Data Systems in Cloud Computing

7.Cloud Security and Trust Management




This Lecture Overvich

This introductory lecture is dedicated to overview of:

- the current challenges and trends in both high-
performance computing (HPC);

- the current parallel and distributed systems (clusters,
grids, P2P networks, clouds, etc.);

- the main aspects of distributed computing:
architectures, demands, service models, etc.;

- the important issues of distributed computing:
scalability, performance, availability, security, energy-
efficiency, workload outsourcing, data center
protection, and so on.




Current Challnges -
Overview
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Why we need
High Performance ﬂ
Computing ? ZEH

* Multiprocessor PC is not enough

* Example: movie rendering

— “Disney’s Cars 2” (2011) ~11-90 hours
to render each frame;

— “Monsters University” (2013) ~29 hours/frame | B3

* Total time: over 100 million CPU hours

* 3000-5000 AMD processors; 10 Gbps netwg

* Example: Google search

~5.1 billion queries per day; index >50 billion wé
pages; hundreds of thousands of servers to do this
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Big Data - Overvievﬁ

Big data are characterized by 4 V:
velocity, volume, variety, variability.
The major drivers are:

« velocity at which you have to ingest data, along with the
latency until it’s usable, and

* volume of data you have to store and do something with.
It's not a big data problem, if you have:

* a high peak load of messages for a couple of hours a day,
and you don’t need to see them frequently later

* terabytes of archival data that you don’t need to analyze,
(they are just stored for some regulatory reason)
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Herman Hollerith

Hollerith tabulating machine
with sorting box
(1890)

Hollerith card punch used by
the Census Bureau in USA
(1940)

(1888-1929)
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Big Data - Solution by cﬂ?
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Other Laws of
Technology Growth ﬁ

. i Optical Fibre
DOL:ELI):i;F}Ime (bits per second) Gilder’s Law
. \ [ __—(32Xin 4 yrs)
912 18

Data Storage

(bits per sq. inch) Storage Law

/(16X in 4yrs)

Moore's Law
' (5X in 4yrs)

AN

Chip capacity
(# transistors)

Performance per Dollar Spent

0 1 2 3 4 5
Number of Years Scientific American, January 2001

Moore’s Law — chip capacity 2x every 18 months
Storage Law — disk storage capacity 2x every 12 months
Gilder’s Law — network bandwidth 2x every 9 months
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Other Laws(Log scal%

1,000,000,000,000 -

100,000,000,000 |

* Moore’s Law. 10,000,000,000
_ Transistors ona +000.000,000F
chip doubles 100,000,000 -

~ every 10,000,000 }

18-24 months. 1,000,000 -

«  Gilder’s Law. 100,000 -

— Aggregate bandwidth 10,0004

triples ~ ) ’
riples ~ every year. 100l

*+  Metcalfe’s Law. 104

— The value of a network 1

e ———— 1970 1975 1980 1985 1990 1995 2000 2005 2010
QO 2300 6000 20000 275000 12mil 55mil 42mil 252mil 1.344 bil

with the number of participants.
A 5 50 85 154 45000 145000 10mil 243bil 200490h

] 4 111 200 10,000 300,000 1mil 140mil 35bil :'mh1
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Distributed Computinﬂ-
Models |

1. Architectural Models
2. Interaction Models

3. Fault Models




Distributed Computinﬂ-
Architectural Models

Flynn’s Taxonomy:

SISD: traditional unipro-
cessor computers
MISD: Space Shuttle

flight control computer

Instruction

SIMD: array processor,
GPU.

MIMD: parallel systems,

distributed systems (cloud computing).
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Distributed Computing -
Architectural-Servicﬁ
Models

Centralized (highly-coupled, cluster
computing): mainframe, cluster

Client-server: mail, banking, computations
Multi-tier : grid, DNS
Peer-to-peer: file exchange, computations




Distributed Systemsﬁ
Interaction Models

How do we handle time? Are there time limits
on process execution, message delivery, and
clock drifts? (The arrows denote the messages.)
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Distributed Systemsa
Interaction Models

A synchronous execution is an execution in
which processors are synchronized.
(The arrows denote the messages.)
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Distributed Systems ﬂ
Fault Models

Crucial question: what kind of faults can be?

* Omission faults:

A processor or communication channel fails to
perform actions it is supposed to do.

* Timing faults (in synchronous distributed
systems):
If any of this time limits is exceeded.

» Arbitrary faults (the most general and worst):

Intended processing steps or communications
are omitted or/and unintended ones are

executed.
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Distributed Computing:
Advantages,
Disadvantages,
Pitfalls




Distributed Computing ﬂ
Advantages '

® Performance

= Distribution

= Reliability (fault tolerance)

* |ncremental growth (scalability)

»  Sharing (computation/data/resources/management)
= Communication

= Economics (green computing)

= Flexibility
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Distributed Computing ﬂ
Disadvantages '

Heterogeneity (hardware, software,
operation, human factor)

Software development
Networking

Security

Incremental growth (scalability)
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Distributed Computing ﬂ
Pitfalls

The network is NOT reliable.

The network is NOT secure.

The network is NOT homogeneous.
The topology is NOT constant.
Latency is NOT zero.

Bandwidth is NOT infinite.
Transport cost is NOT zero.

There is NO single administrator.
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Distributed Computing:
Design
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Distributed Computing ﬁ
Design '
The main characteristics:
= Transparency

= Scalability
= Performance Predictability

= Heterogeneity

®»  Fault-tolerance
= High availability

= Recoverability

= Security
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Distributed Computing a
Transparency

How to make impression that the collection of
machines is a "simple” single computer?

= Access
®" |ocation
=  Migration

= Replication
= Concurrency
= Failure

= Performance
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Distributed Computing ﬁ
Scalability

The system should remain efficient even with a

significant increase in the number of users and
resources connected:

= cost of adding resources should be reasonable;

» performance loss with increased number of users
and resources should be controlled;

= software resources should not run out (number of

bits allocated to addresses, number of entries in
tables, etc.)
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Distributed Computing Q
Performance

How to predict/control performance?

The performance of individual workstations.
The speed of the communication infrastructure.

Extent of reliability (fault tolerance) (replication and
preservation of coherence imply large overheads).

Flexibility in workload allocation: for example, idle
processors (workstations) could be allocated
automatically to a user’s task.
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Distributed Computing a
Heterogeneity

different hardware: mainframes, workstations, PCs,
servers, etc.;

different software: UNIX, Windows, 0S/2, iOS,
Android, Tizen, Real-time OSs, etc.;

various devices: PCs, mobiles, ATM-machines,
telephone switches, robots, sensors, etc.;

diverse networks and protocols: Ethernet, FDDI,
ATM, TCP/IP, Novell Netware, etc.




Distributed Computing a
Applications

Strategic Systems (Defence / Intelligence)
Visualization and Graphics

Economics and Finance

Scientific Computing

— Physics (LHC — Higgs boson!)

— Bioinformatics (protein docking)

— Geology (seismography)
— Astronomy (simulation of galaxies)




Distributed Computing:
Types of Computing

Systems
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Distributed Computing:
Types of Computing
Systems

Cluster Computing
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Cluster Computing -Q
Definition

What is Cluster Computing?

Collection of high-end computers usually closely
connected through a LAN

* Homogeneous: OS, hardware
= Work: together like a single computer

=  Applications are hosted on one machine and user
machines connect to it. Clients connect via terminals

= Applications: storage, calculations.
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Cluster Computing - Scheﬁ

Master node Compute node Compute node Compute node
Management Component Component Component
application of of of
parallel parallel o000 parallel
Parallel libs application application application

[ Local OS I | Local OS | [ Local OS !

L 1t [ 6 7 _.......1 —

Remote access I’ r Standard network
network e
High-speed network

Note: Scaling is not easy. Multiple entities
competing for the same resource

(C) Tannenbaum, van Steen
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Tianhe-2 (fHEC AR 36, "Miky Way 2") is @ Sunway Taihulight (FRECAEAIZIE) is a
33.86-petaflop supercomputer located in National ~ Chinese supercomputer which, as of March 2018, is
Supercomputer Center in Guangzhou, China. It was  ranked number one in the TOPSOD list as the
developed by a team of 1300 scientists and  fastest supercomputer (cluster) in the world.

engineers.
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Distributed Computing:
Types of Computing
Systems

Grid Computing
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Grid Computing - Definitla

Collection of clusters, which may be combined in a
"Grid“ of a massive computing power.

= Heterogeneous: systems differ in
hardware/software/ administrative domains and
deployed network technologies

= Work: for collaborations grids wuse virtual
organizations.

= Applications: storage and calculations in science,
finance government, manufacture.
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Super computers Snme Formes v Virtual
organizations Researcnens

Purpose: Computational Grid, Data Grid, Collaboration Grid
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Grid Computing - Exampla

........

[y
| CPU/GPU | Storage |

CNGrid (2006-2010) CNGrid sites (sccas [ | 1ap_|
. *WT i— ssc__ [200TF [600T8 |

- NSCTI |7 | 208
« Two 100 Tflops i,

INscsz | 7emie [9opE |

= 3 PFlops Y 4 Bhairnd. 8 K,
« Grid Software: CNGrid ! 1 - | NSCIN 11:;»112;“ w8 |
gas B = > Ty 16|

= CNGrid Environment l-h?-a,-_ X TAPCM | 40TF 80TB |

el s i . | J
+ 12sites ' ' ‘ - > iz UsTC [10TF | s0TB |
g e prres, i bR
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= Applications ' 2 - e HKU | ZTATF130TB |
» Research 5 b sbU_ |10TF  50TB
« Resource & Environment ] ‘ 3;‘.- . g _'-[_1!]':.“-'"‘ w [usT |3TF 2218 |
= Manufacturing o e 4
« Services @ GSCC 0TB |

CNGrid (52 [E E ZX M #&) is the Chinese national high performance grid

computing network.
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Distributéd Computing:
Types of Computing
Systems

GPU Computing
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GPU Computing -
Definition ”’“n

What is GPU
Computing?

* General-purpose computing on graphics
processing units (GPGPU or GPU)

e vector instructions (SIMD), only effective for
problems that can be solved using stream
processing (data for similar computation)

e Calculations, gaming, multimedia.

Applications:
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GPU Computing - ﬁ
Scheme

3PU Acceleration Works

Application Code

Compute-Intersive Functions.
e

Rest of Sequential
CPU Code

U

CcPu GPU
MULTIPLE CORES THOUSANDS OF CORES

CPU versus GPU

NVIDIA “Tesla K40” card: 2880 parallel processing
cores. Compare: 1.3 TFLOPs <-> 2-8 GFLOPs in PC!




GPU Computing s
Examples

19X 17X 100X
Interactive fenic p for Ti ding HD video Fluid hanics in h N
fsualization of lar d i stream to H.264 Matlab using .mex file simulation
white on GPU CUDA function
T, S (C) Srinivasan

149X 47X 20X 30X
Financial simulation GLAME®lab: an M- Ultrasound medical Highly optimized Cmatch exact string
of LIBOR model with script APl for GPU imaging for cancer object oriented matching to find

swaptions linear algebra diagnostics molecular dynamics similar proteinz and

gene sequences

Science (above), gaming, multimedia
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Example 1

Digital Tomography
Reconstruction Time

g,
RE
E 3
™ 8
3
LR Tesla Personal
CalcUA s& 58 60 62 64 66 68 Supercomputer
$5 Million $10,000
Batenburg, Sijbers, et al
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GPU Computing - ﬁ
Example 2 |

NVIDIA DGX-1 desktop GPU-cluster

NVIDIA Voita V100 based on Volta V100
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GPU Computing - ﬁ
Example 3

NVIDIA DGX SATURNV

NVIDIA DGX SATURNV with NVIDIA Volta is a GPU-powered Al supercomputer
developed in-house at NVIDIA, demonstrating how NVIDIA® DGX-1" can change
the landscape of businesses and scientific research.
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GPU Computing -
Example 4
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SATURNYV is raising the bar for energy efficiency (making the Green500

with 15 GFLOPS per watt of FP&4 efficiency] with a total expected
computational capacity footprint of 660 petaFLOPS of Al horsepower.
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GPU Computing - a
lllustration

Mythbusters: Adam Savage and Jamie Hyneman

Their vivid presentation on GPU-principle
at NVIDIA conference (2008):

Video File is Attached

%&'F




20

Types of COmputmg
Systems

Client-Server Computing
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Client-Server
Computing - Definitio

£

The system is structured as a set of processes -
servers, that offer services to the users - clients.

clients and
servers
communicate
over a computer
network on
separate
hardware, but
both client and
server may
reside in the

same system

a server runs one
or more server
programs which

share their
resources with
clients

a client does not
share any of its
resources, but

requests a
server's content
or service
function

{ Applications:

e Email, network
printing, World
Wide Web.
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Client-Server

Network
printing

Email client Wi g 7
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Client-Server
Computing - Exampl

World
Wide Web

Online
Banking
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Distribut! d Computing:

Types of Computing
Systems

Volunteer Computing
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Volunteer

Computing - Definition

What is Volunteer & Computer owners donate their computing
C P resources (such as processing power and
omputing: storage) to one or more "projects”.

Why it is

e costs
» performance

important
(motivation):

Applications: e science, multimedia
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Computing - Sche

volunteers

Volunteers
select project
and get “job”

Volunteer

projects

" LHC@home

CPDN

Volunteers get
feedback on their
contribution

Projects
compete for
volunteers
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Volunteer Computmg‘.a
Cost (1 TFLOPS-year of

. e Computing hardware;
CI u Ste r: power/AC infrastructure;
s 145 K network hardware;
storage; power; sysadmin

Cloud:
S1.75M

VOlunteer' s Server hardware;

sysadmin; web

S]_K = S]_OK development

(C) Andersan
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Volunteer Computing n
Performance

* 500K people, 1M computers
® 6.5 PetaFLOPS (3 from GPUs, 1.4 from PS3s)

Potential

e 1 billion PCs today, 2 billion in 2015
e GPU: approaching 1 TFLOPS
* How to get 1 ExaFLOPS:
¢ 4M GPUs * 0.25 availability
e How to get 1 Exabyte:
e 10M PC disks * 100 GB

(C) Anderson
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Volunteer Computingﬁ
Examples |

Climateprediction.net

What is climateprediction.net?

LHC@home
iggs boson
) * M
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Distribut! d Computing:

Types of Computing
Systems

Desktop Grid Computing




Applications

e Calculations
* Multimedia




Scheme Q

* The computing resources can be trusted
* There is no need for screensaver graphics
* Client deployment is typically automated
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SZTAKI Desktop Grid &

Purposes: ' MTA
SZTAKI
* How to easily set up and Po-
maintain your own S 1;&55,!
desktop grid
* How to easily develop B {incC
applications to be run 9)‘&

on the desktop grid

18{V%ok X[2'5/3 %.61 MxX%_ C lhks- L O J A(

Y A

M

* I"M&{V%k S | AO JF




Westminster University a
Desktop Grid '

SCI-BUS  SClentific gateway Based User Support
Wi

Purposes:

* protein docking
* 3D rendering
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Distribut! d Computing:

Types of Computing
Systems

Peer-to-Peer Computing
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Definition © 0

* A distributed application architecture that
partitions tasks or work loads between peers.

* Work: No one machine is dedicated to provide
special services for others (but sometimes
some machine play role of server)

A A Il A ! AM

A F+ & &$ ! !



Applications ﬂ »

* file sharing (BitTorrent) @
* Storage (Gnutella 2) ' @
* Calculations (OurGrid) 2
* Collaborations (MMORPG N
porations | ) N
* Multimedia (SopCast) OurGrid

e e e e e
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Architecture , Q
1
» Structured |
- B
e &
i ‘
@ % =
* Unstructured 9~
) 2% 2% BEpw
* Hybrid e -
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M LA A K A
*( E
O AA | I M! A
A(CJAS A MK LA MK N A
J A F



<@

Distribut!’ d Computing:

Types of Computing
Systems

Cloud Computing




Cloud Computing -
Applications

Porprret

Web
conferencing

Cloud computing
applications

Ny

Online storage

... Others ...

M Al Al A AF
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Cloud Computing - Q

Client Client Client
Application
-
Client - Client
Storage
Infrastucture
Client Client Client
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Cloud Computing - a

Examples
* Collaborations & B | 1 Office
(Google e = o e
Docs, Microsoft Office == | 8 0
365) _—

* Storage (Amazon Web ____;:I_f.:.a'i.mazon
Services) " webservices™

* Calculations (Google
App, Amazon Web
Services)

GOL !SIC Apps

A ! ' I'H
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Types of Computing
Systems

Ubiquitous Computing
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Ubiquitous complltin |
Applications

(?‘,

* health care

n  'S6|465/4z -12345678

+ A | * " R e
A AS$ AAS$S A AS AK

AA L e

A F

€ A $ A M Ly a



<9

Ubiquitous Computinu

Operator’s site

Scheme

Sensor network

-

Sensor datais sent
directly to operator

Operator s site

Each sensor can
process and store

Sensors send
only answers
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Distribut! d Computing:

Types of Computing
Systems

Crowd Computing
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Crowd Computing -
Applications

* science — @

* multimedia

* business arwu“"‘
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Crowd COmputmg
Scheme
THAT'S WHAT C /D COMPUTING DOES.

S0
+ ~Boo

k¥

( A

A

LA AN F




R@

Crowd Computmg Q
Examples

* Astronomy:
galaxy classification
(www.galaxyzoo.org)

» Biology:
protein folding
(http://fold.it)

* Business:
Amazon Mechanical
Turk (http://mturk.com)
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