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HPC - Parallel Computing

HTC - ‘Condor’ A Hunter of Idle CPU Cycles
Cluster Computing

Grid Computing

Future Trends




Oxford Dictionary of Science:

A technique that allows more than one process —
stream of activity —to be running at any given
moment in a computer system, hence processes
can be executed in parallel. This means that two
OF MOr e processors are active among a group of
processes at any instant.



Parallel Computer == Super Computer

NO |
‘Super’ (Computer) iIsafunction of t !

A Parallel Computer may not be powerful



An extremely high power
computer that has alarge amount
of main memory and very fast
processors... Often the
processors run in parallel.

(see next dlide)

The IUCC ‘Negev’
Cray SV-1



Scientific American, August 2001 Issue
also available online:






Ref: Jack Dongarra, University of Tennessee dlide
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A new strategy in High-Perfor mance
Computing (HPC) that exploits mass-
market technology to overcome the
oppressive costs in time and money of
supercomputing.
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A Collection of personal computers
Interconnected by widely available
networking technology running one of
several open-sour ce Unix-like operating
systems.



« COTS—-Commodity-off-the-shelf
components

e |nterconnection networks: LAN/SAN

Cost/Performance
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Distributed Memory Systems
Connected by a Standard Network

M essage-Passing Paradigm
Establishing a Connection — Next Side
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B HE HHIHHHHH R
# Initiator Side # # (Server) #
# Cient Slide # HHHHH AR H R R R
HHHHHAH AR AR R AR | mport socket
i mport socket HOST =
HOST = ' 192.168.0. 1' PORT = 50007
_ S = socket.socket (socket. AF | NET,
PORT = 50007 socket . SOCK_STREA -
Socker SR QFREAy Ooket - AFLINET. s i nd((HoST, PORT))
s. connect ( (HOST, PORT)) s.listen(1)
s.send(' Hel l o, world") conn, addr = s.accept()
data = s.recv(1024) print 'Connected by', addr
s. cl ose() while 1:
print ' Received', “data data = conn.recv(1024)

I f not data: break
conn. send( dat a)
conn. cl ose()
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API

e PVM —Parallel Virtual Machine (ORNL)
« MPI —Message Passing Interface (ANL)
— Free SDKsfor MPI: MPICH and LAM

i
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 OpenM P — Shared Memory System

A free implementation:. Omni

OpenMP
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Real time parallel graphics using MPI/MPE
Dynamic processing creation using PVM
Parallel Image Processing

From “ An Introduction to Parallel Processing” course
at the Ben-Gurion University
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« MPI Parallel Code
 MPE library is used for the real-time graphics
e Each processisresponsible to asingle ball




MPICH: Java
based Jumpshot3

LAM: xmpi



M.C. Escher’ s Drawing Hands Un Safe SEND/RECV



Simulation of an Elementary Particle Decay
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The Hyperon Decay
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The parallel program mimics the physical process

spawn spawn
L ambda (parent Child particle hild particle
particle) — — #] —\Norker =P #2 —Worker ===
Master Program Program #1 Program #2

Master —Workers model
MIMD — Multiple I nput M ultiple Data



PVM Cluster view with XPVM



Message Passing View in XPVM



P.V.C. Hough. Methods and means for recognizing complex patterns.
U.S Patent 3069654, 1962.



Guy Tel-Zur, Ph.D. Thesis. Welzmann Institute 1996






e Master / Workers paradigm
« Domain decomposition: Divide the image into
dices. Allocate each dlice to a process

e Care must be taken at the boundaries of the dlices
(shared circles).

* This is one of the topics the students study in
their final projects in the PP course:

% ¥ #b click on
“Projects”
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e A Linux Cluster
e 32 Processors
e Fast Network Interconnect

H $W " ()
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Dual Intel®Xeon™ processor with 512-KB L2 cache support
*Intel® E7501 Chipset

*Optional Integrated dual-channel ATA/100 RAID or Integrated
dual-channel SCSI

*Two ATA/100 IDE Channels

*6 DIMM sites for up to 12GBofDDR200/266 ECC SDRAM
*Triple-peer PCI/PCI-X, up to six add-in card slots on risers in a 2U
*Two Integrated Intel®PRO/1000 MTServer Network

~ 33,000 !




A simple Layer 2 Gigabit Ethernet switch
o 24 ports for ~$2,500

Model: DGS1024T
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« KVM (Keyboard, Video, Mouse) for
16ports:  ~$1,000

« Avocent (Cybex) using cat5 IP over Ethernet



« Computer $3000* 16=%$48,000

e Switch $2,500
e KVM $1,000
e CRT $500

e Overall $52,000

 Oneyear ago “top of theline” cost was about
$76,000!!!



C

e Theoretical Peak Performance
3.06* (1.8* 16)=88GFLOP/s

$52,000/88~=600$%/GFLOP

DA g #0 5

 Avyearago. 64GFlop/s $1.2/MFLOP












Condor Is asoftware system that creates a
High-Throughput Computing (HTC)
environment by effectively harnessing the
power of acluster of UNIX or NT
workstations on a network. Although
Condor can manage a dedicated cluster of
workstations, akey appeal of Condor isits
ability to effectively harness non-
dedicated, preexisting resourcesin a
distributed ownership.
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Simulate the behavior of F(x,y,z) for 20 values
of X, 10 values of y and 3 values of z (20*10*3
= 600 combinations)

— F takes on the average 6 hours to compute on a
“typical” workstation (total = 1800 hours)

— F requires a“moderate” (128MB) amount of
memory

— F performs “moderate” 1/0O - (x,y,z) IS5 MB and
F(xy,2) iIs50 MB
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* What do we mean by a“Personal” Condor?

— Condor on your own workstation, no root
access required, no system administrator
Intervention needed

o S0 after installation, Frieda submits her jobs
to her Personal Condor...
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... keep an eye on your jobs and will keep you
posted on thelr progress

... Implement your policy on the execution order
of the jobs

... keep alog of your job activities
... add fault tolerance to your jobs

... Implement your policy on when the jobs can
run on your workstation



* Friedalnstalls Condor on all
the dedicated Cluster nodes,
and configures them with her
machine as the central
manager ...

e Now her Condor Pool can run
multiple jobs at once







(Boss Fat Cat) The Boss says Frieda can
\ add her
co-workers desktop
machines into her Condor
pool aswell...
but only if they can also
submit jobs.




A

Some of the machinesin the “

Pool do not have enough

memory or scratch disk
space to run my job!



(Boss Fat Cat)

\ | am adding nodes to the
Cluster... but the
Engineering Department
has priority on these nodes.







BGU Condor pool
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* First Friedatakes advantage of her Condor
friends!

» She knows people with their own Condor
pools, and gets permission to access their
resources

« She then configures her Condor pool to
“flock” to these pools
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e Live monitoring















04 H

-Large Hadron Collider: particle accelerator consisting of a27 Km ring
of superconducting magnets in atunnel about 120 m under ground
- Energy of each LHC beam: 7 Tera-electron-volts

-Data accumulation rate: 10 Petabytes per year (equivalent to about 20
million CD-ROMS).
- CPU power reguired: Equivalent to about 100 thousand of today’s PCs

- Local Area Network throughput: approaching a Terabit per second at
dozens of sites.

- Wide Area Network capacity: many Gigabits per second to hundreds of
Sites.

- Number of scientists working on LHC worldwide: about 10 000

- Number of institutes involved in LHC: about 1000

- Number of countries around the world with LHC scientists: over 50



Thelsragll Grid...
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Distributed Computing
with PlayStation 3
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Available Speeds

1 GHz, 900 MHz

Cache Level 3: integrated 3 MB or 1.5
MB
Level 2: 256 KB
Level 1: 32 KB

Features Based on EPIC architecture

 Enhanced Machine Check
Architecture (MCA)

*Extensive Error Correcting
Code (ECCQC)

System Bus

400 MHz, 128-bit wide
6.4 GB/s bandwidth

Chipset

Intel E8870 chipset




~4,000 entries in Google (June 2003)

Blades
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Based on | nfiniBand Technology
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