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What 1s Grid Computing?

 Theterm Grid comes from an analogy to an
electric grid
Pervasive access to power
Similarly, Grid will provide pervasive, consistent,
and inexpensive access to advanced computational
resources

e Grid computing usually associated with
geographically distributed resources connected
by high-performance networks.




Computing on the GRID

Use available computing resources from other
Institutions/organisations (by agreement) rather than having
everything 'In-house'.

It allows a user to submit a computing job to a GRID portal
(web/command line/automatic) and have the results
computed using resources elsewhere and returned to your

desktop.




Key Challenges for the GRID

Intelligent scheduling of computation near to data (minimise
network |oads)

Provide fast response times to high priority reguests (e.g.
medical applications needing 1000's of CPUs for 10mins,
NOW!) - need to cleanly suspend other jobs for duration

and then resume.

Data security and guaranteed deletion of temporary data
after exectution on remote sites.







The WebCom-G Environment

WebCom-G is a graph-based workflow computing language being
developed at the Boole Centre, UCC.

Can work with existing applications by wrapping them as nodes.

A graph node “fires’ when all dependencies are accounted for depending
on scheduling policies.

Hopes to provide alight interface to Grid-like systems.
It facilitates grid application development by the non-specialist.

Being tested with astronomical image processing
(O Tuairisg et al ADASS X1V 2004)



Time Scale

Runtimes for 2x10° histories:

2.8 GHz Pentium4 months

Cluster (60 processors) hours

Grid (1000 processors)  minutes




Calvin
SGI Origin 3800
40 M1PS R14000 processors
40 x 500MHz gives atheoretical 1Gflop/s

1GB RAM / processor
Shared memory machine (1.6 TB)

Very fast memory transfer between procs
(3200MB/s)



Hobbes

32 node cluster

Each node: Dell Poweredge 1750
dual Xeon server

2x2.4GHz Intel Xeon processors
2GB of RAM per node

Distributed memory machine
(4.5TB)

Gigabit Ethernet interconnects

The machine is essentially a bunch
of machines on a shared network



Franklin
SGI Altix 3700
20 x 1.5GHz Itanium 2 64-bit procs
20 GB RAM shared between al nodes
Shared memory machine (5.6TB)
6.4GB/s bandwidth




Next ....
National High-End Computing (HEC) Center

Computational systems
Shared memory system
0 Up to 128 processors
0512GB RAM
Cluster system
0 Up to 2000 processors
oUpto4TB RAM
0 Fast interconnect such as Myrinet, Quadrics or Infiniband

Storage solution in excess of 100TB



BEAMNrc

 Monte Carlo simulation system for modelling
radiotherapy sources

« More accurate than present treatment planning
systems

Pencil beam and collapsed cone methods

Inaccurate for inhomogeneities and small field sizes

e Originally only available on Unix/Linux
computer systems - Now available on Windows
with BEAMnrcMP

* code from National Research Council Canada




Monte Carlo

Beamnrc

Linac Simulation

Phase space file

Dosxyznrc Beamdp
Dose profile Phase space -"

analysis
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L
Siemens AvantGarde

Primary foils
Secondary foils
Dose chamber
Jaws

MLC

Applicator



inc. Var. File of which

Field size particles factors Time taken size particles photons

10x10 2 x 105 DBS 1000 1264.1 (0.35h) 327M | 12242578 | 12228644

10x10 2 x 105 DBS 200 816.0 (0.23h) 65M | 2431107 2423691

10x10 2 x 105 SBS 1000 6281.1 (1.74h) 237M | 8880082 8848973

10x10 2 x 105 SBS 200 1556.0 (0.43h) 47M | 1771735 1760953
10x10 2 x 105 no var 395.7 (0.11h) 0.5M 19318 13244



6 MeV 10x10 depth 0.1cm (dbs 1000)

400 million: 2 x 107 inc. histories

40 million; 2 x 108 inc. histories

10 million; 6 x 10° inc. histories

6 MV 2x107 histories depth 10.0cm
(dbs 2000)

5x5: 39 million phsp particles (1.0 GB)
10x10: 170 million phsp particles (4.4 GB)
15x15: 388 million phsp particles (10.1 GB)
20x20: 630 million phsp particles (16.4 GB)




6 MV 10x10 (dbs 2000)
170 million phsp particles (4.4 GB)
2 x 107 Inc. histories

6 MV 10x10 10cm depth (dbs 2000)
170 million phsp particles (4.4 GB)
2 x 107 inc. histories



15 MV 10x10 (dbs 2000)
495 million phsp particles (12.9 GB)
2 X 107 histories

15 MV 10x10 10cm depth (dbs 2000)
495 million phsp particles (12.9 GB)
2 x 107 inc. histories



Summary and conclusions

 Monte Carlo at present allows quality analysis of
Treatment Planning Systems.

* “The Grid” could bring enough computational power

Into a hospital to make Monte Carlo simulations viable
In real time.

 Future work: Continue to build atest bed for stress
testing the grid using medical imaging and, in particular,
Monte Carlo ssmulations of linacs.







The WebCom-G Environment

WebCom-G is a graph-
based workflow computing
language being developed at
the Boole Centre, UCC In
collaboration with groups at
NUIG and TCD.




WebCom-G : Features

Detalled description of data flow between software
components in the workflow graph

Allows fault recovery by returning to last correctly
executed node in graph and resuming computation from
there

Allows optimised scheduling of each part of graph based
on instanteous computing environment (available hardware,
network speeds, reliabilities, cost, etc)




What 1s Grid Computing? (contd.)

o Gridsare very much about large-scale resource
sharing
Spanning administrative boundaries
* Problem solving in dynamic, multi-institutional
environments

e Sharing for example:

Direct access to computers, software, data, and other
resources
Sharing is highly controlled, clear definitions of

exactly what i1s shared, who is allowed to share and
the conditions under which sharing occurs.







Why now?

Network vs. computer performance

— Computer speed doubles every 18 months
— Network speed doubles every 9 months
— Difference = order of magnitude per 5 years

1986 to 2000

— Computers. x 500
— Networks: x 340,000
2001 to 2010

— Computers. x 60
— Networks: x 4000




e
Siemens AvantGarde

Target
Abs.+PC+Flat. Filt.
Dose Cham + Mirror

X Jaws

Y MLC

Thanks to Siemens



Field size
10x10
10x10
10x10
10x10
10x10

15MV

inc.
particles

2x1075
2xX1075
2x1075
2X10"5
2x1075

var
factors

DBS 1000
DBS 200
SBS 1000
SBS 200
No var

time taken
1207.8 (0.34h)
415.3 (0.12h)
9558.0 (2.66h)
1976.0 (0.55h)
403.9 (0.11h)

File

size
31M
6.4M
25M
5M
34K

particles
1165333
234797
029148
185433
1229

of which
photons

1162346
234133
920659
183798

1213



Field
Size

10x10

10x10

10x10

10x10

10x10

15MV

166000

836000

215000

1079000

162216000

Inc. particles  Var. factors

DBS 1000

DBS 200

SBS 1000

SBS 200

No var

Time taken

708.8 (0.20 h)

2229.5(0.619h)

11568.7(3.21 h)

13193.4(3.67 h)

203833.5(56.6h)

File
Size

26M
26M
27TM
27TM

28M

Particles

963809

975011

996206

996590

1017184

Of which
photons

961317

972485

087118

987644

1008083



