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. Science and Computation

* Pillars of Science:
— Theory
— Experimentation
— Simulation

R TheEnd
of Science 7y

The quest for
knowledge used
to begin with

grand theories.
Now it begins
with massive
amounts of data.
Welcome to the
Petabyte Age.

MICHIGAN STATE
UNIVERSITY




tific Programming

Inputs (Data)

Computation

Outputs (Results)



el

uting at MSU



1

2. F
S

data in some
way

3. Output Results

MICHIGAN STATE
UNIVERSITY

Problem Type:
Data Analysis

. Input data file

ind features,
earch or filter

Image from OpenDX



informatics

e Computer vision tasks

e Some Bio

. Data Analysis

ICS

e Astrophys

q
$
8
3
$
g
g
$
g
g
$
g
$
§
$
g
$
g
$
g
$
g
$
§
$
g
$
g
$
&
il
$
2
$
g
8
$
8
g
$
g
]
g
$

721tttgagcagacctatataagatggt tatgaagattcacacageggctcatgectgtgatcecageact ttgggaggctgaggcaagtggageacctgagatcatgagt tcaagaccagectggecaacatggtgasaccecat ctctactasagatacasaaat tatccaggtgtogty

ICER

28 BB 38 B38IB &3228

LLLLITILL L L LLLIL oL DLIL o cogoL

B283HBB S8 3B & ) 82 g ouod838 838 mw

CRCR-JUCRCRCRCRCRCRCRCE - JURCE - JURCRCIICRCIE )

[CF- R R RCRCRCRURCE - SrRCRCRCRCRCRCRCRCRCRCRCH ¥ FrRCRCItCRCIE-]

BRI FIBBIIBBBBB8 BBBYUY™

(- (U R Rt Rt ]

CRCRCRCRCRT) [cRCRT) o exeieReRe)
(CRCRURCRCRC CUUOVLLLIVVIBLVLOY v
2338333/83/833/8888 2200328383888
28338080888 8O LR YR Rl R Re)

Image generated using SAMtools

PR R RE-SRR R R R R R TR R R Y- TRCR-

wmmmmmmm BB 2EBE3EEBBEB888 ., BB BBBE mwmmm,qmm,mmm,cmm 88°

gmmmmmm wmwmmmmmmmmommmmmumwwmmwwww@wa
LU HURURURURUR JUR JURURURURUNURUAURURURURURURUR - LR Tt R 1t
EREERER RER R R R R AR R
SEBBEEE2 B8 B88 BYU5EE38888888E38

SO OOO B335 0/88 &
ooIoIbLLLLLLLLIL L

g9 mmmmwnwwmmmm

cooLbLLUoaBibLLLd

522333353 w3 333338383
55538388 SIS 3IBIBIBIBIS 3G 3

23222852338 3313333 3(3(3/318(3 3

223338333 _33 3232338 3/3(3330

3 323 3|3(3 33 3|3

MICHIGAN STATE

UNIVERSITY




antly Parallel




Who are you? -- Biometrics




. Pairwise-All Problem

e Database of faces
e Compare everything to everything else

* Calculate a Matching score to use for
identification

MICHIGAN STATE est Scan ction
UNIVERSITY ICER
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ated Calculation Times

nds) = 189 Minutes

(seconds) = 103 Days
to themselves always result in 0 mm

943) * 5 (seconds) = 103 Days
nment Algorithm is symmetric.
943)/2 * 5 (seconds) = 51.5 Days

dels once per row instead of every time
3)/2 * 3 (seconds) + 943 * 2 (seconds) = 31 Days

2 computers

11




we go even bigger? -

a single processor computer
2 computers. L]
4 computers




Throughput
puting (HTC)

y split * Examples

— SETI@home
chunks — Folding@home
ire large — Boinc
emory — Condor
ire large
width



bmission system
like a screen saver

s CPU Cycles
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puting at MSU




Time

ly Coupled




Type: Search

eter space
uality of solution

und

Image Provided by Dr. Warren F. Beck, MSU




santly parallel
when it is memory bound?

K -05 -1 A

Parameter visualization of genetic algorithm search
for research conducted at Ohio University




me
encing

ically
bles to
the
sible

of
CPUS to
ical

1. Grind bee and
extract DNA

ey

0 5

Iy

ACCTGTGCTCGATGCTAGCTTTG

AATGCGTAGCAGTAAACCGTAGGT

|

\/A

2. Shatter
the DNA
into shorter
pieces

v/-\

3. Sequence the pieces

GGATCACTCGACTGCTGATTCGGCTC

GTAGGTACCGAATGCAGGTCACAAT

CACAATGGGTTAACAGATCGTAGC
AGGATACAAGATCCTGACCTGAAGT

4. A computer matches up
overlapping parts to get a
contiguous sequence.

AATGCGTAGCAGTAAACC]

GTAGGT]
GTAGGT]

ICACAAT
IACCGAATGCAGGTICACAAT

GGGTTAACAGATCGTAGC

l

AATGCGTAGCAGTAAACCGTAGGTACCGAATGCAGGTCACAATGGGTTAACAGATCGTAGC

http://beespotter.mste.illinois.edu/ ICER




Moore's Law

" National Human
||||| Genome Research
Institute

I

genome.gov/sequencingcosts




keep up!

Hard disk storage (megabyies per dolar)
Doubling time. 14 months

1,000 §
.

10 4 . r
| .

NGS (base pairs per dollar)
Doubling time, 5 months

Yoar

1990 1992 1894 1996 1998 2000 2002 2004 2006 2008 2010 2012

Stein, L.D. Genome Biol. 11, 207 (2010).

[ ]

» 100.000.000
- 10,000,000

2 B

>
100,000 §
+ 10,000
| f
1.000 §
© 1
o B
. |
01



d Memory

Multiprocessor (SMP) machine
res shared memory
achines:

ocessing cores (CPUS)
2TB of memory

nication can be done in memory
nication is very fast.



d Memory Libraries

16-way SMP Building Block (book)



uting

Time Speedup

s to Shared

cyclicl2
cyclic13
katural3
katural4
katurals
onic?

onic

ldeal Speedup

| | |

10 15 20
Number of Processors

35
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Problem Type
Boundary simulat

4vAY

sFay

2

Lavave

A TaTe

&
5

ivide a 2D or 3D simulation

D
space in

1.

to a grid of cells

XS
fa.»f

o7
Y

%
RV

information that is

Define
transferred at the boundary

of the cells
S

2.

PO ERPOON ke
2 AT AT O AVATATAT A vy
: : e
R OTOREGE a 0
RO e T e e
R e il A A Tav ey AN VA VAVAYATAVAVATA N VA sv«vs
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CRAIALLET
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O

o

FAY
ALY,
Q00

iy

£
ol

NSNS

% SNAN SNANAYSS vunéi

ava

Ya)

X

X
AV AYAVAVAVAVAVAVAY
RS EONAY, V. ATt YT
VA AYAATAVAY, = AVAVAVAVAVATAYATS vy

R BELANI T
TATavaA v At o raa VAT LA
B AN AR
SN AP AN ARSI OO A AN A
RO S RO bt

o Y oAV Y AT AVAYA Y
Ay e SRS

Imulate the dynamics of the
cell during a time interval

3
4

Repeat steps 2 and 3

Image Provided by Dr. Mantha Phanikumar, MSU

MICHIGAN STATE

ICER

UNIVERSITY




dary simulations

mics
ent analysis
dynamics

% STl Technologies Inc.

PDE (Partial Differential equations)
ically equivalent to inverse of a



ary Simulation

sely coupled
ed with MPI

s available for GPU and

F1 Car by Advantage CFD



. Simulating The Birth of Stars

e Subdivide the
universe into a grid

 What Scale do you
use?

* No way to solve the
problem at any one
resolution!

http://code.google. |‘
MICHIGAN STATE p//co egoogecom/p/enzo/ _ﬂ

UNIVERSITY ICER




e Solution:

— Change the scale
dynamically

http://code.google.com/p/enzo/

MICHIGAN STATE
UNIVERSITY

No scale is feasible

Large Scale (d =100 Mpcih)

Supercluster Scale

A

gas dynamics
+

stellar dynamics



tured Adaptive Mesh Refinement
er and Colella 1989)

combined
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ge Passing Interface

S
Messages between threads

program is written and
les get run
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1957 MISTIC Mainframe

-1

SU’s first ——

ainframe Bl )l
nd built by '
ad students
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CDC 3600

uter Science Department
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MSU HPCC

level of performance beyond
could get and reasonably
s a small group.

variety of technology, hardware
are, that would allow for
not easily found.

39



1s 1ICER?

for Cyber-Enabled Research

shed in 2009 to encourage and support
plication of advanced computing

ces and techniques by MSU

hers.

to maintain and enhance the

ity's national and international

g in computational disciplines and
h thrusts.



. Bigger Science

e The goal of iCER is NOT
— Kflops / second

e |nstead, the goal of icer IS:
— KSciences / second

* Doing More Science, Faster
— Reducing the “Mean time to Science”
e HPCC is designed to help researchers do

their science and when appropriate scale
them up to one of the national labs

MICHIGAN STATE
UNIVERSITY ICER




4

128 nod
and 14

in 2005. Each
2.2GHz AMD Opte

2005
RAM,
MICHIGAN S
UNIVERS

512 core,



amd09

Four contain 32 2.7 GHz AMD Opteron
cores, 256 GB of RAM, and 292 GB of
local disk and one 16 2.8 GHz AMD

re, SMP system purchased in 2005
ygraded in 2007 to its current
ration of 128 processors, 512GB
nd 6.4 TB of high-speed disk

amdo05
ster ipstalled intel07
ontains four . .
ores, 8 GB of 1024 core, 128 node cluster installed in
BRI disk 2007. Each node contains eight 2.3GHz
Intel Xeon cores, 8 GB of RAM, and 250
GB of local disk

144 core, 5 node cluster installed in 2009.

—COMINC SOOM
1504 core, 188 node cluster to be
installed late 2010. Each node contains
eight 2.4 Ghz Intel Xeon cores, 24 GB of
RAM, and 250 GB of local disk

Gfx10

256 core, 32 node graphics cluster
installed in 2010. Each graphics node
contains two nVidia Tesla M1060
GPGPU accelerators with 240 GPU
cores and 4 GB GPU RAM each, eight
2.4 GHz Intel Xeon cores, 18 GB of
RAM, and 250 GB of local disk

intel10







