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Who we are. ..

stellar dynamics, N-body simulations of
dense stellar systems, globular star
clusters;

gravitational lensing, dark matter
distribution

observational extra-galactic astronomy,
Sloan Digital Sky Survey-SDSS.




What we use:

* Beowulf clusters: attractive (low-cost) parallel
Systems

* Several packages exist for serial data analysis

(e.g., In observational astronomy, IRAF,
MIDAS).

* For parallel data analysis each group tends to
(re-) develop its own set of tools:

* Expertise in parallel tools/algorithms.
* Large time investment.



What 1s 1t?

* Integrated suite of tools for parallel data
analysis and visualization.

e Multi-user environment for interactive data
analysis and visualization.




Why?

* Easy and transparent parallel data analysis.

* Avoid redundant development of functions
commonly used in data analysis.



Where?

BASIN is freely (GPL) available at

http://www.physics.drexel.edu/BASIN
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What's it all about?

Beowlf PC clusters are now widely used in many branches of science where they have becorme key 10015 for the analysis of large daasets resulting from laborarory experiments, field observarions or
numerical sirnul ations, Howrever, although Beownlf clusters have been of great benefit to scientific research, no publicly available parallelized software package exist to performm even the mos
common operations noeded in the analys and viaualization of lazge datarcls Insharp contreat with the sinuaion for nofparallelized data analyais whete o wiealth of softwore packages performing
standard datareduction tasks are available to researchers (=g, IRAF, MIDAS), for parallel data anal isualization each Individual group has tended to develop its own set of specialized tools,
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BASIN DEMO

1) Start the computational engine on a remote
parallel server.

2) Connect a local client to the computational
engine.

3) Read file distribute data.
4) Parallel calculation of new attributes.
5) Visualize distributed data (using VisIt-LLNL)

6) Transfer data on the local machine and plot with
one of the standard Python plotting packages
(Matplotlib) .
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Data Analysis Engine

BASIN kernel : classes and functions for data

distribution and parallel data operations.
(C++/MPI)

Region(*mysimulation.dat”)

List ParticleProperties

Objects visible to the user:
* Region defined by the
data file read
* Data.
* Grid
* List
* Attribute




Data distribution and parallel operations
Attribute class

* Hide the complexity of data distribution, retrieval and
parallel operations.

* Tools to ease the parallel data distribution and
management on a distributed memory machine.

* Shared-memory view of data i a distributed memory
machine.

* Arbitrary n-dimensional arrays of primitive datatypes
or user-defined structures and objects.

* Parallel math ( elementwise and reduction) and logical
operations on distributed data.

* Each process can locate 1ts own block of data.
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[Data distribution and parallel operations
Attribute class

reg0 = Region ("/home/vesperin/starclust.dat")

m = reg0.get attribute ("mass")
x = reg0.get attribute ("x"
y:

reg0.get attribute ("y")
Z reg0.get attribute ("z")
print m[10]

m[120]=12.3

total Mass=sum(m)
logm=10gl0 (m)

Hm=where (m>5,m, 0)
logr=10gl0 (sqgrt (x*x+y*y+z*z))




Center of Mass

+ C/ MPI

e BASIN(C++/Python)

MPI Scatter(&m[0], n_loc, MPI DOUBLE,
&m loc[0],n loc,MPI DOUBLE, O,
MPI_COMM WORLD) ;

MPI Scatter(&m[0], n_loc, MPI_ DOUBLE,
&m loc[0],n loc,MPI DOUBLE, O,
MPI_COMM WORLD) ;

for(int i = 0; i < n_loc; i++)

{

X sum loc += x loc[i] * m loc[i];
m sum loc += m loc[i];

}

MPI Reduce (&x sum loc, &x sum, 1,

MPI_DOUBLE, MPI_SUM, 0, MPI_COMM WORLD) ;

MPI Reduce (&m sum loc, &m sum, 1,

MPI_DOUBLE, MPI_SUM, 0,MPI COMM WORLD) ;

if (myRank == 0) {
com[0] = x sum / m_sum;

}

com=sum (m*x) /sum (m)




Data Analysis Engine

BASIN kernel : Scientific Packages

* Cosmology

* Stellar dynamics

 Statistics
+ FET (FETW, http://www.iftw.org/)

* Coordinate transformations
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BASIN Python User Interface and GUI

* BASIN Python interface created with Boost Python.

* A remote Python client can invoke BASIN commands
to be executed by the Data Analysis Engine.

* Multiple distributed clients can connect to the same
BASIN Data Analysis Engine and share the same data
( IPython/IPythonl E.Perez, B.Granger

http://ipython.scipy.org/moin/IPythonl)



*Connection to the remote server

*I/O

*Save/import session history




BASIN Pvthon User Interface and GU
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BASIN Data Structure

Type Dimensions

Region
= RegionList0  List

b index Attribute

- mass Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute

Save Batch...

Wz Command

You may (de)select L \rago = Regi.. ;teat
entire groups of
IPython Shell commands to save to
the batch based on 3|y =reg0.get... test
HpuLl subpLuLess the user who entered

the command. 4|logr=loglO(x) test

2|x=reg0.get... test

import ipythonl.kemel.api as kernel

5|logy=loglo(y) Enrico
rc = kemmel.RemoteController({(' frinkiacl v test

rc.activate() ¥| Enrico ] [

Save Cancel

%antopx Clicking on & row will either select it (turning it white), or deselect
Auto Parallel Enabled it (turning it gray). Only those selected (white) commands will be saved
Type Fautopx to disable to a batch file,

i t
Free Python Variables import sys

[0] In [67]: import svs
T Type Reference [1] In [42]: impost =ye
I Python sys.setdlopenflags(258)
X Alias
¥ Alias y [0] In [BB]: svs.setdlopenflags(258)
- logx _basin.Attribute I1] In [43]: sys. setdlopentlags (259)
-~ logy _basin.Attribute from basin import

[0] In [69]: from hasin import *
[1] In [44]: from basin import *
regd = Region (" /home/vesperin/democl?.dat” )

[0] In [96]: regD = Region ("/homefvesperin/democl2. dat")
[1] In [56]: regl = Region (" /homesvesperin/democlZ. dat")
% = regl.get_list {"Regionlist0").get_attribute ("=}

[0] Tn [117]: = = reg) get_list ("Regionlist0") get_atkribuks ('x0)
[1] In [65]: = = reqg0.get list ("RegionList0"). get attribute ("x"}
y = reqgl.get_list ("Regionlist0").get_attribute ("y")

[0] Tn [136]: ¥ = reg get_list ("Regionlist0") get_atkribuks ('y")
[1] Tn [73]: ¥ - reqd get list ["ReqionListD") get_attribute ["y")
logx=logl0{x)

[0] In [165]: logx=loglidix)
[1] In [B6]: loge=loglli(x)

Connected, Parallel Mode: On, 2 nodes Toggle Parallel Mode
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BASIN Data Structure
Data Type Dimensions
- BASIN
- reg0 Region
List
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute

BASIN Session data structure

Free Python Variables
Variables Type Reference
B Python
X Alias
¥ Alias
logx _basin.Attribute

Reference to Attribute
and “free” Attributes

IPython Shell

LIPUL L SUUPLULESS
import ipythanl.kermel.api as kernel

rc = kexmel .RemoteController{{' frinkiacl.physics.drexel.edu',101020})
rc.activate()

sautopx

Buto Parallel Enabled

Type %autopx to disable
import sys

[0] In [67]: import sys
[1] In [42]: import sys
sys. setdlopenflags(258)

[0] Tn [68] sys setdlopenflags (258)
[1] In [43]: oys setdlopenflags (258)
from basin import *

[0] In [69]: from basin import *
[1] In [44]: from basin import +
regl = Region (" /hame/vesperin/democl2.dat" )

[0] In [96]: regl = Region (“/home/vesperin/democlZ. dat")
[1] In [56]: regl = Region ("/home/vesperin/democl2. dat")
% = regll.get_list ("RegionList0").get_attribute ("x")

[0] In [117]: x = reg0. get_list ("Reglonlist0").get attribute ("x")
[1] In [65]: x = regl.get_list ("RegionList0").get attribute ("x")
y - reg.qet_list (*RegionListD").get_attribute (y")

Server/local
client switch

[0] Tn [136]: ¥ = reg) get_list (*RegionlistD"} get_attribute (*y")
[1] In [72]: ¥ = regl.get_list ("RegionList0").get attribute ("y")
logx=1og10{x)

[0] In [165]: loge=loglO(x)
[1] In [B&]: logx=logll({x)

Connected, Parallel Mode: On, 2 nodes Toggle Parallel Mode
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Visualization

Vislt

developed at LLNL
http://www.lInl.gov/visit

*Visualization of large
distributed datasets
(structured and unstructured
meshes)

*Parallel visualization engine

*Available in BASIN (in
collaboration with Brad
Whitlock at LLNL)
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s
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Visualization

Do | s [ Baies

Partiview

Developed at NCSA
http://virdir.ncsa.uiuc.edu/partiview/

ogslum 2000

*Visualization of 4D
particle datasets

* BASIN/Partiview
interface: work in progress
( 1n collaboration with
Stuart Levy, Matt Hall at
NCSA)
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BASIN Data Structure

Data Type  Dimensiors
N
& regd Region

£ RegicnListo List
index Attrioute 24410
mas: Aftrioute 24410
v Attrioute 24410
vz Attrioute 24410
X Attrigute 23410
y Atrigute 24410
s Attrigute 10

Guplot

Fy Plet

Visualization

Gnuplot

BASIN

Plat Nae ty Flot

Sirply fillne: or bath, of ta Select on
the aftibute ~olders. Clicking

o Data wil creare a Gnuplat

window on the

Flot Cata

| R L
¥ - veg.get List (‘Begionlist0).get attribute ('y')

10 In [

[2] In [48]

plet (x, v, "My B
(0] In [

[2] In [255]

plet (regl.get List
Plot')

(0] In [

plot (regllget _list (
Plet')

Cennactzd, Farallzl Mede On, 2 nodes Togele Parallel Mode

Stmple plotting
package based on the
Gnuplot APL.

*Only for developmen
purposes.

* Available in BASIN



Visualization

Data transferred to the client machine: all the Python plotting
packages (e.g. Matplotlib, Gnuplot, Chaco, etc.)




Summary.

Gouals:

Ease access to parallel data analysis

Avoid redundant development

Interactive and multi-user parallel data analysis




Summary

Kernel for parallel data management and operations
(C++/Python)

Scientific packages

Interface to a few existing visualization packages

Beowulf et %A SH\IT
BASIN Parallel Srne
Data Analvsis Engine BASIN
BASIN C++/Python lient/GUI
ki |
IPython engines -
Commands

Machine 1 Machine 2




Sumimary

Increase science scope beyond astrophysics
Extend visualization options
Two-way communication with visualization packages

Improve ease of use and installation



