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The Problem

ADS Full<Text Search #Hits
Para”el pvm 58
message Passing mPi 2]
Xspec 852
xspec AND (#1 or #3) O

& Astronomers cJ_o emplog Para”el com[:)uting
* Butnot for “standard” ﬁtting/mocieling/analgsis

* Especia”g not for interactive exploration
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Our Solution

915

5 -liamo

FPVYM

PVM module

St SEPRE

ScriPtable, Modular, Parallel Analgsis
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The Pieceé: ISIS & 5~Lang

2 AJ XSPEC models (and more) ... with very fast array
math and Programmabilitg of IDL / MATLAB

» User models compiled OR scripts (ges, even PYTHON)
* Mature (available > 4‘968!‘8), reliable, numerica”g robust

 J Dc—:signecl 1572 bc—: c—:xtremel9 moclular ancl customizablc—:

ISIS Command Line
S—Lang Interpreter |  v----c-se-cccesemmccasmmmaaaamnaaaaanaa-, |
S-Lang Library [ l l’j 4
Almost everything
Dynamically
Loaded Modules IS a moclule
Off-The-Shelf (OTS) and System Libs
Most are
XSPEC| PGpl fitsio | PVM GSL | HDF5| GTK |volview PySL a\/allable
module| module| module module| module module| module | module | module :
AtOMIC |Emissivit y AIS/SH Fitting Mo%elin O O t’ /Cl {:15!5
DB dule | module !
module| M4 | modulg " XSPEC| PGplot | cfitsio | pym | R | HDRs | GIME | volpack | pyyop | e
models | library | library| toolkit Lib aI& library Lig(: Tel » re;:;g terpret :
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The Pieces: PYM & SLIRP

. % PVM: mature, clgnamic, fault-tolerant COW Para”elism .

B PVM wrapper modulejust GRE 01(: scores available

' & SLIRP code generator: wrap C/C++/Fortran models

svoboda% slirp -make kerr.f
Starter make file generated to'kerr.mf'

svoboda$%$ make -f kerr.mf
svoboda$ isis
isis> import("kerr")

isis> kerr
Usagearkerm (I loat DR onNgRp T, Rloaks PELY - a%%’)

ASIDE: Java was tﬂCCl but didn’t scale

BT e M e iy

Michael S. Noble ADASS XV San Lorenzo de El Escorlal SPam October A r 200



Césé Stuclg l Kerr Dis|< Line

& General Relativistic Model
o P ) l : Cl o 030 020 010 Z=(EE/OE.‘EJ))O_1-0.‘05 010 015
revious lml:) ementations Use S v
Gis | e o
Loo‘eul:) Tables (For Speed) e
r‘é’ 061 : g ]
* | imits Parameter Space ; 5 :
* “Onthe Flg” Calculation is oz ]
More Flexible, but Expensive a5 450 es T Ty s
SR hours for fit to converge

Sum of Individual
ComPutationaug

Expensive
Pieces

Fortran Model: L. Breneman (UMD) SLIRP-ed & Parallelized: A. Young & M.Noble (MIT)

N — [ E— e ——s = = S i — -
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Case Stuclg . Methods

Master / Slave, with Ight message~Passing

> Public define Pkerr_ﬁt (lo, hi, Par}
{

variable klo, khi;

(klo, khd = _Ado, hi; % angstroms to KeV

return Par[O]* reverse ( master (klo, khi, Par) ); |€e——
}

ISIS is not aware that model has been Para”e ized
Parallelism hidden/achieved within model callback function

Serial/ Para”el user models installed /invoked same way

add_slangfunction ("Pkerr", o e ]
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| Kerr

Case 5tucl9 . Performance

Model Evaluation

Sma”, Faked dataset

Murmber of CRUS

Re;_l_;'zec] SPeecluP =415

el

. 3%.86 sec 2GHz Opteron, our fastest)

Michael-S. N.oble

ADASS XV

San Lorenzo de El Escorial, SPain

kerr + Power law

12 Parameters

H-4 hour fits
reducible to
approx 45 mins

e FREES: 3.]6 S

lnteractivitg

becomes

feasible!

October 4, 2005




Aside on Amdahl’s Law

Runtime on 1 cpu
| 2 TiaSHE
fSr= sequentlal, R Para”ehzable)
Ideal runtime N cpus =St R /N
S+P
Ideal Speedup (no overheacl)
SRR
S+P
s sial N st (OG)
S
50% E‘Fﬁciencg onid CRUls ,40]5 o e ,OF Peak
: : e durmg “normal business hours”
Mlsleaclmg Because )
(on he’cerogcncous CPU collection)
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Case Stuclg 11: Confidence Contours

« 2D contours can be Preferable to 1D levels

* .. feasible for “cheap” models

~ With Para”el evaluation ...

* .. feasible for even “expensive” models

* Without requiring model parallelization

Supernova SNIOO6: Joint X~ray, raclio,’Y—-rag fits
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Case Studg 11: Confidence Contours

Model includes sgnchrotron radiation component

dW \@e3B V
= dpN d do sin’ol F
dvdt  4mmc? / 26 / %/ o (voyzsinoc)

Expensive, even with some Pre~1cabricate<:l tables

Must be comPutecl once per sPectral bin
Hundreds per model cvaluation, Thousands per fit
Potentia”g millions per confidence gricl

170 x 150 grid: max electron energy X magnetic field strengtn

Compute& in 10 Aags (ROT 36-CRLS) G. Allen et al
6-10 months on single machine 2004

T i s ™ iy
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Case Stucig Il: ICM Heating in Perseus

Perseus

I Map Proclucec
from 10,000
1 2o spectral

_ | extractions & fits

15 20+ CPUs

41.500

Sevc-:ral Hours

41.490

49.970 | 4996@0 ‘;9‘ 94029(§ % (WB”C!OC‘()

o (J2000) [deg]

M. Wise et al, 2005 (COSPAR)
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Case Stuclg IV . Error Bars

* lndependentlg e\/aluatc eaclﬁ mode param

* No excuse for computing this seria 31

* Again: models need not be para”e ized

Superlinear speeclups possible
When i-th slave finds lower X2

... terminates otl*xer N-1 slaves earlg

a” restart witlﬁ new param values
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Case Stuclg V: Sequential Models

Shouldr’t it be Possible to concurrently evaluate ...

inclepenclent (e.g. non-tied) components

of a sequcntial model?

...entire sequcntial model over a Par’cition

of the bins?

.. entire sequential model over individual datasets?

Michael 5. Noble
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Conclusion: Are we there yet?

Close: Parallelism exploited & most results published ...
But some savy & intiative still needed

* Auto-detect PVM (or magbe MP)) at ISIS install time
wh Yy not
* Transparently distribute errors/confidence (NHOSTS > 1) 4
' % make it
Soeor inclepenclent components of even sec]uential models
' ' ecven
* ScriPt templates OR suite of Pre~Para”elizecl models? :
easler’?
* Threaded to use those extra CPUs on newer clesld:ops?

_; Com[:)lex models becoming more common, not less ...

Relevance Proportional to size of modern data sets &

Prevalence of multi~observation/ Wavelength, Vi) analgsis
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