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o L.6.million extended objects
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UMass-led project in collaboration with NASA/IPAC

Survey Characteristics

" Sensitivity (SNR 10) 15.8,15.1, 14.3 mag for J, I K*
: Photometric Accuracy 2-3% in practice :
. Photome ric Uniformity 1% in practice

. 0.1” in practice

100% sky coverage!!
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u Typically done by interpretation of multidimensional
covariance

u Parametric analysis

Serendipitous discovery: when moddls notdescribe
Nature

Large data volume should provide detailed tests
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Statistical and computational challenge

n Large volume data sets should be able to determing
many parameters or complex relationships

n Really want:hypothesis testing not goodness of t

n Computational scaling:

u

u

u

u

Approximately 1 billion stars
Should be able to determine 10 parameters. ..
Likelihood: 10° evaluations over Todatums!

Non-linear: manyalselocal extrema

n A solution...

u

u

Manipulate resolution of data hierarchically

Eliminate swaths of parameter space at low resolutio
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The Bayesian Inference Engine

n Drawn to Bayes approach as a rationalist: precise
translation of scienti c belief to mathematical distrilbor

theory
n Design
u Exploitembarrassingly parallehature of MCMC
u Architecture to support Bayesian updates
u OO-architecture
» Easy to add new model front-ends
» Easily extended to novel MCMC algorithms,
general convergence checks and diagnostics,
u Point and binned likelihood, parallel work queues
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The Bayesian Inference Engine

n

n

Detalls & Features

u Arbitrary tessellation (KD-tree, Quad-tree, HTM)
u Markov Chain simulation of Bayes posterior

u Any Metropolis-Hastings-type algorithm

Goals:
u Platform for inference over large data sets

u Testbed for new methodology
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Bayesian star-count example [2]

n Question: how many disk components are there?
n DBayes ratios

u Multicomponent mixture model

u One level—weakly informative prior (WIP)

u Three levels—nhierarchical empirical prior (HEP)

HEP through Bayesian updates:
-~ P(mil)P(Dojm; 1)
e D

Another application of Bayes Theorem yields:
. P(mDo; 1) [P(D1jm; 1)=P(Dojm; )]
P(mD1;Dg;l) = : :
(mPborl) P(D1jDo; )
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Bayesian star-count example [3]

Bayesian model selection

n

n

Pick modelm with highest probability given data

Model evidence: ~

P(Djm) = dgmP(qmim)P(Djm; o)
( ) 1
= 4 1=P(Djm;gm))
]
P(Djmy)
P(Djmy)

Bayes ratioB12 =
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Bayesian model selection

n

n

Pick modelm with highest probability given data

Model evidence: ~

P(Djm) = damP(cmim)P(Djm; dm)
( ) 1
= 4 1=P(Djm;gm))
J

.o _ P(Djm)
Bayes ratioB1» P(Dirmp)
Bio |Og Bio Evidence
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Bayesian star-count example [4]

Plan n Question: how many disk components are there?

2MASS
Survey properties

Promise of surveys n BayeS ra“OS

What people do

Case study #1 u Multicomponent mixture model (1, 2 & 3 disks)
CMD examples

il e u One level—weakly informative prior (WIP)

You are here ...

C dy #2 . . . . .

e ohlonge u Three levels—hierarchical empirical prior (HEP)
BIE

The Future Run# logBi> logBy> logBs2

summary WIP -62 0 73

HEP -38 0 -8

HEP appears to diminish the in uence of the WIP much in the
same way that one can show that the initial assumption of i
hierarchical priors is negligible.
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n Rigorous con dence bounds and hypothesis testing
u Rather thamgoodness of t

n Ensemble analysis rather than “reduced parameter”
correlations

u More practical as computational power increases anc
(sic) relative data volume decreases

n Return to the pixels
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n Have only begun to exploit the promise of large-scale
surveys

n Have only begun to exploit the promise of computational
statistics to exploit the promise of large-scale surveys

n Rethink data processing pipelines in view of modern
methods of hypothesis testing
E.Q.

u Do we need PSF tting?

u Simpler but robust extended source statistics?
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