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BAT BAT Overview

Bayes' formula for parameter estimation p(A|D) =

BAT Software package for solving of statistical problems using Bayesian
approach:

» collects common tools in Bayesian analyses in a single modular framework
« C++ based, interfaced to ROOT

USER DEFINED < create model » Define MODEL
 read in data « define parameters A
- define likelihood p(D]|A)
o . rormalize define priors Py(A)
INDEPENDENT .« find mode / fit
(commontools) . test the fit Read DATA
* marginalize wrt one or « from text file, ROOT
two parameters tree, user defined
e compare models * by hand
« provide nice output
* plots
* numbers

BAT Tutorial — Rome — April22" 2010 Kevin Kroninger — University of Gottingen -2-



4%%‘ MCMC

Key tool: Markov Chain Monte Carlo (MCMC)

* Implemented Metropolis algorithm v 0.0251
« Sample parameter space with random walk :
« Walk guided to regions of larger probability  0.02-

 Calculate posterior probability for all

parameters: 0015
« Calculate marginalized distributions wrt one

or two parameters '
 Integrate out all other parameters -
 Calculate probability distribution of any 0:005F

function, i.e., full error propagation
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Example Code

Define a model class inheriting from a base model class BCModel

« add parameters:
« implement likelihood:
e implement prior:

Main program/macro

* Create a model:
e read data:

 assign data to the model:
 do the analysis:
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AddParameter (“p0”,-4,4);
double LogLikelihood (vector<double> params)

double LogAPrioriProbability(vector<double> params)

MyModel * mm = new MyModel (“Model 07);

BCDhataSet * data = new BCDataSet () ;
data->ReadFromFileTxt (“file.txt”,4);

mm—>SetDataSet (data) ;

mm—->Normalize () ;

mm—->MarginalizeAll () ;

mm—>FindModeMinuit ( mm->GetBestFitParameters () );
mm—>PrintAllMarginalized (“distributions.ps”);

etc.
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@ﬁl‘ BAT Web Page and References

e can be downloaded from:
http://www.mppmu.mpg.de/bat

* BAT comes in form of shared library s -
« depends of the ROOT I/O R Bayesian Analysis Toolkit

Last updated: March 16th, 2010

functionality

 BAT contains at the moment 15 i

classes which provide: e _
p IW Urgency: medium

* main infrastructure e

contact Source code: BAT-0.3.2.tar.gz (552kB)

° algorlth mS installation instructions | reference guide | changelog
 output and logging —

° eXtenSIOn ClaSSGS tO Solve SpeCIfIC This version contains several bugfixes and minor improvements:

Download

Latest version: 0.3.2 (development)

Bugfixes:

(freq U e nt) flttl n g p rO b | e m S + fixed configuration of the ROOT wversion for the compilation
« fixed crash when opening BCMadelOutput file
« a set of well documented _—
exam p | eS IS I n Cl U d ed I n BAT + 2dded several nw methods f_or the p-value calcglation .
d |Str| b utl O n : ir:]ﬂoprl‘?er::ri:desp{-j\f;:E:ddzirni?(;ﬁrlz t?:dilnshiﬁ? %%irf:;:lﬁ:‘g to general models

+ improved installation procedure on Mac OS X
+ updated installation instructions

 good starting point “Introduction to
BAT” document

 check the reference guide!
 BAT paper published: Computer Physics Communications 180 (2009) 2197-2209

For detailed list of changes see the Changelog.
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A@BAT BAT Tutorials
e tutorials section was added to the BAT webpage
e can be found under: Documentation - Tutorials
 four tutorials at the moment;
* limit setting

* hypothesis testing and template BAT Bayesian Analyis Toolki
fitting

SEE RN 6 o/ /wi mpomu.mpg de bat Tpage= tut =

license || contact

Last updated: March 16th, 2010

home

« efficiency fitting <— . [ iosmanior——  Phsics motvaton

Charged current cross-section analysis - a BAT tutorial

I reference guide The charged current (CC) deep inelastic scattering cross-section in e+p interactions, Oper WaS measured

() P m I I meeti with a2 polarized positron beam provided by the HERA accelerator. The Standard Model predicts that the
OISS On exa e ings CC cross-section depends linearly on the polarization P, i.e., O = OCC[P) « P, and vanishes for a

contact polarization of P = -1 due to the (V-A) coupling of the W-boson to left-handed particles. A limit on a

right-handed contribution to the cross-section is set in the following analysis, i.e., on the quantity O

o S h OW bas I C I nform atl O n O n h OW to (-1). Further information on the details of the physics and the ariginal analysis can be found here.
Tutorial
e set del
Se u p a m O e This tutorial shows how to implement a Bayesian model into BAT. In the first part 2 straight line fit is
done in order to estimate the limit on the parameter under study. Subsequently, it is shown how prior
| I t I- . t knowrlti:qgte fram tgrke\riqu? measure-tments can be usede)cto i_m:;hrovfh_trée resﬁul;._s. ﬁoutr;es of lgysﬁg_lateié
calculate Imits e 2 o s smaern o o ! 1 G P, i, e 1l e
define prior
Include systematic uncertainties
Step 6 - Including systematic uncertainties *

* et ; .
e C- Step 7 - Combining results *

° tutonals have form Of exe rCISeS Wlth gﬁgzisr;afrg?dadv;:giln‘alagr[id?g:?:g?; g:i(fgp.nles and independent of the limit part of the tutorial. A
solutions Step 1.- Gtting started

. : Run the script ~/BAT-0.3.1/tools/C teProject.sh to create a new project (CCXSecAnalysis)
« more tutorials will come S o xS o comoe) e

The tutorial is split into sewven steps:

[
]

tep 1 - Getting started

tep 2 - Reading in the data

tep 3 - Defining the model

tep 4 - Calculating the limit

Step 5 - Including prior knowledge *

[
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