Bayesian Decision Making

a part of Edukalibre teaching project

M. Karny, |. Nagy, L. Pavelkova,
E. Suzdaleva, J. Homolova

UTiA A




Decision Making (DM)
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Bayesian DM Elements

O Model of the system

% conditional prob. distribution
function ( ,,of what* | ,,depending on*)

" equivalent to model equation + noise
O Restrictions (causality, reality)
O Loss function — preferences for the design

O Type of decision
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DM Tasks

O Parameter estimation

Output prediction
Testing of hypotheses
State filtration

Optimal control

O O 0O 0O

All can be static or dynamic



Package for DM teaching

O Text with DM theory
= general theory

= application to normal and discrete models
O Examples

= example description (references to theory)

" example program code (termbase)
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Theory description

O General theory
O Underlying theory
O Decision making tasks
O Evaluation techniques

O Theory for discrete distribution (CCM)

O Theory for normal distribution (1% order)
O Introduction
O Decision making tasks
O  Appendix (special formulas)



Examples

O Introduction to each example (.pdf)
O Hyperlinks to the main text
O Running m-file in OCTAVE
0O Editing of m-file (possible restoration)
O Back to the list of examples

O m-file (program — ascii code)
O Dialogue about variables (check of validity)
O Running the program (in time loop)
O  Options, what to do next
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Text to example

1.2.1 Testing of Hyvpotheses about C'T - three fix values
Aim:

This example concerns Coin Tossing (CT). It relates properties of Bayesian hyvpothesis testing to the
parameter values specifving them and to the information content of data that is changed by the amount
of data processed. See CT model, CCM hypot heses.

Description:

The considered T [ecoin tossing) model describes a simplified CCM experiment. The tosses of the coin
are supposed to be mutually independent and uncontrolled. The data generating mechanism is modelled

by tnequal probabilities of respective outpuis y = {1.2}. Thus, single parameter # = filyg = 1yt —1).#)
the probability of the event y, = 1 - describes the experiment. Three hypotheses Hy @ # = 6.
Hy : # = #; and Hy : # = fz about the nnknown model parameter # are tested. The posterior

probabilities of respective hypotheses are fully determined by the mumber of processed data ndai and by
the key fest statistic p, which is relative frequency of event y = 1 units observed nup to time ¥ = ndat .
For complernentary information, see CT model, CT parameter. COM hypotheses,
Specification:

System: uncontrolled, memoryless with two-valued scalar ontput

Decision: acceptance of hypothesis H « | Hy. Ha. Hs} about the value of parameter # by the generalized
Bayesian test of hypothesis evaluating the f(H p,¢) on H* = |H,. Ha, Hs|

Experience: the test statistic p and the number of processed data records ndat
[enorance: validity of the hyvpothesis
Admissible strategy: causal p. t — H

Loss function: zero for H = H and positive constant for H = H.
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Text to example, (cont.)

Recommended experiments:
1. Chi e Run ber of daia records ndat .

The amount of information gained through the measured data influences the accuracy of the de-
cisions. The more data is incorporated into the decision making the more resolute the decisions

are.

2 Chan i the values -'..f' the NITATR ters de L,r',",r,l i1 il the h Hpa theses th .

The mutual distribution of the parameter values tested shows the sensitivity of the testing (haw
clearly near values can be distingnished ).

Run [':.1-::'|1111':-1-:.' Restore m-file




TESTIMNG OF HYPOTHESES ABCUT FIXED PARAMETER WA
th=th{1) or th=th(2) 1=th{3]

Input
Humber of data records ) ndat
Parameters defining hypoth > th

thil)
thi{z2)
thi3)

-

any changes 7 ENTER = no, or type a command:

That's the END! What do you want to do now?
ENTER cantinue with current walues

I cantinue with initial walues

i stop this experiment




Example of result

_f! gnuplot graph

TEST OF HYPOTHESES - ALL POSSIBLE WALUES OF THE TRUE PARAMETER ... (continue in DCTAWE window)
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0.740200, 0.525585 All possible point estimates of the true parameter




DM and Edukalibre

O Demo version — on web (texts to DM, texts to
examples, references to theory and termbase)
http://moodle.utia.cas.cz

O Full version — both on web and UTIA svn
repository

% read documentation and install Octave
® download packages for your OS

" run examples 1n full (texts and programs)
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Topic outline

ﬂ Introduction

Demo of BOM examples

Attention:"Run example" for start Octave and a task is not available in

demo (see full version in Download).

Cpen Demo:Examples. Choose the example, yvou are interested in.
Each decizion making task offers its description, specification (see
Introduction) and recommendead experiments.

B permo: Examples
B pervo: Theary
u Glossary of Bayesian decision making

Download
B docurmentation
If wou don't have Octave at vour computer, click here and install it

= download far linux
= dmwenlnad fre windmws
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Conclusions

O The task 1s not a typical e-learning one due to
the necessity of running programs

O We tried to push it as far as possible
% All can be found on web (but not fully run)

= All 1s based on free software (needs running of
another program)

% The content 1s a teaching material (aiming at
Ph.D. students)



