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Introduction to Bayes

Outline I

e Historical Perspective

e Overview of Statistical Framework

e Example: Computer Model Incorporation
e Example: Supercomputer Reliability

e Concluding Ideas for Computer Science
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Historical Tour I

e Bayes (1702-1761) was a Nonconformist minister with arregein
mathematics

e Papers:
Divine Providence and Government Is the Happiness of His
Creatureg(1731)
An Introduction to the Doctrine of Fluxions, and a Defensé&ef
Analyst(1736)
Essay Towards Solving a Problem in the Doctrine of Chai(téé4)

e Richard Price, Laplace (1781).
e 1950’s Bayes: Savage, deFinetti, Lindley.
e 1990’s Bayes: Gelfand, Berger, Smith, Berry.
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Definitions I

e Problem:Unknown population parameted)(must be estimated.

1. Simple Example:
0 =Probabillity that a selected person from the group can hit a
target on the board with a ball from the back of the room.

2. Real Example 1.
0 = Optimal steady-state thermodynamic operating point of a
fluidized bed coating process for food coating.

3. Real Example 2:
0 = Probabillity that a supercomputer constructed of 48 nodes in
“parallel” can complete a 6 hour computer run with no faikire
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Definitions I

e Step 1 of either formulation is to pose a statistical (or pimlity)
model for the random variable which represents the phenomen

1. Simple Example:
a reasonable choice fdry|0) (the sampling density or likelihood
function) would be that the number of successful itsdgn the
target would follow ainomialdistribution with then throws and
the probability of any one throw being a “hit” called

Topic of next part of the talk.

3. Real Example 2:
Topic later in the talk.
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Definitions (cont) I

e Classical Data Analysis

1. all pertinent information enters the problem through the
likelihood function in the form of datav(,...,Yn)

f(y1,...,¥n[0) = _|_£|f(yi|9)

objective in nature
software packages all have this capability

maximum likelihood, unbiased estimation, etc.

a ~ WD

confidence intervals, difficult interpretation
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Definitions (cont) I

e Bayesian Data Analysis

1. data (enters through the likelihood functiasmwell asallowance
of other information

n
P(Blys,...,¥n) = constant |_l f(y;|0) x T1(0).
=

2. reads: th@osterior distribution p(0|y1,-..,Yn)] IS a constant
multiplied by the likelihood [TiL; f (vi|6)] muliplied by theprior
distribution[11(0)]

3. prior distribution: before any data collection, the viefnthe
parameter

4. posterior distribution: in light of the data our updateew of the
parameter
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Prior Distributions I

1. can come from expert opinion, historical studies, pnesigesearch,
or general knowledge of a situation

2. there exists a “flat prior” or “noninformative” which reggents a
state of ignorance.

3. Attempting to capture physical theories, expert opin@in. in a
probability distribution is often difficult.

4, See for an interesting example.
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Definitions (cont) I

e Bayesian Data Analysis (cont)
1. inherently subjective (prior is controversial)
2. few software packages have this capability
3. resultis a probability distribution
4

. credible intervalause the language that everyone uses anyway.
(Probability that9 is in the interval 1s95.

5. see examples for demonstration.
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Comparison I

Bayesian

Classical

subjective
little software
direct interpretation

decision theory

objective
abundant software
difficult interpretation

hypothesis testing
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Real Example 1 I

e Computer Experiments
e Difference From Field Trials (Experimental Data)

e Examples:
1. Modern Industrial R&D
2. Climate Modelling
3. Biological/Nuclear Weapons Systems
4. Modern Finance
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e

e Food coating example

e Observed DataX = temperature of fluid, velocity of fluid, et¥. =
thermodynamic operating point

e Computer model: Computational Fluid Dynamics Model comdine
with other physics theories to “predict” temperature

¢ Initial Design: Random LHS Design.
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Data Structure I

Yi = (yflv"' ,an)/

e Field observations:

where
yi, =N(X,0)+0(x)+¢&, i=1---,n

e Computer code output:
Ye = (Yc17 T 7yCm)/

where

*

ij:r](Xjatj)a J:177m

e Full set of data:

d' = (y-clz-ay-il‘-) — (yclv"' s Yemy Y 7yfn)‘
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Likelihood & Priors I
1. Model:

n(?) ~ N(“ﬂvcl{('a')7 (7)}) with
ex(' ), (¢".)) = 3 -exp{ - S B0 K2 3 B! Gt 42}
R d k k A p+k k

k=1

() ~ N(lg, (-, ) with
Co(x,X) = 0% - exp{ Z[kak Xy ) }

gi ~ N(0,02).
2. Parameters:
(@) Q={n6,¢,0:}
(b) K= (b, k5)"
(c) o= {03,02,8",8°}
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“Prior” Surface with Data I
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Real Example 2 I

Los Alamos National Laboratory Supercomputer: Blue Mountali
Weapons development and maintenance: Stockpile Stewardsh
Problems in late 1999

Goal: Calculate the probability of running a 6 hour job with n
Interruptions on a variety of architectures.
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Let X = (X1, X2, ..., Xm ) be the vector of failure counts for thi SMP.
Then, the sampling distribution for the failure counts fogith SMP in

time intervalj is

. i\ @ P 0
xij|cp,r]'niepPoissor<(tr:> - (t(]n 1)> ) forj=1,...,M,

andx has probability mass function

HOMGwN N IWETI

M
X|@,N) =
p(x/e.n) Dl vy
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Posterior Distribution of 6.
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Predictive of New 6.
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Conclusions I

e Science is subjective (what about the choice of a likelirt)od
e Bayes uses all available information
e Makes interpretation easier

e BAD NEWS: Computation is not generally available in stamdar
statistical software packages.

e GOOD NEWS: They are possible (and practical) with advanced
computational procedures
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