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Introduction

- Bayesian Inference Using Gibbs Sampling
* BUGS

- Analysis of Complex Models
- Bayesian Methods

- Markov Chain Monte Carlo Integration
e Useful when no closed form exists

Classic BUGS

- Declarative Language
e Similar to Splus

- Complex Statistical Models
e Missing data
e Measurement Error
* No closed form for Likelihood

- Graphical Modelling

- Flexible compared to approximations




WInBUGS

- Similar to Classic BUGS
» Plus new methodological developments

- Graphical representation of model
» DoodleBUGS

- Menu Control of session

- Cut and paste to other packages

BUGS and WInBUGS

- No data management facility
» Why reinvent the wheel?

- “Easy” interface with other packages
* R and Splus
e Stata (S. Bashir)

- Simple analysis of output




Working with BUGS

Graphical Models

- Complex multivariate probability models
« Representation
 Visualisation

- Graphs...
e simplify complex models
e communicate structure of the problem
e provide basis for computation




WInBUGS

BUGS language

DoodleBUGS
e Used for the purposed of this Demo.

WInBUGS is currently free from:
e http://www.mrc-bsu.cam.ac.uk/bugs/
* Register to get full version access

DoodleBUGS

Start WinBUGS
Select “Doodle” from menu bar
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DoodleBUGS - Basics

Select “New...” Egﬂew Doodle

wiew width [rm] 160

wigw higight [ 100

niode width [mm) I2EI
coes |

Press “ok”
You have a window to “Doodle” in.

Nodes

Creating a node
* Mouse click in Doodle Window

name: | type: stochastic density: dnom
mean 0.0 precision 1.0E6 lomer bound

@

Deleting a node: CTRL + Del

upper bound




Node Types

Nodes can be
e Stochastic mne g e deet: Galli 60

name: dentry

M prediction type:  logical i
 Logical

prediction

constant

» Constant (rectangle) o =

Example - Simulation

Let

* rl~ Bin (0.25, 250)

* r2 ~ Bin (0.35, 150)

Calculate p: common proportion for rl & r2

p= (r1+r2)/400

Classical p = 0.2875




DoodleBUGS

- Start W|th rl -~ B|n(025, 250) (stochastic node)

name rl type: stochastic density: dhin
proportion 0,25 arder 250| lower bound upper bound

@

DoodleBUGS

- Add I’2 - B|n(035, 150) (stochastic node)

name: rz Type: stochastic density: dbin
proportion 035 order 150 lower bound upper bound

o @




Logical Nodes

Add p as a logical node

name: [ type: logical link: identity
walue: [r1+2 w00

o o
@

« To define a logical node click on “type” for choices.

Logical Functions

Add “edges” for the logical relationship

name: p| type: logical link:: identity
walue: (r+Zpann

« Whilst node p is highlighted, CTRL + click in “parent
nodes” rl and r2 (hollow arrows #= logical function)




Stochastic Nodes

Stochastic dependence
« pl~N(0.25, 0.000026) (i.e., pl ~ [0.24, 0.26])
e sizel = 250 (constant)

name: r type: stochastic  density:  dbin
proportion  p order sizel lower bound upper bound

e Single arrows for stochastic dependencies

Normal Distribution

Note the Normal distribution in BUGS is defined
as N (mean, precision) where precision = 1/variance

name: pl type stochastic density: dnorm
mean 028 precizion 386 loweer bound 0.0 upper bound 1.0

¢ Note that we can define upper and lower bounds so that
the proportion is between 0 and 1.
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DoodleBUGS Model

- Let us add these stochastic dependencies
to our “logical” model

name: P type: lagical liniki: identity
walue: 1 + r2jisizel + sizel)

size?

DoodleBUGS Model

- What is our model?

e rl ~ Bin (pl, sizel)
e pl ~ N (0.25, 0.000026)
e sizel = 250

e r2 ~ Bin (p2, size2)
e p2 ~ N (0.35, 0.000026)
e size2 =150
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WinBUGS Modelling

Running our model in WIinBUGS
» Create a New document

JEH Tool: Edit Attributes lnch

* Menu bar - File - New ClsN
Open... Chrl+0

Gaye [CtrlE
Savefi.
[Eloze

Fage Setim.
Hint. [Str]+E

SendiEoeuments.
Send Mote. ..

Exit

A New document window will appear

WIinBUGS Document

Select your Doodle from your Doodle

Window
) File Tool: W08 Attributes  Info Madel Inferen
* Menu bar - Edit - Select Document 1S GiEz
Hedo Biighar]
(S0t (Bl
Lopy ElghaE
Baste (Bt ¥
[DE(Ete [UelEte
Copy your Doodle et o
A Fasle Special,
e Menu bar - Edit - Copy Paste o o
Inzert Object....
Obiject Properties... Al+Enter
Objest »
Paste it into your New Document Select Document  Ciri+Space
Select Al Cirl+,
e Menu bar - Edit - Paste Select Nest Object FB
Preferences...
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Model Data

Before running we need to give BUGS some
data

e Type list(sizel=250, size2=150) at the top (or the
bottom) of your new document.

& winbugs-demo-02

list{=ize1=240, size?=1430)

name: 1] type: logical lirk: identit
walue: (rifzizel + r2isized 2

Running BUGS

Use “Specification...” from the “Model”
option on Menu Bar to run BUGS

FAwinBUGS13

File Toolz Edit Attibutes [nfo

fAEritan et

Save Shate

Seed..
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Running BUGS

Check Load Compile Initial | Update
Model Data Model Values Sampler

[E3 Specification Tool ecification Tool ecification Taol Wodel I o
Mode! REEEE-IN0T

Tehack modai] Ioad data | foheck madei Ioad data check modsl [EEEE Specification.

i compie | num of chains |1 LUpdate.
it | frchan [T 5] Forier bt

Save State

Seed

Checks Start
Syntax Sampler

Check Model

Select the Doodle (note the hairy boarder)

In
- name: zizel type: constant

size

Menu bar - Model - Check model
Note the message in bottom left hand

corner
I model iz syntactically correct
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Load Data

- Highlight the word “list”

& winbugs-demo-02

B(size1=250, size2=150)

name: P type: lagical

- Menu bar - Model - Data
- Bottom left hand corner

I data loaded

Compiling the Model

- Menu bar - Model - Compile

- Bottom left hand corner

I model compiled
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Load Initial Values

Menu bar - Model - Gen inits

- Bottom left hand side

| initial values generated

Update the Model

Menu bar - Model - Update

EgUpdate Tool
updates l refresh I1DD

update | thin |‘I iteration ID

™ over relax [~ adapting

- 1000 MCMC updates to be carried out.

gg Update Tool [ X]
updates !'IIJDD refrezh I‘I on

Lpdate | thin |1 iteration IU

™ over relas I adapting
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Burn In

Model has been updated

MCMC run did not store any data.
» Used for the “burn in”

Store values by “monitoring” them to
e Draw inferences
e Monitor MCMC run

Monitoring Nodes

Monitoring p our parameter of interest

Menu bar - Inference - Samples...

ﬂSample Monitor Tool =]
nede Il _'J Chainsl‘]_ ta 1 percentiles

o end 1000000 | g [ =
25
clear I sef i frape | histmyl den;it_l,ll N
90
95

shats | CitlE | quanlile&-l 5H diagl b iml B

Sample Monitor Tool
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Monitoring Nodes

Type name of node “p” to monitor
Press “set”

EA5ample Monitor Tool |
hode Id :.l chainsl1_ o I1_ percentiles
o end [1000000  ghin [ x
25
GleaT I zet I frace | Firabary | den;it_l,li =
a0
stats | LOdE | quanlileél Ejrielizix] AlbE(E 95

Update & Monitor

Update model again

Eg Update Tool Ed
updates !'IDDD refrezh I'IDD

thir I‘l iteratiDnIEDDD

[ overrelax [ adapting

1000 values “monitored” of the MCMC run
for p
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Summary Statistics

- Summary statistics
- Select “p” from the Sample Monitor Tool
- Press “stats” (Sample Monitor Tool)

Bﬂ Mode statistics H=
node mean =d MC error 2.5% median  97.5% start sample =
] 0.2573 0.02296 G.ESTE-4 0245 0.285 0.335 1001 1000 j

- Node statistics window

Summary Statistics

B:ﬂ Node statistics H[=]
s

node mean =d MC error 2.5% median 97.5% start sample
4] 0.25873 0.02296 G.GS7E-4  0.245 0.253 0.335 1001 1000 -:'

- Mean = 0.2873

- Median = 0.285 (usually more stable)
- 95% credible interval (0.245, 0.335)
- MCMC run size 1000
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MCMC Time Series

- Press “History” in Sample Monitor Tool

BEEE|

Kernel Density

- Press “Density” in the Sample Monitor Tool

24 Kernel denzity =] 3

P =ample: 1000 3‘
00t
200t
100 A
oo

T T T T
0.z 025 0.3 0.33

20



Kernel Density

Increase monitored values to 25,000

[ d Kernel density M=l E3

F
P =zample; 25000 3
200F
150F
100F
S0F
oof

Plates

Creating a plate
e CTRL + mouse click in Doodle Window

index: | from: up to:

for{IM :

» Deleting a plate: CTRL + Del




Plates

- Allow more complex structure, e.g.,
» Repeated measures
» Hierarchical models

Extend our example to calculate power

e rl and r2 from Binomial distribution

e Simulte rl and r2 100 times per “update”

» Calculate test statistic

e Count number of times it falls in critical region

Test Statistic
Ho:pl=p2=p vs H;:pl<p2

e pl=rl/sizel & p2 = r2/size2

. Test statistic (P2 - pl)
s.d.(p)

s.d.(p) = Qp(1-p)(1/sizel + 1/size2))
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propd sizel prop2 size?

alphaval
Power
Data
e list(propl=.25, prop2=.35,
si zel=250, si ze2=150, N=100,
al pha. val =1. 96)
Results
node mean sd MC error 2.5% median  97.5% start sample
povver 0.5705 0.04399 0001392 047 057 0E7 1001 1000

Power =57%  (47%, 67%)
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Power - History

POvEr 3‘
05t
07t
0kt
05t
04t

1 DID1 1 QISD 1 SIDD 1 ?ISD 2DIDD
iteration
|

Power - Density

k d Kemel density _ (O] %]

e
povver sample: 1000 3
10.0

TEF
2.0F
25¢
0.0t




Updates

- Updating - Bottom left hand corner

I updating

- After updates finish

I updates took B9 =

Summary

- BUGS is a power tool
« Bayesian Analysis
» Simulation Tool

- Graphical Models
» Doodle BUGS

e Simple representation of model

- Easy to use!
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