UNIVERSITY OF TECHNOLOGY SYDNEY
School of Mathematical and Physical Sciences

37457 Advanced Bayesian Methods
LABORATORY 1

Goals: The goals of Laboratory 1 are:

* Learn some of the basics of the R statistical computing environment.

* See how probabilistic graphical model calculations can be carried out using the rjags
packages within R. This will be important for the second topic of 37457 Advanced
Bayesian Inference on Bayesian statistical inference.

. Downloading Required Files

(a) Decide on a folder in which you will store the files for this laboratory. It is best
if you put them all in the same folder. A simple option is to put them on the
Desktop folder, but please take note of where you store them for later.

(b) Open a web browser and go to the web-page:
http://matt-p-wand.net/37457.html

(c) Scroll down to the heading Files for Laboratory 1 and download each of the files
underneath this heading into the same folder. There are eight files in total with

names:

mitsub.R JessicaTheDAGwithData.R
lablSupportFunctions.R NathanielTheDAGwithData.R
BobTheDAG.R summMCMC . r
BobTheDAGwithData.R ctsNathanielTheDAGwithData.R

(d) The remainder of this laboratory assumes that these the filenames are exactly as
listed here. If the downloading process corrupts the filenames in any way then
you need to change the filenames to be these.

. Some R Basic Operations

The following commands illustrate basic use of R and is intended only for those par-
ticipants who are unfamiliar with R. If you are an experienced R user then you will
probably want to skip this part.

(a) Start an R session. If you need any help with starting R then please ask the
lecturer for help.

(b) Type x <- 4 and hit Enter. From now on the line to type will be given (hitting
Enter is assumed).

(c) Enter the commands:

y <= 7
sin (xxy) xsqrt (log (3*x+y))

(d) You have just computed sin(4 x 7)y/log(3 x 4+ 7) and should get the answer:
0.4648572



(e) Itis useful to know that long commands in R can be recalled using the up arrow
key. Suppose that we wanted to change the previous computation to that with
x = 18 and y = 2. Then enter the command:

x <= 18 ; y <= 2
(f) Hit the up arrow key a couple of times until sin (xxy) *sqrt (log (3xx+y) )

reappears next to the prompt.

(g) Then hit Enter to perform this calculation again with the new z and y values.
You should get the answer: —1.989834

(h) Enter the commands:

A <- cbind(c(6,-2),c(3,11))
A

The last command should print the 2 x 2 matrix A to the screen with columns
(6,—2) and (3,11).

(i) Enter the commands:

b <- c(4,-13)
A% x%b

You have just done the matrix multiplication
6 3 47 [ -15
-2 11 —13 | | =151 |~
(j) Enter the commands:

(IMPORTANT: Note that the "1" below is lower-case L. and not the number
‘one’.)

x <—= seqg(0,1,length=201)
y <— sin(2*pixx"3)
plot (x,y,type="1", col="magenta")
You have just plotted the function y = sin(272?) over the range 0 < z < 1.
(k) Type g () to exit R. (Type No or n to the ‘Save workspace image?” question.)
3. Making Sure that File Locations Match the Current Working Directory of Your R
Session

If you already know about this topic then please skip this part of Laboratory 1.

Start an R session and enter the following command:
getwd ()

If all files associated with this laboratory are stored in this directory then all should be
fine.

Suppose that the files are in a different directory such as C:\UTSwork\37457work
The current working directory of your R session can be changed to this directory using
the command (with forward slashes (/) rather than backward slashes (\)):



setwd ("C:/UTSwork/37457work™")

In graphical user interfaces to R, such as R Studio, there are other ways to achieve this
using menus. In R Studio, the menu item at the top labelled Session leads to one
possible route. Also the YouTube web-site has mini-clips that explain these options.
They can be found via searches such as

how to change the working directory in R studio

. Running R via scripts

When several R (or, possibly, several thousand) R commands need to be run then it is
better to use a script, which is simply a text file containing the commands.

(a) Open an R session and make sure that the current working directory corresponds
to the directory/folder in which mitsub.R resides (i.e. the folder where you
downloaded the files at the start of the laboratory).

(b) Inside R, issue the command source ("mitsub.R")
This will run all several R commands listed in the file mit sub.R

(c) If successful, the previous step should lead to some graphics involving age and
price of 35 Mitsubishi cars and a simple linear regression analysis being per-
formed and summarised. If this doesn’t happen then please ask for help from
the lecturer.

(d) Open mitsub.R using your favourite editor. However, because of the non-
standard extension on the filename Windows is likely to ask you to choose the
editor. A safe choice (if using Windows) is WordPad. The editor NotePad is
usually not a good choice for cross-system text files. Quickly read through the
content of mitsub.R to see the R commands that you have just run.

WARNING: The remainder of Laboratory 1 depends on modern software pack-
ages that have become known as “Bayesian inference engines”. Whilst they are
extremely powerful, they are still being developed by various academic (rather than
corporate) groups and are prone to occasional breakdown. Therefore, it is difficult
to guarantee that each of the following examples will run on a random computer
without a problem.



5. Using the rjags package to do probabilistic graph calculations

Consider:
Bob the DAG

X2

X1

and suppose that the probability functions corresponding to Bob the DAG are:

. 1—@, 332:0
pla2) = {p, x9 =1

= me (1 - p)1—127 To = 07 ]-7

and

1-— f(!lfg), T = 0

= {flz)}" {1 — flza)}'™™, m,22=0,1.

In terms of (fairly) standard statistical distributional notation we have:

x9 ~ Bernoulli(p)
x1|xe ~ Bernoulli( f(z2))

The form of f(z3) and value of p you should use for this exercise correspond to their
values in your version of Assignment 2. In case these have slipped your mind, please
get them from the list in the Appendix (last pages).

(a) If you not already have an active R session then start one and make sure that the
current working directory corresponds to the directory/folder BobTheDAG . R re-
sides.

(b) This part of the laboratory assumes that the rjags package is correctly installed
on the computer that you are using.

(c) Type source ("BobTheDAG.R"). If you get tables and graphics showing that
the Monte Carlo answers of rjags approximately match the exact answers then
all is well. The results are best viewed with the graphics window made large.
If you do not know how to do this then please let the lecturer know and he will
attempt to resolve the problem.

(d) Copy BobTheDAG.R to anew filenamed myBobTheDAG. R and open the new file
in your favourite editor (a reminder that a safe bet if using Windows is WordPad).

(e) Modify the code to match your versions of p and f(z2) from Assignment 2. As
a reminder, your versions of p and f(z,) are in the appendix of this laboratory.
This requires the following steps which will be explained by example (but note



(f)

(8)

(h)

that you don’t use the numbers in this example but those against your name in
the appendix). Suppose that the new g and f(z,) values are:

37.1'2 + 71
—0.77 and S
& and - f(z2) = g

Then

i. the line:
probx2eql <- 0.61 should be changed to probx2eql <- 0.77

ii. the line:
probxleqglCondOnx2 <- (1xx2 + 2)/(3xx2 + 7) shouldbechanged
toprobxleglCondOnx2 <— (37xx2 + 71)/(47+xx2 + 89)

iii. the lines:
numerCoefx2 <— 1 ; numerConst <- 2
denomCoefx2 <- 3 ; denomConst <- 7

should be changed to:

numerCoefx2 <- 37 ; numerConst <- 71
denomCoefx2 <—- 47 ; denomConst <- 89

Note, again, that you do not use these numbers but those against your name in
the Appendix (last pages) of this laboratory.

Type source ("myBobTheDAG.R"). If your modifications and mathematics in
3(a) are correct then you should tables and graphics showing that the Monte
Carlo answers of rjags approximately match the exact answers. Continue until
this happens.

When the results match approximately then increase the nIter from ten thou-
sand to one million and see if the accuracy of Monte Carlo improves. NOTE: If
the computer you are using is particularly old then one million iterations may
take too long and a lower numbers should be considered instead.

If you have time then study the code in and around the BobTheDAGModel spec-
ification to learn more about how rjags works.

Congratulations! You have now completed half of the main part of Laboratory 1.

‘Big f@#*ing deal” you think. I can get a nice exact answer to this problem with
a few minutes of simple algebraic manipulations, while rjags takes about the
same amount of fiddling around on the computer and can only get the answer
approximately!

You may think that now — but by Week 6 we will see rjags effortlessly (if not
quickly) taking care of the required calculations for models so complicated that
the exact calculations will make you weep just thinking about them.



6. Extension to probabilistic graphs with observed nodes (“data”)

Now consider:
Bob the DAG with data

X2

X1

and suppose that the probability functions corresponding to Bob the DAG are:

. 1—@7 JZQZO
pz2) = {p, To =1

= (-

and
1— f(x2), 1 =0
= {f(x2)}" {1 = fa)}' ™™
Let

o)
11 = observed value of z;.

(a) Consider the conditional probability function

p(wal1)

that you derived in Question 5 of Assignment 2. You should use p and f(z2)
values given in the Appendix.

Section 2.8 of the notes Graph Theory and Statistics uses

$2+2

and this leads to the following table:

p(z5|21) values:

To=0 x9=1
1 =010.3948 0.6052
1 =11]0378 0.6215

(b) Type source ("BobTheDAGwithData.R"). If you get tables and graphics show-
ing that the Monte Carlo answers of rjags approximately match the exact answers
then all is well. The results are best viewed when the graphics window is made
large. If you do not know how to do this then please let the lecturer know and
he will attempt to resolve the problem.



(c) Copy BobTheDAGwithData.Rtoanew filenamed myBobTheDAGwithData.R
and open the new file in a text editor such as (if using Windows) WordPad (avoid
NotePad).

(d) Modify the code to match your versions of ¢ and f(z2) This involves making
changes analogous to those done earlier to the file BobTheDAG. R (described in
Step 4(d)) using the values next to your name in the Appendix.

(e) Type source ("myBobTheDAGwithData.R"). If your modifications and math-
ematics are correct then you should get tables and graphics showing that the
Monte Carlo answers of rjags approximately match the exact answers. Continue
until this happens.

(f) Edit myBobTheDAGwithData.R and change
x1Value <- 0
to
x1lValue <- 1
and re-run the script. This corresponds to the data being z, = 1 rather than

21 =0,
(g) EditmyBobTheDAGwithData.R and change the nIter value to one million and
see if the Monte Carlo accuracy improves.

(h) If you have time then study the code in and around the BobTheDAGModel spec-
ification to learn more about how rjags works.

This is the end of the main — usually in-class — part of Laboratory 1. The remaining pages
contain some additional exercises involving Jessica the DAG and Nathaniel the DAG,
which you may wish to do for further reinforcement of themes of Laboratory 1.



Optional Additional Reinforcement Examples — Possibly to do Outside of Class

6. Consider
Jessica the DAG with data

X2 X3

Let p(x2) and p(x3) be defined by:

T 1 2 3 4 )
p(x2) || 0.35] 0.10 | 0.05 | 0.20 | 0.30

and

3 1 1237475
p(x3) | 028 [0.19 [ 0.09 | 0.11 | 0.33

Then set the conditional probability function on Jessica the DAG to be:

p(x1’$2,$3) = 5¢123(SE17$27$3) .

folzl ¢123($3, T2, 963)

where the potential function v193(1, 22, x3) is defined to be

¢123($17 Xa, (L’g) = \/COSh(ZL‘l +1.6 IL‘Q) +04 xs3, X1,%2,T3 € {1, 2, 3, 4, 5}
The goal here is to obtain the conditional probability functions

p(zalz1) and  p(wslz:)

where 7, denotes the observed value of z; (i.e. “the data”). The first of these involves
the mathematical steps:

p(r1, 22)
p(xl)
223:1 p(x1, 22, 73)
Zi3:1 Zizzl p(x1, w2, 73)
223:1 p(@1]22, 23) p(22) P(23)
223:1 Zizzl p(x1|z9, 73) p(22) P(3)

° 1/)123@1,952,%3) T "
> {25 }p( 2) p(@3)

x3=1 z)=1 ¢123($,1,I2,J}3>

° ° ¢123($1,$2,$3) " "
ZZ{Z }p< 2) p(z3)

5
r3=1x9=1 z)=1 w123($3? x27$3)

p(a2]ry) =




So setting z; = %1 in this expression allows for “brute force” calculation of the condi-
tional probability function p(zs|z, ).

The calculations for p(zs|z,) are analogous.

(a) Open an R session and make sure that the current working directory corresponds
to the directory/folder in which JessicaTheDAGwithData.R resides.

(b) This laboratory assumes that the rjags package is correctly installed on the com-
puter that you are using.
Type source ("JessicaTheDAGwithData.R"). If you get graphics showing
that the Monte Carlo answers of rjags approximately match the exact answers
then all is well. The results are best viewed when the graphics window is max-
imised. If you do not know how to do this then please let the lecturer know and
he will attempt to resolve the problem.

(c) Copy JessicaTheDAGwithData.R to a new file named
myJessicaTheDAGwithData.R

(d) OpenmyJessicaTheDAGwithData.Rina texteditor such as (if using Windows)
WordPad (avoid NotePad) and change x1Value <- 2tox1Value <- 5and

re-run the script. This corresponds to the data being z; = 5 rather than z; = 2.
(e) Repeat the previous step for z; = 1, z; = 3and z; = 4.
(f) NexteditmyJessicaTheDAGwithData.R tochange the potential function from

@/Jlgg(lj, T, IL‘3) = \/COSh(Il + 16 I’g) —f- 04 T3
o 8 17
T+ XT3
—Jog [T 773
¢123($1,$2,$3) 0g ( 11 \/33_2 )

(which can be shown to be positive for all x1, 2,23 € {1,2,3,4,5}). For this step
it is important to note that

i. The 1193 function is specified twice; once in the JAGS model specification,
and once just before the exact calculation.

ii. In the JAGS model specification code the first function argument is called
x1dash (and not x1) to avoid a variable name clash in the code.

iii. Both R and JAGS use sqgrt for the square-root function.

(g) Try one or two of your own potential functions. You need to be sure that it is
positive over 1, x9, x5 € {1,2,3,4,5}. Underflow and overflow problems may
arise if your 23 takes very small or very large values (e.g. t123(21, 22, 23) =
explexp{107 z; 25 21¥}]) so such potential functions are best avoided.

7. Consider
Nathaniel the DAG with data

Xe X7 Xg

X4 X5

X3
X2

X4



Let p(z6), p(x7) and p(zs) be defined by:

w | 1 ] 2] 3] 4] 5
p(x6) || 011 | 0.35 | 0.07 | 0.41 | 0.06

o 1 [ 23475
p(z7) [ 021028 [0.10 | 0.18 | 0.23

p(zs) | 0.34]70.04 [0.25]0.17 | 0.20

Next, define the potential functions:

Y13(z1,23) = sinh(z; + 0.3 25 + 1.8)%
Va5 (T2, T4, 05) = (12 +0.724 +$5)1/5,
VP35(w3,w5) = log{cosh(zz + x5 + 2)},
Yye(xs) = |xg — 26| + 0.134,

) = V(x5 +0.727)/(0.9 + xg)

7/1578(355, T7, T8

where each
v €{1,2,3,4,5}, i=1,...,8.

Then set the following the conditional probability functions on Nathaniel the DAG:

o V13(1, 73)
p(l’1|l’3> - 22/1:1 ¢13(I/17$3),

¢245($2, Ty, 955)

p($2|x4,x5) = ,
Zig:l ¢245(33/2,£E4,x5)
1/)35(.753,[['5)
plaslrs) = 5 ; ,
2x5:1 P35(1, T5)
Ty, T
p(zalzs) = 5%6( 1, %)

>t Yas(h, 7).

¢578($5, X7, 958)

22’5:1 Wszs (w5, 27, )

and  p(zs|z7,25) =

The joint probability function of z4, . .., zs is then
p(x1, 9, T3, 24, 5, T, 27, 75) = |5, plai|parents of x;)
= p(wi]zs) p(w2|vs, 75) P(23]75) P(T4]76)
X p(s|z7, ws) p(xe) p(a7) pTs).
The first conditional probability functions corresponding to data

o o
r1 =T and To = T2

(1)

()



is
p($1, T2, 933)
p(xh IQ)

5 5 5 5 5
5 E E E Ep(:vl,xz,mg,m,xs),xa,x?,:vs)

r4=1x5=1x6=1 x7=1 x8=1

5 5 5 5 5 5 )
E E E E E E p(l'1,$27$3,$4,I57$6,$7,l‘8)
r3=1x4=125=126=127=1 28=1

p($3|$17$2) =

So setting 1 = 21 and 25 = T, and substituting into (1) and (2) allows one to get “brute
force” expressions for the conditional probability function

p(fﬂzﬁ‘h %2)

(a) Download the file NathanielTheDAGwithData.R and place the file into the
same directory/folder where you put the files in Laboratories 1 and 2.

(b) Open an R session and make sure that the current working directory corresponds
to the directory/folder in which NathanielTheDAGwithData.R resides.

(c) Type source ("NathanielTheDAGwithData.R"). If you get graphics show-
ing that the Monte Carlo answers of rjags approximately match the exact answers
then all is well. The results are best viewed when the graphics window is max-
imised. If you do not know how to do this then please let the lecturer know and
he will attempt to resolve the problem.

(d) Copy NathanielTheDAGwithData.R to a new file named
myNathanielTheDAGwithData.R

(e) OpenmyNathanielTheDAGwithData.Rina texteditor such as (if using Windows)
WordPad (avoid NotePad) and change x1Value <- 4 ; x2Value <- 2 to
x1Value <- 3 ; x2Value <- 5 and re-run the script. This corresponds to

the data being
T T
3 5
rather than
T @
4 2

(f) Repeat the previous step for a few other (%1, .%2) values.

(g) Try one or two of your own alternative potential functions. You need to be sure
that it is positive over x1, 2, 23 € {1,2,3,4,5}.

8. Again consider



Nathaniel the DAG with data

Xe X7 Xg

Xg X5

X3
X2

X4

but now suppose that all nodes are continuous random variables with the following
distributions:

x1|xs ~ t(xs,0.92,8.9), To|T4, x5 ~ N (24, (1/22))
z3|xs ~ Laplace(zs, (1/0.74)),  x4]ze ~ N(0.68, (1/x6))
ws|w7, x5 ~ N(zr,1/28?), ¢ ~ Beta(0.12,0.27)

x7 ~ N(3,1/0.4), xg ~ Uniform(0.1,0.4)

(@) Open an R session and make sure that the current working directory corresponds
to the directory/folder in which summMCMC. r and ct sNathanielTheDAGwithData.R
reside.

(b) Type source ("ctsNathanielTheDAGwithData.R"). This should produce
plot that summarises the (Markov chain) Monte Carlo samples and the Monte
Carlo-approximate posterior density functions.



Appendix: Individual values of p and f(z5)

In 2026 there were quite a few mismatches between names and completed assignment
versions. If you do not have your Assignment 2 questions with you from which to obtain
your values of p and f(z2), or if you cannot remember them, then please ask the lecturer

to help find them for you.



