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Preface

This is the manual for the [B/D] programming language. [B/D] is the computer implementation of the Bayes linear
methodology developed by Michael Goldstein and myself, initially at the University of Hull, and more recently at
the University of Durham. Part of the research and development underlying the program has been funded by the
Science and Engineering Research Council, in its various guises over the years, and we are extremely grateful to
them for their support.

The manual assumes mostly that you know what Bayes linear methods are, and also that you are conversant
with the basic notation used particularly in the two tutorial documeénts [33][and [59]. A third tutorial document,
[6Q], illustrates using [B/D] to set up and analyse problems involving exchangeable situations, together with details
on the creation and interpretation of Bayes linear influence diagrams. Hence, this manual does not tell you what
analysis you should perform, but it should hopefully show you how you might go about performing the analysis
that you have decided upon.

For newcomers to Bayes linear methods, a comprehensive bibliography is included at the rear of the manual.
For the development of the theory, begin with][16] and read on! General overviews of some of the features in the
package are given in [58] and [41].

There are different versions of the [B/D] package. For IBM PCs and compatibles there are WINDOWS versions,
for machines with and without a co-processor. Further versions are available for running under UNIX and Linux.
Our initial test release of [B/D] to the academic community consists of versions which run as Microsoft Windows
3.1 or Windows 95 applications.

The program itself can be regarded as complete and reasonably well (but not extensively) tested. Inevitably
bugs will arise as the program is used to handle applications other than our own test macros and applications. Please
let us know of any problems or oddities encountered. Further, we may develop or amend features as time permits.

David Wooff
July 1997






Chapter 1

Installation and interface

1.1 Overview

[B/D] is currently available in three versions: for IBM PCs and compatibles running under WINDOWS or Linux,
and for the SUN workstations, running under UNIX, networked in the Department of Mathematical Sciences at
Durham University. The last allows the analysis of larger problems, but this is essentially the only difference
between the UNIX and other versions. The graphics handling for the three versions differs slightly.

We consider separately installing the PC version, and using the UNIX version. The Linux version is under
construction. In the final part of this chapter we survey briefly the [B/D] interface: how command lines are
constructed, and so forth.

1.1.1 Installing the WINDOWS version

The program needs access to the following files.

bd.cmd A text file defining [B/D]'s commands and other keywords. This file is essential - [B/D] will not work
without it.

bd.msg A text file containing runtime error and warning messages. [B/D] will work if this file is missing, but no
error messages will be available.

bd.hlp A large text file containing online help for the program. [B/D] will work if this file is missing, but no help
will be available.

bd.exe The main [B/D] executable program;

Suppose that all the files listed above for a particular implementation are in your current directory, and that
you plan to work solely within this directory. Then you can run the program by typing the command “bd” at your
system prompt. Otherwise, you can configure the program so that it finds its files elsewhere, as follows.

We refer to the directory from which [B/D] is run as the current directory. All temporary files are placed on, and
all output directed to, the current directory. The required files must be present either in the current directory, or in
the path given by the environment variable BDINPUTS. The current directory is always searched first. (The search
path can be added to interactively if necessary.) The environment variable can be set by adding, for example, the
following line to your autoexec.bat file:

set BDINPUTS=C:\BD\BDNEEDS\

wherec:\BD\BDNEEDS is the name chosen for the subdirectory containing the required files.

The BDMACROS environment variable is set in a similar way to the BDINPUTS variable. It can be set to
contain a string of paths which are to be searched for input files. For example, you could add the following line to
your autoexec.bat file:

set BDMACROS=c:\BD\BDINPUTS;D:\

For its input files, the effect here would be for [B/D] to search (by default) the current directory first; and then
the subdirectorg:\bd\bdinputs , and so forth.



Starting the program

To start the program, double-click on the file “bd.exe” in File Manager (Windows 3.1) or Windows Explorer
(Windows 95). A command window will appear, in which all input and text output takes place. In this command
window, the following [B/D] prompt should appear:
BD>

indicating that the [B/D] program is running and awaiting your commands. The prompts are fully described in

§20.13.

1.1.2 |Installing the UNIX version

The UNIX version is already installed on the SUN workstations networked in the Department of Mathematical
Sciences, University of Durham. You can run the program by typing the command “bd” at the unix prompt.

We refer to the directory from which [B/D] is run as the current directory. All temporary files are placed on,
and all output directed to, the current directory. The various required files must be present either in the current
directory, or in the path given by the environment variable BDINPUTS. The current directory is always searched
first. (The search path can be added to interactively if necessary.)

For the version of [B/D] which is set up to run over the Durham University Mathematical Sciences Department
network, this variable should be set by adding the following line to your .cshrc file:

setenv BDINPUTS /usr/local/src/modsrc/BD/

The BDMACROS environment variable is set in a similar way to the BDINPUTS variable. It can be set to
contain a string of paths which are to be searched for input files. For example, you might add the following line to
your .cshrc file:

setenv BDMACROS $HOME:$HOME/bd/bdinputs/

For its input files, the effect here would be for [B/D] to search (by default) the current directory first; and then
the subdirectorypd/bdinputs/  , and so forth.
Starting the program

To start the program, issue the “bd” command at your system prompt:
bd

The following [B/D] prompt should appear:
BD>
indicating that the [B/D] program is running and awaiting your commands. The prompts are fully described in

§20.13.

1.2 Stopping the program

To stop the program, issue tbgorP. command at the [B/D] prompt as follows. The*' symbol at the end of a
lion means that you should press thRETURN> or <ENTER> key.

BD>stop: <«

1.3 Associating files and search paths with the program at start-up

1.3.1 Overview

When the program is run, input and output files and additions to the search path may be included on the command
line, and itis possible to set up afile to act as a log-in file, so that [B/D] obeys the commands on the log-in file first.
Input and output files can be attached, and additions to the search path made, interactively as well. We discuss each
possibility in turn below; the various possibilities can be mixed on the eventual command line.
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1.3.2 Attaching input files

To attach input files, typically containing [B/D] program macros, data, and so forth, via the command line we could
start the program as follows:

bd [i1=file1] [i2=file2] ...

There are 6 input channels, il ...i6, which can be associated with an external file in this way. Input files may be
located in any directory that will be searched according to the search path (which may also be amended at start-up:
see below). The current directory is always searched first, and then the path given in the environment variable
BDMACROS (if any). The BDMACROS environment variable is set as described above. It can be set to contain
a string of paths which are to be searched for input files. GieNNEL: command can also be used to associate
input files with [B/D] channels.

If input channel i1 is assigned on the command line, it acts as a log-in channel: [B/D] obeys all commands
therein in the usual way, including macro switches, and the end of file marker causes control to be returned to the
screen channel. Otherwise channels can be assigned usiogAhalEL: command.

1.3.3 Attaching output files

To attach output files via the command line we could start the program as follows:
bd [ol=filel] [02=file2] ...

There are 4 output channels, o1 ...04, which can be associated with an external file in this wapARMNEL:
command can also be used to associate output files with [B/D] channels. All output (standard output, a log of the
current session if required, and a history of the screen input if required) is output to files in the current directory.
The program will overwrite pre-existing output files, and otherwise create them.

1.3.4 Updating search paths

Temporary search paths can be given on the [B/D] command line or vizathe command. These are given as
in the following examples. Firstly, for the UNIX version,

bd p=bd/bdinputs/special/:bd/oldinputs
and secondly for the WINDOWS version,
bd p=bd\bdinputs\special\;bd\oldinputs

These extra paths are temporarily (for the life of the session) added to the BDMACROS variable, and are
searched immediately after the current directory. If files are also given on the command line, the path is processed
first. ThePATH: command can be used in a similar fashion.

1.4 The [B/D] input interface

1.4.1 Command lines

[B/D] acts upon separate lines of input, where a line of input is ended typically by pressing the ENTER key once,
and consists of no more than 253 alphanumeric characters. (It is possible both to extend eofBfidnd line
over more than one physical line, as we considel[in]§1.5, and to force more than one@@iBland lineonto
one physical line, as we consider in §1]4.3. However, the maximum of 253 characters remains in force whatever
the circumstances.) The legal alphanumeric characters are shown ifi Table 1.1. Otherwise, any illegal characters or
invisible control characters supplied to [B/D] are treated as though they are spaces.

Each line of input is treated either as@mmand linewhere [B/D] is intended to interpret a command and act
accordingly, or not. The first non-space character of a line determines which is the case. Generally, all lines of
input are assumed to lm@mmand linesinless the first non-space character is one of the following:

« adigit or a minus sign, implying that the line consists of numbers;
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Table 1.1: Characters allowed as [B/D] input

The lower case characters a z
The upper case characters A ... Z
The digits 0,

The parenthetic characters () {
The arithmetic characters + -/ *7 < =

The characters l'"#&%3$&_":;,@|\,."?
The space

« the symbol ‘@’, implying that the line containdabel or commentary text that [B/D] should not interpret.
Any text between the '@’ symbol and the physical end-of-line marker is ignored.

« an opening round bracket, ‘(’, implying that the line containgegnation

The first non-space character may alse be an opening square bracket, ‘[', implying that the line begins with the
name of a string or some other quantity which will be parsed according to the rules given in the next section. In
this situation, the line after parsing must obey the rules given above.

Lines consisting only of spaces are ignored.

A command lineshould consist of a valid [B/D] command, followed by any pertinent arguments. The arguments
must be separated from the command by at least one space, or by one colon. The command itself must consist of
contiguous characters. Thereafter, as many spaces as desired can be strewn amongst the characters forming the
arguments. For example, the following commands are all legal and equivalent:

BD>adjust:[basel/base2}—
BD>adjust [ base 1/ base 2 k-
BD>adjust [ b asel/b ase 2k—

1.4.2 Line parsing

Every line input to [B/D] is parsed before being passed to the command line interpreter. The parsing consists of
replacing various of the characters in the line by other characters, and of the removal of redundant spaces. In
particular we use the pair of square brackets ‘[ ]’ to enclose text that might be replaced.

All command lines have leading and trailing spaces removed. All command lines ignore other spaces (except
the space separating command from arguments) and are converted to lower case. ExceptioPsiare therLE:,
PRINT:, ITITLE:, andSTRING: commands, where space and case conversions are not carried out except as necessary.
Substrings are, however, parsed completely, forsthRING: command.

The parsing of lines to replace material enclosed in square brackets takes place before any other operation. The
material that might be replaced is as follows:

« Control variables defined in activR: statements, such &g, which will be replaced by the current value
of the control integer.

« Strings defined in 8TRING: statement, such &a], which will be relaced by the current contents of the string
calleda.

« Integers defined in an equation of the form [(E)]. That is,aeationE is calculated and then rounded to
give an integer which replaces all of [(E)]. The rounding convention is defined in Appehdix A.

* Quantities of the form{B:1>], whereB is the name of daseand| is a positive integer. The effect is to

replaceB : | by the name of the element being the Ith element of the IBassccording to thevrdering
convention

Priority is decided by deepest nesting. Unrecognised quantities in [ ...] are not erased from the command line.
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1.4.3 Multiple lines

Multiple lines consist of distinct command lines separated by vertical line symbéiss mostly irrelevant whether
or not several commands appear alone on several lines or all on the same line separatechaydleter. However,
there are a few exceptions as follows.

* Where a multiple line follows &0OR: statement, all command lines included are executed accordingly, and
no END: command is needed to terminate the loop.

« where a multiple line follows arF: statement, all command lines included on the line are executed if the
relevant condition is true.

« The following commands may not be used (as other than a first command) in multiple REERESH;
ENDIF:; FOR:; END:; IF:; REPEAT; UNTIL:; WHILE:; WEND:.

e Macro-switching commandfRETURN:, GOTO:, andM:) are not allowed in multiple-lineoRr: statements.
e anELSE: command may be used in a multiple-lire statement, but not any other multiple-line command.

« if a macro-switch is found in a multiple-ling: line, any succeeding commands are abandoned.

1.5 Line Continuations

Any line of input to BD which is terminated by linefeed/carriage return, and which has an ampersand character, &
as its last non-space character means that the line is to continue to be read from the next line of input. If you are in
interactive mode, you will receive a prompt, BD&, for the continuation. This continuation marker takes precedence
over any parsing of the line, and is removed before parsing. Line continuations are allowed when inputting a string,
a function, or a constant interactively. However, the possible length of a [BIBjmand linas set at a maximum

of 253 irrespective of whether or not the line is constructed from several physical lines.

1.5.1 Miscellaneous information

Numbers come in two breeds: standard, for reading in data and as padsaifons The latter are not permitted
to have exponent, whereas the former can. Thus the following is a legitimate standard mis#e-17

Output is flushed to output files (and to thistory fileand thelog file, if these are in use) at the end of each
command. If a crash happens during a command, any output from that command will be lost.

Errors are automatically echoed to screen - unless the job is a pure batch job, i.e. when channel O (the keyboard
and screen) has never been referenced (read from or written to).

13
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Chapter 2

Subroutines and external files

2.1 Overview

External files are associated with [B/D] by input and output channel numbers. Input channels link [B/D] to external
files which contain [B/D] programs and/or subroutines. The links between channel numbers and external files are
created by using theHANNEL: command, and they may be removed by usingdbheARCH: command. The
PATH: command may be used to allow the searching of other directories for any external files required. In cases
where [B/D] is to share external files with other programs, such as text process®sfFtkiesH command should
be used to update the external files.

Output channels offer destinations for output alternative to the screen, and are also used for the exportation of
data and beliefs. Output is redirected by usingdlmaiANNEL: command, and data and beliefs may be exported
using theeCHANNEL: command.

2.1.1 Subroutines and diversions

A subroutine, or macro, is simply a sequence of [B/D] commands. We might write subroutines to achieve some
particular modularised task, or perhaps simply to break up a program into more manageable components. A number
of commands are available to assistin this. In particulantrendRETURN: commands respectively direct program

flow towards and away from a subroutine. TeeTo: command provides a simple means of jumping from one
place in a program to another. Finally, theEARRETURNS command can be used to override a sequence of nested
return addresses from subroutines.

Currently, subroutines are not associated with direct facilities to vary parameters. However, it is possible to
write subroutines which, by usirgdrings constantsand so forth, are reasonably abstract and capable of handling a
variety of inputs. As an example, consider the fragment of code shown in Figlire 2.1. The subroutine begins with a
label, “@simplesub”, which could be regarded as the name of the subroutine. The subroutine simply calculates the
adjustment of one base by another, where the names of the two bases are assumed to be contained in the strings b
and d, set outside the subroutine. Having performed the adjustment and output a result, the subroutine terminates.
We will assume that these lines of code are contained somewhere in the external file called “sub.ex” in the current
directory.

To use this subroutine, consider the fragment of code shown in Higdre 2.2. This links the external file “sub.ex”
containing the subroutine to input channel number 3. The following commands then use the subroutine twice, firstly
achieving the adjustment of Ubase by Vbase and secondly the adjustment of Xbase by Ybase, where we assume
these bases to be to have been defined earlier. Notice that we need not refer to channel 3 explicitly when we call
the subroutine. The commands in Figlrel 2.2 might be issued interactively, or might themselves constitute part of
an external file to which you have directed program flow.

2.1.2 Handling errors that arise during processing of a subroutine

The program can take two courses of action when an error occurs during a subroutine. Firstly, it can obey a set of
commands that you specify in the case of error; and secondly it can take default action. The first case is described
below: theoNERROR command is used to set other than default action. The second case, the default action, is
described here.
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Figure 2.1: Writing a simple subroutine

@simplesub<«

@ this subroutine calculates the adjustment of one base, whose name
@ should be contained in the string b, by another base, whose name
@ should be contained in the string d.<—

print: Adjusting [b] by [d]. <«

adjust: [[b)/[d]] <«

print: The uncertainty resolved in the collection [b], having <=

print: adjusted by the collection [d], is (rmtr). <«

return: <«

Figure 2.2: Using a simple subroutine

BD>channel: i3=sub.ex<«>
BD>string: b=Ubase <>
BD>string: d=Vbase <
BD>m: @simplesub<«—
BD>string: b=Xbase <=
BD>string: d=Ybase <
BD>m: @simplesub<«—

If an error occurs during a macro, and if no action has been specified viaNthRROR command, the macro
is aborted. If the error occurred during the initial execution of a log-in macro, the entire program is terminated.
Otherwise, control returns to the screen.

A channel number need not be suplied with a label. If no channel number is given, the current channel number
is assumed. If the named label does not exist on the current channel, a search is made until a matching file is found
on another input channel, if any. These other channels are searched in numerical order.

2.2 Linking external files to [B/D]

> > Syntax

1. BD>channel: il1=[P] F <

2. BD>channel: ol,=[P] F «

wherel < |1 < 6is an integer representing an input channel numtieg: I, < 4is an integer representing
an output channel numbef; is a sequence of alphabetic characters representing a Vididame and P is a
sequence of alphabetic characters representing a path to a directory containing, or to contain, the file.

<4

TheCHANNEL: command is used to specify and attach external files, for output and input, to the program. The
first form of the syntax is used to associate external files with input channels, of which there are six in all. The
second form of the syntax is used to associate external files with output channels, of which there are four in all.

If no file path P is given, the sequence of directories given bysbarch paths searched in order to find the
file F.

If an output channel is being declared, and if the external file cannot be found, then it will be created, either in
the current directory or in the directory indicated by the patifione was supplied. However, if an output channel
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is being declared and the external file does exist then its contents will be overwritten. Beware that you do not
remove precious file contents accidentally.

If an input channel is being declared, and if the external file cannot be found, an error will be reported.

You may not associate an output channel with an external file which is currently associated with an input channel.
You may not associate an input channel with an external file which is already associated with an input channel.
You may associate an input channel with an external file that is already linked with an output channel (provided
that the output channel is not currently being used for output; the attempt will result in the reporting of an error).
In this case, the external file will be closed, and the output channel linked to it removed. Finally it is then linked to
the input channel. This provides a limited means of interactively creating macro files as outputs for further use as
inputs.

2.3 Removing links to external files

> > Syntax

1. BDx>clearch: il; <

2. BD>clearch: ol <

wherel < |1 < 6is an integer representing an input channel number, &nd 1> < 4 is an integer representing
an output channel number.

AU

ThecLEARCH: command is used to remove the link between an external input file and a channel number. Once
the channel has been freed, it may be reallocated to another external file. The first form of the syntax is used to free
input channels, and the second to free output channels. Optionally, the argument may be placed within parentheses.

2.4 Re-initialising macro handling

> > Syntax
BD>clearreturns: <

<

TheCLEARRETURNS command has no arguments. It is used to re-initialise the macro-handling system. That
is, any outstanding return addresses from macro are removed, and the program is left awaiting keyboard input. This
facility is chiefly useful after an error has occurred. Notice that the return address stack is automatically cleared
when aRESTART. command is issued, but not whertBEAR: command is issued.

2.5 Defining export channels

> > Syntax
BD>echannel: (I) <«

wherel < | < 4is an integer representing an output channel number.
AURS|

The ECHANNEL: command selects the channel number for exported quantities. The channel humber must
previously have been associated with an external output file by usingthENEL: command. This command
only has any relevance for futuexPoORT. commands. The export channel can be the same as the current output
channel. In particular, material exported will be appended to this channel if it is already in use for the current [B/D]
session.
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2.6 Unconditionally switching program flow

> > Syntax

1. BD>goto: @L «
2. BD>goto: @L(C) <

3. BD>goto: (C) <

wherelL is the name of éabeland0 < C < 6is a validinput channel number
<4<

The coT0: command is used to switch program flow unconditionally to the address given. This command
is thus the memoryless analogue of thecommand, and is not linked with@RETURN: command. You should
be careful if you want to jump out ¢for: loops. ThecoTO: command is not associated with a return address:
therefore whenever the end-of-file marker is encountered aftey@: command has been issued, the program
returns to the address associated with the most recenbmmand or stops otherwise. The same holds when a
RETURN: command is encountered aftecaTo. command. See the discussion jn §2.7 for further details.

If the first form of the command is issued, with no channel humber being specified, the channel number is
deduced - [B/D] does not allow duplicate labels. In the third form of the syntax, the beginning of the file associated
with the input channelis indicated. In common with other macro facilities, the channel number can be zero (meaning
the keyboard): a label should not be supplied in this case. The address implied by the channel and label supplied
must exist at the time the command is issued.

Commands which might result in diverting program floeoro:, M:, and RETURN:) must be issued on a
separate line; otherwise an error is reported. Hence the following usage is not permitted:

BD>for: i=1,1,2 | goto: @test[i] <

The following fragments of code show three examples.

BD>goto: @lisbon <«
BD>goto: @lisbon(2)<«
BD>goto: (2) «

The first example refers explicitly to the label “@lisbon”. No channel number is given, so [B/D] will search
all the input channels for a match. There may be at most one match as [B/D] does not permit duplicate labels. The
address thus consists of the given label, on a channel which will be deduced. In the second example, the address
consists explicitly of a label and a channel number. In the third example, no label is given, and the top of the external
file associated with input channel number 2 will be assumed as the required address.

2.7 Temporarily diverting program flow to subroutines
> > Syntax

1. BD>m: @L «

2. BD>m: @L(C) <

3. BD>m: (C) <

wherelL is the name of &abelandC is a validinput channel number

<4
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The M: command is used to divert program flow to a subroutine. Typically, once the subroutine has been
processed, program flow resumes at the line beyond the line containing twenmand (or control returns to the
keyboard). Most subroutines are terminated IREZURN: command, or by and end-of-file marker with similar
consequences. This command is thus the similar tathieo: command except that it is linked withRETURN:
command.

If the first form of the command is issued, with no channel number being specified, the channel number is
deduced - [B/D] does not allow duplicate labels. In the third form of the syntax, the beginning of the file associated
with the input channelis indicated. In common with other macro facilities, the channel number can be zero (meaning
the keyboard): a label should not be supplied in this case. The channel and label specified or implied must exist at
the time the command is issued.

Technically, [B/D] maintains a stack of program diversions and return addresses. The return address is the
line beyond the line containing the: command if the command was issued from a macro file, or otherwise the
return address amounts to returning control to the keyboard. The stack of return addresses may grow as large as
machine memory will allow, meaning that you may nest subroutines as deeply as you wiste TieN: command
acts as an end to the diversion or subroutine, and an end-of-file marker also acts in this way. In either of these
circumstances, the return address stack diminishes one level, and control is passed back to the situation holding
before the corresponding: command was issued.

Although we tend to use the: andRETURN: commands for the creation of separate program modules, this is
not forced. You may use or misuse thie command as you see fit. Tl EARRETURNS command may be used
to clear the return address stack if necessary. The return address stack is automatically clearegiaghier=
command is issued, but not wherwaeAR: command is issued.

Commands which might result in diverting program flosoro:, M:, and RETURN:) must be issued on a
separate line; otherwise an error is reported. Hence the following usage is not permitted:

BD>for: i=1,1,2 | m: @test[i] <
The following fragments of code show three examples.

BD>m: @oporto <>
BD>m: @oporto(2) <
BD>m: (2) <

The first example refers explicitly to the label “@oporto”. No channel number is given, so [B/D] will search
all the input channels for a match. There may be at most one match as [B/D] does not permit duplicate labels. The
address thus consists of the given label, on a channel which will be deduced. In the second example, the address
consists explicitly of a label and a channel number. In the third example, no label is given, and the top of the external
file associated with input channel number 2 will be assumed as the required address. For each usage the return
address will be the same, and as soon as the subroutine has been processaramihacommand or end-of-file
marker encountered, program flow will return to this point.

2.8 Redirecting output

> > Syntax
BD>ochannel: (I) «

where eitherl = 0, representing the interactive screen, br< I, < 4 is an integer representing an output
channel number.

<d

The ocHANNEL: command specifies the channel that should be used for output until a fortiENNEL:
command is issued. The output channel is reset to zero (interactive screen) wheregamnat command is
issued, but not when@LEAR: command is issued.

As an example, consider the fragment of code shown in Fjgufe 2.3. The commands in this fragment (1) link an
output channel to an external file (which will be created if it does not already exist); (2) redirect output to this file;
(3) print a message which will appear as text at the head of this file; and (4) redirect output back to the screen.
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Figure 2.3: Redirecting output

BD>channel: o3=newout.txt<«>

BD>ochannel: (3)«

BD>print: This message will appear on output channel 3.<~
BD>ochannel: (0)<«>

2.9 User-defined error handling

> > Syntax

1. BD>onerror: @L <«
2. BD>onerror: @L(C) «
3. BD>onerror: (C) «

4. BD>onerror. <«

wherelL is the name of éabelandC is a validinput channel number
<4

The oNERROR command is used to provide directions to a special error-handling macro, which should be
found at the address specified by the label and/or channel supplied. If the first form of the command is issued, with
no channel number being specified, the channel number is deduced - [B/D] does not allow duplicate labels. In the
third form of the syntax, the beginning of the file associated with the input channel is indicated. In common with
other macro facilities, the channel number can be zero, meaning the keyboard for input or the screen for output. In
such cases, a label should not be supplied. The address specified or implied must exist at the time the command is
issued.

If the fourth form of the syntax is used, any directions to an error-handling macro are removed, and the default
status restored to no user-defined error handling. Otherwise, if this facility is activated and an error occurs, the
facility is toggled off, to avoid infinite looping.

In the case of Nn@NERROR direction being supplied and an error occurring, the macro being processed is
aborted. If the error occurred during the initial execution of a log-in macro, the entire program is terminated.
Otherwise, control returns to the screen.

In the case of alteration (either by re-definition of the channel, or by updating it viRethRESH command, or
by clearing it) of the input channel containing the label and channel number specified NERROR command,
the following steps are followed. If the channel no longer exists, or if it exists without the specified label, then it is
as though th@NERROR facility is switched off. Otherwise, the facility remains switched on. If an error occurs
during the refresh process, tbelERROR facility is switched off.

The effect of theONERROR command is to specify a subroutine which should be processed when an error
occurs. After the subroutine has been processed, control should return to the line immediately following the line
where the error occurred.

2.10 Defining additional search paths

> > Syntax

BD>path: directoryl [: directory2][...] <
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where directoryl and directory2 are the paths, in a format dependent upon the machine implementation, to the
directories to be joined to the standard search path.

<14

The PATH: command is used to define additional search paths for input files. The effect is to add these paths
temporarily (for the life of the session) to the search paths currently defined in the environment variable BDMACROS
(see E1.3]2). The order of searching is always (1) the current directory first, (2) the directories given by any defined
search paths: the most recently defined are searched first. Examples for UNIX and WINDOWS implementations
are:

UNIX: BD>path: bd/bdinputs/special/:bd/oldinputs <—

WINDOWS: BD>path: bd\bdinputs\speciak;bd\oldinputs <

2.11 Updating shared external files

> > Syntax

1. BD>refresh: (C) <

2. BD>efresh: <

whereC is a validinput channel number
<

TheREFRESH command is used to update, or refresh, input channels. This will become necessary in the case
of multitasking where one or more input channels currently announced to [B/DirnA&NEL: commands are
being updated by other programs. For example, you might be debugging a [B/D] macro interactively by running
the macro, switching to a text editor to correct any mistakes, and then switching back to [B/D] to rerun the macro.
[B/D] cannot automatically detect changes made to its input channels, and so needs informing that it should take
account of such changes. Particular effects are to update the pointers to the labels on the input files, and to ensure
that theoNERROR facility will operate correctly. If an error occurs during the refresh processpNERROR
facility is switched off.

The first form of the syntax is used to refresh the single file corresponding to the specified channel number.
The second form of the syntax is used to refresh all the external files currently corresponding to specified channel
numbers.

2.12 Returning from subroutines

> > Syntax

1. BD>eturn: <«

2. BD>eturn: E <«

whereE is anyequation

<4
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The RETURN: command is used to terminate the processing of a macro and return to the place immediately
following the place where the last: command was issued, or to the keyboard if the lastommand was issued
interactively. You should regand: andRETURN: commands as a matched pair during typical use. The second
form of the syntax is used to make the return conditional on the value given by the accompemyatign The
equation is defined to be TRUE if the rounded value of the equation is equal to unity, and FALSE otherwise. If the
evaluation of the equation causes an error, then the equation is taken to be true, and a return will be made unless
superceded by an extabDNERROR instruction.

Commands which might result in diverting program floeo(ro:, M:, andRETURN:) must be issued on a
separate line; otherwise an error is reported. Hence the following usage is not permitted:

BD>for: i=1,1,2 | return; <«

The return address stack is automatically cleared whrEEsTZART. command is issued, but not whegeeAR:
command is issued.
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Chapter 3

Commands controlling program flow

3.1 Looping with a control variable

> > Syntax

1. BD>for: N1=E1,E2,E3 [[N2=E4,E5,E6] ...«
BD>... <«
BD>...Body of commands<
BD>... <«
BD>end: «

2. BD>for: N1=E1,E2,E3 [,N2=E4,E5,E6] ..| Command | ...| Command <«

whereE1, E2, ..., are any valid equations, amdil, N2, ..., are names, consisting of a sequence of alphanumeric
characters beginning with an alphabetic character.

<<

The FOR: ...END: loops are used to provide loops in which a control integer varies, and where the control
integer is accessible to the user. We consider two such kinds of loop. The first is our standard implementation, and
the second is a more limited, but much faster, implementation designed to avoid some of the speed restrictions that
arise from [B/D] being an interpreted language.

For both forms, the intention of the constructs are as folloWg, N2, ... are the names of control variables.

The values ofEl, E2, E3, ... are rounded to the nearest integdrs, 12, 13, ..., to give starting, stepping, and
stopping values for the control variables. Thus, the intention of the loop with only the control vaxiabiell

be to repeat a block of commands wiNl = 11, N1 = 11+ 12, and so forth. The stepping valli2 may be
negative. In general, if the stepping value is positive then the loop continues whilst the control variable has a value
not exceeding 3. If the stepping value is negative, then the loop continues whilst the control variable has value
not less tharl 3. Furthermore, if the stepping value is zero; or if it is positive and the starting value exceeds the
stopping value; or if it is negative and the starting value is less than the stopping value, then all the commands in
the loop will be ignored.

For example,

BD>for: i=1,-1,2 ... <

gives an instance of where the loop will be ignored as it is not possible to reach 2 from one by stepping negatively.
On the other hand,

BD>for: i=0, 2, 1,j=-1,1,0 ...«

establishes a loop which will work through a body of commands with the control variables taking these values
inorder:(i =0, j = —1) and(i = 0, ] = 0). Notice that the stepping value here famplies the sequende= 0,
i =2,i =4, and so forth, but only the first value is encountered as the stopping valeeis
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Notice that entire command lines are parsed as one. Thus, the usage in the following example
BD>for: i=1,1,2,j=1,2,[i], ... <>

will fail because at the time of parsing [i] at this point is unknown.

The first form of the syntax is our standard form whereby one line cont@p®astatement (and nothing else);
a number of commands on succeeding lines (which may contain lines with multiple commands); and finally an
END: command to mark the end of the loop. The commands betweerotRestatement and thenD: statement
will be repeated as appropriate, according to the settings of the control variables. An example of the use of this
form of the syntax is as follows.

BD>for: i=1,1,2,j=1,1,2, k=1,1,2«>
BD>print: [i|jl[k] <«
BD>end: <

This will print out the following sequence of numbers: 111, 112, 121, 122, 211, 212, 221, 222; showing that
the last control variable encountered in the statentertianges fastest.

The second form of the syntax is a special fast form, which we willtbalbne-linecOR: statementlt consists
of the FOR: statement, together with one or more commands separated by the symmbar the same line.
However, theeND: command is not (and may not) be used to mark the end of the loop: the end-of-line marker does
this instead.

3.1.1 General remarks

1. To access the current value of the control variable whose nahg,igse the synta{N1]' as appropriate.
(See the section on line parsing). The example just given illustrates this.

2. From the point of view of accessing the value of a control variable, if two or more control variables with
the same name are active, then the most recently defined is used. Consequently, the action of the following
(legal) sequence:

BD>for: i=1,1,2, i=4,5,9«
BD>print: [] <«
BD>end: «

would be to print out the values 4 and 9 twice.

Furthermore, the names of control variables use¢@®: loops take precedence over strings with the same
name.

3. For interactive work, when you issue a standaok: command, the program simply copies your further
inputs (without obeying any commands) until you inputEnp: command to mark the end of the loop.
Thereafter the loop is processed in the usual way. The intera&iREEND: construction causes the copying
of command lines to a temporary file. Every line is copied as an original, without any parsing: errors in the
command syntax may be reported, but the process will continue. During such interactive work, the following
prompt is used:

BD/ «

to indicate to you that the program is awaitingeiD: statement before processing your inputs.
4. There are no limits to the number of act&eRr: loops, subject to memory limitations.
5. The number of control variables that can be defined inF®e statement is limited to 30.

6. All commands are permitted during the processing of a standard for-end loop. However, certain commands
are disallowed during processing of a one-lif@R: statement. These include

(a) channel switching vial:, GOTO:, andRETURN: commands;

(b) if-then-else constructions via:, ELSE:, andENDIF: commands;

(c) otherlooping vigeOR:, END:, REPEAT,, UNTIL:, WHILE:, andWEND: commands;
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(d) channel closing via theEFRESH command.

7. The names and details of all activer: statements can be checked by issuingp@k: command with the
for argument. Control variables defined in the sar&: statement are marked “not final” except for the
first.

3.2 Conditional statements

> > Syntax

1. BD3if: E <«
BD>... <
BD>...Body of commands<
BD>... <
BD>endif: «

2. BDsf: E <
BD>... <«
BD>...Body of commands<
BD>... <«
BD>else: «»
BD>... <«
BD>...Body of commands<«
BD>... <
BD>endif: «

3. BD=if: E | command| command]| ... <

4. BD>if: E | command| command| ...| else:| command| command| ... <

E is any valid equation.
<d

These constructions are used to make program flow conditional on some aspect defined by the user. The value of
the equatiork is used to decide upon the appropriate course of action. In the context of if—then—else constructions,
an equation is defined to be TRUE if the rounded value of the equation is equal to unity, and FALSE otherwise (the
kind of rounding is defined in Appendix|A). Therefore, if the value of the equation followingrtheommand is
equal to unity, the body of commands immediately following will be processed.

The first and second forms of the syntax are our standard implementations, and the remaining two are more
limited, but rather simpler, implementations designed to avoid some of the problems that arise from [B/D] being an
interpreted language.

If the first form of the syntax is used, if the equation is TRUE, then the body of commands upgn tive
command is processed in the usual way. If, however, the equation is false, none of the commands between the
andENDIF: are processed. In either case, iNbIF: command terminates the construction.

If the second form of the syntax is used, if the equation is TRUE, then the body of commands upno the
command is processed in the usual way. If, however, the equation is false, none of the commands between the
IF: andENDIF: are processed and instead the body of commands betweensbgeand ENDIF: commands are
processed. In either case, thebIF: command terminates the construction.

The final two forms of the syntax are special forms, which we will oak-linelr: statementsThey consist of
thelF: statement, together with one or more commands separated by the symtiothe same line. The fourth
form shows that theLSE: command may be included to provide an alternative set of commands to process if the
condition turns out to be FALSE. Notice that ta®DIF: command is not (and may not) used to mark the end of
the loop: the end-of-line marker does this instead.
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3.2.1 Other remarks

1. Ifan error occurs in the definition of the equation used to generate the condition, the default action is for the
value of the equation to be taken as FALSE.

2. Allcommands are permitted during the processing of a standard if—~then—else construction. However, certain
commands are disallowed during processing of a onetlinstatement. These include

(a) other if-then-else constructions via tife, ELSE:, andENDIF: commands;
(b) looping viaFOR:, END:, REPEAT, UNTIL:, WHILE:, andWEND: commands;

(c) channel closing via thREFRESH command.

3. There are no limits to the number of active if ...else ...endif loops, subject to memory limitations.

4. Itis permitted to change channels, and so forth, viamdhes0TO:, andRETURN: commands.

5. The current status of any if—then—else constructions are cleared wheneresti?RT. command is issued,
but not when a&LEAR: command is issued.

6. For interactive work, when you issue a standar&command, the program simply copies your further inputs
(without obeying any commands) until you input BRDIF: command to mark the end of the construction.
Thereafter the commands are processed in the usual way. The interactive construction causes the copying
of command lines to a temporary file. Every line is copied as an original, without any parsing: errors in the
command syntax may be reported, but the process will continue. During such interactive work, the following
prompt is used:

BD< <«

to indicate to you that the program is awaitingenDIF: statement before processing your inputs.
3.3 Looping until a condition is satisfied

> > Syntax

BD>repeat: <

BD>... <«

BD>...Body of commands<«
BD>... <«

BD>until: E <«

whereE is any valid equation.
<4<

TheREPEAT. ...UNTIL: construction is used to provide a loop surrounding a body of commands which will be
processed at least once, and will continue to be processed the edhdtemomes TRUE. The equation is defined
to be TRUE if the rounded value of the equation is equal to unity, and FALSE otherwise. If no equation is given,
or if a mistake is made in determining the equation, then [B/D] assumes that a valid equation with value TRUE has
been supplied, and the loop will not be repeated.

Both the initiatingREPEAT. and the terminatingNTIL: command must be given on a separate line, and you
should be careful not to confuse separate repeat ...until structures where you are nesting them.

As an example, consider the following program fragment.

BD>c: %i=0 «
BD>repeat: <

BD>c: %i=%i+1 <«
BD>c: %j=0 <«
BD>repeat: <«

BD>c: %j=%j+1 <«
BD>print: (%i), (%)) <«
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BD>until: %j=2 <«
BD>until: %i=2 <«

This code establishes two loops during which the constants take the values (%i=1,%j=1), (%i=1,%j=2), (%i=2,%j=1),
(%i=2,%j=2), and then terminate.

3.3.1 Other remarks

1. TheREPEAT anduUNTIL: commands may not be used during one-ko&: and one—liner: statements.

2. The while ...wend construction is similar to the repeat ...until construction, except that the test for processing
the enclosed body of commands is at the start rather than the end of the loop. Therefore the body of commands
enclosed in a while ...wend loop might not be processed, whereas the body of commands enclosed in a repeat
...until loop are always processed at least once.

3. There are no limits to the number of active repeat ...until loops, subject to memory limitations.

4. The current status of repeat ...until constructions are cleared wheneves$tieRT. command is issued,
but not when a&LEAR: command is issued.

5. For interactive work, when you issueR&PEAT. command, the program simply copies your further inputs
(without obeying any commands) until you input@mTiL : command to mark the end of the loop. Thereafter
the loop is processed in the usual way. The intera®@®BEAT.-UNTIL : construction causes the copying of
command lines to a temporary file. Every line is copied as an original, without any parsing: errors in the
command syntax may be reported, but the process will continue. During such interactive work, the following
prompt is used:

BD/ «

to indicate to you that the program is awaiting@aTiL : statement before processing your inputs.
3.4 Looping while a condition is satisfied

> > Syntax

BD>while: E <

BD>... <«

BD>...Body of commands<
BD>... <«

BD>wend: <=

whereE is any valid equation.
<dq

ThewHILE: ...WEND: construction is used to provide a loop surrounding a body of commands which will be
processed as long as the rounded value of the equBtiemains TRUE. An equation is defined to be TRUE if the
rounded value of the equation is equal to unity, and FALSE otherwise. If no equation is given, or if a mistake is
made in determining the equation, then [B/D] assumes that a valid equation with value FALSE has been supplied,
so that the commands in the loop will not be processed.

Both the initiatingwHILE: and the terminatingvEND: command must be given on a separate line, and you
should be careful not to confuse separate while ...end structures where you are nesting them.

As an example, consider the following program fragment.

BD>c: %i=0 <«
BD>while: %i <2 <«
BD>c: %i=%i+1 <«
BD>c: %j=0 «
BD>repeat: <
BD>c: %j=%j+1 <«
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BD>print: (%i), (%)) <«
BD>until: %j=2 <«
BD>wend: %i=2 <«

This code establishes two loops during which the constants take the values (%i=1,%j=1), (%i=1,%j=2), (%i=2,%j=1),
(%i=2,%j=2), and then terminate.

3.4.1 Other remarks

1. ThewHILE: andwWEND: commands may not be used during one—ho&: and one—lingr: statements.

2. Thewhile ...wend construction is similar to the repeat ...until construction, except that the test for processing
the enclosed body of commands is at the start rather than the end of the loop. Therefore the body of commands
enclosed in awhile ...wend loop might not be processed, whereas the body of commands enclosed in a repeat
...until loop are always processed at least once.

3. The current status of while ...wend constructions are cleared whenevRE#T®RRT. command is issued,
but not when &£LEAR: command is issued.

4. There are no limits to the number of active while ...wend loops, subject to memory limitations.

5. For interactive work, when you issuenadILE: command, the program simply copies your further inputs
(without obeying any commands) until you inputv&ND: command to mark the end of the loop. Thereafter
the loop is processed in the usual way. The interactivigL E:-WEND: construction causes the copying of
command lines to a temporary file. Every line is copied as an original, without any parsing: errors in the
command syntax may be reported, but the process will continue. During such interactive work, the following
prompt is used:

BD/ <«

to indicate to you that the program is awaitingv@ND: statement before processing your inputs.
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Chapter 4

Strings

4.1 Defining strings

> > Syntax
BD>string: S=N <«

whereSis the name of atring, and N is the string.
<d

Strings are sequences of alphanumeric characters of a length varying between zero and currently 253 characters.
It is possible to define strings having length zero, which we term empty strings. Strings are mostly used (1) to
define quantities that might take different values for different parts of a [B/D] program; (2) as shorthand for some
long sequence of characters. Some example definitions are

BD>string: a=xvariablel <
BD>string: b2=intercept <=

Commonly, command lines have leading and trailing spaces removed, and then other spaces (except the space
separating command from arguments) are ignored and remaining characters converted to lower case. However,
the STRING: command is an exception: space and case conversions carried out only as necessary. This allows the
definition part to be used for titles, further commands, and so forth, where the retention of case or spacing might
be crucial: when the string is actually used, parsing will be carried out in the usual way.

The names of stringare subjected to space and case conversions, so that the two string names ‘TEXT1’ and
‘textl’ are equivalent. Substrings (see below) are, however, parsed completely. A string defined with the same
name as a pre-existing string simply overwrites the former definition. String definitions can be checked by issuing
the LOOK: command with argumerd. (When you do this, notice that a good deal of [B/D] output has names
printed with the first character capitalised - this is cosmetic only.)

4.2 Using strings

4.2.1 Inserting strings

Wherever the name of a string appears in square brackets during [B/D] input, the name of the string is replaced by
the string itself. Thus, for example, suppose that we have defined the striageariablel andb2 = intercept
as above. Then the command

BD>print: We are about to print the value of [a] and [b2] <«
is parsed and the string names replaced, to obtain the command
BD>print: We are about to print the value of xvariable1 and intercept <=
Unrecognised quantities in square brackets are not replaced. This thus allows the recursive definition of strings

as in the sequence of commands
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BD>string: a=[b][c] <«
BD>string: b=textl <«
BD>string: c=text2 <«

which would result in a later use of [a] being replaced by the characters ‘textltext2’. Another use of this feature
allows us to store entire command lines as strings. Consider, for example, the following definition:

BD>string:t=print: This is an example! <«
At a later stage we might issue simply the ‘command’
BD{t] «
which, after parsing, will become equivalent to
BD>print: This is an example! «
Strings may be nested to any depth, limited only by line length. As an example, consider the following code:

BD>string: mouse=cat<«—
BD>string: cat=dog <«
BD>print: [[mouse]] <

This fragment of code should print the text ‘dog’[@iousé] = [cat] = dog.
In the context of inserting strings during the parsing of command lines, strings have lower precedence than all
control variable names defined in actmeRr: statements. Thus the following legal sequence of commands:

BD>for: i=1,1,2 «
BD>string: i=7 <«
BD>print: i=[i] <«
BD>end: «

results in the output ‘i=1" and 'i=2’, as the quantity ‘[i]’ is replaced by the value of the control variable rather
than the string.
See B1.4]2 for futher details on parsing.

4.2.2 Substrings

We implement substrings of strings in the following way. Consider the following sequence of commands:

BD>string: A=abcdefghi <
BD>string: B=tuv[A \ 3,6]wxyz <

The first command defines a string whose name is ‘A. The second command defines a second string, called ‘B’,
whose definition part includes a substring extracted from the string whose name is ‘A. Indeed, the[gy\Ra&]’
means that we should repladé\\3, 6] by the third, fourth, fifth, and sixth characters of the string ‘A’. Thus, ‘B’
will be defined as ‘tuvcdefwxyz'.

In general, iffnamea, b] is detected as input, then ‘name’ is assumed to be the name of a striagazuoidh
to be integers (or equations which will be rounded to integers) marking the desired substring of this named string.
Thea' to theb™ characters inclusive of this named string then replace the piece of input in square brackets. The
square brackets are also removed.

The rules governing substrings are as follows. Suppose that we encounter the sequence of dhidixactars
in a command lineN should be the name of a string amdndb are equations which will be rounded to the nearest
integer. Suppose thatis the length of the string whose nameNs

* [N\a, b] is the substring formed by the charactars.b of N wheneverlxa<b < L.
 if a = 0thena = 1 is assumed, and a warning is given.

« if b > L thenb = L is assumed, and a warning is given.

» if a < Othena =L — b+ 1. This gives us a way of referring to the fikatharacters oN.

« if a > bthen the substring is empty, so that the construdthdka, b] is simply removed.
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4.3 Testing strings
The following string operators, discussed in greater deta[l in §21.11, may be used in equations:

empty$() to test whether or not a string is empty.
eqg$(,) to test the equality of two strings.

len$() to return the length of a string.

neg$(,) to test the inequality of two strings.

real$() to test whether a string represents in integer; a real number; or neither of these.

These string operators all return the value unity if the test is true, and zero otherwise, and all may be used in
equations in the usual way.

4.4 Inputting strings interactively

> > Syntax

BD>readstring: N= «
BD- «

whereN is the name of atring and Sis the string.
<4<

We use th&@EADSTRING. command to prompt for interactive input of a string. The command typically will be
issued from a file being run as as part of a macro. When it is issue, the prompt

BD- <«

will appear on the screen, and you should type in the stgirfgllowed by the ‘Enter’ key to terminate it. The
string so defined is then available for use in exactly the same way as strings defined via the mosg rIsL@I
command. If you press the ‘Enter’ key immediately on receiving the prompt, the string will be defined as empty.

4.5 Deleting strings

> > Syntax
BD>xstring: S [, &,...] «

whereS, ... are the names dftrings
AR

Strings are deleted using thesTRING: command, which takes as its arguments the names of strings to be
deleted. Itis not an error if the name supplied is not currently recognised as the name of a string. Wildcards may
be used in the usual way to delete many strings simultaneously.
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Chapter 5

The command history

5.1 Introduction

Each line of input that you type in from the keyboard is retained in a a list called the command history. The
following rules apply to what is retained.

1. Line continuations (using the & character) are interpreted in the natural way: thatis, the concatenation of the
appropriate text is stored as a single line in the command history.

2. The input line is retained without any parsing whatsoever, so that input lines which include features such as
[ ...] which might ordinarily be replaced by other text (s¢e §1.4.2) retain these features unparsed.

3. The maximum number of input lines retained depends upon a fixed number (set at compile time) whose value
can be seeimter alia by issuing thee.ook: command with thggrogram argument. Whenever the command
history becomes full, the older half is removed.

4. Each input line retained in the command history has a unique address which we can refer to for editing.
5. Empty lines are not retained in the command history.

6. There are two particular commands, theind/: commands, which act only on the lines retained in the
command history. The former views the command history and replays old command lines as fresh input, and
the latter removes input lines from the command history. The input lines containing these commands and
their arguments are never retained in the command history.

7. Theinput lines which form the command history can be retained optionally on a file which we call the history
file, which is described and set up using thistory argument to th&EEP: command.

8. TheRESTART. command empties the command history, and flushes it to the history file if necessary. The
CLEAR: command leaves alone both the command history and the history file.

The two commands used with regard to the command history are special, and treated unlike standard BD
commands. They consist of theand/: commands, which are used for replaying, viewing and deleting keyboard
input. These commands are issued like ordinary commands, but are extraordinary because they must appear as
described, without assuming parsing of the input line (their arguments, however, are subject to parsing in the usual
way). This means that you may not use one of these two commands as the result of a string. An additional feature
is that they do not themselves appear as items in the command history. Unlike most other [B/D] commands, these
commands are not renameable. Each command can be followed optionally by a colon or a space (as for standard
commands) but need not be. Furthermore, these commands must be issued as the first non-space character on a
line: for example, you may not issue such a command as the second command of a multiple line.

Neither of these commands ever appears in the command history (see below.) Howeverpthmand can
result in the replay of a previous line input from the keyboard which will be added anew to the command history.
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5.2 Viewing and replaying the command history

> > Syntax

1. BD «

2. BDE «

whereE is any validequatiorwhich will be rounded to an integer.
<

The!: command is used to review the command history, and possibly to replay one of the input lines contained
therein. The firstform of the syntax simply displays the command history. Each line of keyboard input is temporarily
retained in this command history with a unique address, an integer which is also displayed. Notice thatthis command
history will remain unaffected by issuing this command.

The second form of the syntax calls for one of the lines retained in the command history to be recalled and
replayed. There are two possible ways of recalling input lines: by absolute and relative addressing. For either
usage, the equatioB is parsed in the normal way before the value of the equation is determined. If the actual or
relative address indicated by the valuetofloes not match an entry in the current command history then no action
is taken. Notice that the replacement takes place even within an inactive if-then-else construction, and before the
command history is updated.

For absolute addressing, thecommand is issued with aquationwhich will be rounded to an integer. The
integer refers to the unique address of a retained input line. For this usage lofdbi@mand, the input line
containing theé: command will not appear in the command history, but the input line to be replayed will be retained
anew.

For the relative addressing usage, the command is issued with a negative value, so that the rounded value of
E should be negative. These circumstances mean that the input line indicated by goingsbaghkaces in the
current command history is to be replayed as the current line. As before, the input line contaidincptinenand
will not appear in the command history, but the replacement will.

5.3 Deleting items from the command history

> > Syntax
BD> E1,E2, ...«

whereE1l, E2, ..., are equationsvhich will be rounded to integers.
<4<

The/: command is used to delete input lines from the command history so that they are not saved to a history
file. This would be appropriate to remove input lines containing mistakes, etc., from the command history. The
equationsEl, E2, ... are parsed in the normal way before the value of the equation is determined.

The rounded value of each equation is intended to represent the integer address of an item retained in the
command history. If this address does not match any entry in the current command history then no action is taken.
Otherwise, the effect is to remove from the command history the input lines whose addresses are the rounded values
of E1, E2,.... (The addresses can be reviewed beforehand by issuingdbmmand.) If no arguments are given,
then nothing happens. Whichever, this command line is not reproduced in the command history.
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Chapter 6

Generating beliefs

6.1 Introduction

There are three types of belief-carrying quantity. They are elements, components, and assignments, each discussed
further below. There alsdata-carriers which are quantities that have been definedbyA:, DATAVEC:, and

FACTOR: commands, but which are not associated with any belief specifications. Their sole function is to carry
data. As soon as an element with the same name is introduced, the data is attached to the element, and the distinction
removed.

6.2 Abbreviations for constructing collections

The following remarks apply to some of the commands which need to generate a collection in the definition part.
In particular, these commands axBASE:, XDATA:, XGRID:, SUMMARY:, BASE:, XELEMENT:, COHERENCE,
SHOW:, CENTRE, EXPORT,, andLOOK:.

6.2.1 Wildcards

Two wildcard symbols are available for use in the [B/D] commands listed below. The two wildcard characters are
the question mark, ?, and the dollar symbol, $. They are used respectively to match any individual character and
either any terminating sequence of characters or any beginning sequence of characters. The two wildcards operate
independently, and can be used simultaneously.

$ is used at the beginning or end of any string to match any sequence of characters and no characters. For example,
suppose that we consider only the four strings x.1.17, x.1.2, zy.1.2, and yy.3.2. Then x$ refers to the pair
x.1.17 and x.1.2, and $2 to the pair x.1.2 and yy.3.2. The $ symbol on its own refers to all possible strings,
and this is useful for global declarations. Note that both $x.1.2 and x.1.2$% match x.1.2.

? is used to match any single character in a string. Thus ?y.?.2 refers to the pair zy.1.2 and yy.3.2.
Examples are as follows:

1. The following instruction deletes all elements such as x11, x21, x11.7, etc., whose name consists of at least
three characters beginning with x and with third character 1.

BD>xelement:x?1$«

2. The following command deletes all elements.

BD>xelement:$ <«

3. The following command deletes all elements whose names consist of four characters.

BD>xelement: ???7?<«>
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The wildcard facilities are restricted to the commands listed at the beginning of the section, for elements and
bases, and also taASSIGN: for deleting assignment¥STRING: for deleting stringsxc: for deleting constants,
andxF: for deleting functions.

6.2.2 Abbreviated notation for bases and elements

It is often useful to be able to use abbreviations for collections to be used in constructing other collections. In
particular, we may like to uselaasename that we supply as an argument to some of the commands listed at the
beginning of the section in different ways. To do this we introduce a particular notation, which applies to the bases
named in the definition part of theDJUST,, TESTGRID:, BASE:, XBASE:, XGRID:, andLOOK: (with argumenb)
commands. (For thebJusT. command, see alsf §9.1.2.)

For these commands, a bd3ecan appear aB, < D >, or { D}, with the following interpretation.

D: This is the simplest usage, and means the liads added as itself.

< D >: This means that the bad® is replaced by its constituent bases and elements, in alphabetical order.
The notation applies only to a single base, so the notatioD, E > is not allowed. As an example, if
D =[X2,C1, Z2, X1] whereX1, X2 are elements and1, Z2 are bases, then

F,<D> G= F,C1, X1, X2, 22, G.

{D}: This means that the bagkis replaced by its constitueatementsn alphabetical order. Any bases contained
in D are likewise replaced by their consituents and so forth, recursively, until only a collection of elements
is left. The notation applies only to a single base, so the notéfnre} is not allowed. As an example,
suppose thab = [X2, C1, Z2, X1] whereX1, X2 are elements andl, Z2 are bases, whef@l contains
the element\1, A2 andZ2 contains the eleme®{0. Then

F,{D},G = F, A0, AL, A2, X1, X2, G.

For the remaining commands listed at the beginning of this section, that Yo :, XELEMENT:, SHOW.,
COHERENCE, SUMMARY:, EXPORT,, andCENTRE, commands, and the remaining usages forthex: command,
any use of abbreviation notation is ignored. Each of these commands requires eventually a simple list of elements,
so any base names given in their definition parts are simply replaced by their constituent parts, recursively replacing
all constituent bases as appropriate.

6.2.3 Base exclusion

For all of the commands listed at the beginning of the section, we are able to specifically exclude some collections.
This is achieved by marking a base or element name with thembol as a suffix. The usage is best illustrated by
example. Suppose, for example, that we have defined the BasegV, C, Z} andC = {X, Z}. Then we could

define the collectiorE as in

E={(B.C" = E={V,Z}.

That is, the bas& is defined to beB and notC, where the bas€ is excluded. This takes place sequentially,
so that for example,

E={B,C" X} = E={V, X, Z}.

We can use this facility in conjunction with abbreviation notation as describgd in §6.2.2. For example,

E={B.{C"}}= E={V},

where the constituents @f, rather tharC itself, are removed.

36



6.2.4 Abbreviating collections of data-carrying elements

We may use an abbreviation to help us to construct bases quickly. SuppoBedsteaty base. TheB+ refers to

all the elements in the bad® possessing data; and the symbol '+’ alone signifies all elements defined so far and
possessing data. This facility is available for all of the commands listed at the beginning of the section. Note that
when the formB+ is used, only the data-carrying constituents of the base are includBctdtains other bases,

they are not included or searched in any way.

6.3 Functional forms and indices

These remarks about declaring functional indices apply to the following commands: the creation of functions via
the F: command, the declaration of assignments viaABg8IGN: command, and the specification of functional
beliefs over components and between components and elements viatteandFE: commands.

The quantities addressed by these commands can be defined so that they have indices that are allowed to vary
and will later takepositiveinteger values (assignments are a special exception). Suppose, for example, that you
wished to generate an ANOVA type model of the fo¥ipy = m + & + b; + &;. We could explicitly create as
elements all the terms given here, but it is more convenient and natural to define them as one assignment with
indices that are permitted to vary as necessary. For example we might establish this model in [B/D] by issuing the
command

BD>assign Y.i.j=m+a.i+b.j+e.i.j <«

Notice that we use the full stop character ‘., followed by an alphabetic character to represent an index that can
vary. When integer values to replace the indices become known, the integers replace the alphabetic characters, but
not the full stop. Thus, were we actually to create an element from the assignmentwitfandj = 3, we would
create an element with the name 'Y.2.3’. Moreover, the act of creation would make reference to the quantities ‘a.2’,
‘b.3’, and ‘e.2.3'. The alphabetic characters representing a particular index must be unique to the occasion. That
is, it is not permitted to define the assignmutiti.

Given a particular command, we call the part to the left hand side of the equals symbaintivegpart, and
the part to the right hand side tlikefinition part of the construction. Thus heM&i.j is the naming part, and
m+ a.i + b.j 4 e.i.j is the definition part of the construction.

To avoid confusion about when an index is not an index, we insist thataheng partmay not contain both
varying indices and integer indices. That is, the assignment name ‘X.2.i" is not allowed as it contains both integer
and varying indices. However, as we have seen 'Y.i.j’ is allowed as it contains only varying indices, and ‘Z.4.1’
is allowed as it contains only integer indices. However,dhénition partis not limited in this way, so that you
may mix varying and integer indices freely. For example, the following modification to the previous example is
permitted:

BD>assign Y.i.j=m+a.i+b.j+e.2.j<«>

6.3.1 Modified indices

In the definition part but not thenaming part varying indices may be modified by the addition, subtraction,
multiplication or integer division of or by an integer. There form for modifying indices is as shown in the following
example:

BD>assign A.i.j = B.(i+1).(-1) + C.(i*5).(j/2) <
For example, the specification bf= 1, j = 4, implies the assignme#.1.4 = B.2.3+ C.5.2.

6.4 Declaring and using linear combinations

6.4.1 Overview

[B/D] allows the storage of linear relationships, which we éaksignmentsThese do not carry beliefs per se, but

play a key role in creating elements from the linear relationships so stored. Typical assignments consist of a linear
combination ofelementsandcomponentand may include a constant part. Often we define assignments to have
one or more indices which might vary.
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The ascfandascloperators can be used to inspect the coefficients of the components of assignments. These
operators take into account any varying indices.

The AssiIGN: command is used to define the linear relationships, andkftgsIGN: command is used to
delete them. The assignments are useful (1) for the generation and regeneration of beliefs from specified linear
combinations, (2) for the efficient storage of many linear combinations by virtue of their ability to handle functional
beliefs and so forth. Theook:(a) command can be used to inspect some or all of the assignments defined.

6.4.2 Declaring assignments

> > Syntax
BD>assignA[Indexlis =[(E)][N1][ £ [(E2][N2]1[ £ ...]] «

whereA s an alphanumeric representing the name oéasignmentN, . . . are names of quantitiesndexlist
is a list of varying indices, ané1, Ep, ... are equations

AR

The AsSIGN: command is used to establish linear relationships. The naming part astieN. command
consists of a nam@ followed optionally by a list of varying indices. The namemight include integer indices,
but as it is not possible to mix integer and varying indices in the naming part, this would preclude the option of
following the name with a list of varing indices.

Indexlistis alist of varying indices, i.e. a period symbol ‘.’ followed by an alphabetic character. Where there
are many indices, a different alphabetic character must be selected for the different indices.

E1, Eo, ... are validequationswvhich will serve as coefficients for the quantity which it precedes, if any. Each
equation may refer to the - as yet unknown - indices given in the naming part. The equations are not evaluated
until the assignment is accessed, so these equations may also contain functions and other material whose values
are as yet unknown or undefined. It is not necessary for an equation to act as a coefficient, as these unaccompanied
equations are treated as scalar parts to the assignment.

Each ofNj, Na, ... is typically one of the following:

* an element or base name
e an assignment name

* a component name

You are not restricted to these choices, but they are the only meaningful types from the point of view of building
the assignment: unrecognised quantities are ignored. (This may mean that a spelling mistake passes unnoticed.) As
for the equations serving as their coefficients, these names are accessed only when the assignment is actually used,
and so they need not exist when #®sIGN: command is given, but should exist when the assignment is used.

6.4.3 Examples

In the first example, the assignment nanfeid defined to be the linear combinati@®+ 2C + E.1. None of these
guantities need exist at this point, and if they do not exist when the assignment is used, they will be ignored. The
examples include such quantities as %c (meaningtimstantc) and #kda.s (meaning tfienctionkda.s), which

are described more fully in chapfgr 7.

1. BD>assign: A=B+(2) C+E.1«
2. BD>assign: G.3.4=(%c)+H.2+F+ (26—
3. BD=>assign: D.s.t=(#kda.s+#kdb.s) D.s.(t-1) + (#kdb.s) D.s.(t-2)+(#kdc.s)+E.st

4. BD>assign: F.s.t=B.s.t+B.1.k—
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In the second of these examples, the assignment n&@ried is defined to be the linear combinatibh2 +
F + 26+ %c, where %c is some constant which will be evaluated at this point (use a function rather than a constant
if you wish to delay the evaluation). Notice that this example contains two scalar parts.

The third example is taken from a genuine application, and involves part of the specification of an autoregressive
error structure. It makes the definition

Dst = (kél) + kéz)) Dst-1+ kéz) Dst—2+ k§3) + €st

where thek’s are functions o8, the D’s are vectors of quantities related to similar previous quantities via the
given relationship, and theterms are noises.

The fourth example shows a definition part which consists of a component which includes varying indices, and
a component which does not. Notice that this results for example in the definitieridf= B.1.1 + B.1.1, so
that the componer.1.1 is repeated. This is permissible, and the definition part will be taken (2)lBel.1.

6.4.4 Using assignments

Assigned quantities are generally used for constructing beliefs. Beliefs about themselves may be constructed by a
subsequersulLD: command, or they may be included in the definition part of othgrb : commands, without
being themselves constructed. Assignments defined with varying indices are particular useful for constructing many
related quantities. Refer to tle)ILD : andcoBuUILD: commands for further details.

Beware of making circular specifications, for example:

BD>assign: X=Y «
BD>assign: Y=X <«

Thisis a permitted sequence of definitions, but the attempt to con3tmiotild fail as the sequence of definitions
is circular, and [B/D] would report an error.

If there is any confusion between assignment and element names in the definition passsi@n:, BUILD:
or COBUILD: command, because an assignment of the same name as an element exists, the element name takes
priority. The assignment name can be given priority by explicity prefixing it with the ! symbol, as in the example:

BD>assign: X.2=1Y.1<«>

which defines the assignmeKt2 to be explicitly theassignmentvhose name i¥.1 even if anelementwith
the same name exists.

Assigned elements are accessed in such a way that cross-products and covariances are correcly evaluated for
both theBuILD: andCOBUILD: commands, so as correctly to determine the variance of the quantity that you are
building.

Various commands allow the automatic creation of assignments where the linear combination is a more natural
guantity to be retained than beliefs about them. As an example, the canonical quantities that result from an
adjustment can be retained as assignments.asbfandascloperators can be used to inspect these assignments.

6.4.5 Recursion in assignments

Recursion is available for assignments. For example, suppose that you
wish to generate a random walk with nois¥; = X;_1 + V;. This could be generated via the following
assignment:

BD>assign X.t=X.(t-1)+V.t <=

Whenever we reference this assignment, [B/D] notes the recursive aspect and deduces, by back tracking through
the recursion, what is actually intended. This requires some termination criterion. By default, any quantity with
a varying index which becomes zero, becomes zero itself. (If a varying index becomes negative, this results in an
error.) Under this rule, [B/D] would deduce thdf = V; + Vi_1+...+ V.1, asXg is taken to be zero. Otherwise,
termination criteria can be set explicitly by defining an element. This works as follows.

An assignment is defined as a linear combination of elements, components, and other assignments. Therefore,
and ignoring self-referential assignments which cause an error, it is possible to trace through the definition part until
it is solely in terms of elements and components.

When an assignment is referenced, [B/D] tries to determine the linear combination of elements and components
intended in the definition part of the assignment. If the definition part of the assignment contains other assignments,

39



these too are tracked through to determine the intended linear combination of elements and components. Eventually
all the assignments in the definition part will either vanish because they are replaced by their own definitions, or
as the recursion nears zero, they become zero by default, or because of terminating criteria established beforehand.
Consider, for example, the following fragment of code (#phi is an example of a function, described more fully in

chaptef ).

BD>element: A, X.1,Z.2<«
BD>assign: X.t=X.(t-1)+V.t <=
BD>assign: Z.t=(#phi) Z.(t-1)+E.t <
BD>assign: Y.t=X.t+Z.t+ A «

When the assignment.t is referenced, [B/D] will take into account the recursion involvikg and Z.t.
Moreover, as the elemen¥.1 andZ.2 exist, these will take priority over the implied assignments of the same
name, and the recursion will terminate at these points. For example, suppose that we now wished to ¥dhstruct
The assignments and termination criteria imply

Y3=A+X1+V.24+V33+¢Z2+ES

6.4.6 Deleting assignments

> > Syntax
BD>xassign: A1 [, Az ...] <

whereAs, Ay, ... are the names dssignmentsOnly the part of the name preceding indices (if any) should
be given.

AU

The XASSIGN: command is used to remove assignments.

6.5 Defining and using collections

6.5.1 Overview

Thebaseis the principal organising tool in [B/D]. Elements, the belief carrying quantities, are organisdzhses
which thus become the main focus of attention. We consider elements to be bases in there own right, and from
the point of view of adjustments we adjust bases rather than elements, and our summaries refer globally to these
collections of elements rather than to the elements themselves (although, of course these details are available for
the elements individually).

TheBASE: command is used to declare bases, andk#rese: command is used to remove them. TheoK:
command can be used to inspect some or all of them. [Sefe §6.2 for details of specifying collections for the definition
part.

6.5.2 Declaring bases

> > Syntax

1. BD>base: B0O=B1,B2, ..«

2. BD>hase: B0O=B1,B2, ... <

whereBO0 is the name of the base being defined, &1d B2. .. are the names alementsandbases

<4
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TheBASE: command is used to definebase being a collection of elements (and possibly data carriers). The
definition part consists of the names of the elements and data carriers to form the base. If the names of any pre-
existing bases are included in the definition part, their constituents are included in the neBObd$¢he base
being defined in the naming part also appears in the definition part, all the elements included in the former definition
are also included in the new definition. Unrecognised quantities are allowed in the RHS of the definition. This
allows semi-recursive base creation, as in

BD>base: B1=B1,B2«

where B1 does not exist a priori.
The second form of the syntax is usedetaludeconsituents of the base constructed so far. $ee $6.2.3.

6.5.3 Other remarks

1. Bases are generally deleted by using XlBase: command discussed below. However, whenever a base
becomes redundant because all its constituents have been deleted ugiBgeRENT: command, the base
too is removed.

2. As far as possible we take no account of the ordering in a collection: an element either belongs to a base,
or not, and we prefer to regard its position in the base as not of interest. (The important exception is for
the input of belief matrices using ther: command.) However, it is possible to refer to tHemember of
a base according to the ordering convention using the notati@nl ], where B is the name of the base,
andl is an integer. The effect of this notation is as follows. Every line input to [B/D] is parsed before any
action is taken. A quantity of the formB:1>] is replaced by the name of the element or data carrier having
position| in the baseB. You should beware using this facility as it depends crucially upon the ordering
convention (this is discussed in the glossary), and this will - of course - change as elements and data carriers
are introduced and deleted.

3. Two operators are available to count the number of bases and elements in baggsintl@erator counts
the number of elements, but not bases or data carriers, in a baseoUtt® operator counts the number of
either elements or bases, but not data carriers, in a basecolingd operator counts only data-carriers, and
excludes elements possessing data. cthumtanyoperator counts all constituents dfase i.e. data-carriers,
elements, and other bases.

4. It is possible to define bases of bases. In particular, a base of bases can be used during adjustments. See
§9.1.2 for further details.

6.5.4 Deleting bases

> > Syntax
BD>base:B; [, B2 ...] <«

whereBs, Bp, ... are the names diases
<4

ThexBASE: command is used to delete the bases named as arguments to the command. When a base is deleted,
and if this base is the name of a node defined viadke: command for influence diagram use, then the node is
deleted, and any arcs connecting this node to any other are deleted. See §6.2 for details of specifying collections
for the definition part.

6.6 Declaring and using elements

6.6.1 Overview

The fundamental belief-carrying unit is tbéementwhich corresponds to random variable in traditional statistical
packages. Thesdementsnay be organised into collections which we tdrasesand we usually think of elements

as bases in their own right. Elements are the only kind of quantity for which we specify variances, covariances and
expectations explicitly, and consequently our principal interest lies in the relationships specified over and between
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collections of elements, and any observations pertaining. Much of the computation in [B/D], and in particular the
concept of adjustment, is aimed at elements, Thus, for example, only elements and collections of them can be
adjusted.

Elements are introduced into [B/D] by tieE@EMENT: command directly, or are constructed from linear combi-
nations of other quantities via tle1LD : andCOBUILD: commands. Expectations for elements can be introduced
explicitly at the time of the definition within thELEMENT: command, or may be altered at any stage viaghe
command. Beliefs are typically specified over elements via/tike command directly, or are calculated automat-
ically from their defining linear combination if they are constructed from other quantities. Data can be attached
directly to elements using theATA: command, or is automatically calculated if the element is constructed from
other elements. Elements can be removed from [B/D] by using#&MENT: command.

Finally, elements aralwaysassociated with expectations, variances, and covariances with other elements, even
if these values have not been specified — they are taken to be zero by default. Consequently, elements take up quite
a bit of machine memory, although they are usually handled very quickly.

As an example, typical elements might be the temperaiurand blood pressur®, of some patient, organised
into some bas&. Associated with these quantities are expectations and covariances as follows:

E(T var(r) - Cour. P
E(X) = [ EEP; ] Var(X) ) = [ Cos(rl(D,)T) ;)/;(r(P) ) }

We show the subscriffl) to indicate that we might like to associate with a collection of elemerige than
onevariance—covariance specification. We frequently make use of this facility when we deal with exchangeable
sequences. We might also have actual observations, perhaps repedteshdd?.

6.6.2 Alternative expectation stores

There are circumstances in which it is convenient to be able to specify alternative vectors of expectations (and
alternative covariance matrices) for elements. Thus, for both expectations and variance-covariance specifications,
we allow a number of alternative stores - although the two kinds of store mostly work completely independently.
For simplicity and backwards compatibility we also introduce the notion of default expectation store. The number
of expectation stores is generally fixed: it is the same as the number of belief stores, and this can be discovered
by executing theeook: command with argumentrogram; for some current versions of [B/D] it is 6. The
default expectation store number is number one. Most of the commands which reference element expectations
work with expectations from the default store number. Such commands includeibsT., SCAN:, ITADJUST:,
andCoMPARE commands. Other commands, essentially those involved in defining or modifying expectations or
covariances - such astBeILD:, COBUILD:,CENTRE andPRODUCT commands - deal specifically with individual
expectation stores.

A brief summary of the commands and controls affecting expectation storesis as follows. Alternative expectation
stores may be locked or unlocked in manner similar to belief stores by usimLtd®k: command. The default
expectation store number can be changed using rgument to the ONTROL: command. Expectations from the
various stores can be examined usingdgtegument to the ocok: command, whilst this and the timg argument
reveal which expectation store is currently the default. Expectations from alternative stores can be accessed via
the ex operator. Adjusted expectations resulting framiusT. or SCAN: commands can optionally be retained
in an expectation store using the andscae controls. Components may have different functional expectations
specified in different expectation stores usinggiecommand. Th&xpP: command is used to define expectations
for alternative expectation stores. Expectations from any given expectation store can be exported Bsingrite
command.

6.6.3 Using elements to represent exchangeable sequences

Consider a second—order exchangeable sequenck,, . ... This has the property (see [43]) that eaghmay be
decomposed aX; = M(X) + R; (X), where

M(X), R1(X), R2(X), ...
are uncorrelated; and where tfg; (X)} have expectation zero and common variacmée For such sequencesitis

typically possible to learn only about the common mean quaMityTherefore, the sequence can be summarised
by knowledge of EM), Var(M), aé, and the notion of repetition.
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In[B/D]we choose to represent an exchangeable sequence by a selltaugntvith expectation EM) being the
expectation common to eaefy. For the variance quantities \@) andaF% (the sum Va(M) + aé is the common
variance Va(X;)) we associate with the element two different variance storage areas. For example, to summarise
this exchangeable sequence we could define an element dallgth associated expectation ) = E(M), and
specify two kinds of variances: VX)) = Var(M) and Val X)) = Var(M) + oé. (itis usually more covenient
to store the overall variance, as the residual variance can always be found by subtraction if necessary).

6.6.4 Declaring elements

> > Syntax

1. BD>element: [<B>] N1[=E1] [[N2[=E2]], ... <=
2. BD>element: [<B>] <«

3. BD>element: [<B>] @L <«

4. BD>element: [<B>] @L(C) «

5. BD>element: [<B>] (C) <«

whereB is the name of dasewhich may or may not already exidt, N», ... are the names of thelements
being definedE;, E», ... are valid equationsL is the name of dabeland0 < C < 6 is a validinput channel
number

<4

The first form of the syntax is the most usual, and consists of the command followed by a nuralesmeft
namesNj, N, ..., optionally followed by an expectatiof; for the element. Where no expectation is explicitly
given, the expectation is taken to be zero by default. The expectation is for the default expectation store: the default
can be changed by using teeargument to theoNTROL: command. The value given for the expectation may be
changed at a later date by using ther ExP: commands. Expectations for this element in other expectation stores
are set to zero. Optionally, the elements declared may be gathered into the baseBnavhadh may or may not
already exist. If the basB already exists it is overwritten.

If an element name already exists, it is overwritten, and its expectation in the default expectation store is as
given in theELEMENT: command, or defaults to zero, with expectations in other stores being set to zero. However,
it adopts the variance and covariance specifications carried by the former element. To clear the variance and
covariance specifications, issue ttELEMENT: command first.

The remaining forms of the syntax are used to input a list of elements either interactively or from a specified
address on a macro file. As for the first form of the syntax, optionally the elements may be gathered into the
baseB, and expectations may or may not accompany the element names, with zero expectations being the default.
The second form of the syntax is used for interactively inputting a list of elements. The remaining forms specify
an address where a list of elements may be found. If the third form of the command is issued, with no channel
number being specified, the channel number is deduced - [B/D] does not allow duplicate labels. In the fifth form
of the syntax, the beginning of the file associated with the input channel is indicated. In common with other macro
facilities, the channel number can be zero (meaning the keyboard): a label should not be supplied in this case. The
channel and label specified or implied must exist at the time the command is issued. An example of the format
necessary for the list of elements to be input is as follows:

@example These are elements with some non-zero expectaticas
x1, x2=19.3«>

yl <«

z1=19.6, z2=20.1, alpha—

#<
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The element list is terminated by the # symbol. This is true also for interactive input of a list of elements.
Suppose that the elements listed in the example just given are listed on some macro file already announced to
the program. They could now be input to [B/D] and gathered into the base nayrdal issuing the following
command:

BD>element: <xyz> @example<«

6.6.5 Changing expectations

> > Syntax
BD>e: N1=E1, No=E», ... <

whereN1, Ny, ... are the names aflementsandE;, E», ... are validequations
<14

TheE: command is used tchangecurrent expectations for the default expectation store. It cannot be used to
introduce or redefine an element name, and does not affect variance or covariance specifications. It is an error to
attempt to change the expectation for an element which does not exist. The result of the command is to change
the expectation for eac; from what it was to the value given by the equatin To change expectations for
otherv than the default expectation store, usegtkie command. To change the default expectation store, use the
e argument to th€e ONTROL: command.

6.7 Declaring expectations for an explicit expectation store

6.7.1 Overview

There are two basic ways of declaring expectations for a given expectation store. We may (1) declare them as the
value of some giveaquation (2) directly input numerical specifications. We treat each of these methods separately
below, although the sanmexP: command is used for each. Expectations attach to predefined elements only, and
are at least notionally available as soon as an element becomes defined. By default, all expectations are zero unless
specified otherwise.

6.7.2 Declaring single expectations

> > Syntax
BD>exp: e(S,N)=E<«>

whereN is the name of aelementsvhich must already exisE is a valid equation and S is an expectation
store number

<4

The syntax for th&xpP: command given here is used for the declaration of single expectations. The result of the
command is to specify the value of the equatibifor the expectation oN in expectation stor&. Two examples
are

BD>exp: e(2,temperature)=2.5<
BD>exp: e(1,X)=In(%c)+In(%d) <

6.7.3 Direct numerical specification of alternative expectations

> > Syntax

1. BD>exp: e(S,B)«
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2. BD>exp: e(S,B) @L<«
3. BD>exp: e(S,B) @L(C)«

4. BD>exp: (S,B) (C)<«>

whereB is the name of dasewhich must already exis§is abelief store numbelL is the name of éabeland
0 < C < 6is a validinput channel number

<

The particular forms for the syntax of tlexpP: command given here all relate to the direct input of a vector of
numerical expectation specifications. The number of numerical inputs supplied depends only on the dimension of
the baseB. The form of the syntax used establishes the place from which the beliefs will be sought: interactively
or from a given macro file address.

Firstly we consider the placing of the numerical inputs. Form 1 of the syntax is used when the inputs follow
directly afterwards. Therefore, this form of the syntax can be used to obtain expectations interactively from the
keyboard. The remaining forms specify an address where the numeric inputs should be found. If form 2 of the
syntax is used, with no channel number being specified, the channel number is deduced - [B/D] does not allow
duplicate labels. In form 4 of the syntax, the beginning of the file associated with the input channel is indicated. In
common with other macro facilities, the channel number can be zero (meaning the keyboard): a label should not
be supplied in this case. The channel and label specified or implied must exist at the time the command is issued.

If the baseB containsn elements, then the program expentsumbers to be input as their corresponding
expectations. These must be supplied according to alphabetical ordering of the elements conjred you
are free to split the input over several lines, as many numbers per line as you wish (possibly interspersed with blank
lines) subject to the usual limitation of no more than 253 characters per physical line. A number must not be split
over two or more lines. Any input on the same physical line as the last number required will be ignored. The numbers
are to be in standard numerical format; an error message is printed if the number is invalid, and the command is
aborted. It is advisable not to input large vectors interactively. As an example, suppoBe=that, x2, X3, Xa,
with intended expectations 0.1, 0.2, 0.3, 0.4 respectively to be put into expectation store 2. This could be achieved
by the following command:

BD>exp e(2,B)«—
0.1«

0.20.3«

0.4«

As a second example, suppose that we wish to read the vector of expectations from the file “test.data”. This
might be achieved, for example, by issuing the commands

BD>channel i3=test.data<>
BD>exp e(2,B)(3)«

6.7.4 Deleting elements

> > Syntax
BD>xelement: B; [, Bz ...] <

whereBy, By, ... are the names aflementor bases
<1d

This command deletes elements. The arguments specify a collection of elements which are to be deleted. Any
bases whose names appear in the argument list are not deleted unless all their elements are deleted. Wildcards may
be used with this command. Sde §6.2 for details of specifying collections for the definition part.

If XELEMENT: is requested to remove a specific element which it fails to recognise, a warning is reported.

The contents of bases are always checked after elements have been deleted, and if any bases have become
redundant as a result, they are also deleted.

45



When an element is deleted, and if this element is the name of a node defined @irithecommand for
influence diagram use, then the node is deleted, and also deleted are any arcs connecting this node to any other
node.

6.8 Declaring variances and covariances numerically

6.8.1 Overview

There are many ways of declaring variances and covariances over and between elements. We may (1) declare single
variances or covariances as the value of some giggration (2) construct variance-covariance matrices as linear
combinations of other variance-covariance matrices; (3) directly input numerical specifications. We treat each of
these methods separately below, althoughv#ire: command is used for each. Variances and covariances attach to
elements only, and are at least notionally available as soon as an element becomes defined. By default, all variances
and covariances are zero unless specified otherwise.

Individual belief specifications are available for use in equations in either their original covariance form or in
correlation form. Use thear andcorr operators respectively. All belief specifications can be examined by using
theLoOOK: command with either the (for covariances) or (correlation form) argument.

Belief specifications should, of course, be coherent. However, no check is made at the time of specification as to
whether the inputs are coherent. Generally this is left until the beliefs are actually used as inputs to an adjustment.
It is possible to use theoOHERENCE command to verify belief coherence directly, and less directlyetieEN:
command may also be used to this purpose.

6.8.2 Declaring single covariances

> > Syntax

1. BDxvar: v(S,N1,N2)= (E) <

2. BD>var: v(S,N1)=(E) <

whereN1, No, ... are the names aflementsvhich must already exisE is a validequation and Sis a belief
store number

AR

The syntax for the/AR: command given here is used for the declaration of single variances and covariances.
The first form of the syntax is used to specify the covariance between the eldfartd N, in belief store number
Sto be the value of the equatidd. The round brackets surrounding the equation are essential Ublsss real
number. The two named; andN; are allowed to be the same, implying of course the declaration of a variance.
The second fom of the syntax is a special short form of the first syntax Whea N; and we wish to specify a
variance. Examples are:

BD>var: v(2,temperature,bloodpressure)=2.5<
BD>var: v(1,X)=(In(%c)+In(%d)) <«

6.8.3 Constructing variance matrices from other variance matrices

> > Syntax
BD>var: v(S1,B1,B2)=[(E1)][V(S2,B3,Ba)] £ ... £ [(E2)][r(S3,B5,Be)] = (E*) £ ... <

whereB, B, are the names dfasesvhich mustalready exisg*, E1, E», ... are validequationsandS;, S, . ..
are belief store numbers

<4
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This usage of thesaArR: command is used to construct variance matrices from linear combinations of other
variance and/or correlation matrices. The naming part indicates that the beliefs being specified are the covariances
for belief store numbe$; between the collection of elemeriBs and the collection of elemen®,. (If B, = B,
then, B, may be omitted.) The optional coefficients in the linear combination are the equBtioks, . .. which
must be enclosed within round brackets.

The matrices in the linear combination are either variance matrices or correlation matrices. For example, the
syntax v(9,B3,B4) refers to the variance-covariance matrix specified between the collection of eleBaeantsl
the collection of elementB, for belief store numbe&. (If B3 = B4 then, B; may be omitted.) r(§Bs,Bg)
refers to the correlation matrix specified between the collection of elenBgraad the collection of elemenig
for belief store numbe&s. (If B; = Bg then, Bg may be omitted.) Where a correlation matrix is indicated, the
corresponding covariance matrix is accessed and the correlations calculated temporarily.

The matrices involved in the command must be conformable. You should be careful when you use commands
of this kind when the collections in the definition part are neither the same as, nor disjoint to, the collections in the
naming part. This is because [B/D] assumes all variance-covariance matrices to be symmetric and thus stores only
part of the matrix. Consequently, asymmetries in what you attempt may result in unintended misspecifications.
See E6.8)5 for an illustration of this kind of problem. These problems do not arise whéB(B>) is disjoint
to (Bs, Bs) and (2)(B1, Bp) = (Bg, Bs), and similarly for any other pair of collections appearing in the definition
part. Itis perfectly possible faB; = B3 = B; andB; = B4 = Bg as the definition part is evaluated entirely before
being stored.

If an equation such as* is found without being the coefficient of a succeeding matrix, a matrix of conformable
dimensions of scalars all equal to the value of the equdfibis added or subtracted as necessary.

6.8.4 Direct numerical specification of variance matrices
> > Syntax

la BD>var: v(S,B1,B2) <

1b BD>var: v(S,B1) <«

2a BDxvar: v(S,B1,By) @L «

2b BD>var: v(S,B1) @L <«

3a BDxvar: v(S,B1,B2) @L(C) <«

3b BDvar: v(S,B1) @L(C) <

4a BD>var: v(S,B1,Bp) (C) <

4b BDvar: v(S,By) (C) <>

whereB;j, B, are the names dfasesvhich may or may not already exist,is a belief store number is the
name of dabeland0 < C < 6is a validinput channel number

<d

The particular forms for the syntax of teR: command given here all relate to the direct input of a body of
numerical variance and covariance specifications. The number of numerical inputs supplied depends upon both the
dimensions of the vectors involved and the form of syntax used. The form of the syntax used also establishes the
place from which the beliefs will be sought: interactively or from a given macro file address.
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Firstly we consider the placing of the numerical inputs. Forms 1a and 1b of the syntax are used when the
inputs follow directly afterwrads. Thus, this form of the syntax may be used to obtain beliefs interactively from the
keyboard. The remaining forms specify an address where the numeric inputs should be found. If forms 2a and 2b
of the command are used, with no channel number being specified, the channel number is deduced - [B/D] does not
allow duplicate labels. In forms 4a and 4b of the syntax, the beginning of the file associated with the input channel
is indicated. In common with other macro facilities, the channel number can be zero (meaning the keyboard): a
label should not be supplied in this case. The channel and label specified or implied must exist at the time the
command is issued.

Secondly we consider the formatting of the inputs. The 1a, 2a, 3a, and 4a forms are used to input a rectangular
matrix of belief specifications for the covariances between the collecBgrasd B,. Suppose, for example, that
B; consists of the elemenfX; ... X,] and thatB, consists of the elemeng¥; ... Yny]. (Itis possible forB; to
be the same aB;.) The belief inputs consist of the following specifications:

Cov(X1,Y1) --- Cov(X1,Ym)
Cov(X2,Y1) --- Cov(X2, Ym)

For smaller specifications at least, we recommend that you input the numbers required as anraroaysof
each consisting ah columns, with the numbers separated by one or more spaces. However, the real numbers input
need not necessarily be in tabular format They must be supplied in the order indicated by reading the matrix above
from left to right, top to bottom, but you are free to split the input over several lines, as many numbers per line as
you wish (possibly interspersed with blank lines) subject to the usual limitation of no more than 253 characters per
physical line. A number must not be split over two or more lines. Any input on the same physical line as the last
number required will be ignored. The numbers are to be in standard numerical format; an error message is printed
if the number is invalid, and the command is aborted. It is advisable not to input large matrices interactively.

As an example, suppose thHat = x1, X2, X3 and thatB, = y1, y» and that the following covariance matrix is
given on a macro file:

@xybeliefs This is the 3x2 covariance matrix between the x’s and the y's~
1.0-3.2«
0.52.6«
1.0-2.2«

We could now input this covariance matrix into belief store number 2 by issuing the command
BD>var v(2,B1,B2) @xybeliefs<—

We now consider the remaining forms 1b, 2b, 3b, and 4b, which are used to input the lower triangle of the square
symmetric variance-covariance matrix specified over the colle®@iorSuppose, for example, thBi consists of
the element$Xy ... Xp]. The belief inputs consist of the following specifications:

Var(X1)
Cov(X2, X1) Var(X>)

Cov(Xp, X1) Cov(Xp, X2) -+ Var(Xp)

That is there ar@ rows. The first row has one number, the second row has two numbers, and so forth. For
smaller specifications at least, we recommend that you input(the- 1) /2 numbers required as a triangle with
rows, and with the numbers separated by one or more spaces. However, the real numbers input need not necessarily
be in this format. They must be supplied in the order indicated by reading the matrix triangle above from left to
right, top to bottom, but you are free to split the input over several lines, as many numbers per line as you wish
(possibly interspersed with blank lines) subject to the usual limitation of no more than 253 characters per physical
line. A number must not be split over two or more lines. Any input on the same physical line as the last number
required will be ignored. The numbers are to be in standard numerical format; an error message is printed if the
number is invalid, and the command is aborted. It is advisable not to input large matrices interactively.

As an example, suppose tHat = X1, X2, X3 and that we interactively input its variance matrix into belief store
number 1. The following sequence of commands sulffice:

BD>var: v(1,B1) «
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BD*5.3 <
BD*0.9 4.6«
BD*1.11.37.2«<>

Notice that the [B/D] prompt changes from the'‘character to the ‘-’ character when the program is expecting
interactive inputs.

6.8.5 Problems of asymmetry

The beliefs that you specify over pairs and so forth must be symmetric: that is, f #llwe must specify
Cov(X,Y) = CowY, X). An illustration of the kind of problem that might arise is given below.

BD>element: a,b,c,d,e,k—
BD>base: x=a,c,d,e~
BD>base: y=b,c,d,f«>
BD>var: v(2,X,y) <
BD*-2 -1-1-6<«
BD*-106 -5«
BD*-150-5«

BD*-6 -5 -5 -6«

This sequence of commands specifies>a 4l covariance matrix between the collectionandy. However,x
andy are not disjoint - they both contain the elementadd - and the actual specification mistakenly attempts to
define Coyc, d) = 6 and Covd, c) = 5. An error is flagged whenever this kind of mistake occurs. This problem
can arise also when using thR@RDATA : andMATMULT : commands.

6.9 Functional belief specifications

6.9.1 An introduction to components

Componentaire notional elements. They differ from true elements in that they have no formal existence except
for functional relationships specified over themselves and between themselves and true elements. Provided that the
number of such functional relationships is quite limited, this is a memory—efficient way of handling belief carriers,
particularly as large numbers of quantities differing only in index, say, can be represented as only one component.
However, they are often handled quite slowly, and they cannot be adjusted. Their principal role is as intermediaries
from which we construct elements which can be adjusted.

Components only exist via functional relationships expressed. Functional belief specifications are attached to
components as follows. THeE: command is used to define their expectations, and may involve a function of some
index. Beliefs are expressed over components as functions, usiagaRe command. This command is also use
for the specification of beliefs between different components and between components and elements. Again, these
might involve functions of indices. A components might be associated with data in that there magthearrier
of the same name.

Functional belief specifications can be removed usingkthé\R: command; and functional expectations can
be removed by using therE: command.

As as a simple example, consider a sequence of quantities, . . ., which we intend to represent some error
guantities. Suppose that these quantities have expectation zero, are uncorrelated with all other quantities, and have
the following covariance structure:

=]

—— otherwise -

1 (6.1)
]

Cov(ni, nj) = {
Then all these quantities can be represented succinctly in [B/D] by one compé&nsay, with an index, for
which the covariance structure can be expressed as a simple function.

Individual functionally specified beliefs can be accessed in the same way as directly specified beliefs, that is
via theex, var, andcorr operators.
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6.9.2 Declaring functional variances and covariances

> > Syntax
BD>fvar: v(S, X[IL 1], Y[IL 2]) = E <«

whereSis abelief store numberX andY are the names afomponent®r elementsl L1, | L, areindex lists
and E is an equation, possibly involving indices from either index list.

<d

The FVAR: command is used to specify variances and covariances functionally for components and between
components and elements. At least oneXoandY should be a component, but one may be an element. The
functional belief being defined is expressly limited to belief store nun$emd will overwrite any functional
belief expressed for the same pair of quantities for the same belief store. However, further functional beliefs could
be expressed about the same pair of quantities for different belief store numbers.

Theindex listcomprises single alphabetic characters, preceded by the ' symbol. An alphabetic character must
not appear more than once in the entire naming part, and the number of indices per component is currently limited
to 8.

The equatiork will usually relate to the as yet unknown indices of the naming part. As an example, consider
the quantitiegn; } discussed if (6]1) above, and suppose that we wish to specify the variance-covariance structure
for belief store number 1 for these quantities. We could use the following command to achieve this:

BD>fvar: v(1,eta.i,eta.j)=(.i=.)+(i<>.))/(.i+.]) <

6.9.3 Deleting functionally specified variances and covariances

> > Syntax
BD>xfvar: X1, Xo [, X3, Xa ] <~

whereX1, Xo, ... are the names of quantities to which functional variances or covariances have been attached.
Only the part of the name preceding indices (if any) should be given.

<

The XFVAR: command is used to remove functionally specified variances and covariances. pdadf
arguments defines a functional specification which is to be deleted. (This corresponds to the insistence on defining
functional beliefs for a named pair only.)

6.9.4 Declaring functional expectations

> > Syntax
BD>fe: e(S,X[IL]) = E <«

whereX is the name of aomponentl L is anindex list Sis an expectation store number, aids an equation,
possibly involving indices from the index list.

<d

TheFE: command can be used to attach functional expectaticcmiponentsand these are accessed when the
corresponding components are the subjeetof b :, COBUILD: andITADJUST. commands to specify expectations
for the component quantities. Otherwise, components are assumed to have zero expectation. These functionally
defined expectations are deleted by ¥i#e&: command. An expectation store number must be given.

As an example, suppose that we choose to ensure thatofig6.1)) have expectations equal tdn expectation
store 1, and expectatidR + 1 in expectation store 2. This is achieved by the following commands:

BD>fe: e(1,eta.i)=sqr(.i)«>
BD>fe: e(2,eta.i)=sqr(.i)+1<«
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A quantity may be associated with several alternative functional expectations in different expectation stores. In
this case, the index lists should be compatible, i.e. of the same length. The following example shows proper use of
this facility:

BD>fe: e(1,b.i.j)=sqr(.i)+.j <«
BD>fe: e(2,b.i.j)=sqr(.i)-.j <

6.9.5 Deleting functionally specified expectations

> > Syntax
BD>fe: X1 [, X2...] «

whereXj, Xo, ... are the names of quantities to which functional expectations have been attached. Only the
part of the name preceding indices (if any) should be given.

<4

TheXFE: command is used to remove functionally specified expectations given usiag:tbemmand. If the
guantity is associated with alternative expectations in different expectation stores, all are deleted.

6.10 Constructing beliefs from products of quantities

> > Syntax
BD>product: A,B «

where A and B are the names dfases
<4

The PrRODUCT. command is used for the construction of beliefs over products of uncertain quantities under

certain conditions. These conditions are as follows. Suppose that thA bassists of the elemenss, Ay, ..., Ay
and that the basB consists of the elemen®;, By, ..., By. Suppose also that we gather all the elements not in
either A or B into the base C, and suppose that we label these elef@eat€s, Co, ..., C;.

1. The base#é andB must be disjoint. That is, the elements of the base A must not also appear in the collection
B.

2. The collectionA must be uncorrelated with the collecti@Tor everyunlockedbelief store. That is, we must
have CovA, Bj) =0 foralli, j. An error is reported otherwise.

3. For pairs of quantitiegy € A, Bj € B, and for eaclCx € C we must have either
Cov(Ai,Cx) =0 or CouBj,Cx) =0
or both, for every unlocked belief store. An error is reported otherwise.

The product formed by the paki, Bj will be constructed as the element namedBji for all Aj € Aand all
Bj € B. Any preexisting elements with these names will be deleted, together with any data attached to them. This
is unlike theuiLD: command in that data attached to a pre-existing element is not here adopted by the replacing
element.

ThePRODUCT command is asymmetric to the extent that the command

BD>product: B, A <

will construct different names (of the form ‘Bji’) for the same collection of products. Hence you should take
care with the order given in the command.

Beliefs over the products are constructed onlydnlocked belief storesnd the uncorrelatedness conditions
relate only to these unlocked stores. Expectations over products are constructed only for unlocked expectation
stores. Thaock: andeELOCK: commands may be used to lock and unlock stores.
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If the builddata control is switched on, theroDUCT. command also constructs data from the product wherever
possible. Similarly to the construction of data for #eiLD : command, the maximum number of cases for which
data is available for botl; andB; is used to construct the data for the new elen?gnB;

The following formulae are used to construct beliefs over the product, and between the product and other
elements.

Cov(A"Bj, Ac'Br) (Cov(A, Ax) + E(A)E(AK))CoVv(Bj, By) 4+ Cov(A;i, AWE(B))E(BY)
Cov(Ai'Bj, Ax) = Cov(Ai, AYE(B))

CowAB;, B) = Cow(B;, BUE(A)
Cov(Aj, CE(Bj) if Cov(Ck, Bj) =0
Cov(A"Bj,Cx) = Cov(Bj, CWE(A) if Cov(Ck, A) =0

0 if Cov(Ck, Bj) =0 and CovCy, Ai)) =0

6.11 Related commands

6.11.1 Forming covariances from beliefs expressed as cross-products

> > Syntax
BD>centre: B <«

whereB is the name of daseor element
AURN|

The CENTRE command is used to transform cross product belief specifications into covariances. That is, for
each pair of elementd; andNy in B, and for each of thanlockedbelief storesS, the current value stored for the
specification over the paiiN1, N2) is replaced by this value minus the product of the respective expectations for
Nz andN,. This command should be used when a set of belief specifications is given in the ¥ Erather
than the form CogX, Y) = E(XYT) — E(X)E(Y)T, whereX andY are vectors of unknowns. 86.2 for details
of specifying collections for the definition part.

6.11.2 Locking and unlocking belief storage areas

> > Syntax
BD>lock: [-1(S1) [, [[](S2)] ... <=

whereS;, S, ... are belief storage numbers.
a<

TheLock: command is used to lock and unlock specified belief storage areas. If the argunept&eded
by the symbol ‘-’, the belief store numbef & ‘unlocked’, otherwise it becomes ‘locked’. When a belief store is
locked, beliefs usually constructed \EaILD : or COBUILD: commands are not constructed, and so do not overwrite
the values already present. It remains possible to specify directly beliefs for locked storage areas. By default, all
belief storage areas are unlocked. Bh@resoperand can be used to obtain the total number of belief stores.

The Lock: command is often used when we want to build two alternative variance-covariance specifications
for a collection of quantities in stages, and also when we have output adjusted covariances to a belief storage area
which we want to be retained.

Beware that some controls force the unlocking of specified belief stores. In particular, whemahdscac
controls are used to direct adjusted covariance output from an adjustment or a scan to a belief store, the given belief
store is unlocked.
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6.11.3 Locking and unlocking expectation storage areas

> > Syntax
BD>elock: [-](S1) [, [[1(S2)] ... <

whereS;, S, ... are expectation storage humbers.
AURN|

The ELOCK: command is used to lock and unlock specified expectation storage areas. If the arggment S
is preceded by the symbol ‘-’, the expectation store numheisSunlocked’, otherwise it becomes ‘locked’.

When an expectation store is locked, expectations usually constructedivia: or COBUILD: commands are not
constructed, and so do not overwrite the values already present. It remains possible to specify directly expectations
for locked storage areas. By default, all expectation storage areas are unlockatbréeeperand can be used to

obtain the total number of expectation stores.

The ELOCK: command is often used when we want to build two alternative expectation specifications for a
collection of quantities in stages, and also when we have output adjusted expectations to an expectation storage
area which we want to be retained.

Beware that some controls force the unlocking of specified expectation stores. In particular, waermtite
scae controls are used to direct adjusted expectation output from an adjustment or a scan to an expectation store,
the given expectation store is unlocked.

6.12 Generating beliefs automatically from sample covariances

> > Syntax

1. BD>ardata: v(S,B1,B2) <«

2. BD>vardata: r(S,B1,B2) <

whereSis abelief store numbeand By, B, are the names dfases
<4

The vARDATA : command is used to generate a variance-covariance matrix in a belief store from the sample
variances and covariances calculated from data attached to the corresponding elements. In the first form of the
syntax, sample covariances are calculated, and sample correlations are calculated for the second form of the syntax.

It is assumed that each of the elements comprising the bases B1 and B2 possesses data, and that there exists a
subset of cases for which data is available for all of these elements. This subset defines the number of cases used
to define the sample covariances (or correlations). Use of the correlation option requires that all the respective
variances be positive. We use the multipI#rather thannTl1 when determining these summary statistics. The
beliefs generated are checked for symmetry (5ee §6.8.5).

6.13 Constructing new elements from old

> > Syntax

1. BDbuild: N o=[(E1)]IN1] % [(E2)I[B] = [(E3)]IA] + ... <

2. BD>build: A <

whereNp, N1 are the names oflementsEj, Eo, ... are the names afquationgwhich must be enclosed in
round brackets)B is the name of dase and A is the name of aassignment

<4
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In the first form of the syntax, theuiLD : command is used to construct a ned@menfrom a linear combination
of formerelementsassignmentsandcomponentsin the second form of the syntax, the command is used to build
a givenassignmentThe second form of the syntax is equivalent to issuing the first form of the syntax with

BD>build: A=A <«

sothat the assignment of the same name is constructed to be an element. Each construction takes place separately
in everyunlockedbelief store. Expectations are only constructed in unlocked expectation storeso@keand
ELOCK: commands may be used to change locks.

Base names may be included in the definition part to mean the sum of every element in the base, and where
each element will take the coefficient given by the equation preceding the base name. For example, we might build
the average of the base nantdy issuing the command

BD>build: average=(1/count(B))B<«—

EachsuiLD: command has a definition part which, after tracking through any assignments (possible recursively,
and possibly taking taking into account any varying indices) will result in a linear combination of elements and
components. Whenever there is a possible confusion between element names and assignment names, the element
names have priority. To force the use of an assignment in case of doubt, the assignment name may be prefixed with
the ‘" symbol. Thus, for each nang in the definition part, the names of elements are checked firstly.i$fnot
an element, the assignment names are checked. If in adilitismot recognised as an assignment, it is assumed
to be a component. The distinctions are that elements have beliefs explicitly associated with them; assignments are
themselves lists of similar elements and components; and components may have functional beliefs specified over
them. Note that an assignment is parsed recursively deeper until the definition part is a linear combination of either
built elements or components, but never assignments. Actual construction of beliefs then takes place, searching
for functional declarations if need be. The element being defined might already exist, in which case it will be
overwritten. If the element already exists and appears in the definition part, the former definition is used fully as
required, and then finally replaced after the conclusion of all calculations. Equations which have no succeeding
element or assignment or component are treated as scalar parts of the linear combination, and are included in
determining the expectation for the element.

Once any assignments have been traced through, the definition part for the new élewibitte of the form
N =k+a' X+ BTC, wherek is some scalary is a vector of coefficients for the vector of elemeKtsandg is a
vector of coefficients for the vector of compone@tsWe may assume that consists of all the elements defined to
date, with corresponding = O if the element is excluded from the definition part. Beliefs dMeare constructed
as follows.

1. The expectation are found by

E(N) =k +aTE(X) + BTE(C),

where all quantities are known except the vect¢CE E(C;) is assumed to be zero unless an expectation
has specifically been given for the compon€nby using there: command.

2. The variance is found by

Var(N) = o' Var(X)a + BT Var(C)B + 2« Cov(X, C)B,

where VarX) is a known matrix. The matrices CoX, C) (consisting of specifcations such as CHy, Cj))

and VarC) (consisting of specifications such as @y, C;)) are assumed to have all their entries equal
to zeroexceptas specified byvAR: commands relating the elements to components, and components to
components.

3. The covariance betweewh and the other elements is found by

Cov(N, X) = a"Var(X) + BT Cov(C, X),

where Va(X) is known, and CogX, C) is addressed above. It is most important to understand that the
BUILD: command is essentially memoryless: built elements do not remember their original definition parts.
In particular, the component parts of the definition will not be taken into account in future use of the element.
To illustrate the deficiency, suppose that you usesthe b : command to construct firstly
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N1 =k +a] X + 6 C,

followed by

Ny =k+4aj X+ JC.

This will result in the wrong value for C@iN1, N2) being calculated as the ter/Bt_'L{Var(C)ﬂz will be absent.
Thistermis absent because the linear combination used to corsirinas been forgotten; itis “remembered”
only through the elements, and not through the componei@s

To avoid this problem, theoBUILD: can be used to build elements from functional declarations, and to build
up a large number of covariance structures together, but is generally considerably slower.

6.13.1 Example

A simple example involving assignments elements and components is as follows. Supp8s€thare element
names, thaD is an assignment including functional indices, and Maand W are the names of components
summarising many like quantities. A number of declarations are shown in Ffiglire 6.1. These are as follows:

1. The declaration of two elemen®, C.1 (the latter given an expectation of nine; the former havitg)E= 0
by default) gathered into the ba€g followed by their variance-covariance matrix.

2. Functional specifications for variances over the componémtsdW; covariances betweewvi andC.1, and
covariances betweeW andB. All other variance-covariance specifications (for example, betweand
W) are to be zero by default.

3. Afunctional specification of an expectation for the componént

4. The definition of the recursive assignménttogether with the definition of the elemebg as a termination
criterion for the recursive assignment.

5. TheBuiLD: command. When this command is activated, it will be discovereddtihts not an element, and
so a check is made to see whether it is an assignment. It I3,5kds replaced by the linear combination it
represents, and the linear combination to be builtisthes3+ B+C.1+5V.1+W.1+ D.0. Expectations,
variances and covariances are now constructed ford betweeilY andB, C.1 from the explicit and implicit
belief specifications given.

Now consider Figurg 6]2. This is exactly the same sequence of commands as in[Figure 6.1, except for the
insertion of an extra command line buildify 1 explicitly as the penultimate command line. This illustrates the
second form of the syntax in that the assignmrt is taken, and the elemebt1 = C.1+5V.1+W.1+ D.0
constructed. It also illustrates the forgetfulness property addressed above in that the ¥leorettucted therafter
will have different beliefs to th¥ constructed in Figurfe 6.1, as the component constituents of the assigbment
will have been forgotten in the second case.

6.13.2 Attaching data to the constructed element

If data exists on all elements in the definition part then data can be created for the new element. Data is constructed
for, or attached to, the newly constructed element according to the scheme shown if Figure 6.3, which summarises
both the issues involved and the actions taken in various circumstances. I