User manual

This reference manual provides documentation on t | ear n software
version 1.0. Thefirst section provides a quick introduction to the soft-
ware and its functionality. The second section gives complete descrip-
tions of the application’s menus and dialog boxes. The third section
offers a quick reference to command keys and other shortcuts. The
final section offers some advice on troubleshooting and other error

messages.

Introduction

tl earn is a neural network simulator which implements the back-
propagation learning rule, including simple recurrent network learn-
ing and backpropagation through time, and provides a number of
displays which show the network internals. t | ear n includes a fully
functional text editor as well as a number of data analysis utilities.

Configuration files

t | ear n organizes files and simulations into projects. The project file
is a machine readable file which stores information about option set-
tings for training and testing. The name of the project file specifies the
name of the project and acts as the prefix for other associated files for
the project. There are three necessary associated files for every
project. Namely the <fil eroot>.cf, <fileroot>. data and
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<fil eroot>.teach files, where <fi | er oot > is the name of the
project file. A complete description of these files is given in the sec-
tion on Network Configuration and Training Files.

Editor functions

The t | ear n text editor includes standard text editor features (e.g.,
Find and Replace, Cut, Copy and Paste, Revert, Go To Line, and a
current line number indicator). As well as the standard features
t | ear n provides two text utilities namely Sort... and Translate...
which are found in the Edit menu. Sort provides a mechanism for
sorting of files with arrays of numeric values. Translate allows a set
of find and replace actions to be carried out in an automated way.
These utilities are fully described in the section Menu and dialogue
reference where the description of their associated dialogue boxes is
given. Editor short cut keys are given in the section Command key and
shortcut reference.

Network training and testing functions

t | ear n provides two types of network run modes: training and test-
ing. These functions are found in the Network menu. The Train the
network action begins training from an initial set of random weights
and trains the network for the specified number of sweeps. The
number of training sweeps is set in the Training Options dialogue
box. The Resume training action resumes training from the current
set of weights for a further specified number of sweeps. Further
options and settings for training are described in the Menu and dia-
logue reference section where the Training Options dialogue is
described.

The Verify network has learned action presents the trained
network with a testing set specified in the Testing Options dialogue
box. The values of the output node/s for each data presentation are
given in the Output window. The Probe selected nodes action
similarly presents the specified data set to the network and in this case
outputs the values of the selected nodes specified in the . cf file. All
the training and testing actions can be aborted by choosing Abort
from the Network menu or the t | ear n status display.
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Network utilities

There are two Network utilities located in the Special menu. These
are Output Translation... and Lesioning... . The Output Transla-
tion... utility allows the translation of 0/1 vectors to text. When the
network operation is verified, or the network activation display is
used to display network outputs, the output translation can also be
given. The Output Translation... utility is described fully in Menu
and dialogue reference section where the Output Translation dialogue
is described.

The Lesioning... utility allows weight files for a specific network
to be modified so that the effects of lesioning the network, i.e.,
removing some connections or nodes, can be examined. The Lesion-
ing... utility is described fully in the Menu and dialogue reference
section where the Lesioning dialogue is described.

Data analysis functions

There are two Data Analysis utilities located in the Special menu,
namely Cluster Analysis... and Principal Components Analy-
sis.... The Cluster Analysis... utility allows a hierarchical cluster-
ing to be performed on a set of data vectors. The Cluster Analysis...
utility is described fully in the Menu and dialogue reference section
where the Cluster Analysis dialogue is described.

The Principal Components Analysis... utility allows the prin-
cipal components of a set of data vectors to be determined and the
projection of such data onto its principal components to be obtained.
The Principal Components Analysis... utility is described fully in
the Menu and dialogue reference section when the Principal Compo-
nents Analysis dialogue is described.

t | ear n displays

t | ear n has seven displays which illustrate different aspects of the
network simulation or show the results of some of the data analysis
utilities. Three of the displays can only be selected when there is a
project open as they rely on the definition of the network provided by
the object files. The project dependent displays are the Node Activa-
tion display, the Connection Weights diagram and the Network
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Architecture display. All of the displays (apart from the Status dis-
play) can be copied to the clipboard and pasted into word processors
or other editors that can handle picture graphics.

The t | ear n Status display (shown in Figure B.1) indicates the
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FIGUREB.1 tl earn Status display

name of the open project, if there is one, and the current state of
t | ear n training. The Status display also provides buttons to allow
the display to be iconified; for the current network weights to be
saved to afile; and, for the network training to be aborted
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FIGUREB.2 Error Display

The Error Display (Figure B.2) gives a graph of error values for
the training or testing actions carried out on the current network.
Selection radio buttons at the top of the display allow the error graph
to be shown as lines or as points.
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The Node Activations Display (Figure B.3) presents the acti-
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FIGUREB.3 Node Activations Display

vations of the nodes of the network as Hinton diagram displays. The
orientation of the nodes on this display is specified by the network
orientation set on the Network Architecture display. Two buttons
(First Data Pattern, Next Data Pattern) allow the user to step
through the training or testing patterns presented to the network.

The Connection Weights display (Figure B.4) displays the cur-
rent network weights with a Hinton diagram showing the weight mag-
nitudes and signs. Controls at the top of the display allow the user to
specify whether the display should be updated during training, and
the regularity of the diagram update, specifically updates can be set
for every 1, 5, or 10 sweeps or epochs.

The Network Architecture display (Figure B.5) draws the net-
work nodes and connections. The check boxes and radio buttons at the
top of the display allow the following settings: The Slabs check box,
when checked cause the input, hidden and output units to be shown as
single slabs rather than as individual units. The Labels check box
toggles the display of node labels. The Arrows check box toggles the
appearance of arrow heads on the connection lines. The Bias check
box toggles the appearance of the bias node. The Orient: radio but-
tons specify the orientation of the network display as bottom-to-top or
left-to-right. The orientation specified here is also used in the Node
Activations display.
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FIGUREB.5 Network Architecture display

The Cluster Display (Figure B.6) is used to present the output
of the Cluster Analysis... utility (found in the Special menu).
Cluster analysis generates a cluster diagram which is a tree illus-
trating the clusters of the data. The Distances check box toggles the
appearance of distance values on the cluster diagram in the display.
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The Cluster Analysis... utility is described more fully in the Menu
and dialogue reference section, where the Cluster Analysis dia-

logue is described.
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FIGUREB.7 PCA Display
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The PCA Display (Figure B.7) is used to present the output of the
Principal Components Analysis... utility (found in the Special
menu). The output of principal components analysis is the projection
of the data points onto their principal components. The 2D/3D radio
buttons allow switching between 2 and 3 dimensioned projections.
The Labels check box toggles the appearance of labels for the data
points. The Axis Labels check box toggles the appearance of labels
for the axes shown in the display. The Reset button is used for 3D
projections to return the projection to the standard orientation. For 3D
projections the orientation of the axes can be modified by click-drag-
ging on the diagram which rotates the projection accordingly. The
Principal Components Analysis... utility is described more fully
in Menu and dialogue reference section, where the PCA dialogue is
described.

Network configuration and training files

t | ear n requires three input files: the network configuration—the cf
file, the input pattern—the dat a file, the output (teacher) pattern—
the t each file and the project file. An additional input file may be
used to specify a reset schedule for context nodes—the r eset file.
t | ear n may also create output files for weights, error, node activa-
tions, etc. All files should begin with the same name; this is referred
to as the fileroot. The project fileis called <f i | er oot >. The project
file is created automatically when the user starts a new project in
tl earn. The different files are distinguished by having different
extensions (where an extension consists of a period followed by a
fixed designator). Every t | ear n simulation will contain at least the
following 4 files:

<fil eroot>

<fil eroot>. cf
<fil eroot>. data
<fil eroot>.teach

The optional reset file is called:

<fileroot>. reset
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Network configuration (. cf) file

This file describes the configuration of the network. It must conform
to afairly rigid format, but in return offers considerable flexibility in
architecture. There are three sections to this file. Each section begins
with the keyword in upper case, flush-left. The three section keywords
are NODES: , CONNECTI ONS: , and SPECI AL: . Note the colon. Sec-
tions must be described in the above order.

NODES:

This is the first line in the file. The second line specifies the total
number of nodes in the network as “nodes = #". Inputs do not
count as nodes. The total nhumber of inputs is specified in the third
lineas“i nputs = #”. The fourth line specifies the number of nodes
which are designated as outputs according to “out puts = #'. (Note
that these two lines essentially give the lengths of the . data and
.t each vectors.) Lastly, the output nodes are listed specifically by
number (counting the first node in the network as 1) in the order that
the . t each information is to be matched up with them. The form of
the specification is“out put nodes are <node-1list>". (If only
a single output is present one can say “out put node is #”).1f no
output nodes are present, this line is omitted. Spaces are critical.

Node number can be important for networks in which there are
fixed copy-back links. Copy-back links allow for saving of node acti-
vations so that they can be used on the next sweep. Because node acti-
vations are calculated in ascending order, with the order determined
by the number of the node, it is important that node activations be
saved after they are calculated. It is also important that a unit which
receives input from a node which is serving as a state/context node
(and has thus storing some other nodes activation from the previous
time cycle) calculate its activation before the state/context node gets
updated on the current sweep. Both considerations lead to the follow-
ing rule of thumb: Any node receiving input from a state/context node
must have a lower node number than the state/context node. This is
illustrated in the example .cf file at the end of this section.
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CONNECTI ONS:

This is the first line of the next section. The line following this must
specify the number of groups, asin “groups = #" (All connections
in a group are constrained to be of identical strength; e.g., as in the
translation invariance problem in Chapter 7; in most cases gr oups =
0.) Following this, information about connections is given in the
form:

<node-list> [= <fixed> | <group #> | <nmin & nmax>]

If values are specified for <ni n & nax> (e.g., -5.0 & 5.0) then the
weights for the relevant connections will not be allowed to exceed
these minimum and maximum values. Weights specified as fi xed
will have values fixed at their initialization values (if <mi n & max>
are set to 1.0 & 1.0, then the weights are set to 1.0 and remain
unchanged throughout learning; this is typically used for connections
from context units).

It is also possible to say:
> from<node-list> = <m n> & <max> fi xed one-to-one

Thislast formis used, e.g., when node 1 is fed from node 4, node 2 is
fed from node 5, and node 3 is fed from node 6, as opposed to the
usual case of node 1 being fed from nodes 4-6, node 2 being fed by
nodes 4-6, and node 3 being fed by nodes 4-6.

A <node-1li st> is a comma-separated list of node numbers,
with dashes indicating that intermediate node numbers are included.
A <node- | i st > contains no spaces. Nodes are humbered counting
from 1. Inputs are likewise numbered counting from 1, but are desig-
nated as “il”, “i2", etc. Node 0 always outputs a 1 and serves as the
bias node. If biases are desired, connections must be specified from
node 0 to specific other nodes (not all nodes need be biased). Groups
must be labeled by integers ascending in sequence from 1. It is also
permissible to say

<group #> = <mn & max>

provided that the group has already been completely defined.
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SPECI AL:

This is the first line of the third and final section. Optional lines can
be used to specify whether some nodes are to be linear (“| i near =
<node- | i st >"), which nodes are to be hipolar (“bi polar =
<node- | i st >")1, which nodes are selected for special printout
(“sel ected = <node- i st>"), and theinitial weight limit on the
random initialization of weights (“wei ght _limt = <#>").Again,
spaces are critical.

Example . cf files are given at the end of this section for several
network architectures.

Network data (.data) file

This file defines the input patterns which are presented to t | ear n.
The first line must either be “di st ri but ed” (the normal case) or
“l ocal i st” (when only afew of many input lines are nonzero). The
next line is an integer specifying the number of input vectors to fol-
low. Since exactly one input vector is used for each time step, thisis
equivalent to specifying the number of time steps. The remainder of
the . dat a file consists of the input. These may be input as integers or
floating-point numbers.

In the (normal) “di stri but ed” case, the input is a set of vec-
tors. Each vector contains n; floating point numbers, where n; is the
number of inputs to the network. Note that these input vectors are
always used in the exact order that they appear in the . dat a file
(unless the randomization option is specified).

In the “l ocal i st” case, the input is a set of <node-1i st>s
(defined below) listing only the numbers of those nodes whose values
are to be set to one. Node lists follow the conventions described in the
. cf file. Anexample. dat a fileis shown below in both the“| ocal -
ist” and“di stributed” case

1. Linear nodessimply output theinner -product of theinput and weight v ectors, or
net. Logistic units are sigmoidal: The activation function for each node is
y = 11 +e™M)  LogisticnodeoutputisboundedbyOand1. Bipolar nodesha ve
an extended range—their output ranges continuously from-1to+1.  The activation
function for bipolar nodesis y = (2 o1 +eMe))—1.
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Network teach (.teach) file

Thisfileisrequired whenever learning is to be performed. Aswith the
. dat a file, thefirst line must be either “di st ri but ed” (the normal
case) or “l ocal i st” (when only a few of many target values are
nonzero). The next line is an integer specifying the number of output
vectorsto follow.

In the (normal) “di stri but ed” case, each output vector con-
tains n, floating point numbers, where n, is the number of outputs in
the network. An asterisk (“*”) may be used in place of afloating point
number to indicate a “don’t care” output. In patterns containing
“don’t care” indicators, no error will be generated for those output
units for which a* is specified.

In the “l ocal i st” case, each output vector is a set of <node-
| i st >swhose targets are a 1 as opposed to a 0. Node lists follow the
conventions described in the . cf file. An example . t each file for a
network with one output unit is given below:

di stri buted

1
.9

O *oohM
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Network reset (.reset) file

This file is required whenever the context nodes need to be reset to
zero. As with the . t each file, the first line must be an integer speci-
fying the number of time stamps to follow. Each time stamp is an
integer specifying the time step (i.e., pattern number) at which the
network is to be completely reset. As with the . t each file, the time
stamps must appear in ascending order. An example. r eset file with
2 time stamps (patterns 0 and 3) is given below:

2
0
3

Weights (<filer oot>.<runs>.wts) file

At the conclusion of a t| earn session, the results of training are
saved in a “weights file.” This file name incorporates the fileroot, the
number of learning sweeps (runs) which resulted in this network, and
ends with “wt s” as the literal extension. This file contains weights
and biases resulting from training. Weights are stored for every node
(except the bias node, 0), from every node (including the bias node).
A sample weights file for an Xor (2x2x1) network is shown below.
(Sources are shown explictly here for connections into node 1 only;
they do not appear in the actual weights file.)):
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NETWORK CONFI GURED BY TLEARN
# weights after 10000 sweeps
# VEI GHTS

# TO NODE 1

- 6. 995693 (from bias node)
. 495790 (from input 1)
. 495399 (from input 2)
. 000000 (from node 1)
. 000000 (from node 2)
. 000000 (from node 3)
TO NODE 2

. 291545

5. 970089

-5. 969466

0. 000000
0. 000000
0. 000000
# TO NODE 3
4

0

0

' NHFEOOOMDS

. 426321

. 000000

. 000000
-9. 070239
- 8.902939
0. 000000

This file can also be produced by requesting periodic check-pointing
(dumping of a weights file) either in order to recreate intermediate
stages of learning, or to avoid having to re-run alengthy simulation in
the event of premature termination. This weights file can be loaded
intot | earn in order to test with atrained network.

Error (.err) file

If error logging is requested, a file will be produced containing the
RMSs error, saved at user-specifiable intervals.
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Example .cf files
EXAMPLE 1:

This illustrates a feed-forward network which implements a 2x2x1
XOR network (cf. Chapter 4). Notice that int | ear n, the 2 inputs are
not nodes; the network itself has only 2 hidden nodes and 1 output
node. (There are still learnable connections from the 2 inputs to the 2
hidden nodes.)

NODES:

nodes = 3

inputs = 2
outputs =1

out put node is 3
CONNECTI ONS
groups =0

1-3 fromO

1-2 fromil-i2

3 from1l-2

SPECI AL:
selected = 1-2
weight _linmt = 1.0

EXAMPLE 2:

Thisillustrates a network that receives 3 inputs, has 4 hidden nodes, 2
output nodes, and 4 copy-back nodes; each copy-back node receives
the activation of the corresponding hidden node at the prior cycle.
Notice that the copy-back nodes are linear, receive no bias, and have
fixed downward connections from the hidden nodes. In the number
scheme, i 1-i 3 designate the 3 inputs; nodes 1-4 are the hidden
nodes; nodes 5- 6 are the output nodes; and nodes 7- 10 are the copy-
back (state/context) nodes.

NODES:

nodes = 10

i nputs = 3

outputs = 2

out put nodes are 5-6
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CONNECTI ONS:
groups =0
1-6 fromO
1-4 fromil-i3

1-4 from7-10

5-6 from1-4

7-10 from1-4 = 1. & 1. fixed one-to-one
SPECI AL:
linear = 7-1
wei ght _limnmt
selected = 1

0
= 1.
-4

EXAMPLE 3:

Thisillustrates a network which receives 9 inputs, has 3 hidden nodes
(1- 3) and 1 output node (4). The 3 hidden nodes have limited recep-
tive fields; each one receives connections from only 3 of the inputs. In
addition, the connections are grouped (i.e., trained to assume the
same values), thus benefiting from the learning that occurs for other
nodes in the group (e.g., even when deprived of input). The result is
that each hidden node has 3 different input weights; each of the 3
weights has a similar weight leading into the other 2 hidden nodes.
This scheme is similar to the translation invariance network in Chap-
ter 7. Finally, weights are confined to the range - 5/ +5.

NODES:

nodes = 4

inputs =9

outputs =1

out put node is 4
CONNECTI ONS:

groups = 3

1-4 fromO

1 fromil = group 1
1 fromi2 = group 2
1 fromi3 = group 3
2 fromid4 = group 1
2 fromib5 = group 2
2 fromi6 = group 3
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3 fromi7 = group 1
3 fromi8 = group 2
3 fromi9 = group 3
4 from1-3

group 1 = -5 &5
group 2 = -5 &5
group 3 = -5 &5
SPECI AL:

selected = 1-3
weight limt = 0.1

Menu and dialogue reference

The File menu
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FIGUREB.8 File menu

Figure B.8 shows the File menu and associated commands which act
asfollows:

New Creates anew text file window.

Open...
Close

Bringsupthe File Open diadogueboxtoallo w selection of te xt filesfor editing.
Closes the current windo w, either atext window or a display.
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Save Savesthe current text window.

Save As... Bringsupthe Save As dialogue box where aname for saving the current te xt
window can be selected.

Revert Revertsto the pre viously sa ved version of thefi le.
Page Setup... Bringsupthe Page Setup diaogue box.

Print... Printsthecurrentwindo w. Text windowsand displays(apartfromthe Status dis-
play) can be printed.

Quit Quitst | earn.
The Edit menu
Figure B.9 shows the Edit menu. All but the last two commands

& File IR search Netwoark Displays  Special  Windows
Undo =7 8
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Select A

fori...
Translate..,

FIGUREB.9 Edit menu

(Sort... and Translate...) are standard. Note that the Copy command
can also be used to copy displays to the clipboard so they can be
pasted elsewhere (e.g.. word processors, graphics editors). Sort... and
Translate... are text utilities used for manipulating text files for use
witht | earn.

The Sort... command brings up the Sort dialogue (shown in
Figure B.10) which is used to specify settings for asort action to be
applied to the current text window. Sorting can only be applied to text
files which contain a couple array of numerical values, that is each
line of the text window must contain an equal number of numerical
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FIGURE B.10 Sort dialogue box

values separated by white space. The counting of fields begins at zero
(0) rather than one (1). Sorting can be done over a primary field or a
primary and secondary field, and the lines can be sorted in ascending
or descending order. As with many of the dialogue boxes the Sort
dialogue settings can be specified but dismissed (by pressing the Dis-
miss button). Instead of executing the action immediately, the sort
dialogue simply saves the settings. Pressing the Cancel button reverts
the settings to the previous values. Pressing the Sort button causes
the sort action to be done. The lines of text are sorted and the result
is returned into a new text window which is called “<windowName>
Sorted” where <WindowName> is the name of the window being
sorted. Note that the text of the sorted window is not saved to afile,
but when the file is saved, a Save As dialogue prompts the user for a
filename for the new text window. An example of the use of Sort... is
given in Chapter 5.

The Translate... command brings up the Translate dialogue
(shown in Figure B.11) for a translation action to be applied to the
current text window. The translation requires a pattern file which con-
tains lines which specify the translations to be performed. The format
of the lines which specify the translation is as follows:

<find string> <replace_string>

The find string cannot contain spaces, but the replace string, which
isall of the line apart from the first word or string, can contain spaces.
An example pattern fileis:

JE Jeff El man

KP Ki m Pl unkett

TL tlearn

BP Backpropagati on
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Tramslate weith Patiern File
I |
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FIGURE B.11 Translate dialogue box

Patterm Mile:

The translation action is performed in the following manner: A new
window with a copy of the text of the current window is displayed
(the new window is given the name of the current window with the
word “Translated” appended to it), then each line of the pattern fileis
used in turn and the translation is applied to the new window. If the
direction of translation is from left to right then occurrences of the
find string are replaced by the replace string. If the direction of
translation is from right to left then occurrences of the replace string
are replaced by the find string. The Whole Words Only check box
when checked ensures that the string being searched for are whole
words only, that is, the string has surrounding white space. The
Ignore Case check box allows the searching to find strings regard-
less of the mixture of upper and lower case letters. An example of the
use of Translate is given in Chapter 8.
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The Sear ch menu

Figure B.12 shows the Search menu. The Search menu commands
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FIGURE B.12 The Search menu

act as follows:

Brings up the Find and Replace diaogue (shown in Figure B.13), where
the Find string and the Replace string can be entered and conditions for docu-
ment searching can be set.

Copiesthe current selectionintothe  Find string. If note xt is currently selected,
then this menu item is disabled.

Repeats the pre vious search in the current search direction.

Replaces the currently selected Find string with the Replace string. If the cur -
rent selectionisempty or notequal tothe  Find stringthennoreplacementismade.
Hence, the Replace actionisonly sensibly done after asuccessful  Find action.
Replacesthe selected Find string with the Replace string and searches for the
next occurrence of the Find string.

Replacesall occurrencesof the Find string from the current cursor positionto the
end of thedocument. If the Wrap Around optionischosen then all occurrences
of the Find string in the whole document are replaced.

Bringsup the Go To Line dialogue where the cursor ismo ved to the line number
entered.

When a Find string has been entered, then the Find button can be
pressed and a search begins for occurrences of the Find string in the
current window starting from the current cursor position. If an occur-
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rence of the Find string is found, then the search stops and the occur-
rence is highlighted. If no occurrence is found then the system beeps.
Two of the options in the Find and Replace dialogue are the same as
those found in the Translate... dialogue; namely Whole Words
Only, which ensures that the occurrences of the Find string found
have surrounding white space; and Ignore Case, which allows
searching to find strings regardless of upper or lower case letters. The
Wrap Around option causes searching which reaches the end of the
current window to begin again from the start of the document.

Find; Replace with:
I
] ihen i Direds Omly
O] iirap Arownd
[ ignore Case [ msmiss | [ cancer || Find

FIGURE B.13 The Find and Replace dialogue box
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The Network menu

Figure B.14 shows the Network menu. The Network menu com-

& File Edit Search Displays Special  Dindow
Mew F‘FD]B( P
Open Project...

Close Project

Training Dptinns...

Train the netwark

V Resume traiming HRE

Testing Dplioms... .l
ﬁ Uerify netwark has learned KK

ﬁ Probe selected modes

fibort

FIGURE B.14 The Network menu

mands act as follows:

Bringsup the New Project dialogue box, which @llo wsthe entry of anew
project name. Once the nameischosen, t | ear n opensthree new text windows
associated with the project, that is, the <nane>. cf, <name>. dat a and
<name>. t each files. If thesef iles already exist in the directory in which the
project was opened then the fi les are opened, otherwise the windo ws are empty.

Bringsup the Open Project dialogue box, which allo wsthe selection of
t | ear n projectfiles. Onceaproject ischosenfor opening, tlearn opensthethree
associated . cf , . dat a and. t each text files.

Sets the current project to none and closes the current projects . cf , . dat a and
. t each filewindows, if they are currently open.

Bringsupthe Training Options dialoguebox. TheTraining Options dia-
logue box is described in more detail belo w.



Train the
network

Resume training
Testing Options...
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has learned
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nodes

Abort
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Beginstrainingthenetw orkaccordingtothetrainingoptionssetinthe  Training
Options diaogue box.

Resumes training from the current set of netw ork weights.

Brings up the Testing Options diadogue box. TheTesting Options dia
logue box is described in more detail belo w.

Runsthe Verify Network action which presentsthetesting set (specifi edin
the Testing options dialogue) and calculates the output v alues of the output
unitsand printsthesev auesintothe Outputwindow. If the Outputwindowis
not currently opened then it is opened and selected.

Runsthe Probe Network actionwhichpresentsthetestingset (specifi  edinthe
Testing Options dialogue) and calculates the output v aues of the selected
nodes and printsthesev aluesinto the Output window. The selected nodes are
specified in the .cf file.

Aborts a currently running netw ork action.

The Displays menu

Figure B.15 shows the Displays menu. The display menu indicates

= File Edit Search Wetwork JIEAETHER special  Windaw
S LA R i’ | tleamn Status : X
Error lisplay
Mode Betivations

Connectinn Weights
Malwork Architectore

Clusier Display
FEH [Iiuluu

FIGURE B.15 The Displays menu

with check marks which displays are currently being shown by
t | ear n. Selecting an item in the Displays menu either hides the dis-
play, if it is currently being shown, or shows the display if it is cur-
rently hidden. Note that a display window, if it is currently shown,
can be brought to the front by selecting it from the wWindow menu.
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The Special menu

File Edit Search Network Displags T
e e [ uster Analysis..
Frincipal Component Analysis...

Butput Translation...
Lesioning...

FIGURE B.16 The Special menu

Figure B.16 shows the Special menu. The Special menu commands
act as follows:

Cluster
Analysis...

Principal
Component
Analysis...

Output
Translation...

Lesioning...

Bringsup the Cluster Analysis didogue. The Cluster Analysis action
alowsabhierarchical clusteringtobeperformedonasetof v ectors specifi edinafile
and for theresults of the clustering to be displayed in theform of acluster diagram
which showsthe tree of clustersthat are identifi ed by the clustering method. The
Cluster Analysis diaoguebox isdescribed inmoredetail later in thissection

Brings up the Principal Component Analysis diadogue. The PCA action
alowsthe principal componentsof asetof v ectorsto becal culated and the projec-
tionofthev ectorsontotheseprincipal componentstobeoutput or displayedgraph-
icaly. The Principal Components Analysis dialogue box isdescribed in
more detail belo w.

Bringsupthe Output Translation dialoguebox. Thisdialogueallo wstheset-
ting of the pattern fi le for an output translation and a setting of the Output
Mapping Criteria. The Output Translation dialogue box is described
below.

brings up the Lesioning dialogue box. The Lesioning action alo ws the
lesioning of asa ved weight filewhich can selecti vely remove arandom proportion

of a set of the netw ork nodes or connections. The Lesioning dialogue box is

describe belo w.
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The Cluster Analysis... dialogue is shown in Figure B.17. The items

Chuster Analysis of Dectors

Usetor Tils: | |

Mames || |

= migplay Graphical Closter Tres
[ Report Clusters and Distances

Dl put i
El Tent [ Graphics

[l Suppress Scaling
[CJerbose butpul

[ msmiss | [ cancer | I Eanexaie i

FIGURE B.17 Cluster Analysis dialogue box

in the dialogue are:

Specifiesthefilewhich containsthedatav ectorsuponwhichtheclusteringistobe
done.The file name can be entered by typing thefi e name directly, or by double-
clicking on the entry box and choosing thefi  |e name from afile selection box.

Specifies afile of names to be associated with the datav ectors. These names are
usedinthecluster diagramthatisdisplayed. Thefilenamecanbeentered by typing
thefilenamedirectly, or by double-clicking ontheentry box and choosingthefi e
name from afile selection box.

Toggles whether the cluster treeis displayed or not.

Toggles whether the clusters and distances are reported in the te  xt output and
whether the distance v alues are reported in the graphics output.

These check box es specify whether the cluster analysisoutputissenttothe Out-
put text window or the Cluster Display or both.

This check box suppressing scaling in the cluster analysis.
This check box togglesv erbose output for the te xt output.

Once the settings for the Cluster Analysis have been set, then
the cluster analysis can be performed. Either the text Output window
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or the Cluster Display window or both is brought to the front and
the cluster diagram (and other text output, if specified) is given. An
example of the use of Cluster Analysis is given in Chapter 6.

The Principal Component Analysis... dialogue is shown in

Frincipal Component Analysis of Feciors

Uector file: |

Mames

@ Compute Eigenuertors
¢ Compute Cigenvectors & Save in file
7 Read Eigenvectors fmom Tile

Bl anlse Bipe s

Output to
CTest [ Gragphics

O mutput Eigeneaiues ] 0ulput o subset;
[ Suppress Scakling
O lerbose Ontput

[ Dismiss | | l:-unl:al_] E R e E

FIGURE B.18 Principal Component Analysis dialogue box

Figure B.18. The items in the PCA dialogue are:

Specifiesthefilewhich containsthedatav ectorsuponwhichthe principal compo-
nentsanalysisistobedone. The file name can be entered by typing thefi le name
directly, or by double-clicking ontheentry box and choosingthefi  lenamefroma
file selection box.

Specifies afile of names to be associated with the datav ectors. These names are
usedintheprojectionofthev ectorsontotheir principal components.  Thefilename
can beentered by typingthefi le namedirectly, or by double-clicking on the entry
box and choosing the fi |e name from afile selection box.
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Theseradio buttonsspecify whether theeigen vectorsof theanalysisarecomputed;
computed and saved in afile; or, not computed b ut read from a supplied file.

Specifies the file where the eigenvectors are saved or read.

Specify whether the principal component analysisoutput issent totheoutput te
window, or the PCA Display, or both.

xt
Toggles whether the eigen values are printed in the te xt output.

Toggles whether scaling is suppressed in the principal components analysis.
Toggles Verbose Output for the text output.

Toggleswhether only aset of theprincipal componentsareoutputordisplayed.F  or
example,if theuserw antstodisplay theprojectionofthev  ectorsontotheir second,
thirdandfourth principal components, thenthete xt“ 2, 3, 4” canbeenteredinthe
text box hereand the Output a subset: check box canbeclick ed sothe PCA
display will show the projection onto principal components 2, 3, and 4.

Output Translation... brings up the Output Translation dialogue
which is shown in Figure B.19. This dialogue allows the setting of the
pattern file for an Output Translation and a setting of the Output
Mapping Criteria. The items in the Output Translation dialogue
are described here.

Specifiesthe Output Translation definitionfi le. The format of the Output
Translation fileisgi ven below. An example Output Translation fileis
described in Chapter 11.

Theseradio buttons specify the Output Mapping Criteria. In Threshold
Output mode, when the Output Translation isapplied, athreshold func-
tionisappliedtotheelementsof theoutputv  ector converting thev aluestoOand 1.
If the converted output vector isnot presentinthe Output Translation map-
ping then the Output Translation includes a question mark character . In
Euclidean Distance mode, nofunctionisappliedtotheoutputv ector. Instead
the Output Translation is determined by the closest v ectors according to
Euclidean distance in the Output Translation mapping.

The Output Translation utility allows the specification of arbi-
trary translations of 0/1 vectorsto text. The Output Translation def-
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Dulput Translatien File

Pattern fie: |

Butput HMapping Critera

¥ Threshold Oufput
= Euclidean Disianc:

| Dmismiss | | Cancel |

FIGURE B.19 Output Translation dialogue box

inition file allows the user to specify the splitting up of the output
vector, permitting each part of the output vector to be assigned to dif-
ferent mappings, which are also specified in the file.

The format of the Output Translation definition file is as fol-
lows: The file begins with a MAPPI NGS: section which specifies how
the output vector is split up and by which mappings the parts of the
output vector are translated. The format of lines in the MAPPI NGS:
section is as follows:

<node_| i st> from <MAPPI NG_NAME>

where <node_| i st > is a specification of a contiguous set of out-
puts, e.g., 1-4; <MAPPI NG_NAME> is any unique name for a map-
ping which will be specified in the file.

An example MAPPI NGS: section of an Output Translation def-
inition would be:

MAPPI NGS:

1-6 from PHONEMES
7-12 from PHONEMES
13-18 fr om PHONEMES
19-20 from SUFFI XES

Here a mapping PHONEMES is to be used for nodes 1 to 6, 7 to 12 and

13 to 18 and a mapping SUFFI XES is to be used for nodes 19 to 20.
Following the MAPPI NGS: section come each of the mappings

for the Output Translation. Each mapping begins with a line which
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contains its name followed by a colon (“: ") then any number of lines
to specify the vectors to be mapped which take the following format:

<Label > <Vect or >
An example mapping definition would be:

SUFFI XES:
WO0 0
X160
Y01
Z11

The Lesioning dialogue box is shown in Figure B.20.The items in
the Lesioning dialogue are;

Specifiesthe weight fi le on which the lesioning is to be performed.

Specifieswhether any nodes areto belesioned. TheLocation: entry box isused
tospecify thenodesthat aretobelesioned.  Any list of node numberscan beentered
inthe format of nodeliststhatisusedinthe . cf file If nolist of nodesisgi ven
thenall thenodesareassumedtobechosen. The% removal entry box specifi es
theproportion of the nodesfrom thenodelist that areto berandomly chosento be
lesioned.

Specifieswhether any connectionsaretobelesioned. TheLocation: entryboxis
used to specify the connectionsthat areto belesioned. A commaseparated list of
connections specifi cationsin the format:

<node-1list> from <node-|ist>
asusedinthe CONNECTIONS: sectionof a . cf filecanbeentered here. If nolist
of connectionsis gi ven then all connections are assumed to be chosen. The %

removal entry box specif iestheproportion of theconnectionsthat aretoberan-
domly chosen to be lesioned.

When the Lesioning settings have been completed and the Lesion
button is pressed then the weights from the specified weights file are
read in. If the NODES: check box was set, then the nodes to be
lesioned are randomly chosen and the chosen nodes are removed from
the network. This means that the nodes to be lesioned have all con-
nections (both input and output connections) set to zero. If the CON-
NECTIONS: check box was set, then the connections to be lesioned are
randomly chosen and the chosen connections are set to zero. The
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lWeighl File Lesioning

Weight File: | |

(=] MIMIES: = remoual
Locanian: | |

CcosseeTions: (00 |% removal
Location: | |

[Dismiss| [ Cancel | ﬂ Lisspizii ﬁ

FIGURE B.20 Lesioning dialogue box

newly lesioned set of weights is displayed in a new window entitled
<npame>.| esion.wts. This window is an unsaved text window
which can be saved and used in subsequent testing or training.

The Window menu

The Window menu lists the current windows that are being displayed
by tl earn and if a window in the window menu is chosen it is
selected as the current window and brought in front of all the other
windows.

Dialoguereference

Most of the dialogues used int | ear n have been discussed in the cor-
responding menu item that relates to their use. There remains only the
Training Options and Testing Options dialogues to be discussed in
this section. Before these dialogues are discussed some general notes
on the dialogues used in t | ear n are required.

For any entry box on a dialogue that refers to a filename, the fol-
lowing special action is available. If the user double-clicks on the
entry box associated with the filename, then a file selection box
appears which allows the selection of the appropriate file, or the entry
of the (possibly new) file name. This action also ensures that the file



292 APPENDIX B

that is selected or to be saved is in the correct folder on the file sys-
tem.

All dialogues have OK or Action buttons and Cancel buttons.
Generally the OK or action button is the default button and can be
selected by pressing Return or Enter. A dialogue can be cancelled by
pressing the escape key. When a dialogue is cancelled any of the
changes made to the dialogue are also cancelled and the dialogue’'s
items revert to the state they had when the dialogue was brought up.
Some of the dialogues have Dismiss buttons which allow the dia-
logue to be dismissed, and the action associated with the dialogue not
to be performed, but instead of the dialogue item values reverting to
their previous state, the current state of the dialogue items is kept
rather than cancelled.

The Training Options dialogue

There are two versions of the Training Options dialogue box: small
and large. These are shown in Figure B.21. The small Training
Options dialogue is displayed by default for new projects. The small
dialogue allows the modification of a subset of the training options,
while the large dialogue gives the user access to all the options that
are associated with training. The user can switch between the two dia-
logues by clicking on the more... and less... buttons at the bottom
left of the dialogues.

The Training Options dialogue gives an interface to all of the
parameters for all of the training runs performed in the current
project. The parameters for different training runs are accessed via
the Prev/Next buttons at the bottom of the dialogue. For a new
project, these buttons are not highlighted. The number of the run and
the total number of saved training parametersis given at the top of the
dialogue. If the dialogue is showing a set of parameters other than
that associated with the latest training run, then a Remove run but-
ton appears which allows the user to delete previous training run
parameters. If the user wants to distinguish a specific training run by
giving it a name, then this can be done by double-clicking the top part
of the dialogue and the name of the training run can be entered.
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FIGURE B.21 Training Options dialogue boxes

A description of each of the training options is given in the fol-
lowing.

Training Sweeps  The number of training sweeps for the training run.

Thevalue of thelearning ratefor backpropag ation. Thisvalueis limited between
0.0 and 10.0.

Momentum  Thevalue of momentum for backpropg ation. Momentum is limited between 0.0
and 1.0.

Learning Rate
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These radio buttons allo w the user to specify theinitial randomseedv aue (Seed
with:) ortoallow therandom seeditself to bechosenrandomly . For training runs
which are seeded randomly the random seed which was used is displayed inthete xt
box next to Seed with:. The random number generator is used for generating
theinitial random weights for the netw ork and for determining the training data
presentation order if the data are to be presented randomly .

These radio buttons specify the training data presentation order . If Train
sequentially ischecked, then the training data are presented in the order that
appearsinthe . dat a/ . t each files. If Train randomly is checked then the
training data are presented in arandom order . In the large Training Options
dialogue, the Train randomly radio button has an e xtra check box associated
with it, namely with replacement. If the with replacement box is
checked then the training data are presented randomly with replacement, which
meansthat for each subsequent presentationof atrainingpattern,thene  xtpatternto
be presentedischosenrandomly fromall of thetraining patterns.  Whenthe with
replacementboxisnotcheck edthenthefirst patterntobepresentedischosen
randomlyfromthetrainingpatternsb  utisnotreplaced; sothene xtpatternischosen
randomly from theremaining training patternsandisalsonot replaced. ~ Thisran-
dom choosing continues until there are no more patternsto choose from, at which
point all the training patterns are put “back inthe hat” to be chosenfromag  ain.
Training randomly without replacement ensures that all of the training pat-
terns are seen at least once each epoch.

Allowsthe setting of aninitial of fset for the connectionsfrom thebias(node0) to
any nodes in the netw ork. This offset only tak es effect when the initial random
weightsof thenetw ork arecalculated, whereitisadded to all the bias connections.

Theseradiobuttonsgi vesettingsfortheerror functionthatisusedby backpropag &
tionandtheerror functionthat isdisplayedintheerror display . Usingandlogging
Root Mean Squared (RMS) error is the default setting. RMS error and Cross
entropy (X-entropy) areoftensimilarintheiref fects.Cross-entrop yisexplained
in Chapter 9, page 166.

Specifies the sweep interv a at which error values are calculated and displayed on
the error display .

Specifiesthe sweep interv a at which weight fi les can be saved.

Allowsasaved weight fileto be used instead of generating initial random weights.
Specifies the error criterion for which training stops.
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Thisoptionisused for training of recurrent netw  orks using the Backpropag ation
Through Time (BPTT) procedure. Each unit in the network isrepresented by nmul-
tiplecopies. Eachof the ncopiesrecordsthat unit’ sactivationattime n.Thus, prop-
agating error back through these multiple copiesisequi  valent to propag ating the
errorbackintime. Thisallo wsthenetwork torelateerror informationwhichcomes
in at alater timeto netw ork states earlier in time.

Specifiesthe sweep interv a betweenweight updates. Onlinelearning occurswhen
weight updates occur at every sweep. Batch learning occurswhen thetraining pres-
entationissequential andtheupdateinterv al isequal tothenumber of training pat-
terns.

If set, when output units are fed back (asin Jordan, 1986 netw orks), the teacher
pattern (tar get output) will be fed back instead of the actual output. This speeds
learning.

Causestheuseof a. r eset fileduringtraining. A .resetfileisused for simple
recurrent networks to reset the conte xt unit acti vations.

Testing Dplions

Weights nike: @ Most recen << not aeaikabke
" Earlier one:

Tosting set: i Training set [phone1.daial
(= Wopel dala; | |

Test Sweeps: @ Auto (ene epoch)
o

[ Send output te window
[ Append outpui to File; |

[CJuse Dutput Translation [ s Gy

O calculate prror [ Lty errem

[]use reset Tile
[cancel | [ oK |

FIGURE B.22 The Testing Options dialogue box
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The Testing Optionsdialogue

The Testing Options dialogue box is shown in Figure B.22 It is used

to change options related to the testing actions (Verify the network

has learned, Probe selected nodes). A description of the options
on the dialogue is given in the following.

These radio buttons allo w the selection of the Most recent set of network
weights or an Earlier one: to be used for testing. The name of the desired
weight file can betypedintothete xtentry box ne xttothe Earlier one: choice,
or, if theuser double-clicksonthete xtbox, afi leselectionbox canbeusedtoselect
the appropriatefi le.

Theseradio buttons select thedata (and teach) fi lesto beused for testing. Either the

Training set or aNovel data: set can be chosen. Asfor the earlier weight
fileselectionabo ve, thenameof thedataset canbetypedintothete xtentry box, or
the user can double-click on thete xt box, and afi le selection box can be used to

select the . dat a file.

Thetesting action can beset to runfor oneepoch (that is, anumber of sweepsequal
to the number of training patternsin the datafi l€) or a specified number of test
sweeps entered into the te xt entry box.

Specify wherethe output of thetesting actions (and alsothete  xt output of cluster -
ingand PCA actions) issent. Theoutput canbesentto eitheran Output window
or appended to afile, specifi edinthetext entry box ne xttothe Append output
to File: check box, or both.

Causesthe Verify actiontouseand print the Output Translation definedin
the Output Translation dialogue. The Translation Only check box
causesthe Verify actiontoonly output thetransl ation rather than thetranslation

and the output unit acti vations.

Causes the testing actionsto produce netw ork error cal cul ations which appear in
the error display . For the calculation of error a . t each fileis required. For the
project’s normal training set defi ned by the . dat a file, thereis aready acorre-
sponding . t each file, but for anovel dataset, if an error calculation isrequired,
then anovel . t each filemust a so be present for thetesting actionsto producea
valid error calculation.

Causesthe error calculation if specifi ed by the Calculate error check box to
be written to afi le. The name of thefileis <pr oj ect _name>. err

Thischeck box causestheuseof a . r eset fileduringtestingactions. A. reset
fileis mostly used for smple recurrent netw orks which require the acti vations of
context units to be reset.
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Command key and shortcut reference

Menu command keys

Menu keys can be seen in the appropriate menus where, if the menu
item has an associated command key, it is shown at the right of the
menu item.

Windows Mac Action

Ctrl +A ¥-A Edit/Select Al

Ctrl +C 3#-C Edit/ Copy

Ctrl +E ¥-E Search/Enter Selection

Ctrl +F ¥-F Search/Find...

F3 ¥-G Search/Find Again

F4 ¥-H Search/ Replace & Find Again
Ctrl +J ¥-J Network/Testing Options...
Ctrl +K ¥-K Network/Verify the network has | earned
Ctrl+L ¥-L Network/Probe sel ected nodes
Ctrl +N ¥»-N Filel New

Cctrl +O ¥-0 FilelOpen...

Ctrl +P ¥-P File/Print..

Alt-F-x #-Q File/Qit

Ctrl+R ¥-R Network/Resume training
Ctrl +S ¥-S Filel Save

Ctrl +T ¥-T Network/Train the network
Ctrl+U ¥-U Network/ Abort

Crl +Vv ¥-V Edit/Paste

Alt-F-C #-W File/C ose

Ctrl +X ¥-X Edit/Cut

Ctrl+Y ¥-Y Network/Training Options...
Crl+z ¥-Z Edit/Undo

Ctrl +H ¥-= Search/ Repl ace

crl +G ¥-"  Search/Go To Line..
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Editor quick keys

Shift-arrow-

keys allows the selection of text (or, if text is already

selected, the extension or reduction of the text selection) to be done
from the keyboard rather than with a click-drag action of the mouse.

Ctrl-left,Ctrl-right moves the cursor to the ne xt or previous
word boundary

Crl-up, Crl-down moves the cursor up/down a screenful of
text

¥-left, 38-right movesthecursor tothebe ginning/endof a
line

3-up, ¥#-down movesthecursor tothebe ginning/endof a
document

Troubleshooting

This section lists common problems and solutions.

Problem:
Solution:

Problem:

Solution:

Problem:

Can’t lesion weights file. Lesion command is disabled.
Before the lesioning action can be performed, a project
must be specified. The reason for this is that the network
configuration must be known for lesioning to be per-
formed.

| have specified an Output Translation file in the Spe-
cial menu, but when | probe or verify the output transla-
tion doesn’t appear.

In the Testing Options dialogue the Use Output
Translation check box must be set for the Output
Translation to be used. If you only want the Output
Translation and not the output node activations, then the
Output Translation Only box should be checked.

| want to display principal components other than the first
two or three. How do | do this?



Solution:

Problem:

Solution:

Problem:

Solution:

Problem:

Solution:
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Specify a subset in the appropriate part of the Principal
Components Analysis dial ogue box.

Why doesn’t the project change even though | close the
old. cf,.data, .teach files and open the new files?
To use adifferent set of project files you need to create or
open the project using the New Project.../Open
Project... commands in the Network menu. The Sta-
tus Display shows the name of the current project.

The Translate... action translates too much and trans-
lates things | don’t want translated.

The order of things in the translate file is important. Spe-
cifically, care must be taken that a later translation
doesn’t inadvertently retranslate a previous translation.
This could occur if letters were translated to numerical
vectors, and then alater translation action translated dig-
its to letters. Unless this was a desired effect, this double
translation will possibly cause havoc to the translation as
intended. One piece of advice here is to ensure that no
strings on the left of atranslation rule appear on the right
of atranslation rule.

When | run t| earn on several projects, I'm told that
there is not enough memory (for data or t each files,
for example).

After running consecutive projects, t | earn may fail to
release all the memory associated with the files it has
used. Quitting t 1| ear n and restarting should solve the
problem.






