Better FSAs Through Clustering

Investigating clustering-while-training of neural
networks using standard and novel methods.

MLRC Technical Report
12" October, 2001

Authors:  Dylan Muir (dr.muir@aqut.edu.au)*
Michael Towsey (Michael. Towsey@gmd.de)?

1 Machine Learning Research Centre
(Smart Devices Laboratory)
Queensland University of Technology
Level 4, 126 Margaret street
Brisbane, QLD, 4002
AUSTRALIA
2 Institut fur Autonome intelligente Systeme (AiS)
Fraunhofer Gesellschaft
Sankt Augustin
GERMANY







Abstract
This technical report outlines work done between July 1998 and February 2001 in the Machine
Learning Research Centre at QUT.

Research was performed on rule extraction from a spoken-language corpus. Recurrent neural
networks (RNNs) were trained using a novel architecture based on work by Das & Moser [1998].
This architecture performed on-line spherical clustering of hidden layer activations to encourage
clean state induction. The cluster codebooks generated during training were used to extract a Finite

State Automaton (FSA) representing the learned rules.

These FSAs were smaller, and had improved generalisation prediction rates compared to FSAs
extracted from RNNs with no on-line clustering. It was noted that the clusters of activations were
elongated, and might be better represented by ellipsoidal clusters. It was hoped that this would

further reduce the number of FSA states while providing similar or improved prediction rates.

A second-order distance metric was developed based on work by Lipson & Siegelmann [1998]. A
new clustering algorithm was developed to use this distance metric with some promising results, but

was not perfected by the end of the research.

The source code for a suite of utilities developed during the course of the research is also included

in this report.
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Introduction

This report investigates the use of two clustering methods on various data sets. To support this, the
derivation and explanation of a few mathematical tools is necessary. Various issues to do with
clustering are discussed, along with the description of two distance metrics. One of these
(Euclidean distance) is conventional; the investigation of the other (second order distance) forms

the major content of this report.

Das and Moser [1998] describe a method where clustering is performed while training a neura
network, in order to expedite the learning of clean, accurate finite state automata (FSA). Our
research adapts this method to data sets not created by an FSA. This research was also motivated
by the observation that activations in the hidden unit space of a simple recurrent network (SRN)
form elongated or ellipsoidal clusters (See Figure 6-1). It was hoped that using a clustering method

able to extract ellipsoidal clusters would allow a more precise FSA to be extracted.

Lipson and Siegelmann [1998] describe the use of a correlation matrix to allow a neuron to map
higher-order information, such as orientation and scaling. Our research develops the correlation
matrix representation into a clustering tool that classifies neural-network data sets more accurately
than traditional spherical methods. This clustering tool is then used in an on-line training structure
similar to that described by Das and Moser [1998].

Two data sets are used to examine and compare the clustering algorithms. A benchmark set
extracted from Zupan [1982] is used, as well as another contrived data set designed for the
identification of elliptical clusters. Some results obtained by training on a spoken-language data set
are discussed. Finally, the source code is given for the clustering algorithms as well as a suite of

utility programs developed in the course of the research.






Part 1 — Clustering Algorithms and Distance Metrics

1.0 Clustering Theory and Definition of Terms

1.1 Pattern Vector
Each point (pattern) in the data set over which we wish to perform clustering can be represented as

avector X; in n-dimensional space.
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The dimensions of this space need not correspond to the traditional Cartesian dimensions. Each
dimension may be any measurable property of the data set, as long as this representation is
consistent across the entire set. For the purposes of visualisation and interpretation of results, it is

still necessary to map the datainto a 2D space for display.

It is worthwhile to note that some clustering methods are sensitive to the distribution of data within
the set. For example, if adimension in the data space represents a Boolean value (i.e. the dimension
only ever takes the values 0 and 1), this may have a large impact on the success of a clustering

method that assumes a continuous distribution over the dimension.

1.2 Distance

The distance metric chosen for use in clustering has a strong effect on the generation of clusters
which is not explicitly obvious. In effect, the distance metric determines the perception of the
clusters by the algorithm, which operates without the benefit of the sophisticated neural clustering
software we use for vision. The effectiveness of most clustering algorithms varies considerably

with different distance metrics.

If data is represented as points in a three-dimensional space, it is easy to visualise our intuitive

definition of distance separating objectsin thereal world. Thisis Euclidean distance, calculated by

1

deu()_(i X ): gél (Xi,k - X,-,k)2 gz Equation 1

where X and X; are the vectors i and j between which the distance is calculated and k=1..n

specifies each of n dimensions.



1.3 Cluster
A cluster isanumber of patterns grouped together according to some rules. Zupan [1982, p4] states

“the goa of clustering is to find groups containing objects [patterns] most
homogeneous within the group, while at the same time groups are heterogeneous

between themselves as much as possible.”

Cluster representations can be stored in various forms depending on the underlying distance
metric. Clusters generated with Euclidean distance are usually represented by the centroid
of the cluster. In many situations, this provides an inadequate representation of the cluster.
Figure 1-1 shows some clusters for which representation by a single point is particularly
bad.

Higher order distance metrics may alleviate this problem by using a cluster representation

that encapsulates the shape of the cluster.
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Figure 1-1 A modified set of clusters[Zupan 1982, p39] that are poorly
represented by their centroids (indicated by circles).



2.0 Distance Metrics
The two metrics examined in the report are compared in terms of the shapes that the resulting

clusters adopt, and in terms of the decision surfaces between adjacent clusters.

2.1 Euclidean Distance Metric
As stated previoudly, the Euclidean distance given by eqtn (1) corresponds to our real-world
definition of the distance between two objects. Using a Euclidean metric will result in clusters that

are hyper-spherical (in n dimensions). The decision surfaces are hyper-planes in the data space.
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Figure 2-1 Hyper-planes separating spherical clustersin a
two dimensional space.

Figure 2-1 shows flat decision surfaces resulting from a number of Euclidean cluster centroids in
two dimensions.

Figure 2-2 shows that the equidistance surface of a single cluster forms an inverted cone with the
vertex at the centroid. Horizontal cross-sections of this surface form a series of equally spaced
concentric circles surrounding the centroid. Compare this with Figure 2-5, which shows a similar
measurement taken with a second order distance metric.

Figure 2-3 shows the intersecting equidistance surfaces of several co-existing clusters.

Figure 2-4 shows the decision surfaces for the situation presented in Figure 2-3. The graph drawn
represents the minima of the conesin Figure 2-3. The decision surfaces are the lines formed by the

intersection of the cones.



Figure 2-2 The Euclidean distance surface of a single spherical cluster at (8, 10).
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Figure 2-3 Several spherical clusters. The

decision planes can be seen by looking at the Figure 2-4 The decision planes arevisible asthe
minima of these surfaces. inter sections of the surface contours.




2.2 Second Order Distance Metric
The second order distance measure is not actually taken between two points in data space, but is
taken between a point and a cluster. Since this is the most common use of a distance metric in

cluster analysis, this distinction does not pose too many problems.

The order-2 measure indicates how well a test point “fits’ the data in an existing cluster. The

training vectors are converted to homogenous form by appending a 1 to each vector:

X, =

Equation 2

oD
[ e e g

This dispenses with the need to normalise each cluster by moving its centroid to the origin.

A correlation matrix is generated for each cluster, by summing the covariance matrix of each point
within the cluster and normalising for cluster size.

R,=a XX/’ Equation 3
where R, ; isthe homogenous correlation matrix for cluster j, X, is avector belonging in cluster j

and size(j) is the number of vectors currently belonging to cluster j. Note that X ZT forms the

cross product of the vector X, with itself.

The second order distance d, isthen measured by choosing atest point X , and calculating

0|02(>_<’C;):XTRM'l)z Equation 4
where C; isthe cluster to measure second order distance to and R, ; is the homogenous correlation

matrix generated for C,. This gives a measurement similar to Euclidean distance, in that a low

valuefor d_, denotes ahigh similarity or closeness between the test point and the cluster.

The correlation matrix representing clusters generated using egtn (3) store information about the
extent of the cluster along each dimension in the data space. This representation is able to describe

elongated clusters, whereas using the Euclidean distance d_;, these clusters would need to be

represented by multiple Euclidean centroids.

Figure 2-5 shows a perfectly spherical cluster as represented by a correlation matrix. The second
order equidistance surface is shown. The surface is bowl shaped; the sides of the surface are
parabolic. Compare this graph with Figure 2-2, where the surface is conical. Horizontal slices

(contours) through this surface will give a series of concentric circles, similar to the Euclidean

7



equidistance surface in Figure 2-2. However, the spacing of the contours will not be even; the

contours become more closely spaced further away from the center of the cluster.

Figure 2-6 shows an elliptical cluster as represented by a correlation matrix. The equidistance
surface is once again bowl shaped, but is stretched along the primary axis of the cluster. The
Euclidean equidistance surface of this cluster would be a cone similar to Figure 2-2. Horizontal
dlices through this surface will give a series of concentric ellipses. This is the natural shape of

clusters represented in the method described here.
Figure 2-7 shows the second order equidistance surfaces of several co-existing clusters.
Figure 2-8 shows the decision surfaces for the situation presented in Figure 2-7. The graph is the

second order equidistance contours of the minima of the surfaces. The decision surfaces are hyper-

parabolas, evident at the intersection of the contours.



Figure 2-5 The correlation distance surface of a spherical cluster at (50, 50).
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Figure 2-6 The correlation distance surface of an elliptical cluster at (80, 80).
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Figure 2-8 The parabolic decision surfaces can be seen asthe inter section of the distance
contours.
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2.2.1 Second Order Distance Implementation Issues

The primary distinction between Euclidean measurement and second order measurement is that the
second order measure cannot be taken between two points. The obvious solution to this is to
generate a cluster consisting of only one point. Unfortunately, due to the method of generating the
correlation matrix, clusters with a single point always result in singular correlation matrices. This
precludes using the second order distance metric, as the measurement requires the correlation
matrix to be inverted. Clusters with fewer than four points will usually generate matrices that are

either singular or very badly scaled.

One attempted solution was to generate a very small (in area) hyper-spherical cluster centered at the
centroid of the small cluster. “Dummy” points can be generated at a small distance from the
centroid along each dimension. The resulting clusters do not generate singular matrices, and
approximate the second order distance measure one would expect from a single point. When the
real cluster has accumulated more than a threshold number of points, the “dummy” points can be

discarded. For the purposes of implementation, this threshold was taken at four points.

Due to the fundamental operation of the second order distance metric, clusters with asmall area will

usually give a greater d,, (and thereby correlate worse) than a cluster with a large area.  This

causes test points to tend towards clusters that are comparatively far away (but large in area) rather

than nearby, smaller clusters. This problemisalleviated by normalising the d,, measure.

i.fr.c)-dabec)

Equation 5
d q

av,j

The second order distance is normalised by dividing the measure taken in egtn (4) by the average
distance from all points within the cluster to the cluster itself (d,, ;).

d. . isgenerated using

av, j

o size(j) —
4 d. \x .,C.
Ao = Qi . Oez((.)“ ') Equation 6
: size(

where X;; isavector aready belongingin C; .
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2.3 ldentifying Badly Formed Clusters

When analysing the results of a clustering run on atwo-dimensiona data set, it is relatively easy to
see whether the results are good or bad. Data sets with higher dimensionality are difficult to
visualise in thisway. To aid in developing a clustering method for use with the correlation distance
measure, it would be useful to be able to identify bad clusters automatically. The clustering
algorithm will then be able to reclassify pointsin a“bad” cluster to improve its shape.

The only information an algorithm has about a cluster is the distribution of points within it. A
perfectly identified cluster is one where it is possible to draw a contour on the equidistance surface

that closely matches the apparent boundary of the cluster, as a human would perceiveit.
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Figure 2-9 An €lliptical cluster.

Figure 2-10 Thedistribution of correlation for a well-
defined cluster. Standard deviations are shown.
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Figure 2-11 A difficult cluster.
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Figure 2-9 shows an elliptical cluster that is able to be well represented by the correlation matrix.
The distribution of second order distance measured using eqtn (4) within this cluster is shown in

Figure 2-10. All the points lie within two standard deviations of the mean.

Figure 2-11 shows a cluster that cannot be accurately represented by a second order correlation
matrix. The distribution of second order distance within the poorly defined cluster is skewed to the
right, as shown in Figure 2-12. This means that relatively more points have a bad correlation within
the cluster, compared to the elliptical cluster. We can test how well atest point fits into a cluster by

picking a threshold number of standard deviations above the mean distance as a criterion.

13
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3.0 Clustering Algorithms

3.1 Modified Adaptive Forgy’s Algorithm
For Order-1 (Spherical) Vector Quantisation

This algorithm is modified from a description of Forgy’s algorithm in Das & Moser [1998]. Itisan
adaptive & deterministic algorithm. Clusters are represented by the arithmetic mean (centroid) of
the vectors they contain. The algorithm uses Euclidean distance for all distance measures.

M odifications were made to the new cluster criterion and the termination criterion, at lines 1 and 2.

= Define X : current training vector

*= Define C,, : cluster with centroid closest to X

*= Define d,, : average distance from all vectorsto their classified cluster centroids

*= Define d,, : distancefrom X to C

= Define e, : previous classification error

= Define e, : current classification error

* Define pgq: aparameter controlling the creation of new clusters (typical value 0.5)

= Define Psop: @ parameter  controlling when to stop  clustering

(asmall positive number, typical value 0.0001)

= Add all training patternsto a single cluster
= Takethe vector furthest from the centroid and make a new cluster

= Cdculate e,
* repeat
" eprev = ecurr
= for X :=each vector in the training set
= Caculate d,,
= Find C, andcalculate d
1 = if (dnear > Puis >dav) then
= make anew cluster using X,
= else
* movevector into C
= endif
= end for
= Cadculate e

curr

2 = until ((ecurr < eprev) U ((eprev - Cur ) < ps(op »

15
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3.2 Adaptive Order-2 Clustering Algorithm

Using an order-2 (Ellipsoidal) distance metric

This algorithm uses the second order distance metric for all distance calculations. Terms such as
‘closest’” and ‘furthest’ are referring to second order distance. Section 2.2 outlines this distance
metric and cluster representation. The algorithm is both adaptive and deterministic.

Normalised second order distanc&e(doz) are used when comparing distances between clusters. For

example, when finding the nearest cluster (C,,, ) to atest point, the comparisons are made between

normalised second order distances.

The method for identifying badly classified vectors for reclassification described in section 2.3 is

utilised in this algorithm. A test is made at line 1 to determine whether the vector X, will change
classification. If X will retain its current classification, a test at line 2 determines whether X is
well classified in C; . If the second order distance from X to C; is further than a threshold
number of standard deviations above the mean for C; , it is badly classified in C, , and may be
reclassified. A second-best cluster isidentified (C,,, ), which is the cluster closest to X after C, .
X, istested in asimilar fashion against C,, at line 3. If this test succeeds, then X, is sufficiently

well classifiedin C,,, to warrant placing it there. Otherwise, the creation of a new cluster using X

isjustified.

17
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Define X : current training vector

Define C,, : cluster which X is closest to using second order distance

Define C,,, : cluster which X isclosest to, disregarding C, .,

Define C, : current classification of X

Define aav,. : average normalised second order distance from X, to all existing clusters
Define d,, ;: average second order distance from all vectorswithin C; to C,

Define d
Define d,, : second order distance from X to C .
Define d,,, : second order distance from X to C,,,
Define e, : previous classification error

sddev,j - Standard deviation of distance from al vectors within C; to C,

Define e, : current classification error

Define pyyq, : @ parameter determining the number of standard deviations from d,, ; a
vector X;; must be beforeit is considered badly classified (typical value 2.0)

Define s,,. : the average number of vectors per cluster

Define s : the number of vectorsin C,

Define pg,: a parameter determining what proportion of s,,. a cluster must have

below which it is considered small (typical value 1.0)

Define p,,,: a parameter determining whether to create a new cluster containing an
unclassified vector (a positive number less than 1.0)

Define py,,: a parameter controlling when to stop clustering (a small positive number,

typical value 0.01)




= for X :=each vector inthetraining set

" If (anear >= pnew >d\av," ) then

* makeanew cluster using x;

» ese[ X isclassified sufficiently well in C_, ]
= move X into C.,

= endif
end for
Calculate €

Make an initial cluster containing the single vector closest to the centroid of the data set

curr
* repeat

N e

prev — Seurr
» for X :=each vector inthetraining set
* Find C,

= if (Co * C;) then

= Move X into C_,

= dse[(Cr =C )]

= Cadculate d; ,d,,;, and d

% ' Jav,X stddev, %,
= I ((dx- B dav,x- )E (dstddev,x- XPader., » then

" Leave X inC,

» else[ X isbadlyclassfiedin C, ]

= Find C,, and calculate d,,

= Cdculate d,, 5 ad dyyse 2ng

= I ((dan ) dav,2nd)£ (dstddev,an *Pstadev,2nd )) then
= Move X into C,,

» ese[x isbadlyclassifiedin C,,, ]

= Makeanew cluster using X

» end if
= endif
» end if
= end for
= Caculate e

curr

= until ((ecurr < eprev)U(ePfev " Ceurr ) < pSIOp)

[optional procedure to eliminate small clusters|
»= Caculate s,,.

= for C]. := each cluster
= Cdculate S
= |f (sj <S,- ngze) then

= cull C; by reclassifying vectors

= endif
= endfor

19
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4.0 Data Sets

4.1 Benchmark Set
This data set is used as a benchmark to compare the clustering methods. It has been transcribed
from Zupan [1982, p57].

Zupan bechmark set
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Figure 4-1 The benchmark data set [Zupan 1982, p57].
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4.1.1 Data (Benchmark)

22

Benchmark data set from p57 of

Zupan, J. 1982, Clustering of Large Data Sets, John Wiley & Sons Ltd., Chichester.
Transcribed by Dylan Muir (dr.muir@student.qut.edu.au)

Date: 6th October, 2000

Point X y Point X y Point X
1 6 1 51 24 16 101 7
2 7 1 52 26 18 102 7
3 8 1 53 28 20 103 13
4 9 1 54 30 22 104 14
5 6 2 55 32 24 105 15
6 7 2 56 34 26 106 16
7 8 2 57 36 28 107 16
8 9 2 58 29 15 108 16
9 25 0 59 31 13 109 12

10 26 0 60 33 11 110 12
11 27 0 61 35 9 111 12
12 28 0 62 37 7 112 13
13 25 1 63 47 12 113 14
14 25 2 64 46 13 114 15
15 25 3 65 48 13 115 7
16 26 4 66 47 14 116 8
17 28 1 67 35 17 117 9
18 27 2 68 36 17 118 10
19 43 1 69 34 18 119 9
20 44 1 70 34 19 120 11
21 45 1 71 37 18 121 12
22 46 1 72 37 19 122 11
23 47 1 73 35 20 123 13
24 48 1 74 36 20 124 28
25 45 2 75 4 22 125 39
26 45 3 76 15 27 126 39
27 45 4 77 15 28 127 40
28 45 5 78 14 27 128 40
29 46 2 79 14 28 129 41
30 46 3 80 13 29 130 42
31 46 4 81 12 29 131 44
32 46 5 82 12 27 132 44
33 10 7 83 10 28 133 45
34 9 8 84 9 29 134 46
35 11 8 85 10 30 135 45
36 8 9 86 9 31 136 44
37 12 9 87 8 30 137 45
38 8 10 88 6 30 138 46
39 8 11 89 5 30 139 46
40 7 12 90 5 31 140 45
41 6 14 91 5 32 141 45
42 8 15 92 8 32 142 45
43 13 8 93 8 33 143 45
44 16 8 94 6 34 144 46
45 18 10 95 6 35 145 46
46 20 12 96 6 36 146 48
47 22 12 97 6 37 147 49
48 21 13 98 7 34 148 50
49 20 14 99 7 35 149 49
50 22 14 100 7 36 150 48
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29
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29
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4.2 Discretionary Set
The author has created this contrived data set with suggestions from Michael Towsey, to provide a
set that is both strongly ellipsoidal and deliberately difficult to cluster.

Discretionary Ellipsoidal Set
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0
0.2 X x
X X
0.4
X X X)K X ° .. : ‘. ° .
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0.6 1 x<x© X ® e e "0 q¢ .
>§K °
X *(% % R A A
0.8 <X A
Xy A
X >SK X A A
A
1- X K< A“‘
X X A A
X X A
A A
1.2 X, X
X x7X y
. A A &K Ax
1.4 - o* % R X x X
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Figure4-2 A contrived strongly ellipsoidal data set.
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4.2.1 Data (Discretionary)

Discretionary ellipsoidal data set
Created by Michael Towsey (Michael.Towsey@gmd.de)
and Dylan Muir (dr.muir@student.qut.edu.au)
Transcribed by Dylan Muir (dr.muir@student.qut.edu.au)
Date: 8th October, 2000
Point X y Point X y Point X y
1 0.45 1.57 33 1.91 0.25 65 1.34 1.03
2 0.25 1.55 34 1.84 0.33 66 0.97 1.54
3 0.45 1.75 35 1.96 0.29 67 1.43 1.10
4 0.65 1.55 36 1.96 0.17 68 1.68 0.51
5 0.45 1.35 37 1.84 0.21 69 1.22 0.95
6 0.31 1.69 38 1.90 0.34 70 1.15 1.43
7 0.31 1.41 39 1.82 0.28 71 1.00 1.33
8 0.59 1.69 40 1.98 0.22 72 1.65 0.72
9 0.59 1.41 41 1.90 0.16 73 1.50 0.62
10 0.35 1.65 42 1.90 0.31 74 1.20 1.32
11 0.35 1.45 43 1.84 0.27 75 1.09 1.25
12 0.55 1.65 44 1.96 0.23 76 1.56 0.80
13 0.55 1.45 45 1.90 0.19 77 1.45 0.73
14 0.51 1.61 46 1.94 0.24 78 1.46 0.89
15 0.39 1.61 47 1.90 0.29 79 1.25 1.20
16 0.39 1.49 48 1.86 0.26 80 1.19 1.16
17 0.51 1.49 49 1.90 0.21 81 1.40 0.85
18 0.43 1.55 50 1.89 0.26 82 1.29 1.08
19 0.45 1.53 51 1.89 0.25 83 1.31 1.02
20 0.47 1.55 52 1.91 0.24 84 1.36 0.97
21 0.45 1.67 53 1.94 0.28 85 1.39 1.07
22 0.45 1.43 54 1.86 0.22 86 1.26 0.98
23 0.33 1.55 55 1.87 0.30 87 1.11 1.33
24 0.57 1.55 56 1.93 0.20 88 1.54 0.72
25 0.37 1.73 57 1.93 0.32 89 1.27 1.29
26 0.27 1.63 58 1.87 0.34 90 1.04 1.51
27 0.37 1.37 59 1.82 0.24 91 1.09 1.17
28 0.27 1.47 60 1.82 0.31 92 0.96 1.46
29 0.63 1.63 61 1.98 0.19 93 1.69 0.59
30 0.63 1.47 62 1.93 0.16 94 1.61 0.54
31 0.53 1.73 63 1.98 0.26 95 1.56 0.88
32 0.53 1.37 64 1.87 0.18 96 1.38 0.76
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Point
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
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X
1.04
0.48
0.96
1.62
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0.59
0.72
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1.29
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1.00
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1.59
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1.36

y
1.06

0.48
1.14
1.62
0.96
0.72
0.59
151
1.38
0.81
0.72
1.38
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1.25
0.91
0.85
1.19
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1.11
1.10
1.00
0.71
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Point
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
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157
158
159
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X
0.74
0.18
0.66
1.32
0.84
0.29
0.42
1.08
1.21
0.42
0.51
0.99
1.08
0.89
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0.61
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0.69
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0.81
0.70
0.80
0.41
1.09
0.44
0.21
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0.90
1.06
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5.0 On-line Clustering While Learning

Das and Moser [1998] outline a recurrent network architecture that incorporates online cluster
analysis and soft classification while training. The architecture presented here is a hybrid of these
ideas and the EIman recurrent architecture. Das and Moser use second-order connections in their

architecture; the Elman architecture requires only first-order connections.

| cluster analysis
output | module

/\ codebook

error

EEEEEE .’ classification and
interpolation module

hidden context

Input

Figure 5-1 The proposed online clustering while lear ning ar chitecture.

This clustering architecture relies on the assumption that when a recurrent net is trained on a
language task, the states of a Finite State Automaton can be inferred by identifying the clusters of

hidden unit activations.

In the standard EIman architecture, the hidden unit activations are copied 1-to-1 into the context
layer. In the proposed online clustering architecture shown in Figure 5-1, the cluster anaysis
module identifies the clusters of hidden unit activations and generates a codebook. A classification
and interpolation module sits between the hidden layer and the context layer. The hidden unit

activations are interpolated with the classified activations before being copied into the context layer.
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To facilitate learning, the system uses a ‘soft’ classification, as described by Das & Moser [1998].
The current prediction error of the network is used to generate avalue a . This value determines
the ‘strength’ of the classification. For a less than 1.0, the context unit activations will be an
interpolation between the current hidden unit activations and the identified cluster that this set of
activations belongs to.

c=(1-a)h+ai. Equation 7
where:

(@]

isthe vector formed by the context layer activations
h isthe vector formed by the hidden layer activations

isthe centroid of the cluster that h classifiesto

= !

a issome function of the current prediction error.

Any suitable function can be used to generate a . We use a variant of Das' and Moser’s [1998]

function

a = el f Roree) Equation 8
where:

f isaparameter used to adjust the rate at which the *strength’ of clustering increases

€.reed 1S the corrected mean prediction error, given by

C

mean squared output error .
e —J X P Equation 9

correcied numoutputs

Since the context layer does not sit between the hidden layer and the output layer, the error does not

have to be propagated through it for learning.
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6.0 FSA Extraction and Generation

Elman Simple Recurrent Networks (SRNs) have been shown to be able to infer finite state automata
(FSAs) when trained on time-dependent data [Giles & Omlin, 1993a & 1993b]. Research has also
been performed [Schellhammer et al., 1998] to investigate the extraction of previously unknown

FSAs from networks trained on a simple language corpus.

This research relies on the assumption that a recurrent network trained on a language corpus will
infer an FSA in the activations of the hidden layer. The states of the FSA are defined by performing
cluster analysis on the set of hidden layer activations over the corpus. The resulting codebook can

be used to determine what state the network isin at any time.

Figure 6-1 The hidden layer activationsfor arecurrent network trained on a
spoken language cor pus.

In Figure 6-1, the network has generated internal states that can be seen using principal components

anaysis to map the system into three dimensions.
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However, FSAs extracted from neural networks rarely contain a minimal representation of the
grammar learnt by the network. The states represented by the hidden layer tend to smear and
overlap. If the network is being used to emulate an FSA, as in Das and Moser [1998], the locus of
activation caused by the sequential input tends to shift for long strings. This resultsin an FSA that

changes structure over time.
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7.0 Results

Results in this section were obtained through implementation of the on-line clustering architecture
outlined in section 5.0. The networks were trained with the Wales spoken language corpus, which
consists of lexically tagged transcripts of conversations involving children of various ages. This
corpus differs greatly from the commonly used test sets, such as the Tomita languages. These more
common corpora are highly deterministic in nature, and have of course been constructed artificialy.
This allows relatively ssmple representations of their grammar by FSAs. Spoken language, on the
other hand, has proven extremely difficult to represent with deterministic FSAs. The Wales corpus
is not very predicable; bi-gram prediction results in a 40% correct prediction rate and a standard

Elman recurrent architecture achieves a 45% correct predication rate.

7.1 Training

The data set used in obtaining these results consisted of lexically encoded conversations with six-
year-old children, where the utterances not spoken by the test subject were removed. The data
contained 23 lexical categories, and the network activations were reset at the beginning of each

utterance. The network was trained to perform a one-step |ook-ahead task.

Networks were trained in three groups. The first group was trained with no on-line clustering, using
the standard Elman recurrent network architecture. This group acted as a ‘control’ group. The
second group was trained with the new on-line clustering architecture, using a value for f in egtn
(8) that ensured ‘weak’ clustering, where the hidden-layer activations were only weakly modified
by the interpolation with their classified counterparts. This group was dubbed ‘AVQ-lo’. The third
group was likewise trained with the new architecture, but with a value for f that ensured ‘strong’

clustering, where the hidden-layer activations were pushed strongly towards the classified
activations. Thislast group was dubbed *AVQ-hi’.

All networks had the same basic topology: 23 neurons each in the input and output layers, and 16

neurons each in the hidden and context layers. The clustering method used for both on-line

clustering as well as state extraction was the order-1 algorithm outlined in section 3.1.
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7.2 Outcomes

AVQ-hi vs No Clustering

45.00%

40.00% Bigram score
B 0 e e e e e —

35.00%

30.00%

Prediction score

25.00% -

20.00% -+

Unigram score

15.00%

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Epoch

Figure 7-1 Theresult of training a single network with the on-line clustering ar chitecture
compared to a network trained without on-line clustering. Thethick dark linesarethe
prediction scoresfor the AVQ-hi network on (top to bottom) training and test data. The
thinner lines arethe prediction scoresfor the networkstrained without clustering, for the
sameinput data.

Figure 7-1 shows the result of training with the on-line clustering architecture. The training and test
results are comparable to the standard EIman networks. Averaged over a number of runs, the AV Q-
hi networks predict slightly better than the standard nets on the test data.

Figure 7-2 shows the number of states required to extract an FSA from each of the network groups.
The AVQ-hi group required half as many states as the networks trained without any clustering, and
the resulting FSAs predicted more accurately on the one-step look-ahead task than the FSAs
extracted from the control networks.

These results reproduce benefits identified by Das and Moser [1998]. However, the goa of our
research was to advance this result further by using a more sophisticated clustering scheme. The
PCA plot in Figure 6-1 at least partially shows that the ‘natural’ clusters formed by the hidden layer
activations are not hyper-spherical, but are elongated. It was proposed that a hyper-ellipsoidal

cluster would more naturally represent the states of the internal FSA. Therefore a network trained
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with on-line clustering based on a second-order distance metric should produce a further reduction

in size of the extracted FSA, while obtaining still better prediction scores.

# of required states

Score of FSA

NC AVQ-lo AVO-hi
Method

Figure 7-2 Theresult of FSA extraction from thethree sets of networks.

The second-order distance metric outlined in section 2.2 was implemented to test this hypothesis.
The details of this implementation are in section 9.3.12. A clustering algorithm was developed to
use this metric, and was incorporated into tlearn in the same way as tlavq (section 9.2.11). This
algorithm was tested on a small data set of features extracted from musical melodies [Towsey et. a.
2001, p63]. The resulting clusters were compared against a PCA plot, which showed that the
clusters were elongated in the direction of the second principal component. This confirms that the

clustering algorithm was identifying the most important features of the data.

This algorithm worked, but re-classified every data point several times for each new cluster
generated. The agorithm scaled very badly to the large data sets used by the on-line clustering

system, to the extent that results could not be obtained in reasonable lengths of time.

The algorithm in section 3.2 was an attempt to resolve this issue, by constructing an algorithm that
would not require frequent re-classification of the entire data set. Unfortunately this algorithm was
not working by the end of the project. The problem seems to be in the initial formation of clusters.
When a cluster consists of a small number of points, the correlation matrix representation becomes
badly skewed along the principal axis of the cluster. Various attempts were made to solve this
problem, with limited success. Section 9.2.10 contains o2clust, the implementation of the algorithm
in section 3.2. The notes for o2clust contain more detail about the attempted solutions and some

suggestions for further modifications.
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Part 2 — Software
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9.2 Applications and Utilities
9.2.1 tlearn

tlearn is a software package written by Jeff ElIman and others. It simulates “layers’ of neurons
interacting with user-specified connections, and can perform training by back-propagation. This
portion of the technical report describes the inner workings of tlearn and the components that make
up the software. The intent is for the reader to be able to reverse-engineer the software in order to
extend it.

An example of such an extension is tlavq (described in section 9.2.11), which extends tlearn by
adding an on-line clustering module with associated command-line switches.

Networks modeled by tlearn

Neurons in the network are grouped into layers, and connections between these layers are specified
by the user in the command file (which usually has a .cf extension). The default connectivity is for
complete connections from one layer to another. This can be changed to copy-back connections for
recurrent nets. The default neuron transfer function is a sigmoid, but can also be specified to be
linear. Links are by default included in any training performed, but can be set to fixed untrainable
weightsif desired. Trained networks can be run through the network to extract their outputs as well
astheir hidden unit activations.

tlearn network configuration files

The structure of the neural network for simulation is defined at run-time using a configuration (.cf)
file.

exanpl e. cf

NODES:

nodes = 12 Specifies the number of neurons in the network. Inputs do
not count as nodes.

i nputs = 4 Specifies the number of inputsinto the network.

out puts = 4 Specifies the number of outputs from the network. Output

neurons are included in the node count.
out put nodes are 5-8 Specifies which nodes are to be sampled for their outputs.
(Also used for training)

CONNECTI ONS:

groups = 0 Specifies the number of groups of nodes. Groups are
constrained to have the same weights on their connections.
Thisisnot terribly useful, and is usualy O.

1-4 fromil-14 Specifies that nodes 1 through 4 are fully connected from
inputs 1 through 4.

5-8 from1l-4 Specifies that the output nodes (5 through 8) are fully

connected from hidden units 1 through 4.

9-12 from1l-4 = 1.0 & 1.0 fixed one-to-one Thisline specifies that nodes 9
through 12 are “context”
neurons.  Their connections
from nodes 1 through 4 are
constrained to have weights of
1.0. Their activations are
copied from nodes 1 through 4
on each sweep.

SPECI AL:
linear = 9-12 Specifies that neurons 9 through 12 use a linear output
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function.

selected = 1-4 Specifies that when performing a run to probe the network’s
hidden units, the activations from nodes 1 through 4 will be
extracted.

This configuration file describes the network shown below.

——
5 (output units) 8
1 (hidden units) 4 9 (context units) (linear) 12
il (inputs) i4
Figure 9-1 Example networ k configuration for tlearn.

For a more detailed description of the configuration options, see the tlearn manual. The next page
isaquick reference guide to tlearn’s command-line switches.
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tlearn
—f<fileroot>

- r<|learning.rate>

- m<momentum>

- s<sweeps>

- I<old.weights.file>

- X (use.reset)
—M<RMSerr.target>

- EXRMSerr.checkpoint>
- C<weights.checkpoint>
- S<RNG.seed>

- V<Verify learning>

- R (randomise.input)

- P (probe.selected)

Figure 9-2 tlearn quick reference page.
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9.2.2 tlearn’s Internal Structure

tlearn iswritten in the Kernighan and Ritchie dialect of C. It has no function prototypes and uses a
non-ANSI method for declaring function parameters, which can make understanding the source
code difficult at times. This section contains the documentation resulting from the reverse-
engineering process, including function prototypes and descriptions as well as the global variable
definitions.

Source code files

tlearn.c | - Reads command-line switches
Opens configuration file

L oads weights from file (if specified)
Initialises biases

Main sweep loop
parse.c | - Readsand interprets configuration file
Sets up network configuration arrays
update.c | - Loadsinputs and outputs from disk

Manages updating of targets and input values
Manages updating of weights (but not their desired values)

activate.c | - Cdculates network activations

compute.c | - Caculates error measures
Calculates error signals and desired weight deltas
Determines weight updates required for learning

arrays.c | - Allocates arrays
weights.c | - Saves and loads weights to/from disk
subs.c | - Various misc. output functions

Network reset functions

exp.c | - (Separate program) creates a lookup table for exponential

function
Source file module descriptions
tlearn.c
Structures
struct  cf { [* Connection information */
int  con, [* FLAG: This connection exists */
fix, [* FLAG: This connection has afixed weight */
num [* Group number this connection belongsto */
lim; /* FLAG: This connection has weight limitsimposed */
float min, /* Minimum allowed weight */
max; /* Maximum allowed weight */
¥

This structure is used in atwo-dimensional array cinfo. Each cell holds the connection information
between two nodes:
struct cf  **cinfo[to][from].

High-dimensional arraysin tlearn are indexed separately along their dimensions. For example,
struct cf  *ci = cinfo + to;
*(ci + from) = data;

struct  nf{ /* Node information */
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int  func, /* Which output function this node uses */
dela, [* FLAG: This node has a delayed output */
targ; [* FLAG: Thisnodeis an output node (i.e. atarget for learning */

h

This structure is used in the array ninfo. Each cell holds the node information:
struct nf  *ninfo[node].

Exported variables
/* Node counts */

int  nn, /* Number of “real” nodes (i.e. not including inputs or bias nodes) */
ni, /* Number of input nodes */
no, /* Number of designated output nodes */
nt, [* Total number of nodes (nn + ni + 1) */
np; [* Index to first “rea” node (ni + 1) */

[* Information arrays */
struct cf **cinfo;  /* 2D ARRAY[nn][nt]: Connection information between all nodes */
struct nf *ninfo;  /* ARRAY[nn]: Node information for al nodes*/

/* Node flag arrays */
int  *outputs, /* ARRAY[no]: Indices of output nodes */
*selects, /* FLAG ARRAY[nn + 1]: Thisnode is selected for probe output */

*linput; /* ARRAY[ni]: Localist input array */

[* Network state arrays */

float *znew, /* ARRAY[nt]: Activations of nodes at timet + 1 */

*zold, /* ARRAY [nt]: Activations of nodes at timet */
*zmem, /* ARRAY [nt]: Saved activations of nodes at timet */
**w, [* 2D ARRAY [nn][nt]: Weight of connection [to][from] */
** dwt, [* 2D ARRAY[nn][nt]: Deltaweight to rectify error signal */
**winc, [* 2D ARRAY [nn][nt]: Actual desired weight increase for learning */
*target, /* ARRAY [no]: Target output values*/
*error, /* ARRAY[nn]: Error signals (output — target) */

*** pnew, /¥ 3D ARRAY[nn][nt][nn]: P-variable at time t+1 */
***pold; /* 3D ARRAY [nn][nt][nn]: P-variable at time t */

/* Network parameters */

float rate, [* Learning rate (default: 0.1) */
momentum, [* Momentum for learning (default: 0.0) */
weight_limit,  /* Bound for random weight initialisation limit (default: 1.0) */
criterion, [* RMS error target for end of learning (default: 0.0) */
init_bias; [* Offset for bias weight initialisation (default: 0.0) */
long sweep, [* Current sweep */
tsweeps, [* Total number of sweeps on this network */
report; [* Output RMS error every ‘report’ sweeps (default: 0.0) */
int  ngroups, /* Number of groups*/

/* Network flags */
int  backprop, [* FLAG: Use standard back-propagation? (default: YES) */
teacher, [* FLAG: Feed back targets during learning? (default: NO) */
localist, I* FLAG: Use localist-type input values? */
randomly, /* FLAG: Present inputs in random order? (default: NO) */
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limits,
ce;

I* Files*/
char root[128],
loadfile[128];
FILE *cfp;

Function prototypes
int main(INint argc,
/* -- Function main
* Pre: TRUE
* Post: TRUE

/* FLAG: Limit weight values? (default: NO) */
[* FLAG: Use cross-entropy error collection? (default: NO) */

/* Root portion of filename (i.e. ‘root’ .data, .teach, .cf, .reset, etc) */
[* Filename of saved weightsfileto initialise network with */
[* File pointer for .cf file*/

I N char **argv);

* Purpose: Initialise network, main sweep | oop

*/

voi d usage(void);
/* -- Function usage
* Pre: TRUE

* Post: The command-

*/

i ne usage has been output to stderr

void intr(INint sig);

/[* -- Function intr

* Pre: sigis the received ternmination signal formthe OS

* Post: The current
*/

set of weights has been saved and tlearn has exit



Annotated source

/* tlearn.c - simulator for arbitrary networks with time-ordered input */
2
This programsinulates learning in a neural network using either

the cl assical back-propagation learning algorithmor a slightly

nodi fied formderived in WIllians and Z pser, "A Learning Al go-

rithmfor Continually Running Fully Recurrent Networks." The

input is a sequence of vectors of (ascii) floating point nunbers
contained in a ".data" file. The target outputs are a set of
time-stanped vectors of (ascii) floating point nunbers (including
optional "don't care" values) in a ".teach" file. The network
configuration is defined in a ".cf" file docunmented in tlearn. man
________________________________________________________________________ *
#i ncl ude <math. h>

#i ncl ude <stdio. h>

#i ncl ude <signal . h>

#i f def i bnpc

#i ncl ude "strings. h"

#i nclude <fcntl. h>

#el se

#i ncl ude <string. h>

#i nclude <sys/file.h>

#endi f

#i ncl ude <sys/types. h>

#i ncl ude <sys/stat.h>

#i f def ibnpc

#defi ne random(x) rand(x)

#def i ne srandom(x) srand(x)

#endi f

int nn; /* nunber of nodes */ Node count variables

int ni; /* nunber of inputs */

int no; /* nunber of outputs */

int nt; /* nn + ni + 1 */

int np; [* ni + 1%/

struct  cf { Information structures

int con; [/* connection flag */
int fix; [/* fixed-weight flag */
int nuny /* group nunber */

int lim /* weight-limts flag */
float mn; /* weight mninum?*/
float max; /* weight maxi num */

b

struct nf {
int func; /* activation function type */
int dela; /* delay flag */
int targ; /* target flag */

}

struct cf **cinfo; /* (nn x nt) connection info */

struct nf *ninfo; /* (nn) node activation function info */
int *out put s; /* (no) indices of output nodes */

int *sel ects; /* (nn+l) nodes sel ected for probe printout */

int *linput; /* (ni) localist input array */

float *znew; /* (nt) inputs and activations at tinme t+1 */
float *zold; /* (nt) inputs and activations at tinme t */
float *zmem /* (nt) inputs and activations at time t */
float **w; /* (nn x nt) weight TO node i FROM node j*/
float **dw; /* (nn x nt) delta weight at tine t */

float **winc; /* (nn x nt) accurul ated wei ght increment*/
float *target; /* (no) output target values */

float *error; /* (nn) error = (output - target) values */

float ***pnew, /* (nn x nt x nn) p-variable at tine t+1 */
float ***pold; /* (nn x nt x nn) p-variable at tine t */

float rate = .1; /* learning rate */
float monmentum = 0.; /* nonentum */
float weight_limt = 1.; /* bound for random wei ght init */

float criterion
float init_bias

0.;
0.,

/* exit programwhen rims error is less than this */
/* possible offset for initial output biases */

‘ Information arrays
‘ Node flag arrays
Activations, weights, target,

error signa and p-variable

arrays

Network parameters
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long sweep = 0; /* current sweep */

long tsweeps = O; /* total sweeps to date */

long report = 0; /* output rns error every "report" sweeps */

int ngroups = 0; /* nunber of groups */

int backprop = 1; /* flag for standard back propagation (the default) */ Network flags
int teacher = 0; /* flag for feeding back targets */

int localist = 0; /* flag for speed-up with localist inputs */

int randomy = 0; /* flag for presenting inputs in random order */

int limts =0; /* flag for limted weights */

int ce = 0; /* flag for cross_entropy */

char root[128]; /* root filenane for .cf, .data, .teach, etc.*/ Files
char loadfile[128]; /* filename for weightfile to be read in */

FILE *cfp; /* file pointer for .cf file */

void intr();

extern int load wts();

extern int save_ws();
extern int act_nds();

mai n(argc, argv)

i nt argc;
char **argv;
{
FILE *fopen();
extern char *optarg;
extern float rans();
extern long tinme();
/* extern int intr(); */
long nsweeps = O; /* nurmber of sweeps to run for */
long ttime = 0; /* nunber of sweeps since tinme = 0 */
long utime = 0; /* nunber of sweeps since |ast update_wei ghts */
long tmax = O; /* maxi mum nunber of sweeps (given in .data) */
long umex = O; /* update wei ghts every umax sweeps */
long rtime = 0; /* nunber of sweeps since |ast report */
long check = 0; /* output weights every "check" sweeps */
long ctinme = 0; /* nunber of sweeps since |ast check */
int Cc;
int i;
int i
int K;
int nticks = 1; /* nunber of internal clock ticks per input */
int ticks = 0; /* counter for ticks */
int learning = 1; /* flag for learning */
int reset = 0; /* flag for resetting net */
int verify = 0; /* flag for printing output values */
int probe = 0; /* flag for printing sel ected node val ues */
int command = 1; /* flag for witing to .cnd file */
int |loadflag = 0; /* flag for loading initial weights fromfile */
int iflag =0; /* flag for -1 */
int tflag = 0; /* flag for -T */
int rflag = 0; /* flag for -x */
int seed = 0; /* seed for random() */
float err = 0.; /* cunul ative ss error */
float ce_err = 0.; /* cumul ate cross_entropy error */
H o wwi: | Weight and p-variable array indices
float *dw
float *pn;
float *po;
struct cf *ci; | Connection information array index
char cndfile[128]; /* filenane for |ogging runs of program */
char cfile[128]; /* filenane for .cf file */
FILE *emifp; | cmd file pointer
signal (SIGNT, intr); .
#i fdef i bnpe Set up signal handlers
signal (SIGHUP, intr);
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ttime: sweeps since start of .data
file

tmax: number of elementsin .data

Flags and indices

Measured error values

.cf and .cmd filenames



signal (SIGQU T, intr);
signal (SIGKILL, intr);
#endi f

#i f ndef i bnpc
exp_init();
#endi f

root[0] = O;

while ((c = getopt(argc, argv, "f:hil:mn:r:s:tCEILMPRS: TU VXB:H "))
switch (c) {
case 'C:
check
ctime
br eak;
case 'f'
strcpy(root, optarg);
br eak;
case 'i':
command = 0;
br eak;
case '|"':
loadflag = 1
strcpy(loadfile, optarg);
br eak;
case 'm:
nonentum = (float) atof(optarg);
br eak;
case 'n':
nticks = (int) atoi(optarg);
br eak;
case 'P':
probe = 1;
| earning = 0;
br eak;
case 'r':
rate = (float) atof(optarg);
br eak;
case 's':
nsweeps = (long) atol (optarg);
br eak;
case 't'
teacher = 1;
br eak;
case 'L':
backprop = 0
br eak;
case 'V
verify =1
| earning = 0;
br eak;
case 'X:
rflag = 1;
br eak;
case 'E :
report = (long) atol (optarg);
br eak;
case 'I|"':
iflag = 1;
br eak;
case 'M:
criterion = (float) atof(optarg);
br eak;
case 'R :
randomy =1
br eak;
case 'S':
seed = atoi(optarg);
br eak;
case 'T
tflag = 1;
br eak;
case 'U:
umax = atol (optarg);
br eak;
case 'B':
init_bias = atof (optarg);
br eak;
/*
* if == 1, use cross-entropy as error
* jf == 2, also collect cross-entropy stats

(long) atol (optarg);
check;

= EOF) {

Get options

from
command
line
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*/
case 'H:
ce = atoi(optarg);
br eak;
case '?':
case 'h':
defaul t:
usage();
exit(2);
br eak;

if (nsweeps == 0){
perror("ERROR No -s specified");
exit(1);

/* open files */

if (root[0] == 0){
perror ("ERROR No fileroot specified");
exit(1);

if (command) {
sprintf(cmdfile, "%.cnd",
cmdf p = fopen(cndfile,
if (cmdfp == NULL) {
perror ("ERROR Can't open .cnd file");

root);
"a');

exit(1);
for (i =1; i < argc; i++)
fprintf(cmdfp,"% ",argv[i]);
fprintf(cmdfp,"\n");
fflush(cndfp);
}
sprintf(cfile, "%.cf", root);

cfp = fopen(cfile, "r");

if (cfp == NULL) {
perror ("ERROR Can't open .cf file");
exit(1);

}

get _nodes();
make_arrays();

get _out puts();

get _connections();
get _special ();

network arrays

Open files

Read network configuration and set up

if (!seed) Initialise random number generator
time(&seed);
srandomn( seed) ;
if (1oadflag)
| oad_wts();
el se {
for (i =0; i <nn; i++){
w=*(w +i);
dw = *(dwt + i);
W = *(winc+ i);
ci = *(cinfo+ i);
for (j =0; j < nt; j++, ci++ w+, W ++, dw+){
if (ci->con)
*w = rans(weight_limt);
el se
*w = 0.;
*wi = 0.;
*dw = 0. ;
}
}
/*
* |f init_bias, then we want to set initial biases
* to (*only*) output units to a random negative nunber.
* W index into the **wt to find the section of receiver

wei ghts for each output node.

* section is for unit O (bias),
*/
for (i =0; i < no; i++){

w = *(w + outputs[i] - 1);

ci = *(cinfo + outputs[i] - 1);
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if (ci->con)

*w = init_bias + rans(.1);
el se
*w = 0.;
} }
zold[0] = znew 0] = 1.;
for (i =1; i <nt; i++)
zold[i] = znewi] = 0.; .
if (bach]rop == \3%{] Initialising weights to random values

make_parrays();
for (i =0; i <nn; i++){

}
}

for (j =0; j <nt; j++){
po = *(*(pold + i) +j);
pn = *(*(pnew + i) + j);
for (k = 0; k < nn; k++, po++, pn++){
*po 0.;
*pn 0.;
}

}

nsweeps += tsweeps; .
for (sweep = tsweeps; sweep < nsweeps; sweep++){ ‘ MalnSNeepIoop start

for (ticks = 0; ticks < nticks; ticks+){ | Tick loop start

update_reset (ttine,ticks,rflag, & max, &reset); | Retrieve reset f|ag from .reset file

if (reset){
if (backprop == 0)
reset _networ k(zol d, znew, pol d, pnew) ;

el se (if reset flag is set)

reset _bp_net(zol d, znew);

Reset entire network if required

}

updat e_i nputs(zold,ticks,iflag, & max, & i nput); | Get input values from .datafile

if (learning || teacher || (report != 0)) ; ;
update_targets(target,ttine,ticks,tflag, & max); | Updatetarget OUtpUtSIf learnmg

act _nds(zol d, zmem znew, wt, | i nput, target); ‘ Update network activations

i (learning || (report !=0)) | Calculate error measures if required
conmp_errors(zold,target,error, &rr, &e_err);

if (learning & (backprop == 0)) Calculate weight changes
conp_del tas(pol d, pnew, wt , dwt , zol d, znew, error);

if (learning & (backprop == 1)) Iearning if required

conp_backprop(wt, dwt, zol d, zmem target, error, | input);
if (probe) ‘ Output selected nodes activationsif required

print_nodes(zol d);

(verity) o .
Vet EY) ot (201 ) ‘ Output output nodes activationsiif required

(report gc& (++rtime >=report)){ | Report the error measuresif required
rtime = 0;

if (ce == 2)
print_error(&ce_err);
el se

print_error(&err);

((:tcihﬁgk_&g_ (++ctime >= check)){ | Save current weights to a checkpoint
save_w s(S ;

fileif required

(rtime >= tmax) ‘ Next data value, check for roll-over to start of .datafile
(++utine >= unax){

utinme = 0;

updat e_wei ght s(wt , dwt , wi nc) ;

Next update sweep, check whether to update

weights and do so if required

If training occurred, save the weights.
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if (learning)

save_wWs();
exit(0);
}
usage() {

fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
fprintf(stderr,
}

voi d
intr(sig)
int sig;

save_w s();
exit(sig);
}

"\n");

"-f fileroot:\tspecify fileroot <always required>\n");

"-1 weightfile:\tload in weightfile\n");

"\n");

"-s #:\trun for # sweeps <always required>\n");

"-r #:\tset learning rate to # (between 0. and 1.) [0.1]\n");
"-m#:\tset momentumto # (between 0. and 1.) [0.0]\n");

"-n #:\t# of clock ticks per input vector [1]\n");
"-t:\tfeedback teacher values in place of outputs\n");

"\'n");

"-S #:\tseed for random nunber generator [random\n");

"-U #:\tupdate wei ghts every # sweeps [1]\n");

"-E #:\trecord rns error in .err file every # sweeps [0]\n");
"-C #:\tcheckpoint weights file every # sweeps [0]\n");
"-M#:\texit programwhen rnms error is less than # [0.0]\n");
"-X:\tuse auxiliary .reset file\n");

"-P:\tprobe sel ected nodes on each sweep (no learning)\n");
"-V:\tverify outputs on each sweep (no learning)\n");

"-R \tpresent input patterns in randomorder\n");
"-l:\tignore input values during extra clock ticks\n");
"-T:\tignore target values during extra clock ticks\n");
"-L:\tuse RTRL tenporally recurrent |earning\n");

"-B #:\toffset for offset biasi initialization\n");

"\'n");

Function intr

Function usage

parse.c

Function prototypes

voi d get _nodes(void);

/* -- Function get _nodes

* Pre: “root.cf” file has been opened

* cfpis a global file pointer to the configuration file

* The streamis at the start of the file

*Post: Sets nn, ni, no, nt and np according to configuration file
*/

voi d get_out put s(void);

/* -- Function get_outputs

* Pre: “root.cf” file has been opened

* cfpis a global file pointer to the configuration file

* get _nodes has been call ed

* Post: Reads “outputs” line from“NODES" section of configuration file
* Fills outputs[] array according to configuration file

*/

voi d get _connections(void);
/* -- Function get_connections
Pre: “root.cf” file has been opened

Post :

* Ok * * F

cfp is a gl oba
get _outputs has been call ed

Reads “ CONNECTI ONS” section of configuration file

file pointer to the configuration file

Fills cinfo[] structure array according to network | ayout

voi d get special (void);
/* -- Function get_speci al
* Pre: “root.cf” file has been opened
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/

Post :

cfpis a global file pointer to the configuration file
get _connections has been call ed

Reads “SPECI AL” section of configuration file

Sets weight limt global variable

Sets selects[] array for probing hidden nodes

Sets flags in ninfo[] structure array

void get_str(IN FILE *fp, OQUT char buf[], IN char str[]);
-- Functon get_str

/*
*
*
*
*

*

/

Pre:

Post :

fpis afile pointer to a file opened for reading

buf[] is a pre-allocated string buffer to read data into

str[] is the whitespace character expected after the next string
A whi tespace-term nated string was read into buf

void get_nuns(IN char str[], INint nv, INint offset, QUT int vec[]);
-- Function get_nuns

/*

L T I T

/

Pre:

Post :

str[] contains a string to interpret as a numeric set of nunbers

nv is the length of vec

offset is the offset to “real” nodes in the node arrays

vec[] is a pre-allocated array of flags for selection

The nuneric set in str was interpreted

vec[] is a set of flags. The cell i was set to YESif i was in
the set given in str[]

Notes: Nuneric sets are of the forma,b,c-d, e, ...etc

void parse_err(void);

/* -- Function parse_err
* Pre: TRUE
* Post: An error was printed to stderr
*/
update.c

Function prototypes
voi d update_inputs( OUT float aold[], INint tick, INint flag

/

L I R I I I

/

QUT long *maxtine, OUT int *local[]);

-- Function update_inputs

Pre:

Post :

the gl obal variable root[] contains the root fil ename
aold[] is the current activations in which to place the new
i nput val ues
tick is the current tick in the current sweep
flag specifies that the inputs should be set to zero after
the first tick in a sweep (-1 switch)
maxtime is the nunber of input vectors in the .data file
local is the input array for localist inputs
The first time this function is called, it loads the .data file
and sets nmaxtine. On subsequest executions, it |oads the next
i nput vector fromthe sequence into either aold[] or local[],
dependi ng on the gl obal flag |ocalist.

void update_targets( OUT float atarget[], INlong time, INint tick

/

*
*
*
*
*
*
*
*

INint flag, INIlong *maxtine);

-- Function update_targets

Pre:

the global variable root[] contains the root filename

atarget[] is the pre-allocated array of targets to update

time is the index of the current input vector in the .data file
tick is the current tick in the current sweep

flag specifies that the targets should be set to zero after

the first tick in a sweep (-T sw tch)

maxtime is the nunber of input vectors in the .data file
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Post: The first tine this function is called, it loads the .teach file.
* On subsequent executions, it updates the targets in atarget[] to
* match the current training vector represented by tine.
*/

void update_reset( INlong time, INint tick, INint flag,
IN long *maxtinme, OUT int *now);
-- Function update_reset
Pre: the global variable root[] contains the root filename
time is the index of the current input vector in the .data file
tick is the current tick in the current sweep
flag specifies that resets should be | oaded fromthe .reset file
(-X swi tch)
maxtime si the nunber of input vectors in the .data file
Post: The first time this funciton is called, it |oads the .reset
file if required. On subsequent executions, it updates the flag
now to indicate if the network activations should be reset
i medi ately before this |earning sweep.

/

L T TR S T

voi d update_weights( IN OQUT float awt[][], IN OQUT float adwt[][],
QUT float awinc[][]);
-- Function update_weights
Pre: am[][] contains the current array of network weights
adwt [][] contains the desired weight deltas for this |earning sweep
awi nc[][] is a pre-allocated 2D ARRAY[ nn] [ nt]
Post: Non-fixed wei ghts have been updated according to the globa
| earning rate rate and the gl obal |earning nonmentum nonent um
Group wei ghts have been averaged toget her
Limted weights have had their limts enforced.
winc[][] contains the actual weight changes
awt[][] contains the new weights
adwt [][] has been zeroed

/

L S T T . I

activate.c

Function prototypes
void act_nds( IN float aold[], OUT float amen{], OUT float anew],
INfloat am[][], INint *local, INfloat atarget[]);

/* -- Function act_nds

* Pre: aold[] contains the network activations for the previous tine step
* anen{] is an all ocated ARRAY[nt]

* anew{] is an allocated ARRAY[nt]

* awt[][] contains the current network wei ghts

* local is a FLAG the input is in localist fornat

* atarget[] has been | oaded with the current |earning targets

* Post: Al network activations have been updated and placed in anew]

* aol d[] has been copied to aneni]

* | earning targets have been fed back if the global flag teacher is
* set (-t switch)

*/

compute.c

Function prototypes
void conp_errors( |INT float aold[], INT float atarget[],
QUT float aerror[], INQUT float *e,
IN QUT float *ce_e);

/* -- Function conp_errors

Pre: aold[] contains the current network activations
* atarget[] contains the current learning targets
* aerror[] is an allocated ARRAY[nNnn]
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e contains the accunul ated error

ce_e contains the accunul ated cross-entropy error

The error signals fromatarget to aold have been cal cul at ed
and placed in aerror

Ei ther e has been updated or ce_e has been updated, depending
on the global flag ce

Post :

L I T

/

void conp_deltas( IN OUT float apold[][][]., OUT float apnew][][].

INfloat awmt[][], INOUT float adwt[][],

IN float aold[], INfloat anew{], IN float aerror[]);

Function conp_del tas

Pre: apold[][][] contains the current p-variables for the network

apnew{][][] is a pre-allocated 3D ARRAY[ nn][nt][ nn]

awt[][] contains the current network wei ghts

adwt [][] contains the accumnul ated wei ght deltas

aol d[] contains the previous network activations

anew{] contains the new network activations

aerror[] contains the calcul ated error signals for the network

apol d[][][] has been updated

apnew][][] has been updated

adwt [][] contains the updated wei ght deltas

Note: | don't really know what this function does. |Is it part of the
Wl lians-Zipser algorithmfor tenporally recurrent | earning?

Post :

L I S T S

/

voi d conp_backprop(

IN float awt[][],
IN float aold[],

IN OUT float adwt[][],
IN float amen{],

IN float atarget[],

QUT float aerror[],

INint *local);
Function conp_backprop
Pre: am[][] contains the current network weights
adwt [][] contains the accumnul ated wei ght deltas
aol d[] contains the current network activations
anen{] contains the previous network activations
atarget[] contains the current learning targets
aerror[] is a pre-allocated ARRAY[ nn]
local is a FLAGindicating that the inputs are in |localist format

Post :
pl aced in aerror[]
The back- propagation | earning al gorithm has been used to
cal cul ate the desired weight deltas, which have been placed
in adw[]]]

L S A I R I

The error signals fromatarget[] to aold[] have been cal cul atd and

arrays.c

Function prototypes
voi d make_arrays(void);

/* -- Function make_arrays
Pre: The network configuration file has been parsed
* Post These gl obal arrays have been all ocat ed:
* zold[nt], znenint], znew nt]
* target[no], error[nn], outputs[no]
* selects[nt], linput[ni],
* w[nn][nt], dwt[nn][nt], winc[nn][nt],
* cinfo[nn][nt], ninfo[nn]

/

voi d make_parrays(void);

/* Functi on make_parrays

* Pre: The network configuration file has been parsed
* Post: These gl obal arrats have been all ocat ed:

* pold[nn][nt][nn], pnew nn][nt][nn]
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*/

weights.c

Function prototypes

voi d save_wei ghts(voi d);

/* -- Function save_wei ghts
Pre: The global variable root[] contains the root filename

The global array wt[][] contains the network weights

The gl obal varibal e sweep contains the current sweep nunber
Post: The network weights were saved to a file “root[].sweep. ms”

in a manner that can be | oaded by | oad wts

L I A

/

voi d | oad wts(void);

/[* -- Function |oad_ws
* Pre: The gl obal variable loadfile[] contains the filenane of the saved
* state to | oad
* The gl obal array w[][] has been all ocated
* Post: The saved weights were loaded into w[][]
*/
subs.c

Exported variables
* Exp function lookup table */
float *exp_array; [* table for lookup */

Function prototypes
float rans(IN float w);
/* -- Function rans
* Pre: wcontains a range to generate random nunmbers: [-w .w
* Post: A random nunber in the range [-w..w was returned

*/

void exp_init(void);

/[* -- Function exp_init

* Pre: TRUE

* Post: The global array exp_table[] was all ocated

* The data fromthe exp | ookup file was read into exp_tabl e[]
*/

void print_nodes(IN float aold[]);

/* -- Function print_nodes

* Pre: aold[] contains the current network activations

* Post: The network activations have been witten to stdout
*/

void print_output(IN float aold[]);

/[* -- Function print_output

* Pre: aold[] contains the current network activations
* post: The network outputs have been witten to stdout
*/

void print_error(IN float *e);

/* -- Function print_error

* Pre: The gl obal variable root[] contains the root filenane

e contains the current accunul ated error

Post: The first tine this functon is called, it opens and initialises
the error output file “root[].err”. On subsequent executions,
it calculates either the RVS error or the cross-entropy error
dependi ng on the global flag ce, and wites this error to the

* X X X X




* file.
*/

void reset_network(QUT float aold[], OUT float anew],
QUT float apold[][][], OQUT float apnew]1[]11[]);
-- Function reset_network
Pre: aold[][] is a pre-allocated ARRAY[ nn]
anew{][]is a pre-allocated ARRAY[ nn]
apol d[][][] is a pre-allocated 3D ARRAY[ nn][nt][ nn]
apnew[][][]is a pre-allocated 3D ARRAY[ nn][nt][ nn]
Post: Al cells in all parameter arrays have been zeroed
/

/

L I S T

void reset_bp net(QUT float aold[], OUT float anew]);

/* -- Function reset_bp_net

* Pre: aold[] is a pre-al ocated ARRAY[ nn]

* anew[]is a pre-al ocated ARRAY[ nn]

* Post: Al cells in all paraneter arrays have been zeroed
*/

exp.c

This stand-alone program generates a lookup table for the exp function, and writes it to stdout.
When piped to afile, thisisread by init_exp in subs.c to accelerate tlearn’s calculation of network
activations.
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9.2.3 dstat
Application purpose

dstat will extract the uni-gram and bi-gram statistics for a data set, based on a { name} .pattern file.
The .pattern fileisin the format:

<pattern num-- zero origin> <predecessor> <successor >
<pattern num-- zero origin> <predecessor> <successor >
<EOCF>

The predecessor and successor fields are numerical input identifiers. dstat is also supplied a “tags’
file in order to associate the numerical identifiers with textual tags. When the data set statistics are
output, these textual tags will be used to ease interpretation.

The transition arrays are formatted:

A B C
A
B[C__ > FROM TO
C

Usage

*** DataStat ver 0.22 -- Calcul ates dataset statistics

Usage: dstat {tagsFile} {patternFile} {outputBase}

Where: {tagsFil e} -- tags representing input |ines
{patternFile} -- file to specify output targets
{out put Base} -- base nane of files to wite output to

wites to {base}.unigram {base}.bigram
(specify '-' for stdout)

For detailed info, type dstat --help

test.pattern
011
113
232
324

4 4 3
test.tags
A

B

C

D

The statistics are extracted by executing the command:
dstat test.tags test.pattern test

- DataStat ver 0.22

| Pattern file (inputs, targets) [test.pattern]
+-> Qutput files [test].unigram .bigram

Read 4 tags (4 outputs)

test.unigram

---- Unigramstats

4 categories

Uni gram score: 50.00%
(category) (count) (percentage)

1 16.67%
B 1 16. 67%
c 3 50. 00%
D 1 16.67%
6 100. 00%




test.bigram

---- Bigramstats
4 categories
Bi gram score: 83.33%

A B C D
A 1 0 1 0
B 0 0 0 1
C 0 1 0 0
D 0 0 2 0

6 patterns total

A B C D
A 16.67% 0. 00% 16.67% 0. 00%
B 0. 00% 0. 00% 0. 00% 16.67%
C 0. 00% 16.67% 0. 00% 0. 00%
D 0. 00% 0. 00% 33.33% 0. 00%

100% t ot al

Most conmon transitions

A C
B D
C B
D C

Modules used
StdDefs, TokenL st, TokScan

Source code

Makefile

OBJFI LES=t okenl st. o tokscan.o dstat.o

TARGET=dst at

VERSI ON=022

DI STFI LES=t okenl st.c tokenl st.h tokscan.c tokscan.h dstat.c ${TARGET}
HELPFI LE=${ TARGET} . hel p

CC=gcc -g

CFLAGS=
LFALGS=

${ TARGET}: ${ OBJFI LES}
${CC} -0 ${TARGET} ${OBJFILES}

cl ean:
rm-f *. o ${ TARCET}

dist: ${Dl STFI LES}
tar cvi ${TARGET} v${VERSI ON}.tar ${DI STFILES}
gzip ${ TARGET} v${VERSI ON}. tar

hel p: ${ HELPFI LE} ${ TARGET}

${ HELPFI LE} :
${ TARGET} --help

.C.0:
${CC} ${CFLAGS} ${LFLAGS} -c $*.c

dstat.c
/* Dataset statistics -- uses .tags and .pattern file
* cal cul ats uni gram and bigram stats

*

* Author: Dylan Miir (dr.muir@tudent. qut. edu. au)
* QUT MLRC LPG August 1999
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* Date: 19th August, 1999

* Modified: 12th October, 1999
* Version: 0.22

*/

/* --- Includes --- */

#i ncl ude <stdio. h>

#i ncl ude <string. h>

#i ncl ude <uni std. h> /* for exit() */
#i ncl ude <stdlib. h>

#i ncl ude "tokenl st.h"

#i ncl ude "tokscan. h"

#i ncl ude "stddefs. h"

/* --- Defines --- */

#define VERSION "0.22"
#def i ne HELPFI LE "dst at. hel p"

#defi ne APPNAME 0
#define TAGSFILE 1
#def i ne PATTERNFI LE
#defi ne OUTPUTBASE
#defi ne NUMVARGS

A WN

#define MAXTAGLENGTH 10
#define MAX_STRING 512

/* --- Helper functions' definitions --- */

voi d Usage(Fl LE *out put, char *appNane);

void ProcessConmandLine(int argc, char *argv[], FILE **tagsFile, FILE ** patternFile, FILE
**uni granFile, FILE **bigranFile);

voi d Abort(int retnun);

voi d Hel p(char *appNane);

voi d ReadTags(FILE *tagsFile, char **tagsArray[], int *nunQutputs);

t okenLi st *ReadWhol eFi | e(FI LE *i nput);

void O oseFiles(FILE *tagsFile, FILE *patternFile, FILE *unigranFile, FILE *bigranFile);

voi d DoUni granttats(FILE *patternFile, FILE *outputFile, int nunQutputs, char *tagsArray[]);

voi d ReadPattern(FILE *patternFile, int *predecessor, int *successor, bool *inFile);

void QutputUnigrantStats(char *tagsArray[], |ong outputCounts[], FILE *outputFile, int nunmQutputs,
int nunPatterns, double unigranfscore);

voi d DoBigranttats(FILE *patternFile, FILE *outputFile, int numQutputs, char *tagsArray[]);

void CQutputBigranttats(char *tagsArray[], long **bigranCounts, int *transitions, FILE *outputFile,
int nunQutputs, int nunPatterns, double bigranScore);

bool Allocate2DArray(char ***array, int xSize, int ySize, size_t elenentSize);

int MaxLongArray(long array[], int nunEl enents);

/* --- Main --- */
int main(int argc, char *argv[])
FILE *tagsFile, *patternFile, *unigranfile, *bigranfile;
char **tagsArray;
int nunut put s;
ProcessConmmandLi ne(argc, argv, & agsFile, &patternFile, &unigranFile, &bigranFile);
printf(" - DataStat ver %\n", VERSION);
printf(" | Pattern file (inputs, targets) [%]\n", argv[PATTERNFI LE]);
printf(" +> Qutput files [%", argv[ OUTPUTBASE]);
uni granfile == stdout ? printf(" (stdout)]\n") : printf("].unigram .bigramn");

ReadTags(tagsFile, &t agsArray, &nunQutputs);
printf("Read % tags (% outputs)\n", nunQutputs, nunQutputs);

DoUni gr anft at s(patternFile, unigranfile, nunQutputs, tagsArray);

rewi nd(patternFile);
DoBi grantst at s(patternFil e, bigranFile, nunmQutputs, tagsArray);

Cl oseFil es(tagsFile, patternFile, unigranfFile, bigranFile);

return O;
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/*

--- Hel per functions --- */

voi d Usage(FI LE *output, char *appNane)
{

fprintf(output, "Were: {tagsFile} -- tags representing input lines\n");
fprintf(output, " {patternFile} -- file to specify output targets\n");
fprintf(output, " {out put Base} -- base name of files to wite output to\n");
fprintf(output, " wites to {base}.unigram {base}.bigramn");
fprintf(output, " (specify '-' for stdout)\n");
fprintf(output, "For detailed info, type % --help\n\n", appNane);

}

void ProcessCommandLine(int argc, char “*argv[], FILE **tagsFile, FILE **patternFile,

fprintf(output, "\n*** DataStat ver % -- Calcul ates dataset statistics\n", VERSION);
fprintf(output, "Usage: % {tagsFile} {patternFile} {outputBase}\n", appNane);

**unigranFile, FILE **bigranFile)

}

char buffer[ MAX_STRI NG ;

if (('(argc < 2)) & ((strcasecnp(argv[1l], "--help") == 0))) {
Hel p(ar gv[ APPNAME] ) ;
exit(0);

if (argc < NUMARGS) {
Usage(stderr, argv[ APPNAME]);
fprintf(stderr, "*** Invalid nunber of argunments.\n");
Abort (1);

if (argc > NUMARGS)
fprintf(stderr, "--- Warning: extra argunents ignored.\n");

if ((*tagsFile = fopen(argv[ TAGSFILE], "rt")) == NULL) {
Usage(stderr, argv[ APPNAME]);
fprintf(stderr, "*** Could not open tags file [%].\n", argv[ TAGSFILE]);
Abort (3);

if ((*patternFile = fopen(argv[ PATTERNFI LE], "rt")) == NULL) {
Usage(stderr, argv[ APPNAME]);
fprintf(stderr, "*** Could not open pattern file [%].\n", argv[ PATTERNFILE]);
Abort (5);

}

if (strcasecnp(argv[ QUTPUTBASE], "-") == 0)
*unigranfile = *bigranfFile = stdout;

el se {
strcpy(buffer, argv[ QUTPUTBASE] ) ;
strcat (buffer, ".unigran');

if ((*unigranFile = fopen(buffer, "w")) == NULL) {
Usage(stderr, argv[ APPNAME] ) ;
fprintf(stderr, "*** Could not open unigramoutput file [%].\n", buffer);

}

strcpy(buffer, argv[ QUTPUTBASE] ) ;
strcat (buffer, ".bigranm');

if ((*bigranFile = fopen(buffer, "wt")) == NULL) {
Usage(stderr, argv[ APPNAME] ) ;
fprintf(stderr, "*** Could not open bigramoutput file [%].\n", buffer);
}
}

voi d Abort(int retnum

}

fprintf(stderr, "Aborting...\n");
exit(retnum;

voi d Hel p(char *appNane)

{

FI LE *hel pFil e;

if ((helpFile = fopen(HELPFI LE, "wt")) == NULL) {
fprintf(stderr, "*** Could not create help file [%].\n", HELPFILE);
Abort (2);

}

FI LE
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fprintf(helpFile, "-----commmmm i \n");
fprintf(helpFile, " Help file for DataStat ver %\n", VERSION);
fprintf(helpFile, "---c-mmmmmm - \n\n");
Usage( hel pFil e, appNane);

fprintf(helpFile, "DatasetStats will calculate and output the unigramand bigramstatistics\n");
fprintf(helpFile, "for for datasets represented by a .pattern file.\n\n");

fprintf(helpFile, ".pattern file format:\n");

fprintf(helpFile, " (pattern num-- zero origin) (predecessor) (successor)\n");
fprintf(helpFile, " An");

fprintf(helpFile, " Ant);

fprintf(helpFile, " Ant);

fprintf(helpFile, " <EOCF>\n\n");

fprintf(helpFile, "DatasetStats will use a .tags file (tags separated by whitespace) to\n");
fprintf(helpFile, "prettyprint the stats marked with the category nanes.\n\n");

fprintf(helpFile, "DatasetStats is known to work on a 29-class probl em successfully.\n");

fprintf(stderr, "Created %\n", HELPFILE);

voi d ReadTags(FILE *tagsFile, char **tagsArray[], int *nunQutputs)

t okenLi st *al | Tags, *index;
int nunTags;

al | Tags = ReadWhol eFi |l e(tagsFile);

if (allTags == NULL) {
fprintf(stderr, "*** Error reading token file.\n");
Abort (5);

}

nunfTags = O;

i ndex = al |l Tags;

while (index !'= NULL) {
i ndex = index -> NEXT;
nuniTags++;

}
*numQut puts = nuniTags;

if (!'Allocate2DArray(tagsArray, nunfags, 1, MAXTAGLENGTH)) {
fprintf(stderr, "*** Could not allocate tag array.\n");
Abort (6);

}

i ndex = al |l Tags;

nunirags = O;

while (index !'= NULL) {
strcpy((*tagsArray)[ nunifags], index -> token);
i ndex = index -> NEXT;
nunTags++;

}
Dest royTokenLi st (al | Tags);
}

t okenLi st *ReadWhol eFi | e(FI LE *i nput)

{
t okenLi st *list, *tenp;
bool inFile;

inFile = TRUE
list = ReadLi neTokens(input, & nFile); /* Get the first line */

if (list == NULL)
return list;

while (inFile) {
tenp = ReadLi neTokens(input, & nFile); /* Get the next line */
i st = ConcatenateTokenList(list, tenp);

}

return list;

void O oseFiles(FILE *tagsFile, FILE *patternFile, FILE *unigranfFile, FILE *bigranFile)
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fclose(tagsFile);
fclose(patternFile);
fclose(unigranfile);
fclose(bigranfile);

voi d DoUni grantstats(FILE *patternFile, FILE *outputFile, int numQutputs, char *tagsArray[])
long *output Counts, nunPatterns;

bool inFile;
int predecessor, successor, outputlndex;

if ((outputCounts = (long *) malloc(sizeof(long) * nunCutputs)) == NULL) {
fprintf(stderr, "*** Could not allocate unigramstats table.\n");
Abort (3);

}

out put I ndex = 0;
whi | e (out putlndex < nunmCut puts)
out put Count s[ out put | ndex++] = 0;

nunPatterns = 0;
inFile = TRUE;
while (inFile) {
ReadPattern(patternFile, &predecessor, &successor, & nFile);

out put Count s[ successor - 1] ++;
nunPat t er ns++;

}
Qut put Uni gr antt at s(t agsArray, out put Count s, outputFile, numQut put s, nunPat t er ns,
out put Count s[ MaxLongAr r ay( out put Counts, nunQutputs)]);

}

voi d ReadPattern(FILE *patternFile, int *predecessor, int *successor, bool *inFile)

{
int patter nNum

fscanf(patternFile, "% % %", &patternNum predecessor, successor);

if (feof (patternFile))
*inFile = FALSE;

void QutputUnigranttats(char *tagsArray[], |ong outputCounts[], FILE *outputFile, int nunmQutputs,
int nunPatterns, double unigrantcore){

int cat egory;

long count Sum

fprintf(outputFile, "---- Unigramstats\n");

fprintf(outputFile, " %l categories\n", nunCutputs);

fprintf(outputFile, " Unigramscore: %l. 2f%An", unigrantcore / (double) nunPatterns * 100.0);
fprintf(outputFile, "(category) (count) (percentage)\n");

category = 0;
whil e (category < nunQutputs) {
fprintf(outputFile, "9%s %6d %40. 2f 9®ANn", tagsArray[category], outputCounts[category],

(float) outputCounts[category] / (float) nunPatterns * 100.0);
cat egor y++;
}
fprintf(outputFile, "------commmmm oo \n");
fprintf(outputFile, " 9%d 9%0.2f%®ANn", nunPatterns, 100.0);

voi d DoBi granftstats(FILE *patternFile, FILE *outputFile, int numQutputs, char *tagsArray[])

long **bigranCounts, bigrancore;

int predecessor, successor, *transitions,
nunPat t er ns;

bool inFile;

if (1Al ocate2DArray((char ***) &bigranCounts, nunCutputs, nunCutputs, sizeof(long))) {
fprintf(stderr, "*** Could not allocate bigramstats array.\n");
Abort (4);

for (predecessor = 0; predecessor < nunQutputs; predecessor++)
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for (successor = 0; successor < numQutputs; successor++)
bi gr anCount s[ pr edecessor] [ successor] = 0;

nunPatterns = O;
inFile = TRUE;
while (inFile) {
ReadPattern(patternFile, &predecessor, &successor, & nFile);

bi gr anCount s[ pr edecessor - 1][successor - 1]++;
nunPat t er ns++;

}

if ((transitions = (int *) malloc(sizeof(int) * nunQutputs)) == NULL) {
fprintf(stderr, "*** Could not allocate trainsitions array.\n");
Abort (5);

}

bi granScore = 0;
for (predecessor = 0; predecessor < nunfutputs; predecessor++) {
transitions[predecessor] = MaxLongArray(bi gramCount s[ predecessor]

, nunmQut puts) ;
bi granfScore += bi granCount s[ predecessor][transiti ons[ predecessor]];

utFile,

}
Qut put Bi grantst at s(tagsArray, bigranCounts, transitions, outputFile, nunQutputs, nunPatterns,
bi grantcore);
}
voi d CQutputBigranttats(char *tagsArray[], long **bigramCounts, int *transitions, FILE *outp
int numQutputs, int nunPatterns, double bigranScore)
{
int predecessor, successor;
fprintf(outputFile, "---- Bigramstats\n");

fprintf(outputFile, " % categories\n", nunCutputs);
fprintf(outputFile, " Bigramscore: %l. 2f%A4n", bigranBScore / (double) nunPatterns * 100.0)

fprintf(outputFile, " - - - - - - - - - - - - - - - - - - - - - - - - -\n");

/* Counts */

fprintf(outputFile, " ");

for (predecessor = 0; predecessor < nunQutputs; predecessor++)
fprintf(outputFile, "9%s ", tagsArray[ predecessor]);

fprintf(outputFile, "\n");

for (predecessor = 0; predecessor < nunQutputs; predecessor++) {
fprintf(outputFile, "9%s ", tagsArray[predecessor]);

for (successor = 0; successor < nunfutputs; successor++)
fprintf(outputFile, "%9d ", bigranmCount s[ predecessor][successor]);

fprintf(outputFile, "\n");
fprintf(outputFile, "-------mmmmmmmiii o \n");
fprintf(outputFile, " %l patterns total\n\n\n", nunPatterns);

/* Percentages */

fprintf(outputFile, " ");
for (predecessor = 0; predecessor < nunQutputs; predecessor++)
fprintf(outputFile, "9%s ", tagsArray[ predecessor]);

fprintf(outputFile, "\n");

for (predecessor = 0; predecessor < nunQutputs; predecessor++) {
fprintf(outputFile, "9%s ", tagsArray[ predecessor]);

for (successor = 0; successor < nunfutputs; successor++)
fprintf(outputFile, "98.2f%% ", (float) bigranCounts[predecessor][successor] /

nunPatterns * (float) 100);
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fprintf(outputFile, "\n");

}
fprintf(outputFile, "-------mmmmmmm i \n");
fprintf(outputFile, " 100%0total\n\n\n");

fprintf(outputFile, "\n\n");
fprintf(outputFile, "Mst common transitions\n");
fprintf(outputFile, "------cmommmmm oo \n");

(float)



for (predecessor = 0; predecessor < nunQutputs;
fprintf(outputFile, "9®s
tagsArray[transitions[ predecessor]]);

fprintf(outputFile, "-------mmmmmmmiii o

bool Allocate2DArray(char ***array, int xSize, int

{

int i ndex;

if ((*array = malloc(xSize * sizeof(void *))) ==
return FALSE;

for (index = 0; index < xSize; index++)
if (((*array)[index] = malloc(ySize * el ement
free (*array);
return FALSE;

}

return TRUE;
}

int MaxLongArray(long array[], int nunEl ements)
{

long max = 0.0;

int m ndex = O;

whil e (nunEl enents > 0) {
if (array[nuntl enents - 1] > max) {
max = array[ nunEl enents - 1];
m ndex = nunEl enents - 1;

}
nunkEl enent s- -;
}
return m ndex;
}
/* --- END of dstat.c --- */

predecessor ++)
s\ n",

ySi ze, size_t el enentSize)

NULL)

Size)) == NULL) {

t agsArray|[ predecessor],
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9.2.4 SymsStrip
Application purpose
SymStrip takes a transcribed language corpus with the words tagged with their word type (vowe,

noun, etc) and separates the tags and words into separate text files. Symstrip can mark superfluous
tags and insert reset markers at sentence boundaries.

Usage

2 input files are needed:

A tags file, with whitespace-separated tokens that are the tags of interest. All other tokens
will be “stripped” into the “words’ file.

A marked-up corpus, in a text file. SymStrip does not know about tag definitions like
enclosing braces. The entire tag, verbatim, must be placed into the “tags’ file. Tags and
words must be whitespace-separated in the corpus. The code could be modified to
incorporate this type of tagging, but it would probably be easier to run the corpus through a
script to insert spaces.

SymStrip will process the corpus to extract the defined tags into one output file, and the other text
within the corpus into another output file.

Modules used
TokenLst, TokScan, StdDefs, HTable

Source code

Makefile

synmstrip: ui.o symsyns.o synmstrip.o syncnds. o htable.o synopts.o tokenlst.o
Symsyms. 0: Symsyms. C

syncnds. o: syncnds. ¢

htabl e.0o: htable.c

ui.o: ui.c

synopts. o: synopts.c

tokenl st.o: tokenlst.c

synstrip.o: synstrip.c

ui.h

/* ui.h -- User interface for synbol stri pper
*/

#ifndef __ U _H
#define __ U _H

#i ncl ude "tokenl st.h"
#i ncl ude "stddefs.h"

/* --- Lexical enuneration --- */

enum ConmmandsTag {exec_synb,

exec_synb_init,
exec_synb_read,
exec_synb_add,
exec_synb_del ,
exec_synb_cl ear,
exec_synb_linfo,
exec_synb_hel p,

exec_opt,
exec_opt _di sp,




exec_opt _| oad,
exec_opt _save,
exec_opt _def,
exec_opt_sfile,
exec_opt _hsi ze,
exec_opt _extra,
exec_opt _extratag,
exec_opt _eos,
exec_opt _eost ag,
exec_opt _hel p,

exec_end, exec_strip, exec_core, exec_help, exec_info, exec_exit, |NVALID};
typedef enum ConmandsTag conmand;
enum MenusTag {nenu_nain, menu_synb, menu_opt};

typedef enum MenusTag menus;

/* -- Function prototypes -- */

voi d Hel p(void);

voi d Header (void);

voi d Footer(void);

void I nfo(void);

void Init(void);

voi d d eanup(void);

voi d Pronpt (void);

voi d Cor eCheck(unsi gned begin, unsigned end);
voi d SyntaxError(tokenList *conm);

voi d Execut eMai n(command conm) ;

bool StringConpl (char *stringl, char *string2);
tokenLi st *Getlnput(string buffer, int I|ength);

#endif  /* U _H*/

/* --- END of ui.h --- */

ui.c

/* U -- User Interface for Synmbol Stripper
*

* Author: Dylan Miir

* Date: 11th Feburary 1999

* Project: Language Processing Group -- QUT MLRC -- Sem 1 1999
*/

#i ncl ude <stdlib. h>
#i nclude <stdlib. h>
#i ncl ude <tine. h>

#i ncl ude <stdio. h>
#i ncl ude <string. h>
#i ncl ude <ctype. h>

#i ncl ude "ui.h"

#i ncl ude "stddefs. h"
#i ncl ude "tokenl st.h"
#i ncl ude "htable.h"
#i ncl ude "syntnds. h"

/* --- Function prototypes --- */
command Synt axCheck(t okenLi st *comm);

command Synt axCheckMai n(t okenLi st *comm);
voi d Execut eCommand(conmmand conm) ;

/* --- dobals --- */

time_t tm /* timestanp of program execution */
sympts options; /* variables (defined in "synmcnds. h") */
menus nenu; /* Current execution menu */

/* --- Main --- */

int main(void)
{
char I'i ne[ MAXSTRI NG ;
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t okenLi st *conmands,

*i ndex;
bool cont Exec; /* Should we continue execution? */
command comm /* Currently read command */
unsi gned begi n, end; /* variables for checking nenory usage */
Header () ; /* Display program header */
Init(); /* Initiallise system*/
Hel p(); /* Show help info */

#i f def DEBUG
/* begin = coreleft(); */
#endi f /* DEBUG */
cont Exec = TRUE;
whi | e (cont Exec) {
Pronpt () ; /* Display pronpt */
i ndex = conmands = Get | nput (line, MAXSTRI NG ;
while (index !'= NULL) {
if ((comm = SyntaxCheck(index)) == | NVALI D)
Synt axError (i ndex) ;
else if (comm == exec_exit) {
cont Exec = FALSE;
br eak;

} else
Execut eComrand( com) ;

index = index -> NEXT;
}

commands = DestroyTokenLi st (comrands) ;

#i f def DEBUG
/* end = coreleft(); */

Cor eCheck(begi n, end);
/* begin = coreleft(); */

#endif /* DEBUG */
}

Foot er () ;

return O;

/* --- Function bodies --- */

/* -- Function Help

* Pre: TRUE
* Post: Help info was printed
*

/

voi d Hel p(void)
{

printf (" %\ n%\ n¥%\ n¥%\ n¥%\ n¥%\ n¥%\ n¥%\ n¥%\ n¥%s\ n\ n",
"Commands: ",
"| strip - strip synbols",

| synbols - synbols commands”,

| options - options conmands",

| core - display the anput of free core nenory",

| help - this screen",

"| info - display info about the test driver",

"l exit - leave progrant,

"l * -- Not inplenmented!");

/* -- Function Header
* Pre: TRUE
* Post: Test driver header info was printed
*
/
voi d Header (voi d)
{
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tm= tinme(NULL);

printf("\n%\n%%%\n%\n%\n% %%\n\n",
e +
"| Synbol Stripper ver ", VERSION, "
"| QUT MLRC LPG (Sem 1 1999) |,

————————————————————————————————————————————————————————— ")
}
/* -- Function Footer
* Pre: TRUE
* Post: Test driver footer info was printed
*/
voi d Footer (void)
tm=time(NULL);
printf("%\n%%\n% %\n",
"QUT MLRC LPG -- Synbol Stripper ver ", VERSION, ’
"Term nated on", ctinme(&m);
}
/* -- Function Info
* Pre: TRUE
* Post: Test driver info was printed
*/
voi d I nfo(void)
printf("\n% %\n%\n%\n% % %\n% %% %\ n% %\ n\n",
"Synbol Stripper ver", VERSION,
" Author: Dylan Miir [dr.nmuir@tudent. qut.edu.au]",
" Project: QUT MLRC LPG (Seml 1999)",
" Conpile time:", __TIME , _ DATE ,
" Execution time:", ctime(&m,
" Max string:", MAXSTRI NG
" Max | ookup key size:", MAX_KEY_SI ZE);
}
/* -- Function Init
* Pre: TRUE
* Post: Performs any initiallisation required
*/
voi d Init(void)
{
menu = nmenu_nai n; /* Set main menu */
I ni t Opti onsCommand(); /[* \__ Defined in SynCnds. h */
LoadOpt i onsConmand() ; 1= */
}
/* -- Function C eanup
* Pre: TRUE
* Post: O eans up anything necessary
*/
voi d d eanup(voi d)
{
if (options.synbol sRead)
Cl ear Synbol sCommand() ; /* dear synbols if necessary */
if (options.hashlnit)
hashDest r oyTabl e() ; /* Destroy |ookup table if necessary */
}
/* -- Function Pronpt
* Pre: TRUE
* Post: the pronpt for 'nmenu’ was out put
*/

voi d Pronpt (voi d)

switch (menu) {
case menu_mai n:
printf("] ");
br eak;

case nmenu_synb:



printf("synbol s> ");
br eak;

case nmenu_opt:
printf("options> ");

br eak;
defaul t:
printf(">");
}
}
/* -- Function CoreCheck
* Pre:
* Post:
*/

voi d Cor eCheck(unsi gned begi n, unsigned end)

if (begin != end)
printf("Core discrepancy: %-d\n", ((int) end) - ((int) begin));

/* -- Function Getinput

* Pre: 'buffer' has been allocated

* Post: a line of text was read fromstdin, converted to a |list of tokens and returned
*/

tokenLi st *Getlnput(string buffer, int |ength)

{
char read, /* Character read fromstdin */
*i ndex; /* index into buffer */
index = buffer; /* Reset index */
while (length > 0) {
| engt h--;
if ((read = (char) getchar()) == EQL)
I ength = 0;
el se
*index++ = read:
}
*i ndex = ECS; /* Nul-termnate */
printf("\n");
return Get Tokens(buffer);
}
/* -- Function SyntaxCheck
* Pre:
* Post
*/

command Synt axCheck(t okenLi st *comm)

switch (nenu) {
case menu_mai n:
return Synt axCheckMai n(conm);

case nmenu_synb:
return SyntaxCheckSynbol (comm);

case menu_opt:
return SyntaxCheckOpti on(conmm;

defaul t:
return exec_end;
}
}
/* -- Function SyntaxCheckMain
* Pre:
* Post

*/
command Synt axCheckMai n(t okenLi st *comm)
{

/* Un-inpl enented commands */

/*--- begi nning of uninplenented commands ---*-
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-*--- end of uninpl emrented comrands

if (StringConpl(comm -> token,
return exec_strip;

if (StringConpl (comm -> token,
return exec_synb;

if (StringConpl (comm -> token,
return exec_opt;

if (StringConpl(comm -> token,
return exec_core;

if (StringConpl(comm -> token,
return exec_hel p;

if (StringConpl(comm -> token,
return exec_info;

if (StringConpl(comm -> token,
return exec_exit;

return | NVALI D;

/* -- Function SyntaxError

* Pre:

* Post:

*/

voi d Synt axError (tokenLi st *conmm

printf("Command not recogni sed:

/* -- Function Execut eComrand
* Pre:
* Post:
*/
voi d Execut eConmand( command comm)
{
if (comm == exec_end) {
menu = nMenu_nain;
return;

}

switch (nenu) {
case menu_synb:
Execut eSynbol (conm) ;
return;

case menu_opt:
Execut eOpti on(conm) ;
return;

case menu_nai n:
defaul t:
Execut eMai n(comm) ;
return;

/* -- Function ExecuteMin

* Pre:

* Post:

*/

voi d Execut eMai n(cormand conm)

switch (comm {
case exec_strip:
Stri pCommrand();
br eak;

case exec_synb:
menu = nmenu_synb;
Synbol Hel pCommand() ;
br eak;

"strip"))

"synbol s"))

"options"))

"core"))

"hel p”))

"info"))

"exit"))

%.\n\n",

Y

comm - > token);
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case exec_opt:
menu = menu_opt ;
Opt i onHel pConmand() ;
br eak;

case exec_core:
printf("Not inplenented on Unix\n\n");

/* printf("Free menory: %\ n\n", coreleft()); */
br eak;

case exec_info:
I nfo();
br eak;

case exec_hel p:

Hel p() ;
br eak;
defaul t:
;/* Shoul d never be reached */
}
}
/* -- Function StringConpl
* Pre: 'stringl' and 'string2' are valid nul-term nated strings
* Post: ('string' == 'string2' && TRUE was returned) ||
* ("stringl" != "string2' && FALSE was returned)
*/
bool StringConpl (char *stringl, char *string2)
{
char *copyl = stringl,
*copy2 = string2;
if (strlen(stringl) != strlen(string2))
return FALSE;
{ while (*copyl !="\0") {
i f (toupper(*copyl++) != toupper(*copy2++))
return FALSE;
}
}
return TRUE;
}
symcmds.h
/* syncnds.h -- include file for synbol stripper ui
* Author: Dylan Miir
* Date: 12th February, 1999
* Modified: 15th Fenruary, 1999
* Version: 1.04
*
* Purpose: Holds definitions for non-ui commands and options struct definition
*

/

#ifndef __ SYMCMDS_H
#define __SYMCMDS_H

#i ncl ude "stddefs. h"
#i ncl ude "ui.h"
#i ncl ude "tokenl st.h"

/* -- Synbol Stripper definitions -- */

#define OPTIONS FILE "synopts.opt"
#define VERSI ON "1.05"

/* -- Options structure -- */

struct symOptsTag {

char synbol Fi | e[ MAXSTRI NG ; /* default file for symbols */

bool synbol sRead; /* have synbols been read in? */

unsi gned hashSi ze; /* size of hash table */

bool hashl nit; /* has the htable been initiallised? */
bool markExtra; /* mark extra tags per word? */

char mar kExt raTag[ MAXSTRI NG ; /* synbol to mark extra tags with */
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bool nar kECS; /* mark end of sentances? */
char nmar KEOSTag[ MAXSTRI NG ; /* synbol to nmark eos with */
b

typedef struct synmOptsTag synOpts;

/* -- Command functions -- */
voi d Stri pComrand(voi d);
voi d Synbol Hel pCommand( voi d) ;
command Synt axCheckSynbol (t okenLi st *conm);
voi d Execut eSynbol (command conm) ;
voi d I ni t Synbol sConmmand( voi d) ;
voi d ReadSynbol sConmand( voi d) ;
voi d AddSynbol sComrand( voi d) ;
voi d Del et eSynbol sConmmand(voi d) ;
voi d C ear Synbol sComrand( voi d) ;
voi d Lookupl nf 0Synbol sConmand( voi d) ;
voi d Opt i onHel pConmmand( voi d) ;
command Synt axCheckOpti on(tokenLi st *conmm);
voi d Execut eOpt i on(conmand conm) ;
voi d I ni t Opti onsCommand(voi d);
voi d LoadOpt i onsConmand( voi d) ;
voi d SaveOpt i onsCommand(voi d) ;
voi d LoadDef aul t Opt i onsConmand( voi d) ;
voi d Di spl ayOpt i onsComrand( voi d) ;
voi d HashSi zeOpt i onsConmand( voi d) ;
voi d Synbol Fi | eOpti onsCommand(voi d) ;
voi d Ext raOpt i onsConmmand(voi d) ;
voi d Ext raTagOpt i onsCommand( voi d) ;
voi d ECSOpt i onsConmand( voi d) ;
voi d ECSTagOpt i onsConmand( voi d) ;
/* -- Hel per functions -- */
/* -- Function GetlnputFil eNane
*

Pre: 'buffer' has been allocated and pronpt has been printed
* Post: 'buffer’' contains a string that coul d be opened for reading
*/
voi d Getl nputFil eNane(char *fNane);

/* -- Function GetNewFil eNane

* Pre: 'buffer' has been allocated and pronpt has been printed

* Post: 'buffer' contains a string that could be created as a file
*/

voi d Get NewFi | eNarme(char *f Nane) ;

/* -- Function Readl nput

* Pre: 'buffer' has been allocated, and 'length’ <= len(buffer)

* Post: Up to 'length' characters have been read fromstdin, and are in 'buffer’
*/

voi d Readl nput (char *buffer, unsigned |ength);

#endi f /* __SYMCNMDS_H */

/* --- END of syntnds.h --- */

| YymCmds.c

/* SynCnds.c -- functions called by U

* See SynCnds. h for details
*/

#i ncl ude <stdio. h>
#i ncl ude "syntnds. h"
#i ncl ude "synstrip. h"

void StripComrand(voi d)

{
char inputFil e[ MAXSTRI NG , /* file to process */
tagsFi | e[ MAXSTRI NG , /* file to strip tags to */
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wor dsFi | e[ MAXSTRI NG ; /* file to strip words to */

printf("Enter an input file\n");
Get I nput Fi | eNarre(i nputFile);

printf("\nEnter a file to strip tags to\n");
Get NewFi | eNane(tagsFile);

printf("\nEnter a file to strip words to\n");
Get NewFi | eNanme(wor dsFi | e);

printf("\nStripping file [¥%]\n", inputFile);
printf(" |\n");

printf(" +--(tags)--> [%]\n", tagsFile);
printf(" |\n");

printf(" +-(words)-> [%]\n", wordsFile);

printf(" \n");
SynStrip(inputFile, tagsFile, wordsFile);
}
voi d GetlnputFil eNanme(char *f Nane)
{
FILE *fTest; /* Used for testing validity of filename */
bool validFile;
char buffer[ MAXSTRI NG ;
val i dFil e = FALSE;
while (!validFile) {
printf("file>");
Readl nput (buf fer, MAXSTRI NG ;
sscanf (buffer, "9%", fName);
if ((fTest = fopen(fNane, "rb")) != NULL) {
fcl ose(fTest);
val i dFil e = TRUE;
br eak;
}
printf("Unable to open [%]\n", fNane);
}
}
voi d Get NewFi | eNarme(char *f Nane)
{
FILE *fTest; /* Used for testing validity of filename */
bool validFile;
char buffer[ MAXSTRI NG ;
val i dFi l e = FALSE;
while (!validFile) {
printf("file>");
Readl nput (buf fer, MAXSTRI NG ;
sscanf (buffer, "9%", fNane);
if ((fTest = fopen(fNane, "wb+")) != NULL) {
fclose(fTest);
validFile = TRUE;
br eak;
}
printf("Unable to create [%]\n", fNane);
}
voi d Readl nput (char *buffer, unsigned | ength)
{
char read;
while (length > 0) {
| engt h--;
if ((read = (char) getchar()) == EQ.)
I ength = 0;
el se
*puf fer++ = read;
}
*pbuf fer = ECS; /* Nul -term nate */
}
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/* --- END or syntnds.c --- */

| ymyms.c

/* Symsyns.c -- comands file for synbol stripper U

* See SynCnds. h for details
*/

#i ncl ude <stdio. h>

#i ncl ude "htabl e. h"
#i ncl ude "syntnds. h"
#i ncl ude "synstrip. h"

extern synOpts options;

voi d Synbol Hel pComrand( voi d)
{

printf (" %\ n%\ n%\ n¥%\ n¥%\ n¥%\ n¥%\ n¥%\ n¥%s\ n\ n",
"Synbol s commands: ",
"I init - (re)initiallise |ookup systent,
| read - read in synbols fromfile",
| add - add synbol s",
| delete - delete synbols",
"| clear - clear all synbols and destroy | ookup table",
I
I

linfo - display info about |ookup table",
hel p - this page",
end - return to nmain command i nput");

command Synt axCheckSynbol (t okenLi st *comm)
{

/* Un-inpl emented conmmands */

/*--- begi nning of uninplenented commands ---*-
-*--- end of uninpl enented conmands ---%

if (StringConpl(comm-> token, "init"))
return exec_synb_init;

if (StringConpl(comm -> token, "read"))
return exec_synb_read;

if (StringConpl(comm -> token, "add"))
return exec_synb_add;

if (StringConpl(comm -> token, "delete"))
return exec_synb_del;

if (StringConpl(comm -> token, "clear"))
return exec_synb_cl ear;

if (StringConpl(comm-> token, "linfo"))
return exec_synb_linfo;

if (StringConpl(comm -> token, "help"))
return exec_synb_hel p;

if (StringConpl (comm -> token, "end"))
return exec_end;

return | NVALI D,

void ExecuteSynbol (command conm)

switch (comm) {
case exec_synb_init:
I ni t Synbol sConmand() ;
br eak;

case exec_synb_read:
ReadSynbol sConmand() ;
br eak;

case exec_synb_add:
AddSynbol sComand() ;



br eak;

case exec_synb_del :
Del et eSynbol sConmmrand() ;
br eak;

case exec_synb_cl ear:
C ear Synbol sComand() ;
br eak;

case exec_synb_linfo:
Lookupl nf oSynbol sConmand() ;
br eak;

case exec_synb_hel p:
Synbol Hel pConmand() ;

br eak;
defaul t:
;/* Shoul d never be reached */
}
}
voi d I nit Synmbol sCormand( voi d)
{
if (options.hashlnit)
hashDest royTabl e();
options. hashlnit = hashlnitTabl e(opti ons. hashSi ze);
}
voi d ReadSynbol sCommand( voi d)
{
FI LE *synbol Fi | e; /* file pointer */
bool inFile,; /* are we in the file? */
t okenLi st *t okens, /* list of tokens extracted fromfile */
*i ndex; /* index into token list */
char *text; /* tenp token text holder */
I ong unsigned synCount; /* nunber of synbols | oaded */
if (options.synbol sRead)
C ear Synbol sCommand() ; /* Cear tokens if already read */
if ('options.hashlnit) /* ensure table is initiallised */

options. hashlnit = hashlnitTabl e(opti ons. hashSi ze);
printf("Reading synbols from[%]...\n", options.synbolFile);
synbol File = fopen(options.synbolFile, "rt"); /* open file */
if (synmbol File == NULL) { /* error opening file */

printf("Could not open [%]\n", options.synbol File);
printf("*** SYMBOLS NOT READ\n");

return;
}
inFile = TRUE; /* we are in the file */
synCount = O;

while (inFile) {
t okens = ReadLi neTokens(synbol File, & nFile);

i ndex = tokens;

while (index !'= NULL) {
text = index -> token; /* Avoi d unnecessary indexing */

if (!hashlsValidKey(text))
printf("*** Synbol [%] not a valid key\n", text);

else if (hashlsln(text))
printf("*** Synbol [%] already in table\n", text);

else if (hashlsFull())
printf("*** Synbol [%] not added -- table full\n", text);

el se {

if (!hashlnsert(index -> token))
printf("*** Synmbol [%] not added -- undefined error\n", text);
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voi

voi

el se {

synCount ++;
i f (hashLoadFactor() > 80)
printf("--- Warning: |ookup table load factor is %\ %n", hashLoadFactor());

}

index = index -> NEXT;
}

Dest royTokenLi st (t okens) ;
}

fcl ose(synbol File);
options. synbol sRead = TRUE;

printf("...loaded % synbol s\n\n", synCount);

d AddSynbol sCommand( voi d)

t okenLi st *synbol s, /* list of synbols to add */
*i ndex; /* index into otoken list */
char buf f er [ MAXSTRI NG , /* buffer for input */
*text; /* tenp to prevent excessive indexing */

if (!options.hashlnit) {
hashl ni t Tabl e( opti ons. hashSi ze) ;
options. hashlnit = TRUE;

}
printf("Enter synbols to add, separated by a space\n");

printf("add> ");
index = synbols = Getlnput (buffer, MAXSTRI NG ;

while (index !'= NULL) {
text = index -> token; /* Avoi d unnecessary indexing */

if (!hashlsValidKey(text))
printf("*** Synbol [%] not a valid key\n", text);

else if (hashlsln(text))
printf("*** Synbol [¥%] already in table\n", text);

else if (hashlsFull())
printf("*** Synbol [%] not added -- table full\n", text);

el se
if (!hashlnsert(index -> token))
printf("*** Synbol [%] not added -- undefined error\n", text);

if (hashLoadFactor() > 80)
printf("--- Warning: |ookup table load factor is %\%n");

index = index -> NEXT;
}

Dest royTokenLi st (synbol s) ;

printf("...done\n\n");

d Del et eSynbol sCommand( voi d)

t okenLi st *synbol s, /* list of synbols to delete */
*i ndex; /* index into otoken |ist */
char buf f er [ MAXSTRI NG , /* buffer for input */
*text; /* tenp to prevent excessive indexing */

if (loptions.hashlinit) {
printf("No synbols to delete\n");
return;

}
printf("Enter synbols to delete, separated by a space\n");

printf("del>");
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index = synbols = Getlnput (buffer, MAXSTRI NG ;

while (index !'= NULL) {
text = index -> token; /* Avoi d unnecessary indexing */

if (!hashlsValidKey(text))
printf("*** Synbol [%] not a valid key\n", text);

else if (hashlsEmpty())
printf("*** Synbol [%] not deleted -- table enpty\n", text);

else if (!hashlsln(text))
printf("*** Synbol [%] is not in table\n", text);

el se
if (!hashDel ete(index -> token))
printf("*** Synbol [%] not deletd -- undefined error\n", text);

index = index -> NEXT;
}

Dest r oyTokenLi st (synbol s);

printf("...done\n\n");

voi d d ear Synbol sCommand( voi d)

if ('options.hashlnit) /* No synmbols to clear */
return;

printf("Clearing all synbols...");

if (options.hashlnit) hashDestroyTable(); /* Destroy table */
options. hashlnit = FALSE; /* Set flags */
options. synbol sRead = FALSE;

printf(" done\n\n");

voi d Lookupl nf oSynbol sComrand(voi d)

printf("Lookup table info:\n");

if (loptions.hashlinit) {
printf(" Table not initiallised\in\n");
return;

}

printf(" Maxi mumentries: %\n", options.hashSize);
printf(" Loaded synbols: %\n", hashNunEntries());
printf(" Load factor: %\ %n", hashLoadFactor());

printf(" Table full? ");
if (hashlsFull())
printf("YES\n");
el se
printf("NOn");

printf(" Table empty? ");
if (hashlsEmpty())
printf("YES\n");
el se
printf("NOn");

printf(" Max key length: %\ n", MAX KEY_SIZE);

printf("\n");
}

/* --- END of synmsyns.c --- */

SymOpts.c

/* Synmopts.c -- manipul ates system options
*

* See SynBnds.h for details
*/

#i ncl ude <stdi o. h>

#i ncl ude <string. h>
#i ncl ude "syntnds. h"
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#i ncl ude "htable. h"

extern synOpts options;

voi d Opti onHel pCommand( voi d)

printf (" %\ n%\ n¥%\ n%\ n¥%\ n¥%\ n¥%s\ n¥%\ n¥%\ n¥%s\ n¥%s\ n¥%s\ n¥%s\ n\ n",
"Options commands: ",
"| display - show all options",

"| load - |oad options",
"| save - save options",
"| default - |oad default options",

I
| synfile - specify synbol file",
| hashsize - specify hash table size",

| extra - toggle marking extra synbols per word",
"| extratag - specify extra synmbol mark tag",
"

|

I

eos - toggle use of 'end of sentance' tag",
eostag - specify 'end of sentance' tag",
help - this page",

end - return to nmain command i nput");

}
comand Synt axCheckOpti on(tokenLi st *comm
{
/* Un-inpl enented commands */
/*--- begi nning of uninpl enented commands ---*-
-*--- end of uninpl emrented comrands -
if (StringConpl(comm -> token, "display"))
return exec_opt_disp;
if (StringConpl(comm -> token, "load"))
return exec_opt_| oad;
if (StringConpl(comm -> token, "save"))
return exec_opt_save;
if (StringConpl(conmm -> token, "default"))
return exec_opt_def;
if (StringConpl(comm -> token, "synfile"))
return exec_opt_sfile;
if (StringConpl (comm -> token, "hashsize"))
return exec_opt_hsi ze;
if (StringConpl(conmm -> token, "extra"))
return exec_opt_extra;
if (StringConpl(comm -> token, "extratag"))
return exec_opt_extratag;
if (StringConpl(comm -> token, "eos"))
return exec_opt_eos;
if (StringConpl(comm -> token, "eostag"))
return exec_opt_eostag;
if (StringConpl(comm -> token, "help"))
return exec_opt _hel p;
if (StringConpl(comm -> token, "end"))
return exec_end;
return | NVALI D;
}

voi d Execut eOpti on(comrand conm)

switch (comm) {
case exec_opt _di sp:
Di spl ayOpt i onsConmand() ;
br eak;

case exec_opt_| oad:
LoadOpt i onsConmand() ;
br eak;



case exec_opt_save:
SaveOpt i onsCommand() ;
br eak;

case exec_opt_def:
LoadDef aul t Opt i onsConmand() ;
br eak;

case exec_opt_sfile:
Synbol Fi | eOpti onsCommand() ;
br eak;

case exec_opt_hsi ze:
HashSi zeOpt i onsConmand() ;
br eak;

case exec_opt_extra:
Ext r aOpt i onsConmand() ;
br eak;

case exec_opt_extratag:
Ext raTagOpt i onsConmand() ;
br eak;

case exec_opt_eos:
ECSOpt i onsConmand() ;
br eak;

case exec_opt_eost ag:
ECSTagOpt i onsConmand() ;
br eak;

case exec_opt_hel p:
Opt i onHel pCommand() ;

br eak;
defaul t:
;/* Should never be reached */
}
}
voi d | nit Opti onsCommand( voi d)
{
strcpy(options.synbol File, "");
options. synbol sRead = FALSE;
options. hashSi ze = 0;
options. hashlnit = FALSE;
options. markExtra = FALSE;
strcpy(options. markExtraTag, "");
options. mar KEOS = FALSE;
strcpy(options. mar kKECSTag, "");
}
voi d LoadOpti onsComand( voi d)
{

FILE *optionsFile;

char version[5];

printf("Loading options from[%s]...\n", OPTIONS FILE);
optionsFile = fopen(OPTIONS_FILE, "rb");

if (optionsFile == NULL) {

printf("Unable to open [%]\n", OPTIONS_FILE);
printf("Loadi ng default options...\n");

LoadDef aul t Opt i onsConmand() ; /* Load defaults */
Di spl ayOpt i onsConmand() ; /* Show the defaults */
SaveOpt i onsConmmand() ;
} else {
fread(version, 5, 1, optionsFile); /* first 5 bytes == version */

if (strcrmp(version, VERSION) !=0) { /* conpare Synbol Stripper versions */
printf("This options file was created with version [%]\n", version);
printf("You are running version [%]\n", VERSION);
printf("Loadi ng default options...\n");
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LoadDef aul t Opt i onsConmand() ; /* Load defaults */
Di spl ayOpt i onsConmand() ; /* Show the defaults */

} else {
fread(&options, sizeof(options), 1, optionsFile); /* Read options */
fclose(optionsFile); /* Close file */

}
}

options. synbol sRead = FALSE; /* reset synbol sRead flag */
options. hashlnit = FALSE; /* reset hashlnit flag */

printf("...done.\n\n");

voi d SaveQpti onsCommand( voi d)

FILE *optionsFile;

char version[5];

printf("Saving options to [%]...\n", OPTIONS_FILE);

optionsFile = fopen(OPTI ONS_FI LE, "wb");

if (optionsFile == NULL) {
printf("Unable to open [%]\n", OPTIONS FILE);
printf("*** OPTI ONS NOT SAVED\n");

} else {
strcpy(version, VERSION); /* assign version string */

fwite(version, 5 1, optionsFile); /* version -> first five bytes */
fwrite(&options, sizeof(options), 1, optionsFile);/* Wite options */

fclose(optionsFile); /* Close file */

}

printf("...done.\n\n");

voi d LoadDef aul t Opti onsCommand( voi d)

if (options.hashlnit)
Cl ear Synbol sCommand() ;

strcpy(options.synbol File, "synbols.txt");
options. synbol sRead = FALSE;

options. hashSi ze
options. hashl nit

201,
FALSE;

options. markExtra = TRUE;
strcpy(options. mar kExtraTag, "*");

opti ons. mar kKECS = TRUE;
strcpy(options. mar kECSTag, "/S");

voi d Di spl ayOpti onsConmmand( voi d)
printf("\'n--- Synbol Stripper settings ---\n");
printf("Current synbol file -- [%]\n", options.synbol File);

printf("Synbols read? ");
if (options.synbol sRead)
printf("YES\n");
el se
printf("NOn");

printf("Maxi mum | ookup table size: %\n", options.hashSize);

printf("Lookup table initiallised? ");
if (options.hashlnit)

printf("YES\n");
el se

printf("NOn");



voi

voi

voi

voi
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printf("Mark extra synbols per word with [%]? ", options. markExtraTag);
if (options.markExtra)

printf("VYES\n");
el se

printf("NOn");

printf("Mark end of sentance with [9%]? ", options. markECSTag);
if (options. markECS)

printf("YES\n");
el se

printf("NOn");

printf("\n");

d HashSi zeOpt i onsComrand( voi d)
unsi gned hashSi ze;
printf("Current maxi mum hash size: %\ n", options. hashSi ze);

printf("Enter new nmaxi mum hash size: ");
scanf (" %", &hashSize);

if (hashSi ze == options. hashSi ze) /* If it's the same, */
return; /* don't do anything */
el se {

if (options.hashlnit)
C ear Synbol sComand() ;

options. hashSi ze = hashSi ze;
if (options.hashlinit) {
hashDest royTabl e();

options. hashlnit = FALSE;
}

options. synbol sRead = FALSE;
}

printf("...done.\n");

d ExtraOpti onsCommand(voi d)
printf("Marking of extra synmbols per word ");
if (options.markExtra) {
options. markExtra = FALSE;
printf("OFF\n");
} else {

options. markExtra = TRUE;
printf("O\MNn");

d ExtraTagOpti onsComrand(voi d)

printf("Current extra synbols tag: [%]\n", options. markExtraTag);
printf("Enter new extra synbols tag: ");

scanf ("%", &options. markExtraTag);

printf("...done\n");

d ECSOpt i onsComand( voi d)
printf("Marking of end of sentance is ");

if (options.markECS) {
options. mar KEOS = FALSE;
printf("OFF\n");

} else {
options. mar KEGS = TRUE;
printf("O\MnNn");



voi d EOSTagOpt i onsCommand( voi d)
printf("Current eos tag: [%]\n", options.nmarkEOSTag);
printf("Enter new eos tag: ");
scanf (" %", &options. mar KECSTag);

printf("...done\n");

}
voi d Synbol Fi | eOpti onsComrand(voi d)
{
char synbol Fi | e[ MAXSTRI NG ; /* New synbol file nanme */
printf("Current synbol file: [%]\n", options.synbol File)
printf("Enter new synbol file\n")
Get I nput Fi | eNanme( synbol Fil e)
if (StringConpl (synbol File, options.synbolFile))
return; /* no change, so exit */
strcpy(options.synbol File, synbolFile); [/* assign newfile */
if (options.synbol sRead) {
hashDest r oyTabl e() ; /* Rermove prior synbols */
options. synbol sRead = FALSE; /* Set flags */
options. hashlnit = FALSE
}
printf("... done\n")
}

SymStrip.h

/* SynBtrip.h -- Synbol stripping engine
*

* Author: Dylan Miir [dr.muir@tudent. qut.edu.au
* Date: 14th February, 1999

* Version: 1.00

*/

#ifndef _ SYMSTRIP_H
#define _ SYMSTRIP_H

#i ncl ude <stdio. h>
#i ncl ude "tokenl st.h"
#i ncl ude "stddefs. h"

/* -- Function Synftrip
* Pre: 'inputFile' is an existing file
* ‘'tagsFile' and 'wordsFile' can be created
* Post: 'inputFile' has been processed &&
* tags were stripped to '"tagsfile' &&
* words were strripped to 'wordsFile'
*

/
void SynBtrip(string inputFile, string tagsFile, string wordsFile);

* -- Function ReadLi neTokens
* Pre: 'file' is a text file opened for reading
* "inFile' has been allocated, and indicates wether EOF has been reached
* Post: a line of text up to an EOL or ECF has been scanned and
* converted into a token list, which was returned
*
t okenLi st *ReadLi neTokens(FILE *ifile, bool *inFile);
/* -- Function ReadLi neText
* Pre: 'file' is a text file opened for reading
* "buffer' has been allocated, and has max length 'length
* "inFile' has been allocated, and indicated wether EOF has been reached
* Post: 'buffer' contains a line of text up to EOL or EOF (defined in stddefs.h) &&
* "inFile' indicates wether EOF has been reached
*/
void ReadLineText(FILE *ifile, char *buffer, unsigned |length, bool *inFile);

#endi f /[* __SYMSTRIP_H */
/* --- END of SynBtrip.h --- */
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SymStrip.c

/* synstrip.c -- Synbol stripping engine
*

* See synstrip.h for details
*/

#i ncl ude "stddefs. h"
#i ncl ude "syntnds. h"
#i ncl ude "synstrip. h"
#i ncl ude "tokenl st.h"
#i ncl ude "htabl e. h"

extern synOpts options;

/* -- Local functions -- */

voi d NewLi ne(FILE *FP);

voi d Mar KEOS(FI LE *FP);

voi d MarkExtra(Fl LE *FP);

void WiteToken(FlILE *FP, tokenList *token);

bool CheckSequence(FlILE *tagsFP, FILE *wordsFP, string tag, string word, tokenList *index);
/* -- Exported functions -- */

void SynBtrip(string inputFile, string tagsFile, string wordsFile)

{
FILE *inputFP,
*t agsFP,
*wor dsFP;
t okenLi st *|ist, /* line of tokens fromfile */
*i ndex; /* index into token list */
bool inFile; /* Are we within the file? */
bool readTag; /* Did we just read a tag? */
unsi gned I'i neCount, /* Nunber of lines */
wor dCount ; /* Number of words (non-tags) read */
if (!options.synbol sRead) { /* Ensure we have some tags to work with! */

printf("Reading synbols...\n");
ReadSynbol sConmand() ;

if (!options.synbol sRead) { /* Unsuccessful synbol read */
printf("Unable to open specified synbols file.\n");
printf("Aborting...\n");
return; /* So die */

if ((inputFP = fopen(inputFile, "rt")) == NULL) {
printf("Unable to open [%] for input\n", inputFile);
printf("Aborting...\n");
return;

if ((tagsFP = fopen(tagsFile, "wt")) == NULL) {
printf("Unable to open [%] for tags output\n", tagsFile);
printf("Aborting...\n");

fcl ose(i nput FP);

return;
}
if ((wordsFP = fopen(wordsFile, "wt")) == NULL) {
printf("Unable to open [%] for words output\n", wordsFile);
printf("Aborting...\n");
fcl ose(i nput FP);
fcl ose(tagsFP);
return;
}
inFile = TRUE; /* We are currently in the file */
readTag = FALSE; /* No tags read yet */
I'i neCount = O; /* \__ Reset counts */
wor dCount = O; x|/ */
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printf("Stripping file...\n");

while (inFile) {
index = list =

while (index !'= NULL) {
i f (hashlsln(index -> token)) {
if (readTag)
Mar kExt r a(t agsFP) ;

ReadLi neTokens(i nput FP,

& nFile); [/* Get a line of tokens */

/* Is it atag? */
/* Is it an extra tag? */
/* Mark it */

WiteToken(tagsFP, index); /* Strip to tags file */
readTag = TRUE; /* We just read a tag */
} else {
WiteToken(wordsFP, index); /* Strip to words file */
readTag = FALSE; /* We didn't read a tag */
wor dCount ++; /* read another word */
}
i ndex = index -> NEXT; /* Next tokoen */
}
Dest royTokenLi st (list);
Mar KEOS(t agsFP) ; /* End of sentance */
NewLi ne(t agsFP); /* \___ Newlines */
NewLi ne(wor dsFP) ; x|/ */
I'i neCount ++; /* read another line */
}
fcl ose(input FP); [*\ */
fcl ose(tagsFP); /* >--- Cose files */
fcl ose(wordsFP); I* */
printf("Stripped [%]: % words, % lines\n\n",
i nput Fi |l e, wordCount, |ineCount);
}
t okenLi st *ReadLi neTokens(FILE *ifile, bool *inFile)
char buffer[ MAXSTRING * 4];
ReadLi neText (i file, buffer, MAXSTRING * 4, inFile);
return Get Tokens(buffer);
}
voi d ReadLi neText (FILE *ifile, char *buffer, unsigned | ength, bool *inFile)
{
char read, /* Character read from'file' */
unsi gned count; /* nunber of characters in '"buffer' */
count = O;
fread(&ead, 1, 1, ifile);
while (read != EQL && *inFile) {
if (feof(ifile))
*inFile = FALSE;
el se {
*puf fer++ = read;
count ++;
if (count == length - 1) /* Filled the buffer */
br eak;
}
fread(&ead, 1, 1, ifile);
}
*pbuf fer = ECS;
}
/* -- Local functions -- */
/* -- Function NewLine
* Pre: '"FP' is a file opened for witing



* Post: a new line was witten to ' FP
*

/
voi d NewLi ne(FI LE *FP)

fprintf(FP, "\n");

* -- Function MarkECS

* Pre: '"FP' is a file opened for witing

* Post: (options.markECS == TRUE && ECS narker was witten to file) ||
* (options. mar KECS == FALSE)

*/

voi d Mar kEOS(FI LE *FP)

{
if (options. markECS)
fprintf(FP, "%", options.nmar kEOSTag);
}
/* -- Function MarkExtra
* Pre: '"FP' is a file opened for witing
* Post: (options.markExtra == TRUE && Extra tag marker was witten to file) ||
* (options. markExtra == FALSE)
*

/
voi d MarkExtra(FI LE *FP)

if (options. markExtra)
fprintf(FP, "%", options.narkExtraTag);

}
/* -- Function WiteToken
* Pre: '"FP' is a file opened for witing
* "token' is a valid token
* Post: 'token' + " " (space) was witten to 'FP
*/
void WiteToken(FlILE *FP, tokenList *token)
{
fprintf(FP, "% ", token -> token);
}
/* -- Function CheckSequence
* Pre: 'tagsFP' is a file opened for witing; destination for tags
* "wordsFP' is a file opened for witing; destination for words
* "tag' is a string to check if it matches a tag
* "word' is a string so that if it cones after 'tag' then it nust be a word
* "index' is an index into a token |ist
* Post: If index == 'tag' and index -> N == "word' then
* '"tag' --> tags
* "word --> words & TRUE i s returned
* G herwise 'tag' --> tags &% FALSE is returned
*
* Note: Due to the stupidity of the WALES corpus designers, many tags were used with the sane
* nanes as common words, with no way to identify wether one was a tag or a word.
*

~

nt CheckSequence( FILE *tagsFP, FILE *wordsFP,
string tag, string word,
t okenLi st *i ndex)

if ((strcnp(index -> token, tag) == 0) && (strcnp(index -> NEXT -> token, word) == 0)) {
WiteToken(tagsFP, index);
WiteToken(tagsFP, index -> NEXT);
return TRUE;
} else
return FALSE;

/* --- END of SynStrip.c --- */



9.2.5 MakeFSA
Application purpose

MakeFSA

MakeFSA constructs an FSA definition from the probed hidden unit activations from a recurrent
Elman network simulated with tlearn. A cluster analysis program is required to extract the locations
of the FSA’s states within the hidden unit space. The resulting clusters are loaded into MakeFSA.
Transition tables are generated for the hidden unit activation data, and used to construct a
deterministic FSA.

Usage

*** MakeFSA -- wite an FSA definition for a tlearn probe run
Version 0.06 build 11:12:37 Oct 8 1999 [IRI X64 6.5 | P25 m ps]
Usage: makefsa {k-neans vectors} {pattern file} {probe file}
{tags file} {FSA definition}

VWere: {k-means vectors} -- mean vectors from k-means clustering
{pattern file} -- pattern definition of inputs
{probe file} -- output fromtlearn probe
{tags file} -- tags representing input/output |ines
['-" for no translation]
{FSA definition} -- file to wite FSAto ['-' for stdout]

Required input files:
- A codebook resulting from either ellipsoidal or spherical cluster analysis
A pattern file representing the training sequence
A .probe file generated by a probe run of tlearn
An optional .reset file used by tlearn during learning

MakeFSA will generate an FSA definition file that can be simulated with Ingo Schellhammer’s
autosim FSA simulator.

Modes used

StdDefs, 2DArray, TokenLst, TokScan, Vector_Utils, Vector_Read, Gauss, Cluster, CorrMatrix,
SmdArray

Source code

Makefile

TARGET=nmkef sa

VERSI ON=020

CFl LES=nmkef sa. ¢ vector_utils.c vector_read. c tokenl st.c tokscan. c sndarray.c cluster.c
corr_matrix.c gauss2.c 2darray.c

HFI LES=st ddefs. h vector _utils.h vector_read. h tokenl st. h tokscan. h snmdarray. h cluster.h
corr_matrix. h gauss.h 2darray. h

OBJFI LES=${ TARGET}.0 vector_utils.o vector_read.o tokenlst.o tokscan.o sndarray.o cluster.o
corr_matrix.o gauss2.0 2darray.o

DI STFI LES=Makefi | e nakef sa. hel p. make ${CFlI LES} ${HFI LES} ${ TARCGET}

SYSVER=\""unane -nprs’\"

CC=cc
CFLAGS=- apo - 64 - DPLATFORM="${ SYSVER}" - DUNI X
LFLAGS=-1m

${ TARGET}: ${ OBJFI LES}
${CC} ${CFLAGS} -0 ${TARGET} ${OBJFILES} ${LFLAGS}

hel p: ${ TARGET}
${ TARGET} --help

cl ean:
rm-f *. o ${ TARCET}

dist: ${Dl STFI LES}
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tar cvf ${ TARCET}_v${VERSIO\}.tar ${Dl STFI LES}
gzip -f ${TARGET} _v${VERSI O\}. tar

.Cc.0
${CC} ${CFLAGS} -c $*.c

MakeFSA.c

-~
*

Makefsa -- Generates an FSA fromeither k-nmeans or ellipsoidal cluster
anal ysis and tlearn hidden units probe out put
Used to nake a corresponding FSA for an el man network one step
| ookahead t ask

Aut hor: Dylan Miir (dr.muir@tudent. qut.edu. au)

QUT MLRC LPG Senester 2 1999

Date: 4th October, 1999

Modi fied: 11th Septenber, 2000

Version: 0.20

Usage: nekefsa {cluster type} -- s (spherical) or e (elliptical)

{cluster neans input} -- whitespace-delinmted, one vector per line

{probe file}
{tags file}

{pattern file} --

(line #) (input) (output)
output fromtlearn -p run
tags representing input / output

l'ines

(no translation occurs if '-' is specified)
tlearn reset file

WIl reset FSA to zero state for each reset
(no resets are used if '-' is specified)
wite FSA definition to this file

(wites to stdout if '-' is specified)

{resets file} --

{FSA definiton file} --

Modul es used: vector_utils, vector_read, cluster, stddefs, sndarray

P T T I R . T R RN

Aknow edgenents: Schel |l hanmer, |., Diederich, J., Towsey, M, Brugman
and Recurrent Neural Networks: An Analysis of an El man Network
Lear ni ng Task"

*/

C., "Know edge Extraction
trained on a Natural Language

/* -- Required nobdules -- */
<stdi o. h>
<stdlib. h>
#i ncl ude <sys/types. h>
#i ncl ude <tine. h>
#if defined( UNI X)
#i ncl ude <uni std. h>
#endi f
#if defined( W N32)
#define strcasecnp
#endi f
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

#i ncl ude
#i ncl ude

_stricnp

<string. h>
"stddefs. h"
"vector_utils.h"
"vector_read. h"
"cluster.h"
"2darray. h"
"corr_matrix.h"
"sndarray. h"

"t okenl st. h"

"t okscan. h"

/* -- defines -- */
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

APP_NANE
HELP

CLUSTER TYPE
CODEBOOK_FI LE
PATTERN_FI LE
PROBE_FI LE
TAGS FI LE
RESET_FI LE
FSA FILE
NUMARGS

co~NOOUBAWNRELELO

#def i
#def i
#def i
#def i

VERSI ON
HELP_FI LE
MAXTAGLENGTH
MAXCLASSES

"0.20"
"makef sa. hel p"
20
100

ne
ne
ne
ne /* Used for unigramarray if */
/* no tags file was supplied */

#def i
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#defi ne CODEBOOK_KMEANS vect or **
#defi ne CODEBOOK _2CLUST corrMatrix *

#define Abort(x) AbortPrint((x), __LINE , _ FILE );

#define MAX(x, y) ((x) > (y) ? (x) : (¥))

/* -- kneans typedefs -- */

typedef void *codebook; /* could be knmeans or o2clust */
/* -- kmeans hel per function prototypes -- */

voi d Usage(FI LE *output, char *appNane);
voi d Hel p(FI LE *out put, char *appNane);
void AbortPrint(int code, int line, char *file);
voi d ProcessConmandLi ne(int argc, char *argv[],
FILE **meansFile, FILE **patternFile, FILE **probeFile,
FILE **tagsFile, FILE **resetFile, FILE **fsaFile,
bool *useTags, bool *useResets, bool *use(?);
void CloseFiles(FILE *cbFile, FILE *patternFile, FILE *probeFile, FILE *tagsFile, FILE *resetFile,
FILE *fsaFile);
voi d PrintBanner(char *argv[], FILE *fsaFile, bool useTags, bool useResets, bool useQ2);
voi d ReadPattern(FILE *patternFile, int *predecessor, int *successor, bool *inFile);
i nt Fi ndNear est Nei ghbour (vector *vect, codebook currentBook, bool use®, int nunSeeds);
bool CheckC usterDi nensi ons(cluster *clust);
codebook ReadMeans(FILE *cbFile, bool use®, int *nunC usters);
voi d ReadTags(FILE *tagsFile, char **tagsArray[], int *numQutputs);
t okenLi st *ReadWhol eFi | e(FI LE *i nput);
voi d MakeFSADef Header (FI LE *fsaFile, int rescueState, int rescueCutput, int startState);
int FindStart State(codebook currentBook, bool use®, int nunCusters);
voi d ZeroUni gramArray(int array[], int size);
int FindMaxSlot(int array[], int size);
int InitResetFile(FILE *resetFile);
int ReadReset (FILE *resetFile);

/* -- Codebook functions -- */

/ *codebook CodebookNew(int slots, bool use®);*/

codebook CodebookDestroy(codebook book, int slots, bool use®);

codebook CodebookNewFronTl uster (cluster *clust, bool use®?);

codebook CodebookMakeCopy(codebook book, int slots, bool use®);

/*void WiteCodebook(FILE *out put, codebook book, int slots, bool use®);*/

/[* -- main -- */

int main(int argc, char *argv[])

FI LE *cbFile, *patternFile, *probeFile, *tagsFile, *resetFile, *fsaFile;
codebook book;
int nunCl ust ers, num nput Li nes, nunTeachExanpl es, nuniransitions;
bool term nate, useQ2;
vect or *vect;
int predecessor, successor, thisState, |astState,
start State, rescueCQutput;
bool inPatFile, inProbeFile, useTags, useResets;
sndarray fsaTransitions;
char **t agsArray;
int *uni granft at s;

/* srand48((double) time(0) + (double) getpid()); /* Initiallise rand48 generator */

ProcessCommandLi ne( argc, argv,
&cbFile, &patternFile, &probeFile,
& agsFile, &esetFile, &fsaFile,
&useTags, &useResets, &use?);

Print Banner (argv, fsaFile, useTags, useResets, useQ2);

if (useTags) {
ReadTags(tagsFil e, &tagsArray, &num nputLines);
fprintf(stderr, "Read % tags (%l input lines).\n", num nputLines, num nputlLines);
if (!(unigranStats = (int *) malloc(num nputLines * sizeof(int)))) {
fprintf(stderr, "*** Could not allocate inputs unigramarray.\n");

fprintf(stderr, " ([vd] classes)\n", num nputLines);
Abort (8);
}
ZeroUni gramArray(uni granStats, numl nputLi nes);
} else {

if (!(unigranStats = (int *) mall oc( MAXCLASSES * sizeof(int)))) {
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fprintf(stderr, "*** Could not allocate inputs unigramarray.\n");

fprintf(stderr, " ([vd] classes -- MAXCLASSES)\n", MAXCLASSES);
Abort (9);
}
Zer oUni gramArray(uni granttats, MAXCLASSES);
}
if (use®) {

book = (CODEBOOK _(R2CLUST) ReadMeans(cbFile, use®, &nunCl usters);
} else {
book = (CODEBOOK_KMEANS) ReadMeans(cbFile, use®, &nunC usters);

}

if (nunClusters == 0)
fprintf(stderr, "*** No clusters to convert!\n");
Abort (5);

fprintf(stderr, "Read % clusters.\n", nunC usters);

fsaTransitions = sArrayCreate();
InitResetFile(resetFile);

startState = FindStart State(book, use®, nunC usters);

|lastState = start State; /* Begin at zero state */
if (luseTags) numnputlLines = 0; /* Count input lines if we weren't given it */
nunmTeachExanpl es = 0; /* Current training pattern nunber */

inPatFile = inProbeFile = TRUE
term nate = FALSE;
while (!termnate) {
ReadPattern(patternFile, &predecessor, &successor, & nPatFile);
uni gr anft at s[ predecessor] ++; /* Count input */
if (useResets && ReadReset (resetFile) == nuniTeachExanpl es)
|astState = startState; /* Reset the FSA */
if (luseTags) num nputLines = MAX(num nputLi nes, predecessor);
if (!(vect = VectorReadlLi ne(probeFile, & nProbeFile)))
br eak;

thi sState = Fi ndNear est Nei ghbour (vect, book, use®, nunClusters) + 1;

if (!sArraylncrenent(fsaTransitions, 4, 1, lastState, predecessor, thisState, successor)) {

fprintf(stderr, "*** Error manipul ating sndArray.\n");

fprintf(stderr, " Cell: [wW]l[%W][%][%]\n", lastState, predecessor,

successor);

Abort (6);

if (lastState == 0) startState = thisState; /* get start state */
lastState = thisState;
termnate = ! (inPatFile & inProbeFile);
nunTeachExanpl es++;
i f (((numTeachExanpl es % 200) == 0) && (nuniTeachExanples > 1))
fprintf(stderr, "Read % inputs...\n", nuniTeachExanples);
}

fprintf(stderr, "Read % inputs total.\n", nunTeachExanples - 1);
fprintf(stderr, "Read %l transitions total.\n", sArrayCountLeaves(fsaTransitions));

rescueQut put = Fi ndMaxSl ot (uni granttats, num nputLi nes);
MakeFSADef Header (fsaFil e, startState, 10, startState);

nunilr ansi ti ons 0;

for (lastState = 1; lastState <= nunC usters; |astState++) {
for (predecessor = 0; predecessor < num nputLines; predecessor++) {
int mpState = 0, /* nmost probable state */
mpCQut put 0,
max Count 0
count;

if (!sArrayDoesCel | Exi st(fsaTransitions, 2, |lastState, predecessor))
conti nue; /* this transition desn't exist */

for (thisState = 0; thisState <= nunClusters; thisState++) {

thi sState,

if (sArrayDoesCel | Exi st(fsaTransitions, 3, lastState, predecessor, thisState)) {

if ((count = sArrayBranchWei ght (sArrayGet Cel | (fsaTransi tions,

predecessor, thisState))) > maxCount) {
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maxCount = count;
mpState = thisState;

}
maxCount = O;

for (successor = 0; successor < num nputLines; successor++) {

3,

| ast St at e,



i f ((count = sArrayAccess(fsaTransitions, 4, | ast St at e, pr edecessor, npSt at e,
successor)) > maxCount) {
maxCount = count;
mpQut put = successor;

}

if (useTags)
fprintf(fsaFile, "%, %, %, %8\ n", | ast St at e, mpSt at e, tagsArray[ predecessor],
tagsArray[ npQut put]);
el se
fprintf(fsaFile, "%, %, %, %d\n", |astState, npState, predecessor, npQutput);
nunmlr ansi ti ons++;
}
fprintf(stderr, "Pruned tree: % transitions left.\n", nuniransitions);

Cl oseFiles(cbFile, patternFile, probeFile, tagsFile, resetFile, fsaFile);

return O;

/* -- hel per functions -- */
voi d Usage(FI LE *output, char *appNane)

fprintf(output, "\n*** MakeFSA -- wite an FSA definition for a tlearn probe run\n");

fprintf(output, " Version % build % % [%]\n", VERSION, _ TIME__, _ DATE , PLATFORM;

fprintf(output, "Usage: % {cluster type} {codebook file} {pattern file} {probe file}\n",
appNane) ;

fprintf(output, " {tags file} {reset file} {FSA definition}\n");

fprintf(output, "Wiere: {cluster type} -- either (s)pherical or (e)lliptical\n");

fprintf(output, " {codebook file} -- codebook froma clustering run\n");

fprintf(output, " {pattern file} -- pattern definition of inputs\n");

fprintf(output, " {probe file} -- output fromtlearn probe\n");

fprintf(output, " {tags file} -- tags representing input/output |lines\n");

fprintf(output, " ['-* for no translation]\n");

fprintf(output, " {reset file} -- tlearn reset file. Each reset will set the\n");

fprintf(output, " FSA to the 'zero' state\n");

fprintf(output, " ['-" for no resets]\n");

fprintf(output, " {FSA definition} -- file to wite FSAto ['-' for stdout]\n");

fprintf(output, "For detailed info, type % --hel p\n", appNane);
fprintf(output, "\n");

}

void AbortPrint(int code, int line, char *file)

{
fprintf(stderr, "Aborting [% | %]...\n", file, line);
exi t(code);

}

voi d ProcessConmandLi ne(int argc, char *argv[], FILE **cbFile, FILE **patternFile, FILE **probeFile,
FILE **tagsFile, FILE **resetFile, FILE **fsaFile, bool *useTags, bool *useResets, bool *useQ2)
{
if ((argc > 1) && (strcasecnp(argv[HELP], "--help") == 0)) {
FILE *hel pFile;

if (!(helpFile = fopen(HELP_FILE, "wt"))) {
fprintf(stderr, "*** Could not create help file [%].\n", HELP_FILE);
Abort(1);

}

Hel p(hel pFil e, argv[ APP_NAME]);
printf("Created %\n", HELP_FILE);
exit(0);

if (argc < NUMARGS) {
Usage(stderr, argv[APP_NAMNE]);
fprintf(stderr, "*** Invalid nunber of argunments.\n");
Abort (2);

if (argc > NUMARGS)
fprintf(stderr, "--- Warning: extra argunents ignored.\n");

if (strcasecnp(argv[ CLUSTER TYPE], "s") == 0) {
*use® = FALSE;
} else if (strcasecnp(argv[ CLUSTER TYPE], "e") == 0) {
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*use®@ = TRUE;

} else {
fprintf(stderr, "*** Custer type nust be either (s)pherical or (e)lliptical.\n");
Abort (20);

if (!(*cbFile = fopen(argv[ CODEBOOK_FI LE], "rt"))) {
fprintf(stderr, "kxx Coul d not open cluster nmeans file [ %] for input.\n",
ar gv[ CODEBOOK_FI LE] ) ;
Abort (2);
}

if (!(*patternFile = fopen(argv[ PATTERN_FILE], "rt"))) {
fprintf(stderr, "*** Could not open pattern file [%] for input.\n", argv[ PATTERN FILE]);
Abort (3);

if (!(*probeFile = fopen(argv[ PROBE_FILE], "rt"))) {
fprintf(stderr, "*** Could not open probe file [%] for input.\n", argv[ PROBE_FILE]);
Abort (4);

if (strcnp(argv[ TAGS FILE], "-") == 0) {
*useTags = FALSE;
*tagsFile = NULL;

} else {
*useTags = TRUE,
if (!(*tagsFile = fopen(argv[ TAGS_FILE], "rt"))) {
fprintf(stderr, "*** Could not open tags file [%] for input.\n", argv[ TAGS_FILE]);
Abort (5);
}
}

if (strcnp(argv[ RESET_FILE], "-") == 0) {
*useResets = FALSE,
*resetFile = NULL;

} else {
*useResets = TRUE;
if (!(*resetFile = fopen(argv[ RESET_FILE], "rt"))) {
fprintf(stderr, "*** Could not open reset file [%] for input.\n", argv[ TAGS_FILE]);
Abort (6);
}
}

if (strcnp(argv[ FSA FILE], "-") == 0)
*fsaFile = stdout;

el se {
if (!(*fsaFile = fopen(argv[ FSA FILE], "wt"))) {
fprintf(stderr, "¥%%  Could not open FSA definition file [%] for output.\n",
ar gv[ FSA_FI LE]);
Abort (7);
}

}
}

void CloseFiles(FILE *cbFile, FILE *patternFile, FILE *probeFile, FILE *tagsFile, FILE *resetFile,
FILE *fsaFile)

{
if (cbFile !'= NULL) fclose(cbFile);
if (patternFile !'= NULL) fclose(patternFile);
if (probeFile !'= NULL) fclose(probeFile);
if (tagsFile !'= NULL) fclose(tagsFile);
if (resetFile !'= NULL) fclose(resetFile);
if (fsaFile != stdout) fclose(fsaFile);
}

void PrintBanner(char *argv[], FILE *fsaFile, bool useTags, bool useResets, bool use)

fprintf(stderr, "- MakeFSA ver %\n", VERSION);
fprintf(stderr, " o dustering type: ");
use®2 ?

fprintf(stderr, "ellipsoidal\n")

fprintf(stderr, "spherical\n");
fprintf(stderr, " o Qusters: << [%]\n", argv[ CODEBOOK FI LE]);
fprintf(stderr, " o Input patterns: << [%]\n", argv[ PATTERN_FILE]);
fprintf(stderr, o Hidden units probe: << [%]\n", argv[ PROBE_FILE]);
fprintf(stderr, ol/Oline tags definitions: << [");
useTags ?
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fprintf(stderr,

fprintf(stderr,
fprintf(stderr, " o
useResets ?

fprintf(stderr,

fprintf(stderr,
fprintf(stderr, " o
fsaFile == stdout ?

fprintf(stderr,

fprintf(stderr,

}

voi d Hel p(FI LE *hel pFi
fprintf(helpFile, "
fprintf(helpFile, "
fprintf(hel pFile,

Usage(hel pFile, app

"U%s]\n", argv[ TAGS FI LE])
"not translated]\n");
Resets: << [");

"taken from %]\n", argv[RESET_FILE])
"not used]\n");
FSA definition: >> [");
"- stdout]\n") :
"]\ n", argv[FSA FILE]);

| e, char *appNane)

B e R T T \n\n");

Name) ;

#i ncl ude "nekefsa. hel p. make"

}

voi d ReadPattern(FILE

{
int patternNum

fscanf(patternFile,

if (feof(patternFil
*inFile = FALSE;
}

codebook CodebookNew i
{

codebook newBook;

if (use®@) {
if (!(newBook =
return NULL;
} else {
if (!(newBook =
return NULL;
}

return newBook;

}

*patternFile, int *predecessor, int *successor, bool *inFile)

"od % %", &patternNum predecessor, successor);

e))

nt slots, bool use?)

( CODEBOOK_2CLUST) nal l oc(slots * sizeof(corrMatrix))))

(vector **) malloc(slots * sizeof(vector *))))

bool Checkd ust erDi nensi ons(cl uster *clust)

{
int di nensi ons;
cluster *clndex;
if (clust == NULL)

di nensi ons = cl ust

/* dinmension to check agai nst */
/* index into cluster */

return TRUE, /* enpty cluster, so we pass */

-> vect -> dinensions;

clndex = clust -> next; /* the first one passes by definition */

while (clndex !'= NULL) {
if (clndex -> vect -> dinensions != di mensions)

return FALSE;

clndex = clndex -> next;

}

return TRUE;
}

codebook CodebookNewFr
{

onCl uster(cluster *clust, bool use?)

codebook newBook; /* new codebook */
cluster *cl ndex; /* index into cluster */
int sl ot; /* slot index into codebook */

if (!(newBook = CodebookNew( Cl usterSize(clust), use(?)))

return NULL;

slot = 0;
clndex = clust;

while (clndex !'= NULL) {
( ( CODEBOOK_KMEANS) newBook)[sl ot] = Vector MakeCopy(cl ndex -> vect);
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clndex = clndex -> next;
sl ot ++;

}

return newBook;

}

codebook CodebookDestroy(codebook book, bool use®, int slots)
{

int sl ot ;

slot = 0;
while (slot < slots) {
i f(use®) {
ChMat ri xDest roy( (( CODEBOOK_2CLUST) book)[slot]);
} else {
Vect or Deal | ocat e( ( ( CODEBOOK_KMEANS) book)[slot]);
}

sl ot ++;

}

free(book);
return NULL;

}

int Fi ndNear est Nei ghbour (vector *vect, codebook currentBook, bool use®, int nunSeeds)

{

int sl ot ; /* index into codebook */
doubl e m nDi st /* current mninmm distance */
di st; /* current distance */
doubl e m nSl ot ; /* current slot of mninmmdistance*/
m nSlot = 0;
if (use®) {
m nDi st = CwvatrixCorrel ati onWt hVect ((( CODEBOOK_2CLUST) current Book)[0], vect);
} else {
m nDi st = Vect or Eucl i deanDi st (vect, (( CODEBOOK_KMEANS) current Book)[0]);
}
slot = 1;
while (slot < nunBeeds) {
if (use®) {
dist = CMatrixCorrel ati onWthVect ((( CODEBOOK_(RCLUST) currentBook)[slot], vect);
} else {
di st = VectorEuclideanDi st(vect, ((CODEBOOK_KMEANS) currentBook)[slot]);
}
if (dist < nmnDst) {
m nDi st = dist;
m nSlot = slot;
sl ot ++;
}

return (int) mnSlot;

codebook ReadMeans(FILE *cbFile, bool use®, int *nunCl usters)
{

corrMatri x *book;

cluster *clust;

if (use®) {
int sl ot ;

if (!(book = (CODEBOOK _(2CLUST) mal | oc( MAX_CLUSTERS * si zeof (corrMatrix))))
return NULL;

for (slot = 0; slot < MAX CLUSTERS; sl ot++)
book[ sl ot] = NULL;

slot = 0;
while (!feof (cbFile)) {
book[ sl ot] = CMatri xRead(cbFile);
i f (book[slot] != NULL)
sl ot ++;
}
*nunCl usters = slot;
return book;
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}

} else {
cl ust
cl ust

= ClusterNew);

= Cl ust er ReadFronFil e(cbFile);

*nunC usters = dusterSize(clust);

return CodebookNewFronCl uster (clust, use®?);

t okenLi st *ReadWhol eFi | e( FI LE *i nput)

{

voi

voi

}

t okenlLi st *list, *tenp;

bool inFile;
inFile = TRUE
list = ReadLi neTokens(input, & nFile); /* CGet the first line */

if (list == NULL)
return list;

while (inFile) {

temp = ReadLi neTokens(input, & nFile); /* Get the next line */

i st = Concat enat eTokenLi st (list, tenp);
}

return list;

d ReadTags(FILE *tagsFile, char **tagsArray[], int *nunQutputs)

t okenLi st *al | Tags, *index;
int nunirags;

al | Tags = ReadWhol eFi |l e(tagsFile);

if (allTags == NULL) {
fprintf(stderr, "*** Error reading tags file.\n");
Abort (7);

}

nunirags = 0O;

i ndex = al |l Tags;

while (index !'= NULL) {
i ndex = index -> NEXT;
nunTags++;

}

*nunut put s = nunirags;

if ('Allocate2DArray(tagsArray, 1, nunfTags, MAXTAGLENGTH)) {
fprintf(stderr, "*** Could not allocate tag array.\n");

Abort (8);
}

i ndex = al |l Tags;

nunfTags = O;

while (index !'= NULL) {
strcpy((*tagsArray)[ nunTags], index -> token);
i ndex = index -> NEXT;
nuniTags++;

}
Dest royTokenLi st (al | Tags) ;

d MakeFSADef Header (FILE *fsaFile, int rescueState, int rescueQutput, int startState)

fprintf(fsaFile, "Finite State Automaton Sinulator\n");
fprintf(fsaFile, "Rescue State = %d\n", rescueState);
fprintf(fsaFile, "Rescue Qutput = %\ n", rescueCutput);
fprintf(fsaFile, "Start State = %\ n", startState);
fprintf(fsaFile, "Transitions:\n");

fprintf(fsaFile, "(Fronfttate, ToState, | nput, Qutput)\n");

int FindStart State(codebook currentBook, bool use®, int nunC usters)

{

vect or *zero;
int start State;

if (use®) {
zero = Vect or Zer o( (( CODEBOOK_QRCLUST) curr ent Book) [ 0]
} else {

-> di mensi ons) ;
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zero = Vect or Zer o( (( CODEBOOK_KMEANS) current Book)[0] -> di nmensions);
}

startState = Fi ndNear est Nei ghbour (zero, currentBook, use®, nunC usters);

zero = VectorDeal | ocate(zero);
return start State,;

}
void ZeroUnigramArray(int array[], int size)
{
int count;
for (count = 0; count < size; count++)
array[count] = O;
}
int FindMaxSlot(int array[], int size)
{
int maxSl ot = O,
maxVal ue = 0,
count;
for (count = 0; count < size; count++) {
if (array[count] > nmaxVal ue) {
maxVal ue = array[count];
maxSl ot = count;
}
}
return naxSl ot;
}
int InitResetFile(FILE *resetFile)
{
int nunReset s;
fscanf(resetFile, "%\ n", &unResets);
return nunResets;
}
int ReadReset (FILE *resetFile)
{
int reset;
fscanf(resetFile, "%\ n", &reset);
return reset;
}
/* --- END of mmkefsa.c --- */
makefsa.help.make

/* Help make file for MakeFSA

Aut hor: Dyl an Miir (dr.nuir@tudent.qut.edu.au
Date: 4th COctober, 1999
Modi fied: 13th Septenber, 2000
Version: 0.02
/

E I

#define p(x) fprintf(helpFile, x);

p("\n");

p("This programcreates a deternmnistic FSA froma set of state definitions\n");
p("(clustering codebook) and a set of training vectors. This is used to obtain an\n");
p("FSA froma tlearn hidden units probe run and an AVQ (Euclidean di stance or correlation\n");
p("di stance) analysis of the hidden unit states.\n");

p("\n");
p("MakeFSA wi || generate a state for each cluster in the AVQ analysis. The\n");
p("training vectors will be read and a transition table generated fromstate to\n");

p("state given each input. Non-deterministic transitions are culled by taking\n");
p("the nost probable state noved to for each input, as well as the nost probable\n");
p("output for each transition.\n");

p("\n");

p("The FSA definition is augnented by a start state and a rescue state, as well as\n");
p("a rescue output. These are defined as:\n");

p(" o Start state: the state corresponding to the cluster containing the zero\n");

p(" vector.\n");
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p(" o Rescue state: at this stage, this is the same as the start state.\n");

p(" o Rescue output: the npbst common output for all inputs (i.e. a noun in\n");
p(" | anguage data).\n");
p("\n");

p("Inputs are:\n");

p(" o The type of clustering that was performed (spherical or elliptical).\n");

p(" o Afile corresponding to the clusters identified by the AVQ analysis.\n");

p(" o A pattern file with a list of input/output pairs for the training data.\n");
p(" o Afile of vectors containing the training data (hidden unit activations)\n");
p(" o An optional file specifing names ('tags') to give to each of the\n");

p(" intput / output lines (tags file).\n");

p("\n");

p("\n");

p("Input formats:\n");

p("Vector files(k-neans clusters, training set):\n");

p(" o Vectors are input one per line.\n");

p(" o Vector conponents are separated by whitespace (space or tab).\n");

p(" o All vectors in the file should be of the same dinensionality.\n");

p("\n");

p(" Codebook file:\n");

p(" o For k-neans clusters, see above.\n");

p(" o For o2clust clusters, the file format is determined by CVatri xWite in the");
p(" corr_matrix.c source file.\n");

p("\n");

p("Pattern file:\n");

p(" o each line follows the same pattern: input# intput output.\n");

p(" o input# starts fromzero and counts up to the nunber of inputs.\n");

p(" o input and output represent the input and output lines that should be\n");

p(" activated.\n");

p("\n");

p("Tags file:\n");

p(" o Tags are separated by whitespace (space, tab or <cr>).\n");

p(" o If this file is given, there MIST be at |least as nmany tags as input / output\n");
p(" lines. The program s behavi ous is undefined otherw se.\n");

p("\n");

p("\n");

p("Qutput formats:\n");

p("FSA Definition:\n");

p(" o The output format is designed to be used in Ingo Schellhamer's FSA\n");

p(" sinmulator "autosim. It consists of an explicit header which nust be\n");
p(" character perfect, containing the start state, rescue state and rescue\n");
p(" out put.\n");

p(" o Deterministic FSA transitions are given one per |line, separated by commas.\n");
p(" o If atags file was specifed, inputs and outputs are translated into tags.\n");

p(" (Note that this format is not conpatible with "autosim).\n");

p("\n");

p("\n");

p("Note: MakeFSA was designed for use on an el man-type recurrent neural network\n");
p(" trained on | anguage data to perform a one-step-lookahead task. Therefore\n");
p(" the input and output |ines correspond one-to-one, and the tags file can\n");
p(" be used to describe both. This should hold true for nbst FSAs. The\n");

p(" pattern files used were generated by concatenating lines in tlearn\n");

p(" __ .teach and ___ .data files. This will only work if the tlearn files\n");
p(" are in locallist format.\n");

p("\n");

p("\n");

p("\n");

p("\n");

#undef p

/* --- END of nakefsa. hel p. make --- */
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9.2.6 pattern
Application purpose

pattern generates .pattern files from tlearn .teach and .data files. .pattern files are used in severdl
other applications, such as dstat and MakeFSA.

Usage

***pattern ver 0.01 -- creates pattern file fromtlearn data
Usage: pattern {baseFil eNane}
pattern {dataFile} {teachFile} {patternFile}

pattern can take as arguments either a base filename to both read the tlearn data from and to write
the .pattern file to, or three separate filenames.

Modules used
StdDefs, TokenL st, TokScan,

Source code

Makefile

DI STFI LES=pattern.c tokscan.c tokscan.h tokenlst.c tokenlst.h pattern
CC=gcc -g

pattern: pattern.o tokscan.o tokenlst.o

${CC} -0 pattern pattern.o tokscan.o tokenlst.o
cl ean:

rm-f *. 0 pattern
di st:

tar cvf pattern_v00l.tar $(DI STFILES)

gzip pattern_vOOl.tar

.C.0:
${CC -c $*.c

| pattern.c

/* -- Pattern.c -- nmake a .pattern file fromtlearn data files

*

* Author: Dylan Miir (dr.muir@tudent. qut. edu. au)

* QUT MLRC LPG August 1999
* Date: 9th August, 1999

* Modi fi ed:

* \ersion: 0.01

*/

/* --- Defines --- */

#defi ne VERSI ON "0.01"

#def i ne APPNAME 0
#defi ne BASEFI LENAVE 1
#define DATAFILE 1
#defi ne TEACHFI LE 2
#defi ne PATTERNFI LE 3
#defi ne NUMVARGS 4
#define MAX_STRI NG 5

#define MN(x, y) ((x) > (y) ? (y) : (x))

/* --- Included headers --- */

12

#i ncl ude <stdlib. h>
#i ncl ude <stdio. h>
#i ncl ude <string. h>
#i ncl ude "tokenl st. h"
#i ncl ude "tokscan. h"
#i ncl ude "stddefs. h"

/* --- Enums --- */

typedef enum fil eTypeEnum {di stributed, |ocalist, undefined} fileType;
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/* --- Hel per functions --- */

voi d | nterpret ConmandLi ne(int argc, char *argv[]);

voi d Usage(FI LE *output, char *argv[]);

voi d QpenFiles(int argc, char *argv[], FILE **dataFile, FILE **teachFile,
voi d Abort(int errcode);

void d oseFil es(FILE *dataFile, FILE *teachFile, FILE *patternFile);

voi d ProcessFil es(FILE *dataFile, FILE *teachFile, FILE *patternFile);
fileType Determ neType(char *text);

voi d ReadFilelnfo(FILE *file, fileType *fileStruct, int *nunPatterns);
char *Fil eTypeString(fileType file);

voi d EatLine(FILE *file);

[* <= Main -- */

void main(int argc, char *argv[])

{
FILE *dataFile,
*teachFil e,
*patternFile;
I nt er pr et CoomandLi ne(argc, argv);
OpenFi |l es(argc, argv, &dataFile, & eachFile, &patternFile);
ProcessFil es(dataFile, teachFile, patternFile);
Cl oseFil es(dataFil e, teachFile, patternFile);
}
/* --- Hel per functions --- */

voi d | nterpret ConmandLi ne(int argc, char *argv[])

FILE **patternFile);

{
switch (argc) {
case 1:
case 3:
Usage(stderr, argv);
fprintf(stderr, "*** Incorrect nunmber of argunments.\n");
Abort(1);
br eak;
defaul t:
br eak;
}
if (argc > NUMARGS)
fprintf(stderr, "--- WARNING extra argunents ignored.\n");
}
voi d Usage(FlI LE *output, char *argv[])
{
fprintf(output, "\n***pattern ver % -- creates pattern file fromtlearn data\n", VERSION);
fprintf(output, "Usage: % {baseFileNane}\n", argv[ APPNAME]);
fprintf(output, " % {dataFile} {teachFile} {patternFile}\n", argv[ APPNAME]);
}

voi d OpenFiles(int argc, char *argv[], FILE **dataFile, FILE **teachFile,

char buffer[ MAX_STRI NG,
dat aFNanme[ MAX_STRI NG ,
t eachFName[ MAX_STRI NG ,
patt er nFNane[ MAX_STRI NG ;

switch(argc) {
case 2: /* Base nane specified only */
strcpy(dat aFName, ar gv[ BASEFI LENAMVE] ) ;
strcpy(teachFNane, argv[ BASEFI LENAME] ) ;
strcpy(patternFNanme, argv[ BASEFI LENAVE] ) ;

strcat (dataFNarme, ".data");
strcat (teachFNanme, ".teach");
strcat (patternFNanme, ".pattern");

br eak;
case 4:

strcpy(dat aFNanme, ar gv[ DATAFI LE] ) ;
strcpy(teachFNanme, argv[ TEACHFI LE]);

FI LE **patternFile)
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strcpy(patternFNanme, argv[ PATTERNFI LE]);

br eak;
defaul t:
fprintf(stderr, "*** Undefined error condition.\n");
Abort (2);
}
printf(" Pattern ver %\n", VERSION);

printf(" | Data file: [%]\n", dataFNane);
printf(" | Teach file: [%]\n", teachFNane);
printf(" +-> Pattern file: [%]\n\n", patternFNane);

if ((*dataFile = fopen(dataFNane, "rt")) == NULL) {
fprintf(stderr, "*** Could not open [%] for input.\n", dataFNane);
Abort (3);

if ((*teachFile = fopen(teachFName, "rt")) == NULL) {
fprintf(stderr, "*** Could not open [%] for input.\n", teachFNane);
fclose(*dataFile);
Abort (3);

if ((*patternFile = fopen(patternFNane, "wt")) == NULL) {
fprintf(stderr, "*** Could not open [%] for output.\n", patternFNane);
fclose(*dataFile);
fclose(*teachFile);
Abort (3);

voi d Abort(int errcode)
fprintf(stderr, "Aborting...\n");
exi t(errcode);
void O oseFiles(FILE *dataFile, FILE *teachFile, FILE *patternFile)

if (dataFile != NULL)
fcl ose(dataFile);

if (teachFile !'= NULL)
fclose(teachFile);

if (patternFile != NULL)
fclose(patternFile);

}
voi d ProcessFiles(FILE *dataFile, FILE *teachFile, FILE *patternFile)
{

char buf f er [ MAX_STRI NG ;

t okenLi st *t okens;

bool inFile = TRUE,

fileType dFileStruct, tFileStruct;

int dNunPat t erns, tNunPatterns,

pat t er nl ndex;

ReadFi | el nfo(dat aFile, &dFileStruct, &JINunPatterns);
ReadFi | el nfo(teachFile, & FileStruct, & NunPatterns);

printf( "Data file: type[%] patterns[%d]\n",
Fi | eTypeString(dFileStruct), dNunPatterns);

printf( "Teach file: type[%] patterns[%l]\n",
Fil eTypeString(tFileStruct), tNunPatterns);

if (!(dFileStruct == localist & tFileStruct == localist)) {
fprintf(stderr, "*** Error: file creation supported for localist files only.\n");
Abort (5);
}
if (dNunmPatterns > tNunPatterns)
fprintf(stderr, "--- WARNING extra patterns in .data will be ignored.\n");
else if (dNunPatterns < tNunPatterns)
fprintf(stderr, "--- WARNING extra patterns in .teach will be ignored.\n");
patternl ndex = O0;
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while ( patternlindex < M N(dNunPatterns, tNunPatterns) &&

Ifeof (dataFile) & !feof(teachFile)) {

fprintf(patternFile, "% ", patternlndex);

ReadLi neText (dat aFil e, buffer, MAX _STRING & nFile);

fprintf(patternFile, "% ", buffer);

ReadLi neText (teachFil e, buffer, MAX STRING & nFile);

fprintf(patternFile, "%\n", buffer);

patternl ndex++;

if ((patternlndex % 1000 == 0) && patternlndex > 10)
printf("Processed % patterns...\n", patternlndex);

if (patternlndex > 1000)

printf("Processed % patterns total.\n", patternlndex);

voi d ReadFilelnfo(FILE *file, fileType *fileStruct,
char buffer[ MAX_STRI NG ;

fscanf(file, "%", buffer);
Eat Li ne(file);
*fileStruct = Determ neType(buffer);

fscanf(file, "%", (int *) buffer);
Eat Li ne(file);
*nunPatterns = *(int *) buffer;

}
fileType Determ neType(char *text)
{
if (strcmp(text, "distributed") == 0)
return distributed;
else if (strcnp(text, "localist") == 0)
return |localist;
el se
return undefined;
}

char *FileTypeString(fileType file)

switch(file) {
case distributed:
return "distributed";

case localist:
return "localist";

case undefi ned:
return "undefined";

int *nunPatterns)

defaul t:
fprintf(stderr, "*** Uncategoriesed enumerror.\n");
Abort (4);
}
}
voi d EatLine(FILE *file)
{
char read;
read = 0xO;
while (read != EQOL && !feof (file))
fread(&ead, 1, 1, file);
}
/* --- END of pattern.c --- */

99



9.2.7 vector
Application purpose

vector takes a data set of known tags and sentence boundaries, and writes the corresponding tlearn
teach and .datafiles. The output can be written in both localist and distributed representations, and
the input and output lines can be either binary or normalised together.

Usage

*** yector ver 0.21 -- creates tlearn vector files fromtag input
Usage: vector {tagfile} {inputfile} {inputType} {outputType} {fileStructure}
{basefil enane}
Where: {i/oType} == [a]verage or [Db]inary
{fileStructure} == [I]ocalist or [d]istributed
{outputfiles} -> basefilenamne. cf
basefi | enane. dat a
basefi |l enane. t each
basefi | enane. r eset

The data set consists of a sequence of whitespace-delimited tags, with optional resets denoted by
‘/C’ within the data set.

example.txt

HN MH AJT *ADJ & /C
FHNMHN/S/C

ADJ *HHFl *PHF *P/C
HNMPDDH/C
HNMPMP/C

FHNOMP DD/C

Thefile to define the tagsisin the standard format: tokens separated by whitespace.

wales.claire.tags

&
ADJ
AT
AL
cP
DD
DOR
DQ
F

F

—__—_IT i
ZmZ O;U

5

$57980°920=gg=

/'S

Modules used
StdDefs, TokenL st, TokScan, HTable,
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Source code

Makefile

DI STFI LES=t okenl st.c  tokenlst.h vector.c htable.c htable.h stddefs.h test.tags test.txt
wal es. claire.tags 6yrs.5.tag. mark vector

OBJFI LES=t okenl st. o vector.o tokscan.o htable.o

VERSI ON=021

TARGET=vect or

CC=gcc

${ TARGET}: ${ OBJFI LES}
${CC} -0 ${TARGET} ${OBJFI LES}

cl ean:
rm-f *.0 vector

di st: ${D STFI LES}
tar cvf ${ TARCET}_v${VERSION}.tar $(D STFILES)
gzip -f ${TARGET} _v${VERSI O\}.tar

htabl e.o: htable.c

tokenl st.o: tokenlst.c

vector.o: vector.c

t okscan. o: tokscan.c

.c.o:
${CC -c -g $*.c

Vector.c

/* vector.c -- creates a set of vectors for tlearn
*

* Author: Dylan Miir (dr.muir@ut. edu. au)

* Created: 17th May, 1999

* Modified: 8th Cctober, 1999

* Version: 0.21

*/

#i ncl ude <stdio. h>
#i ncl ude <string. h>
#i ncl ude "stddefs. h"
#i ncl ude "htabl e. h"
#i ncl ude "tokenl st.h"
#i ncl ude "tokscan. h"

/* --- Vector defines --- */

#define BINARY O
#define AVERAGE 1

#define TAGFILE 1
#define |INPUT_TYPE 3
#define OUTPUT_TYPE 4
#define |INPUT_FILE 2
#defi ne BASEFI LE 6
#define FILE_STRUCT 5

#define EXTRAmark P

#define RESET "/c

#define VERSI ON "0.21"

#define DI STFILETYPE “distri buted\n" /* Type of output tlearn file */
#define LOCALFILETYPE "locali st \n" /* MJUST BE SAME LENGTH */

/* --- Vector enuns --- */

typedef enum {bi nary, averaged} vectorType;
typedef enum {localist, distributed} fileType;

/* --- Hel per functions prototypes --- */
voi d Usage( FI LE *out put, char *argv[]);
voi d Hel p(char *argv[]);

t okenLi st *ReadWhol eFi | e(FI LE *input);
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voi d Pri nt TokenLi st (FI LE *out put, tokenList *list);

bool Set upHasht abl e(t okenLi st *tags);

int Count Tokens(t okenLi st *list);

int DoVectors(FILE *input, int vectorSize, vectorType intype, vectorType outtype, fileType
fileStruct, FILE *dvFile, FILE *tvFile, FILE *rvFile);

bool | sExtra(tokenList *tag);

bool | sReset (t okenLi st *tag);

voi d AddToVector (fl oat vector[], int vectorSize, char *tag);

voi d Qut put Vector (FILE *output, float wvector[], int vectorSize, vectorType printType,
fileType fileStruct);

voi d Cal cVector(float vector[], int vectorSize);

voi d Reset Vector (fl oat vector[], int vectorSize);

voi d OpenFiles( int argc, char *argv[],

FILE **tagFile, FILE **inputFile,
FILE **cfFile, FILE **dvFile, FILE **tvFile, FILE **rvFile);

voi d I nt er pret CommandLi ne(i nt cargc, char  *argv[], vector Type *input Type, vect or Type
*out put Type, fileType *fileStruct);

voi d Qut put Reset (FI LE *resetFile, int vectorNum;

voi d CopyVector (float dest[], float source[], int vectorSize);

voi d MakeCf Fi | e(FILE *cfFile, int vectorSize);

voi d Cl oseFiles(FILE *inFile, FILE *cfFile, FILE *dvFile, FILE *tvFile, FILE *rvFile);

voi d Fi xDat Fi | es(FI LE *dvFile, FILE *tvFile, FILE *rvFile, int nunVectors, int nunResets);

t okenLi st *ReadWhol eVector (FILE *input, tokenList *index, tokenList **line, float vector[], int

vector Size, bool *inFile);

/*

--- Main function --- */

int main(int argc, char *argv[])

/*

FILE *tagFile,

*inputFile,
*cfFile,
*dvFil e,
*tvFile,
*rvFile;

t okenLi st *t ags;

int vector Si ze, nunVectors;
vect or Type i nput Type, out put Type;
fileType fileStruct;

I nt er pr et ConmandLi ne(argc, argv, & nputType, &outputType, &fileStruct);
OpenFil es(argc, argv, & agFile, & nputFile, &fFile, &vFile, &vVvFile, & vVvFile);
tags = ReadWiol eFil e(tagFile);

if ((vectorSize = Count Tokens(tags)) == 0) {
fprintf(stderr, "*** Read zero tags fromtags file [%].\n", argv[ TAGFI LE]);

fprintf(stderr, " Cannot continue with tlearn training vectors of size zero.\n");
fprintf(stderr, "Aborting...\n");
exit(21);

}

printf("Read % tags\n", vectorSize);

if (!SetupHashTabl e(tags)) {
fprintf(stderr, "*** Cannot set up |ookup table for tags.\nAborting...\n");
exit(1);

numVectors = DoVectors( inputFile, vectorSize,
i nput Type, out put Type,
fileStruct,
dvFile, tvFile, rvFile);
MakeCf Fil e(cfFile, vectorSize);

printf("Wote % vectors total.\nFinished!'\n", nunVectors);
CloseFiles(inputFile, cfFile, dvFile, tvFile, rvFile);

--- Hel per function bodies --- */

voi d Usage(Fl LE *output, char *argv[])

fprintf(output, "\n*** vector ver % -- creates tlearn vector files fromtag input\n", VERSION);
fprintf(output, "Usage: % {tagfile} {inputfile} {inputType} {outputType} {fileStructure}

{basefil ename}\n", argv[0]);

fprintf(output, "Were: {i/oType} == [a]verage or [b]inary\n");

fprintf(output, " {fileStructure} == [l]ocalist or [d]istributed\n");
fprintf(output, " {outputfil es} -> basefil ename.cf\n");
fprintf(output, " basefil enane. data\n");
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voi

fprintf(output, " basefi |l enane. teach\ n");
fprintf(output, " basefi |l enane. reset\n");
fprintf(output, "For detailed info, type % --help\n\n", argv[0]);

d Hel p(char *argv[])
FILE *hel pFile;
if ((helpFile = fopen("vector. hel p", "wt")) == NULL) {

fprintf(stderr, "\n*** Unable to create \"vector.help\"\n");
hel pFil e = stdout;

}

fprintf(helpFile, "\N----oommm o \n");
fprintf(helpFile, " Help file for vector ver %\n", VERSION);
fprintf(helpFile, M-----cmmmm i \n");

Usage( hel pFile, argv);

fprintf(helpFile, "Vector will translate a dataset of tags into vectors for\n");

fprintf(helpFile, "traning and testing with tlearn. Inputs are:\n");
fprintf(helpFile, " * afilewith all the tags contained in the dataset,\n");
fprintf(helpFile, " separ at ed by whitespace\n");

fprintf(helpFile, " * an input file with resets marked with \"/Q"\n");
fprintf(helpFile, " * whether the inputs and outputs are binary (0/1)\n");
fprintf(helpFile, " or averaged (sumto 1)\n");

fprintf(helpFile, " * whether output files are to be localist or distributed\n");
fprintf(helpFile, " (see tlearn docunentation for details)\n");
fprintf(helpFile, " * a base file name to use\n\n");

fprintf(helpFile, "Qutputs are:\n");

fprintf(helpFile, " * [basefil enane].cf -- contains skeleton config file\n");
fprintf(helpFile, " * [basefil enane].data -- contains data (input) vectors\n");
fprintf(helpFile, " * [basefil enane].teach -- contains teaching (output) vectors\n");
fprintf(helpFile, " * [basefilenane].reset -- contains resets\n\n");

fprintf(helpFile, "Using the output files:\n");

fprintf(helpFile, "Qutputs are specified either localist or distributed.\n");
fprintf(helpFile, "Note that localist is only valid if binary outputs are\n");
fprintf(helpFile, "specified. The \".cf\" file will have to be filled out for\n");
fprintf(helpFile, "the specific network to be trained.\n\n");

fprintf(helpFile, "Interpreting the vectors:\n");
fprintf(helpFile, "The vectors are created in the sane order as the input tags were\n");
fprintf(helpFile, "presented to the program\n");

fprintf(stderr, "Created the file \"vector. hel p\"\n\n");

t okenLi st *ReadWhol eFi | e( FI LE *i nput)

{

}

voi

}

t okenLi st *list, *tenp;
bool inFile;

inFile = TRUE;
list = ReadLi neTokens(input, & nFile); /* Get the first line */

if (list == NULL)
return list;
while (inFile) {
tenp = ReadLi neTokens(input, & nFile); /* Get the next line */

i st = ConcatenateTokenList(list, tenp);
}

return list;

d PrintTokenLi st (FILE *out put, tokenList *list)

while (list !'= NULL) {
fprintf(output, "% ", list -> token);

list = list -> NEXT,;
}

bool SetupHashTabl e(tokenLi st *tags)

{
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int i ndex = 0;

i f (!hashlnitTabl e(Count Tokens(tags)) * 2)
return FALSE;

while (tags != NULL) {
if (!hashlnsert(tags -> token, index))

fprintf(stderr, "--- Duplicate tag: [%]\n", tags -> token);
i ndex++;
tags = tags -> NEXT;
}
return TRUE;
}
i nt Count Tokens(tokenList *list)
{
int count = O;
while (list !'= NULL) {
list = list -> NEXT;
count ++;
}
return count;
}
int DoVectors(FILE *input, int vectorSize, vectorType intype, vectorType outtype, fileType
fileStruct, FILE *dvFile, FILE *tvFile, FILE *rvFile)
{
fl oat *dvector, *tvector;
t okenLi st *|i ne,
*i ndex;
bool inFile;
int vect or Num
reset Num
if ((dvector = (float *) malloc(vectorSize * sizeof(float))) == NULL) {
fprintf(stderr, "*** Cannot allocate data vector.\nAborting...\n");
exit(1);
}
if ((tvector = (float *) malloc(vectorSize * sizeof(float))) == NULL) {
fprintf(stderr, "*** Cannot allocate teach vector.\nAborting...\n");
exit(1);
}
if (fileStruct == localist) {
fprintf(dvFile, LOCALFILETYPE);
fprintf(tvFile, LOCALFILETYPE);
} else {
fprintf(dvFile, DI STFILETYPE);
fprintf(tvFile, DI STFILETYPE);
fprintf(dvFile, " \n"); /*\ */
fprintf(tvFile, " \n"); [/* >--- Make space for nunbers of vectors, resets, etc. */
fprintf(rvFile, \n");  /*/ */
vect or N\um = O;
inFile = TRUE;
Reset Vect or (dvect or, vectorSi ze);
Qut put Reset (rvFile, 0);
reset Num = 1,
i ndex = ReadWol eVector (i nput, NULL, & ine, dvector, vectorSize, & nFile);
do {
if (IsReset(index)) {
Qut put Reset (rvFile, vectorNum;
Reset Vect or (dvect or, vectorSi ze);
i ndex = index -> NEXT;
i ndex = ReadWhol eVector (input, index, & ine, dvector, vectorSize, & nFile);
reset Num+;
}
i ndex = ReadWhol eVector (input, index, & ine, tvector, vectorSize, & nFile);

if (index == NULL && !inFile)
conti nue;

if (intype
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if (outtype == averaged) Cal cVector(tvector,
Qut put Vector (dvFil e, dvector, vectorSize, intype,
Qut put Vector (tvFile, tvector, vectorSize, outtype,

CopyVect or (dvector, tvector, vectorSize);

if ((vectorNum % 1000) == 0 && vector Num > 0)
printf("Wote % vectors...\n", vectorNun;

vect or Numt+;
} while (inFile);

vector Si ze) ;

fileStruct);
fileStruct);

Fi xDat Fi l es(dvFile, tvFile, rvFile, vectorNum resetNunm;

return vector Num

bool |sExtra(tokenList *tag)

return ((tag !'= NULL) && (*(tag -> token) == EXTRAmark));

bool |sReset (tokenList *tag)

voi

{

}

voi

{

voi

voi
fil

return ((tag !'= NULL) && (strcnp(tag -> token,

d ResetVector(float vector[],
while (vectorSize >= 0) {

vector[vectorSize] = 0.0;
vector Si ze- -;

d AddToVector(fl oat vector[],

if ('hashlsin(tag)) {

int vectorSize)

RESET)

== 0));

int vectorSize, char *tag)

fprintf(stderr, "--- Tag [%] not defined.\n",

return;

}

vect or [ hashval ue(tag)] = 1.0;

d Cal cVector(float vector[],

int entries,
i ndex;
float val ue;

index = entries = 0;

whil e (index < vectorSize) {
if (vector[index] != 0.0)
entries++;
i ndex++;

}

value = 1.0 / entries;

i ndex = 0;
whil e (index < vectorSize) {
if (vector[index] != 0.0)
vector[index] = val ue;
i ndex++;

d OQutput Vector (FILE *output,
eStruct)

int i ndex = 0,
notFirst = 0;

whil e (index < vectorSize) {
if (printType == averaged)
fprintf(output, "%f ",

el se {

int vectorSize)

float vector[],

vector[index]);

if (fileStruct == localist) {

if (((int) vector[index] != 0)) {

tag);

int

vect or Si ze,

vector Type print Type,

fileType
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if (notFirst !'= 0)

fprintf(output, ",");
fprintf(output, "%l", index + 1);
notFirst = 1;
1} else
fprintf(output, "% ", (int) vector[index]);
}
i ndex++;

fprintf(output, "\n");

voi d OpenFiles(int argc, char *argv[],
FILE **tagFil e,
FILE **cfFile, FILE **dvFile,

char buffer[ MAXSTRI NG ;
if (strlen(argv[BASEFILE]) > MAXSTRI NG -
fprintf(stderr, o MAXSTRI NG
Aborting...\n");
}

if ((*tagFile = fopen(argv[ TAGFI LE], "rt'

fprintf(stderr,

exit(1);

}

if ((*inputFile = fopen(argv[| NPUT_FI LE]
fprintf(stderr, "*** Cannot open [%s]
exit(1);

}

strcpy(buffer, argv[ BASEFI LE]);

strcat (buffer, ".cf");

if ((*cfFile = fopen(buffer, "w"))
fprintf(stderr, "*** Cannot open
exit(1);

}

strcpy(buffer, argv[ BASEFI LE]);

strcat (buffer, ".data");

if ((*dvFile = fopen(buffer,
fprintf(stderr,
exit(1);

W)

"*** Cannot open [ ¥%s]

strcpy(buffer, argv[ BASEFI LE]);

strcat (buffer, ".teach");

if ((*tvFile = fopen(buffer, "w"))
fprintf(stderr, "*** Cannot open
exit(1);

[ %]

strcpy(buffer, argv[ BASEFI LE]);

strcat(buffer, ".reset");

if ((*rvFile = fopen(buffer, "w"))
fprintf(stderr, "*** Cannot open
exit(1);

voi char

fil

d I nterpret CommandLi ne(i nt
eType *fileStruct)

argc,

if ((argc > 1) && (strcmp(argv[1],
Hel p(argv);
exit(0);

(argc < 7) {
Usage(stderr, argv);
fprintf(stderr,
exit(1);

(argc > 7)
fprintf(stderr,
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FILE **inputFile,

FILE **tvFile,

10) {
t oo short for
")) == NULL) {

"**% Cannot open [%] to read tags.\nAborting...\n",

"rt")) NULL)
to read input.\n

NULL) {
[#%] to wite config file.\nAborting...\n",

NULL) {

to wite data fi

NULL) {

to wite teach f

NULL) {
[%] to wite reset file.\nAborting...\n",

*argv(],

==0)) {

"*** |nvalid nunmber of arguments.\n");

vect or Type

FILE **rvFile)

base fil enanme.\nPl ease

{

Aborting...\n", argv[| NPUT_FI

reconpi |l e.

ar gv[ TAGFI LE] ) ;

LE]);

buffer);
I e.\nAborting...\n", buffer);
ile.\nAborting...\n", buffer);

buffer);

*i nput Type, vectorType

"**% WARNI NG extra argunents ignored.\n");

*out put Type,



switch (*argv[| NPUT_TYPE]) {

case 'A:

case 'a':
*i nput Type = averaged;
br eak;

case 'B':

case 'b':
*i nput Type = binary;
br eak;

defaul t:

Usage(stderr, argv);
fprintf(stderr, "*** Error in '"input type' field\n");
exit(1);

switch (*argv[ OQUTPUT_TYPE]) {
case 'A':
case 'a':
*out put Type = aver aged;
br eak;

case 'B':

case 'b':
*out put Type = binary;
br eak;

defaul t:
Usage(stderr, argv);
fprintf(stderr, "*** Error in 'output type' field\n");
exit(1);

switch (*argv[FI LE_STRUCT]) {
case 'L':
case '|':
if (!((*inputType == binary) && (*outputType == binary))) {

Usage(stderr, argv);
fprintf(stderr, "*** Error in 'file type' field\n");
fprintf(stderr, " For localist files, input and output nust be 'binary'\n");
exit(1);

*fileStruct = localist; /* localist */
br eak;

case 'D:

case 'd':
*fileStruct = distributed; /* distributed */
br eak;

defaul t:
Usage(stderr, argv);
fprintf(stderr, "*** Error in 'file structure' field\n");
exit(1);
}

printf("- Vector ver %\n", VERSION);

printf(" Tags file: [%]\n", argv[TAGFILE]);

printf(" Input file: [%]\n", argv[|NPUT_FILE]);

printf(" Qutput files: [%].cf, .data, .teach, .reset\n", argv[BASEFILE]);

printf(" 1/Otype: ");
*input Type == averaged ? printf("averaged / ") : printf("binary / ");
*out put Type == averaged ? printf("averaged\n") : printf("binary\n");

printf(" File structure: ");

*fileStruct == localist ? printf("localist\n") : printf("distributed\n");
}
voi d Qut put Reset (FILE *resetFile, int vectorNum
{
fprintf(resetFile, "%\ n", vectorNum;
}
voi d CopyVector(float dest[], float source[], int vectorSize)
{

int i ndex = 0;

whil e (index < vectorSize) {
dest[index] = source[index];
i ndex++;
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}

void MakeCfFil e(FILE *cfFile, int vectorSize)

{
fprintf(cfFile, "NODES:\n");
fprintf(cfFile, "nodes = ***\n");
fprintf(cfFile, "inputs = %\ n", vectorSize);
fprintf(cfFile, "outputs = %\ n", vectorSize);
fprintf(cfFile, "output nodes are <node-list>\n");
fprintf(cfFile, "\nCONNECTIONS:\n");
fprintf(cfFile, "groups = ***\n");
fprintf(cfFile, "\nSPEC AL:\n");

}

void O oseFiles(FILE *inFile, FILE *cfFile, FILE *dvFile, FILE *tvFile, FILE *rvFile)

fclose(inFile);
fclose(cfFile);
fclose(dvFile);
fclose(tvFile);
fclose(rvFile);

voi d FixDatFiles(FILE *dvFile, FILE *tvFile, FILE *rvFile, int nunVectors, int nunResets)

fseek(dvFile, strlen(D STFILETYPE), SEEK SET);
fseek(tvFile, strlen(D STFILETYPE), SEEK SET);
fseek(rvFile, 0, SEEK SET);

fprintf(dvFile, "%", nunVectors);

fprintf(tvFile, "%", nunVectors);

fprintf(rvFile, "%", nunResets);
}

tokenLi st *ReadWhol eVector (FILE *input, tokenList *index, tokenList **line, float vector[], int
vector Si ze, bool *inFile)
{
while (index == NULL && *inFile)
index = *line = ReadLi neTokens(input, inFile);

if (index == NULL & !*inFile)
return NULL;

Reset Vect or (vector, vectorSize);

AddToVect or (vector, vectorSize, index -> token);
i ndex = index -> NEXT;

do {
while (index !'= NULL) {
if (1sExtra(index))
AddToVect or (vector, vectorSize, index -> token + 1);
el se
return index;

i ndex = index -> NEXT;
}
*|ine = DestroyTokenList(*line);
index = *line = ReadLi neTokens(input, inFile);
} while (*inFile);

return index;

/* --- END of vector.c --- */
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9.2.8 tlbe
Application purpose

tlbe stands for tlearn bit error. It can extract the true error (not the averaged error generated by
tlearn) for a distributed output and target. It will give the number of incorrect predictions over a
tlearn run for a one-step-lookahead task.

Usage
*** TlearnBitError ver 0.24 -- outputs learning error statistics fromtlearn
Usage: tlbe {tagsFile} {inputFile} {patternFile} {outputFile}
Were: {tagsFile} -- tags representing input l|ines
{inputFile} -- output fromtlearn verify sweep
(specify '-' for stdin)
{patternFile} -- file to specify output targets
{outputFile} -- file to append output to
format: (#errors) (av. bit error) (av. correct) (av.
out put sun

(specify '-' for stdout)

Modules used
StdDefs, TokenL st, TokScan

Source code

Makefile

DI STFI LES=t okenl st.c tokenlst.h tokscan.c tokscan.h tlbe.c tlbe Mikefile stddefs.h
OBJFI LES=t okenl st. o tokscan.o tlbe.o

TARCGET=t | be

VERSI ON=024

CC=gcc -g
CFLAGS=
LFALGS=

${ TARGET}: ${ OBJFI LES}
${CC} -0 ${TARGET} ${OBJFILES}
cl ean:
rm-f *. o ${ TARCET}
di st: ${DI STFI LES}
tar cvf ${ TARCET}_v${VERSIO\}.tar ${Dl STFI LES}
gzi p ${ TARGET} v${VERSI ON\}. t ar

.C.0
${CC} ${CFLAGS} ${LFLAGS} -c $*.c

tlbe.c

/* Tlearn bit error (testing) calculation

Aut hor: Dylan Miir (dr.nuir@tudent. qut.edu.au)
QUT MLRC LPG August 1999
Date: 18th August, 1999
Modi fied: 9th Novenber, 1999
Version: 0.24
/

R

/* --- Includes --- */

#i ncl ude <stdio. h>

#i ncl ude <string. h>

#i ncl ude <uni std. h> /* for exit() */
#i ncl ude <stdlib. h>

#i ncl ude "tokenl st.h"

#i ncl ude "tokscan. h"

#i ncl ude "stddefs. h"

/* --- Defines --- */
#define VERSION "0.24"
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#defi ne HELPFILE "tl be. hel p"

#defi ne APPNAME 0
#define TAGSFILE 1
#define |NPUTFILE 2
#define PATTERNFI LE 3
#define OUTPUTFILE 4
#define NUMARGS 5

#define MAXTAGLENGTH 10

/* --- Hel per functions' definitions --- */

voi d Usage(FI LE *output, char *appNane);

void ProcessCommandLine(int argc, char *argv[], FILE **tagsFile, FILE **inputFile,

patternFile, FILE **outputFile);

void Abort(int retnum;

voi d Hel p(char *appNane);

voi d ReadTags(FILE *tagsFile, char **tagsArray[], int *numQutputs);

t okenLi st *ReadWhol eFi | e(FI LE *i nput);

void ReadPattern(float patternArray[], FILE *inputFile, bool *inFile);

doubl e Qut put Sun(fl oat patternArray[], int numQutputs);

int ReadTarget (FILE *patternFile, bool *inFile);

int MaxSlot(float patternArray[], int numQutputs);

void d oseFiles(FILE *tagsFile, FILE *inputFile, FILE *patternFile, FILE *outputFile);
bool Allocate2DArray(char ***array, int xSize, int ySize, size_t elenentSize);

[* <= Main --- %/

int main(int argc, char *argv[])

FI LE *tagsFile, *inputFile, *patternFile, *outputFile;
char **t agsArray;

fl oat *patternArray;

int nunPatterns, numQutputs, target, predicted;

| ong bitError;

doubl e  avCQut put Sum

bool inFile;

Pr ocessConmandLi ne(argc, argv,
& agsFile, & nputFile, &patternFile, &outputFile);

ReadTags(tagsFile, &t agsArray, &unQutputs);

if ((patternArray = (float *) malloc(sizeof(float) * nunQutputs)) == NULL) {
fprintf(stderr, "*** Could not allocate pattern array.\n");
Abort (7);

}

printf(" TlearnBitError ver %\n", VERSIQON);

printf(" | Input file (tlearn output sweeps) [%]\n", argv[|NPUTFILE]);
printf(" | Pattern file (targets) [%]\n", argv[PATTERNFI LE]);
printf(" +-> Qutput file [%", argv[OQUTPUTFILE]);

outputFile == stdout ? printf(" (stdout)]\n\n") : printf("]\n\n");
printf("Read % tags (% output |ines)\n", nunmQutputs, nunmQutputs);

nunPat t er ns
avQut put Sum
bitError = 0;
inFile = TRUE
while (inFile) {
ReadPattern(patternArray, inputFile, & nFile);
avQut put Sum += Qut put Sun( patternArray, nunQutputs);

0;
0.0;

nunPat t er ns++;

target = ReadTarget(patternFile, & nFile);
predi cted = MaxSl ot (patternArray, nunCutputs);

if (target != predicted)
bi t Error ++;

if (nunPatterns > 100 && (nunPatterns % 1000 == 0))
fprintf(stderr, "Processed % patterns...\n", nunPatterns);

fprintf(stderr, "Processed % patterns total.\n", nunPatterns - 1);
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fprintf(outputFile, "%\t9%.2f9%At%.2f%®t% 2f\n", bitError, bitError / (float) nunPatterns *
100.0, (1.0 - (bitError / (float) nunmPatterns)) * 100.0, avQutputSum/ (float) nunPatterns);

CloseFiles(tagsFile, inputFile, patternFile, outputFile);

return O;

/* --- Hel per functions --- */

voi d Usage(FI LE *output, char *appNane)

fprintf(output, "\n*** TlearnBitError ver % -- outputs learning error statistics fromtlearn\n",
VERSI ON) ;

fprintf(output, "Usage: % {tagsFile} {inputFile} {patternFile} {outputFile}\n", appNane);

fprintf(output, "Wiere: {tagsFile} -- tags representing input lines\n");

fprintf(output, " {inputFile} -- output fromtlearn verify sweep\n");

fprintf(output, " (specify '-' for stdin)\n");

fprintf(output, " {patternFile} -- file to specify output targets\n");

fprintf(output, " {outputFile} -- file to append output to\n");

fprintf(output, " format: (#errors) (av. bit error) (av. correct) (av.
out put sum\n");

fprintf(output, " (specify '-' for stdout)\n");

fprintf(output, "For detailed info, type % --help\n\n", appNane);
}

void ProcessCommandLi ne(int argc, char  *argv[], FILE **tagsFile, FILE **inputFile, FI LE
**patternFile, FILE **outputFile)

if ((!(argc < 2)) && ((strcasecnp(argv[1l], "--help") == 0))) {
Hel p(ar gv[ APPNAME] ) ;
exit(0);

if (argc < NUMARGS) {
Usage(stderr, argv[ APPNAME] ) ;
fprintf(stderr, "*** |Invalid nunber of argunments.\n");
Abort(1);

if (argc > NUMARGS)
fprintf(stderr, "--- Warning: extra argunents ignored.\n");

if ((*tagsFile = fopen(argv[ TAGSFI LE], "rt")) == NULL) {
Usage(stderr, argv[ APPNAME] ) ;
fprintf(stderr, "*** Could not open tags file [%].\n", argv[ TAGSFILE]);
Abort (3);

if (strcasecnp(argv[!|NPUTFILE], "-") == 0)
*inputFile = stdin;
else if ((*inputFile = fopen(argv[|NPUTFILE], "rt")) == NULL) {
Usage(stderr, argv[ APPNAME] ) ;
fprintf(stderr, "*** Could not open input file [%].\n", argv[|NPUTFILE]);
Abort (4);

if ((*patternFile = fopen(argv[ PATTERNFI LE], "rt")) == NULL) {
Usage(stderr, argv[ APPNAMNE]);
fprintf(stderr, "*** Could not open pattern file [%].\n", argv[ PATTERNFI LE]);
Abort (5);

}

if (strcasecnp(argv[ QUTPUTFI LE], "-") == 0)
*out put Fil e = stdout;
else if ((*outputFile = fopen(argv[ QUTPUTFI LE], "at")) == NULL) {
Usage(stderr, argv[ APPNAME]);
fprintf(stderr, "*** Could not open output file [%].\n", argv[ QUTPUTFILE]);

}

voi d Abort(int retnum

{
fprintf(stderr, "Aborting...\n");
exit(retnum;

}

voi d Hel p(char *appNane)

FI LE *hel pFil e;
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voi

}

if ((helpFile = fopen(HELPFILE, "wt")) == NULL) {
fprintf(stderr, "*** Could not create help file [%].\n", HELPFILE);
Abort (2);

}

fprintf(helpFile, "-----commmmm i \n");
fprintf(helpFile, " Help file for TlearnBitErr ver 9%\n", VERSION);
fprintf(helpFile, "---c-mmmmmm e \n\n");

Usage( hel pFil e, appNane);

fprintf(helpFile, "\nThis programis used to output a table of stats derived\n");
fprintf(helpFile, "froman Elman Tlearn testing (verification) sweep.\n");
fprintf(helpFile, "It takes as input the following files:\n");

fprintf(helpFile, " 0 Tags file: Contains signatures for each ouput line,\n");
fprintf(helpFile, " separ at ed by whitespace.\n");

fprintf(helpFile, " o Ilnput file: (stdinif field ="'-') Direct output fromn");
fprintf(helpFile, " tlearn verify option.\n\n");

fprintf(helpFile, "It appends to the output file the averaged bit error and the\n");
fprintf(helpFile, "averaged sumof the outputs.\n");

fprintf(stderr, "Created %\n", HELPFILE);

d ReadTags(FILE *tagsFile, char **tagsArray[], int *nunQutputs)

t okenLi st *al | Tags, *index;
int nunTags;

al | Tags = ReadWhol eFi |l e(tagsFile);

if (allTags == NULL) {
fprintf(stderr, "*** Error reading token file.\n");
Abort (5);

}

nunfTags = O;

index = all Tags;

while (index !'= NULL) {
i ndex = index -> NEXT;
nuniTags++;

}
*numQut puts = nuniTags;

if (!Allocate2DArray(tagsArray, nunfTags, 1, MAXTAGLENGTH)) {
fprintf(stderr, "*** Could not allocate tag array.\n");
Abort (6);

}

index = all Tags;

nunirags = O;

while (index !'= NULL) {
strcpy((*tagsArray)[nunifags], index -> token);
i ndex = index -> NEXT;

}

DestroyTokenLi st (al | Tags);

t okenLi st *ReadWhol eFi | e( FI LE *i nput)

{

}

voi

t okenLi st *list, *tenp;
bool inFile;

inFile = TRUE
list = ReadLi neTokens(input, & nFile); /* Get the first line */

if (list == NULL)
return |ist;
while (inFile) {
tenp = ReadLi neTokens(input, & nFile); /* Get the next line */

i st = Concat enat eTokenLi st (list, tenp);
}

return list;

d ReadPattern(float patternArray[], FILE *inputFile, bool *inFile)
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t okenLi st *out puts, *out putslndex;
int arrayl ndex;

if ((outputs = ReadLi neTokens(inputFile, inFile)) == NULL) {
if (!*inFile) return;
fprintf(stderr, "*** Error reading input file.\n");
Abort (8);

}

arrayl ndex = 0;

out put sl ndex = out puts;

whi | e (outputslndex !'= NULL) {
patternArray[arrayl ndex] = atof(outputslndex -> token);
out put sl ndex = out put sl ndex -> NEXT;
arrayl ndex++;

}

Dest r oyTokenLi st (out puts);
}

doubl e Qut put Sun(fl oat patternArray[], int nunQutputs)
double sum= 0;

whi | e (nunmCut puts > 0)
sum += patternArray][--nunmQut puts];

return sum

}

int ReadTarget (FILE *patternFile, bool *inFile)
{

t okenLi st *pattern, *tlndex;
int target;

if (!(pattern = ReadlLi neTokens(patternFile, inFile)))
return O;

tlndex = pattern;
while (tlndex -> NEXT !'= NULL)
tIndex = tlndex -> NEXT;

target = atoi(tlndex -> token);
pattern = DestroyTokenLi st (pattern);

return target;

}

int MaxSlot(float patternArray[], int nunmQutputs)
{

int maxSl ot ;
float max;

max = 0;
maxSl ot = O;

while (numQutputs > 0) {
if (patternArray[nunCutputs - 1] > nmax) {
maxSl ot = nuntut put s;
max = patternArray[ nunmQutputs - 1];

}
nunmCut put s- -;
}

return maxSl ot ;

}

void O oseFil es(FILE *tagsFile, FILE *inputFile, FILE *patternFile, FILE *outputFile)

fclose(tagsFile);

fclose(inputFile);

fclose(patternFile);

fclose(outputFile);
}
bool Allocate2DArray(char ***array, int xSize, int ySize, size_t elenentSize)
{

int i ndex;

if ((*array = malloc(xSize * sizeof(void *))) == NULL)
return FALSE;

113



for (index = 0; index < xSize; index++) {
if (((*array)[index] = malloc(ySize * elenmentSize)) == NULL)
printf("ySize\n");
xSi ze- -;

}
return TRUE;

/* --- END of tlbe.c --- */

114



9.2.9 sclust
Application purpose

sclust performs adaptive spherical cluster analysis on a data set. The data can be of any
dimensionality. sclust uses a modified adaptive Forgy’s algorithm, and is deterministic (i.e. the
analysis only needs to be performed once, and will always return the best result for the algorithm
used). See section 1.0 for a description of cluster analysis and section 3.1 for a description of the
adaptive agorithm.

Usage

*** gclust -- Performs adaptive clustering on a set of vectors
Version 0.17 build build 17:01:17 Jun 30 2000
Usage: sclust {vector file} {means file} {av. dist. parni}

Where: {vector file} -- file of vectors to analyse, one per |ine
['-" for stdin]
{means file} -- filenane to output the mean vectors to
['-" for stdout]
{av. dist. parnt -- see help file for information

(0.5 is a good val ue)

Modules used
StdDefs, TokenLst, TokScan, Vector_Utils, Vector_Read, Cluster

Source code

Makefile

TARGET=scl ust

VERSI ON=017

CFl LES=t okenl st.c tokscan.c vector_utils.c vector_read.c sclust.c cluster.c
HFI LES=t okenl st. h tokscan.h vector_utils.h vector_read. h stddefs.h cluster.h
OBJFI LES=t okenl st. o tokscan.o vector_utils.o vector_read.o sclust.o cluster.o
DI STFI LES=Makefil e sclust. hel p. make ${CFI LES} ${HFI LES} ${ TARCGET}

CC=cc
CFLAGS=-2 -64 -apo
LFLAGS=-1m

${ TARGET}: ${ OBJFI LES}
${CC} ${CFLAGS} -0 ${TARGET} ${OBJFILES} ${LFLAGS}

hel p: ${ TARGET}
${ TARGET} --help

cl ean:
rm-f *. o ${ TARCET}

refresh: clean ${TARGET}

di st: ${Dl STFI LES}
tar cvf ${TARGET} v${VERSI ON}.tar ${Dl STFILES}
gzip -f ${TARGET} _Vv${VERSIO\}. tar

.C.O0:
${CC} ${CFLAGS} -c $*.c

sclust.help.make

/* Help make file for sclust
*

* Author: Dylan Miir (dr.nmuir@tudent. qut.edu. au)
* Date: 16th Septenber, 1999

* Modi fi ed:

* \ersion: 0.02

*/

#define p(x) fprintf(helpFile, x);

p("This program perfornms adaptive clustering (a nodified Forgy' sAlgorithm\n");
p("on a set of vectors. This is a data conpression techni que al so known as\n");
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p("Vector Quantisation.\n");

p("\n");
p("Inputs are:\n");

p(" o Afile of vectors,
on (the training set).\n");

p("

al |

of the sane dinensionality,

to performclustering\

n");

p(" o A paraneter that determines the distance ratio required for a pattern to\n");

p("
p("\n");
p("Input formats:\n");

p("Vector files (training set,

be used as the seed of a new cluster.\n");

seeds):\n");

p(" o Vectors are input one per line\n");
p(" o Vector conponents are separated by whitespace (space or tab)\n");

p(" o Al
p("\n");
p("Qutput formats:\n");

p("Vector files (neans output)\n");
p(" o Vectors are output one per line\n");
p(" o Vector conponents are tab-delimted\n");

p("\n");
p("Note that a '-'

p("stdin and witing to stdout.\n");

p("\n");
p("\n");

#undef p

[* -

END of sclust. hel p. make --- */

vectors in a file should be of the sane dinensionality\n");

can be supplied on the command line to denote reading fromn");

sclust.c

/* sclust -- perfornms vector quantization on a set of vectors
* uses an adaptive nodified Forgy's Algorithmto find

Aut hor :
Dat e:
Version: 0.17

Usage:

{av.

Modul es used:

Aknow edgenent s:

Not e:
/

ok ok ok % 3k 3k ok Ok % R 3k ok Ok R Rk ok ok R % %k ok k¥ F

[* -

<stdi 0. h>
<ctype. h>
<stdlib. h>
<mat h. h>

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude <sys/types. h>
#i ncl ude <tine. h>
#if defined( UNI X)

#i ncl ude <uni std. h>
#endi f
#if defined( W N32)

#i ncl ude <string. h>

di st.

vector _utils,

Towsey,
of the El ectroencephal ogrant,
Sayood, K. 1996,
Publ i shers,
Das,
An Approach to Synbolic Learning',

the nmeans of a set of clusters that
entire set

1999
2000

sclust {input vectors file}

{out put neans file}

M 1998,

S. & Moser,

Requi red nodul es -- */

_stricnp

#define strcasecnp
#endi f
#i nclude "vector_utils.h"
#i ncl ude "vector_read. h"
#i nclude "cluster.h"
#i ncl ude "stddefs. h"
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Dyl an Muiir (dr.nuir@tudent.qut.edu. au)
QUT MLRC LPG Senester 2 1999

15t h Sept enber,
Modi fied: 21st Novenber,

-- whi t espace- del

(accepts stdin if

-- tab-delinted,

(wites to stdout
paraneter} -- average distance a pattern nust be from
clusters to create a new cluster

al |
cluster,

"The Use of Neural
Phd.

"I ntroduction to Data Conpression”,
San Franci sco.

st ddef s,

represent the

imted,

one vector per
is specified)
one nean vector per |i
if '-' is specified

t okenl st, tokscan

line

ne

)

Net works in the Autonated Analysis

Thesis, Univ.

of Q.D, Brisbane.
Mor gan Kauf mann

M 'Dynamic On-Line Clustering and State Extraction:

"Neural Networks", vol.

This code acconpanies the report "To Build a Better Cluster"

11,

no.

1, pp.53-64.



/* -- kneans defines -- */

#defi ne APP_NAME 0
#define VECTOR FILE 1
#define HELP 1
#define MEANS FILE 2
#define DI ST_PARM 3
#defi ne NUMARGS 4

#define VERSION "O0.17"

#define MAX_CLUSTERS 5000

#define Abort(x) AbortPrint((x), __LINE_, __FILE );
#define SQR(x) ((x) * (x))
#define ABS(x) ((x) <02 (-(x)) : (x))

/* -- typedefs -- */

typedef vector **codebook; /* an array of vector pointers */
/* -- hel per function prototypes -- */
/* -- Function Usage
* Purpose: Wites the programusage to 'output’
*
/

voi d Usage(FI LE *output, char *appNane);

/* -- Function Help

* Purpose: Wites the programhelp to 'output’
*/

voi d Hel p(FI LE *out put, char *appNane);

/* -- Function AbortPrint

* Purpose: Abnornal termnation of the program

* Wites the filenane and |ine nunber, and terninates
* with error code 'code’

*/

void AbortPrint(int code, int line, char *file);

/* -- Function ProcessConmandLi ne

* |nputs: 'argc', 'argv' : Command |ine arguments

* Purpose: Retrieves the command |ine paraneters

* Qutputs: 'vectorFile' - the file to read training patterns from

* "meansFile' - the file to wite the cluster centroids to

* " di st Parm - the distance paranmeter to use for clustering

*/

void ProcessComrandLine(int argc, char *argv[], FILE **vectorFile, FILE **neansFile,
*di st Parn;

/* -- Function d oseFiles

* Pre: 'vectorFile' and 'neansFile' have been opened
* Post: 'vectorFile' and 'nmeansFile' have been cl osed
*/

void d oseFil es(FILE *vectorFile, FILE *neansFile);

/* -- Function PrintBanner

* Pre: all inputs have been previously initialised

* Purpose: Prints a program benner describing the clustering to

* performto stderr

*/

void PrintBanner(char *argv[], FILE *vectorFile, FILE *neansFile, float distParm;

/* -- Function ReadTrai ni ngSet

* Pre: 'vectorFile' has been opened for reading

* 'nunVectors' has been allocated

* Post: a cluster was returned containing the training data

* && 'nunVectors' contains the nunber of patterns read
*/
cluster *ReadTraini ngSet (FILE *vectorFile, int *nunVectors);
/* -- Function Maked usters
* Purpose: Creates 'nunClusters' clusters
* Returns an array of clusters [0..nunC usters-1]
*/
cluster **MakeC usters(int nunC usters);
/* -- Function DestroyC usters
Pur pose: Destroys a cluster array[O..nunC usters-1]
* Ret urns NULL
*/

f1 oat
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cluster **DestroyC usters(cluster **clusters, int nunC usters);
/* -- Function Fi ndNear est Nei ghbour

* Pre: 'vect' is the data pattern to test

* "currentBook' is the current codebook of cluster centroids

* "nunC usters' is the nunber of valid clusters in 'currentBook'

* Post: Using the Euclidean distance, returns the entry in

* "currentBook' that is closest to 'vect'

* Note: If there are two closest clusters, the function returns the first

*/

nt Fi ndNear est Nei ghbour (vector *vect, codebook currentBook, int nunCusters);

/* -- Function FindFurthest Vector

* Pre: 'vectorSet' is the array of all training vectors

* "nunilrai nVectors' is the nunber of entries in 'vectorSet'

* "clusterMenbership' is the array associating training vectors with clusters
* "currentBook' is the current codebook

* Post: Using Euclidean distance, returns the index into 'vectorSet' that is

* furthest away fromits classified cluster

*/

int FindFurthestVector(codebook vectorSet, int nunirainVectors, int clusterMenbership[], codebook
curr ent Book) ;

/* -- Function CetError

* Purpose: Calculates the classification error of the current codebook
*/

doubl e GetError(cluster **clusters, codebook book, int nunC usters);

/* -- Function O usterRWVSDi st ance

* Purpose: Conputes the mean square average distance for the patterns
* within a cluster

*/

doubl e O ust er RMBDi st ance(cl uster *clust, vector *vect);

/* -- Function InitialiseCodebook

* Purpose: Sets up the inital codebook for the nodified Forgy's

* algorithm See the text for details

*/

codebook I nitialiseCodebook(int nunCl usters, cluster *vectorSet, int nunSlots);

/* -- Function CodebookAverageD st ance

* Purpose: Conputes the average distance for a vectors to all other clusters
*/

doubl e CodebookAver ageD stance(vector *vect, codebook book, int nunC usters);

/* -- Function CodebookCentroid
* Purpose: Conputes the centroid (Euclidean nean) of a cluster

* Returns the centroid as a vector

*/

vect or *CodebookCentroi d( codebook book, int nunflots);

/* -- Function Freed uster

* Purpose: Finds the first free cluster slot in the cluster array
*/

int FreeC uster(codebook book, int nunSlots);

/* -- Codebook functions -- */

/* -- Function CodebookNew

* Purpose: Creates a new codebook with 'slots' entries
*/

codebook CodebookNew(int slots);

/* -- Function CodebookDestr oy
* Purpose: Destroys a codebook with 'slots' entries
*
/
codebook CodebookDestroy(codebook book, int slots);
/* -- Function CodebookNewFr onC ust er
* Pre:'clust' is an allocated cluster
* Post: A codebook was created containing an entry for each
* vector in 'clust’
*/
codebook CodebookNewFrontCl uster(cluster *clust);

/* -- Function CodebookMakeCopy

* Purpose: Creates a conplete copy of a codebook
*/

codebook CodebookMakeCopy(codebook book, int slots);

/* -- Function WiteCodebook
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* Purpose: Wites the vectors in 'book' to 'output’
*/
voi d WiteCodebook(FILE *out put, codebook book, int slots);

/[* -- main -- */

int main(int argc, char *argv[])

FI LE *vectorFile, /* The file to read the training patterns from*/
*meansFil e; /* The file to wite the cluster centroids to */
int lastd uster; /* The last valid entry in the cluster array */
bool term nate; /* flag indicating the conpletion of clustering */
fl oat di st Parm /* paramdist, as described in the text */
doubl e | ast Error, /* Previous calssification error */
thi sError; /* Current classification error */
codebook current Book, /* The current set of centroids */
vect or Set ; /* Set of all training vectors */
int sl ot /* An index into various arrays */
ol dd osest, /* Previsous closest cluster for a vector */
nunTr ai nVect or s, /* How many vectors read fromtraing file */

*cl uster Menbership; /* What cluster does this vector belong to? */

cluster **clusters, /* Array of current clusters */
*vect or Set d uster; /* Contains the entire training set */

doubl e avDi st, /* The average distance fromall vectors to their closest cluster */
cl osestDist; /* The distance to the closest cluster */

int cl osest; /* The index of the closest cluster in 'clusters' */

/* Read in the program paraneters */
ProcessConmandLi ne( argc, argv,
&ectorFile, &reansFile, &distParm;

/* Display the function to perform*/
Pri nt Banner (argv, vectorFile, neansFile, distParm;

/* lnput training set */
vect or Set 0 uster = ReadTr ai ni ngSet (vectorFil e, &nunirai nVectors);
vect or Set = CodebookNewFr onC ust er (vect or Set d uster);

/* Initialise cluster nmenbership array */

if (!(clusterMenbership = (int *) malloc(nunirai nVectors * sizeof(int)))) {
fprintf(stderr, "*** Could not allocate cluster nenbership array.\n");
Abort (24);

/* Initialise codebook */
int furthest Vect; /* I ndex of furthest vector */

for (slot = 0; slot < nunmlrai nVectors; sl ot++)
cl ust er Menbershi p[slot] = 0;

currentBook = InitialiseCodebook( MAX CLUSTERS, vectorSetC uster, nunilrainVectors);
furthestVect = FindFurthestVector(vectorSet, nunirainVectors, clusterMnbership, currentBook);
current Book[ 1] = Vect or MakeCopy(vector Set [ furthest Vect]);

/* Initialise clusters array */

clusters = Maked ust er s( MAX_CLUSTERS) ;

clusters[0] = d usterMkeCopy(vectorSetd uster);

clusters[0] Cl ust er RenpbveVect or (cl usters[ 0], vectorSet[furthestVect]);

cl usters[1] Cl ust er AddVect or (cl usters[1], Vector MakeCopy(vectorSet[furthestVect]));

|lastC uster = 1;

}

/* Get the initial training error */
lastError = GetError(clusters, currentBook, |lastC uster + 1);

ternminate = FALSE;
while (!termnate) {
slot = 0;
while (slot < nunilrainVectors) {
avDi st = CodebookAver ageDi st ance(vectorSet[slot], currentBook, lastCuster + 1);
cl osest = Fi ndNear est Nei ghbour (vectorSet[slot], currentBook, |lastCluster + 1);
cl osestDi st = VectorEuclideanDi st(vectorSet[slot], currentBook[closest]);
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/*

voi

voi

voi
*di

if (closestDist > (avDist * distParm) {
/* Make a new cluster with the current vector */
cl osest = Freed uster(current Book, MAX CLUSTERS);
if (closest == -1) {

fprintf(stderr, "*** Exceeded conpiler limt of clusters [%d].\n", MAX_CLUSTERS);

Abort (22);

}

if (closest > lastC uster)
|l astd uster = cl osest;

}

ol dd osest = cl ust er Menbership[slot];

/* Update the previous cluster's centroid after removing the vector */

if (oldCosest !=-1)
clusters[ol dd osest] = O usterRenoveVector(clusters[ol dd osest], vectorSet[slot]);
i f (currentBook[ol dd osest] != NULL) VectorDeal | ocat e(current Book[ ol dC osest]);

current Book[ ol dCl osest] = ClusterCentroid(clusters[ol dC osest]);

}

/* Update the current cluster's centroid after adding the vector */

clusters[closest] = ClusterAddVector(clusters[closest], VectorMakeCopy(vectorSet[slot]));

cl ust er Menber shi p[slot] = cl osest;

if (currentBook[closest] != NULL) VectorDeal |l ocate(currentBook[closest]);
current Book[ cl osest] = ClusterCentroid(clusters[closest]);

sl ot ++; /* Next training vector */

}

/* Get current training error */

thisError = GetError(clusters, currentBook, lastCuster + 1);

if ((lastError >= thisError) &% (lastError - thisError < 0.0001))
term nate = TRUE

fprintf(stderr, "RVS error: % (%l clusters)\n", thisError, lastduster + 1);
lastError = thisError;

}

/* Qutput final clusters */
Wit eCodebook( neansFil e, currentBook, MAX_CLUSTERS);

/* Cean up and exit */
clusters = DestroyC usters(clusters, MAX_CLUSTERS);

Cl oseFil es(vectorFile, neansFile);

return O;

-- hel per functions -- */

d Usage(FI LE *out put, char *appNane)

fprintf(output, "\n*** sclust -- Perforns adaptive clustering on a set of vectors\n");
fprintf(output, " Version % build % %\n", VERSION, _ TIME _, _ DATE );
fprintf(output, "Usage: % {vector file} {nmeans file} {av. dist. parn}\n", appNane);
fprintf(output, "Wiere: {vector file} -- file of vectors to analyse, one per line\n");
fprintf(output, " ['-" for stdin]\n");

fprintf(output, " {neans fil e} -- filenane to output the nmean vectors to\n");
fprintf(output, " ['-' for stdout]\n");

fprintf(output, " {av. dist. parn} -- see help file for information\n");
fprintf(output, " (0.5 is a good value)\n");

fprintf(output, "For detailed info, type % --hel p\n", appNane);
fprintf(output, "\n");

d AbortPrint(int code, int line, char *file)

fprintf(stderr, "Aborting [% | %]...\n", file, line);

exi t(code);

d ProcessCommandLi ne(int argc, char *argv[], FILE **vectorFile, FILE **neansFile,
st Parm

if ((argc > 1) && (strcasecnp(argv[HELP], "--help") == 0)) {

/* Wite help to a file */
FILE *hel pFil e;
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voi

voi

if (!(helpFile = fopen("sclust.help", "w"))) {
fprintf(stderr, "*** Could not create help file [sclust.help].\n");
Abort (15);

Hel p(hel pFil e, argv[ APP_NAME] ) ;
printf("Created sclust.help\n");
exit(0);

if (argc < NUMARGS) {
/* Not enough argunments */
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** Invalid nunber of argunments.\n");
Abort (1);

if (argc > NUMARGS) {
/* Too many argunents */

fprintf(stderr, "--- Warning: extra argunents ignored.\n");
}
if (strcnp(argv[VECTOR FILE], "-") == 0) {

/* Read training vectors fromconsole */

*vectorFile = stdin;
}

else if (!(*vectorFile = fopen(argv[ VECTOR FILE], "rt"))) {
/* Could not open file to read training vectors from?*/
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** Could not open vector file [%] for reading.\n", argv[ VECTOR FILE]);
Abort (2);

}

if (strcnp(argv[ MEANS_FILE], "-") == 0) {
/* Wite training vectors to console */
*meansFil e = stdout;

}

else if (!(*meansFile = fopen(argv[ MEANS FILE], "wt"))) {
/* Could not open file to wite clusters to */
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** Could not open neans file [%] for witing.\n", argv[ MEANS_ FILE]);
Abort (3);
}

if (lisdigit(*argv[D ST_PARM)) {
/* Could not translate distance paranmeter */
Usage(stderr, argv[ APP_NAME]);
fprintf(stderr, "*** Error converting distance paraneter from[%].\n", argv[D ST_PARM);
Abort (5);
}

*di stParm = (float) atof(argv[DI ST_PARM);

if ((*distParm> 2.0) || (*distParm< 0.0)) {
/* Invalid distance parameter */
fprintf(stderr, "*** Distance paraneter [%f] nust be between 0.0 and 1.0.\n");
Abort (26);

d C oseFiles(FlILE *vectorFile, FILE *nmeansFile)

if (vectorFile !'= stdin) fclose(vectorFile);
if (neansFile != stdout) fclose(neansFile);

d PrintBanner(char *argv[], FILE *vectorFile, FILE *neansFile, float distParm

fprintf(stderr, "- sclust ver %\n", VERSION);
fprintf(stderr, " o Vectors: << [");
vectorFile == stdin ?
fprintf(stderr, "- stdin]\n") :
fprintf(stderr, "%]\n", argv[ VECTOR FILE]);

fprintf(stderr, " o Means: >> [");

nmeansFil e == stdout ?
fprintf(stderr, "- stdout]\n") :
fprintf(stderr, "9%]\n", argv[ MEANS_FILE]);

fprintf(stderr, " o distance paraneter: [%]\n", distParm;

121



codebook CodebookNew(int sl ots)

codebook newBook;

if (!(newBook = (vector **) malloc(slots * sizeof(vector *))))

return NULL;

return newBook;

}

codebook CodebookNewFronCl uster(cluster *clust)
{

codebook newBook; /* new codebook */
cluster *clndex; /* index into cluster */
int sl ot ; /* slot index into codebook */

if (!(newBook = CodebookNew( d usterSize(clust))))
return NULL;

slot = 0;

clndex = clust;

while (clndex !'= NULL) {
/* Copy each vector into the new codebook */
newBook[ sl ot] = Vect or MakeCopy(cl ndex -> vect);
clndex = clndex -> next;
sl ot ++;

}

return newBook;

}

codebook CodebookDestroy(codebook book, int slots)
{

int sl ot;

slot = 0;

while (slot < slots) {
Vect or Deal | ocat e(book[sl ot]);
sl ot ++;

}

free(book);
return NULL;
}

cluster *ReadTraini ngSet (FILE *vectorFile, int *nunVectors)

cluster *vect or Set ;
fprintf(stderr, "Reading training vectors...\n");

/* Read in vectors as a cluster */

vector Set = d usterReadFronFil e(vectorFile);

if (AusterlsEnpty(vectorSet)) {
fprintf(stderr, "*** Enpty training set.\n");
Abort (10);

}

/* Get the cluster size */
*nunVectors = Cl usterSize(vectorSet);
fprintf(stderr, "Read % vectors.\n", *nunVectors);

if (!dusterCheckDi nensionality(vectorSet)) { /* make sure they're all the same dinensionality

*
/
fprintf(stderr, "*** The training vectors nust all
Abort (7);
fprintf(stderr, "Training dinension: %l\n", vectorSet
return vector Set;
}

codebook CodebookMakeCopy(codebook book, int slots)

codebook newBook;
int slot; /* index into codebook slots */

if (!(newBook = CodebookNew(slots)))
return NULL;
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slot = 0;

while (slot < slots) {
/* Copy each vector into the new codebook */
newBook[ sl ot] = Vect or MakeCopy(book[ sl ot]);
sl ot ++;

}

return newBook;

}

cluster **Maked usters(int nunSeeds)
{
cluster **newC usterArray;
int sl ot; /* index into cluster array */

if (!(newCusterArray = (cluster **) malloc(nunSeeds * sizeof(cluster *)))) {
fprintf(stderr, "*** Unable to allocate cluster space.\n");
Abort (14);

slot = 0;

while (slot < nunBeeds) {
/* Allocate each cluster */
newd usterArray[slot] = dusterNew);
sl ot ++;

}

return newd usterArray;

}

cluster **DestroyClusters(cluster **clusters, int nunBeeds)

{

int sl ot ;

slot = 0;

while (slot < nunBeeds) {
clusters[slot] = ClusterDestroy(clusters[slot]);
sl ot ++;

}

free (clusters);

return NULL;

int Fi ndNear est Nei ghbour (vector *vect, codebook currentBook, int nunCl usters)
{
int sl ot /* index into codebook */
mnSlot; /* current slot of mninmumdistance */
doubl e m nDi st, /* current m ninum di stance */
di st; /* current distance */

0:

m nSl ot ;
Vect or Eucl i deanDi st (vect, currentBook[0]);

m nDi st
slot = 1;
while (slot < nunCusters) {
if (currentBook[slot] != NULL) {
di st = VectorEuclideanDi st(vect, currentBook[slot]);

if (dist < mnDist) {
m nDi st = dist;
m nSlot = slot;

}
sl ot ++;
}
return mnSlot;
}
doubl e GetError(cluster **clusters, codebook book, int nunCl usters)
{

doubl e bookErr or;
int sl ot ;

bookError = 0.0;

slot = 0;

while (slot < nunOusters) {
bookError += O uster RVBDi stance(clusters[slot], book[slot]);
sl ot ++;
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}

bookError /= (double) nunC usters;
return sqrt(bookError);

}
doubl e d uster RVBSDi st ance(cl uster *clust, vector *vect)
{
doubl e err Sum
cluster *clndex;
if (CdusterlsEmpty(clust))
return 0.0;
errSum = 0.0;
clndex = clust;
while (clndex !'= NULL) {
errSum += SQR(Vect or Eucl i deanDi st (vect, clndex -> vect));
clndex = clndex -> next;
}
errSum /= (double) CusterSize(clust);
return sqrt(errSun;
}
void WiteCodebook(FILE *out put, codebook book, int slots)
{
int sl ot;
for (slot = 0; slot < slots; slot++) {
if (book[slot] != NULL) {
VectorWite(output, book[slot]);
fprintf(output, "\'n");
}
}
voi d Hel p(FILE *hel pFile, char *appNane)
{
fprintf(helpFile, "---ccmmmmmm e \n");
fprintf(helpFile, " Help file for sclust ver 9%\n", VERSION);
fprintf(helpFile, "-----commmmmii \n\n");

Usage( hel pFil e, appNane);

#i ncl ude "scl ust. hel p. make"

}

codebook InitialiseCodebook(int nunC usters, cluster *vectorSet, int nunSlots)

{
codebook newBook;

int sl ot ;

if (!(newBook = CodebookNew( nunCl usters))) {
fprintf(stderr, "*** Could not initialise codebok.\n");
Abort (20);

if (!(newBook[0] = CusterCentroid(vectorSet))) {
fprintf(stderr, "*** Could not create initial centroid vector.\n");
Abort (21);

for (slot = 1; slot < nunC usters; slot++)
newBook[ sl ot] = NULL;

return newBook;

}

vect or *CodebookCentroi d( codebook book, int nunSflots)

{
vect or *vect Sum /* Current sum of vectors in codebook */
int slot, entries;

if (nunSlots == 0)
return NULL;

if (!(vectSum = VectorZero(book[0] -> dinmensions)))
return NULL;

entries = 0;
slot = 0;
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}

while (slot < nunBlots) {
if (book[slot] != NULL) {
Vect or Sun{vect Sum book[slot]);
entries++;

sl ot ++;

}

/* Find the average by dividing by the nunber of vectors */
Vect or Di vi deScal ar (vect Sum (double) entries);
return vect Sum

int FreeC uster(codebook book, int nunSlots)

{

int sl ot;
for (slot = 0; slot < nunSlots; slot++)
i f (book[slot] == NULL)
return slot;

return -1;

doubl e CodebookAver ageDi st ance(vector *vect, codebook book, int nunCl usters)

{

int

doubl e di stance; /* Cumul ative di stance */
int slot; /* Index into codebook */

di stance = 0.0;
slot = 0;
while (slot < nunCusters) {
i f (book[slot] == NULL) {
nunCl ust ers- -;
sl ot ++;
continue;
}
di stance += Vector Eucl i deanDi st (vect, book[slot]);
sl ot ++;

}

return di stance / (double) nunCl usters;

Fi ndFurt hest Vect or (codebook vectorSet, int nunirainVectors, int clusterMnbership[],

cur r ent Book)

/*

doubl e di st ance, /* Current test distance */
furthestDist; /* Current furthest distance */
int sl ot /* index into 'vectorSet' */

furthestSlot; /* Current furthest vector */

slot = 0;
furthest Sl ot
furthest D st

_1’
0.0;

while (slot < nunirainVectors) {

di stance = VectorEucl i deanDi st (vectorSet[slot], currentBook[clusterMnbership[slot]]);

if (distance > furthestDist || furthestSlot == -1) {
furthestDi st = di stance;
furthestSlot = slot;
}
sl ot ++;
}
return furthestSl ot;
--- END of sclust.c --- */

codebook
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9.2.10 02clust
Application purpose

o2clust performs cluster analysis on a set of data. It uses an adaptive algorithm outlined in section
3.2 tailored to the second-order distance metric described in section 2.2.

Application notes

Although the correlation-matrix cluster representation implemented in the corrmatrix module is
complete, the algorithm does not work at present. The problem seems to lie with forming clusters
that have too few points, and therefore are unnaturally biased along an arbitrary axis. When
forming clusters by adding points (as opposed to splitting larger clusters into progressively smaller
clusters) the clusters grow from a few points to encompass (hopefully) a natural cluster. However,
when a cluster contains one or two points, the correlation matrix is either singular or very close, and
the resulting “shape” of the cluster is merely the axis through the two points. This severe skew
persists until a greater number of points are used to form the matrix.

The preliminary solution was to form a “dummy” cluster around a cluster with few points. This
dummy cluster would be used to calculate the correlation matrix until a certain threshold number of
points existed within the cluster. The dummy cluster was spherical around the centroid of the redl
cluster. However, this did not solve the problem.

The second approach was to “steal” the nearest n points when creating a new cluster. This caused
unnaturally shaped clusters.

Lipson and Siegelmann [1998] use the correlation matrix representation to form the receptive field
of aneuron. The matrix is incrementally updated (via a “learning rate”). The receptive fields are
initialised to an area before learning begins. No new “clusters’ or neurons are generated. One
approach with o2clust would be to likewise segment the data space to initialise the clusters. This
would require some new method to create a new cluster, however.

Another possible method would be to incrementally adjust the correlation matrices via a learning
rate so they did not “contain” the points but merely represented a “ best guess’ of acluster. The data
set could then be classified on the termination of the algorithm.

Usage

*** o2clust -- performs adaptive 2 clustering on a set of vectors
Version 0.32.cp build 22:20:54 Cct 10 2000 [IRI X64 6.5 |P25]
Usage: o2clust {vector file} {cluster file} {classify file} {stop paran

VWere: {vector file} -- file to take vectors from

[specify '-' for stdin]

{cluster file} ~-- file to wite clusters to
[specify '-' for stdout]

{classify file} -- file to wite classified vectors (fromvector file) to
[specify '"-' to skip this step]

{stop paran -- stop clustering when RVS error changes by | ess than
this factor. i.e. 0.1 => 10%4 0.25 => 2594 etc.

Modules used

StdDefs, 2DArray, TokenLst, TokScan, Gauss, RunAvg, Vector_Utils, Vector_Read, CorrMatrix,
Cluster
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Source code

Makefile

TARGET=02cl ust
VERSI ON=032cp

CFI LES=${ TARGET}.c cluster.c vector_utils.c vector_read.c

gauss2.c 2darray.c runavg.c

corr_matrix.c

tokenl st.c

HFI LES=st ddefs.h cluster.h vector_utils.h vector_read.h corr_matrix.h tokscan.h tokenlst.h gauss.h

runavg. h 2darray. h
OBJFI LES=${ TARGET}.0 cluster.o vector_utils.o
gauss2.0 nrutil.o runavg.o 2darray.c

DI STFI LES=Makefil e o2cl ust. hel p. make ${CFI LES} ${HFI LES} ${ TARCGET}

SYSVER=\""unanme -nprs\"

CC=cc

CFLAGS=- 64 -pca - DPLATFORM="${SYSVER}" - DUN X #- DDEBUG

LFLAGS=-64 -pca -Im-Inalloc

${ TARGET}: ${ OBJFI LES}
${CC} -0 ${TARGET} ${OBJFILES} ${LFLAGS}

hel p: ${ TARGET}
${ TARGET} --help

cl ean:
rm-f *. o ${ TARCET}

refresh: clean ${TARGET}

di st: ${Dl STFI LES}
tar cvf ${ TARCET}_v${VERSIO\}.tar ${Dl STFI LES}
gzip -f ${TARGET} _Vv${VERSI O\}. tar

.C.0:
${CC} ${CFLAGS} -c $*.c

vector_read.o corr_matrix.o

tokenlst.o

o2clust.help.make

/* Help make file for o2cl ust
*
Aut hor: Dylan Miir
Date: 3rd July, 2000
Modi fi ed:
Version: 0.15.cp
/

L

#defi ne p(x) fprintf(helpFile, x);

p("\n");
p("Put your help info here\n");
p("\n");

p("\n");

p("bl ah bl ah bl ah\n");

p("\n");

p("\n");

p("\n");

p("\n");

p("\n");

p("\n");

p("\n");

p("\n");

p("\n");
p("\n")
p("\n");

#undef p

/* --- END of generic.hel p.make --- */

o2clust.c

/* o2clust -- perforns order-2 (ellipsoid) clustering on a set of vectors
* Uses a nodified version of the adaptive Forgy's algorithm

Aut hor: Dyl an Muiir (dr. nuir @tudent. qut. edu. au)
QUT MLRC Senester 2, Novenber 1999

Date: 8th Novenber, 1999

Modi fied: 10th October, 2000

L I T

Version: 0.32.cp (cross-platformWn32 and Uni x)
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*
* runavg
* Aknow edgenents: Lipson, H., Siegelman, HT., "H gh Oder
Deconposi ti on"

*

*/
/* -- Conpilation check -- */

#if !defined(UNI X) && !defined(W N32)
#error "Conpilation for Unix or Wn32 ONLY!"
#endi f

/* -- Required nodules -- */

#i ncl ude <stdio. h>

#i nclude <stdlib. h>

#i ncl ude <tine. h>

#i f def UNI X
#i ncl ude <uni std. h>

#endi f

#i f def W N32
#i ncl ude <string. h>
#define srand48(x) srand((unsigned int) (x))
#define strcasecnp stricnp
#define PLATFORM "Generic Wn32 Systent

#i ncl ude <coni o. h>

#i ncl ude <ctype. h>

#endi f

#i ncl ude <mat h. h>

#i ncl ude "stddefs. h"

#i nclude "cluster.h"

#i nclude "vector_utils.h"

#i ncl ude "vector_read. h"

#i nclude "corr_matrix. h"

#i ncl ude "runavg. h"

/* -- defines -- */

#defi ne APP_NAME 0

#define HELP 1

#define VECTOR FILE 1

#define CLUSTER FILE 2

#define CLASSIFY_FILE 3

#define CLUST_PARAM 4

#defi ne NUMVARGS 5

#define MAX_CLUSTERS 3000
#define | N T_STOP_PARAM 0. 001
#define SAVPLES_TO AVG 5
#define VERSION "0.32.cp"
#define HELP_FILE "o02cl ust. hel p"
#define Abort(x) AbortPrint((x), __LINE , __FILE )
/* -- codebook stuff -- */

typedef corrMatrix *codebook

codebook CodebookNew(int sl ots)

codebook CodebookDestroy(codebook book, int slots)

codebook CodebookNewFronCl uster(cluster *clust)

codebook CodebookMakeCopy(codebook book, int slots)

voi d WiteCodebook(FI LE *out put, codebook book, int slots)
codebook | nitialiseCodebook(int nunClusters, cluster *vectorSet)
int FreeC uster(codebook book, int nunSlots)

voi d WiteCodebook(FI LE *out put, codebook book, int slots)
doubl e Get Error(codebook book, int nunC usters)

/* -- knmeans hel per function prototypes -- */

voi d Usage(FI LE *output, char *appNane);

voi d Hel p(FI LE *out put, char *appNane)

void AbortPrint(int code, int line, char *file);
voi d ProcessCommandLi ne(int argc, char *argv[],
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Shape Neurons

2darray,

for

Usage: o2clust (vector file) (clusters file) (classified vectors file) (clustering paraneter)

gauss?2

Data Structure



FILE **vectFile, FILE **clustFile, FILE **classFile,

doubl e *cl ust Paran ;
voi d O oseFiles(FILE *vectFile, FILE *clustFile, FILE *classFile);
voi d PrintBanner(char *argv[], FILE *vectFile, FILE *clustFile, FILE *classFile, double clustParan;
cluster *ReadTraini ngSet (FILE *vectorFile, int *numlrai nVectors);
vector **Vect ArrayNewFr onC uster(cluster *clust);
int FindNearestNei ghbour(vector *vect, codebook currentBook, int nunCusters, bool useCorr, bool
ignore[]);
int Fi ndWor st Vect or (vector  **vect or Set, int nunVect or s, int cl ust er Menber shi p[], codebook
current Book, bool ignore[]);
int FindwrstVectorlnduster(vector **vectorSet, int nunVectors, int clusterMenbership[], codebook
current Book, int clusterSlot, bool useCorr);
doubl e Cvatri xAvCorrWthinC uster(corrMatrix matrix);
bool UseCorrel ati on(codebook currentBook, int nunCl usters);

void CassifyVectors(vector **vectorSet, int nunirainVectors, int clusterMnbership[], codebook
current Book, int lastduster, bool useCorr, double stopParam bool ignore[]);

doubl e Aver ageCodebookCorrel ati on(vector *vect, codebook currentBook, int nunCusters, double
*st ddev) ;

/[* -- main -- */

int main(int argc, char *argv[])

FI LE *vectFile, *clustFile, *classFile;
doubl e cl ust Par am
|lastError, thisError;

int | ast Gl uster, nunilrai nVectors,
*cl ust er Menber shi p, slot;
bool firstRun, termnate;

cluster *vectorSetd uster;
codebook current Book;
vect or **yvect or Set ;

doubl e wor st Corr,
best Corr,
testCorr,
best Di st ,
testDi st,
avCorr,
st ddevCorr ;
int cl osest,
ol dd osest,
next Cl osest,
wor st ,
| ast NewCl ust er,
best FronCl ust
best Tod ust,
fronmC ust,
toC ust,
nunC usters;

bool *jignore,
firstPass,
tracki ng,
report;

ProcessConmandLi ne( argc, argv,
&vectFile, &clustFile, &classFile,
&cl ust Par an ;

Pri nt Banner (argv, vectFile, clustFile, classFile, clustParam;
vect or Set 0 ust er = ReadTr ai ni ngSet (vect Fil e, &nunir ai nVectors);
vector Set = Vect ArrayNewFr onCl ust er (vect or Set d uster);

if (!(clusterMenbership = (int *) malloc(nunirai nVectors * sizeof(int)))) {
fprintf(stderr, "*** Could not allocate cluster nenbership array.\n");
Abort (24);

for (slot = 1; slot < nunilrai nVectors; sl ot++)
cl uster Menbership[slot] = -1;

cl ust er Menber shi p[0] = O;
/* clusterMenbership[1l] = 1; */

current Book
| ast d uster

InitialiseCodebook(nunilrai nVectors, vectorSetd uster);
1;

if (!(ignore = malloc(nunirainVectors * sizeof(bool)))) {
fprintf(stderr, "*** Could not allocate ignore array.\n");
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Abort (23);

for (slot = 0; slot < nunmlrai nVectors; slot++)
i gnore[slot] = FALSE;

lastError = GetError(currentBook, |lastC uster + 1);
printf("Initial (no classification) error: %\n", lastError);

if (nunirai nVectors > 1000)
report = TRUE;

el se
report = FALSE;

tracki ng = FALSE;
term nate = FALSE;
firstRun = FALSE;
nunCl usters = 1;
while (!termnate) {

slot = 0;
while (slot < numlrai nVectors) {
cl osest = Fi ndNear est Nei ghbour (vectorSet[slot], currentBook, lastCluster + 1, TRUE, NULL);

if (clusterMenbership[slot] == -1) { /* ie not clustered */
avCorr = AverageCodebookCorrel ati on(vectorSet[slot], currentBook, |astduster + 1,
NULL) ;
best Corr Chatri xCorrel ati onWthVect (current Book[ cl osest], vectorSet[slot]);

//avCorr = CMatrixAvCorr Wt hi nCl uster(currentBook[cl osest]);
stddevCorr = CMatri xSt dDevCorrW thi nCl uster(currentBook[cl osest]);

if (bestCorr > avCorr) {

/lif (fabs(bestCorr - avCorr) > (stddevCorr * clustParam) ({
/* Make a new cluster with the current vector */
nunCl ust er s++;
cl osest = Freed uster(current Book, MAX CLUSTERS);

if (closest == -1)
fprintf(stderr, "*** Exceeded conpiler limt of clusters [%].\n", MAX_CLUSTERS);
Abort (22);

if (closest > lastC uster)
|l astd uster = cl osest;

}
} else {
if (closest == clusterMenbership[slot]) { /* Not going to nove */
i gnore[closest] = TRUE
next Cl osest = FindNearest Nei ghbour(vectorSet[slot], currentBook, l|astCuster + 1,
TRUE, ignore);
if (nextdosest I=-1) {

testCorr = CMatri xNor medCorr W t hVect (curr ent Book[ next O osest], vectorSet[slot]);

test Di st Vect or Eucl i deanDi st (vector Set[slot],
CMat ri xCentroi d( current Book[ next O osest]));
} else {
testCorr = 9000. 0;
test Di st = 9000. 0;

}
i gnore[cl osest] = FALSE;

best Corr = CMatri xCorrel ati onWt hVect (current Book[cl osest], vectorSet[slot]);
best Di st = Vect or Eucl i deanDi st (vectorSet[slot],
CMat ri xCentroi d( current Book[ cl osest]));

/lavCorr = AverageCodebookCorrel ation(vectorSet[slot], currentBook, |astCuster + 1,
&st ddevCorr);

avCorr = CMatri xAvCorr Wt hi nC ust er (current Book[ cl osest]);

stddevCorr = CMatri xSt dDevCorr Wt hi nCl ust er (current Book[ cl osest]);

if ((currentBook[closest] -> numvectors > 10) && ((bestCorr - avCorr) > (stddevCorr
* clustParam)) {
if ((testCorr - CMat ri xAvCor r Wt hi nCl ust er (cur r ent Book[ next Cl osest])) >
(CWatri xSt dDevCorr Wt hi nC ust er (current Book[ next O osest]) * clustParan)) {
/* Make a new cluster with the current vector */
nunCl ust er s++;
cl osest = Freed uster(current Book, MAX CLUSTERS);

if (closest == -1) {
fprintf(stderr, "**%  Exceeded conpiler limt of clusters [%].\n",
MAX_CLUSTERS) ;
Abort (22);
}

if (closest > lastCluster)
| ast d uster = closest;

130



} else {
cl osest = nextd osest;
}

}

ol dC osest = cl uster Menbership[slot];

if (oldC osest != closest) {
/* Update the previous cluster's centroid after renoving the vector */
if (olddosest !'=-1) {
CMat ri xDel et eVect or (current Book[ ol dCl osest], vectorSet[slot]);
if (currentBook[ol dC osest] -> numvectors == 0)
current Book[ ol dd osest] = CwMatri xDestroy(currentBook[ ol dCl osest]);
nunCl ust ers- -;

}
/* Update the current cluster's centroid after adding the vector */
i f (currentBook[closest] == NULL) {

current Book[ cl osest] = CMatri xCreate(vectorSet[slot] -> dimensions);

}
ChMat ri xAddVect or (current Book[ cl osest], Vector MakeCopy(vectorSet[slot]));
cl ust er Menber shi p[sl ot] = cl osest;

}

sl ot ++; /* Next training vector */
if (report &&(slot % (int) (nunfrainVectors / 10) == 0))
printf("|");

}

thisError = GetError(currentBook, lastduster + 1);

if (!firstRun && fabs(thisError - lastError) < INIT_STOP_PARAM //(fabs(lastError - thisError)
/ lastError) > clustParam /* Percentage change */
term nate = TRUE;

fprintf(stderr, "RMS error: % (9%.2f%% change) [% clusters]\n", thisError, (fabs(lastError -
thisError) / lastError) * 100.0, nunC usters);

lastError = thisError;

firstRun = FALSE;

}

/1 C assi fyVectors(vectorSet, numlrai nVectors, clusterMenbership, currentBook, |astduster, TRUE,
I NI T_STOP_PARAM NULL);

{

int nunfFinal dusters = 0;

printf("clusters: ")
for (slot = 0; slot <= lastduster; slot++) {
i f (currentBook[sIot]) {
printf("9 current Book[ sl ot ] -> num vect ors,
CNBtrlethevOorrWthl nC uster(currentBook[sI ot])/ Cvatri xAvCorr Wt hi nCl ust er (curr ent Book[ sl ot]))
nunfi nal Cl ust er s++;
}

}

printf("\n");

printf("%l clusters (final), RVB err: %\n", nunfFinal Custers, thisError);
}

/* Get rid of small clusters */

term nate = FALSE;

{
doubl e sum
sum = 0. 0;
for (slot = 0; slot <= lastduster; slot++) {
if (currentBook[slot] != NULL) {

sum += (doubl e) currentBook[slot] -> numvectors;

}
sum /= (doubl e) nunCl usters;
printf("Culling < %\n", (int) (sum);
while (!termnate) {

term nate TRUE;
for (slot 0; slot <= lastCuster; slot++) {
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if (cu
if

} else
ign

rrent Book[slot] != NULL) {
(current Book[slot] -> numvectors < (int) (sum)
ignore[slot] = TRUE;

ore[slot] = FALSE;

Cl assifyVectors(vectorSet, nunilrainVectors, clusterMnbership, currentBook, [|astduster,
TRUE, | NI T_STOP_PARAM ignore);

for (slot
if (cu
if
}
}

= 0; slot <= lastCluster; slot++) {

rrent Book[slot] != NULL) {

(currentBook[slot] -> numvectors < sun)

;//term nate = FALSE; /* Need another pass to cull */

Wit eCodebook(cl ustFile, currentBook, nunilrainVectors);

{

i nt nunFi nal

Clusters = 0;

fprintf(stderr, "clusters: ");

for (slot =

0; slot <= lastCuster; slot++) {

if (currentBook[slot]) {

fprint
nunfin
}

f(stderr, "%l ", currentBook[slot] -> numvectors);
al d ust er s++;

fprintf(stderr, "\n");
fprintf(stderr, "%l clusters (final), RVMS err: %\n", nunfFinal dusters, thisError);

/* If we are to wite out the classifications, do so here */

if (classFile !
printf("Wit
for (slot =

= NULL) {
ing classification.\n");
0; slot < nunilrainVectors; slot++) {

fprintf(classFile, "%l\t", clusterMenbership[slot]);

Vect or Wi

te(classFile, vectorSet[slot]);

/* We need to destroy everything here! */

CodebookDest roy(current Book, |astCl uster + 1);

Cl oseFi | es(vect

return O;

/* -- hel per funct

File, clustFile, classFile);

ions -- */

voi d Usage(FI LE *output, char *appNane)
{

fprintf(output,
fprintf(output,
fprintf(output,
appNane) ;
fprintf(output,
fprintf(output,
fprintf(output,
fprintf(output,
fprintf(output,
to\n");
fprintf(output,
fprintf(output,
than\n");
fprintf(output,
etc.\n");
fprintf(output,
fprintf(output,
}

"\'n*** o2clust -- perfornms adaptive 2 clustering on a set of vectors\n");
Version % build % % [%]\n", VERSION, _ TIME__, _ DATE , PLATFORM;
"Usage: % {vector file} {cluster file} {classify file} {stop param\n",

"Where: {vector file} -- file to take vectors fromn");
[specify '-' for stdin]\n");
{cluster file} -- file to wite clusters to\n");
" [specify '-' for stdout]\n");
" {classify file} -- file to wite classified vectors (from vector file)
[specify '-' to skip this step]\n");
" {stop paran} -- stop clustering when RVMS error changes by |ess
this factor. i.e. 0.1 => 10%4 0.25 => 25%%

"For detailed info, type % --help\n", appNane);
"\n)

void AbortPrint(int code, int line, char *file)

132



fprintf(stderr, "Aborting [% | %]...\n", file, line);
exit(code);

voi d ProcessConmandLi ne(int argc, char *argv[], FILE **vectFile, FILE **clustFile, FILE **classFile,
doubl e *cl ust Par an

if ((argc > 1) && (strcasecnp(argv[HELP], "--help") == 0)) {
FILE *hel pFile;

if (!(helpFile = fopen(HELP_FILE, "wt"))) {
fprintf(stderr, "*** Could not create help file [%].\n", HELP_FILE);
Abort (1);

}

Hel p(hel pFil e, argv[ APP_NAME]);
printf("Created %\n", HELP_FILE);
exit(0);

if (argc < NUMARGS) {
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** |nvalid nunber of argunents.\n");

Abort (2);
}
if (argc > NUMARGS)

fprintf(stderr, "--- Warning: extra argunents ignored.\n");
if (strcnmp(argv[VECTOR FILE], "-") == 0)

*vectFile = stdin;
else if (!(*vectFile = fopen(argv[ VECTOR FILE], "rt"))) {
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** Could not open vector file [%] for reading.\n", argv[ VECTOR FILE]);
Abort (3);
}

if (strcnmp(argv[ CLUSTER FILE], "-") == 0)
*clustFile = stdout;
else if (!(*clustFile = fopen(argv[ CLUSTER FILE], "wb"))) {
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** Could not open cluster file [%] for witing.\n", argv[ CLUSTER FILE]);
Abort (4);
}

if (strcnmp(argv[CLASSI FY_FILE], "-") == 0)
*classFile = NULL;
else if (!(*classFile = fopen(argv[ CLASSI FY_FI LE], "wb"))) {
Usage(stderr, argv[ APP_NAME]);
fprintf(stderr, ok Could not open classification file [%] for witing.\n",
ar gv[ CLASSI FY_FI LE]);
Abort (4);
}

if (!isdigit(*argv[CLUST_PARAM)) {
Usage(stderr, argv[ APP_NAME]);
fprintf(stderr, ok Error converting RMS error stop paraneter from [%].\n",
ar gv[ CLUST_PARAM ) ;
Abort (5);

*cl ust Param = at of (ar gv[ CLUST_PARAM ) ;

}
void O oseFiles(FILE *vectFile, FILE *clustFile, FILE *classFile)
{
if (vectFile !'= stdin) fclose(vectFile);
if (clustFile !'= stdout) fclose(clustFile);
if (classFile !'= NULL) fclose(classFile);
}

voi d PrintBanner(char *argv[], FILE *vectFile, FILE *clustFile, FILE *classFile, double clustParam

fprintf(stderr, "- o2-clustering ver %\n", VERSION);
fprintf(stderr, " o Vector Input: << [");
vectFile == stdin ?

fprintf(stderr, "- stdin]\n") :

fprintf(stderr, "%]\n", argv[ VECTOR FILE]);
fprintf(stderr, " o Custers output: >> [");
clustFile == stdout ?
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fprintf(stderr, "- stdout]\n") :

fprintf(stderr, "%]\n", argv[ CLUSTER FILE]);
fprintf(stderr, " o dassification output: ");
classFile == NULL ?

fprintf(stderr, "skipped\n") :

fprintf(stderr, ">> [%]\n", argv[ CLASSI FY_FILE]);

fprintf(stderr, " o RVS error stop paranmeter: [9%.3f] (9%3.2f%9\n",
100.0);
}
voi d Hel p(FI LE *hel pFile, char *appNane)
{
fprintf(helpFile, "-----commmmmii \n");
fprintf(helpFile, " Help file for prognane ver %\n", VERSION);
fprintf(helpFile, "---c-mmmmmm e \n\n");

Usage( hel pFil e, appNane);
#i ncl ude "o2cl ust. hel p. make"
}
/* -- Codebok stuff -- */
codebook CodebookNew(int sl ots)
codebook newBook;

if (!(newBook = (codebook) nalloc(slots * sizeof(corrMatrix))))
return NULL;

return newBook;

}
codebook CodebookDestroy(codebook book, int slots)
{
int sl ot;
slot = 0;
while (slot < slots) {
CMat ri xDest roy(book[slot]);
sl ot ++;
}
free(book);
return NULL;
}
codebook CodebookNewFrontCl uster (cluster *clust)
{
codebook newBook; /* new codebook */
cluster *clndex; /* index into cluster */
int sl ot ; /* slot index into codebook */
if (!(newBook = CodebookNew( Cl usterSize(clust))))
return NULL;
slot = 0;
clndex = clust;
while (clndex !'= NULL) {
newBook[ sl ot] = CwMatrixCreate(clndex -> vect -> dinensions);
ChMat ri xAddVect or (newBook[ sl ot], clndex -> vect);
clndex = clndex -> next;
sl ot ++;
}
return newBook;
}
codebook CodebookMakeCopy(codebook book, int slots)
{

codebook newBook;
int sl ot ; /* index into codebook slots */

if (!(newBook = CodebookNew( sl ots)))
return NULL;

slot = 0;

while (slot < slots) {
newBook[ sl ot] = CMatri xMakeCopy(book[slot]);
sl ot ++;

}
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return newBook;

}
codebook I nitialiseCodebook(int nunClusters, cluster *vectorSet)
{
codebook newBook;
int sl ot ,
nunDi nensi ons;
cluster *clndex;
if (!(newBook = CodebookNew(nunC usters))) {
fprintf(stderr, "*** Could not initialise codebok.\n");
Abort (20);
newBook[ 0] = CMatri xCreate(vectorSet -> vect -> di nensions);
CMat ri xAddVect or (newBook[ 0], vectorSet -> vect);
for (slot = 1; slot < nunC usters; slot++) {
newBook[ sl ot] = NULL;
}
return newBook;
}

cluster *ReadTraini ngSet (FILE *vectorFile, int *nunilrainVectors)

{

cluster *vector Set;

fprintf(stderr, "Reading training vectors...\n");
vectorSet = O usterReadFronFil e(vectorFile);
if (CusterlsEnpty(vectorSet)) {
fprintf(stderr, "*** Enpty training set.\n");
Abort (10);

fprintf(stderr, "Read % vectors.\n", dusterSize(vectorSet));

if (!'CusterCheckD nmensionality(vectorSet)) { /* make sure they're all the sane
di mensionality */
fprintf(stderr, "*** The training vectors nust all be the sane dinensionality.\n");
Abort (7);
}

fprintf(stderr, "Training dinension: %\ n", vectorSet -> vect -> dinensions);

*numlrai nVectors = C usterSize(vectorSet);
return vector Set;

int FindNearestNei ghbour(vector *vect, codebook currentBook, int nunCusters, bool wuseCorr, bool
ignorel[])

int sl ot ; /* index into codebook */
doubl e m nCorr, /* current mexi mum correlation (lowest absolute val) */
corr; /* current correlation */
int m nSl ot ; /* current slot of maximumcorrelation */
mnSlot = -1;
slot = 0;
while (slot < nunOusters) {
if (currentBook[slot] &% ((ignore == NULL) || ('ignore[slot]))) {
if (useCorr)
corr = Cwvatri xNornedCorr W thVect (current Book[sl ot], vect);
el se

corr = VectorEuclideanDi st(CMatrixCentroid(currentBook[slot]), vect);

if ((MnSlot == -1) || (corr < mnCorr))) {
m nCorr = corr;
m nSlot = slot;
}
}
sl ot ++;

}

return mnSlot;

int FreeC uster(codebook book, int nunSlots)

{
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int sl ot ;

for (slot = 0; slot < nunSlots; slot++)
i f (book[slot] == NULL)
return slot;

return -1;

}

void WiteCodebook(FILE *out put, codebook book, int slots)
{

int sl ot;

for (slot = 0; slot < slots; slot++) {
if (book[slot] != NULL) {
Chvatri xWite(output, book[slot]);
}

vector **Vect ArrayNewFr onC uster(cluster *clust)
{
vect or ** newBook; /* new codebook */
cluster *clndex; /* index into cluster */
int sl ot ; /* slot index into codebook */

if (!(newBook = (vector **) malloc(d usterSize(clust) * sizeof(vector *))))
return NULL;

slot = 0;

clndex = clust;

while (clndex !'= NULL) {
newBook[ sl ot] = Vect or MakeCopy(cl ndex -> vect);
clndex = clndex -> next;
sl ot ++;

}

return newBook;

}

doubl e Get Error(codebook book, int nunCl usters)
{

doubl e bookError;

int sl ot;

bookError = 0.0;

slot = 0;

while (slot < nunCusters) {
if (book[slot]) bookError += CMatri xRVMSCorrel ati on(book[slot]);
sl ot ++;

}

bookError /= (double) nunC usters;
return sqrt(bookError);

}

doubl e AverageCodebookCorrel ati on(vector *vect, codebook currentBook, int nunClusters, double
*st ddev)
{

double corr, sum sunfqr;

int sl ot, nunReal ;

sum = 0.0;
sunqgr = 0.0;
nunReal = O;
for (slot = 0; slot < nunC usters; slot++) {
if (currentBook[slot] != NULL) {
corr = CMatrixNornmedCorr W thVect (currentBook[slot], vect);
sum += corr;
sunsqr += corr * corr;
nunReal ++;

}

if (stddev != NULL) {
*stddev = sqrt(((double) nunReal * sunBSgr - (sum * sun)) / (double) (nunmReal * (nunReal -
1)));
}

return (sum/ (double) nunReal);

}
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void CassifyVectors(vector **vectorSet, int nunilrainVectors, int clusterMnbership[], codebook

current Book, int lastduster, bool useCorr, double stopParam bool ignore[])
{
bool classify; /* Do we continue classifying? */
runAvg  *avg; /* Running average of RMS error */
int sl ot, /* Vector to | ook at */
cl osest, /* Cosest cluster to current vector */
ol dd osest, /* Custer vector was last in */
tries; /* Nurmber of times we've tried to classify themall */
double closestCorr, /* Distance to neasrest cluster */
RVBer r or, /* current RVS error */
| ast Error;
lastError = GetError(currentBook, |lastC uster + 1);
avg = | nit Runni ngAver age( SAMPLES_TO AVQ) ;
tries = 0;
classify = TRUE;
while (classify) {
slot = 0;
while (slot < nunilrainVectors) {
cl osest = FindNearest Nei ghbour(vectorSet[slot], currentBook, lastCluster + 1, wuseCorr,
i gnore);
cl osest Corr = Vector Eucl i deanDi st (current Book[ cl osest] -> centroid, vectorSet[slot]);
ol dd osest = cl ust er Menbership[slot];
if (oldd osest != closest) {
if (oldCosest = -1) {
CMat ri xDel et eVect or (current Book[ ol dC osest], vectorSet[slot]);
if (CMatrixlsEnpty(currentBook[ol dd osest])) {
CMat ri xDest roy(current Book[ ol dCl osest]);
current Book[ ol dO osest] = NULL;
}
}
if (!currentBook[closest])
current Book[ cl osest] = Cvatri xCreate(vectorSet[slot] -> dimensions);
CMat ri xAddVect or (current Book[ cl osest], vectorSet[slot]);
cl ust er Menber shi p[sl ot] = cl osest;
sl ot ++;
}
RMSerror = GetError(currentBook, lastduster + 1);
if (fabs(RvBerror - lastError) < stopParam
classify = FALSE;
tries++;
if (tries %10 == 0) {
printf(".");
st opParam *= 2;
}
}
}
/* --- END of o2clust.c --- */
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9.2.11tlavqg
Application purpose

tlavqg is an extended implementation of tlearn. tlavg performs learning on a user-defined neural
network, much in the same way as tlearn, except that tlavq can also perform on-line cluster analysis
of specified neurons, with the intention of using this analysis to either partialy or wholly classify
the specified neuron’s activations into another set of nodes.

The purpose of this was to implement the online clustering architecture outlined in Das and Moser
[1998], but tlavq retains tlearn’'s inherent flexibility. The network can be configured to any
architecture possible in tlearn, and clustering can be turned off entirely. With this feature disabled,
the program behaves identically to tlearn.

The source code also provides an example to aid in the further extension of tlearn.

Extentions to tlearn

See section 5.0 for a discussion of the architecture proposed by Das and Moser [1998] and the
modifications we made to adapt it to an Elman SRN.

The “strength” to which hidden unit activations are classified into the context layer is determined by
the current learning error, modified by two parameters. These two parameters adjust eqtn (8) to
provide afactor for classification strength.

1
// //
Phi = yaia—s =2 ’//,//’
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Figure 9-3 Plot of classification a vs. RMSprediction error given by egtn
(8).

c=(-a)h+ai. Equation 10
where:
C isthe vector formed by the context layer activations
h isthe vector formed by the hidden layer activations
i'H is the centroid of the cluster that h classifiesto

a isgiven by some function of the current prediction error (See eqtn (8)).

The format of the network configuration file is slightly different to that of tlearn. Additions have
been made to the SPECIAL section to specify the nodes to be used in the clustering process.
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N

cluster = <node |ist> defines the nodes in the network to be used as input for the cluster
anaysis. The activations of these nodes will be concatenated together to form a vector that
defines a data point in the hidden unit space. These data points are collected over a number of
epochs of learning and are subject to cluster analysis to create a corresponding codebook.

context = <node |i st > definesthe nodesin the network that will form the context layer. This
must be the same number of nodes asin the cl ust er node list. The classified hidden unit space
vectors will be copied into these nodes in the same order as they were extracted from the hidden
units.

ote that these additions do not preclude defining the recurrent network architecture in the

CONNECTIONS section of the configuration file. These extra parameters are only used by the
vector quantisation portion of the program.

Extra arguments have been added to the command line, to facilitate the cluster analysis:

-Q: perform AV Q on hidden unit activations to context units

-e#:. AVQ: number of sweepsin an epoch <always required for AVQ>
-p#  AVQ: phi parameter (default = 60)

-d#  AVQ: T parameter (default = 0.5)

The ‘T’ parameter is used in the adaptive Forgy’s algorithm. (See section 3.1).

Modules used
StdDefs, 2DArray, Gauss, TokenLst, TokScan, Vector_Utils, Vector Read, Cluster

Source code

avg.h

/*

*
*
*
*
*
*
*
*

#i

avqg. h -- support header for tlearn-AvVQ

Aut hor: Dylan Miir (dr.nuir@yudent. qut.edu. au)
QUT MLRC LPG Senester 2 1999

Date: 18th Cctober, 1999

Modi fi ed:

Version: 0.01

/

fndef _avg_h

#define _avg_h

#i
#i

[* -

ncl ude "vector_utils.h"
ncl ude "cluster. h"

Codebook typedef */

typedef vector **codebook;

[* -

Codebook functions -- */

codebook CodebookNew(int slots);

codebook CodebookDestroy(codebook book, int slots);
codebook CodebookNewFrontCl uster(cluster *clust);

codebook CodebookMakeCopy(codebook book, int slots);

void WiteCodebook(FI LE *out put, codebook book, int slots);

[* -

AVQ functions -- */

int Fi ndNear est Nei ghbour (vector *vect, codebook currentBook, int nunSeeds);

#endi f /* _avq_h */

139




/* --- END of avgq.h --- */

avg.c

#i ncl ude <math. h>

#i ncl ude "vector_utils.h"
#i nclude "cluster.h"

#i ncl ude "avq_subs. h"

#define MAX_CLUSTERS 400
#define AVQ TERM LEVEL 0. 001

#i f defined(ibnpc) || defined(sparc)
#define EXP(m) exp(m
#el se
#define EXP(m \
(exp_array[((int) ((m * exp_mult)) + exp_add])
#endi f

#defi ne ABS(x) ((x) <07? (0.0 - (x)) : (x))

extern int nn; /* nunmber of nodes */

extern int nt; /* nn + ni + 1 size of activation arrays */
extern int np; /* start of real nodes activations */
extern int ni; /* nunber of inputs */

extern int nhc; /* nurmber of hidden/context units */

struct cf {

int con; /* connection flag */
int fix; /* fixed flag */
int nun /* group nunber */
int lim /* weight limts */
float mn; /* wei ght m ni num */
float max; /* wei ght maxi num */
H
struct nf {
int func; /* activation function */
int del a; /* delay flag */
int targ; /* target flag */
H

extern struct cf **cinfo;
extern struct nf *ni nfo;

extern int *cl ust nodes; /* (nn+l) nodes for avqg */

extern int *cont xt nodes; /* (nn+l) context nodes */

extern int | oadf | ag; /* flag to say we're loading initial state */
extern I ong epochl engt h; /* nunber of sweeps per epoch */

extern long epochsforavg; /* nunber of epochs each avq sweep */
extern int codebook_si ze; /* size of codebook (nunber of clusters) */
extern vector **avg_codebook; /* current codebook */

extern vector **patterns; /* stored patterns */

extern long patterns_index; /* index into patterns array */

extern long numpatterns; /* nunber of patterns stored */

extern double avg_phi; /* avq phi paraneter */

extern double avg_t; /* avq T paraneter */

extern float err; /* cumul ative error */

extern float ce_err; /* cumul ative cross entropy error */

extern float avg_err; /* error for avq nodification */

int *cl ust er Menber shi p; /* array of what vectors belong to what clusters */

AVQ Reset Vectors()

AVQ del ete_patterns();
patterns_i ndex = 0;

AVQ cl assify_hu_to_context(aold, anmem anew, awt, |ocal, atarget)
float *aol d;
float *amem
float *anew,
float **awt;
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int

*| ocal ;

float *atarget;

vect or

int

doubl e

*cluster_act;
node,
di m.i ndex;
al pha;

float new_ act;

cluster_act =

codebook_si ze)];

al pha = exp((0.0 - avqg_phi) * avqg_err);
di mindex = 0;
for (node = 1; node <= nn; node++) {

i f (contxtnodes[node]) {

new act = (float) ((1.0 - alpha) * patterns[patterns_index - 1]
-> conponent s[ di m.i ndex]);

new _act += al pha * (double) (cluster_act

avg_codebook[ Fi ndNear est Nei ghbour (patterns[patterns_i ndex -

1],

num patterns);

avg_codebook, codebook_si ze);
codebook_si ze) ;
avq_codebook][ cl osest]);
codebook_si ze, closest);
avg_codebook][ cl osest 2] );

/* new act = 1.0/ (1.0 + EXP(0.0 - new_ act)); */
aold[ node + ni] = anew node + ni] = new act;
di mi ndex++;
if (di mindex == nhc) break;
}
}
}
AVQ Red assi fy(voi d)
{
double lastError, thisError,
avDi st, closestDist,
cl osest 2Di st ;
int sl ot,
cl osest, ol dd osest,
cl osest 2;
bool terninate;
cluster **clusters;
for (slot = 1; slot < numpatterns; slot++)
cl ust er Menbershi p[slot] = 0;
cl ust er Menber shi p[0] = 1;
avg_codebook = CodebookDestroy(avqg_codebook, codebook_size);
avg_codebook = InitialiseCodebook( MAX_CLUSTERS, patterns,
clusters = Maked ust er s( MAX_CLUSTERS) ;
clusters[0] = d usterFronCodebook(patterns, numpatterns);
clusters[0] = O usterRenoveVector(clusters[0], patterns[0]);
codebook_si ze = 2;
lastError = 999.0;
#i f def DEBUG
fprintf(stderr, "AVQ (%. 2f)[", avq_t);
fflush(stdout);
#endi f
term nate = FALSE;
while (!termnate) {
slot = 0;
while (slot < numpatterns) {
avDi st = CodebookAver ageDi st ance(patterns[slot],
cl osest = Fi ndNear est Nei ghbour (patterns[slot], avq_codebook,
cl osest Di st = VectorEuclideanDi st(patterns[slot],
/* cl osest2 = Fi ndNear est O her Cl ust er (avg_codebook,
cl osest 2Di st = Vect or Eucl i deanDi st (avg_codebook][ cl osest],
if (closestDist > (avDist * avqg_t)) {
/* if (ABS(closestDist - avDist) < (avDist * avqg_t)) { */
/* if (closestDist > (avg_t * closest2Dist)) { */

cl osest = Freed uster(avg_codebook, MAX CLUSTERS);

if (closest

== -1) {

perror ("ERROR Exceeded conpiler limt on clusters");

exit(1);

if (closest >= codebook_si ze)
codebook_si ze = cl osest + 1;

}

ol dd osest = cl ust er Menbership[slot];
cl usters[ol dC osest]
i f (avg_codebook[ ol dCl osest] != NULL)

Vect or Deal | ocat e(avq_codebook[ ol dC osest]);

= Cl uster RenmobveVect or (cl ust ers[ ol dCl osest],

patterns[slot]);

*/

avq_codebook,

-> conponent s[ di m.i ndex]);
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avg_codebook[ ol dCl osest] = ClusterCentroid(clusters[ol dC osest]);

clusters[closest] = O usterAddVector(clusters[closest], VectorMakeCopy(patterns[slot]));
cl ust er Menber shi p[sl ot] = cl osest;
i f (avg_codebook[cl osest] != NULL)
Vect or Deal | ocat e(avqg_codebook[ cl osest]);
avq_codebook[ cl osest] = CusterCentroid(clusters[closest]);
sl ot ++;
}
thisError = GetError(clusters, avq_codebook, codebook_si ze);
if ((codebook_size >= 20) && (lastError >= thisError) && (lastError - thisError <

AVQ TERM LEVEL))
term nate = TRUE
lastError = thisError
i f (codebook_size < 20) {
avg_t -= 0.01
#i f def DEBUG
fprintf(stderr, "-");
#endi f
} else if (codebook_size > 80) {
avg_t += 0.01
#i f def DEBUG
fprintf(stderr, "+");

#endi f
} else {
#i f def DEBUG
fprintf(stderr, ".");
#endi f

}
#i f def DEBUG
fflush(stdout);
#endi f

}

#i f def DEBUG
fprintf(stderr, "] RMS error: % (% clusters)\n", thisError, codebook_size)
fflush(stdout)

#endi f
clusters = DestroyC usters(clusters, MAX_CLUSTERS);
}
AVQ check_hi dden_cont ext (voi d)
{
i nt node
int count _clust, count_contxt;
count_clust =0
for (node = 1; node <= nn; node++)
if (clustnodes[node]) count_cl ust++
count_contxt =0
for (node = 1; node <= nn; node++)
i f (contxtnodes[node]) count_cont xt ++
if (count_contxt != count_clust) {
perror ("ERROR nunber of context nodes nust equal the nunber of cluster nodes");
exit(1);
}
nhc = count_cont xt;
}
AVQ initialise(void)
{

int dl ndex;

if (nhc == 0) {
perror ("ERROR num context/cluster units is zero!");
exit(1);

}

if (!(patterns = (codebook) malloc(numpatterns * sizeof(vector *)))) {
perror ("ERRPR could not allocate patterns array\n");
exit(1);

}

AVQ wi pe_patterns();

patterns_i ndex = 0

142



if (!loadflag) {
if (!(avg_codebook = CodebookNew( MAX_CLUSTERS))) {
perror ("ERROR could not allocate initial codebook");

exit(1);
}
avg_codebook[ 0] = VectorAllocate(nhc); /* initial cluster is zero */
for (dlndex = 0; dlndex < nhc; dlndex++)

avg_codebook[ 0] -> conponents[dlndex] = 0.5;

codebook_si ze = 1;

if (!(clusterMenbership = (int *) malloc(numpatterns * sizeof(int)))) {
perror ("ERROR could not allocate cluster nmenbership array");
exit(1);

}

AVQ add_pattern(aol d)
float *aold;

{
vect or *hu_acti vati on;
int node,
di nensi on_i ndex;
if (!(hu_activation = VectorAllocate(nhc))) {
perror ("ERROR unable to allocate pattern");
exit(1);
di nensi on_i ndex = 0;
for (node = 1; node <= nn; node++) {
i f (clustnodes[node]) {
hu_activation -> conponent s[di nensi on_i ndex] = aol d[ node + ni];
di nensi on_i ndex++;
i f (di mension_index == nhc) break;
}
}
patterns[patterns_i ndex] = hu_activation;
patterns_i ndex++;
}

AVQ wi pe_patterns(void)
{
int pattern_i ndex;

for (pattern_index = 0; pattern_index < numpatterns; pattern_i ndex++)
patterns[pattern_i ndex] = NULL;

}
AVQ del ete_patterns(void)
{
int pattern_i ndex;
for (pattern_index = 0; pattern_index < numpatterns; pattern_index++)
patterns[pattern_i ndex] = VectorDeal |l ocate(patterns[pattern_index]);
}
/* --- END of avg.c --- */
avq_subs.h
/* avq_subs.h -- SUbroutines for AVQ
*/

#i f ndef _avg_subs_h
#define _avqg_subs_h

#i ncl ude <stdio. h>

#i ncl ude "stddefs. h"

#i nclude "vector_utils.h"
#i nclude "cluster.h"

typedef vector **codebook;

bool Allocate2DArray(char ***array, int xSize, int ySize, size_t elenentSize);
bool Checkd usterDi nensions(cluster *clust);
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codebook ReadTrai ni ngSet (FI LE *vectorFile, int *nunVectors);

cluster **MakeC usters(int nunC usters);

cluster **DestroyClusters(cluster **clusters, int nunC usters);

i nt Fi ndNear est Nei ghbour (vector *vect, codebook currentBook, int nunC usters);
int FindNear est O her C ust er (codebook currentBook, int nunClusters, int target);
doubl e GetError(cluster **clusters, codebook book, int nunC usters);

doubl e O ust er RMSDi st ance(cl uster *clust, vector *vect);

codebook InitialiseCodebook(int nunC usters, codebook vectorSet, int nunSlots);
doubl e CodebookAver ageD st ance(vector *vect, codebook book, int nunC usters);
vect or *CodebookCentroi d( codebook book, int nunflots);

int Freed uster(codebook book, int nunflots);

cluster *d usterFronCodebook(codebook book, int nunSlots);

/* -- Codebook functions -- */

codebook CodebookNew(int slots);

codebook CodebookDestroy(codebook book, int slots);

codebook CodebookNewFronCl uster(cluster *clust, int *slots);
codebook CodebookMakeCopy(codebook book, int slots);

voi d WiteCodebook(FILE *out put, codebook book, int slots);

#endif /* _avq_subs_h */

avq_subs.c

/* avq_subs.c -- Subroutines for AVQ
*/

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>

#i ncl ude <mat h. h>

#i ncl ude "avq_subs. h"

#i ncl ude "stddefs. h"

#i nclude "vector_utils.h"
#i ncl ude "vector_read. h"
#i nclude "cluster.h"

#defi ne Abort(x) AbortPrint((x), __LINE_, __FILE );

#defi ne SQR(x) ((x) * (x))

void AbortPrint(int code, int line, char *file)
fprintf(stderr, "Aborting... [%d | %]\n", line, file);
exi t(code);

bool Allocate2DArray(char ***array, int xSize, int ySize, size_t elenentSize)
{

int i ndex;

if ((*array = malloc(xSize * sizeof(void *))) == NULL)
return FALSE;

for (index = 0; index < xSize; index++) {
if (((*array)[index] = malloc(ySize * elementSize)) == NULL)
return FALSE;
xSi ze--;
}
codebook CodebookNew(int sl ots)

codebook newBook;

if (!(newBook = (vector **) malloc(slots * sizeof(vector *))))
return NULL;

return newBook;

}

bool CheckC usterDi nensi ons(cluster *clust)

{ int di nensi ons; /* dimension to check agai nst */
cluster *clndex; /* index into cluster */
if (clust == NULL) return TRUE, /* enpty cluster, so we pass */

di rensions = clust -> vect -> dinensions;
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clndex = clust -> next; /* the first one passes by definition */
while (clndex !'= NULL) {
if (clndex -> vect -> dinensions != di mensions)
return FALSE;

clndex = clndex -> next;

}
return TRUE;
}
codebook CodebookNewFronCl uster(cluster *clust, int *slots)
{
codebook newBook; /* new codebook */
cluster *clndex; /* index into cluster */
int sl ot ; /* slot index into codebook */
if (!(newBook = CodebookNew( d usterSize(clust))))
return NULL;
slot = 0;

clndex = clust;

while (clndex !'= NULL) {
newBook[ sl ot] = Vect or MakeCopy(cl ndex -> vect);
clndex = clndex -> next;
sl ot ++;

}

*slots = slot;

return newBook;

}
codebook CodebookDestroy(codebook book, int slots)
{ int sl ot;

slot = 0;

while (slot < slots) {
Vect or Deal | ocat e(book[sl ot]);
sl ot ++;

}

free(book);
return NULL;

}
codebook CodebookMakeCopy(codebook book, int slots)
{
codebook newBook;
int sl ot ; /* index into codebook slots */
if (!(newBook = CodebookNew(slots)))
return NULL;
slot = 0;
while (slot < slots) {
newBook[ sl ot] = Vect or MakeCopy(book[sl ot]);
sl ot ++;
}
return newBook;
}
cluster **MakeC usters(int nunSeeds)
{

cluster **newC usterArray;
int sl ot; /* index into cluster array */

if (!(newCusterArray = (cluster **) malloc(nunSeeds * sizeof(cluster *)))) {
fprintf(stderr, "*** Unable to allocate cluster space.\n");
Abort (14);

}

slot = 0;

while (slot < nunBeeds) {
newd usterArray[slot] = dusterNew);
sl ot ++;
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return newd usterArray;

}

cluster **DestroyClusters(cluster **clusters, int nunBeeds)

{

int sl ot ;

slot = 0;

while (slot < nunBeeds) {
clusters[slot] = ClusterDestroy(clusters[slot]);
sl ot ++;

}

free(clusters);

return NULL;
}

i nt Fi ndNear est & her Cl ust er (codebook currentBook, int nunC usters, int target)
{

int slot, mnSlot;

doubl e m nDi st

di st;

vect or *t ar get Vect ;

m nSlot = 0;

target Vect = currentBook[target];

slot = 0;

if (target !'= 0)

mnSlot = 0;

else if (nunClusters == 1)
return O;

el se
mnSlot = 1;

m nDi st = Vector Eucl i deanDi st (current Book[target], currentBook[m nSlot]);

while (slot < nunCusters) {
if (slot !'=target) {
if (currentBook[slot] != NULL) {
di st = VectorEuclideanDi st(targetVect, currentBook[slot]);
if (dist < minDist) {
m nDi st = dist;
m nSl ot = slot;

}
}
sl ot ++;

}

return mnSlot;

int Fi ndNear est Nei ghbour (vector *vect, codebook currentBook, int nunCl usters)

{

int sl ot ; /* index into codebook */
doubl e m nDi st /* current mnimum di stance */
di st ; /* current distance */

int m nSl ot ; /* current slot of mninmmdistance*/
m nSlot = 0;
m nDi st = Vect or Eucl i deanDi st (vect, currentBook[0]);
slot = 1;
while (slot < nunCusters) {

if (currentBook[slot] != NULL) {

di st = VectorEuclideanDi st(vect, currentBook[slot]);

if (dist < nmnDst) {
m nDi st = dist;
m nSlot = slot;
}
}
sl ot ++;

}

return mnSlot;

}

doubl e GetError(cluster **clusters, codebook book, int nunCl usters)

{
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doubl e bookError;
int sl ot ;

bookError = 0.0;

slot = 0;

while (slot < nunOusters) {
bookError += C uster RVSDi stance(clusters[slot], book[slot]);
sl ot ++;

}

bookError /= (double) nunC usters;
return sqrt(bookError);

}

doubl e d ust er RVsSDi st ance(cl uster *clust, vector *vect)

{
doubl e errSum
cluster *clndex;

if (CdusterlsEmpty(clust))

return 0.0;
errSum = 0.0;
clndex = clust;

while (clndex !'= NULL) {
errSum += SQR(Vect or Eucl i deanDi st (vect, clndex -> vect));
clndex = clndex -> next;

}

errSum /= (double) CusterSize(clust);
return sqrt(errSun;
}

doubl e CodebookAver ageDi st ance(vector *vect, codebook book, int nunCl usters)

doubl e di st ance;
int sl ot ;

di stance = 0.0;
slot = 0;
while (slot < nunCusters) {
i f (book[slot] == NULL) {
nunC usters--;

sl ot ++;
continue;
}
di stance += Vector Eucl i deanDi st (vect, book[slot]);
sl ot ++;
}
return di stance / (double) nunCl usters;
}
voi d WiteCodebook(FI LE *out put, codebook book, int slots)
{
int sl ot ;
for (slot = 0; slot < slots; slot++) {
if (book[slot] != NULL) {
Vector Wi te(output, book[slot]);
fprintf(output, "\n");
}
}

codebook I nitialiseCodebook(int nunClusters, codebook vectorSet, int nunSlots)

{
codebook newBook;
int sl ot ;

if (!(newBook = CodebookNew(nunC usters))) {
fprintf(stderr, "*** Could not initialise codebok.\n");
Abort (20);

if (!(newBook[0] = CodebookCentroid(vectorSet, nunSlots))) {
fprintf(stderr, "*** Could not create initial centroid vector.\n");
Abort (21);

if (!(newBook[1] = VectorMakeCopy(vectorSet[0]))) {
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fprintf(stderr, "*** Could not allocate initial pattern vector.\n");
Abort (23);

for (slot = 2; slot < nunC usters; slot++)
newBook[ sl ot] = NULL;

return newBook;

}
vect or *CodebookCentroi d( codebook book, int nunSflots)
{

vect or *vect Sum

int slot, entries;

if (nunSlots == 0)
return NULL;

if (!(vectSum = VectorZero(book[0] -> dinensions)))
return NULL;

entries = 0;
slot = 0;
while (slot < nunBlots) {
if (book[slot] != NULL) {
Vect or Sum(vect Sum book[slot]);
entries++;
}
sl ot ++;

}

Vect or Di vi deScal ar (vect Sum (double) entries);
return vect Sum
}

int Freed uster(codebook book, int nunSflots)

{

int sl ot ;

for (slot = 0; slot < nunSlots; slot++)
i f (book[slot] == NULL)
return slot;

return -1;

}

cluster *C usterFronCodebook(codebook book, int nunSlots)
{

cluster *newd ust;

int slot;

newd ust = NULL;
slot = 0;

while (slot < nunBlots) {
if (book[slot] != NULL)
newd ust = O uster AddVect or (newd ust, Vect or MakeCopy(book[slot]));

sl ot ++;

}

return newCl ust;
}
/* --- END of avq_subs.c --- */
tlavg.c
/* tlavg.c - simulator for arbitrary networks with tine-ordered i nput */
/* I ncl udes vector quantisation -- Dylan Miir October 1999 */
| ¥ o o o e e e e e e e e e e e e e e e e mmeee o

This programsinmulates learning in a neural network using either
the cl assical back-propagation learning algorithmor a slightly
nodi fied formderived in WIlians and Zi pser, "A Learning Al go-
rithmfor Continually Running Fully Recurrent Networks." The
input is a sequence of vectors of (ascii) floating point nunbers
contained in a ".data" file. The target outputs are a set of
time-stanped vectors of (ascii) floating point nunbers (including
optional "don't care" values) in a ".teach" file. The network
configuration is defined in a ".cf" file documented in tlearn. nan.
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#i ncl ude <mat h. h>
#i ncl ude <stdio. h>
#i ncl ude <signal . h>

#i fdef ibnpc
#i ncl ude "strings. h"
#i nclude <fcntl. h>
#el se
#i ncl ude <string. h>
#i nclude <sys/file.h>
#endi f
#i ncl ude <sys/types. h>
#i ncl ude <sys/stat.h>
#i ncl ude "vector_utils.h"
#i nclude "cluster.h"
#i ncl ude "avq. h"
#i fdef ibnpc
#def i ne random(x) rand(x)
#def i ne srandom(x) srand(x)
#endi f
int nn; /* nunber of nodes */
int ni; /* nunber of inputs */
int no; /* nunber of outputs */
int nt; /* nn + ni + 1 */
int np; [* ni + 1 %/
int nhc; /* nunber of hidden/context units */
struct cf {
int con; /* connection flag */
int fix; [/* fixed-weight flag */
int num /* group nunber */
int lim /* weight-limts flag */
float min; /* weight m ninum*/
float max; /* weight maxinum */
}
struct nf {
int func; /* activation function type */
int dela; /* delay flag */
int targ; /* target flag */
}
struct cf **cinfo; /* (nn x nt) connection info */
struct nf *ni nfo; /* (nn) node activation function info */
int *out put s; /* (no) indices of output nodes */
int *sel ect s; /* (nn+l) nodes sel ected for probe printout */
int *[input; /* (ni) localist input array */
int *cl ust nodes; /* (nn+l) nodes to use avq on */
int *cont xt nodes; /* (nn+l) nodes defined as context units */
long epochlength = 0; /* nunber of sweeps in one epoch */
long epochsforavg = 2; /* nunber of epochs to gather for avq */
long currentepoch = 0; /* current epoch we're in */
int codebook_si ze; /* size of codebook (number of clusters */
vect or **av(q_codebook; /* current AVQ codebook */
vect or **patterns; /* HU patterns */
long patterns_index = 0; /* index into patterns array */
long num patterns; /* max nurmber of patterns */
double avqg_phi = 60; /* 'phi' paranmeter for avq */
double avq_t = 0.5; [* 'T parameter for avqg */
float *znew, /* (nt) inputs and activations at time t+1 */
float *zold; /* (nt) inputs and activations at time t */
float *zmem /* (nt) inputs and activations at time t */
float **w; /* (nn x nt) weight TO node i FROM node j*/
float **dw ; /* (nn x nt) delta weight at time t */
float **winc; /* (nn x nt) accurul ated wei ght increment*/
float *target; /* (no) output target val ues */
float *error; /* (nn) error = (output - target) values */
float ***pnew, /* (nn x nt x nn) p-variable at tinme t+1 */
float ***pold; /* (nn x nt x nn) p-variable at tine t */
float rate = .1; /* learning rate */
float momentum = 0.; /* nonentum */
float weight_limt = 1.; /* bound for random wei ght init */
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float cri
float ini

float err

float ce_err = 0

terion
t _bias

= 0.

0.; /* exit programwhen rms error is less than this */
0.; /* possible offset for initial output biases */

/* cunul ative ss error */
; /* cunul ate cross_entropy error */

float avg_err; /* error for avq nodification */

long sweep = 0; /* current sweep */

long err_sweeps = 0; /* nunmber of sweeps for cumul ative error */
long tsweeps = O; /* total sweeps to date */

long report = 0; /* output rns error every "report" sweeps */

int ngroups = 0; /* nunber of groups */

nt backprop = 1; /* flag for standard back propagation (the default) */

i

int teacher = 0; /* flag for feeding back targets */

int localist = 0; /* flag for speed-up with localist inputs */

int randomy = 0; /* flag for presenting inputs in random order */
int limts =0; /* flag for limted weights */

int ce = 0; /* flag for cross_entropy */

int avg_flag = 0; /* flag to performavqg */

int loadflag = 0; /* flag for loading initial weights fromfile */
char root[128]; /* root filenane for .cf, .data, .teach, etc.*/
char loadfile[128]; /* filename for weightfile to be read in */

FILE *cfp; /* file pointer for .cf file */

void intr();

extern int |load_ws();

extern int save_wts()
extern int act_nds();

mai n(argc
int
char

FI LE
extern
extern
extern
/* extern

| ong
| ong
| ong
| ong
| ong
| ong
| ong
| ong

int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
fl oat

fl oat
fl oat
fl oat
fl oat
fl oat

struct

char
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,argv)
argc;
**argv,
*fopen();
char *optarg
float rans();
long tine();
int intr(); */
nsweeps = 0; /* nurmber of sweeps to run for */
ttime = 0; /* nunber of sweeps since tine = 0 */
utime = 0; /* nunber of sweeps since |ast update_weights */
tmax = O; /* maxi mum nunber of sweeps (given in .data) */
umax = 0; /* update wei ghts every umax sweeps */
rtime = 0; /* nunber of sweeps since last report */
check = 0; /* output weights every "check" sweeps */
ctime = 0; /* nunber of sweeps since |last check */
c
i;
s
k;
nticks = 1; /* nunber of internal clock ticks per input */
ticks = 0; /* counter for ticks */
learning = 1; /* flag for learning */
reset = 0; /* flag for resetting net */
verify = 0; /* flag for printing output values */
probe = 0; /* flag for printing sel ected node val ues */
command = 1; /* flag for witing to .cnd file */
iflag =0; /* flag for -1 */
tflag = 0; /* flag for -T */
rflag = 0; /* flag for -x */
seed = 0; /* seed for random() */
avg_err_bias = 0.0; /* offset for al pha calculation */
W,
*V\:i;
*dW,
*pn;
*po;
cf *ci
cmdfile[128]; /* filename for |ogging runs of program*/



char cfile[128]; /* filenane for .cf file */
FILE *cndfp;

signal (SIGNT, intr);
#i f ndef i bnpc

signal (SIGHUP, intr);

signal (SIGQU T, intr);

signal (SIGKILL, intr);

#endi f
#i f ndef i bnpc
exp_init();
#endi f
#i f def DEBUG
fprintf(stderr,"TlearnAVQ build [% %] DEBUG n", _ DATE , _ TIME_);
#endi f
root[0] =0
nhc = 0;

while ((c = getopt(argc, argv, "o:f:higl:mnir:s:e:d:p:tCEILMPRS TU VXB: H ")) != EOF) {
switch (c) {
case '0':
avg_err_bias = atof (optarg);
#i f def DEBUG
fprintf(stderr, "AVQ RVS error bias: %\n", avqg_err_bias)
#endi f
br eak;
case '(':
avg_flag = 1;
#i f def DEBUG
fprintf(stderr, "Perform ng AVQ on hidden units\n");
#endi f
br eak;
case 'e':
epochl ength = (long) atol (optarg);
#i f def DEBUG
fprintf(stderr, "Sweeps per epoch: % d\n", epochlength);
#endi f
br eak;
case 'p':
avg_phi = (double) atof(optarg);
#i f def DEBUG
fprintf(stderr, "AVQ Phi paraneter: %\n", avq_phi);
#endi f
br eak;
case 'd':
avq_t = (double) atof(optarg);
#i f def DEBUG
fprintf(stderr, "AVQ T paraneter: %\n", avq_t);

#endi f
br eak;
case 'C:
check = (long) atol (optarg);
ctinme = check

#i f def DEBUG
fprintf(stderr, "Wights checkpoint: %d\n", check);
#endi f
br eak;
case 'f':
strcpy(root, optarg);
#i f def DEBUG
fprintf(stderr, "lInput file base: [%]\n", optarg);
#endi f
br eak;
case 'i'
command = 0;
br eak;
case '|':
|l oadflag = 1
strcpy(l oadfile, optarg);
#i f def DEBUG
fprintf(stderr, "Load state file base: [%].ws(, .nmeans)\n", optarg);
#endi f
br eak;
case 'm:
nonentum = (float) atof(optarg);
#i f def DEBUG
fprintf(stderr, "Mnmentum %\n", nonentun);
#endi f
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br eak;
case 'n':
nticks = (int) atoi(optarg);
#i f def DEBUG
fprintf(stderr, "Oock ticks per input: %\ n", nticks);
#endi f
br eak;
case 'P':
probe = 1;
| earning = 0;
#i f def DEBUG
fprintf(stderr, "Probe node on\n");
#endi f
br eak;
case 'r':
rate = (float) atof(optarg);
#i f def DEBUG
fprintf(stderr, "Learning rate: %\n", rate);
#endi f
br eak;
case 's':
nsweeps = (long) atol (optarg);
#i f def DEBUG
fprintf(stderr, "Sweeps to execute: %d\n", nsweeps);
#endi f
br eak;
case 't'
teacher = 1;
#i f def DEBUG
fprintf(stderr, "Feedback teacher val ues node on\n");
#endi f
br eak;
case 'L':
backprop = 0;
#i f def DEBUG
fprintf(stderr, "RTRL node on\n");
#endi f
br eak;
case 'V :

| earning = O;
#i f def DEBUG
fprintf(stderr, "Verify node on\n");
#endi f
br eak;
case 'X :
rflag = 1;
#i f def DEBUG
fprintf(stderr, "Using .reset file\n");
#endi f
br eak;
case 'E:
report = (long) atol (optarg);
#i f def DEBUG
fprintf(stderr, "RMS checkpoint: %d\n", report);

#endi f
br eak;
case 'I|':
iflag = 1;
#i f def DEBUG
fprintf(stderr, "lIgnoring input values during extra clock ticks\n");
#endi f
br eak;
case 'M:

criterion = (float) atof(optarg);
#i f def DEBUG
fprintf(stderr, "RVS target value for termination: %\n", criterion);
#endi f
br eak;
case 'R :
randomy = 1;
#i f def DEBUG
fprintf(stderr, "Randomly presenting input patterns\n");
#endi f
br eak;
case 'S':
seed = atoi(optarg);
#i f def DEBUG
fprintf(stderr, "RNG seed: %\ n", seed);
#endi f
br eak;
case 'T':
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#i f def

#endi f

#i f def

#endi f

}

tflag = 1;
DEBUG

fprintf(stderr, "lgnoring target values during extra clock ticks\n");

br eak;
case 'U:
umax = atol (optarg);
br eak;
case 'B':
init_bias = atof(optarg);
DEBUG
fprintf(stderr, "Initial bias offset: %\n", init_bias);

br eak;
/*
* jf == 1, use cross-entropy as error;
* if == 2, also collect cross-entropy stats.
*/
case 'H:
ce = atoi(optarg);
br eak;
case '?':
case 'h':
defaul t:
usage();
exit(2);
br eak;

(nsweeps == 0){
perror("ERROR No -s specified");
exit(1);

(avg_flag && (epochl ength == 0))
perror ("ERROR No -e specified for AVQ node");
exit(1);

open files */

(root[0] == 0){
perror ("ERROR No fileroot specified");
exit(1);

(command) {

sprintf(crmdfile, "%.cnd", root);

cmdf p = fopen(cndfile, "a");

if (cnmdfp == NULL) {
perror ("ERROR Can't open .cnd file");
exit(1);

for (i =1; i < argc; i++)

fprintf(cmdfp,"% ",argv[i]);
fprintf(cmdfp,"\n");
fflush(cndf p);

sprintf(cfile, "%.cf", root);
cfp = fopen(cfile, "r");

if

}

get

(cfp == NULL) {
perror ("ERROR Can't open .cf file");
exit(1);

_nodes();

make_arrays();

get
get
get

if
}
if

if

_outputs();
_connections();
_speci al ();

(nhc == 0) {

perror ("ERROR Hi dden and context nodes nust be specified");
exit(1);

(avg_flag) AVQ check_hi dden_context ();

(!seed)
time(&seed);
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/* for (sweep = tsweeps;

srandon( seed) ;

if (1oadflag)
| oad_wts();
el se {
for (i =0; i <nn; i++){
W= (wo+ i)
dw = *(dwt + i);
W = *(winc+ i);
ci = *(cinfo+ i);
for (j =0; j < nt; j++ ci++, w+, W ++, dw++){
if (ci->con)
*w = rans(weight_limt);
el se
*w = 0.;
*Wwi = 0.;
*dw = 0. ;
}
}
/*
* |f init_bias, then we want to set initial biases
* to (*only*) output units to a random negative nunber.
* W index into the **wt to find the section of receiver
* in each

wei ghts for each output node.
unit 0 (bias),
*/

for (i =0; i < no; i++){
w=*(w + outputs[i] -

* section is for

1);

ci = *(cinfo + outputs[i] - 1);
if (ci->con)
*w = init_bias + rans(.1);
el se
W = :
}
}
zold[0] = znew{ 0] = 1.;
for (i =1; i <nt; i++)
zold[i] = znewi] = 0.;
if (backprop == 0){
make_parrays();
for (i =0; i <nn; i++){
for (j =0; j <nt; j++){
po = *(*(pold + i) +j);
pn = *(*(pnew + i) + j);
for (k = 0; k < nn; k++, po++,
*po = 0.;
*pn = 0.;
}
}
}

nsweeps += t sweeps;

sweep = tsweeps;
err_sweeps = 0;
currentepoch = 0;

while (sweep < nsweeps) {

sweep < nsweeps;

for (ticks = 0; ticks < nticks;

The first weight
so no further

pn++) {

i ndexi ng needed.

sweep++) {*/

ticks++){

update_reset (ttine,ticks,rflag, & nmax, &reset);

if (reset){
i f (backprop == 0)

reset _networ k(zol d, znew, pol d, pnew) ;

el se
reset _bp_net (zol d, znew);

}

updat e_i nput s(zol d, ticks,ifl ag, & max, & i nput);

if (avg_flag & & (sweep == tsweeps)) {
num patterns = tmax * epochsforavg;

AVQ initialise();
}
if (learning || teacher

(report

1=0))

/* need to initialise AVQ */

update_targets(target,ttine,ticks,tflag, & max);

act _nds(zol d, zmem znew, wt, | i nput,
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if (learning) { /* nodified to always cal cul ate error */
conp_errors(zold,target,error, &rr, &e_err);
avg_err = sqgrt((err / (double) err_sweeps + 1.0) / (double) no) - avq_err_bias;
} /* Note: by here, we've really done another sweep */
/* avqg_err = (sqrt(mean_err) / sqrt(numoutputs)) - bias */

if (avg_flag) {
if (patterns_index < numpatterns) AVQ add_pattern(zold);
AVQ cl assify_hu_to_context(zold, zmem znew, wt, linput, target);

if (learning && (backprop == 0))
conp_del t as(pol d, pnew, wt, dwt, zol d, znew, error);
if (learning & (backprop == 1))
conp_backprop(wt, dw, zol d, zmnem target, error,linput);

i f (probe)
print_nodes(zol d);

if (avg_flag & (sweep % epochlength == 0) && (sweep > tsweeps)) {
current epoch++;
if (currentepoch >= epochsforavq) {
AVQ Red assify();
currentepoch = 0;
AVQ Reset Vectors();
}

if (verify)
print_out put(zol d);

if (report & (++rtine >= report)){

rtine = 0;
#i f def DEBUG
if (avg_flag)
fprintf(stderr, "err:% alpha:%\n", avqg_err, exp(-avq_phi * avq_err));
#endi f
if (ce == 2)
print_error(&e_err);
el se
print_error(&err);
}
if (check & (++ctine >= check)){
ctime = 0;
save_wWs();
}
if (++ttime >= tmax)
ttime = O;
if (++utime >= umax){
utinme = 0;
updat e_wei ght s(wt, dwt, wi nc) ;
}
sweep++;
err_sweeps++;
}
if (1earning)
save_wW s();
exit(0);
}
usage() {
fprintf(stderr, "\n");
fprintf(stderr, "-f fileroot:\tspecify fileroot <always required>\n");
fprintf(stderr, "-1 weightfile:\tload in weightfile\n");
fprintf(stderr, "\n");
fprintf(stderr, "-s #\trun for # sweeps <al ways required>\n");
fprintf(stderr, "-q:\tperform AVQ on hidden unit activations to context units\n");
fprintf(stderr, "-e #\tAVQ nunber of sweeps in an epoch <always required>\n");
fprintf(stderr, "-p #\tAVQ phi paraneter (default = 60)\n");
fprintf(stderr, "-d #\tAVQ T paraneter (default = 0.5)\n");
fprintf(stderr, "-r #: \tset learning rate to # (between 0. and 1.) [0.1]\n");
fprintf(stderr, "-m#: \tset nmomentumto # (between 0. and 1.) [0.0]\n");
fprintf(stderr, "-n #\t# of clock ticks per input vector [1]\n");
fprintf(stderr, "-t:\tfeedback teacher values in place of outputs\n");
fprintf(stderr, "\n");
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fprintf(stderr, "-S #: \tseed for random nunber generator [randonj\n");
fprintf(stderr, "-U # \tupdate weights every # sweeps [1]\n");
fprintf(stderr, "-E #:\trecord rns error in .err file every # sweeps [0]\n");
fprintf(stderr, "-C #: \tcheckpoint weights file every # sweeps [0]\n");
fprintf(stderr, "-M#: \texit programwhen rns error is less than # [0.0]\n");
fprintf(stderr, "-X \tuse auxiliary .reset file\n");
fprintf(stderr, "-P:\tprobe sel ected nodes on each sweep (no |earning)\n");
fprintf(stderr, "-V:\tverify outputs on each sweep (no |l earning)\n");
fprintf(stderr, "-R\tpresent input patterns in random order\n");
fprintf(stderr, "-1:\tignore input values during extra clock ticks\n");
fprintf(stderr, "-T:\tignore target values during extra clock ticks\n");
fprintf(stderr, "-L:\tuse RTRL tenporally recurrent |earning\n");
fprintf(stderr, "-B #: \toffset for offset biasi initialization\n");
fprintf(stderr, "\n");
}
voi d
intr(sig)
int sig;
save_wWs();
exit(sig);
}
weights.c
#i ncl ude <stdio. h>
#i ncl ude "vector_utils.h"
#i ncl ude "avq_subs. h"
#i nclude "cluster.h"
extern int nn; /* nunber of nodes */
extern int ni; /* nunber of inputs */
extern int nt; /* nn + ni + 1 */
extern long tsweeps; /* total sweeps */
extern long sweep; /* current sweep */
extern float **wt; /* (nn x nt): weights */
extern char loadfile[]; /* state file base to start with */
extern char root[]; /* root file nane */
extern int avqg_fl ag; /* flag to performavqg */
extern vector** avqg_codebook; /* current AVQ codebook */
extern int codebook_si ze;
save_w s()
FILE *fp;
FILE *fopen();
register int i
register int i
float *w,
float **wp;
char weights_file[128],
neans_fil e[ 128];
#i f def ibnpc
/*
* if running under DCS, probably can't have fil enames
* with nore than 8 chars total, or multiple "."s, so
* "fileroot.nnnnn.ws" becones "fileroot_nnnnn.wts"
*/
sprintf(weights_file, "%_%d.ws", root, sweep);
sprintf(means_file, "%_%d. ms", root, sweep);
#el se
sprintf(weights_file, "%.%d.ws", root, sweep);
sprintf(means_file, "%.%d.nmeans", root, sweep);
#endi f
if ((fp=fopen(weights_file, "wt")) == NULL) {
perror("Can't open .wts file\n");
exit(1);
}
fprintf(fp, "NETWORK CONFI GURED BY TLEARN\n");
fprintf(fp, "# weights after % d sweeps\n", sweep);
fprintf(fp, "# WEIGHTS\n");
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}

/* to each node */

wp = W

for (i =0; i <nn; i++ w++){
fprintf(fp, "# TO NODE %\ n",i +1);
w = *wp;
/* fromeach bias, input, and node */
for (j =0; j < nt; j++, w+){

fprintf(fp,"%\n", *w;

}

}

fflush(fp);
fclose(fp);

if (avg_flag) {
if (!(fp = fopen(neans_file, "wt"))) {
perror(neans_file);

exit(1);
}
Wit eCodebook(fp, avq_codebook, codebook_size);
fflush(fp);
fclose(fp);
}
return;
| oad_wt s()
FILE *fp;

FILE *fopen();

register int i
regi ster int i

register float *w,
register float **wp;

int t np;

char node[ 10],
wei ghts_file[128],
neans_fil e[ 128];

cluster *saved_book;

sprintf(weights_file, "%.ws", |oadfile);
sprintf(means_file, "%.nmeans", |oadfile);

if ((fp=fopen(weights_file, "r")) == NULL) {
perror(weights_file);
exit(1);

}

fscanf (fp, "NETWORK CONFI GURED BY %\ n", node);

if (strcnp(node, "TLEARN') != 0) {
printf("Saved weights not for tlearn-configured network\n");
exit(1);

}

fscanf(fp, "# weights after %d sweeps\n", &t sweeps);

fscanf(fp, "# WEIGHTS\n");

/* to each of nn nodes */

wWp = Wt

for (i =0; i < nn; i++ w++){
fscanf(fp, "# TO NODE %\ n", & np);
w = *wp;
/* fromeach bias, input, and node */
for (j =0; j < nt; j++, w+){

fscanf(fp,"%\n", w;

}

}
fclose(fp);

if (avg_flag) {
if (!(fp = fopen(neans_file, "r"))) {
perror(neans_file);
exit(1);
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}

saved_book

= ClusterReadFronFil e(fp);
avq_codebook =

CodebookNewFr onCl ust er (saved_book, &codebook_si ze);

fclose(fp);
saved_book = O usterDestroy(saved_book);
}
return
}
arrays.c

/* make_arrays() - malloc space for arrays */
#i ncl ude <stdio. h>

#i ncl ude "vector_utils.h"
#define MAX_CODEBOOK 500

#i f def i bnpc

extern char far *malloc()

#el se

extern char *mall oc()

#endi f

extern int nn; /* nunber of nodes */
extern int ni; /* nunber of inputs */
extern int no; /* nunber of outputs */
extern int nt; /* nn + ni + 1 */

struct cf {
int con; /* connection flag */
int fix; [/* fixed-weight flag */
int nuny /* group nunber */
int lim /* weight limts */
float mn; /* weight mninum?*/
float max; /* weight maxi num */

b

struct nf {
int func; /* activation function type */
int dela; /* delay flag */
int targ; /* target flag */

}

extern  struct cf **cinfo; /* (nn x nt) connection info */

extern  struct nf *ni nfo; /* (nn) node activation function info */
extern int *out put s; /* (no) indices of output nodes */

extern int *sel ects; /* (nn+l) nodes sel ected for probe printout */
extern int *cl ust nodes; /* (nn+l) nodes for avq clustering */
extern int *cont xt nodes; /* (nn+l) nodes specified as context */
extern int *linput; /* (ni) localist input array */

extern int *cluster; /* (nn+l) nodes for avq */

extern int *cont ext ; /* (nn+l) nodes specified as context nodes */

extern vector **avg_codebook; /* current codebook */

extern float *znew, /* (nt) inputs and activations at time t+1 */
extern float *zold; /* (nt) inputs and activations at time t */
extern float *znem /* (nt) inputs and activations at time t */
extern float **wt; /* (nn x nt) weight TO node i FROM node j*/
extern float **dw; /* (nn x nt) delta weight at time t */

extern float **winc; /* (nn x nt) accunul ated wei ght increnment*/
extern float *target; /* (no) output target values */

extern float *error; /* (nn) error = (output - target) values */

extern float ***pnew, /* (nn x nt x nn) p-variable at time t+1 */
extern float ***pold; /* (nn x nt x nn) p-variable at time t */

make_arrays()
i nt i;
int i

struct cf *ci
struct nf *n
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zold = (float *) malloc(nt * sizeof(float));
if (zold == NULL){

perror("zold malloc failed");

exit(1);

zmem = (float *) malloc(nt * sizeof(float));
if (zmem == NULL){

perror("znmem nal l oc failed");

exit(1);

znew = (float *) malloc(nt * sizeof(float));
if (znew == NULL){

perror("znew nal l oc failed");

exit(1);
}
target = (float *) malloc(no * sizeof(float));
if (target == NULL){

perror("target malloc failed");

exit(1);

error = (float *) malloc(nn * sizeof(float));
if (error == NULL){

perror("error malloc failed");

exit(1);

selects = (int *) malloc(nt * sizeof(int));
if (selects == NULL){
perror("selects malloc failed");
exit(1);

clustnodes = (int *) nmalloc(nt * sizeof(int));
if (clustnodes == NULL){
perror("clustnodes nmalloc failed");
exit(1);

contxtnodes = (int *) nmalloc(nt * sizeof(int));
if (contxtnodes == NULL){
perror ("contxtnodes nalloc failed");
exit(1);

outputs = (int *) malloc(no * sizeof(int));
if (outputs == NULL){
perror("outputs nmalloc failed");
exit(1);
}
linput = (int *) malloc(ni * sizeof(int));
if (linput == NULL){
perror("linput malloc failed");
exit(1);

w = (float **) nalloc(nn * sizeof (float *));
if (wt == NULL){
perror("wt malloc failed");

exit(1);
}
for (i =0; i <nn; i++){
*(wt + i) = (float *) malloc(nt * sizeof(float));
if (*(wt + i) == NULL){
perror("wt malloc failed");
exit(1);
}
}

dwt = (float **) malloc(nn * sizeof(float *));
if (dwt == NULL){
perror("dwt nmalloc failed");

exit(1);
}
for (i =0; i <nn; i++){
*(dwt + i) = (float *) malloc(nt * sizeof(float));

if (*(dwt + i) == NULL){
perror("dwt nmalloc failed");
exit(1);
}
}

winc = (float **) nalloc(nn * sizeof (float *));
if (winc == NULL){

perror("wi nc nalloc failed");

exit(1);
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for (i =0; i <nn; i++){
*(winc + i) = (float *) malloc(nt * sizeof(float));
if (*(winc + i) == NULL){
perror("wi nc nmalloc failed");
exit(1);
}
}

cinfo = (struct cf **) malloc(nn * sizeof (struct cf *));
if (cinfo == NULL){
perror(“cinfo malloc failed");

exit(1);
}
for (i =0; i <nn; i++){
*(cinfo + i) = (struct cf *) malloc(nt * sizeof(struct cf));
if (*(cinfo + i) == NULL){
perror(“cinfo malloc failed");
exit(1);
}
}

ninfo = (struct nf *) malloc(nn * sizeof(struct nf));
if (ninfo == NULL){
perror("ninfo malloc failed");

exit(1);
}
n = ninfo;
for (i =0; i <nn; i++ n++){
n->func = 0;
n->dela = 0;
n->targ = 0;
ci = *(cinfo +1i);
for (j =0; j <nt; j++ ci++){
ci->con = 0;
ci->fix = 0;
ci ->num = 0;
ci->lim= 0;
ci->min =0.;
ci->max = 0.;
}
}

}

make_parrays()

int i
int i

pold = (float ***) malloc(nn * sizeof (float **));
if (pold == NULL){

perror("pold nmalloc failed");

exit(1);

for (i =0; i <nn; i++){
*(pold + i) = (float **) malloc(nt * sizeof(float *));
if (*(pold + i) == NULL){
perror("pold malloc failed");
exit(1);

(J =0; j <nt; j++){
*(*(pold + i) +j) = (float *) malloc(nn * sizeof(float));
f (*(*(pold + i) + j) == NULL){

perror("pold nmalloc failed");

exit(1);

for

}
}
}

pnew = (float ***) malloc(nn * sizeof (float **));
if (pnew == NULL){
perror("pnew malloc failed");
exit(1);
}
for (i =0; i <nn; i++){
*(pnew + i) = (float **) malloc(nt * sizeof(float *));
if (*(pnew + i) == NULL){
perror("pnew nalloc failed");
exit(1);
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}

for

(j =05 j <nt; j+){
*(*(pnew + i) +j)
f (*(*(pnew + i) + j) == NULL){

= (float *) malloc(nn * sizeof(float));

perror("pnew nalloc failed");

exit(1);
}
}
}

}
parse.c
#i ncl ude <stdio. h>
#i f def i bnpc

#i ncl ude "strings. h"
#el se

#i ncl ude <string. h>
#endi f

#i ncl ude <math. h>

char pbuf[4096]; /* retains al

strings parsed so far */

char nbuf[256]; /* shows string in get_nuns */

probe printout */

int nbp
double atof();
#i fdef ibnpc
extern char far *malloc();
#el se
extern char *malloc()
#endi f
extern int nn; /* nunmber of nodes */
extern int ni; /* nunber of inputs */
extern int no; /* nunmber of outputs */
extern int nt; /* nn +ni +1%*/
extern int np; [* ni + 1 */
extern int nhc; /* nunmber of hidden/context units */
extern  struct cf {
int con; [/* connection flag */
int fix; /* fixed-weight flag */
int nuny /* group nunber */
int lim /* weight limts */
float mn; /* weight mninum?*/
float max; /* weight maxi num */
3
extern struct nf {
int func; /* activation function type */
int dela; /* delay flag */
int targ; /* target flag */
}
extern struct cf **cinfo; /* (nn x nt) connection info */
extern  struct nf *ni nfo; /* (nn) node info */
extern FILE *cfp
extern int *out put s; /* (no) indices of output nodes */
extern int *sel ects; /* (nn+l) nodes selected for
extern int *cl ust nodes; /* (nn+l) nodes to perfoem avq on */
extern int *cont xt nodes; /* (nn+l) nodes specified as context */
extern int ngroups; /* nunber of groups */
extern int limts; /* flag for limted weights */
extern float weight_limt; /* bound for random wei ght

get _nodes()

int

char
char

buf [ 256] ;
tnp[ 256] ;

/* read nn
nn=n =no=-1
get _str(cfp, buf,"\n");

ni, no */

init */
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/* first line nust be "NODES:" */

if (strcnp(buf, "NODES:") != 0){
fprintf(stderr,".cf file nust begin with NODES:\n");
exit(1);

/* next three lines nust specify nn, ni, and no in any order */
for (i =0; i <3; i++){
get _str(cfp, buf," ");
get_str(cfp,tmp," ");
if (tnp[0] !="=")
parse_err();
get _str(cfp,tnp,"\n")
if (strcnp(buf, "nodes") == 0)
nn = atoi (tnp);
if (strenp(buf, "inputs") == 0)
ni = atoi (tnp);
if (strcnp(buf, "outputs") == 0)
no = atoi(tnp);

if ((nn<1) |] (ni <0) |] (no<0) |] (nn < no)){
fprintf(stderr,"ERROR Invalid specification\n\n");
parse_err();

}

get _out puts()
. .
i nt i;
int i

struct nf *n
char buf[256];

get _str(cfp, buf,"™ ");

/* next line nust specify outputs */

if (strcmp(buf, "output") != 0)
parse_err();

get _str(cfp, buf,"™ ");

if (strcnp(buf, "node") != 0){
if (strcnp(buf, "nodes") != 0)

parse_err();

}

get_str(cfp, buf,” ");

if (strcmp(buf, "are")
if (strcnp(buf, "is'
parse_err();

0)

1= 0){
') 1=0)

}

get _str(cfp, buf,"\n")

get _nuns(buf, nn+ni, ni, sel ects)

if (selects[0] == 1){
fprintf(stderr,"Node O cannot be an output\n");
exit(1);

for (i =1; i <=ni; i++){
if (selects[i] == 1){
fprintf(stderr,"An input cannot be an output\n");
exit(1);

}
n = ninfo
for (i =ni+l, j =-1; i <= nn+ni; i++ n++){
if (selects[i] > 0){
if (++ < no){
outputs[j] = i-ni;
n->targ = 1
}
}

if (++ != no){
fprintf(stderr,"Expecting % outputs, found %\ n",no,j);
exit(1);

}

get _connections()

t .
int i;
int i
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int k;

struct cf *ci

int gn;

float mn;
float max;

char buf[256];

int *tnp;
int *jiselects

/* mal |l oc space

iselects = (int

if (iselects ==
perror("ise
exit(1);

}

get _str(cfp, buf

/* next line nu

if (strcnp(buf
parse_err();

get _str(cfp, buf

/* next line nust be "groups = #" */

if (strcnp(buf
parse_err();
get _str(cfp, buf
if (buf[0] !="
parse_err();
get _str(cfp, buf
ngroups = atoi (

/* mal | oc space

tnp = (int *) malloc((ngroups+l) * sizeof(int))

if (tmp == NULL
perror("tmp
exit(1);

}

get _str(cfp, buf
while (strcnp(b
/* a group i

if (strcnp(buf,"fixed") == 0){

if (strcnp(b
get _str(c
get _nuns(
get_str(c
if (buf[O
parse_
get _str(c
/* group
for (i
c
for
}
}
}
/* group
el se {
mn =
get _st
if (bu
par
get _st
max =
if (m
fpr
par
for (i
c
for

for iselects */

*) malloc(nt * sizeof(int))

NULL) {
ects malloc failed");

,"Ain");
st be " CONNECTI ONS: "

)

"groups") !'= 0)

M)
=)

At
buf);

for tnp */
)£

mal l oc failed");

M)

uf, "SPECIAL:") != 0){

s identified */

uf, "group") == 0){
fp,buf," ");

buf, ngroups, 0,tnp);
fp, buf,” ");

] 1==)

err();

fp,buf," ");

* = fixed */

=0; i <nn; i++){
= *(cinfo + i)
(i =0, j <nt; j++,
if (tmp[ci->nuni)
ci->fix =1

* = wrnin & wrax */

(float) atof(buf);
r(cfp,buf," ");
f[o] !'="'&)
se_err()

r(cfp, buf,” ");
(float) atof(buf);
X < mn){

intf(stderr,"ERROR % < %\ n\n", max, mn);

se_err()

=0; i <nn; i++){

= *(cinfo + i)

(i =0, j <nt; j++

if (tnp[ci->nunj){
limts =1
ci->lim=1

*/
"CONNECTIONS: ") !'= 0)

ci ++) {

ci ++){
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ci->mn = mn;
ci ->max = mex;
}
}
}
strcat (pbuf, "\ n");
get _str(cfp, buf," ");
}
/* a connection is specified */
el se {

get _nuns(buf, nn+ni, ni, sel ects);

if (selects[0]){
fprintf(stderr,"Connecting TO a bias\n\n");
parse_err();

for (i =1; i <=ni; i++){
if (selects[i]){
fprintf(stderr,"Connecting TO an input\n\n");
parse_err();

get _str(cfp, buf," ");
if (strenp(buf,"front) = 0)

parse_err();
get _str(cfp, buf," ");
get _nuns(buf, nn+ni, ni,iselects);
for (i =0; i <nn; i++){

ci = *(cinfo +1i);

for (j =0; j <nt; j++ ci++){

if ((selects[i+ni+1]) && (iselects[j]))
ci->con += 1;

}

strcat (pbuf, "\t");
get _str(cfp, buf," ");

if (buf[0] == "="){
get _str(cfp, buf," ");
/* connection = fixed */
if (strenp(buf,"fixed") == 0){
for (i =0; i <nn; i++){
ci = *(cinfo +i);

for (j =0; j <nt; j++ ci++){
if ((selects[i+ni+1]) &&
(iselects[j]))
ci->fix = 1;
}
}

el se {
/* connection = group # */
if (strcnp(buf,"group") == 0){
get _str(cfp, buf,"™ ");
gn = atoi (buf);
for (i =0; i <nn; i++){
ci = *(cinfo +i);
for (j =0; j <nt; j++ ci+){
if ((selects[i+ni+1]) &&
(iselects[j]))
ci ->num = gn;

}
}
}
/* connection = mn & max */
el se {

mn = (float) atof(buf);

get _str(cfp, buf,” ");

if (buf[O] '="&)
parse_err();

get _str(cfp, buf,"™ ");

max = (float) atof(buf);

if (max < mn){
fprintf(stderr,"ERROR % < %g\n\n", nmax, mn);
parse_err();

for (i =0; i <nn; i++){
ci = *(cinfo +i);
for (j =05 j <nt; j++ ci++H){
if ((selects[i+ni+1]) &&
(iselects[j])){
limts = 1;
ci->lim= 1;



}
get _str(cfp, buf,"\t");
if (strcnp(buf,"fixed") == 0){
for (i =0; i <nn; i++){
ci = *(cinfo +i);
for (j =0; j <nt; j++ ci+H){
if ((selects[i+ni+1]) &&
(iselects[j]))
ci->fix = 1;

}

}
get _str(cfp, buf,"\t");
}
if (strcnp(buf,"one-to-one") == 0){
for (k =0; k < nt; k++){
if (iselects[k])

br eak;
}
for (i =0; i <nn; i++){
ci = *(cinfo +i);
for (j =0; j <nt; j++, ci++){
if ((selects[i+ni+1]) &&
(iselects[j]1)){
if (ci->con == 1){
ci->con = 0;
ci->fix = 0;
ci->lim= 0;
}
el se
ci->con -= 1;
}
}
if (selects[i+np]){
ci =*(cinfo + i) + k++;
ci->con = 1;
ci->fix = 1;
ci->lim= 1;
}
}
get _str(cfp, buf,"\n");
}
}
}
/*
for (i =0; i <nn; i++){
ci = *(cinfo +1i);
for (j =0; j <nt; j++ ci++){
fprintf(stderr,"i: % j: % c: % f: % g %\n",
i,j,ci->con,ci->fix,ci->num;
}
}
*/
}

get _speci al ()

char buf[256];
char tnp[256];

int i

int *isel ects;

struct nf *n;

/* malloc space for iselects */

iselects = (int *) malloc(nt * sizeof(int));
if (iselects == NULL){

perror("iselects malloc failed");
exit(1);

while (fscanf(cfp,"%",buf) !'= EOF){
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strcat (pbuf, buf);

strcat (pbuf,” ");

get _str(cfp,tnmp," ");

if (tnp[O] !="=")
parse_err();

get_str(cfp,tnmp,"\n");

if (strenp(buf, "cluster") == 0) {
get _nums(tnp, nn, 0, clustnodes);
nhc = 1;

if (strenp(buf, "context") == 0){
get _nuns(tnp, nn, 0, contxtnodes);
nhc = 1;

if (strcnp(buf,"weight_limt") == 0)
weight _limt = (float) atof(tnp);

if (strcnp(buf, "selected") == 0){
get _nuns(tnp, nn, 0, sel ects);

if (strcnp(buf,"linear") == 0){
get _nuns(tnp, nn, 0,isel ects);
n = ninfo
for (i =1; i <= nn; i++ n++){
if (iselects[i])
n->func = 2

}

if (strcnp(buf,"bipolar") == 0){
get _nuns(tnp, nn, 0,isel ects);
n =ninfo
for (i =1; i <= nn; i++ n++){
if (iselects[i])
n->func = 1;

}

if (strcnp(buf,"binary") == 0){
get _nuns(tnp, nn, 0,isel ects);
n =ninfo
for (i =1; i <= nn; i++ n++){
if (iselects[i])
n->func = 3

}

if (strcnp(buf, "delayed") == 0){
get _nuns(tnp, nn, 0,isel ects);
n = ninfo
for (i =1; i <= nn; i++ n++){
if (iselects[i])
n->dela = 1;

}
}
}
}
get _str(fp, buf, str)
FILE *fp
char *buf;
char *str;
{
if (fscanf(fp,"%",buf) == EOF){
fprintf(stderr,"Premature EOF detected.\n\n")
parse_err();
strcat ( pbuf, buf)
strcat (pbuf, str);
}
get _nums(str, nv, of fset, vec)
char *str;
int nv;
int of f set;
int *vec;
t o
int c, i, j, I, k, m n
int dash
int i nput ;

char tnp[256];
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dash = 0;

input = 0;

| = strlen(str);

nbp = 0;

for (i =0; i <= nv; i++)

vec[i] = 0;
for (i =0, j =0; i <|; j++, i++){
c =str[i];
switch (c) {
case '0':
case '1':
case '2':
case '3':
case '4':
case '5':
case '6':
case '7':
case '8':
case '9': nbuf [ nbp++] = tnp[j] = str[i];
br eak;
case 'i': i nput ++;

J--3
nbuf [ nbp++] = str[i];
br eak;
case '-': if (j ==0)
parse_err();
top[j] ="\0";
=1
nbuf [ nbp++] = str[i];
m = atoi (tnp);
dash = 1;
br eak;
case ',': if (j ==0)
parse_err();
top[j] = "\0";
jo=-1
nbuf [ nbp++] = str[i];
if (dash){
n = atoi (tnmp);
if (input == 1)
parse_err();
if (n<m

parse_err();

el se{
m = atoi (tnp);
n=m

}

if (input == 0){
m += of fset;
n += offset;

if (n>nv){
fprintf(stderr,"ERROR % > %\ n", n, nv);
parse_err();

if ((input) & (n > offset)){
fprintf(stderr,"ERROR % > %\ n", n, of fset);
parse_err();

}
for (k = m k <=n; k++){
if ((input == 0) && (k == offset))

vec[0] = 1;
el se
vec[k] = 1;
input = 0;
dash = 0;

br eak;

default: parse_err();

}

}
if (j ==0)
parse_err();
top[j] ="\0";
nbuf [ nbp++] = tnp[j];
if (dash){
n = atoi (tnp);
if (input == 1){

fprintf(stderr,"Cannot use dash to connect input and noni nput\n\n");

parse_err();
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}
if (n<m{
fprintf(stderr,"Upper bound nust exceed |ower\n\n");
parse_err();

el se{
m = atoi (tnp);
n=m

}

if (input == 0){
m += of f set;
n

+= of fset;
}
if (n>nv){
fprintf(stderr,"ERROR %d > %\ n", n, nv);
parse_err();
}

if ((input) & (n > offset)){
fprintf(stderr,"ERROR % > %\ n", n, of fset);
parse_err();

for (k =m k <=n; k++){
if ((input == 0) && (k == offset))

vec[0] =1

el se
vec[k] =1

nbp = 0;

}
parse_err ()

fprintf(stderr,"\nError in .cf file:\n\n");
fprintf(stderr,"%\n\n", pbuf);
fprintf(stderr,"(%)\n\n", nbuf)

exit(1)

activate.c

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

#if defined(ibnpc) || defined(sparc)
#define EXP(mM exp(m
#el se
#define EXP(m \
(exp_array[((int) ((m) * exp_mult)) + exp_add])
#endi f

extern i nt nn; /* nunmber of nodes */
extern int ni; /* nunmber of inputs */
extern int no; /* nunber of outputs */
extern int nt; /* nn + ni + 1 */
extern int np; [* ni + 1 */

extern  struct cf {
int con; [/* connection flag */
int fix; [/* fixed-weight flag */
int nuny /* group nunber */
int lim /* weight limts */
float mn; /* weight mninum?*/
float max; /* weight maxinum */

b

extern struct nf {
int func; /* activation function type */
int dela; /* delay flag */
int targ; /* target flag */

}

extern  struct cf **cinfo; /* (nn x nt) connection info */

extern struct nf *ninfo; /* (nn) node info */
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extern int
extern int
extern int

backpr op;
l ocalist;
t eacher;

/* flag for back propagation */
/* flag for localist input */
/* flag for feeding back target */

act _nds(aol d, anem anew, aw , | ocal , at ar get)

float *aol d;
float *amem
float *anew,
float **aw ;
int *| ocal ;
float *atarget;
{
extern float *exp_array; /* table |ook-up for exp function */
extern float exp_mult;
extern I ong exp_add;
regi ster int i;
register int i
regi ster struct cf *ci;
regi ster float *w
register float *zo;
register float *zn;
regi ster float *zp;
register float **wp;
regi ster struct cf **cp;
regi ster struct nf *n;
regi ster struct nf *on;
regi ster int *|;
regi ster float *t;
register int tent;
/* for each of nn nodes: update activations */
if (backprop == 0){
zo = aold + np;
zZn = anew + np;
for (i =0; i < nn; i++ zo++, zn++){
*z0 = *zn;
}
/* renmenber current aold in amem */
zo = aold + np;
zn = amem + np;
for (i =0; i < nn; i++ zo++, zn++){
*zn = *zo;
}
/* for each of nn nodes: update net inputs */
n = ninfo;
cp = cinfo;
wp = awt;
zn = anew + np;
zp = aold + np;
t = atarget;
tent = 0;
for (i =0; i < nn; i++ zn++, n++, cp++, wWo++, zp++){
if (localist){
ci = *cp + np;
w = *wp + np;
zo = aold + np;
*7n = **V\Ip;
| = local;
while (*I 1= 0){
*7n += *(*V\p + *|++);
}
if (teacher){
on = ninfo;
for (j =0; j < nn; j++ w+, zo++, ci++, on++){
if (ci->con){
if (on->targ){
if (*t == -9999.) /* don't care */
*zn += *w * *zo;
el se
*7n += *w * *t++;
if (++tcnt > no){
fprintf(stderr,"WHQA! -t flag requires each output
node\ n");

feeding exactly one
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exit(1);

}
el se
*zZn += *w * *zo;

}

el se {

for (j = 0; j < nn; j++, w+, zo++,

if (ci->con)
*zn += *w * *zo;

}
}
/* apply activation function */
/* 0 = defaul t */

/* 1 = bipolar */
/* 2 = linear */
/* 3 = binary */

if (n->func !'= 2){
if (*zn > 10.)

*zn = 10.;
else if (*zn < -10.)
*zn = -10.;

if (n->func < 2)

*zn = 1.0/ (1.0 + EXP(0.0 - *zn));
if (n->func == 1)

*zn = 2. * *zn - 1.;

else if (n->func == 3){
if (*zn > 0.)
*zn = 1.;
el se
*zn = -1.;

/* if no-delay, then update inmediately */

if (n->dela == 0)
*zp = *zn;

el se {

node\ n");
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ci = *cp;

w = *wp;

zo = aol d;

*zn = 0.;

/* collect excitation */
if (teacher){

for (j =0; j <= ni; j++ w+, zo++,

if (ci->con)
*zn += *w * *zo;
}
on = ninfo;
for (j = 0; j < nn; j++, W+, Zo++,
if (ci->con){
if (on->targ){

if (*t == -9999.)
*zZn += *w * *zo;
el se

*Zn += *w ¥ *t 44
if (++tcnt > no){
fprintf(stderr,"WHQA!

exit(1);

el se
*zn += *w * *zo;

}

el se {
for (j =05 j < nt; j++ wH+, zo++,
if (ci->con)
*zZn += *w * *zo;

}

/* apply activation function */

/* 0 = defaul t */
/* 1 = bipolar */
/* 2 = linear */
/* 3 = binary */

if (n->func !'= 2){
if (*zn > 10.)

ci++){

ci ++){

ci ++, on++){

-t flag requires each output
ci ++){

feeding exactly one



*zn = 10.
else if (*zn < -10.)
*zn = -10.

if (n->func < 2)

*zn = 1.0/ (1.0 + EXP(0.0 - *zn));
if (n->func == 1)

*zn = 2. * *zn - 1

else if (n->func == 3){
if (*zn > 0.)
*zn = 1
el se
*zn = -1.;

/* if no-delay, then update inmediately */
if (n->dela == 0)
*zp = *zn;

compute.c

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

#i fdef ibnpc
extern char far *malloc()

#el se

extern char *malloc()

#endi f

extern
extern
extern
extern
extern
extern

struct
int
int
int
int
fl oat
fl oat

b
extern
int
int
int
b
extern
extern

extern

extern

i nt nn; /* nunmber of nodes */

i nt ni; /* nunmber of inputs */
int no; /* nunber of outputs */
int nt; /[* nn + ni + 1%/

i nt np; [* ni + 1 */

i nt ce; /* cross-entropy flag */
cf {

con; [/* connection flag */
fix; [/* fixed-weight flag */
num /* group nunber */

lim /* weight limts */
mn; /* weight mninmm?*/
max; /* wei ght maxi mum */

struct nf {

func; /* activation function type */
dela; /* delay flag */

targ; /* target flag */

struct cf **cinfo; /* (nn x nt) connection info */

struct nf *ninfo; /* (nn) node activation function info */
i nt *out put s; /* (no) indices of output nodes */
int localist; /* flag for localist input */

conp_errors(aol d, atarget, aerror, e, ce_e)

fl oat
fl oat
fl oat
fl oat
fl oat

*aol d;
*at ar get
*aerror
*e;
*ce_e

extern int ce

regi ster int i;
register int i
register float *ta
regi ster float *te
regi ster float *ce_te
regi ster float *ee
regi ster int *op
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static float *terror = 0;
static float *ce_terror = 0;

if (terror == 0){
/* mall oc space for local copy of error info */
terror = (float *) malloc(no * sizeof(float));
if (terror == NULL){
perror(“terror malloc failed");

exit(1);
}
}
if (ce_terror == 0){
/* mall oc space for |ocal copy of cross-entropy info */
ce_terror = (float *) malloc(no * sizeof(float));
if (ce_terror == NULL){
perror(“"ce_terror nalloc failed");
exit(1);
}
}

te = terror;
ce_te = ce_terror;
ta = atarget;
op = outputs;

for (i =0; i < no; i++ te++, ce_te++, tat++, op++){
if (*ta !=-9999.0) {
*te = *(aold + ni + *op) - *ta;
/*
* if collecting cross-entropy statistics;
*/

if (ce == 2) {
*ce_te = *ta * |log(*(aol d+ni+ *op))/log(2.0) +
(1- *ta) * log(1l- *(aold+ni+ *op))/log(2.0);

} else {
*te = 0.;
}

*e += *te * *te; [/* cumulative ss error */
*ce_e += *ce_te; /* cunulate cross-entropy error */

}
ee = aerror;
for (i =1; i <= nn; i++ ee++){
*ee = 0.;
te = terror;
op = outputs;
for (j =0; j < no; j++, te++, op++){
if (*op == i){
*ee = *te;
br eak;
}
}
}

conp_del tas(apol d, apnew, awt , adwt , aol d, anew, aerror)
float ***apol d;
float ***apnew,
float **aw;
float **adwt;
float *aold;
fl oat *anew;
float *aerror;

register int i
regi ster int i
regi ster int k;
regi ster int l;

regi ster struct cf **cp;

regi ster struct cf *ci;
regi ster struct nf *n;

regi ster float **wp;
regi ster float *zn;
register float *pn;
regi ster float *po;
regi ster float **pnp;
regi ster float **pop;
regi ster float ***pnpp;
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regi ster float ***popp;
regi ster float *w

register float *sum
regi ster float *e;
float asum

/* to each node */
sum = &asum

cp = cinfo;
pnpp = apnew,
popp = apol d;
for (i =0; i <nn; i++ cp++, pnpp++, popp++){
ci = *cp;
pnp = *pnpp;
pop = *popp;
/* fromeach bias, input, and node */
for (j =05 j <nt; j++ ci++, pnp++, pop++){
if (ci->con == 0)
conti nue;
pn = *pnp;
zZn = anew + np;
n = ninfo;

/* for each node */
for (k = 0; k < nn; k++, zn++, pn++, n++){
w = *(awt + k) + np;
po = *pop;
if (i ==k)
*sum = *(aold + j);
el se
*sum = 0. ;
/* from each node */
for (I =0; | < nn; |++ w+, po++){
*sum += *w * *po;

if (n->func == 0)

*pn = *zn * (1. - *zn) * *sum
else if (n->func == 1)

*pn = .5 * (1. + *zn)*(1. - *zn) * *sum
else if (n->func == 2){

*pn = *sum
}
if (n->dela == 0)

“(*(*(apold + i) +j) + k) = *pn;

}

/* to each node */

cp = cinfo;

wp = adwt;

pnpp = apnew,

popp = apol d;

for (i = 0; i < nn; i++ cp++, wp++, pnpp++, popp++){

pnp= *pnpp;
pop= *popp;
/* fromeach bias, input, and node */
for (j =0; j < nt; j++ w+, ci++, pnp++, pop++){
if (ci->con == 0)
conti nue;
e = aerror;
pn = *pnp;
po = *pop;
*sum = 0.;
/* for each node */
for (k = 0; k < nn; k++, e++, po++, pn++){
*sum += *e * *po;
*po = *pn;
}

*W -= *sum

}

return;

}

conp_backprop(aw , adwt , aol d, anem at ar get, aerror, | ocal )
float **awt;
float **adw ;
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float *aol d;
float *amem
float *atarget;
float *aerror;
int *| ocal ;

register int i
register int i

regi ster struct cf **cp;

regi ster struct cf *ci;
regi ster struct nf *n;

register float *sum

float **wp;
float *ee;
float *e;
float *w
float *z;
float *oz;
float *t;

int x|
int ns;

float asum

* conmpute deltas for output units */
um = &asum
aerror;
ni nf o;
aold + np;
at ar get ;
or (i =0; i <nn; i++ e++, n++, z++){
if (n->targ == 0)
conti nue;
if (n->func == 0)
if (ce >0) { /* if cross-entropy */
/*

/
s
e
n
z
t
f

* note that the follow ng coll apses

* (t-a) and derivative of slope; we

* therefore ignore current contents of

* *e (which is (t-a)) and assign new

* val ue, whereas with sse, we multiply *e
* by deriv. of slope.

*/

*e = *t - *z:

/* NOTE: this is a kludge -- only increnents

* target when node is an output node. Do
* NOT nove into for() control statenent.

*/
t++;
} else { /* otherwi se nornal sse-delta */
*e *: *Z * (1 - *Z),
}
} else if (n->func == 1)
*e *: .5* (1 +*Z) * (1 - *Z),
}
n =ninfo + nn - 1;
z = aold + nt - 1;
e = aerror + nn - 1;
/* conpute deltas for remaining units */
for (i =nn - 1; i >=0; i--, z--, e--, n--){
if (n->targ == 1)
conti nue;
*sum = 0. ;
/* ee contains a bad address for i = nn-1 */
ee = aerror + i + 1;
for (j =i +1; j < nn; j++ eet++){
w=*(awmt +j) +np +i;
ci =*(cinfo+j) +np +i;

if (ci->con)
*sum += *w * *ee;

if (n->func == 0)

*e = *sum* *z * (1. - *z);
else if (n->func == 1)

*e = *sum* .5 * (1. + *z) * (1. - *z);
else if (n->func == 2){

174



*e = *sum

else if (n->func == 3)

}

*e = 0.

/* conmpute weight changes for all connections */

/* to

each node */

e = aerror;

cp =
\[\p:
for (i
if

ci nfo;
adwt ;

=0; i < nn; i++ e++, cp++, wp++){
(localist){
if (ce >0){
if ((*cp)->con)
**Vw) += *e’

el se {
if ((*cp)->con)
**\I\,p = *e;

| = local
while (*I

)
p + *1)->con)
+ %) += *e

+ *1)->con)
wp + 1) -= e

w = *wp + np
ci = *cp + np
z = aold + np
0z = amem + np
/* from each node */
/* loop is broken into two parts
(1) connections from nodes of |ower node-nunber
(2) connections from nodes of = or > node-nunber
the latter case requires use of old z values */
if (ce > 0){
for (j =0; j <i; j++, w+, ci++, z++, o0z++){
if (ci->con)
W 4= *z * *e;
}
for (j =1i; j < nn; j++, w+, Ci++, z++, 0z++){
if (ci->con)
*wW += *oz * *e;

}

el se {
for (j =0; j <i; j++ w+, ci++, z++, o0z++){
if (ci->con)
W -= *z * *e;
oo . .
for (j =1i; j < nn; j++ w+, ci++, z++, 0z++)({
if (ci->con)
*w-= *oz * *e

}

el se {

W = *wp
ci = *cp
z = aold
0z = anmem
/* fromeach bias, input, and node */
ns =np +i;
/* loop is broken into two parts
(1) connections from nodes of |ower node-nunber
(2) connections from nodes of = or > node-nunber
the latter case requires use of old z values */
if (ce > 0){
for (j =0; j < ns; j++, w+, ci++, z++, o0z++){
if (ci->con)
W o+= *z * *e;
}
for (j =ns; j < nt; j++, w+, ci++, z++, o0z++){
if (ci->con)
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*W += *oz * *e;

}
el se {
for (j =0; j < ns; j++ w+, ci++, z++, 0z++)({
if (ci->con)
*W o-= *z * *e;
oo . . .
for (j =ns; j < nt; j++, w+, ci++, z++, 0z++){
if (ci->con)
*W -= *oz * *e;
}
}
}
}
return
}
subs.c

#i ncl ude <math. h>

#i ncl ude <stdio. h>

#i fdef ibnpc

#i nclude <fcntl. h>

#i ncl ude <sys/types. h>
#el se

#i nclude <fcntl. h>

#i nclude <sys/file.h>
#i ncl ude <sys/types. h>
#endi f

#i ncl ude <sys/stat.h>

#i f def ibnpc

extern char far *malloc()
#defi ne random() rand()
#defi ne srandon(x) srand(x)
#el se

extern char *malloc()
#endi f

#i f ndef EXP_LOCATI ON

#error You must define EXP_LOCATI ON on the command |ine

#endi f

float *exp_array; /* table |l ook-up for exp function */

float exp_mult;

long exp_add

extern int nn; /* nunmber of nodes */

extern int ni; /* nunmber of inputs */

extern int no; /* nunmber of outputs */

extern i nt nt; /* nn +ni +1%*/

extern int ce; /* cross-entropy flag */

extern int *out put s; /* (no) indices of output nodes */

extern int *sel ects; /* (nn+l) nodes selected for probe printout */
extern char root[128]; /* root filename for .cf, .data

extern long sweep; /* current sweep */

extern long err_sweeps; /* nunber of sweeps for cumulative error */
extern long report; /* report error every report sweeps */

extern float avg_err; /* error for avq nodification */

extern float criterion, /* exit programwhen rnms error < criterion */

float rans(w)

float w
{
/* extern long randon(); */
#i f def ibnpc
static float max = 32767.0
#el se
static float max = 2147483647.0
#endi f

return (((float)random() / max) * 2*w) - w,
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}
exp_init()
{

struct stat stathb;
int fd;

fd = open(EXP_LOCATI ON, O RDONLY, 0);

if (fd <0) {
perror("exp_table");
exit(1);

}

fstat(fd, &statbh);

exp_add = (statb.st_size / sizeof(float)) / 2;
exp_mult = (float) (exp_add / 16);

exp_array = (float *) malloc(stath.st_size);

if (read(fd, exp_array, stath.st_size) != stath.st_size) {
perror(“"read exp array");
exit(1);
}
}
print_nodes(aol d)
float *aol d;
o .
i nt i;
for (i =1; i <=nn; i++){
if (selects[i])
fprintf(stdout,"%.3f\t",aold[ni+i]);
}
fprintf(stdout,"\n");
}
pri nt _out put (aol d)
float *aol d;
o .
i nt i;
for (i =0; i <no; i++){
fprintf(stdout,"%.3f\t", aol d[ ni +outputs[i]]);
}
fprintf(stdout,"\n");
}
print_error(e)
float *e;
{ o
static int start = 1;

static FILE *fp;

FILE *fopen();
char file[128];

if (start){

start = 0;

sprintf(file, "%.err", root);

fp = fopen(file, "wW');

if (fp == NULL) {
perror ("ERROR Can't open .err file");
exit(1);

}

if (ce !=2) {
/* report rms error */
*e = sqrt(*e / report);
} else if (ce == 2) {
/* report cross-entropy */
*e = *e |/ report;

}
fprintf(fp, "%\ n", *e);
fflush(fp);
if (ce == 0)
if (*e <criterion){
sweep += 1;
save_wWs();
exit(0);
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}
*e = 0.
err_sweeps = 0;

}

reset _net wor k(aol d, anew, apol d, apnew)
float *aol d;
float *anew,
float ***apol d;
float ***apnew,

register int i, j, k;

regi ster float *pn;
regi ster float *po;
regi ster float **pnp;
regi ster float **pop;
regi ster float ***pnpp;
regi ster float ***popp;

register float *zn;
regi ster float *zo;

zn anew + 1;

4] aold + 1;

for (i = 1; i < nt; i++ zn++, zo++)
*zn *zo = 0.;

popp = apol d;
pnpp = apnew,
for (i = 0; i < nn; i++ popp++, pnpp++){
pop = *popp;
pnp = *pnpp;
for (j =0; j < nt; j++ pop++, pnp++){
* pop;
*pnp
(k 0; k < nn; k++, po++, pn++){
*po 0.;
*pn 0.;

T T
OSSO~ 1I 1
= —

1

}

return;

}

reset _bp_net (aol d, anew)
float *aol d;
float *anew,

regi ster int

regi ster float *zn;
regi ster float *zo;

zn an
Zo ao
for (i

*zn =

= ew + 1;
= Id + 1;
=1 i

< nt; i++, zn++, zo++)

w

d

1;
*zo = 0.;

return;

update.c

#i ncl ude <stdio. h>

#i fdef ibnpc

#defi ne random() rand()
#def i ne srandom(x) srand(x)
#endi f

double atof();

#i f def ibnpc

extern char far *malloc();

#el se

extern char *malloc()

#endi f

extern int nn; /* nunmber of nodes */
extern int ni; /* nunber of inputs */
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extern
extern
extern

extern
int
int
int
int
flo
flo

b
extern
int
int
int
}
extern
extern

extern

extern
extern

extern
extern
extern

| ong
i nt

updat e_i nputs(aol d, tick, fl ag, maxti e, | ocal )

flo
int
int
I on
int
/* ext
reg
int
I on

sta
sta

sta
int

int
int

int no;
int nt;
int np;
struct

con; [/*
fix; [*
num /*
lim /*

at mn; /*
at max; /*

struct nf {
func; /* activation function type */
dela; /* delay flag */
targ; /* target flag */
struct cf **cinfo;
i nt ngroups; /* nunber of groups */
char root[128]; /* root filenane for
float rate; /* learning rate */
fl oat nmomentum /* momentum */
int randonm y; /* flag for
i nt |l ocal i st; /* flag for |localist
i nt limts;

dc = 0;

*| data = O;

at *aol d;
tick;
flag;

g *naxtine;
**| ocal ;

ern long

ister int
is

g ii;

tic long

tic long

tic f | oat
*j dat a;
*id;
*|ld;

static FI LE

char buf[128];
char file[128]

static fl oat
static int

reg
reg

if

ister float
ister float

/* nunmber of outputs */

/* nn + ni + 1 */
/* ni + 1%/

cf {

connection flag */
fixed-weight flag */
group nunber */
weight limts */

wei ght m ni mum */
wei ght maxi mum */

randon();

dn;
ds;

*data = O;

*fp;

*dm
*| d;

*d.
*Zzo0;

/* flag for limted weights */

*/

((data == 0) && (ldata == 0)){
/* get .data file */

sprintf(file,
fp = fopen(file,

if (fp == NULL) {

exit(1):

/* determ ne format of

fscanf(fp,"%", buf);

"Us.data", root);

"y
perror ("ERROR Enpty data file");

.data file */

/* (nn x nt) connection info */

presenting inputs in random order */
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if (strcnp(buf, "localist") == 0){
localist = 1;

}

else if (strcnp(buf, "distributed") !'= 0){
perror ("ERROR .data file nust be localist or distributed\n");
exit(1);

/* determne size of .data file */

if (fscanf(fp,"%d", maxtine) !'= 1){
perror ("ERROR how many itens in .data file?");
exit(1);

/* malloc space for data */
if (localist){
dn = *maxtinme;
ds = *maxtinme * ni;
Idata = (int *) malloc(ds * sizeof(int));
if (ldata == NULL){
perror("ldata malloc failed");
exit(1);

idata = (int *) malloc((ni+l) * sizeof(int));
if (idata == NULL){

perror("idata malloc failed");

exit(1);

/* read data */

Id = I|data;

for (ii =0; ii <dn; ii++){
fscanf (fp,"%", buf);
get _nuns(buf,ni,0,idata);
id = idata + 1;

I1d = 1d;
for (j =1; j <=ni; j++, id++){
if (*id)
¥ d++ = j;
}
*I1d = 0;
Id += ni;
}
el se {

dn = *maxtine;
ds = *maxtinme * ni;
data = (float *) malloc(ds * sizeof(float));
if (data == NULL){
perror(“data malloc failed");
exit(1);

/* read data */

d = dm = data;

for (ii =0; ii <ds; ii++ d++){
fscanf(fp,"%", buf);
*d = atof (buf);

if ((*d ==0.) & (buf[0] !="'0") && (buf[1] !'="0")){
fprintf(stderr,"error reading .data file on or around line %d of input\n",ii+1);
exit(1);

}

/* update input (only at major tinme increnents) */
if (tick == 0){
/* read next ni inputs from.data file */
if (localist){
i f (random y){
dc = (randon() >> 8) %dn;

if (dc < 0)
dc = -dc;
*local = (int *) (ldata + dc * ni);
el se {
*local = (int *) (ldata + dc * ni);
if (++dc >= dn)
dc = 0;
}
el se {

i f (random y){
dc = (randon() >> 8) %dn;
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if (dc < 0)

dc = -dc;
d = (float *) (data + dc * ni);
zo = aold + 1;

for (i =0; i <ni; i++ zo++, d++){
*zo = *d
}
el se {
d = dm
zo = aold + 1
for (i =0; i <ni; i++ zo++, d++, dc++){
if (dc >= ds){
dc =0
d = data
}
*zo = *d
}
dm = d;
}
}
el se {
/* turn off input during extra ticks with -1 */
if (flag){
zo = aold + 1
for (i =0; i < ni; i++ zo++)
*zo = 0.
}

}

update_targets(atarget,tinme,tick,flag, maxtinme)
float *atarget;

long tine;

int tick;

int flag;

long *nmextine;
{

long i;

int k;

register int i

regi ster float *ta
regi ster float *t;
register long *n;
register float *to

static long *ntines
static float *teach

static int local = 0; /* flag for localist output */

static long *nm
static float *tm

static long nc =0

static long len

static long ts

static long next; /* next time tag in .teach file */

static float *otarget = 0; /* (no) back-up copy of target values */
static FILE *fp
char buf[128];

if (otarget == 0){
/* get .teach file */
sprintf(buf, "%.teach", root);
fp = fopen(buf, "r");
if (fp == NULL) {
perror ("ERROR Enpty target file");
exit(1);

/* mall oc space for back-up copy of targets */
otarget = (float *) malloc(no * sizeof(float));
if (otarget == NULL){
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perror("otarget malloc failed");
exit(1);

/* determine format of .teach file */
fscanf (fp,"%", buf);
if (strcnp(buf, "localist") == 0){

| ocal = 1,

}

else if (strcmp(buf, "distributed") != 0){
perror ("ERROR .teach file nust be localist or distributed\n");
exit(1);

}

/* determ ne size of teach array */

if (fscanf(fp,"%d",&en) !'= 1){
perror ("ERROR how many itens in .teach file?");
exit(1);

}

/* mall oc space for teach and ntimes buffers */

ts = len * no;

teach = (float *) malloc(ts * sizeof(float));

if (teach == NULL){
perror(“teach malloc failed");
exit(1);

ntines = (long *) malloc(len * sizeof(long));
if (ntinmes == NULL){
perror("“ntines malloc failed");

% d

exit(1);
/* read teach info */
t = tm= teach;
n = nm= ntines;
for (i =0; i <len; i++, n++){
fscanf(fp,"%d", n);
if (local){
fscanf(fp,"%", buf);
k = atoi (buf) - 1;
if (k <0){
fprintf(stderr,"error reading .teach file on or around line %d of input\n",i+1);
exit(1);
}
for (j =0; j < no; j++ t++){
if (j ==Kk)
*t = 1.,
el se
*t = 0.;
}
el se {
for (j =0; j < no; j++, t++){
fscanf (fp,"%", buf);
/* asterick is don't care sign */
if (buf[0] == "*")
*t = -9999.0;
el se {
*t = atof (buf);
if ((*t == 0.) & (buf[0] !'="0") && (buf[1] !="0")){
fprintf(stderr,"error reading .teach file on or around
input\n",i+1);
exit(1);
}
}
}
}
}
/* check for new target values (only at major tinme increnents) */
if (tick == 0){
t =tm
n = nm
/* restore previous values if destroyed by -T */
if (flag){
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ta = atarget;

to = otarget;

for (j 0; j < no; j++, ta++, to++)
*ta *to,

/* if inputs are selected randonly, tine-tags are
assunmed to run sequentially, and targets are
selected to match input */

of



if

/ *
i f

/ *
if

tm
nm

if

}

el se {
/*
if

}

(random y) {
if (dc >= len){

perror("ERROR a target line is required for every input

exit(1);

}

ta = atarget;
t = (float *) (teach + no * dc);
f

or (j =0; j <no; j++ ta++, t++){
*ta = *t,

}

return;

rewi nd whenever .data begins again at time 0 */

(time == 0){

nc = 0;

t = teach;

n = ntines;

next = *n;

ta = atarget;

for (j =0; j < no; j++, tat+)

*ta = -9999. 0;

get new target values when tine matches next */
(tinme >= next){

/* read next no targets */

ta = atarget;

for (j =0; j < noj j++, t++ ta++){

*ta = *t,
/* final target persists till end of input */
n++;

if (++nc >= len)
next = *maxtine;

el se
next = *n;
= t;
= n;
renenber target values if -T will destroy them*/
(flag){
ta = atarget;
to = otarget;
for (j =0; j < no; j++, ta+t+, to++)
*to = *ta;

turn off target during extra ticks with -T */
(flag){

ta = atarget;

for (j =0; j < no; j++, tat+)

*ta = -9999.0;

update_reset (tinme,tick,flag, maxti me, now)

| ong
int
i nt
| ong
int
| ong

static
static

static

static
static

static
static

char

time;
tick;
flag;
*maxti me;
*now,

i nt start = 1; /* flag for initialization */
long next; /* next time tag in .teach file */
long *rtinmes;
long *nm
long nc = 0;
long |;
FILE *fp;
buf [ 128];

line with -R");
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*now = O;

if (flag == 0)
return;

if (start){

start = 0;

/* get .reset file */

sprintf(buf, "%.reset", root);

fp = fopen(buf, "r");

if (fp == NULL) {
perror ("ERROR Enpty reset file");
exit(1);

/* determne size of .reset file */

if (fscanf(fp,"%d", &) !'= 1){
perror("error reading .reset file");
exit(1);

/* malloc space for rtinmes buffer */
rtimes = (long *) malloc(l * sizeof(long));
if (rtinmes == NULL){

perror(“rtines malloc failed");

exit(1);

/* read reset info */

nm = rtines;

for (i =0; i < |1; i++, nmtt)
fscanf(fp,"%d", nm;

nm= rtines;

/* check for new resets (only at najor tinme increments)
if (tick == 0){
/* rew nd whenever .data begins again at time 0 */
if (time == 0){
nc = 0;
nm = rtines;
next = *nm

}
if (tinme >= next){
*now = 1;
nm-+;
if (++nc >= 1)
next = *maxtine;
el se
next = *nm
}

}

updat e_wei ght s(awt , adwt, awi nc)
float **aw;
float **adwt;
float **awi nc;

register int i
regi ster int i

regi ster struct cf *ci;

regi ster float *w
regi ster float *dw
register float *w;
register float **wip;
regi ster float **wp;
regi ster float **dwp;

regi ster struct cf **cp;
regi ster int k;

regi ster int n;

register float *sum

float asum

/* update weights if they are not fixed */
sum = &asum

cp = cinfo;
wp = awt;
dwp = adwt;
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Wi p = aw nc;

for (i = 0; i < nn; i++ cp++t, wp++, dwp++, wi p++){
ci = *cp;
w = *wp;
dw = *dwp;
W = *wip;

for (j =0; j < nt; j++, dw+, W ++, w+, ci++){
if ((ci->con) && !(ci->fix)){
*W = rate * *dw + monentum* *w ;
WS YW
*dw = 0. ;

}

/* look for weights in the same group and average themtogether */
for (k = 1; k <= ngroups; k++){

*sum = 0.;

n = 0;

cp = cinfo;

wp = awt;

/* cal cul ate average */

for (i =0; i < nn; i++ cp++t, wo++){
ci = *cp;
w = *wp;

for (j =0; j < nt; j++, w+, ci++){
if (ci->num == k){
*sum += *w
n++;

}

f (n>0)
*sum /= n;
/* replace weight with average */
cp = cinfo;
Wp = awt;

}
|

for (i =0; i <nn; i++, cp++ty, wo++){
ci = *cp;
W = *wp;
for (j =0; j < nt; j++, w+, ci++){
if (ci->num== k)
*w = *sum
}
}
}
/* look for limted weights and enforce limts */
if (limts == 0)
return;
cp = cinfo;
Wo = awt;
for (i = 0; i < nn; i++ cp++t, w++){
ci = *cp;
W = *wp;
for (j =0; j < nt; j++, w+, ci++){
if (ci->lim{

if (*w< ci->nmin)
*w = ci->mn;
if (*w > ci->max)
*W = ci->nax;

}

return;

185



9.3 Source Code Modules

9.3.1 StdDefs

Purpose | Provides a set of standard definitions for all modules.
Author | Dylan Muir (dr.muir@student.qut.edu.au)
Date | 3 March, 1998
Modified | 12" February, 2001
Module version | 1.34

SdDefs.h
/* StdDefs.h -- Contains standard definitions for other nodul es
* Author: Dylan Miir (dr.nmuir@tudent. qut. edu. au)
* Date: 3rd March, 1998
* Modified: 12th February, 2001
* Version: 1.34
*/
#i fndef _ stddefs_h
#define __stddefs_h

/* -- Standard nmacros */

#define MN(x, y)  ((x) < (y) ? (x) : (¥))

#define MAX(X, y)  ((x) > (y) ? (x) : (¥))

#define SQR(X) ((x) * (x))

/*#define  DEBUG unconment for debuggi ng */
/*#define  ANSI uncomment for ANSI-only code */
[ *#define  CHECK_PRECOND unconment to check preconditions */
/* -- Hardware type size definitions */

typedef unsigned char BYTE;

typedef signed char SBYTE;

typedef unsigned short int ORD;

typedef signed short int SWORD;

typedef unsigned long int DWORD,

typedef signed long int SDWORD;

/* -- Standard typedefs */

typedef char *string;
FALSE 0

| FALSE
BOCOL;

#def i ne
#define TRUE
typedef int

/ *
#define MAX_STRI NG
ECQL

ECS
TAB

An
o
0x09

#def i ne
#def i ne
#def i ne
3. 1415926

#define MATH_PI

#endi f /* __stddefs_h */

/* --- END of StdDefs.h ---

9.3.2 2darray

IRy

/* Support for bool ean functions */
/******/

-- Standard definitions */

400

*/

Purpose | Creates and destroys easy-to-handle 2D arraysin C.
Author | Dylan Muir (dr.muir@student.qut.edu.au)
Date | 7" November, 1999
Modified | 16™ August, 2000
Module version | 0.03
Notes | Creates arraysthat can beindexed in C by ar r ay[ col um] [ r ow]
Other required | StdDefs
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| modules |

| 2darray.h
/* 2darray.h -- Allocate and destroy 2d arrays
* Author: Dylan Miir
* Date: 7th Novenber, 1999
* Mbdified: 16th August, 2000
* Version: 0.03

/

#i fndef __2darray_h
#define __ 2darray_h

#i ncl ude "stddefs. h"
#i ncl ude <stdlib. h>

/* -- Function Al ocate2DArray
Pre: '"array' is a pointer to a pointer to a pointer to char
'xSize' >0
'ySize' >0

"elementSize' is the size of each element to allocate
Post: ('array' was allocated space for a 2d array of dinensions [xSize x ySize]
&& TRUE was returned) ||
(there was a problemw th allocation & FALSE was ret urned)
Note: NOinitialisation is done! The content of the array after allocation
i s undefined.
Note: the array is indexed "array'[col][row
/
bool Allocate2DArray(char ***array, int xSize, int ySize, size_t elenentSize);

ok ok kR kR 3k ok Ok ¥ Xk

/* -- Function Deal | ocat e2DArr ay

* Pre: 'array' is a pointer to a valid 2D array allocated by Al locate2DArray,
* the contents of which have already been destroyed

* 'ySize' is the size of the first index in 'array'

* Post: 'array' was deal |l ocated

* Note: This function does not destroy the contents of the array, as it has no
* i dea what the contents are. You nust destroy the contents yourself.
*/

voi d Deal | ocat e2DArray(char ***array, int xSize);

#endi f __2darray_h
/* --- END of 2darray.h --- */
| 2darray.c
/* 2darray.c -- 2dinensional array functions

* SEE 2darray.h for details
*/

#i ncl ude <stdlib. h>
#i ncl ude "2darray. h"

bool Allocate2DArray(char ***array, int xSize, int ySize, size_t elenentSize)

{

int i ndex;

if (!((*array) = (char **) malloc(ySize * sizeof(void *))))
return FALSE;

for (index = 0; index < ySize; index++) {
if (!((*array)[index] = (char *) nalloc(xSize * elenentSize))) {
free(*array);
return FALSE;

}
}
return TRUE;
}
voi d Deal | ocat e2DArray(char ***array, int ySize)
{

int i ndex;

for (index = 0; index < ySize; index++)
free((*array)[index]);
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free(*array);
(*array) = NULL;

/* --- END of 2darray.c --- */

9.3.3 gauss

Purpose Matrices must be created viathe 2darray module.

Inverts square 2d matrices using the Gauss-Jordan elimination method.

Author | Dylan Muir (dr.muir@student.qut.edu.au)

Date | November, 1999

Modified | 21% November, 2000

Module version | 0.02

Other required | qyncs oqarray
modules

gauss.h

/* Gauss.h -- Provides Gaussian matrix inversion routines
* Author: Dylan Miir (dr.nmuir@tudent. qut.edu. au)
(c) QUT MLRC Senester 2 2000
Dat e: Novenber, 1999
Modi fi ed: 21st Novenber, 2000
Versi on: 0.02
/

k% ok Ok F

#i fndef __gauss_h
#define _ gauss_h
/* -- Function GaussJordanl nverse

* Pre: 'matrix' is a square double 2d array allocated by ' Al ocat e2dArray’

* "inverse' is a square double 2d array allocated by 'Allocate2dArray', the
* same di mensions as 'matrix'

* "size' is the nunber of rows in 'matrix' and 'inverse'

* Post: ('matrix' has been inverted and placed into 'inverse' &&

* "matrix' is unchanged && TRUE was returned) ||

* ("matrix' is singular & 'inverse' is undefined & FALSE was returned)
*/

bool GaussJordanl nverse(double **matri x, double **inverse, int size);

#endi f /* __gauss_h */

/* --- END of gauss.h --- */

gauss2.c

/* Gauss-Jordan inplenentation */
/* Thanks to John Stearns for inspiration */

#i ncl ude "2darray. h"
#i ncl ude "stddefs. h"
#i ncl ude <mat h. h>
#i f def UNI X
#i ncl ude <i eeefp. h>
#endi f
#i f def W N32
#i ncl ude <fl oat. h>
#define FP_PINF _FPCLASS Pl NF
#endi f

/* -- Defines */

#define SWAP(x, ) {temp = (x); (x) = (y); (y) = tenmp;}
#define GI_SING SENS 0.00 /* Singular matrix sensitivity */
/* -- Gauss-Jordan inverse */

bool GaussJordanl nverse(double **matrix, double **inverse, int size)

doubl e  det, /* Determ nant (product of pivots) */
t enp, /* Used by SWAP */
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pi vot, /* Current pivot value */

factor; /* Factor of pivot rowto multiply by */
int i pass, /* Elimnation index (current pivot row) */
i max, /* I ndex of maxi mum value in pivot colum */
i col, /* Col um index */
i row /* Row i ndex */
det = 1.0;
/* Initially inverse is the identity matrix, */
/* this will be replaced with the inverse */
for (irow = 0; irow < size; irow+) {
for(icol = 0; icol < size; icol++) {
if (irow == icol)
inverse[irow [icol] = 1,
el se

i nverse[irow [icol] 0;

}
}

for (ipass = 0; ipass < size; ipass++) {
/* Find maxi mum val ue in the pivot colum */

i max = i pass;
for (irow = ipass; irow < size; irow+) {
if (fabs(matrix[irow [ipass]) > fabs(nmatrix[inax][ipass]))
imax = irow
}
/* Exchange ipass rowwith inmax row in both matricies */
if(imax != ipass) {
for(icol = 0; icol < size; icol++) {
SWAP(i nverse[ipass][icol], inverse[imax][icol]);
i f(icol >=ipass)
SWAP(matri x[ipass][icol], matrix[imax][icol]);
}
}

/* Current pivot is now matrix[ipass][ipass] */
/* Determ nant is product of pivot elements */
/* if det == 0 then nmatrix is singular and we can't invert */
pivot = matrix[ipass][ipass];
det *= pivot;
if (fabs(det) <= GJ_SING SENS) {

/* Singular, so return infinite matrix */

for (icol = 0; icol < size; icol++)

for (irow = 0; irow < size; irowtt)
inverse[icol][irow] = FP_PINF;
return FALSE;

}
/* Normalise pivot row by dividing by pivot el ement */
for (icol = 0; icol < size; icol++) {
i nverse[ipass][icol] /= pivot;
if (icol >= ipass)
matri x[i pass][icol] /= pivot;
}

/* Add to each row a nutiple of the pivot row such that */
/* the element of 'matrix' in the pivot colum is zero */
for (irow = 0; irow < size; irow+) {

if (irow!=ipass) {
factor = matrix[irow][ipass];
for (icol = 0; icol < size; icol++) {
inverse[irow [icol] -= factor * inverse[ipass][icol];
matrix[irowj[icol] -= factor * matrix[ipass][icol];
}
}
}
}
return TRUE;
}
/* --- END of gauss2.c --- */

9.3.4 RunAvg

Computes a ‘running’ average, taken over a fixed number of double-
Purpose | precision samples. All samples are initialised to zero. The sampling
interval is handled by the user.
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Author | Dylan Muir (dr.muir@student.qut.edu.au)

Date | December, 1999

Modified | 10™ October, 2000

Module version | 0.02

Other required StdDefs
modules

RunAvg.h

/* RunAvg.h -- Conputes and uses running averages
* Author: Dylan Miir (dr.nmuir@tudent. qut. edu. au)
* Date: Decermber 1999
* Modified: 10th Cctober, 2000
* File version: 0.02
*/

#i fndef __runavg_h
#define __runavg_h

/* Running average structures */
typedef struct runAvgTag runAvg;

/* -- Function InitRunni ngAver age

* Pre: 'nunBanples' is the nunber of sanples to average over

* Post: (A new running average variable was created and returned) ||
* (There was a problemw th allocation & NULL was returned)
*/

runAvg *I ni t Runni ngAver age(i nt nunSanpl es) ;

/* -- Function AddToRunni ngAver age
* Pre: 'avg' has been created by 'InitRunni ngAverage'

* "sanple' is a sanple to add to the running average
* Post: 'sanple' has been added to 'avg'
*

/

voi d AddToRunni ngAver age(runAvg *avg, doubl e sanple);

/* -- Function C ear Runni ngAver age

* Pre: 'avg' has been created by 'InitRunni ngAver age'

* Post: all the entries in 'avg' have been cleared to zero
*/

voi d d ear Runni ngAver age(runAvg *avg);

/* -- Function Get Runni ngAver age

* Pre: 'avg' has been created by ' Get Runni ngAver age'
* Post: The average has been conputed and returned
*/

doubl e Get Runni ngAver age(runAvg *avg);

/* -- Function DestroyRunni ngAver age
* Pre: 'avg' was created by 'InitRunni ngAverage'
* Post: 'avg' was destroyed and deal | ocat ed
*
/
voi d DestroyRunni ngAver age(runAvg **avg);

#endi f /* __runavg_h */

/* --- END of RunAvg.h --- */
RunAvg.c
/* RunAvg.c -- Conputes and nmintains running averages

*

* See RunAvg.h for details
*/

#i ncl ude "stddefs. h"

#i ncl ude "runavg. h"

#i nclude <stdlib. h>

struct runAvgTag {

int nunSanpl es;
doubl e  *AVERAGE;
int insertAt;

H
runAvg *Init Runni ngAver age(int nunSanpl es)
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runAvg *tenp;
int i ndex;

if (!(temp = malloc(sizeof (runAvg))))

return NULL;

if (!(temp -> AVERAGE = nal | oc(nunBSanpl es * si zeof (double)))) {

free(tenp);
return NULL;

}

tenp -> nunBanpl es = nunBanpl es;

C ear Runni ngAver age(t enp) ;

return tenp;

for (index = 0; index < avg -> nunBanpl es; index++)

0.0;

voi d AddToRunni ngAver age(runAvg *avg, doubl e sanple)

}
voi d d ear Runni ngAver age(runAvg *avg)
{
int i ndex;
avg -> AVERAGE[ i ndex] =
avg -> insertAt = 0;
}
{ .
avg -> AVERAGE[ avg -> insertAt] = sanple;
avg -> insertAt++;
if (avg -> insertAt >= avg -> nunBSanpl es)
avg -> insertAt = 0;
}

doubl e Get Runni ngAver age(runAvg *avg)

doubl e sum
int i ndex;

sum = 0;

for (index = 0; index < avg -> nunBanpl es; index++)
sum += avg -> AVERAGE[ i ndex];

return (sum/ avg -> nunfanpl es);

}

voi d DestroyRunni ngAver age(runAvg **avg)

free((*avg) -> AVERAGE);
free(*avg);

}
/* --- END of RunAvg.c --- */
9.3.5 htable
Purpose | Brief hash-table implementation.
Author | Dylan Muir (dr.muir@student.qut.edu.au)
Date | 9" February, 1999
Modified
Module version | 0.01
Thisis an ADO implementation. Only one per program! Could quite
easily be converted into afull ADT...
Notes
Set the type of the data in the table by changing the hEntry typedef in
htable.h.
Other required StdDefs
modules
htable.h

/* htable.h -- Brief hash ADO | ookup i npl enent ati on
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Aut hor: Dylan Miir
Date: 9th February, 1999
Modi fi ed:
Version: 0.01
/

E I

#ifndef _ HTABLE H
#define _ HTABLE H

#i ncl ude "stddefs. h"
/* -- Hash system constants -- */

#defi ne CASE_SENSI Tl VE FALSE /* Case sensitive hash? */

#define MAX_KEY_SI ZE 10 /* Maxi num key size */
#define HASH EMPTY " 00" /* Enpty hash entry */
#defi ne HASH DELETED " DEL" /* Del eted hash entry */
/* -- End hash systemconstants -- */

/* -- Hash system typedefs -- */
typedef int hEnt ry;

/* -- End hash systemtypedefs -- */
/* -- Hash system functions -- */

/* -- Function hashlnitTable
* Pre: table does not exist
* Post: table was initialised & returen TRUE
*
/
bool hashl nit Tabl e(unsi gned hashSi ze);

/* -- Function hashDestroyTabl e
* Pre: table exists
* Post: table was destroyed && returen TRUE
*
/
bool hashDestroyTabl e(void);

/* -- Function hashlnsert

* Pre: 'key' is a valid key not in table & table not full

* Post: ('key' in table & returned TRUE) || (error && returned FALSE)
*/

bool hashlnsert(char *key, hEntry index);

/* -- Function hashVal ue
* Pre: 'key' is avalid key in table
* Post: hash 'key' --> 'value' && returned 'val ue'
*
/

hEntry  hashVal ue(char *key);

/* -- Function hashDel ete

* Pre: 'key' is avalid key in table & table is not enpty

* Post: ('key' not in table & returned TRUE) || (error && returned FALSE)
*/

bool hashDel et e(char *key);

/* -- Function hashLoadFact or

* Pre: hash systemis initiallised

* Post: the current load factor is returned as an unsigned integer
* percentage fromO to 100

*/

unsi gned hashLoadFact or (voi d) ;

/* -- Function hashNunEntries

* Pre: hash systemis initiallised

* Post: the current nunber of entries is returned
*/

unsi gned hashNunEntri es(void);

/* -- Function hashlsln
* Pre: table exists

* Post: ('key' in table & returned TRUE) || ('key' not in table & returned FALSE)

*/
bool hashl sl n(char *key);
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/* -- Function hashl sFull
* Pre: hash systemin initiallised
* Post: (hash table is full & returned TRUE) || returned FALSE
*
/
bool hashl sFul | (voi d);

/* -- Function hashl sEnpty
* Pre: hash systemin initiallised
* Post: (hash table is enpty & returned TRUE) || returned FALSE
*/

bool hashl sEnpty(voi d);

/* -- Function hashl sVal i dKey
* Pre: hash systemin initiallised
* Post: ('key' is valid & returned TRUE) || returned FALSE
*/

bool hashl sVal i dKey(char *key);

#endi f /* __HTABLE_H */

/* --- END of htable.h --- */

| htable.c

/* htable.c -- Brief hash | ookup inplenentation
* SEE htable.h for details
*/

#i ncl ude <string. h>
#i ncl ude <stdlib. h>
#i ncl ude "htabl e. h"

#i ncl ude "stddefs. h"

/* -- hash system ADO -- */

typedef struct {
char key[ MAX_KEY_SI ZE] ;
hEnt ry entry,;

} htabl eEntryTag;

struct htabl eTag {
unsi gned nunEntri es;
unsi gned hashSi ze;
ht abl eEntryTag *t abl e;
} hash_ADG,

/* -- Non-exported hash functons' defintions -- */
unsi gned hash(char *text);
ht abl eEnt ryTag *hashEntry(unsi gned i ndex);
/* -- Hash system functions -- %]
/* -- See htable.h for details -- */
/* -- Function hashlnitTable */
bool hashl ni t Tabl e(unsi gned hashSi ze)
{
int i ndex;

ht abl eEntryTag *record;

hash_ADO nunEntries = 0;
hash_ADO hashSi ze = hashSi ze;

hash_ADO tabl e = (htabl eEntryTag *) mall oc(hashSi ze * MAX KEY_SI ZE * si zeof (htabl eEntryTag));

if (hash_ADO table == NULL)
return FALSE; /* Couldn't allocate table */

for (index = 0; index < hashSize; index++) {
strcpy(hashEntry(index) -> key, HASH EMPTY);
}
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return TRUE;

/* -- Function hashDestroyTable -- */
bool hashDest royTabl e(voi d)

free(hash_ADO. t abl e) ;
return TRUE;

/* -- Function hashlnsert */

bool hashlnsert(char *key, hEntry entry)
{

unsi gned hashed, insert;

unsi gned hashSi ze;

bool cont Sear ch;

ht abl eEntryTag *record;

if (!hashlsValidKey(key))
return FALSE; /* Failed precondition */

i f (hashlsln(key))
return FALSE; /* Failed precondition */

if (hashlsFull()) /* Failed precondition */
return FALSE;

insert = hashed = hash(key);
hashSi ze = hash_ADO. hashSi ze;
cont Search = TRUE;

whi l e (cont Search) {
/* Insert if either enpty or deleted */
if ( (strcnp(hashEntry(insert) -> key, HASH EMPTY) == 0) ||
(strcnp(hashEntry(insert) -> key, HASH DELETED) == 0)) {

record = hashEntry(insert);
strcpy(record -> key, key);
record -> entry = entry;
hash_ADO. nunEntri es++;
return TRUE;

}
insert += 1; /* Search in next position */

if (insert >= hashSize)
insert = 0; /* Wap around table */

if (insert == hashed) {

cont Search = FALSE; /* Searched entire table */
br eak;

}
return FALSE; /* Shouldn't reach */

/* -- Function hashDel ete */

bool hashDel et e(char *key)
{

unsi gned hashed, insert;
unsi gned hashSi ze;
bool cont Sear ch;

if (!hashlsValidKey(key))

return FALSE; /* Failed precondition */
if (!hashlsln(key))
return FALSE; /* Failed precondition */
if (hashl sEmpty()) /* Failed precondition */

return FALSE;

insert = hashed = hash(key);
hashSi ze = hash_ADO hashSi ze;
cont Search = TRUE;
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whi | e (cont Search) {
/* Delete if matches */
if (strcnp(hashEntry(insert) -> key, key) == 0) {
strcpy(hashEntry(insert) -> key, HASH DELETED);
hash_ADO nuntntri es- -;
return TRUE;

}
insert += 1; /* Search in next position */

if (insert >= hashSize)
insert = 0; /* Wap around table */

if (insert == hashed) {

cont Search = FALSE; /* Searched entire table */
br eak;
}
}
return FALSE; /* Shoul d never get here */
}
/* -- Function hashLoadFactor */

unsi gned hashLoadFact or (voi d)

if (hashlsEmpty())

return O;
el se
return (unsigned) ((hash_ADO nunEntries * 100) / hash_ADO. hashSi ze);
}
/* -- Function hashNunEntries */
unsi gned hashNunEntri es(voi d)
{
return hash_ADO nunEntri es;
}
/* -- Function hashlsln */

bool hashl sl n(char *key)

{
unsi gned hashed, insert;
unsi gned hashSi ze;
bool cont Sear ch;

if (!hashlsValidKey(key))
return FALSE; /* Failed precondition */

insert = hashed = hash(key); /* Find initial hash */
hashSi ze = hash_ADO. hashSi ze;
cont Search = TRUE; /* Do search while contSearch */

whi l e (cont Search) {
if (strcnp(hashEntry(insert) -> key, key) == 0) return TRUE; /* Found key */

if (strcnp(hashEntry(insert) -> key, HASH EMPTY) == 0) { /* never inserted */

cont Search = FALSE;
br eak;

}
insert += 1; /* Search in next position */

if (insert >= hashSize)
insert = 0; /* Wap around table */

if (insert == hashed) {

cont Search = FALSE; /* Searched entire table */
br eak;

}

return FALSE;
}

/* -- Function hashVval ue */
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hEntry hashVal ue(char *key)
{
unsi gned hashed, i ndex;
unsi gned hashSi ze;
bool cont Search, found;

if (!hashlsValidKey(key))
return 0; /* Failed precondition */

if (!hashlsln(key))
return 0; /* Failed precondition */

i ndex = hashed = hash(key); /* Find initial hash */
hashSi ze = hash_ADO hashSi ze;

cont Search = TRUE; /* Do search while contSearch */
found = FALSE;

whi | e (cont Search) {

if (strcenp(hashEntry(index) -> key, key) == 0) {
cont Search = FALSE; /* Found key */
found = TRUE;
br eak;

}

if (strcnp(hashEntry(index) -> key, HASH EMPTY) == 0) { /* never inserted */
cont Search = FALSE;
br eak;

}
i ndex += 1; /* Search in next position */

if (index >= hashSi ze)
i ndex = 0; /* Wap around table */

if (index == hashed) {
cont Search = FALSE; /* Searched entire table */
br eak;
}
}
if (!found)
return O;

el se
return hashEntry(index) -> entry;

/* -- Function hashlsFull */
bool hashl sFul | (voi d)

i f (hash_ADO nunEntries == hash_ADO hashSi ze)
return TRUE;

el se
return FALSE;
}
/* -- Function hashlsFull */

bool hashl sEnpt y(voi d)

if (hash_ADO nunEntries == 0)
return TRUE;

el se
return FALSE;

/* -- Function hashlsValidKey */
bool hashl sVal i dKey(char *key)

if (strlen(key) > MAX_KEY_SI ZE)
return FALSE;

el se
return TRUE;
}
/* -- Non-exported hash functions -- */
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/* -- Function hash

* Pre: '"text' is a valid nul-termnated string
* Post: returned has val ue of string

*/

unsi gned hash(char *text)

{

unsi gned hash;

hash = 0;

while (*text != EOS) {
hash += *text;
t ext ++;

}
hash % hash_ADO hashSi ze;

return hash;

}

/* -- Function hashEntry

* Pre: 'index' is a valid hash

* Post: (a pointer to the indexed entry was returned) ||
* (an error occurred & NULL was returned)

*/

ht abl eEnt ryTag *hashEnt ry(unsi gned i ndex)

if (index >= hash_ADO hashSi ze)
return NULL;

return (hash_ADO table + index * MAX KEY_SI ZE);
}

/* --- END of htable.c --- */

9.3.6 smdarray

Enables the use of infinitely-dimensioned arrays in C. When
collecting n-gram transition data for a (say) 29-class problem, you’'ve
got a big transition array. You won't be able to alocate it. This
modul e manages sparse any-dimensioned arrays.

Purpose

Author | Dylan Muir (dr.muir@student.qut.edu.au)

Date | 22" September, 1999

Modified | 6™ October, 1999

Module version | 0.04

In this module, only integers can be stored in the array. This is
Notes | relatively easy to modify in the code, but no typedef statement exists
to doit. Consider this alimitation of the module at present.

Other required

StdDefs
modules

Examples

Create the array by using sArrayCreate.  The example we will use is an array
saTransition[29][29][29][29].

sndarray saTransition;
saTransition = sArrayCreate();

This will return NULL if it fails to allocate the array. To access the array, you must specify the
number of dimensionsit has in the tool function call.

sArray...(saTranstion, 4, ..., i, |, k, m;
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The four dimensions are i, j, k and m. To use a higher number of dimensions, insert the number of
dimensions in place of ‘4’ and append the extra dimensions to the end of the function call. Like
printf, the sArray... functions use variable-length argument lists.

To insert something in our array, we'll use sArrayAssign.
SsArrayAssi gn(saTransition, 4, -1, 8, 23, 12, 81);

This call assignsthe value ‘-1’ to saTransition[8][23][12][81]. It will create the cell in the array if
it doesn't aready exist. At this stage, only the cell at saTransition[8][23][12][81] exists. The
function will return FAL SE if it failsto allocate a cell.

Data structure explanation

Each node in the structure corresponds to an index along a dimension in the array. Each node has
an index associated with it, a place to insert a value if the node is a leaf, a link along to the next
index in the current dimension and a link to the next dimension if the node is not a leaf. The
number of dimensions that have been used to create the array is not stored, and the responsibility to
ensure that the indices are valid falls to the user.

T~ nD
ZI:J
nl
nD
5 ]
nl
v nD 3 ni 4 ] 7 ]
6 F—> > > a
nl nD nD nD
v nD nD
9/  —r ... 1 4 X
nl nl
nD
2 12—
nl
vy D
8 -1 X
nl

In the diagram above, an array with three dimensions is being accessed. The target cell is
smArray[6][7][8]. The first dimension is traversed from the root of the structure. When the
desired index is reached, the nextDimension index is traversed to obtain the list corresponding to
the higher dimension. This list is then traversed until the second index (7) is reached. The higher
dimension is again accessed, and the list traversed until the leaf corresponding to index (8) is
reached. The data stored in thiscell is accessed.

Note that there is no data stored in cells that do not represent the final dimension. As mentioned
above, thisis not enforced by the module. It is up to the user to ensure that the dimensionality of
arrays is consistent. If the array was accessed using two dimensions, for example smArray[6][7],
then the cell a would be accessed.
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smdarray.h

/* sndarray -- Sparse Milti-Dinensional Arrays

* Author: Dylan Miir (dr.nmuir@tudent. qut.edu. au)

* QUT MLRC LPG Senester 2 1999

* Date: 22nd Septenber, 1999

* Modified: 27th Septenber, 1999 (hbtm

* 6th QOctober, 1999

* Version: 0.04

*

* Description: This nodule allows for the use of infinitely-dinmensioned
* sparse arrays. You'll have problens in C when you start
* doing 4- and 5-gramtransition tables of 29-class data.
* Allocating the array is HUGE (29 * 29 * 29 * 29 = 707281
* cells for 4-gram) and nost of the el ements won't even be
* used! This nodul e provides the solution.

*

/

#ifndef __sndarray_h
#define __sndarray_h

/* -- sndarray defines -- */
#define snd_MAX DI MENSIONS 100
/* -- sndarray required nodules -- */

#i ncl ude "stddefs. h"

/* -- sndarray structure -- */

typedef struct sndArrayTag {

int i ndex, /* index in current dinmension */
cell; /* contents of current cell */
struct sndArrayTag *nextCell, /* iterator within dinmension */
*next Di mensi on; /* pointer to higher dinmension */

} *sndarray; /* default typenane to use */
/* -- sndArray functions -- */
/* -- Function sArrayCreate
* Pre: TRUE
* Post: returns an enpty sndarray or NULL if creation failed

*/
sndarray sArrayCreate(void);

/* -- Function sArrayDestroy

* Pre: 'array' is a valid sndarray

* Post: all cells in "array' were destroyed & an enpty array was returned
*/

sndarray sArrayDestroy(sndarray array);

/* -- Function sArrayAccess

* Pre: 'array' is avalid created snd array

* "nunDi nensions' is the total nunber of di mensions you are accessing

* "..." is alist of indices into 'array'

* Post: (a value has been assigned to '"array[...]' && the value was returned) ||
* (a val ue has not been assigned to 'array[...]' && zero was returned)
*/

nt sArrayAccess(sndarray array, int nunDinmensions, ...);

* -- Function sArrayGCet Cel |

* Pre: 'array' is a valid created snd array

* "nunDi nensions' is the nunber of dinmensions to access in "array'

* "..." is alist of indices into 'array'

* Post: (a cell corresponding to "array[...]' was returned) ||

* (there was a problemw th allocation & NULL was returned)

* Note: Since sArrayGetCell will create a cell if one doesn't exist, indexing
* through "array' using sArrayGetCell would be exceedingly stupid, since
* when you finished you woul dn't have a sparse array anynore.

* You probably shoul dn't index along .nextCell and .nextD mension.
*/
sndarray sArrayGet Cel | (sndarray array, int nunDi nensions, ...);

/* -- Funcion sArrayDoesCel | Exi st

* Pre: 'array' is a valid created snd array

* "nunDi nensions' is the nunber of dinmensions to access in "array'
*

"..." is alist of indices into 'array'
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* Post: ('array[...]' has had a value assigned to it & TRUE was returned) ||

* ("array[...]"' has never had a value assigned to it &% FALSE was returned))
*/
bool sArrayDoesCel | Exi st (sndarray array, int nunDi nensions, ...);

/* -- Function sArrayAssign

* Pre: 'array' is a valid created snd array

* "nunDi nensions' is the nunber of dinmensions to access in "array'
* "value' is the value to assign to "array[...]"'

* '..." is alist of indices into 'array'

* Post: ('value' was assigned to 'array[...]' && TRUE was returned) ||
* (there was a problemw th allocation & FALSE was r et urned)

*/

bool sArrayAssign(sndarray array, int nunDinensions, int value, ...);
/* -- Function sArrayl ncrenent

* Pre: 'array' is a valid created snd array

* "nunDi nensi ons' is the nunber of dinmensions to access in 'array’

* "delta' is a nunber to add arithnetically to "array[...]"

* "..." is alist of indices into 'array'

* Post: ('array[...]' was increnmented by 'delta' && TRUE was returned) ||
* (there was a problemw th allocation & FALSE was ret urned)

*/

bool sArraylncrenent(sndarray array, int nunDinensions, int delta, ...);
/* -- Function sArrayCount Leaves

* Pre: 'cell' is avalid cell in an snd array

* Post: the nunmber of |eaves in subdinmensions off 'cell' was returned
*/

nt sArrayCount Leaves(sndarray cell);

/* -- Function sArrayBranchWei ght

* Pre: 'cell' is avalid cell in an snd array
* Post: the values of all the |leaves of '‘cell' were summed and returned
*/

nt sArrayBranchWi ght (sndarray cell);

#endi f /* __smdarray_h */

/* --- END of sndarray.h --- */

smdarray.c

/* sndarray -- Sparse, nulti-dinensional arrays
* see sndarray.h for details

*/

/* -- sndarray includes -- */

#i ncl ude "sndarray. h"
#i ncl ude "stddefs. h"
#i ncl ude <stdlib. h>
#i ncl ude <stdarg. h>
#i ncl ude <stdio. h>

/* -- sndarray hel per functions prototypes -- */

* -- Function sArrayEnsureCel | Exi stsDi screte
* Pre: 'array' is a valid created snd array
* "nunDi nensi ons' is the nunber of dinmensions to access in 'array’
* "indices' is an integer array of the indices, of order 'nunDi nensions'
* Post: (a cell representing '"array[indices]' was returned) ||
(there was a problemw th allocation & NULL was returned)

*

*/

sndarray sArrayEnsureCel | Exi stsDi screte(sndarray array, int nunDinmensions, int indices[]);
/* -- Function sArrayDoesCel | Exi st Di screte

* Pre: 'array' is a valid created snd array

* "nunDi nensions' is the nunber of dinmensions to access in "array'

* "indices' is an integer array of the indices, of order 'nunDi nensions'

* Post: ('array[indices]' has had a alue assigned to it &% TRUE was returned) ||

* ("array[indices]' has not had a value assigned to it &% FALSE was ret urned)
*/

bool sArrayDoesCel | Exi st Di screte(sndarray array, int nunDi mensions, int indices[]);
/* -- Function sArrayQueryCel | Di screte

* Pre: 'array' is a valid created snd array

* "nunDi nensions' is the nunber of dinmensions to access in "array'

* "indices' is an integer array of the indices, of order 'nunDi nensions'
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* Post: (a cell representing 'array[indices]' was returned if one exists) ||
* (the cell doesn't exists & NULL was returned)
*/
sndarray sArrayQueryCel | Di screte(sndarray array, int nunDinmensions, int indices[]);

/* -- Function sArrayMakeCel |

* Pre: 'index' and 'value' are reasonable integers

* Post: (a cell was created, 'index' and 'value' were assigned to it, the

* next Cel | and next Di mensi on indices were set to NULL & the cell was returned) ||
* (there was a problemw th allocation & NULL was returned)

*/

sndarray sArrayMakeCel | (i nt index, int value);

/* -- sndarray functions -- */

sndarray sArrayCreate(void)

{
sndarray array;
return sArrayMakeCel | (0, 0);
}
int sArrayAccess(sndarray array, int nunD nensions, ...)
{
va_list pindex;
int *i ndi ces,
dl ndex;
if (!(indices = (int *) malloc(sizeof(int) * nunDi nmensions)))
return O;
va_start (pi ndex, nunDi nensions);
dl ndex = 0;
whi l e (dl ndex < nunDi nensions) {
i ndi ces[dl ndex] = va_arg(pindex, int);
dl ndex++;
va_end( pi ndex) ;
if (!sArrayDoesCel | Exi stDi screte(array, nunDi nensions, indices))
return O;
return sArrayQueryCel | Di screte(array, nunDi nensions, indices) -> cell;
}
sndarray sArrayGetCel | (sndarray array, int nunDinmensions, ...)
{
va_list pindex;
int *i ndi ces,
dl ndex;
if (!(indices = (int *) malloc(sizeof(int) * nunDi nmensions)))
return NULL;
va_start (pi ndex, nunDi mensions);
dl ndex = 0;
whi | e (dl ndex < nunDi nensions) {
i ndi ces[dl ndex] = va_arg(pindex, int);
dl ndex++;
va_end( pi ndex) ;
return sArrayEnsureCel | Exi stsDi screte(array, nunDi nensions, indices);
}
bool sArrayDoesCel | Exi st (sndarray array, int nunDinensions, ...)
{
va_l i st pindex;
int *indi ces,
dl ndex;

if (!(indices = (int *) malloc(sizeof(int) * nunDi mensions)))
return FALSE;

va_start (pi ndex, nunDi nensions);

dl ndex = 0;

whi l e (dl ndex < nunDi nensions) {
i ndi ces[dl ndex] = va_arg(pindex, int);
dl ndex++;
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va_end( pi ndex) ;

return sArrayDoesCel | Exi st Di screte(array, nunDi nmensions, indices);

}
bool sArrayAssign(sndarray array, int nunDinensions, int value, ...)
{
va_list pi ndex;
i nt *i ndi ces,
dl ndex;
sndarray cell;
if (!(indices = (int *) malloc(sizeof(int) * nunDi nensions)))
return FALSE;
va_start (pi ndex, value);
dl ndex = 0;
whi | e (dI ndex < nunDi nensions) {
i ndi ces[dl ndex] = va_arg(pindex, int);
dl ndex++;
va_end( pi ndex) ;
if (!(cell = sArrayEnsureCel | Exi stsDi screte(array, nunD nensions, indices)))
return FALSE;
cell -> cell = value;
return TRUE;
}
sndarray sArrayDestroy(sndarray array)
if (array -> nextDinmension != NULL)
array -> nextDinmension = sArrayDestroy(array -> nextDi nension);
if (array -> nextCell != NULL)
array -> nextCell = sArrayDestroy(array -> nextCell);

free(array);
return NULL;
}

bool sArrayl ncrenment (sndarray array, int nunDinensions, int delta, ...)

{
va_list pi ndex;
int *indi ces,
dl ndex;
sndarray cell;

if (!(indices = (int *) malloc(sizeof(int) * nunDi mensions)))
return FALSE;

va_start (pindex, delta);

dl ndex = 0;

whi l e (dl ndex < nunDi nensions) {
i ndi ces[dl ndex] = va_arg(pindex, int);
dl ndex++;

va_end( pi ndex) ;

if (!(cell = sArrayEnsureCel | Exi stsDi screte(array, nunDi nensions, indices)))
return FALSE;

cell -> cell += delta;
return TRUE;
}

int sArrayCount Leaves(sndarray cell)
t
int count;
count = O;
if (cell -> nextDinmension == NULL)
count += 1;
el se
count += sArrayCountLeaves(cell -> nextDi nension);

if (cell -> nextCell != NULL)
count += sArrayCountLeaves(cell -> nextCell);

return count;
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int sArrayBranchWei ght (sndarray cel l)

{
int wei ght ;
wei ght = 0;
if (cell -> nextDimension == NULL)
wei ght += cell -> cell;
el se
wei ght += sArrayBranchWei ght (cell -> next Di nension);
if (cell -> nextCell != NULL)
wei ght += sArrayBranchWeight(cell -> nextCell);
return wei ght;
}
/* -- sndarray hel per functions -- */

bool sArrayDoesCel | Exi st Di screte(sndarray array, int nunDi nensions, int indices[])

{
}

sndarray sArrayQueryCel | Di screte(sndarray array, int nunDinensions, int indices[])

{

return (sArrayQueryCel | Di screte(array, nunDi nmensions, indices) != NULL);

int dl ndex;
sndarray cell;

cell = array;
dl ndex = 0;
whi l e (dl ndex < nunDi nensions) {
while (cell -> index < indices[dlndex]) {
if (cell -> nextCell == NULL)
return NULL;
cell =cell -> nextCell;

if (cell -> index != indices[dlndex])
return NULL;
dl ndex++;
i f (dlndex < nunDi nensions) {
if (cell -> nextDi nmension == NULL)
return NULL;
cell = cell -> nextDi nension;

}

return cell;

sndarray sArrayEnsureCel | Exi stsDi screte(sndarray array, int nunDinensions, int indices[])
{

int dl ndex;

sndarray cell, newCell;

if (sArrayDoesCel | Exi st Di screte(array, nunDi nensions, indices))
return sArrayQueryCel | Di screte(array, nunDi nensions, indices);

cell = array;
dl ndex = 0;
whi l e (dl ndex < nunDi nensions) {
while (cell -> index < indices[dlndex]) {
if ((cell -> nextCell == NULL) || (cell -> nextCell -> index > indices[dlndex])) {
if (!'(newCell = sArrayMakeCell (indices[dlndex], 0)))
return NULL;
newCell -> nextCell = cell -> nextCell;
cell -> nextCell = newCell;
cell =cell -> nextCell;
dl ndex++;
i f (dlndex < nunDi nensions) {
if ((cell -> nextDimension == NULL) || (cell -> nextDi nmension -> index > indices[dlndex]))
{
if (!(newCell = sArrayMakeCell (indices[dlndex], 0)))
return NULL;
newCell -> nextCell = cell -> nextDi nension;
cell -> nextD nension = newCel | ;
cell = cell -> nextDi nmension;



}

if
printf("houston,
return NULL;

}

return sArrayQueryCel | Di screte(array,

}

sndarray sArrayMakeCel | (int

{
sndarray newCel | ;

if (!(newCell

return NULL;
newCel | =
newCel |
newCel |
newCel |

i ndex
cel |

next Cel |
next Di mensi on

->
->
->
->

= i ndex;
= val ue;

return newCel | ;

/* --- END of sndarray.c ---

9.3.7 TokenLst

(!'sArrayDoesCel | Exi stDi screte(array,

nunDi nensi ons, indices)) {
we have a problem\n");
nunDi nensi ons, indices);

i ndex, int value)

= (sndarray) malloc(sizeof (struct sndArrayTag))))

NULL;

NULL;

*/

Purpose | Separates whitespace-separated words into separate tokens.
Author | Dylan Muir (dr.muir@student.qut.edu.au)
Date | 29" September, 1998
Modified | 14™ September, 1999

Module version

111

Notes

Could be expanded to include different separators. Need to modify
TokenLst.c for this.

Other required

StdDefs

modules
TokenLst.h
/* TokenLst.h -- nodul e containing Token List ADT and token scanner
*
* Author: Dylan Miir
* Created: 29th Septenber, 1998
* Mbdified: 14th Septenber, 1999
* Version: 1.11
* Description: A tokenlist is an ordered |list of tokens. A token list is maintained in the
* sane order as the tokens were added. Tokens are separated by whitespace.
*/
#ifndef _ TOKENLST_H
#define _ TOKENLST_H

/*

struct tokenListTag {
char *token; /*
struct tokenListTag

}

typedef struct tokenListTag

Functi on Get Tokens
Pre: '"text'
Post: (Al

*/

-- TokenList data structure --

* NEXT,

*/

Token text */

/* Next token */

t okenlLi st ;

-- TokenLi st support functions -- */

is avalid string
t okens were scanned from'text'
* (the operation was unsuccesf ul

and returned as a list)
&& NULL was returned)

t okenLi st *Get Tokens(char *text);
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/*

*

*/

t okenLi st *AddToken(char tokenText[],

/*
*

*

*/

-- Function AddToken

Pre: 'tokenText' is a valid string & 'list' is a valid TokenLi st

Post: A token containing 'tokenText' was allocated and added to the end of

tokenLi st *list);

-- Function DestroyTokenLi st
Pre: '"list' is a valid TokenLi st
Post: 'list' was deallocated & an enpty TokenLi st was returned

t okenLi st *DestroyTokenLi st (tokenList *list);

/*
*
*

*/

-- Function Concat enat eTokenLi st
Pre: 'listl" and 'list2' are valid TokenLists
Post: 'list2' was appended to 'listl' and the resulting list was returned

t okenLi st *Concat enat eTokenLi st (t okenLi st *list1,

/*
*
*
*/

int

tokenLi st *list2);

-- Function TokenLi stLength

Pre: '"list' is a valid NULL-term nated token Ii st

Post: the length of 'list' has been counted and was returned
TokenLi st Lengt h(t okenLi st *list);

#endif  /* _ TOKENLST_H */

"list'

| TokenLst.c

/* TokenLst.c -- Modul e containing Token |ist ADT and token scanner
*

*

*/

See include file for details

#i ncl ude "tokenl st. h"
#i ncl ude "stddefs. h"

#i ncl ude <string. h>
#i ncl ude <nal | oc. h>

#define CreateString(length) ((char *) malloc(length))
/* -- Non publicly declared function prototypes -- */
/* char *CreateString(int length); */

t okenLi st *Creat eToken(void);

/*

| *
*/

-- Publicly Declared functions -- */

-- Function Get Tokens

t okenLi st *Get Tokens(char *text)
bool inToken; /* Are we currently in a token? */
char read, /* Last read character */
*t okenBuf fer, /* Buffer for reading a token */
*i ndex; /* index into tokenBuffer */
t okenLi st *|ist; /* Token list to return */

if ((tokenBuffer = CreateStri ng(MAXSTRING ) ==
return NULL;

list = NULL; /* Reset token list */
i ndex = tokenBuffer; /* Reset index */
i nToken = FALSE; /* Reset flags */
while (TRUE) { /* Al returns are fromw thin |oop */
read = *text++;
switch (read) {
case ECS: /* End of string */

if (inToken) {
*i ndex = ECS;
i nToken = FALSE;

NULL) /* Allocate token buffer */

i ndex = tokenBuffer; /* Reset

/* Nul-term nate */
/* No longer in a token */

i ndex */

list = AddToken(tokenBuffer, list); /* Add token to |ist

*/
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free (tokenBuffer); /* Deal | ocate token buffer */

return |ist; /* Exit, return token list */
/* break; */
case ' ': /* \Wi tespace */
case TAB:
if (inToken) {
i nToken = FALSE; /* No longer in a token */
*index = ECS; /* Nul -term nate string */
i ndex = tokenBuffer; /* Reset index */

list = AddToken(tokenBuffer, list); /* Add token to list */

} else
; /* not in a token, so ignore */

br eak;

defaul t:

if (!inToken) /* If we're not in a token, then... */
i nToken = TRUE; /* start of a new token */

*i ndex++ = read; /* In a token, so copy */

br eak;

/* -- Function AddToken
*/
t okenLi st *AddToken(char tokenText[], tokenList *list)

t okenLi st *insert, /* index to insert option at */
*i ndex;
if ((insert = CreateToken()) == NULL) /* Can we create a token? */

return NULL;

strncpy(insert -> token, tokenText, MAXSTRING - 1); [/* Copy token text */

index = |ist; /* Reset index into token list */
if (index != NULL) { /* Is it anull list */
whil e (index -> NEXT !'= NULL) /* Loop until end of list */
i ndex = index -> NEXT; /* Step through list */
index -> NEXT = insert; /* Insert token at end of list */
return list; /* return list */
}
return insert; /* Otherwise just return token (only node in list) */
}
/* -- Function DestroyTokenLi st
*/
t okenLi st *DestroyTokenLi st (t okenLi st *Ilist)
if (list !'= NULL) { /* Is it not a null list? */
DestroyTokenLi st (list -> NEXT); /* Recursive call */
free (list -> token); /* Free token text */
free (list); /* Free token structure */
}
return NULL; /* return an enpty list */

t okenLi st *Concat enat eTokenLi st (t okenLi st *listl, tokenList *list2)

t okenLi st *i ndex;

if (list2 == NULL) /* No list 2 */
return listl;
if (listl == NULL) /* No list 1 */

return |ist2;
index = list1;

whil e (index -> NEXT != NULL) /* Shuffle to end of list */
i ndex = index -> NEXT;
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index -> NEXT = list2;

return listl;

/* Return the resulting list */

i nt TokenLi stLengt h(tokenList *Ilist)

{
int I ength = 0;

while (list I'= NULL) {
| engt h++;
list = list -> NEXT,;
}

return | ength;

/* -- End of publicly declared functions -- */

* --- Function CreateString
* Pre: TRUE

* Post:

*

char

{

(Menory for a string of length 'length' was allocate dand returned) ||
(There was insufficient nmenory & & NULL was ret urned)

*CreateString(int |ength)

return (char *) malloc(length);

I

/* -- Function CreateToken
* Pre: TRUE
* Post:

* (The operation was unsuccessful

*/
t okenLi st *Creat eToken(voi d)

t okenLi st *t enpToken;

(A token was allocated and returned) ||

&% NULL was returned)

/* Tenporary token for allocation */

if ((tenmpToken = (tokenList *) nalloc(sizeof (tokenList))) == NULL)

return NULL;

if ((tempToken -> token =

free (tenpToken);
return NULL;

}
tenpToken -> NEXT = NULL;

return tenpToken;

/* -- END of TokenLst.C -- */

9.3.8 TokScan

CreateString(MAXSTRING) ) == NULL) {

/* Send back token */

Purpose | Usesthe token list data structure to retrieve tokens from afile.
Author | Dylan Muir (dr.muir@student.qut.edu.au)
Date | 29" September, 1998
Modified | 10" May, 1999

Module version

1.01

Other required
modules

StdDefs, TokenL st

TokScan.h

/* TokScan.h -- Token scanni ng engi ne

*

* Aut hor:
* Date: 29th Septenber,

* Modified: 10th May, 1999
* \ersion: 1.01

*/

#i f ndef
#defi ne

__TOKSCAN_H
~ TOKSCAN_H

Dyl an Miir [dr.nuir@tudent. qut.edu. au]
1998
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#i ncl ude <stdio. h>
#i ncl ude "tokenl st. h"
#i ncl ude "stddefs. h"

* -- Function ReadLi neTokens

* Pre: 'file' is a text file opened for reading

* "inFile' has been allocated, and indicates wether EOF has been reached
* Post: a line of text up to an EOL or ECF has been scanned and

* converted into a token list, which was returned

*

t okenLi st *ReadLi neTokens(FILE *ifile, bool *inFile);

/* -- Function ReadLi neText

* Pre: 'file' is a text file opened for reading

* "buffer' has been allocated, and has max length 'length

* "inFile' has been allocated, and indicated wether EOF has been reached

* Post: 'buffer' contains a line of text up to EOL or EOF (defined in stddefs.h) &&
* "inFile' indicates whether EOF has been reached

*

void ReadLineText(FILE *ifile, char *buffer, unsigned length, bool *inFile);

#endif  /* _ TOKSCAN H */

/* --- END of TokScan.h --- */
| TokScan.c
/* tokscan.c -- Token scanni ng engi ne

* See tokscan.h for details
*/

#i ncl ude "stddefs. h"

#i ncl ude "tokscan. h"

#i ncl ude "tokenl st.h"

/* -- Exported functions -- */

t okenLi st *ReadLi neTokens(FILE *ifile, bool *inFile)
char buffer[ MAXSTRI NG * 4];
ReadLi neText (i file, buffer, MAXSTRING * 4, inFile)

return Get Tokens(buffer)
}

voi d ReadLi neText (FILE *ifile, char *buffer, unsigned |ength, bool *inFile)
{

char r ead; /* Character read from'file' */
unsi gned count ; /* nunber of characters in 'buffer' */
count =0

fread(&ead, 1, 1, ifile);
while (read != EQL && *inFile) {
if (feof(ifile))
*inFile = FALSE
el se {

*puf fer++ = read
count ++

if (count == length - 1) /* Filled the buffer */
br eak;

}

fread(&ead, 1, 1, ifile);
}

*buffer = ECS;

/* --- END of TokScan.c --- */
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9.3.9 vector_utils

Purpose | A series of functions for dealing with vectors.

Author | Dylan Muir (dr.muir@student.qut.edu.au)

Date | 14™ September, 1999

Modified | 13" July, 2000

Module version | 0.12

Other required

modules 2darray

vector_utils.h

/* Vector utils: a series of functions for dealing with vectors
*

* Author: Dylan Miir (dr.nmuir@tudent. qut. edu. au)
* QUT MLRC LPG Senester 2 1999
* Date: 14th Septenber, 1999

* Modified: 13th July, 2000

* Version: 0.12

*/
#i fndef __vector_utils_h
#define __vector_utils_h
/* -- Vector includes */

#i ncl ude "stddefs. h"
/* -- Vector structures */

typedef struct {

int di nensi ons;
doubl e  *components;
} vector;
/* -- Vector functions */

/* -- Function VectorAllocate
Pre: 'dinensions' is the nunber of dinensions to allocate for this vector
Post: (The vector was allocated && returned) ||
(there was an error allocating the vector & NULL was returned)
Not e: a new vector has undefined conponents
/

vector *VectorAllocate(int dinmensions);

E I T

/* -- Function VectorConstruct

* Pre: 'dinmensions' is the nunber of dinmensions to allocate for this vector

* ' conponents' is a double array of conponents to place in this vector

* Post: (A new vector was allocated based on 'conponents', the contents of

* ' conponents' was copied into the vector & the vector was returned) ||
* (There was an error allocating the vector & NULL was returned)

*/

vector *VectorConstruct(int dinensions, const double *conponents);

/* -- Function VectorDeal | ocate
* Pre: 'vect' is a valid allocated vector
* Post: 'vect' was deallocated & NULL was returned
*/

vector *VectorDeal | ocat e(vector *vect);

/* -- Function VectorEuclideanD st

* Pre: 'vectl' and 'vect2' are valid allocated vectors

* the dinensionality of 'vectl' and 'vect2' is the sane
*/

doubl e Vector Eucl i deanDi st (vector *vectl, vector *vect2);

/* -- Function VectorLength

* Pre: 'vect' is a valid allocated vector

* Post: returned the euclidean distance fromO to 'vect'
*/

doubl e VectorlLength(vector *vect);

* -- Function VectorZero

* Pre: 'dimensions' >0

* Post: (returned a reference to a zero vector) ||

* (there was an error in allocation & returned NULL)
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* Note: VectorZero allocates a new vector, which you MIUST deal | ocate!

*/

vector *VectorZero(int dinensions);

/* -- Function VectorUnit

Pre: 'dinensions' > 0

Post: (returned a reference to a unit vector in 'dinensions' dinensions) ||
(there was an error in allocation & returned NULL)

Not e: VectorZero allocates a new vector, which you MJST deal | ocat e!

/

vector *VectorUnit(int dinensions);

E I

/* -- Function Vect or Dot Product
Pre: 'vectl' and 'vect2' are valid allocated vectors
the dinensionality of 'vectl' and 'vect2' is equal
Post: returned the dot product of 'vectl' and 'vect2'
Note: The nane for this function is a little anbi guous;
all the functions in the vector suite are prepended
with '"Vector', but this function perforns the
_scalar_ dot product of two vectors. There's no
thing as a vector dot product, is there?

¥k ok ok ok k3 k F F

~

doubl e Vect or Dot Product (vector *vectl, vector *vect2);

/* -- Function Vector Sum

* Pre: 'vectd' and 'vects' are valid allocated vectors

* the dinensionality of 'vectd and 'vects' is the sane
* Post: 'vectd = 'vectd + 'vects'

*

/
voi d VectorSun(vector *vectd, vector *vects);

/* -- Function Vector Sub

* Pre: 'vectd' and 'vects' are valid allocated vectors

* the dinensionality of 'vectd and 'vects' is the sane
* Post: 'vectd = 'vectd - 'vects'

*

/
voi d VectorSub(vector *vectd, vector *vects);

/* -- Function VectorNeg

* Pre: 'vect' is a valid allocated vector
* Post: 'vect' = -'vect'

*/

voi d Vector Neg(vector *vect);
/* -- Function Vector Square

Pre: '"vect' is a valid allocated vector

Post: arg(i) 'vect'i = 'vect'i * 'vect'i

i.e. each elenment of the vector is squared

Note: Perforns x.”"2
/
voi d Vector Squar e(vector *vect);

E T

/* -- Function VectorMiltiplyScal ar
* Pre: 'vect' is a valid allocated vector
* "scalar' is a valid nunber
* Post: 'vect' = 'vect' * 'scalar’
*

/
voi d VectorMiltiplyScal ar(vector *vect, double scalar);

/* -- Function VectorDivideScal ar
* Pre: 'vect' is a valid allocated vector
* "scalar' is a valid nunber
* Post: 'vect' = 'vect' / 'scalar’
*

voi d VectorDivideScal ar(vector *vect, double scalar);
/* -- Function Vector MakeCopy

* Pre: 'vect' is a valid allocated vector

* Post: (a copy of 'vect' was allocated and returned ) ||

* ( there was an error with allocation & NULL was returned)
*/

vect or *Vect or MakeCopy(vector *vect);

/* -- Function Vect or MakeHonbgeneous

* Pre: 'vect' is a valid allocated vector

* Post: (a new vector was created containing ['vect', 1.0]) ||

* (there was an error with allocation & NULL was returned)
*/

vect or *Vect or MakeHonbgeneous(vector *vect);

/* -- Function Vector MaxConponent
* Pre: 'vect' is a valid allocated vector
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* Post: the 0-offset index of the maxi mum conmponent of 'vect' was returned
* Note: in the case of a tie for maximum one of the indicies is returned
*/

i nt Vect or MaxConponent (vector *vect)

* -- Function Vectorldentical

* Pre: 'vectl' and 'vect2' are valid allocated vectors

* Post: (all conponents of 'vectl' are the same as 'vect2' && TRUE was returned) ||
* (FALSE was returned)

*

bool Vectorldentical (vector *vectl, vector *vect?2)

/* -- Function Vector Manhat t anEnt r opy

* Pre: 'vectl' and 'vect2' are valid allocated vectors

* dinm('vectl') == din('vect2')

* Post: The Manhattan Di stance Entropy for 'vectl' and 'vect2' was
* cal cul ated and returned

* Note: H = Sum over dinensions(fd In(fd))

* Wiere fd = |ad - bd|] / Sumover d(|ad - bd|)

*/

doubl e Vect or Manhatt anEntropy(vector *vectl, vector *vect?2)

/* -- Function VectorCorrel ation
* Pre: 'vect' is a valid allocated vector
* "matrixSize' points to an allocated integer
* Post: The correlation matrix of 'vect' is returned as a 2D array of double
* The matrix is square; the size of the matrix is placed in 'matrixSi ze'
* NULL is returned if allocation is not possible. |In this case
* "matrixSize' is undefined
*
* Note: 'vect' =[a b c]
*
* R=1[a][a b c]
* [ b]
* [c]
*
* = [a2 ab ac]
* [ab b2 bc]
* [ac bc c2]
*

/
doubl e **VectorCorrel ati on(vector *vect, int *matrixSi ze)

#endif /* __vector_utils_h */

/* --- END of vector_utils.h --- */

vector_utils.c

/* Vector utils: a series of functions for dealing with vectors
*

* SEE vector_utils.h for details
*/
#i nclude "vector_utils.h"
#i ncl ude "2darray. h"
#i nclude <stdlib. h>
#i ncl ude <math. h>
#i ncl ude <nmenory. h>
#i f def UNI X
#i ncl ude <i eeefp. h>
#endi f
#i f def W N32
#i ncl ude <float. h>
#define FP_SNAN _FPCLASS SNAN
#endi f

#i ncl ude <stdio. h>

/* -- Vector macros -- */

#define SQR(Xx)  ((X) * (X))

#define ABS(x) ((x) <072 (-(x)) : (x))
/* -- Vector functions -- */

vector *Vector Al l ocate(int dinensions)

{

vect or *vect;
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if ((vect = (vector *) malloc(sizeof(vector))) == NULL)
return NULL;

if ((vect -> conponents = (double *) nalloc(di mensions * sizeof (double))) == NULL) {
free(vect);
return NULL;

}

vect -> di nensions = di nensions;
return vect;

}
vector *VectorConstruct(int dinmensions, const doubl e *conponents)
{
vect or *newvect ;
if (!(newect = VectorAllocate(dinensions)))
return NULL;
mencpy(newect -> conponents, conponents, dinensions * sizeof(double));
return newlect;
}
vector *VectorDeal | ocate(vector *vect)
{
free(vect -> conponents);
free(vect);
return NULL;
}
doubl e VectorLength(vector *vect)
{
vect or *zero;
double length;
if ((zero = VectorZero(vect -> dinmensions)) == NULL)
return 0.0;
| ength = VectorEucl i deanDi st(vect, zero);
Vect or Deal | ocat e(zero);
return | ength;
}
doubl e Vector Eucl i deanDi st (vector *vectl, vector *vect?2)
{
doubl e  di nensi onSum
int di mensi on;
if (vectl -> dinmensions != vect2 -> di mensions)
return 0.0;
di mensi onSum = 0. 0;
di mensi on = 0;
whi l e (dinmension < vectl -> dinensions) {
di mensi onSum += SQR(vect1 -> conponent s[di mension] - vect2 -> conponents[dinension]);
di mensi on++;
}
return sqrt(di mensi onSun;
}
vector *VectorZero(int dinensions)
{
vect or *zero;
int conpl ndex; /* index into conmponents */
if ((zero = VectorAllocate(dimensions)) == NULL)
return NULL;
conpl ndex = 0;
whi | e (conpl ndex < di nensions) {
zero -> conponents[conpl ndex] = 0.0;
conpl ndex++;
}
return zero;
}
vector *VectorUnit(int dinensions)
{

vect or *unit;
int conpl ndex; /* index into conmponenets */
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if ((unit = VectorAllocate(dinmensions)) == NULL)
return NULL

conplndex = 0

whi | e (conpl ndex < di nensions) {
unit -> conponents[conplndex] = 1/ (double) dinmensions
conpl ndex++

}

return unit;

}

doubl e Vect or Dot Product (vector *vectl, vector *vect?2)

doubl e product Sum
int di mensi on

if (vectl -> dinmensions != vect2 -> di nensions)
return 0.0;

product Sum = 0. 0;

dimension = 0

whi l e (dinmension < vectl -> dinensions) {
product Sum += vect1l -> conponents[di nensi on] * vect2 -> conponents[di nension];
di mensi on++

}
return product Sum
}
voi d Vector Sunm(vector *vectd, vector *vects)
{
int dl ndex;
if (vectd -> dinensions != vects -> di nensi ons)
return;
dl ndex = vectd -> dinmensions - 1
whil e (dlndex >= 0) {
vectd -> conponent s[dl ndex] += vects -> conponents[dl ndex];
dl ndex- -;
}
}
voi d Vector Sub(vector *vectd, vector *vects)
{
int dl ndex;
if (vectd -> dinensions != vects -> di nensions)
return;
dl ndex = vectd -> dinmensions - 1
while (dlndex >= 0) {
vectd -> conponents[dlndex] -= vects -> conponents[dl ndex];
dl ndex- - ;
}
}
voi d Vector Neg(vector *vect)
{
int dl ndex;
dl ndex = vect -> dinmensions - 1
whil e (dlndex >= 0) {
vect -> conponents[dlndex] = -(vect -> conponents[dlndex]);
dl ndex- - ;
}
}
voi d Vect or Squar e(vector *vect)
{
int dl ndex;
dl ndex = vect -> dinensions - 1
while (dlndex >= 0) {
vect -> conponents[dlndex] *= vect -> conponents[dlndex];
dl ndex- - ;
}
}

voi d VectorMuiltiplyScal ar(vector *vect, double scalar)
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int dl ndex,
di nensi ons; /* for speedup */
di nensi ons = vect -> di nensions;
dl ndex = 0;
whi l e (dlndex < dinmensions) {

vect -> conponents[dlndex] *= scalar;
dl ndex++;

}

voi d VectorDivideScal ar(vector *vect, double scal ar)

VectorMil tiplyScal ar(vect, 1.0 / scalar);

}
vector *Vect or MakeCopy(vector *vect)
{
vect or *newvect ;
int dl ndex; /* index into conponents (across dinensions) */
if (vect == NULL)
return NULL;
if (!(newect = VectorAllocate(vect -> dinmensions)))
return NULL;
dl ndex = 0;
whil e (dl ndex < vect -> dinensions) {
newect -> conponents[dlndex] = vect -> conponents[dlndex];
dl ndex++;
}
return newlect;
}
vector *Vect or MakeHonbgeneous(vector *vect)
{
vect or *homVect ;
int dl ndex; /* index into components (across dimensions) */
if (vect == NULL)
return NULL;
if (!(honVect = VectorAllocate(vect -> dinmensions + 1)))
return NULL;
dl ndex = 0;
whil e (dl ndex < vect -> dinensions) {
honVect -> conponents[dl ndex] = vect -> conponents[dl ndex];
dl ndex++;
}
homvVect -> conponents[vect -> dinensions] = 1.0;
return honVect;
}
int Vect or MaxConponent (vector *vect)
{
int i ndexMax,
cl ndex;
doubl e  nmaxConponent ;
maxConponent = vect -> conponents[0];
i ndexMax = O0;
clndex = 1;
whil e (clndex < vect -> dinensions) {
if (vect -> conponents[clndex] > maxConponent) {
maxConponent = vect -> conponents[cl ndex];
i ndexMax = cl ndex;
cl ndex++;
}
return i ndexMax;
}
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bool Vectorldentical (vector *vectl, vector *vect?2)

{

}

int cl ndex;
if (vectl -> dinmensions != vect2 -> di nensions)
return FALSE;
clndex = 0;
while (clndex < vectl -> dinensions) {
if (vectl -> conponents[clndex] != vect2 -> conponents][clndex])
return FALSE;
cl ndex++;
}

return TRUE;

doubl e Vect or Manhat t anEntropy(vector *vectl, vector *vect?2)

{
/

EE I

H = -sun(d)[fd * 1ogn(fd)]
|ad - bd|

sun(d)[|ad - bd|]

doubl e nDi st Sum fd, hSum
int dl ndex;

if (vectl -> dinmensions != vect2 -> di nensions)
return FP_SNAN;

nDi st Sum = 0. 0;
for (dindex = 0; dlndex < vectl -> dinensions; dlndex++)
nDi st Sum += ABS(vect1l -> conponents[dlndex] - vect2 -> conponents[dlndex]);

if (nmDistSum == 0.0)
return 0.0;

hSum = 0. 0;

for (dindex = 0; dlndex < vectl -> dinensions; dlndex++) {
fd = ABS(vectl -> conponents[dlndex] - vect2 -> conponents[dlndex]) / nDistSum
if (fd '=0.0) hSum-= fd * log(fd);

}

return hSum

doubl e **VectorCorrel ati on(vector *vect, int *matrixSi ze)

{

/*

double  **npatrix;
int x| ndex, vyl ndex;
doubl e  conponent;

*matri xSi ze = vect -> di mensions;
if ('Allocate2DArray((char ***) &matrix, *matrixSize, *matrixSi ze, sizeof(double)))
return NULL;

for (ylndex = 0; ylndex < *matrixSize; ylndex++) {
conmponent = vect -> conponents[ylndex];
for (xIndex = 0; xIndex < *matrixSize; xI|ndex++)
mat ri x[ xI ndex] [yl ndex] = conponent * vect -> conponents[ x| ndex];

}

return matrix;

--- END of vector_utils.c --- */

9.3.10vector_read

Purpose | Provides utilities for reading and writing vectors from file streams

Author | Dylan Muir (dr.muir@student.qut.edu.au)

Date | 14" September, 1999

Modified | 16™ September, 1999

Module version | 0.02
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Other required

StdDefs, Vector_Utils, TokenL st, TokScan

modules
vector_read.h
/* Vector read: utilities for reading and witing a vector
*
* Author: Dylan Miir (dr.muir@tudent. qut.edu. au)
* Date: 14th Septenber, 1999
* Modified: 16th Septenber, 1999
* Version: 0.02
*/
#i fndef __vector_read_h
#define _ vector_read_h
/* -- required nodules -- */
#i nclude "vector_utils.h"

#

ncl ude "stddefs. h"

#i ncl ude <stdio. h>
/* -- vector reading functions -- */
/* -- Function VectorReadLi ne
* Pre: 'input' is avalid file opened for reading
* "inFile' is an allocated boo
* Post: (a vector was read until EOL and was al |l ocated and returned) ||
* (there was a problemw th allocation & NULL was returned)
* "inFile' == (we have not reached EOF)
*

/
vector *Vector ReadLi ne(FILE *input, bool *inFile)
/* -- Function Vector ReadConponent s
Pre: "input' is a valid file openend for reading
"vect' is a valid allocated vector
"inFile' is an allocated boo

of conponents in 'vect' were assigned; the rest of

the line was discarded

*

*

*

*

* Post: an entire line of '"input' was read; only the nunber
*

*

* "inFile' == (we have not reached EOF)

*

/

voi d Vect or ReadConponent s(FI LE *i nput, vector *vect, boo

/* -- Function VectorWite
Pre: 'output' is a file opened for witing
"vect' is a valid allocated vector
Post: 'vect' has been witten to 'output
Note: 'vect's conponents are separated by tabs (\t)
/

void VectorWite(FlILE *output, vector *vect)

EE I

#endi f /* __vector_read_h */

/* --- END of vector_read.h --- */

vector_read.c

/* vector read: utilities for reading a vector

*

* SEE vector_read.h for details
*/

/* -- vector read includes -- */

#i nclude "vector_utils.h"
#i ncl ude "stddefs. h"

#i ncl ude <stdio. h>

#i ncl ude "tokenl st.h"

#i ncl ude "tokscan. h"

#i ncl ude <stdlib. h>

/* -- internal structures -- */

/* -- vector read functions -- */

vect or *Vect or ReadLi ne(FI LE *i nput, bool *inFile)
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voi

voi

/*

t okenLi st *t okens, *tindex;
vect or *vect;
int di nensi ons, conpl ndex;

*inFile = I'feof (i nput);

t okens ReadLi neTokens(i nput, inFi

if (tokens NULL) return NULL;

le);

/* nothing on the line */

di nensi ons = TokenlLi st Lengt h(t okens);

if ((vect
Dest royTokenlLi st (t okens);
return NULL;

}

tindex = tokens;

conpl ndex = 0;

whil e ((conpl ndex < dinensions) &&
vect -> conponent s[ conpl ndex]
tindex = tindex -> NEXT;
conpl ndex++;

}
Dest r oyTokenLi st (t okens);

return vect;

d Vect or ReadConponent s(FI LE *i nput,

t okenLi st *tokens, *tindex;

int di mensi ons, conpl ndex;
*inFile = I'feof (i nput);

t okens = ReadLi neTokens(i nput, inFi
if (tokens == NULL) return; /*

di nensi ons = vect -> di nensions;

tindex = tokens;

conpl ndex = 0;

whil e ((conpl ndex < dinensions) &&
vect -> conponents[conpl ndex]
ti ndex tindex -> NEXT;
conpl ndex++;

}

Dest royTokenLi st (t okens) ;

d VectorWite(FlLE *output, vector

int dl ndex; /* index into

dl ndex 0;
whi | e(dl ndex < vect -> dinensions)

fprintf(output, "98.2f\t", vect
dl ndex++;

}

--- END of vector_read.c --- */

9.3.11 cluster

= Vect or Al | ocat e(di nensi ons))

== NULL) {

(tindex !'= NULL)) {
atof (ti ndex -> token);

vector *vect, bool *inFile)

le);

nothing on the line */

(tindex !'= NULL)) {
atof (ti ndex -> token);

*vect)

di mensi ons */

{

-> conponent s[ dl ndex]);

Pur
urpose Vectors.

A series of functions designed to represent and manipulate clusters of

Author

Dylan Muir (dr.muir@student.qut.edu.au)

Date | 14™ September, 1999
Modified | 21% November, 2000
Module version | 0.05

Notes

Essentially alinked-list of vectors.




Other required

StdDefs, Vector Utils, Vector Read
modules - -

cluster.h

/

Dat e:

*
*
*
*
*
*
* \ersi
*/

#i f ndef
#def i ne

cluster: routines for dealing with clusters of vectors

Aut hor: Dylan Miir (dr.nuir@tudent. qut.edu.au)

QUT MLRC LPG Senester 2 1999
14t h Sept enmber, 1999

Modi fied: 21st Novenber, 2000

on: 0.05

__cluster_h
__cluster_h

/* -- required nodules -- */

#i ncl ude <stdio. h>
#i nclude "vector_utils.h"
#i ncl ude "stddefs. h"

/* -- d

uster structure -- */

struct clusterTag {
vect or *vect,
struct clusterTag *next;

be renoved

}s
typedef struct clusterTag cluster;
/* -- Cduster functions -- */
/* -- Function O usterNew
* Pre: TRUE
* Post: (a new enpty cluster was returned)
* Note: a new cluster is always enpty
*/
cluster *C usterNew(void);
/* -- Function d usterDestroy
* Pre: 'clust' is a valid allocated cluster
* Post: 'clust' was destroyed &% a NULL cluster was returned
*/
cluster *CusterDestroy(cluster *clust);
/* -- Function d usterAddVect or
* Pre: 'clust' is a valid allocated cluster
* "vect' is a valid allocated vector
* Post: a cluster containing both 'clust' and 'vect' was returned
*/
cluster *CusterAddVector(cluster *clust, vector *vect);
/* -- Function d usterRenoveVect or
* Pre: 'clust' is a valid allocated cluster
* "vect' is a valid allocated vector
* Post: a cluster with 'vect' renoved was returned
* Note: if two instances of 'vect' exist in 'clust', only one wll
*/
cluster *d usterRenoveVector(cluster *clust, vector *vect);
/* -- Function d usterMerge
* Pre: 'clustl' and 'clust2' are valid allocated clusters
* Post: a cluster containing both 'clustl' and 'clust2' was returned
*/
cluster *ClusterMerge(cluster *clustl, cluster *clust2);
/* -- Function dusterCentroid
* Pre: 'clust' is a valid allocated non-enpty cluster
* Post: the centroid of 'clust' was cal cluated and returned
* Note: this function allocates a new vector, which you
* MUST destr oy
*
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vect or *C usterCentroid(cluster *clust);

/* -- Function ClusterSize

* Pre: 'clust' is a valid allocated cluster

* Post: the nunber of vectors in 'clust' was returned
*/

int ClusterSize(cluster *clust);

/* -- Function ClusterlsEnpty

* Pre: 'clust' is a valid allocated cluster
* Post: returned (ClusterSize(clust) == 0)
*/

bool CusterlsEnpty(cluster *clust);

/* -- Function d usterReadFronFile
* Pre: 'inputFile' is a vector file opened for reading
* Post: Al the vectors from'inputFile' have been read and added to a cluster
* which is subsequently returned. |f no vectors could be read, an
*

enpty cluster is returned.
* Note: This relies on VectorReadLine. See vector_read.h for details
*/
cluster *d usterReadFronFil e(FILE *inputFile);

/* -- Function C usterCheckDi nensionality

* Pre: 'clust' is a valid allocated cluster

* Post: (all vectors in 'clust' have the same di mensions & TRUE was returned) ||

* (at | east one vector had a different nunmber of dinmensions &% FALSE was ret urned)
*/

bool O usterCheckDi mensionality(cluster *clust);

* -- Function CusterVectorlsln

* Pre: 'clust' is a valid allocated cluster

* "vect' is a valid allocated vector

* Post: ('vect' is in 'clust' & & TRUE was returned) ||

* ('vect' was not found in 'clust' && FALSE was returned)
*/

bool C usterVectorlsln(cluster *clust, vector *vect);

/* -- Function C usterMkeCopy

* Pre: 'clust' is the cluster to copy

* Post: a copy of 'clust' was made and returned
*/

cluster *d usterMakeCopy(cluster *clust);

#endi f /* __cluster_h */

/* --- END of cluster.h --- */

cluster.c

/* cluster : routines for dealing with clusters of vectors
*

* SEE cluster.h for details

*/

#i nclude "cluster.h"

#i nclude "vector_utils.h"
#i ncl ude "vector_read. h"
#i ncl ude "stddefs. h"

#i ncl ude <stdlib. h>

cluster *ClusterAlloc(void)

cluster *clust;

if ((clust = (cluster *) malloc(sizeof(cluster))) == NULL)
return NULL;

clust -> vect
clust -> next

NULL;
NULL;

return clust;
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/* -- Cduster functions -- */

bool CusterlsEnmpty(cluster *clust)

{

return (clust == NULL);
}
cluster *Cl usterNew voi d)
{

return NULL;
}

cluster *ClusterDestroy(cluster *clust)

if (AusterlsEmpty(clust))
return NULL;

clust -> next = CusterDestroy(clust -> next);
Vect or Deal | ocate(cl ust -> vect);
free(clust);
return NULL;
}

cluster *d usterAddVector(cluster *clust, vector *vect)

{

cluster *newd uster;

if (vect == NULL)
return clust;

if ((newduster = CusterAlloc()) == NULL) {
ClusterDestroy(clust);
return NULL;

}
newd uster -> vect = vect;
newC uster -> next = clust;

return newd uster;

}
cluster *ClusterMerge(cluster *clustl, cluster *clust?2)
cluster *clndex;

if (ClusterlsEmpty(clustl))
return clust2;

if (AusterlsEnmpty(clust2))
return clustl;

clndex = clustl;
while (clndex -> next !'= NULL)
clndex = clndex -> next;

clndex -> next = clust?2;
return clustil;

}

vector *ClusterCentroid(cluster *clust)

{

vect or *vect Sum
cluster *clndex; /* index into cluster */

if (CAusterlsEmpty(clust))
return NULL;

if ((vectSum = VectorZero(clust -> vect -> dinmensions)) == NULL)
return NULL;

clndex = clust;

while (clndex !'= NULL) {
Vect or Sun{vect Sum clndex -> vect);
clndex = clndex -> next;

}
Vect or Di vi deScal ar (vect Sum (double) dusterSize(clust));

return vect Sum
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int ClusterSize(cluster *clust)

t .
int si ze;
cluster *clndex;
if (ClusterlsEmpty(clust))
return O;
size = 1;
clndex = clust;
while (clndex -> next !'= NULL) {
Si ze++;
clndex = clndex -> next;
}
return size;
}

cluster *ClusterReadFronFil e(FILE *inputFile)

cluster *clust = CusterNew();
bool inFile;

inFile = TRUE;
while(inFile) {

clust = ClusterAddVector(clust, VectorReadLine(inputFile, & nFile));
}

return clust;

}

cluster *C usterRenoveVector(cluster *clust, vector *vect)

cluster *clndex,
*cTenp;

if (vect == NULL)
return clust;

if (clust == NULL)
return clust;

if (Vectorldentical (clust -> vect, vect)) {
cTemp = clust -> next;
clust -> next = NULL;
clust = CusterDestroy(clust);
return cTenp;

}
clndex = clust;
while (clndex -> next !'= NULL) {
if (Vectorldentical (clndex -> next -> vect, vect)) {
cTemp = clndex -> next;
clndex -> next = clndex -> next -> next;
cTenp -> next = NULL;
cTemp = ClusterDestroy(cTenp);
return clust;
}
clndex = clndex -> next;
}

return clust;

bool dusterVectorlsln(cluster *clust, vector *vect)
cluster *clndex;

if (vect == NULL)
return FALSE;

if (clust == NULL)
return FALSE;
clndex = clust;
while (clndex !'= NULL) {
if (Vectorldentical (clndex -> vect, vect)) {
return TRUE;

clndex = clndex -> next;

221



}

bool

{

return FALSE;

int di mensi ons;
cluster *clndex;

if (clust == NULL) return TRUE

Cl ust er CheckDi nensi onal i ty(cluster *clust)

/* dimension to check agai nst */
/* index into cluster */

/* enpty cluster, so we pass */

di rensions = clust -> vect -> dinensions;

clndex = clust -> next;

while (clndex !'= NULL) {

/* the first one passes by definition */

if (clndex -> vect -> dinensions != di mensions)

return FALSE;

clndex = clndex -> next;

}

return TRUE;

cluster *C usterMakeCopy(cluster *clust)

/*

cluster *newd ust;

if (clust == NULL)

return NULL;
newd ust = NULL;
newd ust =

Cl ust er AddVect or (newCl ust, Vect or MakeCopy(clust -> vect));

newCl ust -> next = C usterMakeCopy(clust -> next);

return newd ust;

--- END of cluster.c --- */

9.3.12 corr_matrix

Implementation of the second-order (correlation matrix) distance

Purpose
measure.
Author | Dylan Muir (dr.muir@student.qut.edu.au)
Date | 5" November, 1999
Modified | 15" December, 2000

Module version

0.21

Notes

This is by far the most complicated module in the repertoire. |
strongly suggest reading the implementation description and
other notes in section 2.2 of this report, in order to understand the
second-order distance measure as well as the correlation matrix
cluster representation.

Other required
modules

2darray, Vector_Utils, Vector_Read, cluster, gauss

Acknowledgements

Lipson, H., Siegelmann, H. T., High Order Shape Neurons for
Data Structure Decomposition

corr_matrix.h

/* Corr_matrix -- correlation maxtrix inplenmentation for 2nd order clustering

*

*
*
*
*
*
*
*
*

Aut hor: Dylan Miir (dr.nuir@tudent. qut.edu.au)
(c) QUT MLRC Senester 2 1999
(c) QUT MLRC Senester 1 2000
(c) QUT MLRC Senester 2 2000

Date: 5th Novenber, 1999

Modi fi ed: 15th Decenber, 2000 (Post- GST)

Version: 0.21
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* Aknow edgenents: Lipson, H, Siegelmann, H T., "Hi gh Oder Shape Neurons for Data Structure
Deconposi ti on"
*

* Uses: Vector_utils, Custer, Stddefs

*/

#ifndef __corr_matrix

#define __corr_matrix

/* -- Correlation matrix includes -- */

#i ncl ude <stdlib. h>
#i nclude "cluster.h"
#i ncl ude "vector_utils.h"
#i ncl ude "stddefs. h"

#i f def W N32
#i ncl ude <fl oat. h>
#define FP_SNAN _FPCLASS SNAN

#endi f

#define M N_VECTORS | N _CLUSTER 8 /* approximate cluster with a dummy until we have x vectors
*/

#define | N TIAL_DI STANCE 0.1 /* for an approximate cluster, how far away */

/* fromthe centroid to put the dummy points */

typedef struct CMatrixTag {

int di nensi ons, /* Dimensionality of vectors */
num vect ors; /* Used for normalising MATRI X */
double  **NMATRI X, /* Covariance matrix [dimx dim */
** | NVERSE, /* Correlation matrix inverse [dim+ 1 x dim+ 1] */
avCorrel ation, /* Average correlation fromall vectors within cluster */
st ddevCorr; /* Standard deviation correlation for all vectors within cluster */
bool si ngul ar, /* Matrix is singular */
val i dAverage, /* Average correlation is valid (otherwise calculate it) */
i sDumy; /* I's this matrix a dummy cluster? */
vect or *centroid; /* Euclidean centroid of cluster */
cluster *vector_set; /* Set of vectors conprising cluster */

} *corrMatrix;

/* Notes
* The full (conceptual) correlation matrix contains vectors in honbgeneous
* form and augnents the correlation terms with what becomes effectively the
* cluster centroids along the right side and on the bottom The full matrix
* is also in normalised form
* Rh = Sum (cluster) [X Trans(X)] <-- Trans == transpose (i.e. vector product)
*
* = Sum([a][a b ¢ 1]
* [ b]
- [c] _
* [1] <-- Honpgeneous formadds this to every pattern vector
*
* = Sum (j) [a2 ab ac | a] = Rh(j)
* [ba b2 bc | b]
* [cacb c2 | c]
*
[--------- + ]
* [ a b c 1]
* This matrix is then nornalised by dividing by size(cluster)
* The correlation of a vector with (cluster) is given by finding the
* product of X * the inverse of Rh * Trans(X)

/
/* -- Correlation matrix functions -- */

* -- Function Cvatri xCreate

* Pre: 'dinmensions' >0

* Post: (A new enpty correlation matrix was created and returned) ||
* (There was a problemw th allocation & NULL was returned)
*/

corrMatrix Cvatri xCreate(int dinmensions);

/* -- Function CMatrixDestroy

* Pre: 'matrix' is a valid allocated correlation matrix

* Post: 'matrix' was destroyed &% a null matrix was returned
*/

corrMatrix CMatrixDestroy(corrMatrix matrix);

/* -- Function CMatrixW pe
* Pre: '"matrix' is a valid allocated matrix

223



* Post: 'matrix' was cleared so that it contains no vectors
*/

void Cvatri xWpe(corrMatrix matrix);

/* -- Function CMatri xCreat eFronC uster

* Pre: 'clust' is a valid cluster

* Post: (a new nmatrix was created from'clust' and returned) ||

* (there was a problemw th allocation & NULL was returned)
*/

corrMatrix CMatri xCreateFronC uster(cluster *clust);

-- Function CMatri xCreat eFr omVect or Set
Pre: 'vectorSet' is an array of allocated vectors

"nunVectors' is the nunmber of vectors in 'vectorSet'

(there was a problemw th allocation & NULL was returned)
corrMatri x CMatri xCreat eFronVect or Set (vector *vectorSet[], int nunVectors);
/* -- Function CwvatrixMakeCopy
* Pre: '"matrix' is a valid allocated matrix
* Post: (a new matrix was copied from'matrix and returned) ||
* (there was a problemw th allocation & NULL was reurned)
*/
corrMatrix Cvatri xMakeCopy(corrMatrix matrix);

/* -- Function CwMatrixAddVect or
Pre: '"matrix' is a valid allocated natrix
"vect' is a valid allocated vector
Post: ('vect' was added to 'matrix' &% TRUE was returned) ||

("vect' could not be added to 'matrix' && FALSE was ret urned)

Note: This functions adds a COPY of 'vect'
/
bool CMatri xAddVector(corrMatrix matrix, vector *vect);

L

/* -- Function CMatri xDel et eVect or
Pre: "matrix' is a valid allocated matrix

*
*
* ‘"vect' is a valid allocated vector
*
*
*

Post: ('vect' was in 'matrix' && 'vect' was renpved from'matrix' &% TRUE was r et urned)

("vect' was not in 'matrix' && FALSE was returned)
bool CMatri xDel eteVector(corrMatrix matrix, vector *vect);

* -- Function CMatrixVectorlsln

* Pre: '"matrix' is a valid allocated matrix

* "vect' is a valid allocated vector

* Post: ('vect' exists in 'matrix' &% TRUE was returned) ||

* ("vect' does not exist in 'matrix' &% FALSE was returned)
*/

bool CMatrixVectorlsln(corrMatrix matrix, vector *vect);

* -- Function Cvatri x| sEnpty

* Pre: '"matirx' is a valid allocated matrix

* Post: ('matrix' contains no vectors & TRUE was returned) ||

* ("matrix' contains at |east one vector &% FALSE was ret urned)
*

bool CMatri x|l sEnmpty(corrMatrix matrix);

/* -- Function CMatrixCorrel ati onWt hVect

* Pre: 'matrix' is a valid non-enpty allocated matrix

* "vect' is a valid allocated vector

* Post: If "matrix' contains at least three vectors, it will be treated as

* a cluster and the correlation will be calculated. |f the matrix contains

* | ess than three vectors, the Euclidean distance to the centroid (a spherical
* measure) will be returned instead. |If "matrix' is singular, FP_SNAN will be
* returned.

*

/
doubl e CvatrixCorrel ati onWthVect(corrMatrix matrix, vector *vect);

* -- Function CwatrixNormedCorr Wt hVect

* Pre: 'matrix' is a valid non-enpty allocated nmatrix

* ‘"vect' is a valid allocated vector

* Post: Returns the normalised correlation from'vect' -> 'matrix'
*

doubl e Cvatri xNor medCorr Wt hVect (corrMatrix matrix, vector *vect);
/* -- Function CMatrixNormAthVect or

* Pre: 'matrix' is a valid non-enpty allocated matrix

* "vect' is a valid allocated vector

* Post: The euclidean normof the vector product of 'vect' and 'matrix' was
*
*

returned (See top of file for description). |If "matrix' is singular, FP_SNAN
will be returned.
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*/
doubl e Cvatri xNormN thVector(corrMatrix matrix, vector *vect);

/* -- Function CMatrixGet Conceptual Matri x

* Pre: 'matrix' is a valid allocated matrix

* "matri xSi ze' points to an allocated integer

* Post: The conceptual (real) correlation matrix is returned as a 2D

* doubl e array. The matrix is square; the size is placed in 'matrixSize'
* NULL is returned if allocation was not possible. |In this case,

* "matri xSi ze' is undefined

*/

doubl e **CMat ri xGet Conceptual Matri x(corrMatrix matrix, int *matrixSize);
/* -- Function CMvatrixWite

* Pre: 'output' is a file opened for witing

* "matrix' is a valid allocated matrix

* Post: the matrix of 'matrix' was witten to output in a way that can be read with
* the CwvatrixRead function

*/

void CvatrixWite(FILE *output, corrMatrix matrix);

/* -- Function CMatrixRead

* Pre: 'input' is a file opened for witing

* Post: (a new nmatrix was read from'input' and returned) &&

* (there was a problemreading the file & NULL was returned)
*/

corrMatrix Cvatri xRead(FI LE *i nput);

/* -- Function CMatrixWiteConcept ual

* Pre: 'output' is a file opened for witing

* "matrix' is a valid allocated matrix

* Post: the conceptual matrix of 'matrix' was witten to output
*/

void Cwvatri xWiteConceptual (FILE *output, corrMatrix matrix);

/* -- Function CwvatrixWiteMatl ab

* Pre: 'output' is a file opened for witing

* "matrix' is a valid allocated matrix

* Post: the conceptual matrix of 'matrix' was witten to output in a format
* that is easy to copy into natlab

*/

void CwvatrixWiteMatlab(FILE *output, corrMatrix matrix);

/* -- Function CMatrixRWMSCorrel ation

* Pre: '"matrix' is a valid allocated matrix

* Post: the RVS correlation over all vectors in 'matrix' was conmputed and returned
*/

doubl e Cvatri xRVSCorrel ation(corrMatrix matrix);

* -- Fnuction CwatrixAvCorrWthi nC uster

* Pre: 'matrix' is a valid allocated matrix with >= 3 vectors

* Post: The average correlation fromall vectors within cluster to the matrix was
* cal cul ated and returned

*

doubl e Cvatri xAvCorrWthinC uster(corrMatrix matrix);

* -- Fnuction CwatrixStdDevCorrWthinC uster

* Pre: 'matrix' is a valid allocated matrix with >= 3 vectors

* Post: The standard deviation fromall vectors within cluster to the matrix was
* cal cul ated and returned

*

doubl e Cvatri xSt dDevCorrWthinCluster(corrMatrix matrix);

/* -- Function CMatrixCentroid

* Pre: '"matrix' is a valid allocated matrix

* Post: 'matrix's centroid was returned as an EXI STI NG vector: nust be duplicated
*/

vector *CMatrixCentroid(corrMatrix matrix);

/* -- Function CvatrixMerge

* Pre: 'dest' is a valid corrMatrix

* "source' is a valid corrMatrix

* Post: (Al the vectors in 'source’ were COPIED into 'dest' && TRUE was returned) ||
* (there was a problemw th allocation & FALSE was r et urned)

*

bool CMatrixMerge(corrMatrix dest, corrMatrix source);

* -- Function CwatrixUseDumy

* Pre: '"matrix' is avalid matrix

* Post: ('matrix' doesn't nmeet the criteria for a cluster & returned TRUE) ||
* (returned FALSE)

*
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bool CMatrixUseDummy(corrMatrix matrix)

#endi f _corr_matrix

/* --- END of corr_matrix.h --- */

corr_matrix.c

/* Corr_matrix -- correlation natrix inplenentation

*

* SEE corr_matrix.h for details
*/

/* -- Correlation Matrix includes -- */
#i ncl ude <stdlib. h>
#i f def UNI X

#i ncl ude <i eeefp. h>

#define FP_MAX FP_PINF
#endi f
#i f def W N32

#i ncl ude <fl oat. h>

#define FP_SNAN _FPCLASS SNAN

#define FP_MAX  DBL_MAX
#endi f
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

<menory. h>
<mat h. h>
<stdi 0. h>
<string. h>
"corr_matrix.h"
"2darray. h"
"vector_utils.h"
"vector_read. h"
"cluster.h"
"gauss. h"

/* -- Correlation Matrix defines --

/* --- SQR definded in nrutil.h ---
#define SQR(X) ((x) * (X))

/* -- Correlation Matrix help function

/ Functi on AddCorrel ation
Pre: '"matrix

"correlation' is the partia
Post: the conponents of
/

voi d AddCorrel ation(corrMatrix matrix

*
*
*
*
*

definitions -- */

is avalid allocated matrix
correlation matrix for a single vector
‘correlation

were added to 'matrix’

doubl e **correl ation)

correlation matrix for a single vector

were subtracted from' matrix'

/* -- Function SubtractCorrel ation
* Pre: 'matrix' is a valid allocated matrix
* ‘correlation is the partia
* Post: the conponents of 'correlation
*/

void SubtractCorrel ati on(corrMatrix mat

/* -- Function CopyCorrel ation
* Pre: 'matrixd is an allocated matri
* "matrixs' is a valid allocated
* Post: the conmponets of 'matrixs
*/

voi d CopyCorrel ati on(double **matri xd

/* -- Function Updatel nverse
* Pre: 'matrix
* Post: the inverse field of "matrix
*/

voi d Updat el nverse(corrMatrix matrix)

rix, double **correlation)

X
matri x to copy

were copied into 'matrixd

doubl e **matri xs, int dinmensions)

is avalid allocated correlation matrix

has been updat ed

is avalid allocated correlation matrix with |l ess than

was updated with an inverse based on the

but with 'M N_VECTORS | N CLUSTER vectors

/* -- Function Updat eDumyl nverse
* Pre: ‘matrix
* "M N_VECTORS_| N_CLUSTER vectors
* Post: the inverse field of "matrix
* centroid of 'matrix'
*/
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voi d Updat eDummyl nverse(corrMatrix matrix);
/* -- Function MakeDumyd uster

* Pre: '"matrix' is a valid allocated correlation matrix

* Post: (A new cluster was created containing the dummy points used to meke
* a dummy correlation matrix & the cluster was returned) ||

* (There was a problem maki ng the cluster &% NULL was returned)

*/

cluster *MakeDummyC uster(corrMatrix matrix);

/* -- Function Cal cul at eAver age

* Pre: '"matrix' is a valid allocated correlation matrix

* Post: The 'avCorrelation' and 'stddevCorr' fields for 'matrix' are now valid &
* 'val i dAver age' == TRUE

*/

voi d Cal cul at eAverage(corrMatrix matrix);

* -- Function WiteHex

* Pre: '"buffer' is an allocated text buffer that 'data' will be printed into in hex
* "buffer' nust be at least 2 * 'nunBytes' + 1 bytes |ong

* ‘data' is a pointer to the data region to output

* "nunBytes' is the nunber of bytes of 'data' to print

* Post: 'data' was printed in hex to 'buffer’

*/

void WiteHex(char buffer[], const unsigned char *data, size_t nunBytes);

/* -- Function ReadHex

* Pre: 'buffer' is an allocated text buffer that 'data' will be read from
* 'data' is a pointer to the data region to output (pre-allocated)

* "nunBytes' is the size of 'data' in bytes'

* Post: 'data' was printed in hex to 'buffer’

*/

voi d ReadHex(const char buffer[], unsigned char *data, size_t nunBytes);

/* -- Correlation Matrix functions -- */

corrMatrix CMatri xCreate(int dinmensions)

{
corrMatrix matrix;
int x| ndex, vyl ndex;

if (!(matrix = (corrMatrix) malloc(sizeof(struct CVatrixTag))))
return NULL;

if (V'Allocate2DArray((char ***) & matrix -> MATRI X), di nensions, dinensions, sizeof(double))) {

free(matrix);
return NULL;
}

mat ri
mat ri
mat ri
mat ri
mat ri
mat ri
mat ri
mat ri

x -> di mensi ons = di mensi ons;

X -> numyvectors = 0;

X -> centroid = NULL;

X -> I NVERSE = NULL;

x -> val i dAverage = FALSE;

X -> singular = FALSE;

X -> vector_set = ClusterNew();

X -> isDummy = FALSE;

for (ylndex = 0; ylndex < dinensions; ylndex++)
for (xIndex = 0; xlndex < dinensions; x|ndex++)

matrix -> MATRI X[ x| ndex] [yl ndex] = 0. 0;

return matrix;

corrMatrix CMatrixDestroy(corrMatrix matrix)
{
Cvatri xW pe(matrix);
Deal | ocat e2DArray((char ***) & matrix -> MATRI X), nmatrix -> di nensions);
if (matrix -> | NVERSE)
Deal | ocat e2DArray((char ***) &(matrix -> |INVERSE), matrix -> di nensions + 1);
free(matrix);
return NULL;

void Cvatri xW pe(corrMatrix matrix)
{

int x| ndex, vyl ndex;
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if (matrix -> numvectors == 0)
return;

if (matrix -> centroid) matrix -> centroid = VectorDeal | ocate(matrix -> centroid);
matrix -> vector_set = ClusterDestroy(matrix -> vector_set);
matrix -> numvectors = 0;

for (ylndex = 0; ylndex < matrix -> dinensions; ylndex++)
for (xIndex = 0; xIndex < matrix -> di mensions; xl|ndex++)
matrix -> MATRI X[ xI ndex] [yl ndex] = 0. 0;

if (matrix -> INVERSE) {
Deal | ocat e2DArray((char ***) & matrix -> |INVERSE), matrix -> di nensions + 1);
matrix -> | NVERSE = NULL;

}

matri x -> singular = FALSE;

matri x -> val i dAverage = FALSE;

matrix -> i sDbumy = FALSE;

}
corrMatrix CMatri xCreateFronCl uster(cluster *clust)
{
corrMatrix matrix;
cluster *cl ndex;
if (!d usterCheckDi nensionality(clust))
return NULL;
if (!(matrix = CMVatrixCreate(clust -> vect -> dinensions)))
return NULL;
clndex = clust;
while (clndex !'= NULL) {
if (!CwatrixAddVector(matrix, clndex -> vect)) {
matrix = CvatrixDestroy(matrix);
return NULL;
clndex = clndex -> next;
}
return matrix;
}
corrMatrix Cvatri xMakeCopy(corrMatrix matrix)
{
corrMatrix copy;
copy = CMatri xCreate(matri x -> di mensi ons);
copy -> numyvectors = matrix -> numvectors;
copy -> centroid = Vector MakeCopy(natri x -> centroid);
copy -> vector_set = C usterMakeCopy(matrix -> vector_set);
copy -> singular = matrix -> singular;
CopyCorrel ation(copy -> MATRI X, matrix -> MATRI X, copy -> di mensi ons);
CopyCorrel ati on(copy -> INVERSE, matrix -> | NVERSE, copy -> dinensions + 1);
if (matrix -> validAverage) {
copy -> avCorrelation = matrix -> avCorrel ation;
copy -> stddevCorr = matrix -> stddevCorr;
copy -> validAverage = TRUE;
copy -> isDumy = matrix -> i sDumy;
return copy;
}

bool CMatri xAddVector(corrMatrix matrix, vector *vect)

{

doubl e **correl ation;
int di nensi ons;

vect or *vect Nor m

di nensi ons = vect -> di nensions;

if (dimensions != matrix -> di mensions)
return FALSE;

vect Norm = Vect or MakeCopy(vect);
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if (!(correlation = VectorCorrelation(vect, &dinensions)))

return FALSE;

AddCorrel ati on(matrix, correlation);

matrix -> vector_set = ClusterAddVector(matrix -> vector_set,

matri x -> val i dAverage = FALSE;
if (matrix -> centroid) {
VectorDeal | ocate(matrix -> centroid);

matrix -> centroid = NULL; /*ClusterCentroid(matrix -> vector_set);*/

}

Deal | ocat e2DArray((char ***) &correl ation, dinensions);

if (matrix -> INVERSE) {

Deal | ocat e2DArray((char ***) & (matrix -> |INVERSE), matrix -> di nensions + 1);

matrix -> | NVERSE = NULL;
matri x -> singular = FALSE;

}

matrix -> num.yvect ors++;

return TRUE;
}

bool CMatrixDel eteVector(corrMatrix matrix, vector *vect)

{

doubl e **correl ation;
int di nensi ons;

if (!(correlation = VectorCorrel ati on(vect, &di nmensions)))

return FALSE;

if (!CusterVectorlsln(matrix -> vector_set, vect))
return FALSE;

Subtract Correl ati on(matrix, correlation);

matrix -> vector_set = O usterRenpbveVector(matrix -> vector_set,

if (matrix -> centroid) {
Vect or Deal | ocate(matrix -> centroid);

matrix -> centroid = NULL; /*ClusterCentroid(matrix -> vector_set);*/

}

matrix -> val i dAverage = FALSE;

Deal | ocat e2DArray((char ***) &correl ation, dinensions);

if (matrix -> INVERSE) {

Deal | ocat e2DArray((char ***) &(matrix -> INVERSE), matrix -> di nensions + 1);

matrix -> | NVERSE = NULL;
matrix -> singular = FALSE;

}

matrix -> numvectors--;
return TRUE;

bool CMatrixVectorlsln(corrMatrix matrix, vector *vect)

{

return ClusterVectorlsln(matrix -> vector_set, vect);

}
bool CMatri x|l sEmpty(corrMatrix matrix)
{

return matrix -> numvectors == 0;
}

void printmatrix(double **matrix, int dinmensions)

{
int i Col, iRow,

if (matrix) {
for (i Row = 0; iRow < di mensions; iRowt++) {
for (iCol = 0; iCol < dinmensions; iCol++)
printf("9d2.8f ", matrix[i Rowj[iCol]);
printf("\n");
}
} else
printf("{NULL}\n");
}

doubl e CvatrixCorrel ati onWthVect(corrMatrix matrix, vector *vect)

doubl e sum

Vect or MakeCopy(vect));

229



int di mensi ons,
i Col, iRow,

vect or *vect H;

if (CVatrixlsEmpty(matrix))
return FP_MAX;

if (!matrix -> | NVERSE)
Updat el nver se(matri x) ;

if (matrix -> singular) /* Singular matrix; we can't calculate */
return FP_SNAN, /* the correlation, so return NAN */

di mensions = matri x -> di mensi ons;
vect H = Vect or MakeHonbgeneous(vect) ;

sum = 0.0;
for (iRow = 0; iRow < dinensions + 1; iRowt+) {
for (iCol = 0; iCol < dinmensions + 1; iCol ++)
sum += (vectH -> conponents[iRowj) * (matrix -> |INVERSE[iCol][iRowj) * (vectH ->
conponents[i Col ]);
}

Vect or Deal | ocat e(vect H);

return sum

doubl e Cvatri xNormedCorr WthVect (corrMatrix matrix, vector *vect)
{
if (CVatrixlsEmpty(matrix))
return FP_MAX;

/* if (matrix -> numvectors < 3) {
if (!matrix -> centroid)
matrix -> centroid = CusterCentroid(matrix -> vector_set);

return Vector EuclideanD st (vect, matrix -> centroid);

}
*/
if (!matrix -> validAverage) {
Cal cul at eAverage(nmatri x) ;
matri x -> val i dAverage = TRUE;
}
return CvatrixCorrel ati onWthVect(matrix, vect) / matrix -> avCorrel ation;
}

doubl e Cvatri xNormW thVector(corrMatrix matrix, vector *vect)

doubl e  *product,
sum
numvectors;
int di nensi ons,
i Col, i Row,

if (CVatrixlsEmpty(matrix))
return FP_MAX;

di nensions = matrix -> dinensions;
numvectors = (double) matrix -> numvectors;
/*
printf("Norming matrix:\n");
printmatri x(matrix -> MATRI X, di nensi ons);
printf("-------------- \n");
printmatri x(matrix -> | NVERSE, di nensi ons);
printf("Wth vector: ");
VectorWite(stdout, vect);
printf("\n");
*/
if (!matrix -> | NVERSE)
Updat el nverse(matri x) ;

if (matrix -> singular) /* Singular matrix, we can't calculate */
return FP_SNAN, /* the 2-norm so return NAN */

if (!(product = (double *) malloc((dinmensions + 1) * sizeof(double))))
return FP_SNAN,



for (iRow = 0; iRow < dinensions + 1; iRow++) {
sum = 0. 0;
for (iCol = 0; iCol < dinensions; iCol++)
sum += (matrix -> | NVERSE[i Col][i Row] * vect -> conponents[iCol]);
sum += matrix -> | NVERSE[ di nensions][i Row; /* * 1.0; */

product[i Row] = sum

}

sum = 0.0;
for (iRow = 0; iRow < dinensions + 1;
sum += SQR(product[i Row]);

i Row++)

sum = sqrt(sum;

free(product);
return sum

/*
product [ di nensi ons] = 0.0;

for (ylndex = 0; ylndex < dinensions; ylndex++) {

sum = 0.0;
for (xIndex = 0; xIndex < dinmensions; xlndex++)
sum += (matrix -> MATRI X xI ndex] [yl ndex] [/

conponent s[ x| ndex] ;
sum += matrix -> centroid -> conponents[yl ndex];
product [yl ndex] = sum
product[di nensions] += matrix -> centroid
numvectors * vect -> conponents[ylndex];

}

product [ di nensi ons] += 1.0;

->

sum = 0. 0;
for (ylndex = 0; ylndex <= di nensions;
sum += SQR(product [yl ndex]);

yl ndex++)

sum += 1. 0;
sum = sqrt(sum;

free(product);
return sum
Pl

doubl e **CMat ri xGet Conceptual Matri x(corrMatrix matri x,
{

doubl e
int

**concepMatri x;
i Col, iRow

*matri xSize = matrix -> dinmensions + 1;

if (!Allocate2DArray((char ***) &concepMatri X,
return NULL;

*mat

(double) matrix

conponent s[ yl ndex]

/* | product[dinensions]);

int *matrixSi ze)

ri xSize,

if (!matrix -> centroid)

matrix -> centroid = ClusterCentroid(matrix -> vector_set);
for (iRow = 0; iRow < *matrixSize - 1; iRowt+) {

for (iCol = 0; iCol < *matrixSize - 1; iCol ++)

concepMatrix[iCol][iRow] =

concepMatrix[*matri xSize - 1][i Row =

}

for (iCol =0; iCol < *matrixSize - 1; iCol ++)
concepMatrix[iCol][*matrixSize - 1] =

concepMatri x[*matri xSize - 1][*matri xSize - 1] = 1.

return concepMatri x;

}
void CvatrixWite(FILE *output, corrMatrix matri x)
{
int i Row, i Col,
di nensi ons;
char buffer[50];
vect or *centroid;

di nensions = matrix -> di nensions;

0;

*matri xSi ze,

/*

*

-> num.vectors)

(doubl e)

*

vect

matrix

si zeof (doubl e)))

matrix -> centroid -> conponents[i Col];

->

->

matrix -> MATRI X[i Col ][i Row] / (double) matrix -> numvectors;
matrix -> centroid -> conponents[i Row ;
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fprintf(output, "d: %\ n", dinensions);
fprintf(output, "nv: %\n", matrix -> numvectors);

if (!matrix -> validAverage)
Cal cul at eAver age(matri x) ;

WiteHex(buffer, (char *) & matrix -> avCorrelation), sizeof(double));
fprintf(output, "ac: 9%\n", buffer);

WiteHex(buffer, (char *) & matrix -> stddevCorr), sizeof(double));
fprintf(output, "sdc: %\n", buffer);

fprintf(output, "sing: %\n", natrix -> singular);

centroid = Cvatri xCentroi d(matrix);
fprintf(output, "c: ");

for (i Row = 0; iRow < dinensions; iRow+) {
WiteHex(buffer, (char *) & centroid -> conponents[i Rowj), sizeof(double));
fprintf(output, "% ", buffer);

}
fprintf(output, "\nMATRI X\ n");

for (i Row = 0; iRow < dinensions; iRow+) {
for (iCol = 0; iCol < dinmensions; iCol++) {
WiteHex(buffer, (char *) & matrix -> MATRI X[i Row][i Col]), sizeof(double));
fprintf(output, "% ", buffer);

fprintf(output, "\'n");

}

corrMatrix Cvatri xRead(Fl LE *input)

{
corrMatrix newMatrix;

int i Row, i Col, dinensions;
char buf fer[50];
vect or *centroid;

if (fscanf(input, " d: %", &dinensions) == 0)
return NULL;

newMatri x = CMatri xCreat e(di mensi ons);

fscanf (input, " nv: %", & newMatrix -> numyvectors));

newMatri x -> val i dAverage = TRUE;

fscanf(input, " ac: %", buffer);

ReadHex(buffer, (char *) & newMatrix -> avCorrel ation), sizeof(double));
fscanf (input, " sdc: %", buffer);

ReadHex(buffer, (char *) & newMatrix -> stddevCorr), sizeof(double));

fscanf (input, " sing: %", & newMatrix -> singular));

if (!(centroid = VectorAllocate(dimensions))) {
Chvatri xDest roy(newMat ri x) ;
return NULL;

}

fscanf(input, " c: ");
for (i Row = 0; iRow < dinensions; iRow+) {

fscanf(input, "% ", buffer);

ReadHex(buffer, (char *) &(centroid -> conponents[iRow]), sizeof(double));
}

newMatri x -> centroid = centroid,;
if (VAllocate2DArray((char ***) & newMatrix -> MATRI X), dinensions, dinensions, sizeof(double)))

CMat ri xDestroy(newMatri x) ;
return NULL;
}
fscanf (input, " MATRIX ");
for (i Row = 0; iRow < dinensions; iRow+) {
for (iCol = 0; iCol < dinmensions; iCol++) {
fscanf(input, "% ", buffer);
ReadHex(buffer, (char *) &(newMatrix -> MATRI X[i Rowj[i Col]), sizeof(double));

}

return newMatri x;
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void CwvatrixWiteMatl ab(FILE *out put,

{

}

int di mensi ons,
i Col, iRow
doubl e  **concepMatri x;

if (!(concepMatrix = CMatrixGet Conceptual Matrix(matri x,

corrMatrix matrix)

fprintf(stderr, "*** Error getting conceptual matrix.\n");

return;

}

fprintf(output, "[");
for (i Row = 0; iRow < dinensions; iRow+) {
for (iCol = 0; iCol < dinmensions; iCol++) {

fprintf(output, "%", concepMatrix[iCol][iRow);

if (iCol < dinmensions - 1)
fprintf(output, ",");

}

if (iRow < dinmensions - 1)
fprintf(output, ";");

}
fprintf(output, "1");

doubl e Cvatri xRVSCorrel ation(corrMatrix matrix)

{

/*
}

doubl e corrSum
cluster *clndex;

if (CVatrixlsEmpty(matrix))
return 0.0;

corrSum = 0.0;

clndex = matrix -> vector_set;

while (clndex !'= NULL) {
corrSum += SQR(CMatri xCorrel ati onWthVect (matri x,
clndex = clndex -> next;

}

corrSum /= (double) matrix -> numyvectors;*/
return sqrt(corrSunj;

doubl e CMvatri xAvCorrWthinCl uster(corrMatrix matrix)

{

doubl e CMvatri xStdDevCorrWthinCl uster(corrMatrix matrix)

}

if (!matrix -> validAverage)
Cal cul at eAver age(matri x) ;

return matrix -> avCorrel ation;

if (!matrix -> validAverage)
Cal cul at eAver age(matri x) ;

return matrix -> stddevCorr;

vector *CMatrixCentroid(corrMatrix matrix)

}

if (!matrix -> centroid)

clndex -> vect));

matrix -> centroid = CusterCentroid(matrix -> vector_set);

return matrix -> centroid,

bool CMatrixMerge(corrMatrix dest, corrMatrix source)

{

cluster *clndex;

if (source -> numvectors == 0)
return TRUE;

clndex = source -> vector_set;
while (clndex !'= NULL) {

if (!CwvatrixAddVector (dest, VectorMakeCopy(clndex -> vect)))

return FALSE;

clndex = clndex -> next;

&di nensions))) {
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return TRUE;

bool CMatrixUseDummy(corrMatrix matrix)

if (matrix -> numvectors < M N_VECTORS | N CLUSTER)
return TRUE

el se
return FALSE

}
/* -- Correlation Matrix hel per functions -- */
voi d AddCorrel ation(corrMatrix matrix, double **correl ation)
{
int di mensi ons
x| ndex, vyl ndex;
di mensions = matri x -> di mensi ons;
for (ylndex = 0; ylndex < dinensions; ylndex++)
for (xIndex = 0; xlndex < dinensions; x|lndex++)
matrix -> MATRI X[ xI ndex] [yl ndex] += correl ation[ x| ndex] [yl ndex];
}
voi d SubtractCorrelation(corrMatrix matrix, double **correl ation)
{
int di mensi ons
x| ndex, yl ndex;
di mensions = matri x -> di mensi ons;
for (ylndex = 0; ylndex < dinensions; ylndex++)
for (xIndex = 0; xlndex < dinensions; x|ndex++)
matrix -> MATRI X[ xI ndex] [yl ndex] -= correl ation[ x| ndex] [yl ndex];
}
voi d CopyCorrel ation(double **matrixd, double **matrixs, int dinmensions)
{
int x| ndex, yl ndex;
for (ylndex = 0; ylndex < dinensions; ylndex++)
for (xIndex = 0; xlndex < dinensions; x|ndex++)
mat ri xd[ x| ndex] [yl ndex] = matrixs[xl ndex] [yl ndex] ;
}
voi d Updat el nverse(corrMatrix matri x)
{

doubl e  **concept ual
int di mM NVERSE, di mConcept ual

dimM NVERSE = matrix -> dinmensions + 1

if (matrix -> | NVERSE)
Deal | ocat e2DArray((char ***) &(matrix -> | NVERSE), di m NVERSE)

if (!CMWatrixlsEnpty(matrix)) {
if (!(matrix -> isbDumy) && CMatrixUseDumy(matrix)) { /* Less than x vectors, do dunmmy */
Updat eDummyl nver se(matri x) ;

} else {
if (!(conceptual = CMatrixGet Conceptual Matri x(matrix, &dinConceptual)))
return;

i f (' Al'l ocat e2DArr ay((char *oxok) & matrix -> | NVERSE) , di m NVERSE, di m NVERSE
si zeof (doubl e))) {
fprintf(stderr, "--- 2DArray allocation failed for matrix inverse.\n");
return;

}

CopyCorrelation(matrix -> | NVERSE, conceptual, di m NVERSE);

i f (!GaussJordanl nverse(conceptual, matrix -> | NVERSE, di ml NVERSE)) {
[*fprintf(stderr, "--- Warning: Matrix was singular.\n");*/
matrix -> singular = TRUE

}
Deal | ocat e2DArray((char ***) &conceptual, dinConceptual);
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voi d Updat eDummyl nver se(corrMatri x matri x)

{

}

corrMatrix dummyMatri x;
int nunDi mensi ons;
cluster *dummy, *clustlndex;

nunDi mensions = matrix -> di mensi ons;
dummyMatri x = Cvatri xCreat e( nunDi mensi ons) ;

if (!matrix -> centroid)
matrix -> centroid = ClusterCentroid(matrix -> vector_set);

clustl ndex = dummy MakeDummyd ust er (matri x) ;

while (clustlndex !'= NULL) {
ChMat ri xAddVect or (dunmmyMat ri x, clustlndex -> vect);
clustlndex = clustlndex -> next;

}

dummyMatrix -> i sDummy = TRUE;
Updat el nver se(dummyMatri x) ;

if (!(matrix -> INVERSE)) {
Al l ocate2DArray( (char ***) &(matrix -> | NVERSE),
nunDi nensions + 1, nunDi nensions + 1,
si zeof (doubl e));

}
CopyCorrelation(matrix -> | NVERSE, dummyMatrix -> | NVERSE, nunDi nensions + 1);

CMat ri xDest roy(dummyMatri x) ;
Cl ust er Dest roy( dumy) ;

cluster *MakeDummyC uster(corrMatrix matrix)

{

int nunDi nensi ons, di m ndex;
doubl e  av_distance,

*centroid,

*dumy;

cluster *dumyd uster, *clustlndex;
vect or *dunmy Vect ;

nunDi nensions = matri x -> di mensi ons;

if (!matrix -> centroid)
matrix -> centroid = CusterCentroid(matrix -> vector_set);

if (matrix -> numvectors == 1)
av_di stance = | NI TI AL_DI STANCE;
} else {

clustlndex = matrix -> vector_set;

av_di stance = 0.0;

while (clustlndex !'= NULL) {
av_di stance += VectorEuclideanDi st(clustlndex -> vect, matrix -> centroid);
clustlndex = clustlndex -> next;

}

av_distance /= (double) matrix -> numyvectors;

}

dummyC uster = O usterNew();
centroid = matrix -> centroid -> conponents;
dummy = (double *) malloc (nunDi nmensions * sizeof (double));
di m ndex = 0;
whil e (di m ndex < nunDi nmensions) {
mencpy(dunmmy, centroid, nunDi mensions * sizeof (double));
dumy[ di m ndex] += av_di stance; /* +ve al ong di mension */
dummyVect = Vect or Construct (nunDi nensi ons, dummy);
dummyC uster = C ust er AddVect or (dummyC uster, Vect or MakeCopy(dummyVect));
Vect or Deal | ocat e(dumyVect) ;

nencpy(dummy, centroid, nunDi nensions * sizeof (double));

dumy[ di m ndex] -= av_di stance; /* -ve al ong di mension */
dummyVect = Vect or Construct (nunDi mensi ons, dunmy);

dummyd uster = O ust er AddVect or (dumyd ust er, Vect or MakeCopy(dunmyVect));

Vect or Deal | ocat e( dumnmyVect) ;

di m ndex++;

}

free(dumy);
return dumyd uster;
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voi d Cal cul at eAverage(corrMatri x matrix)
{

double correlation, sum sunfqr;

int nunvect s;

cluster *dumyd uster, *clndex;

if (CMatrixUseDummy(matrix)) {

cl ndex = dummyd uster = MakeDunmyd uster(nmatrix);
} else {

clndex = matrix -> vector_set;
}

sum = 0. 0;
sunSgr = 0.0;
nunVects = 0;
while (clndex !'= NULL) {
correlation = CwMatrixCorrel ati onWthVect(matrix, clndex -> vect);
sum += correl ation;
sunSgr += SQR(correl ation);
clndex = clndex -> next;
nunvect s++;

if (CWatrixUseDummy(matrix)) {
Cl ust er Dest roy(dunmyd uster);
}

matrix -> avCorrelation = sum/ (double) nunVects;

matrix -> stddevCorr = ((double) nunmVects * sunBqr) - SQR(sum;
matrix -> stddevCorr /= (double) SQR(nunVects);

matri x -> stddevCorr = sqrt(matrix -> stddevCorr);

matrix -> vali dAverage = TRUE;

void WiteHex(char buffer[], const unsigned char *data, size_t nunBytes)

size_t byt el ndex;
char hex[ 5] ;

buffer[0] = 0xO0; /* Buffer initially null */
for (bytelndex = 0; bytelndex < nunBytes; bytel ndex++) {
if (data[bytel ndex] < 0x10)
sprintf(hex, "0%", data[bytelndex]);
el se
sprintf(hex, "%", data[bytelndex]); /* CGet the hex character */
strcat (buffer, hex);

voi d ReadHex(const char buffer[], unsigned char *data, size_t nunBytes)
size_t byt el ndex;
char hex[ 5] ;
short int dec;

for (bytelndex = 0; bytelndex < nunBytes; bytel ndex++) {

hex[0] ="'0";
hex[1] = '"x';
hex[2] = buffer[bytelndex * 2];
hex[3] = buffer[bytelndex * 2 + 1];
hex[ 4] = 0xO;
sscanf (hex, "%", &dec);
dat a[ byt el ndex] = (unsigned char) dec;
}
}
/* --- END of corr_matrix.c --- */

236



Technical report last page

237



	Better FSAs Through Clustering
	Abstract
	Keywords

	Table of Contents
	Table of Figures
	Introduction
	Part 1 - Clustering Algorithms and Distance Metrics
	ClusteringTheory and Definition of Terms
	Pattern Vector
	Distance
	Cluster

	Distance Metrics
	Euclidean Distance Metric
	Second Order Distance Metric
	Second Order Distance Implementation Issues

	Identifying Badly Formed Clusters

	Clustering Algorithms
	Modified Adaptive Forgy's Algorithm
	Adaptive Order-2 Clustering Algorithm

	Data Sets
	Benchmark Set
	Data (Benchmark)

	Discretionary Set
	Data (Discretionary)


	On-line Clustering While Learning
	FSA Extraction and Generation
	Results
	Training
	Outcomes

	References

	Part 2 - Software
	Software Table of Contents
	Applications and Utilities
	tlearn
	tlearn's Internal Structure
	dstat
	SymStrip
	MakeFSA
	pattern
	vector
	tlbe
	sclust
	o2clust
	tlavq

	Source Code Modules
	StdDefs
	2darray
	gauss
	RunAvg
	htable
	smdarray
	TokenLst
	TokScan
	vector_utils
	vector_read
	cluster
	corr_matrix



	Figures
	1-1 A modified set of clusters [Zupan 1982, p39] that are poorly represented by their centroids (indicated by circles).
	2-1 Hyper-planes separating spherical clusters in a two dimensional space.
	2-2 The Euclidean distance surface of a single spherical cluster at (8, 10).
	2-3 Several spherical clusters.  The decision planes can be seen by looking at the minima of these surfaces.
	2-4 The decision places are visible as the intersections of the surface contours.
	2-5 The correlation distance surface of a spherical cluster at (50, 50).
	2-6 The correlation distance surface of an ellitical cluster at (80, 80).
	2-7 Several correlation clusters.
	2-8 The parabolic decision surfaces can be seen as the intersection of the distance contours.
	2-9 An elliptical cluster.
	2-10 The distribution of correlation for a well-defined cluster.  Standard deviations are shown.
	2-11 A difficult cluster.
	2-12 The distribution of correlation for a poorly-defined cluster.  Standard deviations are shown.
	4-1 The benchmark data set [Zupan 1982, p57].
	4-2 A contrived strongly ellipsoidal data set.
	5-1 The proposed online clustering while learning architecture.
	6-1 The hidden layer activations for a recurrent network trained on a spoken language corpus.
	7-1 The result of training a single network with the on-line clustering architecture compared to a network trained without on
	7-2 The result of FSA extraction from the three sets of networks.
	9-1 Example network configuration for tlearn.
	9-2 tlearn quick reference page.
	9-3 Plot of classification alpha vs. RMS prediction error given by eqtn (8).


