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Overview 

This report describes work undertaken during the summer of 1994, while 

the first author was visiting ATR. The report is composed of three sections: 

The first presents a copy of a paper submitted to the IEEE Transactions on 

Speech and Audio Processing for publication, and describes a series of en-

hancements to the algorithm recently presented by Wightman and Ostendorf 
for labeling prosodic patterns in speech. Through a combination of improved 

methodology and enhanced feature extraction, significant reduction of the er-
ror rates associated with labeling prominences and major phrase boundaries 

has been achieved. In particular, the paper shows that joint labeling of 

prominence and boundary phenomena t~gether can signific叫 lyimprove the 

performance on both types of labels while eliminating inconsistencies which 

had previously been observed between the two label sets. Application of the 

improved algorithm is illustrated with experimental results for joint labeling 

of prosodic structure in a corpus of professionally read speech. 

In the second section, we briefly identify the primary software components 
which have been developed as part of this project and document the shell 

scripts which implement all the primary functions. The third and fina.l section 

contains source code listings for the two primary programs. 
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2 Technical Report 

the following pages contain a copy of the paper submitted to the 

IEEE Transactions on Speech and Audio Processing for publication 
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Abstract 

This paper describes a series of enhancements to the algorithm recently presented by Wight-
man and Ostendorf for labeling prosodic patterns in speech. Through a combination of improved 
methodology and enhanced feature extraction, significant reduction of the error rates associated 
with labeling prominences and major phrase boundaries are achieved. In particular, we show 
that joint labeling of the prominence and boundary phenomena can significantly improve the 
performance on both types of labels while eliminating inconsistencies which had been observed 
between the two label sets. Experimental results are presented for joint labeling of prosodic 
structure in a corpus of professionally read speech. 

1 Introduction 

There is increasing interest in the use of prosody for the automated processing of spoken 

human language (c.f. [1, 2, 3, 4)). This interest is motivated largely by the growing av叫!ability

of large speech corpora, combined with an awareness of the inadequacy of the features currently 

employed in the labeling thereof, and driven by the importance of prosody in human processing and 

understanding of speech. A central difficulty faces researchers in this area however:・until recently, 

there had not.been a consistent and effective means of automatically labeling the prosodic structures 

of interest. Without such a method, system designers were unable .to detect prosodic features and 

were consequently unable to use them in later processing. Similarly, researchers attempting to 

apply corpus-based methods to the study of prosody have been unable to efficiently label the large 

corpora needed to make effective use of such methods. 

In previous work, Wightman and Ostendorf have described an algorithm for labeling prosodic 

patterns in speech [5]. The method is novel in that it is designed as a post-recognition process, 
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utilizing the output of a speech recognizer as one source of information, and because it provides a 

single framework in which the full spectrum of cues・that have been proposed for prosodic struc-

tures can be treated in an integrated manner. Nevertheless, the method they describe has several 

shortcomings which led to only modest labeling accuracy with relatively high false detection rates. 

In this work, we continue to emphasize phrasing and prominence as prime determinants of 

prosodic structure. The former refers to the groupings of words in an utterance, and the latter 

describes the greater perceived strength or emphasis of certain syllables in each phrase. The roles 

of prominence and phrasing in spoken language, the cues which have been proposed for them, 

and previous attempts to detect them were recently reviewed in [5]. In this paper, we extend the 

Wightman and Ostendorf algorithm, introducing further acoustic measures and refinements of the 

prosodic information, and improving the algorithm to reduce the labeling process from a two-pass 

procedure to a single-pass one, which results in significant improvements in all error measures 

related to prominences and intonational phrase boundaries. 

A distinction needs to be made between labeling prosodic structure and doing prosodic tran-

scription. Prosodic structure describes the basic phrasal groupings and determines which syllables 

are prominent. In contrast, a complete prosodic transcription seeks to capture not only the presence 

and location of a prominence or boundary, but also its nature. Thus, when labeling structure, we 

are content to mark prominences and intonational boundaries with binary-valued flags, a prosodic 

transcription would require that we also identify the types of prominence and boundary events. For 

example, one of the more widely discussed prosodic transcription systems, ToBI [4], requires that 

the pitch accent or tone underlying the perception of a prominence be identified from a limited 

inventory. Likewise, the phrasal and boundary tones causing the perception of a boundary would 

need to be specified to distinguish, for example, the end of a yes/no question from the end of a 

declarative sentence. However, such a transcription system is strongly language dependent. Fur-

thermore, while most theoreticians will agree on the presence and locations of prominences and 

boundaries in a spoken utterance, they differ sharply on the cues that trigger those perceptions 

and on how to represent them. 

In order to be more theory independent, and for practical pragmatic reasons, we maintain that it 

is desirable to be able to label the prosodic structure of an utterance without necessarily producing 

a detailed transcription. Indeed, a representation of the prosodic structure is a prerequisite for 

producing a detailed transcription. Consequently, we have focussed our efforts on the labeling of 

prosodic structure, leaving the production of detailed transcriptions as future work. 

The labeling task requires mapping a sequence of feature vectors (which we can derive from 

the acoustics) to a sequence of labels. The simplest approach to this problem is to treat each 

feature vector as an independent classification problem, assign a class to it, and move on to the 

next vector. This approach, however is too simplistic and fails to give very good performance when 

labeling prosody (see below and [6]). It is important to bear in mind that the goal is not simply to 

classify independent feature vectors, but to map a sequence of feature vectors x1 = {x1, ... , 邸}to 

a sequence of labels a1 = { a1, ... , an}. 

In order to represent the inter-relations出psbetween the events being labeled (i.e., to take 

account of the restrictions which govern the allowable sequences of the events) we model the problem 
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as a finite-state automaton in which there is exactly one state for each label class, and estimate the 

transition probabilities p(ada~ 一1,a?+i), (the probabi且tyof being in state i given the history of all 

the previous and future states) to find the sequence of states (a1) which maximizes the probability 

of the observed data. 

n 

p(x1, ... , Xn) = p(x1 iai)p(ai) IT p(xilai)p(叫ai-1,a恥）．
i=2 

Where p(x;jai) is the conditional probability of observing feature vector Xi when the system is in 

state a at time index i. 

This however, is a very complex operation, because the transition probabilities depend on the 

entire history of the labels. To find the best sequence of tags we would need to explore all possible 

label sequences leading to and from each feature vector, and the search space very quickly becomes 

too large to examine exhaustively. The problem can be overcome using stack-decode algorithms to 

efficiently explore the search space [7], or can be simplified as follows: 

p(a;ja炉，a如） = p(a;ja曰）

That is, we assume that the only thing we need to know about the history of the label sequence 

is the identity of the last label, under which assumption the problem reduces to a Hidden Markov 

Model for which powerful algorithms are well known and have been widely implemented (c.f. [8]). 

The Wightman and Ostendorf algorithm thus contains three principal components. The feature 

extraction component transforms the various sources of information (the recognizer output, the 

actual waveform, pitch-tracking results, etc.) into a time-ordered sequence of feature vectors. The 

frequency with which these feature vectors are pro_duced will depend on the units which are being 

labeled: one label will be produced for each feature vector. Thus, if we wish to label break indices 

on word boundaries, we will need to produce one feature vector for each word boundary. The 

feature vectors are then classified using a decision tree. Decision trees were chosen both because 

they provide a graceful means of handling extremely non-homogeneous features, and because by 

inspecting their internal structure we can gain some insight into which features are proving useful 

and why. Finally, the class likelihoods associated with the leaf nodes of the tree are treated as 

observation densities in a HMM, and Viterbi decoding is used to recover the most probable label 

sequence. 

In the next section, we present the experimental conditions under which our work has been 

performed. We describe the corpus used and the fund血 entalalgorithmic architecture. Generally, 

we use the same test data and conditions as reported in Wightman and Ostendorf [5] so that our 

results can be compared directly. In the following section, we present two changes in methodol-

ogy which lead to improved performance and substantially reduced computational requirements. 

Then, in section 4, we modify and augment the original feature set to utilize better acoustic fea-

tures. We conclude by evaluating the relative increases in performance attributable to the different 

modifications and consider the implication of these results for future improvements in prosodic 

labeling. 
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2 Experimental Conditions 

The original labeling system consisted of two label sets: an intonational label set and one 

describing break indices. Intonational labeling was performed at the syllable level, with each 

syllable being marked as either prominent (P), carrying a boundary tone marking an intonational 

phrase boundary (BT), being both prominent and carrying a boundary tone (P-BT), or simple 

(neither prominent nor having a boundary tone) (S). In addition, all word boundaries were labeled 

with break indices, to show the degree of disjuncture between the adjoining words on a scale of 0-6. 

There is some coupling between the two labeling sets in that the boundary tones would normally 

be expected to coincide with boundaries having break indices of 4 or greater. This labeling system 

is similar to ToBI in its use of parallel labeling of intonation and break indices, but differs in that 

a ToBI transcription would specify the type of pitch accent that occurred for each prominence and 

the type of tone which occurred at the end each phrase. This is the distinction between labeling 

prosodic structure and prosodic transcription that was discussed in the introduction. 

To facilitate direct comparison between our results and those reported previously, we have 

elected to use the same corpus and labeling task used in Wightman and Ostendorf [5). The speech 

corpus consists of radio news stories read by a female professional news announcer. It is a subset of 

the Boston University Radio News Corpus [9] and contains 14095 syllables in 8568 words spoken in 

116 utterances. The utterances are relatively long, roughly paragraph-sized, and there are audible 

breaths in the speech. The corpus has been hand-labeled with the seven-level break index and 

binary prominence and boundary tone labels as discussed above. In addition, the corpus has been 

automatically marked with time-aligned phonetic labels generated by a speech recognizer based on 

the stochastic segment model [10) and constrained to the word-level transcription. Because we have 

hand-labeled prominences and break indices for the entire corpus, we can estimate the performance 

of our algorithms by directly comparing automatically-generated labels with the hand-labels. 

All of the results reported here were obtained using the same test procedure as used by Wight-

man and Ostendorf: the corpus was divided into thirds and the models trained on two-thirds and 

tested on the remaining third, using rotation, so that each test consisted of three sub-tests in which 

different thirds of the data were held out. Consequently, we report overall detection statistics as 

the percentage of the 4539 prominences which were correctly detected (correct detections) and the 

percentage of the 9556 non-prominent syllables which are mis-labeled (false detections). Likewise, 

we report the detection of intonational phr邸 eboundaries in terms of the percentage of the 1852 

hand-marked boundaries that were correctly detected aD:d as the percentage of the 6716 boundaries 

which do not end intonational phrases and which are falsely labeled as boundaries. Note that the 

number of potential boundary sites is less than the number of potential prominence sites because 

prominences can occur on any syllable, where邸 intonationalphrases end only on word boundaries 

in fluent speech. 
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3 Improved Methodology 

In this section, we address two aspects of the methodology used in the algorithm reported by 

Wightman and Ostendorf whicl1 made application of the algorithm difficult and computationally 

expensive. 

3.1 布 eesmoothing instead of pruning 

The decision trees used for quantization were originally grown using a greedy growing algorithm 

with a minimum entropy criterion, and then pruned back to some pre-determined size. A difficulty 

with this approach, however, lies in determining what the appropriate size should be. The sizes 

reported in [5) were determined empirically by growing several trees to various different sizes and 

selecting the one which yielded the best performance. This is a costly, time-consuming process 

which must be repeated each time the feature set or corpus is changed. In addition, the pruning 

which gave the best results overall generally gave very poor results on rare classes. This occurs 

because the rare classes make up a relatively small percentage of the observations assigned to nodes 

high in the tree. When the tree is grown with a minimum entropy criterion, there would be only a 

small reduction in entropy associated with splitting such classes off: only after the tree has grown 

larger does splitting off the rarer classes produce significant entropy reductions. Pruning, w出ch

proceeds from the leaves towards the root, generally removes the lower nodes where important 

distinctions that split off the rare classes are made. Consequently, heavily pruned trees tend to be 

less reliable in identifying observations belonging to rare classes. 

To address these problems, we have abandoned pruning and instead use smoot出ngto weight the 

estimates of the class probabilities in the subtree. Specifically, we utilize an algorithm which assigns 

a smoothing parameter入ito every node i in the tree (The original development of this algorithm 

was not published. The most coherent description of it can be found in [11]). These smoot拍ng

parameters may be regarded as an estimate of our confidence in the class probabilities obtained from 

the data assigned to a node. That is, if node i has a large number of observations assigned to it, we 

can be fairly confident that the relative frequency of the classes represented by those observations, 

q(class = cl node = i), are good estimates of the true distributions, p(class = cl node = i). In this 

case, 入iwould be close to 1. On the other hand, if only a few observations were assigned to the 

node, we should regard the estimated distribution as rather suspect, and assign a small value to心

The smoothing is then done recursively, finding the smoothed distributions q(cli) from the local 

estimate at each node: 

飼）＝｛巫(cJi)+戸麟函ses
入iq(c/i)+ (1-入i)q(c/theparent node of i) 

if i = the root node 
otherwise 

In other words, each node is smoothed with the one above it, and the root node is smoothed 

with uniform probabilities. In this regard, the method is very similar to the deleted interpolation 

smoot出ngoften used in estimating models for speech recognition [12]. The tree smoothing problem 
can be recast as an HMM training problem and the smoothing parameters can consequently be 

found using Baum-Welch re-estimation [11]. One point of concern is that the objective of the 
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smoothing process is to maximize the probability of assigning the correct labels to a set of held-out 

smoothing data: this is not the same objective function used in growing the tree. It would be 

substantially more proper to smooth with o. minimum entropy objective function but there is no 

simple algorithm to do this and the present smoothing aigorithm yields trees that perform better 

than those obtained by pruning. 

The use of smoothing addresses both of the concerns raised by pruning. By allowing continuous-

valued weights, sections of the tree that contain important structure can be retained without overly 

penalizing performance as a result of over-trained sections. Further, the smoothing eliminates the 

need to determine the best tree size since that. is effectively determined during the optimization of 

the smoothing parameters. 

3.2 Joint labeling 

The second change to the methodology presented by Wightman and Ostendorf, concerns the treat-

ment of intonational labeling and the labeling of break indices as distinct processes. They used 

a two-pass procedure in which the complete labeling algorithm was used to label each syllable as 

unmarked, prominent, containing a boundary tone, or both. Then in a second pass, extracted a 

new set of feature vectors and generated a label for each word marking its break index (the break 

index assigned to the boundary following that word). This approach has several drawbacks: (1) it 

is computationally inelegant, requiring two passes of the complete algorithm, (2) some information 

used to label intonation was not made available to label break indices and vice-versa, and (3) the 

labels produced by the two passes were not coordinated. 

The lack of coordination between the two labeling processes produced labels in which there were 

a substantial number of conflicts between the intonational labels and the break indices. Because 

the break indices of 4, 5, and 6 are generally regarded as corresponding to intonational phrase 

boundaries, we can expect that almost all boundaries with these break indices will also have a 

boundary tone marked on the last syllable preceding the boundary. Likewise, we expect that 

almost no boundaries with break indices of less than 4 would be preceded by boundary tones. 

However, although the estimated probabilities of prominence and boundary tone were included 

in the feature vectors used for break index labeling, the two sets of labels, intonation and break 

indices, were often inconsistent. The very weak coupling between the two passes in the two-pass 

approach could not take advantage of this powerful constraint. 

A second consequence of the two-pass approach to labeling was the division that occurred 

between features used for labeling break ind.ices and those used for labeling intonation. One con-

sequence of this division is that while Wightman and Ostendorf report detecting 78.1 % of the 

intonational phrase boundaries, they report detecting only 71.2% of the boundary tones. Given the 

comments made above with regard to the co-location of boundary tones and intonational phrase 

boundaries, it is clear that some of the information being used to label break indices might also 

be useful in labeling intonation. Sim且arly,although they had only a 4.3% false detection rate for 

boundary tones, they reported a 6.5% false detection rate for intonational phrases, suggesting that 

some of the information used in labeling boundary tones could be fr直tfullyapplied to the labeling 

8
 



of break indices. Note that this information is not necessarily the elements in the feature vectors: 

it may well be contained in the groupings which are formed in the decision trees themselves. Con-

sequently, merely using feature vectors containing the union of the two original feature sets may 

not produce the desired results, and certainly would not address the problem of inconsistencies 

between the two label sets. 

We have addressed both of these issues by changing to a joint labeling system. That is, rather 

than doing a first pass to generate 4-valued intonational labels for each syllable, followed by a second 

pass to generate 7-valued break indices for each word, we do a single pass to generate labels which 

mark both intonational events and break indices. To do this, it was necessary to combine both the 

number oflabels (4-valued and 7-valued) and the level at which the labeling is to be done (syllable 

versus word). To preserve the resolution of our labeling we continue using syllable-level labels. This 

raises the question of what break index should be assigned to word-internal syllable boundaries, 

since they were previously defined only at word boundaries. Campbell [13] has proposed the use 

of a level O break index for word-internal syllables, and Wightman. et al. [14] have observed that 

it seems to be appropriate for boundaries within prosodic words. Consequently, it is an obvious 

generalization to include all word-internal syllable boundaries in this category and assign them 

break indices of 0. 

Having decided to use syllable-level labeling, we needed to define a unified labeling system 

which combines the information carried in both the intonational labels and the break indices used 

previously. Initially, we used a simple Cartesian product, producing twenty-eight labels which 

corresponded to every possible combination of the four intonation labels and the seven break 

indices. After examining the confusion matrices produced when this label set was used, however, 

we concluded that fully half of the labels were never used. In particular, we noticed that boundary 

tones were never marked on syllables with break indices of 3 or less, and were always marked on 

syllables with break indices of 4 or greater. Consequently, we collapsed our joint labels to a set 

of fourteen, corresponding to the seven break indices with, and without, prominence. Notice that 

we are no longer explicitly labeling boundary tones: their presence is implicitly inferred from the 

presence of a break index of 4, 5, or 6. 

3.3 Performance 

In Table 1, we show differences in results b.etween the algorithms. By replacing pruning with 

smoothing, we have obtained a considerable procedural advantage in that we no longer need to 

conduct a series of tests to determine the best tree size each time we alter the feature set or train-

ing corpus. Likewise, although the use of joint labeling appears to improve the overall performance 

measures only slightly, it ell血natesthe errors arising from inconsistencies between the break in-

dices and the intonational labels, and dramatically simplifies the application of the algorithm by 

eliminating the need for a second pass. Additionally, by letting boundary tones be implied by the 

presence of a break index of 4 or greater, we have improved the detection rate for boundary tones 

from 71.2% to 78.6%. 
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Prominences Intonation Phrases Break Indices 

correct false correct false correct within士1

Baseline 83.6 12.71 78.1 6.5 66.9 88.6 

Joint/smoothed 83.1 12.2 78.6 .5.6 64.6 87.7 

Table 1: Comparing the overall performance measures: numbers are percentages. The Baseline re-

sults are those reported by Wightman and Ostendorf. Statistics for intonational phrase boundaries 

and break indices were computed using word-final syllables only. 

4 Improved Features 

Having improved our labeling methodology as described above, we were able to efficiently 

evaluate a large number of changes to the feature set used by Wightman and Ostendorf. We 

present these changes by grouping them into three major categories: (1) changes arising from 

a more principled representation of the FD-contour of the utterance, (2) new features designed to 

provide information from a larger neighborhood of surrounding syllables (i.e., contextual cues), and 

(3) additional features based on acoustic correlates not previously considered. In each subsection, 

we describe the nature of the changes and discuss their motivation. Other than a few specific 

features discussed to illustrate key points, however, detailed enumeration of the features used is 

deferred to the final subsection on performance. 

4.1 Representing the FD-contour 

Prominence and intonational phrase boundaries are generally considered to be intonationally marked 

and the most readily available representation of a speaker's intonation is the FO-contour. However, 

extraction of the FD-contour is a notoriously difficult problem and even the best pitch trackers 

continue to make significant errors[15). Moreover, many variations in the pitch track are due to 

segmental effects and so are very local, while the intonational events which mark prominences and 

boundaries are represented in the larger-scale, overall shape of the contour. We use the term "into-

national events" here to avoid the controversy regarding the proper description of these markers: as 

mentioned above, researchers generally agree on the location of boundaries and prominences, but 

there are deep theoretical differences over what cues the listeners perception of these events. There 

is a considerable literature on this topic and readers are referred to [16) for a review. Of importance 

to the current work, however, is the consensus on the locations of boundaries and prominences, 

and on the general co-location of those events with significant features of the FO-contour (generally 

extrema: peaks, valleys, and inflection points). 

Wightman and Ostendorf have noted that many of the features which they use for intonational 

labeling are ad hoc ratios oflocal averages of the output from a pitch tracker, rather than a principled 

representation of the overall shape of the FD-contour that can capture the prosodically-relevant 

features while suppressing the local, micro-prosodic effects and pitch tracking errors. Although a 

few methods have been proposed for generating such stylized representations of the overall contour 

(c.f. [17, 18)), these techniques produce essentially piecewise linear representations and do not 
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automatically produce parameters which are directly interpretable as features that we can tie to 

the syllables which we are trying to label. One method, however, is particularly well suited to our 

needs: the asymmetrical modal quadratic regression method developed by Hirst [19]. Hirst models 

the pitch track by using a quadratic function constrained by "target points" which he chooses 

so that a spline passing through any 3 adjacent targets will give the best approximation of the 

PO-contour in that region. 

Hirst's use of target points is particularly useful for two reasons. First, the target points identify 

the extrema of the overall contour and thus coincide with linguistically interesting phenomena such 

as prominence and intonational boundaries. Indeed, Hirst has argued extensively that these target 

values. form the basis of a valid phonetic description of the intonation of an utterance [20, 21, 16]. 

Second, he has published an efficient algorithm for automatically identifying the target points from 

the output of an automatic pitch tracker, thus making it possible for us to generate the target 

points as part of our automated labeling process. 

Incorporating Hirst's target points to represent the overall structure of the PO-contour made 

it possible to modify several of the acoustic features to utilize this hig11er-level information. For 

example, consider the use of the ratio of the maximum pitch in a syllable to the mean pitch in that 

syllable to provide a crude estimate of the size of a peak in the FO-contour of the syllable (many 

prominent syllables contain such a peak). Unfortunately, this is a very noisy feature which lumps 

together both micro-and macro-prosodic effects, and it is susceptible to pitch tracking errors. The 

same values may result from local segmental perturbation of FO, from genuine peaks or maxima in 

the overall contour, or from a spurious error of the pitch tracker on a single frame. In contrast the 

target values computed from the output of the pitch tracker appear to be quite robust to errors 

[19], and they appear to reflect the macro-prosodic component of the contour. Consequently, we 

have altered several of the original features to use the maximum, minimum, and last target values 

in a syllable rather than FO values, as discussed below. 

One concern which is raised by the use of pitch targets is that they may not occur in the 

desired syllable. That is, a syllable may be perceived as prominent, with a peak in the FO-contour 

associated with that prominence, but the target value associated with that peak might not occur 

until after the syllable boundary. In this case, the target point would be part of the feature vector 

for the next syllable. To address this issue, we must make our feature vectors include information 

from a wider context than just the current syllable. This isふscussedin more detail in the next 

subsection. 

4.2 Using a larger context 

Prominence and intonational boundaries can be somewhat dispersed in their effects and often 

cannot be isolated to a single segment or even, in some cases, to a single syllable. For this reason, if 

we are to achieve good labeling performance, ヽN"eneed to include information about a wider context 

than just a single syllable in our algorithm. To some extent, the transition probabilities used in 

in our model encode contextual information, but these only consider the labels of the adjacent 

syllables, rather than any of their acoustic features, and provide no information about syllables 
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other than those immediately adjacent to the syllable in question. To gain access to the richer 

acoustic information of other syllables and include more than just the immediate neighbors, we 

need to extract that information and include it in the feature vectors. 

For cases like a peak in the FO-contour which occurs on one syllable but which cues a prominence 

perceived on the next or previous syllable, we have included binary-valued flags in the feature vectors 

which indicate whether the previous or following syllables have pitch targets assigned to them and 

whether those targets include a peak in the pitch contour. 

Additionally, while the simple flags provide information about the surrounding syllables, they do 

not provide any information from larger contexts. One such context is the word. We typically only 

expect (at most) a single prominence within a word and, very often, that prominence is associated 

with the largest peak in the FO-contour. Thus we can expect that the ratio of the maximum pitch 

target in a syllable to the mean pitch of the word might provide more useful information. Likewise, 

the ratio of the mean pitch on one word to the mean pitch in the following word may help detect 

the pitch range resetting that often occurs at intonational phrase boundaries and thus improve the 

detection of these events. 

Use of such higher-level information as the location of word boundaries and adjacent pitch 

targets is consistent with our approach to prosodic labeling and is a priori information which is ac-

cessible given that our input is produced by a speech recognizer. Indeed, the only information which 

we cannot include in our feature vectors is that which requires knowledge of the labels assigned to 

other syllables in the utterance. As described above, we have chosen to use only knowledge of the 

previous label, and that knowledge is already contained in the transition probabilities: including it 

in the feature vectors would be redundant. 

4.3 New acoustic correlates 

In addition to using an improved representation of the FO-contour and including more contextual 

information in our feature vectors, we have also introduced features to capture two acoustic corre-

lates of prominence which have been proposed recently and which were not considered previously. 

Specifically, we refer to FD-intensity (22, 23, 24) and the harmonic ratio (25, 26). 

Several recent developments in voice quality research (c.f. (25) and (26)) have shown that 

changes in spectral slope, produced by different configurations of the glottis, can be of relevance 

to the perception of prominence and can function independently of fundamental frequency change. 

Ananthapadmanabha, has referred to the peak of the negative derivative of the closing phase 

of the glottal pulse as an'excitation amplitude', possibly correlated with prominence. This can 

be measured indirectly from the spectrum as the ratio of the first and second harmonics and is 

referred to as the harmonic ratio. In order to make use of acoustic correlates of vocal intensity, we 

have included this measure along with a measure of the energy at the fundamental frequency, as 

additional features in the model. 
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4.4 Performance 

In Table 2 we present a complete list of the elements included in the feature vectors which yielded 

the best overall performance. The table provides a description of each feature and a brief statement 

of the motivation for its use. The entries of the table are organized in terms of the information 

provided by each. That is, in growing the tree, a record was kept of how much entropy reduction 

was due to splits on each feature. Thus, the end-of-word flag produced the largest change in entropy 

and is therefore in some sense the most useful feature. Notice that for features which can have 

many values (i.e., non-flags) the entropy reduction for that feature is reported as the sum of the 

entropy reductions obtained by splitting on that feature with any threshold although, in terms of 

binary decision trees, splits with different thresholds are technically different questions. It must 

be recognized that the ranking and information content given for each feature is valid only in the 

context of all the other features. Many of the features contain partially redundant information 

(i.e., their mutual information is non-zero) so removing one may significantly change the entropy 

reduction obtained from using the other in the tree design. 

To explore this, and to identify the minimal set of features needed to achieve some modest level 

of performance, a series of experiments was conducted. In this series, the lowest ranked feature was 

removed and the entire labeling experiment was repeated to estimate the new performance level. 

This basic cycle was repeated until only a single feature was left. By always removing the feature 

providing the least information in the previous cycle, we hoped to identify the smallest set of the 

most useful features. 

The results of this series of twenty-one experiments is presented in Figure 1. In this figure, 

we plot false detections versus correct detections (best performance is in the lower right-hand 

corner) parameterized by the number of features used. The points farthest to the left correspond 

to labeling using a single feature. The results are・quite striking: while our best performance with 

the full feature set is significantly better than that reported by Wightman and Ostendorf, almost 

all of that performance can be accounted for by only six features (the top 6 entries in Table 2). 

Indeed, credible performance can be obtained with only three or four features (delete the pause 

duration, stressed nucleus flag, and the syllable mean pitch features). These results should not 

be interpreted as indicating that many of the acoustic correlates which have been identified are 

unimportant: we anticipate that many of the features which provided only minimal reductions in 

entropy in this study will be crucial to future studies on other corpora .. For example, in radio 

news, there are very few low pitch accents. Consequently, it is not surprising that the ratio of the 

minimum pitch target to the word mean pitch was not・very useful. In a corpus of conversational 

speech, however, we might expect this feature to become much more important. 

5 
． 

Conclusions 

In summary, we have described a series of modifications to the model proposed by Wightman 

and Ostendorf [5) which lead to significantly improved performance and greatly reduced complexity. 

To facilitate a direct comparison, we report our results on the same speaker-dependent task used in 
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Feature Motivation Information 

t End-of-word flag All word-internal syllables have zero break indices 0.913 

t Stressed nucleus flag Prominences usually occur on stressed syllables 0.314 

t Duration of following Pause duration is correlated with break indices 0.276 

silent pause at and above intonational phrase boundaries [27] 

t Normalized Duration Correlated with break indices below the 0.247 

of syllable rhyme intonational phrase level [5] 

Maximum pitch target / Prominences frequently occur on large peaks 0.172 

mean pitch in word in PO-contour [28) 

Syllable mean pitch A broad measure of FO which is well defined 0.140 

(in ERB's [29]) even when no targets occur in the syllable 

Word mean pitch / FO declination is reset at intonational phrase 0.104 

next word mean pitch boundaries (30] 

FO-intensity See discussion above 0.101 

Last target in syllable / Can identify some types of boundary 0.100 

global mean pitch tones [31] 

First syllable flag Prominences more often occur on the first 0.091 

syllable of multi-syllabic words [32] 

Harmonic ratio (HR) See discussion above 0.088 

in syllable nucleus 

Difference in HR between Estimates peaks in harmonic ratio 0.076 

center and adjacent syllables 

H flag Syllable contains a pitch target corresponding to 0.073 

a peak in the overall FD-contour 

Minimum pitch target / Some prominences occur near minimums 0.070 

word mean pitch in the FD-contour [33)) 

t Maximum pitch target / Identifies local peaks in the FD-contour 0.047 

syllable mean pitch as discussed above 

Previous syllable has Targets may not be邸 signedto the correct 0.035 
pitch targets (flag) syllable, 邸 discussedabove. 

Next syllable has Targets may not be assigned to the correct 0.031 

pitch targets (flag) syllable, 邸 discussedabove. 

Previous syllable has Targets may not be邸 signedto the correct 0.025 

H pitch target (flag) syllable. Flag detects peak in previous syllable 

tEnd-of-Utterance flag Most utterances end at intonational 0.024 

phr邸 eboundaries 

Syllable contains exactly Some syllables are both prominent and contain 0.022 

one pitch target a boundary tone: might produce multiple targets 

t Breath flag Speakers appear to breathe primarily at boundaries 0.021 

with break indices of 5 and 6 [5] 

3 or more syllables Reduces tendency to mark more than one 0.018 

in word (flag) prominence in multi-syllabic words. 

Table 2: The features used for joint labeling of prominences and break indices. The unit of 

information used is bits. t indicates features used by Wightman and Ostendorf. 
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Prominences Intonation Phrases Break Indices 

correct false correct false correct withln土1

Baseline 83.6 12.7 78.1 6.5 66.9 88.6 

This study 85.9 10.7 82.6 6.3 64.8 88.4 

Table 3: Comparing the overall change in performance resulting from th.is study. The Baseline 

results are those reported by Wightman and Ostendorf[5]. 

the original study, and compare the overall performance changes in Table 3. We have reduced by 

26% the number of intonational phrase boundaries which are missed, while simultaneously reducing 

the number of false detections by 3%. For prominences, the missed detections have been reduced 

by 16% while the rate of false detections has been reduced by 19%. 

In addition to the overall performance gains, we have eliminated the inconsistencies between 

the intonational labeling and the break index labeling through the introduction of a joint labeling 

system. This combined approach has the additional advantage of eliminating the need for a second 

pass to generate the full label set, thus reducing the computation req直redby almost half (the gain 

is not quite half because decoding the larger label set takes slightly longer). The complexity of the 

approach was further reduced by replacing the pruning method used by Wightman and Ostendorf 

to improve the robustness of their tree quantizers with a tree-smoothing approach. This change 

eliminated the need to specify a tree size a priori and thus eliminated the need for separate sets of 

experiments to determine the best tree size to use. 

We have shown by a series of experiments, that virtually all of our performance can be achieved 

through the use of only six or seven of our twenty-two features. This observation, coupled with 
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the fact that the additional sixteen features improve the various performance measures by only 

2. 7% on average, suggests that either (1) there is a cr-udal acoustic feature which we have thus far 

failed to find in the literature or by experimentation, or (2) we have passed the point of diminished 

returns with regard to our modeling of the observation distributions and must look next to improved 

modeling of the transition probabilities. 

This latter choice seems more likely as our assumption of a Markov model is clearly not well-

supported by what we know about the higher-level organization of speech. For example, ¥Vang and 

Hirschberg [34) have shown that a single feature, the distance from the last intonational phrase 

boundary compared to the length of the previous intonational phrase, can predict more than 80% 

of intonational phrase boundaries in a synthesis application. Stated simply, the Markov assumption 

that 

p(O:ijo:~-1'0: 恥） = p(叫吐1)

needs to be relaxed. To do this will require a significant change to the labeling algorithm and 

is well beyond the scope of the presen: し study. One way in which such a change could be made 

would be to utilize the tree quantizer as part of a stack decoder, rather than as a pre-processing 

step to a Viterbi decoder. This would be similar to the approach taken by Magerman's SPATTER 

parser for natural language syntactic labeling [ll). Indeed, Magerman's parser provides a natural 

environment in which prosodic labeling and syntactic parsing could be carried out jointly. 

While substantially improved, the performance of the existing algorithm is still incomplete. 

In particular, boundary tones and prominences are not classified beyond simply marking their 

existence: it would be desirable to transcribe the accent and boundary types. This could be 

done by a simple post-hoc classifier applied to the sites identified by the current algorithm, but 

there is much evidence to suggest strong interactions between boundary effects and prominences 

in determining the overall intonation [35), and it is likely that better results would be obtained by 

incorporating the additional classes directly into the joint labeling system. 

Finally, although great care has been taken to utilize features which are either known to be 

speaker-independent, or have been normalized so as to be robust to speaker variations, a system-

atic study of the source-dependence of our algorithm has not been completed. Wightman and 

Ostendorf's results for a limited speaker independent test were encouraging, but a larger test is 

clearly called for. To accomplish this, and to develop the additional classifications just mentioned, 

a significant increase in the amount of fully transcribed speech data is needed. The work described 

here should help provide one tool for obtaining this larger corpus. 
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3 Software Overview 

The software developed for this project is of three different types: (1) Two 

integrated programs which embody the entire labeling algorithm, (2) compo-

nent programs which implement functionally distinct parts of the algorithm 

and which can be used to build new algorithms, and (3) shell scripts which 
illustrate how the software should be compiled, installed, and utilized. 

3.1 Integrated programs 

There are two integrated programs: autolabel.c and makemoclel.c. Both can 
be found in the directory cww /labeling/final. Together they completely 

implement the joint labeling of prosodic structure structure described in the 

previous section. 

autolabel.c: This program implements the entire labeling algorithm. It 

takes the aligner output (.words and .phones files) and an augmented FO 

file (see go.preproc script, below) in addition to a model file and normaliza― 

tion file and produces the the .tones and .breaks files. Using command-line 
options, autolabel can be told to adapt duration, pitch and energy in any 
combination, update the parameter file used for normalizing phone duration, 
pitch and power, and its output can be controlled to generate several inter-

mediate results: the raw data reformatted, the extracted feature vectors, the 
VQ codewords, or the final labels. These options are controlled by a 2-digit 

hexadecimal control word described in the header comment of the source file. 

Autolabel looks for and utilizes all of the environment variables used by the 

aligner with the addition of PITCHYATH which allows the augmented FO 

files to be located in a different directory than the waveforms. 

makemodel.c: Trains the models used by autolabel. It expects two files 
to be specified on its command line: one contains feature vectors and the 

other contains the corresponding labels. There are several parameters set in 

the included header files (documented there) to control the model generation 

parameters. Makemodel produces a file called newmodel.hvq which should be 

renamed to something more meaningful and moved to the models directory. 

Adding a new speaker: To add a new speaker, first align as much of 

their speech as possible. The use the go.estimate script (see below) to gen-
er ate a file of normalization parameters for that speaker. The con vent ion is 

to name the file with speaker identity and .norm as its extension. If prosody 
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labels are available for the speaker, autolabel should be run to extra.ct fea-

ture vectors and then makemodels used to train a model (see go. tra.inmodel, 

below). The convention is to name model files using the speakers identity 
and .hvq a.s its extension. The .norm and .hvq files should then be placed in 

$ALIGNER_BASE/models, where the software tools will find them. 

3.2 Component programs 

The component programs are older, less structured, and not terribly pretty. 
They are included here for the benefit of those who really want to do some-
thing not supported by the integrated programs. 

features.c: This is an early version of autolabel and can produce either a 
formated version of the input data or feature vectors. Additionally, it expects 

its input to be the .syl file format used in the subset of the BU radio News 

Corpus which is installed. 

All of the following component programs are designed to handle multiple 

utterance files. That is, the input files may contain several utterances that 
have been concatenated, with a'***'to seperate utterance. 

smoothvq.c: An early version of makemodels. It includes tree smooth-
ing and everything, but only grows a tree: it does not estimate the HMM 

parameters. The trained tree is put into a file called newvq.tree and the class 
likelihoods for the leaves are put into a file called likeli.tmp. If the utterance 
boundaries ('***') don't line up in the features and labels files, smoothvq 

will complain. 

mle28.c: Estimates the HMM parameters. makemodels.c is essentially 

a merged version of this program and smoothvq.c. The output is to stclout 

and needs to be prepended to the corresponding likeli.tmp file to produce a 

full HMM model. 

tclassr.c: Uses a tree produced by smoothvq.c to quantize a set of feature 

vectors. Output is to stdout. 
fbviterbi.c The ugliest, most non-intuitive implementation of HMM stuff 

you should ever hope to encounter. Given a full HMM model and the output 

from tclassr, fbviterbi will (1) do the viterbi decoding needed and dump 
the resulting labels (state sequence) to stdout. In addition, the intial and 

transition probabilities will be updated via Baum-Welch re-estimation and 
the new values placed in a file called pia .. tmp 
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4 Shell scripts 

In the directory cww /labeling/final, there are several shell scripts which il-

lustrate the use of the integrated programs. They are illustrations in that 
they will need to be modified to handle different file names, directory struc-

tures, etc. Note that they are not executable directly, but must be invoked 
with the csh command. 

go. build_progs Compiles and builds all the programs associated with 

the integrated programs. 
go.instalLall Copies the built programs and the modified aligner scripts 

to the appropriate aligner directories. NOTE: the scripts a.re currently 

based on the beta version of the aligner: when newer versions a.re installed, 
their scripts should be modified in parallel with the modified beta shells 
rather than being overwritten…DON'T USE THIS SCRIPT ONCE NEW 

ALIGNER VERSIONS HAVE BEEN INSTALLED!! 
go.estimate Goes through the corpus and uses autolabel to build up 

a para.meter file contining the values used to normalize duration, pitch, and 

power. These parameters a.re usually speaker-dependent so ea.ch new speaker 

should, ideally have a file of type .norm stored in the $ALIGNER_BASE/moclels 
directory. 

go.22 and go.get_fvectors Goes through the database and extracts the 

feature vectors for each utterance. The 22 refers to the hex code passed to 

autolabel and causes it to adapt duration, but not pitch or energy, and to 
dump the feature vectors. 

go.trainmodel Uses makemodel and the feature vectors generated by 

go.22 to train a model. 
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4.1 go.build progs 

#Justa dumb command file to illustrate the compiler options 

# Compile all the C programs 

foreach prog (autolabel makemodels pitchproc reduc preproc) 

echo Compiling $prog 

gee $prog.c -02 -lm -static -o $prog 

end 

#build the autot widget (the xview app that lets users select models) 

#Note that you must NOT use the gnu make program 

echo Building autot widget 

¥rm -f autot 

/usr/bin/make 

echo The executables are ready ... use go. install_all to update things 

4.2 go.instalLall 

cp autolabel $ALIGNER_BASE/bin 

cp autot $ALIGNER_BASE/bin 

cp .. /aligner/Align $ALIGNER_BASE/bin 

cp .. /aligner/align.BM $ALIGNER_BASE/menus 

cp .. /aligner/breaklabel. LM $ALIGNER_BASE/menus 

cp .. /aligner/doautolabel $ALIGNER_BASE/bin 

cp .. /aligner/tonelabel.LM $ALIGNER_BASE/menus 

cp .. /aligner/wave_pro $ALIGNER_BASE/files 
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4.3 go.estimate 

# Estimate the phone normalization data 

¥rm f2b.norm 

foreach file ('ls ~cww/data/radio/f2b/st*/*.words') 

set NAME='basename $file .words' 

set BASE='dirname $file'/$NAME 

echo $NAME 

autolabel $BASE f2b.norm 11 > t 

end 

¥rm t 

4.4 go.22 

foreach spkr (f2b) 

echo $spkr 

foreach file ('ls ~cww/data/radio/f2b/st*/*.syl') 

set fi='dirname $file'/'basename $file .syl' 

echo $fi 

features $fi $spkr.norm 22 > $fi.pafea 
end 

end 

4.5 go.get_fvectors 

# Extract all the feature vectors and label files into the f2b directory 

# in preparation for training a model. 

foreach file ('ls ~cww/data/radio/f2b/st*/*.words') 

set NAME='basenarne $file .words' 

set BASE='dirnarne $file'/$NAME 

echo $BASE 

autolabel $BASE f2b.norrn 22 > f2b/$NAME.fea 
cp $BASE.palabels f2b/$NAME.labels 

end 
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4.6 go.trainmodel 

# Before you can run this shell script, you need to create a file in 

# the directory with all the files (./f2b is assumed here) called 

# delete_these in which you list any files you DON'T want included in 

# the training set. This may be because you want them saved out for 

# testing, or (as in the radio news corpus) because they have syllable 

#counts that don't match the handlabels ... 

foreach file ('cat ./f2b/delete_these') 

¥rm ./f2b/$file 

end 

# Now we put all the files into one pair of BIG files: 

echo> all.fea 

echo> all.labels 

foreach file ('ls f2b/*.fea') 

cat $file≫all. fea 

cat f2b/'basenarne $file . fea'. labels≫all. labels 

end 

makemodels all.fea all.labels 

cp newmodel.hvq ./f2b/f2b.hvq 
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5 Source listings 

the following pages contain a listing of the source code for the two programs 
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1'w,, put. a pointer: Lo it in the l.1st .syll,1hle structure, l r・_, 
，ハ we've ,1lready found a "ucl.eus for tbls syllable I.hen ツ
，ハ there is a problem uith the lal,el files and we just alert•,
/'the user and !-CL the erroc flag which wi 11 ,11,ort U,c'i 
、/• whol.e・progrmn. ツ
stre!'S"s Lcessvowel (label); 
i.f (.stressンoI I 

if(la.st syl→ nucleusaaNULL) { 
last_ syl -> n uclm"•• las l _phone, 
if (stress••2) last_syl- ン stress•l 、

I el.see I 
fpcintf(stclerr,"Found seconcl vowel in syl.lablc at••cJ\n",cn,_r), 
flag• -1; 

!else if((lype==2) 11 (type==3)) I 

/*.ICwe reacl.・a.-worcl,or.a syllable tag we'll encl up hero. Thoソ
, l•ip.rocessi.ng•io_f·wore! arid_ syllable houndarie・s have a fail'.•/ 
I・々・amount.in commo1i'_si1ice'a, word boundary is also an implicit'/ 
/• ... :syllable: bouncl_ary,:,-we do the stuff in co"""on first,・and.'/ 
/',."then do the."word0miique processin<J if needed. We start ontツ
/'by. aLloca ting ."aJJd・checking a new・syllable structure: Notice ツ
、ハ thatwecloi1.'_t ac}ually. use the new structure just yet.'、{

syl count++; ・ 
last_syl-・ ンnext= new_syl()、・

if(1<1.st_.syl-)next == NULL) flag=O, 
else I 

j',_.Check fo,; erェqrco_iicliti611s.・'/ 
丘 (lastsyl→ phones == NULL)・1 

fprintf(stde.rr,"Syllable with 110 phones detected at sd¥n",cntr), 
flag= -1; 

I 
if (last syl→ nucleus == NULL) { 

一
fprintt(stclerr,"Syllal,le with no nucleus detected at ict¥n",cntr), 
flag= -1, 

J 
/,<set the.::U.ag.:-:in t_he ::last•'phone, .structure inclicu ti1ig .. tlia t ::,'/ 
／ヽ itis th1,-last .. phcn,・e itr its syllable; ・and set the flag ヅ
Iヽ :indicatingtha.t we .. bcive staェ・te_cla new _syllable: Also., if </ 
/'.•.wecjus\,: finished .... the ,first・s:yllable in a word, put a·.•.1 
/•.·: pointer'.:.fo·:•it··i1{·,tfte :last _worcl _structure,. ツ
last_phoneC) last=l; 
last_syl->stop = last_phone->stop; 
last_word->nsyl += l; 
syl_start=l; 
耳 (worcl_start==lI ( 

last_worcl-)syls = last_syl; 
1,orcl_start=O; 

/': N.ow we've .ffoisbed. the processing for a. syllable、,I
/・'boundary, :'If• this・>(ilS a worcl boundary, we still have・some'/ 
r more work, toiclo ..• ・ ~' ~/ 

江 (typeaaJI ( 

/• .Allocate."ancl .check a new worcl structure. We clon't use 、I
/'Lt immediately, .its・for .the next worcl, not the one we ゥ

/'just finished. •、：
last_word->next " new word(); 
if (last word->next a二 NULL) flagaO, 
else I 

if (last word->syls aa NULL) I 
~ 

fprintt(stclerr,"l<orcl with no syllables cletectecl at 1.d¥n",cntr)、
flilg" -1; 

｝ 
I、assuming the.re weren't any problems, copy the iヽ
, I• nppropriate data into the last worcl str.udccre. • •/ 
strcpy(last wor.d->J.abel, label.)、-. 
la.st_word->s1.l = p,1use; 
last_word->br.th = breath, 
enclーしI.me= st・.op; 
/'llaving filled t.he last llorcl structuce, we adv,1<1ce to ツ
Iヽ the new one we h"cl alloc<1tcd to get ready lor the'/ 
、Iヽ nextwor.d. Ho also set the Uag in the .l.ast syllable ,; 
; • inilicatl.nCJ that it. is the l.1st syll,1ble in its word, •,、9
だ ,incl .set the flag _indicat.ing that we'vc st≪rtccl ,1 new ツ
I'wore!.: ツ
las t_word= las t,_worclーンnext、
l,1.st_sylーンlac.t=l、・

worcl_sta.r.t = 1 、~

I 
、＇、し Now Lha t we'rn (inaly clo11e with the .l.ac.t. ぷyl.1111,J.e•/
、/>・sLrucLuco, we c,111 adva11cc to t.hc 11cxl・one・ウ＇
l ast_.syl•last_syl- ン Ill ヽXI、,•

I 
)else( 

lpri.11tl'(.stclcrr,"l/11cxpccL11d v≪luc ccturnccl l>y cc,1t1_!'.llc().¥11"), 
Oag = -1, 

ヽ，'• 入 cociplco(c:hcck.s to 111<1kc sum we clon't have any w111・cl ソ
/ヽ odd stuH i.ncli.cnting errors in the label files and we're illl'.' 
/'clone. , ゾ
if I lastオ worcl->syls !" NULL) ( 

I了print!:(.stclet-r,"Extra syllables at end of (ile¥n" J, 
tlag" -1; 

2G 
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SOURCE TEXT 

char fi.Lenarnc[l28],'Sp、'9etenv(I,
ょntstart._cnt、dur_cnt, flag, i, in tcn10rd, type, cnlo r, 
static char phone_l>uf[BU1't'STZEJ ,we心 cl_t,uf[BUFf.Slこf:J,
.static char phone[Pt!ONESIZE) ,worcll双0/WSIZE];
static float phone_time,woccl_ti.me, l.ast_timc•, 
c,tatic int first=l, syl_fla9=0, worcl_flag=O; 
static fILE'fwords,'[phones、9
static chac phone_sep[4J, worcl_sep[・l]; 

;• Initialization. _flag is. used t.o propa9ate eごror.stat11s. fir.st i.s• 、/
/'a static flag whi.ch allows us to handle the• .st.,irtfile process'/ 
, /•.correctly.'1hen·we first. start a data file, ・.;e throw out all the・・ 
/'utteェence initial junk which isn'.t part of a・.,onl and keep doing 
/'so until we _either hit the end 01• the file or we 9et a non-junk 
, ;, -.line.'/ 

flag=l, 
if I first==l} I 

if ((sp=getenv("OBASE"}} == NULL} sp=basename、
strcpy(filename,sp}; strcat(filename, WORDS_EXT } , 
if((f;,ords=fopen(fil.ename,"r"}} == NULL} I 

[printf(stderr,"Unable to open words file <s. Aborting 
esit(-1); 

¥n", lileHarne)、

I 
strcpy(phone_sep,";" J, 
fscan f (fphones, "is", phone J, 
while(! feof(fphones) cc strcmp(phone, "I" J I I 

if(1strcmp(phone,"separator")) fscanl'(fphones,"¥s",phone_sep), 
fsca II f I fphones, "is", phone J; 

I 
strcpy(worcl_sep, ";"), 
f scan f(fworcls,"もs",word), 
while('feof(fworcls) && strcmp(worcl,"l"))/ 

if(!strcmp(worcl,"separator")) fscanf(fworcls,",s",worcl_sep), 
fsca n f (f•.,ords,'"1.s", word); 

last timcaO,O, 
while((flaga=l} && (first==l}) I 

sscanf(worcl_lluf, "H  1,cl ,s", いWO区 l_time,はcolor,><occl), 
if(c,,orcl[O) aa'('I 11 (worcl[O) aa'l'I I : 

fir.stal、・

l ast_time a worcl_timc; 
it{ fgets(phonc_lrnf,BUS"S"S!Zf:, [phones)•• >:VLLJ 

1 I (fgets(worcl_lrn[,BUE'CS[SE, fworcls} aa "!LL) J 
flag a -1, 

I cl.se{ 
sscanf(phone_hu[,"'!f ,c1•s",&phono_lillle,& ぐc•loc,pho11c),
if(•.strclllp(phonc,".si.l"J 

I : strclllp(phone, "SIL") 
! strcmp(phone, "lll<TII") 
'stccmp(phone、,"beth" J JI 

,: i rstal; 
l≪.st_ time 二 pho≪c_llmc,
it(I双Jcts(phone_hu [, BしH'FSIZ,IC、[phon%J -0 ,:i;1,1、) nく"I C - I' 

。
――
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/'ff li.r,:l••"O, then we read an ,1c↑ ≫<11 l<1I01ヽ1'、
i r I ,: i.r只!, aa Q) [ 

i (((phone Lime,,. wortl_Li.mc) && ('•<>nl_rl,>q —••)))I /• w'r<'insidt• ,, word•/ -, 
i [(sy I l l双Jaa O) [ ,. 

'-YI'"" l, 
strcpy(.l、>1101,phonc);
',,L,1rt a L>sl time; 
• slop , phon, こLlmc;
• dur " phone_ t.i "'''- 1 n,, L_ Li"'''、
last_timt• a phonc_t.iu,c, 
if((sp•slrchr(phonc_buf,phonc_.«cp[O[))', "'LL)( 

il((sp•strchr(lal>cl,phonc_,;c•p[O)))',a•Lt.)'''l'•'\0', 
syl_Oag•l; 

I 
I else{ 

typca2, 
sy.l_tla9aQ, 

｝ 
if(syl_fli1g•• OJI 

if(fgels〈phonc> 、BUFFSI?,C,(phones) ,a lヽ'LLJ I 
if(phone_time aa HorCl_timeJ ,,onl_fJ."J"l、
else fli1g a -I; 

I 
else ssca11f(pho11e_buf,'"lt Id l.s",<pilo11o_t1me,,color,pho11cヽ），

I 
I else I /• He passed・a word bouncl、1.ry ツ

t.ypeaJ、.

•breathaQ.O 、.

•pauseaQ. O; 
•stop a last_tin,e, 
stェcpy(label, worcl J, 
while((! strcmp(phone, "brth" J 

I
! strcmp(phone, "sil" J 
! strcmp(phone," SIL") 

1 !strcmp(phone,"BRTll"ll 

I

、
9
し
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&& (fl,ig==l) JI 
•pause += phoue_time - last time, 
if(!strc叩 (phoue,"brth"J IT !.stccmp(pho11c,"BRTll"J) 

, breath += phoue_time - last_time、
I ast_timc = phoue_ti.me, 
i((f9ets(pho11e_bul,8UfFSIZE,(phooes) == NULL) flag= -2. 
else ,;scanf(phoue_bu(,"I,(,c1 もs",&phone_ ti.me, &coloc, phone). 

I 
if (flag == 1 I I 

ii'(Egcts(・,1ord_bu(,SUffSIZE, fworcLs) == NIJLL) tldg = -1, 
el.se sscaof(worcl IJuf,"H >d %s",&worcl_time,&color,worcl), 
wlli.le((worcl[O[ 二='く 'I && (flag== l))( 

if (fgel、s(woccl_buf,UUFCSIZIC,fworcls) == NULL) Uag = -1, 
else ssc,1of(woccl_buf, "H  %cl ls"、&wore!_time, ,color, word), 

I 
ii'(flag< OJ( 

flag = l; 
£close(fphonesJ, 
fclose(た10rclsJ; 
first = -?. ; 

I 
J else( 

if(first== -1)( 
type=), 
'l,rea th=O. 0, 
•pause=O. 0, 
•stop = last_time, 
stccpy (label, word J, 
first = -2; 

}else flag = -1; 

start=O, 
freg=O; 
c々lstart= 0, 
dヽf.req=lOO;

ヽ，•'• Fi.rst, rc≪cl the prcurnble、andrnar,e sure this is "" ESPS fi 1.e w.ith'/ 
I'ヒheright .size clata record.'.>. ツ
if((in[ile=[open([ilennme,mode)) != NULi,)( 

Hi freucl((void ,) &preamble, sizeof(prcamble), 1, inEJ.le) != J.) 

i11file=NI/LL, 
else I 

if((preamble.check != 27lfi7.))( 
fpri11t[(slclcrr,">rro11g Magic Number! !¥11")、
fclo.sc(i11filc); 
i11file=NULL; 

I 
if(premnl1Jc.1:0corcl_.sizc''1B) I 

fpri.nl:l'(.stclcr:r,">tron9 recorcl ci.,.e ('-cl) in 
p rc;,n,i,lc. recorcl_s lze)、`

fclosc(lnlilel; 
i.nf:i.l.c0N¥Jl,L; 

I else I 

/ <'l'hc, btl>.<tc i:i.lc !wader look.s ok≪y、nowsift Lhrnu9h Lhc'/ 
, I< heヽ,clcr Lookin<J foe t.hc 9c11eer.i. i terns we, w≪11し．` ／‘
(or.(i."0、・I IiくIprcヽ・1mblc.d≪t11_01:rsct- 32)) &. (sl.ar.tl-lrnくIi" 2) );i++)I 

≪l>c a gcl.c(i11fll,o); 

、j=O,
Hhi.1.c((slart==O) Cf. (sl;arl・,__ timc¥ji>J ==、>he) e& (j<ll) J al>c0qctc(i.nfil.c), 
i l'I・j== I l I I 

t'oc(j=O,jO,・j1+J <1l>c-・qot.c(i≫t:ilc), 
l'read(d≫Lorl;, si?.col(clOnl>l.o), l, i≫J: L l<ヽ1、
sl;art=L、9

I 
i. ・I・, j' 

j=O; 
whi.le < (troq==O)•• (rncord_frcq(j+<I == abc) c. (j<12)) 、1ilc=gclc(i.nliJo),
Ll(j==U) I 

Loe I i"O; j ,G; jヤ<) abc=gelc(infilo), 
(rn<1cl(cHrc,q, .siwol(cloul1lc), 1., in! ● i le), 
(1・oq=l; 

I 
i. I・= J, 

ro fi.l.o !¥11'.'' 

;, J.f we fouucl the ,,tart. time ""d rccor.cl freq c.nd can seek to'/ 
，ハ the start. of the data records、we're'"'l'PYcampers!'/ 
i.f((start !" l) 11 (freq !a l) 11 (t'.seek(infi.l.e、preaml1le.clata_offset, 0)'"0)) I 

(close(in file); 
i.nfi.leaNULL; 

3
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s true t phone'ppn tr、9
char filename [ 12!! I, filcbasc I 128 I,'sp, • sclenv(J, 
float energy, pitch, pcak_pi tch, fOpo・aer, hr; 
int flac1; 
clouhle start, froq; 
>"ILE'fpilch, 會［じarg,

if((sp=getenv("P.ITCII l'A1'11")) == ,uLL) { 
strcpy(filename, l>ascname); 

I else{ 
strcpy(filename, sp)、・

if((sp=strrchr(l>asename,'/')) == NULL) { 
strca t(filename,"/"); 
strca t(f l.l.ename, l>asename); 

I else{ 
strcat(filename,sp)、．

I 
strcpy(filebase, filename)、
strca t(filename, PITCII_EX1'), 
if((fpitch-fopen esps(filename, "rll" ,&start, <freq)) "" CULL) { 

" fprintf(stclerr, Unable to open pit.ch file is. Aborting ... ¥n",filename). 
exit(-1); 

I 
ppntr=base_phone,, 
while(ppntェ＿ンnext != NULL)( 

ppntr = ppntr->next; 
flag= reacl_pit.ch(fpitch,ppntr->start,ppntr->stop, 

&energy, &pitch, &peak_pitch, HO  power, & hr), 
ppntrーンenergy= energy; 
ppntr->pitch = pitch, 
ppntr→ fO_power = fOpower、
ppntr・・>hr = hr; 

l'.l.ic1=L, 
me,rn_cnc吋 y=O.0, 
mc<1n_pilch00. O; 
cncrgy_cnt=O; 
pJ.tch_cnt00、・

•pi.Leh= 0.0; 
'cncr:gy" 0.0、
, pc,1k_p l Lch=O. 0, 
•[OpOW()C" 0.0; 
• hr=O、.

cou11t+l, 
mc>,111 __ e11c吋 y, = (floaし） l'O_clata[2), 
PIICC<]¥_CII l.++, 
Lf ([O_cl.1t<1{l) > 0.75) I 

•tOpo-,,cr += to clata[4 I, 
•llr += fO clat,, 了5)、・

me、111_pi.tch += (Lloat) tO clat.1[0[, 
if(fO tlnta[OI)•pcak_p了Leh)•peak_pitch = fO_clata[O], 
pitch五nt日、・

I 
U.111c++、・

2 !} 
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flag = 1, 
if (cnergy_cnt >O)•ener9y = 111uan_cnct―<Jy_icnPrqy_cnL, 
el.sc I 

fprintf{stderr,"Zero frames In phone .st.art・ln<J al ll111<'H 1,rJ<¥n", 
sl—.art, time),-

flag = -1,-

I I 

if (pitcll_cnt > 0) I 
' pitch = mea117pitch/pitclし一cnt, 
'fOpower /= pitch_cnt, 
'hr /= pitch_cnt; 

I 
return(flag),-

I 

・:::::t.9.Q.Q,.'/*'・. JlO!'li1itl,I2.ec_data(X :cciord1na t.es tile process O t getting (ancl possil>ly'/ 
1100, ............. ;/ヽ l>pdati1igr'.the・normalisationparameteH ;rncl normalising the ilata.'/ 
Ll . .Q.LJ int normalise・aata(filei,ame,func) 
1102; -• ….................. , char filename I I; 
I 103 1 int func; 
I 104 i 
rros! 

I 
................ , struct phone•pntr; 
I.IQ§」 intflag, i; 
1107; FI LE'fnorm; 
1108 i 
TTbg"i・ ············•····」 /•c::For.,·st~rters;:::H ,the coutr.ol cocle says not to uμdatc l.lle 、,I
1110; 
TTfi"' 

/•·:normahzation,.·file and. we .can' t open it. then ;,c re stuck, , ,, 
...................... ; / .. •. c6mpfoin·'·•ncl \iiti,;;/u:•WO• get the file ope11,• r,,ad it.'/ 
I 112 i 

"TTT'fl 
flag=l; 

TTr,r・; 
if((func & OxOlO) == 0) { 

; if((fnorm=fopen(filename, "r") 1~=NULL) I 
fpr intf(stclerr, "Unable to open normal i.s,,tion file %s¥n", filename). 
flag " -1; 

} else flag = read_norm (fnorm); 

!else{ ......... 
,／？ごIfi>Je.''re':s(,pp.osecl・updatethe. 11ormali.eation parameters the11,. if·•/ 
/.'::iwe :can•:t,:open·the file, ・we just iniしialbe th.o our. tables to' 
/f.e#i1uate: .. the. :parameters from scratch: If we can open the .fi.le、/ ......... . 
,,,:.the1i,we,.11:,reacl・・iLin'.., I 

if((fnorm=fopen(filename,"r"))==NULL) ini.t_norm(J. 
else { 

flag=read_norm(£norm); 
fclose(fnorm); 

l 
;•,, ,;o,i':t6atit.h<Cest~~iation tables are・in itiallzecl. 1 re I open theツ
が fil:,(f<>iwri• は1ig//upclate,:the normalisat.im1 parameters and write.・,; I .. . . . . 
*・:.them, 1,・a;,.k・・into・the・・file・.'/ 

if( 
........ 

(fnorm=fopen(filename, "w"))==NULL) I 
fprintf(stclerr, "Unable to open normalisaU.on fllc もs¥n",filename). 
flag = -1; 

}else{ 
update_,.>orm(I, 
flag=write_norm(fnorm), 

l I 

/'.. Now, .that weihitve the tiormalisation pa℃ amcters, He may Hao't to'、i
、;, adapt. the data,・.That is, we'"•"Y >1ant t.o shlt't it in some way to'/ 
が improve·the:.~g.reomeii ヒ between it aml tile clatc, us或 Iin estiwa tLn9'/ 
;• .the 11prmalis,1tion :parameters.'rllts is cllldor uscc co11ヒ1:olvia the ツ
I'COil trol .cod~·.' . .. .. ;・ 
if(flag==L) I 

fclose(fnorm); 
if((func & Ox020)•= 0) aclapt_dur(). 
if((fu11c & Ox040) != D) adapt_energy(), 
if((func , OxOSO) != 0) aclapしpi.I.ch().

I 

/• .. Okay,・・now'we・・c.an・actually nonualize the c!,1til !'1e do thi.s by 90.i.119'/ 
/.'"through: e~ch phone a ncl computing a か .scor<'rorcl11r・at.io11, ollorgy'/ 
/'land.:・l!≫aybe) .Pit,h.'fhis norn1c1lisaしi.on [,-clone c.i01ply by'/ 
I'. ・subtr<1ctiug .off tlie phone-rlcpenclenし "'"""'""'cllvicliwJ!Jy t.hcヅ
;, ,. phonecclepencleri.t .• variance. Of cou.rnc, we try to "voicl ell v id lng 1,y ツ
/'¥zerci/a11d., •iCwe :.e11counter any phones fol'which we clon'Iこ have'/
/·'.•paramete.rs,"we.alert the user and <1ssi.9n norni.11<11 v'1l110.s to tl"'lr'/ 
/'. feu turc.s., ・; I 
pn tr=base_phonc; 
while(pntr→ next != NULL){ 

pntr=pn tr.-> next; 
i=O、.

while((i<nphoncs) && strcmp(pnl:r->l;,1≫、I,11l.,1I, Le Ii I. pho11<') I i• f、
i.f(i<nphoncs) I 

i.((nt.,,l>le[il、cl11rl > 0.0) 
pntr->cluc = (pntr->clur - 111'.<11>1"{ i J .dur).'nl.,ll>l<'I i 1.<1111・ え、

else pntr->c!11r = LO; 
i((ntill>l<!{ ii .en,; ヽrgy2 > o. o I 

pntr->on,,rqy = (pnlr→ enc rgy・・ 
utal>l ,, I ii . <ヽ'"、rqy)/III ,1l11 l、I11.,•11, ヽr<Jy'.',

cl!'e pntr-〉QJl(l切 y= l.O; 
i.f(nt,1blc,[i.J .pHclll l 0.0) 
pnl.c-・・>pil:c:h = I p11Lr・ 〉pitc,h・ 

nt:al>lc{ ii、pil.cll)/nl.,1!1!.,.-1 LI .pi.t.chl, 
叫忍, pntr・>pltch = 1.0, ッ

fol!!e I 
(pri11tt:(stclerr,"W,¥!1NJNG, pho110・1 .. s 11ol 111 111,rm,1!.ls』lion ,: 1!1•'-,11" 、

pntr-〉lilbcl);
pntr→ du戸 1.0;
p11!.r->c11crgy=l. O; 
pnヒr->pitch=O.O;

I I 

re turn (flag), 
..................... , l 
1188 i .................... 
.... Ll..~.Q...! void adapt_dur(I 
I 190 i ................ , I 
I I 91 ; struct phone•pntr, 
I 192 I float alpha; 
1193 : ..................... int cntr, む
1194 i ..................... float lambcla[NPIIONESJ ,r{NPIIONESJ ,r」,,,r,sums [NPIIONES J. 
1195 i .................. , int counts[NPIIONES]; 
1196 I 
UQ?』/h:~1ii,.jc,llow'incj ::c6M is for the .・,naxi叫 m,un-li.kelihoodestimate of alpha.'/ 
, IJ .. Q.ll. i::¥1', cnh=o・, 1199・・>. ..... 
.............. …;/i/alp¥ia,s.o・:・o・, — 

1200 (¥・foェ(i丑o:;J,11pho・nes、,iH){
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SOURCE PROCRAM 

autolabel.c 

LINE# SOURCE TEXT 

1201; sumslil•O.O, 
1202 ・: counts[ ij00; 
1203 i i.r(nt.,i>le[i.] .clur2) 0.0) 
1204; r[il• (ntal>le[lj.dnr/nしal>l.e[il.clur2)'(nt<1bl.e[i J .clur/ntat,loJi) .dur2). 
120S'else r[i.l = 0.0, 
1206' lambcla[il = r[il/ntabl.e[iJ.cl≫r; 
1_201J l 
1208' pn tr=base_phone, 
1209 ; while(pntr->uext. != NULL) I 
1210 , pn tr=pntr-> next, 
121 I , i=O; . 
1212 i 
1213; 

while((i<nphones) && strcrnp(pntr->l<1_i>el;ntal>J.e[il .phone)) i.++, 
if(i'nphoncs)・I 

1214; ·•·····•······· sw11s[ lJ += p11tr->dur,-
121 S i . cou≫ts[i].+.= l; 
1216: 
i2T7: ・ 

}c,lse fpci.ntf(stclcrr、'%¥RNING, phon~_is not in nonnalicati on f i le¥n", 
:rutrc>label)J ........... 

1218 !. : 
1219 ;. 

.... I 
r har=O.O; 

1220, ............. ,. for(i=O;i<uphones; i++) r_bar. +'-'... counts[i)• r[i), 
1221 ; • _foょ・ (1cO;i<np}lonc,s,-i.++) alpha. +e (< [i]/(r bar'ntable[ i] .clur) )• sums [ i), 
1222 i・. fprintf(st.cler.,',"Acli!ptlng cluraHon,, alpha—~,, 八n":;・al.pha);
"!223 i .. : tor(i=.O,-i<nphones,-i++li 
1224' ••. ・ ・ntable[ i) .clur・'"'・alpha; 
122S'・ 

... ,.•. 
ntable[.i] .dur2•= alpha; 

1226'・・ ・. ） 

'',・ rzz7·• 
1 .. 22.~.. .i /.• the foll.owing: is .code for the・61d way'or・.adapting durationsヅ
1229 i cntr=O,-
1230 ! alph<1=0. 0; 
1231 i 
1232! 

pn tr=base_phone, 
while(pntr->nest != NULL) [ 

厄'Ll.J pntr=pntr->next,-
1234 , ·•·············· i=O, 
123S' ·················• 
1236 i 

while((i(nphones) && strcmp(pntr->label,nteble[i.] .phone)) i++, 
江 (i<nphones) I 

1237 i ..............~..., alpha += pntr->dur/ntable[i] .clur; 
1238i cntr++; 
1239 i 
1240 ! 

}else fprintf(stderr,"WARNING, phone is not in normaliz<1tion file¥n", 

f241! 
putr->label); 

.... I 
1242 ! if (cntr>O) alpha /= cntr; 
1243 i fprintf(stclerr,"Acl≫pting duration, alpha= H，ヽn",alpha),
1244 i ···················• for (i=O; iC nphones; i ++) I 
124S i ntable[i] .clur•= alpha; 
I 246' ................~..... 

1247 i 
ntable[i] .clur2 -= alpha、

｝ 

1248; .................. I 
1249 i 
.G(s:.<'>J void adapt_energy() 
12S I ; ｛ 
lisZ! struct phone•pntr, 
12S3 ; float alpha, 
12S4 i ・・・・・・・・・・・・・・・・・ 

int cntェ， i;
12S S , 
1256' cntr=O、.

●● ●●●● ● ........... , 

12S 7 i alpha=O. 0, 
12S8 , pn tr=base_phone, 
12S9 : while(pntr→ nest != NULL) { 
1260, pntr=pntr→ next; 
1261 ! i=O; 
1262 ; 
1263 i 

while((l.<nphones) -" strcmp(pntr->label,ntable[i) .phone)) i++、
if(iCnphones) [ 

1264"・, alpha+= pntr->energy - ntable[i] .energy, 
1265 ! cntr++; 
1266 1 lelse fprintf(stclerr,"WoRNING, phone is not in normalization file¥n", 
1267' ・・・・・・・・・・・・・' p11tr->label); 
1268 i I 
1269 ! • if (cntr>O) alpha /= cntr; 
1270 ; fprintf(stclcrr,"Aclapting energy, o[(set = H¥n",alpha), 
1271' foe(i=O; iC np hones; i ++) I 
12グ2! n table [ i] . energy += alpha, 
1273 
1274 : 

...... I 

127S , 
・・.., I 

1276 ! void aclapt_pi.tch() 
1277 i I 
1278 i 廷 ruct p ho ne < p n t・ぷ， 
1279 ! floil t alpha; 
1280 ! int cntr,i; 
fii¥T1 
.1 .. 28i・: cntr=O; 
1283 , a lplla=O. 0: 
1284' pn tr=l>asc,_phone, 
128S ! whi.lc(pntr->nc<l != NULL) I 
f286i pn lr=pn tr-> nc< t; 
12871 i.=O; 
1288 i 
I 289 i 

whi.le((i.Cnphone") .& strc≫>p(pntr->l,1i>c,l,nt:abl<,fil.phonc)) it>. 
if(i<nphon,,_.,) I 

129.9 .. , a lph,1 戸 pntr->pltch- nt.ahle[ i] .pit.ch, 
1291 ! cutr1+, 

1292' 
1293 ; 

!else J:pci.ntf(stclcrr,"WA!INlNG, phone i,, not i.1> 1>orm、11.i,.、,t.ion fi lo¥n", 
pntr->l≪l>f.'l); 

1294・1 ., } 
129S' i((cntr〉O) ;,.lplw /= cntr; 
1296 ! fprlntt(stclcrr,"Acl≪pting pitch, of(sct = H¥n",,1lph,1), 
1297 i • for(i=O,-iCnphone>1;i+十） 1 
1298 i nt≪ble[i] .pi.Leh+= alph,1、．

1299' I } 

1300 l , 1 
130 I ! 
no21 
1303 ! . void updatc_norm() 
1304 i ｛ 

130S i .. struct phone•pntr, 
1306 i int i; 
1"307 
1308' for (i=O; iC nphones、i++I I 
1309, ntable[i).clur2 = J>table[i].couut• 
1310, ((ntable[il .clur2)'(ntable[il .clur2) + 
131 I ! (ntable[i] .dur)•(nt<1ble[i) .clur))、.

I 31 2 i ............. ntable[i] .energy2 = ntable[i] .count' 
131 3 ! ((n table [ i] . energy2)• (n table [ i I . energy2) + 
131 4 i 
1315・, 

(ntable [ i]. energy)'(ntable(ii. energy)) , 

．．．．．バ.........., ntable[i].pitch2 = ntable[iJ.count• 
1316, ((ntable[i] .pitch2)•(ntable[i) .pitch2) + 
131 7 ! (ntable[i] .pitch)寅 (ntable[i].pitch)), 
13 I 8 ! ··················• ntable[i) .dur•= ntable[i] .count; 
1319, ntable[i) .energy•= ntable[il .count; 
1320; utable[i] .pitch•= ntable[i] .count; 

31 
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SOURCE TEXT 

p11 tr=l>a.se_pho11e, 
whi.le(p11Lr->11ext'= NULi.) I 

p11 tr=p11 tr-, 11ex t; 
i =O, 
while((i'11pho11es) && strcmp(p11tr-)lal>el,11tal>le[il .phone)) i++、
if(i >= Nl'IIONES) I 

i = NPIIONES; 
tprin tf ( slclerr , "More than icl phone labels found , inc rease NPIIONES . 曹曹 11" ' 

NPIIONES); 
)else if(iン= nphones) [ 

strcpy(11 t.able[ i I . phone, p11tr->label), 
nphones+=l; 

I 
IItable[i] .count++, 
IItable[i] .dur += pntr->dur、
ntable[i] .clur2 += (pntr- >dllr)• (pIItr->dur), 
ntable[ i]. eIIcrgy += pIItr->energy; 
n table [ ii . eIIergy2 += (pIItr->eIIergy)• (pIItr->eIIergy), 
IIヒable[i].pitch+= pntr->pitch; 
IItable[i] .pitch2 += (pntrーン pitch)• (pIItr->pitchJ, 

ntable [ i I . energy2 = ntable [ i] . energy2ー (ntable[ i] . energy,ntable [ i] . energy J, 
if (ntabl.e[i) .energy2 > le-6) ntable[i] .energy2 = sqrt(ntable[i) .energy2J, 
else ntable[i] .energy2 = 0.0; 

ntahle[i] .pitch2 = ntable[i].pitch2 - (ntable[i] .pitch'ntable[i] .pitch), 
if (ntable[i] .pitch2 〉 le-6) ntable [ i] . pitch2 = sqrt(ntable [ i] . pitch2 J .-
else ntahle[i].dur2 = 0.0、.

nphones = 0, 
for(i=O; i,NPIIONES; i+十）［

ntable[i) .phone[0]='¥0', 
ntable[ ii. count=O; 
ntable[i] .dur=O.O; 
ntable[i] .dur2=0.0; 
ntable[i) .energy=O.O, 
ntable[il .energy2=0.0, 
ntable[il .pitch=O.O; 
ntable[i] .pitch2=0.0; 

flag=l. 
i.=O, 
if(fscanf(fnonu,"%d",&nphones) == EOF) flag= -2, 
while((i(nphones) && (flag==l)) I 

i.f(fscanf:(fnorm,">s %cl H H H'•f H %f¥n",ntable[i) .phone, 
&ntable[i] .count, 
&ntable[i) .dur, 
&ntable[ i) .dur2, 
• 11 tal,le [ i I . energy, 
&ntable[i] .energy2, 
&ntable[i] .pitch, 
&ntah」.e[i].pitch2) == EO>') flag= -1, 

f.or(l•O; i.(nphones;i++) counts[i] " ntable[ i) .count, 
j•O; 
while((j<nphones) &し (flagaal))[

max i=O; 
"'•"_en 炉 O;
iaO; 
while((i<nphones) && (flagaal)){ 

if(count.s[i] > max_cnt) [ 
111,1x_1=i、
lllilX_CII炉 counts[ii, 

，
 

＋
 

＋
 

,．_．
1
 I 

if(fprintf(fnorm,"%-6s %5cl %10.8f'10.Sf HO.Sf'10.Sf HO.Sf H0.5f',n", 
ntable[max i] .phone, 

ー、
ntable[max 1] ,count、-. ntable[max 1] .clur、-. 
ntable[max 1] .dur2, -. 
ntable[max 1] .energy, -. 
ntable[max 1] .energy2, -. 
ntable[max 1] .pitch, -. 11table[max_1] .pitch2) == EOFJ flag= -1, 

counts[max_i] = O; 
j++; 

｝ if(flag != l) fprintf(stderr,"I/0 error while writing noエmalization!¥n")、

3 2 
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SOURCE PROGRAM 

autolabel.c 
DATE 

TIME 

l 1 /22/94 

5:17:40 pm  

PAGE# 

1 3 

LINE# SOURCE TEXT 
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struct syl•spnt.r, 
struct phone•ppntr 、

struct word•wp11t.r; 
i11t clc11t,ecnt,e11cl_syl,encl,scnt, 
i11t tcnt,pc11t; 
float c11cl_timc; 

tcnt=l; /・'_skip _the ffrst. pit.ch t.arget 
encl=O; 
scnt=O、・

global_mean_pitch = D. D、
spntr=base_syl; 
wpntr=base_word; 

ma,.es the edge coaditi.on trivialツ

while(encl == 0) I 
ppntr=spntr->phones、
spntr→ max_pitch = O. 0, 
spntr→ min_pitch = 10000.0, 
spntr→ last_target = 0.0; 
encl_syl=O; 
clcnt=O; 
ecnt=O; 
pcnt=O; 
spntr→ ntargs = O、
while(target_times[tcntJ < spntr->start) tent++, 
encl_time = spntr->stop; 
if(spntr-)last == l) ( 

encl_time +=守ntr->sil、
>,pntr=可 ntr->next;

｝ 
while((tent< nwn targets) い (target_tirnes[tcnt) <= spntr-)stop)) [ 

spntr-> ntargstt; 
spntr->last_target = pitch_targets[tcnt}; 
if(pitch_t.argets[tcnt) > spntr->max_pitch) 

spntr->max_pitch = pitch_targets[tcnt]; 
if(pitch_t.argets[ tent} < spntr->min_pitch) 

spntr->min_pitch = pitch_targets[tcnt); 
if(spntr->ntargs == l) { 

if(pitch_targets[t.cnt-1) < pitch_targets[tcnt} && 

pitch_targets[tcnt} > pitch_targcts[ tcnt+l)) spntr->shape=l; 乃H,//
else if(pitch_targets[tcnt-1) > pitch_targets[tcnt] && 

pitch_targets[tcnt} < pitch_targets[tcnt+l)) spntr->shape=2; ;;・ ・ti:'/ 
else if(pitch_targets[ tcnt-1) < pitch_targets[tcnt] && 

pitch_targets[tcnt] < pitch_targets[tcnt+l]) spntr->shape=3; /'. U: ツ
else if(pitch_targets[tcnt-1) > pitch_targets[tcnt] && 

pitch_targets[tcnt) > pitch_targets[tcnt+l)) spntr-〉shape=4; /'.n·:•i 
)else if(spntr->ntargs == 2)[ 

if(pitch_targets[tcnt-1] < pitch_targets[tcnt] && 

pitch __ targets[tcnt} > pitch_targets[tcnt+l}) 
spntr->shape += 4; , ハ R ゾ

else if(pitch_targets[tcnt-1] > pitch_targets[tcnt] && 

pit.ch_targcts[ tent] (pitch_targets(tcnt+l]) 
spntr-〉shape+= 4; /'L +/ 

if(spntr->shape > G} spntr->shape -= 6; 
}else spntr->shape=7; 
tent++; 

I ............. 
1488 
1489 i 
1490 
1491 ........... 
1492 
1493 
1494 ............... 
1495. 
f・,¥915・; ················• 
1497 ! 
1498 i 
1499 ! 
1500 i 
1501 
1502 
I 503 i I I 504 ! if(spntr->min_pitch)500.0J spntr-〉min_pitch=O.0, 
I 505 ! 
1506 ! while(ppntr != spntr->nucleus} I 
1507 ! spntr-><nean energy += ppntr->energy, 
I 508 ! 

7 
if(ppntr->pltch>O. O) I 

1509 i spntr->mean_pitch += ppnt.r-)pit.ch; 
1510 i pent++; 
15 I I 
lsTZ! 
151 3 ! 
I 514 , 
I 51 5 i 
1516 
1517 
1518 
1519 
1520 

UH 1524 
1525 
1526 
1527 
I 528 
1529 
1530 
I 531 
I 532 
1533 I 
1534 spntr->mcan_encrgy /= cent, 
1535 il(pcnt. 〉0) spntr->mc,1n_pil:ch /= pent、
1536 spntr.->mcan_clur /= ecnt; 
1537 spntr->rhyme /= clcnl; 
1538 
1539 
1540 
1541 
I 542 i ............. , I 
I 543• spn tr=spntr->'"" t., 
I 544; if(spntr->next == NULL) encl=l, 
1545 
I 546 i 

..... I 
global7meiln_pitch /= sent; 

I 547 i /'fpr111tf(stclerr, "Global m年 111pitch -'f¥n" ,global_mcan_pitc:h);.'/ 

1548' ェ・et.urn(l);
I 549 i .............. I 
I 550 i 
I 551・: int pass2_syl() 
1552 i 
1553 i 

., I 

.... struct syl•pntr,•last,•next_syl, 
1554 i int encl; 
1555 , 

·•·i 
．．．．．．．．． 
1556 ! ............ ...• pntr = base_syl., 
1557 i encl=O; ............. 
1558 ! ............~.. 
1559 ! pntr→ del_clur = 0.0, 
1560・・) pntr-〉clel_energy= O. O、

I 
spntr->111ean_cl11r +• ppntェーンdur,
CCIIヒ＋＋；

spntr-)onset +• ppntr->clur. 
ppntr•ppntrーン next;

I 
if(cent > 0) spntr->011.sct /" cent, 
ppntr a spntr->m1elc11s; 
spntr-> fO_powcヽra ppn tr.-> fO _power, 
spntr->hr a ppntr->hr; 
while(cncl_sy l "" O) I 

spntr->mc.111 energy ta ppntr->cncr.gy, 
if I ppntr->pitch>O. 0) I 

t1p11tr-)mcan_pitch +a ppntr->pit.ch; 
pent++ 、~

I 
spntr一汎110,111_cl11r+= ppnlぷ一次lur,
cent++、• 
. spntr->rhymo +" ppntr->cl≫r; 
clcnt++,-
i.((ppntr .. ,1,,,_,1,-= I.) ond __ syl•l, 
c.l!>c ppntr=ppntr->noxt, 

if(pcnt>OJ ( 
global 111e;111 pitch +a spntr->m釦 rn_pitch、
sent++; 

33 



LINE# 

1561 l 
1562 i 
1563 , 

k@as64 
Program Listing 

pntr-)clel_pitch O 0.0, 
last a pntr、9
pntr a pntr->ncXI; 

SOURCE PROGRAM 

autolabel.c 

1564 , if(pntr->next ! ニ NULi,) noxt_syl. a pntr->next, 
1565 i else next_.syl O pnしr;
i566 ; .............. 
1567 i ............、
1568 , 
1569' 
1570 , ・・・・・・・・・・・・--・ 
1571 i 
1572 , 

1577―, 

while(next syl->next'" Nt/LL)I 
if(J ast->ntarg,; l 0) pntr->ptargaJ., 
else pn tr-l p t<I!"り二0,
if(nc.,t_-<'yl-)z,tarqs) 0) pntr->ntargal、
el,.ccμntr-lnt111・gaO、:

if(」.;ist-l.sllilpeaaJ) pntr->phal; 
else pntr-> phaO、
if(next_syl-)sh11pe0"l) pntr->nh0l、
else pntr-lnh"O; 
pnlr->clel_clur O lastーンmc,111_clur- next_syl->mea, 竺lur,
pntr->clel_energy a last-lmean—.energy -nexにsyl.-,mean_energy. 
pntr-)clel hr a pntc->hr - 0.5'(last->hr t next syl->hr); .-

SOURCE TEXT 

1578 i ... /'This block万 shouldbe .usccl if you・aren't i1ormalizin~. pi tel{,,、I
1579 , pntr°C)c]eJ._:pitch aぃratio(1,,"st→;,,ea_n_t>i tch, next syl->mean_pi tch)、
1.5.~.9 ... , /" 1'hLsbJ.ock・"houlcl he used with ,,iornalized pi.tell刃
1581 , . ··················•· , ・, pntr→ clc.l_j,i.t,c,h O 111,-t->mean_pi.tcli -':'next~syl-'>meari_:pitch 、''/
1582 l 
1583 ; 
1584• .............. , lastapntr, 
1 .. 5~.5 .. , pntranext_syl, 
1586 ! 
1587 
1588 
1589 
1590 . 
1591 

next_sylapntr-l next; 
I 
pntrーンdel_clura 0.0, 
pntr→ clcl_energy a 0.0, 
pntr-次lel._pitcha 0.0; 
pntr-次lel_hra 0. 0, 
return(1 J, 

int passl __訳JO工els(I
I 

”~’• ・ ぶ・ぷ.., .. , 
struc t word•,rpn ヒr,

I 598; ...... struct syl'spntr; 
1599 ! 

~ ~ ~ 

1600' ., ........ ,, 
1601 
I 602 
'i…'ii63' .. , ..... . 
I 604 "~ 曹.…........ , 
1605 
1606 ............... 
1607 . ...... 
1608・ ....... 
1609 •······ 
1610. ..... 曹~ 曹...

161 I ! ..... .. 
1612 

... , 
＂曹~ ~．~ い...... 

161 3 ＂曹・・・・・・・・・・・・・
1614 

int pcnt,encl; 
floaヒ,m,ax,wmin;

wpntr " base_worcl、
while(wpntr->last !" 1)1 

spntr " wpntr->syls; 
WIIICIX"0.0; 

,m<i.naJ.0000. 0、.

enclaO; 
pen taQ; 
while(encl""O) I 

if (spn t.r->111<1x_pi tchン wrnax) winax"spntr->rnax_pitch, 
i.f(spnしE く wrnin) wrnin"spntr->rnin_pitch、.

if(spntr->rnean_pitch > 0.0)1 
PENヒ＋＋，

wpn t.r-> rnean_pi tch +" sp11 tr->rnean_pitch; 
1615' ............. , I 
1616' if(spntc->last == l) encl=l, 
1617 l ・ ぃ... ..... ・・~ ， else spntr = spntr->next; 
1618・, I 
1619 ·•········ wpntr-)wax_pit.ch = wmax; 
1620. ............. if(wmin <500.01 wpntr-)win_pLtch = wwin, 
1621 else wpntr→ win_pHch = 0.0; 
1622 if(pcnt>OI ,rpnt」:->wcan_pitch/= pent; 
1623 .......... wpntr = wpntc->next; 
1.6.2.4.. I 
1625 
1626 return(l), 
1627 
1628, 

.... , I 
.. , 

1629 ! ..... int p,1ss2 worcl.s() 
1630 , 
1631 ; 

・・・・・I 

...... , l 1632• 
1633 

retuェ・n(lI; 

1634 l ,;truet phone• ne≫_phone() 
1635 

．． 
...........'I 
1636 ; 
1637 

...... 
" 

1638 ........... 
1639 i 

., 
・・ ・...... .. 

1640 ! 
， 

・・ ... 
1641 

．．．． 

....... .: 
1642 ! 

， 
..... 

1643 ! 
""" 

1644 i 
1645[ ............. 
1646 ! ．．．．． 
1647 ; 
" ... .. ヽ

strnd phone•p11lc, 

pntr a (,•1truct phone') med今・しoc(fd.zco[(structphone)), 
Lt (pntr ta Nlll,L) I 

pnl:r->ncxt a NUl,I,、
pntr・・llast a 0, 
pntr-lletl>cJ.(01 a'¥0'; 
pntr->.start a O, O; 
pnt:r->slop a 0.0; 
pnt:r->clur a 0,0; 
pntr->cncr~y a 0, O, 
pntr-lpi.lch "0,0; 

I 1648' .... ! 
1649 , n•t·.u,:11(pnlcr) 、
i650 i 
1651 

. I 

' !'652' .; ,.,trucL sy l•111ヽ＼丸_.sy I I) 
165 3 ! ..... , I 
1・554 ! struct syl'p11tr; 
'i'655 , 

.. , 
......、

1656 i pntr - (struct syl•) u1alloC(.,;l1.eo((str11ct syl.))、
I 657 .... , ..... , Lt (pntc'" NULL) I 
1658 i p11tr→ >11ext O NULL、
1659 ........ , , p11t,r→ >L1sl a O; 
1660, p11tr->pho11es = NU! ふ；

" ... , 
1_661.., f'll tr-) 1111c.lcus -NU LL; 
1662 l p11lr->stre.ss = O; 

""" 
...... , 

1663 ! ........... , p11tr->start = 0.0; 
1664; p11Lr->stop = 0. O; 
i66ぢj = 0. O; p11tr->dur 
1666 l 

"" " .. .. p11t.r->e11ergy•• 0.0; 
1667 t 

'"曹.., 
pntr->mnx_pitch - 0.0, 

1668 ! ... ..... p11trーン rhyme = O. O; 
1669 ! ......... ...... p11tr->011sct - 0. O; 
1670 l .... ヽ.., 

p11tr-ンmean_clm- O. 0、.

(671 , ............ , P"じr->mcan_pitch- 0.0, 
1672 ! ............. , p11t.r→ mcan_e11cr9y - O. 0, 
1673 ! ...... I 
1674 t 

.............  ● 曹9

.!..?.7.? ! I 
1676; 

.. , 
ret11.rn(p11tr); 

... .. 
J翌fjstruct wo てcl•new_worcl()
1678; I .............. , 
1679 ! 
~ ~ 曹........., struct worcl•p11tr, 
1680 

3 4 

DATE 

TIME 

11/22/94 

5:17:40 pm  

PAGE# 

14 
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LINE# SOURCE TEXT 

9
・
・
・
・
'
 

ー

2
3
4
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6
7
8
9
0
1
2

8
8
8
8
8
8
8
8
8
9
9
9
 

6
6
6
6
6
6
6
6
6
6
6
6
 

—_|——

_1 

pnlr a (slruct worcl') 111,,lloc(slzeo1(sl,r11ct word)), 
if (pntr !a~ULL) ( 

pntr->next a NUJ、 J 』,•

pntr-llast a 0, 
pntr->nsyl " 0,-
pntr->syls a NULL, 
pnlr->si.l a 0.0,-
pntr-lbrtll a 0.0、.

I 
retutn(pntr), 

1693 i int free clata 
1694 

.. , _ I I 
'I 

1695 , struct phone• l平 ntr,
1・595'! struct syl•spntr; 
1697"' s true t word• 叩 JIは；

1698' ... , int okay; 
1699 . 
1700 , 

．．．．， 

• .ヽ.  
okay=l、

1701 ．．．．．． 

1702 ... , ; while{ (okay==l.) && (base_l)hone!=NULL)) I 
1__703 .. / ppntr = base_phone->next, 
1704'okay= free(l>ase phone)、
fici5, 

... , 
base_phone = pprふ；

iブ06! I 
1707 ! 
i 708; ' while((okay==l) && (base_syl!=NULL)) I 
1709 i ., spntr = base_syl->next; 
1710 l okay = free(base_syl); 
171 I , 

.. , 
base_syl = spntr; 

171 2 ; .. , ） 
iii 3, ．．．．．．．．． 

1714 ! ．．．．， while((okay==l) && (base—_word! =NULL)) I 
l'il 5 ! wpntr = base_word-)next; 

ill 6! ・・・・・..... , okay = free(base_worcl); 
1717 ....... , base_≫orcl = wpntr; 
1718 l ., I 
1719 , 
1720, .......... if (okay!=l) 
1721 l ........... , fprintf (std err, "Unable to free clynau,ic data structures !¥n" I, 
1722 ........... ・I , return(okay); 

I 
1.723 , l 
1724・ 

... , 
........ .. 
, ... Jl.25'int stressvowel(phone) 
, 1726' char phone{ I; 

1.1727 I 
1728 static char vowels[S) = {'a','e','i','o','u'I, 
1729 char•index(); 
1730 ......... int flag,i; 
1731 
T732 flag=O; 
173 l for (i=O;i<S;i++) if (phone[O)==vowels[i)) flag=l, 
1734 I if ((flag==l)&&(inclex(phone,'+')!"NULL)) fl"g=2; 
1735 
1736 

j I return(flag); 

1737 i 
1738 ! float p_ratio(argl, arg2) 

I (739' ......... .; float argl, ar92, 
1740 ! I 
1741 ; 
1742 if(arg2 > 0.0) .return(argl:arg2), 
1743' ; else return(l.O), 
1744 ! J 
1745 
1746 

3G 



HEADER FILE 

autolabel.h ー

HEADER TEXT 

DATE 1 l /22/94 I PAGE# 

TIME 5:27:45 pm  

盛芦匹芍炉澤＇：•·ふ器謗:c：•：\:"玲匹;,砂苺，競羨惑恋母 絵＇呼

#define WORDS_EXT ". words" /父・)iame叙 -tension: for:.:•aiiijnei.':vaias'::rile/•/ 
I define PHONES_EXT ". pho_n_~s" ... /•),iaiiieiextens_ion }<? エaiign~i: pho,,~~< tire */ 
#define PITC凡 EXT". fO" /J{zi~fo.i.ial<:j: 紅sio_n,:ctor.・o_u tpul:.iof¥ifetftbツ
!define TARGET_EXT ". tgts" /(:i~.iiiriii/叙);en~i.on·_t_oi p/~"?•-••t•:l:~iitl\ fil(*/ 

................. , ..... 1 ldefine NPHONES 100 

............... !¥ ... !define MAX_TARGETS 1024 /¥:'}!afiJli¥iiii¥ni皿匹,;of. i_ii.tiili Ji(rg~ts~/ 

................. 9. .. .J !define BUFFSIZE 128 
10 J 

が:,Ma;..iliiµiii,p.\im.oe:i:/.o:t)char.s•'in:ii, lJ,u<l¥oエ:<r江,iiiawe:f/
....................... !define WORDSIZE 64 だ：'"訟玩®•·~皿b紅~・・'i>.(cha:l:..:¢t~点...証.....i,ijjd J'abel: ぷ11 1・  ・....、,.................. . 

............... , l #define PHONESIZE 8 
12 ! 

/ti1~j<:~ 血血n皿l:!"ェ9Ichar~6.t.e咋:Jij)i/炉i6ii<i:1,a1i~1ツ
...................... , 
.......... ...l..:!. .. l I include "autolabel_struc七s.h"

14 ! ・・・rs .. ・1 
．．．．．．．．．．．．．．．．．．．．．．．， 

···········'·§·J•· が虹0斑凶．恥窯~>i:@¢t!iif¢~?/
............ .. !..?. ... i struct phone *base_phone1 
............. 棧..!struct syl *base_syl 1 

19 I ......... . struct word *base word; 
...• XQ」structpnorm ntabJ.e[NPHONES]; 
............ ?. .. L.) int nphones,syl_count; 

22 ; float global_mean_pitch; 
int num targets; 
int pi tch_offset; 
float pitch_step; 
float pitch_targets[M紐 _TARGETS], target_tiroes[MAX_TARGETS]; 

がrW¢虹磁tiiii'rl:l四jjj;jj;もグ
............... ぷ..., int extract_features(); 
........... 1.L.; int label_data(); 
．．．．．．．．．．．．眩...i int tree_vq(); 
............. U . ..i int read data(); 
.......... H. .. ! inモread_file();
........... ..?.? ...'float read_aligner(), 

361 ．．．．．．．．．．．．．， int get_pitch() ; 
............. 立.! in七 read_pitch();

38・
．．．．．．．．．．．＂．．． ! int normalize data(• 

.}Qj 
ー），

int rea~_norm(); 
.......... .. 笠..i void init_norm(); 
............ 4 . .!....i void update norm・ 
A?.i 

- (), 
int wェite_norm();

...、.......4.2、..'
44 l 

void adapt_dur(); 

ニ451
void adapt_energy(); 

.............. ・void adapt_pitch(); 
............ .4.¥i...j int passl_syl(); 
............. 47../ int pass2_syl(); 
．．．．．．．．．．．．蜂．．」 intpassl_words(); 
............ .4.Q...! int pass2_words (); 
........... :i..Q...I int write_data(); 
............. 5 . .!....! int free_data () ; 
............. ? .. ?. ... I struct phone *new_phone(), 
........... 5.1 .. struct syl *new_syl(); 
........ ..5..4 ... , struct word *new_word(); 
......... ..55 ... 1 float p_ratio(); 

56 
， 

．．．．．．．．．．．．．．．．．．．．． 
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SOURCE PROGRAM 

makemodels.c ー

LINE # SOURCE TEXT 

I J tinclude <stdio.h〉..................... 
2 I !include <math. h> 

......... 11 
............ .. 4 .. .1 I include "makemodels. h" /':·C~nt~i.ns. ;,true虹江es,,:an<'l:<:on~liint·declarations'/ 

5 i 
6 [/• 次火た........., ......... 火·•·.''*'·'''ぺ．＊ヽ,,:,.. ● .. ,,,,・, 火.:..:;;,H:*l•.*••· •.• •:••• • "·• •:• • • • .• • • 文寅 9...................... 1. :.:•:•:••··•.·.....、．•

7 
....................................................... 

.....、 ;•.,./rfain:: program iツ
8 ! ;.•::::::,:/:,:/':•./:T.his i,; .t.he:,:i,1a{i(c<1ll:fog,seq~eiii:.ii/foェ七hf'#e~quaiibzei:\*/

/• }:{):''''.d.e.5ign.·.·pr69raiu:,.:rt江tpl.ements}l,he/dEi~lgri,:'byi·us:Lng'·a:':greedy·*/
/~::,::,:;:::,,>:,,}/g,;Qwing/~lg9fi.~iun}£i>::,:pr.6duce/~.:::,1:ai'iji\,Jor.iiii:::,;hiohiLs\t.hen.:.~/ 
/~::: :·:,/:::::t':vェ uned::.using··optil\l~;i;:pr(iriitig')i;iicl/th.<>)ii1Mniuiiieii.tェqpy*/
If¥<> :Cエite迅:lo~•,: ::u.ate:'::t;li:~ti:,this'. pri:i<'l~c:es,:'a/tt'e~:):tii·:,:wn.i'cll'::J,he. :v 
/t:,¥?/', /':::ntu.tua.1/i a f~,ina t~qn)i:e.tw~en.:: t.h.e/i:'Ka."s.e.s/~'M i:th.e : ·,o\le.wora~·, f / が. . •• .::::,::::::::::,:::;-:::::::::: 註ぷn,ax.l,Jl¥iz.ea;.v 

...................... , main (argc, argv] 
18; ・ ...... i.!l .. , int argc; 

char•argv{]; ...................... , 
20 ; I 

........... 図r・! struct node•tree, •cut_here; ........ , 
22 1 struct daturu•growdata, •prunedata, 

................... 『 •·•l23 , struct leafpntr•leaflis~; 

... 曹.....•·•·a·•·•, .. •, 
float impu:city, change, lentrpy, logp, lastLogp, 
int i, nnodes, npnts, nprune; 
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/I\t紅血\\G)~RGU殴:i:its. .:::t~e;:p'i:'i;i#•in:••••1i<>u1a ,¥i,; o,Ho<i cii訳chJi'/ci}/ 
M?~ 均iii,;6,ifa:\T!>eisii,ii,6ui;<l•••~e:証 fri~mii~ ~t七iii('J::(~~•c;(lti"aJrti:ng)ti,~u 
がむ：a.fnti>9 obse:r'irAtlon ir¢¢tors ;;~ii \ii~ 江：atn,iiiij:•l(\)JE>.i.~/1'[6.W:th_a_tツ
/f: 年fi>••iio:t:necii廷arYto直匹:_de紐ed•WJilt.<\•• t11ii•""""げ，Ot\growi~g•/ 
p,,,.;,c1••iif(in:iiii<i'l,{),iie{pr6g'i:'am••:)iUi: c1c; th~~/•11\;oi, 互七:t:i'!#'ii/i/~\iitaェt/By\•i
カ・cli蛉1<1:ng:,1:<> inoke~iu:e t:n,i @ii: pi'c,f~iiiii'I i@~,!ii Jfa\lli!ii~i,iヅ

if (argc!=3) { 
fprintf(stderr,"usage, %s七raining.observs training. labels¥n", argv{ OJ) , 
exit(-1); 

） 

tェee• newnode () ; 
leaf list• newleafpntr () ; 
leaflist- > nextleaf~NULL;
leaflist→ leafnode•tree 、.
for (i•O; i<NQUESTIONS; i++) reductions [ i)•O, 0、

パfi<i#)fe¥'iY .. reaa it,11e: ::obs~tv:a,tions·:ana巧Iab<il's"iNot<icithati.tlieツ. ・・・・・・・........................ , ... 
万¥ijetda虹：:i:<iiitiiii:>·••·bi~ak$. t.h~ で,Iataむ）1A/t\io'~ul'>sects it:na:•.r.e.t\i:cn~ ツ
が：,:;o((μff/i;iJ t:h~i,ritini~ 匂::of (foi;:i,ctii ,iri');:~·01\/$W~•tX:::as ;,,;rn,:a:sツ
/tip吐ヰ姑s/fo/i;:ii:ch:\Li'st\6i"ipii1ht.s·/\~i/~tt:ii,;1i/\%l・よi:Siidf.ipijii1tsifciェ＊／
/\/gェo.wcl.i1:(ji:theitre:e:.:•fo·••the•··<)n.e:iiiode:•••.;e•·:hove·•i.fincF:the'•:··rob'abilit·:.. o・t, .. • ・・・・・ ・・・・・・・ ・・・ ・・・・・ . .•. . .. ...... . ./.. .. ・・・ . . P ......... .. Y ... . I 
/Vea¢h: o'l~ss af!~ll•f ncidfi{'ari.d{cori,pute: tlie enti:qpy、:,:s,i.ride':;~\1e.,:~oO~i貪／
/'.1s• th<i•••<'>~ly •.. i,iid¢.a .. thfs)j~Jit.ti••••it~,eitt,t:i,~<(fs\.al$9 th.e•·t(Jt•l•• (I 
i(i,,~ci,J(Yin~11.;, 江,;~: .•1 

if (getdata(argv[ll ,&growdata,&npnts,argv[2J ,&prunedata,&nprune) =-NULL J [ 
fprintf(stderr,"Failed to initialize dataset, exiting ... ¥n"); exit(-1); ] 

tree->clata=growda ta; 
tree->ncla ta•npn ts; 
getpclasses(tree); 
tree->entropFentropy(tree); 
impurity•tree->entropy; 
fprintf(stderr,"%c1 items read, dataset entropy• H (nats)¥n" 

, npn ts+nprune, impuri tyl; 
fprintf(stcleェr,"Assignectict pornts for growing, ict points for pruning.¥n" 

, npn ts, nprune I; 

/<:・GililWrtic;: TIIE・TREE;'This'{ii': tl,.o・basic :'trailii.ng. <Loop・;・We ropea tecllyツ
I火 pasii:.th6.list. o f:'len f .・>todes':'.to・the,. cH vicle・.rui1ctio・n:: which. tri~s ... to•/ 
/¥ split・the・node・which: will :result i,i: .the. largest'cha,ige .in.'/ 
;•,, i.mp(1rlty'.i':rllis is. the gr~ecly growing_:algori.~lmi/:.aml wlien .,io more•; 
1.:・... chaugei.is・possible, we'. re: clone, ,'/ 

float_buf• (float•) malloc((npnts+nprunc)•sizeof(float)) 、
class_buf• (int•) malloc((npnts+nprunc)•sizeof(int)) ; 
cha119c•l. O; 
i=O; 
while ((change) PURE) t& (i く (MA~_LEAVES -l))) I 

rprintr(ctclerr,"Divlslon ic1, ",++i): 
change• cllviclc(leof.List,npnt:s); 
irnpurlty -• ch<1nge; 
if (chnngo!•O) 

fpri.nt((.stcicrr,"cntropy•'H\n",impuri.ty), 
｝ 
(pdnt((slodcrr,"no (urLh<•r splits.¥11")1 
/'trccpri.11t(tree) 1ウ‘

;•'!'hi,, l,i d.oan 11p. w,. ヽ""虹It:o rc,covor the ctati¥ u.snct to 9cm, し：heツ
I 責 l:.rc•<ヽぷo w<1 strlp it. oft l:hc l<:avc,s and 9el: hiwk l:o 011<, hl.g li"t. ,; 
/'Alぃ,o, the: prun.ln<J prnc,,c;,; wi..ll c:h,111¥JO which node•,; ,,re, leave,,; ,;o'/ 
I' '"' C,111 じか1,;h tho liぷto( loav<>,; ln antlci.p,1ti.ot1. <)[ bt1l.ldln<J ,, now '/ 
/'0110,'/ 

g row<l,1 ta•.s tr lp~le<1 vc,'(lea l List), 
troclo,wcs(le,1llisし）：

loa Ll ist•NU t.L、.

fpr l11ヒt:(stctorr,"icJcl,1ll11"s recover叫 ¥n¥n"'COl¥11l(9 COWdil t.')・1' 

/'S~tOO'l'tl ING'l'ttE'l'IIEt・:'/ 

吐ri.11tf(stclcrr, "I II itL, Liとingsmoott,ln<J p,IC、""clecs... "); 
m,1ko buckets(tree); 
tpnntl(stcler工， "Dono.¥n"I、
, ;, trecprint(tree)、・＊／』

lastLogp• (float) exp((cloublc) ro_e.stlrniltC(troc,pru11oclata)), 
fprintl(slclcrr,"rncan i'r[su,ooヒIiiぃ9clat.1)•'l 八 n"'l 、,sU.09p I、.
while( 

ー(lastLogpー (lo9p=(floe t) exp ((ctoul>le) re_cs ti ma to (tree, pru11ccla ta)) J J 
) o. 001) I 

fprintf(stclerr、"111ca11l'r{,s111oothl119 data) ='lf¥11",lo<JP), 
lastL09p•lo9p; 

I 
fpェi.11tf (stclorr, "Smoothi119 prol,abil i ties ... "J , 
for(i•O; i<NC[ふSS;i++)

t.rce-lpclass[il• (l«mb,la[trec->bucketJ•trec-lpcl«ss[il J 
+ ((1-lambcla[ t・ree-)1,ucket])'(1. 0/((f」Oill)NCLASS 111, 

sn,ootlu>robs(tree); 
fprintr (stclerr, "Done. ¥n"): 
I丸 treej'_rillt(tェee): ·•/ 
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SOURCE PROGRAM 

makemodels.c 
DATE PAGE# 

TIME 

11/22/94 

5:27:39 pm  2
 

SOURCE TEXT 

logp = (float) exp((double) objective~function (tree, prunedata)); 
fprintf(stderr, "¥nFinal mean Pr{ smootlnng dataJ• %f¥n¥n" ,logp); 

がti_:ii<ipェ~iiqti:eei,・さ／
dump~model(tree); 
for(i-0; i<NQUESTIONS; i++) 

fprintf(stderr,"Entropy reduction due to question ,a, %f¥n" 
, i, reductions [ i J) ; 

fprintf(stderr,"Freeing data structures.¥n"); 
freeleaves(leaflist); 
leaflist•NULL; 
free tree(tree); 
free (class_buf); 
free(float_buf); 

'f37'i .................... , 
138 I ........ f'j'§.. , float objective_function(nodep, datap) .... r祁・, struct node * nodep; 

....... r;rr ... , struct datum *datap; 

, ....... .!..4I .. i struct datum *dpntr; 
143 i ....... i四..., float prob, logp; 

．．．．．．．．．．．．．．．．．．．．．．．、 int i,cn七r;
145 I ... r店 l

, ... T町!
dpntr = datap; 

.. T蒻-1
logp = 0. O; 
cntr•O; 

149, 
, .. rso・1 

while(dpntr ! • NULL) [ 
.P!'~b. = classify(nod<;p,dpntr); 
が:::::江i細紐くな)望和叫叫((廷)i.紅lが＇泊迅： il~\i'\il,(紐窮芦豆%·:rn~e~丑：；•j:i匹~ii ヅ
logp += (float) log((double) prob) ; 
dpntr = dpntr->link; 
en七r++;

return(logp/((float) cntr)); 

float re_estimate(nodep, datap) 

...... n::・r: struct node•nodep; 
struct datum *datap; ................. , 

. I 62 i I 

........ J§;l ! struct datwn *dpntr; 
164"i ................. struct node• npntx; 
165 l ..... . .... float logp,total,larn,rnaxl,rninl; 
166 i ......... ● "●● , ...... 

double iucrP [MAX_LEAVES] , nodeProb [MAX_LEAVES] , prob, prodincr, 
167; 

, T蒻 ・1
int i,b,cntr,bucket[M心(_LEAVES],depth; 

・・r翁＂！ for{ i=O;i<n皿 ,_buckets;i++) { 
....... J.7.Q .• j c b[i]=O.O; 

) 71 j 
, ... """● 9● " 

d b[i]=O.O; 
172 I .................... , I 

.... .. J.n . .J logp=O. 0; 
174 ! ..... i万...! total=O. 0, 

......... 虞!
..................... , dpntr = datap; 

● .... 
177 i cntr=l; 
178 I while(dpntr != NULL) [ 

二：｛認••1 npn tr= nodep; 
""● .......... , 

prob= 1.0/({float) NCLASS), 
18) i 

.. T就;
incrP[O] = prob; 

...... niT・: I廿,:n:::c;nh号:tii.~pf±.n.t.ft·stderi{''d"i!七h',:,'-'K,?i:>ェcb丑瓜ni'./(fぷ?•t;)匹<'Jb)、·
................. ・.・・.. ・・.・............ : ·.·:,,,;.,·,>"'\?i玖 6cµf".i:l••fpri!itf.(stdei; ェ，''o,i:~}•丑 <1¥1i¥;¥lf.'n丘→ci:e#>///. 
184 ! 

.iもs!
for { depth=O; nplltr ! =NULL;depth++) { /\to~>! む~c1cr.ass:•;

nodeProb[depth] = npntr->pclass[dpntr->class]; 
186 I , .... Tstl 

bucket[depth] = npntr->bucket; 

, ... T蒻 l lam= lambda[bucket{depth] J; 
incrP {depth+l J = (nodeProb [depth]• lam) + ((1-lam)•prob), 

""● ● ...... 

189 ! prob = incrP[depth+l]; 
190 I if{ npntr->leaf != 1) { 
191 ! if(TEST[dpntr->obsrv,11pntr-><J;c11.npntr->thresh)) { 

• 192' がfp~i1itf (sfclerr; !'trcte¥nn; .'./ 
""""""● " 
193 i nputr = npntr->tchild; 
194 ! 
iiffi~lse 
1 .. 96, 

.. { 
/.':.fpri1itf(sta・cェr;"fals!'¥ll'.'.);'¥'./ 

197 ! npntェ=npntr-> fchild; 
198• 

•.. 二i亙$J)cL,enpnt,cNULL; 
200 ! ・・.. z-or・,.・ ・・・・・・・. ; •·.. it・{ . cntr~.cl) 
............... .• ・. .'¥/ /, Jpr.U1 tf.(stderr,'.'dcp{lr,;•1ct;. p):oua:i C¥n'', clilptl1; (float) pro!, f; ソ
202 ! ） 
203 1 prodincr=l. O、.

204 i for { i= (clcpLh-1); i>=O; i--) { /.;backw,.rcHias.s :'/ 
, .... .?..QI .. i b=bucket[ i]; 
206 i larn=lambda[b]; 
207 ! c_lJ[l>J += lcun賣nodcProb[ii•pェodi11cr/prob;
208, prodincr•= (l.O -lc11u); 
209 ! d_b I ¥J J += incrP Ii I• l江 odi.ncr/proh;
21 o l ） 

21 I' cntr++; 
212 , 
Ti'll 

total += 1.0, 

................ logp += (!'loaし） log(prob), 
214 I 
, ii● si 

dpntr = dpnt.rーンli'1k;
, ........... ● . .  I 
216 ! 
217 ! minl=2. 0、
218; maxl=O.O; 
219 l for(IJ=O, h< nurn_huckets, h+十）｛
220 i if((cl_b{bl + c_b{l>I) > 0.0){ 
221 I 
,!zI'l 

lmnbcla[bl = {c_b[b] + 1.0)、/(d_b[bl +c_b[ 11) +2. 0), 
if(・1"mbcl,,[bJ > MAX_LAM8D,¥) lam¥Jcla[bj = MAX_[ぶMllDA,

223 ! if(lombdo[b) >m.nl) maxl = lambcla[b]; 
"··•o·a"•·•\ 

ii:(.l11'nbc¥C1[bl <mi1'1) minl = lambclCl[bj; 
I 

fprintf[stdcrr,"max lnmi>cla = H, Mi11imuu1 = H¥11" ,maxl,minl)、
.return(logp/total)、．

fl.oat classify(nodep, clat.apJ 
struct node•nodep; 
.s true t datum cヽlatap;

I 
float prob; 

if (nodep->leaf == 1 J 
prob = noclc,pーンpclass[cl<ltap→class] , 

else I 
if (TICS1'(cL, t.ap-) ol>srv, noclep->q id, nodep->thresh)) 
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SOURCE PROGRAM 

makemodels.c 
DATE 

TIME 3
 

SOURCE TEXT 

241 i prob = classify(nodep->tchild,datap)、................... 
242 i else 
243 ! prob= classify(nodep->fchild,datapJ1 

......... ~.14..i l 
245 I return(prob}; ... z,nn 
.. 247●● ! 
248' 
249 i 
2so c:-;, ・smaoth"'I'"obs::sn1oo_ths th~\au.t1,u.t·'p,',ob~bilitias/a£\the:.:,ohilderen),f/tfo. ,; 
251 r,/•.:::t1ia::nocle.:·/,Y ................. , .. 
252 i void smooth」なobs(nodepJ.................... 

........ ~.5 .. 3 .... i struct node•uodep; 

........ ?.5 .. 4...i ! 
255 : struct node•child; 

......... " .. 5・5:J float lam; 

int i; 

/(""ii,,:i;if;e ¥1i<a buci<et: b\1t(~,;~ai,d 1MWa.H~<i~:p: Jh{)ainbdaS: J o  o;:, 9 
iiwn pnts=O 1 

7― fprrntf (stderr, "¥nMaking nodelist ... ") ,-
node_list = make_nodelist(nodep, &mun_pnts)、
nwn_buckets = 1 + countnodes(noclep) ,-
c b = (float•) malloc(mun_buckets• sizeof(float)), 
db=  (float•) rualloc(num_buckets• sizeof(float)),-
lambda = (float•) malloc(nun,_buckets• sizeof(float)),-
for(i=O、,i<mm,_buckets,-i++) lambda[i] = .0.5,-
fprintf(stderr, "sorting ... "),-
node_list = sort_nodeli'st(node_list) ,-
fprintf (stderr, "Done. ¥n") ,-
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~2. 

i•O, 
cntr•O, 
lpn tr•node_list, 
while(lpntr !• NULL) I 

;, fpriil.tf(std.e.rr'''. addingAd points: toibuCket ¥d¥i>''.' 
lpnt~ → leafnod.e,c〉ndata:;iJ; •/ 

en tr +• lpiitr-〉leafnocle→1idata; 
lpntr-〉leafnodc->bucket•i; 
if (cntr >• BUCKET_SIZE) ( 

cntr• O; 
i++; 

） 
lpntr = lpntr->nextleaf, 

I if(cntr == OJ i--; I 食 thr~,i•out la'st bucket.:if no'tlting .got pu~into .it•j 
if((i+l) > ntmt buckets I 

fprintf(stdcrr,"ERIWR, made lcl buckets, cceatcd %d.¥n",(i+lJ,nnm_bucketsJ, 
num buckets = i+ 1; 
fprrntf (stdcrr, "I nitialieccl ,a buckets. ¥n", num_buckcts J; 

b,>.sc=NULL, 
uhil.c(nlist != ,uLL) ( 

max = O; 
count " 0、
temp= n list, 
bcst=NULL; 
whilc(temp != ,uLL) ( 

if (temp-〉lea[nocle-)nclata) max) I 
best= temp; 
max" temp->leafnoclcーン，!di>ta; 

I 
Cotlll t++, 
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SOURCE PROGRAM 

makemodels.c 
弄争:・,予吾ぷ豆 人翌豆i旦恙蓋豆 ,,.,q,•.. 

SOURCE TEXT 

DATE 11/22/94 PAGE# 

TIME 5:27:39 pm 4
 

temp=七ernp->nextleaf,

｝ 
if(_best != NULL) I 

... • /LW#tjtf_(_s1:c1ii#/'to~iiii foi.x~ もci¥ntisf of>a••n~M§.\ri",max、/@n~)??/
365 ! 

.. 3蒻 l
temp=nlist; 
if(nlist == best) nlist = best->nextleaf; ................... 

367 i ......、........ else I 
........ .?.6.~.. .i while(ternp->nextleaf != best) temp= temp->nextleaf; 

369 ! 
.... 37Cf'i 

・temp->nextleaf = best->nextleaf; 
..................... } 

371 ! best->nextleaf = base; ．．．．．．．．．．．． 

372 i base = best; .......... 
373 , ........ 和’迅・・1 J 

.............. j } 
375・ 
・75j return(base); 

J 

struct datun1•append(datap1,datap2) 
struct datum•datapl, •datap2; 

struct datwu•end; 

が'i-iiii!ii)i:ffcJai:a~ ~Niiii、i;ciW~$ugii iiai:af iiiii"i:t faii iief fa fiie i)l~f 9 
が・吐;;.,;;此．．．（紅li41i;':'~::/iiiLi:i/l:'i:iik:)、•埓~)<;f/thitf~tej,iiiri_t<>iril:,七〇:jche./江~\B
が．：；虹．細I全此・:li\,:i~均~j)i)~~むiJ!i:i・丸・節狂J;i!,i§i証6i;j,i!i江姐．社；i~ 見JI
end=da tapl; 
while (end->link!=NULL) end=end->link, 
end->1ink=datap2, 
return (da tapl) ; 

l 
:l!Jll ; ....................... , 
399' ..................、.., 

.... 1QQJ 
401 l ............... 
402 l .................. 
403 I ....................... 
404 l ．．＂．．．．．．．．．．．， 

405 l ................. 
406 I ....... .. 栢-r・・1
.............. .. 
408 l 

....... 4.6ダl

..........、...., 

........ 1 . .!..Q ... J 
411 ! 
412 ....................... , : struct node• find_cut(nodep, delta, lentrpy, size, npnts) 
413 l ．．．．．．．．．．．．．．．．．．．．．， struct node•noclep; 
414 i 

・・4rs・1 
float•delta, •lentrpy; 

....................... , int•size, npnts; 
416; ............ 
417・・1 I struct node•bestnode, •tbest, •fbest, .................. , 
418; ．．．．．．． float tdelta, fdelta, heredelta, tentrpy, fentrpy, 
419・ .... 4io・.. , l int tsize, fsize; 
................. , 
421 ; .................. , if (nodep→ leaf==l) I 
422 ! 
・4芝:i"!.......... I虻,LEAF,,:NODE-,:,:;,ii: ::tiii:ii'::.;,,,::::~:·::1:~ ~f'i)ii)'e\'iii ::sii,ipie; :.: c!6¥ri6 t:・:,,,.ak e.::: •:::'iititi//. 
424' 

• ·•.•.····--、......

;•/lie.re:i 匹o:·pェeyentC:,tllis'C:-from : ]lappening;-.-:=retu.rn .: a:'h((g¢_':'change,:,:rn ":Y ......... 
;~:::;"¢11~r.opy.:.',':c:J;e.ar.ly/Jh~:::sti¢\ of_¥a .:'I:~·a'f, ,.is =.:t.i/Y 

., 
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bestnode= nodep, 
•lentrpy = entropy(nodep)'((noelep-)ndata)/(float)npnts); 
•delta= 1.0elO,-
• size=l; 

}else[ 

/•/INO'ERNAL"'NODE,., first―, fit1d _t_lie":best.'c11 じ~n'-~ach;-o"C: ,tho c1iqdi_e11火／’
;//1i:ocles,: The:., to talc. leaf·--~1ito1JX:.:b_elow-: this . 110¥le・.is jt1st the s,un._."cif:}( 
/<?the.':Teat・cilifropie,s "of・::t:hi(childre11;:._and the_ leaficount・of .tJiis・・,; 
/-~/subtree is tho _ _leaf -cou11t'of._.the chilclren _subtrees ツ

tbest=f ind_cu t(nodep-> tchild, & tdelta, & tentrpy, & tslzo, npnts), 
fbest=find_cut(nodep-> fchild, & (delta, & (entrpy, & fsize, npnts)、．

• len trpy= tenヒェpy-リfcntrpy;
• size=tsizc+f size; 

i•}rlie :・c1h,111go・1,;-: i11;p"i.11: ity.'. th:a:f-;i-ii.U-i:esi11t (r.6111・m,1k.i"1l"g cu tU1ig・・off'/ 
/¥¥the0:9hilclce1i subtreus <is tile・change_ in entropy cl.lvi.clocl by_ tho,.•; 
/•\91iaiigc_ i_n _:thc--size o(: f:1ie・.:.trec・. ・If. _t.hc cos.t ot'cuUi11<1 off·:thc•/ 
;• ithilclren is:_lcss :.th,111: thc_,・cost・or _the cheapest cut ,within the:'/-
;• ,childccn, r<>turn a pointer,:,.to・this・nod<>. <111d report: t.his cost. —.,-q 
ー／＊曹Other.wi,;e,-return. a pointei'.to tho noel<>•wi.th the che,1p<l::t cutン</
I気 0,11mii,く1stヒhc.chl.lclreni111cl_Jl,ol: co,;t.・ •/ 

hereclelta= (nodep->entropy-ten trpy-fen lq1y)/ (ls lzc+ Ls.l.,,c J; 
if ((tclclt.a>hcrcclc.Lt•) && (fclcl.ta>lwrcclcLL.a) I I 

•clclta = hercclclta; 
bcslnoclc = noclcp、.

}else I 
H (tclc.Lla> fclc.Lt,,) I 

•dell.a = fclclta; 
bestnodc = fbcsl; 

I else{ 
•clclla = tdella、.................... , 

462 l beslnodc = lbcsl, 
4$t! I 
464; ................. ヽ I 
465 i ・・・・・・・........... I 
466; return (beslnocle), 
467 ; I ．．．．．．．．．．．．． 

468 i ．．．．．．．．．．．．．．．．．．． 

469 i・;, ,.,.,.,-;'"・'"'"'・'"" ",・,. 々・',.."'*:·•'·'".,.,"''...'.ャ'"食.,., "'"'',,'貪＊・"':-ツ............ ,, 
470 ;・' 1, ・cut・.tree(nodep) ... • i ................ , . • — 471 i /• ・.・,-,'-<, O'his・function cuts .~ff l.he chi.ldrcn ;of the•tioclc .Pointed to .. •/ ............. , 
472 i . 
4ブ3,

, ·'• ... .-;:,・.. ::::,. by・noclep thus ma.kin9.;i.t a leaf noclc,.:"Not.hing is returned.:.•/ 
..................... .. ・.・ /・.・,,.... ...'/ 

474; 
475' , void cut_trec(noclepJ 
476 i struct node•nodep; ．．．．．．．．．．．．．．．．．．．．．．． 

477 i ...................... , I 
478 i ................ , 
479 i 
4恥．，

11oclep-> lea l-L, 
free tree(11odep-> t.child)、

/•.'make it ,・lea[; :9 
,・ ェヽeleaseti;c two¢hildreu·•/ 
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SOURCE PROGRAM 

makemodels.c 
DATE 

TIME 

11/22/94 

5:27:39 pm  

PAGE# 

5
 

LINE# SOURCE TEXT 

481' ... , ....... .. freetree nodep→ fchild' 
........ 482 j 

( ),  /•;subtrees, •; 
nodep->tchild=NULL, /• and cancel •. the pointeェs*/ 

483 ! nodep->fchild=NULL; . 
3邸:,
.485 i 

が,:;,·,.~····火火＊` ＊＊＊` ＊＊い＊＊＊．＊火汝＊＊＊＊＊＊大寅＊・,.... 貨;:,• ... *'"/ .* •.. ~.'*.'.*.*''f• 火食＊＊＊＊＊＊ツ
;;,.,;clae<sify・l:i;st(nodep/leaflュst、datap;npnts),,:,;・,:,. 責'I .............. 

/'・・ 
.... ~· ......... 
,.,c,.,c . ...;・,; .. ,.This.,: fuhc'tion!!,l,ecttr.si'vely .descends .the,・(sub)tree ,,whose•., ....... I ..... . 

が::,::::::::?:;:::,:,: ,; // liass・:・ts .:!e<'>t11.t.e.d/t<'>,!by:!)1odep・; , a.nd)ila P.$•:',the·::aa. ta ,:,i~• .the.!/H s.t,::• / 
........................ 1,.;,:,:,::,:::,:::,,:,:;,/,:・:)p6int.e.d!;'ti(bY!<i.iifati'to;.its leaves:;1 . .rもi:ebil・ns::a.!!:piiinter/9 

491 ! ;a,・・・ ・・・・・・ .................... ! .. •、•.·..........,,,,, .. ,,-.. ,,, .. ,,,,,,,: ,:,:,,:,:.to: a・:・'l. ュs.t!..Rf!,these1leaves・・in :11.eathst:・;,,, The・.tota:1:11,nuntbe・r,:.:,; 
492 J r•>> / ?> of .d.at:,(P6i11t~Allfh<i··•9• fiset ••. (~piits)•J•• us<,d• fo•i 
冦切 1•::::::::::::::,:曹t:::::,,,.::¢a,1.c.,il'a:te.i.t.hii:!,釦n七ropyat e.ach it<:>dec.: N 
494 i 

--・・4弱;.................. ヽ.....float classify_list(nodep, lea flist, datap, npnts) 
......... 4.Q.i?...I struct node•nodep; 
.... 497 I struct leafpntr **leaflist; 

”’’ 
498 i struct dattllll•datap; 
499; int npnts; 
500 ! I ................ , ·········~ 紗..! struct datum *Tlist, •Flist, •nextp, 

..... ●● ●●● ............. , 
struct leafpntr•newleafp, •tleaves, •fleaves; 

.... .. 5.9} ... J float entrpy, sub_entrpy; 
504 ! int sizeofsubtree; 

/~••••"rifo~is:!•!t.his·• rii:iiJe·•1•rif$七n><.t:ta:¢:li\t~ii•Iistiof:!<la:t••tp/~t;\1ii4i:fPt?I 
が iff);:te:iciswJ:t1(t)1i,, ah:.;<>i>fi•fr•••i.n.forina#~n/f/ 

nodep→ ndata=count(datap); 
nodep->da ta=da tap、.
getpclasses(nodep); 
nodep-> elltropy=nodep-> nda ta *entropy (nodep)/npnts; 

if (nodep->leaf==l) [ 

が：Pエl:iitt('.'~ntii~.c1\~n,,1dep→iii!.~ 七•PざI
M::i>'#ritda1:Ai noaepf?<lata)/'ざI
sub_entrpy=nodep->entropy; 
newleafp=newleafpntr (); 
newleafp-> leaf nodeanodep; 
uewleafp→ nextleafaNULL; 
* lea fl is tanewlea fp; 

) else( 

が心T}eRil.l\t••·NDDE,ii.f th.I$ ;:is・a.ii, :l,ii,terrial••.riiide/, •• f.~ii1i,,,:the•• l,iiifdfツ
/f:,·d,>'i'a\•p<ifots,,<shqciid:/1,i,idiv'ii]ed,,.l:iiitween\the,:'~i直如efr••a.i,ani•i>i?<>4ヅ;nfo¥ti・.... ・ ・... ・... ・ ・, ・ ・.... ・ ・ ・ ・・ ・・ ・.. .. ・ ・ ・ ・・ ・ ・.. ・...... ・.... ・.... ・・、............... "'立-.,r_esp·~c.はマe••s.~b.~tee;s; ウノ

.... 

TlistaNULL; 
FlistaNULL; 
tleavesaNULL, 
fleavesaNULL; 
noclep→ clata~NULL, 

/fGo thェ~(igh·_aH.ith_eCiata poi11ts•-•testio9••wiii61Cciiilci•••tiiey•beょoii9ツ
/*¥fo; .<And, 111o_vii1g .•eachipoiut. oi,t:o,,the• approp,:fat:ei,lis{: ・・・・* / 

while(datap!"NULL) ( 
nextpadatap→ link, 
if (TEST(clatap->ohsrv, noclep->qid, nodep-> thェesh)) I 

cla tap-> linka1'list; 
Tlistadatap; 

I else{ 
da tap-> linkaFlist, 
Flis炉 datap;

｝ 
clatapanextp; 

｝ 

・・・s ............ , ....... . 
535 . .... ・・・・・・・--・・・ 536・ ・・・・・・・・・・・・--・・・・・・' 537 i 
5 38 i 
.. .. 539 I 
540 I ............. 
54} , ，．．．，．．．．．．，，．．，．．．．．． 
542• ..... ー··•··········--··'

...... —54}i 
544 I ............. 
545 ! ，．．．．，．．，．．．．，．．．．，．．．．． 

，．．．．．，．．． 546 i 
547 i 
548 i 

549 ; 
556, 

・--・5sTI 
, ・ss―iー！

Hti 
555• 

I 

556 i 
sS?i 

・・sss―l 
····• s・s・g ーー！
560 I ii'((S'list!•NIJL[,) && (flistl•NUL[』)）｛
561 i ................. 
562 i 
5 63 ・  — 

suil_cntrpy• cl.a"si(y list(nodep-> [child, Hlcavcs, Fllst, npnts)、
......... .. s11i,_c11trpy b cl;,ssl.Ly_J.lst(11oclep->tch1.ld,&tleavcs,Tllst,11p11tr,). 

...... 5.6.4 . ..1•l.cafli.st a acldleaves(tle;ivcs,fleavcs); 
5.65' 
566 ; 

I 
)clc;c{ 

557・・ 

蒻rl /''l'hi.s is ;, 叫心d,.,1c、'・"c, i.t occurs witc,n no・pru叫 Uり cl.tl.;,'.JC:、I;. •; 

＂，．．，．． /'n1<1ppcd t:c, ,1 11, 沿"・Wh<>nthl" oc,c"'"• we> oxdscさ lch0 tHlClo, 、""'•/
5 70・・1 
, 5 7 I l 

/'rcplac<> i1・1; parc11t nod0 wl.th its slhti.og•/ 

572 I i[ ('l'Hst••NULL) I 
57 3 , s111, _cntrpy --c l,,ss li:y_ list(noclcp-> t'ch l lcl、,(l.cavc,:, 1-'ll,.,1:, ll['llL,q ,-
574 ! if I nodcp->po1r.cnlo-> tch L leiコanodcp) (noclep-)pllrCnt)-) tc:11 I lei コ 11odc,p•> fc:hl Id. 
575 I 

, ・57t; ! 
il'(nodep->p、1rnnt->[chi Lcl••nodcp) (noclcp-)p;ircnt}-> t:ch Ud•noclc,p-> Lehi ld, 

............ , lヽea(list• f lC<IVCS; 
577, Cree tree(noclcp-> tch llci I、9
5 78 ! frc•c(nodcp); 
5 79 , } else{ 
580 l sul,_cn trpy•c las.sl.(y_ I i i>L(noclcp-> Leh I lcl, l tlcavc,s,'I'l i≫t, npn t,、)、
581 i iC I nodep-> p,,rcn t-> tcld lcl•anoclcp) (noclcp-> p<1rcn l)-> tc:h ll cl• noclcp-) Leh l I cl、
5S2 i if (11odcp->p.iro11t-> fell L lci""llOclep) I 11odcp->p<1re11t.)-> Celli ld•11od<'p-> tclti. Id, 
... 583 l lヽeatlisLa t I Cu VCD; 
584 ! 丘c•ctcec(ncoclcp→fchild). — 

585 i fr-cc (noclcp); 
586 i ｝ 
5S7• .......... , I 
588• l 
霊•I return(s111,_entrpy)、

, I 
59 i i 
592―' ........... ,"文''"'"""'←"'.. "''""ヽャ....,,.,.'.''.'賣，'"'"""'"-'ー 、，'."""'/
593 ; 

... ,. 
/'. . , aclcllc,1 vcs { list.L、l.ist2)・.・. ・'/  

594 I . . ，ハ Simplyreturns ,I pointer to ,1 li-$t form<・、<1by ap1wncling </ 
595――i /, ・ • ・list2 to listl. •'/ 
596• 
59°71 sl:.ruct le,1fputr•aclcllc"ves(li.stl 、 list2)
59,C) s true t .lea (pn l r、listl, •li.st2 、
599 i 
600 1 I sヒructleafpntr・encl; 

/'If,hoth children. h・,ive non-empty lists,-・-'we j1ist・cal1ツ
I食 classiEy_listagain・to map the111 onto tlicii: ,;espective s11J,trees~::./ 
/'When tl1ey return thei.r lenf lists、wesimply. append .them _Loi V 
/'fo℃ ,,, the leaflist (or・this 110<10. •/ 
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SOURCE PROGRAM DATE 11/22/94 PAGE# 

makemodels.c TIME 5:27:39 pm I 6 
忍怜伶諮:/S::: 言ぞ ，':,,,:,: 砂 ii,・・./翌....''"/.,•'.•./''/巧器悔 •,••·'苓c'i·'•·••i'

void freeleaves(leaflist) 
struct leafpntr•leaflist, 

｛ 
i struct leafpntr•nextp, •thisleaf; ,., .. ,. 曹......,, 曹曹"I

616. ・・..曹.,.. , .. , 曹,,... , 

thisleaf=leaflist1 
while (thisleaf!=NULL) { 

nextp=thisleaf-> nextlea f; 
free(七hisleaf);
thisleaf=nextp; 

})  

stェuctda七um•strip_leaves(leaflist)
struct leafpntr *leaflist; 

struct 1eafpntr *leafp; 
struct datum•start, •newstart, *end; 

leafp=leaflist, 
start=NULL; 
end-NULL; 
while (leafp!=NULL) { 

SOURCE TEXT 

がVPJM戸l紐{i/9函遠~Efi>か9、gY1>'i:$ri因むtHtea年：況aJ#i>4~→ <1ata}'; ツ
迂 (1eafp-)leafnode-) nda ta==O) fpniit{('stileii:'i" Enipty "ie'afiioilii. found!'! ¥n"'j; 
else { 

........ , ..... , .... , news taェt~leafp-)leafnode->data; i/<i<>i{:'p¥i¥ェfoiii(~~f<:>丘>ヒ~is~~<if•/
646 I end=newstart; 

'''5巧..., ..................... ! while (end->linkl=NULL) end=end-)link; /XC:gq':'紐匹C:tt~'ii:dii4\i:.i1'd疇：：ヤ'
648 j end-)link=staェt; だ:・地紅：~I~じp姐iittci註迂濾亙両：：s丘:i.i;re1:灼笈／....... 6栢＂！

........................ start=newstaェt; だtfya!(!f'店註屯/s:tipp~d}ii砂1<1<>\th:is\ilo_d_es,J:ciiぢV
650' 
651' leafp-) leaf node-)da ta=NULL; 
652 ; .....................、 leafp=leafp→ nextleaf; 
653 ; ........ ・話・,n

....... i'rss l 
return(staヰ）、．

... §2JU .... 

......... §.:i.? .. ii/;:l占｀五*没iii:(••ヽ••fr!文：fF*, をが',... :\• f•l,h, <f ,,,,,:;y,:,f'!'¥, * ,;;;,r:,:qぇャ.:,:.•.i"~··f:<:>)658 T . . . . . . . . . . .................. . 

...................、. t t  19µ:~)'(datii~i f:f:i;ii_.tt,rn.t a 81¥1,i.l';Jif ¥:Jii!Miiiii>erof 1~\:iii§Jl,~f~.f••JJs已9
659 ! 

....... .. 蒻 0・"1

...... .. 蒻r!int count(datap) 

.§§?j { 
663・ ....................... / 

struct datum *datap, 

int cntr=O; 
664 ! 

二□6もぢJ while (clatap!=NULL) { 
666 I cntェ＋＋；
667 ! ... in,s ... , datap=datap->link; 

669 i ..... 6冗 j
ェeturn(cntr); 

""5ff".! 

•• □ §??}/'''れ＊＊＊女··•:*•.**,'•.'-.*X.•i\,,•i:•·•.:*.·'.',:>/•'•.>•····· •.•:-.,i,.f•.•'''. ヽ¥¥¥>'.'/''<'.*'.'"*'・'''. ,•; 673 ; / ..•... ................. ・:./:/div¥d.e(leaHist,'nputs) :/.・'・.,;/(.'/ 
.... §7.4 ... l /•.:\,/ :'::<}¥/ .This: f.uncti.61, ・:>iill :: iritI.'len1iiitt'i:'ithe: 1>1a i.n・ ・loop. oC:~hc:··greedy·'· 
675 l .................... /¥:::?:</・¥:.::-/・growiii9(algo:ri thm (ft"·sear.ch~,;:: through Vail. ・:the:. leaf nodes• / 
676 j ．．．．．．．．．．．が ::r>:"}:/:•. tor: .thct::J,est leat to/split・・.a1Kl .the best·.way•, to spHt it.・,; 

....... ..6.7? ... ! /:\}:)/•:':•·::,:{, When.) .. ~>,finds. the be.sLsplit. of: .~he best:,leaf/・it splits•/ 
678 ! ............. /'.\)//•.,:/,/}that::iio'de;, ancl:,upclatiis::.tho・,list 6f lMv'esc·Npllts.J.s.uscd•/ 
679」/....... ........ .}:¥::////':¥o'.to .c~lbuJ:a fo th:e .~.arioi1s. en tr.opl.es, and: the: function·.•/ 

........ R.~.9 ... i [fr{:{:<):{)・returhi(tlie.:choHge・in.・impui:i ty・,,.tha t resul_ts: ッ
681 i 
682 ; 
68".l"! 

float divide(leaflist, npnts) 

"5紅1
struct leafpntr•leaflist; 

・・5'iis 1 
int npnts; 

686 i stェuct leafpnt.r•leafp; 
687 i struct node• nodep, •best node; ..... 688 ... i ....、 inthctst_qid, try_qid, 1.; 

...... 15.§.Q ... ! float best_ thrcc.h, try_ thresh, bcst_ch,1119c, try_choncJ出
690 i ...... もgf! . , n・・:l'Lr,ct';. we: ncecl• to i.clcntify .tlw host ,ioclc .to spli. ヒ，1nd how t.oツ
692 i 

..... 693., /'/,;pHt/'.it. ・,,a do. th11t by 9oiug th.rough the ll,t oC .l.o<tf 11c,cJo,., 011c, •/ 

694 i 
I l:>. .. at. a,,Jime. /C.t.Jie. leaf. .. node<.lu,,: •lll<!rO than・tho 111i.ni11111111. 11u111l1':c ol'. ッ

/<ida to j,6111 ts nss・ig11ecl to・i tiiwi.¥'Ll ,,cc: how 11,ucll of ,1. c:h,1n<1c: ill'/ 
....... li.Q.~···/<'.:,imtmrity. we'd·g·~t. if did the llec.t•.J:OIJ,o(•clivi.di.n9.th,it·nClclc; Ifツ

696 i ............... .... /•:':"thi~:'.e.xpccted:o.na,ige·ii. thci:'Iiiggcst・・w0c: ve . seen .so (ar ,. ・:we'11ぶ ¥VO'、I
697 ! /'.''tile・uodc, question; and. p<1ran1eter11 Cor. po<>.≫ilJlc fuヒLI.CCUSCヽ.When'/ ................. .. 698 I .. /.'¥the lo.op exits・,¥wc will hav'e'<>x・o111L11ocl・all. tho .lc,1vc.s and the•、I
699 ! ;•;'s .. veclAnfonnUt.ion will i<lentlfy Lhc llc,-t .. •i,odc to split. <Incl how toヅ

•t96J /~split it.'/ 
701 ! 
102・！ best change=O.O; 
703i lea lp=leaflist; 
704 1 while (leafp!=NULL) I 
705 i if((leafp-)leafnode->pure==O) &と (lcafp→lear11oclo-)11clata>MINP1'S)) I 
706 i try_changc= iclen tify _question (lea (p-> lea fnoclo, , try _qicl, & tcy _ thresh)/npn ts, 
707 ! 

.... 曹グbi¥'!
if(try_change < PURE) leafp->leafnode->puce=l; 
else H (try_changc>best_changc) ( 

709 ! best_ch,1119e = try_clwnge; 
710 ! best_11ocle = leafp->leaf11ocle; 

best_qicl = try_qid; 
best_thcesh = try_thresh; 

leafp = leafp->nextlenf, 

/;"}I(:tlie best cha.it,ieiin impurity (largesヒ） is ,1re≪tcr thau ceca,'/ 
I朽..the.n.:.there is/a.,::,1ocle to'be splft. Split. the node usinq the.'/ 
/<・:,juesHon ,incl・pa¥:・a11ieters saved. clurin11. the .search above・しo・c10.so.·•_1 
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SOURCE PROGRAM 

makemodels.c 

LINE# SOURCE TEXT 

~II.:~; 言~ll言；：［り［三：三エ□三三1こ：：:::: 中""""",
721 ; /'・Finally, as a che,Jc.;. make _suェe_that the change _ill entropy */ ..................... 
722 /)・:predicted during:the:.:.search. 1s actually what.we-:"90E when. the:IJode'/ 

・12ず ／
7四＂

•:·: wa_S: ・ai vided, and ::><arn the •. user . if .;it.. wasn, t., .J . / 

735 i 
' 7蒻"jJ/¥•必令:.:泊む沿：＊：五・＊＊玉.,,:.五：ぎ¥::>:,,,-;;:,,・女女．． ． 

...... .. ..... . . .. ... .... . ........... . 

h・>HU +H • •HU・＊ヽ"'*'****'" :n・................ ・・・.・... ···.• .. ・.・.・.. ・.... , ..... ・.・.・.・・.・.・.・.. ・.. ・..-.... •:•,··~•:••.:::-;y•': ··.•.•:••'·•:•:./ ・會........、............
737'/•:C:icsplc~t{riodepigi<l,J紅:esh>;::lea:ti:is1'i.nr~ts.> .. i・:.-::::.::: :-,-:-・-:-, ::-:,:-: :-: :-::•···•:•: : : :-: : : •:C•wC·C•:•.C·C·C.·C·.·CC·C·C•C:•:•C·C-1•.•:•·•:·.. 

.JI§! た T.hii.:::Leaf•:•1.iailii.:j,c,i.ritiid/fo•:·by::)!pdep·J~/i<'p:i,屯1;:;;~~ni:)iiiiiiifi,9nii 

........ n.Q ... I /• f qic! with {i¥f:¥;lli'ias.hoi.ctfri,thrii))h,,.:Thiilisf gf J:<iaf iip<i~ 名{(

...... …749. が・'}¥・ (leafUsb)註(i匹ate.cl(J1iiJ.Jiiecl\an.ge:;:n~••i:>.iJェi.t:y.:li>iN'
7 41 ;rn:::::-;:::::::e:/::::i・i:et:urned:.'l:li~/cotn niimliet ot<data pi:iiiit~\iiiapp~il onJc(tli.,:: ツ..................... .. 742 I だ：忍裟裟裟裕翌：j;i: 吟望・(np11f,） ;・: .................. ........ . 

二：14固::i .. ・・・・・・・・・・・・・・・・・・・・.. .. . ::·:t.s:·,µs.,di,t<>/q.~mp.u\:<, ie.ntェ opJ<i~?}~....................................... I 
744 J float split(nodep ,qid, thresh, leaflist, npnts) 

...... 万すi struct node•nodep; 
・・7蒻! int qid, npnts; 

747 ! float thresh; 
748 i ......... ~ ・........會1

｛ 

struct leafpntr * leaflist; 

struct leafpntr *leafp,*nextleaf,*tleaf,•fleaf; 
struct datum *datap, •nextp; 
struct node *Tnodep, •Fnodep; 
int i,tcnt=O,fcut=O; 
float delta; 

.. J~.I 

... J陸..」 が虚s出v ea116~~W的ii~f,i.noct<'is叫cii•l:iecom;,fii<i c;Bi'l年eii6iJlif9 

..... ..Z.2.Z .. .i /~\ii9ae: Peilig spliV::w'e::::;;;i:~o 1aentigy,th¢noa~: be:l119: sflit/as::thi,i工＇・＊／
758 I /fj泣 e旺,J'!9de;"975'§・"! .............................. . 

.................... , 

... . .J競j Tnodep=newnode(); 
761 I Tnodep->parent=nodep, ....................... , 
762'Fnodep=newnode(); 
763' Fnodep→ parent:nodep; 
7紅 I ................................... 

......... 筏~J が''J:l9i:i/i-i¢,g~:Jhroμglr::th:e :J~);t:j,f <l~t• 面appedonttj)Mlii .ri ocle ,an.a.:'双
766 ! がnt~.~1f.i1:c'fot.atw<l\~ 釘ii1t~WUヽt':f(::o.ri:e:::rofida.ti,:j,9i.:,i£:s:::w凪;611ヅ·········~ 器lが．叫西th<icjuii~ 紅""••<attachi,cj\6••~1ietru~ → c1,i;t,; ;1c,c14)・,・叫 ( /

＂＂＂＂．．々....... /t:.<>.n<>:J.¥>F <ia:tfp!:iJ:Iit:s・七na.tc1,;: 1io1' (aJt~<>.h.ea •1;~••t;~e :.f~Me~clii)il :iiocte,:~; 
769; 

... "'/冗i da tap=nodep->data、・
while(datap I =NULL) { 

nextp=da tap->link; 
if (TEST(datap→ obsrv,qid,thresh)) [ /i:):<>廷詞応eダ

tent++; 
...... , .. , ... , .... ・ datap-> link=Tnodep-〉data; ゾ,.・..,-akee\~oiii't?tJi,;,:::ii匹ii'e:aci:::·of/t1ie::::,1
776 I ・

............................. 
// .: Iis Vo C tr¥ie" c)dld. ip:o'iii ts:;?::iC:-ii,.; ................... , 

777 I 
Tnodep→ data=datap; . ・・・・・・・・・・・・・・・・・............... I 

}else{ 
...... 虞...; fcnt++; .................... 
779 I 

"万1'i'rn・--1
datap-> link=Fnodep->clata; /•:, •. lri'iiieijjoiri I:、t店iirie)i/liiiai'1?iiii}.i,.eウ
Fnodep→ da ta=da ta p; /'li~/; .of felse~c,1はia•••Poi.n,<••·•·•:••••·v781 ... I 

?szl datap=nextp; 
783 ; I 
784 I Tnodep-)ndata=tcnt; ;he'seit江 iie<c111:ici.data cotlijf/Y 
785 I Fnoclep->nclata=fcnt; /'.:::se.tifa~se".chiJ.dclata.couri.c、 V
786 I 

/i: Nowicalculate・tlie/entropieii: of .. tlie/chilclrei1)i6cl~s•,::ti,icl: .coiiv'eヰツ
/i : .. tliis:.node ,.to・an.tiiternal::node・・with , the two_ ,1iew ,,ioctiis :as .t ts.•/ 
I'ichildren "'Notice:.¥ha t we .. copy ail .. the・.: info,:matio1(a!Jout・how :We.*/ 
, : split this node・・iii to the.:,structure・associafecLwith .・ic: ・., ．・.•·.·.·....•.•.·......... •••• • • • • •• • •• •• •••••••••••• • •• I 

：．．．．：•四r·I getpclasses(Tnodep); 
79 3・・1 Tnoclep-> en tropY"'Tnodep-> nda ta• entropy (Tnodep)/npn ts、
794, getpclasses(Fnodep); ................ .. 
795 J Fnoclep→ entropy= Fnodep-> nda ta.• entropy (Fnoclep) /1.1pn ts; 
796 I nodep-lleaf=O; /'make this an internal node.• .................. 
797 ! nodep-> tchild=Tnodep; /'.co1111ec.t the tェue-child・node*/ .............. .. 
798 ! 11odep->fchild=F11odep; /'connect the false-child. nodeツ

........ 7'g'g"・j nodep->clata=NULL; /*. clcletc.cl<1ta pntr:1c1at'a is i,ow.in children):•; 
二：8QlfJ noclep->qid=qid、 /'save・questiontwedJor .・maHngOsplitツ

801 ! 11odcp->th.resh=thrcsh; /'s,we params used. ソ

·• □心器:) /• Now・we need to・¥lpclate the•list of leaf nodes. This noclc nc,cds to ツ
804... /'J,c removed from the・list since, it is 110 lon9cr a .Lcuf, ilncl the'/ 
805 p・two children nodo.s.:ncecl to he a<lclcd.'/ ............... 

: t辟・leaf『 leaUist;
808 while (lcafp-)loafnocle!•noclep) !.c,afp=le,,fp->ne"':.lcaf; /'f.i.ncl pntr ツ

....... i;'b'g.. I• Ln th i.r, 鼻／

........ ii'i b.. /'node ill the, ツ

......'s.f.(" /• lean i..s L. • / 

812 le<1fp->leafnode•Tnoclcp; /'CJVt,.t•wcHc wi.l:h pnl.c tCJ.C.CllCーc,IILJ.d.'/
813 flc<1[=11cw.Lc<1(p11tr() 、·f• Alloc,"te ,1nothc1r 1叫 rpntr、,;
814 flcilf->leafnoclc=Fnoclcp; ;• mak<> it. point・t.o I泊1べc-chl.lcl,'/................. 
SIS tleHf-〉noxtlca f=lo,1 (p-> ncxtlc● ,r 、•、I• m≪kc l t . .link to r<:、,.,toC list'/ 
816 ! lca(p-Jnextled=flcil(; /'in.ser.l. 11cw J.cof p11Lr. .l11 H, ヒツ
suJ 
818 ! /'e'i.n.tJ.ly, the chn1i96 iu impurity clue to this spli.t i.s computed as•/ 
819 ... ! /'the, cliffcrcnco in.enl・ropy bet.ween t.hi,; noclc ancl i.t.≪eh.l.lclren. ソ
820 ! 
82 i"・i delta = (tcnt+lcnt) <entropy(noclc•pJ-tcn い entropy('l'noclcp J-fc n t•entropy (Fnoclcp), 
822 ! rcturn(clelta/11p11ts); 
~2)! I 
824 , 
825 , ヽ ・ヽ・,・,,,,,.,.. ., .... " ... ヽ● ●ヽ 貪貞々 '"ヽ 食●責"'"... ",.、 K●"*し.........., .•... .,,, . .,; 

... 826, /・'i.clcntify_question (noclc,p, best~qi.d, l>eet_thresh)・:・ ・ ・ • / 
827 ! ハ Verysimply, this tullction determines the best way toツ
828 ・,. ・・split the 11ocle poi11tecl to !Jy 11oclcp. It clocs this by ツ

且?~: 言悶闊鸞；~-誓：1ぷ悶此門ふt0:!t唸農:~ふ霊悶；""靡e•,;/
, . : .・. best (Lir~est) clecrcilse iu impurity icleuti(ies the best'/ 

832 /':  ・: ・. question .ancl pararnet.ers which are .rctt1rnocl in best_qicl'/ 
833 、/• • •• .a,,d best pa.r,1111, respectively. The f111iction retuin,e the•/ 

• 834 . /'・.... : change in impurity associated with making splitting this </ 
.... …・3'3・5・" /・'.. • . . ;. . node in the best way ツ
、.......8'3・5・ 

837 float iclentify_question (nodcp, best_q id, best_ thresh) 
838 struct node•noclep; 

□□ 8}!(int•best_qid; 
840 (loat•bcst_thresh; 

4~ 

DATE 

TIME 



SOURCE PROGRAM DATE 11 /22/94 I PAGE# 

TIME 5:27:39 pm  8
 ···•:··•••·•·X'·••·•nii 亨三傍T玲令効←苺

int i, try_qid; 
float best_change, try_change, try_thresh; 

best_changeaQ. 0; 
*best_qidaO; 

for (try_qidaO; try7qid<NQUEST!ONS; try_qid++) [ 
try_changeaidentify_split(nodep, try_qid, &try_thresh), 
if (try_change>best change) [ 

•best_qidatry_qid7 
best_changea try_ change; 
*best_ threshatry_ thresh; 

｝ 
return (best_change), 

struct datwn•datap; 
int i,cntェ；
float tempval, best_change, tェy_change, try_thresh, 

if (qid (NFLAGQ){ 
*best七hresh= O. 5; 
best change = slow try split(nodep,qid, *best_thresh), 

J else{ 
cntr=O; 
da tap=nodep-〉data、
while (da tap! =NULL) { 

class_buf[cntr] = datap->class, 
float_buf[cntr++] = datap→ obsrv[qid); 
datap = datap-〉link;

I if(cntr J= nodep->nclata) 
fprintf(stderr, "Wrong mmiber of observations found on a nodel¥n"), 

else{ 
best change=O. 0; 

~ for(1=0;i<cntr;i++) ( 
try_thresh = float7buf[il, 
try_change=try_split(nodep, qid, try_ thresh), 
if(try_change>best_change) ( 

best_ cha nge=try_ change; 
•best_ thresh=try_ thresh; 

） if (find_neighboエ(cntr,*best_thresh, qicl, &tempval)) 
*best_thresh• (•best_thェesh + tempval)/2. O; 

・・・・・・・・・・・・'・・'・・・ 904; ・・・・・・・・・・・・・・・・・・・・} 
905 I ····•················, ..... 906 ,1, ·················.·.•.•· 
907 , ・・・・・・・・・・・・・・・・ 908, 
909' ......... ・・・・・・・・・' 
910 i ·············• 91 I ;, ．．．．．．．．．．．．．．．．．．．． 

9 I 2 ! ．．．．．．．．．．．．．．．．．．． 
9 I 3 ;. 
$)4! 
9 IS ; 
9 I 6 i .... , return(best change}, 
9J].I I 
918; 
9 1 9 ! ・グ•X• ' i '-* 9cf•.:, ,.,. ,y , , , • , ., , , .,:, ' ' ' ・"*' • '' ' * • • • '\• ~ ス•, • , ' ' • •Y-'. ,:, ~ • • , , 食 • .~ ..  ..  ..  内'I ················•· ................. 
920 c/・.・ ・•.:cfi11cl·u~i:<jhl>br(co11n t, vol ,uide≪, neighbor) ＊ 

···············•·· 
921 i 

•.·I .. 
;,.:;::-::¥ii¥//.,::.:,.>::: ::This ¥fuμc.tlo1(finds i:¥te・JJear.es.t,. neighbor. gr.eatO:r・ • / 

......... 9.?_2.).;.<<.;, ,.・,,:,:・,:,'.:;::.:,,::.;.i¥of.・ohsc.rv[iridex] great~r.·th.11i/val and .r6tt1rns i.tぶ＊／

923 !. ....... ・・・・・・・・・・・'/ .. ・・・・・・ ,./:;:¥::/.:,):/:¥ .;:;:: v.a111e.:in:1ie均hb9r. Tile・. f1wctioii°・returns:: 11 1. i. (. 0ツ
924 i /'.,,,.・.;. .. ·• •.•.·. 

・・・・・・・・・・・・・・・・.. ·.•·.·····..... • , ・ ・: ,,,~ighhor J:s・r.o.und or .;, . 0 if ngt, •; 
925'.. 
926• inヒ findneighbor(count, val, index, neighbor J 
927 i 

．．．； 

··············••< i.nt―count; 
928 i float Vlll, •nci.ghl,oc; ...... ・・・・・・・ 
929 I int index、'・・・・・・・・・・・・・・・ 
930 ! ··············• ｛ 
931 ! int i,result; 
9.3°2・・, struct dat1Un•ncxtp, 
933 I noat torn1り．．．．．．．．． 

934' .... ·····•·• 
匹 sult=O; /•: start by s;iying wc・.cli.cln't. find nci.ghl,ocツ........ 935 ; 

936; •neighbor=l.Oc200; ('.. b_l.gi anythi. 四 real.should lle・.s11;;1J.lc.c ゾ
9371 
938 i for(i=O;i<count;i++J I 

:・・・・・g・3・9・・・: temp = fl.oa t_lH1, Ii I ; 
940 I if ((temp>v,,l J &. (temp<• neighbor I I I 
941 i result=l、.

942 ! • neighbor= temp 1 
943 ! ・・・・・・・、．．．、 I 
944 j I 

..... 9JS ... l return(result); 
946 ! I 
947 ! 

948! ・・・・・・・・・・ 949 ! 、，"',;・;七 •.i:,.:,, 9ヽ ＊ヽ尺々 tヽ.,,・,:,,,,,:,,... し＊＊＊＊＊六...........言'.....・""・'." .. ・々'*'..真負,,、I
・・・・・・g・5°Q・,. ・≪≪-;.;;:,.-,:,, :, • ,.;-,,.,',,、・責女＊＊＊白..."内..女."・"'-f"女’``賣＊＊＊可.々"'".""貨＊ヽ'""/ ......... ・・・'I . . ..... 
95 I i /• :・th.e:.ifolloヽiii,g:t11nctions.'clo uot・include any questionsspeci.fic.code. *、/

952 I /.'.:rheyi/a:i'e .j_.ncludccl. ln・,thi匂filebecause. th~,:.question-sped tic ソ
95 3 ! /.i •.. : ・ruuc°tioi1s use them:・,You・.shOlllcl1i't. need .to:, edit ,1nything helowソ
954 ! ;:, lieピe•:i:,.、9
955 ; 
956> 
957 ; ．．．．．．．．．． 

958 l .~.~.~ ~ ~ ~. 
959 ! 
960 

恥ぷ見c:hii ;;g・e;; o-;:_o_,: 
fctr(tr.)'::'.tlire,11 ea tiiresll/st紅 t[qidb

: ： ; ::; ~y:_;tJiiifofr: <~tchi:e,sl1_:s~bp[qid] i 
ば y:.:;thェe:,Sh+i tliiesh_::in:cェ[qidJ:)'{

ti'y::_c_l1A・nge'.,.tryc:s1>l tc:C ii'9dep、qid;Jヱy.:.:_thresli),
江(.h.y'_:c_h.ange>bcsにc1il,lgeJ•!
::bes_t::_change_=.tェy31Ian9e)
：大）,.e.s_t::;t1江e_sh吋try_::1::liresh;:
｝りI

,ヽ,々.., ・....,,, ......、""'ヽ＊ぇい.,..,,ぇ"ヽ...屯-"'"'"'""'・"''''''喩/
11odep, q id, thr.esh). . . ・. • I 

ll.S. the ,•cha11ge ill. entropy w!i:lch WOtt.lcl・・occur if the.'/ 
ass詞 11ei1;:to .• nocle nodep were.split usi,ig. question・ •; 
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SOURCE PROGRAM 

makemodels.c 

DATE PAGE# 

TIME 

l l /22/94 

5:27:39 pm  

，
 

LINE# SOURCE TEXT 
961'/• ••••••• 

・・・・・・: 年 ・I . ・・・・. ·······•··· ... ::. ・'・'・'・・・'・': .. :.: .: .• ,.:. qid・:wi t_h. p~ramet紅ization params .. :• • / 

ニ:gnl uoat丘 y_split(nodep,qid,thェesh)
心 uctnode * nodep、.

叫..§ 蒻 ・・J int qid; 
・9蒻・・1 float thresh; 
967 ・・・・・・.J ( 968 struct datum *datap, 

:：：豆啜：：I int i, N, Tcnt=O, Fcnt=O, en江 s[2][NCLASS], 
970 I float Tent=O. 0, Fent=O. 0, prob; 

．．．．．．．．釘iり ・1

二：：：27乞i !f~O:~t~ 孔i\f/,i~•ェ;;g6tiig:,J~countiioW: i,i,if iiii\cl•,Pcitiirn <>f'each}/ 
973 i ....................... ! 太i~l'as:s/i{9til'di~~t;a#ign式 to.eaqh<chilil/i~),hfs spiJ.t; ;; 紅~;:c1oiie:: ッ

....... n.4 ..」が,$<¥¥s:f.am/:b." :::;:~~ ほi,ng¥thec::,oourit:虹#J<:>四 0、9
975 ! 

・・・・ ・・・・・・・・・・・・・・・・・・・・L.......... ... . 

・・・・・・・gn・--, for (i=O;i<NCLASS;i++} [ 
977 I 

·~ 茂：’

cntrs[OJ [i]=O. O; 

こ忍蒻.1 I 

cntrs[l] [i]=O. O; 

．．．．．．．邸rlA @)?¥iii ¥ii函 giif1c1/@i a.~.·•:poiiits·i# tch~ifst;M#iJ11ii'l tii tftsツ
982, 

, ・・・・・・・・ ・一
．．．．．．．． ．．． が．訳碑/i(i;qc,Jis,$lc:';'jiq砥l.i~>';,:,t;,h<(.'i:iile.stJ61i·,,,:sほ畑i!:i.i'/'~afil~,fo:ii/~•c~)iif¢,•:f(

/t'f;@!=争Pi(江,1,Jii<f @pi'oiii'iat.o c?i,ii.t.~ エ；s.::?x 

for(i=O;iく(nodep-)ndata);i++) [ 
if(float buf[i] > thresh) [ 

Tent++; 
en丘 s[l][class_buf[i] ]++、：

}else{ 
Fent++; 
cntェs[O][class_buf[i] J++, 

JI 

/{';'ii如：th•tdiii面,i:i:i:i:iiii七;:i'(g:S,',i;ii,i;t;:;,,''/•(i:iiiii)';嘩pj_iji血•>ii~~:tt@(Atf@ッ
! ざ¥ii<i@sii!'t.c! i;f i'\n.ii~:#ef iW  811;;~ifroi:i@~Ji~#@i丸／

N=Tcnt+Fcnt; 
for(i=O;i(NCLASS;i+t) [ 

prob=(float) cntrs [1] [il/(float)Tcnt; (社：：tiAt~ss±: Jii Joii~~af h' 
if(pェob>0.0)Tent-= prob•log(prob); 
prob= (float} cntェs[OJ[i]/(float)Fcnt; ゾff(<\1•$$:i;:J.,if.cliU<Jl }/ 
if(prob)O. OJ Fent -= prob*log(prob)、＇

I 

/*:'四ina:1功:i'?,li~/¢.it辻<loniputi!:itl\E\Atl'.f,jfia~蝉：紐~.ri丘op:{bi;itiiii<l~Jh@ッ
が．加畑：ii叫北＄加fii?\•~tclliiclien, ッ
return(N*entropy(nodep)-Tcnt*Tent-Fcnt*Fent); 

I 

float slow_try_split(nodep,qid, thresh) 
.•.•. , ........ , ....... . struc七 node•nodep; 
1015 ; 

， 
int qid; 

1016' ...................... , float thresh; 
1017 I ... ・・j I 
＂ 
IO 18 struct datum•datap, 
1019 I 

， 
inti, N, Tcnt=O, Fcnt=O, cntrs[2] [NCLASS], 

I 020' ....................... ] float Tent=O. O, Fent=O. 0, prob; 
1021 ; 

I大:.¥la.He.a耳Y,¥i:ieぽiig5>iiisi.••:f{• couri.l •• ,)iow• ni.iiil'y:: data,・. poi此 sji(each}/
N: q'lass :'wotii<;I g~j: Xssignedto iiadb.ciiilti g~his sj,1i t.:.were done,."'/ 
た•••t~s.~ii#iiy•~ば、cliig,(the,:'coun~er.s>to::,te.r.c,/://

1025 "會....................
1026 for (i=O;i<NCLASS1i++) I ................. .. 
1027 ............. .. cntrs[OJ [i]=O.O; 
1028 ................ cntrs[l] [iJ=O.O; 
1029 
1030 

... } 

................... 
l.()IL. n N.6ii 90 thro叩1i/a11・: t1ie 'cfa'ta points ,: in : tB,f :tfot ・・a.s,,igiied 'to this・・＊／ 

1032 ;.,.01io<le'.·'•nct>test,whether the. question・is,,.tctie,.or :false,.for・:each:.?nc; !/ .................. 
IOB ........ ............ /.• :.,Tiicfreiuent: tb・e/appropria te counters,・.'/ 
1034 

............. 

I 035 ......... da tap=nodop->da ta、.

1036 ............. while(datap != NULL) { 
1037' .................. ] if (''SST(cla tap->obsrv ,qid, thresh)) I 
I 038'Tent++; 
1039 ; 

I 
cntrs [ 1 I [da tap->class] ++; ........... 

1040 I I else I 
1041 ! Fent++; ．．．．．．．．．．．．．．．．．．． 
1042 i 

.. , 
・.., cntrs¥01 [clatap->class]++、9............ 

1043 , ............. ●● .. , I 
1044 i ....................、 cla tap = clくしtap->link ; 
1045 i ..................... I 
I 046 I ................ 
I 047 j ;(• Now・thatーしhe・bouzitingsdone、we.can compul: the entropy・.it forツ
1048 1 が e~ch'chi.lcl 1,y'J'incling the cla1.cs prol!,1biHl: 応・ ツ
I 049 I 
1050 N='l'cntH'cnt; 

▼●● TbsT for(i.=O; i.<NCLASS; い+I I 
1052 prob=(float) cntrs llllil/(flo<>t)'l'cnt,- /'l'¥cl.ass .l J.11 tch.lJ.clJ'/ ................. 
1053 if(proh>0,0) 1'cnt -= proh'log(proh); 
1054 prob=(Llo,1t) cntrs [OJ I ii/(flo,1ヒ)Fent.; /'P¥1'l.,1sぶ i.ill 1'.cld ld)•/ 
1055 if(prol,>O. D) Fent-= prob•log(prob) 、．............. 
1056 
1057 

... I 

1058 /•·.i!t111ill.y, we can compute tho difference in entropy hcLwcian Lhi. ぷ` 、I
1059 ;• ·node•<11111 .its potential children.'/ 
1060 
1061 return (N• en Lropy (noclop 1-·rcnt•Ton t-fcn tヽFent);
I 062 
1063 

... I 

1064 ........ 
.. 1 .. 0.Vi .. .. : /', 負,・,ふ'"."'*''貪,...... 亀＊＊~育・白誓ヽ........, ... 貪.,....、..., ".'. ,., ,..,, ".''.. " / 
1066 i , 1,,.entr?PY(nodcp) --returns the entropy・,1ssociated wit.h 110<11e noclep. ヅ
1067'"1 /+・ ヅ
1068; . 
I 069 ! float ent.ropy(noclep) 
I 070 ! struct node•noclep, 
I 071 ! .............. , I 
I 072' .ヽ.............., float entrpy; 
1073; illt i; 
I 074 1 
I 075' ．．．．．．．； entrpy=O. 0, 
I 076; ................、 恥 r(i=O;i(NCJぶSS;i++)
1077 ! if (noclop->pclass[i] !=0.0) 
; Tb?'i,".! entrpy += nodc'pーン pclass[i]•log(nodep->pclass[i]),
1079; 

... , 
............... , return(-cntrpy); 
1080, I 
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SOURCE PROGRAM 

makemodels.c 

SOURCE TEXT 

1081 ! 
・ ro豆i・・/'*'*''°*・._,:;,,•.... 火.......火＊＊＊＊● •**:•.••/(•t・··•.•••.•·· 火＊＊＊＊＊｀＊火•:.••.*'."火・｀＊＊＊＊＊＊＊＊＊＊／······················•·.... I 083 14 ............. 大火****..... * ......... * ........ **'.................. た.............． ．．．．．．・・.・....・・・ ... , . .• . , ..... ,.・., .. . ・..... . ・・ ·.• .. • ... ,' I 
To紅l ..•... ．．．．．．．．．．．．．．．．．．．． 

;.,,, ,Tbe:,:,foHo"1:ing :--i:unc: tions_·provic!.e),i.i~ii:ft.y:, servi.ces :,,9r.:: .iniflal.izlng・,,an・d 
I 085 I・・・・・・・・ .,:niaiiipula.ti.iig/th.e・,:aata :str%tures, ・＊／....................... 
1086「
TosrJ 
• ro蒻・・-,,;ヽ:..:;:.:,;・・:,;,.,;:,;.:;:,:,:,;-,,:,:•,~.•:S.:•.*\''*,•F•\\<:>'i:f•#• <:<:f >:,・.:,; • '"'-*・＊＊ ぇ:;:,,, ,,:,,:;,v:,~:' ' '• •·•:•:•• •1 ···•···................................ •.•.•.·.. ・... ·•.·.·.. ・.・・.・... ........................ ・・・・・・・・・・・・・・.. .... ・・・・・・・........................ 

.. J..Q.~Q .. .i ;<,:/n¢wnodWO:: .• :,;_~/a.1.1.oc:,.-tes:\a.iid:\lrii.t.ial4z.ej(::a:,'Mw\~.o!l<iC:i:etu:tiis::':AiV 
...................... ・.・・.・.. ・.・.・・.・.・.・.・. 1090 i p·•·•·•·••·•·•·•·•·•·•<•·•·•·•·•·•·•·•••·•·•·•·• ● ·•·•·•. ・・・・・・・・・・・・・・・・・・・・・・.................... •···•·•·•·P.OillteJ':{:t;O\i.t/: ・ツ

1091 , 
•• •••• ••••• ・・・...............

••••• • e••e•• 

I 

I ........ , .. c ....... 

struct node•newp, 
int i; 

newp = (struct node•) rnalloc (sizeof (struct node)); だ g迎 £1!匂如皿0ェY.ざ!
ne叩→pure=O; 
newp→ parent = NULL; 
newp->leaf = l; ; メ五：i:i:~t•\ii心：A~ t§iii!iii~M社心a~Ji•Fi>~i:i:f•さ必
newp->tchild = NULL; 
ne叩 ->fchild= NULL; 
newp->qid = -1; 
newp→ ndata = O; 
ne叩→data = NULL; 
for (i=O;i<NCLASS;i++J newp-> pclass[i] = 0.0; 1'.}\9;tii~'(J;~~\Eit¢H:fs]丸i
newp-> thresh = 0; 
return (newp); 

if (nodep→ leaf !=l) I 
freetree (nodep-> tchild); 
freetree(nodep->fchild); 

） 
free (nodep) ; /f tJifri Xft<i•~f 1;:Bg Mi!1(Y 

1129 
"Tf"ltf. ．．．．．．．．．．．．．．．．． 
I I 3 I ! void getpclasses{ nodep) 
'TTぎ;('¥ struct node *nodep; 
'TT'fl ... , 
............. .! I 
1134 i int cntrs{NCLASSJ ,N,i,maxc,num_zeros, ．．．．．．．．．．．． 
I 135 I 
"Tf3ぢl

float maxp, pmin: 
struct datrnn *dattm,p; 

... 「rn1
rns・: ........... 
I I 39 i ................... 
1140; .....................、
1141 i ............. .. 
I 142 ! N=O; ................. , 
1143 i for (i~O:i<NCLASS;i++) cntrs{i)=O, 
1144 [ datwnp=nodep->data: ................ .. 
1145 i .................. , 
1146; .................. , ///G.<f.:thr,oti91i/Hl::tche.'•cfot1(·pqi'ots,.'a1id'ii1icremiiiiしfh~t:i,tali:oi1r f<j(fl 
I 147 I //,¥ai1c1:・the/,ioiiiiter.:・.roi/t;lici .co~responcllng .. clas~··. ・＊．TT蒻¥ •••••• •••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••••••••• / 

．．．．．．．．．．．．．．．．．．．．．、
I I 49 i while (datwnp != NULL) I ................ 
I 150 i cntrs [cla tump->class]++, 
I I 51 i N++、＇

¥Ts幻 daturnp=clatltmp-> link: 

Tf53! .................... , I 
I 154, ．．．．．．．．．．．．．． 

I 15 5 .............. 
I 156 
I 157 
I 158 ．．．．．．．．．．．．．．．．．．．． 
I 159 ............ 
I 160 
1161 
II!, 互
I 163 ．．．．．．．．．．．．．．．．．．． 
I 164 
1165 ．．．．．．．．．．．．．．． 

/s/tfo;r.:co111pi1ヒ.,:.the・.conctiHonaL probabiliHes: :by/clividing .. the. ,,.,,ii,ber·,•; 
/<'oC bbservlltions・in・e:ach clas.s ,by :.the total;. number of: V 
ぴ obse.rv訊.ti.ons.,曹Also,:.k.<iep tra.ck::of the largest. prob,ihl.li.ty; thi¥ :,; 
/f,c6rrcsp6n(1}1ig・class i.s. ,the: one •. to・be nssigriecl. lこothls .node,. ツ
,,,aA," o. o; 
for (i•O;i<NCLASS;i++) { 

nodep->pclass{i]•([loat} cntrs[i]/ (floatJN; 
if (noclep->pclass[il>maxp) I 

111axp•nodep->pclass [ i I; 
maxc=1, 

） 
1166 
1167 

... I 
noclop-〉class=maxc:/'s;ive ttw most .Ukcly claM.¥'/ 

1168 ... I 
1169 
I 170 
1171 . 
i'f?i.! 
1'1731 
1174• ．．．．．．．．．． 
I 175 i 

I 
．．．．， 

1176 , 

fT77l 
1178 i ............. , 
1179 i ．．．．．．．．．．．．．．．．．．， 
1180. 

'""ヽ..........會.""  , ......... »•:• .......... ,, .... "''.... 貞nc<・>""  <史.."/  

90.Lcl、)ta (filcn≪mcl., hcadp, npn ts, fょ1,,n;u,,,2,hcadp2, "I.;" t,:2) ツ
Th Lo (uuctLon reeds the t.nd.11i.119 data. tt 1s <>Xpoct.c<l thatツ
じhr,.training .. dittil is i.n. lW<l .J:i.l.es (fiJ.<叩 HI()].l¥lldツ
rilcnnmc2) which oont,il11 thc:.obt:crvatio11 vcct"r"·""d.l:lic•/ 
corェcsponcl:in9_clas.s l.ai,clr>. A.s t;hc tr,d.n ln9 clitta is・rc.Jclツ
1°11; ・i.t is dividccl i11し<>.two Sllhscts:・ ・ollc for・・gr;c,wi.119 th<)・'/ 
tr.,;e <111c¥.011c ,for pru11i11g it. Pointers to those subsets nre ツ
ェel11rncd.in hcad[> an<l hcadp2, and counts ofしhemunhcr. oC ,; 
points .in c,1ch sub≪ct.ar.c rct1>ii,cd in npi,ts'""'npnts2 .. •/ 
It al.so gene江afosthe mぶ<f111urn-l.ikclihooclc叩 .mateso(the、,I
i1iitl11l <1nd transltion ,proboililUics. >.1hilc r.c,>cli n9 the cl<1ta. 貪／1181 

I I 82 .... 
1183, int getclata(file11'1rncl,hcaclp,11p11ts,fi.le11arn<>2、hoaclp2,11p11 ts2) 
I 184 i chnr filcn,111101[ I, filennrne2{ I; ........... 
I 185 i st.ruct datum'賣hec1<lp,• • henclp2: 
1186 i int•11p11ts,•11p11ts2, 
I 187' .............. ,I 
I 188 i stェuctclcltu,u•li!stcl, •lnstcl2, •data, •clata2, •tempd, ............. , 
1189, int cntrl,cntr2,tclass,i,o11t,tog9lo,ito111: ．．．．． 
I 190 i Uoa t tobs [ODDS]; .... .. 
119(・¥ char clatl[321, clat2[32J: 
1192 i float anorrn[NCLASSJ ,pnorrn,e、
1193 i int j,luststate,firstobs,numstilrts,nvisits[NCLASSJ, ．．．．． 
I I 94 ．．； .. , CI LE'fpl, • fp2; 
I 195 i 
1196 i ,、'• 1Nl1'IALIZA'tl0'1, .st.<1rヒ.Jiyヒ.ryin,i.to open thetHO. data files iincl'/ 
1197'.h cloari.ng·thc.cntrs.•Also set the, .. tw.o listpoint・ei:s to NULL·,.which•/ 
I I 98 , 

.. , 
............. , /!.indicat~s.that the/ .. do uot. point.to niiything.•/ 
1199' ........... , 
1200 i out=l; 
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if ((fpl=fopen(filenamel, "r"))==NULL) { 
fprintf(stderr, "Can't open file %s. ¥n", filenamel)、
out=NULL; 

） 
if ((fp2=fopen(filename2, "r"))==NULL) { 

fprintf(stderr,"Can't open file %s.¥n",filename2J, 
out=NULL; 

） 
cntrl=O; 
cntr2=01 
data=NULL; 
data2=NULL, 

乃 'i;iiit,f紅訟fJhiif:/:ii:ii1~c_6~iinj':j:ii:((f;liMiif f~r•: es血"ctirigtlie¥H叩匹rari,s.i/ 
iiiuiistarE~·o 、.
firstobs=l 1 
for(i=O; i(NCLASS; it+) [ 

initia.1s [ i)=O. 0; 
nvisits{i]=O.O; 
anorm[i)=O. O; 
for(j=O; j <NCLASS; j++) transitions { i] [j J =O. 01 

） 
lasts ta te=LASTSTATE; 
nvisits {laststate] =l, 

if (out=l) ( 

if叫 g)/
:C:Lti:C:.th_e:' ,•,• 

鯰t@iiii
脳註:,:,:iii;............... 
gii:: 紐~)j
riiat::t@: ・・.
li~f:'四叩祖. ・・・・・・・・ 
：屯泣:<,~·:::li
ttjiii¥!i/a 
2祖：．＇紐 ;l:i>
硲：：迂俎輝
迂~~iiも
: tiniies:.::.a ............. 

eacli利：@iil妄i:tiaii玄曹fl

srand(1234 
toggle=O; 
item=l; 
while ((fscanf (fpl, "%s" ,datl) ! =EOF) && (fscanf (fp2,"をs",dat2)!=EOF)) ( 

if (strcmp(datl,""'") && strcmp(dat2,"'"")) { 

sscanf{datl, "%f", &tobs[OJ); 
sscanf {dat2,"馬d",&tclass);
for (i•l;i<DOBS;i++) fscanf{fpl,"%f",&tobs[i)), 

rzsr, ............... if { { tclass<O) 11 { tclass>=NCLASS]] { 
1258 ! 

・rzsg・! 
fprintf{stclerr,"Illegal class {%cl) in data item %cl, exiting¥n", 

................ , tclass, toggle+l); 
1260 i .................... exit {-l); 
1261 ! } 

二(?$乞k;~:ffc:·(,fobs['O'J.~"0.)・＆＆曹'it.en:;;;;冷7/i:=',¥Of:':i
1263 ! 
1264 ,.-: 

............... ,:,:}/fpェi1itf(~t,:c)err;,:iii,Ebi,t f~j,g ,i>id b,:~cik/!iot:P;t\n''.J.; 

I 265 ; .. 
....... . .. ,Jft••···{fobs{OJ."'"'i)((ぶ itsi{ss勺~(<ijJ
1266; 

............... ;./ fp,;.in.t.E(stdei',r;''EQW ,fl~g'and JJ,:eak,'is,oi\fi•:.), ツ

"TiGi! 
"f26if! 

がTli<i/?1.~~s••i{ 1~9a1.;••••·s6al1ci,at<>)iiew.··aa.ta.·po·ri; ter {:• C6j.i'f•.•i 

fi6'ij 
/~i:,.tti<i:,:~.b.ii.eェv·a. t'toh•·v~cito±ii.u to:, tl.i<,:,・:cte ta ,•j,oin t ,. a11d・ • se t/tJie・,.,'/ 

i? グQi
M\cl'iiss;:,iFi'liti.lly;"''.assi'ri.i/tlieidati(jio~ri t . tci ,,whichever:: su.6:setツ

1271 : 
がPif.ai199nqysele.p)l<,d;:A1@~pi1atfthe•: appropriate:•cou,il'er.>•J 

・121r1 tempd•newdattun{ J; 
1273 I 

r'2f4l 
tempd-> link.=NULL; 

................ , for (i•O;i<DOOS;i++) tempd->obsrv[i)=tobs[i]. 
1275 i 

"(2 ・グ6 1 
tempd-> class• tc lass; 

............ , if { ({{float) rancl()]/2.1048364.8.0) .<= TR,¥IN_FRAC) [ 
1277; ......... if (data••N叫） I /•/if .. this .Is ,.the・first data point ,it>ツ
1278 i clata=tcmpd; ;•:this snlls"~i j<1st.n1ake it tl>e.:lisl, ・,; 
1279 , lastcl=tempcl; r.::a.i1d, th~::pntェ is l ."/ 
1280' en trl•l 、'
1281 i ........... I else { 
1282 i 
'iiiiJ"I 

lastd->link.=tcmpcl; ;~: .. if. this isn'.t the・first poii1t in',the lir,t, ッ
lastcl=tcmpcl; (食 just,:'aclcl•it to the end of the list•which'/ 

1284 ! cntrl++、9 /¥ is pointed to by last.cl. • 
1285 

I 
....... I . 
1286 
1287 I 
.I I else { 

l[ {clata7.==NUIふ） 1 
I 288.! clC1ta2=tcmpcl; 
(2 89 ! l,,,, tel2二 tc,,,pcl;
1290 cntr7.=l; 
I 291・・ 
1.292.J 

.1 I c,1,.,c I 
last<l2->l i.nk.=恥 mpd;

1293 lac.td). 吐 cmpd;
1294 cnlr2++; 
1295 I 
1296 i喜Iヽ：言喜戸：言［：冒り丁〗［茫;:;三巳・旦臼凡Ii:詈］巴::・:;
1}02」 i11iti.al.sf Lclass]日、．
1303 , i,umstllrts卜＋；

I 304; ....... .. flrstobs=O; 
1305!)else{ 
1306・; transitions I las tsta te I [ tel ass J ++, 
I 307 , lusts ta tc• tcluss、・

I 308 ! i,v isi ts [ tclass] ++; 
I 309 i 
I 310 i 
I 31 I 
1312 , 

) I else I 

1313 /'. o·;,~o.r·bcith .of the files proclucccl a""'"・If both tlid;, •/ 
I 314 i /> then·we•ve.·reiichccl the encl ofa token and eveェythi119is. • / 
.. 1 .. 3J.s .. ,、/、 f,ine・. If• only,'one produced ヒhemark.er though, then. the/•、/
l}.1.5.i /ヽ files・are・misal、i.gnecl.and tltere's .nothing we can do :exceptツ
I 31 7 i ,＇；・, .tell. the lt,1plcss user., ancl quit. ・'/ 
1318 i 
I 319 , i.f {strc111p(clatl,clat2)) I 
1320 ! fprintf(st.derr, 

/*. thi.s. is≪ch1plic,1tc of the c<Klc (or the•/ 
/'case wt1<,rc .the d,1ta point i.s to bo p11t, ，ヽI
/* in tlw pr1111i.11g d,1t,1. •/ 
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struct datwn•newdat,un[) 
｛ 

struct datwn *newp、9
int i1 

ne守= (struct dat,un *I malloc(sizeof(struct datunl}); 
ne町,-> link = NULL; 
for(i=O;i(ODBS;i++) ne守— >obsrv[i) = 0,0; 
ne可,->class= -1; 
return(ne叩);

｝ 

struct leafpntr•newleafpntr() 
｛ 

struct leafpntr•newp; 

newp = (struct leafpntr'I malloc(sizeof(struct leafpntr)); 
newp-> nextlea f=NULL; 
newi,-> leafnocle=NULL; 
return(newp); 

l 

.... ふ....ぷ・ぷ.., 

1397 i ................ , 
1398 i ....... 
1399 , 

ぃ"(40Q!.................. , , void treeprint{nodep) 
140 I ; struct node•nodcp, 
1402 i .................... , I 

... .J .. 1.9}... .i'! t i; 
1404, I 

'f4Q5・1 
/.'・'1f thi:S・is.o le・ur.node, ・'juit:,pdnじ o,ittho ,1iii'<11iri<1tc ゾ

1 /~. inforn1'1 t ion. Otherwise, .. Pr.J.•W·the comp I、oteleft t>t1btre11, ,,.t11en */ 
.J.196..J /.• prinl:; th<i .. entro~y of. lchls .i.ntcrn,11 node, thcn.(>ri,it l:hc oomplctcツ
1407 I /'.r切hヒsubtree.、'.(
1408 
1409 ... H (nodop- > loa[•=l) I 
1410 
I 41 r・ prl11U{" loo(, lomlxl,,{'<11•·>、(, ", noclop->lrnckot, lamlld、11uoclcp-)liuckct I)、

..... .... .. ... f:or{ i.•O; l<NCI.ASS 、•Uf) pci.111.l'{"'-G.•1(",nodop->pclasslil); 
1412 pdnt(("¥11"); 
141 i". I 
1414 ... else I 

... ..1.4.1 5・tr.cw print(noclcp-> t.ch i..l<i I、
1416 ............... pri.nt(("intcrn,11 node, lilrnbcla['tcll•H, ",11oclcp->b11ckct,l;11111>cla{110cl1>p->buckctl); 
1 .. 1.J.7... lor{ l•O; i(NCLASS; i.-1ト） pdnt[{ "iG. 4 f ", 11ocl<'p->pcla,as{ i J); 
1418 .............. .. pri.ntf("¥n"); 
1419 ヒrccpri.nt{noclcp-> fchilcl); 
1420・ I 
1421"" 
T422・ 

.. } 

Iね 3・・ ・/"'・'"''"'"." ..'● ,,.,,,, ............ ●'""'''"'々''""< .. ,, ,.,, 負 ≪"'"'"I............. 
1424 /'.・clt1叫1_n1oclel{rootp)・
1425'" 

ツ
,'.' 『£hisft111ctio11 .. iよし1sccl・・.tocltunp all the JICC1'S.,>ary ii1f.orni;1tio11 </ 

1426 /'•:allotW the・con1p.letc,cl tJ:oe {with root at rootp, contnining ゾ
1427" !': :/. ·.:::nnocle.s·•noiles) ,.to・.a .,,iodelfilc c,1llccl 11cwmoclcl. hvq.'/ 
1428 
1.4.29・void clump_moclel(rootp) 
1436" stェuct node•rootp, 
11} L .. I 

... J.4.l.2... inヒi,j, 11oclc11u111, tchilcl, fchi.ld, vqm1111, total, 11t1111_leaves, 

.. .i..4.3)... floot pclass_cocle[NCL,'551 [MAX_LEAVES], pcoclc[MAX_LEAVES] ,pstate[NCL,¥SS]; 
1434 .... 曹.......... FILE <fpl, 
1435 ............. 
1436 . /'0::tNYo・i:Ci'LIZATION., .,try: .. ,ncl opcn.,'the. two'・oc1tput file.s, Tell the ,,ser ソ
1437 , ... , 1·•>:;_1ha t's. goin,j 011 ill. any c:ase・.i.011ce .. the files'are. open, ?,C~O .the・'、i
1438 I • /.'·:•vadcii,s cot1<1ter,; ye; 1.1 be. u~ing ,o・c.?uiii'11tc proball.i.lities:.::,・,; 
1439 i 
1440 

..... ; 
i if (I fpl•fopen("newmoclel. hvq", "w"))••NULL) 

DATE 11 /22/94 

TIME 5:27:39 pm  
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SOURCE TEXT 

fprintf(stderr, "Cannot open newmodel. hvq to write results¥n"); 
else fprintf (stderr, "Writing model to newmodel. hvq¥n"); 

n四 _leaves= countleaves(rootp); 
for (i=O;i<NCLASS;i++) { 

pstate[i]=O.O; 
for (j=O,j<ntm1_leaves;j++} pclass_code[i] [j]=O.O; 

I 

｛ 
int i, nodemuu, tchild, fchild, code; 

/tis.tarfiby,tn:i.fi;,i+it~i!!i\iiciiliiift!iifi\thi:if,to:c:aciiili:'vf11/1)'e\used::t,(Y 
だ:(:i,_oェ(l'lriate/n.\iin1;~,:tl19:ait.t匝ji叫ii;(紐：:j'.liiii)uiii; 涵ぷ＊／

11oden1un = *nnodes; 
code = *VCJIHUII; 

if (nodep->leaf==l) ( 

/.•'crr:J,ht:s: ts/K::X~: ぷf:))~de、 ;,~:jii.sヒ・~jidiiiat<i'th•~ 七Weエe•:·areino':C:')'
がch;LJ.Clre_,,,.,.,,i,l}tpd~l;!'··::t:.1iif~rr:a'ikth•~i; エiiji_di;,ii\o:~foiaa_::ci>unf_Bf)/ 
: /*;:,,th~::::i,1uub,er.:,c()(::,:~c.s.u,r<i11·c:e,s/9V:~~:~t.e\J:C::si~.~ri\t;li<i:);_1:,;:;,,·_.a'ssig11e<}/~p·:::1 
;.,,.:tnt,s:•11od.e·.,.:ne:::,,;1_1J\as·sigi_i\c,hei\ya:1.,.i_e::;Ji(.ii_i:i_il_eiicµil/to/tliis:,.norJe\ec::~; 
nodep->class = code; 
code = code-1; 
tchild = -1; 
fchild = -1; 
for (i=O,i<NCLASS;i++) [ 

pclass_~ocle [ i) [ nodep->class) = nodep-〉pclass{i);
pstate[i) += (noclep->pclass(i)) * (nodep->ndata)、

}else{ 
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''!UH<-ds,n=ds下l!'I
'(SSRTO<-d•H•'(O]AエSQO(-dS,t['I',.(p%'J ●) ,，） nu, 工d

) (~WN=;ds下q.) aTH" 
t(,.,e.ep apou J•aT,.)nupd 

'de'l•P=ds下m

! (sapouu)u工n➔aエ

'(p1,qo,<-dapou) saA•anunoo + (PTHOH-dapou) saaaaて,unoo= sapouu 
aqa 

'1=sapouu (1==,••T<-dapou) n 

沿婆検翌屯廿如没咄点・・涵私緑沿：i•t涵叩佃}i;;\諮：汐
ftざt恣B'~\\\i.::>.1!\'.\'.~~j'i,l!(~@i 4翠:it1w•tt・;'1'~)\%1t'(ピt.t~fA苫ti.l~j,,9.(!:'4甚：：心／

tsapouu "'IU1 

'(sapouu)uェn+aエ

!(pて下qoエ<-dapou)sapou+unoo + (pnqo+(-dapou) sapou+unoo + 1 : sapouu 
8ST8 

'1:sapouu (1::J~a1<-dapou) n 

！（皿ヽ aapoa)a;m平紅：

!(.,u¥.,'d,),:,u下工d,
! (qsa~+(-dapoa ヽ..n .,'む）na下xd,

!(p切<-d"pou、SS町:o(-dapo口'PH四 'PTHD+'血 aapoaヽ，,P%P% P% P% P%., ヽ d,)na1エd,

む婆：怠tit•登四：浅窮咋哄翌if:t哄涵畑沌：澳S祥：遠呼：ぎ径．：要飯“

tapoo = nmubム ¥

',-nmuapou = sapouu, 

沿荼•涌痒邸：：：節祁各M全飛苓．亜i!';i:,:;jj!\泄畑沿函務呼．紐弦~···ぶツ
ん・四・：叩(!)ii炉ii{玲,.細c:!M全：？細翌・叙卯曲tt::i:部．忍；；l!i双ヰ西：浪知緑速::=:!i>並．揆.is'咄．ぷi

ゾ·ら'1:]'埒叩·~的森叫t迅：0り・・話如!"¥i:t:,或We:純和油ぬ．：皿¥@i?@='=:燦点祖..,釘；戦：：：罪：：．“•

l(a:i• 平sd'apoo-ss•Tod'む 'apoo,'皿iaapoa,'pn平なく—dapoa)aaヰqns―dnmP=PU'IOJ
'(a:i•:isd'apoo-ss•Tod'む 'apoo,'mnaapoa,'Pr四叩<-dapoa)aaェqns-dnmP=PT四 O+

.LX3.L D~nos 

I ヤ~:c?t?lec:c::®,;;;:,l 山d 成：~;'! 耶:~ro\".':'.%'<!f"';{I'.c":i,i'ci,'ltie::::;1,,:;,,;,,%:%';%/\'./~'.;:;,:;,;:;:,,;,,,:,3;,,c;f!®!i,,~;~:'i;:;:;~匹 加U

浴：翌丑沿紐裟む汲
/?: さ:おif'R'¥ii~J'・i!(ffa註裕：：ぢ戌切血ii}甜封逢:~手谷取心ぢ名柑：：i;)! ・屯Mi>ii9廿
が:c'ii妨；：：s~J?;;i(,11叩誼訊ざ：：迅面：巧紐9禄咄娯：．叩如：浅!i:\ci研••芍;;ぷ祖....豆咄•

ん・曹tiiiiB!i\W西ェ~t'i:)i:i?冷四畑W\iiぶ/~西%t匹エ硲~J.虹 tt
翠埓伊豆：；双
S莉窃：;;rを翌ぷf
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HEADER FILE 

makemodels.h 
DATE 

TIME 

11/22/94 

5:27:34 pm 

PAGE# 

ー

HEADER TEXT 

籾淋硲殺細盈器謀経/4磁螂海声紐';;漱
籾甜漁森叫禅・声!;紐窪6疇 h経底饂双
な：：翌経烈g咄媒―：演鯰紐紅淫複粒癌：製忍

。

(J 

'i● ""''''''''''''"'""'''''""'● "● "'""' 恐咲：；：：F))N!:lT,ION:i:l.>ROTOml'Ell':': 菱：．，..................... ● .. ,., ... ,,,, ... , .. ../  

struct datum•append(struct dat,un *datapl, struct datmn•datap2); 
struct node *find_cut(struct node•nodep, float *delta, float•lentrpy, -

int•size, int npnts); . 
void cut_tェee(structnode•nodep) 1 

"'● "●● "● .. , .... , .... 
float classify_list(struct node *nodep, struct leafpntr••leaflist, 

... ?..2.J struct datllllt *datap, int npnts) 1・  
struct leafpntr•addleaves(struct leafpntr•listl, struct leafpntr•list2), 
void freeleaves(struct leafpntr *leaflist); 
struct datum•strip_leaves(struct leafpntr•leaflist); 
int count(stェuctdatwn *datap); 
float divide(struct leafpntr *leaflist, int npnts) 1 
float split(struct node•nodep, int qid, float thresh, 

struct leafpntr•leaflist, int npnts); 
二二：：経：：： float identify_question(struct node•nodep, int•best_qid, float•best_thresh); 
""""""紐，..struct node•newnode(); 
"""""ヽ，思i.... void freetree(struct node•nodep) 1 
"'ヽ●ヽ......,§,§.. , void getpclasses(struct node•nodep); 

""" 
.§.?..., int getdata(char filenaruel[), struct datlmt'*headp 、 int•npnts,

9● ........ ,§,§ し，， charfilenarue2 [I, struct dattun **headp2, int•npnts2); 
""'"● ""'堕...struct datwn•newdatutn() 1 
●● , .... ●● .... Q.Q .. , struct leafpntr•newleafpntr(); 
, , ........... Q..!. ... void treeprint(stェuctnode•nodep); 
, ............ Q.?. ... void dmnp_model(struct node•nodep) 1 
.......... , .. Q.t. int d1m1p_subtree(struct node•nodep, int•nnocles, int•vqnum, FILE•fp, 
............. Q.4... float pclass_code[NCLASS] [M/¥X_LEAVES), float pstate[NCLASS]); 
..... ● ....... Q.2 ... int countnodes(struct node•nodep); 
.... ● ........ Q.§... int printclata(struct datum *datap) 1 
........... .. ?..?.... 
.... ● .... ヽ.. 98 float identify_split(struct node•nodep, int qicl, float•best_thresh); 
.... ● .. ● .... Q.?..:: int find_neighbor(int count, float val, int index, 
.... ●●9● ..l.,Q.Q... float•neighbor); 
...... ..J .. Q.L. float try_split(struct node•noclep, int qid, float thresh); 
.... ●●9●, .LQL. float slow_try_split(struct node•nodep, int qid, float thresh); 
... 103 float entropy(struct nocle•nodep); ............ 
... ●● .... • ,l,,94 void find thresholds(struct datmu•c!atap); 1o・s... • -
・- ........ .. 

I 06 ... void make buckets(struct node *nodep); 
... ●● ................ . 

.... . • J.Q.?.. stェuct leafpntr•make_nodelist(struct node•noclep, int•npntsJ, 
，．」．．競，：： struct leafpntr•sort_noclelist(struct leafpntr *lpntr); 

●●● .... 109 ● ● ● ●● .... void smooth_~robs(struct node•nodep); 
●●● ....... IJ .. Q .. : float objective_function(struct node• noclep, .struct datum•datap); 
........ .. LU ..... float re_est虹nate(structnode•nodep, struct clatu,u•clatap); 
.......... 1、.LLfloat classify(struct node•nodep, struot datum•clatap); 

51 


	001
	002
	003



