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Abstract

Absiract: The goal of this thesis is to incorporate a feature tree geometry into an exist-
ing matcher for a lexical access system. Proposed by Professors Kenneth N. Stevens
and Samuel Jay Keyser in their paper Feature Geometry and the Vocal Tract, the fea-
ture tree geometry is a hierarchical structure for representing the features of a phoneme.
The four components involved in incorporating the feature tree geometry into the lexi-
cal access system are examined individually: the development of a computational
model, the invocation of rules to account for assimilation in running speech, the pro-
duction of morphemic stems, in particular, plurals, and the process of word retrieval.
The last component is not implemented with the feature tree, but the implications of a
tree-based matcher are explored. Initially, a brief overview of the lexical access system
is presented for the reader’s background. Each compoenent is discussed first from a the-
oretical standpoint and then its implementation is presented and discussed. This paper
conciudes with a comparison of the original matcher’s performance to the performance
of the matcher based on the feature tree geometry. Performance results indicate that the
computation time of the matcher fitted with the feature tree geometry decreased to 40%
of the original matcher’s execution time. Overall, this paper represents an initial probe
into using alternative lexical representations in a lexical access system to obtain a
desired leve] of performance.

Thesis Supervisor: Kenneth N. Stevens
Title: Clarence Joseph LeBel Professor of Electrical Engineering
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I Introduction

Lexical access refers to the process of retrieving words from a lexicon to recreate a spoken
utterance. In the system proposed here, the fundamental unit of recognition is the segment, an
element derived from a speech signal which represents an underlying phoneme and which is iden-
tified by a unique set of binary features. The lexicon consists of a series of words with each word
having a pronunciation made up of a string of phonemes. The ability of a system to access the lex-
icon and hypothesize an output in an efficient manner is dependent on the unit of lexical represen-
tation, or, in this case, the representation of a phoneme.[1] This raises an important question: how
do you represent a phoneme such that the process of lexical access is performed in an efficient
manner?

The features associated with a phoneme have traditionally been represented as an array, or
matrix, of feature values.{2] While it is possible to implement a system for lexical access using a
matrix of features, there is evidence which suggests that alternative lexical representations may
provide computational benefits and more closely resemble the way listeners extract information
from speech.[3] One such lexical representation is the feature tree geometry proposed by Keyser
and Stevens (1994). Psychological evidence has suggested that lexical items stored in memory
are represented by a distinct set of hierarchical features, thus echoing the need for a tree-type
structure.[4] Furthermore, linguists have often used tree geometries to account for a variety of
speech phenomena, such as co-referentiality and syllable structure.[5]

The system proposed here for lexical access involves two levels of processing: a front-end
signal processor, and a back-end matcher. The task of fhe signal processor can be subdivided into
three components: landmark detection, feature detection, and conversion. Given a speech signal,

the signal processor must identify landmarks in the signal corresponding to vowels, glides, and
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consonants. Once the landmarks have been identified, values are assigned to a set of binary fea-
tures for each landmark. The assignment of a plus or minus to a feature is based on the presence
of certain acoustic cues around a particular landmark. The final step is to convert the landmarks
into segments, which can then be used as input to the matcher.

Matching involves three tasks: initialization, applying rules to expand the lexicon, and fea-
ture matching to produce word candidates. The initialization phase of the matching process con-
sists of several procedures for reading in data, representing phonemes in terms of the feature tree
geometry, and expanding the lexicon with morphemes. After 'initialization, the lexicon can be fur-
ther expanded by applying a set of trefe—based rules to the input sentence. These rules account for
variations in word pronunciation that might have occurred as a result of speech modifications.
Once the lexicon has been fully expanded, the feature trees are converted back into feature matri-
ces and a feature-by-feature match of the segments from the input sentence is performed against
the phonemic representation of each word in the lexicon.

This project demonstrates how one might incorporate a feature tree geometry into a
matcher for a lexical access system. On a higher level, it provides a framework for how various
lexical representations might be used in parallel to produce an efficient system for lexical access.
It is motivated by observations that the feature tree geometry proposed by Keyser and Stevens

can, in certain instances, produce results more efficiently than a matrix of features.



II Background

2.1 Lexical Access Project

The lexical access project is an ongoing endeavor of the Speech Communications Group
at MIT. The aim of this project is to create a knowledge-based, rule-governed speech recognition
system which is modeled after the way humans produce speech. Unlike modern speech recogni-
tion systems which rely primarily on statistical analysis and complex markov models for detec-
tion, this system relies on a set of acoustic cues in speech which provide information about the
articulatory movements in the vocal tract.[6]

Figure 2.1 is a block diagram of the system. First, the landmarks are identified; that is, the
time where a landmark is thought to be present is recorded and preliminary information about the
type of sound is obtained. Landmarks can either be classified as vowel, glide, or consonant.
Vowels are produced with no narrowing of the vocal tract and have spectral energy contained in
frequency bands called formants. The time associated with a vowel landmark is marked near the
place where the amplitude of the first formant (F1) is a maximum.[7] The first column of table
2.1 lists the vowels in English. Diphthongs, such as /ai/, /au/, and /oi/, exhibit both vowel and
glide properties. In this case, the first half of the landmark is marked as a vowel and the portion
near the end of the sound is mafked as a glide.

Landmarks for glides are chosen at times where the signal amplitude is a minimum.[7]
Since glides are produced with an intermediate narrowing of the vocal tract, they do not exhibit
abrupt changes in spectrum from a preceding vowel. The four English glides are listed in the sec-
ond column of table 2.1.

Consonants are produced with an extreme narrowing or a complete closure of the vocal

tract which is then released. This closing and opening of the vocal tract produces abrupt spectral



LEXICON
LANDMARK DETECTION
Utterance Utterance
—» ¢ ~— CONVERSION MATCHER
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.......................................

Signal Processing Block

FIGURE 2.1 Block diagram of system.

changes resulting in a pair of boundaries for the consonant. Each boundary is marked with a sep-
arate time. There are four acoustically different types of consonants: affricate, fricative, sonorant,
and stop consonants. See columns three through six of table 2.1.

Once a landmark has been detected, further processing is done in the vicinity of the land-
mark to identify its underlying features. (See section 2.2.2 for a discussion of features.) Then, the
detected landmarks are converted into segments. While a converter has not been implemented
yet, the issues involved in the process of conversion have been addressed in detail in Zhang
(1998).[8] According to Zhang, the converter: 1) must be able to combine multiple landmarks
which imply the same segment, 2) account for missing landmarks as a result of deletion in a CC
environment, and 3) know how and when to utilize non-landmark information such as voicing
onset time.

When the converter has finished transforming landmarks into segments, the output is sent
to the matcher. After a period of initialization, the matcher attempts to recreate what was said by
applying assimilation rules to the phonemic fepresentzition of words in the lexicon and comparing

the result against the output of the converter. The output of the matcher consists of complete sen-



tences, a series of words which matched the input from beginning to end, and incomplete sen-
tences, the words which matched the input until a mismatch occurred.

The dotted line from the matcher to the signal processing block is a feedback path. Feed-
ing back information from a preliminary matching can help improve the detection stage especially

in impoverished speech. This feedback line has not yet been implemented.

Consonants
Vowels Glides

affricates fricatives sonorants stops
fiy/ beat /v hat | /ch/ church | /f/  far N/ dlife | /b/ bug
fih/ bit fw/ wait | /dj/ judge | /dh/ then /m/ wman |/d/ dog
ley/ bait fyl yell /s/  sink /n/ new |/g/ get
/eh/ bet /t/ red /sh/ should | /ng/ thing | /k/ cat
/ae/ bat /th/  think /p/ pat
/aa/ father v/ vile i/ tar
/ao/ bought /z/  zoo
low/ go /zh/ garage
/ah/ but
/uh/ foot
/uw/ boot
/rr/  bird
/er/  mother
/ex/ about

Table 2.1 A listing of the English vowels, glides and consonants
recognized by our system.



2.2 Basic Terminology of Lexical Access

THE SPEECH CHAIN

SPEAKER EAR
SENSORY NERVEs LISTENER

VOCAL

MUSCLES
SOUND WAVES
LINGUISTIC PHYSIOLOGICAL ACCQUSTIC PHYSIOLOGICAL | LINGUISTIC
LEVEL L LEVEL LEVEL LEVEL LEVEL

Figure 2.2 The speech chain.

According to the “speech chain” model of speech perception and production (figure 2.2), a
speaker first arranges his thoughts and puts them into linguistic form.[9] This consists of access-
ing words and phrases stored in memory and arranging them in the correct order. As the brain
performs this process, it sends impulses along motor nerves which are connected to the lips.
tongue, and other articulators of the vocal tract. Propagation of these impulses to the various
articulators causes them to move and causes sound sources to be generated from the modulation
of airflow. The result is the radiation of sound.

Thé propagating sound wave travels to the ear of the listener, where it is received and pro-
cessed by a complex filtering system. Upon reception, sensory nerves connected to the cochlea
are activated and the information is sent to the brain where it is parsed into words. The informa-

tion is then stored in memory, where it can be accessed at a later time.



Evidence has shown that at the linguistic level of speech perception and production there
is a more fundamental unit of representation than words, the phoneme.[9] Phonemes are the units
of speech which serve to distinguish one utterance from another in a language. In our system,
phonemes refer to the lexically specified units of speech which are the underlying form of seg-
ments, bundles of features acquired from a speech signal. The segment is the fundamental unit of
recognition. Utterances are recreated by accessing a lexicon which consists of words represented

by a string of phonemes.

2.2.1 Anaromy of the Vocal Tract

The various phonemes produced by a speaker are a result of the manipulation of vocal
tract articulators. There are six articulators in the vocal tract: the larynx, the lips, the soft palate.
the tongue blade, the tongue body. and the vocal folds. Of these six there are three that are often
specified as primary articulators (the lips. the tongue blade. and the tongue body). They are the
ones over which a person expresses cognizant influence during the speech process. Figure 2.3 1s

a diagram of the human vocal tract; it is divided into four functional regions.

Figure 2.3 Segmenting the vocal tract.



Region 1 corresponds to the vocal folds. The vocal folds are two membranes that extend
from the thyroid cartilage at the front of the neck to the arytenoid cartilages at the back. During
voiced speech (speech characterized by vocal fold vibration), the arytenoid cartilages are pressed
together resulting in a narrowing of the space between the vocal folds, known as the glottis. Clo-
sure of the glottis results in a cessation of airflow into the oral cavity and a build up of air pressure
behind the vocal fold constriction. When the subglottal pressure exceeds the supraglottal pres-
sure, the vocal folds are forced open and a puff of air is released. This flow of air causes the vocal
folds to vibrate in a relaxation oscillation. Once the air is released, the change in pressure causes
the vibrating vocal folds to close and the process is repeated. Thus, the vocal folds periodically
interrupt the normal flow of air from the lungs to the mouth by producing a sequence of air puffs
whose frequency is determined by the rate at which glottis is opened and closed.[10]

Region 2 contains the laryngeal and pharyngeal pathways leading to the oral cavity. The
larynx is a cartilaginous structure in which many ligaments are connected, including the vocal
folds. It is not rigid and can move vertically during speech production and in swallowing. The
pharynx is a tube-like orifice connected to the apex of the larynx and it extends to the base of the
oral cavity leading into the mouth. During the production of certain sounds as in /iy/, the walls of
the pharynx expand. Manipulation of the cross-sectional area within the pharyngeal region con-
tributes to acoustic filtering of the sound source.[10]

The portion of the vocal tract marked region 3 corresponds to the soft palate (or velum).
The soft palate is a flap of tissue which can be lowered or raised. When the velum is lowered, air
coming from the lungs through the pharynx can escape through the nasal cavity. If the velum is

raised, the route through the nasal cavity is closed and the expelled air is directzd along the



mouth, Nasal sounds are produced by lowering the soft palate so that the pharyngeal airways are
coupled with the nasal cavities.

The lips, the tongue blade, and the tongue body are the articulators which comprise region
4. The lips can be protruded, rounded and spread. Each of these actions has an influence on the
acoustic properties of the output. Since the lower lip is connected to the mandible, the lips are
displaced whenever the jaw is lowered or raised. The tongue is a muscular mass of tissue which is
raised, lowered, moved forward, and moved backward during speech production. Often the
tongue is raised against the roof of the mouth to form closures in the oral cavity behind which
pressure is built up or to form narrow constrictions which generate turbulent noise sources.
Although the tongue body and the tongue blade z;re anatomically connected, they can be manipu-

lated independently of one another to a certain degree.

2.2.2 Discussion of Features

Features are used to describe segments that are implemented by the speaker. Each feature
has a corresponding set of acoustic correlates.[11] Table 2.2 lists all of the features our lexical
access system currently uses and their possible values. If there is acousticrevidence for the pres-
ence of a particular feature, it is assigned a value of plus (+). A minus (-) can be assigned to a
feature for one of the following reasons: 1) to emphasize the absence of a feature, like the nasal
feature in the English /r/ and /I/, or 2) to represent the opposite meaning of a plus feature designa-
tion. The context of a minus sign is made clear by the feature to which it is attached. For exam-
ple, a [- back] vowel is the same as a front vowel and [- round] means “without lip rounding™ but

[-low] does not imply [+high] tongue body position.



There are three distinctive categories of features. The first category, the articul.ator-free
features, relays information about the type of sound and the manner of articulation without refer-
ence to a particular articulator.[7] The articulator-free features, also known as manner features,
make up the first iwo rows of table 2.2. vowel, glide, and consonant are features which distin-
guish between the possible types of phonemes. Only one of these features can be attributed to a
phqneme and its value is always positive. The remaining manner features are binary and only
apply to consonants.

Manner features serve to distinguish between the different types of consonanis as
described in table 2.3. The feature sonorant indicates whether or not there is a build up of pres-
sure behind a constriction in the oral cavity. A [+ sonorant] consonant means that there is no pres-
sure build up and is characterized by a continuation of low frequency energy at its closure; [-
sonorant] consonants show a decrease in low frequency energy into the closure. [- continuant]
indicates that there is a complete closure in the oral cavity and manifests itself ir; the spectrum as
an abrupt decrease or inc;case of high frequency energy; {+ continuant] means that there is only a
partial closure in the vocal tract and it is characterized by a continuantion of high frequency

energy throughout the closure. The feature strident applies to fricatives which exhibit exception-

ally strong frication noise.

Articulator-Free | Articulator Articulator-Bound Values
vowel +
glide +
consonant +
sonorant +/-
continuant +/-
strident +/-

Table 2.2 A list of the features used in lexi"cal access and their
possible values.



Articulator-Free | Articulator Articulator-Bound Values
vocal folds | stiff +/-
slack +/-
glottis spread +-
constricted +/-
pharynx advanced tongue root +/-
constricted tongue root +-
soft palate | nasal +/-
body high +/-
low +/-
back +/-
blade ‘ anterior +/-
distributed +/-
lateral +/-
rhotic +/-
lips round +/-

Table 2.2 A list of the features used in lexical access ai]d their
possible values

Consonant Type Sonorant Strident Continuant
affricate - +and -
fricative - +or - +

sonorant + -

stop - -

Table 2.3 A listing of the manner features which distinguish
the four consonant types.
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Articulator features, the second category, identify which articulator is used to produce a
sound. They include blade, body, lips, pharynx, and soft palate. The first three features corre-
spond to the primary articulators of consonants and specify whether a sound was made with the
tongue blade, tongue body, or lips respectively. pharynx and soft palate are referred to as second-
ary articulators; that is, they play an active role in the production of the sound but they are not the
primary place of articulation. The [+ pharynx] feature is used to describe differences between
tense and lax sounds. [+ soft palate] is used to indicate that the soft palate was lowered, as in
nasal consonants. While secondary places of articulation can be marked with a + or -, their effect
on articulation is often indicated by marking their associated articulator-bound features.[7]

Articulator-bound features are the third distinctive feature category. These features spe-
cifically describe how an articulator is used to produce a sound. The articulator-bound features
associated.ywith the tongue b!ade are anterior, distributed, lateral, and rhotic. [+ anterior] speci-
fies that the tongue tip makes contact with the anterior portion of the alveolar ridge. [+ distrib-
uted] means that a broad portion of the tongue makes contact with the alveolar ridge. [+ lateral]
applies to /I/ and implies that the tongue is situated in the oral cavity such that air can flow around
the sides of the tongue. [+ rhotic] applies to /t/ and is equivalent to [+ lateral] but with a different
shaping of the tongue blade.

Features associated with the tongue body are high, low, and back. These three features
describe the placement of the tongue body in the oral cavity. While high and low are a measure of
vertical displacement, the back feature exp;esses horizontal displacement. [- high; - low] means
an intermediate vertical height and [- back] means a fronted tongue body position.

Other articulator-bound distinctions include L[+ nasal] for the nasal consonants, [+ round]

for consonants made with rounded lips, advanced tongue root and constricted tongue root for



tense/lax sounds, constricted glottis and spread glottis for sounds made with the glottis like /h/,

and stiff vocal folds and slack vocal folds for voiced and unvoiced consonants respectively.

2.2.3 Feature Tree Geometry

Historically, the phonemes have been represented as a matrix of features. For example,
the phoneme /t/ is represented as a matrix of features in tai)le 2.4. Some linguists have challenged
this phonological representation, citing that features are hierarchical and should therefore be rep-
resented in a tree structure. In their pape; Feature Geometry and the Vocal Tract, professors Sam-
uel Jay Keyser and Kenneth N. Stevens present a feature tree geometry which defines a hierarchy
of features based on the anatomy of the vocal tract.

Figure 2.3 is the basis for the feature tree geometry of Keyser and Stevens. This figure
demonstrates how the vocal tract can be partitioned into four regions of independent activity.
Regions 2,3, and 4 correspond to supraglottal structures whose positions can be manipulated by
the contraction of arrays of muscles.[12] Articulators in regions 2, 3, and 4 form constrictions in
the vocal tract which provide acoustic filtering to sound sources and also serve to generate sources
in the vicinity of the constrictions. Region 1 corresponds to the vocal folds, which can be slack-
ened and stiffened by the adjustment of intrinsic laryngeal muscles. Stiffening and slackening of
the vocal folds changes the fundamental frequency of vocal-fold vibration and can serve to inhibit
or facilitate glottal vibration for obstruent consonants, but control of vocal-fold stiffness never
serves to create a constriction in the airway.[12] The fact that the primary role of the vocal folds
is not to form cons.trictions differentiates region 1 from regions 2, 3, and 4. A tree which

expresses this distinction is shown in figure 2.4.
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symbol 1/
consonant +
sonorant -
continnant -
stiff vocal folds +
slack vocal folds -
blade +
anterior +
distributed -

Table 2.4 Matrix representation of the segment /t/.

Region 4 can be sub-divided according to the articulators in the oral cavity: the lips, the
tongue body, and the tongué blade. Since the tongue blade and the tongue body are connected,
their movements are not completely independent. The lips, on the other hand, can be manipulated
independently of the tongue. The region 4 node can therefore be extended with two sub-nodes,
one representing the lips and one representing the tongue (referred to as the lingual node). The
linguai node can then be sub-divided into two branches for the tongue blade and the tongue body.
In a similar fashion, regions 1, 2 and 3 can be represented according to their respective articula-

tors. Figure 2.5 shows the trees for all four regions.

/N

Figure 2.4 Tree structure showing distinctive regions.



1 2 3 4

Lingual

X

Vocal  Glottis Pharynx Soft Body Blade Lips
Folds Palate

Figure 2.5 Tree structures rcpreéenting regions 1, 2, 3, and 4.

The different regions can be combined to form a composite tree as shown in figure 2.6. At
the top of the hierarchy are the vowel, glide, and consonant nodes. When a tree is constructed for
a phoneme, cnly one of these nodes is specified as the dominant node. The dominant node is
marked with an open circle while the remaining two classifier nodes are represented by dark cir-
cles. Inherently, the feature tree is a picture of the vocal tract showing the progression from the

vocal folds through the pharyngeal airways into the oral cavity and terminating at the lips.

Yowel
Q
Vocal Glide
Folds ?
Soft
Palate
Consonant
stiff slack /O
nasal Lingu

sonorant
continuant
strident
Pharyngeal . al
A Lips
Glottis Pharynx
/.\ ) Body  Blade round

spread constr atr  ctr

high low back ant dist lat rhot

Figure 2.6 Composite tree with terminal features.
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Attached to the end of every node at the base of the tree are the features associated with
the various articulators. The primary articulator for a segment is specified by adding a plus or
minus to the features underneath a primary articulator node (blade, body, or lips). Secondary
articulators are specified in the same manner. The articulator-free features are not attached to any
node because they are not associated with an articulator. Since the manner features apply only to
consonants, they are placed beside the consonant node. Figure 2.7 is an example of a composite

tree for the features listed in table 2.4.

Vowel
o
Vocal Glide
Folds ?
Soft
Palate c
s t
+ stff -.slack @) onsonan
- sonorant
- continuant ¢
Pharyngeal nasal Lingual
Lips
Glottis Pharynx
Body Blade round

spread constr atr  ctr
high low back +ant -dist lat rhot

Figure 2.7 Composite tree for /t/ showing dominant node and
distinctive features from table 2.4.
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2.3 Overview of Original Matcher

Once landmarks and their associated features have been identified from the acoustic infor-
mation in the signal, they need to be matched against the lexicon taking into account possible lin-
guistic modifications introduced by the speaker. The matcher, which is called matchG3, takes as
input the segments from the acoustic analysis, 2 file containing a series of rules which are to be
applied during the matching process, a file containing a list of the standard phonemes from table
2.1 and their corresponding features, and a lexicon consisting of words and pronunciations.[8]

The matcher is written in C++. This language is appropriate for the task of accessing the
lexicon because the lexicon, the rule set, and the input sentence can be represented in terms of
classes which inherit from one another. There are ten classes which form the foundation for the
matching process, and they are represented in figutes 2.8 and 2.9. In these figures, inner boxes
represent the recipient in a has-a relationship (i.e. class _segment has a class _bundle); arrows
represent inheritance, or an is-a relationship, with the class being pointed to inheriting from the
class at the origin. The classes _pronunciation, _sentence, and _rule all inherit from the
_segments class, which has an array of elements of class _segment. This hierarchy echoes the
idea that the segment is the fundamental unit of recognition,; it is the smallest and most distinctive

unit of speech from which all utterances are constructed.



_segments

_segment

_phonemic_rep _bundle

Y

_pronunciation _sentence _rule

Figure 2.8 Class hierarchy. Arrows represent inberitance; inner boxes represent
a has-a relationship. This structure displays that the segment is the
fundamental unit of recognition.

Figure 2.9 displays the hierarchy of classes related to the lexicon. array is a template for a
generic array class. Classes _lexicon, _lex_word, and _ruies all inherit from array which means
that they are arrays of classes. The segmented arrows of figure 2.9 indicate which classes
_lexicon, _lex_word and _rules are arrays of. For example, _lexicon is an array of _lex_word
objects, but each _lex_word object is an array of _pronunciation objects. This hiérarchy demon-
strates that the lexicon is a collection of words in which each word may be represented by one or

more standard pronunciations, which is just a coliection of phonemes.

ARRAY
_lexicon _lex_word _rules
- 1
s N
<lex_word, _lex_word> <pronunciation, _pronunciation> <rule, _r}le>

Figure 2.9 Class hierarchy demonstrating“ the structure of the lexicon.
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The first stage of the matching process is initialization. Initialization involves reading the
lexicon, the rule set, the input sentence, and the standard set of phonemes with features into fea-
ture matrices which can be manipulated during the matching process. While this occupies a large
portion of the code, the details of its implementation are not relevant to the purpose of this thesis
and will not_be discussed. Once initialization is completed, the lexicon is expanded by applying
the rule set and édding new pronunciations to words that could have arisen as a result of some flu-
ent speech modification at word boundaries.[13} Prior to this expansion, the lexicon only contains
standard pronunciations. If every speaker spoke carefully and slowly, there would not be a need
to apply rules to the lexicon, but speech modifications are a given in casual speech. For example,
a speaker might say the phrase “bap man” when he actually meant to say “bat man”. This process
is called assimilation because the /t/ in “bat” assimilates to a /p/ by the taking the place of articu-
lation of the /m/ in “man”. Rules are statements of the contexts in which neighboring segments
can change. They also specify how the change is made and which features are affected. The
assimilation in “bap man” can be captured by a rule and, if it applies to the input sentence, will
result in the addition of the pronunciation [b ae p] to the word “bat” in the lexicon.

Rule invocation and matching are best demonstrated by an example. Suppose the output
of the acoustic analysis produces a sequence of phonemes corresponding to the phrase “another
ape back in power” as demonstrated in figure 2.10. Here, the output is represented as a series of
phonetic symbols even though the signal processor produces a series of feature bundles and not
symbols. The numbers beneath each symbol are index positions into the array in which the output
is stored. Suppose, also, that the lexicon only contains the following words: [x n] (*an™), [x n ah
dh x r] (“another™), [ey p] (“ape”), [b ae k] (“back™), [ih n] (“in”), [p aa w 1] (“poWer”), and [n aa

y ntiy n} (“nineteen”). Finally, suppose there is one rule which states that if a word ends in a /d/,
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:”UEU"QNX S| o

Figure 2.10 Hypothesized output of the acoustic analysis represented
in terms of phonetic symbols.

an /n/, or a /t/ and is followed by a consonant made with the lips, then the place of a;rticulation of
the segment ending the word becomes {+ lips].

First, a temporary copy of the lexicon is made so new pronunciations can be added with-
out altering the base lexicon. Then; imagine taking every pronunciation of every word in the lex-
icon and lining it up against the phonemic representation in figure 2.10 starting at index 0. Only
the word “nineteen” satisfies the rule because it ends in an /n/ and is followed by a /p/. As a result,
a new pronunciation is constructed for the word “nineteen” according to the specifications of the
rule, and the pronunciation is added to the temporary lexicon.

After all the rules have been applied to every word in the lexicon, the features of the pho-
nemes in each pronunciation are matched against the segments of the input sentence starting at
index 0. Figure 2.10 shows that two words match, “an” and “another”. Since no other words
match at the initial index, the temporary lexicon is destroyed and the matches are stored in a tree,
The tree is grown by successive iterations of the process just described. For example, in the next
pass, a new temporary lexicon is created and the rules are applied to the lexicon starting at index 2
as a result of the number of phonemes in the match “an”. Eventually, this branch will fail to gen-

erate a match and the tree position for “another” will be grown. With the index set to 6, “ape” will
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match. This process will continue until “another ape back in power” is reconstructed. Once the

matching tree has been fully grown, the matcher displays all complete and partial matches.
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III A Computational Model of the Feature Tree Geometry

Code: see def.H, treeClasses.H, node.H, and node.C in Appendix B

3.1 Theory and Implementation

The development of a computational model for the feature tree was guided by six observa-
tions: 1) nodes can be modeled as classes, 2) terminal nodes have a set of features, 3) the ideal
geometry of figure 2.6 defines a set of hierarchical relationships, 4) a branch emanating from one
node may be pointed to a node from an adjacent tree (see Chapter IV), 5) manner features are not
attached to an articulation node and apply only to consonants, and 6) speech sounds are classified
by the specification of a dominant node. With a computational model of the feature tree geome-
try, it is possible to represent phonemes as feature trees rather than as feature matrices. Repre-
senting phonemes by a feature tree geometry has several theoretical implications, but it also has
practical implications related to computational efficiency which will be explored in subsequent
chapters.

In any type of object-oriented application, the first responsibility of the programmer is to
identify the objects. Once the objects have been identified, classes containing member variables
and member functions can be written for each object. Member variables define specific attributes
of an object; member functions are a mechanism for manipulating member variables and for add-
ing relevant functionality to a class. For example, a ball class might have two member variables
called x and y which specify the ball’s planar coordinates. Member functions of the ball class
might include ‘;oid set_x (float x_coordinate) and void set_y(float y_coordinate), which can be
used to set the x and y coordinates of the ball, float get_x(void) and float get_y(void), which return

the x and y coordinates, and void bounce(float height, float forces[ ]) , which fluctuates the x and
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y coordinates according the parameters in forces/ ] and prints them to the standard output to give
the impression of a bouncing ball.

The nodes of the feature tree correspond to objects because nodes are abstractions for con-
cepts and physical matter to which attributes can be ascribed. If nodes are modeled as classes,
then the has-a requirement of observation two implies that features can be modeled as internal
variables of terminal nodes. Classes representing terminal nodes therefore need member func-
tions which allow feature values to be set and returned. The binary nature of features requires a
three-state feature value distinction; that is, feature variables, which are declared as integer values,
can be set equal to the pre-defined values POS, NEG, or NOVAL, mnemonics for the integers -99,
-O8, and -97.

Every tree is composed of twelve nodes resulting in twelve class declarations for the
model: class _Vowel, class _Glide, class _Consonant, class _VocalFolds, class _Soft_Palate, class
_Pharyngeal, class _Glottis, class _Pharynx, class _Lips, class _Lingual, class _Blade, and class
_Body. Figure 3.1 illustrates the interactions between these classes. Classes are interconnected
according to the hierarchy defined by the geometry of figure 2.6. Observation two justified mak-
ing features internal variables of terminal nodes because the has-a relationship is characteristic of
member variables. In a similar way, parent nodes have links, or branches, to subsequent children
nodes. These links can also be modeled as member variables of the parent class. However, obser-
vation four requires that a branch from a parent to child node not be permanent, since it could pos-
sibly be altered by a rule. Instead of parent classes having a child node as a member variable, it
must have a pointer to the child node. Classes which contain pointers to subsequent nodes will
have member functions which allow the pointer handle to be set and returned. Using a combina-

tion of these two functions, a pointer can be reassigned to a node on a neighboring tree.

27



class _Vowel
T VEX
S Suliien S
N mtdomN . class _Consonant
LR T
Y ¢ . LING* :
class _VocalFolds class_Glide || | *7""77 777 N
Rt S CSPF TN /" int sonorant
" int slack ‘- — PHAR: p *int strident :
LI . , CONS*_~ + int continuant
prmmmees . s.intdomN .’ y
‘intdomN |\ [ Tttt ,
--------- class _Lips
class _Pharyngeal|  ___ ——— Y /| ... ...
GLoTs T class _Soft_Palate class _Lingual  intround -,
PH* S N R R (e I
__________ oL Gt macal T, + BL*
SRR\ S e

class _Glottis class _Pharynx
______________ class _Blade class _Body
«“int spread". +“int atr e N P
. int constr . . int ctr K contant  C.o . “int high™ . .
IR ‘ R - ¢ intdist .| |© intlow .
+int lat :1 | - int back .-
' intrhot -

Figure 3.1 Diagram showing the interaction between classes. Inner structures
represent the internal variables of a class (boxes contain pomter

variables and circles contain scalar variables).

Only those features which are associated with an articulator are attached to a terminal
node. Since the manner features describe how a sound was made independent of which articula-
tor was manipulated, they are not associated with any speciﬁc articulation node. Manner features
do, however, describe attributes of consonants and can be modeled as integer member variables of

the consonant class. As a result, the consonant class will have “set” and “get” member functions

for both types of member variables, pointer and scalar.
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The last element of the model is the specification of a dominant node. In the ideal tree of
figure 2.6, dominant nodes are specified by marking the vowel, glide, or consonant node witﬁ an
open circle. The dominant node identifies which part of the vocal tract is active in producing a
particular sound. As such, dominance is a unique characteristic which can be medeled in a class
by a scalar variable. When a vowel object, for instance, is declared to be the dominant object in a
tree, its dominant node variable is set to POS. The other dominant node variables in the glide and

consonant objects are set to NOVAL, the default state.

3.2 Supporting Functions

During the initialization phase of the original matching process, the standard template file,
containing the phonemes used in representing words, is read in and each phoneme is represented
as a matrix, or an array, of features. An excerpt from the standard template file is shown in listing
3.1. In the new matcher, phonemes are represented in terms of matrices and trees. At all times

two concurrent representations are made available for individual processing purposes.

< ‘
Time: (nil)

Symbol: t

Prosody: (nil)

Release or Closure: unspecified
Features:

+ consonant

- continuant

- sonorant

+ blade

+ anterior

- distributed

- constricted_glottis

- slack_vocal_folds

>

Listing 3.1 Excerpt from standard template file.

In order to represent phonemes as trees, the following functions are required: int deter-

mineDominant{segment data), void makeTree(Vowel treeRoot, segment data), and void setDomi-
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nant(int domNode, Vowel tree). For each matrix of features that is created from the standard
template, a tree is also created using the information from the matrix. The first step in the process
of creating a tree from a matrix is to create an array of pointers to vowel objects. The length of the
array is the number of phonemes in the template file; each index of the array is a pointer to a tree
;tmcture for a different phoneme. Then the vowel pointers are assigned to vowel objects which
are initialized by the default constructor of the vowel class. The default constructor will set the
internal variables of the vowel object to NULL or NOVAL. depending on whether the variable is a
pointer or a scalar.

After the array of trees is initialized, the dominant node of each tree is identified. This can
be determined by checking a tree’s corresponding matrix of features to see which one of the fea-
tures--vowel, glide, or consonant--is present and equal to POS. If, for instance, the feature conso-
nant is found to be positive, then the integer value corresponding to the consonant feature is
stored in the variable domNode and used as input to the setDominant function. setDominant will
set the appropriate dominant node of a fully connected tree according to the feature stored in dom-
Node.

Before the dominant node can be set, the rest of the tree must be instantiated by the func-
tion makeTree. makeTree takes as input a matrix of features and the vowel object for the current
segment. The function works similar to a jig-saw puzzle in that classes corresponding to different
nodes are instantiated and then the individual components are connected according to the hierar-
chy depicted in figure 3.1. The tree is constructed from the bottom up. First the node correspond-
ing to the vocal folds is created. Then, the body class followed by the lingual class are
instantiated. The two pointers in the lingual object are then set to the body and blade objects.

Next, the lips class is instantiated. Once the consonant class is instantiated, its pointers are set to
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the lingual and lip objects. This concludes the consonant branch. Afterwards, the soft palate
class, the glide class and the pharyngeal class are instantiated, the pointers in the glide object are
set to the consonant, soft paialé and pharyngeal objects. Then, the glottis and pharynx class are
instantiated and connected to the pharyngeal object. Finally, the pointers in the vowel object are

set to the vocal fold and glide objects to produce the structure in figure 2.6.

3.3 Using the Model

The geometry proposed in Keyser and Stevens is composed of three elements: nodes,
branches, and features. In terms of the model developed in section 3.1, these elements correspond
to classes, pointers, and integer variables. Each class includes accessor functions which allow the
state of an object’s member variables to be manipulated. In the tree of figure 2.6, an inferior node
is reached by traversing a path from the root, or vowel, node to subsequen ievels of the tree. For
instance, in order to reach the blade node, the branch connecting the vowel, glide, consonant, and
lingual nodes is traversed.

In the model of the feature tree geometry, pointers are traversed using the accessor func-
tions of parent nodes. For example, the value of the feature anterior can be determined using the
following statement: rree->getGlide( )->getConsonant( }-> getLingual( )->getBlade( )->getAnt(
). tree is a pointer to the vowel object. The vowel object has a member function called getGlide(
) which it uses to return a handle to the glide object. Then the pointer to the glide object is deref-
erenced and the function getConsonani( ), which is a member function of the glide class, is called.
getConsonant( ) returns the pointer connecting the glide object to the consonant object. This

pointer is dereferenced and the getLingual( ) function in the consonant class is called. getLingual(

) returns the pointer to the lingual object. With this pointer, the handle to the blade object can be
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obtained via the getBlade( ) function. The blade object contains a member function called getAni(
) which returns the value of the member variable anterior.

Feature values are initialized in a similar way except that the last function called is the set
function for a particular feature. The anterior feature in the blade object, for example, is initial-
ized with the statement: tree->getGlide( )->getConsonant( )->getLingual( )->getBlade( )->s.er—
Aim(POS ). Classes \yhich have pointers as member variables also have functions which allow the
pointers to be set and returned. Branches can be pointed to nodes on adjacent trees as a result of
speech modifications which occur in.casual speech. A branch from one tree can be pointed to a
node on another tree with the following line of code: treeA->getGlide( )->getConsonant( )->ger-
Lingual( )->setBlade(treeB->getGlide( )->getConsonant( )->getLingual( )->getBlade( )). Here,
treeA and treeB are pointers to the vowel objects of two neighboring segments. This statement

sets the pointer connecting the lingual and blade nodes of treeA to the blade node of treeB.
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IV A Method for Applying Linguistic Rules Via the Tree Geometry

Code: see def.-H, node.H, node.C, and construct_pronunciation in Appendix B

4.1 Assimilation and the Feature Tree Geometry

Assimilation is the process by which a sound adapts to an adjacent sound. The fact that
words can change internally and across word boundaries poses a problem for speech recognition.
How is the matcher supposed to know a person meant to say “balloon before” if he says “balloom
before”? Fortunately, many of the modifications that occur in speech are governed by rules.

In the original matcher, when a rule is applied and it is found that an alternative pronunci-
aticn should be generated, the features in the matrix of the target segment are changed according
to the speciﬁcation of the rule (e.g. the /n/ in “balloon” becomes an /m/). Each feature change
requires at least one operation for setting the new value of the feature. If a rule happens to apply
tu a sentence many times and involves the alteration of a number of features, the resulting compu-
tational lag can be significant. This coupled with the fact that every rule in the rule set could
potentially have the same effect warrants the search for a more efficient method of applying rules.

The feature tree potentially provides a natural way of applying rules to account for assimi-
lation with fewer operations.[12] (Results are listed in Chapter VII.) The situation is illustrated in

figure 4.1. The tree on the left corresponds to the segment /n/ and the tree on the right corre-
sponds to the segment /b/. The rule which specifies how the /n/ can become an /m/ in “balloon
before” is the same rule as for the phrase “bap man” in section 2.3. If the rule were applied using
feature matrices, it would require the segment /n/ to acquire the following features from the /b/
segment: lips, blade, dorsum, round, anterior, distributed, high, low, and back. This would
require at least nine operations for setting these feature values in the /n/ segment. Wiih the seg-

ments represented in terms of trees, an equivalent way of expressing this rule is to point the

33



branch from the glide node of the /n/ tree to the consonant node of the /b/ tree. This change is
illustrated in figure 4.1 with a dotted arrow. By using pointer redirection, approximately eight

operations are saved.

Vowel Vowel
9 [
Vocal Glide Vocal Glide
Folds T el )
Consonant """~ - Consorniant
Soft + sonorant Soft - sonorant
Palate - continuant Palalc - continuant
: strident ; strident
stiff slack /O stiff + slack
Lingual Lingual
Pharyngeal 2 Lips Pharyngeal g \Jps
Gilottis Pharynx T Glottis Pharynx
Body Blade round A ody Bla - round
spread constr  air cir sprcad constr  atr ctr
high low back +ant -dist lat rhot high low back am drst lat rhot
feature tree for /n/ Seature tree for /b/

Figure 4.1 Handling assimilation via the feature tree in the phrase
“balloon before”.

In the example of figure 4.1, swapping nodes captured all of the features specified by the
rule except the manner features. While the value of continuant does not change, the value for
sonorant changes from POS to NEG. Since the manner features are not grouped under a node Qf
articulation, they must explicitly be set. The rule which governs this modification can therefore
be performed in two operations: one which does pointer redirection between adjacent trees, and
one which explicitly sets the feature sonorant to POS. However, this second operation can be

saved by exploiting the fact that all [+ consonant] segments which are also [+ nasal] are automati-
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cally [+ sonorant]. In general, knowledge of feature dependencies can help reduce the total num-

ber of operations required when applying rules.

4.2 Specifying a Rule File Format

One of the inputs to the matcher is a rule set. A rule set consists of the individual rules
which are applied during the matching process. Listing 4.1 in appendix A is the file which speci-
fies the place of articulation rule for alveolars followed by labials. (This rule is actually more gen-
eral and can apply for alveolars followed by velars as well.) Rule files are broken up into
fragments of code which identify the orientation, the contexts, and the surface change for a rule.
The orientation is associated with the first fragment and is defined in the “Type” heading. For
modifications which occur across word boundaries, the orientation specifies the relative position
of the segment being changed. For example, the rule in listing 4.1 is “left-sided” meaning that the
segment to the left of the word boundary is the one which is modified.

Contexts are underspecified segments. They are used to identify those features which a
segment must have in order for a rule to be applicable. The rule in appendix A has three contexts:
C1-C2-C3. The first context specifies the last phoneme of a lexical item and is identified by the
features [+ consonant], [- continuant], [+ blade], [+ anterior] and [- distributed]. C2 represents a
word boundary and C3 corresponds to a segment from the input sentence which has the features
[+ consonant] and [+ lips]. The surface change of listing 4.1 identifies C1 as the target and C3 as
the donor. As such, Cl receives the value of lips, blade, dorsum, round, anterior, distributed,
high, low, and back from C3.

While this format is suitable for working with feature matrices, it does not reflect the aim

of using the feature tree to apply rules; that is, it does not allow for the specification of nodes in
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the surface change. In order for the program to correctly interpret the rule file, there must also be
a flag which identifies the rule as tree-based or matrix-based so the appropriate function calls can
be made. The current matcher incorporates these specifications into the rule handler.

Listing 4.2 in appendix A shows the rule in listing 4.1 configured for use with feature
trees. The flag which identifies the lexical representation can take on one of two values, MATRIX
or TREE. It is specified in the “Release or Closure:” heading of the first code fragment. In this
file format, nodes are distinguished from features by capital letters (sce def.H in appendix B for
examples). Therefore, the item “CONSONANT” in the surface change of listing 4.2 refers to the
consonant node and not the consonant feature. -T he surface chahge requires that C1 take the con-
sonant node of C3 and that the sonorant feature be set to POS, although in this case specification
of sonorant is redundant.

In this new format, the body of a surface change consists of a list of nodes followed by
features. Each element of the surface change is prefixed with a modifier which can take on any
one of the following values : “+’, *-’, *X’, or a context such as C1 or C2. Pluses and minuses are
used to indicate feature values and do not apply to nodes. Context values such as Cl and C2
apply to both features and nodes and identify underspecified seginents across a word boundary.
‘X’ is the symbol used to indicate a blank feature or an empty tree. Empty trees can be used to
clear the terminal values of an articulation node, as in the rule which governs nasalization of the
/th/ segment in phrases like “in the” (listing 4.3 in Appendix A). This rule uses an empty sub-tree

to clear the terminal values of the vocal fold node as illustrated in figure 4.2.
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]
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Vocal / Glide
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Ghde

Consonant
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Palate +continuant
Stiff slack - stridént i la - strident
]
Pharyngeal ngual Lips Pharyngeal / nasal Lingual Lips
I

Pharynx

T Glottis /
/ Blade round A Blade round
spread constr atr  ctr A spread cohstr atr  ctr

Consonant
Soft + sonorant
Palate - continuant - -

Glottis Pharynx

high low back +ant -dist lat rhot - high low back +ant +dist lat rhot
feature tree for /n/ ,’ feature tree for /th/
’I
Vocal /
Folds
stiff slack

empty sub-tree for vocal folds node

Figure 4.2 Assimilation in the phrase “in the”. The terminal features of the
vocal folds node are cleared with the use of an empty tree.
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4.3 Methods and Functions for Applying Word-Boundary Rules

Once a rule is found to apply, an alternative pronunciation is constructed for the target
word via the construct_pronunciation function. A pronunciation can be constructed using fea-
tures matrices or feature trees. The method chosen depends on the value of the identifier flag in
the rule file. Using the feature tree to apply rules requires three functions: void copyTree(Vowel
treeA, Vowel treeB), void makeChange(Vowel treeA, Vowel treeB, int node), and segment
tree2seg(Vowel tree, bundle b, segment seg).

First, a copy of the target feature tree is made by the copyTree function. During the initial-
ization phase of the program, an array of trees is created from the standard template file and from
the input sentence; that is, there exists one tree for every phoneme in the standard template and
one tree for every segment in the input sentence. Before a pointer can be moved, the tree must be
copied to ensure that the underlying form is not lost and the standard template is not contami-
nated. The copy of the target tree is then passed to the makeChange function as the parameter
treeA. treeB is the variable name for the pointer to the feature tree which is adjacent to treeA.
makeChange is essentially a switch statement which does case selection on the various node
types. The integer variable node determines which node of treeB is transferred to treeA.

After the surface change is implemented, the target tree is transformed into a matrix of
features by tree2seg and an alternative pronunciation is created by concatenating the unchanged
segments of the target word to the altered segment. This is illustrated in figure 4.3 for the word
“balloon” in “balioon before”. It is necessary to convert the target tree into a feature matrix
because the matcher has not yet been configured to match with trees. This conversion also

ensures that continuity is maintained between the two lexical representations.
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Figure 4.3 Adding a pronunciation to the lexicon.
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V Morphemes
Code: see morphemes.H, morphemes.C, and match3.C in Appendix B

5.1 Discussion and Motivation

The smallest linguistic unit in a language which conveys fneaning is called a morpheme.
Morphemes are grouped into two classes: free and bound. A free morpheme is one that may stand
alone as an independent linguistic form, such as “man”, “go”, and “call”, or it may combine with
other morphemes as in “manly”, “going”, and “called”.[14] A bound morpheme is one that must
always appear as part of a combination form. While bound morphemes are parts of complex
words, they are not words themselves. Affixes are bound morphemes which are directly attached
to words. Examples of affixes include “-ly”, “-ing”, “-ed”, “de-", and “in-". If an affix is attached
to the beginning of a word, it is called a prefix. Suffixes refer to those affixes which are attached
to the end of a word.

Morphological analysis is important for speech recognition systems because it can reduce
redundancy in the lexicon thereby saving m:zmory. For example, if a system is equipped with
methods for generating complex forms from free morphemes, then separate lexical entries are not
needed for words such as “submission”, “submissions”, “submitting”, and “submitted”. These
variants could be derived from a lexicon which just has the word “submit”. Complex words are
generated by applying morphological and phonological rules to base words in the lexicon. In this

system, morphological expansion of the lexicon occurs during the initialization phase of the pro-

gram so that morpheme-derived words are also candidates for word-boundary rules.
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LOAD . LOAD | 4 EXPAND . LOAD | o
Standard Template Lexicon Lexicon w/ Morphemes Rule Set

Figure 5.1 Initialization including morphological expansion.

Calling the function morphemes(lexicon lex) initiates morphological expansion of the lex-
icon. morphemes is just a container for a series of other function calls which perform specific
types of expansion. Currently, only two functions have been written: plurals(lexicon lex), which

generates new lexical entries by adding a plural ending (either “-s” or *“-es”) to base words in the

lexicon, and expand_ion(lexicon lex), which adds new items to the lexicon by attaching the “-ion”
suffix to base words. Listing 5.1 shows the lexicon format that was used before morphological
expansion was introduced into the matcher. Every lexical item consists of a label and a set of
standard pronunciations, which is a string of phonemes. When a word in the lexicon is expanded,

a new pronunciation is created for each standard pronunciation of the base word along with a new

label reflecting the change. Each new pronunciation is then added to the lexicon as a separate

entry.
LexiconName: M3Lex_Version_1_7/11/1998
<
a [ah]
able [eybxl1], [eybl]
about [xbaawt]
above [xbahv]
ache [ey k]
add [ae d]
again [x g eh n]
all [ao 1]
among [x m ah ng]
an [ae n], [x n]
and [ae n d], [x nd]
another  [xnahdhxr]
>

Listing 5.1 Excerpt from original lexicca.
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The next section will discuss the algorithm and methods used to generate plurals in detail,
but the algorithm is briefly discussed here to dernonstrate that the lexical format used in hsting 5.1
is sufficient but not efficient. Plurals can be generated by the following general rule: 1} if the pho-
nemic representation of a word ends in a segment which is [+ blade] and [+ strident], then create a
new pronunciation by adding a /x/ plus a /2/ to the end of the original pronunciation, 2) or else,
add a /z/ to the last segment of the original pronunciation if it is voiced or an /s/ if it is unvoiced.
The problem with this approach is that it will generate a plural counterpart for every word in the
lexicon, irrespective of its part of speech; that is, the function which generates plurals should only
be applied to nouns. This implies that some measure of grammatical knowledge--more specifi-
cally, a word’s part of speech--needs to be incorporated into the lexicon.

Listing 5.2 is an excerpt from a new lexicon which includes information about the possible
parts of speech for each lexical item. This format uses eleven lexical specifiers to indicate a
word’s part of speech. They are indicated in table 5.1. Providing each word with a part of speech
restricts the number of words which can be expanded, thus saving memory. It also requires that
generated words be given a part of speech so subsequent expansion rules can be properly applied.
The current approach is to just mark the plural form with an [Np] to indicate a plural noun. Given
this, the rule governing the generation of plurals can be restated in the following manner: 1) if a
word is a noun, [N], 2) and the phonemic representation of that word ends in a segment which is
[+ blade] and [+ strident], then create a new pronunciation by adding a /x/ plus a /z/ to the end of
the original pronunciation, 3) or else, add a /z/ to the last segment of the original pronunciation if

it is voiced or an /s/ if it is unvoiced, 4) then give the new pronunciation an [Np] part of speech.

+
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Lexical Marker Part of Speech
N noun
\Y verb
AD]J adjective
ADV adverb
PN pronoun
PP preposition
CJ conjunction
AR article
Np plural noun
Vp past tense of verb
NS an undetermined category

Table 5.1 Lexical markers and their definitions.

LexiconName: M3Lex_Version_1_7/11/1998

< :
[N VADV] say [s ey]
[N V] seal [siy ]
[V] see [s iy]
[V] seek [s iy k]
V] seize [s iy z]
v] shake [sh ey k]
[PN] she [sh iy}
[N V] shoe [sh uw]
[ADJ] short [shaort] )
[N] shortage [shaortxdj]
[NV] show [sh ow]
[N V] sing [s ih ng]

>

Listing 5.2 Excerpt from new lexicon.
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Another concern regarding morphological expansion of the lexicon is the order in which
the expansion rules are applied. If the plural rule is applied to the lexicon followed by the rule for
the “-ion” suffix, then the word “submission” will be generated for “submit” but there will be no
chance of generating “submissions”. Since there are only two rules at the moment, this problem
can be avoided by applying the plural rule last, but as more rules are added, the ordering will

become increasingly important.

5.2 Generating Plurals using the Feature Matrix

Figure 5.2 illustrates the structure of the lexicon. The lexicon is an array of words in
which each word is an array of pronunciations. Each pronunciation is an array of segmenis which
is represented in terms of a feature matrix and a feature tree. The function plurals was written to
exploit the properties of the feature matrix.

plurals takes as input a pointer to the lexicon structure of figure 5.2. It then loops through
all the words in the lexicon array looking for those which are marked as a noun. For every word
that is lexically specified as a noun, the function loops through all of that word’s pronunciations
checking if the last phoneme is specified as [+ blade] and [+ strident] in its feature matrix. If the
last phoneme is found to meet this criterion, meaning that it is a /ch/, /dj/, /s/, /sh/, /zb/, or /z/, then
a new pronunciation is constructed for the plural form of the base word, as demonstrated in figure
5.3. First, the original pronunciation is copied into a new pronunciation object. Then, two more
phonemes are added to the pronunciation: a schwa and a /z/. Once the plural pronunciation has
been formed, a new word object is created and connected to the new pronunciation. Since each
word has a label and part of speech associated with it, it is necessary to initialize these variables in

the new word object. The label of the new word is the concatenation of the label for the base word
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and ‘;+es”. Therefore, a word like “bus” would become “bus+es”. The part of speech is initial-
ized to [Np], which indicates that word is a plural noun. Finally, the new word is added to the lex-

icon’s array of words which makes it available for matching.

pointer words in the lexicon pronunciations phonemes
to
- tley [k[x|n
lexicon, [ 1o VI take [ lteykl > |% £
{PP CJ} than dhl ae 1n

. [dh ae n]

[PNADJCJ] that [ g,

L dh t
[dh ae t] ae

dh| ae
. [dh ae] >
Figure 5.2 Structure of the lexicon.
word in lexicon pronunciations
phonemes

lexicon | gl [NV} bus | g [bahs] | gibjah|s

. «copy and add /x/ and /2/
y
[Np] bus+es |----#r [bahsxz] o D[ ah | s X |z

create a new word, attach to pronunciation, and add to lexicon array
Figure 5.3 Adding plurals to the lexicon.
If the last segment of a pronunciation is not [+ strident] and [+ blade], then the plural is

formed by adding an /s/, if the last phoneme is unvoiced, or a /z/, if it is voiced, to the original pro-

nunciation. The mechanics of this change are similar to that of figure 5.3. However, the label of
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the new word is initialized by concatenating the label of the original word with “+s”. For exam-

ple, the label of the plural for “cap” would be “cap+s™.

5.3 Generating Bound Forms using the Feature Tree

There are many words in the English language which can be expanded with the “-ion” suf-
fix, such as “addict”, “commit”, “submit”, and “transmit”. Underlyingly the expanded form of
these words can be considered to be the result of a series of transformation rules which 1) adds the
suffix /yxn/ to the base word (spirantization rule), 2) changes the final /t/ to a /sh/ (palatization
rule) and 3) deletes the suffix-initial /y/ (deletion rule) to form “submission”.[14] In the matcher,
the “-ion” expansion is implemented by using the feature tree geometry to change the final /t/ of a
base word to a /sh/ and then adding a /x/ and an /n/.

First, the array of words is looped through to find all the words which are verbs and which
end in /t/. While this criterion is very loose and will obviously generate erroneous pronunciations,
it satisfies the need of our lexicon at the moment. Figure 5.4 demonstrates how the expansion is
made once a word which meets this criterion is found. In the lexicon a /t/ is represented by the
following features: [+ consonant], [- continuant], [- sonorant], [+ blade], [+ anterior], [- distrib-
uted], and [~ slack vocal folds]. A /sh/ has the same features except that it is [+ strident] and the
feature values under the blade node are reversed; that is, a /sh/ is [- anterior] and [+ distributed].
One way of transforming the // to a /sh/ is change the pointer from the blade node of the /t/ tree to
the blade node of a sub-tree with the correct features. The final step is to make the tree [+ stri-
dent].

Once the /t/ xhas been transformed to a /sh/, the tree2seg function is used to change the tree

into a feature matrix and the new pronunciation is formed. Figure 5.5 demonstrates this process.
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Before the new word is added to the lexicon, the segments /x/ and /n/ are added to the end of the
pronunciation. The label for the new word coasists of the original label plus the string “+ion”.

Therefore, “submit” becomes “‘submit-+ion”.

Vowel
®
Vocal Glide
Folds T
Consonant
Soft - sonorant
Palate - cont}nuant
trident
stiff - slack /O sinden
Pharyngeal nasal ‘nglNips
Glottis Pharynx IR

Body  Blade round ~.._ Blade
spread constr atr ctr

high low back +ant -dist lat rhot’ )

- ant at rhot

feature tree for /t/

Figure 5.4 Expanding words with “-ion” via the feature tree.

word in lexicon pronunciations

segments

lexicon | gl (V] submit |___gf [sxbmiht] | g[S Tx[b[m[ih] ¢

change /i/ to /sh/;
\add /x/ and '/

s | x][ blmJ[ihish] x

[N} submit+ion| ™"~ ""[s x bm ihsh x n]

create a new word, attach to pronunciation, and add to lexicon array

Figure 5.5 Expanding the lexicon with “-ion”.
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VI Implications of A Tree-Based Matcher
Code: see Appendix C for a more detailed review of performance specs

6.1 A Proposec Algorithm

Given that segments can be represented in terms of feature trees, how can matching he
performed to exploit the structure of the tree geometry? Before this question can be answered, it
is necessary to consider what makes a feature tree different from a matrix of features. Table 6.1
lists the most important attributes of the feature geometry which distinguish it from the feature

matrix.

Attributes of the Feature Tree Geometry

1) specification of a dominant node

2) underspecification of features

3) inherent ordering of the features
based on vocal tract geometry

Table 6.1 Feature Tree Geometry Attributes

Specification of the dominant node in a feature tree implies certain characteristics about
the spectrum of a signal. For example, for a segment whose dominant node is the consonant node,
there is an abrupt spectrum change associated with creating or releasing a constriction formed by
the lips, blade, or tongue body [12]. Similarly, for a segment whose dominant node is the glide
node, slow-varying spectral changes occur in a region of minimum amplitude.[12] Essentially,

the dominant node classifies a speech sound as a vowel, glide, or consonant. The dominant node
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is therefore an important and defining characteristic of a feature tree and can be used to discrimi-
nate between trees.

An underspecified feature is one that does not need to be explicitly given a value because
its state can be derived from the remaining features. Even before the feature tree was introduced
into the matcher, underspecification was present (although it was not utilized) because not all fea-
tures are independent. For instance, a segment that is [+ nasal] is also [+ sonorant], and if a seg-
ment is [+ sonorant] it must also be [- continuant]. The feature tree adds to the underspecification
of features. If the dominant node is vowel, for example, then it is not necessary to specify the
manner features or values for the stiff and slack vocal fold feaiures. As such, they are not useful
for discriminating between vowels. Another source of underspecification is the articulator fea-
tures. In the feature tree, an articular is considered to be active if at least one of the terminal fea-
tures of its corresponding node has a value. Therefore, if the feature anterior were marked with a
“+’, it is understood, in the case of a consonant, that the feature tree is also specified as [+ blade].
If two consonant trees were being matched and it was found that the both trees were [+ anterior],
there would be no need to match the [+ blade] feature of the lexically specified segment.

Unlike the feature matrix, the feature tree is hierarchical and suggests a particular ordering
of the features. Currently, when two segments are matched, there is no consideration given to the
order in which the features should be compared. The feature tree is, in essence, a picture of the
vocal tract. Depending on the type of sound being made, the vocal tract will take on a particular
shape and certain features will play a more prominent role in describing that sound than others.
This suggests that the order in which features are matched might be different depending on

whether the segment is a vowel, a glide, or a consonant.
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The aforementioned observations regarding the specification of a dominant node, under-
specification of features, and feature ordering can be used to propose an algorithm for matching
two segments represented in terms of the feature tree:

» First, check to see if two trees have the same dominant node.
-If the dominant nodes are equal, continue matching.
-If the dominant nodes are not equal, then consider it a mismatch
» If the dominant node is vowel, then match features in the following order:
high
low
back
round
advanced tongue root
constricted tongue root
anterior
distributed
nasal
rhotic
reduced
« If the dominant node is glide, then match features in the following order:
high
low
back
anterior
distributed
round
advanced tongue root
constricted tongue root
rhotic
« If the dominant node is consonant, then match features in the following order:
high
low
back
anterior
distributed
nasal
rhotic
round
strident
<check sonorant if nasal is not ‘+’>
sonorant
<check continuant if sonorant is not ‘+’>
continuant
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The feature tree geometry inherently distinguishes between vowel, glide, and consonant.
At its mosf fundamental level, the process of matching reduces to a feature-by-feature match of
two segments. Unlike the feature matrix, the feature tree suggests that vowels, glides, and conso-
nants should be handled differently. The algorithm presented here is an attempt to differentiate
between the three classes of speech sounds on the basis of how the features are ordered; that is,
the features which are the most variable among a particular class are matched first in order to
quickly remove unlikely candidates. At the moment, there is no evidence which supports the idea
that such an ordering of features will improve the matcher. In the future, a more sound algorithm

will be investigated.
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VII Performance Evaluation

A performance analysis was performed using the gprof profiler in UNIX. gprof produces
an execution profile of a program; it provides a variety of statistical data on the execution time of
each function and the program as a whole.[15] Table 7.1 is a comparison of the profiling results
from the original matcher and the matcher which incorporates the feature tree geometry. These
results do not account for the processing time spent on expanding the lexicon with morphemes.
What is being compared in table 7.1 is the processing time required for the original matcher to
recognize the utterance “Catch a balloom before Mary does.”, given that the place of articulation
rule must change “balloom” to *“balloon”, and the time it takes for the new matcher to recognize
the same utterance via the feature tree. This experiment was also carried out on the utterance
“The baby can go to him in the bus today.” which makes use of the nasalization rule. Table 7.2
presents execution time data for specific function calls.

Both tables show that the matcher which incorporates the feature tree geometry is more
efficient than the original matcher. In particular, table 7.1 shows that the computation time of the
new matcher decreased to 40% of the original matcher’s execution time. The computational sav-
ings are expected to increase for utterances involving multiple fluent speech modifications in

which the surface change can be captured by the swapping nodes between adjacent trees.

Utterance Total Execution Time (s) Matcher

“Catch a balloom before Mary does.” 1.01 Original
3 New

“The baby can go to him in the bus today™ 1.29 Original
5 New

Table 7.1 A comparison of execution times from gprof.
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Utterance Function Name Execution Time (ms) Matcher
“Catch a balloom before Mary does.” main 345.77 Original
102.03 New
construct_pronunication 1.23 Original
.02 New
grow_aux 191.82 Original
80.66 New
“The baby can go to him in the bus main 394.14 Original
today.” 150.97 New
construct_pronunciation 1.38 Original
19 New
grow_aux 219.58 Original
128.96 New

Table 7.2 A comparison of execution times from gprof.

Appendix B contains the output of the gprof program for the cases mentioned above. gprof uses a

variety of different fields to classify performance. While only two are reported here, the other

fields support these findings and the reader is encouraged to look through the appendix for a more

comprehensive presentation of performance results.
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VIII Conclusion

The intent of this thesis has been to motivate and implement the inclusion of a specific fea-
ture tree geometry into a matcher for a lexical access system. The following is a summary of the
motivations for the inclusion of the feature tree geometry of Keyser and Stevens:

sthe tree expresses characteristics of the articulatory process which a matrix
of features cannot express (e.g. independence of articulators, and the grouping

of articulators which produce similar acoustic attributes)

sthe tree imposes an ordering to the features which reflects the form of the
vocal tract

othe feature tree can be extended to incorporate syllable information, which
is also represented in terms of trees

sthe tree facilitates the process of applying rules by allowing groups of
features to be changed simultaneously

sthe feature tree can be used to facilitate morphological expansion of the
lexicon

Results from the performance analysis (Chapter VII) indicate that the feature tree is also computa-
tionally advantageous.

There are many word-boundary rules which can make use of the feature tree but which
have not yet been implemented. An example is the rule which changes a word-final /¢/ into a glot-
tal stop. If this rule were found to apply to a /t/ segment, the consonant dominant node would be
moved up to the glide node making the anterior and distributed features no longer distinctive.
Adding the features [+ constricted glottis] and [+ stiff vocal folds] would complete the transfor-
mation of /t/ to a glottal stop.

Another place where the feature tree can be further exploited is in the morphological
expansion of the lexicon. In figure 5.1, a block diagram of the first stages of the matching process

is presented. There, morphological expansion occurs before rules are applied to the lexicon in
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order to make variants of the root word available for modification by a rule, if necessary. The
problem with this is that every word which meets the criteria for expansion will be expanded,
even if it will not be used in matching. Ultimately, morphological expansion should be handled
by rules which selectively expand words in a cohort so that only those words which need to be
expanded are expanded.

While the first steps at integrating a feature tree geometry into this matcher have been
taken, there are many areas which remain open for future work. They include word-internal rules,
tree matching, and incorporating syllable structure and syntax information. Currently, the matcher
is configured to work with word-boundary rules only. Routines need to be developed which deter-
mine when internal rules apply and which apply the rules to words in the lexicon. An example of
a word-internal modification is the flapping of the /t/ in the word “water”. As for matching, con-
sideration should be given to an algorithm which exploits the structure of the feature tree and not
just the implications it has for the ordering of the features in a feature matrix. Also, efficient
matching practices such as cohort-building and segment look-ahead should be investigated and
employed to reduce the computational strain on the matching and rule invocation processes.
Lastly, knowledge of syllable structure and syntax is necessary to distinguish phrases like “I
scream” from “ice cream” which have the same phonemic representation but different syllable

structures and meanings.

55



Bibliography

[1] Roman Jakobson, Preliminaries to speech analysis : the distinctive
features and their correlates, Cambridge, Mass. : M.LT. Press,
1963

[2] N. Chomsky and M. Halle, The Sound Pattern of English,
Cambridge, Mass. : MIT Press, 1991

[3] D.H. Klatt, “Reviews of Selected Models of Speech Perception”,

Lexical Representation and Process, Cambridge, MA, The MIT
Press, pp- 169-219, 1989

(4] M.H. Johnson, Brain development and cognition : a reader,
Oxford, UK ; Cambridge, USA : Blackwell, 1993

{5] G.N. Clements and S.J. Keyser, CV Phonology: A Generative
Theory of the Syllable, Cambridge, MA, The MIT Press, 1983

6] K.N. Stevens, Lexical Access From Features, unpublished
document, MIT, 1992

[7] 1.Y. Choi, Labeling with Features, unpublished document, MIT,
1999

[8] Y. Zhang, Toward Implementation of a Feature-based Lexical
Access System, MIT Master’s Thesis, 1998

[9] P.B. Denes and E.N. Pinson, Speech Chain. the Physics and

Biology of Spoken Language, (2nd Edition) Gardon City, NY,
Anchor Press, 1993

[10] K.N. Stevens, Acoustic Phonetics, Cambridge, MA, MIT Press

[11] K.N. Stevens, Acoustic correlates of some phonetic categories,
Journal of Acoustical Society of America 68: 836-842, 1980

[12] S.J. Keyser and K.N. Stevens, “Feature Geometry and the Vocal
Tract”, Phonology, Vol. 11, pp. 207-236, 1994.

[13] P. Li, Feature Modifications and Lexical Access, MIT Bachelor’s
Thesis, 1993

[14] S.J. Keyser and K.N. Stevens, unpublished document

[15] UNIX man pages for gprof

56



APPENDIX A



<

JUBIOUOS +

LNYNOSNOD £2

1€3IN3Ba4

potjroadsun a21nsol) IO asealay
(1ru) :Aposoag

10 :8diy

15 :juswbag

>

<
sdTy +

JUBUOSUOD +

rsainjesd

petjioadsun :3InsSO(D IO ASEITSY
{1Tu} :Aposoad

{Tyu) :adiy

£2 Jjuswbas

>

<

rsaxnaesd

pa1jtoadsun :8ansoT) IO 85ERI9M
{Ttu} :Aposoad

g edAy

3 :ausubasg

>

paInqrissip -
I0TASIUE +

apeIg +

Jjuenuiijucd -

FUBUCSUCS +

tgainleadd

patjtosdsun :3INSATD ID S5SLSI’Y
{1tu) Aposoad

(Tru) :adAg

) 13 :uswbag
) >
<

rgsanaved

FIUL 2IANSO[D IO eseaTen
(11U} Aposoad

1 redAy

5 juaubag

>

sbueys wotivINaTIIR o a0efd aTny

LR RS R L ERERENSES
»Z°F ONILSITs

Y

Aoeq €35

MOT £D

ysty €2
pPeIngIIIsIP 2
I0TIIIUR £D
punox ¢
wnsIicp £l
spelq €0

sdit €0
rseaniesd
pPatjtosdsun :3INSCTD 10 IFLITAY
(11U} :Aposoxd

1o ediy

18 aJuswbag
>

<

sdry +
JUBUOSUOD +
isaInieag

pat3zroadsun (aingold 10 Bsealed
(11U} :Aposoid

(T1u) tadiL

£2 :3jusubag

>

<
isaaniead

petjiosdsun :ainsoi) 10 oseaiay
(tTu} :Aposoad

N ¥y adAp

23 :3juauwbag

>

.peanqialsip -
IoTI93UE
apelq
JUenUTINGD -
JUBUOCSUCD +
isaanjead
PE&TIToadeun (2INSO[D IO 2SEITSM
(TTU} :Aposoid
(T7u) :@adAy

10 3usubag

>

<

isBaniIEad

XIYIVH :8IN8OTH 10 SSTITHH
({Tu) ‘Aposoid

T s8dAL

g juswbes

>

abueys ucTiRINOIZIR 3O 3oerd iainy
FEENSRSLREENLY

«1'V DNILSIT»

AxsnRsnsraIn:

80:LE38T 0T AwN nqlL TeTnz



<

SATOITINI0A X

ALVIVd LA0S 12

isaIinjesd

pai3zToadsun :ainsod IN asesarsy
{11U) :&Aposoigd

¢ :adAr

15 :ijuawbag

>

SPICO3 T 1EI0ATHDRTS
PaInqralsIvn

apelq

AUBEIOUOS -
JUBNULINOD +
JUBUOSUOD +
rgaaniesad
parzToedsun :8INSOTD I) S5E8[dY
{1TU) ;ApOS0ij

(TTU) :8dAL

£2 :auswbag

>

+ 4+ + A

<

1sgINyRayg

pa13jToadsun :einsco{l 10 aseajay
{ttu) :‘Aposoid

% 19dAp

zo iyuswbag

>

<
TeSeU +

rsainjesd

PaTIToadsun 19INS0T) 10 ISEITIYU
(11U} :Aposoid

{11u) edAy

12 :auawbag

>

<

tSaaniesy

FFY] 8IN5071) IQ IsSEA[IY
{1ru} :Kposoid

¥ adAy

5L juswbag

>

uoTjeZITESRU STNY

SPIo3 IRI0ATIIIAS
spie3  recoaA T NoRlS
Teseu

jueIoUcS
QUeRUTIUOD -
158IN3%84
parjioedsun :ainso(d 10 asealay
(17U} :Aposoad

£ edAL

15 :3usuwbag

>

+ 4+ XX A

spiojT1es0ATHOR]S

pa3nq1a3stp

|peIq

JUEIOUDS -

AURAUTIUOD +

JULUOSUOD +

ise8Injesy

patjitoadsun :9aINSOTD 10 9SES8Y
{itu} :Aposcagd

+ + £ A

(1ru) eddy
£ usubag
>

<

rssanjead

patyTaadsun (3aNS0TD IO SSEITAY
{Tru) :Aposold

& adAl

Zo :3uswbag

>

<
Teseu +

isaIn3eay

paTjIoadsun :8INSOT) 10 9searay
(TTu} Aposoig

trIu) edAy

10 :auswbag

>

<

1§9INIP94

XIMLVW :8Inso1d 30 osearsy
[TTu) :Aposoxd

o radAy

1l :3jueutbag

>

uotIeZITESEU ‘a(nY

rsazassssvans
+E°F DNILSITs

B¥IEINLIRANDY

666T LT:LEBT 0T Awy nyy gena



APPENDIX B



f{adAlou ‘1euaalIxd ‘feuzelur ‘Iybra 3381} AdAITaTnx uwnud

{OF TTVATE TTYAONS TYAON 'OEN ‘S04 (00 I-=18) umua

f{2anTre] 'SE300NS]) SNIBISAUTIUNY wnue

*{3NON *

uerjerdunuord ‘atny ‘23erdwsl ‘asusiuas ‘adAy ‘auswbas ‘Toquis ‘swil) anieaTBurpesy umua
H{xequrid ‘uslIds 'HYSTP)} UOTIPUTISIP wnua

P{Ajdws ‘xsylzte ‘'geieldwsl ‘axnieay ‘olwsucyd) enieaTapouw umus

{{pat3ytoadsun 'aansSolo 'SSeesr) enteATSI umus

f{par3Toadsuou ' Zpadnpal ‘p3SSallsun ‘passalls) an[eATISNIeW WNUd

f{deyxaou 'FZWL ‘NTIWILYH} uctjejussaidaiT (eojxe] umus

i
adAjxo3exedsas
‘40N

f8aI0d TIVO0A
'HIVIVAT 1405
' TYIDNAYVYHI
‘SILLOTD
"XNA¥YHA
“TYNONTIT
‘R30Y"

‘aavig

‘8411
"LNYNOSNOD
"RAIT9
psictiiel

sadky epou//

'sT31307BhTpajotaysuod
'sT33076 pRaids

Ig¢ = XapuTl~3 Ul 3ISU0D

ITE = X8PUITYS IUT ISULD

fZZ = X8putrTu auy Is5ued

{ET = XIPUT_RAYDS JUT ISUOD

'9g = XIapur~z JUT ISUOL

ajeldua) paepuels o3} peppe aae ssuoyd meu 3T 8bueRYS // IQf = X8PUTT S JUT 3J5UGD

'spYo3TIEO0ATHORTS
‘SP1O3TIRI0ATIZTIS

'1eseu
‘3e01TanbuelTIsuod
‘30037 BnbUOITADE

yooads 3o s33ied 30 JoCUMU Xew // !TT = SOJONXEW 3IUT 3ISULD . "yoeq
sawaydaow 103 pesn// - 'moT
‘ubty
3pTS IYETI 10 2I9T AYIT 'peInNqraasIp
Ixa3u0d-qns xe(notlled e ur sjusubas Jo JsqUnU Xew // {07 = STISIXSIUCDKEH JUT ISUCD 'ao1asiue
axejucd xad SaysJlBW PAOM JO IBQUNU XBW // Q§ = SO0JI8GUDICWARRW JUT ISUCD ‘punoi
UODTXST € UT SPAOM JO IJQUNMU Xew // !0000T = 9ZTISUODIXIIINER UL ISUOD ‘eyered ijos
388 B[N » U SHNI JO ISOUNU XPW // !GT = 32TSI2Sa[nEXe U1 1sSuon 'Xuliey
afn1 e utr sbas jo xaqumu Xew // {07 = 9ZTSOINNXEN JUT JISUOD ‘umsiop
pios e ul gawauoyd JO IJacUNU XBW // !ZOT = SUOYJONHEH 3JUT 3ISUOD ‘ape1q
piom e ul sfas 3JOo Iaqumu Xew // !0z = IZISPIOMXBH JUT ISUOD ‘sd1t
souajues ® ur sb8s jo aequmu xew // Q] = IZTFIIUSIUISXEH JUT ISUOD ‘o13I0Y2
3T Yyanej 3.uop// ‘SAI04 TYI0A=PUaTSpouT UTeW JUT ISU0D ‘Tezaley
AT Yomol 3,ucp // [TIAMOA=IXEIST8pou Uiew Jur ISucd fauspriIas
3T yonol 3,uop // SPIeJ T IRO0OATHORIS=PUS UTEWM JUT ISUOD ‘iuelouos
AT yonej J,uop // ! TAIMOA=IIRISTUTEW JUT JSUOD fauRnUTILCD
3T yonol 3,uop // [QE=pus”al’LS=33e35 AJ JUT 35UCO ' AUBUORUOD
3T yonol 3,uo0p 7/ !JON=S2INIPIIFOCN AUT 2ISUOD 'apr b
‘TamoA
sntep Teqoin // ‘paanpaa
'p=ssar3sTureu
} unus

f{3oN]} dou uwmus

t{gesen’gesed 'pased ' gesed ' zased  [s[SSRD} an[ea”esed wnua

! {e3atduoour 'paleTdwod} spouwandinc wnua

f{dN *dA SN MY 'O 'dd Nd AQY 0OV ‘A 'N) IeawesB umua
! {dxe 'dxsjou) antea dxs wnus

soanjeay //
SUOTITUTFRJ @nies pIepueis /;
AUT NYITOCH SUTIapg

T 666T 90:0Z:€Z 8 AwKH Jus H*3op



sxsnasvuerrrrxnnrnnrnavsrrrnrrnrx 008y snevsvrrnsvnnnnannnas//

o
{punox ut
rajeatrxd

! tea=puncx
) (Ten JUT}putioyI®as PIOA

uUCZOH uInjlsx
} (ypunoyisb jut

fipua »>> ,I03onIjsuodsp sdIT . »> INOD //
}{isdyT ~

{TeA=pUnoOX
}(1ea qut)sdiT

{IYAON=PURO
Hisdrr
1ovTand
jsdrq~ sseid

srxanvanszasrscansanzaanrarssanaSAdITaunrnnnavavvnnvvnsvnrannsn//

o
fTeSBU JUT
1@3eatad

!Tea=Teseu
)} (Tea 3ut}leseN3Ias proa

!TESRU UINIS3
) ()TeseN3ab JuTt

‘Tpus »>> .r03onx3sucdep eieyed 3Jos, >> Inoo //
}()@3eTed a305 ~

{1eA=TeSRU
}{1en jur)ejered 3jos—

H TIYAQN=T¥5PU
})@3eredT3yos™
totygqnd
}@aeTed 3308 sSseyo

srasrasvrrrassrnanrranvrrnrrnrALYVIVd LIOSswwvrvnmnnnmunmnnnnnnna//

o
{sp1o3jTeo0ATYDR]S JuUT
{EPTOJ T TEOOATIITIS JUL
i9yearxd
{
! TeA=SP103 T TedoaATNORLS

T

656T

}(Tea IUT)¥oeISIas proa

{SpPT03T1e00ATYDOETS uInla
}{)xoeigieb Jut

{TeA=SPTO3 TED0ATIITIS
}(TeA JUr) 33115325 proa

fsplozT1esoa™3F1as uInlax
1()33135396 juY

f{pus »> . rI032NAISUODBP SPTOJ [RDOA, >> N0 f/
Y (}Ispiodredca -

{Z1eA=SPLO] T 1RICATYORLS
{TIeA=SPTOI TEI0ATJITIS
J{ZTeA UT ‘TIRA QUT)SPTCATEICA™

{MYADN=SPIOF [eI0a Y DRTS
ITYADN=SPIO] Tea0ATIITAS
}Y{)spiogteoon
tatrgnd
}SpTOdTEeDOAT SSPID

srvavansvarsvrrsawnrransrnersrasSAIOI IVOONAeassverorevnesrrnnans//

!Apod .Apog” ssero jepadAa

‘apeld .epelg  sselo jopadia

f1enburq yTenBullT ssejo japadAy

tsdt1 ,sdr1” sseja japediy

rxuAaeyd Xulzieyd~ sseylo japadAa
!ST3II0TH 4STINOTO™ ssed 3apadly
!SPIOATeD0A ,SPTOJTRPI0A Sseld japadky
IJURUOSUO) LJUPUCEUO]T ESels Jopediy
f21eTed T30S ,@3BTRd IJ0ST sse(o japadi]
!Teafukreyd ,eadulieyd” ssero jepsdAl
'OpTID #4BPTITH SSeTd Fopadia

ITOMOA . TOMOAT sseld jepadAl

!ganjesai .2anjead” sseyo jopadAi//s

!Rpod™ sseilo
‘apera” Sserd
f1enbutrq™ sseyo
‘sdi” sselo
!xukieyg- sSSP
{8110TH” S8eID

! Teabulaeyd” sseio
!sjeyed 1308~ ssero
!{SprodIeOOA” Sselo
{JUBUOSUCST §SeTo
SPT1H” SSeB12
{I9MOAT SSeTD

f N N RN R R AR N N A P R E N R AN N R IR BN RN RN NN R R AN N NSNS

‘e an
e 6E/Y0/T 33Rd &4
P X
u weiboid BUIYeRSaIl 104 @T1d I9PESH .
LR s

KRR TIATEEEIEAN AR YRR LR AR AR RN AN RN nanars)

8E:8S2€E0 6 AwR ung H'eegguTIeeI /8o TN eRIL/ " *



} (BayApoq Apod)Apogiss pIoa

{Bxyapeiq=sperq
} (bayepelq epeld)speldiss proa

!Apog ajatep
{TTAN= i Apoq) 31
‘apelq @3a81ap
{(TINN=i19peT1q) 3t
LTPUS >> T TI0IONIISU0Ddp () ienbullT. >> Inod //
}{}Tenburl -~

fInR=~Apog

rnN=aperq
}{)Tenbury”
rorqnd
}Tenbutl” sgero

wsnszanrrrrvvnrnassvrraasvs IWNONITwwrnrransrnvrnnnrnrnrnaassrnnasl/

foT304yx UT
fjey Jul
!I38Tp UT
f3ue JUT
r83eAatad

f1ea=311041
}{TBA AUT)OTIOYHISS PIOA

uOﬂuO£H uiniax

}{19730yd3eb aur
fTeA=3BT

}{TeA uT)3E1385 proa

f3e1 uaniax
}(13e138B Juy

!IISTR waIn3ax
y{ya3isigaish jut

f1eA=131S1P
}{TeA IUT}IISTISS PTOA

{{ea=Jjue
}{1Tea 3uUT}3IUYISS UT

fque uanysx
Y ()auyias jur

fTpUR 33 L, ' I033NIASUQIIR PRI . >> ANOD /[
Y ()epela -

€66T

{pIBA=OTIONT
lgrea=3ey
1Z1eA=13STP
f11eA=IUR
}{pleA 3UT gleA U ‘ZTBA IUT '1TeA 3IUT)opeld

1I¥AON=2130U
IRAON=IET
ITYAGN=IIS TP
1TYNAON=UR

y{)epeta”

:011qnd

Jopeig” &8¥D

wwwraaverennnnsasssarsrnsarsrinas GO I snnvasssvrsrsvarnnnnas//

Iyoeq UL

‘ubTy Ut

fMOT 2UY
tajeatad

I 1ea=xorq
}(Tea 3jul}¥yoegiads Ut

yoeq waniyaa
} (3y2=gI96 3uT

frea=ybiy
) (1ea uT)ybIHIas Jur

fybry uingax
y{iyB1Hieb ut

{1en=MOT
H{Tea JuTiMOTIBS JuY

!MOT uaniax
})ymon3e6 Jut

frpus >> L rIoandiajsucaap ()ApogT. »>> 3Inod f/
Y () Apog™~

‘gTea=)oeq

fgTRA=YBTY

!TTeA=MOT
}{€1ea JuUT ‘ziea Ul ‘frea utrjdpog”

ITTYAON=Y0%q
CTYnoN=4bTY
ITYAQN=MOT
} (YApog™
to11and
}Apog~ sseio

BESBSIED § AN ung H*'B0BEUTIO0I]/8OTNYOSIL/ " "



}{Tea Jut)pesadgias Jur

{peaxds uanjaz
}{}pesadszsb jut

ITpu? >»> '’ 103onijsucdap sTI0167, »>> 3N00 //
}(}STa30T9 ™~

!ZT1BA=T35U0D
!1iea=peaads
J{zTea JUT’IeA JUT)SIIIOTLT

IMTYAQN=I3ISU0D
!YACN=praads
}{)ST33015™
orTqnd
18133019 s§5€(D

ssrsessvrrrvsnaasaasseassssnnassSIILOTOausasssanransznnxsnnae//

'

o
fjuenuIiuod 3ur
Jjusptais autl
{3ueaouos Jut
{apoNIuRUTWoOR IUT
{Tenbuty tenburn
tgdty sdin

r@aeatad

! TeA=2pPONIURUTUCP
}{TeA JUT)IURUTWOOIBS PIOA

!gPONIURUTIWOD UINn}al
}{)ueutwogasb jul

!{eA=juUETIUTILOD
}{TeA JUT)IUENUTIUCIISS JUT

F3UEPNUTIIUOD uaIn}al
} ()auenuijuod3iab Ut

!TeA=IUSPTIIS
}{TeA AUT)IUSPTIIISISE PIOA

fjuapTils uaniai
}{)3uspTaisiss Jut

{TeA=JURIOUOS
H{TEA 2UT)3ULIOUCSISS PIOA

!jueIOUOS UINIAT
} {)3uexouosiab aut

6661

1TpUa »>>

f5diT uinass
}t)ysdr13ie6 sdi

{yenbury dinjax
}{)1enbuiTiaf tenbutqg

! g TeAs=jURNUTIUOD
!Z1eA=TUaPTIIS
t{7eA=JjUEIoUOS

}{ET®eA JUT 'ZTRA JUT ‘TTeA JUT)IBUURKIBS ploa

{61gdi{=sd1]
}(BaydyT sd17)sA173I8s proa

{bagburr=TENBOUTT
} (BayButy TEnBUTT) TRNBUTTISS PICA

!Tenbutt aiaisp
(TIAN= 1 TenbuyT) 37
fedr] 33818p

(TInN=3sd17) 3T

2 1032NIASUOIIP IUBUOSUOD™ .,  >> INGD //

) { ) auruOSUOD T~

Nz TenbutT
frrnn=sdr

! LTeA=IURTUTIUOD
{Z1eA=IUSPTILS

! 11RA=JURIOUCS
{IYAON=SPONIUEUTUOPR

JUETBA 3UT ‘ZTe®A 3UT 'T®A 3UT)IURKOSUOD™

nnN=Tenbuty
TIaN=sdiT
ITYAON=IUENUT IUOD
{IYAON=3USP T3S
{TYAON=3URIOUCS
I TYAON=9PONIUBUTWCE

} {}3ueuosuo)™

iprrgnd

}aueruoOsSUC)” S§SBIO

srenanseryvenennsarrrrerraaaLNYNOSNODssunvnvassnnssassansransa//

8E:8SIE0 6

Aen ung

o

tApoq Apog
‘epe1q apeld
r@jeatad

fapetq uIniax
) ()@pe19318b apefq

{Rpoq wanisa
1 {}Apog3ab Apog
H

{
!BaygApog=~Apoq

m.wouudﬂooouu\nrﬂﬂﬁoouas..



{Teabukieyd uingail
} () Teabuiieydisd jeabulieyqd

{BagbuAzeyd=teabulfieyd
) {Bavbukieyd peabulreyd) Tesbulieydias proa

!3jueUoOsSUCD aj81ep
{TION= | JURUOSUOD} I T
!Teabufzeyd ajatep
{TINN= Tesbulzeyd) 31
‘ajeredi3is ejelap
(TINN=i®31eTeg13s)31
CTPUR »» ,° " "1030NXJSU0DBp APTILT, >> 1n0D }/
Y{18pT197~

AN = YURUOSUOD

TINN=TesbuAzeyd

ITTION=21RTRd IS

{ TeA=3pONIURUTWOD
}{1eA QUYT}epPTIDT

{ITAN=IUBUOSUOD
f1NN=Terebulzed
ITION=93e18d33S
{fIYAON=8PONIUBUTWOD
P{)ep11o™
(oytand
}eprin” ssers

sssazrazrazenrannnrrnarasnnsvavannrnavaxZ0I IO nuwnnrsvanrvnrzonens//

o
txufzeyd xulieyd
{61076 £13301D

sa3earad

Ixulaeyd uanjax
Y ()xukaeygieb xukzeud

!s13307H uinyex
1151330719386 5133019

{
{baygreyd=xulieyd
} (Bagreyd xuAieyd)xukieydlas pioa

{bagio1b=s131301H
3} (BIy3j016 ST1330TD}STII0TDIDS PIOA

:xufzeyd ajerap
{TION= i Xudzeyd) 31
$5133016 @1818p
{TINN=ist33016) 31
TpUud »>> L, 1030nIjsucosp jeabukxeyd, »> jnod //
} () eabulieyd "~

L4

nN=xuAzeyd

MTINR=5S1330716
+{) tesbulieyq”
rot1gnd
}1esbulieyg™ sseid

4trasvevncascrnrnarrrevvneravsany INIONAOVHd sy wvasvavsnnnsanvsnvasl//

"
{230 Ut
f33e JUT
rajeatad

f{eA=132
}{Ten UT}I32335 PTOA

{132 uanial
Y () 235386 uy

{{eA=13le
) (T®A 3UT)13W18S proa

{138 uInasl
} ) a3yass Jur

STpua >» L, ° CCI0JINIJSU0DSD Xuhreyd ., »> 3Inod 4y
}{}xufzeyg ™~

!zTeA=132
I11eA=I3e
J{ztea Jur ‘I1eA Aut)xulaeyqs

{
{IYAON=23D
{TYAON=33®
Y (1xukaeyad™

forignd
}xukzeyg- sselo

sxrnwsasenanansavesnnnnzsrrnsrsy v ANANYHd wnanssvnranssvannrnse//
K¢
fx3suod jut

‘peaads ur
:a3eatad

fTeA=I138U0D
}lyea Jur)xisucpiss Jug

{138u0d waniad
) {)11suod3eb aur

! Tea=peaads

6661 BE*BSIE0 6 4ABN ung H'ge88vT000I]/88TDHORIL/ " "



!poONJURUTWOR JUT

isprogion sprodredca

{9p11b 8prIn
i33eatxd

! [eas2pONIUBUILIOD
}{TEea JUT)IUBUTWOQISS PIOA

!SPONIUBUTWLOR UIN3SI
} (yaueutwogieh Jul

ftpus »>

"

!SPTOJIoA UIn3aX
}{)sprodionieh spiodTedch

f83p17H uinjaa
}()epTIDILb ap11o

{
'BxyeprTb=ap116
1 {BayspT15 BPTID)IPTTOIFS Proa

'BIYIOARSPTIOLTOA
}{Bay1oa SPTO4A{EO0A}TOAIRS PTOA

!sproaian a3sTep
UTINN= SPTICd1oA) 3T
tap1(b s3978p
(TINN=i8pT15} 31
' I035N2IASUCD8p TEMOAT . 3> Jnod /)
) {)1emoA™~

YIINN=SPTOJ 104
{INN=8pT 15
IYAON=3PONIURLIWOP

Y emon”

:o211gnd

}ismop™ sseElO

svassvvvrusavusnssavavrasnsarnr e TEMON s aasvannsavrsvrssunsannven//

666T 8E€:8S%€0 6 ABK ung

{apoNIURUTWOR JuUY

I JUBUOSUOD JUBUGSUOD

{1teabuiaeyd jeabulieyqd

fsieTeda3s sjered 3jos
sazeatad

! TRA=SPONIUBUTWOD
}{TeA JUT)IUPUTHOIIDS PTOA

{apoNjURUTWOP uinial
) {}aueutwogieb jut

{3UPUNBUSS iaNaal
} () aueuosus)I8b IURLOSUDD

! BIYSUCO=IUBUOSUOD
} (bIYSUOD JULUOSUOD} JURUOSUCD]AS pPI0A

fajeredais waniai
}()d33s313B ®3e{ed 31308

!bagdyzs=ajeiedals
} (Baydijs 81e1e4d 3305143135195 PIOA

H° SeEsRiDedsxl/seINgeexy/ " *



{{TBA 3UT)ITIDAUCD ,IBYD

: (Bes juswbas 'g sTpung 'seaxl [8mop)beszssil jusubas
{(8pOU JUT ‘geBIY [AMOA ‘YOaI1 [amop)aBumidayem pros
f{gaaal T(amop 'yaax) tsmop)ssiatAdon pioa

{{bas jusuwbas ‘3100433171 TIMOA)SOIISNBW PIOA

1 {I10043817 TIMOA}ISILANBW PTOA

{3313 Tasop 'IPONWOPR IUT) JURUTWOIISS PTOA

{{elep juswbas) jueuTWOgOUTWIBIBR JUT

666T E€T3SP:8T 0Z AwH nylL H*®epou



t{{)ueprrigiab
<= {)3weuosuo)1ab«- ()opI1H106<-g8211} JUSPTIISISS<- () JurUCSUC) BB~ () SPTTDIBbH<- 232

() 3uenuTiuoliabc-
(}3mReuosuo]19h<- () 8p 1 [D186<-ga811 ) JURTUT IUG)IAS <~ | } JUePUsEUCDIab<- () OpTIDID6<-¥o91]

! ({)3juexouosyeb
<~ (}2ueuosu0)18b<- () 2p11H186<-§2317) 1ULPIOUCSIBS <~ { ) JULUOSUST186<- | ) 3pI1DI12B<~-Y¥aa17]

S (}3ueutwoglsb
A|ﬁ~ucmnowGOUummnnn_mumawummnnmmwuuvunm:mﬁoauNMA-Avu:mcomcoUuwmAuAwwmﬂﬂUuwmA|¢wwuu

! { () 3ueutwogliabc- { }8PT1D195<-E9911 ) JURUTHOIIBS < ( ) AP T [D186<-Y383]

! ({)IuURUTWOg10b<-g@5313) IUBUTWO]IIS<-YI2I3//
1{g9a31 ramop ’'yeax] 1amop)aesilAdoa proa

{{ap11odul)apTIHISs<-18gesx]

! (suopduy ) aueuosuojlas<-eptiodwa
f{ajereddul)dlisIas<-aspriodusy
{bukaeyddu) ) Jesbulieygias<-apt1odu)
{{)3PITH MdU = aptiodwl IPTID

f{)123eTed 1305 meu = ozeregdwy sjeregd 33cs

! (zeygdwl yxulreydias<-Bbulreyadul
f{s133010dw]} sTI30(DI8S<~Bukaeygduy

fyxukaeyd” mau = reyddwiy wulieyg
J(1ST33019 mau = sT33070dwl STIjOTD
() resbufieyd” meu = Bulieygduy Tesbulieyg

! {edt1duy ) sdyiss<-suopdun
{ {Butgdul) renbuigias<-suosdu]

I{)IURUSSUCY” MBU = sucdd) JueuUOSUO)
{{)sdr1” Mau = sdryduz sdin

! {epergduy)epeigissc-5urdul
! {Apogdury ) Apogias<-Bbutridwy

f{yTenButT mau = Buyrdwy ienbutn
{{)spelg mau = spergdul apetd
T()Apog~ mau = Apoddusi Apog
f{)1SpPTOdTeo0A” MBU) IDATS6<-20(02381]

} {3eQae1] 1oMOA)8RILaNeW PIOA

f(8prIndwy)SPTTDIBs<-38JAITY

! (suonduny ) Juruosuo)Ies<-ap T THdWy

! (@1eTegdul)d13sIe5<-apT1odu)

! {Bufieyddul) Tesbukarygissc-apToduy

{{}8pI1o” Mau = eptiodul BpI(D

!{{1eseu)ainieaz 1abe-6as)sleIvd 73305 Mou = ajwreddwl ajered 3308

f(aeydduy) xulzeydas<-bulkaeygdur
‘{8r133010dwy) sT1301DI0S<~Bulreygdur

! {{30ox"enbuo3™38

uon)sanieal”iabc-Bas ' (Jo01TanBuolTApe}aInieal 19b<-bas)xulteyd” Mau = reydduy wuhreyd

({1016 pasoTaasuUco

}@anjes3; 196<~695 ‘(5713016 peaids)aaniea3zTI8b<-625)S7170T0T MaU = £133010dwl £133019D

f{)1esbuhieyd” mau = HBulreygdwy Tesbulieyg

! {sd1ndul ) sdtmies<-~-suopdusy
f{Butidwl) Tenbutnies«<-suopduy

Y {{juenutjuos}ainieaz 33b<-Has ‘(Jus

P1a35)81n3ee)” 196<-bas ' (jueroucs)sanieve] 18b<«-Has)uruosuol” Mau = suoddwy IJUBUOSUD]

f{{puncx)saniesyTiab«-bas)sdry” mau = sdiqdwy sdy1

! {apeTadul}oepriglas<-burtduy
! (Apogdus ) Apogias<-buindun

J{)1enbur]” ma3u = butdul Tenbur]

f{{dt3cyajaanieay 3abc-6as '{rex33R])8an3Paj 1ab<c-bas

"(peIngTa3sip)aInjes3  1eb«-6as ‘ (101133uR)aINIea} 186<-68s) epele” mePu = apeigdul speig

f{{xdeq)aan

1e337386<-bos ' (ybry)2anzes3 T aab<-Has ' lmor)eIniesjTiabc-bos)ApogT mau = Apogdun Apos

f{(spTO3T1ed0aTOR]S

}8anjea 18b<-bas ' (SPT0JT1RI0ATII TS} @an3eR] 186<-6a5 ) SPTOITRI0A™ M3U) [DAIOS<-J0d8aI]

} (B8s juewbas ‘e esll [eMoA}ssIloyew proa

flTr3ITXe
as1a
{504 ) JUBUTWOJI3S<- ()} IUBUCSUODID6<- (}apT 1Hiebe-0a17]
{JUBUOSUOI==3PONWOP) JT 95T
! (S0d) 3ueuTWOgIaS<- (}apT19iebc~-0a1]
{opT1b==BpoNwOp)j 1 @s1@
f{£04) 3ueUTUOO}8S<-8a.17
( [BMOA==3DONWCP) F T
} (@813 [9MOA ‘SPONWOP JUT) JURUTMOJIDE PIOA

f{rraTxa
as18
{3ueuosuUod uaniax
{SCd==(juruOSUCGD)ainiea] jabc-eIEP)JT IS
{apTTh uinlaax
(SOd==(@p11b)aanivaj 1abc-vIVP) 3T BST>
{{8MOA UINIBL
{SOd=={19M0A) BANIES ] 18b<-vlEP)IT
}{e1Ep JuRwWHES) JUPUTWONSUTWISIAPL UL

TIPS TETLR T 7 PP F I P i i i i i diri il ridiiireriisy

I¥ saaay, Buysn 103 SUOTISUNA /7
I/ OpPRUOPTEH uoley :xoyiny //
/1 JTIpON leTTd  //

THILFPPIT I I P O E L E 01T 0 T Ed L7t iditiiitiltid

T 666T TZ:60:6T 8T AwNH eny J:epou



!{s0d 'spelqleinjeay 38s<-q
}iKadua;) 3t
{
{g=Radue
f{{)otoyyIebe- |
yepeTHEIabc- () tenburgiab«- () JuPLOSUO)I8b<~ { }BPTIDIBH<-30I1 'DTIOUIT)BANILDI 188~

{7TYAON=i () oT30yyab<-~ { }@peTEIbic- () TENBUTTISEL - (} JURUOSUO)18B<~ { } 9P TTDI26<-2013} 1
{
{pg=Radus
f{()a3stg3Isbe-{)oper
g336<- () TenbutTIab<- (| JurucsuoyIeb<- () opT[D306<-9033 ‘PEIANGTINSTP) 2ANILBT 185 <-q

} {TYAON=i {} 135TQI9b<- {)apergaabe«- () Tenbut1iab«- () 3uruosuodiab«- ()opi{niab«-asa1) I1
{
I p=A3dwe
f((}auyiabe-()®
peldlab<- {) Tenbuiniabe- |} Juvuosuo)1abe-~ () 2PTTD3I26<-2233 'I0TISIUR)BINIEAI  1a5<~q
Y UTYAON= { ) 3uyIab<- {)apeIdiabe- () JenbutniIab«~ () Jueuosuo)1abe- {)opT(DI8be~a813} 31
{
fg=Aqdwus
f{{)r3eqiabe- ()
epelgIab«- () Tenburiabe- { ) Juruosucplabc- () 8pT1D386<-991] 'TEIJBT}AINIRSI 198<-q
Y{TYAON=i () 3eT11ab<-~ ()ape1diab«- () yenbutIiaba- ) Jueuosuocdiabe- ()apr1n3iab<-a213) 31

f{{}13uspta3s1ab<- () Juruosun)Iab«- (JapITDI86<-0013 ’JUIPTIIS)IINIRA] 185<-Q
¢ {{)3ueIouosIaba- {} JUBRUOSUODID6<~ { ) BRI TDI256<~-3213 'JUBICUOS}INIRIF IBS<-4
f{()3uenutiuollab«- () JuruosucdIab<- ()apT1H3I26<-2837 ’IuBNUTIUCO}SINIVS] 185<-g

{T)ra1X8 asta|
;{504 ‘'JueuUOSUCD)BIANIEDI Jas<-q
} {s0d=={) Jurutwogiab«- () Jueuosucliab<- () 8pTTDI86<-3813) FJT BST3(
'{g50d 'sSpTIb)axnieai iasc<-g
}(50d==()ueutwogiab<-~(}3pI1DI86<-8833)JT BFT3{
1{30d '1amoa)arniesayTias<-q
} (S0d=={)jueutwegiab«-aa13) It

fi=A3dwe 3JuTt

} {bas juswbas ‘q slpung ‘9813 Tsmopn]}Basgasxly jusubas

f{1)arxe
131TNEZ3D
Iyeaxq
${{1spTod1onleb«-333137015) T0AI@S<-12b1e]
+ {50047 IYO0N) 3SeD
yeaiq
f{{}d33539B<- {}2p11D386<-20137q45)43353195<- {)apTI1n3abe-30b2my
FALYIYd L3CS5) 8Fed
Iyeaaq
! (() Te@buAxeyqiab«<- ()ap119186<-98137(QL5) Te9bulreyd19s<- {)oap;i(DIshic-30bael
P {TVIONAYYHA ) 85ed
Iyesaq
f({)ST33079396<- () w2
Bufieygyab<- () apIr[0196<-903170LS) §TI130[DIS5<- { ) Teabulieydisb<- ( }opT19386<-13Bae]
{{SILLOTD)BSed
fyea1q
f{{yxufzeygiaba-{) O3
Bufaeydiab«- () opl1Dieb«-00117qLs) xukzeygias<- () (eafulieydiab<- (japr1Daabc-109bae)
L (XNAYYHA) 880D
Ixesaq
Y () Tenburiab<-{]3
ueuosuolIabc~ (}apT1D3I86<-32137qLs) TenbuTg1as<~ ( } Juruosuc)lab«- { )ap1TD3alc-1061E]

F{IYOONIT) @5e0
e 1q
{(yApogiab<- () tenbut1aab«- () 3uPUOSUO
2a9b<- (19p11D38b<-8821 (LS Apegias<- {) TenburTiakbe- { } 1ueuosunyi1ab«- (}ap110186<-386103
t{adog)@sen
yeaxq
f{{)apergiab<-{) 1ENnbUTTIBBc- () JUPUOSUOD
JaB<- [)ap1153186<-38117 (L5 ) 8pPTAI85 <~ () TONBUTTIEb« - () aUpHasUeII8be~ () apT11D186<-188183
+{3gvna) ased
yesaq
ftysdrTa
@b~ () IUBUOEUC)IB6<- {)IPTTDIBH<-881) QLS ) §d1T188<~ () JuRUOSUODIBD<- ( j2PTDIBHc-18BIEY
t{Sd11)esen
iMesaq
T{ () uenosuoDI9b<- {18p11D325<-82327QLS ) JUuRPUOSUO)IBS <~ () AP T 1DIBB<-3863E7
¢ (LNYNOSNOO} @582
i3eaxq
'{{19P11032b<-99237QLS) @P11D3198<~10861R]
(3gito)ssen
Iesaq
!aa13TQls=318baey
‘ (TaM0A) esed
} (apou)y31TMS
} (Ppou 3IUT '82I3TALS (oMo 'iabiel pamop)abueydadew proa

{
S{{}11suoni8be- {1 5113079196« () TRRbUK
aeydi9b<- {)BpPTIHIBB<-~{YO9X1) 135U0QIBS<~ () STIJ0[DIBL <~ () Teebulieydlade- () api[DI9be-YoBIL

P {}pesadsiabe- ()sT13307D286<- () TE36UX
xeyd1ab<- ()ap11Hiabe-gaarijprardsias<- () 5131079286 <~ () [eabulieydi1ab-{jap 1n3ab<c~yaa1y

f({)¥orT1Si9b«-{)sprodTon1nb«-gasil )} Or5185<- () SPIOS12AI8B<-yaa13
f{(133715396<- () SPTOJIOAIRB<~-E3313) 33 TI5198<- |} SPTOATONISD<-¥D21]

f({)1eseNIBb<- () 3135386« () 3pTD125<-g2011} TLSENISS<- (143381862~ () 3pTT010B<-¥aa1y

f{tya31338b<- { ) xukaeygiabc-{) TER
BuAreydisb<- {)ap1{D186<-H98211) 1701885« () xukaeydisb«- () Teabulieydiabe- {)apT11n18b<~yo017

f{(}xayaebe- () xukaeygiab- () 1E2
BuAzeydiafi<- (}apT1D126<-ga813) 11¥3I08<- () XUATRYd1ab<~ { ) TRBHUAIRYdI356<- {} 0PI [D186<-¥8213]

! (()punoyiabe«- (}sd1Tiab<- ()
ueuosuol18bc- () 9PT1DI86<~@a011) pUnoyies<- ()} sd17386<~ { ) IURUOSUODIdD<~ () IPT1D286<-yaa1]

L {(}yqoegieb«- () Apogiab«- () Tenbut]yab«- () 3urucsuc)iabc
- {}ap1T1D38b<-ga®I1) 0rg1as<~ () Apogaabe- () TenbuTIi1ake- {) JurUOsSULDIah<- (12pT ID10B<-¥aRI3

f((1mo3a3b<- (Y Apogiab<- () 1enbutiab«- { ) Jueuosuoy3ah
<- {)2P11D3896<-ga3 I3 ) MOTIAS<~ () Apogisb<-{} Tenbutaiab<- () Iueuosuoyiab<- {)aprDiebc-vaa1a

f{{1yB1HIeb<- () Apogiab<-~ {) Tenduriisb«- () Auruosuodisbe
- ()ep1103I26<-g32a2)YbTHIBS<- (} APPEI8b<- () TEnBUTTI8h<- { ) JURUOSUO)IB06<- { ) AP [DI8bc-Y2122

f{{)aas1QIeb<- ()apeIgieb<- () 1enburTiabc-{) Juruosuo)I@b< - {
yopr1oieh«-geaa1l)}11s1Q3as<- { | ape1d1ab<- () TeRAUTIB6<- () IURROSUOD 196~ ( }aPT 1DY9b<~y¥aa12

P{{)1uyiab<- [ }apeTd1abe~ () TENBUTTI86<- () JUBUOSUOD 186«
-()ep11olebc-gea1l)juylas<- { japeigliaba~{) (unbutiiab«- () Juruvosuadinbs- (}ap1103I2H<-ya31]

! {{)oT30UyYaab<- ()ape1gIabe~ () TenBUTIIB6C- () JURUOSUIO)IBE<- ()
3pT(9Iabic-g9211) D130 Ias<- | jape1dl1abe~ () Tenburnlab<- {) Juruosuo)iab«- (}dp11DI8bc-vaa13

P{()2e1186<~()apeTgiab«- {) [enbutrTisb<- { | JUPUOSUD]IB6<
~{}op110I8bB<-geax3) 30188« ()apeTHIA6<- () {enburqiab«- {) Juruosun)18b<- (}apTDIabB<-yaa1

T 666T TZT:60:6T 8T AwN eng J° epou



LW IYAON W

! ,STA70TH T PaIdTIISUCS,
f.8133016 pesads,

! LSPTOFTTeI0ATHOR S,
! SPIOT TBI0ATI I8,
!, 1eseu,

{3001 enbuolyTisuas,
! 3oo1” BanbuolTApE,
faqoeg.

{.MOT.

tLuBIY.
!LpaINgIAISIP,.

f 10118108,

!.punoz,

{.3qeTed 3308,
fuoakret.,

{ams1op,

! uBpeIq,.

fasdtTa

'L,0T304l,

S 4 -E 12

!, j3uepIIas,

!, IUBRIOUOS,
f,juenutiuca,

!, URUCSUOD,
f,epT16,.

!, [BMOA,

uinyesx
i3Inejap
uanjai

1gg- @sed

uaniazx
56~ BSeD
Hanjax
{12 ased
uinjsx
tgz ased
uingyex
g7 eseon
uiniai
iz OSED
uinisx
1gT 9sed
Imasx
1gz ased
uxnjyal
117 8SE¥D
uinisz
1gz ased
urnyax
tg1 @ses
uIiniax
147 955
uanisa
1,1 esed
uminiax
19T sged
waniazx
tGT ®8ed
uInlai
BT 9SED
uinljysax
{1 ®5®D
uinjex
:Z1 asea
unlax
17 esed
uInisx
tp] esed
uingax
16 asen
uanilaa
tg ased
uanysx
tl, asen
uanial
ig 8ses
uiniax
tg 39sED
uanysax
iy eses
uanisa
if 885w
unlysa

tg Bsed
{,.paonpel. uInisl
t1 @sed
!.BS813sT UTEW, uUInisx
tQ esed
}{reajyoaIms
J{[eA UL} IIDAUCD LIBYD

t{Ges)uaniax
(q)eaep 19s<-Has

f{(1yoe1SI8be- () SPIOdIonIRbe-DRI] 'SpPTeIT1ES0ATYIEIS)BINLRE] TI85<~q
{{{1331118186<- (1SPT0d;oA1856<~-8917 'SPIOIT1RO0ATITIS)2ANILIFTIIS<-q
: {230
q86<- [} Xukieyd1sb<- () yeabulieydiabe-~ (japr1oieb<-8ail f3oox”anbuolTISuUcD)gan3e@ T ILS<-q
t{Qa
I¥18b<~ () XUAIRYJA8B< - () TEBBUAIRYdI86<~ [ ) 9PT11D19b6<-»21] ‘30017 8nbuolyTApe)sinies] 38s<-q
f{{)TeReN18b<c- (14735386<~ (1 9pT11DI86<-8811 ‘1EFEU)IINIEAI G2S<-Q

{
I(504 ‘xufier}eanieal aes<-g
y(A3dwai} 3%
{
fp=Aacdue
f {{}x3s5uol30b<
~{]8133019286<- () Teabukieydiabe- () op119186<-8911 'S1330767PaIDTIISUGD}BINILSF 398<-4
} {M¥AON=i () 3385U0D386<~ (}S1310TD3I8b e~ {} TE@BUAIRUJ 186~ () OPTTDIB6<-2213) 3T
{
{p=Azdws
f({)peaad
§18B<-{)sT33010126<- {) [eabuUkIRydIebe- () OPTITDIO6<-2813 '$}33076 peaadsiainiea; 185<-q
} (TYACN= {}peaidsiabe- (1STI30TDI8b<- () TRabulaeydisbe- {)OPI{D18b6<-a233} 31

1=X3dwa

1({50d4 ‘sdir)aingyeaziTies<-g
}{Aadwe;y 3T
{
tg=A3dwa
f{ [ )punoyiabe- {)}5d17186<- { ) JuRUOSUODIRb<- () BPTIDIBH<-2212 'pPUnOoI)3INIesJ 185<-O
} {S0d==(3ueucsu
oojaanjesal” 1abe-q 3% TEAON= { jpunawzab<- (18d1138b6<- { } IURUOSUC)186<- {}13PT1DI86<-8222) 71

f=Kaidue

{504 ‘unsIopj}aainiesi” jes<-q
}ifidumi) 3Y
{
rpwAgdus
f{()yoe
g19B<~ { } Apogaabc- () Tenbutniab<- () JUPUOSUCTI86<- { ) BPTIDIBH<-3BIT 'YIeq}8INILIY 186<-q
vﬁq¢>02umAvxummumuA-.vhvcmuwmA-ﬁvHmsm:ﬂaumma-~vu:mcomGDUummAAﬂ-wvwauuwmA|mmuuwuﬂ
{
1g=Kadus
f{)gbt
Hi8b<- (}Apogiabic-~ () TeNBUTTIBD<- |} Juvuosuc)labe- ()8p11DI86<~8817 ‘gbty)eaniea; 38S<-q
vgq<>ozuﬂﬁv:mﬂxuwmauﬁ_>@omuwmA-ﬂvﬂ@:mcuqummnuAgucmconEQUQmmAuﬁgvaAOuwmnumwuuuuﬂ
{
fg=A1duwe
EREOL
07386<-{) Apogaab«- { ) TenBuIiIaba- () 1uRLOSUO)1B<- {} BRI 1DHIB6<-281] ‘moTieanieajTlas<-q
) [IYAON=i {)MoT38B<- () Apogiebe- () Tenbur]iabe- () 1uruosuc)iabe- () 8p110196<-8811) I 1

t1=K3duwe

£ 6661 TZ:6036T BT Awi eny J°epou



‘aTNa 8yl Ut Iagqunu 3xajuoes aadoad s/
3y3 o3 uorzercunuozd prosm Teurbric syl woxj sjudwbes payolew oyl Adod s/

!71NN={1)sbas
{++T!BZTSIXBIUODINEW>T/0=T} I03]
‘{82198 3uonxeR] auswbss meu =shas
!shas, uawubas
f0'1 Qur

f{dTmauyuangax
‘@ax)3 " aouop ‘i1abielr”Adoo ‘BsxlTuURIY 213(ap
{
f{{)Adooc~{1}erepT ja5<-d) ppe<c-d mBU
(++ 71! {)SIUBWHBSIOONT126<-d>T ! T+18=T UT) 210]
!{{Bas ‘q '19BierTAdod}Basgasai)ppe<-dmeu
{

.

F{DFN) 3UsPTAISIBT <~ () IURUOSUODISE<- { )P T [DHIB6B<~-18BIwI"AdoD
{OFN== (I8pTIIs)eiInivay  18be. f(Je3EPTI8H6)JT 2812
{504)MAPTI38IasS<- () Jueuosuodiabe- (1apT1o386<-186107 " Adod
{S0d==(3uaptals}ainieai ™ 38b<~ (L) eiep 3286) 31
f (DEN) JUNUTIUCHIFS<- () JUPUOSUCDIDB<~ (1 apT1TDIabe-3862ey " Adoo
{804=={)3urIouogiabe- {} 1urUOSUL)136«- () 3D
119386<-3862e37Ados || DaR=={3uenuriuscs)aaniesj3ab«- (()eavpTaeb} 3T asie
${50d) IUBNUTIIUCIIAS<- { ) JurUCSUODIab<- (1 apT119I8Be-1ab103 " AdOD
{50d==(3uenuriuod}ainjeaj 1ab<-((levaepTiab)jt
Y {DIN} IURIOUOSIBE <~ () JULUOSUODI96<-{ japT1H1abec-3ab3r1"AdoD
(9aN=={jueIoucs)aanieai 18b<-{{)e1vpT 1086} 31 851
*(S0d) IURIOUOS18S<- () JurUDSUC)I8be- [ }apT91abc-12A1P1 " Ad0D
{S0d==()[eseN3ab<-()d135313
be-(}epr1D3ebe-31a61037AdoD || S0d==(3juURa0UOS)Binjesy gebc- ({)rILp 336} J1
{

{1 'saxaTjuelq ‘1sbaviTAded)sbueyneiEum
(MYAONI== (1) 31nieaz 1ab<-{{}Ra¥D 306} 31 mmwmﬁ
{{t ‘@331 30u0p ‘3261 Kdod|sburynayeu
{0 < Aﬂ_wujumwulummn-Aﬁ_mumuruwmwu_
{14+ 1JON>T !MaMOA=1 ucﬂvWON
[C++ i¥=>[ ()7 087 18B6=( ucmvwou

{{PeaLyotym)elR(IPa1y T 18he-35 ‘8813 10usp)searidos

f{)xTasTyeb=y aur
!18=882LYOTUM JUT

f{@a117gLs ‘isbaeaKdoo)ssarAdoo
{{3abaea”Adoo) searadew

! (@811 I0UCP)a’dILENEW

d{)TemDaT MBU = jabiavi Ados

() 1aM0A” mBU = 3RI1YT20URE

{}xspur—qlLs 9b<- () oTwsuoyd 186<- {p)elep 39B«-d) viegaaalr 18b«-qls=8831174AlS

}
{Geseo=={}AD0T186}31 8s18¢(

!({bas 'q "3ebieir”Adoo)bHeszasil)ppe<-d mau
f(38baey"Adoon)esaglerdsip//
(
1 {SAN) IUBPTIISIBS<- {) JurUOSUOD1Ieb<~ (}ap11DI18bB<-13b1vwy " Adoo
{DaN=={3u=aprI3s)ainivai 396<«-([)viep 3a86)3T 3513
! {S04)3UBpTI35I8S<~{ ) JURUOSU0)1I8b<~ () apTIDI8be-3a61e3” Adod
(S0d==(JUapTIIs}3INILa] 186<- ([1ejep 186} 31

T

Y IDENT ILRNUTIUOIIRS <~ () JUBUCSUODIBb<- () 8PT [D326<-23361837Adoo
(S0d== () 3URI0U0SI9B<~ [ ) AUPUOSUOI186<~
()8pTIDiabe-13B1ey " Ados || OFN=={3UeNUTUCD)3INIe2] 38B<«- ({}23epTa86) 31 =872
*{50d}uenullueD1es<- () 3uruosuo1ab«- ()ap11o18bc-186103” Adoo
{Sod=={3uenutiued}ainaevei 2ab<-{{}eaepT136} 37
(D3N IURIOUOSIBT <~ () JurUCSUSDIBD - () BPT[918B<~- 323618 AdoD
{D3N=={3jUeI0U0S)2INIVI] 126<- [{)eaeD38hH) 31 BS[a
{50d) uracuosIas<- () jueuosueD18bc- { Y BpT I0186<-186ie1 " AdoD
(50d=={) [®SENIab<~(}d2
3538B<- ()op11019be-3ab1e3 Ados || S0d==(1uUPIoUCE}SINIEa3 186~ ({jviepTIab) 3T

{

f{T 'eaxaTuelqg 'IebawyTAdon)esburypeyew
)
{TYAONd==(T}aIn3ea3 186~ (ClelepTi186)31 esTa(
{1 'esajTaouop 'I8Baey” Adoo}aburydIyew

}
10 < {T)2anles3l 18b«- ({eaPP 386} 3T
H
fY+¢ 1S0N>T {MEAMOA=T 3IUT)ICT
}
(C+s+ M=>{ ! ()1 25 38b=z( 2ur)iojg

FlTIaTXay s

: (381" 3ouop)esrlAeTdsips/

TH{eAILNOTYM) BIRa9931 T 136<-15 ‘33117 20uop) Al Adon
T{{@8a1ydTym) eIRg9aII T 18bc-15) e ketdsIpy

f{)yaTosT38b=y 2uT
fase7dT1sS=88 Yo IUM IUT

f{av137gLs ‘ishaexTAdoos)esiildon

: {aaay7acucp) 881 LR

{(13baeaTAdooj sl ey ew

) {anoaT mau = 32131 I0UOp

!y jemoa” mau = jebaeiTAdoon

frxeputTaLsTIeb<- () otwsuoyd 38b<- { {d) vaepTaab<-d) elugaai i 1ebc-Q15=8813GLS

P{yRdoo<-{1yeqepTyabe-d) ppe<-dmaU
(+#+10§d>110=1 3UI} 03
}

{feseo==(}adT2a8B) 31

f {8313 xueglesalayen
I} 1eMoa™ mau = asxl™yuerq

!3PONUITUM JUT
IsaxaTyue(q yomoa
faaBiexTAdod tamoa
381317 I0UOD [AMOA
!188317QLS TBMOA

f{ruoraerounuoxd” mau=d mau

{yatpung”T Msu = J 21pUng

f{@1nieal) usuwbssT mau = 535 luswbas

fd7mau vorjetounucad
}(d34L==()o1gaTNd " 3ab<~ () 3TpuUng 38b<- (@} ®IWPTIB6) 31

}

{@oe7d 21s 3ul ‘ga

2 WY 'gIa JuT 'aS IUT ‘(S 3UT ‘IS @duslues

'
1332 au
T o'1ra aut ‘ad aut '1d Jur ‘d uotaeisunuczdiuorierosunuoidTIINIISUCD: (aTnaT uoileTounucad

‘paynIBw ApE8llR SIX8IUSD Y3} BUTIMSSE INVLIYOAKWI //
uotletounuozd sayjvuiaiie syl S3IONAISUCD /7

666T CP:8P:0T 0Z AvW nylL uoTIRTIUNUOIE JINIILUOS



{(d-mau) uaniaia
‘sbas (] \a3arep

f{{yAdone- (T} eiEE"196<-d) ppe<-d MaU
{++7! () S3UsWbHBEIOON 196<-d>1! T+ad=T) 103

! {(1'shesijuswbas T ion1sucd) ppe<-d Mau
(++T!37D85=>T!1 08=1) 103

666T

}
(gase2==AD) 3t @sTa
{
P{{}Adoo<- (1} e3ep T 30b«-d)ppr<-dTMIT
{++ 1! (}EUBWESSIOON 186«-d>TiT4a2d=21) 10}
‘uoljerounuold aATIPUIRITR 24yl 03 uolletzunuoad piom [euolBIIO //f
wolj siuawbas pabueyoun ayy Adod /s

! {{1'sbas) jusubas T 1on115u0d ppec-d Mau
{(++1:3708=21!708=T) 103
Ixa3ued 3yl yitm sabueyd eya sjuawbas ayl AONIISUSI 7/
1
(g28580==AD) JT aSTa
. {
! {{1’sHas)uswbasTasn11su00) ppe<-d MU
(++7!3 08=>T ! 08=1} 1037
{{}Adoo<-{1)eyepTiab<-d)ppec-d maU
{++1:1d>T 0=} 103
}
{pased==AD] JT BST?
{
f{{1'shas)JusubasT 1N115U00) pPe<-d MaU
{+4112708=>7{1706=1) 2037
IXBIUOD BYL YITH sabueys eyl sjuswbas syl 30NIAISUOD /s
f{{}Adod<-{1)eyEp 18b6<-d)ppec-d mau
{++T!7d>1!0=1) 203

‘uoraersunuoid aarieulaale 3y3 03 uolleyounuoid piom feuoibiie 7/
wo1j sauswbBas pabfueyoun syl Adod //
}
({£aswO==AD] 3T 9§12
{
! ({1'sbas)uswBasTIONINsUCT) phe<~d ran
{++1!21708=>7!1708=7} 203
f({yAdoo<-{1)erep anfic-d)ppe<-d mau
(++1:7d>110=1) 203
}
{Z@8Pd==A2) IT aSI®
Lo (
{{[)Adoo<~ (1) RIRP T I26<~-4) ppR<-d MaU
[++T! () SIUdUEDSIOON 19DH«-d>1!T+a8=T) 103
1{{1sBOs) IUSWAEAS T IONIAISUCY) ppe<-T MU
{++T!3708=>1!1726=1) 10}
r{(yAdoo<-{1)eaep 336<-d)ppr<-d mzu
(++1/7d>1/0=1} 203

N

!
{TesRo==AD] 31

fuorjeiounucad” mau=d mau
'd"meu uotavlounuoad
uorjerosunuoxd ayl BurlosnIISUcd 11vIS //

{
f(++()pIOPTIBO<-IS=[1]SHBS
{++1!z13=>1!/72TI=1) 103
f1s=[
}

(T1NN=725} 31
‘erna 2yl ul Isqwnu axasucd xadoxd //
ay1 031 2ousiues ayl weij siusubas paysiew ayly Adod //

f{++()e3ep 32b<-d={1]8bas
(++T{T23=>7!113=7) 03
f1d={
}
(TinR=id} 31

€EP:I8Y:8T 0Z Aey nyy uoT3eToumuoxd 30NISNOD



I{x8] uoIIXe1)ucT puedxa piloa

{{xaY uosixst)srTeanyd pron
!{xs] uodIX371)szsweydiow prICA
(Al STITEATAPOW) BPOWSTP -XBYD

666T TT:8T:EQ0 6 AwN uUns H' seweydiow



fT-()s3uauBasIOoN 3ab<- ([)erepTiab<- (1) e3ep 39b<-xaT=13158]
}
{++{ !zdoor>{ !'p=C aur}zoz
Z{)elegiooNT38b<- {T)e3epTI8B<-xaT=gdooT
anuT3IucD
{sod=i {aluoesdsyosayzed) 31
1{)5043=2b«~ {1)e3ep T 19bc-udT=yoaadgigsiaed
}
(T++ {1dooy>1 {p=1 utr}iog

f{je3eqigonN T I@bc-xa1=1doot

'yoeadsjosiaed ,Jul

{Bag”mdu Juawbas

fduay,. ey

183300, IeYD

f3set ‘gdoor r1dool ut
J(x8] uoDIXBT}UOT PURGXS PIOA

tduey 83aT18p
(TINN=jdwe3} 31
'IgjIng 33213p
(TINN=i 38330q} 31
{

I {A13U8TMOU) pPEC-XB ]
UOSTIXS] 01 pPICM MBU pPE //

{{d™meu)ppr<-AilusTmsu
A13us TedTXaT mMau 03 uorierounuoad jeanyd ppe //

! (Bas)ppe<-d Mau
JUBUOSUCS Snotaaxd jo Buidtca uo Burpuadasp Sutpud 1eanid ppe /4

! {18yaTa)apow T yas<-Hos
uotietounuaid ¥ Ioj jewroj JybT1 Byl SARY 3T SWEW //

‘{804 'SPlo3 1Ed0AT{RRIS)2INJEI] 3I35<-Ho8
{O3N=j (sp10o3

TIed0ATHDRTS) BANTIES] T 196« (I5ETiRIep T 186~ ({}R1epTI1096<- (1) vlRpT396<-XaT

|| 1==1()s3uswhasiooN"18b<-~ {[}BILpP 1096~ (T} R3OPT186<-XaT} I T
{{dws)} teqeT 195<-A1jUaTmau

IIpus »>»> dwaly >> 1NoD;/

{5, 'du@3) 3ed118

! {xa33Ing)Adooais=dual

()} 18qe1 18b<-{1)eiepTi8b<-xa (=103 I0g

! {}Ados<- {xapur~s)eiepT19B<-qls = Hos

f{1Adea<-([yelepTi96<-{1)v3ep 136<-Xa=d"M3U
uor3vidunuasd jo §508td [Rurbtrac 186 ;7

!d"mau wotjeiounuoxd
() pIOMTXITT MBU = AIJUSTMEU DIOM XS]
{anuyiuod

P {AIuaTMBU) pPRe~-XaT
HODTXB] 03 PIGM MBU PPE //

f{dTmau) ppe<-A13UsT MU

A1jus T[RITXST MAU 03 uorietsunuoxd teantd ppe s/

{{Ges)ppe<-d mau

! {18y3T2@)apow 13s<-has

! {yAdoD<- {XB3puUTT2) eIEP 386 Cc-1L5=Bos
/2f ppe 7/

! {Bes}ppe<-d mau

P {(1B8Y3TI)pow as<-bBas

f(1Adooe- {(xapurTesayos)eyepTiabe-gLs=bHas
eMUDS PpR //

P {yAdod<-~(f)ejepTa12bc- (1) vaEp T 38Bc-x8 [ =d M3U
uctjerounuoxd jo ssoatd jeurbric 38b s/

! (dwel) 13qe] I88<~-AI3us " mau

‘1pusd »>> dwal >» INOD//

‘{.52, ‘dusl) 3esa1s
f{aaz3ing}Adooxas=dusa

() 1eqe1Taebe- (1} erRp T 18bc-Xxa=1833Nq

{d mau uoijzerounuocxd
f{)pIromTxaT™T mau = K1jueTmesu paom xarl

S0d== {spe1q)ainivaji 2k~ (15T} RICpTI2b<- ([)B2Ep T 386<c- (T} RIELDP 186~ XDT §%
SOd=={IUBPTIIS}3In1eaI 120~ (38eT)RIPP 186« - ([)eyep 12b<- {1)v3Ep 38bc-XBT

13T

{p-{)saudubBagiooN 1eb<- ([jeiepTi8b«- (1} elepTI9bc-Xa[=358]
}
{++{ fgdoor>[ {p=f T)ae]
f{leneqioeNTIehe- (1) elepTaabe-xa=zdooy
!BNUTIVOD
{sod=i {N]yoaadgzosazed) 1t
!()1soda@Bc- {1} e1ep T a8bc-xaT=ydeadsi0syaed
}

{14+ {7dooy>t ‘Q=1 3ut)ioj
{{}e1eglooN I9be-xa1=T1doOT

!Bas auswbes
fdwaa, Ieyd
f{18330G, aeyo
‘yossadsiosiaed ,aurt
fzdool "1dooy uT
1asey Uy

}{xa] uonixar)steantd proa

SUQTIRIRGD 19yyo/ /s

f{xarysyeanid
steantd yatm spuedxs;/

{{xs1)uo i puedxa

%¥13308 JUCI/ Y3I[M SpIom spuedxa/;
}{x=21 ucsIxa7)sawaydiow proa

POEERERI T T 0 00T T30 0 it id i iitii it riiiiiiirirititis

1/ SANEHIWOR Bursn 303 suotisung i/
Yy OUPRUOPTEK UCXeY Ioyany  //
I O sewsydaow safrd s/

PEELETPEET D10 a LTI 0 d T F TP idei i iidiiteeieiis?

666T S§638Z:TT PZ Ley uol o seweydion



‘dway =S3I912p

{710N= jduaa} 31
{1833ng \Ialap
(TINN=§3e3INg} 331

! (A23usTMaU) PPR<-XAT
UQOIXaT 03 PAOM mau ppe //

J{d meu)ppe<-Ai1juaTasu
AIjua [eoIxX3T mau 03 uoilerounucad Teantd ppe /}

! {Bas"mau)ppe<-d mau

I {aaylis)apow 18sc-basTmau

! () Adoo<~ (X8puTT U BIEP TI8B<-QLS = Bas mau
u/ pee 4/

! (BasTmau)ppe<-d& Mpu

f{asyitajepow 19s<-BasTmau

{ {1Adoo<- (XapuT eBmuUDs)eIRp 186<~-(LS = Bas~mau
/%) ppR J/

! (basTmau)ppe<c-d~Mmau

! {28ya18)epow” 188<-bas " mau

¢ {)Adoo<- {xapurTys)elepTiabe-qlLs = HISTMIU
/us/ ppe //

!y ARdoD<~ (3) eaep T 1@b<- ([} eaepTa8be- (T} BARDPTI86<-Xa ) ppe<~-d Mau
(++3fase>¥!p=y U} 03
uorietsunuocad jo sedatrd (eutbiaoe 3=b

{(dws1) TeqeT 18@5<-A1qua T mau

H{pu@ >> dws3 >> In.o

' {au0T, ‘Quwal}ieniis

{{1933INng) Adosaas=duey

{{)reqen 38bc- (1) R1RPp 18bB<c-XBT=IBIING

! (Juoraeyounuord” meu = d mMau uoTiETOUNUOXd
f{jpaomaTxX81T MeUu = AIjusTMau pIcsTxXal

{

}

(O8N=={SpT0o3~ (ed0AT]OR S| 8an3ea] 18b<¢- (350T) BIRP 18b<~ (()BaPD™2

2B<-{1)L2epTI3B<-X2T ®B® DAN==(SII3ICTH PSI2TAISUCD)AINTes] 38b<- (35eT)eiep ja8b<- ([} e3ep™
8bc~(T}R1RpTI80<c-Xa] 93 OFN=={pP8INGTIISTP)dINIPa] 186<- (1ser)elepT3abe~ {[)eaEp 8bec- (1)@
1epTI18b<-XB] ¥% SOd==(I0Ta8jurR)aINIE8] J8b«-~{3sey}elep 18b<- ({)eiepTIab<- (T]RIRP T I86<-X3
T 3% sod=={(8peiq)eanjeaj 18b<«-(35eT)e3Pp 326<-([}edenT186<- (T)eRD 21856<-XO[} 31T

(4 6661 SS:3Z:TT PE AvK uUOR D seswetdtom



' (LYy3lBqez1Td. ‘sweu1asn) Adoags
{{.TOYD, "BUWEU"I8SN) BUESIIS) JT 2573
! { Buox, ‘sweu” 1asn) Adoaqs
{ (. Z@%AU, ‘Dweu™ 38sn) dwesIIst JT
¢ {{.¥93sN.)Ausjab ‘seueuaasn) Ado13s
}
(110N= 7§ HISN. ) Aua326) 3t
{[p01] PweUTI@SN IRYD
13sn awodTsM //

SheUAUN=-=-s-=~ FLATAROD NOILVWZIINILINI -=-=-=-zU\, >> Jnod

f,uyt8u0g, >> 3nod

! (23dpeax)@713as5010

f{aydpesa) seTni” MeU = S§I S3TN1

{AT)3T> f,unuyctt QTRY WAalsAs ‘puncd 0N ATTJUN, >»>3nod} {g==I13dpeea} 3I1
f(uzTyesarna)e11jpeaa=aidpeax

e ST, >> U3TaassIna »»> , 335 aTnyd BurpeoI, s> 3IN0OD

185 1Ny peo //

L.y /uog, >> Anod

! {xa1) seusydiow

. - >> ,seuwaydioy Yyijim uocdtxan Burpuedxm, >> 1IN0
UoDIXa( uc uotsuedxs awaydiou op //

!,u\’8ued, >> 100D
f{11dpeai)at1iasord
${a3dpes) uoDTXAL”T MAU =X8T UoDIXAL

{(1)3Txe ! U\U\C " Qley WelsAS ‘puncd 10N @(Ifu\. >>3nod) (g==1idpeai) 3T
f{ujTuostxs1)STipEs1=13dpeax
N Ty ottt P» o UITUOOIROT »» , UCSIXEeY Duip®og, »> InoD

ucoT*a] peoy //

!Luy "auong, >> 3noa

f(11dpeal)eT11jes01d

! {z3dpes1) asusluas™ MABU=QLS

a1ey weasdAs ‘punog 3IoN IITSUN, >>IN0d) (g==a31dpesax) It
ti{uyT3sysrrpesr=11dpess

f. ccct , »» u3Tas »>» , @3ejdusl piepuels SuIpeoT,. >> INOI
aivrdwel prepueis peor //

(f{pame Ly

Hpua > LU\,

{«ISOH. ) AUBIBE >>,) WIISAS , >> (LIAJALLSOH.)AU2386 >> , ® uo dn Hurjoog, >> JINOD
(TINN=i { WF4ALLSOH. ) AUSIRH) 31

PaUNUN ~x-zo2-n NOTLVZINVILINI H3LSAS =-=-=-=-U\, >> 3000
alLs - ATuUI 1eqoeTd //

fLuy Burjooq walsAs ‘€9 YI1IBH O3 SWOOTIAMU\. >> INOD
Hsw awooTaM //

{a3dpesx L3@TId

!{{e)labae'uy uocoixar)Adoaas
(g==obae} 37T

"{lelnbae'uzTys) Adoaas
({p=<obBaw) 3T

{lz)ABar'uzT3asana) Adoaas
{g=<dbae) 31

f{[1)aBxe1Tp @dUdjUas) AddI3s
{Z=<0bae} 31

Ip urniazx

..x-,.._/.ﬁ/: => NGO

f{a,, 9r1burs e asn ‘Aroloeatp Juvians ay3y Ajroads ol (eI0N Wy, )3iurad
SLUAXSTTUODIXBT {uodTx®] ~Y33utad

C{.uNTeger "pavpuess :{eleidusl pairvpueis) .)JFauiad

flounsa“saqna @ [aagyany} ) Fautad

f{,u\A103D831p JUR2anD : [Ax03031Tp-3dusiuss) ) 3autad

f{suyise usyel 8g (1im Asyl patiioeds jou jr o) 3aurad

{(LUu\s3ejaweled Teucilde sIp [oox] ) 33uTId

A\ fucotxa] [eaeTdwa] prepuelg) [19831ny] {[Itp-sousiues] fyojew :xejulsuy,.)3jutad

{{({,03ul. ' {1}nbae)DUEsIyS
| (.d10y, ' [1]ABIe)PURSIAS
|| tud12y-. ' [1)ABIe)BwEsI]S

Il t.diey--, ' [(labaejouesx3s) 3% (g==0Bxe)
|| {g<obaeyy 31
TpPIYOAUT ST Yo mMs disy syl JO BUT JT 10 Xe3uAs 3ndano sbuer jo ano 3T /S
uno jusdunhie I03 NdI8Yd //

{{. . ' ITP BOUalUas ) AdD1ls

f{.XaT uesTXaT, 'UITUCd XA AdRaas
f{.ToqeT paepueis, ‘uyTasiAdoaas
{{.sx1's581N0x, ‘'uzTaesenz}Adoaas
sIntejap autzap //

flzslatpTensudiuas ‘(2S]ujTuosIXe] ‘{IsjulTIs ‘{zsjujyTas|sSaTna Ieyd
1g0C=28 Ul JSUOD
saTqetIes SwWeuayIy //

!{RAZBIUT
fystuty
fazels

a{gnop
178wl
17ewTa

asodand Buiwiy //f

f{ooc)dnyoeq teyd

‘T qut

)

t11aBae, zeys ‘261w JUT)UTRW PIGA

.2’ Saweydiow, SPATOUTH
W0 Bpou, IPNTIUTH

2 oUNJASSRID,. opnIauTH
.J°S8SS®[D. IPNIOUTH
3po3 UleR //

W} sawaydiou, spniouT|
JH 2pou, 8pNIouTH

WH OUNJSSeII. BPNTIUTH
«~H S88S®1D, IPRI2UTH
.H S@S5eiJsaIY/SeTnysall/ ‘. IpnrouIlH
sispeay uier //
JH'Aexxy, apnrouty
sajerdusy //

«J 113N, BPNTOUTH

«HT 113N, 8pnioutyq

S8SSEeID 103 Pasn SaTATTIAN 7/

~H I8P,

apnTouTs

suoTItUIIap //

S3T1] OPNTSOUY 2S0Yl JO I9P1O BU]Y @BURYD J0U OCQy.//

<t AwTi>
<1'burais>
<Y WeailSol>
<Y gripas>
<y o1p3Is>

T 666T LT:99:81 0T Auwy nyy,

SpTTOUTY
SPNTOUTY
apniouty
apNTOoUTY
SPNIOUTH

9 Eqo3vm



! {dnxoeq'ujTisiAdoxas
! U\U\'PBPROT 30U UODTIX2] MEN "PUnog joN a7iduy, >> 3nos

f,U\U\BUOQ, >> ANod
! (x3dpesi)a{izesoro

{ {a3dpeal) UODTXI[T MBU=XBT

et L 3> UFTUODIXBT >> , (UCDTNST MBU BUIpPROT, >> ANOD

LU\ BUCg. »> 3INOD
{!TInN=xa] !xe] slerep)
(1ION=ix21} 3T
H™ uosIxan pio burbanguy, >> Jnod

}

(0=ix3dpeax) 31
H{uzTucoTxer}811IpRai=1idpesa
P WX3T . ‘UFTUODTXDT ) 3e0I3S
‘u3TUODTIXAT << UID

(( UODTX3T~-pEOTaI, ‘U 25Ul IUIS ) IULSIAS) JT I8T3

{{dnyoeq‘uiTisAdaxas
fLU\U\ ' PRpRCT 10U 23RTdwe] MON Cpuncd IoN 3TT4U\, >> N0

!. t{X®T® O0/M) UODIXDT MBN, >> INOD

R C]

LU\uy CBuog., »>> Inod

!{x3dpeaa)airzasord

! {aadpeaa) 20ualUdsT MBU=(QLS

. >> U3TaAs »>> . @1eldws], paepuels mau Butpeo]. »>> AN0D

f,u\"auog, >> INod
{ITION=GLS ‘als 23212p)

CTINN=idLs) 37

‘e " @jerdwsi paepueils pro Butbianguy, >> 3nod

f.u\ " 3ueq, >> Inod
({TINN=1 {31 8391ap)
[TION=i3) 3T
{ ! TINN=1uas fjuss 33912p)
(TInN=}3Uas) 3IT
o Tt @Ral Bujyosjel pro Buibanguy, >»> ined

{0=i13dpeaa)

{

}

3T

! {uzTasya1Tjpesa=a13dpraa
!{,I8GQRT" . 'UITIS)ILDIIS
fu3TIs << uld

t, i(1sqel’ osm) 83erduwal maN, >> INOd

(a3 Tas 'dnyoeq) Adoaas

({u.2727dWa3-pRCISI, U asUAZUIS ) QULSIIS) JT BSTa

{,u\u\' 330 pelbbol SpoW 8soqisp, >> [pue >> 1N0D

. {p=esoqiIsa
Iha

{L u\U\‘uUp POTBBOL BPOH SSOUABA. >> [PuUd >> IN0D
! {=9s0q18A

{0==850q29A)

]

3T

}

{

}
{

{{.®50gq2an, 'U]T20UsIUSS ) BWRSIIS) ¥T BS[8
{
fLU\U\ "POPEOT 30U ST IDUIIUASUY, >> 3INOD BSTI
{
LIpus >> 1INod
f{jsnieas<-3
T{pUZ >> IN0D>
}
{TINH=i3) 3T

fTpus >> [pua »>> .patjToeds 10U 1135 ITNUPUN. >> INOD IS
{
1pu
2 »> {)Iusjuod Iab<-(1)eiepTI8b<-81 >» , i, »» T+1 >> , DI0Y . »> 23NAD
{++7! () @IRAI00NT29H4-5I>1!Q=1) 303
fTpua>> {j1oqe1 19B<¢-s1 >> , 18§ IInY. >> INOO
}
(TINN=1i { ) 18qen ™ 18b<-51) 31
CJur 185 STNY /4

‘{pua >> ,paitjioads jo0u :uCDTIXBTU\,. >> INOD BS[
f{pu@ »> {}18geqT18b<-X3a7 »>> ,. UQDIXaET, >> INO3

(TiAN=i () 19qeT 125<-%X3T7) 31

CJUT UODTIXIT //

{1pue »» paT3Toads jou reje(dws] pIEpPURISUy,. »>»> INOD Bs[d
Tpua »>> ()IusluvaTIebe-gus »>> . 83eldusy pIepueRlISU\, >> INGD
{TINN= () 3Uu8UodT38b6<~ALS) 3T
Q3ur aQis //
}
{{.5N3835, ‘UjTaoUSIUBS) SWESIIS) JT OS[S
{
PWUNUNEEET/PT/L - §° T UOTSIRA €0 YDIEHU\. >> In0d
)
A Ax:OMMMW\r: .Ew|mwu._hwuﬂm.WvWEmm.nuW~ u,m asTa
{
I uelsks ayx s11x8 - afq/atnbuiueisds eya s100431 - 100
QaIUNSITNI IO 185 M3U » Speo[ - IBSS[NI-PECIIIU\UCIINAT JO 185 MdU ® SPROT - UCDIXaT-pro
18xu\ajerdual jo 18s mau e speo] - 8jeijdwajl-peOIEIU\JJO PURP UD BpOW IsoQIsa Byl Sa{bbol
- 950GISAULAIOIDSITIP JUSIIND JYJ UT S2T137 walISAS poiIefal sIsT] - sTu\sniels 2axy Buiyoase
w ayl sAe{dsIp - SNI®ISU\[3ge] BWEUS[IJ SIUSIUSS 2YI UITA WoISAS JYI SUNT - JWRBUITTIU\IS
qunu poIsiaa syl sAeTdsIp - uotsIaAuUNSbESSBW STY] - dlsdyu\: SPURWWOIUN. >> INOD
}
({.in'UzT@OUBUAS) BUESIIS || (.dT8y, ‘U3 aoUSIUSS) BUSSIIS) IT
/
- }
({{.9AQ, 'U3T80UBIU3S)3ueS231S || (.3Tnb.’'UJTaIUR]U3S)AWESIIS) i) BTIYM
fuzTasU3IU3s << UL
tqdwoad >> sbesssy >> INOD

fe <fD UDIEK.=[]admoad LUy SpURLMIOD BYGE{ITAR [IE 1SIT] 03 2wil Aue e ,diay, @
dAL Ju\(T3qel’ O/M) 'UNI 01 2DUIIUIS € JO SWRUSTTI SU3 IDIUB ISEITd ,.= [}aBeSsay Jeyd
ITINN=T 8333 TIAN=IU3S DOUBJIUSS
‘{zg]aweusa i '{25jujTacuajuas Ieyd

L UNUN G, S>> SWRUTIASN >> , '€H ydIey 03 SwWOd[AM, >> 3INGD

! (.eneqg, 'sweuaasn}Adoigs
{ {«M0b, ‘BURUTIBEN)BWLSIIS) JT IST2
! {.2TURIS3IS. 'OWeU 13sn)Adaaas
{{.323s, '2ueu IB8SN)awesI3s) It as19
! .uoaey, 'sweuza2sn) Adoils
{{.uU03EE, 'aWrPUTIBSN)awWeESI]S) JT a5
{{ oaeyg, sueuT1esn) Adoas
{{. Tonuew, 'owelt” rosn)swesais) JT 8s(e
f{, U8y, 'awer a3sn)Adoxas
{{.,SUBA23S, ‘BWPUTIBSN)BWESIIS) JI BS[D

< 666T LTI:9D:8T 02 AvW Nyl J'tysIvm



‘3dwoiad s> 1noo

andut aej yse //

LLUNUNTPUNOT 30U ATTIUY, >> 3N0D

}

(g==13dpeax} 3T
! {owruaTTI}2T1Ipeaa=23dpeas
W YUt . >> dWeuaTty »> . faoudiuag bhurpeo, >> INOD
aJuajuas peon //

H{oT1RgQRT " . ‘PWRUI[T] ) IEDI13S

! (ujTasculaluas 'FWRUSTT] ) IEDIS
!{afw'BWRUSTTI)IEDIAS

I (aTpTeouajuas 'sweua 3 ) Adoaas

{7TINN=3 {3 838Tep)
{1ION=§3) 3T

{!TINN=3u8s !3uss 9IBTIP}
{TINN=i3uUas} 3T

L {TIAN) SWTI=aEIS
I9Wly 13eIS //

8579
{
'{pus >> 1100

{{uXBT", ST.)WBISAS
LU\ TUGDTXBTUY, >> JINOD

H{o.INX', ST.)jWd1sks
LLUNISBTREUY, >> IN0D

I{.81'y, ST, Wwaislks
LU\ 18338 arnyu\, >> INOD

{.190RT ", ST. XDISAS
LU\ IE3DU8UISUN . >> ANDD
ATuo XINN ST BUtmol103 243 830N //
1
{{uST. U3 80Ul UBS)BURSINE] JT BsT@

{

fAUu\U\=-=-=-=- FLITIH0D NOIINZIIYILINI ~=-=-=-=U\, >> Inod

1,u\"3Uoqd, >> 3IN0d
! {13dpeaI)8TT3ISOTD

! (13dpesa) sani” mou = s1
A7eY WaIsAs ‘punod JON STTJUN, >>I00D) {o==a3dpeax) I1
!{uzTisserna)aTIjpesl=aaidpesa

Tttt L »> UFTIA9SSIOX >> , 385 8INY Bujpeot,. >> 1naed
19 s[ny peon //

f,u\"auag. >> INGD

! (xa1)sewaydiou

Tttt . >> L saweydIol Y3t uosTxe burpuedxy, »>> In0d
UOATXa[ uo uoisuedxe swaydiow op //

{,u\auod,. >> JNod
f (23dpesa)aT130S0TD

P {23dpess) UCDTIXDT MAU =T

ITeY wajlsAs ‘punod AON aftduy, >>3nos) (0==13dpeax) 3t
¢t (uz”uodTxat)arripesr=13dpeai

..... . >> UJTUODTIXAT >> , :UODTIX37 Buiproq, >> INOD
0D IXDT prOY //

LUy euog, > 3N0D
! (axdpeaxlarrzesoro

f{1xdpeat) edusiluas” MmBU=QLS

(f(rr3txa f,u\u\" " a1ey walysds ’‘punog 0N A7{1JU\. »>INOD} (Q==31dpeail) 31
t{uzTasiatrypesa=aadpeax
Lottt o, 2> u3Tas »> , tejerdws) plepueis buipeor, >» 3INcoD

ajeidual pievpuels peol ;/

fTpua >> U\t . >>
OH.)audI8b >>,} walsAs , >> {.A4ALLSOH.)AUa386 >» . B uo dn Huricog, >> Inod
(TINKR= i (. AdALLSOH. ) AUSID6) 3T
UOTI3IBIBP ISOY //

fLUNT T BUuTIOoOogey welsAsuy, >> Jnod

TLuyTBeueq. >> 3Inod
{7INN=5S3 !s81 83aT1ap}

{TINN=isS3) 37T

. '"ccoaeg 9rny Butbang, > Inov

LUy BUOTL 2> N0

{1 TIAN=X3] !X3] 3331p}
(TINN= i X3} 31
. 't uosixa Butbing. »> ANo3

LUy Touog, >> IROD
{ITINN=GLS *aLS ®181a8p)

(MMON=:iaLS} 3T

t, e @eldusl paepuels buthbang. >> qnoo

.Uy auog, >»> 3Inod
{{1I0N=3 {1 3313T1ap}
(TINN=73) 31
{ f1TAN=1uUas !juas a18iap)
(1IAN=1uas) 3t
fa tCttt o B@ay ydlew butbang, »>> anod

fL.u\ Tt umog HButon wessAsuy, >> JNOD
wajlsAs dn aeat) 7/
}
{{.300081, ‘UTBOULIUSS ) BWRSIIAE) JT asTa

{

! (dnxoeq ‘U3~ 3s)Kdozas
fLUN\UNTPEpPecT 30U 188 SINd MIN CPURGd 10N 21T4U\,. >> 3o

EERL]
{
LLUAUY TRUeQ, »> INeD
{{13dpeaa}a{T13esaTo
!{a3dpeai) S3{NIT MBU=5I
f, TT . »>» U3TaBSAINI >> , 113§ ANy meu BUIpEOT. »>> Ino2

f,uy T 3uog, >»> INOD
{$TTNN=51 {51 81810p)
[TINN=i 53} 31
'y 39S oyna pio buyrbrng, >»> Inod
}
to=ixidpeaz) 31
!(uyTIesaInalelrypesd=Jidpeaa
{{aSa3°,'U3TIA858 NI} JBDLIS
U3TIBSBINI << UTD
f. (810 ©o/M) 125 3TNY MIN. >> 00D
}
{(438SBNI-PROTAI, ‘U 2oUslUIS)BWRSIIS) JT s
{

£ 666T LT:S9:8T 0T AWH NYyL o tyovw



f1pUs >> LUV €D YIIeW Bulsn o3 nok yueyl -, > SWRUTIISH >> . ‘BAGPOODUN. > 1n0D
{
‘ujTasusiues << uId
fadutoxd »>> IO
andut 103 xse /[

¢ {usaios) Indino<-1
P U\ rzemez-z YIAMSNY =-s-s-=-U\. >> INOD
asmMsuy andang //

TIpUd >> JNod
r{)snieis<-3
'L UL ISRIRIS SDAJUNL. >> InoDd
}
{asogqxant It
uo asoqisa 31 snieas autad /f

L.y {298 . >> {31P3IS YSTULIIBWIAIFIP >> L] TBUSG. >> INOD
PTIAN) 2UTI=YSTUT]

t{11a1X8//

P(xeT's53)M0ab<c-2

f{auds) &9XF Mau = 1

. Tt a1l Buiyslel DUIMOIsn. »> IN03

o813 BUuTYSIBW MOID //

!L,uytauot. »> IN0D

f{azdpesalairjasois

! {1adpesa) @ousjUaS” MIU = JusSS
fanuTiuod

{UzTaoURIUSS << UTD

14 666T LI:99:8T 0% AwH nyl 9 gyolvw



APPENDIX C



sent2xYP Thu May 20 18:26:13 1999 1

'k*t****************i****************************************

* ORIGINAL MATCHER RESULTS FOR: *
* . *
* "Catch a balloom before Mary does.” *
n *

*******t**********************************’******************

#pragma ident *"@(#)gprof.flat.blurb 1.8 93/06/07 SMI*"

flat profile:

% the percentage of the total running time of the
time program used by this function.

cumulative a running sum of the number of seconds accounted
seconds for by this function and those listed above it.

self the number of seconds accounted for by this
seconds function alone. This is the major sort for this
listing.
calls the number of times this function was invoked, if

this function is profiled, else blank.

self the average number of milliseconds spent in this
ms/call function per call, if this function is profiled,
else blank.
total the average number of milliseconds spent in this
ms/call function and its descendents per call, if this

function is profiled, else blank.

name the name of the function. This is the minor sort
for this listing. The index shows the location of
the function in the gprof listing. If the index is
in parenthesis it shows where it would appear in
the gprof listing if it were to be printed.



sent2xyp

granularity: each sample hit covers 4 byte(s)

% cumulative self
time seconds seconds calls
52.5 0.53 0.53
12.9 0.66 0.13 1594628
7.9 0.74 0.08 881063
{14]
7.9 0.82 0.08 900
4]
2.0 0.84 0.02 22019
2.0 0.86 0.02 7981
2.0 0.88 0.02 5320
2.0 0.90 0.02 3445
5]
2.0 0.92 0.02
1.0 0.93 0.01 102343
1.0 0.94 0.01 30589
1.0 0.95 0.01 25077
1.0 0.96 0.01 20336
1.0 0.97 0.01 1747
1.0 0.98 0.01 1698
[29]
1.0 0.99 0.01 6
1.0 1.00 0.01
1.0 1.01 0.01
0.0 1.01 0.00 51170
0.0 1.01 0.00 51169
0.0 1.01 0.00 41985
0.0 1.01 0.00 34326
0.0 1.01 0.00 30463
0.0 1.01 0.00 29230
0.0 1.01 0.00 26363
ycle 1> [90])
0.0 1.01 0.00 20336
0.0 1.01 0.00 19831
0.0 1.01 0.00 19451
0.0 1.01 0.00 19371
0.0 1.01 0.00 16378
0.0 1.01 0.00 9526
0.0 1.01 0.00 8332
0.0 1.01 0.00 8306
0.0 1.01 0.00 6574
_wordi [98]
0.0 1.01 0.00 6110
0.0 1.01 0.00 6110
8]
0.0 1.01 0.00C 6110
0.0 1.01 0.00 €110
0.0 1.01 0.00 6110
0.0 1.01 ¢.00 4608
e [101]
0.0 1.01 0.00 4588
0.0 1.01 0.00 3288
ronunciationP9_ sentencei [10]
0.0 1.01 .00 3288
102]
0.0 1.01 0.00 3278
tionZl4_pronunciation [103]
0.0 1.01 0.00 3189
0.0 1.01 .00 2229
0.0 1.01 0.00 2128
0.0 1.01 0.00 1967

Thu May 20 18:26:13 1999

self
ms/call

0.
0.

faad [eNeoReoNoNeRe; o N eolNeNe

COCOOO0O0Q

oo oo o o COOoOO0OO0OOoOCOoOo

o

OO C o

00
00

.09

.00
.00
.00
.01

.co
.00
.00
.00
.01
.01

.67

.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.06
.00
.00

.00
]

.00
.00
.00
.00

.00
.00

.00
.00
.00
.00

.00,
.00

for 0.99% of 1.01 seconds

total
ms/call

0.
0.00

OO OO

COO QOO

Y

COO0OOOO0

OCOO0DOOO0OCOo

jellé B oo o O

<

o

[eNeNo o]

00

.30

.00
.00
.00
.01

.00
.00
.00
.00
.02
.02

.67

.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00

.00
.00
. G0
.00

.00
.06

.00
.00
.00
.00

.00
.00

name

internal_mcount (1]

get_feature_ 7_bundlei [20]
get_feature__B_segmenti <cycle 1>

feature2index__9_sentenceP7_bundle [

_smalloc [31]
_memcpy [32]
_memset [33]
feature_match__5_ruleP8_segmentTl [2

mcount (447)

_return_zero [42]

_malloc_unlocked [37)

realfree [38]

_free_unlocked [35]
matched__5_ruleP9_sentenceiiii {28}
matched_ 5_rulePl4 pronunciationiiii

_open [44]
__throw [36]

execute_cfa_insn [41]

_mutex_lock [786]

mutex_unlock [87]

strcmp [88]

get_data__9_segmentsi [89]

malloc [24}

cleanfree [64]
get_feature__13_phonemic_repi <c

free [34]

get_symbol__ 7_bundle [91]
get_symbol__8_segment [92]

strsame__ _FPcTOC [93]
get_NoOfSegments_ 9_segments [94]
exact_match__ Fii [95]

check_STD_ Fv [96]

strlen [97]

get_data_ _tSArray22P9_lex_wordZ9_lex

_._B_segment [787]
13 _phonemic_repil2marker_value {78

__B_segmentlOmode_value [789)
copy__13_phonemic_rep [39]
copy.__8_segment [100]

get_NoOfData_ tSArray2ZP5_ruleZb5_rul

strcopy___FPc [46]
construct_pronunciation_ 5_rulePl4d_p

get_data__t5Array2ZP5_ruleZ5_rulei |
get_ NoOfData__ tS5Array2iPld_pronuncia
strcpy [104]

is_alphabet__ Fc [105]

___tfl3RunTimeStatus [790]
t_delete [106]
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0.0 1.01 0.00 1915 0
0.0 1.01 0.00 1788 0
0.0 1.01 0.00 1754 0

Z1l4_pronunciationi {107}

0.0 1.01 0.00 1748 0
0.0 1.01 0.00 1748 0
0.0 1.01 0.00 1748 0

sentencei [48]

0.0 1.01 0.00 1698 0

<cycle 1> [108]

0.0 1.01 0.00 1698 0

ycle 1> [109]

0.0 1.01 0.00 1644 0
0.0 1.01 0.00 1644 0
0.0 1.01 0.00 1644 0
0.0 1.01 0.00 1542 0

_lex word ([110]

0.0 1.01 0.co 1536 0

0.0 1.01 0.00 1536 0
nunciation {[796]

0.0 1.01 0.00 1536 0

0.0 1.01 0.00 1536 0

unciation [798]

0.0 1.01 0.00 1536 4]

ntencei [11]

0.0 1.01 0.00 1536 0
0.0 1.01 0.00 1536 0
0.0 1.01 0.00 1525 0
0.0 1.01 0.00 1525 0
0.0 1.01 0.00 1292 0
0.0 1.01 0.00 101% 0
ding valueT4 [16]
0.0 1.01 0.00 842 0
0.0 1.01 0.00 942 0
0.0 1.01 0.00 939 0
0.0 1.01 0.00 900 0
0.0 1.01 0.00 888 0
0.0 1.01 0.00 888 0
0.0 1.01 0.00 888 0
0.0 1.01 0.00 532 0
0.0 1.01 0.C0 513 0
0.0 1.01 0.00 458 0
0.0 1.01 0.00 458 0
0.0 1.01 0.00 410 0
0.0 1.01 0.00 380 0
0.0 1.01 0.00 380 0
0.0 1.01 0.00 380 0
0.0 1.01 0.00 380 0
0.0 1.01 0.00 380 0
0.0 1.01 0.00 380 0
0.0 1.01 0.00 380 0
0.¢C 1.01 0.00 380 0
0.0 1.01 0.00 380 0
0.0 1.01 0.00 380 0

126]

0.0 1.01 0.00 380 0
[52]
0.0 1.01 0.00 378 0

ronunciationPid4_pronunciation [127]

0.0 1.01 0.00 368 0
0.0 1.01 0.00 362 0
0.0 1.01 0.00 362 0
0.0 1.01 0.00 298 0
0.0 1 0.00 278 o]

. .01
eading_value [15]

.00
.00
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.00
.00
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.00

.00
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.00
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.00
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.00
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.00
.00

.12

.00
.00
.00
.00
.00
.14

.00
.00
.00
.30
.00
.00
.14
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

.00

.00
.00
.00
.00
.52

compress__ 8_segment [5]
bundle_match_ FP8_segmentT0 [47]
get_data__t5Array2ZPl4_pronunciation

_._l4 pronunciation [791]
9_segments [792]

matching 5 treePl4_pronunciationP9_
derive_main_stress_ 13 _phonemic_rep
derive_reduced_ 13_phonemic_rep <C

_ 14 pronunciation3nop [793]

9 segments3nop [794]

copy_ 14 _pronunciation [58)
get_NoOfData___tS5Array2ZP9_lex_wordiZ9

_._9 lex word [795]
_._tSArray2ZPl4_pronunciationZl4_pro

_ 9 lex_word3nop ([797]
___tSArray22ZPl4_pronunciationzl4_pron

apply_rules_ 9 _lex_wordP6_rulesP9_se

copy__9_lex_word [50]

get _expanded_ 9_lex_word [111)
_ungetc_unlocked [799]

ungetc (1121

get_word__FP4FILE [57]
__8_segmentlOmode_valueTlP4FILEl3hea

__13 _phonemic_repPd4FILE [800]}
phoneme2index__ 9_sentencePc [113]
t_splay [114}

__13 phonemic_repP7_bundle [6]
check_fvalue__Fi {115]
set_feature_7_bundleii
set_feature_ 8_segmentii
_tcf 0 [801]
string2feature_index_ FPc ([117]
add__9_segmentsP8_segment [54]
set_mode__ 8_segmentl0mode_value {55]
get_time__7_bundle {118]
__7_bundlePl3_phonemic_rep {53]
expand__8_segment [51]

get_Header_ _7_bundle [119]
get_STD_index__13_phonemic_rep [120]
get_Value_ 7 _bundle [121]
get_bundle_ 8_segment [122])
get_marker___13_phonemic_rep [123)
get_prosody_ 7 _bundle [124]
get_rc__7_bundle [125]

set_stress_ 7_bundlel2marker_value [

[1186]
(23]

transfer_features_ 7 _bundleP7_bundle
add__tSArray2%Pl4_pronunciationZld_p

get_stress__7_bundle [128]

_shrk [66]

_sbrk_unlocked [802]

get_line__ FP4FILE [62]
__9_segmentsilOmode_valueT2P4FILEl13h
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0.0 1.01 0.00 274
0.0 1.01 0.00 256
0.0 1.01 0.00 256 0
unciationi [803]
0.0 1.01 0.00 256 0
P9_lex_word [129]
0.0 1.01 0.00 256 0
nZl4_pronunciationPc [65]
0.0 1.01 0.00 256 0
0.0 1.01 0.00 223 0
0.0 1.01 0.00 181 0
0.0 1.01 0.00 150 0
1]
0.0 1.01 0.00 146 0
0.0 1.01 0.00 115 0
0.0 1.01 0.00 113 0
0.0 1.01 0.00 104 0
0.0 1.01 0.00 104 0
0.0 1.01 0.00 104 0
_valueTl [134)]
0.0 1.01 ¢.00 104 0
ronunciationiiiiPY%_sentenceiiii ([21]
0.0 1.01 0.00 104 0
1 [22]
0.0 1.01 0.00 104 0
[135}
0.0 1.01 0.00 73 0
6]
0.0 1.01 0.00 73 0
0.0 1.01 0.00 69 0
0.0 1.01 0.00 49 0
0.0 1.01 0.00 48 0
0.0 1.01 0.00 48 o]
0.0 1.01 0.00 36 0
d [139]
0.0 1.01 0.00 32 0
0.0 1.01 .00 32 0
0.0 1.01 0.00 30 0
0.0 1.01 .00 30 0
140)
0.0 1.01 .00 30 0
c.0 1.01 0.00 24 0
¢.0 1.01 0.00 20 0
0.0 1.01 0.00 20 0
0.0 1.01 0.00 2 0
0.0 1.01 0.00 16 0
0.0 1.01 6.00 12 0
0.0 1.01 0.00 12 0
0.0 1.01 0.00 12 0
0.0 1.01 0.00 8 0
0.0 1.01 0.00C 8 0
0.0 1.01 0.0G 8 0
0.0 1.01 0.00 8 0
0.0 1.01 0.00 7 0
0.0 1.01 0.00 7 0
(7]
0.0 1.01 0.00 6 Y
0.0 1.01 0.00 6 0
819]
0.0 1.01 g.00 6 Q
0.0 1.01 0.00 6 0
0.0 1.01 G.00 6 0
0.0 1.01 0.00 6 0
p [822]
0.0 1.01 0.00 6 0

0.00
0.
.00

00

.00

.00

.00
.00
.00
.00
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.00

.00
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.00
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[e= 2 e B e I e
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oo loelNel ol
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.}
[N o]
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.52
.55
.00

.00

.C0

.00
.00
.00
.00

.00
.00
.00
.00
.00
.00

.23

.21

.C0

.02

.C1
.00
.00
.00
.00
.00

.00
.00
.00
.00

.00
.C0o
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.40

.00
.00

.00
.00
.00
.00

.00

__ 14 _pronunciationP4FILE [19]
9 lex_wordPAFILE [18]
__tSArray2ZPl4_pronunciationZl4d_pron

add___tS5Array2ZP9_lex wordZ9_lex_word
set_Label___tSArray2ZPld4d_pronunciatio
strcat [130]

file_get_item__ FP4FILEPC

_morecore [67)
heading2string_ Fl3heading_value [13

[61]

get_state_ 8_segment [132]
_realbufend [804]

atoi [133]
_14_pronunciation [805]

__ 9 segmentsilOmode_value [806]
change_subtitle__9_segmentsl3heading

construct_pronunciation__5_ rulePl4d_p
construct_segment___5_rulePP8_segment
set_title_ 9 _segmentsl3heading _value
__/_bundleP4FILEl3heading_valueT2 [5

file_get_rorc__7_bundleP4FILE [63]
nvmatch [136]
.udiv [137}
_fwrite_unlocked
fwrite [138]
get_NoOfData_ tS5Array22P5_worda5_wor

{793

_write [807]

_xflsbuf [808]

__Elsbuf [809]
get_data__tS5Array27ZP5_wordZ5_wordi |

get_time_ 8 _segment [141]

get _NoOfSegments__ 5_word [142]
___errno [810]
_return_negone
thr_main [143]
_Fflush_u [812]
_filbuf [69]
_read (813}
get_word__5_word {144]

_findbuf [68!

_ioctl [814]

_lisatty [815]

_setbufend [816]

_lseek6td4 [817]}
grow_aux__5_treeP6f_rulesP8_ lexiconi

{811}

._B_lexicon (818}
._tSArray2zr9_lex_wordZ9_lex_word |

__5_wordpci [72]

8 lexiconinop [B20]
__tS5Array2zZP5_wordZ5_wordi [821]
___tS5Array2ZpP9_lex_wordZ9_lex_word3no

_cerror [823]
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0.0 1.01 0.00 6 0
0.¢ 1.01 0.00 6 0
0.0 1.01 0.00 6 0
0.0 1.01 0.00 6 0
0.0 1.01 0.00 6 0
0.0 1.01 0.00 6 0

[146]

0.0 1.01 0.00 6 0

tencei [12]

0.0 1.01 0.06 6 0
D.0 1.01 0.00 6 0
0.0 1.01 0.00 6 0
0.0 1.01 0.00 6 0
0.0 1.01 0.00 6 0
0.0 1.01 0.00 6 0
nzld_pronunciation (148}
0.0 1.01 0.00 6 0
0.0 1.01 0.00 5 0
0.0 1.01 0.00 2 0
0.0 1.01 0.00 2 0
0.0 1.01 0.00 2 0
0.0 1.01 0.00 2 0
0.0 1.01 0.00 2 0
0.0 1.01 0.00 2 0

[149]

0.0 1.01 0.00 2 0
0.0 1.01 0.00 2 0
0.0 1.01 0.00 2 0
EPcilloutput_mode (151]
0.0 1.01 0.00 2 0
0.0 1.01 0.00 1 0
0.0 1.01 0.C0 1 ol
0.0 1.01 0.00 1 0
0.0 1.01 0.00 1 0
0.0 1.01 0.00 1 0
0.0 1.01 0.00 1 ¢

8311
0.0 1.01 0.00 1 0
0.0 1.01 0.00 1 0
0.0 1.01 0.00 1 0
0.0 1.01 0.00 1 Q
0.0 1.01 0.00 1 0
0.0 1.01 0.00 1 0
0.0 1.01 0.00 1 0
[91]

0.0 1.01 0.00 1 0
0.0 1.01 0.00 1 0
]

L
un
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.00
.00
.00
.00
.00
.00
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.00
.00
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o000 O00OH

o C o

[oNel ' SeleNel

oo

o

345

.00
.67
.00
.00
.00
.00

.98

.00
.43
.00
.00
.67
.00

.67
.00
.52
.52
.00
.00
.00
.00

.00
.00
.00

.00
.00
.00
.38
.87
.00
.00

.00
.00
.00
.00
.00
.82
1sl.

82

.77
.00

_close [824]

_endopen [43}

_findiop [825]

_fstaté4d [B26]

add__5_treeP5_wordi ([145]
add___t5Array2ZP5_wordZ5_wordP5_word

apply_rules__8_lexiconP6_rulesP9_sen

closefile_ FPAFILE {[70]

copy_ _8_lexicon [49]}

fclose [71]

fflush [147]

fopen [39]

get_Label __tS5Array2ZPl4_prconunciatio

readfile__FPc [40]

getenv [78]

__5_ruleP4FILE (59)

9 _sentencePdFILE [60]

_flushlbf [85]

_rw_rdlock [827]

_time [828]

add_ tShArray22P5_ruleZ5_ruleP5_rule

atexit [82]
close__5_rule [150}
output_aux__5_treelldestinationP4FIL

rw_unlock [152]

.urem {1531

__ 5 treeP9_sentence [B829]
__6_rulesP4FILE [45]

8 lexiconP4AFILE [17]

_ _tS5Array22pP5_rulez5_rulei (830}

_ thArray2ZP9_lex_wordZ9_lex_wordi |

_exithandle [84]

_profil [832]

_wrtchk [80]

difftime [154]

exit [B3]
grow__5_treeP6_rulesP8_lexicon [8&]
grow_aux2__S_treePb_rulesP8_lexiconi

main [3] .
output__ 5_treelldestinationP4FILE (1
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*************************************************ﬁ*********
* NEW MATCHER RESULTS FOR: *
* *
* "Catch a balloom before Mary does." *

*

*

Ahh ok hkhkd kb hhhk Ak A A Ak hr Ak kA b rhdhkrhrrh bk hhhhhhrhrhkddhi

#pragma ident "@{#)gprof.flat.blurb 1.8 93/06/07 SMI"

flat profile:

%

time

cunmulative
seconds

self

seconds

calls

self
ms/call

total
ms/call

name

the percentage of the total running time of the
program used by this function.

a running sum of the number of seconds accounted
for by this function and those listed above it.

the number of seconds accounted for by this
function alone. This is the major sort for this
listing.

the number of times this function was invoked, if
this function is profiled, else blank.

the average number of milliseconds spent in this
function per call, if this function is profiled,
else blank.

the average number of milliseconds spent in this
function and its descendents per call, if this
function is profiled, else blank.

the name of the function. This is the minor sort
for this listing. The index shows the location of
the function in the gprof listing. If the index is
in parenthesis it shows where it would appear in
the gprof listing if it were to be printed.
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granularity: each sample hit covers 4 byte(s) for 3.33% of 0.30 seconds

% cumulative self self total
time seconds seconds calls ms/call ms/call name
53.3 0.16 0.16 internal_mcount [1]

6.7 0.18 0.02 176854 0.00 0.00 get_feature__8_segmenti <cycle 1>
(12]

6.7 0.20 0.02 144601 0.C0 0.00 get_feature__7_bundlei [20]

6.7 0.22 0.02 3445 0.01 0.02 feature_match__ 5_ruleP8_segmentTl [1
0]

3.3 0.23 0.01 67645 0.00 0.00 _return_zero [29]

3.3 0.24 0.01 33821 0.00 0.00 _mutex_lock [32]

3.3 0.25 0.01 19371 0.00 0.00 strsame__ FPcTO [31]

3.3 0.26 0.01 6006 0.00 0.00 copy__13_phonemic_rep [30]

3.3 0.27 0.01 6006 0.00 0.00 copy__8_segment [21]

3.3 0.28 0.01 942 0.01 0.02 phoneme2index__9_sentencePc [22]

3.3 0.29 0.01 _mcount {(1508)

3.3 0.30 0.01 mcount (526)

0.0 0.30 0.00 42840 0.00 0.00 get_data__9_ segmentsi [76]

0.0 0.30 0.00 33820 0.00 0.00 mutex_unlock [77]

0.0 0.30 0.00 32345 0,00 0.00 get_feature__13_phonemic_repi <Cc
ycle 1> [78]

0.0 0.30 0.00 31922 0.00 0.00 _malloc_unlocked [41]

0.0 0.30 0.00 31591 0.00 0.00 malloc [27]

0.0 0.30 0.00 31582 0.00 0.00 cleanfree [79]

0.0 0.30 0.00 27926 0.00 0.00 strcmp [80]

0.0 0.3C 0.00 22326 0.00 0.00 _smalloc [58]

0.0 0.3¢C 0.00 19347 0.00 0.00 get_symbol__7_bundle [81]

0.0 0.30 0.00 19347 0.00 0.00 get_symbol__8_ segment [BZ]

0.0 0.30 0.00 16273 0.00 0.00 get_NoOfSegments___9_ segments [83]

0.0 0.30 0.00 11858 0.00 6.00 exact_match__ Fii [84]

0.0 0.3¢C 0.00 10788 0.00 0.00 realfree [85])

0.0 0.3C 0.00 10084 0.00 0.00 getGlide___6_Vowel [86]

0.0 0.30 0.00 7052 0.00 0.00 check STD Fv [87]

0.0 0.30 0.00 6790 0.00 0.00 getConsonant__6_Glide [88)

0.0 0.30 0.00 6574 0.00 0.00 get_data__tS5Array2ZP3_Jlex_wordZ9_lex
_wordi [89]

0.0 0.30 0.00 6110 0.00 0.00 _ 8 _segmentlOmode_value [871]

0.0 0.30 0.00 6006 0.00 0.00 _ 13 _phonemic_repil2Zmarker_value [87
2]

0.0 0.30 0.00 4608 0.00" 0.00 get_NoOfData__tSArray2ZPS_ruleZS_rul
e [90]

0.0 0.30 0.00 3664 0.00 0.00 getLingual_ _10_Consonant [91]

0.0 0.30 0.00 3448 0.00 0.00 strcopy_ FPc [36]

0.0 0.30 0.00 3288 0.00 0.02 construct_pronunciation__5_rulePl4_p
ronunciaticonP9_sentencei [7]

0.0 0.30 0.00 3288 0.00 0.00 get_data__ tSArray2ZP5_ruleZ5_rulei {
921

0.0 0.30 0.00 3278 0.00 0.00 get_NoOfbata_ tSArray2ZPl4_pronuncia
tionZld_pronunciation (93]

0.0 0.30 0.00 2229 0.00 0.00 1is_alphabet__Fc [94)]

0.0 0.30 0.00 2118 0.00 0.00 getPharyngeal 6_Glide {95]

0.0 0.30 0.00 2104 0.00 0.00 getBlade__8_Lingual [96]

0.0 0.30 0.00 2049 0.00 0.00 strepy [97]

0.0 0.30 0.00 1849 0.00 0.00 strlen [98]

0.0 0.30 0.00 1788 0.00 0.00 bundle_match__ FP8_segmentTd ([33]

0.0 0.30 0.00 1754 0.00 0.00 get_data__tS5Array2ZPl4 pronunciation
Z1l4_pronunciationi {99]

0.0 0.30 0.00 1748 0.00 0.00 matching__5_treePld_pronunciationP9_
sentencel [34]

0.0 0.30 0.00 1747 0.00 0.02 matched_ 5 _ruleP9 _sentenceiiii [13]

0.¢ 0.30 0.00 1698 0.00 0.00 derive_main_stress__13_phonemic_rep

<cycle 1> [100]
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0.0 0.30 0.00 1698 0.00 0.00 derive_reduced _ 13_phonemic_rep <c
ycle 1> [101]

0.0 0.30 0.00 1698 0.00 0.02 matched__5_rulePl4_pronunciationiiii

(14]

0.0 0.30 0.00 1644 0.00 0.00 __14_pronunciation3nop [873]

0.0 0.30 0.00 1644 ¢.00 0.00 _ _9_segments3nop [874]

0.0 0.30 0.00 1644 0.00 0.01 copy__l4_pronunciation {261

0.0 0.30 0.00 1623 0.00 0.00 _free_unlocked [875]

0.0 0.30 0.00 1623 0.00 0.00 free [40]

0.0 0.30 0.00 1560 0.00 0.00 getBody_ 8 Lingual [10Z]

0.0 0.30 0.00 1542 0.00 0.00 get_NoOfData_ tS5Array2ZP9_Jlex_wordZzZ9
_lex_word [103]

0.0 0.30 0.00 1536 0.00 0.00 __9 lex_word3nop [876]

0.0 0.30 0.00 1536 0.00 0.00 __tSArray2Z2Pl4_pronunciationZld_pron
unciation [877]

¢.0 0.30 0.00 1536 0.00 0.04 apply rules_ 9 lex_wordP6_rulesPS_se
ntencei (8]

0.0 0.30 0.00 1536 0.00 0.01 copy__9_ lex_word [25]

c.0 0.30 0.00 1536 0.00 0.00 get_expanded_ 9_lex_word [104]

G.0 0.30 0.00 1525 0.90 0.00 _ungetc_unlocked [878]

.0 0.30 0.00 1525 0.00 0.00 wungetc [105}

0.0 0.30 0.0Q0 1264 0.00 0.00 get_word_ _FP4FILE ([39]

0.0 0.30 0.00 1232 0.00 0.00 check_fvalue__Fi [106]

0.0 0.30 0.00 1232 0.00 0.00 set_feature__7_bundleii [107]

0.0 0.30 0.00 1119 0.00 0.00 compress__ 8_segment [108]

0.0 0.30 0.00 1078 0.00 0.00 getGlottis_ 11 _Pharyngeal [{109]

0.0 0.30 0.00 1052 0.00 0.00 getVclFolds__ 6_Vowel [110]

0.0 0.30 0.00 1040 0.00 0.00 getPharynx__11_Pharyngeal {111]

0.0 0.30 0.00 1015 0.00 0.02 __8 segmentlOmode_valueTlP4FILEl3hea
ding_valueT4 [19]

0.0 0.30 0.00 942 0.00 0.02 _ _13 _phonemic_repP4FILE [23]

0.0 0.30 0.00 612 0.00 0.00 getLips__10_Consonant [112}

0.0 0.30 0.00 598 0.00 0.00 _sbrk [42]

0.0 0.30 0.00 598 0.00 0.00 _sbrk_unlocked [879]

0.0 0.30 0.00 544 0.00 0.00 getSfrP__6_Glide [113]

0.0 0.30 0.00 514 0.00 0.00 __6_Vowel [88B0]

0.0 0.30 0.00 485 0.00 0.00 string2feature_index_ _FPc [114]

0.0 0.30 0.00 467 0.00 0.00 setConsonant__6_GlidePl0_Consonant |
115}

0.0 0.30 0.00 458 0.00 0.00 add__9_segmentsP8_segment [116]

0.0 0.30 0.00 458 0.00 0.00 set_mode__ 8 segmentlOmcde_value {117
]

0.0 0.30 0.060 416 0.00 0.00 getSonorant__10_Consonant [118]

0.0 0.30 0.00 404 0.060 0.00 getRound__ 5 Lips [119]

0.0 0.30 0.00 387 0.060 0.00 setSftP__ 6_GlidePl2_Soft_Palate [120
]

0.0 0.30 0.00 387 0.00 0.00 setVcl 6 VowelPll VocalFolds [121]

0.0 0.30 0.00 378 0.00 0.00 add__tSArray22ZPl4_pronunciationzld p
roniunciationPl4 _pronunciation {122]

0.0 0.30 0.00 375 0.00 0.00 __11_Pharyngeal [881]

0.0 0.30 0.00 375 0.00 0.00 __6_Glide [882]

0.0 0.30 0.00 375 0.00 0.00 __8_Lingual {883}

0.0 0.30 0.00 375 0.00 0.00 setBlade_ 8 LingualP6_Blade [123]

0.0 0.30 0.00 375 0.00 0.00 setBody__8_LingualP5_Body [124]

0.0 0.30 0.00 375 0.00 0.00 setGlide__6_VowelP6_Glide [125}

0.0 0.30 0.00 375 0.00 0.00 setGlottis__11 PharyngealPB8_Glottis
[126])

0.0 0.30 0.00 375 0.00 0.00 setlingual__10_CensonantP8_Lingual |
127]

0.0 0.30 0.00 375 0.00 0.00 setLips__1l0_ConsonantP5_Lips [128]

0.0 0.30 0.Cco0 375 0.00 0.00 setPharyngeal__6_GlidePll_Pharyngeal

[129]

0.0 0.30 0.00 375 0.00 0.00 setPharynx__11_PharyngealP8_Pharynx
[130]

0.0 ¢6.30 0.00 350 0.00 0.00 getConstr__8_Glottis (131)
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P9_lex_word [152]

0.0 0.30 0.00 256

nZl4_pronunciationPc [51]

0.0 0.30 0.00 256
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getAnt___6_Blade [132]

getDistr__ 6_Blade {[133]
getNasal__12_Soft_Palate [134]}
_ 10_Consonant [884]
_11_VocalFolds [885]

12 _Soft_Palate [886]

__5_Bepdy [887]

5 _Lips {B888]

_ 6_Blade [889]

B8 Glottis [B90]

_ B8 _Pharynx [B91]
getAtr_ 8 _ Pharynx [135])
getBack__5_Body [136]
getContinuant__ 10_Consonant [137]
getCtr_ 8 Pharynx {138}
getDominant__10_Consonant [139]
getDominant__6_Glide [140]
getHigh__ 5_Body {141]

getLat__ 6_Rlade [142]
getLow__5_Body [143]

getRhotic__ 6_Blade [144]
getSlack__11_VocalFolds [145]
getSpread__8_Glottis [146]
getStiff__11_VocalFolds [147}
getStrident___10_Consonant [148]
makeTree__ FP6_Vowel [149]
setContinuant__ 10 _Consonanti [150]
setSonorant_ 10 _Consonanti [151]
_morecore [43]

get_line__ FP4FILE [46]

__ 9 _segmentsilOmode _valueT2P4FILEL3h

14 _pronunciationP4FILE {[18]
__ 9 lex _wordP4FILE [17]
___tSArray2ZPl4_pronunciationZl4_pron

add_ tSArray22P9_lex_wordZ9_lex_word
ser_Label_ tSArray2ZPl4_pronunciatio

strcat [153]

setDominant__ 10_Consonanti [154]
file_get_item_ FP4FILEPc [45]
setDominant__6_Glidei [155]
t_delete [156]

copyTree_ FP6_VowelT( [157]
get_treeData__9_segmentsi [158]
setAnt__6_Bladei [159}

setAtr___8 Pharynxi [160]
setBack__5_Bodyi [161]
setConstr__ 8 Glottisi [162]
setCtr___8 Pharynxi [163]
setDistr__6_Bladeil [164)]
setHigh_ 5 Rodyi [165)
setlLat__6_Bladel [166]
setLow_ 5 Boedyi [167]
setNasal 12 _Soft_Palatei [168]
setRhotic_ 6_Bladei [169]
setRound__5_Lipsi [170]
setSlack__11 VeocalFoldsi [171]
setSpread_ _8_Glottisi ([172]
setStiff 11 VocalFoldsi [173])
setStrident___10_Consonanti [174]
heading2string___FlZheading_value [17
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0.0 0.30 0.00 146 0.00 0.00 get_state__8_segment [176]

0.0 0.30 0.00 120 0.00 0.00 _realbufend [8%3]

0.0 0.30 0.00 116 0.00 0.00 get_cv__5_rule [177]

0.0 0.30 0.00 116 0.00 0.00 makeChange__ FP6_VowelT0i [178]

0.0 0.30 0.00 104 0.00 0.00 _._l10_Consonant [B894]

0.0 0.30 0.00 104 0.00 0.00 _._11_Pharyngeal [895}

0.0 0.30 0.00 104 0.00 0.00 _._11 VocalFolds [B96]

0.0 0.30 0.00 104 0.00 0.00 _._12_ Soft_Palate [897]

0.0 0.30 0.00 104 0.C0 0.00 _._5_Body [898]

c.0 0.30 0.00 104 0.00 0.00 _._5 Lips [899]

0.0 0.30 0.00 104 0.00 0.00 _._6_Blade [900]

0.0 0.30 0.00 104 0.00 0.00 _._6_Glide ([901]

0.0 0.30 0.00 104 0.00 0.00 _._6_vVowel {[902]

0.0 0.30 0.00 104 0.00 D.00 _._8 Glottis [903]

0.0 0.30 0.00 104 0.00 0.00 _._8_Lingual {904}

0.0 0.30 0.00 104 0.00 0.00 _._8_Pharynx [905]

0.0 0.30 0.00 104 0.00 0.00 _ 14 _pronunciation [906]

0.0 0.30 0.00 104 0.00 0.00 __7_bundle [907]

0.0 0.30 0.00 1C4 0.00 0.00 __9 segmentsilOmode_value [908]

0.0 0.30 0.00 104 0.00 0.00 change_subtitle__ 9_segmentsl3heading
_wvalueTl [179)

0.0 0.30 0.00 104 0.00 0.02 construct_pronunciation_ 5 _rulePl4_p
ronunciationiiiiP9_sentenceiiiii [35]

0.0 0.30 0.00 104 0.00 0.00 getDominant__6_Vowel [180)

0.0 0.30 0.00 104 0.00 0.00 get_RULErc__7_bundle ([181]

0.0 0.30 0.00 104 0.00 0.00 get_STD index__13 phonemic_rep [182]

0.0 ¢.30 0.00 104 0.00C 0.00 get_bundle__8_segment [183]

0.0 0.30 0.00 104 0.00 0.00 get_phonemic__ 8 _segment [184]

0.0 0.30 0.00 104 0.00 ° 0.00 get_sc_1l__ 5 rule [185]

0.0 0.30 0.00 104 0.00 D.00 get_sc_r_ 5 _rule [186]

0.0 0.30 ¢.C0 104 0.00 0.00 set_data__8_segmentP7_bundle [187]

0.0 0.30 g0.00 104 0.00 0.00 ser_title _9_segmentsl3heading_value

[188]

0.0 0.30 0.00 104 0.00 0.00 treeZseg_ FP6_VowelP7_bundlePB segme
nt [54]

0.0 0.30 0.00 82 0.00 0.00 t_splay [189]

0.0 0.30 0.00 73 0.00 0.01 __7 bundlePAFILEl3heading _valueT2 (3
8]

0.0 0.30 0.00 €9 0.00 0.00 nvmatch [190]

0.0 0.30 0.00 63 0.00 0.00 __10_Conscnantiii ([909]

0.0 0.30 0.00 63 0.00 0.00 __11 VocalFoldsii (810}

0.0 0.30 0.00 63 0.00 0.00 __12_Soft_Palatei ([911]

0.0 0.30 0.00 €3 0.00 0.00 __5_Bodyiii [912}

0.0 0.30 0.00 63 0.00 0.00 _ 5 Lipsi [913]

0.0 0.30 .00 63 0.00 0.00 __6_Bladeiiii [914]

6.0 0.30 0.00 €3 0.060 0.00 __ 8 _Glottisii [915]

0.0 0.30 0.00 &3 0.00 0.00 _ 8_Pharynxii [916]

0.0 0.30 .00 63 0.00 0.00 determineDominant__ FP8_segment [52]

0.0 0.30 0.00 63 0.00 0.00 file_get_rorc__7_bundlePd4FILE [48]

0.0 .30 0.00 63 0.00 0.00 makeTree_ FP6_VowelPB8_segment [44]

0.0 0.20 0.00 63 0.00 0.00 setDominant__ FiP6_Vowel [191]

0.0 0.30 0.00 52 0.00 0.00 .udiv {1982]

0.0 0.30 0.00 51 0.00 0.00 _fwrite_unlocked [71]

0.0 0.30 0.00 51 0.00 0.00 fwrite (193!

0.0 0.30 0.00 36 0.00 0.00 get_NoOfData __tSArray2ZP5_wordZ5_wor
d [194]

0.0 G.30 ¢.00 33 0.00 0.00 _write [917]

0.0 0.30 0.00 33 0.G60 0.00 _xflsbuf [918]

0.0 0.30 £.00 31 0.00 0.00 __flsbuf [919])

0.0 0.30 0.00 30 0.00 0.00 get_data_ thArray272P5_wordz5_wordi |
195]

0.0 0.30 0.00 3D 0.00 0.00 get_time__7 bundle [196]

0.0 0.30 0.00 30 0.C0 0.00 get_time__ B _segment [197)

0.0 0.30 0.00 25 0.00 0.00 setDominant__6& Voweli [198]

0.0 0.30 0.00 24 0.00 0.00 get NoOfSegments__ 5_word [199]
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0.0 0.30 0.00 20 0.00 0.00 ___errno [920]
0.0 0.30 0.00 20 0D.00 0.00 _return_negone [921]
0.0 0.30 0.00 20 0.00 0.00 thr_main [200)
0.0 0.30 0.00 16 0.00 0.00 _fflush_u [922]
0.0 0.30 0.00 i2 0.00 0.00 __filbuf [57]
0.0 0.30 0.00 12 0.00 0.00 _read [923]
0.0 0.30 0.00 1z 0.00 0.00 get_word___5_word [201]
0.0 0.30 0.00 10 0.00 0.00 file_get_RULErorc__7_bundleP4FILE (5
3]
0.0 0.30 0.00 8 0.00 0.00 _findbuf [59]
0.0 0.30 0.00 8 0.00 .00 _ioctl [924]
0.0 0.30 0.00 8 0.00 0.00 _isatty {925}
c.0 0.30 0.00 8 0.00 0.00 _setbufend [926])
0.0 0.30 0.00 7 0.00 0.00 _lseek64 [927]
0.0 0.30 0.00 6 0.00 0.00 _._8 lexicon [928]
. 0.0 0.30 0.00 6 0.00 0.00 _. _tSArrav2zP9_lex_wordZ9_lex_word [
929]
0.0 0.30 0.00 6é 0.00 0.00 _ 5 _wordPci [63]
0.0 0.30 0.00 6 0.00 0.00 _ 8 lexicon3nop [930]
0.0 0.30 0.00 6 0.00 0.00 __tS5Array2ZP5_wordZ5_wordi [931}
0.0 0.30 0.00 5} 0.00 0.00 __tS5Array2ZP9_ lex_wordZ9_lex_word3no
p [932]
0.0 0.30 0.00 6 0.00 0.00 _cerror [933]
0.0 0.30 0.00 6 0.00 0.00 _close [934)
0.0 0.30 0.00 6 0.00 0.00 _endopen [935]
0.0 0.30 0.00 & 0.0 0.00 _findiop [936]
0.0 0.30 0.00 6 0.00 0.00 _fstat64 [937]
0.0 0.30 0.00 6 .00 0.00 _open {938]
0.0 0.30 0.00 6 0.00 0.00 add__5_ treebP5_wordi ([202]
0.0 0.30 0.00 B 0.00 0.00 add__tSArray2ZP5_wordZ5_wordP5_word
[203]
0.0 0.30 0.00 6 0.00 9.04 apply_rules__8_ lexiconP6_rulesP9% sen
tencei [9]
0.0 0.30 0.00 6 0.00 0.00 closefile_ FP4FILE (60}
0.0 0.30 0.00 6 0.00 3.30 copy._8_lexicon [24]
0.0 0.30 0.00 6 0.00 0.00 fclose [61]
0.0 0.30 0.00 & 0.00 0.00 fflush [204]
0.0 6.30 0.00 6 0.00 0.00 fopen [205]
c.0 0.30 0.00 6 0.006 0.00 get_Label _tSArray22ZPl4_pronunciatio
nZl4_pronunciation [206]
0.0 0.30 0.00 6 0.00 13.44 grow_aux__ 5_treeP6_rulesP8_lexiconi
[4]
0.0 0.30 0.00 6 0.00 0.00 readfile__FPc [207)
0.0 0.30 0.00 5 0.00 0.00 getenv [62]
0.0 0.30 0.00 2 0.00 0.08 __5_ruleP4FILE [49]
0.0 0.30 0.00 2 0.00 0.08 9 sentenceP4FILE ({50]
0.0 0.30 .00 2 0.00 0.00 _flushlbf (V4]
0.0 0.30 0.00 2 0.00 0.00 _rw_rdlock [939]
0.0 0.30 0.00 2 0.00 0.00 _rw_unlock [940]
0.0 G.30 0.00 2 0.00 0.00 _time [941]
0.0 0.30 0.00 2 0.00 0.00 add_ t5Array22ZP5_ruleZS_ruleP5_rule
[208)
c.0 0.30 0.00 2 0.00 0.00 atexit [64]
c.0 0.30 0.00 2 0.00 0.00 atei [209]
c.0 0.30 0.00 2 0.00 0.00 close__5_rule [55]
0.0 0.30 0.00 2 0.00 0.00 output_aux__5_treelldestinationP4FIL
EPcilloutput_mode [210]
0.0 0.30 0.00 1 0.00 0.00 .urem [211]
0.0 0.30 0.00 1 0.00 0.00 __5_treeP9_sentence [942]
0.0 0.30 0.00 1 0.00 0.16 ___6_rulesP4FILE [47]
0.0 0.30 0.00 1 0.00 21.05 __ 8 lexiconP4FILE [16])
¢.0 0.30 0.00 1 0.00 0.00 __tS5Array2ZP5_ruleZ5_rulei [943]
0.0 0.30 0.00 1 0.00 0.00 __tSArray2ZP9_lex _wordZ9_lex_wordi |
944}
2.0 .30 0.00 1 0.00 0.00 _exithandle [66]
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0.0 0.30 0.00 1 0.00 0.00 _memcpy [945]
0.0 0.30 0.00 1 0.00 0.00 _profil [946]
0.0 0.30 0.00 1 0.00 0.00 _wrtchk [72]
0.0 0.30 0.00 1 0.00 0.00 difftime ([212]
0.0 0.30 0.00 1 0.00 0.00 exit [65]
n.0 0.30 0.00 1 0.00 80.66 grow__5_treeP6_rulesP8_lexicon [5]
0.0 0.30 0.00 1 0.00 80.66 grow_aux2__5_treeP6_rulesP8 lexiconi
[6]
0.0 0.30 0.00 1 0.00 102.03 main (3]
0.0 0.30 0.00 1 0.00 0.00 output_ 5_treelldestinationP4FILE [2
]

[
Lt
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*************;w*************************************t********
* ORIGINAL MATCHER RESULTS FOR: *
* *
* "The baby can go to him in the bus today." *

*

*

dAchkhddeh kb hk kv hkhhkh kA hohdhhkokok i dk dodk oo d ok dhoddd dohokodkod kdkkdkhh

#pragma ident "@(#)gprof.flat.blurb 1.8 93/06/07 SMI"

flat profile:

%
time

cumulative
seconds

self
seconds

calls

self
ms/call

total
ms/call

name

the percentage of the total running time of the
program used by this function.

a running sum of the number of seconds accounted
for by this function and those listed above it.

the number of seconds accounted for by this
function alone. This is the major sort for this
listing.

the number of times this function was invoked, if
this function is profiled, else blank.

the average number of milliseconds spent in this
function per call, if this function is profiled,
else blank.

the average number of milliseconds spent in this
function and its descendents per call, if this
function is profiled, else blank.

the name of the function. This is the minor sort
for this listing. The index shows the location of
the function in the gprof listing. If the index is
in parenthesis it shows where it would appear in
the gprof listing if it were to be printed.



sent3xYP

Thu May 20 18:27:47 1999

granularity: each sample hit covers 4 byte(s) for 0.78% of 1.29 seconds

[105]

% cumulative self
time seconds seconds
58.1 0.75 0.75
16.3 0.96 0.21

8.5 1.07 0.11
(8]
4.7 1.13 0.06
4]
1.6 1.15 0.02
1.6 1.17 0D.02
1.6 1.19 0.02
1.6 1.21 0.02
0.8 1.22 0.01
0.8 1.23 0.01
0.8 1.24 0.01
0.8 1.25 0.01
0.8 1.26 0.01
0.8 1.27 0.01
0.8 1.28 0.01
0.8 1.29 0.01
0.0 1.29 0.00
0.0 1.29 ¢.00
ycle 1> [92]
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
_wordi [99]
0.0 1.29 0.00
0.0 1.29 0.00
8]
0.0 1.29 0.00
0.0 1.23 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
e [103]
0.0 1.29 0.C0
0.0 1.29 0.00
5]
0.0 1.29 0.00
ronunciationP9_sentenceil
0.0 1.29 0.00
104}
n.o0 1.29 0.00
0.0 1.29 0.00
tionZld_pronunciation
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 D.00
<cycle 1> [10b6:
0.0 1.29 0.00
vcle 1> [109]}

calls

1775624
1047939

900

42490
34783

166095
83046
83045
47840
14659

35

61561
47811

47716
46507
44268
35217
34793
29169
19798
19459
19371
12903
11895

10721
10721

10721
10721
10721
10127
8941
8448

7130
6895

€028

[13]

6028

5960
5928

4407
3718
3455

3455

self
ms/call

0.
0.

0.

OO OCOoOO0o (=

oo

QOO COoOC OO OO OO OO OC OO0 O

(o N e

00
00

07

.00
.00

.00
.00
.00
.00
.00
.29

.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00

.00
.00
.00
.00
.00
.00 |

.00
.00

.00
.00

.00
.00

.00
.00
.¢0

.00

total
msg/call

0.
0.

0.

O O

o O OO OO OO0 OO0O 0O oo

SO OO 00

o

[=NeNelelNolel

00
0o

36

.00
.00

.00
.00
.00
.00

.29

.00
-0G

.00
.00
.00
.00
.oc
ey
.00
.0C
.00
.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.01

.03

.00

.00
.00

.00
.00
.0¢

.00

name
internal_mcount [1]
get_feature__ 7_bundlei [(12]
get_feature__ 8_segmenti <cycle 1>

feature2index__9% sentenceP7_bundle [

realfree [32]
_free_unlocked ([27]
_brk_unlocked {33}
mcount (449}
_return_zero [44]
_mutex_lock [41]
mutex_unlock [37]
_malloc_unlocked [36]
exact_match__Fii [38]
_write [42]
.LL514 [39]
find_fde [40]}
get_data_ 9_segmentsi [91]
get_feature__13_phonemic_repi <c

malloc [28]

cleanfree [64]

stremp [93]

_smalloc [78]

free [26]

get_NoOfSegments__ 9_segments [94]
get_symbol__7_bundle [95]
get_symbol___8_segment {[96])
strsame_ FPcTO [97]

check_STD__Fv [98]

get_data__ tSArray2ZP9_lex_wordZ9_ lex

_._8 segment [787]
_ 13 _phonemic_repil2marker_value [78

__B_segmentlOmode_value [789]
copy__13_phonemic_rep [100]
copy__B_segment {101]

strlen [102]

_memcpy [790]
get_NoOfData___tS5Array2ZP5_ruleZ5_rul

strcopy__ FPc [50]
feature_match__ 5 _ruleP8_segmentTl ([2

construct_pronunciation__5%_rulePl4_p
get_data__ tSArray2ZP5_ruleZS _rulei [

_memset [791]
get_NoOfData__tS5Array2ZPl4_pronuncia

strcpy [106]
t_deletze [107]

derive_main_stress___13_phonemic_rep

derive_reduced__13_phonemic_xep <c



gent3xY?P
0.0 1.29 0.00
[30]
0.0 1.29 0.00
0.0 1.29 0.00
Zz14_pronunciationi [110]
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
sentencei [34]
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
_lex_word [111]
0.0 1.29 0.00
0.0 1.29 0.00
nunciation [797]
0.0 1.29 0.00
0.0 1.29 0.00
unciation [799]
0.0 1.29 0.00
ntencei [14]
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.28 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
ding_valueTd [17]
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 Q.00
0.0 1.29 0.00
ronunciationPl4_pronunciation
0.0 1.29 0.00
.0 1.29 0.00
6.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00
129}
0.0 1.29 0.00
[54]
0.0 1.29 0.00
0.0 1.29 0.00
0.0 1.29 0.00

3455

3440
3138

3126
3126
3125

3022
3014
jol4
3014
2827

2816
2816

2816
2816

2816

2816
281e
2384
2229
1921
1841
1531
1531
1368
1021

942
942
900
864
864
864
596
547
528
528
386
[120]}
370
359
359
340
340
340
340
340
340
340
340
340
340

340
330

322
304

Thu *ay 20 18:27:47 1999

0.

OO OO0 <

oo

j= ]

[}

COCOOOO0O OO0 OO0

DO OO0 00 C OO

leBeoleleNeBeleReleloNeNe ol

<

[l

00
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.00
.00
.00
.00
.00

.00
.00

.00
.00

.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

ool el o NaelolRolleNoRNel

[ w]

OO0 oo C

o o

o O

o

OCC OO O OCOOOo

o BeleNelNeNoeNoNoBoNoReNo Nol

(@]

[ a5

.01

.01
.00

.00
.00
.01

.01
.Qo
.00
.00
.00

.00
.00

.00
.00

.07

.00
.00
.00
.00
.17
.00
.00
.00
.00
.17

.00
.00
.36
.00
.00
.17
.00
.00
.00
.00
.00

.00
.02
.02
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

matched__5_rulePl4_pronunciationiiii

matched__5_ruleP9_sentenceiiii [31])
get_data_ tS5Array2ZPl4_pronunciation

_._14_pronunciation [792]}

__._9 _segments [793]
matching__5_treePl4_pronunciationP9_
bundle_match__FP8_segmentT(C [35]
__14_pronunciation3nop [794]

_ .9 _segmentsinop [795]

copy_ l4_pronunciation [59]
get_NoOfData__ t5Array2ZP9_lex_wordZ9

_._9 lex_word [796]
_._tS5Array22Pl4_pronunciationZl4_pro

_ 9 _lex_word3nop [798]
___tS5Array2ZPl4_pronunciationZl4_pron

apply_rules_ 9_lex wordP6_rulesP9_se

copy__ 9 lex_word [52]
get_expanded__9_lex_word [112]
__tfl3RunTimeStatus [800]
is_alphabet__ Fc {113]
compress___8_segment [5]

t_splay [114]

_ungetc_unlocked [801]

ungetc [115]

get_word___FP4AFILE [62]
__8_segmentlOmode_valueTlP4FILEl2hea

13 phonemic_repPdFILE [802]
phoneme2index_ 9_sentencePc [116]
__13_phonemic_repP7_bundle [6]
check_fvalue__Fi [117]

set_feature_ 7_bundleii [118})

set feature__ 8 segmentii (23]
_tcf_0 [803]
string2feature_index__FPc [119]
_sbrk {70}

_sbrk_unlocked [804]
add__tSArray22ZPl4_pronunciationZlé_p

get_time__7_bundle [1Z21]

add__9 segmentsPB8_segment [48)
set_mode__ 8 segmentlOmode_value [49]
___7_bundlePl3 _phonemic_rep [55]
expand__8_segment [53]
get_Header___7_bundle [122]
get_STD_index__13_phonemic_rep {123]
get_Value__7_bundle [124]
get_bundle__ 8_segment {125]
get_marker__13_phonemic_rep [126]
get_prosody_ 7 _bundle [127]
get_rc___7_bundle [128]
set_stress__7_bundlelZmarker_value [

transfer_features__7_bundleP7_bundle
strcat [130]

get_line_ FPAFILE [69]
get_stress_. 7_bundle [131]
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0.0 1.29 0.00 278 o]
eading_value [186]

0.0 1.29 0.00 274 0

0.0 1.29 0.00 264 0

0.0 1.29 .00 256 0

0.0 1.29 .00 256 0
unciationi [805]

0.0 1.29 0.00 256 0
P9_lex_word [132]

0.0 1.29 0.00 256 0
nZzl4_pronunciationPc [74}

0.0 1.29 0.00 241 0

0.0 1.29 0.00 162 0
3]

0.C 1.29 0.00 158 0

0.0 1.29 0.00 136 0

0.0 1.29 0.00 121 0

c.0 1.29 0.00 112 0

0.0 1.29 0.00 112 0

0.0 1.29 0.00 112 0
_valueTl [136])

0.0 1.29 0.00 112 0
ronunciationiiiiP9_sentenceiiii [21]

0.0 1.29 0.00 112 0
i [22)

0.0 1.29 0.00 112 0

{137]

0.0 1.29 0.00 98 0
d [138]

0.0 1.29 0.00 93 0
139]

0.0 1.29 0.00 79 0
1}

0.0 1.29 0.00 79 0

0.0 1.29 0.00 69 0

0.0 1.29 0.00 87 0

0.0 1.29 0.00 66 0

0.0 1.29 0.00 63 0

0.0 1.29 0.00 63 0

0.0 1.29 0.00 40 0

0.0 1.29 0.00 35 0

0.0 1.29 0.00 33 0

0.0 1.29 0.00 30 0

0.0 1.29 0.C0 20 0

0.0 1.29 0.00 20 0

0.0 1.29 0.00 20 0

0.0 1.29 0.00 19 0

0.0 1.29 0.C0 13 0

0.0 1.29 0.00 i3 0

0.0 1.29 0.00 i3 0
{148}

0.0 1.29 0.G0 13 0
nZl4_pronunciation [149]

0.0 1.29 0.00 12 0

0.0 1.29 0.00 12 0

0.0 1.29 0.00 11 0

0.0 1.29 0.00 11 0
8131}

0.0 1.29 0.00 11 G

0.0 1.29 0.00 11 0

0.0 1.29 0.00 11 9]
p [816]

0.0 1.29 0.00 11 0
tencei [15]

0.0 1.29 0.00 11 0

.00

.00
.00
.00
.00

.00

.00

.00
.00

.00
.00
.00
.00
.00
.00

.00

.00

.00

.00

.00

.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

[e] OO 00

o O

OO0 o OO

SO0 O TOODDO0OO0OCOCOCOO

<

[ B e

18

QOO o

.63

.63
.00
.67
.00

.00

.00

.00
.00

.06
.00
.00
.00
.00
.00

.38

.33

.00

.00

.00

.01

.00
.00
.00
.00
.15
.00
.00
.29
.29
.00
.00
.00
.00
.03
.00
.00
.00

.00

4
a

.00
.60
.00

.00
.00
.00
.24

.21

.9 _segmentsilOmode_valueT2P4FILEL13h

_. 14 _pronunciationPAFILE [20]
_morecore [71]

_ 9 lex_wordP4FILE [19]
__tSArray2ZPl4_pronunciationZl4_pron

add__t5Array2zZP9_lex_word29_lex_word
set_lLabel_ tSArray2ZPl4_pronunciatio

file_get_item__ FPAFILEPc [65]
heading2string__Fl3heading_value [13

get_state_ B_segment [134]
_realbufend [806]

atoi [135]

14 _pronunciation [807]

__ 9 segmentsilOmode_value [808]
change_subtitle__9_segmentsl3heading

construct_pronunciation__ 5 rulePl4 _p
construct_segment__ 5_rulePPB8_segment
set_title__9_segmentsl3lheading_value
get_NoOfData__ tS5Array2ZP5_wordi5_wor
get_data_ t5Array2ZP5_wordZ5_wordi |
___7_bundleP4FILEl3heading_valueT2 [6

file_get_rorc__7_bundieP4FILE [68]
nvmatch [140]

.udiv [141]
get_NoOfSegments__ 5 _word [142]
_fwrite_unlocked [45]

fwrite [143]

get_word__5_word [144]

_xflsbuf [43]

__flsbuf [46]

get_time_ B_segment [145]

___errna [809]

_return_negone {810}

thr _main [146]

_fflush_u {63}

. 5_wordPci [80]

add__ 5 _treePS_wordi [147])
add___thArray2zpP5_wordzZ5_wordP5_word

get_Label _tS5Array2ZPl4_pronunciatio
__filbuf [75]

_read [811}]

_._8_ lexicon [812]

. _tSArray2ZP9_lex_wordZ9_lex_word [
__8_lexicon3nop [814]

___tS5Array2ZP5 wordZS_wordi {815]

_ _tBArraviiP9_lex_ wordZ29_lex_word3no

apply_rules_ 8_lexiconP6_rulesPI_sen

copy__8_lexicen [51]
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.29

.29
.29
.29
.29
.29
.29
.29
.28
.29
.29
.29
.29
.29
.29
.29
.29
.29
.29
.29
.29
.29
.29
.29
.29

.29
.29
.29
mode [15
.29
.29
.29
.29
.29
.29

.29
.28
.29
.29
.29
.29
.28

.29
.29

0.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

OO o000 CcC oo C oo CcCoOoOooOo o OCOo

.00
.00
.00
]

.00
.00
.00
.00
.00
.00

OO0 QOO OOo.

.00
.00
.00
.00
.00
.00
.00

[ I o I o o B e o T o

.00
0.00

<

11
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[ACRE < 3N

el I e e R

=
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o

00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.60
.00
.00

.00
.00
.00

.60
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00

.00
.00

19

loNeBeoBeNeRoBoeNoBoRoeloBoleoBeleNoNoNeleRolele oo

O C o

O OO

fon Bien B e B8 oo B @]

219

394

.96

.03
.00
.00
.00
.C0
.00
.C0
.00
.00
.00
.00
.00
.03
.03
.00
.00
.00
.00
.63
.63
.03
.00
.00
.00

.00
.00
.GO0

.00
.00
.32
.86
.00
.00

.00
.00
.00
.00
.00
219.
.58

58

.14
.00

grow_aux__ 5_treeP6_rulesP8_lexiconi

fflush [66)

_findbuf {81]

_loctl [817]

_lsatty [818]
_setbufend [819]
_lseek64 [820]

_cerror [821]

_close [822]}

_endopen {823}

_findiop [824]

_fstat64 [825]

_open [826]

closefile_ FPAFILE [72)
fclose (73]

fopen [150]
readfile___FPc [1511
getenv [B3]

.urem ([152]

5 ruleP4FILE (57}

9 _sentenceP4dFILE [58]
_flushlbf [76]
_rw_rdlock ([827]

_time [828]
add__tSArray2ZP5_ruleZS5_ruleP5_rule

atexit [84]
close__ 5 _rule [154]
output_aux__ 5 _treelldestinationP4FIL

rw_unlock [156]

5 treePY9_sentence [829]

__ 6 _rulesP4FILE [56]

8 _lexiconP4FILE [18}
__tSArray2ZpP5_ruleZ5_rulei [830]
__tSArray2ZP9_lex_wordZ9_lex_wordi |

_exithandle ([89]

_profil [832]

_wrtchk [30]

diffrime ([157]

exit [88]
grow__5_treeP6_rulesPB8_lexicon (10]
grow_aux2__5_treeP6_rulesP8_lexiconi

main {[3]
output___ 5 treellidestinationP4FILE [1
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* NEW MATCHER RESULTS FOR: *

*

*

* "The baby can go to him in the bus today." *

*

*

e e kode de de de ok ode e e e o gk e etk ok ke Tk etk Sk ok e e e de de de e o e e e de de gk e Tk e e g ke de sk de S gk g v e b e e ke ke e ke ok

#pragma ident "@{#)gprof.flat.blurb 1.8 93/06/07 SMI"

flat profile:

%
time

cumulative
seconds

self

seconds

calls

self
ms/call

total
ms/call

name

the percentage of the total running time of the
program used by this function.

a running sum of the number of seconds accounted
for by this function and those listed above it.

the number of seconds accounted for by this
function alone. This is the major sort for this
listing.

the number of times this function was invoked, if
this function is profiled, else blank.

the average number of milliseconds spent in this
function per call, if this function is profiled,
else blank.

the average number of milliseconds spent in this
function and its descendents per call, if this
function is profiled, else blank.

the name of the function. This is the minor sort
for this listing. The index shows the location of
the function in the gprof listing. If the index is
in parenthesis it shows where it would appear in
the gprof listing if it were to be printed.



sent3IxAP
granularity:

% cumulative self
time seconds seconds
64.0 0.32 0.32

8.0 0.36 0.04
4.0 0.38 0.02
vcle 1> [16]
4.0 0.40 0.02
2.0 0.41 0.01
[12]
2.0 0.42 0.01
2.0 0.43 0.01
2.0 0.44 0.01
2.0 0.45 0.01
1]
2.0 0.46 0.01
2.0 0.47 0.01
2.0 0.48 0.01
nt [29]
2.0 0.49 0.01
2.0 0.50 0.01
0.0 0.590 0.00
0.0 0.50 0.00
0.0 0.50 0.00
0.0 0.50 0.060
0.0 0.50 0.00
0.0 0.50 0.00
0.0 0.50 0.00
0.0 . 0.50 0.00
0.0 0.50 0.00
0.0 0.50 0.00
0.0 0.50 0.00
0.0 0.50 0.00
0.0 0.50 0.00
0.0 0.50 0.00
_wordi [79]
0.0 0.50 0.00
0.0 0.50 0.00
0.0 0.50 0.00
0.0 0.50 0.00
9]
0.0 0.50 0.00
0.0 0.50 0.00
e [83]
0.0 0.50 0.00
0.0 0.50 0.00
6.0 0.50 0.00
ronunciationP9%_ sentenceil
0.0 0.50 0.00
851
0.0 0.50 0.00
tionZld_pronunciation [86]
0.0 0.50 0.00
0.0 0.50 0.00
<cycle 1> [47]
0.0 0.50 0.00
ycle 1> [48]
0.0 0.50 0.00
[14]
0.0 0.50 0.00
0.0 0.50 0.00
0.0 0.50 0.00

calls

271264
58039

330227

75585
49745
10609

6895

3387
112
112

69

6
103957
51977
51976
49388
49224
34484
29057
28452
19371
19347
19347
18431
16537
11895

11663
10909
10721
10609

10609
8448

7314
6110
6028
6028
5928

3992
3455

3455
3455
3440

3150
3138
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each sample hit covers 4 byte(s)

self
ms/call

0.
0.

oo oo

oo O

C OO0 COOCOOCOOCOoOrOo

OO OO

o O

00
00

.00

.00
.00
.00
.00

.00
.09
.09

.14
.67
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00

.00
.00

.00
.00
.00
.00
.00

.00
.00

.00
.GGC
.00

.0C
.00

for 2.00% of 0.50 seconds

total
ms/call name

0.
.00

0

o OO o o

C O O

OO C OO0 Q00D OCODODOOCORFO

e Nw] [ eRe N

oo

00

.00

.00
.00
.00
.01

.00
.09
.09

.14
.67
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00

.00
.00

.00
.00
.02
.00
.00

.00
.00

.00
.01
.01

.00
.00

internal_mcount [1]
get_feature_ 7 _bundlei [13]
get_feature__13_phonemic_repi <c

_brk_unlocked [18]
get_feature_ 8_segmenti <cycle 1>

get_data_ 9_segmentsi [30]
_malloc_unlocked [37]

copy_ 8_segment [32]

feature_match_ 5_ruleP8_segmentTl [1

strepy [33]
get_bundle__ 8_segment [34]
treeZseg__ FP6_VowelP7_bundleP8_segme

11 VocalFoldsii [40]

_open [39]

_return_zero [866]

_mutex_lock [867)

mutex_unlock [70]

cleanfree [71]

malloc [31]

_smalloc [53]
get_NoOfSegments__9_segments [72]
strcemp [73]

strsame__ FPcT0 [74]
get_symbol__ 7 bundle [75]
get_symbol__ 8 _segment [76]
exact_match__Fii [77]

realfree [78]
get_data___tS5Array2ZP9_lex_ wordZ9_lex

check_STD___Fv [80]

getGlide__6_Vowel [81]

8 _segmentlOmode_value [B868]
__13_phonemic_repilZ2marker_value [86

copy__13_phonemic_rep [82]
get_NoOfData___t5Array2ZP5_ruleZ5_rul

getConsonant__6_Glide [84]
strcopy_ FPc [41]
construct_pronunciation__5_rulePl4 p
get_data__ tbArray2ZP5_ruleZS5_rulei [

get_NoOfData_ tS5ArrayZ2ZPl4_pronuncia

getLingual__10_Consonant [87]
derive_main_stress_ 13 _phonemic_rep

derive_reduced_ 13_phonemic_rep <cC
matched__ 5 _rulePl4 pronunciationiiii
matched__ 5 _ruleP9_sentenceiiii [15]

strlen [88]
get_data__tS5Array2ZPl4_pronunciation



sent3xAP Thu May 20 18:25:56 1999
Z1l4_pronunciationi [89]
0.0 0.50 0.00 3125 0.
sentencei [25]
0.0 0.50 0.00 3022 0
0.0 0.50 0.00 3014 0
0.0 0.50 0.00 3014 0
0.0 0.50 0.00 3014 0
0.0 0.50 0.00 2827 0
_lex word [90]
0.0 0.50 0.00 2816 0
0.0 0.50 0.00 2816 0
unciation [873]
0.0 0.50 0.00 2816 0
ntencei [8]
0.0 0.50 0.00 2816 0
0.0 0.50 0.00 2816 0
0.0 0.50 0.00 2312 0
0.0 0.50 0.00 2284 0
0.0 0.50 0.00 2229 0
0.0 D.50 0.00 1768 0
0.0 0.50 0.00 1768 0
0.0 0.50 0.00 1680 0
0.0 0.50 0.00 1531 ¢}
0.0 0.50 0.00 1531 0
0.0 0.50 0.00 1356 0
0.C 0.50 0.00 1356 0
0.0 0.50 0.00 1334 0
0.0 0.50 0.00 1164 0
0.0 0.50 0.00 1156 0
0.0 0.50 0.00 1133 0
0.0 0.50 0.00 1120 0
0.0 0.50 ¢.00 1021 0
ding_valueT4 [45]
0.0 0.50 0.00 97¢& 0
0.0 0.50° 0.00 976 0
0.0 0.50 0.00 942 0
0.0 0.50 0.00 942 0
0.0 0.50 0.00 636 0
0.0 0.50 ¢.00 632 0
0.0 0.50 0.00 538 0
0.0 0.50 0.00 513 0
0.0 0.50 .00 488 0
0.0 0.50 0.00 481 0
108]
0.0 0.50 0.00 448 0
0.0 0.50 0.00 447 0
)|
0.0 0.50 0.00 441 0
0.0 0.50 0.00 412 0
0.0 0.50 0.00 405 o]
0.0 0.50 0.00 405 0
0.0 0.50 0.00 40%* 0
0.0 0.50 0.00 405 0
0.0 0.50 0.00 405 0
0.0 0.50 0.00 405 D
0.0 0.50 0.00 405 o]
[116]
0.0 0.50 0.00 405 0.
117]
0.0 0.50 0.00 405 0.
0.0 0.50 0.00 405 0.
[119]
0.¢ 0.50 0.00 405 0.
[120]
0.0

0.50 0.00 386 0.

co

.00
.00
.00
.00
.00

.00
.00

.00

.00
.00
.00
.00
.00
.00
.00
.00
.o0e
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00

00

00
00

00

00

OO0 O C o

[ en}

(@]

OO OO0 OO0 OO OO 0O CO0O0oO

o Tt a8 o T oo I v Y o o I oo TR o J0 e}

o O

OO CO OO0 OO

o

(o= R e}

.00

.00
.00
.00
.00
.00

.00
.00

.03

.01
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

.00
.00

.00

.00

matching 5 treePl4_pronunciationP%_

bundle_match_‘FP8_segmentT0O [27]
14 preonunciation3nop [870]

_ 9_segments3nop [871]
copy__1l4_pronunciation ([21]
get_NoOfData__ thArray2ZP9_ lex_wordZ$8

__ 9 lex word3nop [872]
___t5Array2ZPl4_pronunciationZl4_pron

apply_rules__9_lex_wordP&6_rulesP9_se

copy.._ 9_lex_word [20]
get_expanded__9_lex_word [91]
getBlade__ 8_Lingual [92]
getPharyngeal__6_Glide [93]
is_alphabet_ Fc ([94]
_free_unlocked [874]

free [95]

getBody_ 8_Lingual [96]
_ungetec_unlocked [875]

ungetc [97]

check_fvalue_Fi [98]
set_feature_ 7 bundleii [99]
get_word_ FP4FILE [50]
getGlottis__ 11 Pharyngeal (100}
getVclFolds__6_Vowel [101]
compress___8_segment [102]
getPharynx__11 Pharyngeal [103]
__ 8 segmentlOmode_valueTlP4FILEl3hea

_sbrk [876]

_sbrk_unlocked [877]
__13_phonemic_repP4FILE [878]
phoneme2index__gusentencepc [104]
getLips___10_Consonant [105]

getSftP_ 6_Glide [106]

__6_vVowel [B79]
string2feature_index__ FPc [107]
_morecore [880]

setConsonant__ 6_GlideP10_Consonant {

getSonorant__10_Consonant [109]
setSftP___6_GlidePl2_Soft_Palate [110

setVel _6 VowelPll _VocalFolds [111]
getRound__ 5 Lips {112]

11 Pharyngeal [881]

_ 6_Glide [882]

8 Lingual [B83]
setBlade__ 8 LingualP6é_BRlade {[113]
setBody_ 8_LingualP5_Body [114]
setGlide_ 6_VowelP6_Glide ([115]
setGlottis___11_PharyngealP8_Glottis

setLingual_ 10_ConsonantP8_Lingual [

setLips__10_ConsonantP5_Lips [118]
setPharyngeal_ 6_GlidePll_Pharyngeal

setPharynx__ _11_PharyngealP8_Pharynx

add__t5Array22Pl4_pronunciationZl4_p
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ronunciationPl4_pronunciation [121]

0.0 0.50 0.00 380 0.00 0.00 getConstr__ 8 _Glottis [122]

0.0 0.50 0.00 372 0.00 0.00 getAnt__6_Blade [123]

0.0 0.50 0.00 372 0.00 0.00 getDistr__6_Blade [124]

0.0 0.50 0.00 372 0.00 0.00 getNasal__ 12_Soft_Palate [125]

0.0 0.50 0.00 359 0.00 0.00 add__9_segmentsP8_segment [126]

0.0 0.50 0.00 359 0.00 0.00 set_mode_ 8 segmentllmode_value [127
]

0.0 0.50 0.00 336 0.00 0.00 __10_Consonant [884]

0.0 0.50 0.00 336 0.00 0.00 __11 VocalFolds {885]

0.0 0.50 0.00 336 0.00 0.00 __12_Soft_Palate [886]

0.0 0.50 0.00 336 0.00 0.00 _ 5 Body [887]

0.0 0.50 0.00 336 0.00 0.00 _ 5 Lips [888]

0.0 0.50 0.00 336 0.00 0.00 __6_Blade {889]

0.0 0.50 0.00 336 0.00 0.00 _ 8 _Glottis [890]

0.0 0.50 0.00 336 0.00 0.00 __8_ Pharynx [891]

0.0 0.50 0.00 336 0.00 0.00 getAtr__ 8 _Pharynx [128]

0.0 0.50 0.00 336 0.00 0.00 getBack__5_Body [129]

0.0 0.50 0.00 336 0.00 0.00 getContinuant__ 10_Consonant {130]

0.0 0.50 0.00 336 0.00 0.00 getCtr__ 8 Pharynx [131]

0.0 0.50 0.090 336 0.00 0.00 getDominant__ 10_Consonant [132]

0.0 0.50 0.00 336 0.00 0.00 getDominant__ 6_Glide [133]

0.0 0.50 0.00 336 0.00 0.00 getHigh 5 _Body [134]

0.0 ¢.50 0.00 336 0.00 0.00 getLat__6_Blade [135]

0.0 C¢.50 0.00 336 0.00 0.00 getLow__5_ Body [136}]

0.0 ¢.50 0.00 336 0.00 0.00 getRhotic__6_Blade [137]

0.0 6.50 0.00 336 0.00 0.00 getSlack__ 11 _VocalFolds [138]

0.0 0.50 0.00 336 0.00 0.00 getSpread_ 8 _Glottis [139]

0.0 0.50 0.00 336 0.00 0.00 getStiff 11 VocalFolds [140]

0.0 0.50 0.00 336 0.00 0.00 getStrident_ 10_Consonant [141]

0.0 0.50 0.00 336 0.00 0.00 makeTree__FP6_Vowel [142]

0.0 0.50 0.00 336 0.00 0.00 setContinuant_ 10_Consonanti [143]

0.0 0.50 0.00 336 0.00 0.00 setSonorant__10_Consonanti (144}

0.0 0.50 .00 330 0.00 0.00 strcat [145]

0.0 0.50 ¢.00 322 0.00 0.00 get_line_ FPAFILE [56]

0.0 0.50 0.00 278 0.00 0.04 _ 9_segmentsilOmode_valueTZP4FILE13h
eading_value [24]

0.0 0.50 0.00 274 0.00 0.04 _ 14 pronunciationP4FILE [26]

0.0 0.5C 0.00 267 0.00 0.00 t_delete [146]

0.0 0.5C 0.00 258 0.00 0.00 setDominant__ 10_Consonanti [147]

0.0 0.50 0.00 256 0.00 0.05 __9_lex wordP4FILE [23}

0.0 0.50 0.00 256 0.00 0.00 __tS5Array2ZPl4_pronunciationzZl4d_pron
unciationi [822])

0.0 0.50 0.00 256 0.00 0.00 add__t5Array2ZP9_lex_wordZ9__lex _word
P9 _lex word [148]

0.0 0.50 0.00 256 0.00 0.00 set_Label_ _tSArray2ZPl4_pronunciatio
nzl4_pronunciationPc [49]

0.0 0.50 0.00 241 0.00 0.00 file_get_item FP4FILEPc [46]

0.0 0.50 0.00 231 0.00 0.00 setDominant_ 6_Glideil [149]

0.0 0.50 0.00 224 0.00 0.00 copyTree_ FP6_VowelT0 [150]

0.0 0.50 0.00 224 0.00 0.00 get_treeData_ 9 _segmentsi [151]

0.0 0.50 0.00 224 0.00 0.00 setAnt_ 6_Bladei [152]

0.0 0.50 0.00 224 0.00 0.00 setAtr_ 8_Pharynxi [153]

0.0 0.50 0.00 224 0.00 0.00 setBack _5_Bodyi [154]

0.0 0.50 0.00 224 0.00 0.00 setConstr_ 8 _Glottisi [155]

0.0 0.50 0.00 224 0.00 0.00 setCtr__ 8 Pharynxi [156]

0.0 0.50 0.00 224 0.00 0.00 setDistr__6_Bladei [157]

0.0 0.50 0.00 224 0.00 0.00 setHigh_ 5 Bodyi [158]

0.0 0.50 0.00 224 0.00 0.00 setlLat__6_Bladei [159]

0.0 0.50 0.00 224 0.00 0.00 setLow__5 Bodyi [160]

0.0 0.50 0.00 224 0.00 0.00 setNasal _12_Soft_Palatei ([161]

0.0 0.50 0.00 224 0.00 0.00 setRhotic__6_Bladei [162]

0.0 0.50 0.00 224 0.00 0.00 setRound_ 5 lLipsi [163]

0.0 0.50 0.00 224 0.00 0.00 setSlack_ 11 VocalFoldsi [164]

0.0 0.50 0.00 224 0.00 0.00 setSpread_ 8_Glottisi [165]
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0.50 0.00 224
0.50 0.00 224
0.50 0.00 162
0.50 0.00 158
0.50 0.00 148
0.50 0.00 148
0.50 0.00 141
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 . 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
[172]
0.50 0.00 112
ciationiiiiP9_sentenceiiiii [17]
0.50 0.00 112
0.590 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 112
0.50 0.00 98
0.50 0.00 95
0.50 0.00 93
0.50 0.00 79
0.50 0.00 70
0.50 0.00 69
0.50 0.00 69
0.50 0.00 69
0.50 0.00 69
0.50 0.00 69
0.50 0.00 69
0.50 0.00 69
0.50 0.00 69
0.50 0.00 69
0.50 0.00 69
0.50 0.00 69
0.50 0.00 69
0.50 0.00 66
0.50 0.00 66
0.50 0.00 66
0.50 0.00 40
0.50 0.00 36
0.50 0.00 36
0.50 0.00 34
0.50 0.00 30
0.50 0.00 30

oMo R

SO OO0 O0 DO 0O O00OCO0O

o

CcCOO0OC OO0 oo

o

OO0 OO OO OO0 OO0 OOOO0O0

.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

.00
.00
.00
.00
.00
.00
.00
.00

.00

.00
.00

.00

.00
.00 -
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

o o O

o

OO C OO OO

(]

OCCOCCOOO OO COO000Cooo0

CO OO CO OO0 OO0 OO0 C OO0

.00
.00
.00

.00
.00
.00
.00

.00
.0C
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.19

.00
.00
.00
.00
.00
.00
.00
.00

.00

.00
.00

.01

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.15
.00
.00
.00
.00
.0C
.00
.00
.00
.00
.00
.00

setStiff_ 11 VocalFoldsi [1661
setStrident__ 10_Consonanti [167]
heading2string__ Fl3heading_value [16

get_state__ 8_segment [169]
get_cv__5_rule [170]
makeChange_ FP6_VowelT01i [171]
_realbufend [893]
_._10_Consonant [894]

_._11 Pharvyngeal [895]

_._11 VocalFolds [896]
_._12_soft _Palate [837]

_._5 Body [898]

._5 Lips [899]

_._6_Blade [900]

._6_Glide [901]

._6_Vowel [902]

_._8 Glottis [903]

._ 8 Lingual [904]

_._8 Pharynx [905]

_ 14_pronunciation [906]
__7_bundle [907)

_ 9 segmentsilOmode_value [208]
change_subtitle_ 9 _segmentsl3heading

construct_pronunciation___ 5 rulePl4d p

getDominant__6_Vowel [173)
get_RULExc_ 7_bundle [174]

get_STD index__ 13_phonemic_rep [175]
get_phonemic__ 8_segment [(176]
get_sc_1l_ 5 rule [177]
get_sc_r__ 5 _rule [178]
set_data__8_segmentP7_bundle [179]
set_title_ 9 _segmentsl3heading_value

get_goOfDataqmtSArray2ZP5_wordZ5_wor

t_splay [182]
get_data_ tSArray2ZP5_wordZ5_wordi |

7 bundleP4FILEl3heading_valueT2 [4

.udiv [184]

__10_Consonantiii [(809]

12 _soft_Palatei [910]
__5_Bodyiii [911]

5 Lipsi [912]

6 _Bladeiiii [913)

_ B8 Glottisii [914]

_ 8 Pharynxii [915]
determineDominant__ FP8_segment [58]
file _get_rorc__7_bundleP4FILE (57]
makeTree__ FP6_VowelP8 segment [28]
nvmatch [185]

setDominant__ FiP6_Vowel [186]
_fwrite_unlocked [66]

fwrite [187]
get_NoOfSegments__5_word [188]
get_word__5_word [189]

_write [3216]

_xflsbuf [917]

_ flsbuf [918]

get_time__ 7_bundle [190]
get_time B _segment [191]
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