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1. Introduction

Correct lexical stress assignment contributes to the intelligibility and
naturalness of speech produced both by humans and by machines. Quite
a art from the variations in duration. amplitude and fundamental frequency
w ich are associated with the production of stressed syllables [l]. the under-
lying vowels in a word will be realised as full or reduced, depending on
whether the syllable in which they| appear is stressed or unstressed (compare
the different pronunciations of t e initial syllables in the noun and verb
corresponding to the orthographic string contest ).

In a morpheme-hased text-to-speech system, such as that currently
under development at CSTR, the stress patterns of words cannot. in the
majority of cases, be marked in the dictionary: instead, they must be
assigned by rule. This lpaper will describe work which led to the implemen-

station of a set of lexica tress assignment rules in the CSTR Text-to-Speech
system.

  

2. Conceptual basis

In English. the stress pattern of a word is determined by its morphologi-
cal and phonological structure [2]. In a morphologically simple word, that is,
in a word containing no prefixes or suffixes. stress placement is governed by
the number and structure of the syllables it contains. Disyllabic words are
generally stressed on their first syllable; words of three or more syllables
will be stressed on the penultimate or antepenultimate syllable. depending
on the number and type of vowels and consonants in the last two syllables

In a morphologically complex word. the position of primary stress may
be influenced by the presence of affixes. Each affix has associated with it a i
so—called 'accentual property' (1), which denotes its behaviour with respect to '
stress assignment. A large number of affixes (such as the suffixes l , lilg . ‘
est , and the ’prefixes an and em ) have no effect on the placement 0 stress;
Eli—e domain 0 the stress rulesdi—scussed in this section is limited to that or-
tion of the word which remains after the exclusion of such affixes. There ore,
in a word such as uncertainly . the stress rules will operate on the morpho-
logically simple element certain , which will receive stress on its first syll-
able. Because of their lack oi efiect on the process of stress assignment, such
suffixes are termed 'stress neutral’.

(1) Much of the terminology used in this section derives from Fudge [2].
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Other affixes cause stress to fall on syllables in particular positions rela-
tive to themselves. For example. one group of suffixes. which will be
referred to as 'autostressed', attract stress on to the syllable which contains
them: i115 in unigue . esce in coalesce. Another class of suffixes, which
includes i_c_ and i_ty . has‘the efiect oi placing stress on the immediately
preceding syllable: the final suffixes of the words thera eutic and ra idit

are therefore termed ‘prestressed-l'. Analogously. a thirld class of su xes,
exemplified by gig and tude . carries the label ‘prestressed-Z'. since such
suffixes cause stress to fall two syllables back: suicide , pulchritude. Finally,
the presence of a suffix such as ive will result instress being assi ed either
one or two syllables back. depending on the structure of the sylla le preced-
ing the suffix: compare ex ensive , stressed on the syllable immediatel

preceding the suffix because this syllable ends with a consonant (2), wit
com etitive , in which stress falls two syllables back. Such suffixes are
termla lprestressed-IIZ'. In cases where words contain a sequence of stress-
determining suffixes (e.g. authenticit , whose constituent morphs are auth .
m , ic and it ), it is the rig tmost which determines the position of the
stresséd sylla e.

The presence of grefixes is only significant in the absence of stress-
determining suffixes. tress-determining prefixes have the effect of shitting
the location of stress to the right of the position predicted by the rules for
morphologically simple words. hus, the prefix c_li_l‘ causes stress to fall on the
second syllable in twesyllable words: difl'ract . diffuses The stress assign-
ment process is complicated in the case oi prefixes hy the fact that certain
prefixes afl'ect stress placement only in particular grammatical cate ories
(3): thus, while the string m causes stress to {all on the second sylla le in
disyllabic' verbs (e.g. consume ). disyllabic nouns such as concord are

stressed as though they are morphologically simple. that is, with stress fal-

ling on the first syllable. It is this characteristic of refixes which gives rise

to many so-called 'stress-shifting’ pairs, in which the pronunciation cannot

be determined from the orthogbraphic representation alone: convert and
abstract for example. may both e stressed on either the first or the second

syllable, depending on word class.

Unfortunately, the situation is further complicated by another factor.
Apfiroximately one third (forty-eight) of the affixes discussed by Erik Fudge
in is book En lish Word Stress [2] exhibit two or more different behaviours

depending on the context in which they appear. For example. although i_s_rr_i

is stress neutral when it is attached to stems which can stand alone as

12) The syllabification algorithm used by the system divides words into a sequence

of open syllables unless -lhis results in an unacceptable consonant cluster at the

start of the next syllable.

(3) More precisely, such tests apply to that portion of the word which remains alter

the removal of any stress-neutral affixes. The distinction becomes significant when

a stress-neutral afiix which changes grammatical category terminates a word. For

example, the prefix m causes stress abilt to occur in verbs and adverbs l perform .

perhaps ) but not in nouns and adjectives. ll the grammatical category of the whole

word were at issue, primary stress would {all on the final syllable of the word

weal: : however. the stressing cf the initial syllable indicates that it is the

grammatical mtegory of the disyllahic udjectival stem perfect which is relevant.
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words (e.g. im rialism ). in other cases stress is placed two syllables before
the suflix, as in metabolism. Other tests which are used to disambiguate
affixes are the number of syllables in the word and its grammatical
category. A similar t e of ambi ity is exhibited by prefixes. (in addition
to the syntactically-reso ved kind iscussed above).

Fudge [2] details, for each ambiguous affix, the test to be applied.
Unfortunately. an implementation in which rules are indexed via individual
affixes (such as Fudge‘s linear treatment would imply) is not computation-
ally efficient: in effect. it would be necessary to list an individual rule for
each ambi ous affix, which would increase the size of the module by some
48 rules. fibwever. an inspection of the data reveals that it is possible to
make certain generalisations regarding the behaviour of ambiguous affixes,
and to exploit these generalisations in the computational modelling of the
stress assignment process.

In order to approach the problem of handling ambiguity in suffixes, a
matrix was constructed such t at the rows and columns were marked with
the labels discussed above (stress-neutral, autostressed, prestressed-l,
prestressed-2 and prestressed-I/Z) and suffixes were assigned to the celldenoting their particular effect on stress assignment. For example, the suffix
is_m (see above) was assigned to the cell denoted by the column label ‘stress-
neutral’ and the row label 'prestressed-Z‘. Unambiguous affixes were there-
fore entered on the diagonal. This matrix, presented in Table 1, shows that
ambiguous sufiixes are not evenly distributed across the matrix, but tend to
cluster in three cells (4). Furthermore, when the disambiguation tests were
examined, a further useful generalisation emerged: the majoritly of the ambi-
guities could be resolved by a rule of the form if the stem is ree. the suffix
is stress-neutral’. Prefixes can be similarly analysed.

The results of these two analyses have led to the institution of threefurther suffix classes and three further prefix classes (in addition to those
suggested by Fudge) which are used in the implementation of the stressassignment rules. The membership of each of the six new classes is defined
by a common test-outcome sequence: for exam le. nine of the eleven suffixes
in the ‘stress neutral/prestressed-l/Z’ cell of ’faable 1 share the disambigua-tion test 'is the stem free’ with the outcome 'stress neutral' in the affirmative
case and ' restressed-l/2' otherwise; these nine affixes now constitute one of
the six ad itional classes used in the module.

3. Implementation
The rules described above have now been implemented in Prolog. Foreach word, the input to the stress module is in the form of a list of sublists.

The first sublist contains entries corresponding to each prefix in the word,
the second the root and the third the suffixtes). For each affix in the input,
the orthographic and phonemic representation. as well as its accentual pro-
perty, are marked. The first major sub-routine which is encountered deals
with ambiguous affixes. This sub-routine is organised according to the
category of the accentual property label which each affix carries. Labels may
be 0 three types:

(4) Two affixes have been excluded from the matrix because they are not amenable
to this two-way analysis.
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Table 1: Distribution of suffixes scross cells denoting their effect on
stress placement.

(Note: Two suffixes which exhibit more than two stress assignment patterns
are excluded from the matrix.)

stress auto pre- pre- pre-
neutral stressed stressed stressed stressed

l 2 1/2
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(1) 'sim le', corresponding to one of Fudge's accentual properties, and used
by the ower-level stress placement rules. The presence of such a label indi-
cates that no disambiguation is required and the affix is passed unaltered to
the stress assignment rules.

(2) 'complex’, resulting from the research described in the previous section.
When the program encounters one of these labels the appropriate test is exe-
cuted and the resulting 'simple’ label substituted.

(3) 'unique’, signifying that the affix re%uires special (combinations of) tests
which are necessary for no other affix. he presence of this label causes the
program to search a set of tests, indexed by the orthographic form of the
st’fixl in question, to execute the test and to substitute the appropriate simple
labe .

Subsequent routines in the module make no appeal to orthography, and this
input is therefore discarded.

When the ambiguity of affixes has been resolved, the lacement of
stress is a relatively simple matter. The prefix list is examinerla from left to
ri ht and the first stress—determinin prefix identified: any prefixes to the
left of this are temporarily excluded row the computation A similar opera-
tion, working from right to left, is performed on the suffix list. If the new
prefix and suffix lists are empty. stress is assigned according to the rules for
morphologically simgle words described above. (This section of the program
embodies a syllabi cation subroutine which is used elsewhere in the -
module.) Otherwise. stress is sassigned by affix: suffixes take precedence
over prefixes in- the stress asstgnment process. At the final stage, stress-
neutral affixes. which had earlier been removed, are re-appended to the
stressed string.

4. Conclusion
This paper has described research leadin to the implementation of the lexi-
cal stress module of the CSTR Text-to- peech system. The performance of
the module has now been evaluated on a small, randomly-selected corpus of
polysyllabie words which the system is known to decompose correctly into
constituent morphemes: a 96% level of accuracy was achieved. Sub-routines
which assi secondary stress and perform vowel reduction, where appropri-
ate. have a so been implemented and integrated into the system.
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