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Introduction

The placement of stress in English words has sometimes been viewed as a purely lexical

phenomenon. stored as part of the lexical entry for each word. if this were true. it would not be

possible to synthesise English from completely unrestricted text. as a dictionary—based system would

be limited to the words or morphemes already stored. However. English lexical stress can.be

predicted by rule. given the correct information The following is an outline of one

currently-implemented system for determining the placement of primary lexical Stress. and for

making stress-determined modifications to the input string. This system is based on hierarchical

word-level units framed within the terms of metrical phonology, but taking into account a wider

domain than phonology alone.

The system accepts as input a string of phonemes containing syllable and morpheme boundaries.

together with the information noun or non-noun. its output is the phonemic string marked for

primary and secondary stress. with any shortened or reduced unstressed vowels also marked. A

simple case ts the word Hannibal. which contains no morpheme boundaries. It would be marked

as a noun and given the input phonemic transcription lha-nt-bnall. with syllable boundaries added.

Note that no vowel reducu'on has been marked at this stage. The output would be the string

lha'-n[x]-bll. with primary stress on the first syllable. a syllabic consonant replacing the vowel of

the unstressed final syllable. and the unstressed III of the second syllable marked for a centralised

vowel quality.

The stress assignment program has been written as part of a larger project involving the synthesis

of English speech by rule from unrestricted input text. Thus it assumes input from the

letter-to-phoneme component of the system, and its output will form part of the input to the

synthesis algorithm

Characteristics of the input string

First of all. the morphological boundaries are inserted by a preceding morph-stripping algorithm

based on a look-up table of affixes. This has not yet been implemented. but it is hoped that storage

of affix morphs only will be needed. Affixes are divided into two classes. here described as strong

and weak affixes. To the strong class belong those affixes, such as —aiinn. -ic. which afiect word

stress placement. while to the other class belong affixes. such as -ed. be-. -al. which have no such

effect (see [1.8] for a fuller discussion). This distinction is essential for the correct parsing of the

input string into metrical foot units. For example. the word consideration would be divided as

follows: con < <sider > ntion - where < < marks a weak prefix boundary and > marks a mung

.rujjix boundary.

The initial phonemic transcription is provided by a set of letter-to-phonerne rules. augmented by an

exceptions list [2]. The rules. it is hoped. will not need to specify reduced vowels such as schwa.

Since the reduced vowels. being stress-determined. cannot be inferred directly from the orthography.

any attempt to do so will involve handling the stress twice in some form or other - with obvious

losses in efficiency and generality. Clearly. it is more economical to allow default t'ull vowels in the

initial 'phoneme' string. with subsequent stress-con ;tioned reduction. For example. the initial

phonemic form of the word consideration would he 'lknn< <stder>erlnL
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The syllabification algorithm is based on the method put forward by O’Connor and Trim [4] and
referred to hv Selkirk [o] as the 'Muximal Syllable Onset Principle’. According to this principle.
syllable division is carried out according to the permitted initial and final consonant combinations
of English. In choice should then arise for a particular boundary. the solution is to assign as many
consonants as possible to the start of a following syllable. The word consideration would thus be
syllabuied as Iknn- < < sx-ae-r> ex-[nL

Certain part-ullspeech inl‘on'nation must also be supplied for the correct operation ofa rule similar
to the Lexical Category Prominence Rule {see below). This information. which probably need be
no more than the distinction noun or non-noune will be supplied by a syntactic parsing program,
For example. the word t‘tlflii‘ltfflll'tln would be specified as a noun.

Processing of the input string

The input phonemes are first converted into a representation of their segment-type. using a look-up
table. There are [our categories ol'segment-type: consonant (Cl. long vowel (V). short vowel (vb.
and reduced \‘owel or syllabic consonant (E). This process is similar to the vowelvconsonant
mapping of Segre et al. [5] but includes a finer classification of the vowels. The process is necessary
(or a correct assignment of’foot units' at a later stage. The segment-type representation of the word
t-mn'uierun'nn uould be: CE- < <Cr-Cr<C> V-CE.
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Figure I.  Basic stress loot units
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The morphological boundaries are then made use of to determine the stress domain. Weak al'lixcs.

such as Al'. mm. or us: are mixed and form no part ot~ the stress domain while strnng alTixes. such

as m-ur- and -qmp/i_i' are in uded with the root morph in the stress do urn ' form g 1“: input

to the next stag . The stress domain for L'NlUltlL‘lullr)" would be the string C Ci‘-C> V-CE

corresponding to u'itiumiiaii.

   

  

The next stage parses the stress domain into stress i'oot units. These units. first described by Selkirk

[6.7]. are hierarchical phonological units between the syllable and word levels. within which syllables

are grouped together in strong or weak relations according to such considerations as vowel length

.ind number 01' i'ollowing consonant . .-\ few modifications have been made to ‘ -!kir.\'s original

stress l'oot templates. such that the set of possible stress I'oot units is made up of the structures shown

in figure 1.

 

Those structures Whose topmost nodes are underlined are candid' cs for ma sis. ie. a preceding

unstressed syllable compnsmg a short vowel with no syllable-final consonants. It is claimed that

all stress domains in English can be parsed in terms at only this set of basic foot units. The

representation of the word L'llllSltlerlllllln in terms of stress foot units is seen in figure 2.
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Figure 2. Stress l'nnt units for consideruliun

Once the syllables of the stress domain have been bracketed together into foot units. these units are

compared in order to determine strong and weak units. This is done according to a rule based on

the Lexical Category Prominence Rule of Libennan and Prince [3]. The rule states than in a noun.

given two nodes. the second is strong if and only if it branches. In a verb the second node of the

two is always strong. Starting from the end of the stress domain. the strong foot unit is determined:

if the word is long. the next strongest l‘oot unit may also be considered. for purposes of secondary

stress assignment. lt seems necessary to make only the simple distinction noun or non-noun for this

purpose. The full stress that bracketing of the word consideration is shown in figure 3.
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ini e 1 Full stress foot bracketing for crinri'ilt-rution

The string is then converted back to the original phonemic representation and loses the morpheme

boundaries. though retaining the foot unit boundaries. The next stage is that of vowel reduction.

which takes different forms according to the type of foot unit and length of vowel.
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[it monnsyllabic feet wrth a long vowel. Ii, et. all become III. Iu/ becomes ml. and IaI becomes 19/
In monosyllabic feet with a short vowel followed by I”. .'ml or mi Within the same syllable. the vuwci
is deleted and the consonant becomes syllabic. In a weak syllable not constituti a foot in its own
ti-tht. la. a. A. 3/ become IaI. and It. 21/ become marked as more central in quali y ll‘i'll. Iml. or
In] follow Within the same syllable. the vowel is deleted and the consonant becomes syllabic. The
final form of the word consideration is i’kn-sx,-de-ret'-J‘pl. The pnmary stress falls on the fourth
syllable. and secondary stress on the second syllable. while the vowel m' the third syllable has been
reduced to schwa.

   

The output string thus contains the phonemic transcription with s lahle boundaries. marked for
primary and secondary stress. with appropriate vowels reducedor converted to syilabic consonants.
This output string will form the input to the phoneme-to—allop'nonc rules in the overall syntticsis
sxstem.

 

Advantages of the process

lfletical stress can be specified in this way With reasonable accuracy. it would relieve the
letter-to-phoneme rules ot'a task which they can only carry out by specifying the stress an additional
time. Many vowel graphemes would then default to the standard - eg. Iaal. IEI. for orthographic u
and a respectively. The question of whether or not such vowelsare reduced in a particular case can
then be left till after the stress assignment.

The method outlined above follows linguistic processes more closely than that of some similar
proposals leg. Segre et al. [5]). in that it mirrors the fact that vowel reduction is directly predictable
f m the stress pattern. rather than indirectly from the orthographic representation. This
faithfulness to linguistic principles also allows the method to serve as an explicitly-fon-nulated means
of testing a linguistic theory of word stress.

 

The prediction by rule of lexical stress placement for most words in English allows a speech
synthesiser to handle an unrestricted range ofinput text. At the very least. it would be able to make
a creditable attempt at pronouncing a word not encountered before - and even native speakers can
often do no more than this.

Further developments and examples.

The program has only recently been implemented. and it is proposed to test it thoroughly with a
large set of English words. These words will be drawn at random from a machine readable
dictionary containing a phonemic transcription of each word with stress and hyphenation marked.

It is also hoped to conduct experiments with nonsense words. in order to compare the performance
of the program with that of native English speakers, The results should indicate whether or not the
principles followed by the program are in any way similar to the strategies used by native speakers
in pronouncing previously-unknown words.

The morph-stnpping algorithm has yet to be implemented. and much research is still needed in this
area. Once such an algorithm is formulated, its output will form part of the input to the program
described above.

Some examples are given below of input and output strings for the program in its present state: '<'
is a strong pretix boundary. ‘> >‘ is a weak suffix boundary. and IlI]I is a centralised III.

r:— < prz-zen-t > et-J‘rp — > t:.-p'8-l[\-l81'<fr]
harbor-man —- > haa'n-dlx1-mn
aa-to- < mat — > aa'da-mat
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mo-de-r>ert [n] —> mn'-da-rat

mn-der—>>art [v] —-> mn'-da—raxt
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