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Introduction

The placement of stress in English words has sometimes been vicwed as a purcly 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 siress can be
predicted by rule, given the correct information. The lollowing is an outlize of one
currently-implemented system [or determining the placement of primary lexical stress. and for
making stress-determined medifications 1o the input string. This system s based on hierarchical
word-level units framed within the terms of metrical phonolegy. 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. [ts output is the phopemic siring marked for
primary and secondary stress. with any shortened or reduced unstressed vowels also marked. A
simple case is the word Hannibal. which contains no morpheme boundaries. It would be marked
4§ a noun and given the input phonemic transeription /hag-n1-beel/, with syllable boundaries added.
Mote that no vowel reduction has been marked at this stage. The output would be the string
/ha'-n|1)-bl/, with primary stress on the first syllable, a syllabic consonant replacing the vowet of
the unstressed final syllable. and the unsiressed /1/ 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
ol English speech by rule from unrestricted input text. Thus it assumes input from the
letter-to-phoneme compouent of the system, and its output will form part of the ioput to the
synthesis algonthm.

Characteristics of the input string

First of all, the morphological boundaries are inserted by a preceding morph-sripping 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 descrnibed as strong
and weak affixes. To the strong class belong those affixes, such as -ation, -ic, which affect word
stress placement. while to the other class belong affixes. such as -ed, be-, -al. which have go such
etfect (sec [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 > ation - where < < marks a weak prefix boundary and > marks a strong
suffix boundary. :

The initial phonemic transcription is provided by a set of letter-to-phoneme 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 altempt to do so will involve handling the stress twice in some form or other - with obvious
josses in cificiency and generality. Clearly, it is more economical to allow default full vowels in the
initial ‘phoneme’ string, with subsequent stress-conditioned reduction. For example. the initial
phonemic form of the word consideration would be fkon < <stder > erfn. :
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The svllabification algorithm s based on the method put forward by O'Connor and Trim [4] and
referred to by Selkirk [6] as the "Maximal Syllable Onset Principle’. According to this principte,
sviluble division is carried out according to the permitted initial and final consonant combinations
ol English. It a ¢hoice should then arise for a particulur boundary, the solution is to 4ssign as many
©OnSONANIs 4s posstole 1o the start of a following syllable. The word consideration would thus be
syllabilied as /kon- < < s1-de-r>eaI-fn/.

Cerwin part-of-speech information must dlso be supplied for the correct operation of 4 rule similar
1o the Lexical Category Prominence Rule (see below). This information, which probably need be
no more than the distinction noun or non-noun. will be supplied by a syntctic parsing program.
For example. 1he word consideration would be specified a5 a noun.

Processing of the input string

The inpur phonemes ice first converted into a representation of their sepment-type. using o look-up
table. There are Your categories of segmeni-type: consonant (C), long vowel (V). short vowel (v),
and reduced vowel or svllabic consonant (EY. This process is similar 1o the vowel-consonant
mapping of Segre et al. [5] but includes a finer classification ol the vowels. The process is necessary
for a correct assignment of “foot units’ at a later stage. The segment-type representation of the word
consuieration would be: CE-< < Cv-Cr-C > V-CE,

Monosvilabic foor
P T
| I
a o
Vic)- vC-
Disyilabic foot
z I )3
o N PN PERNS
ve V- vC- Ve V- vC-
Superfont Extended foor
E
P r 5=
I= I Is
|
a ov o’/\a"’ av clr a¥ o
Vi€ v v(C)- V- V- ViC) v v-
o = syllable V = long vowel - = syllable-boundary
I = foot unit v = short vowel * = strong
I’ = superfoot C = consonant " = weak

E = extended foot () = optionality

Figure 1. Basic stress loot units
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The morphoiogical boundaries are then made use of to Jdetermine the siress domain. Weak alfixes.
such s w-. con-. ot -5, are iznored and form no part of the stress domain. while strong affixes. such
as over- uad -eraphy are included with the root moeph in the stress domain string formuing the input
10 the next stage. The stress domain [0t considerarion would be the string Cv-Cv-C > V-CE
cotresponding to -sideration,

The next stage parses the stress domain into stress (oot units. These units. Niest deseribed by Selkirk
(6.7]. ure hierarchical phonoiogicai units between the svilable and word levels. within which svllables
ire arouped together in strong or weik relations according to such considerations us vowel tength
and numoer af ollowing consonants. A lew moditications have been made w0 Selkirk’s original
stress [aot templates. such that the set of possible stress oot units is made up ol the structures shown
in ligure 1.

Those struetires whose topmost nodes are underlined are candidites for anaciusis, fe. a preceding
vastressed svijuble comprising a short vowel with no svifuble-linal vonsonants. It is claimed that
all stress domains in English can be parsed in terms ot oaly this set of basic foot units, The
representation of the word consideration in terms of stress [oot units i seen in figure 2.

5
z alf.‘

o~ a° a o™

Cv- Cv- C=V. CE

SI- de- r>el- fn

Figure 2. Stress foot umits for consideration

Once the syilables of the stress domain have been bracketed together into foot units. these units are
campared in order to determine strong and weak uaits, This is done according 10 a rule based on
the Lexical Category Prominence Rule of Liberman and Prince [3). The rule states that. 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 ulways strong. Starting from the end of the stress domain. the strong foot unit is determined:
if the word is long. the next strongest foot unit may also be considered. for purposes of secondary
stress assignment. [t seems necessary 10 make only the simple distinction noun or non-noun for this
purpose. The tull stress foot bracketing of 1he word consideraiion is shown in figure 3.
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Figure 3. Full stress foot bracketing for consideration

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 vowe! reduction.
which tukes diffecent forms according to the tvpe of foot unit and length of vowel.
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[n monosyitabic feet with a long vowel. /i, e1, a1/ become /I/. /u/ becomes /u/, und 73/ becomes /a/
In monosyllubic feet with & short vowel followed by /7, Jm/ or /nd within the saume syliubie. tie vowei
is deleted and the consonant becomes syllabic. In a weak svllable not constituting a fool in s vwn
right. /2. 0. A. 3/ become /o/. and /1, 8/ become marked as more central in quality. I 712, /m/, or
‘n/ Tollow within the same svlleble. the vowel is deleted and the consonant becomes syllabic. The
Snal Form of the word consideration is /kn-sI,-ds-reI’-[n/. The primary stress {alls on the l'ourth
sviluble. und secondary stress on the second sylluble. whiie the vowel of the third s¥llable has heen
reduced to schwa.

The output string thus contains the phonemic transcription with svilable boundaries. marked tor
primary and secondary stress, with appropriate vowels reduced ar converted to svilabic consonants.
This vuiput string wili tarm the input 1o the phoneme-to-allophone rules in the overall syntiwsis
system.

Advantages of the process

U1 lexical stress cun be specified in this way with reasonable accuracy. it would relieve the
wtier-1o-phoneme reles of' a task which they car only carry out by specilving the siress an additionat
time. Manyv vowel graphemes would then delault to the standard - eg. ray. /ef, tor orthogruphic u
and ¢ respectively, The question of whether or not such vowels are 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 {eg. Segre et al. [5]), in that it mirrors the fuct that vowel reduction is directly predictabie
from the stress pattern, rather than indirectly from the orthographic representation. This
laithfulness to linguistic principles also ailows the method to serve as an explicitly-formulated means
of testing a ifinguistic theory of word stress.

The prediction by rule of lexical stress ptacement for most words in English allows a speech
synthesiser to handle an unrestricied range of input text. At the very leust. it would be able 1o make
4 creditable attempt at pronouncing a word not encountered before - and even native speakers can
often do ne more than this.

Further developments and examples.

The program has only recently been implemented. and it is proposed 1o test it thoroughly with a
lurge ser 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.

Tt is also hoped to conduct experiments with nonsense words. in order 1o 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-stripping algorithm has yet 1o be implemented. and much research is still reeded in this
arex. Once such an aigorithm is formuluted. its outpur will form part of the input to the program
described above.

Some examples are riven below of input and output strings for the program in its present state: ' <
i$ 4 strong pretix boundary, > > is a weak sullix boundary. and /[1)/ is 2 centralised /17,

re- < pre-zen-t>eI1-fn >  rg-pra-zn-ter’-fn
han-d1-man —> ha'n-d{z]-mn
@o-<mat ->  m'-la-mat
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mo-de-r>ert [n] —> mo'-da-rat
mo-der-> >elt [v] —> mo'-de-rent
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