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1. INTRODUCTION

It is widely accepted that the main factors which detemrine intonan'on are semantics, pragmatic: and speaker

intent, in ascending order of importance. What this rreans is that. within the meaningful intonation patterns

of their language. speakers can put whatever intonation they want on an utterance regardless of other factors:

however. for communicative reasons. the patterns they usually choose are closely related to the serrtantic and

pragrmtic structure of the utterance. Rather less widely acceptedis the notion that any correspondence

between syntax and intonation is largely the byproduct of the relations between both of these and higher-

level (semantic. pragmatic. etc.) structures: this is nevertheless the view taken here. and will not be justified

in the present paper. For further discussion. see [l-4].

Unfortunately (for those of us working on [Eli-IDAsmech systernsl). there is currently no way of automati-

cally errn’acting semantic arid pnynan’e infatuation fm'n texL All that is available to even the most sophis-

ticated text-tospeech syslerm is a limited amount of syntactic structure and lexical infomtatiun. it is indeed

possible to assign an acceptable intonation contour using only this information: the latest evaluation of the

text-to-speech system under developnent at Edinburgh University's Centre for Speech Technology Research

(CSTR) revealed a success rate of around 70% in this task [11]. However. it scans reasonable to assutre

that the availability of higher-level information would allow significant improvements in perfonrtance.

Fonunately. there is at least one group of constructions whose manlic structure can be deduced with sorm

certainty and which are clearly marked in text. Real teat contains a high proportion of character strings

which are not normal words. and which have therefore been regarded as a problem for text-to-spcech sys.

trans and are usually either ignored or converted into words by such systems. These are all constructions

containing characters other than lowercase lends. referred to as ANOMAUFS because of their failure to

correspond to the lower-case alphabetic ‘norrn' for text. Smh forms include dates (1/7/34. 1986, '87).

ntnnber strings (123. 17.34. 12.345. 17.3456). tirrres (11-34. 12.34pm). and varions types of abbreviation

(ABC. CoHSE, RSSPCC. PhD): in current text-to-spcech systems they are generally identified by a prepro-

cessor module which Iflmtpts to determine the nature of any anomaly. If this particular subset of anomalies

were marlch for special treatment by the intonation rules. the amount of infommion Mucible about their

structure and function might well be sufficient to allow the consistent assignmcnt of highly natural-sounding

intonation to than. it is to this raid that the proposals presented in this paper are directed. -

The problems of implementing such a scheme are of cause considerable. and the textual data is not as regu-

lar or as easily interpreted as the preceding paragraphs appear to suggest it is hoped. however. that such a

simplistic approach will prove to be helpful both in improving the intonational mtment of anomalous con-

structions and in indicating areas where more complex strategies are required. An initial description of the

intonational behaviour of these constructions in the context of the CSTR text-to-spwch Syrian is presented

in the following section. and this is intended to be used as the basis for an automatic treanrcnt of arch con-

structions. The final section of tltis paper discusses the strengths and weaknesses of this approach in the light

of various pointsraised in this paper. g .
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2. ANOMALIES

There are several distinct classes of anurtaly which differ fm each other in their inlonational behaviour.
The present desaiption only addresses five common types: years. times, dates. number strings and abbrevia-
tions. (These include all the types wh‘mh oourrred in the C511! evaluation mentioned above.) in the context
of the CSTR intonation rules. the behaviour of each type can he described by answering two questions: what
is the relation of this commotion to a posodk: donnin. and which items within it should receive accents if
an optimal acoentnation is to he produced? The meaning of these questions requires some explanation.

The merits which should be assigned to a construction are determined by the semantic and pragmatic func-
tions of its constituents. as well as the predicted effect of rhythmic factors on those accents [5]. in our
model. accents are assigned to alrrtost all content words and approximately half of these accents are then
deleted by the rhythm nrle [l2]. if a particular dunain does not behave in accordance with our rhythm rule.
the assignment of accents may no to be modified accordingly: there may be reasonable pragmatic or other
grounds for this. as will be seen below.

A minimal prosodic domain is defined [6] as the dunain of operation of accent rules. Within such a domain,
the rhythm rule is sensitive to the differences in intonational behaviour between predicates (verbs. adjectives)
and arguments (nouns) and allows effects such as stress-shift to be modelled [12). Stress shift or other
rhythmic effects across donuin boundaries are not pemrined since accents in one domain cannot influence
accents in another. If the intonation of a particular constituent depends on a neighbouring constituent. the
two constituents should tbaefore share a domain: if tinir behaviour is independent of each other. they
should he in separate dcmains. To take a familiar example. the difference between the realisations of
"fifteen" in There are Fll-‘run MEN In a RUGby mm and The NUMberWEN is on lNIeger (capitalisa-
tion indicates accented syllables) results from the prosodic domins involved. in the former. "flfleen" and
'men" are in the satire domain and so the accent on "men" shifts that on "fifleen‘t in the latter. "fifteen" is
irnrrtediately followed by a domain boundary and so there is no influence from subsequent accents.

2.1. Years
Years (written as four digits. or as two digits preceded by an apostrophe) are always recanted on the first
and last stressed syllables when pronounced in isolation: only contrastive usage “curses accents on other
syllables. Thus. (1) and (2) are the only acceptable non-contrastive accent assignrmnts for these utterances.

(I) N'lNEteen eighty-NINE

(2) TEN sixty»SEven

However. following material can affect this swentustion by causing the deletion of the second accent. thus:

(3) the NlNEteen eighty-nine FESTival

(4) the NlNEleen eighty-NINE edinhurxh FESTival

The contrast between (3) and (4) is a result of the principle of rhythmic alternation which prohibits accents
on adjacent iron: in the same dornaiu. and therefore years do not' necessarily constitute donnins in them-
selves. However. it does not appear to he possible to delete or even to shift the first accent on a year consli—y
went in non-connostive usage:

(5) 'the FAmons nineteen eighty-NINE utinburgh FES'fival

(6) ‘the FAmoua nine‘l'IIN eighty-NINE edinburgh FESTival
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This suggests that smh a constituent must start a domain. but that it may combine with following material
(up to the next [nosedie boundary). Since rhythmic deletion can apply to these domains. they must be pro-
cessed by the rhythm rule: marking the unwanted item in the year constituent as pngmatically deacoented
(which. arguably. is what they are) will allow the rhythm rule to apply coneetly to mimic the observed
behaviour of these domains. The details of the implementation of these ideas will not he discussed in the
present paper. see Senior: 25.

Time constructions (eg. 22:10 and 5:55. pronounced as twenty-two ten and five tiny-five respmtively)
appear to behave in exactly the same manner as years:

(7) it's Tm forty-THREE

(8) the TWELVE thirty-two exPRFSS

(9) 'the FAmous four FlPty from PADDington

They can therefore he handled by the same rules. although different pronunciations (oh five fifty-five. five to
six) or the addition of "am." and "pm." rrtay require special treatment

2.2. Dales
‘Constructions giving days. months and years can be pronounced in one of two ways: "1/2134". for instance.

may be expanded to (10) or (it).

I (10) the Fl'RFl' of the SECOND nineteen thirty-FOUR

(ll) the FIRST of FEBruary nineteen thirty-FOUR

These forms appear to share one accent pattern. which simplifies things greatly and avoids the need to
chooseoneortheother. However. the aooentpattem forlheyearaspart ofa dale isoot the same asthat for
a year alone: although Nineteen" also seems quite acceptable with an accent in many cases. this can lead to
‘over-Iocenled' intonation as in (12).

(11) ‘tm THIRD of MAY NlNEteen TWELVE

 
Accents are therefore assigned to the first and last Mutable items and to the month in these constructions.

  

Dates appear to constitute domains in thunmlves. in that their accentuatioo is not affected by preceding or
following constituents. Examples smh as (I!) are simply ungrammatical. as dates cannot normally function
as modifiers in English. and (14) shows that preceding accents need not affect these constructions

(IS) 'The fourteenth of July seventeen eighty-nine events.

(14) on the MORning of the FOURTH ofjuLY seventeen seventy-SIX

  

Dates of the form "12/9". meaning the Iwelllh of September. behave in the same way as tltose specifying a
year except that the accent assigned to the year is not assigned: 7

  (l5) IheTW'ELFTH ofthe NINTH is I TUESday

(16) he‘s igNORing t1: FOURTH of thLY
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(17) 'The twenty-firth of December celebrations.

ZJrNurnhaSn-inga
'Fnrpresuuptrrposesnntnnhersn'ingisanyrningnfdigfls(intermptcdonlyhyeommasanddccimalpoints
inapplnpfiateplmes)whichoccmlnleslnnddnesnotfunctionasadatenrsimflarconsnwuon. Number
string: areexpended as sequenm ofcardinal numbers and thedccimal point where appropriate.

in general. expanded number strings consist of items which can receive accentsand items which cannot. The
form: imlude the ‘unils‘ we to nine and the 'tens' ten to ninety; the latta include the words "hundred",
"thousand". 'i'nillloo". and so on. Accent patterns are currently generated by assigning accents to all the
accentable items and then applying the rhythm rule [5] from right to left to delele every second accent. This
results in accentuations such as the following:

(18) SlXteen thousand EUR hundred and twenty-THREE

(l9) TWO million seven hundred and SIXTY-four thousand and TWO

(20) SEVEN hundred and mRTY-two million sime hundred alll eighty-SEVEN

It should re obvious than (21)). and even (19). would not be judged urtirely natural: however, if instead of
ignoring the unaccustahle itans we allow them to delete the accent of the item which precedes than. we
prndlrce the following which are rather more acceptable:

(2]) SDiteen thousand four hundred Ind twenty-THREE

(12) TWO million seven hundred and SDtTY—four thousand and TWO

(73) SEVBi hundred and NRTY-two million SlXteen hundred and eighty-SEW

(24) EUR-hundred and TWBTIY-seven thousand eight hundred and tony-11mm!

Tl: solution would appear to be a compromise. allowing the accent to be deleted only if there is more than
one ocncnlnhle item before the next unaccenlable one: only implermntation will show how effective this
compromise is.

There are two ftn‘ther problems in deciding which items in a lumber string should receive accents The first
seems to depend on whether the construction is functioning as a modifier. and the second involves the
decimal point. -

There appears to be a regular exception to the nnaccentahiliry of words such as "hundred". 'thousand". and
soomincaseswherethesewordsco‘ne Ittheendoiadumain (generally. lheendofenounphlase). they
can and must he anemia. The reason for this behaviour is not clear - it my be that numbers in this posi-
tion are fumtlmlng diffaently (e.g. not modifying a following noun). or It may he simply the result or the
phonological pressure to place accents It the right edges of donning - out the behaviour itself is clear
enough: '

(75) PROM TWO THOUsand

(26) Tl: POpulalion of SCOTland is about FIVE MlLLion

(27)?lCKaN'UMhahetwearTENsndthree HUNdred
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(28) sin was aWARDed SIX hundred THOUIand

This behaviour can be modelled quite easily in the CSTR system by assigning sudr words to a special syn-
tactic class and checking whether the final item in a dontain belongs to this class. This is clearly not a par—
ticularly theoretically principled solution. but until the reasons for the observed behaviour have been deter-
mined there is some justification for the view that any solution that works is as good as any other.

In number strings incorporating a decirml point. the word "point" never receives an aocent in non-
contnastive usage: however. it does have the effect of splitting the construction into two sections which
behave very differently. The section before the point behaves as though the point were not there. and the
section following the point behaves unlike a number string. Thus. we find accents as we would expect before
the point but something rather different alter it:

(29) TWO hundred and seventy»Sl'X

(30) TWO hundred and seventy-SIX point FIVE three eight one NINE

(31) Two hundred and seventy-SK point POUR TWO

A strategy of assigning accents to the first and last decimal places appears to produce acceptable accentua-
tions for up to five decimal places. Moreover. the simplicity of this strategy has mtrch to recommend it in an
aura-mus: systan. Although larger numbers of decimal places than this may sound sermwhal unnatural if
no accents are interposed between the first and the last place. the rarity of such strings in text allows this
problem to be disregarded at least for the present the accentuation in (30) and (31) is not diffith to achieve
within the current CSTR rules.

Something of the relation between number strings and danains should be clear from the above examples.
and from well-known examples such as (32). The influence of subsequent material on tin want patterns of
number strings in such examples indicates that such constructions do not necessarily constitute a domain in
themselves:

(32) Flat-en MEN

(33) thee were TWENty-five PEOple on the BUS

(34) the BlSHop orDAlNED THlRty-seven PRIESTS today

(35) JOHN'S friend PAUL had a BUDget of N'lNEty—five thousand POUNDS

Examples (34) and (35) indicate that number strings must start a domain. although in infortml experiments
some listeners judged these (and (15) and (26) above) to be unnaturally over-accented. This is consistent
with other anomalies. but again only evaluation of son: implementation will show whether a danain boun-
dary is appropriate in most cases.

2.4. Abbreviations '
The term 'hhbreviations" coves a multitude of sins: almost all textual anomalies could reasonably be
described as abbreviations Its usage here is much more resnicted. in that it encompasses only those alpha—
betic anomalies which are not acronyms. By this definition. NEC. FRCP, 8.54:, PILD, RSSPCC all qualify as
abbreviations hut DEC, FRIBA, CaHSE, R5732. 3M do not. Those which do qualify do not appear to differ
significantly in their intonational behaviour. despite variations in their orthographic forms:

PIDC.I.O.A. Vol 12 Part 10 (1990) 83
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(36) EN ce SEE (NEC)

(37) FEB litch DEE (PILD)

(38) BE ess SEE (35¢)

(39) Tina gee double—you YOU (WW

(40) ARE ess ess pee see SEE (RSSPCC)

A: with the strings of individually-pronounced digits after a decimal point. these strings or individually-
pronounced letters appear to require accents on the first and last items only. The same argument also applies
regarding the possible unnatnralness n! this treannent for very longabbreviations. although a corpus of 2500
random abbreviations contained only one seven-letter and a handful of six-letter exemplars.

The accent on the final element of an abbreviation can be deleted as a result of subsequent accents as in
(41). and this even owns in vay long abbreviations as in (42):

(41) this is the BEE bee see NEWS at nine o‘CLOCK

(42) i went to the ARE ess ess pee see see OFFioes today

However. the accent on the first element does not scan to he att‘ected by preceding accents:

(43) the SECond EE ee see SUMMit

(44) doctor OW‘S BS doe PEE

It therefore scents likely that a treatrmnt whereby an abbreviation starts a new domain but need not finish it
will yield appropriate accent patterns for the: cases.

2.5. Implementation
The implementation of these ideas. either as extensions of the current CSTR intonation rules or as what
would amount to an ACCBIT GRAMMAR for such construction. has not yet been accomplished; Because
of the nature of text-lo-speech systems. it is essential that the preprocessor should extract as much informa-
tion as possible from text and pass it on in a farm which can be interpreted by mbwquent mles: it is inevit-
able. therefore. that the implementation of rules {or the international heatrmnt of anomalies will require
modifications to the preprocessor and In main intervening modules. as well as to the intonation rules.
Despite this. we foresee no great difficulties in principle in implementing all the above proposals within the
framework or the CSTR intonation module. ‘

  

      
       

We are currently engaged in implementing the above rules and evaluating their output in the CSTR text-to
speech system. Given our approach to synthesisth intonation. which is one Of inwlamming and: III! -
intuitive rules and then using their mots to drive a process of continual improvement and refinement [7]. we
see no objection to implementing speculative rules such as those above and then testing them on text cor-
pora and using the resqu to produce a new improved rule set. This strategy allows fast algorithm develop-
ment. as new or alternative rules can he tried without resorting to exlmsive data collection and analysis for
every modification. and is widely used in cognitive research.
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. 3. DISCUSSION

There are several assumptions and assertions made in the preceding section. some of which deserve more
discussion than the present paper allows. This section attempts to point out areas for furtlnr investigation
and to elaborate briefly on sortie ofthe less complex issues raised.

The most obvious question arising from the pleading dracription is whether such a treatment is appropiate:
are the questions of accents and domains really the ones which need to be answered. or should we he look-
ing at the precise function (grannnatical. semantic or pragrmllc) of anomalies in text and assigning intona-
tion [run than There are two levels of answer to this question. From the standpoint of someone trying to
build a machine to do the impossible. ie assign naniral intonation fmm unrestricted test. there is a compel-
ling case for holding that any approach which works is a good approach to take. The counter-argument, of
coma. is that there is little point in trying to nuke an impossible task easier and that what we ought to be
doing is investigating tie higlnr-level factors gnveming this task and trying thereby to bring it into the
realm of the possible: from the standpoint of a theoretical linguisL this is probably the only justifiable course
of action. To the extant that it is possible to satisfy both the theorist and the technologist, a compromise
would seen to be the best solution for both shnrt- and long-tents goals but the issue remains unresolved.

From a practical point of v'tw. the next question is whether the description given is mate and complete:
if it is not. it may be more trouble than it is worth to incorporate it into an automatic system We take the
view that the min pit-pose of development systems such as those at CSTR is to determine whether a
description satisfies these crituia. and to this extent the proof of the theory is in the implermnntion. This
may not meet with the approval of all theoretical linguists, but that is not a problem unique to this theory

Two further points warrant sort: disatssion: firstly, the issue of extendability to oontrastive usage and other
explicit exceptions. The rules in the CSTR system explicin exclude contrastive and u'nphatie usages. but
they are designed to be flexible ongh so that when information on such usages is available it can be easily
incorporated. in some ways. particularly in the case of the exceptional behaviour of domain-final "hundred",
"thousand". etc.. the treanmut of anomalies seems to qualify as the use of such higher-level information and
it might be expected that ll: mechanisms for recognising and heating anomalies would be capable of
extracting other information as well. It must he ernphasiwd. however. that we believe some element of
understanding to be essential to the treatment of contrast and emphasis and that the mechanism suggested
for handling annnaiies do not incorporate any such cleran it is only by virtue of the exceptional textual
characteristics of these anomalies that any higher-level information is deducihle from them: even the
identification of dates or years written out in full. as in nineteen eighty-nine. presents major problems on
which the present observations have no hearing. indeed. there is an empirical question to be answered
regarding the factors which detemtine whether. for instance. a date is written in full or as digits: it may be
that alternative textual forms correlate with different higher-level qtecifications and consequently have dis.
tinct intomtional characteristics. No work on such factors has been carried out to our knowledge. -

Secondly. in view of the preceding point. it should be asked whether there are any other classes of item
which are readily idenn'fiable from text and whose appropriate interpretation is relatively clear. Two classes
of item corn to mind in this contut: proper names. generally identifiable by their initial capital letter. and
punctuation. The latter has already been investigated [5] and partially incorporated into them intonation
routines. and the fornter is high on the list of area requiring investigation although the problems involved in
interpreting proper names have been dwcribed at length by philosoflrers and linguistics alilte. among them
Strawsnn [8]. Levi [9] and Sproat & Liherman [l0]. There may also be other classes of items amenable to
theaboveamoachwhkhwiflherevealedbycorptnanalysisinthefuture: irthereare.wehopethatour
model will be readily adaptable in order to take advantage of them.
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