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SPEECH SYNTHESI S This invention relates to a speech sy, ,;gflem S

system for use in producing a speech_waveform from an input text
V\/r]lch i ncl udes words in a defined word clas$ and also to a 5 nethod for
use in producing a speech waveform from such an I nput text.

I n producing a speech mveformfron&g&Mt i's inmportant to
find the stress pattern for each word. d of doing this is to

provide a dictionary containing 10 all the words of the |anguage from

which the text is ta‘kﬁﬂs inv i C*blsé‘@é!@ EbeaStsrgf&-fctpaéf'ﬁfﬂeé’is eg¢lcem
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vor 0 ol ass SahBANIAL! & ¢l {1 eLERlLOhES] spedid LBLATOM ST, NOLdg N

the input text, 1t 1S nec r Se SBSER wol

bel ongs to thénEtéTil Rest. vvord cl ass before finding its stress gfttgrn
Wth sone word Ct ASSHE oy ega;rpé@ aLihak FASmi Qnt $
20 t he robllazém ?)cfmé al‘%I ng V\%Jrr élo dgr}e&?mgéllg Q? bﬁp‘gg .
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|nvent|on10 all the words of the language from which the text is taken
and_which shows the stress pattern of each word. However, it

is both technically more efficient and linguistically more

desirable to parse the individual words of the text to find

their stress patterns. Where the input text contains words

15 in~a defined word class which exhibit a different stress

pattern f;om other words in the input text, it is necessary

to parse each word to determine if it belongs to the defined

word class before finding its stress pattern. With some word

classes, for example Latinate words in the English language,

20 the problem of parsing a word to determine if it belongs to

the word class is not easy and the present invention seeks to

find a solution to this problem.

According to one aspect of the present invention,

there is provided a speech synthesis system for use in

25 producing a.speech waveform from an input text which includes

words in a defined word class, said speech synthesis system

including means for determining the phonological features of

said input text, means for parsing each word of said input

text to determine if the word belongs to said defined word

30 class, said parsing -means including a knowledge base
containing (1) the individual morphemes utilized in said

defined word class, each morpheme being an affix or a root,

(2) the binding properties of each root and each affix, the

binding properties for each affix also defining the binding

35 properties of the combination of each affix and one or more

other morphemes, and (3) a set of rules for defining the



there is .provided a speech synthesis systemfor use in 25 produci ng a

speech waveform from an i nput text which includes words in a defined
word cl ass, said speech synthesis system™ “iThcluding nmeans for deternmining
t he phonol ogi cal features of sai d input text, neans for parsing each
word of said d 4;he wor d_bel ongs "aiddfined
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defining the V\/glch roots and affixes may be

combi ned to fRFFFUCE amﬁ?ﬁsesnﬁén§eF§sB nSAFETeSeNTe LRGT FSfardt RFIERE Ror .
finding stmcsmrsagstpasieen oeb pactuver d Qf:eéahdwaﬂﬁlfbr'ﬁnex'i and rreans

for interpreting sai c fet es _together_ .wth the
from sai d means for "% n':gl rT“ q"lo rsees?go Pattern h‘? thlsprldﬂ’fgbt?%eqi "g f
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a speech yaV& YN an input -eﬁccﬂ{ldék{'glBeladégc%(}d‘gsﬁer?t Ohekihia word
| nvention, trclzej‘.ra%s, said method including the steps of determining the
phonological features of said- input text, parsing each word

of said input text to determine if the word belongs to said

defined word c’ass, said parsing step including using a

15 knowledge base contaihing— (1) the individual morphemes
utilized in said defined word class, each morpheme being an

affix or a root, (2) the binding properties—of each root and

each affix, the binding properties for each affix also

- defining the binding properties of the combination of each
20 affix and one or more other morphemes, and (3) a set of rules

for defining the manner in which the roots and affixes may be

combined to form words, finding the stress pattern of each

word of said input text, said finding step using the results

of said parsing step, and-interpreting said phonological

25 features together with the stress pattern. found in said
finding step to produce a series of sets of parameters for

use in driving a speech synthesizer to produce a speech

waveform.
This invention will now be described in more detail,
30 by way of example, with reference to the drawings in which:
Figure 1 shows the structure of Latinate words in the

English language;
Figures 2 and 3 show how a Latinate word may be
divided into Latinate feet and the feet into syllables;
35 Figure 4 is a block diagram of a speech synthesis
system embodying this invention;
Figure § illustrates the constituents of a syllable;



S prOV|ded a method for use in producing a speech waveform 10 from an

i npdt text which includes words in a defined word class, said nethod
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SYSte”‘e”bOdYﬂiﬁbiP|5 AIVEIUA Y  and " Grecd-@¥rhahildY UStT @bedst NEn  the
constltuents cgtfzggllgfggs are mostly of Latin origin, whereas words in
15 the Greco-Germanic class are mostly Anglo-Saxon or Greek in
origin. All Latinate words in English must be describable by
the s*:gcture shown in Figure 1. In this Figure, "level 1"
means Latinate and "level 2" means Greco-Germanic. As shown
in this Figure, Latinate or level 1 words can consist at most
20 of a Latinate root with one or more Latinate prefixes and one
or more Latinate suffixes. Latinate words can be wrapped by
Greco-Germanic prefixes and suffixes, but level 2 affixes
cannot come within a level 1 word.
Prefixes, roots and suffices together with augments
25 are known as morphemes.

The stress pattern of a word may be defined by the
strength (strong or weak) and weight (heavy or light) of the
individual syllables. The rules for assigning the stress
patterns to Greco-Germanic words are well known to those

30 skilled in the art. The main rule is that the first syllable
of the root is strong. The rules for assigning the stress
pattern to Latinate words will.now be described.

A word may be divided into feet and each foot may be
divided into svllables. As depicted in Figures 2 and 3, a

35 Latinate word may comprise one, two or three feet, each foot
may have up to three syllables, and the first syllable of
each foot is strong and the remaining syllables are weak. In
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be assigned.
In one type of speech synthesis system, the input text

is converted from graphemes into phonemes, the phonemes are
converted into allophones, parameter values are found for the
allophones and these parameéér values are then used to drive
a speech synthesizer which produces a speech waveform. The
synthesié used in this type of system is kﬁbwn as segmental
synthesis.

In another approach to a speech synthesis system known
as YorkTalk, each syllable is parsed into its constituents,
each constituent is interpreted to produce parameter values,
the parameter values for the various constituents are
overlaid on each other to produce a series of sets of
parameter values, and this series is used to drive a speech
synthesis. The type of speech synthesis used in YorkTalk is
known as non-segmental synthesis. YorkTalk and a synthesizer
which may be used with YorkTalk are described in the
following references, each of which is incorporated herein by
reference. -

(1) J K Local: "Modelling Assimilation in ©Non-
Segmental Rule-Synthesis"; in D R Ladd and G Docherty
(Editors): "Papers in Laboratory Phonology II", Cambridge
University Press 1992,

(ii) J Coleman: "Synthesis-by-Rule Without Segments
or Rewrite-Rules"; G Bailly, C Beniot and T R Sawallis
(Editors): "Talking Machines; Theories, Model and Designs*,

Elsevier Science Publishers, 1992, pages 43-60.

ure, "level-
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10 Referring now to Figure 4, there is shown a YorkTalk
speech synthesis system and this system will be described in
relation to synthesizing speech from text derived from the
Latinate class of English language words. The system of
Figure 4 includes a syllable parser 10, a word parser 11, a
15 metrical parser 12, a temporal interpreter 13, a parametric
interpreter 14, a storage file 15, and a synthesizer 16. The
modules la-to 156 are implemented as a computer and associated
program.
The input to the syllable parser 10 and the word
20 parser 11 is regularised text. This text takes the form of
a string of characters which is generally similar to the
letters of the normal text but with some of the letters and
groups of letters replaced by other letters or phonological
symbols which are more appropriate to the sounds in normal
25 speech represented by the replaced letters. The procedure
for editing-normal text to produce regularised text is well
known to those skilled in the art.
As will be described in more detail below, the word
parser 11 determines whether each word belongs to the
30 Latinate or Greco-Germanic word class and supplies the result
to the metrical parser 12. It also supplies the metrical
parser with the strength of irregular syllables.
A syllable may be divided into an onset and a rime and
the rime may be divided into a nucleus and a coda. On way of
35 representing the constituents of a syllable is as a syllable
tree, an example of which is shown in Figure 5. An onset is

formed from one or more consonants, a nucleus is formed from
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43- 60. nucleus, one of the phonological categories is length and-the
15 possible values are long and short. The syllable parser also
determines whether each syllable is heavy or light. The

syllablé-parser supplies the results of parsing each syllable
to the metrical parser 12.
) The metrical parser 12 groups syllables into feet and
20 then find the strength of each syllable of each word. In
doing this, it uses the information which it receives on the
word class of each word from the word parser 11 and also the
information which it receives from the syllable parser 10 on
the weight of each syllable.- The metrical parser 12 supplies
25 the results of its parsing operation tb the . temporal

interpreter 13.

Figure 6 illustrates the temporal relationship between

the individual constituents of a syllable. As may be seen,

the rime and the nucleus are coterminous with a syllablef

30 The onset start is simultaneous with syllables start and coda

ends at the end of the syllable. An onset or a coda may
contain a cluster of elements. -

The temporal interpreter 13 determines the durations

of the individual constituents of each syllable from the

35 phonological £features of the characters which form that

syllable. Temporal compression is a phonetic correlate of

stress. The temporal interpreter 13 also temporally
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subnmifted to the European Chapter of the Aszoe€iation of Conput at i onal
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nor mal tef& t&%l&%éh SC"ﬁ%ﬁg tggr£§é£ers comprise four noise making
parameters, a parameter representing fundamental frequency,
four parameters representing the frequency value of the first

four formants, four parameters representing the bandwidths of

the first four <formants, six parameters representing
15 amplitudes of the six formants, a parameter which relates to
bilabials, and a parameter which controls nasality. The

output of-ihe synthesizer 16 is a speech waveform which may
be either a digital or an analogue waveform. Where it is
desired to produce an audible output without transmission, an

20 analogue waveform is appropriate. However, if it is desired
to transmit the waveform over a telephone system, it may be
convenient to carry out the digital-to-analogue conversion
after transmissions so that transmission takes place in
digital form.

25 The parametric interpreter 14 produces at its output
the series of sets of parameter values which are required at
the input of the synthesizer 156. In order to produce this
series of sets of parameters, it interprets the phonological

features of the constituents of each syllable. For each
30 syllable the rime and the nucleus and then the coda and onset
are interpreted. The parameter values for the coda are

overlaid.on the parameter values for the nucleus and the
parameter values for the onset are overlaid on those for the
rime. When parameter values of one constituent are overlaid
35 on those of another constituent, the parameter values of the
one constituent dominate. Where a value is given for a
particular parameter in one constituent but not in the other
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It was mentioned above that temporal compression is a
phonetic correlate of stress. - Amplitude and pitch may also
be regarded as phonetic correlates of stress and the
parametric interpreter 14 may take account of the strength

15 and weight of ”the' syllabl;s when setting the parameter
values.

The sets of values produced by the iﬁ%erpreter 14 are
stored in a file 15 and then supplied by the file 15 to the

} speech synthesizer 16 when the speech waveform is required.

20 By way of an alternative, the speech synthesis system shown

in Figure 4 may be used to prepare sets of parameters for use

in other speech synthesis systems. In this case, the other

systems need comprise only a synthesizer corresponding to the

synthesizer 16 and a file corresponding to the file 15. The

25 sets of parameters are then read into the files of these

other systems from the file 15. In this way, the system of

Figure 4 may be used to form a dictionary or part of a
dictionary for use in other systems.

The word parser 11 will now be described in more

30 detail.

The word parser 11 has a knowledge base containing a
dictionary of roots and affixes of Latinate words and a set
of rules defining how the roots and affixes may be combined
to form words. As mentioned above, roots and affixes are

35 collectively known as morphemes. For each root or affix, the
information in the dictionary includes the class of the item,
its binding features and certain other features. For affixes
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treated as adjectives.

Latinate verbal roots are based either on the present
stem or_the past stem of the Latin verb. Verbal roots can
thus be divided into those which come from the present tense

20 and those which come from the past tense. Nominal roots when
not suffixed form nouns. Nominal roots cannot be broken down
‘into any further subdivisions. Adjectival roots form
adjectives when not suffixed but they combine with a large
number of §uffixes to produce nouns, adjectives and verbs.

25 Adjectival roots cannot be broken down into any further
subdivisions.

Prefixes are defined by the fact that they come before
a root. A prefix must have another prefix or a root on its
right and thus prefixes must be bound on their right.

30 A suffix must always follow a root and it must be
bound on its left. A suffix usually changes the category of
the root to which it is attached. For example, the addition
of the suffix "-al" to the word "deny" changes it into
"denial” and thus changes its category from a verb to a noun.

35 It is possible to have many suffixes after each other as is
illustrated in the word " fundamental”. There are a number of
constraints on multiple suffixes and these may be defined in
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wei ght . The synthesizer 16 is a,Klatt synthesizer as descri bed
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not require an augment is "seg-ment". Sometimes an augment
must 3include the letter "t"- after the "i", "a" or "u".
Examples of such words are: "definition", "revolution" and
"preparation®. In the following description, augments which
15 include a "t .will be described as being "consonantal".
Augments which do not require the consonant "t* will be
referred to as "vocalic". Generally, g marks the past
tense.
- There is a furEher small class of augments which
20 consist of a vowel and a consonant and appear with nominal
roots only. The two main ones are "-in-" and "-ic-", as in
"crim-in-al" and "ded-ic-ate". In the dictionary, the suffix
"id-" as in "rapid" and "rigid" is treated as an augment.

The rules which define how words may be parsed into

25 roots and affixes are as follows:

word(cat A)-prefix(cat A/A)word(cat A)
word(cat A)-root(cat B)suffixl(cat B\A)

3. word(cat A)-root(cat A)
4. suffixl(cat A)~suffix(cat a)
30 5. suffixil(cat A)-~augment(cat A)
6. suffixl(cat A\B)-augment(cat A\C)suffixl(cat C\B)
7.

suffixl(cat A\B)-suffix(cat A\C)suffix(cat C\B)

Rule 1 means that a word may be parsed into a prefix
and a further word. The term "word" on the right hand side
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and paranetric _ _
that 1t may be parsed into an augment and a further

"suffixl", and rule 7 states that it may be parsed into a

suffix and a further "suffixil". Thus, in the parsing, the

"prefix", "root", "suffix" and "augment" are terminal nodes.

15 For the complete parsing of a word, it may be necessary to
use-several of the rules.

These rules also state the constraints which must be

satisfied in order for the successful combination of roots

and affixes to form words. This is done by means of matching

20 the features of the roots. "cat A" means simply a thing
having features of category A. The slash notation is
interpreted as follows. "cat A/C" means combines with a

thing having features of category C on the right to produce

a thing of category A. "CatA\C" means combines with a thing
25 having features of category A on the left to produce a thing
having features of category C. Rule 7 is illustrated

graphically in Figure 7.
As mentioned above, for each root or affix, the
dictionary defines certain features of the item and these
30 feature include both its lexical «class and binding
properties. In fact, for each item the dictionary defines
five features. These are lexical class, binding properties,
verbal tense, a feature that will be referred to as
"palatality" and the augment feature. For each item, each
35 feature is defined by one or more values. In the rules
above, reference to an item having features in category A
means an item for which the values of the five features
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free, "b" stands for must be bound, while "u" stands for may

be bound‘or free. By definition prefixes must be bound on
the right and suffixes must be bound on the left. Thus, the
- value for a prefix is (_, b). The "underscore" stands for

20 either not yet decided or irrelevant.

The verbal tense may have two values, namely, *pres"
or "past", referring to present or past tense of the verbal
root as described above.

The palatality feature indicates whether or not an

25 item ends in a palatal consonant. If it does end in a
palatal consonant; it is marked "pal”. If it does not have
palatal consonant at the end, it is marked by "-pal". For

example, in "con-junct-ive", the root "junct" does not end in
a palatal consonant. On the other hand, in the word "con-
30 junct-ion®", the root "junct" does end in a palatal consonant.
The suffix "-ion" requires a root which ends in a palatal
consonant. - _
In the examples which follow, the augment feature is
marked by "aug" and two slots are used to define the values
35 of this feature. The first slot normally contains one of the
three letters "i", or "a", or "u" or the numeral "O0v. The

three letters simply refer to the augments "-i-", "-a-" and



t he hinding features define both how the affix nmay be conmbined with
other affixes or roots and also the binding, properties of the

conbi nation of the affix and one or nore~ % ~other norphenes. The word
parser 11 uses this know edge base 5 to parse the individual words of the
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roots form L o )
individual letters or phonological symbols are separazed by

commas Zor clar-ty.

- A 200TSs
1. - ({%,a,v,s1, - (v(root), (£, b), pres, ~pal, aug(0,_))).
15 2 ([p,1i,2, %!}, (v(root), (b, b, ), pres, -pal, aug(a, c))).
3. ([sha,n,k,sh], (v(root), (£,b),past, pal,aug(0,_))).
4 ([s,%i,m,p,2,:, (a(root), (£,b),_, ~pal,aug(0,_))).
5 ([n,a,vi, (n(root), (£, b, ), -pal, aug(ig,_))).
{.) is a werbal root which may not be prefixed but
20 must be suffixed (" (f,b)"). The root is present tense and
not palatal, ané it does not require an augment. The root
appears in Ehe word ‘licence’. (2) is a present tense verbal
root which is the root in the word ' complicate’. It must be

suffixed and prefixed and the augment must be both a-augment
25 and the consonantal version, ie -at. (3) is past tense and
palatal and reguires no augment; it may not be prefixed but
must be suffixed. It appears in the word ‘sanction’. (4) is
adjectival and so the tense feature is irrelevant, hence the
underscore. It may not be prefixed but must be suffixed if
30 for no other reason than that it is not a well formed
syllable. It requires no augment. It appears in the word
"simplily’. (5) is a nominal root, it may not be prefixed,
but it must have some suffix. It is not palatal, and it is



adj ectives when not suffixed but they conbine with a |arge nunber of
suffixes to produce nouns, adjectives and verbs. 25 Adjectival roots

cannot be broken down into any further ~ 1dubdi vi si ons. “Prefixes
are defined by the fact that they cone before a root. A prefix nust
have anot her prefix QL a.r?Pthn Its right a .thuscﬁ%efixes must gﬁ
bound on t hei PUFPGRESS3HL TR Th® AR rbET al waYyS FATOWRPIHTT ARdtPE
nmust be bowndéohnavsghekt . A suffix usually changes the category of -
the root to which it is attached. For exanple, the addition of the
suffix "-al" to the word "deny" changes it into “denial" and thus
changes its ctegBE9fixasg a verb to a noun. 35 It is possible to have many
suffixes after each other as is illustrated in the word "fundanental ".
There are a nunber of constraints on nultiple suffixes and these may_ be

defined in Only (9Re hiSHAMRE r oper tTREUL redo P LR f | R@@ausegrall

exanpl e the prefised fhave- eBe"sanbUsteheubeundroathekh their left and
t heir- ri ght. Augnents are simlar to suffixes but have no

semantic 5 content. Augnents generally conbine with roots of all kinds

to produce augreertbd root {Catkeaoeyar(e, B, ¢s GQuynkitategomxh (_, AR o2l 1.
respectively with: "i", "a" and "u". 1In addition .

This says that the prefix 'ad’ requires something with

a feature specification " (Category,{(__,A),B,C,D)". The

capital letters stand for values of features which are

10 inherited and passed on. The prefix will produce something

with the features "-(Categor¥, (u,A),B,C,D)", ie the prefixed

word will have exactly the same category—és the unprefixed

one except that it may be bound or free on the left side. 1In

other words there may or may not be another prefix. Thus,

- 15 the data in the dictionary includes the binding properties of

the prefixed word. Thé_prefixed word is the combination of

the prefix and one or more other syllables.

C _Suffixes
1. ([m, @ n,t], (v(root), (&, _), pres, aug(0, _))\
20 - (n(suff), (A, u),_, __aug(a,c)}).
2. ([i,v], ~ (v(aug), (3, ), past, -pal, aug(_, c))\
"(a(suff), (A,u), _, -pal, aug(a,c))).
3. ([e 1], (n(root), (A, ), )\
| (a(suff), (A, £),_,_,_)).
25 4. ([i,t,1i], (a(root), (4, ), ., -pal,aug(_, ¢c))\
(n(suff), (A, £), . _,_)).
5. ([b,@, 1], (v(aug), (A, b), _, _,aug(_, v))\

) (a(suff), (A, £), ., _,_)).

(1) needs a verbal root on its left which is present

30 tense and which requires no augment. It produces a noun



the._r'e‘ are roots which do not require an augnent. Exanples of roots

whi ch_contain an augnent are: "fund-a-nental", "inped- 10 i-nment" and
"mon-u-ment". An exanple of a word which does not require an augnent
Is "seg-nment". Soneti nes an augnent must include the letter "t"-

after the "i"ynich"nal'bebn  suffikd@MPUES N oifULhh WY 456" B2 bAGRANLAI £he:
"revol ution" and, “preparation”. In the follow ng description, augnments
whi ch 15 incl Id@htasige, yand phigdsusiefed ads K& dgs MRt al¥t dinding
Augnents whishoferaobsr eguidiR teFtcasonené shmeWak! thege of neferv&£baD
as "vocalic". _ Ceperally, ,7t° marks the past c.tense. L Therg
is a further 3PRFI Q) Z88°Br *FughSAEESRNi c sud* PRRArS, ik SBA AT
consonant and segmenti t brnosiegalentaticowts ofiz)y. ndbést ao vieaibn winiash aias
"-in-" and "-{ gz, ' ecrigrin=al” " -jc-ate's |.n the

i cti onary, (HE R fEInbReea, b I bBlonalit) digriiediahe il Be, P23t an
augnent . tense Fhé ngteyaMaited.deflithephoinees dsnmagieetpanesethiialt h@b

roots and af fig&Es AlLedsed Ot : . (pat =B efi : :
AL A vor d(cat A 2.?§\A%c§d(C%Y&A)m-aryogtr(%?tw%%gu% P2 ’égt‘g;é\%&%g%‘? (1e
wor d(cat A) - T dtayee another syffiiyy  oxt AAVSLLY| kFcagnape bres). It

suffixl(coo' As avgepal£0841 A)and fheSahigmshtcat AeBuizegnents( @aly, is the
AQsuffixl (%a-tau%mBgnt *Z i%gf ]::io)r(l%%%%né\a@ _fsolgrg.i X("F].%t.s A; E}Eﬁl;{f Lé&%%&sQiB
the word ' preparative’. (3) binds with any noun root to
prod;ce a suffixed adjective which cannot be suffixed. This
suffix appears in the words ‘crucial’, ’‘digital’, ‘oval’.
15 {4) combine€s with an adjectival root which is not palatal
and which can have a consonantal augment. It produces a noun
which may not be suffixed. It is found in the word
'serenity’. (5) attaches to an augmented verb. The verb
can be either tense, but the augment must be the vocalic one.
20 It produces an adjective which cannot be suffixed. It

appears in the words ’'visible’, ’‘'soluble’ and ’legible’.

D__Augments
1, ([u,w,sh], (v(root), (A, B), pres, -pal, aug(u, c))\
) (v(aug), (A, b), past, pal, aug(u,c))).
25 2. ({i], (v(root), (A, B),C,D,aug(i, v} )\
(v(aug), (A, Db),C,D,aug(i, v))).
3. ([ej, (n{root), (A,B},C,D,aug(a, v))\

(v(aug), (A, b),C,D,aug(a, v))).

(1) requires a verbal root which is present tense,

30 not palatal and which can have the u-augment in its
consonantal form. The result of attaching the augment to the
root is an augmented verb which must be bound on its right
(ie it demands a suffix), which is past tense, palatal, and
has been augmented with the consonantal u-augment. This



Rul e -1 nmeans that a word may be parsed into a prefix and a further word.
The term "word" on the right hand side of rule 1 covers both
aword in the sense of a full word and . j;salso the conbination of a root
and one or nore affixes regardl ess of whether the conbination appears
in the English | anguage as a word in its owm right. Rule-2 states
that a b5 V@ﬁdméﬁﬁ la@nl@arz%edn e awd 6Ot ' B8doaacibam \Ahl(c:«n ISrG@hiﬁds a
"suffixl" ThIS | iscussed in relation to.rule ZP
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rule 6 state arsed rnto an augment
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This is done%?%éjogp o %%t% 0 a-= augﬂgn eé&iafiy Us®E in
10 Latln to change a nomlnal into a verbal. It appears in the

word ' amicable’.

Figure 8 shows how the word "revolutionary" may be
parsed using the dictionary and rules described above. The
dictionary entrles are shown for each node. In the case of

15 the prefix “re—", the abbreviation "Cat” stands for category.
The top-node category is "a(suff), (u.£), -, -, -)". These means
an adjedtive which has been suffixed whicﬂ-can be prefixed
but not suffixed.

- _ If the parser 11 is able to parse a word as a Latinate

20 word, it determines the word as being a Latinate word. If it
is unable to parse a word as a Latinate word, it determines
that the word is a Greco-Germanic word. The knowledge base
containing the dictionary of morphemes together with the
rules which define how the morphemes may be combined to form

25 words ensure that each word may be parsea accurately as
belonging to, or-not belonging to, as the case may be, the
Latinate word class.

Although the present invention has been described with
reference to the Latinate class of English words, the general'

30 principles of this invention may be applied to other lexical
classes. For example, the invention might be applied to
parsing English language placé names or a class of words in
another language. In order to achieve this, it will be
necessary to construct a knowledge base containing a

35 dictionary of morphemes used in the word class together with
their various features including their binding properties and
also a set of rules which define how the morphemes may be



20 the features of the roots. "cat A" neans sinply a thing havi ng
features of category A The slash notation 1is interpreted as
foll ows. "cat A/C' neans conbines with &7 - thing havi ng features of
category Con the right to produce a thing of category AL "CatA C
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illustrated use@rabhlgﬁa}dq éa"b:FI o€ %o determ.ne ABf DeNHeQRGs aPVene
for each roqg defines certain features of

{ f.f‘j’xi_ € 4 #cti ona,g%/

the item and J'nese 30 ?ea?u?‘ TTHEHLeR potH TFIY T @%iRAFS1RY 23Ch grigrd
bi ndi ng praopekd | esen| hef ased for dedelrminemat hhedisttnemsarpattafdtmast the
five featuses, Jyese are lexical class, binding properti es, ver bal

tense, a feature that will be referred to as " pal atallty and the
augnent feature. -F@heeacPreient cisMedSionecathase | kbeerfi dedcinibede oritipre

val ues. In A Fd&s oab9venoﬁe£@§ﬁgﬁ%a§.o §Beetc%m Q@ﬁﬂ\}%s %: rygsgtéﬂ?

category A __ neans an i fem for which the vaI ues t he
t oget her ar e JA¥RTegoryF A'“a?'heées?nd??/l Hefd fé'&ttl?r esh@i | ftype ofowngrech

described. synthesis TB@s€eale dd¥Eei héXi adovel aﬁﬁe&hl%%nﬁéyllélﬁﬂbﬂmare
ver bal ar‘iq) agj %thfedalln néj r':.[]orgehn?esf Ollrlz Op\al\éen a:gg‘gfcrahp%clagnz.;ztgggretatlon

Although the present invention has been described with

reference to a speech synthesis system which receives its

input in the form of a string of characters, the invention is

not limited to a speech synthesis system which receives its

15 input in this form. The present invention may be used with

a synthesis system which receives its input text in any

linguisti c;-ally structured form.



5 are, denoted b B v' and "a". These classes are

subdi vi d fix, prefix and au ment. In the fol |l ow ng
descri pt Hmm mmt’t m,ﬁ" be denot ed by " " "suff", "prefix" and
"aug". Thus® 'n(Moof) " *means a noni nal which is a root, "v(aug)" neans
a verbal which i s augmented, 10 and "a(guff)s Means an adjectival which is
suf fixed. ) There are two sl ot fine the binding properties.
The left hand slot refers to the binding properties of the itemon its

left side and the riyght, sLot tsq,r*élﬁeéié‘d's tem PHPP&Idd eﬁnOf?LQ&%iﬂét

si de. Each Sl ot may have one 15 thrée val ues, nanel
"ut. " st aR@eqfustayRforn frqm an PRt fdx g ovrhlrﬁktlrwétwcﬂmdmmﬁ Her 1y

stands for magfinedasMRINGL s frasia ﬁefeél@algyﬁtﬂélspéeéygeémnyﬁelbelhqund
on the right and suffixes nmust be bound on the |

value for a prefix M&30S, p)OF IPREFMIAIGTsCHR®" Phé’t“é’ﬁ(?gll" Zéea‘éﬁlf?l%r YHot
yet deci ded el’alldr rw_ei;ﬁmrlie\:._, The verbal-tense may have two val ues,

nanely, "pres" "past"”, referrin PLEs nt__or t e he
ver bal root as 6‘338 i betf aB3v2t 9 Tdch Of:’;)ﬂ a%g i tltf fueatlg%’é{
i ndi cat es whéelt@exrmgmenot £ afhe5 wiordm kesldend s a0p§|aatdaldeeﬁyrm;hamrd cLesist

does end in gaja Q@f@fﬂg’%@%%Qnéakiuﬁanﬁﬁgnﬁh%%q Q@lbas%fcbhtgg%ingoklhave

pal atal consonant “at the IS nar é . exanp
"con- j und@ vERe iRdiviuaij pasphepsesuhblien Wn salda %ﬁld%%ﬂ W@é’ﬁsﬁﬁéﬁﬁ' On

t he other hagdchi rinéﬂﬁné!&@édneﬁﬁg a2l 4 £#1CE - beN'a Edet ) oot(2') ugieé " belaas ngnd
I n a palatal consonant. '

2 pal el PEGREGRARE. of | Sach noq.'dnacdkth, Refin ) ohE' CRARARAEn:
feature is propekedesy "foif)" eaxhiweffigtsaldse usixfiim mbef i tieet hbivdlings
35 of this nggﬂggtielh%fﬂfgg éﬁﬁgiﬂy¥y§%|d@(§ggﬁ“£§ff eagé &HE or more
15 other morphemes, and (3) a set of rules for defining the
manner in which roots and affixes may be combined to form
words;
- means responsive to the word parsing means for finding
the stress pattern of é;ch word of said input text; and
20 means for interpreting said phonological features
together with the output from said means for finding the
stress pattern to produce a series of sets of parameters for
use in driving a speech synthesizer to produce a speéeech

waveform.

25 2. A speech synthesis system as claimed in claim 1, in
which said means for determining the phonological features is
arranged to spread the phonological features for each’
syllable over the syllable tree for that syllable, the
syllable tree dividing the syllable into an onset and a rime,

30 and the rime into a nucleus and a coda.

3. A speech synthesis system as claimed in claim 1, in
which said input text is in the form of a string of input

characters.



three, Iett lﬂﬂ ha 6; u" or the nuneral "0". The t hr ee
Ietters Si I*WM"& augnents "-i-", "-a-" and
; .

The numeral " " 0" tisw roots whichr dd® not require an augnent.
The second sl ot normally contains one of the two letters "c" or "i",
and this defines mhether t he augnent s consongntal _or. vocalic

In the case d&f the SSSEaﬁéntssY“tk}eﬁ"G system oa§ -chapmed oin, ?ﬂ@"‘?‘l r &t
slot is uged vliithg t s-neaoﬁycrkﬁdlrvmst&bf.hegreslaa\mnsem@senbf séos of

exanpl e, the augnent "-i rke g There
will now bé&% m\?er}her STHReS ° ”?a éiol?v ﬁg ﬁn@em LEFERS U°PPEis for
roots, prefixes, suffixes and augnents 10 I'n these exanples regul ari sed

spelling 1s ysed ang LBEecn =bHQH¥é£’§'aévL€£ke£§ O13PROC RULR ot BPIh il ©

separ at ed by r cf
-([1,a,y,9, nrecedlqgwrgkg§m§¢ b}nglgglngm Baug{@eegly) sypthgsizer for

([P, 1.1, K], convertddP0ddi&PsBrlel’ 8% -d64s ad8( dabaketer values into a

speech waveform.

5. A speech syvnthesis system as claimed in claim 5, in

which said speech waveform is a digital waveform.

10 7. A speech synthesis system as claimed in claim 5, in

which said speech waveform is an analogue waveform.

8. —- A method for use in producing a speech waveform from
an input text which includes words in a defined word class,
said me?hod comprising the steps of:
15 determining the phonological features of said input
text;
parsing each word of said input text to determine if
the word belongs to said defined word class, said parsing
step including using a knowledge base containing (1) the
20 individual morphemes utilized in said defined word class,
each morphémes being an affix or a root, (2) the binding
properties ~of each root and each affix, the binding
properties for each affix also defining the binding
properties of the combination of each affix and one or more
25 other morphemes, and (3) a set of rules for defining the
manner in which roots and affixes may be combined to form
words;
finding the stress pattern of each word of said input
text, said finding step using the result of said parsing
30 step; and
interpreting said phonological features together with
the stress pattern found in said finding step to produce a



s a n K, ‘sh], ""(v(root),(f,b),past,pal,aug(O,_))). 4.

([s | "m,iﬂmm'm , (f,b), _ -pal,aug(0,_))). 5. ([n,a,vj,
(n(root) ). - 20 £1) is a verbal root whi ch may
not _be prefixed butt 26 rrust be suffixed ("(f,b)"). The root is present
tense and not palatal, and_ it does not require an augnent. - The root
appears in tBe®iRsd °Fi E&ide’ Of PRFametgrs: E@ht UEendd VEFbEING a rgRgech

which is thegheainddiide ¥OrSro€@e®| 4 C&bBech WhvBESEmbE suffixed and -
prefixed and the augnent nust be both a-augnent 25 and the consonant al

version, ie -at. (3) is past tense and pal atal and requires no augnent;
it may not b@.prefireceltitiod asmedaibedsuf ictedm 8.t iappedrch israﬂ&]esﬁ/up bf

'sanction'. ) dj ect i val ten re | rel ev
hence the (E% e’lrmé'cnd‘rneé‘ &Er% k?g%OE&Fngxed %%ta i—_%%te |d%ed ?41{%0
for no ot Her Dh@mimqm:mltﬁaatu:essfm aatv\bl lsyﬂ.élanbée ovwltabl &ylliable

requires no RUQEENior | £ haRPeRL theethe~wgrdsyliaﬁ1aplaéafe ailad g 3 che
nom nal root, It my not be pre I xed It must have sone su It
is not pal at §|Y lgbdg tipgo an onset and as rime and the rime _ipRo_ a

augnent ed w hlictthasawgi®ed cddkx.. This root appears in the

10. A method as claimed in claim 8, in which said input

10 text is in the form of a string of input characters.

11, A method as claimed_in claim 8, further including-the
step of storing said series of sets of parameter values.

12. A method as claimed in claim 8, further including the
step of converting said series of sets of parameter values

N 15 into a speech waveform.



»

wor d i-navi gate' . B. Prefixes Only le is

requi red here, because all 5 prefixes-haue-the same fdaTHISeSHEE] Y]
([a,d], (Cat egory, (u, A) B,C D)/ (Category, (_, A, B, C, . REPLACED
This says that the prefix 'ad" requires sonethlng W th att-e
specification "(Category,(_,A), B, C, D) ABSTRATTe capital letters stand
for values of features which are 10 inherited and passed on. The prefix
wi | | produce sonet hing with the features "&Category, (u, A, B, C D",
ie the prefixed word will haveSBREGHI GINAEEEISe category as the
unprefi xed one except that it may be bound or free on the left side.

I n ot her words there ma not be anot her prefix. Thus, 15 the
data in the dictiondr¥HSRY ud%%thés'b? ndi¥ed- S5t oﬁ%’i“?fgé§eﬁf a phppalppifeted

wor d. Tﬂe prefalnxea‘twdms tée s .aﬁml patser of1i, at{h@rlpfaaﬂlé( padsere ae,
nore ot he a C Suffixes 1 - n,t
A ?meégiaEQFOPfff@egﬁlc interpreters 1%,”&@? a(k%%ﬁf}?,a?g,&),

(v(root),
_aug(a,c)yynthesizer 16. The word parser 11 and syllable parser 10

receive an input text which includes words in a defined woxrd

class. The word parser 11 parses each word to determine
whether it belongs to the defined class of words. The parser
10 11 includes a knowledge base containing the individual
morﬁiemes utilized in the defined word class, each morpheme
being a root or an affix, the binding properties of each root
and each affix, the binding properties for each affix also
defining the binding properties of the combination of the
15 affix and another affix or another root, and a set of rules

defining the manner in which the roots and affixes may be

combined to from words. The syllable parser 10 determines
the phonological features of the constituents of each
syllable of the input text. The metrical parser 12

20 determines the stress pattern of the syllables of each word.
The temporal and parametric interpreters 13, 14 interpret the
phonological features together with the stress pattern to
produce a series of sets of parametric values for driving the
synthesizer  16. The synthesizer 16 produces. a speech

25 waveform. If desired, the parameter values may be stored in

the file 15 for later use.
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o . ('[ i ,_,V] (V(Thlﬁtjh sﬁen Replaced_ pal aug(_1 C) )\
(a(suff), (A u), -pal l I - 3. ([@1],

(n(root), (A ), _ _, (a |(eubfsHERET AASTAEEN |,
_ .25 4. ([i,t, a(root), (A, ), _,-pal jaug( _REBDACED
(n(suff), (Af),_, _, 5- ([b,@l], (V (augy (& _D0);

_aug(_, v))\ - F 1 (a (s uff ), (A f),_, _, _ )) -
(1) needs a verbal l)gon its-left whighoRp present 30 tense and which -
requires no augnent. t productes a noun

- 15 - whi ch has been suffixed andg’wﬁi ch can be free or bound on the
right side, and which uses -at- as its augpent. |t binding properties
to the left are the sane as those of p\E. \2eWVPORD root to which it

attaches. This suffix appears in the wo 'segnment’', or
'segmentation’. (2) needs a v augnented with a
consonant al augrrent and I's past tense and not .|t
produces an adjecti d, whigleyiey 9rs IXEE be
bound on the k é 58 ?l @HEF(&EEhere nﬁ#@angﬁ? SUffIX ut equally it can
be free). It 10 is not palatal, nt it requires, if any, is

t he

LEVEL.1 PREFIXES LEVEL 1 ROOT LEVEL 1 SUFFIXES

" WORD

Fig.2.

FIRST SECOND FINAL
FOOT FOOT - FOOT

FOOT

STRONG WEAK WEAK
SYLLABLE SYLLABLE SYLLABLE



the word

a-augient in its consonantal form This suffix appears ing
' preparative'. (3) binds with any noun root to pr ofl J&#S SHEREN Hig 8dEN
adj ective which cannot be suffixed. This suf fi x appehrs i REPh&CriDr ds
‘crucial', "digital', "oval’ 15 (4) conbines with an adjectival root
whi ch is not pal at al and- whi ch can have a consonantal augnent. It
produces a noun which may not be guffixed. It] is found in the
wor d ‘serenity'. (5) attaches to anfaugnented verb The verb
can be either tense, but the augnent nust jbe the vocalicfone. 20 It
produces an adjective which cannot be au.Ierd t appears in the
words 'visible, "soluble" and 'legiblé¢'. D Aughents
([u, w, sh], (v(root), (A B),pres]|-pdf, fug(u,c))} 0 F
(v(aug), (A b), past, pal ,aug(u,c))). 25 |2 ( |]d° o~
(v(root), (A B),C D aug(i,Vv))\ cw] = ou
(v(aug), (A b),C D aug(i,v))). 3. [?& — 2% <
(n(root), (A B),C D aug(a, v))\ = 0 =& o
(v(aug), (A b), C D, aug(a,Vv))). =g requireﬁfggvefﬁél root which
is“present tense, 30 -not palatal and whiclm—can have the u=EEgnent inits
consonantal form The result of attach{ng thge augnent|to t root is an
augnented verb which nust be bound on iIts§right (ie 1t demands a
suffix), which is past tense, palatal, anf has been ajugnented with the
consonant al u-augnent. Thi s 1
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augneat appears in the word 'revolution'. (2) requires a ver bal root

whi ch_ can accept the vocalic i-augnent. I't- pr oduces—an _augnent ed
verb with the sane features as the unaugnent ed verbal rpdH]IS BXEHEIpHAL BEEN
it nust be bound on the 5 right. Thi s augnent appears in{ the REPUACED
"legible. (3) i nal root which can accept the vocalic

a- augnent. - It produ@gg gnent ed verb which nust be bound on the
right. This is one of the gnent s t hat change t he cat egory

of a root. The a-augnent |s regularly u in 10 Latin to change a
nomnal into a verbal. It appears in the rd 'am cable'.

Figure 8 shows how the word "revol ution
di ctionary and rul es descri bed

for each node. In the case of 1gﬁ§§§T
stands for category. The top-no , .
-,-)". These neans an adj ecti whi ch has_been/uf fi xed which can be
prefixed but not suffixed. If the payseN 11 is able to parse
a word as a Latinate 20 word, it/determni MNSCLERISYWrd ad\GODAy a Latinate
word. If it is unable to pArse a word as a Latinate\word, it

det er m nes that the word i a G eco- Germani know edge base

y" ma\be parsed using the

e di tkﬁﬂﬁgy entries are shown
refix “re-", € abbreviation "Cat"
category is \g(suff), (u. f),

Fig.6.” -- ‘

SYLLABLE

RIME

NUCLEUS

ONSET CODA

Fig.7.
SUFFIX 1 (CAT A\B)

AUGMENT (CAT A\C) SUFFIX 1 (CAT c\B)
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i

confaining the dictionary of norphemes together with the rul es \/\hi ch

define how t he norphenes may be conbined to form 25 words efsIy SaE
word may be parsed accurately as bel ongi ng to, or-not be Po%jfs pp’gHA§§EFN
the case may be, the Lati nate word cl ass. Al t hbugh—t B ent
i nvéntion has been described with ref&ence to the Latinate class of
English words, the general 30 principles®f this invention may be applied

to ot her |exical cl asses. For exanple; the invention m ght be applied
to parsing English |anguage pkace nangg—or a class of words in

anot her | anguage. In order to-achieve gns it wll be =—pegcessary to

construct a know edge base contdlning a 35 dictionary of m)npherres used in
the word class together with 2 heir va@ ous features inclgdijng their
bi ndi ng properties and al so %set of ruJ_.es whi ch define Rhow t hes

mor phemes may be - 17 4} o conbined
to formwords. The know edge base'coul dnt«en be used t't?:I)arse,g.ach
word to determine if it bel ongs g_mthe —~"l ass of words iné}uesgon. The
result of parsing each word ‘colll d thehgtbe used in det efrihi ngd hg
stress pattern of the 5 word. 8"‘. «<TBe present inveatLion as been
described with = < —— “TTES Q -
o~ et s T -
; —_ " B>
- . et [ve] -
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reference to a non-segnental speech Synthesis system However _ it may

al so be used with the type of speech synt hesi s systen]'ieﬁﬂﬁﬂbﬁﬁE@bQ¥

in which syllables are 10 divided into phonenes in preparajipmforf
interpretation. Al t hough the present i'nvention h ﬁﬁg % scrlbed
W th reference to a speech synthesis systen1mh|ch recei

in the formof a string of characters, the inventionis n I|n1ted to a
speech synthesis system which receivesaﬁifﬁ%%%input in thigp form The
present invention nay be used with a syn si s syst em whtreh—+eecetves—its
I nput text in any | i nguistically structured form

A speech synthesis system for u%gﬁﬁﬂﬁﬂﬂﬂﬂﬂgﬁ¥ﬂuﬁ speech waveform from
an input text which includes words I1n a efrned word cl ass, said speech
synthesis systemincluding: 5 means for determning the

phonol ogi cal featusespeeich agm&ﬂsﬁpgystemt comprises a PRRRRUical
parsing each word of sa 'QPU- Xt to determne if the word bel ongs
to said defi FQGVRGF§= C|L@S word parser 11, a syllable parser 12,

5 temporal and parametric interpreters 13, 14, a file 15 and a
synthesizer 186. The word parser 11 and syllable parser 10
receive an input text which includes words in a defined word
class. The word parser 11 parses each word to determine
whether it Belongs to the defined class of words. The parser

10 11 includes a knowledge base containing the individual
morﬁhemes utilized in the defined word class, each morpheme
being a root or an affix, the binding properties of each root
and each affix, the bind;ng properties for each affix also
defining the binding properties of the combination of the

15 affix and another affix or another root, and a set of rules
defining the manner in which the roots and affixes may be
combined.to from words. The syllable parser 10 determines
the phonological features of the constituents of each
syllable of the input text. The metrical parser 12

20 determines the stress pattern of the syllables of each word.
The temporal and parametric interpreters 13, 14 interpret the
phonological features together with the stress pattern to
produce a series of sets of parametric values for driving the
synthesizer ~ 16. The synthesizer 16 produces a speech

25 waveform. If desired, the parameter values may be stored in

the file 15 for later use.

Fig. 4




sai d parsfng means i ncluding a know edge base containing (1) 10 the

i ndi vi dual norphenes utilized in said defined word cl ass, g
being an affix or a root, (2) the binding properties$ ﬁf”@@ﬁ@ﬁagéﬁﬁgﬂg
each affix, the binding properties for each- affix Jakso defining

t he - bi ndi ng properties of the Con‘lil ation of each aftix ©% SEFE 1995
mare 15 ot her nnrp and (3) a set rul es for defiping the

manner in which ro d laffi.xes nayn3§ ?fblned to form Wor a5,

means responsive to t h® word pa+sing REL or finding the stress -~

nd 20 means for
together with the output from

pattern of each word of said input text;
interpreting said phonological features

said neans for finding the str produce a series of sets
of parameters for use in drivi nt hesi zer to produce a
speech wavef orm 25 2. IS systemas clained in
claiml, in whi ch sai S for deterfmning the ogi cal features .

is arranged to t he phonol ogi cal! f eatures for each yl | abl e

ad -
over the syl LEMEL & EREDXEShat syl le,1 WERD syl | ablBVEL & SMEFB(E@ t he

syllable into an onset and a.rinme, 30 erinme into a nucleus and a
coda. 3. A speech synt hesi yst gm as ainmed inclaimil, in
which said input text is inth or m of string i nput characters.

LEVEL.1 PREFIXES LEVEL 1 ROOT LEVEL 1 SUFFIXES

" WORD

Fig.2.

FIRST SECOND FINAL
. FOOT FOOT - FOOT
FOOT

Fig.3.

STRONG WEAK WEAK
SYLLABLE . SYLLABLE SYLLABLE



- 19 - ' 4. A speech synthesis systemas clainmedin claim 1
including a nenory for storing said series of sets of RERLACEMIENT SHEET
S ,

val ues produced by the interpreting neans. 5. s
synthesis systemas clainmed in any one of the 5 preceding _.clains ,
including a speech synthesizer for converting saild jsePi%eSEB19861 s
of paraneter values into a speech waveform . A_speech
syrithesis systemas claimed in claim®/4n whi ch sai 4 speech waveform
is adigital waveform 10 7. A gpeech synthesi § sy i "
inclaim5, in whi ch sai d speech Wwaveformis an anal ogue waveform
8. - A nethod for use in producing a speech waveformjrom an i nput
text which includes words in a defingd cl ass, sai d net hod
conprising the steps of: 15 deter i ni ng t he phonEIogicaI features
of said input text; 2 QL
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parsi ng each word of said input text to determ ne if. : S
erPh@@EMﬁNi SHEET

to said defined word class, said parsing ~ step inclu

know edge base containing (1) the 20 indivi dual norphenesfotTtized—™
sai d defined word cl ass, each nor phenes being an aff XLoggﬁ Eﬁqkm6(j)
t he bi ndi ng properties of each root and each affix, fth ¥ § g
properties for each affix also defjnping the binding propertlgs
of the conbi nation of h_aff« x and orfe” or nore 25 ot her norphenes, and
(3) a set of ruIes,forF%e ni t he manner in which S af-frxes-
may be conbined to form - words; SYLLABLE finding the stress pattern
of each word of said input - text, sayd\finding step using the resdalt

of said parsing 30 step; and INgt er preting sai'd phonol ogi ca

features together with the stresy pattexn found in said finding step
to produce a - - series\of_sets of paranmeters for
use i-n driving a speech sy er to prod speech waveform

9. A nmethod as claimed in claimA8, in which sad step of determ ni ng
t he phonol ogi cal features sppeads the_ :

Fig.6.” - :

SYLLABLE B

RIME

NUCLEUS

ONSET CODA

Fig.7.
SUFFIX 1 (CAT A\B)

AUGMENT (CAT A\C) SUFFIX 1 (CAT C\B)




‘ ‘ : REN E
5 phonol ogi cal features for each syllable over the syllable 'tREPLAGE ’E,éiii.;.si.ET
that feature, the syllable tree dividing the syl l abl ¢ ijnto an
onset and as rinme and the rime into a nucl eus and a coda. Q9. SEP A996
method as clained in claim8, in which said input 10 text is}in the form
of a string of input characters. 11. A nethod as cl ai
further including-the step of storipggsaid series of sets
val ues. 12. A nmethod as claimed in claim8, further including the

step of converting said series of sets :Ef paranmeter values 15 into a speech
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