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1 TEXT:- TO- WAVEFORM CONVERSI ON This invention relates to a method an k-7
apparatus for converting textTESTaTO=WAVBFQRM CQUV8R§§@UificaIIy, it
relates to the production 8T FATENTHGASEN NGr A2AS I Yic wave nanely
synthetic speech, froman input in 5 the formof signals representing a
conventional text. This oblalintepiionixalates & acaef feg aRparatus

sometimes carri br BEnverELNG €éx s £SwaEESLR. t heMOLé PshecDEifatly,
celve

rodul e conotl Ut 8% NG A0 el O e A o N5e An S BOH! £l FEER'SH o
- produces synt het lacoasdeinch weve,t nameliyusynthets s speeeth, c f3peecan impubein
9o oBearneRd Ml dOS A RS e Dl SN ey |,
many cases it is This overall conversion is very complicated and
it is sometimes carried out in several modules wherein
the output of one module constitutes the input for the
- next.. The first module receives signals representing a
10 conventional text  and the final module produces
synthetic speech as its output. This synthetic speech
may be a digital representation of the waveform followed
by conventional digital-to-analogue conversion in order
to produce the audible output. In many cases it is
- 15 desired to provide the audible output over a telephone
system. In this case it may be convenient to carry out
the digital-to-analogue conversion after transmission so
that transmission takes place in digital form. |
There are advantages in the modular structure,
20 e.g. each module is separately designed and any one of
the modules can be replaced or altered in order to
provide flexibility, improvements or to cope with
changing circumstances.
Some procedures utilise a sequence of three
25 modules, "namely
(A) pre-editing, _
(B) conversion of graphemes to phonemes, and
(C) conversion of phonemes to (digital)
waveform.
30 A brief description of these modules will now be

given.
Module (A) receives signals representing a

conventional text, e.g. the text of this specification,

, and it modifies selected features. Thus module (A) may
35 specify how numbers are processed. For example, it
will decide if
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15 , desired to provide the audible output over a telephone system In
this case it may be convenient to carry out the digital-to-anal ogue
conversion after transm ssion so that transngssion takes place in digital
form There are advantages in the nodul ar structure, 20 e.g. each
nodul & i s separately designed and any one of the nodul es can.be repl aced or
altered in order Hecgmewxide flexibility, inprovenents or to cope wth
changi ng circunstances.” §9 gs BiiLLise a sequence of three 25

. ﬁ?&gd?é !
nodul es, nanely (A) pre-editing, €£B) conversion of graphenes to phonenes,

and (C) conversion of phoReketeen fargyréiyeva¥erorm 30 A
brief description of thesgnévenbesant! thPe¥ REndred and forty-five.

S It will be apparent that it is relatively easy to
provide different forms of module (A), each of which is
compatible with the subsequent modules so that different

forms of output result.
Module” (B) converts graphemes to phonemes.

10 "Grapheme" denotes data representations corresponding to
the symbols of the conventional alaphbet used in the
conventional manner. The text of this specification is
a good example of "graphemes®. It is a problem of
synthetic speech that the graphemes may have 1little

- 15 relationship to- the wdy in which the words are
pronounced, especially in languages s;Eh as English.

Therefore, in order to produce waveforms, it is

appfopriate to convert the graphemes into a different

- alphabet, called "phonemes" in this specification,

20 which has a very close correlation with the soﬁnd of the
words. In other words it is the purpose of module (B)
to deal with the problem that the conventional alphabet
is not phonetic.

Module (C) converts the phonemes into a digital

25 -waveform which, as mentioned above, can be coqyerted
into an analogue format and thence into audible

waveform. _ )
This invention relates to a method and apparatus

for use ;n module (B) and this module will now be

30 describe in more detail. _
Module (B) utilises linked databases which are
formed of a large number of independent entries. Each

entry include access data which is in the form of
represéntations, eg bytes, of a sequence of graphemes
35 and an output string which contains representations, eg
bytes of the phoneme equivalent to the graphemes
contained in the access section. A major problem of
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gi@en Module (A) receives signals repredenting a conventional text,
e. g. the text of this specification, and it nodifies selected features.

Thus nhodule (A may 35 speci fy how nunbers are processed. w || decide
if " 1345" - 2 9aphaRse/ REeneng e CTMATTioR MRS figy t Fhei v8ige Cné

t housand three hyR¥ahsdthdcddaazdy @& cope wikh @i LhnBGageparené simpré) is
relatively easy t theoretically ideal, solution would be to provide a

database so large that it has an individual entry for

5 every possible word in the language, including all
possible inflections of every pdssible word in the

language. Clearly, given a complete database, every

word in the input text would be individually recognised

- and an excellent phoneme equivalent would be output. It

10 should be apparent that it is not possible to provide
such a complete database. In the first place, it is not
pbssible to list every word in a language and even if
such a list were available it would be too large for
computational purposes.

15 Although the complete database is not poésible,
it is possible ¢to ﬁrovide a database of useable
dimension which contains, for example, common woids and
words whose pronunciation is not simply related to the
spelling. Such a database will give excellent

20 grapheme/phoneme conversion for the words included
therein but it will fail, i.e. give no output at all,
for the missing words. In any practical implementation:
this would mean an unacceptably high proportion of
failure.

25 Another possibility uses a database in which the
access ddta corresponds to short strings of graphemes
each of which is linked to its equivalent string of
phonemes. This alternative utilises a .
manageable size of database but it depends upon analysis

30 of the input text to match strings contained therein
with the access data in the database. Systems of this
nature can. provide a high proportion of excellent
pronunciations with occurrences of slight and severe

_ mispronunciation. There will also be a proportion of

35 . failures wherein no output at all is produced either

because the analysis £fails or a needed string of
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provide different forns of nodule (A), each of which is conpatible with the
subsequent nodul es so that different forns_o% output result. Mdule (B)
converts graphenmes to phonenes. 10 "Graphene" denotes data - _
repr esent ati ons correspondi ng to the synbols of the conventional al aphbet

used in the conv HeNET A0er . o s hi cifj LOR | ood
exanpl e of "grap%?r?gs . esITBPF i“élsanpr b%%ho?é%%/nta%g??g s%%ggﬁbghgtétﬁgg
graphemes nay had@tahasiee 15  -relationship to the way in which the_
words are pronounced, espechRl IFoddi bENPHROES Seaveds etdly Hnhowrleasfare,

in order to praduce waveformns, It. IS appropriate to_convert the
graphemes into a 3 t REAcasdure cQﬂqéﬁse'pﬁ%neﬁﬁs"°n%ﬁ pged when

speci ficatgon, 2frefersdidhthahniquesy €haic corieladefaultt h pilvcsedinge of
the words. In Oggggéggg%%ff:t%ie%hghguggggeogf"éggg%gh P%g“ the symbols
of the input text. Since the range of input symbols is
not only known but limited (usually—iess than 100 and in
many cases less than 50) it is not only possible to
10 produce the database but its size is very small in
relation to the capacity of modern data storage'systems.
This default proceedure therefore guarantees an output
even though that output may not be the most appropriate
solution. Examples of this include names in which

15 initials are used, degrees and honours, and soﬁ;
abbreviations for units. It will be appreciated that,
in these circumstances, it is usual to "pronounce" out
the letters and on these occasions the default
proceedure provides the best results.

20 Three different strategies for converting
graphemes to phonemes have just been identified and it
is important to realise that these alternatives are not
mutually exclusive, In fact it is desirable to use all
three alternatives according to a strict order of

25 _precedence. Thus the "whole word" database is used
first and, if it gives an output, that output will be
excellent. When it fails "the analysis" technique is
used which may involve a small but acceptable number of
mis-proanunciations. Finally if the "analysis* fails -

30 the default option of pronouncing the "letters“” is
utilised and this can be guaranteed to give an output.
Although this may not be completely satisfactory, it
will, in a proportion of cases as explained above, give
the most éppropriate result. '

35 This invention relates to the middle option in
the sequence outlined above. That is to say this
invention is concerned with the analysis of the data

-
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to-deal with the problemthat the conventional al phabet is not phonetic.
Modul e (C) converts the phonenes into a digital 25 wavef orm whi ch, as
nmenti oned above, can be converted into an- #&nalogue format and thence
i nt'o audi ble waveform This invention relates to a nethod and appar at us
for use in nmodule (B) and this nodule will now be 30 described in nore

detail. Mdul e (Bppeislerdmsti onk e mmsgrrstinngttc h npus texmagirgﬁheméarign
nunber of indepegdant. §Y rdfSauce Eéﬁho&eg{ae %@‘E‘ %@%et%?%%‘pﬁré’@éxﬂt 8@%' S
gra ene

a sequence o

in the formof representattions,
and an out put st PRA@Sufiheh Rhgnen QQﬁﬁQERQEQRQQWEP e ARt %ﬁxﬁrmalt

phoneme equi val gpt eimphabieeddr ERAEMBEhE ORI KISy | BnViRoaGeRES SECiLINs
A mmaj or prgblen]gLventlon.ls the complete text-to-waveform conversion as
described in greater detail above. That is to say this
invention relates.to_a particular component of the whole
system,

According to this invention an input sequence of

10 bytes, eg. data representations representing a string of
characters selected from a first character set such as
graphemes, is dissected into sub-strings for conversion
i;to an ~ output | sequence of bytes, eg data
representations representing a string of characters

15 selected from a second character set such as phonemes,
wherein said method -includes retrograde analysis wherein
léter'oéburring bytes are selected before earlier bytes
whereby the selection of the earlier occurring bytes is
at least partially determined by the previous selection

20 of later occurring bytes.

The method of the invention is particularly
suitable for the processing of an input string divided
into blocks, e.g. blocks corresponding to words, wherein
a block is analyzed into segments beginning from the end

25 and work-ing to the beginning wherein the choice of
segment is taken from the end of the remaining
unprocessed string.

- The invention, which is defined in the claims,
includes the methods and apparatus for carrying out the

30 methods.

The data representations, eg bytes, utilised in
the method according to this invention take any signal
form which is suitable for use in computing circuitry.
Thus the data representations may be signals in the form

35 of electric current (amps)}, electric potential (volts),
magnetic fields, electric fields, or electro-magnetic
radiation. In addition, the data representations may
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-, graphene/ phonene conversion resides in the size of database
necessary to cope with a | anguage. One sinpl &, -and theoretically ideal,
solution would be to provide a database so large that it has an i ndividual
entry for 5 every possible word in the | anguage, including all

possi bl e i nfl ect ikes stforadr y ingisidiing whnensiante [shiopagre. as Cpaat| yof

gi ven a conpl et e dlad dBSEng, CYRY W% dELd NorbrRye hsa&uwpulédf 3s the
i ndi vidual ly recogni sed and'an excel I ent phonene eqU|vaIent wou

output. It 10 QFRAR PhHe2BRHAF ehbet ﬁé’t‘eF‘Falté‘-%prd%aﬁ'tﬁfe“t%t’p?‘bﬁﬁea

such a conpl et e GRighRcc ﬁé&iﬁﬁ,f!rst place, it is not possible to |ist
every wor d |n a Ianguagetﬁgd e%ﬁeoretlcal basis and some preferred

embodiments of the invention will now be described. 1In
the preferred embodiments the ipput signals are divided
into blocks which correspond to the individual words of
tﬁe text and the invention works on each block

10 separately; thus the proceés can be considered as "word-
by-word” processing.

It is now convenient to restate the requirement
that it is not necessary to produce an output for every
one of the blocks because, as described above, the whole

15 system includes- further modules to deal with such

failures. _
- As a preliminary, it is convenient to illustrate

the theoretical basis of the invention by considering
the structure of words in the English language and by
20 commenting on the structures of a few specific words.
This analysis uses the distinction usually identified as
"vowels" and " consonants”. For mechanical proceésing it
is necessary to store two lists of characters. One of
these 1lists contains the characters specified as
25 - "vowels” ‘and the other list contains thdse characters
designated as "consonants”. All characters are,
preferably, included in one or other of the lists but,
.in the preferred émbodiment, the data representations
corresponding to "Y¥" are included in both lists. This
30 is because conventional English spelling sometimes
utilises the letter "Y' as a vowel and sometimes as a
consonant. Thus the first list (ef vowels) contains a,
e, i, o, u and y, whereas the second list of consonants
contains b, ¢, 4, £, g, h, j, k, 1, m, n, p, @ r ,s, t,
35 Vv, W, X, Y, 2. The fact that "Y' appears in both lists
means that the condition "not vowel®” is different from

the condition "consonant®.
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sugch a list were available it would be too |arge for conputationa

pur poses. 15 Al t hough the conplefe-database is not possible, it
is - possible to provide a database of useable dinmension which
contains, for exanple, conmmon words and words whose pronunciation is not
sinmply related to the spethe ngrimary pufposieaoflatheassalysis isveoegpritent
20 i1 Oraphene ghoRsiR . CRRYCESLen rdies dlifarsBhS 441! ieolheT oL e U

it wll fail, i.6. grve no out
practical i rrpl errémlatﬁ‘-’d'n and ¢' onmsj' -neakht ahs uAapostenst 3lelgﬁﬁlplrsmothabn

of failure. 25 the analysfEOWi%s PPEZkOE! dakdtRSes? ﬂﬁi@ﬂa%dﬁl\w'eﬁet he
access data corresponds to short strings of graphenes each whi

linked to Pts eq@rpdhefe QFULYRIeNLFhOfcFrises a?ﬁl?“ﬁPFér%éPF9€ E?l??%b% a
phoneme equivalents. The purpose of the analysis is not

merely to split the data into arbitrary sequences
representing rimes and onsets but into sequences which
are contained in the database.

10 A rime denotes a string of one or more
characters each of which is contained in the list of
vowels or such a string followed by a second string of
éiaracters not contained in the 1list of vowels. An
alternative statement of this requirement is that a rime

15 consists of a first string followed by a second string
wherein all the characters contéined in the first string

- are contained in the list of vowels and the first string
must not be empty and the second string consists
entirely of characters not found in the list of vowels

20 which the proviso that the second string may be empty.

An onset is a string of characters all of which
are contained in the list of consonants. '

The analysis requires that the end of a word
shall be a rime. It is permitted that the word contains

25 adjacent—rimes, but it is not permitted that it contains
adjacent onsets. It has been specified that the end of
the word must be a rime but it should be noted that the
beginning of the word can be either a rime or a
consonant; for instance *orange" begins with a rime

30 whereas "pear* begins with an onset.
In order to illustrate the underlying theory of

the invention four specimen words, arbitrarily selected
from the English language, will be displayed and
analysed into their rimes and onsets. '

35
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nanageﬁgyé/sizé of dat abase but it depends upon anafysis 30 of the
I nput Xt to match strings contained thereign.with the access data in the

dat apase. Systens of this nature can provide a high proportion of”
exceld ent pronunciations with occurrences of slight and severe

m spronunci ati on. There will also Qﬁj&ﬁﬂﬂﬂﬂﬂﬂﬂhﬂm of 35 failures
whérei n no OUtF“EAf§ all is produced elther because the analysis fails or a
needed string of -4- graphenes is mssing fromthe access section of the
dat abase. A finatimessabts?ity is conveniently known as a "default"
proceedure becaysecitafs only used when
5 It is to be expected that "ats® will be listed
as a rime and "c" will be listed as an onset.. Therefore
replacing'each by its phoneme equivalent will convert
“cats” into phonemes. - T
_ ' It should be noted that the rime "ats" has a
10 . first'string consisting of the single vowel "a" gnd'a_
second string which consists of two non-vowels namely
"g" and "s". o '
SECOND SPECIMEN
_ STREET
15 rime ‘“eet" ~ -
onset "str". -
In this case the first string of the rime contains two
letters namely "ee" and the second_string'is a single
- : non-vowel "t". The onset consists of a string of three

—

20 consonants. _ _
The onset "str" and the rime "eet" should both

be contained in the database so that phoneme equivalents

are provided.

THIRD SPECIMEN

25  _HIGH | | S
' rime "igh"  _ )
onset "h"

In this exémple the rime "igh" is one of the
arbitrary of sounds of the English language but the -
30 database can give a correct conversion to phonemes.
FOURTH SPECIMEN
HIGHSTREET - | -
second rime "eet"
second—on;et "stxr*
35 first rime "igh"
first onset "h".
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erred techniques fail.- A "default" proceedUre conveniently

t akes e formof "pronouncing" the symbots9of the input text. Si nce the
range”of input synbols is not only known but limted (usually less than
1007 and in nmany cases less than 50) it .is not only possible to 10 :

produce the database but€}eariyzEhpswesdy "dighstrpetd| 45 od cempaundaphcity
of nodern data siig agereSMTuTEtwdhi exslndbott JHDCERAUr£nilps LS 0NY very
guar ant ees an oufut evep Eggu h that OUtéﬁi may n be t he st
appropriate sol (Y175H3* ©Og ﬁgﬁe§Wﬂ_?*ﬁ %1 ude e5.n WHiTH 4% an
initials are ussahrtamwygrextraandquhcesens imrrhatsane adbbnevessappstdor
units. ltewill reCi A h | T C ki LSnU | to
"pronouncea' out %e%ef%e%gga{ﬁggggn#gt %e?}%a%ca%én%? ?ﬁee ké‘é*gﬁl ?H&
proceedur e provifddiEh Hetkats rigsginder 2® split the wor@ihiogo thight cand

strategies fomgGQUIMBITIiNgThis split is recognised by virtue of the
- contents of the détabase. Thus the consonant string
- "ghstr* is not an onset in the English language and,
10  therefore, it will not be in the database so that it
' cannot be recognised. Furthermore the string "hstr*
will not be in the database. However, "str* is a common
onset in English and it should be in the database.
_ Therefore "str" can be recognised as an onset and "stx*
15 is the later part of the string "ghstr*. Once the end
of the string has been recognised as an onset the
earlier part is identified as part of the'preceding rime
and the word "high" can be split as described above, It
is the purpose of this example to illustrate that the
20 splitting of -an internal string of consonants is
sometimes important and that the split is achieved by
the use of the database.
We have now given a descriptidn of the theory
which underlies the techniques of the invention and it
25 is now appropriate to indicate how this is'carried. into
effect using automatic computing equipment, which is
illustrated in the accdmpanying_diagrammatic drawing.
The computing equipment operates on strings of
signals, eg. electrical pulses. The smallest unit of
30 computation is a string of signals corresponding to a
single grapheme of the original text. For convenience
such'a'string of signal will be designated as a "byte"
no matter how many bits it contains in the "byte".
o Originally the term "byte" indicated a sequence of 8
35 bits. . Since 8 bits provides count of 255 this is
sufficient to accommodate most alphabets. However, the
"byte" does not necessarily contain 8 bits.

\
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gr aphemes to phonenes have just been identified and it is inmportant to

realise that these alternatives are not nut ud |-y excl usi ve. In faet it is
desirable to use all three alternatives according to a strict order of 25
pr ecedence. Thus the "whol e word" database is used first and,_if it

gives-an output, that outfhe prkbtedsisgcdessnibed \bekowt iBaidarried out
anal ysi s techni g9@ciS Bisas Jui Qﬂxé?é’iﬁ VOLY S Po SR 4 Q!&téfﬁ&péfb!:ﬁenaﬁber_
of m s-pronunci ati ons. Final+y 1f_ the "analysis"_ fails 30 t he

default option ofOFPorRNFRFng tASH "blecky Sornespandg skg & imikvidnabe
guaranteed to gi woran (@ BotedtidUGSrd)i sifBY Ae! ise pwNillelthat the
aLisTactoy. Lasky v SORSR AP SREER SRt NhAG g V6
m ddl e option i nthhe sexpieccavewslionedmnabovéEail ). ThalChes puxpesg bifi sthe
method is to convert an input_block whose bytes
represent graphemes into an output block wh&se bytes
represent phonemes. The method works by dividing the
i0 input block into sub~-strings, converting each sub-string
in a loek-up tablé and then concatenating to produce the
output block. _
The operational mode of the cbmputing equipment
has two operation._procedures. Thus it has a first

15 procedure which- includés two phases and the first
procedure is wutilised for identifyiﬁé byte strings
corresponding to rimes. The second procedure has only
one-phase and it is used for identifying byte strings

- corresponding to onsets.

20 As indicated in the drawing, the computing
equipment comprises an input buffer 10 which holds
blocks from previous processing until they are ready to
be processed. The input buffer 10 is connected to a

data store 11 and it provides individual blocks to the

25 - data store 11 on demand.
An important part of the computing equipment is

storage means 12, This contains programming
instructions and aiso the databases and lists which are
needed to carry out the processing. As will Dbe

30 described in greater detail below, storage means 12 is
divided into various functional areas.

The data processing equipment also includes a
working store 14 which is required to hold sub-sets of
bytes "acquired from data store 11, for processing and

35 for comparison with byte strings held in databases
contained in the storage 12. Single bytes, ie. signal
strings corresponding to individual graphemes, are
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“invention is concerned with the analysis of the data - ba-

representati ons correspondi ng to input textlgéaphenes I n order to produce

an out put set of

data representations 5 ing the phonenes

corresponding to the input text. It |s enphasi sed that the working

envi ronnent of t
as described in
to a particular
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i nvention an i npyyigeque L8, cRBKIUREEDI §5 20! Uid¥lied CRgEERRE!

a string of characCters se ect roma

5

10

15

20

25

30

35

I rst character set such
lists contained in data storage 12 before transfer to

the working store 14.

After successful matching with items contained
in the working storage 12 strings are transferred from
the working store 14 to the output store 15. For use
when -matching fails the equipment includes means to
return a byte from the working store 14 to the data
store 11. _ '

' In addition to other areas, eg for program
iﬁstructions, the storage means 12 has four major
storage areas. These areas will now be identified.

First the storage means has areas for two
different lists of_byées. These are a first storage
area 12.1 which contains which contains a list of bytes
corresponding to the vowels and a second storage area
12.2 ﬁhich_contains a list of bytes corresponding to the
consonants. (The vowels and the consonants have been
previously identified in this specification).

The storage means 12 also contains two areas of
storage which constitute two different, and substantial,
linked databases. First there is the rime database 12.3
which is further divided into regions designated 12. 31,
12.32, 12,33, etc. Each region has an input section
containing bytes strings corresponding to "rimes" in
graphemes and, as shown in the drawing, this includes
12. 31 containing "ATS", 12.32 containing "EET*, 12,33
containing *IGH" and many more sections not illustrated
in the drawing. _

The storaée means 12 also contains a second
major'area 12. 4, which contains byte strings equivalent
to the onsets. As with the rimes, the onset database
12. 4 is also divided into many regions. For example, it

'comprises 12. 41 containing *C", 12.42 containing “STR"

and 12. 43 containing "H".

es

ng
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graﬁhedes, is dissected into sub-strings for conversion 15 into an
out-put sequence  of byt es, eg data yepesentations representing a
string of characters selected froma second character set such as phonenes,

wherei-n- sai'd nethod includes retrograde analysis perfornmed in

. conjunction with signal sgaEROSE R SiNpaENs@Otion (O€! VPes ahasi2.-a¢cesd,
St ora

“thifd and fourfh,stqrage areas mger in.- Gi t.h first e,_are
cont ai ns a pl ur%‘ﬁﬁ? R3¢ anbﬂ’ _E“ .gggﬁg.o)nofwmﬁ c%mfté?rrésse?lt%gﬁlng &%
charact er sel ect éyfesomarresiionding to the contentf pfsitshinputeseebion(ii)
the second storage areg. ganta Bl A tivea at WhESopefdtionall
whi ch represents a character sel ec{%difrom t he %%/rst c%ar act erpset, ?ﬁe
total conté&nt of method includes two different procedures. The first
procedure utilises storage areas 12.1 and 12.3 whereas
the second procedure utilises storage areas 12.2 and
12. 4. It is emphasised that the areas of the database
which are actually used are defined entirely by the

10 procedure in operation. The procedures are used
alternately and procedure number 1 is used first.

SPECIFIC EXAMPLE

It will be_ noted that this specific examp{g
- i5 relates to the word selected as the fourth specimen in
| the description given above. Therefore its rimes and
onsets- are already defined and the specific example
explains how these are achieved by mechanical

computation. ,
20 The analysis begins when the input buffer 10
transfers the byte string corresponding to the word
* HIGHSTREET" into the data store 12. Thus, at the start
of the process, the important stores have the contents

as follows: - i

25 -STORE . CONTENT
11 HIGHSTREET
13 - -
14 - -
15 : - - _
30 (The symbol "- -" indicates that the relevant store is
empty).

The analysis begins with-the first procedure
because the analysis always begins with the first
procedure: As mentioned above, the first procedure uses

35 storage regions 21.1 and 12.3. The first procedure has
two phases during which bytes are transferred from the
data store 11 to the working store 14 via the check

This Sheet Has Been Rerlaced
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30+ : sai d second storage area being different fromthe
total content of said first storage area; (iji) the third storage area

contains strings consisting of one or 13 vre bytes 35
representing characters of +the first character set wherein the or the

[Lrst bute o each alg 10 | Smeonk AL b tedNEothi Shes 3h2956° 160 39 524 e
or each of whi chHdytes are not found insstomagenedgiobnt H@.decond storage
area. The procedure is a retrograde which means that
it works from the back of the word and therefore the
5 first transfer is "T" which is not contained in region
12.1. The second transfer is "E" which is contained in
the region 12.1 and therefore the second phase of the
first procedure is initiated. This continues for as
long as the byte in working store 14 is matched in 12.1
10 therefore the second "E® is transferred but the check
fails when the next byte "R" is passed. At this stage

the state of the various stores is as follows.

STORE CONTENT

11 ' HIGHST
15 13 - _ R

14 . EET

1s - - - -

i The contents of the working store 14 are used to

access storage area 12.3 and a match is found in region

20 012.32. Thus the match has succeeded and the content of
the working store 14, namely "EET" is transferred to a
region of the output store 15 so that the state of the

various stores is as follows.

STORE CONTENT
25 11 R HIGHST

13 - R

14 e -

15 EET

It will be noticed that the first rime has been found
30 mechanically.

As mentioned above, the non-matching of "R" in
the check store 13 terminated the first performance of
the first procedure. The analysis continues but the
second procedure is now used because the two procedures

35 always alternate. The second procedure utilises the
storage regions 12.2 and 12.4. The byte corresponding
to "R" in check store 13 now matches because region 12.2

T




Théfbytes stored in the first area preferably represent vowel s whereas
thése of the second area preferably represenfqconsonants. Overlaps, e.g.
the letter "y", are possible. The strings in the third 10 st orage

area preferably represent rimes and those of the fourth area preferably
rep_resent_lolnsetbs.is Fi@cgﬂpeaka Oinavgsams_sib lQHSQQ_?_hrEd‘nt;ai,rﬂéESth%&‘ilin.
onsets Wi e at.ned ) n, greater tail .bel ow. e .di vision involves
mat chi ng sub-stri%grﬁh’fg R Tﬁgt’r' e§¥§ﬂa¥°vﬁy¥f$°ﬁ s&&ﬁ’a{lﬂe&’\%n -
the third and fouthé secoage parozasiure Tdwntsilhuss r spgd ohgr aonplze | bpheaia

formed using the LlLsk é‘@grée%“ﬂa {:Réé‘.ge 2h685¢ gh?egggggguzi\de aﬁﬁ" ys'?s
requires that later_occurring sub-strings are selecte efore tarfli ér 20
occurring Sub-strandsiG" armcelh tuansferrngdhaiabtbe sbrebt s§orend3pyt &%
contai ned therei ¥ $ HOLihLNERE byte corresponding to "I" arrives in the
| check store 13 and the check .fails because the byte
corresponding to "I" is not contained in storage region

12. 2. Since "the check fails this performance of the

10 second procedure terminates. The contents of the
various stores are:-
STORE . CONTENT
11 "H"
13 - ' ngw _ _
- 15 14 - © T "GHSTR"
15 " EET" -

-~ fThe second procedure will attempt to match the

content of the working store 14 with the dJatabase

- contained in 12.4 but noc match will be achieved.
20 Therefore the second procedure continues with its
remedial part wherein the bytes are transferred back to

the data store 11 via the check store 13. At each
transfer it is attempted to locate the content of the
working store 14 in storage area 12.4. A match will be

25 - achieved when the letters G and H have 'been returned
because the string equivaient to "STR" is contained in

region 12. 42. Having achieved a match the content of

the working store is put out into a region of the output

store 15. At this point the content of the various

30 stores is ‘as follows: -
STORE - CONTENT
11 "HIG®
13 i S -
14 - - -
'35 15 . *"STR" and "EET"

The second procedure was terminated by finding the match
so the analysis now goes back to the first procedure and

This Sheet Has Been Reﬂlaced




avail able for selection or

sub-string.

This non-availability [imts ng_choice for formng the

re-selection so as to forman earlier occurring

earlier sub-string 25 and, therefore, thé prior selection at |east

partially defines the later selection of the earlier sub-string. The nethod

of the inventiongp$eP e ui £ gbl Org4t ph | 3¢ Ofnan

string divided iﬁ?oeb?géfggkg?é¥lglo%§s'ggérggﬁ%ﬁéi gto Wgrds h%he$£?%£30
hetherend Hndasdr KGlg 2%°t he

. a block is anal yPE@CRAMFesegnEft SShidyi WA¥ndHe o
begi nni ng wher ei 8rhhe reheiede tof tHRUWHKI g

ned .in

I ni d string. The. ti wh defi n
Craims, 35 i RERAdes THS AEPAGd BIAP SoBaPAPS ‘Ao R4Fr Jind T A3EeS

cl ainms, 35
The datwheaprHsedsatirans feegeldyttes thet idhexdd store 13. At this

nmet hods.

10

15

20

25

30

35

stage the various stores have contents as follows: -

STORE CONTENT

11 - -

13 . . nHIl'

14 " I GH"

15 "STR" and "EET".

The first procedure now attempts to match the content of
the working store 14 with the database in the storage
area 12.3 and a match is found in region 12. 33.
Therefore- the content of the working store 14 is
transferred to a regioﬁ of the output store 15.

“The analysis now continues with the second
procedure and the letter "H" (in the check store 13) is
located in storage region 12. 2 (note that this region is
now in use because the analysis has now gone back to the
second procedure). The analysis can now terminate
because the data store 11 has no further bytes to
transfer and the content of the working store, namely,
“H", is found in region 12. 43 of the storage means 12.
Thus “H* is transferred to the output store 15, which
contains the correct four strings found by mechanical
analysis.

The necessary output strings having been
located, it is only necessary to convert them using the
fact that storage areas 12.3 and 12.4 are linked
databases. Each region not only has the strings now
contained in the output store, but each region has
linked output regions containing strings corresponding
to the appropriate phonemes. Therefore each string in
the output store is used to access its appropriate
region and hence produce the necessary output. The
final step merély utilises a look-~up table and this is

sticden 4 famantidieri syl prdset he
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thé nmethod according to this invention take any signal formwhich is
suftable for use in conputing circuitry. _ lhp;.be stored, including
transient storage as part of processing, 1n-a suitable storage nmedi um
e.g.. as the degree of and/or the orientation of magnetisation in a magnetic
medi um 5 : i C bas, %ﬁﬁﬁ fegfed

enbodi nents of 't I?eosisr%végi o%ggmg{&?énogvhge 33’???%‘3‘3‘3: n t%sg{sgre ée?regeen
enbodi ments the iGRFRIeS®fhal s are_divided into bl ocks which correspond to -
the individual words of tAl itrfilcade@ bR vie)Vehlel DaenRL S e@NseEhgh! 96kvé0

separately; thusagheagrocesstgaqﬂgs gg g erggtggasgorggd' in a simple

cess
5 system, there is one output string for each access
string. However, pronunciation sometimes depends on

context and improved conversion can be achieved by

providing a plurality of outputs for at least some of

the access strings. Selecting the appropriate output

10 stream depends upon analysing the context of the access
stream, -eg. to take into account the position in the

word or what follows or what proceeds. This further
complication does not affect the invention, which is

solely concerned with the division into appropriate

- 15 sections. It merely cémilicates the look-up process.
As was explained above, the i;vention_is not

necessarily required to produce an output because, in

the case of failure, the complete system contains a

- default technique, eq. providing a phoneme equivalent
20 for each grapheme. In order to complete the description

of the technique, it is considered desirable to provide

a brief indication of the circumstance in which this

failure occurs and use of a default technique is

required. -
25 -Failure Mode 1. .

The first failure mode will occur when the
content of the data store does not contain a vowel which
implies that it is not a word. As always, the analysis
starts py using the first procedure and, more

30 specifically, the first phase of the first procedure and
this will continue so long as there is no match with the
first list 12.1. Since the string and data store 11
contains no match, the first phase will continue until
the beginning of the word and this indicates that there

35 is a failure.
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by+word" processing. It is now convenient to restate the requirenent that
It.ls not necessary to produce an output for, _every one of the bl ocks
because, as described above, the whole 157 1 system includes- further
nodules to deal wth such failures. As a prelimnary, it is convenient
to illustrate the the i cal _basis of the invention by considering the
structure of wor nguage and by 20 commenting on the
structures of a few speciThics wiaiburdhdoecuns | yBen: nses the distinction

usual l'y identifigdjas "vQuel Seddith " pbSis ihOhs@Bchani cal processing
It is necessary to store two |l1sts of characters. One of these  _lists
contains the chitdct er $haRRg¥pRENg LQF sthe wopdels  raaghefe2BRher i st

contains tfose chigiagt er tHEAS dinRdmateh foenghBasbfitent of thé working
characters are, ) '
_ store 14 in the database 12. 4.

This contrasts with failure to match during the

middle of the word which implies that a vowel is
- ‘contained in the check store 13. Failure at this stage

10 permits the returning of bytes for later analysis by the
first procedure and there is no failure, at least not at
this point in the analysis. When the beginning of the
word is reached, there is no possibility of further
analysis and hence the analysis has to. fail.

15 Third Failure Mode
_ The third failure mode occurs when the first
procedure is in usé and it is not possible to match the
contents of the working store 14 with a string contained
in the database 12. 3. Under these circumstances the

20 first procedure will transfer bytes back to the check
store 13 and the data store 11 and this transfer can
continue until working store 14 becomes empty and the
analysis also fails.

In the second failure mode, it was explained

25 that the second procedure is allowed to return bytes to
input for later analysis by the second procedure.
However, the transferred bytes must be matched at some
time and this means during the next performance of the
first procedure. The third failure mode corresponds to

30 the case where it is not possible to achieve the later
match.

Thus the method of the invention provides
analysis of a data string into segments which can be
converted using look-up tables. It is not necessary

35 that the analysis shall succeed in every case but, given
good Qatabases, the method will work very frequently and
enhance the performance of - a complete system which
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preferably, included in one or other of the lists but, in the preferred
enbodi ment, the data representations corresgonding to "Y" are included in
both lists. This 30 is because convéftional English spelling
sonetinmes utilises the letter "Y' as a vowel and sonetines as a_consonant.

Thus~the first Iist (of vowels) contain %’ngceasa%y Eo@nQe¥t @Qegﬁggchhe

second |ist of compmiksas thsosher podule n, p, q, r
,s, t, 35 VeolvebsidonZz. The fact that "Y' appears in both lists means

that the condition "not vowel" is different fromthe condition "consonant".
-7- The primary purpose of the analysis is to split :

T



<

a bl'ock of data representations, ie. a word, into "rimes"

s i I m I| m se that the anal ysi 9 +ses |inked databases which
contalnqﬂnﬂla II'I@"IB Le equi val ents of rinmes and onsets |inked to their
phonene equitvalents.$ The purpose of the analysis is not nerely to split

‘the data into arbitrary sequences represertLA&ZM8i nes and onsets but into
sequences which are cont ained in the database. 10 A rine

or nore characters each of whjch is contai ned

denotes a stri ggﬁ one
in the list of volwels or 3ucHefhadingff olRRRRRFHING s@Bond BRYF ngsdgnal

characters not corépié€éntinghe | s&haf; vwelcmarao%fx@ tf@émabt&a st e MRt
consl st 0] I r trin

f thi t
Dol owed B SuctteR€, FRATAREELEst 90 1 AS SRy % osiBrsEel nid, for
first string are conversicdni intbeah sutplutvaigimalantepheséntshgsar stging

of characters selected from a second character set,
wherein said method divides said input signal into sub-
- strings by retrograde analysis, said retrograde analysis
10 comprising the selection of later océurring portions ot
the input signal before earlier occurring portions
thereof wherein the prior selection of a later portion
at least partially defines the selection of an earlier
: occurring portion; said later occurring portions being
15 contained. in one of said sub-strings and said earlier -
occurring portion b_eing' contained in a different one of

said sub-strings.

2. - A method according to claim 1, wherein said
20 input signal is composed of a string of bytes each of
said bytes corresponding to a character of the first

character set.

3. A method according to either claim 1 or claim 2,

25 wherein "the method is preformed in conjunction with
signal sterage means which includes first, second, third
and fourth storage areas wherein: -

(i) the first storage area contains a

_ plurality of bytes each of which
30 represents a character selected from the
first character set;

(ii) the second storage area contains a
plurality of  Dbytes each of which
represents a character selected from the

35 first character set, the total content of
said second storage area being different

and "onsets".
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must n npty and the second string consists entirely of characters not
f ound qm&@m’,m’mu l's 20 with the pgovi so that the second_string
may be ARSI Gl s a string of characters all of which are contai ned
.in the list of consonants. The analysis requires that the end of a word
shall be arinme. It is pernittedrokatthbe votdlcogpptant 2of sadd acddist
rimes, but it is not permitted that it contains adjacent onsets. It has
been specified that the end of Fﬁgrﬁgfdaﬁﬁff be a rine but it should be -
noted that the begi nning 6fithether thiad beterager axea neontaims oatgdngsf or
i nstance "orange" begins wth acphge @@ﬁ eas ggPeapne30 or bLaGras wb&?egn
onset. In order to illustrate the unaer §ing t heory of tﬁé i nvention’four
speci men wdrds-, arbitrarily seFeRregepEspg t ifhanasiass 9fingtage, fhFslt

be displayed 3and character set -wherein the or the first
| byte of each string is contained in the
first storage area; and )
(iv) -the fourth storage area contains strings
10 : of one or mdie bytes the or each of which
is contained in the second storage area.

4. A method according to claim 3, wherein the input
signal is divided into blocks and processing of at least
) 15 some of said blocks compTises: -

(2) identifying an internal string of
- consecutive Dbytes each ~ of which is
contained in the secon& storage area said
string being immediately proceeded by a
20 predecessor byte contained in the first -
storage area and immediately followed by
~a successor byte contained in the first
storage area;

(b) identifying the longest end string of said

25 - internal string with strings contained in
-the fourth storage area; )

(c) defining an initial portion of said
inteinal string being the residue of said
internal string after the separation of

30 . the end string defined in (b) and
combining said initial string with the
predecessor bit specified in - (a) and
identifying a string inciuding said

- predecessor bit and said initial portion
35 with a string stored is said second

‘storage area.

. This Sheet Has Been Reﬂlaced
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anal ysed |U| mHLI“"HlIH ||Hnd onsets 35 -8- FIRST SPECI MENT CATS rine
"ats" onse Is to be @kpected that "ats" wll be
listed as a rine and c" mnll be listed as an onset. Therefore replacing
-each by its phonene eqw valent will convert "cats" into phonenes. It should
be noted that th8.rime "& s"metBod 1®f CcPRVSrtingi n@ERondrPRENg Vigaak
single vowel " "réﬁgegenting a string of characters selected from the
flrst character set into an equivalent signal
representing a sting of characters selected from the
S second character set; which method comprises identifying
sub-strings by a method according to any one of the
preceding claims and converting sub-strings by a linked
database which has input sections each of which contains

- one of said sub-strings each input section being linked

10 to an output section which contains the output

equivalent of the content of the input section.

6. A method according to claim 5, wherein the input
) signal is divided into input blocks and wherein each
15 block is -separately converted wherein at least some of

said  blocks are converted as a whole without sub-
division and at least some of the said blocks are
converted by a method according to c¢laim 5.

20

25

30

35

AT
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second string which consists of'tmo:ndn'VOMEIs nanely "t" and "s". SECOND

SPECI MEN STREET 15 rime "eet":»gnset: , In this case the first.

strlng of the rime contains two letters nane?y "eel" and the second string
" is¥a single non.-vowel "t". The onset conS|sts of a string of three 20

consonants. The onset "str" and the rineas houl d both be contained in

the—database so that phonene eqU|vaIents are provided. TH RD SPECI MEN 25

HGHdrine "igh"
This invention relates to the generation of synthetic

speech from conventional texts and in particular to the
3 step in which a text in graphemes is converted into a
text in phonemes. The grapheme text is analeed into
rimes and onsets and each word is analysed from the end
so that earlier occurring segments are at least
partially defined by the identification of 1later
10 occurring segments. It is-a particular feature that an
internal string of consonants, ie. a string of
consonants preceded and followed by a vowel, is split
into two portions, namely a second portion which is
contained in a database of onsets and an earlier portion
15 which, together with the Proceeding vowel or vowels, is

contained in a database of rimes.
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of the English |anguage but the 30

cenversi on to phonenes.
n St r.ll
the*word "hi ghstreet”

second- onset

analysis is very

35 first

"R" In this exanple the rine'ﬂg!f

is one of the arbitrary of sounds
~ ., database can give a correct

FOURTH SPECI MEN HI GHSTREET second rine "eet"

rime "igh" first onset
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simd-ar to these two exanpl es. " However, there is an |rrportant extra

r eglli r ga ot i s. necessary to 5 recogni s&
br eak | _m}?m&handfrfth letters in order to |nto
"hi gh" } ape “r"eet*“”‘""‘ fThis split is recognised by vr tents

of the _d I he consonant string "ghstr" is not an o
' thereforer At-will not be in the dat abase so

i ol Futherm)rethe strrng "hstr* will not be
i n the|dat abase §F‘r?°t@v§ R AIVERSEN i n English and it should
be in #h fore "str" can be recognr sed. as an:onset and "str"

15 : |s t he | at er par.i.mpgc FU? ‘f, dnl 991 2 H3SEL “a me'g;g‘éegege g_a L the string

has been recogni sed as an onse I er part nt | as part of
the preceding rif®& SAAVEFE nForext m%ﬁ"“%‘a?f%é‘ spl'1°t~ea§PEI’é%fcir"raBeMl above. It

it relates to the production of an output in form of an
acoustic wave, namely synthetic speech, from an input in
) the form of signals representing a conventional text.
This overall conversion is very complicated and
it is sometimes carried out in several modules wherein
the output of one module constitutes the input for the
- - next.. The first module receives signals representing a
10 conventional text and the final module produces
synthetic speech as its output. This synthetic speech
may be a digital representation of the waveform followed
by conventional digital-to-analogue conversion in order
to produce the audible output. In many cases it is
i5 desired to provide the audible output over a telephone
system. In this case it may be convenient to carry out
the digital- tc--“alogue conversion after transmission so
.that transmission takes place in digital form. '
" There are advantages in the modular structure,

20 e.¢c. each module is separately designed and any one of
the modules can be xeplaced or altered in order to
provide flexibility, dimprovements or to cope with
hanging circumstances.
Some procedures utilise a sequence -of three
25 ‘modules, “namely
- (A) pre-editing,
(B) conversion of a*aphemes to phonemes, and
(C) conversion of phonemes to (digital) '
waveform. - '
30 A brief description of these modules will now be
given.
Module (A) «receives signals' representing a
conventional text, e.g. the text of this specification,
and it modifies selected features. Thus module (A) may

35 . specify how numbers are processed. For example, it
will decide if = REPLACEMENT SHEETS 5G
REPLACED SHEETS SG . 13450 M Description : paged ... to paged .&.
W Description : paged .'.'.z.'.s.':{'to paged ...7.... m(Clalm(s) : paged M. to paged .2
M Claim(s) :paged l's to paged ...2\.... ¥ Drawing(s) : paged .4

W] Drawing(s) :paged...\.. to paged .~...... E(Abstract paged 2?- to paged ‘
[} Abstract  :paged ... to paged .......... '
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is the pJREPLACE] ENJSAE 'Et'ple to illustrate that the Z\Spl‘ﬁ‘m
' onsonants is sometimes inpor ThSBhed'Hhs BLAL

an *inteyng
split is awhllibcﬁfg&% use of the database. W have nowiﬂ,” Em ”Hﬂr"e"

descri pt}oh..f. the theor i ch underlies _the _techniques

and it 2b is now appropriate to indicate how this is

ef fect ust ' fput i ng equi pnent, which is illustrated in the
accorrpanyi ng di agye@gmald ¢ drawi ng. The conputing equi pnent operates on
strings of signals, eg: electrical pul ses. The smal | est unit of 30
computation-i's a string H°%iEAS éd¥ndi ng to a single gr apheme of -
the original text For emmmanc&b;a:yc-lna,—estdﬁ ng of signal will be

designated as a "byte" no rratter gg é bits jt contalgért ftihe byt e".

Orlgl nally the term"byt
5 It will be anparent that J.t is relatively easy to

provide different forms of module (A), each of which is
compatible with the subsequent modules so that different

forns of output result.
Module” (B) converts: graphemes to phonemes

10 "Grapheme" denotes data representations corresponding to
' the symbols of the conventional alaphbet used in the
conventiénal manner, The text of this specification is
a good example of "graphemes". It is a problem of
synthetic speech that the graphemes may have little
15 relationship to- the %é? in which the words are
pronounced, especially in languages saéh as English.
Therefore, in oxder to produce waveforms, it is
appropriate to convert the graphemes into a different
- alphabet, called "phonemes" in this specification,
20 which has a very close correlation with the sound of the
words. In other words it is the purpose of module (B)
to deal with the problem that the conventional alphabet
is not phonetic. '

Module (C) converts the phonemes into a digital

25 -waveform which, as mentioned above, can be cogyerted
into an analegque format and thence into audible
waveform. )

‘This invention relates to a method and apparatus
for use in module (B) and this module will now be

30 describe in more detail.

Module (B) utilises linked databases which are
formed of a large number of independent entries. Each
entry include access data which is in the form of
represéntations, eg bytes, of a sequence of graphemes

+ 35 and an output string which contains representations, eg
bytes of the phoneme equivalent to the graphemes
contained in the access section. A major problem of



et SHEET| | - .
35 .(bijts. Since 8™tmtg$ provides count of 255 this is sufficient to
acch 3 c@%ham s. However, the "byte" does not necessarily
contai f { The processing described belowis carried out
bl ock- pToCR= facy oY ach bl ock is a string-of one or nore bytes. Each
bl ock & ndi vi dual word (or potential word, since it is
possi bl e t hat data will contain blocks which are not transl atable.
so that the converaghenB8ighdidne - contR@sRYhPOsEs DEes hai et sige t8f
convert an inpyt | ock  whose bytes represent .graphenes into an out put
bl ock whose byt e§¥ MeGRTGRHEC CORRHER 1bd %y GRGi StRBLEhe

and theoretically ideal, solution would be to provide a

database so large that it has an individual entry for

5 every possible word in the language, including all
possible inflections of every possible word in the

language. Clearly, given a complete database, every

. word in the input text would be individually recognised
- and an excellent phoneme equivalent would be output. It

10 should be apparent that it is not possible to provide
such a complete database. In the first place, it is not
'pbssible to list every word in a language and even if
such a list were available it would be too large for
computational purposes..

15 Although the complete database is not possible,
it is possible to ﬁrovide a database of useable
dimension which contains, for example, common words and
words whose pronunciation is not simply related to the
spelling. Such a database will give excellent

20 grapheme/phoneme conversion for the words included
therein but it will fail, i.e. give no output at all,
for the missing words. In any practical implementation
this would mean an unacceptably high proportion of

- failure. _

25 Another possibility uses a database in which the
access ddta corresponds to short stringS'of graphemes
each of which is linked to its equivalent string of
phonemes. This alternative utilises a
manageable size of database but it depends upon analysis

30 of the input text to match st;ings contained therein
with the access data in the database. Systems of this
nature can provide a high proportion of excellent
pronunciations with occurrences of slight and severe

mispronunciation. There will also be a proportion of .
35 failures whereipmgghgggput at all is produced either

because the analysis fails or a needed string of



MECLALEMENT SHEET
10 ifngut Ut Bl GER Tt o] s yb- strings, converting each sub-string in a

| ook- up tcblqggﬂg gﬂa oncatenating to produce the output block. The
of conput i ng equi prent has two operati on-procedures.

oper ati ¢nal

Thus it [has~aftssis ¢ procedure which- includes two phases and

the fi rocedure.ls ufilised for |denf|fy|ng byte strings correspondi ng
to rines. edure has only one phase and it is used for

identifying byte str s_corresponding o onsets.
i catod i n nETEBRERRRG 13 ¢ RESSLBRpRAMTy COT BRERES RREFHERS SE R pu
buffer 10 whi chaabthbaskl ocks from previous processing until they are ready

to be processed. The i ?p%p}% f%eor slgéﬁ &og e%tb%QeEﬁf%tg%t %%%?aslla and

it provides individual bloCks store
*default” proceeaure because it is only used when
5 preferred techniques fail. A "default" proceedure

conveniently takes the form of "pronouncing" the symbols
- of the input text. Since the range of input symbols is
not only known but limited (usually—iess than 100. and in
many cases less than 50) it is not only possible to

10 produce - the database but its size is very small in
relation to the capacity of modern data storage systems.

This default proceedure therefore guarantees an output
even though that output may not be the most appropriate
solution. Examples of fhis include names ia which

15 initials aré used, dégrees and honours, and soﬁ;
abbreviations for units. It will be appreciated that,
in these circumstances; it is usual to "pronounce" out
the letters and on these occasions the default
proceedure provides the best results. '

20 Three different strategies 'for convertin
graphemes to phonemes have just been identified and it
is important to realise that these alternatives are not
mutually exclusive. ~In fact it is desirable to use all
three alternatives accoréing to a strict order of

25 .precedence. Thus the "whole word" database is used
first and, if it gives an output, that output will be
excellent. When it fails "the analysis" technique is
used which may involve a small but acceptable number of
mis-pronunciations. Finally if the "analysis®" fails

30 ~ the default option of pronouncing the "letters" is
utilised and this can be guaranteed to give an output.
Although this may not be completely satisfactory, it
will, in a proportion of cases as explained above, give
the most appronrlate result. '

35 This invention relates to the middle option in
the sequence outlined above. That is to say this
invention is concerned with the analysis of the data
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An i nporf§ant partof- thewé nputi ng equi pnent is storage TH?&Q§H%EE%
Thi‘s ﬂ[ﬂl

HN alﬂg E ra ng instructions and al so the dat
whi ch ar out the processing. lﬂmmﬂ
descri beg * i{ below, storage neans 12 is d|v

functionfl areas. The datal processing eqU|p§ent al so includes a working
store 14 FCm rs—rege-~ed to hold sub-sets of bytes acquired fromdata

store 11, for proceSS|n and 35. n wW.th byte st hel d

in dat abases cont&PFEF ST AHET S 8P5§85¥?n8ng?n P &+ WA oK I8P ﬁﬁgssjﬁ‘l ngs.
correspondi ng texderditd dusddudgy aphemesput aset of -ddfla -representations

being the phonemes corresponding to the input text. It
is emphasised that the working environment of this
5 ~invention is the complete text-to-waveform conversion as
described in greater detail above. That is to say this
invention relates to a particular component of the whole

St's

fous

system. _
-According to this invention an input sequence of
10 bytes, eg. data representations representing a string of
characters selected from a first character set such as
graphemes, is dissected into sub-strings for conversion
i;to ‘an output seqguence of Dbytes,  eg data
representations representing a string of characters
15 selected from a second character set such as phonemes,
wherein said method includes retrograde analysis wherein
later oéburring bytes are selected before earlier bytes.
whereby the selection of the earlier'oécurring bytes is
at least partially Getermined by the previous selection
20 of later occuxring bytesf
The method of the invention is particularly
suitable for the processing of an input string divided
into blocks, e.g. blocks corresponding to words, wherein
a block is analyzed into segments beginning from the end
25 and work-ing to the beginning wherein the choice of
segment is taken from the end of the remaining
unprocessed string. _
The invention, which is defined in the clainms,
includes the methods and apparatus for carrying out the
30 methods. |
The data representations, eg bytes, utilised in
the method according to this invention take any signal
form which is suitable for use in computing circuitry.
Thus the data representations may be signals in the form
35 of electric current (amps), electric potential (volts),
magnetic fields, electric fields, or electro-magnetic
radiation. In addition, the data representations may



uffer. 10 to the working store 14 via check
for one byte. The byte in check store 13 is
ned in data storage 12 before transfer to 5

transf er r 0 amer i AR
stofe 13 [ a CH
checked a ainssgﬂﬁas

t he wor Ki aore 14. Aft successful matching with itens contained in the
wor ki ng sfforage 12 strings pre transferred rodmthe working store 4 to the
out put st en matching fails the equipnent I ncl udes neans

to 10 return m t he rking_store 14 to the data store 11.

addi-tion to otherhear égredg BFIWB §RantFARITIERE (frfs°ra3?1ea§to PAFE F?éans
12 has four rrajprocaé;sr:ag?, ateas. suIbehEeaseasaqel meddwirhe é.dpntagi etle 15
First the storage dipans Naszaf@ord Med ol f ShEhhetishes 8L s RVbeS

These are a first rad%
magnetic mediun.

5 ' The theoretical basis and some preferred
empbodiments of the invention will now be described. 1In
the preferred embodiments the lnput SLgnals are divided
into blocks which correspond to the 1nd1v1dual words of
the text anéd the invention works on each block

10 separately; thus the proceés can be considered as "word-
by-word" processing.

It is now convenient to restate the requirement
that it is not necessary to produce an output for every
one of the blocks because, as described above, the whole

- 15 system includes- further modules to deal with such

failures. _
-~ As a preliminary, it is conveniernt to illustrate
the theoretical basis of the invention by considering
- the structure of words in the English language and'by
20 commenting on the structures of a few specific words.
This analysis uses the distinction usually identified as
"vowels" and "consonants". For mechanical processing it
is necessary to store two lists of characters. One of
these 1lists contains the characters specified as
25 - "vowels" and the other list contains thdse characters
designated as " consonants”. All characters are,
preferably, included in one or other of the lists but,
in the'p:eferred émbodimént, the data representations
corresponding to "¥" are included in both lists. This -
30 is because conventional English spelling sometimes
utilises the letter "Y' as a vowel and sometimes as a
consonant. Thus the first list (ef vowels) containé a,
e, i, o, u and v, whereas the second list of consonants
contains b, ¢, .4, £, g, h, §, k, 1, m, n, p, @ r ,s, t,
35 v, W, X, ¥, z. The fact that "Y" appears in both lists
means that the condition "not vowel” is different from

the condition "consonant®.
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 Wwhich contains a |ist of bytes corf.espondi 0
stjorage area 12. 2 which contains g&fgﬁ { B ced
consonant s. (The vowel s and t)‘lﬂl H l
viously idgntjified in this spegification). The ISKtGH

12 al so po1nt ains two areag of storage which'constitute two different, and

subst ant

which is fu’r_t her di vi ded ,ﬂ&t %zrig&i

ses. First there is the rine database 12.3 25

qu%is%ngﬁfeghéz%?%iégs%%'rf-%sgo dp11e3

et c. Each regi on has an I nput "se t?’on cont ai ni-ng Dy!
correspondi ng to2'rpkesk i afgrdgnenrerzedensistinosn i¥et ha dvawdng, intds
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$ifisuaeseddiiked databases which contain the.*
grapheme equivalents of rimes and onsets linked to 'their.i":”
phoneme equivalents. The purpose of the analysis is not
merely to split the data into arbitrary sequences

representing rimes and onsets. but into sequences which

are contained in the database.

_ A rime denotes a string of one or more
characters each of which is contained in the list of
vowels or such a string followed by a second string of
ciaracters.not contained in the list of vowels. An
alternative statement of this requirement is that a rime
consists of a first string followed by a second'string
wherein all the characters contained in the first string
are contained in the list of vowels and the first string
must not be empty and the second string consists
entirely of characters not found in the list of vowels
which the proviso that the second string may be empty.

An onset is a string of characters all of which
are contained in the list of comnsonants.
The analysis requires that the end of a word

. shall be a rime. It is permitted that the word contains

adjacent rimes, but it is not permitted that it contains
adjacent onsets. It has been specified that the end of
the word must be a rime but it should be noted that the
beginning of the word can be either a rime or a
consoriant; for instance "orange" begins with a rime
whereas "pear" begins with an onset. _

In order to illustrate the underlying theory of
the invention four specimen words, arbitrarily éelected
from the English language, will be displayed and
analysed into their rimes and onsets.

many nore sections not _illUstrated in the draw ng. The



fgme BF L T OO YENTVT
nachEgLé§5EEW@;5ﬁﬁ£g contains byte strings equivalent to the onsets. As
w th tfhe rinmes, thelonpset database 35 12. 4 is also divided into many
regilorjs. A8MDECAGplie} it conprises 12.41 containing "C', 12.42 containing
"STH' fand 12. 43 contlaijning "H'. - 12 - Each of the input section (of
12. 3 arm—t2—2r-t3s~ttnhed to an out put secti & which contains a string of
byt gs corresponding tg the content of its input section. It has already
been stated that the operational 5 met hod incl udes two different
procedur es. The first procedure uti Ve areas 12. 1 and-12. 3
whereas the secornghgg otedure utilises storage areas 12. 2 and

rime "ats"
onset "c" . _
5 | It is to be expected that "ats" will be listed
as a rime and "c¢" will be listed as an onset. Therefore
replacing each by ‘its phoneme equivalent will convert
"cats" into phonemes. B i
It should be noted that the rime "ats" has a
10 first string consisting of the single vowel "a" and a
second string which consists of two non-vowels namely
"t* and "s". '
SE SPECIME
STREET
15 rime "eet" -

onset "str".

In this case the first string of the rime contains two
letters namely "ee" and the sécond séring is a single
non-vowel "t*., The onset consists of a striné of three

20 consonants. .
The onset "str" and the rime “"eet" should both

be contained in the database so that phoneme equivalents

are provided.

25  _HIGH | | :

rime "igh" -

onset "h" _

In this exémple the rime "igh" is one of the

arbitrary of sounds of the English language but the -

30  database can give a correct-conversion to phonemes.
® TH SPECTME

HIGHSTREET . -

second rime "eet" '

second- onset "str"
35 first rime "igh"

first onset "h".



12. 4. Eth#ee8dd that the areas of the database which are actually
used 4gr Hefy by the 10 procedure in operation. The
procequ es8DEC W6d]alt er nat el y and procedure nunmber 1 is used first.

SPECI kI ¢ EXAMPLE Anal ys{s of the word "H GHgTREET" It will be noted that
this gpeci np 15 relates to the word selected as the fourth
speci L.n.the descripfion given above. Therefore its rimes and onsets

_are_already defi ned andidyigyyyﬂgﬂé:¢3ganﬂﬁiéagﬂggég; igmgvcoﬁﬁgﬁﬁa ofl e
achi eved by mechani cal _conputation. 2 _ ) The, anal ysi s begi ns
when the input bdf¥eer Pre¥ippanster sef‘ﬁé‘Pg?Fe and i A§ScARRLYDMRI AF t BeFke
word " H GHSTREET'siinilGz heo dgtide St OWE dRamplbsls, aHok&ed,arthdde ti¥ an
process,.the inp%uﬁggféﬁéné¥%£§”¥%é&¥}éﬁggéﬂyﬁsthat it is necessary to
5 recognise that there is. a break between the fourth and
fifth letters in order to split the word into "high" and
"street". This split is recognised by virtue of the
contents of the database. Thus the consomrant string
- "ghstr" is not an onset in the English ianguage and,
10 therefore, it will not be in the database so that it
cannot be recognised. Furthermore the string "hstzr*
‘will not be in the database. However, "str" is a common
onset in English and it should be in the database.
Therefore "str" can be recognised as an onset and "str"
15 is the later part of the string "ghstr*. Once the end
of the string has .been recognised as an onset the
earlier part is identified as part of the preceding rime
and the word "high" can be split as described above. It
is the purpose of this example to illustrate that the
20 splitting of an internal string of consonants is
sometimes important and that the split is achieved by
the use of the database. |
We have now given a description of the theory
which underlies the techniques of the invention and it
25 is now appropriate to indicate how this is carried into
effect using automatic computing equipment, which is
illustrated in the.accompanying diagrammatic drawing.
The computing equipment operates on strings of
signals, eg. electrical pulses. The smallest unit of
30 computation is a string of signals corresponding to a
single grapheme of the original text. For convenience
such a string of signal will be designated as a "byte"
no matter how many bits it contains in the “byte".
Originally the term "byte" indicated a sequence of 8
35 "bits. "8ince 8 bits provides count of 255 this is
sufficient to accommodate most alphabets. However, the
"byte" does not necessarily contain 8 bits.



CONTENT 11
(The synbol "- -" ‘indicates that the rel evant
| ysis begins with the first procedure because the
- wth the first procedure. As nentioned above,
5 35 storage regi®bms 12. 1 and 12. 3. The first
5 during which bytes are transferred fromthe data

istore 14 via the_check
The processing described below is carr ried out

block:by -block wherein each block is a string of one or _
more bytes. Each block corresponds to an individual
word (or potential word, since it is possible that the
5 data will contain blocks which are not translatable so
- that the conversion must fail). The purpose of the
method is to convert an- input_ block whose bytes
represent graphemes into an output block whése bytes
represent phonemes. ~The method works by dividing the
10 input block into sub-strings, converting each sub-string
- in a loek-up table and then concatenating to produce the

output block. . ' '

The operational mode of the computing equipment
has two operation.procedures. Thus it has a first
15 procedure which- includés two phases and the first
procedure is utilised for identifyiﬂé byte strings
corresponding to rimes. The second procedure has only
one rhase and it is used for identifying byte strings

- corresponding to onsets.

20 As indicated in the drawing, the computing
equipment comprises an input bulfer 10 which holds
blocks from previous processing until they are ready to
be processed. The input buffer 10 is connected to a
data store 11 and it provides individual blocks to the

25 - data store 11 on demand. )

An important part of the computing equipﬁent_is
storage means ;2; _ This contains programming
instructions and also the databases and lists which are
needed to carry out the processing. As will Dbe -

30 described in greater detail below, storage means 12 is
divided into various functional areas. |

The data processing equipment also includes a
working store 14 which is required to hold sub-sets of
bytes‘acqﬁired from data store 11, for processing and

35 for comparison with byte strings held in databases
contained in the storage 12. Single bytes, ie. signal
strings corresponding to individual graphemes, are



- 13 - BBE&AKE&@EN?¥EHEEE st phase continues for so long as the bytes are

not - f ogn? rn"storage Tegion 12. 1. The procedure is a retrograde which
nmeans 1h t L DEC 1884/ r bni t he back of the word and therefore the 5 first
transf r “T" which sinot contained in region 12. 1. The second

transf er 'sécontained in the’régiﬁn 12. 1 and therefore the

second}phase of the firsj procedure is initiated. This continues for as
| ong; as” the byte 1n ' n

the second "E' i <%% ?'e’r'g%?it grﬁfe“ %‘ﬁbel ihgg{écpgﬁq’lgfe\ﬁﬁh&t%@ n%&?tgg[r f'(’)‘rﬁ'e i s
passed. At this sdoage t1hevsiatReck $teryalBowhichohss tapasitel FowsonSTORE
CONTENT 11 byte. = The byte in étgﬁﬁTstore 13 is checked against
lists contained in data storage 12 before transfer to
5 the working store 14.
After successful matching with items contained
in the'working storage 12 strings are transferred from
the working-store 14 to the output store 15. For use
when -matching fails the equipment includes means to
10 return a byte from the worklng store 14 to the data

store 11.

In addition to other areas, eg for program
fistructions, the storage means 12 has four major
storage areas. These areas will now be identified.

15 First the storage means has areas for two
different lists of_byﬁes. These are a first storage
area 1271 which contains which contains a list of bytes
corresponding to the vowels and a second storage area

_ 12, 2 which contains a list of bytes corresponding to the

20 consonants. (The vowels and the consonants have been
previously identified in this specification).

The storage means 12 also contains two areas of
storage which constitute two different, and substantial,
linked databases. First there is the rime database 12.3

25 which is further divided into regions designated 12.31,
12.32, 12.33, etec. BEach region has an input section
containing bytes strings corresponding to "rimes" in
graphemes and, as shown in the drawing, this includes
12. 31 containing *ATS", 12.32 containing "EBET', 12,33

30 contalnlng "IGH" and many more sections not illustrated
in the drawing. |

The storage means 12 also contains a second
major area 12.455which contains byte strings equivalent
to the onsets. As with the rimes, the onset database

35 12. 4 is also divided into many regions. For example, it
comprises 12.41 containing "C", 12. 42 containing " STR"

and 12. 43 containing "H".
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15 The qorjt ent s of the W king store 14 are used to acce B&ﬂR

12. 3- angq ydtin region 20 12.32. Thus t

succeeddd jand the conteft {of the working store 14, nanely ’

t ransf en t he out put storel25-so0 that the state o

vari ous ws. STORE CONTENT 25

11 H GHST 13 _ - R 14 15
EET It will be.noticed tHHach lf fhesdnpugesrgsivsefofodrd336nd 12.4) is
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linked to an output section which contains a string of
bytes corresponding to the content of its input section.
It has already been stated that the operational
method includes two different procedures. The first
procedure utilises storage areas 12.1 and 12.3 whereas
the second procedure utilises §tqfage areas 12,2 and
12.4. It is emphasised that the areas of the database
~which are actually used are defined entirely by the

procedure in operation. " The procedures are _used
alternately and procedure number 1 is used first. -
=T » °Y,E
nalvya +h . »d TRTO m "

It will be_ noted that this specific example
relates to the word selected as the fourth specimen in
the description given above. - Therefore its rimes and
onsets- are already defined and the spgcific example
explains how these are achieved by mechanical
computation.

The analysis begins when the input buffer 10
transfers the byte string corresponding to the word
"HIGHSTREET" into the data store 12. Thus, at the start

"of the process, the important stores have the contents
as follows: - _ :
-STORE - i CONTENT

11 . HIGHSTREET

13 - -

14 - - -

15 - -

(The symbbl "- =" indicates that the relevant store is
empty).

The analysis begins with-the first procedure
because the analysis always begins with the first
procedure: As mentioned above, the first procedure uses
storage regions 21.1 and 12.3. The first procedure has
two phases during which bytes are transferred from the
data store 11 to the wdrking store 14 via the check



. LTeR fHEEL non- mat ching of "R' in the check store 13
termjn 3 the first | pgrformance of the first procedure. The anal ysi s
contign es~ﬁbDEcmB%$ecord procedure is now used because the two procedures

{al ways al t erndt 4. The second progeggrg utilises the storage
ns 1277 and

regi 17" The byte corresponding to "R' in check store 13 now
mat c lontl2. 2 - 14 - is nowin use and this byte is

contai ned ther ei e oBheT£4.07 o d £ S5 ¢ rum%feew&&ﬂn%e%h%o\&orsra RS n3t Qsetia/é and
t he second procedure continues so | ong the byte in check store

matches. Thus t R¥Y9&s a%e nqt found lQ¢SQPrage;ﬁﬁth9 Hee-al | transferred
via the check store 13. 7Me procedure is a retrograde which means that

it works from the back of the word and therefore the

S first transfer is "T" which is not contained in region
12. 1. The second transfer is "E" which is contained in
the region 12.1 and therefore the second phase of the
first procedure is initiated. This continues for as
long as the byte in working store 14 is matched in 12.1

10 therefore the second "E" is transferred but the check
fails when the next byte "R" is passed. At this stage
the state of the various stores is as follows.

i 11 ' HIGHST
15 13 . R
14 . EET

15 - 7 , - - -

The contents of the working store 14 are used to

accesg storage area 12.3 and a2 match is found in region

20 12.32. Thus the match has succeeded and the content of
the working store 14, namely "EET" is transferred to a
region of the output store 15 so that the state of the

various stores is as follows.

STORE CONTENT
25 11 ) HIGHST

13 ) R

14 - -

15 - EET

It will be noticed that the first rime has been found
30 mechanically. _

As mentioned abbve, the non-matching of "R" in
the check store 13 terminated the first performance of
the first procedure. The analysis continues but the
second procedure is now used because the two procedures

35 always .alternate. The second procedure utilises the
storage regions 12.2 and 12. 4. The byte corresponding
to "R" in check store 13 now matches because region 12,2



this pdi sponding to "I" arrives in the check store 13 and
the‘ch’c he byte corresponding to "I" is not contained in
st orag i nce the check fails this performance of the 10
second - ates. The contﬁnts of the various- stores
are: - $TORE CONTENT 11°* ~ i "H
13 : "I" 15 - 14

"GHSTR' 15 Th d d

attenpt to match e PNt Bt ‘ﬁsfetﬁgdv\oﬂ&% %r ZES_CLZ%VW%? ’f&*dif‘&ﬁ&&é‘
contained in 12. A/hare foxrerdtR'h iw ttahefacheév‘ed t1) workillee sefonree 14t bad

second, procedur g, £OLL ESpribTiurd ! SohERALE' sBAAbnYYE nd NEyRY! €8 are

transferred back to
check store 13 matches. Thus the letters "T", "S", “H"

5 and "G" are all transfierred via the check store 13. At
this point the byte corresponding to "I" arrives in the
check store 13 and the check fails because the byte
corresp0nding'to *I" is not contained in storége region
12, 2. Since "the check fgils this performance of the

10 second procedure terminates. The contents of the
various- stores are: -
STORE ' . CONTENT
11 ' "
13 - v -
15 14 T © T "GHSTR" |
15 “EE™

-~ The second procedure will attempt to match the

content of the working store 14 with the database

- contained in 12.4 but no match will be achieved.
20 Therefore the second procedure continues with its
remedial part wherein the bytes are transferred back to

the data stere 11 via the check store 13. At each
transfer it is attempted to locate the content of the
working store 14 in storage area 12. 4. A match will be

25 - achieved when the letters G and H have 'been returned
because the string egquivalent to "STR" is contained in
region 12.42. Having achieved a match the content of

the working store is put out into a region of the output

store 15. At this point the content of the various
30 stores is as follows: -

TORE  CONTENT

11 | | "HIG*

13 _ " g

14 - - -
35 15 *STR" and "EET*

The second procedure was terminated by finding the match
so the analysis now goes back to the first procedure and



check store 13. At each transfer it is

the dat HEET
at t enpt e ¢ontent of the working store 14 in storage area
12. 4. |A el2 achi eved when the letters G and H have been

siriing equivalent to "SIR'" is contained in region

mat
ret ur ndd {bed
dd |a match the conterk® 6f the working store is put

12. 42. Havi ng ach

out int region of the joutput store 15. At this point the content of
the var Te partigufgrigluﬂyﬁﬁ@@fT st phase of the first

CONTENT 11
"H' 14 procedure. In this -wd3p the letters "H" and "G" are

"STR' and "EET" gggnggggggdpggceggrsowgfsggécgéﬁét BY Pa'tRd! POrd0RRIEN SO

t he anal ysi s now goes to the fIrs ure"a

ends. The second phase passes "I'" and it terminates

5 when "H" is transferred to the check store 13. At this
stage the various stores have contents as follows: -
STORS - CONTENT
11 . - -

) 13 - " Ho

10 14 . " IGH"

15 - "STR" and "EET".

The first procedure now attempts to match the content of
the working store 14 with the database in the storage
area 12.3 and a match is found in region 12.33.
15 Therefore- the content of the working store 14 is
transferred to a region of the output store 15.
"The analysis now continves with the second
~procedure and the letter "H" (in the check store 13) is
located in storage region 12.2 (note that this region is
20 now in use because the analysis has now gone back to the
second procedure). ‘The analysis can now terminate
because the data store 11 has no further bytes to
transfer and the content of the working store, namely,
"H*", is found in region 12.43 of the storage means 12.
25 Thus "H" is transferred to the output store 15, which
contains “the correct four strings found by mechanical
analysis. _ '
The necessary output strings having been
located, it is only necessary to convert them using the
30 fact that storage areas 12.3 and 12.4 are 1linked
databases. Each region not only has the strings now
contained in the output store, but each fegion has
linked output regioﬁs containihg strings corresponding
to the appfopriate phonemes. Therefore each string in
35 the output store is used to access its appropriate
region and hence produce the necessary output. The
final step merely utilises a look-up table and this is
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CONTENT 11 13

"ITEH 1

o the first phase of the first procedure. In
and "G' are transferred to the working store 14
5 . The second phase passes "I" and it term nates
brred to the check store 13. At this stage the
ents as fol | ows: -~ STORE .

. "H' 10 .14

- "STR' and "EET". The first procedure now

attenpts to natcmoﬁﬁéh&guegﬁcQﬁse the important analysis has -~ been
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completed
‘As indicated above, the identified strings serve

as access to the linked database and, in a simple
system, there is one output string for each access
string. However, pronunciation sometimes depends on
context and improved conversion can be achieved by
roviding a plurality of outputs for at least somé of
the access strings. Selecting the appropriate output
stream depends upon analysing the context of the access
stream, -eg. to take into account the position in the
word oxr what follows or what proceeds. This further
complication does not affect the invention, which is
solely concerned with the division into appropriate
sections. It merely céﬁilicates the look-up process.
As was explained above, the i;vention is not
necessarily required to produce an output because, in
the case of failure, the complete system contains a
default technique, eg. providing a phoneme equivalent
for each grapheme. In order to complete the description
of the technigue, it is considered desirable to provide
a brief indication of the circumstance in which this
failure occurs and use of a default technique is
required. | -
lur 3a 1 _
The first failure mode will occur whén the

content of the data store does not contain a vowel which
implies that it is not a-wordl' As always, the analysis
starts by using the first procedure and, more
specificaily, the first phase of the first procedure and
this will contiﬁue so long as there is no match with the
first list 12.1. Since the string and data store 11
contains no match} the first phase will continue until
the bedginning of the word and this indicates that there

is a failure.



t he wor kj nj 3-Nifw# bk he dat abase in the storage area 12. 3 and a

mat th | f jgijon 12.33. 15 Therefore the content of the
working § § qwﬂggﬁ%tr'a sferred to a region of the output store 15. The
anal ysi WG puesf with the second pyocedure and the letter "H' (in
t he chegk store 13) logated in storage region 12. 2 (note that this
region i e because the anal ysis has now gone back to the

second procedure?auxﬁxih%égggigﬁm@igcan now term nate because the data
store 11 has no further t es ;o transfer and .the content of the working
store, namely, "H', is fothtf i FPIfioPeHE Wtk He storage neans 12. 25

Thus "H' is transfigyred tthé heeosidradenderelis W alsegont ains the correct
WY TR S8 Y U enl o REGS Wabn Y Y, Strings

four strings fou
havi ng been
S
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(iii) there is no match for the content of the working.

store 14 in the database 12, 4.

This contrasts with failure to match during the
middle of the word which implies that a vowel is
contained in the check store 13. Failure at this stage
permits the returning of bytes for later analysis by the
first procedure and there is no failure, at least not at
this point in the analysis. When the beginning of the
word is reached, there is no possibility of further
analysis and hence the analysis has to fail.

ird Failuve Mod

The third failure mode occurs when the first
procedure is in usé and it is not possible to match the
contents of the working store 14 with a string contained
in the database 12.3. Under these circumstances the
first prbcedure will transfer bytes back to the check
store 13 and the data store 11 and this transfer can
continue until working store 14 becomes empty and the
analysis also fails. _

In the_seéoﬁd failure mode, it was explained
that the second procedure is allowed to return bytes to
input for later analysis by the second procedure.
However, the transferred bytes must be matched at some
time and this means during the next performance of the
first procedure. The third failure mode corresponds to
the case where it is not possible to achieve the later
match. |

Thus the method of the invention provides
analysis of a data string into segments which can be
converted using look~-up tables. It is not necessary
that the analysis shall succeed in every case but, given
good databases, the method will work very frequently and
enhance the performance of a complete system which



St averr—

gary to convert themusing the 30 fact that
Feas— I3 12.4 are |inked databases. Each regi on not

gdontained in the output store, but each region has
apup ee?g%’c ]

| ocat ed,
st or age 1

only hag tfh

I

| i nked dut aining strings corresponding to the appropriate
phoneneg:. histring in 35 f e output store is used to
access il ggi on and hence produce the necessary output.

o i ""|ses a |l ook-up table and this is - 16 -
possi bl e because the rta nal y DAk 66 &t € h
i ndikcated above, CA® F'&(?ﬁt 3 eagéfi’?"r‘lgs“'géesrsvne T T € shdec
conversion.



REPEACEMENT SUEET S .
as acce "ir'gﬂH’ ,g@%ﬁﬂ@ tabase and, in a sinple 5 system there is
one*out puf string for pafh access string. However, pronunci ati

sonet | | dqb® DEC @Pgcoht xt and i nproved conversion ca;“,m

provi di a plurality of putputs for at |lea g some of t ﬂg%ﬂi
Sel ecti _ e ioutput 10 strz m depends uﬁbncanalysl

cont ext am -eg. to take into account the position in the
word or ows or What pr oceeds. pi urther conplication does not
affect the invention, which is solely co d wwth the division into
appropriate 15 sections. It merely conplicates the | ook- up process.

As was expl ai ned pbove, the ayvepki onds ? ?gggﬁéar gy T

s&?nal
produce an out put because, in thé case of"~ ure, "the conp te S
contains a def aulteRRESABLRRE @g.SHFioVE diodg @m eaéﬂ-ﬁsltéﬁt rom a

S first character set so as to identify sub-strings for
conversion into an output signal representing a string
of characters selected from a second character set,
wherein said method divides said input signal into sub-

- strings by retrograde analysis, said retrograde analysis
10 T comprising the selection of later occurring portions ot
the input signal before earlier occurring portions
thereof wherein the prior selection of a later portion
at least partially defines the selection of an earlier
occurring'portion; said later occurring portions being
15 contained. in one of said sub-strings and said earlier
occurring portion being contained in a different one of

said sub-strings. .

2, " A metheod according to claim 1, wherein said
20 input signal is composed of a string of bytes each of
said bytes corresponding to a character of the first

character set.

3. A method according to either claim 1 or claim 2,
25 wherein "the method is preformed in conjunction with

signal steorage means which includes first, second, third
and fourth storage areas wherein: -

(1) the first storage area contains a
pluraliﬁy of Dbytes each of which

30 trepresents a character selected from the
first character set; '

(ii) the second storage area contains a
plurality of ©bytes  each of which
represents a character selected from the

35 £irst character set, the total content of
said second storage area being different

This Sheet Has Been R
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Th order to'conplete t he description of the

20 for

t echni.gue, desirable to provide a brief ﬂ

ci rcunst anf ai |l ure occurs and use of a de u "mﬂum ’I!'s
e 1. The first failure node wl*l &cchr t*

requi red.

content off es not contaih 4P vowel which inplies thatlt S

not a wor analysis starts by wusing the first
procedur e sp eC|f|caII% the first phase of the first
procedure and -t hi-s will cont i nd&EoFo FB fg BRtheren<enfo Mft cAahft nfirst

first list 12. 1. Since the s@Fb&ggand;ea;a store 11 contains no match the

first phase will continu untll—fhe be noLn of the word and this
i ndi cates that there 35 il )s Ther R 8fade 538a"¥ondiind "sfrings

con515t1ng- of one or more bytes
5 representing characters of the first
character set wherein the or the first
byte of each string is contained in the
- first storage area; and -
- (iv) -the fourth storage area contains strings
10 of one or md&e bytes the or each of which
is contained in the second storage area.

4, A method according to claim 3, wherein the input

signal is divicded into blocks and processing of at least
] 15 some of said blocks compFises: -

(a) identifying an internal string 6f
- consecutive bytes each ~“of which is
contained in the second storage area said
_ string being immediately proceeded by a
20 predecessor byte contained in the first
storage area and immediately followed by
a successor byte contained in the first

storage area;

(b) identifying the longest end string of said

25 - internal string with strings contained in
-the fourth storage area; )

(e) defining an initial portion of said
internal string being the residue of said
internal string after the separation of

30 ' the end string defined in (b) and
combining said initial string with the
predecessor bit specified in (a) and
"identifying a string including said

- - predecessor bit and said initial portion
35 : with a string stored is said second

storage area.

This Sheet Has Been Repl
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TThis failure occurs when: - (i y—the second
t he begi nning of the word |s r N|“““
flor the content of the worKking. m ﬁ “I H

REPLACEVENT SHE

procedure}ip in use; i)
DEc: 1896

(iii) thefed® c
dat abase §2§4. This contrfasfs with failure to match durlng the dl e?of ®
t he word atfl a vowel is contained i'n the check store 13.

Fai l ure a permts the returning of bytes for later:

anal ysis by the first procedure and there is no failure, at |east not at
this point in thd-anal ysikx. WaERofhe dfegi mmngr@rnqhean input signal

representing a string of characters selected from the

first character set dinto an equivalent signal

representing a sting of characters selected from the

5 second character set; which method comprises identifying

sub-strings by a method according to any one of the

preceding claims and convérting sub-strings by a linked

database which has input sections each of which contains

- one of said sub-strings each input section being linked

10 to an output section which contains the output
equivalent of the content of the input section.

8. A method according to claim 5, wherein the input
signal is divided into input blocks and wherein each
15 block is -separately converted wherein at least some of

- said blocks are converted as a whole without sub-
divisiofi and at least some of the said blocks are
converted by a method according to claim 5. '

20

25

30

35
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fegq ﬁﬁ@ﬁurfﬁ%Eé'is no possibility of further anal si's and hence the
f‘i":’EERG‘ﬁE ) S Tk y y

wor d
anaty b Third Faiiure 'Mode The third failure node
occur

Jmen Hgg first ptocedure is in use and it is not possible to natch
the cdniend® Cﬂﬁgf rking store 14 with a string contained in the

dat abgsq 12. 3. Undér {t hese circunstances the 20 first procedure wll
transfier bytes back to the check store ¥? and the data store 11 and this

t r ansf Wil Kj 4 CONE ty and the anal ysis
also fails. In the second fgﬁgﬁFtB%H§%££$Fﬁm5§ §~T;Pﬁgg 55 t hat thg
second procedure is allowed to return bytes to input for later analysis
by the second procedure. However, the transferred bytes nust be matched at
sonme time and this nmeans during the next performance of the

ARSTRACT . : -

This invention relates to the generation of synthetic
speech from conventional texts and in particular to the
step in which a text in graphemes is converted into a

n

text in phonemes. The grapheme text is analysed into

rimes and onsets and each word is ggalysed from the end

so that earlier occurring segments are at least

partially defined by the identification of later

10 occurring segments. It is-a particular feature that an
internal string of consonants, ie. a string of

consonants preceded and followed by a vowel, is split

into twd portions, namely a second portion which is

contained in a database of onsets and an earlier portion

. 15 which, togetHer with thé Pproceeding vowel or vowels, is

" contained in a database of rimes.

- Figure 1



rd failure node corresponds to 30

first d t he case
mheré”ﬂ %&xﬁﬂgigg.u.e to achieve the |ater match. Thus the nethod of
the i [ gds lanal ysis of. a data string into segnments which can
be convert dﬁgﬁﬁﬁdﬁgé -Up tables. It is not necessary 35 that the
anal ysip ‘phal | _succeed lin every case but, given good databases, the nethod
w il work very frequentl and enhanceé ffe performance of a conplete system
which | _-_18-. conpeises—t he ot her ules necessary for text to speech
convers i on.
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. 19 g i‘,‘"i“, oy oraartfiet hod of processing an input signal conposed of a
i njd\BELAE i e whi ch corresponds to a character of 5 a first
set "S0 as tjo |dent|fy sub-strings for conversion into an output

| e QPDEC 193

sai d | nper ub strr ngs by - retrograde anal ysis, 10 said division
bei ngj n_coniyunction with signal storage neans.which i.ncludes
first) Third Zhdsf dovemtstan agd atrasasonhenetnod £n{ apherhiust
storage area Lﬁal?co%)ve‘?-%%%‘ a3l Péé”é"v&éx)’ef’ér#?yt e%%@&éc%’ﬂ%glly,

represents

it relates to the pIOQUCt‘On of an output 1n form of an
_,aconstwc wave;—namely syntheelc speech; "fxrom an 1nput in’
5 . the form of 51gnals representing a conventional text.
”hls overall converSLOn is very complicated and
Liteis- someelmes carrled out in several modules wherxein
the ou;nue of one module constluutes the input for the
next. The Flrst modnle recelves signals representlng a
10 conventional ‘text ~and the final module produces
synthetic speech as its ouuput. This synthetic speeeh
may be a_digital representation of the waveform followed
by conventional digital—tofanaiogue conversioq,in order
to ?roduée the audible output. In many cases it is
15 ‘desired to provide the audible output over a telephone
system. - In this case it may be convenient to carry out
the digital-to-analogue conversion after transmission so
‘that transmission takes place in digital form.
There are advantages in the modular structure,
20 e.g. each module is separately designed and any one of
' the modules can be replaced or altered in order to
provide flexibility, dimprovements or to cope with
. changing circumstances. '
_ Some procedures utilise a sequence of ‘three
25 modules, namely ' | '
(A) pre-editing,
(8) conversion of graphemes to phonemes, and
(c) conversion of phonemes to (digital)
waveform. | _
30 A brief descrlption of these nodules will now be
given. . .
Modu1e (a) iece‘ves .signa1s representing .

convent101a1 eext e.qg. the text of thls sne01f1catlon,

and it modifies selected features. Thns module (A) may
35 -f ae dlais - : X
_ s?eca Y r?w :1 wbe:e are P ocessed. X TIINe SHEETS SG
.. will decide if S ' : g Description : paged ""\7t0 "paged ..
s _ : 1
13450 _ K Claim(s) :paged.!.to paged Z..

E(Drawmg(s) paged .. to paged.T.
[ Abstract . :paged ... to paged ...
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set ; I 1§)

vvnﬂ

each df QWEGMet a character selected from the first 20
char adt dr set, the t&t | content of said second storage area being

FomThe Total content of saixd first storage area; (iii) the

di f f edlent

character selected from the first character

the se distjorage area (12.2) contains a plurality of bytes

thirdli_storage —area (12.3) contains strings consisting of one

bytes 25

the first s
contains 30

10

15

20

or

nore

representing characters of t he first

character sskcehesein the or the first byte of each string is contained in

t or age area %Qd Uig. the fourth storage -area- (12.4)
three tGWS jy’%f one or nore bytes the or each of

Thlrteen forty-five or
One thousand thteé hundred and forty-five..
It will be apparent "that it is relatively easy to

provide different forms of module (&), each of which is

compatible with the subseqﬁent modules so that different =~

forms of output result.

Module (B) converts graphemes t¢0 phonemes.
*Grapheme" denotes data reptesehtatiohs correéféﬁding to
the symbols of the conventional alaphbet used in the
conventional manner. The text of this specification is
a good example of "graphemes". It is a problem of
synthétic .speech that the graphemes may have 1little
relationship to the way in which the .words are
pronounced/ especially in languages such as Engliéh.
Therefore, in order +to produce waveforms, it is
appropriate to convert the graphemes into a different
alphabet, called "phonemes" in this specification,
which has a very close correlation with the sound of the
words. In other wofds it is the purpose of module (B)

to deal with the problem that the conventional alphabet

is not phonetic.:

Module (C) converts the phonemes into a digital
waveform which, as mentioned above, can bé_converted
into an analogﬁe format and thence intd’ audible

waveform.

This invention re1 tes to a method and annaratus

.for use in module (B) and this module 'will now be

30

35

described in moxe detail.

Module (B) utilises. linked databases which are
formed of a largé number of independent entries. . Each
entry includés access data which is in the form of
representations, eg bytes; of a seguence of graphemes
and an output string which contains representations, eg
bytes of the phoneme equivalent fo'.the,,graphemes

contained in the . access section. A major problem of



e Ot T t e second storage area said division conprising
conpatrii g 2.3, 12.4, 35 14) of said input signal wth strings
cont aifngd - ir nd fourth areas of said signal storage nmeans and

' - qccurring sub-strigngs before earlier - 20 -
occurrlng sub-strings erein the prior selection of a later sub-string at

| east the selection of an earlier sub-string; said
sub-strings heprERWRAHHEUhs b:@ﬁqesf;sxm%@»toce atcl Pax® &iLZnhl.meLZ 2 13)
bytes of the input signal with the contents of first andsecond storage
areas to fornl§%ﬁrétqlﬁﬁpauce an ou tput set o ata representatlons _

5 being the phonemes corresponding to the input text.. It

is empha51sed that the worklng environment of this
invention is the complete text-to-waveform conversion as
described in greater detail above. That is to say this
invention relates to a partlcular component of the whole
10 = 'system. _ ' _ N
According to this invention an input sequence of
bytes, eg. data representations represehting a string of
characters selected from a first character set such as
graphemes, is dissected into sub—strings for conversion
15 into an output  segquence of bytes, eg . data
repreeentations representing a string of characters
selected from a second character set such as phonemes,
wherein- said method includes retrograde analysis
performed in conjunction with signal storage means which
20 includes first, second, third and fourth storage areas
wherein: - '

(i) the first storage area contains a
plurality . of  Dbytes each of which
represents a character selected from the

25 first character set; h
(ii) the second storage area . contains a
plurality of bytes each -of which
represents a.character selected from the
first character set, the total content of
30 : -said second storage area being different
from the total content of said first

storage area; . |

(iit) the third storaée area contains strings
consisting of one or more bytes

35 B : representing characters * of the first
character set wherein ‘the or the first
byte of each string is contalned in the

flrst storage area; and

e s s



f%igﬁfp@ﬁ@@ﬁélsting of a byte contained in said first storage area
*Enﬁlsting entirely of bytes contained within the second
A nmet hod according to claim1l, wherein the
d into bl ocks and processing of at |east sone of said
8) i denti fying an I nt er nal ~string of 15
of which is cortaithed in the second storage area
di ately proceeded by a predecessor byt e contalned in
the first storage area and i dlat f ol | owed a succgessor te 20
contained in the first*&torye Pgiéalﬁtor%%ﬁﬁﬁF?% fgRERE S0y n%ﬁd

string of said lnternal st r¢ﬂgonetbrshbu:eg5yee§t @hBedx Rach of which

5 is contalned in the second storage area.

u

" The bytes stored in the first area preferably'
renresen\. vowels whereas those of the second area
preferably renresent consonants. Overlaps, e.g. the
letter "y", are Doss:r.ble. The st;r'ings'in the 't.hi-rd

10 storage area preferably represent rimes and those of the
fourth area preferably represent onsets. The concepts
of vowels, consonants, rimes and onsets will be
explained in greatexr detail below.

The division involves matching sub-—s{:rings of

15 the input signal with strings contained in the third and

urth storage areas. The sub-strings for comparison
are formed using the first and second storage areas.
The retrograde analysis requires ‘that later
occurring sub-strings are selected before earlier
20 occurring sub-strings. Once a sub-string has been
selected, the bytes contained thexein arxe no 1longer
available for selection or re-selection so as to form an
earlier occurring sub-string.” This non-avaz.lab:.llty
limits the choice for forming the earlier sub- stra.ng
25 and, . therefore, the pr:r.or selection at least partially
defines the later selection of the earlier sub-string.
Lhe method of the invention 1s partlcularly
sulr_able for the processing of an input string divided
into blocks, e.g. blocks corresponding to words, wherein
30 a block is analyzed into. segments beginning from the end
and working to the beginning wherein the choice of
segment 1is taken from the end of the remaining
unprocessed string. ' |
- The invention, which is defined in the c'la:r.ms,
35 J.ncl\.des the neehods and apparatus for carrylng out the
methods. o
The data representations, eg .bytesl, utilised in
the method according to this invention. take any signal

form which is suitable for use in computing circuitry.



s

the f hA; ;@W&S@E@ (c) def i ni hg an initial portion of said internal

25 R e 5t §i ng being the residue of said internal string after
thespraﬁb e epd string defined in (b) and conbining said-initial
string Wit OéEMe(e sor bit specified in (a) and identifying a string

30 - b —————dingl uding said predecessor bit and said initial
porti nvmthastrlngs ored is said secgnd storage area. 3. A
met-hodks ier claim1 or claim2, 35 viherein each string

contained in the third storage area consists of a primary string foll owed

by a secgn?ﬁry Str'rmmhéwﬁ¥fﬁ£r§h§u95bggrMfsEﬁén9n599§i§t§s ;ngﬁ%t
containe % block of data renresentatlors, ie. a worxd, into

"rimes" and "onsets".-- It 1mpor‘_a 1t to- reallse that
ﬁhé-analySis uses llnked aauabases which contain the
5 grapheme equivalents of rimes and onsets linked to their
phoneme,equivalents...The.purpose.of the . analysis is not
merely to split the data into arbitrary sequences
representing rimes and onsets but into sequences which
are contained in the database
10 . A rime denotes. a string of one or more
characters each of which is contained .in the list of
vowels or such a string followed by a second string of
characters not contained in the list of vowels. An
alternative statement of this requirement is that a rime
15 consists of a first string followed by a second string
wherein all the characters contained in the first string
are contained iﬁ“the list of vowels and the first string
must not be empty and the second string consists
entirely of characters not found in the list of vowels
20 with the proviso that the second string may be empty.
An onset is a string of characters all of whlch
are contained in the list of consonants.
The analysis requires that the end of a word
shall be a rime. It is permitted that the word contains
25 adjacent rimes, but it is not permitted that it contains
edjacenﬁ onsets. It has been specified that the end of
the word@ must be a rime but it should be noted that the
beginning of the word can be either a rime or an on-set;
for instance "orange" begins with a rime whereas "pear"
30 begins with an onset. )

- In order to illustrate the underlying theory of
the invention four sne01nen words, arbitrarily selected:
from .. the .English -language, “will be'-displayed and
analysed into their rimes and onsets.

35
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~gge~prea and the secondary strlng Is either enpty or it
' A

nefgon : veft ng an I nput S|gnal 5 representlng a string of
chaian actedi ffomthe first changcter set into an equival ent signa
rep‘esentlng a stlng f characters selected fromthe second character set;
whi Ge—rretired=corpr i dentifying- sub-strings by a method according to

any one of the precegidy) &t NS ﬂwu@ogaettbﬂg(aﬁ $pbsshhianas. by) ad i nked
dat abase which .h I nput secti ch of which contains one of sai

sub- st ri ngs ‘edtif nfp%ta%e%‘emﬁ baﬁff&lﬂw@"&% AP R 2 SBEELHT
cont ai ns t heoytdwormrsiveald@ng afo the ecwtwnic of ke input seetdiam. 15 5.

o O MG, A He Moo St DBl DRVEnSLO0RL b edadetinto
5 method includes- two dlfferenu procedures. The first
procedure utilises storage areas 12.1 and 12. 3 whereas
the second procedure utilises storagé areas 12.2 and
12.4. It is emphasised that the areas of the database
which are ucLually used arxe defined entirely Dby the

10 procedure in operation. The procedures are used
alternately and procedure number 1 is used first.

PECIFIC E DI,E
1 . word "HIGH RRmY

It will be noted that this specific example

15 relates to the word selected as the fourth specimen in
the description given above. Therefore its rimes and
onsets are already defined and the specific example
explains how these are achieved by mechanical
computation.

20 The analysis begins when the input buffer 10
transfers the byte string corresponding to the word
"HIGHSTREET* into the data store 12. Thus, at the start
of the process, the important stores have the contents
as follows: -

25 TORR TENT

11 HIGHSTREET
13 - -
14 - -
15 | B - -

30. . (The symbol *- -" indicates that the relevant store is
empty). :

The analysis begins with the first procedure
because the analysis always begins with the first
procedure. As mentioned above, the first procedure uses

35 storage regions 12.1 ana.12.3. The first procedure has
two phases during which bytes are transferred from the
data store 11 to the working store 14 via the check



hccording to 20 claim 3. 6.

h in a speech engine for carrying out a net Aods *

t he precedi ng-clia ns, which signal storage neans
(i) the first storage area (12. 1) contains a
ik " of which represents a character selected from

the first character set; (ii) the sefoudisstorage area (12. 2) contains a

30 plurality of bytes each of which represents a

character selected from the first character set, the total content of

sai d secont st or dgeneithed bef ngroiceissriarg €n ommpie signal composed of a

string of bytes each of which corresponds to a character of

HRTherei n at | east sone of sai d block converted as
/i Si on and at |east sone of the saﬁ,ﬂ,@ ‘IHMJU"I

5 a first character set so as to identify sub-strings for
conversion into an output signal representing a string of
characters selected from a second character set different
from said first character set, wherein said method divides
said input signal into sub-strinés by retrograde analysis,

10 said division being performed in conjunction with signal
storage means which includes first, second, third and fourth
storage areas wherein: -

| (i) the first storage area (12.1) contains a
plurality of bytes each of which represents

15 a character -selected from the first

character set;
(ii)' the second storage area (12.2) contains a
- plurality of bytes each of which represents
~a character selected from the first

20 _ character set, the total content of said

second storage area being different from the

tqtal content of said first storage aréaf
(iii) the third storage area f12.3) contains
' strings consisting of one or more bytes
25 - representing characters of the first
. character set wherein the or the first byte
0f each string is contained in the first

" storage area; and

(iv) the fourth storage area (12.4) contains

30 strings of one or more bytes the or each of

which is contained in the second storage

area;

said division comprising comparing sub-strings (12.3, 12.4,
35 14) of said input signal with strings contained in the third
and fourth areas of .said signal storaée means and the

selection of later occurring sub-strings before earlier
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-t ot P BReht ~ef—aaf 0| first storage area; 35 iii) the third
S St of a .B)} contains strings consisting of H | H“ ;
repkes . ters of t he first -22- ¢ Al in
I

the first bviejof each string is contained in the first storage

areq, the Jourth storage ~afBa~ (12.4) contains 5

st r tngs..of..one—op+ bytes the or each of which is contained in the
second storage area. 7. , A si%nal st orage neans ,according to claim
6, occurring sub-strings wherein the priodr selection of a later

sub-string at least partially defines the selection of an
" earlier sub-string; | o
said sub-strings  foxr .comparison being -formed by comparing
5 (12.1, 12.2, 13) bytes of the input signal with the contents
of the first and second storage areas to form sub-strings
beginning with or. consisting of a byte contained in said
first storége area and other strings consisting entirely of
bytes cdntained within the second storage area. .
10 '
2. A method according to claim 1, wherein the input
signal is divided into blocks and processing of at least some
of said blocks comprises: - ’

(a) identifying an internal string of

15 consecutive bytes each of which is contained
in the second storage area said string being
immediately proceeded by a predecessor byte
contained in the first storage area and
immediately followed by a successor byte

20 contained in the first storage area;

(b) identifying the longest end string of said
internal string with strings contained in
the fourth storage ares;

(e) defining an initial portion of said internal

25 : string being the residﬁe of said internal
string after the separation of the end
string defined in (b) and combining said
initial string with the predecessor bit
specified in- (a) and identifying a string

30 including said predecessor bit. and said
initial portidn with a string stored is said

second storage area.

3. A method according to either claim 1 or claim 2,
35 wherein each string contained in the third storage area
consists of a primary string followed by a secondary string,

wherein the primary string comsists of bytes contained the



d'by & secondary siring, werein the Hmmll (R AR

on_alned the first storage area and the secondary sstsing

'peech engi ne wht chlincorporates signal storage neans
aime6 or claim?7.

first storage area and the secondary string is either empty

or it consists of bytes contained in the second storage area.

4. A method of converting - an input signal
5 representing a string of characters selected from the first
character set into an equivalent signal representing a sting
of characters selected from the second character set; which
method -éomprises identifying- sub-strings by a method

according to any one ¢of the preceding claims and converting

10 sub-strings by a linked database  which has input sections
each of whiéh contains one of said sub-strings each input
section being linked to an output section which contains the
odtput equivalent of the content of the input section.

15 5. A method according to claim 4, wherein the input
signal is divided into input blocks and wherein each block is
separately converted wherein at least some of said blocks are
converted as a whole without sub-division and at least some
of the said blocks =are converted by a method according to

20 claim 3.

6. "Signal storage means for incorporation in a snéebh
engine for carrying out a method according to any one of the

preceding claims, which signal storage means faqor include;
25 : (1) the first storage area (12.1) contains a
plurality of bytes each of whicﬁ'represents
a . character selected from the first

character set;

(ii) +the second storage area. (12.2) contains a
- 30 plurality of bytes each of which represents
a character selected from the first
character set, the total content of said
second storage area being different from the

total content of said first storage area;
35 (iii) the third -storage area (12.3) contains
' ' strings consisting of one or more bytes
representing characters of the first
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' character set wherein the or the first byte
of each string is contained in the £first
storage area; and

(iv) the fourth storage area.. (12.-4)--contains
5 strings bf one or more bytes the or each of
which is contained in the second storage

area.

7. | A signal storage means according to claim 6,
10 wherein each string contained in the third storage area

consists of a primary string followed by a secondary string,

wherein the primary string consists of bytes contained the

first storage area and.the secondary string is either empty

or it c;nsists of bytes contained in the second storage area.
15

8. A speech engine which incorporates signal storage

means according to either claim 6 or claim 7.
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