INTRODUCTION

CSR1 is a phoneme-input speech synthesizer program set up
to operate with the Computalker Model CT-1 Speech Synthesizer.
It contains definitions in the form of various table entries
for 55 different input symbols which represent the phonemes of
the English Tanguage along with several punctuation marks.
CSR1 accepts a phonetic input string consisting of these phonemes
and punctuation symbols and decimal digits which specify vowel
stress levels. This input string is parsed to fill out a phonetic
feature matrix for the desired synthetic phrase. A set of phon-
etic structure rules scans the matrix to look for feature patterns
and combinations which must be adjusted to conform to English
pronunciation. After these adjustments, a parameter generator
algorithm scans the matrix and produces the control parameters

needed to operate the CT7-1 Synthesizer.

As coded in assembly language for the 8080 CPU, this system
contains 54K of executable code, which may be placed in ROM, and
requires additional RAM space for the feature matrix and the
parameter buffer. At least 4K of RAM is recommended for this
buffer space. For complete details of the 8080 version, including
full assembly source listings, see the CSR1 Synthesis-by-Rule

8080 Implementation Manual.






COMPUTALKER CSR1 Speech Synthesis-by-Rule
Software package installation notes

This preliminary documentation packet for the CSRI software system includes
miscellaneous pages from each of the complete manuals which are now in
preparation. There will be 2 manuals, '""CSR1 Theory and Operation', and
'""CSR] 8080 Implementation Notes'', In addition to the material included
here, the theory manual will contain complete and detalled flowcharts of
the entire synthesis by rule system, sufficient to allow recoding the
system for another CPU other than the 8080, Complete source code listings
are included here, which will be part of the 2nd manual for the 8080 chip.
As this material becomes available, it will be sent to all present purch=
asers in the form of a newsletter,

OBJECT CODE Module CSR1 Version 1

The system is assembled at 2000-38FF, with the parameter buffer set up
to start at 3900 and not use beyond 5FFF. The buffer allocation is easily
changed by setting 2 16-bit pointers at 2006-2007 (BUFADR, now = 3900H)
and at 2008-2009 (BUFEND, now = 5FFF). Atllocation of the various parts of
the system are currently as follows:

2000-23B4 Section 1 CSRT MAIN and PARSE
23C0-2767 Section 2 RULEST and RULES2
2770-2B00 Section 3 RULES3 and Duration definition
2B10-2DFC Section &4 GENF@
2EQQ-323F Section 5 GENPRM
3250-34F7 Section 6 PLAY and target tables
3500~ 36FF MATRIX Feature Matrix and COMRAM
SA=3700H 3700-38FF Moni tor Text entry and diagnostics
; 3900~5FFF BUFFER CT-1 parameter buffer

I originally intended to supply the Object code in various assemblies
set up to start at any 8K boundary, considering that everybody has their
ROM and RAM and stuff all at different places. If you find that the
object tape as now assembled is unuseable in your system, and you do not
have the facilities to reassemble it, let me know, and | will send a tape
set ;p for any 8K load address. (Section 1 would begin at 0000,2000,4000,
etc.).

CSRMON Calling monitnr, text input and diagnostic dump routines

This part is essentially independent of the CSR1 subroutine itself,
and may be assembled to run anywhere in memory. The only connections are
CALLs patched into the CSR1 code to call the diagnostic Matrix dump. More
about this below. All 1/0 is done by the Monitor. | am enclosing copies
of the assembled listing of the monitor which | ran off on the TTY so you
can see what you need to do to get it running in your system. It is all
pretty straight forward code with no suprises.

Start the system gt loc 3700H. The first instruction is the only stack
operation, so you can put the stack anywhere you like. Maximum stack
depth is approx. 10H pushes (20H locs). The input is basically like the
ARPABET as described in the Dobbs reprint, except that word separations
are indicated by space instead of '"'/''. Type a CTRL-B to dump the entire
parameter buffer to the TTY (via CALL CHROUT).






Getting Started

The input to the CSR1 Synthesis by Rule program is a phonetic
spelling closely related to the ARPABET(1) phonetic alphabet. Table 1
lists the symbols used by CSR1 together with the corresponding symbol
in the International Phonetic Alphabet (IPA) and an example English
word which contains that sound. The phonetic input symbols have been
chosen to be fairly close to normal English spelling for most words
and still be able to express the 40 or so phonemes of English pronun-
ciation unambiguously using only the upper-case letters on the standard
TTY-compatible ASCI| keyboard.

Consonants Vowels Punctuation

P P pie Y i heed space  word boundary

T t tie IH b hid , pause/silence

K k key EY e hayed . falling pitch

B b by EH € head ? rising pitch

D d die AE @&  had return end of input

G g guy AA 4@  hod : '

M m my AD ) hawed

N n nigh OW QW  hoed Stress Marks

NX n hang UH @ hood

F f fie UW U who'd ) no stress

" v vie ER & herd 1 primary {max) stress

TH & thigh AH A Hudd 2 secondary stress

DH ¥ thy AY @ hide 3 tertiary stress

S (3 sigh AW a%  how 4 etc.

z z zoo 0Y 3L  boy 5

SH f shy AX @  about >5 no stress

ZH 3 vigion IX 4

L L Tie OH o core

W w we ux u too

R r rye Several other symbols are used

Y J you - internally by certain rules.

HH h high These may also be used in the

CH tf chime input string.

JH 43 jive

WH why KX coo (K before back vowel)

EL £ batt]le GX goo (G before back vowel)

EM m  bottom RX card (R after a vowel)

EN 7  butten LX kill {L after a vowel)

Q ?  (glottal stop) DX pity (T between vowels)
¥X diphthong ending
WX diphthong ending

Table 1 CSR1 Phonetic Input Symbols

Stress marks may be placed on any vowel in the form of a following
digit from 5 (weakest stated stress) to 1 (maximum stress). Any stress
digit greater than 5 will be ignored. Ending an input string with a
period or question mark has the effect of changing the ending pitch,
falling or rising, respectively. A comma has no effect on the pitch,
but only introduces a pause in the pronunciation.






Learning to spell phonetically

The CSR1 system provides an ideal environment for learning the
phonetic spelling system, because you have immediate feedback of the
results of each attempt. First try the examples in set 1. Sound the
word out to yourself as you type It to help form the association with
the spelling of the different sounds. Generally, the consonants will
not be any problem, but pay close attention to the vowe! sounds.

HH1YD heed HHUHD hood
HH | HD hid HHUWD who'd
HHEYD hayed HHRERD herd
HHEHD head HHAHD Hudd
HHAED had HHAYD hide
HHAAD hod HHAW how
HHAQD hawed HHOY hoy
HHOWD hoed

Example set 1 Learning the vowels

The consonant HH was used in front of these tests because it has
the least influence on the sound of a following vowel. Try some of
these with different initial consonants, and notice the effect on the
vowel. It is this sort of variation that makes it so difficult to
produce good quality speech with a synthesis by rule system. For
example, try NNAW (now) compared with HHAW (how). Actually, the
vowel sound should be modified somewhat for the different context.
The CSR1 system provides a few extra vowel symbols for use in certain
' contexts where none of the above vowels sound right. Another possi-
bility is to lengthen the sound by doubling the symbol. Compare the
sounds of KOWR (core,/ke¥r/), KOHR, and KOHOHR (core,/wer /).

In almost any English word longer than one syllable, the vowels
have different degrees of strength or emphasis. CSR1 provides two
mechanisms for adjusting the relative strength of a vowel sound, by
adjusting the vowel quality, or by assigning a stress level. First,
considering differences in vowel quality, several '‘weak'' vowels are
included in the set of available sounds. Phonetically, these vowels
are described as centralized or reduced. |f we plot the vowel space
in terms of the values of their F1 and F2 targets as in figure 1, we
see that most of the points lie around the edges of the cluster, while
3 points, IX, AH and AX, lie nearer the center. Moving a vowel closer
to the center of the vowel space causes the sound to be phonetically
weaker. The front vowels IH and EH may be weakened by substituting
IX, and the back vowels A0, OW and OH by substituting AH. A vowel
may be completely '"‘reduced' by replacing it with AX. Besides having
more central F1 and F2 targets, these reduced vowels also have
shorter than average durations.
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Figure 1 The F1 - F2 Vowel Space

Alternatively, a vowel may be strengthened by specifying a non-
zero stress level to apply to that vowel. In accordance with the
usual linguistic conventions, the primary or maximum level of stress
possible is indicated by a number 1 following the vowel. Progressively
weaker degrees of stress are indicated by 2, 3, 4 or 5, with stress 6
or higher numbers the same as no specified stress. Specifying a stress
level has two direct effects on the pronunciation of a vowel; the pitch
or F@ parameter rises to a higher peak, and the duration increases, in
some cases nearly doubling, depending on the surrounding context. In
addition to the direct effects, stress levels also affect the surround-
ing consonants in various ways, primarily by duration changes, but
occassionally changing the entire character of a neighboring consonant.
Example set 2 illustrates a variety of effects resulting from vowel
strength changes.

AXBAWT ( 7, no stress) AXBAW3T  (about, 2nd vowel stressed)
SAHMPTHIHNX ( 7 ) SAH3MPTHIXNX  (something)

TEHL MIY (tell me, dull) TEHIL MIY  (tell me, commanding)
HHEHLOW  (hello, no stress) HHIX3LOW1. (hello, more expressive)

Example set 2 Vowel Strength Changes






WAHZN SIH2KS

TUw2 SEH2VEN
THRiY2 EHIY2T
FOH2R NAY21YN
FAY2V TEHZEHN

AY1 AEMAX KAAMPYUW1TER.
AY2 KAEN TAOTLK PRIXT!Y WEHL.
WHAH1T DUW YUW WAH3NT MIY TUW SEY.

Compare the above with ...
WHAH1T DUW YUW WAH3NT MIY TAH SEY.

KAE4N YUWT MEYK MIY SEY3 SAHMPTHIHNX?
PLIYTZ FIH3KS MAY FRIH2KAHTIHVZ?

TAY2MZ TEHZEHN TUH DHAX FOHARTH PAW3WER.

Try different combinations and variations of these inputs. In many
cases, a word is not pronounced with the distinctness that it would have
if you spelled it out ''normally', as the TUW above in '"What do you want
me to say?' Such words can be downplayed by using a relaxed vowel
instead of the normal vowel that word would have.. The relaxed vowels
available in this system are AX, completely relaxed or neutralized,

IX, with some '"front vowel' quality, and AH, a slightly stronger vowel
with some '‘back' quality. IX is a good relaxed version of 1Y, EH, or

AE, while AH is better to use for softer versions of AA, A0, OW or UW.

AX is used where there is nothing left of the original vowel quality,

as in the usual pronunciation of ''the!'. Another means of adjusting the
strength of a vowel is of course by varying the stress attached to that
vowel. This affects primarily the pitch, changing the sentence inton-
ation pattern, and alsoc affects the durations of itself and surrounding
consonants by the actions of several rules in the system. Try accentuating
a word by changing the stress on the major vowel of the word, also on

the secondary vowels. Stress effects can be heard the best in the context
of the whole phrase, not as well just by listening to the single word.

At any time, you can hit a CTRL-P and hear the last item over again.
This does not interfere with the one you're now typing in.






Additional notes on {SR1 Implementation

CSR1 is set up as a general callable subroutine, which has no
internal stack resetting instructions and does no 1/0 other than to
the CT-1 Speech Synthesizer.

CALLING ADDRESS = 2000H for the standard assembly

The HL register pair is set to polnt to the first character of the
text string to be synthesized. The string consists of 7-bit ASCII
characters. The most significant bit is Ignored (Bit 7). The text
string is terminated with an ASCI| carriage return code (ODH or 8DH).

On return to the calling program, registers B,C,D and E have been
restored to their original values. CSR1 sets the zero condition,
(Z=1), if no error has occurred and synthesis has proceeded normally.
if an error occurs, CSR1 returns with the non-zero condition active
(Z=0), and HL contains a pointer to the first character of an error
message string. The string consists of ASCI| characters with the
most significant bit low, and is terminated by a return character.
All buffer and matrix information is left just as last used by CSRI1,
whether or not an error has occurred, to facilitate error analysis.

Playback Rate

In the present version of CSR1 (Version 1), the rate of playback
of the speech data is determined by a software timing loop in Section
6. The constant assembled into the code is set for an 8080A CPU
using 450ns memory (no waits) and a clock cycle of 2 Mhz. For other
combinations of CPU or memory, it may be necessary to change the
el constant. At location 328BH, the value 8007 (320H) is loaded
into HL to give the desired 10msec delay between updates. For a
Polymorphic Systems POLY-88, with a 1.8432 Mhz clock, the constant
should be 73719 (2E1H).

location is now change to

3288 21 20 03 21 E1 02 LXI H,737

Of course, this constant may also be changed if it is desired to
speed up the playback by a small amount. In some contexts, the
speech output sounds better when speeded up slightly.






CSR1 Distribution Media and Formats

The CSR1 software system is distributed on one of the following
types of media, paper tape, Tarbell cassette, MITS ACR cassette, and
(for an extra charge) on North Star mini-floppy diskettes (2 req'd).
The data and record formats are written as follows:

Paper tape:

Source code Is punched with no line numbers and with horiz. tab
(09) before and after each operator field. Not punching the line
numbers makes the tape significantly shorter. Most users will have
a relatively easy means of reinserting these as the tape is read in.
Similarly, punching the spaces to format the lines properly would
take a lot of tape. Since not all assemblers have the mechanism
to reformat the line during assembly with only a single space as a
field separator, it seems desirable to use a distinctive character
which can be detected and expanded into the necessary spaces while
reading. Each line is followed by a CR,LF with no null characters
following.

Object code is punched in standard INTEL hex format'with a colon
at the beginning of each record.

Cassette:

The Tarbell and MITS ACR cassette formats are similar except for
the SYNC byte at the beginning of a Tarbell record (OE6H). In other
words, the data stream seen by the software is identical between the
two. Source records begin with a record type byte of OFEH, followed
by a 2-byte byte count, the data, and a positive, B-bit, no-carry
checksum. Object records are similar, with a record type byte of OFFH.
In each case, the 16-bit byte count is 1 less than the actual byte
count of the data. The checksum is the sum of the data values only.

Source code is written from the memory image of the PDS1 editor
(an offspring of Proc Tech's System 1). Each line begins with a byte
count (1 byte), a decimal line number in 4 ASCII digits, a space, the
ASCI1 text of the line, and finally, a RETURN char (ODH). The end-of-
file is indicated by a byte count value of 01. The largest source
text file in Version 1 in Section 5, which occupies 19,42210 bytes.

Object code is dumped directly from the assembled memory image.
The record type byte, byte count, and checksum are as described above.

* mndtpm# INTEL WEX Apice .






INTEL HEX FORMAT

The assembled Hex Object paper tape of the CSR1 system is punched
in INTEL HEX format. The following is a definition of that format.

Frame 0

Frames 1,2
(0-9 ’A-F)

Frames 3 to ©

Frames 7, 8

Frames 9 to 9+2%
(Record Length) -1

Frames 9+2* (Record
Length)to 9+2* (Record
Length) +1

Record Mark. Signals the start of

a record. The ASCII character colon
{":" HEX 3A) is used as the record
mark. '

Record Length. Two ASCII characters
representing a hexadecimal number in
the range 0 to 'FF' (0 to 255). This
is the count of actual data bytes in
the record type or checksum. A
record length of 0 indicates end of
file.

Load Address. Four ASCII characters
that represent the initial memory lo-
cation where the data following will
be loaded. The first data byte is
stored in the location pointed to by
the load address; succeeding data
bytes are loaded into ascending
addresses.

Record Type. Two ASCII characters.
Currently all records are type 0.
This field is reserved for future
expansion.

Data. Each 8 bit memory word is
represented by two frames containing
the ASCII characters (0 to 9, A to F)
to represent a hexadecimal value 0 to
'FF'H (0 to 255).

Checksum. The checksum is the
negative of the sum of all 8 bit
bytes in the record since the record
mark (":") evaluated modulus 256.
That is, if you add together all the
8 bit bytes, ignoring all carries
out of an 8-bit sum, then add the
checksum, the result is zero.

Example: If memory locations 1 through 3 contain 53F8EC,

the format of the hex
are punched is:

:0300010053F8ECCS

file produced when these locations






CSRMON Monitor

Source Listing
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