STD-WORDS

FEATURES

STD Bus Compatible
VOTRAX™ 5C-01 Speech Synthesizer Device
Phoneme Driven - Unlimited Vocabulary
Easy To Use
Text-To-Speech Capabilities
Parallel Bus 1/0 for Fast Data Transfers
Occupies Single 1/0 Port Address

- On-board Audio Amplifier (800 miliWatt)
Direﬁt Connect to 8 Obhm Speaker

1 Year Warfanty Figure 1. STD-WORDS

DESCRIPTION

The COLEX STD~WORDS board is a cost effective means of adding electronic.
speech to any STD Bus microcomputer system. The STD-WORDS is based on the
Votrax~ SC-0l Phoneme Speech Synthesizer, is easy to use, and is capable of
synthesizing continuous speech of unlimited vocabulary from extremely low
data rate 6-bit codes,

BLOCK DIAGRAM
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Figure 3.

STD-WORDS Control Header and Conmector Locations



THEORY OF OPERATION

There have been a number of schemes devised to allow human sounding speech
to be generated by computer systems. These schemes range from analog
formant filtering of waveforms and noise to wholesale digitization of the
analog voice signal and then later digital to analog regeneration of the

original signal.

The quality of the resultant speech ranged from passable with the former
system (using moderate data rates) to outstanding for the latter systém
(using extremely high data rates). But in neither case is the ratio of
speech quality to memory requirements satisfactory.

Signal Digitization

Speech digitization is a brute force type of procedure that produces the
highest quality speech but uses up the most amount of memory. The analog
signal is sampled at a rate that is roughly twice that of highest frequency
of interest expected in the analog sample. At each sampling point, the
instantaneous voltage of the signal is digitized and stored in comsecutive
memory locations as a byte of data. Each word in the vocabulary to be
spoken by the machine is input, digitized, and assigned a block of memory.

To regenerate the original signal, each word to be spoken is selected and
the corresponding block of memory addressed. Then consecutive memory
locations within that block are read at the same rate as the signal was
originally sampled and the contents applied to a digital to analog converter
and low-pass filter. This procedure is repeated for each word to be spoken.
The resulting output is a faithful recreation of the original signal.

Human speech (especially female speech) contains significant harmonic energy
up to and somewhat beyond 8 kHz. Therefore, to provide good quality
reproduction and to prevent excessive aliasing (beat notes between the
campling frequency and the higher frequencies of the signal to be sampled
that fall within the pass band of the output low~pass filter and therefore
cannot be easily removed from the output signal), the sampling rate should
be around 16 kHz.

The memory requirements for the storage of the digitized speech works out to
be about 16 kbytes per second of speech. To reconstruct the speech, a data
rate of 16 kHz. is required. Various methods have been developed to reduce
the memory requirements and data rates required in this sort of system.
These have included reducing the bandwidth of the input signal and/or the
sampling rate, reducing the conversion resolution, and special data
compaction routines but have not produced satisfactory results for low cost
systems.




Formant Synthesis

Ir formant synthesis systems, electronic filter networks are designed to
model the human. vocal tract. These filters have variable characteristics
and are implemented by either analog, or more recently, digital methods and
closely model the qualities of the tongue, teeth, resonant cavities, and
other components of the vocal tract.

Excitation signals consisting of periodic sand random waveforms resembling
vocal cord pitch and the sounds of air turbulence are applied to the vocal
tract model filter network. The filter network removes unwanted portions of
the excitation signal spectra as the components of the human vocal tract
remove portions of the signal from the vocal cords. An algorithm in the
computer generates complex control gignals for the filter network as well as
the filter excitation signals in real time for each word spoken. The
characteristics of both the excitation signals as well as the filter network
are varied together in such a way as to produce artificial speech.

In ordinary formant synthesis systems, the excitation gsignal characteristics
as well as control parameters (parametric data) for the filter network are
analyzed for each word in the vocabulary and stored in memory. When the
word is to be spoken, these data are read from memory and applied to the
signal generators and filter network. And thus the word is spoken by the
system. This realizes a significant savings in both data rates and memory
requirements over the voice digitization systems gince only filter and
excitation signal parameters must be stored for each word in the vocabulary.

Phoneme Synthesis

The next level of data rate and storage reduction is achieved when formant
synthesis data for entire words are no longer stored. This requires that
the words of speech be broken down into a number of basic sounds that can be
strung together in various combinations to form the words of English speech.
These basic sounds are called phonemes.

It has been found that English speech can be broken down into 62 phonemes
(aleng with two different no-sound intervals) that can be strung together in
various combinations to adequately reconstruct most English words. Now,
instead of storing the formant synthesis data for each word in the
vocabulary to be spoken, only 64 phonemes need be stored for a vocabulary of
any size. A phoneme list for each word to be spoken is either stored in
memory or obtained from an outside source at the time of speech.

Tc create speech, the computer reads the formant synthesis data from memory
for each phoneme required to simulate the word to be spoken. This data is
zpplied to the excitation signal generators and the filter network to create
a string of phonemes approximating the desired word.



The SC-01 Phoneme Synthesizer Chip

The next reduction in data rate and memory requirements for speech synthesis
systems (and the one used by the COLEX STD~WORDS board) removes the complex
filter network parameter and excitation signal characteristic control duties
from the host processor and gives them to a hardware device designed
specifically for the job. This eliminates about 99% of the processor
overhead required for synthetic speech. All that is now required from the
host is a list of the phonemes required for the word to be spoken. The

hardware does the rest.

In the case of the COLEX STD-WORDS board, the phoneme synthesis hardware is
in the form of a VOTRAX SC-01 LSI CMOS phoneme synthesizer chip and a few
cther items such as data latches, logic blocks, audio amplifiers, and the
like., The SC-01 can produce 62 different phonemes and two no sound
intervals, each of which are accessed by a 6-bit binary code,

Svynthetic speech using the SC-01 requires an average data rate of
approximately 70 bits (less than 9 bytes) per second. The normalized
duration of each phoneme ranges from about 47 miliseconds to 250
miliseconds, The pitch of the phoneme is increased and duration of the
phoneme is decreased as the clock rate is increased {(standard timing and
pitch result from a 720 kHz. clock rate).

The 8C-01 device can be divided into two functional parts (figure 4). The
first part is called the phoneme controller and translates the 6-bit digital
wvord applied to its input lines into the required phoneme. Internal
elgorithms and logk-up tables generate the complex array of temporal vs
spectral parameters that control the second part of the device (the filter
network model and excitation signal generators) for the selected phoneme.

Figure 4. The SC-0l Phoneme Synthesizer Chip



£

The second part of the device contains a pair of signal sources. The first
is a variable frequency oscillator for simulating the action of the vocel
cords. The second is a pink noise generator that simulates the sound of
rushing air. These signal sources are controlled by the phoneme controller
to match the requirements of the desired phoneme.

The output of these two sources are summed together and become the
excitation signals that are applied to the filter network. Thie network is
composed of four bandpass filters that simulate the voicing components of
the human vocal tract (tongue, sinus cavities, teeth, etc.). The transfer
function for each of the four filters is instantaneously adjusted by the
phoneme controller (parametric data) in real time to produce the required

phoneme.

The combination of controlling the excitation signal sources (inflection)
and parametric data drivimg the filter network (voicing) produce life-like
phonemes that can be combined to provide good quality speech.

J

The $C~01 Phoneme Synthesizer Chip Operation

A six bit data word corresponding to the desired phoneme is applied to the
six data lines of the 8C-01. The data word is latched into the register and
applied to the phoneme controller by bringing the STROBE line down. This
also RESETS the ACKNOWLEDGE/REQUEST flip-flop causing that line to go low.

Once data is applied to the phoneme controller, it determines which phoneme
is desired, generates a spectral matrix for that phoneme, and operates the
excitation signals and filter network accordingly. The output sound is
amplified and appears at the OUTPUT pin of the chip.

Each phoneme is internally timed and has a duration of from 47 to 250
milliseconds. When generation of the phoneme is complete, the
REQUEST/ACKNOWLEDGE flip-flop is SET causing the REQUEST/ACKNOWLEDGE line to
go high signifying that the synthesizer is ready for the next phoneme data
word. A dynamic articulation controller provides a smooth transition from
one phoneme to the next producing a higher quality speech.

An on-chip clock oscillator provides a clock signal to the various parts of
the SC-01 device., The clock rate is adjusted by changing the external R c
time constant. A nominal clock rate of 720 kHz. provides the standard
phoneme pitch and durations. Increasing the clock rate raises the pitch of
the output sound and reduces the duration of the phonemes, Accurate
phonemes are still generated due to the fact that all parts of the
svnthesizer track each other closely.

This is made possible by the fact that the filter network is of the
switched-capacitor type. The bandpass of such filters is dependent upon the
clock rate applied to them, Therefore, as the clock rate increases, the
filter excitation signal frequency increases, and the bandpass of the filter
network increases as well, '

Two pitch control lines allow gross adjustment of the excitation signal
frequency without disturbing any parameters of the filter network. This
allows more than one voice to be emulated,



STD-WORDS OPERATION

Latch US receives the 8-bit date word from the bus, latches it, and applies
the lower six bits (phoneme selection word) directly to the control word
inputs of the SC-0l phoneme synthesizer chip in response to the VRITE EN@*
signal generated elsewhere on the board. The SC-01 is a CMOS device and 1is
operated off the +12 vdc power supply line. The six data byte input lines,
however, are TTL level capable and only and require the output of latch U5
to be pulled up by resistor network URIL.

The MSB and next to MSB data bits (Il and I2) are inflection bits. They are
inverted and level-shifted to 12 volts by transistors Ql and Q2 before being
applied to the 8C-0l device.

During the time that the SC-01 is "talking", before the phoneme in progress
times out, it outputs a high on the A/R line. This signal is inverted and
driven out on the bus by four elements of U8, This low on the MSB indicates
to the bus that the SC-0! is busy, The processor tests the MSB of the port
where the data word was sent out by activating IORQ* and RP*., When the MSB
goes high, the STD-WORDS card is ready for amother data byte.

There are no timing problems with the output data byte; watch MSB; write
ancther data byte procedure because the The SC-0]1 continues to produce the
last phoneme until told to be silent, stop, or to speak the next one.

A pair of 4-bit magnitude comparators check for coincidences between the
port address select header and the address on the bus. If a coincidence is
found, the on-board ADDRESS DECODE signal goes true. This signal is applied
to the read/write decode logic (U4 and three elements of U8)., Bus RD¥,
IORQ*, and WR* signals-are inverted and applied to decoder gates U4,

A coincidence of IORQ*, RD*, and a valid port address {as detected by U6 and
U7) creates an on-board READ ENA* signal which drives the MSB of the port
with the A/R signal from the SC-0! chip. This is used when the bus
processor tests the MSB of the port to see if the SC-0l is finished with the
last phoneme and is ready for the next one.

To write a data byte to the SC-01, the bus processor addresses the STD-WORDS
card and activates the IORQ* and WR* lines. These signals are decoded and a
WRITE ENA signal applied to the data latch (U5) and one-shot U3, The first
section of U3 inserts a delay in the 5C-0l STB strobe line allowing the data
byte to be latched (U5), applied to the data lines of the S$C-01, and the SC-
01 data inputs to settle before the chip is strobed.

The second half of U3 generates the appropriate pulse width for the SC-01
strobe signal. The 1/0 write pulse coming from the processor card is very
nsrrow -~ on the order of a microsecond or so, and is much too brief for the
CHM0S SC-01.

The clock signal for the SC-01 is generated on the chip and the frequency is
controlled by C? and the resistor network:attached to pins 15 and 16 of the
SC-01. The clock rate is user adjustable through a small range making the
overall pitch higher or lower by VRI which is the trim pot closest to the
card ejector.

Speech output is obtained from pins 20, 2}, and 22. This signal is applied
to the input of audio power amplifier Ul through volume control trim pot
VR2. The amplified speech is then available at J-2, a miniature phone jack.



OPTIOR SELECTICN

Jumper selectable options, port addresses, and so on are selected by
installing a shorting strap across a pair of control header pins. The STD-
WORDS card uses a special three-row control header. The center row is
connected to the control circuitry and the outside rows are connected to the

power supply rails.

A selection is made by strapping the center pin to either of the outside

pins as required by the desired port address. The pins are situated
directly across the header from each other allowing the option to be
selected by wire-wrapping or inserting a Berg™ type strap.

PORT ADDRESSIRKG

ADDRESS SELECTION HEADER J-3

A7 | 2y 3
A6 4 (5 6
A5 7 8y =~ 9
A4 10 (11 12
A3 13 “(14) 1S
A2 ) 16 ° ~(17) 18
Al g “(20) 21
A0 22 " “(23) 24
Vee Vss

- ADDRESS STRAP SELECTION CHART

A3 A2 Al AD — LSB
X A7 A6 AS Ab — MSB
0 0 0 0 0
1 0 0 0 1 KROTES
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0 0 indicates a strap connected
5 0 1 0 1 from the center pin to the Vss
6 0 1 1 0 (ground) pin on header J3.
7 0 1 1 1 p
g 1 0 0 0 1 indicates a strap connected
9 1 0 0 1 from the center pin to the Vcc
A 1 0 1 0 {+ 5 VDC) pin on header J3.
B i 0 1 1 .
C 1 | 0 0
D 1 1 0 1
E 1 1 1 0
F 1 1 1 1

Figure 5, STD-WORDS Port Address Charts



I0EXP

10EXP (1/0 EXPand) is used in some STD Bus systems to double the number of
I/0 ports available. There are 256 strappable I/0 ports in a basic system.
When IOEXP is pulled high, another 256 ports sharing the same logical
addresses become available. This line is usually tied to either + 5 vdc or

to ground, but may be toggled either way during system operation according
to the requirements of the boards on the bus.

The IOEXP line is, essentially, an additional address line and I1/0 boards
are most likely to use this it, When a port is addressed, an 1/0 function
on a board that is strapped for that port address is selected. If IOQEXP is
used, then two 1/0 functions may be strapped for the same address with the
I0EXP line determining which is to be activated.

In most cases, IOEXP is ignored. To configure the STD-WORDS card for
operation excluding IOEXP, strap pins one and two of J-4 together. The
board is shipped with this option strapped.

To configure the STD-WORDS board for use in systems where IOEXP is used,
strap pins one and three on J-4 together. The board then becomes active
only when its port is addressed AND IOEXP is high.

Figure 6. IOEXP HEADER



USING THE STD-WORDS

Using the STD~WORDS card is very simple and quite straight forward. The
procedure is to write a data byte to the STD-WORDS port and toggle the IORQ*
and WR* bus lines. The card latches the data byte and speaks the phoneme
selected. When the phoneme is complete (but the phoneme is still
sounding), the MSB of the port goes high. The mnext data byte is then
applied to the card, and so on, and so on.

While the data byte is eight bits wide, only six are required for phoneme
selection. The other two (MSB and next to MSB) are inflection bits
specifying one of four subtle pitch variations. This helps to alleviate the
"robot monotone” quality of most phoneme synthesized speech and make the
output more life-like.. The inflection bits work on the phoneme specified by

the other six bits and do things like produce the upward movement in pitch
in the last few sounds of a question.

The $C-01 chip, once started, produces sound (the phoneme selected) until
instructed to be quiet for a specific time with a PAUSE phoneme or to shut-
up entirely with a STOP command, or to produce the next sound phonenme.

The following flowchart, Z-80 machine language code, and data DATA describe
how a processor can send a string of phonemes to the STD-WORDS card to cause
it to speak the word "HELLO". Similar sequences can be used to send a
single sound, a group of sounds (word), or a group of words to the card and
can be implemented with high-level languages and look-up tables for accurate
text-to-speech operation.

280 CODE START DATA
LD HL,data Set A Pointer To PHOREME HEX
1st Sound H, 1B
EH1 02
UH3 - 23
READ: IN A,{(port) Get STD-WORDS Data L 18
From Port UH3 23
ol 35
vl 37
B1T 7,A ‘18 BIT PAl 3E
JP NZ,READ 7 SET? STOP 3F
LD A,(HL)
OUT(port) ,A Output Sound To

STD-WORDS Card

INC HL Point TO Next
Sound :
LD A, 3FH Is
CP (HL) It A
JP NZ ,READ STOP?
STOP

NOTE In this program, it is.important to silence the chip with a PAUSE
before issuing a STOP command.

10




PHONEME SOUND CHART

Phoneme Phoneme Example Phoneme Phoneme ‘Example

Code Symbol Word ' Code Symbol . Word
00 EH3 jacket 20 A day

01 EH2 enlist 21 AY day
02 EH1 heavy 22 Yl yard
03 PAD no sound 23 UH3 . missign
04 DT butter 24 AH mop

05 A2 made 25 P past
-06 Al ' made 26 0 cold
07 ZH . azure 27 I pin

08 AH2 honest 28 U . move
09 13 inhibit 29 Y any
GA 12 inhibit 24 T tap
0B 11 inhibit 2B R red

0C M mat 2C E meet
0D N sun 2D W win
0E B bag 2E AE dad

OF v van 2F AEl after
10 CH* chip 30 AW2 salty
11 SH shop 31 UR2 about
12 Z ' 200 32 UHl uncle
13 AWl lawful . 33 UH cup

14 NG thing ) 34 02 for

15 AHl father 35 01 aboard
16 001 looking 36 1U you

17 00 bogk 37 Ul you

18 L land 38 THV the

19 K trick 39 TH thin
14 J* judge 3A ER bird
IB R helle 3B EH. . get

IC G pet 3cC El be

1D F fast 3D AW call
1E D paid 3E | PAl no sound
IF S pass 3F STOP ne sound

* T must precede CH to produce CH sound;
D must precede J to produce J sound

11




STD-280 BUS CONNECTOR

Bus Connector: 56 pin dual edge comnector, 0.125 inch contact centers

SIGHAL NAME PIN RUNBERS SIGHRAL NAME

+ 5 VDC + 5 vDC
GROUND GROUND
N/C N/C
D7 D3
D6 D2
D5 D1
D4 . DO
N/C A7
N/C Ab
N/C A5
N/C Ab
N/C A3
N/C A2
N/C - Al
N/C . A0
RD* WR*
N/C IORQ*
N/C : I0EXP
N/C __N/c
N/C N/C
N/C ' N/C
N/C N/C
N/C N/C
N/C N/C
N/C N/C
PCI PCO
N/C N/C
N/C + 12 Volts

SPECIFICATIORS

ELECTRICAL

System Bus: STD Bus

Audio Output: 0.8 Watt into 8 Ohm load

1/0 Address: Single I/0 Port, Jumper Selectable

System Interrupt Unmits: O SIU

Bus Signal loading: Inputs: one 74LS load maximum
Outputs: -3 mA min @ 2.4 volts

24 mA min @ 0.5 volts
Operating Temperature: 07 to 60~ C.

Power Requirements @ 25 C:

PARAMETER. CONDITION MIN TYP MAX

Vee - 4.75 5.00 5.25

Ice Svde -~ 100 125

Vee - 11.50 12.00 12,50

Tee 12vde -- 100 75




e

Py

MECHANICAL
Chrd Dimensions:

FORH FACTOR H w L UNITS

STD Bus - 0,60 4.50 6.50 inches

PC Board Thickness: 0.062 inch

CONNECTORS
STD Bus 56 pin dual readout; 0.125 inch centers

Audio Qutput Standard miniature phone jack

ORDERING IKFORMATIOR

ITEM DESCRIPTION
STD-WORDS STD Bus Phoneme Speech Synthesizer Board
STM-WORDS Technical Manual for STD-WORDS board

-~

VOTRAX is a registered trademark of Federal Screw Works

13




a

fone
-

T
b

!

— ]

v o

R D
TR I

o —rr—

QYOIIH NOISIAIY J1va | 'A3Y

ra— -

e ——————————— v
ITv2S | 31V QIAOH Y '
G00-230-60
- “ON "ASSY LX3IN/LDAr0H4 | 1va TAAIAHD
e . Fememo -
(>u¢ _OO NO No ‘ON ONIMYNG | 3Liv0 Nmyda
Sa4om-J1LS
. 3L “
“ALT "OO DINOWA T gnu
t ' -
i
h.
i T mu )
) e
| o fon [
L
Py o ' oen [T o
1 rd
, CR s B A
I
_ o & TL¢ = fa vl
! B0 5
i sl cwone
<t >
H ] o [ n<Am~
\ Rk ) oz
=TV
¢ Ym... L1 ﬁn_. _ in : m(\hm
ol o {0 Lo E o JT ov &2
_«m .v...m . ; J 1 _x ) \u- £ b i v ¥y 1 Al A ¥2 g2z . —HE
_ : : o : . Y . ,
/ Jy 300739 SS3Hay NOLL22T3S §53¥daY ¢ tr ! . ax3ol  ©*
T WN3 dvad H
orzSINL 8t
- ! oIS
bl 1y Ir
ey ,_- ALy
“pu01 B D94 uUs n M —O G+ 1]
= = an
oaon_H ¥y " €
A\ ir |2€gg V_”m-ﬂ T
29> : oy, b2 — £3) 1
L ey .w ! s U1 G
m - (*H¥021) »80 Xon 2L
.—- s e AININBIHL 1y sl E
pre> — f . st ) PLLYe™
.—L_._. .F}_ i 21e T 10-25 _ .
H_u +H=o A 15.“_” 2n orISIN 0w 's
ca)> -0 31+ \ en Ly
# vol £ I ~
- it A S|edL ¢ ® a »4
| » £y 3 sal= e a LA
~ ° 1a_~_u *d 0 Q LB
O iy HO pir €d ._u“ N.._ b g0 aq L1 Buh
2r 1o olany 23 < eaTnEE 1 2d ® as L
€-oew | f IMMTOA] Mo .—.m..\o."._ L LTk M ot
g e od[y nnonae ® ’fai oa !
N_J w.m__uuamr ' «.xo_%%mm%%nm“m“m g ~
| | = 4 . FLESINL
J Ay
. m 25 tdn




ki
il
ra
tiy

Py L e ey

i” 1[ o L .
. EE R .y g
l!wl ! [l* a e g
{ '
Il ..... 1
1

'hUN na1r G2DECes "

| I i ! :ll ' 1+ -

FART EODE |+¢t10u, e
_mq:...!.....l................I.......... ‘ [ ..‘..: "“w“,'.k??? UN r Al

A P
4i

H a |
=01i07~nuu oy
034L02-10% B
_ oitoz-ime 1l 3
[]1 "UA "1 ” L 1
01+02=138 [0 1

1
2

ire 74:519 Thttr | |
PCILE (7406221 DUBLONE SHETE| |
(fy PCORITC 7452490 OCTAL; INVERTER]
|| PG G 74138374 0CTAL LATCH: | 5
RG] [ EM0S - 8C-01 UUlhﬁX SFEECH
|

!_.‘
—
i

0|~02«221 .

0lr0z-227 | 1] ‘
oicozezze L1 U] pel] [(Ier| Miﬂéw? ;' !
o bi-oz=303 2 L PG Ar[1u LE AL
01C02-305 10 | FC[[[CAR

LR e 11h474ﬁﬁ o

l:>_

IE
‘ﬂr.

é%a‘

2 11,

I
i . . 1
IkE . Lo AR
| :6L4m14 Les- 1zl
?35 i v G h‘hé?
l

gy

ﬁ'fw’%§ﬂ;3§1091?*1q‘.

T TR | N T Il ]
@ qn.--n.u 312 ) §' PC|CaR 2 7in‘tul Pyl m'rm 0B IING G I? ;,'.5;{:%; o
C01702-313 | oo il PO ,nr;Lbo P Mllﬁ|LﬂﬂUiO#2ﬁu“h$PIFL;Q$ ;ﬁ-;r;:-j ]
o1loz-a14 2l pe|libar 220 FE MICA 100V ORjess s SR L Ot i :
0i+oz-315 |1 Ll e l[eers0.01 UF 0.2 see Ll “
0102324 2 | FC[I[[FRANSISTOR 2NZ2R2 T Gl

0i+02-408

o l L oPC éwﬁsjmmhmHMwm/ﬂ WATY|
0it02-409 ||
!

A

HRES! 33K OHM, 1174 "WATT| 5%
: B OHME[124 NATT.'
01702413 FC &&Q'&’Bawnnm| 4uuaTT
01702-414 | FC | RES] LORNOMM by AL
e B (IR (Jeomat Eead JOMR R e et o RE”mﬂVh”HMmE

|

!

03402-41 1,

1/

01102435 -'_L_L;“P;L_lﬁﬁs

\=.

QL0243

-
oyt

1 th il
0102501 Lo ‘irhnn FdffTDhe n;; aﬁ pl,wi
7508 D1 Pe i [S0eKET FR2 BN 61 i 1P 046 W

. 5 G PR {EONNGMIN AUDTO oAk
UJTU?méﬂ LA R HEADER 0,17 o BY 2 BTG
L Dir02-609 1 L ope) THEADER 0.1% 2 EY. 8 ar'f Ik
0l-02-626 || i ﬁ P :H!ﬁnkh 0.1 A BY 8 nn'ﬁifp
01-402~629 ,;I 1 PC||HEADER | 0 1=|1 BY 1 STl

- P b 1. P N

j i | Py ""l l Do I ‘!.‘gl

| N fr I |1

T . | i ] IENRIT

b ! b != . il i o

o AR 1 el
! : ;;i SR [‘é- §

e ]! ;,l ’[:,‘ il
S
1 B

| | i
H l V-

| ]

:

! .
SN e e £k

Ah f o

. o P

' 15 - -}' ' .

il S f

i g

S f

:.‘! : i \lg
FORMING, @-010-6-83(A)-2P |, 4 -




[
ginn

T

3

GENERAL DESCHRPTION
OF THE SC-01 CHIP -

The SC-01 Speech Synthesizer is
a completely self-contained solid
state device. This single chip
phonetically synthesizes contin- .
uous speech, of unlimited vocab-
ulary, from low data rate inputs.

Speech is synthesized by combin-
ing phonemes (the building blocks
of speech) in the appropriate

.sequence. The SC-01 Speech Syn-

thesizer contains 64 different
phonemes which are accessed
by a 6-bit code. It is the proper
sequential combination of these
phoneme codes that creates con-
tinuous speech.

PHONEME DESCRIPTION
Table 1 lists the 64 phonemes pro-
duced by the SC-01. Each sougd is
represented by its VOTRAX" pho-

- neme’code and is accompanied by

its phoneme symbol and an exam-
ple. The underlined segments of
the example word demonstrate the
phoneme use, i.e., sound to be

- pronounced.
~Table 2 provides the phoneme se-

quences used to produce vowels
in the group cailed dipthongs, (2
vowel sounds in sequence, identi-
fied as a single sound, e.g., the
_o:o i vowel). |

1
I

vaing

-

‘A = BEGIN

Phanetic Programs

A

w2
abie
abon
about

f

accept
aCCess

© UH2, UH3

EH2, EH2, R '

Al, AY, Y

AT, Y. B UHI L

UH1, 8 02.02. R T

UH1, B, UH2, AR2, UV, T
UMY, B, UHT, UN3. V

EH1. K. PAO. S. EM1, EM3, P, T
AE1, EMI. X, PAD, §, EHY,
EM3. §

UHT, K. AHY, UHI, W N T
AE1, EH3. 8,11 0D

AET, EM3. K, T

AE1, EHA K, T. 11, Vv

AE1, EHI, K. T, CH, U1, UM3. L
AE1. EH3, 0

AE1, EH3. D, R, EHY, EH3. §
{uss ~ud” program)

UHY. 0, J. UMY, UH3. 8. T
UHT, 0. J. A1, AY. S, EH3. N, T
AE1, EM3, D, V. AEY. EH3, N,
TS

AE1, EM3, 0, V, AHY EM3. Y, Z
UH1, F. EM1 EHI. K, T

AE1, EM3. F. T.ER

UH1, G, AZ, EM1,. N

Al AY. Y, D. J

A1, Y.D.JEHANT

UM1, H, EMY, EH3, D

Al AY, Y. D

UH1T, L, AHY, R, M

UMt L ER R T

AW, L

AE1, UMZ, L UH2, K A1 Y, T
UMY, L AMY, UH3, 1N

AE1, AW2, L F, UHY

AW, LL R, €M1, EM3, D, ¥

AW, LS 0tV

AE1, UM3, L T, [2. T. U, U1,

Ut o

UHT, L L UL, M, 3N, c..:.i
AE1, EH3. M

UMY, M, EH1 R, 13, K. UM2,
[ ¥] ]

UHY, M. AHY, UM W N T
AE1, EMI. M, P

AEt. EMI M. P L 13, F, AHY,
EH3. AY

AEY, EMI. N

AE1, EH3I . N. D

AEY, EH3, NG. G. UM L
UH1, N, UMY, UM3, THY, ER
AEY EMI. N, S ER

EM2, EM2. N ¥

UH1. P AMT UM3. § T.R
UM3. F. ¥

UMt PR OV, U, T CH
UMY, P AR U UT ULV

ADOHrOXNTAlE

appraxmate-2

architect

artesmot

augQust
authonze
automane

badge

EfFETEEfE

batch
pah
battary
be

g

bean

:

batore

UH1, P.R, AN1. K, PAQ, §.
EH3. M, 13, T

UH1. P. R, AH1. K. PAG, 5,
EHI, M, AZ. ¥. T

A1 Y P R UM2. L

AHY, R, X UH2. T, EW3. EH2.

KT

(see "R" program)

EM1t, £H3. R, Y. UKt

UH1, R, AM1, EH3. Y, V
EHT, EH3. R Q1. N

AMY, R, T, EH3. K, UH3, L
AEY, EH3, 2

AE1, EHJ 5. X. ¥

AEY, EN3, 5. K

UK, S, EH1, EN3. M. B,
AE1, EH3, S . EM1. T

UH1, S, AHT, EH3. Y. N
UH1, 8. 11,13, 5. T

UH1, 5. 01,54, Y. A1 Y, T
UM1, S5, 01, SM, Y. 12T
UHY, S, IV, UL M

AE1, EM3, T

{see “eight™ program)

UKt T, AE1, EM3, T, CH
UMt T, EH1, ER3. M, P,
UH1, T, EM1, EH3, N, O
AW, D, Y, 01, U1

AW2, AW2. G, EH2, 8.7
AW2, AW2, TH, ER. AM1, ¥, Z
AWZ, AW?2, DT, UH3, M, AE1,
EH3. OT. 13. K

UM, V., A1, Y, L. UH3, B,
UM3, L

AE1. EM3. V. R, 11, 0.4
UHT, ¥, O1, UH3_ 13, AY. D

E1. Y

AE1, AEV. K

. AE1, AE1. D
AE1, AE1. D, 1
AE1, AEY, G

ANZ. AW, L

AE1, 8HA. N, O
AE1, 13, NG, K
AMt, UH3 A

A1, AY. Y. S

A1, Y. S5 12, K
AE1, EM3, T

AE1, EMY, T, CH
AE1, AE1, EH3, TH
. AE1, EH3, T.ER, Y
{use '8 program}

B, EM1, EHI. O

8. EHY, EHMI, N

B, E1. Y. P

B.Y.F. 02 02A
B.Y G 1113 N

AE1. AMZ, L 13, N DT.§
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8, EH1. UK, L
8. Y. L UMY Q2. U1
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N
O
L
b
Q

L2, LT
m Z.: UH3, N. Q
8. 001, 001, K

A, AN1, UMD, THY, ER

B, AM1, UK3, T UMY, M
8. AWY, AW2. T

8, AM1. UHA, K, PAD, §
B.R AL Y. 8

B.A ALY N

B.R. AL Y. K

B, R, AE1, EHA. N, T,CH
B, R AHL UHI, v, 01 1

w r )I._ UH3, U, N
, UM1, Clu 8, UM3. L

a 13, 6 N.z EM2. 5
8.12ZY

B. UH1, UN2, T

8. UHT, UMJ. T, EHI. N
B. AM1, EH3. 3. Y

B, AHY, EW3, 13, ¥

B, AM1, EHW3, 13, Y
(use “Dre’” program)

S.E1. Y

K. A1, Y, B, UH3. L

K. AE1, UH3. L 13. N. 0, ER
K, AE1. UM3. L UM3.B.R
ALY, T

K, ANZ, AWT, L

K, AT AY. Y, M

K. AEY, EH3. N

K, AE1, EM3. N. S, UH3, L
K, A1, Y, P. UM3. B. UH3. |,
K. UH2. P, AE1, EM3, §, EH3,
T, ER
K, UH2, P, AE1, EH3, 8,13, [
DT. Y

K, AHt, UH3, R

K. AH1 R, D

K. EH3. EH3. ER

K. AH1, R, P.I3.M.D.ER |}
K. EM2, EM3. R, 11. D, J

K. EH2. EH3. R, ¥

K, AH1, R, T, 13, N

K. A1, AY, ¥, S

K. AE1, EM3, SH

. K, UMY, § EM1, EM3. T

K, A2, AY, S, EMT EM2. T

K, AE1, m_..u OT. UH3. G. O‘_.

RY

K, AE1. EM3, OT. UH3, L.,
AW2. AW2. G

K, AWZ, AW1, SH, UH3. N
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1, UH3. X
M3, 01, Ut 2 -
N3, 02. U1, 5
MY, UH3, W. D
.o...o». RS

. 001,02, 1,0

. O1. UH3. i3, AY. N

_. confusion K, UM N, F oYY, U U U,

COLLAR . DEMAND

collar K. AH1, UH], LL ER

cailect K, UM, L EHYL K T

colan KON 02 UL LIZ N

colar K, UHZ, UKH2, 1. ER,

column K, AKT, U3, L UMI M

combine K. UH2. M, 8, AHY, EH], ¥ N

comms K, AHT UHI, M, UH1

command K, UH2, M, AE, EH3, N, D

commerce K, AH1 UH3 M ER, S

commarcial K, UHT, UHJ, M, ER, SH, UM2,
L oL .

commumcate K, UH2Z, M, Y1, 1IU, U1, N, 13, K
ALY T

company KoUHT, UHI, M. P EHI N Y

Compars K, UMY, UH3, M. P, EH3, EH3,

: ER
compile K, UHt, UM3, M, P, AM1, EM3,
13, UM3 L

compiste K, UH1, UH3 M P, LAY, VT

comply K, UHt, UHI, M, P, L AH1,
EH3, Y -

component K, UH2, M. P, 02, O1, N, EH2,
N T

computer K, UHT M, P, Y1, 1U, U1, T, ER

conceal K, UHT_ N, S Et, AY. L

condanas K.UHT_ N. O, ER1,EHI. N, S
condiion K. UM1, N. 0. 17, 13, SH, UN3. N
contirmn K. UHt N F.ER R M
confuse K, UKI N F Y1, 14, C_._..:.Nm

. ZH, UH3, N
congrat K. UKI_N. G. R, AE1. D. 4,
ulanons UH3J3. L, AT, AY, SH. UM3: N, Z
connect K UM N EHYT, EHY, XK. T
console - M, AMI, UMI N . S. 01, UYL
console-2 K. UMI N, 5 01,02, L
conault K. UMI, N S UMY, UN2, L T
consume K, UMI, NS I, Ul UL m
contain K, UHI, UHI. N. T, A1, AY. Y. N
contnue K. UM, N T3 13N, Y1, 10,
us
coneract . UM3, N, T. R, AE1,
qu x T
contrast. K. AHY. UK, N, T, R, AEY,
EM3.5. T
K. UMI, N. T, R, QO1, Q2. 1L
L UM2. NV EY, N AY, EMI,
T
AH1, UM3. P ER
AHY, UM3. P ¥
02 02 R EHt EMI. X T
OV A I3, 3. P AMIY, AW2,
o
01, Ut S AHY, Y. N
AN2 AW ST
I, I, 0Ot D
AHT, UH3. W, N T
UMt N T A Y
UMI, UMY P UMD, L
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K, UH1, UH3, Vv, ER

LAY AY. YN
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E1, Y. 8

Y. A, YT

Y, AT Y, 5H. UM N

LEMI O N T
MU Ut
LT K URD, r
AW. S
AM1, UHI, UL, D
CAHY, EW3 A Y
“Q" program)
H1. UH2, P
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LR.EMI N, T
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EEE T
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A1 13, Y

EH1, EM3. F

E1.AY. L ER

AY,. 13 R

EM1, EH3. B, 12, T
EMt, EH3. T

Y. S. EHY. EH3. M, B, ER

AMY, EM3. Y. D

8. M UMJ L

11, 24, UM3. N
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sxEmine

sxcead

© except

sxchange
exocule
exempl

oxit
expect

axpedite
axpend -
axpenment
expanant
axpress

- axtension

EH1, EHJ, G, PAQ, Z, AE
EH3. M, I, N

EH1. EHA, K, PAQ, 5. EY
£H1, EH3, K, PAQ. 5. EH
EH3, P T
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LY. 0
1.

EM1, EM3. X, PAQ, 5. T, CH,

A1, AY, Y. N . D. J

Y. N, T

_ EM1.EM3. K, PAO, 5. UM3. K,

EM1, EMJ, G, PAO, Z, EHI,

EM3. M. P. T

EM1. EHI. G. PAC, Z, 11,
EM1. EM3. K. PAQ, 5. P,
EHI. K. T

EM1. EM3J, K, PAQ. 5. P,
EM3. 0. UH3. AM2, Y. T
EH1, ER2, K, PAQ. 5. P,
EN3 N, O

EH1, K, PAQ. 5. P. EHY,
UH3, M, EH3. N, T

3.7
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EHY. -
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EHI. N. T
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EM1, EMI, K. PAO, 5, T.
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EH1, EH2, F

F.AL LAY, Y. S
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F.AEY, EM3. K, T

F. EH1, R, 12, N, H. UK3
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{use “lsat”™ program)
F.E1,  AY, T.CH. ER
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EHY,

. AH2,

H3, EHI. ER, AEY, EHJ. D

P EHY, B, Y1, )W EHY, R Y
F.EH1, EM3. D, R UHI L °

F.E1.Y
F.E1, Y. 0
F.E1LYT

F, AY, ¥, M, A1, AY, UM3, L

F.E1, AY¥ UH3. L O
FN 13 F T E1L, YN
F.N, I3 F TH

F.NW I3 FTY
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F it 13, 4
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{use “gauge” programi . f

G. _>._. AY, Y. N

(use “gate” program)

G, AE1, AM2. L UH3. N

G, A1, AY, Y, M

G. AET, EH3, M, UM2, UK3
G. AE1 ENI. P

Y1, 1), U1, T. CH, ER t

DEMONSTRATE - EXACT

demonsmate O, EHi. M, UM3, N, S, T. R,

dany
destroy
aetad
deterrming
cevicy
dew .
diagnostc
diad
dictianary

g
die
it
difter

R ULR I
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» AMY, UH3, K, T, ER
L ARY, K, Y1, UH3, M, EHD, |

z

H2, UH1, Z

, 1, UH3, L ER
M1, UM3, N
1.02.R

H3, UKY, B, UM3, L
H3, AH2. U1, T
1. UHJJ1 N
, AEY, EHJ. F. T
F

(L E Ay &

11, 13. NG, K
AM1, EM3. Y, V
AHT, UN3, P
URY, UNZ, M

. AMY, EMI. 1, ¥
g™ "

L UHY, UH2 M, P

X

ocC

ccC

B

i
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L EFEEFEE

Q0=
oo

THEET

*

TR

§

L ROATY, SH, UHI, N

N

D. ER, R, 11, NG
0.1V, U, Ut T, v
0. W. EH1, EM3, L

E1, Y

E1, AY, T. CH

E1,12, R

ER R LY

ER. A N

E1, AY. 5. T

Et,AY, 2. ¥

EM1, EH3, ¥, O1, U1
EH1, EH3. 0.V
EM1.EH3. D. 12, T
EH1,D, 0, Ut K A, Y, T
UM1, F.EHY, EM3. K. T
E\,F. 1N, SH. EHA. N, T
EM2.EH3, F.ER, T

A2 A2 Y. T

A2. A2, Y, DT, DT, T™H

AL A2 Y. T Y

E1l, Y, THV, ER

EH3, L, SHi, K. T. R 12. K
EM3. L. EHY, K. PADQ. T.R. I
SH. UH3. N

EH3. LLEHI K. T. R. AHI N
2. X

EH1. L UH3. V. A2. AY. 0. ER

EFT. L. EMY. EH3. V.12 N
EHT. L. UMJ, D. J. EM3. B.
UH3. L

EHT, L. IT, M.1T, N ALY Y. T
EHY, EHJ3, L, S

Y.M. 1,13, T

EM1. EN3. M, P, L. Q1, UH3,
13. AY

EM1, EH3. M. P, T. ¥

EHI N A1 Y B UM3. L
EH1. EH3 N. K. L Ot U1, 2
EM1, EH2. N, D

EM1.

o

. 12,
EHt, EM3. N. T.ER

L N.TRY
EH1T, P 5, UHZ, L, AHY1, UM3.
YK, W, UHI. L .
Et.K. W, ILLP. M.EHI N, T
E1.R A1, Y. S
EHA, EK3, EM3. R, ER
EHY, EH3, 5. K. A1, AY, Y, P
EHY, EH3. 8. K, R, Q1. N
UMY, 8, T. AE1, EH3, B, L, 12,
5M
EMY, EHI. 5. T AL AY, ¥, T
EWM1, S. T.EH3, M. 13, T
EH1, EH2, G, PAQ. Z. AE1,
EHI K, T

N
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SEEErAGEE

L 02.02. X, UH3,
L. A1, UHI, K

L AW. G -

L. AW NG .

L. 001, 001 K

L. AW 5

LAW. S T

L AMYT. UHA, T
Lot U

EHY. EHZ. M

M. UM2, SM. EY. Y. N

{use "male” program)

M, At Y, N, T, EH2. N. EMI. N,
OT. S

M, AT AY, Y. K

M, A2, AZ. AY UH3, L

M, AE!, EH3, N

M. AE1, EHA. N, 11, D, J

M. AE1, EH3. N, Y1, U1, UH3, L
M, AE1, EH3, N, Y1, U, F,
AE1, EMJ, K, T, CH, ER

M, EH2. EH2, N, Y

M, AE1, EH3, P

M, AH1, R, T, CH

M, AM1, UH3,A. D, J, 12, N

M, AH1, R. K

M, AH1, R.K. EH3, T

M, AE1, EH3, T, CH

M, UH1, T, CH, IU, ER

M, AEY, EM, K, PAQ, S, EH3,
M. UH2, M

M, A1, 13 Y

M E1LY

M, EH3, £H1, ZH, ER

M, E1.AY, T

M, UH1, K, AE1, EH3, N. 13. K,
UM3, L

M, E1. AY. D, Y. UMY

M, EH2 EH3, D, I13. 5.1, N
M, E1,D, AY, UHT M

{use “meat” program)

M, EH1, EM3, G, UHZ, UH]

M, EH1, EM3. M, B, ER

M_EM1, EM3. M, ER. Y

M, EM1, EH3. N

M. ER T CH. EMI. N, O, AHY.
EH3. Y. 2

M. ER. AR D.J

M. EM1. EHI, 5.12. 0.4

M EMt, EM3. T. UM3. L




: METER - PACK - . ‘ _ . .
: i PACKAGE - QUALIFY
mater M, E1. Y. T.ER normal N, 02. 02. R. M, UH3. L . '
micre M, UH3, AH2, AY, K. A, 01, UT | north N, 02. 0L A. TH i package P, AE1. EH3, K. 11, D, J ice
) modte M. 11,13, 0. UM3. L nat N. AH1, UH3. T ¥ paid P. A1, AY, Y, D “n« Ay, Y. S
mike M. UH3, AM2. Y. K note N. 01, UL, T . pasn P, AL AY, Y, N poor (e . L 13. 8. ¥
mile M. AH1, EH3, 13, UK3, L notung N, UM1, TH, 11,13, NG pane (use “oain" program) poo use "pour” program)
el M1, 13 L notice N.O1, UL T IS paniel P. AEt, EM3, N, UH3. L port ". .wm:. uH3. P
. milli M, 11,13, L. UH3 notity N.O1, UL T I F AHY, EHD. Y paps P, AH1, UM3. P i +02,02.R. T
) . . P UHA, UM positon P.UM1, 2. 11.8H
mation M, 11,13, L. Y, UH3, N november N, 01, U1, V, EHY, EM3, M, B, ’ paper P, A1 Y. P ER Fositive 2. AM1, U3, Z. _..c“..uu.dz«.
v M, (2,12, N, Y ER N oarcel P, A possibie P ARI Uba & uma e
mous C M.AMT, Y, N, EM3. S now N. AH1, UH3, U1 £ . paren P. mn....“ m:w muu_.u_.z poat w. m.”_cmxw. w U3 B. Um2:L
mnute ; S 91, 0%, 9,
e u ““ M m...w T vy numzer N, UH1, UH2, M, B, ER : part P.AHI.R, T potental P 01, T, EM%, EN3. N, T, CH
:lﬂ.é C. 2's 3, L. A1, AY, N Y, a_.-...ln.‘ ”. m_ﬂ.aj.:ﬂn r . ”l”—ﬂ!. “ »vm.: M...—MI. UH2. L UHa. L N T, .
. . U . AE1, EH1, § pound P, AH1, UHM3
mas . passed . . . , . W.N, D
s take ﬂ "“ “w M T At AY. Y. K o 02. 01, Ut . past : WE. Past” program) pour P.01.02. R )
mode M QJ. C.d .D . . . Y oar {uae “or" program) aat ‘. ”M“ . M.—“w. w. T 8".. P, AH1, UH3, W. ER
model M. M1 UM3. 0. UH3. L obiect UH1. 8. 0. J, EH1, EH3, K, T Sattern B A B T B N pracice P R, AE1. EH3. K. T. 1. §
oviect-2  AM1, UM3. B, O, J, EH2, EH2, _ - AE1, EH3. T. ER. premum P R AY, Y, M, Y, UHT, M
mocule M. AM1.UM3. D. J. IU. U1, KT pause P. AW, 2 prepare PR, €Y. P, EH1, EM3, A
UH3, L . , . AL E1, B EH1, BH3,
mondsy M, UM3. UMY, N, D, A1, 13, y |obligaton  AHT.B.L 13. G. A1. Y. SH. ben ﬂanuv»u . s o R.EMLEM3 S »
money M. UM3, UM1, N, AY, Y UH3, N : pesce foae “piece- proe o P.R.EWY. SM ER
mont M. UM3. UHT. N, TH cosciete  AMY, UM3. B. 5, UH3, L AY. Y, T penx poE Ay e [orevent P A Y.V, EMI.EHA.N. T
more M, 0Z. 02. R october  AWI UMI, K T, 01, Ut A mm peek _:.u- ...uo-_.... pravious P R, Y. V.Y, UM1, §
maorning M, 02, 02. A, N, 11,13, NG [09¢ AM1. UM3. D H percent P ER S mxu,_.om._uw_z r price P. R UH3, AH2. Y, §
mast - MOV UL ST of UM1. UM3. V penoa P.M.A. Y. UN2.0 poncipal  {use “principie™ program)
motor M, 01, U1, T. ER oft AW.F . __v permanent P, ER, M. EM2, N P11 N, OT, 8. Uka, P,
mount M., AH1, UH3, W, N, T office AW.F. .5 persan P ER. S. UM BH1. N T UM3, L
" move ¥ U1, UL, ¥ ' official UH1. F. 11. SH. UH3, L personas P.ER S, cxw. N print P.RI,IANT
Mr M 11.5. T ER often AWZ, AW2, F 13, N personaity P, ER, 5. UM3, u UH2, L prior P, R. AH1, ¥, ER
Mrs. M.1.8.12.2 ohm 02.02. U1, M LBy AE1.UH3. priodty PR AM1,Y,01,R 13.0T. ¥
- . M. 11,13, 2 oil 01, BN3. 13. UM3. L phase FALAY.Y. Z private PR AHI. EHI Y. V.13. T
much M, UM1, UH2, T, CH old o202 LLD .phone F 01 UT.N probe P.R 01, UL, B
mut M, UH2Z UH3 LT Y omega. Q1 UT. M ALY, G, UH2 pick PnLs K . |Pomobiem P A AWT UM3, 8. L UHI. M
mustle . M, UM1, L T, EM3. P, UN3, L [omt - O1.ULMIN.Q.T pico P, E.Y. X, 02, U1 rocedurs £.A.UMI S E1.0.J.ER
muttiply M, UM LT, 13, P, L AHY, ¥ |90 P:ﬁ:mxwﬂm plece P.ELY S u_.onn“u wuo_ S.E1. V.0
once LUHI N, T, pint : proc . R, AHT, UN3. S. €H1, EH3. §
N EM1. EMZ. N one W, U1, U2, N | pice B Y b oroduce B A UHT, O, IU, U1, U1, §
name N. A1, AY, Y. M onty 01,02 N. L. ¥ | , place B.L AL AY. Y, Broquet P, R AM1. UH3, D, UH1. UM2.
nano N, AEt.  EM3. N, Q1 U1 open O1.P. I12. N ! . luse - AY, Y.S KT
naponal u.: wm._.. , EM3. SH, UM3. N.  [cperabie AR, UH3, P, ER. U3, B. UH3, plan P L >mui_s. m...nms__._..!.. progress P A, AH1, UH3, G. R, EM1_5
: : L plane P. L AT, AY. Y N profesmon P, R. UH1, F, EM1, EHJ, SK,
ratve N.ALY T NV operste AH1, UH3, P, ER A1 Y. T Diant ) PR . UHA. N
reoer N, AY. 1. R operstor  AMY. UW3. P ER A1 Y. T.ER piay B ARt EMNT profi u.n.z.: UR3, F. 1, T
noat N EY AY. T ogtion AM1, UH3, P, SH, UN3. N Dhaase P e vz program P, A, 01.G, R, AE1, EN3. M
necx N. EM1. EM3. X or 02.02. A _ _ ‘L. E1. Y, 2 project u_._»x
newd N.EY. Y, D orange 02.02.R.1.N. D, J pot P. L AH1, UM3 T EHZ. K ¥ Ur3. 0. J. Er2.
negatve N, EM1. G, EN3, T. 11, V ordar 02, OZ.R. D, ER | phis P.LUML UM, S - PROM P, R, A1, UH3, M
et N, EM1 EHA. T ore (use ~or” program) i . , uo.:oOnr_._ P, AHY, UM3, K, EM3. T promote PR UHY, M OT. UL T
neutral N.IU UYL, T.R UH2. L original 02. R, 12. 13, 0. J.13. N, UH3. _. oone P.OT,UH3, I3, AY. N. T propasas PR UM1. P, 01, U1.2Z
new N, TU, U1, UY ascar AM1, UK, S, K. ER : Boice P.O1.U1L X protect P A, UMY, T.EH1. EHI. K. T
raxt N. EN1, EM3. X. PAC, S, T |ather UH1, UH3, THV, ER . P.UHL. L AY. v, 5 T P.UH1, UK3, B. L 13. K
rece N, UH3. AM2. V. § ounce ARY UH3, W, N. S “ usih. {use “plane” orogram) pult P, 001, 001, L
nicxet N, 11,13 K. UH3, L out UH3, AH2. U1, T : P. I AEY. EM3. N Pulse P.UHY, UH2. L S
. o N UM3, AM2, Y. T oven UHT, V2. N ) plane PoL AL AY. YN , punch P. UH1. UN2. N, T, GH
e N, AR, EM3, ¥, N over 01,02. V.ER # . stam P.L AEL, EH3. N. T |pupose B R A P ENZ S
ety N. ANY, EM3, Y. N T. ¥ axygen AM1, UH3, X, PAC, §.13. 0. J oreeze B ar sy purcnass P, A, A, OT, CH, 12, §
M. AM1, Y, N, OT, TH 2. N 4 “EL Y 2 pure P y1, U ER
. no N. 001, 01, UY cwn O1. UL N _ u_.o_“ P L AWY UM3. T puan P. 001, IU. SH
noce N. O1, UM3,_ i3, AY. Z s 3 SN P.L UNT, UH2 S put P 001 00
rone M. UMY UH3, N P p.E1Y B , pocxet P, A1 UM3. K, EH3. T -0 001,
noon N UV, UL N pack P. AE1, EH3. K , oot P OV, UM 13 AY. N T Q K. Y1, 1U, U1, Ut
, poxe POV UL X quality K. W, AWY, L {1, F. AMY, EHD. ¥




SEPARATE.2

O

resoond

R.E1. S P AHY UHI N.D

QUANTITY - '
quannuty K. W, AH1 N T. 13T Y responuibie A 12, 5. P AHT. UM, N, OT,
quan K. W 01 RT 5. UM3, B. UHA. L I
quartsr X, W, 01.RTER rest R EMT, EM3. 5. T
auedec K, W, 11, B, EMt, EHI. X resmct RELSTRITLIEBKT *
queshon K, W, EMT, EM3. 5. T.CH, resyit R EY, Z2.UHT, UH2 L T

UH3. N resume RE1,Z WUt U1 M _
Quick K. W, i1, 3K recail R AY, E1, T, EH3. A1.13,
‘quint K. W, AH1, EN3, AY, 12, T UHa, L
auit KW 11,13, 7 reran R, E1, T, A1 AY. Y. N r.;
quiz K.w. 1. 13,2 ratum R E1.T,ER. R N
QUOTR KW, 01,02 T UM revision R, E1, V, 11, ZM, UH3. N
Quate K.Wo1un,T revoive R E1.V, AM1, UH3, LV
R AH1, UM2, ER ribbon A.12,13. 8. UN3. N
ras A, AY, AY 13, UM3 L nght R.UHI, AH2, Y. T
ran R, A1, AY. Y. N romeo A 0%, UY, M Y, 01 U i
rase R AT _AY Y Z room R U UM [
range R.AY, AY, ¥ N.O.J root A UL ULT 1
raqio A A1 Y. D.Y 01, U1 round R, AH1, UH3 W.N. D !
rate R AL AY. Y. T route A, UM2. AHZ Ut T
rano R, A1, Y, SH Y, 01 U row R. 01, Us .
reach A EY. Y T.CH run R, UHT, UH3. z
read R Er. Y. D rush R, UH1, UM2, S
ready A, EMY, EH3. O, ¥ .
real R, E1, AY. L s EHY, EH2. S
resson R E1, Y. Z UMI N sate S, A1, AY, Y. F
retate R E1. B8 A1YT sad {use “'sale” program)
recad R, E1, K, AW2, AW L saiary S, AE1, AM2, LLUM3 R Y
receipt A E1. S Ar YT suie N w Al. A2, AY, UM3, L
recewe R, EV1,.S.B1, Y, V¥V aame S ALAY. Y. M
recorg n. E1. XK. 02.02. R D Satyrday S. AE1, EHA. T.ER. D. A1, Y,
record-2 A, EH1, EXN3. X, EA. D Save S AL A, Y V
red R, EM1. EH3. D amy §. A1.13, Y
ool (use “real” program) acan 8. K. AE1, EHA. N
roter R E1, F. U1, UN2 N D scent (a0 “Cent™ program)
refuse R E1LF. Y.L UTUN . Z acheduls 8, K, EM1, EH3, D. J, V. UL
regmter R, EH1.D0,J.11. 5 T ER school 8, K Ut Ul L f
regular A, EHY, Q. Y1. U, L ER wwience S. AW1, 13, Y, EM3. N, DT. 5,
ren {yse "rain” oregram; score 5 K. Q2. 02,R
reject A E1.0.JEHT. EHA K T serap S, K. R, AE1. EH3, P
rolay A EY. LAWY screw S. XA 10U
relssse R, E1, L. E1, AY. S sea {use “C™ program) ~
remam R.E1, M_AY, AY Y N seat S.E1,AY. T
remove R EI1.M. UL ULV second §. EHY, EH3. K. c_.: N, O
repar R EY, P EH2, EM2 R secret S.E1.K.A 1T w
repeat R.Et, P ES, AF, T sechon 5. EM1, EH3. K, mx UH3. N
repiace A EL.P L LAY AY. Y S secunty $. EHY. EN3. K. Y. ER. U1, T Y
report . R.E1.P 02,02R T sae {use “C" program)
represent R, EM1. PR, 12, I EMY, EHD, | seze S.E1, v, 2
N T select S. UMY, L EM! EH2. K. T
reguest A E1, M. W, EHY, EM3. S5 T sail S, EHt, EH3. L Tt
reqre R, EY. XK. W, AH1, EM3, AY. A | sam S, EMY, M, AM1, Y ..
recuasiton R, EHY, K. W, (2, Z. 11, SKH. semcoion S. EH1, M, AM1, Y, K. QO
UHI, N Ot. L. I2. N ._
reascue R, EM1, EH3, 5, XK, Y1, Y, UT | sand S. EM1, EHM3. N. D
, [ sent . (use “Cent” Drogram}
resemate urw_ .ru. EN1. €H3. M. 8. sentence S, EH1, N. T.12. N.OT. S
resnt A E1. S EM1.EHAT separate momﬂ.. EH3. P. UMY, R. Al
n. 5. TER .
resoect nm m“ w.. P. _w:_ qu. w. T |sevarste2 s EWY EMA.P.R.2.T

O

SEPTEMBER - SYSTEM

september m..mmi._m.mmxu. P, T. EM1, EM3, H..s..a S.P. EH1. EM3. N. O
» » X . u. .
sequence S, E1, K. W. EM1, EM3. N. S | apoon w w. w,.. cm. u..
series M ““ n. H MIQ. - square M ﬂ ﬂ_._mx_”_um..o
it w. mn.,,\wnum_. "nw, S. T. AEY, EM3. X
seven S. EM1,EM3.V, 12. N y ag "’ program!
seventh S B BM3. v, 12 N O, W | 39 S.T.AELEMIN.D.
seventy S EH1. <_~za< 5 S.T.AE1, EH3. N. D.ER. D
several S. EM1. V. ER. UM3. atwr S.T. AMY, UH3, A
- sew {Use 35" program) stare S. T. EH3, EH3. ER
- share SH. EM3. EM3, ER start S T AHL R T
anap m.... z.:. R v. stote §. T AL AY Y. T
ahift m.._. 13 m T stbon S. T AL Y. SH.UHI N
ship pob b status S.T.AE1. EH3.T.I12. 5 -~
shop SH. AM1, UH3, P el (use “stosi” crogram)
short SH, 02. 02, R T steel S T.ELYL
anoukd S 0. 10, 1U. D ”ﬁﬂ S, T. EMt. EH3. P
shunt SH, UMY, UM2. N, T Mock o1
st SM, UMY, UM2, T - T. AH1. UW3. K
side S. AM1, EM3. Y. D “””n. 3. H.E_.cxu P
siorra 5. E1. 13, EN1, R, UH1 i A A
e w . M,_....Mm:u L stmght S T R AL AY, Y. T
N . W, . treat
single S. 1,13, NG, G. UH3, | “qu-u MH u. m__._.,..\.mﬁu 5
L m. :.—“.?t.’OAM Igﬂ m..—- x. _._ —0. 5.
Dwa m. :._u. X. ‘)o. m. ._-I Dﬂ.—.—ﬂg m .ﬂ m C—.: x ﬂ nx m”
sty S.11.13. K. PAD, T. ¥
size S AMY EM3 Y. Z style S, T, AM1, EM3, AY, UH3, L
sk S.K.I1.IAN ' m.uxﬂ:nwu._m:_
u..nha m”nm.nmm__....uu_ﬁJ. ubsiitute wcﬂ_ LUM3. B, 8. T 13 T.IU
o S AE M. SH subtrect S, UH1, UH2. B. T. R, AE1,
how S.Ln.Q.p suffcient 5 U1 F.11. SH, EM3, N, T
slow S. L O
amail o ML AW. L suggest S UH1, UH2, G. D. J. EM1,
smed S M. EH1. EM3. L suit 1
amile - S. M, AHT, EH3. 13. UMI. L | suite
amoke S. M. 01, U1, K Swar
show S N GO1. 02 Ut sum S. UM1, UH2, M
0 S 001 02 U1 summary S, UM2, UM2, M. EA. Y
soft S A ET summer 5 UM1, UM2, M, ER
soid $.02.02.LLD sun 5. UH1, UH2, N
s S A UME TR D suncay S. UW1, UHZ. N, D, A1,13. Y
son (U5e “sun” pre .. uper §. U, U1, P, ER
some (2% "oum” D) supply S. UHZ. P. L AM1. Y
somy S. AW.R. Y e SEARRS
sort 5.02. 02.R.T ok SOl oS
sound S. AR, UM3, W.N. D I TS
source 5. 01.02.R. 5 ssrgrcal S ER. D J. UH3. K. UM3. L
south S. AH1, UN3, UV TH Surpus S. ER. P, L. UHT. §
space S.P. AV AY. Y. § 3usoend S UM1.S. P, EH1.EH3. N. D
soark S. P.AHY A X | 3ween S. W El Y. P
spaak 8. P El. AY. K Aweat {us® “suite” programi
specw S. P, EM1, EM3. SH. yHa. ¢ |3™Men S. W, It _u. T.CH
2peed S.P.E1. Y. D 3yniax S 11 N.T. AE1, EHI. K_PAQ, §
speecn S.P.E1. Y T CH System 5. 11,5 T.UH3I. M
soeil S, P, ENY, EM3. L




AY, SH, UHJ. N

TABLE - WEIGM .
T T.E1.AY, ¥ travel T. R. AE1, EM3. V, UN3, L
table T. A1 Y. B. UM, L triangle T. R, AH1, 3, AE1. EM3. NG,
i {use “tale” crogram) G, UH3, L, |
tale T. AL Y. UN3. L trouble TR UM3, UH1, B, UMI. L |
ik T. AW, K truck T. R. UMY, UH2, K
mngent T.AEY, EHI. N. D. J, EHI. N. T | rse T. R, U, U, Ut :
wroet T.AH1, UM3, R, G. 12. T trust T.R, UHT, UNZ2. 5. T ;
tea {uss "T™ program try T, R, AH1, EN3,13. ¥
team . T ELLY.M tuesday T.RL UL UL Z D ALY
technical T, NI“_Pm;u. K, v_- 13, K. UM3. L [ wyne T.RLUY, UL N . i
e (vae T~ program turn T.ER. A N ;
temoerature T, EH1, EH3. M. P, ER. UH1, T.| tweive T. W, EH1, EM3, UHA. L.V *
CH, ER s twenity T.W.EH1, EM3, N, T, ¥
ton T. EM1, EHI. N . twa T. U, UL U1
terminal H Mm” IWIEH._GWZ._.‘ UHZ. L type T. UH3. >IN Y. P
tost 1. -1
_ : u Y1, U, U1, Ut
ar ﬂ« mH mﬂw N ultra UH3. UH2. L. T. R, UHY
e "itvan” program) under UM2, UN2, N. O, ER k
__.—n->< 2 A Y umifaorm YLIWUILNII FO1LAM
) ™ 11,13 N untit UMZ2. UM2. N T, 11,13, L
, 1 3 NG up U1, UWZ,. P .
u_-l.-ln df_.:._.u.v.ﬁx urgent RRARDJLINT
e e RO us UH1, UM2, §
) d._. mm.._..ﬂ E1.Y.N use Y. U, U1, Ut 2 i
q..n.a._ ™ mn. A D Y * use2 Y1.IU, UL, S
thousand  TH, AM1T, UM3, ._N.NIMZU< V. E1 AY. Y H
it mAn.y orogram vacant V. AL Y. K EM3.N, T ‘
through __.ch-z . U1 . valid V.AE1. UM3. L 1D .
Tursday TH, ER. R 2 0.A1. 1. Y vary et ke i
el LI 3 K EHS. T vaiue V. AE1, EH3. L. Y1, IU. U _
w ._.. :. _u. L - venaor V. EH1,EHR3, N, D, ER i
: sl S vent V. EM1.EM3. N, T
“_ol Hnu“ Mw.u+!x vertly . V.EM1. R, 13, F, ANY, EM3. ¥ ¢
y : + vary ' V,EHI1, R, Y
o twa” program victor LJALKT,
todey T.UL. D At 3. ¥ voice « Md ﬁczu _umu.__.m
o H o2, wuumm.rr_u T voud V. 01, UH3, 13, AY. D _
ok woit ‘v, 02.02, LT
IOMOMow .4_.. un..._;cn.n.:znzo_. ut volume V. AH1, UH3, L Y1, IU, U1, :a
ton . ' . M, A
tone T.01. Ut. N w D. UNY, 8, UH3, L Y1, 1L, U1
00 _45“._..:_...._0._ ﬂ.oo..l..._ wage W, A1, AY, Y. D, J
ool c MY R, watt W, A1 AY, Y, T
toml T.OL UL T, ﬂIu. L want W, AM1, UM3, N, T
touch .q_. mn“ u.:m_.zm m.z was W, UMY, UH3, 2
el . - T - wash W, AW, SM
race H u. n“ n“ “w water W, AM1, UM3, T, ER
ace . 1, . i ..’I-. .4
yroun TAALACY N veatt " ar ;w_:w v _
ranzact M:” nm“. EMI. N. 8. AEY, :..3..._. .ﬁo;tu.os..v.oo..!_ .
veter TR AE1LEWI N.S.F.ER |V ﬁlmutoi orogram) .
WO T. A, AE1. N, N.: S. T.ER weagon W, EM2, EH2, P, UM, N '
wanemst  T.R AE1.EM3. N.Z, M1, 13, T s where” \ H
rweoot L RAG EHA NS P02 | eeanascey W, EMI, N, Z.D, AL LY r
» waek W, E1, Y. X
. g 4. D. )m‘.z. M. ‘. mn. 4. )a. !é i. >N. )N.c\ L,

—

—

Sqm_OI__—. ZULu

PREFIXES
weignt {use “wait” program)
waent W, EHM1, EMA N, T Prefixes
wast W.EH1, EM3. S. T con.. K. UM1. N
wel W.EM1, EMI. T [- T DN s
what W, UM3, UKt T ;... EHT, N
whowt W Et Y. L n... N
when . W EH1 EHA N non. .. N, AHY, UH3 N
whers W. EM3. A2. EH3. A pre... R m. E1
which . W.I,13.T. CH . ... OHI N
whilg W, AHY, EM3. 11, UMI, L '
whskey W I i3, 8 K. AY. Y Suftizes
while W UK, AM2 Y. T o
o Mg Ut WU mﬁ 12.0
whole (use “hole" program) et ER
why {use "Y" program| .08 2.2
will W L . B, UM3, L
winoow W.IT, N B.O1. Ut ...invg 12, NG
winter W. 1,13, N, T. ER “8- N mx». S
, -y
l-.in._l ﬁ ”_.“.Hum.ﬂxa Av. R ...ment M, mxu..z. T
withdraw W, 11, 13, TH, D, R, AW X § Eas
wihout W, IT.i3. TH. UH2, AM2. UT. T| 73, o T
won {use “one” program) ...tion {,..si6n) SH, UH3. N
word W, ER, R, ...leon T.E1,Y. N
work W.ER R. K .. ward W. ER. D
wnite {use “right" program) ¥ Y
wrong R, AW, NG oI (...e8) z
X EH1. EM2. K, PAD, §
-ray EH1, EMZ, K, PAQ, §. R. A1,
[« 4
Y W, AH1, EN3, 13, Y
yankse Y1. AEt. EM3 NG, K. E1. ¥
yard Y1, AH1 A O
your Y1, AY, 13. R
yolow Y1, EMt, EM3, L. O, Ut
yes - Y1, EM3 EM1, S ;
yesterday Y1, EHJ, EM1, 5. T, EA. D. At, ¥
B3.Y :
yeot Y1, EM1, EN3. T
you tuse “U~ program)
your Y. 02. Q2. R
you'rs {use "your™ program)
4 Z.Ev vy
iap Z, AES, EHI. P
e Z AY 1T R O1, U1 -
Zone O UL N
ulu Z U, Ut Ly, Y
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